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ABST
PAL  A damper for use in submerged hydrophone suspension systems including an
      elongated mass cylinder defined by a tube of flexible synthetic plastic
      film utilizing a check valve located at each end permitting water to enter
      the tube and preventing egress. Additionally, each tube end is provided
      with a disk transversely disposed to the tube length and of a diameter
      substantially greater than that of the tube to provide drag and
      hydrodynamic mass damping. The tube and disk are of a configuration to
      eliminate vortex shedding and the entire damper assembly is capable of
      being folded and packed within a concise configuration prior to
      deployment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention pertains to the field of motion damping devices used with
      submerged marine instrumentation for damping instrumentation movement and
      displacement due to wave and water motion.
PAR  In underwater transducer and hydrophone installations, such as in a
      sonobuoy system for detecting submarine sounds and the like, the provision
      of a substantially stable platform for the hydrophone is of prime
      importance in order to reduce extraneous noises and signals and permit the
      most accurate sound pressure wave input characteristics.
PAR  The purpose of sonobuoy suspension systems is to attenuate the vertical
      motion imparted by surface wave action to a hydrophone platform as motion
      of the hydrophone due to surface wave action will result in the generation
      of spurious low frequency signals. The attenuation system itself must not
      produce low frequency lateral motion oscillation such as those commonly
      found in objects suspended in ocean currents resulting from periodic
      shedding of vortices in the flowing fluid.
PAR  In a free floating sonobuoy system it is also important that a high drag
      concentration in the vicinity of the hydrophone platform be produced to
      reduce the relative velocity of the flow past the hydrophone to minimize
      the magnitude of any occurring flow noise as well as reducing the
      frequency of the noise associated with boundry layer transition on the
      hydrophone surfaces. Additionally, the magnitude and frequency of any
      unavoidable motion associated with vortex shedding is simultaneously
      reduced.
PAR  Improved transducer suspension systems have been achieved by the
      utilization of complaint members such as shown in the assignee's U.S. Pat.
      No. 3,377,615. Additionally, the utilization of specialized configurations
      in floating and buoy systems for stabilization purposes are known as shown
      in U.S. Pat. Nos. 3,191,202, 3,500,783, 3,510,892 and 3,543,228. However,
      a damper assembly for use with submerged hydrophone assemblies wherein a
      mass damper of an effective construction capable of being concisely stored
      has not been previously successfully achieved.
PAC  SUMMARY
PAR  It is an object of the invention to provide a low cost damper for the
      purpose of stabilizing the position of a hydrophone platform in order to
      reduce the introduction of spurious noises and signals into the
      hydrophone. The damper of the invention utilizes both mass, drag and
      hydrodynamic mass damping characteristics, and while the mass of the
      damper is significant when deployed, its weight when stored is very small
      and its unique construction utilizes entrapped water to produce the
      desired damping mass.
PAR  Additionally, the damper assembly of the invention isolates the hydrophone
      platform from any direct input of residual strumming produced by the
      compliant cable spring suspension utilized in conjunction with the
      hydrophone, and the construction of the damper is such as to minimize the
      occurrence of vibration due to water current and flow past the damper
      components.
PAR  The damper assembly in accord with the invention includes a long cylinder
      of flexible synthetic plastic film closed at each end by a check valve of
      unique configuration which permits water to enter, but not leave the tube.
      Disks having a diameter substantially greater than that of the tube are
      attached to each tube end at the check valves transversely disposed to the
      tube length to produce hydrodynamic damping and the disks are canted with
      respect to each other to minimize adverse effects produced by vortex
      shedding. An inelastic strip is affixed to the tube extending its length
      causing the tube to be warped or curved in an arc in the longitudinal
      direction minimizing rotation of the damper due to waterflow, and
      elimination of such rotation is important as rotation will aggravate the
      instability of the damper assembly in a shear current.
PAR  The disks located at the tube end are formed of synthetic plastic film and
      their shape is maintained, when deployed, by a flexible, resilient ring
      formed of a spring steel material which forms an expanded cylindrical
      configuration as soon as the damper is deployed and removed from its
      storage cannister.
PAR  Assembly of the damper is simplified by the utilization of retaining
      members defined on the check valve wherein a mechanical interconnection
      between the tube and associated disks is simultaneously achieved by the
      assembly of the check valve structure. Also, suspension means are defined
      on the check valve permitting the damper to constitute a component in the
      hydrophone suspension system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The aforementioned objects and advantages of the invention will be
      appreciated from the following description and accompanying drawings
      wherein:
PAR  FIG. 1 is a perspective view of a deployed sonobuoy system utilizing the
      damper of the invention,
PAR  FIG. 2 is an elevational view of the damper in accord with the invention as
      deployed,
PAR  FIG. 3 is a view taken from the right of FIG. 2,
PAR  FIG. 4 is a top plan view as taken of FIG. 2,
PAR  FIG. 5 is a cross-sectional view taken through the tube along Section V--V
      of FIG. 2,
PAR  FIG. 6 is an enlarged cross-sectional view taken through the disk and check
      valve along Section VI--VI of FIG. 4,
PAR  FIG. 7 is an enlarged cross-sectional view taken through the check valve
      rim region illustrating the retaining ring construction, and FIGS. 8
      through 10 illustrate the folding of the disk and tube for packing into
      the sonobuoy cannister.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a deployed sonobuoy system using a damper and improved
      transducer platform for providing high quality transmission of underwater
      sound vibrations. The sonobuoy float 10 floats upon the surface of the
      water and the cannister 12 depends from the float. The cannister is of a
      hollow cylindrical configuration and prior to deployment houses the
      sonobuoy components. In those cases where the sonobuoy is dropped from
      aircraft the cannister serves to protect the transducer, damper and other
      components upon impact with the water. A cable 14 depends from the
      cannister and is attached to the upper end of the damper assembly
      generally indicated at 16. A second cable 18 depends from the lower end of
      the damper assembly and is attached to the hydrophone assembly generally
      indicated at 20. The assembly 20 includes instrumentation housing 22,
      housing 23, compliant expansion cables 24 and 26, hydrophone 28, and
      weight 30. The housing 23 and hydrophone 28 are located within a mesh tube
      32 which reduces flow noises and electrical conductors, not shown,
      interconnect the hydrophone with its transmitter housings 22 and 23 and
      the transmitter located within the cannister 12. The assembly 20
      constitutes no part of the invention and is described in detail in the
      assignee's copending application, Ser. No. 111,410, filed Feb. 1, 1971. It
      is to be understood that the purpose of the damper assembly 16 is to
      provide a stable platform for the hydrophone assembly 20 and does so in
      the manner described below.
PAR  The damper assembly 16 includes a mass cylinder 34 formed by a tube or
      sleeve of flexible synthetic plastic film of only a few thousandths of an
      inch thickness whereby the cross-sectional configuration of the tube is
      cylindrical and the tube may be concisely folded.
PAR  The ends of the tube 34 are cut at substantially right angles to the tube
      length, when deployed, and are connected to check valve structure in a
      manner later described. The check valve structure 36 is identical at each
      end of the tube and each check valve includes retaining ring members
      whereby the tube and disk members associated at each tube end may be
      mechanically connected simultaneously to the check valve.
PAR  The disks 38 are also each formed of synthetic plastic film having an upper
      layer 40 and a lower layer 42, FIG. 6. When deployed, the annular
      configuration of the disks is maintained by an annular resilient
      spring-like ring 44, and the disks are formed by a heat sealing process
      resulting in a peripheral seam 46.
PAR  Stabilizer straps 48 of plastic film are connected to each of the
      peripheries of the disks 38 at one end, and connected to the central
      region of the tube 34 at the other end, and the length of the stabilizers
      is such that the disks 38 are canted with respect to each other as will be
      apparent in FIGS. 2 and 3.
PAR  The check valve structure 36 will be appreciated from FIGS. 4, 6 and 7. As
      appreciated from FIG. 4, the check valves are of an annular configuration
      including a peripheral rim region 50. The body of the valve is formed of a
      synthetic plastic material and is of a cylindrical configuration including
      a passage 52. centrally defined therein through which water may flow into
      the tube 34. Webs 54 diametrically extend across the passage 52 and the
      inner surface 56 of the rim region serves as a valve seat for the
      resilient, flexible flap valve 58 riveted to the valve body at 60. Thus,
      it will be appreciated that water may flow through the passage 52 against
      the valve element 58 and around the valve element into the tube 34.
      However, the water may not flow from the tube in that the valve 58 seats
      against the surface 56, and that portion of the valve disposed over the
      passage 52 is supported by the webs 54.
PAR  The valves 36 are connected to the tube 34, and serve to interconnect the
      tube and disks by means of a retaining ring assembly 62 which consists of
      an outer annular ring 64 and annular inner ring 66. The ring 64 and an L
      cross-sectional configuration including a radial surface 68 for opposed
      relationship to the peripheral rim region surface 70. Also, the ring 64 is
      recessed at 72 whereby the ring 66 overlays the ring 64 to maintain the
      assembly thereof to the valve body.
PAR  The valve body peripheral rim region is provided with a conical "undercut"
      surface 74 and a radial surface 76 for cooperation with corresponding
      conical surface 78 and radial surface 80 defined upon the ring 66. The
      ring 66 is split at 82, FIG. 4, wherein once the ring 64 is positioned as
      shown in FIG. 7, the ring 66 may be inserted into the recess 72 defined by
      the ring 64 and the conical surface 74. Due to the presence of the conical
      surfaces 74 and 78 the ring 66 will be maintained in position, and thereby
      maintain the assembly of the retaining ring assembly 62 upon the valve
      body.
PAR  The tube material adjacent the tube end is disposed between the surfaces 68
      and 70, the surfaces 76 and 80 and the surfaces 74 and 78 as appreciated
      from FIG. 7. Likewise, the synthetic plastic film layers constituting the
      layers 40 and 42 of the disks 38 are disposed between the aforementioned
      surfaces as illustrated whereby compression upon the material of the tube
      and disks is maintained between the valve body and the retaining ring
      assembly to form an effective sealing mechanical connection between the
      tube, associated disk and check valve structure.
PAR  The aforementioned check valve structure constitutes the subject matter of
      the assignee's pending U.S. Pat. application, Ser. No. 145,133, filed May
      20, 1971.
PAR  An inelastic plastic strip 84 is adhered to the tube 34 throughout its
      length and electrical conductors 86, FIG. 5, are sandwiched between the
      tube 34 and the adhesive strip 84 wherein such conductors interconnect the
      hydrophone assembly 20 below the damper with the cannister 12 located
      vertically above. The disks 38 may be provided with vent holes 88, and
      loop anchors 90 formed of a reinforced fabric, FIG. 6, are defined on each
      of the valve structures 36, and affixed thereto by rivets 92, FIG. 6, to
      serve as the mounting for the suspension cables 14 and 18.
PAR  In that the tube 34 and disks 38 are formed of a highly flexible
      lightweight synthetic plastic film material it is possible to fold the
      entire damper assembly 16 in a space only slightly greater than that
      occupied by the valves 36 when stacked one upon the other. Such concise
      packaging is illustrated by the folding procedure shown in FIGS. 8 through
      10. Each of the disks may be folded as illustrated due to the resilient
      nature of the annular rings 44 wherein each ring is folded and "wound" to
      a diameter substantially equal to that of a check valve body. FIG. 10
      illustrates the configuration of the disk once the ring is folded in the
      described manner. Thereupon the tube material may be sandwiched between
      the folded disks and check valves and the damper assembly is inserted into
      the cannister 12 intermediate the float 10 and the hydrophone assembly 20.
PAR  When the cannister 12 engages the water surface, the release mechanism
      permits the assemblies 20 and 16 to deploy from the cannister. The weight
      of the assembly 20 will pull the damper assembly 16 from the cannister and
      as the assembly 16 is removed from the confines of the cannister the rings
      44 will, due to their resilient nature, "open" to form the disk
      configuration apparent in FIGS. 2 and 3. Additionally, as the damper
      assembly is pulled down through the water the water will be forced into
      the interior of the tube through the lower check valve passage 52. Any air
      trapped in the tube 34 will soon escape the tube upon wave motion causing
      an upward movement of the damper assembly wherein the upper check valve 36
      will momentarily open and permit entrapped air to be released. The mass of
      the water entrapped within the tube 34 is significant and thus a mass
      damping is achieved.
PAR  The inelastic strip 84 causes the tube to form an arc rather than a
      straight line, and the strip 84 is located at 180.degree. with respect to
      the stabilizer straps 48.
PAR  The configuration of the damper due to the presence of the inelastic strip
      84 and the canting of the disks 38 stabilizes the damper in the presence
      of a shear current in that the curved configuration employed in
      conjunction with the offsetting of the points of attachment occurring at
      the attachment rings 90 located adjacent the check valve edge regions
      minimizes rotation of the damper, and as such rotation would aggravate the
      instability of the damper in a shear current such features are of
      significance.
PAR  Additionally, vortex shedding is greatly reduced due to the presence of the
      stabilizer straps 48 and the canting of the disks. This combination
      disrupts the normal waterflow around the tube breaking up the pattern of
      vortex shedding. Thus, the damper may be used in close proximity to a
      hydrophone platform without adverse effect.
PAR  Accordingly, it will be appreciated that the damper of the assembly
      effectively produces mass, drag and hydrodynamic mass damping with the
      utilization of economically produced structure easily stowable in a
      restricted volume container. Advantageous waterflow characteristics are
      achieved wherein the damper does not introduce extraneous vibrations into
      the hydrophone suspension system, and assembly of the damper components is
      minimized due to the mechanical interconnection thereof achieved by the
      check valves 36.
PAR  It is appreciated that various modifications to the inventive concept may
      be apparent to those skilled in the art without departing from the scope
      and spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydrophone damper assembly comprising, in combination, an elongated
      tube of flexible material having first and second ends, a check valve
      attached to each tube end and sealing the associated end, said check
      valves permitting water to enter the tube and preventing water egress, and
      attachment means associated with said tube for attaching hydrophone
      structure thereto.
NUM  2.
PAR  2. In a hydrophone damper assembly as in claim 1 wherein said attachment
      means is mounted upon at least one of said check valves.
NUM  3.
PAR  3. In a hydrophone damper assembly as in claim 1 wherein said tube is
      formed of a synthetic plastic film.
NUM  4.
PAR  4. In a hydrophone damper assembly as in claim 1, a disk attached to said
      tube, said disk having a generally flat planar configuration and
      transversely related to the length of said tube and having a diameter
      greater than the diameter of said tube.
NUM  5.
PAR  5. In a hydrophone damper assembly as in claim 4 wherein said disk is
      affixed to said tube adjacent one of said ends.
NUM  6.
PAR  6. In a hydrophone damper assembly as in claim 5 wherein a disk is attached
      to each end of said tube.
NUM  7.
PAR  7. In a hydrophone damper assembly as in claim 5 wherein said check valves
      include tube and disk mounting means, said valve at said one tube end
      attaching said disk to said tube.
NUM  8.
PAR  8. A hydrophone damper assembly comprising, in combination, an elongated
      tube of flexible material having first and second ends, a check valve
      affixed to each tube end and closing the associated end permitting water
      to enter the tube and preventing water egress therefrom, a substantially
      flat disk member affixed to said tube adjacent each end whereby the
      general plane of said disks is transversely disposed to the tube length,
      and attachment means mounted upon said tube adjacent said ends for
      attaching hydrophone structure thereto.
NUM  9.
PAR  9. In a hydrophone assembly as in claim 8 wherein said tube and disks are
      formed of a synthetic plastic film, each of said disks including a
      deformable resilient ring forming and maintaining the disk periphery.
NUM  10.
PAR  10. In a hydrophone damper assembly as in claim 9 wherein said check valves
      include film retaining means, said film retaining means interconnecting
      and maintaining the assembly of the associated tube end, disk and check
      valve.
NUM  11.
PAR  11. In a hydrophone damper assembly as in claim 8, disk orientation means
      interposed between said disks and said tube obliquely angularly orienting
      the plane of said disks to the length of said tube.
NUM  12.
PAR  12. In a hydrophone damper assembly as in claim 11 wherein said tube is of
      a curved configuration relative to its length. .Iadd. 13. A hydrophone
      damper comprising, in combination, an envelope of flexible material, a
      check valve defined in said envelope directly communicating with the
      environment surrounding said envelope, said check valve permitting water
      to directly enter the envelope whereby said envelope confines the water
      therein and preventing said water from leaving said envelope, and
      attachment means associated with said envelope for attaching hydrophone
      structure thereto. .Iaddend. .Iadd. 14. In a hydrophone damper assembly as
      in claim 13 wherein said envelope comprises a tube having first and second
      ends, and said check valve is located in one of said ends. .Iaddend.
      .Iadd. 15. In a hydrophone damper assembly as in claim 13 wherein said
      envelope comprises a tube having first and second ends, a disk attached to
      said tube adjacent at least one of said ends, said disk having a generally
      flat planar configuration and transversely related to the length of said
      tube and having a diameter greater than the diameter of said tube.
      .Iaddend. .Iadd. 16. In a hydrophone damper assembly as in claim 15
      wherein said disk is formed of a flexible synthetic plastic film and has a
      generally circular periphery, an annular resilient spring element within
      said disk engaging the periphery thereof and having a normal expanded
      circular configuration, said element capable of being twisted and folded
      into a plurality of loops of a dimension less than said elements' normal
      expanded configuration and expanding into its normal configuration when
      unrestrained. .Iaddend. .Iadd. 17. In a hydrophone damper as in claim 13,
      said envelope having an elongated tubular configuration and an inflated
      cylindrical transverse cross-sectional configuration, said check valve
      having a flat configuration having a circular diameter substantially
      corresponding to the inflated diameter of said envelope. .Iaddend. .Iadd.
      18. A hydrophone damper comprising, in combination, an envelope of
      flexible material having first and second ends, a check valve defined in
      one of said envelope ends directly communicating with the environment
      surrounding said envelope, said check valve permitting water to directly
      enter the envelope whereby said envelope confines the water therein and
      preventing water from leaving said envelope, and attachment means
      associated with said envelope for attaching hydrophone structure thereto.
      .Iaddend.
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ABST
PAL  A flexible longitudinally continuous tape construction is disclosed for use
      in joining mating edges of juxtaposed members, the tape having an X-like
      configuration transversely of its length to provide legs adapted to
      receive and be secured to the edges of the members to be joined. The tape
      is capable of serving as a pliable hinge to permit articulation of the
      joined members, or it may also serve simply as a binding for joining
      members intended to be fixed relative to each other. The tape construction
      combines longitudinally continuous marginal web portions or carriers,
      forming the extremities of the legs of the X, with longitudinally spaced
      strand or equivalent connector means running crosswise of and
      interconnecting pairs of marginal web portions. The connector means
      intersect and interlock forming the axis of the X-like configuration.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my prior copending
      application Ser. No. 859,619, filed Sept. 22, 1969 .[...]. .Iadd.now
      abandoned..Iaddend.
BSUM
PAC  1. Field of the Invention
PAR  This invention pertains to continuous length, pliable tape structures
      useful in joining mating edges of adjacent members for making rigid or
      hinged connection between such members.
PAC  2. Prior Art Background
PAR  The limiting strength of conventional hinged or jointed structures
      utilizing sheet or panel members to form the structure is the ability of
      such members to carry localized stresses at points of attachment. There
      has accordingly existed for some time a need for better means of joining
      the edges of materials having relatively low resistance to localized
      loading stresses, such as the imposed by rivets screws, spot welding and
      the like. Sheet or panel materials which are particularly involved include
      formed plastic sheet, foamed
      .[.core/stressed.]..Iadd.core-stressed.Iaddend.skin laminates, corrugated
      board, chipboard, felt laminates and similar light weight, low cost but
      easily rupturable stock which is commonly used in fabricating containers
      or other vessels, display structures, protective table pads, folio covers,
      etc.
PAR  Various tape constructions for joining mating edges of such materials have
      been advanced heretofore. A common arrangement is illustrated in Pats.
      Nos. 589,504, 1,260,197, 1,833,469 and 3,035,752 where the junction is
      formed by fabric or paper strips or tabs which are simply glued to the
      faces of the members to be joined. One particular difficulty with these
      arrangements is their poor resistance to peeling of the tabs from the
      faces of the joined members when forces are applied tending to move the
      members bodily relative to each other. Another form is illustrated in U.S.
      Pats. Nos. Re. 18,204, 1,998,036, 2,025,926, and 3,442,415. This form of
      joint-forming tape is characterized generally by the employment of two,
      coextending tapes which are stitched together along their center lines to
      form an X-like configuration in cross section. The legs of the X are then
      glued or otherwise secured to the margins of the members to be joined.
      This represents an improvement over flat tape but the stitching, falling
      as it must at the axis of the hinge, weakens the structure at its most
      critical location. Still another approach used for hingedly joining
      members is represented by the constructions shown in Pats. Nos. 46,071,
      570,365 and 2,219,524. The arrangements there shown are not longitudinally
      continuous of the joined edges, so that a plurality of separate hinges
      must be used; and their attachment to the members to be joined presents
      problems. Molded plastic hinges of the type illustrated in Pats. Nos.
      3,202,310 and 3,301,430 are designed to provide a continuous joint along
      the mating edges, but here again a problem is encountered in providing
      suitable means for securing such joint-forming constructions to the panel
      members.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a pliable tape structure which can be
      manufactured in continuous lengths and easily cut to any desired length
      for application to the members to be joined, much the same as ordinary
      pressure-sensitive tape is applied to a surface but which avoids the
      short-comings of prior tape arrangements discussed above. The novel tape
      structure is designed to take advantage of the highest tensile
      strength-to-weight ratio of any material form, namely that of the
      filament. The invention applies this high strength property to hinges or
      joint-forming tape without creating localized stress points in the
      resulting structure, as the tape configuration puts the entire attachment
      area (glue or other bonding agent) in shear only and eliminates peel
      forces.
PAR  As mentioned, the novel tape may serve to join both articulated and
      non-articulated members and one of the principal objectives of the
      invention is to provide a hinge or joint-forming tape structure which
      affords uniform distribution of attachment stress over as large an area as
      practical of the members which it is desired to join, thereby avoiding
      localized or concentrated stresses at points of attachment, while
      minimizing susceptibility to peeling. In this way, advantage can be taken
      of materials of low cost but stress-oriented nature, such as paperboard,
      expanded or foamed plastic, etc., for use as basic structural members,
      without the need and attendant expense of special reinforcement or
      auxiliary construction at the point of attachment. The invention makes
      possible better application of maximum material properties to achieve
      great strength-to-weight ratios in joined structures.
PAR  Other objectives include greater ease of application of the tape to members
      to be joined, and provision for specialized engineering applications, such
      as that involved in rolling hinges or in hingedly joining members whose
      mating edges are curved.
PAR  Use of the novel tapes for purposes other than hinging applications is of
      advantage where members to be secured together are subjected to loading or
      other forces tending to shift one member bodily relative to the other. The
      invention enables loadbearing structures such as display stands, mock-ups
      of prototype equipment, cartons or containers of various configurations,
      to be made of relatively low strength sheet stock. By joining members or
      sections of these devices with tape of the design herein disclosed, the
      inadequacy in peel strength of conventional pressure-sensitive adhesive or
      mending tape is largely overcome.
PAR  In accordance with the teaching herein, engineering advantage is taken of
      inherent tensile strength in pliable fabric, strand or sheet materials,
      when used in the tape configurations disclosed, to form continuous length
      tape structures which are easily applied to the members to be joined, and
      which distribute the attachment stresses uniformly over the adjacent edges
      of joined members, thereby reducing the chance for failure of the
      materials at such locations.
PAR  Briefly, the tape structures of the invention are comprised generally of
      two essential sets of elements. One set of elements consists of pliable
      strands, or equivalent connector means, disposed to run transversely of
      the joint to be formed. The other set of elements consists of pliable web
      portions or carriers disposed to run longitudinally of the joint to be
      formed. Each transverse strand or connector element interconnects two of
      the longitudinal web portions and serve to support load stresses purely in
      tension, i.e. the maximum strength property of the strand. At least some
      of the cross strands alternate with .[.the.]. .Iadd.and .Iaddend.intersect
      other such strands along the axis of the tape, forming an X-like
      configuration in cross-section of the tape. Adhesive is applied to the
      confronting faces of legs in two transversely oriented quadrants of the X
      for bonding the tape to the margins of the members to be joined, whereby
      the margins are clamped between adjacent legs in quadrants of the X-like
      tape on opposite sides of the tape axis.
PAR  Various embodiments of this basic combination and modifications thereof are
      illustrated in the accompanying drawings and are described hereinafter.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a perspective view showing a portion of a preferred form of tape
      structure embodying the invention;
PAR  FIG. 2 is a fragmentary elevational view in perspective showing one method
      of forming the finished tape of FIG. 1;
PAR  FIG. 3 is a view in cross-section on line 3--3 of FIG. 2;
PAR  FIG. 4 is a cross-sectional view similar to FIG. 3, showing rearrangement
      of the tape upon removal from the forming mandrels seen in FIG. 2;
PAR  FIG. 5 is a cross-section similar to FIG. 3, showing an arrangement for
      fabricating a number of tapes simultaneously;
PAR  FIG. 6 is a cross-sectional view of another arrangement for forming
      multiple tapes;
PAR  FIGS. 7-12 are fragmentary cross-sectional views of different types of
      hinged members and hinging arrangements using the tape of FIG. 1;
PAR  FIG. 13 is a fragmentary cross-sectional view of hinged members employing a
      modified type of tape hinge;
PAR  FIG. 14 is a fragmentary view of a jig structure illustrating the formation
      of a tape hinge of the type shown in FIG. 13;
PAR  FIG. 15 is a fragmentary cross-sectional view of another form of tape hinge
      construction;
PAR  FIG. 16 is a view similar to that of FIG. 14 illustrating a manner of
      forming the tape hinge of FIG. 15;
PAR  FIGS. 17 and 18 are fragmentary views of additional tape hinge
      constructions;
PAR  FIGS. 19 and 19A are perspective views of tape structures similar to FIG. 1
      but employing multiply grouped strands or strips crossing on the bias;
PAR  FIG. 20 is a perspective view of a tape structure similar to FIG. 1 but
      incorporating pressure-sensitive adhesive and protective release strips;
PAR  FIG. 21 illustrates the manner of applying the tape of FIG. 20 to one
      member which is to be joined to another;
PAR  FIG. 22 is a fragmentary perspective view of an integrally woven tape
      structure incorporating the invention;
PAR  FIG. 23 is a cross-sectional view of a woven structure from which tapes of
      the form shown in FIG. 22 are cut;
PAR  FIG. 24 is a perspective view of another form of tape incorporating the
      invention, in which the manner of forming the tape is illustrated;
PAR  FIG. 25 is a cross-sectional view of the finished tape seen in FIG. 24;
PAR  FIG. 26 illustrates still another form of tape embodying the invention, and
      a means of fabricating such tape;
PAR  FIG. 27 is a cross-sectional view of the finished tape of FIG. 26;
PAR  FIG. 28 is an enlarged, fragmentary view of the tape structure of FIG. 26;
PAR  FIG. 29 is a perspective view of another form of tape and a method of
      making it;
PAR  FIGS. 30 and 31 are cross-sectional views of the tape of FIG. 29 in
      partially completed and fully completed condition;
PAR  FIG. 32 is a broken view in perspective elevation of a foamed core/stressed
      skin panel member having a curved edge with a tape secured along such
      edge; and
PAR  FIG. 33 is a similar view showing a pair of curved-edge members of FIG. 32
      joined by the tape.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Tape structure 20 illustrated in FIG. 1 is composed of alternating runs of
      intersecting flexible strands 22 producing an X-configuration, and carrier
      strips 24 running lengthwise of the tape axis in transversely opposite
      quadrants of the X. Each of carrier strips 24 is folded lengthwise at 25
      and extends continuously between adjacent legs in each of two opposite
      quadrants of the X. Each of strands 22 is secured at its opposite or
      cross-axis ends to margins of opposite carrier strips 24 by suitable
      adhesive. Collectively the strands in each opposite pair of legs of the X
      form a mat in conjunction with the associated carrier strips. In order to
      allow free intersection and lateral cross-over of the strands at the tape
      axis, the carrier strips are positioned to dispose their fold lines 25
      slightly outwardly of the tape axis.
PAR  As will be more fully described presently, tape 20 is adapted to be applied
      along the mating edges of two members to be joined. To this end the edges
      of the members are received between adjacent tape legs in transversely
      opposite quadrants of the X-configuration, and adhesive is applied to the
      confronting faces of such legs to bond them to the margins or edges of the
      members. It is apparent that the members to be joined may be received in
      either of the two different sets of opposed quadrants of the tape. Where
      the members are received in the quadrants in which the carrier strips 24
      are located, the carrier strips serve as barriers to prevent glue or other
      adhesive working into the axis of the tape. That is important where the
      tape is used as a hinged connection between members, since glue in the
      axis will impair the freedom of the hinging action of the connecting
      strands 22. Also the carrier strips serve in such case to prevent wear of
      the strands on a rough or sharp edge of the hinged member. In cases where
      the tape is employed simply for joining non-articulated members, these
      considerations are not so important; in fact it may even be of advantage
      to use the alternate set of quadrants so that direct glued contact of the
      strands 22 to the members being joined is obtained.
PAR  In the preferred construction shown in FIG. 1, hinge 20 is intended to be
      quite flexible so that it may be easily applied in a manner similar to
      that in which ordinary pressure-sensitive tape is applied to a surface.
      For that reason both the carrier strip 24 and the transverse strands 22
      are of pliable material. Typically useful materials for the carrier strips
      include paper, more especially craft or crepe paper, woven textile webbing
      or light plastic film or tape. In fact various types of presently
      available commercial pressure-sensitive masking tape can conveniently be
      used for the carrier strip. Strands 22 may be multifilament textile
      threads or cords, natural or synthetic, as well as monofilament strands of
      organic or inorganic, e.g. metallic, material.
PAR  In FIGS. 2-4 a method is illustrated for handfabrication of tape of the
      type shown in FIG. 1. To this end there is provided a pair of elongated
      flat mandrels 34 suitably supported in edgewise spaced parallel relation.
      Cord 36 is wound about the mandrels in figure-8  manner to form the mat of
      strands 22 comprising the connector elements of the completed hinge.
      Pressure-sensitive tape is then applied over the cord on opposite faces of
      the mandrels to secure all of the courses or runs of the cord in fixed
      position relative to each other. A knife or other sharp instrument is then
      used to sever the terminal bends of each convolution of the cord where is
      passes around the outer edges of mandrels 34, cutting along plane c--c as
      shown in FIG. 3. The preliminary tape hinge assembly may then be easily
      slipped off the mandrels. The legs of the tape hinge are then folded into
      reverse relationship from that in which they are formed on the mandrels,
      to the position shown in FIG. 4, so that the margins of each strip 24 are
      placed in back-to-back relation.
PAR  Methods suitable for commerical production of the tape are shown in FIGS. 5
      and 6 in which a plurality of mandrels 34 is employed and cord is woven
      continuously about these to build up a wide mat of any desired length. In
      FIG. 5, the opposite faces of this mat are then covered with sheets 36 of
      paper, cloth, plastic film or the like, which are glued or otherwise
      bonded to the cord. The finished mat is then cut by suitable slitting
      knives (not shown) advanced against and along the opposite faces of the
      mandrels, the knives being spaced on the center lines a--a of mandrels 34
      to slit the composite mat lenthwise of the mandrels and form a plurality
      of separate ribbons or tapes. These are removed from the mandrels, as in
      FIG. 4. FIG. 6 illustrates a similar method of manufacture but in this
      case each mandrel 34 is first faced or wound with the material which will
      serve as the carrier strips, and then the cord is woven about the mandrels
      in figure-8  manner as before. Alternatively, the tape can be woven
      without the mandrels, using the carrier strips as the warp elements for
      the cross strands.
PAR  The tape hinge can be applied to the edges of the members to be joined
      using either set of diametrically opposed hinge quadrants for receiving
      and securing the members. Also various types of hinge arrangements can be
      accommodated. This is illustrated in FIGS. 7 through 12 of the drawings.
      In each of these illustrations the members to be joined are received in
      the tape quadrants which do not contain carrier strips 24. For some
      applications. this has an advantage, as can be seen by reference to FIG.
      7. Any tendency of strands 22 to peel away from the surface of the hinged
      member A or B to which they are bonded is resisted by the interpositioning
      of the carrier strips 24. That is, strands 22 must cut through the
      interposed carrier strip if forces are applied to members A and B tending
      to separate them bodily.
PAR  In FIG. 8, hinge 20 connects a relatively thick member C to a flat surface
      D to permit swinging of member C through an arc of 90.degree.. In FIG. 9,
      member E is hinged to the flat surface D for swinging movement through an
      arc of 180.degree.. In this illustration, member E is relatively thin and
      the legs of hinge 20 are secured to it along opposite margins of the faces
      rather than along one edge and the adjacent face as is necessary with a
      thick member.
PAR  FIGS. 10 and 11 also illustrate rolling hinges, the one in FIG. 10
      providing for 180.degree. arcuate movement between the hinged members F
      and G, while FIG. 11 illustrates a hinge permitting 360.degree. arc of
      movement for member I relative to member H. For this application, a
      centrally more open type of hinge is necessary. This can be readily
      provided simply by increasing the distance between the mandrels 34 in
      forming the hinge.
PAR  Further strengthening of the attachment of the hinge to the hinged members
      can be provided, as shown in FIG. 12, by applying and bonding overlying
      tapes 46 on one or both pairs of hinge legs.
PAR  For maximum strength in preventing separation of the hinged members at
      their limiting position of arcuate movement, a hinge structure such as
      that shown in FIG. 13 is useful. In this example, hinge 50 is generally
      similar to previously described hinge 20 except that some of the strands,
      while extending transversely of the hinge axis, do not cross laterally
      from one side to another in a given run of such strand; that is, such
      strands start and end on the same lateral side of the axis in that run.
      This is illustrated more particularly in FIG. 14 showing a method of
      constructing hinge 50 of FIG. 13. As before, a jig is used providing
      spaced mandrels 34, and a length of cord 36 is wrapped about the mandrels
      to form the strand runs. For clarity of illustration, the runs are shown
      in spread condition in the drawing but they would normally be closely
      spaced in actual practice. In this example, cord 36 is wound about the
      mandrels in alternate courses or runs, first with a figure-8
      configuration in which strands 52 laterally cross the hinge axis
      intermediate the mandrels. In the next course the strands 54 are wound so
      as to pass completely around the outside of both mandrels without crossing
      between the mandrels. In other words, while strands 52 in transversly
      crossing the axis of the hinge move laterally from one side to the other
      of the mandrels, alternate strands 54 remain on the same lateral side of
      the mandrels.
PAR  In the resulting hinge construction illustrated in FIG. 13, (after applying
      carrier strips 24, cutting the terminal bends of the strands to release
      the hinge from the jig and applying the hinge to members A and B), each
      strand 54 extends directly across the hinge axis from one member to the
      other in the limiting position of the hinged members as shown. Such
      strands are thus in straight tension, providing maximum resistance to
      separation of the hinged members and to any tendency toward peeling of the
      intermediate strands 52 from margins of the hinged members. In the
      alternate limiting position of members A and B, strands 52 extend straight
      across the hinge axis and provide resistance to separation.
PAR  FIGS. 15 and 16 illustrate a further modification of the preceding example.
      In this example hinge 60 .[.incorporporates.]. .Iadd.incorporates
      .Iaddend.an interlocking or overlapping of the strands at the hinge axis.
      This is accomplished by winding cord 36 about mandrels 34 with a twist at
      each run, forming a series of interlocking clove hitches as shown in FIG.
      16. It will be noted from the drawing however that although each strand 62
      or 64 in any given run from one mandrel 34 to the other is positioned on
      the same lateral side of both mandrels, the strand is laterally displaced
      intermediate the mandrels by intersection with and overlapping of the
      strand of the correspondingly opposite run on the other side of the
      mandrels. The hinge 60 which results thus puts on strand in straight
      tension, e.g. strand 64 in FIG. 15, in the hinged structure.
PAR  Another method of forming tape hinges of the invention is illustrated in
      FIGS. 17 and 18 wherein the cord used in forming the transverse strands is
      not cut or severed as in the previous examples. In both of these
      illustrations the carrier strips consist of pressure-sensitive tapes 72,
      74 and the hinged structure is formed using two pairs of the tape strips
      in back-to-back relation, one pair on either side transversely of the
      hinge axis and each pair having the inner edges spaced from the other a
      distance sufficient to permit passage of the strands between the paired
      strips in passing from one lateral face to the other.
PAR  In forming this type of hinge structure, two separate lengths of cord 36
      are required. In FIG. 17, the two lengths are interwoven or interlocked
      intermediate the loop portions 76, 78 which are adhered to the faces of
      the strips. In FIG. 18 the arrangement is essentially the same but does
      not embody interlocking of the two strands within each loop.
PAR  Multiple cords are used in forming tape 80 also, as seen in FIG. 19. This
      tape can be formed as described in connection with FIGS. 1-4, except that
      instead of using a single strand of cord to form the runs, a group 82 of
      parallel cords is woven about the mandrels. The number of cords in the
      group will determine the angle or bias of the group in respect to the axis
      of the X; the greater the number of cords, the greater the bias angle.
PAR  A similar arrangement is shown in FIG. 19A where again a plurality of cords
      is wound simultaneously as above, but in this case the cords .[.were.].
      .Iadd.are .Iaddend.wound about a series of mandrels, as in FIG. 5.
      Depending on the width of the composite group of mandrels, each run of
      grouped cords 92 will cross the tape axis at little or no bias in
      connecting carriers 24. In place of the grouped cords, webbing or tape of
      various sorts can be used to provide equivalent connector means.
PAR  Attachment of the finished tape product to the members to be joined is
      facilitated by incorporating pressure-sensitive adhesive with the tape, as
      produced, so that it is self-containined ready for application as
      purchased. FIG. 20 illustrates such an arrangement. The basic tape
      structure is the same as that shown in FIG. 1, but in this case tape 120
      includes bands of pressure-sensitive adhesive 102 extending lengthwise of
      the tape on confronting faces of the carrier strips 124 in opposite
      quadrants of the X. In the preferred construction, adhesive 102 does not
      extend into the center of carriers 124, but is confined to the margins of
      the tape. Temporary protection in the form of peel or release strips 104
      are applied over the adhesive, the strips being made wider than the bands
      on adhesive so as to overlap at the inner edge and provide a convenient
      free tab 106 by which to start the peeling off of strips 104 when the tape
      is to be applied to members to joined.
PAR  In attaching the tape, one release strip is first completely stripped from
      one leg and that leg is pressed along an edge of the member to be joined.
      See FIG. 21. The adjacent leg of the tape is lifted to get access to free
      tab 106 of its release strip 104 which is then peeled back at 90.degree.
      to the tape axis. As this strip 104 is pulled, it releases next to the X
      axis first and then diagonally outwardly across the face of tape 120,
      pulling it firmly against the edge of the member to which it is being
      attached. This leg of the tape is simultaneously pressed into contact with
      the face of the member and the process is repeated in securing the other
      two legs of the tape to the opposite member.
PAR  The arrangement not only facilitates the attachment process, providing a
      smooth, tight surface contact between the tape and members but aids in
      getting alignment of the tape axis and the abutting edges of the members,
      even if there is some initial misalignment due to improper starting
      placement of the tape. By pulling the release strip in the manner
      discussed, the tape is made to lie straight and its natural axis is caused
      to conform closely with the edge of the member to which it is attached so
      as to produce a rigid axis in the finished structure. In speaking of
      "natural axis" above, this is intended to mean not so much the axis
      defined by the crossing strands in the tape as it exists before
      application to the edges of the numbers to be formed, but rather to that
      axis defined by the crossing strands as this is developed upon securing
      the tape to the members to be joined. The two conditions are identical in
      the case of a perfectly applied tape to prefectly straight, aligned edges
      of members to be joined. But such ideal condition seldom exists in
      practice, and it is one of the virtues of the novel tape that such perfect
      condition need not exist, because the tape will align itself to
      accommodate irregularity of the edge and/or inexact application to those
      edges, without resulting in a loose or wobbly hinged joint. This feature
      arises inherently from the tape construction wherein the flexible
      connector strands, in crossing between web portions to which their ends
      are connected, are free to shift relative to each other, within of course
      the limits of their points of connection to the longitudinal web portions.
PAR  Still another form of tape is shown in FIG. 22. Tape 220 is woven on a
      suitable loom to produce an integral structure in which weft threads 222
      of the webbing form the cross-connectors for marginal or selvage portions
      produced by interweaving threads 222 with longitudinal or warp threads
      223. Separate carrier members are accordingly not required in this
      arrangement. Selfsticking adhesive and protective peel strips can of
      course be incorporated in this form of tape, similar to that, described
      above. Tape 220 can be produced initially in multiple widths, as shown in
      FIG. 23, by a process similar to that described in connection with FIG. 5,
      but without using mandrels and slit on lines b--b to produce separate
      tapes.
PAR  Yet another form of the invention is illustrated in FIGS. 24 and 25 where a
      continuous strip 302 of paper or sheet plastic is slit in sinusoidal
      manner along its longitudinal axis to produce complementary left and right
      strips or marginal portions 304, 306 having mutually projecting fingers
      308. These strips are then pressed laterally together to cause them to
      intermesh, with the fingers 308 of one overlapping the respective marginal
      portion 304 or 306 of the other. An imperforate strip 310 is then applied
      to the intermeshed and overlapped first members 304, 306, and bonded by
      gluing or welding to the tips of the fingers of those members. Strip 310
      is creased longitudinally, causing the free edges of the members to
      separate and form the X-like tape 320, as seen in FIG. 25.
PAR  FIGS. 26 and 27 show another tape structure 420 incorporating the
      invention. In this case two strips 402, 406 of suitable sheet stock are
      slit longitudinally along a central sinusoidal line to produce left and
      right marginal portions 401, 403 and 405, 407, all having teeth 408.
      Strips 402 and 406 are brought together in such manner that the teeth of
      one are out of phase, longitudinally of the tape, with those of the other
      so that the peaks of the teeth overlap. The overlapped peaks are glued or
      otherwise bonded together at 410, and the marginal portions separated to
      form the X-like configuration, as seen in cross-section in FIG. 27.
      Preferably the marginal halves of each strip 402, 406 are first laterally
      separated, as seen on enlarged scale in FIG. 28, before the overlapping
      teeth 408 are bonded together. This provides more freedom and reduces
      binding along the axis of the tape. Again, the marginal web portions may
      have a band of self-sticking adhesive 412, by which to secure the tape to
      the edges of the members to be joined, in which case a release or peel
      strip 414 is provided to protect the adhesion areas until the tape is to
      be used.
PAR  In FIGS. 29 to 31, a tape 520 is formed by joining two strips 502, 504 by
      welding or gluing along a central portion or band 506, and then cutting a
      series of slots 508 across band 506, spaced longitudinally along the tape.
      Next, each strip 502, 504 is slit at 510, 512, respectively,
      longitudinally between slots 508 at alternate ends of adjacent slots.
      Slits 510, 512 are also alternated in the confronting strips 502, 504
      along the tape so as not to coincide at any point. Separating the legs or
      marginal portions of strips 502, 504 results in an X-shaped tape section,
      as shown in FIGS. 30 and 31.
PAR  Application of tape to curved edges of members is illustrated in FIGS. 32
      and 33. In FIG. 32 a semiflexible member 602 has a curved edge 604 which
      is to be joined to a similar curved edge of panel member 606 (see FIG.
      33). Tape 620 of the construction shown in FIG. 20 is used but to
      facilitate obtaining a smooth fit of the tape to the curved edge, the
      carrier strip members 624 of tape 620 are preferably formed of crepe paper
      to permit some stretching of the tape during application. When the free
      edges of members 602 are separated, after curved edges 604 are joined, a
      geodesic structure is obtained as seen in FIG. 33. Any slight longitudinal
      accommodation necessary along curved edge 604 as the structure is
      .[.foRmed.]. .Iadd.formed .Iaddend.is readily permitted by the elasticity
      of tape 620. FIG. 33 also illustrates the use of light weight, low cost
      laminated, foamed or .[.honey combed.]. .Iadd.honeycombed
      .Iaddend.core/stressed skin panels to form geometric structures, where the
      panels will not resist highly localized loads imposed by the use of rivets
      or screws as fastening means. Ordinary flat tape if used in such a
      construction may overcome the problem of localized attachment stress, but
      is .[.partIcularly.]. .Iadd.particularly .Iaddend.vulnerable to peeling
      forces in the situation here illustrated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flexible tape for joining mating edges of adjacent members,
PA1  said tape having an X-like configuration in cross section and providing a
      longitudinally continuous structure adapted to extend along and be secured
      to the edges of the members to be joined so that the axis of said X-like
      configuration coincides generally with the juncture formed by the members
      to be joined, said tape comprising
PA1  carrier strip means comprising pliable, longitudinally continuous, marginal
      web portions at the extremities of the legs of the X; and
PA1  flexible, spaced, connector means running crosswise of and .[.being
      secured.]. .Iadd.bonded .Iaddend.to and interconnecting pairs of web
      portions, at least some of said connector means intersecting and crossing
      other connector means to form said X-like configuration .[...]. .Iadd.,
      said flexible connector means in crossing between said web portions being
      free to shift relative to each other within the limits defined by their
      points of connection to the respective longitudinal web portions..Iaddend.
NUM  2.
PAR  2. A flexible tape as defined in claim 1, wherein at least some of said
      connector means join pairs of transversely opposite web portions.
NUM  3.
PAR  3. A flexible tape as defined in claim 2, wherein said carrier strip means
      extends continuously between adjacent legs in each of two opposite
      quadrants of the X-like configuration.
NUM  4.
PAR  4. A flexible tape as defined in claim .[.3.]. .Iadd.23, .Iaddend.wherein
      said adhesive is of the pressure-sensitive type and is confined to the
      outer margins of confronting faces of said carrier strip means, said tape
      further including temporary protective release strips covering said
      adhesive but peelable therefrom to expose said adhesive when said tape is
      applied to the members to be joined.
NUM  5.
PAR  5. A flexible tape as defined in claim 4, wherein the protective release
      strips overlap the inner margins of the adhesive to provide free tabs
      along such margins.
NUM  6.
PAR  6. A flexible tape as defined in claim 1, wherein said connector means are
      biased longitudinally of the tape axis.
NUM  7.
PAR  7. A flexible tape as defined in claim 1, wherein said connector means
      comprise alternately crossing flexible strands.
NUM  8.
PAR  8. A flexible tape as defined in claim 1, wherein said connector means
      comprise alternately crossing groups of strands.
NUM  9.
PAR  9. A flexible, continuous tape hinge for application along adjacent edges
      of members to be hingedly joined, said hinge have an X-like configuration
      in cross section and said hinge comprising
PA1  carrier strip means of pliable sheet material running lengthwise of the
      hinge on transversely opposite sides of its axis; and
PA1  flexible strands running crosswise of said axis and carrier strip means,
      each strand having its cross-axis ends secured to faces of opposed carrier
      strip portions, at least some of said strands intersecting and crossing
      over other of said strands to form the hinge axis at their intersection.
NUM  10.
PAR  10. A tape hinge as defined in claim 9, wherein the carrier strip portions
      are disposed in transversely opposed quadrants of the X-like
      configuration.
NUM  11.
PAR  11. A tape hinge as defined in claim 9, wherein the carrier strip portions
      in each quadrant are integrally joined along the hinge axis.
NUM  12.
PAR  12. A tape hinge as defined in claim 10, which further includes
      pressure-sensitive adhesive on the confronting faces of the legs of the
      X-like configuration in transversely related quadrants.
NUM  13.
PAR  13. A tape hinge as defined in claim 12, wherein said adhesive coating is
      located on confronting faces of said carrier strips.
NUM  14.
PAR  14. A tape hinge as defined in claim 12, which further includes flexible
      release strips covering said adhesive coating but peelable therefrom to
      expose said adhesive upon application of the hinge to members to be
      hingedly joined.
NUM  15.
PAR  15. A tape hinge as defined in claim 9, wherein each of said flexible
      strands running crosswise of said axis and carrier strip means has its
      cross-axis ends secured to faces of said carrier strip means over a
      substantial portion of the width thereof.
NUM  16.
PAR  16. A tape hinge as defined in claim 15, which further includes
      pressure-sensitive adhesive coating on at elast one tape face on each side
      of the hinge axis.
NUM  17.
PAR  17. A tape hinge as defined in claim 16, wherein said pressure-sensitive
      adhesive coating is disposed on confronting faces of the legs of the
      X-like configuration in transversely related quadrants, said tape further
      including flexible release strips covering said adhesive coating but
      peelable therefrom to expose said adhesive upon application of the hinge
      to members to be hingedly joined.
NUM  18.
PAR  18. A tape hinge as defined in claim 9, wherein the carrier strip portions
      are disposed in diametrically opposed quadrants of the X-like
      configuration and the strip portions in each quadrant are integrally
      joined along the hinge axis.
NUM  19.
PAR  19. A flexible tape for joining mating edges of adjacent members,
PA1  said tape having an X-like configuration in crosssection and providing a
      longitudinally continuous structure adapted to extend along and be secured
      to the edges of members to be joined so that the axis of said X-like
      configuration coincides generally with the juncture formed by the members
      to be joined, said tape comprising
PA1  pliable longitudinally continuous carrier .[.strips.]. .Iadd.means
      .Iaddend.forming the extremities of the legs of the X .[.in transversely
      opposite quadrants of the X.].; and
PA1  flexible, spaced, connector means running crosswise of and interconnecting
      .[.marginal portions of.]. opposite carrier .[.strips.]. .Iadd.means, all
      of .Iaddend.said connector means intersecting and crossing .[.each
      other.]. alternately to .Iadd.join diagonally opposite carrier means and
      .Iaddend.form said X-like configuration.
NUM  20.
PAR  20. A flexible tape as defined in claim 19, wherein said carrier
      .[.strips.]. .Iadd.means .Iaddend.are formed of stretchable sheet
      material.
NUM  21.
PAR  21. A flexible tape as defined in claim 20 wherein said carrier
      .[.strips.]. .Iadd.means .Iaddend.are formed of crepe paper.
NUM  22.
PAR  22. A flexible tape as defined in claim 1, wherein said carrier strip means
      are formed of stretchable sheet material.
NUM  23.
PAR  23. A flexible tape as defined in claim 1, which further includes adhesive
      disposed on confronting faces of said web portions in transversely opposed
      quadrants of the X, for securing said faces to edges of the members to be
      joined. .[.24. A flexible tape as defined in claim 1, wherein said
      flexible connector means, in crossing between said web portions to which
      they are connected to form said X-like configuration, are free to shift
      relative to each other within the limits defined by their points of
      connection to the respective longitudinal web portions..]..Iadd. 25. A
      flexible tape for joining mating edges of adjacent members,
PA1  said tape having an X-like configuration in cross-section and providing a
      longitudinally continuous structure adapted to extend along and be secured
      to the edges of members to be joined so that the axis of said X-like
      configuration coincides generally with the juncture formed by the members
      to be joined, said tape comprising
PA1  carrier strip means comprising pliable, longitudinally continuous, marginal
      web portions at the extremities of the legs of the X;
PA1  flexible, spaced, connector means running crosswise of and being secured to
      and interconnecting pairs of web portions, at least some of said connector
      means intersecting and crossing other connector means to form said X-like
      configuration; and
PA1  adhesive means disposed on confronting faces of said web portions in
      transversely opposite quadrants of the X for securing said faces to edges
      of the members to be joined..Iaddend. .Iadd. 26. A flexible tape for
      joining mating edges of adjacent members,
PA1  said tape having an X-like configuration in cross-section and providing a
      longitudinally continuous structure adapted to extend along and be secured
      to the edges of the members to be joined so that the axis of said X-like
      configuration coincides generally with the juncture formed by the members
      to be joined, said tape comprising
PA1  pliable, longitudinally continuous, film forming the extremities of the
      legs of the X; and
PA1  flexible, spaced, connector means running cross-wise of and being joined to
      said film on both sides of the X axis, said connector means intersecting
      and crossing each other alternately to form said X-like
      configuration..Iaddend.
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ABST
PAL  The method of packaging perishable products in a container and insuring
      preservation of the products while in the container, which method consists
      in permanently sealing the opening of the container after the product is
      packaged thereafter forcing an inert fluid to expel the air from the
      container through a port entry and exhaust, then sealing the port entry
      and exhaust while in the process of purging, thus trapping the inert fluid
      in the container.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation of S.N. 58,266 filed July 7, 1970
      and now abandoned and which in turn is a division of the inventor's
      copending application Ser. No. 645,968, now Pat. No. 3,521,806, filed June
      14, 1967.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  (1) Field of the invention
PAR  The invention is directed to the method of packaging and preserving
      perishable products after being packaged by purging the package of air
      after the perishable product is packaged and substituting an inert fluid
      for the air.
PAR  (2) Description of the prior art
PAR  Applicant is not aware of prior art directed to the method herein
      disclosed.
PAC  SUMMARY OF THE INVENTION
PAR  The method comprises the placing of the perishable product through product
      inlet opening. Then that opening is sealed closed. Thereafter the air is
      purged from the package by forcing inert fluid through the package, the
      package having fluid inlet and outlet openings. During the purging, the
      fluid inlet and outlet openings are sealed to entrap the purging fluid.
PAR  Other features and the advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein preferred embodiments of the invention are illustrated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of the package of this
      invention;
PAR  FIG. 2 is a perspective view of the package shown in FIG. 1, the stable
      carton being shown with the top open;
PAR  FIG. 3 is a sectional view of the package shown in FIG. 1, the view being
      taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary, sectional view of the package shown in FIG. 1, the
      view being taken along the line 4--4 of FIG. 1; and
PAR  FIG. 5 is a perspective view of another embodiment of the package.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more in detail to the drawings, and particularly to FIG. 1, the
      package includes an inherently stable carton 11. The carton 11 is
      preferably of the conventional cardboard crating type and includes closing
      flaps 12 extending upwardly from the sides thereof. The carton 11 includes
      an inlet opening 13 juxtaposed one side and the top and an outlet opening
      15 juxtaposed the opposite side and the bottom on the same side of the
      carton.
PAR  A flexible, plastic .[., i.e. impermeable.]. container 17 is disposed in
      the carton 11. The container 17 includes one side unsealed 18 forming an
      opening 19 for accepting perishable products such as fruits, vegetables,
      meats and flowers, apples 21, being illustrative. Plastic tubes 23 and 25
      are affixed to the flexible plastic and extend from the container. The
      tubes 23 and 25 are alignable with and extend through the inlet and outlet
      openings, 13 and 14, respectively, and are supported by the walls forming
      the openings of the container.
PAR  Referring now to the embodiment shown in FIG. 5, the carton 11 is of the
      same general configuration as that shown in FIG. 1, except there are no
      flaps 12. Rather, a cover 29 is provided for covering the container 17
      receiving opening formed by the walls of the carton 11. The cover 29 is
      shown in broken lines, removed from the carton 11. The cover 29 includes
      walls 33 that surround the walls of the carton 11 and is adapted to be
      slidably extended thereover. One wall of the cover 29 includes slots 35
      and 37 for accepting the tubes 23 and 25, respectively. Thus, the cover 29
      can be slipped over the carton 11 and secured into covering position with
      the tubes 23 and 25 extending therethrough and accessible to be connected
      and sealed.
PAR  Shipping cartons 11 of the type depicted in FIG. 1, are generally supplied
      to the packager in a collapsed form. Thus, when it is desirable to package
      the products 21 for shipping or storage, the carton 11 is erected as shown
      in FIG. 2. The container 17 is then placed in the carton through the top
      opening and the tubes 23 and 25 are extended through the inlet and outlet
      openings 13 and 15, respectively. The produce, herein shown at 21, is then
      inserted through the opening 19 in the container and the opening is
      sealed. In the embodiment shown in FIG. 1, the envelope 17 is plastic and
      the opening 19 is sealed by pressing the film 18, forming the opening 19,
      together with conventional heat sealing mechanism. The flaps of carton 12
      are then closed and taped in a conventional manner.
PAR  Any suitable method can be employed for removing the air from the container
      and substituting an inert gas. I prefer to connect a hose (not shown) to a
      supply of inert gas, such as argon or nitrogen, and to the tube 23. The
      inert gas is then released into the container 17 through the tube 23 and
      the inert gas expels the air through the outlet tube 25.
PAR  It is noted that the inlet tube 23-outlet tube 25 arrangement depicted,
      effects a very effective flow pattern. The flow pattern is depicted in
      FIG. 2 by arrows. The incoming gas enters the container 17 from the front
      and is propelled generally along and parallel to the side nearest the
      inlet tube 23. When the gas reaches the back wall of the container 17, it
      is deflected inwardly from the side and passes generally along the back
      wall until it reaches the side nearest the outlet tube 25. The gas is
      again deflected and is directed back toward the front of the container 17
      and will be forced downwardly to pass out the outlet tube 25. Thus, flow
      is assured throughout the container 17 and no air pockets will be left
      uncirculated when the purge is completed.
PAR  The inert gas purge is continued for a time sufficient to drive essentially
      all of the air out of the container 17. When the desired level of inert
      atmosphere is reached, approximately 99.8% the purge is discontinued and
      while the container 17 is still pressurized, the tubes 23 and 25 are
      sealed. Sealing is preferably effected by cutting of the plastic tubes 23
      and 25 with hot scissors, thereby severing and sealing the tube
      simultaneously. Since both tubes 23 and 25 extend from the same side of
      the container 11, they are readily accessible to the worker during the
      packaging.
PAR  The remaining portions of the tubes 23 and 25 are then preferably tucked
      back into the carton 11. If desirable, the openings 13 and 15 may then be
      covered in any conventional manner. The packaged produce 21 is then ready
      for shipment and is maintained in an inert atmosphere. Spoilage and
      decaying of the produce is obviated since essentially all the oxygen has
      been purged from the container 17 and photosynthesis is suspended.
      Pressurization of the envelope 17 is preferred since if the oxygen were
      expelled and a vacuum left in the container, there would be greater danger
      of oxygen seepage into the container. The lack of oxygen will cause any
      animal life included in the container 17 to quickly suffocate and the
      produce 21 will be protected from insect damage.
PAR  The above described method is preferred since it is generally much more
      economical to force a purge through the container 17 to purge the air
      therefrom, rather than to evacuate the air by vacuum. However, if it were
      desirable to evacuate the air by pulling a vacuum, only one tube, as for
      instance 23, would be necessary. The air could be evacuated from the
      container 17 through the tube 23 and the container 17 could then be
      pressurized by pumping the inert gas in through the tube 23. The tube 23
      would then be sealed in the manner described above.
PAR  Referring now to packaging the produce 21, in the package embodiment shown
      in FIG. 5, the same general procedure, as that first described, is
      followed, except that, rather than closing the flaps 12, the cover 29 is
      slid into position and secured, as by taping. The container 17 is then
      purged and the tubes 23 and 25 sealed as described above.
PAR  From the foregoing it will be apparent that the method herein described,
      provides simple, effective and economical means of packaging perishable
      produce, meats and flowers.
CLMS
STM  Having described my invention, I now claim:
NUM  1.
PAR  1. Those steps in the method of preserving a perishable product in a
      container .[.formed of impermeable material.]. having a product opening,
      an inlet tube for conveying a purging fluid to the container, and an
      outlet tube for withdrawing air from the container, the steps in the
      method comprising:
PA1  (A) inserting the product into the container through the product opening;
PA1  (B) thereafter permanently sealing the product opening;
PA1  (C) thereafter purging the interior of the container by forcing an inert
      fluid into the container through said inlet tube and forcing air from the
      container through said outlet tube;
PA1  (D) placing the container in a carton having more stability than the
      container;
PA1  (E) extending the tubes to the exterior of the carton;
PA1  (F) thereafter, and while the container is still pressurized with inert
      fluid, permanently sealing the tubes closed.
NUM  2.
PAR  2. The steps in the method as defined in claim 1, characterized in that the
      tubes are formed of plastic that, when cut with a hot scissor, is sealed
      closed; and further characterized in that the step of sealing the tubes
      closed is by severing the tubes with a hot scissor.
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ABST
PAL  An improvement in a tampon for absorbing menstrual fluids in which a
      capillary wick of non-absorbing material extends into the interior body of
      the tampon. The wick acts as a capillary transport to carry fluids to the
      core of the tampon body, thus using the absorptive capacity of the
      unexposed cotton.
BSUM
PAR  My invention relates to intravaginal catamenial devices and relates more
      particularly to an improvement in such devices whereby they are made much
      more effective as absorbing mediums for menstrual fluids.
PAR  Devices in common use today come in a number of variants. However, they all
      essentially comprise a compressed cylinder of cotton. The cotton is
      preferably highly absorbent, but must be densely packed for efficient use.
      The cotton cylinder is usually contained in a rigid plastic applicator
      tube, although the structural integrity of the cylindrical shape is
      dependent on the compressing process, and not upon said tube.
PAR  When inserted in the vaginal cavity, a cord (stitched to the cotton)
      extends therefrom, and provides the means for removal after use.
      Appearance of menstrual blood on the cord is an indication to the user
      that no further effective absorption can be expected from the device. The
      need for its removal and replacement is thus indicated.
PAR  I have found that a significant portion of the absorptive capacity of the
      cotton is never used. After the top end of the dense cotton cylinder has
      been wetted, the fluids run down along the outside surface of the
      cylinder. The cotton, of course, absorbs the fluids, but it is only the
      surface cotton (and then only to a limited depth) that is actually
      effective. A significant portion of the cotton at the core of the cylinder
      (as much as 40 percent to 60 percent) remains dry. This is for two basic
      reasons: the cotton is densely packed; also once the surface is wet, the
      cotton is a poor conducting medium for any further transfer of fluid to
      the center. At this point, the indication for removal appears and the
      device, only partially used, must be discarded.
PAR  I solve this problem by adding a transporting element to carry menstrual
      fluids to the interior of the cotton cylinder whereby 90 percent or more
      of the cotton is effectively used, thus significantly extending the life
      of each replacement.
DRWD
PAR  For a complete understanding of my invention, refer to the accompanying
      drawing in which
PAR  FIG. 1 is an exploded view of the tampon as it appears before compression,
      with the element of the invention added; and
PAR  FIG. 2 is the tampon after compression and ready for use.
DETD
PAR  Referring now more particularly to the drawing, a block of cotton is
      provided in accordance with present practice. A removal cord 6 is stitched
      to the cotton mass on the back side (as shown). The front side may be
      called the thread side. The thread side is the surface which becomes the
      interior portion of the cylinder of FIG. 2.
PAR  To the thread side of the cotton I affix by stitching a capillary wick 7.
      It will be appreciated that this device is mass produced; the thread
      stitching, the cord 6 and the wick 7 are all affixed to the cotton mass by
      suitable machinery in one pass. The wick 7 is preferably made of a
      non-absorbing synthetic material which is porous; the interstices form
      capillary avenues through which fluids are transported. The wick 7 is
      flexible (as a fabric) and I have found a wide variety of substances in
      the nylon or rayon class to be effective. Certain fiber glass woven
      materials may also be used. The important point is that the wick itself
      does not become saturated by absorption, but continues to act as a
      capillary transport delivering fluid to the interior cotton, where it is
      absorbed and retained.
PAR  The wick 7 is positioned to extend beyond what will be the top end of the
      tampon, while the bottom end stops before the lower edge of the cotton
      block as shown.
PAR  When compressed, the completed tampon 8 is shown in FIG. 2. The wick 7
      extends in the order of one-fourth of an inch or so from the top end of
      the tampon 8 and leads into the interior of the cotton cylinder.
PAR  In use, the menstrual fluids are not only absorbed by the surface cotton as
      is now the case, but they migrate from the top by capillary action through
      the wick 7 into those interior portions of the cotton that heretofore have
      remained dry. Thus the effective capacity of the tampons now in general
      use is greatly increased.
PAR  While I have shown a particular embodiment of my invention for purposes of
      illustration, it will be appreciated that the inventive concept can easily
      be applied to any of a variety of tampons now on the market. For example,
      the cotton block 5 may be in a wide range of dimensions. In some cases the
      mass is rolled to form the final cylindrical shape, in which case
      alternate layers of wick and cotton are formed along a radial line of the
      cylinder. I have shown a method of construction easily adapted to present
      production techniques. However, the wick material could be introduced
      between two layers of cotton, to make a "sandwich" which could then be
      either rolled or crushed into final form. The particular method of
      assembly may be chosen to suit the machinery which it is desired to use. I
      therefore include all variations as will occur to persons skilled in the
      art which are within the spirit and scope of the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A rolled cylindrical tampon .Iadd.having means for conducting body fluid
      to the interior thereof, said tampon .Iaddend.comprising a first sheet of
      absorbent material, .Iadd.and .Iaddend.a second sheet of
      .[.non-absorbtive.]. .Iadd.relatively non-absorbent wick-like
      .Iaddend.synthetic woven material superimposed on one face of said first
      sheet and extending beyond at least one edge of said first sheet.Iadd.,
      said first and second sheets being rolled into a cylinder having its outer
      cylindrical surface formed by a portion of said first sheet and having the
      non-extending portion of said second sheet disposed entirely within said
      outer surface, .Iaddend. .[.whereby.]. .Iadd.so that .Iaddend.upon rolling
      said .[.sheet.]. .Iadd.sheets .Iaddend.into a cylinder said second sheet
      .[.will act as.]. .Iadd.forms .Iaddend.a spiral wick to the interior of
      said cylinder. .Iadd. 2. In an intravaginal tampon, the combination of
      first means for absorbing menstrual fluid and having an outer body of
      material absorbent to such fluid and with top and bottom ends, and second
      means for transporting menstrual fluid from said top end of said tampon
      body directly into the interior of said body, said second means comprising
      a relatively non-absorptive wick element disposed within and in contact
      with the interior of said outer body and extending from said top end
      thereof. .Iaddend..Iadd. 3. In a tampon as defined in claim 2, the further
      improvement wherein said wick element is constructed of a material
      substantially nonabsorbent to such menstrual fluid. .Iaddend..Iadd. 4. In
      a tampon as defined in claim 3, the further improvement wherein said wick
      element is structured to pass menstrual fluid therethrough by capillary
      action. .Iaddend..Iadd. 5. In a tampon as defined in claim 4, the further
      improvement in which said wick element is a woven synthetic material
      having interstices which form capillary avenues for transportation of such
      menstrual fluid. .Iaddend. .Iadd. 6. In a tampon as defined in claim 2,
      the further improvement wherein said wick element protrudes beyond said
      body of absorbent material at said top end thereof. .Iaddend..Iadd. 7. In
      a tampon as defined in claim 6, the further improvement wherein said wick
      element is constructed of a material substantially nonabsorbent to such
      menstrual fluid. .Iaddend..Iadd. 8. In a tampon as defined in claim 7, the
      further improvement wherein said wick element is structured to pass
      menstrual fluid therethrough by capillary action. .Iaddend..Iadd. 9. In a
      tampon as defined in claim 8, the further improvement in which said wick
      element is a woven synthetic material having interstices which form
      capillary avenues for transportation of such menstrual fluid.
      .Iaddend..Iadd. 10. In a tampon as defined in claim 2, the further
      improvement wherein said wick element extends within the interior of said
      body from the top end thereof in the direction toward, but only part of
      the distance to, the bottom end thereof. .Iaddend. .Iadd. 11. An
      intravaginal catamenial tampon comprising
PA1  A. an outer member including a body of material absorbent to menstrual
      fluids, and having opposed top and bottom ends and outside surfaces
      therebetween, and
PA1  B. an inner member including a relatively nonabsorbent fluid-transporting
      element for carrying menstrual fluids to the interior of said body from
      said top end thereof, said transporting element being in contact with said
      body and disposed within the interior of said body from said outside
      surfaces and extending from only the top end thereof. .Iaddend..Iadd. 12.
      A tampon as defined in claim 11 further characterized in that said
      transporting element is of a material substantially nonabsorbent to such
      menstrual fluids and is structured for transporting such fluid
      therethrough by capillary action. .Iaddend..Iadd. 13. A tampon according
      to claim 12 further characterized in that said transporting element is
      woven of synthetic material and has interstices which form capillary
      menstrual fluid-transporting avenues. .Iaddend. .Iadd. 14. A tampon
      according to claim 11 further characterized in that said transporting
      element protrudes beyond said body of absorbent material at said top end
      thereof. .Iaddend..Iadd. 15. A tampon as defined in claim 14, further
      characterized in that said transporting element is of a material
      substantially nonabsorbent to such menstrual fluids and is structured for
      transporting such fluid therethrough by capillary action. .Iaddend..Iadd.
      16. A tampon according to claim 15 further characterized in that said
      transporting element is woven of synthetic material and has interstices
      which form capillary menstrual fluid-transporting avenues. .Iaddend..Iadd.
      17. A tampon according to claim 11 further characterized in that said
      transporting element extends within the interior of said body from the top
      end thereof in the direction toward, but only part of the distance to, the
      bottom thereof. .Iaddend.
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ABST
PAL  A heavy duty motor vehicle has a main frame with a forward axle and
      steerable ground wheels. A power unit sub-frame carrying a rear axle is
      releasably secured to the main frame, and includes an engine assembly
      which is located at an intermediate position between the axles. The unit
      may also include a fifth wheel assembly whereby it becomes a towing
      vehicle for a further trailer unit or units.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to new and novel improvements in motor vehicles,
      and more particularly to a heavy duty vehicle such as a tractor-trailer
      truck combination.
PAR  2. Statement of the Prior Art
PAR  It has heretofore been proposed to provide removable sub-chassis assemblies
      for motor vehicles. Examples of prior patented arrangements in the field
      include the following U.S. patents:
TBL  Patent No.  Patentee     Issued                                           

     ______________________________________                                    

     1,198,388   Winslow      Sept. 12, 1916                                   

     1,484,474   Cross        Feb. 19, 1924                                    

     1,855,642   Masury       Apr. 26, 1932                                    

     1,948,744   Curtiss      Feb. 27, 1934                                    

     1,962,937   Richman      June 12, 1934                                    

     1,975,366   Linderman    Oct. 2, 1934                                     

     2,260,804   Dunham       Oct. 28, 1941                                    

     2,480,047   Reinhard     Aug. 23, 1949                                    

     2,531,268   Herrington   Nov. 21, 1950                                    

     2,751,992   Nallinger    June 26, 1956                                    

     ______________________________________                                    

PAR  The foregoing illustrative patents show that prior attempts to provide a
      removable vehicle chassis sub-frame have been concerned principally with
      engines mounted either at the forward or rear end of the chassis, thereby
      imposing the weight of the engine and transmission principally on either a
      forward or a rear axle.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a vehicle construction which is particularly
      suited to heavy duty equipment, and is characterized by mid-length
      mounting of the engine assembly. This central mounting of the engine and
      related components has been found to substantially increase payload
      capacity by improved weight distribution. A co-related principal
      structural innovation of this invention resides in the detachability of
      the entire vehicle power train, thereby facilitating servicing and
      maintenance.
PAR  In this construction, the entire vehicle power train, including the engine,
      transmission, drive shaft and drive axle is secured to the main vehicle
      frame by a non-complex hitch means. In the event of need for major service
      or repair, the power train unit is detached and a substitute placed in
      service thereby freeing the chassis unit from unnecessary deployment from
      use. The mid-length location of the engine assembly, together with the
      detachable sub-frame on which this component is mounted, further makes
      feasible the use of an effective air suspension means for the vehicle. In
      respect to the latter, the fact that the engine is not front mounted
      provides sufficient space for the correct location of such air suspension
      means.
PAR  The midship engine location herein provided moreover, makes it possible to
      locate a fifth wheel hook-up assembly for a trailer at a location which
      permits load sharing between the axles of the two axle tractor. Thus, the
      need for a third tractor axle in order to correctly balance the load
      factor between the axles is eliminated. This location of the engine
      further provides ample engine space, and permits the use of types of
      engines other than the conventional internal combustion piston types when
      desired, such as turbine or other styles.
PAR  A further objective of this invention resides in providing a detachable,
      engine carrying sub-frame which is readily attached and detached, and one
      wherein the rear suspension comprises a simple combination of air bags and
      a stabilizer arm. The unit further employs an array of electric, fuel and
      air quick disconnect plugs which make possible rapid disengagement of the
      sub-frame from the chassis.
PAR  The absence of an engine in the forward frame area of the vehicle results
      in the provision of ample space for mounting of a forward air suspension
      means. Further, the necessity for a tilt assembly for the vehicle cab is
      obviated.
PAR  Additional objects and advantages of the invention will become apparent to
      those skilled in the art from a consideration of the following
      specification when read in conjunction with the annexed drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a vehicle constructed and assembled in
      accordance with the teachings of this invention, showing the main frame
      and cab in a tilted position in phantom lines for assembly or disassembly;
PAR  FIG. 2 is a diagrammatic side elevational view of an assembled unit as used
      for a prime mover and single trailer;
PAR  FIG. 3 is a diagrammatic view similar to FIG. 2, showing the unit as
      embodied in a tandem trailer unit;
PAR  FIG. 4 is a top plan view of the vehicle of FIG. 1, the cab and
      superstructure being removed for clarity of illustration;
PAR  FIG. 5 is an enlarged sectional view taken substantially on the line 5--5
      of FIG. 4, showing the forward axle and wheel assembly and the front
      suspension;
PAR  FIG. 6 is a plan view from the plane of the line 6--6 of FIG. 5, looking in
      the direction of the arrows, showing the hitch means hereof;
PAR  FIG. 7 is a detail sectional view on line 7--7 of FIG. 6;
PAR  FIG. 8 is a front view of the sub-frame;
PAR  FIG. 9 is a sectional view taken on the approximate plane of line 9--9 of
      FIG. 4, showing the rear axle unit;
PAR  FIG. 10 is a rear elevational view of the rear axle unit from the plane of
      line 10--10 of FIG. 4;
PAR  FIG. 11 is a view similar to FIG. 5 showing an alternate front suspension
      construction;
PAR  FIG. 12 is a cross section showing details, taken on line 12--12 of FIG.
      11, looking in the direction of the arrows;
PAR  FIG. 13 is a side elevational view of an assembled unit;
PAR  FIG. 14 shows the unit of FIG. 13 in the process of being disassembled; and
PAR  FIG. 15 discloses transport of a detached unit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in more detail, in FIGS. 1 and 4, a
      representative embodiment of the invention is shown and is generally
      designated by reference character 20. The particular design of the cab 22
      and other elements of superstructure is without significance to the
      invention and that illustrated is offered by way of example only. The unit
      20 however, comprises a main frame 24 including elongated side frame
      elements 26 and 28 of conventional channel form. For purposes of reference
      herein, the frame includes a forward end 30, and a rear end 32.
PAR  Frame cross elements are provided at convenient locations, and include a
      forward cross element 34, and a similar rear cross element 36. Each cross
      element is formed of channel stock and each is reinforced at its ends by a
      gusset plate 38.
PAR  In FIGS. 5 and 6, a forward axle mounting and assembly is shown. The axle
      40 includes an integral top member 42, and has end portions 44, 46,
      connected, by conventional means not shown, to steerable front ground
      wheels 48, 50. Plates 52, 54 are fixedly secured by bolts 56 or other
      fastening means to the member 42, and each plate has a forwardly
      projecting portion 58. The wheels are each provided with a conventional
      knuckle 60 for steering purposes. The plate 52 has a rearward extension 62
      for mounting of power steering apparatus, indicated generally at 64 in
      FIG. 1.
PAR  An important feature of this invention concerns the provision of a pair of
      frame pivot arms 64 and 66. The arms have leading upwardly curved ends 68,
      70, and trailing ends 72, 74, and are each of tubular construction. The
      trailing ends 72 and 74 are clamped between the plates 52 and 54,
      respectively, and bottom clamp plates 76, 78 (FIG. 5), by changeable
      fasteners 80 of suitable type. If desired, protective split sheaths 82, 84
      with rubber bushings are employed in the clamp arrangement. A pair of
      brackets 86, 88 reinforced by a lateral span 89 depend from the frame
      sides 26 and 28, and a cross member 90 spans the frame thereat. The
      brackets support hinges 92 with rubber bushings which serve as pivots for
      the leading ends 68 and 70 of the arms.
PAR  Immediately above the axle 40 the frame side members 26 and 28 are
      connected by an upper channel 94, reinforced at its ends by gusset plates
      96. The bottom flanges of the side frames are similarly spanned by a
      larger inverted channel 98, the two last named channels being connected by
      a vertical reinforcing web 100. Forward suspension for the vehicle
      comprises an air bag suspension system heretofore employed exclusively in
      rear suspension systems due to bulk. The system hereof comprises
      conventional air bags 102, 104 of enlarged size, secured by their upper
      flanges 106 to bear against the channel member 98. The base 110, 112 of
      the bags are suitably secured to the plates 52 and 54 by appropriate
      fasteners 114.
PAR  Rearwardly by the axle and front suspension, the side frames are connected
      by a further cross member 116. Enlarged reinforcing members 118 are
      secured to the member 116, and longitudinal braces 120, 122 extend
      therefrom to the member 90. A bracket 124 is secured to member 116, and a
      pneumatic or other fluid operated cylinder 128 controls extension and
      retraction of a hitch 130 with a connector 132.
PAR  This invention has, as a major feature thereof, a totally independent power
      unit 134, a main component of which is a power unit sub-frame 136
      including a bight portion or transverse rod 138, and elongated side rods
      140, 142. Each of the side rods has a distal end 144, 145 angularly
      related to the main extent thereof, and a pair of brackets 146, 148 are
      centrally fixed in an upright position on the bight or transverse rod 138.
      These are connected by a top brace 150 having a portion 152 which embraces
      the connector 132 of the hitch. The eye member may be further embraced by
      a bottom plate 154 and 154A.
PAR  The side rods 140, 142 are spanned at various locations by apparatus for
      mounting of an engine and related accessories. For example, two mounts
      158A and 158B for a radiator assembly 158. A front mount 156 and a
      spanning engine mount 160 for an engine 162 and transmission 164 are
      provided. Fuel tanks 166 for the engine are mounted outboard on the frame
      sides, as shown in FIG. 4.
PAR  The power unit 134 further includes a rear axle assembly 168 having a
      differential housing 170 and shaft housings 172, 174. The latter are
      clamped about the distal ends 144, 145 of the sub-frame side rods by
      clamps which include split sleeves 176, 178, upper and lower housing
      engagement blocks 180, 182, and 184, 186, and inverted U-bolts 188 with
      locking nuts 190. The axle housing terminates at brake assemblies 192,
      194, for rear ground wheels 196 and 198.
PAR  The rear axle mount is stabilized by a stabilizer bar 200 having a
      connector 202 releasably secured to the frame side 26 for pivotal movement
      thereat. A second stabilizer connector 204 is releasably and pivotally
      engaged to an upstanding lug 206 on the differential housing 170. The
      housing is operatively associated with the transmission 164 through a
      drive shaft 208.
PAR  At a location forward of the rear axle assembly, rear suspension means is
      provided between the sub-frame and the main frame. In FIGS. 1, 4 and 9, it
      will be observed that mounting plates 210, 212 with depending supports
      214, 216 are fixedly secured to the rod distal ends. The lower portions
      218, 220 of air bag suspension members 222, 224 are secured to these
      plates by changeable fasteners 226. At their respective upper ends, the
      air bags are supplied with mounting brackets which include vertical
      members 228, 230 which are fixed, as by riveting, to the frame sides. The
      frame is reinforced laterally at the location of the suspension means by a
      lower channel 232, an upper channel 234, and a vertical web member 236.
PAR  The forward suspension means may be modified in the case of extremely heavy
      vehicles in the manner shown in FIGS. 11 and 12. There, air bags 102a and
      104a are again mounted between a channel 98a and an upper member 42a of an
      axle 40a. In addition, a forward stabilizer bar 300 has a first connector
      302 engaged on a bracket 304 depending from the frame side 26a, and a
      second connector 306 pivotally mounted in an upstanding bracket 308
      secured on the plate 52a.
PAR  In FIGS. 2 and 3, diagrammatic sketches show the adaptability of the
      vehicle hereof to load distribution. In FIG. 2, a single trailer is shown,
      and the trailer hitch or fifth wheel 400 has been located at a midship
      location on the tractor frame. The tandem trailer arrangement of FIG. 3
      however, provides improved efficiency and handling characteristics by
      shifting of the trailer hook-up 402 to an aft position.
PAR  FIGS. 13 through 15 best illustrate the principal advantages and manner of
      use of the construction provided hereby. In FIG. 13 an assembled unit as
      heretofore described is shown. In FIG. 14, the main frame has been tilted
      forwardly following disengagement of the rear air bags from their lower
      mounting sections and disconnect of the electrical and fluid controls for
      the power unit. These controls are located, as indicated above, in an
      array adjacent the hitch (not shown). The tilted frame and cab, previously
      raised by any suitable jack means to the position shown, is supported on a
      standard 500, and the drive unit is placed on a dolly 502 for movement to
      a repair or replacement location. FIG. 15 shows the unit as being towed to
      another location by a truck 504.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a motor vehicle:
PA1  a frame having frame side elements and cross elements, including at least
      one fixed intermediate cross element, connecting the side elements;
PA1  a cab mounted to the frame;
PA1  a fifth wheel mounted to the frame rearwardly of the cab for connection to
      a trailer that overhangs the frame rearwardly of the cab;
PA1  a front axle having steerable ground wheels thereon;
PA1  front suspension air bag means for the front axle interposed between the
      front axle and the side elements;
PA1  a power unit comprising a power unit sub-frame including a transverse
      forward rod and side rods fixed to and extending rearwardly of the forward
      rod below the side elements, the side rods having rearward distal ends;
PA1  a single hitch means, located rearwardly of the front axle, releasably
      connecting the center of the forward rod to the center of the intermediate
      cross element;
PA1  a rear axle assembly, having ground wheels and having a differential
      assembly, secured to the distal ends of the side rods;
PA1  rear suspension means interposed between the side rods and the side
      elements proximate to the rear axle assembly;
PA1  means securing the rear suspension means to the side rods and the side
      elements including releasable securing means securing the rear suspension
      means to at least one of the side rods and the side elements;
PA1  engine mounting means extending between the side rods between the hitch
      means and the rear axle assembly; and
PA1  an engine assembly, including an engine, secured on said mounting means and
      located between the hitch means and the rear axle assembly.
NUM  2.
PAR  2. The invention of claim 1, wherein:
PA1  the rear suspension means comprises a series of air bags.
NUM  3.
PAR  3. The invention of claim 1, and:
PA1  a stabilizer rod releasably secured between the differential assembly and
      the frame.
NUM  4.
PAR  4. The invention of claim 1, and:
PA1  a stabilizer rod secured between the frame and the front suspension means.
NUM  5.
PAR  5. In a vehicle:
PA1  a frame having side elements;
PA1  a front axle, having steerable ground wheels thereon, secured to forwardly
      projecting frame pivot arms, the frame pivot arms being pivotally secured
      at their front ends to the frame side elements;
PA1  yieldable suspension means mounted between the pivot arms and the frame
      side elements;
PA1  hitch means spanning the frame side elements rearwardly of the front axle;
PA1  a power unit, including a sub-frame having hitch connection means,
      releasably engaged with and extending rearwardly of the hitch means;
PA1  a rear axle, having ground wheels, secured to the sub-frame rearwardly of
      the hitch means;
PA1  yieldable suspension means releasably interposed between the sub-frame and
      the main frame; and
PA1  an engine assembly mounted to the sub-frame between the hitch means and the
      rear axle.
NUM  6.
PAR  6. The invention of claim 5, wherein:
PA1  the yieldable suspension means comprise air bags.
NUM  7.
PAR  7. The invention of claim 5, and:
PA1  a power train assembly operatively mounted on the sub-frame.
NUM  8.
PAR  8. The invention of claim 5, and:
PA1  a longitudinally movable fifth wheel assembly on the main frame. .Iadd. 9.
      In a motor vehicle:
PA1  a frame having side frame elements and cross elements connecting the side
      elements;
PA1  a cab mounted to the frame;
PA1  a fifth wheel mounted to the frame rearwardly of the cab for connection to
      a trailer that overhangs the frame rearwardly of the cab;
PA1  a front axle having steerable ground wheels thereon;
PA1  yieldable front suspension means for the front axle disposed between the
      front axle and the side elements;
PA1  a rear axle assembly, having ground wheels thereon and having a
      differential assembly;
PA1  hitch means located between the front and rear axles;
PA1  a power unit comprising a power unit sub-frame including side rods
      extending rearwardly of the hitch means below the side elements, the side
      rods having forward ends and rearward distal ends, and the rear axle
      assembly being secured to the distal ends of the side rods;
PA1  the side rods being releasably connected by the hitch means with the side
      frame elements;
PA1  rear suspension means disposed between the side rods and the side elements
      proximate to the rear axle assembly;
PA1  means securing the rear suspension means to the side rods and the side
      elements including releasable securing means securing the rear suspension
      means to at least one of the side rods and the side elements;
PA1  engine mounting means extending between the side rods between the hitch
      means and the rear axle assembly; and
PA1  an engine assembly, including an engine, secured to the engine mounting
      means and located between the hitch means and the rear axle assembly.
PAR   .Iaddend..Iadd. 10.  In a vehicle:
PA1  a frame having side elements;
PA1  a front axle, having steerable ground wheels thereon, secured to forwardly
      projecting frame pivot arms, the frame pivot arms being pivotally secured
      at their front ends to the frame side elements;
PA1  yieldable suspension means mounted between the pivot arms and the frame
      side elements;
PA1  a rear axle having ground wheels thereon;
PA1  hitch means on the frame side elements located between the front and rear
      axles;
PA1  a power unit, including a sub-frame having hitch connection means,
      releasably engaged with and extending rearwardly of the hitch means, the
      rear axle being secured to the sub-frame rearwardly of the hitch means;
PA1  yieldable suspension means releasably disposed between the sub-frame and
      the main frame; and
PA1  an engine assembly mounted to the sub-frame between the hitch means and the
      rear axle. .Iaddend.
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ABST
PAL  A golf glove is disclosed having an extra finger pocket between the index
      and middle finger pockets for securing one finger of one hand of a golf
      player between the fingers of the player's other hand.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a device designed to improve a golfer's grip on a
      golf club, and more particularly, to a device to assist a golfer in
      maintaining the proper position of the fingers of one hand with respect to
      the other hand on the club during the entire swing of the golf club.
PAR  2. Description of the Prior Art
PAR  From the prior art, a number of glove configurations and other devices are
      known for improving a player's grip on a golf club or to assure the proper
      positioning of the player's hands on the golf club. Such include gloves
      with special attachments for holding a player's fingers in position with
      respect to the palm of the hand, and gloves having straps adapted to fit
      around a golf club or to fit around the thumb of a player's opposite hand.
      One prior art device comprises a two-handed glove to force the two hands
      of a player to remain in a fixed position relative to each other.
PAR  As is well-known, a golfer adjusts his grip on the golf club and aligns the
      head of the golf club with the ball, while holding the club in front of
      himself. In aligning the head of the club with the ball, the player turns
      the club such that the face of the club's head is at the proper angle
      relative to the ball. It has become apparent, however, that during the
      swing, a player has a tendency to twist the club somewhat changing the
      carefully adjusted angle of the head relative to the ball. While a player
      may have a firm grip on the club while starting the back swing, as for
      example in an overlapping grip, there is a tendency for the fingers of the
      right hand of a right-handed player to move away from the fingers of the
      left and just prior to beginning the down swing in preparation for hitting
      the ball. Such loosening of the grip has a tendency to cause the club to
      twist, causing a change in the angle of the face of the club's head when
      it comes in contact with the ball.
PAR  Prior art gloves which are directed to maintaining a strong grip by means
      of the left hand do not aid in maintaining a proper position of the
      fingers of the right hand on the club. Certain prior art devices such as
      the two-handed glove mentioned above, or another known device consisting
      of a relatively thin sheet of flexible material which fits around the
      glove and having holes through which fingers of both hands are extended,
      are intended to fix the position of the fingers of both hands. They are,
      at best, awkward to use or difficult to manufacture, or both.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a modified golfing glove is provided for
      improving a golfer's grip on a club, having a receptacle or restraining
      surface for holding one or more digits of one hand in a secured position
      relative to the digits of the other hand. In one illustrative embodiment
      of this invention, a standard golf glove is modified by the addition of a
      finger receptacle or finger pocket extending in a direction opposite the
      direction of the normal finger receptacles or pockets of the glove, and
      attached adjacent to the middle finger and index finger pockets of the
      glove. In a so-called overlapping grip, the little finger of the right
      hand of a right-handed golfer, may fit into the extra pocket. When so
      positioned, the little finger of the right hand will tend to remain
      securely nestled between the middle and index fingers of the left hand
      during the entire swing, avoiding an unwanted twisting of the club during
      the swing. In an alternative embodiment of the invention, several straps
      are extended between the middle and index finger pockets of a golf glove
      of one hand to provide a pocket for the little finger of the other hand.
PAR  In yet another embodiment of my invention, a loop resembling a section of a
      finger pocket is attached to the outer edge of the index finger pocket of
      the glove of one hand to accommodate the ring finger of the player's other
      hand.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a portion of a golf club handle being
      gripped in an overlapping grip.
PAR  FIG. 2 is a plan view of a left-handed golf glove having a finger pocket
      for accommodating one of the fingers of the right hand.
PAR  FIGS. 3 and 4 are perspective views taken substantially along the sectional
      lines 3--3 and 4--4, respectively, of FIG. 1.
PAR  FIG. 5 is a plan view of a left-handed glove having straps extending
      between two finger pockets thereof to accommodate a finger of the right
      hand.
PAR  FIG. 6 is a plan view of a left-handed glove having a section of a finger
      pocket attached to the outer edge of the index finger pocket to
      accommodate a finger from the right hand.
DETD
     DETAILED DESCRIPTION
PAR  The figures as outlined above, refer to a left-handed golf glove to be worn
      by a right-handed player. The invention is clearly adaptable to use by
      left-handed players using a right-handed glove having the features of this
      invention as shown in the drawing and described herein.
PAR  FIG. 1 shows the two hands of a player gripping the handle 10 of a club in
      the so-called overlapping grip. The player's left hand is in a glove 12
      having an extra pocket 14 attached to the glove between the middle and
      index fingers. The pocket 14 points in the direction opposite of the other
      finger pockets of the glove, and as shown in FIG. 1, the little finger 16
      of the player's left hand is extended into the pocket 14.
PAR  FIG. 2 is a plan view of a left-handed glove such as shown in FIG. 1. The
      extra finger pocket 14 is shown to be positioned partially between and
      extending partially over the middle and index finger pockets 22 and 24.
      The upper edge 26 of the pocket 14 preferably terminates in the vicinity
      of the position of the outer-most knuckle of the left index finger when
      the same is inserted in the index finger pocket 24. The fingertip end 28
      of the pocket 14, preferably extends a distance beyond the common
      termination point 21 of middle and index finger pockets 22 and 24. The
      length of the finger pockets 14 will preferably be approximately equal to
      the distance from the middle knuckle to the tip of the little finger of
      the right hand of a player. As shown in the perspective representation of
      FIG. 3 and FIG. 4, the open end 26 of the extra pocket 14 is positioned
      partially between the middle and index finger pockets 22 and 24. The end
      portion 28 extends beyond the common termination point 21 of the finger
      pockets 22 and 24 and is fastened to the back section 23 of the glove. The
      extra finger pocket may be attached to the back of the glove and its
      adjoining finger pockets by stitching or another known method.
PAR  It will be understood that when a right-handed player grips the golf club
      in an overlapping grip, as represented in FIG. 1, the little finger 16
      will extend into the extra pocket 14. Thus, the end of the little finger
      of the right hand, when inserted in the pocket in this manner, will rest
      on the area on the back of the left hand between the knuckles of the
      middle and index fingers. When the little finger is inserted in the extra
      pocket and positioned in the manner described, the player's hands are
      interlocked in such a manner as to keep the left hand in position relative
      to the right hand. Particularly, the right hand does not have the tendency
      to open during any part of the swing, and loss of the correct grip is
      avoided.
PAR  As is apparent from the above description and the drawing, the finger
      pocket 14 overlays the back panel 23 of the glove. When this finger pocket
      14 is attached to the glove by means of peripheral stitching as indicated
      in the drawing, it is possible for a player to place the little finger of
      the right hand underneath the pocket 14. In this manner, the lower surface
      of the finger pocket acts as a restraining surface and the end portion of
      the little finger of the right hand fits snugly underneath the end portion
      28 of the finger pocket 14. When the little finger is so positioned, the
      player has a sense of interlocking of hands in the same manner as when the
      little finger is inserted in the pocket. The function of restraining the
      little finger of the right hand in the desired position between the middle
      and index fingers and overlapping the back of the left hand, may also be
      accomplished by means of a plurality of straps extending between the
      middle and index finger pockets and one or more straps attached to the
      back of the glove. Such an arrangement is shown in FIG. 5. The straps 52,
      53 and 54 extend between the middle finger pocket 22 and the index finger
      pocket 24 and are attached thereto. The strap 55 is attached to the back
      panel 23 of the glove 12. It will be understood that when the glove of
      FIG. 5 is worn by a player and a golf club is gripped in the manner
      depicted in FIG. 1, the little finger 16 of the player's right hand will
      fit underneath and be restrained by, the straps 52 through 55. When used
      in this manner, a glove having such straps aids the player to maintain a
      secure grip on the golf club.
PAR  As stated earlier herein, there is a tendency for the overlapping hand, for
      example the right hand shown in FIG. 1, to open slightly when the club is
      raised in preparation for the swing, which may result in an inadvertent
      turning of the club. This tendency of a player's hand to open is reduced
      substantially be interlocking the little finger of that hand between the
      middle and index fingers of the other hand in the manner described in the
      previous paragraphs. The same effect may be obtained by securing one of
      the other fingers of the overlapping hand, for example the ring finger.
      FIG. 6 shows a finger receptacle 62 attached to the outer edge 25 of the
      index finger pocket 24 of a left-handed glove. The receptacle 62 may be
      attached to the pocket by means of stitching or any other known means.
      When a golf club 10 is gripped by means of the overlapping grip as
      depicted in FIG. 1, the ring finger 18 of the right hand may be inserted
      into the receptacle 62. When the ring finger of the right hand is inserted
      in the receptacle 62 in the manner described, the tendency of the right
      hand to open during the swing is reduced substantially, aiding the golfer
      in maintaining the correct alignment of the club. When using a grip other
      than the overlapping grip depicted in FIG. 1, a golfer may insert another
      digit, for example, the little finger of the left hand, in the receptacle
      62.
PAR  While the invention has been illustrated by means of the examples described
      above and shown in the drawing, it will be apparent to those skilled in
      the art that other embodiments may be produced without departing from the
      scope of the present invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A golf glove comprising at least an index finger receptacle, a middle
      finger receptacle and a back surface extending from said receptacles in
      the direction of the wrist, and further comprising another finger
      receptacle disposed adjacent said index finger receptacle and said middle
      finger receptacle and overlapping a portion of said back section.
NUM  2.
PAR  2. A golf glove in accordance with claim 1 wherein said other finger
      receptacle is attached along its periphery to said index finger
      receptacle, said middle finger receptacle and said back surface.
NUM  3.
PAR  3. A glove comprising an index finger receptacle, a middle finger
      receptacle, a back surface extending in the direction of the wrist, a
      finger restraining strap extending between said receptacles, and a finger
      restraining strap attached to said back surface adjacent said index finger
      receptacle and said middle finger receptacle and aligned in a direction
      substantially parallel to said finger restraining strap extending between
      said finger receptacles.
NUM  4.
PAR  4. A golf glove adapted for use on one hand of a golf player comprising at
      least an index finger receptacle and further comprising a finger
      receptacle attached to the side of said index finger receptacle most
      nearly adjacent to the thumb and adapted to receive a finger of the golf
      player's other hand.
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PAL  A lock for a height-adjustable crib or playpen requires two distinct manual
      operations in order to release the lock on each crib leg. Each lock
      includes a rigid metal bracket which engages around the extensible part of
      the leg and is pivotally connected to a crib corner post. The bracket has
      a nose which projects into one of a series of openings in the extensible
      part of the leg then the bracket is swung against the leg part to prevent
      movement of the leg part relative to the post. The upper edge of the
      bracket is slotted to receive a latch pivotally connected to the corner
      post just above the bracket. The latch drops into the slot when the nose
      is engaged in one of the openings so that the bracket cannot be moved.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to juvenile furniture hardware. It relates more
      particularly to an improved leg lock for a crib, playpen or other height
      adjustable enclosure.
PAR  There is a growing awareness of the need to make juvenile furniture even
      safer for children. In the specific case of height-adjustable cribs and
      pens, considerable attention is being paid to making the crib less subject
      to being collapsed accidentally.
PAR  Some prior crib leg locks comprise a spring loaded pin mounted on a strap
      connected to the crib corner post and arranged to engage in openings in
      the extensible leg. When the pin is retracted the leg is free to move.
      These spring loaded locks are disadvantageous because they can be released
      by the child in the crib. Other cribs avoid this problem by securing the
      extensible leg to the corner post by passing a bolt through the corner
      post and leg and turning down a wingnut or threaded knob on the bolt to
      prevent the two from moving.
PAR  In some cases, the bolt opening through the extensible leg is an elongated
      slot so that it is only necessary to loosen the nut in order to move the
      leg. In other instances, the bolt has to be completely removed in order to
      reposition the leg. These prior constructions are not entirely
      satisfactory because in the former instance the crib is subject to
      accidental collapse if the nut should loosen, while in the latter case it
      takes a considerable amount of time and trouble to readjust the height of
      the crib.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the invention aims to provide a leg lock for a
      height-adjustable crib or playpen which cannot release accidentally, yet
      which can easily be released intentionally by the parent when it is
      desired to change the height of the crib.
PAR  Another object of the invention is to provide a leg lock of this general
      type which is relatively inexpensive to make.
PAR  Still another object of the invention is to provide a crib leg lock which
      will pass current government safety regulations on juvenile furniture.
PAR  A further object of the invention is to provide a crib leg lock which is
      less prone to accidental release by the child in the crib.
PAR  A further object of the invention is to provide a crib leg lock which is
      latched securely when it locks the leg at a selected height.
PAR  Other objects will in part be obvious and will in part appear hereinafter.
PAR  The invention accordingly comprises the features of construction,
      combination of elements and arrangment of parts which will be exemplified
      in the following detailed description, and the scope of the invention will
      be indicated in the claims.
PAR  Briefly, the subject leg lock is installed on each of the four corner posts
      of a conventional crib. It comprises a generally C-shaped stamped metal
      strap which is pivotally connected to opposite sides of the corner post
      and engages around the usual extensible leg slidably connected to that
      corner post. The strap is provided with a relatively sharp nose which
      projects into one of the usual positioning holes in the leg when the strap
      is swung against the leg so that the leg is locked at a selected
      lengthwise position relative to the corner post.
PAR  When the bracket is thus swung against the leg, a latch drops into a slot
      formed in the upper edge of the bracket so that the bracket itself is
      locked in that position. Thus, even though the crib is lifted from the
      floor so that there is no upward force on the corner supports, the bracket
      remains locked with its nose in the positioning hole in the leg.
PAR  When it is desired to release the lock, two separate and distinct manual
      procedures must be followed. First, the latch key must be lifted up out of
      the slot in the bracket. At the same time the bracket must be swung away
      from the leg, thereby withdrawing its nose from the positioning hole in
      the leg. The leg can then be moved to a new height after which the bracket
      can be repositioned against the leg with its nose in another hole therein.
      Whereupon the latch will again drop in the slot in the bracket thereby
      locking the bracket in place.
PAR  The chances of the average child being able to manipulate both the latch
      and the bracket so as to release the leg are quite small. Thus there is
      little likelihood of accidental collapse of the crib. Since the bracket
      and latch are simple stamped metal parts, the cost of incorporating the
      subject lock into a crib of otherwise conventional construction is
      relatively small.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
DRWD
PAR  FIG. 1 is a perspective view of a crib including the improved crib leg
      lock.
PAR  FIG. 2 is a fragmentary enlarged view of the crib leg lock in an unlocked
      position.
PAR  FIG. 3 is a fragmentary enlarged view of the crib leg lock in a locked
      position.
DETD
PAR  Referring to FIG. 1 of the drawing, a crib shown generally at 10 has the
      usual corner supports indicated generally at 12. Since all these supports
      are identical, we will describe only one in detail. Each such support
      comprises a corner post 12a of the crib, and an extensible leg 12b. Leg
      12b is slidably connected to the corner post by the usual C-shaped metal
      strap 14, which engages around leg 12b and whose ends are connected to
      opposite sides of the corner post by wood screws 13 (FIG. 2).
PAR  The leg 12b has the usual series of spaced openings 15, which cooperate
      with the subject leg lock shown generally at 16 to allow one to position
      crib 10 at a number of different elevations above the floor. Thus when the
      lock 16 is engaged in the uppermost hole 15, the leg 12b can extend down a
      considerable distance below the bottom of the crib. On the other hand,
      engagement of the lock 16 in the lowermost hole 15 positions the leg 12b
      so that its lower end is flush with the floor of the crib, thus enabling
      the crib to rest directly on the floor. Intermediate height adjustments of
      the crib are accomplished by engaging the lock 16 in the intermediate
      holes 15.
PAR  Referring now to FIGS. 2 and 3, lock 16 comprises a bracket 18 having a
      flat front face 18a, a pair of sides 18b extending at right angles to face
      18a and considerably below that face. The bracket is arranged to engage
      around leg 12b and the lower edges of the bracket sides 18b are pivotally
      connected to corner post 12a by wood screws 22. These extend through
      suitable openings in the bracket sides and are turned down into opposite
      sides of the corner post, with the bracket being positioned almost midway
      up on the corner post.
PAR  The bracket 18 is formed with a relatively sharp nose 18c at the top of the
      front face 18a, which projects at right angles from that face toward leg
      12b. Nose 18c is slightly narrower than the openings 15 in leg 12b, so
      that when the bracket 18 is swung upwardly with its front face 12a flush
      against leg 12b, the nose 18c can project into one of the openings 15,
      assuming of course that the leg 12b is at one of its selected positions of
      adjustment.
PAR  Lock 16 also includes an elongated L-shaped latch 26, which is recessed
      into a horizontal slot 28 in the outer face of corner post 12a just above
      bracket 18. The latch is pivotally connected to the corner post by a wood
      screw 32 extending through a suitable opening in the latch and turned down
      into the corner post. The latch extends beyond corner post 12a and
      terminates in a short leg 26a, bent at a right angle relative to the rest
      of the latch. The width of the slot 28 is somewhat greater than the width
      of the latch 26 so that the latch is free to pivot to a degree about screw
      32. Further, the screw 32 is positioned toward the straight end of the
      latch so that the force of gravity causes the latch to swing downward
      about its pivot so that its end adjacent leg 26a rests against the lower
      wall of slot 28.
PAR  Latch 26 is arranged to engage in a slot 34 formed in the top edge of
      bracket side 18b, adjacent latch leg 26a, when nose 18c engages in one of
      the openings 15. As soon as the bracket is swung against the leg 12b, the
      latch drops into the slot 34, thereby locking the bracket in place, thus
      providing a double lock for the corner support 12. Also the upward force
      exerted on leg 12b tends to maintain the bracket 18 against the leg.
PAR  In order to change the height adjustment of each support, 12, it is
      necessary to lift latch 26 out of slot 34, using the latch leg 12a for
      this purpose. Then while the latch is raised, the bracket 18 must be swung
      away from leg 12b, thereby retracting nose 18c from opening 15. At this
      point the leg 12b can be slid up or down relative to its corner post and
      the lock repositioned in one of the other openings 15, whereupon the
      bracket will again be locked in place by latch 26.
PAR  It is apparent then that two distinctly different manual operations must be
      performed in order to release each support 12. Accordingly, the chances
      are minimal of a corner support being released accidentally as the crib is
      being moved by a child in the crib. Further, since the present lock is
      made of simple stamped metal parts, its cost is minimal.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and
      since certain changes may be made in the above construction without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawing
      shall be interpreted as illustrative and not a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein described
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a height adjustable crib or the like of the type
      having a corner post and an extensible leg slidably connected to the
      corner post and having a series of holes along its length, a lock
      comprising
PA1  A. a rigid bracket extending around the extensible leg and having sides
      lying flush against opposite sides of the corner post;
PA1  B. means for pivotally connecting the bracket sides to the corner post so
      that the bracket can be swung toward and away from the leg;
PA1  C. a rigid nose projecting from the bracket and extending toward the leg,
      said nose being arranged to engage in one of the leg holes when the
      bracket is swung against the leg so as to lock the leg at a selected
      position of lengthwise adjustment relative to the corner post, and
PA1  D. means mounted on the corner post and cooperating with the bracket for
      removably retaining the bracket with its nose in said hole said retaining
      means comprising
PAR  1. a latch pivotally connected to the corner post adjacent to the bracket,
      and a slot formed in a side of the bracket, the sides of the slot being
      engaged by the latch when the bracket is positioned with its nose in said
      hole.
NUM  2.
PAR  2. The lock defined in claim 1 wherein the bracket comprises a single rigid
      metal stamping.
NUM  3.
PAR  3. The lock defined in claim 1 wherein the pivotal connection of the latch
      to the corner post is off center so that the force of gravity tends to
      maintain the latch in the slot when the bracket is positioned with its
      nose in said hole.
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ABST
PAL  A bed safety side rail arrangement which includes two opposite articulated
      side rail assemblies selectively pivotally movable from an upper safety
      position to a lowered position, as for patient transfer and handling
      and/or bedmaking tasks. The opposite side rail assemblies are readily
      removably secured to opposite sides of a bed, and desired structural
      rigidity is provided through the medium of tubular cross members or cross
      member assemblies which engage the side rail assemblies at their
      respective pivot connections.
PARN
PAR  This is a continuation of application Ser. No. 393,191, filed Aug. 30,
      1973, which in turn is a continuation of Ser. No. 177,390, filed Sept. 2,
      1971, now abandoned.
BSUM
PAR  This invention relates to bed safety side rail arrangements and to beds
      incorporating such arrangements, and more particularly to self-rigidified
      articulated bed side rail and support assemblies which may be easily
      installed and removed.
PAR  Various safety side rail arrangements have been made in the past, including
      various articulated arrangements; however, such side rail arrangements
      have had various shortcomings. Included in these shortcomings are the
      utilization of additional supporting or rigidifying members which are
      welded or bolted to the bed frame. Such welded or bolted members on the
      bed frame usually provide pivot points for the rail assembly, as well as a
      means for fastening the rail assembly to the bed, and serve to transfer
      undesirable bending loads to the bed frame, as well as sometimes providing
      less side rail lateral stability than is desirable. In addition, in
      various ones of the prior art constructions a latch is located in the
      upper portion of the rail, which is generally undesirable inasmuch as it
      allows the patient to purposely or inadvertently to disengage the latch
      and lower the side rail from its safety position.
PAR  It is an object and feature of the present invention to provide a safety
      side rail arrangement which enables the provision of side rails on a bed
      without requiring additional reinforcing members or mechanisms permanently
      or otherwise rigidly secured to the bed frame in order to support and
      rigidify the side rail.
PAR  It is a further feature of the invention to provide a detachable side rail
      assembly which does not require the utilization of ancillary securing
      hardware such as nuts, bolts, cotter pins, or the like for installation on
      a bed.
PAR  Still a further feature of the invention is to provide a bed safety side
      rail arrangement which may be installed and removed manually and without
      tools, and which may be easily installed and removed by a novice without
      any assistance from a second party.
PAR  A further feature of the invention is the provision of a side rail
      arrangement having a latch which engages automatically when the side rail
      is raised, and which may be easily released by authorized personnel
      standing to the side of the bed, while according substantial difficulty
      and impediment to release by a person, such as a bedridden patient, lying
      on the bed.
PAR  Still a further feature of the invention is to provide a side rail
      arrangement which may be utilized on a variety of bed models, including
      beds of older construction, and with a minimum of adaptation required.
PAR  Still other objects, features and attendant advantages will become apparent
      to one skilled in the art from a reading of the following detailed
      description on several physical embodiments constructed in accordance with
      the invention, taken in conjunction with the accompanying drawings wherein
     :
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PAR  FIG. 1 is a perspective view of a bed arrangement incorporating the
      invention.
PAR  FIG. 2 is a schematic representation illustrating the side rail arrangement
      of FIG. 1, with the bed frame and mattress schematically illustrated in
      phantom for clarity of illustration.
PAR  FIG. 3 is a fragmentary view of the zone of connection of one of the side
      rail assemblies with the bed frame, with the side rail assembly in the
      upper safety position.
PAR  FIG. 4 is a fragmentary view similar to FIG. 3, with the side rail assembly
      in a pivotally lowered stop position.
PAR  FIG. 5 is a fragmentary view of the bed attachment end of the foot end or
      latch-connected riser of one of the side rail assemblies.
PAR  FIG. 6 is a fragmentary view of the bed attachment end of the head-end
      riser of one of the side rail assemblies.
PAR  FIG. 7 is a fragmentary view taken on the line 7--7 of FIG. 2.
PAR  FIG. 8 is a fragmentary view taken on the line 8--8 of FIG. 2.
PAR  FIG. 9 is a side elevation view of one of the side rail assemblies,
      illustrating the position of the side rail in full lines in the safety
      position, and showing the lowered position of the side rail risers in
      phantom line, the bed frame connecting member being illustrated in phantom
      for clarity of illustration.
PAR  FIGS. 10 and 11 are schematic representations of the bed arrangement of
      FIG. 1, showing respectively the relationship of the side rail assembly
      with the major bed parts, in respectively the raised safety position and
      the lowered position.
PAR  FIG. 12 is a schematic representation illustrating the inverted reversal of
      the side rail and riser arrangement to provide a different effective side
      rail height, this different height position being illustrated in full
      lines, and the position of the side rail, riser and latch as in FIG. 1
      being shown in phantom line.
PAR  FIG. 13 is a fragmentary perspective view of a modification, illustrating
      an adapter arrangement for enabling ready attachment of the side rail
      assembly to a bed frame not otherwise particularly adapted for the
      illustrated side rail assembly of FIG. 1.
PAR  FIG. 14 is a sectional view taken on the line 14--14 of FIG. 2.
DETD
PAR  Referring now in detail to the Figures of the drawing, in the illustrative
      embodiment of FIG. 1, a bed generally indicated at 11 has provided thereon
      two side rail assemblies 31, 31', the side rail assemblies being shown in
      the raised safety position, with their respective side rails 33, 33'
      extending above the mattress 29, which may be supported in any
      conventional and suitable fashion, as by a spring frame 27 which may be in
      turn supported on a suitable support assembly which may be either rigid or
      provided for conventional articulated movement of the spring frame 27. In
      the illustrated assembly, a conventional central support assembly 21 is
      schematically illustrated, which is secured to longitudinal side frame
      members 13, 13', and additional or other spring frame supporting members
      may be suitably provided as may be desired or necessary, as well as
      articulation effecting mechanism or mechanisms, as is conventional in the
      bed art, and particularly the hospital patient care bed art. The side
      frame members 13, 13' are conventionally secured to support legs 15, with
      a headboard 19 and footboard 19a provided thereon. A typical articulated
      position of the mattress 29 is illustrated in phantom in FIG. 1, to
      illustrate the utility of the side rail assemblies for various positions
      of the spring frame and mattress in this or various other bed assemblies
      on which the side rail arrangement may be suitably employed.
PAR  The side rail assemblies 31, 31' are preferentially mirror images of one
      another, and the various corresponding parts of the side rail assembly 31'
      are accordingly designated by the same numbers as used for the side rail
      assembly 31, with the addition of a prime (') reference mark thereto. The
      invention will therefore be described in detail with respect to only one
      side rail assembly 31, it being understood that the opposite side rail
      assembly 31' is preferably identical mirror image.
PAR  The two side rail assemblies 31 and 31' include risers 41, 43 and 41', 43'
      respectively, which are releasably pivotally secured to the side frame
      members 13 and 13' of bed 11. The securement of the risers 41, 43 and 41',
      43' is facilely effected by a single operator without the necessity for
      the use of tools. The mode of interconnection and mounting of the risers
      is best illustrated in FIGS. 2-9.
PAR  Referring now to the side rail assembly 31, the risers 41 and 43 are each
      provided with pivot pins or shafts 41a, 43a, which engage within
      corresponding slightly oversize openings 16 and 17 formed in the
      relatively thin vertical wall of the longitudinal side frame member 13,
      which member may suitably be a rigid angle iron member such as is provided
      in conventional bed construction. Side rail assembly 31' is likewise
      provided with corresponding riser pivot pins which extend into similarly
      spaced corresponding mounting holes in the longitudinal side frame member
      13'. The risers rely for vertical support upon the bed side frame members
      13, 13', but do not utilize these bed side frame members for rigidity
      against lateral bending moments which may be exerted on the side rail
      assemblies, as by a patient moving against the side rail. The two side
      rail assemblies are rigidified and bending moments are taken by two cross
      tube arrangements, 81, 83, the head end cross tube arrangement being a
      simple open tube which engages at its opposite ends with the inwardly
      extending pivot pin 41a on the riser 41 and the pivot pin, not shown, on
      the riser 41'. The foot end cross tube assembly 83 may in various bed
      arrangements be a simple tube such as 81, but for more universal use, as
      where bed operating mechanisms pass along the bed frame in this zone, an
      offset cross tube assembly is provided, including an offset cross tube 85
      which is secured at its opposite ends to two end tubes 87 through the
      medium of a spacer web 89, the end of the cross tubes being in
      complementary pivot-engaging relation with the riser pivot pin 43a of
      riser 43 and the corresponding opposing riser pivot pin, not shown, of
      riser 43'.
PAR  The cross tube 81 and cross tube assembly 83 provide the side rail
      assemblies with a suitable rigidifying support structure without
      necessitating transfer of bending moments into the bed frame, which
      transfer of bending moments to the bed frame is typical of cross members
      which are welded or otherwise rigidly fastened to the bed frame. It will
      be appreciated that the cross tubes act on the riser pivot pins in this
      respect, so as to substantially minimize lateral bending movement of the
      side rail assemblies.
PAR  Referring in particular to FIGS. 3 and 5-8, each of the risers 41 and 43 is
      provided with a retainer spring 49, 59, respectively, which serves to
      removably secure the risers 41 and 43 to the side frame member 13. The
      retainer spring 49 takes the form of a dual leg torsion-acting spring
      arrangement having a torsion coil 49t with extending spring mounting leg
      49b and spring retention leg 49a. Formed on the end of the spring mounting
      leg 49b is a mounting wrap 49w which engages in rotatably slidable
      wrapsecuring relation about the riser pivot pin 49a at a position adjacent
      the riser 41. As will be seen in FIG. 6, spring 49 is held in place
      adjacent the zone of interconnection of the riser pivot pin or shaft 41a
      with the riser lower end 41-1, through the medium of washer 67 and snap
      retainer ring 65, the retainer ring 65 being of conventional construction
      and engaging within a narrow annular retaining groove 41af in the riser
      pivot pin. Thus, washer 67 and spring mounting wrap 49w are for sliding
      rotational or arcuate movement on the riser pivot pin 41a, retained
      between snap ring 65 and the inner face of riser 41. The spring retention
      leg 49a engages in an annular retaining groove 49ag formed in the riser
      pivot pin at a position spaced axially from the zone of engagement of the
      mounting wrap 49w, and the end of the spring retention leg 49a is provided
      with a finger grip loop 49c which enables the release of the spring
      retention leg 49a from the groove 49ag in order to effect assembly and
      removal of the riser 41 with respect to side frame member 13. Thus, in
      mounting the riser 41 on the bed, the riser pivot pin 41a is inserted into
      the hole 16 in the frame member 13, and the finger grip loop 49c is pulled
      downwardly into a position beneath the lower edge of the side frame member
      13 and is then released on the inner face side of the side frame member 13
      and replaced into the retaining groove 41ag, thereby securely positioning
      the riser 41 and pivot pin 41a in pivotal position on the side frame
      member 13. Removal of the riser 41 may be readily accomplished by reversal
      of this operation.
PAR  Mounting of the riser 43 on the frame side member 13 is accomplished in a
      generally similar but slightly modified fashion, the riser 43 having a
      differently constructed retainer spring 59 which is associated with a
      latch 51 which serves to releasably lock the riser 43 in the raised safety
      position for the side rail assembly 31. It will be appreciated that
      locking of the riser 43 in this position will likewise lock riser 41 in
      position in view of the parallelogram arrangement of these risers 41, 43,
      in conjunction with side frame member 13 and side rail 33.
PAR  The latch 51 and its assembly with foot end riser 43 is best seen in FIGS.
      5 and 7. Latch 51 has a vertically extending slot 51s to accommodate
      relative vertical movement between the latch and riser pivot pin 43a, to
      enable locking and release action of the latch with respect to lock stop
      pin 43b, which is suitably secured on the lower end portion of the riser
      lower end 43-l. Riser pivot pin or shaft 43a extends through slot 51s, and
      the latch 51 is secured to the riser 43 through the medium of a snap
      retainer ring groove 43af formed in the periphery of the riser pivot pin
      43a. A flat washer 63 is slidably mounted on the pivot shaft or pin 43a
      between the outer face of latch 51 and the inner face of riser 43.
PAR  Latch 51 has a lock slot 51-la formed thereon for engagement with the
      lock/stop pin 43b, to afford locking of the riser 43 in the raised safety
      position for the side rail assembly 31. The latch is provided with a latch
      pivot pin 57 which is suitably secured, as by welding, at the opposite end
      zone of a bent-in section 53, and in the engaged position of the pivot pin
      57 with the side frame member 13 the latch 51 is enabled to pivot about
      the axis of pivot pin 57 and thereby afford vertical motion of the latch
      relative to the riser 43 and riser pivot pin 43a, within the limits of
      restriction of the slot 51s, thus enabling engagement and disengagement of
      the lock/stop pin 43b with the lock slot 51-ls, as may be desired. As an
      aid to the engagement of the lock stop pin 43b with the lock slot 51-ls, a
      latch cam surface 51a is formed on the latch 51 adjacent the lock slot
      51-ls, whereby the latch 51 is cammed upwardly by the engagement of the
      lock stop pin in the course of raising the foot end riser 43, with the
      lock stop 43b thereupon reaching the lock slot 51-ls, at which time the
      latch 51 will pivot downwardly and engage the lock stop pin 43b in the
      lock slot 51-ls under the influence of gravity and the resilient spring
      action of spring 59 which serves the dual purpose affording this resilient
      biasing action and retaining the riser 43 and latch 51 in engagement with
      the bed frame, namely the side frame member 13.
PAR  Retainer spring 59 is a cantilever spring having an anchor end loop 59a
      anchored to a flange 54 on the latch 51, as through the medium of a headed
      anchor pin 58 riveted or otherwise suitably secured in place, the spring
      59 having an upwardly curved cantilever medial 59b, with a finger grip
      loop 59c at its free end, the medial and/or end zone adjoining loop 59c
      engaging with an annular retaining groove 43ag formed in the riser pivot
      pin 43a at an axial position spaced from snap-retainer ring 61 by a
      distance sufficient to accommodate the vertical side web of the side frame
      member 13 through which the riser pivot pin 43 extends at the zone of
      connection with hole 17 therefor.
PAR  Flange 54 serves the dual function of serving as a cantilever mount for
      retainer spring 59 and also providing an advantageously disposed and
      formed hand-engaging surface for exerting an upward latch release force
      F.sub.r, as indicated generally by the dual arrows in FIGS. 1 and 5.
PAR  In securing the riser 43 and associated latch 51 to the frame side member
      13, the riser pivot pin or shaft 43a is inserted into slightly oversized
      complementary mounting hole 17 formed in the relatively thin-walled
      vertical web position of side frame member 13, and a latch pivot pin 57 is
      inserted into slightly oversized complementary hole 18, likewise formed in
      side frame member 13. Finger grip loop 59c is utilized to bend the spring
      59 downwardly to a position beneath the lower surface of side frame member
      13, permitting the riser pivot pin to be fully inserted into the mounting
      hole 17, whereupon the spring 59 is replaced in the annular retaining
      groove 43ag on the inner face side of the side frame member 13 through
      which the pin 43a extends. Sufficient clearance is provided between the
      flange 54 and the lower edge side frame member 13 to enable upward pivot
      release action of the latch 51 about the axis of pivot pin 57 in its
      respective frame mounting hole 18. As noted above, the foot end 53 of the
      latch 51 is bent laterally inwardly at a small angle relative to the head
      end section of the latch, the bend being suitably effected in the zone
      adjacent the anchor pin end of flange 54. This inward bending of the
      section 53 of latch 51 enables self-retention of the latch pivot pin in
      mounting hole 18 without the necessity of a keeper on the latch pivot pin,
      it being appreciated that the riser pivot pin 43a is held against an
      undesirable degree of canting motion through its engagement with its
      associated cross tube assembly 83, as shown particularly in FIGS. 2-4 and
      7.
PAR  Removal of the foot end riser 43 and associated latch 51 carried thereby is
      readily accomplished by reversal of the assembly operations discussed
      above, such essentially only requiring manual downward bending of the
      spring 59 while the foot and riser 43 is pulled outwardly to thereby
      remove the riser pivot pin 43a and latch pivot pin 57 from engagement with
      the side frame member 13.
PAR  As shown particularly in FIGS. 1, 2 and 14, the side rails 33 take the form
      of a length of tubing, preferably steel, formed in a loop 35 with both
      ends secured together through the medium of a short tubular coupling 37,
      as by sweat soldering or other suitable connecting medium. Two spreader
      bars 38 are suitably secured between the upper and lower parallel runs of
      loop 35, as by soldering, in order to provide a desired rigidity to the
      side rail tube assembly, and also serve to facilitate pivotal mounting of
      the risers 41 and 43 to the side rail 33. To this end, as shown in FIG.
      14, a tube spacer 39 is suitably secured, as by soldering, to each
      spreader bar 38, preferably in a vertically off-center position, and a
      pivot pin 45 is suitably secured, as by welding, in the top end of the
      risers 41 and 43, the pivot pin 45 extending in pivotal relation within
      the tube spacer 39 and being pivotally secured in place as through the
      medium of a headed screw 45a which engages within a threaded bore in the
      pivot pin 45, and the head of screw 45a extending beyond the inner
      diameter of tube spacer 39 to effect suitable retaining action. A spring
      washer 39a is disposed between the tube spacer 39 and the adjacent face of
      riser 41 to aid in prevention of looseness or vibration between these
      parts. The length of tube spacer 39 is sufficient to provide lateral
      stability for the side rail 33 and also to minimize the pinching hazard
      for fingers and electrical cords which may be created by the scissor
      action of the risers and side rail 33 during raising and lowering.
PAR  It will be noted that the risers 41, 43 are constructed of substantially
      rigid flat material, preferably from a flat steel bar. An offset 41f, 43f,
      is formed in the risers 41, 43, as illustrated in FIGS. 7 and 8, and
      provides sufficient clearance between the various moving parts, such also
      aiding in reducing the pinching hazard which is inherent in articulated
      side rail assemblies. Although the riser bars are relatively rigid, there
      is enough springiness available to absorb a large portion of the lateral
      loads without making the assembly flimsy and noisy in operation.
PAR  In mounting of the side rail assembly, 31, 31' and associated cross members
      81, 83, onto bed 11, one of the side rail assemblies is first removably
      secured to its respective side frame member, as has been described above,
      with the riser 41, riser 43 and associated latch 51, retained in their
      respective mounting holes 16, 17, 18 through the medium of retainer
      springs 49, 59. Thereupon, the cross tubes 81, 83 are brought into end
      engagement with their respective riser pivot pins or stub shafts, and the
      opposite side rail assembly is then positioned with its pivot mounting
      pins or stub shafts in the corresponding respective three holes in the
      other side frame member, the corresponding open ends of the cross tube
      members 81, 83 being held in alignment with the pivot pin holes for the
      respective riser pivot pins during mounting of this opposite side rail
      assembly with its respective risers onto the respective opposite side
      frame member. The second side rail assembly is then similarly releasably
      retained in place by manual manipulation of the retention springs 49, 59
      associated with the respective riser pivot pins, whereupon the bed and
      side rail assembly is in condition for utilization.
PAR  Lowering of either or both of the side rails 33 or 33' may be selectively
      effected by manually exerting a small upward hand or foot force F.sub.r on
      the underside of the in-turned release flange on the respective latch 51
      or 51', to thereby release the lock/stop pin 43b or 43b' (not shown) from
      the respective lock slot in latch 51, while exerting a force on the
      respective side rail toward the foot end of the bed, to thereby move the
      lock/stop pin out of the lock slot on the latch, and permit the side rail
      assembly to be articulated in a scissors parallelogram motion to its
      lowered position, at which position the respective riser stop pins 41b and
      43b, or 41b', 43b' (not shown) engage the undersurface of the respective
      side frame member 13 or 13', to effect a lowered stop position for the
      side rail. Raising of the side rail assembly merely requires the operator
      to grasp the side rail 33 or 33' and exert an upward pull thereon, which
      will result in the reverse scissors parallelogram motion of the risers and
      associated side rail, to bring the respective lock/stop pin 43b or 43b'
      (not shown) into engagement with its respective latch cam surface 51a or
      51a' (not shown) and latch lock slot 51-ls or 51-ls' (not shown).
PAR  FIGS. 10 and 11 illustrate the relative positions of the side rail
      assemblies, in the raised safety and lowered position respectively, with
      respect to the major bed components. It will be noted that when the side
      rail is in the lowered position almost all of the mattress is exposed in
      the illustrative embodiment, and the side rail does not materially
      interfere in the bed making task. Also, this positioning of the side rail
      assembly in the lowered position is of importance in preventing
      interference with the patient being placed onto or removed from, or
      personally getting in or out of, the bed.
PAR  The side rail assembly according to the illustrated and preferred
      embodiment of the invention enables the side rail 33 or 33' to be located
      in its upper safety position at either of two heights relative to the
      mounting position of the risers on the bed frame member, as illustrated in
      FIG. 12. The location of the side rail 33 and latch 51 corresponding to
      the location in FIGS. 1-11 is illustrated in phantom lines, while the
      second location of the side rail and latch is illustrated in full lines.
PAR  As has been noted heretofore, the risers are preferably connected to the
      spreader bars 38 in a vertically offset position with respect to the
      vertical center of the spreader bars, as shown in FIG. 14, and it is only
      necessary to rotate the risers about their respective pivot pin
      connections with the side rail spreader bars through a 180.degree. arc,
      and to thereupon rotationally translate the entire side rail assembly
      through a further 180.degree. arc, to effect the desired effective
      vertical change of position of the side rail 33 or 33' relative to the
      riser pivot pins which connect with the frame. This reversal brings the
      respective latch 51, 51' from the foot end riser position to the head end
      riser position, likewise reversing the risers themselves. Thus, by
      providing an extra hole for mounting the latch pin therein adjacent the
      head end hole 16, the two risers and latch may be suitably mounted on the
      bed frame with the respective side rail 33, 33' at a different vertical
      height position in the raised safety position thereof. This positioning of
      the latch 51, 51' in the head end riser position is not normally as
      desirable as its illustrated position at the foot end riser location,
      particularly in view of the ease of operation of the latch by an operator
      at the foot end riser position.
PAR  The foregoing described dual height capability for the side rail assembly
      in the raised safety position enables the side rail assembly to be
      utilized on beds having the upper mattress surface at different heights
      relative to the bed frame mounting members 13, 13', while providing
      generally similar relative side rail positioning with respect to the
      mattress upper and lower surfaces. It will be apparent that greater or
      less height difference may be accommodated by greater or less offset of
      the connection point for the risers to their respective side rail spreader
      bars.
PAR  If desired, the side rail assemblies may be mounted on a bed having no
      mounting hole positions formed therein corresponding to the required riser
      and latch pivot pins, either by forming such holes in the bed frame
      members, or by attaching an auxiliary adapter bar 111, to the desired bed
      frame member, as illustrated in FIG. 13. The adapter bar 111 takes the
      form of a longitudinal bar having a vertical offset between its upper and
      lower section 114, 115, the intermediate offset section 113 being of
      approximately the same effective width as the effective width of the
      vertical web portion of the side frame member 13a to which the adapter bar
      111 is to be attached. Thus, the lower longitudinal section 115 is in
      generally vertical alignment with the vertical web portion of the angle
      bar side member 13a when attached thereto, while the upper longitudinal
      section 114 of the adapter bar 111 is positioned flush along the external
      face of the side frame member. The adapter bar may be suitably secured to
      the side frame member 13a as through the utilization of securing screws or
      bolts, as indicated at 119. This will require the presence or forming of
      relatively small holes in the side frame member 13a to accommodate the
      screws or bolts 119, which holes are present in various existing bed
      frames. However, even is such holes must be subsequently formed in the bed
      frame, they may be more readily, and possibly more acceptably, formed than
      the more precisely and differently sized holes required for mounting of
      the riser pivot pins and latch pins of the two side rail assemblies. The
      auxiliary mounting adapter 111 has formed in its lower longitudinal extent
      mounting holes 116, 117 and 118 corresponding respectively to the
      positioning of holes 16, 17 and 18 for respective riser pivot pins 41a,
      43a and latch pivot pin 57. An extra latch pivot pin hole 120 may be
      provided adjacent the hole 116 to accommodate the latch pivot pin 57 in
      the side rail reversal position as illustrated in FIG. 12. The adapter bar
      111 also has a keeper 121 secured to its lower longitudinal section 115,
      as by welding, and extending in upwardly spaced relation above the center
      lateral offset section 113, to aid in longitudinal stiffening of the
      adapter by engagement with the inner face of the vertical web portion of
      the side frame member 13a. A mirror image auxiliary mounting adapter bar
      may be provided for the opposite side rail assembly.
PAR  While the invention has been described with respect to various illustrative
      embodiments thereof, it will be apparent to those skilled in the art that
      various modifications and improvements may be made without departing from
      the scope and spirit of the invention. For instance, while the side rail
      assemblies according to the invention are most advantageously utilized in
      combination with independently suspended rigidifying cross bar assemblies
      as shown and described, and such is clearly an important inventive aspect,
      the side rail assemblies according to the invention may, though less
      advantageously, be utilized on bed frames having rigid pivot mounting
      elements such as tubes, or the like rigidly secured to the bed frame, it
      being appreciated that such arrangements will sacrifice the important
      feature of the preferred overall combination arrangement as shown and
      described, in which the rigidifying cross members do not form a rigid part
      of the supporting frame of the bed. Accordingly, it will be understood
      that the invention is not to be limited by the illustrated embodiments,
      but only by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bed arrangement comprising
PA1  a bed frame,
PA1  a side rail assembly for said bed frame, said side rail assembly comprising
PA2  a pair of separately detachable side rails each with spaced risers
      pivotally secured thereto, and one riser having a releasable
      pivot-prevention lock thereon,
PA2  said risers being removably pivotally mounted on said bed frame,
PA2  and a pair of nonpermanent and detachable cross members extending
      transversely across said bed frame and releasably engageable in pivotal
      interconnecting relation each with respective opposite pairs of said side
      rails risers,
PA1  said side rail risers each having pivot pins thereon,
PA1  and said cross members each having end openings for receiving said pivot
      pins,
PA1  said cross members being relatively pivotally engaged at their end openings
      with said riser pivot pins, and being supported in suspended relation
      between and by said pivot pins,
PA1  said bed frame including spaced generally parallel longitudinal side frame
      members with spaced holes effectively formed thereon,
PA1  said cross members extending between said side frame members and having
      their said end openings in effective alignment with respective opposite
      pairs of said holes,
PA1  said riser pivot pins extending through said holes and into said cross
      member end openings,
PA1  and releasable securing means releasably securing said pins within said
      side frame member holes.
NUM  2.
PAR  2. A bed arrangement according to claim 1,
PA1  each of said releasable pivot-prevention locks on said risers including a
      latch removably pivotally engaged with a respective adjacent one of said
      longitudinal side frame members,
PA1  said latches each having a slot therein larger in one direction than the
      cross section of the respective said riser pivot pin, and through which
      slot a respective said riser pivot pin extends to enable pivoted
      lock/release movement of said latch about the zone of pivotal engagement
      of said latch with a respective said longitudinal side frame member,
PA1  and a lock pin on each of said risers which have a latch thereon and
      latchably engageable in riser-locking relation with said latch at one
      pivoted position of said latch and releasable from its riser locked
      relation at a second pivoted position of said latch.
NUM  3.
PAR  3. A bed arrangement according to claim 2,
PA1  the pivotal engagement of said latches with said longitudinal side frame
      members being about a generally horizontal pivot axis, said one pivoted
      position of said latch being an upward pivoted position as compared to
      said second pivoted position of said latch, whereby said latch is gravity
      biased toward said one pivoted position.
NUM  4.
PAR  4. A bed arrangement according to claim 3,
PA1  said releasable securing means comprising finger actuatable spring
      retainers carried by each of said risers and releasably engageable in
      resilient relation with said riser pivot pins.
NUM  5.
PAR  5. A bed arrangement according to claim 4,
PA1  said finger actuatable spring retainers carried by said risers which have
      said latch attached thereto being anchored to the respective said latch
      and releasably engageable in spring biased locking relation with the
      respective adjacent said riser pivot pin.
NUM  6.
PAR  6. A bed arrangement according to claim 5,
PA1  said finger actuatable spring retainers which are anchored to said latches
      being anchored each to its respective said latch in spaced relation from
      the respective said riser pivot pin and engaging the respective said riser
      pivot pin in cantilevered spring biasing relation toward a locked position
      with respect to said latchably engageable further pin on the respective
      said riser.
NUM  7.
PAR  7. A bed arrangement according to claim 6,
PA1  a pivotal engagement of each of said latches with said longitudinal side
      frame members being about a respective generally horizontal pivot axis,
      said one pivoted position of each said latch being an upward pivoted
      position as compared to said second pivoted position of said latch,
      whereby said latch is gravity biased toward said one pivoted position.
NUM  8.
PAR  8. A bed arrangement according to claim 6,
PA1  said riser pivot pins each having a groove therein for releasable retentive
      engagement by said spring retainers on the inner side of the respective
      said longitudinal side frame member.
NUM  9.
PAR  9. A bed arrangement according to claim 8,
PA1  two of said spring retainers being each secured in latch-engaging relation
      to a respective one of said riser pivot pins and being also releasably
      engageable with a said groove in the respective said pivot pin at a
      position spaced along the length of said pin from said wrap-engaging
      relation position of said spring retainer on the respective said pin.
NUM  10.
PAR  10. A bed arrangement according to claim 9,
PA1  each of said spring retainers having a finger engageable loop thereon for
      finger actuated locking or release thereof relative to its said riser
      pivot pin and the respective said longitudinal side frame member.
NUM  11.
PAR  11. A bed arrangement according to claim 4,
PA1  two of said spring retainers being each secured in latch-engaging relation
      to a respective one of said riser pivot pins and being also releasably
      engageable with a said groove in the respective said pivot pin at a
      position spaced along the length of said pin from said wrap-engaging
      relation position of said spring retainer on the respective said pin.
NUM  12.
PAR  12. A bed arrangement according to claim 11,
PA1  each of said spring retainers having a finger engageable loop thereon for
      finger actuated locking or release thereof relative to its said riser
      pivot pin and the respective said longitudinal side frame member.
NUM  13.
PAR  13. A bed arrangement according to claim 1,
PA1  said releasable securing means comprising finger actuatable spring
      retainers carried by each of said risers and releasably engageable in
      resilient relation with said riser pivot pins.
NUM  14.
PAR  14. A bed arrangement according to claim 13,
PA1  each of said spring retainers having a finger engageable loop thereon for
      finger actuated locking or release thereof relative to its said riser
      pivot pin and the respective said longitudinal side frame member.
NUM  15.
PAR  15. A bed arrangement according to claim 13,
PA1  said riser pivot pins each having a retention groove therein for releasable
      retentive engagement by said spring retainers on the inner side of the
      respective said longitudinal side frame member.
NUM  16.
PAR  16. A bed arrangement according to claim 13,
PA1  two of said spring retainers being each secured in latch-engaging relation
      to a respective one of said riser pivot pins and being also releasably
      engageable with a said retention groove in the respective said pivot pin
      at a position spaced along the length of said pin from said warp-engaging
      relation position of said spring retainer on the respective said pin.
NUM  17.
PAR  17. A side rail assembly for a bed, for selective detachable connection to
      a bed, comprising
PA1  a pair of separately detachable side rails each with spaced risers
      pivotally secured thereto, and one said riser having a releasable
      pivot-prevention lock thereon for selectively locking said riser in a
      given position about a pivot axis therefor,
PA1  and a pair of nonpermanent and detachable cross members, extendable
      transversely across a bed frame and releasably separably engageable in
      pivotal interconnecting relation each with respective opposite ones of
      each of the two risers associated with each of said side rails,
PA1  each of said releasable pivot prevention locks including a selectively
      movable latch,
PA1  said latches each having a slot therein of larger vertical extent than the
      respective said riser pivot pin, and through which slot a respective said
      riser pivot pin extends, to enable support of said latch by said pivot pin
      when said side rail assembly is not connected to a bed and to enable up
      and down lock/release movement of said latch when said latch is engaged
      with a bed,
PA1  and a pivot-stop on each said riser which has a latch thereon and latchably
      engageable in locking relation with said latch at one pivoted position of
      said latch and releasable from its riser-locked relation at a second
      pivotal position of said latch.
NUM  18.
PAR  18. A side rail assembly according to claim 17,
PAR  each of said movable latches including a cam surface engageable in latch
      moving relation by the respective said riser stop pin as the respective
      said riser approaches one extent of its pivoted travel, and a slot
      adjacent to said cam surface and engageable in releasable locking
      engagement with said stop pin at said one extent to pivoted travel of the
      respective said one riser.
NUM  19.
PAR  19. A bed arrangement comprising
PA1  a bed frame,
PA1  a side rail assembly for said bed frame, said side rail assembly comprising
PA2  a pair of separately detachable side rails each with spaced risers
      pivotally secured thereto,
PA2  said risers being removably pivotally mounted on an effective portion of
      said bed frame,
PA2  and a pair of nonpermanent and detachable cross members extending
      transversely across said bed frame and releasably engageable in pivotal
      interconnecting relation each with respective opposite pairs of said side
      rail risers,
PA2  said cross members and said side rail risers having a respective pin and
      socket interconnection formed therebetween at opposite end zones of said
      cross members,
PA2  said cross members and said risers being relatively pivotally
      interconnectable through their respective said pin and socket
      interconnections,
PA1  said bed frame including spaced generally parallel longitudinal side frame
      members with spaced holes effectively formed thereon,
PA1  said cross members extending between said side frame members and said cross
      members and said risers being removably disposed with their respective pin
      and socket connections aligned with and having a portion thereof extending
      through spaced holes and supported on said side frame members,
PA1  and releasable securing means releasably securing said pin and socket
      interconnections with a portion of said interconnections extending through
      said spaced side frame member holes.
NUM  20.
PAR  20. A bed arrangement comprising
PA1  a bed frame,
PA1  a side rail assembly for said bed frame, said side rail assembly comprising
PA2  a pair of separately detachable side rails each with spaced risers
      pivotally secured thereto,
PA2  said risers being removably pivotally mounted on an effective portion of
      said bed frame,
PA2  and a pair of nonpermanent and detachable cross members extending
      transversely across said bed frame and releasably engageable in pivotal
      interconnecting relation each with respective opposite pairs of said side
      rail risers,
PA1  said side rail risers each having pivot pins thereon,
PA1  and said cross members each having end openings for receiving said pivot
      pins,
PA1  said cross members being relatively pivotally engaged at their end openings
      with said riser pivot pins, and being supported in suspended relation
      between and by said pivot pins,
PA1  said bed frame including spaced generally parallel longitudinal side frame
      members with spaced holes effectively formed thereon,
PA1  said cross members extending between said side frame members and having
      their said end openings in effective alignment with respective opposite
      pairs of said holes,
PA1  said riser pivot pins extending through said holes and into said cross
      member end openings,
PA1  and releasable securing means releasably securing said pins within said
      side frame member holes.
NUM  21.
PAR  21. A bed arrangement comprising
PA1  a bed frame,
PA1  a side rail assembly for said bed frame, said side rail assembly comprising
PA2  a pair of separately detachable side rails each with spaced risers
      pivotally secured thereto, and one riser having a releasable
      pivot-prevention lock thereon,
PA2  said risers being removably pivotally mounted on said bed frame,
PA2  and a pair of nonpermanent and manually releasably detachable lateral
      rigidifying stabilizers cross members extending transversely across said
      bed frame and releasably engageable in pivotal and lateral rigidifying
      interconnecting relation each with respective opposite pairs of said side
      rail risers,
PA1  said side rail risers each having pivot pins thereon,
PA1  and said detachable stabilizer cross members each having end openings for
      receiving said pivot pins,
PA1  said cross members being relatively pivotally engaged at their end openings
      with said riser pivot pins, and being supported in suspended relation
      between and by said pivot pins,
PA1  and releasable securing means releasably securing said pivot pins to said
      bed frame with said cross members extending therebetween,
PA1  said releasable securing means comprising finger-actuatable spring
      retainers for each of said risers and releasably engageable in resilient
      relation with said riser pins,
PA1  said releasable pivot-prevention lock on said riser including a latch
      removably pivotally engaged with a respective adjacent effective portion
      of one of said longitudinal side frame members,
PA1  two of said spring retainers being each secured in latch-engaging relation
      to a respective one of said riser pivot pins and being also releasably
      engageable with a said groove in the respective said pivot pin at a
      position spaced along the length of said pin from said wrap-engaging
      relation position of said spring retainer on the respective said pin.
NUM  22.
PAR  22. A bed arrangement according to claim 21,
PA1  each of said spring retainers having a finger engageable loop thereon for
      finger actuated locking or release thereof relative to its said riser
      pivot pin and the respective said longitudinal side frame member.
NUM  23.
PAR  23. A side rail assembly for selective detachable connection to a bed,
      having a bed frame including spaced generally parallel longitudinal side
      frame members with spaced holes effectively formed thereon, comprising
PA1  a side rail assembly for a said bed frame, said side rail assembly
      comprising
PA2  a pair of separately detachable side rails each with spaced risers
      pivotally secured thereto,
PA2  said risers being removably pivotally mountable on an effective portion of
      a bed frame,
PA2  and a pair of nonpermanent and detachable cross members extendable
      transversely across a said bed frame and releasably engageable in pivotal
      interconnecting relation each with respective opposite pairs of said side
      rail risers,
PA1  said cross members and said side rail risers having a respective pin and
      socket interconnection formed therebetween at opposite end zones of said
      cross members,
PA1  said cross members and said risers being relatively pivotally
      interconnectable through their respective said pin and socket
      interconnections,
PA1  said cross members extending between said side frame members and said cross
      members and said risers being removably disposed with their respective pin
      and socket connections alignable with and having a portion thereof
      extendable through said spaced holes and supportable on said side frame
      members.
PA1  and releasable securing means for releasably securing said pin and socket
      interconnections with a portion of said interconnections extending through
      said spaced side frame member holes.
NUM  24.
PAR  24. A side rail assembly for selective detachable connection to a bed,
      having a bed frame including spaced generally parallel longitudinal side
      frame members with spaced holes effectively formed thereon, comprising
PA1  a side rail assembly for a said bed frame, said side rail assembly
      comprising
PA2  a pair of separately detachable side rails each with spaced risers
      pivotally secured thereto,
PA2  said risers removably pivotally mountable on an effective portion of a said
      bed frame,
PA2  and a pair of nonpermanent and detachable cross members extendable
      transversely across a said bed frame and releasably engageable in pivotal
      interconnecting relation each with respective opposite pairs of said side
      rail risers,
PA1  said side rail risers each having pivot pins thereon,
PA1  and said cross members each having end openings for receiving said pivot
      pins,
PA1  said cross members being relatively pivotally engaged at their end openings
      with said riser pivot pins, and being supportable in suspended relation
      between and by said pivot pins,
PA1  said cross members extendable transversely between said side frame members
      and having their said end openings in effective alignment with respective
      opposite pairs of said holes,
PA1  said riser pivot pins extendable through said holes and into said cross
      member end openings,
PA1  and releasable securing means for releasably securing said pins within said
      side frame member holes.
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ABST
PAL  The assembly includes a longitudinal axis and opposite end surfaces
      transverse to the longitudinal axis. The container has a structure
      effective to receive both liquids and gas mediums therein and has valves
      for introducing and exhausting both liquid and gas mediums. An elongated
      frame structure has a plurality of parallel linear support members wherein
      each support member is laterally spaced with respect to any other lateral
      support member, and a separate end frame portion connected at each end of
      the support members to form an open structural configuration for receiving
      the collapsible container. The elongated container is fastened to the
      frame structure with the longitudinal axis thereof disposed substantially
      parallel to the linear support members and each of the end surfaces of the
      container being disposed adjacent an end frame portion to support the
      container within the frame structure during use. The container is attached
      to the frame structure with one of the linear support members extending
      longitudinally along one side of the container with the opposing side of
      the container being free of a support member. The assembly may be used as
      a pontoon when the container is inflated with a gas fluid medium and is
      employable in other uses such as a fresh water reservoir, a ballast, a sea
      anchor, a pitch and roll stabilizer and the like when the container is not
      inflated or holdls a liquid fluid medium.
PARN
PAC  STATUS OF THE APPLICATION
PAR  This application is a divisional application of my parent application Ser.
      No. 229,096 filed Feb. 18, 1972 and now U.S. Pat. No. 3,846,858.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an assembly usable as a boat or as an accessory
      with sailboats and powerboats and may be employed for many purposes to add
      to the comfort, convenience and safety of the boating public. The assembly
      may also be used as a vehicle on land or ice.
PAR  It is known in the prior art to use the weight of water as a counterbalance
      or ballast in a sailboat. Furthermore, there are many different types of
      accessories which may be employed for different uses. For example, liquid
      storage tanks, portable showers, pontoons, lifting mechanisms, sea anchors
      and pitch and roll stabilizers are all available in the prior art. A
      boatsman who wishes to have the benefits of all these accessories must
      necessarily have the storage room available on board his boat. The
      presence of all these different types of accessories creates an obvious
      problem aboard whether the boat is at dock or underway. Therefore, it is
      likely that some of these items would not be placed on board by the
      boatsman. Consequently, it is very likely that safety risks would not be
      mitigated in any way and that some inconveniences would be suffered by the
      boatsman.
PAR  Where a boat is anchored offshore, it is necessary to have some sort of
      dinghy so that the boatsman may get back and forth between the shore and
      his boat. Until now, it was necessary for the boatsman to purchase an
      additional small boat which must be either placed on board or left
      anchored at the offshore location. When left at the offshore location,
      there is obviously no further use that may be attributed to such an
      accessory.
PAR  Finally, there is a marked increase in the number of people who are water
      sport enthusiasts. Consequently, there are many unskilled people
      participating in activities in this area. They are demanding equipment
      which will provide them both with fun and relaxation without their being
      exposed to a high safety risk. In addition, it is human nature to tire
      quickly of performing the same kind of activity again and again. In other
      words, people maintain their interest in certain activities when there is
      a variety of experiences opened to them. For example, the prior art now
      provides inflatable boats on which a motor or a sail may be placed for
      movement. Collapsible catamaran assemblies are available. Collapsible
      pontoon structures which may be inflated on location are also available in
      the prior art. These prior art structures provide a means for the consumer
      to have a fairly small investment and provide him with a highly
      transportable device for enjoying his water sports. However, each of these
      prior art assemblies provides only one type of activity. Until now, no
      construction has been available wherein the recreational enthusiast may
      also perform several different functions by effecting a simple mechanical
      manipulation thereto.
PAC  PURPOSE OF THE INVENTION
PAR  The primary object of this invention is to provide a convertible assembly
      which may provide a variety of experiences to the water enthusiast along
      with enhancing the convenience and safety of the boating public and also
      provide a vehicle for land and ice.
PAR  Another object of this invention is to provide a convertible assembly which
      may be used to effectuate desired results requiring the use of a large
      number of individual devices now available on the commercial market.
PAR  Another object of this invention is to provide a boat construction which
      may be used separately for water sports as well as for transportation
      between shore and a boat anchored offshore.
PAR  A still further object of this invention is to provide a convertible boat
      construction which may be used for transportation, as a life raft, has a
      size and shape suitable for storage on board a larger boat and may be
      broken down into its component parts whereby the component parts may be
      used to serve useful functions on board a larger boat in place of a
      multiple number of accessories.
PAR  Another object of this invention is to provide a convertible assembly which
      may be used as a pontoon when filled with a gas fluid medium or as a
      stabilization unit when containing a liquid fluid medium.
PAC  SUMMARY OF THE INVENTION
PAR  The assembly of this invention includes at least two elongated units
      mounted on a rigid support means. One feature of this invention is
      directed to the specific structure of at least one of the units. This unit
      is a combination of a collapsible, elongated container adapted to receive
      a fluid medium therein and an elongated frame structure having an open
      configuration for receiving the collapsible container. Fastening means are
      provided for attaching the container within the frame structure during
      use. The container being attached to the frame structure forms a
      combination that may be used as a pontoon when the container is inflated
      with a gas fluid medium and may be employed in other uses when the
      container holds a liquid fluid medium.
PAR  When the two elongated units are mounted on a rigid support means, the
      assembly may be used as a dinghy or boat on the water surface. Because the
      assembly may be broken down into its component parts, it may be easily
      stored on board a larger boat. Once broken down, the separated unit or
      units may be used for various other functions. Wheels or runners may also
      be placed on the support means to provide a vehicle for land or ice.
PAR  Other features of the invention are directed to the manner in which the
      separated units may be attached to the mast of a sailboat for providing
      additional support thereto and effecting the hiking-out of additional
      weight from the side of a sailboat that is underway.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  Other objects of this invention will appear in the following description
      and appended claims, reference being made to the accompanying drawings
      forming a part of the specification wherein like reference characters
      designate corresponding parts in the several views.
PAR  FIG. 1 is a perspective view of an assembly made in accordance with this
      invention;
PAR  FIG. 2 is a perspective view of the assembly of FIG. 2;
PAR  FIG. 3 is a top plan view of the assembly of FIG. 2;
PAR  FIG. 4 is a sectional view along line 4--4 of FIG. 2;
PAR  FIG. 5 is a sectional view along line 5--5 of FIG. 2;
PAR  FIG. 6 is an exploded view of the connection as shown in FIG. 2;
PAR  FIG. 7 is a sectional view showing detail of an assembly made in accordance
      with this invention;
PAR  FIG. 8 is a perspective view of another embodiment of this invention;
PAR  FIG. 9 is a perspective view of a module made in accordance with this
      invention;
PAR  FIG. 10 is a top plan view of the module of FIG. 9;
PAR  FIG. 11 is a side elevational view of the module as shown in FIG. 9, and
PAR  FIG. 12 is an end view of another embodiment of a module made in accordance
      with this invention.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  More specifically, a boat assembly, generally designated 10, incorporates
      the structure made in accordance with this invention. The boat assembly 10
      includes a hull 11, a bow portion 21, a deck portion 22 and a mast 23. A
      pontoon construction extends along both sides of the assembly 10 and
      includes a plurality of flexible containers 12 filled with a fluid medium.
      In this particular embodiment, the fluid medium is air and the containers
      12 provide buoyancy to the assembly 10. Cones 20 are disposed at the front
      and rear ends of the pontoon assembly in a manner that is known in the
      prior art. The mast 23 may be connected to the support members of the
      assembly 10 in any known manner. The construction as shown in FIG. 1 may
      be elongated or shortened by simply adding or eliminating more pontoon
      modules and support members as desired. The width or beam may also be
      modified when lengthening the boat by either using a different length of
      transverse support member between the parallel pontoons, or by having
      telescoping cross members.
PAR  The hull 11 as shown in the assembly 10 is a single hull construction known
      in the prior art as a cathedral hull. The single hull assembly as shown in
      FIG. 1 may be converted to a multi-hulled assembly as shown in FIG. 8.
      This convertibility characteristic is accomplished through the unique
      superstructure as described hereinbelow. A hull covering 45 is used to
      complete the deep hull configuration. The hull covering may also be
      inflatable. The boat assembly of this invention is also capable of
      achieving all known forms of single hull designs, e.g., the deep V;
      semi-V; modified V; cathedral (also known as the tri-hull); tunnel hull;
      round bottom boat; flat bottom boat; as well as all of the multi-hulled
      configurations of a trimaran and a catamaran.
PAR  The superstructure of assembly 10 is shown in perspective in FIG. 2 and
      includes a simple fastening together of pontoon modules in any desired
      configuration. The basic module of the instant invention includes linear
      longitudinal support members 17 and short transverse support members 18
      which are interconnected at their ends through the joint fastening
      mechanism 35. As is evident in the drawings, the elongated frame structure
      has a plurality of parallel linear support members 17 that are laterally
      spaced with respect to each-other and an end frame portion including
      transverse support members 18. An end frame portion is shown located at
      each end of the support members 17. The flexible containers 12 have a
      structure effective to receive both liquid and gas mediums and include
      longitudinal fabric tunnels 13 through which the longitudinal support
      members 17 extend. As shown, the collapsible, elongated containers 12 have
      a longitudinal axis and opposite end surfaces 12a transverse to the
      longitudinal axis. The outer end tunnel 16 encases a short transverse
      support member 18. The sectional view as shown in FIG. 7 shows the
      relationship existing between the longitudinal support member 17 and the
      outer longitudinal tunnels 13 which are connected to the flexible
      container 12.
PAR  As is evident in the drawings, the fastening means in assembly 10 include
      tunnels 13 and 16 for attaching the longitudinal containers 12 to the
      frame structure with the longitudinal axis of each container 12 being
      disposed substantially parallel to the linear support member 17.
      Additionally, each of the end surfaces 12a are disposed adjacent an end
      frame portion. Consequently, the frame structure provides support along
      both the longitudinal surface and end surfaces 12a when the containers 12
      are within the frame structure during use. A horizontal web 14 and a
      vertical web 15 are connected to the inside of the flexible container 12
      to provide support therein. The container 12 will retain its shape much
      more effectively through the use of the webs 14 and 15. If desired, it is
      possible to form either one of these webs as a single solid piece to
      compartmentalize the inside of the container.
PAR  As shown, container 12 is attached to the frame structure with one of the
      linear support members 17 extending longitudinally along one side of the
      container with the side opposing said one side of the container being free
      of a support member 17. See particularly FIG. 7 where this arrangement is
      used as a pontoon and FIGS. 9, 10 and 11 where the container 12 is used to
      hold a liquid medium providing ballast.
PAR  The pontoon modules are connected by the cross members 30 and curved
      support members 34. In the embodiment as shown in FIG. 1 and FIG. 2, the
      single hull configuration includes longitudinal keel members 31, side
      support members 32 and keel braces 33. In addition, the bow portion 21
      includes a front bow support member 25, top side support members 26 and 27
      and bow braces 28 and 29. When it is desired to have a multi-hulled
      configuration as shown in FIG. 8, it is simply necessary to remove the bow
      portion 21 which includes braces 28 and 29 and support members 25, 26 and
      27 together with the longitudinal keel support members 31, side support
      members 32 and keel brace members 33. When these braces and support
      members are removed, the resultant structure will be a through-passage
      configuration which is commonly referred to as a catamaran. Alternatively,
      it is simply necessary to remove the bow member 25, brace 28, and keel
      braces 33 then swing upwardly longitudinal keel support members 31 and
      side support members 32, to awaiting fasteners in the center of members
      34. The boat will move about on the surface on the water through the
      buoyancy provided by the flexible containers 12 that have been filled by
      air.
PAR  The convertibility of the assembly made in accordance with this invention
      has been facilitated through the use of a fastening mechanism 35 as shown
      in FIG. 6. The flattened end portions 36 on each one of the support brace
      members may be placed in juxtaposed relationship with a bolt 37 extending
      therethrough into a plug 38. A grommet 40 and washer 41 are used to
      separate each of the flattened ends 36. A lock washer 39 will maintain the
      bolt 37 in place while the assembly is in use. When it is desired to
      remove a pontoon module from the assembly or to convert from between a
      single hull and double hull construction, it is simply a matter of making
      the simple manipulation of the fastening means to effectuate the desired
      results. Other types of fasteners such as set screws, bolts, snap-out pins
      placed into pre-drilled holes might also be used for strength and rigidity
      as alternatives to the fastening mechanism of this embodiment.
PAR  The deck covering 22 may include any snap-on fastening mechanism available
      in the prior art. That is, it is simply a matter of manipulating a simple
      fastening mechanism to remove the covering from the assembly of this
      invention for its other uses, e.g., when it is to be used for a shower
      curtain; for a cockpit tent which converts the cockpit into additional
      cabin and sleeping facilities; for an air ventilator covering, etc.
PAR  It is within the contemplation of this invention to provide a set of wheels
      or a set of runners onto the support structure so as to enable the
      assembly to be used for travel over land or over the surface of ice or
      snow. Any conventional mechanism might be used to attach wheels or runners
      to the basic frame construction to effectuate the desired results.
PAR  The assembly 10 may be dismantled into its component parts such as shown in
      the construction of the module of FIG. 9. In this specific embodiment, the
      module is being used as a ballast on board a sailboat. That is, the
      container 12 is filled with liquid medium and the additional weight is
      used to offset the tilting of the sailboat when underway. Connecting lines
      19 extend from the module and attach to the shroud line 24. The shroud
      line 24 is attached over a pulley 50 located toward the top of the mast 51
      on the sailboat in a manner known in the prior art. The line 24 would
      extend through pulley 50 and back downwardly to a winch, block and tackle
      or a cleat 52. The amount of displacement of the module may be controlled
      with respect to the gunwales of the sailboat in this manner. The module
      may be used as a ballast by having the module disposed along the deck of
      the sailboat itself. It need not be connected to the shroud 24 for this
      use. It may also be pushed or carried outwardly from the side of the boat
      to effectuate the same result as a man hiking outwardly from the gunwales
      as is well known in the sport of sailing.
PAR  The cross members 30, 34, can be the extendible support of the module used
      as a stabilizer. The cross members 30, 34, used in conjunction with a
      cable and winch, give the option of utilizing at least two methods or
      principles to extend the ballast outwardly from the gunwales of the boat;
      first, the simple principle of a crane, and second, the principle of
      scissors wherein one end of the two cross members is allowed to run
      smoothly along the angles of connecting lines 19. The other end of the two
      cross members 30 and 34 can be attached to the gunwales of the sailboat,
      being allowed to pivot horizontally like the center of a pair of scissors.
PAR  When filled with water, the module may very well be used as a sea anchor by
      simply dropping the same over the side and maintaining a connecting line
      to the boat itself. Once the boat is anchored, it is possible to utilize
      the same ballast or trim stabilizer as an underwater stabilizer and reduce
      the boat's pitch and roll. In this instance, the module is detached and
      partially emptied so that the top has a flat or concave configuration. At
      least one of the modules is submerged into the water using the same cross
      members, or any pole, to extend the shroud away from the gunwales. In
      other words, it is possible to use the module made in accordance with this
      invention to stabilize any type of boat while it is either at anchor or
      while it is underway. This is a capability that is shared by no other
      structure available in the prior art.
PAR  The flexible container module may be made any desired length, width, height
      and shape, depending upon the desired size and weight when filled with a
      medium such as air or liquid. Such a module as described hereinabove has
      been constructed in accordance with this invention with length L of 4
      feet, and overall width W of 15 inches and an overall height H of 18
      inches. Straps (not shown) may be used to support the container 12 along
      its length. Such straps would extend underneath the container 12 and
      between parallel support members 17.
PAR  It is seen that the container of the module as shown in FIG. 9 may be used
      to provide additional water storage. The frame structure may be used in
      conjunction with a block and tackle for lifting material on board the
      ship. The flexible container 12 would be deflated in such an instance. It
      would also be possible to mount a module with water located in the
      flexible container 12 in such a way as to provide a shower facility on
      board ship. It would simply be necessary to place a curtain structure such
      as the deck portion 22 to form a shower stall underneath the upraised
      module and place a shower head onto a valve allowing the water to run out
      of the flexible container 12 as desired. It is clear that the structure of
      the module of FIG. 9 might also be used as a boatswain's chair. Many other
      uses may be made of such a module structure as may be deemed appropriate
      by the user.
PAR  It is clear that the use of a frame structure in combination with an
      inflatable capacity for the assembly as disclosed herein has many
      advantages over a purely inflatable boat as is available in the prior art.
      Such purely inflatable boats may not be used to effectuate the desired
      conversion between single hull and multi-hulled boats nor are they readily
      adaptable to use on land or ice. Furthermore, the completely inflatable
      boats of the prior art may not be dismantled in such a way as to provide
      the additional accessory items as are provided by the module that is
      disclosed herein and shown specifically in FIG. 9. At the same time, the
      disclosed assembly retains the advantages of an inflatable boat when
      compared to one made out of less flexible material such as fiberglass or
      wood.
PAR  The container 12 includes a standard air valve 42 a scoop structure 43 and
      a one-way valve 44. With this structural configuration, the container 12
      may be placed over the side of a boat while underway to scoop water into
      the one-way valve 44. As shown, the container 12 includes valve means for
      introducing and exhausting both liquid and gas mediums.
PAR  In the embodiment of FIG. 12, a longitudinal member 17 and four transverse
      support members 18 are taken from another pontoon cylinder and attached as
      shown. It is also possible to secure a member 17 to the center of member
      18, making a flat or concave top configuration, thereby providing a
      further strengthening effect. In this embodiment, members 32 could be
      extended and attached to the very bottom of the container, thereby
      allowing the formation of a very deep V-hull configuration.
PAR  While an assembly for use in recreational activities has been shown and
      described in detail, it is obvious that this invention is not to be
      considered as being limited to the exact form disclosed, and that changes
      in detail and construction may be made therein within the scope of the
      invention, without departing from the spirit thereof.
CLMS
STM  Having thus set forth and disclosed the nature of this invention, what is
      claimed is:
NUM  1.
PAR  1. An assembly for use in recreational activities comprising:
PA1  a. a collapsible, elongated container having a longitudinal axis and
      opposite end surfaces transverse to the longitudinal axis,
PA1  b. said container having a structure effective to receive both liquid and
      gas mediums therein and including valve means for introducing and
      exhausting both liquid and gas mediums,
PA1  c. an elongated frame structure having a plurality of parallel linear
      support members wherein each support member is laterally spaced with
      respect to any other lateral support member and a separate end frame
      portion connected at each end of said support members to form an open
      structural configuration for receiving the collapsible container, and
PA1  d. fastening means for attaching the elongated container to the frame
      structure with said longitudinal axis disposed substantially parallel to
      the linear support members and each said end surface being crossed by an
      adjacent end frame portion to support the container within the frame
      structure during use,
PA1  e. the container being attached to the frame structure with one of said
      linear support members extending longitudinally along one side of the
      container with the side opposing said one side of the container being free
      of a support member whereby the assembly may be used as a pontoon when the
      container is inflated with a gas fluid medium and is employable in other
      uses when the container is not inflated or holds a liquid fluid medium.
NUM  2.
PAR  2. An assembly as defined in claim 1 wherein
PA1  the collapsible container includes first and second valve means disposed at
      different locations on the surface of said container,
PA1  said first valve means being effective to introduce a fluid medium while
      the second valve means is effective to exhaust a fluid medium.
NUM  3.
PAR  3. An assembly as defined in claim 1 wherein
PA1  the collapsible container includes valve means for introducing and
      exhausting a liquid medium and valve means for introducing and exhausting
      a gas medium.
NUM  4.
PAR  4. An assembly as defined in claim 1 wherein
PA1  the collapsible container includes a first valve means for introducing and
      exhausting a fluid medium disposed on one side of the container and a
      second valve means for introducing and exhausting fluid medium on an
      opposing side of said container.
NUM  5.
PAR  5. An assembly as defined in claim 4 wherein
PA1  one of the valve means is disposed on the side of the container having a
      linear support means,
PA1  said valve means includes a scoop means disposed around the valve opening
      for directing flow of a liquid medium.
NUM  6.
PAR  6. An assembly as defined in claim 1 wherein
PA1  the frame structure includes means for attaching the assembly to a shroud
      line that is connected to the mast of a sailboat.
NUM  7.
PAR  7. An assembly as defined in claim 1 wherein
PA1  the collapsible container includes a flexible support means located inside
      the container so that the shape of the container will be maintained in a
      desired configuration when filled with a fluid medium.
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PAL  A novel slipper and its method of fabrication is described. The slipper
      comprises a substantially flat sole member with die-cut bounding edges
      onto which is heat-sealed an overlying arc-shaped vamp. The novel method
      is characterized by pre-tacking vamps at predetermined locations to a sole
      web, and substantially simultaneously heat-sealing each vamp to a sole and
      die-cutting the bonded sole and vamp from the sole web.
BSUM
PAR  This invention relates to novel slippers and their method of fabrication on
      a mass-production scale at extremely low cost.
PAR  Methods have been used in the past to manufacture slippers for household,
      bath or other uses out of plastic materials by electronic heat-sealing in
      order to reduce costs. For slippers constructed in the form of a
      relatively flat sole member provided with an overlying arc-shaped vamp or
      other curved strap-like structure by which the slipper is retained on the
      user's foot, it is accomplished by pre-cutting the soles from continuous
      sheets and then heat-sealing a pre-cut vamp to opposite edges of each
      precut sole. Separate handling and orientation of the pre-cut soles and
      pre-cut vamps increases considerably the production cost of each unit. In
      addition, such known process does not lend itself to the fabrication of
      slippers from non-electronically heat-sealable materials, such as rubber
      or fabric.
PAR  A main object of the invention is a slipper fabrication process which
      substantially reduces manufacturing costs.
PAR  Another important object of the invention is a low-cost fabrication process
      for slippers containing materials which cannot normally be electronically
      heat-sealed together.
PAR  Still a further object of the invention is an improved process for making a
      slipper having a substantially flat sole with die-cut bounding edges to
      which is electronically heat-sealed an overlying arc-shaped vamp with
      die-cut bounding edges, and the resulting slipper product.
PAR  The invention achieves the foregoing objects by a novel process
      characterized by the supply of the sole and possibly the vamp and other
      elements making up the slipper from continuous webs of flexible sheet
      material of sufficient lateral extent such that a number of soles and
      vamps as the case may be can be obtained. The continuous webs are
      introduced into apparatus for pre-attaching or pretacking the vamps or
      sections of the vamp web at predetermined locations of the sole web,
      following which the sole web with attached vamps is fed into electronic
      heat-sealing apparatus between electrodes which incorporate a die cutter
      configured to die-cut complete soles from the sole web while the pretacked
      vamps are substantially simultaneously die-cut and heat-sealed to each
      sole. The process of the invention thus allows the use of electrodes
      affording multiple dies thereby enabling the fabrication in one final
      sealing step of plural slippers with convex vamps from the continuous
      webs.
PAR  A feature of the process of the invention is construction of the die or
      electrode for each slipper into a complete annulus for die-cutting the
      completed slipper from the continuous webs. In a preferred embodiment, the
      closing pressure for the sealing die part is less than that applied during
      the cutting operation, which ensures proper sealing and die-cutting of the
      completed slipper.
DRWD
PAR  These and further features and advantages of the invention as will be
      hereinafter described will be better understood from the following
      detailed description of several exemplary preferred embodiments of the
      invention, taken in conjunction with the accompanying drawings wherein:
PAR  FIGS. 1a, 1b and 1c are, respectively, a plan view, a cross-sectional view
      along the line 1b--1b, and a cross-sectional view along the line 1c--1c of
      one form of completed slipper made in accordance with this invention;
PAR  FIG. 2 is a schematic view of one form of apparatus for carrying out the
      process of this invention;
PAR  FIG. 3 is a schematic plan view of the sole and vamp webs while in the
      pretacking station illustrating how vamp webs can be pretacked to the sole
      web for a process wherein labor costs predominate over material costs;
PAR  FIG. 4 is a schematic plan view of sole webs with pretacked vamp webs after
      leaving the pretacking station of FIG. 3;
PAR  FIG. 5 is a cross-sectional view of the sole web with pretacked vamps after
      leaving the pretacking station of FIG. 3;
PAR  FIG. 6a is a cross-sectional view of one form of cutting and sealing die;
PAR  FIG. 6b is a cross-sectional view of another form of sealing and cutting
      die;
PAR  FIG. 7a is a schematic plan view similar to FIG. 3 for a process wherein
      material costs predominate over labor costs;
PAR  FIG. 7b is a plan view of the sole web with pretacked vamps after leaving
      the pretacking station of FIG. 7a.
DETD
PAR  When used in this description, the term "electronic heat-sealing" shall
      mean a dielectric material heating process resulting from the application
      of radio-frequency electromagnetic energy by way of mating electrodes to
      the material. Equipment for accomplishing this is well-known and
      commercially available. Unless mention of specific details is made, it is
      to be understood that conventional frequencies, powers, and electrode
      configurations can be used, as will be clear to those skilled in this art.
      The term "electronically heat-sealable material" when used herein shall
      mean those well known synthetic resin or plastic materials that have a
      sufficiently high loss factor that their temperature can be raised by
      electronic heat-sealing alone to a sealing or bonding temperature
      sufficient upon the application of conventional pressures to cause
      fusion-bonding of two such materials. Examples, as are well known, include
      thermoplastic materials such as polyvinylchloride (PVC), polyamide and the
      like. "Non-electronically heat-sealable" materials are those that cannot
      by electronic heat-sealing alone be bonded together, usually because their
      loss factor is not high enough or they don't melt. Examples are fabrics,
      rubber, paperboard, and plastics such as polyurethane foam.
PAR  FIGS. 1a, 1b and 1c illustrate one form of slipper 10 in accordance with
      this invention. The slipper 10 comprises a sole 11 and a bowed or arched
      vamp 12. The sole 11 has a substantially flat form and has a boundary edge
      configuration generally corresponding to the shape of a human foot. The
      boundary edges 13 are die-cut, i.e., the sole has been cut cleanly through
      by a die along its entire boundary. The sole 11 may be constructed of a
      single layer of sheet material, or of multiple layers of sheet material,
      or may be of a laminated construction, examples of which will be given
      later. The curved or contoured vamp 12 is of a generally rectangular form
      which overlies the sole and is bonded to the sole at its periphery along
      opposite side edges 14 as shown. The bonded side edges 14 are die-cut
      similarly to that of the sole. The front and rear edges of the vamp are
      designated 15. The vamp 12 may also be constructed of a single layer of
      sheet material, or of multiple layers of sheet material, or may be of a
      laminated construction, examples of which will be given later.
PAR  FIG. 2 illustrates one form of manufacturing process in accordance with the
      invention for the simplest case of a sole and vamp each constituted of a
      single sheet of electronically heat-sealable material, such as PVC. The
      sole is supplied from a continuous web 20 of sheet material. The material
      which is quite thin, for example, 10-180 mils thick, is readily supplied
      from wide rolls 21, typically 24-54 inches wide, which are commercially
      available. For the embodiment illustrated in FIG. 2, the vamp material is
      supplied in the form of two narrow strips 22 each having a width equal to
      the front-to-rear length of the vamp indicated in FIG. 1 by the numeral
      24. The supply rolls for the vamp webs 22 is shown at 25. As a first step
      in the process, the webs 20, 22 are pulled through a tacking press of
      conventional construction at a pretacking station shown schematically at
      27.
PAR  The web feed mechanism must be constructed so that the slipper sections are
      maintained in preset positions so that a succession of operations at
      different stations can be performed on the slipper sections. This can be
      accomplished manually by providing locating marks or depressions in the
      webs at the first station, and using these marks for manually positioning
      the webs at succeeding stations in order to accurately locate the already
      operated on slipper sections for subsequent operations. For high speed
      production, this is best accomplished automatically. One form of apparatus
      suitable for this purpose is depicted in FIG. 2 and comprises a conveyor
      system 30 wherein a movable belt 31 is caused stepwise to index along a
      horizontal path between two work stations 27 and 28. The conveyor belt
      comprises a series of spaced, thin, flat, metal trays 32, for example,
      one-eighth inch thick aluminum, linked together to form a complete belt
      31. The belt 31 is driven by suitable rollers 33 in an indexing manner so
      as to move the trays 32 stepwise through the station at an appropriate
      speed to enable each station operation to be carried out in full.
PAR  As will be observed, the sole and vamp webs 20, 22 are fed onto each tray
      32 in succession as it passes underneath with the sole web 20 located
      under the vamp webs. The sole web is then manually pinned or otherwise
      temporarily affixed to the tray before or at the first station 27 in order
      to orient the sole web with respect to the tray. The tray 32 is indexed to
      the first station 27 where the vamps are pretacked to the sole web.
PAR  The apparatus at the first station 27 comprises a conventional C-frame
      low-pressure press, shown schematically, comprising a fixed lower-bed
      platen 35, a fixed C-frame 36 on which is vertically movable an upper die
      37 by means of a conventional fluid cylinder 38'. A conventional
      radio-frequency generator 38 capable of performing electronic heat-sealing
      is housed within the press and is connected between the upper die 37 and
      lower platen 35, which are both of metal. The upper die plate is provided
      with suitable locating pins 39 which engage matching holes (not shown) in
      the lower platen 35 when the press closes. Mounted on the die plate are a
      series of spot-sealing electrodes in the form of pins 40 arranged in a
      suitable pattern for spot-sealing or tacking the vamp webs to the sole web
      at preselected areas. This requires that the vamp sections be first
      appropriately shaped into the arch shape they will assume in the finished
      slipper, which is accomplished by means of a conventional vamp-forming die
      or looping jig illustrated schematically at 42 in FIG. 2. This known
      device comprises a plurality of retractable arched molds 43 mounted on the
      press by a suitable mechanism 44 whereby the molds 43 can be located above
      each slipper section of the sole web 20. When the upper press die closes,
      the vamp strips are arch shaped over the dies 43 and in that shape the
      strips 22 are then spot-sealed or tacked down to the sole web 20. In this
      way, in accordance with the invention, the contoured vamps are accurately
      located and affixed to the sole webs at positions where they will be
      properly centered under the final sealing and cutting dies in a subsequent
      station to prevent the latter from contacting the vamps except at the
      desired sealing zones.
PAR  The vamp-tacking operation is illustrated in FIGS. 3 and 4. FIG. 3 shows a
      conveyor tray 32 located on the press lower platen. The tray is provided
      with tapered or countersunk locating openings 45 at each corner which when
      the conveyor is indexed are located over the die pin holes in the lower
      platen, such that when the die 37 is lowered, the pins 39 engage and pass
      through the tray openings 45 and into the underlying aligned platen holes
      to locate the tray with pinned sole web 20 with respect to the
      spot-sealing electrodes 40. The ultimate slipper outlines to be formed are
      shown in dashed lines at 46. As will be observed, two rows of slippers 46
      will be fashioned from the pinned section of the sole web. The slippers
      are arranged such that the broader areas, for the user's toe portion, are
      laterally aligned, and thus the vamp strips 22 are located in the proper
      position to form vamps on all the slipper sections. The vamp-forming dies
      43 are shown in dashed outline. The actuating mechanism, for example, a
      known spring extender 44, is shown at the left. As the press closes, the
      vamp-forming dies are automatically moved laterally forward as shown by
      the arrows into positions under the vamp webs over each slipper section to
      be formed. In that position, the tacking die closes and the R.F. generator
      is activated causing a spot seal to be formed wherever the pin electrodes
      40 are located alongside each vamp-forming die 43 tacking the curved vamp
      sections to the underlying sole web.
PAR  FIG. 4 illustrates the configuration as the tray indexes from the
      spot-sealing station to an intermediate position before entering the final
      sealing station. The spot seals are illustrated by dots 47 in FIG. 4. As
      will be noted, each vamp section is spot sealed to the web at two points
      at either side just outside of the slipper outline. More sealing spots or
      a different spot pattern can be employed if needed. FIG. 5 is a
      cross-section through the configuration along the vamp strip just after
      the spot-sealing operation of FIG. 3. The vamp-forming dies 43 cause the
      vamp strips to assume their final bowed shape before spot-sealing. When
      the press opens causing the vamp-forming dies to retract, which is
      conventionally accomplished by an air cylinder return, the stiffness of
      the vamp material causes the tacked vamps to retain their bowed position
      during subsequent processing. In this form, as illustrated at the center
      of FIG. 2, still pinned to the tray 32, the assembly enters a seal and
      cutting press designated 28.
PAR  The seal and cutting press 28 is again of conventional construction similar
      to the press 27 but of the high-pressure type, having a lower platen 50
      with locator holes in the corners, an upper die plate 51 with locator pins
      52, a hydraulic cylinder 53 for moving the die up and down, and an R.F.
      generator 54. On the upper die plate 51 are mounted multiple sealing and
      cutting dies 55. One form of suitable die is illustrated in cross-section
      in FIG. 6a, and comprises a fixed inner sealing annulus 56 in the shape of
      the final slipper and a fixed surrounding outer cutter annulus 57. Both
      can be conveniently formed of any well-conducting metal, though the cutter
      should be a hard metal such as steel for long life. The inner sealing die
      56 has a flat bottom, below which protrudes the knife edge of the cutter
      57. The shape of the sealing die 56 conforms to the seal outline
      designated 58 in FIGS. 1a and 1b. When the press closes, the hollow die
      sections 56 close down on the vamps pretacked to the sole web. The trays
      32 are located on platen 50 by the same locator holes 45 used during the
      tacking operation to ensure proper location of the dies 55 with respect to
      the pre-tacked vamps. The sealing die 56 closes on the vamp inside of the
      spot seals 47, with only moderate pressure applied. The pressure is
      sufficient to compress the vamp and sole webs, but is insufficient to
      cause the cutter 57 to cut through the material. Then the R.F. generator
      is activated causing heat sealing of the compressed edges at the sealing
      zones 14 (FIG. 1), and permanent deformation along the entire boundary of
      the slipper outline indicated at 58 (FIG. 1). Substantially
      simultaneously, or immediately afterwards, the die pressure is increased
      to the level at which the cutter 57 cuts cleanly through the web materials
      at the deformed boundary die-cutting the completed slipper from the webs.
      The completed slippers can be removed as the tray indexes to the right of
      FIG. 2 out of the final sealing station.
PAR  With the die configuration of FIG. 6a, a deformed zone 58 is formed
      completely around the slipper edge or border. By appropriate shaping of
      the sealing edge, a stitch-type appearance can be embossed onto the
      deformed edge for ornamental purposes. If no border edge is desired, the
      electrode configuration of FIG. 6b can be employed essentially comprising
      just the knife edge 57 alone serving also as the sealer. In this case, the
      seal is formed by the knife edge when the moderate die pressure is
      applied, and then when the pressure is raised to the higher level the same
      knife edge cuts through the sealed region to sever the completed slipper
      from the webs effectively eliminating the border. Spring-loaded electrodes
      are also suitable.
PAR  FIGS. 3 and 4 illustrated the process of the invention for the case wherein
      labor costs predominate over material costs, and thus the slipper outlines
      can be oriented on the sole web such that the vamp sections are in-line
      thereby enabling the use of vamp strips. However, the slipper outlines,
      with the broader parts aligned, does not maximize slipper yield per square
      unit of the sole web. In order to minimize scrap, the slipper outlines
      should be oriented so that each slipper toe portion adjoins an adjacent
      slipper heel portion, in which case the vamps are no longer in-line, and a
      modified process is necessary for tacking the vamps in position. This is
      illustrated in FIGS. 7a and 7b.
PAR  FIG. 7a illustrates the vamp tacking process at the first station. The sole
      web, as before, is designated 20, and is shown on a tray 32 at the tacking
      station. The slipper outlines are shown at 46 in phantom. Note in
      comparison with FIG. 3 that alternate columns are reversed for closer
      nesting of the slippers to reduce scrap. As a result, the vamps are no
      longer aligned, and vamp strips cannot be used. It thus becomes necessary
      to use precut vamp straps which will involve more individual handling and
      increased labor costs, but will save material. The vamp strips may be
      precut on any standard die-cutting machine so as to have the desired vamp
      width (dimension 24 in FIG. 1a), but an overall length that exceeds the
      length the vamp will have in the finished slipper, leaving excess vamp
      portions at opposite ends by which the vamp section can be supported for
      tacking to the sole web. The vamp sections are suitably located with
      respect to the slipper by use of known shuttle type locators, one form of
      which is illustrated in FIG. 7a. This comprises a frame 60 suspended from
      the side of the press so as to be laterally movable between the die
      sections when open. The frame 60 includes extended finger sections 61
      which are configured to fit between the slipper outlines 46 of the
      finished slippers, and have openings or cut-outs 62 at the positions where
      the vamps are to be tacked to the sole web. The precut vamp sections,
      indicated by 63, are manually suspended on the fingered extensions 61 so
      as to bridge the cut-outs 62 as shown. Suspension may be readily
      accomplished by pinning of the vamp sections as shown at 64, or by the use
      of springs or any other appropriate holders. Where pinning is used, the
      pin holes can be placed in the vamp sections when they are precut from
      larger webs. Now, when the tacking press closes, each of the vamp sections
      63 can be tacked to the underlying sole web 20 by the spot-sealing
      electrodes 40 illustrated in FIG. 2 passing through the frame openings 62
      in the space between the frame inner edge and the slipper outline. After
      the tacking operation, the vamp sections are unpinned from the frame, and
      the sole web 20 with tacked vamps 63 on the tray 32 indexed to the next
      position, illustrated in FIG. 7b. FIG. 7b shows the vamps 63 tacked to the
      sole web 20 at spots 47. When the indexed tray enters the final sealing
      station, the tacked vamps will be properly located with respect to the
      cutting and sealing dies which are now oriented according to the pattern
      46 illustrated in FIG. 7a. An advantage of this modified process is that
      the vamps need not be simple rectangles as they would be when formed from
      strips, but could be given more complicated, more asymmetrical, or more
      ornamental configurations. Moreover, during the pre-cutting operation, the
      edges can also be pre-sealed if desired, or the surface embossed to
      enhance its appearance. In addition, polyester goring or other embroidery
      can be added to the vamp to enhance its appearance before or during
      tacking to the sole web.
PAR  In the examples so far described, both the sole and vamp were each
      constructed of a single sheet of electronically heat-sealable material,
      such as of PVC. In place of the thin flexible PVC sheet can be substituted
      so-called PVC semi-rigid foam as a sole material, which is also
      electronically heat-sealable but thicker and less flexible than the PVC
      sheet.
PAR  The process of the invention also lends itself to the manufacture of
      slippers which are more attractive or durable or comfortable at little
      additional labor expense. For instance, the sole can be constituted of
      plural layers of electronically heat-sealable material. For instance, a
      two layer construction can be constituted of a PVC foam or sheet bottom
      layer and a top layer or sock lining of a differently colored PVC sheet. A
      preferred three layer construction includes a cushion layer in the sole
      between the bottom and top sole layers. Examples of electronically
      heat-sealable cushion layers include PVC foam, polyurethane
      vinyl-impregnated foam, reticulated polyether vinyl impregnated foam, PVC
      fiberbond, and wadding with PVC binder. Similarly to the process used for
      the single layer sole, all sole layers are preferably supplied from rolls
      as continuous webs fed in the proper order onto the conveyor tray on the
      lower press platen of the sealing apparatus. All of the webs are then
      temporarily affixed to the tray and processed jointly in the same manner
      as the single web 20 of FIGS. 2 and 7. While supply of continuous webs
      offers the least labor expense, in some cases intermediate sole layers can
      be pre-cut to size and manually located in the presses over each sole to
      be made. An example of such use is the provision of cardboard sole
      stiffeners to be located between the sole top and bottom sheets to
      increase the rigidity of the sole. The cardboard lies inside of the border
      seam and remains unbonded in the completed article.
PAR  The invention is not limited to three-layer sole constructions, but four or
      five layer sole constructions are also possible. A particularly attractive
      sole configuration is a PVC bottom layer, a PVC foam cushion, a PVC
      striated colored sheet, and a translucent PVC top layer.
PAR  The vamp can also be made up of one or more layers of electronically
      heat-sealable material, supplied from rolls as continuous webs as in the
      process depicted in FIG. 2, or pre-die-cut in unison in the same manner as
      described in connection with the modified process depicted in FIG. 7.
PAR  In accordance with a further feature of the invention, non-electronically
      heat-sealable materials can also be used in the slipper in accordance with
      this invention. Examples are sponge rubber for the sole bottom layer and
      fabric for the sock lining of the sole. When such non-electronically
      heat-sealable materials are present, then some means must be provided to
      enable them to be sealed to the other sole layers and to the vamp. For
      this purpose, it is preferred to provide an intermediate layer of
      heat-activated adhesive that when activated will bond to the
      non-electronically heat-sealable materials or other materials present. It
      is preferred to use for this purpose a thin polyamide fiber net, available
      commercially as "Pellon," which melts when subjected to electronic
      heat-sealing. The Pellon is available in the form of rolls as a continuous
      web and can be processed in the same manner as the other webs used in the
      sole and vamp. Thus, when the top sole layer is fabric, and a PVC foam is
      used as the cushion layer, then a film of Pellon would be provided between
      the fabric sock liner and the cushion, bonding the latter layers together
      along the border sealing zone during the final heat-sealing step. To seal
      the vamp to the sole sock lining when of fabric, an additional layer of
      Pellon is provided between the vamp side edges and the sole sock lining at
      the border sealing zone. It is preferred to provide the Pellon strip to
      the vamp before the latter is spot-sealed to the web.
PAR  The heat-activated adhesive layer can be omitted between the fabric and
      cushion layer by precoating or laminating the sock liner on the side
      facing the cushion with PVC. Then, the PVC coating or lamination will bond
      to the cushion during the final sealing step, requiring the adhesive layer
      only between the vamp and the fabric top layer of the sole.
PAR  Additional ornamentation or styling can be provided for the vamp by
      pre-stitching or pre-sealing to the vamp across its top a decorative
      material, such as embroidered elastic or polyester goring. Ornamentation
      can also be provided by embossing of the vamp before sealing to the sole.
PAR  The weld of the vamp to the soles can be reinforced by means of a gusset or
      enlargement of the fused area at the vamp corners, or if desired by
      manually adding adhesive by means of a spot glue applicator to the
      locations under the tacked vamps where the corners will become located
      during the subsequent final sealing operation.
PAR  While electronic heat-sealing is preferred when using at least one
      electronically heat-sealable material, the process of the invention is
      also applicable to slippers formed entirely of materials that cannot be
      electronically heat-sealed, but require the use of known hot die sealing
      methods. Examples of such materials include polyurethane foam. Such
      materials would be processed in the same manner as described above, except
      that sealing would be effected by means of a hot die instead of by R.F.
      energy.
PAR  As will be evident from the foregoing description, the process of the
      invention enables the mass-production from continuous webs of flat-soled
      slippers having an arc-shaped, foot-retaining vamp in a remarkably small
      number of steps requiring minimum handling by low-skilled personnel and
      thus at remarkably low cost. The process is applicable not only to
      electronically heat-sealable materials, but also through the use of a
      fusible bonding sheet or hot die sealing or other techniques as described
      to more elaborate or more attractive slipper constructions employing
      non-electronically heat-sealable materials. The resulting slippers are
      durable, attractive, and can be made of such low cost as to be disposable
      if desired. The die-cut edges offer improved results over tear seals, in
      that no raggedness results, and no extra labor is needed to remove the
      scrap.
PAR  In the embodiments illustrated, the individual vamp sections or strips were
      attached to the sole web after properly locating same by spot welding or
      sealing. While this is the preferred method, any suitable means can be
      utilized for temporarily attaching the pre-located vamp sections to the
      sole web so that they are properly centered under the sealing and cutting
      dies at the sealing and cutting station. For instance, instead of
      spot-sealing, the vamp sections can be pinned to the sole web at the same
      places indicated by reference numeral 47 in FIGS. 4 and 7b. For this
      purpose, it would be preferred to use a wire tray for supporting the sole
      web for receiving the temporary pin attachments.
PAR  While my invention has been described in connection with specific
      embodiments thereof, those skilled in the art will recognize that various
      modifications are possible within the principles enunciated herein and
      thus the present invention is not to be limited to the specific
      embodiments disclosed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing slippers each having a flat sole member and an
      arc-shaped vamp disposed over the sole member to retain the slipper on the
      foot of a user, comprising the steps:
PA1  a. providing a continuous sole web of sufficient lateral extent to enable
      plural sole members to be made therefrom,
PA1  b. locating plural vamp sections over the sole web at predetermined
      locations,
PA1  c. attaching the plural vamps in their final arc-shape to the sole web at
      the predetermined locations,
PA1  d. positioning the sole web with preattached vamps under a sealing and
      cutting die, and
PA1  e. heat-sealing the preattached vamps at opposite sealing zones to the sole
      web by the sealing die and substantially simultaneously die-cutting entire
      slippers with heat-sealed vamps from the sole web.
NUM  2.
PAR  2. The method of claim 1 wherein the heat-sealing of step (e) is carried
      out with moderate die pressure, and the die-cutting is carried out with
      increased die pressure.
NUM  3.
PAR  3. The method of claim 1 wherein the sole web is composed of plural
      material layers.
NUM  4.
PAR  4. The method of claim 1 wherein the vamp is supplied in the form of a
      continuous strip, and adjacent sections of the vamp strip are tacked to
      the sole web while a curved vamp-forming die is temporarily positioned
      between the vamp strip and sole web at the predetermined locations.
NUM  5.
PAR  5. The method of claim 1 wherein plural vamp sections are pre-formed before
      the attaching step, and temporarily suspended over the predetermined
      locations of the sole web before the attaching step is executed.
NUM  6.
PAR  6. The method of claim 1 wherein the attaching and sealing-cutting steps
      are carried out at preceding and subsequent stations, and the sole web is
      conveyed between the stations while temporarily affixed to a locating tray
      provided with means for locating same with respect to the attaching and
      sealing-cutting dies.
NUM  7.
PAR  7. The method of claim 1 wherein the attaching step is executed by means of
      a spot-sealing die having pin sealers.
NUM  8.
PAR  8. The method of claim 1 wherein the sealing-cutting die forms a continuous
      annulus.
NUM  9.
PAR  9. The method of claim 1 wherein the sole and vamp comprise electronically
      heat-sealable materials.
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ABST
PAL  An automobile conveyor for use in conjunction with a wheel spinning device
      for an automatic wheel washer including an endless chain having a
      plurality of selectively engageable dogs pivotally secured thereto. The
      dogs normally travel in a position to urge an auto through the washer
      whereat the outboard end is in close association with the chain and
      beneath the automobile first supporting surface. Operating means are
      included whereby when an automobile is in position at least one of the
      dogs will be automatically moved to a position where the dog extends above
      the automobile supporting surface, contacts a wheel, and urges the car
      through the washer apparatus. At the wheel spinning and washing station
      the chain is forced downwardly to a position whereat it passes beneath the
      mechanism necessary to perform the wheel spinning operation while still
      retaining the outboard end of the dog above the automobile supporting
      surface. The continual contact by the dog assures that the automobile
      moves through the washer apparatus in a continuous motion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to automobile washing apparatuses and in particular
      to the means for automatically conveying an automobile through the
      apparatus.
PAR  One of the problem areas with automatic washing of automobiles is the
      thorough cleaning of the wheels and it has become the practice to spin the
      wheels at a rate more rapid than that related to the travel of the
      automobile to assure that there is a full circumferential washing of the
      wheel. As the wheel is spinning, a brush is placed into contact with the
      wheel and appropriate solvent is introduced at the scrubbing area and thus
      the entire wheel is washed. When the wheel is being washed and rotated at
      a rapid rate, the apparatus which is used to urge a car through the
      washing mechanism is temporarily disengaged or the chain carrying the auto
      contacting mechanism must be momentarily halted.
PAR  It becomes obvious that to halt the chain or to disengage the driving
      mechanism for any reason causes the overall washing operation to move at a
      slower pace, thus greatly decreasing the potential profit by lowering the
      per hour capacity of the washing mechanism.
PAR  With the above noted problems in mind, it is desirable to have a conveyor
      system wherein the automobile is continuously engaged by the conveyor
      mechanism throughout the entire washing operation and the automobile
      passes through all of the various stations at the washer apparatus at a
      constant rate.
PAR  It is an object, therefore, of the present invention to provide a conveyor
      mechanism which is adapted to continuously urge an automobile through
      automatic washing apparatus.
PAR  It is another object of the present invention to provide an automobile
      conveyor in conjunction with a wheel spinner whereby the conveyor
      continuously urges the automobile through the wheel spinning apparatus and
      is adapted to flex passing beneath and providing sufficient clearance for
      the driving mechanism for the wheel spinning apparatus.
PAR  It is yet another object of the present invention to provide a dog or
      pusher means for use on a conveyor chain incorporated in an automobile
      washing apparatus, the dog means normally rides in a position adjacent its
      carrying chains, below the automobile supporting surface but is
      selectively moved to a position whereat it extends above the automobile
      and urges the automobile through the washing apparatus.
PAR  A further object of the present invention is to provide a wheel washing
      apparatus for use in conjunction with an automatic automobile washing
      mechanism wherein the wheel washing apparatus is adapted to automatically
      accommodate automobiles having different wheel widths.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic plan view of the wheel washing and spinning apparatus
      which may be utilized by the hereinafter described conveyor chain;
PAR  FIG. 2 is a vertical section through the inventive conveyor chain apparatus
      as seen along lines 2--2 of FIG. 3;
PAR  FIG. 3 is a side elevational view of the inventive conveyor chain detailing
      the means for tensioning the chain and the means for moving the automobile
      contacting dogs from their lower inactive position to their upper tire
      engaging position;
PAR  FIG. 4 is a sectional view further detailing the elements shown in FIG. 3
      and further illustrating the means for moving a dog from its lower
      position to its upper position;
PAR  FIG. 5 is a plan view of the wheel spinning and washing apparatus showing
      the location of the conveyor chain mechanism;
PAR  FIG. 6 is a sectional view taken along lines 6--6 of FIG. 5 showing the
      relative location of the necessary elements of the wheel washing operation
      and the configuration of the conveyor chain and attached dogs as they pass
      this apparatus;
PAR  FIG. 7 is an elevational view taken along lines 7--7 of FIG. 6 and
      detailing the means whereby the conveyor chain and its attached dogs
      accommodate a wheel spinning and washing apparatus.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  As seen in FIG. 1, a wheel washer assembly which may well be used in
      conjunction with the inventive conveyor mechanism comprises a series of
      powered rollers 2 adjacent a scrubbing brush 4. The rollers are powered to
      impart a high velocity spin to the wheel of the automobile which is
      resting upon the rollers. The rollers do not impart a forward motion to
      the automobile and thus a primary moving means is necessary to transport
      the automobile through the wheel washer assembly. The scrubbing brush 4,
      which is a commercially available item and thus not described in detail,
      comprises bristles mounted to a suitable backing. Normally included with
      the scrubbing brush is a nozzle for supplying the necessary detergent for
      an adequate scrub job. The wheel 6 of the automobile passes onto the
      rollers 2 whereat it is rotated at a rapid rate while being on contact
      with the brush 4. It is to be understood that the wheel rotation may well
      be opposite to the direction normally associated with the travel of the
      vehicle.
PAR  The opposite side of the wheel washing apparatus, i.e., that portion
      necessary to wash the wheels on the opposite side of the automobile,
      comprises elongated powered rollers 8 which cause the wheel to spin. Since
      the automobiles in use on the highways today have a variety of widths, the
      brush 10 which is used in conjunction with the rollers 8, is hydraulically
      controlled such that when an automobile is in position upon the rollers
      the piston rods 12 are forced outwardly of the piston causing the brush to
      push against the wheels and thus move the entire automobile toward brush
      4. When the automobile has reached this position, its wheels contact the
      brush 4 and the sideward movement of the automobile is stopped. At this
      point the wheels and tires on both sides of the automobile will be in
      contact with their respective brushes and thus be completely scrubbed as
      the wheel is rapidly rotated by the respective powered rollers 2 and 8.
PAR  Referring now to FIGS. 2, 3 and 4 taken together, it can be seen that the
      vehicle conveyor apparatus basically comprises a framework having
      elongated generally horizontal elements 14 which extend substantially the
      entire length of the conveyor. The horizontal elements 14 are held in
      vertical spaced position by means of vertical frame elements 16 which are
      in turn held in a proper spaced condition by lateral horizontal joining
      frame members 18. Taken together, the three frame elements 14, 16 and 18
      provide a rigid frame structure for the mechanism which will be
      hereinafter described.
PAR  Intermediate the top and bottom horizontal frame members 14 is a chain 20
      which is trained around a sprocket 22 which is mounted for relative linear
      movement relative to the framework. The position of the sprocket 22 is
      controlled by the combined action of the sprocket supporting bracket 24,
      the threaded rod 26 which is secured between the frame member 16 and the
      bracket 24. A compression spring 29 is mounted between the frame member 16
      and the bracket 24, continuously urging the sprocket wheel 22 to its
      outer-most position, thus assuring a constant and proper tension upon the
      chain 20 for proper functioning of the mechanism. Mounted to the chain 20
      are a plurality of dog or pusher elements having an inner wheel 28, an arm
      member 30, and an outer wheel assembly 32. As can be seen in FIG. 4, the
      linking member 30 has one concave surface 34. Since the dogs or pusher
      members normally travel in a collapsed or folded condition with the
      outermost end trailing, when the dog or pusher passes around the sprocket
      it is necessary to either provide greater clearance or alternatively
      provide an open portion in the arm 30 to allow the dog or pusher to lie
      closer to the sprocket as it passes around said sprocket. The preferred
      embodiment, as illustrated, includes the concave surface 34 so the guide
      may be placed closer to the sprocket and thus conserving upon space.
PAR  The apparatus is designed such that the outer wheel assembly 32 of the dog
      or pusher will rise above the automobile supporting surface only when
      there is an automobile in position. To selectively control the time when a
      dog is moved upwardly through the supporting surface, there is provided an
      automatically controlled ramp means 38 which is mounted upon a shaft 40.
      Shaft 40 extends through the side wall of the framework of the conveyor.
      Mounted exteriorly of the main mechanism is a lever means comprising an
      arm 42, keyed to the shaft 40 such that movement of the lever will cause
      movement of the shaft. The arm 42 has one end restricted in movement by a
      pair of stops 44, 46 and the other end secured to the piston rod of a ram
      48. There is provided, in a portion of the automobile conveyor which
      extends above the automobile supporting surface, a sensing means 50 which
      could be a limit switch or alternatively an electric eye, such that it
      senses the presence of a wheel. Response of the sensing mechanism 50 to
      the wheel of an automobile will cause the ram to operate, lifting the ramp
      52 to the position shown in phantom in FIG. 4. The ramp causes the dog to
      travel upwardly with its outer wheel assembly 32 pushing open the trap
      door 52, allowing passage of the outer wheel assembly therethrough.
PAR  As seen in FIG. 2, the outer wheel assembly 32 comprises a pair of wheel
      contacting rollers 54 mounted upon a shaft secured to the link member 30.
      Outboard of the wheel contacting rollers 54 are a pair of surface
      contacting rollers 56 adapted to ride upon the vehicle supporting surface
      when above the wheel supporting surface and to ride on an appropriate
      lower level when the device is in its normal position below the vehicle
      supporting surface.
PAR  Referring now to FIGS. 5, 6, and 7, it can be seen that the conveyor system
      hereinabove described is fully capable of operating in conjunction with a
      wheel spinning and washing apparatus. Since, with the exception of those
      details described with respect to FIG. 1, the apparatus is identical for
      both sides of the car only one side is shown and will be described in
      detail.
PAR  As seen in the figures, there is provided a pathway 60 to support the
      wheels of the vehicle. It is to be noted that the supporting surface 60 is
      in two essentially identical segments with a slot therebetween. The slot
      between these segments is to accommodate the bar 30 of the automobile
      pusher assembly as described hereinabove.
PAR  The wheel spinner and washer apparatus itself comprises a plurality of
      parallel powered rollers 70 which cause the wheel to spin. Balancing the
      powered wheels 70 are a plurality of coaxial idler wheels 72 on the
      opposite side of the slot, whereby the wheel when being washed will be
      fully supported and not subjected to a torque.
PAR  The construction details of the spinning device are thus seen in FIG. 6
      wherein it can also be seen that the wheel pusher mechanism is adapted to
      ride above the wheel spinning mechanism when pushing the automobile
      through said mechanism and is adapted to ride below said mechanism in both
      the directions of travel when not pushing an automobile through the
      mechanism. Further to be seen in this Figure is the wheel washing brush 4
      which is mounted upon a channel member 74; channel member 74 is in turn
      mounted upon a channel member 76; channel member 76 is secured to a ram
      which thus controls the position of the brush 4 assuring that it will be
      in contact with the tire T. The drive for the spinner rollers 70 is
      provided via shaft 78 and can be from any well known source, such as
      hydraulic motor, electric motor or the like.
PAR  Further to be seen in this view is the fact that the idler rollers 72 are
      mounted upon a shaft 80 which is held in a rigid position by means of a
      pair of spaced bearings 82 which permit rotation of the members 72 without
      permitting downward deflection thereon.
PAR  Referring now to FIG. 7, it can be seen that the spinner mechanism is
      contained within a compartment which has an upper, substantially level
      planer element 84 which is substantially in alignment with the automobile
      supporting member 60 such that when the wheel is going through the wheel
      spinning mechanism it will roll freely from the element 60 to the element
      84. Further, the element 84 provides a supporting surface for the wheels
      54, 56 of the automobile pushing apparatus. When the automobile pushing
      apparatus is in its upper position forcing an automobile through the wheel
      washer, the chain 20 will be forced downwardly by means hereinafter
      described, but the pushing apparatus being on the end of link member 30,
      stays above the wheel supporting level and continues to force the
      automobile through the wheel washing apparatus. The lower portion of the
      spinning mechanism is closed by a pair of angled ramps 86 and a
      substantially horizontal joining member 88 such that the combination of 86
      and 88 provide a surface which is easily followed by the roller 28 at the
      bottom of the connector rod 30 whether the pusher mechanism is in its
      upper position as shown in solid or is in its lower position as shown in
      phantom in FIG. 7. The roller 28 following the contours 86, 88 causes the
      chain to go to a lower position, thus permitting continuous movement of
      the chain through what normally has been an impeding area. The spinning
      mechanism is normally mounted below the floor of the wheel washer
      apparatus in the path of the chain. Further to be seen in this view, is
      the fact that the conveyor 20 and the attached dogs are substantially
      supported by tracks or ramps 90 such as shown in FIG. 7 throughout most of
      its pathway to assure that it is in proper location. Tracks or ramps 90
      serve to guide the chain and contain the conveyor chain such that it will
      not interfere with other mechanisms necessary for complete operation. As
      seen, the ramp or track 90 will serve as a part of the framework serving
      two purposes.
PAR  Thus, as can be seen hereinabove the present invention provides a unique
      automobile conveyor mechanism whereby the pusher members or means for
      forcing the automobile through the washing apparatus is only selectively
      engaged when an automobile is in position to be moved through the
      apparatus. Further, the conveyor mechanism itself is constructed in a
      unique fashion that it may pass beneath a wheel spinning and washing
      apparatus without interfering therewith, the construction details being
      such that the accommodation of both the conveying and the spinning
      mechanisms are easily accomplished.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a vehicle wheel washing device for wheels of a given minimum tread
      width, a frame, opposed projecting sets of parallel horizontal rollers
      journal-mounted in said frame and having their projecting ends spaced
      apart to define a slot between said sets for the travel of a wheel pushing
      arm on an endless conveyor, said slot being narrower than said minimum
      tread width, drive means in the frame for rotating the rollers in one of
      said sets in a common direction, guide means in the frame beneath said
      sets of rollers for guiding the endless conveyor.
NUM  2.
PAR  2. In a vehicle washing device, a passageway for a vehicle wheel having a
      slot therealong, an endless conveyor beneath the passageway having a
      pusher arm adapted to project upwardly through said slot and engage a
      vehicle wheel occupying the passageway to roll it along the passageway
      responsive to operation of the conveyor, transverse rollers in the
      passageway on opposite sides of said slot, means for rotating some of said
      rollers such that a vehicle wheel pushed by said arm will be rotated
      faster by such rollers than the rolling speed induced by the pusher arm,
      wheel scrubbing means on one side of said passageway arranged and adapted
      to engage the respective side of a wheel while it is rotated by the
      rollers.
NUM  3.
PAR  3. In a vehicle wheel washing device for use with an endless vehicle
      conveyor of the type having an upper forwardly moving conveying run and a
      lower return run and having spaced pusher arms arranged and adapted to
      project upwardly, while in the upper run, through a slot extending along a
      wheel passageway located above the upper run for engaging the back of
      vehicle wheels occupying the passageway to forwardly propel such wheels, a
      support frame, two opposed projecting sets of parallel horizontal rollers
      journal mounted on said frame and having their projecting ends spaced
      apart to define a travel path between said sets for passage of such pusher
      arms, drive means on the frame for rotating the rollers in one of said
      sets in a given rotational direction opposite to that of a wheel when
      pushed over the rollers by such a pusher arm, guide means in the frame
      beneath said sets of rollers for guiding such an endless conveyor and
      wheel scrubbing means on the frame arranged and adapted to engage the side
      of a wheel moving over said sets of rollers.
NUM  4.
PAR  4. In a vehicle washing device, a travel path for the wheels on one side of
      a wheeled vehicle, said path being partly defined by wheel-spinning means
      and having a slot along its length including the portion thereof defined
      by said wheel-spinning means, endless conveyor means beneath said travel
      path having an upper conveying run and including wheel pushing means
      having an active position projecting upwardly through said slot while
      moving along said upper run, and wheel scrubbing means in the region of
      said wheel-spinning means movable into and out of wheel scrubbing
      position.
NUM  5.
PAR  5. In a device according to claim 4, a deflecting means beneath said wheel
      spinning means for deflecting said upper run downwardly in the region of
      said wheel spinning means.
NUM  6.
PAR  6. A device according to claim 4 in which said travel path has guide rails
      defining the portions of said slot endwise of said wheel-spinning means,
      first guide roller means on said wheel pushing means always engaging the
      underside of said guide rails while the wheel pushing means travels
      through said portions of the slot, and deflecting guide means in the
      region of said wheel-spinning means deflecting said upper run downwardly
      in said region by engagement therewith by said first guide roller means.
NUM  7.
PAR  7. A device according to claim 6 in which said wheel pushing means has
      second roller means arranged to engage the back of the vehicle wheels when
      the wheel pushing means is active while traveling said upper run.
NUM  8.
PAR  8. A device according to claim 4 in which said wheel pushing means has
      optimal active and inactive positions while in said upper run, said wheel
      pushing means being entirely located beneath said slot while in inactive
      position moving along said upper run.
NUM  9.
PAR  9. A device according to claim 4 in which deflecting means in the region of
      said wheel-spinning means constantly downwardly deflects said upper run.
NUM  10.
PAR  10. A device according to claim 4 in which said wheel pushing means has
      rollers arranged to engage the vehicle wheel when in active position and
      to engage said deflecting means when in inactive position.
NUM  11.
PAR  11. A device according to claim 4 in which said wheel pushing means has
      first rollers adjoining the conveyor arranged to engage said deflecting
      means and be downwardly deflected when said wheel pushing means is in
      either active or inactive position and has second rollers arranged to
      engage the vehicle wheel when in active position and arranged to engage
      said deflecting means and be downwardly deflected when said wheel pushing
      means is in inactive position.
NUM  12.
PAR  12. A vehicle wheel washing device comprising,
PA1  means forming a passageway along which wheels of one side of a car may be
      rolled, a slot located in said passageway, conveyor means beneath the
      passageway having a pusher means adapted to project upwardly through said
      slot and engage a vehicle wheel occupying the passageway to roll it along
      said passageway responsive to operation of the conveyor, wheel spinning
      means located in the passageway on opposite sides of said slot adapted to
      engage and rotate said vehicle wheel so that said wheel is moved faster by
      said spinning means than by said conveyor means, wheel scrubbing means on
      one side of said passageway arranged and adapted to engage the respective
      side of said wheel when it is rotated by the wheel spinning means.
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ABST
PAL  A Mobile Floor Sweeper including a rotatable cylindrical brush mounted on a
      mobile chassis, lever means for raising and lowering said brush relative
      to the chassis with plate means pivotally mounted on the chassis adjacent
      the brush together with lever means connecting the plate means with the
      means for raising and lowering the brush whereby the plate means follows
      the brush as it is raised and lowered and means for adjustably positioning
      one end of the brush relative to the chassis.
BSUM
PAC  SUMMARY
PAR  The invention relates to mobile floor sweepers having a cylindrical brush
      for picking up debris. Certain of such types of sweepers have a plate
      adjacent the brush to aid in directing the flow of debris over the brush
      and into a collector bin. However, when the brush is used the diameter of
      the brush reduces and the same must be replaced or lowered to maintain
      brushing contact with the floor. When the reduced diameter brush is
      lowered the space between the plate is increased and the effectiveness of
      the plate is diminished.
PAR   It is an object of the present invention to provide a mechanism which
      causes the plate to automatically follow the brush as it is lowered and a
      further mechanism for adjusting an end of the brush to maintain contact of
      the entire length of the brush with the floor.
DRWD
PAR  With reference to the drawings forming part of this application:
PAR  FIG. 1 is a side elevational view of a floor sweeper partially in section
      with portions broken away and embodying the invention.
PAR  FIG. 2 is a top plan view of the sweeper partially in section with portions
      broken away.
PAR  FIG. 3 is a perspective view of the central portion of the sweeper showing
      in particular the follower deflector plate for the brush and the mechanism
      therefore embodying the invention.
PAR  FIG. 4 is a perspective view of the handle and its mounting for raising and
      lowering the brush.
DETD
PAR  Referring to the drawings in detail, the sweeper A includes the
      conventional cylindrical brush 8 with the bristles 9 mounted on the core
      10. Having a trunnion shaft 12 at one end. Further provided is a motor
      housing 13 connected to a first side bar 16 with the trunnion shaft 12
      rotatably mounted on the second side bar 18. Mounted within the housing 13
      is the hydraulic motor 14, the shaft 15 of which is connected to the plate
      15a which in turn is connected to the core 10 whereby the brush is
      rotatable. Rigidly connected to the rear end of the first side bar 16 is
      the extension 20 to which is pivotally connected at one end the link 22 by
      means of the pin 24. The other end of the link 22 is pivotally connected
      by means of the pin 23 to the link 26 with the other end of the link 26
      fixedly secured to the rod 27. The numeral 28 designates a follower plate
      which includes the main flat body 30 secured to the rod 27 at the rear
      longitudinal edge and from which the side flange 32 extends. The rod 27
      extends beyond the side flange 32 and the other end of the plate to form
      trunnions 33 and 34 respectively, which are journaled in the side wall
      portions 40 and 42, respectively of the housing H for pivotal movement of
      the plate 28.
PAR  The sidewall portions 40 and 42 are connected to the top 44 of the housing
      H. The housing H is connected to the longitudinal frame 46 by means of the
      brackets 48 and 50 connected to the braces 49 and 51 carried by the top 44
      of the housing. The numeral 56 designates a plate, FIGS. 1 and 3 secured
      to the side wall portions 40 and 42 which leaves an opening as at "X"
      between the upper edge of the plate 56 and the housing H through which
      debris is thrown by means of the brush into the collector bin B as
      indicated by the arrows in FIG. 1.
PAR  The forward end of the first side bar 16 is rigidly secured to the outer
      end of the first transverse rod 58 which is pivotally mounted in the
      brackets 60 secured to the top 44 of the housing H. The numeral 62
      designates a second transverse rod pivotally mounted in the brackets 63
      secured to the top of the housing H and substantially in axial alignment
      with the first transverse rod 58. The outer end of the rod 62 is fixedly
      secured to the second side bar 18, and the inner end of rod 62 is fixedly
      secured to the lower end of the first control arm 64. Secured to and
      extending from the arm 64 is the extension bar 66. A second control arm 68
      is fixedly secured at its lower end to the inner end of the first
      transverse rod 58, and on the upper end of the arm 68 is the small plate
      70 having a threaded hole 72 in which is mounted the threaded adjustment
      bolt 74. The bolt 74 is of such a length that it adjustably bears against
      the extension bar 66, the screw movement of the bolt changing the relative
      position of the bars 64 and 68 and therefore the position of the brush
      relative to the floor. As the adjustment screw 74 is changed the end of
      the brush mounted on the bar 16 is raised or lowered relative to the other
      end of the brush so that there is full lengthwise contact and even
      pressure of the brush with a surface to be swept. In essence, if the end
      of the brush at bar 16 is too low or too high relative to the other end,
      the brush end may be adjusted to level the brush with the floor and give
      an even sweeping path. This guarantees more even brush wear and complete
      sweeping. As a result the entire brush may be kept parallel to the floor
      on which the sweeper is used.
PAR  Further provided is the rod 76 which has mounted on the inner end thereof
      the bifurcated member 78 pivotally connected to the upper end of the arm
      64 by means of the pin 80. Mounted on the rod 76 for lengthwise adjustment
      thereof is the turnbuckle 82. The rod 76 is pivotally connected at its
      front end to the lower end of arm 84 by means of the pin 86 in the
      bifurcated end 87. The upper end of the arm 84 is fixedly secured to the
      short shaft 88 rotatably mounted in the brackets 90 and 92 mounted on the
      transverse support plate 94 connected to the walls 96 and 98 of the
      sweeper A.
PAR  Further provided is an enlarged portion 100 of shaft 88 to which is secured
      the spaced ears 102 and 104 and pivotally mounted on the ears 102 and 104
      is the collar 106 to which is secured the handle 108. When the handle 108
      is moved rearwardly of the sweeper, the shaft 88 is rotated and as a
      result the arm 84 is moved in the direction of the arrow in FIG. 1 which
      through the mechanism described raises the brush, and if the handle 108 is
      moved in the opposite direction the brush is lowered through the mechanism
      described. To hold the handle in a given position to thereby hold the
      brush in a given position, there is provided the locking slots 110, 110a
      and 110b formed in the support plate 94 which receive the handle for
      adjustably positioning the brush.
PAC  OPERATION
PAR  In using the sweeper A, the brush 10 wears and the diameter of the same is
      thereby reduced. With the diameter of the brush reduced, it is necessary
      to lower the same for maintaining contact with the surface to be swept. To
      rememdy this the handle 108 is moved forward which moves the arm 84
      rearwardly which in turn moves the arm 64 rearwardly in the direction of
      the arrow through the rod 76 as in FIGS. 1 and 3. As the arm 64 moves
      rearwardly the rods 58 and 62 are allowed to rotate due to the weight of
      the brush in a clockwise direction looking particularly at FIG. 1. As the
      shafts 58 and 62 rotate the bars 16 and 18 are lowered about the axis of
      rotation of the rods 58 and 62, and as the bars are lowered the plate 28
      is pivotally lowered and follows the brush through the links 22 and 26 and
      the trunnions 27 and 34. As a result the plate 28, particularly the
      forward edge, is positioned in close proximity to the brush whereby debris
      picked up by the brush does not travel around with the brush but exits
      into the bin B through the opening as at "X." With the forward edge of the
      plate 28 in close proximity to the brush a flow pattern of air and debris
      is created above the plate 28 and out of the opening as at X. As a result
      air and debris does not follow around the brush but as above described. As
      the brush wears further and the same is lowered the plate 28 is
      automatically and pivotally lowered to maintain its proximity to the
      brush. Even pressure contact of the brush is maintained by means of the
      adjustment bolt 74 and the parts connected therewith as hereinbefore set
      forth.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a floor sweeper having a rotatable cylindrical brush mounted on a
      mobile chassis, a receiver for receiving debris delivered from said brush,
      means for raising and lowering said brush, a plate adjacent said brush for
      the direction of debris, the improvement in said plate said improvement
      including
PA1  a. plate means carried by said sweeper and adjacent said brush, and
PA1  b. means for moving said plate means relative to said brush as said brush
      is moved relative to said chassis whereby the plate means maintains the
      same position relative to the brush,
PA1  said means for moving said plate means including link means connected to
      said plate means and said means for raising and lowering said brush
      whereby the plate means automatically moves relative to the brush when the
      brush is raised and lowered.
NUM  2.
PAR  2. The device of claim 1 in which said plate means includes a flat plate.
NUM  3.
PAR  3. The device of claim 2 in which said plate is pivotally mounted on the
      edge on the chassis.
NUM  4.
PAR  4. In a floor sweeper having a rotatable cylindrical brush mounted on a
      mobile chassis comprising in combination:
PA1  a. means for raising and lowering said brush relative to the chassis,
PA1  b. plate means,
PA1  c. means pivotally mounting said plate means on said chassis, adjacent said
      brush,
PA1  d. lever means connecting said plate means with said means for raising and
      lowering said brush whereby the plate means follows the brush as it is
      raised and lowered, and
PA1  f. means for adjustably positioning one end of said brush relative to the
      chassis.
NUM  5.
PAR  5. The device of claim 4 in which said plate means includes a single flat
      plate.
NUM  6.
PAR  6. In a floor sweeper having a rotatable cylindrical brush mounted on a
      mobile chassis, lever and rod means for raising and lowering said brush,
      means associated with said lever and rod means for adjustably moving one
      end portion of said brush relative to the other end, the improvement in
      said associated means, said improvement including
PA1  a. said means associated with said lever and rod means including first and
      second rod members in axial alignment and carried by said mobile chassis,
PA1  b. a second arm rigidly secured to said second rod means at the inner end,
PA1  c. said second rod rigidly secured at the outer end to
PA1  d. a second bar connected to said brush,
PA1  e. a first arm rigidly secured to said first rod means at the inner end,
PA1  f. said first rod rigidly secured at the outer end to,
PA1  g. a first bar connected to said brush,
PA1  h. means for changing the relative positions of said second and first arms
      to cause the end portion of said brush connected to said first bar to move
      relative to the chassis.
NUM  7.
PAR  7. The device of claim 6 in which said means for changing the relative
      positions of said second and first arms includes
PA1  a. a screw member mounted on said first arm in engagement with
PA1  b. an extension bar on said second arm.
PATN
WKU  039302784
SRC  5
APN  459696&
APT  1
ART  242
APD  19740410
TTL  Paintbrush and guard attachment for edging
ISD  19760106
NCL  5
ECL  1
EXP  Blum; Daniel
NDR  1
NFG  5
INVT
NAM  Nasca; Richard A.
STR  350 Bank St.
CTY  Painesville
STA  OH
ZIP  44047
CLAS
OCL   15166
XCL   15248R
EDF  2
ICL  A46B 1700
ICL  B44D  322
FSC   15
FSS  166;248 R;248 A;246;437
FSC   33
FSS  39 B;41 F
FSC  273
FSS  19 R;19 A;19 B
FSC  294
FSS  19 A
FSC  401
FSS  48;193
UREF
PNO  922074
ISD  19090500
NAM  Bangert
OCL  401 48
UREF
PNO  1915893
ISD  19330600
NAM  Kinpoitner
OCL   15166
UREF
PNO  2078193
ISD  19370400
NAM  Campbell
OCL   15166
UREF
PNO  2116406
ISD  19380500
NAM  Nancarrow
OCL   15166
UREF
PNO  2807041
ISD  19570900
NAM  Watro
OCL   15248R
UREF
PNO  2820237
ISD  19580100
NAM  Maslaney
OCL   15248R
UREF
PNO  3401418
ISD  19680900
NAM  Deck et al.
OCL   15166
UREF
PNO  3824647
ISD  19740700
NAM  Deck et al.
OCL   15248R
FREF
PNO  1,033,626
ISD  19660600
CNT  UK
OCL   15248R
LREP
FR2  Hogg; William N.
ABST
PAL  A device for removable attachment to a paintbrush to assist in cutting-in
      one flat surface to another is disclosed. It is formed of flat metal sheet
      cut to a configuration having a central portion with a foot depending from
      one end thereof and a pair of bendable arms extending laterally therefrom.
      The arms can be bent to a plane normal to the plane of the central portion
      to engage the opposite sides of the handle of a paintbrush, and the foot
      portion acts as a guide and shield against unintentional smearing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to removable attachments for paintbrushes,
      and more particularly to an attachment device for use on a paintbrush to
      assist in forming straight uniform edges at the interface of intersecting
      surfaces and allow application of paint to the intended surface while
      preventing unintentional smearing of paint of the other surface, commonly
      referred to as "cutting-in."
PAR  This operation of "cutting-in," i.e., painting up to the edge of one
      surface where it intersects with the edge of another surface without
      smearing paint and still obtaining a straight even edge is one of the more
      difficult techniques, especially for amateur, or do-it-yourself painters.
      Good smooth mating surfaces which are straight and which are free of
      smeared paint present a very pleasing appearance and add greatly to the
      attractiveness of any paint job. These surfaces often are where a ceiling
      meets the walls with the ceiling and walls being painted a different
      color, thus requiring a good straight even interface.
PAR  There have been many different prior art proposals for devices which are
      adapted to be applied to or used in conjunction with paintbrushes to
      assist in "cutting-in." However, each of these devices have suffered
      certain serious drawbacks which have prevented any of them from gaining
      widespread acceptance or use. For example, many of them are difficult to
      apply to the paintbrush or can be adapted only to one size paintbrush or
      require special fittings to be applied to the paintbrush. Also, many of
      them do not allow for easy dipping of the brush into the paint can without
      smearing on the device and therefore detracting from its usefulness. Also,
      many of these devices are awkward to use and in some cases must be
      separated from the paintbrush thereby requiring two hands to do the
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a device for use on a paintbrush to
      assist in forming straight uniform edges at the interface of intersecting
      surfaces and allow application of paint to the intended surface while
      preventing unintentional smearing of the paint of the other surface is
      provided which device easily can be attached to and removed from various
      sizes and configurations of paintbrushes, which is easy to use, which will
      allow straight work up close to or at the interface without unintentional
      smearing, and which can be easily manipulated to allow the paintbrush to
      be dipped into the paint without smearing, and which device can be
      economically and easily manufactured.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of a device according to this invention as it is
      normally manufactured and sold and shown positioned in relationship to a
      paintbrush shown in phantom ready to be applied thereto;
PAR  FIG. 2 is a sectional view taken substantially along the plane designated
      by line 2--2 of FIG. 1 and showing in dotted outline the tabs folded to
      engage the opposite sides of the brush;
PAR  FIG. 3 is a perspective view of the device as applied to a brush;
PAR  FIG. 4 is a perspective view showing the device being moved aside to allow
      the bristles of the paintbrush to be dipped into a paint can; and
PAR  FIG. 5 is a perspective view showing the device in use on a brush for
      "cutting-in" one surface to another.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, one embodiment of the device for use of a
      paintbrush to assist in forming a straight uniform edge at the interface
      of intersecting surfaces and allow the application of paint to the
      intended surface while preventing unintentional smearing of paint of the
      other surface is shown. The device is a flat sheet of material, preferably
      sheet metal, and formed with an elongated cental portion 10 terminating at
      one end thereof in a foot 12. The foot 12 has a straight bottom edge 14, a
      toe edge 16, and a heel 18. Disposed between the foot 12 and the opposite
      end of the central portion 10 is a pair of tab members 20 extending
      transversely in opposite directions from the central portion 10. The
      portion of the central portion 10 extending beyond the tab members 20
      forms an extension arm designated generally as 22. The device is generally
      manufactured and sold as a flat sheet of material as depicted in FIG. 1.
      The tab members are bendable and are somewhat resilient in nature and are
      positionable generally as shown in dotted lines in FIG. 2 in a parallel
      extending relationship, so that they may engage the opposite sides of the
      handle H of a paintbrush. With the tabs bent in one direction the device
      will slip onto one side of the paintbrush as shown in FIG. 3 whereas if
      they were bent in the opposite direction they would slip on the opposite
      side so that the device, depending upon the direction of bending of the
      tabs, can be used on either side of a paintbrush and for use in either
      direction of motion.
PAR  The material of which the device is formed, as noted above, preferably is a
      sheet metal so that the tabs 20 can be readily bent to the desired
      parallel configuration and once bent to this configuration will maintain
      this configuration, but have sufficient resiliency so that they will
      grippingly engage the handle of the brush and maintain its position
      thereon. These characteristics are readily obtainable in sheet metal and
      hence the preferance for this material. However, other material which
      exhibits these characteristics could be utilized also.
PAR  The device when placed on the paintbrush is positioned approximately in the
      position as shown in FIG. 3 with the foot portion and a part of the
      central portion disposed adjacent one edge of the bristles B with the
      bottom edge 14 of the foot portion being somewhat spaced from the end of
      the bristles B. This allows the paintbrush to assume the position shown in
      FIG. 5 which is the "natural" position for the paintbrush to lay when
      paint is being applied. The bottom edge 14 of the foot 12 lies on and
      engages surface S-1 to which the paint is being applied while the
      remainder of the foot portion of the central portion 10 acts as a shield
      to prevent the edge of the bristles from smearing the paint
      unintentionally onto surface S-2 to which paint is not intended to be
      applied. Also, the device acts as a guide so that the face of it can be
      placed up against surface S-2 with the bottom edge 14 on surface S-1 and
      thereby allow a straight even line to be drawn utilizing the device as a
      guide snug against the surface S-2.
PAR  In order or achieve the natural angle of the brush as shown in FIG. 5 with
      the bottom edge 14 being in line contact with the surface S-1, the angle
      "A" between the bottom edge 14 and the longitudinal axis 24 of the central
      portion 10 must be an acute angle, and preferably should be approximately
      55 degrees. The toe edge 16 should extend substantially normally to the
      axis 24 and the heel 18 should be disposed at an angle of about 55 degrees
      with respect to the axis 24. Also, preferably the toe should be rounded at
      the end of the toe edge 16 as shown and preferably the edge should be
      rounded between the edges 12 and 18.
PAR  As was indicated above, the tabs 20 are spaced from the end of the central
      portion 10 so as to form an extension arm 22. This serves the purpose of
      allowing the user of the paintbrush to push against this extension arm 22
      as shown in FIG. 4 to pivot the foot 12 away from the bristles of the
      brush so that the bristles may be dipped into a paint can without dipping
      the guiding and edging device into the paint. This prevents a pickup or
      buildup of paint on the outside face of the device thereby eliminating the
      tendency of this face to induce a smearing action on the unintended
      surface. Also, with this construction the painter can do all of the
      manipulations with only one hand as shown in FIG. 4 when the device is
      pivoted away from contact with the bristles and by pushing in a reverse
      direction the device will pivot back into its use position as shown in
      FIG. 3 after the paintbrush has been removed from the paint can.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device in combination with a paintbrush having a flat handle with an
      enlarged bristle engaging portion to assist in forming straight uniform
      edges at the interface of intersecting surfaces and allow application of
      paint to the intended surface while preventing unintended smearing of
      paint on the other surface said device comprising,
PA1  a flat sheet of material having an elongated central portion with an
      enlarged coplanar foot portion depending from one end thereof,
PA1  said foot portion having a straight bottom edge disposed at an acute angle
      with respect to the longitudinal axis of said central portion,
PA1  and a pair of bendable positionable resilient tab members extending
      transversely from the opposite sides of said central portion at a location
      spaced from said foot portion and spaced from the opposite end of the
      central portion,
PA1  said tab members being bendable to a parallel configuration normal to the
      central portion to engage opposite sides of the enlarged bristle engaging
      portion of the handle and maintain the central portion and foot disposed
      along the edge of the bristles to act as an edge guide and a shield
      against unintended smearing while maintaining both faces of the bristles
      unobstructed, and with the extension of the central portion acting as an
      extension arm to pivot the foot out of contact with the bristles to allow
      for dipping into paint.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said foot portion has a toe
      at one end thereof extending at an angle with respect to the bottom edge
      thereof.
NUM  3.
PAR  3. The invention as defined in claim 1 wherein said bottom edge surface of
      the foot portion intersects the longitudinal axis of the central portion.
NUM  4.
PAR  4. The invention as defined in claim 3 wherein the angle of intersection is
      approximately 55.degree..
NUM  5.
PAR  5. The invention as defined in claim 1 wherein the sheet material is sheet
      metal.
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ABST
PAL  A rubber windshield wiper blade is clamped to rocker arms at several points
      along its length. The sides of the blade are formed with cavities at
      locations corresponding to the locations of the clamps so as to permit
      flexure of the blade without hindrance from the clamps.
BSUM
PAR  It is known that in a windshield wiper, the rubber wiper blade, reinforced
      by a pair of elastic and flexible laminae, engages a back reinforcement
      through the terminals of rocker arms which are in turn articulated with
      respect to the end of a central rod.
PAR  The engagement between the end of each rocker arm and the wiper blade is
      generally provided by the tightening of suitable side edges of the blade,
      by means of the rocker arm ends which are substantially C-shaped and form
      terminal clamps.
PAR  It is known that during the operation of the windshield wiper, each wiper
      blade is subjected to a continuous transverse bending stress, which
      alternates in direction, and is caused by the back-and-forth movement of
      the corresponding oscillating arm and by the friction which develops
      between the blade and the glass surface. The bending stress determines the
      flexure of the blade which, due to the triangular outline of its cross
      section, leans alternatively with its sides against one or the other of
      its upper longitudinal edges. The blade is retained by the metallic
      laminae and in the tightened clamps of the rocker arm ends, and therefore
      its flexure is hampered.
PAR  In effect, where the wiper blade meets the protruding ends of the rocking
      arms, it abuts against them so that there is a discontinuity along its
      line of flexure which, in a short time is reflected along the line of
      tangency of the blade with respect to the glass surface; this adversely
      affects the wiping capability of the wiper blade.
PAR  In order to overcome this serious drawback, the improvement according to
      the invention is characterized generally in that the longitudinal ribs or
      edges of the wiper blade present small cavities at locations corresponding
      to the engaging clamps of the rocking arm ends, in order to receive the
      lateral projection of each clamp, thereby allowing the wiper blade to flex
      uniformly along its whole length without zones of interruption.
DRWD
PAR  Additional particular features of the improvement will be seen from the
      following specification with reference to the drawing, annexed only for
      illustrating an example of the invention, and wherein:
PAR  FIG. 1 is a partial longitudinal elevational view of a wiper blade
      according to the subject matter of the invention;
PAR  FIG. 2 is a cross section of the blade, on a larger scale, taken along line
      II--II of FIG. 1;
PAR  FIG. 3 is similar to FIG. 2 and illustrates an operating position of the
      wiper blade; and
PAR  FIG. 4 is a top plan view of an end of the rubber wiper blade.
DETD
PAR  With reference to the drawing, 5 indicates the central rod of the wiper
      blade reinforcement articulated at 6 to the rocker arm 7. Each end 8 of
      rocker arm 7 is shaped to define a clamp having a substantially "C" shaped
      cross-section, which grips the back 9 of the wiper blade 10 together with
      the pair of elastic and flexible laminae 11.
PAR  According to the invention, at locations corresponding to each clamp 8, the
      part of each wiper blade having a triangular cross section 10a is formed
      with cavities 12 in order to remove in those parts a portion of the
      longitudinal edge of the wiper blade.
PAR  As previously stated, when each wiper blade is actuated with an angular
      movement, during its movements on the glass surface and during each of its
      strokes, the wiper blade 10 moves from the position represented in FIG. 2,
      initially to the flexed position represented by solid lines in FIG. 3, and
      immediately after to the position represented by dotted lines. When it
      reaches the latter position, the side 10b of the wiper blade, which
      inclines together with the longitudinal edge 13, meets the stop formed by
      the elbow 8a of the clamp 8. Therefore, at the locations of each clamp
      (generally there are four clamps for each wiper blade corresponding to the
      ends of two rocking arms 7) the complete flexure of the wiper blade is,
      with conventional blades, physically prevented while for the remainder of
      the length of the wiper blade, that is, for the length located between the
      successive clamps 8, there are no physical obstacles and therefore the
      limitation of the transverse flexure is determined only by the elastic
      resistance of the wiper blade. As a result of what has been described
      above, the parts of wiper blade 10 in locations corresponding to clamps 8,
      and in the absence of cavities 12, slide with a greater friction on the
      glass surface and generate arcuate traces which rapidly deteriorate the
      rubber part of the wiper blade and, in any case, leave the glass uncleaned
      with a consequent lower visibility through the uncleaned part of the
      glass.
PAR  The presence of the cavities 12, symmetrical and exposed, formed in the
      sides of the wiper blade, reduce the bending resistance of the same
      exactly in locations corresponding to the locations of the elbows 8a of
      each clamp 8, allowing the uniform flexure of the wiper blade 10, 10a
      along its whole length and eliminating the drawback described above.
PAR  It is obvious that the cavities 12 may have an outline and a depth
      different from the ones shown as an illustrative example, while
      maintaining the concept of reducing the bending resistance of blade 10 in
      the transverse direction, in locations corresponding to the connections of
      the rocker arm ends.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A resilient blade for use in a windshield wiper assembly, said assembly
      including a rocker arm carrying spaced apart clamps for gripping the blade
      at longitudinally spaced points on the blade, said blade comprising:
PA1  a. a back portion adapted to be accommodated within the clamps,
PA1  b. an edge portion adapted to contact a windshield,
PA1  c. a narrow intermediate portion between said back and edge portions
      defining a hinge along which said edge portion can pivot with respect to
      said back portion,
PA1  d. a portion of generally triangular cross-sectional shape between said
      edge portion and said intermediate portion which thickens from said edge
      portion toward said intermediate portion, and
PA1  e. cavities in said triangular portion only at points laterally aligned
      with the points at which the clamps grip said back portion, said
      triangular portion being of full thickness in the longitudinal regions
      between said cavities.
NUM  2.
PAR  2. A resilient blade as defined in claim 1 wherein said cavities are
      located on both longitudinal sides of said triangular portion.
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PAL  Leaks are precluded in product containers with the bottle insert by
      structuring a rim thereon for establishing an inclined sealing interface.
      A diaphragm is structured within the bottle insert to provide either a
      cylindrical or a noncylindrical wipe over the particular type of
      applicator tip selected for use in the product container. Furthermore,
      provisions are incorporated within the bottle insert to block passage
      through the wiping diaphragm of misaligned comb type applicator tips and
      these provisions are made self-aligning for such tips with minor
      structural modification.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a bottle insert for sealing between a
      reservoir assembly and an applicator in a product container, especially
      such an insert for providing a noncylindrical wiping action over a comb
      type applicator tip. Bottle inserts are utilized in reservoir assemblies
      containing products for a wide variety of purposes, such as cosmetics,
      paint, glue, or medicine and these products can be in many different
      forms, such as liquid, gel, or compressed powder. The applicator is
      detachably joined to the reservoir assembly with the bottle insert
      providing a seal to preclude leakage of the product therebetween. A tip
      extends from the applicator on a shaft to contact the product within the
      reservoir assembly. As the applicator is withdrawn from the reservoir
      assembly to dispense the product, the bottle insert provides a wiping
      action thereover in most product containers.
PAR  Many bottle inserts having compressible sealing rims are known in the prior
      art. However, such rims can be squeezed from the sealing interface within
      the product container when the reservoir assembly and applicator thereof
      are joined with excessive pressure. Because leaks are likely to develop at
      each void where the rim is squeezed from the sealing interface, problems
      have been encountered with product containers utilizing such inserts.
PAR  The wiping action of the bottle insert removes excess product from the
      applicator and controls the amount of product that is dispensed on the tip
      thereof. Many different types of applicator tips are known and although
      most of these types require a cylindrical wiping action, some require a
      noncylindrical wiping action. Applicator tips which require a cylindrical
      wipe include those having bristles arranged either radially or
      longitudinally from the applicator shaft, those having only grooves in the
      shaft, those utilizing either felt or cellular materials and those having
      a combination of such bristles, grooves and felt or cellular materials.
      The most commonly used applicator tip which requires a noncylindrical wipe
      is the type having a number of rigid combs disposed along the applicator
      shaft with teeth extending radially therefrom on each comb. Because the
      product is only dispensed from between the teeth on each comb of this tip,
      it is necessary to wipe across each comb and between all adjacent combs.
PAR  A cylindrical wipe is generally applied by a wiping diaphragm which has a
      centrally located aperture and which flexes to expand the aperture in
      exerting radial forces of equal magnitude around the applicator tip. The
      noncylindrical wipe over the comb type tip is generally applied by a
      wiping diaphragm which has slits extending therethrough in a radial
      direction from a centrally located aperture therein and on which separate
      portions flex between adjacent combs when the combs are passed through the
      slits. Because the structural and functional characteristics of these
      wiping diaphragms are very different, no bottle insert has yet been
      devised for adapting to provide either the cylindrical or noncylindrical
      wipe corresponding with the type of applicator tip that is selected for
      use in the product container. Furthermore, many difficulties are
      encountered with the bottle inserts known in prior art for providing the
      noncylindrical wipe over comb type tips. These difficulties arise mainly
      because the desired wiping action is only attained when the combs have
      been aligned to pass through the slits of the wiping diaphragm. Since the
      slits are visually inaccessible on the wiping diaphragm in the direction
      of applicator withdrawal from the product container, such alignment is
      accomplished only by turning the applicator while applying a force thereto
      in the direction of withdraw. If too much force is applied, the combs do
      not pass through the slits and a poor wiping action results. Damage also
      occurs to the wiping diaphragm from repeatedly passing the applicator
      therethrough with the combs misaligned from the slits.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a general object of the present invention to provide a
      seal and/or a wiping action for product containers with a bottle insert
      which minimizes and obviates the disadvantages of the prior art.
PAR  It is a specific object of the present invention to provide a seal for
      product containers with a bottle insert which includes a rim structured to
      establish an inclined sealing interface.
PAR  It is a more specific object of the present invention to provide a wiping
      action in product containers with a bottle insert which adapts to either a
      cylindrically wiped applicator tip or a noncylindrically wiped comb type
      applicator tip.
PAR  It is another object of the present invention to provide a noncylindrical
      wiping action over a comb type applicator tip in product containers with a
      bottle insert which blocks passage of the applicator tip when the combs
      thereof are misaligned.
PAR  It is still another object of the present invention to provide a
      noncylindrical wiping action over comb type applicator tips in product
      containers with a bottle insert which corrects alignment of the combs on
      the applicator tip.
PAR  These objects are accomplished with the bottle insert of this invention by
      structuring thereon a sealing rim which has a thickness of varying
      magnitude along the insert's longitudinal axis and of increasing magnitude
      in a radial direction from that axis. Indentations are disposed radially
      from the aperture on the wiping diaphragm of the bottle insert and they
      concentrate the flexure stresses in the diaphragm to precisely locate
      fracture paths thereon when a comb type tip is passed therethrough.
      Buttresses are arranged within the bottle insert to block passage of the
      comb type tip through the diaphragm when the individual combs thereof are
      misaligned in the insert. A central ridge with tapered surfaces to each
      side thereof is disposed on each buttress to aligningly direct the combs
      into the diaphragm.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The manner in which these and other objects of the invention are achieved
      will be best understood by reference to the following description, the
      appended claims and the Figures of the attached drawings wherein:
PAR  FIG. 1 is an elevational view of a product container with portions thereof
      cutaway to disclose the internal components including the bottle insert of
      this invention;
PAR  FIG. 2 is an enlarged sectional view taken substantially along line 2--2 of
      FIG. 1 to illustrate the equiangular distribution of the combs on the
      applicator tip;
PAR  FIG. 3 is an enlarged partial elevational view of the product container
      with portions thereof cutaway to illustrate the wiping action that is
      achieved against the applicator shaft by the diaphragm of the bottle
      insert when the applicator is withdrawn from the reservoir assembly;
PAR  FIG. 4 is an enlarged partial elevational view of the product container
      with portions thereof cutaway to illustrate the interference caused
      between the combs and the buttresses when the applicator tip is misaligned
      on either insertion or withdrawal, the latter being shown in phantom;
PAR  FIG. 5 is an enlarged sectional view through the bottle insert portion of
      the product container and generally illustrates the noncylindrical wiping
      action of the diaphragm over the comb type tip;
PAR  FIG. 6 is a sectional view taken substantially along line 6--6 of FIG. 5 to
      illustrate the wipe attained across each comb by the noncylindrical wiping
      action;
PAR  FIG. 7 is an enlarged elevational end view of the bottle insert in the
      direction of applicator withdrawal from the reservoir assembly;
PAR  FIG. 8 is a sectional view of the bottle insert taken substantially along
      line 8--8 of FIG. 5 to illustrate the internal structure thereof,
      particularly the wiping diaphragm and buttresses;
PAR  FIG. 9 is an enlarged end view of the bottle insert in the direction of
      applicator insertion with a comb type tip misaligned therein to illustrate
      the alignment correction that results therebetween due to the buttresses;
PAR  FIG. 10 is a view similar to FIG. 9 of a bottle insert having two
      buttresses and a wiping diaphragm with two indentations; and
PAR  FIG. 11 is a view similar to FIG. 9 of a bottle insert having four
      buttresses and a wiping diaphragm with four indentations.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the drawings and more particularly to FIG. 1, there is
      illustrated a product container 10 in which a reservoir assembly 12 and an
      applicator 14 are detachably joined. Generally, the reservoir assembly 12
      includes a reservoir bottle 16 through which a bottle insert 18 is
      disposed, while the applicator 14 includes a tip 20 which is
      interconnected to a cap 22 by a shaft 24. Product is dispensed from the
      reservoir assembly 12 with the applicator 14 by withdrawing the tip 20
      through the insert 18. The product container 10 is sealed against leakage
      by the insert 18 which also provides a wiping action over the applicator
      14 and it is primarily to the insert 18 that this invention relates.
PAR  Any suitable elastic material may be utilized to fabricate the insert 18,
      such as an elastomeric and any suitable process may be utilized for its
      fabrication, such as molding. The reservoir bottle 16 is sized in
      accordance with the amount of product to be stored and it includes a
      bottleneck 26 within which the insert 18 is retained. Within the concept
      of this invention the insert 18 could have numerous embodiments, however,
      only the preferred embodiment thereof is illustrated in FIGS. 3 - 9. The
      insert 18 is structured in the form of a tubular frame 28 on which an
      annular locking lip 30 is externally disposed between a sealing rim 32 at
      one longitudinal end and a tapered lead 34 at the other longitudinal end.
      Although the inside diameter of the bottleneck 26 and the outside diameter
      of the tubular frame 28 must correspond generally in size, an interference
      fit can exist therebetween. An annular groove 36 is disposed around the
      inside of the bottleneck 26 and the annular locking lip 30 engagingly
      cooperates therewith to establish an interlock between the insert 18 and
      the reservoir bottle 16. However, any suitable means could be utilized for
      retaining the insert 18 within the bottleneck 26. The insert 18 is merely
      pushed into the bottleneck 26 and the tapered lead 34 serves to facilitate
      this assembly operation after which the sealing rim 32 is peripherally
      disposed around the end of the bottleneck 26. When the applicator 14 is
      joined to the reservoir assembly 12, the sealing rim 32 becomes
      interfacingly compressed between the reservoir bottle 16 and the cap 22 to
      seal the product container 10. Any suitable means for joining the
      applicator 14 to the reservoir assembly 12 can be utilized, such as male
      threads 38 on the bottleneck 26 which mate with female threads 40 in the
      cap 22.
PAR  Of course, the sealing rim 32 distorts when it is compressed to develop the
      desired seal. Because such distortion generally occurs in directions
      perpendicular to the compressive forces applied, much of the sealing rim
      32 would be forced down inside the bottleneck 26 if the sealing interface
      were merely flat across the product container 10. Furthermore, the sealing
      rim 32 could then be squeezed from within the sealing interface by
      compressive forces of excessive magnitudes to cause voids at which leaks
      would develop in the product container 10. This difficulty is overcome by
      structuring the sealing rim 32 to create an outwardly inclined sealing
      interface in the product container 10. To accomplish this the thickness of
      the sealing rim 32 is varied along the longitudinal axis of the tubular
      frame 28 by increasing the magnitude thereof in a radial direction away
      from that axis. A tapered side 42 extending from the tubular frame 28 is
      disposed on the sealing rim 32 to achieve this varying thickness. However,
      either and/or both sides of the sealing rim 32 could be tapered or could
      be otherwise contoured within the scope of this invention. To magnify the
      outward incline of the sealing interface, the end of the bottleneck 26 is
      tapered in a direction corresponding to that of the tapered side 42 but
      this corresponding taper is not absolutely necessary to this invention.
      Within the product container 10, the outwardly inclined sealing interface
      causes distortion of the sealing rim 32 to flow radially away from the
      longitudinal axis of the tubular frame 28. Therefore, the sealing rim 32
      will not be squeezed from within the sealing interface when compressive
      forces of excessive magnitudes are imposed thereon.
PAR  Interiorly within the insert 18, a wiping diaphragm 44 and at least one
      alignment buttress 46 are disposed on the tubular frame 28. The diaphragm
      44 is arranged across the tubular frame 28 between the longitudinal ends
      thereof. An aperture 48 passes through the diaphragm 44 and is
      concentrically located about the longitudinal axis of the tubular frame
      28. A single buttress 46 can be disposed to either side of the diaphragm
      44 within the scope of this invention, however, a plurality of buttresses
      46 are equiangularly distributed around the tubular frame 28 on both sides
      of the diaphragm 44 with a portion 50 of the diaphragm 44 separating
      between angularly adjacent buttresses 46 in the preferred embodiment
      illustrated by FIGS. 3 -9. Furthermore, on the surface of the diaphragm 44
      facing in the direction of the sealing rim 32, each separating portion 50
      includes an indentation 52 extending radially from the longitudinal axis
      of the tubular frame 28. Regardless of the particular embodiment, each
      buttress 46 is disposed to one side of the diaphragm 44 and extends from
      one longitudinal end of the tubular frame 28 with an increasing incline in
      the direction of the diaphragm 44. Of course, the separating portions 50
      are nonexistent for embodiments which have only a single buttress 46,
      however, the indentations 52 may be disposed on the diaphragm 44 in such
      embodiments with the single buttress 46 disposed between adjacent
      indentations 52.
PAR  As illustrated in FIG. 3, when the shaft 24 is of greater diameter than the
      aperture 48, a cylindrical wipe is applied thereto by the diaphragm 44.
      This is so because wiping forces of equal magnitude are developed around
      the shaft 24 by the diaphragm 44 which flexes to radially enlarge the
      aperture 48. As will be explained later in this description, a
      noncylindrical wipe must be applied over the comb type tip 20, however, it
      should be realized without further discussion that a cylindrical wipe
      would also be applied by the diaphragm 44 to other known types of
      applicator tips. As was previously discussed, such applicator tips would
      include those with either radially or longitudinally aligned bristles,
      those with only grooves in the shaft, those of either felt or cellular
      materials, and those which combine such bristles, grooves and felt or
      cellular materials.
PAR  The tip 20 is of the comb type and therefore, includes rigid combs 54 which
      are disposed along the shaft 24, as illustrated in FIG. 2. Each comb 54
      has several teeth 56 which extend radially from the shaft 24 and although
      the tip 20 has only three combs 54, the number of combs utilized thereon
      will depend upon the product application. Because a comb type tip only
      dispenses product from between the teeth of the combs, it is necessary to
      wipe the tip 20 across each comb 54 and between adjacent combs 54 when the
      applicator 14 is withdrawn from the reservoir assembly 12. Such a
      noncylindrical wipe is applied by the insert 18 after the diaphragm 44 has
      been flexed to fracture slits therethrough radially along the indentations
      52. Of course, the diaphragm 44 is much thinner at the indentations 52 and
      therefore, any flexure stresses therein will be concentrated along the
      indentations 52. Also, the flexure stresses can be further concentrated
      within the diaphragm 44 by passing the tip 20 therethrough with the combs
      54 and indentations 52 aligned.
PAR  The diaphragm 44 then provides the desired wipe over the tip 20 with the
      slits wiping across the combs 54, as illustrated in FIG. 6 and the
      separate portions existing on the diaphragm 44 between adjacent slits
      wiping between adjacent combs 54, as is illustrated in FIG. 5. Of course,
      the number of indentations 52 on the diaphragm 44 or the number of slits
      therethrough must at least be equal to the number of combs 54 on the tip
      20 but could be equal to the number of combs 54 multiplied by any integer
      greater than zero, as will be explained below. It should be realized
      without further discussion that until the indentations 52 are fractured,
      the diaphragm 44 will continue to apply a cylindrical wipe over a shaft or
      applicator tip passing therethrough. Furthermore, the noncylindrical
      wiping action is only applied over the tip 20 when the combs 54 are passed
      through the slits and the diaphragm 44 can be damaged by repeatedly
      passing the tip 20 therethrough without proper alignment existing
      therebetween.
PAR  Although the indentations 52 could have many different configurations, the
      triangular configuration illustrated is preferable for many comb type
      applicators. Each triangular indentation is disposed on the diaphragm 44
      with its apex on the periphery of the aperture 48 and one side
      perpendicularly across a radial line passing through the apex from the
      longitudinal axis of the tubular frame 28 and at a distance therealong
      equal to at least the maximum height of the combs 54 on the applicator 14.
      Due to this triangular shape, the slits occur through a very thin web on
      the diaphragm 44 and therefore, very flexible portions are available on
      each side of the slits for wiping across the combs 54.
PAR  The inclined surface presented by only one of the buttresses 46 on either
      side of the diaphragm 44 is sufficient to block passage of the tip 20
      through the insert 18 when the combs 54 are misaligned with the slits in
      the diaphragm 44 and/or the indentations 52 thereon. This is best
      understood from FIG. 4 where the tip 20 is shown to be misaligned at both
      sides of the diaphragm 44 and where an abutting interface is shown between
      one comb 54 and one buttress 46. The tip 20 is precluded from passing
      through the insert 18 in one direction by the abutting interface and when
      only a single buttress 46 is utilized, the diaphragm 44 is rigidified
      thereby to also preclude passage of the tip 20 in the other direction. No
      reasonable force can be applied on the applicator 14 to pass the tip 20
      through the insert 18 when a misaligned condition exists and when such a
      condition is realized by the operator, the aligned position is found by
      slowly turning the tip 20 within the insert 18, while applying a
      reasonable force thereto in the direction of the diaphragm 44. As was
      discussed previously, a plurality of buttresses 46 would be disposed on
      both sides of the diaphragm 44 in the preferred embodiment of the insert
      18. Furthermore, it should be understood without further discussion that
      the buttresses 46 can be utilized in the insert 18 whether the diaphragm
      44 thereof includes slits therethrough or indentations 52 thereon.
PAR  When a tip aligning action is desired within the insert 18, a central ridge
      58 is disposed along the incline of each buttress 46 and tapered surfaces
      60 are extended on each side thereof from the central ridge 58 to the
      tubular frame 28. This configuration is best illustrated in FIG. 7 for the
      buttresses 46 on the side of the diaphragm 44 facing the tapered lead 34
      and in FIG. 8 for the buttresses 46 on the side of the diaphragm 44 facing
      the sealing rim 32. The aligning action is best understood from FIG. 9
      where the tip 20 is shown misaligned within the insert 18. Of course, the
      central ridge 58 presents only an edge along the incline and on the ends
      of the teeth 56, the combs 54 present very little surface area. Therefore,
      the combs 54 will always be diverted on abutment with the central ridge 58
      to one of the tapered surfaces 60 on either side thereof. Relative to the
      ends of the teeth 56, each tapered surface 60 is of increasing taper in
      the direction of the diaphragm 44 and of decreasing taper in the direction
      of the tubular frame. Consequently, any force applied thereagainst in the
      direction of the diaphragm 44 by the tip 20 is translated into a torsional
      force on the comb 54 in the direction of the nearest slit or indentation
      52, as illustrated by the arrows in FIG. 9. Therefore, regardless of the
      initial orientation of the tip 20 within the insert 18, an aligning action
      is always provided by the buttresses 46 to direct the combs 54 into the
      slits or indentations 52.
PAR  An insert embodying the concept of this invention is possible for a comb
      type tip having any number of combs. Although a single buttress could be
      utilized in such inserts, only the preferred embodiments thereof with a
      plurality of buttresses will be discussed. One such insert 18' is
      illustrated in FIG. 10, where because of the similarities which exist with
      the insert 18 of FIGS. 1 and 3 - 9, similar parts are identified by the
      same reference numerals as used in FIGS. 1 and 3 - 9, but with a prime (')
      added. Two slits or indentations 52' are disposed through the diaphragm
      44', each of which separates between adjacent buttresses 46' on each side
      of the diaphragm 44'. Because there are two slits or indentations 52',
      insert 18' can be utilized to align and wipe comb type tips with either
      one or two combs. Another such insert 18" is illustrated in FIG. 11 where,
      because of the similarities which exist with the insert 18 of FIGS. 1 and
      3 - 9, similar parts are identified by the same reference numerals as used
      in FIGS. 1 and 3 -9, but with a double prime (") added. Four slits or
      indentations 52" are disposed through the diaphragm 44", each of which
      separates between adjacent buttresses 46" on each side of the diaphragm
      44". Because there are four slits or indentations 52", insert 18" can be
      utilized to align and wipe comb type tips with one, two or four
      equiangularly disposed combs. From the inserts 18' and 18" of FIGS. 10 and
      11 respectively, it should be realized without further discussion that an
      applicator having a tip with two combs could be utilized with either of
      these inserts. Furthermore, it should be realized from these inserts that
      the number of slits disposed through the diaphragm or the number of
      indentations disposed thereon must be equal to the number of combs on the
      tip but could be equal to the number of combs on the tip multiplied by any
      integer greater than zero.
PAR  Those skilled in the art should appreciate that the bottle insert of this
      invention may include a sealing rim of varying thickness to establish an
      outwardly inclined sealing interface within a product container. Also,
      indentations may be disposed on a diaphragm within the bottle insert for
      adapting it to either cylindrically wiped applicator tips or
      non-cylindrically wiped comb type applicator tips. Furthermore, buttresses
      may be included within the bottle insert to either block passage of
      misaligned comb type applicator tips therethrough or apply an aligning
      action to such applicator tips.
PAR  It should be understood that the present disclosure has been made by way of
      example and the numerous changes in the details of construction and the
      combination or arrangement of parts may be resorted to without departing
      from the true spirit and the scope of this invention. Therefore, the
      present disclosure should be construed as illustrative rather than
      limiting.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An insert for sealing between a reservoir assembly and an applicator of
      a product container and for wiping over the applicator therein, said
      insert being fabricated of elastic material and comprising:
PA1  a tubular having a longitudinal axis;
PA1  a wiping diaphragm disposed across said tubular frame between the
      longitudinal ends thereof, said diaphragm having an aperture disposed
      therethrough concentrically about said longitudinal axis; and
PA1  a sealing rim disposed on the external periphery of said tubular frame and
      at one longitudinal end thereof, said sealing rim having a flat end wall
      disposed in a radial plane and facing away from said insert and a tapered
      inner wall disposed longitudinally inwardly of said end wall, whereby said
      rim is of varying thickness along said longitudinal axis, said varying
      thickness being of increasing magnitude in a radial direction away from
      said longitudinal axis, said sealing rim being compressible across said
      varying thickness within the product container and being distorted therein
      radially away from said longitudinal axis.
NUM  2.
PAR  2. An insert for use within a product container to wipe comb type
      applicators and to assure proper alignment therein of such applicators,
      said insert being fabricated of elastic material and comprising:
PA1  a tubular frame having a longitudinal axis;
PA1  a wiping diaphragm disposed across said tubular frame between the
      longitudinal ends thereof, said diaphragm having an aperture and radial
      slits disposed therethrough, said aperture being concentric about said
      longitudinal axis with said radial slits extending from the periphery of
      said aperture; and
PA1  at least one buttress disposed within said tubular frame to one side of
      said diaphragm, each said buttress extending from one end of said tubular
      frame to said diaphragm and having an increasing incline in the direction
      of said diaphragm, each said buttress being disposed between adjacent
      radial slits on said diaphragm and precluding passage of the applicator
      through said insert when the combs thereon are misaligned with said radial
      slits.
NUM  3.
PAR  3. The insert of claim 2 wherein each said buttress includes a central
      ridge along said incline with tapered surfaces extending on each side of
      said central ridge to said tubular frame, said central ridge and said
      tapered surfaces cooperating to align the combs of the applicator with
      said radial slits.
NUM  4.
PAR  4. The insert of claim 2 wherein buttresses are disposed on both sides of
      said diaphragm.
NUM  5.
PAR  5. The insert of claim 4 wherein each said buttress includes a central
      ridge along said incline with tapered surfaces extending on each side of
      said central ridge to said tubular frame, said central ridges and said
      tapered surfaces cooperating to align the combs of the applicator with
      said radial slits.
NUM  6.
PAR  6. An insert for use within a product container to provide a wiping action
      over cylindrically wiped applicators and noncylindrically wiped comb type
      applicators, said insert being fabricated of elastic material and
      comprising:
PA1  a tubular frame having a longitudinal axis;
PA1  a wiping diaphragm disposed across said tubular frame between the
      longitudinal ends thereof, said diaphragm having an aperture disposed
      therethrough and indentations disposed therein, said aperture being
      concentric about said longitudinal axis with said indentations extending
      radially from the periphery of said aperture, said diaphragm being
      flexible to expand said aperture in exerting radial forces of equal
      magnitude concentrically about said longitudinal axis with said
      indentations concentrating the flexure stresses therein to the point of
      fracture at which slits develop through said diaphragm along said
      indentations.
NUM  7.
PAR  7. The insert of claim 6 wherein said indentations are triangularly shaped,
      each said indentation having an apex disposed on the periphery of said
      aperture and one side disposed perpendicularly across a radial line
      passing through said apex from said longitudinal axis at a distance
      therefrom equal to at least the maximum comb height of the comb type
      applicators.
NUM  8.
PAR  8. The insert of claim 6 wherein at least one buttress is disposed within
      the said tubular frame to one side of said diaphragm, each said buttress
      extending from one end of said tubular frame to said diaphragm and having
      an increasing incline in the direction of said diaphragm, each said
      buttress being disposed between adjacent indentations on said diaphragm
      and precluding passage of comb type applicators through said insert when
      the combs thereon are misaligned with said indentations.
NUM  9.
PAR  9. The insert of claim 8 wherein each said buttress includes a central
      ridge along said incline with tapered surfaces extending on each side of
      said central ridge to said tubular frame, said central ridge and said
      tapered surfaces cooperating to align combs on comb type applicators with
      said indentations.
NUM  10.
PAR  10. The insert of claim 8 wherein buttresses are disposed on both sides of
      said diaphragm.
NUM  11.
PAR  11. The insert of claim 10 wherein each said buttress includes a central
      ridge along said incline with tapered surfaces extending on each side of
      said central ridge to said tubular frame, said central ridges and said
      tapered surfaces cooperating to align combs on comb type applicators with
      said indentations.
NUM  12.
PAR  12. The insert of claim 8 wherein a sealing rim is disposed on the external
      periphery of said tubular frame and at one longitudinal end thereof, said
      sealing rim being of varying thickness along said longitudinal axis, said
      varying thickness being of increasing magnitude in a radial direction away
      from said longitudinal axis, said sealing rim being compressible across
      said varying thickness within the product container and being distorted
      therein radially away from said longitudinal axis.
NUM  13.
PAR  13. The insert of claim 12 wherein said sealing rim includes a tapered side
      extending from said tubular frame.
NUM  14.
PAR  14. The insert of claim 12 wherein each said buttress includes a central
      ridge along said incline with tapered surfaces extending on each side of
      said central ridge to said tubular frame, said central ridge and said
      tapered surfaces cooperating to align combs on comb type applicators with
      said indentations.
NUM  15.
PAR  15. An insert for sealing between a reservoir assembly and an applicator of
      a product container and for providing a wiping action over cylindrically
      wiped applicators and noncylindrically wiped comb type applicators, said
      insert being fabricated of elastic material and comprising:
PA1  a tubular frame having a longitudinal axis;
PA1  a wiping diaphragm disposed across said tubular frame between the
      longitudinal ends thereof, said diaphragm having an aperture disposed
      therethrough and indentations disposed therein, said aperture being
      concentric about said longitudinal axis with said indentations extending
      radially from the periphery of said aperture, said diaphragm being
      flexible to expand said aperture in exerting radial forces of equal
      magnitude concentrically about said longitudinal axis with said
      indentations concentrating the flexure stresses therein to the point of
      fracture at which slits develop through said diaphragm along said
      indentations;
PA1  buttresses disposed within said tubular frame on both sides of said
      diaphragm, each said buttress extending from one end of said tubular frame
      to said diaphragm and having an increasing incline in the direction of
      said diaphragm, each said indentation being disposed between adjacent
      buttresses on said diaphragm, each said buttress including a central ridge
      along said incline with tapered surfaces extending on each side of said
      central ridge to said tubular frame, said central ridges and said tapered
      surfaces cooperating to align combs on comb type applicators with said
      indentations.
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ABST
PAL  A floor cleaning machine constructed as a carriage equipped with a pole and
      having at least one motor-driven cleaning implement or tool rotating about
      a vertical axis and for wet cleaning the floor or the like. From a fresh
      water supply per unit of time there flows-out a regulatable quantity of
      fresh water to which there is added a cleaning agent, this mixture
      flowing-out at the region of the cleaning implement or tool. The machine
      works the floor or the like with the fresh water-cleaning agent mixture by
      means of the cleaning implement and the thus resulting soiled water is
      sucked-up from the floor and collected in a separate soiled water
      container. The fresh water container which supplies the fresh water is
      formed by part of the machine housing body, whereas the soiled water
      container is constituted by a separate, portable container which when
      assuming its working position is enclosed in the machine housing. This
      soiled water container is connected via a seal to the suction compartment
      of a suction blower and is protected from over filling by means of an
      automatically operating level limiting device. Further, means are provided
      to ensure that the water of the mixture of air and soiled water which
      enters the machine does not contact the suction blower and also prevent
      the splashing water of the soiled water container which may splash around
      during movement of the machine from entering the suction blower.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of floor
      cleaning machine constructed in the form of a carriage or mobile car
      equipped with a shaft or center pole and having at least one motor-driven
      cleaning implement or tool, such as a brush or pad, rotating about a
      substantially verical axis for the wet cleaning or scrubbing of the floor
      or the like. The cleaning machine of this development is of the type
      wherein a regulatable quantity of fresh water which is admixed with a
      suitable cleaning agent flows-out from a fresh water supply per unit of
      time to the region of the cleaning implement or tool, the cleaning machine
      then works such fresh water-cleaning agent mixture by means of the
      cleaning implement on the floor and the resultant soiled or contaminated
      water is sucked-up from the floor and collected in a separate soiled or
      contaminated water container. The invention particularly also relates to
      features of components belonging to the air-water circulation system.
PAR  Equipment of the aforementioned type are partially employed in those
      situations where it is cumbersome to travel each time with the machine to
      the next drain and to a water tap, for instance when traveling over door
      thresholds, stairs and so forth, for the purpose of emptying the
      contaminated or soiled water container and replenishing the fresh water
      supply. Hence, machines have become known to the art wherein the water
      containers can be disconnected from the machine and are portable. If the
      containers are fixedly installed in the machine then there is required as
      an accessory device a separate portable container.
PAR  Machines having two loose containers impair the compactness, yet however
      are required in use because both the spatial requirements (available
      space), the surface dimension (cleaning) and the weight (transport,
      handling, material costs) should be maintained as small as possible.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to provide an
      improved construction of floor cleaning machine which is not associated
      with the aforementioned drawbacks and limitations of the prior art
      constructions.
PAR  A further object of the invention aims at the provision of a new and
      improved construction of floor cleaning machine which is relatively simple
      in construction and design, extremely reliable in operation, and is
      equipped with only one portable container, specifically the container for
      the soiled water being portable.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      invention contemplates that only one of both containers is portable, and
      sepecifically the soiled water container. This container then can be
      carried, without the need for initially emptying the same into another
      container, to the drain, emptied, flushed and again filled with fresh
      water and carried back to the machine where its contents are then poured
      into the fresh water tank or container, the emptied soiled water container
      then being capable of again receiving the soiled or dirty water.
PAR  This solution permits of a considerably more compact construction of the
      machine than if there were employed two portable containers since it is
      unnecessary to design the equipment such that the fresh water tank need be
      portable. It can possess, for instance, a large surface area and a shallow
      depth and, with the exception of a closable infeed connection, can be
      closed at all sides. The invention makes use of such features in that the
      fresh water tank can be integrated into the machine housing in such a way
      that it forms part of the housing, i.e. is formed by walls of the housing
      and an intermediate floor which is arranged internally of the housing.
PAR  In order to impart to the machine the form of a closed body,
      notwithstanding the use of a loose or detachable soiled water container,
      the soiled water container is accommodated in a compartment of the machine
      housing which can by means of a suitable access door be opened or closed.
      Hence, according to the invention the side wall door, providing access to
      the soiled water compartment, is constructed such that it facilitates the
      removal of the filled soiled water container as well as also the loading
      of the machine with the soiled water bucket. For this purpose the door is
      constructed as a drop-door which when in its open pivoted condition forms
      a platform protruding from the machine at the elevation of the floor of
      the soiled water compartment, so that the container can be pulled out of
      the machine and reinserted therein without the need to overcome any
      elevational differences. According to the invention the drop-door is
      equipped with a movable floor support which, when the door is closed, is
      located surface-flush in a recessed position in the door.
PAR  A further aspect of the invention contemplates transmitting the movement of
      the drop-door, i.e. the closing and opening thereof, by means of a lever
      mechanism (not shown) to the compartment floor which supports the soiled
      water container. If the door is closed then the compartment floor is
      raised until a seal between the soiled water container edge and the
      housing-fixed compartment ceiling is subjected to pressure and thus
      connects in an air tight fashion the container with the suction
      compartment of a suction blower. If the door is opened then the
      compartment floor is lowered until the soiled water container in the
      compartment has sufficient elevational play that it can be easily pulled
      out of the compartment and again re-introduced therein.
PAR  Further features of the invention reside in the fact that such seal is
      neither mounted at the soiled water container nor at a housing-fixed part,
      rather at an intermediate element which is loosely mounted at the edge of
      the container and which upon removal of the container from the machine
      compartment is removed therewith. Further, this intermediate element
      carries parts of the level limiting device which protects the soiled water
      container from being over filled and that upon non-contact of the
      intermediate element with the edge of the container a quantity of false or
      dummy air flows into the negative pressure compartment of the blower so
      that the suction force of the blower is no longer adequate in order to
      suck-up the water from the floor. With this inventive combination of the
      seal with a part of the overflow portection mechanism there is ensured for
      protection against overflow even in the case of an error on the part of
      the operator.
PAR  As far as the mechanism for protecting against overflow the intermediate
      element advantageously carries of such mechanism only a float, whereas the
      remaining components are mounted within the compartment at the housing. If
      the level of the soiled water has reached the maximum permissible extent,
      then the float which is guided to be vertically movable at the
      intermediate element, raises a closure valve out of its rest position. If
      the closure or shut-off valve has moved out of the rest position, then it
      is exposed to the suction action of the suction air current or stream
      which then moves the same through the remainder of its stroke until it
      reaches the closed position.
PAR  The suction conduit, which transports the mixture of contaminated water and
      air from the floor suction nozzle into the soiled or contaminated water
      compartment, must be introduced into the compartment such that there is
      brought about the best possible separation of the contaminated or soiled
      water and the air. For this purpose this suction conduit opens laterally
      into the suction compartment which spans over the soiled water container.
      On the other hand, the suction air conduit which leads to the suction
      blower opens at least approximately at the vertical central axis of the
      soiled water container into the aforementioned suction compartment.
PAR  Between the lateral opening of the soiled water-suction conduit and the
      centrally positioned exit opening of the suction air conduit there extends
      a mechanism in the form of a collarshaped screen which terminates at the
      compartment ceiling. This collar-shaped screen becomes progressively wider
      from the region of its upper end which meets with the ceiling downwardly
      towards what is termed a drip edge and optimumly approaches the contour of
      the upper edge of the soiled water container. The lateral horizontal
      inflowing soiled water stream is sub-divided by a guide surface and owing
      to the downwardly and outwardly inclined collar surface each half of the
      divided stream flushes one-half of the periphery of the annular
      compartment which is formed by the lateral suction compartment wall and
      the collar or collarshaped screen. Further, the soiled water, which owing
      to its specific weight separates from the suction air, drops down over the
      entire periphery of the collar edge towards the wall of the soiled water
      container and along such into the container.
PAR  Furthermore, the water which flows downwardly along the wall exerts a
      braking action upon the backwater which tends to rise along the container
      wall. Additionally, the upwardly ascending splashing water impacts against
      the inside of the collarshaped screen which, according to a further
      function of the invention, maintains the splashing water out of contact
      with the air suction conduit leading to the blower.
PAR  Continuing, it should be recognized that according to the invention the
      suction conduit or line which leads from the suction compartment via the
      soiled water container to the suction blower extends through the agency of
      a labyrinth-type sequence of flow compartments and is subjected to a
      multiplicity of directional deflections for the purpose of completely
      separating the air and water.
PAR  For the purpose of separating the smallest water particles out of the air
      stream a large surface filter is mounted in the labyrinth-type sequence of
      flow compartments.
PAR  In compliance with a basic concept of the invention according to which only
      the soiled or contaminated water container is constructed to be portable,
      the emptying of the fresh water tank or container occurs likewise by means
      of the soiled water container in which there can be carried away the fresh
      water. For this purpose the suction hose, which removes the soiled water
      from the floor nozzle, is coupled to the latter and with an emptying
      connection or stud connected with a riser pipe in the fresh water tank. In
      this way it is possible with the same suction blower, which generates the
      working suction load for the floor cleaning machine, to pump the excess
      fresh water into the soiled water container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1a is a schematic front view of the floor cleaning machine designed
      according to the invention;
PAR  FIG. 1b is a side view of the floor cleaning machine depicted in FIG. 1a;
PAR  FIG. 1c is a rear view of the floor cleaning machine depicted in FIG. 1a;
PAR  FIG. 2 is a plan view of the floor cleaning machine shown in FIGS. 1a to
      1c; and
PAR  FIG. 3 is a vertical sectional view through the soiled water container with
      the overflow protection device and the air flow labyrinth for the water
      separation.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, the floor cleaning machine portrayed in FIGS.
      1a to 1c and FIG. 2 and constructed as a mobile carriage or car C bears
      through the agency of two traveling rollers 1 and a substantially
      disk-shaped working implement or tool 2, for instance a brush or pad, upon
      the floor or surface to be treated. This floor cleaning machine will be
      seen to further comprise a guide shaft or center pole 4 which is mounted
      to be pivotable about a horizontal shaft or axle 3 and such center pole is
      equipped with a handgrip 5 carrying various control elements. Further, the
      floor cleaning machine embodies a machine housing 6, the upper portion of
      which forms the fresh water tank or container 7, and beneath which there
      is enclosed by means of the cleaning implement or tool 2 a drive motor 8.
      The machine housing 6 accommodates a transportable or portable soiled
      water bucket or container 10 within a surface-flush closable compartment
      9.
PAR  According to the invention the soiled water container or bucket 10 is
      constructed as a transportable and portable vessel by means of which the
      soiled or contaminated water can be conveniently carried to a suitable
      drain and a supply of fresh water obtained. Upon removal of the soiled
      water container 10 from the compartment 9 the compartment cover 11 which
      is constructed as a drop or pivotable door, hereinafter simply referred to
      as a drop-door, is pivoted down into a substantially horizontal position
      where this door is then supported by the floor through the agency of
      extendable cover supports or support means 12. In this position the
      drop-door 11 forms a platform located at the elevation of the compartment
      floor 13, so that the container or bucket 10 can be conveniently shifted
      by means of the platform 11 into and out of the compartment 9 without
      having to overcome any differences in height.
PAR  When the machine is in operation the cleaning tool 2 rotates about its
      vertical axis of rotation 14, driven by its drive motor 8. Upon actuating
      the lever 15 at the guide handgrip 5 fresh water to which there has been
      admixed a suitable cleaning agent flows out of the fresh water tank
      towards the region of the cleaning implement or tool 2 and then onto the
      floor or the like. The quantity of fresh water which flows-out per unit of
      time can be adjusted by means of a regulating knob 16 of a standard
      quantitative regulator. The cleaning tool works the liquid over the floor
      to be cleaned so as to clean the same and thereby forms from the fresh
      clean water the contaminated water containing the particles or
      contaminants which have been removed from the floor. This soiled or
      contaminated water which is subjected to the action of a suction blower 17
      which is loosely mounted on the machine housing 6 is sucked-up through the
      agency of a flexible hose connection 18 by means of a floor suction nozzle
      or nozzle arrangement 19 which is laterally and elevationally movable and
      such sucked-up soiled water is then collected at the soiled water
      container 10. The elevational- and lateral movements of the floor suction
      nozzle arrangement 19 occur automatically owing to the provision of the
      parallelogram suspension system 20 and is automatically accommodated to
      the contour of the floor. By means of the nozzle actuation lever 21 it is
      possible to raise the nozzle from the floor and to again lower such
      towards the floor.
PAR  The guide pole 4 automatically engages by means of a suitable ratchet
      mechanism which has not been particularly shown and may be conventional in
      design, in vertical position and in a comfortable working elevational
      position. By means of the lever 22 at the guide handgrip 5 it is possible
      to release such locking or ratcheting action. In order to ensure that the
      work tool 2, which in addition to the two guide rolls 1 carries the
      machine, always bears with its entire surface against the floor or other
      surface to be treated irrespective of the degree of wear of such work
      tool, its position can be adjusted at the leveling knob 23.
PAR  The fresh water tank or container 7 is equipped at the cover surface 24 of
      the machine housing 6 with a filling or infeed opening 25 and at the
      housing wall at the side of the center pole with an emptying connection or
      stud 26. This emptying connection 26 is operatively coupled with a riser
      conduit or pipe in the fresh water tank and is not particularly visible in
      the drawing. For the purpose of emptying the fresh water tank the flexible
      suction conduit 18 is separated from the floor suction nozzle arrangement
      19 and connected with the emptying connection or stud 26, whereafter the
      suction blower 17 pumps the contents of the fresh water tank 7 into the
      soiled water container 10.
PAR  In the work position of the floor cleaning machine (FIG. 3) the soiled or
      contaminated water container 10 is connected in an air tight fashion with
      the suction compartment 26' of the suction blower 17. The air tight
      connection is established by means of a compressible sealing ring 27, this
      sealing ring being seated at an intermediate element or piece 29 which is
      loosely mounted upon the soiled water container edge or marginal portion
      28. This seal 27 is subjected to a contact pressure when the drop-door 11
      of the soiled water compartment 9 is closed in that the drop-door 11 is
      coupled via a lever mechanism (not shown) with the compartment floor 13 in
      such a way that upon closing the door 11 the floor 13 is raised until the
      seal 27 is subjected to an appropriate pressure or compression and upon
      opening, i.e. downwardly pivoting the drop-door 11, the compartment floor
      13 is lowered to such an extent that the seal is no longer compressed and
      the soiled water container 10 possesses sufficient play that it can be
      easily removed and reinserted. During the reinsertion of the soiled water
      container 10 into the soiled water compartment 9 such is caught by lateral
      guides 31 until it impacts at the rear, whereafter it is fixedly held in
      its position shown in plan view such that the seal 27 fits at its upper
      counter-support or position 32. The suction compartment or chamber 26' and
      the soiled water compartment 9 is equipped with an inflow connection or
      stud 33 which is coupled by a flexible hose conduit 18 with the floor
      suction nozzle or nozzle arrangement 19.
PAR  The substantially ring-shaped intermediate element 29 carries a float 35 on
      a bracket 34 which traversely extends over the soiled water container and
      serves to laterally guide the float but so as to be movable in vertical
      direction. As the water level in the soiled water container 10 increases
      the float 35 at a certain height of the water level also begins to ascend
      and shifts a closure or shut-off valve 36 which in its normal work
      position is open out of its rest position in which it is located in a seat
      or fixture 38 formed by a collar 37. If the valve 36 is lifted out of the
      seat 38, then it is exposed to the suction action of the air current which
      flows through the valve opening 39 in the direction of the suction blower
      17 and is entrained by such air current until it closes the valve opening
      39. Consequently, the soiled water container is protected against over
      filling and overflowing If the soiled water container 10 is pulled out of
      the compartment 9, then the intermediate element 29 comes out along
      therewith and -- since it is only loosely mounted--  during handling of
      the bucket it is removed at the faucet or water supply or the like. If the
      intermediate element or piece 29 upon reinsertion of the container 10 into
      the soiled water compartment 9 of the housing 6, for instance is
      inadvertently not again mounted at the container edge 28, then between the
      container edge 28 and the counter support or counter position 32 of the
      intermediate element seal 27 there is formed an air gap through which so
      much false or dummy air then flows into the suction compartment or chamber
      26' that the suction blower is no longer capable of sucking-up any water
      through the inflow connection or stud 33. The overflow protection is
      therefore equally provided even in the absence of the intermediate element
      carrying the float.
PAR  The mixture of the soiled water and air, which is sucked-up through the
      inflow or inlet connection 33 -- viewed in plan view--  arrives at the
      lateral edge in the suction compartment via the soiled water container. In
      the exemplary embodiment such container and therefore also the suction
      compartment which is located thereover possesses in horizontal
      cross-section the configuration of a rectangle with rounded edges. In this
      example the inflow connection or stud 33 extends at one corner
      horizontally into the suction compartment or chamber 26'. On the other
      hand, the air outlet 39 opens in the direction of the suction blower 17
      approximately at the vertical central axis of the soiled water container
      10 from such suction compartment 26'.
PAR  Between the inflow mouth 40 and the outflow mouth 39 there extends
      completely around i.e. closed upon itself, a collar-shaped screen 42 which
      merges with the ceiling 41 of the suction compartment 26'. This
      collar-like screen 42, sometimes also referred to simply as a collar 42,
      becomes wider towards the bottom and therefore fulfills two functions:
PAR  A. The soiled water stream or jet which enters in the corner of the suction
      compartment or chamber 26' is sub-divided into two halves by means of a
      guide surface (not shown) arranged at that location and only visible in
      plan view, and wherein each such half of the water jet flushes about
      one-half of the collar circumference. The inclination of the collar
      surface 42 downwardly and outwardly produces the result that the water
      which falls under the action of gravity is guided towards the jacket
      surface of the soiled water container or bucket and therefore arrives in
      the bucket with the largest possible spacing from the air suction opening
      39, thereby predominantly reducing the danger of the entry of soiled water
      into the blower.
PAR  B. The soiled or contaminated water which falls along the entire periphery
      of the wall of the bucket or container breaksup ascending back water of
      any water which is splashing around within the bucket. If there is still
      some ejected splashing water such is nonetheless held out of contact with
      the air exit by means of the collar 42.
PAR  The further course or extent of the suction air conduit from the outflow
      mouth or exit 39 out of the suction compartment 26' into the soiled water
      compartment 9 upto the blower 17 is guided in a labyrinth-like fashion,
      i.e. equipped with a multiplicity of changes in direction- and
      cross-section, and producing a separation of the residual water which the
      air possibly entrains, and furthermore there is arranged in such air
      current a filter which blocks the finest water particles. Thus, the
      aforesaid valve opening 39 leads to a substantially disk-shaped
      compartment 43, from which the air departs through a substantially
      ring-shaped, relatively large-surface filter body 44, then through the
      ring-shaped compartments or chambers 45 and 46, then through a circular
      ring-shaped compartment 47, again throught a disk-shaped compartment 48
      and finally to the suction blower 17.
PAR  The suction blower 17 is loosely mounted upon the sealing opening edge 49.
      After removal of the blower 17 there is exposed a substantially pot-shaped
      or pot-like body 50 which bears by means of its flexed upper edge against
      the ring-shaped seal 51 of a second pot-shaped element 52 and can be
      likewise lifted off. The pot-shaped element 52 in turn bears against the
      seal 53 of the round pot-shaped element 54 and similarly can be
      lifted-off. By removing or lifting-off the pot-like body forming the
      individual guide surfaces it is possible to control the air flow
      compartments or chambers and to thus remove any water which has possibly
      been separated out from the air.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied and practiced
      within the scope of the following claims. ACCORDINGLY,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A floor cleaning machine constructed as a carriage equipped with a guide
      pole, at least one motor-driven cleaning tool for wet cleaning the floor
      and rotating about a substantially vertical axis, a regulatable quantity
      of fresh water admixed with a cleaning agent being delivered per unit of
      time from a fresh water supply to the region of the cleaning tool, the
      cleaning tool processing the delivered fresh water admixed with the
      cleaning agent at the floor and the resultant soiled water being sucked-up
      from the floor and collected in a separate soiled water container, the
      improvement comprising: a machine housing, a suction blower mounted on
      said housing, a fresh water container formed by part of the machine
      housing, the soiled water container comprising a loose portable container
      which is enclosed in the floor cleaning machine when it assumes a working
      position within the floor cleaning machine, a suction compartment having
      an air entrance aperture, the soiled water container being connected via a
      seal with said suction compartment, said seal comprising a marginal edge
      formed on said soiled water container, the edge of said suction
      compartment aperture, and a detachable intermediate element engaging both
      said suction chamber aperture edge and said marginal edge, an
      automatically-operating level limiting device for preventing the soiled
      water container from over filling, a downwardly inclined collar extending
      within said suction chamber, the incoming air and soiled water sucked-up
      from the floor by said suction blower being directed against said inclined
      collar, the soiled water flowing downwardly on the surface of said collar
      and into the said soiled water container, and a plurality of flow
      direction changing members mounted above said suction compartment for
      changing the direction of travel of the air and entrained water particles
      therein to thereby prevent said entrained water particles from entering
      said suction blower.
NUM  2.
PAR  2. The floor cleaning machine as defined in claim 1, wherein said
      intermediate element supports at least one component of the level limiting
      device which prevents the soiled water container from over filling.
NUM  3.
PAR  3. The floor cleaning machine as defined in claim 1, wherein the level
      limiting device comprises a float elevationally movably guided and
      supported by the intermediate element and at the region of the maximum
      permissible level of the soiled water said float comes into contact with
      and displaces a valve body which closes a suction opening in the suction
      compartment and thus suppresses the inflow of further mixture of air and
      soiled water into the said housing.
NUM  4.
PAR  4. The floor cleaning machine as defined in claim 3, wherein the ascending
      float cooperates with a valve body to shift the same out of a rest
      position, and wherein after a starting displacement of the valve body out
      of the rest position the remaining path of the stroke of the valve body
      until completely closing a valve opening is undertaken by the action of
      the suction air current independently of the float.
NUM  5.
PAR  5. The floor cleaning machine as defined in claim 1, wherein the
      intermediate element is constructed such that when the intermediate
      element is not installed on the floor cleaning machine there is formed an
      auxiliary flow branch of a size sufficient to prevent the suction blower
      from further sucking-up soiled water from the floor.
NUM  6.
PAR  6. The floor cleaning machine as defined in claim 1, wherein the machine
      housing includes a compartment in which there is accommodated the soiled
      water container when it assumes its work position, a cover for selectively
      closing and exposing said machine housing compartment, means for mounting
      said cover to be pivotable towards the outside of said housing about a
      substantially horizontal axis, said pivotable cover in its pivoted-out
      position forming a platform which is located at least approximately at the
      height of the floor of the machine housing compartment, the soiled water
      container being removable from the machine housing compartment via the
      said platform and again being introducable into the machine housing
      compartment through the agency of said platform.
NUM  7.
PAR  7. The floor cleaning machine as defined in claim 6, wherein the pivotable
      cover comprises a floor support for the said soiled water container which
      is located in a recessed position at the outer surface of the machine
      housing when the machine is ready for use.
NUM  8.
PAR  8. The floor cleaning machine as defined in claim 1 further including means
      for urging the marginal edge of the portable soiled water container into
      contact against the seal at the intermediate element and sealingly
      enclosing the suction compartment opening when the housing cover which
      closes the machine housing compartment containing the soiled water
      container is closed, and wherein when the housing cover is open the seal
      is relieved of the contact pressure and the soiled water container in the
      compartment can be removed from therein.
NUM  9.
PAR  9. The floor cleaning machine as defined in claim 8, wherein upon closing
      of the pivotable cover of the soiled water compartment the compartment
      floor which supports the soiled water container together with the
      container are raised and thereby compresses the seal, and upon opening the
      pivotable cover the compartment floor is sufficiently lowered to permit
      removal of the container from within the housing.
NUM  10.
PAR  10. The floor cleaning machine as defined in claim 1, further including a
      floor suction nozzle means for sucking up the water from on the surface of
      the floor and suction conduit extending from said floor suction nozzle
      means, said suction conduit opening at least approximately horizontally at
      a lateral location into the suction compartment which spans over the
      soiled water container, said collar being annular and having a drip edge
      which extends downwardly from the ceiling of the suction compartment
      spanning the soiled water container.
NUM  11.
PAR  11. The floor cleaning machine as defined in claim 10, wherein said collar
      widens in its inner dimension from the top towards the bottom and with its
      lower drip edge extending in spaced relationship with respect to said
      outer wall, and wherein any splashing water from the soiled water
      container impacts against an inner surface of the collar and again falls
      back via the collar drip edge into the soiled water container.
NUM  12.
PAR  12. The floor cleaning machine as defined in claim 1, wherein said collar
      sub-divides the soiled water stream flowing into the suction compartment
      into partial streams which collectively flush the entire periphery of an
      annular compartment between the collar and the outer wall of the suction
      compartment, so that such soiled water stream is distributed over the
      entire periphery and drops along the outer wall into the soiled water
      container.
NUM  13.
PAR  13. The floor cleaning machine as defined in claim 1, said flow direction
      changing members comprising a number of sealingly stacked body members.
NUM  14.
PAR  14. The floor cleaning machine as defined in claim 1, further including a
      large surface filter body mounted in the air flow path through the flow
      direction changing members and serving to separate out residual portions
      of water particles from the suction air.
NUM  15.
PAR  15. The floor cleaning machine as defined in claim 1, further including a
      flexible hose leading from the suction compartment of the suction blower
      to a floor suction nozzle arrangement, said flexible hose being detachable
      from the floor suction nozzle arrangement and being connectable to a
      suction conduit immersible in the fresh water container, so that the fresh
      water container can be emptied with the same suction blower and wherein
      the water removed from the fresh water container flows into the soiled
      water container and can be carried together therewith to a drain.
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ABST
PAL  A machine designed to remove skin from the backs of poultry automatically
      and mechanically by conveying the back carcass members sequentially
      through a machine having processing stations operable in sequence to sever
      the kidney retaining membranes and remove the kidneys by vacuum; position
      the tail for mechanical maceration and removal by a set of coarse
      intermeshing rotating helical gear members; and, macerate and remove the
      skin from the back carcass member by a second set of intermeshing rotating
      helical gears of finer pitch than the first set, followed by the back
      carcass members, free of skin, are discharged to a collection receptacle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is to be understood that the present invention pertains to removing skin
      from the backs of poultry and fowl including old and young chickens, at
      least small turkeys, ducks, and guineas, but for simplicity; the same are
      hereinafter defined by the generic term "poultry".
PAR  In the commercial processing of poultry for human consumption, after
      removal of the more choice members of the carcass, such as the breasts,
      thighs, and/or legs, wings, and necks, the one remaining carcass member is
      the back section. Since the back member contains a relatively scant amount
      of lean meat thereon, the meat recovered therefrom has traditionally been
      employed in combination with other foodstuff ingredients in the
      preparation of various types of chicken soups and similar products.
      However, with the advent of a recent government ruling, a certain amount
      of lean poultry meat may be incorporated into the compounding of
      frankfurters, as long as the percentage of lean meat so incorporated
      therein does not exceed an allowable predetermined percentage, whereby the
      label on such frankfurters which contain such poultry meat therein within
      the allowable percentage, may indicate that such frankfurters contain all
      meat. The aforementioned government ruling has thus created a new market
      and new demand for the relatively inexpensive back meat of poultry which
      heretofore was utilized in the preparation of other less expensive
      foodstuffs.
PAR  The subject of the instant invention comprises a machine which is designed
      to automatically remove the kidneys and fatty skin tissue from a series of
      poultry back carcass members introduced to the machine, so that the
      processed carcass members delivered from the machine may be employed in
      foodstuffs in regard to which the controlling regulations require that the
      poultry meat so utilized comprises only lean, fat-free flesh.
PAR  Although various mechanical devices have heretofore been disclosed in
      patents wherein pairs of rollers having intermeshing helical ribs have
      been used to remove skin from poultry gizzards, such devices have not
      included means to accommodate poultry back members or otherwise suggested
      the use of such machines to remove skin from poultry back members.
PAR  Further, while conveyance means similar to those employed in the instant
      invention and by which poultry back carcass members are transported from
      the infeed section, through various processing stations of the machine, to
      the delivery of said machine are shown in prior patents, they are for a
      different purpose and thus are patentably distinguishable from the present
      invention. For example, the conveyance mechanism shown in U.S. Pat. No.
      3,406,425 to Hill, dated Oct. 22, 1968, and comprising an endless chain
      impaling conveyor means engages and delivers poultry gizzard members to a
      set of inwardly and oppositely rotating course gear members in axial
      alignment with a second set of connected helical gear members, whereby
      said gizzards are subjected to a skinning operation which macerates the
      skins. Hence, while the instant invention incorporates a conveyance and
      skinning operation which has some similarity to that disclosed in the
      patent to Hill, the sequence of processing events and the processing
      results obtained by the instant invention are significantly different from
      those results obtained by the Hill disclosure.
PAR  Other patent disclosures also exist which show the employment of helical
      gear means to remove the skin from poultry gizzard members and macerate
      the skin. Among such disclosures are those shown in U.S. Pat. No.
      3,099,038 to Platt, dated July 30, 1963, as well as U.S. Pat. No.
      3,480,991 to Edwards, dated Dec. 2, 1969, and in another patent to
      Edwards, U.S. Pat. No. 3,579,714 dated May 25, 1971. Again, as heretofore
      pointed out, the disclosures in the three aforementioned patents
      specifically employ helical gear means to remove and macerate the
      protective skin covering from poultry gizzard members. Therefore, since
      the helical gear members employed in the instant invention are utilized
      for accomplishing the removal of different skin coverings from different
      poultry members and include different additional handling mechanism from
      that of said patents, the present invention is patentably distinguishable
      from the means disclosed in the aforementioned patents.
PAR  Mechanical means for removing the tail section of a poultry back member are
      revealed in U.S. Pat. No. 3,714,682 to Harben, dated Feb. 6, 1973, wherein
      poultry back carcass members are individually and manually positioned in
      the guide section of a set of roller means, one of the rollers of said set
      having cutting blades affixed thereto, whereby the rotatable engagement of
      said cutting roller with the tail section of said back carcass members
      result in the severing of said tail section from said carcass member.
      Although the end result is the same, i.e., removal of the tail section
      from the back carcass member by mechanical means, the mechanical means
      employed in the instant invention and the manner of positioning the tail
      section for removal, are readily and patentably distinguished over the
      disclosure shown in the Harben patent.
PAR  The vacuum removal of kidneys also has also long been known in the art as
      set forth in the disclosures in U.S. Pat. No. 3,451,097 to Knight, dated
      June 24, 1969, and U.S. Pat. No. 3,769,656 to Jahnke, dated Nov. 6, 1973.
      However, the disclosures set forth in the two aforementioned patents
      relate to manually operable vacuum devices for the removal of kidneys and
      other visceral members from the carcass of a chicken or similar type fowl.
      The absence of automatic viscera membrane retaining severing means, as
      well as automatic vacuum removal of exposed viscera, neither of which are
      shown in the patent disclosures of Knight or Jahnke likewise distinguishes
      the instant invention over these previous two disclosures.
PAR  As heretofore pointed out the instant invention is distinguishable from
      said earlier inventions in one or more ways in that the present invention
      has utility features and new and useful advantages, applications, and
      improvements in the art of processing mechanism to remove skin from
      poultry back members not hereintofore disclosed, as set forth hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the present invention to provide a machine
      which automatically processes poultry back members fed thereto during a
      single pass therethrough, for removal of the fatty skin and tail members
      thereof so that said carcass members may thereafter be further processed
      for utilization in foodstuffs which require lean mean and no fat.
PAR  It is another object of the present invention to provide a machine which
      also automatically severs the kidney retaining membranes in the upper
      interior cavity section of said carcass members by angled blade elements
      of said machine, whereafter the exposed kidney organs are automatically
      removed by vacuum means.
PAR  A further object of the present invention is to eliminate the certain
      manual steps in processing poultry back carcass members as heretofore
      employed, thereby resulting in a significant reduction in processing time
      and a significant increase in processing output not heretofore realized
      during poultry back processing operations.
PAR  It is still another object of the present invention to provide a poultry
      back processing machine which is safe and simple in operation, as well as
      a machine which requires a minimum of make-ready time in addition to a
      machine which may be set, operated, and tended by an average employee not
      possessed of special skill or training.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a poultry back processing machine embodying
      the principles of the present invention.
PAR  FIG. 2 is a top plan view of the machine as seen along the line 2 -- 2 of
      FIG. 1.
PAR  FIG. 3 is an end elevation of the machine as seen along the line 3 -- 3 of
      FIG. 1.
PAR  FIG. 4 is an end elevation of the machine as seen along the line 4 -- 4 of
      FIG. 1.
PAR  FIG. 5 is a fragmentary elevation of the machine as seen along the line 5
      -- 5 of FIG. 2.
PAR  FIG. 6 is a fragmentary elevation of the machine as seen along the line 6
      -- 6 of FIG. 2.
PAR  FIG. 7 is a fragmentary elevation of the machine as seen along the line 7
      -- 7 of FIG. 2.
PAR  FIG. 8 is an enlarged side elevation of the transfer station as seen along
      the line 8 -- 8 of FIG. 2.
PAR  FIG. 9 is an enlarged side elevation of the tail flipping, tail removal,
      skin removal, and carcass removal stations as seen along the line 9 -- 9
      of FIG. 2.
PAR  FIG. 10 is an enlarged end elevation of the skin removal station as seen
      along the line 10 -- 10 of FIG. 9.
PAR  FIG. 11 is an enlarged fragmentary end elevation of the kidney removal
      station as seen in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the present invention is shown which comprises a
      poultry back processing machine 10 having a supporting frame structure 12
      generally comprised of interconnected horizontally and vertically disposed
      members, an infeed rail member 14 upon which unprocessed poultry back
      carcass members are tandemly placed in a tail-leading position relative
      one to the other and thereafter sequentially conveyed by mechanical means
      to an excess skin removal station 16, a kidney membrane severing and
      vacuum removal station 18, a transfer station 20, a tail flipping station
      22, a tail removal and maceration station 24, a back skin removal and
      maceration station 26, and a processed carcass deflection station 28, the
      entire combination of which is designed to automatically remove by
      mechanical means the kidneys, tail, and skin from a poultry back carcass
      member manually introduced thereto.
PAR  Referring again to FIG. 1 to explain in greater detail the operation and
      functioning of this machine, the initial step in processing sequence
      involves taking unprocessed poultry back members remaining from previous
      processing operations, which poultry back members have remaining thereon
      the kidneys, tail, and back skin, all of which are sequentially removed by
      related supplementary processing stations within the machine combination
      upon manual introduction of said poultry back carcass members to said
      machine tail first. The configuration of manual delivery of said
      unprocessed poultry back carcass members to said machine is tandem
      alignment with tail stations thereof foremost, the carcass cavity openings
      thereof down, and the uppermost interior sections of said cavity opening
      slidably engaging said infeed rail member 14 to be thereafter mechanically
      engaged upon the uppermost exterior back surface thereof and mechanically
      conveyed into said machine 10 by the first impaling conveyor means 30,
      comprised of a set of laterally disposed impaling conveyor members. The
      poultry back carcass members so engaged are retained in position between
      said rail 14 and a back hold down guide 31 and are slidably advance to the
      excess skin removal station 16, comprised of a set of rotating circular
      knives 32, by which excess depending skin is automatically severed from
      said poultry back carcass members as said carcass members are conveyed
      through said station. Positioned above said circular knives 32, primarily
      for purposes of sanitization, is a cold water spray nozzle 33. Immediately
      following the excess skin removal station 16, the kidney membrane severing
      and vacuum removal station 18 is comprised of a set of triangular shaped
      angularly positioned stationary blade members 34 which engage and sever
      the kidney retaining membrane tissues on either side of the uppermost
      interior back section of the carcass members as said carcass members are
      slidably conveyed over and past said stationary blade members 34.
      Immediately following such severing operation a dual pair of tandemly
      positioned vacuum tubes 36 are positioned to automatically remove the
      exposed kidney organs from the poultry back carcass members by vacuum
      means.
PAR  The kidney membrane severing and vacuum removal station 18, as heretofore
      described, is more clearly illustrated in the enlarged fragmentary end
      view shown in FIG. 11, wherein is also shown the relative position of
      exemplary kidney organs 38 in an exemplary poultry back carcass member 40,
      as well as the relative position of the mechanical elements of station 18
      by which automatic kidney organ removal from said poultry back carcass
      members 40 is accomplished. It should be noted that the first impaling
      chain conveyor means 30, by which slidable mechanical conveyance of
      poultry back carcass members is accomplished through the initial
      processing stages, is guided by a backer 42 which is held in position by a
      backer support 44.
PAR  After removal of the kidneys, the poultry back carcass members are conveyed
      by means of said first impaling conveyor 30 to a transfer station 20,
      which is not specifically seen in FIG. 1, but is shown in detail in
      enlarged side elevation, in FIG. 8. The purpose of the transfer station is
      to disengage the first impalement conveyor means 30 from said poultry back
      carcass members along the uppermost exterior back surface thereof and
      reengage said poultry back carcass members by means of a second impalement
      conveyor 46 which engages said carcasses from the underside of the
      uppermost interior surfaces thereof so that the remaining processing steps
      may be performed on the exterior surface of said poultry back carcass
      members.
PAR  Referring to FIG. 8, it will be seen that the partially processed poultry
      back carcass members are slidably conveyed by the first impaling conveyor
      means 30 to the end of the infeed rail member 14, whereupon said carcass
      members are held in position by means of the horizontally disposed back
      positioning and hold down guides 48 which are held in position by guide
      supports 49, and simultaneously disengaged from said first impaling
      conveyor means 30, while being transported through the transfer station
      20, and are guided onto said second impalment conveyor 46 which engages
      the uppermost interior back surfaces. Thereafter, said poultry back
      carcass members are slidably conveyed along said back positioning and hold
      down guides 48 by means of said second impalement conveyor 46 for further
      processing operations. It should also be noted that the chain transport
      member of the second impalement conveyor is likewise guided by a chain
      backer 50 held in position by a backer support 52.
PAR  After transport through the transfer station 20, said partially processed
      poultry back members are conveyed by second conveyor 46 to the tail
      flipping station 22, where the essentially horizontal forward leading
      tails of the poultry back carcass members are engaged by a set of
      depending tensioned rod members 54 and forced thereby to an essentially
      vertical position, in which posture said tail members are retained by the
      laterally spaced back positioning and hold down guide rail members 48, all
      of which is clearly shown and illustrated in FIG. 9. Said poultry back
      members are then conveyed around the second impalement conveyor drive
      sproket 56 to an inverted position where the erected tail members are
      brought into engagement with a set of coarse helical gears 58 of the tail
      removal and maceration station 24, said gears 58 having directions of
      rotation inwardly and opposite each other, whereby the tails of said
      carcass members are mechanically engaged and snatched from the carcass
      members.
PAR  Immediately following the tail removal station 24 is the back skin removal
      and maceration station 26, which is comprised of a second set of
      relatively fine helical gears 60 which are in axial alignment with the
      coarse set of helical gears, and likewise rotate inwardly and opposite
      each other, whereby the back skin of said carcass members is engaged
      thereby and is removed from said carcass members and is macerated. Upon
      delivery of the processed poultry back carcass members from the back skin
      removal station 26, said carcass members are engaged by deflector 62 of
      the carcass deflection station 28, said deflector being held in position
      by a deflector support member 64, whereby the processed chicken back
      carcass members are disengaged from the second impalement conveyor 46 and
      delivered to a suitable receptacle, not shown.
PAR  Other components of said poultry back processing machine 10, which are not
      elements of the actual processing stations per se, but supplement the
      same, as heretofore described, include the drive motor 66, a main gear box
      68, a motor drive sproket 70, and a main gear box driven sproket 72. Also
      shown is the helical gear drive chain 74, the first conveyor drive chain
      76 and the secondary conveyor drive chain 78, as well as the circular
      knife drive shaft housing 80 and the right angle gear box 82 by which
      rotary motion is imparted to the circular knives 32.
PAR  The machine 10 as disclosed in FIG. 1, as well as the other views
      heretofore discussed, may be constructed of metal, or plastic, or any
      other suitable materials or a combination thereof.
PAR  In FIG. 2 a top plan view of the side elevation shown in FIG. 1, as seen
      along the line 2 -- 2 thereof, is detailed wherein there is seen a
      complimentary configuration of the component processing stations of
      machine 10 and the elements comprising the same as heretofore described
      and discussed.
PAR  In FIG. 3, an end view of said machine 10, as seen along the line 3 -- 3 of
      FIG. 1, is shown wherein details of the power and drive transmitting
      members are more particularly disclosed. In addition to the drive motor 66
      which is connected to the main gear box 68 by the motor drive chain 84,
      there is also shown the main drive sprocket 86 by which power is
      transmitted to drive the first and second impaling conveyors 30 and 46.
      The helical gear drive chain 74 operates off the main gear box 68 to drive
      the helical gears by means of the helical gear drive sproket 88. An
      adjustable helical gear drive chain idler roller 90 is provided to
      maintain chain tension. The circular knife drive shaft drive chain 92
      operates directly off the motor drive sproket 70 to drive said knife drive
      shaft by means of the circular knife drive shaft sproket 94. Likewise, an
      arcuately adjustable idler roller 96 for the drive chain idler for the
      circular knife drive shaft is provided to maintain chain tension.
PAR  The view shown in FIG. 4 is of an infeed end section of machine 10 as seen
      along the line 4 -- 4 of FIG. 1, showing machine components heretofore
      discussed and described, in addition to showing the front infeed rail
      support member 98 vertically adjustable by means of the slot and bolt
      assembly 100.
PAR  The views shown in FIGS. 5, 6, and 7 are sections along respectively
      designated lines of FIG. 2, and show alternate views of components of
      machine 10 heretofore discussed and described. However, in FIG. 7 there is
      additionally shown the stationary rear infeed rail support member 102.
PAR  The views shown in FIGS. 8 and 11 are described in detail above in the
      discussion accompanying the description of FIG. 1. Likewise, the view
      shown in FIG. 9, being an enlarged section along the line 9 -- 9 of FIG.
      2, is also discussed above and described in detail. However, additionally
      shown in FIG. 9 are exemplary poultry back carcass members 40 and the
      general configuration of said carcass members 40 as they are conveyed
      through the tail flipping, tail removal, skin removal, and carcass
      deflecting stations by the second impalement conveyor 46. It will be noted
      that the tail sections 39 of said carcass members 40 are facing forward in
      a generally horizontal configuration prior to engagement by the depending
      tensioned rod members 54 of the tail flipping station 22. Upon engagement
      of said tail sections 39 by said depending tensioned rod members 54, said
      tail sections are forced to an essentially vertically erect position and
      said tail sections are maintained in such position by forward slidable
      advancement of said carcass members 40 with said tail sections thereof
      being laterally held by and between the back positioning and hold down
      guides 48. Thus, said tail sections 39 are properly positioned for
      engagement by the coarse helical gears 58 of the tail maceration and
      removal station 24, and subsequent thereto, the back skin 41 is likewise
      properly positioned for engagement by the fine helical gear members 60 of
      the back skin removal and maceration station 26, an enlarged end view
      section of which is shown in FIG. 10.
PAR  While the invention has been described and illustrated in its several
      preferred embodiments, it should be understood that the invention is not
      to be limited to the precise details herein illustrated and described
      since the same may be carried out in other ways falling within the scope
      of the invention as illustrated and described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A machine for processing the back carcass members of poultry and
      comprising a frame structure to support processing stations within said
      machine for removing the tails and skin from the backs of a progressive
      series of poultry back carcass members while making a single pass through
      said machine comprising in combination, a feed rail member upon which
      unprocessed poultry back carcass members are tandemly positioned by manual
      means with the tail foremost and the uppermost interior of the cavity
      section of said carcass members slidably positioned upon said rail member,
      conveyor means engageable with the upper surfaces of said carcass members
      to move the same along said rail member to a transport station, an
      inverting endless flexible conveyor and rail section supported by said
      frame, a pair of circular sprockets supporting said conveyor for movement
      of a span thereof substantially horizontally and parallel to said rail
      section, means to transfer said back carcass members to said rail section
      from said feed rail member, a tail flipping means at a flipping station
      intermediately of the ends of said rail section and engageable with the
      tail uppermost on each carcass and operable to mechanically force said
      tail from an essentially horizontal position to a substantially upstanding
      erected position, means to invert said carcass members while supported and
      moved by said conveyor to bring the erected tails of said carcass members
      into depending position relative to said carcass, a set of coarse
      oppositely and inwardly rotating helical gear members positioned and
      operable to engage said tails and mechanically macerate and snatch the
      same from said back carcass members, a set of less coarse oppositely and
      inwardly rotating helical gear members operable to engage the skin on said
      back carcass member and mechanically macerate and remove the same from
      said carcass member, and means to discharge said carcass members from said
      machine.
NUM  2.
PAR  2. A poultry back processing machine in accordance with claim 1, wherein
      the poultry back carcass members when positioned upon said rail member are
      engaged upon the uppermost surface of the exterior surface of the back
      members by said endless flexible conveyor mechanism and said conveyor
      mechanism having impaling means thereon which positively engage and
      slidably propel said carcass members along said rail member.
NUM  3.
PAR  3. A poultry back processing machine in accordance with claim 1, wherein
      the means to invert said carcass members is comprised of a set of curved
      guide rail sections laterally spaced a discrete distance from each other
      and against which said carcass members are conveyed slidably while held
      thereagainst the interior surfaces of said curved guide rail members from
      a horizontal configuration in which the backs are uppermost to a
      horizontal position in which said backs are inverted.
NUM  4.
PAR  4. A poultry back processing machine in accordance with claim 3 in which
      said endless flexible conveyor propels said back carcass members slidably
      along said curved guide rail members and said endless flexible conveyor
      having impaling means thereon positioned to positively engage the
      innermost interior portions of said back sections and thereby slidably
      propel said carcass members around the interior curvature of said curved
      rail sections.
NUM  5.
PAR  5. A poultry back processing machine in accordance with claim 1 further
      including a kidney membrane slicing station positioned along said feed
      rail member and including angularly positioned blade means operable to
      sever the interior carcass cavity kidney retaining membranes at either
      interior side of said carcass member, and vacuum means operable to remove
      said kidneys from said carcass member automatically incident to moving
      said carcass member along said feed rail member.
NUM  6.
PAR  6. A poultry back processing machine in accordance with claim 1, wherein
      said helical gears to remove said back skin are rotatable in opposite
      inward directions to cause the uppermost surfaces thereof to move toward
      each other and the spiral helical ribs thereon intermeshing with each
      other and engage and remove said back skin from said carcass members and
      macerate said skin.
NUM  7.
PAR  7. A poultry back processing machine in accordance with claim 1 in which
      said means to flip the tail of said back carcasses is adjacent the leading
      end of said carcass inverting means and comprises an angularly depending
      rod pivotally supported by said frame and arranged to engage and force
      said tails of said carcass members to an essentially vertical erect
      position relative to the longitudinal axis of said back carcass and said
      means to invert said carcasses comprising curved guide means operable to
      hold said tail sections in said erect position while said carcass members
      are slidably advanced to said tail engaging gear members which snatch said
      tails from said carcasses.
NUM  8.
PAR  8. A poultry back processing machine in accordance with claim 7, wherein
      said spiral gear means to remove tails comprise spiral rib means extending
      from the leading end thereof and axially ahead of the leading end of skin
      engaging spiral gear means and having wider spaces between the spiral ribs
      thereof than between the ribs of said skin engagement spiral gears to
      accommodate the bulk of said tails incident to snatching the same from
      said carcasses as said carcass members are conveyed over said spiral rib
      means in inverted position thereon.
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ABST
PAL  A poultry processing machine adapted to remove skin from certain parts of
      poultry, such as necks, thighs and breasts by arranging the same for
      passage along a substantially uniformly diminishing channel defined by the
      upper portions of a pair of rollers having spiral configurations thereon,
      guiding and feeding the pieces of poultry longitudinally along said
      channel, and the spiral configuration on the rolls engaging the skin on
      said pieces in a manner to pull the same therefrom in substantially intact
      condition from the pieces, and separately discharging the removed skins
      and pieces of poultry adjacent the exit end of the machine.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a Continuation-in-Part of Ser. No. 394,924, filed Sept.
      6, 1973, and now abandoned.
BSUM
PAR  In processing poultry for market, it is common practice at present to
      disect the poultry carcass into various sections, such as breasts, wings,
      legs and thighs. Commerical sale of these is very popular. However, the
      portions of the carcass, such as the back and necks, which are less
      desirable commerically, usually are used in poultry canning establishments
      to form such items as chicken loaves, intermixed in soups of various
      kinds, and otherwise. It now has been found, that there is a market for
      the skin from the necks and other pieces of the carcasses of poultry,
      especially if said skin can be furnished to further processing
      establishments substantially in intact condition. The purpose of the
      present invention is to fulfill this demand by a machine capable of
      separating the skin from certain parts or pieces of poultry, such as
      necks, thighs and breasts, in an intact condition, details of which are
      set forth hereinafter.
PAR  Removing skin or material resembling skin from certain poultry organs has
      resulted heretofore in the development of machines to accomplish the same,
      several examples of which are referred to below. Certain vital organs,
      such as the gizzard, have a very tough skin upon the same which preferably
      must be removed in order to popularize the sale of prepared gizzards and
      the like or permit the use of the same in certain food items. Under such
      circumstances, preservation of the skin is immaterial and therefore the
      same may be torn, decimated, or otherwise mutilated or macerated incident
      to removing the same from the desired portions of the gizzards. Machines
      to accomplish the removal of skin from gizzards comprise the subject
      matter of a number of patents, one of which is U.S. Pat. No. 3480,991, to
      J. C. Edwards Sr., dated Dec. 2, 1969, and the other is a more recent U.S.
      Pat. to said patentee, No. 3,579,714, issued May 25, 1971. Other similar
      patents are U.S. Pat. No. 3,159,872, to C. J. Hill, dated Dec. 8, 1964,
      and U.S. Pat. No. 3,406,425, to C. J. Hill, dated Oct. 22, 1968.
PAR  The machines described and illustrated in said aforementioned patents
      include pairs of parallel rolls having intermeshing spiral configurations
      thereon somewhat resembling elongated herringbone gears. The machines
      include means for slitting the skin and as the gizzards move along the
      path between the spiral configurations of the rolls, the skin is engaged
      between the intermeshing configurations of the rolls and separation of the
      skin from the desired portions of the gizzards occurs by tearing the skin
      in a manner which macerates it into small bits and pieces. Accordingly, it
      has been found that machines of this type are not suitable to achieve the
      applicant's purpose with respect to removing, in substantially intact
      condition, the skin from certain parts or pieces of poultry such as the
      necks, thighs and breasts, as well as possibly other pieces.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the present invention to provide a processing
      machine adapted to remove substantially in intact condition the skin from
      certain parts or pieces of poultry, such as the necks, thighs and breasts,
      by use of at least a pair of rolls having substantially parallel axes and
      spiral configurations thereon extending in opposite direction, the
      peripheries of said configurations being spaced from each other a slight
      distance adjacent the inlet end of the machine and substantially in
      rolling contact adjacent the exit end of the machine, and thus providing a
      channel or passage of substantially uniformly diminishing nature through
      which the skins are discharged. One embodiment of the machine includes
      preferably a disc knife intersecting the channel formed between the upper
      portions of the rolls and the cutting edge is disposed at a level adapted
      to slit the skin of the necks of poultry, following which the spiral
      configurations on the rolls engage the skin in a manner to maintain it in
      substantially intact condition and pass said skin through the space
      between said rolls so as not to damage or multilate it, the skinned necks
      then being conveyed to the discharge end of the machine. In another
      embodiment adapted to remove the skin from thighs, and breasts, chain type
      feeding means are provided which engage the upper surfaces of the same in
      a manner to hold the skin on the pieces against the spiral rolls for
      removal thereof from the pieces.
PAR  It is another object of the invention to provide the embodiment which
      operates upon necks, regarding the neck-orienting portion of the machine,
      with a plurality of radially extending blades connected to a shaft
      disposed transversely across the channel defined by the upper portions of
      the pair of rolls along which the necks are moved, the ends of said blades
      being substantially complementary to the cross-sectional configuration of
      said channel formed by the peripheries of said rolls.
PAR  Ancillary to the foregoing object, it is a further object of the invention
      to position the neck-orienting unit of the machine adjacent the slitting
      knife and provide slots in the blades comprising said orienting means to
      accommodate the periphery of said knife when the orienting means and the
      knife are operating.
PAR  It is a further object of the invention to provide a varying space between
      the peripheries of the spiral configurations on the rolls which is greater
      adjacent the inlet end than at the discharge end by employing one roll of
      substantially uniform diameter throughout the entire length thereof, and
      the co-operating roll being tapered with the smaller diameter end adjacent
      the inlet end of the machine, while the axes of the rolls are
      substantially parallel to each other.
PAR  It is still another object of the invention to provide power means mounted
      preferably in the upper portion of the machine nearer the exit end than
      the inlet end and including an electric motor and transmission means
      including endless belts or chains extending around suitable pulleys or
      sprocket gears, whereby the single motor drives all of the movable
      supplementary means of the machine, such as the positioning and feeding
      means, the neck-orienting unit and the slitting knife, in addition to
      operating the rolls with spiral configurations thereon.
PAR  It is a still futher object of the invention to provide another embodiment
      of the machine adapted to remove skin from parts of poultry which require
      no slitting and in which driven means engage the upper surface of said
      pieces of poultry, which are positioned on the spiral rolls with skin
      lowermost, and hold said skin in firm contact with said rolls for removal
      of the skin thereby from said pieces of poultry.
PAR  Details of the foregoing objects and of the invention, as well as other
      objects thereof, are set forth in the following specification and
      illustrated in the accompanying drawings comprising a part thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a poultry processing machine embodying the
      principals of one embodiment of the present invention, designed to operate
      upon the necks of poultry, certain of the shields and covers being omitted
      for purposes of disclosing details of the mechanism.
PAR  FIG. 2 is a top plan view of the machine shown in FIG. 1 substantially as
      seen on the line 2--2 thereof, part of the power mechanism being omitted
      to disclose details of the mechanism below said power means as seen in
      FIG. 1.
PAR  FIG. 3 is a vertical elevation of the exit end of the machine shown in
      FIGS. 1 and 2 as seen on the line 3--3 of FIG. 2.
PAR  FIG. 4 is a vertical sectional view of machine shown in FIGS. 1 and 2 as
      seen on the line 4--4 of FIG. 2.
PAR  FIG. 5 is an exemplary vertical sectional view of one of the pairs of
      channel-forming rolls illustrating the manner in which a poultry neck is
      received therein, as seen on the line 5--5 of FIG. 2.
PAR  FIG. 6 is a fragmentary, vertical sectional view of the end of one of the
      rolls mounted adjacent the exit end of the machine and illustrating
      details of a synthetic resin collar mounted on the exit of the metal roll,
      as viewed on the line 6--6 of FIG. 2.
PAR  FIG. 7 is a top plan view of the power and drive mechanism of the machine
      shown in FIG. 1 as seen on the line 7--7 thereof.
PAR  FIG. 8 is a side elevation of another embodiment of a poultry processing
      machine provided with means to adapt the same to remove skin from parts or
      pieces of poultry, other than necks, such as thighs and breasts, upon
      which the skins is of a non-circumferential type.
PAR  FIG. 9 is a top plan view of the machine shown in FIG. 8, as seen on line
      9--9 thereof.
PAR  FIG. 10 is a top plan view of the drive mechanism of the machine shown in
      FIGS. 8 and 9 as seen on the line 10--10 of FIG. 8.
PAR  FIG. 11 is an end view of the drive mechanism shown in FIGS. 8-10 as seen
      on the line 11--11 of FIG. 8.
PAR  FIG. 12 is a vertical sectional elevation of part of the machine as seen on
      the line 12--12 of FIG. 8.
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PAC  DETAILED DESCRIPTION
PAR  It is to be understood that the present invention is adapted to remove the
      skin from certain parts or pieces of poultry, including necks, thighs and
      breasts, as well as other parts and pieces having external skin thereon.
      Also, the term poultry is intended to be of a generic nature to include
      young and old chickens, i.e., fryers and larger and older chickens; ducks;
      geese; turkeys; and guineas.
PAR  Referring to the drawings, in FIG. 1, the machine shown therein is one
      embodiment of the present invention adapted to operate upon separated
      poultry necks and comprises a suitable base 10 from which a pedestal 12
      extends upwardly. If desired, a plurality of legs may be used in lieu of
      base 10 and pedestal 12, if desired. A pair of transversely extending
      frame members 14 are supported by the upper end of pedestal 12. Said
      members 14 extend between a pair of side frame members 16 and 18. These
      may be formed from any suitable structural material such as metal tubes of
      appropriate dimensions.
PAR  Extending between the opposite ends of the side frame members 16 and 18 are
      a pair of end frame members 20 and 22. End frame member 20 is adajcent the
      inlet end of the machine where a suitable hopper 24 is supported for
      purposes of receiving batches of chicken necks from which the skins are to
      be removed intact.
PAR  In the preferred construction of this embodiment of the machine, two pairs
      of co-operating rolls 26, 28 and 30, 32 are mounted. Each of said rolls
      have shafts extending respectively from the opposite ends thereof which
      are supported in appropriate bearings respectively supported by the end
      frame members 20 and 22. The rolls 26 and 32 of the respective pairs are
      similar, and correspondingly, the rolls 28 and 30 of the respective pairs
      likewise are similar but are different from the rolls 26 and 32. Each pair
      of rolls 26, 28 and 30, 32 have spiral ribs or configurations thereon
      which are best illustrated in FIG. 2. It will be seen however that the
      pitch of the spiral configurations on the rolls 26 and 32 are of a coarser
      nature than the configurations on the rolls 28 and 30. Also as seen best
      in FIG. 2, adjacent the inlet end of the machine which is nearest the end
      member 20, the surfaces of the rolls of each pair are slightly spaced from
      each other, while at the opposite, discharge end of the machine, the
      surfaces of the rolls are substantially in rolling contact with each
      other, thus providing a tapering channel and passage or space which
      substantially uniformly diminishes from the inlet end to the discharge end
      of each pair of rolls. Preferably, such arrangement is provided by forming
      the rolls 28 and 30, with the finer pitch of spiral configurations
      substantially cylindrical, whereas the rolls 26 and 32 with the coarser
      pitch of spiral configurations thereon, are slightly tapered, the smaller
      diameter being nearest the end member 20 and thereby form the gradually
      decreasing space from the inlet end to the exit end of the machine, for
      purposes to be described.
PAR  It will be seen also that the spiral configurations on the rolls of each
      pair thereof extend in opposite directions. Similarly, as shown by the
      indicating arrows in FIGS. 3 and 4, the rolls of each pair rotate in
      opposite rotary directions. Further, the directions of rotation in
      relation to the direction of the spirals on said rolls are such that as
      the rolls rotate, the poultry necks 36, see FIG. 5, which are to be
      skinned, are moved longitudinally along the channel 38, see FIG. 5, formed
      by the adjacent sides of the upper portions of the pairs of rolls 26, 28
      and 30, 32.
PAR  When a supply of poultry necks 36 are loaded into the hopper 24, they
      gradually are disposed longitudinally along the channels 38 between said
      respective pairs of rolls as described above. It also can be visualized
      that there is a channel between the adjacent rolls 28 and 30 of the
      respective pairs thereof but these rolls are not intended to co-operate
      with each other and if poultry necks happen to become lodged therein, they
      would not be fed or positioned as intended. Accordingly, to prevent the
      possibility of poultry necks becoming lodged in the channel between the
      rolls 28 and 30, rotary neck orienting means are provided in the form of
      what might be considered a paddlewheel 40. Said orienting paddlewheel is
      best shown in plan view in FIG. 2 and in end elevation in FIG. 4. It
      consists of a shaft 42, the ends of which are supported in suitable
      bearings 44. A driven pulley or sprocket gear 46 is mounted on one end of
      the shaft for engagement by an endless belt or sprocket chain 48, which is
      driven by part of a power and transmission unit 50, details of which are
      described hereinafter.
PAR  The paddlewheel 40 also comprises a plurality of similar blades 52, of
      which four are shown in FIGS. 1, 2 and 4. Such number is not to be
      considered restrictive however. It also will be seen that the outer ends
      or edges of the blades 52 have central apex projections 54 which are
      positioned for movement within the channel between the rolls 28 and 30
      from which poultry necks are to be excluded. Further, from FIG. 1, it will
      be seen that the paddlewheel 40 moves in the direction of the arrow 56,
      whereby it can be observed that the blades 52 and especially the apex
      projections thereon will kick the necks which happen to be disposed in the
      channel between rolls 28 and 30 rearwardly with respect to the feed
      direction afforded by the co-operating pairs of rolls 26, 28 and 30, 32.
      The speed with which the paddlewheel 40 is driven is arranged to be
      certain that no necks within the channel between rolls 28 and 30 will pass
      beyond the paddle-wheel toward the discharge end of the machine.
PAR  Closely associated with the paddlewheel 40 and disposed downstream
      therefrom, toward the discharge or exit end, is a pair of slitting knives
      58 which comprise discs having very sharp peripheral edges. The pair of
      knives 58 are mounted upon a common shaft 60 which is rotatably supported
      within a preferably bevel gear drive housing 62, see FIG. 2, which
      projects rearwardly from a tubular housing 64, suitably supported by frame
      means 66 shown in FIG. 1. A drive sahft 68 is rotatably supported within
      housing 64 and the driven end thereof projects beyond said housing as
      shown in FIG. 1. The arrangement within the bevel gear drive housing 62 is
      such that the knives 58 are driven simultaneously in the direction of the
      arrow 70 shown in FIG. 1, each of said knives respectively being aligned
      precisely with the channel 38 formed between the respective pairs of rolls
      26, 28 and 30, 32, as shown in FIG. 2.
PAR  It is preferred that the slitting of the necks occur as soon as the
      operation of the paddlewheel 40 has achieved its purpose of aligning the
      poultry necks within the channel 38. Accordingly, and especially to
      conserve the overall length of the machine, it will be seen that the
      blades 52 of the paddlewheel 40 are provided with radially extending slots
      72 which are aligned with the knives 58 and permit operation of the
      peripheries of said knives within said slots without interference during
      the respective operations of the paddlewheel 40 and the knives 58. The
      lower edges of the knives 58 accomplish the slitting of the skin upon the
      poultry necks moving longitudinally within the channels 38 and the
      mounting of the blades 58 is selected so that adequate slitting of the
      skin is effected without substantially penetrating the flesh of the necks.
      Further, it will be seen from the direction of movements of the knives 58,
      as shown by the arrow 70, that the knives tend to move the necks toward
      the discharge end of the machine incident to slitting the skin thereon. As
      soon as the skin has been slit upon the necks moving from the knives 58,
      the cooperating spiral configurations on the co-operating pairs of rolls
      26, 28 and 30, 32, which are moving in the directions indicated by the
      arrows in FIGS. 3-5, will engage the surface of the skin opposite the slit
      surface and pull the skin from the remaining portion of the neck through
      the space between the pairs of co-operating rolls, frequently in somewhat
      folded, but unmutilated, condition, as shown by the exemplary skin 74 in
      FIG. 5. Such illustration is intended to be exemplary rather than
      restrictive. Following the removal of the skins, which are received in a
      suitable receptacle below the rolls, the skinned necks continue to move
      along the channels 38 through the discharge or exit end of the rolls.
PAR  Referring to FIG. 1, it also will be seen that the discharge ends of the
      rolls, which are exemplified by roll 32 in FIG. 1, each have a shaft 76
      projecting therefrom a limited distance to provide a clearance space
      between said shafts in order that the skinned necks may drop between the
      various shafts 76 to another receptacle from that which receives the
      skins. Also, referring to FIG. 6, and also shown in smaller scale in FIG.
      2, one roll of each of the pairs thereof is provided adjacent the
      discharge end of the rolls with a collar 78 which is formed from suitable
      synthetic resin and has a cylindrical outer surface, the same being
      suitably connected, such as by complementary threads, to a reduced
      diameter portion of the roll. The outer diameter of the collar 78 is no
      less than, and preferably is substantially equal to, the outer diameter of
      the roll to which the collar is affixed. Such collars are provided for
      purposes of having substantially no metal-to-metal contact between the
      ends of the rolls which are substantially in rolling contact with each
      other adjacent the exit ends thereof. Any suitable form of snythetic resin
      resistant to appreciable wear, may be employed for the collars 78.
PAR  The power and transmission unit 50 preferably is mounted above the portions
      of the rolls nearest the exit end of the machine and also the speed
      reduction portion of said unit is mounted for ready access at the
      discharge end of the machine as can be best seen from FIGS. 1 and 2.
      Details of said unit also are shown in end elevation in FIG. 3 and in top
      plan view in FIG. 7. Such details are as follows.
PAR  Frame means 66 extend upward from the side frame members 16 and 18 an
      appropriate distance to support a horizontal platform 80. An electric
      motor 82 is supported upon the platform and preferably has a cooling fan
      84 associated therewith. The motor has a compound sheave 86, 88 mounted on
      the outer end of the drive shaft thereof. A pair of shafts 90, 92 also are
      supported in suitable bearings mounted on platform 80. These respectively
      have a compound sheave 94, 96 connected to shaft 90 and another sheave 98
      connected to shaft 92. The sheave 96 preferably comprises a sprocket gear
      around which a sprocket chain 100 extends, said chain also extending
      around a larger diameter sprocket gear 102 which is connected to the shaft
      at the exit end, for example, of roll 28, as best shown in FIGS. 2 and 3.
      In view of the fact that the exit ends of the shafts of all of said rolls
      are interconnected by suitable spur gears, the driving of roll 28 effects
      corresponding driving of all of the other rolls at similar speeds but
      respectively in reverse directions.
PAR  The large sheave 94 which is connected to shaft 90 has a belt 104 extending
      therearound and also around the sheave 86 of compound sheave 86, 88 which
      is connected to the outer end of the drive shaft of motor 82. This
      establishes the drive between the motor 82 and all of the rolls 26, 28 and
      30, 32.
PAR  Fixed to the outer end of drive shaft 68 is another driving sheave 106 for
      purposes of driving the shaft 68 which is connected to the bevel gear
      drive in housing 62 for purposes of rotating the slitting knives 58. A
      belt 108 extends around sheave 88 on the shaft of motor 82, sheave 98 on
      shaft 92, and sheave 106 on shaft 68 to drive the same as aforesaid.
PAR  Another bevel gear transmission 110 is supported upon platform 80 and the
      driven shaft thereof has a sheave 112 connected thereto for reception of a
      belt 114 which also passes around driving sheave 116 connected to the
      inner end of shaft 90 as best shown in FIG. 7. Driving sheave 118 of
      transmission 110 receives belt 48 which drives the paddle-wheel shaft 42.
PAR  An additional embodiment of poultry processing machine is illustrated in
      FIGS. 8-12. This embodiment primarily is designed to remove the skin from
      parts or pieces of poultry such as those in which the skin does not extend
      entirely around the piece, as in regard to poultry necks, but rather the
      edges of the same are unconnected with each other, such as the skin
      adhering to thighs and the breasts of poultry. Especially in regard to the
      breasts of poultry, the areas of skin are quite substantial. For greatest
      efficiency however, and particularly from the standpoint of simplicity in
      details of a machine to process the same for purposes of removing the skin
      therefrom, such parts or pieces as thighs and breasts are manually fed to
      the machine with the skin side thereof lowermost. After the parts or
      pieces of this type are introduced to the machine however, mechanism is
      provided for automatically retaining the same engaged upon the
      skin-striping roll, details of which structure and operation thereof are
      set forth as follows.
PAR  The additional embodiment of the machine illustrated in FIGS. 8-12 may be
      supported by the same type of structure as the embodiment illustrated in
      FIGS. 1-7, if desired. Further, said embodiment also includes a
      substantially rectangular, horizontal frame similar to that of the
      above-described embodiment and comprising side members 16 and 18, the ends
      of which are connected together by end members 20 and 22. For purposes of
      simplicity, only a single pair of rolls 28 and 30 are illustrated in FIGS.
      8-12 but it is to be understood that, as in regard to the above-described
      embodiment, for greater capacity and efficiency, a plurality of pairs of
      said rolls may be employed in the machine within the purview of the
      invention.
PAR  As in regard to the above-described embodiment, the roll 28 preferably is
      of substantially uniform diameter throughout its length and the spiral
      configurations thereon are of a finer pitch than the spiral configurations
      on the roll 30. Also, the roll 30 is smaller in diameter at the left hand
      or inlet end of the machine, as viewed in FIGS. 8 and 9, than the diameter
      at the right hand or discharge end of the machine as viewed in said
      figures, thus providing between said roll a progressively tapering space
      or channel 38 which, preferably, diminishes uniformly from a maximum width
      at the left hand or inlet end of the machine, as referred to above, to no
      width at the right hand or discharge end of the machine, at which location
      the ends of the rolls 28 and 30 preferably are in rolling contact with
      each other, as in the preceding embodiment.
PAR  The function of the spiral configurations on the rolls 28 and 30 is the
      same as that of spiral configurations on the rolls 26 and 28 or 30 and 32
      of the embodiment illustrated and described relative to FIGS. 1-7. That
      is, said spiral configurations engage the skin on the parts or pieces of
      poultry which are fed, skin lowermost, to the rolls 28 and 30 as shown in
      FIGS. 8 and 9, as well as in FIG. 12. Referring to FIG. 12, an exemplary
      thigh 118 is shown in cross-section, said figure illustrating in exemplary
      manner the skin 120 which has been pulled from the flesh portion of the
      thigh 118 in somewhat folded but unmutilated condition, said skin 120
      passing down between the rolls 28 and 30 through the space or passage 38
      which is provided between the rolls at locations between the opposite ends
      thereof where said space or channel still exists and before the same
      diminishes substantially to zero.
PAR  For purposes of facilitating the movement of the parts or pieces of poultry
      from the inlet to the discharge end of the machine comprising the
      embodiment shown in FIGS. 8-12, after said parts or pieces are initially
      introduced manually at the inlet of the machine with the skin surface
      lowermost for engagement by the rolls 28 and 30, the upper surfaces of
      said parts or pieces are engaged by the lower course of an endless chain
      122 comprising a series of pivotally connected links, at least the
      majority, if not all of which, are provided with prongs 124 which project
      outwardly from said links, whereby in regard to the lower course 126 of
      said chain, the prongs 124 extend downwardly for engagement with the piece
      of poultry 118 shown in exemplary manner in FIG. 8.
PAR  The endless chain 122 extends around supporting and guiding sprockets or
      pulleys 128 and 130, the pulley or sprocket 130 comprising the driving
      member of the pair thereof and the opposite one comprising an idler. Said
      pulleys respectively are supported on shafts 132 and 134. The opposite
      ends of shaft 132 are supported within bearings in brackets 136 which
      respectively are supported by the opposite side frame members 16 and 18,
      as clearly shown in FIG. 9. The shaft 134 is supported by a right-angle
      gear reduction unit 138, the outline of which is best shown in FIG. 9. The
      upper course of the endless chain 122 also preferably is covered with a
      suitable shield 140 which extends longitudinally thereof and is best shown
      in FIG. 8. The shield 140 is supported by a pair of transverse members 142
      which extend between suitable upright supports 144 attached to the side
      frame member 16 and 18.
PAR  For purposes of supporting the upper course of the endless chain 122, a
      longitudinally extending member 146, which may be formed from synthetic
      resin if desired, underlies said upper course of the chain 122 and is
      supported by depending members connected at the upper ends thereof to the
      transverse members 142. Support 146 also has channels 149 in the uppermost
      surfaces thereof, as shown in FIG. 12, for purposes of guiding the chain
      122 during operation of the machine. As in regard to the embodiment of the
      invention shown in FIGS. 1-7, the principal power for the machine is
      provided by electric motor 82 which is illustrated in FIGS. 8, 10 and 11,
      whereas in FIG. 9, the upper portion of the drive mechanism is not
      illustrated in view of the fact that FIG. 9 is a horizontal sectional plan
      view as seen on the line 9--9 of FIG. 8. A small pulley 150 is connected
      to the drive shaft of motor 82 and this drives a larger pulley 152 mounted
      on shaft 154. One or more belts 156 extends around the pulleys 150 and
      152. Fixed to shaft 154 is another relatively small pulley 158 which
      drives a larger pulley 160 that is fixed to shaft 162 upon which spur gear
      164 is mounted. Belt 166 extends around pulleys 158 and 160 and the same
      is also in driving engagement with a sheave 168 mounted on the end of
      drive shaft 170 which actuates the right angle gear reduction unit 138 by
      which the endless chain 122 is driven for purposes of holding the parts or
      pieces 118 of poultry against the spiral rolls 28 and 30.
PAR  The discharge ends of rolls 28 and 30 have shafts 171 and 172 respectively
      thereon which are of smaller diameter than the discharge end of said roll.
      The outer ends of said shafts respectively are mounted in bearings 174 and
      spur gear 164 is connected to the outermost end of shaft 172. Said spur
      gear 164 also meshes with spur gear 176 which is fixed to the outermost
      end of shaft 171. The gears 164 and 176 preferably are roller drive gears.
PAR  From the foregoing, it will be seen that the electric motor 82 drives not
      only the rolls 28 and 30 to move the upper surfaces thereof toward each
      other and therefor rotate said rolls respectively in opposite direction,
      but the motor also drives the chain 122 which holds the parts or pieces of
      poultry against the spiral configurations of rolls 28 and 30. The surface
      speed of the chain 122 preferably is substantially equal to the speed at
      which the spiral configurations advance the parts or pieces of poultry
      longitudinally between the inlet and discharge ends of the machine,
      whereby the spiral configurations have ample opportunity to engage the
      skin on said parts or pieces of poultry, separate said skin therefrom, and
      pass the skin downward through the channel 38, usually in smoothly folded
      condition and intact. Following such removal of the skin from said parts
      or pieces, said parts or pieces move to the discharge end of the machine,
      in the region of the reduced diameter shafts 171 and 172 and drop through
      the spaces between said shafts into appropriate receptacle means, not
      shown. Simarily, as the skins drop through the channel 38, they also are
      received in suitable receptacles, not shown.
PAR  From the foregoing, it will be seen that the present invention provides a
      machine for carefully removing the skin from certain parts or pieces of
      poultry in such manner that the skin remains intact for further processing
      and the skinned parts and pieces are discharged from the discharge end of
      the machine following the removal of the skins therefrom. The operation of
      the machine is automatic and there are fool-proof means in one emboidment
      of the machine for insuring that the poultry necks will be alinged in
      appropriate channels between pairs of co-operating rolls which feed the
      necks forwardly to slitting and skin removing apparatus in the machine. In
      another embodiment of the machine adapted to remove the skin from parts or
      pieces of poultry which require no slitting, the machine is provided with
      means operable effectively to hold the skin surface of the parts or pieces
      firm against the spiral rolls to insure removal of the skins therefrom,
      and in intact condition. During the operation, especially in accordance
      with health requirements as well as desirable operating conditions, the
      removal of the skin takes place while the parts and pieces are abundantly
      sprayed with water appropriately supplied to the machine.
PAR  While the invention has been described and illustrated in its several
      preferred embodiments, it should be understood that the invention is not
      to be limited to the precise details herein illustrated and described
      since the same may be carried out in other ways falling within the scope
      of the invention as illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A poultry processing machine having inlet means adjacent one end and an
      outlet end adjacent the other end and adapted to remove the skin from
      parts and pieces of poultry, said machine comprising in combination, a
      pair of substantially horizontal rolls having spiral configurations
      thereon extending in opposite directions and positioned adjacent each
      other in non-contacting relationship and the upper surfaces of said rolls
      forming a conveying channel to receive adjacent the inlet end of the
      machine parts and pieces of poultry having skin thereon which is to be
      removed, means to drive said rolls in opposite rotary directions and
      operable to move said parts and pieces of poultry along said rolls in a
      single direction toward the exit end of the machine, and means operable to
      position said parts and pieces of poultry upon said rolls for engagement
      of the skin thereon by said spiral configurations on said rolls to effect
      separation and removal of said skin from said parts and pieces while the
      same move toward the discharge end of said machine, the peripheries of
      said configurations being spaced from each other adjacent the inlet end of
      the machine a distance less than the width of said parts and pieces of
      poultry to be engaged thereby and at the discharge end being substantially
      in rolling contact with each other, the space between the configurations
      on said rolls decreasing substantially uniformly between the inlet and
      discharge ends of the machine and said space permitting the skin separated
      from said parts and pieces to pass therethrough in intact condition and
      the parts and pieces from which the skin has been removed being moved to
      the discharge end of said machine by said spiral configurations.
NUM  2.
PAR  2. The machine according to claim 1 further including a slitting knife
      means positioned in said machine above said channel and operable to slit
      the skin on poultry necks substantially axially to permit the spiral
      configurations on said rolls to engage and separate the slit skins from
      said necks in intact condition and move the skins through said space
      between said rolls for discharge from the machine.
NUM  3.
PAR  3. The machine according to claim 2 in which said means operable to
      position said parts and pieces comprises rotary means nearer the inlet of
      said machine than said knife means and comprising a plurality of
      substantially radially extending blades driven about a horizontal axis
      extending transversely across said channel.
NUM  4.
PAR  4. The machine according to claim 3 in which the outer ends of the radical
      blades of said rotary means cooperate with the upper portions of said pair
      of horizontal rolls to define a space shaped to allow passage of said
      poultry necks passing therebetween.
NUM  5.
PAR  5. The machine according to claim 3 in which the ends of said blades of
      said rotary means are provided with slots extending perpendicularly to the
      axis of said rotary means and positioned to permit passage of said slots
      in said rotary means past said slitting knife means therethrough during
      operation of the machine.
NUM  6.
PAR  6. The machine according to claim 5 in which one roll of each pair of rolls
      is substantially uniform in diameter throughout the length thereof and the
      other roll is slightly tapered from the inlet end toward the outlet end,
      the smaller diameter of said roll being adjacent the inlet end of the
      machine and the axes of said rolls being substantially parallel, whereby
      the difference in diameters of the opposite ends of said other roll
      provides said uniformly decreasing space between the spiral configurations
      on said rolls.
NUM  7.
PAR  7. The machine according to claim 5 in which one of said rolls is provided
      with a cylindrical collar at the exit end thereof formed from synthetic
      resin, said collar being of substantially the same diameter as the exit
      end of said roll, and means supporting said exit ends of said rolls in
      bearings positioned to permit said cylindrical collar of said one roll to
      have rolling contact with said other roll to thereby maintain the exit
      ends of said rolls out of contact with each other.
NUM  8.
PAR  8. The machine according to claim 1 in which said means to position
      includes a rotary blade unit adapted to orient poultry necks introduced to
      the machine at the inlet end thereof and received in said channel, a
      rotary disc skin-slitting knife positioned rearwardly of said rotary blade
      unit relative to the direction of feed in said machine, power means
      mounted above said rolls and interconnected to said knife to rotate the
      same within a substantially vertical plane, and a transmission assembly
      connected to said power means and also interconnected to said neck
      orienting rotary blade unit and said rolls by said transmission assembly,
      said assembly including endless flexible drive means extending around
      rotatably mounted driven members respectively connected to said neck
      orienting rotary blade unit and knife and the rolls which form said
      channel, said transmission assembly being mounted adjacent the exit end of
      said machine.
NUM  9.
PAR  9. The machine according to claim 8 in which two pairs of said
      channel-forming rolls are provided to form a pair of parallel similar
      channels, a pair of said rotary disc skin-slitting knives supported upon a
      common shaft and respectively intersecting the channels of said pairs of
      rolls to slit the skin of poultry necks passing along said channels, a
      belt between said power means and said rotary blade operable to drive the
      same by said power means, a bevel gear drive unit connected to said shaft
      for said pair of slitting knives, a longitudinally extending shaft
      connected to said bevel gear drive and extending toward the exit end of
      said machine, and means interconnecting the end of said longitudinally
      extending shaft to said transmission assembly to effect driving of said
      shaft to rotate said knives in a predetermined desired direction.
NUM  10.
PAR  10. The machine according to claim 1 in which said means to position said
      parts and pieces of poultry upon said rolls comprise longitudinal means
      extending axially along said rolls above said channel formed thereby, said
      longitudinal means being engageable with the upper surfaces of said parts
      and pieces of poultry arranged in said channel to insure positive
      engagement of said skin by the spiral configurations on said rolls as said
      parts and pieces of poultry are moved along said channel.
NUM  11.
PAR  11. The machine according to claim 10 in which said longitudinal means
      comprises endless flexible means arranged to move along said channel
      longitudinally in engagement with the upper surfaces of said parts and
      pieces of poultry as the same are moved toward the discharge end of the
      machine by the operation of said rolls.
NUM  12.
PAR  12. The machine according to claim 11 in which said endless flexible means
      comprises a chain having projections extending outwardly and adapted to
      impinge the flesh of said poultry parts and pieces to effect positive
      engagement of the skin thereon by said spiral configuration on said rolls,
      said machine also including means to drive said chain at a speed
      commensurate with the speed at which the poultry parts and pieces are
      advanced by said spiral configurations on said rolls.
NUM  13.
PAR  13. The machine according to claim 12 further including guide means for
      said chain supported fixedly by said machine and having longitudinally
      extending surfaces along which courses of said chain move slidably for
      guidance.
NUM  14.
PAR  14. The machine according to claim 11 further including drive means for
      said endless flexible means and said drive means also being interconnected
      to said rolls to revolve the same in opposite directions.
NUM  15.
PAR  15. The machine according to claim 14 wherein said drive means further
      includes transmission means comprising pulleys and belts adjacent the
      discharge end of said machine, and an electric motor connected to said
      transmission means to operate the same.
PATN
WKU  039302849
SRC  5
APN  304386&
APT  1
ART  333
APD  19721107
TTL  Hide pulling method and apparatus
ISD  19760106
NCL  7
ECL  1
EXP  Peshock; Robert
NDR  2
NFG  2
INVT
NAM  Cook; Frank M.
CTY  San Francisco
STA  CA
ASSG
NAM  The Cincinnati Butchers' Supply Company
CTY  Cincinnati
STA  OH
COD  02
CLAS
OCL   17 50
EDF  2
ICL  A22B  516
FSC   17
FSS  21;62;45;50
FSC   30
FSS  276
UREF
PNO  3461482
ISD  19690800
NAM  Crawford et al.
OCL   17 50
UREF
PNO  3599277
ISD  19710800
NAM  Brown
OCL   17 21
LREP
FR2  Kinney, Jr.; J. Warren
ABST
PAL  The invention involves pulling the hide mechanically from beef carcasses,
      in a manner such as to avoid hide and carcass damage without resorting to
      electric stimulus, and without the need for trimming knife labor in
      removing the hide effectively and advantageously from the skull of the
      carcass.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various methods have been employed heretofore in mechanically pulling the
      hides from meat animals, as a step in the processing of meat on a rapid
      production basis. According to one method, as disclosed in U.S. Pat. No.
      3,626,550, a carcass is suspended by the hind legs and mechanical means
      are provided for stripping a loosened hide from the hindquarters toward
      the head. In this patent, electric stimulus is employed to cause carcass
      muscle contraction, which is said to stiffen the carcass and facilitate
      progressive removal of the hide from the body and the skull as a
      continuous operation. A somewhat similar operation is disclosed in the
      U.S. Pat. No. 3,537,130.
PAR  The prior methods above mentioned have been employed both with and without
      the aid of electric stimulus, with varying degrees of success. In some
      forms of mechanical apparatus for hide removal, the hide stripping
      operation commenced at the skull and progressed toward the hindquarters.
      This usually entailed a preliminary burden of skillful hand knifing at the
      skull, as well as along the sides of the carcass, without decreasing the
      liklihood of damage to the hide, flesh, and spine of the carcass. Such
      devices usually pulled the hide laterally then upwardly toward the
      hindquarters of the suspended carcass, as disclosed in a general way by
      the drawings hereto appended.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the hides of a suspended carcass
      is slitted along the belly and throat of the carcass, whereupon with the
      use of a "Jarvis" air knife or equivalent cutting or trimming implement,
      flaps of hide are produced at opposite sides of the carcass along
      substantially the full length thereof in accordance with common practice.
      The carcass, suspended from its hind legs, is conveyed to a hide puller
      which comprises a plurality of moving upstanding hooks which travel for a
      distance along a somewhat lateral course, away from the spine of the
      carcass, and then digress approximately vertically upwardly to an upper
      limit of travel well above the point of suspension of the carcass.
PAR  A yoke member preferably in the form of a chain, with opposite free ends
      and an intermediate anchor portion, is used for pulling the hide
      progressively from the skull and thereafter from the remainder of the
      carcass, as a selected hook of the hide puller advances the yoke member
      steadily from a lower or base position toward the upper limit of travel.
PAR  The opposite free ends of the yoke member are provided with flap grippers
      or loops, which securely grip opposite side flaps of the hide produced by
      an advance skinning of the forelegs and chest. The intermediate or anchor
      portion of the yoke member is adapted to engage a traveling hook of the
      hide puller, by the simple act of throwing the anchor portion over the
      upstanding end of the hook.
PAR  During advancement of the yoke member by a traveling hook as stated, the
      previously skinned forelegs of the animal are drawn away from said hook in
      a direction opposite to the direction of the initial hook advancement.
      This withdrawal of the forelegs tends to arch the neck and spine of the
      carcass over the shoulders and back, while the yoke member continues to
      advance and to eventually skin the skull clear of hide. Further
      advancement of the yoke member dehides the shoulders, back, and
      hindquarters progressively and usually without the need for any knife
      work.
PAR  It has been determined that the procedure above outlined dehides the
      carcass without damage to the spine, the hide, or the flesh of the
      carcass, and this is accomplished without the use of electric stimulus. It
      is believed that contraction of the spine, rather than elongation or
      stretching thereof, results from arching the spine as stated, during
      detachment of the hide therefrom. By eliminating or minimizing stretch,
      and possible tearing of tissue or muscle connecting the vertebrae of the
      spine, the present invention ensures the production of meat which will
      readily pass inspection and reach the market in palatable condition.
PAR  Additional advantages resulting from practice of the present invention are
      that one man can be eliminated at kill rates as low as 35 cattle per hour,
      and about 1 pound of additional head meat is left on the carcass.
PAR  Another pronounced and important advantage is that an improved hide
      take-off from the upper back occurs due to the inclination imparted to the
      carcass by the stanchion, or secondary puller.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a carcass suspended from a conveyor
      before an up-pulling hide puller, and showing a counterpuller in
      conjunction therewith, the components being illustrated in a condition
      free of stress.
PAR  FIG. 2 is a side view similar to FIG. 1, showing the carcass undergoing
      dehiding in accordance with the teaching of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As is usual, the meat processing plant includes a conveyor system from
      which a multiplicity of carcasses 6 are suspended by the hind legs 8. The
      head 10 and forelegs 12 are lowermost, as shown. The conveyor system,
      denoted generally by the reference numeral 14, may be conventional, and
      will serve to carry the carcasses successively into position for removal
      of the hide 16. Before reaching the hide remover or hide puller mechanism
      20, the hide will have been slitted along the belly, and trimmed at the
      legs and shanks by means of a knife to provide flaps 18 at opposite sides
      of the carcass, the flaps extending from the region of the jawbones to the
      rear of the hind leg shanks, approximately.
PAR  A conventional hide puller denoted generally by the numeral 20 may comprise
      a heavy frame 22 in which is journaled a series of sprockets or wheels 24,
      26, 28, over which is trained an endless chain or conveyor 30 that carries
      a plurality of outwardly extending hooks 32 equally spaced along the
      chain. A curved guide rail 34 mounted upon the machine frame, guides the
      chain to provide a substantially lateral section or reach 36, and an
      upwardly directed section or reach 38. The chain may be advanced upon the
      several sprockets by means of a motor 40 and speed reducer 41, or any
      suitable drive mechanism, in the direction of the arrow shown. The hooks
      of the chain reach an elevation considerably above the suspension point of
      carcass 6.
PAR  The reference numeral 42 indicates a guide means for control of the hide
      undergoing removal, and forms no part of the present invention.
PAR  At 44 is indicated a chain or equivalent flexible element, formed as a yoke
      having two hide gripper arms 46 and 48 divergent from an intermediate
      connecting portion 50. The free ends of arms 46 and 48 carry flap grippers
      to securely grip the foreleg hide flaps at 54. The connecting portion 50
      is adapted to engage a hook such as 32 of the movable conveyor chain 30.
      The portion 50 may be referred to as an anchor portion of the yoke member.
      The anchor portion 50 is easily and quickly placed manually in engagement
      with a hook 32, where it will remain until the hide has been stripped from
      the carcass. The anchor portion disengages from the hook after the
      detached hide is drawn upwardly under a hood 52 and falls by gravity at
      the rear of the hide puller.
PAR  In accordance with the present invention, there is provided in conjunction
      with the up-pull type primary hide puller, a secondary or auxiliary puller
      or stanchion denoted generally by the numeral 60. Puller 60 operates to
      draw the previously skinned forelegs 12 in a direction substantially
      opposite to the pull initially exerted upon the hide by hook 32.
PAR  The secondary puller 60 comprises a base or fixed platform 62 upon which is
      pivoted at 64 an inclined stanchion 66, the stanchion being provided along
      a portion of its length with a series of studs or anchor members 68
      located at different distances from pivot 64. Members 68 furnish means for
      anchoring a pair of pull chains 70, 70 to the stanchion, which chains at
      their opposite ends 72 are secured about the forelegs 12, one chain being
      attached to each foreleg. The attachments at 72 may be formed by loops in
      the chains, to facilitate and expedite securement and release of the leg
      connections.
PAR  The stanchion 66 may be swung about pivot 64 by power means, between the
      inoperative full line position of FIG. 1 and the operative broken line
      position thereof. One form of power means is shown by way of example, as a
      pneumatic cylinder motor 74 under the control of a valve 76 located
      preferably near the attendant's station at the primary hide puller. The
      pneumatic cylinder may have pivotal connections at 76, 78 with the
      platform 62 and stanchion 66, respectively, for proper operation.
PAR  As shown, the secondary puller appears to employ a single pneumatic
      cylinder operative upon a single upright stanchion member 66, which member
      66 provides anchorage for two identical foreleg chains 70, one being
      attachable to each foreleg of the carcass. In practice, however, it may be
      desirable to construct the stanchion as a rigid open frame having two
      uprights, such as 66, arranged in a common plane, and movable in unison by
      two pneumatic cylinders each operative upon one of the uprights. The open
      frame may be rectangular in form. It is important, of course, that the two
      cylinders operate simultaneously to apply equal pulling forces to the two
      foreleg chains.
PAC  OPERATION OF THE DEVICE
PAR  The carcass 6 is prepared in advance of the hide removal operation, by
      slitting the hide lengthwise along the belly, and knife-trimming the hide
      from the forelegs, the hind legs and shanks, to form the longitudinal
      flaps 18 along opposite sides of the carcass. The head 10 is not to be
      skinned in advance, because the hide will be peeled from the head incident
      to the pulling procedure, with substantial advantage resulting.
PAR  The carcass prepared as stated, is conveyed head down, to the vicinity of
      the primary and secondary hide pullers, where an attendant attaches the
      skinned forelegs by means of chains 70 to the forwardly inclined stanchion
      66, (see full lines 66 of FIG. 1); also, the yoke chains 46, 48 will be
      secured to the foreleg side flaps at 54 at opposite sides of the neck or
      shoulders. Then the attendant engages the intermediate anchor portion 50
      of the yoke onto the nearest hook 32 of the primary hide puller. Hook 32
      in advancing will exert an initial lateral pull upon the side flaps at 54,
      by way of chain sections 46 and 48. After said chain sections have reached
      a state of tension, the attendant may manipulate valve 76 to effect
      pneumatic withdrawal of stanchion 66 to or toward the operative position
      of FIG. 2.
PAR  As shown by FIG. 2, continued advancement of the operative hook 32
      laterally, effects removal of hide from the shoulders and head 10, while
      the forelegs are drawn in the opposite direction by the secondary puller.
      Further advancement of hook 32, in upward direction, effects removal of
      hide completely from the back and rump, whereupon the attendant may
      manipulate valve 76 to restore stanchion 66 to the initial inoperative
      position, at which the chains 70 free of stress, may be detached from the
      forelegs of the carcass.
PAR  It is here to be noted that the counterforce imposed upon the forelegs of
      the carcass by the secondary puller 60, limits the extent to which the
      primary puller may contort the neck, head and vertebrae of the spine, as
      hook 32 proceeds toward and onto the upswing of its advancing movement.
      One important effect of said counterforce is evidenced by a clean and
      complete dehiding of the head, without the aid of the trimming knife. The
      head is cleanly dehided without objectionable tearing of flesh or fat
      therefrom. Accordingly, there is suffered no unnecessary loss of carcass
      weight, and the hide removed is found unusually clean and clear of
      unwanted flesh.
PAR  Another important accomplishment of the instant procedure, concerns the
      quality and appearance of the meat produced. Heretofore it was considered
      necessary to contract and stiffen the spine and surrounding muscles during
      dehiding, by applying electric stimulus or shock to the carcass, in order
      to preclude tearing, mutilation, and discoloration of the carcass meat as
      the hide was stripped therefrom. The present invention renders unnecessary
      the labor and expense of such electric stimulation, as the same results
      are realized by the proper application of pulling forces as herein taught.
PAR  It is believed that the opposing forces applied to the carcass by the
      primary and secondary hide pullers as herein taught, result in a
      controlled inward flexing (FIG. 2) of the spine which cramps and stiffens,
      rather than stretch the vertebral structure and its supporting muscles and
      tissues, so that these parts may not readily yield and tear apart under
      the stress of hide stripping.
PAR  Use of the method and apparatus herein disclosed minimizes the labor and
      expense of meat production, improves the quality and the appearance of
      meat produced, and results in the production of high quality unblemished
      hides on a major scale. By avoiding damage to the carcass in processing,
      this method facilitates and expedites inspection and passage in the
      application of health standards.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of removing the hide from a meat carcass including a head
      having the hide slitted lengthwise along the belly, the hide being
      partially detached from the carcass to provide side flaps disposed along
      opposite sides of the carcass, including flap portions resulting from
      peeling the hide from the forelegs, said method comprising the steps of:
      suspending the carcass from the hind legs with the unskinned head and the
      skinned forelegs lowermost; gripping the side flaps at opposite sides of
      the carcass near the forelegs, and forcibly pulling the hide over and off
      the head while restraining the forelegs against movement in the direction
      of the hide pulling force.
NUM  2.
PAR  2. The method as defined by claim 1, wherein the hide pulling force is
      applied first laterally then longitudinally of the spine of the carcass.
NUM  3.
PAR  3. The method as defined by claim 1, wherein restraint of the forelegs is
      accompanied by a pulling force applied in a direction substantially
      opposite to the direction of the hide pulling force first mentioned.
NUM  4.
PAR  4. The method as defined by claim 1, wherein the hide pulling force is
      applied first laterally then longitudinally of the spine of the carcass,
      and wherein the forelegs are pulled in a direction substantially opposite
      to the direction of said lateral force.
NUM  5.
PAR  5. The method as defined by claim 1, wherein the forelegs are pulled and
      advanced in a direction counter to the direction of pulling of the hide
      over the head.
NUM  6.
PAR  6. The method of removing the hide from a meat carcass having the hide
      slitted lengthwise along the belly, the hide being partially detached from
      the carcass to provide side flaps disposed along opposite sides of the
      carcass, including flap portions resulting from peeling the hide from the
      forelegs, said method comprising the steps of: suspending the carcass with
      the head and the previously skinned forelegs lowermost; gripping the
      foreleg flaps at opposite sides of the carcass and forcibly pulling the
      foreleg flaps in a common direction toward and beyond the spine of the
      carcass, while at the same time pulling the skinned forelegs in a
      substantially opposite direction, thereby to curve the spine in a
      direction tending to shorten the spine and oppose stretching thereof
      lengthwise during the hide removal procedure.
NUM  7.
PAR  7. The method of removing the hide from a meat carcass having the hide
      slitted lengthwise and detached partially from the carcass to provide side
      flaps disposed along opposite sides of the carcass, said method comprising
      the steps of gripping the side flaps and pulling said flaps in a common
      direction toward and beyond the spine of the carcass, while at the same
      time pulling the forelegs in a substantially opposite direction.
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ABST
PAL  An apparatus and method wherein a tow of continuous filaments is fed to a
      tow cutter and severed into fibrous material of predetermined staple
      length while the fibrous material delivered from the tow cutter is fed to
      and through at least one textile picker. The fibrous material may be
      formed into laps at the picker for being subsequently processed through
      cards, or the fibrous material may be fed in loose fibrous form from the
      picker to a bank of cards. Means are provided for automatically
      controlling operation of the tow cutter and pickers and for controlling
      feeding of the fibrous material to the pickers.
BSUM
PAR  This invention relates to a method and apparatus for processing textile
      fibers, and more particularly to a method and apparatus for producing
      staple fibrous material of predetermined staple length while feeding the
      same to a picker.
PAR  In accordance with the prior art, yarn manufacturers have conventionally
      obtained synthetic fiber material from a fiber producer in the form of
      staple which has been previously cut to a predetermined staple length from
      a tow of continuous filaments and thereafter packaged in bales. In
      producing yarns from this staple fibrous material, it is necessary for the
      yarn manufacturer to unbale the fibrous material, which is initially in
      compressed and compacted condition, and to feed the fibrous material to
      suitable opening and picking equipment to open the compacted masses of the
      fibrous material and facilitate further processing thereof. Although
      machines have been provided for removing fibrous material from bales,
      these machines are expensive and still require that at least a portion of
      the unbaling and feeding operation be performed manually.
PAR  When yarns of a similar type but requiring fibers of a different staple
      length are produced by a yarn manufacturer, it becomes necessary for the
      manufacturer to purchase and to maintain an inventory of the several
      different staple lengths. The problems and expense attendant with the
      maintenance of an adequate inventory of the fibrous material in the
      necessary staple lengths are readily apparent when it is understood that
      delays of as long as 6 weeks to 3 months are often encountered in
      obtaining fibrous material of a particular staple length from the fiber
      producer.
PAR  With the foregoing in mind, it is a primary object of the present invention
      to eliminate the need for manually unbaling and feeding the staple fibrous
      material to fiber processing equipment by providing an apparatus and
      method for converting continuous filament tow into staple fibrous material
      while feeding the fibrous material directly to a textile picker.
PAR  It is a further primary object of the invention to eliminate the necessity
      of maintaining an inventory of staple fibrous material in several
      different staple lengths by providing an apparatus and method of the type
      described wherein the continuous filament tow may be converted into staple
      fibrous material of any required staple length, as desired.
PAR  It is another object of the invention to facilitate obtaining a blend of
      fibrous material from different types of tow by providing an apparatus and
      method of the type described wherein the continuous filament tow being
      converted into staple fibrous material comprises a plurality of tows with
      at least one of the tows being formed of continuous filaments of a
      different characteristic from the continuous filaments of another one of
      the tows.
PAR  It has been found that the above objects may be accomplished in accordance
      with the present invention by providing an apparatus which includes a tow
      cutter for receiving continuous filament tow and for severing the same
      into fibrous material of predetermined staple length, a picker having a
      hopper for receiving the fibrous material from the tow cutter and also
      having evening means for obtaining a substantially uniform weight of
      delivery of the fibrous material processed therethrough, and means
      operatively connected to the tow cutter and to the hopper of the picker
      for feeding the fibrous material from the tow cutter to the picker. In
      accordance with the invention the picker may be equipped with means for
      forming the fibrous material into laps at the delivery end of the picker,
      or with means for feeding the fibrous material in loose fibrous form
      directly from the picker to a bank of cards.
DRWD
PAR  Some of the objects and advantages of the invention having been stated,
      others will appear as the description proceeds, when taken in connection
      with the accompanying drawings, in which
PAR  FIG. 1 is a block diagram illustrating the method steps in accordance with
      a first form of the invention;
PAR  FIG. 2 is a block diagram illustrating the method steps in accordance with
      a second form of the invention;
PAR  FIG. 3 is a schematic side view, partially in elevation and partially in
      section, of a portion of an apparatus in accordance with the first form of
      the invention;
PAR  FIG. 3a is a schematic side view, partially in elevation and partially in
      section of the remaining portion of the apparatus of FIG. 3;
PAR  FIG. 4 is a sectional view through the tow cutter taken substantially along
      line 4--4 of FIG. 3;
PAR  FIG. 5 is a schematic perspective view of an apparatus for feeding the
      fibrous material from the tow cutter to two pickers in accordance with the
      second form of the invention;
PAR  FIG. 6 is a block diagram illustrating the method steps in accordance with
      a third form of the invention;
PAR  FIG. 7 is a block diagram illustrating the method steps in accordance with
      a fourth form of the invention;
PAR  FIG. 8 is a schematic perspective view of an apparatus in accordance with
      the third form of the invention;
PAR  FIG. 9 is a sectional view of the picker taken along line 9--9 of FIG. 8;
PAR  FIG. 10 is a schematic perspective view of an apparatus in accordance with
      the fourth form of the invention;
PAR  FIG. 11 is a block diagram illustrating the controls for controlling
      feeding of the fibrous material to a single picker;
PAR  FIG. 12 is a block diagram illustrating the controls for controlling
      feeding of the fibrous material to a pair of pickers; and
PAR  FIG. 13 is a block diagram illustrating the controls for controlling
      feeding of the fibrous material from one or more pickers to a bank of
      cards.
DETD
PAR  In accordance with a first form of the invention, and as illustrated in
      block form in FIG. 1, a tow of continuous filaments is fed from a suitable
      tow supply to a cutting device where it is cut into staple fibrous
      material of a predetermined staple length. As the staple fibrous material
      is formed at the cutting device, it is removed therefrom and fed to and
      through a picker. At the delivery end of the picker the fibrous material
      is formed into conventional laps for being subsequently processed in a
      conventional manner through any of several cards.
PAR  Under some circumstances, it may be desirable to feed the fibrous material
      from the cutting device to more than one picker and to form laps in a
      conventional manner at the delivery end of each of the pickers with the
      laps subsequently being processed through any of several cards. This
      arrangement would be necessary, for example, where the total rate of
      production of the several cards exceeds that of a single picker. Thus, as
      illustrated in FIG. 2, the second form of the invention is quite similar
      to the first form and differs thereover only in that the staple fibrous
      material is fed from the cutting device to a plurality of pickers.
PAR  A suitable apparatus in accordance with the first form of the invention as
      described above is illustrated in FIGS. 3 and 3a, wherein reference
      character 10 indicates a plurality of containers or boxes of continuous
      filament tow and wherein the respective tows from each box are each
      indicated by the reference character T. A creel, broadly indicated at 20,
      is provided adjacent the tow containers and includes a pulley 21
      positioned above the tow containers to facilitate removing the tows T from
      each container. As the respective tows T pass over pulley 21 they are
      combined to form a single relatively large composite tow T'. Creel 20 also
      includes a series of spaced upper pulleys 22 and lower pulleys 23 around
      which the tow T' is threaded in a sinusoidal or zig-zag manner. The
      purpose of pulleys 22, 23 is to facilitate combining the respective tows T
      into a single uniform composite tow T' of continuous filaments by removing
      folds, false twist, and entanglements from the respective tows T while
      also applying tension thereto.
PAR  The composite tow T'is thereafter fed from the creel 20 to a  cutting
      device, broadly indicated at 30. The tow cutting device includes a
      revolving reel type tow cutter 32 and a tension stand 31 for uniformly
      pretensioning the tow T' while feeding the same to the tow cutter 32.
PAR  The operation of tow cutter 32 will be understood more fully by referring
      to FIG. 4 where it will be seen that the tow T' is passed around a series
      of tow guides 33, 34, 35 which serve to flatten the tow T' into a flat
      band. The band of tow is then wrapped about a revolving reel 36 equipped
      with a plurality of equally spaced radially outwardly directed cutting
      blades 37. A pressure roller 38 is positioned to one side of the revolving
      reel 36 and closely adjacent the cutting edges of the blades as they move
      past pressure roller 38 so that as the band of tow is wound about the reel
      and builds up between the blades and the pressure roller, the inner layer
      of the tow band is forced against the cutting edges of the blades 37, thus
      severing the tow into short lengths of staple fiber. The tow cutter 32 is
      adapted for cutting staple fibers of any desired staple length by merely
      adjusting the spacing between the cutting blades on the cutting reel. To
      facilitate quickly adapting tow cutter 32 for cutting tow into fibers of a
      different staple length, the revolving cutting reel 36 may be easily
      removed from tow cutter 32 and replaced by a similar reel having a
      different blade spacing.
PAR  This type of revolving reel cutter is disclosed in U.S. Pat. 3,485,120,
      issued Dec. 23, 1969; in U.S. Pat. No. 3,503,100, issued Mar. 31, 1970;
      and in U.S. Pat. No. 3,744,361, issued July 10, 1973, to which reference
      may be made for further details of the structure and operation of the tow
      cutter.
PAR  As the tow is cut in tow cutter 32, the staple fibrous material is removed
      from the tow cutter at the lower end thereof by means of a pneumatic
      conveyor system, broadly indicated at 40 (FIG. 3). Pneumatic conveyor
      system 40 includes a conduit 41 which receives the fibrous material from
      the discharge end of the tow cutter 32 and delivers the same to the inlet
      side of a material handling fan 42, which is driven by an electric motor
      43. A relatively long conduit 44 is connected to the outlet side of
      material handling fan 42 and conveys the fibrous material to the inlet
      port of a condenser, broadly indicated at 45. As illustrated, condenser 45
      is a stationary screen type condenser and is positioned over the feed
      hopper of a picker 50 so as to deliver the fibrous material from the tow
      cutter to the picker.
PAR  As the fibrous material is blown into condenser 45 through the fiber inlet
      port adjacent the upper end thereof, a baffle plate 46 deflects the
      fibrous material downwardly into a screen area 47. Screen area 47
      comprises an elongate housing having open opposite ends and having at
      least one of the walls thereof formed of a foraminous screen material,
      indicated in FIG. 3 at 47a. A suction fan 48 is connected by a conduit 49
      to a jacket surrounding the screen area 47 and exhausts the same amount of
      air from condenser 45 that material handling fan 42 blows into the
      condenser. Thus, a dead air space is created within the screen area 47 and
      the fibrous material falls freely from the fiber discharge at the lower
      end of the condenser without being compressed or matted.
PAR  Referring now to FIG. 3a, a single process textile picker is broadly
      indicated at 50 and includes a first feed hopper broadly indicated at 51,
      positioned beneath condenser 45 for receiving the fibrous material
      discharged therefrom, a second feed hopper broadly indicated at 52,
      positioned for receiving the fibrous material from the first feed hopper
      51, two beater sections broadly indicated at 53 and 54, and a calender
      section broadly indicated at 55, at the delivery end of the picker for
      forming the fibrous material into laps. Since single process pickers such
      as that illustrated in FIG. 3a are generally well known to persons skilled
      in the textile arts, a detailed discussion will not be given here of all
      the elements of the picker. It is believed sufficient to merely point out
      that the picker is provided, as is conventional, with an evener motion 56
      between the first and second beater sections 53, 54 for providing a
      uniform delivery of fibrous material from the picker. The structure and
      operation of such evener motions is well known to those skilled in the
      textile arts, and thus a detailed description of the evener motion 56 is
      not deemed necessary. For a detailed disclosure of one type of evener
      motion suitable for use in the picker illustrated herein, reference may be
      had to U.S. Pat. No. 3,680,192, granted Aug. 1, 1972.
PAR  Referring now more specifically to the feed hopper sections 51, 52 of the
      picker, it should be recognized that while two feed hopper sections are
      illustrated, a single feed hopper may be suitably employed, if desired.
      The reasion for providing two hoppers is to provide means for immediately
      feeding fibrous material into the second hopper 52 whenever the fibrous
      material therein drops below a desired level, thus facilitating
      maintaining the level of fibrous material in hopper 52 substantially
      uniform and thereby facilitating uniformity of operation of the picker.
PAR  Referring more specifically to the first hopper 51, the hopper is provided
      in a conventional manner with a bottom apron 61 and with a lifting apron
      62. The lifting apron is provided with pins or spikes for engaging the
      fibrous material and lifting the same upwardly toward the outlet end of
      the hopper. A combing roll 63 near the upper end of the lifting apron
      prevents excessive amounts of fibrous material from being fed from the
      hopper and, together with lifting apron 62, also serves to further open
      the fibrous material to some extent. A doffer roll 64 on the opposite side
      of the lifting apron removes the fibrous material from the lifting apron
      and directs the same from the outlet of the first hopper into the second
      hopper 52. The second hopper 52 is of similar construction to hopper 51
      and is also provided with a bottom apron 65, a lifting apron 66, and with
      combing and doffing rolls 67, 68.
PAR  High and low sensing elements 71, 72 are provided in the first hopper 51
      for sensing when a predetermined high or low level of fibrous material is
      present in the hopper. These sensing elements are connected to suitable
      control circuitry, to be described later, for controlling operation of the
      tow cutter and the picker for maintaining a desired level of fibrous
      material in hopper 51 and for assuring uiiform operation of the picker.
      Also, a sensing element 73 is provided in the second hopper 52 for sensing
      when a predetermined high level of fibrous material is present in hopper
      52 and for stopping the feed of fibrous material from the first hopper 51
      when the desired level of fibrous material is present in hopper 52.
PAR  The circuitry and mechanism for controlling operation of the apparatus
      illustrated in FIGS. 3 and 3a will now be described, with particular
      reference being made to FIG. 11, in which the large boxes represent the
      various elements of the apparatus and the broad arrows indicate the flow
      of fibrous material through the apparatus, and in which the small boxes
      and line arrows represent control elements and functions.
PAR  In accordance with the operation of the controls, the sensing of a
      predetermined high level of fibrous material in the first hopper 51 by the
      high level sensing element 71 stops the operation of the tow cutting
      device so that no further tow is delivered to the hopper, thereby avoiding
      overfilling the hopper. As illustrated, sensing element 71 is a
      photoelectric cell which is positioned in the upper portion of hopper 51
      and which cooperates with a lamp 71a on the opposite side of the hopper to
      generate a signal when the light beam from lamp 71a is uninterrupted. When
      the light beam is interrupted, as when the level of fibrous material in
      the hopper reaches or exceeds the desired predetermined level, the signal
      from sensing element 71 ceases and a motor control 74 stops motor M of the
      tow cutter. While not shown in detail, motor control 74 obviously includes
      a relay or other suitable means which is responsive to the signal from
      sensing element 71 for controlling the source of power to motor M of the
      tow cutter. When the level of fibrous material again drops below the
      desired level, as sensed by sensing element 71, the operation of the tow
      cutter will be resumed until once again the level of fibrous material in
      the hopper reaches the desired predetermined level. Preferably, the tow
      cutter is adjusted so as to deliver the fibrous material to the hopper at
      a rate exceeding the demand of the picker, so that the tow cutter will be
      cycled off and on in response to the variations in the level of the
      fibrous material in the hopper. However, if desired, the rate of delivery
      of the tow cutter may be coordinated with the demand of the picker so that
      the rate of cycling of the tow cutter is decreased or eliminated.
PAR  When the fibrous material in hopper 51 is almost exhausted, as sensed by
      low level sensing element 72, an alarm will be sounded to indicate to the
      operator or attendant that a low level of fibrous material exists on
      hopper 51 and that the tow cutter has apparently malfunctioned or run out
      of tow. As illustrated, low level sensing element 72 is a photoelectric
      cell and is positioned near the bottom of the hopper and cooperates with a
      suitable lamp 72a on the opposite side of the hopper to generate a signal
      when the level of fibrous material in the hopper drops below the level of
      the sensing element. Sensing element 72 is operatively connected to a
      suitable alarm and timer control 75 is adapted to sound an audible and/or
      visual alarm upon receiving a signal from sensing element 72. The signal
      from sensing element 72 also operates a timer which is adapted to stop the
      operation of the picker, through motor control 76, after a predetermined
      length of time if the feed of fibrous material to the hopper is not
      re-established within such time. This device insures that the picker will
      not operate with an insufficient level of fibrous material in the second
      feed hopper 52 and thereby avoids obtaining nonuniform delivery of fibrous
      material from the picker.
PAR  Sensing element 73, located in the second hopper 52, operates in a manner
      similar to sensing element 71 in the first hopper 51 to control the feed
      of fibrous material from the first hopper to the second hopper and to
      thereby maintain the level of the fibrous material in the second hopper 52
      substantially uniform. As illustrated, sensing element 73 is a
      photoelectric cell and operates, together with a cooperating lamp 73a, and
      motor control 77 to stop the motor M of the first hopper 51 when a
      predetermined high level of fibrous material is present in the second
      hopper 52. Motor M of hopper 51 drives the previously described aprons and
      rolls which serve to feed the fibrous material from the first hopper 51 to
      the second hopper 52.
PAR  Referring now to the second form of the invention, it will be recalled from
      earlier descriptions that the apparatus employed in accordance with the
      second form of the invention is similar to that described with reference
      to the first form of the invention and illustrated in FIGS. 3 and 3a
      except that two pickers are provided instead of a single picker and means
      are provided for feeding the fibrous material from the tow cutter to the
      hoppers of both pickers as the respective pickers require additional
      fibrous material. Accordingly, only those parts of the apparatus which
      differ from that previously described will now be described, it being
      understood that the operation of the tow cutter, the pneumatic conveyor,
      and the operation of each of the pickers is essentially as previously
      described with reference to FIGS. 3 and 3a.
PAR  Referring to FIG. 5, reference character 80 broadly indicates part of an
      apparatus for feeding the fibrous material from the tow cutter to a pair
      of pickers. This feeding apparatus 80 also includes a pneumatic conveyor
      system of the type previously described including a material handling fan
      and conduits which receive the fibrous material from the tow cutter and
      convey the same to a condenser located adjacent the pickers. The
      condenser, indicated at 81 in FIG. 5, is of the type previously described,
      which receives the fibrous material pneumatically conveyed from the tow
      cutter and deposits the same in an elongate trough 82 positioned beneath
      condenser 81. The bottom of trough 82 consists of an endless apron or
      conveyor belt 83 which carries the fibrous material along the length of
      the condenser to the respective pickers, generally indicated at 90 and 91.
      As in the first form of the invention, pickers 90, 91 are each provided
      with a first feed hopper 92, 93 for receiving the fibrous material from
      feeding apparatus 80, and with a second feed hopper 94, 95, for receiving
      the fibrous material from the respective first hoppers 92, 93. At the
      first hopper 92 of the first picker 90, a portion of the side wall of
      trough 82 is removed while the opposite side wall is hinged to form a gate
      85 adapted to swing across the trough and divert the fibrous material into
      hopper 92 of the first picker 90. A pneumatic cylinder 86, under the
      control of a control mechanism to be described later, operates gate 85 to
      divert fibrous material into hopper 92 as required. The fibrous material
      not diverted into hopper 92 of the first picker 90 travels along the
      length of trough 82 and is directed by deflecting plate 87 into the first
      hopper 93 of the second picker 91.
PAR  The control system for controlling operation of the apparatus in accordance
      with the second form of the invention will now be described with reference
      to FIG. 12. It will be noted that the low level sensing elements 96, 97 in
      the respective first hoppers 92, 93 of each of the pickers and the alarm
      and timer controls associated therewith operate in the same manner as has
      been previously described with reference to FIG. 11. Similarly, the high
      level sensing elements 98, 99 in the respective second hoppers 94, 95 of
      each of the pickers and the motor control means associated therewith also
      operate in the manner previously described to control the feeding of
      fibrous material from the first hopper to the second hopper of the
      respective pickers. Accordingly, a detailed explanation of these control
      elements and their functions will not be repeated.
PAR  Referring now to the first hopper 92 of the first picker 90, it will be
      noted that the high level sensing element (labeled 88 in FIG. 12) in this
      hopper is operatively connected through suitable electric controls to a
      valve V controlling the supply of air or other compressed fluid to a
      one-way pneumatic cylinder 86. Pneumatic cylinder 86 is operatively
      connected to gate 85 and is normally in the position shown so as to divert
      the fibrous material from the tow cutter into the hopper 92 of the first
      picker. When the desired predetermined level of fibrous material is
      present in hopper 92, sensing element 88 senses this condition and the
      electric controls operate valve V thereby causing gate 85 to be opened.
      Thus, the fibrous material is allowed to by-pass hopper 92 of the first
      picker and to be fed to the first hopper 93 of the second picker.
PAR  Upon the sensing of a predetermined high level of fibrous material in
      hopper 93 by the high level sensing element 89, a suitable electric motor
      control stops the operation of the motor M driving the tow cutter so that
      no further tow is delivered to the pickers. When the level of fibrous
      material in hopper 93 again drops below the desired predetermined level,
      as sensed by sensing element 89, the operation of the tow cutter will be
      resumed and fibrous material will again be fed to either the first picker
      90 or the second picker 91 as required. As in the previous form of the
      invention, the tow cutter may be adjusted so as to deliver fibrous
      material to the pickers at a rate exceeding the total demand of the two
      pickers, in which case the tow cutter will be cycled off and on in
      response to the demands of hopper 93 in the second picker for additional
      fibrous material. If desired, the rate of delivery of the tow cutter may
      be coordinated with the total demand of the pickers so that the cycling of
      the tow cutter is decreased or eliminated.
PAR  In accordance with the above arrangement, the demands of the first picker
      90 for fibrous material are satisfied first and the tow cutter is stopped
      only when the respective first hoppers 92, 93 of both pickers are filled
      to the desired level. This assures that both pickers will be provided with
      an adequate supply of fibrous material.
PAR  As illustrated in block form in FIG. 6, the third form of the invention is
      quite similar to the first form of the invention previously described,
      except that instead of forming the fibrous material into laps at the
      delivery end of the picker, the calender section of the picker is removed
      and the fibrous material is received at the delivery end of the picker and
      fed as a stream of loose fibers directly to a bank of cards, with each
      card being provided with means such as a conventional chute feed or hopper
      feed for receiving the loose fibers and for directing the same into the
      card, with such means hereinafter being generically referred to as
      transitory storage means.
PAR  Referring now to FIG. 8 which illustrates an apparatus in accordance with
      this third form of the invention, it will be noted that many of the
      elements thereof correspond to elements previously described with
      reference to the first form of the invention illustrated in FIGS. 3 and
      3a. Accordingly, to avoid unnecessary repetition in description, those
      elements shown in FIG. 8 which correspond to similar elements shown in
      FIGS. 3 and 3a will bear the same reference characters, with prime
      notation added, where applicable.
PAR  It will be noted from viewing FIGS. 8 and 9 that the calender section of
      the picker has been removed and that means have been provided for
      receiving the fibrous material as it is delivered from the second beater
      section 54' of the picker and for feeding the same to a bank of cards,
      generally indicated at 120. A duct 101 is positioned across the outlet
      side of the condenser screens 54a (FIG. 9) of the second beater section
      54' for receiving the fibrous material delivered from the picker. Although
      the fibrous material could be suitably taken from the picker as it leaves
      the beaters and without condensing at the condenser screens 54a, the
      expense involved in adapting the picker by removing the condenser screens
      makes this alternative unattractive for most installations. Duct 101 is
      connected to the inlet side of a material handling fan 102 so that the
      fibrous material being delivered from the picker is pneumatically
      collected or removed therefrom and pneumatically conveyed through a
      conduit 103 to a condenser 104 located adjacent a bank of cards 120.
      Condenser 104 is of the stationary screen type previously described and
      has associated therewith a suction fan 105 for removing the air supplied
      to condenser 104 by material handling fan 102.
PAR  The control system for controlling operation of the tow cutter and the
      picker in this third form of the invention is essentially the same as has
      been previously described with reference to FIG. 11, and accordingly will
      not be described in detail. However, in addition, motor control 76 of FIG.
      11 is preferably also operatively connected to each card 121 in the bank
      of cards 120 as shown in FIG. 13. Thus, when the fibrous material in the
      first hopper 51' of picker 50' reaches a low level, the operation of not
      only picker 50' but also the entire bank of cards 120 will be stopped to
      thereby avoid obtaining a nonuniform delivery of the fibrous material from
      the picker and the bank of cards.
PAR  The bank of cards 120 preferably includes from about eight to ten
      individual cards 121 arranged in any desired relation, but preferably in
      side-by-side relation as illustrated, and with each card being provided in
      a conventional manner with transitory storage means such as a chute 122
      for receiving the fibrous material from the picker and directing or
      feeding the same into the card.
PAR  An elongate trough 106 extends the length of the bank of cards and is
      operatively connected with the chute 122 of each card. Condenser 104 is
      positioned at one end of the elongate trough 106 for delivering the
      fibrous material into the trough as it is received from picker 50'. The
      bottom of trough 106 consists of an endless apron or conveyor belt 107
      which carries the fibrous material along the length of the trough from the
      condenser to the respective chutes 122 of each card in the bank of cards
      120. At each chute 122, a portion of the side wall of trough 106 is
      removed while the opposite side wall of the trough is hinged to form a
      gate 108 adapted to swing across the trough and divert the fibrous
      material into the corresponding chute. Each gate 108 is operated by a
      pneumatic cylinder 109 located adjacent the gate.
PAR  The control system for controlling the feeding of the fibrous material into
      the various cards is illustrated in FIG. 13, where the broad arrow
      indicates the path of the fibrous material from the picker to the chutes
      122 of the respective cards 121. Each chute 122 is provided with a sensing
      element 110 for sensing when a predetermined high level of fibrous
      material is present in the chute. As illustrated in FIG. 13, the sensing
      element 110 is a photoelectric cell and is mounted on one side of chute
      122. A cooperating lamp 111 is mounted on the opposite side of the chute
      and projects a beam of light across the chute to the photoelectric cell.
PAR  Each gate 108 is operated by a one-way pneumatic cylinder 109 so as to
      close gate 108 and divert fibrous material into the chute when pressurized
      air is supplied to the cylinder, and to swing open and allow the fibrous
      material to by-pass the chute when the cylinder is not pressurized.
PAR  When the beam of light from lamp 111 strikes sensing element 110,
      indicating that the level of fibrous material in the chute is low, a
      conventional electric control circuit associated with the sensing element
      causes a valve V to open and to supply pressurized air to pneumatic
      cylinder 109. Gate 108 is thereby closed and fibrous material is diverted
      into the chute.
PAR  Referring now to the left hand card 121 illustrated in FIG. 13, the dashed
      lines in chute 122 indicate that the level of the fibrous material in the
      chute is sufficient and that the beam of light from lamp 111 is obstructed
      thereby. Thus, gate 108 remains open and allows the fibrous material to
      by-pass this chute. Referring to the middle card 121 illustrated in FIG.
      13, the dashed lines in chute 122 of this card indicate that the fibrous
      material in this chute is at a level below the sensing element 110. The
      beam of light from lamp 111 strikes the sensing element 110 and causes
      gate 108 to be closed, thereby diverting fibrous material into the chute.
      The gate will remain in this position until the level of fibrous material
      in the chute is raised sufficiently to interrupt the beam of light, at
      which time the gate 108 will open and allow the fibrous material to
      by-pass this card. The dashed lines in chute 122 of the right hand card of
      FIG. 13 indicates that the level of fibrous material present in this chute
      is also low. However, since a gate 108 upstream from this card is closed,
      this card will receive no fibrous material until all of the upstream
      chutes are filled with fibrous material and their respective gates 108 are
      opened. The output of picker 50 is preferably adjusted in accordance with
      the total demand of the bank of cards so that all of the cards in the bank
      are always fed a sufficient supply of fibrous material and there is no
      substantial excess of fibrous material being processed by the picker. In
      this regard, the evener motion of picker is particularly desirable for
      facilitating coordinating the output of the picker with the total demand
      of the bank of cards.
PAR  As illustrated in block form in FIG. 7, the fourth form of the invention is
      similar to the third form of the invention illustrated in FIG. 6, except
      that the fibrous material, instead of being fed from the tow cutter to a
      single picker, is fed to a plurality of pickers. This arrangement is
      necessary when the bank of cards has a total rate of production in excess
      of that capable of being supplied by single picker.
PAR  Referring to FIG. 10, it will be noted that the apparatus in accordance
      with this fourth form of the invention is similar to that previously
      described with reference to FIG. 8 except that two pickers are provided
      and means are provided for feeding the fibrous material from the tow
      cutter to the hoppers of both pickers. Accordingly, to avoid repetitive
      description, those elements shown in FIG. 10 which correspond to elements
      previously shown and described with reference to FIG. 8 will bear the same
      reference characters, with prime notation added, where applicable.
PAR  Referring to the two pickers shown in FIG. 10, broadly indicated at 131 and
      132, and to the apparatus, broadly designated at 133, for feeding the
      fibrous material from the tow cutter to the hoppers of the respective
      pickers 131 and 132, it will be readily apparent that a similar
      arrangement of apparatus has been described in detail with respect to an
      earlier form of the invention, as illustrated in FIG. 5. Accordingly, a
      detailed description of this apparatus and its method of operation will
      not be repeated. It is believed sufficient to merely point out that the
      feeding apparatus 133, like the feeding apparatus 80 shown in FIG. 5,
      includes a pneumatic conveyor for conveying the fibrous material from the
      tow cutter 32", a condenser 134 for receiving the fibrous material as it
      is pneumatically conveyed from the tow cutter 32" and a trough 135
      positioned for receiving the fibrous material from condenser 134 and for
      controllably directing the fibrous material into the first feed hopper of
      pickers 131 and 132 as required. It will also be noted that the calender
      section has been removed from each of these pickers and that a duct 101'
      has been positioned in front of the outlet side of the condenser screens
      of the second beater section of each picker for receiving the fibrous
      material delivered therefrom. Conduits 136 and 137 interconnect the
      respective ducts 101' with the inlet side of the material handling fan
      102'. The controls for controlling the feed of fibrous material into the
      hoppers of the respective pickers 131, 132 and the controls for
      controlling the feed of fibrous material into the respective chutes 122'
      of the bank of cards are essentially the same as that previously described
      with reference to FIGS. 12 and 13. Additionally, in order to avoid
      obtaining a nonuniform delivery of fibrous material from the pickers and
      from the bank of cards, the control system is adapted to stop operation of
      both of the pickers 131 and 132 and also the bank of cards 120' (FIG. 10)
      when the fibrous material in the first hopper of either picker 131 or
      picker 132 falls below a predetermined low level. It will be readily
      apparent that the motor controls associated with the respective low level
      sensing elements 96, 97 may be operatively connected to the other picker
      and to the bank of cards to accomplish this function.
PAR  The present invention is particularly adapted for forming uniform blends of
      different types of fibers at an early stage in the processing thereof
      rather than at the draw frame as is conventional. In combining the several
      tows T into a single composite tow T' prior to cutting, one or more of the
      tows may be formed of continuous filaments of a different characteristic
      from the continuous filaments of another of the tows. Blends may be
      produced in this manner wherein the filaments of the various tows are of
      different composition, or wherein the filaments are of different texture,
      crimp, inherent crimpability, or other characteristic.
PAR  In the drawings and specification, there have been set forth preferred
      embodiments of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitations.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. Apparatus for processing preformed continuous filament tow positioned in
      a container comprising a tow cutter for receiving the continuous filament
      tow from the container and for severing the same into fibrous material of
      predetermined staple length, and means positioned ahead of said tow cutter
      for guiding the preformed continuous filament tow from the container to
      said tow cutter and for aiding in the removal of any folds or
      entanglements present in the tow upon its removal from the container, a
      picker having a hopper for receiving the fibrous material from said tow
      cutter and also having evening means for obtaining a substantially uniform
      weight of delivery of the fibrous material processed therethrough, means
      operatively connected to said tow cutter and to the hopper of said picker
      for feeding the fibrous material from said tow cutter to said picker, and
      wherein said hopper is provided with means for stopping operation of said
      tow cutter in response to a predetermined high level of fibrous material
      being present in said hopper to thereby avoid overfilling said hopper.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said picker is provided with lap
      forming means at its delivery end for forming laps for subsequently being
      processed through cards.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein a bank of cards is operatively
      connected to said picker with each card having transitory storage means
      for receiving the fibrous material from said picker and for directing the
      same into the card, and means are provided for receiving the fibrous
      material at the delivery end of the picker and for feeding the same to the
      respective transitory storage means of said bank of cards.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said hopper is provided with
      means for stopping operation of said picker in response to the fibrous
      material being substantially exhausted from said hopper to thereby avoid
      obtaining nonuniform delivery of fibrous material from said picker.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said picker is provided with a
      second hopper positioned adjacent said first recited hopper for receiving
      the fibrous material therefrom, and wherein said first recited hopper
      includes means for feeding the fibrous material from the first recited
      hopper to said second hopper.
NUM  6.
PAR  6. Apparatus according to claim 5, additionally including means for
      stopping the feeding of fibrous material from the first hopper to said
      second hopper of said picker in response to a predetermined high level of
      fibrous material being present in said second hopper to thereby facilitate
      obtaining a more uniform weight of delivery of fibrous material from said
      picker.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said first hopper of said picker
      is provided with means for stopping operation of said picker in response
      to the fibrous material being substantially exhausted from said first
      hopper to thereby avoid obtaining nonuniform delivery of fibrous material
      from said picker.
NUM  8.
PAR  8. Apparatus according to claim 1, additionally comprising a second picker
      positioned adjacent said first recited picker, said second picker also
      having a hopper for receiving the fibrous material from said tow cutter
      and having evening means for obtaining a substantially uniform weight of
      delivery of fibrous material processed therethrough, and wherein said
      means for feeding the fibrous material from said tow cutter to said first
      recited picker is operatively connected to the hopper of said second
      picker for also feeding the fibrous material to said second picker.
NUM  9.
PAR  9. Apparatus according to claim 1 wherein said means for feeding the
      fibrous material from said tow cutter to said picker includes pneumatic
      conveyor means.
NUM  10.
PAR  10. Appparatus for processing continuous filament tow comprising a tow
      cutter for receiving continuous filament tow and for serving the same into
      fibrous material of predetermined staple length, a picker associated with
      said tow cutter and including first and second hoppers for receiving the
      fibrous material from said tow cutter, means operatively connected to said
      tow cutter and to the first hopper of said picker for feeding the fibrous
      material from said tow cutter to said picker, said first hopper of said
      picker including means for stopping operation of the tow cutter in
      response to a predetermined high level of fibrous material being present
      in said first hopper and also including means for feeding the fibrous
      material forwardly therefrom, said second hopper being positioned
      forwardly of said first hopper for receiving the fibrous material from
      said first hopper and including means for stopping the feeding of fibrous
      material from said first hopper to said second hopper in response to a
      predetermined high level of fibrous material being present in said second
      hopper to facilitate obtaining a more uniform weight of delivery of
      fibrous material from said picker, a bank of cards operatively connected
      to said picker with each card having transitory storage means for
      receiving the fibrous material from said picker and for directing the same
      into the card, and means for receiving the fibrous material at the
      delivery end of the picker and for feeding the same to the respective
      transitory storage means of said bank of cards.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein said first hopper of said
      picker is also provided with means for stopping operation of said picker
      and said bank of cards in response to the fibrous material being
      substantially exhausted from said first hopper to thereby avoid obtaining
      nonuniform delivery of fibrous material from said picker and bank of
      cards.
NUM  12.
PAR  12. Apparatus for processing preformed continuous filament tow positioned
      in a container comprising a tow cutter for receiving the continuous
      filament tow from the container and for severing the same into fibrous
      material of predetermined staple length, and means positioned ahead of
      said tow cutter for guiding the preformed continuous filament tow from the
      container to said tow cutter and for aiding in the removal of any folds or
      entanglements present in the tow upon its removal from the container, a
      plurality of pickers associated with said tow cutter with each of said
      pickers having a hopper for receiving the fibrous material from said tow
      cutter and having evening means for obtaining a substantially uniform
      weight of delivery of fibrous material processed therethrough, and with
      each of said pickers also being provided with lap forming means at the
      delivery end thereof for forming the fibrous material into laps for being
      subsequently processed through cards, means operatively connected to said
      tow cutter and to the respective hoppers of each of said pickers for
      feeding the fibrous material from said tow cutter to each of said pickers
      and wherein the respective hoppers of the pickers are provided with means
      for stopping operation of said tow cutter in response to a predetermined
      high level of fibrous material being present in said hoppers to thereby
      avoid overfilling the hoppers.
NUM  13.
PAR  13. Apparatus for processing continuous filament tow comprising a tow
      cutter for receiving continuous filament tow and for severing the same
      into fibrous material of predetermined staple length, a plurality of
      pickers associated with said tow cutter with each of said pickers having a
      hopper for receiving the fibrous material from said tow cutter and having
      evening means for obtaining a substantially uniform weight of delivery of
      fibrous material processed therethrough, means operatively connected to
      said tow cutter and to the respective hoppers of each of said pickers for
      feeding the fibrous material from said tow cutter to each of said pickers,
      a bank of cards operatively connected to said pickers with each card
      having transitory storage means for receiving the fibrous material from
      said pickers and for directing the same into the card, and means for
      receiving the fibrous material at the delivery end of said pickers and for
      feeding the same to the respective transitory storage means of said bank
      of cards.
NUM  14.
PAR  14. Apparatus according to claim 13 wherein each of said pickers is
      provided with a second hopper positioned adjacent said first recited
      hopper for receiving the fibrous material therefrom, and wherein said
      first recited hopper includes means for feeding the fibrous material from
      the first recited hopper to said second hopper.
NUM  15.
PAR  15. Apparatus according to claim 14 additionally including means associated
      with each of said pickers for stopping the feeding of fibrous material
      from the first hopper to said second hopper of the picker in response to a
      predetermined high level of fibrous material being present in said second
      hopper to facilitate obtaining a more uniform weight of delivery of
      fibrous material from said pickers.
NUM  16.
PAR  16. A method of processing preformed continuous filament tow comprising
      guiding the preformed tow from a supply container through a predetermined
      path of travel to a tow cutter while removing any folds or entanglements
      present in the tow and while severing the tow into fibrous material of
      predetermined staple length and while feeding the fibrous material as it
      is delivered from the tow cutter to a hopper of a picker and through the
      picker to obtain a substantially uniform weight of fibrous material
      therefrom, and stopping operation of the tow cutter in response to a
      predetermined high level of fibrous material being present in the hopper.
NUM  17.
PAR  17. A method according to claim 16 comprising forming the fibrous material
      into laps at the delivery end of the picker for being subsequently
      processed through cards.
NUM  18.
PAR  18. A method according to claim 16 comprising feeding the fibrous material
      as a stream of loose fibers from the delivery end of the picker to a bank
      of cards for forming carded stock therefrom.
NUM  19.
PAR  19. A method according to claim 16 including stopping operation of the
      picker in response to the fibrous material being substantially exhausted
      from the hopper of the picker.
NUM  20.
PAR  20. A method according to claim 16 comprising pneumatically collecting the
      fibrous material as it is delivered from the picker and pneumatically
      feeding the fibrous material in loose fibrous form to a bank of cards for
      forming carded stock therefrom.
NUM  21.
PAR  21. A method according to claim 16 wherein the continuous filament tow fed
      to the tow cutter comprises a plurality of tows and wherein at least one
      of the tows is formed of continuous filaments of a different
      characteristic from the continuous filaments of another one of the tows to
      thereby facilitate obtaining a blend of fibrous material from different
      types of tow.
PATN
WKU  039302865
SRC  5
APN  5308771
APT  1
ART  311
APD  19741209
TTL  Flexible container having valve with puncturing plunger
ISD  19760106
NCL  3
ECL  1
EXA  Scherbel; David A.
EXP  Reeves; Robert B.
NDR  3
NFG  13
INVT
NAM  McGowen; Inez Madeleine
CTY  San Rafael
STA  CA
ASSG
NAM  United Vintners, Inc.
CTY  San Francisco
STA  CA
COD  02
CLAS
OCL  222 83
XCL  222105
XCL  222522
XCL  229 14B
XCL  229 55
EDF  2
ICL  B67B  726
ICL  B67B  728
FSC  222
FSS  81;83;89;92;105;107;180;181;183;215;519;522
FSC  229
FSS  14 B;55
FSC  141
FSS  19;114;313;329;330
FSC  128
FSS  214 D;274;DIG. 24
UREF
PNO  2379327
ISD  19450600
NAM  Waite
OCL  222522
UREF
PNO  2574989
ISD  19511100
NAM  Waite
OCL  222522
UREF
PNO  3206075
ISD  19650900
NAM  Scholle
OCL  222105
UREF
PNO  3239104
ISD  19660300
NAM  Scholle
XCL  222 89
UREF
PNO  3339721
ISD  19670900
NAM  Goldstein
OCL  229 14B
UREF
PNO  3349965
ISD  19671000
NAM  Krugger
OCL  222105
UREF
PNO  3521807
ISD  19700700
NAM  Weisberg
OCL  229 14B
UREF
PNO  3696969
ISD  19721000
NAM  DeVaun et al.
OCL  222105
ABST
PAL  Wine or other beverage receptacle comprising a flexible container of
      sheet-like material having affixed thereto a valve which is capable of
      puncturing the sheet to provide an outlet, together with a rigid or
      semi-rigid support having an opening to receive and support the valve and
      to support the container and its contents in upright position for display
      and dispensing.
BSUM
PAR  This invention relates to receptacles for wine and other beverages.
PAR  Typically wine is packaged in glass bottles. However, there exists a
      substantial market for wine packaged in flexible sheet-like containers or
      bags but a difficulty involved is that these bags are not self-sustaining
      and cannot be set upright on a shelf or table for display or dispensing.
      There are available today a number of sheet materials such as laminates of
      polyester - foil - polyester - polypropylene (the polypropylene being
      intended to contact the wine) which are suitable as wine containers, but
      because of the lack of means heretofore for properly supporting them for
      display and dispensing, they have not been used or have been used only to
      a limited extent.
PAR  It is an object of the present invention to provide improvements in the
      packaging of wine and other beverages.
PAR  It is another and more particular object of the present invention to
      provide a flexible container for wine and other beverages which obviates
      the difficulties mentioned above and is provided with means for supporting
      the packaged wine for display and for dispensing.
PAR  The above and other objects of the invention will be apparent from the
      ensuing description and the appended claims.
DRWD
PAR  One embodiment of the invention is illustrated by way of example in the
      accompanying drawings in which:
PAR  FIG. 1 is a plan view of the flexible bag-like container prior to filling
      and sealing;
PAR  FIG. 2 is a similar view of the same container filled with wine and sealed;
PAR  FIG. 3 is an end view taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a sectional view on a larger scale taken along the line 4--4 of
      FIG. 1;
PAR  FIG. 5 is a plan view of the blank for a semirigid holder and support for
      the filled container;
PAR  FIG. 6 is a view of the complete package including the filled bag and
      holder showing their appearance when on display, in storage or in
      dispensing position;
PAR  FIG. 7 is a view as seen from the right of FIG. 6;
PAR  FIG. 8 is a view in vertical midsection of the dispensing valve employed
      with the wine container of the invention;
PAR  FIG. 9 is a view as seen from the left of FIG. 8;
PAR  FIG. 10 is a view in side elevation of the wine container in its holder as
      in FIG. 7 but with the dispensing valve attached;
PAR  FIG. 11 is a view in side elevation of a barrel shaped dispenser to be used
      with the filled flexible wine container removed from the support or holder
      shown in FIG. 10;
PAR  FIG. 12 is a view as seen from the left of FIG. 11;
PAR  FIG. 13 is a bottom view of FIG. 11.
DETD
PAR  Referring now to the drawings and preliminarily to FIGS. 1, 2, 3 and 4, a
      flexible sheet-like container is there shown and generally is designated
      as 10. It comprises two identical halves 11 which may be of any suitable
      flexible sheet-like plastic material such as a laminate of polyester -
      aluminum foil - polyester-polypropylene or polyester- aluminum foil -
      copolymer or blend of polyester and polyethylene provided that it is
      compatible with the beverage which it is to contain, for example, a still
      wine. In the examples given the first named layer would be on the outside
      and the last named layer would be on the inside in contact with the wine.
      The two sheets are sealed together along their longitudinal edges 12 and
      their bottom edges 13, for example, by heat sealing.
PAR  Referring now to FIG. 4, a sealing ring generally designated by the
      reference numeral 14 is there shown. It comprises a flange 15, a neck 16
      formed with a central axial passage 17 and an annular rib 19 defining an
      annular groove 20. The flange 15 is affixed to the exterior of the bag by
      heat sealing or by an adhesive, preferably by heat sealing.
PAR  As will be seen, the circular area 21 of the bag which is adjacent the
      axial passage 17 is unperforated at this stage.
PAR  Referring to FIG. 2, the open ended bag or envelope 10 shown in FIG. 1 is
      filled with wine or other beverage and then it is heat sealed at 25 and
      along the edges 26 down to a level indicated by the line 27. Further, the
      heat sealed portion 25 is cut away to provide a finger opening 28 for a
      purpose described hereinafter.
PAR  Referring now to FIG. 5, a die cut blank generally designated as 30 is
      there shown. This blank is preferably made of paperboard of other
      inexpensive rigid or semirigid material which can be die cut and folded
      along the crease lines shown as broken lines. The blank 30 is composed in
      two halves 31 of the same size and shape, separated by an area 32. One of
      the body halves 31 has an end portion or flap 33 which is die cut at its
      outer edge to provide a tab 34 and further it is die cut below the flap 33
      to provide a finger opening 35. The other half 31 of the blank has a
      matching opening 35 and it is also scored or grooved at 36 to define an
      oval cut-out portion 37 which can be readily removed for a purpose
      described below. This cut-out portion 37 is formed with a circular opening
      38 for a purpose described below.
PAR  Referring now to FIGS. 6 and 7, the bag 10 filled with wine or other
      beverage and sealed as described above and with its sealing ring 14 in
      place is placed over the base portion 32 of the blank 30, the two halves
      31 are folded about the score lines that separate them from base 32 so as
      to form a tent-like enclosure generally designated as 39, and the flap 33
      is folded over and the tab 34 is folded back to provide a hand hold. The
      neck 16 of the sealing ring 14 is slipped through the circular opening 38.
PAR  Referring now to FIG. 8, a valve is provided which is generally designated
      as 45. This valve has a flange 46 formed with an annular retainer ring 46a
      which is slipped over the rib 19 of the neck 16 of sealing ring 14, by
      which means the valve is attached to sealing ring and the bag. A tubular
      member 47 is provided which is integral with the flange 46. The tube 47
      has an axial passage 48 for dispensing wine in the manner described below.
      A plunger 49 is provided having a sharpened knife edge 50 at its inner end
      and a knob 51 at its outer end. A keeper or lock member 52 is provided
      which, as shown in FIG. 9, may be of spiral configuration and which is
      interposed between the inner end of the knob 51 and the flange 46. As will
      be apparent, the bag containing the wine is intact until such time as the
      plunger 49 is thrust inwardly. Normally, the plunger is kept from being
      thrust inwardly by the keeper 52. However, upon stripping away the keeper
      52, the plunger is free to be thrust inwardly. This is accomplished when
      it is desired to dispense the wine simply by pushing in on the knob or
      handle 51. As long as the knob is in its inner position a projection or
      boss 51a plugs passage 48 and prevents flow of wine, but on pulling it
      out, wine is dispensed.
PAR  It will be apparent that a flexible container for wine and other beverages
      is provided which has the advantages of packaging wine in a flexible bag
      and yet is provided with a simple, inexpensive and very effective support
      in the form of the tent structure 39 and with a very convenient dispensing
      valve. The structure can be placed upright on a shelf in a liquor store
      for display. When a person purchases such a package he can store it on a
      shelf, for example, in a refrigerator until it is desired to dispense the
      wine and he can stand it up on a table for dispensing.
PAR  Dispensing is made very easy by simply stripping away the keeper 52,
      pushing the knob 51 inwardly and then pulling it out. When as much wine is
      dispensed as is desired, the knob 51 is pushed in again so as to plug the
      tube 47. The keeper 52 is deformed or broken when it is removed and its
      absence, or its damaged condition serves as a telltale that the bag 10 has
      been opened.
PAR  Yet another advantage of the construction thus shown is illustrated in
      FIGS. 11, 12 and 13 where there is shown a barrel 60 which may be of any
      suitable material such as wood, metal or, preferably, a molded plastic.
      The barrel 60 comprises a body 61 and downwardly projecting legs 62.
      Diametrically opposite the legs 62 are nesting grooves 63. As will be
      seen, the legs 62 of one barrel will nest in the grooves 63 of the barrel
      below so that several barrels may be stacked one upon another. As is shown
      in FIG. 12, the front end of the barrel (i.e. the left as viewed in FIG.
      11) is open at 65 and the shape and size of the opening 65 are such that
      the cut out portion 37 of the support structure 39 will fit therein as by
      a snap fit. In use a purchaser will purchase one or more of the wine
      packages 39 and along with it he will purchase (or will be given as a
      bonus) one of the barrels 60. He will then tear out the cut out portion
      37, will separate the bag and attached cut out 37 from the rest of the
      support 39, will insert the bag in the barrel 60 through its open end and
      will fit the cut out portion 37 into the open end 65 of the barrel. This
      provides an adequate support for the bag of wine and its valve; it is
      readily accessible and it may be operated to dispense wine as desired.
      Further, the cut out portion 37 may be suitably decorated, may carry
      identification of the wine, etc.
PAR  When the bag has been emptied, another of the packages will be placed in
      the barrel. The barrel becomes, therefore, a more or less permanent
      dispenser to be used over and over again.
PAR  It will therefore be apparent that new and useful wine dispensing and
      container equipment are provided.
CLMS
STM  I claim:
NUM  1.
PAR  1. A beverage container-dispenser comprising:
PA1  a. a flexible bag having a sealable opening for filling the bag,
PA1  b. a valve attached to a wall of the bag, said valve having an operating
      member capable of movement to a closing position in which it closes the
      valve and which also during such closing movement serves to puncture the
      bag, said operating member being also movable to a dispensing position
      wherein it opens the valve to allow dispensing of beverage from the bag,
PA1  c. a support structure having opposed side walls joined at the top and
      diverging from top to bottom and having a flat bottom joining the lower
      edges of the side walls and acting as a base to support the structure and
      bag in upright display and dispensing position and
PA1  d. said valve projecting through a wall of the support structure.
NUM  2.
PAR  2. The container-dispenser of claim 1 wherein the wall of the support
      structure through which the valve projects has an area surrounding the
      valve which is weakened so as to be readily removable while remaining
      attached to the valve.
NUM  3.
PAR  3. Beverage dispensing construction comprising the structure of claim 2 in
      combination with a rigid, self-supporting housing having an open end, said
      area of the support structure, when separated, fitting within such open
      end.
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ABST
PAL  An adjustable strap comprising two pieces of relatively soft elastomeric
      elongated strips. The strips are interconnected, one strip having an
      opening through which the other strip passes. The strip having the opening
      has a longitudinal central elongated depression therein provided with a
      series of upstanding teeth; and the strip threaded through the opening is
      provided with an elongated series of upstanding teeth slanting in the
      opposite direction for engagement with the teeth in the depression at any
      desired point of adjustment along the strap, there being another
      connection between the two straps.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There is a definite need for inexpensive holding straps for any desired
      purpose e.g., wrist watch straps, belts, head bands, and binding and
      strapping means in general, and it is the object of the present invention
      to provide a very inexpensively manufactured, long lasting strap having a
      connection that is easily operated and holds positively against
      longitudinal pull.
PAC  SUMMARY OF THE INVENTION
PAR  There are provided two elongated strips of elastomeric material. At the
      leading end of one strip there is provided means forming a slot through
      which the other strip extends, each of the strips having connection means
      to extraneous devices at the opposite ends thereof together with
      corrugated means forming more resilient extensions of both of the strips.
      At the leading end of the said other strip, threaded through the slot,
      there is a simple lateral edge detachable connection between the strips.
PAR  The said one strip having the slot is provided with a longitudinal
      depression therein and in the bottom of the depression there are formed a
      series of slanting teeth; the other strip having a projecting similar
      series of slanting teeth for engagement therewith, the teeth of the strips
      slanting in opposite directions for positive engagement thereof in
      longitudinally adjusted condition of the strips. When interengaged, the
      connection cannot be dislocated in a longitudinal direction but by
      disengaging the leading end of the strip having the projecting teeth, all
      of the teeth can be disengaged by pulling the strip with the projecting
      teeth away in a transverse direction from the length of the strap. Thus
      the strap can be removed from an object to which it was attached, or it
      can be longitudinally adjusted.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view illustrating the invention;
PAR  FIG. 2 is an edge view looking in the direction of arrow 2 in FIG. 1;
PAR  FIG. 3 is a bottom plan view; and
PAR  FIG. 4 is a section on an enlarged scale.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  There are two elongated narrow elastomeric strips 10 and 12, each strip
      being provided at its extreme end portion with a device such as the slot
      formed by the bridge at 14, 14 for attaching extraneous objects thereto as
      desired or needed. Inwardly from these attaching means there are accordion
      or pleated areas 16, 16 providing for extra stretch.
PAR  The elastomeric strip 10 is provided with a longitudinal central upstanding
      rib 18 on which are integrally formed a long series of slanting teeth 20
      and it will be noted in FIG. 2 that these teeth slant to the left.
PAR  At the extreme end of strip 10 there are a pair of lateral projections 22,
      22 with small overhangs 24, 24 for the purpose of slidably embracing the
      side edges of strip 12. Strip 12 has at one end a continuously formed
      member generally indicated at 26 which has a portion at 28 underlying
      strip 10 and forming a slot through which strip 10 is threaded and
      slidable.
PAR  Strip 12 is provided with a bottom longitudinal slot or recess in an
      upwardly projecting rib 30 and the bottom of the slot is provided with
      slanting teeth 32 which are similar in size to the teeth 20, but slant in
      the opposite direction. These teeth extend substantially for the length of
      the projection 30.
PAR  After threading the leading end of strip 10 through the slot formed by the
      member 28, the strips are overlapped to whatever length is decided to be
      desirable and the overhangs 24 are positioned to embrace the edges of
      strip 12. Merely by pressing the leading end of strip 10 upwardly in FIG.
      2 from the dotted line to the solid line position, the slanting teeth will
      interengage and every tooth that is engaged with an opposite tooth will
      act as a holding means, so that it will be seen that the holding power
      against detachment in the longitudinal direction is greatly increased. The
      only way to separate or readjust the strips is to detach the overhangs or
      the members 22 from the edges of strip 12 and merely pull up (or out) the
      leading end of strip 10 so as to disengage the piece 20 and 32, whereupon
      the strip 10 may be slid out through the slot formed by the member 28.
      This releases an object held, and the strips can be reapplied and
      re-adjusted.
CLMS
STM  We claim:
NUM  1.
PAR  1. An adjustable strap comprising a pair of elongated elastomeric strips,
PA1  interengaging means on said strips at corresponding ends providing for
      longitudinal adjustment of said strips relative to each other and
      preventing separation of the strips in a direction normal to the lengths
      of the strips,
PA1  elongated series of slanting teeth on each strip, said teeth being
      complementary to each other and slanting in opposite directions for
      engagement thereof preventing separation of the strips in a longitudinal
      direction, the teeth being located on the strips extending inwardly from
      the ends thereof that have the interengaging means,
PA1  the means holding the strips from separation in a direction normal thereto
      being manually removable to allow adjustment and separation of said
      strips,
PA1  wherein the slanting teeth of one strip extend outwardly from a side
      surface thereof, the other strip including a longitudinal recess, the
      slanting teeth of the second strip being located in the bottom of said
      recess, the projecting slanting teeth being engageable with the teeth in
      the recess when the two strips are in flat contacting relation.
NUM  2.
PAR  2. The strap of claim 1 wherein the slanting teeth on one strip project
      from the surface of said strip.
NUM  3.
PAR  3. The strap of claim 1 wherein the slanting teeth on one strip are inset
      in a longitudinal recess.
NUM  4.
PAR  4. The strap of claim 1 wherein said interengaging means comprises means
      forming a slot in one strip through which the other strip extends.
NUM  5.
PAR  5. The strap of claim 4 including overhanging means at the side edges of
      one strip to removably embrace the side edges of the other strip at a
      point remote from the slot.
NUM  6.
PAR  6. The strap of claim 1 wherein the slanting teeth of one strip extend
      outwardly from a side surface thereof, the other strip including a
      longitudinal recess, the slanting teeth of the second strip being located
      in the bottom of said recess, the projecting slanting teeth being
      engageable with the teeth in the recess when the two strips are in flat
      contacting relation.
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ABST
PAL  In the handling of bundled articles, for example, logs and timber, it has
      been known to use a large variety of knots and tethering devices with what
      are known in the logging industry as toggles. Prior known techniques and
      devices have caused excessive wear on ropes and have been time consuming
      in forming attachments, particularly in log booms. The present invention
      provides a one piece toggle having a plurality of rope receiving holes
      therein and contoured to permit rapid threading of ropes for cables and
      reducing wear on the ropes or cables to a minimum.
BSUM
PAR  This invention relates to toggles for use with ropes and cables. The toggle
      described has particular, but not exclusive utility in the logging
      industry.
PAR  Prior known toggles are exemplified by U.S. design Pat. Nos. 31,980 and
      181,113 and U.S. Pat. Nos. 1,613,635, 1,713,901 and 3,238,585.
PAR  While the foregoing specifications cannot represent all known toggles,
      since individual toggles have been produced to suit particular
      applications by operators in the field, the present invention represents
      the first attempt at mass producing a toggle which has been developed to
      overcome all defects in prior known toggles and which has been shown to be
      surprisingly effective in the logging industry and in the short time in
      which to toggle has been used its acceptance has been widespread and its
      utility greatly enjoyed in the logging industry.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of one feature of the invention to provide a toggle which
      is suitable for use with a variety of knots or fastening arrangements.
PAR  It is a feature of another object of the invention to provide a toggle
      whose strength is high but whose weight is substantially low that the
      toggle can be supported on the surface of water by the buoyancy of the
      rope to which it is attached.
PAR  It is a feature of another object of the invention to provide a toggle
      which causes a minimum of wear of ropes connected thereto.
PAR  It is a feature of yet another object of the invention to provide a toggle
      which is suitable for mass production by casting, pressure die-casting or
      by forging.
PAR  In accordance with the foregoing features the toggle in its broadest aspect
      comprises an elongate body member, said body member being substantially
      symmetrical about a line of symmetry through the centre thereof, said body
      member having a first substantially circular hole disposed symmetrically
      about said line of symmetry and a second elongated hole also disposed
      symmetrically about said line of symmetry, the body member further
      including a pair of outer holes disposed adjacent the ends of the body.
PAR  A preferred embodiment of the invention will now be described with
      reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view of the toggle in accordance with the present
      invention;
PAR  FIGS. 2 and 3 are an end view and a plan view, respectively, of the toggle
      shown in FIG. 1; and
PAR  FIGS. 4 and 5 are front and rear views of the toggle shown in FIG. 1 after
      being threaded with rope or twine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1, 2 and 3, the toggle generally indicated at 1,
      comprises a substantially symmetrically elongate body. As will be
      observed, particularly from FIG. 1, the toggle is symmetrical about the
      vertical centre line AA. The body contains a first circular hole 10
      symmetrical about the line AA and a second hole 12 also symmetrical about
      the line AA and the second hole is elongated in the lengthwise direction
      of the toggle by an amount sufficient to permit at least the passage of
      two ropes or twines therethrough.
PAR  At each end of the toggle there is provided a foot or flange 14 which, as
      shown in FIG. 2, may be oval or pear-shaped. The body 1 also includes a
      pair of holes 16 located near the extremities of the body.
PAR  It will be observed from the dotted lines, in FIG. 3, with particular
      reference to holes 10 and 16, that each of the holes are radiused to
      permit an easy threading of ropes and twines thereto and to inhibit
      unnecessary wear of the same.
PAR  It will be observed that the toggle is ribbed at 18 to reduce the weight
      thereof and the ribs thus formed may include lightening holes 20.
PAR  In FIGS. 4 and 5 there are shown front and rear views respectively, of the
      toggle with one illustrative form of rope attachment. For example, the
      elongated hole 12 receives two passes of the end of a rope 21 which is
      permanently spliced to the toggle.
PAR  A second rope 22 having an end 24 is passed through one hole 16 and secured
      about the body of the toggle by a number of hitches and passes which are
      followed by passage of the working end 26 of the rope 22 through hole 10.
      The hitches and passes used will be chosen by the logger or other user of
      the toggle to suit particular application.
PAR  In the appended drawings all the holes 10, 12 and 16 have substantially
      parallel axes. While holes 20 are mainly for lightening purposes these
      holes have axes which are substantially parallel to the aforesaid parallel
      axes. It will be appreciated that the axes of holes 10 and 12 need not
      necessarily be parallel to the axes of holes 16 and 20.
PAR  Since the ropes or twines in some instances, for example as shown in FIGS.
      4 and 5, pass on the outside of the body of the toggle, all exterior
      surfaces of the toggle are free from sharp corners and are preferably
      formed with adequate radii to prevent abrasion or cutting of the ropes or
      twines to be used therewith.
PAR  The toggle discussed herein has been found suitable for attaching large log
      booms together wherein the boom might comprise one stiff leg, 180 bundle
      lines, 30 swifter lines and about 1400 feet of tow line. Such a boom may
      contain up to 192 bundles of logs and have a total length of 1800 feet. To
      those familiar with logging art it will be readily appreciated that the
      use of a single toggle of each of nearly 200 individual bundles and the
      attachments of all bundles together for towing purposes represents a
      considerable effort in making up to 300 or 400 attachments. The present
      invention, in providing an easily manipulated toggle throughout the boom,
      represents a considerable saving in time. The additional featured buoyancy
      provides an even greater saving in time since the loggers do not have to
      search around for toggles which have sunk beneath the surface of the
      water.
PAR  Other embodiments of the invention falling within the terms of the appended
      claims will appear to those skilled in the art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined and claimed as follows:
NUM  1.
PAR  1. A toggle for use in association with rope or twine for the handling of
      bundled articles or logs, said toggle comprising an elongate body member,
      said body member being substantially symmetrical about a transverse line
      of symmetry through the centre thereof, said body member having a first
      substantially circular hole disposed symmetrically about said line of
      symmetry and a second hole elongated in shape, also disposed symmetrically
      about said line of symmetry, the body member further including a pair of
      outer holes disposed adjacent the ends of the body the ends of said body
      being terminated by a T-shaped portion.
NUM  2.
PAR  2. A toggle as in claim 1 wherein each portion of said elongate body member
      disposed on one side of said line of symmetry includes a web portion.
NUM  3.
PAR  3. A toggle as in claim 2 wherein each web portion includes a lightening
      hole.
NUM  4.
PAR  4. A toggle as in claim 1, wherein the axes of said circular, elongated and
      outer holes are substantially parallel.
NUM  5.
PAR  5. A toggle according to claims 1, wherein each of said circular elongated
      and outer holes are provided with chamfers or radii to inhibit wear on a
      rope received therein.
NUM  6.
PAR  6. A toggle according to claims 1, further comprising associated rope, the
      weight of the toggle being less than the net upward buoyancy thrust of the
      associated rope.
NUM  7.
PAR  7. An elongated toggle substantially symmetrical about a transverse axis
      for use in association with a rope for handling of bundled articles such
      as logs, comprising:
PA1  a first substantially circular hole and
PA1  a second hole elongated in shape;
PA1  both said holes disposed symmetrically about the central axis through the
      width therof;
PA1  a pair of outer holes disposed adjacent the ends of said toggle;
PA1  the said ends terminated by T-shaped portions;
PA1  the axes of the said circular and the said elongated holes being
      substantially parallel to each other;
PA1  the axes of said outer holes being parallel to each other;
PA1  all said holes having diameters permitting easy threading of ropes
      therethrough.
NUM  8.
PAR  8. An elongated toggle as claimed in claim 7, further comprising:
PA1  associated ropes operatively attached to the toggle and
PA1  means to make said toggle buoyant to prevent its sinking beneath the
      surface of the water.
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PAL  For releasably interconnecting a first member and a second member such as,
      for example, a neck band or strap having a depending chain or the like and
      a musical instrument such as a saxophone there is provided a coupling
      device comprising a housing to which the chain is connected, opposed
      closure members being mounted within the housing with adjacent end
      portions of the closure members being resiliently urged by the inherent
      resiliency of the closure members towards a closed condition in which the
      saxophone is connectible thereto. A manually operable actuating member is
      mounted on the housing and is movable between a first position in which a
      portion of the actuating member which is of frusto-conical form, permits
      the adjacent end portions of the closure members to attain the closed
      condition, and a second position in which the frusto-conical portion of
      the actuating member urges the closure members to an open condition of the
      above-mentioned adjacent end portions thereof against the influence of the
      resilient urging of the closure members.
BSUM
PAR  This invention is concerned with a coupling device by which a first member
      may be releasably connected to a second member, the coupling device
      permitting said members to be quickly and conveniently interconnected and
      disconnected.
PAR  In the playing of certain musical instruments and particularly a musical
      instrument which is relatively heavy such as, for example, a saxophone, it
      is conventional for a neck band or strap to be disposed around the neck of
      the musician, one end of a depending chain arrangement or the like being
      connected to the neck band or strap and the other end thereof being
      provided with a coupling device for releasable connection to the
      saxophone. In this manner the weight, or at least a substantial proportion
      of the weight, of the saxophone may operatively be supported by the neck
      of the musician thereby relieving the musician of the need to support this
      weight by his arms. It has hitherto been conventional for the coupling
      device in such a system to be constituted by a conventional hook which is
      releasably connectible to a ring member or the like mounted on the
      saxophone.
PAR  The use, however, of a conventional hook as the coupling device in such a
      system has not been entirely satisfactorily and it is a primary object of
      the present invention to provide an improved coupling device which can be
      substituted for the conventional hook in the above-mentioned system,
      although it is to be emphasized that a coupling device according to the
      present invention is not restricted to being used only in a system as
      hereinbefore described but may be used for releasably interconnecting
      substantially any first member with substantially any second member.
PAR  A coupling device according to the present invention comprises a housing to
      which a first member is connectible, opposed resilient closure members
      mounted in the housing with adjacent end portions of said closure members
      being urged by the inherent resiliency of the closure members towards a
      closed condition in which a second member is connectible thereto, and an
      actuating member which is mounted on the housing. The actuating member is
      movable between a first position in which the actuating member permits
      said adjacent end portions of the closure members to attain said closed
      condition under the influence of said inherent resiliency of the closure
      members, and a second position in which the actuating member is in contact
      with the closure members to maintain said adjacent end portions thereof in
      an open condition against the influence of said inherent resiliency of the
      closure members. The actuating member has opposed cam faces for urging the
      closure members against said inherent resiliency of the closure members
      from said closed condition to said open condition of said adjacent end
      portions of the closure members on said movement of the actuating member
      from said first position to said second position thereof.
DRWD
PAR  In order that the invention may be more clearly understood and more readily
      carried into effect the same will now, by way of example, be more fully
      described with reference to the accompanying drawing in which
PAR  FIG. 1 is a view of a coupling device according to a preferred embodiment
      of the invention, the coupling device being shown with a first member
      connected thereto; and
PAR  FIG. 2 is an exploded view on an enlarged scale of the coupling device
      shown in FIG. 1.
DETD
PAR  Referring to the drawing, 10 denotes generally a coupling device comprising
      a housing 11 which is in the form of two portions 12 and 12' securely
      interconnected by means (not shown). The portions 12, 12' of the housing
      11 may be of molded plastics material.
PAR  Connected to the housing 11 is a first-member constituted by a flexible
      chain-like element 13 the upper ends of which are connected to the end
      portions of a neck band or strap (not shown) which is adapted operatively
      to be disposed around the neck of a musician, the element 13 being
      disposed through channels which are provided in the housing 11 and each of
      which is constituted by mating grooves 14 formed in the portions 12 and
      12' of the housing 11 as shown in FIG. 2. Between the neck band or strap
      and the coupling device 10 the element 13 is disposed through a length
      adjuster 15 which may be of conventional form and the location of which is
      adjustable to vary, as desired, the effective length of the element 13
      between the neck band or strap and the coupling device 10.
PAR  With particular reference to FIG. 2, the coupling device 10 also comprises
      opposed resilient closure members 16 which have adjacent end portions 17,
      the ends of the closure members 16 remote from the end portions 17 being
      integrally interconnected by a portion 18 which is secured to the housing
      11, and more particularly to the portion 12 thereof, by, for example, a
      screw member 19. Thus, the closure members 16 are thereby mounted in the
      housing 11.
PAR  The adjacent end portions 17 of the closure members 16 are resiliently
      urged, by the inherent resiliency of the closure members 16 which may be
      formed of a spring steel material, towards a closed condition in which a
      second member is connectible thereto, as is hereinafter more fully
      described, this closed condition being shown in full lines in FIG. 2. In
      the preferred embodiment of the invention as herein described with
      reference to the accompanying drawing, the above-mentioned second member
      is constituted by a ring member 20 which is connected by, for example, a
      thong 21 to a musical instrument such as a saxophone (not shown).
PAR  As hereinbefore stated, however, it is to be emphasized that the coupling
      device 10 of the present invention may be used releasably to interconnect
      substantially any first member with substantially any second member.
PAR  The closure members 16 are movable, against the inherent resiliency
      thereof, to an open condition of the end portions 17, this open condition
      being shown in chain-dotted lines in FIG. 2. An actuating member which is
      denoted generally by the reference numeral 22 and which is mounted on the
      housing 11 is movable, in the directions of the arrows A and A' between a
      first position in which this actuating member 22 permits the end portions
      17 to attain the closed condition thereof under the influence of the
      above-mentioned inherent resiliency of the closure members 16, and a
      second position in which the member 22, by contact with the closure member
      16, maintains the end portions 17 in the open condition thereof against
      the influence of the above-mentioned inherent resiliency of the members
      16.
PAR  The actuating member 22 comprises a portion 23 of frusto-conical form which
      thus presents opposed cam faces for urging the closure members 16 from
      said closed condition to said open condition of the end portions 17 on
      movement of the actuating member 22 in the direction of the arrow A from
      the first position to the second position thereof. The actuating member 22
      also presents a cylindrical portion 24 which is disposed through an
      aperture 25 provided in the portion 12' of the housing 11 when the
      portions 12 and 12' are interconnected as shown in FIG. 1, this portion 24
      of the actuating member 22 being manually operable for movement of the
      member 22 from the first position to the second position thereof.
PAR  The annular face 25 of the portion 23 adjacent to the portion 24 of the
      actuating member 22 constitutes a shoulder which, when the actuating
      member 22 is in the first position thereof, is in abutting contact with
      the part of the portion 12' surrounding the aperture 25 thereby to retain
      the actuating member 22 within the housing 11 by preventing movement of
      the member 22 from the first position in a direction away from the second
      position.
PAR  As in clearly shown in FIG. 2 the closure members 16 are reflexly directed
      at the end portions 17 thereof so that with the coupling device 10 in the
      orientation shown in the drawing these end portions 17 are, in other
      words, upwardly inclined. The purpose of this feature of the preferred
      embodiment of the present invention is that with the ring member 20
      initially disconnected from the coupling device 10 this ring member 20 may
      be moved in the direction of the arrow B thereby to apply to force to the
      end portions 17 in the direction towards the actuating member 22, this
      force because of the above-described reflexly directed form of the closure
      members 16 at the end portions 17 urging these end portions 17 to the open
      condition in which the ring member 20 is connectible to the coupling
      device 10.
PAR  A slot 27 having an open end 28 is provided in the housing 11, a portion 29
      of this slot 27 being provided in the portion 12 of the housing 11, and
      the remaining portion 30 of the slot 27 being provided in the portion 12'
      of the housing 11. The end portions 17 of the closure members 16 are, at
      least when in the closed condition thereof, disposed within the slot 27.
PAR  It is considered that the operation of the coupling device 10 will be
      readily apparent from the foregoing description. Thus, with the actuating
      member 22 initially in the first position thereof, the closure members 16
      disposed with the end portions 17 in the closed condition thereof and the
      ring member 20 disconnected from the coupling device 10 this ring member
      20 may, by movement thereof in the direction of the arrow B, engage and
      apply a force to the end portions 17 to urge these end portions 17 against
      the inherent resiliency of the closure members 16 to the open condition
      thereof thereby permitting the ring member 20 to be connected to the
      coupling device 10, since as the appropriate part of the ring member 20
      passes between the end portions 17 when in the open condition these end
      portions 17 then return to the closed condition thereof under the
      influence of the inherent resiliency of the closure member 16. When it is
      subsequently desired to disconnect the ring member 20 from the coupling
      device 10 the actuating member 22 is moved in the direction of the arrow A
      from the first position to the second position thereof by manual movement
      of the portion 24 of the member 22. This results in the end portions 17
      being urged against the inherent resiliency of the closure member 16 from
      the closed condition to the open condition thereof, thereby to permit the
      ring member 20 to be withdrawn. On releasing the portion 24 of the
      actuating member 22 the end portions 17 are returned to the closed
      condition thereof under the influence of the inherent resiliency of the
      closure members 16 which also causes the actuating member 22 to be
      returned in the direction of the arrow A' from the second position to the
      first position thereof.
PAR  It will of course be understood that, if desired, the actuating member 22
      may be manually moved in the direction of the arrow A from the first
      position to the second position thereof thereby to urge the end portions
      17 from the closed condition to the open condition thereof against the
      inherent resiliency of the closure members 16 in order to permit the ring
      member 20 to be connected to the coupling device 10.
PAR  Thus, the coupling device 10 permits quick and convenient connection and
      disconnection of a second member with a first member, and in addition,
      particularly where the first member is constituted by an element 13 and an
      associated neck band or strap and the second member is constituted by the
      ring member 20 connected to a musical instrument such as a saxophone, it
      is substantially impossible for the coupling device 10 to cause damage or
      injury by catching on the clothing of the musician or on, for example, an
      adjacent music stand or microphone cord or by catching the hands of the
      musician. Furthermore, the external surfaces of the housing 11 of the
      coupling device 10 can readily be appropriately styled or decorated to
      enhance the showmanship of the musician.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A coupling device comprising a housing to which a first member is
      connectible, opposed resilient closure members mounted in the housing with
      adjacent end portions of said closure members being urged by the inherent
      resiliency of the closure members towards a closed condition in which a
      second member is connectible thereto, and an actuating member mounted on
      the housing and movable between a first position in which the actuating
      member permits said adjacent end portions of the closure members to attain
      said closed condition under the influence of said inherent resiliency of
      the closure members, and a second position in which the actuating member
      extends between and is in contact with the closure members to maintain
      said adjacent end portions thereof in an open condition against the
      influence of said inherent resiliency of the closure members, the
      actuating member having opposed cam faces for urging the closure members
      against said inherent resiliency of the closure members from said closed
      condition to said open condition of said adjacent end portions of the
      closure members on said movement of the actuating member from said first
      position to said second position thereof.
NUM  2.
PAR  2. A coupling device according to claim 1, wherein the housing is provided
      with an aperture through which the actuating member is disposed for manual
      movement thereof from said first position to said second position thereof,
      the actuating member having a shoulder which is in abutting contact with
      the portion of the housing adjacent to said aperture when the actuating
      member is in said first position thereof to prevent movement of the
      actuating member from said first position in a direction away from said
      second position.
NUM  3.
PAR  3. A coupling device according to claim 1, wherein the opposed closure
      members are reflexly directed at said adjacent end portions thereof, for
      urging of said adjacent end portions to said open condition thereof by a
      force applied thereto in a direction towards the actuating member when
      said adjacent end portions are in said closed condition thereof.
NUM  4.
PAR  4. A coupling device according to claim 1, wherein the housing is provided
      with a slot having an open end and within which said adjacent end portions
      of the closure members are disposed when in said closed condition.
NUM  5.
PAR  5. A coupling device according to claim 1 wherein the ends of the opposed
      closure members remote from said adjacent end portions thereof are
      integrally interconnected, the closure members being mounted in the
      housing by securement of said remote ends of the closure members to the
      housing.
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PAL  There is disclosed a snap-shackle with a body having an interior cavity and
      first and second openings into the cavity, a hinge member being rotatably
      attached to the body to rotatably mate with and engage the second opening
      into the cavity. A latch member is pivotally attached to the body within
      the cavity and within the second opening, a portion of the latch member
      being exposed in the first opening through which opening the latch member
      is pivoted between a first pivotal position for engaging and locking the
      hinge member in the second opening to form a third opening between the
      hinge member and the body for receiving and coupling objects to the body
      and a second pivotal position for unlocking and releasing the hinge member
      to rotate and release the objects coupled thereby.
BSUM
PAR  The present invention relates to coupling or interconnecting devices and
      more particularly to quick-release coupling shackles or snap-shackles for
      the rigging of sailing craft.
PAR  In the field of quick-releasing shackles, it has been the general practice
      to employ cross-pin shackles to interconnect lines and sails and other
      rigging of sailing craft for quick release. Although such devices have
      served the purpose, they have not proved entirely satisfactory under all
      conditions of service for the reason that considerable difficulty has been
      experienced in releasing the shackle when under heavy load thereby
      endangering crew members who are required to use both hands to effect such
      release and difficulties have been encountered in accidental opening of
      the shackle through vibration.
PAR  Those concerned with the development of quick-release snap-shackles have
      long recognized the need for a snap-shackle that cannot shake or vibrate
      open and which can be released manually by one hand easily and quickly
      under load. The present invention fulfills this need.
PAR  One of the most critical problems confronting designers of quick-release
      shackles has been the design of a release mechanism which provides
      protection from accidental opening. This problem is overcome by the
      present invention.
PAR  The general purpose of this invention is to provide a snap-shackle which
      embraces all the advantages of similarly employed quick-release shackles
      and possesses none of the aforedescribed disadvantages. To attain this,
      the present invention contemplates a unique double-locking latch and
      trigger release mechanism contained and protected within the body of the
      snap-shackle whereby large release forces and accidental opening are
      avoided.
PAR  An object of the present invention is the provision of a snap-shackle which
      is easily and quickly released under heavy load with minimal release
      forces.
PAR  Another object is to provide a snap-shackle that cannot vibrate or shake
      open.
PAR  A further object of the invention is the provision of a snap-shackle having
      protection from accidental opening.
PAR  Still another object is to provide a snap-shackle that can be operated
      manually with one hand under all conditions of loading.
PAR  Yet another provision of the present invention is the provision of a
      snap-shackle which permits sail takedowns without easing or lowering the
      sail loading.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed descriptions when considered in connection with
      the accompanying drawings in which like reference numerals designate like
      parts throughout the figures thereof and wherein:
PAR  FIG. 1 illustrates a perspective view of a prior art cross-pin shackle;
PAR  FIG. 2 illustrates a front view of a preferred embodiment of the invention;
PAR  FIG. 3 shows a cross-section view of the snap-shackle illustrated in FIG. 2
      taken along a plane which symmetrically divides the device in two parts
      along its largest dimension; and
PAR  FIG. 4 is a perspective view, partly cut-away, of the snap-shackle
      illustrated in FIGS. 2 and 3.
DETD
PAR  Referring not to the drawings, wherein like reference characters designate
      like or corresponding parts throughout the several views, there is shown
      in FIG. 1 (which illustrates a prior art device) a body 7 having a
      projection 9 rotatably attached to a rotating arm 11 by a connecting pin
      13. A cross-pin 15 extends through body 7 and is spring biased therein,
      one end of cross-pin 15 being rotatably connected to a pull ring 17 and
      the other end extending through body 7 to engage an aperture 19 in the end
      of hinge member 11. A swivel eye 21 is rotatably attached to body 7 by a
      swivel pin 23 oppositely disposed from projection 9.
PAR  FIG. 2 illustrates a preferred embodiment of the invention having a body
      member 25 with an interior cavity (not visible) and an aperture or opening
      27 extending entirely through body 25 and into which aperture the interior
      cavity opens peripheral. A curved projection 29 extends from body 25 and
      has a curved hinge member or rotatable arm 31 rotatably attached thereto
      by a connecting pin 33 forming an opening 34 therebetween. A latch member
      or trigger latch 35 is pivotally mounted in the body cavity and opening 27
      by pin 36. Swivel eye 37 is rotatably mounted to the end of body 27
      oppositely disposed from projection 29.
PAR  In FIG. 3, which illustrates the device of FIG. 2 in cross-section showing
      the interior cavity, body member 25 has curved projection 29 extending
      therefrom to which is rotatably attached curved hinge member 31 by
      connecting pin 33. Body member 25 has cavity 26 therein which opens into
      aperture 27. Cavity 26 further communicates with opening or passage 28
      into which the end of latch member or trigger 35 extends to engage a notch
      in the tip of hinge member 31, the notch having a surface 41 thereon which
      mates with and engages a locking surface or notch 43 at the end of latch
      member 35 to prevent rotation of hinge member 31. Surfaces 41 and 43 are
      positioned to contain a radial line segment extending from a center point
      44 located between the end of hinge member 31 and pin 33, thereby forming
      radial interlocking surfaces and preventing rotational disengagement of
      hinge member 31 and latch member 35. Hinge member 31 has a recess 45 which
      has a surface 46 therein containing the arc of a circle having its center
      located at center point 44. Surface 46 slideably mates with and engages a
      surface 47 of body member 25 and prevents radial disengagement of radial
      surfaces 41 and 43 when the snap-shackle is under load. Body member 25 has
      a surface 48 interior to cavity 26 which slideably mates with the end
      surface 49 of latch member 35. The end of latch member 35 further has a
      rounded edge 39 over which the tip of hinge member 31 slides when hinge
      member 31 is rotated to engage latch member 35. Body member 25 further has
      a surface 50 interior to cavity 26 which mates with a surface 51 of the
      end of latch member 35 oppositely disposed from end surface 49 to limit
      the pivot motion of latch 35 around pin 36. A spring 53 is located in
      cavity 26 to bias latch member 35 in a pivotal position engaging locking
      surfaces 41 and 43 of hinge member 31 and latch member 35, respectively.
      Body member 25 has a swivel pin 55 extending therefrom oppositely disposed
      from the junction of projection 29 and hinge member 31 to which swivel eye
      37 is rotatably attached.
PAR  FIG. 4 illustrates a perspective view, partly cut away, of the snap-shackle
      device illustrated in FIGS. 2 and 3 showing hinge member 31 rotatably
      disengaged from latch member 35 and body member 25, surface 41 being
      disengaged from surface 43 and surface 46 being disengaged from surface
      47. End surface 49 of latch member 35 mates with and slides against
      surface 48 interior to cavity 26 of body member 25, body 25 being cut away
      to illustrate this sliding engagement when latch member 35 is pivoted
      against spring 53 to disengage hinge member 31. A portion of body 25 is
      further cut away to show surface 50 interior to cavity 26 engaging surface
      51 of latch member 35. Another portion of body 25 is cut away to
      illustrate the position of spring 53 in the interior of cavity 25 between
      body member 25 and latch member 35.
PAR  The snap-shackle illustrated in FIGS. 2-4 can be made from any metal or
      material having a high tensile and shear strength sufficient to bear the
      load encountered in the rigging of sailing craft. A typical strength for a
      standary size snap-shackle is 16,000 pounds using a precipitation hardened
      stainless steel material.
PAR  Operation of a typical prior art device can be described by turning to FIG.
      1 where opening 19 in rotating arm 11 engages cross-pin 15. When force is
      applied to this device by coupling the rigging of a sailing craft with
      swivel eye 21 and the opening formed by rotating arm 11 and projection 9,
      sufficient frictional forces are developed between opening 19 and pin 15
      to prevent pin 15 from easily being slideably removed from opening 19 to
      disengage pin 15 from rotating arm 11. Therefore, under heavy loading, it
      may be necessary for a crew member to use both hands to supply the
      necessary force to pull pin 15 out of engagement with opening 19 in
      rotating arm 11 placing himself in a dangerous position in heavy seas.
      Furthermore, under conditions of heavy vibration and light loading, it is
      possible for pin 15 to vibrate out of disengagement with opening 19 of
      rotating arm 11 and cause the shackle to open inadvertently.
PAR  Operation of the invention can best be described by turning to FIG. 2. A
      rope or line can be linked or coupled through swivel eye 37 and another
      rope or line can be linked or coupled through opening 34 formed by
      projection 29 and hinge member 31. When the lines are placed under load
      such as when wind fills a sail attached to one of the lines, forces will
      be transmitted through the swivel eye 37 to body 25, projection 29 and
      hinge member 31 to the lines coupled through opening 34. Under load, the
      lines or ropes secured in opening 34 pass over pin 33 at the junction of
      hinge member 31 and projection 29. Therefore, very little rotating force
      will be placed upon hinge member 31 to cause surface 41 of hinge member 31
      to bind against surface 43 of latch member 35 when hinge member 31 is
      engaged and locked by latch member 35. Loading forces which would tend to
      bend projection 29 are transmitted by hinge member 35 and mating surfaces
      46 and 47 to body member 25. Since surfaces 46 and 47 include a circular
      arc having a center of radius at center point 44 offset from the center of
      pin 33, a self-opening force is generated under load to disengage surfaces
      46 and 47 which tends to be balanced by the frictional force between
      surfaces 46 and 47. This balance of forces allows surface 43 of latch
      member 35 to slide easily out of disengagement with surface 41 of hinge
      member 31. Therefore, a stick or other elongated object can be inserted
      into aperture 27 to pivot latch member 35 about pin 36 with a minimum of
      force to disengage hinge member 31. As a result, in rough weather or heavy
      seas, a crew member may steady himself with one hand and easily and safely
      operate the snap-shackle as disclosed herein with the other hand.
PAR  Since Surface 46 of hinge member 31 engages surface 47 of body member 25 to
      prevent motion of hinge arm 31 under load in a radial direction toward pin
      33 and, since surface 43 of latch member 35 engages surface 41 of hinge
      member 31 to prevent hinge member 31 from rotating away from body 25 when
      hinge member 31 is placed under load, it should be noted that hinge member
      31 is doubly locked to prevent both radial and rotating motion.
PAR  By having latch member 35 located within cavity 26 interior to body 25,
      accidental opening of the latch to release hinge member 31 is prevented.
      However, a sufficient portion of latch member 35 is exposed in aperture 27
      to make latch member 35 readily accessible to be pivoted to disengage
      hinge member 31. The appearance of latch member 35 in aperture 27 is much
      like that of a trigger in the trigger housing of a firearm, latch member
      35 having a C-shape similar to that of a trigger.
PAR  Spring 53 biases latch 35 in a position to engage hinge member 31 when the
      tip of hinge member 31 is rotated into opening 28. The tip of hinge member
      31 strikes rounded edge 39 of latch member 35 and forces latch 35 to pivot
      against spring 53 allowing the tip of hinge member 31 to slide under the
      end of latch member 35. When hinge member 31 is completely rotated into
      its locked position, spring 53 forces latch member 35 to pivotally return
      to engage surface 43 thereof with surface 41 of hinge member 31, thereby
      locking hinge member 31 in a closed position. It should be apparent that
      any loading force to which hinge member 31 may be subjected will not tend
      to force latch member 35 out of disengagement therewith since the engaged
      surfaces 41 and 43 are oriented to contain a portion of the line segment
      extending from center point 44 to form a slight hooking engagement as
      hinge member 31 attempts to rotate about pin 33 under load.
PAR  Latch member or trigger 35 has one end notched to receive and pivot about
      pin 36. Interior surface 48 of cavity 26 prevents latch member 35 from
      slipping out of rotating engagement with pin 36. When hinge member 31 is
      rotated to an open position out of engagement with latch member 35,
      interior surface 50 of cavity 26 engages end surface 51 of latch 35 to
      prevent latch member 35 from pivoting beyond its engaging and locking
      position.
PAR  Because of the double locking relationship of hinge member 31 in respect to
      latch 35 and body member 25, it should also be clear that vibration or
      shaking cannot disengage hinge member 31 from latch 35 to inadvertently
      open the snap-shackle and release the lines or ropes coupled therein.
PAR  Although the present invention has many applications for quick release
      coupling of lines and rigging, it should be noted that it has particular
      usefulness in connection with a snatch-block, a device well known to those
      skilled in sailing.
PAR  It now should be apparent that the present invention provides a
      double-locking trigger release snap-shackle which may be employed in
      conjunction with interconnecting the rigging of sailing craft for
      providing quick release and disengagement of various rigging components
      under all conditions of loading forces.
PAR  Although particular components, etc., have been discussed in connection
      with a specific embodiment of a snap-shackle constructed in accordance
      with the teachings of the present invention, others may be utilized.
      Furthermore, it will be understood that although an exemplary embodiment
      of the present invention has been disclosed and discussed, other
      applications and mechanical arrangements are possible and that the
      embodiments disclosed may be subjected to various changes, modifications
      and substitutions without necessarily departing from the spirit of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A snap-shackle for interconnecting the rigging components of sailing
      craft comprising:
PA1  a body member having a curved projection extending therefrom, said body
      member having an aperture therethrough, an interior cavity which is
      peripheral to and opens into said aperture and a passage which extends
      between said interior cavity and the outer surface of said body;
PA1  a trigger latch having one end thereof pivotally attached to said body
      within said cavity and the other end thereof positioned within said
      passage, the central portion of said trigger latch extending across a
      portion of said aperture and being exposed therein, said trigger latch
      being adapted to be pivoted by inserting an object into said aperture and
      engaging said central portion of said trigger latch, said other end of
      said trigger latch having a rounded surface with a notch therein;
PA1  a curved rotatable arm having one end thereof rotatably joined to the
      outermost extremity of said curved projection, the other end of said
      curved rotatable arm having a rounded surface with a notch therein, said
      rounded surface of said other end being adapted to enter said passage and
      engage and slide along said rounded surface of said trigger latch until
      said notch of said trigger latch engages said notch of said curved
      rotatable arm whereby said curved rotatable arm is locked in a fixed
      position by said trigger latch to form an opening between said curved
      rotatable arm and said body member, said opening being adapted to receive
      and couple to rigging components of sailing craft, said trigger latch
      being pivoted by inserting an object in said aperture to disengage said
      trigger latch from said rotatable arm and to release said rigging
      components coupled in said opening; and
PA1  coupling means attached to said body and oppositely disposed from the
      juncture of said curved projection and said curved rotatable arm for
      receiving and coupling to rigging components of sailing craft.
NUM  2.
PAR  2. The snap-shackle described in claim 1 wherein said juncture of said
      curved projection and said curved rotatable arm is located at a point most
      distant from said coupling means to accept and bear the forces transmitted
      by rigging components of a sailing craft coupled therein thereby
      minimizing the forces on said curved rotatable arm and reducing the force
      required to disengage said trigger latch from said curved rotatable arm.
NUM  3.
PAR  3. The snap-shackle described in claim 2 further including a bias spring
      located in said cavity between said body and said trigger latch to bias
      said trigger latch into the position which locks said curved rotatable arm
      in said fixed position.
NUM  4.
PAR  4. The snap-shackle described in claim 3 wherein said other end of said
      curved rotatable arm further has a first arcuate surface and a first
      radial surface which respectively mate with and engage a portion of said
      body member when said curved rotatable arm is locked in said fixed
      position and wherein said notch of said curved rotatable arm has a second
      radial surface substantially oppositely disposed from said first radial
      surface and which mates with and is engaged by said notch of said trigger
      latch when said curved rotatable arm is in said fixed position, said first
      arcuate surface and said first and second radial surfaces engaged by said
      body member and said trigger latch, respectively, double lock said curved
      rotatable arm to prevent said curved rotatable arm from moving radially or
      angularly in any direction.
NUM  5.
PAR  5. The snap-shackle described in claim 4 wherein said trigger latch is
      C-shaped, having one end pivotally attached to said body within said
      cavity and the other end in slidable engagement with an interior surface
      of said cavity in said body.
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ABST
PAL  A combination slub catcher and tension control apparatus for use in the
      processing of yarn wherein a plurality of narrow parallel blades are
      supported at one side transversely to the path of travel of the yarn and a
      single rigid bar supported at the other side longitudinally of the path of
      the yarn. The confronting surfaces of the transversely and longitudinally
      supported blades and the bar define a narrow yarn passage. The
      transversely supported blades are supported in a holder in which they are
      individually yieldable to the passage of enlargements in the yarn and the
      longitudinally supported bar is supported on an eccentric for pivotal
      movement about an axis parallel to the transverse blades and for
      adjustment toward or from the transverse blades to adjust the width of the
      yarn passage. A tension lever is mounted on the upper end of the bar above
      the pivot axis for biasing the bar relative to the blades.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Slub catchers and tensioning devices are the subject matter of numerous
      patents. In a recently issued U.S. Pat. No. 3,769,668 a device combining
      slub catching and tensioning was designed to enable reducing the distance
      involved in obtaining both slub removal and tensioning in one passage of
      the yarn as distinguished from most prior yarn processing apparatus
      wherein the slub removal and tensioning are performed at two different
      places along the path of the yarn travel. The combination device as shown
      in the aforesaid patent is embodied in a slub removing apparatus such as
      disclosed in U.S. Pat. Nos. 3,461,520, 3,501,820 and 3,543,357, wherein a
      plurality of narrow blades are supported transversely of the path of
      movement of the yarn at one side thereof and a single rigid bar supported
      longitudinally of the path of movement of the yarn at the other side and
      there is means for yieldably supporting the narrow blades for individual
      displacement and means for moving the entire array of narrow blades toward
      and from the rigid bar to change the width of the yarn passage. This
      invention is concerned with an improved structure for varying the width of
      the yarn passage, and improved means for applying tension to the yarn as
      it travels through the passage.
PAC  SUMMARY OF INVENTION
PAR  As herein illustrated, the combined slub catching and tensioning device is
      used in conjunction with apparatus for processing yarn, wherein there is
      means for unwinding yarn from a yarn mass and rewinding it and means for
      guiding a predetermined length of the yarn traveling from the mass to the
      package along a predetermined path and comprises at opposite sides of the
      yarn path in confronting relation to each other, means yieldably supported
      at one side and means pivotally supported at the other side having
      surfaces which collectively define an elongate yarn passage through which
      the yarn passes. The yieldably supported means is displaceable in a
      lateral direction at right angles to the yarn path and the pivotally
      supported means is pivotally supported for movement about an axis parallel
      to the yielding supported means and at right angles to the yarn path. The
      pivotally supported means is moveable toward and from the yieldably
      supported means to adjust the width of the yarn passage for selecting the
      slub size which is to be removed and there is means for biasing the
      pivotally supported means relative to the yieldably supported means to
      vary the pressure applied to the yarn as it travels through the yarn
      passage and thereby to vary the tension. The yieldably supported means as
      herein illustrated comprises a plurality of narrow blades supported
      transversely of the path of the yarn, each of which is yieldably
      independently to enlargements passing through the yarn passage and there
      is means for adjusting the resistance of these blades to displacement. The
      pivotally supported bar is mounted on an eccentric, rotation of which
      moves it toward and from the yieldably supported blades and a tension
      lever is mounted at the upper end of the pivotally supported bar above its
      pivot axis and extending laterally thereof for applying the biasing force
      to the pivotally mounted bar. The tension lever may be rotated to either
      side of the pivot axis and may be weighted. The pivot axis may be located
      above or below the center of the bar and the yieldably blades may be
      replaced by a single yieldably supported plate or the equivalent.
      Optionally two adjusting eccentrics may be substituted for the single
      eccentric, one fixed and the other allowing a limited opening and complete
      closure.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 diagrammatically illustrates the combination of slub catcher and
      yarn tensioning device mounted on the apron of a winding machine provided
      with a single winding head or multiple winding heads;
PAR  FIG. 2 is an elevation as seen in the direction of the arrows 2--2 of FIG.
      1 to much larger scale;
PAR  FIG. 3 if a view partly in section taken on the line 3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary section taken on the line 4--4 of FIG. 1;
PAR  FIG. 5 is an elevation of the tension applying bar which forms one side of
      the yarn passage shown in relation to the yieldable blades which form the
      other side of the yarn passage;
PAR  FIG. 6 is an elevation of the same bar pivotally supported for pivotal
      movement on an axis above the center;
PAR  FIG. 7 is an elevation of the same bar pivotally supported for movement on
      an axis below its center; and
PAR  FIG. 8 is an elevation of the bar supported on two eccentrics.
DETD
PAR  The invention as herein illustrated comprises a combination slub catching
      and tensioning device designed to be employed in processing yarn, for
      example, in conjunction with winding machines in which the winding units
      are stationary as shown in U.S. Pat. No. 2,277,574 or traveling as shown
      in U.S. Pat. No. 2,266,726 and wherein yarn is unwound form a yarn mass
      and rewound to form a package on which the yarn is laid up by a yarn
      traversing device. The length of yarn traveling from the mass to the
      package being wound is conventionally constrained to travel along a
      predetermined path by yarn guides and during such travel is subjected to
      slub catching and tensioning operations as shown in U.S. Pat. No.
      2,623,265 wherein the slub catching and tensioning operations are carried
      out by separate independently operable devices. As herein illustrated the
      slub catching and tensioning operations are embodied in a single device
      which is supported on an apron 10 FIG. 1, between yarn guides 12 and 14
      and comprises relatively fixed and moveable assemblies 16 and 18 supported
      in confronting relation to each other at opposite sides of the path of the
      yarn travel at their lower ends by a shelf member 20 secured to the apron
      and projecting horizontally forward therefrom and at their upper ends by a
      cover member 22 secured to the apron and projecting horizontally forwardly
      therefrom parallel to the shelf member 20. Both the shelf and the cover
      contain, respectively, yarn passages 24 and 26 which are in alignment with
      the yarn guides 12 and 14. The fixed assembly 16 is fastened to the apron
      between cover and shelf as will appear hereafter and the moveable assembly
      18 is slideable forwardly and rearwardy with respect to the fixed assembly
      while being yieldably held engaged therewith by spring pressed plungers
      28--28 supported with their ends engaged within openings 30--30 in the
      moveable member as will be described more fully hereafter.
PAR  The fixed assembly 16 comprises vertically spaced top and bottom members
      32--32, and a back member 34. The members 32--32 and 34 collectively
      comprises a blade holder which is secured to the apron by bolts 35 and
      supports a plurality of narrow blades or bars 36 adjacent the path of
      travel of the yarn with the blades disposed in transverse relation to the
      path of travel of the yarn, that is, with their long axes projecting
      forwardly from the face of the apron. The blades 36 are attached by means
      of adhesive to a yieldable pad 38, such as felt which in turn is attached
      to a rigid metal plate 40. The plate 40 is moveable within the holder so
      that it is possible by moving the plate 40 to move the blades 36 in unison
      toward or away from the yarn path. The blades as thus supported are
      individually yieldable relative to the yarn path and moveable in unison
      toward and from the yarn path and there is means for adjusting the
      resistance of the entire array of blades and for adjusting the proximity
      of the array of blades relative to the yarn path comprising a spindle 42
      yieldably supported in engagement with the rigid plate 40 within a barrel
      which is threaded into the back member to enable longitudinal adjustment
      of the spindle as shown in detail in U.S. Pat. No. 3,769,668. It is to be
      understood, however, that the blades 36 may be supported in the holder for
      adjustment relative to the yarn passage as shown in U.S. Pat. No.
      3,543,357.
PAR  In the aforesaid U.S. Pat. No. 3,769,668 the blades 36 were employed to
      apply the yarn tensioning and to vary the width of the yarn passage to
      effect removal of slubs. In accordance with this invention the tensioning
      and the slub removing is effected by the moveable assembly 18. The blades
      36 or thier equivalent are employed to soften the shock when a slub or
      other enlargement enters the yarn passage to avoid yarn breakage.
PAR  As shown in FIGS. 3 and 4 the moveable assembly comprises in part a rigid
      elongate block 44 supported at its lower end on the shelf 20 and yieldably
      held engaged with the blades 36 by the spring pressed plungers 28--28
      previously referred to, the latter being mounted in pivotally supported
      arms 46--46. The arms 46--46 are fixed to a spindle 48 rotatably mounted
      in a bearing bracket 49 secured to the face of the apron and may be
      rotated as disclosed in my prior patents embodying this same construction
      to enable sliding the block 44 forwardly relative to the blades 36 for
      clearing the device of lint and the like. The arms 46--46 are normally
      biased rearwardly with with respect to the face of the apron as shown in
      FIG. 2 by spring means 50 so that the block is held against the apron. The
      block 44 is narrower from front to back than the blades 36 are long so
      that the blades project forwardly therefrom. A rigid bar 52 which has a
      flat uniformly smooth surface 54 substantially coextensive in length with
      the collective surfaces of the blades 36 from bottom to top is supported
      in a position in spaced relation to the forwardly projecting portions of
      the blades and forms therewith a yarn passage 56 the back of which is
      constituted by the forward edge of the block 44. The bar 52 is pivotally
      supported on an eccentric 58, FIGS. 3 and 4, at the forward end of a bolt
      60 which is rotatably mounted in a hole 62 formed in the block 44 so that
      by rotating the bolt 60 the bar 52 may be moved toward and away from the
      blades 36 to adjust the width of the yarn passage 56. A nut 64 staked onto
      the bolt against the forward side of the bar 52 holds the bar 52 in place
      and provides for rotation of the eccentric. The bar is free to rock
      relative to the axis of the eccentric in any given position of adjustment.
PAR  As shown in FIG. 1 the bolt 60 is mounted in the block 44 above the center
      of the bar and there is mounted at the upper end of the bar a tension
      applying lever 66 which has a vertical part 68 pivotally supported in a
      socket 70 at the upper end of the bar 52 and a horizontal part 72
      extending laterally therefrom. The tension lever 66 when disposed to the
      right hand side of the bar 52 as shown in FIG. 1 biases the bar 52 in a
      clockwise direction with respect to the axis of the eccentric thereby
      making the yarn passage narrower above the axis of the bolt than below it.
      By swinging the tension lever 66 to the left as shown in dot and dash
      lines in FIG. 1, the bar 52 may be biased in a counter-clockwise direction
      to make the yarn passage narrower at the lower side of the axis of the
      eccentric and wider at the upper side. The tension applied by the tension
      lever may be varied by means of a weight W slideably mounted on the lever.
PAR  The pivot axis provided by the bolt 60 may be located at the center of the
      bar as shown in FIG. 5, above the center as shown in FIG. 6 or below the
      center as shown in FIG. 7.
PAR  It will be observed that the bar 52 is beveled at its lower and upper ends
      and the lower end plate 32 is beveled at its forward end to provide for
      entrance of the yarn into the yarn passage and for leaving the yarn
      passage without undue scuffing. As thus constructed both the slub removal
      and tensioning operation are controlled by movement of the bar 52 relative
      to the blades 36, the latter as explained above functioning solely as
      cushion means to prevent undue breakage of yarn. The eccentric provides
      for adjusting the width of the yarn passage hence the size slub permitted
      to pass and the tension lever provides for adjusting the tension applied
      to the yarn as it travels through the yarn passage. When the bar 52 is
      supported as shown in FIG. 6; for pivotal movement about an axis above its
      mid-length, the tension lever tends to close the upper part of the bar 52
      against the blades 36. A short slub or nib entering the passage will tend
      at first to displace the bar at the lower end and hence close the passage
      above the pivot axis so as to compensate for the loss of frictional
      engagement of the yarn with the yarn passage due to the presence of the
      slub. As the slub travels upwardly it will be subjected to the closest
      unrelieved pressure except for the yield of blades 36 at the pivot axis
      and if too large will break the yarn. If it passes beyond this point it
      will tend to displace the upper part of the bar in the opposite direction,
      that is, away from the blades 36 thus relieving the pressure on the slub
      and applying a compensating pressure to the yarn below the pivot axis. A
      large slub or double spun portion entering the yarn passage which is of
      such length as to fill the entire passage, that is, extends the full
      length of the yarn passage from bottom to top will be subjected to the
      full pressure of the blades 36. In this case there will be a little more
      pressure above the pivot axis because of the load applied by the tension
      lever 66.
PAR  The yieldable blades 36 or their equivalent are necessary to absorb the
      shock of a slub entering the lower end of the yarn passage which otherwise
      tends to break the yarn acting somewhat as felt washers do instead of
      tensioning devices.
PAR  By shifting the pivot axis of the eccentric the length of the bar 52 which
      may be disposed at an angle to the bars 36 above and below the pivot axis
      may be varied for different conditions.
PAR  If the axis is mid-way between the ends of the bar 52, the pressure exerted
      on either side of the axis is approximately the same. By mounting the
      pivot axis above the mid-length, FIG. 6, the slubbing action may be
      carried out over a relatively long path which enables the enlargements to
      become pressed and to pass through without breaking, and by mounting the
      pivot axis below mid-length, FIG. 7, the slubbing action may be carried
      out over a relatively short path which enables eliminating even the
      shortest slubs.
PAR  In place of a single eccentric supporting the bar 52, two adjusting
      eccentrics 58a, 58b, FIG. 8, may be employed, one of which may be fixed so
      as to provide for a limited opening and complete closure of the yarn
      passage and the other a fixed opening. For example, the eccentric 58b may
      be placed near the bottom to provide a maximum opening to 0.010 and the
      eccentric 58a at the top to enable varying the opening from a maximum
      0.010 to 0.000.
PAR  As herein described the tension and slub catching device is used in
      conjunction with the sliding block type of slub catcher shown in the
      aforementioned patents wherein the blades 36 which form one side of the
      yarn passage are individually yieldably, however, it should be understood
      that it may be used with a structure such as shown in U.S. Pat. NO.
      2,623,265 wherein a single plate is employed to form one side of the yarn
      passage. Without some resilence or yieldable surface, the forces incurred
      in moving the whole mass, of the bar 52 and tension arm would break the
      yarn.
PAR  It should be understood that the present disclosure is for the purpose of
      illustration only and that this invention includes all modifications and
      equivalents falling within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Slub catching and tension for processing yarn comprising means for
      unwinding yarn from a control apparatus package and rewinding it to form a
      package and means for guiding a portion of the yarn as it travels from one
      package to the other comprising blocks supported at opposite sides of the
      path of yarn travel, means yieldably supported by the block at one side,
      providing a surface extending lengthwise of the path of yarn travel, an
      eccentric mounted on the block at the other side, an elongate bar mounted
      on the eccentric for pivotal movement about an axis parallel to the
      surface of said means at said one side and for adjustment relative thereto
      to adjust the width of the yarn passage, a lever mounted at the upper end
      of the bar and extending laterally therefrom relative to said pivot axis
      for biasing the bar on said axis and means mounting the lever for movement
      to either side of said axis.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said lever is weighted.
NUM  3.
PAR  3. Slub catching and tension control apparatus for processing yarn
      comprising means for unwinding yarn from a package and rewinding it to
      form a package, and means for guiding a portion of the yarn as it travels
      from one package to the other, comprising supports at opposite sides of
      the path of yarn travel, means yieldably mounted on the support at one
      side providing a surface extending lengthwise of and parallel to the path
      of yarn travel, an eccentric rotatably mounted on the support at the other
      side with its axis of rotation at right angles to the path of travel of
      the yarn and parallel to said surface provided by the yieldably supported
      means, means mounted on the eccentric providing a surface spaced from and
      parallel to said surface provided by the yieldably supported means and
      forming in conjunction therewith a narrow yarn passage, said eccentric
      pivotally supporting said latter means for pivotal movement about said
      axis and for movement by rotation of the eccentric relative to said
      surface to adjust the width of the yarn passage, a lever mounted on said
      latter means above said axis and extending laterally therefrom relative to
      said axis for biasing said latter means on said axis and means mounting
      the lever for movement to either side of said axis.
NUM  4.
PAR  4. Apparatus according to claim 3 comprising, means for rotating the
      eccentric.
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ABST
PAL  Filament processing apparatus embodying the combination of one or more
      rotatable rollers for conveying a filament or a plurality of filaments
      axially spaced on said roller(s) and looped at least partially about the
      respective roller surfaces, and a tubular roller-threading device which is
      a longitudinally slotted tube having at least a curvate portion adjacent
      the respective roller(s). The filament, preferably either knotted at its
      feed end or attached to a plug at its feed end, is drawn through the
      tubular roller-threading device by a fluid stream applied at a single or
      axially spaced points into the tube. The longitudinal slot of the tube
      allows the fluid-conveyed filament to be drawn out of the tube when the
      filament is placed in tension, e.g., after it has been fed around the
      respective rollers, and processing thereof is ready to begin.
BSUM
PAR  The application of filaments traveling at high speed, more especially
      synthetic filaments which may be traveling at speeds of more than 1000
      metres per minute, requires a high degree of skill. The application of
      filaments of high denier, for example several thousand denier, to the
      rollers of stretching arrangements is extremely dangerous because tensile
      forces can be applied by filaments of this kind. Wherever possible,
      filaments should be threaded at low speed, which necessitates special
      machinery, may lead to overlong residence times where several filaments
      are processed on a single roller and is time consuming. The need to thread
      a traveling filament onto a roller or a filament onto a rotating roller by
      hand necessitates a special machine construction to enable the filaments
      to be looped around the roller from one end thereof. Accordingly, the
      rollers either have to be mounted at one end or the machine frame has to
      be arranged in such a way that the means by which the filaments are
      threaded can travel around the entire looping angle.
PAR  The one-ended cantilever-style mounting is extremely prone to wear and has
      to be made very strong for several filaments to be continuously stretched
      parallel to one another over the same rollers. The two-ended mounting of
      rollers gives rise to an extremely complicated structure of the machine
      frame on the servicing side in cases where several rollers are arranged in
      succession, for example in ribbon stretching arrangements in the form of
      duos, trios, etc. The reason for this complicated structure is that the
      machine frame has to consist of an upper cross member and a lower cross
      member to which vertical supports are fixed in order to accommodate the
      roller mounting. The supports for those rollers which the filaments
      approach in an upward direction and leave in a downward direction are
      fixed to the upper cross member, whilst the supports for those rollers
      which the filaments approach in a downward direction and leave in an
      upward direction are fixed to the lower cross member (cf. German Pat. No.
      916,974).
PAR  The object of the invention defined in the claims is both to simplify and
      to improve the design of the rollers for transporting filaments and, more
      especially, multiple-roller arrangements by automating the threading of
      filaments and suitably designing the threading aid.
PAR  In the context of the invention, a roller is any rotatable body, either
      freely rotatable or driven, around which one or more filaments is/are
      looped, for example godets, delivery cylinders with clamping rollers or
      belts for applying the filament, rolls, wheels, rotatable pins, guide
      rolls, etc.
PAR  Rollers of this kind may be used, for example, as transporting rollers for
      filaments, as heating rollers, as delivery and stretching rollers in the
      stretching of synthetic filaments. They may also be present in the form of
      multple-roller arrangements. In the context of the invention,
      multiple-roller arrangements are arrangements of identical or different
      (different diameters, different temperatures, different drive speeds,
      freely rotatable and driven) rollers around which the filament is looped
      either in one or more common loops (for example the godet with its
      associated guide roll according to German Utility Model No. 1,967,322) or
      around which the filament is partly looped alternately to the left and to
      the right (duo, trio, etc., for example the looptype stretching
      arrangement according to German Published Application No. 2,328,639).
      Filaments in the context of the invention are natural fibres and
      monofilament or multifilament man-made fibres and in particular, ribbons
      of film (for example, German Published Application No. 2,328,639), ribbons
      of fibrillated film (for example according to German Published Application
      No. 1,660,230), tows of synthetic fibres for the production of staple
      fibres, multi-filament synthetic fibres for further processing in
      spinning, stretching, crimping machines, etc.
PAR  The longitudinal slot may extend along any generatrix of the tube. It is
      best situated as substantially opposed to or facing the surface of the
      roller or, in more particular embodiments, opposite or facing the working
      zone for the filament(s) on the roller. Here, the longitudinal slot faces
      outwardly in a direction substantially parallel to the working surface of
      the roller. In cases where several filaments are present on one roller, a
      greater angular range is available for the most suitable arrangement of
      the longitudinal slot. In cases where several filaments traveling parallel
      to one another are each processed in their own working zone on one roller
      on which the threading arrangement is used, each working zone is preceded
      by its own filament guide. For threading, each filament is first guided by
      the filament guide associated with its working zone. When the filament is
      then introduced into the threading aid, it would be in danger of not
      sliding out of the longitudinal slot if the longitudinal slot were too far
      away from the working zone. This disadvantage is obviated by the solution
      wherein the longitudinal slot has a funnel-like widening at the inlet end
      of the tube, the edges of the longitudinal slot beginning on the
      generatrices which each face towards the outermost working zone of a
      filament on the roller.
PAR  In the case of multifilament man-made fibres with high overall deniers, and
      especially in the case of tows of the type used for the production of
      staple fibres, it has been found that it is not only the holding together
      of the beginning of the filament by a plug which provides the threading
      aid with favorable delivery properties, but also it is of advantage to
      hold the entire tow together in such a way that no individual filaments
      unintentionally jump out of the longitudinal slots or become entangled
      with filaments that have already been threaded or form the beginning of a
      wrap and, hence, lead to failure of the threading operation. Individual
      filaments are largely forced out of the longitudinal slot by air
      turbulence in the tube which occurs in particular at those points where
      the tube is interrupted, where the tube has lateral slots or where air
      inlet openings open into the tube.
PAR  One particular object of the invention is also to enable several filaments
      traveling parallel to one another to be automatically threaded onto a
      roller or multiple-roller arrangement by only a single threading means
      according to the invention. Another object of the invention is to design
      the machine frame of the multiple-roller arrangement in such a way that
      even fairly considerable tensile forces can be applied by the rollers in
      spite of an inexpensive, lightweight and compact construction, and also in
      such a way that the machine frame is compact and largely uninterrupted. In
      another arrangement according to claim 8, the filament is prevented from
      leaving the longitudinal slot during threading before it has been caught
      by the delivery unit following the roller.
PAR  The longitudinal slot can differ in width according to the denier of the
      filament to be threaded. However, in cases where the longitudinal slot is
      both wide and long, there should be no need for excessive air consumption.
      Another object is to obtain safe delivery of the filament through the
      threading aid with minimal air consumption where the invention is used.
PAR  Another object of the invention is to ensure that the tow does not break up
      into its individual during threading.
PAR  Another object of the invention is to enable several filaments traveling
      parallel to one another to be automatically threaded onto a roller or a
      multiple-roller arrangement by only a single threading aid according to
      the invention.
PAR  Yet another object of the invention is to design the machine frame of the
      multiple-roller arrangement in such a way that even fairly considerable
      tensile forces can be applied by the rollers in spite of an inexpensive,
      lightweight and compact construction, and also in such a way that a
      compact, largely uninterrupted machiine frame is obtained.
PAR  Another problem is to release the individual tows from the threading aid at
      the end of a looping-type stretching arrangement and to remove both the
      plug and the first unstretched part of the tow.
DRWD
PAR  Exemplary embodiments of the invention are described in the following with
      reference to the accompanying drawings, wherein:
PAR  FIG. 1a is a front elevation of a roller with a threading aid.
PAR  FIG. 1b is a side elevation of a roller with a threading aid.
PAR  FIGS. 2a to 2c show front, top and side views of a threading aid with a
      lateral longitudinal slot on one roller with several working zones.
PAR  FIGS. 3 to 5 show different embodiments of multiple-roller arrangements
      with respective threading aids and respective types of longitudinal slots.
PAR  FIGS. 6 to 8 are sections through looping-type stretching arrangements in
      series, the sections being taken on section planes 6--6, 7--7, and 8--8 of
      these Figures. FIGS. 9a and 9b are a perspective view of and a diametric
      section through, respectively, a plug to which the beginning of the
      filament(s) is fastened.
PAR  FIGS. 10a and 10b show an embodiment of a multiple-roller arrangement in
      partially sectioned top plan view and in a partial perspective view of the
      filament-handling parts, including the threading aid and rollers, which
      roller arrangement is used at the end of a filament processing operation.
PAR  FIGS. 11a to 11b are side and top views, the latter partly sectioned, of a
      multiple-roller arrangement and associated roller-threading aid, useful at
      the beginning of a filament-processing operation.
PAR  FIG. 12 is a side elevation, partly in section, of a further embodiment of
      a threading aid for laying filament(s) or the like upon a single roller.
PAR  FIG. 13 is a section view, taken in section plane 13--13 of FIG. 12.
PAR  FIG. 14 is a perspective, fragmentary view, of another modification of a
      filament-attachment plug in a fragment of slotted threading guide tubing.
PAR  FIGS. 15 and 16 are sections of a slotted filament guide tube with another
      form of pneumatic supply means.
DETD
PAR  Referring to the drawings, FIG. 1a shows a roller 1 around which the
      filament 2 is looped through 180.degree.. The tube 4 surrounds the roller
      1. The tube 4 is mounted for axial displacement through a guide 10.1 on a
      bar 10.2. The roller 1 is driven and, in this way, transports the filament
      in the direction of the arrow 9. In FIG. 1a, the tube is shown in section
      on the section plane 1a --1a of FIG. 1b. It can be seen from FIGS. 1a and
      1b that the wall 5 of the tube is formed with a longitudinal slot 6. This
      longitudinal slot 6 extends substantially from the intersection 6.1 of the
      filament traveling onto the roller 1 to the intersection 6.2 of the
      filament leaving the roller 1 with the tube wall, i.e. in the present case
      over the length of the innermost side of the tube. The tube has an air
      stream flowing through it for entraining the plug plus filament from the
      beginning to the end of the tube and for transporting it at such a high
      speed that it is unable to jump out of the longitudinal slot 6 on account,
      inter alia, of its centrifugal force. When the filament delivered by the
      diagrammatically illustrated delivery rolls 11 is taken up by the delivery
      rolls 12, again diagrammatically illustrated, it is pulled through the
      longitudinal slot 6, applied to the roller 1 and transported by that
      roller. The air stream can be produced by any known means. FIG. 1 shows
      injectors 8.1 and 8.2 which produce an air stream with a high rate of flow
      in the tube 4. The injectors are switched on when the filament is threaded
      and subsequently switched off again. Several filaments may be threaded
      onto the roller 1 by axially displacing the tube 4 along the bar 10.2.
PAR  FIGS. 2a to 2c show the roller 1a on which several filaments are processed.
      The tube 4a serving as threading aid comprises a longitudinal slot 6a
      which faces towards the working zones 26.1 to 26.8 where a corresponding
      number of filaments 2.1 to 2.8 are looped around the roller 1. At its
      beginning, the longitudinal slot has a funnel-like widening 27 beginning
      on the tube circumference 28 along the generatrices 29,30 which face
      towards the outermost working zones 26.1 on the one hand and 26.8 on the
      other hand. It can be seen from FIG. 2b that the filament 2.4 has just
      been threaded. The various phases involved in the threading operation are
      shown. The beginning of the filament is fastened to the plug 31 (FIGS. 9a
      and 9b). By virtue of the funnel-like widening of the longitudinal slot 6a
      on the tube circumference 30, the plug 31 can be introduced into the tube,
      while the filament 2.4 is immediately pulled out of the longitudinal slot
      towards the comb 19 and the place 19.4 reserved for it on that comb. The
      filament then slides along one edge of the longitudinal slot, while the
      filament plug 31 is carried along by the air stream flowing through the
      tube.
PAR  By way of explanation of FIG. 3, it is pointed out that the tube 4b is
      shown in elevation in the vicinity of the transverse slot 7, but in
      longitudinal section elsewhere. FIG. 3 shows an arrangement of two rollers
      1.1 and 1.2 around which the filament 2 is partly looped. The tube 4b
      surrounds the rollers 1.1, 1.2 in the same direction as the filament 2.
      The longitudinal slots 6.4, 6.5 are each situated on the inside of the
      curve. They again begin and end at the points where the filament
      intersects the tube wall. The slots 6.1 and 6.2 situated in a distance of
      180.degree. from one another around the circumference of the tube
      communicate with one another through the transverse slot 7. This
      transverse slot is situated on the tangential plane to the two rollers 1.1
      and 1.2 in which the filament path 2 is also situated. The lateral slot 7
      enables the filament to be displaced in the axial direction, i.e. in the
      direction of the observer in FIG. 3, on the rollers 1.1 and 1.2 after
      threading.
PAR  As already described in reference to FIGS. 1 and 2, the tube 4b shown in
      FIG. 3 is provided with the necessary injectors for producing the
      necessary flow of air in the tube. In the interests of completeness, it is
      pointed out that the air flow can also be produced by filament suction
      units arranged at the end of the tube. A certain suction effect can also
      be produced by injectors arranged at the end of the tube which, as shown
      in FIG. 4, are arranged at the end of the tube directed towards the center
      thereof and inclined in the direction of filament travel, i.e. injectors
      8.5, to aid upstream injectors 8.1 and 8.2.
PAR  FIG. 4 shows a modification of the embodiment illustrated in FIG. 3. For
      threading and laterally displacing the filament 2 traveling in the
      direction of the arrow 9, the lateral slot 6 is formed by arranging two
      tube sections 4.1 and 4.2 very close to one another. To promote flow, the
      outlet end of the tube section 4.1 is designed in such a way and directed
      towards the funnel-like inlet opening of the tube section 4.2 in such a
      way that the filament is safely transferred from the tube section 4.1 to
      the tube section 4.2. The injector 8.3 is also used for safely
      transferring the filament from one tube section 4.1 to the other tube
      section 4.2. Upstream injectors 8.1a, 8.2a of tube section 4.1 and
      downstream suction-effect injectors 8.4 and 8.5 of tube section 4.2 are
      also used and have functions which are previously described. The joint 7a
      between the two tube sections 4.1 and 4.2 is situated in the tangential
      plane to the rollers 1.1 and 1.2 which coincides with the path 2 followed
      by the filament.
PAR  FIG. 5 shows a multiple-roller arrangement in which the threading aid has a
      laterally-facing longitudinal slot 6c.
PAR  FIGS. 6 to 8 illustrate one application for which the invention may be used
      with particular advantage. FIGS. 6 to 8 show a stretching arrangement for
      tows. Synthetic tows 2.1' to 2.5' are stretched on the rollers 1.1 to 1.5.
      As shown in FIGS. 6 and 8, the rollers are mounted at both ends in the
      machine frame 13. The looping-type stretching arrangement shown in
      different elevations and sections in FIGS. 6 to 8 is heated with steam
      through the openings 14,15. Five tows each with a denier of more than
      100,000 denier are stretched. Considerable stretching forces have to be
      applied by the rollers 1.1 to 1.5.
PAR  In practice groups of tows of for example 100 and more individual tows are
      processed in this way.
PAR  Since the rollers 1.1 to 1.5 of the quintet are mounted at both ends in the
      substantially uninterrupted side walls of the machine frame 13, the roller
      mountings and the rollers themselves may be made relatively small in
      diameter and considerably smaller in diameter than in the case of
      one-ended mounting. This favorable construction may be obtained by using a
      threading arrangement consisting of a tube 4 which is made up of
      individual tube sections and which corresponds in its structure to the
      threading arrangement illustrated in FIG. 3 or FIG. 4. Another advantage
      of this threading arrangement is that the looping-type stretching unit is
      accommodated in a machine frame closed on all sides, so that heat losses
      can be largely avoided. The looping-type stretching unit merely comprises
      the inlet slot 16 and the outlet slot 17 which extend substantially over
      the entire working width of the stretching unit. The inlet slot is
      preceded by a guide comb 19 through which the individual tows 2.1' to 2.5'
      are guided on their predetermined paths. It can be seen from FIG. 8 that
      the tows 2.1' and 2.2' are already being processed in the stretching unit
      on the paths provided for them. The tow 2.3' has to be rethreaded. For
      this reason, the tow is first guided to its place 19.3 on the inlet comb
      19 and then into the inlet of the tube section 4.5. The tow is guided
      through under the already traveling tows 2.1' and 2.2'. The injector
      system of the multiple-section tube system 4.1 to 4.5 is then switched on
      and the two 2.3' carried through the tube until it leaves the tube section
      4.1 where it is picked up by another tube 18 and guided through that tube
      to the next looping-type stretching unit 25 (which is only shown in part).
      When the tow 2,3' is picked up by the tube 18, it is pulled out of the
      axially directed transverse slots of the tube system 4.1 to 4.5 and
      applied to the rollers 1.1 to 1.5. When the tow has been threaded onto the
      next looping-type stretching unit 25 as well and run off by its rollers,
      it moves through axially under the already threaded tows 2.1' to 2.2'
      until, finally, it reaches its place 2.3'.
PAR  The application of the invention to the looping-type stretching arrangement
      in the exemplary embodiment illustrated provides for a construction which
      is favorable not only mechanically, but also in regard to heat technology,
      and enables machines to be serviced reliably in contrast to conventional
      looping-type stretching arrangements.
PAR  FIG. 9a is an perspective view of a plug 31, e.g. a cylinder, which is
      attached to the beginning 32 of the filament(s). The plug has in its
      cylindrical surface grooves 33 which are inclined in the same direction
      relative to the plug's longitudinal axis and towards the generatrices. The
      effect of these grooves is that the plug rotates under the effect of the
      air stream flowing through the guide tube and, in doing so, imparts a
      certain number of twists or turns to the filament(s) or tow to which the
      plug is fastened. A relatively small number of twists, for example 10 per
      meter, is sufficient to guarantee that the tow entrains its individual
      filaments so that the individual filaments can no longer become separated
      from the tow.
PAR  The plug further comprises a longitudinal slot 34 through which the
      filament or tow can readily be introduced into the axial bore 35 (cf.,FIG.
      9b). The bore 35 has a forward or front counterbore or wider hole 36. The
      knot tied at the beginning of the filament or tow is able to lie wholly
      within this hole 36 so that the movement of the plug is not prevented by
      projections of the inevitable loose fiber ends.
PAR  FIGS. 10a and 10b show the end of a multiple-roller arrangement, for
      example a looping-type stretching arrangement with the rollers 1b, 1c and
      1d and the tube system 4d. The longitudinal slot 6d faces towards the
      working zones 26 of the filaments 2 on the rollers 1. The tube system 4d
      is curved in the vicinity of the outlet slot 17 in such a way that the
      plug 31 is able to travel through the curve without impediment. The outlet
      37, in the form of a tube socket, it also situated in the curve. The
      longitudinal slot 6d of the tube system 4d extends up to this outlet 37.
      The orifice of the injector nozzle 39 is directed towards the outlet 37.
      The outlet 37 is arranged in the tube in such a way that the plug 31 is
      unable to enter the outlet 37 or to interfere with the travel of the plug
      through the tube 4d. Behind the injector nozzle 39 there is a filament
      cutter 40 whose cutting blade is arranged in such a way that it is able to
      cut the tow traveling through the tube. The cutter is followed by a
      detector 41 which is designed to generate an output signal when the plug
      31 passes the detector. The detector may be based on magnetic, electronic,
      pneumatic or optical detection principles.
PAR  The output signal from the detector 41 is relayed through amplifiers 42 and
      other suitable instruments to the filament cutter 40 in order to actuate
      the cutter 40. The distance between the detecter 41 and the cutter 40 is
      such that the length of filament or tow between those components
      corresponds to the length of filament or tow in the looping-type
      stretching arrangement. This ensures that, when a tow is threaded, the
      unstretched part of that tow, which represents waste, can be cut off and
      collected in a waste collector, so that only useful material is used for
      processing. The illustrated waste collector is the cloth bag B.
PAR  Cutting of the tow by the cutter 40 switches on the injector nozzle 39. In
      this way, the newly formed beginning of the tow is blown into the outlet
      37. In the case illustrated, it is the tow 2.2 which is being threaded.
      The outlet 37 opens before the take-off rollers 12, so that the beginning
      of the tow is picked up by these take-off rollers. The tow is then
      delivered over the curved roller 43 to the crimper 44.
PAR  The function of the curved roller 43 is to condense the tows delivered to
      it in the form of a relatively wide sheet into a tight bundle of tows of
      substantially rectangular cross-section. Behind the curved roller this
      bundle is delivered to the rollers of the crimper 44. Suitable crimper
      constructions are described, for example, in U.S. Pat. Nos. 3,526,937;
      2,763,898 and 3,398,223. Behind the crimper 44 the crimped tows are
      deposited in the containers 45 which makes traversing movements in two
      directions indicated by the crossed arrows.
PAR  FIGS. 11a and 11b diagrammatically illustrate the loading of a
      multiple-roller arrangement, more especially a looping-type stretching
      arrangement. Several filament containers 46.1 to 46.4 travel with the
      conveyor belt 47 in the direction of the arrow 48. The conveyor belt 47 is
      intermittently driven by the motor 53. The tow from the last container
      46.1 on the conveyor belt 47 is delivered by way of the guide bar 49.1 to
      the threading aid 4e after the beginning of the tow has been fastened to a
      plug such as plug 31. The tow is then threaded onto and processed on the
      multiple-roller arrangement in the same way as described above.
      Accordingly, the container 46.1 is emptied, as are the remaining
      containers. When the first container 46.4 is empty, the conveyor belt and
      the chain 50 with the guide bars 49.1 to 49.4 fixed thereto are advanced
      by a distance corresponding to the interval between two containers in the
      direction of the arrow 48. In this way, a new container 46.5 can be pushed
      onto the conveyor belt 47 in front of the container 46.1. When the
      conveyor belt 47 and the chain 50 move forward, the comb 51, in the form
      of a rotatable screw in the embodiment illustrated, is advanced by the
      motor 52 in such a way that the tows are axially displaced on the rollers
      1e by distances corresponding respectively to one working zone. A new tow
      can then be threaded from the new container 46.5 by the threading aid 4e.
      The most important components of the container feed as herein illustrated
      are described, for example, in DL-PS 54,248; German Pat. No. 1,213,316 and
      German Pat. No. 1,143,742.
PAR  It is pointed out that the tube as a whole can also be equipped with
      elastic materials such as yieldable elastic strips in the vicinity of the
      longitudinal slot in such a way that the edges of the longitudinal slot
      touch one another. In this way, the flow of air in the tube is improved
      and air consumption reduced, while it still remains possible for the tow
      to be removed through the longitudinal slot by virtue of the yieldable
      elastic material.
PAR  FIGS. 12 and 13 again show the roller 1 with a slightly modified threading
      aid in relation to FIGS. 1 and 1a. The tube 4 in FIG. 12 is not a circular
      segment, but instead has a gentle 90.degree. curve. The longitudinal slot
      6f extends from the intersection between tube wall and approaching
      filament to the intersection between departing filament and tube wall.
      Since the filament 2 does not have to be axially displaced on the roller 1
      (only one filament is transported), the overall length of the tube is
      greater than the length of its longitudinal slot, which is favorable to
      air flow. The injectors 8l6, 8.7 and 8.8 are arranged on the tube. The
      injectors 8.6 produce an input air stream which diverts the filament into
      the path up to the injector 8.7. As shown in FIG. 13, the injector 8.7 has
      two inlet openings which are directed substantially towards the center of
      the tube and which are inclined in the direction of filament travel. The
      injectors 8.7 prevent the filament from jumping out of the longitudinal
      slot 6 at the bend in the tube. The injector 8.8 takes over delivery of
      the filament to the outlet end of the tube and to the take-off rollers 12
      which again are only shown diagrammatically. When the filament is picked
      up by the delivery rollers 12, it is placed under tension, pulled out of
      the longitudinal slot 6f and applied to the roller 1. The injectors 8.9 at
      the downstream end of the tube 5f induce a suction effect on the filament
      and/or its plug as the latter feed through the tube. The members 10 are
      apertured brackets or bars for fixedly or slidably mounting the tube 5f
      adjacent the roller 1.
PAR  As flowing media, air or other gases but also liquids are conceivable.
      Liquid baths, e.g. water baths, are frequently provided. It is apparent
      that in such liquid baths, the tubular threading means is not filled with
      air but rather with the treatment liquid as the flowing medium. The
      invention is therefore to be understood in the sence that the curved tube
      conducts a stream of the fluid medium which may also be used to treat the
      filaments.
PAR  The tube serving as the threading means can have a circular or some other
      cross-section. It is not necessary that the cross-section of the plug
      agree with the inner cross-section of the tube, since the plug is
      essentially operated by the flow impulse of the flowing medium.
PAR  The plug 59 (see FIG. 14) can also have a sidearm 54 which projects through
      the longitudinal slot 55. The filament 53 in this case is fastened onto
      this sidearm 54 in the slot 56 thereof 56 thereof and is moved outside of
      the tube 51 as plug 52 is driven through the tube 51 in the direction of
      the arrow 57.
PAR  FIGS. 15 and 16 show tube cross-sections with blow nozzles for producing a
      curtain of air in the longitudinal slot 6. The object of this curtain of
      air is to prevent the filament 3 to be threaded from jumping out of the
      longitudinal slot. The blow nozzles 22, which are arranged on both sides
      of the longitudinal slot, more especially at critical points of the tube,
      are inclined at an angle towards the middle of the tube and in the
      direction of filament travel. Practical requirements will govern the
      particular arrangement and inclination required. The blow nozzles receive
      compressed air through the blow ducts 23 and the tube connections 24. The
      blow ducts are fitted onto and fixed to the tube wall. The side walls of
      the tube onto which the blow ducts 23 are fitted are denoted by the
      reference 21.
PAR  In the embodiment of FIGS. 3-8, 10a, 10b, 11a and 11b, the filaments or
      tows are looped over a series of two or more rollers. These filaments or
      tows are looped over successive rollers in directions which are
      alternately and successively clockwise and counter-clockwise, i.e., in
      opposite looping directions.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. In a filament processing apparatus, the combination of a rotatable
      roller or a series of at least two rotatable rollers for conveying a
      filament or filaments looped at least partially around the respective
      roller surfaces, and a tubular roller-threading device embodying a tube
      through which a filament may be conveyed by a fluid stream flowing in said
      tube, having at least a curvate portion adjacent said roller(s) and
      extending over an angle extending substantially approximate to the angle
      of looping of the filament(s) on the roller(s), said curvate portion lying
      in a plane substantially perpendicular to the axis of its continguous
      roller, and said curvate portion having a longitudinal slot through which
      a fluid-conveyed filament may be drawn out of said tube when the filament
      is placed in tension.
NUM  2.
PAR  2. A combination as claimed in claim 1 wherein the end of the filament to
      be fed into said tube is attached to a plug member designed to be driven
      through said tube by the fluid stream.
NUM  3.
PAR  3. A combination as claimed in claim 2, said plug having peripheral grooves
      inclined in the same direction towards the generatrices of the plug.
NUM  4.
PAR  4. A combination as claimed in claim 2, and comprising a looping-type tow
      stretching apparatus, wherein the tube is curved at the end of the
      looping-type stretching arrangement and, in the vicinity of the curve,
      comprises a filament cutter which is actuated by a detector for the plug.
NUM  5.
PAR  5. A combination as claimed in claim 4, wherein, in the vicinity of the
      curve, the tube has an outlet which terminates in front of a
      tow-entraining means, and air jet means by which the beginning of the cut
      tow is blown into said outlet.
NUM  6.
PAR  6. A combination as claimed in claim 4, wherein the distance between said
      detector and said filament cutter is equal to the length of the filament
      or tow path through said stretching apparatus.
NUM  7.
PAR  7. A combination as claimed in claim 1 wherein said longitudinal slot is
      opposite to and faces said roller or rollers.
NUM  8.
PAR  8. A combination as claimed in claim 1 wherein said longitudinal slot faces
      laterally toward the working zone of the filament(s) looped around said
      roller or rollers.
NUM  9.
PAR  9. A combination as claimed in claim 8 embodying said roller or rollers
      around which several filaments are completely or partly looped, wherein
      the longitudinal slot is offset from the plane of curvature of the tube
      towards the working zone of the filaments on the roller through an angle
      of 30.degree. to 150.degree..
NUM  10.
PAR  10. A combination as claimed in claim 1, wherein the longitudinal slot has
      a funnel-like widening at the inlet end of the tube, the edges of the
      longitudinal slot beginning on the generatrices which each face towards
      the outermost working zone of a filament on the roller.
NUM  11.
PAR  11. A combination as claimed in claim 1, embodying a roller around which
      several filaments are completely or partly looped, and means for shifting
      the tube parallel to the axis of the roller.
NUM  12.
PAR  12. A combination as claimed in claim 1, wherein the ends of the tube lie
      in the planes tangential to the roller coinciding with the filament path.
NUM  13.
PAR  13. A combination as claimed in claim 1, and further embodying a series of
      rollers around which one or more filaments are looped alternately and
      successively clockwise and counterclockwise, wherein the tube extends over
      the entire length of the filament path between the rollers, is curved in
      the direction of filament travel around each particular roller and,
      between two rollers, has a lateral slot which is situated in the common
      tangential plane of the successive rollers coinciding with the filament
      path and which joins together the two opposite longitudinal slots in the
      tube.
NUM  14.
PAR  14. A combination as claimed in claim 1 wherein said roller or rollers are
      rotatably supported at both ends thereof on substantially uninterrupted
      side walls of a processing chamber.
NUM  15.
PAR  15. A combination as claimed in claim 1, and further comprising a
      looping-type stretching apparatus for tows, wherein the rollers are
      mounted at both ends in a substantially uninterrupted side wall of a
      chamber, and wherein the tubes are fixedly connected to the frame of the
      looping-type stretching arrangement in a plane extending perpendicularly
      of the rollers.
NUM  16.
PAR  16. A combination as claimed in claim 15 wherein the chamber is
      substantially uninterrupted on all sides with only an inlet slot and an
      outlet slot for the tows before which the inlet and outlet ends of the
      tube system open and end, respectively.
NUM  17.
PAR  17. A combination as claimed in claim 1, wherein a curtain of air is
      produced adjacent the longitudinal slot by the provision along the
      longitudinal slot of air nozzles whose orifices are directed in the
      peripheral direction and/or towards the center of the tube and are
      optionally inclined in the direction of travel of the filament in the
      tube.
NUM  18.
PAR  18. A combination as claimed in claim 1, the feed end of the filament
      having a knot forming a plug for urging the filament to be moved through
      the tube by said fluid stream.
NUM  19.
PAR  19. A combination as claimed in claim 1 wherein the end of the filament to
      be fed into said tube is attached to a plug member designed to be driven
      through said tube by the fluid stream, an arm member projecting laterally
      from said plug member through said slot, and means on said arm member for
      releasably attaching said end of said filament to said arm member, whereby
      said filament is drawn by said plug member outside said tube.
NUM  20.
PAR  20. A combination as claimed in claim 1, and further embodying a series of
      rollers around which one or more filaments are looped alternately and
      successively clockwise and counter-clockwise, wherein the tube extends
      over the entire length of the filament path between the rollers, is curved
      in the direction of the filament travel around each particular roller, and
      consists of a series of tube sections, each of which having ends which are
      lying in the plane coinciding with the filament path and common tangential
      plane of the successive rollers.
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ABST
PAL  A method for transferring a package of yarn supported by a transfer core to
      a replacement core including the steps of inserting the replacement core
      into the transfer core, removing the transfer core relative to the package
      of yarn and the replacement core, holding the package of yarn during
      withdrawal of the transfer core, and permitting the yarn and replacement
      core to interengage in completing the transfer of the yarn onto the
      replacement core. There is also provision for the steps of compressing the
      resilient core to reduce its size, compressing the package of yarn, and
      anchoring the replacement core against axial displacement.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 276,318, filed July
      31, 1972 (now U.S. Pat. No. 3,833,974 granted Sept. 10, 1974). Application
      Ser. No. 276,318 is a continuation-in-part of application Ser. No.
      105,920, filed Jan. 12, 1971 (now U.S. Pat. No. 3,681,007 granted Aug. 1,
      1972).
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PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an apparatus for processing yarn packages for
      dyeing and, in particular, to an apparatus for replacing a relatively
      impervious transfer core of a yarn package with a dye penetrating
      foraminous core.
PAR  Yarn that has been processed for dyeing may be in the form of bulked
      continuous filament thermoplastic yarn such as polyester, nylon or
      cellulose triacetate yarn, as well as spun yarn, such as direct spun rayon
      having residual shrinkage of up to 20 percent when exposed to conditions
      of high humidity or when immersed in aqueous solutions, or acrylic yarn
      having high residual shrinkage by reason of unrelaxed heat sensitive
      fibers in the yarn. This yarn is generally wound into package form about a
      cardboard or paper transfer core or tube such that the outer portion of
      the package is at substantially a desired bulk level whereas the innner
      portion is somewhat below this level. As disclosed in U.S. Pat. No.
      3,425,110, the bulk level of the inner portion of the package may be
      increased by simultaneously removing the cardboard package core while
      inserting a perforate dye core or tube of a predetermined smaller diameter
      than the cardboard core. The inner portion of the highly stretchable yarn
      then contracts (and gains bulk) about the perforate core.
PAR  Apparatus for replacing the cardboard core with a perforate core is
      disclosed in the aforesaid patent. However, such apparatus is subject to
      various drawbacks. The apparatus employs a vertically movable mandrel upon
      which is placed a perforate core. Upon actuation, the perforate core is
      pushed downwardly into engagement with a cardboard core in the yarn
      package, whereupon the continued downward movement causes the perforate
      core to push the cardboard core completely out of the package. Owing to
      the pressure and movement of the entering perforated core, there is a
      tendency of the yarn package to come apart and unduly distort. The
      apparatus is only able to process yarn packages singly whereas multiple
      package processing is more desirable for economy and efficiency purposes.
      Further, owing to the fact that both the cardboard transfer core and
      perforated dye core simultaneously move through the yarn it has been found
      necessary to sandwich a paper or knit sleeve or sock between the yarn and
      the transfer core to serve as a bridge or shield during transfer. Without
      the sleeve it has been observed that some of the strands of yarn become
      trapped between the ends of the transfer core and the dye core during the
      operation, thereby disturbing the continuity of the yarn.
PAR  As set forth in the above-referenced application Ser. No. 105,920, it has
      been found that the above drawbacks and disadvantages are overcome by
      placing a replacement dye core within the cardboard transfer core and
      thereafter pulling the cardboard core out of the yarn package to permit
      the package to contract around the replacement core. Apparatus for
      performing such a process has been proposed as set forth in the co-pending
      application. While achieving satisfactory results, further improvements
      have now been provided for simultaneously processing at least two yarn
      packages in continuous operation. Provision is also made for effective
      handling and disposing of the cardboard transfer core.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary object of the invention to provide an apparatus
      adapted to continuously process multiple yarn packages by replacing the
      impervious transfer core of each yarn package with a foraminous
      replacement core of a predetermined smaller diameter.
PAR  It is another object of the invention to provide an apparatus of the
      foregoing type for continuously processing package cores and thereafter
      disposing the transfer cores.
PAR  The above and other objects are satisfied by an apparatus including an
      endless conveyor supported by a frame and a core replacement station
      adjacent the conveyor. A plurality of spaced apart yarn package supports
      are arranged on the conveyor. Indexing means are also present for
      sequentially indexing each of the supports at the core replacement
      station. A mechanism associated with the feed station is utilized for
      pulling the transfer core from each of the yarn packages conveyed to and
      indexed at the feed station. Also present at the feed station are means
      adapted to cooperate with the pulling means for preventing axial movement
      of the package during removal of the transfer core.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description of the invention which is to be taken in
      conjunction with the accompanying drawings illustrating a preferred
      embodiment of the invention in which:
PAR  FIG. 1 is an end elevational view illustrating the core transfer apparatus
      of the invention;
PAR  FIG. 2 is a front plan view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is an exploded view illustrating the core pulling mechanism of the
      apparatus;
PAR  FIG. 4 is an enlarged fragmentary sectional view showing the core pulling
      head before grasping the transfer core with hold down plate restraining
      the yarn package;
PAR  FIG. 4a is an enlarged fragmentary sectional view showing the core pulling
      head after grasping the transfer core with the hold down plate restraining
      the yarn package;
PAR  FIG. 5 is a fragmentary enlarged sectional view showing the core pulling
      assembly after removal of the transfer core from the yarn package; and
PAR  FIG. 5a is a fragmentary enlarged sectional view showing removal of the
      transfer core from the core pulling assembly.
DETD
PAC  DETAILED DESCRIPTION
PAR  As illustrated in FIGS. 1 and 2 the core transfer apparatus of the
      invention includes frame 10 upon which is carried three spaced driven
      chains 12. A conventional chain drive (not shown) drives the endless
      chains through sprocket wheels 14 located at opposite ends of the frame. A
      series of spaced apart conveyor plates 16 are carried in parallel rows by
      the chains 12.
PAR  Each conveyor plate 16 carries a yarn package support assembly 18. As
      illustrated in the drawings and particularly FIGS. 1, 3 and 4, support
      assembly 18 includes annular horizontal spacing plate 20 supported from
      conveyor plate 16 by vertical pillars 22. Protruding through a central
      hole in spacing plate 20 is vertical mandrel 24 which is threaded into
      conveyor plate 16. An intermediate plate 17 cooperates in supporting the
      lower end of core 26.
PAR  A foraminous replacement core such as a coil spring or a perforated plastic
      tube of smaller diameter than the original cardboard transfer core 26 is
      placed over the mandrel as shown in FIG. 2. It is also contemplated that
      replacement core 28 be in the form of a spring, which is designed in such
      a way that the lacing when empty gives an effective diameter to the spring
      which is larger than the inside diameter of the cardboard core 26.
      However, upon insertion of the spring 28 into the core, the nature of the
      lacing is such that the spring can be compressed within the cardboard
      core. It is virtually a hand operation necessitated by the fact that the
      diameter of the spring before insertion is larger than the inside diameter
      of the transfer core. The operator merely compresses the spring to permit
      it either to be forced into the transfer core or in the alternative for
      the transfer core to be forced over the spring. The reason for such a
      tight fit, is to permit little if any space to exist between the inside
      core of the yarn and the outside surface of the replacement core or
      spring. The replacement core 28 extends through the orifice in spacing
      plate 20 and rests on conveyor plate 16 (see FIG. 4). Yarn package 30 is
      supported by spacing plate 20. In order to further arrest the movement of
      the replacement core during the transfer core pulling operation, a
      horizontally disposed hole or channel 32 is placed in the base portion of
      the mandrel. Prior to the core pulling operation a reciprocable rod 34
      illustrated in FIG. 3 and carried at the core pulling station is inserted
      through the replacement core 28 into the channel by a conventional air or
      hydraulic actuated cylinder 36.
PAR  A core pulling station 38 is provided for cooperating in removing the
      transfer core 26 from the yarn packages 30. As illustrated in FIGS. 1-3,
      the station preferably includes first and second core pulling assemblies
      40, 40'. Each pulling assembly has associated therewith a yarn package
      restraining sub-assembly 42 and a transfer core removing head assembly 44.
PAR  The yarn restraining sub-assembly 42 operates to arrest any possible
      movement of the yarn package 30 during transfer core removal; and it
      includes an annular hold down plate or pressure pad 46, which, as
      illustrated in FIG. 4, is adapted to abut the upper end of the yarn
      package during core transfer. Improper spacing of the yarn windings on
      core 26 are overcome by the downward movement of the plate 46, the bottom
      of which stroke insures that the yarn is in firm contact with the spacing
      plate 20. The relationship of the spacing plate to the elevation of the
      cores 28 is a constant which is maintained for uniform spacing of the
      yarns on the spring. It has been found desirable to have the plate 46
      slightly compress the package (see FIG. 4), in order to loosen the grip of
      the yarn on the cardboard tube 26, and permit easier withdrawal. The axial
      compression of cross-wound packages, results in some relaxation of the
      yarn, and consequent easier withdrawal of the cardboard core 26. Slight
      compression also provides a uniform containment between the spacing and
      the restraining plates, the distances between the plates being somewhat
      less than normal distance between the ends of the yarn on an untreated
      package. The hold down plate has a central orifice extending therethrough
      to permit the transfer core to be pulled therethrough. The hold down plate
      46 has a support collar 48 attached to its upper surface. The support
      collar has a central orifice of sufficient diameter to permit split ring
      or jaw clamp 76 to extend therein during engagement with the transfer core
      26.
PAR  The hold down plate 46 is attached to a reciprocating mechanism which
      permits the hold down plate to be raised and lowered as desired during the
      sequential operation of the apparatus. The hold down plate actuating
      mechanism includes an air actuated piston disposed within cylinder 52
      connected to one face of the pulling assembly. A reciprocating rod 54 is
      vertically disposed from the cylinder and is attached to hold down plate
      bushing 56. Plate bushing 56 is a generally rectangular metal plate to
      which is bolted or connected support collar 48. During movement of the
      hold down plate, bushing 56 reciprocates vertically along travel rods 58
      and 60. The travel rods are supported by rectangular bottom stop plate 62
      which is connected to pulling assembly 40' by means of support 64.
PAR  Movement of the hold down plate 46 is arrested at the lowermost vertical
      position by bottom stop plate 62 and at its uppermost position by top stop
      66. A pair of holes are provided in the plate bushing 56 to permit the
      travel rods to extend therethrough.
PAR  In FIGS. 3-5, pulling head assembly 44 is illustrated. A pair of pulling
      head assemblies 44 are mounted at opposed sides of pulling station 38 (See
      FIG. 1). Each pulling assembly is in vertical axial alignment with the
      hold down plate 46 of the associated yarn restraining subassembly 42.
      Pulling head assembly 44 includes chuck 68 which is adapted to internally
      and frictionally engage transfer core 26. Cylindrical collet 70 has a
      central orifice extending therethrough and is adapted to frictionally
      engage the upper portion 72 of pilot pin or chuck 68 and rest on chuck
      shoulder 74. A collet or jaw clamp 76 is concentrically disposed about
      collet 70 and chuck 68. Clamp 76 has a split skirt 78 adapted to be
      compressed inwardly by external pressure. As illustrated in FIG. 4, a
      cylindrical space is provided between the inner surface 80 of split skirt
      78 and the bottom surface 82 of chuck 68. The spacing is sufficient to
      permit the transfer core to be disposed therein during engagement thereof.
      The gripping assembly formed from clamp 76, collet 70 and chuck 68 is
      secured together by means of bolt 84 and spacer 86. A pair of stabilizing
      rods 88 extend from the upper face of collet 70 and extend through travel
      plate 90.
PAR  An annular locking collar or constriction ring 98 is adapted to
      frictionally engage split skirt 78 and compress the skirt inwardly toward
      chuck 68 to frictionally engage transfer core 26 as illustrated in FIG. 5.
      For this purpose, the constriction ring should be of somewhat larger
      diameter than the widest portion 100 of the split skirt 78. A pair of
      integral wings 102 extend outwardly in opposite directions from the
      uppermost portion of the constriction ring. In order to permit
      reciprocation of the constriction ring between a lowermost position as
      illustrated in FIG. 5 adjacent the bottom of split skirt 78 to an
      uppermost position as illustrated in FIG. 4 in engagement with travel
      plate 90, travel rods 104 are provided. Rods 104 are threaded into wings
      102 at their lowermost portions and are connected at their uppermost
      portions through travel plate 90 to air cylinders 106. Air cylinders 106
      are adapted to reciprocate travel rods 104 to a lowermost and uppermost
      position in a preselected sequential manner.
PAR  Gripping head assembly 44 is connected by means of bolts (not shown) to
      travel plate 90 and thusly, moves therewith. Air cylinders 106 are also
      connected to travel plate 90 for movement therewith. Further, constriction
      ring 98 is connected to air cylinders 106 through travel rods 104 and is
      also adapted to move with travel plate 90. However, constriction ring 98
      is adapted to independently move in reciprocal fashion with respect to
      travel plate 90 by means of the air cylinders. In order to permit the
      gripping head assembly 44 and constriction ring 98 to move from a first
      position as illustrated in FIG. 2 above the yarn package to a second
      position wherein the chuck 68 and clamp 76 are in frictional engagement
      with the upper edge of the transfer core 26, travel plate 90 is connected
      to piston rod 108. Piston rod 108 is the reciprocating rod for air
      cylinder 110 which is in vertical alignment with the central axis of
      locking collar 98 and the vertical axis extending through the gripping
      head assembly 44. As illustrated in FIG. 1 air cylinder 110 is connected
      to the pulling assembly support 40' by means of horizontal supports 112,
      112'.
PAR  An aligning shaft 114 provides additional alignment support for the
      gripping head assembly 44 when it is in the lowermost position adjacent
      the transfer core 26. Aligning shaft 114 is connected at its lowermost
      portion to travel plate 90 and is adapted to move therewith. Aligning
      shaft 114 also extends through support 112' which serves to prevent
      lateral movement of this shaft when in its lowermost position.
PAR  An air jet 116 is provided fpr blowing the transfer cores 26 into a
      collecting bin (not shown). The air jet is on the pulling assembly 40 such
      that when the gripping head assembly 44 is in its withdrawn uppermost
      position and the transfer core 26 is released, it can blow this core into
      the collecting bin.
PAR  In operation, as illustrated in FIG. 2, a spring or perforated replacement
      core 28 is placed over mandrel 24 by the machine operator. Next, the yarn
      package containing the transfer core 26 is placed over the mandrel 24
      until it rests on spacing plate 20. Another core and yarn package is
      placed on the aligned companion mandrel on the chain conveyor. Next the
      conveyor chain is energized. The mandrel loading procedure is repeated for
      the remaining mandrels as they turn to their upright position. Timing cams
      (not shown) may be employed actuating conventional four-way solenoid
      valves which, in turn, energize the air cylinders. Thus, the timing cam
      for each core pulling assembly 40 or 40' is adapted to actuate its
      associated four-way solenoid valve in response to movement of the conveyor
      chain in order to actuate sequentially air cylinder 52, air cylinder 110,
      air cylinder 106 and air cylinder 36, as will be discussed in further
      detail hereinafter. This controlling means or indexing means 120 is shown
      schematically in FIG. 2 and is of the general type which is well-known to
      those skilled in the conveyor art. As a pair of mandrel supported yarn
      packages approach the core pulling station 38, they are indexed and placed
      in vertical alignment with the gripping head assembly 44 and hold down
      plate assembly 46. At this point, both the hold down plate assembly and
      gripping head assembly are in their raised position. Next, the holddown
      plate air cylinder 52 is actuated to permit the holddown plate to descend
      into frictional engagement with the top surface 118 of yarn package 30.
      Simultaneously therewith or shortly thereafter, pulling head air cylinder
      110 is actuated thereby driving travel plate 90 downwardly to permit the
      gripping head assembly 44 to descend about the top end of transfer core
      26. After the chuck 68 has descended into the transfer core and the clamp
      76 has been concentrically disposed about the core 26, the air cylinders
      106 driving the constriction ring 98 are activated to lower the rings into
      compressing engagement with the widest portion 100 of clamp split skirt
      78. This movement drives the split skirt toward the chuck thereby causing
      gripping of the upper end of the transfer core 26. Prior to this time or
      before the transfer core is pulled from the yarn package reciprocal rod 34
      will have been directed in the channel 32 of the mandrel by air cylinder
      36 to prevent the replacement core 28 from moving with respect to the yarn
      package during the core pulling operation.
PAR  Next, air cylinder 110 is actuated to raise the gripping head assembly 44
      to pull the transfer core 26 out of the yarn package. The holddown plate
      air cylinder 52 is then actuated to release the yarn package.
      Simultaneously therewith or sometime shortly thereafter, air cylinders 106
      are actuated to raise travel rods 104 to lift the associated constriction
      ring 98 to the position as illustrated in FIG. 4 at which the transfer
      core 26 is released from the clamp 76. At this time, air cylinder 110 is
      actuated again to raise the assembly 44 about 2 inches to permit the core
      26 to fall freely. Simultaneously therewith, the air jet is actuated to
      blow the released core 26 into the collection bin (not shown).
PAR  Thereafter, the entire operation is repeated with the next pair of yarn
      packages being indexed at the pulling station.
PAR  It will be obvious to those skilled in the art that various modifications
      may be made to the apparatus hereinbefore described. Such embodiments are
      considered to be within the scope of the invention. The above invention is
      not be limited except as set forth in the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for transferring a package of yarn supported by a rigid
      imperforate transfer core to a foraminous, resilient dye core of
      predetermined diameter comprising, in sequence, the steps of:
PA1  a. compressing the resilient core to reduce its size;
PA1  b. inserting the resilient core into the transfer core;
PA1  c. anchoring the resilient core against axial displacement; and
PA1  d. axially removing the transfer core relative to both the package of yarn
      and the resilient core.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein the compression of the
      resilient core is released to facilitate its interengagement with the
      package of yarn following removal of the transfer core.
NUM  3.
PAR  3. The invention in accordance with claim 2 wherein the transfer core is
      gripped and thereafter pulled axially in removing it from between the yarn
      package and the resilient core.
NUM  4.
PAR  4. The invention in accordance with claim 3 wherein the package of yarn is
      held stationary during the withdrawal of the transfer core.
NUM  5.
PAR  5. A method for transferring a package of yarn supported by a transfer core
      to a replacement core comprising, in sequence, the steps of:
PA1  a. inserting the replacement core into the transfer core;
PA1  b. anchoring the replacement core against axial displacement;
PA1  c. compressing the package of yarn;
PA1  d. gripping and thereafter pulling the transfer core axially in removing it
      from between the yarn package and the replacement core; and
PA1  e. holding the package of yarn stationary during the withdrawal of the
      transfer core.
NUM  6.
PAR  6. The invention is accordance with claim 5 wherein the transfer core is
      ejected and removed to another location after removal from the yarn
      package.
NUM  7.
PAR  7. A method for transferring a package of yarn supported by a transfer core
      to a replacement core comprising, in sequence, the steps of:
PA1  a. inserting the replacement core into the transfer core;
PA1  b. gripping and thereafter pulling the transfer core axially in removing it
      from between the yarn package and replacement core;
PA1  c. holding the package of yarn stationary during the withdrawal of the
      transfer core; and
PA1  d. permitting the yarn and the replacement core to interengage in
      completing the transfer of the yarn onto the replacement core.
NUM  8.
PAR  8. The invention in accordance with claim 7 wherein the replacement core is
      anchored against axial displacement during the removal of the transfer
      core.
NUM  9.
PAR  9. The invention in accordance with claim 7 wherein the replacement core is
      a foraminous dye penetrating core.
NUM  10.
PAR  10. The invention in accordance with claim 9 wherein the foraminous dye
      penetrating core is a perforated plastic tube.
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ABST
PAL  Burnishing tools are constructed for operating on internal and external
      cylindrical surfaces of substantial length to produce a compacted finished
      surface thereon. The burnishing tool has a mandrel with a truncated
      conical surface on which truncated conical rollers rotate as the tool is
      driven in rotation relative to the workpiece. By axially moving the
      mandrel and cage relative to each other the contraction and expansion of
      the rollers occurs. The rollers are retracted when the workpiece is to be
      removed therefrom or applied thereto and are expanded under a
      predetermined pressure into engagement with the workpiece for producing
      the burnishing operation under substantial pressure. The machine herein
      illustrated is self-contained having a pulley driven in rotation by an
      adjacently supported motor for rotating the burnishing tool while
      permitting the expansion and retraction of the rollers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Reference may be had to the patents to S. E. Kalen, U.S. Pat. Nos.
      3,626,560; 3,736,633 and that to C. A. Kruse, Jr., U.S. Pat. No. 3,656,333
      and the references cited therein for a disclosure of the pertinent prior
      art.
PAC  SUMMARY OF THE INVENTION
PAR  A vertically disposed plate supports a housing in which a pair of roller
      bearings support a spindle with a burnishing head at one end and a pulley
      at the other end for rotation. The pulley is recessed to overhang one of
      the bearings to produce a compact device and is sealed by a circular plate
      having interrelated circular flanges disposed closely adjacent to each
      other. The bearings support a sleeve which is driven in rotation by the
      pulley and is connected to a mandrel having an outer or inner truncated
      conical surface. A cage is employed in combination with the mandrel having
      conical rollers therein which when engaging the conical surface of the
      mandrel has the outer engaging lines of the rollers falling on a
      cylindrical surface. A cylinder is mounted on the opposite end of the
      rotatable sleeve to that supporting the mandrel having a piston therein
      connected to the mandrel or the cage to produce a relative movement
      thereto which retracts and expands the rollers. When a workpiece is to
      have the internal surface burnished, the end is placed over the cage and
      rollers, the air is admitted to the cylinder to move the piston under a
      predetermined pressure to expand the rollers into engagement with the
      surface as the mandrel and cage are driven in rotation to produce the
      burnishing operation under a predetermined pressure. The same occurs to a
      rod or pipe which is to have its exterior surface finished by having the
      rod or pipe inserted into the mandrel and cage and have the rollers
      expanded under the pressure of air against the exterior surface to be
      finished so that a burnishing operation can be performed thereon as the
      cage and mandrel are driven in rotation. In either operation a slight
      angular disposition of the rollers relative to the axis of the mandrel and
      cage produces a feed movement to the rod or cylindrical element to advance
      them over the tool head. With this arrangement, the diameter of the
      cylindrical elements being burnished may vary since the rollers are moved
      into engagement with the surface under a predetermined pressure
      irrespective of the varying diameter thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in side elevation of a burnishing device for interior
      surfaces of workpieces embodying features of the present invention;
PAR  FIG. 2 is an enlarged view of the device illustrated in FIG. 1, showing
      parts in section;
PAR  FIG. 3 is a view of structure similar to that illustrated in FIG. 1,
      employed for burnishing the exterior surface of workpieces, and
PAR  FIG. 4 is an enlarged view of the structure illustrated in FIG. 3, with
      parts in section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A base 11 supports an upright plate 12 having a central aperture 13 in
      which a cylindrical housing 14 is inserted and secured thereto. The
      housing 14 is hallow having a set of bearings 15 mounted therein, one at
      each end, and retained in spaced relation by a sleeve 16. A flange 17 is
      secured to the righthand end of the housing 14 by a plurality of screws 18
      while a ring 19 is secured to the opposite end of the housing 14 by a
      plurality of screws 21. A sleeve 22 is supported by the inner races of the
      bearings 15 having a driving shoulder 23 on one end and a locking ring 24
      on the opposite end for retaining the sleeve 22 in fixed relation to the
      inner race of the bearings 15. The end of the sleeve 22 adjacent to the
      ring 24 is increased in diameter for receiving a bearing sleeve 25.
PAR  A pulley 26 is mounted on the driving shoulder 23 through the engagement
      with the surface 27, the pulley having a slot 28 therein. A pin 29 in the
      shoulder 23 extends into the slot 28 and produces a drive from the pulleys
      therewith. The opposite end of the pin 29 extends into a recess 31 in a
      retainer 32 which is secured against a shoulder 33 on the driving shoulder
      23 by a ring 30. The retainer 32 has a ring 34 secured forwardly thereof
      by a plurality of screws 35. A sleeve 36 is secured to the ring 34 with
      its forward end supporting the end 37 of an adapter 38. A threaded end 39
      on the forward end of the adapter is screwed into a threaded aperture in
      the mandrel 41 which has an outer surface of truncated conical form. When
      the pulley rotates, the sleeve 22 and the mandrel 41 therewith.
PAR  A motor 42 is mounted on the plate 12 having a pulley (not shown) which is
      engaged by a belt 43 which passes around the pulley 26 to produce a drive
      therefor. A cover 44 is secured to the forward face of the plate 12 to
      encompass the pulleys and belt to hide them from view and prevent
      inadvertent contact therewith. A sleeve 45 has a shoulder 46 against which
      a bearing 47 is engaged by a spacer 48 which also engages a bearing 49
      which is secured to the sleeve 45 by a lock ring 51. A shouldered threaded
      end 52 of the sleeve 45 has a cage 53 threaded thereon containing a
      plurality of tapered slots 54 in which tapered rollers 55 are retained
      against outward movement in engagement with the conical surface on the
      mandrel 41. The spacer 48 is connected by a pin 56 to the forward end of a
      rod 57. The opposite end of the rod 57 is secured by a pin 58 to a sleeve
      59 which has a shoulder 61 at the inner end. A rod 62 has a head 63 on its
      forward end which is secured between a pair of thrust bearings 64 when
      retained against the shoulder 61 of the sleeve 59 by a locking ring 65.
      The rod 62 has a threaded aperture in its remote end in which a threaded
      end 67 of a piston rod 66 is secured. A piston on the rod 66 is mounted in
      a cylinder 68 to operate forwardly and backwardly a short distance in the
      nature of an inch and is moved to the right when fluid is introduced
      through a conduit 69 and to the left when fluid is introduced into a
      conduit 71. Air is preferably employed as the fluid although oil and other
      types may be utilized. The pin 56 extends through a slot 72 in the sleeve
      36 to permit the forward and rearward movement of the cage 53 to retract
      and expand the rollers 55, respectively.
PAR  A stop bracket 73 is mounted on the outer end of the cylinder 68 by studs
      and nuts 74. The piston has an extending rod 75, the end 76 of which abuts
      the end of a set screw 77 which is adjustable inwardly and outwardly and
      retained in its adjusted position by a set screw 78. This controls the
      amount of retractive movement which occurs to the cage 53 to limit the
      retraction of the rollers 55 when the workpiece is to be removed so as to
      regulate the degree of outward movement required to the rollers 55 when
      moved into engagement with the internal surface of the tube to be
      burnished to thereby reduce the time of the work cycle. The sleeve 59 has
      bearing rings 79 secured thereon for engagement with the inner surface of
      the sleeve 22 and the retainer 32 for relative rotation therebetween. As
      illustrated in FIG. 1, the cage 53 has a liner 80 of substantial length to
      permit a tubular workpiece 81 of substantial length to have its interior
      surface burnished after the end of the tube is inserted over the retracted
      rollers 55 of the cage 53 with the motor driving the cage and mandrel in
      rotation.
PAR  The advancement of the piston in the cylinder 68 will expand the rollers
      into engagement with the inner surface of the workpiece 81 which will be
      burnished under a predetermined pressure provided by the air on the
      piston. The workpiece may be advanced automatically during the burnishing
      operation by providing a slight offset angular relation of the rollers to
      the axis of the cage 53. A trough 82 is disposed beneath the burnishing
      tool for supporting the workpiece 81 as it is advanced. The trough is
      supported on jack-like elements 83 which are adjustable to move the trough
      upwardly and downwardly relative to a support 84. A pan 85 is provided
      below the support 84 to catch the coolant from the end of the trough which
      passes downwardly through an opening 86 into the recirculating tank within
      the base 11 (not shown). After the workpiece 81 has been mounted into
      engagement with the ring 34, the piston within the cylinder 68 is moved
      inwardly to move the mandrel 41 into engagement with the workpiece which
      will be moved from the ends of the rollers as the burnishing operation is
      completed.
PAR  Referring to FIGS. 3 and 4, a similar device is illustrated that wherein
      the plate 12 has the housing 14 secured thereto by a plurality of screws
      87. The bearings 15 support the sleeve 22 for rotation with a bearing ring
      88 on the interior thereof disposed in engagement with a sleeve 89 which
      may or may not rotate therewithin. A pulley 91 is attached to the sleeve
      22 for driving a mandrel 92 by the pin 29 in a manner as pointed out
      hereinabove. The mandrel has a truncated conical surface 93 on the inside
      engaged by truncated conical rollers 94 which are secured in a cage 95,
      the inner end of which engages a bearing 96 which abuts the sleeve 89.
      This permits the mandrel 92 and cage 95 to rotate independent of the
      sleeve 89. When the mandrel 92, cage 85 and sleeve 89 are not to be
      rotated, a ring (not shown) is substituted for the bearing 96 with pins
      extending from opposite sides which extend into apertures 90 in the
      adjacent ends of the cage 95 and sleeve 89 and prevent relative rotation
      therebetween. A spring 97 is provided about the cage 95 for urging the
      cage to the right as viewed in the Figure.
PAR  The righthand end of the housing 14 has a housing 98 secured thereto by a
      plurality of screws 99. The housing has a cylindrical aperture 101 in
      which a ring-type piston 102 is mounted and sealed by an O-ring 103 on the
      outer surface and by an O-ring 104 on the inner surface. The piston 102
      has a plurality of springs 105, eight in number, which urge the piston to
      the right when abutted against a washerlike plate 106 secured in position
      by a lock ring 107. The righthand end of the sleeve 89 has a head 109
      which is sealed to the surface of the sleeve 89 by an O-ring 111. The
      piston 102 is secured in fixed relation to the sleeve 89 by a lock ring
      110 to have the sleeve move forwardly and rearwardly with the piston. A
      passage 112 is provided through the head 109 of the housing 98 for the
      introduction of a fluid, such as air, to within the aperture 101 for
      moving the piston 102 forwardly therein. When air is removed from the
      piston, the piston and sleeve will be moved to the right by the plurality
      of springs 105 which permits the spring 97 to move the cage 95 along
      therewith and remove the pressure from the rollers 94. By using the
      bearing 96, the cage 95 and mandrel 92 will be rotated by the pulley 91
      without rotating the sleeve 89.
PAR  The outer surface of the righthand end of the sleeve 89 is provided with a
      thread 113 on which a nut 114 is screwed for limiting the forward movement
      of the sleeve and cage and the degree of retraction of the rollers 94. The
      ring has a slot 118 so that it can be drawn together by a screw 119 after
      being adjusted on the thread 113. A rectangular block 121 is secured to
      the housing end 109 by screws 122 in position to have a side abut a flat
      area 120 on the outer wall of the ring to prevent the ring from rotating
      on the thread. A workpiece in the nature of a rod or sleeve is advanced
      into the rollers 94 when in retracted position and fluid is conducted from
      the passageway 112 to permit the piston 102 to be moved to the right by
      the springs 105 and the cage 95 with the rollers 94 moved therewith by the
      springs 97 to have the rollers retracted. As the cage and mandrel rotates,
      the work will automatically feed past the rollers if slightly offset at an
      angle to the axis of the mandrel. In this arrangement, the workpiece may
      be passed completely through the burnishing device after which the
      delivery of the fluid through the passgeway 112 will move the sleeve 89
      and cage 95 to the left thereby permitting the rollers 94 to retract so
      that another workpiece may be inserted therebetween. The workpiece could
      be fed into the rollers while the end of one ahead thereof is being
      finished to thereby eliminate the retraction of the rollers.
PAR  Such an arrangement is illustrated in FIG. 3 where troughs 82 are supported
      at each end of the burnishing device on supporting elements 83 which are
      adjustable toward and away from the workpiece 117 in a manner pointed out
      hereinabove. Troughs 82 are mounted on the opposite end of the burnishing
      device for supporting the workpiece with pans 85 and 116 therebelow for
      collecting the coolant in a manner pointed out hereinabove. Thus, as one
      workpiece 117 passes from the rollers 94 the second workpiece being
      retained thereagainst moves within the rollers so that the operation can
      be continuous. The workpieces ride upon replaceable strips 125 of Nylon,
      teflon or other low friction material to provide support therefor with the
      expenditure of a minimum amount of friction. The ring 30 has an inwardly
      extending annular flange 126 which extends into an annular recess 127 of a
      ring 128 which is secured to the cover 44 by screws 129. The tortous
      passageway between the mating faces of the rings 30 and 128 prevents dust
      and grime from passing therethrough. In FIG. 2, the belt 43 and pulley 26
      have flat faces in engagement with each other. In FIG. 4, the pulley 91
      has its surface interrupted with laterally disposed slots 123 in which
      teeth 124 on the inner face of the belt engage to produce a nonslip
      relation therebetween.
PAR  To provide uniform burnishing throughout the length of the workpiece, air
      to the conduit 69 is passed through a filter, regulator and lubricating
      device 131 to which the supply airline 132 is connected. When the rollers
      engage a point within the interior of the workpiece which is of less
      diameter than the standard diameter of the workpiece, pressure will
      increase on the rollers and on the air in the line 69 which is relieved
      and retained constant by the regulator valve of the device 131. With this
      arrangement, a substantially constant pressure of air is at all times
      present on the side of the piston to which the air through the conduit 69
      impinges to apply pressure to the rollers. This prevents the overloading
      of the tool and possible damage thereto while producing the desired finish
      to all parts of the surface of the workpiece. This same device is employed
      in the same manner on a tool which operates on the external surface of a
      workpiece for maintaining equal pressures at all times during the
      burnishing operation. In FIG. 3, it will be noted that a plate 133 is
      welded or otherwise secured at right angle to the plate 12 and support 84
      to strengthen the assembly.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a burnishing tool, a support, a housing on said support, a spindle,
      bearing means supporting said spindle within said housing for rotation,
      drive means for rotating said spindle, a burnishing head on the forward
      end of said spindle having a mandrel and a slotted cage with truncated
      rollers within the slots, a cylinder, a piston in said cylinder for
      relatively moving said mandrel and cage to move the rollers into
      engagement with the surface of a workpiece for applying a predetermined
      pressure irrespective of variations of diameter of the workpiece, and
      means for retracting the rollers from engagement with the workpiece.
NUM  2.
PAR  2. In a burnishing tool as recited in claim 1, wherein means is provided
      for limiting the amount of retractive movement produced to the rollers.
NUM  3.
PAR  3. In a burnishing tool as recited in claim 2, wherein said limiting means
      is adjustable for regulating the amount of retractive movement provided to
      the rollers.
NUM  4.
PAR  4. In a burnishing tool as recited in claim 2, wherein the drive means
      embodies a flat pulley on said spindle, a motor on said support, a flat
      pulley on said motor, and a flat belt between said pulleys.
NUM  5.
PAR  5. In a burnishing tool as recited in claim 4, wherein a side face of the
      spindle pulley is recessed for receiving the adjacent portion of the
      housing and bearing means in overhanging relation therewith.
NUM  6.
PAR  6. In a burnishing tool as recited in claim 5, wherein said pulley surface
      has laterally disposed slots forming teeth-like protuberance therebetween,
      and wherein the inner face of the belt has teeth thereon to provide a
      positive drive therebetween.
NUM  7.
PAR  7. In a burnishing tool as recited in claim 1, therein said support has
      vertically adjustable elements thereon, and a trough supported on said
      adjustable elements which extends beyond said burnishing head for
      supporting a workpiece.
NUM  8.
PAR  8. In a burnishing tool as recited in claim 1, wherein said spindle is
      hollow, and wherein said rollers are adjusted inwardly to operate on the
      outer surface of a workpiece which may be passed entirely through said
      spindle.
NUM  9.
PAR  9. In a burnishing tool as recited in claim 8, wherein said support has
      vertically adjustable elements each side thereof, and troughs supported by
      said adjustable elements beneath the forward and rear portions of said
      spindle in position to support the workpiece either side thereof.
NUM  10.
PAR  10. In a burnishing tool as recited in claim 7, wherein replaceable bearing
      elements are provided on the inside of the trough for engagement with the
      workpiece.
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PAL  A method for fabricating a semiconductor diode array, utilizing an
      alignment tool to precisely position a plurality of diodes so that they
      can be bonded into a precision array. The alignment tool and a method for
      fabricating the tool are also disclosed.
GOVT
PAC  BACKGROUND OF THE INVENTION
PAR  The invention herein described was made in the course of work under a grant
      or award from the U.S. Army.
BSUM
PAR  This invention relates generally to a method for fabricating a precisely
      aligned semiconductor array, and more particularly a method for alignment
      of semiconductor diodes using a tool and a method for fabrication of the
      tool.
PAR  Semiconductor applications frequently require precise alignment of a
      plurality of semiconductor devices spaced over a surface and configured as
      a large scale array. Many applications utilize an optical or electron beam
      which is caused to move from device to device in an array. The
      semiconductor devices are responsive to the beam as it impinges on
      individual semiconductor devices during its movement across the array. In
      an electron bombarded semiconductor (EBS) target, a semiconductor target
      including a plurality of reverse biased diodes is bombarded by an electron
      beam to obtain an output from the diodes that is representative of the
      linear distance over which the beam moves.
PAR  It is important in EBS applications that the device-to-device alignment be
      extremely precise so that the output from the diode array results solely
      from beam movement. Device-to-device misalignment may contribute
      substantial error in the output. In EBS applications it is necessary that
      adjacent devices, such as diodes in the present invention, be isolated
      from each other and further be very precisely aligned with respect to one
      another. In operation, an electron beam is swept across the diodes a very
      precise amount. If it is necessary to sweep the electron beam more than
      anticipated then power is wasted and less efficient operation results.
      Further, in certain applications, the devices may be connected in series
      and the spacing between diodes then become particularly critical as any
      variation in spacing will produce a corresponding variation in output
      impedance of the series connected devices. Thus it may not be possible to
      couple the semiconductor target into a load properly.
PAR  Prior art methods of providing a diode array include separating a plurality
      of diodes into individual dice with the die dimensions accurately
      controlled, such as by sawing. The dice are then individually aligned and
      bonded to a substrate. This technique, in reality, lacks the required
      precision because of the inherent limitations in the mechanical device
      which must step from one diode position to an adjacent diode position as
      devices are individually bonded on a one-by-one basis. The inherent
      limitations of mechanical one-by-one positioning become particularly acute
      when semiconductor dice must be placed very close together, on the order
      of one or two mils. Dice spacing of this order does not permit sufficient
      room to physically and rigidly grip each semiconductor die to prevent it
      from sliding while it is being bonded to a substrate.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  Accordingly, it is an object of this invention to provide a method for
      fabricating precisely aligned arrays of semiconductor devices.
PAR  It is a more specific object of this invention to provide a method for
      fabricating a semiconductor diode array utilizing an alignment tool to
      precisely position a plurality of diodes so that they can be bonded into a
      precision array.
PAR  A further object of this invention is to provide an alignment tool for
      positioning diodes in an array and a method for fabricating the tool.
PAR  Briefly, in a specific embodiment of the invention, a diode array is
      fabricated using an alignment tool of the type having spaced recesses
      formed in a semiconductor body. The body is adapted to receive discrete
      diodes of the type having diode bonding pads so that the diode bond pads
      protrude above the surface of the body. An insulating substrate having a
      surface is provided and a metal layer formed on the surface of the
      substrate is patterned to correspond with the diode bond pads of the
      spaced diodes which have been positioned by the alignment tool. The
      substrate and patterned layer thereon is then heated to the melting
      temperature of the diode bond pads. The diode bond pads and the substrate
      pattern are aligned in a confronting relationship and are brought into
      contact. The substrate is allowed to cool and the tool is removed from the
      diode array formed on the substrate pattern.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-10 show cross sectional views of a portion of a semiconductor body
      utilized as an alignment tool in accord with the present invention.
PAR  FIGS. 11 and 12 show the alignment tool having a plurality of diodes
      mounted therein, the tool placed in a holder and the combination placed in
      a conventional bonding apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The method for bonding diodes in an array in accord with the present
      invention requires an alignment tool for positioning discrete diode during
      the bonding process. The starting material for the alignment tool is a
      semiconductor body or wafer 16, having a top planar surface 17 and a
      bottom planar surface 18, FIG. 1. The semiconductor body 16 may be of
      silicon material having a (100) orientation and having top and bottom
      planar surfaces ground and polished to provide a body thickness of from 10
      to 12 mils.
PAR  Next a first protective layer 19 is formed on the top planar surface 17 and
      a layer 20 on the bottom planar surface 18. The protective layer may be an
      oxide of the semiconductor body having a thickness of 1 to 1.5
      micrometers. Next the top protective layer 19 is masked with a pattern
      defining the diode size, thickness range and diode spacing corresponding
      to the diodes that the alignment tool is to position, FIG. 2. This may be
      a conventional step of applying a photoresist 21 to the top layer 19. Next
      the body is etched in the areas of the top protective layer 19, that are
      exposed by the conventional photoresist process to form masking windows,
      or apertures 23. This etching step may be accomplished by attaching the
      body to an inert substrate with wax, leaving the patterned side exposed
      and etching the thermal oxide in the exposed areas, FIG. 3.
PAR  The portions of the semiconductor body which are exposed after the etching
      process, are then etched through windows or apertures 23 to form recesses
      24 having walls 24a with the desired depth determined by the diodes to be
      aligned by the tool, FIG. 4. In a silicon body, the etching may be
      accomplished by an anisotropic etch, such as in 30% sodium hydroxide at
      60.degree. to 80.degree.. The top protective layer 19 is then removed from
      the planar surface 17 such as by etching, FIG. 5. Next, the body 16 is
      demounted, cleaned and a second protective layer 26 formed on the planar
      surface 17 and the exposed walls of recesses 24, FIG. 6.
PAR  Next the bottom protective layer 20 is masked, such as by conventional
      photoresist technique, FIG. 7. Windows or apertures 27 are formed in the
      layer 20 underlying the recesses 24 extending from planar surface 17, and
      portions of the body 28 are exposed. The apertures or windows may be of
      rectangular shaped and of sufficient size to provide an anisotropic
      etching to a depth of 15 mils. Alignment of the underlying apertures 28
      with the recesses 26 may be accomplished by use of an infra red
      microscope. Next, the portions of the semiconductor body 28 exposed
      through the mask are anisotropically etched forming bottom recesses 29,
      which extend from the lower planar surface 18 to contact an exposed
      portion 31 of the layer 26, FIG. 8.
PAR  Next the body 16 is cleaned and layers 26 and 20 are removed, FIG. 9. Next
      a relatively thin passivating layer 32 is formed on the exposed surfaces
      of the body. Layer 32 may be an oxide of the body formed to a thickness of
      1 to 1.5 micrometers, FIG. 10. Next the body 16 may be dimensioned such as
      by scribing to provide an alignment tool having the desired diode size and
      diode pattern formed therein. The alignment tool may be dimensioned to a
      rectangular pattern 0.6 inches on each side and having the diode array
      pattern centered thereon.
PAR  Turning to the method for forming discrete diodes in an array, the
      alignment tool now fabricated is positioned in combination with an
      alignment tool holder 36, FIG. 11. The alignment tool 34 is placed on a
      lower surface 39 of the holder 36. Tool holder 36 includes a housing 38
      having a lower surface 39 and having a cavity 41 extending from said lower
      surface 39 within the housing 38. Housing 38 has a passage 42 extending
      from cavity 41 through housing 38 exiting on a surface opposite surface
      39. Passage 42 has a bonder pin 43 slidably mounted within passage 42. A
      vacuum tube 44 is in communication with cavity 41. Cavity 41 has a porous
      block 46 suitably positioned within said cavity. Bonder pin 43 is
      positioned in relation to block 46 so that when pressure means is applied
      to pin 43 the pin moves from a rest position to contact block 46 which
      transmits the force applied to pin 43 by said pressure means over the
      surface contacted by block 46.
PAR  In operation of the tool holder 36, alignment tool 34 is positioned over
      the open end of cavity 41 and resting on surface 39 and contacting porous
      block 46. Vacuum means is applied to vacuum tube 44 to thereby urge
      alignment tool 34 against surface 39 and porous block 46. Diodes 47 may
      now be loaded in the recesses of alignment tool 34, said diodes and tool
      positioned so that the diode bond pads 48 protrude from the alignment tool
      and extend outward from the combination of the holder 36 and the tool 34.
      The diodes 47 are likewise urged against the outward surface of tool 34 by
      the vacuum means applied to vacuum tube 44.
PAR  Diodes 47 are positioned within the alignment tool 34 with outwardly facing
      bond pads 48, FIG. 12. In the present invention the diode bond pad 48
      metal combines with the substrate metal, yet to be described, to form a
      diode bond metallization, thereby bonding the diodes into an array. Two
      specific diode bond metallizations may be utilized, one metallization
      utilizing the gold-silicon eutectic and the other the gold-tin eutectic.
      The process used to form the diode bond pads 48 may be accomplished
      subsequent to the conventional formation of the diodes 47. The
      conventional formation of diodes 47 may be by diffusion or ion
      implantation of the diodes in a first surface of a semiconductor body
      which is then ground and polished to the desired diode thickness.
PAR  Next a relatively thick, impurity doped insulating layer is formed on the
      back side of the wafer, that is, the surface parallel to the planar front
      or first surface in which the diodes are formed. The layer may be
      approximately 2000 Angstroms in thickness formed of phosphorous doped
      silicon dioxide. The oxide may then be patterned to expose the
      semiconductor surface on the back of each diode. Next the diode bond pad
      48 may be formed. In the case of the gold-silicon eutectic a first layer
      of 100 to 300 Angstroms of nickel is formed and sequentially a 1000
      Angstrom layer of gold is formed on the exposed backside of the diodes. In
      the case of the gold-tin eutectic a layer of 100 to 300 Angstroms of
      titanium is first formed, and then a 1000 to 1500 Angstrom layer of
      platinum or molybdenum layer is formed thereon. Finally a 1000 Angstrom
      layer of gold is formed on the platinum or molybdenum layer. The bond pads
      are then conventionally masked.
PAR  Next, the gold-silicon semiconductor bodies have a 1 to 1.5 micrometer
      layer of gold formed thereon, such as by electroplating. The gold-tin
      metallization semiconductor bodies have a layer of 3 to 4 micrometers of
      gold formed thereon, followed by a 2 to 3 micrometer layer of tin
      sequentially formed thereon. Next a 1 to 1.5 micrometer layer of gold is
      formed on the tin layer. The photoresist is then removed and excess
      portions of the metals removed by etching. Next the semiconductor bodies
      are mounted on an inert substrate having the individual diodes exposed.
      The diodes are then separated, such as by anisotropic etching in 30%
      sodium hydroxide at 60.degree.C, as required. The discrete diodes, having
      the diode bond pads 48 formed thereon, may then be demounted, cleaned and
      inspected; prior to their being formed into a diode array.
PAR  As previously discussed, once the diodes 47 are placed in the alignment
      tool 34 which has been positioned against the alignment holder 36, vacuum
      means urges the diodes 47 against the recesses of alignment tool. Next the
      plurality of diodes in the alignment tool 34 and the alignment tool holder
      36, are placed in a conventional flip-flop beam lead bonding machine
      having vertical travel, FIG. 11. An insulating substrate 51 has a
      metallization layer 52 formed thereon and patterned to correspond with the
      diode bond pads 48 of the spaced diodes 47 positioned by alignment tool
      34. Next the substrate 51 and the metallization layer 52 formed thereon
      are heated by the conventional bonder stage 53. The bonder stage 53 and
      flip-chip bonding machine are positioned to align the diode bond pads 48
      and confronting, patterned metal layer 52. The metal layer 52 may be
      formed of gold and heated to approximately 450.degree.C.
PAR  Next the conventional flip-chip bonding machine vertical travel is adjusted
      to bring the confronting diode bond pads 48 into contact with the
      metallization layer 52. Pressure means may then be applied to bonder pin
      43. Typically 0 to 5 pounds of pressure may be applied for a period of
      from 5-10 seconds. Next the vacuum means is deenergized, the alignment
      tool holder pin 43 moved to its rest position. The bonding tool 34 and
      diodes 47 therein remain in contact having formed a metallization eutectic
      at the bond pad 48 -- layer 52 interface. Next the substrate is allowed to
      cool to 250.degree.C and the alignment tool 34 is then removed leaving the
      plurality of diodes 47 bonded to the substrate formed as a diode array
      thereon. Next the substrate and diode array are allowed to cool to room
      temperature.
PAR  Thus it is apparent that an alignment tool has been provided for
      positioning discrete diodes of the type having diode bond pads so that
      they can be bonded into an array. Further, a method for fabricating a
      diode array using a gold-silicon and alternatively a gold-tin eutectic is
      apparent. The alignment tool, the method for forming the tool and the
      method for forming semiconductor devices into an array provides alignment
      of semiconductor devices in a wide variety of applications which require
      precise alignment. Moreover, the present invention may be utilized to form
      arrays of various types of semiconductors, such as diodes transistors and
      photo-semiconductors, which may be scanned or activated by wide variety of
      optical or electron beams.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an alignment tool for positioning discrete diodes of the type having
      diode bond pads so they can be bonded into an array, a semiconductor body
      having substantially parallel top and bottom planar surfaces, said top
      surface of the body having a plurality of spaced top recesses formed
      therein having walls forming alignment surfaces extending from the top
      surface into the body, wherein said alignment surfaces and said diode body
      in combination mutually co-act to position said diodes, said recesses
      being adapted to receive the diode body and having a predefined depth so
      that the diode bond pads protrude above the top surface of the body, said
      bottom surface of the body having a plurality of spaced bottom recesses
      formed therein underlying the top recesses and having walls extending from
      the bottom surface into the body and intersecting the walls of the top
      recesses.
NUM  2.
PAR  2. An alignment tool as in claim 1 wherein the semiconductor body is a
      silicon body, the outer peripheries of the top recesses in the top surface
      are spaced a distance of 1 mil or greater, and where the intersection of
      the top and bottom recesses defines a subsurface plane substantially
      parallel to said top and bottom surfaces, and wherein the walls of the
      bottom recesses intersect the subsurface plane entirely within the
      intersection of the walls of the top recesses and the subsurface to
      thereby form a shoulder within the body.
NUM  3.
PAR  3. An alignment tool as in claim 2 wherein said top recesses are
      rectangular in shape in the top surface and have downward inwardly
      tapering walls, said bottom recesses are rectangular in shape in the
      bottom surface and have upward inwardly tapering walls, and wherein said
      tool has a relatively thin passivating layer formed as an oxide of the
      body on the alignment surfaces of said recesses and on the exposed
      surfaces of the body.
NUM  4.
PAR  4. In an alignment tool for positioning discrete diodes of the type have
      diode bond pads so they can be bonded into an array, a semiconductor body
      having substantially parallel top and bottom planar surfaces, said top
      surface of the body having a plurality of spaced top recesses formed
      therein having walls extending from the top surface into the body and
      adapted to receive the diode body with the diode bond pads protruding
      above the top surface of the body, said bottom surface of the body having
      a plurality of spaced bottom recesses formed therein underlying the top
      recesses and having walls extending from the bottom surface into the body
      and intersecting the walls of the top recesses, said walls of the top
      recesses defining a smaller area within said body than the area defined by
      said walls of the top recesses at said top surfaces.
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ABST
PAL  The invention is directed to a method of and machine for loading a scroll
      of film and take-up spool into a cartridge and assembling and sealing the
      cartridge. It includes the steps of supplying a web of film and backing
      paper to a scrolling mechanism and winding the webs into a scroll. A
      single guide track guides and assists in advancing the webs of film and
      backing paper to a winding spindle. Severing mechanisms are located along
      the guide track to cut the webs into the desired lengths. The winding
      spindle is engaged by the webs for scrolling within a socket on a first
      transport carrier. When scrolling is complete the spindle is withdrawn and
      the scroll is retained in the socket. An ultrasonic securing device is
      used to secure a free end of the scroll to a take-up spool carried in
      another socket of the carrier. A transfer mechanism then transfers the
      spool and scroll from the first carrier into the chambers of a waiting
      cartridge bottom carried on a further transport carrier device which
      transports the loaded cartridge bottom to a station where the cartridge
      cover is placed on the bottom portion. An ultrasonic welding mechanism
      then seals the cover to the bottom completing the cartridge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the field of film winding and
      packaging devices and techniques, and more specifically, to a machine and
      method for winding film into a scroll and loading it with a film take-up
      spool into an empty film cartridge such as commonly used in photographic
      still cameras.
PAR  Cartridges of the type assembled by the present invention have been
      developed and in wide spread use for some time necessitating the need for
      high speed mass production of fully loaded and assembled cartridges for
      mass distribution and sale to the public. The cartridge generally
      comprises a bottom portion having a double chamber for receiving and
      housing the scrolled film and take-up spool and a cover assembled with the
      bottom portion and sealed thereto. The scroll of film is generally wound
      with a layer of protective paper usually provided with appropriate indicia
      or markings so as to determine discrete lengths of film. The film and
      paper are appropriately connected to the take-up spool for film advancing
      and winding during the picture taking procedures. The take-up spool,
      cartridge cover and bottom receiving portion are preferably made of a
      plastic material.
PAR  Cartridges of the foregoing type have been designed so as to facilitate
      picture taking by the amateur or inexperienced photographer. Improper
      loading or insertion of the cartridge into the camera has been avoided by
      designing the cartridge with one end thereof of a different size or shape
      than the other so that insertion into a properly designed camera can be
      made in only one way. Further, these cartridges have eliminated the
      necessity for rewinding film such as is common in the more sophisticated
      35 mm type cameras and have further eliminated the possibility of loosely
      wound or unraveling rolls of film. Accordingly, the cartridge and
      cartridge loading cameras have become vastly popular and widely used.
PAR  Aa variety of techniques and machines have been designed and developed in
      an attempt to efficiently and rapidly load and assemble such cartridges.
      Such prior machines and techniques have involved a series of complicated
      procedures and steps of assembly requiring a number of operators and have
      involved complicated machinery for handling and conveying the various
      components of the cartridge to appropriate assembly and sealing stations.
      Several guide tracks have usually been employed to separately advance the
      paper, film and cartridge elements to an assembly or operating position.
PAR  One such prior technique of loading and assembling requires the step of
      preassembling the double chambered bottom portion with the cover prior to
      loading, transporting the assembled but unsealed cartridge to a loading
      station, employing means to remove the cover and inserting a scroll of
      film and take-up spool into their respective chambers in the bottom
      portion of the cartridge. It has been found that preassembly and
      consequent removal of the cover is an unnecessary step in the assembly
      operation requiring additional structure for the assembly apparatus
      further complicating the machinery and requiring possible additional
      operators.
PAR  The winding or scrolling of the film with backing paper has typically been
      accomplished by wrapping the film about a driven spindle. Difficulties
      have been encountered in the prior known apparatus and techniques for
      accurately and rapidly securing the free end of a strip of film and
      backing paper to the spindle without causing jam-ups in the machine
      operation.
PAR  Prior art techniques have also involved the taping or otherwise securing
      the sensitized film to the backing paper which is ultimately interleaved
      between the wound film so as to properly register discrete lengths of film
      with indicia or marking on the backing paper for use by the photographer
      during the picture taking operation. It has been found that this also is
      an unnecessary step further requiring additional complicating structure.
PAR  It is accordingly one object of the present invention to provide a machine
      or apparatus for efficiently, rapidly and accurately loading and
      assembling film cartridges of the foregoing type for mass distribution.
PAR  A further object of the present invention is to provide a method and
      apparatus for loading and assembling film cartridges which avoid
      complications of the prior techniques and machines eliminating unnecessary
      steps and simplifying machinery and equipment.
PAR  It is yet another object of the present invention to avoid difficulties in
      winding the film and paper about a spindle encountered by prior known
      devices and to provide an apparatus which rapidly and accurately winds the
      film and paper into a scroll for insertion in the cartridge in a virtually
      trouble free manner.
PAR  A further object of the present invention is to provide a semi-automatic
      cartridge loading system of improved reliability minimizing supervision
      and numbers of operators required.
PAR  Yet another object of the present invention is to provide an apparatus
      facilitating complete winding and scrolling operation of the film,
      insertion thereof into a hollow cartridge along with an attached take-up
      spool, assembly of the hollow cartridge with a cover, sealing the cover to
      the cartridge and delivery of a completed, sealed and loaded cartridge
      ready for labeling and packaging.
PAR  The above objects, features and advantages along with other objects,
      features and advantages of the present invention will become more apparent
      from the detailed description of the invention in conjunction with the
      accompanying drawings to be described more fully hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects and advantages are generally accomplished by providing a
      cartridge loading and assembly apparatus for conducting six main
      operations. The first operation advances the film from a supply into an
      enclosed supply guide together with aa pre-notched backing paper, severs
      the film and paper to desired lengths and scrolls the film and paper. The
      second operation transfers the scrolled film and paper to a turret having
      scroll and spool receiving sockets. In practice, however, the scroll is
      formed within one of the scroll sockets, so that no additional transfer
      operation is required. A third operation secures a free end of the paper
      to the take-up spool. A fourth operation transfers the scroll and take-up
      spool into a waiting cartridge bottom. A fifth operation seals the cover
      of the cartridge to the loaded bottom. The sixth operation ejects the
      cartridge from the apparatus to a receiving bin.
PAR  More specifically, the method of the invention includes supplying a web of
      sensitized film and a web of backing paper in overlying and registered
      relation to a scrolling station; severing said webs of film and paper to
      desired finite lengths; winding said film and backing paper into a scroll;
      attaching a free end of scrolled paper to a take-up spool; inserting said
      scroll and take-up spool simultaneously into a scroll chamber and spool
      chamber of said bottom portion; assembling said bottom portion with said
      cover to form the cartridge assembly enclosing said spool and scroll
      within said chambers; and sealing said cover to said bottom portion in a
      light-tight manner.
PAR  The present invention further provides an apparatus or machine for carrying
      out the foregoing method which includes a housing, a supply of sensitized
      film and a supply of backing paper; a single guide track supported on said
      housing for receiving and transporting therein a web of film with a web of
      backing paper to a scrolling means; means for guiding a web of film from
      the supply thereof into said guide track, and means for guiding a web of
      backing paper from the supply thereof into said guide track; means
      supported on said housing for engaging said web of film and means for
      engaging said web of paper to advance said webs along said guide track;
      means for severing said film and paper webs to desired finite lengths;
      means for determining relative locations of said webs to actuate said
      severing means; scrolling means carried on said housing at one end of said
      guide track for winding said severed webs into a scroll; means for
      attaching a free end of said scroll to a take-up spool; means for
      simultaneously inserting said spool and scroll into a spool chamber and a
      scroll chamber respectively in said bottom portion of said cartridge;
      transport means for carrying said loaded bottom portion to an assembly
      station for assembly with said cover; and means for sealing said cover to
      said bottom portion to form a completed cartridge.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  There follows a detailed description of a preferred embodiment of the
      invention to be read together with the accompanying drawings wherein:
PAR  FIG. 1 is an exploded perspective view showing the various elements of the
      known cartridge to be assembled according to the present invention;
PAR  FIG. 2 is a plan view of the backing paper to be scrolled with the film;
PAR  FIG. 3 is a schematic representation of all the stages of operation of the
      present invention;
PAR  FIG. 4 is an elevational view showing one portion of the present invention
      for advancing the paper and film to a scrolling station;
PAR  FIG. 5 is a sectional view along lines V -- V of FIG. 4 showing the
      scrolling mechanism;
PAR  FIG. 5a shows a plan view an element of the scrolling mechanism shown in
      FIG. 5.
PAR  FIG. 6 is an elevational view showing a further portion of the invention
      for loading and transporting the cartridges; and
PAR  FIG. 7 is a sectional view taken along lines VII -- VII of FIG. 6 showing
      the mechanism for loading the scroll and spool into an open cartridge
      bottom.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now in greater detail to the accompanying drawings, FIG. 1 shows
      in an exploded view the various components of the cartridge to be loaded
      and assembled by the present invention. Neither the cartridge itself nor
      any of its component parts from any part of the present invention as it is
      widely used and well known, but are described herein in order to provide
      full appreciation and understanding of the loading and assembly thereof by
      the present invention to be described more fully hereinafter.
PAR  The cartridge, generally referred to as 1, comprises a bottom portion 2, a
      cover 3, a take-up spool 4 and a scroll 20 of film and backing paper.
PAR  The bottom portion 2 comprises two chambers or compartments 5 and 6,
      respectively. Chamber 5 is intended as a film supply chamber and will
      receive the scroll of film and backing paper. Chamber 6 is a take-up
      chamber intended to receive spool 4 to which the film and paper will be
      attached and ultimately wound onto during picture taking operations. When
      the respective chambers are filled with the film scroll and take-up spool
      cover 3 will be assembled with the bottom portion 2 so as to totally
      enclose the chambers and form the completed cartridge. Spool 4 is freely
      rotatably carried on a tapered spindle 7 formed integrally with the bottom
      portion 2 within the chamber 6. A wall 8 extends between and connects
      chambers 5 and 6 and is integral with back walls 9 and 10 which define a
      portion of chambers 5 and 6, respectively. A lip 11 extends along the
      upper edge of wall 8 protruding perpendicular to the plane of wall 8.
      Ledges 12 and 13 define film guide surfaces providing passageways for the
      film between chambers 5 and 6 and serve as light locks to prevent
      undesirable film exposure.
PAR  The bottom portion 2 further includes guideways 14 and 15 for receiving
      complimentarily fitting guide members 14' and 15' on the cover 3. The
      cover further includes a top wall 16 intended to cover or enclose the film
      to be transported over ledges 12 and 13. An aperture 39 is provided in top
      wall 16 to provide means for viewing indicia printed on the backing paper.
      End walls 17 and 18 will enclose chambers 5 and 6, respectively, when the
      cover is assembled and sealed to the bottom portion 2. Upon assembly and
      sealing, the bottom portion 2 and cover 3 combine to form the cartridge
      which carries a roll of film and backing paper in supply chamber 5 with an
      end thereof attached to take-up spool 4 housed within take-up chamber 6.
PAR  The free end 21 of backing paper from scroll 20 is attached to the spool by
      a known ultrasonic attaching technique. When fully assembled the scroll 20
      will be accommodated within chamber 5 of the bottom portion 2 of the
      cartridge and spool 4 will be accommodated within the chamber 6. Portion
      22 of the paper will extend between chambers 5 and 6 and be guided on
      ledges 12 and 13. The present invention which will be described in detail
      comprises the apparatus and technique of forming the scroll 20 of film and
      backing paper, attaching a free end 21 of the paper to a spool 4, loading
      the scroll and spool into chambers 5 and 6 of the cartridge and
      light-tight securing the cover 3 onto the bottom portion 2 of the
      cartridge forming a completed cartridge assembly.
PAR  FIG. 2 is a plan view showing a length of backing paper to be used with the
      film for loading in the cartridge. The paper is pre-notched with a
      plurality of notches and slots for use as indicators to initiate or
      terminate various operations in advancing and severing the paper to a
      scrolling station. The paper is advanced in the direction of the arrow A
      during the operation. The paper has a first end 31 which will be located
      at the center of the scroll when wound with the film and forms the rear
      end of the paper scroll during the picture taking operations. A second end
      32 forms the free end of the paper to be attached to the spool 4 at 21.
      Detecting means on the apparatus, to be described hereinafter, determine
      the presence of the notch 35 to initiate various operations for scrolling.
      The beginning of notch 35 at 35' is used as an indicator to initiate slow
      speed scrolling. This is followed by stopping the scrolling operation and
      initiation of a severing operation at the end of the leader 36 forming the
      free end of the paper. Slot 34 is used for viewing therethrough to
      determine if an end of the film is visible so as to be properly registered
      with the paper. The paper also carries preprinted indicia for use in the
      picture taking operations.
PAR  The general assembly for the present invention and the various operations
      to be preformed in assembling the cartridge are shown in schematic form in
      FIG. 3. A housing 40 supports a supply of sensitized film 41 which serves
      to provide a web of film 37 which is fed to a guide track indicated
      generally as numeral 60. A backing paper supply 43 provides the web of
      paper 30 also fed to the guide track 60 so that the film and backing paper
      are simultaneously transported to a scrolling station 80. Severing
      mechanisms 62 and 71 serve to cut the film and paper into the desired
      lengths for scrolling. The scroll 20 is formed at the station 80 and
      deposited in a transport carrier mechanism 90 where it is secured to a
      spool 4 by a securing device 110, which is either manually or
      automatically supplied to the transport carrier mechanism 90. After the
      scroll and spool are appropriately joined they are transferred from the
      transport carrier device 90, by a transfer mechanism 122, into an open
      bottom portion 2 of the cartridge. The loaded cartridge bottom is then
      transported on a further transport carrier device 112 to a station where
      cover 3 is either manually or automatically positioned into the bottom
      portion 2 of the cartridge so as to complete the assembly. The completed
      cartridge assembly is then transported to a position where the cover is
      welded by a known ultrasonic welding mechanism 130 to the bottom portion
      2. From here the completed cartridge is further transported to an ejection
      station 160 where it is removed from the transport device 112 to a
      receiving bin.
PAR  Turning now to FIG. 4, the film and paper supply and advancing means to the
      scrolling station are shown. The film supply comprises a roll of film 41
      supported on a shaft 42 journalled for rotation on the housing 40. The
      paper supply is carried on a roll 43 supported on shaft 44 journalled for
      rotation on the housing 40. The backing paper supplied from roll 43 is
      pre-notched into the form shown in FIG. 2, but is not severed into finite
      lengths such as the length shown in FIG. 2, i.e., end 32 of one length of
      paper is attached to end 31 of the next succeeding length of paper. The
      paper 30 to be supplied for scrolling from roll 43 travels in the
      direction of arrow A. The film 37 being unwound from roll 41 travels in
      the direction of arrow B. The film 37 is guided over rollers 45, 52, 46
      and 47 into a nip formed between a sprocket wheel 48 rotatably driven for
      a single revolution (to advance a single length of film) on shaft 50
      journalled in the housing 40 and a drive roller 40 driven on shaft 51.
      Shaft 51 is journalled in a pivotably mounted arm 167 carried on a pivot
      168. At the end of each revolution of sprocket wheel 48, arm 167 is
      pivoted about pivot 168 in a clockwise direction over a short distance to
      lift roller 49 out of contact with wheel 48. Drive roller 49 has a
      resilient outer covering such as a rubber covered surface. Guide rollers
      45, 46 and 47 are arranged in fixed position on the housing for free
      rotation. Roller 52 is carried on a lever 53 pivotable about pin 54 for
      maintaining proper tension in the film web 37. Lever 53 is spring loaded
      so as to be biased in a direction for applying tension to the film web
      such as by spring 55 or other convenient means. Lever 53 carries a cam 56
      for actuating a limit switch 57 for controlling an electrical circuit
      which operates a brake 38 about shaft 42 to allow free rotation of the
      film roll 41. Should the tension in the web of film 37 become too great,
      lever 53 and cam 56 will rotate in a clockwise direction to a point which
      will cause operation of microswitch 57 so that the brake is released to
      alleviate tension in the web. If the tension in the web is not great
      enough spring 55 will cause lever 53 to rotate in a counterclockwise
      direction about pivot 54 so as to produce proper tension.
PAR  Wheel 48 is provided with sprockets for engaging sprocket holes in the film
      so as to provide accurate metering of the film through the nip between
      rollers 48 and 49.
PAR  An enclosed guide track 60 is supported on the housing 40 by means such as
      brackets 160 for receiving the film web after it passes through the nip
      between rollers 48 and 49. A funnel 171 provides a wide receiving means
      communicating with guide channel 60. The guide track 60 serves to guide
      the film web to the scrolling station 80 where the scrolling operation is
      performed.
PAR  Upon completion of a single revolution of sprocket wheel 48 a desired
      length of film will have been fed into guide channel 60. A cam 190 carried
      on shaft 50 operates limit switch 191 which will be activated upon one
      complete revolution of shaft 50 (and sprocket wheel 48) to electrically
      activate severing mechanism 62 carried on the housing by bracket 162 to
      cut the film so that the desired length rests in the guide track 60. A
      cutting edge 169 is carried on a shaft 163. When activated, edge 169
      cooperates with an edge on track 60 to cut the film. Shaft 163 is
      connected to a mechanical linkage 170. Upon the return stroke of shaft 163
      of the severing mechanism 62, linkage 170 will operate to momentarily lift
      pivot arm 167 so as to lift roller 49 out of engagement with sprocket
      wheel 48. Another cam and limit switch on shaft 50 will operate to control
      the drive of roller 49. Another mechanical linkage 194 connects with an
      arm 164 carrying roller 64 so as to simultaneously pivot arm 164 about pin
      165 in a counterclockwise direction so as to drop roller 64 into contact
      with roller 63 for further operations to be described.
PAR  A detecting element 61, comprising a light source 196 under the guide track
      60 and a light sensitive element 197 on top of the guide track, for
      passing light through a hole 198 in the track, detects the passage of the
      trailing end of the cut film metered into track 60 when it passes hole
      198. When element 197 receives light from the light source it will produce
      an electrical signal used to operate means (not shown) to lift roller 64
      in order to allow the previously cut and metered film to be freely drawn
      out of the guide track by the scrolling mechanism thereby providing
      additional room in the track for the next metered length, and to energize
      the drive for roller 49 to feed the next length of film into the guide
      track.
PAR  Paper 30 is guided about rollers 65 and 66 so as to form a free loop 39. A
      guide and snubbing device 67 mounted on the housing 40 guides the paper 30
      about roller 63 into a nip formed between roller 63 and pinch roller 64.
      Roller 63 is carried on shaft 199 and is driven so as to draw the paper
      into the nip and supply it into guide track 60 through an opening 172 in
      the bottom surface of track 60 in underlying relation to the film web 37
      already supplied to the guide track. Roller 64 is carried on lever 164
      which is pivotable about pivot 165. When scrolling begins roller 63 will
      be caused to rotate to advance the paper and film a sufficient distance to
      the scrolling mechanism. A cam 200 on shaft 199 operates microswitch 201
      which will activate air cylinder 87 (see FIG. 5) to insert scrolling
      spindle 81 into scrolling position, and will also activate scrolling motor
      88 to operate at scrolling speed. This will draw paper and film through
      the guide channel which will cause the end of the film to pass detecting
      element 61 and initiate the previously described operations.
PAR  A light emitting element 73 is supported on the housing for producing a
      beam of light which is detected by light detecting element 74. Under
      ordinary operating conditions the beam of light is broken by paper web 30
      in the loop 39. When the loop 39 becomes shortened by feed to the scroll
      mechanism, the light beam will be detected by element 74 to restore the
      loop. When the light detecting element 74 sees the light from the emitting
      element 73, indicating a shortened loop, an electrical signal is produced
      to drive a clutch for operating roller 66 so as to draw paper through the
      nip between rollers 76 and 66 for supplying additional paper to restore
      the loop. Roller 76 is carried on bracket 202 which is supported on pivot
      pin 203 so as to be spring loaded at 204 to maintain roller 76 in contact
      with roller 66. The loop 39 is required in order to prevent unnecessary
      tension on the leader portion 36 of the paper 30 at the beginning of each
      new cycle and to provide constant winding tension throughout the roll.
PAR  A light emitting and detecting element 70 is carried on the housing for
      directing light onto a reflecting surface portion of guide track 60. When
      the beginning 35' of notch 35 in paper web 30 passes the light emitting
      and detecting element 70 light will pass through the notch onto the
      reflecting surface of the guide track and be returned to the element for
      producing an electrical signal which will cause slow-down operation of the
      scrolling motor 88 (FIG. 5) at the scrolling station 80. When the end of
      notch 35 passes the element 70 a further signal will be produced for
      initiating operation of severing element 71 which will operate to cut the
      paper at end 32. The structure and operation of element 71 is similar to
      that of severing element 62. A cam operated by the return stroke of the
      severing element 71 will operate a further limit switch which produces a
      signal to actuate air cylinder 87 to withdraw spindle 81 as the scrolling
      operation will now be complete leaving a short length of paper 36 between
      the spindle and the severing mechanism 71 unwound for attachment to the
      spool.
PAR  The operation of the spindle and scrolling will be described more fully
      with reference to FIG. 5.
PAR  In order to ensure trouble free scrolling and to rapidly initiate the
      scrolling operation, an end of the paper web 30 is inserted into a slot 82
      on the scrolling spindle 81. To facilitate insertion into the slot guide
      track 60 is provided with a portion 75 hinged to the main portion of the
      track at hinge 79. An air cylinder 77 with piston 78 attached to the
      underside of hinged guide track portion 75 at 205 is provided beneath the
      guide track so as to lift the guide track portion 75 about its hinge in
      order to aim the end of the paper web 30 into the slot 82 in scroll
      spindle 81. As seen in FIG. 5 spindle 81 is supported in a quill 83 which
      is journalled for rotation in quill housing 206 supported on bracket 207
      as by bolts 208. The bracket 207 is carried on main housing 40 and
      attached thereto by bolts 209. The quill 83 is supported in the quill
      housing 206 by bearings 210. Spindle 81 is keyed to the quill 83 for
      rotation therewith by key element 211. Spindle 81 is provided with a
      key-way slot 212 so that the spindle may be moved in an axial direction
      through the quill and yet be caused to rotate with the quill when the
      quill is rotated in the housing 206. Rotation of the quill and spindle is
      controlled by motor 88. Motor 88 may be carried on a bracket 213 which may
      also be supported by bracket 207 as by bolt 214. Motor 88 has an output
      shaft 89 for carrying a first pulley 215. A second pulley 216 is secured
      to quill 83 and a belt 217 is supported between pulleys 215 and 216 for
      driving the pulley 216 and quill 83. Consequently, when motor 88 is
      energized output shaft 89 will cause driver pulley 215 to rotate thus
      driving pulley 216 through belt 217 resulting in consequent rotation of
      quill 83 and spindle 81 keyed thereto. Scrolling operation is thus
      accomplished by rotating spindle 81 at a scrolling speed by motor 88.
PAR  In order to orient the slot 82 into a position for receiving the paper 30
      aimed thereat, a spindle plate 84 is secured to the pulley 216 by bolt 184
      through slots 185 (see FIG. 5a). Thus, when the spindle and quill are
      rotated by the motor 88 spindle plate 84 will be rotated therewith.
      Spindle plate 84 is provided with a pair of slots 85 (see FIG. 5a). A
      light emitting and detecting element 86 is supported and positioned so
      that a beam of light will be directed onto the backside 84' of the spindle
      plate 84. When a prior scrolling operation is complete motor 88 will
      continue to operate at slow speed causing continued rotation of plate 84.
      Such continued rotation will continue as long as a beam of light emitted
      from the element 86 is reflected from the backside of the plate 84 and
      received by a detecting portion of the element 86. When, however, one of
      the slots 85 passes the beam of light from the element 86 no reflection
      will be received by the element and a signal will be produced by the
      element 86 to terminate slow speed operation of motor 88. At this point
      the slot 82 will be oriented in the proper position to receive the paper
      30 from the hinged portion 75 of the guide track. Since the slot 82 is
      diametric there are two possible positions for receiving the paper and
      hence, two slots 85 are provided on the plate 84. Slot 82 has tapered
      sides 82' in order to provide increased guideway for receiving the paper
      web 30.
PAR  Axial movement of spindle 81 for positioning the spindle into and out of a
      scrolling position is controlled by air cylinder 87. Air cylinder 87 will
      be actuated to extend spindle 81 in a direction of arrow G upon a signal
      received from the transport carrier 90 (to be described more fully
      hereinafter) when the carrier is in position for receiving the spindle for
      the next scrolling operation. The transport carrier 90 is provided with
      scroll receiving socket 93 to be described more fully with reference to
      FIG. 6. When the carrier 90 is moved to an appropriate position so that
      socket 93 is aligned with the spindle the air cylinder will be actuated
      and spindle 81 extended into the socket for receiving an end of the paper
      30 to begin scrolling. Air cylinder 87 may be carried on a bracket 218.
      The air cylinder 87 is provided with an actuator 219 on the rear side
      thereof so that when the spindle is fully extended (the position shown in
      FIG. 5) actuator 219 will engage limit switch 187 which is electrically
      connected to motor 88 so as to initiate high speed operation thereof for
      rotating the spindle at scrolling speed for a scrolling operation. An
      interlock switch 188 is also provided so that when the spindle 81 is in
      its fully extended position the interlock switch will break an electrical
      circuit to prevent further movement of the transport carrier 90 during the
      scrolling operation so as to prevent interference with the extended
      spindle 81. Interlock switch 188 will be deactivated by actuator 219 when
      the spindle is withdrawn from its scrolling position within socket 93 so
      that the carrier 90 will be allowed to be indexed and moved to the next
      position. Air cylinder 87 carries a piston 220 and a coupling 221 attached
      thereto. A coupling plate 222 is carried at the end of spindle 81 so that
      axial movement of the spindle can be effected through coupling 221, 222
      without interfering with rotation of the spindle 81. This is accomplished
      by allowing coupling element 222 to rotate within the coupling 221.
PAR  When the paper and film are fully wound onto the spindle into the desired
      scroll within socket 93 the air cylinder 87 will be actuated to withdraw
      spindle 81 from the socket 93 thus causing the scroll to engage front face
      83' of quill 83 and be retained within the socket 93 while spindle 81 is
      completely withdrawn. After the spindle has been withdrawn carrier
      (turret) 90 is indexed so as to position scroll receiving socket 99 (see
      FIG. 6) in alignment with spindle 81 for the next scrolling operation.
      Simultaneously, socket 93 has been advanced to the position indicated at
      95 for the next operation, i.e., attachment of the free end of 32 of the
      wound paper to the spool 4 contained in socket 94 by ultrasonic attaching
      means.
PAR  As previously noted, and with reference to FIG. 6 of the drawings, the
      transport carrier is formed by a scroll receiving turret 90 mounted for
      indexing rotation on a shaft 91 of a Ferguson drive indexing mechanism.
      The turret 90 is provided with four sets of spool and scroll receiving
      sockets 92, 93; 94, 95; 96, 97; and 98,99, respectively.
PAR  Conduits 100 within the turret 90 communicate with a connection 102 leading
      to a vacuum source. The conduits 100 open at the surface of the turret
      between spool and scroll sockets 92, and 93, 94 and 95, 96 and 97 and 98
      and 99.
PAR  After the backing paper and film have been formed into a scroll within
      socket 93 a trailing end thereof, of a length equal to the distance
      between the scroll and spool sockets, will extend outside of the scroll
      socket for attachment to the spool carried in the spool socket 92. Vacuum
      lines 100 serve to hold such trailing end to the surface of the turret in
      order to facilitate the attachment operation.
PAR  When the scrolling operation is initiated, the spindle 81 will be extended
      into the scroll receiving socket 93 by air cylinder 87 as previously
      described where the spindle will be rotated at high speed to form the
      scroll of film and interleaved paper. After the scroll is formed the
      spindle is withdrawn and the scroll is retained within the socket 93 as
      previously described. A spool 4 is manually, or by other feed means,
      inserted into the spool receiving socket when it is in the position of
      socket 98. A spring loaded or resiliently mounted pin 105 extends into
      spool sockets 92, 94, 96 and 98. Pins 105 serve to retain a spool 4
      carried in the spool socket. After appropriate indexing of the turret and
      rotation 90.degree. thereof a spool will be located in the socket show at
      92 when scrolling is taking place in socket 93. Further rotation of the
      scroll turret in the direction of arrow C and indexing another 90.degree.,
      a scroll will be located in socket 95 and a spool will be located in
      socket 94 with a length of backing paper 22 extending therebetween. A
      device 110 for securing by ultrasonic means, is automatically actuated by
      cam means operated by the indexing drive so that horn 111 engages and
      ultrasonically secures an end 32 of the paper to the spool. Further
      rotation and indexing of the turret will bring us to a position where a
      scroll is carried in socket 97 with a free end thereof attached to a spool
      carried within spool socket 96. The cam means for initiating insertion of
      the scroll spindle 81, operation of mechanism 110, and other operations
      tied to the indexing position of turret 90 is formed by a series of cams
      carried on a commercially available (such as GEMCO) cam switching unit
      requiring only cam settings to be tied to the position of the turret.
PAR  Turret 112 (cartridge carrying transport device) is supported on a shaft
      113 of another Ferguson drive and indexing mechanism for rotation and
      indexing in the direction of arrow D simultaneously with indexing of the
      scroll receiving turret 90. Turret 112 is offset from (behind) turret 90.
      While scroll receiving turret 90 comprises four receiving stations and
      four index positions, cartridge turret 112 contains eight cartridge
      receiving sockets 114 through 121 and has eight index positions. A bottom
      portion 2 of a cartridge is manually inserted or other wise fed and loaded
      into socket 118 from loading platform 180 when the turret is in the
      position shown in FIG. 6. Simultaneously, a scroll and spool are loaded
      into another bottom portion of a cartridge carried in socket 116, which
      will be registered with sockets 96 and 97 of turret 90, by the transfer
      mechanism 122 to be described more fully hereinafter. When the spool is to
      be transferred from the spool socket, pin 105 is withdrawn by cam means
      within the turret to allow free passage of the spool out of its socket. At
      the same time a cartridge cover 3 is manually fixed or otherwise fed in
      position over bottom portion 2 of the loaded cartridge in socket 114 after
      indexing of the turret 112. An ultrasonic welding mechanism 130 with horn
      131 is energized by one of the series of cams tied to the index drive to
      weld the cover ultrasonically to the bottom portion 2. When the welded
      cartridge reaches the position of socket 119 an ejecting mechanism, such
      as an actuated air cylinder, (shown schematically as 160 in FIG. 3) is
      energized to eject the cartridge axially out of its socket into a waiting
      supply bin. Successive operations are performed on further indexing of the
      turret.
PAR  Synchronous indexing of turrets 90 and 112 is accomplished by mechanical
      tying of their respective Ferguson drives. Operation of the welding and
      securing devices as well as actuation of the transfer mechanism is
      initiated and synchronized with indexing by the unit of the commercially
      available cam series such as from GEMCO. Each indexing cycle to a new
      position is initiated by an operator by energizing an electric clutch to
      drive an input shaft of the Ferguson drive units. The drive units will be
      thus caused to complete a single revolution. A new paper and film feed
      cycle is then automatically initiated by the GEMCO cam switching unit
      rotated with the Ferguson drive so that it also makes a single revolution.
PAR  FIG. 7 shows a partial elevation and sectional view of the transfer
      mechanism 122 in greater detail. Scroll turret 90 is shown as being offset
      and in front of cartridge turret 122. The scroll socket 97 and spool
      socket 96 of turret 90 are shown in the position for transferring a scroll
      and spool (not shown) therefrom into the bottom portion of the cartridge
      carried in socket 116 of the cartridge turret. The transfer mechanism
      includes a lever 122' pivotable about pin 122" carried on pivot arm 123
      secured to the housing 40 as by bolt 124. A rod 125 is pivotably connected
      at one end thereof by pin 126 to one end of lever 122'. Rod 125 is
      connected at its other end to a piston 127 of an air cylinder 128. The air
      cylinder is secured to the housing 40 as by bolts 129 and 130.
PAR  The other end of transfer lever 122' is connected to a substantially
      U-shaped assembly 131 which includes a first transfer piston 132, for
      transferring a scroll from the scroll socket 97, aand a second transfer
      piston 133 for transferring a spool from the spool socket 96. Pistons 132
      and 133 are carried on a cross bar 134 and secured thereto by pivot pins
      135 and 136, respectively. Lever 137 supports the U-shaped assembly to the
      lever 122' at pin 138. A guide bracket 140 includes columns 141 and 142
      secured to the housing 40 such as by bolts 143 and 144, respectively.
      Guide bracket 140 is secured to the columns 141 and 142 by bolts 145 and
      146. Cylinders 147 and 148 are secured to the guide bracket 140 for
      providing guideways for pistons 132 and 133, respectively. A slot is
      provided in each cylinder to allow passage of crossbar 134. Piston 133 has
      a necked-down portion 150 which engages the spool carried in socket 96,
      and piston 132 has a T-shaped portion 151 for engaging the scroll carried
      in socket 97. Socket 97 is provided with a slot 101 as can be seen in FIG.
      6. Slot 101 receives the T-portion 151 of piston 132 during transfer as
      the width of T-portion 151 is wider than the diameter of the scroll socket
      97 so as to ensure that the T-portion  151 extends across and engages the
      entire scroll so as to ensure proper transfer.
PAR  As previously noted the free end of the scroll has been secured to a spool
      so that the transfer of the scroll and spool must be carried out
      simultaneously.
PAR  Upon proper signal initiated by the cam drive, air cylinder 128 will be
      actuated so as to move piston 127 in the direction of arrow F. This will
      cause pivoting of lever 122' about pivot point 122" so that U-assembly 131
      is moved in the direction of arrow E causing pistons 132 and 133 to enter
      sockets 97 and 96, respectively, on the turret 90 in order to transfer the
      scroll and spool carried therein respectively. The scroll and spool will
      be received in their respective chambers of the bottom portion 2 of the
      cartridge carried in the cartridge receiving socket of turret 112 for for
      further operation as previously described.
PAR  From the foregoing it will be appreciated that a novel method and machine
      for winding a scroll of sensitized film with backing paper into a scroll
      and inserting that scroll into a cartridge, and fully assembling and
      sealing the cartridge has been devised which is both simple in structure
      and operation requiring a minimum number of operators and providing
      trouble free operation. It has been found in practice that an apparatus
      according to the present invention operates at sufficiently high speeds
      for producing as many as three thousand completed cartridges during a
      normal working shift.
PAR  While the invention has been described and illustrated with respect to a
      certain preferred embodiment which gives satisfactory results, it will be
      understood by those skilled in the art, after understanding the purpose of
      the invention, that various other changes and modifications may be made
      without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of assembling and loading a film cartridge having a bottom
      portion and a cover for assembly theretogether with a take-up spool and
      scroll formed of unattached film interleaved with backing paper comprising
      the steps of:
PA1  supplying a web of sensitized film and a web of backing paper in overlying
      relation to a scrolling station;
PA1  severing said webs of film and paper to desired finite lengths;
PA1  winding said film and backing paper into a scroll in which the ends of said
      film and paper are unattached to each other;
PA1  attaching a free end of scrolled paper to a take-up spool;
PA1  inserting said scroll and take-up spool simultaneously into a scroll
      chamber and spool chamber of said bottom portion by movement of said
      scroll and spool axially thereinto;
PA1  assemblying said bottom portion with said cover to form the cartridge
      assembly enclosing said spool and scroll within said chambers; and
PA1  sealing said cover to said bottom portion in a light tight manner.
NUM  2.
PAR  2. The method according to claim 1 further comprising the step of detecting
      the position of said webs with respect to said scrolling station for
      initiating said severing operation.
NUM  3.
PAR  3. The method according to claim 1 further comprising the step of
      supporting said webs of film and paper on a guide track and advancing said
      webs therealong to said scrolling station.
NUM  4.
PAR  4. The method according to claim 1 further comprising the step of forming a
      loop in said web of paper for relieving tension therein, and detecting the
      size of said loop.
NUM  5.
PAR  5. The method according to claim 1 wherein said winding of said scroll
      comprises the steps of inserting one end of said paper web into a slot on
      a winding spindle, rotating said spindle at high speed to wind said webs
      thereabout, and withdrawing said spindle from the wound scroll so as to
      deposit said scroll in a scroll receiving socket of a first transport
      carrier.
NUM  6.
PAR  6. The method according to claim 5 further comprising the steps of feeding
      a take-up spool into a further socket in said first transport carrier,
      indexing said first transport carrier to an operating station for
      attaching said free end of said scroll to said spool.
NUM  7.
PAR  7. The method according to claim 6 further comprising the steps of feeding
      a cartridge bottom into a second transport carrier, indexing said second
      transport carrier to a loading station, transferring said spool and scroll
      from said first transport carrier, indexing said second transport carrier
      to an assembly station for assembly with said cover, advancing said second
      transport carrier to a welding station for sealing said cover to said
      bottom portion, and ejecting said cartridge from said second carrier.
NUM  8.
PAR  8. The method according to claim 6 wherein said free end of said scroll is
      attached to said take-up spool by ultrasonic means.
NUM  9.
PAR  9. The method according to claim 7 wherein said cover is sealed to said
      bottom portion by ultrasonic welding.
NUM  10.
PAR  10. The method according to claim 5 further comprising the steps of
      rotating said spindle at slow speed prior to insertion of said web in said
      slot, detecting the orientation of said slot, and stopping said slow speed
      rotation when said slot is properly oriented for receiving said webs from
      said guide track.
NUM  11.
PAR  11. The method according to claim 10 further comprising the steps of
      pivoting a portion of said guide track so as to aim said webs at said
      slot.
NUM  12.
PAR  12. A machine for assemblying a film cartridge having a double chambered
      bottom portion and a cover and for loading a scroll formed by a length of
      film interleaved with a length of backing paper, said film and backing
      paper being unattached to each other, and a take-up spool into said
      chambers comprising:
PA1  a housing;
PA1  a supply of sensitized film and a supply of backing paper;
PA1  a single guide track supported on said housing for receiving and
      transporting therein a web of film with a web of backing paper to a
      scrolling means;
PA1  means for guiding a web of film from the supply thereof into said guide
      track, and means for guiding a web of backing paper from the supply
      thereof into said guide track;
PA1  means supported on said housing for engaging said web of film and means for
      engaging said web of paper to advance said webs along said guide track;
PA1  means for severing said film and paper webs to desired finite lengths;
PA1  means for determining relative locations of said webs to actuate said
      severing means;
PA1  scrolling means carried on said housing at one end of said guide track for
      winding said severed webs into a scroll, said webs being unattached to
      each other,
PA1  means for attaching a free end of said scroll to a take-up spool;
PA1  means for axially displacing said spool and scroll for simultaneously
      inserting said spool and scroll into a spool chamber and a scroll chamber
      respectively in said bottom portion of said cartridge;
PA1  transport means for carrying said loaded bottom portion to an assembly
      station for assembly with said cover; and
PA1  means for sealing said cover to said bottom portion to form a completed
      cartridge.
NUM  13.
PAR  13. The machine according to claim 12 wherein said means for guiding said
      film web to said guide track comprises a plurality of rollers mounted for
      rotation in fixed position on said housing, and a spring loaded floating
      roller for maintaining desired tension in said film web.
NUM  14.
PAR  14. The machine according to claim 13 further comprising means connected to
      said floating roller for detecting the position thereof as an indication
      of film tension, and means connected to said detecting means and actuated
      thereby for correcting said tension.
NUM  15.
PAR  15. The machine according to claim 12 wherein said means for guiding said
      backing paper to said guide track comprises means to form a loop in said
      web between said supply and said guide track, and means mounted on said
      housing for detecting the size of said loop.
NUM  16.
PAR  16. The machine according to claim 15 wherein said means for detecting the
      size of said loop comprises a light emitting element directing a beam of
      light in the path of said loop and a light detecting element for receiving
      said beam when said loop is too short, and further comprising means for
      advancing said paper web from said supply to said loop in response to a
      signal from said light detecting element in order to adjust the size of
      said loop.
NUM  17.
PAR  17. The machine according to claim 13 wherein said means for advancing a
      desired length of film web along said guide track comprises a sprocket
      wheel rotatably carried on a sprocket shaft, and a rotatably driven rubber
      covered pinch roller in surface engagement with said sprocket wheel
      forming a nip therebetween for drawing said film web therethrough when
      said pinch roller is driven, so that when said sprocket wheel is caused to
      make a single revolution the desired length of film will have been metered
      into said guide track.
NUM  18.
PAR  18. The machine according to claim 17 wherein the means for determining the
      location of said film web to actuate the means for severing said film web
      comprises cam means carried on said sprocket shaft, and switch means
      actuated by said cam means so as to indicate that the desired length of
      film has been metered into said track.
NUM  19.
PAR  19. The machine according to claim 12 wherein said means for determining
      the location of said paper web to actuate the means for severing said
      paper web comprises a light emitting and detecting element mounted on the
      housing and directing a beam of light onto a light reflecting surface
      portion of said guide track, so that when a portion of said paper passes
      said element a signal will be produced to actuate said severing means.
NUM  20.
PAR  20. The machine according to claim 12 wherein said scrolling means
      comprises a quill housing carried on said machine housing, a quill
      journalled for rotation in said quill housing, a winding spindle carried
      within said quill for axial movement therethrough between an inactive
      position and a scrolling position, means for keying said spindle to said
      quill so that said spindle will rotate upon rotation of said quill, means
      coupled with said spindle for causing axial movement thereof, means
      coupled with said quill for causing rotation thereof when said spindle is
      in the scrolling position, a diametric slot in said spindle for receiving
      an end of said web of paper to form the center of said scroll, and means
      for actuating said means causing axial movement of the spindle.
NUM  21.
PAR  21. The machine according to claim 20 wherein said means for causing axial
      movement of said spindle is an air cylinder, and wherein said means for
      causing rotation of said quill is an electric motor, further comprising
      switch means for initiating operation of said motor for rotating said
      scroll and spindle, and actuator means carried by said air cylinder for
      tripping said switch means.
NUM  22.
PAR  22. The machine according to claim 21 further comprising a spindle plate
      carried for rotation with said quill, means carried by said spindle plate
      for indicating its angular orientation and the orientation of said
      diametric slot in said spindle, means for detecting the position of said
      indicating means for stopping operation of said motor so that said slot
      will be oriented in a position to receive said end of said paper web.
NUM  23.
PAR  23. The machine according to claim 22 wherein said indicating means carried
      on said plate comprises a pair of diametrically opposed slots, and said
      detecting means comprises a light emitting and detecting element mounted
      for directing a beam of light transverse to the plane of said plate so as
      to be aligned with and detect the position of said slots.
NUM  24.
PAR  24. The machine according to claim 12 wherein said free end of said paper
      is attached to said spool by ultrasonic means.
NUM  25.
PAR  25. The machine according to claim 12 wherein said means for sealing said
      cover to said bottom portion of said cartridge is an ultrasonic welding
      device.
NUM  26.
PAR  26. The machine according to claim 12 further comprising a first transport
      carrier having at least one set of sockets including a scroll socket and a
      spool socket for supporting therein a take-up spool, said scroll being
      wound within said scroll socket, said transport means comprising a second
      transport carrier having a plurality of cartridge sockets for supporting
      therein said bottom portion of said cartridge, means connected to said
      first and second transport carriers for synchronously indexing said
      sockets to a loading position, said inserting means comprising a transfer
      mechanism movably carried on said housing for transferring said spool and
      scroll in a direction parallel to the longitudinal axes of said spool and
      scroll simultaneously from their respective sockets in said first
      transport carrier into their respective chambers in said bottom portion of
      said cartridge supported in said second transport carrier, and means for
      indexing said second transport carrier to said assembly station.
NUM  27.
PAR  27. The machine, according to claim 26 wherein each of said transport
      carriers comprises a turret journalled for rotational indexing in said
      housing, said sockets being located on a circumferential path of said
      turrets, said first and second turrets being axially offset and
      overlapping so that said spool and scroll sockets of said first turret
      will register with a cartridge socket of said second turret when said
      sockets are located at the loading position, said means for indexing said
      turrets comprising a Furgeson drive unit for each turret, said drive units
      being mechanically tied for synchronous indexing.
NUM  28.
PAR  28. The machine according to claim 27 further comprising a series of cam
      switch elements for actuating said scrolling operation, said inserting
      operation, said paper to spool attaching operation and said cover to
      bottom sealing operation in response
NUM  29.
PAR  29. The machine according to claim 28 wherein said transfer mechanism
      comprises a lever pivotally mounted on said housing, a pair of transfer
      pistons carried on one end of said lever for engaging an end of said spool
      and scroll carried in their respective sockets of said first turret and
      axially displacing said spool and scroll from their respective sockets so
      as to transfer them to said cartridge bottom, drive means connected to the
      other end of said lever so as to cause pivoting movement thereof for
      driving said pistons into engagement with the ends of said scroll and
      spool when said drive means is actuated in response to indexing of said
      turrets.
NUM  30.
PAR  30. The machine according to claim 27 wherein said scrolling means
      comprises a winding spindle mounted for axial movement between an inactive
      position and a scrolling position in which said spindle extends into said
      scroll socket of said first turret for winding said webs of paper and film
      into a scroll, means connected to said spindle for causing, rotation
      thereof to wind said scroll, means coupled to said spindle for axially
      moving said spindle into said socket to the scrolling position and for
      withdrawing said spindle from said scroll socket to the inactive position,
      means for retaining the wound scroll within said scroll socket when said
      spindle is withdrawn therefrom.
NUM  31.
PAR  31. The machine according to claim 30 further comprising a guide track
      section mounted on said housing for pivotal movement about a pivot point,
      said guide track section communicating at one end thereof with said single
      guide track for receiving and transporting therethrough said web of film
      and web of backing paper, said scrolling means being located at the other
      end of said guide track section, and means carried on said housing
      connected to said guide track section for causing pivotal movement thereof
      so that said web of film and web of backing paper will be directed at said
      spindle for scrolling.
NUM  32.
PAR  32. The machine according to claim 31 wherein said means for causing
      pivotal movement of said guide track section is an air cylinder.
NUM  33.
PAR  33. In a machine for winding a length of film with a length of backing
      paper so as to form a scroll with the ends of said film and paper being
      unattached to each other, and loading said scroll with a take-up spool
      into a film cartridge, the combination comprising a first rotatably
      supported transport carrier, a scroll receiving socket and a spool
      receiving socket in said first transport carrier, a winding spindle
      mounted for axial movement between an inactive position and a scrolling
      position in which said spindle extends into said scroll receiving socket
      for winding a scroll therein, means coupled to said spindle for causing
      axial movement thereof, a diametric slot in said spindle for receiving
      said web of paper, means for supplying and feeding desired lengths of film
      and backing paper in overlying relation to said spindle, means connected
      to said spindle for causing rotation thereof to wind said film and paper
      into a scroll within said scroll receiving socket, an annular flange for
      retaining said scroll within said scroll receiving socket when said
      spindle is moved from the scrolling position to the inactive position, a
      second transport carrier arranged for rotation in a plane spaced from the
      plane of rotation of said first transport carrier and about an axis of
      rotation parallel to the axis of rotation of said first transport carrier
      so that a portion of said first and second transport carriers overlap,
      said second transport carrier arranged for supporting therein an open
      cartridge bottom, indexing means connected to said first and second
      transport carriers for synchronously moving said carriers so that said
      scroll and spool receiving sockets in said first carrier register with
      said cartridge bottom carried in the second carrier, and a transfer
      mechanism having means for engaging one end of said spool and scroll and
      displacing said spool and scroll in an axial direction for transferring
      them from their respective sockets to said open cartridge.
NUM  34.
PAR  34. In a machine according to claim 33 further comprising a pivotally
      mounted guide track for guiding said film and backing paper into said
      scroll receiving socket, and means connected to said guide track for
      causing pivotal movement thereof so as to aim said paper into said slot of
      said spindle when said spindle is in the scrolling position.
NUM  35.
PAR  35. In a machine according to claim 33 further comprising switch means
      actuated when said spindle is in said scrolling position to prevent
      indexing movement of said carriers.
NUM  36.
PAR  36. In a machine according to claim 33 further comprising ultrasonic means
      for attaching a free end of said paper when wound with said film into a
      scroll to said spool.
NUM  37.
PAR  37. In a machine according to claim 33 further comprising an ultrasonic
      welding mechanism for sealing a cover to said open cartridge bottom.
NUM  38.
PAR  38. In a machine according to claim 33 further comprising means for
      detecting the orientation of said spindle slot so that said slot will be
      in the proper orientation for receiving said paper when said spindle is in
      said scrolling position.
NUM  39.
PAR  39. In a machine according to claim 38 wherein said means for detecting the
      orientation of said spindle slot comprises a spindle plate carried for
      rotation with said spindle, a pair of diametrically opposed slots in said
      plates, a light emitting and detecting element mounted for directing a
      beam of light transverse to the plane of said plate so as to be aligned
      with and detect the position of said slots, and means connected to said
      element for deactuating the means for rotating said spindle so that said
      slots will be in the desired orientation.
NUM  40.
PAR  40. In a machine according to claim 33 further comprising means for
      supplying said film and backing paper in web form, and means for severing
      said webs of film and backing paper into the desired lengths for
      scrolling.
NUM  41.
PAR  41. In a machine according to claim 33 wherein said transfer mechanism
      comprises a pivotally mounted lever, a pair of transfer pistons carried on
      one end of said lever for engaging the ends of said spool and scroll
      carried in their respective sockets of said first transport carrier and
      for axially displacing said spool and scroll to effect transfer thereof to
      said cartridge bottom, drive means connected to the other end of said
      lever so as to cause pivotal movement thereof and for driving said pistons
      into engagement with said scroll and spool when said drive means is
      actuated in response to indexing of said first and second transport
      carriers.
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ABST
PAL  A fastener feed assembly for a tool such as a power screwdriver having a
      drive member such as a rotatable bit includes a base fixed to the tool and
      a nose assembly slidably related to the base. The nose assembly includes a
      workpiece engaging surface, and when the tool is moved toward the
      workpiece during a fastener driving operation, the base moves toward the
      nose assembly. A return spring separates the base and nose assembly when
      the tool is withdrawn away from the workpiece. A strip of fasteners is fed
      from a magazine along a feed path through the nose assembly with
      sequential fasteners located in a drive position. Normally the drive
      member is spaced from a fastener in the drive position. During movement of
      the tool toward the workpiece in a driving operation, the drive member
      moves into engagement with a fastener in the drive position, and then
      continues to move in order to drive the fastener into the workpiece. A
      pawl is engageable with the strip in order to advance the strip along the
      feed path. During the driving operation, a feed mechanism operates in
      response to movement of the base toward the nose assembly to cock the pawl
      by moving it away from its home position along the strip away from the
      drive position. A lost motion arrangement delays cocking of the pawl until
      after secure engagement of the drive member with a fastener in the drive
      position. In response to withdrawal of the tool from the workpiece, the
      feed mechanism returns the pawl to its home position to feed an adjacent
      fastener of the strip to the drive position. Feed movement of the pawl is
      delayed until withdrawal of the drive member from the strip feed path. The
      strip includes a carrier with structure deformed during the drive
      operation for preventing reverse movement of the strip during cocking of
      the pawl.
BSUM
PAR  The present invention relates to improvements in apparatus and methods for
      feeding fasteners to a fastener driving tool such as a power screwdriver.
PAR  Power tools are increasingly used for driving threaded or rotary entry
      fasteners. As one example, in modern building construction drywall panels,
      metal panels, or the like are attached to metal studs or other support
      elements by rotary fasteners driven by power screwdrivers. Typically, a
      power screwdriver used for this purpose includes a housing with an
      integral handle and a rotary driving bit extending from the housing. In a
      conventional fastener driving operation, the bit is engaged with the
      fastener and the tool is moved toward the panel or other workpiece as the
      bit rotates to drive the fastener into the workpiece. Individual fasteners
      are manually positioned for driving, for example by placing the fastener
      in proximity to a magnetic driver bit or by placing the fastener against
      the workpiece and thereafter engaging the driver bit with the fastener.
      Manual handling of individual fasteners is slow, inconvenient and
      undesirable.
PAR  Objects of the present invention are to provide improvements in apparatus
      and methods for feeding fasteners to a fastener driving tool; to provide a
      feed assembly particularly useful for feeding fasteners to tools, such as
      power screwdrivers, of the type which are moved toward a workpiece in
      order to drive a threaded or rotary entry fastener into the workpiece; to
      provide a feed assembly utilizing the movement of the tool relative to the
      workpiece during the driving operation for actuating a fastener feed
      mechanism; and to provide a feed assembly wherein the feeding mechanism
      does not interfere with the engagement of the driver bit with a fastener
      in the drive position. Other objects are to provide fastener feed
      assemblies which are simple, inexpensive, sturdy and reliable in
      operation.
PAR  In brief, a fastener feed assembly constructed in accordance with the
      present invention may comprise a base adapted to be mounted on a tool such
      as a power screwdriver. A nose assembly has a work engaging surface
      contacting the workpiece during driving of a fastener. The nose assembly
      is mounted for movement relative to the base so that the base moves in one
      direction relative to the nose assembly when the tool is pressed toward
      the work during the fastener driving operation. A return spring moves the
      base in the opposite direction as the tool is withdrawn from the workpiece
      after a fastener driving operation. A fastener drive member such as a
      driver bit is adapted to be connected to the tool and is movable in a
      drive path from a normal position through the nose assembly and toward the
      workpiece during the fastener driving operation.
PAR  A strip of fasteners extends from a magazine to a feed path in the nose
      assembly with one fastener of the strip located in a drive position
      between the drive member and the workpiece. A pawl is engageable with the
      strip and is movable between a home position and a cocked position. In
      accordance with the invention, an actuating means is responsive to
      movement of the base relative to the nose assembly in the one direction
      for moving the pawl to the cocked position. After driving of a fastener
      from the drive position, the actuating means is responsive to movement of
      the base means relative to the nose assembly in the opposite direction for
      returning the pawl to its home position thereby to advance the next
      fastener of the strip into the drive position.
PAR  The fastener strip comprises a flexible carrier including a base flanked by
      parallel sets of tabs extending normal to the base and supporting
      fasteners in generally parallel relation. In accordance with the
      invention, a tab is deformed by driving of a fastener therefrom in order
      to move the tab into engagement with a stop defined in the nose assembly.
      As a result, return movement of the strip during movement of the pawl from
      the home position to the cocked position is prevented.
PAR  In accordance with another feature of the invention, there is provided a
      lost motion connection between the pawl and its actuating means so that
      during a fastener driving operation, movement of the pawl to the cocked
      position is delayed until after secure engagement of the drive member with
      the fastener to be driven. In addition, in some embodiments of the
      invention, the actuating means does not operate the pawl to advance the
      carrier strip until after the drive member is retracted away from the
      region of the carrier strip.
PAR  Another feature of the invention resides in a novel magazine and strip
      arrrangement for feeding fasteners to the nose assembly. A magazine
      contains a coil of the fastener strip supported below and generally in the
      plane of the tool housing and handle. The portion of the strip between the
      magazine and the nose assembly is twisted through a substantial angle to
      provide a convenient and easily handled configuration, to avoid
      interference between the fasteners and workpiece, and to permit relative
      movement between the magazine and nose assembly.
PAR  Briefly, the method of the present invention may comprise supporting a
      fastener in a drive position aligned with the rotatable bit of a power
      screwdriver and pushing the screwdriver toward a workpiece in order to
      engage the bit with the fastener and to drive the fastener into the
      workpiece. In accordance with the invention, a carrier strip drive pawl is
      retracted along the strip from its home position to a cocked position
      during the pushing step. As the screwdriver is withdrawn away from the
      workpiece, the pawl is advanced to its home position in order to advance
      the carrier strip and to move an adjacent fastener into the drive position
     .
DRWD
PAR  The invention together with the above and other objects and advantages may
      be best understood with reference to the following detailed description of
      the embodiments of the invention illustrated in the accompanying drawings,
      wherein:
PAR  FIG. 1 is a side elevational view of a fastener feed assembly constructed
      in accordance with the present invention and illustrated in conjunction
      with a power screwdriver;
PAR  FIG. 2 is a sectional view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary, enlarged front elevational view taken from the
      line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged sectional view taken along the line 4--4 of FIG. 1;
PAR  FIG. 5 is an enlarged top plan view of the assembly of FIG. 1;
PAR  FIG. 6 is a side view, partly in section, taken along the line 6--6 of FIG.
      5;
PAR  FIG. 7 is a sectional view taken along the line 7--7 of FIG. 6;
PAR  FIG. 8 is a side elevational view on an enlarged scale of the assembly of
      FIG. 1 and illustrating the side opposite to that shown in FIGS. 1 and 6;
PAR  FIG. 9 is a sectional view taken along the line 9--9 of FIG. 8;
PAR  FIG. 10 is a sectional view taken along the line 10--10 of FIG. 8;
PAR  FIG. 11 is a sectional view taken along the line 11--11 of FIG. 8;
PAR  FIG. 12 is an exploded perspective view on an enlarged scale of parts of
      the assembly of FIG. 1;
PAR  FIG. 13 is an exploded perspective view on an enlarged scale of parts of
      the assembly of FIG. 1;
PAR  FIG. 14 is a view similar to FIG. 6 illustrating the assembly at an
      intermediate condition during driving of a fastener;
PAR  FIG. 15 is a view similr to FIG. 6 illustrating the assembly at the
      completion of a fastener driving stroke;
PAR  FIG. 16 is a view similar to FIG. 6 illustrating the assembly of an
      intermediate point during withdrawal of the tool;
PAR  FIG. 17 is a sectional view taken along the line 17--17 of FIG. 14;
PAR  FIG. 18 is a sectional view taken along the line 18--18 of FIG. 15;
PAR  FIG. 19 is a fragmentary side elevational view of a fastener feed assembly
      comprising an alternative embodiment of the present invention;
PAR  FIG. 20 is a top plan view of the assembly of FIG. 19;
PAR  FIG. 21 is a side elevational view illustrating the side of the assembly
      opposite to that shown in FIG. 19;
PAR  FIG. 22 is a sectional view taken along the line 22--22 of FIG. 19;
PAR  FIG. 23 is a sectional view taken along the line 23--23 of FIG. 19;
PAR  FIG. 24 is a front elevational view of the assembly of FIG. 19 on an
      enlarged scale;
PAR  FIG. 25 is a bottom view of the assembly of FIG. 19;
PAR  FIG. 26 is a side view similar to a portion of FIG. 19, partly in section,
      illustrating the assembly of FIG. 19 at an intermediate condition during
      driving of a fastener;
PAR  FIG. 27 is a view similar to FIG. 26 illustrating the assembly at the
      completion of a fastener driving stroke and prior to withdrawal of the
      tool;
PAR  FIG. 28 is a fragmentary side elevational view of a fastener feed assembly
      comprising an alternative embodiment of the present invention;
PAR  FIG. 29 is a top plan view of the assembly of FIG. 28;
PAR  FIG. 30 is a side elevational view illustrating the side of the assembly
      opposite that shown in FIG. 28;
PAR  FIG. 31 is a bottom view of the assembly of FIG. 28;
PAR  FIG. 32 is a front view, on an enlarged scale, of the assembly of FIG. 28;
PAR  FIG. 33 is a sectional view on an enlarged scale taken along the line
      33--33 of FIG. 28;
PAR  FIG. 34 is a side view, partly broken away and on an enlarged scale, of the
      pawl slide member of the assembly of FIG. 28;
PAR  FIG. 35 is a view similar to part of FIG. 28 illustrating the assembly of
      FIG. 19 at an intermediate condition during driving of a fastener; and
PAR  FIG. 36 is a view similar to FIG. 35 illustrating the assembly of the
      completion of a fastener driving stroke and prior to withdrawal of the
      tool.
DETD
PAR  With reference now to the drawings, and initially to the embodiment of the
      invention illustrated in FIGS. 1-18 there is shown a fastener feed
      assembly designed as a whole by the reference numeral 30 and constructed
      in accordance with the principles of the present invention. The assembly
      30 is mounted on a fastener driving tool 32, and in the illustrated
      embodiments of the invention, the tool 32 is a power screwdriver. The
      fastener feed assembly 30 of the present invention serves to feed
      individual fasteners 34 from a fastener strip 36 into driving position
      relative to the tool 32 whereupon the fasteners are driven by the tool 32
      into a workpiece, such as the workpiece 38 illustrated in FIGS. 14-18.
PAR  Principles of the present invention are applicable to the feeding of
      various types of threaded fasteners or rotary entry fasteners to fastener
      driving tools of many types. In the illustrated arrangements, the tool 32
      is a power screwdriver adapted for the driving of fasteners to attach
      drywall panels 38A (FIGS. 14-18) to metal studs 38B. The tool includes a
      housing 40 with a unitary handle portion 42, and a motor (not shown) such
      as an electric motor or fluid motor is mounted within the housing 40. A
      trigger 44 adjacent the handle 42 controls the energization of the motor.
PAR  A rotary driving member or bit 46 extends from the housing 40 and includes
      a tip portion 46A engageable with fasteners 34 for driving the fasteners.
      Since the tool 32 is intended for the mounting of drywall panels, the tool
      may be provided with a conventional depth sensitive clutch assembly 47
      (FIG. 7). Clutch assembly 47 functions to couple the bit 46 to the tool
      motor for rotation of the bit in response to pushing of the bit against a
      fastener. Moreover, the clutch assembly 47 uncouples the bit from the
      motor when the fastener is driven to a desired depth. One example of a
      tool of this character provided with a depth sensitive clutch is the Model
      2035 screwdriver manufactured and sold by the Black & Decker Manufacturing
      Company, Towson, Maryland 21204, illustrated in its catalog No. PE-3 (7/73
      Supplement) BP.
PAR  In the use of a tool for driving threaded fasteners, the tool drive member
      or bit is engaged with a fastener to be driven, and then is pressed
      against the workpiece while the bit rotates the fastener in order to drive
      the fastener into the workpiece. In accordance with an important feature
      of the present invention, the relative movement of the tool with respect
      to the workpiece is utilized to feed successive fasteners 34 from the
      strip 36 into drive position in alignment with the bit 46.
PAR  In general, the fastener feed assembly 30 includes a base member 48 adapted
      to be mounted to the tool 32 thereby to support the assembly 30 in
      position on the tool. The assembly also includes a nose assembly 50 having
      a workpiece engaging surface 52 pressed against the workpiece 38 during
      the fastener driving operation. The base 48 and nose assembly 50 are
      movable relative to one another as the tool 32 is moved toward and then
      withdrawn from the workpiece. In accordance with the invention, there is
      provided a feed mechanism designated as a whole by the reference numeral
      54 and operated in response to relative movement of the nose assembly 50
      and base member 48 for incrementally advancing the fastener strip 36 in
      order to locate individual fasteners in sequence for driving by the tool
      32.
PAR  In the illustrated arrangement, each fastener 34 includes a shank portion
      58, at least a portion of which is threaded, a tip 60 at the entry end of
      the shank 58, and a head 62 at the opposite end of the shank. The head 62
      is provided with a drive slot structure complimentary with the tip 46A of
      the bit 46 in accordance with known practice. Rotary entry fasteners or
      threaded fasteners are provided in many forms, and the present invention
      can be used with advantage in feeding many types.
PAR  With reference now to the fastener strip 36, in the illustrated embodiments
      of the invention the strip 36 is of the type disclosed in U.S. Pat. No.
      3,438,487, to which reference may be had for details of its structure. The
      strip 36 includes a carrier member 56 in the form of an elongated strip of
      flexible plastic material having a generally channel-shaped cross section.
      A base or web portion 64 is continuous throughout the length of the strip
      36 and tabs 66 extend from the opposite sides of the base 64 in opposed
      pairs. Each tab 66 is provided with a fastener holding slot structure and
      opposed pairs of the tabs 66 frictionally retain a fastener with its shank
      portion 58 parallel to the plane of the adjacent carrier base portion 64
      and with its major longitudinal axis generally perpendicular to the
      adjacent segment of the fastener strip 36. The base portion 64 is provided
      with a series of openings 68, each being offset longitudinally on the
      strip from the shank portion 58 of an adjacent fastener 34. The fasteners
      34 can be collated on the carrier 56 using any suitable means such as, for
      example, the collating machine shown in U.S. Pat. No. 3,538,673. The strip
      36 can be formed in a running length, or in a coil as shown in U.S. Pat.
      No. 3,450,255.
PAR  In accordance with the present invention, the fastener strip 36 is formed
      in a coil 70 and is supplied to the nose assembly 50 from a magazine 72
      disposed conveniently with respect to the tool 32 and feed assembly 30.
      The fastener strip 36 is twisted through a substantial angle, ninety
      degrees in the illustrated embodiment, in that portion of the strip
      extending between the magazine 72 and the nose assembly 50 of the feed
      assembly 30. As illustrated in FIG. 1, the feed assembly 30 is generally
      in line with the housing 40 of the tool 32 and the handle 42 is angularly
      related to the common principal axis of the housing and feed assembly. In
      accordance with the invention, the magazine 72 is supported within the
      angle included by the handle 42 and housing 40 and moreover lies generally
      in the same plane as the plane defined by the housing 40 and handle 42. As
      a result, the magazine 72 does not protrude in an awkward manner to the
      sides of the tool 32, and the weight of the magazine 72 and coil 70 is
      suspended directly beneath the major axis of the tool 32 and assembly 30
      so that there is no tendency for the tool to twist in the hand of the
      operator. Twisting of the strip prevents interference between the strip
      and the workpiece, and permits the strip to flex as the tool and magazine
      are moved relative to the nose assembly.
PAR  Referring more specifically to the structure of the magazine 72, the
      magazine comprises a housing 74 preferably formed of a relatively
      lightweight yet strong material, such as a suitable plastic or the like.
      The housing 74 is generally circular in outline so as to enclose the coil
      70 of the fastener strip 36. A generally semicircular portion of the
      peripheral wall of housing 74 comprises a hinged door 76 releasably
      latched in the illustrated closed position by a latch assembly 78. A
      socket 80 is formed on the housing 74 in order to mount the magazine 72 on
      a downwardly projecting leg 82 of the base member 48 of the feed assembly
      30, as by means of a screw fastener 84. When the coil 70 of the fastener
      strip 36 is initially mounted in the magazine 72, the outer, leading end
      of the strip is fed out of the magazine through a feed opening 86 defined
      in the housing 74. The lead end of the strip 36 is twisted through ninety
      degrees and is fed into the nose assembly 50.
PAR  Proceeding to a more detailed description of the structure of the fastener
      feed assembly 30, the base member 48 is in the form of a block-like body
      including a circular opening 90 for attaching the base 48 to a projecting
      boss 92 of an adaptor member or clutch housing 94 carried by the housing
      40 of the tool 32. A slot 96 (FIGS. 2 and 12) extends between the opening
      90 and the exterior edge of the base 48, and a screw member 98 is
      tightened in order firmly to hold the base 48 in position on the member
      94. The magazine support leg 82 preferably is an integral part of the base
      member 48 and the magazine 72 as well as the base member 48 are held in a
      fixed position relative to the tool housing 40.
PAR  The major structural component of the nose assembly 50 is a nose block 100.
      The block 100 is mounted for reciprocal movement relative to the base
      member 48 by means of a slide member 102. In section (see, for example,
      FIGS. 2-4 and 13) the slide member 102 is somewhat J-shaped or C-shaped,
      and terminates in a pair of inwardly directed slide flanges 104 and 106.
      One end of the slide member 102 is secured to the base member 48. More
      specifically, the base member 48 includes a recessed mounting surface 108
      on two adjacent edge walls thereof for receiving the end of the slide
      member 102, and the slide member 102 is suitably fastened in any desired
      manner as by welding in place.
PAR  In order to support the nose block 100 on the slide member 102, the block
      100 is provided with a pair of slide slots 110 and 112 extending
      throughout the length of the block into which the slide flanges 104 and
      106 respectively are received. When the block 100 is slidingly positioned
      in the slide member 102, the block is free to move toward and away from
      the base member 48 and is constrained against movement in other
      directions. Due to its partly rectangular, generally J or C-shape, the
      slide member covers and protects the nose assembly 50.
PAR  A return spring 114 (FIGS. 1, 6 and 12) is held in compression between the
      base member 48 and the nose block 100 in order to urge the nose block 100
      toward its outermost position (FIGS. 1 and 6). A spring retaining pin 116
      is mounted on the base member 48 and extends toward the nose block 100.
      The spring 114 and pin 116 are slidably received in an aligned opening 120
      in the block 100 of sufficient length to permit reciprocal movement of the
      block 100 relative to the base member 48.
PAR  The drive member or bit 46 in accordance with conventional practice is
      located generally in line with the major axis of the tool housing 40. The
      bit is concentric with and extends from the adapter member or clutch
      housing 94 fixed to the housing 40, and thus extends through the opening
      90 of the base member 48 toward the block 100 of the nose assembly 50. The
      block 100 is provided with an opening or drive channel 122 receiving the
      bit 46 and permitting both longitudinal and rotational movement of the bit
      with respect to the block 100.
PAR  In order to permit feeding of the fastener strip 36 through the nose
      assembly 50 for registration of the fasteners 34 in sequence with the bit
      46, a feed path 124 is defined by the nose assembly 50 and more
      specifically by the nose block 100 and by a guide member 126 mounted on
      the block 100. As best appears in FIGS. 5 and 7, the feed path 124
      comprises a recess or opening extending through the block 100 in a
      direction transverse to the direction of movement of the block. The path
      124 is defined in part by a base wall 128 flanked by a pair of side walls
      130 and 132, these walls being shaped to slidingly receive the base
      portion 64 and the tabs 66 of the strip carrier member 56. In addition,
      the path 124 is further defined by a pair of walls 134 and 136 (FIGS. 10
      and 12) permitting movement of the head portions 62 of fasteners 34 into
      the nose assembly 50. Although in the illustrated arrangement the wall 136
      is spaced substantially from the fastener heads 62, it will be understood
      that if fasteners of greater length are used, the portion of the feed path
      124 defined by walls 134 and 136 permits movement of the fasteners into
      the nose assembly 50. The workpiece engaging surface 52 of the nose
      assembly 50 is defined on the block 100, and specifically on the outermost
      portion of the block opposite the wall 132. Preferably the fasteners 34
      are mounted in the carrier 56 in such a way that prior to the drive
      operation the tips 60 are located adjacent to but do not extend beyond the
      workpiece engaging surface 52.
PAR  Guide member 126 cooperates with block 100 in defining the feed path 124
      and functions to guide the fastener strip 36 into the feed path and to
      retain the strip in the path. The guide member 126 includes a foot portion
      138 fastened to the block 100 in any suitable manner as by a pair of cap
      screws 140. A guard portion 142 of the guide member 126 extends over the
      feed path 124 and serves to cover the region through which the bit 46
      moves during a fastener driving operation. A guard flange 144 extends
      toward the wall 134 (FIG. 10) and encloses the head 62 of a fastener 34 in
      the drive position.
PAR  Opposite the foot portion 138, the guide member 126 includes a sloping
      entry guide flange 146 leading to an elongated guide surface 148 opposed
      to the wall 128 of the block 100. A can best be seen in FIGS. 3 and 9, the
      fastener strip 36 is guided into the feed path 124 by the flange 146. The
      guide surface portion 148 enters between the opposed rows of tabs 66 of
      the carrier 56 in order to cooperate in holding the carrier in position.
      Movement of the carrier 56 away from the wall 128 is prevented by
      engagement of the guide surface 148 with the shank portions 58 of the
      fasteners 34.
PAR  Upon insertion of the fastener strip 36 into the feed path 124, a first
      fastener 34 of the strip is located in a drive position in line with the
      bit 46 in the nose assembly 50. A generally rounded segment 152 of the
      terminal portion of the guide member 126 surrounds the drive position and
      provides room for movement of the head 62 of a fastener from the block 100
      and into the workpiece 38. Opposite the entry guide flange 146, the guide
      member 126 also includes an exit guide member 154 for guiding the carrier
      strip 36 out of the feed path 124. The exit guide member 154 is of
      particular importance in maintaining the strip in position as the last few
      fasteners of the strip are driven.
PAR  Once the fastener strip 36 has been initially loaded into the feed path 124
      with a fastener 34 located in the drive position 150, a fastener driving
      operation can be carried out. The nose assembly 50 is placed against the
      workpiece 38 with the workpiece engaging surface 52 abutting the
      workpiece. The tool 32 is then pressed toward the workpiece to advance the
      bit 46 through the opening 122 in the nose block 100. Movement of the tool
      toward the workpiece continues until the tip 46A engages the head 62 of
      the fasteners 34. The fastener is forced by the bit against the surface of
      the workpiece.
PAR  If a depth sensitive clutch is provided for the tool 32, the force
      resulting from pushing the bit and fastener against the workpiece causes
      the clutch to become engaged so that the motor of the tool 32 is coupled
      to the bit 46 in order to rotate the bit. The tool 32 is pushed further
      toward the workpiece and as a result the fastener is driven into the
      workpiece. When the fastener is fully driven as illustrated in FIG. 16,
      further movement of the tool toward the workpiece is prevented. The
      reduction in axial force applied to the bit 46 causes the depth sensitive
      clutch to become disengaged, and thereafter the tool 32 is withdrawn away
      from the workpiece.
PAR  The feed assembly 30 can also be used with tools not provided with clutch
      mechanisms. In this case the movement of the tool relative to the
      workpiece is the same, and the bit may either be rotated continuously, or
      alternatively the rotation of the bit may be selectively controlled by
      other means as by manual operation of the trigger 44.
PAR  The depth to which a fastener 34 is driven during the driving operation is
      determined by an adjustable depth stop assembly generally designated as
      160 (FIGS. 8, 11 and 12). An adjustable stop plate 162 is held against one
      side of the nose block 100 by means of a releasable adjustment nut 163
      carried by a screw 164 extending through an inclined slot 166 in the plate
      162. A spring washer 165 resiliently maintains the plate 162 against the
      block 100. The plate 162 includes an inclined, serrated edge 168 adapted
      to interfit with a correspondingly inclined and serrated edge 170 of the
      base pad portion 138 of guide member 126. Opposite the serrated edge, the
      plate 162 includes a stop edge 172 directed toward the base member 48.
PAR  By loosening the nut 164 and positioning the plate 162, the position of the
      edge 172 is adjusted to limit the maximum movement of the nose assembly 50
      toward the base member 48. In the illustrated position, the stop edge 172
      engages the base member 48 when the bit 46 has moved sufficiently to drive
      the fastener 34 to a flush position into the workpiece 38. The depth stop
      assembly 160 may be adjusted from its illustrated position to provide for
      any desired countersink depth of the fasteners 34.
PAR  During the fastener driving operation, it can be seen that the base member
      48 and nose assembly 50 are moved toward one another during the drive
      stroke and are moved away from one another by the return spring 114 during
      the withdrawing motion. In accordance with an important feature of the
      present invention, this relative movement during the fastener driving
      operation is used to operate the feed mechanism 54 in order to advance the
      fastener strip 36 in increments through the feed path 124.
PAR  In general, the feed mechanism 54 includes a feed pawl 174 associated with
      a pawl lever 176. A drive link 178 causes the pawl 174 to move between a
      home position (FIGS. 6, 9 and 14) and a cocked position (FIGS. 15 and 16)
      as the base member 48 is moved toward the nose assembly 50. Conversely,
      when the base member 48 moves away from the nose assembly 50, the pawl 174
      is returned in the opposite direction to the home position in order to
      advance the fastener strip 36 through one increment of movement along the
      feed path 124. A lost motion connection generally designated as 180 is
      associated with the drive link 178 in accordance with the invention in
      order to insure that operation of the feed mechanism 54 does not interfere
      with the driving of a fastener 34 by the bit 46.
PAR  A shoulder screw 182 (FIGS. 11 and 14-18) pivotally supports the pawl lever
      176 on the nose block 100. The lever 176 and screw 182 are located in a
      recess 184 in the side wall of block 100 to achieve a compact
      configuration and to make it possible to locate the feed mechanism 54 in a
      protected position under the wall of the slide member 102.
PAR  The pawl lever 176 includes a leg 186 extending from the pivot screw 182
      toward the feed path 124. The terminal end of the leg 186 is bent in a
      transverse direction to form the pawl 174. A slot 188 is provided in the
      block 100 and extends to the wall 128 in order to permit engagement of the
      pawl with the base portion 64 of the carrier 56.
PAR  In order to bias the pawl 174 to the home position illustrated in FIG. 6,
      the lever includes a second leg 190 terminating in transverse a spring
      retainer portion 192. The portion 192 extends through a slot 194 and into
      a spring cavity 196 formed in the nose block 10. A pawl return spring 198
      carries a pusher element 199 and is held in compression against the
      portion 192 in order continuously to bias the lever 176 in a
      counterclockwise direction as viewed in FIGS. 14-16.
PAR  One end of the drive link 178 is pivotally connected to a point along the
      length of the leg 186 of the pawl lever 176 by a pivot pin 200. The
      opposite end of the link 178 is pivotally and slidably interconnected by a
      pivot pin 202 with a slot 204 formed in the slide member 102.
      Consequently, when the base member 48 and thus the slide member 102 move
      toward the nosepiece assembly 50 from the position illustrated in FIG. 14
      to the position illustrated in FIG. 15, the pawl lever 176 is rotated
      against the force applied by the spring 198 to move the pawl from its home
      position to the cocked position illustrated in FIGS. 15 and 16.
PAR  As best seen in FIG. 9, the pawl 174 is provided with a cam surface 206 so
      that the pawl 174 can move toward the cocked position without driving the
      fastener strip 36 in the reverse direction. Substantial clearance exists
      beneath the head of the shoulder screw 182 (FIG. 11) to permit movement of
      the leg 186 away from the nose block 100. Thus, during cocking movement,
      the pawl 174 is retracted by the cam surface 206 out of the plane of the
      carrier base portion 64.
PAR  After driving of a fastener 34 when the base member 48 and slide 102 move
      away from the nose assembly 50, the pawl 174 moves in the opposite
      direction from the cocked position of FIG. 16 to the home position of FIG.
      6. This movement is occassioned by the operation of the spring 198. In the
      cocked position, the pawl 174 may or may not be aligned with one of the
      openings 68 in the carrier 56 because the cocked position varies with the
      setting of the adjustable depth stop assembly 160. During movement from
      the cocked position to the home position, the pawl registers with an
      opening 68. As can be seen in FIG. 11, the pawl return spring 198 also
      biases the pawl lever 176 in a direction to urge the pawl 174 into the
      opening 68. During its return movement, the pawl advances the fastener
      strip 36 so that a next sequential fastener 34 is positioned in the drive
      position. In the home position, leg 186 seats against a shoulder 207 of
      nose block 100 (FIGS. 6 and 13).
PAR  In accordance with a feature of the invention, the lost motion connection
      180 prevents cocking of the pawl until after the bit 46 engages and begins
      to drive a fastener 34. More specifically, during the initial portion of
      the driving stroke as the slide member 102 moves relative to the nose
      assembly 50 from the position illustrated in FIG. 6 to the position
      illustrated in FIG. 14, the pivot pin 202 merely slides along the slot
      204. Thus, during this segment of movement, no rotation is imparted to the
      pawl lever 176. As the slide member 102 moves to the position illustrated
      in FIG. 14, the bit 46 securely engages and begins to drive the fastener
      34. It is only after movement beyond the position of FIG. 14, when the pin
      202 reaches the end of the slot 204, that the pawl 174 begins to move away
      from its home position.  At this point, operation of the feed mechanism
      does not interfere with driving of the fastener.
PAR  Also in accordance with a feature of the invention, the pawl 174 is not
      retracted from its cocked position to the home position until after the
      bit 46 has been moved substantially clear of the carrier 56 in the feed
      path 124. More specifically, as illustrated in FIGS. 15 and 16, when the
      pawl 174 has been moved to its cocked position, the link 178 is in an
      overcenter or locked position. In this position, the link 178 forms an
      angle of nearly ninety degrees or more with the leg 186 and the spring 198
      is unable to pivot the pawl lever 176 in a counterclockwise direction as
      illustrated in FIG. 15. Thus, during the first portion of movement of the
      base member 48 and slide 102 away from the nose assembly 50 -- i.e.
      movement from the position of FIG. 15 to the position of FIG. 16 -- the
      pivot pin 202 simply moves in the slot 204. As the bit 46 moves clear of
      the carrier 56, the pin 202 reaches the end of the slot 204 and the link
      178 is moved back overcenter thus unlocking the lever 176 and permitting
      the spring 198 to pivot the lever.
PAR  One advantage of the feed mechanism 54 of the present invention is that no
      frictional retaining device, return pawl, or the like is required to
      prevent reverse movement of the fastener strip 36 during cocking movement
      of the pawl. In part, this advantage arises from the fact that the pawl
      lever 176 is mounted somewhat loosely by shoulder screw 182 and biased
      relatively lightly toward carrier strip 56 by spring 198. This arrangement
      permits the pawl 174 readily to ride out of the openings 68 and over the
      surface of the base portion 64 of the carrier 56. In addition, in
      accordance with a feature of the present invention, a part of the fastener
      strip 36 is itself deformed during the drive operation in order to provide
      a stop against reverse movement.
PAR  More specifically, as can be seen in FIG. 17, as a fastener 34 is driven
      into the workpiece by the bit 46, the tabs 66 are bent to an angular
      position relative to the base portion 64. The nose block 100 is stepped
      along the workpiece engaging surface 52 to provide a stop shoulder 208
      shown in FIGS. 3 and 17. This shoulder is disposed adjacent the edge of
      one of the tabs 66 supporting a fastener 34 in the drive position. When
      this tab is deformed, it overlies the stop surface 208 and effectively
      prevents movement of the fastener strip in the reverse direction through
      the feed path 124.
PAR  Referring now to FIGS. 19-27, there is illustrated a fastener feed assembly
      generally designated as 300 and compring an alternative embodiment of the
      present invention. Feed assembly 300 is mounted on fastener driving tool
      32 and serves to feed individual fasteners 34 from fastener strip 36 for
      driving of the fasteners into a workpiece 38 (FIGS. 26 and 27) consisting
      in the illustrated arrangement of a drywall panel 38A and a metal stud
      38B. Since the tool 32, fasteners 34, strip 36 and magazine 72 have been
      described above in connection with the embodiment of FIGS. 1-18, identical
      reference numerals are used for identical parts in FIGS. 19-27 and further
      description is unnecessary.
PAR  In general, the fastener feed assembly 300 includes a base assembly 302
      adapted to be mounted to the tool 32, as well as a nose assembly 304
      having a workpiece engaging surface 306 engageable with the workpiece 38
      during the fastener driving operation. The base assembly 302 and nose
      assembly 304 are movable relative to one another as the tool 32 is moved
      toward and then withdrawn from the workpiece. In accordance with the
      invention, there is provided a feed mechanism generally designated by the
      reference numeral 308 and operated in response to relative movement of the
      nose assembly 304 and base assembly 302 for advancing the fastener strip
      36 in increments in order to locate individual fasteners in sequence for
      driving by the tool 32.
PAR  Proceeding to a more detailed description of the fastener feed assembly
      300, the base assembly includes a generally cylindrical clutch housing
      portion 310 attached to the housing 40 of tool 32 by means of a coupling
      nut 312 threaded over a threaded boss 314 carried by the tool housing. A
      magazine support element 316 includes a collar 318 encircling the housing
      310 and is held firmly in position by means of a pair of screws 320
      threaded through the collar 318 against the housing 310.
PAR  Nose assembly 304 includes a nose block 322 against one side of which a
      cover plate 324 is attached, as by screws 326, or alternatively by welding
      or otherwise. The nose assembly 304 is mounted for reciprocal movement
      relative to the base assembly 302 by means of a slide member 328. The
      slide member 328 is formed as an integral extension of housing 310 and is
      slidably received in a slide track 330 formed in nose block 322. Block 322
      is captured on the slide member 328 by a first abutment screw 332 carried
      near the outer end of the slide member 328, and a second abutment screw
      334 supported by the nose block 322. Slide member 328 includes a channel
      336 in which the abutments 332 and 334 are located, and engagement of the
      abutments with one another, as illustrated in FIG. 20, prevents movement
      of the block 322 off of the slide member 328.
PAR  A return spring 338 is held in compression between the base assembly 302
      and the nose assembly 304 in order to urge the nose assembly 304 toward
      its outermost position. A spring retaining pin 340 is mounted on the
      magazine support element 316 of the base assembly 302 and extends toward
      the nose assembly 304. The spring 338 and pin 340 are slidably received in
      an aligned opening 342 in the nose block 322, the opening being of
      sufficient depth to permit reciprocal movement of the nose assembly 304
      relative to the base assembly 302.
PAR  The drive member or bit 46 is concentric with and extends through the
      clutch housing 310 toward the nose assembly 304. The nose block 322 is
      provided with an opening or drive channel 344 receiving the bit 46 and
      permitting both longitudinal and rotational movement of the bit with
      respect to the block 322.
PAR  To permit feeding of fastener strip 36 through the nose assembly 304 for
      registration of fasteners 34 in sequence with the bit 46, a feed path 346
      is defined by the nose assembly 304. The feed path 346 is defined between
      the inner wall of the cover plate 324 and a parallel, opposite wall 348 of
      the block 322. Tabs 66 at opposite sides of the carrier 56 move between
      opposed walls 352 and 354. The feed path 346 is further defined by a pair
      of walls 356 and 358 defining a space for movement of the head portions 62
      of fasteners 34 into the nose assembly 304. A guide plate 359 holds strip
      36 against wall 352 at the entrance end of the feed path (FIG. 25). The
      workpiece engaging surface 306 of the nose assembly 304 is defined on the
      block 322 opposite the wall 352, and specifically on the end of a
      cylindrical locating boss portion 360 of the nose block 322. Preferably,
      prior to being driven by the bit 46, the tips 60 of the fasteners 34 do
      not extend beyond the work engaging surface 306.
PAR  In order to guard the region through which the bit 46 moves to drive a
      fastener 34 from the strip 36, the feed path 346 is largely covered by the
      nose block 322 and cover plate 324. In order to guide the strip 36 into
      the feed path 346, a spring guide member 362 is mounted to the nose block
      322, as by means of a screw 364. The spring guide member includes a
      rounded entry surface 366 facilitating the entry of the strip 36 into the
      feed path 346. The spring member also includes a planar portion 368
      engageable with the shank portions 58 of the fasteners 34 for holding the
      carrier 56 between the wall 352 and plate 359, and against the inner side
      of the cover plate 324.
PAR  At the exit end of the feed path 346, a retaining protuberance 370 extends
      from the wall 348 toward the cover plate 324 as can be seen in FIGS. 20
      and 25. The web portion 64 of the carrier 56 is sandwiched between the
      protuberance 370 and the cover plate 324 in order to guide the carrier 56
      from the nose assembly 304. Protuberance 370 is of particular advantage in
      maintaining the strip in position as the last few fasteners of the strip
      are driven.
PAR  The strip 34 after being loaded into the magazine 72 is fed into the nose
      assembly 304 by inserting the leading end of the strip over the guide
      surface 366 and into the feed path 346. A first fastener 34 of the strip
      is located in a drive position in line with the bit 46 and its drive
      channel 344. Once the fastener strip 36 has been initially loaded into the
      feed path with a fastener 34 located in the drive position, a fastener
      driving operation can be carried out. The nose assembly 304 is placed
      against the workpiece 38 with the workpiece engaging surface 306 abutting
      the workpiece. The tool 32 is then pressed toward the workpiece to advance
      the bit 46 through the opening 344 and into engagement with the head 62 of
      the fastener 34. The fastener is then forced by the bit against the
      surface of the workpiece. The bit 46 is rotated and the tool 32 is pressed
      further toward the workpiece in order to drive the fastener into the
      workpiece.
PAR  During the fastener driving operation, it can be seen that the base
      assembly 302 and nose assembly 304 are moved toward one another during the
      drive stroke and are moved away from one another by the return spring 338
      as the tool 32 is withdrawn from the workpiece. In accordance with an
      important feature of the present invention, this relative movement during
      the fastener driving operation is used to operate the feed mechanism 308
      in order to advance the fastener strip 36 in increments through the feed
      path 346.
PAR  In general, the feed mechanism 308 includes a feed pawl 372 engagable with
      the carrier 56 for advancing the carrier through the feed path 346. During
      the drive operation as the tool 32 is moved toward the workpiece 38, the
      pawl 372 is advanced from its home position illustrated in FIGS. 19 and 26
      to its cocked position illustrated in FIG. 27. Thereafter, as the tool 32
      is withdrawn from the workpiece 38, the pawl returns from its cocked
      position to the home position, and in so doing moves the carrier 56
      through one increment of movement in order to advance an adjacent fastener
      to the drive position.
PAR  More specifically, feed pawl 372 is carried at the end of a pawl leg 374 of
      a pawl lever 376. Lever 376 also includes an actuating leg 378, and the
      lever 376 is supported for both rotational and tilting movement upon a
      slotted pivot pin 380. As best appears in FIG. 24, the pawl 372 comprises
      a bent over end portion of the pawl leg 374. The pawl is provided with a
      cam surface 382 to lift the pawl from the web portion 64 as the pawl moves
      from the home position to the cocked position along the carrier 56. Cover
      plate 324 is provided with a slot 384 through which the pawl 372 extends
      into engagement with the carrier 56.
PAR  A pawl return spring 386 serves to bias the pawl lever 376 toward the home
      position, and also to bias the pawl 372 inwardly toward the carrier 56.
      One end 388 of the spring 386 is captured in the slotted pin 380, while
      the other end 390 of the spring extends along the actuating leg 378 and is
      captured behind a foot plate segment 392 of the actuating leg 378. Spring
      386 therefore urges the lever 376 in a counterclockwise direction as
      viewed in FIGS. 19, 26 and 27.
PAR  In accordance with a feature of the invention, the feed mechanism 308 does
      not interfere with driving of a fastener 34 since the mechanism is not
      operated until after secure engagement of the bit 46 with a fastener 34 in
      the drive position. More specifically, as the tool 32 and bit 46 move
      relative to the nose assembly 304 from the initial position of FIG. 19 to
      the position of FIG. 26, the pawl lever 376 is not moved. As the position
      of FIG. 26 is reached, an operating abutment 394 in the form of a screw
      member threaded into the collar portion 318 of the magazine support
      element 316 strikes the foot 392 of the actuating leg 378. Only at this
      time, after bit 46 engages and partially drives fastener 34, is movement
      imparted to the lever 376.
PAR  As tool 32 continues to move closer to the workpiece 38 in a drive stroke
      from the position of FIG. 26 to the position of FIG. 27, the abutment 394
      rotates the pawl lever 376 by engagement with the actuating arm 378.
      Consequently, the pawl 372 moves from its home position to the cocked
      position illustrated in FIG. 27 as the fastener 34 is advanced to the
      fully driven position. Due to the somewhat loose mounting of lever 376 on
      pin 380, the pawl is urged by the cam surface 382 out of opening 68 in the
      web portion 64 and over the web portion 64. When the fastener 32 is fully
      driven, the pawl is in its cocked position illustrated in FIG. 27.
PAR  The abutment 394 in combination with the foot plate 392 provides for
      adjustment of the length of drive stroke carried out during a fastener
      driving operation. More specifically, and as can be seen in FIG. 20, the
      foot plate 392 overlies the rear surface of the nose block 322. In the
      fully driven position, the abutment 394 moves the foot plate 392 into
      engagement with the block 322 (FIG. 27) and no further movement of the
      base assembly 302 toward the nose assembly 304 is possible. Screw number
      394 is adjustable by threading into and out of the base assembly 302 in
      order to adjust the length of the drive stroke thereby to adjust the
      degree of countersink of fasteners 34. A tensioning spring 396 is provided
      to prevent inadvertent misadjustment of the position of the abutment 394.
PAR  At the completion of a drive stroke, the tool 32 is withdrawn away from the
      workpiece 38. As this occurs, the pawl return spring 386 causes the lever
      376 to move in a counterclockwise direction as illustrated in FIGS. 26 and
      27. As a result, the pawl 372 returns from its cocked position to its home
      position. When the pawl comes into engagement with an opening 68, the pawl
      enters the opening due to the force applied to the pawl by spring 386.
      After entering the opening 68, the continuing movement of the pawl drives
      the strip 34 through an increment of movement in order to locate the next
      adjacent fastener 34 in the drive position. In the home position, further
      movement is prevented by engagement of the pawl with the end of the slot
      384.
PAR  In accordance with a feature of the invention, reverse movement of the
      fastener strip 36 during cocking of the pawl is prevented without the
      necessity of a stop pawl or the like. More specifically, during the
      initial portion of the drive stroke, prior to movement of the lever 376,
      tabs 66 are deformed and bent to an angular position relative to the base
      or web portion 64. The outermost tab 66 moves to overlie a stop shoulder
      398 defined on the nose block 322. Consequently, upon deformation of the
      tab, engagement between the tab 66 and the stop surface 398 effectively
      prevents movement of the fastener strip 36 in the reverse direction
      through the feed path 346.
PAR  Having reference now to FIGS. 28-36, there is illustrated a fastener feed
      assembly generally designated by the reference numeral 400 and comprising
      yet another alternative embodiment of the present invention. Feed assembly
      400 is mounted on fastener driving tool 32 and serves to feed individual
      fasteners 34 from fastener strip 36 for driving of the fasteners into a
      workpiece 38 (FIGS. 35 and 36) consisting in the illustrated arrangement
      of a drywall panel 38A and a metal stud 38B. Since the tool 32, fasteners
      34, strip 36 and magazine 72 have been described above in connection with
      the embodiment of FIGS. 1-18, identical reference numerals are used for
      identical parts in FIGS. 28-36 and further detailed description is
      unnecessary.
PAR  In general, the fastener feed assembly 400 includes a base assembly 402
      adapted to be mounted to the tool 32, as well as a nose assembly 404
      having a workpiece engaging surface 406 engageable with the workpiece 38
      during the fastener driving operation. The base assembly 402 and nose
      assembly 404 are movable relative to one another as the tool 32 is moved
      toward and then withdrawn from the workpiece. In accordance with the
      invention there is provided a feed mechanism generally designated by the
      reference numeral 408 and operated in response to relative movement of the
      nose assembly 404 and base assembly 402 for advancing the fastener strip
      36 in increments in order to locate individual fasteners in sequence for
      driving by the tool 32.
PAR  Proceeding to a more detailed description of the fastener feed assembly
      400, the base assembly 402 includes a generally cylindrical clutch housing
      410 adapted to be attached to the housing 40 of tool 32. In the
      illustrated arrangement, the housing 410 includes an internally threaded
      collar portion 412 threaded onto a boss 414 carried by the tool housing. A
      depending leg 416 extending from collar 412 serves to support the magazine
      72 in position beneath the tool 32.
PAR  The forward end of the housing 410 includes a pair of projecting portions
      418 and 420 defining a pair of flat, parallel support walls 422 and 424. A
      mounting plate 426 is held firmly against the wall 422 by means of a screw
      428, and a slide plate 430 is similarly held firmly to wall 424 by means
      of a pair of screws 432.
PAR  Nose assembly 404 includes a nose block 434 to one side of which a cover
      plate 436 is attached by screws 438. The nose assembly 404 is mounted for
      reciprocal movement relative to the base assembly 402. As can best be seen
      in FIGS. 29 and 31, the nose block 434 is of a thickness to be slidably
      received between the mounting plate 426 and the slide plate 430. Slide
      plate 430 includes a pair of parallel slots 440 slidably receiving a pair
      of slide screws 442 carried by the nose block 434. The outermost position
      of the nose assembly 404 relative to base assembly 402 is established by
      engagement of the screws 442 with the ends of slots 440 as illustrated in
      FIG. 30.
PAR  A return spring 444 is held in compression between the base assembly 402
      and nose assembly 404 in order to urge the nose assembly 404 toward its
      outermost position. A spring retaining pin 446 is mounted on the clutch
      housing 410 and extends toward the nose assembly 404. The spring 444 and
      pin 446 are slidably received in an aligned opening 448 in the nose block
      434. The opening is of sufficient depth to permit reciprocal movement of
      the nose assembly 404 relative to the base assembly 402.
PAR  The drive member or bit 46 is concentric with and extends through the
      housing 410 toward the nose assembly 404. The nose block 434 is provided
      with an opening or drive channel 450 receiving the bit 46 and permitting
      both longitudinal and rotational movement of the bit with respect to the
      block 434.
PAR  In order to permit feeding of the fastener strip 36 through the nose
      assembly 404 for registration of individual fasteners 34 in sequence with
      the bit 46, a feed path 452 is defined in the nose block 434. The web
      portion 64 of the carrier 56 moves along the inner wall of the cover plate
      436 (FIGS. 29 and 31) while the tabs 66 are captured between a pair of
      guide walls 454 and 456. A generally cylindrical wall 458 defines an
      enlarged area for entry of the heads 62 of the fasteners 34 into the nose
      block 434. The workpiece engaging surface 406 of the nose assembly 404 is
      defined on the nose block 434 opposite the wall 454, and specifically on
      the end of a cylindrical locating boss portion 460 of the nose block 434.
      Preferably, prior to being driven by the bit 46, the tips 60 of the
      fasteners 34 do not extend beyond the work engaging surface 406.
PAR  In order to guard the region through which the bit 46 moves to drive a
      fastener 34 from the strip 36, the feed path 452 is largely covered by the
      nose block 434 and cover plate 436. Near the entry end of the feed path
      452, the block 434 is provided with a guiding protuberance 462 (FIG. 31)
      serving to overlie the shanks 58 of the fasteners 34 and to maintain the
      web portion 64 of the carrier 56 against the cover plate 436. The tips of
      the tabs 66 are received in a pair of guideways 464 flanking the
      protuberance 462.
PAR  At the exit end of the feed path 452, the nose block 434 is provided with
      another guide portuberance 466 serving to direct the carrier 56 from the
      nose assembly 404. As best shown in FIG. 29, protuberance 466 extends to a
      region closely overlying the web 64 for maintaining the carrier 56 in
      position as the last few fasteners of the strip are driven. Protuberance
      466 is flanked by a pair of slots 468 and 470 through which the tabs 66
      move from the nose assembly 404.
PAR  The strip 34 after being loaded into the magazine 72 is fed into the nose
      assembly 404 by inserting the leading end of the strip over the
      protuberance 462 and into the feed path 452. A first fastener 34 of the
      strip 36 is located in a drive position in line with the bit 46 and its
      drive channel 450. Once the fastener strip 36 has been initially loaded
      into the feed path with a fastener 34 located in the drive position, a
      fastener driving operation can be carried out. The nose assembly 404 is
      placed against the workpiece 38 with the workpiece engaging surface 406
      abutting the workpiece. The tool 32 is then pressed toward the workpiece
      in order to advance the bit 46 through the opening 450 and into engagement
      with the head 62 of the fastener 34. The fastener is then forced by the
      bit 46 against the surface of the workpiece. The bit 46 is rotated and the
      tool 32 is pressed further toward the workpiece in order to drive the
      fastener into the workpiece.
PAR  During the fastener driving operation, the base assembly 402 and nose
      assembly 404 are moved toward one another during the drive stroke and are
      separated by the return spring 444 as the tool 32 is withdrawn from the
      workpiece. In accordance with an important feature of the present
      invention, this relative movement during the fastener driving operation is
      used to actuate the feed mechanism 408 in order to advance the fastener
      strip 36 in increments through the feed path 346.
PAR  In general, the feed mechanism 408 includes a feed pawl associated with a
      pawl slide 474. A drive linkage generally designated as 476 causes the
      pawl 472 to move between a home position (FIGS. 28, 32, 33 and 35) to a
      cocked position (FIG. 36) as the base assembly 402 is moved toward the
      nose assembly 404. Conversely, when the base assembly 402 moves away from
      the nose assembly 404, the pawl 472 is returned in the opposite direction
      to its home position in order to advance the fastener strip 36 through one
      increment of movement along the feed path 452. In accordance with the
      invention, a lost motion connection generally designated as 478 is
      associated with the drive linkage 476 in order to insure that operation of
      the feed mechanism 408 does not interfere with the driving of a fastener
      34 by the bit 46.
PAR  The pawl slide 474 is mounted for sliding movement in a slide track 480
      formed in the cover plate 436 and extending generally parallel to the path
      of movement of the fastener strip 36 through the nose assembly 404. The
      slide 474 includes a pair of extending guide flanges of reduced width 482
      for capturing the slide within the track 480.
PAR  As best seen in FIGS. 33 and 34, the pawl 472 is carried on a spring member
      484 attached to the slide 474 by a screw 486. Pawl 472 is slidably mounted
      in an opening 488 extending through the body of the slide 474, and the
      spring member 484 biases the pawl 472 toward the carrier 56, while
      permitting movement of the pawl outwardly from the web portion 64 of the
      carrier.
PAR  Entry of the pawl 472 into the openings 68 in the web 64 is permitted by a
      slot 490 in the cover plate 436. As the pawl 472 and slide 474 move from
      the home position of FIG. 35 to the cocked position, a cam surface 492 on
      the pawl 472 lifts the pawl 472 against the force of the spring 484 to
      permit the pawl to move over the web portion 64 of the carrier 56. During
      the return movement of the slide 474, the spring 484 moves the pawl 472
      into the next adjacent opening 68 so that continued movement of the slide
      474 to the home position results in movement of the fastener strip 36
      through one increment of movement.
PAR  In accordance with the invention, the drive linkage 476 includes a pair of
      toggle links 494 and 496 drivingly coupled to the base assembly 402 by
      means of a drive link 498 and the lost motion connection 478. More
      specifically, the toggle link 494 is pivoted on a pin 500 carried on the
      pawl slide, while the other toggle link 496 is pivotally mounted on a pin
      502 carried on the cover plate 436. The opposite ends of both toggle links
      494 and 496 are pivotally connected to the end of the drive link 498 by a
      pin 504. A pawl return spring 506 is connected in tension between the pins
      500 and 502 in order to bias the slide 474 to its home position.
PAR  During a fastener driving stroke of the tool 32, due to the lost motion
      connection 478, the drive linkage 476 does not operate to move the pawl
      472 to its cocked position until after secure engagement of the bit 46
      with a fastener 34. The drive link 498 includes a slot 508 slidably
      receiving a drive pin 510 carried on the mounting plate 426. During the
      initial part of a drive stroke as the nose assembly 404 moves relative to
      the base assembly 402 from the position illustrated in FIG. 35 to the
      position illustrated in FIG. 36, the drive pin 510 simply moves in the
      slot 508 and imparts no axial movement to the drive link 498. As the base
      assembly 402 reaches the position illustrated in FIG. 35, the bit 46
      engages and partly drives the fastener 34. At this time, the drive pin 510
      reaches the end of slot 508 and begins to force the toggle links 494 and
      496 apart.
PAR  During the remainder of the drive stroke, the links 494 and 496 are moved
      from the position illustrated in FIG. 35 to the position illustrated in
      FIG. 36. As a result, the slide 474 is moved along the slide track 480 and
      the pawl 472 is moved from its home position to its cocked position.
PAR  In accordance with a feature of the invention, the drive linkage 476 does
      not operate the pawl 472 in a carrier strip feed stroke until after the
      bit 46 is substantially withdrawn from the region of the carrier 56. More
      specifically, in the position of FIG. 36, the toggle links 494 and 496 are
      substantially in a straight line and are effectively locked in position by
      the pawl return spring 506. In this position, the force of the pawl return
      spring 506 is substantially along a line through or near the pivot pin 504
      so that the spring does not cause movement of the toggle links. As base
      assembly 402 is withdrawn, the drive pin 510 slides in the reverse
      direction along the slot 508.
PAR  When the pin 510 reaches the opposite end of the slot 508, it withdraws the
      drive link 498 and the pin 504 moves to the left as illustrated in FIG. 28
      out from beneath the pawl return spring 506. At this point, the spring is
      effective to pull the pins 500 and 502 toward one another so that the pawl
      slide 474 moves through the slide track 480 to return the pawl 472 to its
      home position.
PAR  In the fully driven position of a fastener 34 (FIG. 36) movement of the
      toggle links 494 and 496 beyond the desired in line position is prevented
      by engagement of the links with an abutment 512 formed on the cover plate
      436. The distance of movement of the base assembly 402 relative to the
      nose assembly 404, and thus the degree of countersink of a fastener 34,
      may be adjusted by means of an adjustable abutment screw 514 (FIG. 36)
      carried in an enlarged portion 516 of the mounting plate 426.
PAR  With reference now to FIG. 32, it can be seen that the boss 460 is provided
      with a generally cylindrical passageway 518 through which a fastener 34 is
      driven during a drive stroke. As the fastener is driven, the lowermost tab
      66 of the carrier 56 is deflected outwardly through the opening 518. In
      this deflected condition, the tab 66 overlies a stop portion 520 of the
      wall of opening 518. Consequently, movement of the fastener strip 36 in
      the reverse direction during cocking of the pawl is prevented without the
      necessity for a return pawl or the like.
PAR  While the invention has been described with reference to details of the
      illustrated embodiments, it should be understood that such details are not
      intended to limit the invention as defined in the following claims.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In combination with a power screwdriver having a main housing portion
      and a handle defining an included angle in a plane and having a rotatable
      bit generally in line with the main housing portion; a fastener feed
      apparatus comprising:
PA1  a strip of fasteners including a coil, each fastener being arranged
      generally perpendicular to the principal axis of the adjacent segment of
      the strip;
PA1  a magazine enclosing said coil with the coil lying generally in the plane
      of said angle and within said included angle;
PA1  a feed mechanism mounted on said main housing portion and including means
      for sequentially presenting individual fasteners of the strip to a drive
      position in line with said bit; and
PA1  a segment of said strip extending along a curved path between said magazine
      and said feed mechanism being twisted through a substantial angle.
NUM  2.
PAR  2. The feed apparatus of claim 1, said strip comprising a flexible carrier
      strip having a continuous web portion and opposed pairs of fastener
      holding tabs carried by said web portion.
NUM  3.
PAR  3. The feed apparatus of claim 1, said angle comprising approximately
      ninety degrees.
NUM  4.
PAR  4. A fastener feed assembly for supplying fasteners to the drive member of
      a fastener driving tool, said assembly comprising:
PA1  a flexible carrier strip including a web portion;
PA1  a plurality of tabs extending from said web portions for holding said
      fasteners;
PA1  nose means adapted to be carried by said tool and defining a carrier strip
      feed path for presenting said fasteners to a drive position;
PA1  means defining a drive path through said nose means for movement of said
      drive member in a drive stroke transverse to the feed path and
      intersecting the feed path at said drive position, said tabs being
      individually deformable from a first position to a second position during
      said drive stroke;
PA1  means for sequentially advancing said carrier strip in increments to
      position successive fasteners in said drive position;
PA1  and a stop surface adjacent said feed path facing in the direction of feed
      of said carrier strip and disposed adjacent said drive position for
      engagement with said tabs in said second position.
NUM  5.
PAR  5. A method of automatically feeding screws from a strip to a position in
      line with the bit of a power screwdriver having a nose assembly, said
      method comprising the steps of:
PA1  supporting one screw of the strip in the nose assembly in line with the
      bit;
PA1  pushing the screwdriver toward a workpiece in order to engage the bit with
      said one screw and rotating the bit to drive the screw from the nose
      assembly into the workpiece;
PA1  retracting a pawl along the strip to a cocked position during said pushing
      step;
PA1  deforming aa spring between the pawl and the nose assembly during said
      pushing step;
PA1  withdrawing said screwdriver away from the workpiece; and
PA1  releasing the spring to apply the force of said spring to said pawl to
      advance said pawl to a home position during said withdrawing step in order
      to move an adjacent screw into line with the bit.
NUM  6.
PAR  6. The method of claim 5, said deforming step being carried out by applying
      to said spring a force developed by said pushing.
NUM  7.
PAR  7. The method of claim 5, said method further comprising delaying said
      retracting step until after engagement of said bit with the screw.
NUM  8.
PAR  8. The method of claim 5, said method further comprising holding said pawl
      in the cocked position during the initial part of said withdrawing step.
NUM  9.
PAR  9. The method of claim 5, said method further comprising deflecting a
      portion of said strip into alignment with a stop during driving of said
      screw to prevent reverse movement of the strip.
NUM  10.
PAR  10. In combination with a fastener driving tool for driving fasteners in
      the direction of their major axis into a workpiece, a feed assembly
      comprising:
PA1  a carrier strip including a series of the fasteners each supported
      generally perpendicular to the major axis of the adjacent portion of said
      strip;
PA1  a magazine supported on said tool and containing a supply of said strip;
PA1  a nose assembly mounted on said tool for reciprocal movement relative to
      the tool during a fastener drive operation;
PA1  means defining a feed path through said nose assembly for said strip
      wherein a fastener of the strip is located in a drive position;
PA1  strip advancing means for moving said strip in increments along said feed
      path; and
PA1  a segment of said strip disposed between said magazine and said nose
      assembly twisted around its major axis through a substantial angle.
NUM  11.
PAR  11. The feed assembly of claim 10 wherein said substantial angle is in
      excess of forty-five degrees.
NUM  12.
PAR  12. The feed assembly of claim 10 wherein said substantial angle is
      approximately ninety degrees.
NUM  13.
PAR  13. Fastener feed apparatus for a tool including a rotatable drive member
      for driving rotary entry fasteners into a workpiece, said feed apparatus
      comprising a base adapted to be mounted on the tool, a workpiece engaging
      nose assembly mounted for reciprocal movement toward the base as the tool
      is pressed toward the workpiece in a fastener driving operation, a return
      spring compressed between the base and the nose assembly for moving the
      nose assembly away from the base as the tool is withdrawn from the
      workpiece, a fastener strip including an elongated carrier member
      supporting fasteners in spaced positions therealong, said nose assembly
      defining a drive path for movement of the drive member through the nose
      assembly in a drive stroke toward the workpiece and defining a feed path
      intersecting the drive path for supporting the fastener strip in the nose
      assembly with a fastener aligned with the drive member, said fastener feed
      assembly being characterized by a series of pawl engagement structures
      located along the fastener strip carrier member, pawl means engageable
      with the pawl engagement structures and mounted on the nose assembly for
      movement along the feed path between a cocked position and a home position
      wherein a fastener is in alignment with the drive member, a pawl spring
      biasing the pawl means toward the home position, abutment means on said
      nose assembly engageable by the pawl means and defining the home position,
      and linkage means for moving said pawl means to the cocked position in
      response to movement of the nose assembly toward the base assembly and for
      freeing the pawl means during movement of the nose assembly away from the
      base for permitting the pawl spring to return the pawl means to the home
      position.
NUM  14.
PAR  14. Fastener feed apparatus as claimed in claim 13, said linkage means
      including locking means for retaining the pawl means in the cocked
      position, and means for releasing said locking means to free the pawl
      means during movement of said nose assembly away from said base.
NUM  15.
PAR  15. Fastener feed apparatus as claimed in claim 13, further comprising a
      magazine adapted to be supported by said tool for containing a supply of
      the fastener strip, the fasteners of the strip being each supported
      generally perpendicular to the major axis of the adjacent portion of the
      strip, and a segment of the strip disposed between the magazine and the
      nose assembly being twisted around its major axis through a substantial
      angle.
NUM  16.
PAR  16. Fastener feed apparatus as claimed in claim 13 further comprising a
      stop surface in the nose assembly adjacent the feed path, tab means on the
      carrier member for holding the fasteners, said tab means being deformable
      to an inclined position by the drive member in a drive stroke, the tab
      means in the inclined position overlying the stop surface to prevent
      reverse movement of the fastener strip along the feed path.
NUM  17.
PAR  17. Fastener feed apparatus as claimed in claim 13, each said pawl
      engagement structure comprising an opening in the fastener strip carrier
      member.
NUM  18.
PAR  18. Fastener feed apparatus as claimed in claim 17, the carrier member
      comprising an elongated web having spaced tabs extending from the web for
      holding fasteners.
NUM  19.
PAR  19. Fastener feed apparatus as claimed in claim 13, said linkage means
      including lost motion means for delaying movement of the pawl means away
      from the home position in a drive stroke until after secure engagement of
      the drive member with a fastener.
NUM  20.
PAR  20. Fastener feed apparatus as claimed in claim 14, said linkage means
      being effective to release said locking means only after withdrawal of the
      drive member from the feed path.
NUM  21.
PAR  21. Fastener feed apparatus as claimed in claim 17, said pawl means
      comprising a lever pivotally and somewhat loosely mounted on said nose
      assembly, a pawl on said lever, and said pawl spring biasing said pawl
      against said carrier member.
NUM  22.
PAR  22. Fastener feed apparatus as claimed in claim 21, said linkage means
      comprising a drive link pivoted to said lever and slidably and pivotally
      coupled to said base.
NUM  23.
PAR  23. Fastener feed apparatus as claimed in claim 13, further comprising
      adjustment means between the base and the nose assembly for adjusting the
      length of the drive stroke.
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ABST
PAL  The method of forming a tube fitting assembly is disclosed in a fitting
      having a first bore through a portion of the fitting and a second bore
      larger than the first bore and concentric with and through a portion of
      the first bore. A tubing having a diameter substantially equal to the
      first bore is engaged against an inside surface of the fitting defined by
      the end of the first bore. Relative movement between the fitting and the
      tube deforms the tubing wall to engage the first and second bores and to
      form an annular bead of the tubing wall outside of the fitting assembly.
      The bead is swaged into engagement with an outside surface of the fitting
      surrounding the second bore. The foregoing is merely a resume of one
      general application, is not a complete discussion of all principles of
      operation or applications, and is not to be construed as a limitation on
      the scope of the claimed subject matter.
PARN
PAR  This is a continuation of application Ser. No. 425,561, filed Dec. 17,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to metalworking and more particularly to a
      mechanical process by flaring an inserted tube end or expanding a part in
      an aperture or radial expanding an internal fitted tube.
PAR  2. Description of the Prior Art
PAR  The prior art of metalworking has known many types of tube and fitting
      assemblies wherein a tube and fitting are joined without the aid of
      threads, nuts, and the like. Generally, the tube or fitting is deformed or
      swaged to seal the tube to the fitting.
PAR  In many cases, the swaging or deformation process causes a cold welding of
      the tube and fitting due to the extremely high pressures exerted between
      the tube and fitting. Cold welding was generally accomplished on softer
      materials such as aluminum and the like. One disadvantage of cold welding
      is that the weld only takes place when the materials were freshly cut or
      prepared. If aluminum parts were stored for any substantial period of time
      then no cold weld would form due to aluminum oxide on the surface.
PAR  The prior art has joined tube and fitting assemblies by inserting a tube
      into a fitting and using a flaring tool to expand the tubing wall to
      engage the fitting. For example, a fitting bore may have a recess wherein
      the tubing wall is radially expanded by a flaring tool to engage the bore
      recess to form a seal between the tube and the fitting. This process was
      suitable for larger tubings but was impractical for small tubings where a
      flaring tool cannot be easily inserted.
PAR  The prior art has used a ring stake process to join a small tube to a
      fitting. The ring stake process incorporates a fitting having a single
      bore substantially the same diameter as the tube. The tube is inserted
      into the bore and a die swages an outside surface of the fitting
      surrounding the bore to cause a deformation of the fitting to engage the
      tubing wall. This process did not require any internal flaring tool and
      provided a satisfactory low-pressure seal so long as no torsional strain
      was applied between the tube and the fitting. However, the seal could be
      destroyed if a torque was applied between the tube and the fitting about
      the axis of the tube. Consequently, the ring stake tube fitting assembly
      proved unreliable for many applications.
PAR  Therefore, an object of this invention is to provide a method of making a
      tube fitting assembly which requires no cold welding.
PAR  Another object of this invention is to provide a method of making a tube
      fitting assembly which requires no internal flaring tools.
PAR  Another object of this invention is to provide a method of making a tube
      fitting assembly which can be formed in a one-step operation.
PAR  Another object of this invention is to provide a method of making a tube
      fitting assembly which has a high torsional strength.
PAR  Another object of this invention is to provide a method of making a tube
      fitting assembly which is capable of high pressure sealing.
PAR  Another object of this invention is to provide a method of making a tube
      fitting assembly which is reliable.
PAC  SUMMARY OF THE INVENTION
PAR  The invention may be incorporated into a method of forming an assembly of a
      tubing and a fitting wherein the fitting has a first orifice through a
      portion of the fitting and a second orifice through a portion of the first
      orifice, the fitting having an outside surface surrounding the second
      orifice comprising, the steps of: holding the fitting; holding the tubing;
      inserting the tubing into the first orifice; relatively moving the tubing
      and the fitting to deform the tubing wall into engagement with one of the
      orifices and to be extended outwardly from the fitting; and forcing the
      tubing extended outwardly into engagement with the outside surface of the
      fitting.
PAR  Other objects and a fuller understanding of the invention may be had by
      referring to the following description and claims, taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side sectional view of the prior art ring stake tube fitting
      assembly;
PAR  FIG. 2 is a side sectional view of a novel tube fitting assembly and which
      is the preferred embodiment; and,
PAR  FIGS. 3-6 illustrate a method of forming the tube fitting assembly shown in
      FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a sectional view of a prior art tube fitting assembly comprising
      a fitting 10 and a tube 11 formed in a ring stake configuration. The
      fitting 10 comprises a body 13 shown as cylindrical but may be hexagonal
      or the like and a cylindrical tip 14 having threads 15. The cylindrical
      tip 14 has an internal aperture 17 concentric with the axis of the
      cylindrical tip 14 whereas the body 13 has a bore 18 concentric with the
      axis of the cylindrical tip 14. The fitting may be mounted by the threads
      15 to direct a flammable gas through aperture 17 in a vertical direction
      to form a pilot light burner for a gas appliance.
PAR  The tube 11 is substantially the same diameter as the bore 18 and is
      inserted therein to have a tubing end 19 engage an inside surface 20
      defined by the end of the bore 18. The tube 11 is sealed to the fitting 10
      by deforming the fitting 10 in a manner commonly referred to as ring
      staking. In ring staking, an annular ring concentric with the axis of the
      tip 14 is struck against an outside surface 26 of the fitting 10
      surrounding the bore 18. The ring staking causes deformation of the bore
      18 of fitting 10 to form a projection 27 which engages the tube wall of
      the tube 11. The projection 27 makes a low-pressure, gas-tight, seal
      between the tube 11 and the fitting 10.
PAR  One disadvantage of this prior art design is the limited torsional strength
      of the tube 11 relative to the fitting 10. A rotation of the tube 11
      relative to the fitting 10 will destroy the seal at projection 27. The
      ring stake provides sufficient longitudinal strength between the tube 11
      and fitting 10, but is deficient relative to torque exerted on the tubing.
      Any rotation between the tube 11 and the fitting 10 will destroy the seal.
      The ring stake assembly has been widely used in the art irrespective of
      the aforementioned disadvantages because it was the most economical
      pressure seal between a small tubing and a fitting. This invention has
      solved the aforementioned disadvantages of the ring stake assembly by
      providing a novel method of making a tube and fitting assembly shown in
      FIGS. 2-6.
PAR  FIG. 2 is a side sectional view of the tube fitting invention. The assembly
      comprises a fitting 30 and a tubing 31. The fitting 30 has a body 33 shown
      as a cylinder and a cylindrical tip 34 coaxial with axis 32. The tip 34
      has mounting threads 35 and a coaxial aperture 37. The body 33 has a first
      coaxial bore 38 extending through a portion of the fitting 30. The bore 38
      defines an internal surface 40 of the fitting 30 at the end of the bore. A
      second coaxial bore 41 extends through a portion of the first bore 38. A
      first shoulder 43 is formed at the junction of the first and second bores
      38 and 41. The fitting 30 has an outside surface 45 surrounding the second
      bore 41.
PAR  The tube 31 is substantially equal in diameter to the bore 38 and engages
      the first bore 38 with a tubing end 47 contacting the inside surface 40 of
      the fitting. The tubing wall has a first deformed portion 51 wherein the
      tubing wall is radially expanded about the axis of the tube to engage the
      first shoulder 43 and the region between the first and second bores 38 and
      41. The first deformed portion 51 also engages the second bore 41 to
      completely fill the first and second bores except for the central opening
      of the tube 31. The assembly has a second deformed portion 52 which
      engages a second shoulder 53 formed between the outside surface 45 of the
      fitting 33 and the second bore 41. The second deformed portion 52 engages
      the outside surface 45 surrounding the second bore 41. In the prior art
      ring stake shown in FIG. 1, the fitting 10 is deformed to engage the tube
      11. In the present invention illustrated in FIG. 2, the tubing wall is
      deformed to engage the fitting 30. Whereas the prior art ring stake had
      only a single annular projection 27 to secure the tube 11 to the fitting
      10, the present invention has several areas of engagement between the tube
      31 and the fitting 30. The tube 31 engages the fitting 30 at the internal
      surface 40, the first bore 38, the first shoulder 43, and the region
      between the first and second bores, the second bore 41, the second
      shoulder 53, and the outside surface 45. Deformation of the tubing wall of
      the tubing 31 at each of these areas provide a seal which is many times
      more effective than the prior art ring stake.
PAR  In experimental tests on one-eighth inch O.D. aluminum tubing for making
      gas pilot burners, consistent tube fitting assemblies were made which are
      pressure tested at 100 pounds per square inch (p.s.i.) whereas the
      manufacturer's specifications for such a fitting require only one pound
      per square inch. In addition, the mechanical strength of this fitting has
      been demonstrated in that if the tube 31 is twisted about the tube axis
      one inch from the fitting 30, the tube 31 will break after several
      rotations prior to breaking the seal. The invention provides a tube
      fitting assembly where the seal between the tube and the fitting is
      stronger than the tube. The aforementioned pressure and mechanical
      strength of this novel tube fitting assembly is a substantial contribution
      to the tube fitting art. The assembly enhances the safety of gas
      appliances due to the 100 to 1 pressure safety factor and a mechanical
      seal which is stronger than the tubing itself.
PAR  The tube fitting assembly comprises a fitting 30 having a first orifice
      shown as a bore 38 which may be tapered or curved and extending through at
      least a portion of the fitting. The fitting has a second orifice shown as
      a second bore 41 which may also be tapered or curved and through a portion
      of the first orifice. The assembly includes a tubing 31 occupying the
      first and second orifices 38 and 41 and having a first deformed portion 51
      of the tubing wall engaging one of the first and second orifices 38 and
      41. A second deformed portion 52 of the tube wall engages an outside
      surface 45 of the fitting 30 surrounding one of the first and second
      orifices 38 and 41. In FIG. 2, the second orifice or bore has a larger
      cross-sectional area than the first bore. It is apparent that the first
      and second orifices and tubing may have a cross-sectional shape of a
      polygon and need not necessarily have a circular cross-sectional shape.
      Likewise, the embodiment illustrates a simplified arrangement wherein the
      aperture 37, the first bore 38, and the second bore 41 are coaxial with
      one another with the tubing 31 being substantially equal in diameter to
      the first bore 38. These simplified modifications need not necessarily be
      applied to practice this invention. The deformed portions of the tubing
      wall need not necessarily be radially expanded but may be contracted along
      a tapered or curved orifice and/or an expansion about another orifice.
PAR  The invention illustrated in FIG. 2 resides in the method of making the
      tube fitting assembly shown in FIGS. 3-6. The method of forming the tube
      fitting assembly requires the fitting to have a first orifice 38 through
      at least a portion of the fitting and a second orifice 41 through a
      portion of the first orifice 38. The fitting has an outside surface 45
      surrounding the second orifice 41. The method of forming the assembly
      comprises the steps of holding the fitting by a holding die 60 and holding
      the tubing 31 by a holding die 61. The holding die 61 holds the tube 31 at
      a distance from the tube end 47 which is greater than the length of the
      first bore 38. The first bore 38 includes the distance from the outside
      surface 45 to the inside surface 40 of the fitting 30. This greater length
      is required due to the contraction of length of the tube 31 to form the
      enlargement of the tubing wall to engage with the fitting. The method
      includes inserting the tubing 31 into the first orifice 38 as shown in
      FIG. 4, to abut the internal surface 40 of the fitting. The process
      requires relatively moving the tubing 31 and the fitting 30 to deform the
      tubing wall into engagement with one of the orifices and to be extended
      outwardly from the fitting. This step is illustrated in FIG. 5 wherein the
      relative movement of the tube radially expands the tubing wall to form a
      bead or extended portion 65 and engages the second bore 41 and extends
      outwardly from the fitting 30. The radial expansion of the tubing wall
      engages substantially all of the first and second bores of the fitting 30.
      The final step of the method is shown in FIG. 6 and includes forcing the
      tube extended portion 65 into engagement with the outside surface 45 of
      the fitting to form the second deformed portion 52. This step is
      accomplished by swaging with the front surface 66 of the die 61. Although
      the invention is illustrated as swaging the extended portion with the
      surface 66, another swaging tool may be applied to accomplish this final
      step.
PAR  The novel method of making a tube fitting assembly has been set forth in
      FIGS. 2-6. The advancement of this invention over the prior art can best
      be appreciated in view of the pressure-tightness and mechanical strength
      of the assembly. Much of this strength is attributed from present
      understanding to the second deformed portion 52. The assembly has a
      substantial increase in mechanical and pressure strength over the prior
      art even though requiring only a relatively small modification to the
      structure.
PAR  This invention has been perfected on 0.125 through 0.500 inch O.D. soft
      aluminum tubing having a 0.035 inch wall thickness. The first bore 38 has
      a diameter of a No. 25 drill, about 0.1495 inches. The first bore 38 has
      an approximate length from the outside surface 45 to the internal surface
      40 of three-sixteenths of an inch and may be made with a No. 30 drill
      leaving a tapered internal surface 40. The second bore 41 has an
      approximate length from the outside surface 45 to the first shoulder 43 of
      1/32 of an inch. The tubing 31 is grasped by the die 61 spaced from the
      tubing end 47 at a distance of 1/16 of an inch greater than the length of
      the first bore from the outside surface 45 to the internal surface 40.
      This extra 1/16 of an inch is used to fill the first and second bores and
      engage with the outside surface 45 of the fitting 30. The head portion 65
      of the tubing wall shown in FIG. 5 will have a length from the front
      surface 66 of die 61 to the first shoulder 43 of approximately 0.040
      inches with approximately 0.015 inches extending between the outside
      surface 45 and the front surface 66 of die 61. This excess material will
      be forced by the front surface 66 of die 61 to establish the second
      deformed portion 52 in swaging engagement with the outside surface 45 of
      the fitting 30. Fittings made in accordance with the above specifications
      have been tested to 100 pounds per square inch with no detectable leaks.
      Such fittings as required by the gas appliance manufacturing industry
      requires a one pound leak test.
PAR  The present disclosure includes that contained in the appended claims, as
      well as that of the foregoing description. Although this invention has
      been described in its preferred form with a certain degree of
      particularity, it is understood that the present disclosure of the
      preferred form has been made only by way of example and that numerous
      changes in the details of construction and the combination and arrangement
      of parts and materials thereof may be resorted to without departing from
      the spirit and the scope of the invention as hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming an assembly of a tubing and a fitting wherein the
      fitting has a first orifice through a portion of the fitting and a second
      orifice through a portion of the first orifice with one of the orifices
      defining an inside surface of the fitting at the end thereof, the fitting
      having an outside surface surrounding the second orifice comprising, the
      steps of:
PA1  holding the fitting;
PA1  holding the tubing;
PA1  inserting the tubing into the first orifice of the fitting;
PA1  abutting an end of the tubing against the inside surface of the fitting;
PA1  relatively moving the held tubing axially toward the held fitting to
      radially expand the tubing wall into engagement with one of the orifices
      and to radially expand the tubing wall to extend outwardly from the
      fitting in proximity to the outside surface of the fitting;
PA1  and forcing the tubing extended outwardly from the fitting to engage the
      outside surface of the fitting surrounding the second orifice.
NUM  2.
PAR  2. A method of forming an assembly of a tubing and a fitting wherein the
      fitting has an aperture and a first bore concentric with the aperture and
      through a portion of the fitting with the first bore defining an inside
      surface of the fitting at the end of the first bore, a second bore
      concentric with the aperture and through a portion of the first bore and
      the fitting having an outside surface surrounding the second bore and
      wherein the tubing is substantially equal in diameter to the first bore,
      comprising, the steps of:
PA1  holding the fitting;
PA1  holding the tubing at a distance from the tubing end which is greater than
      the length of the first bore;
PA1  inserting the tubing into the first bore;
PA1  abutting the inserted end of the tubing against the inside surface of the
      fitting;
PA1  relatively moving the held tubing axially toward the held fitting to
      radially expand the tubing wall to engage the second bore and to radially
      expand the tubing wall to extend outwardly from the fitting;
PA1  and forcing the tubing extended outwardly from the fitting to engage the
      outside surface of the fitting.
NUM  3.
PAR  3. A method as set forth in claim 2 wherein the step of relatively moving
      the tubing radially expands the tubing wall to engage substantially all of
      the first and second bores.
NUM  4.
PAR  4. A method as set forth in claim 2 wherein the step of forcing the tubing
      extended outwardly includes swaging the tubing extended outwardly with a
      tool.
NUM  5.
PAR  5. A method of forming an assembly of a tubing and a fitting wherein the
      fitting has a first orifice through a portion of the fitting with the
      first orifice defining an inside surface of the fitting at the end of the
      first orifice, a second orifice concentric with and through a portion of
      the first orifice and the fitting having an outside surface surrounding
      the second orifice comprising, the steps of:
PA1  holding the fitting;
PA1  holding the tubing;
PA1  inserting the tubing into the first orifice;
PA1  abutting the inserted end of the tubing against the inside surface of the
      fitting;
PA1  relatively moving the held tubing axially toward the held fitting to
      radially expand the tubing wall forming a bead which engages the wall of
      the second orifice and extends outside of the fitting;
PA1  and forcing the tubing bead extending outside of the fitting to engage the
      outside surface of the fitting.
NUM  6.
PAR  6. A method as set forth in claim 5, wherein the step of forcing the tubing
      bead includes flattening at least a portion of the bead extending outside
      of the fitting against the outside surface of the fitting.
NUM  7.
PAR  7. A method of forming an assembly of a tubing and a fitting wherein the
      fitting has first and second walls defining first and second concentric
      orifices, the fitting having an inside surface defining an end of the
      first orifice and an outside surface adjacent an end of the second orifice
      with the second orifice extending through only a portion of the first
      orifice, and with the second wall having a greater periphery than the
      first wall, and a junction wall defining a junction between said first
      orifice and the inner end of said second orifice, comprising the steps of:
PA1  holding the fitting with a fitting holder;
PA1  holding the tubing with a tubing holder at a distance from the tubing end
      which is greater than the distance from the inside surface to the outside
      surface of the fitting;
PA1  inserting the tubing into the first orifice;
PA1  abutting the inserted end of the tubing against the inside surface of the
      fitting;
PA1  axially contracting the tubing length between the tubing end and tubing
      holder by relative movement between the tubing holder and the fitting
      holder and forming a bead from material of the contracted tubing length
      within the second orifice;
PA1  and radially expanding the bead through continued contraction of the tubing
      length to engage the expanded bead with the wall of the second orifice to
      seal the tubing to the fitting at one of the junction wall and second
      wall.
NUM  8.
PAR  8. A method of forming an assembly of a tubing and a fitting wherein the
      tubing has an internal diameter and an external diameter and wherein the
      fitting has an aperture having an aperture diameter commensurate with the
      internal diameter of the tubing and extending through the fitting, a first
      wall defining a first orifice through a portion of the fitting and having
      a first orifice diameter commensurate with the external diameter of the
      tubing with an inside surface of the fitting defining an end of the first
      orifice, and a second wall defining a second orifice concentric with and
      through a portion of the first orifice and having a second orifice
      diameter which is greater than the first orifice diameter and an outside
      surface of the fitting adjacent an end of the second orifice, comprising
      the steps of:
PA1  holding the fitting with a fitting holder;
PA1  holding the tubing with a tubing holder at a distance from the tubing end
      which is greater than the distance from the inside surface to the outside
      surface of the fitting;
PA1  inserting the tubing into the first orifice;
PA1  abutting the inserted end of the tubing against the inside surface of the
      fitting;
PA1  axially contracting the tubing length between the tubing end and tubing
      holder by axial relative movement between the tubing holder and the
      fitting holder forming a bead from the contracted tubing length within the
      second orifice;
PA1  and radially expanding the bead through additional contraction of the
      tubing length by continued relative movement between the tubing holder and
      the fitting holder to substantially fill and to engage the expanded bead
      with the wall of the second orifice to seal the tubing to the fitting.
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ABST
PAL  A method and apparatus for end jointing timber members such as floor or
      ceiling joists by means of spiked timber connector plates, using apparatus
      incorporating equipment to position and hold the timber and automatically
      feed connector plates from cassettes or magazines holding a supply of
      connector plates onto magnetized pressing platens which then rotate to
      position the connector plates to span the joint to be made before passing
      the spikes into the relevant timber members.
BSUM
PAR  This invention relates to methods of and/or apparatus for joining timber
      members and has been designed particularly though not solely for use in
      joining floor joists.
PAR  At present joints for floor joists have, for strength requirements, been
      positioned over plates or runners supported by ribs. This necessitates
      sorting out timber to the required length and in some cases results in
      waste when excess lengths of wood are cut off so that the joints will be
      correctly positioned. Also the procedure is time consuming since the
      cutting is usually effected on the job, necessitating extra carrying to
      and from a cutting machine such as a draw saw or cutting by handsaw which
      is slow or hand held circular saw which has potential danger.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a method of
      and/or apparatus for joining timber members which will obviate or minimise
      the foregoing disadvantages or which will at least provide the public with
      a useful choice.
PAR  Accordingly in one aspect the invention consists in a method of joining
      timber members comprising the steps of temporarily placing at least one
      spiked timber connector plate so that said connector plate is held on at
      least one of a pair of pressing platens, moving a plurality of timber
      member to desired positions for joining, moving the held connector plate
      or plates to a position to span the required joint between the timber
      members either before or after moving said timber members, pressing said
      platens towards each other so that the spikes of said connector plate or
      plates are embedded in said timber members to join them together, and
      retracting at least one of said platens leaving said connector plate or
      plates embedded in said timber members.
PAR  In a further aspect the invention consists in apparatus for use in joining
      timber members using spiked timber connector plates, said apparatus
      comprising a frame, a pair of platens in said frame adapted to be moved
      towards each other with appropriate force, connector plate supply means
      adapted to supply one or a set of connector plates onto an appropriate
      surface of one or each platen, and moving and positioning means adapted to
      move and position said connector plates or set of connector plates in a
      position where said connector plate or plates spans the joint between the
      timber members to be connected, the construction and arrangement being
      such that in use one or a set of connector plates delivered to one or each
      of said platens are moved and positioned so that the connector plate or
      plates span the joint to be made and the platens are then moved to press
      the spike of each connector plate into the timber so as to make a joint
      between two or more timber members appropriately positioned in the
      apparatus.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the scope of the
      invention as defined in the appended claims. The disclosures and the
      description herein are purely illustrative and are not intended to be in
      any sense limiting.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One preferred form of the invention will now be described with reference to
      the accompanying drawings in which,
PAR  FIG. 1 is a front elevational of apparatus for end joining timber members
      according to the invention,
PAR  FIG. 2 is a side view of the apparatus shown in FIG. 1,
PAR  FIG. 3 is a cross sectional plan view along the line A--A of FIG. 1,
PAR  FIG. 4 is an enlarged fragmentary view of the eccentric knobs shown in FIG.
      2,
PAR  FIG. 5 is an enlarged fragmentary view of a connector plate retainer; and
PAR  FIG. 6 is an enlarged fragmentary view of a spring loaded longitudinal stop
      means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the preferred form of the invention a method of and/or apparatus for end
      joining timber members using spiked timber connector plates is constructed
      as follows:
PAR  The preferred form of the apparatus will be described in relation to a
      machine for end joining floor or ceiling joists so as to form a continuous
      length of timber. A frame 1 is provided, and preferably the frame has
      positioned close to it a saw arranged so that the ends of the timber
      members may be cut off at an appropriate angle preferably square to the
      length of the timber. In frame 1 there is a lower pressing platen in the
      form of disc 2 adapted to rotate about a vertical axis. This platen is
      freely rotatable but positioning means are provided, for example,
      electromagnetically, pneumatically or hydraulically-operated stop means
      but preferably mechanical stop means 3 (FIG. 3) are operable so that the
      plate may be stopped in desired positions and these positions are such
      that the platen will rotate through 180.degree. between stops. This platen
      is of course of suitably strong material and is suitably supported to
      resist the force which is to be applied to it. Above this platen there is
      a tunnel 4 through which the timber members to be joined will be moved.
      Movement of timber is generally in one direction through the machine so
      that pieces of timber will be drawn from a supply, fed into the machine,
      joined and then delivered to a required delivery station. To fix the
      timber in position and locate the ends to be joined, timber fixing means
      are provided comprising a longitudinal bar 5 arranged lengthwise of the
      timber and having two operating members e.g. hydraulic or preferably
      pneumatic piston and cylinder assemblies 6 and 7 one towards each end of
      the longitudinal bar. In addition, locating means in the form of a spring
      loaded detent 8 is provided so that a first timber member may be moved
      forwardly alongside support member 12 pressing detent 8 to one side
      against the action of spring 9 (FIG. 6) until the spring loaded detent is
      cleared by the trailing end of the timber member whereupon the detent will
      move into the tunnel under the influence of its spring and the first
      timber member may then be backed against an appropriate surface 10 of this
      detent to longitudinally fix the position of the squared end of the
      timber. First timber fixing means is then actuated i.e. bar 5 is operated
      by pneumatic piston and cylinder assembly 6 to lock the first timber
      member into position by way of engagement of holding member knob 11, with
      one side of the timber member forcing the timber member into position
      against support member 12. A second timber member is then simply entered
      into tunnel 4 until it presses against the squared end of the first timber
      member and the second timber fixing means i.e. pneumatic piston and
      cylinder assembly 7 is operated to force this second timber member into
      position against support member 12. The second timber member is further
      located against support member 12 and the end of the first timber member
      by way of a securing member in the form of eccentric knob 13 located on
      longitudinal bar 5 as shown in FIG. 4. Preferably two such eccentric knobs
      are provided each consisting of a pivot 14, an arm 15, a projecting knob
      16 and a spring 17. The arrangement of the eccentric knobs is such that as
      long as longitudinal bar 5 acts to force a timber member against support
      12 projecting knobs 16 will engage with one side of the timber member so
      tending to rotate arm 15 in an anti clockwise direction about pivot 14 as
      shown in FIG. 4. This rotational movement will then tend to move the
      second timber member longitudinally towards the first timber member so
      ensuring contact between the ends of the first and second timber members.
      Upon the withdrawal of bar 5 to release the timber the eccentric knob is
      returned to its previous position by the action of spring 17.
PAR  A top pressing platen is provided in the form of disc 18 both platens being
      adapted to be movable towards each other and to this end a short stroke
      hydraulic piston and cylinder 19 is provided for each platen together with
      an anvil (not shown) against the outer surface of the platen to move the
      platen under hydraulic pressure against the top and bottom surfaces of the
      timber members. The top platen is also arranged to be moved and positioned
      so that in successive positions appropriate parts of the platen are
      rotated through 180.degree..
PAR  Associated with each platen is a supply of spiked timber connector plates
      and each supply preferably supplies two connector plates for each of the
      two opposite sides of the timber members which are pressed upon the
      platen. To this end cassettes or magazines 20 and 21 are provided,
      cassettes 20 supplying connector plates to the upper platen and cassettes
      21 supplying connector plates to the lower platen. Cassettes 20 are
      provided with spring loaded members 22 such that a spring (not shown) is
      pressed when connector plates are inserted in cassettes 20 the action of
      the spring then serving to position the upper connector plate in each
      cassette at substantially the same level regardless of the quantity of
      connector plates remaining in the cassette. This action could also of
      course be provided by other means such as counterbalance weights. The
      upper platen and preferably also the lower platen is provided with
      magnetic means in the form of a series of permanent magnets 23 which are
      appropriately positioned so that connector plates emerging from the
      cassettes are picked up by the platen and will adhere thereto.
PAR  At the mouth of each cassette are provided two connector plate release
      means comprising retainers 24 pivoted to the outer sides of the cassette
      by way of pivots 25 (FIG. 5). Each retainer comprises a tongue 26
      projecting into the mouth of the cassette so as to retain the connector
      plate adjacent to the mouth, a body 27, a return spring 28 and an
      adjustable actuating member 29 in the form of a bolt fastened to body 27
      by means of lock nuts 30.
PAR  Platens 2 and 18 are adapted to be rotated about a vertical axis by moving
      means comprising rotation means in the form of an electric motor drive.
      For example, platen 18 is rotated about axis 31 by means of electric motor
      32 driving friction drive wheel 33 by way of gear box 34. The motor, drive
      wheel and gear box are mounted on hinged mounting plate 35, hinged or
      pivoted to frame 1 by means of pivots 36. The movement of hinged plate 35
      is limited by limit stop 37. The motor is controlled by switches 38 and 39
      which are actuated by the vertical movement of hinged support plate 35,
      and a projection in the form of a raised block or ramp 44 located on the
      upper surface of platen 18 respectively. Platen 18 is rotationally located
      by stop means 3 comprising roller 37 pivotally attached to frame 1 by
      means of arm 38. Roller 37 is held in contact with the edge of disc 18 by
      means of spring 39. Notches 40 and 41 are provided in a periphery of disc
      18 to engage with roller 37, notch 41 being displaced from notch 40
      through an angle of 180.degree. about axis 31.
PAR  Use of the apparatus is as follows:
PAR  A space into which the timber members may be inserted is adjustable, for
      example, to accommodate beams from 10" .times. 4" down to 4" .times. 2".
      The machine is set to receive, for example, the standard 5" .times. 2"
      joists. A first timber member has one end thereof squared and the timber
      is fed through the tunnel so that the squared end passes detent 8. The
      timber is then pulled back so that the squared end comes against surface
      10 of detent 8 and the timber member is locked in position by the
      actuation of pneumatic piston and cylinder 6 to clamp the timber member
      between support 12 and knob 11. The second timber member then has one end
      squared and it also is passed into the machine so that the squared end
      butts against the squared end of the first timber member. Pneumatic piston
      and cylinder assembly 7 is then actuated to clamp the second piece of
      timber between longitudinal bar 5 and support 12, the action of eccentric
      knobs 13 further forcing the squared end of the second timber member
      against the squared end of the first timber member.
PAR  It will be assumed that a spiked timber connector plate or a set of
      connector plates is already in position on each platen so as to span the
      squared ends of the two timber members to be joined. Hydraulic
      piston-and-cylinder assemblies 19 are then actuated so that the spikes of
      the connector plates will be inserted into the timber of the members to be
      joined by the pressing action of the upper and lower platens on the top
      and bottom surfaces of the timber members.
PAR  Simultaneously, the upper platen will also approach the mouths of lower
      cassettes 20 and the lower platen will approach the mouths of upper
      cassettes 21, the surface of the platen bearing against the head of each
      bolt 29 and so pivoting bodies 27 about pivots 25 so as to withdraw
      tongues 26 from the mouth of the cassettes. This action then allows a
      connector plate in each cassette adjacent to the mouth to come into
      contact with the surface of the platen where it is held by the action of
      the magnets in the platen. Simultaneously hinged plate 35 has been allowed
      to rotate about pivots 36 until it comes into contact with limit stop 37,
      this action tiggering switch 38 to start motor 32. Friction drive wheel 33
      is therefore rotating as the connector plates are pressed into the timber
      members.
PAR  Upon the reversal of pressure to hydraulic piston-and-cylinder-assemblies
      19, platens 2 and 18 separate and return to their previous positions. As
      this happens springs 28 rotate each body 27 about pivot 25 so that tongues
      26 will once more project into the mouth of the cassettes and retain the
      connector plates therein. As the platen 2 comes into contact with rotating
      friction drive wheel 33, the platen is rotated about axis 31 until a
      raised block or ramp 44 triggers switch 39 to stop the motor 32. At this
      point notch 41 is approximately aligned with stop means 3 so that roller
      37 is pulled into notch 41 by the action of spring 39 to provide a
      positive location for platen 18.
PAR  It will of course be apparent that although the sequence of operations has
      been described for the rotation of upper platen 18, a similar set of
      apparatus is provided to rotate lower platen 2, the rotational operations
      taking place simultaneously.
PAR  It will be apparent that the connector plates previously positioned on the
      surface of the platen by the cassette will now be in a position to span
      the joint between a further two timber members.
PAR  Pneumatic piston-and-cylinder assemblies 6 and 7 are then released to
      withdraw longitudinal bar 5 and so release the timber members which are
      now connected to each other by connector plates in their upper and lower
      surfaces. The sequence may then be repeated as above.
PAR  Lower cassettes 20 may be replenished by sliding the cassette outwards on
      telescopic mounts 42 until the mouth of the cassette is visible from above
      beyond the edge of disc 18. Retaining tongues 26 are then withdrawn from
      the mouth of the cassette so that further connector plates may be inserted
      into the mouth of the cassette against the action of spring 22. Upper
      cassettes 21 of course do not have a spring loaded member as the connector
      plates contained therein are fed to the surface of platen 2 by the action
      of gravity. The upper cassettes may therefore be replenished by inserting
      new connector plates through the upper end of the cassettes.
PAR  It will be seen that by this machine a very quick operating timber jointing
      method is provided in which particular timber members may be joined
      end-to-end in a very speedy manner giving adequate strength to the timber
      member so formed. If desired other timber members may also be joined, for
      example, three members could be joined together in a T formation in which
      event the arc of movement of platens 2 and 18 may be different from the
      180.degree. movement mentioned above so that the cassettes will clear the
      extra members provided. However the machine has been designed specifically
      though not solely for use in joining floor or ceiling joists end to end as
      above described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of joining timber members conprising the steps of temporarily
      placing a pair of spiked timber connector plates and holding the connector
      plates on a pair of spaced, substantially parallel platens, moving a
      plurality of timber members to desired positions between the platens for
      joining, rotating the platens to a position where the connector plates are
      located to span the required joint between the timber members either
      before or after moving said timber members, pressing said platens towards
      each other so that the spikes of said connector plates are embedded in
      opposite faces of said timber members to join together, and retracting
      said platens leaving said connector plates embedded in said timber
      members.
NUM  2.
PAR  2. Apparatus for use in joining timber members using spiked timber
      connector plates, said apparatus comprising a frame, a pair of spaced,
      substantially parallel platens in said frame adapted to be moved towards
      each other with appropriate force, connector plate supply means adapted to
      supply at least one connector plate onto an appropriate surface of each
      platen, and moving and positioning means adapted to move and position said
      connector plates in a position where said connector plates span the joint
      between the timber members to be connected, the construction and
      arrangement being such that in use one plate delivered to each of said
      platens is moved and positioned so that the connector plate spans the
      joint to be made and the platens are then moved to press the spike of each
      connector plate into the timber so as to make a joint between the timber
      members appropriately positioned in the apparatus, said moving means
      comprising rotation means adapted to rotate at least one said platen, the
      axis of rotation of said one platen being substantially perpendicular to
      said appropriate surface, said positioning means including stop means
      adapted to restrain said one platen from rotating when said connector
      plate is in a desired position, so as to span the joint between the timber
      members to be connected.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 wherein each connector plate is held on
      said appropriate surface of at least one platen by magnetic means, said
      connector plate supply means comprising cassettes adapted to contain a
      supply of connector plates, said cassettes being counterbalanced so that
      in use an outer connector plate in each cassette is maintained in
      substantially the same position regardless of the quantity of connector
      plates remaining in the cassette, connector plate release means being
      provided so that in use said connector plate release means may be operated
      by movement of said platen to release a single connector plate at a time
      from a supply thereof, said connector plate release means comprising a
      body pivotally attached to said cassette said body including a tongue
      arranged so that said body may pivot to project said tongue into the mouth
      of said cassette, spring means to hold said tongue normally projecting
      into the mouth of said cassette and a projecting actuation member adapted
      to pivot said body in order to withdraw said tongue from the mouth of said
      cassette when said actuation member is contacted and moved by the approach
      of said platen to the mouth of said cassette so that a connector plate may
      be released from the mouth of said cassette into the surface of said
      platen.
NUM  4.
PAR  4. Apparatus for use in joining timber members using spiked timber
      connector plates, said apparatus comprising a frame, a pair of platens in
      said frame adapted to be moved towards each other with appropriate force,
      connector plate supply means adapted to supply at least one connector
      plate onto an appropriate surface of each platen, and moving and
      positioning means adapted to move and position said connector plates in a
      position where said connector plates span the joint between the timber
      members to be connected, the construction and arrangement being such that
      in use the connector plates delivered to each of said platens are moved
      and positioned so that the connector plates span the joint to be made and
      the platens are then moved to press the spike of each connector plate into
      the timber so as to make a joint between at least two timber members
      appropriately positioned in the apparatus, said moving means comprising
      rotation means adapted to rotate one said platen, the axis of rotation of
      said one platen being substantially perpendicular to said appropriate
      surface, said positioning means including stop means adapted to restrain
      said one platen from rotating when said connector plate is in a desired
      position, so as to span the joint between the timber members to be
      connected, said rotation means comprising a motor pivotally mounted to
      said frame and adapted to drive said one platen by way of a friction drive
      wheel bearing a surface of said one platen, said motor being actuated by a
      switch in conjunction with said pivotal mounting so that as said one
      platen moves away from said drive wheel said mounting will pivot to
      actuate said motor by way of said switch whereupon said one platen
      returning to its original position will be contracted by the now rotating
      friction drive wheel to rotate said platen until a projection on said
      platen actuates a further stationary position.
NUM  5.
PAR  5. Apparatus for use in joining timber members using spiked timber
      connector plates, said apparatus comprising a frame, a pair of platens in
      said frame adapted to be moved towards each other with appropriate force,
      connector plate supply means adapted to supply at least one connector
      plate onto an appropriate surface of each platen, and moving and
      positioning means adapted to move and position said connector plates in a
      position where said connector plates span the joint between the timber
      members to be connected, the construction and arrangement being such that
      the connector plates delivered to said platens are moved and positioned so
      that the connector plates span the joint to be made and the platens are
      then moved to press a spike of each connector plate into the timber so as
      to make a joint between at least two timber members appropriately
      positioned in the apparatus, said frame including locating means to locate
      a first timber member in a desired position, first timber fixing means to
      hold said first timber member in said desired position and second timber
      fixing means to hold at least a second timber member in position to abut
      said first timber member so that the joint between at least two adjacent
      timber members will in use be spanned by said connector plates when in
      position, said locating means comprising a spring loaded detent adapted to
      be depressed by a timber member passing through said frame in one
      direction in order to allow the passage of said timber member in that
      direction and also adapted to resist depression by a timber member passing
      through said frame in the opposite direction so that in use a timber
      member may be longitudinally passed through said frame until the trailing
      end of the timber member has cleared said detent whereupon the movement of
      said timber member may be reversed until said end abuts said detent so
      locating said end of said timber member relative to said frame, said first
      timber fixing means comprising a support member arranged longitudinally
      with reference to said first timber member in use and a holding member
      actuable to wedge said first timber member between said support member and
      said holding member, said second timber fixing means comprising a support
      member arranged longitudinally with reference to said second timber member
      in use and a securing member actuable to wedge said second timber member
      between said support members and said securing member including at least
      one eccentric knob pivoted to said securing member by a pivot in such a
      manner that in use when said securing member is actuated to wedge said
      second timber member between said support member and said securing members
      said eccentric knob engages with said second timber member at a point
      offset from said pivot so tending to rotate said eccentric knob about said
      pivot providing a longitudinal force on said second timber member to
      ensure that said second timber member is abutted against said first timber
      member.
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ABST
PAL  A junction field effect transistor having a "V" shaped upper gate, dividing
      said planar source and drain regions, formed by etching a (100) crystal
      oriented semiconductor material of one conductivity type and diffusing
      with material of opposite conductivity type.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates generally to junction field effect
      transistors and more particularly to the fabrication of a junction field
      effect transistor with the aim of minimizing the devices "on resistance"
      and thereby increasing the yield of acceptable devices.
PAR  2. The Prior Art
PAR  Typically, it has been the practice heretofore to fabricate the top gate of
      a junction field effect transistor using standard photolithic and
      diffusion techniques. Oxide is grown over the source and drain material,
      photoresist is deposited and developed, and the oxide and photoresist is
      selectively removed by planar etching to form a rectangular gate aperture.
      Gate material is then deposited and diffused into the aperture in the
      oxide. The width of the diffuse gate is limited by the minimum oxide line
      width that can be obtained by planar etching of the mask formed using
      present photolithic techniques. Since minimum "on resistance" (R.sub.on)
      of a junction field effect transistor (JFET) is determined in part by the
      effective width of the gate, the R.sub.on of the JFET of the prior art
      have been limited by said minimum oxide line width.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  It has been found that a substantial increase in the number of devices in a
      given batch which display acceptable operating characteristics in
      parameters, may be achieved for JFET by decreasing "on resistance,"
      increasing the transconductance, and improving the figure of merit for a
      given set of terminal conditions, while holding all other device
      fabrication parameters constant. The desired change of these parameters is
      obtained in accordance with my invention by forming the upper gate of the
      JFET as a V-shaped moat and thus reducing the gate width. The reduction of
      the effective gate width below that of the minimum oxide line width
      obtainable with photolithographic techniques is achieved using the
      property of a [100] oriented silicon wafers to etch V-shaped moats when
      properly oreintated oxide line apertures are exposed to a silicon etching
      environment.
PAR  Accordingly it is a principle object of the present invention to provide a
      junction field effect transistor having minimum effective gate width and
      consequently "on resistance."
PAR  A related object of the present invention is to provide a method of
      fabricating such a junction field effect transistor.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS:
PAR  FIG. 1 is a sectional view illustrating the preferred embodiment of the
      junction field effect transistor;
PAR  FIG. 2 is a view of the top surface of the structure of FIG. 1;
PAR  FIGS. 3a and 3b are enlarged representations of the top gate produced by
      the prior art methods and by the present invention, respectively.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION:
PAR  FIG. 1 depicts an N channel junction field effect transistor fabricated
      according to the present invention within a body of semiconductive
      material 10, preferably P-type silicon. An epitaxial N-type layer of
      silicon 12 rests upon substrate 10 and is surrounded by a P-type diffused
      barrier 14 isolating it from other devices in an integrated circuit.
      Within epitaxial layer 12 are formed N+ type source and drain contacts 16
      and 18, respectively, and a V-shaped moat, P+ type, upper gate 20.
      Covering the total planar surface of the present device is an insulator
      22, preferably silicon dioxide SiO.sub.2, with source contact aperture 24,
      drain contact aperture 26, and gate contact aperture 28. As shown in FIG.
      1, source metal contact 30, drain metal contact 32 and gate metal contact
      34 are formed in the apertures 24, 26 and 28, respectively.
PAR  The V-shaped moat 20 divides the epitaxial layer 12 into a source region 36
      and a drain region 38 connected by a channel region 40. The effective
      width of a channel region is minimized by the V-shaped upper gate 20 and
      thus decreases the "on resistance," increases the transconductance, and
      improves the figure of merit for a given set of terminal conditions. As
      can be seen from FIG. 2, which is the top view with the metal layer
      patterns omitted, the moat 20 extends from one side of the P diffused
      isolation barrier 14 across the epitaxial layer 12 to the diffused
      isolation barrier on the other side.
PAR  In the illustrated embodiment, the substrate 10 is a single crystal P type
      silicon having a bulk resistivity of 8-40 ohms-cm and a thickness of 6-8
      mils, and cut to have a planar surface having crystal orientation in the
      [100] plane. Upon the single crystal substrate 10 is grown an N type
      epitaxial layer 12 having a bulk resistivity of approximately 1 to 2
      ohms-cm with an impurity concentration of approximately 3 .times.
      10.sup.15 atoms/cc. The epitaxial layer 12 is cleaned and a 6,000 A layer
      of oxide is grown on its surface in a steam ambient at 1,100.degree.C. to
      form a diffusion mask. A photoresist and oxide etch procedure is used to
      expose the planar surface of layer 12 at the desired locations the
      photoresist is exposed to light in accordance with the desired pattern,
      the pattern is developed to remove unexposed portions of the photoresist,
      and the thus exposed portions of the oxide layer are removed with a
      suitable etchant. The remaining photoresist is then removed to leave an
      oxide mask with the windows for the subsequent isolation bearer deposition
      and diffusion.
PAR  Following the photoresist and oxide etch, the wafer is cleaned and
      processed through a conventional open tube depositiondiffusion sequence
      with a P-type dopant to form an isolation barrier through the N-type
      epitaxial layer to the P substrate having a sheet resistivity of
      approximately 50 ohms per square and a depth of about 0.5 mils. Preferably
      the P-type dopant is boron, but any other P-type dopant such as gallium is
      acceptable. The boron surface impurity concentration is approximately 8
      .times. 10.sup.17 atoms/cc for such a resistivity.
PAR  During and following the diffusion of the isolation barrier, silicon
      dioxide is regrown, thereby covering the isolation barrier windows and
      forming a complete oxide layer. Another photoresist and oxide etch
      procedure identical to that described above is performed to open the
      windows in the oxide at the desired locations for the source and drain
      contact regions. After cleaning the wafer, a conventional N+ type
      deposition-diffusion procedure is performed to form a source contact
      region 16 and drain contact region 18 which reduce the contact resistance
      at these points to the epitaxial layer 12 and have a sheet resistivity of
      approximately 2 ohms per square and a depth of about 2 microns. Preferably
      the N-type dopant is phosphorous, but other N-type dopants such as arsenic
      or antimony are also acceptable.
PAR  Another photoresist and oxide etch is performed on the newly regrown oxide
      to provide the window for the upper gate moat. Wafers are cleaned and a
      moat etch is performed to provide a V or wedge shaped aperture having a
      width of approximately 0.33 mils and a depth of approximately 0.23 mils.
      Since layer 12 was epitaxially grown on substrate 10, the epitaxial layer
      will have the [100] plane in the same orientation as the substrate and
      thus the etching takes place from the [100] plane surface along the [100]
      planes of the single crystal material to form the V-shaped moat. A
      conventional P+ type deposition-diffusion procedure is then performed to
      form the top gate 20 of a sheet resistivity of approximately 3.2 ohms per
      square and a depth of 1 to 5 microns. The depth of the P+ gate diffusion
      is adjusted to achieve the desired device electrical characteristics which
      are determined by the height of the channel region 40.
PAR  A photoresist and oxide resist procedure is now performed to provide window
      24 for the source metal contact, window 26 for the drain metal contact and
      window 28 for the gate metal contact. The wafer is then chemically cleaned
      and approximately 40 microns of aluminum preferably is evaporated onto the
      wafer surface. A final photoresist and aluminum etch is performed to
      define the metal contacts to the source, drain and gate as shown in FIG.
      1. Though using aluminum, other metals such as chrome-gold, titanium,
      platinum, could be used to form the metal contacts. For the sake of
      simplicity and clarity, no contacts are shown in the top view of FIG. 2.
PAR  The wafers are baked at a temperature of 450.degree. for approximately 20
      minutes to produce metal-silicon alloy contacts and at a temperature of
      325.degree. for approximately 15 to 30 hours to stabilize the fabricated
      device.
PAR  Since the top gate moat etch does not involve any thermal processing, it
      may be performed any time after the forming of the epitaxial layer 12.
      Thus the process could be performed with the moat etch after the epitaxial
      deposition, followed by a photoresist and oxide tech to expose the top
      gate moat and the P isolation regions. A heavy P deposition and short
      diffusion would be performed to form the top gate of the device and
      increase the surface impurity concentration in the isolation regions so as
      to prevent surface inversion and reduce contact resistance to the gate
      diffusions. Following a normal photoresist and oxide etch, the N+
      diffusion of the source and drain contact regions would be performed
      followed by the formation of the aluminum contacts.
PAR  While an N channel type device has been described herein, a P channel
      device can likewise be fabricated by reversing the P and N type
      impurities. One or more of the devices can be fabricated either in a
      junction isolation or dielectric isolation type material. Though the
      V-shaped top gate was formed by deposition-diffusion process, other
      processes may be used to form a solid wedge shaped top gate without
      changing the characteristics of the invention.
PAR  A comparison of R.sub.on between the rectangular diffused planar etched top
      gate of the prior art and the present diffused V-shaped moat etched top
      gate ais shown in FIGS. 3a and 3b. Using the processes of the prior art, a
      gate having width W of approximately 0.2 mils was formed. The process of
      the present invention produced a gate having a surface width of 0.33 mils
      and a depth of 0.23 mils. By using comparison of the "on resistance" of
      the device of the prior art and of the present invention, it has been
      found that the R.sub.on of the present invention shows a decrease of 20%
      over the R.sub.on of the JFET of the prior art. In view of the reduction
      of R.sub.on by 20%, the effective width of the V-shape is deemed to be
      0.18 mils. Thus a moat, rather than a rectangular planar oxide aperture
      for the formulation of the top gate, produces a decreased "on resistance"
      and, therefore, an increased transconductance and an improved figure of
      merit as well.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for fabricating a junction field effect transistor which
      comprises:
PA1  a. forming a planar surface layer having a [100] crystal orientation of one
      conductivity type on a substrate of opposite conductivity type, said
      substrate constituting a first gate;
PA1  b. forming a V-shaped moat concave to said planar surface layer by etching
      said [100] planar surface, layer and
PA1  c. forming a V-shaped second gate in said planar surface layer contouring
      said moat of said opposite conductivity type for dividing said planar
      surface layer into a planar source and a planar drain region connected
      below said second gate by a channel region.
NUM  2.
PAR  2. A process as in claim 1 including forming a planar region of said
      opposite conductivity type adjacent said planar surface layer and
      extending to said substrate for isolating said planar surface layer of one
      conductivity type and providing a first gate contact at said planar
      surface layer.
NUM  3.
PAR  3. A process as in claim 1 wherein said substrate is single crystal silicon
      and said planar surface layer of one conductivity type is formed by
      epitaxial growth.
NUM  4.
PAR  4. A process as in claim 1 including forming source and drain contact
      regions in said planar surface layer before forming said moat.
NUM  5.
PAR  5. A process for fabricating a junction field effect transistor which
      comprises:
PA1  a. forming a planar surface layer of one conductivity type on a substrate
      of opposite conductivity type, said substrate constituting a first gate;
PA1  b. etching said planar surface layer to form a wedged shaped region
      dividing said planar surface layer into a planar source and a planar drain
      region connected below said wedged shaped region by a channel region; and
PA1  c. forming a wedged shaped surface region in said planar surface layer
      contouring said wedge shape region of said opposite conductivity type
      constituting a second gate.
NUM  6.
PAR  6. A process as in claim 5 including forming a planar region of said
      opposite conductivity type adjacent said planar surface layer and
      extending to said substrate and providing a first gate contact at said
      planar surface layer.
NUM  7.
PAR  7. A process as in claim 5 wherein said planar surface layer is a single
      crystal silicon having a [100] crystal plane orientation.
NUM  8.
PAR  8. A process as in claim 5 wherein forming said second gate includes
      diffusing said opposite conductivity determining type impurities into said
      etched wedge shaped region to form said second gate having its surface
      concave to said planar surface layer.
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ABST
PAL  A heavy machine tool, especially drilling and milling machine, which has a
      head stock with a supporting sleeve therein for receiving a boring spindle
      and a pull rod operable chucking device for chucking a tool head, and
      which also includes a device for depositing tool heads and placing the
      same in readiness for use. The housing for the tool head has on its
      outside a circular groove located at the side of the head stock in a plane
      which is located perpendicular to the axis of the boring spindle while
      within the range of movement of the tool head there is provided at least
      one device for depositing a tool and placing the same in readiness for use
      which last mentioned device includes a vertically arranged deposit plate
      the upper edge of which corresponds in shape to the shape of the arc of
      the annular groove and has a thickness corresponding to the width of said
      groove and upon which the tool head is adapted to be deposited by means of
      said annular groove, said range of movement of the respective tool head
      being determined by the displacement of said head stock, of said
      supporting sleeve, and/or the respective tool head.
BSUM
PAR  The invention relates to a heavy machine tool with means for placing at
      disposal or depositing a tool head.
PAR  It is known to equip machine tools, especially those with numerical
      control, with so-called tool changers. Among these are machine tools which
      pick up those tools needed for consecutive machining operations on a
      workpiece. The spindle carriers or supporting sleeves of such machines are
      so constructed and controlled in their movements that in case of a
      required tool change they automatically take the chucked tool to the tool
      changer where they deposit the tool, whereupon the next required tool is
      picked up, chucked and subsequently moved to the machining station for the
      next operation.
PAR  In heavy machine tools, particularly boring and milling machines, in the
      spindle box of which there is mounted a supporting or carrier sleeve which
      in its turn has arranged therein a boring spindle as well as a pull rod
      operated chucking device for the chucking of a tool head, the use of tool
      changers of the known type is not possible because of the heavy weight of
      the tool heads. In such machines, as a rule, it is not just a case, for
      example, of changing a single cutting tool but rather of changing a
      complete tool head with a plurality of tools. The placing in readiness of
      such tools and connecting them to the carrier sleeve of the boring head or
      spindle housing has therefore been done by taking the respective cutter
      head to be exchanged off the carrier sleeve, by holding it by means of a
      crane and then transporting it to a tool storage area from where the next
      required cutter or tool head is lifted and, again by use of a crane,
      brought to the boring head or spindle housing and coupled to the carrier
      sleeve. On such machines there has been needed a considerable expenditure
      of time and labor to move the cutter head by crane and to effect its
      manual connection to or disconnection from the carrier sleeve.
PAR  It is, therefore, an object of the present invention to provide a heavy
      machine tool with means whereby it is possible automatically to undertake
      the operations of picking up or putting down a tool head as well as,
      preferably, its clamping to or unclamping from a carrier sleeve of a
      boring head or spindle housing. It is thus also possible to allow not only
      the machine operations, but also the tool changing sequence, to proceed
      automatically.
PAR  According to the invention, a heavy machine tool, in particular a boring
      and milling machine, having a head stock box with a supporting sleeve
      therein in which are arranged a boring spindle and a pull bar operated
      chucking device for the chucking of a tool head, while means are provided
      for placing at disposal or into readiness or for depositing tool heads, is
      characterized primarily in that the tool head has a housing the exterior
      of which, at the side of the head stock, is provided with a circular
      groove located in a plane perpendicular to the axis of rotation of the
      boring spindle, and is furthermore characterized in that, within the
      limits of the range of movement of the tool head determined by the
      displacement of the head stock, the carrier sleeve and/or the stand, there
      is arranged at least one device for depositing the tools and placing them
      into position for use, which device comprises a vertical receiving plate,
      the upper edge of which is as to shape identical to the circular shape of
      the aforesaid annular groove and has a thickness corresponding to the
      width of the said groove and on which the tool head can be mounted by
      means of said groove.
PAR  There is thus provided a device for placing tools in readiness and
      depositing them in a form suitable for application to a heavy machine tool
      on which the tool head is deposited in that position in which it is also
      held by the carrier sleeve of the head stock. Furthermore, since the
      device is located within the range of movement of the carrier sleeve, it
      is possible for the tool head to be moved to said device from the area
      where it has been machining the workpiece, or to make a corresponding
      opposite movement by displacement of the head stock, the carrier sleeve
      and/or the stand, so that all movements needed for a tool head change can
      be numerically controlled.
PAR  According to a further development of the invention, the receiving plate is
      held resiliently displaceable in its own plane within certain limits in
      order to assure centering and alignment of said plate with the boring
      spindle axis and permitting correction of any small misalignment of the
      spindle axis relative to said device which misalignments are unavoidable
      in view of the great weights involved.
PAR  A resiliently displaceable mounting of the receiving or deposit plate may
      be realized by supporting said plate on a horizontal bearing pin which is
      located eccentrically with regard to the axis of rotation of a bearing
      pivot and on the latter. This bearing pin is acted upon by a spring by
      means of a lever. The magnitude of the spring force corresponds to the
      weight of a tool head to be received by the deposit plate. In this way a
      resiliently displaceable mounting will be assured which at the same time
      acts like a counterweight inasmuch as the deposit plate, while being
      resiliently yieldable, is in view of the eccentric mounting on the bearing
      pivot always automatically returned to a central starting level. The
      resilient deviating movement thus occurs along a small arc. Thus, with
      different weights of tool heads, the deposit plate will not against the
      thrust of a spring move downwardly to different extents, but the spring
      force becomes effective along an arc and brings about an oppositely
      directed movement of said plate.
PAR  More specifically, according to the present invention, a lever may be
      fixedly connected to the bearing pin. The downward pivoting stroke of the
      lever is limited by an abutment while the lever is pivotable in opposite
      direction against the thrust of a spring. In view of the abutment, a
      certain starting position of the bearing pin and thereby also of the
      bearing pivot eccentrically located thereon is fixed from which the
      deviating movement of the deposit plate against the thrust of the spring
      is effected along a circular arc under the load of a tool head mounted
      thereon.
PAR  According to a further development of the invention, the deposit plate may
      be connected to a bracket plate extending in a plane parallel to the
      deposit plate so as to be displaceable and arrestable relative thereto.
      Parallel to the bracket plate there is provided a stand plate in which the
      bearing pin is journalled on which latter the bracket plate rests
      eccentrically, and at the same time is guided in its parallel position
      with regard to the stand plate by connecting bolts. These connecting bolts
      extend with play through the stand plate. The fact that the deposit plate
      is displaceable in a direction transverse to the bracket plate supporting
      same makes it possible so to adjust the bracket plate that the center of
      gravity of the tool head to be received by the deposit plate will be
      located in the plane of the bracket plate and thereby also approximately
      in the vertical plane extending through the eccentrically provided bearing
      pivot. In this way a rugged construction is obtained which will assure the
      resilient mounting of the deposit plate and the support of heavy weights.
PAR  According to a further feature of the invention the stand plate may be
      supported by a horizontal ground plate which in its turn is displaceable
      on a base plate in a direction transverse to the plane of the deposit
      plate and is adjustable with regard to the boring spindle axis in
      conformity with the tool head so that in this way the deposit plate is
      movable in a direction perpendicular to its plane. Consequently the
      deposit plate can automatically adapt itself to the movements of the tool
      head perpendicularly with regard to the deposit plate when the tool head
      is connected to the supporting or carrier sleeve.
PAR  In this way, according to the invention, the ground plate may against the
      thrust of the spring be moved in the direction of the outward movement of
      the carrier sleeve and in a direction opposite thereto under the thrust of
      the spring in a direction perpendicular to the plane of the deposit plate
      and relative to the base plate so that the deposit plate can to a certain
      extent deviate perpendicularly with regard to its plane in order to
      facilitate or permit the cooperation of the rim of the deposit plate and
      the annular groove in the tool head as well as the engagement and
      disengagement of the tool head with and from the carrier sleeve.
PAR  According to a further development of the invention, a plurality of devices
      for the tool deposit and the placing of the tool in readiness for use with
      deposit plate may be arranged on a turntable so that by turning the
      turntable that tool head or that deposit plate may be moved into a
      position in which the picking up of a tool head or the deposit of a tool
      head can be carried out. The arrangement of a turntable for receiving the
      devices for the deposit of the tools or for the placing of the tools in
      readiness for use brings about the advantage that the headstock, the
      carrier sleeve and/or the stand of the machine are to this end to be moved
      into the same position in which the respective part is associated or
      aligned with the tool head for picking up the same or with the deposit
      plate for depositing the tool head thereon.
PAR  According to a further development of the invention, in addition to the
      devices for depositing the tool or placing the same into readiness for
      use, there may be provided a tool magazine so that a loading of the tool
      heads can be effected directly therefrom when a tool exchange is required.
PAR  In this connection, according to a further development of the invention,
      the tool magazine may have associated therewith a lifting device with
      pivotable supporting arm for the transport of tools to the devices for the
      tool deposit and placing in readiness of the tools and vice versa so that
      also the exchange of tools can be mechanized to a major extent so that at
      least the transfer of the tools by hand will be obviated.
PAR  In order to permit an automatic pick-up and chucking of a tool head to the
      carrier sleeve, the machine according to the present invention is
      characterized primarily in that the drive shaft for the milling head is
      adapted to be coupled to the boring spindle by means of a follower flange
      which is non-rotatably but axially displaceably mounted on the drive shaft
      and is adapted to be chucked by a pull rod known per se with chucking
      device while at the same time chucking bolts supported by the housing of
      the tool head are adapted to be brought into engagement with the carrier
      sleeve to be chucked thereto.
PAR  Whereas with this embodiment the boring spindle with the pull rod brings
      about the central coupling of boring spindle and drive shaft of the tool
      head to each other, the chucking bolts chuck the tool head to the carrier
      sleeve.
PAR  To this end, the carrier sleeve may have its free end provided with an
      annular flange which is engaged at the headstock side by a clamping ring.
      The chucking bolts which are provided with counter bearing heads have
      associated therewith passages which are arranged in the annular flange.
      The clamping ring has slots therethrough which are aligned with these
      passages and which have such a shape that, by turning the clamping ring
      after the counter bearing heads extend therethrough, the chucking bolts
      form a portion of a bayonet joint so that a fixed connection between
      carrier sleeve and tool head will be assured.
PAR  According to a further development of this design, the clamping bolts may
      against the thrust of a spring be slightly movable outwardly toward the
      headstock. To this end, a lever engages those ends which extend into the
      tool head. This lever will, in response to a longitudinal displacement of
      the follower flange by the boring spindle on the drive shaft of the tool
      head, be subjected to a tilting movement which brings about a displacement
      of the chucking bolt in the direction toward the headstock. If the pivot
      movement of the lever and thus the displacement of the clamping bolt is to
      be reversed and if prior thereto the clamping ring is turned
      correspondingly, the counter bearing heads will engage the clamping ring
      and will permit a displacement of the tool head, in other words, a pulling
      out of the clamping bolt, only when the clamping ring has been turned back
      correspondingly. The clamping force as such is effected by the springs
      engaging the clamping bolts. The force of these springs is for loosening
      the clamping bolts overcome by pivoting the lever which latter is pivoted
      by the longitudinal displacement of the follower flange on the drive shaft
      for the tool head.
PAR  According to a further feature of the invention, the clamping ring may be
      subjected to a spring force which brings about an automatic turning of the
      clamping ring into its locking position with the clamping bolt so that the
      disengaging operation will make it necessary that this spring force be
      overcome. Consequently, it will be assured that the clamping ring cannot
      accidentally move into its disengaging position.
DRWD
PAR  The invention is illustrated by way of example in the accompanying
      drawings, in which:
PAR  FIG. 1 is a perspective view of a heavy drilling and milling machine with
      associated devices for moving the tool heads into their position ready for
      use and depositing the tool heads.
PAR  FIG. 2 is a side view, partially in section, showing the connecting end of
      the carrier sleeve with boring spindle in the headstock.
PAR  FIG. 3 is a side view, partially in section, of a tool head associated with
      the carrier sleeve of FIG. 2, the tool head being shown in that position
      in which it is held in a device for placing the tool head in readiness for
      use and for depositing the tool head.
PAR  FIG. 4 illustrates in side view and partially in section the lifting off of
      a tool head from a device for placing the tool head in readiness for use,
      while the tool head is lifted off by means of the boring spindle moved out
      from the carrier sleeve of the headstock.
PAR  FIG. 5 shows the tool head of FIG. 4 in that position in which it is
      chucked to the carrier sleeve of the headstock.
PAR  FIG. 6 illustrates on an enlarged scale the bayonet-like housing as seen in
      the direction of the arrow VI of FIG. 5.
PAR  FIG. 7 illustrates on an enlarged scale a detail of the free end of the
      carrier sleeve as seen in the direction of the arrow VII of FIG. 5.
PAR  FIG. 8 illustrates in section the detail of FIG. 7, said section being
      taken along the line VIII -- VIII of FIG. 5.
PAR  FIG. 9 shows the tool head in connection with the carrier sleeve in its
      working position.
PAR  FIG. 10 illustrates a section taken along the line X -- X of FIG. 9, but on
      a larger scale than that of FIG. 9.
PAR  FIG. 11 is a side view and partially a section through a device for placing
      the tool head in readiness for use and for depositing the tool head and
      shows the tool head in deposited position.
PAR  FIG. 12 is a partial section through FIG. 11 in the region of the adjusting
      eccentric.
PAR  FIG. 13 illustrates a view of FIG. 11 as seen in the direction of the arrow
      XIII.
PAR  FIG. 14 is a section taken along the line XIV -- XIV of FIG. 13, but on a
      larger scale than the latter.
PAR  FIG. 15 is a view and partially a section through the adjusting eccentric
      of FIG. 12, but is shown on a larger scale than that of FIG. 12.
PAR  FIG. 16 is a partial top view of the workpiece chucking table and
      illustrates the devices mounted on a turntable for the depositing of the
      tool heads and placing the same in readiness for use, and also shows the
      machine stand in its tool exchanging position.
PAR  FIG. 17 diagrammatically illustrates the turntable of FIG. 16 in view and
      partially in section.
DETD
PAR  Referring now to the drawings in detail, FIG. 1 shows a heavy drilling and
      milling machine which is primarily composed of the stand bed 1, the stand
      2 longitudinally displaceable on the bed 1, and the workpiece chucking
      plate 13 extending along the bed 1, and also shows devices 4 for placing
      tool heads into readiness for use and depositing tool heads.
PAR  On that side of the chucking plate 3 which faces away from the stand 2,
      three devices 4 are arranged adjacent to each other on a stationary base
      plate 56. That one of the devices 4 which is in front is in a condition
      for receiving a tool head 5 which at this time is connected to the carrier
      sleeve 6 of the headstock 7. The next following device 4 carries another
      tool head, namely the tool head 5a, which is provided with a laterally
      angled off milling head. The third device 4 carries an angled milling head
      5b which is of a different design.
PAR  In conformity with FIG. 1, the tool head 5 designed as an angled milling
      head has a carrier sleeve generallyy designated 6 connected to its free
      end. This sleeve 6 is longitudinally displaceably mounted in the headstock
      7 which in its turn is supported by the stand 2 so as to be movable
      upwardly and downwardly. Such a structure is known so that a further
      discussion of the drives illustrated in the drawings for the various
      movements does not appear to be necessary. The drawings clearly bring out
      that the stand 2 is so displaceable that it can be moved into a position
      in which the tool head occupies a position associated with one of the
      devices 4 and can be moved transverse to the chucking plate 3 toward the
      latter by moving the carrier sleeve 6 out of the headstock 7.
PAR  When the carrier sleeve 6 is moved outwardly in this way, the tool head 5
      can, in conformity with FIG. 3, be deposited upon one of the devices 4 or,
      when resetting the machine, can be lifted therefrom. To this end, a groove
      9 is provided along a circular arc in the housing 8 of the tool head 5.
      The width of groove 9 corresponds to the thickness of the upper marginal
      strip 14 of the deposit place 10 which forms a part of the devices 4 for
      placing the tool heads into readiness for use and for depositing the tool
      heads. The deposit plate 10 is welded to the plate 11 extending in
      horizontal direction and also to reinforcing ribs 12. By means of a screws
      83 which extend through oblong holes, the deposit plate 10 is connected to
      the bracket plate 13. This screw connection permits a displacement of
      plate 10 with regard to plate 13 in such a way that the center of gravity
      of the tool head for which the depositing device is provided will be
      located approximately in the plane of the bracket plate 13. The bracket
      plate 13 is so arranged that movements in its plane will be possible in
      upward and downward direction as well as toward both sides and also
      perpendicularly with regard to the plane of the plate 13. In this way, the
      plate 10 will be able automatically with its semicircular marginal strip
      14 to adjust itself in conformity with the circular arc of groove 9 in the
      tool head 5 if, when the tool head 5 is deposited upon the plate 10, a
      slight deviation of the position of tool head 5 with regard to plate 10
      should occur. This deviation in position can be corrected by a
      corresponding displacement of plate 10 in its plane so that the marginal
      strip 14 will engage the groove 9 the width of which corresponds to the
      thickness of the marginal strip 14 of plate 10. With this cooperation of
      plate 10 and tool head 5, the latter is, in conformity with FIG. 3, caught
      by the deposit plate 10 or device 4 and is held in a position
      corresponding to its own weight so that later a pick-up of the tool head 5
      by the carrier sleeve 6 of the headstock 7 will not cause any
      difficulties. This is due to the fact that the axis of the tool head 5
      extends nearly precisely in the same direction as the axis of rotation of
      the working spindle or carrier sleeve 6 which again has to pick up the
      tool head 5 and disengages the same by a vertical lifting movement from
      the device 4.
PAR  As will be seen from the drawings, the tool head 5 represents an angled
      milling head of customary design which differs from heretofore known
      elements by those structural elements which are used for chucking and
      locking with the carrier sleeve 6 the end face of which is correspondingly
      equipped.
PAR  According to FIG. 3, the tool head is deposited on the device 4 and, more
      specifically, on the deposit plate 10 thereof and while being supported
      thereby is held in such a position that its main axis extends in
      horizontal direction.
PAR  The rearward end of the drive shaft 15 of the tool head which drive shaft
      is to be coupled to the boring spindle 38 has a groove with a key 17. The
      follower flange 18 is slipped-on which takes along the shaft 15 when being
      rotated. Flange 18 is guided on drive shaft 15 by key 17, and is
      longitudinally displaceable. Screwed into the rear end of the follower
      flange 18 is the threaded flange 19 of the partially conical clamping bolt
      20 the free end of which is provided with a threaded bore 21.
PAR  Distributed over the circumference of the housing wall 22 of housing 18 of
      the tool head 5 and arranged in the latter there are longitudinally
      displaceably mounted eight clamping bolts 23. The longitudinal
      displacement in outward direction of the clamping bolts 23 is effected
      against the thrust of springs 24. These springs 24 rest, on the one hand,
      against the housing wall 22 and, on the other hand, against bearings 25
      which are connected to the clamping bolts 23. At the outer free ends of
      the clamping bolts 23, the latter are each provided with a conical flange
      26 which has its free end connected to the counter bearing head 27. Those
      ends of the bolts 23 which extend into the housing 8 respectively extend
      into an associated recess 28 directed radially with regard to the axis of
      rotation of shaft 15 and engage the mantle surface of the head body 29 of
      a lever 30 which is pivotable about the axis 31. The lever 30 is at its
      free end provided with an adjusting screw 32 which is associated with the
      annular flange 33 on the follower flange 18.
PAR  On that end face of the headstock 7 which is associated with the tool head
      5, the outer sleeve 16 of the carrier sleeve 6 and the boring spindle 38
      are so designed that a fixed connection with the tool head 5 can be
      established. More specifically, the outer sleeve 16 has its front end
      provided with an annular flange 34 which is engaged by the clamping ring
      35 on that side which faces the headstock 7. The clamping ring 35
      furthermore extends around the outer sleeve 16 and is rotatable relative
      to the sleeve 16. In conformity with the arrangement of the clamping bolts
      23 in the tool head 5, eight bores 36 and recesses 46 are distributed over
      the circumference of the annular flange 34 and the clamping ring 35. The
      opening width of these bores 36 and recesses 46 corresponds to the outer
      diameter of flange 26 and the counter bearing head 27 on the clamping
      bolts 23. Within outer sleeve 16 which is longitudinally but non-rotatably
      mounted in the housing 7, there is arranged the inner sleeve 37, while the
      boring spindle 38 is journalled in the inner sleeve 37. Boring spindle 38
      and inner sleeve 37 can be clutched together in a non-illustrated manner
      so that they will rotate together or permit an individual rotation or a
      rotation independently of each other. The inner sleeve 37 of the outer
      sleeve 16 is at its free end provided with two follower blocks 39 which
      remain without function when utilizing a tool head 5 according to the
      described embodiment. The free end of the boring spindle 38 is provided
      with follower blocks 40 having associated therewith corresponding recesses
      41 in the end face of the follower flange 18. When the follower blocks 40
      engage the corresponding recesses 41, the driving connection between the
      working spindle 38 and the shaft 15 of the tool head 5 is established. The
      sleeve 42 is firmly inserted into and extends in the free end of the
      boring spindle 38. The inner contour of sleeve 42 precisely corresponds to
      the outer contour of the clamping bolts 20. The pull rod 43 extends in the
      longitudinal direction of the boring spindle 38 and pertains to a clamping
      device, for instance of a well known electric type, and has its free end
      provided with a thread 44 by means of which it may be screwed into the
      thread 21 of the clamping bolt 20.
PAR  FIG. 4 illustrates in detail how the tool head is received by the outer
      sleeve 16 of the carrier sleeve 6. Starting from the position which the
      tool head 5 and outer sleeve 16 occupy in the headstock 7 according to
      FIGS. 2 and 3, the boring spindle 38 is moved outwardly to such an extent
      that the follower blocks 40 engage the corresponding recesses 41 in the
      follower flange 18. When establishing the connection of the boring spindle
      38 and of the outer sleeve 16 with the tool head 5, the boring spindle 38
      displaces the follower flange 18 toward the left with regard to FIG. 2
      when the follower blocks 40 do not engage the recesses 41. This movement
      of the follower flange 18 is effected in such a way that the conical
      surface 18a on flange 18 engages the counter surface 84a provided on ring
      84, which ring is rotatable relative to shaft 15 and is located at a fixed
      point in the housing 22. In this way, also the tool head 5 is displaced in
      the same direction inasmuch as the deposit plate 10 which supports the
      tool head 5 moves correspondingly parallel to itself against the thrust of
      spring 78 (FIG. 11) as will be described in detail in connection with FIG.
      11. When under these circumstances the boring spindle 38 is partially
      rotated during which the follower flange 18, in view of the frictional
      engagement of the conical surfaces 18a and 84a with each other, is at a
      standstill, the follower blocks 40 engage the recesses. Due to the force
      of spring 78 the deposit plate 10 and thus also the tool head 5 are moved
      correspondingly toward the right, namely by the depth of the recesses 41.
      Subsequently, also the free end provided with the thread 44 and pertaining
      to the pull rod 43 of the chucking device will by a corresponding rotation
      come into engagement with the thread 21 in the clamping bolt 20. Due to
      this cooperation, a precise centering of the axis of rotation of shaft 15
      with regard to the axis of rotation of the boring spindle 38 is effected.
      This is due to the fact that the deposit plate 10 which, in conformity
      with FIG. 3, supports the tool head 5 will be able to deviate to a certain
      extent and will thus automatically set itself precisely so that the
      centering of the shaft 15 with regard to the boring spindle 38 will be
      assured. When the connection between the boring spindle 38 or the outer
      sleeve 16 with the tool head 5 is established as shown in FIG. 4, the
      headstock 7 will be moved upwardly on its stand 2 so that the deposit
      plate 10 frees the tool head 5 as shown in FIG. 4. This will then be
      followed by the connection of the tool head 5 to the outer sleeve 16, the
      details of which will be evident from FIG. 5.
PAR  The boring spindle 38, which is shown in moved out position in FIG. 4, is
      pulled into the tool head 5 to such an extent that the end face of the
      follower flange 18 moves to the end face of the boring spindle 38 into
      which the clamping bolt 20 is pulled to such an extent that an aligning
      and chucking will be assured. By withdrawing the boring spindle 38, the
      follower flange 18 is displaced on drive shaft 15 in the direction toward
      the boring spindle 38. This adjustment brings about a tilting of the lever
      30 by means of the adjusting bolt 32 so that the engaging head 29 of the
      lever 30 is pivoted whereby the clamping bolt 23 is displaced against the
      thrust of spring 24 by the slight distance 45 in the direction toward the
      headstock 7. When the tool head 5 is being tightened or when the follower
      flange 18 thereof is tightened against the boring spindle 38, the
      respective free end of the clamping bolt 23 has been moved into the bores
      36 provided in flange 34 of the outer sleeve 16 and, more specifically, to
      such an extent that the counter bearing head 27 extends through the
      clamping ring 35. The passages in the clamping ring 35 which are
      associated with the bores 36 in flange 34 are designed as bayonet slots 46
      so that after the head 27 has passed through the slot section 47, by
      turning the clamping ring 34, a position is obtainable in which a bayonet
      joint has been established with the counter bearing head 27; as
      illustrated in FIG. 6, a turning of the clamping ring 35 is possible
      without difficulties due to the fact that the play 45 was previously
      adjusted according to FIG. 5, which play was later eliminated as will be
      evident from FIG. 9 according to which, by returning the follower flange
      18 in the direction toward the tool head 5, the lever 30 returns to its
      radial starting position. The springs 24 become in this connection
      effective so as to clamp the bolts 23 to the annular flange 34 or the
      clamping ring 35 on carrier sleeve 6. This return of the follower flange
      18 is effected by a corresponding outward movement of the boring spindle
      38 and the pull rod 43 which is arranged therein and pertains to the
      electric clamping device.
PAR  As mentioned above, the clamping ring 35 engages the annular flange 34 and
      at the same time extends around the outer mantle surface of the outer
      sleeve 16. In order to fix the position of the clamping ring 35 on the
      annular flange 34, the annular flange 34 may, by means of spacer screws
      48, be so connected to the annular flange 34 of the outer sleeve 16 while
      being rotatable relative thereto that the spacer screws 48 extend through
      the clamping ring 35 through arc-shaped slots 49 and laterally fix the
      clamping ring.
PAR  As likewise mentioned above, according to FIG. 9, tool head 5 and outer
      sleeve 16 of the carrier sleeve 6 are braced relative to each other and
      are in the operative position in which the boring spindle 38 will be able
      by means of the follower flange 18 to drive the drive shaft 15 of tool
      head 5 and thereby the cutter 50 thereof.
PAR  FIG. 10 shows a special feature in connection with the chucking operation.
      According to this figure, it is provided that in corresponding recesses 51
      springs 52 extend along an arc within the region of the engaging surfaces
      between the annular flange 34 and the clamping ring 35. One end of these
      springs rests through the intervention of a pin 52a on the annular flange
      34 whereas the other end of these springs rests on an associated counter
      bearing surface on the clamping ring 35 so that in view of the thrust of
      springs 52 an automatic turning of the clamping ring 35 will occur when
      the clamping bolts 23 are located in the position shown in FIG. 5 and
      there is provided a play 45.
PAR  The detachment of the tool head 5 from the outer sleeve 16 of the headstock
      7 is effected in such a way that the previously mentioned working steps
      occur in the reverse sequence. The loosening of the tool head 5 requires
      that the tool head is brought into a position in which, in conformity with
      FIG. 10, it can be deposited on the deposit plate 10. By lowering the tool
      head 5, in other words by downwardly displacing the headstock 7 on the
      stand 2, the tool head 5 will be located on the deposit plate 10 which
      with its arc-shaped rim 14 engages the groove 9 in housing 8 of the tool
      head 5 and thus extends half the way around the same from below.
PAR  As already mentioned, the deposit plate 10 is not stationarily arranged but
      is freely movable in its plane. Principally, the deposit plate 10 is by
      means of its bracket plate 13 resiliently suspended while an equalization
      of the weight to be absorbed by the deposit plate 10 is effected by means
      of a spring-urged device acting in the manner of a counter weight. The
      design of the device for depositing and placing the tool in readiness for
      use is shown in detail in FIGS. 11-15 which will now be described.
PAR  As mentioned above, the deposit plate 10 is connected to the horizontally
      extending plate 11 while reinforcing webs 12 are provided. The bracket
      plate 13 extends vertically downwardly. Connected to the plate 13 by means
      of screws 83 is the horizontally extending plate 11 and, more
      specifically, in such a way that the plate 11 is adjustable along a
      horizontal plane in a direction transverse to the bracket plate 13. The
      screws 83 extend through longitudinal slots in plate 11 and thus permit a
      displacement of plate 11 in such a manner that the bracket plate 13
      extends in a plane which passes through the center of gravity of the tool
      head 5 on the deposit plate 10. The bracket plate 13 extends in a
      direction parallel to the stand plate 53 which latter is firmly connected
      to the ground plate 54 which in its turn by means of balls 55 movably
      rests on the foundation plate 56. The bracket plate 13 is screwed to the
      stand plate 53 in conformity with the showing of FIG. 14 and, more
      specifically, by spacer screws 57 which are respectively surrounded by
      bearing sleeves 57a and extend through the stand plate 53 through bores
      58. The diameter of the bores 58 is greater than the outer diameter of the
      sleeve 57a so that the bracket plate 13 can be displaced in its plane by
      the respective play.
PAR  In conformity with FIGS. 11, 12, 13 and 15, the bearing bolt 59 is mounted
      in the stand plate 53. The bearing pivot 60 is eccentrically as adjusting
      eccentric mounted on the bearing bolt 59 on the side of the bracket plate
      13. The pivot 60 supports the antifriction bearing 61 and together
      therewith is arranged in a bore provided in the bracket plate 13. A
      turning of the bearing bolt 59 thus brings about a pivoting of the bracket
      plate 13 and thereby of the deposit plate 10 in its plane, or a turning of
      the bearing bolt 59 brings about a movement of the bracket plate 13 in its
      plane. The bearing bolt 59 is journalled in the stand plate 53 by means of
      the antifriction bearing 62. Stand plate 53 comprises a bearing support 63
      for receiving the antifriction bearing 62. Connected to the other end of
      the bearing bolt 59 is a lever arm 64 and a handle 65. Linked to the free
      end of the lever arm 64 and, more specifically, at 67 is a telescopic
      spring leg 66 which extends upwardly at an incline and has its free end
      resting on the counter bearing 69 by means of the adjusting screw 68. As
      illustrated in FIG. 11, the bearing 69 is firmly connected to the stand
      plate 53. The frame member 70 extending at the front side of the stand
      plate 53 is connected to plate 53 and serves for guiding the bracket plate
      13 on the front side of plate 53. Assuming that the bearing bolt 59
      occupies such a position that the bearing pivot 60, which is eccentric
      with regard to the axis of rotation of the bearing bolt 59, occupies the
      position indicated in FIG. 15 by dash lines, and furthermore assuming that
      the deposit plate 10 is loaded when receiving a tool head 5, this load
      brings about a turning of the bearing bolt 59 in the direction of the
      arrow 71. Simultaneously therewith, the lever 64 having the spring leg 66
      linked thereto, is tilted upwardly so that a turning of the bearing bolt
      59 makes it necessary that the spring force of the spring leg 66 is
      overcome which means that the spring 72 must be compressed between the two
      flanges 73 and 74 of the cooperating tubes of the spring leg 66. With
      increasing load acting upon the deposit plate 10, also the spring force of
      the spring leg increases correspondingly which spring force is, of course,
      to be designed in conformity with the expected loads, so that the deposit
      plate 10 can carry out slight tilting movements in its plane in conformity
      with the eccentric movement of the bearing pivot 60. These slight tilting
      movements will suffice to permit the centering between the outer sleeve 16
      of the headstock 7 and the tool head 5 and the automatic alignment of the
      axes thereof with each other as soon as the boring spindle 38 cooperates
      with the follower flange 18, and simultaneously the clamping bolt 20 moves
      into the clamping sleeve 42 of the boring spindle 38 when the receiving of
      a tool head is involved.
PAR  In order to assure a definite starting position, a pin 74 is arranged on
      the bearing support 63, which pin 74 is engaged by the lever 64 in view of
      the force of the spring leg 66. In this position, in which the deposit
      plate 10 is under no load, the central axis of the arc-shaped rim strip 14
      of plate 10 is fixed in the direction toward the top. The spring force is
      in association with the lever system (eccentricity, spring leg) so
      designed that the weight of the tool head is completely compensated for,
      which means that the device with the tool head 5 received thereby is
      within a certain region in vertical direction movable to any desired
      level.
PAR  As stated above, the ground plate 54 rests on the base plate 56 through the
      intervention of balls 55 so that also a slight adjustment of the entire
      device transverse to the longitudinal direction of the clamping plate 3 of
      the machine will be possible. Thus it is also possible, when depositing
      the tool head 5 on plate 10, to change the location of plate 10 in the
      direction toward the boring spindle axis by displacing the device 4 on the
      base plate 56 accordingly. In one starting position a locking is possible
      by means of the clamping device generally designated 75 which comprises
      the clamping support 81 and the clamping lever 82. The construction of
      this clamping device will be evident from FIG. 11. According to FIG. 11, a
      bar 76 engages the bracket plate 13 which is longitudinally displaceable
      relative to plate 13 and extends relative thereto in a direction
      perpendicular to the plate 13. Firmly connected to the bar 76 is a flange
      77 against which rests one end of spring 78 while the other end of spring
      78 rests against the flange 79 which is displaceable on the bar 76. Spring
      78 is covered by the housing 80. If, for instance, the ground plate 54
      which carries the entire device 4 is displaced on the base plate 56 toward
      the left with regard to FIG. 11, such displacement is effected against the
      thrust of spring 78 resting against flange 77 while also the housing 80 is
      displaced toward the left. A displacement of the ground plate 54 toward
      the left is thus possible only by overcoming the force of spring 78. On
      the other hand, spring 78 brings about a return of the device 4 as it is
      necessary when coupling the tool head 5 to the carrier sleeve 16 or to the
      boring spindle 38, unless from the very start the follower blocks 40
      engage the associated recesses 41 as explained above. Thus the device is
      as far as the deposit plate 10 is concerned movable not only in the plane
      of plate 10 but also perpendicularly thereto in order to facilitate the
      deposit of a tool head 5 and to permit a certain automatic alignment of
      these parts with each other. In view of the fact that the deposit plate 10
      can be slightly displaced in all directions, a self-centering of the
      device with regard to the axis of the boring spindle will be assured.
      Consequently, the outer sleeve 16 of the carrier sleeve 6 can by a
      corresponding setting of the tool heads be received automatically by or
      can be lifted off from the device 4. These operations can thus be
      numerically controlled so that the tool exchange operations can be
      automatically effected which was heretofore not possible with heavy
      machine tools, for instance, in view of the great weight of the tools.
PAR  In conformity with FIG. 1, laterally of the clamping plate 3 there are
      arranged a total of three devices 4 for depositing and placing into
      readiness for use the tool heads 5, 5a and 5b respectively. In contrast
      thereto, FIGS. 16 and 17 show the arrangement of three devices 4 on a
      turntable 86 which is rotatable about the axis 98. The devices 4 are with
      their deposit plates 10 so arranged that by turning the turntable, one
      device each can be associated with the boring spindle 38 of the headstock
      7 when the headstock 7 is together with the stand moved to one end of the
      stand bed 1. Correspondingly, the turntable 86 is arranged at one end of
      the plate 3. The arrangement of the devices on the turntable 86 has over
      the arrangement of FIG. 1 the advantage that less space is required so
      that the stand bed 1 can be shorter.
PAR  In addition to the three devices 4 for the depositing and placing into
      readiness for use the tool heads 5, the turntable 86 has rotatably
      arranged thereon a tool magazine 87 which in conformity with the
      illustrated embodiment serves for receiving and placing into readiness for
      use seven tools 90-96 which can be inserted into the tool heads placed
      into readiness for use in conformity with the respective requirements. To
      facilitate the tool exchange, a lifting device 88 with a beam 89 is
      arranged on the turntable 86. The equipment is longitudinally displaceably
      arranged on the beam 89 and serves for receiving the tools, which means
      the withdrawal of the tool from the magazine 87 and the movement of the
      tool to a tool head, and vice versa. The pivotable column of the lifting
      device 88 forms at the same time the column which rotatably supports the
      magazine 87. The devices 4 are designed as illustrated in and described in
      connection with FIGS. 11-15.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A heavy machine tool, especially boring and milling machine, which is
      adapted to selectively receive one of a plurality of tool heads having
      machining tool means mounted thereon, said machine tool including: a stand
      horizontally movable along a bed, a headstock vertically displaceably
      mounted on said stand, a supporting sleeve slidable in said headstock, a
      rotary boring spindle drive means having an axis of rotation arranged in
      said supporting sleeve, a pull rod operable chucking device arranged in
      said supporting sleeve for respectively driving and chucking a heavy tool
      head therein, said tool head comprising a housing adapted to be supported
      by said supporting sleeve and containing tool drive elements engageable
      with said spindle drive means, the outer peripheral surface of said
      housing being provided intermediate its ends with a circumferential
      circular groove located all around in a plane substantially perpendicular
      to the axis of rotation of said boring spindle, at least one device for
      the deposit of a tool head in readiness for use, said last mentioned
      device including a vertically standing holding plate means having an upper
      edge corresponding in contour to the said circular arc-shaped annular
      groove of said tool head and having a thickness corresponding to the width
      of said groove, said plate being adapted to receive and support said tool
      head by means of said groove, said device being located within the range
      of movement of the respective stand and tool head whereby the slide by
      movement with respect to said plate may deposit a tool head directly on
      said plate or engage a tool head while it is supported by said plate.
NUM  2.
PAR  2. A machine tool according to claim 1, in which the region of movement of
      the tool head is determined by the displacement of at least one of said
      head stock, said supporting sleeve, and said stand.
NUM  3.
PAR  3. A machine tool according to claim 1, which includes means for holding
      said deposit plate resiliently displaceably in its plane within a limited
      range.
NUM  4.
PAR  4. A machine tool according to claim 1, which includes a turntable bearing
      pin, a horizontal bearing pivot eccentrically connected to said bearing
      pin and supporting said deposit plate, spring means, and lever means
      connected to said bearing pin and acted upon by said spring means, the
      magnitude of the force exerted by said spring means corresponding to the
      weight of a tool head to be supported by said deposit plate.
NUM  5.
PAR  5. A machine tool according to claim 4, which includes abutment means, and
      in which said lever means includes a lever pivotable in downward and
      upward direction, the pivotal downward movement of said lever being
      limited by said abutment means, and the pivotal upward movement being
      yieldably opposed by said spring means.
NUM  6.
PAR  6. A machine tool according to claim 4, which includes: a stand plate
      having said bearing pin journalled therein, a bracket plate extending
      along a plane substantially parallel to said deposit plate and being
      eccentrically arranged with regard to and supported by said bearing pin
      while being substantially parallel to said stand plate, said deposit plate
      being connected to said bracket plate so as to be displaceable transverse
      thereto and to be arrestable, and bolt means extending with play through
      said stand plate and guiding said bracket plate parallel to said stand
      plate.
NUM  7.
PAR  7. A machine tool according to claim 4, which includes a base plate and a
      horizontal ground plate supporting said stand plate and displaceable on
      said base plate in a direction transverse to the plane of said deposit
      plane and adapted to be aligned with the axis of the boring spindle in
      conformity with the tool head.
NUM  8.
PAR  8. A machine tool according to claim 7, which includes spring means
      associated with said ground plate for displacing said ground plate in the
      outward moving direction of said supporting sleeve and in opposite
      direction perpendicular to the plane of the deposit plate and relative to
      said base plate.
NUM  9.
PAR  9. A machine tool according to claim 1, which includes a turntable, and a
      plurality of devices for depositing tools and placing the same in
      readiness for use.
NUM  10.
PAR  10. A machine tool according to claim 9, which additionally includes a tool
      magazine.
NUM  11.
PAR  11. A machine tool according to claim 10, which includes a lifting device
      having a pivotable supporting arm for transferring tools to said devices
      for depositing tools and for placing same in readiness for use and vice
      versa.
NUM  12.
PAR  12. A machine according to claim 1, wherein said tool head includes a drive
      shaft for a milling head, a follower flange non-rotatably but
      longitudinally displaceably mounted on said drive shaft, said drive shaft
      being adapted to be coupled to said boring spindle by means of said
      follower flange and to be chucked by said chucking device, and clamping
      bolt means supported by said housing and operable at the same time at
      which said drive shaft is being coupled to said boring spindle to engage
      said supporting sleeve and to be chucked thereto.
NUM  13.
PAR  13. A machine according to claim 12, in which said supporting sleeve has a
      free end provided with an annular flange, and which includes: a clamping
      ring engaging said annular flange at the side of said head stock, said
      clamping bolt means being provided with heads and said annular flange
      being provided with passages associated with said heads while said
      clamping ring has slots arranged in alignment with said passages and of
      such a shape that by turning said clamping ring after said heads extend
      through said slots a lock of the type of a bayonet joint is obtained.
NUM  14.
PAR  14. A machine according to claim 12, which includes spring means
      respectively surrounding said clamping bolt means and urging the same in
      the direction away from said head stock, pivotable lever means engaging
      that end of said clamping bolt means which is remote from the head
      thereof, said follower flange being longitudinally displaceable by said
      boring spindle on said drive shaft to thereby bring about a tilting of
      said lever means so as to cause the latter to move the pertaining clamping
      bolt means against the thrust of said spring means slightly in the
      direction toward said head stock.
NUM  15.
PAR  15. A machine according to claim 13, which includes spring means urging
      said clamping ring into interlocking position with said clamping bolt
      means.
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ABST
PAL  A machine tool includes an automatic tool change device for changing a tool
      between a tool change position on a tool storage magazine and a spindle by
      a tool change arm. A pair of guard covers are arranged between the tool
      change position and the spindle to be pivoted in a horizontal plane. A
      drive means is provided for normally maintaining the guard covers closed
      and for opening the guard covers to permit a tool change operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a machine tool provided with an automatic
      tool change device and a guard cover apparatus.
PAR  In a machine tool with an automatic tool change device wherein a tool
      storage magazine storing a plurality of radially arranged tools is
      provided above a spindle, a guard cover or net has usually been provided
      below the tool magazine over an entire circumference of the magazine in
      order to prevent an operator from being injured, even if a tool
      accidentally falls from the magazine. However, the guard cover or net has
      not in the past been covered at the vicinity of the tool change position
      on the magazine such that the tool change operation may be performed
      between the tool change position and the spindle. Therefore, there has
      existed the risk of the tool falling through the uncovered portion and
      interfering with a tool which is rotating at the machining position, such
      that a serious accident could occur.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a machine
      tool having a guard cover apparatus arranged between a tool change
      position on a tool storage magazine and a spindle and normally maintained
      closed but opened at the time of a tool change operation whereby safety of
      an operator can be positively assured and a tool can be positively
      prevented from falling on a machining position, even if a tool
      accidentally falls from any position of the magazine.
DRWD
PAC  BREIF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects of the present invention will be more fully
      appreciated as the same becomes better understood from the following
      detailed description of the preferred embodiment, when considered in
      connection with the accompanying drawings in which;
PAR  FIG. 1 is a front view of a machine tool having a guard cover apparatus
      according to the present invention; and
PAR  FIG. 2 is a plan view, partly in section, of the guard cover apparatus.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein like reference characters refer to
      identical or corresponding parts throughout the views, and more
      particularly to FIG. 1 wherein there is shown a spindle head 10 slidably
      mounted on a column 30 for vertical movement. A spindle 11, for receiving
      a tool T to perform a machining operation, is rotatably mounted in the
      spindle head 10. A tool storage magazine 12 is mounted above the spindle
      head 10 on the column 30 to be rotated and indexed in a horizontal plane.
      A plurality of tools T are radially retained on the circumference of the
      tool storage magazine 12 and are successively indexed to a tool change
      position P on the magazine 12 which position is aligned with the spindle
      11. In order to perform a tool change operation between the tool change
      position P on the magazine 12 and the spindle 11, a tool change arm 15 is
      mounted on a support 16 which is in turn mounted on the column 30 in such
      a manner that the change arm 15 is rotated in a vertical plane and shifted
      in a horizontal plane. The tool change arm 15 is provided on opposite ends
      thereof with pairs of pivotal fingers 13 and 14 which are normally opened
      but closed to grip tools held at the tool change position P of the
      magazine 12 and the spindle 11 to perform a tool change operation.
PAR  Fixedly mounted on the support 16 is a block 17 which pivotally supports,
      through pins 20 and 21, a pair of guard covers 18 and 19 arranged between
      the spindle head 10 and the tool storage magazine 12. Provided on the
      support 16 is a hydraulic actuator 22 in which a piston rod 23 is slidably
      received to open and close the guard covers 18 and 19 in a horizontal
      plane. A pin 24 is fixed to the end of the piston rod 23 and is engaged
      with elongate slots formed on one end of each of the guard covers 18 and
      19. The guard covers 18 and 19 are respectively provided with notches 25
      and 26 so that the guard covers 18 and 19 do not interfere with tools held
      by fingers 13 and 14 of the tool change arm 15 at the time of a tool
      change operation when the same are opened. When closed, the guard covers
      18 and 19 extend over the tool change arm 15, positioned as shown in FIG.
      1, without interference with the same and the other ends of the guard
      covers 18 and 19 are superposed with each other, as shown in solid lines
      in FIG. 2, such that a tool T dropping from the tool change position P or
      the vicinity thereof can be caught by the guard covers 18 and 19. When the
      piston 24 is moved to the advanced position thereof to open the guard
      covers 18 and 19, as shown in phantom lines in FIG. 2, a tool change
      operation can be performed between tools held at the tool change position
      P and the spindle 11 without interference of the tools with the guard
      covers 18 and 19. Although not shown in the drawings, a guard cover is
      fixed to the column 30 over an entire circumference of the magazine 12
      except at the tool change position P and the vicinity thereof to catch a
      tool dropping from any position of the magazine 12.
PAR  In operation, when a predetermined machining operation is completed by a
      tool T held in the spindle 11, the spindle head 10 is moved to the upper
      limit end thereof for a tool change operation. The fingers 13 and 14 of
      the tool change arm 15 are then closed to grip tools held in the tool
      change position P and the spindle 11. The hydraulic actuator 22 is
      subsequently actuated to advance the piston rod 23 to thereby open the
      guard covers 18 and 19. In response to confirmation of the opening of the
      guard covers 18 and 19, the tool change arm 15 is shifted to the advanced
      end thereof and to the retracted end thereof to insert the changed tools
      into the tool change position P and the spindle 11, whereby a tool change
      operation is performed between the tool change position P and the spindle
      11. Thereafter, the guard covers 18 and 19 are closed by actuation of the
      hydraulic actuator 22. In response to confirmation of the closing of the
      guard covers 18 and 19, the fingers 13 and 14 of the tool change arm 15
      are opened to release the changed tools, whereby a tool change operation
      is completed. Thereafter, the spindle head 10 is moved downwardly to a
      predetermined position for the next machining operation.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teaching. It is therefore to be
      understood that within the scope of the teaching herein and the appended
      claims the invention may be practiced otherwise than as specifically
      described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A machine tool comprising:
PA1  a tool storage magazine for storing a plurality of radially arranged tools
      in a horizontal plane and provided with a tool change position;
PA1  a spindle for receiving a tool from said magazine to perform a machining
      operation;
PA1  a tool change arm for changing respective tools between the tool change
      position on said magazine and said spindle;
PA1  a pair of guard covers arranged between said tool change position and said
      spindle and capable of being pivoted in a horizontal plane; and drive
      means operatively connected with one end of each of said guard covers for
      normally maintaining said guard covers closed to receive a tool which may
      accidentally fall from said magazine and for opening said guard covers to
      permit a tool change operation between said tool change position and said
      spindle.
NUM  2.
PAR  2. A machine tool according to claim 1, wherein each of said guard covers
      is provided with a notch such that a tool change operation may be
      performed without said tool change arm interfering with said guard covers.
NUM  3.
PAR  3. A machine tool according to claim 1, wherein the other end of one of
      said guard covers is superposed with the other end of the other of said
      guard covers when said guard covers are closed.
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ABST
PAL  A manufacturing method of thermoelectric modules having slight internal
      resistance comprising very thin plates of P type and of N type stacked
      alternately and connection bridges between each plate of P type and the
      neighbouring plates of N type. The method is characterized in that after
      cutting out of the plates of P and N type an alternate sequence of plates
      of P type and of N type is formed by assembling plates, and by inserting,
      between two plates, insulating sheets every other one of which extends
      beyond the upper face of the assembly, the others extending beyond the
      lower face and then by immersion of the lower and upper faces in brazing
      material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method for manufacturing compact
      thermoelectric modules.
PAR  2. Description of the Prior Art
PAR  Thermoelectric modules comprising P type elements and N type elements
      stacked alternately, each element of one type being connected to the
      neighbouring elements which are of the other type by connection bridges,
      in which the P and N elements are very thin plates on whose edge the
      connection bridges are arranged, are known.
PAR  The modules are usually formed manually and the method for manufacturing
      such modules according to the invention is particularly simple and makes
      substantial time saving possible.
PAC  SUMMARY OF THE INVENTION
PAR  The method for manufacturing compact thermoelectric modules following the
      present invention is characterized in that it consists in:
PAR  Taking a block of P type and a block of N type, these blocks having a
      parallelepipedical shape and the same dimensions;
PAR  Cutting up these blocks parallel to one of their faces into plates of P
      type and into plates of N type;
PAR  Forming a stack by assembling alternately the same number of P type and of
      N type plates after having inserted, between the adjacent faces,
      insulating sheets which are very thin and have the same dimensions as the
      plates, the said sheets being arranged so as to be alternately recessed
      with respect to the plates on one face of the stack and to extend slightly
      beyond the other face; and
PAR  Immersing in brazing material the two opposite faces of the stack beyond
      which the insulating sheets extend.
DRWD
PAR  The following description with reference to the accompanying drawings will
      make it easier to understant how the invention may be implemented.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatic perspective view of a part of a compact prior art
      thermoelectric module.
PAR  FIG. 2 is a perspective view of parallelepipedical blocks of the P type of
      the N type.
PAR  FIG. 3 is an exploded perspective view the two P and N blocks cut up into
      plates.
PAR  FIG. 4 is an exploded perspective view of the P and N stack after assembly.
PAR  FIG. 5 is a perspective view of the thermoelectric module obtained by
      immersing of the lower face and of the upper face of the P and N stack.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a thermoelectric module of conventional nature comprising
      several thermoelectric couples.
PAR  These couples 111 comprise very thin plates 112 of P type and 113 of N
      type, stacked alternately, as well as connection bridges 114 between the
      plates 112 of P type and 113 of N type.
PAR  These connection bridges, being very narrow in relation to their length,
      dissipate very much less energy than the connection bridges used in more
      conventional thermoelectric modules constituted by P and N rods.
PAR  The method for manufacturing the thermoelectric module according to the
      invention constituted by plates is set forth with reference to FIGS. 2 to
      5.
PAR  FIG. 2 shows the block 1 of P type and the block 2 of N type. These blocks
      are parallelepipedical and have the same dimensions.
PAR  The lower faces and upper faces of the blocks 1 and 2 are tinplated, for
      example, using a given brazing material BiSnSb whose melting point is
      close to 300.degree.C. It would also be possible to replace the tinplating
      by nickel plating.
PAR  The block 1 is cut up into P plates having a thickness of "e" such as 11,
      12, 13 (see FIG. 3) and the block 2 is also cut up into N plates having a
      thickness of "e," such as 21, 22, 23 (see FIG. 3).
PAR  The cutting planes are orthogonal to the tin-plated faces.
PAR  The P plates 11, 12, 13 and the N plates 21, 22, 23 in equal numbers, are
      stacked on, one another and form a P and N stack 3 constituted by an
      alternate sequence of P plates and N plates.
PAR  Insulating sheets having the same dimensions as the plates are arranged
      between two consecutive plates.
PAR  The sheets 31, 32, 33 arranged between the plates 11, 21, between the
      plates 12, 22 and between the plates 13, 23, extend slightly beyond the
      upper face 4 of the stack 3 and are recessed in relation to the lower face
      5.
PAR  The sheets 34 and 35 arranged between the plates 21 and 12 and between the
      plates 22 and 13 extend slightly beyond the lower face 5 of the stack 3
      (see FIG. 4).
PAR  The stack may be held by a mechanical pressing means but it may also be
      cemented by painting the insulating sheets or the plates with a suitable
      cement, for example a liquid epoxy cement the excess of which is removed
      by simple pressure. It is also possible to use sheets consisting of a
      polyimide film coated with polytetrafluorethylene which withstands brazing
      temperatures.
PAR  FIG. 5 shows the thermoelectric module 50 obtained after immersion of the
      upper faces 4 and lower faces 5 of the stack 3 in the brazing material. A
      bridge 41 is formed between the plates 21, 12 and a bridge 42 between the
      plates 22 and 13 and on the lower face 5, a bridge 51 is formed between
      the plates 11 and 21, a bridge 52 is formed between the plates 12 and 22
      and a bridge 53 is formed between the plates 13 and 23.
PAR  Although the means which have just been described appear to provide the
      greatest advantages for implementing the method according to the invention
      in a particular technical structure, it will be understood that various
      modifications may be made thereto without going beyond the scope of the
      invention and that, more particularly, previous tin-plating or scouring
      may be effected at any stage previous to the immersion in a brazing
      material or replaced by any other equivalent previous operation making the
      adhering of the brazing material on the contiguous material easier without
      detriment to their electrical or thermoelectrical properties.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for manufacturing thermoelectric modules including: the
      steps of stacking very thin plates of P type and very thin plates of N
      type alternately, and connecting each plate of one type to the neighboring
      plates which are of the other type by connection bridges arranged on the
      edge of said plates, the improvement comprising the steps of:
PA1  taking a block of P type and a block of N type, these blocks having a
      parallelepipedical shape and the same dimensions;
PA1  cutting up these blocks parallel to one of their faces into plates of P
      type and into plates of N type;
PA1  forming a stack by assembling alternately the same number of plates of P
      type and of N type while inserting between the adjacent faces, insulating
      sheets which are very thin and have the same dimensions as the plates with
      the said sheets being arranged so as to be alternately recessed with
      respect to the plates on one face of the stack and to extend slightly
      beyond the other face; and
PA1  immersing in brazing material the two opposite faces of the stack beyond
      which the insulating sheets extend.
PATN
WKU  039303047
SRC  5
APN  4162161
APT  1
ART  325
APD  19731115
TTL  Method and apparatus for selective burnout trimming of integrated
      circuit units
ISD  19760106
NCL  14
ECL  1
EXP  Tupman; W.
NDR  6
NFG  16
INVT
NAM  Keller; Helmut
CTY  Reutlingen
CNT  DT
INVT
NAM  Seiler; Hartmut
CTY  Reutlingen
CNT  DT
ASSG
NAM  Robert Bosch G.m.b.H.
CTY  Stuttgart
CNT  DT
COD  03
PRIR
CNT  DT
APD  19721118
APN  2256688
CLAS
OCL   29574
XCL   29584
XCL   29586
XCL  338195
XCL   29577
EDF  2
ICL  B01J 1700
FSC   29
FSS  574;577;577 IC;584;585;586
FSC  338
FSS  195
UREF
PNO  2926418
ISD  19600300
NAM  Zuleeg
OCL   29586
UREF
PNO  3500148
ISD  19700300
NAM  Gunther
OCL   29577IC
UREF
PNO  3742592
ISD  19730700
NAM  Rizzi
OCL   29584
LREP
FR2  Woodward; William R.
ABST
PAL  Supplementary metallized connection parts short-circuiting or connecting
      incremental sub-components of one or more circuit elements of an
      integrated circuit are laid down on the semiconductor slice at the same
      time as the usual metallized connection pattern is made. The components
      associated with the incremental sub-components are measured to determine
      the program of adjustment and selective burnout of the supplementary
      connections. The selective burnout is carried out by applying a sequence
      of pulses to the segments to be burned out under monitoring by a measuring
      circuit, which blocks the delivery of further pulses, either immediately
      or after one or a few more pulses, when the measuring circuit detects the
      opening of the connection. The process is preferably carried out on
      integrated circuits before the semiconductor slice on which they are made
      is separated into individual circuit units. The pulses are applied in
      sequences in which individual pulses or series of pulses have increasing
      amplitude and/or pulse duration and/or pulse frequency.
BSUM
PAR  This invention relates to a method for adjusting electric circuit elements
      contained in integrated circuit units and an apparatus for carrying out
      such a method. The adjustment of circuit elements for the purposes of this
      invention includes the modification of such circuit elements in a
      programming operation to put the integrated circuit into a form or into
      one of several forms into which it is designed to be put.
PAR  The processing steps involved in the preparation of integrated circuit
      units are necessarily subject to variations which allow particular
      electrical parameters, such as, for example, the resistance values of
      resistor arrangements, the amount of current amplification and the
      breakdown voltage, to be obtained only within certain tolerance ranges.
      These tolerances influence the manufacturing yield of satisfactory
      products and therefore the price of the latter, particularly if narrow
      absolute tolerances are required.
PAR  In order to overcome these difficulties, it is already known to combine
      such circuits partly with supplementary adjustable elements, such as thin
      or thick film resistors in the same housing. It is also known to use
      nickel-chromium resistors that are applied in supplementary work
      operations to the circuit unit for subsequent trimming or programming by a
      burnout process. Such techniques in manufacture, in contrast to normal
      integrated circuit manufacture, involves supplementary work operations
      which unfavorably influence the cost of manufacture and the yield of
      satisfactory products.
PAR  It is an object of this invention to provide a method for burnout trimming
      of integrated circuit units that overcomes or avoids the above-described
      disadvantages.
PAC  Subject matter of the present invention
PAR  Briefly, supplementary metallic connection paths are formed as part of the
      metallic connection path pattern of an integrated circuit unit in an
      arrangement affecting the connection of incremental elements, these
      supplemental metallic paths being susceptible to burnout, and at a later
      stage electrical current is applied in a manner suitable for a selective
      burnout of one or more supplementary paths. In the case of monolithic
      integrated circuits, it is particularly advantageous to carry out this
      method at the stage of testing or premeasurement of the semi-conductor
      slice before it is broken up into individual integrated circuit units:
      i.e., the subsequent work operations then involve only trimmed or
      programmed individual chips.
PAR  In many cases the burning out of metallic paths produces difficulties,
      because the conventional connection metallization, preferably of aluminum,
      has a certain scatter, produced by the manufacturing process, in the
      geometry and thickness of the corresponding portions of different
      individual units. Properties such as the specific resistance, the alloying
      ratios or the like can vary, or else by variation of the geometry and of
      the material of neighboring layers, the heat conductivity and,
      particularly when multi-layer metallizing is used, the thickness ratios
      may vary. If a given amount of electric current is used to burn out a
      conducting path cross-section of such a metallized path, the operation
      must be carried out with reference to the least favorable case in order to
      assure that this particular cross-section will even then be burned out to
      provide a good separation. In all cases other than this least favorable
      case, more than the necessary electrical energy will be applied to the
      cross-section to be burned out. In consequence ejected and partly
      liquified particles of the connection metallization bespatter the circuit
      unit, thus impairing the product yield and the product reliability, for
      example by short-circuit risks. Covering the circuit unit with a glassy
      coating does not provide a sufficient remedy, because this covering can be
      torn away at the place of the burnout, so that the short-circuit risk at
      the unprotected locations thus exposed is still present.
PAR  In order to overcome these difficulties, a further development of the
      invention provides for applying the electric energy to the supplementary
      conduction paths in the form of a sequence of separate pulses. In that way
      the burnout procedure can be carried out automatically with the least
      possible expenditure of energy, thus avoiding the above-described
      disadvantages. It is particularly convenient in this way of carrying out
      the invention to increase the amplitude and/or the duration and/or the
      frequency of the pulses progressively with time. The energy content of the
      first pulse in this operation can be desirably designed for the
      cross-section of the metallic conducting path which is designed to be
      burned out with the smallest quantity of energy. A constant direct current
      can be superimposed on the pulses.
DRWD
PAR  The invention will be further described by way of example with reference to
      the annexed drawings, in which:
PAR  FIG. 1 is a diagrammatic plan view of a portion of a circuit of a
      monolithic integrated circuit unit provided by an ohmic resistor
      symbolically shown in the diagram, for explanation of the principle of the
      invention;
PAR  FIG. 2 is a detailed perspective view of a portion of an integrated circuit
      unit of the type represented by FIG. 1, shown partly in section and partly
      broken off;
PAR  FIG. 3 is a resistance configuration to be adjusted according to the
      invention;
PAR  FIGS. 4 through 6 show three different possible results of the adjustment
      procedure of this invention applied to the resistor configuration of FIG.
      3;
PAR  FIGS. 7 through 10 are circuit diagrams embodying the invention for
      carrying out the method and process thereof, and
PAR  FIGS. 11 through 16 are timing diagrams showing pulse sequences that can be
      delivered by the circuits shown in FIGS. 7 through 10 for producing
      selective burnout of the supplementary connection paths provided on an
      integrated circuit unit.
DETD
PAR  FIG. 1 shows symbolically a portion of a monolithic integrated circuit
      contained in a silicon semi-conductor body, the boundary of which is
      represented by the frame symbol 9. An electrical resistor is defined by
      diffusion of modifying atoms into the semiconductor body, the resistor
      having the form of a series connection of four component resistors
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4, the composite resistor thus formed
      being a component of the integrated circuit the rest of which is not shown
      in the Figure. In order to adjust the resistor to a particular value in
      ohms, a connecting path M is provided as a portion of the normal
      metallized connection pattern that is provided in the manufacture of an
      integrated circuit. The connection path M short circuits the resistor
      components R.sub.2, R.sub.3 and R.sub.4, while the resistor component
      R.sub.1 is not bridged by the metallization M. As shown in FIG. 1, the
      portions of connection paths M.sub.2, M.sub.3 and M.sub.4 are formed each
      of which is associated with one of the resistor components R.sub.2,
      R.sub.3 and R.sub.4. The connection path segments M.sub.2, M.sub.3 and
      M.sub.4 each have narrowed down strips S.sub.2, S.sub.3 and S.sub.4. The
      resistor composed of the resistor portions R.sub.1, R.sub.2, R.sub.3 and
      R.sub.4 is adjusted to a desired ohmic value by means of the short
      circuiting metallization M by burning out, for example, the narrowed strip
      S.sub.3 by the use of electrical current. The adjusted resistor R then
      consists of the sum of the resistance parts R.sub.1 and R.sub.3, while the
      resistor portions R.sub.2 and R.sub.4 are short circuited by the
      conducting path segments M.sub.2 and M.sub.4.
PAR  FIG. 2 shows in a perspective view of the semiconductor structure in the
      neighborhood of the position where the metallic connection path M is
      burned out. A conducting layer 7 is diffused in a known way into the
      silicon semi-conducting substrate 6. An epitaxial layer 10 is applied on
      top of the conducting layer 7 provided on the substrate 6, and then an
      oxide layer 8, consisting of silicon dioxide, is produced on top of the
      epitaxial layer 10. Through a correspondingly dimensioned window etched in
      the oxide layer 8, diffusion is carried out to form the resistor shown in
      FIG. 1 as a series connection consisting of the resistor portions R.sub.1,
      R.sub.2, R.sub.3 and R.sub.4. It can further be seen from FIG. 2 that the
      connecting path M is part of the normal connection metallization, i.e. it
      is applied on top of the oxide layer 8 which is composed of silicon
      dioxide. For purpose of effecting contact between the connection path M
      preferably consisting of aluminum and the resistor diffused into the
      epitaxial layer 10, contact windows are etched into the oxide layer 8 (by
      this time the original window through which the resistor was made by
      diffusion has been obliterated by the formation of more oxide). In the
      area of these contact windows the connection path structure M lies
      directly on top of the diffused resistor, to that these contact windows in
      effect subdivide the resistor into resistor portions R.sub.1, R.sub.2,
      R.sub.3 and R.sub.4. In FIG. 2 only the resistor portion R.sub.3 and the
      right and left ends of the resistor portions R.sub.2 and R.sub.4
      respectively are visible, the rest of the structure being broken off or
      cut away for purposes of illustration.
PAR  There will now be described in detail the procedure for adjusting the
      resistor produced by diffusion into the epitaxial layer 10, with reference
      to the diagrams of FIG. 3, in which the resistor diffused into the
      epitaxial layer 10 between the points A and B is treated as being
      subdivided into five resistor portions R.sub.1, R.sub.2, R.sub.3, R.sub.4
      and R.sub.5. In the starting condition, i.e. before adjustment, all the
      resistors R.sub.2 through R.sub.5 are bridged by the metallization M. The
      required value for the resistor R constituted between the points A and B,
      for the purpose of this example, is 10k.OMEGA. .+-. 600.OMEGA.. On the
      basis of the geometry of the layout, the following nominal values are
      provided for the resistor components R.sub.1 through R.sub.5 as suitable
      for an adjustment operation:
PA1  R.sub.1 = 8 k.OMEGA.
PA1  R.sub.2 = 4 k.OMEGA.
PA1  R.sub.3 = 2 k.OMEGA.
PA1  R.sub.4 = 1 k.OMEGA.
PA1  R.sub.5 = 0.5 k.OMEGA.
PAR  It will further be assumed that the possible actual values for these
      resistors have a scatter of plus or minus 25% as the result of
      manufacturing conditions. Three actual values are assumed as examples, and
      for these the final configuration is calculated. The actual value in the
      first example is, for each component resistor, equal to the nominal value
      plus 25% of the nominal value; in the second example the actual value is
      equal to the nominal value minus 25% of the nominal value, and in the
      third example the actual value is taken as the nominal value itself. Under
      these assumptions, for these three examples, the actual values are as set
      forth in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     ASSUMED ACTUAL RESISTANCE VALUES                                          

            R.sub.1                                                            

                   R.sub.2 R.sub.3 R.sub.4                                     

                                          R.sub.5                              

            [k.OMEGA.]                                                         

                   [K.OMEGA.]                                                  

                           [k.OMEGA.]                                          

                                   [k.OMEGA.]                                  

                                          [K.OMEGA.]                           

     ______________________________________                                    

     Example 1                                                                 

     (FIG. 4) 10       5       2.5   1.25   0.625                              

     Example 2                                                                 

     (FIG. 5) 6        3       1.5   0.75   0.375                              

     Example 3                                                                 

     (FIG. 6) 8        4       2     1      0.5                                

     ______________________________________                                    

PAR  On the basis of the actual resistance values above assumed, which in
      actuality would be determined by a probe, the adjusted configurations of
      FIGS. 4, 5 and 6 are obtained in accordance with the invention from the
      basic configuration of FIG. 3. In Example 1, the connection path M is not
      interrupted at any point (FIG. 4) and the adjusted value is 10 k.OMEGA..
      In Example 2 (FIG. 5), the narrowed strips S.sub.2, S.sub.4 and S.sub.5
      are burned out. The adjusted value that results in this case is 10,125
      k.OMEGA.. In Example 3 (FIG. 6), the narrowed strip S.sub.3 is burned out.
      The adjusted value in this case comes out to 10 k.OMEGA..
PAR  In this manner it is possible, by adding into circuit with R.sub.1 one or
      more resistors, by interrupting their respective short circuiting bridges,
      to approximate the design value for the total resistor within the limits
      of acceptable tolerances. The same principle can also be applied for
      adjustment of voltage dividers and to programming variations of certain
      components to suit particular applications. The diffused type resistor in
      the above-described illustration of the invention can also be replaced by
      other electrical circuit elements, for example diodes and transistors, and
      the invention can be used to cut off parallel components as well as to add
      series components. FIGS. 7,8,9 and 10 show circuits that can be used to
      advantage for carrying out the selective burnout of interruptible
      connection path segments for the purpose of adjusting a circuit element of
      an integrated circuit unit. The connection segment in which a burnout is
      to be produced, as described in the above examples in connection with one
      or more of the strips S.sub.2 through S.sub.5, is designated in FIGS. 7,8,
      9 and 10 as S.sub.i.
PAR  The circuit shown in FIG. 7 comprises a voltage source 20 which is capable
      of delivering three different voltage sequences dependent on the time t.
      In the first place, the voltage can rise linearly with time. In the second
      place, it can increase in stepwise fashion. In the third case, the voltage
      can be maintained constant. A storage capacitor 21, moreover, is provided
      to provide buffer storage of energy. The capacitor 21 has one terminal
      connected to an output terminal directly connected to the voltage source
      20 and the other terminal connected over a charging resistor 22 to the
      other terminal of the voltage source 20. The terminal of the storage
      capacitor 21, which is connected with the charging resistor 22, is
      connected also to the collector of a switching transistor 23, of which the
      emitter is connected to the other terminal of the storage capacitor 21
      over the burnout-susceptible strip S.sub.i.
PAR  A pulse generator 24, constituted as an astable multivibrator, is connected
      to the base of the switching transistor 23 for the control of the latter.
      The pulse generator 24 delivers rectangular pulses of a constant frequency
      f and pulse duration T. The pulse generator can, however, be so
      constituted that it provides a time-dependent frequency f.sub.(t) at a
      constant pulse duration T or a time-dependent pulse duration T.sub.(t) at
      a constant frequency f, or it can even be so provided as to supply pulses
      of which both the frequency f and the pulse duration T change with time.
      The variation of the frequency f.sub.(t) and/or of the pulse duration
      T.sub.(t) can be either continuous or discontinuous, which is to say
      either gradual or stepwise. In addition, a constant current source 25 is
      also connectible to the burnout-susceptible strip S.sub.i. A measuring
      circuit 26, constituted as a Schmitt trigger circuit can also be provided
      for the measurement of the resistance of the burnout-susceptible strip
      S.sub.i. This circuit provides a blocking pulse either directly or after a
      time delay to a blocking input of the pulse generator 24 if the resistance
      of the burnout-susceptible strip S.sub.i has reached the desired value
      corresponding to an interruption of the strip. The blocking pulse thus
      provided by the measuring circuit 26 has the effect of preventing the
      pulse generator 24 from providing anymore pulses to the base of the
      switching transistor 23, so that no more pulses reach the strip S.sub.i.
      The delay of the blocking pulse that may be used serves the purpose of
      assuring that at least one additional pulse will be provided to the
      burnout stretch, in order to assure that this part of the circuit is open.
PAR  FIG. 8 shows a circuit in which the circuit components 21 and 22 of FIG. 7
      are replaced by an inductive energy storage reactor 41 and a reaction
      facilitating diode 42. The circuit components 41 and 42 are in this case
      connected behind rather than ahead of the switching transistor 23. The
      remaining circuit components 24,25 and 26 appearing in FIG. 7 are retained
      in FIG. 8.
PAR  FIG. 9 shows a circuit in which the circuit components 21 and 22 of FIG. 7
      are likewise omitted, and the burnout-susceptible strip S.sub.i is
      arranged to be directly connected to the voltage source 20 through the
      emitter-collector path of the switching transistor 23. In this case also
      the remaining circuit components 24,25 and 26 of FIG. 7 are retained.
PAR  FIG. 10 shows a circuit in which the voltage source 20 is replaced by a
      current source 60. The output terminals of the current source 60 are
      bridged by the emitter-collector path of a switching transistor 23', and
      in addition, are connected directly to the burnout-susceptible strip
      S.sub.i. The current source 60 delivers a current I, the magnitude of
      which depends upon the time t in the same way as the voltage U of the
      voltage source 20 varies with time. The remaining circuit components 24,25
      and 26 are again the same as in FIGS. 7,8 and 9. This and the other
      circuits described above make it possible to cause current pulses to flow
      across the burnout-susceptible strip S.sub.i. It is then possible to
      modify the pulse intensity in dependence upon time in the desired way.
PAR  FIGS. 11 through 16 show pulse sequences with which it is particularly
      advantageous to produce a burnout of the strip S.sub.i with whichever of
      the above-described circuits may be chosen for use.
PAR  FIG. 11 shows a succession of series of current pulses with the pulses
      within each of the series having constant duration and constant frequency.
      The pulse amplitude is held constant within each of the series, but is
      increased by a certain amount after the end of every series. These pulse
      sequences can be obtained by selecting the step function output for the
      output voltage U.sub.(t) of the voltage source 20 or as the output current
      I.sub.(t) of the current source 60, while operating the pulse generator 24
      with constant frequency and constant pulse duration.
PAR  FIG. 12 shows a sequence of individual pulses of constant pulse duration
      and frequency in which the pulse amplitude increases linearly with time.
      This pulse sequence is obtained by selecting a linearly increasing output
      voltage U.sub.(t) for the voltage source 20 or a linearly increasing
      output current I.sub.(t) for the current source 60, while operating the
      pulse generator at constant frequency and constant pulse duration.
PAR  FIG. 3 shows a sequence composed of successive series of current pulses of
      constant amplitude and frequency. The pulse duration is held constant over
      each series, but at the end of each series it is increased by a certain
      amount. Such a pulse sequence is obtained by holding constant the output
      voltage U.sub.(t) of the voltage source 20 or the output current I.sub.(t)
      of the current source 60 and also the frequency of the pulse generator 24,
      while suddenly increasing the duration of these pulses after particular
      time intervals (modification of the pulse duration T.sub.(t) according to
      a step function).
PAR  FIG. 14 shows a sequence of individual pulses of constant amplitude and
      frequency in which the pulse duration increases linearly with time. This
      pulse sequence is obtained by holding constant the output voltage
      U.sub.(t) of the voltage source 20 or the output current I.sub.(t) of the
      current source 60 and also the frequency of the pulse generator 24, while
      allowing the pulse duration of these pulses to increase linearly with
      time.
PAR  FIG. 15 shows a sequence of individual pulses of constant amplitude and
      pulse duration, but of increasing frequency. This pulse sequence is
      obtained by holding constant the output voltage U.sub.(t) of the voltage
      source 20 or the output current I.sub.(t) of the current source 60, and
      also the pulse duration of the pulses delivered by the pulse generator 24,
      but causing the frequency of these pulses to increase with time.
PAR  FIG. 16 shows a pulse sequence such as that shown in FIG. 12 with a
      superimposed constant direct current I.sub.1. This direct current is
      supplied by the constant current source 25. The superposition of a direct
      current makes it possible to measure the resistance of the strip S.sub.i
      during the intervals between pulses provided by the pulse generator 24,
      utilizing measuring means in the measuring circuit 26.
PAR  When a capacitor is used as a storage device as in the case of the
      capacitor 21, an inductance may be used instead of the resistor 22 in its
      charging path to produce resonant charging at a particular pulse rate. A
      capacitor can be similarly used with an inductive storage device like the
      inductor 41 to produce resonant storage.
PAR  The supplementary metallic paths used for burnout trimming may be either
      shunt paths around series incremental elements or series paths in series
      with shunt incremental elements. In either case they affect the connection
      of the incremental elements in the circuit, either keeping one out unless
      interrupted by burnout or keeping on in unless interrupted by burnout.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of burning out a selected conductive connection of an
      integrated circuit unit having a metallic connection pattern, comprising
      the step of:
PA1  applying a plurality of individual pulses of electrical energy in rapid
      succession to a selected portion of said metallic connection pattern
      constituting a selected conductive connection to be burned out, in such a
      way as to deliver to said selected connection amounts of energy per unit
      of time that increase with time until said connection is burned out.
NUM  2.
PAR  2. A method according to claim 1, in which the step of applying pulses of
      electrical energy is carried out by applying successive series of several
      individual pulses of constant pulse duration and frequency and of
      amplitude such that the pulse amplitude is increased after the termination
      of each series of several individual pulses.
NUM  3.
PAR  3. A method according to claim 1, in which the step of applying pulses of
      electrical energy is carried out by applying a series of electrical pulses
      of constant pulse duration and frequency but of pulse amplitude increasing
      from pulse to pulse.
NUM  4.
PAR  4. A method according to claim 1, in which the step of applying pulses of
      electrical energy is carried out by applying successive series of several
      individual pulses of constant pulse amplitude and frequency, with the
      pulse duration such that the pulse duration is increased after the
      termination of each series of several individual pulses.
NUM  5.
PAR  5. A method according to claim 1, in which the step of applying pulses of
      electrical energy is carried out by applying a series of electrical pulses
      of constant pulse amplitude and frequency but of pulse duration increasing
      from pulse to pulse.
NUM  6.
PAR  6. A method according to claim 1, in which the step of applying pulses of
      electrical energy is carried out by applying a series of several
      individual pulses of constant pulse amplitude and duration, but of
      increasing pulse frequency.
NUM  7.
PAR  7. A method according to claim 1, in which the step of applying pulses of
      electrical energy is carried out by applying a series of pulses in which
      at least two of the characteristics of pulse amplitude, pulse duration and
      pulse frequency are increased with the progress of time.
NUM  8.
PAR  8. A method according to claim 1, in which the step of applying pulses of
      electrical energy is carried out while superimposing a constant direct
      current (I.sub.1) upon the applied pulses of electrical energy.
NUM  9.
PAR  9. A method according to claim 1, in which the step of applying pulses of
      electrical energy is continued for the application of several
      supplementary pulses after said connection is interrupted by burnout.
NUM  10.
PAR  10. A method according to claim 1, operated repeatedly for burning out a
      succession of selected conductive connections of an integrated circuit, in
      which the step of applying pulses of electrical energy is in each case
      carried out by applying a succession of pulses of which the first has an
      energy content of a predetermined value selected to be not greater than
      the energy content barely capable of burning out the most easily burned
      out one of the selected conductive connections to be burned out.
NUM  11.
PAR  11. A method according to claim 1, operated repeatedly for burning out a
      succession of selected conductive connections of an integrated circuit, in
      which the step of applying pulses of electrical energy is in each case
      carried out by applying a succession of pulses of which the first has an
      energy content of a predetermined value selected to be less than the
      energy content necessary to burn out at once the most easily burned out
      connection of said selected conductive connections to be burned out.
NUM  12.
PAR  12. A method of providing an electrical resistance of a magnitude within a
      predetermined resistance range in an integrated circuit unit, comprising
      the steps of:
PA1  providing in said integrated circuit a plurality of parallel resistance
      paths connected together by metallic connection paths which are part of
      the metallic connection path pattern of the integrated circuit unit;
PA1  burning out a portion of one of said metallic connection paths so as to
      disconnect at least one of said parallel resistances by applying to said
      metallic path portion a plurality of individual pulses of electrical
      energy in rapid succession in such a way as to deliver increasing amounts
      of energy per units of time until said path is interrupted by burn-out;
PA1  measuring the effective resistance of said remaining parallel resistance
      paths after disconnection as aforesaid, and repeating the burnout
      disconnecting step and the measuring step until the effective resistance
      of the remaining parallel resistance paths is within said predetermined
      range.
NUM  13.
PAR  13. A method according to claim 12, in which the step of applying pulses of
      electrical energy to a connection path is carried out with the
      simultaneous application of a superimposed direct current to said
      connection path and in which such superimposed direct current (I.sub.1) is
      utilized for measuring the effective resistance of the remaining parallel
      combination of resistances.
NUM  14.
PAR  14. A method according to claim 12, in which each step of applying pulses
      of electric energy as aforesaid is followed by the application of at least
      one further pulse of electric energy of the same succession of pulses
      after the path to which the pulses were being applied has been interrupted
      by burnout.
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ABST
PAL  A method for manufacturing integrated circuits, said method comprising the
      steps of:
PA1  Providing a first set of conductive zones on each of these portions of a
      substrate where electrical contacts are to be made, after having suitably
      doped said substrate with semiconductive material,
PA1  Providing a selective insulating layer, so that the upper portions of said
      conductive zones be flush with the surface of said selective insulating
      layer, and
PA1  Providing thereabove a second set of conductive zones adapted to constitute
      intended connections between said upper portions.
PAL  Said method can be applied to the manufacture of MOS transistors.
BSUM
PAR  The present invention relates to a method for manufacturing integrated
      circuits.
PAR  As a rule, the results obtained to this day in the field of integrated
      circuits (MOS or 2 - pole transistors) indicate that, in all instances,
      the area occupied by such a circuit is a factor of paramount importance,
      which governs the efficiency of its manufacture.
PAR  Apart from all successive improvements aiming at increasing the efficiency
      of each manufacturing step, it must be emphasized that any novel principle
      intended to decrease the area of an integrated circuit will have a major
      bearing as regards the improvement of the efficiency of its manufacture.
PAR  It is to be noted, in this respect, that, depending on how electrical
      connections are made, the area of a given integrated circuit can be
      considerably lessened.
DRWD
PAR  Other features of the present invention will appear from the following
      description, with reference to the accompanying drawing, in which
PAR  FIGS. 1a to 1d are diagrammatic cross-sections showing the various steps in
      the manufacture of connections according to a known method;
PAR  FIGS. 2a to 2d are diagrammatic cross-sections similar to FIGS. 1a to 1d
      but corresponding to the present invention.
PAR  FIG. 3 shows a device for carrying out a selective insulating deposit, and
PAR  FIGS. 4a to 4c are diagrammatic cross-sections showing the various steps of
      a modification of the method according to the invention for carrying out a
      selective insulating deposit.
DETD
PAR  A method of the prior art for manufacturing a MOS transistor (FIGS. 1a to
      1d) comprises eight main stages:
PAR  Starting from a silicon chip 2 of known type on which has been grown a
      thick layer 4 of insulating material, two diffusing windows 6 and 8 are
      opened in said layer, for obtaining the transistor source and drain,
      respectively.
PAR  Through diffusion are created the drain and source zones, 10 and 12
      respectively, such diffusion being accompanied by the growth of insulators
      14, 16 covering windows 6 and 8, respectively.
PAR  Then (FIG. 1b) a window 20 is opened between the two diffusion zones for
      creating gate insulator 22. Next, insulating layers 14 and 16 are engraved
      (FIG. 1c) for making electrical connections (windows 24 and 26). The area
      of these windows is smaller than that of diffusion windows 6 and 8.
PAR  Then (FIG. 1d) an engraved metal layer is deposited on windows 22, 24 and
      26 for providing contacts 28, 30 and 32 and their interconnections
      simultaneously.
PAR  It is to be noted that some stages of the method are rather ticklish. This
      is especially true as regards engraving the insulator which requires a
      very accurate positioning of the contact holes with respect to the
      diffusion zones, and also as regards the application of the metal layer.
PAR  The present invention is specifically concerned with a method for
      manufacturing integrated circuits which is devoid of the above drawbacks.
PAR  The present method essentially comprises the steps of providing a first set
      of conductive zones on each of the integrated circuit zones where
      electrical contacts are desired, of providing a selective insulating layer
      so that the upper portions of said conductive zones be flush with the
      surface of said selective insulating layer, and of providing thereabove a
      second set of conductive zones adapted to constitute the intended
      connections.
PAR  According to a first embodiment, said selective insulating layer is
      obtained by first depositing an insulating layer of substantially even
      thickness, and then etching the insulator in such a manner that the
      protrusions corresponding to the first set of conductive zones are etched
      far more quickly than the holes of the insulating layer.
PAR  According to a second embodiment, said selective insulating layer is
      obtained by depositing, on the upper face of the first set of conductive
      zones, a material capable of preventing the insulator from adhering to the
      metal deposited.
PAR  The present invention also relates to the application of the above method
      to the manufacture of MOS transistors, comprising the steps of:
PA1  growing an insulating layer (adapted to form the gate of said MOS
      transistor) on a chip of a semi-conductive material doped with impurities
      of a given type;
PA1  opening two windows in said layer, and carrying out a doping with
      impurities of the reverse type through said windows, for creating the
      source and drain of said transistor without growing the insulator;
PA1  depositing a first conductive layer and engraving said layer;
PA1  depositing a selective insulating layer;
PA1  depositing a second conductive layer, and defining said layer so as to
      provide the necessary interconnections.
PAR  It is to be noted that, according to the present method, after the
      diffusion or the implantation of impurities required for forming the
      transistor drain and source, no engraving whatever has to be carried out
      in an insulating layer for positioning a conductive contact. This is an
      important advantage of the invention, since the positioning of an
      engraving in an insulator is very uneasily achieved and the doped zone has
      to be made wider in view of an inaccurate positioning.
PAR  In addition, on account of the insulating layer and since the conductive
      zones of the first set are flush with the upper surface of said layer, the
      metal deposits forming the interconnections do not contain any high steps,
      which decreases the number of the circuits rendered defective by such
      interconnections.
PAR  In FIGS. 2a to 2d are shown the various stages of the manufacture of a MOS
      transistor according to the present invention:
PAR  Starting from of a silicon chip 34 doped with, e.g., impurities of the
      P-type, a first layer 36, acting both as a gate insulator and as a screen
      against diffusion, is grown or deposited.
PAR  On said layer 36 can be deposited a silicon nitride layer 38 with a view to
      improving its function. Through layers 36 and 38 are opened two windows 40
      and 42 serving to diffuse the source and drain doping impurities.
PAR  Through said windows 40 and 42 are diffused or implanted impurities of the
      N-type for creating the source and drain zones 44 and 46 respectively,
      however with no surface oxidization. On that face of chip 34 is deposited
      a metal layer of substantially even thickness, preferably of aluminum.
      Then, by engraving is defined the first level of connections 48, 50, 52
      corresponding to the source, to the drain and to the gate, respectively
      (FIG. 2b).
PAR  In the following operating step (FIG. 2c), a thick selective layer 54,
      preferably of silica, is deposited, in such a manner that the upper faces
      of metal contacts 48, 50 and 52 be flush with the upper face of said
      insulating layer 54.
PAR  Two main types of methods may be resorted to for depositing the selective
      insulating layer.
PAR  According to the first type, the silica deposited is etched at different
      speeds according as it corresponds to the protruding zones (metal
      contacts) or to the holes.
PAR  According to the second type, the deposition of an insulating layer on the
      metal contacts is avoided.
PAR  With the methods of the first type, it is possible to obtain various
      etching speeds.
PAR  According to a first method of said first type, the substrate covered with
      silica is submitted to vibrations in an etching bath.
PAR  FIG. 3 shows a device for carrying out that method.
PAR  Said device comprises a tank 60 filled with a solution 63 for etching
      silica, and a vibrating plate 62 connected to a vibrator 64 of known type,
      adapted to move said plate in the directions shown by arrow F, according
      to a sinusoidal law. Vibrator 64 is fed by a signal generator 66.
PAR  On plate 62 are placed substrates such as 68, on which silica has already
      been deposited. Thus is achieved an even etching of the silica slice which
      covers the zones where metal layers were deposited and which protrude from
      the remainder of the silica layer.
PAR  The frequencies used can be of from 10 Hz to 10 kHz, and the amplitudes of
      about 3 mm.
PAR  According to a second method, a mechano-chemical levelling of the oxide
      deposited on the protrusions is carried out.
PAR  According to a third method, the velocity of the etching of silica
      deposited on metal portions is changed by covering said portions
      exclusively, with a layer of phosphorus-doped silica.
PAR  Prior to etching, phosphorus is caused to diffuse in the upper layer.
PAR  Such a procedure is not suitable for aluminum, but is satisfactory with
      polycrystalline silica or with a heat-resistant refractory metal.
PAR  A fourth method can be carried out when the conductive zones are of
      molybdenum.
PAR  FIGS. 4a to 4c show the various stages of such a method.
PAR  First phosphorus-doped silica is deposited in the vapour state on the layer
      of molybdenum (FIG. 4). We have e.g.
      ##EQU1##
PAR  The two layers are engraved, thus providing stud 70, comprising a
      molybdenum layer 74 and a doped silica layer 72 (FIG. 4a).
PAR  Molybdenum layer 74 is slightly over-engraved in order that silica layer 72
      be overhanging. These two layers are each about 2,000 A thick. Then (as
      shown in FIG. 4b) a silica layer 76 is deposited on the whole chip, at a
      temperature of about 750.degree.F (400.degree.C) in an oxidizing gaseous
      medium (O.sub.2 and H.sub.2 O).
PAR  Through oxidization of its upper surface and of its edges, molybdenum is
      caused to swell (as shown at 78 and 80).
PAR  The structure shown in FIG. 4b results from the deformation undergone by
      doped silica layer 72 caused by the mechanical stresses due to the
      difference between the coefficients of expansion of the molybdenum, the
      doped silica and the silica and the swelling of the molybdenum layer. A
      break is produced in portion 82 of silica layer 76, which exposes the edge
      of doped silica layer 72.
PAR  By using a selective solvent for phosphorus-doped silica, it is possible to
      etch layer 72 very quickly and, simultaneously, to withdraw non-doped
      silica layer 82. Thus is obtained the structure shown in FIG. 4c, where
      the surface of molybdenum contact 74 is free from silica.
PAR  According to the methods of the second type, it is possible to eliminate
      the insulating layer
PA1  either by thermally cracking a material interposed between the silica
      deposit and the metal connections, said material being preferably the
      resin used for engraving the metal contacts,
PA1  or by decomposing a material formed during the deposition of silica and
      which prevents the latter from being deposited on the metal connections.
PAR  The latter method, which is especially suitable for molybdenum connections,
      consists in inducing a partial sublimation of molybdenum while silica is
      being deposited in a gaseous state, so that the gases thus formed prevent
      silica from being deposited on molybdenum.
PAR  To this end, a small amount of hydrochloric gas (preferably 0.4 %) is
      added, in the carrier gas, to the silane and to the oxygen required for
      the production of silica. Thus is obtained the sublimation of a small
      fraction of molybdenum, which gives a volatile compound; so called
      "chlorhydrine" preventing silica from being deposited on molybdenum.
PAR  In the last stage, illustrated by FIG. 2d, a second metal deposit 56 is
      formed and engraved for providing the required interconnection. The
      engraving of the metal deposits can be achieved by any known means, e.g.
      by applying a photoengraving method with a mask.
PAR  Instead of engraving the metal deposit, it is possible to define the
      operative conductive zone in a different manner, in a uniform layer (for
      forming either the contacts or the interconnections); for instance, one
      might oxidize the mass of the metal deposit, according to a known method,
      outside the operative conductive zone ("Electronics", July 20, 1970, page
      33).
PAR  It consists in forming a uniform deposit of aluminum over the whole surface
      of the silicon substrate. By means of a suitable resin, one masks the
      zones where the electrical contacts are to be made.
PAR  The silicon chip is then submitted to an oxidizing agent. Thus is achieved
      the transformation into alumina of the aluminum of the zones that have not
      been masked. In a second step, resin is eliminated by means of a solvent.
      Such a method offers the advantage of both permitting to define the
      conductive zones and providing the selective insulating layer.
PAR  It is thus possible to obtain conductive zones of any desired shape; for
      instance, the substrate is sensitized at given places by applying a
      treatment that permits metal deposits to be fixed only on desired portions
      of the substrate; such a treatment is disclosed in an article by P.T.
      STROUD, "Thin split films" 9/72, pages 273 to 281.
PAR  It will be easily understood that with the method according to the present
      invention, the margin of error, or allowance, regarding the positioning of
      the second level of interconnections (viz, of metal layer 56) is no longer
      to be considered.
PAR  This method is thus space-saving and, therefore, allows to achieve a more
      elaborate miniaturization of the electronic component to be manufactured.
PAR  Moreover, the method according to the invention requires but three
      engraving steps, and accordingly, three masks only.
PAR  In addition, the present method can be applied in other technical fields,
      e.g. in techniques dealing with gate self-alignment, requiring ionic
      implantation, or dealing with the manufacture of molybdenum or
      polycrystalline silicon contacts.
PAR  Although the present invention has been described as applied to the
      manufacture of M.O.S. transistors, it is to be understood, however, it
      might be applied as well to the manufacture of other semi-conductive
      components.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for manufacturing integrated circuits, said method comprising
      the steps of:
PA1  providing a first set of electrically conductive areas on each of those
      portions of an integrated circuit substrate having doped zones on which
      electrical contacts are to be made,
PA1  providing a selective insulating layer by gaseous deposition, so that the
      upper portions of said conductive areas be flush with the surface of said
      selective insulating layer, and
PA1  providing thereabove a second set of conductive areas adapted to constitute
      connections between said upper portions,
PA1  wherein said selective insulating layer is obtained by depositing, on the
      upper faces of the conductive areas of said first set, a material capable
      of preventing said insulating layer from adhering to the conductive
      portions, wherein said conductive areas are made of molybdenum and said
      selective insulating layer is obtained by submitting said substrate to a
      gaseous stream containing silane (SiH.sub.4) oxygen and hydrochloric gas
      with sublimation of a small part of the molybdenum preventing formation of
      silica on the molybdenum areas.
NUM  2.
PAR  2. A method for manufacturing integrated circuits, said method comprising
      the steps of:
PA1  providing a first set of electrically conductive areas on each of those
      portions of an integrated circuit substrate having doped zones on which
      electrical contacts are to be made,
PA1  providing a selective insulating layer by gaseous deposition, so that the
      upper portions of said conductive areas be flush with the surface of said
      selective insulating layer, and
PA1  providing thereabove a second set of conductive areas adapted to constitute
      connections between said upper portions,
PA1  wherein said selective insulating layer is obtained by first depositing an
      insulating layer of substantially even thickness, and then etching said
      insulating layer forming protrusions and holes in such a manner that said
      protrusions corresponding to the first set of conductive areas are etched
      far more quickly than said holes of said insulating layer, wherein said
      conductive areas are made of molybdenum and comprising the steps of:
PA1  depositing doped silica on said conductive areas,
PA1  depositing an even layer of silica, in a gaseous state and in an oxidizing
      medium, on said substrate, whereby molybdenum is caused to swell and a
      break is formed in the silica layer portion covering said molybdenum, and
      removing said portion by means of a solvent.
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ABST
PAL  A thermally and electrically conductive metal lead member is joined to the
      refractory metal contact member of a semiconductor device using a brazing
      alloy comprising on a weight basis about 80-89 percent copper, about 5-15
      percent silver, and about 4-6 percent phosphorus. The contact
      member/semiconductor joint may be formed in an inert atmosphere at the
      same time and at the same temperature as the contact member/lead member
      joint.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for attaching a thermally and
      electrically conductive lead to a refractory metal contact of a
      semiconductor device by a high temperature brazing process.
PAR  Passivated semiconductor devices generally include a semiconductor body
      composed substantially of silicon, a layer of passivating material such as
      glass or plastic disposed about the semiconductor body, and at least one
      metallic contact extending outwardly from the semiconductor body through
      the passivating layer as an external contact for connection with
      associated circuitry. More specifically, such devices require that the
      metallic contacts be refractory in nature in order that the coefficients
      of thermal expansion of the semiconductor body, the passivating layer and
      the metallic contact be reasonably matched to avoid breakage during
      thermal cycling. Molybdenum, tungsten, tantalum and various special alloys
      are typical of the refractory metals used as such refractory metal
      contacts; however, since such materials are both expensive and relatively
      poor conductors of both heat and electric current, the refractory metal
      contacts are generally joined to good conventional conductors (such as
      copper, silver or various special alloys) just beyond the passivating
      layer, the connection between the refractory contact and the other
      circuitry elements being made by the conventional conductor. In the case
      of axial-lead construction semiconductor rectifiers, the connection of the
      conventional axial lead to the refractory metal contact is accomplished by
      one of the following two procedures.
PAR  In the first procedure, the refractory material is initially plated with a
      solderable metal such as silver before application of the passivating
      layer. After the passivating operation, the axial leads are attached to
      the refractory metal contacts using "soft solder" preforms with melting
      points typically less than 300.degree.C. Devices containing such
      connections have the disadvantages commonly associated with soft solder
      contacts. If extreme temperature control is not exercised in soldering the
      axial lead to other circuit components, the axial lead may detach from the
      refractory metal contact as the soft solder heats up. In any case, it has
      been found that such soft solder joints are subject to thermal fatigue and
      a resultant short operating life.
PAR  In the other procedure, the refractory metal contact is joined to the axial
      lead by a special welding process known as butt welding. The joint and the
      axial lead must thereafter be exposed to all the chemical and
      heat-treating processes subsequently required to (1) join the
      semiconductor body to the refractory metal contact, (2) etch the
      subassembly, and (3) apply and fuse the passivating glass layer. The
      devices fashioned according to this procedure are not reliable in the
      first place because a true weld is not possible between the refractory
      metal of the contact and the conventional conductive metal of the axial
      lead. Furthermore, the processing operations required to complete the
      semiconductor device subsequent to formation of the refractory
      contact/axial lead joint frequently result in a weak and porous joint
      which will develop high electrical and thermal resistance in time or
      eventually even fail mechanical and fall off. Experience has shown that
      butt welded joints have extremely high failure rates when exposed to
      conditions of high temperature and high humidity, the failure rate rising
      as high as 50 percent at 85.degree.C and 85 percent relative humidity.
PAR  Accordingly, it is an object of the present invention to provide a process
      for attaching a thermally and electrically conductive lead to a refractory
      metal contact of a semiconductor device using a high temperature brazing
      process.
PAR  It is another object to provide such a process which avoids the
      aforementioned disadvantages of soft solder and "butt welded" joints.
PAR  It is also an object to provide such a process wherein the resultant joint
      is of higher physical strength and lower porosity than a butt-welded
      joint, withstands a higher temperature than a soft solder joint, and
      withstands conditions of high temperature and high humidity better than a
      butt-welded joint.
PAR  It is a further object to provide such a process which enables a
      conventional lead to be joined to a refractory contact at the same time
      and at the same temperature conditions as the refractory contact is joined
      to the semiconductor body.
PAR  Yet another object is to provide such a process which utilizes a special
      preform, is simple and economical to perform, is less expensive than a
      butt welding, and provides joints superior to those produced by soft
      solder or butt welding processes.
PAR  Yet a further object is to provide such a process whereby a joint between a
      semiconductor body and a refractory contact member is formed at the same
      time and at the same temperatures as the joint between the refractory
      contact member and a lead member.
PAR  A final object is to provide a semiconductor device having a lead member
      joined thereto by the aforesaid process.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the above and related objects of the present
      invention are obtained in a process for attaching a lead member to a
      semiconductor device by initially providing a lead member formed
      substantially of a thermally and electrically conductive metal and
      terminating at one end in a joining surface, and a semiconductor device
      comprising a semiconductor body and a contact member formed of a
      refractory metal extending outwardly from the body and terminating in a
      joining surface spaced from the body. The joining surfaces of the members
      are placed in contact with a brazing alloy comprising on a weight basis
      about 80-89 percent copper, about 5-15 percent silver, and about 4-6
      percent phosphorus. The brazing alloy is then heated (preferably in an
      inert atmosphere) at least to its wetting point for a period of time
      sufficient to melt the brazing alloy. Thereafter the molten brazing alloy
      is allowed to cool and solidify in contact with the joining surfaces of
      the members, thereby to join the contact member and the lead member into a
      unitary structure. As a final optional step, a passivating layer of a
      passivating material may be applied and fused about the body and about the
      contact member between the joining surface thereof and the body.
PAR  The refractory metal is selected from the group consisting of tungsten,
      molybdenum, tantalum, and alloys thereof, and is preferably molybdenum.
      The conductive metal is selected from the group consisting of silver and
      copper and alloys thereof, and is preferably copper. The passivating
      material is selected from the group consisting of glass and plastic, and
      is preferably glass. The semiconductor body is formed substantially of
      silicon. The brazing alloy is preferably, on a weight basis, about 80
      percent copper, about 15 percent silver and about 5 percent phosphorus.
      Preferably, the brazing alloy is provided as a preform with joining
      surfaces of substantially similar configuration and size abutting the
      joining surfaces of the members.
PAR  One aspect of the present invention provides a process for attaching a lead
      member to a semiconductor body utilizing a single heating step. The
      process utilizes a semiconductor body having a joining surface; a contact
      member formed substantially of a refractory metal and having a joining
      surface at each end thereof; a lead member formed substantially of a
      thermally and electrically conductive metal and having at one end a
      joining surface; and a brazing preform formed of a brazing alloy
      comprising on a weight basis about 80-89 percent copper, about 5-15
      percent silver, and about 4-6 percent phosphorus, and having a joining
      surface at each end thereof. An assembly of these components is formed by
      simultaneously contacting the joining surface of the semiconductor body to
      one of the refractory metal joining surfaces of the contact member, the
      other of the refractory metal joining surfaces of the contact member to
      one of the brazing alloy joining surfaces of the preform; and the other of
      the brazing alloy joining surfaces of the preform to the conductive metal
      joining surface of the lead member. The assembly is then heated in an
      inert atmosphere at least to the the alloy wetting point to cause brazing
      of contacting joining surfaces. Thereafter the assembly is allowed to
      cool, thereby to join the semiconductor body, the contact member, the
      preform, and the lead member into a unitary structure. As an optional
      finishing step a passivating layer of a passivating material may be
      applied and fused about the semiconductor body and about the contact
      member between the refractory metal joining surfaces.
PAR  Generally the semiconductor body is formed substantially of silicon and has
      an electrically conductive layer of metal selected from the group
      consisting of aluminum and gold disposed thereon to define its joining
      surface.
PAR  In another aspect, the present invention provides a semiconductor device
      having a lead member. The device comprises a semiconductor body; a contact
      member formed of a refractory metal extending outwardly from the body and
      terminating in a joining surface spaced from the body; a lead member
      formed substantially of a thermally and electrically conductive metal and
      terminating at one end in a joining surface; and a brazing alloy disposed
      between and securing together the joining surfaces of the members thereby
      to join the members into a unitary structure. The device may additionally
      include a passivating layer of a passivating material disposed about the
      body and about the contact member between the joining surface thereof and
      the body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary exploded plan view of a semiconductor subassembly
      including axial conductive lead members;
PAR  FIG. 2 is a fragmentary plan view of the subassembly of FIG. 1; and
PAR  FIG. 3 is a fragmentary plan view of the subassembly of FIG. 2 after
      brazing of the joints and application of a passivating layer thereto.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawing and in particular to FIG. 2 thereof, therein
      illustrated is a semiconductor device subassembly generally designated by
      numeral 10, the individual components of the subassembly 10 being
      illustrated in exploded view in FIG. 1. The semiconductor generally
      designated by the numeral 12 comprises a diffused silicon chip 14 and, at
      each end thereof, a layer of evaporated aluminum 16 forming a joining
      surface for the semiconductor 12. The semiconductor body 14 is formed
      substantially of silicon, although one or more portions thereof may have
      minute quantities of various conventional dopants such as phosphorus,
      boron and the like, as will be well recognized by those skilled in the
      semiconductor art. For clarity in illustrating the principles of the
      present invention the semiconductor 12 has been illustrated as a rectifier
      adapted for connection to only two lead members, although the principles
      of the present invention apply as well to any other semiconductors, such
      as the N-type, P-type, or combination type and those useful as junction,
      field effect, or other types of semiconductors. The principles of the
      present invention apply regardless of whether the semiconductor device
      comprises a single thin wafer-like diode (as shown) or a relatively long
      stack of several chips joined in series and brazed together with
      conventional materials (such as aluminum), with each of the various chips
      having a plurality of leads extending therefrom. The aluminum joining
      surfaces 16 may be applied to the silicon chip 14 by conventional
      techniques well known in the semiconductor art, the preferred technique
      being an evaporation deposition technique.
PAR  A refractory contact member 20, generally referred to as a "slug", includes
      joining surfaces 22 and 24 at opposite ends thereof. The contact member 20
      is formed of a refractory material and is preferably composed
      substantially of molybdenum, tungsten, tantalum and alloys thereof.
      Whether the alloys be composed of two or more of the aforementioned
      refractory metals or of one or more of the refractory metals with other
      materials, the alloys must, of course, be selected according to their
      known coefficients of expansion to insure that the coefficients of
      expansion of the semiconductor body 12, the contact member 20 and any
      materials used to passivate the semiconductor body 12 are compatible.
PAR  A brazing alloy preform generally designated by the numeral 30 is of
      relatively planar configuration and has opposed joining surfaces 32 and 34
      at opposite ends thereof. The brazing alloy comprises on a weight basis
      about 80-89 percent copper, about 5-15 percent silver, and about 4-6
      percent phosphorus, and is preferably a commercially available 80/15/5
      silver solder or high temperature brazing alloy marketed by Englehard
      Industries Division of Englehard Minerals and Chemicals Corp. (Murray
      Hill, N.J.) under the trademark "Silvaloy 15" and by Handy and Harmon,
      Inc. under the trademark "Silfos". The brazing alloy is characterized by a
      freezing point of about 640.degree.C and a wetting point of about
      705.degree.C, and requires neither an oxidizing nor reducing environment
      during the brazing process.
PAR  A nail-headed axial lead member generally designated by the numeral 40 has
      a joining surface 42 on the exposed surface of the head 44 thereof, the
      tail or other end being available for connection to other circuitry
      members. The lead member 40 is formed of a thermally and electrically
      conductive metal such as copper, silver, or alloys thereof, the alloys of
      such metals by themselves or individually with other materials being
      selected for their ability to braze well with the brazing alloy of the
      preform 30. While it is preferred that the conductive metal of joining
      surface 42 be formed substantially of the aforementioned copper, silver or
      alloys thereof, a core or sheath is frequently used in connection with the
      contact member 40 to facilitate its functioning as a heat sink for the
      semiconductor body 12, to reduce the cost of the materials used in the
      lead member 40, and/or to provide electrical insulation for lead member
      40.
PAR  The refractory contact member 20 may be joined to the semiconductor chip 12
      by placing refractory joining surface 22 against aluminum joining surface
      16 and conventionally brazing the aluminum joining surface 16 to both of
      the surfaces 12 and 22, to form a refractory metal/aluminum/silicon brazed
      joint. The aluminum and silicon form a "hard contact" eutectic having a
      melting point of about 575.degree.C which joins extremely well with both
      the silicon chip 14 and the refractory metal joining surface 22. Due to
      the nature of the aluminum and silicon materials involved, it is essential
      that this joint be formed by brazing in an inert atmosphere (i.e., one
      that is neither an oxidizing nor a reducing atmosphere), and is typically
      performed in a controlled environment of one atmosphere, or slightly
      higher, of dry nitrogen, argon, or a similar inert gas.
PAR  The lead member 40 may be joined to the contact member 20 by placing the
      joining surface 42 of the lead member 40 and the joining surface 24 of the
      contact member 20 in contact with the joining surfaces 34 and 32,
      respectively, of the preform 30. To facilitate this operation the various
      joining surfaces 24, 32, 34, 42 are substantially of the same size and
      configuration. The preform 30 is then rapidly heated (for about 15
      minutes) at least to its wetting point of about 705.degree.C, held at that
      temperature for a period of time sufficient to melt the alloy (generally
      about 5 minutes) and thereafter the molten alloy of the preform 30 is
      allowed to cool and solidify in contact with the joining surfaces 24, 42
      of the contact member 20 and lead member 40, thereby joining the members
      20, 40 into a unitary structure. This brazing operation may be performed
      under atmospheric conditions --i.e., in a reducing, inert, or oxidizing
      environment; however, care must be taken to insure that the non-inert
      gases of the atmosphere do not come in contact with the aluminum joining
      surface 16 which is inevitably heated as part of the heating of brazing
      alloy preform 30.
PAR  While the two brazing operations --contact member 20 to lead member 40 and
      contact member 20 to semiconductor chip 12-- may be performed separately
      as indicated above, a unique aspect of the present invention is that both
      brazing operations may be performed at the same time and at the same
      temperature, thus reducing production time, the tie-up of expensive
      heating equipment, and the possible contamination of the components
      through excessive handling. In the single step brazing process, the
      components are assembled in a subassembly 10, as indicated in FIG. 2, with
      the aluminum joining surface 16 of the semiconductor 12 contacting the
      refractory joining surface 22 of the contact member 20, the other joining
      surface 24 of the contact member 20 contacting the joining surface 32 of
      the preform 30, and the other joining surface 34 of the preform 30
      contacting the joining surface 42 of the lead member 40. A brazing fixture
      or jig of graphite, stainless steel or other conventional material is
      suitable employed to hold the components of the subassembly 10 in proper
      orientation during passage through the furnace. The entire subassembly 10
      is then placed on a conveyor belt which carries it through a tunnel
      furnace provided with an inert atmosphere such as dry nitrogen at one
      atmosphere. The maximum temperature within the tunnel furnace is
      sufficient both to melt the brazing preform 30 and to form the molten
      aluminum/silicon eutectic, and is preferably about
      715.degree.-720.degree.C. Generally a dwell time of about 50-60 minutes
      within the tunnel furnace is sufficient to cause brazing of the lead
      member 40 to the contact member 20 as well as brazing of the contact
      member 20 to the semiconductor chip 12. Preferably, the entire subassembly
      10 is heated over a 15 minute entry period to at least 705.degree.C to
      cause formation of the molten aluminum/silicon eutectic and melting of the
      brazing alloy, held there for about 5 minutes, and then slowly cooled over
      a 30-40 minute period to below the 575.degree.C melting point of the
      eutectic.
PAR  The use of either the one or two step process results in the subassembly 10
      being integrated into a unitary structure having brazed joints which
      withstand higher temperature than soft solder joints, are stronger and
      less porous than butt welded joints, and withstand thermal cycling to high
      temperatures and high humidity conditions (such as 85.degree.C and 85
      percent relative humidity) without failure or the development of high
      electrical and thermal resistances. The solidity and strength of the
      brazed joints thus formed permit the subassembly 10 to be further
      processed wet without resultant damage to the semiconductor device.
PAR  Thus, after the one or two step brazing operation, the exposed surface of
      the semiconductor body 14 is preferably etched to remove contaminants
      (e.g., with a solution of nitric and hydrofluoric acids), and a layer of
      passivating material 50 applied thereto to prevent recontamination. The
      passivating material 50 is applied over the exposed surface of
      semiconductor body 14 and a portion of the contact member 20 between the
      joining surfaces 22, 24 thereof to completely encapsulate the
      semiconductor device 12 and protect it from exposure to contamination.
      Referring now to FIG. 3, the passivating material 50 is typically plastic
      or glass which has been finely ground into a slurry, applied by a
      conventional technique onto the exposed surface of the semiconductor body
      14, and finally heated in situ to a temperature sufficient to fuse the
      passivating material 50. For example, a second tunnel furnace located
      downstream on the conveyor belt from the aforementioned furnace used for
      the single step brazing operation, may be maintained at a temperature of
      about 685.degree.C to about 700.degree.C to fuse a glass passivating
      material applied to the semiconductor 12. Both the preform 30 and the
      eutectic at the joints may become fluid again at the temperatures in the
      second tunnel furnace; however, the surface tensions of the brazed joints
      formed in the brazing processes are sufficient to maintain the molten
      joints until cooling reoccurs as the subassembly 10 leaves the second
      tunnel furance.
PAR  Because the passivating material 50, the semiconductor body 14 and the
      refractory member 30 all exhibit compatible coefficients of expansion, the
      passivated semiconductor devices of the present invention exhibit a
      desirably long life under repeated thermal cycling.
PAR  In the brazing alloy composition, the copper (melting point 1083.degree.C)
      constitutes the main brazing component, with the silver (melting point
      960.5.degree.C) and the phosphorus (melting point 44.degree.C) lowering
      the wetting point of the composition to a temperature usable in connection
      with semiconductor devices, and the phosphorus also providing the
      necessary fluxing action. The ability of the composition to perform
      brazing in an inert atmosphere is an important factor in enabling the
      single step process, as is the absence of any high vapor pressure metals
      therein (such as zinc or cadmium) which might adversely affect the
      semiconductor body 14. The use of the specific brazing alloy of the
      preform 30 permits a brazed joint to be formed between the lead member 40
      and the contact member 20 under conditions which are also effective to
      cause a brazed joint of the contact member 20 to the semiconductor body
      14, thus permitting a unique one step brazing operation.
PAR  Now that the preferred embodiments of the present invention have been shown
      and described, various modifications and improvements thereon will become
      readily apparent to those skilled in the art. Accordingly, the spirit and
      scope of the present invention is to be understood as being limited not by
      the foregoing disclosure, but only by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for attaching a lead member to a semiconductor device
      comprising the steps of
PA1  A. providing a lead member formed substantially of a thermally and
      electrically conductive metal and terminating at one end in a joining
      surface; and a semiconductor device comprising a semiconductor body and a
      contact member formed of a refractory metal extending outwardly from said
      body and terminating in a joining surface of said refractory metal spaced
      from said body;
PA1  B. placing said joining surfaces of said members in contact with a brazing
      alloy comprising on a weight basis about 80-89 percent copper, about 5-15
      percent silver, and about 4-6 percent phosphorus;
PA1  C. heating the brazing alloy at least to its wetting point for a period of
      time sufficient to melt the brazing alloy; and
PA1  D. allowing the molten brazing alloy to cool and solidify in contact with
      said joining surfaces of said members, thereby to join said contact member
      and said lead member into a unitary structure.
NUM  2.
PAR  2. The process of claim 1 including the additional step of subsequently
      applying and fusing a passivating layer of a passivating material about
      said body and about said contact member between said joining surface
      thereof and said body.
NUM  3.
PAR  3. The process of claim 1 wherein the refractory metal is selected from the
      group consisting of tungsten, molybdenum, tantalum, and alloys thereof.
NUM  4.
PAR  4. The process of claim 3 wherein said refractory metal is molybdenum.
NUM  5.
PAR  5. The process of claim 1 wherein the conductive metal is selected from the
      group consisting of silver and copper and alloys thereof.
NUM  6.
PAR  6. The process of claim 5 wherein said conductive metal is copper.
NUM  7.
PAR  7. The process of claim 2 wherein the passivating material is selected from
      the group consisting of glass and plastic.
NUM  8.
PAR  8. The process of claim 7 wherein the passivating material is glass.
NUM  9.
PAR  9. The process of claim 1 wherein said semiconductor body is formed
      substantially of silicon.
NUM  10.
PAR  10. The process of claim 2 wherein said refractory metal is molybdenum,
      said conductive metal is copper, said passivating material is glass, and
      said semiconductor body is formed substantially of silicon.
NUM  11.
PAR  11. The process of claim 1 wherein the heating of step (C) is performed in
      an inert atmosphere.
NUM  12.
PAR  12. The process of claim 1 wherein said joining surfaces of said members
      are of substantially the same configuration and size, and wherein the
      brazing alloy is provided as a preform with joining surfaces of
      substantially similar configuration and size abutting said joining
      surfaces of said members.
NUM  13.
PAR  13. The process according to claim 2 wherein said refractory metal is
      selected from the group consisting of tungsten, molybdenum, tantalum, and
      alloys thereof; said thermally and electrically conductive metal is
      selected from the group consisting of silver, copper and alloys thereof;
      said brazing alloy comprises on a weight basis about 80 percent copper,
      about 15 percent silver and about 5 percent phosphorus; and said
      passivating material is selected from the group consisting of glass and
      plastic.
NUM  14.
PAR  14. A process for attaching a lead member to a semiconductor body comprises
      the steps of
PA1  A. providing (i) a semiconductor body having a joining surface; (ii) a
      contact member formed substantially of a refractory metal and having a
      joining surface of said refractory metal at each end thereof; (iii) a lead
      member formed substantially of a thermally and electrically conductive
      metal and having at one end a joining surface; and (iv) a brazing preform
      formed substantially of a brazing alloy comprising on a weight basis about
      80-89 percent copper, about 5-15 percent silver, and about 4-6 percent
      phosphorus, and having a joining surface at each end thereof.
PA1  B. forming an assembly by simultaneously contacting (i) said joining
      surface of said semiconductor body to one of said refractory metal joining
      surfaces of said contact member; (ii) the other of said refractory metal
      joining surfaces of said contact member to one of said brazing alloy
      joining surfaces of said preform; and (iii) the other of said brazing
      alloy joining surfaces of said preform to said conductive metal joining
      surface of said lead member;
PA1  C. heating said assembly in an inert atmosphere at least to the alloy
      wetting point to cause brazing of contacting joining surfaces; and
PA1  D. allowing said assembly to cool, thereby to join said semiconductor body,
      said contact member, said preform, and said lead member into a unitary
      structure.
NUM  15.
PAR  15. The process of claim 14 wherein said refractory metal is selected from
      the group consisting of molybdenum, tungsten, tantalum and alloys thereof.
NUM  16.
PAR  16. The process of claim 15 wherein said refractory metal is molybdenum.
NUM  17.
PAR  17. The process of claim 14 wherein said conductive metal is selected from
      the group consisting of copper and silver and alloys thereof.
NUM  18.
PAR  18. The process of claim 17 wherein said conductive metal is copper.
NUM  19.
PAR  19. The process of claim 14 wherein said semiconductor body is formed
      substantially of silicon and has an electrically conductive layer of metal
      selected from the group consisting of aluminum and gold disposed thereon
      to define said joining surface thereof.
NUM  20.
PAR  20. The process of claim 14 wherein said refractory metal is molybdenum,
      said conductive metal is copper, and said semiconductor body is formed
      substantially of silicon with a layer of aluminum disposed thereon to
      define said joining surface thereof.
NUM  21.
PAR  21. The process of claim 14 including the additional step of subsequently
      applying and fusing a passivating layer of a passivating material about
      said semiconductor body and about said contact member between said
      refractory metal joining surfaces.
NUM  22.
PAR  22. The process of claim 21 wherein said passivating material is selected
      from the group consisting of glass and plastic.
NUM  23.
PAR  23. The process of claim 22 wherein said passivating material is glass.
NUM  24.
PAR  24. The process of claim 21 wherein said refractory material is molybdenum,
      said conductive metal is copper, said passivating material is glass, and
      said semiconductor body is formed substantially of silicon and has an
      electrically conductive layer of aluminum disposed thereon to define said
      joining surface thereof.
NUM  25.
PAR  25. The process according to claim 14 wherein said semiconductor body is
      formed substantially of silicon and has an electrically conductive layer
      of a metal selected from the group consisting of aluminum and gold
      disposed thereon to define said joining surface thereof; said refractory
      metal is selected from the group consisting of molybdenum, tungsten,
      tantalum, and alloys thereof; said thermally and electrically conductive
      metal is selected from the group consisting of copper, silver and alloys
      thereof; and said brazing alloy comprises on a weight basis about 80
      percent copper, about 15 percent silver, and about 5 percent phosphorus.
NUM  26.
PAR  26. The process of claim 25 including the additional step of subsequently
      applying and fusing a passivating layer of a passivating material selected
      from the group consisting of glass and plastic about said semiconductor
      body and about said contact member between said refractory joining
      surfaces.
NUM  27.
PAR  27. The process of claim 14 wherein said assembly is heated in an inert
      atmosphere at substantially atmospheric pressure.
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ABST
PAL  The method and apparatus includes the use of at least one pallet, an
      assembly line, a projector means, and an electrical testing means.
      Assembly of the wiring harnesses takes place on the pallets which are
      either independently powered or move on a powered conveyor line. In either
      alternative, the pallets move along a non-synchronous, power and free
      assembly line. An overhead projector means is provided above selected work
      stations to project instructions and diagrams on the pallet. Electrical
      testing means are used to test the wiring harnesses during assembly, prior
      to completion of assembly, and to control movement of the pallet to the
      next work station. The method includes testing partially assembled
      components for electrical opens, shorts and incorrectly assembled
      components on the pallet at intermediate stages of assembly and passing
      the partially assembled components to the next stage of assembly only when
      the components have been shown to be correctly assembled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for the assembly and
      testing of intricate components. One example of the use of such a method
      and apparatus is in the assembly and testing of wiring harnesses for
      vehicles, such as automobiles. Such wiring harnesses require the assembly
      and testing of a plurality of intricate electrical components, such as
      electrical wires, resistors, capacitors, switches and fuses. The method
      and apparatus of this invention is addressed to two broad functions:
      assembly and testing. The testing function is conducted during the various
      stages of assembly, rather than after assembly has been completed.
PAR  The assembly and testing of wiring harness requires that the wiring
      harnesses be tested for electrical continuity and that the wiring
      harnesses be free of electrical open, crossed, shorted and incomplete
      circuits. For example, among the typical problems which may occur during
      the assembly of wiring harnesses are: Wires may be connected to the wrong
      pins in a connector. Wires may be connected to the wrong connector.
      Insulation strips may be impropertly assembled at the connector and allow
      two wires to short circuit. A connector may have defective contacts.
      Contacts of a wire may not be fully inserted into the connector. In prior
      art assembly lines, when wiring harnesses are fully assembled and then
      tested, the wiring harnesses which are found defective must be discarded
      or set aside for further analysis and repair.
PAR  Typical prior art apparatus and methods, such as U.S. Pat. No. 2,768,428 to
      MacGregor et al., use a synchronized conveyor belt system and only test
      for electrical misconnection or continuity. Some prior art apparatus and
      methods allow the wiring harness to continue along the assembly to
      completion of assembly before defects are corrected. In addition, the use
      of an overhead projector above a work surface to provide a lighted arrow
      to direct the assembly of electrical components, such as wiring harnesses,
      has been disclosed in promotional literature by Ragen Precision
      Industries, Inc., 9 Porete Avenue, North Arlington, N.J.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of this invention for the assembly of components includes: at
      least one pallet, an assembly line along which the pallet moves, and
      electrical testing means for testing the assembled components on the
      pallet before completion of assembly of the components. The components are
      assembled on the pallet. The assembly line has a plurality of work
      stations. The pallets are adapted to move from one work station to another
      work station independently of other pallets as the components are
      assembled on the pallets. The electrical testing means is used to
      determine the presence of electrical shorted conditions, electrical open
      conditions and incorrectly assembled components. The pallets are adapted
      to move from one work station to the next work station only when testing
      by the electrical testing means has been completed and all components have
      been shown to be correctly assembled at the respective work station. The
      pallets may be independently powered to move along the assembly line or
      the assembly line may be powered to move the pallet or pallets.
PAR  The method of this invention for the assembly of components comprises:
      collecting the components to be assembled on one of a plurality of
      independently powered pallets, moving the pallet from one work station to
      another work station along an assembly line independently of other
      pallets; assembling the components on the pallet as work stations along
      the assembly line; electrically testing the partially assembled components
      at intermediate stages of assembly prior to completion of assembly; and
      passing the partially assembled components on the pallet to the next stage
      of assembly only when the testing has been completed and the components
      have been shown to be correctly assembled.
PAR  The method and apparatus of this invention may be broadly divided into two
      separate functions: (1) mechanical assembly; and (2) electrical testing.
      One example of a use for the method and apparatus for this invention is
      for the assembly of wiring harnesses for vehicles. Testing is performed at
      various stages during assembly of each wiring harness, rather than after
      the wiring harness has been completely assembled.
PAR  Assembly and testing of each wiring harness takes place on pallets. A
      plurality of pallets move along an assembly line with various steps of
      assembly and testing performed on the harness components at different work
      stations along the assembly line. A selected pallet may be moved on and
      off the assembly line or may be moved to different stations along the
      assembly line. For example, if an error has been made during the assembly
      of one of the components of the wiring harness, the pallet having the
      erroneously assembled wiring harness, or a portion of a wiring harness,
      may be moved to a repair station as soon as the error is discovered,
      rather than waiting until the entire harness has been assembled before
      attempting to correct the error. Thus, further assembly of this wiring
      harness does not proceed until the error is corrected.
PAR  Projecting means, such as overhead projectors are provided for the purpose
      of projecting instructions and diagrams on the pallets. These instructions
      and diagrams provide specific information to the assembly operator as to
      how the wiring harness and its associated components should be assembled
      at the work station.
PAR  The method and apparatus of this invention includes the use of subassembly
      modules which constitute portions of the wiring harness. These subassembly
      modules are assembled, preferably assembled on a pallet by a similar
      method, and then brought to the final assembly line for assembly into the
      complete wiring harness. A predetermined number of circuits are assembled
      on the individual pallets at various work stations along the assembly
      line. The pallet is provided with a number of mounting bases to which
      various electromechanical connections are made. These mounting bases may
      be retained magnetically on the pallet and can be quickly changed or moved
      as necessitated by engineering changes or volume requirements. The
      particular circuits to be incorporated at any given work station are
      displayed on the pallet by the use of overhead projectors.
PAR  The pallet may be completely controlled by an electrical testing means,
      such as a circuit analyzer, at all or at selected work stations. The
      circuit analyzer will inform the assembler that the subject circuits on
      the pallet moving on the assembly line are incomplete, shorted, or
      complete. The movement of each pallet is directly controlled by the
      circuit analyzer at the particular work station and it cannot move from
      that station unless the designated portion of the harness is correctly
      assembled. When the circuit analyzer at a particular station indicates
      that the portion of the harness is correctly assembled, it automatically
      moves to the next work station. Work stations are separated sufficiently
      to allow pallets to be temporarily stored at waiting stations, ready for
      the next operation. With this type of assembly technique, the assembly
      line is less subject to stoppage. There is no possibility that a faulty
      harness could be assembled to completion. The assembly line is easily
      adjustable to various production line lengths and numbers of circuits,
      thus assuring flexibility required by engineering changes and harnesses
      having different types of circuitry.
PAR  As a result, the assembly line of this invention assures 100 percent
      electrical continuity of all components and finished assemblies of the
      wiring harness, as the wiring harness leaves the assembly line. The
      periodic monitoring of the assembly of wiring harnesses as they are
      assembled along the assembly line achieves high quality levels of
      assembly, reduced assembly time and reduction of final assembly line
      rejects.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of a wiring harness, after having been
      assembled and tested by the method and apparatus of this invention, and
      illustrates a typical use of such wiring harness in an automobile.
PAR  FIG. 2 is an isometric view of part of the apparatus of this invention,
      illustrating a pallet on which the wiring harness is assembled and an
      overhead projector for projecting instructions and diagrams on the pallet
      for the assembly of the wiring harness.
PAR  FIG. 3 is an isometric view of part of the apparatus of this invention,
      illustrating an assembly line having a plurality of the pallets
      illustrated in FIG. 2.
PAR  FIG. 4 is a schematic block diagram of an alternate assembly line for the
      assembly of wiring harnesses.
PAR  FIG. 5 is a front view of a display panel of a circuit analyzer showing the
      condition in which the portion of the wiring harness being tested has two
      shorted conditions.
PAR  FIG. 6 is a front view of a display portion of a circuit analyzer
      displaying the condition in which the portion of the wiring harness being
      analyzed has two incomplete circuits.
PAR  FIG. 7 is a front view of a display portion of a circuit analyzer showing
      the condition of the display panel when the portion of the wiring harness
      being tested has complete circuits.
DETD
PAC  DETAILED DESCRIPTION
PAR  The apparatus and method of this invention is for the assembly of intricate
      components, such as the assembly of electrical wires, resistors,
      capacitors, switches and fuses and other electrical components into a
      wiring harness adapted to be used in an automobile. However, the apparatus
      and method of this invention may also be used for the assembly of a wide
      variety of other components into different products, other than wiring
      harnesses.
PAR  Referring to FIG. 1, in the example where the apparatus and method is used
      for assembly of wiring harnesses, the wires and other electrical
      components of the wiring harness 2 are adapted to supply electrical energy
      and provide control for the headlights, the instrument panel, the tail
      lights, the starting mechanism of the automobile and for a host of other
      electrical mechanisms used within an automobile 4 or other motor vehicles,
      including the optional equipment for an automobile which may vary widely,
      according to the choice of the purchaser. It is important that all of the
      electrical components of the wiring harness be assembled correctly,
      without the presence of shorted conditions, open conditions or other
      defects because such defects will cause a malfunction of the related
      electrical mechanisms in the automobile.
PAR  Referring to FIGS. 2, 3 and 4, the apparatus of this invention for the
      assembly of components includes at least one pallet 6 (FIG. 2), an
      assembly line 8 or 10 (FIGS. 3 and 4), a projector means 12, and an
      electrical testing means. Referring to FIG. 2, the components are
      assembled on the pallet 6. Each pallet 6 may be independently powered or,
      in the alternative, the assembly line 10 (FIG. 4) may be powered.
      Preferably, a plurality of pallets 6 are used. Referring to FIGS. 3 and 4,
      the pallets 6 move along an assembly line 8 or 10. Referring to FIG. 3,
      one type of assembly line 8 is non-powered and adapted for independently
      powered pallets 6. Referring to FIG. 4, an alternate type of assembly line
      10 is powered and is adapted for use with non-powered pallets 6. The
      assembly lines 8 and 10 illustrated in FIGS. 3 and 4 are typical. Many
      other arrangements of assembly lines may be used. Referring to FIG. 4, the
      assembly line 10 has a plurality of work stations 14. Each pallet 6 is
      adapted to move from one work station 14 to another work station 14,
      independently of other pallets 6, as the electrical components are
      assembled on the pallet 6.
PAR  Referring to FIG. 2, a projector means 12 is provided which is disposed
      above selected work stations 14 of the assembly line 8 or 10. The
      projector means 12 is adapted to project indications on the electrical
      components on the pallet 6 for the assembly of the electrical components.
PAR  A plurality of testing means (not shown) are also provided for testing the
      electrical connection of components on the pallet 6. Such testing takes
      place during assembly and before completion of assembly of the components.
      Such testing includes determining the presence of electrical shorted
      conditions, electrical open conditions and incorrectly assembled
      components. The pallet 6 is adapted to move from one work station 14 to
      the next work station 14 only when and if testing by the testing means at
      that work station has been completed and all components have been shown to
      be correctly assembled at the respective work station 14. There is no
      possibility that a faulty harness could be assembled to completion.
PAR  Referring to FIG. 4, the assembly line 10 may include a series of work
      stations 14 with open stations 16, repair stations 18, inspection stations
      19 and waiting stations 20 interspersed along the assembly line 10 as
      desired. Each pallet 6 is adapted to move from a work station 14 to a
      repair station 18 prior to completion of assembly of the components in the
      event that a defect is discovered in the assembly of the components at a
      particular work station 14. For example, the assembly line 10 may use a
      live roller system which allows any pallet 6 at a particular work station
      14 to be stopped and held at that work station 14 while, at the same time,
      other pallets 6 at other positions or stations along the assembly line 10
      are being moved by the rollers on the assembly line 10.
PAR  Work stations 14 are separated sufficiently to allow pallets 6 to be
      temporarily stored at open stations 16 and waiting stations 20 so that the
      pallets 6 will be ready and available for the next operation. With this
      type of assembly line design, the assembly line 10 is less subject to
      stoppage. Selected off-line work stations 14a are provided to which a
      pallet 6 may be shunted in order to allow other pallets 6 to pass by. Such
      off-line work stations 14a may be used for unusually long work tasks. The
      assembly lines 8 and 10 are easily adjustable to various production line
      lengths for various numbers of circuits in the harness, thus insuring
      flexibility in response to change in engineering design of the wiring
      harness.
PAR  Referring to FIG. 2, each pallet 6 preferably has a plurality of mounting
      bases 23 on the upper surface of the pallet 6. The mounting bases 23 are
      adapted to support the components, such as wiring harnesses, above the
      surface of the pallet 6. Some of the mounting bases 23 may be attached to
      the pallet 6 magnetically in order to allow the bases 23 to be easily
      repositioned on the pallet 6. Some of the bases 23 have electric sockets
      into which components of the harness may be plugged for testing.
      Preferably, the pallet 6 is a substantially flat, rectangular member.
      Preferably, the projector means 12 projects indications in the form or
      instructions and diagrams on the pallet 6 and on the components. As a
      result, the operator is provided with precise instructions and diagrams
      needed for the assembly of components.
PAR  Such pallets 6 are self-powered, non-synchronous power and free pallets 6.
      Other types of conveyance means which were considered for the apparatus of
      this invention included synchronous conveyors and turntables. The
      non-synchronous, power and free pallet 6 of this invention provides the
      following advantages over the synchronous conveyors and over turntables.
      The power and free pallet 6 of this invention can be used for assembly
      line systems which can be easily redesigned for various production
      lengths. This is important for wiring harnesses used in the automobile
      industry because various types of wiring harnesses are contemplated
      depending upon the optional equipment selected. For example, the wiring
      harness for an automobile having air conditioning is different from a
      wiring harness for a non-air conditioned automobile.
PAR  The capital investment of the power and free pallets 6 is low. If a
      breakdown occurs at a particular pallet 6 or a particular work station 14
      along the assembly line 8 or 10 of this invention, the entire assembly
      line need not be stopped. In contrast, a system using a synchronous
      conveyor is susceptible to stoppage of the entire assembly line by a
      breakdown at any one location, stage or work station along the assembly
      line. With the apparatus of this invention, the speed of assembly can be
      varied at different work stations 14 and the pallets 6 moved at different
      rates of travel along the assembly line. In contrast, the synchronous
      conveyor system must be geared to the slowest operation along the assembly
      line. The apparatus of this invention may be used for long production
      cycles, whereas turntables can only be used for production cycles which
      are short enough to be completed on one turntable. A turntable system
      requires that assemblies be transported manually from one turntable to
      another if a longer production length is required. The apparatus of this
      invention does not require such manual transportation.
PAR  The apparatus of this invention can be worked from both sides of the
      assembly line, whereas a turntable apparatus cannot. For a turntable
      apparatus, synchronous movement is manditory and the assembly line is
      geared to the slowest operation. In summary, the power and free apparatus
      of this invention provides for a highly flexible work time and area. It
      provides greater versatility than other systems, such as a synchronous
      conveyor system or a turntable system.
PAR  Each pallet is preferably controlled by a circuit analyzer 21 (FIG. 3). The
      circuit analyzer is part of the electrical testing means which is adapted
      to test the wiring harness or portion of the wiring harness on the
      particular pallet 6 for electrical continuity and to detect conditions of
      electrical open, electrical short, crossed or incomplete circuits.
      Referring to FIGS. 5, 6 and 7, the circuit analyzer has a display panel 22
      which is adapted to inform the operator at the work station 14 as to the
      condition of the wiring harness or the portion of the wiring harness being
      tested. Thus, referring to FIG. 5, the display panel 22 of the circuit
      analyzer will indicate when a particular circuit has a shorted condition.
      FIG. 5 illustrates a situation in which the display panel 22 indicates
      that two circuits have a shorted condition. Referring to FIG. 6, the
      display panel 22 of the circuit analyzer will also indicate to the
      assembler when the wiring harness or portion of the wiring harness being
      tested has incomplete circuits. For example, FIG. 6 illustrates the
      display panel 22 in a condition indicating two incomplete circuits. When
      all circuits are complete and correct in the wiring harness or in the
      portion of the wiring harness being tested, the display panel 22 will
      indicate this condition, as illustrated in FIG. 7.
PAR  The movement of the pallets 6 may be completely and directly controlled by
      the circuit analyzer at the particular work station 14. The pallet 6
      cannot be moved from that work station to the next unless the designated
      portion of the wiring harness is correctly assembled. When the display
      panel of the circuit analyzer indicates that all circuits are complete and
      correct, the pallet 6 will move automatically to the next station.
PAR  Referring to FIGS. 3 and 4, the apparatus of this invention also has
      stations adapted to perform various functions including: stations 24 for
      loading or unloading of the components on a pallet 6, work stations 14 for
      the assembly of the components on the pallets 6, addition of preassembled
      modules 26, and addition of hardware, taping of the components together
      and unloading of the assembled components, and stations 28 for tying of
      components where required. Referring to FIG. 3, the assembly line 8 may
      include side lines 30 to which a pallet 6 may be shunted from the main
      assembly line when desired.
PAR  As a result, the method of this invention for the assembly of components
      includes electrically testing the partially assembled components at
      intermediate stages, at work stations 14, during assembly, prior to
      completion of assembly, and passing the partially assembled components to
      the next stage of assembly only when such testing has been completed and
      the components have been shown to be correctly assembled. Such testing of
      partially assembled components at intermediate stages of assembly along
      the assembly line includes testing assembled components for electrical
      open condition, electrical shorted conditions, and incorrectly assembled
      components. As noted, any partially assembled components which have been
      found to be defective as a result of such testing are passed to a repair
      stage 18 where the partially assembled components are correctly assembled.
      The electrical apparatus for testing the components and controlling
      movement of the pallets to the next station in the assembly line is not
      the subject of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for assembly of components comprising:
PA1  collecting the components to be assembled on one of the plurality of
      non-synchronous independently moving pallets;
PA1  moving each pallet from one work station to another work station along an
      assembly line independently of other pallets;
PA1  assembling the components on the pallets at work stations along the
      assembly line;
PA1  electrically testing the partially assembled components at intermediate
      stages of assembly prior to completion of assembly; and
PA1  passing the partially assembled components on the pallets to the next stage
      of assembly only when the testing has been completed and the components
      have been shown to be correctly assembled.
NUM  2.
PAR  2. The method for assembly of electrical components according to claim 1
      wherein said testing of partially assembled components at intermediate
      stages of assembly includes testing said electrical components for
      electrical open conditions, electrical shorted conditions, and incorrectly
      assembled components.
NUM  3.
PAR  3. The method for assembly of electrical components according to claim 1
      and further comprising:
PA1  passing any partially assembled components which have been found to be
      defective as a result of said testing to a repair stage wherein said
      partially assembled components are correctly assembled.
NUM  4.
PAR  4. Apparatus for the assembly of components comprising:
PA1  a plurality of non-synchronous pallets on which the components are
      assembled;
PA1  an assembly line along which said pallets move, said assembly line having a
      plurality of work stations, said pallets moving from one work station to
      another work station independently of other pallets as the components are
      assembled on the pallets; and
PA1  electrical testing means for testing assembled components on said pallets
      before completion of assembly of the components to determine the presence
      of electrical shorted conditions, electrical open conditions and
      incorrectly assembled components, said pallets moving from one work
      station to the next work station only when said testing by said testing
      means has been completed and all components have been shown to be
      correctly assembled at the respective work station.
NUM  5.
PAR  5. Apparatus for the assembly of components according to claim 4 wherein
      said plurality of pallets are independently powered to move along said
      assembly line.
NUM  6.
PAR  6. Apparatus for the assembly of components according to claim 4 wherein
      said assembly line is powered to move said plurality of pallets
      independently of one another.
NUM  7.
PAR  7. Apparatus for the assembly of components according to claim 4 wherein
      the components to be assembled are parts of a wiring harness.
NUM  8.
PAR  8. Apparatus for the assembly of components according to claim 4 and
      further comprising: a projector means disposed above selected work
      stations of said assembly line, said projector means being adapted to
      project indications for the assembly of electrical components.
NUM  9.
PAR  9. Apparatus for the assembly of electrical components according to claim 8
      wherein said projector means projects instructions and diagrams on said
      pallet, thereby providing an operator with precise instructions and
      diagrams needed for the assembly of electrical components.
NUM  10.
PAR  10. Apparatus for the assembly of electrical components according to claim
      4 wherein said pallet includes a plurality of mounting bases upon which
      said components are supported, said mounting bases supporting said
      electrical components to be assembled above the surface of said pallet.
NUM  11.
PAR  11. Apparatus for the assembly of electrical components according to claim
      4 wherein said pallet is a substantially flat, rectangular structure.
NUM  12.
PAR  12. Apparatus for the assembly of electrical components according to claim
      4 wherein said assembly line further comprises a plurality of repair
      stations, said pallet being adapted to move from a work station to a
      repair station prior to completion of assembly of the electrical
      components in event that a defect is discovered in assembly of the
      electrical components at said work station.
NUM  13.
PAR  13. Apparatus for the assembly of electrical components according to claim
      4 wherein said assembly line further comprises a plurality of waiting
      stations, wherein said pallet may wait before proceeding any further on
      the assembly line.
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ABST
PAL  The invention concerns connectors having an elongate spring body of
      elastomer or formed as a tubular spring about which a single layer wire
      coil is wound. The coil turns are separated by cutting the coil
      longitudinally of the body to define discrete conductive paths of C-shape
      extending round part of the circumferential profile of the body. Exposed
      surface portions of the wires present contact points in a row along the
      body. Each C-shaped turn may present a pair of diametrically opposite
      contacts. The coil may be wound about a former disposed beside the spring
      body so that on cutting the turn portions at the former leads to the
      individual C-shaped turn portions extend freely from the spring body.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of U.S. patent application Ser. No. 364,851,
      filed May 29, 1973,now U.S. Pat. No. 3,851,297.
BSUM
PAR  This invention relates to electrical connectors and their method of
      manufacture. It is particularly but not exclusively concerned with
      connectors for connecting to or interconnecting lamina circuits such as
      are formed on printed circuit boards or substrates.
PAR  There is increasing need to effect releasable connection to circuit boards
      or substrates containing large numbers of integrated circuits and
      presenting large numbers of closely spaced connection points. It is
      important that such boards or substrates can readily be released from
      their interconnection within a greater circuit package for maintenance
      purposes. Conventional connectors have largely proved unsatisfactory in
      adaptation to the small sizes of connector and small contact pitch
      required.
PAR  It is an object of the present invention to provide a connector of a kind
      suitable for manufacture in small sizes with small contact pitch and to
      provide an economic manner of manufacture for such a connector.
PAR  An electrical connector according to the present invention comprises an
      elongate spring body having a generally uniform cross-section, which is
      resiliently deformable transversely of its length and which has discrete
      conductive paths disposed in insulating spaced relationship around the
      body, in which each path comrises a conductor wire of generally C-shaped
      turn form extending around part only of the circumferential periphery of
      and bonded to the body, exposed surface portions of the wire turns
      defining at least a row of contact points distal from and extending along
      the spring body.
PAR  In one embodiment the wire of each C-shaped turn of at least one of the
      ends of the C-shape extends freely away from the spring body as a lead.
PAR  Suitably, the C-shaped turns extend around more than half of the
      circumferential periphery of the body and present diametrically opposite
      rows of contact points extending longitudinally of the body.
PAR  The spring body may be formed of elastomeric insulating material or for
      example it may be formed as a tubular spring of C-shaped cross-section.
      Such a spring may be of metal in which case the spring turns are insulated
      from the metal.
PAR  In a method of manufacture of an electrical connector according to the
      present invention, a single layer coil of conductor wire is wound around
      the spring body to extend longitudinally in closely spaced turns, the
      turns being bonded to the body and the coil being cut longitudinally of
      the body to separate adjacent turns which define the discrete conductive
      paths.
PAR  In a particular form of this method, the spring body is initially located
      beside a former body extending longitudinally of and projecting laterally
      from the spring body, the coil being wound in turns about the two bodies
      and cut longitudinally of the coil at turn portions around the former
      body, the former body being removed and wire portions extending from one
      or both ends of each of the separated turns. Suitably, a pair of
      connectors may be made simultaneously by disposing a former body between a
      pair of spring bodies, and winding the coil about the three bodies. The
      turns are then cut longitudinally of the former at locations between the
      spring bodies.
PAR  In order to reduce the offset effect due to the helical nature of coil
      turns, the spring body is suitably elastically deformed prior to winding
      the coil in the same sense as the lead of the coil, and is held in that
      condition until after the coil cutting operation when the deformation is
      relaxed. The coil turns are thus flattened.
DRWD
PAR  The invention will now be described by way of example with reference to the
      accompanying partly diagrammatic drawings, in which:
PAR  FIG. 1 is a perspective view of a connector;
PAR  FIG. 2 is an end view of the connector of FIG. 1;
PAR  FIG. 3 is a fragmentary perspective view of a printed circuit board
      assembly including a connector according to FIGS. 1 and 2;
PAR  FIG. 4 is an enlarged fragmentary longitudinal section of part of the
      connector of FIGS. 1 and 2;
PAR  FIG. 5 is a fragmentary perspective view of a stage in the manufacture of a
      connector according to FIGS. 1 and 2;
PAR  FIG. 6 is a sectional view of a printed circuit edge connector embodying
      connectors according to FIGS. 1 and 2;
PAR  FIG. 7 is a fragmentary perspective view partially sectioned of a connector
      block assembly embodying the invention; and
PAR  FIG. 8 is an elevation of a spring body in relaxed and deformed conditions
      established during manufacture of a connector according to the invention.
DETD
PAR  The connector of FIG. 1 comprises a tubular spring member 1 having a
      generally C-shaped cross-section with a longitudinally extending open seam
      2 which may be closed by resilient deformation of the spring. The tubular
      spring is of metal but alternatively it could be of resilient insulating
      material or a body of elastomeric insulating material could be substituted
      for the tubular spring. A series of parallel wires 3 extend generally
      tangentially from the spring 1 and the wires terminate with arcuate
      portions 4 extending around and bonded to the tubular spring 1 in
      insulating spaced relationship. The wires are suitably insulated with a
      varnish type insulation and diametrically opposite parts of the arcuate
      portions 4 are cleaned of insulation on sides distal from the spring 1.
      The bare metal exposed is spot plated with contact metal such as gold or
      tin at 7 to provide rows 5 of contact points 6. The adhesive bonding
      material as seen in FIG. 4 secures the arcuate portions in insulating
      space relationship and allows flexure of the arcuate portions 4
      concomitant with flexure of the tubular spring 1.
PAR  In use, as seen in FIG. 3, the connector of FIGS. 1 and 2 is clamped
      between opposed faces of adjacent circuit boards 9 with the tubular spring
      1 compressively flexed between the boards. Groups of contact points 6
      engage respective contacts of the circuit boards to effect desired
      interconnections between the upper and lower boards and to input or output
      circuits through the lead wires 3.
PAR  In order to manufacture a connector of this kind, as seen in FIG. 5,
      tubular springs 1 are suitably sprung onto opposite ends of a former 10
      adapted to open the spring seams 2. The former is provided with
      longitudinal grooves 11 at opposite sides for wire cutting purposes as
      will be described. The external arcuate surfaces of the springs are coated
      with adhesive 8, FIG. 4, and a single layer coil of wire wound around the
      former in a series of closely spaced turns. After setting of the bonding
      adhesive, desired contact points 6, FIG. 4, are cleaned by a skimming or
      grinding process and the exposed wire portions spot plated with a suitable
      contact metal 8, such as gold or tin. The wire coil is cut along the
      grooves 11 to separate the two connectors which are then removed from the
      former 10.
PAR  The wire ends 3 extend from both sides of the open seam 2 each connector,
      and due to the expansion of these seams during the manufacture, the
      arcuate portions 4 of the wires extend around more than a semi-circle when
      the spring is relaxed. The contact rows are suitably diametrically
      opposite in this condition. The wire ends 3 may be selectively removed or
      grouped into bundles according to the particular circuit connections
      required.
PAR  In the edge connector of FIG. 6 a pair of connectors according to FIGS. 1
      and 2 is positioned one on each side of a slot 12 in a housing 13. The
      springs 1 are arranged with arcuate portions projecting into the slot 12
      with the rows of contact points 6 disposed to engage opposite sides of a
      printed circuit board 14. The wire ends 3 lead out from the housing for
      circuitry connection purposes.
PAR  It will be appreciated that the manufacture of the connector by coil
      winding techniques will normally result in diametrically opposite contact
      points 6 of a conductor portion 4 being helically offset by half of a
      pitch. Where fine wires are used on a close pitch and it is intended that
      a complementary contact surface of a printed circuit board will engage a
      plurality of contact points as a group, the half pitch offset is not
      material.
PAR  However, in situations where it is intended that the complementary printed
      circuit or substrate circuit will engage but a single contact point 6 then
      precautions must be taken to ensure selection of the appropriate contact
      points on diametrically opposite portions of the connector. In such
      situations it may be desirable to wind the arcuate portions 4 as flat
      turns or after winding the coil to displace marginal portions of the
      C-shaped spring bordering the open seam laterally in opposite directions
      in order to flatten the coil turns. This may suitably be effected by
      initially stressing the spring laterally in the sense of coil winding, in
      order elastically to deform the spring by an amount corresponding to the
      coil pitch and after winding the coil and bonding the turns, allowing the
      spring to relax from the stress to flatten the turns.
PAR  In an embodiment of the invention as shown in FIG. 7, the connector spring
      body is contained in an insulating housing 15 comprising indentical halves
      16, 17 snap-fitting together and about the spring body 1. Each housing
      half 16, 17 contain means, not shown, to engage ends of the spring body 1
      at each side of the seam and arranged on closure of the two housing halves
      16, 17 together to displace marginal portions of the spring body on each
      side of the seam relatively laterally in order to flatten the coil turns
      4.
PAR  Each housing half 16, 17 has a groove-like recess 18, 19 receiving the
      spring body 1, and a plurality of passageways 20, 21 extending
      transversely of the recess and intersecting the recess generally
      tangentially of the spring body. Conductor wires 22 may be threaded into
      the passageways and clamped in position by resilient pressure of the
      spring body 1 which provides mechanical retention and contact pressure.
      Such an arrangement is applicable to flat flexible or tape cables, in
      which case a slot is provided for reception of the multiconductor cable in
      place of a plurality of passageways 22.
PAR  In FIG. 8 a spring body 1 of C-shaped section showing in broken lines 1'
      how it may be elastically deformed by lateral displacement on opposite
      sides of the seam prior to coil winding so that on relaxation afterwards,
      the helical coil turns are flattened. It will be appreciated that the
      broken line position represents a single turn helix of the same pitch and
      lead sense as the coil winding.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing an electrical connector comprising the steps
      of providing an elongate spring body having a generally uniform
      cross-section which is resiliently deformable transversely of the body
      length, locating a former body beside the spring body whereby the former
      body extends longitudinally of and projects laterally from the spring
      body, winding a single layer coil of conductor wire around the spring body
      and the former body to extend longitudinally in closely spaced turns,
      bonding the turns to the spring body, cutting the coil longitudinally at
      turn portions around the former body and spaced from the spring body to
      separate adjacent turns thereby defining discrete conductive paths
      disposed in insulating spaced relationship around the spring body and
      integral lead conductors extending from the turns on the spring body to
      the cut portion on the former body, and removing the former body from the
      spring body.
NUM  2.
PAR  2. A method as set forth in claim 1 further comprising the step elastically
      deforming the spring body in the same sense as the lead of the coil prior
      to winding the coil, and holding the spring body in the elastically
      deformed condition until after the coil cutting operation when the
      deformation is relaxed and the coil turns thereby flattened.
NUM  3.
PAR  3. A method as set forth in claim 1 further comprising the step of locating
      a second spring body beside the former body and opposite to the first
      spring body, and winding the coil around both spring bodies and former
      body.
NUM  4.
PAR  4. A method as set forth in claim 1 further comprising the step of cleaning
      portions of the coil turns exposed externally of the spring body to expose
      bare metal portions in a row extending longitudinally of the spring body,
      and spot plating the bare metal portions to define contact points.
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PAL  The knife has a slotted handle and a blade that pivots into and out of the
      slot of the handle. A free floating pivot pin extends through the slotted
      end of the handle and through the opening of the tang of the blade, and a
      slotted ring lock extends about the pivot pin. The ring lock is rotatable
      on the handle so that its slot is movable into and out of alignment with
      the slot of the handle, to lock the blade with respect to the handle. The
      periphery of the tang defines hemispherical indentations, and a
      spring-urged ball in the handle engages the tang and registers with the
      indentations so that the blade resists movement when in its folded or
      extended positions but is free to move when intermediate the end
      positions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The conventional knife with a folding blade can be conveniently carried and
      handled since the blade of such a knife can be inserted into the slot of
      the handle, where the cutting edge and tip of the blade are shielded and
      the knife is effectively shorter. The conventional folding knife usually
      requires the presence of a rigidly fixed blade pivot pin which extends
      through the blade-receiving slot of the handle, and the blade pivots about
      the pivot pin. The pivot pin is usually peened at its ends to make the
      ends larger so as to form a friction fit with the handle. As the knife is
      used, the pivot pin usually works loose from the layers of the handle
      structure so that the blade-receiving slot of the handle becomes slightly
      larger and the blade develops an undesirable lateral looseness or wobble
      with respect to the handle. The handle of the conventional folding knife
      also usually has a leaf spring biased against each blade tang to urge each
      blade toward its opened or closed positions and to keep the blade from
      moving freely with respect to the handle. While it is desirable to
      maintain a degree of stiffness between the blade and handle to keep the
      blade from floating, it is hazardous to have the blade biased toward its
      opened or closed positions. It is desirable to have the blade seek its
      opened and closed positions when being moved toward and approaching one of
      these positions, and it is desirable to lock the blade in its opened
      position to remove the hazard of having the blade inadvertantly close on
      the fingers of the user.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly described, the present invention comprises a folding knife which
      includes a blade pivotally mounted on a pivot pin in a slotted handle so
      that the sharpened edge and tip of the blade can be folded into the slot
      of the handle or the blade can be folded out into its opened position
      where it is coextensive with the handle. The tang of the blade has a
      rounded peripheral portion, and a pair of hemispherical indentations are
      formed in the peripheral portion of the tang on opposite sides of the
      pivot pin. A spring-urged ball is mounted in a cavity within the handle,
      and the spring urges the ball into contact with the peripheral portion of
      the tang, so that the ball registers with an indentation of the tang when
      the blade is in its fully opened or fully closed positions. A slotted ring
      lock is mounted on the handle about the pivot pin and tang, and the ring
      lock is rotatable with respect to the handle so that its slot is movable
      into and out of alignment with the slot of the handle and the blade, to
      alternately allow passage of the blade as it is folded with respect to the
      handle or to lock the blade in its opened position with respect to the
      handle.
PAR  The handle is formed from investment casting and its back and side plates
      are of unitary construction so that a rigid mounting is provided for the
      blade.
PAR  Thus, it is an object of the present invention to provide an improved
      folding knife which is inexpensive to manufacture, which is convenient to
      use, which is durable, and which includes a locking mechanism for locking
      the blade in its opened position with respect to the handle.
PAR  Other objects, features, and advantages of the present invention will
      become apparent upon reading the following specification, when taken in
      conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the knife with the blade in its opened
      position.
PAR  FIG. 2 is an exploded perspective view of the knife, with a portion of the
      blade removed for clarity.
PAR  FIGS. 3, 4 and 5 are perspective views of the slotted end portion of the
      handle of the knife, with portions of the blade and handle removed for
      clarity.
PAR  FIG. 6 is a side cross-sectional view of the knife at the hinge pin, with
      portions of the blade and handle removed for clarity.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now in more detail to the drawing, wherein like views indicate
      like parts throughout the several views, FIG. 1 illustrates the knife 10
      which includes handle assembly 11 and blade 12. Blade 12 includes main
      body portion 14, back 15, sharpened cutting edge 16, tip 17 at its distal
      end, and tang 18. As is illustrated in FIG. 2, tang 18 is of smaller width
      than the main body portion of blade 12 and includes a concave wedge-shaped
      upper shoulder 19 and the lower shoulder 20 which merge from the sharpened
      cutting edge 16 and back 15 to form a body portion 21 having substantially
      flat opposite sides and a curved or rounded peripheral portion 22.
      Circular aperture 24 extends centrally through the body portion 21, and
      the radius of curvature of the rounded portion 22 of the tang finds its
      center at the center of aperture 24.
PAR  Handle assembly 11 includes a unitary inner handle structure 28 which is
      formed from investment casting. Inner handle 28 includes side walls 29 and
      30, inner wall 31 (FIG. 6), end wall 32 and end bushing or bolster 34 at
      the head portion of the handle. A rectilinear slot 35 is defined by the
      side walls, inner wall and end wall and extends along the length of the
      inner handle and through the bolster 34. The depth of slot 35 is
      sufficient to accommodate a major portion of the width of the blade when
      the blade is folded into the slot, and the slot is of lesser depth in
      bolster 34 (FIG. 6), where it is of a depth approximately equal to the
      width of tang 18 of blade 12.
PAR  The outside or external surface of side walls 29 and 30 of inner handle 28
      are substantially flat and a protrusion 36 extends outwardly from the
      surface of each side wall adjacent the end wall 32. A semi-circular
      shoulder 38 is formed about the external surface of inner handle 28 at the
      slotted end portion of the handle, rearwardly of bolster 34. The
      semi-circular shoulder is undercut (not shown) on opposite sides of the
      inner handle adjacent the flat exterior surfaces of the side walls 29 and
      30.
PAR  Outer handle sections 40 and 41 are mounted on the exterior flat surfaces
      of side walls 29 and 30 of inner handle 28. Each outer handle section 40
      and 41 includes a tongue 42 insertable into the undercut portion (not
      shown) of the semicircular shoulder 38 and a bore 44 insertable over the
      protrusion 36 of the inner handle 28. An adhesive is applied to the facing
      surfaces of the outer handle sections 40 and 41 and the external flat
      surfaces of inner handle side walls 29 and 30 so that the outer handle
      sections 40 and 41 are rigidly secured to the inner handle. The tongue and
      groove fit of the outer handle sections with the inner handle and the
      mounting of the outer handle sections about the protrusions 36 causes the
      outer handle sections to be highly shear resistant with respect to the
      inner handle.
PAR  Bolster 34 of inner handle 28 has a slotted cylindrical exterior surface 45
      and a flat slotted end surface 46. Pivot pin aperture 48 extends through
      bolster 34 and intersects slot 35 inside the handle and the cylindrical
      surface 45 at the external surface of the bolster 34. Pivot pin 49 extends
      through pivot pin aperture 48. Pivot pin 49 is of a diameter only slightly
      smaller than pivot pin aperture 48 and of a length slightly shorter than
      the shortest length of pivot pin aperture 48. Pivot pin 49 is therefore
      rotatable about its longitudinal centerline within the pivot pin aperture
      and can be shifted along its centerline within the aperture. The aperture
      24 of tang 18 of blade 12 is of a diameter approximately equal to the
      diameter of pivot pin aperture 48. Tang 18 is inserted into the slotted
      end portion of inner handle 28 so that its aperture 24 registers with the
      pivot pin aperture 48 of the handle, and pivot pin 49 is inserted through
      the aligned apertures 24 and 48 to hold the blade in a pivotable
      relationship with respect to the handle.
PAR  Ring lock 50 is approximately circular or sleeve-shaped and defines open
      slot 51 which is approximately equal in width to the width of slot 35 of
      inner handle 28. The internal diameter of ring lock 50 is only slightly
      larger than the external diameter of bolster 34, so that ring lock 50 can
      be inserted over bolster 34, against the semi-circular shoulder 38 of
      inner handle 28.
PAR  An undercut arcuate section 52 is defined on the inner face of ring lock 50
      and intersects the front edge 54 and the slot 51. The length of undercut
      section 52 from slot 51 to its shoulder 53 is slightly longer than the
      width of slot 35 of inner handle 28 and its width does not extend the full
      width of ring lock 50, leaving an inwardly extending arcuate protrusion 55
      at the rear edge 56 of the ring lock. The protrusion 55 is coextensive
      with the curved inner surface 58 of the ring lock.
PAR  Retaining cap 59 is mountable on bolster 34. Retaining cap 59 includes a
      slotted disc portion 60 and slotted flange 61. The inside diameter of
      flange 61 is only slightly larger than the outside diameter of bolster 34,
      so that retaining cap fits about the end portion of bolster 34. The slot
      62 is approximately equal in width to the width of slot 35 of inner handle
      28, and slot 62 is slightly deeper than the depth of slot 35 at bolster
      34.
PAR  The flat end surface 46 of bolster 34 defines internally threaded bores 64
      on opposite sides of slot 35, and apertures 65 are formed in retaining cap
      59. When retaining cap 59 is inserted about the bolster 34, the apertures
      65 will register with the internally threaded bores 64 of the bolster.
      Capscrews 66 are provided for rigidly securing endcap 59 to the end
      surface 46 of bolster 34.
PAR  As is illustrated in FIG. 6, slot 35 is deeper in the main portion of inner
      handle 28, and the depth of the slot decreases in the vicinity of bolster
      34. Blind bore 68 is formed in the inner bottom surface of bolster 34, and
      coil compression spring 69 is seated in the bore 68. Ball 70 is mounted on
      coil compression spring 69 and is urged by the spring out of bore 68 into
      engagement with the rounded peripheral portion 22 of tang 18.
PAR  A pair of hemispherical indentations 71 and 72 are formed in the rounded
      peripheral portion 22 of tang 18 on diametrically opposite sides of
      aperture 24 and pivot pin 49. The radius of curvature of the hemispherical
      indentations 71 and 72 is only slightly larger than the radius of
      curvature of ball 70. Thus, the fit between ball 70 and its hemispherical
      indentations in tang 18 is such that the ball tends to hold blade 12
      steady with respect to handle assembly 11. Moreover, since the radius of
      curvature of rounded peripheral portion 22 of tang 18 is constant, the
      force exerted by ball 70 against the rounded peripheral portion 22 of the
      tang tends to steady the blade and keep it from collapsing with respect to
      the handle assembly, but the blade is not biased either toward its closed
      or opened positions with respect to the handle until the ball 70 begins to
      register with either of the hemispherical indentations 71 or 72.
PAR  As is best illustrated in FIGS. 3, 4 and 5, when blade 12 is in its folded
      position with respect to handle assembly 11, the sharpened cutting edge of
      the blade will be located deep within slot 35. The ball 70 (FIG. 6) will
      be urged into the hemispherical indentation 71 of the tang so that the
      blade will tend to remain in its folded position. When the blade 12 is
      pulled out of the slot 35 of the handle assembly 11, the blade will
      initially offer some resistance to unfolding from the handle since the
      tang must push the ball 70 out of the recess of the indentation 71, but
      once the indentation 72 of the tang is completely out of registry with the
      ball 70, the blade will easily fold away from the slot of the handle
      toward its open position. If the blade is released between its fully
      opened or fully closed positions, it will tend to remain in a static
      relationship with respect to the handle since the ball 70 will be
      continuously biased into engagement with the rounded peripheral portion 22
      of the tang 18. As the blade continues to pivot about pivot pin 49 toward
      its extended or open position, the hemispherical indentation 72 will begin
      to register with ball 70, so that the blade will tend to snap into its
      open position.
PAR  When blade 12 is fully opened, it is possible to rotate ring lock 50 about
      bolster 34 in one direction only. Bolster 34 thus functions as a bushing
      both for ring lock 50 and for pivot pin 49. The undercut section 52 of
      ring lock 50 is of a large enough diameter to move over the tang of the
      blade, and the inwardly extending arcuate protrusion 55 of the ring lock
      is able to pass over the narrower rounded peripheral portion of the tang.
      The ring lock 50 can be rotated until the shoulder 53 of the undercut
      portion 52 engages the tang. The undercut section 52 is of a length
      sufficient to allow the unslotted portion of the rotatable ring lock to
      completely cover the slot portion of the rotatable ring lock to completely
      cover the slot 35 of handle assembly 11, but is insufficient to allow the
      open slot 55 to register with the pivot pin aperture 48 of bolster 34.
      Thus, pivot pin aperture 48 is always covered by ring lock 50 and the
      pivot pin will never be lost through slot 55. Ring lock 50 therefore
      functions as a retaining means to retain pivot pin 49 inside its pivot pin
      aperture.
PAR  When ring lock 50 is rotated so that its slot 51 is out of registry with
      the slot 35 of handle assembly 11 and the plane of blade 12, the blade 12
      is locked in its opened position with respect to handle assembly 11. When
      ring lock 50 is rotated in the opposite direction so that its slot 55
      registers with slot 35 of the handle assembly, the blade can be folded
      into the slot. When the blade is folded into its slot, as illustrated in
      FIG. 3, the inwardly extending arcuate protrusion 55 of the ring lock
      cannot move across tang 18 since the portion of the tang 18 adjacent the
      arcuate protrusion 55 extends above the inner surface of the arcuate
      protrusion. Thus, the blade 12 of the knife can be locked in its opened
      position, but cannot be locked in its closed position by ring lock 50.
PAR  While this invention has been described in detail with particular reference
      to preferred embodiments thereof, it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention as described hereinbefore and as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A knife comprising a handle defining a blade slot extending along its
      length and through an end portion thereof, a pivot pin aperture extending
      through the slotted end portion of said handle, a blade including an
      apertured tang, said apertured tang positioned in the blade slot of said
      handle with its aperture in alignment with said pivot pin aperture, a
      pivot pin extending through the aperture of said tang and the pivot pin
      aperture of said handle, said pivot pin being movable along its length and
      rotatable about its longitudinal axis in the pivot pin aperture of said
      handle, a slotted ring lock rotatably mounted on and extending about the
      slotted end of said handle over the ends of said pivot pin, whereby the
      ring lock confines the pivot pin in the handle and the blade is pivotable
      about the pivot pin between a closed position where an edge portion
      thereof is located in the slot of the handle and an open position where it
      is coextensive with the handle.
NUM  2.
PAR  2. The knife as set forth in claim 1 and wherein said slotted ring lock is
      rotatable about the handle only when the blade is open and coextensive
      with the handle whereby the slot of the bolster is movable out of
      alignment with the slot of the handle to lock the blade open with respect
      to the handle.
NUM  3.
PAR  3. The knife as set forth in claim 1 and wherein the tang of said blade
      defines a pair of indentations therein on opposite sides of the aperture
      of the tang, and wherein the handle includes a movable protrusion and
      spring means biasing said protrusion toward engagement with the path of
      the indentations as the blade is pivoted in the handle, whereby the
      protrusion becomes biased in one of the indentations to releasably hold
      the blade in a fixed position with respect to the handle.
NUM  4.
PAR  4. The knife of claim 1 and wherein said tang defines a rounded peripheral
      portion and hemispherical indentations are formed on opposite sides of the
      aperture of the tang in its rounded peripheral portion, and wherein said
      handle includes a bore at its slotted end portion, a spring seated in said
      bore, and a ball seated on said spring and biased by said spring into
      engagement with the rounded peripheral portion of said tang, whereby the
      ball registers with the indentations of the tang when the blade is pivoted
      with respect to the handle.
NUM  5.
PAR  5. A knife comprising a handle defining a blade-receiving slot extending
      along its length and through one end portion thereof, a blade including a
      tang pivotally mounted in the blade slot of the slotted end portion of
      said handle and said blade being movable between a closed position with an
      edge in said blade slot and an opened position where it is coextensive
      with said handle, said tang being rounded about its end away from the
      distal end of the blade, and a sleeve-shaped ring lock rotatably mounted
      about the slotted end portion of said handle, said ring lock defining an
      open slot alignable with the blade slot of said handle and including an
      undercut arcuate section exetnding from its slot and the front edge of the
      ring lock about a portion of its inner surface, and an inwardly extending
      arcuate protrusion adjacent the undercut section at the rear edge of the
      ring lock, whereby when the blade is opened from the handle where it is
      coextensive with the handle, the ring lock is rotatable about the slotted
      end portion of the handle with its undercut arcuate section movable over
      the tang of the blade and the inwardly extending arcuate protrusion
      movable over the rounded end portion of the tang, and when the blade is
      closed into the blade slot of the handle, the ring lock is not rotatable
      about the slotted end portion of the handle since the inwardly extending
      arcuate protrusion cannot move over the tang of the blade.
NUM  6.
PAR  6. A knife comprising a handle defining a blade receiving a slot extending
      along its length and through an end portion thereof, a blade including a
      tang inserted into the slotted end portion of said handle, the slotted end
      portion of said handle and the tang of said blade each defining aligned
      openings, and a pivot pin positioned in said aligned openings, said pivot
      pin being movable along its longitudinal axis with respect to said handle,
      a ring lock rotatably mounted on the slotted end portion of said handle
      about the ends of said pivot pin and confining said pivot pin in said
      aligned openings, said ring lock defining a slot therein rotatable into
      and out of alignment with the blade-receiving slot of said handle, and
      means for limiting the rotation of said ring lock with respect to said
      handle whereby the slot of the ring lock does not move into alignment with
      said pivot pin.
NUM  7.
PAR  7. In a knife structure comprising a handle and a blade foldably connected
      to one end portion of the handle, the improvement therein of said handle
      including a unitary inner handle with side walls and a back wall extending
      along its length and defining a blade receiving slot and an approximately
      cylindrical head portion at one end, said slot extending through said head
      portion at a depth less than the depth at which it is formed between said
      side walls, a blade pivot pin supported at its ends in said head portion
      and extending through said slot and movable along its longitudinal axis
      through said head portion, said head portion defining a spring bore
      therein, a coil compression spring mounted in said spring bore and a ball
      member positined between said spring and said blade and biased by the
      spring into engagement with said blade to yieldably restrain the movement
      of the blade with respect to the handle, and a ring lock defining a slot
      therein rotatably mounted on and extending about said approximately
      cylindrical head portion of said handle and about the ends of said pivot
      pin and about said coil compression spring, said ring lock being rotatably
      about said handle to register its slot with the blade receiving slot of
      said handle to permit the blade to fold through its slot or to move its
      slot out of registration with the blade receiving slot of said handle to
      lock the blade with respect to said handle, and means for limiting the
      rotation of said ring lock with respect to said handle whereby the slot of
      the ring lock does not move into alignment with said pivot pin.
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ABST
PAL  A portable power tool having an annular ring tool, such as a saw blade or
      grinding wheel, driven on its periphery by a power unit. A ring tool
      housing carries the ring tool and is mounted to the power unit, the latter
      having a drive shaft roller which frictionally engages one surface of the
      ring tool. Ring tool guide bearings and ring tool support bearings oppose
      and cooperate with the drive roller to retain the ring tool within the
      housing during its rotation.
PAL  The driven shaft axis is canted at an angle extending beyond the center of
      the ring tool or toward the working side of the ring tool to counteract
      the torque forces produced by the working operation. Means are also
      provided to vary the drive roller pressure on the ring tool to balance the
      torque or, alternatively, to vary the drive shaft axis angle to balance
      the torque thereby producing dynamic stability during the working
      operation regardless of work piece resistance.
PARN
PAR  This application is a continuation of application Ser. No. 166,783, filed
      Dec. 11, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. Nos. 2,972,363 and 3,438,410 disclose annular ring saws which
      employ apertured circular blades. These portable power saws permit a depth
      of cut greater than the radius of the blade.
PAR  The ring blades shown in these two patents are each peripherally driven by
      a power roller. Each blade has grooves formed in its upper and/or lower
      blade surfaces to accommodate blade guide rollers which maintain the blade
      virtual axial displacement as it is rotationally driven about its virtuall
      axis. Blade support rollers also act similarly on the blade's inner
      periphery to prevent radial displacement.
PAR  When a tree or other workpiece is being out by the power saw, the high
      speed blade encounters considerable resistance from the workpiece. These
      reaction forces act to shift the virtual axis of the ring blade in a
      direction opposite to that of blade rotation. In the two previously
      mentioned patents, these reaction forces are primarily opposed by the
      operator himself, resulting in fatigue, and by the blade guide and blade
      support rollers.
PAR  However, experience has shown that, due to the blade's high speed, the
      reaction forces tend to quickly heat and wear the grooves in the blade and
      to heat and wear the guide and support rollers themselves. This wearing
      action produces undesired blade vibration and poor cutting action. The
      solution of strengthening the blade, its grooves and the rollers is
      unsatisfactory for commercial reasons. Portable power saws of the ring
      type must be extremely light in order to compete with currently marketed
      saws, such as chain saws or circular saws which weigh as little as 61/2
      lbs. Therefore, adding more weight and/or substituting more expensive heat
      dissipating materials is an unsatisfactory solution to the problem of
      dynamic operational instability and rapid blade groove and roller wear.
PAR  It is an object of this invention to provide means for dynamically
      stabilizing the power tool so that the aforementioned wear problems are
      eliminated or at least greatly reduced.
PAR  Another object is to provide dynamic stabilizing means which permits a
      reduction of the weight, power requirement and manufacturing cost of the
      power tool and especially which permits the use of a very thin saw blade,
      grinding wheel or other ring tool.
PAR  A further object is to provide a power tool which has many advanced
      features such as means for rapidly inserting and withdrawing the ring tool
      from its housing, means for self-lubricating the ring tool and the
      rollers, means for preventing the build-up of waste on the power tool's
      moving parts, and safety means causing the drive roller to slip on the
      ring tool when excessive load occurs.
PAC  SUMMARY OF THE INVENTION
PAR  This invention includes significant improvements on and advantages over the
      ring saws shown and described in U.S. Pat. Nos. 2,972,363 and 3,438,410.
      Certain similarities do appear, however, and reference is hereby made to
      those patents to eliminate the need to repeat herein the disclosures of
      those patents.
PAR  This invention covers a power tool which utilizes a peripherally driven
      annular ring tool. The ring tool may take the form of a saw blade, a
      grinding wheel or any other annulus which has working means on its inner
      or outer edges or on its upper or lower flat surfaces. For convenience,
      the description herein shall refer to the saw blade embodiment, but it
      will be understood that no limitation is intended thereby.
PAR  The chief inventive feature of this invention is the provision of means to
      produce stability of the ring blade during the cutting operation. The
      invention takes several forms all of which act on the ring blade to
      counteract the torque effect caused by the resistance reaction forces
      generated at the blade-workpiece interface. In one form of the invention
      the drive roller axis is canted toward the cutting side of the blade
      center so that the drive roller produces a force on the saw blade having a
      tangential component for rotating the saw blade and a radial component
      tending to counteract the torque effect or the workpiece resistance.
PAR  Another form of the invention provides dynamic stabilization to balance the
      constantly fluctuating workpiece resistance forces. The dynamic
      stabilizing feature produces continuous variation of the drive roller
      pressure on the blade or produces continuous variation of the drive shaft
      axis angle relative to the drive shaft radial angle. Either mode of
      operation varies the radial force vector applied by the drive roller to
      the blade to balance the workpiece resistance torque forces.
PAR  A third stabilizing feature of the invention operates to produce stability
      of the drive axis is directed radially toward the center of the blade. A
      cam drive unit couples the drive roller to the motor so that the drive
      roller reciprocates along the drive axis in response to flucuations in
      workpiece resistance torque forces. As the drive roller moves up and down
      the drive axis it produces a radial force on the saw blade.
PAR  Finally, where the drive axis is radially directed, it may be angled,
      relative to saw blade plane, so that it intercepts the plane beyond the
      center of the blade. For a given force directed along the drive axis on
      the blade a larger inward radial force is produced.
PAR  Other new features of this invention include an improved blade housing,
      improved blade guide and blade support bearings, means for varying drive
      roller pressure on the blade, means for varying the drive shaft axis
      angle, means for inserting and withdrawing the blade from the blade
      housing, roller wiping means and roller lubricating means, and means for
      assembling the blade housing to the power unit.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the portable power saw of this invention;
PAR  FIG. 2 is a top plan view of the saw of FIG. 1 showing the spacer plate and
      blade guard in their normal positions prior to cutting and (in phantom)
      pivoted to their extreme operating positions as would occur at the end of
      the cutting operation;
PAR  FIG. 3 is a view in section of the drive roller-opposing roller combination
      taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a view in section of the blade support roller combination taken
      along line 4--4 of FIG. 2;
PAR  FIG. 5 is a top plan view of the power saw of FIG. 2 showing the various
      force and resultant vectors which are applied to the ring blade during the
      cutting operation, and the position (in phantom) the blade is impelled
      toward by the workpiece reaction forces;
PAR  FIG. 6A is a schematic view showing a blade housing having an edge forming
      a chord across the blade periphery, said housing edge supporting workpiece
      travel during the cutting operation;
PAR  FIG. 6B is a schematic view of a modified blade housing similar to FIG. 6A
      except for a concave portion formed in the housing edge within the blade's
      central aperture;
PAR  FIG. 6C is schematic view of another modified blade housing similar to FIG.
      6B except for the elimination of a portion of the housing on the trailing
      side thereof;
PAR  FIG. 7A is an elevational view of a pair of conical blade guide rollers
      with converging axes;
PAR  FIG. 7B is an elevational view of two pairs of blade guide rollers with
      substantially parallel radial axes;
PAR  FIG. 7C is an elevational view, in section, of a pair of block-type,
      self-lubricated blade guide bearings; FIG. 8A is a schematic view of a
      blade housing with a portion cut away to show the combination of a upper
      blade guide roller and a lower blade support roller;
PAR  FIG. 8B is a view in section taken along line 8B--8B of FIG. 8A;
PAR  FIG. 8C is a view similar to FIG. 8B except that the upper roller has the
      supporting end flange instead of the lower roller;
PAR  FIG. 8D is a schematic view of a blade housing with a portion cut away to
      show the combination of an upper blade guide roller and a pair of double
      flanged blade support rollers;
PAR  FIG. 8E is a view in section taken along line 8E--8E of FIG. 8D;
PAR  FIg. 8F is a view similar to FIG. 8E except that a beveled blade support
      roller is substituted for the double flanged rollers;
PAR  FIG. 8G is a schematic view of a blade housing with a portion cut away to
      show a stationary self-lubricated bearing block which acts as a blade
      support;
PAR  FIG. 8H is a view in section taken along line 8H--8H of FIG. 8G;
PAR  FIG. 8I is a side elevational view similar to FIG. 8B with the
      roller-groove relationship enlarged for purposes of clarity;
PAR  FIG. 9 is a top plan view of a modified embodiment of the power saw wherein
      the blade housing is mounted on the power unit by means of a pair of
      aligned pivots which are substantially perpendicular to the plane of the
      blade, said pivots permitting the drive shaft axis to vary with respect to
      the position of drive shaft axis intersection of the blade's virtual axis.
      The power saw is shown in its maximum variance position which it would
      assume under heavy load, and (in phantom) in its minimum variance position
      which it would assume under very light or no load;
PAR  FIg. 10A is a simplified top plan view of the power saw of FIG. 2 with a
      portion of the blade housing cut away to show the cam means for advancing
      the drive roller toward the blade interior. The no load position is shown
      and the heavy load position is shown in phantom;
PAR  FIG. 10B is a view in section taken along the drive shaft axis of FIG. 10A;
PAR  FIG. 11A is a simplified top plan view of another embodiment of the power
      saw wherein the blade housing is pivoted to the power unit by a pivot pin
      located below the blade, substantially parallel to the plane of the blade
      and substantially perpendicular to the drive shaft axis.
PAR  FIG. 11B is a view in section taken along the drive shaft axis of FIG. 11A.
      The blade removal position is shown in phantom;
PAR  FIG. 12A is a simplified top plan view of yet another embodiment of the
      power saw wherein the blade housing is pivoted to the power unit by a
      pivot pin located below the blade. The pivot pin is substantially parallel
      to the plane of the blade and to the drive shaft axis;
PAR  FIG. 12B is a front elevational view of the power saw shown in FIG. 12A as
      viewed from the blade center. The blade removal position is shown in
      phantom;
PAR  FIG. 13 is a simplified from elevational view of the power saw of FIGS. 1
      and 2 as viewed from the blade center showing means for mounting the blade
      housing on the power unit. The dismounting position is shown in phantom.
PAR  FIG. 14 is a simplified front elevational view as viewed from the blade
      center of another embodiment of the means for mounting the blade housing
      on the power unit;
PAR  FIGS. 15A, 15B, and 15C are side elevational views of three alternative
      embodiments of the blade support roller combination unit shown in FIG. 4.
      These views show pivoted, spring-loaded and screw threaded means for
      retracting the upper blade guide roller to permit blade changing;
PAR  FIG. 16 is a perspective view of the wiping blade mounted on the blade
      housing which clears waste from the rollers and the blade; and
PAR  FIG. 17 is a perspective view of the lubricating pad which contacts the
      upper and/or lower surfaces of the ring blade.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  One preferred embodiment of the power saw of this invention is clearly
      shown in FIGS. 1 and 2. Many of the features are conventional and shall be
      only briefly described. It will be understood that although a power saw is
      herein described, it is intended that the invention applies equally to
      other power tools utilizing annular ring tools.
PAR  A power unit 20 includes a motor housing 21 which has a left handle 22 for
      the operator's lift hand and a right handle 24 for his right hand. A motor
      26 is mounted within the motor housing 21 and may take the form of an
      electric motor, a gasoline engine, a pneumatic engine or the like. No
      matter which its form, the power unit 20 has a drive shaft 28 and a drive
      roller 30 mounted on the drive shaft.
PAR  A blade housing 32 is mounted on the power unit 20 by means of an
      intermediate mounting plate 34. Blade housing 32 is shaped to accommodate
      ring blade 36. The housing covers a minor portion of the periphery of
      blade 36 and is slotted to permit rotation of the blade within the housing
      interior. Blade housing 32 has a straight edge portion 38 which is adapted
      to support the workpiece as the cutting action proceeds. As can be seen in
      FIGS. 6A, 6B, and 6C, the straight edge portion 38 can form an entire
      chord 40 (FIG. 6A), can have a concavity 42 at its midpoint and be
      optionally set back on the trailing edge 44 (FIG. 6B) and can have the
      trailing portion eliminated entirely to save weight (FIG. 6C).
PAR  The ring blade 36 has teeth 46 on its outer periphery and a rim 48 on its
      inner periphery. It will be understood that the blade could have teeth
      extending normal to the plane of the blade, could have an abrasive crown
      or other means for working in either the axial or radial directions. The
      blade 36 is an annulus or ring with its center portion clear except for a
      spacer plate 50 which is pivoted on blade housing 32 by pivot pin 52. The
      function of spacer plate 50 is to prevent the leading portion of the
      workpiece cut from closing on itself before it encounters the non-cutting
      side of the ring blade. A safety guard 54 is pivoted on blade housing 32
      by pivot pin 56 and swings clear as the workpiece passes the non-cutting
      side of the ring blade.
PAR  Drive roller 30 frictionally engages the upper surface of blade 36 as can
      be seen in FIG. 3. Drive roller 30 is conically shaped with the drive
      shaft axis pointing downward to intersect the ring blade plane. Rotation
      of drive roller 30 causes ring blade 36 to revolve in a counterclockwise
      direction about its virtual axis 58 which is an imaginary line running
      perpendicular to the ring blade plane through the center 60 of the blade.
      Obviously, a mirror image construction of the power saw of FIG. 1 would
      revolve the saw blade in a clockwise direction.
PAR  Two types of rollers or stationary bearings are provided in the blade
      housing to support the ring blade against axial and radial displacement
      during the cutting operation. These two functions can also be combined in
      the same roller. The blade guide rollers support the blade against axial
      displacement by rolling on planar blade surfaces. These blade planar
      surfaces comprise the flat of the blade. They do not include the bottoms
      of a groove which are constructed with clearance because of dust build-up
      problems. In FIGS. 1 and 2, blade guide rollers are upper rollers 62 and
      64 and lower roller 66. Other guide rollers are employed but are not shown
      in the drawings. The upper guide rollers roll on the flat of blade 36. The
      lower rollers roll on the flat of the blade and in circular groove 68 as
      shown in FIGS. 1 and 3. The primary function of these rollers is to
      prevent axial displacement of the blade which occurs when the blade is
      twisted or when a force is applied at an angle to the plane of the blade.
PAR  FIGS. 7A, 7B, and 7C show other alternative embodiments of the blade guide
      means utilizing both upper and lower grooves, various shaped rollers and,
      in FIG. 7C, an opposed pair of self-lubricating stationary bearings. It is
      important to understand that all guiding support is provided against the
      flat of the blade and that the function of the grooves in FIGS. 7A, 7B,
      and 7C is entirely to oppose radial movement of the blade outward away
      from the center.
PAR  The blade support rollers support the blade against radial displacement,
      primarily against radial displacement toward the blade center which is the
      major reaction to the cutting load. The blade support rollers roll on the
      inner periphery or rim 48 of the blade. In FIGS. 1 and 2, blade support
      roller 70 is coupled with upper blade guide roller 64 as can best be seen
      in FIG. 4. Blade support roller 70 has an end flange 72 which bears
      against blade rim 48 to oppose centrally directed forces. Roller 72 also
      has projecting ridge 74 which turns within groove 68. It will be seen in
      FIG. 8I that the purpose of ridge 74 is to oppose extraordinary forces
      directed radially away from the blade center. It will be seen that when
      the blade moves centrally, end flange 72 bears against rim 48 while
      clearance remains between ridge 74 and the outer groove wall 76 to prevent
      groove wear and heat. On the other hand, when the blade moves radially
      outward, the ridge 74 bears against the groove inner wall 78. Both the
      inner groove wall 78 and the ridge portion against which it bears are
      beveled as shown in FIG. 8I to also produce an axial restraint component
      downward. Furthermore, blade rim 48 and the end flange portion against
      which it bears are beveled as shown in FIG. 8I to reduce friction and
      resultant heat.
PAR  FIGS. 8B, 8C, 8E, and 8F show other alternative embodiments of blade
      support rollers and FIG. 8H shows a stationary self-lubricated bearing
      having overlying flange elements to restrain axial blade displacement as
      well as centrally directed radial displacement.
PAR  It is important to note that, as shown in FIGS. 2, 5, and 9 and others, a
      blade support means 70 is provided on blade rim 48 at some point between
      the drive roller-blade interface and the straight edge portion 38 of the
      blade housing 21. In other words, this invention requires a blade support
      means to act upon the inner blade rim 48 on the cutting side of the blade
      relative to the drive roller 30. This blade support roller 70 and
      specifically its end flange 72 acts as a fulcrum about which the workpiece
      resistance forces act and the drive roller radial forces counteract as
      will be explained more fully subsequently. It should be understood that
      only one blade support means is needed to satisfactorily operate the power
      saw of this invention.
PAR  Referring now to FIG. 5, the theory of this invention shall now be
      explained. This theory has been proven by extensive testing. Drive roller
      30 engages the upper surface of blade 36 testing. Drive roller 30 engages
      the upper surface of blade 36 and produces a tangential driving force
      P.sub.1. This force is transmitted to workpiece 80 by each blade tooth
      which cuts the wood. Therefore, in accordance with Newton's third law, the
      workpiece produces resistance or reaction vector forces on each tooth
      represented by the equation R.sub.1.sup.(1) + R.sub.1.sup.(2) . . . +
      R.sub.1.sup.(n) = R.sub.1. Theoretically, P.sub.1 =R.sub.1 and both forces
      are tangential. In practice, though, P.sub.1 varies from R.sub.1, because
      of friction and other losses.
PAR  Also, the operator exerts a force P.sub.3 against the workpiece which is
      resisted by reaction vector R.sub.2. The vectorial sum of the reaction
      vector forces is R.sub.1 + R.sub.2 = R.sub.T. It will be seen that R.sub.T
      produces torque about blade support means 70 which acts as a fulcrum
      point. The moment of this torque urges blade 36 to rotate about fulcrum
      point 70 so that the blade's virtual axis 58 tends to rotate toward offset
      virtual axis 82 which is a point on a circle the center of which is
      fulcrum 70.
PAR  The counterbalancing torque for the torque produced by R.sub.T about the
      pivot 70 is produced by the force exerted by the drive roller on the saw
      blade.
PAR  For example, if the drive roller axis is directed radially toward the
      center of the ring blade, and the drive roller pressure against the saw
      blade is constant, the drive roller, generates only a tangential force
      P.sub.1 to rotate the blade. While the force P.sub.1 produces a torque
      around the pivot 70, tending to balance the torque produced by R.sub.T, it
      is not capable of providing a complete balance for the following reasons.
PAR  Assuming, for the sake of this discussion, that friction and other losses
      are ignored, then P.sub.1 =R.sub.1, and P.sub.1 is therefore less than
      R.sub.T.
PAR  The pivot 70 is generally closer to the drive roller than to the center of
      the workpiece (see FIG. 5) so that the moment arm of P.sub.1 about the
      pivot 70 is smaller than that of R.sub.T.
PAR  As mentioned previously the saw blade tends to rotate around the pivot 70.
      The saw blade is stopped from rotating primarily by the action of the
      ridge 74 against the groove 78 (as in FIG. 8I). Under these conditions the
      life of the saw blade is short. In practice, the groove 78, and/or the
      ridge 74 are worn out as a effective restrainting in a short period of
      time. The alternative to blancing the torque produced by the workpiece
      restraining force is a thicker, heavier saw blade both factors
      contributing to poorer performance and added expence.
PAR  To provide a torque balance (i) the force generated by the drive roller may
      be increased, (ii) the moment arm of the drive roller may be increased,
      (iii) both the force and the moment arm may be increased, (iv) by
      generating a radial force toward the center of the saw blade that is
      independant of drive roller pressure, and (v) by angling the drive axis
      beyond the center of the saw blade, see the axis 59 in 10B.
PAC  MEANS FOR INCREASING THE DRIVE ROLLER FORCE AND MOMENT ARM
PAR  If the axis of the drive roller is fixed so that it intersects the blade's
      plane in what is described as the infinate working quadrant shown as Q is
      FIGS. 1 and 2, P.sub.1 becomes one vector component of the force P.sub.T
      produced by the drive roller. Additionally, note that the moment arm of
      P.sub.T is longer than the moment arm of P.sub.1.
PAR  This quadrant Q is the domain contained between lines X and Y which have
      their mutual starting points at the midpoint M of the drive roller - ring
      blade interface. Line X has infinate length toward the cutting side of the
      blade and line Y has infinite length toward the center of the blade. It is
      most important to be clear that the domain does not include the center
      point 60 of the ringblade, the radios R of the mid-point and the point at
      infinity of line Y. It will also be understood that parallel lines
      intersect at infinity.
PAR  Accordingly, referring again to FIG. 5, if the drive shaft axis is so
      angled, a force component P.sub.2 will be generated radially to supplement
      force P.sub.1 about fulcrum 70. The vectorial sum of the power drive
      forces is P.sub.1 + P.sub.2 = P.sub.T. Additionally, note that the moment
      arm of P.sub.T is longer than the moment arm of P.sub.1.
PAR  If R.sub.T were, a perfect balance can be obtained by a judicious selection
      of the angle between the drive roller axis and the radius of the saw
      blade. Since R.sub.T is not constant the angle is adjusted so that a
      perfect balance may be created for the average magnitude of R.sub.T.
PAR  Experimentally, this blalance is achieved with a 2.degree.-5.degree.
      contation angle if the pivot 70 is angularly displaced approximately
      40.degree. from the mid-point of the drive roller.
PAR  Another important feature of the invention is to provide a means for
      automatically varying the force P.sub.T as R.sub.T varies, through
      variations in P.sub.2, in three ways singly or in combination. Recalling
      that P.sub.1 is essentially equal to R.sub.1 and assumed approximately a
      constant, the magnitude of P.sub.2 may be varied dynamically by changing
      the angle so the drive roller axis (See the vector relationship in FIG. 5)
      or by adjusting the pressure of the drive roller on the saw blade, or by
      causing the drive roller to move radially in response to changes in the
      workpiece resistance forces.
PAC  AUTOMATIC DYNAMIC VARIATION IN DRIVE SHAFT AXIS
PAR  Referring now to FIG. 9, an embodiment of the invention provides pivot
      means which semi-automatically varies the drive shaft axis angular
      displacement relative to the position of the drive shaft axis intersection
      of the ring tool virtual axis. The automatic operation is operator-aided.
      This embodiment employs a pair of aligned pivot pins 112 which permits
      blade housing 32 to pivot relative to power unit 20 so that drive shaft 28
      which carries roller 30 pivots on blade 36. A spring 114 exerts a pre-load
      to urge the power unit 20 against minimum variance limit 116 which is a
      shoulder formed on blade housing 32. A similar maximum variance limit 118
      is a shoulder formed on the other side of the blade housing. Clearly, the
      maximum and minimum variance limits maybe on the same side of the housing.
PAR  Pivot pins 112 are disposed substantially parallel to the virtual axis 58
      and preferably are aligned with the drive roller mid-point as shown in
      FIG. 9. Of course, one larger pivot pin could be employed, but two aligned
      pins have proven preferable in practice. A large fixed spacer plate 120 is
      shown in this embodiment.
PAR  The purpose of the limits is to ensure that under all blade loadings the
      drive shaft axis is angled into quadrant Q. As the workpiece is cut, the
      blade loading increases and it will be seen that the blade housing is
      urged in a clockwise direction about pivot pins 112. Then, as cutting
      proceeds and the blade loading varies, the drive shaft axis angle varies
      to balance the torque forces about fulcrum 70.
PAC  AUTOMATIC DYNAMIC VARIATION IN DRIVE ROLLER PRESSURE
PAR  Referring now to FIGS. 10A and 10B, one embodiment of this invention
      provides a cam means incorporated in the drive shaft-drive roller
      assembly. A cam 84 is fixed to the drive shaft 28 and a cam follower 86 is
      fixed to the drive roller 30. As the drive shaft rotates under blade load,
      its trailing shoulder 88 bears against follower 86 and cams the drive
      roller radially toward the blade center and into increased pressure
      engagement with the blade 36. When blade loading is decreased, the blade
      tends to increase its speed and cam follower 86 revolves relative to cam
      84 whereby its leading shoulder 90 bears against follower 86 and cams
      drive roller radially away from the blade center decreasing the pressure
      engagement with the blade 36.
PAR  It will be seen that shaft 28 has a safety flange 92 limiting the pressure
      applied by drive roller 30. Also blade guide roller 66 has a rim flange 94
      which limits an excess of blade movement radially toward the blade center.
      Of course, this blade movement is primarily opposed by the resistance
      torque.
PAR  Independent of the variation in drive roller pressure caused by the axial
      movement of the drive roller on its drive axis, this axial movement, per
      se, creates an axially directed frictional force on the saw blade.
      Obviously if the drive axis intercepts the virtual axis of the saw blade,
      the frictional force is an added radial force.
PAR  The FIGS. 10A and 10B embodiment illustrates the feature whereby the drive
      axis is angled beyond the center of the saw blade. See axis 59. The
      aforementioned frictional force per unit axial movement of the drive
      roller increases as the angle .alpha. increases.
PAR  The foregoing discussion with respect to FIGS. 10A and 10B illustrate the
      important consideration, namely that (i) the cantation of the drive shaft
      angle (ii) the increase in drive roller pressure, (iii) the frictional
      force produced by the axial movement of the drive roller and (iv) the
      angling of the drive axis beyond the center of saw blade, may be used
      singly or in combination.
PAR  Referring now to FIGS. 11A and 11B, another embodiment of the invention
      provides pivot means which automatically varies the pressure the drive
      roller applies to the ring blade. This embodiment employs a pivot pin 96
      which permits blade housing 32 to carry blade guide roller 66 upwardly to
      raise blade 36 into firmer engagement with drive roller 30. A spring 98
      exerts a pre-load on pivoted blade housing 32 to ensure a minimum pressure
      between the drive roller and the blade. A pivoted handle 100 is provided
      to permit quick blade insertion and withdrawal.
PAR  Pivot pin 96 is disposed substantially parallel to the blade plane and
      substantially perpendicular to the drive shaft axis.
PAR  The pivot pin 96 is spaced further from the center of the saw blade than is
      the mid-point of the drive roller-saw blade interface P.
PAR  It will be seen that as resistance torque increases, blade 36 will tend to
      move radially away from the blade center at the drive roller-blade
      interface. Thus, as FIG. 11B clearly shows both the frictional engagement
      between roller 66 and the blade underside as well as the ridge 102
      engagement in blade groove 68 force the blade housing 32 to rotate
      clockwise and force the blade into greater pressure engagement with the
      drive roller 30 in direct relation to this radial blade movement in a
      completely automatic operation.
PAR  It will be understood that pivot point can alternately be disposed on the
      same side of the drive roller or in line with the plane of the saw blade,
      to increase or decrease the drive roller pressure automatically.
PAR  This FIGS. 11A and 11B concept may be used in combination with the other
      described means for varying torque.
PAR  Referring now to FIGS. 12A and 12B, another embodiment of the invention
      provides pivot means which automatically varies the pressure the drive
      roller applies to the ring blade. This embodiment employs a pivot pin 104
      which permits blade housing 32 to carry blade guide roller 66 upwardly to
      raise or lower the blade 36 into firmer or looser engagement with drive
      roller 30. A spring 106 exerts a pre-load on pivoted blade housing 32 to
      ensure a minimum pressure between the drive roller and the blade. A
      pivoted handle 108 is provided to permit quick blade insertion and with
      drawal.
PAR  Pivot pin 104 is disposed substantially parallel to the blade plane and
      substantially parallel to the drive shaft axis. It will be seen that as
      the blade loading is increased by workpiece resistance, the frictional
      force created by the engagement between roller 66 and the lower side of
      blade 36 rotates roller 66 upwardly about pivot pin 104 to press the blade
      tightly against drive roller 30. This is a completely automatic operation
      and occurs for all blade loadings except when the blade fully stops and
      the driving wheel slips Upon such blade stoppage, the frictional
      engagement ceases leaving only the pre-load pressure of spring 106.
PAR  Analagous to the FIGS. 11A and 11B embodiment, a pivot may be associated
      with the drive roller to utilize the frictional force derived from the
      intersection of the drive roller on the upper side of the saw blade.
PAR  It will be seen in FIG. 12B that pivot pin 104 must be located on the side
      of the blade opposite to that of the drive roller and toward the cutting
      side of the blade. That is, an upward projection of the pivot pin 104 on
      the ring blade when viewed in plan from above (as shown in FIG. 12A) shows
      the pin to be between the drive roller-ring tool interface and the cutting
      side of the blade.
PAR  Also as in the power saws of FIGS. 10A and 11A, the drive shaft axis is
      angled into quadrant Q.
PAC  QUICK BLADE RELEASE MEANS
PAR  Referring now to FIGS. 15A, 15B, and 15C, various means for removing the
      upper roller of a roller pair are shown to facilitate fast blade insertion
      and withdrawal. Specifically, FIG. 15A shows a portion 122 pivoted to
      blade housing 32 by pivot pin 124. Actuation of locking handle 126 permits
      portion 122 to be pivoted clear of blade 36.
PAR  FIG. 15B shows a flanged cap 128 mounted on the end of roller shaft 129
      which is sping-loaded by spring 130. Actuation of pivoted handle 132
      retracts shaft 129 and the upper roller to permit blade insertion and
      withdrawal.
PAR  FIG. 15C is very similar to the removal device of FIG. 15B except that a
      threaded shaft 134 is revolved by handle 136 and another handle 138
      preforms a locking function.
PAR  FIG. 13 shows one embodiment wherein blade housing 32 is mounted on power
      unit 20 by means of a pivot pin 140 fixed in the power unit. The housing
      is pushed onto pin 140 and is swung upwardly whereby its slot 142 engages
      headed shaft 144 which is then locked to the slot by handle 146. This is
      an extremely quick-acting disassembly means by which the entire housing
      and ring blade are removed in one motion from the power unit. A spring may
      operate in association with handle 146 or substituted for handle 146 to
      preload the drive roller.
PAR  FIG. 14 shows another embodiment wherein blade housing 32 is mounter on
      power unit 20. As can be clearly seen, the housing is slid onto one or
      more shafts 148 which are fixed in the power unit and the assembly is
      secured together by wing nuts 150. A spring interconnecting handle 132 to
      the housing will preload the drive roller.
PAC  WIPER BLADES AND LUBRICATION
PAR  FIG. 16 shows the wiper blades 152 which are employed to prevent cutting
      waste form building up on the rollers and on the saw blade.
PAR  FIG. 17 shows the self-lubricated pads 154 which lubricate all moving
      components of the power saw.
PAR  The invention has been illustrated through the use of a single drive motor.
      This is not a limitation In providing a stationary, "bench," tool added
      power may be provided to the ring tool by a second motor and drive roller
      located, for example on the same side or beneath the ring tool.
PAR  The above description obviously suggests many possible variations and
      modifications of this invention which would not depart from its spirit and
      scope. It should be understood, therefore, that the invention is not
      limited in its application to the details of structure specifically
      described or illustrated and that within the scope of the appended claims,
      it may be practiced otherwise than as specifically described or
      illustrated.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a manual annular ring tool power saw having a housing for supporting
      the annular ring tool and a power unit mounted on the housing, an improved
      ring tool stablization means comprising:
PA1  a two-piece ring tool housing interconnected by a pivot means for
      permitting the two pieces of said housing to pivot toward and away from
      each other and preload means for urging said two pieces toward each other;
PA1  an annular ring tool detachably retained in said housing;
PA1  a power unit mounted on one piece of said housing, said power unit having a
      drive shaft terminated in a drive roller thereon adapted to engage one
      side of the ring tool to rotate the ring tool about its virtual axis, said
      drive roller being located relative to said pivot such that workpiece
      resistance forces produce a torque about said pivot for moving said
      housing pieces toward each other; and
PA1  a ring tool support means mounted on said other housing piece adapted to
      engage the opposite side of the ring tool, said support means in
      combination with the drive roller forming the driving pressure applied by
      the drive roller to the ring tool, said support means being responsive to
      increases and decreases in workpiece resistance forces for causing said
      housing pieces to pivot toward and away from each other for increasing and
      decreasing the driving pressure of the drive roller on the ring tool.
NUM  2.
PAR  2. The power tool of claim 1 wherein said pivot means is substantially
      parallel to the ring tool plane and substantially perpendicular to the
      drive shaft axis.
NUM  3.
PAR  3. The power tool of claim 2 wherein said pivot means is disposed on the
      side of the ring tool opposite that of the drive roller and is disposed a
      greater radial distance than is the drive roller-ring tool interface
      midpoint.
NUM  4.
PAR  4. The power tool of claim 2 wherein said pivot means is disposed on the
      same side of the ring tool as the drive roller and is disposed a greater
      radial distance than is the drive roller-ring tool interface mid-point.
NUM  5.
PAR  5. The power tool of claim 2 further including preload means for applying
      minimum pressure between the drive roller and the ring tool.
NUM  6.
PAR  6. The power tool of claim 1 wherein said pivot means is substantially
      parallel to the ring tool plane and substantially parallel to the drive
      shaft axis.
NUM  7.
PAR  7. The power tool of claim 6 wherein said pivot means is disposed on the
      side of the ring tool opposite that of the drive roller and the projection
      of said pivot means on the ring tool plane is disposed between the drive
      roller-ring tool interface and the non-working side of the ring tool.
NUM  8.
PAR  8. The power tool of claim 6 further including preload spring means for
      applying minimum pressure between the drive roller and the ring tool.
NUM  9.
PAR  9. The power tool of claim 1 which includes in addition said drive shaft
      extending at an angle to the plane of the ring tool such that the drive
      shaft axis intersects an infinite working quadrant of the ring tool plane,
      said infinite working quadrant being defined as the domain contained
      between two lines having their mutual starting points at the mid-point of
      the drive roller-ring tool interface, one line extending perpendicular to
      the radius of said mid-point of the ring tool and having infinite length
      toward the working side of the ring tool, the other line extending along
      the radius of said mid-point of the ring tool and having infinite length
      toward the center of the ring tool.
NUM  10.
PAR  10. The power tool of claim 1 wherein the said power ring drive shaft has
      cam means incorporated therein to automatically extend and retract the
      drive roller on the drive shaft thereby varying the pressure the drive
      roller applies to the ring tool in relation to the load applied to the
      ring tool.
NUM  11.
PAR  11. The power tool of claim 1 wherein the housing is mounted on the power
      unit by pivot means which is disposed substantially perpendicular to the
      ring tool plane, said pivot means permitting angular displacement of the
      drive shaft axis relative to the position of drive shaft axis intersection
      of the ring tool virtual axis within limits when viewed in plan from above
      in direct relationship to the resultant reaction force applied to the ring
      tool at the workpiece interface during power tool operation.
NUM  12.
PAR  12. The power tool of claim 11 wherein said limits are opposing pairs of
      shoulders provided on said power unit and said ring tool housing, one pair
      establishing minimum drive shaft axis angular displacement and the other
      pair establishing maximum drive shaft axis angular displacement.
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ABST
PAL  A reinforced orthodontic bracket constructed of a translucent plastic for
      direct application to a patient's tooth as by an adhesive where the
      translucent bracket itself has a metallic reinforcement imbedded therein
      for added structural strength for the prevention of a displacement of the
      bracket because of forces applied by an arch wire attached thereto.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a structurally reinforced orthodontic
      bracket.
PAR  According to the invention, an orthodontic bracket is provided which is
      non-metallic in structure such as a translucent plastic bracket directly
      applied to the tooth by an adhesive. One problem encountered with this
      type of bracket, while aesthetically pleasing, is the tendency of the
      plastic to distort excessively and, in some cases, actually fracture when
      forces are applied via an arch wire attached thereto. To obviate this, the
      current invention utilizes a stiffening core which is constructed of a
      more rigid material, such as metal, which is imbedded into the material of
      the bracket during the manufacture thereof, such as molding. The
      stiffening core surrounds the arch wire slots and can extend into the tie
      wing areas of the brackets.
PAR  An object of the present invention is the provision of a structurally
      reinforced orthodontic bracket.
PAR  Another object of the invention is the provision of an orthodontic bracket
      having a stiffening core imbedded therein.
PAR  A further object of the invention is the provision of a directly applied
      orthodontic bracket which is aesthetically pleasing and has structural
      integrity.
DRWD
PAR  Other objects and many of the attendant advantages of the present invention
      will be readily appreciated as the same becomes better understood by
      reference to the following detailed description when considered in
      connection with the accompanying drawings in which like reference numerals
      designate like parts throughout the Figures thereof and wherein:
PAR  FIG. 1 is a plan view of a prior art orthodontic bracket directly attached
      to a tooth;
PAR  FIG. 2 is a front elevational view of the prior art bracket of FIG. 1;
PAR  FIG. 3 is a sectional view taken along lines 3 -- 3 of FIG. 2;
PAR  FIG. 4 is a perspective view of a reinforced bracket of the present
      invention;
PAR  FIG. 5 is a perspective view of the reinforcing core of the embodiment of
      FIG. 4;
PAR  FIG. 6 is a sectional view taken along lines 6 -- 6 of FIG. 4;
PAR  FIG. 7 is a perspective view of another embodiment of the reinforcing core
      of FIG. 5;
PAR  FIG. 8 is a perspective view of still another embodiment of the reinforcing
      core of FIG. 5;
PAR  FIG. 9 is a perspective view of yet another embodiment of the reinforcing
      bracket of FIG. 5;
PAR  FIG. 10 is a sectional view illustrating the embodiments of FIGS. 7 and 9
      in situ;
PAR  FIG. 11 illustrates in perspective a reinforcement core for utilization
      with a bracket having a torque angle built into the slot portion;
PAR  FIG. 12 is a perspective view of a reinforcement core for utilization with
      a bracket having a tip angle included therein;
PAR  FIG. 13 is a perspective view of a reinforcement core having reinforcements
      in a tie wing portion;
PAR  FIG. 14 is a perspective view of another reinforcement core having
      reinforcement in the tie wing portion;
PAR  FIG. 15 is a sectional view of an orthodontic bracket with comparative
      positioning of cores from FIGS. 13 and 14;
PAR  FIG. 16 is a perspective view of a bracket of the present invention having
      an expanded base portion; and
PAR  FIG. 17 is a perspective view of the reinforcement core of FIG. 16.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring to FIGS. 1, 2 and 3, a non-metallic, e.g., plastic orthodontic
      bracket is shown generally at 11 having a base 12 and paired tie wings 13,
      together with an arch wire slot 14 therebetween. Base 12 is coupled via an
      adhesive 16 directly to a tooth 17. Arch wire 18 is shown inserted within
      arch wire slots 14.
PAR  Referring to FIGS. 4, 5 and 6, directly applied bracket 21 has a base 22
      which is adapted for being secured directly through an adhesive (not
      shown), to a tooth (not shown), as base 12 is shown in FIGS. 1, 2 and 3. A
      plurality of paired tie wings 23 are separated by arch wire slots 24. A
      stiffening core 31, which is preferably constructed of metal, is shown
      completely imbedded within bracket 21. Stiffening core 31 has core base 32
      with riser sections 33 on each side of arch wire slot 24 and slot
      stiffener sections 34 below slots 24.
PAR  Referring to FIG. 7, a stiffener core is shown at 31A having a core base
      32A with riser reinforcements 33A which would extend on each side of a
      wire slot in a bracket similar to that shown in FIGS. 4 and 6. Slot
      stiffeners 34A would extend below the arch wire slot in a bracket such as
      that shown in FIGS. 4 and 6. The difference between the core of FIG. 7 and
      that of FIG. 5 lies in the edge serrations which effect a more firm
      bonding within the plastic body of an orthodontic bracket in which it is
      imbedded.
PAR  Referring to FIG. 8, a core stiffener 31B is shown having a base 32B with
      an angled stiffening section 32B' together with a base aperture 32B".
      Riser reinforcement sections 33B extend on each side of a wire slot of a
      bracket and have apertures 33B' therein. Arch wire slot stiffeners 34B are
      disposed beneath the arch wire slot in bracket 31B.
PAR  Referring to FIG. 9, a further modification of a stiffening core is shown
      at 31C having a split core base 32C which creates a core base slot 32C'.
      Riser reinforcements 33C have apertures 33C' therein. Slot stiffeners 34C
      have upper edges which are coplanar with the base of an arch wire slot
      such as 24 in FIGS. 4, 5 and 6.
PAR  Referring to FIG. 10, a comparative cross section of a bracket such as 21
      in FIGS. 4, 5 and 6 is shown at 21A with juxtaposed halves of the core
      embodiments 31A and 31C of FIGS. 7 and 9. Here the base is again shown at
      22 with tie wings 23 and arch wire slot 24. Core stiffener section 31A is
      shown having riser 33A. Stiffening core section 31C is shown having riser
      33C and aperture 33C'. It is pointed out that the slot stiffener 34C has
      one edge coplanar with the inner surface of arch wire slot 24 in bracket
      21A.
PAR  Referring to FIG. 11, a stiffening core 36 is shown having an angle
      stiffened core base 37 with risers 38 with a torque slot stiffener 39
      oriented to be coplanar with the edges of a wire slot in a torquing
      bracket (not shown).
PAR  Referring to FIG. 12, a stiffening core 41 is shown having a base 42 with
      an aperture 42A therein. Wide risers 43 have apertures 43A therein and are
      separated from narrow risers 44 by slot stiffener sections 46 which are
      offset for utilization in a tipping bracket (not shown).
PAR  Referring to FIG. 13, a stiffening core 47 has a core base 48 terminating
      in each end by core riser assemblies 49. Core riser assemblies 49 each
      consist of a central slot stiffener 51 separating slot reinforcement
      risers 52 having apertures 52A. Tie wing reinforcement sections 53 extend
      from slot reinforcement risers 52.
PAR  Referring to FIG. 14, a stiffening core is shown at 54 having an elongated
      core base 56 with apertures 56A therein. Base 56 terminates on two
      opposite ends with slot reinforcing risers 57. Base 56 separates core
      risers 55 on opposite sides thereof. Core risers 55 terminate on their
      side portions with reinforcement tabs 58 and have apertures 58A therein.
      Risers 55 terminate at their top portions with tie wing tabs 59, each
      having an aperture 59A.
PAR  Referring to FIG. 15, a comparative cross section of a bracket such as 21
      (FIGS. 4, 5 and 6), is shown generally at 60 with juxtaposed halves of
      core embodiments 47 and 54 (FIGS. 13 and 14, respectively). Bracket 60 has
      a base 22 with tie wings 23 and an arch wire slot 24. Stiffening core
      section 47 has a base 48 with a reinforcing riser 52 having an aperture 52
      A therein. Reinforcement riser 52 has a tie wing reinforcement extension
      53. Stiffening core section 54 has a base 56 with a stiffening riser 58
      terminating in a tie wing stiffener extension 59.
PAR  Referring to FIGS. 16 and 17, a bracket assembly for the application of
      torque is shown at 61 having a base 62 with a plurality of apertures 62A
      therein. Paired tie wings 63 are shown divided by an arch wire slot 64. A
      reinforcement core shown generally at 66 has a base 67 containing a
      plurality of base apertures 67A which are concentric with and, of a larger
      diameter than, base apertures 62A of bracket 61. Base 67 has a large
      central aperture with a pair of core riser complexes 68 extending upwardly
      therefrom. Core riser complexes 68 consist of central slot stiffeners 68A
      which terminate in slot reinforcing risers 68B having tie wing
      reinforcements 68C extending therefrom.
PAC  OPERATION
PAR  Referring back to FIGS. 1, 2 and 3, it can be seen that the prior art
      non-metallic brackets have no reinforcement members therein and in
      practice have a tendency to distort excessively according to the forces
      applied by an arch wire, which in turn tends to decrease or mitigate the
      overall effect of an arch wire and bracket system. The metallic core
      illustrated in FIGS. 4, 5 and 6, shows the basic embodiment of the present
      invention in that the slot area is reinforced which, of course, is the
      most critical point of force application.
PAR  The embodiment shown in FIG. 7 increases the bonding between the metallic
      stiffening core and the plastic through the use of serrated edges. The
      embodiments of FIGS. 8 and 9 have included apertures for a plastic
      flow-through, again increasing the bonding between the plastic and the
      stiffening cores. The embodiments shown in FIGS. 11 and 12 illustrate
      techniques for utilizing the instant invention with the straightwire
      appliance disclosed in U.S. Pat. Nos. 3,660,900 and 3,477,128 issued to
      Lawrence F. Andrews.
PAR  FIGS. 13, 14, 15, 16 and 17 illustrate a tie wing reinforcement section
      extending from the reinforcement risers to lend more strength to the tie
      wing area of the bracket. Here again, apertures are utilized to increase
      the bonding between the core and the plastic of the bracket together with
      various stamping techniques for creating the reinforcement risers
      themselves.
PAR  It should be understood, of course, that the foregoing disclosure relates
      to only preferred embodiments of the invention and that it is intended to
      cover all changes and modifications of the example of the invention herein
      chosen for the purposes of the disclosure which do not constitute
      departures from the spirit and scope of the invention.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. An orthodontic bracket comprising a non-metallic bracket having a front
      face and a back side and tie wings;
PA1  said back side being adapted to be directly secured to the front face of a
      tooth by means of an adhesive; and
PA1  said front side having a groove recessed therein for the reception of an
      arch wire;
PA1  and the improvement which comprises:
PA1  a stiffening core embedded in the material of said bracket, said stiffening
      core being constructed of a more rigid metallic material than said
      non-metallic bracket and being embedded in said non-metallic bracket so
      that at least one edge of said core is exposed and is not covered by
      non-metallic bracket material and defines at least one portion of the
      surface of said arch wire groove.
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ABST
PAL  A dental articulator comprises a pair of upper and lower brackets for upper
      and lower artificial dentures, respectively, with a support between the
      two brackets. The upper bracket is pivotally interconnected to the support
      for vertical swinging movement of the upper bracket relative to the
      occlusal plane of the articulator. The support and the lower bracket are
      slidably interconnected for relative movement in a forward and rearward
      direction parallel to the occlusal plane and perpendicular to the axis of
      vertical swinging of the upper bracket. The support and lower bracket can
      also have limited relative rotational movement in a plane parallel to the
      occlusal plane. A plate is insertable and removable in the articulator in
      inverted positions, so that in one position the upper surface of the plate
      lies in the occlusal plane and in the inverted position the under surface
      of the plate lies in the occlusal plane.
BSUM
PAR  The present invention relates to dental articulators for the functionally
      proper positioning of the teeth for upper and lower artificial dentures,
      with a lower bracket and an upper bracket for the attachment of the
      artificial dentures by means of plaster of Paris or the like, wherein the
      upper bracket, fastened to a support, is movably mounted with respect to
      the lower bracket, and the support of the upper bracket is rotatable with
      respect to a receiving element in a plane in parallel to the occlusal
      plane and is mounted to be linearly reciprocably displaceable toward the
      rear from a forward stop or abutment.
PAR  Such a dental articulator is disclosed in German Patent No. 1,616,465. The
      upper and lower brackets are formed from wires fastened within the
      supports. These wires have a certain inherent resiliency, which is
      undesirable for the proper positioning of the artificial dentures, even
      though the resultant minor misalignments can be equalized later on in the
      mouth.
PAR  It is accordingly an object of this invention to provide an improved and
      particularly a more stable or sturdy construction for such a dental
      articulator.
PAR  This object is achieved, in accordance with the present invention, by
      constructing the brackets for the mounting of the artificial denture to be
      dish-shaped and integral with their respective supports to form an upper
      part and a lower part of the articulator. The joint corresponding to the
      hinge of the jaws, that is, the temporomaxillary articulation, is a hinge
      between the upper part and the receiving element. The upper and lower
      parts preferably have each a dish-like indentation for receiving the
      plaster of Paris or other hardenable mounting material. In the wall
      portions defining the dish-like indentation, holes aligned in pairs can be
      provided for the reception of a locking pin.
PAR  Another advantageous feature of the invention is that the topside of the
      upper part extends obliquely downwardly in the rearward direction, and the
      underside of the lower part extends obliquely upwardly in the rearward
      direction. The lower part and the receiving element are advantageously
      connected with each other by means of a screw having a knurled nut and a
      compression spring. The screw, the head of which is fixed in a recess of
      the receiving element, extends through a slotted hole in the lower part,
      which slotted hole limits the linear reciprocating motion of the upper
      part relative to the lower part. The compression spring is housed in a
      spring cage between the knurled nut and a shim or supporting disk
      contacting the lower part, and the spring cage can be pressed by the
      knurled nut against the shim in order to fix the upper and lower parts in
      position.
PAR  As another feature of the invention, the receiving element is guided on the
      lower part with lateral play permitting a limited horizontal pivotal
      motion of the receiving element and thus also of the upper part relative
      to the lower part about the screw. The receiving element and the lower
      part can be provided with a marking which indicates the neutral central
      position. Furthermore, a plate can be provided which defines the occlusal
      plane with one of its surfaces. This plate can be inserted, with
      bifurcated members, in lateral guide grooves of the receiving element,
      wherein the surface of the plate representing the occlusal plane lies in
      the common plane of symmetry of the bifurcated members. Thereby, the plate
      can also be inserted in the reverse position, so that the dental
      prosthesis can be made to approach the occlusal plane from the top as well
      as from the bottom.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from a consideration of the following description, when in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a vertical cross-sectional view of a dental articulator according
      to the present invention;
PAR  FIG. 2 is a top plan view thereof;
PAR  FIG. 3 is a view from the left of the articulator of FIGS. 1 and 2;
PAR  FIG. 4 is a top plan view of the plate defining the occlusal plane; and
PAR  FIG. 5 is a side elevational view of the plate of FIG. 4.
DETD
PAR  Referring now to the drawings in greater detail, the dental articulator
      illustrated therein comprises an integrally formed lower part 1 and an
      integrally formed upper part 2, between which a receiving element 3 is
      arranged. The lower and upper parts 1, 2 each have a dish-like indentation
      4 and 5, respectively, to receive the plaster of Paris or other hardenable
      material for the mounting of the respective dental prosthesis (not shown).
      A hinge 6 is provided between the upper part 2 and the receiving element
      3, so that the upper part can be flipped upwardly. In the wall portions
      defining the dish-like indentations 4, 5 holes 7 aligned in pairs are
      disposed to receive each one locking pin 8.
PAR  The topside of the upper part 2 extends obliquely downwardly in the
      rearward direction; as seen at 9 in FIG. 1 and and the underside of the
      lower part 1 extends obliquely upwardly at 10. This affords the advantage
      that, with the upper part 2 flipped upwardly, the articulator can be
      placed on either one of the inclined surfaces 9 and 10, so that the
      adjusted dentures can be observed in the direction of the occlusal plane
      without having to change one's own body position in any particular way.
PAR  The lower part 1 and the receiving element 3 are joined by a screw 11 with
      a knurled nut 12. The head 13 of the screw 11 is non-circular and is
      disposed in a correspondingly shaped recess 14 of the receiving element 3,
      forming a support for the upper part 2, so that screw 11 and element 3
      cannot rotate relative to each other. The screw 11 extends downwardly
      through a slotted hole 15 which limits the linear reciprocating movement
      of the receiving element 3 and thus of the upper part 2 with respect to
      the lower part 1.
PAR  A compression spring 17 is clamped between the knurled nut 12 and shim 16
      contacting the lower part 1. This compression spring is surrounded by a
      spring cage 18 (FIG. 1). When the knurled nut 12 is slightly slackened,
      the receiving element 3 with the upper part 2 can be displaced
      frictionally on the lower part 1. Since the receiving element 3, as shown
      in FIGS. 2 and 3, is guided on the bottom part 1 with a lateral play 19,
      it is also possible to execute a limited rotary movement of element 3
      about and with the screw 11. In order to mark the neutral central
      position, the receiving element 3 and the lower part 1 have a marking 20
      (FIG. 3). By tightening the knurled nut 12 by way of the spring cage 18,
      the lower and upper parts 1, 2 can be fixed with respect to each other in
      any desired position within the limits provided by the slotted hole 15 and
      the clearance 19.
PAR  In order to fix the occlusal plane, a plate 21 is provided (FIGS. 1, 4 and
      5), which can be inserted with bifurcated members 22 in lateral guide
      grooves 23 (FIG. 3) of the receiving element 3. The plate 21 is
      illustrated in detail in FIGS. 4 and 5. The surface 24, representing the
      occlusal plane, lies exactly in the horizontal and/or common central plane
      of the bifurcated members 22, as shown in FIG. 5, so that the plate 21, as
      shown in FIG. 1 in dot-dash lines, can also be inserted in an inverted
      position and thus the occlusal plane is accessible from above or from
      below.
PAR  From a consideration of the foregoing disclosure, therefore, it will be
      evident that all of the initially recited objects of the present invention
      have been achieved.
PAR  Although the present invention has been described and illustrated in
      connection with a preferred embodiment, it is to be understood that
      modifications and variations may be resorted to without departing from the
      spirit of the invention, as those skilled in this art will readily
      understand. Such modifications and variations are considered to be within
      the purview and scope of the present invention as defined by the appended
      claims.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A dental articulator for properly positioning upper and lower artificial
      dentures relative to each other and relative to an intermediate occlusal
      plane which is the bite plane when artificial dentures are mounted on the
      articulator, comprising an upper bracket and a lower bracket for the
      detachable securement thereto of said upper and lower dentures,
      respectively, a support on which said upper bracket is pivotally mounted
      for swinging movement about an axis parallel to said occlusal plane, means
      adjustably interconnecting said support and said lower bracket for
      movement of said support and said lower bracket relative to each other in
      a direction perpendicular to said axis and parallel to said occlusal
      plane, a plate carried by and extending forwardly from said support and
      disposed between said upper and lower bracket, said plate having one
      surface thereof confronting one of said brackets and disposed in said
      occlusal plane, and means mounting said plate so that when said plate is
      disposed in one position on said articulator the upper surface of said
      plate lies in said occlusal plane and when said plate is inverted and
      disposed in an inverted position in said articulator the undersurface of
      said plate is disposed in said occlusal plane whereby said occlusal plane
      may be established relative to an upper set of artificial dentures in said
      one position of said plate and said occlusal plane may be established
      relative to a lower set of artificial dentures in said inverted position
      of said plate.
NUM  2.
PAR  2. A dental articulator as claimed in claim 1, said mounting means
      comprising bifurcated members carried by said plate and releasably
      received in lateral guide grooves of said support.
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ABST
PAL  Drawing apparatus adapted for attachment to a drawing board and comprising
      a carriage supported for travel on the upper edge of the drawing board and
      carrying a depending rail which extends parallel to the lateral edges of
      the drawing board. A ruler-carrier head is slidably mounted on the rail. A
      linkage assembly constituted by two interconnected articulated parallel
      parallelogram linkages is connected by means of the short arm of one of
      the linkages to the carriage and by means of the short arm of the other of
      the linkages to the rear surface of the drawing board.
BSUM
PAR  The invention relates to drawing apparatus and more precisely to apparatus
      for moving the rule-carrying head, exactly parallel to itself, over the
      drawing board, as is essential in the work of a draftsman.
PAR  Known in the prior art are two types of drawing apparatus of this kind,
      namely : double parallelogram apparatus, usually balanced by means of
      counterweights, in accordance with French Pat. No. 588 203, and
      carriage-type apparatus. Apparatus of the double parallelogram type, the
      principle of which is shown diagrammatically in FIG. 1, occupies an
      excessive amount of space, and movements of its counterweight also cause
      trouble. The carriage-type apparatus, the principle of which is shown
      diagrammatically in FIG. 2, is lacking in precision; the upper horizontal
      rail, along which the carriage moves, is either integral with the drawing
      board over its entire length and is deformed if the drawing board becomes
      warped, or is secured only at its two ends (FIG. 3), and when deflected
      under the weight of the carriage and the head, renders parallel movement
      of the head no longer possible (this being shown in an exaggerated manner
      by the broken lines in FIG. 3 so as to illustrate the defect more
      clearly); furthermore the condition of the rail and the runners of the
      carriage (flattening or contamination by dust) has an adverse effect upon
      precision.
PAR  An object of the present invention is to provide drawing apparatus which
      eliminates these disadvantages.
PAR  Briefly, in accordance with the invention, the drawing apparatus which, in
      the customary manner includes a carriage which holds a rail parallel to
      the lateral edges of the drawing board, on which rail the ruler-carrying
      head slides, comprises a runner, on the carriage and adapted to move along
      the upper edge of the drawing board, and a double articulated
      parallelogram, which is mounted flat against the rear of the drawing
      board, one of the two short sides that are not common to the two
      parallelograms being secured to the carriage, and the other being secured
      to the drawing board.
PAR  Thus the drawing apparatus of the invention occupies very little space, and
      ensures that the rule-carrying head executes precise and true parallel
      movements.
PAR  Preferably, but not necessarily, the two short sides of the articulated
      double parallelograms are parallel to the upper edge of the drawing board;
      the short side secured to the drawing board may be disposed close to a
      corner of the drawing board, but it is preferably located near the median
      zone of the upper edge of the drawing board.
PAR  If required, the weight of the articulated double parallelogram which,
      although small, tends to draw the apparatus into a position opposite the
      short side secured to the drawing board, may be counter-balanced by
      shaping the track along which the runner of the carriages moves with an
      outwardly curved form which counteracts said weight in all positions.
PAR  It has also been found when using the apparatus, that the right to left or
      reverse movement of one of the two parallelograms in relation to each
      other cannot be conveniently achieved at the precise moment at which the
      two parallelograms reach the vertical position.
PAR  Consequently, to eliminate this drawback, the invention provides means for
      rendering the rotary movement of each one of the two parallelogarms about
      their two common articulation points interdependent on one another.
PAR  In accordance with a further feature of the invention, said means comprises
      a first pulley, which pivots about the axis of the first common
      articulation and is solidly connected to one arm of one of the
      parallelograms, and a second pulley, which pivots about the axis of the
      second common articulation and is solidly connected to an arm of the other
      parallelogram, these two pulleys being interconnected by a transmission
      means, for example a crossed cord, which enables one of the pulleys to be
      rotated in the opposite direction to that of the other.
DRWD
PAR  Non-limiting examples of embodiments of the invention will now be described
      with reference to the annexed drawings, in which:
PAR  FIGS. 1 to 3 illustrate prior art forms of drawing apparatus;
PAR  FIG. 4 shows one embodiment of drawing apparatus according to the
      invention;
PAR  FIG. 5 is a side view of the apparatus in FIG. 4;
PAR  FIG. 6 shows a detail of the apparatus of FIG. 5;
PAR  FIGS. 7 and 8, similar to FIG. 4, shows two other positions of the
      apparatus seen in FIG. 4;
PAR  FIGS. 9, 10 and 11, similar to FIG. 4, show three other embodiments of the
      invention;
PAR  FIG. 12 is a diagrammatic illustration of a preferred embodiment of the
      invention;
PAR  FIG. 13 illustrates the system of pulleys and cords used in the drawing
      apparatus illustrated in FIG. 12; and
PAR  FIG. 14 is a section through part of the drawing apparatus illustrated in
      FIG. 12.
DETD
PAR  Referring to FIGS. 4, 5 and 6, a drawing board 1 is equipped in the
      customary matter with a carriage 3 supporting a rail 5, parallel to the
      lateral edges of the drawing board 1 and on which slides a ruler-carrying
      head 7. According to the invention, the carriage 3 is provided with a
      single runner 11 which moves along the upper edge 13 of the drawing board
      1, and exact parallel movement of the rail 5 is ensured by a double
      articulated parallelogram having four long arms 15, 17, 19 and 21, a
      common short arm 23, a short side 25 secured to the drawing board 1, and a
      short side 27 secured to, or constituted by, the carriage 3. FIGS. 7 and 8
      show the shapes of the articulated double parallelogram in two positions
      of the rail 5 that are different from those shown in FIG. 4. Referring
      again to FIG. 4, it will be seen that the short sides 23, 25 and 27 of the
      parallelograms are parallel to the upper edge 13 of the drawing board 1,
      but this preferred arrangement is not essential; these sides could be
      inclined, or even parallel to the lateral edges of the drawing board 1.
      Referring to the details seen in FIG. 6, the runner 11 has two cheeks or
      flanges whereby it is guided on the upper edge 13, but guiding could also
      be effected by the cheeks of the carriage 3. Again referring to FIG. 4,
      the upper edge 13 of the drawing board 1 is outwardly curved, with the top
      of the curve at the center, for the purpose of counteracting pull towards
      the center due to the weight of the five arms 15, 17, 19, 21 and 23; as
      already stated, this arrangement is optional. In FIG. 4, the short side 25
      is secured at the median zone of the edge of the drawing board 1, but it
      could also be secured elsewhere as shown for example in FIGS. 9, 10 and
      11.
PAR  Referring to FIG. 12, the drawing board 1 is equipped with a carriage 3
      holding the rail 5 on which the rulercarrying head, not illustrated, is
      adapted to slide. Exact parallelism between the rail 5 and the lateral
      edges of the drawing board 1 is ensured by said articulated double
      parallelogram comprising the four arms 15, 17, 19 and 21, the short common
      arm 23, the short side 25 secured to the drawing board 1, and the short
      side 25 secured to, or constituted by, the carriage 3. The arm 15 of one
      of the parallelograms and arm 19 of the other parallelogram pivot about a
      common spindle 32 mounted at one of the ends of the short common arm 23,
      whereas the arms 17 and 21 are articulated in a similar manner about a
      spindle 33 mounted on the other end of the short common arm 23. In
      accordance with one feature of the invention, the arms 15 and 21 are each
      solidly connected to a pulley 34 and 35 respectively, the pulley 34 being
      pivotable about a spindle 32, and the pulley 35 being pivotable about a
      spindle 33. These two pulleys 34 and 35 are interconnected by a crossed
      cord 36, this connection being illustrated in detail in FIG. 13. It will
      be appreciated that the cord 36 or even the system consisting of the cord
      36 and the pulleys 34 and 35 could be replaced by any other means that
      causes the arm 15 to rotate about the spindle 32 in one direction, and the
      arm 21 to rotate about the spindle 33 in the opposite direction.
PAR  Referring to FIG. 14, the short common arm 23 is constituted by two
      parallel flat elements 38 and 39 interconnected at their ends by the two
      spindles 32 and 33. The arm 15 and the pulley 34 solidly connected
      thereto, and the arm 19 pivot successively about the spindle 32. In a
      similar manner, the spindle 33 supports the arm 21, the pulley 35 solidly
      connected thereto, and finally the arm 17. As previously indicated, the
      pulleys 34 and 35 are interconnected by crossed cord 36.
CLMS
STM  I claim:
NUM  1.
PAR  1. Drawing apparatus in combination with a drawing board having upper and
      lower longitudinal edges, left and right lateral edges, and front and rear
      surfaces, said drawing apparatus comprising a carriage including runner
      means for traveling on the upper edge of the drawing board, a rail secured
      to said carriage and extending over said front face of the drawing board
      parallel to the lateral edges of the drawing board with the runner means
      on said upper edge, a drafting head with means movably mounting the same
      on said rail, and a linkage assembly constituted by two interconnected
      articulated parallelogram linkages, one of said parallelogram linkages
      having a short arm with means attaching the short arm to the rear surface
      of the drawing board, the other of the parallelogram linkages having a
      short arm with means attaching the same to said carriage, each said
      parallelogram linkage having a second short arm, the second arms of the
      two linkages being constituted by a common member.
NUM  2.
PAR  2. Drawing apparatus as claimed in claim 1, in which said short arms of the
      linkages are arranged with respect to said carriage so as to be parallel
      to the upper edge of the drawing board when the carriage is mounted
      thereon.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, in which said short arm of said one
      parallelogram linkage is secured to the rear surface of the drawing board
      in the median zone of the upper edge of the drawing board.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, in which the upper edge of the drawing
      board is outwardly curved.
NUM  5.
PAR  5. Apparatus as claimed in claim 1, wherein said linkage assembly further
      comprisies two common spindles connecting said common arm to two
      parallelogram linkages and means rotationally interconnecting said two
      parallelogram linkages about said spindles for rendering the rotary
      movement thereof interdependent on one another.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, in which said means interconnecting
      said parallelogram linkages comprises a first pulley rotatable about one
      spindle and solidly connected to one of the parallelogram linkages and a
      second pulley rotatable about the second spindle and solidly connected to
      the other parallelogram linkage, and a transmission means interconnecting
      said pulleys so that they are rotated in opposite directions.
NUM  7.
PAR  7. Apparatus according to claim 6, in which said transmission means
      comprises a crossed cord.
NUM  8.
PAR  8. Apparatus as claimed in claim 7, in which said short arm common to the
      two parallelograms is constituted by two parallel flat elements said two
      spindles interconnecting said elements at each of the ends thereof, said
      parallelogram linkages each having long arms pivotably mounted on
      respective spindles, said pulleys being mounted on respective spindles and
      fixedly secured with the long arms of respective parallelogram linkages.
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ABST
PAL  A drafting machine in which parallel support rails moveably support a rule
      or straight edge extending perpendicularly therebetween so the rule is
      moveable in parallelism with itself. The rule has a replaceable graduated
      working edge and carries an endless band which is parallel to the working
      edge and which has groups of graduations distributed therealong which can
      be brought into selective registration with the graduations on the working
      edge. The graduations on the endless band form reducing scales. The rule
      is profiled and slidably receivable in the profiled rail is an auxiliary
      instrument which may, conveniently, have a part pivotally mounted thereon
      for movement in a plane parallel to the work area over which the rule is
      moveable. The auxiliary instrument is also tiltable away from the working
      area to expose the working edge of the rule.
BSUM
PAR  The present invention relates to a drafting machine with a ruler which at
      both ends is displaceably guided in guiding means perpendicular to said
      ruler and which also serves as guiding for an auxiliary drawing element
      and is provided with a movable graduation.
PAR  The heretofore known drawing devices starting with the simplest T-squares
      which can be moved with and without rollers or guiding means and are held
      at one or both ends, adjustable T-squares to the most recent drawing
      machines of the Kuhlmann type or similar machines, lack the precision
      which is necessary when changing the position. Moreover, the usefulness of
      heretofore known devices of the type involved is limited because a fast
      and easy exchangeability of its components and of auxiliary devices is not
      possible.
DRWD
PAR  It is, therefore, an object of the present invention to provide a drawing
      machine which will overcome the above-mentioned problems. This object and
      other objects and advantages of the invention will appear more clearly
      from the following specification in connection with the accompanying
      drawings, in which:
PAR  FIG. 1 is a top view of an embodiment of a drafting machine according to
      the invention with different types of the arrangement of the guiding
      means.
PAR  FIG. 2 shows an alternative embodiment of the guiding means for the ruler
      and the mounting of such guiding means.
PAR  FIG. 2a is an enlarged fragmentary sectioned view taken along line IIa--IIa
      in FIG. 2.
PAR  FIG. 3 is still another embodiment of the guiding means for the ruler and
      the mounting of the guiding means.
PAR  FIG. 4 is a top view of one of the guiding means and also illustrates
      displaceable holders for the drawing paper, which holding means make it
      possible to retain the drawing paper on a drawing board without the aid of
      other devices.
PAR  FIG. 5 is a top view of the ruler.
PAR  FIGS. 6 and 7 respectively illustrate cross-sections through the ruler.
      FIG. 8 illustrates the movable graduation.
PAR  FIG. 9 is a top view of an auxiliary drafting element and of a device for
      mounting the same on the ruler.
PAR  FIG. 10 is a section through the auxiliary drawing element shown in FIG. 9.
DETD
PAR  The drafting machine according to the present invention is characterized in
      that the ruler is equipped with an exchangeable working edge which serves
      as drawing ruler and also as measuring ruler, and in the last-mentioned
      instance cooperates with the movable graduation which is formed by an
      endless band having at least two graduations coordinated with the
      non-movable measuring graduation of the measuring ruler. The graduation of
      the measuring ruler corresponds to the graduation division of all the
      graduations of the movable graduation whereby the zero point can on each
      graduation of the movable graduation be adjusted at any desired point, and
      measurements and readings can be taken from the zero point away to the
      working edges of the non-movable graduation of the measuring ruler.
PAR  The drawing machine according to the invention can be fastened to any
      surface serving as drafting board independently of the dimensions and
      position of said drafting machine and can also be fastened, if desired, to
      the edge of a table. The drafting machine according to the invention
      permits the drawing of lines in any direction within 360.degree. in the
      surface determined by the length of the guiding means. The drafting
      machine of the present invention can also be employed for drafting
      horizontal lines perpendicularly with regard to the guiding means and can
      also be used for drawing vertical lines parallel to the guiding means
      within the surface confined by the guiding means. The drafting machine
      according to the invention furthermore permits the employment of the
      abovementioned auxiliary devices and also permits the use of the entire
      uninterrupted length of the ruler at the working edge thereof and of all
      sides of the auxiliary drawing element. The guiding means are connected to
      the drawing board and may be provided with suitable holders for the
      drawing paper. The ruler is movable along the guiding means and is
      provided with a shaped and exchangeable working edge which permits the
      employment of exchangeable graduations and working edges in conformity
      with the respective actual requirements. The ruler is furthermore equipped
      with a movable band graduation while the position and the zero point of
      such band graduation can be adjusted at will. The ruler serves as guiding
      means for a displaceable and rotatable auxiliary drafting element, which
      at the same time is designed as template.
PAR  Referring now to the drawings in detail, the construction of the drafting
      machine according to the invention makes it possible to displace the ruler
      3 along the vertical axis, as will be evident from FIG. 1. According to
      FIG. 1, the drafting machine is connected to the drawing board 1 by means
      of guide rails 2 and 2', either on the drawing board or at the edge
      thereof, while there exists the possibility of mounting the machine at
      different sections. The exchangeable working edge 4, aided by an
      associated and displaceable main graduation 5, makes it easyto measure a
      length along the horizontal axis. A handle 6 facilitates the guiding of
      the ruler along the guiding rails and can be arrested at different
      positions along a guiding groove 16 in the ruler in conformity with the
      desire of the draftsman. A guide 7 extends along the entire length of the
      ruler 3 and permits the displacement of the auxiliary drafting member 9.
      The angle position of the auxiliary drafting member can by means of a
      latching or locking device be easily changed by depressing a knob 10 which
      is mounted on a connecting plate 13. The adjustment of the auxiliary
      drafting member 9 at a desired point of the graduation along the ruler is
      carried out by means of the lateral member 11, the edges of which are
      flush with the edges 12 of the auxiliary drafting member when the latter
      is set perpendicularly with regard to the ruler. The edges of the lateral
      member 11 flare in spaced relationship to each other. The auxiliary
      drafting member forms a template 14, which comprises movable inner parts
      and can be arranged in conformity with the respective requirements. The
      ruler is completed by a fixed auxiliary graduation 8, which may be used
      for instance to divide a drawing surface into standard measurements.
PAR  In contrast to the heretofore known drafting machines, the main elements of
      the machine according to the invention may be employed separately or in
      coordination with other devices. The guiding rails may be used for
      mounting drawing paper on the drawing board so that drawing paper
      withdrawn directly from a roll can be employed. The ruler with the movable
      graduation and the exchangeable working edge can also be employed as
      T-square, and the auxiliary drafting member can be used as a graduation
      template.
PAR  The guiding rails of the drafting machine according to the invention may be
      of different shape. For instance, they may be designed as closed or
      semi-closed profiles in conformity with FIG. 2, or they may be designed as
      open profiles acording to FIG. 3. The guiding rails are provided with a
      suitable holder which permits the coupling and displacement of the ruler.
      Moreover, the guiding rails may be equipped with holders for the drawing
      paper. The additional and characteristic properties are such that the
      shape of the guiding rails makes the guiding rails stiff in transverse
      direction, and the guiding rails, if necessary, may be fastened to the
      lateral edge of the drawing board or on the drawing board, in which
      instance the connection is effected only at the ends 17 and 20 of the
      guiding rails, so that the gap 18 between the surface of the drawing board
      and the bottom side of the guiding rails 2 permits the introduction of
      drawing paper of unlimited size along the vertical axis or the horizontal
      axis. Along the entire gap there are displaceable holders 19 for the
      drawing paper arranged on the guiding rails. In FIG. 4, in which a top
      view of a guiding rail is shown, there are also shown holders 19 for the
      drawing paper. These holders 19 are movable along the guiding rail and
      retain the drawing when the guiding rails are screwed downwardly.
PAR  The ruler, the top view of which is shown in FIG. 5 and has the
      cross-sections illustrated in FIGS. 6, 7, and 8, is designed in contrast
      to the heretofore known constructions while serving simultaneously as a
      drafting device and also as a complete measuring device as well as a
      guiding rail for the auxiliary drafting element. The ruler consists of a
      suitably designed profile 3 with a fixed graduation 8 and a guiding band
      16 for the holder 6, which latter serves for displacing the ruler.
      Moreover, the profile of the ruler includes a groove 7 which permits in
      part the guiding of the auxiliary drafting member and in part serves as a
      profile for placing the exchangeable working edge and the displaceable
      graduation 5 with the pointer 22 for the zero point in position. The said
      groove furthermore serves for receiving an adjusting device 21 for
      adjusting the graduation. The exchangeable working edge 4 has a graduation
      and preferably consists of transparent material, as for instance Plexiglas
      or the like. The movable graduation 5 must consist of non-expandable but
      flexible band material which is provided with one or more graduations
      corresponding to the graduation on the working edge, so that a free
      selection of the position of the zero point for each of the graduations
      along the entire length of the ruler will be possible. Each of these
      graduations extends over two-thirds of the entire length of the ruler and
      permits a measurement with a greater precision than was possible with the
      heretofore known devices. FIG. 5 shows the graduation of the working edge
      4 and of the movable graduation 5, which by means of the adjusting device
      21 can be replaced by another graduation of the same band. This design
      makes possible the preparation of drawings with for instance 12 scales:
PA1  1:1, 1:10. 1:100, 1:1000. 1:2. 1:20. 1:200, 1:2000, 1:5, 1:500, 1:5000.
PAR  FIGS. 6 and 7 respectively illustrate cross-sections of the ruler with
      different working edges which can be exchanged in conformity with the
      respective actual requirements.
PAR  FIG. 8 shows a portion of a longitudinal section through the ruler and also
      illustrates the arrangement for exchanging the graduations on the movable
      graduation band. In contrast to the heretofore known drawing devices and
      T-squares, the graduation zero point can be adjusted to any suitable point
      along the entire length of the ruler, and it is possible to carry out
      measurements directly on the working edge of the ruler for all squares
      which can be found on the movable band.
PAR  The auxiliary drawing element, a top view of which is shown in FIG. 9 and a
      longitudinal section of which is shown in FIG. 10, consists primarily of
      the following main components: template arrangement 9 with graduations on
      the outer edges 12 and on the inner edges 30; displaceable holder 13 which
      by means of a turning device comprising a pushbutton 10 is connected with
      the connecting plate 23, to which the auxiliary member 9 is connected. The
      holder 13 is also connected to a displacement element 26 and to a plate 29
      with pointers 11. The turning connection between the holder 13 and the
      displacement member 26 includes shafts 24 and 25 which make it possible to
      move the auxiliary drafting element away if it should interfere with the
      operation of the ruler or another auxiliary device. The position of the
      holder 13 is arrested by means of indicators on plate 29, which indicators
      are in suitable position with regard to the holder 13 when the auxiliary
      drafting element 9 occupies its working position. By depressing the
      pushbutton 10, the angle position of the auxiliary drafting element can be
      changed either by a certain amount, for instance 24.degree., or
      continuously by 360.degree.. Between the fixed positions of the auxiliary
      drafting element, the latter is stabilized by the auxiliary device 15 in
      all positions along a rotation. The base plate 23 has a fine adjustment
      (vernier) which permits a control of the position of the auxiliary
      drafting element. The plate 29 of the displacement element 26 has both
      sides 11 provided with suitable indicators. The width of the distance
      thereof corresponds to the width of the auxiliary drafting element and
      which can be used together with the latter. These indicators are located
      above the graduation of the working edge of the ruler and permit the
      adjustment of the auxiliary drafting element by a certain distance without
      the aid of other devices. An arresting device 27 makes possible the
      arresting of the adjusting member 26 in any position along the ruler. The
      auxiliary drafting element 9 has a suitably profiled part 14, and the
      template is provided with two displaceable parts 31 and 32 whereby the
      adjustment of rectangular figures of different sizes is made possible. The
      desired position of the parts 31 and 32 is effected by means of screws 33.
      A holding means 34 along the part 31 serves as holder for the drawing pen
      or pencil for drawing arcs which can be generated by rotating the
      auxiliary drafting element toward the desired side. Moreover, it is
      possible to connect in part 14 further devices, as for instance letters or
      other symbols. In such an instance the auxiliary drafting element can be
      employed as universal template which can be arrested in any desired
      position.
PAR  In contrast to all heretofore known devices of the type involved, the
      auxiliary drafting element simultaneously serves as template, and
      depending on the wishes of the draftsman can be employed at all four outer
      edges. It is furthermore possible to put aside the auxiliary drafting
      element if the work on the ruler or with another device is interfered with
      by the auxiliary drafting element.
PAR  It is, of course, to be understood that the present invention is by no
      means limited to the specific showing in the drawings but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drafting machine comprising in combination a main ruler, guiding rails
      adapted for being stationarily mounted and engaging the ends of said main
      ruler for guiding same on a drawing board in parallelism with itself, an
      auxiliary instrument slidably guided on said main ruler in the
      longitudinal direction thereof, a detachable working edge interchangeable
      in shape on said main ruler having graduations thereon, an endless
      graduated band carried by said main ruler in parallel to said working
      edge, said auxiliary instrument having a first part guided in a groove on
      said main ruler and a second part, means for pivotally mounting said
      second part on said first part for pivotal movement from a locked position
      about a first longitudinal axis parallel to said drawing board and about a
      second axis perpendicular to said drawing board so that said second part
      can be pivoted about its longitudinal axis and then rotated to a position
      on the other side of the main ruler, either for drawing purposes or to
      expose the entire length of said working edge, a third part of said
      auxiliary instrument being rotatable on said second part in a plane
      parallel to the drawing board over which said main ruler is moveable.
NUM  2.
PAR  2. A drafting machine in combination according to claim 1 in which the
      auxiliary instrument comprises adjustable template means carried thereby
      and means for drawing arcs, the second part of said auxiliary instrument
      being locked to said first part against rotational movement in a plane
      parallel to said drawing board by means of pointers which will adequately
      hold the second part in position when the instrument is displaced in the
      groove on said main ruler.
NUM  3.
PAR  3. A drafting machine comprising a main ruler, guiding rails adapted for
      being stationarily mounted and engaging the ends of said main ruler for
      guiding same on a drawing board in parallelism with itself, an auxiliary
      instrument slidably guided on said main ruler in the longitudinal
      direction thereof, a detachable working edge on said main ruler having
      graduations thereon, an endless graduated band carried by said main ruler
      in parallel to said working edge having at least two different scales
      thereon, which are coordinated with the graduations on said working edge
      so that point 0 for each scale on the endless band can be set in an
      arbitrary position to bring the graduations on each scale of the band into
      a desired position relative to the graduations on said working edge
      thereby enabling measurement or read out from point 0 directly on the
      graduations of said working edge, said guiding rails engaging the ends of
      said ruler being adapted to be mounted in spaced parallel relation on a
      drawing board with the ruler extending perpendicularly thereto, each rail
      including means being displaceable in said rail and provided for
      releasably engaging the margin of a drawing sheet placed on said board.
NUM  4.
PAR  4. A drafting machine comprising a main ruler, guiding rails adapted for
      being mounted on a drawing board at their ends to provide a gap between
      the surface of the drawing board and the bottom side of the guiding rails,
      said guiding rails engaging the end of said main ruler for guiding same on
      said drawing board in parallelism with itself, an auxiliary instrument
      slidably guided on said main ruler in the longitudinal direction thereof,
      a detachable working edge on said main ruler being adapted to the specific
      drawing purpose and having graduations thereon, an endless graduated band
      carried by said main ruler in parallel to said working edge and being
      adjustable by means of an adjusting device mounted in said main ruler for
      unobstructed rotational movement of said endless band having at least two
      different scales thereon, which are coordinated with the graduations on
      said working edge, said auxiliary instrument having a first part guided in
      a groove on said main ruler and a second part, means for pivotally
      mounting said second part on said first part for pivotal movement about a
      first longitudinal axis parallel to said drawing board and about a second
      axis perpendicular to said drawing board so that said second part can be
      pivoted about its longitudinal axis and then rotated to a position on the
      other side of the main ruler either for drawing purposes or to expose the
      entire length of said working edge, a third part of said auxiliary
      instrument being rotatable on said second part in a plane parallel to the
      drawing board over which the main ruler is movable.
NUM  5.
PAR  5. A drafting machine according to claim 4, in which said guiding rails
      engaging the ends of said ruler are mounted in spaced parallel relation on
      the drawing board with the ruler extending perpendicular thereto, each
      rail including means being displaceable in said rail and pivoted for
      releasably engaging the margin of a drawing sheet placed on said board.
NUM  6.
PAR  6. A drafting machine comprising a main ruler, guiding rails adapted for
      being mounted on a drawing board, said guiding rails engaging the end of
      said main ruler for guiding same on said drawing board in parallelism with
      itself, an auxiliary instrument slidably guided on said main ruler in the
      longitudinal direction thereof, a detachable working edge on said main
      ruler and having graduations thereon, an endless graduated band carried by
      said main ruler in parallel to said working edge having at least two
      different scales thereon, which are coordinated with the graduations on
      said working edge, said auxiliary instrument having a first part guided in
      a groove on said main ruler and a second part, means for pivotally
      mounting said second part on said first part for pivotal movement from a
      locked position about a first longitudinal axis parallel to said drawing
      board and about a second axis perpendicular to said drawing board so that
      said second part can be pivoted about its longitudinal axis and then
      rotated to a position on the other side of the main ruler either for
      drawing purposes or to expose the entire length of said working edge, a
      third part of said auxiliary instrument being rotatable on said second
      part in a plane parallel to the drawing board over which the main ruler is
      movable.
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PAL  The method of the invention includes the steps of positioning a support
      member having a substantially vertically extending recording surface
      thereon in the doorway for which the door is being sized, recording the
      contour of each side door jamb of the doorway on the recording surface by
      transposing the contour with a tracer mechanism having a follower adapted
      to be advanced along each side door jamb and a marker for recording on the
      surface information corresponding to the contour of the side door jamb,
      placing the recorded information in a cutting apparatus having means for
      controlling a cutter device in correspondence with the recorded
      information so that the cutter device is advanced along each side of the
      door member to cut the sides of the door to match the contours of the
      associated side door jambs. The apparatus of the invention consists of a
      vertically extending support member having a sheet of material extended
      vertically therealong, a centering assembly for positioning the support
      along the central vertical axis of the door opening, and a tracer
      mechanism movable along the support member and having followers adapted to
      engage the side door jambs whereby markers on the tracer mechanism will
      mark lines on the sheet of material as the tracer mechanism is advanced
      along the support member with the lines corresponding in contour to that
      of the associated side door jamb. The support member also includes
      adjustable means for comparing the head door jamb with horizontal.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates generally to fitting doors to selected door
      openings, and more particularly to a method and apparatus for quickly and
      easily sizing a selected door opening and cutting a door member to fit the
      opening.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Doors have typically been fitted to selected doorways or door openings by
      making hand measurements of the doorway and attempting to transpose the
      measurements onto the door so that it can be cut in accordance with the
      measurements. Often, however, the door must be mounted and taken down a
      number of times before it is suitably sized and cut for the doorway.
PAR  In an attempt to avoid this time consuming and not so accurate method of
      sizing and cutting a door to fit a selected doorway, various devices have
      been developed. One such device consists of an apparatus that can be
      placed in the doorway with positioning members adapted to be moved into
      engagement with selected locations around the doorway so that the appratus
      can subsequently be removed from the doorway, placed upon a door member,
      and lines drawn connecting the selected locations thereby transposing the
      desired configuration and size of the doorway onto the door member so that
      it can be cut to fit the doorway.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a new and improved
      method of sizing and cutting a door to fit a selected door opening wherein
      information relating to the size and configuration of the door opening is
      recorded and used to operate an automatic cutting apparatus which cuts a
      door member in accordance with the prerecorded information.
PAR  It is another object of the present invention to provide an apparatus for
      recording information relating to the size and configuration of a door
      opening which includes means for centering a support member along the
      central vertical axis of the door opening, the support member having a
      vertically extending markable surface thereon, and tracing means for
      movement along the support member to record in legible form on the
      markable surface information corresponding to the contour of the side door
      jambs of the door opening.
PAC  SUMMARY OF THE INVENTION
PAR  The method of the present invention basically includes the steps of
      measuring and recording information relating to the size and configuration
      of a selected door opening and then utilizing this information to guide
      cutter devices in cutting a door member to fit the door opening. More
      particularly, in accordance with the method of the present invention,
      lines corresponding with the vertical contour of the side door jambs of a
      selected door opening are traced onto a markable surface and measurements
      are made to compare the head door jamb with horizontal. This information
      is then, in the preferred form of the invention, used to cut the top edge
      of the door member and operate a cutting mechanism which automatically
      cuts the side edges of the door member to correspond with the information
      relating to the vertical contour of the side door jambs.
PAR  The apparatus of the present invention is used to measure a selected
      doorway and has means for recording information relating thereto on
      information receiving material for use in cutting the door member to the
      desired size and configuration. The apparatus includes a vertical support
      member which carries a centering mechanism for facilitating the
      positioning of the support member along the central vertical axis of the
      doorway. The support member is properly centered by a pair of positioning
      arms which are pivotally connected to the support member at their inner
      ends and which have outer ends adapted to engage the side door jambs. The
      positioning arms are interconnected by a horizontal level instrument which
      when horizontally oriented, assures that the support member is centered in
      the doorway. The horizontal level also establishes a horizontal reference
      so that the head door jamb of the door opening can be compared to
      horizontal and the information relating thereto used to cut the upper edge
      of the door member to correspond with the inclination of the head door
      jamb.
PAR  A tracing mechanism is mounted upon the support member for vertical sliding
      movement. The tracing mechanism includes a pair of markers which engage,
      in the preferred form, an elongated sheet of material mounted upon the
      support member and the markers are connected to a pair of followers which
      engage the side door jambs of the door opening whereby upon vertical
      movements of the tracer mechanism along the support member, the contour of
      each side door jamb is marked on the sheet in a legible manner thereby
      recording the vertical contour information corresponding to each side door
      jamb on the sheet. The sheet of material, with the recorded information
      thereon, may then be used with suitable cutting apparatus for cutting the
      side edges of a door member to conform to the vertical contours of the
      side door jambs.
PAR  As will be appreciated from the detailed description hereinafter, the
      invention enables a carpenter or the like to measure and record
      information relating to a plurality of doorways and then forward the
      information to a remote location where cutting machinery is situated for
      cutting the doors to fit the previously measured doorways.
PAR  Other objects, advantages and capabilities of the present invention will
      become more apparent as the description proceeds taken in conjunction with
      the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the apparatus of the present invention
      disposed within a door opening shown in phantom lines.
PAR  FIG. 2 is a front elevation of the apparatus shown in FIG. 1.
PAR  FIG. 3 is an enlarged horizontal section taken along line 33 of FIG. 2.
PAR  FIG. 4 is an enlarged horizontal section taken along line 44 of FIG. 2.
PAR  FIG. 5 is an enlarged vertical section with parts removed taken along line
      55 of FIG. 2.
PAR  FIG. 6 is a diagramatic plan view of a cutting apparatus used in the method
      of the present invention.
PAR  FIG. 7 is an enlarged vertical section taken along line 77 of FIG. 6.
PAR  FIG. 8 is an enlarged vertical section taken along line 88 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1 and 2, the door sizing apparatus 10 of the
      present invention is shown disposed within a door opening or doorway 12
      having left and right side door jambs 14 and a head door jamb 16. Across
      the foot of the doorway is the conventional threshold 18. The apparatus
      includes a support member or plumb guide beam 20, a centering mechanism
      generally indicated at 22, a tracing mechanism 24 and an elongated sheet
      of markable material 26 extended vertically along the front face of the
      guide beam and anchored at opposite ends of the guide beam.
PAR  The plumb guide beam 20 in the disclosed form is a channeled piece of
      elongated aluminum with the channel opening rearwardly. The upper end of
      the guide beam has a pair of rearwardly extending brackets 28 which
      support an upper spool 30 to which the upper end of the markable material
      26 is anchored. The spool 30 is preferrably rotatably connected to the
      brackets 28 and gripped frictionally so that it can be rotated upon
      application of a predetermined force but otherwise will retain its angular
      orientation. The lower end of the guide beam has a bracket 32 which
      extends both forwardly and rearwardly of the guide beam with the rear
      extent of the bracket supporting a lower spool 34 to which the lower end
      of the markable material 26 is connected. Again, the lower spool 34 is
      rotatably mounted in such a manner that it is frictionally gripped by the
      bracket 32 but can be rotated upon application of a predetermined force.
      The forward extent of the lower bracket 32 defines a horizontal flange 36
      through which a vertically extending adjustment screw 38 is received. The
      adjustment screw 38 has an abuttment head 40 on its lower end adapted to
      engage the threshold 18 of the doorway and to be selectively disengaged
      therefrom when desired. A lock nut 42 is threaded onto the upper end of
      the adjustment screw to lock the screw into position when it has been
      desirably abutted or engaged with the threshold.
PAR  The guide beam 20 has a front wall 44 and a pair of rearwardly extending
      sidewalls 46. Each sidewall 46 along its connection to the front wall is
      provided with a vertically extending groove 48 for a purpose to be
      described later.
PAR  Near the upper end of the guide beam, upper and lower vertically spaced
      pairs of notches 50a and 50b respectively are cut in the sidewalls 46 to
      facilitate the operation of the centering mechanism 22. The centering
      mechanism includes a pair of equal length positioning arms 52 which are
      pivotally connected to the front wall of the guide beam at 54 and protrude
      laterally away from the guide beam through the lower pair of notches 50b,
      a biasing member 56 interconnecting the positioning arms 52 and extending
      through the upper pair of notches 50a, a horizontal level member 58 also
      interconnecting the positioning arms, and a pair of adjustment screws 60
      passing vertically through the distal ends of the positioning arms. The
      positioning arms 52 are made, in the disclosed form, from elongated bars
      of generally rectangular transverse cross-section and have rubber
      abuttment pads 62 on their distal ends adapted to frictionally engage the
      side door jambs 14 of the doorway. The adjustment screws 60 which extend
      through the distal ends of the positioning arms in a generally vertical
      direction are calibrated at 64 so that their longitudinal position
      relative to the associated positioning arm is easily determinable. The
      horizontal level member 58 in the disclosed form is a conventional spirit
      level having conventional level indicators indicating when the level
      member is horizontal. At opposite ends of the level member it is provided
      with horizontal slots 66 which extend along the length of the level member
      and receive horizontal slide pins 68 which are anchored to each of the
      positioning arms at a location near the distal ends of the positioning
      arms.
PAR  The tracing mechanism 24 consists of a horizontal tracing beam 70 which in
      the disclosed form is of solid rectangular transverse cross section having
      a vertical notch 72 cut in the rear face thereof at the longitudinal
      center adapted to receive the front portion of the guide beam 20. At
      opposite sides of the notch 72, ball bearings 74 are received in
      appropriate sockets and are biased inwardly toward each other by
      compression springs (not shown). The ball bearings 74 are adapted to be
      snapped into the grooves 48 running along opposite sides of the guide beam
      and serve to retain the horizontal tracing beam 70 on the guide beam as it
      is slid vertically along the length of the guide beam. The horizontal
      tracing beam can, of course, be removed from the guide beam merely by
      snapping the ball bearings out of the guide grooves 48. A pair of tracer
      arms 76 are mounted on the top of the tracing beam 70 and each has a
      follower 78 at its outer end adapted to engage the adjacent side door jamb
      14. The follower 78 could be in the form of a ball or roller bearing or
      could merely be the blunt end of the arm 76. Each tracer arm is slidably
      supported axially by a pair of spaced brackets 80a and 80b, bracket 80b
      serving as an abuttment for one of two coaxial compression springs 82
      mounted on the tracer arm. The compression springs 82 serves to bias the
      arms outwardly into engagement with the side door jambs. The inner end of
      each arm 76 passes through a generally U-shaped curve with one portion of
      the U-shaped curve running parallel to the longitudinal axis of the tracer
      arm. This portion of the U-shaped bend is slidably received in a third
      bracket 84 which serves to prevent the tracer arm from rotating about the
      longitudinal axis thereof. A marker head 86 is provided at the inner end
      of each tracer arm and could be in numerous forms, such as, a ball point
      pen, an adjustable lead, or the like. The marker heads 86 are adapted to
      engage the markable material 26 disposed on the front face of the guide
      beam 20 as to place a legible mark on the markable material as the tracing
      beam 70 is slid vertically along the guide beam. It will be appreciated
      that each tracer arm is biased against the associated side door jamb 14 so
      that the follower 78 engages the side door jamb. Since the tracer arms are
      of fixed length, and the tracing beam is moved vertically along the guide
      beam, a generally vertically extending line will be marked upon the
      markable material 26 to correspond with the vertical contour of each side
      door jamb. In this manner, information relating to the contour of the side
      door jambs is placed upon the markable material which can be used later to
      cut the side edges of a door for the doorway so that the side edges
      correspond with the contours of the associated side door jambs.
PAR  With the horizontal tracing beam 70 at its lowermost position on the guide
      beam, the distance between each end of the tracing beam and the threshold
      18 of the doorway can be measured and manually written upon the markable
      material so that the lower edge of the door can be made to fit the contour
      of the threshold of the doorway.
PAR  The positioning arms 52 are biased outwardly by the biasing member 56, FIG.
      4, which includes a tubular housing 88 from which a pair of oppositely
      directed pins 90 protrude and are biased outwardly by a common compression
      spring 92 contained in the housing between the inner ends of the pins.
      Each pin has a sperical head 94 on its distal end which is received in a
      spherical socket in the associated arm 52 so that it is retained in
      connected relationship with the positioning arm. The spherical connection
      allows pivotal movement between the biasing member 56 and the positioning
      arms 52 so that while the biasing member biases the positioning arms
      outwardly engaging their distal ends with the side door jambs, they are
      free to pivot relative to the biasing member. The rubber abuttment pad 62
      on the distal end of each arm 52 frictionally engages the associated side
      door jamb 14 and the spring bias applied thereto by the biasing member is
      sufficient to suspend the entire apparatus within the doorway.
PAR  Since it is important that the plumb guide beam 20 be vertically oriented
      during the use of the apparatus so that the markable material 26 extends
      vertically, the apparatus has been designed so that it is self-plumbing.
      In other words, the positioning arms 52 are pivotally connected to the
      guide beam at a location 54 above its longitudinal center, which is the
      approximate center of gravity of the guide beam and once the positioning
      arms have been biased against the side door jambs to suspend the guide
      beam within the doorway, the guide beam will seek a vertical plumb
      position. After attaining a vertical position, the adjustment screw 38 at
      the bottom of the guide beam is advanced against the threshold 18 to
      secure the guide beam in the vertical position.
PAR  The markable material 26 which is extended along the front face 44 of the
      guide beam 20 could be any suitable material upon which the desired
      information can be recorded in some manner, but in the preferred forms, so
      that the material is useful with the cutting apparatus to be described
      hereinafter for cutting the doors, the material 26 is a transparent tape
      which is secured at opposite ends to the spools 30 and 34 at the top and
      bottom of the guide beam respectively. Preferably, the tape is of
      sufficient length so that information relating to a plurality of doorways
      can be recorded thereon by advancing the tape from one spool to the other
      always presenting a clean blank surface for each door opening to be
      measured.
PAR  In operation of the apparatus 10, it is first placed in the doorway so that
      the positioning arms 52 engage the side door jambs 14 adjacent the tops
      thereof and so that the plumb guide beam 20 is suspended in the doorway.
      In order to center the plumb guide beam in the doorway, the positioning
      arms are pivoted relative to each other until the horizontal level member
      58 indicates that it is horizontal. With the horizontal orientation of the
      level member, the inner pivotally connected ends of the positioning arms
      are equally spaced from the side door jambs 14, and the guide beam is
      centered in the doorway freely pivotal about the pivot connection to the
      positioning arms. In this orientation, the guide beam will seek a vertical
      plumb position as discussed before. After it has attained the vertical
      position, it is secured in this position by advancing the adjustment screw
      38 against the threshold. The adjustment screws 60 at the terminal ends of
      the positioning arms 52 can then be advanced upwardly until they engage
      the head door jamb 16 and the relative spacing of the terminal ends of the
      positioning arms as indicated by the calibrated adjustment screws 60 can
      be recorded on the transparent markable material 26 for later use in
      cutting the door. With the apparatus so oriented within the doorway, the
      tracing beam 70 is mounted upon the guide beam so that the marking heads
      86 engage the transparent marking material and the tracing beam is
      advanced vertically along the full length of the guide beam. The followers
      78 at the outer ends of the tracing arms 76 will follow the contour of the
      associated side door jambs and this contour will be marked on the
      transparent material with the marker heads so that a pair of lines
      corresponding to the contour of the side door jambs are recorded on the
      transparent material for use in cutting the side edges of the door. By
      placing the horizontal tracing beam at its lowermost position on the guide
      beam, the distance between each end of the tracing beam and the threshold
      18 of the doorway can be measured to give the angular variation of the
      threshold from horizontal. This information can be recorded on the
      transparent paper so that the lower edge of the door can be cut
      accordingly to match the threshold. It will be readily appreciated that
      the appratus is useful in quickly sizing, measuring and recording
      information relating to the side and head door jambs as well as the
      threshold of a doorway. Since the marking material is long enough to
      accommodate a number of door measurements, the apparatus can be used over
      and over, each time recording information on a blank portion of the
      marking material so that the information relating to a plurality of
      doorways is recorded on the same roll of material.
PAR  The information recorded on the tape 26 in accordance with the method of
      the present invention is used to operate a cutting apparatus 100, FIGS. 6
      through 8, which is adapted to cut the side edges of the door in matching
      relationship with the lines marked on the tape. Referring particularly to
      FIG. 6, the cutting apparatus 100 can be seen to include a reader
      mechanism 102 and a pair of laterally spaced cutting blades 104 which in
      the preferred form are in the form of high speed straight bits each driven
      by an electric motor 106 similar to a large router or shaper motor. These
      units are mounted on cutter beds 108 so that their angle of cut is
      adjustable and also their depth of cut is regulated by sliding the unit
      toward and away from the opposite unit. Each cutter unit is fixed firmly
      to a hydraulic ram 110 so that it can be advanced toward or away from the
      opposite unit in response to operation of the hydraulic ram.
PAR  The hydraulic ram 100 for each cutter unit is controlled by the reader
      mechanism 102 which is adapted to sense the lines marked on the tape
      corresponding to each side door jamb of the doorway. Referring to FIG. 7,
      the reader mechanism has a pair of light sources 112 which project beams
      of light smaller than the width of the lines marked upon the material.
      Directly below each light source, are two photo electric cell compartments
      114 and 116 with a slot (not shown) the size of the light beam centered
      over the compartments in such a way that if the tape is not present, half
      of the light goes into each compartment and strikes each photo cell plate
      118 with equal intensity. If the tape is loaded into the reading mechanism
      and the opaque line on the material is over the slot, then no light will
      pass into either compartment. The photo cells each activate an amplifier
      circuit 120, which in turn activates a hydraulic valve 122 which releases
      the hydraulic pressure to the hydraulic ram 110 of one of the cutter
      mechanisms to drive the hydraulic ram toward or away from the opposite
      hydraulic ram. One photo cell 118 causes the associated hydraulic ram to
      move one direction and the other photo cell 118 causes the ram to move in
      the opposite direction.
PAR  To operate the reader mechanism, the tape is first loaded in the mechanism
      and the light sources 112 turned on. The photo cells 118 are then
      neutralized and by manual operation of the hydraulic valve 112 the ram 110
      moves with the light source until the light beam is centered on the
      marking associated therewith so that no light is hitting either photo cell
      therebeneath. This operation is carried out for the line markings relating
      to the left and right side door jambs. The photo cells are then activated.
      A drive mechanism (not shown) is then energized to advance the tape 26
      through the reader mechanism 102 at the same rate at which a blank door
      member 124 is advanced between the cutter blades 104. So long as the line
      markings on the tape continues to run in a straight line no light will be
      received by the photo cell 118 and the cutter blades will remain in a
      fixed position. However, if the line marking moves to the right it will
      begin to expose a portion of the slot and light will strike the photo cell
      plate on the left. This will then activate the hydraulic valve and in turn
      the associated hydraulic ram will move in the direction necessary to cause
      the light beam to also move to the right. Presently, the light beam will
      catch up with the marking and the light will no longer hit the photo cell
      plate and the ram will maintain a fixed position again. With the system
      balanced and adjusted properly, it will follow the side door jamb contour
      as represented by the line marking causing the side edges of the door to
      be cut to correspond with the line markings and thus with the side door
      jambs of the door opening.
PAR  After the side edges have been cut in accordance with the aforedescribed
      method, the top and bottom edges of the door are cut to correspond with
      the head door jamb and threshold of the doorway respectfully as per the
      instructions written on the tape designating the relationship of the head
      door jamb and the threshold with horizontal. After the top and bottom
      edges of the door have been cut, the door will be precisely cut to match
      the doorway in which it is to be mounted.
PAR  It will be appreciated that by using the apparatus and method of the
      present invention, a number of doorways can be measured and sized at a
      particular location and the information forwarded to a cutting plant where
      the necessary cutting equipment is installed and ready for use. The doors
      can then be cut and fowarded to the installation site where they will
      precisely match the doorways for which they were cut. By properly coding
      the tape with each doorway being measured, the doors can be labeled and
      quickly installed once they have been delivered to the installation site.
      This alleviates the necessity of having a cutting instrument at each
      installation site and also alleviates the imprecise method previously
      employed for sizing and cutting doors for selected doorways.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in details of structure or procedure
      may be made without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for sizing a door to fit a selected doorway having a frame
      with side door jambs and a head door jamb comprising in combination:
PA1  a single support member adapted to extend vertically approximately along
      the center line of a doorway,
PA1  information receiving material on said support member extending
      substantially the entire height of the doorway,
PA1  tracing means including a pair of follower arms operably connected to said
      support member for vertical movement therealong substantially the entire
      height of said doorway, said follower arms being biased away laterally in
      opposite directions from the support member so as to operatively engage
      the side door jambs, recording means on said tracing means operably
      connected to each follower arm for conjoint vertical movement therewith,
      such that vertical movement of said follower arms will trace the contour
      of said doorway end conjoint movement of said recording means will
      continuously record said contour on said information receiving material so
      that said recorded information can be used to cut the sides of a door to
      fit the doorway opening.
NUM  2.
PAR  2. The apparatus of claim 1 further including centering means operably
      connected to the support means and being adapted to center the support
      means on the center line of the doorway between the side door jambs.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said centering means includes a pair of
      equal length positioning arms pivotally connected to the support means so
      as to be movable into engagement with the side door jambs.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said centering means further includes
      leveling means slidably connected to each of said arms such that when the
      leveling means is horizontally disposed and the positioning arms are
      engaged with the side door jambs, the connection location of the
      positioning arms to the support means is centered between said side door
      jambs.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said positioning arms include friction
      means for engaging the side door jambs and wherein said centering means
      further include holding means for retaining said positioning arms in
      frictional engagement with the side door jambs such that the positioning
      arms can pivotally suspend the support means to allow the support means to
      be vertically suspended.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the center of gravity of the support
      means is below its pivotal connection to the positioning arms so that the
      support means will automatically seek a vertical orientation when
      suspended by the positioning arms.
NUM  7.
PAR  7. The appartus of claim 5 wherein said holding means comprises spring
      biasing means operably interconnecting said positioning arms to bias the
      arms in opposite directions and into engagement with the side door jambs.
NUM  8.
PAR  8. The apparatus of claim 5 further including calibrated adjustable means
      at the ends of said positioning arms adapted to be advanced upwardly into
      engagement with the associated end of the head jamb to thereby indicate
      any difference in elevation of the opposite ends of the head jamb.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said tracing means includes resilient
      means for biasing said follower arms into engagement with the side door
      jambs.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said tracing means is removably
      mounted on said support means.
NUM  11.
PAR  11. The apparatus of claim 1 wherein said information receivable material
      consists of a strip of sheet material supported at opposite ends on
      rotatable spools, said spools being mounted upon said support member so
      that the paper strip can be advanced along said support member from spool
      to spool.
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ABST
PAL  The rear sight of a firearm has a peephole device formed by a hollow tube,
      each of the two ends of which are closed by a peephole. Each peephole has
      a central orifice therein. The orifice of the peephole of the rear side
      has a larger diameter than the orifice of the peephole on the front sight
      side. Each peephole is pivotally mounted and cooperates with an elastic
      member which holds the peephole in its tube-opening or tube-closing
      position. In a further embodiment, two peepholes are provided at each end
      of the tube.
BSUM
PAR  The present invention relates to sighting means for a firearm, which means
      comprise a rear sight and a front sight.
PAR  The invention applies more particularly, since it is in this case that its
      application would seem to be of the greatest interest, but not
      exclusively, to sighting devices for small-caliber firearms such as
      rifles, carbines, machine pistols or automatic rifles.
PAR  It is known, as a matter of fact, that the present trend in the manufacture
      of such firearms is to reduce the length of the barrels. Today barrel
      lengths are between about 50 and 100 times the caliber of the weapon.
      Thus, for a 5.56 caliber weapon, the length of the barrel is about 40 cm.
PAR  Under these conditions it will be seen that the length of the line of sight
      between the rear sight and front sight is reduced as compared to that
      which might be found on firearms having a much longer barrel.
PAR  The sighting therefore has a tendency to be less precise.
PAR  In order to improve the accuracy of the sighting, it has already been
      proposed to provide the rear sight with a peephole formed by a diaphragm
      having a central orifice.
PAR  In order to change the characteristics of the line of sight there have been
      proposed rear sights which are adapted to receive interchangeable
      diaphragms whose orifices have different diameters. For the same purpose
      it has also been proposed to equip the rear sights with a rotating
      diaphragm provided with a plurality of orifices.
PAR  Various other artifices such as bonnets arranged on the side of the
      diaphragm facing the eye of the marksman have been proposed in order to
      improve the precision of the sighting.
PAR  The object of the present invention is to provide sighting devices which
      make it possible to further increase the precision of the sighting and to
      overcome the drawbacks presented by a line of sight which is shorter than
      the line of sight of a conventional weapon.
PAR  Still another object of the invention is to provide sighting devices which
      permit adaptation to the conditions of light present upon firing (firing
      in full sunlight, firing in a shadow, nighttime firing).
PAR  The sighting devices in accordance with the invention comprise a rear sight
      having a peephole device and a front sight and they are characterized by
      the fact that the peephole device is formed by a hollow tube, the two ends
      of which are each closed by a peephole, with each of the peepholes having
      a central orifice, and the orifice of the peephole on the side of the
      marksman being of a diameter greater than the orifice of the peephole on
      the side of the front sight.
PAR  It will be seen then that one obtains a peephole device having two orifices
      separated by a dark chamber, which considerably reduces the effects of the
      diffraction of the rays of light at the edges of the orifice of smaller
      diameter, and thus considerably improves the accuracy of the sighting.
PAR  In accordance with a preferred embodiment of the invention, the inner
      diameter of the hollow tube is between 5 and 15 mm, and its length is
      approximately equal to its inside diameter.
PAR  One advantageous arrangement of the invention consists in removably
      mounting at least one of the two peepholes so that it is possible to open
      one and/or both ends of the hollow tube.
PAR  These two peepholes may be pivotally mounted and cooperate with elastic
      members which hold them either in the tube closing position or in the
      tube-opening position.
PAR  It is then possible to impart to the tube an inside diameter greater than
      the diameter of the pupil of the human eye at its maximum aperture, with
      the said tube then serving as a peephole for firing under conditions of
      very poor light, such as night firing.
PAR  From a construction standpoint, it is advantageous to impart to the central
      orifice of each peephole a shape such that its diameter on the side of the
      inner face of the peephole (tube side) is less than its diameter on the
      side of the outer face of the peephole (side opposite the tube). For this
      purpose, the central orifice may have a central shoulder.
PAR  In order to obtain a precise centering of each peephole and avoid the
      introduction of light into the dark chamber, each peephole has a boss
      which fits in the tunnel.
PAR  Another arrangement in accordance with the invention consists in providing
      two (or more) peepholes at each end respectively of the tube, with these
      two peepholes being mounted in such a manner that they can close off the
      end in question of the tube by one or the other of them coming into place
      at said end, or by coming one on top of the other.
PAR  In this latter case, the peephole which is further to the outside will
      therefore cover the peephole which is further to the inside, and its
      orifice will then have a shorter diameter than the orifice of the
      diaphragm further to the inside.
PAR  The possibilities of use of a firearm in accordance with the invention are
      then numerous, since the marksman can use it:
PAR  -- with the peephole device formed of two orifices separated by a dark
      chamber (if a single peephole is mounted at each end of the tube, one has
      a single combination; if two or several peepholes are mounted at each end
      of the tube, one then has two or more than two combinations to constitute
      this peephole device);
PAR  -- with the peephole device formed of the simple tube;
PAR  -- with the peephole device formed of the tube closed at only one of its
      ends with one or the other of the peepholes (if a single peephole is
      mounted at each end of the tube, one has two combinations to constitute
      this peephole device; but if two or more peepholes are mounted at each end
      of the tube, one has four or more than four combinations to constitute
      this peephole device).
PAR  Aside from the arrangements which have just been mentioned above, the
      invention consists of several other arrangements which will be described
      in further detail below and which are preferably employed simultaneously.
DRWD
PAR  The invention will in any event be better understood from the further
      description which follows, as well as from the accompanying drawings, the
      said description and drawings relating to preferred embodiments of the
      invention and, of course, not being in any way limitative.
PAR  FIG. 1 of the drawings is a simplified view of a firearm developed in
      accordance with the invention.
PAR  FIG. 2 is a schematic view of the rear sight of the firearm shown in FIG.
      1.
PAR  FIG. 3 is a more detailed section on a larger scale through a first
      embodiment of the rear sight shown schematically in FIG. 2, this sight
      being shown in a first configuration.
PAR  FIGS. 4 and 5 are two sections through the rear sight of FIG. 3, showing
      two other configurations.
PAR  FIG. 6 is a more detailed section on a larger scale of another embodiment
      of the rear sight shown schematically in FIG. 2, shown in a first
      configuration.
PAR  FIG. 7, finally, is a cross section through the rear sight of FIG. 2,
      showing a different configuration.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a firearm the sighting devices of which comprise a rear sight
      1, which is possibly adjustable in height and direction by conventional
      means (not shown), and a front sight 2.
PAR  As shown in FIG. 2, the rear sight 1 is provided with a peephole device 3
      formed by a hollow tube 4 whose two ends are closed by two peepholes 5'
      and 6' respectively.
PAR  Each peephole has a central orifice 7 and 8 respectively, the orifice 7 of
      the peephole 5', which is on the marksman's side, being of a larger
      diameter than the orifice 8 of the peephole 6' which is on the side
      towards the front sight 2.
PAR  The peephole device 3 thus obtained is then formed of the two orifices 7
      and 8 separated by a dark chamber 9.
PAR  The inside diameter of the tube 4 is advantageously between 5 and 15 mm,
      its length being approximately equal to its inside diameter.
PAR  As shown in FIGS. 3, 4 and 5, the two peepholes 5 and 6 are removable so
      that it is possible to open one and/or the other end of the tube 4.
PAR  This possibility of opening one or both ends of the tube 4 makes it
      possible in particular to effect the cleaning thereof in the event that
      dust or the like should enter the dark chamber 9.
PAR  The two peepholes 5 and 6 are advantageously mounted for pivoting and they
      cooperate with elastic members 10 and 11 respectively which hold them
      either in the position in which they close the tube 4 or in the position
      in which the tube 4 is open.
PAR  It is then possible to impart to the tube 4 an inside diameter which is
      greater than the diameter of the pupil of the human eye at its maximum
      aperture (about 7 mm), the tube 4 then serving as a peephole device for
      nighttime firing when the two peepholes 5 and 6 are in open position.
PAR  These elastic members 10 and 11 may consist of springs 12 acting on push
      members 13 which cooperate with the peepholes 5 and 6. For this purpose,
      each of the peepholes 5 and 6 has an extension 14 traversed by the pivot
      pin of the peephole in question. The extension 14 has two flat faces 15,
      16 which together form an angle corresponding to the angle between the two
      positions of the peephole. These two flat faces 15 and 16 cooperating with
      the push member 13 and the angle formed by these two flat faces 15 and 16
      may advantageously be 90.degree..
PAR  From a structural standpoint, the central orifice 7 or 8 of the peephole 5
      or 6 has a shape such that its diameter on the side of the inner face of
      the peephole (tunnel side) is less than its diameter on the side of the
      outer face of the peephole (side opposite the tube) and, for this purpose,
      the orifice may have a central shoulder 17.
PAR  In order to obtain a precise centering of each peephole 5 or 6 and avoid
      the introduction of light into the dark chamber 9, each peephole has a
      boss 18 which fits into the tube 4.
PAR  With respect to the mounting of the peepholes 5 and 6, it may be mentioned
      that they are mounted around horizontal pivot pins perpendicular to the
      line of sight and located below said line. In accordance with another
      arrangement of the invention, illustrated in FIGS. 6 and 7, two peepholes
      5a and 5b are provided at one of the ends of the tube 4 (marksman's side)
      and two peepholes 6a and 6b are provided at the other end of the tube 4
      (front-sight side).
PAR  These four peepholes 5a, 5b and 6a, 6b are pivotally mounted so that they
      can close the end of the tube 4 in question by coming one onto the other,
      the peepholes 5a and 6a being located furthest towards the inside with
      respect to the tube 4, while the peepholes 5b and 6b are located furthest
      to the outside with respect to the tube 4.
PAR  For this purpose, the two pivot pins of the two peepholes 5a and 5b, as
      well as the two pivot pins of the two peepholes 6a and 6b, are horizontal,
      perpendicular to the line of sight, and both located below the line of
      sight. From a structure standpoint, the two peepholes furthest to the
      outside, namely 5b and 6b, are adapted to present a recess which fits over
      the extension 14 of the two peepholes furthest to the inside, namely 5a
      and 6a.
PAR  The peephole 5b which is furthest to the outside can therefore cover the
      peephole 5a which is furthest to the inside, and it is then advantageous
      to impart to its orifice 7b a smaller diameter than the diameter of the
      orifice 7a of the peephole 5a furthest to the inside. Likewise, the
      peephole 6b, which is furthest to the outside, can cover the peephole 6a
      which is furthest to the inside, and it is advantageous to impart to its
      orifice 8b a diameter smaller than the diameter of the orifice 8a of the
      peephole 6a which is furthest to the inside.
PAR  The possibilities of use of a firearm developed in the manner which has
      just been described are then multiplied, since the marksman may use it:
PAR  -- with the peephole device formed by the two orifices 7 and 8 of the two
      peepholes 5 and 6 (FIG. 3),
PAR  -- with the peephole device formed by the two orifices 7a and 8a of the two
      peepholes 5a and 6a (FIG. 7),
PAR  -- with the peephole device formed by the two orifices 7b and 8 b of the
      two peepholes 5b and 6b (FIG. 6),
PAR  -- with the peephole device formed by the orifice 7 of the peephole (FIG.
      4), and
PAR  -- with the peephole device formed by the tube 4 (FIG. 5).
PAR  Aside from these possible uses which have been illustrated, others could be
      mentioned which are not illustrated, but the manner of production of which
      can easily be imagined.
PAR  The configuration illustrated in FIG. 3 corresponds to sighting under good
      lighting conditions.
PAR  The configuration illustrated in FIG. 7 corresponds to sighting under poor
      lighting conditions, as the diameters of the orifices of the peepholes are
      larger than those of the orifices of the peepholes of FIG. 3.
PAR  The configuration illustrated in FIG. 6 corresponds to sighting with better
      lighting conditions, as the diameter of the orifice of the peephole on the
      side of the marksman is smaller than the diameter of the orifice of the
      corresponding peephole of FIG. 3.
PAR  The configuration illustrated in FIG. 4 corresponds to sighting under poor
      lighting conditions, as the marksman has selected a single peephole whose
      orifice has a relatively large diameter.
PAR  The configuration illustrated in FIG. 5 corresponds to sighting under
      minimum lighting conditions (nighttime firing), as the marksman sights
      through the tube which has a diameter greater than that of the pupil of
      his eye which is then opened to the maximum.
PAR  Finally, whatever the embodiment adopted, one has a firearm the sights of
      which are adaptable to various lighting conditions and which always make
      it possible to effect sighting with greater precision than the sights of
      conventional firearms.
PAR  Furthermore, it is of interest to note that whatever the combination
      selected to constitute the peephole device, the latter is always firmly
      connected with the mechanism for the regulating of the height and
      direction of the rear sight.
PAR  As goes without saying, and as is furthermore evident from the foregoing,
      the invention is by no means limited to those of its embodiments or
      applications which have been more particularly contemplated; rather, it
      covers all possible variants.
CLMS
STM  I claim:
NUM  1.
PAR  1. A firearm comprising a rear sight having a peephole device and a front
      sight, said peephole device comprising a hollow tube and two peepholes,
      the two ends of said hollow tube being closed by said peepholes, each of
      said peepholes having a central circular orifice therein, the orifice on
      the peephole on the rear side being of a larger diameter than the orifice
      on the peephole on the front sight side, at least one of the two peepholes
      is removable, at least one of the two peepholes is pivotally mounted with
      respect to said peephole device, and an elastic means for selectively
      holding said pivotally mounted peephole in either a tube-closing or a
      tube-opening position.
NUM  2.
PAR  2. A firearm as claimed in claim 1, wherein the inside of said tunnel is
      circular in cross-section and the inside diameter of the tunnel is between
      5 and 15 mm.
NUM  3.
PAR  3. A firearm as claimed in claim 2, wherein the length of the tube is
      approximately equal to its inside diameter.
NUM  4.
PAR  4. A firearm as in claim 1, wherein the inside of said tube is circular and
      the tunnel has an inside diameter which is greater than the diameter of
      the pupil of the human eye at its maximum aperture.
NUM  5.
PAR  5. A firearm comprising a rear sight having a peephole device and a front
      sight, said peephole device comprising a hollow tube and two peepholes,
      the ends of said hollow tube being closed by said peepholes, each of said
      peepholes having a central circular orifice therein, the orifice on the
      peephole on the rear side being of a larger diameter than the orifice on
      the peephole on the front sight side, the diameter of the central orifice
      of each peephole on the side of the inner face of the peephole (tube side)
      is less than its diameter on the side of the outer face of the peephole
      (side opposite the tube), and the central orifice of each peephole has a
      median shoulder.
NUM  6.
PAR  6. A firearm as in claim 5, wherein each peephole has a boss which fits in
      the tube.
NUM  7.
PAR  7. A firearm comprising a rear sight having a peephole device and a front
      sight, said peephole device comprising a hollow tube and four peephole
      members, each end of said hollow tube being respectively closed by two
      aligned separate peephole members of said four peephole members, each of
      said peephole members having a central circular orifice therein, the
      orifice on one of the peephole members on the rear side being of a larger
      diameter than the orifice on one of the peephole members on the front
      sight side.
NUM  8.
PAR  8. A firearm as in claim 7, wherein the two peephole members at each end of
      the tube individually close on adjustable mounting means for positioning
      each peephole member in either a tube closing or tube opening position.
NUM  9.
PAR  9. A firearm as in claim 7 wherein the outer of said two peephole members
      at each end of the tube mounted is on adjustable mountings means for
      positioning said outer peephole members onto the other peephole member for
      closing the end of the tube or in a tube opening position.
NUM  10.
PAR  10. A firearm as claimed in claim 9, wherein the one of the two peephole
      members at each end of the tube that is furthest to the outside has an
      orifice of smaller diameter than the orifice of the other peephole member
      that is furthest to the inside.
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ABST
PAL  A system including a highly accurate electronic navigator mounted on a
       vele and the method of using same. Azimuth or position data from the
      navigator is repeated by a gyro in a remote head on the vehicle slaved by
      torque and signal cables to the navigator. If the gyro torque cables are
      opened, the remote head may be removed from the vehicle and mounted on
      some other body. The azimuth or position data of the body can then easily
      be determined from the position of the remote head relative to the
      navigator references. In particular, the invention is envisioned as usable
      in laying missiles or guns with the navigator and remote head being
      carried by a jeep or the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various equipments and techniques are known for establishing azimuth or
      other position data for gun or missile batteries. One such technique
      employs surveying techniques using transits or their equivalents. This
      technique is slow, requires at least two men to perform, and requires
      quite a bit of skill on the part of these men. The current most rapid
      technique employs a highly accurate electronic navigator mounted on a
      vehicle such as a jeep. The navigator provides an optical output such that
      some optical reference on the gun or missile can be checked for alignment
      by using a theodolite or its equivalent. Although more rapid than
      surveying alone, this method is still slow and requires a skilled
      operator. One such known system is the PADS (Position & Azimuth
      Determining System) made by the Guidance and Control Systems Division of
      Litton Industries. A description of PADS is in Final Report E TL-CR-73-6
      of June 1973, by S. R. Ellms. This report is available at the Defense
      Documentation Center, Cameron Station, Virginia. The instant invention is
      able to directly determine azimuth or position of the gun or missile
      relative to the navigator, is very rapid, and requires only one
      semiskilled operator.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is a system including an accurate electronic navigator and a
      remote head therefore, both mounted on a vehicle. The remote head includes
      a gyro repeater connected by cables to the navigator; the head can be
      slaved to the navigator while on the vehicle, or can be unslaved, removed
      from the vehicle (still connected by cables to the navigator) and placed
      on some other body than the vehicle. The alignment of the other body can
      then be determined from the position of the remote head relative to the
      navigator references.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial showing of the system of the invention.
PAR  FIG. 2 is a schematic diagram of the system of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention may be best understood by reference to the drawings. In FIG.
      1, a PADS system 10 or an equivalent land navigator is mounted on a
      vehicle 11 such as a jeep. An angular sensor 12 is connected by cable 13
      to navigator 10. Sensor 12 is equipped with feet 14 that mate with
      corresponding holes 15 in a bracket 16 mounted on the equipment (not
      shown) to be aligned. Bracket 16 is boresighted to the equipment on which
      it is mounted. Navigator 10 includes a mounting and carrying bracket 17 on
      which sensor 12 is transported.
PAR  Referring now to FIG. 2, remote sensor 12 includes a directional gyro
      generally indicated 18. In the initial condition of the system, sensor 12
      would be mounted on bracket 17. The inertial platform 10a of navigator 10
      will erect itself and gyrocompass to north. Outputs from synchros 19 and
      20 are connected to vertical and horizontal synchros 21 and 22 by switches
      25a and 25b. The vertical and horizontal reference outputs signals from 19
      and 20 thus cause synchros 21 and 22 to align gyro 18 to platform 10a.
      Switches 25a and 25b act as slave-remote switches for remote sensor 12.
PAR  When it is desired to utilize sensor 12 to check the alignment of remote
      equipment (i.e., equipment not on vehicle 10, slave-remote switches
      25a-25b are opened to disconnect the erection signals from platform 10a.
      This allows directional gyro 18 to maintain its spin axis SA reference to
      north while its case is being moved to the remote equipment being aligned.
      When the remote sensor is emplaced on the remote equipment bracket 16,
      switch 26 is operated from the position as shown on the drawing to its
      alternate position, to connect readout 27 to sychro 28 of sensor 12. It
      should be understood that, with switch 26 in the position as shown,
      readout 27 shows the alignment of platform 10a with respect to north. In
      its alternate position, switch 26 will allow readout 27 to display the
      alignment of sensor 12 with respect to north. With sensor 12 mounted in
      bracket 16, and bracket 16 boresighted to the equipment on which it is
      mounted, alignment of 12 as displayed by 27 will be the alignment of the
      equipment.
PAR  Even a low-cost directional gyro may be used in 12 and extremely good
      accuracies may be obtained. For example, a gyro with a drift rate of
      1.degree./hr. would give an error of only 30 inches of arc if 30 seconds
      were required between unslaving of the remote sensor head and display of
      its relative position. Naturally, this could be improved by applying a
      bias to the gyro to remove fixed drifts.
PAR  The following advantages are realized by the invention: (1) it may be used
      when optical alignment techniques are impractical, as during bad weather;
      (2) it requires only one operator, whereas optical techniques require at
      least two operators, (3) it is fast, transfer of the remote head can
      usually be accomplished in 15 seconds or less, (4) it is automatic, i.e.,
      no reading of optical angles, etc. is required, (5) the navigator can
      provide position information as well as alignment information, (6) no
      special training is required for the operator, whereas Army surveyors are
      required to attend a 14 week training course, (7) the remote sensing head
      is smaller and lighter than optical transits and tripods, logistic
      transportation requirements are thus reduced, (8) it is cheaper than
      optical transfer equipment.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electronic azimuth transfer device for equipment, including an
      inertial navigator having means providing horizontal and vertical
      reference outputs; a remote head including a housing, a directional gyro
      in said housing, means connecting said reference outputs to said remote
      head, means in said housing connected to said means connecting and to said
      directional gyro for aligning said directional gyro in accordance with
      said reference output; means in said housing for determining and providing
      remote head outputs indicative of the alignment of said directional gyro
      with respect to said housing; means for displaying; and means for
      selectively connecting either said reference outputs or said remote head
      outputs to said means for displaying.
NUM  2.
PAR  2. The device as set forth in claim 1 wherein said means connecting
      includes a switch whereby said means connecting may be opened.
NUM  3.
PAR  3. The device as set forth in claim 2 wherein said equipment includes a
      mounting bracket for said remote head.
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ABST
PAL  This invention relates to a conveyor for transporting sheets of material
      through an ultraviolet exposing chamber for curing and setting of a coat.
      Up to this time, the drying of solvent ink has involved considerable
      pollution problems, a fair consumption of natural gas and large and costly
      ovens with high temperature incineration systems. These problems have
      generally been brought about by long ovens wherein the metal sheet has
      been passed through once or twice in order to accomplish curing or drying.
BSUM
PAR  It is an object of our invention to alleviate pollution problems associated
      with lithography operations.
PAR  It is another object of our invention to lower the energy requirement as
      compared to conventional lithography machines.
PAR  It is another object of our invention to develop a process which gives a
      surface having a superior adhesion and wear quality.
PAR  This invention has solved the problem by the use of solvent-free resins
      with appropriate sensitizers and pigments which are applied in a
      semi-liquid form and exposed to a battery of mercury vapor lamps emitting
      ultraviolet energy. Additional colors may be printed immediately after
      each ultraviolet exposure, eliminating the present problems of wet-on-wet
      inks and multiple passes through printing and drying lines in the cases
      where several colors have been specified.
DRWD
PAR  In the accompanying drawings, we have shown the presently preferred
      embodiments of the invention in which:
PAR  FIG. 1 shows a schematic diagram of our ultraviolet curing machine;
PAR  FIG. 2 shows the protective tunnel at both ends of our machine;
PAR  FIG. 3 shows the ultraviolet lamp shutters and linkage which moves these
      shutters;
PAR  FIG. 4 shows a cross-section view of the lamp housing taken along the line
      4-4 of FIG. 3. The view shows the air passages for cooling; and
PAR  FIG. 5 shows a protective wire fastening and the area of this fastening and
      a laser system to detect sheet buckling.
DETD
PAR  Referring now to the drawings in detail, it will be seen that there is
      illustrated in FIG. 1 an ultraviolet curing oven, generally identified by
      the numeral 1. To the left of the oven is a press 2 which applies one or
      more colors of coating material to the upper surface 3 of a metal sheet
      which is being coated. A particular type of coating material which is
      proprietary to Continental Can Company, Inc., is utilized. This material
      is suceptible to curing and drying by ultraviolet light. The coating
      materials are n the form of in solvent-free resins with appropriate
      sensitizers and pigments which are applied in semi-liquid form and, when
      exposed to a battery of mecury vapor lamps which emit ultraviolet energy,
      cure in less than one second.
PAR  The curing oven 1 includes a housing 10 which is provided on that side
      thereof adjacent the press 2 with a first protective tunnel 4. The tunnel
      4 extends about 19 to 21 inches from the housing 10 and has a laterally
      disposed outer slot 5 of approximately 3/4 inch height and a like disposed
      inner slot 6 of one and one-quarter inch or less, as shown in FIG. 2. At
      the opposite end of the housing 10 there is an outlet protective tunnel 7
      having similar slots.
PAR  It is to be understood that the ultraviolet radiation within the housing 10
      is very intense and that the protective tunnels 4, 7 prevent the
      ultraviolet radiation generated in the oven from emanating to the outside
      and harming the operator or passer-byers. Further, the tunnels 4, 7 act as
      protective devices for keeping dust and any other objects from impinging
      upon the tacky surface of the coated metal sheets in their passage through
      the oven 1.
PAR  It is to be understood that each sheet is moved through the oven 1 by means
      of a conveyor 8 which may be a chain having dogs. The sheet is moved from
      a press delivery table 9 into the tunnel 4, then through the oven housing
      10, and out through the tunnel 7. After the sheet passes through the
      protective tunnel 7, it passes onto or under a sample device 20 and to
      another press 21.
PAR  It is to be understood that mounted within the housing 10 is a series of
      ultraviolet lights of which only left and right terminal lights 11, 12 and
      13, 14 are illustrated. It is to be understood that the ultraviolet light
      system extends completely through the housing 10 and is formed of from 8
      to 14 lamps or lights.
PAR  Each of the ultraviolet lamps (lamps 11-14) as shown in FIGS. 3, 4 and 5,
      is part of an ultraviolet lamp assembly 32 which includes a reflector
      housing 30 having supported therein an elliptical reflector 31. Support
      brackets 33 extend from one end of the housing 10 to the other end along
      opposite sides thereof, as is shown in FIG. 4, and support the housing 30.
PAR  Referring once again to FIG. 1, it will be seen that a ventilating duct 22
      is attached to the top of the housing 10 to provide for the cooling of the
      interiors of the housings 30 as well as the reflectors 31. The duct 22 has
      the lower end thereof connected to a manifold 25 shown generally at the
      top of the inside of the housing 10. The manifold 25 has a plurality of
      tubes, of which only end tubes 26, 27 and 28, 29 at the opposite ends of
      the housing 10 are illustrated. The tubes 26-29 extend from the manifold
      25 down to the reflector housings 30 of the lamps 11, 12 and 13, 14. As is
      shown in FIG. 4, the tube 29, for example, is coupled to the housing 30
      for the lamp 14 to effect circulation of air around the reflector 31 and
      withdrawal thereof.
PAR  With particular reference to FIG. 3, it will be seen that each reflector 31
      is elliptical and serves to concentrate the ultraviolet radiation
      emanating from its respective mecury arc lamp in a downwardly directed
      narrow band. THe ultraviolet radiation will be directed onto the coated
      metal sheets passing from left to right to meet the lamp assemblies 32.
PAR  Associated with each lamp assembly 32 is a shutter assembly 34 which, in
      FIG. 3, is illustrated in its radiation blocking position in solid lines
      and in its out of the way position in dotted lines. Each shutter assembly
      34 includes a shutter 35 which extends between a pair of end support
      brackets 47, as shown in FIG. 4. The end support brackets 47 are carried
      by depending arms 36, 37 which are pivotally mounted on the supporting
      brackets 33 for swinging about pivots 66. The arms 36, 37 include
      angularly offset upper portions 48 (FIG. 3) which terminate in yokes
      having pivoted attachments 38, 39 to bars 40, 41, respectively, mounted
      within the housing 10 above the lamp assemblies 32.
PAR  It is to be understood that the bar 40 is a drive bar while the bar 41 is a
      follower bar. Connected to end portions of the bars 40, 41 are arms 44
      which are fixedly carried by a shaft 45 for moving in unison therewith.
      The drive bar 40 has an end 42 thereof attached to an extensible motor 43.
PAR  It is to be understood that with reference to FIG. 3 that in the retracted
      position of the motor 43, the shutter assemblies 34 are in their positions
      underlying the lamp assemblies 32 and blocking the ultraviolet radiation
      from being directed onto coated sheets passing through the oven 1.
      However, when the motor 43 is extended, the drive bar 40 is moved to the
      left with the arm 44 thereof assuming the illustrated dotted line
      position. As a result, the shutter assemblies 34 are swung to positions
      alongside their respective lamp assemblies 32 wherein they no longer block
      the ultraviolet radiation.
PAR  At this time it is pointed out that when the arm 44 is moved to the left by
      the like movement of the bar 40, the shaft 45 rotates and moves the other
      arm 44 to the left with the follower bar 41 moving in the same manner as
      the drive bar 40.
PAR  It is to be noted from FIGS. 3, 4 and 5 that each shutter has a one-way
      channel 46 for allowing cooling liquid to flow through the shutter. The
      channel 46 extends the full width of the shutter from edge 50 to edge 51,
      as well as the full length of the shutter 35 so as to provide for optimum
      cooling when cool water flows through the channel 46.
PAR  It is to be understood that the shutters 35 are cooled in pairs. One
      shutter 35 has an elbow 49 connected at one end thereof with this elbow
      being connected to a supply source 52 by means of a flexible conduit 53.
      The water flows out of the first shutter through a second elbow 55 into a
      second flexible conduit 56 and then into a second shutter 35 through a
      third elbow 57. The water flows through the second shutter and out through
      a fourth elbow 58 which has connected thereto a third flexible conduit 59
      which is coupled to a water discharge point 60. The now heated water is
      circulated through a heat exchanger 61 where it is cooled and then
      returned for circulation through the shutters. A metering device 62 (FIG.
      4) such as the "Measureflo" meter of Hayes Manufacturing Company of Erie,
      Pennsylvania is located in the flexible conduit 53 between the water
      supply and the associated shutter. This device ensures an even flow of
      water through the shutters.
PAR  Extending above the conveyor 8 through the housing 10 below the shutters 35
      are a plurality of wires 17. These wires are safety wires and serve to
      protect the shutters 35 and the lamp assemblies 32 against engagement
      therewith by the metal sheets passing through the oven 1. It is to be
      understood that the metal sheet may warp upwardly and thus could possibly
      come into engagement with the shutters or the lamp assemblies. The safety
      wires 17 are secured in place by fittings 15, 16 (FIG. 5). The mounting of
      the protective wires 17 will be described in more detail hereinafter.
PAR  As can be readily seen, the width of each shutter 35 is not enough to
      completely cover the reflector opening 74 (FIG. 3). The shutter 35 also
      lies in a plane below the reflector opening 63. In this way, air may
      freely flow around the inside of the ultraviolet reflector 31 and on the
      inside of the shutter. This cooling aids somewhat in keeping the mercury
      arc lamp assembly 32 from growing unduly hot. In fact, the lateral flow of
      air with this arrangement will be just about the same amount as it was
      when the shutter was open. However, when the shutter is swung under the
      reflector and its housing, air circulates and the shutter blocks 90% or
      more of the ultraviolet light from radiating out of the reflector. This is
      because of the ultraviolet radiation is concentrated in the center area of
      the reflector opening although some ultraviolet leaks out between the
      shutter and the shutter housing. The shutter 35 itself is water cooled and
      the reflector 31 and reflector housing 30 are air cooled. The shutter 35
      is swung about pivot 66 on the lamp housing 30 and when lifted to the open
      position is stored in the space between the lamp assemblies 32.
PAR  When the shutter 35 is pivoted on the reflector housing 30 as shown in
      FIGS. 3, 4 and 5, the shutter occupies minimal space as compared to the
      alternative method of shutter withdrawal where the shutter is withdrawn in
      a straight lateral line.
PAR  The shutter 35 itself extends between the end supports 47 and its contour
      is a segment of an arc. As pointed out in connection with the cooling
      apparatus, the shutter is hollowed. The shutter drive bar 40 connects to
      each of the shutter arms and the shutters are designed to be swung in
      unison so that the emission from all ultraviolet lamps is cut 90% at the
      same time. When one shutter swings to allow full radiation from the lamp
      assembly, then all shutters allow full radiation. All shutters are in the
      same position at a given time. The air tubes 26-29 and manifold 25 lie
      above the ultraviolet section of the ultraviolet lamp system shown in
      FIGS. 1 and 4.
PAR  Details of the lamp housing 32 are shown in the crosssection view of FIG.
      4. The lamp housing 32 is of sheet metal made in the general shape of an
      open sided polygon. Each end is closed and along the length of the
      reflector 31 are spaced stiffening elements 67 between the lamp housing
      and the reflector. The air tube 26 is connected to the center of the
      housing and draws cooling air through the housing and through the lateral
      slots 68 shown in the stiffeners 67. In this way, the back surface of each
      reflector is kept relatively cool and the housing and stiffeners 67
      themselves are cooled by the cooling flow of air.
PAR  In a system such as this where sheets of metal are passed through the hot
      oven, various parts of the sheets 3 of metal may heat unevenly or may have
      different coefficients of linear expansion with temperature. For whatever
      reason, they sometime tend to buckle. In order to avoid damage to the
      mechanism or the interior of the oven, a protective device has been
      installed in FIG. 5. If the sheets of metal curl or buckle, one or more of
      them might well catch on some structure inside the oven. Oncoming sheets
      of metal which may be pushed by dogs will pile up inside the oven and a
      very serious jam inside the oven may ensure. In this event, damage to the
      shutters 35, housing 30, reflectors 31 and other elements of the oven is
      almost sure. To avoid the possibility of pile up or damage to the interior
      of the oven, several wires 17 are strung along the length of the oven
      approximately one inch above the conveyor line.
PAR  The protective device shown in FIG. 5 is a wire 17 fastened at the one end
      to the entrance of the oven and extending through the oven above the
      conveyor line. Wire 17 then passes over a pulley 68 which is mounted at
      the exit to the oven. The free end of each wire 17 is attached to a
      tension spring 18 which itself is attached to an upper fastening 16
      mounted on the frame 69 of the oven. In practice, three wires are used and
      extend the length of the oven 1. However, a larger number may be used
      depending upon the width of the oven. The first end 70 of the wire is
      attached to a frame member 71 at the entrance 72 of the oven and extends
      underneath the ultraviolet lamp system to the exit 73 of the oven. Each
      mercury arc lamp assembly 32 may be placed closer to the work because the
      mercury arc lamp assembly and the shutters 35 are now protected from
      damage which would occur if the sheet buckled and struck the assembly. The
      mercury arc lamp assembly 32 is positioned above the wires at a distance
      such that the hollow shutter 35 may be swung on its pivot to a position
      below the opening of the mercury arc lamp assembly without striking wires
      17. In the event of a jam or other work stoppage, shutter 35 is swung down
      over the entrance of the opening 74 in the mercury arc lamp assembly. This
      presents continued heating, to an appreciable extent, of the sheet of
      metal which may be stationary underneath the lamp assembly. The protective
      wire 17 restrains the metal sheet from lifting upward and damaging the
      shutter or other apparatus.
PAR  Screw jacks (not shown) are provided at the corners of the housing to raise
      the housing. In this way, access is provided to the interior of the
      housing in the event of blockage of the sheets or any other reason for
      desiring to gain access to the interior of the housing.
PAR  The sheet slides on hollow rails which have water cooling passing through
      the rails. The sides and bottom of the oven have water cooled shields for
      conducting the heat away from the oven.
PAR  An additional protective feature is a laser beam or other monochromatic
      light which is aimed to pass along the length of the conveyor and a small
      distance above the conveyor. The laser beam passes about 1/2 an inch to
      3/4 above the conveyor and operates as a detector. Right angle prisms 75,
      76 are mounted at the entrance 72 and exit 73 of the oven. These prisms
      75, 76 are mounted so that the radiant energy beam which travels parallel
      to the conveyor first travels parallel to the end of the oven 1, turns
      through a right angle, passes through the oven and turns through another
      right angle. A high energy laser beam is used because a variety of radiant
      energy frequencies are generated in the interior of the oven. However, the
      laser beam has only one frequency. A filter 77 is placed in the path of
      the laser beam to ensure that it is monochromatic. A red filter such as
      filter 6-1031-3 purchased from Photo Switch Division, Electronics
      Corporation of America, Cambridge, Massachusetts may be used. Thus, the
      laser beam is generated by a laser gun 78 is then reflected through a
      right angle prism 75, then through a second right angle prism 76 and then
      the beam passes into a photoelectric cell 79 through a restrictive orifice
      at 77. Prism 76 is facing the direction of the laser beam and a hood 80
      limits the amount of incident radiation which may fall onto the right
      angle prism 76 and be directed upwardly to the photoelectric cell. Thus,
      the photoelectric cell 79 is affected almost entirely by only the presence
      or absence of the laser beam. Since the laser beam is of high intensity, a
      relatively small interruption of the laser beam by a buckling sheet of
      metal causes a diminution of output from photoelectric cell 79. The
      photoelectric cell 79 may be run at less than saturation. For this reason,
      the detector circuit can be set at whatever level is desired to operate
      circuits or motors to stop the conveyor, move the shutters or whatever
      function is desired when a buckling of a certain magnitude is detected.
      It is to be understood that the photoelectric cell 79 will be coupled to
      the circuits or motors in any well known and conventional manner and no
      attempt has been made herein to specifically disclose such a connection in
      that such connections have been well developed in the prior art. As an
      example reference is here made to U.S. Pat. No. 1,985,563 granted to Allen
      S. Fitz Gerald on Dec. 25, 1934, and entitled CONTROL SYSTEM FOR
      ESCALATORS, CONVEYOR, AND THE LIKE. In practice, a NeHe Laser System such
      as Model S-101 manufactured by C. W. Radiation, Inc. of 111 Ortega Avenue,
      Mountain View, California 94040 is used. This system generates a visible
      red beam with a wave length of about 6328A.
PAR  Some advantages of this apparatus are partial elimination of dust from the
      apparatus, retractable shutters, alleviates pollution problems, shortens
      the length of the printing and curing line and reduces the amount of
      energy used in printing and curing.
CLMS
STM  We claim:
NUM  1.
PAR  1. A curing machine for ultraviolet setting of printing on metal sheets
      comprising a housing defining curing and setting chamber, conveyor means
      for transporting sheets in sequence through said chamber a plurality of
      ultraviolet radiation assemblies within said chamber side-by-side spaced
      relation transversely of said conveyor means and opposing said conveyor
      means for emanating ultraviolet radiation along a predetermined path onto
      metal sheets carried by said conveyor, and shutter means associated with
      each assembly for selectively blocking at least a portion of ultraviolet
      radiation from being directed towards said conveyor, said shutter means
      including a shutter, and mounting means mounting said shutter for swinging
      movement between a blocking position between the respective assembly and
      said conveyor and an inoperative position along the respective assembly,
      each shutter having a passageway extending from one end of said shutter to
      the other for the passage of a cooling fluid for said shutter, and means
      for directing a cooling fluid through said passageway.
NUM  2.
PAR  2. The curing machine of claim 1, wherein said assembly housing encloses
      said reflector and forms therewith a separate fluid passage, and cooling
      means connected to said assembly housing for circulating a cooling fluid
      through said separate fluid passage to cool said reflector.
NUM  3.
PAR  3. The curing machine of claim 1, wherein each shutter is of a tubular
      construction defining said passageway.
NUM  4.
PAR  4. A curing machine for ultraviolet setting of printing on metal comprising
      a housing defining curing and setting chamber, conveyor means for
      transporting sheets in sequence through said chamber a plurality of
      ultraviolet radiation assemblies within said chamber side-by-side spaced
      relation transversely of said conveyor means and opposing said conveyor
      means for emanating ultraviolet radiation along a predetermined path onto
      sheets carried by said conveyor, and shutter means associated with each
      assembly for selectively blocking at least a portion of ultraviolet
      radiation from being directed towards said conveyor, said shutter means
      including a shutter, and mounting means mounting said shutter for swinging
      movement between a blocking position between the respective assembly and
      said conveyor and an inoperative position along the respective assembly,
      said mounting means including a fulcrum at each end of each ultraviolet
      radiation assembly, an arm pivotally mounted on each fulcrum, said arms
      being arranged in pairs and including first ends between which a
      respective shutter extends and to which said respective shutter is secured
      for swinging about said fulcrums, and at least one arm of each pair of
      arms being connected to a bar, and means mounting said bar for reciprocal
      movement for effecting swinging and positioning of said shutter.
NUM  5.
PAR  5. The curing machine of claim 4, wherein said bar is connected to one arm
      of each of said plurality of shutters for moving and positioning all of
      said shutters in unison.
NUM  6.
PAR  6. The curing machine of claim 4 wherein a remote actuator is connected to
      said bar for effecting selected reciprocation thereof.
NUM  7.
PAR  7. The curing machine of claim 4 wherein each ultraviolet radiation
      assembly includes a housing, a reflector supported from said housing, and
      said fulcrums are carried by said assembly housings.
NUM  8.
PAR  8. A curing machine for ultraviolet setting of printing on metal comprising
      a housing defining curing and setting chamber, conveyor means for
      transporting sheets in sequence through said chamber a plurality of
      ultraviolet radiation assemblies within said chamber side-by-side spaced
      relation transversely of said conveyor means and opposing said conveyor
      means for emanating ultraviolet radiation along a predetermined path onto
      sheets carried by said conveyor, and shutter means associated with each
      assembly for selectively blocking at least a portion of ultraviolet
      radiation from being directed towards said conveyor, said shutter means
      including a shutter, and mounting means mounting said shutter for swinging
      movement between a blocking position between the respective assembly and
      said conveyor and an inoperative position along the respective assembly,
      each ultraviolet radiation assembly including a housing, a reflector
      supported from said housing, and said mounting means being carried by said
      assembly housing and mounting said shutter on said assembly housing
      independently of said reflector, the ultraviolet radiation assembly
      including an ultraviolet radiation source, said reflector having an
      opening through which ultraviolet radiation emanates, said shutter being
      of a length greater than said ultraviolet radiation source and of a
      configuration to at least partially cover said opening in said reflector
      when said shutter is in its closed position, said mounting means including
      at least a pair of fulcrums mounted at opposed ends of each of said
      assembly housings; at least a first and a second arm each having a first
      end and a second end; each said arm being pivoted on a fulcrum; a first
      drive bar; a second drive bar; means connecting said first end of said
      first arm to said first drive bar; means connecting said second end of
      said first arm to said shutter; means connecting said first end of said
      second arm to said second drive bar; and means connecting said second end
      of said second arm to said shutter whereby reciprocation of said first and
      second bars causes said shutter to move from open to shut position and
      visa versa.
NUM  9.
PAR  9. A curing machine for ultraviolet setting of printing on metal as set
      forth in claim 8, in which said mounting means further comprises:
PA1  a first short arm having a first end and a second end;
PA1  a second short arm having a first end and a second end;
PA1  a drive shaft mounted in said chamber and extending across the conveyor and
      having a first end and a second end;
PA1  means connecting said first end of said first short arm to said first end
      of said drive shaft;
PA1  means connecting said first end of said second short arm to said second end
      of said drive shaft;
PA1  means connecting said second end of said first short arm to said first
      drive bar; and
PA1  means connecting said second end of said second short arm to said second
      drive bar whereby movement of said first drive bar causes movement of said
      second drive bar and visa versa.
NUM  10.
PAR  10. A curing machine for ultraviolet setting of printing on metal
      comprising a housing defining curing and setting chamber, conveyor means
      for transporting sheets in sequence through said chamber a plurality of
      ultraviolet radiation assemblies within said chamber side-by-side spaced
      relation transversely of said conveyor means and opposing said conveyor
      means for emanating ultraviolet radiation along a predetermined path onto
      sheets carried by said conveyor, and shutter means associated with each
      assembly for selectively blocking at least a portion of ultraviolet
      radiation from being directed towards said conveyor, said shutter means
      including a shutter, and mounting means mounting said shutter for swinging
      movement between a blocking position between the respective assembly and
      said conveyor and an inoperative position along the respective assembly,
      each shutter having a passageway extending longitudinally therethrough for
      allowing cooling fluid to flow through said shutter and each passageway
      having a first end and a second end, a first fluid conduit means for
      conducting fluid from a fluid source to a first end of said passageway in
      a first shutter; a second fluid conduit means for conducting fluid from
      said second end of said passageway in said first shutter to a first end of
      a passageway in a second shutter; and a third fluid conduit means for
      conducting fluid from a second end of a passageway in a second shutter to
      a discharge point.
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ABST
PAL  Apparatus for drying a travelling web, particularly a paper web. A hot air
      delivery structure is mounted adjacent the periphery of a steam heated
      cylinder to direct jets of hot air against travelling web supported on the
      cylinder. At least part of hot air delivery structure is moveable
      transversely of the cylinder periphery and the jets of hot air produce a
      surface effect to hold air delivery structure away from engagement with
      the web. Movement of hot air delivery structure is preferably achieved by
      flexure of that structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention provides an apparatus for drying a travelling web which may,
      for example, be a web of paper or paperboard.
PAR  2. Description of the Prior Art
PAR  The introduction of various new methods of forming paper and board in the
      last ten years has led to significant increases in paper machine speed and
      it is now possible to manufacture paper at more than twice the speeds
      achieved previously using traditional forming methods. Significant
      improvements in press design have been made over the corresponding period
      as the machine speed increased but the moisture content of the fibre web
      entering the dryers has not changed appreciably. Greatly increased demands
      are therefore made on the dryer section, especially in the manufacture of
      paperboards, and the cost of the increased number of steam heated
      cylinders together with the extended building and ancilliaries has become
      a major capital item. Further, in many older machines, the full benefit of
      rebuilding the pressing and forming section cannot be realized due to
      drying limitations.
PAR  Much effort has been expended in attempts to develop drying techniques to
      supplement or replace the steam heated cylinders. The list would include
      sectional and pocket ventilation, high velocity air impingement hoods, and
      plenums acting against the unsupported sheet, radiant and high frequency
      systems, vacuum and through drying techniques, fluidized bed and low
      melting point alloy systems.
PAR  These various techniques are well documented and it is fair to say that
      none are as satisfactory, overall, as the steam heated cylinder when
      properly ventilated. Condensate removal systems for cylinders have kept
      pace with machine speed increases and the economics of simultaneous power
      and steam generation is such that cylinder drying is not equalled by any
      alternative system except perhaps by the Papridrier, which is not yet
      proved for heavier paperboard manufacture. The various alternatives have
      only found limited application, to supplement output where costing is on a
      marginal basis, to eliminate moisture streaks, dry paper coatings and
      exploit any anomalies in fuel costs. For lightweight papers the air
      impingement hood is often employed in conjunction with a Yankee cylinder.
PAR  The prospects for advance in drying technology seem to be best where the
      process is based on the present conventional steam cylinder system.
PAR  Many aspects of the drying mechanism on the cylinder are still debated.
      However, it is indisputable that less than half the board surface is in
      contact with the cylinders at any time. It is equally certain that air
      impingement onto the remaining available surface will significantly
      increase the rates of evaporation. The extent depends on a number of
      factors, in particular the thickness of the board. In practice, however,
      air impingement is more difficult and expensive to arrange on multi
      cylinder dryers than say on a Yankee tissue machine where only one large
      cylinder is usually employed. Firstly, a whole series of hoods are
      required which are costly and occupy much space and the broke arising from
      breaks in the sheet accumulating in each hood can have a disastrous effect
      on machine efficiency. Attempts to use impingement dryers on individual
      steam cylinders of paperboard machines have been largely abandoned for the
      above reasons.
PAR  In principle, the air impingement technique remains attractive since
      evaporation rates of 2 to 8 times the rate for cylinders alone can be
      achieved. The present invention provides an apparatus which enables air
      impingement to be achieved without the mechanical and other limitations of
      fixed air impingement hoods.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided apparatus comprising a web
      support structure having a surface on which to support a travelling web
      and a hot air delivery structure mounted adjacent the web support
      structure to direct hot air against the supported web, wherein at least
      part of the hot air delivery structure is movable transversely of said
      surface and the hot air delivery structure is formed to direct air against
      the supported web so as to produce a surface effect which holds that
      structure away from engagement with the web.
PAR  The air which produces the surface effect may comprise all or part of the
      hot air for drying the web.
PAR  The web support structure may be a rotary cylinder and said surface may be
      the peripheral surface of the cylinder.
PAR  The hot air delivery structure may then have a hot air chamber bounded on
      one side by a curved wall which extends around the peripheral wall of the
      cylinder and is perforated to produce jets of hot air directed against the
      web. Some or all of these jets may produce the surface effect to hold the
      structure out of engagement with the web.
PAR  The delivery structure could be rigid and supported on mounting means
      permitting it to move as a whole transversely of the cylinder wall.
      However it is preferred that the air delivery structure be capable of
      flexing transversely of the cylinder wall and that the clearance between
      it and the cylinder wall be held by such flexure.
PAR  In order that the invention may be more fully explained some exemplary
      constructions will be described with reference to the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates diagramatically a dryer cylinder fitted with a hot air
      delivery structure in accordance with the invention;
PAR  FIG. 2 is a broken perspective view of the hot air delivery structure;
PAR  FIG. 3 is a cross-section on the line 3-3 in FIG. 2;
PAR  FIG. 4 illustrates diagramatically a dryer cylinder fitted with a plurality
      of hot air delivery structures in accordance with the invention;
PAR  FIG. 5 illustrates diagramatically a dryer section comprising a number of
      heated cylinders each fitted with a hot air delivery structure in
      accordance with the invention;
PAR  FIG. 6 is a broken away perspective view of an alternative form of hot air
      delivery structure constructed in accordance with the invention;
PAR  FIG. 7 is a cross-section on the line 7-7 in FIG. 6;
PAR  FIG. 8 is a cross-section on the line 8-8 in FIG. 7; and
PAR  FIG. 9 is a cross-section on the line 9-9 in FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 to 3 illustrate a heated cylinder 11 fitted with a hot air delivery
      structure 12 in accordance with the invention. Cylinder 11 is of
      conventional construction comprising a large diameter hollow cast steel
      cylinder mounted for rotation on a shaft 13. The interior of the cylinder
      receives steam through a passage 14 within shaft 13 whereby the wall of
      the cylinder is heated to cause drying of a paper web 15 which is wrapped
      around it.
PAR  Hot air delivery structure 12 comprises a long header member 16 of
      rectangular cross-section and a plurality of elongate arms 17 extending
      transversely from the header member. Header member 16 extends across an
      upper part of the peripheral surface of cylinder 11 and arms 17 extend
      circumferentially over and around that upper part of the peripheral
      surface of the cylinder at regular intervals across it.
PAR  Each arm 17 is connected at one end to header member 16 so as to be
      cantilever supported from it. The header member is supported on an arm 26
      hinged at 27 to a fixed mounting 28 so that the whole structure 12 is
      supported in the illustrated position relative to the cylinder during
      normal operation but can swing away from the cylinder to clear any foreign
      material which might be fed beneath it. Structure 12 can also be swung
      away from the cylinder during threading up. When supported in its normal
      position structure 12 forms with the cylinder an entrance throat 29 for
      the paper web 15.
PAR  The construction of air delivery structure 12 can best be seen in FIGS. 2
      and 3. Header member 16 is formed as a rectangular sheet metal casing
      enclosing a header duct and having openings 18 in one side wall to provide
      communication between the header duct and the hollow interiors 19 of arms
      17. The hollow interior 19 of each arm 17 serves as a hot air chamber to
      which hot air is delivered via the header duct. This chamber is bounded at
      one side by a wall 21 which faces the peripheral wall of cylinder 11 and
      is connected at its periphery to a back wall 22 completing the chamber
      enclosure. Wall 21 is formed by a sole plate 23 backed by a corrugated
      reinforcing plate 24, the corrugations of which extend transversely of the
      arm structure. Wall 22 is of generally semi-cylindrical formation. It is
      made of a flexible plastics material and has circumferential pleats 25 at
      regular intervals along its length so that it is extendible and does not
      inhibit flexure of the arm 17 as a whole. Wall 21 is reinforced by the
      corrugated plate 24 against lateral flexure but it can flex to a
      considerable extent in the longitudinal direction of arm 17 so as to vary
      the curvature of the arm such that it is urged toward the peripheral wall
      of cylinder 11 when internal pressure is applied.
PAR  The walls 21 of arms 17 are perforated by holes 26 so that hot air can
      issue from chambers 19 as series of jets directed downwardly onto that
      part of the paper web which is wrapped on the upper part of the peripheral
      wall of cylinder 11. These jets react against the paper covered wall of
      the cylinder to produce a surface effect similar to that generated by
      ground effect vehicles whereby arms 17 are held out of engagement with the
      paper web. There is thus created beneath each arm 17 a shallow clearance
      space from which the hot air escapes laterally downwardly and this
      clearance space is maintained by the cushion of hot air which is sustained
      by the air issuing through jet holes 26. There is considerable turbulence
      in the air cushion which promotes effective drying over the whole of the
      surface of the paper web beneath arms 17 in addition to the direct
      impingement effect of the air jets. Arms 17 "float" on the paper web
      without friction and the arrangement is self clearing since the arms will
      rise to clear obstructions on the cylinder. Arms 17 may be flexible enough
      to conform to cylinders of a wide range of diameters and delivery
      structure 12 can therefore be mass produced to a standard design and size.
PAR  In some cases a plurality of hot air delivery structures may be fitted to a
      single cylinder for example, an MG cylinder. Such an arrangement is
      illustrated in FIG. 4 which shows a plurality of hot air delivery
      structures 31,32,33,34 fitted around a single heated cylinder 36 wrapped
      by a paper web 37. The hot air delivery structures 31,32,33,34 may each be
      constructed and operated in the same manner as structure 12 of the
      previous embodiment and may be mounted on hinge arms 38 so that during
      normal operation they are supported so as to form throats 39 with the
      cylinder surface.
PAR  FIG. 5 illustrates an arrangement in which the upper heated cylinders 41
      and lower heated cylinders 42 of a drying stage are provided with hot air
      delivery structures 43,44 in accordance with the invention. Cylinders
      41,42 are arranged conventionally and in fact may form part of a
      conventional drying stage to which hot air structures 41,42 have been
      added. In use of the apparatus paper web 46 is wrapped around the
      cylinders in serpentine fashion.
PAR  Hot air delivery structures 43 comprise header members 47 mounted adjacent
      the upper peripheral surfaces of cylinders 41 and arms 48 which are
      cantilever supported from header members 47 and extend over and around the
      upper parts of the cylinders. Header members are supported on hinge arms
      58 to form throats 59 with the cylinders. Arms 48 are generally of the
      same construction as the arms 17 of the embodiment illustrated in FIGS. 1
      to 3 and their walls facing cylinders 41 are perforated so as to provide
      jets of hot air which are directed against the paper web wrapped around
      those cylinders thereby creating air cushions to hold the arms away from
      the cylinders. Hot air delivery structures 44 have header members 49 and
      arms 51 cantilever supported from the header members. They are constructed
      in the same manner as structures 43 and are similarly mounted on hinge
      arms 60. However, since their arms 51 hand downwardly from header duct
      structures 49 biasing springs 52 are provided to bias the arms toward
      cylinders 42. The cushions formed by the jets of hot air directed from the
      arms 51 against the paper wrapped cylinders 42 act against biasing springs
      52 to maintain a small clearance space between the arms and the web.
PAR  As the width of paper machines has increased it has become necessary to
      forcibly ventilate the space between the dryer cylinders since high
      humidity in this region retard evaporation. Pipes can be used to direct
      air evenly across the machine but are prone to interfere with the
      operation of the machine in much the same way as a fixed drying hood. Jets
      of air directed inwardly from the sides of the machine are also used but
      can lead to uneven moisture levels across the finished roll of paper. By
      introducing air directly across the machine through jets fixed to or
      formed in the hot air delivery structures of the present invention
      uniform, trouble-free operation can be achieved. These jets may be formed
      in the outer walls of the delivery structure and may be located at or
      toward the tips or toes of those structures. One particular arrangement is
      indicated in FIG. 5 in which the arrows 53 represent hot air jets issuing
      from the outer ends of arms 48 to ventilate the spaces 54 and arrows 55
      represent hot air jets directed upwardly through holes in header members
      49 of structures 44 to ventilate the spaces 56.
PAR  FIGS. 6 to 9 illustrate an alternative embodiment of the invention
      comprising a hot air delivery structure 61 mounted adjacent the upper part
      of a heated paper support cylinder 62. Structure 61 comprises a fixed
      header member 63 extending across the periphery of cylinder 62 so as to
      form a throat 70 and a plurality of curved somewhat flexible arms 64
      cantiliver supported from the header member to extend circumferentially
      around an arc of the cylinder wall. Arms 64 are closely spaced across the
      cylinder and as explained below they are constructed so that they not only
      deliver hot air through jets to form air cushions but they also collect
      and re-cycle air from the cushions.
PAR  Header member 63 is comprised of an elongate casing 65 of rectangular
      cross-section divided internally by vertical partition wall 66 so as to
      define two longitudinal ducts 67,68. Duct 67 serves to deliver hot air to
      the two arms 64 via ports 69 formed in its floor and duct 66 serves as a
      return air duct which receives collected hot air from arms 64 via ports 71
      formed in its floor.
PAR  Arms 64 are generally of rectangular cross-section and each is divided
      longitudinally so as to have at one side a hot air delivery chamber 72 and
      at the other side an air collection duct 73. The bottom of hot air chamber
      72 is closed by a wall 74 facing the peripheral surface of cylinder 62 and
      perforated by holes 75. It receives hot air from delivery duct 67 of
      header structure 63 via ports 69 and delivers that air in the form of jets
      issuing through holes 75 against a paper web supported on cylinder 62 so
      as to create a surface effect in the same manner as in the previous
      embodiment. Arms 64 may be constructed of plastics material so as to be
      sufficiently flexible to flex transversly of peripheral wall of the
      cylinder and to be held away from the paper web by the air cushions
      created by the hot air jets. Return air ducts 73 are generally channel
      shaped with open mouths 76 facing the paper web throughout the major part
      of the length of the arms. However in the region where arms 64 are
      connected to header member 63 these collection ducts are closed by a
      bottom wall portion 77 to ensure that all of the collected air is drawn
      back through ports 71 into return duct 68.
PAR  Air delivery structure 61 may be supported on one or more hinge arms (not
      shown) as in the previous embodiments to enable it to clear obstructions
      and to be swung away for threading operations.
PAR  In use of the apparatus illustrated in FIGS. 6 to 9 the duct 67 of the
      header structure 63 is connected to a hot air supply line fitted with some
      form of heating means. Gas fired heating or steam heating would generally
      be used. The hot air jets issuing from holes 75 sustain air cushions which
      hold the arms out of engagement with the paper web. Hot air escapes
      laterally outwardly from these cushions and is sucked back to circulating
      fan through the collection channels 73 of arms 64 and the return duct 68
      of header member 63.
PAR  The hot air delivery structures of the present invention can be produced
      quite cheaply and are simple to install. They may be used to supplement
      existing steam cylinder dryers so as to increase their effectiveness and
      they can be used in modern machines fitted with open weave drying fabric.
      They also enable arrangements by which it is possible to achieve
      controlled variations in drying rate across the width of the web. By
      providing a series of arm-like hot air delivery structures across the web
      the drying rate at any particular part of the web can be varied by moving
      the delivery structures to appropriate positions across the web or by
      varying the supply of hot air to move some of the structures relative to
      the others.
PAR  The illustrated embodiments of the invention have been advanced by way of
      example only and they could be varied considerably. For example, in order
      to promote the surface effect to hold the air delivery structure out of
      engagement with the web, some of the holes from which the air jets issue
      may be grouped in raised pads on the perforated wall of the delivery
      structure and may be of a different size from the remainder of the holes
      which will then deliver air for drying purposes only. It would also be
      possible to have separate air supplies for the surface effect jets and the
      drying jets. Although the form of air delivery structure which comprises
      one or more elongate arms is preferred it would be possible to provide a
      relatively wide air delivery structure extending across the cylinder with
      spaced openings for escape or for collection and re-cycling of hot air.
      Moreover it would be possible to provide a rigid air delivery structure
      and support this on mounting means permitting it to move as a whole
      transversely of the cylinder wall under the influence of the surface
      effect created by the air jets.
PAR  It should also be appreciated that the invention is not limited in
      application to the drying sections of paper forming machinery and could be
      applied in other cases where a moving web must be dried. Apparatus
      constructed in accordance with the invention could, for example, be used
      for drying a web of paper or other material which has been printed, dyed
      or coated. Particularly in such applications the web support structure
      need not necessarily be cylindrical. It could have, for example, a flat
      web support surface with the hot air delivery structure being shaped to
      suit. It is accordingly to be understood that the invention is not limited
      to the illustrated apparatus and that many variations will fall within the
      scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for drying a travelling web, comprising a web support
      structure having a surface on which to support a travelling web and a hot
      air delivery structure mounted adjacent the web support structure to
      direct hot air against the supported web, wherein at least part of the hot
      air delivery structure is movable transversely of said surface and the hot
      air delivery structure is formed to direct air against the supported web
      so as to produce a surface effect which holds that structure away from
      engagement with the web.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein the hot air delivery structure
      is capable of flexing transversely of said surface and in use of the
      apparatus the surface effect maintains clearance between it and the web by
      such flexure.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, wherein the hot air delivery structure
      tends to engage said surface by flexure under the influence of its own
      weight.
NUM  4.
PAR  4. Apparatus as claimed in claim 2, wherein there is biasing means acting
      on the hot air delivery structure so as to tend to cause it to engage the
      said surface by flexure of that structure.
NUM  5.
PAR  5. Apparatus as claimed in claim 1, wherein said web support structure is a
      rotary cylinder and said surface is the peripheral surface of the
      cylinder.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, wherein the hot air delivery structure
      defines a hot air chamber bounded on one side by a curved wall which
      extends around the peripheral wall of the cylinder and is perforated to
      form jets of hot air directed toward said surface thereby to produce said
      surface effect.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, wherein the hot air delivery structure
      tends to mould itself against the cylinder under the influence of the
      internal pressure generated when hot air is delivered through it.
NUM  8.
PAR  8. Apparatus as claimed in claim 1, wherein the hot air delivery structure
      includes air collection means to collect air which has been directed
      against the supported web to produce said surface effect.
NUM  9.
PAR  9. Apparatus as claimed in claim 8, wherein the air collection means
      comprises a channel with an open mouth facing the surface of the web
      support structure.
NUM  10.
PAR  10. Apparatus as claimed in claim 1, wherein the hot air delivery structure
      is comprised of an arm cantilever supported at one end to extend adjacent
      said surface of the web support structure and enclosing an air chamber and
      an air supply duct connected to the chamber within the arm; said chamber
      having a wall facing said surface of the web support structure and
      perforated by holes to form jets of air directed against the supported web
      and being capable of flexing transversely of said surface such that in use
      of the apparatus the surface effect maintains clearance between the web
      and the arm by such flexure.
NUM  11.
PAR  11. Apparatus as claimed in claim 10, wherein the said arm further
      comprises a longitudinally extending channel with an open mouth facing the
      surface of the web support structure to collect air from said jets.
NUM  12.
PAR  12. Apparatus as claimed in claim 11, wherein said channel extends along
      one side of the arm and the perforated wall of the chamber extends along
      the other side of the arm.
NUM  13.
PAR  13. Apparatus as claimed in claim 10, wherein the air supply duct is
      defined by a rigid header structure and the arm is cantilever supported
      from that header structure.
NUM  14.
PAR  14. Apparatus as claimed in claim 13, wherein said arm is one of a
      plurality of similar arms each cantilever supported from said header
      structure and each having an interior connected to said air supply duct.
NUM  15.
PAR  15. Apparatus as claimed in claim 10, wherein said web support structure is
      a rotary cylinder and said surface is the peripheral surface of the
      cylinder.
NUM  16.
PAR  16. Apparatus as claimed in claim 15, wherein the hot air delivery
      structure is one of a plurality of similar structures spaced
      circumferentially of the cylinder.
NUM  17.
PAR  17. Apparatus as claimed in claim 15, wherein said cylinder is one of a
      plurality of cylinders around which to wrap a web in serpentine manner and
      the hot air delivery structure is one of a plurality of such structures
      fitted one to each of the cylinders and wherein the hot air delivery
      structures are provided with holes additional to those in the walls of the
      arms which face the peripheral walls of the cylinders to form auxiliary
      jets of hot air directed into spaces between the cylinders.
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ABST
PAL  A nail polish dryer to effect rapid drying of polish on fingernails or
      toenails and includes a base and a hood defining a drying space with an
      access opening for insertion of the portion of a person having nails to be
      dried. The base has walls therein defining an air passage through the
      base. An air moving fan positioned in the air passage is operative to move
      air around a heater and through an exit defined by one or more apertures
      in a top wall of the base. The heated air moves toward a rib or flow
      director extending from a hood in spaced relation to the apertures and
      operating to direct heated air onto polish on the nails of a user. The fan
      and heater is controlled by electric circuitry including a switch that is
      in circuit making position when engaged by the portion of a person
      extending into the drying space.
BSUM
PAR  The present invention relates to nail polish dryers and more particularly
      to a nail polish dryer operative to direct heated air onto the nails of a
      user for fast drying thereof.
PAR  The principal objects of the present invention are: to provide a nail
      polish dryer for home or beauty shop use which is operative for fast
      drying of polish on nails of fingers and toes; to provide such a dryer
      operative to quickly provide sufficient drying of nail polish and thereby
      substantially prevent any damage to polish during normal dressing and the
      like; to provide such a dryer operative to dry nail cleaner solutions
      prior to application of polish and to dry protector material placed over
      polish; to provide such a dryer with a relatively large drying space and
      easy access whereby the nails are movable to drying position with little
      danger of contact with other objects; to provide such a dryer having the
      circuit controlling switch position adjacent the access opening for
      operation by pressure from the hand of the user; to provide such a dryer
      using heated air in the range of one hundred fifteen degrees to one
      hundred thirty degrees Fahrenheit (115.degree.F. - 130.degree.F.) which is
      directed onto polish on nails of a user; and to provide such a dryer with
      a heater and fan that are protected and present no danger of injury to the
      user; and to provide such a nail polish dryer which is attractive in
      appearance, durable in construction, positive in operation, and
      particularly well adapted for the proposed use.
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth by way of illustration and example certain
      embodiments of this invention.
DRWD
PAR  The drawings constitute a part of the specification and include an
      exemplary embodiment of the present invention and illustrate various
      objects and features of the nail polish dryer.
PAR  FIG. 1 is a perspective view of a nail polish dryer embodying features of
      the present invention.
PAR  FIG. 2 is a front elevational view of the nail polish dryer.
PAR  FIG. 3 is a side elevational view of the nail polish dryer with portions of
      a base and hook broken away to better illustrate the component parts.
PAR  FIG. 4 is a top plan view of the nail polish dryer with portions of a hood
      broken away to show an exit for an air passage.
PAR  FIG. 5 is a sectional view taken on line 5--5, FIG. 2 and showing walls
      defining an air passage through the base.
DETD
PAC  REFERRING MORE IN DETAIL TO THE DRAWINGS
PAR  As required, detailed embodiments of the present invention are disclosed
      herein. However, it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting but merely as a basis for the claims and
      as a representative basis for teaching one skilled in the art to variously
      employ the present invention in virtually any appropriately detailed
      structure.
PAR  In the disclosed embodiment of the present invention, the reference numeral
      1 generally designates a nail polish dryer operative to effect rapid
      drying of polish on fingernails and/or toenails. The nail polish dryer 1
      includes a base 2 having walls therein defining an air passage through the
      base 2. An air moving blower or fan 3 is in the base and relative to the
      air passage to move air in the passage, around a heater 4, and through an
      exit defined by one or more apertures 5 in a top wall 6. The heated air is
      moved toward a rib or flow director 7 extending from a hood 8 covering the
      base 2 and the heated air is thereby directed onto polish on the nails of
      a user. The base 2 and hood 8 are made of suitable electrical
      non-conductive material, such as plastic, and preferably of a molded heat
      resistance plastic. The hood may be of any convenient shape, such as the
      generally oval shape as shown in FIG. 1 or it could be shorter to enclose
      only the fingers of the hand.
PAR  The base 2 may be of any suitable structure adapted to support operative
      parts of the nail polish dryer 1. The illustrated base 2 includes a bottom
      wall 9 with spaced resilient pads or feet 10 thereon adapted to have
      supporting engagement with a surface, such as a table, dresser, or the
      like to prevent slipping of the nail polish dryer 1 and marring of the
      support surface.
PAR  The base may be fabricated by joining parts thereof but is preferably
      molded of plastic with one of the top wall 6 and bottom wall 9 removable.
      In the illustrated structure, a front wall 11, side walls 12 and 13 and
      rear wall 14 are upstanding from the peripheral edge of the bottom wall 9
      and integral therewith. The top wall 6 has a peripheral shape
      corresponding to the shape of the bottom wall 9 and is removably mounted
      in engagement with the upper edges of the upstanding front, side, and rear
      walls and is secured in place as by screws 15. In the structure shown, the
      screws 15 also secure the feet on the bottom wall 9 and have threaded
      shanks 16 screwed into threaded sockets 17 of bosses on the bottom of the
      top wall 6.
PAR  The base may be of any suitable shape such as illustrated in FIG. 4 or
      other shape for receiving fingers and desired portion of the hand of the
      user, the shape preferably being wider at the front and narrowing toward
      the rear. In the form shown, the front wall 11 is substantially normal to
      the adjacent portion of the side walls 12 and 13 and is joined therewith
      by rounded corner portions 18. The side walls 12 and 13 extend rearwardly
      to a curved portion 19 connecting with straight portions 20 converging
      rearwardly and merging into an arcuate rear wall 14.
PAR  The hood 8 is mounted on the top wall 6 and may be integral therewith. The
      hood has side and rear wall portions 21 and 22 respectively extending
      upwardly and inwardly from the peripheral portion of the top wall 6 and
      merge into a top portion 23, said hood wall portion being curved or
      rounded with the top portion 23 curved downwardly toward the front to
      provide a generally oval shape. The hood has an access opening 24 at the
      front that extends around the sides preferably terminating at the rear of
      the rounded corner portions 18 of the base walls. The access opening 24
      has a suitable length, for example, twice the heights of an adult hand, to
      permit the fingers and hand portion to be inserted therethrough to extend
      into the enclosure defined by the hood and base top wall 6 without contact
      with the hood walls.
PAR  The base walls define a chamber 25 and air is drawn therein by the fan 3
      through suitable inlet openings 26 which may be in any of the base walls.
      In the structure shown, the openings 26 are in the front wall 11. The base
      has walls 27 extending inwardly from the curved portions 19 of the side
      walls 12 and 13 and cooperating therewith and with the rear, and top, and
      bottom walls to define a heating chamber 28. The walls 27 have an inlet
      passage 29 connected to the discharge 30 of the blower or fan 3 which is
      mounted on the bottom wall 9 of the base in the forward portion of the
      base chamber. The blower 3 is operatively connected, as by pulleys 31 and
      32 and a belt 33 to a motor 34 operative to drive the fan 3 to move air
      from the inlet openings 26 to the heating chamber 28. The air from the
      heating chamber 28 is discharged upwardly into the hood enclosure through
      one or more openings 5 in the top wall 6 adjacent the side and rear hood
      wall portions. In the structure illustrated, the openings 5 are a
      plurality of spaced apertures around the rear portion and along the
      straight side portions.
PAR  The heater 4 is shown in the heating chamber 28 and as electrical heating
      elements or coils 35 supported on members 36 to space and insulate same
      from the base walls. The coils 35 are shown in a triangle form with one
      adjacent the inlet passage 29 and the others parallel to the respective
      straight wall portions 20 substantially under the apertures 5.
PAR  The blower 3 and the drive motor 34 therefor may be any suitable device
      operative to effect intake of air through the openings 26 and move the air
      into the inlet passage 29 and then over and around the heater 4 and then
      out through the aperture 5, in the top wall 6. The blower 3 is preferably
      of the centifugal type.
PAR  The heater 4 is preferably an electric heater having exposed heating
      elements 35 adapted to raise the temperature of air moved into contact
      therewith to a temperature in the range of one hundred fifteen degrees to
      one hundred thirty degrees Fahrenheit (115.degree.-130.degree. F.). The
      blower 3 and heater 4 are energized by a suitable electric circuitry
      adapted to be connected to an electric outlet by an electric cord which
      extends into the base chamber, as at 38, and is connected to a switch 39.
      The switch 39 is connected by conductors 40 and 41 to the motor 34 and
      heating coils 35. Connected in the conductors 40 and 41 is a second switch
      42 that operates to interrupt the circuit in the event the dryer is turned
      over or improperly inclined. The switch 39 is actuated by push button have
      a stem 43 extending through the top wall with a large member 44 on the
      upper end thereof positioned to be engaged by the user's hand when in
      drying position. The switch 39 is preferably such that the circuit is
      completed only when member 44 of the control switch 39 is depressed. This
      completes an electrical circuit to the drive motor 34 of the blower 3 and
      to the heater 4 thereby effecting flow of heated air into the hood 8
      through the apertures 5.
PAR  The rib or deflector 7 extends inwardly from and has a peripheral edge 45
      spaced from an interior surface of the hood wall. The rib 7 is positioned
      above the top wall 6 of the base and above and in covering relation with
      the plurality of apertures 5 therein. The rib 7 has a portion of the lower
      surface thereof inclined downwardly toward the top wall 6 of the base 2.
      In the illustrated structure, the lower surface 46 of the rib 7 is concave
      whereby air flowing upwardly from the plurality of apertures 5 in the top
      wall 6 is directed downwardly toward the top wall 6 by the lower side or
      surface 46 of the rib 7. The hood 8 is preferably constructed of
      transparent material such as clear plastic, to permit the user to see the
      position of the hand or foot prior to depressing the switch member 43.
PAR  In using a nail polish dryer constructed as illustrated and described, the
      base 2 is positioned in any desired location and is preferably supported
      on the resilient pads 10. The user then places the hand or foot having
      fresh nail polish thereon through the entrance or access opening 24 in the
      hood 8 and positions the nails to be dried adjacent the plurality of
      apertures 5 and below the rib 7. After the hand or foot is in a selected
      position, the member 44 of the control switch 39 is depressed as by the
      palm of a hand or the sole of the foot thereby completing an electrical
      circuit to the drive motor 34 for the blower 3 and to the heater 4. Air is
      then moved inwardly through the apertures 26 in the front wall 11 by the
      blower 3 and into engagement with the heater 4, which raises the
      temperature of the air to a desired level effective for rapid drying of
      nail polish and the like on the nails within the hood 8. The air flows
      from the heater 4 upwardly through the apertures 5 in the top wall 6 of
      the base 2 and then upwardly along the hood wall and into engagement with
      the deflector or rib 7 which directs the heated air directly onto the
      nails positioned adjacent the apertures 5 in the top wall 6.
PAR  It is to be understood that while I have illustrated and described one form
      of my invention, it is not to be limited to the specific form or
      arrangement of parts wherein described and shown.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A nail polish dryer comprising:
PA1  a. a base having a forward portion and a rearward portion and walls therein
      defining an air passage therethrough, said base having a top wall and a
      plurality of spaced apertures in said top wall adjacent side and rear
      peripheral portions thereof defining an exit for the air passage;
PA1  b. an air blower within said forward portion of the base for moving air
      through the exit of the air passage;
PA1  c. a heater within the rear portion of said base for heating the air moving
      through the exit of the air passage;
PA1  d. a hood having a wall mounted on said base at the sides and rear thereof
      and extending therefrom in covering relation with said base and the exit
      for the air passage, said hood wall having an opening at the forward
      portion of a heighth and width for entrance of at least one hand of a
      user, said hood wall at the sides and rear being positioned in close
      proximity with said apertures in said top wall;
PA1  e. an air directing member on sides and rear of the hood wall above the
      apertures in said top wall and extending inwardly therefrom to adjacent
      nails of fingers of a hand in drying position, said air directing member
      being continuous with a concave lower surface to direct heated air onto
      polish on nails of a hand of a user positioned within said hood; and
PA1  f. a control switch mounted in said base and having an actuator extending
      above a forward portion of said top wall of said base and operative to
      energize said air blower and said heater in response to engagement by the
      hands of a user.
NUM  2.
PAR  2. A nail polish dryer as set forth in claim 1 wherein:
PA1  a. said air directing member has a peripheral edge thereof spaced from said
      hood wall and generally above nails on a hand of a user positioned in the
      hood;
PA1  b. said air directing member has a portion of said concaved lower surface
      thereof adjacent the peripheral edge thereof inclined downwardly toward
      said nails on a hand of a user positioned on said top wall of said base;
      and
PA1  c. the concaved lower surface of said air directing member extends in a
      continuous curve from said peripheral edge to merging relation to the hood
      wall whereby heated air flows upwardly from said plurality of apertures in
      said top wall and is directed downwardly by said concaved lower surface
      toward nails of a hand positioned on said top wall.
NUM  3.
PAR  3. A nail polish dryer comprising:
PA1  a. a base member having top, bottom, side, front and rear walls connected
      together and defining a chamber therein, said base member having its
      greatest width adjacent the front and rearward side wall portions in
      converging relation for a lesser width at the rear;
PA1  b. said top wall having a plurality of apertures therein adjacent the
      periphery thereof along the rear and converging side wall portions, said
      apertures communicating with the base chamber thereunder;
PA1  c. a generally oval shaped hood mounted on said base in substantial
      covering relation, said hood having a wall substantially coextensive with
      the side and rear periphery of the base and extending upwardly and
      inwardly therefrom, said hood cooperating with the base to provide an open
      front of a size for insertion of the fingers and a substantial portion of
      a user's hand for positioning in overlying relation to the top wall of the
      base with the finger nails near said apertures;
PA1  d. said base member having air inlet openings and an air passage
      communicating with said apertures;
PA1  e. blower means in the base and operative to move air from the air inlet
      openings, through said air passage and discharge same through said
      apertures into the hood enclosure;
PA1  f. heater means operative to heat the air moved by the blower means;
PA1  g. air directing means on the hood wall above the apertures and curving
      downwardly from said hood wall to direct air flow onto nails of the hand
      of a user in drying position.
NUM  4.
PAR  4. A nail polish dryer as set forth in claim 3 wherein:
PA1  a. said base member has walls therein cooperating with the side and rear
      walls to define a heating chamber in a rear portion thereof adjacent to
      and communicating with said air discharge apertures;
PA1  b. said heating means comprises electrical heating elements located in said
      heating chamber; and
PA1  c. said blower means is in a forward portion of said base member and has an
      air discharge communicating with said heating chamber to discharge air
      therethrough.
NUM  5.
PAR  5. A nail polish dryer as set forth in claim 4 and including:
PA1  a. an electric circuit connected to said heating means and to blower means
      to energize same;
PA1  b. a switch in said circuit for controlling said circuit; and
PA1  c. a switch actuator above a forward portion of the base top wall and
      operable in response to engagement by the hand of a user when the
      fingernails thereof are in drying position.
NUM  6.
PAR  6. A nail polish dryer as set forth in claim 5 and including:
PA1  a. walls in said base member defining a heating chamber below the apertures
      in the top wall, and in communication therewith, said heating chamber
      having an inlet passage;
PA1  b. said heating means is electrical heating elements and located in said
      heating chamber;
PA1  c. said blower means being motor driven and having an air discharge
      communicating with said inlet passage to discharge air therethrough; and
PA1  d. a second switch in said circuit and operable to interrupt the circuit to
      the heater and motor in response to a predetermined tilt of the base.
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ABST
PAL  A game, primarily designed for preschool children, which includes a game
      board having a plurality of apertures located in the game board. Selected
      ones of the apertures have a first type of upstanding peg located within
      the aperture and the others of the apertures have a second type of
      upstanding peg within the aperture; the first pegs are longer, but the
      pegs and apertures are arranged to disguise the difference between the
      longer and shorter pegs. A card, or similar substrate, with questions on
      the top thereof can be disposed over the game board and this card or
      substrate will have a plurality of apertures therein capable of being
      aligned with certain of the apertures in the game board to provide
      multiple choice answers. A probe, or stylus, may be inserted in the
      apertures of the card and into the apertures of the game board. In the
      event that the player of the game inserts the stylus or probe into an
      aperture of the game board having the longer peg, the player will have
      selected an aperture corresponding to a correct answer. This peg of the
      first type is located to be inserted into the stylus to actuate a display
      member on the stylus such that the player of the game will recognize the
      selection of a proper answer in the multiple choice possibilities. In this
      way, visual and mechanical means are provided on the stylus or probe to
      indicate the correct answer. Moreover, the playing board is designed and
      the cards are designed with respect to the playing board so that a number
      of different cards with different questions and possibilities of answers
      are located at different positions on the cards.
BSUM
PAR  This invention relates in general to certain new and useful improvements in
      interrogating type games and, more particularly, to a question and answer
      game which employs a game board operable with a plurality of question and
      answer substrates such that a number of substrates may be located in
      various desired positions with respect to the game board.
PAR  In recent years, there have been a number of toy playing games, of both
      educational and entertainment value, which employ a game board and a
      substrate operable with the game board, as well as a stylus cooperating
      with the substrate and the game board. In each of these games, one or more
      questions are presented on the substrate and the player of the game is
      required to insert the stylus through an aperture in the substrate,
      corresponding to an aperture in the game board, which depicts the right
      answer. Generally, several possible answers are provided for each of the
      questions and, hence, at least one aperture is provided for each of the
      answers. Thus, in order for the player of the game to select the right
      answer, he must examine the possible answers associated with the question
      on the game board, and thereafter insert the stylus into the aligned
      apertures of the substrate and game board in order to determine if the
      player has selected the right answer.
PAR  While this form of playing game is certainly effective to provide both
      educational and entertainment value, it is limited in that each of the
      substrates which may be provided with one or more questions are only
      locatable on the game board in one selected position. Consequently, the
      player of the game can learn the proper aperture position associated with
      the right answer, as opposed to examining and intellectually determining
      the right answer, and this not only destroys the educational value of the
      game, but diminishes the entertainment value as well for the player.
      Inasmuch as these games are directed to preschool children, these games
      have only short effectiveness, due to the fact that the child can rather
      quickly determine the proper aperture associated with each question on
      each substrate. The child can determine the proper aperture by merely
      memorizing the selected aperture for each question which thereby
      diminishes the educational value of the game, and the entertainment value
      as well.
PAR  In addition to the foregoing drawbacks of the presently available question
      and answer games, these games usually employed an electrically operable
      stylus. Thus, a light or other electrically energizable visual indicator
      would be energized by completion of an electrical circuit when the player
      selected the correct answer. Consequently, this form of correct answer
      indication materially increased the cost of manufacture and hence the
      attendant retail price of the game.
PAR  The present invention obviates these and other problems in the provision of
      a game board which has a large number of apertures located therein and
      only certain of the apertures are effective to provide a correct answer to
      the questions presented on the substrate. Moreover, a number of substrates
      are provided with the game board of the present invention and each one of
      these substrates is located in only one selected orientation on the game
      board. However, each of the substrates may differ in the selected
      orientation so that one substrate will be oriented differently with
      respect to another substrate. Nevertheless, each such substrate provides a
      question and a plurality of answers with indicia representing the proper
      aperture. However, in this case, the proper aperture will vary upon
      orientation of any one of the substrates so that the player of the game
      cannot easily remember the desired aperture position.
PAR  For example, a substrate may have five questions listed on a left-hand
      portion thereof. Each question may have, for example, five multiple-choice
      answers associated with the question in alignment with the question, and
      each answer will have an aperture associated therewith which is in
      alignment with an aperture in the game board. However, only one of the
      five apertures will represent a correct answer, e.g. aperture number 3. In
      the present invention, another substrate could be reoriented 90.degree. or
      180.degree. and the other aperture, e.g. aperture number 2, could
      represent a correct answer.
PAR  The game of the present invention is new and unique in that the game board
      will have a substantially greater number of apertures than the substrate.
      In this way the substrate could have the apertures thereon located in
      various arrangements so that a player could not learn the correct position
      of an aperture in the game board corresponding to a correct answer.
PAR  The stylus or probe of the present invention is also completely
      mechanically activatable thereby avoiding the necessity of electrical
      circuitry to provide electrically energizable visual indicators.
PAR  In the game of the present invention, the pegs in the various apertures in
      the game board have a similar size in cross section and generally a
      similar shape. Those apertures of the of the game board representing a
      correct answer generally have a deeper recess and hence a peg of greater
      vertical dimension. However, the player of the game cannot visually
      examine the game board and thereby detect which of the game board
      apertures have a greater depth and which therefor represent the correct
      answer.
PAR  When the stylus is inserted into an aperture having a shorter peg, a
      shiftable element in the stylus will not be actuated. However, when the
      stylus is inserted in an aperture having a larger peg, the shiftable
      element in the stylus will be actuated by the peg and thereby provide
      visual indication of a correct answer.
PAR  It is, therefore, the primary object of the present invention to provide a
      toy playing game which involves memory and entertainment and which employs
      a probe insertable into an aperture in a substrate disposed over a playing
      board.
PAR  It is another object of the present invention to provide a toy playing game
      of the type stated which presents questions on the substrate and a
      plurality of apertures on the substrate with answers associated with the
      question, and only one of which answers and the associated aperture
      represent a proper answer.
PAR  It is a further object of the present invention to provide a toy playing
      game of the type stated which cannot be easily memorized by the player
      thereof so that the toy playing game always provides an element of
      challenge and hence retains its educational as well as entertainment
      value.
PAR  It is an additional object of the present invention to provide a toy
      playing game of the type stated which can be manufactured at a relatively
      low unit cost and which is highly reliable and durable in its
      construction.
PAR  It is yet another salient object of the present invention to provide a
      method of instructing children with a high degree of educational value.
PAR  With the above and other objects in view, our invention resides in the
      novel features of form, construction, arrangement and combination of parts
      presently described and pointed out in the claims.
DRWD
PAR  Having thus described the invention in general terms, reference will now be
      made to the accompanying drawings in which:
PAR  FIG. 1 is a top plan view of a playing game board forming part of the
      playing game and which is constructed in accordance with and embodies the
      present invention;
PAR  FIG. 2 is a vertical sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary vertical sectional view taken along line 3--3 of
      FIG. 1;
PAR  FIG. 4 is an enlarged fragmentary top plan view of a portion of the game
      board of FIG. 1 and showing the interior construction of the apertures
      formed therein;
PAR  FIG. 5 is a top plan view of the substrate which is used in conjunction
      with the game board of FIG. 1;
PAR  FIG. 6 is a front elevational view of a probe which is used in combination
      with the game board and the substrate of FIGS. 1 and 5; and
PAR  FIG. 7 is a vertical sectional view showing the interior of the probe of
      FIG. 6.
DETD
PAR  Referring now in more detail and by reference characters to the drawings
      which illustrate a preferred embodiment of the present invention, A
      designates a game board forming part of a toy educational and
      entertainment game and which comprises a rectangularly shaped frame 10
      having vertically disposed side walls 11 which form a base margin 12 which
      may be used for supporting the game board A upon a table or similar
      substrate.
PAR  The vertically disposed walls 12 integrally merge at their upper ends into
      upward and inwardly inclined top walls 13 which are integrally formed with
      a downwardly struck peripherally extending lip 14. The lip 14, in turn,
      integrally merges into a further vertically recessed interior playing
      surface 16 surrounded by the frame 10, in the manner as illustrated in
      FIGS. 1 and 2 of the drawings.
PAR  The playing surface 16 is provided with a series of first apertures 18 and
      a series of second apertures 20. Each of the first apertures 18 has a
      first type of upstanding pin 22 located therein, and each of the second
      apertures 20 has a second type of upstanding pin 24 located therein.
      Moreover, the first apertures 18 alternate with the second apertures 20 so
      that in the quadrilaterally located matrix of FIG. 1 each first aperture
      is spaced apart from another first aperture 18 by means of a second
      aperture 20, and which is more fully illustrated in FIGS. 2 and 3 of the
      drawings.
PAR  Referring to FIG. 2, it can be observed that the pin 22 in each of the
      first apertures 18 is located in a much deeper recess than the pins 24 in
      the apertures 20. In addition, though not necessary for the purposes of
      the present invention, the pin 22 may have a smaller diametral size than
      the pin 24 located in each of the second apertures 20. Moreover, the base
      wall of each of the second apertures 20 is relatively shallow compared to
      the base wall in each of the apertures 18.
PAR  Some of the base walls in the second apertures 20 could be provided with
      downwardly extending sleeves if desired. These sleeves would extend below
      the base margin and will be so located to form the support for the playing
      board A. Thus, the lower margins of the sleeves could engage a table
      surface or other supporting surface.
PAR  The structure of the pins 22 and 24 is more fully illustrated in FIG. 4 of
      the drawings. It can be observed that the pins are formed of non-uniform
      cross section. Thus, the pins are constructed with integrally formed
      quadrilaterally located arcuate recesses as illustrated.
PAR  The player of the game cannot easily visually examine the various apertures
      18 and 20 to determine which of such apertures have a greater depth. In
      this connection, the apertures and pins are sized and located so that
      these apertures 18 corresponding to a correct answer are essentially
      disguised from those apertures 20 which do not correspond to a correct
      answer. More particularly, the pins 22 and 24 have a cross-sectional
      dimension which covers a major portion of the diametral size of the
      apertures 18 and 20, respectively. Further, by reference to FIGS. 2 and 3,
      it can be observed that the pins 22 and 24 have upper ends which are
      located slightly below the surface 16 of the game board. In addition it
      can also be observed that the pins 22 and 24 terminate at the same
      elevation even though the pins 22 have a greater length. Thus when the
      player of the game examines the various apertures 18 and 20, it is
      difficult to determine oprically the depth of the apertures. The human eye
      essentially does not have sufficient resolution to determine the depth of
      the apertures when viewing the apertures with a line of sight coaxially
      with the apertures. Even when the player tilts the game board so that the
      line of sight would follow the dotted lines illustrated in FIG. 3, the
      base of the aperture is not within the line of sight and the viewer then
      can still not detect the depth of the aperture. In this way the sizes of
      the pins are effectively disguised.
PAR  The game board A may be constructed of any of a number of moldable plastic
      materials, such as polystyrene, polyethylene, polybutadiene and the like,
      and which may be formed in any of a number of known plastic molding
      operations, such as thermo-forming, blow-molding, injection molding, etc.
      Notwithstanding, it should be recognized that this game board A could be
      constructed of other materials including wood, lightweight metals, such as
      aluminum, or any of a number of other known materials.
PAR  As indicated previously, the playing surface 16 is defined by the
      rectangularly shaped lip 14 and is recessed with respect to the upper
      surface of the top walls 13 forming part of the frame 10. Consequently,
      the playing surface 16 is defined by four rectangularly located inwardly
      presented side walls defining the lip 14, in the manner as illustrated in
      FIGS. 1 and 2 of the drawings. It can be observed that two of the opposed
      and parallel walls forming the lip 14 and associated top walls 13 are
      provided with arcuately shaped recesses 27 and 28, respectively, for
      reasons which will presently more fully appear.
PAR  FIG. 5 more fully represents a top plan view of a substrate S, often
      referred to as a "playing card" which may be used with the game board A.
      The substrate S may also be formed of any of the aforementioned plastic
      materials, or otherwise the substrate S may be formed of a conventional
      paperboard material or the like. It can be observed that the substrate S
      is provided with approximately the same size and shape as the playing
      surface 16 and is designed to fit within the side walls forming the lip
      14. For this purpose, the substrate S is also rectangular in shape. In
      this respect, the lip 14 and the substrate S may be provided with an
      arcuate corner margin on each of the four corner portions thereof which
      reduces the possibility of injury arising from sharp corners.
PAR  One portion of the substrate is provided with at least one question, and
      the substrate S, as illustrated in FIG. 5 of the drawings, is provided
      with a series of questions designated by reference numeral 30. Each of
      these questions has a possible multiple choice answer, as for example
      three multiple choice answers. Naturally, only one of the answers is
      correct. However, each of the answers associated with each of the
      questions 30 is represented by an aperture 32 in the substrate. Each of
      the apertures 32 may be similarly provided with indicia, represented by
      reference numeral 34, associated with the aperture to provide indication
      of the correct answer.
PAR  The player of the game will look at the indicia associated with each of the
      apertures 32 and attempt to select the correct answer. Thus, if the
      question asks, for example, perhaps in declarative form "A fish swims in,"
      the indicia associated with each of the apertures 32 would recite "milk"
      with the first aperture, "water" with the second of the apertures, "air"
      with the third of the apertures, etc., and which in this case would
      obviously represent a correct answer for the second aperture 32. Each of
      the apertures 32 associated with the following questions 30 on the
      substrate S would also have one correct answer. In this way, the player of
      the toy playing game would examine the indicia which may be in written or
      pictorial form or other form and select the proper answer by picking the
      associated aperture 32 with that answer.
PAR  The playing card S is provided on its left-hand end margin, reference being
      made to FIGS. 1 and 5, with a first integrally formed outwardly struck
      planar tab 36 which is designed to fit in the recess 27. This tab 36
      serves as a locating tab so that the player of the game can insert the
      playing card S on the playing surface 16 in a proper orientation. The
      playing card S is linear on its opposed and parallel end margin thereof.
      In this way, a player may insert his finger in the recess 28 to engage and
      remove the playing card S.
PAR  In order to determine whether the player has selected the correct answer, a
      probe P is provided and which is more fully illustrated in FIGS. 6 and 7
      of the drawings. The probe P, often referred to as a stylus, comprises an
      outer body 40 which also may be molded from any of the aforementioned
      plastic materials in any of the aforementioned operations. In the
      particular embodiment illustrated herein, the probe P adopts the
      characterization, somewhat of a human individual, although the probe P
      could adopt any form of characterization.
PAR  The probe P includes at the lower end of the housing 40, a probing arm 42
      which is sized and shaped to be inserted within the apertures 32 of the
      substrate S, as well as the apertures 18 and 20 of the game board A. The
      probing arm 42 is generally hollow in its construction and includes a
      shiftable rod 44 inserted therein. In this case, the probe 42 is sized and
      shaped and so located in the housing 40 so that the rod 44 can only be
      engaged when the probing arm 42 is inserted within one of the first
      apertures having the pin 22 formed therein. In the event that the probing
      arm 42 is inserted in such aperture 18, the elongated and diametrally
      reduced pin 22 will engage the shiftable rod 44 and urge the same upwardly
      within the housing 40. A bottom wall 45 on the housing 40 will engage the
      playing surface 16 when the arm 42 is completely inserted in an aperture
      18. As this occurs, the shiftable rod 44, which carries a shied 46 at its
      upper end, will shift upwardly.
PAR  A plurality of apertures 48 are formed on the body of the probe 40 so that
      a pictorial design 50, in the form of eyes in this case, located on the
      shield 46 will appear in the apertures 48 of the body 40 when the
      shiftable rod 44 is shifted upwardly. In this way, the probe will provide
      visual indication to the player of the game that he has selected the
      proper aperture. However, in the event that the player of the game selects
      one of the apertures 20 with the upstanding pin 24, the probing arm 42
      will not engage the bottom of the aperture 20 and, therefore, the pin 24
      will not shift the shiftable arm 44 upwardly. In this way, by examining
      the head of the probe, the player of the game can recognize that he did
      not select the proper aperture. Conversely, the player of the game will
      recognize that he has selected the proper aperture in the event that the
      indicia 50 on the shield 46 appears in the eyes 48.
PAR  In the same respect, it should be observed that any other form of visual
      indication could be provided with respect to the probe body 40 and the
      shield 46. For example, the probe body 40 could be provided with one
      elongated aperture having a color on the shield so that if a different
      color appeared through an aperture in the body 40, the player would
      recognize that he has achieved the proper aperture and hence has selected
      the proper answer with respect to the question asked on the substrate S.
PAR  One of the unique features of the present invention is that any of a number
      of substrates S could be provided with the playing board A. In this case,
      each of the substrates would have the tab 36 along a different margin so
      that one substrate could be oriented in a position other than another
      substrate. In this way, the player of the game could not recognize the
      proper aperture 18 in which to insert the probe P through the action of
      memory. Nevertheless, each of the substrates S would have at least one
      aperture for each question represented by indicia 32 which would be
      alignable with the proper aperture 18 having the pin 22 therein.
      Consequently, a wide variety of substrates S could be provided with the
      playing board A and probe P of the present invention.
PAR  The game board is provided with a substantially greater number of apertures
      18 and 20 than the amount of apertures which are provided in the various
      substrates. Generally there are at least twice the number of total
      apertures in the game board than the substrates and preferably three times
      the number of apertures in the game boards than in each of the substrates.
      In this way a substrate may have three apertures in a row where the first
      aperture in the row may correspond to a correct answer. By merely shifting
      the three apertures in another substrate by one aperture distance the
      first aperture in that row of the other substrate would correspond to a
      wrong answer whereas the next aperture may correspond to a correct answer.
      In this way, any matrix of apertures may be provided in any one substrate
      such that they will not correspond with associated apertures in the game
      board in the same positional relationship as the matrix of apertures in
      another substrate.
PAR  The rod 44 is limited in its movement by means of a pair of limit bosses 43
      formed on the rod 44 and which are capable of engaging the top wall of the
      tube 42 in the manner as illustrated in FIG. 7 of the drawings. Moreover,
      the upper limit of movement of the rod 44 could also be governed by its
      engagement with the top wall of the housing 40 which may be in the form of
      a head, as illustrated in the particular embodiment of FIGS. 6 and 7. In
      actuality, the upper limit of movement of the rod 44 is regulated by the
      size of the pin 22 in the aperture 18. A pair of brackets 52 are formed in
      the housing 40 and serve as guides for the shield 46.
PAR  A spring (not shown) could also be disposed about the rod 44 to bias the
      same downwardly, if desired. However, the present invention permits
      downward movement of the rod 44 and hence the shield by means of gravity
      force. Any limit means could be used to limit the downward movement of the
      rod 44. In this case, the brackets 52 engage flanges 54 on the shield 46
      to limit the lowermost limit of travel of the rod 44.
PAR  When the player of the game wishes to determine whether the player can
      answer any of the questions on the substrate S, the player will select one
      of the several substrates S which are provided with the game board A.
      Proper orientation of the substrate S can be accomplished by locating the
      tab 36 in the arcuate recess 27 on the game board A. Thereafter, the
      player can read the question presented by the indicia 30 and any one of
      the proper apertures 32 following the indicia 30. When the player believes
      that the proper answer has been selected, the player will insert the probe
      arm 42 of the probe P into the selected aperture 32 associated with that
      particular indicia 30. If the player has selected an improper aperture 32,
      the arm 42 will extend into one of the apertures 20 where the pin 24 will
      not shift the rod 44. However, if on the other hand, if the player has
      selected a proper aperture which provides the proper answer to the
      question raised by the indicia 30, the player will have inserted the probe
      into an aperture 18 where the pin 22 will shift the arm upwardly and
      thereby provide visual indication of the selection of a proper answer.
PAR  It should be understood in accordance with the present invention, that the
      probe could be provided with any form of mechanical actuation to provide
      visual indication of selection of a proper answer. Any form of
      mechanically shiftable member could be operatively associated with the
      probe P so that upon proper contact with a pin 22 in the player board A, a
      visual indication could be provided to indicate to the player that the
      player has indeed selected the proper answer.
PAR  Thus there has been illustrated a unique and novel toy playing game of
      educational and entertainment value and which therefore fulfills all of
      the objects and advantages sought therefor. It should be understood that
      many changes, modifications, variations and other uses and applications
      could be made with respect to the subject playing game by those skilled in
      the art after considering this specification and the accompanying
      drawings. Therefore, any and all such changes, modifications, variations
      and other uses and applications are deemed to be covered by the invention
      which is limited only by the following claims.
CLMS
STM  Having thus described our invention, what we desire to claim and secure by
      letters patent is:
NUM  1.
PAR  1. A toy playing game of educational and entertainment value comprising:
PA1  a. a playing board,
PA1  b. said playing board having a plurality of apertures formed therein,
PA1  c. certain of said apertures having a first type of pin projecting therein,
PA1  d. the remaining apertures having a second type of pin projecting therein,
PA1  e. a substrate disposable over said playing board and having a plurality of
      substrate apertures and each of which is alignable with some of the
      apertures in the playing board,
PA1  f. indicia on one portion of said substrate requiring selection of one or
      more of the apertures on said substrate to conform to the indicia,
PA1  g. a probe provided with said game board and capable of being inserted
      through the apertures in said substrate and into the associated and
      aligned apertures in said game board, and
PA1  h. mechanically shiftable means operatively located within said probe
      shiftable only upon engagement with said second type of pin to provide
      visual indication of selection of a proper aperture on said substrate when
      said probe is inserted into an aperture on said substrate corresponding
      with an aperture in said game board having said second type of pin
      projecting therein.
NUM  2.
PAR  2. The toy playing game of claim 1 further characterized in that the
      indicia on said substrate are questions, and that answering indicia is
      associated with each of the apertures on said substrate.
NUM  3.
PAR  3. The toy playing game of claim 1 further characterized in that a
      plurality of substrates are provided with the playing board, and each of
      the substrates have different indicia thereon.
NUM  4.
PAR  4. The toy playing game of claim 1 further characterized in that a
      plurality of substrates are proprovided with the playing board, and each
      of the substrates have different indicia thereon, and a locating means is
      provided on said game board with cooperating locating means on each of
      said substrates so that said substrates can be located in only one
      position on said game board.
NUM  5.
PAR  5. The toy playing game of claim 4 further characterized in that said
      locating means on said game board is a recess and the cooperating locating
      means on said substrate is a tab on at least one end margin of said
      substrate and capable of fitting into said recess.
NUM  6.
PAR  6. The toy playing game of claim 4 further characterized in that some of
      said substrates can be located in different positions on said game board
      than other of said substrates such that each of said substrates can be
      located on said game board in a proper position with each of said
      substrates having at least one aperture therein alignable with an aperture
      in said game board to provide visual indication of a proper aperture in
      said game board having a second type of pin projecting therein.
NUM  7.
PAR  7. The toy playing game of claim 1 further characterized in that said
      second pins have a different size than said first pins to actuate said
      probe.
NUM  8.
PAR  8. The toy playing game of claim 7 further characterized in that said probe
      has a shiftable member therein which will move only when said probe is
      inserted in an aperture on said game board having a second type of pin
      therein.
NUM  9.
PAR  9. The toy playing game of claim 1 further characterized in that said
      indicia are questions and individual answers are associated with each of
      the apertures on said substrate.
NUM  10.
PAR  10. The toy playing game of claim 1 further characterized in that each of
      said first and second types of pins have upper surfaces which are located
      in the same plane and below the plane of the playing board, each of said
      first and second types of pins also having a width relative to the width
      of the apertures so that a line of sight of a viewer is effectively
      prevented from determining the lengths of the pins.
NUM  11.
PAR  11. A toy playing game of educational and entertainment value comprising:
PA1  a. a playing board,
PA1  b. said playing board having a plurality of apertures formed therein,
PA1  c. certain of said apertures having a first type of pin projecting therein,
PA1  d. the remaining apertures having a second type of pin projecting therein,
PA1  e. each of said first and second types of pins having an upper surface
      located in the same plane and below the plane at the playing board, each
      of said first and second types of pins also having a width relative to the
      widths of said apertures so that a line of sight of a viewer is
      effectively prohibited to determine the lengths of the pins,
PA1  f. a substrate disposable over said playing board and having a plurality of
      substrate apertures and each of which is alignable with some of the
      apertures in the playing board,
PA1  g. the number of first and second apertures in said playing board in total
      being at least twice the number of apertures in any substrate,
PA1  h. indicia on one portion of said substrate requiring selection of one or
      more of the apertures on said substrate to conform to the indicia,
PA1  i. a probe provided with said game board and capable of being inserted
      through the apertures in said substrate and into the associated and
      aligned aperture in said game board, and
PA1  j. mechanically shiftable means operatively located within said probe to
      provide visual indication of selection of a proper aperture on said
      substrate when said probe is inserted into an aperture on said substrate
      corresponding with an aperture in said game board having said game board
      having said second type of pin projecting therein.
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ABST
PAL  A clog which comprises a body provided adjacent to one end with a first
      pair of through holes extending in parallel to each other and to the
      longitudinal axis of said body on the opposite sides of said axis in close
      proximity to the latter and adjacent to the other end with a second pair
      of through holes in proximity to the opposite side edges of said body at
      an angle with respect to said longitudinal axis; and a pair of identical
      pliable synthetic resin thongs of an ecliptical configuration in
      cross-section each having one end extending through one of said first pair
      of holes and the other end extending through one of said second pair of
      holes, the extensions at the opposite ends of said pair of thongs fused
      together to form lumps on the under surface of said clog body to prevent
      the thongs from separating from the clog body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a clog and more particularly, to a pliable
      synthetic resin thong for use with the clog.
PAR  There have been proposed and practically employed a great variety of clogs
      and one of the most common type clogs comprises wooden body having a round
      hole positioned at a point in the longitudinal axis of the body adjacent
      to one end and a pair of round holes positioned on the opposite sides of
      the longitudinal axis adjacent to the other end and to the opposite side
      edges of the body and a single thong which comprises a hemp core or or the
      like of a length, a stuffing surrounding the core except at the opposite
      ends of the core which extend beyond the adjacent ends of the stuffing and
      a fabric in the form of a narrow strip covering a substantial portion of
      the core and substantially the entire stuffing leaving the opposite ends
      of the core uncovered and sewn together at the opposite side edges of the
      fabric. The thong is conventionally secured to the clog body by folding in
      the center thereof where the stuffing has been removed or substantially
      removed into two thong portions, applying a fore strap about the center of
      the thong, passing the opposite ends of the fore strap through the axially
      positioned hole adjacent to one end of the clog body, tying the opposite
      ends of the fore strap together on the under surface of the clog body to
      make a knot having a size larger than the size of the associated hole to
      prevent the fore strap from coming off the hole, passing the free ends of
      the two thong portions through the holes adjacent to the other end of the
      clog body and tying the exposed opposite ends of the hemp core together on
      the under surface of the clog body to thereby complete the securing of the
      thong to the clog body. Therefore, the production of the prior art thong
      and securing the thong to the clog body require time consuming and tedious
      works. In addition, the thong itself, knots and/or connected portions of
      the thong are easily subjected to damage and/or breakage when moistened
      and/or handled roughly resuling in the separation of the thong from the
      clog body which means short service life of the clog thong.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, one principal object of the present invention is to provide a
      thong for a clog which can effectively eliminate the disadvantages of the
      prior art clog thongs referred to hereinabove.
PAR  Another object of the present invention is to provide a thong for a clog
      which can be produced and secured to the body of the clog in a quite
      simpler manner and at less expense.
PAR  Another object of the present invention is to provide a unitary thong for a
      clog which is formed of pliable synthetic resin and does not require a
      fore strap and tying of the thong which have been otherwise required.
PAR  Another object of the present invention is to provide a thong for a clog
      which is formed of pliable synthetic resin having an ecliptical
      cross-section which gives a comfortable touch to the instep of the clog
      wearer's foot.
PAR  A further object of the present invention is to provide a pliable synthetic
      resin clog thong which has resistance against moisture and/or rough
      handling to thereby enjoy a prolonged service life.
PAR  The above and other objects and attendant advantages of the present
      invention will be more readily apparent to those skilled in the art from a
      reading of the following detailed description in conjunction with the
      accompanying drawing which shows a preferred embodiment of the invention
      for illustration purpose only, but not for limiting the scope of the same
      in any way.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of one preferred embodiment of synthetic resin clog
      thong constructed in accordance with the present invention;
PAR  FIG. 2 is a side elevational view of said thong as shown in FIG. 1;
PAR  FIG. 3A is a cross-sectional view taken substantially along the line A -- A
      of FIG. 1;
PAR  FIG. 3B is a cross-sectional view taken substantially along the line B -- B
      of FIG. 1;
PAR  FIG. 3C is a cross-sectional view taken substantially along the line C -- C
      of FIG. 1;
PAR  FIG. 4 is a plan view of the body of a clog with which said thong is
      employed; and
PAR  FIG. 5 is a perspective view of a complete clog.
DETD
     PREFERRED EMBODIMENT OF THE INVENTION
PAR  The present invention will be now described referring to the accompanying
      drawing in which the preferred embodiment of the invention is illustrated.
      Reference numeral 10 generally denotes the body of a clog which can be
      formed of any one of materials which have been conventionally employed in
      the production of clogs and has a conventional configuration. The clog
      body 10 is formed adjacent to one end with a first pair of elongated
      through holes 11 which extend in parallel to each other and also to the
      longitudinal axis of the clog body 10. The holes 11 are positioned on the
      opposite sides of the longitudinal axis of the clog body in close
      proximity to the axis. The clog body 10 is also provided adjacent to the
      other end with a second pair of elongated through holes 12 which are
      positioned adjacent to the opposite side edges thereof on the opposite
      sides of the longitudinal axis of the body. The second pair of holes 12
      extend at an angle with respect to the longitudinal axis of the clog body
      and diverge from each other toward the other end of the clog body 10.
PAR  Referring to FIGS. 1 through 3 of the accompanying drawing in which the
      preferred embodiment of clog thong 20 of the invention is illustrated. The
      thong 20 may be formed of any one of conventional pliable synthetic resins
      and has a substantially uniform width along a substantial portion thereof
      except for the opposite ends 21, 22 which are reduced in width. As more
      clearly seen in FIG. 2, the middle section 23 of the thong 20 has a
      substantially ecliptical configuration in cross-section and stream-lined
      configuration in side elevation having a maximum thickness in the center
      in the length of the middle section from where the thickness reduces
      smoothly toward the opposite ends 21, 22 of the thong 20 which have a
      substantially uniform thickness less than the minimum thickness end
      portions of section 23.
PAR  In assembling the above-mentioned components into a clog, the end 21 of the
      synthetic resin thong 20 is passed through one of the first pair of
      elongated holes 11 from the upper surface of the clog body 10 until the
      extreme end portion of the end 21 protrudes below the under surface of the
      clog body and similarly, the other end 22 of the thong 20 is passed
      through one of the second pair of holes 12 from the upper surface of the
      clog body until the extreme end portion of the end 22 protrudes below the
      under surface of the clog body. Following the same proceduce, the opposite
      ends of another thong which is quite identical with the thong 20 are
      passed through the respective others of the two pairs of holes 11, 11 and
      12, 12. The protruding extreme end portions of the ends 21, 21 and 22, 22
      of the two thongs 20 are fused together by applying heat thereto and
      allowed to cool to form lumps 25 and 26, respectively, which have bulks
      larger than the dimensions of the holes 11 and 12, respectively, so that
      the thongs can be prevented coming out of the holes 11, 11 and 12, 12 even
      if a pulling force is applied on the thongs 20.
PAR  Since the first pair of holes 11, 11 extend in parallel to each other and
      to the longitudinal axis of the clog body in close proximity to the latter
      and the adjacent ends of the middle sections 23 of the thongs 20 are
      substantially flat, the big or first and second toes of the wearer's foot
      can easily and smoothly engage the above-mentioned adjacent ends of the
      thong middle sections 23. In addition, the middle sections 23 of the
      thongs 20 smoothly arch upwardly of the upper surface of the clog body 10
      substantially in conformity with the configuration of the instep of the
      wearer's foot and have a smoothly varying ecliptical cross-section and a
      stream-lined configuration as seen in side elevation, the middle sections
      23 of the thongs 20 will not tightly fit on the instep of the wearer's
      foot, but will smoothly contact the instep of the wearer's foot.
      Especially, since the second pair of holes 12 are positioned at an angle
      with respect to the longitudinal axis of the thong body 10, the other ends
      of the middle sections 23 of the thongs positioned adjacent to the second
      pair of holes 12 twist to such a degree that the thong middle section ends
      can follow the configuration of the adjacent or contacting areas of the
      instep of the wearer's foot so as to contact the instep areas comfortably
      to thereby eliminate any score which will be otherwise caused by the clog
      thongs after a long walk of the wearer on clogs.
PAR  From the foregoing description on the preferred embodiment of the present
      invention, it will be appreciated that the invention provides a novel clog
      thong which can be produced in a simpler manner at less expense, can be
      easily secured to the clog body and enjoys an extended service life.
PAR  While only one embodiment of the invention has been shown and described in
      detail, it will be understood that the same is for illustration purpose
      only and not to be taken as a definition of the invention, reference being
      had for the purpose to the appended claim.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a clog comprising a body provided adjacent to one end with a first
      pair of holes positioned on the opposite sides of the longitudinal axis of
      said body in proximity to the latter and adjacent to the other end with a
      second pair of holes positioned on the opposite sides of said longitudinal
      axis at an angle thereto in proximity to the opposite side edges of said
      body; and a pair of synthetic resin thongs with the opposite ends of each
      of said thongs passing through each one of said first and second pairs of
      holes, respectively, characterized by that each of said synthetic resin
      thongs has a wider middle section of substantially uniform width and the
      narrower opposite ends of uniform width passing through each one of said
      first and second pairs of holes, respectively and the adjacent ends of
      said pair of thongs passing through said first pair of holes are fused
      together on the under surface of said clog body to form a lump having a
      bluk larger than the dimensions of the associated holes while the ends of
      said pair of thongs passing through said second pair of holes are fused
      individually on the under surface of said clog body to form separate lumps
      larger than the associated holes, said pair of thongs each having a
      smoothly varying ecliptical configuration in cross-section and a
      stream-lined configuration in side elevation with the center of said
      middle section having a maximum thickness from where the thickness reduces
      smoothly toward the opposite ends of the associated thong.
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ABST
PAL  A tensioning mechanism for the chain of a scraper elevator device that
      includes a pair of pivotally interconnected lever arms which support guide
      rollers. The lever arms are movable by an adjuster link in a scissors
      fashion for maintaining tension on the chain.
BSUM
PAR  This invention concerns an elevator device of the type used with
      self-loading rubber-tired scrapers and more particularly a tensioning
      mechanism for the elevator device that includes a pair of guide rollers
      which are movable towards each other for increasing the tension of the
      elevator chain.
PAR  The present invention is incorporated with a self-loading scraper having a
      tractor connected by a pull yoke to a trailing scraper bowl. As is
      conventional, the scraper bowl has an open end which is defined by a pair
      of laterally spaced side walls and a transverse cutting blade extending
      between the side walls. An elevator device is located between and carried
      by the side walls of the scraper bowl and includes a frame the upper end
      of which is provided with a drive sprocket wheel while the lower end
      supports an idler sprocket wheel. An endless chain having a plurality of
      transverse flight members is entrained about the upper and lower sprocket
      wheels and a chain tensioning mechanism is carried by the frame. In the
      preferred form, the chain tensioning mechanism consists of a pair of guide
      rollers which engage the chain at spaced points located outboard from an
      axis that passes through the centers of the upper and lower sprocket
      wheels. The guide rollers are rotatably supported by a pair of pivotally
      interconnected arms which are movable in a scissors fashion through an
      adjuster link which extends between and is connected to the outer ends of
      the arms. By varying the length of the adjuster link, the guide rollers
      can be moved towards each other to thereby increase the tension of the
      chain.
PAR  The objects of the present invention are to provide an improved scraper
      elevator device having guide rollers supported in a scissors fashion for
      tensioning the elevator chain; to provide an improved chain tensioning
      mechanism for a scraper elevator that has a pair of guide rollers that are
      supported by levers which are adjustable so the guide rollers move towards
      each other for increasing the tension of the chain; to provide an improved
      chain tensioning mechanism for a scraper elevator that supports a pair of
      guide rollers that are adjustably movable through an adjuster link member
      for increasing the tension of the chain; and to provide an improved
      elevator device for a scraper bowl that includes a pair of pivotally
      interconnected lever arms which support guide rollers and are movable
      relative to each other for adjusting the positions of the guide rollers
      and thereby tensioning the elevator chain.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      following detailed description when read with reference to the drawings in
      which:
PAR  FIG. 1 shows a rubber-tired overhung scraper having an elevator device
      incorporating a chain tensioning mechanism made according to the
      invention;
PAR  FIG. 2 is an enlarged view of the elevator device showing the details of
      the construction of the chain tensioning mechanism; and
PAR  FIG. 3 is a further enlarged view of the chain tensioning mechanism taken
      on line 3--3 of FIG. 2.
DETD
PAR  Referring to the drawings and more particularly FIG. 1 thereof, an
      elevating scraper 10 is shown having the usual overhung tractor 12 and a
      trailing scraper bowl 14 which are respectively supported in the usual
      manner by rubber-tires 16 and 18. The tractor 12 is connected through a
      universal coupling 20 to a pull yoke 22 including a goose neck 24 which
      extends rearwardly for rigid connection with a transverse torque tube 26.
      As is conventional, the opposite ends of the torque tube 26 are provided
      with laterally spaced identical pull arms the rear ends of which are
      connected by transversely aligned pivot connections to the side walls 28
      and 30 of the scraper bowl 14. Only one of the pull arms is shown and is
      identified by reference numeral 32. The front open end of the scraper bowl
      14 is defined by the side walls 28 and 30 and a transversely extending
      cutting blade 34. An elevator device 36 is supported in the front open end
      of the scraper bowl and serves as a means for assisting loading of cut
      material into the scraper bowl 14. As is also conventional with elevating
      scrapers of this type, the front end of the scraper bowl 14 is supported
      by a pair of double-acting hydraulic bowl cylinders one of which only is
      shown and identified by reference numeral 38. Each of the bowl cylinders
      has the upper end thereof pivotally mounted to the torque tube 26 adjacent
      the outer end thereof while the lower end of each bowl cylinder 38 is
      pivotally connected to the lower forward end of the scraper bowl 14. The
      bowl cylinders 38 serve to move the scraper bowl 14 between a raised
      carry-position and a lowered dig-position.
PAR  As seen in FIG. 2, the elevator device 36 includes a support frame 40 each
      side of which is supported for floating movement by a mounting assembly
      consisting of upper and lower link members 42 and 44, respectively. The
      upper link member 42 has one end thereof connected by a pivotal connection
      46 to the upper portion of the support frame 40 while the other end is
      connected by a pivotal connection 48 to the associated side wall of the
      scraper bowl 14. Similarly, the link member 44 has one end connected by a
      pivotal connection 50 to the lower portion of the support frame 40 while
      the other end is connected by a pivotal connection 52 to the associated
      side wall. Although not shown, it will be understood that appropriate stop
      means attached to each side wall are provided for cooperation with the
      lower link member 44 so as to maintain the lower flight members of the
      elevator device spaced a predetermined distance from the cutting blade. A
      suspension arrangement of this type for an elevator device is quite common
      for allowing the lower end of the elevator device 36 to move upwardly in
      the event large boulders or other obstructions are encountered while
      limiting movement of the lower end in a downward direction so as to
      realize a predetermined spacing between the flight members and the cutting
      blade.
PAR  As is typical with elevator devices, the support frame 40 is provided with
      a drive sprocket wheel 54 at its upper end and an idler sprocket wheel 56
      at its lower end with an endless chain 58 entrained about the sprocket
      wheels. In addition, a plurality of transversely extending flight members
      61 are rigidly secured to the chain 58 at equally spaced points therealong
      and serve to move cut material from the cutting blade area when the
      scraper is performing a digging operation.
PAR  A chain tensioning mechanism 59 made in accordance with the invention is
      carried by the support frame 40 and comprises a pair of lever arms 60 and
      62 which respectively rotatably carry guide rollers 64 and 66 at the outer
      ends thereof. The lever arm 60 has its inner end connected to the support
      frame 40 by a pivotal connection 68 and has an intermediate portion
      thereof connected to an intermediate portion of the lever arm 62 by a
      pivotal connection 70. The inner end of the lever arm 62 is pivotally
      connected to a block member 72 which is slidably located within a guide
      channel 74 secured to the support frame 40.
PAR  An adjuster link extends between the outer ends of the lever arms 60 and 62
      and includes a cylindrical rod 76 having one end rigidly secured to a
      square lug 78 carried by the outer end of the lever arm for pivotal
      movement about a horizontal axis. The other end of the rod 76 has threads
      formed thereon and extends through an enlarged opening in a square lug 80
      carried by the outer end of lever arm 62 for pivotal movement about a
      horizontal axis. It will be noted that the threaded end of the rod 76 has
      a pair of nuts 82 and 84 threaded thereon. The nut 82 serves to adjust the
      operating length of the rod and the nut 84 functions as a lock nut.
PAR  From the above description, it should be apparent that when it is desired
      to increase the tension of the chain 58, this can be accomplished by first
      loosening the nut 84 of the tensioning mechanism 59 followed by tightening
      of the nut 82 so as to draw the threaded end of the rod 76 further beyond
      the lug 80. This causes the outer ends of the lever arms 60 and 62 and,
      accordingly, the guide rollers 64 and 66 to be moved towards each other.
      During such movement, the lever arm 60 will pivot about the pivotal
      connection 68 in a clockwise direction as seen in FIG. 2. This pivotal
      movement of the lever arm 60 will tend to cause the pivotal connection 70
      to move slightly outwardly relative to the support frame 40 with some
      movement occurring between the block 72 and the guide way 74. Thus, in
      this manner, the tension of the chain 58 is increased.
PAR  Various changes and modifications can be made in this construction without
      departing from the spirit of the invention. Such changes and modifications
      are contemplated by the inventors and they do not wish to be limited
      except by the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination with a self-loading scraper having a tractor connected by
      a pull yoke to a trailing scraper bowl, said scraper bowl having an open
      end defined by a pair of laterally spaced side walls and a transverse
      cutting blade extending between the side walls, an elevator device located
      between and carried by the side walls of said scraper bowl, said elevator
      device comprising a frame, a drive sprocket wheel rotatably supported at
      the upper end of said frame, an idler sprocket wheel rotatably supported
      at the lower end of said frame, an endless chain having a plurality of
      transverse flight members connected thereto and being entrained about said
      drive sprocket wheel and idler sprocket wheel, a mechanism carried by said
      frame for tensioning said chain and having a pair of guide rollers
      engaging said endless chain, said mechanism being located between said
      drive sprocket and idler sprocket wheel and including a pair of arms
      pivotally interconnected in a scissors fashion, each of said arms having
      an inner end adjacent said frame and an outer end adjacent said chain,
      said pair of guide rollers being rotatably supported by the outer ends of
      said pair of arms, means pivotally connecting the inner end of one of said
      pair of arms to said frame, means supporting the inner end of the other of
      said pair of arms on said frame for sliding movement, and adjusting means
      extending between and interconnecting said arms for moving said guide
      rollers towards each other so as to increase the tension of said chain.
NUM  2.
PAR  2. In combination with a self-loading scraper having a tractor connected by
      a pull yoke to a trailing scraper bowl, said scraper bowl having an open
      end defined by a pair of laterally spaced side walls and a transverse
      cutting blade extending between the side walls, an elevator device located
      between and carried by the side walls of said scraper bowl, said elevator
      device comprising a frame, a drive sprocket wheel rotatably supported at
      the upper end of said frame, an idler sprocket wheel rotatably supported
      at the lower end of said frame, an endless chain having a plurality of
      transverse flight members connected thereto and being entrained about said
      drive sprocket wheel and idler sprocket wheel, a mechanism carried by said
      frame for tensioning said chain and having a pair of guide rollers
      engaging said endless chain, said mechanism being located midway between
      said drive sprocket and idler sprocket wheel and including a pair of arms
      pivotally interconnected in a scissors fashion, each of said arms having
      an inner end adjacent said frame and an outer end adjacent said chain,
      said pair of guide rollers being rotatably supported by the outer ends of
      said pair of arms so as to position the centers of said pair of guide
      rollers along a line that is substantially parallel to a line passing
      through the centers of said drive sprocket wheel and idler sprocket wheel,
      means pivotally connecting the inner end of one of said pair of arms to
      said frame, a guideway supporting the inner end of the other of said pair
      of arms on said frame for sliding movement along an axis parallel to the
      longitudinal axis of said frame, and a manually adjustable link in the
      form of a threaded rod extending between and interconnecting the outer
      ends of said arms for moving said guide rollers towards each other so as
      to increase the tension of said chain.
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ABST
PAL  A mechanical hole digging machine comprising a rotary cutting tool and a
      suction tube having an inlet opening adjacent to the cutting tool, a
      suction device for applying suction to the tube remote from the inlet
      opening to cause material cut away by the cutting tool to be sucked
      inwards through the inlet opening, the cutting tool and part at least of
      the suction tube being carried on a mounting by which they are movable
      upwards and downwards. An electromagnetic metal detector comprising three
      coils is mounted near the cutter head and adapted in use to give an
      indication of the presence of buried metal service pipe during a hole
      digging operation.
BSUM
PAR  This invention relates to mechanical excavating machines.
PAR  Access to gas, electricity, water and other buried services for maintenance
      purposes is generally achieved by local excavation of soil or other
      materials above and around the service. Such services are commonly laid
      beneath thoroughfares surfaced with tar, macadam, asphalt or other
      bituminous materials overlying a layer of hard core with soil below and
      the excavations are generally carried out manually with picks and shovels
      and sometimes with hand-held percussive breakers especially if there is a
      surface layer of concrete.
PAR  With these tools the excavation is often time consuming and is physically
      arduous and since the number of such excavations performed by some public
      utility organisations is very large indeed, it is very desirable to
      provide some form of excavating machine which can be used for this purpose
      as this can result in very substantial economies.
PAR  According to the invention, a mechanical excavating machine comprises a
      rotary cutting tool which is capable of cutting through compacted soil,
      hard core and like materials, a suction tube having an inlet opening
      adjacent to the cutting tool, a suction device for applying suction to the
      tube remote from the inlet opening to cause material cut away by the
      cutting tool to be sucked inwards through the inlet opening, and a driving
      mechanism for rotating the tool, the cutting tool and part at least of the
      suction tube being carried on a mounting which is adapted for movement in
      horizontal and vertical directions.
PAR  With this machine, small excavations previously carried out manually can be
      carried out very much more rapidly and the spoil from the excavation is
      automatically removed through the suction tube as excavation proceeds.
PAR  Preferably, the rotary cutter is mounted for rotation about the inlet
      opening of the suction tube which is non-rotatable, the axes of the cutter
      and suction tube being coincident and vertical.
PAR  The cutter may comprise of a circular hub with picks or blades which may
      project radially or axially downwards, or both radially and axially
      downwards from its periphery. The spoil cut away is entrained by air
      flowing into the inlet at the bottom end of the suction tube and is then
      conducted upwards through the suction tube away from the excavation.
PAR  The upper part of the suction tube remote from that part about which the
      cutter is mounted for rotation may be rigid, articulated or flexible in
      order to convey the cut-away spoil most easily to the required location.
PAR  The suction device may consist of a power driven pump or fan and to avoid
      having to pass the spoil through the pump or fan, the suction device is
      preferably connected to the suction tube through an enlarged settling
      chamber. The chamber is partially evacuated by the suction device in use
      and the spoil drawn into the chamber through the tube precipitates to the
      bottom of the chamber as it enters.
PAR  The mounting on which the cutting tool and the suction tube are carried is
      preferably supported by transporter means, for example, a tractor or other
      mobile vehicle so as to enable the machine to be transported readily from
      one site to another. Further, to enable the cutting tool and the suction
      tube to be moved upwards and downwards relative to the transporter means,
      the mounting may be supported by the transporter means either through
      mutually connected slide means or linkage means both operatively
      controlled by mechanisms for moving the mounting, for example, by one or
      more fluid pressure operated rams.
PAR  The mounting is also preferably supported by the transporter means for
      lateral movements relative to the transporter means through similar
      mutually connected slide or linkage means to enable a hole cut by the
      cutter to be extended sideways to increase its plan area. The control of
      the position of the cutter relative to the vehicle is preferably able to
      be effected remotely from a consol or control panel which is preferably
      arranged to be moveable from the transporter means to a position
      overlooking the excavation. In this way the excavation can proceed
      avoiding any other surfaces or obstructions which there may be in the
      vicinity of the service on which some maintenance operation is to be
      performed.
PAR  The cutter may be provided with a sensor means adapted in use to provide a
      signal for signifying the approach of the cutter to a buried metallic
      object such as a gas or water pipe or an electric cable.
PAR  Preferably, the sensor means comprises an electromagnetic metal detector
      which includes at least three coils, at least one of which is an exciter
      coil and at least one of which is a receiver coil, means for supplying
      alternating current to the exciter coil or coils and a detector for
      detecting any change in the nett signal induced in the receiver coil or
      coils, the coils being arranged so that either the signals directly
      induced in different receiver coils by an exciter coil are of opposite
      phase, or signals directly induced in a receiver coil by different exciter
      coils are of opposite phase.
PAR  With a metal detector of this type preferably the coils are arranged so
      that normally the direct signal induced in the receiver coils or coil by
      the exciter coil or coils is substantially zero, and therefore normally
      there is a null output from the receiver coils. However when an extraneous
      conductor is present a non-zero signal is induced which is easily detected
      by an element in the detector. When a non-zero signal is directly induced
      in the receiver coils the detector may include a phase shifting attenuator
      to produce a zero resultant. Again in this case when an extraneous
      conductor is present a non-zero signal will result and be detected by the
      element.
DRWD
PAR  Two embodiments of the present invention will now be described by way of
      example with reference to the accompanying drawings in which:
PAR  FIG. 1 is a schematic perspective view showing the general arrangement of
      an excavating machine of the first embodiment,
PAR  FIG. 2 is a schematic sectional side elevation of the suction system shown
      in FIG. 1,
PAR  FIG. 3 is a diagrammatic central vertical sectional elevation of the cutter
      head shown in FIGS. 1 and 2,
PAR  FIG. 4 is a diagrammatic part sectional side view of the telescopic suction
      tube arrangement shown in FIG. 1,
PAR  FIG. 5 is a schematic perspective view showing the general arrangement of
      an excavating machine of the second embodiment,
PAR  FIG. 6 is a schematic perspective view of the suction system shown in FIG.
      5,
PAR  FIG. 7 is an enlarged schematic fragmentary perspective view of the
      settling tank shown in FIG. 6,
PAR  FIG. 8 is a diagrammatic sectional side view of an alternative form of
      telescopic suction tube arrangement for use in the second embodiment,
PAR  FIG. 9 is an enlarged diagrammatic fragmentary sectional side elevation of
      a modified drive mechanism for the suction tube scraper shown in FIG. 8,
PAR  FIG. 10 is a diagrammatic fragmentary elevation of the cutter incorporating
      the coil arrangement of a detector device, and
PAR  FIG. 11 is a block schematic diagram of the detector circuit arrangement.
DETD
PAR  Referring first to the first embodiment shown in FIGS. 1 to 4, this
      excavating machine comprises a cutter head 1, consisting of two concentric
      metal tubes, that is to say a fixed inner tube 2 and a rotatable outer
      tube 3 driven by a hydraulic motor 4. A drum cutter 5 having a plurality
      of cutting picks 6 is fixed to the outer tube 3 so as to rotate with it. A
      suction tube 7 which will be a combination of flexible, telescopic and
      articulate sections is connected at one end to the top end of the cutter
      head 1 and at its other end to a spoil settling chamber 8. The cutter head
      1 and suction tubes 7 are supported and manoeuvred by a hydraulically
      operated boom arm 9 connected between a cutter head support 11 and a
      pivotal support member 12 carried by the rear part of the transporter
      vehicle 13. A centrifugal fan 14 is driven by a power take off unit 10
      from the vehicles engine, and its inlet communicates with the exhaust
      outlet 15 from the settling chamber 8. The fan 14, in turn, exhausts to a
      filter unit 16 which exhausts to atmosphere. An auxiliary diesel engine,
      17 mounted near the rear end of the vehicle, drives an hydraulic pump 18
      which supplies all the hydraulic requirements for the machine.
PAR  The fixed inner tube 2 of the cutter head 3 is carried by the bracket 11,
      and the outer tube 3 is mounted for rotation about the inner tube 2 by
      means of bearings 19. The cutting picks 6 are so arranged on the outer and
      the end surfaces of the drum 5 to give an augering effect thus assisting
      in the movement of spoil from the picks to the inner tube entrance which
      extends freely through the drum cutter 5 so as to reduce centrifuging
      effects inside the cutter in use. The outer tube 3 is driven by the motor
      4 through reduction gears 21 enclosed within an oil filled sump 22 sealed
      by friction seals 23 to the tube 3.
PAR  The boom arm 9 is formed as two telescopically connected parts and is
      raised and lowered by an hydraulically operated ram 27, the bracket 11
      (and hence the cutter head) being angularly adjustable in a vertical plane
      by an hydraulically operated ram 28. Also, movement of the boom about the
      pivotal support member 12 means that the cutter can be moved in three
      orthogonal directions.
PAR  The suction tube 7 (see FIG. 4) consists of a flexible tubular section 31
      connecting at one end thereof a curved tubular section 32 to the fixed
      inner tube 2 of the cutter head, and at its other end to a tube 33
      arranged to slide telescopically within a further tube 34 by means of a
      bearing 35, which tube 34 pivotally communicates with the settling chamber
      8 by means of a flexible coupling 36. The enclosed end of the tube 33 is
      provided with a scraper ring 37 which also acts as a seal for preventing
      spoil particles from entering the annular space between the tubes, the
      space also being enclosed by a concertina like garter 38. The tube 34 is
      supported by a spring loaded cable 41 carried by a cantilever arm 42,
      pivotally mounted on the chamber 8, whereby to compensate for changing
      angular movements of the suction tube and to reduce the transmission of
      bending momments to a minimum. A pneumatically operated impact hammer 43
      mounted on the suction tube section 32 may be used to dislodge any built
      up spoil passing through its bend. Alternatively, for this purpose, a
      rotatably driven internally disposed helical spring (such as will be
      described later with reference to FIGS. 8 and 9 of the second embodiment)
      may be used. A control panel 44 pivotally supported on a folding arm 45
      may be selectively positioned near the hole being excavated for enabling
      an operator to control the excavating operation more easily, which, in
      this case can be to the rear or sides of the vehicle.
PAR  In operation of this first embodiment (see FIG. 2), the cutter head is
      lowered by the boom until it is in contact with the ground surface and the
      cutter rotated to start the excavation. The fan 14 creates a partial
      vacuum in the settling chamber 8 and excavated spoil fragmented by the
      cutter 5 is entrained by the suction air steam and drawn into the chamber
      8 through the suction tube 7. The air spoil mixture enters the chamber
      where the air expands causing its velocity to decrease which in turn
      causes precipitation of the spoil to settle at the bottom of the chamber
      where it can subsequently be removed through an access door 24. A baffle
      plate 25 is suspended from the roof of the chamber 8 whereby to divert the
      air spoil stream entering the chamber so as to assist in the separation.
      The settling process removes all but the finest particles of spoil which
      are then absorbed by the filter 16 which also serves as a silencer for the
      system. Filtered spoil particles can be removed through an access door 26.
PAR  Referring now to the second embodiment shown in FIGS. 5 to 9 this
      excavating machine primarily differs from the machine already described in
      that the mode of maneuvering the cutter head is by a sliding frame
      arrangement necessitating different suction tube and settling chamber
      arrangements, and therefore similar components to those already described
      bear the same reference numerals and will not be described again.
PAR  The cutter head 1 is the same as before, but in this case a suction tube 51
      is rigidly attached to a settling chamber 52 which is mounted on a frame
      member 53, the tube 51 being arranged to slide telescopically within the
      fixed inner tube 2 of the cutter head (see FIG. 6) when the bracket 11
      (and hence the cutter head 1) is caused to be moved in vertical directions
      on guides 54 fixed to the frame 53 by an hydraulically operated ram 55.
      The frame 53 is slideably mounted for lateral movement by an hydraulically
      operated ram 56 on horizontal guides 57 which are carried by a carriage
      58. This carriage 58 is supported for longitudinal sliding movement on the
      vehicle 13 by means of rollers 61 which run in rails 62 fixed to the
      vehicle. Movement of the carriage 58 is achieved by the operation of an
      hydraulic ram 59. Thus it will be seen that with this arrangement, the
      cutter head can again be manouvred into three orthogonal directions and
      that the settling chamber 52 moves with the cutter head 1 in the two
      horizontal directions thereof.
PAR  The settling chamber 52 (see FIGS. 6 and 7) is provided with a baffle plate
      63 extending angularly part way across the top of the chamber whereby to
      divide it into two compartments 64, 65 except for an air passageway 66.
      The suction tube 51 projects slightly into the compartment 65 and the
      exhaust tube 15 communicates with the compartment 64. The bottom part 67
      of the chamber slopes downwardly from the baffle 63 so that the
      precipitate spoil will tend to roll or slide downwardly into the deeper
      front compartment 68 which is provided with an access door 69 for the
      removal of spoil. An alternative settling chamber arrangement similar to
      that previously described with reference to the first embodiment may be
      employed in this embodiment provided the necessary space can be made
      available on the vehicle for mounting it, in which case the modified
      suction tube arrangements shown in FIG. 8 will be used. In this modified
      arrangement the raising and lowering of the suction tube 7 in the manner
      previously described is prevented by the vertical sliding frame
      arrangement.
PAR  This is overcome by forming the suction tube in two rigid sections 71, 72
      similarly telescopically connected together as before with a sliding
      bearing 35, scraper seal 37 and concertina type garter 38. The tubular
      section 71 is supported by the carriage 58 by means of a thrust bearing 73
      fixed to it. The bearing 73 maintains vertical positioning of the tube
      section 71 whilst allowing it to rotate when the cutter head is moved in
      lateral directions. The tube section 71 extends telescopically within the
      fixed inner tube 2 of the cutter head and an air-tight friction seal 74 is
      provided there-between. The tube section 72 is firmly supported in
      vertical and horizontal planes by a pivoted arm 75 which allows the
      suction tube to pivot when the cutter head is moved laterally.
PAR  A helically wound scraper spring 76 is disposed within the vertical and
      curved portions of the tube section 71 and is caused to rotate relative to
      the tube by being attached at its lower end to the rotatable cutter drum
      5, whereby in use to scrape and dislodge spoil particles that may have
      become deposited in the tube.
PAR  In an alternative arrangement (see FIG. 9) designed to avoid excessive
      loads which may be incurred on a spring driven from one end only, the
      spring 76 is driven from a point approximately mid-way along its length.
      With this arrangement, adjacent ends of two spring sections 77, 78 are
      fixed to a flange 79 which is bolted to a pulley 81 journalled on bearings
      82 carried by fixed support members 83, 84 connecting the split portions
      of the suction tube section 71. The pulley 81 is driven by a motor 85
      through a toothed belt 86. An access hole 87 is provided in flange 79 for
      enabling the spring fixings to be released and the springs removed for
      maintenance purposes.
PAR  The mode of operation of this second embodiment is similar to that already
      described with reference to the first embodiment with the exception that
      the particular construction for maneuvering the cutter head permits
      excavation at the rear of the vehicle only since lateral movement of the
      cutter head is constrained within the traversing limits of the frame 53.
PAR  Referring now to FIGS. 10 and 11, in an example of an electromagnetic
      detector for sensing the approach in use of the cutter drum 5 to a buried
      metallic gas or water pipe or an electric cable, the detector includes
      three coils namely an exciter coil E and two receiver coils R1 and R2. The
      three coils are wound circumferentially with the exciter coil uppermost in
      respective shallow grooves formed in the outer surface of the cutter drum
      5 so that the coils rotate with the cutter, the grooves preferably being
      sealed after winding the coils with a suitable material, for example an
      epoxy resin material.
PAR  The electric circuit arrangement for operating the detector includes an
      oscillator 91 energised from an electric current supply 92, the
      alternating current output from the oscillator being fed to the primary
      exciter coil E. The induced output signal from the series connected
      receiver coils R1, R2 is preferably fed into a high-gain amplifier 93
      before a detector stage 94, the direct current output therefrom being used
      either to give an audio or visual warning by an indicator 95 and/or to
      stop automatically the advance of the cutting tool. Furthermore, such an
      arrangement gives a greater and variable range of detection possibly
      enabling it to be used for the initial location of the service. Because of
      slight variations that may occur during manufacture in the size,
      concentricity or location of the receiver coils, and because of rotation
      of the cutter drum relative to stationary metallic components, there may
      be a small residual signal from the receiver coils when there is no buried
      conducting object in the field of the exciter coils. To compensate for
      this a signal derived from a variable phase attenuator 96 driven from the
      output of the oscillator, or from some other source, may be added to the
      output signal from the receiver coils to produce a desired zero resultant.
PAR  To enable current carrying power cables to be detected more easily the
      detector may be provided with a coil or any combination of coils connected
      to a circuit that detects and responds to electro-magnetic signals having
      a frequency of 50 Hz or any multiple thereof.
PAR  In use, the alternating current flowing through the exciter coil E produces
      an alternating electro-magnetic field around the exciter coil. This field
      induces an alternating current in any extraneous conductor present within
      the field, but in the absence of any such conductor the currents induced
      in the two receiver coils R1, R2 are of opposite phase but have equal
      magnitudes and so usually cancel each other out. Thus, little or no net
      signal is induced in the receiver coils directly from the exciter coil.
PAR  If however there is an extraneous conductor present in the field of the
      exciter coil this will also have an alternating current induced in it. The
      alternating current induced in this conductor will set up a secondary
      alternating electro-magnetic field. This secondary field will induce an
      alternating current in each of the receiver coils R1, R2 and provided that
      the conductor is closer to one of the receiver coils than to the other,
      the magnitudes of the signals induced in the coils will be different and
      so a net signal will be induced in the receiver coils.
PAR  It will be appreciated that determination of parameters such as the number
      of the turns in the coil windings and their relative spacing along the
      cutter drum, and the design of the operating circuit to give a
      satisfactory detecting range for the detector, will depend to a great
      extent on the material employed in the manufacture of the cutter drum, the
      wall thickness of the drum (particularly where it is of ferro-magnetic
      material), the rotational concentricity of the drums (and hence the
      coils), and the proximity of the coils to the outer peripheral surface.
      These and other design considerations will, of course, be apparent to
      those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mechanical excavating machine comprising a rotary cutting tool which
      is capable of cutting through compacted soil, hard core and like
      materials, a suction tube having an inlet opening adjacent to the cutting
      tool, a suction device for applying suction to the tube remote from the
      inlet opening to cause material cut away by the cutting tool to be sucked
      inwards through the inlet opening, and a driving mechanism for rotating
      the tool, the cutting tool and part at least of the suction tube being
      carried on a mounting which is adapted for movement in horizontal and
      vertical directions, the inlet opening of the suction tube being
      nonrotatable, the rotary cutter being mounted for rotation about said
      inlet opening, and the axes of the cutter and suction tube being
      coincident and vertical, said cutter being provided with a sensor means
      for providing a signal for signifying the approach of the cutter to a
      buried metallic object, said sensor means comprising an electro-magnetic
      metal detector which includes at least three coils mounted on said cutter,
      at least one of which said coils is an exciter coil and at least one of
      which said coils is a receiver coil, means for supplying alternating
      current to said exciter coil and a detector for detecting any change in
      the net signal induced in the receiver coil.
NUM  2.
PAR  2. A mechanical excavating machine according to claim 1, wherein the coils
      are arranged so that normally a direct signal is induced in a receiver
      coil by an exciter coil which is substantially zero and hence normally
      there is a null output from a receiver coil.
NUM  3.
PAR  3. A mechanical excavating machine according to claim 1, including a phase
      shifting attenuator arranged to produce a zero resultant when a non-zero
      signal is directly induced in a receiver coil.
NUM  4.
PAR  4. A mechanical excavating machine according to claim 1, wherein the cutter
      comprises a circular hub with teeth which project radially and axially
      downwards, from its periphery.
NUM  5.
PAR  5. A mechanical excavating machine according to claim 1, wherein the
      suction device comprises a power driven fan.
NUM  6.
PAR  6. A mechanical excavating machine according to claim 1, wherein the
      suction device is connected to the suction tube through an enlarged
      settling chamber, and wherein the chamber is partially evacuated by the
      suction device in use and the spoil drawn into the chamber through the
      tube precipitates to the bottom of the chamber as it enters.
NUM  7.
PAR  7. A mechanical excavating machine according to claim 1, wherein the
      mounting which carries the cutting tool and the suction tube is supported
      by transporter means.
NUM  8.
PAR  8. A mechanical excavating machine according to claim 7, wherein the
      mounting is supported by the transporter means through mutually connected
      moveable means operatively controlled by mechanisms for moving the
      mounting.
NUM  9.
PAR  9. A mechanical excavating machine according to claim 8, wherein the
      position of the cutter relative to the vehicle can be remotely controlled
      from a control panel.
NUM  10.
PAR  10. A mechanical excavating machine according to claim 7, wherein the
      mounting is supported by the transporter means for lateral movement
      relative to the transporter means through further moveable means
      operatively controlled by further mechanisms for moving the mounting.
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ABST
PAL  A steam iron soleplate, generator, and distributor subassembly of a thin
      soleplate with a coverplate spaced from and supported on the soleplate by
      spaced peripheral rib means to define a steam distributing passage
      therebetween. The coverplate is integrally attached to the soleplate by a
      continuous weld between the ribs and soleplate and steam generating means
      are provided in the upper surface of the cover-plate separate and spaced
      from the soleplate and ducted below to the steam passage means. A heat
      generating element forms an integral part of the coverplate for heat
      transfer to the soleplate through the ribs primarily by conduction. Both
      the method of assembly and the subassembly itself are disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The invention herein pertains to a steam iron soleplate, generator, and
      steam distributor subassembly using inexpensive parts in an arrangement
      for easy cleaning and efficient conversion of all water to steam in a
      simplified arrangement that permits use of any number of soleplate
      surfaces.
PAR  2. Description of the Prior Art:
PAR  Recent designs in irons disclose simpler irons that may use plastic parts,
      may be used as clothes steamers as well as for ironing, are lighter
      weight, and that are intended to sell at a lower price. These irons use
      different constructions from the normal rather complex well-known
      constructions. Typically, such irons may employ the construction shown in
      U.S. Pat. Nos. 3,260,005 and 3,811,208 showing a soleplate subassembly and
      semi-plastic construction, respectively.
PAR  One of the difficulties in using relatively thin soleplates is applying the
      heating element to the soleplate without causing the soleplate to warp.
      Typically, this is not a problem in the normal heavy cast soleplate where
      the heating element is cast in the soleplate or is welded to it and the
      heavy soleplate provides a large heat sink and is sufficiently massive for
      machining of the surface afterward. Additionally, in steam irons it is
      necessary that the parts be effectively sealed because of the presence of
      water and the sealing compound applied between separable parts is itself
      often the source of trouble in creating dri-filming problems where the
      water tends to boil and bounce on the heated surface rather than wet it
      and boil off as steam.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly described, the present invention is directed to a steam iron
      soleplate, steam generator and steam distributor subassembly that uses a
      relatively thin soleplate in combination with a coverplate that is spaced
      from and supported on the soleplate by a peripheral spaced rib to define a
      steam distributing passage means therebetween. The coverplate is
      integrally attached to the soleplate by a continuous weld between the rib
      and soleplate and the steam generating means is provided directly in the
      coverplate rather than the soleplate and is connected or ducted to the
      steam passage means below. The heat generating means is directly in the
      coverplate and the subassembly is put together by stamping out the
      soleplate, welding the spaced coverplate completely around its periphery
      to the soleplate to permanently secure the two together and then the rest
      of the iron is assembled on this base subassembly. Additional ribs may be
      used to weld the parts together so that the suspended heating means heats
      the soleplate primarily by conduction through the ribs to the soleplate
      and a very large steam conversion and distributing area is provided for
      maximum steam capacity. Thus, the main object of the invention is to
      provide a simple steam iron subassembly that is easily put together
      permanently by welding and comprises very few parts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of the soleplate subassembly;
PAR  FIG. 2 is a cross-sectional view on the line 2--2 of FIG. 1 showing the
      spacing arrangement; and
PAR  FIG. 3 is a perspective view of the completed subassembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The soleplate subassembly described is primarily for use with a steam iron
      of a typically general type as shown in U.S. Pat. No. 3,188,757 of common
      assignment in that it may be operated dry or, by operating a well-known
      water valve to drip water into a generator where it flashes into steam and
      then is distributed under a coverplate to steam ports in the soleplate in
      the conventional manner. Closing the water valve provides dry operation
      and such structure is well-known in the prior art and is not repeated
      here. Usually the irons employ a rather massive aluminum soleplate to
      provide a large heat sink and this may be die cast or gravity cast with
      the soleplate having the heating rod or element cast integrally therein
      for best even heat distribution on the soleplate. The soleplate of such
      conventional irons generally runs about a half an inch thick, thinning
      down in the area of the steam distribution passages to less than a half
      inch. The steam generator and the soleplate around the heater is the
      thickest portion generally resulting in about a half inch casting.
PAR  Referring to FIG. 1, there is shown a wrought soleplate 10 to which the
      present invention is especially applicable. The advantage of wrought
      material is that it is possible to get alloys of better corrosion
      resistance than available in the cast soleplates, the wrought material
      requires essentially no machining, it has no porosity which is a problem
      in cast soleplates and it is lighter in weight. Additionally, it provides
      a highly flexible material choice, can be more easily polished, and
      provides a smoother ironing surface. It can be stamped directly from rolls
      and can be purchased clad with a variety of materials such as stainless
      steel, titanium, and polytetrafluoroethylene (better known as Teflon) to
      provide smoother and more durable ironing surfaces. Thus, the wrought
      material, whether clad or not, may be brought in large rolls and complete
      soleplates stamped out of the rolls. The material is ribbon-like in the
      sense that it is flat material of approximately 1/8 inch or less
      throughout. This is what is meant by the term "relatively thin" as used in
      the claims as being different from the normal massive thick cast
      soleplates.
PAR  The soleplate may be formed with suitable steam ports 12 that can be
      stamped in any suitable number and orientation in the same assembly line
      in which the soleplates 10 are stamped. Thus, no drilling is required. The
      ports and edge of the soleplate may also then be coined to provide a
      finished relatively thin soleplate with or without either stainless steel
      clad or other suitable coatings.
PAR  In order to provide a simple steam distribution system and provide even
      heat to the soleplate, a simple formed coverplate 14 is provided. This may
      be a formed casting that has a continuous depending peripheral rib 16
      around the coverplate. Heat is provided by the customary heat generating
      element or rod 18 that is cast in position directly on the coverplate to
      form part of the coverplate as shown in FIG. 2. The heating element is
      generally of the sheath type and normally extends around the soleplate in
      a loop beginning at the rear of the iron along one side to the forward end
      and then rearwardly along the other side to enclose the iron except at the
      rear of the soleplate as shown in FIG. 1. The sheathed heating element has
      an electrical resistance wire extending through an outer tubular
      protective sheath with the heating element separated from the outer sheath
      by an electrical insulating compound resistant to heat such as a mass of
      granulated and compressed magnesium oxide well-known in the art.
PAR  In order to transfer heat from element 18 to the soleplate 10, the
      peripheral rib 16 is integrally attached to the soleplate, after the
      desired ports are punched, by a continuous weld 20 completely around the
      coverplate as shown in FIG. 1. The welding is made by any suitable welding
      process such as Electron Beam, TIG, MIG, or Laser and the entire periphery
      is welded to the soleplate to seal the edges of the coverplate to the
      soleplate. This complete welding eliminates any need for a sealing
      compound with its tendency to create dri-filming problems since the
      welding provides an unbroken integral connection between the soleplate and
      coverplate. Thus, heat transfer to the soleplate from element 18 is
      primarily by heat conduction through the ribs that space and support the
      coverplate from the soleplate. In order to stiffen the subassembly, avoid
      warping, and provide improved support and heat transfer, a central
      longitudinal rib 22 may be provided and it is also continuously welded to
      the soleplate in the same manner as shown in FIG. 2. Again, heat transfer
      through rib 22 is primarily by conduction through the weld to the
      soleplate so that the combination of the peripheral welded rib 16 and
      central rib 22 provides for even heating of the relatively thin soleplate.
      The high heat intensity welding allows the coverplate and soleplate to be
      joined with no warping or buckling and no local hot spots to separate any
      cladding material.
PAR  For steam distribution in the large distribution chamber 24, additional
      guide ribs 26 on the bottom of the coverplate can be provided for any
      suitable labyrinth to distribute steam uniformly to steam ports 12. With
      the coverplate spaced from the soleplate as shown, a copious steam
      distribution chamber 24 is provided which, with the suitable guide ribs
      26, may direct the steam in any desired path through the soleplate. The
      arrangement described permits economic application of any number of
      soleplate surfaces including stainless steel.
PAR  Because of the relatively thin light soleplate, it is necessary to generate
      steam off of the soleplate and this is done by providing a steam
      generating means in the form of a boiler 28 wholly disposed directly in
      the upper surface of the coverplate separate and distinct from the usual
      steam generator in the soleplate. With the construction shown this may be
      relatively large and in the generally forward portion of the iron as shown
      in FIG. 1, although its specific location may be other than as shown.
      Preferably, it is located forward of the longitudinal rib 22 at one end
      thereof and disposed along the longitudinal center line of the soleplate
      as is rib 22. Thus, it is symmetrical about the longitudinal center line
      at the forward end of longitudinal rib 22. Steam generated in the upper
      surface of the coverplate is disposed to enter distribution chamber 24 by
      any suitable connection such as directing rib 29 and ducting means 30 to
      direct the steam down below the coverplate and into large chamber 24 or
      distributing passage from whence it exits ports 12.
PAR  It will be seen that the subassembly is formed by stamping out the
      soleplate and then punching or coining the steam ports and the edge of the
      soleplate to round them and smooth them and then placing the cast
      coverplate in place and welding it continuously around its depending rib
      to the soleplate to permanently attach it thereto. Thus, a steam
      distributing chamber 24 is formed and this completed two-part subassembly
      may then form the base for the rest of the iron components such as
      attaching at 32. The spaced coverplate provides an ideal shelf or pad 34
      on which a thermostat may be mounted in close proximity to the hot portion
      for sensing the iron temperature.
PAR  The present soleplate assembly provides a simple two-part construction
      where the heat element is embedded, for a maximum heat conduction and
      maximum heater life, directly in the chamber cover above the relatively
      thin soleplate. The two parts are welded together at their edges to create
      heat conduits to the soleplate surface so that heat transfer is primarily
      by conduction evenly throughout the soleplate. The distribution chamber
      formed between the parts permits copious steam distribution through any
      number or orientation of spaced ports punched through the thin soleplate
      which may be punched directly from rolled alloys and thus permits economic
      application of any number of surfaces such as stainless steel and a light
      weight soleplate. The boiler or generator is located directly in the cast
      coverplate and is of relatively large size to permit complete conversion
      of water to steam and ample area for mineral deposit storage which means
      longer iron life. By locating the steam generator in the coverplate rather
      than the soleplate the invention does not generate a cold spot in the
      soleplate surface and the large boiler will not flood within standard
      temperature ranges because of its massiveness and its spacing from the
      soleplate. Thus, the simple two-piece construction of the subassembly
      permits all the advantages previously noted.
PAR  While there has been described a preferred form of the invention, obvious
      equivalent variations are possible in light of the above teachings. It is
      therefore to be understood that, within the scope of the appended claims,
      the invention may be practised otherwise than as specifically described,
      and the claims are intended to cover such equivalent variations.
CLMS
STM  We claim:
NUM  1.
PAR  1. A steam iron soleplate, steam generator, and distributor subassembly
      comprising,
PA1  a relatively thin soleplate,
PA1  a coverplate spaced from and supported on said soleplate by spaced rib
      means defining steam distributing passage means therebetween,
PA2  the coverplate being integrally attached to the soleplate by a continuous
      weld between the ribs and soleplate,
PA1  steam generating means in the coverplate connected to said steam passage,
      and
PA1  heat generating means forming part of said coverplate,
PA1  whereby heat transfer is from said generating means to the soleplate
      through said ribs and weld primarily by conduction therethrough.
NUM  2.
PAR  2. Apparatus as described in claim 1 wherein said soleplate has a plurality
      of spaced ports therethrough and the continuous weld extends completely
      around the periphery of the coverplate.
NUM  3.
PAR  3. Apparatus as described in claim 2 wherein the spaced ribs comprise a
      peripheral rib around the entire coverplate and, at least a rib centrally
      disposed of the coverplate and integrally welded therebetween.
NUM  4.
PAR  4. Apparatus as described in claim 3 wherein said steam generating means is
      wholly disposed in the upper surface of the coverplate and ducted below to
      said steam passage means.
NUM  5.
PAR  5. A steam iron soleplate, steam generator, and distributor subassembly
      comprising,
PA1  a relatively thin wrought soleplate having a plurality of steam ports
      therethrough,
PA1  a coverplate having a continuous peripheral depending rib therefrom and a
      continuous weld between said rib and soleplate integrally attaching the
      coverplate in spaced relation on said soleplate and defining steam
      distributing passage means therebetween,
PA2  said coverplate having depending longitudinal rib means continuously welded
      to the soleplate,
PA1  steam generating means in the coverplate separate and distinct from the
      soleplate,
PA2  a heat generating element forming part of the coverplate and extending
      therearound adjacent the periphery except at the rear of said soleplate,
PA1  whereby heat transfer is from the generator means to the soleplate through
      said ribs and weld by conduction.
NUM  6.
PAR  6. Apparatus as described in claim 5 wherein said longitudinal rib is
      disposed along the longitudinal centerline of the soleplate.
NUM  7.
PAR  7. Apparatus as described in claim 6 wherein the steam generating means is
      symmetrical about the longitudinal centerline at one end of the
      longitudinal rib means.
NUM  8.
PAR  8. Apparatus as described in claim 7 wherein the steam generator is
      disposed on the upper surface of the coverplate and ducted below to said
      steam distributing passage means.
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ABST
PAL  A desk calendar which permits the day, date and year to be changed by the
      simple manipulation of two dials, having, internally, a first and second
      shaft, each shaft controlling two rotatable drums. Each shaft has disposed
      thereon a first and second actuating member for operative engagement with
      a coupling device such that when the dialing member is turned in one
      direction the first drum will rotate and when the dial member is turned in
      the opposite direction the second drum will rotate. The same structure is
      related to the second shaft which is disposed on the other end of the
      frame having a separate dialing member associated therewith.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  The present invention relates to a calendar and more particularly to a
      calendar indicating the day, the date and the month of the year, for desk
      use.
PAR  2. Prior Art.
PAR  Heretofore, numerous calendars have been provided in the prior art which
      required a great deal of manipulation in order to change the date and the
      day of the month of the year in regard to the calendar. The desk calendar,
      although a convenience to the user, had been a nuisance to manipulate in
      order to keep the calendar up to date.
PAR  Prior art devices also required the holding of the base member while
      adjusting the calendar because when the dials were moved the entire unit,
      on the push-pull type, would move as a result of the manipulation.
PAR  The prior art devices further required the manipulation of numerous knobs
      or dials and required the pressing in and turning or the pulling out and
      turning of various knobs and dials to accomplish the necessary changes.
      The presence of these dials made the calendar rather unsightly and did not
      provide the convenience as originally intended with the beauty required
      for a person's desk.
PAC  SUMMARY OF THE INVENTION
PAR  It is the general object of the present invention to avoid and overcome the
      foregoing and other difficulties in the prior art devices by the provision
      of an inexpensive and easily manipulated desk calendar which is capable of
      adjusting with only one hand to provide the changes in day, date, and
      month.
PAR  Another object of the present invention is to provide a desk calendar which
      will permit the easy changing of the day, date and month of the year.
PAR  Yet another object of the present invention is to provide a desk calendar
      which will permit the turning of one dial to change the day and date and
      use of only a second dial to change the month and date.
PAR  A further object of the present invention is to provide an attractive desk
      calendar which is relatively small and will not take up excessive room on
      the top of the desk.
PAR  The objects of the present invention and other objects which will become
      apparent as the description proceeds are achieved by providing a desk
      calendar having a frame and provided with a plurality of windows in the
      frame, a first dial capable of rotation in two directions in communication
      with the frame, a second dial capable of rotating in two directions also
      in communication with the frame, a coupling disposed within the frame and
      extending therethrough to communicate on one end with the first dial and
      on the other end with the second dial, a coupling member mounted on each
      end of the shaft, an actuating member connected to the dial and capable of
      communicating with the coupling member for turning the shaft in one
      direction, a second actuating member mounted within the frame and on the
      shaft for turning the shaft in the opposite direction, and dials disposed
      on the shaft indicating the day, date and month of the year.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the present invention, reference should be
      had to the accompanying drawings wherein like numerals of reference
      indicate similar parts throughout the respective views and wherein:
PAR  FIG. 1 is a perspective view of the desk calendar;
PAR  FIG. 2 is a cross sectional view of the desk calendar taken along lines
      2--2 of FIG. 1;
PAR  FIG. 3 is an exploded assembly view of the actuating members and the
      coupling means; and
PAR  FIG. 4 is a cross sectional view of an alternative embodiment.
DETD
PAC  BRIEF DESCRIPTION OF PREFERRED AND ALTERNATIVE EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, a desk calendar is shown and generally
      described and referred to by reference numeral 10. A frame 12 may be
      provided which is in a generally tubular shape and may be mounted on a
      base 14. The tubular frame 12 may be provided with four windows; the first
      window 16 is used for indicating the day of the week, the second window 18
      and third window 20 for indicating the numerical date and the fourth
      window 22 for indicating the month of the year. Although four windows are
      shown, it may be seen that only three need be provided; the second and
      third windows may be combined into one and in this case only three windows
      would be used, the center window being used for indicating the entire
      numerical date.
PAR  As shown in FIG. 2, disposed within the frame 12, there may be provided a
      first shaft 24A and a second shaft 24B in axial alignment one with each
      other. The first shaft 24A may have provided therearound a first sleeve
      26A which is fixedly connectable to a first drum 28A to be rotated when
      the sleeve 26A is rotated. The first drum 28A, indicating the day of the
      week, may be in registration with the first window 16 in the frame 12. To
      the end 30A of the first shaft 24A and in registration with the second
      window 18 there may be fixedly connected a second drum 32A which is
      rotatable within the frame means 12 and may be provided with numbers
      thereon one through three. On the end 30B of second shaft 24B there may be
      fixedly mounted a third drum 32B indicating thereon the numerical date
      which is in registration with the third window 20 in the frame means 12. A
      second sleeve 26B may be provided around the second shaft 24B, which
      second sleeve 26B may have fixedly connected thereto a rotatable drum 28B
      which provides an indication of the month of the year and which would be
      in registration with the fourth window 22.
PAR  It should be noted that regarding the elements hereinabove and hereinafter
      described, used in conjunction with the first shaft 24A, their mirror
      images are used in cooperation with the second shaft 24B so that the
      movement and general operation of the two shafts are identical, as well as
      their cooperation with the elements used in conjunction therewith. To this
      end, the suffix A is related to the reference numeral used in cooperation
      with the first shaft 24A, and the suffix B is used in connection with the
      elements used on the second shaft 24B.
PAR  At the other extremity 34A of the first shaft 24A, a first actuating member
      36A may be fixedly mounted thereon and in spaced relationship therewith a
      second actuating member 38A may be mounted on the first sleeve 26A which
      fits over and around the first shaft 24A. Similarly, on the outer
      extremity 34B of the second shaft 24B a third 36B and fourth actuating
      member 38B are provided which are mirror images of the previously
      described first 36A and second 38A actuating member, and are respectively
      connected to the second shaft 24B and second sleeve 26B in the same
      member.
PAR  Dialing members 40A and 40B are provided at the outer extremities of the
      frame 12. The frame 12 is provided with open ends 42A and 42B to
      accommodate the dialing members 40A and 40B which are insertable in the
      open ends 42A and 42B respectively. The dial member 40A is adapted to
      rotate in either the forward or rearward direction, as shown by the arrow
      in FIG. 1, and has connected thereto a coupling device 44A shown in FIG.
      3. Structurally, the coupling device 44A takes the shape of a cup-like
      arrangement having a cylindrical wall and an aperture 46A in the bottom
      wall 48A thereof which is adapted to fit over the first shaft 24A so that
      the shaft 24A is freely rotatable in the aperture 46A. The coupling device
      44A is provided with a bottom wall 48A which may have a plurality of holes
      therein 50A. Each of the holes 50A is in the form of a horseshoe
      arrangement and having the rounded portion 52A of the horseshoe-shaped
      hole 50A facing in opposite directions as shown in FIG. 3.
PAR  FIG. 2 illustrates generally the disposition of the holes 50A as being
      alternately positioned such that the straight edges 54A of the
      horseshoe-shaped holes 50A are presented to a protuberance 56A extending
      laterally from the first actuating member 36A and a second protuberance
      58A extending from the second actuating member 38A. Operationally, when
      the dialing knob is moved in the forward direction (shown in FIG. 1) the
      protuberance 56A extending from the first actuating member 36A will mate
      with the straight edge portion 54A to rotate the first shaft 24A whereas
      the shape of the protuberance 58A extending laterally from the actuating
      member 38A will pass over the rounded portion 52A of the holes 50A much
      the same as a ratchet arrangement.
PAR  When the dialing member 40A is rotated in the rearward or counter-clockwise
      direction, the protuberance 58A of the first actuating member 36A will
      slide over the holes 50A while the protuberance 58A of the second
      actuating member 38A will mate with the straight edge portion 54A of the
      holes 50A to rotate the first sleeve member 26A.
PAR  In a similar manner, the second shaft 24B and sleeve 26B are turned by
      manipulation of the second dialing member 40B at the other end of the
      frame 12.
PAR  It may be seen, therefore, that when rotating the dial member 40A or 40B at
      one end of the frame in one direction, the day of the month may be changed
      as it appears in the first window 16; when the same dial 40A is rotated in
      the opposite direction the day will remain stationary while the date
      (numerical) will be changed in the second window 18. Similarly, when the
      dial member 40B on the other end of the frame 12 is rotated, the date
      (numerical) may be changed in the third window 20, and when rotating the
      dial member 40B in the opposite direction, the month of the year changes
      in the fourth window 22 while the date remains fixed. Here, therefore, by
      the simple manipulation of two dialing members 40A and 40B the day, date
      and month may be changed and adjusted to appear in the four windows
      provided in the frame 12.
PAR  It may be seen that only three windows may be used without departing from
      the essence of the invention. This may be accomplished by combining
      windows two 18 and three 20 into one large window which would adequately
      show the two numbers on the drums two 32A and three 32B.
PAR  As shown in FIG. 2, a support bracket 60, which may be of unitary
      construction, is disposed within the frame means 12 to rotatably support
      the first and second sleeves 26A and 26B, respectively. The lower portion
      62 of the support bracket 60 may extend below the frame 12 for connection
      to the base 14.
PAR  Alternatively, as shown in FIG. 4, a desk calendar of generally similar
      construction may be provided. Structurally, the desk calendar 10' may be
      provided with a frame 12' having shaft supporting brackets 60' and 62'
      connected within the frame 12'. The shaft supporting brackets 60' and 62'
      may be of generally unitary construction. The shaft supporting bracket 62'
      has an annular support 50 extending therethrough. The first shaft 24A' and
      second shaft 24B' are rotatably supported by the shaft supporting bracket
      60' and the annular support 50 which receives ends 30A' and 30B' of shafts
      24A' and 24B', respectively. The shafts are in axial alignment with each
      other.
PAR  A first drum 38A' may be mounted on one end 34A' of the first shaft 24A'. A
      second drum 32A' is mounted at the other extremity 30A' of the first shaft
      24A' on the annular support 50. A retaining ridge 52A retains the second
      drum 32A' on the annular support 50. The first drum 38A' may be in
      alignment with the first window 16' so that the day of the week printed
      thereon may show through that first window 16'. Similarly, the second drum
      32A' is mounted in the same respect with the second window 18' in the
      frame 12' by retaining ridge 52B.
PAR  Structurally, the first drum 28A' is provided with an aperture 64A in the
      center thereof and having a projection therearound 66A. The ends 68A of
      the projection 66A may be provided with ratchet teeth 70A (shown at 70B)
      which are adapted to mate with a ratchet element 72A fixedly mounted on
      the first shaft 24A' in contiguous relationship to the projection 66A of
      the first drum 28A'. Similarly, as shown in FIG. 4 the second drum 32A'
      may be provided with a projection 74A extending toward the first drum 28A'
      along the first shaft 24A'. At the end 76A of the projection 74A there may
      be provided ratchet teeth 78A pitched in the opposite direction to the
      ratchet teeth 70A on the projection 66A in the first drum 28A'. Adjacent
      the projection 74A on the second drum 32A there may be provided another
      ratchet element 80A adapted to mate with the teeth 78A on the end 76A of
      the projection 74A. A spring 82A may be provided which urges each ratchet
      element toward their respective mating positions with their projections,
      as shown in FIG. 4.
PAR  A dialing knob or dialing member 40A' is disposed in the open end 42A' of
      the frame 12'. Similarly, a dialing knob or dialing member 40B' is
      disposed in the open end 42B' of the frame 12'. The dialing member 40A' is
      fixedly connected to the end 34A' of the first shaft 24A' and similarly
      the dialing member 40B' is connected to the second shaft 24B'.
PAR  Referring now to the operation of the first shaft 24A', which operation is
      mirror imaged by the second shaft 24B', if it is desired to change the day
      of the week (first window 16') the dialing member 40A' may be turned in
      the direction of the arrow. When the dialing member 40A' is so turned, the
      first shaft 24A' turns therewith and in the same direction moving the
      ratchet elements in the same direction. Since the first and second drums
      28A' and 32A' are not fixedly connected to the first shaft 24A', they will
      only move when the teeth of the respective projections 66A and 74A mate
      properly with the teeth on the ratchet elements 72A and 80A. When the
      dialing member 40A' is turned in the direction of the arrow the first drum
      28A' will turn. However, the second drum 32A' will not turn because there
      is no proper mating of the ratchet teeth and the teeth on the projection.
      In this latter case the teeth will slide over each other and the drum 32A'
      will not turn. Conversely, when the dialing member 40A' is turned in the
      opposite direction, the teeth on the projection of the second drum 32A'
      will mate with the ratchet element contiguously mounted on the first shaft
      24A' and the second drum 32A' will turn thereby changing the numerical
      date in the second window 18' or the combined second and third windows.
      Similarly, the elements mounted on the second shaft 24B' operate as a
      mirror image of the working elements associated with the first shaft 24A'.
PAR  Viewing both the preferred and alternative embodiments it will be
      recognized by those skilled in the art that a desk calendar is provided
      which permits the manipulation of merely two dialing members which will
      more readily change the day, date and month, and display the information
      in a well-coordinated and designed frame means.
PAR  While, in accordance with the patent statute, a preferred and alternative
      embodiments have been shown and described in detail, it is particularly
      understood that the invention is not limited thereto or thereby.
CLMS
STM  I claim:
NUM  1.
PAR  1. A desk calendar comprising:
PA1  a. a frame means;
PA1  b. a shaft supporting means disposed within said frame means;
PA1  c. a first shaft rotatably supported by said supporting means;
PA1  d. a first sleeve in operable communication with said first shaft;
PA1  e. a first drum fixed to said first sleeve and bearing discrete day of the
      week indicia on its periphery;
PA1  f. a second drum in operable communication with said first shaft and
      bearing discrete integers in seriatim on its periphery;
PA1  g. a second shaft rotatably supported by said shaft supporting means, in
      axial alignment with said first shaft;
PA1  h. a second sleeve in operable communication with said second shaft;
PA1  i. a third drum fixed to said second shaft and bearing discrete integers in
      seriatim on its periphery;
PA1  j. a fourth drum in operable communication with said second sleeve and
      bearing discrete month of the year indicia on its periphery;
PA1  k. a plurality of windows in said frame means for denoting the day, date,
      and month each of said drums being in alignment with a separate one of
      said plurality of windows;
PA1  l. a pair of dialing members attached to said frame means and limited to
      rotational movement therein, one of said dialing members in communication
      with said first shaft and the other of said dialing members in
      communication with said second shaft for independently operating said
      first and second shafts, respectively; and
PA1  m. a pair of actuating means limited to rotational motion, one of said
      actuating means in communication with said first shaft to permit the
      rotation of said first drum when said dialing member is rotated in one
      direction with said second drum remaining stationary and causing the
      rotation of said second drum when said dialing member is rotated in the
      opposite direction with said first drum remaining stationary, said other
      actuating means in communication with said second shaft to permit the
      rotation of said third drum when said dialing member is rotated in one
      direction with said fourth drum remaining stationary and causing the
      rotation of said fourth drum when said dialing member is rotated in the
      opposite direction with said third drum remaining stationary.
NUM  2.
PAR  2. A desk calendar in accordance with claim 1 wherein said actuating means
      comprises:
PA1  a. a first actuating member fixedly mounted to said shaft provided with at
      least one lateral protuberance extending toward said first drum;
PA1  b. a second actuating member fixedly mounted to said first sleeve provided
      with at least one lateral protuberance extending away from said first
      drum;
PA1  c. A first coupling member disposed on the first shaft intermediate said
      first and second actuating members being connected to one of said dialing
      members and adapted to releasably engage said lateral protuberance from
      said first actuating member when said dialing member is turned in one
      direction without engaging said lateral protuberance from said second
      actuating member so that said first drum will rotate while said second
      drum remains stationary, and to releasably engage said lateral
      protuberance from said second actuating member when said dialing member is
      turned in the opposite direction without engaging said lateral
      protuberance from said first actuating member so that said second drum
      will rotate while said first drum remains stationary;
PA1  d. a third actuating member fixedly mounted to said second shaft provided
      with at least one lateral protuberance extending toward said first drum;
PA1  e. a fourth actuating member fixedly mounted to said second sleeve provided
      with at least one lateral protuberance extending away from said third
      drum; and
PA1  f. a second coupling member disposed on said second shaft intermediate said
      third and fourth actuating members being connected to said dialing member
      and adapted to releasably engage said lateral protuberance from said third
      actuating member when said second dialing member is turned in one
      direction, without engaging said lateral protuberance from said fourth
      actuating member so that said third drum will rotate while said fourth
      drum remains stationary, and to releasably engage said lateral
      protuberance from said fourth actuating member when said dialing member is
      turned in the opposite direction so that said fourth drum will rotate
      while said third drum remains stationary.
NUM  3.
PAR  3. A desk calendar in accordance with claim 2 wherein said first coupling
      member comprises a cylindrical wall attached to said first dialing member,
      a bottom wall integrally formed with said cylindrical wall, said bottom
      wall being provided with an aperture to allow said first shaft to pass
      through said bottom wall and a plurality of horseshoe-shaped holes, each
      of said holes having a rounded portion and a straight portion, each of
      said holes facing in opposite directions on said bottom wall, so that when
      said dialing member is rotated in one direction said protuberance from
      said first actuating member will mate with said straight edge of said
      horseshoe-shaped hole to rotate said first shaft, while said protuberance
      from said second actuating member will pass over said rounded portion of
      said holes and said second drum will remain motionless, and when said
      dialing member is rotated in the opposite direction, said protuberance
      from said second actuating member will mate with said straight edge of
      said oppositely facing horseshoe-shaped holes to rotate said second drum,
      while said protuberance from said first actuating member will pass over
      said rounded portion of said holes and said first drum will remain
      motionless, and said second coupling member comprises a cylindrical wall
      attached to said second dialing member, a bottom wall integrally formed
      with said cylindrical wall, said bottom wall being provided with an
      aperture to allow said second shaft to pass through said bottom wall, and
      a plurality of horseshoe-shaped holes, each of said holes having a rounded
      portion and a straight portion, each of said holes facing in opposite
      directions on said bottom wall, so that when said dialing member is
      rotated in one direction said protuberance from said third actuating
      member will mate with said straight edge of said horseshoe-shaped hole to
      rotate said second shaft, while said protuberance from said fourth
      actuating member will pass over said rounded portion of said holes and
      said fourth drum will remain motionless, and when said dialing member is
      rotated in the opposite direction, said protuberance from said fourth
      actuating member will mate with said straight edge of said oppositely
      facing horseshoe-shaped holes to rotate said fourth drum, while said
      protuberance from said third actuating member will pass over said rounded
      portion of said holes and said third drum will remain motionless.
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PAL  A signboard construction including four frame members which support a
      plurality of signboard members capable of receiving indicia on either side
      thereof. The frame members and the signboard members are all formed from
      aluminum extrusions. Each of the signboard members has a principal
      vertically extending structure, an upper structure which forms a groove,
      and three pairs of mounting ribs, the lower two pairs of ribs being
      mounted on intermediate spaced apart portions of the principal structure
      and the upper pair of mounting ribs being mounted on the groove forming
      structure. The lower edge of one signboard member can be received within
      the groove forming structure of another signboard member and in this
      manner a plurality of signboard members can be assembled together. The
      ends of the top, bottom, and end frame members are cut at 45 degree angles
      and are secured to each other by corner angles. Each of the frame members
      includes an inner portion provided with a first channel of relatively
      large width capable of receiving a pair of mounting ribs and a second
      channel disposed in the middle of the first channel, the second channel
      having a relatively small width capable of receiving the lower edge of the
      principal structure of a signboard member. When the parts are assembled
      together the first channel of the top frame member receives the top pair
      of mounting ribs of the top signboard member, and the second channel of
      the bottom frame member receives the lower edge of the bottom signboard
      member.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to a signboard construction, and
      more particularly to a signboard construction formed of a plurality of
      substantially identical signboard members mounted within a frame formed
      from frame members of substantially identical cross-section, the signboard
      construction being capable of bearing indicia on both sides of the
      signboard members, the indicia being of varying incremental heights.
PAC  BACKGROUND OF THE INVENTION
PAR  Various signboard constructions are shown in the prior art, one such
      construction being shown in U.S. Pat. No. 3,722,120 granted Mar. 27, 1973
      to Henry Finkel. This Patent discloses a signboard construction having a
      four member frame formed of four aluminum extrusions having identical
      cross-sections, and a plurality of signboard members received within the
      frame members. Each of the signboard members of Finkel is formed of an
      aluminum extrusion having a lower portion of complex cross-section
      interconnected to the lower edge of a principal vertically extending
      portion, the lower portion including a pair of mounting ribs, the
      extrusion also including an upper V-shaped portion interconnected to the
      upper edge of the vertically extending portion, the ends of the V-shaped
      portion being received within a channel formed by the lower portion. While
      the construction of Finkel is generally satisfactory, each of the
      signboard members is unduly complex, and furthermore the Finkel
      construction requires a separate signboard member for each of the
      incremental widths of the indicia which are adapted to be carried thereby.
      Finkel also requires a special adapter for mounting the indicia on his
      signboard members. The frame members of Finkel are open on one side and
      this has the disadvantage in that they may collect dirt and water which
      may make subsequent disassembly of the signboard construction difficult.
      Also no means are provided for readily mounting his assembled signboard.
PAR  Another signboard construction shown in the prior art is U.S. Pat. No.
      3,289,340 issued Dec. 6, 1966 to Edwards. This patent discloses a
      signboard construction wherein each of the extruded signboard members is
      provided with a plurality of equally spaced apart indicia receiving
      members. The upper and lower edges of each of the signboard members are
      provided with special interfitting surfaces which unduly complicate the
      extrusion. Special adapters are required for mounting indicia on the
      signboard members. The frame of this patented design is formed of wood and
      such a frame member construction is undesirable because of the maintenance
      required to preserve the wood.
PAR  Other U.S. Patents which are representative of the prior art are: Nos.
      3,230,652, 3,458,945, 3,696,541, 3,685,186, 3,793,757, and 3,651,592. The
      first three of these Patents disclose a signboard construction wherein a
      plurality of signboard members are interconnected to each other, the upper
      and the lower edges of each of the signboard members being provided with a
      special interfitting construction. Many of these prior art signboard
      constructions require special appliances for mounting the indicia on the
      signboard members. Others require special adapters for interconnecting the
      signboard members to the frames. Furthermore, none of these patents
      disclose structure whereby the assembled signboard can be readily mounted.
PAC  OBJECTS AND SUMMARY OF THIS INVENTION
PAR  It is an object of the present invention to provide a signboard
      construction of simplified construction.
PAR  It is a further object of the present invention to provide a signboard
      construction having extruded frame members and signboard members, wherein
      special adapters are not required for mounting indicia upon the signboard
      members.
PAR  It is another object of the present invention to provide an improved
      signboard construction wherein the parts may be readily assembled to each
      other in such a manner that the various parts are securely held together.
PAR  It is another object of the present invention to provide an improved
      signboard construction wherein the assembled signboard may be readily
      mounted.
PAR  The above objects of the present invention are attained by providing a
      rectangular frame having top, bottom, and a pair of end frame members
      which are all of identical cross-section, each of the frame members being
      provided with grooves on an inner portion thereof to receive associated
      parts of a plurality of juxtapositioned signboard members, the signboard
      members having a plurality of equally spaced apart mounting ribs, the
      upper pair of mounting ribs being mounted on groove forming means which is
      adapted to receive the lower edge of the main structural element of an
      associated signboard member when the signboard members are assembled in
      juxtapositioned relationship with respect to each other.
PAR  The above and other objects and advantages of this invention will be
      apparent to those skilled in the art after a consideration of the
      following detailed description taken in conjunction with the accompanying
      drawings in which a preferred form of this invention is illustrated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view, partially broken away, of a signboard construction
      made in accordance with the principles of this invention, two differing
      sizes of indicia being shown in phantom lines.
PAR  FIG. 2 is an enlarged sectional view taken generally along the lines 2--2
      in FIG. 1, parts being partially broken away, one indicia being shown in
      phantom lines, and a frame mounting member also being shown in phantom
      lines.
PAR  FIG. 3 is an enlarged sectional view taken generally along the lines 3--3
      in FIG. 1.
PAR  FIG. 4 is a sectional view taken generally along the lines 4--4 in FIG. 2
      showing the manner in which adjacent frame members are interconnected to
      each other.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The signboard construction, which is indicated generally at 10 in FIG. 1,
      includes a plurality of frame members and a plurality of signboard
      members. The signboard members, which are indicated generally at 12 in
      FIG. 2, are supported by a top frame member 14, a bottom frame member 16,
      a left-hand end frame member 18, and a right-hand end frame member 20.
      Each of the top, bottom, and end frame members is formed from an aluminum
      extrusion of identical cross-section and includes a wide outer portion,
      indicated generally at 22 in FIG. 2, and a reduced inner portion indicated
      generally at 24. Each of the wide outer portions includes a transversely
      extending base portion 26 and oppositely disposed sidewall portions 28. A
      recessed mounting channel, indicated generally at 30, is formed in the
      base portion 26 midway between the sidewall portions 28. To this end, the
      base portion is provided with a slot 32, and sidewalls 34 extend toward
      the reduced inner portion 24 from the inner surface of the base portion
      26, the sidewalls being spaced away from the slot 32 a small amount so
      that the facing portions 36 of the base portion 26 adjacent the slot 32
      overhang the sidewalls 34. An intermediate member 38 extends between the
      sidewalls 34, the sidewalls 34 extending a slight distance beyond the
      intermediate member 38, the extension 40 of the sidewalls 34 forming a
      mounting surface for corner brackets 44.
PAR  The recessed mounting channel formed by the overhanging portions 36, the
      sidewalls 34, and the intermediate member 38 are for the purpose of
      receiving mounting members indicated in phantom at 45 at the bottom of
      FIG. 2, the mounting members being for the purpose of securing the
      signboard assembly in its desired location. The mounting members are
      preferably bolts with the head end of the bolt being received within the
      channel, the threaded portion of the bolt passing through an aperture in a
      member 46 to which the signboard assembly is to be secured, the bolt and
      the signboard members being secured in place by a nut indicated at 47 at
      the bottom of FIG. 2. The corner brackets are for the purpose of
      interconnecting the various frame members to each other and the manner in
      which they serve this purpose can best be seen from FIGS. 2 and 4. In this
      connection it should be noted that each of the adjacent edges of a frame
      member is cut along a 45.degree. line indicated at 48 and are mated
      together. The corner brackets 44 secure the edges together, the brackets
      extending the full width of the associated frame members. The sides of the
      brackets are received between spaced apart flanges 49a, 49b. The full
      width brackets thus not only are used for securing the various frame
      members together but give added stability and strength due to their
      interconnection with the flanges 49a and 49b. The brackets are in turn
      secured in place to the associated frame members by screws 50, the head
      end of the screws being received within recessed portions of the inner
      surface 42. By disposing the corner brackets inwardly from the base
      portion 26 it is possible to mount the assembled signboard by bolts 45 at
      any location. With this construction it is not necessary to drill the
      frame members for mounting.
PAR  The reduced inner portion of each of the frame members includes opposed
      curved members 52 which are joined together adjacent their inner edges by
      structure which forms a first channel 54 of relatively large width, and a
      second channel 56 of relatively small width, the second channel being
      disposed within the middle of the first channel. The structure which forms
      the channels includes a pair of walls 58 which extend towards the wide
      outer portion from the adjacent inner edges of the curved members 52, and
      a transversely extending member 60 which is provided with the second
      channel 56 as can best be seen from FIG. 2.
PAR  Each of the signboard members 12 is also an aluminum extrusion, and
      includes a principal vertically extending structure 62 having opposed
      parallel vertical sidewalls 64, 66, groove forming means indicated
      generally at 68, and a plurality of equally spaced apart mounting rib
      means indicated generally at 70. As can be seen from FIG. 1 the mounting
      rib means extend from one end to the other end of each of the signboard
      members. In the preferred embodiment shown in these drawings, each of the
      signboard members is provided with three equally spaced apart mounting rib
      means. Each of the groove forming means includes two spaced apart parallel
      vertical portions 72 which are integral with the opposed sides 64, 66 of
      the upper end of the principal vertically extending structure 62. The
      spaced apart parallel vertical portions have facing sidewalls 74 which are
      approximately in line with said opposed parallel vertical sidewalls 64,66.
PAR  Each of the spaced apart mounting rib means includes a pair of L-shaped
      members, each of the L-shaped members having a vertical leg 76 and a lower
      horizontal leg 78. The lower horizontal leg 78 of the upper pair of
      mounting rib means is integral with the spaced apart parallel vertical
      portions 72. The ends of the horizontal legs remote from the vertical legs
      76 of the intermediate and lower rib means are integral with the principal
      vertically extending structure 62. A portion of the principal vertically
      extending structure 62 extends below the lowermost mounting rib means and
      is so dimensioned that when it is associated with an adjacent signboard
      member that the spacing between the lowermost mounting rib means and
      uppermost adjacent mounting rib means of the adjacent signboard member is
      the same as the spacing between the lowermost mounting rib means and the
      intermediate mounting rib means.
PAR  When the various parts are assembled to form a signboard it should be
      observed that the first channel 54 of the top frame member 14 receives the
      upper edge of the uppermost signboard member. Thus, the spacing between
      the facing sidewalls 80 of the first channel are so dimensioned with
      respect to the outer surfaces of the vertical leg portions 76 that the
      vertical legs are snugly embraced in the fist channel. In like regard, the
      second channel 56 is so dimensioned with respect to the sidewalls 64, 66
      of the principal portions 62 that the lower edge of the principal portions
      62 is snugly embraced within the second channel 56. Adjacent signboard
      members are interconnected with respect to each other by disposing the
      lower edge of the principal vertically extending structure 62 within the
      groove defined by the groove forming means 68. Thus, the dimensioning of
      the facing sidewalls 74 is such that the lower edge of the principal
      portion 62 is snugly received within the groove forming means. Each of the
      mounting ribs, which as noted above extends from one side to the other of
      each of the signboard members, is received within the first channel 54 of
      each of the right or left hand end members in the manner illustrated in
      FIG. 3.
PAR  As can be seen from the Figures, when the signboard is assembled in the
      manner indicated in FIG. 2, indicia of differing incremental widths can be
      mounted on the mounting rib means. Thus, for example, an indicia of a
      first incremental height as indicated in phantom at 82 in FIG. 2 may be
      mounted on adjacent mounting rib means, the indicia means 82 bearing
      mounting means 84 which extend over and around the top edge of the
      vertical leg 76. In order to insure securement of the indicia means, the
      leg means may be provided with an inner groove 86. A larger indicia, which
      is secured to spaced apart mounting rib means is shown at 88 in FIG. 1.
      The indicia are of a type which are commercially available, and no special
      adapters are required to mount them.
PAR  While the preferred structure in which the principles of the present
      invention have been incorporated is shown and described above, it is to be
      understood that the invention is not to be limited to the particular
      details, shown and described above, but that, in fact widely differing
      means may be employed in the practice of the broader aspects of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A signboard assembly comprising in combination:
PA1  a rectangular frame including top, bottom, and a pair of end frame members,
      each of said frame members including an inner portion provided with a
      first channel of relatively large width and a second channel disposed in
      the first channel, the second channel having a relatively small width; and
PA1  a plurality of juxtapositioned free floating horizontally extending
      signboard members confined within and supported by said rectangular frame,
      without mechanical locking means each of said signboard members including
PA2  a principal vertically extending structure having opposed parallel vertical
      sidewalls;
PA2  groove forming means which define a vertically extending mounting groove
      having independant generally parallel sidewalls approximately in line with
      said opposed parallel vertical sidewalls; and
PA2  a plurality of equally vertically spaced apart mounting rib means;
PA2  the upper edge of said signboard member including an upper one of said
      plurality of vertically spaced apart mounting rib means and said groove
      forming means; and
PA2  said plurality of spaced apart mounting rib means including L-shaped
      members having a vertical leg and a lower horizontal leg, the end of the
      horizontal leg remote from the vertical leg of said upper one of said
      plurality of vertically spaced apart mounting rib means being integral
      with an upper portion of the groove forming means, and the end of each
      horizontal leg remote from the associated vertical leg of the plurality of
      vertically spaced apart mounting rib means disposed below said upper one
      of the vertically spaced apart mounting rib means being integral with a
      side of the principal extending structure;
PA1  the upper edge of the uppermost signboard member being received within the
      first channel of the top frame member for free floating movement, the
      lower end of the principal vertically extending structure of the lowermost
      signboard member being received within the second channel of the bottom
      frame member for free floating movement, and a lower adjacent signboard
      member receiving the lower end of the principal vertically extending
      structure of the upper adjacent signboard member within its groove forming
      means for free floating movement.
NUM  2.
PAR  2. A signboard assembly as set forth in claim 1 wherein each of said frame
      members is formed from an aluminum extrusion, said frame members having
      substantially identical cross-sections.
NUM  3.
PAR  3. A signboard assembly as set forth in claim 1 wherein each of said frame
      members includes an outer portion of greater width than the inner portion,
      and in which the second channel is disposed within the middle of the first
      channel.
NUM  4.
PAR  4. The signboard assembly set forth in claim 1 wherein each of the mounting
      rib means includes a pair of oppositely disposed mounting ribs.
NUM  5.
PAR  5. A signboard assembly comprising in combination:
PA1  a rectangular frame including top, bottom, and a pair of end frame members
      joined at their corners, each of said frame members having an identical
      cross-section and including wide outer portion and a reduced inner
      portion, the wide outer portion of each of said frame members being
      provided with a recessed mounting channel, and the reduced inner portion
      being provided with a first channel of relatively large width and a second
      channel disposed in the middle of the first channel, the second channel
      having a relatively small width; and
PA1  a plurality of juxtapositioned free floating horizontally extending double
      sided substantially identical signboard members confined within and
      supported by said rectangular frame without mechanical locking means, each
      of said signboard members including
PA2  a principal vertically extending structure having opposed parallel vertical
      sidewalls;
PA2  groove forming means which define a vertically extending mounting groove
      having independant parallel vertically extending structures defining
      facing sidewalls approximately in line with said opposed parallel vertical
      sidewalls said groove forming means being integral with the upper portion
      of said principal vertically extending structure; and
PA2  a plurality of equally vertically spaced apart mounting rib means, each of
      said mounting rib means including a pair of L-shaped members having a
      vertical leg and a lower horizontal leg, the end of each of the horizontal
      legs remote from the associated vertical leg of the upper pair of L-shaped
      members being integral with the upper edges of the vertically extending
      structures of the groove forming means, and the end of the horizontal legs
      remote from the associated vertical legs of the pairs of L-shaped members
      disposed below said upper pair of L-shaped members being integral with the
      principal vertically extending structure;
PA1  the parts being assembled with the vertical legs of the uppermost mounting
      rib means of the top signboard member being received within the first
      channel of the top frame member for free floating movement, the lower end
      of the principal vertically extending structure of the lowermost signboard
      member being received within the second channel of the bottom frame member
      for free floating movement, and a lower adjacent signboard member
      receiving the lower end of the principal vertically extending structure of
      the upper adjacent signboard member within its groove forming means for
      free floating movement.
NUM  6.
PAR  6. The signboard assembly set forth in claim 5 in which each of the
      signboard members is provided with three equally spaced apart mounting rib
      means, the lowermost mounting rib means of one signboard member being
      spaced an equal distance away from the mounting rib means immediately
      above the lowermost mounting rib means and the uppermost mounting rib
      means of a lower adjacent signboard member.
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ABST
PAL  An anchor and a slidably adjustably carried tie-line for a floatable decoy
      duck or the like comprising a generally elongated non-rustable metal body
      preferably wider at one end than at the other, a continuous passageway for
      said tie-line extending from and returning to one end of and partially
      through said body, said passageway having an open side for at least a
      portion of its length, an elastic member carried by said body and
      overlying the open side of said passageway and forcibly engaging said
      tie-line, whereby to resist free travel of said tie-line so that the
      required useable length of said tie-line beyond said anchor may be
      desirably determined for anchoring the decoy for limited movement when
      floating and for unit storage with said tie-line under tension on said
      decoy ready for re-use.
BSUM
PAR  This invention as shown and hereafter claimed relates to important
      improvements and relationship in the anchor and its tie-line from a decoy
      duck or other floatable decoy whereby the tie-line connection to the
      anchor may be easily and positively adjusted as required, without
      requiring separation.
PAR  An object of the instant invention is to provide an anchor for a flotable
      decoy having a tie-line attached thereto at one end, said anchor being
      adjustably connected to said tie-line for ready and ease of operation
      depending upon the depth of the water encountered in use and also for unit
      storage of said decoy, tie-line and anchor after use.
PAR  Another object of my invention lies in the means on said anchor which
      provides a predetermined slidably frictional connection between an open
      sided passageway on said anchor and the tie-line from said decoy.
PAR  A still further object of my invention lies in the combination of means,
      whereby quick and easy manipulation of said anchor and tie-line may be
      relied upon to effect required adjustment of the length of said tie-line
      between said anchor and decoy.
DRWD
PAR  Other objects and advantages of my improved anchor for adjustable tie-line
      connection with a flotable decoy for both storage of the decoy and
      flotable uses thereof may be more fully appreciated and understood by
      reference to the accompanying drawing, wherein:
PAR  FIG. 1 is an imaginary side view of a decoy duck on which the tie-line and
      anchor are compactly lashed under tension on the decoy as a unit for
      storage;
PAR  FIG. 2 is a transverse section through the anchor of FIG. 1 showing the
      adjustable tie-line from the decoy in full lines and its relation to the
      open sided passageway covered by the surrounding rubber band-like jacket;
PAR  FIG. 3 is a side prespective view of a modified form of anchor whereby a
      change in body shape is provided;
PAR  FIG. 4 is another modified form of decoy anchor which also embodies the
      salient features of my invention as in FIG. 3; and
PAR  FIG. 5 is an end view showing the points of entering and leaving of the
      tie-line to and from one end of the anchor of the modified form of anchor
      of FIG. 3.
DETD
PAR  It is equally important that the hunter on collecting the equipment for a
      successful hunting trip that all items necessary to that end be quickly
      and readily found and in good useable condition, it is just as important
      that on the completion of such a trip all such items as decoys, their
      tie-lines and anchors be handled as one unit to save time and space in
      storage and for reuse as intended. To the ends above stated the anchor
      shape having a body formed of a selected weighty material usually a
      non-rusting metal such as lead, shown in FIGS. 1 and 2 as generally pear
      shaped to provide one end 14 larger than the other 15 but not necessarily
      so and having a continuous looped passageway entering one end of the
      anchor and returning to that same end with the outer sides of said
      passageway adjacent the larger end of the anchor open to receive the
      braking force of the overlying elastic band 16 on the tie line 17 from the
      decoy to which it is permanently attached at one end. Adjustment of the
      tie-line between the decoy and its weight anchor is thus effectively
      produced as desired by merely pulling on the knotted free end 18 of the
      tie-line 17 with sufficient force to overcome the braking action exerted
      on the tie-line 17 by the band 16 to effect such movement of the tie-line
      through the looped passageway in the anchor as to reduce the length of the
      tie-line between the decoy and its anchor. Obviously a pull of similar
      force on the adjacent end portion of the line from the anchor will produce
      the opposite effect. As shown in FIG. 1 where the tie-line is used to lash
      down the anchor and itself upon the back of the decoy for storage or its
      next use, these parts may be safely secured under tension by winding the
      tie-line back and forth over the back of each decoy between the head end
      or neck 11 and the rear end or tail 12 as shown in FIG. 1 with anchor
      finally fastened down also by looping the rubber band 19 over the tail of
      the decoy and the previously laid lengths of tie-line 17 and finally
      tensioning the entire assembly by exerting a pulling force on the tie-line
      17 from the notted free end 18.
PAR  The anchor elements of FIG. 3 and FIG. 4 function in like manner for
      adjustment of the tie-line. In FIG. 3 the tie-line tensioning jacket
      surrounding the metal body of the anchor 16" has formed thereon a
      plurality of ground engaging projections 20" and in FIG. 4 the elongated
      body 1 may be bent at any time by the user to accomplish more or less drag
      as weather and movement of the water may dictate.
PAR  Though the invention has been described with respect to a specific
      preferred embodiment thereof, many variations and modifications will
      immediately become apparent to those skilled in the art. It is therefore
      the intention that the appended claims be interpreted as broadly as
      possible in view of the prior art to include all such variations and
      modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A floatable decoy and anchor therefor, the combination comprising:
PA1  a weight;
PA1  a tie-line having one loop disposed over said weight;
PA1  an elastic band tautly overlying said weight and said tie-line loop;
PA1  said tie-line having two ends, both ends of which extend outwardly from
      said band;
PA1  the first end of said tie-line terminating in a knot; and
PA1  the second end of said tie-line being attached to said decoy.
NUM  2.
PAR  2. The combination of claim 1 wherein a second band member is fashioned as
      a loop and attached to said weight-elastic band assemblage at a point.
NUM  3.
PAR  3. The combination set forth in claim 1 wherein the weight-elastic band
      assemblage has a plurality of integral offstanding projections thereon.
NUM  4.
PAR  4. The combination set forth in claim 2 wherein the weight-elastic band
      assemblage has a plurality of integral offstanding projections thereon.
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ABST
PAL  A bait molding device for forming and securing moldable bait material such
      as bread dough about a fishhook. A mold is formed of two cup shaped mold
      sections which are secured to pliers-like devices for opening and closing
      of the mold sections. The molds are of an elongate configuration to
      accommodate an entire fishhook and moldable bait material surrounding the
      fishhook within the mold sections. One of the mold sections includes a
      groove through one of the edges of the mold to permit the fishing line
      attached to the hook to pass through the mold when closed.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  One common form of bait used for fishing is bread dough or dough balls.
      This type of bait is used by embedding a fishhook within the dough ball or
      otherwise forming the dough ball around the hook. Most generally, the bait
      is molded around the entire hook.
PAR  One of the problems encountered in molding the bait around the hook is
      obtaining sufficient adhesion of the molded material to itself and around
      the hook to prevent the bait from separating from the hook. The present
      method employed by fishermen is simply to attempt to apply enough pressure
      to the bait material between the fingers to create the necessary adhesion
      of the material to itself and around the hook to prevent loss. This is
      often a difficult and time consuming job and is likewise not very
      satisfactory.
PAR  Another problem which is encountered in hand molding the bait upon the hook
      is the end shape or form of the molded bait. It is preferable to have the
      bait uniformly and evenly molded around the hook and, in many cases, of a
      form which can be easily swallowed by the fish. Hand forming of the
      moldable bait material about the hook often falls very short of the
      desired form and shape of the bait upon the hook.
PAC  OBJECT AND SUMMARY OF INVENTION
PAR  It is the object of the present invention to provide a mechanical bait
      molding device for forming moldable bait material around a fishhook of the
      desired shape while also creating the necessary molding pressures to
      acquire the necessary adhesion of the material upon the hook.
PAR  The bait molding device of the present invention carries out the foregoing
      object by the utilization of a bait mold which is formed of two cup shaped
      mold members which engage one another at mold engaging edges. The mold
      members are carried in the jaws of a pliers like device which permits the
      mold sections to be opened and closed with the necessary pressure.
PAR  One of the mold sections includes a groove in the mold engaging edge of the
      section. The groove permits the fishing line attached to the fishing hook
      to pass between the mold sections when they are closed without severing
      the line. The mold sections are of a complementary configuration and, in
      one embodiment, are of an elongate configuration permitting the entire
      fishhook to be placed within the mold and enclosed within the bait
      material.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  FIG. 1 of the drawing is a perspective view of the bait molding device of
      the present invention in closed position; and
PAR  FIG. 2 of the drawing is an exploded view of a portion of the bait molding
      device in open position.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  A specific embodiment of the bait molding device of the present invention
      is shown in FIGS. 1 and 2 of the drawing. A pair of opposed cup shaped
      mold sections 10 and 11 are provided which, in closed position as shown in
      FIG. 1, define a hollow closed mold.
PAR  The mold sections 10 and 11 are carried and supported by a pair of pliers
      13. The pliers include handles 14 and 15 which are secured together by a
      pivot pin 16 and extend beyond the pivot pin 16 as jaws 17 and 18.
PAR  As may be seen from the drawing, each of the mold sections 10 and 11 is
      secured to one of the jaws of the pliers. Each of the mold sections has an
      extending securing bolt 19 projecting from the central portion of the mold
      section. At the base of the securing bolt there is disposed a square
      alignment shoulder 20.
PAR  The mold sections 10 and 11 are assembled to the jaws of the pliers as
      shown in FIGS. 1 and 2. The securing bolt of each of the sections passes
      through a corresponding alignment aperture 21 in the jaw of the pliers.
      The alignment aperture 21 is of a mating configuration to the alignment
      shoulder 20 on the mold section. Once the mold section is in place in the
      jaw, a conventional wing nut 22 is threaded upon the securing bolt to hold
      the mold section in place upon the jaw of the pliers.
PAR  A groove 23 is disposed in a thin lower mold engaging edge 24 of the mold
      section 11. The groove passes through the entire edge of the mold section
      and is of a size just large enough to permit the fishing line to nest
      within the groove without being engaged by the thin complementary mold
      edge of the upper mold section 10 when in closed position. In this manner,
      an entire fishhook can be disposed within the mold.
PAR  In a specific embodiment, the mold sections 10 and 11 are preferably of an
      elongate configuration taken in the plane of the mold engaging edges 24.
      The long axis of the elongate configuration is in alignment with the
      groove 23. In this manner, the fishing line and shank of the fishhook will
      be in alignment when placed in the mold.
PAR  In a further preferred embodiment, the mold sections 10 and 11 are of a
      shallow cup shape rather than a full hemispherical configuration. In this
      manner, the resultant configuration of the bait molded about the hook is
      further elongated in a section taken in a plane both perpendicular to the
      plane of the parting line between the two mold sections and parallel to
      the long axis of the mold sections. In this manner, the resultant
      configuration of the molded bait is one which is best suited to the
      configuration of the mouth of the fish.
PAR  In using the bait molding device of the present invention, a suitable
      quantity of the bait molding material, such as bread dough, is loosely
      placed around the fishhook. Thereafter, the dough and included fishhook is
      placed between the mold sections with the fishing line placed in the
      groove 23. The pliers are then closed bringing the mold sections together
      compressing the bait upon the fishhook. Any excess bait material will be
      extruded from the mold past the mold engaging edges as the mold sections
      are brought together. When the mold sections have finally closed, the
      excess bait will be cut off by the thin mold engaging edges of the mold
      and the bait will be molded to the required configuration for consumption
      by the fish and at the same time there will have been sufficient pressure
      generated upon the moldable bait material to insure its adhesion to itself
      and upon the fishhook. Thereafter, the pliers are simply opened and the
      molded bait and included hook removed from the molding device ready for
      use.
PAR  While a preferred embodiment of the invention has been shown in the drawing
      and described in the specification, various changes may be made to the
      invention by those skilled in the art without departing from the spirit of
      the invention as defined in the appended claims. Therefore, no specific
      limitation as to the scope of the invention was intended by the particular
      embodiment thereof disclosed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bait molding device for forming and securing moldable bait material
      such as bread dough about a fishhook comprising:
PA1  a hollow mold formed of two cup shaped mold sections, each having
      complementary thin mold engaging edges;
PA1  means for supporting the mold sections for movement between open and closed
      positions; and
PA1  a groove in one of the mold engaging edges adapted to accommodate a fishing
      line whereby the mold sections may be forcibly closed upon a fishhook
      surrounded by moldable bait material placed between the mold sections to
      compress and secure the bait upon the hook.
NUM  2.
PAR  2. The bait molding device of claim 1 wherein each mold section is of an
      elongate configuration to accommodate an entire fishhook between the mold
      sections.
NUM  3.
PAR  3. The bait molding device of claim 2 wherein the groove in the mold
      engaging edge is in alignment with the long axis of the mold.
NUM  4.
PAR  4. The bait molding device of claim 1 wherein the means for supporting the
      mold sections are pliers like devices including pivoted handles and jaws
      and wherein the mold sections are secured between the jaws.
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ABST
PAL  An outrigger clip for use in releasably securing a fishing line to the
      run-out line on an outrigger pole, the clip being constructed to reduce or
      eliminate fouling of the fishing line. The body and clip release arm are
      constructed so that the clip, when in use, will have a tendency to hang
      from the outrigger line instead of twisting, which causes fouling of the
      fishing line. The clip body itself is smooth about the edges so that any
      contact with a fishing line caused by slack or the like will prevent or
      prohibit snagging or fouling of the fishing line about the clip body
      itself. The clip includes a fishing line release arm with an adjustable
      tensioning means and an outrigger attaching wire disposed through the clip
      body at such a position to place the center of gravity of the body away
      from the attaching wire and the outrigger line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an outrigger fishing line release clip,
      and specifically to a clip which engages and holds a fishing line to the
      pay-out line on an outrigger pole, the clip providing predetermined
      tensioning for holding the fishing line such that when the line is hit by
      a fish, the clip will release the fishing line from the outrigger.
PAR  The use of release clips for fishing lines on outrigger poles is well
      known. Release clips shown in the prior art have several drawbacks and
      have had problems with the fishing line being fouled in the outrigger line
      and the clip itself. Oftentimes, due to wind conditions or the movement of
      the boat, the tension on the fishing line itself will vary such that a
      slack condition has in the past resulted in the tangling or twisting of
      the fishing line about the clip body. Another problem that has been
      encountered is that when paying out the outrigger line, the outrigger line
      will often twist or spin as it is being wound through the outrigger guide.
      This spinning action of the outrigger line causes the clip itself to spin.
      The fishing line attached to the clip will then become twisted in the clip
      and the outrigger line, fouling and preventing a clean release of the
      line. Swivels have been employed at the ends of the clips in an effort to
      alleviate this problem but have not totally done the job because of
      variable tension on the fishing line and corrosion of the swivel
      mechanism, which prevents the swivel from working properly. The instant
      invention overcomes these problems of the prior art by providing an offset
      center of gravity pivot axis along one of the sides of the clip body which
      when the body is attached to the outrigger line tends to have the clip
      hang instead of twist. The shape of the clip body and the arrangement of
      the fishing line releasable arm which has an adjustable tension means is
      contoured to eliminate and reduce entangling protrusions. The clip also
      includes a freely rotatable outrigger line attaching wire which allows the
      clip body to hang in one plane, even though the attaching wire itself may
      spin. The fishing line release arm has an adjustable tensioning feature so
      that any particular tension may be utilized with the clip.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  An outrigger fishing line release clip is disclosed having a resilient
      body, the body having a longitudinal channel disposed therethrough for
      receiving an outrigger attaching wire, said channel being disposed
      adjacent one lateral side of said body. A release arm groove is disposed
      on the opposite side of said body along the opposite lateral edge surface.
      The release arm is pivotally disposed and connected at one end to said
      body within said groove portion, said arm being moveable from a first
      position to a second position relative to said body. The body includes,
      along an upper edge, bifurcated engaging arms disposed along the top
      portion, said arms being engageable with the free end of the fish line
      release arm when the fish line release arm is in a second locked position.
      A tension adjusting nut and bolt are connected through the bifurcated
      engaging arms and allow for the arms to be tensioned as desired. The
      release arm may be connected by a nut and bolt at the pivot point. The
      body edges are smooth and rounded, eliminating sharp pointed edge portions
      to reduce entanglement and engagement of the fishing line.
PAR  In operation, an outrigger attaching wire coupled to the clip body through
      a channel in the body is connected at each end to the outrigger line. The
      fish line release arm is moved to an open position and the fish line is
      placed therein. The tensioning means is then adjusted as desired to
      provide the proper tensioning on the fish line release arm. The release
      arm is locked and tensioned. The outrigger line is then payed out so that
      the fishing line is positioned where desired. Should a fish strike the
      fishing line, the line will be released from the clip body by the opening
      of the release arm.
PAR  It is an object of this invention to provide an improved outrigger fishing
      line release clip.
PAR  It is another object of this invention to provide a fish line release clip
      which is utilized with an outrigger, the clip reducing or preventing
      entanglement of the fishing line.
PAR  And yet another object of this invention is to provide an outrigger fish
      line release clip which has an adjustable tensioning means with respect to
      the release of the fishing line itself.
PAR  In accordance with these and other objects which will be apparent
      hereinafter, the instant invention will now be described with particular
      reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a side elevational view of the instant invention.
PAR  FIG. 2 shows an end elevational view of the instant invention.
PAR  FIG. 3 shows a top plan view of the instant invention.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawings and specifically FIG. 1, the instant
      invention is shown generally at 10 comprising a resilient body 12 which
      may be made in a unitary fashion of a plastic material or the like, the
      body 12 having the central portion with a groove 22 disposed along one
      lateral side and a curved release arm 20 which is connected at one end to
      the clip body 12 by a pivot screw 18. The screw 18 is connected to a nut
      30 (FIG. 2) on the other side, the nut being disposed flush within the
      housing to prevent entanglement. The free end of the release arm 20 is
      releasably connectable between upper bifurcated arms 12B which protrude
      along the top portion toward one side of the body 12. Disposed through the
      bifurcated arms 12B is a thumb screw 24 and a nut 16, the nut being
      embedded within a groove within the body arm 12B to prevent rotation and
      to prevent the nut and screw end from protruding outside the body. A
      spring 28 is included for increased tensioning adjustment. The screw 24
      and nut 16 constitute an adjustable tensioning screw to adjust the tension
      between the bifurcated arms 12B. This allows a variable magnitude of
      tensioning force to be placed on the release arm 20 to adjust the release
      tension that it takes to disengage the release arm from between the
      bifurcated arms 12B. Disposed on the opposite lateral side of the body 12
      are second pairs of arms 12A disposed at the top and bottom which define a
      closed channel 26 for receiving the outrigger line attaching wire 14. The
      attaching wire 14 is slidably connected and disposed within the channel 26
      formed by the flexible arms 12A. Thus the clip body 12 is free to slide
      longitudinally along the axis of the attaching wire 14 and is free to
      rotate about the wire. The channel 26 formed by both arms 12A may be a
      continuous channel through the length of the body 12. It is essential that
      the channel 26 is disposed adjacent one side of the device and offset from
      the center of gravity of the body. The clip will tend to hang in
      conjunction with the attaching wire rather than pivot because of the
      center of gravity offset.
PAR  The body portion itself is angled and the lower right hand portion is
      curved and protrudes forward to insure the hanging of the device while
      allowing it to slide freely if a fishing line engages it.
PAR  The outrigger line attaching wire 14 may have attaching eyes disposed at
      each end to allow a releasable clip on each end to fix the wire itself to
      the outrigger line. The device may also include a bell or audio means
      attached adjacent the open position on the release arm with which the
      release arm strikes, thus providing an audio signal to be emitted whenever
      the release arm is opened. The bell could be affixed to the bottom part of
      the attaching wire to allow it to be struck when the release arm moves to
      an open position.
PAR  By positioning channel 26, which receives the attaching wire 14 to couple
      the body 12 to the outrigger line, adjacent one lateral side such that the
      center of gravity of the body is away from the attaching wire itself while
      providing a free movement of the body relative to the attaching wire, the
      clip body with the shape shown extends the center of gravity away from the
      attaching wire so that it will hang while being coupled to the outrigger
      line which acts to stabilize the body to reduce fouling and rotation of
      the body. Further, the attaching wire 14 is free to rotate without
      rotating the clip body itself.
PAR  The overall body is streamlined to prevent snagging and to allow under
      water utilization by reducing the frictional flow of water about the body
      during trolling operations. The release clip may be utilized within or
      without the water or with a kite rig and other conventional rigs using an
      outrigger fish line release principle. Thus, the device is useable with an
      outrigger, down rigger or kite fishing rig.
PAR  The instant invention has been shown and described herein in what is
      considered to be the most practical and preferred embodiment. It is
      recognized, however, that departures may be made therefrom within the
      scope of the invention and that obvious modifications will occur to a
      person skilled in the art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A fishing line release clip which is attachable to an outrigger line
      comprising:
PA1  a body portion, said body having a channel longitudinally disposed adjacent
      one side edge with the center of gravity of said body being disposed away
      from the axial line of said channel, said body including on the opposite
      side edge a bifurcated pair of arms and a lateral side groove, said
      bifurcated arms and groove lying in the same plane being the plane of the
      body itself;
PA1  an outrigger attaching wire connected through said body channel;
PA1  a fishing line releasing arm pivotally connected at one end within said
      lateral groove portion of said body with the opposite end being removeably
      engageable between said bifurcated arms; and
PA1  tensioning means coupled between said bifurcated arms for providing
      adjustable tension force between said arms.
NUM  2.
PAR  2. A release line clip, as in claim 1, including:
PA1  audio alarm means connected to said attaching wire and engageable with said
      pivotal release arm when said release arm is moved to an open position.
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ABST
PAL  A long loop of tubular textile material stuffed with fiber, foam or a
      cotton rope passes through a cushion body, so as to form a handle at the
      top and dangling legs at the bottom. The bottom of the cushion is straight
      and the remainder of the edge is a curve from the summit of which the
      handle protrudes. Features of a face and hands are provided on the front
      of the cushion. A pocket on the back, open to the top, is large enough for
      inserting the end portion of the dangling legs, and thereby giving the toy
      an attractive rest position. The toy thus has some aspects of a fanciful
      stuffed animal type doll, a handbag and a cushion, but it is designed to
      induce its child possessor to use the dangling legs for practice in tying
      knots.
BSUM
PAR  This invention concerns an educational toy representing a fanciful being
      and having some attributes of a pillow, preferably also of a handbag, and
      being distinguished particularly by long dangling legs suitable for a
      child's practice in tying knots.
PAR  For teaching children the tying of knots and shoelaces, neckties, hair
      bows, and the like, it is desirable to utilize ropes at least as heavy as
      clothsline both for demonstration and practice, so that the course of each
      rope in a knot can readily be seen. According to the present invention it
      is desirable for this purpose to utilize ropes of relatively large girth
      having great flexibility to make such ropes available to children in a
      more attracting and intriguing form than ordinary rope.
PAR  It is an object of the present invention to provide an educational toy of a
      kind which the child will like to have with him because of its appeal to
      his fancy and which will put at his disposal material and occasions for
      practicing the tying of common useful knots.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, a soft decorated body in the form of a cushion, either permanently
      decorated on at least one side in the form of a fanciful face, or else
      provided with means for attaching the features of a face, is made around a
      loop of thick and very flexible material, which may be a loop of tubular
      material that encloses a very flexible rope or is stuffed with a soft
      filling at least in the portions outside of the cushion body. The loop is
      fastened to the cushion body at the places where it enters and leaves the
      latter and is disposed, so that a closed end of the loop extends a little
      way above the middle of one edge of the cushion body, while the other end
      of the loop is open, and the greater portion of the loop lies between the
      cushion body and the open end. The cushion body is preferably of half-moon
      shape, with the legs dangling from the straight side.
DRWD
PAR  The invention is further described by way of specific example with
      reference to the accompanying drawing, in which:
PAR  FIG. 1 is a front elevation view of the educational fanciful doll of the
      present invention in extended position;
PAR  FIG. 2 is a front view of the educational fanciful doll of the invention in
      a carrying position;
PAR  FIG. 3 is a perspective view of the doll of FIGS. 1 and 2 in a set-up rest
      position, and
PAR  FIG. 4 is a median cross-section, partly broken away, of the doll of FIGS.
      1, 2 and 3.
DETD
PAR  FIG. 1 shows a fanciful educational doll, illustrating the invention,
      composed of a half-moon cushion-like body 1 and a thick rope loop 2
      passing through the half-moon body 1 to form a handle 3 and long dangling
      legs 4 and 5. The loop 2, including the handle and the legs, is made of a
      tubular material preferably a textile material that is soft and pleasant
      to touch and decorated in an attractive consistent pattern generally
      indicated in FIG. 1 by the criss-cross pattern shown. The leg and handle
      portions are stuffed with a soft filling such as a cotton rope, polyester
      or other synthetic fiber, kapok or injected fiber shreds or flexible
      plastic foam. A cotton rope is at present preferred, but other suitable
      materials may be cheaper. The stuffing of the loop 2 may continue right
      through the portion of the loop inside the half-moon body 1 or it may be
      omitted for that interior portion, in which case the tubular material of
      the loop still continues right through. It is essential that at least the
      stronger part of the loop rope should continue right through from handle
      to legs in order to make the article sturdy enough for rough use and to
      simplify the fastening to the cushion body. The loop is preferably
      stitched to the covering of the half-moon body where it passes through the
      covering, and it is convenient to pinch the loop somewhat where it is
      stitched.
PAR  The half-moon body 1 is made as a small pillow, preferably with two roughly
      half-moon shaped pieces of felt stitched together around the edges and, as
      mentioned before, stitched to the loop 2 where it passes through the edges
      of the half-moon body. Instead of felt, corduroy or a pile fabric could be
      used, or a synthetic material flocked on the surface to provide a soft
      surface that does not feel cold or clammy. The interior of the half-moon
      body 1, like the loop 2, is stuffed with a soft material, such as
      polyester fiber, kapok or an injected shredded fiber or foam material.
PAR  The contour of the half-moon body is not necessarily strictly semicircular.
      In fact, the height is desirably made a little more than half the width.
      For a width of about 11 inches and a height of about 7 inches, for
      example, the thickness in the center of the cushion body may conveniently
      be about 3 inches. These dimensions are of course only illustrative, for
      the article can be made in a variety of sizes. The length of the dangling
      legs may typically be between 20 and 30 inches, although in the interest
      of variety shorter or longer legs might be used.
PAR  The half-moon body is provided with patches of bright colors, including a
      path 10 simulating a mouth, patches 11 and 12 simulating eyeballs, patches
      13 and 14 simulating the central part of the eye and patches 15 and 16
      representing hands. The features shown in FIG. 1 are purely illustrative.
      Further detail may be shown in the eye, distinguishing pupil from iris,
      and further detail may be shown in the mouth rather than a single solid
      color patch. Various models of fanciful faces, some with moustache or
      beard, some with indication of a hair line, may be provided. The patches
      may be of the same type of felt as the covering of the half-moon body, but
      in contrasting colors, and may be simply stitched on. A further
      educational entertainment feature can be provided by applying to the
      half-moon body patches of a hook material, such as the kind sold under the
      trade name VELCRO. In that case patches to designate the face and hand
      features would be detached and would on their undersides have an
      open-felted material, such as is commonly used for engaging the
      above-mentioned hooked material. The combination of the open-felted
      material and the hooked material acts like a pressure sensitive adhesive.
      When one is applied to the other they stick together, but with a pull from
      one edge they can be disengaged. In fact all of one of both surfaces of
      the half-moon body may be coated with one of these materials, so that
      various kinds of patches can be placed anywhere on its surface. On the
      other hand, even if small patches of hooked material, as indicated in
      dashed lines at 20, are used on the half-moon body in FIG. 1, a certain
      variety in angular position to indicate slight differences in facial
      expression can be provided by the child applying the feature patches to
      the half-moon body.
PAR  FIG. 2 shows the educational fanciful doll of this invention with the
      dangling legs tied into a bow knot. The legs would normally be tied in
      this or some similar fashion for carrying the doll around without dragging
      the legs.
PAR  FIG. 3 illustrates one reason why a pocket is provided on at least one side
      of the half-moon body. In FIG. 3 the ends of the dangling legs are stuffed
      into the pocket forming a pair of loops out of the remainder of the legs,
      which can then serve as a stand for holding the half-moon body with the
      face features exposed in a slightly reclining but essentially erect
      position. In this way the fanciful figure can be given a pleasing aspect
      on a dresser or table, while it is not being played with.
PAR  The pocket is also useful for educational purposes to teach counting when
      the child puts small articles in the pocket counting them in, counting
      part of them out and then counting the remainder out, and so on. The child
      may also use it to carry small articles around. This is of particular
      interest in getting girls accustomed to carrying a handbag and both boys
      and girls to carrying various school requirements around.
PAR  FIG. 4 is a cross-section down the middle of the article on a plane
      perpendicular to the front face. The two covering surfaces of the
      half-moon body are indicated at 21 and 22. The patches indicating face
      features on the half-moon body have been omitted for simplicity of
      illustration. The loop forming the legs is shown in cross-section, as it
      is cut by the cross-section plane at 25. For simplicity in stitching it to
      the half-moon body, the loop is pinched at 26 and 27. The interior of the
      half-moon body is filled with polyester fiber shown symbolically at 30.
PAR  A large patch 35 stitched on the back of the half-moon body at the bottom
      and sides, forms a patch pocket covering most of the back surface. The
      same type of soft-surfaced material, such as felt, used for the covering
      of the half-moon body is also used for the patch pocket. The patch pocket
      covers most of the surface of the back side of the doll in this
      illustrative embodiment, but does not cover the upper portion of the
      half-moon body near the handle, so that the pocket would not be
      excessively deep and can have quite a wide opening. Of course the fanciful
      doll of this invention can also be provided with a pocket on both sides of
      the half-moon body, since the front pocket could be extensive enough in
      area to carry all the face features.
PAR  Other variations that do not depart from the inventive concept are, for
      example, the provision of pieces of felt, closth or fabric on the ends of
      the dangling legs to simulate feet, provision of a ruffle at the bottom of
      the half-moon body, provision of dangling hands instead of the patches
      15,16, provision of a third long cord simulating a pigtail of hair coming
      out of the back of the head, so that the child can use it to practice
      braiding with the other two (leg) ropes, and so on. When two of the
      fanciful dolls of this invention are available, a child can use three of
      the four legs to practice braiding.
PAR  The fanciful educational doll of this invention has the advantage of
      combining an intriguing appearance and a wide variety of ways of use. It
      can even be used as a decorative pillow for a family room sofa or chair.
PAR  Although the invention has been described by way of example, it is to be
      understood that various modifications may be made within the inventive
      concept without departing from the spirit of the invention. For example, a
      cotton rope not covered with a decorative textile could be used to provide
      the loop forming the handle and dangling legs.
PAR  Both the stuffed tube form and the plain rope form of the leg and handle
      member may be generally referred to as a loop of rope. For the purpose of
      this invention, the word "rope" is used in the modern sense without
      necessarily meaning a twisted or stranded body.
CLMS
STM  I claim:
NUM  1.
PAR  1. An educational doll toy for encouraging practice in knot-tying,
      comprising:
PA1  a long open loop of highly flexible material, held together in the general
      form of a thick rope, said loop having a bend in the middle so as to
      provide legs of substantially equal lengths, and
PA1  a soft cushion body through which the legs of said rope loop pass and to
      which said rope loop legs are fastened in such a way that the closed end
      of the loop forms a short handle of the same material as the legs and
      integral therewith and the greater part of the legs of the loop dangle
      from the edge of the cushion body opposite to the edge from which the
      handle protrudes, the dangling portion of the length being of sufficient
      length, and being sufficiently limp, for the tying of a full bow knot
      therewith;
PA1  said cushion body having a countour composed of a substantially straight
      portion from which the loop legs dangle and an arcuate portion from the
      middle part of which the handle-forming closed loop end protrudes, which
      contour provides said body with a roughly half-moon cushion shape.
NUM  2.
PAR  2. An educational doll toy as defined in claim 1 in which said cushion body
      has a pocket on one side open to the top, the top being defined by the
      position of said handle, said pocket being of a size sufficient for
      insertion of a substantial length on the tips of said dangling legs.
NUM  3.
PAR  3. An educational doll toy as defined in claim 2 in which the outside cover
      material of said cushion and also the material forming said pocket is a
      textile material.
NUM  4.
PAR  4. An educational toy as defined in claim 3 in which at least one side of
      said cushion body is decorated to represent features of a fanciful face.
NUM  5.
PAR  5. An educational toy as defined in claim 3 in which patches of a material
      designed to produce adhesion by dry engagement with another particular
      material are provided on at least one side of said cushion body and
      disposed for attachment by dry adhesion of textile patches representing
      features of a face.
NUM  6.
PAR  6. An educational toy as defined in claim 2 in which one side of said
      cushion body is formed of a material providing a plurality of small
      filament loops suitable for engagement with decorative patches provided on
      their undersides with a material providing a multiplicity of small hooks.
NUM  7.
PAR  7. An educational toy as defined in claim 2 in which said rope loop
      comprises a tubular textile covering and a filling, said filling being
      provided at least in the portions of said loop outside of said cushion
      body and being of a material selected from the group consisting of natural
      and synthetic textile fibers and flexible synthetic resin foam.
NUM  8.
PAR  8. An educational doll toy as defined in claim 2 in which said cushion body
      has a filling of the material selected from the group consisting of
      natural and synthetic textile fibers and flexible synthetic resin foam.
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ABST
PAL  A toy helicopter rotor comprises a hub with rotor blades radiating
      therefrom. The hub comprises upper and lower hub parts having formations
      which releasably lock the parts together upon relative turning
      therebetween. Each blade has a root which is received in a complementary
      recess in the lower hub part and is trapped by the upper part, whereby the
      blades are secured to the hub. Projections on the blade roots retain the
      blades against radial, lateral and torsional movement and prevent them
      flying out of the hub in use.
BSUM
PAR  This invention concerns a rotor for a toy helicopter, for example a free
      flying toy helicopter, which rotor is rotated by centrifugal force for a
      time during the flight, and which comprises two or more rotor blades
      releasably fixed to a rotor hub by their blade roots.
PAR  In such rotors it is necessary to secure the blade roots such that, as the
      rotor turns, no aerodynamic variations occur in the rotor blades and so as
      to ensure that the relatively high radial forces of the rotating blades do
      not pull the latter out of the rotor hub and thereby cause danger.
PAR  It is known to fix the rotor blades of a toy helicopter to the rotor hub in
      such manner that the centrifugal force radially moves the rotor blades to
      control their set angle. In this case the rotor blade roots are positioned
      between two hub bodies and retained by additional connecting means. The
      disadvantage of this construction resides in that it is relatively
      difficult to mount or dismantle the rotor blades. In addition, such a
      construction is technically very expensive and sensitive in operation.
      Other embodiments provide a rotor which is made in one piece and which
      must accordingly be fixed to the helicopter as a unit, which produces
      packing problems owing to the rotor diameter in the case of a large toy
      helicopter. Moreover, the tool costs for manufacturing a rotor by
      injection moulding are substantial.
PAR  Likewise, in known constructions the rotor blades are made as opposed
      connected pairs arranged crosswise one above the other and engaged in one
      another to form a four-blade rotor. In this case the disadvantage is that
      it is not possible to simply take apart the rotor whithout loosening
      securing screws or the like if danger due to the rotor blades flying
      outwards is to be avoided. Moreover, the appearance of such a rotor does
      not correspond with that of an original helicopter, which has a rotor head
      in which the individual rotor blades are fixed.
PAR  The object of the invention is accordingly to provide a rotor for toy
      helicopters which does not have the stated disadvantages and which at the
      same time comes very near to the original appearance of a helicopter.
PAR  According to the invention there is provided an airfoil rotor for a toy
      helicopter, comprising two or more rotor blades which are fixed to a rotor
      hub by their blade roots, wherein the rotor blades are secured against
      radial and lateral movement as well as against torsional movement and are
      positively connected with the rotor hub.
PAR  Preferably the arrangement is such that the rotor hub comprises upper and
      lower body halves which can be positively and releasably connected
      together by turning with respect to one another about the axis of the
      rotor shaft, whilst the blade roots of the rotor blades can be positively
      inserted from the plane between the two hub bodies into at least one body
      half of the rotor hub. The result of this is that the whole construction
      of the rotor comprises only the rotor blades and two hub parts. Additional
      means for connecting the hub parts are not required.
DRWD
PAR  To facilitate understanding of the invention and to enable it to be readily
      carried into practice, reference will now be made to the accompanying
      drawings which illustrate one embodiment by way of example. In the
      drawings:
PAR  FIG. 1 is an exploded perspective view of a rotor hub in accordance with
      the invention, showing one rotor blade root removed,
PAR  FIG. 2 is a sectional view of a part of the rotor hub according to FIG. 1
      with one rotor blade root shown partly inserted,
PAR  FIG. 3 is a sectional view of the same rotor hub in the closed condition.
DETD
PAR  Referring to FIG. 1, the rotor comprises a lower hub body 1, an upper hub
      body 2, a rotor shaft 4 and three rotor blades 8, 9, 10, the roots of
      which are shown at 5. As can be seen from the drawing, the blade roots 5
      have projecting body parts 6 which are so shaped as to permit positive
      coupling with the lower hub body 1. The lower hub body 1 for its part has
      a hollow space 7 in which the projecting parts of the blade roots can be
      inserted. The rotor blades 8 and 9 are shown inserted in the lower hub
      body 1 in the drawing, whilst the rotor blade 10 is illustrated in a
      removed condition. The upper hub body 1 can, after it has been laid on the
      lower hub body 1, be positively connected to the latter to form a unit, by
      turning the upper body rightwardly through a few millimeters, so that the
      connecting formations 11 thereon engage the lower hub body. This method of
      connection also prevents the complete hub sliding on the rotor shaft 4 in
      the vertical direction as the upper hub body 2 is closed in the region of
      the axis.
PAR  In FIG. 2 the same lower and upper hub bodies 1 and 2, respectively, are
      shown in partial section. it can here be seen how the blade 10 is anchored
      by the blade root 5 so that it cannot be pulled out even by high radial
      forces. This also applies if the rooter blade is lifted through an angle
      as shown in the drawing.
PAR  The blade root has an additional formation 12 which enables the rotor blade
      to be freed first in the vertical and radial direction if the tip of the
      rotor blade is lifted further than shown in the drawing so that the whole
      rotor blade adopts a relatively steep inclined position with respect to
      the plane of the rotor. The surface 13 on body 12 remains on the opposing
      surface 14 of the rotor hub when the rotor blade is brought into an
      inclined position. This ensures that, in the case of unexpected arrest by
      the upper hub body 2, the rotor blades cannot fly out and thereby cause
      danger even if the rotor is turning quickly. The step 15 on the blade root
      5 enables the rotor blades to be hung in position without falling out in
      the normal position of the toy helicopter, without affecting the upper hub
      body 2. As soon as centrifugal forces occur as the rotor turns, the rotor
      blade 10 will be drawn into the plane in which the rotor turns, whereupon
      automatic arrest will follow. In this way the inserted rotor blades are
      secured in several ways.
PAR  At the same time it is possible to remove the blades by turning and lifting
      the hub body 2 so that the rotor can be packed in a small space. The
      surface 16 of the upper hub body 2 is so shaped as to contact the head 17
      of the rotor shaft 4 in the assembled condition of the two hub bodies, and
      thereby prevent vertical sliding of the lower hub body 1 on the rotor
      shaft 4.
PAR  In FIG. 3 it can be clearly seen that the shaping of the rotor blade root 5
      is such as to secure the rotor blade against flying outwards when the
      rotor is turning at high speed. The connecting formations 11 on the upper
      hub body 2 engage below the lower hub body 1 and thereby further ensure
      additional safety in the connection between the rotor blades and the rotor
      hub.
PAR  The described construction can also be modified so that the lower hub body
      1 is frictionally or positively fixed to the rotor shaft 4, whilst the
      upper hub body 2-- as already shown -- is releasably fixed.
PAR  The invention presents various advantages. One is that the rotor blades can
      be inserted and fixed in simple fashion in the hub of the rotor. Positive
      connection of the blade roots with at least one part of the hub ensures
      that unintentional sliding of the rotor blades is avoided and accordingly
      that detrimental imbalance of the rotor cannot take place. The fixing of
      the rotor blades to the rotor hub in accordance with the invention ensures
      that both with the rotor hub open and with it closed, the rotor blades
      cannot fly out as the centrifugal force which occurs tends to additionally
      retain the rotor blades. Play appeal of the helicopter is increased by the
      fact that the rotor blades can be packed in a small space by simply
      removing the upper half of the hub. A further advantage resides in that
      the whole rotor comprises merely the blades and the two parts of the hub
      so that it can be manufactured very economically.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotating wing assembly for free flying toy helicopters comprising:
PA1  upper and lower rotor hub members,
PA1  at least two rotor blades, each of said blades having a rear portion
      adapted to be releasably insertible into said lower rotor hub member, said
      rear portion being provided with at least one projection extending
      laterally therefrom.
PA1  said lower rotor hub member being provided with grooves adapted to receive
      said at least one projection,
PA1  said upper rotor hub member being provided with connecting members adapted
      to releasably engage said lower rotor hub member so as to lock said upper
      and lower rotor hub members together and thereby lock said blades within
      said wing assembly when said upper rotor hub member is twisted with
      respect to said lower rotor hub member so as to cause said connecting
      members to engage said lower rotor hub member.
NUM  2.
PAR  2. A rotating wing assembly as claimed in claim 1 wherein each of said
      blades is provided with two pairs of projections, each projection in each
      said pair being oppositely opposed.
NUM  3.
PAR  3. A rotating wing assembly as claimed in claim 2 wherein said projections
      extend substantially perpendicularly to the longitudinal axis of said
      blade.
NUM  4.
PAR  4. A rotating wing assembly as claimed in claim 3 wherein the lower rotor
      hub member has a top and bottom surface and the rear portion of said blade
      when inserted into said lower rotor hub member is flush with the top
      surface of said lower rotor hub member.
NUM  5.
PAR  5. A rotating wing assembly as claimed in claim 1 wherein the rear portion
      of said blade is provided with an additional projection, said additional
      projection depending from and extending rearwardly of said rear portion,
      and wherein said lower rotor hub member is provided with a socket adapted
      to receive said rearwardly extending projection.
NUM  6.
PAR  6. A rotating wing assembly as claimed in claim 5 wherein at least a
      portion of said socket overlies said rearwardly extending projection.
NUM  7.
PAR  7. A rotating wing assembly as claimed in claim 1 wherein said lower rotor
      hub member is provided with an opening extending along the vertical axis
      thereof, said assembly further including a rotor shaft extending through
      said opening, said rotor shaft being provided with a head and wherein said
      upper rotor hub member includes a downwardly extending projection adapted
      to engage the head of said rotor shaft when said upper and lower rotor hub
      members are locked together.
NUM  8.
PAR  8. A rotating wing assembly as claimed in claim 1 wherein the portions of
      said upper and lower rotor hub members which are in contact when said
      members are locked together are level.
NUM  9.
PAR  9. A rotating wing assembly as claimed in claim 8 wherein said assembly
      further includes a rotor shaft located within said lower rotor hub member
      and wherein said upper rotor hub member is provided with a downwardly
      extending projection adapted to engage said rotor shaft when said upper
      and lower rotor hub members are locked together so as to prevent axial
      shifting of said rotor shaft.
NUM  10.
PAR  10. Rotor according to claim 7, wherein the lower rotor hub body is fixed
      frictionally or positively to the rotor shaft, whilst the upper rotor hub
      body is releasably secured to the lower body.
NUM  11.
PAR  11. A rotating wing assembly for free flying toy helicopters comprising:
PA1  a blade having a shaped rear portion,
PA1  upper and lower rotor hubs,
PA1  said lower rotor hub being adapted to receive the shaped rear portion of
      said blade,
PA1  said upper rotor hub having connecting members adapted to releasably engage
      said lower rotor hub when said upper rotor hub is placed in contact with
      said lower rotor hub and rotated with respect to said lower rotor hub
      about the axis thereof so as to lock said upper and lower rotor hubs
      together and said blades within said assembly.
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PAL  A coupling member for a toy vehicle drive system that may be employed in
      various play situations. The coupling member is generally comprised of an
      exaggerated triangularly-shaped portion and a funnel-shaped portion. The
      exaggerated triangularly-shaped portion allows the toy vehicle to be
      driven forward and backward, and also allows it to complete a U-turn and
      to be disengaged from the drive chain of the drive system. The
      funnel-shaped portion ensures that the toy vehicle may be engaged by the
      driven chain when the child desires to drive the toy vehicle in its
      forward direction.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to toy vehicle play situations, and more
      particularly to a coupling member for primarily retaining a toy vehicle to
      a flexible drive chain of a toy play board.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Toy vehicle road systems employing toy vehicles that are externally powered
      by various types of mechanical means have been use for a great number of
      years. Quite a few approaches have been utilized to attach toy vehicles to
      external drive means. In some cases, the coupling member permanently
      retained the toy vehicle to the external drive means and, in other cases,
      the coupling member allowed the toy vehicle to be disengaged from the
      external drive means. However, for the most part, these prior systems have
      become too expensive to employ in modern toy vehicle play situations, or
      such prior systems have not been reliable for one reason or another,
      including breakage problems because the systems were not able to survive
      the normal wear and tear generally imposed upon toys by children.
PAR  Accordingly, it is an object of the present invention to provide an
      inexpensive coupling member for toy vehicles that are not self propelled.
PAR  It is a further object of the present invention to provide a drive system
      for toy vehicles that may be employed in many play situations, for
      example, in a city traffic play situation or in a country outing play
      situation.
PAR  It is a still further object of the present invention to provide a coupling
      member for toy vehicles that allows a child to maneuver the toy vehicle so
      as to make U-turns and also to park the toy vehicle.
PAR  It is another object of the present invention to provide a coupling member
      that is inexpensive, yet durable and highly reliable.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the objects set forth above, this invention provides a
      coupling member for a toy vehicle drive system that may be employed in
      various play situations. The coupling member is generally comprised of an
      exaggerated triangularly-shaped portion and a funnel-shaped portion. The
      exaggerated triangularly-shaped portion allows the toy vehicle to be
      driven forward and backward, and also allows it to complete a U-turn and
      to be disengaged from the drive chain of the drive system. The
      funnel-shaped portion ensures that the toy vehicle may be engaged by the
      drive chain when the child desires to drive the toy vehicle in its forward
      direction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Additional objects, advantages and characteristic features of the present
      invention will become readily apparent from the following description of
      the preferred embodiments of the invention when taken in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1 is a top plan view of a simplified toy vehicle system, illustrated
      partially in block schematic form, in accordance with the present
      invention;
PAR  FIG. 2 is a perspective view of a drive chain employed in the toy vehicle
      system illustrated in FIG. 1 in accordance with the present invention;
PAR  FIG. 3 is a top plan view of the drive chain located within a chain guide
      in accordance with the present invention;
PAR  FIG. 4 is a side elevational view of drive chain and drive chain guide
      taken along the line 4--4 of FIG. 3 in accordance with the present
      invention;
PAR  FIG. 5 is a bottom plan view of a toy vehicle having a coupling member
      attached thereto in accordance with the present invention;
PAR  FIG. 6 is a plan view of the top of the coupling member of FIG. 5 in
      accordance with the present invention;
PAR  FIG. 7 is a plan view of the bottom of the coupling member of FIG. 5 in
      accordance with the present invention; and
PAR  FIG. 8 is an exaggerated perspective view of the coupling member, partially
      exposed, having an engaging member of the drive chain retained therein, in
      accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown a top plan view of a toy vehicle
      system 10, illustrated partially in block schematic form, in accordance
      with the principles of the present invention. The toy vehicle system 10 is
      generally comprised of a toy play board 11 having a roadway 12 over which
      a toy vehicle 13 may be driven. It should be understood that this toy play
      board 11 merely illustrates a simplified version of a toy play situation,
      and that the toy play board 11 is intended to represent various types of
      toy play situations, for example, a city traffic play situation, a country
      outing situation, or a toy racing situation.
PAR  Furthermore, the toy play board 11 may be constructed as one piece, or it
      may be comprised of a plurality of separate pieces that may be connected
      together. For example, it may be comprised of four separate sections, as
      defined by the dashed lines A; namely, left end section 11a, right end
      section 11b, and the two connecting sections 11c and 11d.
PAR  Further illustrated in FIG. 1 are other components of the toy vehicle
      system 10, for example, a driven means 14 which is comprised of drive
      sprocket wheel 15 and a crank 16, a channel 17 that is located within the
      approximate center portion of the roadway 12, a flexible chain guide 18,
      and a flexible drive chain 19. The flexible chain guide 18 may be made of
      plastic material, or the like, and it may be removably placed within the
      channel 17, except for the portion of the roadway 12 in the immediate
      proximity of the drive means 14. The flexible drive chain 19 may be made
      of plastic material or the like, and it is removably retained within the
      flexible chain guide 18 for the most part.
PAR  Referring now to FIG. 2, there is shown a perspective view of a portion of
      the flexible drive chain 19 in accordance with the principles of the
      present invention. The flexible drive chain 19 may be constructed to form
      an endless flexible drive chain for use in the toy vehicle system 10. The
      flexible drive chain 19 is generally comprised of a plurality of chain
      balls 20, a plurality of chain links 21, and a plurality of engaging
      members 22. The flexible drive chain 19 may be manufactured by various
      methods to provide a suitable drive chain that is flexible, yet durable to
      the extent that it may be driven by the drive means 14. As illustrated,
      the engaging member 22 includes a tab portion 23 on its distal end. It is
      noted at this time that the engaging members 22 are quite less in number
      in comparison to the number of chain balls 20. It has been recognized by
      the Applicants that in most practical toy play situations that the toy
      vehicles may be driven around the roadway, parked in various areas, and
      also perform various functions more easily if the engaging members 22 are
      less in number than the chain balls 20, or in other words, for example, if
      there are two engaging members 22 for approximately every three inches of
      drive chain 19, there are four chain balls 20 for approximately every inch
      of drive chain 19. One main advantage of having spaced engaging members 22
      is that a toy vehicle 13, or the like, may be more readily "picked up" by
      an engaging member 22 after the toy vehicle 13 has become temporarily
      disengaged. On the other hand, it is noted that for some applications, an
      equal number of chain balls 20 and engaging members 22 may be more
      suitable.
PAR  Referring again to FIG. 1, it may be readily appreciated by one skilled in
      the art that the aforementioned components of the drive means 14 may be
      combined and mounted on the toy play board 11 in a suitable manner and at
      an appropriate position to drive the flexible drive chain 19. As
      illustrated, when the drive sprocket wheel 15 is rotated in the clockwise
      direction, as indicated by the arrow 24, the flexible drive chain 19 is
      driven in a counterclockwise direction, as indicated by the arrow 25. As
      may be readily appreciated by one skilled in the art, the respective chain
      balls 20 are temporarily located between a respective pair of teeth of the
      drive sprocket wheel 15, and upon rotation of the drive sprocket wheel 15,
      the flexible drive chain 19 is driven.
PAR  Briefly referring to FIG. 3, there is shown a top plan view of the flexible
      drive chain 19 located within the flexible chain guide 18 in accordance
      with the principles of the present invention.
PAR  Referring now to FIG. 4, there is shown a side elevational view of the
      flexible drive chain 19 and the flexible chain guide 18, taken along the
      line 4--4 of FIG. 3, in accordance with the principles of the present
      invention. As illustrated, the chain balls 20 reside in the lower portion
      of the flexible chain guide 18, and the tab portion 23 of the engaging
      member 22 is located outside the top of the chain guide 18, as will be
      more easily understood after reading the discussions relating to FIGS. 5
      through 8.
PAR  Referring now to FIG. 5, there is shown a bottom plan view of the toy
      vehicle 13 having a coupling member 26 attached thereto. The coupling
      member 26 may be attached to the toy vehicle 13 by an adhesive connector
      27 that is fully shown in FIG. 6 and partially shown in FIG. 5. Referring
      now also to FIG. 6, there is shown a plan view of the top of the coupling
      member 26 and a top view of the adhesive connector 27 of FIG. 5. The
      coupling member 26 has a pair of placement members 28. The adhesive
      connector 27 may be of a foam material that is treated with an adhesive
      substance so that upon affixing one side of the adhesive connector 27
      between the pair of placement member 28 and the other side against the
      bottom side of the toy vehicle 13, the adhesive connector 27 is attached
      to the toy vehicle 13 as shown in FIG. 5. It is further noted that it has
      been found that when the adhesive connector 27 is of a desired thickness
      of foam material, it allows the toy vehicle 13 to be maneuvered more
      easily on the roadway 12 and also helps to retain the engaging members 22
      within the coupling member 26.
PAR  Referring now to FIG. 7, there is shown a plan view of the bottom of the
      coupling member 26 in accordance with the principles of the present
      invention. The coupling member 26 is generally comprised of an exaggerated
      triangularly-shaped portion 29 and a funnel-shaped portion 30. Briefly
      referring now to FIG. 8, there is shown an exaggerated perspective view of
      the coupling member 26, partially exposed, to illustrate the retention of
      a tab portion 23 of an engaging member 22 within the exaggerated
      triangularly-shaped portion 29.
PAR  As illustrated in FIG. 7, an engaging member 22 is resting in proximity of
      the foremost point of the triangularly-shaped portion 29. In normal
      operation, the coupling member 26 is located near the front portion, and
      on the underside, of the toy vehicle 13 as shown in FIG. 5. With an
      engaging member 22 retained within the coupling member 26, in the position
      shown in FIG. 7, and upon actuation of the drive means 14 so as to drive
      the toy vehicle 13 in its forward direction, the engaging member 22 will
      be primarily urged against a side wall 31 of a raised portion 32 so as to
      push the toy vehicle 13 around the roadway 12. As long as the velocity of
      the flexible drive chain 19 is greater than the velocity of the toy
      vehicle 13, the engaging member 22 will push the toy vehicle around the
      roadway 12. In most cases, if the operator of the crank 16 temporarily
      slows down the rotation of the crank 16, the toy vehicle 13 will move
      forward relative to the position of the engaging member 22 of FIG. 7, in
      turn, a rear side curved wall 33 of the coupling member 26 will come in
      contact with the engaging member 22, and the toy vehicle 13 will come to a
      momentary stop, or a complete stop.
PAR  On the other hand, if the operator of the toy vehicle system 10 reverses
      the rotation of the crank 16, either the engaging member 22 of FIG. 7 will
      be urged against the rear side curved wall 33 to drive the toy vehicle 13
      backwards, or one of the next forwardly located engaging members 22 of the
      flexible drive chain 19 will come in contact with the front portion 34 of
      the coupling member 26 to push the toy vehicle in its reverse direction.
PAR  As may be readily appreciated at this time, the toy vehicle 13 may be
      placed on the roadway 12, and upon movement of the flexible drive chain 19
      in a direction of travel so as to move the toy vehicle 13 in its forward
      direction, the funnel-shaped portion 30, as defined by the pair of guiding
      ridges 30a and 30b, ensure that an engaging member 22 will enter the
      coupling member 26 so as to drive the toy vehicle 13. It is further noted
      that the distal end 30c of the funnel-shaped portion 30 is sloped upward
      as defined by the lines 30d and 30e of FIG. 8 to further ensure the entry
      of an engaging member 22 into the coupling member 26.
PAR  Referring now to FIG. 1, several maneuvering capabilities of the toy
      vehicle system 10 will be discussed. For example, if the operator of the
      toy vehicle system 10 desires to have the toy vehicle 13 perform a U-turn,
      he drives the toy vehicle 13 past the U-turn area, designated by the
      numeral 35, in either direction of the roadway 12, then backs the toy
      vehicle 13 into U-turn area 35, then reverses the direction of travel of
      the flexible drive chain 19, and the toy vehicle 13 will travel in the
      opposite direction on the roadway 12. Referring again to the coupling
      member 26 of FIG. 7, when the toy vehicle is driven past the U-turn area
      35 and the direction of flexible drive chain 19 is reversed, the retained
      engaging member 22 comes in contact with the rear side curved wall 33 to
      push the toy vehicle 13 backwards into the U-turn area 35. The end of the
      U-turn area 35 farthest away from the roadway 12 is sloped upward, thus,
      the toy vehicle 13 tends to remain on, or return to, the flexible drive
      chain 19. Therefore, upon reversing the direction of the flexible drive
      chain 19, the retained engaging member 22 seeks to come back to its
      position shown in FIG. 7, and upon continued rotation of crank 16, the toy
      vehicle 13 travels forward, in the opposite direction, to complete a
      U-turn.
PAR  Also shown in FIG. 1 is a parking area 36 in the lower left-hand corner of
      the toy play board 12. Further shown is a deflector member 37 that may be
      removably attached to the edge of the roadway 12. If the operator of the
      toy vehicle system 10 desires to park the toy vehicle 13 in the parking
      area 36, he drives the toy vehicle 13 past the deflector member 37. Upon
      reversing the direction of travel of the flexible driven chain 19, the toy
      vehicle 13 travels backwards, and comes in contact with the deflector
      member 37, and at this time, the retained engaging member 22 is located at
      a rear end point 31a of the side wall 31. Also at this time, the toy
      vehicle 13 moves sideways towards a raised edge of the track, designated
      by the numeral 38. The engagement of the respective opposite sides of the
      toy vehicle 13 with the raised edge 38 and the deflecting force of the
      deflector member 37 impart a frictional force greater than the frictional
      force existing between the engaging member 22 and the rear end 31a of the
      side wall portion 31, so that the toy vehicle stops while the flexible
      drive chain 19 continues to move. Therefore, the retained engaging member
      22 travels through a slot 39, of the coupling member 26, thus the toy
      vehicle 13 is disengaged from the flexible drive chain 19. Then, the next
      engaging member 22 comes in contact with the front portion 34 of the
      coupling member 26 to push the toy vehicle 13 into the parking area 36.
PAR  Further shown in FIG. 1 is another deflector member 40 and a simulated
      grease rack 41 which may be utilized in the same fashion as the deflector
      member 37 and the parking area 36 to park the toy vehicle 13. Thus, by
      driving the toy vehicle 13 in its forward direction past the deflector
      member 40, and then backing the toy vehicle 13 past the deflector member
      40, the toy vehicle 13 may be parked on the simulated grease rack 41.
PAR  Further shown in FIG. 1 for the purpose of understanding of the play value
      of the toy vehicle system 10 are a simulated drive-in eating area 41, a
      simulated garage 43 having a parking area 44, and a turnoff ramp lever 45
      for guiding the toy vehicle 13 into a turnoff ramp area 46.
PAR  Thus, although the present invention has been shown and described with
      reference to particular embodiments, for example, a removably attached
      deflector member, various changes and modifications obvious to a person
      skilled in the art to which the invention pertains, for example, a
      deflector member affixed to the roadway, are deemed to lie within the
      spirit, scope and contemplation of the invention as set forth in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a toy vehicle, a device for coupling said toy
      vehicle to an external drive system comprising:
PA1  coupling means attached to said toy vehicle, said coupling means having an
      exaggerated triangularly-shaped portion for retaining a part of said
      external drive system to facilitate driving of said toy vehicle upon
      actuation of said external drive system, said exaggerated
      triangularly-shaped portion being located on the underside of said
      coupling means and comprising:
PA2  1. a side wall located in proximity of the front end of said coupling
      means, said side wall having a raised portion, a front section, and a rear
      curve section;
PA2  2. a rear side curved wall; and
PA2  3. a slot located between said rear curve section and said rear side curved
      wall, the width of said slot being defined by the respective locations of
      said rear curve section and said rear side curved wall.
NUM  2.
PAR  2. A combination as recited in claim 1 wherein upon actuation of said
      external drive system in a first direction that would push said toy
      vehicle in its forward direction, the external drive system is urged
      against said side wall to drive said toy vehicle forward.
NUM  3.
PAR  3. A combination as recited in claim 2 wherein upon actuation of said
      external drive system in an opposite direction, said external drive is
      urged against said rear side curved wall to drive said toy vehicle
      backwards.
NUM  4.
PAR  4. A combination as recited in claim 3 wherein upon actuation of said
      external drive system in said opposite direction, and in cooperation with
      proper frictional forces on the sides of said toy vehicle, said external
      drive system will pass through said slot to disengage said toy vehicle
      from said external drive system.
NUM  5.
PAR  5. A combination as recited in claim 4 wherein upon the cessation of
      movement of said external drive system in its first direction, said
      external drive system will contact said rear side curved wall to stop the
      travel of said toy vehicle.
NUM  6.
PAR  6. A combination as recited in claim 1 which further includes a front wall
      at the extreme front end of said coupling means, said front wall adapted
      to come in contact with said external drive system to urge said toy
      vehicle in its backwards direction.
NUM  7.
PAR  7. In combination with a toy vehicle, a device for coupling said toy
      vehicle to an external drive system comprising:
PA1  coupling means attached to said toy vehicle, said coupling means having an
      exaggerated triangularly-shaped portion for retaining a part of said
      external drive system to facilitate driving of said toy vehicle upon
      actuation of said external drive system, said coupling means including:
PA2  1. a funnel-shaped portion; and
PA2  2. a slot connecting said funnel-shaped portion to said exaggerated
      triangularly-shaped portion, said funnel-shaped portion being located to
      the rear of said exaggerated triangularly-shaped portion and also being
      closer to the rear end of said toy vehicle, and said funnel-shaped portion
      adapted to guide said external drive means in contact with said
      exaggerated triangularly-shaped portion upon proper actuation of said
      external drive means.
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ABST
PAL  A hanging apparatus for falls and hanging plant which includes a pair of
      liquid receptacles which are supported in respective top and bottom
      positions with the top liquid receptacle being substantially directly
      above the bottom receptacle. The top liquid receptacle is capable of
      dropping liquid from a plurality of locations to the bottom liquid
      receptacle, and the bottom liquid receptacle is positioned for and is
      capable of receiving the falling liquid so as to enable a multiple falls
      effect. At least one other receptacle is capable of supporting a hanging
      type plant. This plant receptacle is positioned above the bottom liquid
      receptacle, and the plant receptacle has a periphery which is different
      from the outside envelope of the falling liquid so that the hanging plant
      will not interfere with the falling liquid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With increasing number of apartments and condominiums, there has been a
      proportional increase in the demand for indoor plants. This demand is
      primarily based upon the desire to bring a little bit of the outdoors
      inside for a natural beautifying effect. Many of these plants are
      supported in various types of macrames which are capable of hanging the
      plants in single or double hanging pots. The macrames are a series of
      ropes which are normally woven by hand and which in combination provide
      the supporting saddles for each pot. The various macrame ropes are often
      braided from four strands of material, such as jute, hemp, cotton, wool,
      or similar type of fibrous material. Many new designs are new appearing on
      the market which make the hanging pots with their plants even more
      desirable as an interior decorative item.
PAC  SUMMARY OF THE INVENTION
PAR  The primary purpose of this invention is to combine another outside
      attraction, namely, a waterfall, with the combination of a hanging pot
      which has a hanging plant. The problem is to provide the true waterfall
      effect without interfering with the hanging plant. The present invention
      provides a combination which enables both the falling water and the
      hanging plant to extend downwardly without interference. This has been
      accomplished by providing a pair of liquid receptacles which are supported
      in respective top and bottom positions with the top liquid receptacle
      being substantially directly above the bottom receptacle. The top liquid
      receptacle is capable of dropping liquid from a plurality of locations to
      the bottom liquid receptacle, and the bottom liquid receptacle is
      positioned for and is capable of receiving the falling liquid so as to
      enable a multiple falls effect. At least one other receptacle, which is
      capable of supporting a hanging type plant, is supported above the bottom
      liquid receptacle. The plant receptacle has a periphery which is different
      from the outside envelope of the falling liquid so that the hanging plant
      will not interfere with the falling liquid. The various embodiments of the
      invention enable the additional combination of a light to illuminate the
      falls; the effect of the liquid, such as water, falling from a top plant
      to a bottom plant when in reality the liquid is falling from a top liquid
      receptacle to a bottom liquid receptacle; a uniform falls effect; and
      unique combinations of supporting ropes with the liquid and plant pots.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide a hanging apparatus for a
      falls and hanging plant.
PAR  Another object is to provide a hanging apparatus for a liquid falls and
      hanging plants wherein the falls appear to drop from one hanging plant to
      the other hanging plant when in reality the liquid is falling from a top
      liquid receptacle to a bottom liquid receptacle.
PAR  A further object is to provide a hanging apparatus for a falls and hanging
      plant which includes a light to illuminate the falls.
PAR  Still another object is to provide a hanging apparatus for a falls and
      hanging plant which is supported by a unique combination of ropes.
PAR  Yet another object is to provide various combinations of the aforementioned
      objects as desired.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric illustration of one embodiment of the invention
      which features the appearance of liquid falling from a top plant location
      to a bottom plant location when in reality the liquid is falling from a
      top liquid receptacle to a botom liquid receptacle.
PAR  FIG. 2 is an isometric illustration of another embodiment of the invention
      which is similar to the embodiment of FIG. 1.
PAR  FIG. 3 is a cross-sectional illustration of FIG. 2 taken along plane III --
      III.
PAR  FIG. 4 is an isometric illustration of still another embodiment of the
      invention which features a center location of the supporting ropes.
PAR  FIG. 5 is an isometric illustration of yet another embodiment of the
      invention which features a substantially uniform flow of the liquid even
      though the top liquid receptacle is off level and a light for illuminating
      the liquid falls effect.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings wherein like reference numerals designate
      like or similar parts throughout the several views, there is illustrated
      in FIG. 1 a hanging device 10 for a falls 12 and a hanging plant 14. The
      falls may be any suitable liquid, such as glycerin, water, or a mixture of
      glycerin and water. Many types of hanging plants are suitable such as
      Creeping Charlie, Ivy, Bridal Veil, or the many varieties of Wandering
      Jew.
PAR  The hanging apparatus 10 includes a pair of liquid receptacles 16 and 18.
      Means are provided for supporting the liquid receptacles in respective top
      and bottom positions with the top liquid receptacle 16 being substantially
      directly above the bottom liquid receptacle 18. The supporting means may
      include a series of ropes 20 which are combined in various ways to support
      the receptacles. Each of the ropes 20 may be made from smaller hand woven
      strands of jute, hemp, sisal, cotton, wool, and the like. In the
      embodiment of FIG. 1 four ropes 20 are utilized, three being illustrated
      in the figure, however, it is quite common to only use three such ropes
      for support purposes.
PAR  The top liquid receptacle 16 is capable of dropping liquid from a plurality
      of locations to the bottom liquid receptacle 18, and the bottom liquid
      receptacle 18 is positioned by the ropes 20 for receiving and is capable
      of receiving all of the falling liquid so as to enable a multiple falls
      effect.
PAR  The hanging device 10 includes another receptacle 22 which is capable of
      supporting the hanging type plant 14. The supporting means, such as the
      ropes 20, support this plant receptacle 22 above the bottom liquid
      receptacle 18. Further, it is important that this plant receptacle 22 have
      a periphery 24 which is different, that is smaller or larger, than the
      outside envelope of the falling liquid 12 so that the hanging plant 14
      will not interfere with the falling liquid.
PAR  The description up to this point of the embodiment illustrated in FIG. 1 is
      common to the other embodiments which are illustrated in FIG. 2, FIG. 3,
      FIG. 4, and FIG. 5. As illustrated in FIG. 1, all of these embodiments may
      also have in common a submersible pump 26 of the type having an inlet and
      an outlet. The pump 26 is located within the bottom liquid receptacle l8.
      A tube 28 may be connected to the pump outlet and may extend upwardly
      through one of the flexible ropes 20 into the top liquid receptacle 16.
      This tube preferably remains secluded as much as possible so that the
      source or liquid for the top liquid receptacle 16 will be undisclosed. The
      submersible pump 26 also has an electric cord 30 which extends downwardly
      within a rope and terminates in a plug for a wall socket. Also, as
      illustrated in FIG. 1, the embodiments may have in common the bottom
      liquid receptacle l8 and the plant receptacle 22, which is above the
      liquid receptacle 18, each having an outer periphery which is larger than
      the outer periphery of the top liquid receptacle 16. However, this element
      is not essential since in the embodiment in FIG. 4 the uppermost plant
      receptacle may be omitted and an intermediate plant receptacle may be
      provide, as illustrated, which has a periphery which is smaller than a top
      liquid receptacle. The embodiment of FIG. 4 will be explained in detail
      hereinafter. All of the embodiments may have in common a substantially
      circular top edge for each receptacle.
PAR  As illustrated in FIG. 1 a second plant receptacle 32 may be supported by
      the ropes 20 at a bottom location for carrying another plant 34. The
      bottom liquid receptacle 18 has a periphery 36 which is smaller than the
      periphery 38 of the bottom plant receptacle 32. The bottom liquid
      receptacle 18 is mounted entirely within the vertical projection of the
      periphery 38 of the bottom plant receptacle. This structure provides a
      very important feature, namely, the catching of liquid within the bottom
      plant receptacle 32 should the bottom receptacles be caused to swing past
      the catching ability of the bottom liquid receptacle 18. This structure
      and feature is also common to the embodiment of FIG. 2. Further, these
      embodiments may have in common that the top and bottom plant receptacles
      each have a top edge which is substantially circular, and the diameters
      across these edges may be substantially equal. This arrangement is ideal
      for the supporting ropes 20 to extend downwardly in a parallel fashion
      between the top and bottom plant receptacles 22 and 32.
PAR  As illustrated in FIG. 1, the top plant receptacle 22 may be provided with
      a rounded bottom. The top edge 40 of the top liquid receptacle 16 may
      engage the rounded bottom of the top plant receptacle 22 so as to provide
      a seal therebetween. If desired, the top liquid receptacle 16 may be
      mounted to the bottom of the top plant receptacle 22 in a centered
      position by a bolt and nut combination (not shown) which extends through
      the bottoms of these receptacles and is sealed by suitable rubber washers
      (not shown). In order to enable the liquid to fall from the top liquid
      receptacle 16, the top edge 40 of the top liquid receptacle may be
      provided with a series of pouring spouts 44 which allow the liquid to exit
      from this receptacle and drop to the bottom liquid receptacle 18. The
      engagement of the top edge 40 of the top liquid receptacle 16 with the
      rounded bottom of the top plant receptacle 22 is significant from the
      standpoint of providing a seal which will prevent sloshing of the liquid
      from the receptacle 16 when something causes the receptacles to swing
      about their top support. It should be noted that the embodiment of FIG. 1
      enables a circular falls effect, the envelope of which is accordingly
      circular. While all of the embodiments are shown with a circular falls it
      should be understood that other designs could be employed, such as rows of
      apertures which extend across the bottom of the receptacle.
PAR  As illustrated in FIG. 1, the bottom liquid receptacle 18 may rest within
      the interior of the bottom plant receptacle 32, and may have its top edge
      36 slightly below the top edge 38 of the bottom plant receptacle. This
      will seclude the appearance of the bottom liquid receptacle 18 especially
      when there is some height to the plant 34 which is growing within the
      plant receptacle 32. The mounting of the top liquid receptacle 16 to the
      bottom of the top plant receptacle 22 gives the appearance that this is
      one receptacle so that the liquid exiting from the pouring spouts 44
      appears to be coming from the top plant receptacle 22. This effect is
      accentuated when the plant 14 grows downwardly from the top plant
      receptacle 22. The total effect of the top and bottom arrangement of the
      receptacles is that the liquid is falling from the top plant receptacle 22
      to the bottom plant receptacle 32 when in reality the liquid is falling
      from the top liquid receptacle 16 to the bottom liquid receptacle 18. This
      effect is especially curious to the observer when the pump 26, and the
      tube 28 are secluded so that the source of liquid for the top liquid
      receptacle 16 is unknown. This may be accomplished by covering the pump 26
      and the tube 28 within the bottom liquid receptacle 18 by light rocks (not
      shown), such as volcanic rocks, thence extending the tube 28 down below
      the level of the soil 48 within the bottom plant receptacle 32, thence
      extending the tube 28 upward interiorily within one of the supporting
      ropes 20, thence extending the tube 28 downwardly within one of the
      supporting ropes for the top liquid receptacle 16, and thence extending
      the tube 28 into the top liquid receptacle 16 through one of the pouring
      spouts 44, after which the tube terminates within the top liquid
      receptacle 16 for discharging the liquid. The tube 28 may extend through a
      rigid tube 49 under the top plant receptacle 22 to protect it from being
      squeezed.
PAR  It is preferable that the ropes 20 provide top and bottom saddles for the
      respective top and bottom receptacles. As desired, the ropes may be woven
      into a column in their uppermost portion, thence divided into separate
      ropes above the top plant receptacle 22, thence each rope divided at 50
      which is at the top edge 24 of the top plant receptacle 22 into one set of
      smaller ropes which support the top receptacles 22 and 16, and another set
      of smaller ropes which extend vertically downward and are woven into a
      pigtail which forms a saddle for the bottom receptacles 18 and 32. The
      ropes forming the saddle for the top receptacles 16 and 22 may be woven
      therebelow into a column 52, thence separated therebelow to form a
      departure 54, thence woven again therebelow to form a pigtail 56.
PAR  A light fixture 57, which may include a light socket and reflector, may be
      mounted within the departure 54 of the supporting ropes in a location
      intermediate the top and bottom liquid receptacles 16 and 18. It is
      important for the operation of the light 57 that in the area where the
      ropes pass under the liquid receptacle 16 to form the saddle 54 that the
      pouring spouts 44 are spaced sufficiently apart on each side of the ropes
      so that liquid will not drop onto these ropes and travel down to the light
      57. The pouring spouts 44 may be omitted in the traversing area of these
      ropes so that all of the liquid will drop to the bottom liquid receptacle
      18 without being caught by the ropes.
PAR  It is desirable that the light fixture 57 have a reflector which is bowl
      shaped or frusto-conical shaped, as illustrated in FIG. 1, and that it be
      directed upwardly toward the bottom of the top liquid receptacle 16 so
      that light can be reflected from the bottom of the top liquid receptacle
      16 down onto the falling liquid column 12. This downward reflection may be
      enhanced by coating or glazing the bottom of the top liquid receptacle 16
      with a light colored substance which is preferably white. The electric
      cord 58 for the light fixture 57 may extend from the bottom of the
      fixture, thence upwardly within one of the supporting ropes, thence within
      one of the saddle ropes, for the top receptacles, thence downwardly within
      one of the vertical supporting ropes, and thence downwardly within the
      pigtail below the bottom receptacles and terminating in a plug for
      insertion in a wall socket.
PAR  Coming now to the second embodiment, as illustrated in FIG. 2, this hanging
      apparatus 10a may be provided with a bottom plant receptacle 32a which is
      annular with a center hole 60 for receiving a bottom portion of the bottom
      liquid receptacle 18a. The bottom liquid receptacle 18a, which may be
      considerably higher than the receptacle 18 of FIG. 1, may rest within the
      center bottom hole area 60 of the bottom plant receptacle 32a.
      Accordingly, the ropes 20 will support the bottom plant receptacle 32a
      which will in turn support the bottom liquid receptacle 18a. The liquid
      carrying tube 28 and the electric cord 30 which extend from the
      submersible pump 26 may be secluded in a similar fashion as illustrated
      and described for the embodiment of FIG. 1. The annular configuration of
      the bottom plant receptacle 32a should result in a savings of weight,
      however, if desired the bottom plant receptacle can take on the
      configuration and the same size as the bottom plant receptacle 32 of the
      embodiment of FIG. 1. The higher configuration of the liquid receptacle
      18a will ensure that none of the falling liquid splashes onto the
      surrounding structure.
PAR  The top plant receptacle 22a and the top liquid receptacle 16a may be
      substantially identical to the corresponding top receptacles in the
      embodiment of FIG. 1. The difference is in the exit ports for the liquid
      in the top liquid receptacle 16a. As illustrated in FIG. 3, the top liquid
      receptacle 16a has a series of apertures or spouts 62 which serve as
      orifices for the liquid to drop to the bottom liquid receptacle 18a. The
      apertures 62 may be arranged in a circular row. With such an arrangement
      the top receptacles 16a and 22a may be supported by a ring 63 which
      engages the bottom of the top liquid receptacle 16a. The ring 63 may in
      turn be supported by the smaller ropes 20 which extend downwardly from
      points 50. It should be noted, that with the aforementioned arrangement it
      is not critical that the top edge of the top liquid receptacle 16a be
      level to provide a uniform falls effect since a head of liquid will
      normally be provided above the apertures 62. In essence the embodiment of
      FIG. 2 is similar to the embodiment illustrated in FIG. 1 except for the
      differences noted hereinabove. If desired, a light fixture similar to that
      illustrated in FIG. 1 could be mounted by wires (not shown) which extend
      from the ring 63 in between the apertures 62 below the top receptacles
      provided it was waterproof of 12 volt so that there would be no danger if
      some of the falling liquid fell onto the light fixture. Alternatively,
      such a light fixture could even be mounted within the bottom liquid
      receptacle 18a so as to shine upwardly into the falling liquid column.
PAR  Coming now to the embodiment illustrated in FIG. 4, the hanging apparatus
      10b illustrated therein may include the top plant receptacle 22a being
      annular and resting on top of the liquid receptacle 16b. A small space,
      however, may be provided therebetween by the supporting ropes 20b that
      pass therebetween. A bottom plant receptacle 32b may be supported by the
      ropes 20b in a bottom location, and the bottom liquid receptacle 18b may
      be annular and of such a size so that it can rest on the top of the bottom
      liquid receptacle 32b.  Again, a small space may be provided therebetween
      because of the supporting ropes passing between these two receptacles. The
      center area of the bottom plant receptacle 32b is available for growth of
      the plant 34b, and if desired, openings 64 may be provided within the
      bottom plant receptacle 32b for allowing the plant to exit and fall
      therefrom.
PAR  The supporting means may include three ropes 20b which are joined together
      at a top location 66, thence are parted therebelow to provide a top
      departure 68 of the ropes, thence are joined in an intermediate location
      70, thence are parted below the intermediate location to provide a bottom
      departure 72 of the ropes, and thence are joined below the bottom
      departure to form a bottom portion or pigtail 74 of the ropes. The top
      liquid receptacle 16b may rest within the top departure 68 of the ropes,
      and the bottom plant receptacle 32b may rest within the bottom departure
      72 of the ropes. In turn, the top plant receptacle 22b rests on top of the
      top departure 68 of the ropes as well as on top of the top liquid
      receptacle 16b, and the bottom liquid receptacle 18b rests on top of the
      bottom departure 72 of the ropes as well as on the top of the bottom plant
      receptacle 32b. With this configuration, the supporting ropes 20b form a
      column in the center of the hanging device which differs from the
      arrangements of the ropes illustrated in the other three embodiments.
PAR  Further, the intermediate portion 70 of the ropes may be parted to provide
      an intermediate departure 76 of the ropes. Within this departure 76 of the
      ropes there may be disposed a light fixture 57b which may be directed
      upwardly so that the light can shine on the bottom of the top liquid
      receptacle 16b and be reflected back down about the hanging device. The
      electric cord 58 for the light fixture 57b may extend downwardly within
      the intermediate portion 70 of the ropes, thence within one of the ropes
      of the departure 72, thence within the pigtail 74 of the ropes, and
      finally terminating in a plug for a wall socket.
PAR  The intermediate portion 70 of the ropes may be further parted to provide a
      second intermediate departure 78 which is located below the departure 76
      for the light fixture 57b. The hanging device may include a third plant
      receptacle 80 which rests within the second intermediate departure 78 of
      the ropes. The periphery of the plant receptacle 80 should be smaller than
      the envelope of the falling liquid 20b so that there is no interference
      between the liquid and the plant.
PAR  The top liquid receptacle 16b may be provided with a plurality of pouring
      spouts 44b which may be spaced about the top edge of the receptacle. The
      circular column of falling liquid should correspond with the circular
      center of the annular bottom liquid receptacle 18b. In order to provide
      the source of liquid to the top liquid receptacle 16b the submersible pump
      26 may be disposed in the bottom of the bottom liquid receptacle 18b on
      one side. The tube 28 may extend from the outlet of this pump to the
      inside edge of the bottom liquid receptacle 18b, thence into one of the
      ropes of the bottom departure 72, thence into the intermediate portion 70
      of the ropes, thence into one of the ropes of the top departure 68, and
      thence between the bottom of the top plant receptacle 22b and the top of
      the top liquid receptacle 16b through the space which is provided for by
      the ropes which extend between these two receptacles. The tube 28 then
      extends downwardly into the top liquid receptacle 16b to provide a source
      of liquid therefor. The electric cord 30 from the sumbersible pump 26 may
      extend over the inside edge of the bottom liquid receptacle 18b, thence
      into one of the ropes of the bottom departure 72 of the ropes, thence into
      the pigtail 74, and thence terminating in a plug for insertion in a wall
      socket.
PAR  Coming now to the fourth embodiment, as illustrated in FIG. 5, this hanging
      apparatus 10c includes the top and bottom liquid receptacles 16c and 18c
      respectively being substantially annular. The cup size of the top liquid
      receptacle 16c may be substantially one-half the cup size of the bottom
      liquid receptacle 18c, as seen in cross-section, however, the circular
      bottom of the top liquid receptacle 16c may be substantially identical in
      diameter to the circular bottom liquid receptacle 18c. In this manner, the
      top liquid receptacle 16c may be provided with a plurality of apertures 84
      in a row along the circular bottom of this receptacle so that liquid will
      fall in a circular pattern into the middle of the annular cup of the
      bottom liquid receptacle 18c. Because of the location of these apertures a
      substantially uniform flow of liquid from each aperture will be assured
      even though the top edge of the top liquid receptacle 16c may be somewhat
      off level.
PAR  In the embodiment of FIG. 5 it is preferable that the supporting ropes 20c
      be provided with a top departure 86 which separates at points 88 with a
      portion of the ropes extending downwardly to provide a bottom saddle 90
      for supporting the bottom liquid receptacle 18c. The top liquid receptacle
      16c may rest within the top departure 86 of the ropes and the top plant
      receptacle 22c may in turn rest within the opening and on the inside edge
      of the top liquid receptacle 16c. Below the departure 86 of the ropes, the
      ropes may be joined again at 92, thence parted at 94, and thence joined
      again therebelow at 96. A light fixture 57c may be disposed within the
      departure 94 of the ropes with its electric cord extending upwardly
      therein to the juncture point 88, thence downwardly within the ropes until
      it exits from the bottom thereof and terminates in a plug for insertion in
      a wall socket. The pump 26 may be disposed within the bottom liquid
      receptacle 18c, and the tube 28 may extend upwardly into one of the ropes
      20c, thence downwardly within one of the ropes of the departure 86, and
      thence into the top liquid receptacle 16c through a groove 98 in the top
      edge of the top liquid receptacle 16c. The electric cord 30 for the pump
      26 may extend upwardly, thence downwardly and into one of the ropes in the
      departure 90, thence downwardly until it exits the ropes and terminates in
      a plug for insertion in a wall socket.
PAR  If desired, another plant receptacle 100 may be disposed within the bottom
      departure 90 of the ropes below the bottom liquid receptacle 18c. The
      foilage from this plant receptacle would tend to hide the exiting of the
      electrical cords 30 and 58.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings, and, it is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hanging waterfall and plant apparatus comprising: a pair of water
      receptacles; flexible means supporting and hanging the water receptacles
      in respective top and bottom positions with the top water receptacle
      hanging substantially directly above the bottom water receptacle; the top
      water receptacle having a plurality of openings therein for releasing
      water vertically downward in a free fall into the bottom water receptacle,
      the bottom water receptacle correspondingly shaped to the free fall of the
      water to provide an area for catching free falling water from the top
      water receptacle so as to enable a multiple waterfall effect; and flexible
      support means of the hanging apparatus located clear of the space where
      the water will fall so that the water will fall freely from the top water
      receptacle to the bottom water receptacle; at least one plant receptacle
      which is capable of supporting a hanging type plant; said flexible means
      also supporting and hanging the plant receptacle centrally above and
      superjacent with respect to the top water receptacle; the plant receptacle
      having an outermost lateral periphery which is larger than the outermost
      lateral periphery of the top water receptacle so that a hanging plant can
      extend over said periphery of the plant receptacle and drape in space
      which is outward from the periphery of the top water receptacle; and fluid
      transfer means for fluid communication between said bottom and top water
      receptacles only, including pump means; the plant receptacle not in fluid
      communication with said water receptacles, whereby upon pumping water from
      the bottom water receptacle to the top water receptacle a waterfall and a
      hanging plant can be displayed in combination without interfering with one
      another.
NUM  2.
PAR  2. A hanging apparatus as claimed in claim 1 including:
PA1  said flexible support means comprising flexible ropes extending between the
      top water and bottom water receptacles; the fluid transfer means
      comprising
PA1  a submersible pump of the type having an inlet and an outlet located within
      the bottom water receptacle; and
PA1  a tube connected to the pump outlet and extending along at least one of the
      flexible ropes and into the top water receptacle.
NUM  3.
PAR  3. A hanging apparatus as claimed in claim 1 including:
PA1  the outermost lateral periphery of the bottom water receptacle being larger
      than the outermost lateral periphery of the top water receptacle.
NUM  4.
PAR  4. A hanging apparatus as claimed in claim 1 including:
PA1  the plant receptacle and the top water receptacle each being a pot with an
      open top.
NUM  5.
PAR  5. A hanging apparatus as claimed in claim 1 including:
PA1  a bottom plant receptacle which is supported by said flexible supporting
      means in a location which is below the first mentioned plant receptacle;
      and
PA1  the bottom water receptacle having an outermost lateral periphery which is
      smaller than the outermost lateral periphery of the bottom plant
      receptacle and being located entirely within the outermost lateral
      periphery of the bottom plant receptacle.
NUM  6.
PAR  6. A hanging apparatus as claimed in claim 5 including:
PA1  each of the top and bottom plant receptacles having a top edge which is
      substantially circular, and the diameters across the edges of these
      receptacles being substantially equal.
NUM  7.
PAR  7. A hanging apparatus as claimed in claim 5 including:
PA1  the bottom plant receptacle being annular with a center hole which has an
      inside top annular edge for receiving a bottom portion of the bottom water
      receptacle; and
PA1  a bottom portion of the bottom water receptacle engaging the inside top
      annular edge of the bottom plant receptacle and being supported thereby.
NUM  8.
PAR  8. A hanging apparatus as claimed in claim 7 including:
PA1  the top water receptacle having a series of apertures which serve as
      orifices for the water to drop to the bottom water receptacle; and
PA1  the apertures being arranged in a circular row.
NUM  9.
PAR  9. A hanging apparatus as claimed in claim 5 including:
PA1  each of the receptacles having a top edge which is circular;
PA1  the top plant receptacle having a rounded bottom;
PA1  the top edge of the top water receptacle engaging the rounded bottom of the
      top plant receptacle;
PA1  the top water receptacle having a series of apertures for allowing the
      water to exit therefrom and drop to the bottom water receptacle.
NUM  10.
PAR  10. A hanging apparatus as claimed in claim 9 including:
PA1  the bottom water receptacle mounted within the interior of the bottom plant
      receptacle and having a top edge which is slightly below the top edge of
      the bottom plant receptacle,
PA1  whereby the falls effect is water coming from the top plant receptacle and
      falling to the bottom plant receptacle when in reality the water is
      dropping from the top water receptacle to the bottom water receptacle.
NUM  11.
PAR  11. A hanging apparatus as claimed in claim 1 including:
PA1  the plant receptacle and the top water receptacle each having a top edge
      which is circular;
PA1  the plant receptacle having a rounded bottom; and
PA1  the top edge of the top water receptacle engaging the rounded bottom of the
      plant receptacle.
NUM  12.
PAR  12. A hanging apparatus as claimed in claim 11 including:
PA1  the plant receptacle and the bottom water receptacle each being a pot with
      an open top.
NUM  13.
PAR  13. A hanging apparatus as claimed in claim 12 including:
PA1  the outermost lateral periphery of the bottom water receptacle being
      substantially equal in size to the outermost lateral periphery of the
      plant receptacle.
NUM  14.
PAR  14. A hanging apparatus as claimed in claim 13 including:
PA1  said support means comprising flexible ropes which extend substantially
      vertically between the lateral peripheries of the plant receptacle and the
      bottom water receptacle; the fluid transfer means comprising a submersible
      pump of the type having an inlet and an outlet located within the bottom
      water receptacle; and
PA1  a tube connected to the pump outlet and extending along at least one of the
      flexible ropes and into the top water receptacle.
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ABST
PAL  This invention relates to a method and apparatus for growing plant life
      under controlled conditions including gas discharge lamps with electronic
      means utilized to provide predetermined pulses of electric current to the
      lamps so that bursts of radiant energy are supplied to the plant life,
      these bursts of energy being of a duration in the order of microseconds
      and at a periodicity that is favorable to the plant growing processes. The
      radiant energy supplied to the plant life is within the spectral range
      required for photosynthesis and is uniform to the photoreceptors of the
      plant life.
PARN
PAR  This is a continuation of application Ser. No. 346,903 filed Apr. 2, 1973
      (and now abandoned).
BSUM
PAR  This invention relates generally to a method and apparatus for growing
      plant life under controlled conditions and to a method and apparatus for
      growing plant life utilizing artificial light sources with the radiant
      energy being supplied to the plant life in predetermined bursts.
PAR  The use of artificial light sources as a substitute for, or a supplement
      to, the sun is becoming widely used by research scientists, commercial
      growers and hobbyists in the growing of plant life. In connection with the
      use of artificial lighting for plant growth fluorescent type lamps are
      more often employed than incandescent lamps since fluorescent lamps can be
      manufactured to provide a spectral energy distribution of radiant energy
      more closely matching the radiant energy absorbed by the plants and
      required for efficient photosynthesis. Furthermore fluorescent lamps are
      considerably more efficient in generating most of the wavelengths of
      radiant energy required by a plant without the attendant near infrared
      heat energy that is emitted by an incandescent lamp. More recently higher
      pressure gas discharge lamps have been developed which are more efficient
      and make it economically feasible to commercially grow plant seedlings
      without any natural light.
PAR  While it has become commercially feasible to grow seedlings without any
      natural light because of the development of more efficient lighting
      systems and other factors, it has not been economically feasible to
      utilize artificial lighting systems exclusively for commercial crops being
      grown to maturity because of the growing area required per plant. This,
      obviously, is due to the power costs inherent in operating an artifical
      lighting system continuously during the relatively long growing period of
      the plant life, where until the plant is fully grown only a fraction of
      the totally irradiated growing area is effectively utilized. Hence,
      artificial lighting systems for growing plants has been limited in the
      past to growth of seedlings or scientific investigations and hobbyists or
      where power costs become secondary.
PAR  According to the present invention there is provided a method and apparatus
      for utilizing an artificial lighting system for growing plants wherein
      predetermined bursts of radiant energy are supplied to the plant life of a
      duration, intensity and periodicity such that the photosynthesis process
      of the plant life is maintained at a reasonably high level and the
      substantial power costs attendant with prior art artificial lighting
      systems are reduced to a fraction of their previous values because the
      average power consumed is much lower. Thus, by reason of the development
      of the present invention, for the first time artificial lighting systems
      for growing plant life on a large scale commercial basis becomes
      economically feasible.
PAR  In order that the nature of and advantages of the present invention may be
      fully appreciated it is advisable to review certain aspects of the
      photosynthesis process.
PAR  In the photosynthesis process the photo receptor system of the plant
      absorbs light photons from the radiant energy source and this absorbed
      energy is transferred within the plant to cells which convert this energy
      into the chemical energy necessary for the photosynthesis process.
PAR  It is well known that the photo receptor part of the process is very rapid
      whereas the chemical synthesis part of the process is much slower. The
      entire process of an electron absorbing or becoming excited by a light
      photon and reverting back to its lower energy state is less than 10
      nanoseconds. When an electron of a chlorophyll molecule having absorbed a
      photon reverts to its lower energy state, the absorbed energy is either
      reradiated as longer wave length energy or utilized in the photosynthetic
      process at a special energy transfer center in the plant structure. It is
      at this center that the chemical conversion process takes place. As a
      possible relative index of the chemical processing time frames, one
      experiment showed that 50 percent of the oxygen, a byproduct of the
      chemical process, was given up in the first 8 milliseconds following a
      very brief but intense flash of light and the complete reaction took a
      total of 240 milliseconds.
PAR  In an article entitled "How Light Interacts with Living Matter" appearing
      in the September 1968 edition of Scientific American, Dr. Sterling B.
      Hendricks, Chief Scientist for the Mineral Nutrition Laboratory, U.S.D.A.,
      States that the light photon energy is transferred from the absorbing
      chlorophyll molecules to a relatively few molecules that act as
      energy-trapping sinks. Further that there is about one energy trapping
      sink for each 500 chlorophyll molecules. In addition this ratio
      constitutes a bottleneck insofar as the energy transfer system is
      concerned since energy arrives at the so called sink faster than it can be
      utilized in the chemical process that follows. This buttresses previous
      findings that most plants are very inefficient in utilizing the available
      energy for photosynthetic purposes.
PAR  Thus, after some base level of intensity is reached the photons avialable
      from a continuous light source of any type cannot be utilized efficiently
      by a plant. This has led to research investigating the response of plant
      life to intermittent light, that is, flashing or cyclic lighting. This
      research was directed at photoperiodicity and specific plant responses to
      short cycles of alternating light of periods ranging from days down to
      milliseconds on and milliseconds off. The researcher has been limited in
      this area by the practicality of turning a radiant energy source on and
      off at low duty cycles and high frequencies. Photo flash units lack the
      repetitive capability and life. Incandescent lamps, by their very
      dependence on the phenomena of incandence, eliminate themselves as a
      possible candidate source for controlled high frequency pulsing.
      Fluorescent lamps on commercial flashing ballasts only alternate in an
      uncontrolled fashion at a frequency perceptible to the human eye and have
      other shortcomings. The newer medium pressure gas discharge lamps without
      design modification can be eliminated as they cannot be re-ignited for
      several minutes if turned off and have severe spectral shifts with
      pressure changes. Various mechanical devices have been utilized to
      interrupt a light which is continuously on at frequencies down to a few
      milliseconds. However, in such cases the light in effect wipes across the
      surface of the plant rather than providing controlled bursts of radiant
      energy in wave front formation.
PAR  According to the present invention one or more gas discharge lamps is
      provided with an electronic control circuit which permits the lamps to be
      energized to produce pulses of radiant energy, these pulses being of a
      duration in the microseconds range (i.e. less than a millisecond) and at a
      periodicity that is, suitable to plant growth. The radiant energy supplied
      is within the spectral range required for photosynthesis and the duration
      and periodicity of the pulses or bursts in such that a higher ratio of
      absorbed energy utilization for photosynthesis is achieved than would be
      achieved with plants grown under continuous radiant energy. The bursts are
      uniform as compared to systems where light traverses a plant so as to
      provide radiant energy to the photoreceptors of the plants' absorbing
      system simultaneously.
PAR  In my prior U.S. Pat. No. 3,422,310 issued Jan. 14, 1970 and in my pending
      patent application Ser. No. 818,375 filed Apr. 22, 1969, there are
      disclosed methods and means for controlling the current to fluorescent
      lamps. As is well known in the art, fluorescent lamps have a negative
      resistance characteristic and generally a ballast is utilized to limit the
      current flowing through the tubes once the arc is struck. In the above
      mentioned patent and patent application there is disclosed means for
      controlling the current flow in load devices such as fluorescent tubes
      independently of the electrical resistance characteristics of the load
      device. Systems such as disclosed therein may be utilized in combination
      with the pulsing means disclosed herein and the subject matter of the
      above mentioned patent and patent application is incorporated by reference
      herein.
PAR  It is therefore the principal object of this invention to provide a novel
      method and apparatus for growing plants by the plants utilizing
      predetermined pulses of radiant energy. The apparatus would provide these
      pulses at a rate and duration to achieve a higher ratio of energy
      utilization for photosynthesis than energy reradiated by the plants or
      utilized for other plant processes as compared to the same utilization
      ratio of plants grown under continuous radiant energy.
PAR  It is a further object of the present invention to provide a method and
      apparatus for growing plants under controlled conditions utilizing bursts
      of radiant energy whereby the power requirements for growing plants with
      artifical lighting on a large scale commercial basis is reduced
      significantly so as to become economically feasible.
DRWD
PAR  Other objects and many of the attendant advantages of the present invention
      will become more readily apparent upon consideration of the following
      detailed specification in connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram of a first embodiment of a digital
      lighting system in accordance with the present invention;
PAR  FIG. 2 is a diagram illustrating the arc current waveform of the lamp lead
      of FIG. 1;
PAR  FIG. 3 is a schematic circuit diagram of a second embodiment of the
      invention;
PAR  FIG. 4 is a schematic circuit diagram of a third embodiment of the
      invention; and
PAR  FIG. 5 is a schematic circuit diagram of a fourth embodiment of the
      invention, similar to that of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a simplified digital lighting circuit
      for plant growth control. A power triod 10 is connected in series with a
      bank of series-connected fluorescent lamps denoted 12 through an optional
      polarity reversing device or switch 14. Polarity reversing device 14 is
      used to combat ion migration problems encountered with the use of a D.C.
      source, these problems being most severe at higher current drive levels.
PAR  The filament of the cathode 10a of triode 10 is heated by a heater circuit
      represented by an A.C. source denoted 16. The heater circuit may take a
      number of different forms and reference is made to the above-identified
      co-pending application Ser. No. 818,375 for a discussion of a suitable
      heater circuit. A D.C. source 18 is connected in series with triode 10 and
      may be constituted by a rectified A.C. supply voltage which has been
      stepped up to a suitable level.
PAR  A grid control circuit 20 is connected to the grid 10b and cathode 10a of
      triode 10 to control the grid to cathode voltage. A signal generator 22
      produces a command signal which is connected to one input of grid control
      circuit 20. Grid control circuit 20 provides the required shaping and
      amplification of the command signal and, in addition, may modify this
      signal in accordance with the actual current flow in the lamp load 12
      and/or the light output of the lamps 12. The current flow in the lamp load
      12 is sensed by a sensing resistor 24 connected in series with triode 10,
      and a current feedback path 26 is connected as a further input to grid
      control circuit 20. Similarly, a light sensor 28 which senses the output
      of lamps 12 is connected through a light feedback 30 as a furtherinput to
      grid control circuit 20. Reference is made to the aforementioned U.S. Pat.
      NO. 3,422,310 as well as the aforementioned patent application Ser. No.
      818,375 for a description of suitable current feedback and light feedback
      techniques.
PAR  As indicated in FIG. 1, grid control circuit 20 provides a train of voltage
      pulses to the grid 10b and the cathode 10a of triode 10, the grid to
      cathode voltage of triode 10 controlling the current conduction through
      triode 10 so that the output current waveform of triode 10 corresponds
      generally to that of the pulse input. More specifically, as shown in FIG.
      2, an arc current waveform is produced which comprises a series of
      relatively high amplitude, short duration pulses 32. A typical waveform is
      shown in FIG. 2 wherein the pulses 32 are 20 microseconds in duration and
      occur every millisecond, i.e., 1000 microseconds, so that an OFF-ON ratio
      of 50 to 1 is provided. However, it will, of course, be appreciated that
      the pulsewidth of the pulses, the frequency of the pulses and the OFF-ON
      ratio of the pulses are all variable and the values set forth are merely
      exemplary.
PAR  As shown in FIG. 2, the pulses 32 may "ride" a very low level base current
      34 (1 milliampere in the given example) which serves as a "keep-alive"
      current for the lamps 12 to maintain the lamp 12 in partially ionized
      state.
PAR  It will be appreciated that with pulse duration of microseconds "on" at
      frequencies in the microsecond or millisecond ranges or stated
      differently, with duty cycle "on" to "off" ratios of one to 10, one to 50
      or even one to several hundred, the power and power handling equipment
      required will be decreased as compared with continuous power systems. In
      fact, the power requirement reductions are such as to make feasible the
      use of the system of the invention for irradiation of large growing areas.
      Further, the use of duty cycles and frequencies in question means that the
      light output, while being supra-liminal to plants, may be sub-liminal to
      the human eye depending on the pulse frequency. Further, as discussed
      above, "flooding" of the plants' energy sinks substantially reduced.
PAR  Referring to FIG. 3, there is illustrated an alternate embodiment of a lamp
      control circuit in accordance with the invention. The circuit of FIG. 3 is
      similar to a so-called "hard tube pulser" used in radar and includes a
      triode 40 and a grid control circuit represented by source 42 which
      provides a control voltage E.sub.C. A D.C. supply 44 is formed by a full
      wave rectifier 46 connected to an A.C. source 50 through a transformer 48,
      a smoothing capacitor 52 being connected across the D.C. terminals of
      rectifier 46. The duty cycle, wave shape and period of the current flowing
      through a bank of lamps 54 connected in series with triode 40 are a
      function of the control voltage produced by grid control circuit 42.
      Because, as pointed out hereinabove, the grid to cathode voltage of triode
      40 determines the current conduction of triode 40, grid control circuit 42
      can take the form of a general purpose variable duty cycle square wave or
      other function generator.
PAR  In operation, the circuit of FIG. 3 functions similarly to the circuit of
      FIG. 1, grid control circuit 42 controlling the duty cycle, period and
      amplitude of the load current flowing through tube 40 and hence through
      radiant energy producing lamps 54. Further, as in the circuit of FIG. 1,
      suitable light-to-voltage or light-to-current transducers may be provided,
      together with suitable feed back circuitry, to control the current
      conductor through lamps 54 as a function of the radiant energy output of
      the lamps 54 where closer control of the output intensity of the lamps is
      required or desired.
PAR  It is noted that, as shown in FIG. 3, a further lamp control circuit 56 can
      be employed to provide a dual circuit for photosynthesis studies. For
      example, triode 40 could drive lamps 54 with a spectral energy
      distribution in the blue region of the photosynthethetic or
      chlorophyll'(s) absorption curves. When pulsed "on" the blue light would
      activate photosystem or photo act I of the photosynthetic process within
      the plant material. Circuit 56 would drive a bank of lamps 58 such that
      light from only red energy band will be provided to activate the
      photosystem or photo act II in the plant material. By controlling the
      duration of the "red" and "blue" pulses and the time delay between the
      times when the pulses are produced, separation of the two light "acts" in
      the photosynthetic process can be accomplished thereby providing a useful
      tool towards understanding the photosynthetic process.
PAR  It should be pointed out that in many specific applications the duty cycle,
      period and amplitude of the control pulses will be determined and then
      fixed by design. For such applications, a simplified system such as shown
      in FIG. 4 might be preferable to those previously discussed particularly
      from an economic standpoint. The circuit of FIG. 4 is similar to a
      so-called "line type pulser" used in radar applications and employs D.C.
      resonant charging techniques. Referring to FIG. 4, a full wave rectifier
      60, connected to an A.C. source 62 through a transformer 64, provides a
      full wave rectified output voltage, as indicated this voltage is used to
      charge an energy storage capacitor 66 through a charging inductance or
      choke coil 68. A switching device 70 connected to the output of the
      resonant circuit formed by capacitor 66 and choke 66 discharges the energy
      stored by capacitor 66 into a load formed by a plurality of
      series-connected lamps 72. Switching device 70 may be a solid state
      control device such as a transistor or thyristor or, for that matter, a
      vacuum or gas tube. Because in principle, the charging time of the energy
      storage capacitor 68 is relatively long (although less than the interpulse
      period) the charging is theoretically accomplished with no dissipation.
PAR  The circuit of FIG. 4 could be used in a plant growing system wherein power
      and equipment costs are of prime concern, in contrast to the systems of
      FIGS. 1 and 3 wherein "controllability" is of paramount interest. Of
      course, where the growing beds to be irradiated are fields or large
      enclosures a large number of lamps would be used, the lamps being
      typically strung overhead every few inches. Larger systems mean higher
      power voltages hence tubes would probably be more practical. Transistor or
      thyristor switching or control would be useful in small single or few lamp
      systems such as a home garden hobbyist might employ. Where switching
      device 70 comprises a transistor or thyristor, a suitable pulse generator
      or triggering device 74, powered from A.C. source 62, would be employed to
      trigger switching device 70. It will be appreciated that any of a number
      of triggering or control circuits could be used for this purpose and, for
      example, a zero voltage switch integrated circuit such as the PA 424
      manufactured by the General Electric Company could be employed, such a
      device producing a pulse trigger for a thyristor (SCR) each time the A.C.
      primary power crosses zero and hence discharging energy storage capacitor
      66 down to the arc extinction or low current level of the lamps 72 at
      twice the A.C. line frequency.
PAR  Although the circuit of FIG. 4 provides synchronous A.C. line triggering of
      switching device 70, asynchonous switching or triggering could also be
      employed. Referred to FIG. 5, a circuit similar to that of FIG. 4 is shown
      and like elements in FIG. 5 have been given the same numbers with primes
      attached. In FIG. 5, the full wave rectified A.D. wave form produced in
      FIG. 4 has been replaced by a D.C. voltage produced by a filtered D.C.
      supply 80 thus permitting asynchronous line switching under the control of
      an independently powered trigger timing device 82. Further, because it is
      conceivable that continuous low level current flow in the lamps 72' might
      be desirable to maintain the lamps 72' partially ionized at all times, a
      further D.C. supply 84 and an associated current limiting resistor 86 are
      provided to produce such a current, which might be on the order from a few
      hundred microamperes to a few milliamperes.
PAR  Although the invention has been described with respect to exemplary
      embodiments thereof, those skilled in the art will appreciate that
      variations and modifications in these exemplary embodiments may be
      effected without departing from the scope and spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of growing higher order plant life under controlled conditions
      comprising using an active electronic source to pulse on and off first and
      second groups of lamps each comprising a plurality of gas discharge lamps
      operating in the arc discharge region, so as to provide the plant life
      being grown with controlled bursts of radiant energy within the spectral
      ranges required for photosynthesis, said first group of lamps being driven
      so as to produce a spectral energy distribution only in the blue energy
      band of the photosynthetic absorption curve for the plant life being grown
      and said second group of lamps being driven so as to provide a spectral
      energy distribution only in the red energy band of the photosynthetic
      absorption curve for the plant life being grown, said method further
      comprising controlling the duration of the blue energy band and red energy
      band pulses and the time delay between said pulses so that separation of
      the effects of the said pulses on the photosynthetic process of the plant
      life being grown is provided, at least one pulse of one band being
      interspersed with pulses of the other band.
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PAL  A window construction comprising vertically slidable and tiltable sash
      members having means for positively maintaining the tiltable sash in a
      partially-tilted position.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Windows embodying sash members which are both vertically slidable and
      tiltable are extremely well known in the art, as exemplified, for example,
      by Rodriguez U.S. Pat. No. 3,464,157 dated Sept. 2, 1969; Weidner et al.
      U.S. Pat. No. 3,434,236, dated Mar. 25, 1969; and Woodhams U.S. Pat. No.
      3,091,005 dated May 28, 1963.
PAR  In windows of this general type, it has been found that the pivotal
      mounting for the sash members permits them to be swung to an open position
      to facilitate cleaning and maintenance, as well as permitting maximum
      entry of air. In windows of this type, it is often desirable to tilt one
      of the sashes to a partially-open position, since such a position permits
      some degree of ventilation, but at the same time prevents the undersirable
      entry of rain, wind or the like. Obviously, if the sashes are slidably
      open to a small degree, suitable ventilation will be obtained, but rain,
      wind and the like will be free to enter through the exposed opening.
      Accordingly, it is quite common when a person is leaving one's home for an
      extended period of time for that person to tilt one of the sashes to a
      partially-open position, which position permits some entry of outside air
      to effect some degree of ventilation within the house, while at the same
      time effectively blocking undersirable entry of rain, wind or the like
      should a storm suddenly arise during the person's absence.
PAR  In most pivoted sash-type windows, some degree of frictional drag exists
      during tilting movement of the sashes. For example, the sashes will
      frequently have resilient weatherstripping along the outer edges of the
      vertical side stiles, which weatherstripping effects a frictional drag on
      the sash as it is swung to an open position. This frictional drag is not
      enough to impede tilting movement of the sashes, but it is sufficient to
      frictionally maintain the sashes in any desired open position. The problem
      that arises, however, is that where a pivoted sash is tilted to a
      partially-open position to permit ventilation but at the same time block
      undesirable entry of rain, wind or the like, the frictional retention of
      the window in its partially-tilted position is not strong enough to
      withstand the forces exerted by excessive rain, wind or the like; whereby,
      depending upon the direction of the wind, rain or the like, the
      partially-open window will either be slammed shut, thus closing off all
      ventilation and perhaps damaging the window by the sudden impact, or else
      the window will be forced to swing to a completely open position wherein
      undesirable entry of the rain, wind or the like is no longer blocked. When
      this happens in an unattended house, severe damage can obviously result.
PAR  The present invention overcomes the above problem by providing conveniently
      accessible means on the sash which may be selectively moved to an
      operative position to positively lock the sash in a partially-tilted
      position. The means for effecting this comprise an elongated strap,
      preferably of flexible metal, pivotally carried by the horizontal stile of
      the sash that swings to open position. More specifically, when the sash
      has been swung to its partially-open position, the aforesaid strap may
      easily be pivoted to its operative position wherein it extends generally
      perpendicular to the stile on which it is mounted, and then the free end
      of the strap is provided with means for interengaging a fixed portion of
      the window construction whereby the partially-open sash is firmly and
      positively held in its partially-open position. When it is desired to
      close the sash or swing it further open, the end of the strap is quickly
      and easily manually disengaged and is then pivoted to its inoperative
      position wherein it extends longitudinally of the stile on which it is
      mounted.
PAR  Other objects, features and advantages of the invention will become
      apparent as the description thereof proceeds when considered in connection
      with the accompanying illustrative drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which illustrate the best mode presently contemplated for
      carrying out the present invention:
PAR  FIG. 1 is a perspective view showing a pivoted sash-type window embodying
      the present invention of the type with which the instant invention is
      concerned;
PAR  FIG. 2 is a side elevational view showing the sash in partially-open
      position, a portion of the frame having been removed for purposes of
      illustration;
PAR  FIG. 3 is a fragmentary top plan view showing the strap member of the
      present invention in inoperative position;
PAR  FIG. 4 is a fragmentary plan view showing the strap member of the present
      invention in operative position; and
PAR  FIG. 5 is a perspective exploded view showing certain components that make
      up the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, there is shown generally at 10 a window
      construction comprising side frames 12, 14, top frame 16, and bottom frame
      18. Mounted within said frame members for vertical sliding movement is a
      lower sash 20 comprising vertically extending side stiles 22, 24, top
      stile 26, and bottom stile 28. Similarly mounted within the frame members
      is upper sash 30 consisting of side stiles 32, 34, bottom stile 36, and
      top stile 38. It will be understood that the sashes 20 and 30 are mounted
      for vertical sliding movement within the outer frame of window 10 by any
      suitable conventional means; and it will be further understood that lower
      sash 20 is pivotally hung, i.e., is tiltable to an open position, also by
      conventional and well-known means. Upper sash 30 may likewise be pivotally
      mounted.
PAR  The top surface 40 of upper stile 26 of lower sash 20 is provided with a
      pair of pivotally mounted latch members 42, each of which comprises a
      handle portion 44 and a latch portion 46 extending generally perpendicular
      therefrom. Base plates 48 are mounted on top surface 40, each base plate
      48 having an upwardly extending collar or bushing 50 which rotatably
      receives one of the latch members 42 by extending through opening 52 in
      the latter. A screw 54 extends through opening 52 into bushing 50 to
      maintain latch member 42 rotatably assembled to base plate 48, the latter
      being mounted on top surface 40 by any suitable means, and preferably in a
      specially provided recess in top surface 40. Lower stile 36 carries a pair
      of bail-like retaining members 56, each of which is adapted to receive
      latch portion 46 when latch member 42 is swung to its operative, locking
      position, as illustrated in FIG. 3. Base member 48 is provided with a
      raised flange 58 which functions to limit swinging movement of latch
      member 42 and specifically limits opening movement of said latch member at
      a point where latch portions 46 are properly aligned with retaining
      members 56. It will therefore be seen that when it is desired to lock the
      upper and lower sashes against vertical sliding movement, it is simply
      necessary to swing latch members 42 from the inoperative position
      illustrated in FIG. 4 to the operative position illustrated in FIG. 3
      wherein latch portions 46 extend through retaining members 56 to effect
      the desired lock. This locking arrangement is conventional and per se
      forms no part of my invention.
PAR  Pivotally mounted on bushings 50 are a pair of elongated strap members 60,
      each of said members having an opening 62 therein rotatably receiving
      bushing 50. At its opposite extremity, each strap member 60 is provided
      with an integral hook-like extremity 64. Strap member 60 is preferably of
      flexible metallic construction. As will be noted, strap member 60 is
      rotatably mounted on the top of base member 48, whereby it is actually
      sandwiched between said base member and latch member 42. When sash 20 is
      in a position where strap member 60 is not to be used, such as when the
      sash member is completely closed, as illustrated in FIG. 1, or when it is
      completely open, strap member 60 is pivoted to the position illustrated in
      FIGS. 1 and 3 wherein said strap member extends longitudinally along upper
      stile 26. When, however, it is desired to use strap member 60 to firmly
      and securely hold sash 20 in a partially-open position, as illustrated in
      FIG. 2, the strap members are swung until they extend substantially
      perpendicularly from stile 26, as illustrated in FIG. 4. In this position,
      the hook-like end 64 of strap members 60 may be manually engaged with
      retaining members 56, it being understood that the resilience of the strap
      members permits them to be forced downwardly sufficiently for the
      hook-like ends to be passed through the members 56, after which the
      inherent resilience of the members 60 will urge the members upwardly, and
      then sash 20 is moved outwardly a slight bit to effect the desired
      interengagement of portions 56 and 64. It will be seen that the strap
      members 60 positively prevent both opening and closing movement of sash 20
      from the position illustrated in FIG. 2 when the strap member is in its
      operative position, since said strap member directly resists further
      outward movement of the sash, while inward movement of the sash is
      restricted by the end of the hook-like portion 64 engaging the inner
      surface of bottom stile 36. It will be noted that flange 58 also limits
      pivotal movement of strap member 60, just as it limits opening swinging
      movement of latch members 42.
PAR  As will be seen most clearly in FIG. 5, latch member 42, strap member 60,
      and base member 48 are provided with integral detents 66, 68, 70,
      respectively, said detents functioning to resist inadvertent opening
      movement of latch member 42 from its locking position illustrated in FIG.
      3.
PAR  It will be understood that the bail-like retaining members 56 are mounted
      on the inner surface of stile 36, such as by being mounted on an inwardly
      extending ledge (not shown) at the bottom of said stile. It will be
      obvious that even though the retaining members 56 are secured to stile 36,
      they must be slightly spaced from the inner surface 72 thereof in order to
      provide sufficient clearance for latch portion 46 to extend through
      members 56, as illustrated in FIG. 3, and also to provide sufficient
      clearance to permit interengagement of hook portion 64 with said retaining
      members. As previously stated, strap member 60 is preferably of metallic
      construction whereby the hook-like portion 64 thereof will have sufficient
      strength to resist any force that may tend to further open sash 20. The
      members 42 and 48 may be of molded plastic.
PAR  It will therefore be seen that I have provided extremely simple means for
      effectively and yet securely maintaining a pivoted sash in
      partially-tilted position, which means may easily be swung to an
      inoperative position when not in use, in which position they are not only
      unobtrusive but also have no effect whatsoever on the conventional
      operation of the window. Conversely, when it is desired to utilize the
      members 60, they quickly and easily may be swung to their outwardly
      extending operative position wherein the hook-like end 64 may quickly and
      easily be interengaged with the bail-like retaining members 56 to quickly
      and securely maintain the sash in its partially-tilted position.
PAR  While there is shown and described herein certain specific structure
      embodying the invention, it will be manifest to those skilled in the art
      that various modifications and rearrangements of the parts may be made
      without departing from the spirit and scope of the underlying inventive
      concept and that the same is not limited to the particular forms herein
      shown and described except insofar as indicated by the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A window construction comprising upper and lower sashes slidably mounted
      in a surrounding jamb, each sash comprising a pair of spaced side stiles
      and upper and lower stiles extending therebetween, said lower sasy being
      pivotally mounted for tilting movement to an open position, latch means
      mounted on the top surface of the upper stile of said lower sash, and
      bail-like retaining means mounted on the lower stile of said upper sash,
      means pivotally mounting said latch means for movement between a first
      inoperative position and a second position wherein said latch means
      interengage said retaining means to lock said sashes against vertical
      sliding movement, and means for limiting the tilting movement of said
      lower sash, said limiting means comprising a strap member having one end
      pivotally mounted on the top surface of the upper stile of said lower sash
      by the same aforesaid means that pivotally mount said latch means thereon,
      whereby said strap member may be selectively pivotally moved between an
      inoperative position wherein it extends longitudinally along said upper
      stile, to an operative position wherein it extends perpendicularly from
      said upper stile, said strap member being of flexible metallic
      construction and having a hook-like extremity adapted to releasably
      interengage with said bail-like retaining member when the strap is in its
      operative position to limit tilting movement of said lower sash, and means
      on said upper stile for limiting pivoting movement of said strap member to
      a position approximately perpendicular to said upper stile whereby to
      facilitate and expedite alignment of said strap member with said retaining
      means.
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ABST
PAL  This window regulator of the parallel-motion type comprises two parallel
      links with a front run channel rigid with a curved guider rail reproducing
      the movements of the glass-supporting bottom channel, a rolling member
      rigid with said bottom channel engaging said guide rail, one of said links
      being pivoted to a fixed pin of said bottom channel and to a pivot pin
      carried by a fixed plate supporting the control mechanism, the other link
      being rigid with a rotary member coupled to said mechanism and pivoted by
      means of another rolling member to the bottom channel and also to a pin
      rigid with said plate, this window regulator being intended more
      particularly for curved quarter-light windows of motor vehicles.
PARN
PAR  This is a continuation of application Ser. No. 411,441, filed Oct. 31, 1973
     .
BSUM
PAR  This invention relates in general to window regulators or winding systems,
      of the type currently used in motor vehicles, and has specific reference
      to a mechanism of this character, intended more particularly for curved
      quarter-panel windows of vehicles.
PAR  Window regulators comprising mechanisms of the parallel motion type are
      well known in the art; in some mechanisms of this character the vehicle
      links of the parallel motion do not move parallel to themselves and cause
      the window to move along a curved path. These known mechanisms are mostly
      objectionable on account of their delicate adjustment and the difficulty
      of holding the window in the selected position.
PAR  It is the essential object of the present invention to provide a window
      regulator or winder characterized primarily by a relatively simple
      mechanism and by the positive holding of the glass window in the selected
      position. The mechanism of the regulator according to this invention
      comprises two parallel movable links of a parallel motion, said links
      having one end rigid with the glass-supporting bottom channel, the window
      being movable in front and rear glass run channels, the glass movement
      being controlled by means of a crank and gear mechanism, the assembly
      being characterised in that the front run channel is rigid with a guide
      rail of which the radius of curvature corresponds to the radius of
      curvature of the window, said guide rail reproducing the combined
      longitudinal and transverse movements of the glass-supporting bottom
      channel, and that a rolling member carried by this glass-supporting bottom
      channel engages said guide rail, one of said links having one end pivoted
      in a manner known per se to a fixed point of said glass-supporting bottom
      channel and the other end pivoted to a pivot pin of a fixed plate
      supporting the control mechanism, the other link being rigid with a rotary
      member operatively connected to the control mechanism and pivoted on one
      side through a rolling member to the glass-supporting bottom channel and
      on the other side to a pin rigid with said plate.
DRWD
PAR  Other features and advantages of the invention will appear as the following
      description proceeds with reference to the attached drawings illustrating
      diagrammatically by way of example a typical embodiment thereof. In the
      drawings:
PAR  FIG. 1 is a diagrammatic front elevational view of the window regulator
      according to this invention;
PAR  FIG. 2 is a side elevational view of the window regulator of FIG. 1, the
      front guide rail being partly removed, and in its uppermost position;
PAR  FIG. 3 is a side elevational view of the guide rail;
PAR  FIG. 4 is a side elevational view of the rear glass run channel, and
PAR  FIG. 5 is a section taken along the line V--V of FIG. 3.
DETD
PAR  Referring first to FIGS. 1 and 2, it will be seen that the window regulator
      according to this invention comprises a conventional mechanism for
      actuating a parallel motion having two movable links 1, 2 of which one
      link 1 is pivoted at one end, at O.sub.1 to the pivot pin 3 of a
      part-spherical roller 4 engaged in the central portion of a channel 5
      constituting the bottom support of a curved glass or winding window 6, for
      example a quarter-panel window. The other link 2 is pivoted at one end
      O.sub.2 to the upper portion of the vertical arm 7 of an inverted T-shaped
      member formed centrally of the glass-supporting bottom channel 5. The
      other end of the first iink 1 is pivoted at O.sub.1 ' to the lower portion
      of a fixed plate 8 and the other end of the second link 2 is pivoted at
      O.sub.2 ' to the upper portion of this plate 8. The vertical lines O.sub.1
      O.sub.2 and O.sub.1 ' O.sub.2 ' of the pivot pins or axes constitute the
      other two sides of the parallel motion.
PAR  The lower portion of link 1 is rigid with a toothed segment 9 shown
      diagrammatically in dash and dot lines; this segment 9 is in constant
      meshing engagement with a toothed wheel 10 having a shaft O.sub.3 rigid
      with the plate 8 and driven from a pinion-and-crank member 11 rotatably
      mounted on said plate 8.
PAR  The window 6 has its upper rear portion engaged in a curved run channel 12
      lined with a flocked elastomer guide strip 13. As shown in FIG. 4, the run
      channel 12 is secured to the outer surface of the quarter-panel edge 14 by
      means of lugs 15 and screws 16 with the interposition of at least one
      adjustment wedge 17.
PAR  At its lower front portion the window 6 engages a curved run channel 18
      receiving therein and at its ends a pair of flocked elastomer guide
      strips. The front run channel 18 is rigid with a guide rail 19 welded to
      its outer face and reproducing the window movement. To this end, the guide
      rail 19 comprises at its ends oblique portions inclined in the forward
      direction, the inclination of the upper inclined portion 19a of the rail
      in relation to the vertical being more pronounced than that of the lower
      portion 19b; these inclined or oblique portions 19a and 19b enable the
      window 6 to move along a path permitting avoidance of possible structural
      obstacles. The two ends of the guide rail are interconnected by a curved
      portion (see FIG. 3) having a curvature matching that of the window 6,
      this curvature being straight when seen in the projection of FIG. 1.
PAR  This guide rail 19 has engaged therein a part-spherical roller 20 carried
      by a bracket 2; rigid with the lower front portion of the bottom channel 5
      supporting the window 6.
PAR  The guide rail 19 and the associated run channel 18 are secured jointly at
      their ends to the sheet 14 of the quarter-panel structure by means of
      corresponding lugs 22 and 23. The lower lug 23 is secured to a
      quarter-panel bracket 21 with the interposition of an adjustment wedge 17.
PAR  When it is desired to lower the glass 6, the pinion-crank 11 is rotated
      manually in the clockwise direction as seen in FIG. 1, thus rotating in
      the same direction the toothed segment 9 and consequently the link 1 which
      will thus pivot about the pin O.sub.1 ' and describe the arc 24, while the
      other link 2 follows by pivoting about the pin O.sub.2 ' and describing
      the arc 25. At the end of their strokes these links 1 and 2 will be in the
      corresponding positions 1a and 2a, shown only by the median line of these
      links, the glass-supporting bottom channel 5 lying then in the position 5a
      shown in dash and dot lines, with the part-spherical roller 20 in the
      lower position 20a.
PAR  The use of part-spherical rollers such as 20 permits of taking up the
      angular differences between the upper and lower glass positions.
PAR  Although a specific form of embodiment of this invention has been described
      hereinabove and illustrated in the accompaning drawings, it will readily
      occur to those skilled in the art that various modifications and changes
      may be brought thereto without departing from the scope of the invention
      as set forth in the appended claims.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. In a window regulator or winder for motor vehicles, of the type
      comprising a curved window, a glass-supporting bottom channel, a pair of
      movable parallel links incorporated in a parallel motion system and having
      one end pivotally fixed to said glass-supporting bottom channel, a front
      run channel and a rear run channel in which said window is movable by
      means of a pinion-crank and gear mechanism, the front run channel being
      rigid with a guide rail having a radius of curvature in a vertical plane
      matching that of said window and having upper and lower end portions
      inclined to the vertical with unequal angles, the upper end portion being
      inclined upwards and the lower end portion being inclined downwards, said
      end portions being interconnected by a curved portion having said radius
      of curvature in said vertical plane, said rail reproducing the combined
      longitudinal and transverse movements of said glass-supporting bottom
      channel, and a rolling member carried by said glass-supporting bottom
      channel engaging said guide rail rigid with said front run channel, one of
      said links having one end pivoted to a fixed point of said
      glass-supporting bottom channel and the other end pivoted to a pivot pin
      of a fixed plate supporting the control mechanism, the other link being
      rigid with a rotary member operatively connected to the control mechanism
      and pivoted on one side through a rolling member to the glass-supporting
      bottom channel and on the other side to a pin rigid with said plate.
NUM  2.
PAR  2. Window regulator as set forth in claim 1, wherein said guide rail has
      curved end portions inclined to the vertical with unequal angles, said
      inclined portions being interconnected by a curved portion constituting a
      straight portion when seen in vertical projection.
NUM  3.
PAR  3. Window regulator as set forth in claim 1, wherein said rolling member
      consists of part-spherical rollers.
NUM  4.
PAR  4. Window regulator as set forth in claim 1, wherein said front run channel
      receives the lower front portion of the window, and said rear run channel
      is engaged by the upper rear portion of the window.
NUM  5.
PAR  5. A window regulator as set forth in claim 4, wherein the run channels and
      guide rails are jointly secured to the window structure by means of
      adjustment wedges.
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ABST
PAL  An access door assembly provides a removable covering for an access opening
      in a wall panel. The assembly includes clip members frictionally mounted
      to the wall panel at spaced locations around the periphery of the access
      opening. A door overlies the opening and is dimensioned to cover the clip
      members as well as the opening. Spring-clip fastening elements releasably
      secure the door to the clip members and hold the door in position over the
      opening in the wall panel.
BSUM
PAR  The present invention relates to an improved access door assembly.
PAR  In building construction it is a common practice to provide access openings
      in wall panels in order to permit subsequent inspection and/or repair of
      apparatus located within the wall, such as for example electrical or
      plumbing equipment. Such openings are closed by removable access doors of
      various types.
PAR  The simplest variety of access door is a door member attached to the face
      of the wall panel by means of fasteners such as screws extending through
      the door and into the wall. This approach has disadvantages including the
      inconvenience of removing the panel quickly for inspection or repair, and
      the unsightly appearance of the panel and exposed fasteners.
PAR  In order to provide an access door which can be opened quickly and easily,
      there have been provided access door assemblies including a frame or
      support portion in addition to the door member. Typically, the door member
      may be hinged or slideably mounted to the frame portion. In one
      arrangement of this type, the frame portion is attached to wall studs or
      other framing members within the wall for support of the door. One
      disadvantage of such an access door assembly is the labor and difficulty
      involved in securing the frame or support portion to studs within the
      wall. Another difficulty, which is particularly acute in installing a door
      in preexisting wall structures, is the lack of freedom in positioning the
      access openings since the opening must be located in a predetermined
      position relative to the wall studs. Yet another disadvantage of this type
      of door structure is its relatively high expense and the fact that
      portions of the frame or support portion of the assembly are exposed in
      the finished installation.
PAR  It has been proposed to provide an access door assembly which can be
      mounted directly to the wall panel rather than to the studs or other
      framing members. One suggestion has been to provide a door having on its
      rear surface retaining means directly engageable with the wall panel. This
      arrangement has proven unsatisfactory because the strain imposed on the
      wall panel is concentrated in relatively small areas and can result in
      excessive wear to or destruction of the wall panel, particularly where a
      fragile material such as drywall or plaster is used. Another approach is
      to provide a frame or supporting portion fastened to the wall panel. Known
      structures of this type have been unsatisfactory because of the difficulty
      of securing the frame portion to the wall panel.
PAR  Important objects of the present invention are to provide an access door
      assembly capable of easily and quickly being installed to cover an opening
      in a wall panel; to provide an access door assembly of unobtrusive and
      attractive appearance after installation; to provide an access door
      assembly capable of being mounted directly to a wall panel rather than to
      studs or framing members; to provide an access door assembly which does
      not result in weakening or destruction of the wall panel even after many
      openings and closings; to provide an access door assembly making possible
      great freedom in the location of access openings in existing wall
      structures; and to provide an access door assembly wherein costs due to
      material, tooling and labor, both in fabrication and in installation, are
      minimized.
PAR  In brief, an access door assembly embodying the features of the present
      invention may comprise a support structure in the form of a plurality of
      clips adapted to be mounted to a wall panel at spaced locations around the
      periphery of an access opening in the panel. The assembly further includes
      a door of sufficient size to cover the access opening and to cover the
      clip members. Releasable fastening means are provided to secure the door
      to the clip members, thereby to releasably mount the door over the access
      opening.
DRWD
PAR  The invention together with the above and other objects and advantages may
      be best understood from consideration of the following detailed
      description of the embodiment of the invention shown in the accompanying
      drawing, wherein:
PAR  FIG. 1 is a front view, partly broken away, of an access door assembly
      constructed in accordance with the present invention and installed to
      cover an access opening in a wall panel;
PAR  FIG. 2 is an enlarged, fragmentary, sectional view taken along the line
      2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged sectional view taken along the line 3--3 of FIG. 1;
      and
PAR  FIG. 4 is an enlarged, contracted, perspective view of one clip member of
      the access door assembly of FIG. 1;
DETD
PAR  Referring now to the drawings, there is illustrated an access door assembly
      designated as a whole by the reference numeral 10 and constructed in
      accordance with the principles of the present invention. The access door
      assembly 10 serves to cover and to provide access to an access opening 12
      defined by a peripheral wall 14 in a wall panel 16 having an outer surface
      or face 18 and an inner surface or back 20.
PAR  In general, the access door assembly 10 includes a pair of clip members
      each generally designated as 22 mounted at spaced locations along the
      peripheral wall 14 defining the access opening 12. The assembly 10 further
      includes a door structure generally designated as 24 of a size and shape
      to cover the opening 12 and the clip members 22 when mounted in position.
      Releasable fastening devices generally designated as 26 serve to secure
      the door assembly 24 to the clip members 22 after installation of the clip
      members 22 in the opening 12.
PAR  An important feature of the access door assembly of the present invention
      is that, as in the illustrated embodiment, the outer face of the door
      assembly 24 may be smooth and imperforate so that its appearance is
      attractive and unobtrusive after installation. In addition, only the face
      of the door assembly 24 is visible after installation and not only the
      access opening 12 but also the securing structure is entirely hidden.
      Another important advantage is that the securing structure in the form of
      the clip members 22 may be mounted directly to the wall panel 16 so that
      the opening 12 can be positioned independently of wall stud positions.
      Moreover, the clip members 22 can easily and quickly be mounted to the
      wall panel 16 without the necessity for attaching fasteners, adhesives or
      the like.
PAR  Proceeding now to a more detailed description of the elements of the access
      door assembly 10, each clip member 22 in accordance with an important
      feature of the invention is adapted frictionally to engage the wall panel
      16 adjacent the edge or peripheral wall 14 defining the opening 12.
      Consequently, the clip members 22 can be secured to the wall simply by
      placing them in the desired position.
PAR  Each clip member 22 in the illustrated embodiment of the invention
      comprises a generally U-shaped channel member formed, for example, of
      sheet metal, plastic or other material. The clip member 22 includes a
      first or outer flange portion 28 and a second or inner flange portion 30
      connected together by means of a bight portion 32. The flanges 28 and 30
      are preferably generally parallel to one another and are spaced apart by a
      distance sufficient to permit the clip member 22 to slide over the wall
      panel 16 with the outer flange engaging the face 18 and the inner flange
      30 overlying the back 20 of the panel 16.
PAR  In order to permit mounting of the releasable fastening device 26 to the
      clip members 22 in a convenient fashion, each clip member is provided with
      a plate member 34 extending from the bight portion 32 in the opposite
      direction from the flanges 28 and 30. Consequently, upon mounting of the
      clip members 22, the plate member extends from the region of the
      peripheral wall 14 toward the center of the access opening 12. In the
      illustrated arrangement, the plate member 34 is of shorter length than the
      clip member 22 and overlies the inner surface of the inner flange portion
      30. In order to fasten the plate member 34 to the flange 30, an end
      portion 36 of plate 34 is bent over to clasp the flange 30.
PAR  As indicated above, an important feature of the invention is that the clip
      members 22 are frictionally mounted to the panel 16 and no fasteners,
      adhesives or other holding mechanism is required. Frictional contact
      between the clip members 22 and the back 20 of the wall panel 16 is
      enhanced by means of a pair of protrusions or dimples 38 provided in the
      inner flange 30. As best illustrated in FIG. 3, the dimples 38 are located
      in that portion of the flange 30 covered on both sides by the plate member
      34 and its end portion 36. Consequently, the dimples 38 also function to
      reenforce the interconnection between the clip 22 and the plate member 34.
PAR  Preferably, as again best seen in FIG. 3, the flanges 28 and 30 are spaced
      apart slightly further than the thickness of the panel 16. The dimples 38
      are raised above the surface of the flange 30 so that the dimples
      frictionally engage the back 20 of the panel while the outer flange 38
      engages the face 18 of the panel. Preferably, the terminal edge of the
      outer flange 28 is rolled over as indicated by the reference numeral 40 to
      provide secure gripping of the face of the panel and to prevent the
      presence of a rough or burred edge in the region of the opening 12 when
      the door assemly 24 is removed.
PAR  In the illustrated embodiment of the invention, the access opening 12 is of
      generally square or rectangular shape, this being a commonly used access
      opening configuration. Two clip members 22 are provided. Although the clip
      members 22 may be shorter if desired, as illustrated, the clip members 22
      are substantially the same length as two opposed sides of the opening 12.
      It should be understood that access door assemblies may be provided of any
      desired size and shape to cover any type of access opening. In addition,
      if desired more than two clip members could be used and the clip members
      may be provided in any size and shape so as to engage the panel adjacent
      the access opening at any desired number of spaced points.
PAR  After mounting of the clip members 22 in the opening 12, the door assembly
      24 may easily be installed to cover the clip members 22 and the opening
      12. In the illustrated arrangement, the door assembly 24 includes a
      unitary, smooth and imperforate door panel 42 which may be formed of sheet
      metal, plastic, wood, or the like, and which may be finished in order to
      blend with the surrounding face 18 of the wall panel 16. To the back of
      the door panel 42 there is attached a mounting block portion 44 which may
      be fabricated of any desired material such as wood, fiberboard or the
      like. The block 44 serves as a convenient means of mounting the releasable
      fastening devices 26 and also may serve as an aid in properly locating the
      door assembly in relation to the opening 12. If desired, the block portion
      44 may be formed integrally with the panel 42, or may be replaced by any
      other suitable structure for mounting releasable fastening devices to the
      rear surface of the door assembly 24.
PAR  Each releasable fastening device 26 comprises a spring-clip 46 including
      spaced leg members 48 extending from a central spring portion 50 and
      normally assuming a V-shape with the legs somewhat more spread than as
      illustrated in FIG. 2 of the drawing. Each spring-clip 46 is mounted to
      the door assembly 24 by means of a fastener 52 holding the spring portion
      50 against a side face of the mounting block 44. One fastening device 26
      is mounted to the door assembly in alignment with each of the plate
      members 34 associated with the clip members 22.
PAR  As best seen in FIGS. 2 and 4, each plate member 34 is provided with a slot
      54. In order to mount the door assembly in position, the leg portions 48
      of each spring-clip 46 are compressed toward one another so that the ends
      can be inserted through the slots 54. The position of the door assembly 24
      relative to the clip members 22 at this point is illustrated in broken
      lines in FIG. 2.
PAR  After this initial assembly operation, the door assembly 24 is pushed
      toward the wall panel 16 so that the leg portions 48 slide through the
      slots 54. In the fully inserted position illustrated in full lines in FIG.
      2, the door panel 42 is in position over the face 18 of the wall panel 16,
      and the legs 48 of the spring-clips 46 are spread in order resiliently and
      firmly to hold the door assembly 24 in position.
PAR  At any time after installation of the door assembly 24, the door assembly
      may be removed by pulling the door panel 42 away from the wall panel 16.
      In order to prevent inadvertent and undesirable removal of the door
      assembly 24 completely from the clip members 22, the ends of the leg
      portions 48 may be bent over as indicated by the reference numeral 56 to
      provide an outer stop position. In order to completely remove the door
      assembly 24 from the clips 22, the leg portions 48 are forced together to
      permit the bent end portions 56 to move through the slots 54.
PAR  Although the clip members 22 are not securely fastened by fasteners,
      adhesives or the like to the wall panel 16, it should be noted that once
      the access door assembly 10 is completely installed, the clip members are
      held in place not only by frictional engagement with the wall panel, but
      also by the door assembly 24. More specifically, after assembly the clip
      members cannot move toward the center of the opening 12 because the
      spring-clips 46 are captured within the slots 54. Thus, the access door
      assembly 10 is securely held in position after the installation is
      completed.
PAR  Since wall panels are conventionally supplied in varying thicknesses, such
      as for example one-half inch and three-fourths inch, it may be desired in
      some instances to install clips 22 on a wall panel thinner than the
      illustrated wall panel 16. This can readily be done by inserting shim
      members between the inner flanges 30 of the clips 22 and the back of the
      panel.
PAR  Many modifications and variations of the present invention are possible in
      light of the above teachings. It should be understood that, within the
      scope of the following claims, the invention may be practiced otherwise
      than as specifically described above.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A removable access door assembly for covering an opening in a wall
      panel, said access door assembly comprising in combination:
PA1  a first member mounted on a first side of said opening and a second member
      mounted on a second side of said opening, said second side being opposite
      said first side, and said members not being connected;
PA1  each member including flange means for securing said member to the wall
      panel surface;
PA1  a cover plate mounting means supported on each of said members;
PA1  a cover plate dimensioned larger than said opening and adapted completely
      to overlie said opening and said flange means of said members; and
PA1  a pair of cover plate fastening means extending from the inner surface of
      said cover plate and engageable with said mounting means for
      interconnecting said door member and said members.
NUM  2.
PAR  2. A removable access door assembly as defined by claim 1 wherein each
      mounting member further includes a protrusion for frictionally engaging
      the wall panel near the opening.
NUM  3.
PAR  3. A removable access door assembly as defined by claim 1 which further
      includes means for securing the cover plate fastening means to the cover
      plate.
NUM  4.
PAR  4. A removable access door assembly as defined by claim 3 wherein the means
      for securing the cover plate fastening means to the cover plate comprises
      a sheet of rigid material secured to an inside face of the cover plate.
NUM  5.
PAR  5. A removable access door assembly as defined by claim 4 wherein the cover
      plate fastening means is a V-shaped spring-clip.
NUM  6.
PAR  6. A removable access door assembly as defined by claim 5 wherein the
      V-shaped spring-clip is secured to a cover plate backing member.
NUM  7.
PAR  7. A removable access door assembly as defined by claim 6 wherein each
      cover plate mounting means comprises a locking plate member supported by
      the inner flange means of said mounting member and extending toward the
      center of the opening, said plate member including slot means for
      receiving said spring-clip.
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PAL  The invention relates to a window regulator, especially for automobiles, in
      which the window is connected to a drive by a cable which can move axially
      in a tubular guide, a portion of this guide being parallel to the window
      travel and an adjacent portion being shaped in an arc, whereby the path of
      a catch connected to the cable and serving for connection with the window
      is not restricted solely to the portion of the tubular guide extending
      parallel to the window travel but also extends at least partly into the
      region of the arc, and whereby the connection between the catch and the
      window comprises a slide-guide extending transversely to the window path.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Cable window regulators of this form are used where, in pursuance of the
      trend in modern automobile construction, the window height is relatively
      large compared to the height of the wall part of the bodywork or door
      casing which must receive the opened window. In such cases, a relatively
      large travel distance must be available to the window regulator in
      comparison with the height of the wall part or door casing.
PAR  Since however there is a lower limit to the bending radius of the threaded
      cable, the tubular guide must be constructed, at the end of that section
      of it which is parallel to the window path, as an arc. The catch travels
      into this arc at the end of its lifting stroke, thus leading to a
      constrained departure of the direction of travel of the catch from the
      direction of slide of the window.
PAR  In a known window regulator of the type described, this deviation of
      direction is compensated through a slide-guide extending transversely to
      the window path, by the engagement of a cylindrical component, for example
      a roller, secured to the catch and engaging in a slot-like guide mounted
      on the window. In principle, this form of embodiment has proved
      satisfactory, but in practice an undesirably large play develops at the
      slide-guide after a relatively short time, especially because of wear of
      the cylindrical part or roller, this play resulting in the annoying
      so-called backlash which occurs at the operating handle for the catch.
PAR  It is the objective of the invention to improve the slide-guide in a window
      regulator of the class initially described, so that it is relatively free
      of play even after considerable periods of use.
PAC  SUMMARY OF THE INVENTION
PAR  The stated problem is solved by this invention in that, a sliding block
      furnished with a cylindrical passage is provided in the slide-guide, into
      which passage a cylindrical bolt, non-rotatably secured to the catch
      engages. In accordance with the concept of this invention, the slide-guide
      is furnished with relatively large co-operating guide surfaces, whereby
      the sliding block is in surface contact with the slot-guide, whereas in
      the known forms of embodiment only a point contact or linear contact was
      provided at the guide elements. It can be seen that in accordance with
      this invention, a considerably more accurate drive-guide, with much
      reduced play, is made possible.
PAR  In pursuance of this novel concept, the diameter of the cylindrical passage
      and the correspondingly chosen diameter of the cylindrical bolt is only
      slightly smaller than the external dimension of the basically rectangular
      slide block. This ensures that relatively large guide surfaces resulting
      in low play, are obtained also for the rotational motion which occurs when
      the catch rotates relative to the slide block.
PAR  The arrangement may with advantage be such that the cylindrical passage
      extends right through the slide block, and that the cylindrical bolt
      possesses at its outer end in an annular shoulder which limits in one
      direction axial displacement between the slide block and the cylinder
      bolt. This form of embodiment enables the manufacturing and assembly
      tolerances between the window regulator and the pane guide, in a direction
      perpendicular to the pane, to be taken up. To take up such dimensional
      differences, the cylinder bolt can slide axially in the slide block in
      addition to its rotational motion.
PAR  It is of advantage, especially in regard to the form of embodiment just
      mentioned, if the slide block is provided on its sliding surfaces with
      grooves, into which the guiding edges of the slide-guide engage. In this
      manner, the slide block is provided with excellent lateral guidance and
      can therefore, move solely in the direction of the slide-guide.
PAR  The slide-guide may be mounted in known manner directly on the window. The
      invention is however not limited to this form of embodiment. The
      arrangement can also be such that the section of the tubular guide
      extending parallel to the window path is securely connected in known
      manner with a central guide bar parallel thereto and mounted in the window
      shaft, a slider, trolley or the like connected to the window being
      displaceable, also in known manner, upon this guide bar, and being engaged
      by the catch, and in that the slide guide is mounted in the slider,
      trolley or the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1. A diagrammatic view of an automobile door, into which a window
      regulator constructed according to the invention is built,
PAR  FIG. 2. A cut-away section along the line II--II of FIG. 1,
PAR  FIG. 3. A cut-away section along the line III--III of FIG. 1,
PAR  FIG. 4. A view, also cut away, of the slide guide and,
PAR  FIG. 5. A diagrammatic view of an automobile door similar to that of FIG.
      1, but with a window regulator equipped with a central guide bar.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows the automobile door in external elevational view cut away in
      that region which is essential for explaining the window regulator of the
      invention. Window frame strips 3 and 4, guiding the window 2, are fixed to
      the door 1. It can be seen that the height of the door 1 is only slightly
      greater than the height of window which determines the lifting travel of
      the window 2. The position of the lower edge of the window 2, when fully
      opened, is shown by a dot-and-dash line. The window regulator built into
      the door 1 consists in known manner, essentially of the stationarily
      mounted tubular guide 5, of the thrust-transmitting cable 6 (FIGS. 2, 3)
      moveable axially therein, of the catch 8 (FIGS. 2, 3) penetrating through
      the longitudinal slot 7 of the tubular guide 5, and of the drive housing
      10 equipped with a hand-crank 9, in which housing there is mounted a drive
      pinion (not shown) rotationally keyed to the hand-crank 9 and engaging a
      helical thread 11 (FIG. 2) on the cable 6. Rotation of the hand-crank 9
      and thus of the drive pinion lead to axial displacement of the cable 6 in
      the tubular guide 5.
PAR  To transmit the displacement motion of the cable 6 to the window 2, a
      lifting bar 12 is secured to the lower edge of the window pane, an angle
      iron strip or bracket 14 comprising the slide-guide 13 being secured to
      this window bar. The slide block 15 is inserted into the slide-guide 13,
      as can best be seen from FIGS. 2 to 4.
PAR  The cylinder bolt 17, secured to the catch 8 engages in the cylindrical
      passage 16 of the sliding block 15 in a rotationally free manner with
      little play. The catch 8, constructed in known manner in the form of a
      metal strip, having inclined recesses for the passage of the thread 11,
      and wrapped as a sleeve around cable 6 is cut back to form shoulders (12,
      FIG. 2) at the pressed-together lugs 18 which extend through the
      longitudinal slot 7 of the tubular guide 5. The cylinder bolt 17 is
      equipped with a slit-shaped hole 20 FIG. 3) passing through it, which
      received these lugs 18. To secure the cylinder bolt 17 to the catch 8, the
      cylinder bolt 17 is pushed with its slit-shaped hole 20 onto the lugs 18
      until it abuts against the shoulders 19. Then, the lugs 18 are bent
      outwards and apart in an external widened portion 21 of the slit-shaped
      hole 20, in the manner shown in FIG. 3.
PAR  The cylinder bolt 17 carries, at its outer end, the annular shoulder 22,
      which limits axial displacements between the slide block 15 and the
      cylinder bolt 17 in one direction.
PAR  The grooves 23 of the slide block 15, into which the guiding edges of the
      slide-guide 13 engage, can best be seen from FIGS. 2 and 3. In order to
      enable the slide block 15 to be inserted into the slide-guide 13, this
      slide-guide 13 is equipped at one end with opposite widened cut-outs 24,
      while the slide block 15 possesses, on one side, shortened groove lateral
      walls 25, which can pass through the widened-out cut-outs 24.
PAR  As can be seen from FIG. 1, the tubular guide 5 extends with its section 5a
      parallel to the window path. The arc 5b adjoins at the top the straight
      line section 5a. As FIG. 1 shows, the catch 8, when the window 2 is
      closed, has run into the arc portion 5b. The necessary transverse motion
      for this purpose is made possible by the slide-guide 13 in conjunction
      with the slide block 15. At the commencement of the window closure travel,
      the slide block 15 is situated at the right-hand end of the slide-guide
      13, The slide block retains this position until the catch 8 enters the arc
      5b. Not until it reaches the arc 5b, and further drive is applied, does
      the slide block 15 move, in the slide-guide 13, towards the left until
      finally it adopts the position shown in full lines in FIG. 1.
PAR  In the example of embodiment illustrated in FIG. 5, a central guide bar 26,
      itself of known type, is secured in the window shaft of the door 1,
      extending parallel to the section 5a of the tubular guide 5; this guide
      bar serves for the parallel guidance of the window 2', which is guided
      over the entire window travel only in its rearward window frame strip 4,
      whereas the front edge of the window 2' moves out of the frame strip 3'
      after a small downward travel on the opening stroke. The slider 27 is
      slidably guided by means of slide blocks 28 on the central guide bar 26.
      The connection of the slider 27 to the window 2' is effected by a lifting
      batten 29, secured on the one hand to the slider 27 and on the other hand
      to the lifting bar 12. The lifting batten 29 and the lifting bar 12 are
      indicated only in dot-and-dash line, for reasons of clarity.
PAR  In this example of embodiment, the slide-guide 13', is situated in an
      extension 30 of the slider 27. In other respects, the form of embodiment
      of the window regulator according to the invention as illustrated in FIG.
      5, corresponds to the form of embodiment described with reference to FIGS.
      1 to 4.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a window regulator, especially for automobiles, in which the window
      is connected to a drive by a cable capable of moving axially in a tubular
      guide, a portion of which guide extends parallel to the window path and in
      an arc adjoining thereto, whereby the path of a catch secured to the cable
      and serving for connecting to the window is not restricted to the section
      of the tubular guide which is oriented parallel to the window path, but
      extends at least partially over the region of the arc, and wherein the
      connection between the catch and the window comprises a bracket having a
      slide-guide extending transversely to the window path, the improvement
      including a slide-block slidably and non-rotatably disposed in the
      slide-guide, a cylindrical passage through the slide-block, a cylindrical
      bolt disposed in the passage, the bolt being fixedly and non-rotationally
      secured to the catch, and the bolt having an annular shoulder for limiting
      axial displacement between the slide-block and bolt.
NUM  2.
PAR  2. A window regulator according to claim 1, wherein the slide-block is
      substantially rectangular, and the diameter of the cylindrical passage and
      the correspondingly selected diameter of the cylindrical bolt are only
      slightly smaller than the external dimension of the slide-block.
NUM  3.
PAR  3. A window regulator according to claim 1, wherein the slide-block has
      grooved sliding surfaces, and the slide quide is defined by guiding edges
      which slidably engage the grooved sliding surfaces.
NUM  4.
PAR  4. A window regulator according to claim 1, wherein the portion of the
      tubular guide extending parallel to the window path is securely connected
      to a central guide bar extending parallel thereto and mounted in the
      window shaft, a slider element being adapted to slide on the guide bar,
      the slider element being connected to the window, the catch being in
      engagement with the slider element, and the slide-guide being mounted in
      the slider element.
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ABST
PAL  A valve member for abrasive blasting machine in which the valve member is
      formed of a valve plate of magnetic material sandwiched between plates of
      larger dimension than the magnetic plate but of lesser dimension that the
      passage through which the abrasive material passes from the supply source
      to the blasting wheel whereby the annular space between the valve member
      and the inner walls of the passage becomes filled with abrasive material
      attracted to the valve member in closed position to close the passage.
BSUM
PAR  This invention relates to valves for controlling the flow of abrasive in
      shot blasting equipment.
PAR  In the shot blasting industry, abrasive material, usually magnetizable
      metal shot, flows from a hopper along a delivery tube, onto blades of a
      rotating throwing wheel, which impels the abrasive particles against the
      article to be cleaned. The flow of abrasive material to the throwing wheel
      is controlled by a valve associated with the delivery tube. The valve is
      enclosed within the tube. Such a valve consists of a plate which can be
      swung to closed position across the delivery tube outlet to effect closure
      of the same, or to open position to one side of the delivery tube to
      permit flow of the abrasive material to the throwing wheel. Such valves
      allow the escape of considerable noise from the throwing wheel of such
      intensity as to be detrimental to the hearing of the operator and it is an
      object of this invention to provide an improved control valve which
      reduces this hazard.
DRWD
PAR  These and other objects and advantages of this invention will hereinafter
      appear and for purposes of illustration, but not of limitation, an
      embodiment of the invention is shown in the accompanying drawing, in which
      -
PAR  FIG. 1 is a top plan view of the valve member embodying the features of
      this invention;
PAR  FIG. 2 is a front elevational view of the valve member shown in FIG. 1;
PAR  FIG. 3 is an end elevational view of the valve member shown in FIG. 1; and
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 1.
DETD
PAR  According to an aspect of the present invention, there is provided a valve
      for use in controlling the flow of magnetizable abrasive from a supply to
      a throwing wheel via a delivery tube, in which the valve is wholly
      enclosed in a housing communicatingly connecting the delivery tube and a
      shrowd of a throwing wheel.
PAR  According to another aspect of the present invention, there is provided a
      valve for use in controlling the flow of magnetizable abrasive from a
      supply to a throwing wheel, via a delivery tube, in which the control
      valve comprises a magnetic or magnetizable valve member mounted for
      pivotal movement between a closed position across the delivery tube
      interior to an open position alongside the delivery tube, but in which the
      valve member is of lesser cross-sectional area than that of the interior
      of the delivery tube so as to provide an open space in between, but which
      magnetically attracts a collar of the magnetizable abrasive, when in
      closed position, to cause buildup in a manner to effect complete closure
      of the delivery tube in combination with the valve member.
PAR  The valve member is preferably wholly enclosed as aforesaid.
PAR  The top surface of the valve member is preferably formed with a lip so that
      a layer of abrasive is created across the surface thereby to assist in
      resisting valve wear.
PAR  More specifically, the valve member comprises a magnetic plate sandwiched
      between two larger plates, of similar cross-sectional shape as that of the
      delivery tube, with the bottom plate being larger in area than the top
      plate and having a slightly smaller cross-sectional area than the delivery
      tube so that the collar of abrasive which is formed in the gap between the
      periphery of the valve member and the tube wall will be of substantially
      conical shape.
PAR  Means are preferably provided for pivoting the valve member between
      horizontal (valve closed) position and vertical (valve open) position.
PAR  The invention will now be described by way of example, reference being made
      to the accompanying drawings.
PAR  The control valve V consists of a valve member 10 formed of a circular flat
      disc plate 12 of magnetic or magnetizable material, preferably formed of a
      ceramic, which is either a permanent magnet or an electromagnet, having a
      diameter which is less than the internal diameter of the delivery tube 14
      which is disposed between a supply hopper (not shown) and a throwing wheel
      (not shown), through which the abrasive material travels from the supply
      hopper to the throwing wheel.
PAR  The magnetic plate 12 is sandwiched between two circular metal plates 16
      and 18 in which the metal plate 16 facing in the upstream direction is
      formed of an abrasive resistant material, preferably with a lip portion 20
      about its periphery on the face of the plate opposite the magnetic plate
      12, to form a recess 22. The other plate 18, on the opposite side of the
      magnetic plate 12, can be formed of a mild seal. Both the circular plates
      16 and 18 are of larger diameter than the magnetic plate 12, but of lesser
      diameter than the interior diameter of the delivery tube 14 to provide an
      annular space therebetween.
PAR  The valve member is enclosed within a housing 24 joined to the end of the
      delivery tube 14 and which opens into a shrowd 26 enclosing the throwing
      wheel. The housing has a portion 28 which extends laterally of the
      delivery tube 14, for housing the means by which the valve member is
      pivoted between closing position across the open end of the delivery tube,
      and open position out of the path of the delivery tube.
PAR  For this purpose, a pair of arms 30 are fixed at one end to the backside of
      the plate 18, while the other ends of the arms 30 are fixed to a shaft 32
      mounted for rotational movement within a sleeve 34 fixed to the opposite
      outer side walls 36 and 38 of the housing, about openings therethrough,
      with end portions 40 of the shaft extending through the openings, and
      sleeve for a distance beyond the outer side walls of the housing.
PAR  Means are provided for rocking the shaft to pivot the valve member between
      open and closed position.
PAR  In the illustrated modification, such means comprises a bell lever 42 which
      is mounted intermediate its ends onto a through-extending portion 40 of
      the shaft 32 as the pivot. A portion of the bell lever 42 offset from the
      pivot is pivotally connected at 44 onto a bracket 46 fixed onto the end of
      a rod 48 mounted for rectilinear movement in an air cylinder 50. The air
      cylinder 50 is mounted at its base onto a bracket 52 fixed to a frame
      section. The rectilinear movement of the piston and cylinder assembly is
      out of line with the pivot so that the lever arm will be rocked about its
      pivot responsive to movement of the rod into and out of the air cylinder.
PAR  The extent of movement is calculated to the amount required to rock the
      valve member between closed position across the delivery tube and open
      position in which the valve member is disposed to extend vertically within
      the extension portion of the housing, completely out of the path of the
      delivery tube. There is an adjustable stop 54 for controlling the degree
      of pivotal movement of the valve.
PAR  When the valve is in closed position, the top and bottom plates 16 and 18
      of the valve member define, with the tube, a tapered annular gap which
      becomes filled with abrasive material magnetically attracted by the
      magnetic disc 12 of the valve member. Abrasive material is also
      magnetically attracted to the top surface of the plate 16 to provide a
      layer of abrasive material onto the surface thereof. The abrasive lies on
      top of the valve member, within the lip when the valve member is in the
      closed or partially open positions.
PAR  The fact that the valve member is wholly enclosed within the housing
      operates substantially to reduce the noise level to an acceptable degree.
PAR  The valve member of this invention is easier to open and close since the
      valve periphery does not make a tight fit with the delivery tube but
      instead relies upon the buildup of abrasive material in the intervening
      conical space to complete closure of the delivery tube when the valve is
      operated to closed position.
PAR  It will be understood that changes may be made in the details of materials,
      construction, arrangement and operation, without departing from the spirit
      of the invention, especially as defined in the following claims. I claim:
CLMS
NUM  1.
PAR  1.  In an abrasive blasting machine in which a magnetically attractable
      abrasive material is fed from a supply to a blasting member through a feed
      passage, a valve member mounted in cooperation with the feed passage for
      movement between closed position across the feed passage and open position
      out of the path of the feed passage, said valve member comprising a plate
      formed of magnetized material having a cross-section generally
      corresponding to the cross-section of the feed passage but having a
      cross-sectional area less than that of the feed passage to provide a
      spaced relation about the valve member when in closed position, but which
      becomes filled to close the passage by abrasive material which is
      attracted to the valve plate to close the passage, and means for movement
      of the valve member between open and closed positions.
NUM  2.
PAR  2. A machine as claimed in claim 1 in which the plate of magnetic material
      is sandwiched between a pair of disc plates each of which is larger in
      cross-sectional area than the magnetized plate but less than the inner
      cross-sectional area of the passage, with the disc plate in the upstream
      direction being smaller in cross-sectional area than the disc plate on the
      opposite side of the magnetic plate whereby the space about the valve
      member is substantially of conical shape when in closed position.
NUM  3.
PAR  3. A machine as claimed in claim 2 in which the disc plate facing in the
      upstream direction is formed with a lip portion about the periphery which
      extends in the upstream direction to define a recess in the body portion
      of the plate which becomes covered with abrasive material.
NUM  4.
PAR  4. A machine as claimed in claim 1 which includes an enclosure that extends
      to one side of the passage and in which the valve member is mounted for
      rocking movement between closed position, in the path of the passage, and
      open position to one side of the passage.
NUM  5.
PAR  5. A machine as claimed in claim 4 in which the valve member extends
      horizontally into the path of the passage in closed position and
      vertically to one side of the passage in open position.
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ABST
PAL  A universal vertical grinding machine has a horizontal base supporting at
      least one workpiece carrier device. A vertical column centered on the base
      provides an axis of rotation for at least one collar rotatably mounted
      with reference to the column and provided with at least one head
      comprising a grinder-carrier spindle supporting a grinder adjacent the
      workpiece carrier device. Suitable arrangements are provided for effecting
      an axial sliding of the collar along the column in a reciprocating manner,
      and to independently rotate the collar about the column. Advantageously,
      there are two collars mounted for rotation about the column, with the
      collars being rotated in opposite directions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in vertical truing apparatus,
      especially those intended for simultaneous truing of the bore and the
      periphery of annular rings.
PAR  Known machines of the kind in question comprise as we know a horizontal
      crosspiece associated with two fixed uprights supporting one or more heads
      or grinder-carrier carriages. When it is desired to true pieces of large
      diameter, the crosspiece has a considerable length. Moreover, the
      geometric axis of the spindle carrying the grinder is disposed at a rather
      large distance from the crosspiece since intermediate pieces have to be
      provided that will allow the pivoting of the grinder-carrier head in a
      vertical plane. Thus, in known machines there are great difficulties in
      achieving vertical orientation of the spindle in a precise manner because
      of the deformations of the different organs from the weight of the
      carriages.
PAC  SUMMARY OF THE INVENTION
PAR  The improvements that are the subject of the present invention are intended
      to remedy these drawbacks and to allow development of a vertical truing
      machine with high precision of orientation of its members, capable of
      truing pieces with very close machining tolerances.
PAR  The truing machine of the invention is essentially characterized in that it
      comprises in combination:
PA1  A horizontal base supporting at least one workpiece carrier;
PA1  A vertical column centered on the said base;
PA1  At least one collar mounted pivotably with reference to the column, and
      provided with at least one head comprising a grinder-carrier spindle;
PA1  Means to cause the collar to slide axially in alternating directions along
      the column;
PA1  Other means for alternating angular drive of the collar; and
PA1  Means for controlling the movements of the collar.
PAR  The attached drawing, given by way of example, will allow better
      comprehension of the invention, its characteristics and the advantages
      that it may offer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a machine according to the invention.
PAR  FIGS. 2 and 3 are sections on a larger scale along II--II and III--III
      (FIG. 1).
PAR  FIg. 4 illustrates a variant of execution in partial view, corresponding to
      FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The machine of the invention illustrated in FIGS. 1 and 2 comprises
      essentially a base 1 that supports a hollow vertical column 2 about which
      there are mounted two collars 3 and 4.
PAR  The base of column 2 is fixed in any suitable way, for example by bolting
      to the central part of base 1 which in plan has a generally circular
      profile.
PAR  The periphery of base 1 receives workpiece carrier devices 5, in the number
      of six in the present example. Each device 5 comprises a frame 6 on the
      periphery of which there is fixed an electric motor 7 whose shaft 8 is in
      engagement with a bevel gear 9. Output shaft 10 of the latter element,
      vertically oriented, bears a circular plate, or bearing, 11 turning on
      turning plate , or bearing, 12. Shafts 8 and 10 are guided by two sets of
      roller bearings 13 and 14. On turning plate 12 there is fixed, for
      example, a magnetic plate 15 that immobilizes a piece to be trued, 16, in
      the form of an annulus like the outer or inner ring of a ball or roller
      bearing.
PAR  The two collars 3 and 4 are mounted in rotation with reference to column 2
      by suitable roller devices, but preferably by means of hydrostatic
      bearings 17 which are well known in the art and which it is therefore
      unnecessary to describe. Collar 4 rests on collar 3 by means of
      hydrostatic bearings 18.
PAR  The periphery of each collar 3, 4 is arranged with lands 3a, 4a on each of
      which there is fixed a grinder-carrier carriage 19 which is pivotable
      about a horizontal axis. Each carriage is associated with a turning
      vertical spindle 20 whose lower end is rigidly connected with a grinder
      21, while its upper end is connected to the shaft of an electric motor 22.
PAR  It is to be observed that the spindle of each carriage 19, rigidly
      connected with collar 4, is longer than that borne by each of the
      carriages associated with the lower collar 3 so that all the grinders are
      in the same horizontal plane. Preferably it is arranged so that the
      geometric axes of the spindles in vertical position are disposed on a
      circumference that passes through the centers of workpiece carriers 5.
PAR  It is also to be observed that lands 3a, 4a are shifted with reference to
      each other so that each of the workpiece carrier devices 5 is placed
      between two grinders 21 respectively associated with collars 3 and 4.
PAR  Lower collar 3 rests, by means of hydrostatic bearings 23, on the six
      branches 24a of a disk 24 whose center is made to constitute a piston 24b
      which is displaceable in a cylinder 25 that is rigidly connected to base
      1. Each branch 24a passes through an opening 2a in the wall of hollow
      column 2, disk 24 being disposed inside the said column.
PAR  Each collar 3, 4 is provided with a peripheral protuberance 3b, 4b, to
      which is fixed a sector of hollow wheel 26, 27 (FIG. 3) which engages with
      an endless screw respectively 28 or 29 whose ends are borne by bearings
      that are rigidly connected to a vertical sleeve 30 that can slide along
      vertical shaft 31 fixed on an extension of base 1. This sleeve is keyed on
      the shaft so that it is angularly fixed. Each of screws 28, 29 is driven
      in rotation by a motor such as 32 (FIG. 1), which motor may be either
      electric or hydraulic.
PAR  Sleeve 30 rests by means of a wheel 33 on an arm 34 that is rigidly
      connected to lower collar 3 (FIG. 3).
PAR  Known devices R are disposed on base 1 for regrinding of the grinders.
PAR  A linear inductosyn 35 is associated with shaft 31, and a movable slide 36
      is correspondingly fixed on sleeve 30 so that it is possible to control
      the vertical displacements of the said sleeve. For angular displacement
      control of the respective collars 3, 4 there is placed on each of them an
      angular inductosyn 37, 38, while the sensors 39, 40 are respectively fixed
      on the sleeve opposite the above mentioned inductosyn devices.
PAR  The operation becomes evident from the above explanations.
PAR  Each magnetic plate 15, driven in rotation by motor 7, immobilizes a piece
      16 whose bore and periphery are to be trued. By acting on the appropriate
      valve there is caused displacement of piston 24b so that the grinders are
      in a horizontal plane situated right above the upper face of pieces 16.
      Collars 3 and 4 are then caused to turn in such a way that the grinders
      respectively associated therewith are placed perpendicularly to the outer
      and inner vertical faces of each workpiece 16.
PAR  By means of an assembly of suitable valves, there can easily be caused an
      alternating movement of piston 24b vertically in cylinder 25, so that the
      disk 24 and its branches 24a are given an identical movement that is
      transmitted to lower collar 3 and to collar 4. The grinders thus have a
      reciprocating movement whose course is controlled as a function of the
      height of pieces 16.
PAR  Each motor 22 is thus supplied so that the grinders 21 are put into
      rotation. Because of motors 32 it is possible to act on endless screws 28,
      29 to cause rotation of collars 3 and 4. It is arranged so that the screws
      28, 29 are actuated in opposite directions so that the two collars move in
      the same way as the screws 28, 29, with the two grinders 21 machining the
      piece moving in a direction away from each other. Thus each piece is
      subject to practically no stresses that would withdraw it from the
      retaining effect of magnetic plate 15. It is readily appreciated that the
      movement of the respective collars corresponds to the advance of the
      corresponding grinder with reference to the workpiece.
PAR  Six workpieces 16, simultaneously put into rotation by the six motors 7,
      are fixed on the six magnetic plates 15. A carriage 19 and a carriage 20
      correspond to each one of the six pieces 16, with the six carriages 19
      being fixed on the collar 4 and the six carriages 20 being fixed on the
      collar 3. Each collar 3, 4 is independent of the other, with each
      workpiece 16 being ground simultaneously by two grinders 21.
PAR  In the case where, for example, the inner diameter and outer diameter of a
      ring are being ground to a predetermined size, it is possible to bring the
      grinder 21 which acts on the inner diameter near to the grinder 21 which
      acts on the outer diameter by means of actuation of motors 31 which cause
      collars 3 and 4 to rotate in opposite directions. Thus, workpieces 16 will
      be maintained between the two grinders 21 and the radial forces of the
      grinders 21 will be opposed. This specific movement of these various
      elements eliminates the possibility that the workpiece 16 will slide
      relative to the magnetic plate 15 on which it is mounted, a problem
      encountered with conventional grinding apparatus of the kind having a
      horizontal crosspiece with which it is impossible to bring the carriages
      sufficiently near to one another. The latter is both due to the cumbersome
      construction of the conventional grinding apparatus, and because the
      conventional grinding apparatus has carriages which are both mounted on
      the same sliding bars.
PAR  Of course, substantial lubrication is provided to promote the work of the
      grinders.
PAR  It will be observed that the two collars 3 and 4 could be independent of
      one another and move individually along the column. For this it would
      suffice to provide a second disk 41 (FIG. 4) associated with a jack 42
      fixed to the upper part of the said column by means of a crosspiece 43.
PAR  Arms 41a of disk 41 then pass through the wall of column 2 in openings 2'a
      so as to support collar 4 by means of hydrostatic bearings 18.
PAR  A second vertical shaft 44 is provided, about which there is engaged
      another sleeve 45 bearing on an arm 46 that is rigidly connected with
      upper collar 4, the said second sleeve constituting a bearing for screw
      29.
PAR  It is obvious that all motors provided on the truing device are variable
      speed type motors.
PAR  Thus there is developed a vertical truing device with multiple stations
      which allows considerable advances and cutting speeds without risk of any
      deformation of the grinder-carrier carriages, the said supports being
      constituted by collars 3 and 4 which cannot bend. Moreover, these
      carriages are directly fixed to the corresponding collar so that the
      overhang of their spindle is considerably reduced, with respect to that of
      conventional truing apparatus. Thus any desired precision in machining can
      be attained, as required for pieces with very tight tolerances.
PAR  Moreover, because of the special arrangement of the organs of the truing
      apparatus of the invention, the number of control apparatus is
      considerably reduced with reference to those necessary with conventional
      machines for an identical number of spindles and workpiece holders.
PAR  It is further to be understood that the description above was only given as
      example and that it in no way limits the scope of the invention, which
      scope would not be exceeded by replacement of details of described
      embodiments by any other equivalents. Especially, and as is self evident
      the truing device of the invention could be used with a single workpiece
      holder device and/or for work other than cylindrical truing since the
      spindles can be disposed in any position in a single vertical plane.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. Universal vertical truing apparatus, comprising, in combination:
PA1  a horizontal base supporting at least one workpiece carrier device;
PA1  a vertical column centered on the base;
PA1  at least one collar rotatably mounted with reference to the column and
      provided with at least one head comprising a grinder-carrier spindle
      supporting a grinder adjacent the workpiece carrier device;
PA1  means for effecting axial sliding of the collar along the column in a
      reciprocating manner;
PA1  means separate from the means for effecting for rotating the collar about
      the column; and
PA1  means for controlling the movements of the collar.
NUM  2.
PAR  2. Truing apparatus as in claim 1, characterized in that the base is
      provided with a plurality of workpiece holder devices distributed equally
      about the column.
NUM  3.
PAR  3. Truing device as in claim 2, characterized in that the collar comprises
      a number of grinder-carrier heads corresponding to the number of workpiece
      carrier devices.
NUM  4.
PAR  4. Truing device as in claim 3, characterized in that the column is
      furnished with two collars that rotate independently in opposite
      directions, each of the collars being provided with a number of
      grinder-carrier heads that corresponds to the number of workpiece carrier
      devices.
NUM  5.
PAR  5. Truing apparatus as in claim 4, characterized in that the two collars
      are mounted in application one above the other by means of suitable
      bearings disposed between them, the lower collar being connected to means
      for making it axially slidable.
NUM  6.
PAR  6. Truing apparatus as in claim 4, characterized in that the two collars
      are slidably mounted on the column independently of each other, being
      moved by the far effecting axial sliding means.
NUM  7.
PAR  7. Truing apparatus as in claim 2, characterized in that the workpiece
      carrier devices that are distributed equally about the column severally
      comprise a horizontal plate turning by means of suitable drives.
NUM  8.
PAR  8. Truing apparatus as in claim 4, characterized in that athe trajectories
      of movement of the geometric axis of each grinder carrier spindle pass
      through a center of rotation of the workpiece carrier devices.
NUM  9.
PAR  9. Truing device as in claim 5, characterized in that at least the lower
      collar rests by means of an appropriate stop on the arms of a disk whose
      center, coinciding with that of the column, is arranged so as to
      constitute a piston cooperating with a fixed cylinder suitably connected
      to a source of pressurized fluid, to allow the vertical reciprocating
      motion of the collar in question along the above mentioned column.
NUM  10.
PAR  10. Truing device as in claim 9, characterized in that there is arranged on
      each collar a toothed sector that engages with an endless screw driven by
      a suitable mechanism at variable speed, each endless screw being mounted
      in rotation in bearings rigidly connected with a sleeve engaged about a
      fixed vertical shaft that is rigidly connected to the base, the lower part
      of the said sleeve resting by means of a wheel on an arm rigidly connected
      with the lower collar or with each collar.
NUM  11.
PAR  11. Truing apparatus as in claim 10, characterized in that there is placed
      on the base and between the workpiece carrier devices as many regrinder
      organs as there are grinder carrier heads.
NUM  12.
PAR  12. Truing apparatus as in claim 11, characterized in that the means for
      control of the movements of each collar comprises a reader of the movement
      of the sleeve in the vertical direction, and a system for controlling the
      angular movement of each collar.
NUM  13.
PAR  13. Truing apparatus as in claim 1, characterized in that two collars are
      rotatably mounted with reference to the column, each of the collars being
      provided with at least one head comprising a grinder-carrier spindle
      supporting a grinder adjacent the workpiece carrier device, the collars
      rotating independently in opposite directions, the workpiece carrier
      device being mounted for rotation, and the trajectories of movement of
      geometric axes of the grinder-carrier spindles passing through a center of
      rotation of the workpiece carrier device.
PATN
WKU  039303420
SRC  5
APN  4569466
APT  1
ART  323
APD  19740401
TTL  Sharpener for twist drills
ISD  19760106
NCL  30
ECL  1
EXA  Godici; Nicholas P.
EXP  Smith; Al Lawrence
NDR  9
NFG  27
INVT
NAM  Moores, Jr.; Robert Gordon
CTY  Cockeysville
STA  MD
INVT
NAM  Walton, II; Richard Eugene
CTY  Baltimore
STA  MD
ASSG
NAM  The Black and Decker Manufacturing Company
CTY  Towson
STA  MD
COD  02
CLAS
OCL   51 94R
XCL   51 97R
XCL   51219R
XCL   51288
EDF  2
ICL  B24B  328
FSC   51
FSS  50;92 R;94 R;94 C;95 WH;97 R;219 R;219 PC;288
UREF
PNO  641107
ISD  19000100
NAM  Heister
OCL   51219PC
UREF
PNO  1195248
ISD  19160800
NAM  Mallory
OCL   51219R
UREF
PNO  1674224
ISD  19280600
NAM  Rabut
OCL   51219R
UREF
PNO  2109308
ISD  19380200
NAM  Adams
OCL   51 94C
UREF
PNO  2245858
ISD  19410600
NAM  Hornberger
OCL   51219R
UREF
PNO  2429057
ISD  19471000
NAM  Hanford
OCL   51 95WH
UREF
PNO  2536823
ISD  19510100
NAM  Smith
XCL   51219R
UREF
PNO  2866302
ISD  19581200
NAM  Amiet
OCL   51219R
UREF
PNO  3040480
ISD  19620600
NAM  Winslow
OCL   51 94R
UREF
PNO  3107461
ISD  19631000
NAM  Sutton
OCL   51219R
UREF
PNO  3209493
ISD  19651000
NAM  Houser
OCL   51 94R
LREP
FR2  Kovensky; William
FR2  Slotnik; Joseph R.
FR2  Murphy; Edward D.
ABST
PAL  A sharpener having a clam-shell housing in which a motor is mounted for
      driving a grinding wheel disposed adjacent one end of the housing, a chuck
      which holds either twist drills or a diamond dresser, the chuck being
      indexable 180.degree. about its axis, and structure for mounting the chuck
      relative to the grinding wheel so that either the twist drill can be moved
      in a prescribed manner across the grinding periphery of the grinding
      wheel, or so that the diamond dresser can be moved across the grinding
      wheel in order to dress the wheel to a form suitable for sharpening twist
      drills or the like, and also means for moving the twist drills or the like
      or diamond dresser towards the grinding wheel.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to an apparatus for sharpening the
      leading ends of twist drills or the like, and more particularly to an
      apparatus for grinding the leading ends of twist drills or the like which
      is an inexpensive self-contained unit that is easy to operate and requires
      little skill to operate, the ground point angle and relief angle being
      built-in and requiring no adjustment as different diameter twist drills
      are ground within the range designed into the machine.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a self-contained apparatus designed to
      sharpen general purpose right hand twist drills approximately one-eighth
      inch to approximately one-half inch in diameter to commercial tolerances.
      A large number of prior art twist drill grinding machines are known in the
      art. These machines grind the points on twist drills or the like to
      desired contours by various methods. The present apparatus relates to a
      type of machine which grinds a cylindrical profile on each side of the
      leading end of the twist drill to either side of the web. One prior art
      patent which discloses an apparatus for grinding a cylindrical profile in
      U.S. Pat. No. 1,674,224 to Rabut issued June 19, 1928. The Rabut patent
      disclosed a beltdriven grinding wheel, a chuck which is operable to
      support twist drills or the like with the leading ends of the twist drill
      in contact with a surface of the grinding wheel, and means to support the
      chuck relative to the grinding wheel. The supporting means include a frame
      which is pivotally secured to the base which also supports the grinding
      wheel, a carrier which is pivotally secured to the frame, a shaft
      journaled for rotation within the carrier, and an arm which extends away
      at an angle from the shaft, the arm in turn being interconnected with the
      chuck. A gauge is also mounted adjacent one end of the arm and means are
      provided for elevating and depressing the chuck and the gauge to
      accommodate twist drills of different sizes. The chuck is mounted in such
      a manner that it can be rotated or indexed about its center line 180
      degrees between two working positions.
PAR  While the apparatus shown in the Rabut patent will satisfactorily grind the
      leading end of twist drills, it has numerous disadvantages. During the
      operation of the grinding apparatus shown in Rabut, it will be
      occasionally necessary to dress the grinding wheel to level off the
      surface which contacts the leading end of the twist drill. However, Rabut
      does not disclose any structure whereby a dressing tool could be mounted
      in his apparatus for dressing the grinding wheel, and thus, it would be
      necessary to provide additional means for dressing the grinding wheel.
      While a dressing tool could be mounted on the base of the Rabut machine in
      a manner taught by the U.S. Pat. No. 3,651,602 issued Mar. 28, 1972 to
      Hillier, such a device unnecessarily complicates the structure shown in
      Rabut and furthermore is somewhat difficult to operate so that the surface
      of the wheel which contacts the leading end of the twist drill lies in a
      surface parallel to the axis of rotation of the shaft which supports the
      chuck. Alternatively, a dressing tool could be carried by the chuck
      support in the manner taught by the U.S. Pat. No. 3,132,450 issued May 12,
      1969 to Boddgert. While this design eliminates some of the disadvantages
      of Hillier, it unnecessarily complicates the design of the chuck support.
PAR  A further disadvantage of the apparatus shown in the Rabut patent is that
      it is difficult to provide for generally uniform wear of the grinding
      wheel. Thus, in order to present the leading end of the twist drill to
      different portions of the grinding surface of the grinding wheel, it is
      necessary to adjust either the frame which carriers the chuck or to
      longitudinally adjust the shaft about which the chuck is swung during the
      grinding of the twist drills.
PAR  Another disadvantage of the Rabut construction is that the shaft about
      which the chuck rotates must be shifted toward and away from the axis of
      the grinding wheel during the grinding of the leading end of a twist drill
      and must be also shifted as the diameter of the grinding wheel varies. In
      order to maintain the proper geometry on the leading end of the twist
      drill during the grinding operation, it is therefore necessary to very
      accurately machine the bearings within the pivoting frame and the pivotal
      carrier, and it is also necessary to very accurately position the pivoting
      carrier on the frame during the grinding operation.
PAR  An additional disadvantage of the Rabut construction is that it requires
      adjustment of the gauge and chuck for twist drills of different diameters.
      Also, the gauge of Rabut only initially positions the point of the twist
      drill and does not serve as a final gauge to properly locate the twist
      drill during the final grinding operation on the leading end. In this
      connection, it should be noted that it may sometimes be necessary to grind
      a large quantity away from the leading end of the twist drill, either
      because of severe wear on the leading end of the drill or because of a
      broken point. In this case, because the flutes are spirally disposed about
      the drill, the final position will not in any way correspond to the
      initially engaged position. While other gauges are well known in the prior
      art, as for example U.S. Pat. No. 2,614,370 issued Oct. 21, 1952 to
      Kapnick, devices of this type do not overcome the foregoing disadvantages.
PAR  A further disadvantage of the Rabut construction is that it is not a
      self-contained unit and therefore must be mounted in such a manner that it
      can be driven from a power take-off shaft within the shop through a belt
      or the like.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide a
      self-contained, inexpensive, easy to operate twist drill sharpener wherein
      adjustments are kept to a minimum and little skill is required to operate.
PAR  More specifically, it is an object of the present invention to provide a
      drill bit sharpener wherein means are provided to move the leading end of
      the drill bit across the surface of a grinding wheel to minimize wear upon
      the grinding wheel.
PAR  It is another object of the present invention to provide an apparatus for
      sharpening twist drills or the like wherein drills of various diameters
      within a given range may be sharpened to commercial tolerances without any
      adjustments other than the initial gauging of the twist drill or the like
      within the device which holds the twist drill.
PAR  It is another object of the present invention to provide an apparatus for
      sharpening twist drills or the like, wherein the means which hold the
      twist drills or the like may also hold a tool for dressing the grinding
      wheel, wherein means are provided for properly orienting the dressing tool
      with respect to the grinding wheel, and wherein additional means are
      provided to move the dressing tool across the surface of the grinding
      wheel.
PAR  It is another object of the present invention to provide an apparatus for
      grinding twist drills or the like, wherein the means for holding the twist
      drills or the like are rotatably carried by a shaft, and wherein means are
      provided to pivot the shaft about an axis transverse to the axis of the
      shaft so that the drill bit holding means may be moved toward and away
      from the grinding wheel.
PAR  It is a further object of the present invention to provide a chuck which
      supports twist drills or the like and a gauge on the forward end of the
      chuck, the guage being employed to properly position the drill bit within
      the chuck and also to gauge the distanct between the chuck and the surface
      of a grinding wheel so that a proper contour is formed on the leading end
      of the twist drill or the like.
PAR  These and other objects and advantages of the present invention are
      accomplished by providing a clam-shell type housing, drive means mounted
      within the housing, a grinding wheel disposed adjacent one end of the
      housing, a pivot rod supported within the housing for rocking movement of
      one end of the pivot rod toward and away from the grinding wheel and for
      either spiral motion of the pivot rod when grinding twist drills or the
      like, or for solely longitudinal movement of the pivot rod when dressing
      grinding wheels, a chuck indexable 180.degree. about its axis between
      first and second operative positions, means to support the chuck on one
      end of said pivot rod, said means being movable on operative position
      wherein one end of the chuck is disposed adjacent the grinding wheel and a
      second position disposed away from the grinding wheel to provide for the
      loading of twist drills or the like within the chuck, and a gauge or
      locator mounted upon the leading end of the chuck, the guage being
      engagable with a sidewall of the flute of the twist drills or the like to
      properly orient the twist drill within the chuck, the guage also serving
      to finally position the chuck adjacent the grinding surface of the
      grinding wheel so that the wheel is accurately dressed and so that the
      final ground surface on the leading end of the twist drills or the like
      meets commercial tolerances. The foregoing structure will be described in
      greater detail with reference to the accompanying drawings in which a
      preferred form of this invention is illustrated.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an apparatus in which the principles of the
      present invention are incorporated, this view being taken from the front
      right side of the apparatus and showing the chuck and its mounting
      structure in its operative position.
PAR  FIG. 2 is a perspective view taken from the left rear side of the
      apparatus, the chuck being shown in its inoperative. position.
PAR  FIG. 3A is a section taken through the apparatus shown in FIG. 1, the chuck
      carrying a tool for dressing the grinding wheel.
PAR  FIG. 3B is an enlargement of a portion of FIG. 3A.
PAR  FIG. 4 is a section taken along the lines 4--4 in FIG. 3A.
PAR  FIG. 5 is a section taken generally along the lines 5--5 in FIG. 3A.
PAR  FIG. 6 is an exploded view of the chuck and its mounting structure, the
      mounting structure being shown in its operative position.
PAR  FIG. 7 illustrates the chuck mounting structure in its inoperative
      position.
PAR  FIG. 8 is a side view of one end of the chuck showing the locator or gauge
      associated with the leading end of a twist drill or the like.
PAR  FIG. 9 is a front view of the structure shown in FIG. 8.
PAR  FIG. 10 is a bottom view of the structure shown in FIGS. 8 and 9.
PAR  FIG. 11 illustrates the prior art manner of locating the leading ends of
      twist drills or the like.
PAR  FIGS. 12 and 13 show the manner of locating twist drills with the locator
      of the present invention.
PAR  FIGS. 14 and 15 are views somewhat similar to FIGS. 12 and 13 but showing
      the twist drill or the like located with respect to the grinding wheel,
      FIG. 14 showing a relatively small diameter twist drill, and FIG. 15
      showing a larger diameter twist drill.
PAR  FIG. 16 is a view somewhat similar to FIG. 3B, this view illustrating a
      dressing tool engaging one side of the grinding surface of a grinding
      wheel.
PAR  FIGS. 17 and 18 are somewhat similar to FIGS. 3B and 16 but show the
      relative position of various components during the grinding of the leading
      end of the twist drill or the like.
PAR  FIGS. 19 and 20 are somewhat exaggerated views showing the manner in which
      the pivot rod is pivoted between its raised and lowered positions.
PAR  FIG. 21 is a perspective view of a detent spring which is associated with
      the chuck and its mounting structure for indexing the chuck 180.degree..
PAR  FIG. 22 is a side view of the detent spring shown in FIG. 21 and a portion
      of the chuck mounting structure, the full lines indicating the detent
      spring in its free position, and the broken likes indicating the detent
      spring in its assembled position.
PAR  FIG. 23 is a plan view of a portion of the chuck mounting structure.
PAR  FIGS. 24, 25 and 26 are front side, top side, and end views, respectively,
      of a twist drill.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT IN GENERAL
PAR  With reference to the various figures, and particularly FIG. 3, the
      embodiment shown in the drawings includes a frame indicated generally at
      10, the frame being in the form of a clamshell housing, drive means
      disposed at least in part within the housing, the drive means being
      indicated generally at 12, a rotary abrasive member or grinding wheel 14
      mounted upon the output shaft 16 of the drive means, the grinding wheel
      being disposed adjacent one end of the housing, means operable to hold
      twist drills or the like or tools for dressing the grinding wheel, the
      holding means being indicated generally at 18, and a locator or guage
      mounted on one end of the holding means 18, the locator being indicated
      generally at 20. Interconnecting means are provided which are operable to
      interconnect the holding means with the frame, the interconnecting means
      including a shaft or pivot rod 22, mounting means operable to mount the
      holding means on one end of the pivot rod adjacent the grinding wheel, the
      mounting means being indicated generally at 24, and means to mount spaced
      apart portions of the pivot rod within the housing, the pivot rod mounting
      means being indicated generally at 26. The pivot rod mounting means 26
      provides for various motions of the pivot rod. Thus, the pivot rod can be
      oscillated about its axis, can be moved in a spiral fashion about its
      axis, can be shifted in a longitudinal linear motion along its axis, and
      it can also swing about an axis generally transverse to the axis of the
      pivot rod. The manner in which the rod is mounted will be more fully
      brought out below, however, the purposes of the various motions will be
      briefly summarized at this point. Thus, when the leading end of twist
      drills or the like are being ground, the pivot rod and, therefore, the
      holding means which carries the pivot rod, will be cuased to be moved in a
      spiral path about the axis of the pivot rod. In addition, the pivot rod
      will be swung about an axis 27 (FIG. 4) normal to a plane which passes
      through the axis of the pivot rod and the axis of rotation of the grinding
      wheel to move the holding means closer to the grinding surface of the
      grinding wheel until the leading end of the twist drill or the like has
      been properly ground. By employing a spiral motion during the grinding of
      the leading end of the twist drills or the like, the grinding surface of
      the grinding wheel will be more uniformly worn away than if only a rotary
      motion about the axis of the pivot rod were employed. However, it will
      still be necessary on occasion to dress the grinding surface of the
      grinding wheel. When a dressing tool is carried by the holding means, the
      holding means is rotated to a stop position which places the dressing tool
      in the proper position for dressing the surface of the grinding wheel, and
      then the pivot rod is shifted along its axis while the holding means is
      still maintained in its proper attitude. The pivot rod is also swung about
      the transverse axis 27 to move the dressing tool toward the axis of
      rotation of the grinding wheel to dress additional amounts of material off
      the grinding surface of the wheel until a proper surface is dressed on the
      grinding wheel.
PAC  HOLDING MEANS
PAR  The holding means indicated at 18 is operable to hold either twist drills
      or the like with the leading end of the twist drill or the like in contact
      with a surface of the grinding wheel, or to hold a dressing tool with the
      leading end of the dressing tool being disposed in contact with the
      grinding surface of the grinding wheel. The holding means shown in this
      embodiment is a chuck which is adapted to receive twist drills or the like
      of various diameters concentrically within the chuck, the preferred range
      of diameters running from approximately one-eighth inch to approximately
      one-half inch. The chuck includes a nose piece 28 having a frusto-conical
      inner suface 30, a spacer 32 mounted within the nose piece 29, a plurality
      of jaws 34 having an outer surface adapted to engage the frusto-conical
      surface 30, a pusher member 36 which is interconnected with the plurality
      of jaws 34, a nut 38 which is adapted to impart linear movement to the
      pusher member 36 upon rotation of the nut, and a sleeve member 40. The
      sleeve member 40 is provided with an internal thread which engages a
      corresponding thread on the nose piece 38, the threads being indicated at
      42. Thus, the sleeve member can be unscrewed from the nose piece for
      disassembly of the various components of the chuck. When in the assembled
      positon shown in FIG. 3B, the flange 44 of the sleeve member engages a
      cooperating fling 46 on the nut 38 to hold the parts in their assembled
      relationship. The nut 38 can rotate relative to the seeve 49, the nose
      piece 28 and the pusher member 36 and rotation of the nut will cause the
      pusher member 36 to be moved linearly along the axis 46 of the chuch due
      to the interaction of the threads 48 carried by the inner cylindrical
      surface of the nut 38 and the outer cylindrical surface of the pusher
      member 36. The spacer 32 is provided with an outwardly extending flange 50
      at one end, the flange 50 being clamped between an end 52 of the nose
      piece 28 and a shoulder 54 on the inner cylindrical surface of the sleeve
      member 40. In the embodimentt shown three jaws are employed, and these
      jaws are mounted for sliding motion within three radially spaced apart
      grooves on the spacer 32. As the pusher member 36 engages the rear end of
      the jaws 34 by means of key-hole slot 56, the pusher member is not free to
      rotate about the axis 46 of the chuck. Thus, when the nut is rotated the
      pusher member will be screwed in one direction or the other which will in
      turn advance or retract the jaws 34 within the nose piece 28 to either
      open or close the chuck. The jaws 34 are provided with relatively long
      engaging surfaces 58 so that the engaging surfaces are long enough to
      completely define the diameter of the bit or twist drill, at least two of
      the surfaces contacting the margin of the twist drill in two places, the
      third surface contacting the margin of the twist drill in at least one
      place. This must be true of the largest bit with the longest spiral to be
      held. If this were not true, the bit would rock and would not be stable
      within the chuck. The nose piece 28 is provided with an outer cylindrical
      surface 60 which is concentric with the frustro-conical surface 30 and the
      axis 46 of the chuck. A V-shaped groove 62 is formed in the surface 60,
      the groove extending all the way around the surface of the nose piece. The
      nose piece is also provided with a radially outwardly extending shoulder
      64 adjacent one side of the surface 60, the shoulder 64 being provided
      with two semi-cylindrical recesses 66 as can best be seen in FIG. 6, the
      semi-cylindrical recesses being spaced apart from each other exactly 180
      degrees. The V-shaped groove 62 and semi-cylindrical recesses 66 are
      utilized in the mounting of the chuck within the mounting means 24 for
      indexing the chuck 180 degrees between two operable positions, and the
      manner in which they cooperate with the mounting means will be more fully
      brought out below.
PAC  LOCATOR
PAR  The located 20 for twist drills or the like is mounted on one end of the
      chuck. The located includes a circular mounting portion 68, and a tapered
      leading end 70 which extends toward the grinding wheel, the tapered
      leading end having an edge 72 engagable with the side wall 74 of one of
      the flutes 76 of the twist drill or the like. The edge 72 will engage the
      sidewall 74 adjacent the cutting lip 78 (FIGS. 9, 17 and 25), the edge
      being adapted to be disposed a predetermined distance away from the
      surface of the grinding wheel means when the twist drill or the like has
      been properly ground. Means are provided for resiliently supporting the
      leading end of the locator in such a manner that the edge will always be
      desposed at a predetermined angle with respect to the center line or axis
      of the grinding wheel when the chuck is in one of its two operable
      positions. This relationship is best illustrated in FIGS. 14 and 15, FIG.
      14 showing how a one-eighth inch diameter drill is positioned by the
      locator, the drill being shown in section where the locator engages the
      sidewall of the flute, and FIG. 15 showing the positioning of a one-half
      inch diameter drill. Stated another way, the leading edge of the locator
      is supported in such a manner that when the edge of the leading end
      contacts the side of one of the flutes of a twist drill, it establishes a
      line which is parallel to the other lines established when the locator
      contacts twist drills of different diameters and web thicknesses. Thus,
      with reference to FIGS. 12 and 13, which illustrte the locator contacting
      sidewalls of twist drills of different web diameters, it can be seen that
      the line 82 would be parallel to the line 84. The angle 80 is so selected
      that when the twist drill is ground, a proper relief angle is formed on
      the margin of the twist drill adjacent the cutting lip. There is a
      cooperative effect between the angle 80 and the offset or eccentricity of
      the axis of the twist drill. Thus, the axis 46 of the chuck is offset from
      the axis 85 of the pivot rod, and, by properly selecting the offset
      distance 86 (FIGS. 14 and 15), the grinding radius and the angle 80, the
      lip relief angle will be ground to commercial tolerances for the range of
      drills adapted to be held by the chuck. Thus, in the embodiment,
      illustrated, a lip relief angle of approximately 18.degree.-20.degree.
      will be gound in one-eighth inch drills, while a lip relief angle of
      approximately 8.degree.-10.degree. will be ground in one-half inch twist
      drills or the like. However, it is essential that the angle 80 be
      maintained. If a gauging device 75 of the prior art were employed, this
      being illustrated in FIG. 11, only one edge of the sidewall of the flute
      would be contacted and if the drill were of relatively great web
      thickness, as shown in FIG. 11, then it would not be possible to obtain
      the proper lip relief angle.
PAR  The means for supporting the tapered leading end is a strip of flexible
      material 88 or it may be a stiff element on a flexible support. In this
      connection, it should be noted that the locator is preferably formed to
      its desired final shape from a single piece of sheet material. The
      circular mounting portion 68 is provided with a central aperture 90 (FIG.
      10), and is mounted on one end of the nose piece 28 of the chuck by cap
      screws 92.
PAC  MEANS FOR MOUNTING THE CHUCK ON ONE END OF THE PIVOT ROD
PAR  The means 24 for mounting the chuck on one end of the pivot rod provides
      for indexing the chuck 180 degrees about its axis 46 between two operable
      positions, and also for the swinging of the tool holder or chuck between
      operative and inoperative positions, the inoperative position being shown
      in FIGS. 2 and 7 and the operative position being shown in other FIGS.
      such as 1 and 3A which illustrte the chuck mounting means. The chuck
      mounting means include a pivot arm 94 which is non-rotatably secured to
      one end of the pivot rod 22 and a swing head 96 (FIGS. 6 and 7) which is
      pivotally secured by pivot pin 98 to the pivot arm 94, a detent spring,
      indicated generally at 100, the spring cooperating with the swing head and
      the nose piece of the chuck to provide for the indexing of the chuck
      180.degree.about its axis, and a jam or lock spring 102, the jam spring
      cooperating with the pivot arm 94 and the swing head 96 to lock the swing
      head and the chuck in their operative position, but also providing for
      movement of the swing head and chuck to the inoperative position. The
      inoperative position is utilized for loading twist drills or the like into
      the chuck. With reference to FIG. 3B, the pivot arm is rigidly secured to
      one end of the pivot rod 22 by fastener means 104, the fastener means
      engaging a threaded aperture 106 in the end of the pivot rod. The end of
      the pivot arm 94, adjacent the end of the shaft 22 to which it is secured,
      is provided with an aperture 108 which receives the fastener means 104, a
      portion of the aperture being shaped to slidably and non-rotatably engage
      a D-shaped end section 110 of the pivot rod.
PAR  The jam or lock spring 102 is formed from sheet spring steel into a
      generally Z-shape, one of the end legs being provided with a bent-out
      portion 112 which is adapted to be engaged by the operator. The other leg
      114 is secured to the swing head by a fastener 116. A stop or lock portion
      118 is disposed at approximately a right angle to the intermediate portion
      120, the stop or lock portion engaging a first shoulder 122 (FIG. 7) on
      the pivot arm 94. When the swing head and chuck are in their operative or
      working position, shown in FIG. 3B for example, a second shoulder 124 is
      engaged by a portion 126 on the swing head which is disposed to the
      opposite side of the pivot 98 from the stop portion 118 of the jam spring
      102. When both shoulders 122 and 124 are engaged by the jam spring 102 and
      the engaging portion 126, the swing head and chuck are firmly held in
      their operative position. It should be appreciated that in the manufacture
      of the jam spring 102, pivot arm 94, and swing head 96 that slight
      variations will occur and, therefore, an adjusting screw 128 is provided
      to move the stop portion toward and away from the shoulder 122. The
      shoulder 122, which is contacted by the stop portion 118, forms an angle
      with the intermediate portion 120 that is greater than the angle formed by
      the intermediate portion 120 and the stop portion 118. Therefore, as the
      spring 102 moves into its stop position a jamming action between the
      spring and the shoulder is achieved to further ensure precise positioning
      of the swing head and chuck when they are being held in their operative
      position. To move the swing head and chuck to the inoperative position, it
      is only necessary to bias the bent-out portion 112 in the direction
      indicated by the arrow 130 until the end of the stop portion 118 nearest
      the pivot 98 clears the shoulder 122, at which point the holding means may
      be swung to its inoperative or loading position. A shoulder 123, FIG. 3B,
      in the pivot arm 94 cooperates with the outside surface of stop portion
      118 to limit the swing of the chuck towards the wheel and to also define
      the inoperative or loading position shown in FIGS. 2 and 7.
PAR  The swing head consists essentially of a generally cylindrical portion 132,
      and a mounting or ear portion 134 which is formed integrally with the
      cylindrical portion 132. The ear portion is suitably apertured to receive
      the pivot pin 98 which secures the swing head to the pivot arm 94. A
      suitable cavity is formed in the ear portion for the reception of the jam
      spring 102. As can best be seen from FIG. 23, the inner surface of the
      cylindrical portion 132 of the swing head 96 is provided with four ribs
      136, 138, 140, and 142. Ribs 136, 138 and 140 are radially spaced apart
      from each other 120.degree. and act as centering ribs for the chuck. In
      addition, a cone point set screw 144 and a nylon plug 146 are mounted
      within a threaded aperture which extends from the outer surface through
      the center of the rib 140, the plug 146 being forced into engagement with
      the V-shaped groove 62 in the nose piece 28 of the chuck to assemble the
      parts. Thus, when the plug snugly engages the V-shaped groove 62, the
      chuck acts against the two ribs 136, 138 which act as V-blocks giving the
      best possible positioning of the chuck, and the chuck is held from
      relative movement with respect to the swing head with the exception of
      rotary movement about its axis. Each of the ribs 140, 142, which are
      spaced away from each other by 180 degrees, is provided with a
      semi-cylindrical recess 148, 150, respectively, which receive the
      semi-cylindrical U-shaped portions 152, 154 of the detent spring 100. The
      detent spring 100 is also provided with two V-shaped portions 158, 160,
      these portions being adapted to engage the recesses 66 in the nose piece
      28 of the chuck. The detent spring 100 is circular, and the portions 152,
      158, 154, 160 are spaced apart in 90 degree increments from the center of
      the spring. The true angular position of the chuck is governed by the
      accurate positioning of the recesses 148 and 150 in the swing head 96, but
      the accurate positioning of the recesses 66 in the nose piece, and also by
      the accurate positioning of the portions 152, 154, 158, 160 in the detent
      spring 100. Once these positions have been accurately established,
      indexing of the chuck 180 degrees is very accurately determined because
      the spring can move along the axis 162 (FIG. 21) relative to the swing
      head 96 and the axis 164 relative to the chuck to take up for any
      eccentricity of the portions 66, 148, 150, 152, 154, 158 and 160. The
      U-shaped configuration of the portions 152, 154 is such that they keep the
      spring stationary with respect to the holder and also expand into its
      seats as the ciruclar spring is moved from its free position shown in full
      lines in FIG. 22 to their assembled position shown in dotted lines in FIG.
      22. The configuration of the V-shaped portion 158, 160 is such that when
      the chuck is turned, it overrides these portions. However, when they seat,
      the chuck is firmly held in one of its two operative positions.
PAC  MEANS FOR MOUNTING THE PIVOT ROD
PAR  Means for provided for mounting or journaling a first portion of the pivot
      rod within the housing 10 for various motions, the principle components of
      the pivot rod mounting means being first bearing block means indicated
      generally at 166 (FIG. 3), and second bearing block means indicated
      generally at 168, the first and second bearing blocks being in turn
      mounted on the housing for rocking motion of the first bearing block means
      and vertical sliding motion of the second bearing block means. Associated
      with the first bearing block means 166 is a rotatable member, indicated
      generally at 170, the rotatable member having a sleeve portion, the
      rotatable member being mounted in such a manner that it may be rotated
      relative to the first bearing block means 166, there also being locking or
      engaging means, indicated generally at 172, the locking or engaging means
      being movable between two positions and being operable to hold the
      rotatable sleeve member 170 from rotation when it is in its first position
      and permitting rotation of the rotatable member 170 when the locking means
      is in its second position. Associated with the second bearing block means
      168 are means 174 (FIG. 5) to move the second bearing block means toward
      and away from the axis of the grinding wheel 14.
PAR  The first bearing block means 166 is formed from two bearing halves 176,
      178 (FIG. 4). The two bearing halves are identical to simplify
      manufacture. The bearing halves are mounted about the pivot rod 22 and are
      provided with trunion receiving portions 180 which are engaged by spaced
      apart trunions 182, 184 on the housing 10. The trunion 182 is fixed to one
      of the two portions which forms the clamshell housing, and the other
      trunion 184 is carried by the other of the two housing portions and is
      adjustable toward and away from the first trunion in order to provide for
      good mounting of the bearing block. The two bearing halves 176, 178 form a
      cylindrical aperture when assembled which slidably and rotatably receives
      the pivot rod 22, the inner cylindrical surface of the aperture being
      indicated at 186. The bearing halves also form an enlarged cylindrical
      recess 188 adapted to rotatably receive a flange portion 190 of the
      rotatable member 170 in such a manner that the rotatable sleeve member can
      be rotated relative to the bearing block but cannot shift in an axial
      manner along the axis 85 of the pivot rod. Each of the bearing halves 176,
      178 is also provided with an arcuate groove 194 and the arcuate end
      portion 196 of the locking or engaging means 172 is slidably mounted in
      the upper arcuate groove 194 for sliding motion between the position shown
      in FIG. 3 to the locking position shown, for example, in FIG. 17. When the
      locking means is in the locking position shown in FIG. 17, it engages a
      notch 198 on the flange portion 190 of the sleeve member, the notch being
      best shown in FIG. 16. Thus, when the locking means is in this position,
      it holds the sleeve member 170 from rotation relative to the first bearing
      block means 166. The bearing halves 176, 178, when assembled in the manner
      shown in FIG. 4, hold the sleeeve member 170 and the locking means 172 in
      their assembled position.
PAR  The locking or engaging means 172 include a V-shaped wire indicated
      generally at 200, the wire having upper and lower legs 202, 204,
      respectively, the arcuate end portion 196 being formed on the end of the
      leg 204 remote from the intersection of the two legs. A mode selector 206
      is pivotally carried by a bent-out end portion 208 of the leg 202, the
      mode selector being spring biased by the V-shaped wire into one of two
      spaced apart detents 210, 212 formed on the exterior surface of the first
      bearing block means 166. When the locking or engaging means is in the
      position shown in FIG. 3, the intermediate portion 214 of the leg 204
      between the intersection of the two legs and the arcuate end portion forms
      a linearly extending cam track. A cam follower 216 is mounted on the pivot
      rod 22 and is adapted to engage the longitudinally extending portion 214
      for guiding the pivot rod during the dressing of the grinding wheel in a
      manner which will be more fully brought out below.
PAR  The notched flange 190 is supported at one end of a sleeve portion 218 of
      the rotatable member 170, the inner cylindrical surface of the sleeve
      portion 218 being provided with spirally disposed teeth 220 which act as a
      cam or cam follower. The rotatable member 170 also is provided with a
      handle portion 222 which projects outwardly of the housing 10 to the end
      opposite from the grinding wheel 14.
PAR  A gear 224 having outwardly extending spiral teeth 226 is mounted on the
      end of the pivot rod 22 which is remote from the holding means 18. The
      gear with the spiral teeth acts as a cam or cam follower, and cooperates
      with the spirally disposed internal teeth 220 to impart either
      longitudinal liner motion to the pivot rod or to impart spiral motion to
      the pivot rod and the holding means carried by the pivot rod. Thus, when
      the locking or engaging means 172 is in the position shown in FIG. 3B, if
      the rotary means 222 are rotated relative to the frame 10, linear motion
      will be imparted to the pivot rod provided that the cam follower 216 is
      held in engagement with the cam track 214. When the locking or engaging
      means 172 is in the position shown in FIGS. 17 and 18, it will
      interconnect the mounting means 166 with the rotatable means 170 to
      prevent only lateral shifting motion of the pivot rod, and the teeth 220,
      226 on the sleeve portion 218 and gear 224 will guide the twist drill
      holder for spiral motion about the axis 85, this axis being generally
      parallel to the surface of the grinding wheel which is engaged during the
      grinding of the leading end of the twist drills or the like. Thus, the cam
      and cam follower 220, 226 impart spiral motion to the pivot rod when it is
      manually oscillated about its axis. the end 227 of the pivot rod 22 is
      D-shaped in cross section, and the gear 224 is provided with a
      corresponding aperture. A nut 228 is mounted on an extension of the pivot
      rod and holds the gear in place.
PAR  The second bearing block means 232 has a cylindrical aperture for the
      reception of the pivot rod, and further has opposed convex bearing
      surfaces 229, 230, one at the top and the other at the bottom as shown in
      FIG. 16. The second bearing block 232 further includes two spaced apart
      slides 236, see FIG. 5, which are adapted to slidably engage a plate 238
      for vertical motion of the second bearing means, the slide being disposed
      between one end portion 240 of the housing and a vertically extending lip
      242, as shown in FIG. 3B. The second bearing block 232 is also provided
      with bosses 244 which engage a housing rib 243, as shown in FIG. 5. An
      apertured portion 245 of the second bearing block 232 is threaded, and
      disposed parallel to the plate 238 and receives the means 174 which moves
      the second bearing block toward and away from the axis of wheel 14. The
      moving means 174 includes a feed screw 246 which is threadedly received
      within the apertured portion 245, the upper end of the feed screw passing
      through an aperture 248 in the housing 10, a manually engagable feed knob
      250 being non-rotatably secured to the upper end of the feed screw. A
      shoulder washer 254 is disposed about the upper end of the feed screw 246
      and abuts against a lower surface of the housing adjacent the aperture
      248. The feed screw is held from vertical shifting motion by a retaining
      ring 256 which is received within a groove of the feed screw, the upper
      surface of the retaining ring 256 bearing against the lower surface of the
      shoulder washer 254. In addition, the feed knob 250 bears against the
      upper surface of the housing 10. When the feed knob is rotated, the
      bearing portion 232 will be caused to be moved upwardly or downwardly with
      respect to the axis of the grinding wheel 14. Such vertical shifting
      motion will cause the pivot rod 22 to swing about the trunions 182, 184 in
      the first bearing means.
PAC  CLAM-SHELL HOUSING
PAR  The clam-shell housing is formed of two members having mating edges, as
      shown in FIGS. 4 and 5, one of the members being referred to as the front
      housing portion 264 and the other member being referred to as the rear
      housing portion 226. The front housing portion 264 carries the trunion
      182, a trunion being an integral part of the housing. The rear housing
      portion 266 is provided with a threaded aperture within a recessed portion
      268, the threaded aperture receiving the adjustable trunion 184. The front
      and rear housing portions 264, 266 are secured to each other by fasteners
      270, and when so secured with their mating edges 272, 274 in contact with
      each other, the first bearing block means will be securely mounted for
      rocking about the trunion 182, 184 when the trunion 184 is properly
      adjusted. The rear housing portion 266 also carries two adjustable set
      screws 322 which properly position the plate 238 to ensure proper vertical
      movement of the second bearing block means 168. The two housing portions
      264, 266, are provided with mating cut-out portions 276, 278 through which
      the upper edge or end of the manually engagable mode selector 206
      projects. Notched lugs 280, 282 are carried by each of the housing
      portions 264, 266, respectively, adjacent the cut-out portion 276, 278 for
      the purpose of supporting a cover plate 284 which moves with the mode
      selector 206, the cover plate having indicia (not shown) on its upper
      surface to indicate whether the apparatus is in its dressing mode or its
      grinding or sharpening mode. Semi-circular mating cut-outs 286, 288 are
      provided in the housing portions 264, 266 adjacent the left-hand end to
      permit the handle portion 222 of the rotatable member 170 to extend
      outwardly of the housing. Elongated mating apertures 290 (only one of
      which is clearly shown) are provided in the end portion 240 of the
      housing, the elongated apertures 290 permitting one end of the pivot rod
      to extend outwardly of the housing and to be moved upwardly and downwardly
      with respect to the housing.
PAR  Drive means in the form of an electric motor 292 is mounted within a lower
      chamber of the housing, the lower chamber being formed by two mating
      partitions 294, 296 (FIG. 4). The motor includes an output or armature
      shaft 16 which is supported by left and right hand bearing 298, 300, the
      bearings 298, 300 being in turn supported on the rear housing portion in a
      manner not material to the present invention. One end of the output shaft
      16 projects outwardly the housing and supports a bushing 302 and an inner
      clamp washer 304. The outermost end of the shaft 16 is threaded and
      receives a nut 306 which bears against an outer clamp washer 308 to hold
      the grinding wheel 14 on the shaft 16. In this connection it should be
      noted that the bushing 302 and the clamp washer 304 are non-rotatably
      mounted on the shaft 16.
PAR  An electrical switch for the motor 292 is mounted within the front housing
      portion 264, the switch, which is indicated generally at 310 in FIG. 4,
      having a manually engagable rocker portion 312 which is engagable from
      outside the portion 264 through an aperture 314 in the front housing
      portion 264. Eye shield means 316 (FIG. 1) is also carried by the front
      housing portion 264, the eye shield means being secured to the housing
      portion in a manner not material to the present invention. A wheel cover
      318 is secured to the right hand end of the housing by fasteners 320. A
      line cord 324 extends outwardly of the housing and is in turn
      interconnected with the switch for the electric motor for powering the
      electric motor. The rear housing portion 266 is provided with a recess
      326, there being a spring clip 330 mounted within the recess for the
      purpose of holding a dressing tool not shown. The housing is adapted to be
      supported on the top of a bench or the like, the housing carrying a pad
      332 which is disposed between the base 334 of the housing and the bench
      top.
PAC  OPERATION
PAR  The present apparatus is so designed that it will grind to commercial
      tolerances a cylindrical profile on the leading end of twist drills or the
      like having diameters from approximately one-eighth inch to approximately
      one-half inch. Thus, in accordance with commercial tolerances, there must
      not be a difference in lip height of more than three thousandths of an
      inch in drills up to one-quater of an inch in diameter or more than four
      thousandths of an inch of drills from one-quarter to one-half inch in
      diameter, the difference in lip height being schematically illustrated in
      FIG. 24. The point angle 338 should be preferably midway within the range
      of 113 degrees to 123.degree.. The lip relief angle 340 (FIG. 25) should
      vary from approximately eight to ten degrees for a one-half inch diameter
      twist drill to approximately fifteen degrees for a one-eighth inch
      diameter twist drill. The chisel edge angle 342 (FIG. 26) should be within
      the range of 120.degree.to 135.degree.. In addition, the heel of the flute
      344 (FIG. 24) must be below the cutting edge. In practice, it has been
      found that if the relief angle and point angle are within commercial
      tolerances that then the chisel angle will also be within the commercial
      tolerances.
PAR  To sharpen a twist drill or the like, it is necessary to initially place
      the mode selector 206 in the position illustrated in FIGS. 17 and 18. When
      the mode selected is in this position, the end of the arcuate end portion
      196 will engage the notch 198 of the flange portion 190 to thereby hold
      the rotatable sleeve member from rotation with respect to the first
      bearing block means 166. The mode selector will be held in this position
      by the spring action of the V-shaped wire which biases one end of the mode
      selector 206 into the detent 210. The holding means 18 is then swung to
      the loading position illustrated in FIGS. 2 and 7 and this is accomplished
      by biasing the latch or jam spring 102 in the direction indicated by the
      arrow 130 and then swinging the holding means in the direction indicated
      by the arrow 346 in FIG. 3.
PAR  After the holding means 18 has been placed in the position shown in FIGS. 2
      and 7, the chuck is opened by turning the nut 38 in a counter-clockwise
      direction. The twist drill is then inserted within the chuck and it should
      be noted that it can be inserted from at either end of the chuck. The
      leading end of the bit is positioned by locating it in such a manner that
      it protrudes approximately one-sixteenth of an inch past the edge 72 of
      the locator. If the bit is badly worn or chipped, it may be desirable to
      initially rough out the point on another grinding wheel or alternatively,
      the point could extend a further distance away from the edge of the
      locator. It is necessary that the edge 72 be in full contact with the side
      wall of the bit as shown in FIGS. 12 and 13 in order to properly position
      the bit within the apparatus. After the bit has been properly located the
      chuck is tightened by rotating the nut 38 in a clockwise direction. The
      chuck should be placed in one of its two detent positions and a click will
      be felt when rotating the chuck to its detent position. If the feed means
      174 was not backed up after the previous sharpening, the feed knob 250
      should be turned counter-clockwise three or four turns. The swing head
      should then be lowered to the position shown in FIGS. 1 or 3A until the
      jam spring moves into the position shown in FIG. 3A.
PAR  If the motor is not on at this point, it should be turned on. The motor
      will rotate the grinding wheel so that the surface 348 of the wheel 14
      which contacts the leading end of the bit will move in a direction away
      from the eye shield 316 to reduce the likelihood of any swarf from
      entering the enviroment of the operator. The operator of the apparatus
      will now engage the holding means 18 with his right hand and pivot the
      chuck toward and away from him. As the rotatable sleeve member 170 is held
      from rotation in this mode of operation the interengagement of the spiral
      splines or teeth on the gear and the inner surface of the sleeve member
      will cause the holding means to move in a spiral manner to progressively
      move the leading end of the bit across the surface of the grinding wheel.
      This feature can best be seen from a comparison of FIGS. 17 and 18 wherein
      FIG. 17 shows the holding means in its initial position and FIG. 18 shows
      the holding means after it has been swung by the operator. If the bit does
      not initially engage the grinding wheel, the feed knob 250 should be
      adjusted by rotating it in a clockwise direction to feed the bit to the
      grinding wheel. This is accomplished because when the feed knob is rotated
      the pivot rod will be caused to be rotated about the axis 27. The surface
      348 of the grinding wheel is generally parallel to the axis 85 of the
      pivot rod and this is accomplished by dressing the grinding wheel by using
      the holder in a manner which will be more fully brought out below. The
      tool holder or chuck is so positioned that the axis 46 of the bit is
      eccentric to the axis 85 of the pivot rod, this being indicated at 86 in
      FIGS. 14 and 15. This will ensure that the relief angle of the bit when
      properly located and ground is within commercial tolerances.
PAR  After the surface of one of the flutes 75 (FIG. 25) has been initially
      ground, different modes of operation may be utilized. According to one
      mode of operation, after the leading end of one of the flutes has been
      ground by pivoting the holder toward and away from the operator, feed knob
      250 is rotated in a clockwise direction a small amount, and the twist
      drill is again moved toward and away from the operator to repeat the
      grinding, and these steps are continued until the cutting lip 78 of the
      bit is within two or three hundredths of an inch from the locator edge 72.
      At this point the distance which the leading end of the twist drill or the
      like is spaced away from the surface 348 of the grinding wheel would be
      noted. This is easily accomplished by providing indicia 352 (FIGS. 2 and
      5) on the feed knob 250 which is lined up with a corresponding indicia 354
      on the top of the housing. The swing head will now be swung away from the
      operator until it stops. The chuck will now be indexed 180 degrees until
      the semi-cylindrical recesses 66 engage the other V-shaped portions 158,
      162 of the detent spring 100. The feed knob 250 will be rotated in a
      counter-clockwise direction to move the chuck away from the axis and outer
      surface of the grinding wheel, and then the holding means will be pivoted
      towards and away from the operator a number of times while the operator
      progressively turns the feed know 250 in clockwise direction until the
      leading end of the twist is spaced away from the surface of the grinding
      wheel the noted distance. In order to put a finish grind on the flutes the
      feed knob is turned once more in accordance with the indicia on the feed
      wheel to move the leading end a slight distance toward the surface of the
      grinding wheel at which point the holding means is moved toward and away
      from the operator again to put a finished surface on the leading edge of
      one of the flutes, the chuck is then rotated 180 degrees without further
      movement of the feed knob, and the leading end of the other flute is then
      finish ground. To remove the drill after grinding, it is only necessary to
      swing the holding means from the position shown in FIG. 3A to the position
      shown in FIG. 2, turn the nut 38 in the appropriate direction, and remove
      twist drill or the like.
PAR  According to another grinding mode, the twist drill can be ground by
      indexing the chuck after the first pass has been made to present the
      leading end of the other flute to the grinding wheel, by pivoting the
      holding means towards and away from the operator, by turning the feed knob
      a slight amount to advance the bit towards the grinding wheel, then
      successively repeating the grinding, indexing, grinding, and advancing
      steps until a satisfactory surface has been ground on the leading end of
      the twist or the like.
PAR  When a satisfactory surface has been ground on the leading end, the leading
      end or edge 72 of the locator 20 will be spaced a predetermined distance
      away from the surface of the grinding wheel.
PAR  By moving the holding means in a spiral manner the surface of the grinding
      wheel will be more uniformly worn than if the holding means were to simply
      rotate about a fixed axis. However, it will still be necessary to dress
      the wheel. To dress the wheel, it is necessary to mount the dressing tool
      330 within the chuck and this is done in substantially the same manner in
      which a twist drill is positioned within the chuck. The leading end of the
      dressing tool will project a slight distance beyond the end of the locator
      in the manner shown in FIGS. 3 and 16. Before the wheel can be dressed,
      the mode selector 206 must be disposed in the position shown in FIG. 3B or
      16. However, before the mode selector is placed in this position, the tool
      holder is pivoted toward the operator in order to position the cam
      follower 216 to the proper side of the longitudinal wire 204. Once the
      mode selector has been placed in the desired position, the end of the
      arcuate section 196 will no longer engage the flange 198 and, therefore,
      the rotatable member 170 will be free to rotate within the bearing block
      166. The chuck is now pivoted away from the operator until the cam
      follower 214 engages the cam track 204. When in this position the wire
      member 200 is stabilized by a rib 356 carried by the rear section 266 of
      the housing. The operator will now maintain slight pressure on the holding
      means with his right hand to hold the cam follower 216 against the cam
      tract 204 and will rotate the dressing knob 222 with his left hand to
      cause the diamond dresser to traverse the wheel. The dressing tool should
      be initially positioned midway between the sides of the wheel and fed in
      until the leading end of the dressing tool just touches the wheel. The
      handle 222 is now rotated in one direction to move the diamond dresser off
      the wheel, the dresser and pivot rod moving in a longitudinal linear
      manner. The feed knob 250 is then turned a slight increment and the handle
      222 is rotated in an opposite direction to again dress the wheel. The
      operation is continued until the surface of the grinding wheel is smooth.
      As the pivot rod moves along its axis 85 during the dressing of the wheel,
      the surface 348 of the grinding will always be generally parallel to the
      axis 85 of the pivot rod. At the completion of the dressing operation, the
      feed knob is backed off at least one turn and the holding means is raised
      to the position shown in FIG. 2 and the diamond dresser is removed.
PAR  From the foregoing description and figures, it will be apparent that the
      present invention concerns a mechanism for sharpening twist drill bits
      which embodies numerous advantages and improvements over the prior art. Of
      particular significance is the overall combination whereby very accurate
      sharpening is easily accomplished with a simplified, compact and low-cost
      mechanism. These advantages are attributable to many of the aspects of
      structure as set forth above. Of particular importance, however, is the
      arrangement of the pivot rod and its mounting system whereby the twist
      drills are juxtaposed with the grinding wheel and moved through the spiral
      path which produces the desired cutting edge configuration. The complex
      motions for which the pivot rod is mounted are of basis importance in this
      regard.
PAR  It is also noted that many other aspects of this construction cannot be
      overlooked. For example, the self-adjusting location means and the holding
      means which permits indexing of the twist drills without disturbing the
      relationship thereof to the grinding surface are important features which
      also contribute significantly to the quality of results obtained from this
      overall system. Another important feature is the arrangement for dressing
      the wheel with exactly the same elements used for the sharpening
      operation, thus guaranteeing appropriate alignment of the grinding wheel
      surface.
PAR  It is further noted that, while the overall arrangement including all of
      the ddescribed constructional features representts the best and preferred
      embodiment, many of these individual features could advantageously be used
      in simplified and somewhat less effective, but nonetheless useful
      products. Accordingly, it is intended that the appended claims encompass
      not only the total sharpening system as described hereinbefore, but also
      all such changes, modifications and subcombinations of the various
      features as will be apparent to those skilled in this art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for grinding twist drills or the like comprising:
PA1  a rotary abrasive member;
PA1  means to fixedly hold the twist drill or the like with a leading end of the
      twist drill in contact with the surface of the rotary abrasive member; and
PA1  means to guide the holding means for spiral motion about an axis generally
      parallel to said surface of the rotary abrasive member;
PA1  said spiral motion including oscillation about and straight line
      reciprocation along said axis.
NUM  2.
PAR  2. The apparatus for grinding twist drills or the like set forth in claim 1
      wherein said guiding means include a pivot rod, said holding means being
      supported on said pivot rod, and means permitting spiral motion of said
      pivot rod.
NUM  3.
PAR  3. The apparatus for grinding twist drills or the like set forth in claim 2
      wherein said means to impart spiral motion to said pivot rod is a gear
      fixedly secured to said pivot rod, said gear having outwardly extending
      spiral teeth, and a sleeve member adapted to be held in fixed orientation
      relative to said rotary abrasive member, said sleeve member having
      internal teeth which cooperate with the teeth on said gear.
NUM  4.
PAR  4. An apparatus for grinding twist drills or the like comprising:
PA1  a frame;
PA1  grinding wheel means carried by said frame;
PA1  means to hold a twist drill or the like with the leading end of the twist
      drill or the like to contact with the surface of said grinding wheel
      means; and
PA1  interconnecting means operable to interconnect said holding means with said
      frame in such a manner that spiral motion is imparted to the holding means
      while the leading end of the twist drill or the like is maintained in
      contact with said surface of said grinding wheel means, said
      interconnecting means including a pivot rod, means journaling said pivot
      rod on said frame for oscillating movement about the axis of the pivot
      rod, said axis being generally parallel to the suface of said grinding
      wheel means, a cam, and a cam follower, one of said cam and cam follower
      being mounted on said pivot rod and the other of said cam and cam follower
      being interconnected with said frame, the cam and cam follower imparting
      spiral motion to said pivot rod when it is oscillated about its axis, said
      spiral motion including oscillation about and straight line reciprocation
      along said axis.
NUM  5.
PAR  5. The apparatus for grinding twist drills or the like set forth in claim 4
      wherein said cam is a gear having outwardly extending spiral teeth, said
      gear being mounted on said pivot rod, and wherein said cam follower is a
      member mounted on said frame, said member having a sleeve portion with
      spiral teeth cooperable with the spiral teeth on said gear.
NUM  6.
PAR  6. The apparatus for grinding twist drills or the like set forth in claim 4
      further characterized by the provision of rotary means operable to rotate
      said cam or cam follower interconnected with the frame relative to the
      frame whereby linear motion may be imparted to said pivot rod during
      rotation of said cam or cam follower.
NUM  7.
PAR  7. The apparatus for grinding twist drills or the like set forth in claim 6
      further characterized by the provision of second cam follower means
      mounted on said pivot rod, and linearly extending cam track means
      engagable by said second cam follower means, the parts being so arranged
      and constructed that when the second cam follower means engages the linear
      extending cam track linear motion will be imparted to said pivot rod
      during rotation of the rotary means.
NUM  8.
PAR  8. An apparatus for grinding twist drills or the like, said apparatus
      comprising;
PA1  a frame;
PA1  grinding wheel means supported for rotational movement about its axis on
      said frame;
PA1  means operable to hold twist drills or the like or tools for dressing the
      grinding wheel means with the leading end of the twist drill or the like
      or the dressing tool being disposable in a position in contact with the
      surface of said grinding wheel means;
PA1  a pivot rod;
PA1  means operable to mount said holding means on said pivot rod; and
PA1  means mounting said pivot rod on said frame for oscillating movement of
      said pivot rod about the axis of the pivot rod and for swinging motion of
      said pivot rod about a swinging axis generally perpendicular to and
      intersecting the axis of the pivot rod and generally parallel to the
      surface of the grinding wheel means which is contacted by the leading end
      of the twist drills or the like whereby said holding means can be moved
      toward and away from the surface of said grinding wheel means so that the
      leading end of the twist drills or the like can be advantageously ground
      as the grinding wheel means is reduced due to wear and dressing of the
      grinding wheel means.
NUM  9.
PAR  9. The apparatus for grinding twist drills or the like set forth in claim 8
      wherein the means for mounting the pivot rod on the frame includes first
      bearing block means supported for swinging movement about said swinging
      axis and second bearing block means mounted for movement toward and away
      from the surface of the grinding wheel means, said pivot rod being engaged
      by said first and second bearing block means at spaced apart locations.
NUM  10.
PAR  10. The apparatus for grinding twist drills or the like set forth in claim
      8 further characterized by the provision of a twist drill locator, said
      locator being mounted on said holding means and projecting toward said
      grinding wheel means, the leading end of said locator engaging the side of
      one of the flutes of the twist drill or the like and being adapted to be
      disposed a predetermined distance away from the surface of the grinding
      wheel means when the twist drill or the like has been properly ground.
NUM  11.
PAR  11. The apparatus for grinding twist drills or the like set forth in claim
      8 further characterized by the provision of means to impart longitudinal
      linear motion to said pivot rod.
NUM  12.
PAR  12. The apparatus for grinding twist drills or the like set forth in claim
      11 wherein the means for imparting longitudinal motion to said pivot rod
      includes a sleeve member journaled for rotational movement about its axis,
      said sleeve member being provided with internal spirally disposed teeth,
      and wherein corresponding spirally disposed teeth are carried by said
      pivot rod in engagement with said teeth on said sleeve member.
NUM  13.
PAR  13. The apparatus for grinding twist drills or the like set forth in claim
      12 wherein means are provided to hold said sleeve member from rotational
      movement with respect to said frame, said pivot rod being rotatable within
      said sleeve member when said sleeve member is being so held to cause said
      holding means supported by said pivot rod to be guided in a spiral path.
NUM  14.
PAR  14. An apparatus for grinding twist drills or the like, said apparatus
      comprising:
PA1  a housing;
PA1  a grinding wheel disposed adjacent one end of said housing;
PA1  drive means mounted within said housing and operable to rotate said
      grinding wheel about its axis;
PA1  a pivot rod;
PA1  means mounting a portion of the pivot rod within said housing for
      oscillating motion about its axis and constructed to cause longitudinal
      shifting motion of said rod along its axis automatically in response to
      said oscillating motion, the axis of said pivot rod lying in a plane which
      passes through the axis of the grinding wheel, and one end of said pivot
      rod extending outside of one end of said housing;
PA1  means to hold the twist drill or the like; and
PA1  means mounting said holding means on said one end of said pivot rod.
NUM  15.
PAR  15. The apparatus for grinding twist drills or the like set forth in claim
      14 wherein said means for mounting a portion of the pivot rod within the
      housing for oscillating and longitudinal shifting motion includes a sleeve
      member mounted for rotational movement about its axis relative to said
      housing and operable upon rotation relative to said pivot rod to impart
      longitudinal shifting motion to said pivot rod, said sleeve member having
      a handle portion which projects outwardly of said housing to the other end
      of said housing.
NUM  16.
PAR  16. The apparatus for grinding twist drills or the like set forth in claim
      15 further characterized by the provision of engaging means shiftable
      between two positions, the engaging means being operable to hold said
      sleeve member from rotation relative to said housing when in a first
      position and being operable to permit said sleeve to rotate when in a
      second position, and also further characterized by the provision of a mode
      selector having a manually engagable portion disposed above an upper
      surface of the housing between said ends, said mode selector being
      connected with said engaging means and operable to shift the engaging
      means between its first and second positions.
NUM  17.
PAR  17. An apparatus for grinding twist drills or the like comprising:
PA1  a clam-shell housing including two housing portions having mating edges;
PA1  an electric motor mounting within said housing, said electric motor driving
      an output shaft which projects outwardly of one end of said housing;
PA1  a grinding wheel mounted upon said output shaft and spaced adjacent said
      one end of said clam-shell housing;
PA1  a pivot rod;
PA1  first and second bearing block means mounted within said clam-shell housing
      and operable to support spaced apart portions of said pivot rod, one end
      of said pivot rod projecting outwardly of said one end of said clam-shell
      housing;
PA1  rotatable sleeve means interconnectable with said pivot rod to impart
      automatic longitudinal motion to said pivot rod in response to rotation of
      said sleeve member, said sleeve member having a handle portion projecting
      outwardly of the other end of said clam-shell housing;
PA1  a chuck adapted to hold twist drills or the like of varying diameters; and
PA1  means operable to mount said chuck on said one end of said pivot rod
      whereby twist drills or the like carried by said chuck may be brought into
      contact with the generally cylindrical outer periphery of said grinding
      wheel.
NUM  18.
PAR  18. The apparatus for grinding twist drills or the like set forth in claim
      17 wherein moving means are provided for moving the second of said bearing
      block means towards and away from the axis of rotation of said grinding
      wheel, and moving means including a manually engagable portion disposed
      outside of said housing between said ends of said housing.
NUM  19.
PAR  19. An apparatus for grinding twist drills or the like comprising:
PA1  a clam-shell housing including two housing portions having mating edges;
PA1  an electric motor mounted within said housing, said electric motor driving
      an output shaft which projects outwardly of one end of said housing;
PA1  a grinding wheel mounted upon said output shaft and spaced adjacent said
      one end of said clam-shell housing;
PA1  a pivot rod;
PA1  first and second bearing block means mounted within said clam-shell housing
      and operable to support spaced apart portions of said pivot rod, said
      first bearing block being supported by opposed portions of the two housing
      portions, one end of said pivot rod projecting outwardly of said one end
      of said clam-shell housing;
PA1  rotatable sleeve means interconnectable with said pivot rod to impart
      longitudinal motion to said pivot rod upon rotation of said sleeve member,
      said sleeve member having a handle portion projecting outwardly of the
      other end of said clam-shell housings;
PA1  a chuck adapted to hold twist drills or the like of varying diameters;
PA1  means operable to mount said chuck on said one end of said pivot rod
      whereby twist drills or the like carried by said chuck may be brought into
      contact with the generally cylindrical outer periphery of said grinding
      wheel;
PA1  said first bearing block being journaled for swinging motion about an axis
      generally perpendicular to the plane defined by the opposed portions of
      the clam-shell housing, each of the two portions of the clam-shell housing
      carrying trunnion means which supports and first bearing block means for
      said swinging motion.
NUM  20.
PAR  20. The apparatus for grinding twist drills or the like set forth in claim
      19 further characterized by the provision of eye shield means mounted on
      one of the housing portions adjacent said one end thereof, said electric
      motor drives the periphery of said grinding wheel adjacent said eye shield
      away from said eye shield.
NUM  21.
PAR  21. The apparatus for grinding twist drills or the like set forth in claim
      20 further characterized by the provision of a switch for said electric
      motor said switch having a manually engagable portion engagable from
      outside of said one of the housing portions.
NUM  22.
PAR  22. An apparatus for grinding twist drills or the like comprising:
PA1  a clam-shell housing including two housing portions having mating edges;
PA1  an electric motor mounted within said housing, said electric motor driving
      an output shaft which projects outwardly of one end of said housing;
PA1  a grinding wheel mounted upon said output shaft and spaced adjacent said
      one end of said clam-shell housing;
PA1  a pivot rod;
PA1  first and second bearing block means mounted within said clam-shell housing
      and operable to support spaced apart portions of said pivot rod, one end
      of said pivot rod projecting outwardly of said one end of said clam-shell
      housing;
PA1  rotatable sleeve means interconnectable with said pivot rod to impart
      longitudinal motion to said pivot rod in response to rotation of said
      sleeve member, said sleeve member having a handle portion projecting
      outwardly of the other end of said clam-shell housing, said sleeve member
      carrying a flange portion journaled in said first bearing block means, and
      further characterized by the provision of means to lock said flange
      portion from rotation within said bearing block, said locking means
      including manually engageable means projecting outwardly of said housing
      between the ends of said housing;
PA1  a chuck adapted to hold twist drills or the like of varying diameters; and
PA1  means operable to mount said chuck on said one end of said pivot rod
      whereby twist drills or the like carried by said chuck may be brought into
      contact with the generally cylindrical outer periphery of said grinding
      wheel.
NUM  23.
PAR  23. In combination with a generally cylindrical grinding wheel, an
      apparatus for grinding the leading ends of twist drills or the like, said
      apparatus including:
PA1  a chuck;
PA1  supporting means operable to support said chuck for the indexing of said
      chuck 180.degree. about an axis between two operable positions, said chuck
      being operable to hold drills of differing diameters with the axis of said
      drills being concentric with the axis about which the chuck may be
      indexed;
PA1  means engageable with said supporting means to position the chuck with one
      end spaced away from the outer periphery of said grinding wheel;
PA1  a locator carried by said one end of said chuck, said locator including a
      leading edge engaging with line contact the side of a flute of a twist
      drill adjacent the cutting lip of said twist drill, said leading edge
      lying at an angle to the axis of the grinding wheel when said chuck is in
      one of its two operable positions, and means resiliently supporting and
      biasing the leading edge of said locator in such a manner that when the
      chuck is in said one position said leading edge will always lie at the
      same angle to the axis of the grinding wheel means even though it is
      engaging twist drills of differing diameters and web thicknesses, whereby
      said locator leading edge establishes line contact along parallel lines
      with the side wall of each flute of twist drills of different diameters
      and web thicknesses.
NUM  24.
PAR  24. An apparatus for grinding twist drills or the like comprising:
PA1  a rotary abrasive member;
PA1  means to hold twist drills or the like with the leading end of the twist
      drill in contact with the surface of the rotary abrasive member;
PA1  a pivot rod upon which said holding means is mounted;
PA1  means mounting said pivot rod at the first location remote from the rotary
      abrasive member for enabling oscillating motion about the axis of said
      pivot rod;
PA1  means mounting said pivot rod at a second location enabling swinging
      movement of said pivot rod toward and away from the rotary abrasive member
      about an axis perpendicular to and intersecting the axis of said pivot
      rod.
NUM  25.
PAR  25. The apparatus for grinding twist drills or the like set forth in claim
      24 in which said holding means includes a chuck adapted to receive twist
      drills of varying diameters concentrically within said chuck, and means
      providing for the indexing of said chuck 180 drgrees about the axis of
      said twist drills.
NUM  26.
PAR  26. An apparatus for grinding the leading edges of two-fluted twist drills
      to provide two cutting edges on the opposite sides of the center point
      thereof comprising:
PA1  a rotary abrasive member;
PA1  means to hold the twist with a portion of the lead end of the twist drill
      in contact with a surface of the rotary abrasive member;
PA1  means to locate said twist drill within said holding means;
PA1  means to guide said holding means for spiral motion about an axis generally
      parallel to said surface of said rotary abrasive member, said spiral
      motion including oscillation about and straight line reciprocating along
      said axis, whereby to traverse one of said cutting edges across said
      abrasive member for sharpening; and
PA1  means for indexing said twist drill 180.degree. within said holding means
      to enable the other cutting edge of said twist drill to be traversed by
      said guiding means along the same path as said one cutting edge.
NUM  27.
PAR  27. A low-cost, compact drill bit sharpener for accurate grinding of
      cutting edges shaped for maximum drilling rates on the leading edges of
      multiple-fluted twist drills comprising:
PA1  a housing including a front housing portion and a rear housing portion;
PA1  a rotary abrasive member partially exposed at one end of said housing;
PA1  drive means for said member enclosed within said housing;
PA1  holding means for supporting twist drills with one of the cutting edges
      thereof presented to said member;
PA1  pivot rod means supported in said housing, said holding means being mounted
      on said pivot rod;
PA1  means for guiding said pivot rod and said holding means for oscillation
      about the axis of said pivot rod to successively present incremental
      portions of said cutting edge to said rotary abrasive member for
      sharpening thereof;
PA1  means for successively indexing said twist drill within said holding means
      to present successive cutting edges to said member;
PA1  the axis of rotation of said abrasive member and the axis of said pivot rod
      being generally coplanar;
PA1  said grinding means comprising means for longitudinally shifting said pivot
      rod along its axis to move said cutting edge transversely across a
      circumferential surface of said member.
NUM  28.
PAR  28. A low-cost, compact drill bit sharpener for accurate grinding of
      cutting edges shaped for maximum drilling rates on the leading edges of
      multiple-fluted twist drills comprising:
PA1  a housing including a front housing portion and a rear housing portion;
PA1  a rotary abrasive member partially exposed at one end of said housing;
PA1  drive means for said member enclosed within said housing;
PA1  holding means for supporting twist drills with one of the cutting edges
      thereof presented to said member;
PA1  pivot rod means supported in said housing, said holding means being mounted
      on said pivot rod;
PA1  means for guiding said pivot rod and said holding means for oscillation
      about the axis of said pivot rod to successively present incremental
      portions of said cutting edge to said rotary abrasive member for
      sharpening thereof;
PA1  means fur successively indexing and twist drill within said holding means
      to present successive cutting edges to said member;
PA1  means interconnected with said pivot rod for swinging said pivot rod about
      an axis perpendicular to and intersecting the axis of said pivot rod to
      feed said twist drill into said member; and
PA1  means interconnected with said pivot rod causing simple linear motion of
      said pivot rod along its axis to enable alongment of the surface of said
      rotary abrasive member with said pivot rod axis.
NUM  29.
PAR  29. A low-cost, compact drill bit sharpener intended for commercial usage,
      comprising a housing, a motor in said housing, a grinding wheel driven by
      the motor, chucking means mounted on the housing and adapted to retain a
      drill bit being sharpened, means for moving the chucking means relative to
      the grinding wheel to provide the desired relief on the cutting face of
      the flute of the drill bit being sharpened, means for adjusting the
      chucking means substantially 180.degree. about its axis of rotation for
      alternate application of the respective cutting faces of the drill bit
      being sharpened without removal of the drill bit from the chucking means,
      and locating means carried by the chucking means, said locating means
      including a leading edge resiliently supported and biased to establish
      line contact with the sidewall of each flute of the drill bit being
      sharpened, the lines of contact for drill bits of different diameters and
      web thicknesses being parallel.
NUM  30.
PAR  30. An apparatus for grinding twist drills or the like, said apparatus
      comprising:
PA1  a frame;
PA1  grinding wheel means supported on said frame;
PA1  holding means operable to hold twist drills or the like with the leading
      end of the twist drill or the like being disposable in a position in
      contact with the surface of said grinding wheel means;
PA1  locator means mounted on said holding means, said locator means having a
      leading edge maintained in engagement with the sidewall of one of the
      flutes of said twist drill or the like adjacent the leading end thereof
      during the grinding of said twist drill or the like, said leading edge
      being resiliently supported and biased to establish line contact with the
      sidewall of each flute of the drill bits, the lines of contact for drill
      bits of different diameters and web thicknesses being parallel; and
PA1  means mounting said holding means on said frame for movement toward and
      away from said surface, the leading edge of said locator being adapted to
      be disposed a predetermined distance away from the surface of the grinding
      wheel means when the twist drill or the like has been properly ground.
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ABST
PAL  Device for mounting specimens for the purpose of lapping, grinding and
      polishing metallographic specimens for microscopic analyses, comprising a
      rotatable polishing wheel with a number of specimen holders disposed
      thereabove, a driving roller centrally located with respect to the wheel
      and at least one supporting roller for each specimen holder, the rollers
      having wedge grooves engaged by peripheral edge portions of the specimen
      holders, and adjustable pressing members in the specimen holders for
      exerting pressure on the specimens and for maintaining proper frictional
      contact between the wedge grooves and the peripheral edge portions which
      constitute a frictional drive.
BSUM
PAR  The invention relates to a device for mounting, loading and guiding
      specimens for the mechanical processing of planar surfaces by lapping,
      grinding and polishing, particularly for preparing metallographic
      specimens for microscopic analyses.
PAR  It is known to treat several metallographic specimens simultaneously on a
      horizontally rotating polishing wheel or disc so that they perform a
      rotation with respect to the axis of the wheel, in addition to a rotation
      about the own axis of each specimen holder. The purpose of this
      arrangement is to have each point of the specimen surface to be treated
      attacked up to the completion of the operation continually with different
      points of the polishing wheel and from different directions.
PAR  One of the solutions, for example, consisted in driving the specimen
      holders by the intermediary of a transmission, by way of studded discs or
      gears, directly from the polishing wheel, or by means of a separate motor
      which is adjustable as to its speed and sense of rotation. These
      structures allow the individual or autorotation of the specimens to be
      controlled to some extent but they are rather costly and complicated.
PAR  It is also known to make the specimen holders perform a swinging or
      pendulum movement in addition to the autorotation, namely by using a
      separate eccentric drive. This solution, attempting to achieve favorable
      kinematic conditions, has not obtained general acclaim on account of the
      relatively complicated operating mechanism.
PAR  With a view to increasing the polishing effect and thus the shortening of
      the polishing time, the known devices also provide the pressing of the
      specimens toward the polishing-wheel surface by additional masses or
      springs, the latter being braced against or supported by the housing of
      the devices.
PAR  Besides the explained disadvantages, the known solutions have the further
      drawback that no provisions are made to counteract the formation of uneven
      specimen surfaces which result from pitching or pull-out moments on the
      specimen holders or on the specimens themselves, caused by centrifugal and
      frictional forces. This circumstance can be most unfavorable on the
      results because it is not always possible exactly to coordinate or
      counterbalance the ratios between masses, frictional forces, and performed
      movements.
PAR  On the other hand holders in which the specimens are rigidly clamped,
      without the possibility of a pull-out torque occurring, are complicated in
      their use and require very careful cleaning of the entire equipment or
      device when switching from one grinding or polishing stage to the next.
PAR  Particularly in the technology of lapping it is known to correlate
      geometric conditions of size with kinematic conditions so that, at any
      given moment, substantially identical amounts of material are removed from
      all points of the specimen surfaces, ensuring substantially uniform wear
      of the lapping wheels or discs. This insight or knowledge has not been
      used so far when preparing specimens for metallography.
PAR  It is therefore an object of the present invention to eliminate the
      described disadvantages and drawbacks as far as possible. The invention
      aims at providing a simple yet reliable structure for driving specimen
      holders, for the additional loading of the specimens, for their uniform
      material removal, for a uniform wear of the working wheels, and for the
      elimination of pitching moments becoming effective.
PAR  According to important features of the invention, the device for mounting
      specimens comprising the usual housing, rotatable polishing wheel, a
      driving roller in the center of the wheel, and a number of specimen
      holders disposed above the wheel, there is provided at least one
      supporting roller for each specimen holder, both the driving roller and
      the supporting rollers having wedge grooves engaged by peripheral edge
      portions of the specimen holders at spaced-apart locations, these parts
      constituting a frictional drive for rotating the holders, and a number of
      adjustable pressing members for the specimen holders, for exerting
      pressure on the associated specimens, and also for maintaining proper
      contact between the parts that constitute the frictional drive.
PAR  Other, optional and secondary features of the invention will become clear
      from the specification.
PAR  It should be mentioned at this point that the present invention is related
      to some extent to the simultaneously filed patent application of the
      inventors W. Lorenz and H. Struebig, titled "Device for making Sections
      and Specimen Supports Therefor", Ser. No. 447,655.
DRWD
PAR  Other objects and many of the attendant advantages of the invention will be
      readily appreciated as the same becomes better understood by reference to
      the following detailed description, when considered with the accompanying
      drawing, wherein:
PAR  FIG. 1 is a partly sectional front view of a specimen holder or support
      forming part of the inventive device for mounting specimens, corresponding
      to a section line 1 -- 1 in FIG. 2; and
PAR  FIG. 2 is a somewhat schematic overall top view of the inventive device
      (somewhat similar to FIG. 1 of the above-mentioned co-pending
      application).
DETD
PAR  The inventive device for mounting specimens has therein a polishing wheel
      or disc 1 which has in its center a fixed driving roller 2 rotating
      together with the wheel. It is however contemplated to have the roller
      loosely mounted or separately driven. It will be seen from the correlation
      of FIGS. 1 and 2 that FIG. 1 shows the structure of one specimen holder or
      support 3 in the overall arrangement of FIG. 2, the former constituting
      the right-hand half of a diametral section of FIG. 2, as viewed from the
      left-hand side of the drawing.
PAR  The invention contemplates independent drives for wheel 1 and roller 2, in
      which case the rotational speeds are recommended to have a ratio of
      between 1 to 0.34 and 1 to 0.44.
PAR  Roller 2 has a wedge groove or keyway which receives an appropriately
      shaped peripheral edge portion of a number of the specimen holders 3 (e.g.
      three, as shown), thereby providing a frictional coupling. In the present
      preferred exemplary embodiment, the edges of holders 3 are rounded as
      shown but it should be understood that they can have quadratic, prismatic
      or other profiled sections, with a view to providing good frictional
      contact.
PAR  The required surface pressure is transferred to a pressing member 4 in each
      holder or support 3, under which a specimen 5 is removably disposed. At
      one or more locations (of which two are shown in FIG. 2 for each holder),
      spaced-away from roller 2 preferably in a symmetrical arrangement,
      supporting rollers 6 are used which are carried by arms 24 rigid with a
      housing portion 26 of the inventive device (further particulars of support
      arms 24 and the mechanism associated therewith appear in the co-pending
      application).
PAR  In the exemplary embodiment, the three holders 3 are symmetrically arranged
      above wheel 1, and there may be several, preferably three, pressing
      members 4 and corresponding specimens 5 in each of them, as shown.
      Supporting rollers 6 have wedge grooves similar to that of roller 2, and
      they serve to keep holders 3 stationary while they rotate about their own
      axes.
PAR  Specimens 5 are held and entrained during the autorotation of holders 3 by
      means of a specimen cage 7 having the same number of bores as there are
      pressing members 4 in each holder 3. Two driver pins 8 (of which only one
      is shown), interconnecting each specimen holder 3 with cage 7, ensure
      autorotation of the latter. In FIG. 2, arrows show the rotation of wheel 1
      and of holders 3 although that of pressing members 4 has been omitted for
      the sake of clarity.
PAR  Each pressing member 4 has therein a knurled adjusting screw 9 for
      immobilizing the member in various vertical positions with respect to the
      associated specimen holder 3. Compression springs 10 within members 4 urge
      pressing bolts 11 toward the specimens therein. It can be seen from FIG. 1
      that the upper ends of springs 10 rest against the inner top ends of
      members 4 while their lower ends urge downward respective flanges or
      enlargements of bolts 11. Each screw 9 allows vertical positioning and
      fixing of the associated member 4 with respect to the surrounding holder
      3.
PAR  A partition with an appropriate aperture can be provided in the latter for
      centering bolt 11, at a location below the lowermost working position of
      member 4.
PAR  It will be understood by those skilled in the art that the pressure of
      springs 10 is distributed among respective specimens 5 and the upper
      frictional engaging surfaces of holders 3 with central driving roller 2,
      on the one hand, and with an appropriate number of peripherally disposed
      supporting rollers 6, on the other.
PAR  To this end, the invention also contemplates providing the upper
      wedge-groove areas in rollers 2 and/or 6, and/or the upper peripheral
      edges of holders 3, with special profiles which ensure good frictional
      engagement therebetween while limiting undue wear.
PAR  It should be understood, of course, that the foregoing disclosure relates
      only to preferred embodiments of the invention, and that it is intended to
      cover all changes and modifications of the examples and features described
      which do not constitute departures from the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for mounting specimens for the purpose of lapping, grinding and
      polishing metallographic specimens for microscopic analyses, comprising: a
      housing; a rotatable polishing wheel therein; a driving roller disposed
      centrally with respect to said wheel; at least one specimen holder
      disposed above said wheel, for receiving specimens therein to be ground
      and polished by a surface of said wheel; at least one supporting roller,
      associated with said housing, for said specimen holder; said driving
      roller and said supporting roller having wedge grooves therein, engaged by
      a peripheral edge portion of said specimen holder at spaced-apart
      locations; said wedge grooves and said edge portions constituting members
      of a frictional drive, for rotating said specimen holder; and at least one
      adjustable pressing member in the latter for exerting pressure on the
      associated specimen, and also for maintaining proper contact between said
      members of the frictional drive; wherein said at least one pressing member
      includes a slidable portion, means for immobilizing said slidable portion
      in various operative positions, a pressing bolt within said slidable
      portion in contact with the specimen, for exerting pressure thereon, and
      means for biasing said bolt toward the specimen, and also the associated
      specimen holder toward said wedge grooves of the respective rollers, by
      the intermediary of said pressing member.
NUM  2.
PAR  2. The device as defined in claim 1, further comprising means for rotating
      said wheel and said specimen holder at a ratio of between 1 to 0.34 and 1
      to 0.44.
NUM  3.
PAR  3. The device as defined in claim 1, wherein said specimen holder has
      therein three of said pressing members.
NUM  4.
PAR  4. The device as defined in claim 1, further comprising a specimen cage
      having the same number of bores therein as said pressing members in said
      specimen holder, and a driver pin for interconnecting said cage with said
      specimen holder.
NUM  5.
PAR  5. The device as defined in claim 1, further comprising a partition within
      said specimen holder, below said slidable portion, for guiding said
      pressing bolt into substantially central contact with the specimen.
NUM  6.
PAR  6. A device for mounting specimens for the purpose of lapping, grinding and
      polishing metallographic specimens for microscopic analyses, comprising: a
      housing; a rotatable polishing wheel therein; a driving roller disposed
      centrally with respect to said wheel; at least three specimen holders
      disposed above said wheel, for receiving specimens therein to be ground
      and polished by a surface of said wheel; at least one supporting roller,
      associated with said housing, for each of said specimen holders; said
      driving roller and said supporting rollers having wedge grooves therein,
      engaged by peripheral edge portions of said specimen holders at
      spaced-apart locations; said wedge grooves and said edge portions
      constituting members of a frictional drive, for rotating said specimen
      holders; and at least three adjustable pressing members in the latter for
      exerting pressure on the associated specimens, and also for maintaining
      proper contact between said members of the frictional drive; wherein said
      pressing members include a slidable portion, means for immobilizing said
      slidable portion in various operative positions, a pressing bolt within
      said slidable portion in contact with one of the specimens, for exerting
      pressure thereon, and means for biasing said bolt toward the specimen, and
      also the associated one of said specimen holders toward said wedge grooves
      of the respective rollers, by the intermediary of said pressing member.
NUM  7.
PAR  7. The device as defined in claim 6, further comprising a partition within
      each of said specimen holders, below said slidable portions, for guiding
      said pressing bolt into substantially central contact with the one
      specimen.
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PAL  A plastic covered building structure comprised of a metal frame supporting
      superimposed layers of plastic sheets having an inflated area between the
      sheets providing insulation to the interior of the structure. The
      superimposed plastic sheets are secured to the frame by means of
      longitudinally extending rails having longitudinally extending upwardly
      concave portions and complementary clamping rods adapted to secure the
      edges of the superimposed plastic sheets between the rods and the upwardly
      concave portions of the rail. The rails are adapted to receive clamping
      members at any point along the length of the rails to clamp the rods into
      the upwardly concave portions.
PARN
PAR  This is a continuation of application Ser. No. 212,069 filed Dec. 27, 1971
      now U.S. Pat. No. 3,791,076.
BSUM
PAR  The present invention relates generally to plastic covered building
      structures of a semi-permanent nature and more particularly to
      semi-permanent greenhouse structures particularly useful on farms and
      nurseries.
PAR  Building structures of a semi-permanent nature covered by plastic sheets
      are well known. These structures can generally be assembled and
      disassembled easily and provide year-round shelter for plants, etc. The
      frames for such structures may be constructed of wood or metal, metal
      frames being preferred because of the added strength and additional ease
      of assembly and disassembly. Where wooden or partly wooden frames are
      utilized the plastic sheet covering is usually fastened to the structure
      by nails. Such tears or punctures made in the plastic sheet by the nails
      used for securing it to the frame are susceptible to being quickly
      enlarged by the effects of wind, snow, and rain. However, it is well known
      to provide frames, particularly metal frames, with fastening means for
      securing the plastic sheets to the frames without ripping or tearing the
      plastic sheet. In the patent to Oehmsen, U.S. Pat. No. 3,483,879, granted
      Dec. 16, 1969, such a fastening device is disclosed. The fastening means
      of the patent is comprised of an elongated member having a longitudinal
      recess and complementary key received therein to thereby wedge the plastic
      sheet between the key and the recess to eliminate the need for nailing,
      etc. The elongated member is drilled and tapped at specific locations to
      thereby allow a clamping member to secure the key in the recess. In
      assembling the structure according to the patent it is necessary, in
      addition to working outside the structure to secure a first plastic
      covering, to work within the structure to secure a second plastic covering
      which is separated from the outside first covering by the frame of the
      structure. The purpose of providing two sheets of plastic material
      separated by an air space is to insulate the interior of the structure.
      Although the utilization of metal frames and the plastic sheet fastening
      devices of the Oehmsen patent are an improvement in the construction of
      plastic covered building structures, the fact that it is necessary to
      position two separate plastic sheets, one on the interior of the frame and
      one on the exterior, is still time consuming and assembly and disassembly
      of the structure requires much effort.
PAR  It is, therefore, a primary object of the present invention to provide an
      improvement in plastic covered building structures whereby they can be
      more easily assembled than previous such structures and wherein the
      plastic securing means will not reduce the useful life of the structure.
PAR  The plastic covered building structure of the present invention is
      comprised of a metal frame supporting superimposed layers of plastic
      sheets having an inflated area between the sheets to thereby provide
      insulation to the structure. The superimposed plastic sheets are secured
      to the frame by means of longitudinally extending rails having
      longitudinally extending upwardly concave portions and complementary
      clamping rods adapted to wedge the edges of the superimposed plastic
      sheets between the rods and the upwardly concave portions of the rail. The
      rails are provided with means for receiving clamping members at any point
      along the length of the rails for clamping the rods into the upwardly
      concave portions of the rail.
DRWD
PAR  The present invention will be described and understood more readily when
      considered with the accompanying drawings, in which:
PAR  FIG. 1 is a partial perspective view of a plastic covered building
      structure according to the present invention;
PAR  FIG. 2 is an exploded perspective view of a rail member for fastening the
      plastic sheets to the frame of the structure;
PAR  FIG. 3 is a partial end view of the rail member of FIG. 2;
PAR  FIG. 4 is an exploded partial perspective view of a gable rail for use with
      the building structure of the present invention;
PAR  FIG. 5 is a partially cut-away section of the building structure taken
      along section line 5-5 of FIG. 1;
PAR  FIG. 6 is a partial view of the structure of FIG. 5 taken along the line
      6--6 of FIG. 5;
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is a partially cut-away section of the building structure taken
      along section line 8--8 of FIG. 1;
PAR  FIG. 9 is a cross-sectional view taken along section line 9--9 of FIG. 8;
      and
PAR  FIG. 10 is a detailed view of the gable rail as seen in FIG. 9.
DETD
PAR  Referring now to the drawings, in FIG. 1 there is shown the frame,
      generally designated 10, of a greenhouse structure, the frame 10 having
      bow shaped rafter members 12 spaced apart and positioned by longitudinally
      extending purlins 14 secured to the rafter members by means of clamps 15.
      The rafter members and purlins are preferably formed of metal tubing to
      provide sufficient lightweight support for the structure against
      atmospheric conditions. A ridge rail, generally designated 16, and a vent
      rail, generally designated 17, provide the uppermost and bottommost
      longitudinal support for the structure respectively, and additionally
      secure the plastic covering to frame 10.
PAR  As best seen in FIG. 2 and 3 the ridge rail 16, and also the vent rail 17
      which is similar and to which the following description also applies, is a
      generally box-like extrusion having upwardly concave portions in the form
      of flanges 18 and 20 extending from sides 22 and 24 of the ridge rail 16.
      In upper surface 26 of the ridge rail, channel 28 is formed having
      longitudinally extending grooves 30 in walls 29 and 31 of the channel, the
      opposing grooves 30 are staggered with respect to each other and have a
      pitch identical to the pitch of bolt 32 to thereby accept the bolt. Bolt
      32 secures clamping member 34 or rail splice member 36 to ridge rail 16 at
      any point on the ridge rail. The concave portions of flanges 18 and 20 are
      serrated as at 38 so that when serrated clamping rod 40 presses the
      plastic covering sheets 42 and 44 into the concave portion of flanges 18
      and 20 the plastic sheets are immovably wedged therein. Clamping member 34
      is provided with a slot 46 so that it may be moved to clamp either one or
      both of the splines 40 associated with ridge rail 16, as best seen in FIG.
      6. Splicing member 36 acts to splice together two rails in abutting
      relationship, as at 48, so that the length of the ridge rail may be
      selected as desired (see FIG. 6). Longitudinally extending slot 50 is
      formed in the bottom surface 52 of ridge rail 16 for the purpose of
      accepting a bolt and washer for securing the ridge rail to the frame as
      hereinafter described. Both the ridge rail 16 and the vent rail 17 are
      constructed in such a way as to make the extrusion thereof a relatively
      simple matter with the need for a minimum of post extrusion operations to
      prepare the rails for use.
PAR  Referring now to FIG. 4 there is shown a gable rail, generally designated
      54, which is positioned at the ends of the structure (see FIG. 1) for
      securing the end margins of plastic sheets 42 and 44 and securing the end
      of the plastic sheet 56 which is draped to cover the end of the structure.
      Gable rail 54 is generally in the shape of a U-shaped channel having
      upwardly concave portions in the form of flanges 58 and 60 for accepting
      the end margins of the plastic sheets. Clamping rod 62, clamped into the
      concave portions of flanges 58 and 60 by means of clamping member 64,
      secure the plastic sheets to gable rail 54. Clamping member 64 is fastened
      to gable rail 54 by means of bolt 66 passing through drilled hole 68 in
      gable rail 54 and into tapped hole 69 in the end rafter bow, as best seen
      in FIGS. 8, 9, and 10. The construction of the gable rail 54 also permits
      the extrusion thereof with a minimum of post extrusion operations.
PAR  FIG. 5 clearly shows the means whereby the ridge rail 16 and vent rail 17
      are fastened to frame 10 of the building structure. Pipe splices 70
      connect the ends of two adjacent rafter members 12 at their junction at
      the top of the structure, and also connect the bottommost portion of the
      rafter members to posts 72 which ar sunk into the ground for support of
      the structure. The pipe splices 70 secure the pipes by means of nut and
      bolt assemblies 74 so that a space 76 is provided between the adjacent
      pipes. For securing the ridge and vent rails to frame 10 there are
      provided bolts 78 extending through openings 76 and slot 50 in the ridge
      and vent rails to clamp surface 52 of the rails to pipe splices 70 by the
      tightening of nut 80, as clearly seen in FIG. 7. FIG. 5 also shows the
      spaced apart relationship of plastic sheets 42 and 44 after assembly of
      the structure and after inflation of the space intermediate sheets 42 and
      44, by conventional means. This space intermediate sheets 42 and 44
      provides an effective insulation for the interior of the structure while
      simultaneously permitting sunlight to pass within. Inflation of the space
      between plastic sheets 42 and 44 is made possible by the excellent sealing
      provided by the the clamping of the edges of the plastic sheets by the
      ridge, vent, and gable rails. The four corners of the plastic sheets which
      are not sealed by the various rails may be sealed by any known method, as
      by heat sealing, etc. A wooden baseboard, generally designated 82, may be
      provided at the base of the structure for finishing purposes and secured
      to posts 72 by means of nut and bolt assemblies 84.
PAR  Referring to FIGS. 8 to 10 there is shown the end of the plastic covered
      building structure in detail. As can be seen in FIG. 8, gable rail 54 is
      bow shaped to conform to the shape of end rafter member 12 and is secured
      thereto by means of bolts 66 passing through holes 68 in gable rail 54 and
      into tapped holes 69 in end rafter member 12. For providing a covering for
      the open end of the structure, plastic sheet 56 is clamped to gable rail
      54, as hereinbefore described, to drape over the end of the structure. For
      the purpose of providing gable frame member 86, which may include a door
      frame as seen in FIG. 1, gable frame brackets 88 may be bolted to the end
      rafter member by bolt 89 and bolted to the gable frame members by means of
      bolt and nut assembly 90, as clearly seen in FIG. 9. The gable frame
      members 86 may be arranged in any configuration desired and have plastic
      sheet 56 secured thereto by means of nails or tacks 92.
PAR  In assembling the plastic covered building structure of the present
      invention the posts 72 are anchored in the ground in a spaced manner
      corresponding to the position of the bow shaped rafter members 12. The bow
      shaped rafter members 12 are spliced together by means of the pipe
      splicers 70 and then raised to the upright position and spliced to posts
      72 by means of pipe splices 70, as best seen in FIGS. 5 and 8. The purlins
      14 are then longitudinally positioned and secured to the rafter members 12
      by means of clamps 15. Ridge rail 16 and vent rail 17 are then secured to
      frame 10 by means of the bolt washer assemblies 70, 80, as best seen in
      FIG. 5. In case the ridge or vent rails are not sufficiently long another
      rail may be positioned in abutting relationship and the two spliced
      together by means of splicing clamp 36, as best seen in FIGS. 2, 6, and 7.
      Gable rail 54 is then positioned on the end rafter members with bolts 66
      maintaining the position of the gable rails with respect to the rafter
      members. The building structure is now ready for the application of the
      plastic sheet covering.
PAR  Two superimposed sheets of plastic 42 and 44, large enough to cover
      one-half of the structure, are secured to ridge rail 16 by positioning the
      top margin of the plastic sheets in the upwardly concave portion of flange
      18 of the ridge rail and clamping rod 40 into the concave portion by means
      of clamp 34, as clearly demonstrated in FIG. 3. The clamps 34 may be
      positioned at any point along ridge rail 16 thereby providing a simple and
      easy method of clamping rod 40 in position. A similar procedure is
      followed in fastening the lower margin of the superimposed sheets of
      plastic 42, 44 to the vent rail 17, as best seen in FIG. 5. The end
      margins of the superimposed sheets of plastic are secured to the gable
      rail 54 by positioning the end margin within the upwardly concave portions
      of flanges 58 and 60 of the gable rail and clamping rod 62 into the
      concave portions by means of clamps 64 which are secured by bolts 66. The
      four corners of the superimposed plastic sheets are then sealed, thus
      making the space intermediate the plastic sheets air tight. Having
      completed the securing of the plastic sheets 42 and 44 to the building
      structure the space intermediate the superimposed sheets may then be
      inflated, by any conventional means, thereby spacing apart the central
      portion of the superimposed sheets and providing an effective insulation
      for the interior of the building. The remaining half of the structure
      which is uncovered may then be covered in a like manner as that described
      above to provide a completely covered structure.
PAR  The open ends of the structure may then be covered by positioning gable
      frame members 86 as necessary and securing them to the structure by means
      of gable frame brackets 88, as best seen in FIG. 8. A single sheet of
      plastic 56 may then be secured to the gable rail 54 in like manner as the
      securing of the plastic sheets 42 and 44 to the gable rail. The plastic
      sheet 56 is then draped over the end of the building and secured to the
      gable frame members 86 by means of nails or tacks 92.
PAR  It is understood that the foregoing general and detailed descriptions are
      exemplary and explanatory of the present invention and are not to be
      interpreted as restrictive of the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A plastic covered building structure comprising a plurality of rafter
      members positioned in spaced apart relationship, a rail secured to said
      rafter members and extending the length of the building structure, said
      rail having outer, inner and side surfaces, two concave portions integral
      with and oppositively disposed on either side of said rail, two clamping
      rods, each of said rods received in one of said concave portions and
      extending the length thereof, means provided and operative at any point
      along the length of said rail for clamping said rods into said concave
      portions, two superimposed plastic sheets secured along one of their
      margins between one of the concave portions of the rail and the
      complementary rod, means for securing the opposite margins of the
      superimposed plastic sheets to each other and to the structure, the
      central portion of said superimposed plastic sheets being inflated to
      thereby space them apart.
NUM  2.
PAR  2. The plastic covered building structure as defined in claim 1 wherein the
      means for clamping the rods into the concave portions of the ridge rail
      comprises a longitudinally extending channel in said rail, longitudinally
      extending channel in said rail, longitudinally extending grooves in the
      opposing interior vertical walls of said channel, the grooves in the
      opposing walls being in staggered relationship, at least one bolt having a
      thread with an identical pitch as the grooves in said channel, and at
      least one clamp secured to said rail by said bolt and clamping said rods
      in the concave portions of the rail, whereby said clamp may be secured to
      said rail to clamp said rods at any position along the length of said
      rail.
NUM  3.
PAR  3. The plastic covered building structure as defined in claim 1 wherein the
      means for securing the end margins of the superimposed plastic sheets to
      each other and to the structure comprises a gable rail secured to the
      upper portion of each end rafter member, said gable rail having an
      upwardly concave portion integral with and disposed on a side of said
      gable rail, a clamping rod received in the concave portion of said gable
      rail, and means for clamping said rod into said concave portion, the
      superimposed sheets of plastic being secured along their end margin
      between the concave portion of the gable rail and the complementary rod.
NUM  4.
PAR  4. The plastic covered building structure as defined in claim 3 which
      further comprises a sheet of plastic draped to cover the end of the
      building structure, and means on said gable rail for securing the top
      margin of said plastic sheet to said building structure.
NUM  5.
PAR  5. A plastic covered building structure comprising a plurality of rafter
      members positioned in spaced apart relationship, a rail secured to said
      rafter members and extending the length of the building structure, said
      rail having outer, inner and side surfaces, two concave portions integral
      with and oppositely disposed on either side of said rail, two clamping
      rods, each of said rods received in one of said concave portions and
      extending the length thereof, means provided and operative at any point
      along the length of said rail for clamping said rods into said concave
      portions, two superimposed plastic sheets secured along one of their
      margins between one of the concave portions of the ridge rail and the
      complementary rod, means for securing the opposite margins of the
      superimposed plastic sheets to each other and to the structure, the
      central portion of said superimposed plastic sheets being inflated to
      thereby space them apart, said rail being secured to the rafter members by
      at least one bolt passing through a longitudinally extending slot in said
      rail, the head of the bolt engaging the rail, said bolt being secured to a
      rafter member.
NUM  6.
PAR  6. The plastic covered building structure as defined in claim 5 wherein the
      concave portions of the rail are formed in flanges protruding from the
      side surfaces of said rail.
NUM  7.
PAR  7. The plastic covered building structure as defined in claim 6 wherein
      said rail is extruded.
NUM  8.
PAR  8. A plastic covered building structure comprising a plurality of rafter
      members positioned in spaced apart relationship, a rail secured to said
      rafter members and extending the length of the building structure, a
      concave portion integral with said rail, a clamping rod received in said
      concave portion and extending the length thereof, means provided and
      operative at any point along the length of said rail for clamping said rod
      into said concave portion, two superimposed plastic sheets secured along
      one of their margins between said concave portion of said ridge rail and
      said clamping rod, means for securing the opposite margins of the
      superimposed plastic sheets to each other and to the structure, the
      central portion of said superimposed plastic sheets being inflated to
      thereby space them apart.
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ABST
PAL  A frost heave compensator for mobile homes and the like generally supported
      on a steel frame disposed below floor level, which steel frame is in turn
      supported on concrete or other relatively shallow footings. Each mobile
      home is provided with a plurality of longitudinally spaced resiliently
      compensating tiedowns disposed transversely across the top thereof and
      extending vertically downwardly on opposite sides thereof.
BSUM
PAR  The depending end of each tiedown is secured to the closed upper end
      portion of the tubular shell of a frost heave compensator of the
      invention. A central tension rod is disposed substantially centrally
      within the said tubular shell and has a combined circular guide and stop
      washer secured centrally on the upper end thereof, which tension rod
      extends downwardly therefrom and is disposed freely through a central
      aperture provided in the bottom end portion of the said frost heave
      compensator, and is connected to the upper end of a suitable ground
      anchor. A plurality of natural or synthetic rubber resilient compressible
      oppositely ended frusto-conical compression elements tapered in opposite
      directions with suitable washers therebetween are freely telescoped over
      the said central tension rod within the tubular shell of the frost heave
      compensator.
PAR  When one or the other of the longitudinal sides of a mobile home is
      subjected to relatively high velocity winds, sufficient pull is provided
      on the said central tension rod to resiliently compress the frusto-conical
      compression elements causing the frost heave compensators on the windward
      side of the mobile home to prevent an extensive pulling on the side of the
      mobile home facing the high velocity wind pressure, thereby eliminating or
      reducing wind damage to the mobile home.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Frost heave compensators of the instant invention are particularly useful
      in the anchoring down of mobile homes whereby to eliminate or materially
      reduce extreme damage that may be incurred during relatively high velocity
      wind storms or during hurricanes.
PAR  Most mobile homes are anchored against damage by high velocity storms by
      employing a plurality of longitudinally spaced transversely disposed
      tiedowns disposed over the top of the mobile home and down the sides
      thereof at selected intervals depending upon the width and length of the
      mobile home. The ends of the tiedowns are each normally secured to a
      suitable ground anchor disposed to a depth of four to five feet below
      ground level, each said ground anchor preferably withstanding a pull of at
      least up to 5,000 pounds. The size and type of ground anchors employed are
      generally selected according to the type of soil in which they are to be
      used.
PAR  The frost heave compensator of the instant invention consists of a
      preferably steel outer shell having a closed upper end including means
      thereon to accommodate the securement thereto of the lower end of a
      conventional tiedown.
PAR  Within the tubular outer shell of the frost heave compensator is a central
      shaft having an upper circular guide and stop washer firmly secured on the
      upper end thereof, the lower end of said central shaft extending
      downwardly in relatively free relationship through the lower end of the
      said central outer shell. A plurality of oppositely ended resilient
      compressible frusto-conical compression elements preferably formed of
      natural or synthetic rubber into frusto-conical internally fluted spools
      are telescopingly positioned freely on said central shaft with suitable
      washers therebetween, and are retained thereon by suitable means employed
      at the lower end portion of said outer shell, the said central shaft being
      substantially free from engagement by said spools when under compression.
PAR  After assembly, the lower end of the outer shell of the frost heave
      compensator is closed except for a central aperture provided in the bottom
      thereof through which the lower threaded end of the central shaft freely
      extends, which threaded shaft is turnable whereby to engage and be secured
      to the upper end of a preferably vertically disposed ground anchor engaged
      in the ground below the lower end of a tiedown to which a frost heave
      compensator has been secured.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings wherein like reference characters refer to
      like and corresponding parts throughout the several views:
PAR  FIG. 1 is a vertical sectional view of a mobile home frost heave
      compensator of the invention showing a preferred arrangement of the
      elements thereof;
PAR  FIG. 2 is a horizontal sectional view taken on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a vertical sectional view of a typical resilient natural or
      synthetic rubber vertically fluted compression element telescoped in
      freely spaced relationship on the tension rod employed within the tubular
      shell of a frost heave compensator;
PAR  FIG. 4 is a horizontal sectional view taken on the line 4--4 of FIG. 3;
PAR  FIG. 5 is a horizontal sectional view taken on the line 5--5 of FIG. 1
      showing the use of a flat washer disposed between the small ends of
      opposite ended compression elements, said washer having integral vertical
      upper and lower shoulders therearound;
PAR  FIG. 6 is a horizontal sectional view taken on the line 6--6 of FIG. 1
      showing the use of a flat washer between the large ends of opposite ended
      compression elements;
PAR  FIG. 7 is a fragmentary vertical sectional view showing a preferred
      alternate construction that may be employed at the lower end of the
      tubular shell of the frost heave compensator;
PAR  FIG. 8 is an end elevational view of a typical mobile home showing a pair
      of transversely spaced longitudinal main frame elements supported on pairs
      of concrete footings located at selected longitudinal intervals
      therebelow, and showing a tiedown disposed transversely across the top of
      the mobile home and depending on opposite sides thereof where the ends of
      the tiedown are each connected to the upper end of a frost heave
      compensator which in turn is connected to the upper end of a ground anchor
      therebelow; and
PAR  FIG. 9 is a fragmentary sectional view of the anchorage of a longitudinal
      main frame element connected to a preferably vertical below-the-ground
      anchor element, which anchorage may be employed at selected locations
      where additional anchorage may be desirable.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  FIG. 1 shows a preferred embodiment of a frost heave compensator 10 of the
      invention for mobile homes 11 and similar structures generally twelve to
      fourteen feet wide and fifty to seventy feet long usually supported on a
      steel frame 12 disposed below floor level, which steel frame 12 is in turn
      supported on relatively small concrete blocks 13 and shallow footings 130.
      Each mobile home 11 is generally provided with a plurality of
      longitudinally spaced tiedowns 14 extending transversely across the top
      and vertically downwardly on opposite sides thereof. Each depending end of
      each said tiedown 14 is connected to an inverted U-shaped transverse
      bracket 15 or the like preferably welded at 150 to the upper closed end
      portion of the tubular shell 16 of a frost heave compensator 10.
PAR  A tension rod 17 is disposed centrally within the tubular shell 16 of the
      frost heave compensator 10 and has a combined circular guide and stop
      washer 18 securely fixed on the upper end thereof by welding 180 or the
      like. The said combined circular guide and stop washer 18 is somewhat
      smaller in diameter than the inner diameter of the tubular shell 16 of the
      frost heave compensator 10 and maintains the upper end portion of the
      central tension rod 17 reasonably central at all times.
PAR  As best shown in FIG. 1, the lower end portion 170 of the tension rod 17 is
      telescoped freely through a combined central sleeve and annular seat 19
      positioned centrally of an aperture 20 provided in the lower end 21 of the
      tubular shell 16 of the frost heave compensator 10. A suitable clearance
      22 is provided between the tension rod 17 and the central aperture 23 in
      the combined central sleeve and annular seat 19 whereby to permit free
      telescoping of the tension rod 17 therethrough.
PAR  In the particular embodiment of the invention disclosed herein, the portion
      of the tension rod 17 normally disposed within the tubular shell 16 of the
      frost heave compensator 10 is provided with a plurality (preferably five)
      longitudinally oppositely ended resilient compressible frusto-conical
      compression elements 23 telescoped on said tension rod 17 with sufficient
      space disposed between the outer diameter of said tension rod 17 and the
      inner diameter of the said compression elements 23 whereby to permit
      proper functioning thereof when and as compressed responsive to tension T
      applied to said tension rod 17.
PAR  As viewed in FIG. 1, the large adjacent ends of the frusto-conical opposite
      ended compression elements 23 have a suitable flat washer 24 therebetween.
      The small adjacent ends of the frusto-conical opposite ended compression
      elements 23 have a suitable smaller flat washer 25 therebetween with a
      relatively narrow continuous vertical upper and lower integral shoulder
      250 therearound whereby to prevent possible excessive radial expansion of
      the relatively small circular ends of compression elements 23 when
      extremely heavy tension is applied to the tension rod 17. Each said
      frusto-conical compression element 23 has a central longitudinal aperture
      26 therethrough of sufficient size to permit it to be freely axially
      telescoped in opposite ended relationship on the tension rod 17 with flat
      and shouldered washers disposed alternately therebetween.
PAR  The inner circular wall of each compressible frusto-conical compression
      element 23 is preferably provided with four equally spaced vertical inner
      flutes 230 as best shown in FIG. 4, which flutes 230 provide reasonable
      inner flexibility of the compression elements 23.
PAR  The large end of each frusto-conical compression element 23 is preferably
      beveled therearound at 231, and the outer periphery of said compression
      element 23 is preferably vertically formed therearound for a short
      distance at 232 below said bevel 231 whereby to provide an upper annular
      vertical shoulder just above the beginning of the inwardly tapered lower
      portion of the said compression element 23.
PAR  Referring now to FIG. 7 which discloses an alternate construction that may
      be employed at the lower end portion of the tubular shell 16 of the frost
      heave compensator 10 wherein the lower end of the tubular shell 16 is
      transversely cut off, and the lower end portion of the tubular shell 16 is
      threaded at 30 to accommodate an internally threaded inverted lower cap
      element 31 thereon.
PAR  The lower end portion of the tension rod 17 is telescoped freely through a
      combined central depending sleeve 32 and annular seat 33, which central
      sleeve 32 is externally threaded at 37 and is telescoped downwardly
      through a central aperture 34 provided therefor in the bottom of the said
      annular seat 33 to rest centrally upon the said inverted cap element 31.
      The upper surface of the annular seat 33 is provided with an upwardly
      disposed integral annular rib 35 located centrally thereon within which
      the lower annular end 236 of the lowermost frusto-conical compression
      element 23 is positioned.
PAR  The central depending sleeve portion 32 of the combined central depending
      sleeve 32 and annular seat 33 is suitably threaded at 37 to accommodate a
      nut 38 thereon which functions to removably close the lower end of the
      tubular shell 16 and yet permits longitudinal movement of the tension rod
      17 with respect to the compression of the elements 23 of the frost heave
      compensator 10.
PAR  The tension rod 17 is preferably formed hexagonally at 171 to accommodate a
      suitable wrench with which the said tension rod 17 may be turned to secure
      its threaded lower end 170 thereof into a suitable connector element 40
      conventionally employed at the upper end of a ground anchor 39.
PAR  Reference is now made to FIG. 8 which shows a typical use of frost heave
      compensators 10 of the invention in combination with a mobile home 11 and
      conventional tiedowns 14 transversely disposed across the top of the
      mobile home 11 and down the sides thereof at selected intervals inwardly
      of the extreme ends of the mobile home.
PAR  The mobile home 11 is conventionally supported on a pair of laterally
      spaced longitudinal steel frame elements 12 which are preferably supported
      on concrete blocks 13 and relatively shallow footings 130 located under
      each of the longitudinal steel frame elements 12 disposed transversely in
      parallelism with each tiedown 14.
PAR  The upper end of each frost heave compensator 10 is suitably secured to the
      lower end of a tiedown 14, and the lower end of each said frost heave
      compensator 10 is connected by means of a suitable connector element 40 to
      the upper end of a ground anchor 39.
PAR  FIG. 9 is a fragmentary view showing a portion of a mobile home 11
      supported on a steel frame element 12 by means of concrete blocks 13 and a
      relatively shallow footing 130 therebelow. A ground anchor 390 is disposed
      below the outer wall of the mobile home 11 adjacent said steel frame
      element 12 with a turnbuckle 41 connected at opposite ends to the steel
      frame element 12 and to the upper end of the ground anchor 390. Such extra
      anchor-down means may be employed at selected locations around the mobile
      home 11 wherever circumstances may warrant the employment of special
      anchor-downs; for example when large and small mobile homes are connected
      together in an L-shaped or T-shaped unit as ofttimes occurs.
PAR  Although but a single embodiment of frost heave compensators of the
      invention and several modifications of the elements thereof have been
      disclosed and claimed herein, it is obvious that many changes may be made
      in the size, shape, arrangement and detail of the several elements thereof
      without departing from the spirit and scope of the invention as defined by
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A frost heave compensator for mobile homes and the like generally
      employing longitudinally spaced tiedowns disposed transversely across the
      top thereof and extending vertically downwardly on opposite sides thereof,
      said frost heave compensator comprising:
PA1  a. a tubular vertically disposed outer shell closed at its upper end and
      centrally apertured at its lower end whereby to freely accommodate a
      tension rod through said lower end,
PA1  b. a transverse inverted U-shaped bracket secured to the upper end portion
      of said outer shell whereby to admit of securement of the upper end of a
      frost heave compensator to the lower end of a conventional tiedown,
PA1  c. the upper end of said tension rod having a combined circular guide and
      stop washer of a diameter somewhat less than the inner diameter of said
      tubular shell securely fixed on the upper end of said tension rod,
PA1  d. a plurality of longitudinally oppositely ended resilient compressible
      frusto-conical compression elements telescoped freely on said tension rod
      with suitable washers disposed between adjacent ends thereof, and with the
      inner periphery of each said compression elements disposed in spaced
      relationship with respect to the outer periphery of said tension rod, and
      with the outer periphery of each said compression element disposed in
      spaced relationship with respect to the inner periphery of the tubular
      outer shell,
PA1  e. the lower end of the said outer shell being provided with a combined
      central sleeve and annular seat positioned centrally in the lower end of
      the tubular shell, the inner periphery of said combined central sleeve and
      annular seat being such as to permit free telescoping of the tension rod
      therethrough, and
PA1  f. the lower end of the said tension rod being threaded and of sufficient
      length to be adjustably secured by a suitable conventional connector means
      to the upper end of a conventional ground anchor.
NUM  2.
PAR  2. A frost heave compensator as claimed in claim 1 wherein:
PA1  a portion of the lower threaded end of the tension rod is preferably
      hexagonally formed to provide for wrench turning of said tension rod when
      connected by suitable means to said ground anchor.
NUM  3.
PAR  3. A frost heave compensator as claimed in claim 1 wherein:
PA1  a. the frusto-conical compression elements, having a central aperture
      therethrough of sufficient size to telescope freely longitudinally on said
      tension rod, are each provided with a plurality of longitudinal flutes
      therein spaced equally therearound.
NUM  4.
PAR  4. A frost heave compensator as claimed in claim 1 wherein:
PA1  a. the lower portion of the tubular shell is transversely cut off and the
      remaining lower end of said tubular shell is externally threaded to
      accommodate an internally threaded cap element thereon,
PA1  b. the said cap element is centrally apertured to receive therethrough the
      lower depending threaded end of a combined central depending sleeve and
      annular seat, and
PA1  c. a nut is threaded on the depending end of said central depending sleeve
      whereby to secure said annular seat element of the combined central
      depending sleeve and annular seat firmly on the inner surface of said cap
      around the central aperture therein.
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ABST
PAL  An in-ground swimming pool, includes rigid planar ends, a pair of parallel
      inwardly-extending curved flanges on each said end, the sides and bottom
      being a sheet of flexible springy sheet material, capable of
      transportation in rolled form, the edges of said sheet being engaged
      between said flanges and a highly-compressed gasket of resilient material
      between said sheet and the inner flange of each said pair.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of my application Ser.
      No. 369,152, filed June 12, 1973.
BSUM
PAR  This invention relates to the formation and assembly of in-ground swimming
      pools.
PAR  It is applicable to prefabrication of such pools and their subsequent
      assembly on site.
PAR  In particular, the invention is applicable to making swimming pools which
      are transversely curved from edge to edge.
PAR  The usual method of making an in-ground swimming pool is to excavate and
      then construct a reinforced concrete pool in situ in the excavation.
PAR  It is one object of this invention to enable an in-ground full size
      swimming pool to be prefabricated, transported to the site and erected
      very economically.
PAR  In-ground pools are subject to considerable external hydrostatic pressure,
      particularly when empty, to such an extent that the whole pool has been
      known to be forced upwards or distorted or cracked by the pressure.
PAR  It is a further object of this invention to provide a pool which
      incorporates means in its structure which automatically relieves such
      pressure.
PAR  It is yet another object to provide a pool in which the sides and bottom of
      the pool are made of a single integral sheet of material.
DRWD
PAR  In order that the invention may be better understood, exemplary embodiments
      will be described with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a swimming pool,
PAR  FIG. 2 is a section on line 2--2 of FIG. 1,
PAR  FIG. 3 is a section on line 3--3 of FIG. 1 to enlarged scale, and
PAR  FIG. 4 is a section, further enlarged, on line 4--4 of FIG. 3.
PAR  FIG. 5 is an explanatory diagram similar in aspect to part of FIG. 3,
PAR  FIG. 6 shows a modification applied to the arrangements of FIG. 5,
PAR  FIG. 7 corresponds to FIG. 4, and but showing the modification of FIG. 6,
      and
PAR  FIG. 8 is a fragmentary, elevational view of a joint formed of adjacently
      disposed sheets having adjoining flanges.
DETD
PAR  The parts of the pool are, broadly speaking:
PAR  A. A flexible sheet 10 of springy material to form the sides and bottom of
      the pool.
PAR  B. Two planar ends 11 each having on its inner face a pair of curved
      parallel projections 12 forming a channel there between, and
PAR  C. MEANS (TO BE FURTHER DESCRIBED BELOW) FOR SEALING THE ENDS OF SHEET 10
      WITHIN THE CHANNELS BETWEEN PROJECTIONS 12.
PAR  The flexible sheet 10 is preferably formed from commercially-available
      sheet steel of about 18 to 20 gauge, both sides having a decorative
      wear-resistant surface such as bonded vinyl.
PAR  This material is flexible enough to be made into rolls, say, 2-4 feet in
      diameter. As shown, the material 10 has an angled flange 13 at each end of
      a roll. As the rolls are used across the pool, these flanges 13 form
      ledges along each side of the pool.
PAR  The end-pieces 11 are planar and may be of strong and rigid material such
      as fibre-glass or heavy-gauge steel sheet. End-pieces 11 also have flanges
      (shown at 14). These in the assembled pool form end ledges which abut
      ledges 13, and so together provide a complete pool surround.
PAR  The projections 12 are also of strong rigid material, such as steel strip,
      welded to the end piece 11. The projections 12 between them form a narrow
      channel tracing on each end-piece 11 the cross-sectional shape of the pool
      (as best shown in FIG. 3).
PAR  The edges of sheet 10 are engaged in these channels so that sheet 10 is
      bent to form the sides and bottom of the pool, while end-pieces 11 form
      its ends.
PAR  In order to seal the joint between sheet 10 and end-pieces 11 against
      leakage, a resilient circular-section gasket 15 (FIGS. 3 - 4) is highly
      compressed between sheet 10 and the inner projection 12. It will be noted
      in FIG. 4 that the end of sheet 10 has a clearance from end-piece 11, so
      that the resilience of gasket 15 allows some slight movement in the joint,
      for instance with temperature changes or, more importantly, on distortion
      of sheet 10 in response to hydrostatic pressure.
PAR  The method of assembling a curved structure as described includes the steps
      of:
PAR  a. Placing the planar ends 11 approximately the width of said sheet 10
      apart and with the flanges 12 projecting towards each other.
PAR  b. Positioning the sheet 10 between said ends 11, and conforming it to
      engage the curve of flanges 12; and
PAR  c. Sealing the edges of sheet 10 to flanges 12
PAR  In the particular case of an in-ground swimming pool as shown in the
      drawings, the method of construction may be as follows:
PAR  An excavation is made in ground 20 (FIG. 2) somewhat larger than the
      designed size of the pool and ends.
PAR  The rectangular ends 11 are levelled and sheet 10 unrolled between them and
      engaged between flanges 12 on each, sealing gasket 15 being inserted. Ends
      11 are supported by a fill of concrete 21 and sheet 10 by a back-fill of
      support material 22 such as fine sand, brickies loam or loam-cement
      mixture. Alternatively, back-fill 22 may be a fill of concrete pumped in
      from the center-line as the pool fills with water. In this case the sheet
      10 may be regarded as a "form" for the concrete, though, of course, it
      remains in situ.
PAR  The side and end surrounds 13, 14 are preferably supported on concrete
      ledges in any case.
PAR  A valuable advantage of the invention is the very small space needed during
      transportation. The ends 11 can, of course, be shipped flat and take up
      little space. The sheet 10 may be secured in a roll for shipment. This
      roll may be as little as 2 feet diameter. Consequently a whole full-size
      pool may be transported forming only a very small part of a lorry-load. As
      the roll is not released until on the pool site, it also has the advantage
      of being able to pass through narrow spaces during approach to the site.
PAR  The preferred material for sheet 10 is "Marviplate" (Registered trade mark)
      which has a thin steel backing with a very flexible and resistant plastic
      facing.
PAR  The ends 11 are preferably of fibre-glass with flanges 12 moulded on them.
      Alternatively, they may be of relatively heavy steel sheet, the flanges 12
      being also of steel edge-welded to the end 11.
PAR  Sheet 10 is fairly stiff and consequently when inserted between flanges 12
      at a curve will be urged strongly against the inner flange.
PAR  This is illustrated in FIG. 5, where a sheet 50 is inserted between curved
      inner flange 51 and curved outer flange 52 similar to flanges 12
      previously described. This makes it difficult to insert a gasket between
      sheet 50 and flange 51 at the curve.
PAR  Referring to FIG. 6, a block 53, of harder material than a gasket to be
      used, is inserted during assembly between sheet 50 and inner flange 51.
      Block 53 keeps sheet 50 and flange 51 spaced apart, allowing a gasket 54
      (FIG. 7) to be inserted. As shown in FIG. 7, gasket 54 when fully in place
      forces sheet 50 and flange 51 further apart, so that block 53 is lifted
      clear of either sheet 50 (as shown) or of flange 51.
PAR  It will also be seen that outer flange 52 in this case is made longer than
      inner flange 51. Such a construction facilitates the insertion of the
      edges of sheet 50 between flanges 51, 52.
PAR  As explained previously with reference to FIGS. 1 through 4, in assembling
      a pool, ends 11 carrying the flanges are placed apart and the sheet is
      confirmed to the curve of the flanges and inserted.
PAR  With the projecting flange 52 of FIG. 7 this is made easier by resting
      sheet 50 on the outer projecting part of flange 52 so that on moving end
      11 to the left, sheet 50 is automatically guided between the flanges.
PAR  It will be noted that in all embodiments described the gasket is placed
      between the edge of sheet 10 or 50 and the inner flange 12 or 51. If
      hydrostatic pressure builds up beneath the pool therefore, this pressure
      has access via the unsealed gap between the edge of the sheet and the
      outer flange to the inner end of the channel between the flanges.
PAR  This pressure is therefore exerted on the inner side of the gasket and, if
      it rises unduly, forces the gasket out from between the flanges, rather
      than damaging the pool. The gasket can, of course, be easily replaced when
      the pressure is relieved.
PAR  In order to allow freer access of the pressure to the inner end of the
      channel, the outer flange 12 or 52 may be apertured at intervals as
      indicated at 55 in FIG. 7.
PAR  For large pools, it may be desirable to use sheet sections joined together
      to form a composite sheet. FIG. 8 shows one means for making such joins.
PAR  Sheet sections 80, 81 are bent to form flanges 82, 83 respectively which
      are hammered into the groove in an extruded elongated fastener 84 having a
      central bore 85, which gives some springiness to the arms of the fastener,
      and into which, if necessary, a sealing compound can be forced. The edges
      of sheet sections 80, 81 are inserted as before between flanges 86, 87
      corresponding to flanges 12 of FIGS. 1 through 4 or flanges 51, 52 of
      FIGS. 6 and 7. A slot 88 is formed in outer flange 86 to accommodate
      flanges 82, 83 and fastener 84, slot 88 also serving as a pressure-access
      aperture equivalent to 55 in FIG. 7.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An in-ground swimming pool including a pair of rigid substantially
      planar end members; an inner and an outer arcuate flange projecting from
      each said end member and defining a channel between them having the shape
      of the bottom and sides of the pool; a sheet of flexible springy material
      capable of transportation in rolled form, each lateral edge of said sheet
      being engaged in one said channel, said edge having a clearance from said
      end member, thereby to form the sides and bottom of the pool; and a
      resilient sealing gasket inserted in highly compressed condition between
      each lateral edge of said sheet and the adjacent inner flange, said gasket
      being the sole sealing means between said edge and the channel.
NUM  2.
PAR  2. A swimming pool as claimed in claim 1, in which each said outer flange
      is wider than said inner flange and projects beyond it.
NUM  3.
PAR  3. A swimming pool as claimed in claim 1, including at least one aperture
      in each said outer flange communicating with said channel between said
      gasket and said end member.
NUM  4.
PAR  4. A swimming pool as claimed in claim 1, including a spacer between said
      sheet and said inner flange at a curved portion of said channel, said
      spacer being of material less compressible than that of said gasket and
      being of less radial width than said highly-compressed gasket.
NUM  5.
PAR  5. A swimming pool as claimed in claim 1, in which said sheet is formed of
      a plurality of longitudinally-extending sections; contiguous flanges on
      adjacent edges of said sections; a longitudinal fastener having a body, a
      longitudinal bore in said body and a longitudinal slot through said body
      leading to said bore, said contiguous flanges being engaged in said slot.
NUM  6.
PAR  6. A swimming pool as claimed in claim 5, including slots in each said
      outer flange through which slot said fastener projects.
NUM  7.
PAR  7. An in-ground swimming pool comprising:
PA1  a. a pair of substantially planar end members spaced so as to define the
      length of said pool, each of said ends including inner and outer spaced
      parallel flanges defining a channel between them having a predetermined
      shape of the bottom and side walls of said pool,
PA1  b. a sheet of flexible springy material capable of being transported in
      roll form, the lateral edges of said sheet being engaged in said channels
      when said sheet is rolled out thereby to form the sides and bottom of said
      pool, clearances being provided between the edges of said sheet and said
      end members thereby permitting lateral movement of said sheet relative to
      said end members in response to hydrostatic pressure on said sheet,
      temperature changes or earth movements and
PA1  c. a resilient sealing gasket inserted in highly compressed condition
      between each lateral edge of said sheet and the corresponding inner
      flange, said gasket being the sole sealing means between said edge and
      said channel.
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ABST
PAL  A plurality of structural unit bodies are utilized to construct a structure
      by suitably assembling the unit bodies. Each structural unit body
      comprises an outer flange and an inner flange extending from one end edge
      and the other end edge respectively of a box-shaped frame. A stuffed box
      is secured to the surface of the inner flange and the stuffed box is in
      the form of a flat box made of a dampproof material. The stuffed box is
      covered on the outside with a metal net-like material and has disposed
      therein a pipe capable of passing fluid therethrough. The box is stuffed
      with noncombustible materials. The upper portion of the middle section of
      the frame, the inside flange surface and the entire surface of the stuffed
      box is plastered or covered with mortar whereby there is formed a
      circumferential groove between the outer flange and the underside of the
      mortar.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a structural unit body having a pipe incorporated
      therein and adapted for use in conjunction with the interior and exterior
      finishing of a structure such as a wall and floor and to a structure
      assembled utilizing such structural unit bodies.
PAR  The structural unit body of this invention comprises a flat box made of a
      dampproof material and having its outside covered with a metal net. The
      inside of the box is provided with a pipe permitting the passage of liquid
      and gas therethrough. The box is stuffed with a noncombustible material
      which encloses the pipe and the box is fixed to a frame. The whole of the
      frame except for a part thereof is plastered with or has applied thereto
      cement mortar. The present invention also relates to a structure assembled
      of the aforementioned structural unit bodies each having a pipe
      incorporated therein and which are connected to each other. One of the
      objects of providing a structural unit body having the pipe incorporated
      therein and the structure assembled with such structural unit bodies is to
      provide for the control of room temperature by passing hot water, cold
      water or hot air or cold air through the pipe incorporated into the unit
      body. This arrangement not only provides comfortable dwellings and
      structures that are adaptable to environmental conditions because they are
      less influenced by temperature and moisture from the outside while
      providing sound insulation properties, but also this arrangement is strong
      and durable because it is fireproof, resilient and solid.
PAR  A description will hereinafter be set forth of an embodiment of this
      invention with reference to the accompanying drawings.
PAC  SUMMARY OF THE INVENTION
PAR  A structural unit body includes a frame having an inner flange and an outer
      flange. The frame has an opening which is circumscribed by the inner
      flange. A stuffing box in which a noncombustible material is disposed is
      secured to the frame to thereby close off the opening in the frame. Cement
      mortar is disposed on at least portions of the stuffing box and the frame
      and conduit means are disposed within the stuffing box for conducting a
      fluid, whereby heating and cooling of a structure made from such unit
      bodies may be effected by the fluid passing through the conduit means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of a structural unit body according to one
      embodiment of the invention;
PAR  FIG. 2 is a schematic plan view showing an example of the arrangement of
      the piping inside the structural unit body;
PAR  FIG. 3 is a cross sectional view of an alternate structural unit body in
      which the structure of the frame is modified as compared to that in FIG.
      1;
PAR  FIG. 4 is an elevational view of the side of a portion of a structure which
      is assembled with the structural unit bodies; and
PAR  FIG. 5 is a flow diagram showing an example of the circulating path of the
      fluid flowing through the piping.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and particularly to FIGS. 1 and 2, there is
      shown in section in FIG. 1 an embodiment of a structural unit body of the
      invention wherein a pipe is incorporated therein. An outwardly facing
      outside flange 4 and an inwardly facing inside flange 2 are arranged in
      stepwise manner and integrally formed on the inner end edge and the outer
      end edge respectively of a box-shaped square frame plate 3 made of a metal
      or other noncombustible hard material, to thereby form a stepped frame 1
      having an opening 17 formed on the top by the inside flange 2. The outside
      flange 4 forms the circumference of the bottom and defines a flat base.
      Because the inside flange 2 is flat on the top and because there is the
      opening 17, the flange is provided with fasteners such as bolts 8 and nuts
      15. There is provided a square flat box 6 having a cover 13 and both made
      of dampproof paper, hard board, particle board or the like. The surfaces
      of the box 6 and cover 13 are covered with a metal net-like material 7,
      and a pipe 12 permitting the passage of fluid therethrough such as a
      liquid and gas is disposed inside the box 6. Because it is desirable that
      the surface area of the pipe 12 be as large as possible inside the box,
      one of the methods of increasing the surface area is to lay the pipe in a
      zigzag manner as shown in FIG. 2. The positions of the inlet 19 and outlet
      20 of the pipe 12 may be suitably arranged as desired but are preferably
      in the neighborhood of opposing edges. The box is stuffed with
      noncombustible materials 10 and 11 such as inorganic fibers, mineral
      fibers thereof and felt-like material, and the pipe 12 is enclosed within
      the non-combustible materials. In this case, when the stuffing material 10
      on the horizontal underside of the pipe 12 is made thick and the stuffing
      material 11 on the upper side is made coarse, or an asbestos nonwoven
      fabric is placed on the underside and a material such as glass wool is
      placed on the upper side, an efficient heat transfer effect is obtained.
      The stuffed box constructed in this manner and indicated generally at 5 is
      tightly fixed to the surface of the inside flange 2 by fasteners 8, 15 and
      9, and the opening 17 is thereby closed. Cement mortar 16 is disposed or
      plastered in a specified shape over the entire surface from the upper part
      of the middle of the frame plate 3 to the inside flange 2 over the
      fasteners and metal net-like material 7 to fix them and to thereby
      construct and provide a structural unit body 14 having the pipe
      incorporated therein. In the structural unit body thus constructed, the
      outside flange 4 of the frame plate 3 and the bottom surface of cement
      mortar 16 form a space therebetween to thereby define a circumferential
      groove 18 about the entire circumference of the unit body, and
      accordingly, the circumferential groove permits the fitting of a
      connection plate thereinto as will hereinafter be described. The outside
      flange 4 serves a base and the unit body is secured to a wall and floor
      through the fitting holes 21 in the outside flange 4.
PAR  In the structutal unit body, it is possible to make a frame by a pressing
      operation in which one whole iron sheet is stamped out with the frame
      integrally having a means to connect the outer flange 4 having the fitting
      holes 21 formed therein and the frame plate 3 and forming therewith the
      inner flange 2 having bolt holes 23 for bolts 8 in a square shape.
      Alternatively provision may be made to weld the outside flange 4 and the
      frame plate 3 in a square shape and having the opening 17. The
      noncombustible materials 10 and 11 may include lightweight materials such
      as vermiculite and pearlite, in addition to those materials previously
      mentioned. The metal net-like material 7 may be an iron sheet having a
      plurality of holes and grooves formed therein formed by a punching out
      operation or the net-like material 7 may be a woven wire material. Since
      the outside cement mortar 16 may be fixed with or to the exposed portion
      of the net-like material 7 and the inside flange used as steel bars for
      reinforcement, the mortar 16 is fortified and thereby secured in place.
      The nuts or sleeves 9 fitted over the bolts inside the box 6 and pipes 22
      therein are effective for keeping the shape of the inside hollow part of
      the box and preventing the box from being crushed or deformed by
      depressing. In this manner, the unit body in which no frame 1 is used
      becomes a plate-like block and can be assembled where necessary.
PAR  A description will now be set forth of another embodiment of the invention.
      With reference to the unit body in FIG. 3 which also has a pipe
      incorporated therein, like reference characters are used for like parts,
      because the main body reinforced with cement mortar 16 is the same as in
      the previous embodiment, and it is not deemed necessary to repeat the
      description of like parts. Accordingly, such description will be omitted.
      The difference in structure between the two embodiments lies in the frame.
PAR  Namely, a frame 31 in this second embodiment is constructed in a manner
      such that one side edge of a metal sheet having a plurality of holes 32
      regularly or irregularly formed therein is bent in a right-angled, L-shape
      manner so that the edge is formed into an inwardly extending inside flange
      36 and the other side edge is formed into an outside flange 38 bent into a
      U-shaped box-like shape 34, the box-like shape member being stuffed with a
      resilient buffer material 33 to thereby form a stepped base 35. A square
      frame 31 integrally having the inside flange 36, side walls 37 and outside
      flange 38 is formed by the base 35 which is assembled into a square shape,
      and an opening 39 is formed in the middle of the inside flange 36 by the
      circumferential edge of the inside flange 36. The frame 31 constructed in
      this manner is fixed by fasteners 8 to the stuffed box 5 in the same
      manner as in the previous embodiment to thereby construct a structural
      unit body 40 having a pipe incorporated therein. This unit body is also
      formed with a circumferential groove 18 on the circumference between the
      outside flange 38 and the mortar 16 in the same manner as in the previous
      embodiment. Since the outside flange 38 serves as feet through which the
      unit body is fixed or secured to structures, the flange 38 is formed with
      fitting holes 42 for fasteners 41.
PAR  In the embodiment of FIG. 3, a metal sheet having holes 32 is used as the
      base 35, however, a metal net formed of strong and thick wire may be used
      instead of the base 35. The quality of material of each part used is the
      same as that of the previous or first embodiment. The buffer material 33
      with which the box 34 for the base 35 is stuffed may be a resilient body
      of antiseptically treated wood, plywood or synthetic resin.
PAR  Since the structural unit body of the invention having a pipe incorporated
      therein is not only strong and resilient because of its stepped frame
      itself and resilient in that its box 5 is stuffed with noncombustible
      materials but also reinforced on the outside with cement mortar 16, the
      whole of the unit body can strongly resist shock from outside and is
      solid. Even if the front and back sides of the mortared unit body are
      exposed to temperature and moisture differences from the outside, the
      stuffed box serves also as a buffer zone as regards the temperature and
      hence there is little possibility of the unit body producing cracks and
      being damaged. For example, when the air is high in moisture content
      because of rain and snow, the moisture that permeates the interior of the
      unit body through the mortared layer is absorbed by the square box
      enclosing the inorganic fibers through atomization by the action of air
      between the inorganic fibers or through the action of capillary phenomenon
      and is attenuated by the air in the metal net portion. Accordingly, the
      temperature of the fluid passing through the pipe 12 disposed inside the
      box is hardly influenced, with the result that the fluid is always allowed
      to retain a substantially constant temperature. A structure which is
      assembled, in suitable combination, with the unit bodies hereinabove
      described and connected by the use of connection plates, as hereinafter
      described, is earthquake resistant in that the structure on the whole
      forms walls and floors adaptable to resist vibration. Furthermore, the
      structure has elastic, soft, fireproof and shockproof properties.
PAR  FIG. 4 shows a structure assembled of the structural unit bodies described
      in either of the two preceding embodiments and having a pipe incorporated
      therein. This structure is assembled by connecting structural unit bodies
      14 or 40 having the pipe incorporated therein or both bodies suitably
      combined or affixed to a floor base 53 and wall base 54. In FIG. 4, only
      the structural unit body 14 is described. When the unit bodies are
      connected to each other, the outlet 20 of the pipe of an adjacent unit
      body is connected through a flexible connection pipe 25 to the inlet 19 of
      the pipe 12 shown in FIG. 2. In connecting the unit bodies, connection
      plates 51 are inserted into the circumferential grooves 18 of adjacent
      unit bodies 14 and floor portions 55 and walls 56 are successively laid by
      repetition of the same method of construction. Mortar 57 is filled or
      placed in the joints between the unit bodies as shown in FIG. 4 to thereby
      strengthen the connection of structural unit bodies with the whole of the
      structure. Elastic joints 58 are applied to the joint portions where
      necessary, or the finish is effected with mortar. A feed pipe 60 and a
      return pipe 61 are brought into communication, respectively, with an inlet
      and an outlet of each of the pipes therein when the floor portion 55 is
      connected with the wall portion 56. As shown in the example of piping in
      the structure 75 in FIG. 5, the feed pipe 60 and return pipe 61 are
      connected through a circulating pump 62 to a hot water feeder supply 63
      and a cooling tower or cooling water supply 64 and operating valves 67,
      68, 69, 70 and 71 and check valves 72 and 73 are located at the required
      places along the pipes 60 and 61. A drain cock 74 is also provided. In
      order to heat a room, hot water from the hot water feeder supply 63 is
      caused to flow via the circulating pump 62 from the feed pipe 60 through
      the series of pipes laid inside the floor portion 55 and wall portion 56.
      Because the hot water circulates through the piping by the action of the
      circulating pump 62, it emits heat from the floor portion 55 and the wall
      56 to thereby warm or heat the room. When the temperature of the room
      drops, introduction or return of hot water from the circulating pump 62
      into the hot water feeder supply 63 results in the feeder 63 heating up
      the hot water and the latter circulates again through the pipe. When dust
      or dirt is collected in the hot water or the latter becomes old, it is
      only necessary to open a drain cock 74 and discharge the hot water. It is
      economical to include a kitchen, bathroom and other supply points of hot
      water along the path of circulation of the hot water. In cooling rooms, it
      is only necessary to close an operating valve 68 at the hot water feeder
      supply 63 and to circulate cold water from a cooling tower or cooling
      water supply 64 in the same manner as previously described.
PAR  As shown in FIG. 4, the pipe between the structural unit bodies may be
      replaced with a flexible communication pipe by which the floor portion 55
      is connected with the wall portion 56. In this case, it is only necessary
      to provide the feed pipe 60 and return pipe 61 at one place either in the
      floor portion 55 or in the wall portion 56. When a connection between the
      floor portion 55 and the wall portion 56 is not made by communication pipe
      25, a feed pipe and return pipe are disposed in the floor portion 55 and
      the wall portion 56 respectively. Because mortar 57 is filled in or
      disposed between the adjacent structural unit bodies, the unit bodies thus
      filled in with mortar therebetween appear as if they were one whole sheet,
      and hence strong and effective as regards heat transfer. In this manner,
      connection of the ends of the pipe 12 by the flexible communication pipe
      25 makes it possible not only to prevent trouble due to vibration, but
      also to make effective use of heat by utilizing a hot water feed piping
      system. For example, hot water from the return pipe may be diverted to a
      bathtub, or the hot water may be diverted to hot washing water or to some
      work in which the heat from the hot water is used by changing over the
      circulation path of the hot water. By use of the structural unit bodies of
      the invention it is possible to provide a structure which does not require
      the installation of any heat radiating appliance and device in the rooms
      and on the floors, and accordingly renders it possible to make much more
      effective use of room space and removes the possibility of air pollution
      in the rooms thereby resulting in hygienic and comfortable environmental
      living conditions.
CLMS
STM  I claim:
NUM  1.
PAR  1. A structural unit body comprising a frame having an inner flange and an
      outer flange, said frame including a frame plate from which said outer
      flange extends outwardly and from which said inner flange extends
      inwardly, said frame having an opening circumscribed by said inner flange,
      a stuffing box, a noncombustible material in said stuffing box, means
      securing said stuffing box to said inner flange to thereby close said
      opening in said frame, cement mortar disposed on at least portions of said
      stuffing box and said frame, and heat transfer conduit means disposed
      within said stuffing box for conducting a heat transfer fluid therein,
      whereby said heat transfer conduit means effects a heat transfer
      relationship with the ambient air about said stuffing box to provide for
      heating or cooling of a building or the like which is constructed with
      said structural unit bodies.
NUM  2.
PAR  2. A structural unit body according to claim 1 wherein said stuffing box is
      in the form of a box made of dampproof material, and a metal net-like
      material covering said dampproof material, said noncombustible material
      being a fibrous material.
NUM  3.
PAR  3. A structural unit body according to claim 2 wherein said mortar cement
      is disposed over and fixed to said metal net-like material and said inner
      flange, said mortar cement also being disposed on and fixed to a portion
      of said frame plate which is most closely adjacent to said inner flange,
      said mortar cement extending to form an edge disposed between said inner
      flange and said outer flange.
NUM  4.
PAR  4. A structural unit body according to claim 1 wherein said stuffing box
      has a rear side which is disposed adjacent to said inner flange and an
      opposite front side which is adapted to be disposed on the inside of a
      building or the like which is constructed with said structural unit
      bodies, said conduit means being disposed within said non-combustible
      material intermediate said front and rear sides of said stuffing box, said
      non-combustible material being arranged in said stuffing box such that
      greater heat transfer is effected from the conduit means through to the
      front side of the stuffing box than through to the rear side of the
      stuffing box.
NUM  5.
PAR  5. A structural unit body according to claim 4 wherein said non-combustible
      material is thicker between said rear side of said stuffing box and said
      conduit means relative to the thickness between said front side of said
      stuffing box and said conduit means.
NUM  6.
PAR  6. A structural unit body according to claim 4 wherein said non-combustible
      material comprises an asbestos non-woven fabric between said rear side of
      said stuffing box and said conduit means, said non-combustible material
      between said front side of said stuffing box and said conduit means
      comprising a fibrous material.
NUM  7.
PAR  7. A structural unit body comprising a frame having an inner flange and an
      outer flange, said frame including a frame plate from which said outer
      flange extends outwardly and from which said inner flange extends
      inwardly, said outr flange being U-shaped and having a box-like
      configuration, a buffer material disposed within said box-like
      configuration, said frame plate being provided with means defining a
      plurality of spaced openings, said frame being an assembled, metal
      box-like structure and having an opening circumscribed by said inner
      flange, a stuffing box, a noncombustible material in said stuffing box,
      means securing said stuffing box to said frame to thereby close said
      opening in said frame, cement mortar disposed on at least portions of said
      stuffing box and said frame, and conduit means disposed within said
      stuffing box for conducting a fluid.
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ABST
PAL  There are disclosed methods of splicing reinforcement across joints of
      pre-cast reinforced concrete sub-slabs for integrating such sub-slabs to
      define the underside layer of composite concrete continuously reinforced
      slabs formed without separate formwork other than shoring for the
      sub-slabs to define continuously reinforced spans and two-way flat plates,
      sub-slabs for use therein, joints formed thereby and building structures
      formed thereby.
PARN
PAR  This application is a continuation-in-part of my co-pending application
      Ser. No. 2,924 filed Jan. 14, 1970, now U.S. Pat. No. 3,763,613 granted
      Oct. 9, 1973 and the entire and complete disclosure thereof is hereby
      expressly incorporated herein as completely and fully as if physically
      reproduced hereat.
BSUM
PAR  The present invention relates to reinforced concrete construction and finds
      particular utility when applied as a method and means of building two-way
      slabs and flat slabs often referred to as "flat plates".
PAR  The present invention may be used, for example, but without limitation, to
      produce reinforced concrete floors and roofs employing composite concrete
      flexural construction and the method and means hereof require little or no
      formwork, greatly reduce the use of temporary stringers and shores,
      increase the speed of construction, reduce the number of skilled workmen
      on the job and materially reduce the over-all cost of construction.
PAR  In conventional building constructions employing concrete floors, such
      floors are formed with the aid of so-called falsework or formwork which is
      generally made up from horizontal boards or plates supported by stringers
      and shores, placed at various points along their length and width. After
      the formwork has been built, prefabricated reinforcement is laid within
      the formwork and fixed into a predetermined desired position. Finally, the
      concrete is poured over the reinforcement into the formwork and the
      formwork remains in place until the concrete has set, solidified and
      gained sufficient strength to carry itself. In the meantime, the space
      beneath the floor is cluttered up with the many shores and is unusable
      during the entire building period.
PAR  This method of construction is very inefficient and expensive. The formwork
      is elaborate and time consuming to erect and later to remove, needing
      fairly skilled workmen and a large crew of workers. Furthermore, all
      construction trades must cease their work on the floor below until the
      formwork is removed. Additionally, the formwork may be a fire hazard,
      since it is often made of wood.
PAR  Rapidly increasing costs of construction, combined with continuous labor
      shortages and inevitable risk of delay due to weather conditions, have
      generated an increasing interest in prefabrication as a tool looking
      toward a more economical and efficient structure. While many systems
      employing prefabrication have been developed in recent years, only a few
      have found limited practical application. In many instances the prior
      attempts have been so complex that they outweigh the usefulness of the
      systems.
PAR  The present invention has as its object to make it possible to construct
      reinforced concrete slabs in a feasible, more rapid and economical manner
      without the need for the elaborate formwork employed in the conventional
      concrete slab constructions.
PAR  This is accomplished according to the invention, with the aid of a thin
      prefabricated or pre-cast panel containing the bottom reinforcing of the
      flat plate upon which there is applied, on the slab site, further
      reinforcing and a poured in place concrete topping to provide a multilayer
      construction of one or various materials joined together to prevent any
      slippage or separation of the layers and to thereby act and function as a
      monolithic unit.
PAR  The flat plate or flat slab concrete construction is of relatively recent
      origin, having been invented only about the beginning of the 20th century
      and permitted, for the first time, floors to be built without beams or
      girders with simple form work and reinforcing steel with a reduction in
      the need for skilled labor. Flat plate construction offers finished flat
      ceilings, saves headroom and allows maximum freedom in planning building
      space. Initially, the system was referred to as the "girderless floor",
      only the name "flat plate" having been adopted, and quickly it became a
      most desirable system for many buildings in the United States.
PAR  In "Flat Plate" construction, a reinforced concrete slab of substantially
      uniform thickness is supported on a generally square matrix or array of
      supporting columns as opposed to conventional construction wherein a
      thinner floor panel is supported on a series of generally parallel beams
      or beam sections. In conventional construction, therefore, the floor
      panels themselves are substantially unloaded in the direction parallel the
      beams, and are loaded only perpendicular or between the beams. In flat
      plate construction, on the other hand, the flat plate is divided by the
      supporting columns into generally square regions supported only at the
      corners where the plate passes over or through the columns and the plate
      is loaded in mutually perpendicular direction generally parallel each of
      the sides of such square regions. Further, the type of loading varies
      across such regions, the upper surface of the plate being in tension
      generally adjacent the columns and in compression generally intermediate
      thereof while the lower surface is in compression generally adjacent the
      columns and in tension generally intermediate thereof. Since reinforced
      concrete developes compressive strength generally in the concrete and
      tensile strength generally in the reinforcement, it is clear that it is
      critical to flat plate construction to provide continuity of reinforcement
      along the lower surface intermediate the columns.
PAR  Two-way reinforced concrete slabs or flat plates therefor employ the
      principle of reinforcing the slab in two transverse directions as opposed
      to supporting a floor on generally parallel beams.
PAR  In accordance with the present invention, the bottom layer of the composite
      concrete floor or plate is formed by using a plurality of thin
      prefabricated concrete panels of considerable length spanning the columns
      and of a width less that the distance between columns, in the neighborhood
      of around 8 feet or so to enable transport to the job site, slid side by
      side in place on the job site with their ends resting on temporary or
      permanent supports. The panels are precast and furnished to the job site
      with the lower reinforcement complete, as by being cast with one or more
      lattice-type girders or trusses extending lengthwise of each panel having
      their bottom chords firmly embedded in the panel to define the lower
      longitudinal reinforcement and with the webbing and top chords (which
      defines the upper longitudinal reinforcement) extending above the top
      surface of the panel to afford completed longitudinal reinforcement in a
      longitudinal direction from support to support. Transverse reinforcing of
      the panels is obtained by embedding a plurality of transversely disposed
      reinforcing rods or bars in the precast panels during the casting thereof
      with the ends of said rods or bars being formed with special upwardly
      extending return bend hooks which protrude above the upper surface of the
      panels adjacent the marginal edges thereof, and which may subsequently be
      joined by the employment of a special splicing means to afford continuity
      of transverse lower reinforcement from panel to panel. The upper
      transverse reinforcement is layed in place and tied across the top chords
      after positioning of the pre-cast slabs during erection. The splice is
      completed and the continuation of transverse reinforcement obtained when
      the concrete topping applied on the site completely embeds the hooks,
      splicing link, trusses and upper transverse reinforcement and has cured
      and set to form the composite concrete floor slab.
PAR  In accordance with one aspect of the invention, a plurality of elongated
      sub-slabs pre-cast to span fixed supports in one direction are laid side
      by side between the supports and are transversely integrated in accordance
      with the present invention into a two-way flat plate structurably
      equivalent to a cast-in-place plate formed against conventional formwork.
      To provide such structural equivalence, lattice-type girders or trusses
      may be incorporated extending longitudinally of the pre-cast sub-slabs
      with the bottom chords embedded in the sub-slab and with the top chords
      extending above the top surface of the sub-slab to afford reinforcement in
      a longitudinal direction from fixed support to fixed support. Transverse
      reinforcing of the plate is obtained by embedding a plurality of
      transversely disposed reinforcing rods or bars in the pre-cast sub-slabs
      with the end portions thereof extending outwardly of the sub-slabs
      adjacent the edge thereof for splicing in accordance with the present
      invention to provide integrated lower transverse reinforcement equal to
      the transverse lower reinforcement of conventional cast-in-place plate
      construction. The upper transverse reinforcement may be laid across the
      girder top chords after positioning of the sub-slabs and the entire plate
      is completed and integrated by casting in place of concrete onto and
      against the sub-slabs to bond therewith and embed the top chords, top
      transverse reinforcement and lower transverse reinforcement splices.
PAR  In the present invention, reinforcing in the longitudinal direction of the
      pre-cast sub-slabs runs continuously from support to support and is
      achieved by casting an adequate amount of bars and trusses in the pre-cast
      slabs. The reinforcing in the transverse direction is cast into the
      pre-cast slabs in a length equal to the width of the slabs, and by
      splicing in the field, is made continuous. In the present invention, a
      special method of splicing has been developed to enable such transverse
      reinforcement across the joints between sub-slabs to be made economically.
PAR  In accordance with the present invention, the side edges of the sub-slabs
      may be perpendicular the lower surface with the lower transverse
      reinforcement bars being formed with upwardly extending return bend hooks
      protruding above the upper surface of the sub-slabs inwardly of the
      marginal edge thereof enabling adjacent sub-slabs to be tightly abutted
      for development of the full compressive strength of the concrete through
      the joint and enabling the sub-slabs to support the concrete cast in place
      thereon as fully and completely as conventional formwork.
PAR  The splicing of the lower transverse reinforcement is completed above the
      upper surface of the sub-slabs but yet, in accordance with the teachings
      and techniques of the present invention and the novel splices hereof,
      enables integration of the lower transverse reinforcement to enable
      development of full tensile strength through the joints and the production
      of a full structural equivalent of a fully conventionally cast-in-place
      plate.
PAR  Bearing in mind the foregoing, it is the primary object of the present
      invention to provide novel and improved methods and apparatus for
      reinforced concrete construction.
PAR  Another primary object of the present invention, in addition to the
      foregoing object, is the provision of novel and improved methods and
      apparatus for reinforced concrete construction without the use of
      conventional formwork.
PAR  Another primary object of the present invention, in addition to each of the
      foregoing objects, is the provision of novel and improved methods and
      apparatus for reinforced concrete flat plate construction.
PAR  Yet another primary object of the present invention, in addition to each of
      the foregoing objects, is the provision of novel and improved methods and
      apparatus for reinforced concrete construction using prefabricated
      sub-slabs and poured-in-place topping thereon.
PAR  Yet another primary object of the present invention, in addition to each of
      the foregoing objects, is the provision of novel methods and apparatus of
      reinforcing concrete construction whereby a plurality of prefabricated
      sub-slabs are integrated into a poured-in-place topping layer to define a
      reinforced concrete slab or flat plate structurally equivalent to a
      conventionally fully cast-in-place structure.
PAR  Yet another primary object of the present invention, in addition to each of
      the foregoing objects, is the provision of novel and improved methods and
      apparatus for splicing reinforcement for reinforced concrete construction.
PAR  Yet still another object of the present invention, in addition to each of
      the foregoing objects, is the provision of novel and improved methods and
      apparatus of integrating reinforcement of a plurality of prefabricated
      reinforced concrete components.
PAR  Another and further primary object of the present invention, in addition to
      each of the foregoing objects, is the provision of novel and improved
      methods and apparatus for splicing reinforcement for reinforced concrete
      construction.
PAR  Yet still another object of the present invention, in addition to each of
      the foregoing objects, is the provision of novel and improved methods and
      apparatus of integrating reinforcement of a plurality of prefabricated
      reinforced concrete components.
PAR  Another and further primary object of the present invention, in addition to
      each of the foregoing objects, is the provision of novel and improved
      methods and apparatus of economically and efficiently producing reinforced
      concrete two-way slabs or flat plates.
PAR  Another and still further primary object of the present invention, in
      addition to each of the foregoing objects, is the provision of novel and
      improved methods and apparatus for incorporating prefabricated reinforced
      concrete structural elements across the joints therebetween.
PAR  It is a yet still further primary object of the present invention, in
      addition to each of the foregoing objects, to provide novel and improved
      methods and apparatus of reinforced concrete building construction wherein
      a plurality of prefabricated sub-slabs containing bottom reinforcement
      elements are temporarily shored in position, the reinforcement thereof
      extending across the joints therebetween, top reinforcement is
      conventionally placed there above and concrete poured thereon to embed the
      top reinforcement and splicing elements to provide the structural
      equivalent of a fully poured-in-place structure without the use of
      formwork.
PAR  Yet another and still further primary object of the present invention, in
      addition to each of the foregoing objects, is the provision of novel and
      improved methods and apparatus for reinforced concrete building
      construction utilizing prefabricated reinforced concrete sub-slabs in
      place of conventional formwork.
PAR  It is a yet still further primary object of the present invention, in
      addition to each of the foregoing objects, to provide novel and improved
      methods and apparatus of reinforced concrete building construction
      incorporating novel and improved splicing methods and apparatus for
      reinforcement thereof capable of supporting both compression and tensile
      stresses.
PAR  It is a yet still further primary object of the present invention, in
      addition to each of the foregoing objects, to provide novel and improved
      methods of splicing reinforcement in concrete construction in a plane
      offset to the plane of the reinforcement and converting tensile forces
      within the splice zone to compressive stress to provide the structural
      equivalent of continuous reinforcement thereacross.
PAR  It is a still further primary object of the present invention, in addition
      to each of the foregoing objects, to provide reinforced concrete sub-slabs
      usable as both a form and as part of a finished reinforced concrete plate.
PAR  A yet still further primary object of the present invention, in addition to
      each of the foregoing objects, is to prefabricate the underside layer of
      the floor slab with all the bottom reinforcing in place as a separate thin
      precast panel, employ these panels on the side as formwork, and after
      adding the upper portion of the slab on the site, end up with a composite
      floor or ceiling slab. This invention therefore creates an alliance of
      precast and poured-in-place techniques and methods of construction,
      employing the most desirable and beneficial features of both.
PAR  It is still another and further primary object of the present invention, in
      addition to each of the foregoing objects, to provide novel and improved
      methods and apparatus for thin permanent precast reinforced concrete forms
      capable of taking a cast-in-place concrete decking for a wide range of
      floor and roof requirements.
PAR  It is still another and further primary object of the present invention, in
      addition to each of the foregoing objects, to provide novel and improved
      methods and apparatus for sub-slabs finished on the underside surface,
      ready to paint, due to pre-casting in steel forms, for incorporation into
      the lower portion of a reinforced concrete plate.
PAR  It is a feature of the present invention that reinforced concrete plates
      and two-way reinforced slab building constructions may be fabricated
      rapidly, economically and efficiently, functionally equivalent to
      conventionally poured-in-place concrete construction with substantially
      reduced labor and particularly skilled labor requirements.
PAR  It is a further feature of the present invention that it provides a system
      for producing two-way action behavior in floor slabs and plates made of
      reinforced concrete, and a means of a construction system whereby such
      flexural behavior and performance can be achieved with due regard to
      requirements of recognized national building codes for reinforced concrete
      in the United States.
PAR  It is a yet further feature of the present invention that applicant's panel
      system accepts significant positive and negative bending moments and shear
      forces across both longitudinal and transverse joints away from columns or
      beams. In other words, the particular combination of elements employed in
      the flat slab structure, including the novel splicing joint, results in
      the structure being capable of adequately supporting the load and
      accepting the positive and negative bending moments and shear forces that
      will be produced transversely of the panel elements, all without any
      supporting columns or beams beneath the line of the splicing connections.
PAR  Another and still further feature of the present precast panel system is
      its ability to accept significant positive and negative bending moments
      and shear forces across both longitudinal and transverse joints away from
      columns or girders. The arrangement of the panel joints in the attached
      photograph clearly shows this. After the removal of the construction
      shoring, high positive and negative bending moments and shears will be
      produced transverse to the main axis of the panels; these must be accepted
      by the joining system.
PAR  The present invention resides in the combination, construction, arrangement
      and disposition of the various component parts and elements incorporated
      in improved reinforced concrete construction in accordance with the
      principles of this invention. The present invention will be better
      understood and objects and important features other than those
      specifically enumerated above will become apparent when consideration is
      given to the following details and description, which when taken in
      conjunction with the annexed drawing describes, discloses, illustrates and
      shows a preferred embodiment or modification of the present invention and
      what is presently considered and believed to be the best mode of
      practicing the principles thereof. Other embodiments or modification may
      be suggested to those having the benefit of the teachings herein, and such
      other embodiments or modifications are intended to be reserved, especially
      if they fall within the scope and spirit of the subjoined claims.
DRWD
PAC  IN THE DRAWING
PAR  FIG. 1 is a perspective illustration, partially broken away, of a portion
      of a reinforced concrete plate or two-way flat slab constructed in
      accordance with the present invention;
PAR  FIG. 2 is a cross-sectional illustration of a reinforced concrete plate
      construction in accordance with the present invention taken generally in
      the direction indicated by line 2--2 of FIG. 1 in an intermediate stage of
      construction;
PAR  FIG. 3 is a cross-sectional illustration similar to FIG. 2 taken at right
      angles thereto generally in the direction indicated by line 3--3 of FIG.
      1;
PAR  FIG. 4 is a cross-sectional diagrammatic elevational illustration on a
      reduced scale of a portion of a typical multi-story building utilizing
      flat plate construction;
PAR  FIG. 5 is a diagrammatic plan illustration on a reduced scale of a typical
      concrete floor construction layout of sub-slabs for forming a flat plate
      floor in accordance with the present invention;
PAR  FIG. 6 is a fragmentary sectional view taken along the line 6--6 of FIG. 5;
PAR  FIG. 7 is a fragmentary sectional view of details taken along line 7--7 of
      FIG. 5;
PAR  FIG. 8 is a perspective view of an imaginary concrete block with
      reinforcing rods joined in a conventional locked splice;
PAR  FIG. 9 is a fragmentary sectional view through a composite slab indicating
      the tension forces and stresses set up in an between the concrete layers;
PAR  FIG. 10 is a fragmentary section view through a composite slab employing
      the present invention and indicating the forces present and how they react
      to the novel splice hereof shown in FIG. 1;
PAR  FIG. 11 is an enlarged fragmentary perspective illustration of another
      splice in accordance with the present invention;
PAR  FIG. 12 is an illustration similar to FIG. 11 showing yet another splice in
      accordance with the present invention;
PAR  FIG. 13 is a perspective illustration similar to FIG. 11 showing yet still
      another splice in accordance with the present invention; and,
PAR  FIG. 14 is a top plan fragmentary view of yet still another splice in
      accordance with the present invention;
PAR  Like reference characters are used throughout the following corresponding
      parts.
DETD
PAR  With reference now to the drawing, particularly FIG. 1 through 7 thereof,
      there is shown and illustrated a reinforced concrete structure defining a
      two-way reinforced concrete slab or "flat plate" fabricated in accordance
      with the present invention and designated generally by the reference
      character 20 which comprises a plurality of prefabricated or pre-cast
      sub-slabs 22 and a cast-in-place monolithic and continuous topping layer
      24 cast in place thereon together with reinforcement elements and
      structures integrated therein and therewith. The sub-slabs 22 comprise
      only a small percentage of the total thickness of the plate 20 and are
      typically of sufficient thickness as to have embedded therein all of the
      lower layer of reinforcement with the upper layer of reinforcement being
      contained within the topping layer 24.
PAR  The reinforcement longitudinal of the sub-slabs 22 may be defined by a
      series of truss structures 26, the longitudinally extensive lowermost
      portion or chord 28 being embedded with the sub-slab 22 at the time of
      fabrication thereof. Transverse reinforcement of the sub-slabs 22 is
      provided by a series of laterally extending bars 30 also embedded within
      the sub-slabs 22 at the time of the fabrication thereon. Accordingly, the
      sub-slabs 22 are reinforced both longitudinally by means of the truss bars
      26 and laterally or transversely by means of the bars 30. Upon completion
      of the slab or plate 20, the truss bars 26 and the transverse bars 30
      define the lower reinforcement of the slab 20. To provide for continuity
      of the transverse reinforcement provided by the bars 30 across the joints
      between the sub-slabs 22 the endportions of the bars 30 are formed
      arcuately into hook-shaped portions 32 generally adjacent the side edge
      portions 34 of the sub-slabs 22 and splicing elements 36 are positioned
      thereabout and across the joint formed between adjacent edges of the
      sub-slabs 22 to provide continuity of reinforcement across those joints in
      a manner to be more particularly described in detail hereafter and provide
      for tensile capability across said joints.
PAR  The sub-slabs 22 may be temporarily shored into position, the splicing
      elements 36 laid into position and the top transverse steel reinforcement
      38 laid across the top members 40 of the trusses 26, top longitudinal
      reinforcement 42 tied thereto as in conventional concrete construction and
      the topping layer 24 poured in place to integrate the sub-slabs 22 and the
      various reinforcing elements into the plate 20 functionally equivalent to
      a conventionally cast-in-place concrete slab or plate. The sub-slabs 22
      not only form the lower surface of the plate 20 but, due to the provision
      therewithin of the lower reinforcement, linked together by the splice
      elements 36 for continuity across the joints forms the lowermost portion
      of the plate 20 and eliminates the necessity for conventional formwork.
      Only temporary shoring of the sub-slabs 22 until setting of the topping
      layer 24 is required.
PAR  While in the drawing the reinforcement has been shown only sketchily, for
      clarity, it is to be expressly understood that both the upper and lower
      reinforcement may be substantially more complex and more extensive than
      that shown and may be in accordance with any building practice dependent
      upon the loading and design requirements of the completed plate.
PAR  Moreover, while the present invention is of particular utility when applied
      to two-way reinforced slabs or flat plates, it is to be expressly
      understood that the present invention is equally applicable to any
      continuous monolithic span where for convenience or ease of fabrication or
      transportation it is desirable to integrate two or more sub-slabs of
      lesser overall dimension than the desired finished structure and it is a
      particular feature of the present invention that the joints between the
      sub-slabs or elements may be, in accordance with the present invention,
      incorporated into a structure without regard to whether at that particular
      location in the structure there is a positive or a negative bending moment
      since by use of the splicing of the present invention, the lower
      reinforcement may be carried continuously across such joints.
PAR  The prefabricated panel or sub-slab 22, therefore, in addition to whatever
      further reinforcing may be required by the specific plate being
      fabricated, carries one or more of the lattice-type girders or trusses 26
      cast into them at the time of making the sub-slab. The lattice webbing 44
      and the top chords 40 of the trusses 26 define the height of the truss 26
      and is selected so that the truss 26 will be completely embedded in the
      completed concrete plate 20 when the same is installed and completed on
      the job and defines the separation between the top and bottom
      reinforcement. The trusses 26 generally are arranged to run lengthwise of
      the slab, reinforcing the slab so that they may be made of considerable
      length and handled in a simple manner without damage in addition to
      defining the longitudinal reinforcement for the slab 20.
PAR  The webbing 44 and top chords 40 of the trusses 26 protrude above the
      precast sub-slab panel 22 and form reinforcing anchorage for tieing
      together the precast sub-slab 22 with the poured-on-the-site concrete
      portion 24, assuring that there will be no slippage between or separation
      of the layers of the completed composite slab.
PAR  The precast panel 22, together with the trusses 26, is designed so that it
      can be used as formwork with temporary stringers and shores (not shown)
      spaced far apart (five to eight feet) along its length for adequate
      transverse support.
PAR  The proportions of these precast sub-slabs are chosen to keep them light
      weight, provide needed cover for the reinforcing bars and to permit
      trucking of the slabs to the job site. The panel length, as well as the
      size of the trusses to be employed, will be determined by the requirements
      of the structure to be built. The width of the panels is generally
      controlled by the trucking width limitations, usually 8 feet or less, and
      in some instances, where special trucking permits are obtainable, up to 12
      feet. The thickness of the precast panel 10 depends on the size of the
      reinforcing elements and the protected concrete cover required for the
      particular job, for practical purposes from 11/4 inches and up.
PAR  These precast panels are delivered to the construction site, easily
      unloaded from the trucks by conventional equipment, such as mobile crane
      hoists, and erected in place on temporary transverse stringers and shores
      as mentioned above. Top reinforcing is then added, as necessary, and site
      concrete is then poured until the required depth is obtained, the webbing
      and top chord of the trusses now being completely embedded in the poured
      concrete. After the concrete has set and obtained sufficient strength to
      carry itself, the shores and stringers are removed, leaving the finished
      composite floor slab.
PAR  The underside of the plate 20 is smooth and free from blemish, eliminating
      the need for refinishing and plastering prior to decoration of the
      surface. This will be especially true if the sub-slabs 22 are cast in
      metal molds or forms. This construction results in a substantial reduction
      in the overall cost of construction, faster construction, a reduction in
      the number of men needed on a construction job, as well as a great
      reduction in the amount of material to be handled, including the
      elimintion of formwork.
PAR  Two-way reinforced concrete slabs or flat plates employ the principle of
      reinforcing the slab in two transverse direction. Reinforcing in the
      longitudinal direction of the slabs runs continuously from support to
      support and is achieved by casting an adequate amount of bars and trusses
      in the precast sub-slabs.
PAR  The reinforcing in the transverse direction is cast into the precast
      sub-slabs in a length equal to the width of the slabs and by splicing in
      the field are made continuous. In the present invention, a special method
      of splicing has been developed which provides an important facet to the
      economical feasibility of the present system, since these splices occur
      often and their cost greatly affects the overall cost of the construction
      job.
PAR  In accordance with this invention, this splice may be made by employing
      special hooks or bends 32 at the ends of the transverse reinforcing bars
      30 in conjunction with the splicing elements, members, links 36 which may
      take many different forms as hereinafter pointed out. The hooked bars 30
      are cast into the prefabricated sub-slabs 22 and the splicing members,
      elements or links 36 may be applied on the job before the concrete topping
      24 is poured. The bars to be spliced are cast with their hooked ends 32
      positioned upwardly in a vertical plane protruding above the precast
      sub-slab. The slabs and bars are formed so that the hooked bars in
      adjacently positioned slabs will be in a predetermined arrangement,
      preferably with the hook of one slab being directly opposite the hook of
      the adjacent slab. The splicing is achieved in the field by placing the
      splice links 36 on top of the precast sub-slabs 22 along the two adjacent
      hooks and the top concrete is poured to the desired height, embedding the
      hooks and the link.
PAR  After the concrete topping 24 has set and hardened, it locks together the
      two adjacent hooks 32--32 and the splicing link 36, forming the required
      transverse reinforcing splice. This type of reinforcing splice is
      particularly well suited for use in the present construction. It is
      practical, easy to fabricate and set up, very economical and safe in use.
      It is also a desired and necessary form of splicing since common lapped
      reinforcing splicing cannot be safely used in this case and other
      mechanical connections such as welded reinforcing splices are
      prohibitively expensive to employ.
PAR  The theory and the need for this special splice will be more readily
      understood once it is understood how a common lapped reinforcing splice
      works and why it cannot be use for the present construction. Referring to
      FIG. 8, it will be seen that a common splice of two bars 46 and 48 is
      achieved by lapping the bars side by side for a determined length and
      encasing them in concrete. The concrete binds the two bars together by
      means of bond stress between the concrete and the surface of the bar, and
      shearing stress of monolithic concrete. We can usually imagine a block of
      concrete encased around the lapped area of the two lapped bars as shown in
      this FIG. 8. The strength of such a splice depends on the total bond
      strength of the bar and the shearing strength of the concrete block along
      the lapped joint. If we would cut this block along a plane between the
      bars they will separate together with the halves of the block and no
      splice will result.
PAR  In the instant construction, the splicing is achieved by having the bar and
      splice link in two separate layers of concrete joined by natural bond. If
      a common lapped splice would be used in the present invention, the tension
      force in the bar will have to be transferred through the contact face of
      the two layers by bond. Since the structural value of concrete bond is
      relatively small, and since the displacement of the bar out of the
      reinforcement plane will cause tension stress to develop between the
      layers, this will result in the peeling away and the separation of the
      layers and the failure of the splice. This is illustrated in FIGS. 8 and
      9.
PAR  It has been heretofore pointed out that the present invention has
      particular utility in the construction of two-way slabs or flat plates,
      although the present invention has specific utility even in one-way
      systems where the span between the support exceeds that which can be
      precasted or prefabricated and transported to the erection site or
      location.
PAR  By a "one-way system" there is meant a slab supported at its ends and
      designed to carry a load in one direction. Additionally, such a one-way
      slab may be supported by beams that frame into girders and columns.
PAR  "Two-way Floor Systems", as the name implies, otherwise known as "flat
      plates" are reinforced to carry a load in two directions, and whether a
      slab acts as a one-way or two-way slab depends solely on the dimensions of
      the panels. In a one-way floor slab, there is a high ratio of long to
      short spans. In a two-way floor system, the ratio of long to short span is
      2:1 or less. The span ratio of 2:1 is the usual dividing ratio between one
      and two-way floors. So the load taken by the longer span of a one-way
      floor system is less than about 10 per cent of the total load. For the
      practical purpose it may be assumed that the short beams of a one-way
      system carries all of the load. In a two-way system, the load is carried
      to a significant extent in both directions.
PAR  In FIGS. 4 and 5 there are diagramatically shown a generally typical
      two-way floor system wherein the distance from column to column in both
      directions is in the order of 20 feet. In FIG. 4, the composite slab 20 is
      shown and in FIG. 5 only the sub-slabs 22. Typical dimensions might
      include interior columns 50 of 2-foot square cross sections and exterior
      columns, 52 of approximately 18 inch square cross sections. Indicated
      above, the column to column distance, whether between interior columns 50
      or between an interior column 50 and an exterior column 52 would be of the
      order of 20 feet with a thickness for the slab 20 of approximately 8
      inches. Consideration of FIG. 5 and with reference to FIG. 4 will clearly
      demonstrate that the uppermost portion of the slab 20, in the neighborhood
      of the columns 50 and 52, is in tension while the layermost portion of the
      slab 20, in the neighborhood of the columns 50 and 52, is in compression,
      while the middle span region, that is, in the portion relatively
      intermediate the columns 50 and 52, the uppermost portion of the slab 20
      may be in either compression or tension, while the lower most intermediate
      portion is always in tension. Accordingly, the lower most portion of the
      slab 20 is in compression in the neighborhood of the supporting columns 50
      and 52, but in tension in the mid-span region. In accordance with the
      present invention, the sub-slabs has a short span or width substantially
      smaller than the total span between columns and, accordingly, in the
      direction transverse the sub-slab longitudinal axis, a joint is present in
      the intermediate span region -- that specific portion of the completed
      slab 20 which must resist tensile loading. In accordance with the present
      invention, the reinforcement prefabricated with the sub-slabs 22 are
      integrated acorss the transverse joint in a special manner, enabling the
      completed slab to carry tensile loading not only longitudinal thereof but
      in both directions even in the mid span area or region, and particularly
      transverse the longitudinal span of the sub-slabs. In other words, in
      accordance with the present invention, the sub-slabs 22, after integration
      into the slab 20, by means of the special splices of the present invention
      are capable of carrying tensile loading in the short span direction across
      the joints therebetween.
PAR  Let us take an average "8" thick flat plate with a basic bottom reinforcing
      mat of No. 6 reinforcing bar at 12 inches each way and an additional No. 6
      at 12 inches in the column strips, to illustrate the extent of the problem
      involved. The concrete has a compressive strength of 3,000 psi, the steel
      of 60,000 psi, yield. In order to provide continuity across one layer of
      steel, the joints where the steel is cut, have to be spliced at the bottom
      to sustain a tensile force at:
EQU  1. F.sub.1 =  44.times.60,000-26,400 lbs per ft. at middle strip;
      ##EQU1##
      At the same time the top of these joints must sustain an equal force in
      compression applied to the top 2-3 inches of the slab. The problem is
      further aggrevated by the fact that in the United States, precast elements
      are generally 8 feet 0 inches wide, at most, due to the trucking-highway
      limitations, making it necessary to provide such splicing every 8 feet 0
      inches or less and that the tensile and compressive forces may reverse
      themselves from top to bottom a number of times within the same joint.
PAR  The present splice provides a practical and economical solution to this
      problem. The hooks 32 at the end of the bars 30 protrude into the upper
      layer of poured concrete 24 and ties the two layers 22 and 24 together,
      the tension force in the bar causes compressive stress between the two
      layers of concrete of a much greater magnitude than the tension stress
      tending to separate the layers. As shown by the arrows in FIG. 10, the
      compressive stress increases the bond value between the concrete layers 22
      and 24 to such an extent that for all practical purposes the two layers
      are clamped together, particularly in the vital areas, and act as a
      monolithic body.
PAR  In addition, the hooks transfer the main tension force upward to the splice
      link away from the tension face of the slab. The splice link is then
      capable of transferring the forces from bar to bar and provides additional
      reinforcement needed at the splice.
PAR  The reinforcing splice occurs in the block of concrete contained within the
      splice link. The transfer or anchorage of the tensile force starts when
      the bar enters this block and is completed by the bar hook in the middle
      of the block. The splicing link receives this force starting at the end of
      the block and ending at the center, it either balances the two forces or
      transfers them.
PAR  The link can be made in a variety of forms, namely, in the form of an
      elongated ring 36 shown in FIG. 1, in the form of a straight bar 36a shown
      in FIG. 11, in the form of a hooked bar or link 36b shown in FIG. 12, in
      the form of a welded wire fabric link 36c shown in FIG. 13 or in the form
      of a lacing splice link 36d as shown in FIG. 14. In all of these forms,
      with the exception of the lacing link form, the hooks 32 in adjacent
      sub-slabs 22 are directly opposite to each other. In the lacing link form
      of FIG. 12 the bars 30 and hooks 32 are staggered slightly with respect to
      adjacent panels so as to accomodate the serpentine lacing bar 36d.
PAR  The bar 30 at each end has the hook 32 preferably formed by bending the end
      on a relatively true circular arc of at least 180.degree. and preferably
      somewhat greater, as shown. The diameter of the bend should be at least 3
      inches or more depending on the thickness of the composite concrete slab
      being formed and the return arm should be at least six times the diameter
      of the bar 30 being used and preferable longer.
PAR  It should be noted that in developing the splice, the arrangement is such
      that it uses the anchorage force to further improve the structural
      properties of the composite action of the slab. The principle concept of
      composite construction is to connect precast and poured layers of concrete
      so that the components act as a unit. The horizontal shear along the
      contact face is the main stress to accomodate that unit, should a slip
      occur the structure will fail. When the tensile force in the bar is
      transmitted through the hook into the top layer of concrete it will
      compress the two layers and greatly improve the horizontal shear and bond
      in this area.
PAR  Since the magnitude of the tensile force varies in direct proportion to the
      superimposed load of the structure, it has been found that the structure
      itself becomes stronger as the loading becomes heavier.
PAR  FIGS. 4 and 5 illustrate a practical example of a Wideslab flat slab
      layout, showing the positioning of the slabs with reference to the main
      supporting columns 50 and associated transverse beams. In this view the
      reinforcing is not shown.
PAR  In FIGS. 4 and 5 it will be seen that the slabs 10 are laid in place with
      their ends supported on the line of permanent concrete columns 50. This is
      shown in section in FIG. 7.
PAR  Before the concrete topping is placed over the slabs, service pipes and
      conduits for electricity, waste water and ceiling heating are positioned
      on top of the slab. All holes and cut-outs in the floor can be provided in
      the factory precasting operation or they can be formed in the field.
PAR  Columns 50 supporting the floor above are poured after the slabs on the
      floor below are in place. For example, referring to FIG. 6, a detail
      showing a joint at a supporting column 50, a section taken on the line
      C--C of FIG. 23, the column 50 is formed to the point 55 only, then the
      sub-slabs 22 are put into the position shown with their ends resting on
      the column, then the concrete is poured on the slabs and the column then
      poured and extended to the next floor position above. It will be noted
      that the precast sub-slabs 22 have their ends formed with an undercut, the
      preferred undercut being at about 15.degree. from the vertical as shown.
      It has been determined that shear stress at the supports will be fully
      developed as in a monolithic slab.
PAR  in FIG. 7 a detail is disclosed of a joint between a sub-slab 22 and a
      horizontal concrete beam 60, an undercut being used here on the panel in
      similar manner to that described with reference to the supporting column
      50.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A concrete panel suitable for incorporation into a composite concrete
      two-way slab system, which comprises:
PA1  a generally planar relatively thin sub-slab having a generally flat upper
      surface;
PA1  a series of reinforcing bars embedded within said sub-slab and extending
      transversely substantially entirely thereacross and in a generally
      parallel alignment with each other;
PA1  each of said bars having two end portions and an intermediate portion
      therebetween;
PA1  the intermediate portion of each of said bars being wholly embedded in said
      sub-slab and lying generally parallel and adjacent to said lower surface;
PA1  each of said end portions being bent upward in a continuous curve through
      an angle of at least 180.degree. with the center point of the bend being
      above the upper surface of said sub-slab and the lower portion of said
      continuous curve being embedded in said sub-slab;
PA1  the length of the free portion of each of said end portions being equal to
      at least six times the diameter of the bar; and
PA1  the height of said bend being sufficient to provide a confined bearing load
      to concrete filled within the bend in a composite system lower than the
      allowable confined bearing load of the concrete fill.
NUM  2.
PAR  2. The panel of claim 1 further comprising a series of reinforcing trusses
      aligned substantially parallel to each other and generally perpendicular
      to said reinforcing bars, and with the lower chord of each of said trusses
      embedded in said sub-slab.
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ABST
PAL  A braced girder for steel-reinforced concrete construction, comprising a
      top chord connection to two bottom chords by a continuous lacing which
      forms a repeating pattern consisting of braces which are at least roughly
      perpendicular to the top chord, and of diagonal braces. At least two
      braces in the continuous lacing are perpendicular to the chord and follow
      each other consecutively. The girder has a triangular cross section. Where
      the two panel planes meet, the lacing forms a radius which is at least 0.4
      times the diameter of the top chord. A method and apparatus for preparing
      such a girder are also disclosed.
BSUM
PAR  The invention relates to braced girders for steel-reinforced concrete
      construction comprising a top chord and at least one bottom chord
      interconnected by lacing consisting of a repeating pattern of braces which
      are approximately perpendicular to the top chord as well as of braces
      which are diagonal.
PAR  Braced girders of this type are principally used for the production of
      floors between storeys from semifinished components. In this system thin
      concrete sheets are prefabricated and the bottom chord or chords as well
      as part of the height of the bracing of open-web girders are embedded in
      the concrete. These thin concrete sheets can then be lifted off the moulds
      on which they have been cast after only a short period of time has been
      allowed for the concrete to set, because the open-web girders not only
      strengthen the concrete but also sufficiently distribute the load due to
      the weight of the sheets when they are lifted to permit them to be handled
      by a crane or some other hoisting tackle. Owing to their low weight the
      thin concrete sheets and the partly encast open-web girders can be
      conveniently hoisted and precisely placed at the site where they then in
      turn serve as shuttering for the pouring of a thick slab in situ to a
      depth which also covers and embeds the upper chords of the girders. The
      open-web girders are intended to strengthen the thin concrete sheets to a
      sufficient extent for them to carry the weight of the concrete poured at
      the site even when the spans are considerable.
PAR  In known braced girders of the described kind (German Patent Specification
      laid open under No. 2,115,119 and Swiss Pat. No. 378,505) a top chord is
      connected to each of two bottom chords by continuous lacing in which a
      brace extending perpendicularly from the top chord to a bottom chord
      intervenes between each two diagonal braces between the top chord and the
      same bottom chord.
PAR  These known braced girders of the specified kind have the advantage over
      open-web girders containing only diagonal bracing that the total weight of
      the bracing related to their ability to take up shearing loads in a
      completed steel-reinforced concrete structure is particularly favourable.
      In other words, braced girders of the specified type provide the means of
      providing steel-reinforced structures in which predetermined shearing
      stresses in the finished structure must be expected to arise, at a
      particularly low cost in material for the bracing of the open-web girders.
      However, in known girders of the contemplated kind a greater expenditure
      in material for the bracing is still necessary to permit the girders to
      carry the loads which arise during erection, so that in practice the
      ability of such girders to take up shear in the finished structure cannot
      be utilised to the full. The relatively low load-bearing strength of known
      girders of the contemplated kind during erection, i.e. until the concrete
      in which they are fully embedded has set, is due to the inferior buckling
      resistance of those diagonal braces which in the existing conditions of
      stress and load are subject to compression.
PAR  It is therefore the object of the present invention to improve a braced
      girder of the specified kind in such a way that a favourable ratio of the
      total weight of the bracing to the contribution this makes to providing
      the finished steel-reinforced concrete structure with shear strength can
      be maintained even with regard to the loads that arise during erection.
PAR  According to the invention this object is achieved by the incorporation in
      the continuous lacing of two directly consecutive braces which are
      perpendicular to the top chord.
PAR  In a braced girder of given overall dimensions in which a given amount of
      material is used for the lacing the invention results optionally either
      (a) in a reduction of the overall length of all the braces so that they
      can individually have a larger cross section for the same expenditure in
      material, or (b) in a symmetrical disposition of the braces with respect
      to any plane normal to the longitudinal axis of the girder through a node
      at the top chord, so that consequently the loads arising during erection
      are particularly favourably distributed between the braces.
PAR  In both instances a balanced relationship between the loads arising in the
      finished reinforced steel structure and the loads arising during erection
      can be achieved so that the loads during erection do not, as is the case
      in conventional girders, prevent the ratio of the total weight of the
      bracing to their contribution towards providing the finished structure
      with shear strength from being optimalised.
PAR  In braced girders of triangular cross section comprising a top chord and
      two relatively spaced bottom chords the invention is preferably performed
      by making all the braces form parts of a continuous lacing in which each
      brace extending perpendicularly between one bottom chord and the top chord
      is directly followed by a similar perpendicular brace between the top
      chord and the other bottom chord.
PAR  Alternatively two braces extending perpendicularly from the top chord may
      be directly adjacent and descend to the same bottom chord as a pair.
      Continous lacing of this kind may be provided either in the form of one
      lacing connecting top and bottom chords of an open-web girder or
      alternatively two like continuous lacings may be provided between a top
      chord and two bottom chords disposed to form an open-web triangular
      section space girder.
PAR  The invention also relates to a method of producing braced girders in which
      a top chord is connected directly to each of two bottom chords by
      substantially straight braces forming parts of a single continuous lacing
      contained in each of two panel planes intersecting in the axis of the top
      chord. According to the invention when bending the continuous lacing,
      originally coplanar lengths of about twice the length of a brace are
      formed and these lengths are then folded at their centres about a common
      axis to form two braces each in a different panel plane.
PAR  This simplifies the production of the continuous lacing because the number
      of bends which must be formed in the original common plane is less than
      the number of nodes in the finished open-web girder. All the remaining
      bends, i.e. bends where the continuous lacing forms nodes at the top chord
      in the finished girder, are produced simultaneously in at least pairs by
      bending the lacing about the common median bending axis.
PAR  Preferably the continuous lacing is bent where the two panel planes meet,
      to form a radius at least equal to 0.4 times the diameter of the top
      chord. Open-web girders are thus obtained which can be readily stacked.
PAR  For performing the proposed method apparatus is used which likewise forms
      part of the present invention, and which comprises located along a feed
      path for the lacing, two bending punches having faces relatively placed in
      a manner defining a U or a V, a forming beam engaging the space between
      the bending punch faces, and a drive means for intermittently feeding the
      lacing, relative reciprocating motion of the bending punches in relation
      to the forming beam normal to the direction of feed and to the original
      plane of the lacing being generated during the intervals between feeding
      steps.
PAR  In a preferred embodiment of this arrangement the forming beam is provided
      on the entry side of one of the punches with a clamping face in the
      original plane of the lacing and at the exit side of the other punch with
      another clamping face contained in the associated panel plane, both
      clamping faces coperating with a downholder operable in tined relationship
      with the punches.
DRWD
PAR  The invention will now be more particularly described with reference to
      drawings which schematically illustrate embodiments of the invention. In
      the drawings
PAR  FIG. 1 is a side view of a portion of a braced space girder according to
      the invention,
PA1  Fig. 2 is an end view of the same girder,
PAR  FIG. 3 is a perspective view of the same girder on a slightly larger scale,
PAR  FIG. 4 is a perspective view of a second embodiment of a braced space
      girder,
PA1  Fig. 5 is a flat braced girder which is a preliminary stage in the
      production of the braced girder in FIG. 3,
PAR  FIG. 6 is a flat braced girder which is a preliminary stage in the
      production of the girder in FIG. 4,
PAR  FIG. 7 is a flat bracing also suitable for the construction of a space
      girder,
PAR  FIG. 8 is a modification of FIG. 7.
PAR  FIG. 9 is an end view of a braced space girder composed of two flat braced
      girders according to FIGS. 7 or 8,
PAR  FIG. 10 is a modification of FIG. 9,
PAR  FIGS. 11 to 13 are end views of different substantially flat braced girders
      producible from braced girders according to FIG. 8 or 9, and
PAR  FIG. 14 is a perspective view of a machine for the production of a braced
      space girder according to FIG. 3 or 4 from a flat continuous lacing
      according to FIG. 5 or 6.
DETD
PAR  The braced girder shown in FIGS. 1 and 3 consist of a top chord 12, two
      bottom chords 14 and 14' and a rod bent into a zig-zag or meandering
      configuration which will be hereinafter referred to as a continuous lacing
      16 comprising straight portions between consecutive bends hereinafter
      referred to as braces. The top chord 12, the bottom chords 14 and the
      continuous lacing 16 in the illustrated embodiment each consist of a round
      section steel rod material. However, other cross sections, such as a
      square section, could also be used.
PAR  The braces in the open-web girder in FIG. 3 are of four kinds, namely
      diagonal braces 16a, descending from left to right from the top chord 12
      to the bottom chord 14, diagonal braces 16'b rising from left to right
      from the bottom chord 14' to the top chord 12, and braces 16c and 16'c
      which connect either one of the bottom chords to the top chord, and which
      are perpendicular to the top and bottom chords. If the continuous lacicng
      16 is considered from left to right along the girder in FIG. 3 it will be
      seen that the sequence of braces 16a, 16c, 16'c, 16'b repeats itself. The
      braces define a specific pattern which is repeated a given number of times
      depending upon the length of the girder. Although comprising four
      different types of brace this pattern is highly symmetrical. If the two
      panel planes containing the braces are identified as 18 and 18' according
      to whether they contain or are tangent to the one or the other bottom
      chord 14 or 14', the disposition of the braces in the two planes 18 and
      18' is identical, provided the arrangement in plane 18 is considered from
      left to right and the disposition of the braces in the other plane 18'
      from right to left. The bracing in FIG. 3 is symmetrical with respect to
      any straight line normal to the common plane of the two bottom chords 14
      and 14' and extending through one of the panel points resp. nodes 20 or 22
      where the lacing 16 is welded to the top chord 12.
PAR  The lacing of the girder illustrated in FIG. 4, in addition to the braces
      16a, 16c, 16'c and 16'b in FIG. 3, contains two further kinds of brace,
      namely braces 16'a which descend from left to right from the top chord 12
      to the bottom chord 14' and braces 16b which rise from left to right from
      the bottom chord 14 to the top chord 12. In the girder according to FIG. 4
      there are therefore six different kinds of brace. Nevertheless this braced
      girder also exhibits a high degree of symmetry. The bracing is symmetrical
      with respect to any straight line which is normal to the common plane of
      the two bottom chords 14 and 14' and contains one of the panel points 20
      at the top chord at the nodes of the perpendicular braces 16c and 16'c.
      Moreover, the bracing in FIG. 4 is symmetrical with respect to any plane
      which is normal to the plane containing the two bottom chords 14 and 14'
      and passes through any one of the nodes 22 of the top chord 12 with the
      diagonal braces 16a, 16b or 16'a, 16'b.
PAR  The braced girders in FIGS. 3 and 4 have the common feature that each two
      diagonal braces 16'b, 16a (FIG. 3) or 16'b, 16'a or 16b, 16a (FIG. 4)
      precede two perpendicular braces 16c, 16'c, which are contained in a
      common plane normal to the top chord 12 and to both bottom chords 14, 14'.
      In each individual pattern 16a, 16c, 16'c, 16b (FIG. 3) or 16a, 16c, 16'c,
      16'b, 16'a, 16'c, 16c, 16b (FIG. 4), and hence in the entire girder, one
      half of all the braces is perpendicular to the top chord 12. Moreover,
      since one half of all the diagonal braces can be included in a calculation
      of sheat strength, three quarters of all the braces in the girders
      illustrated in FIGS. 3 and 4 can be considered as being effective.
PAR  The braced girders according to FIGS. 3 and 4 are easy to produce despite
      their seeming complexity. For example, the space girder illustrated in
      FIG. 3 arises by folding the flat girder in FIG. 5 about its median centre
      axis 24. Analogously the girder in FIG. 4 is obtained by correspondingly
      folding the flat girder in FIG. 6.
PAR  A space girder having the cross section shown in FIG. 9 or 10 can be
      assembled from two flat girders braced in the manner illustrated in FIGS.
      7 respectively 8, in which the flat panel pattern formed by diagonal
      braces 16a, 16b and the perpendicular braces 16c contains pairs of
      consecutive directly adjacent perpendicular braces 16c. Whereas in FIG. 7
      an ascending and descending diagonal brace 16b and 16a is followed by a
      pair of perpendicular braces 16c, the frequency of perpendicular braces in
      FIG. 8 is the greater, because in this latter arrangement a pair of
      perpendicular braces 16c follows each ascending or descending diagonal
      brace 16b. The ratio of perpendicular braces 16c to the total number of
      diagonal braces 16a and 16b is therefore 2 to 1.
PAR  Instead of being assembled in pairs to form a space girder the flat girders
      in FIGS. 7 and 8 may also be individually combined with one or two bottom
      chords, and for this purpose provided with the cross sectional
      configurations illustrated in FIGS. 11, 12 and 13. The round section steel
      top chord 12 may be replaced by a top chord 12'" of a different steel
      section, such as a U-section or a cup-shaped channel section.
PAR  The apparatus illustrated in FIG. 14 is designed to produce a continuous
      lacing such as that illustrated in FIGS. 3 and 4, by folding a flat
      continuous lacing of the kind illustratively shown in FIGS. 5 or 6. The
      applicability of the illustrated machine is, however, not limited to
      lacings containing braces extending perpendicularly to the top chord 12
      and to the bottom chords 14 and 14'. Three-dimensional continuous lacings
      consisting entirely of diagonal braces can also be produced by folding a
      flat continuous lacing at its median centre line in apparatus shown in
      FIG. 14.
PAR  The machine illustrated in FIG. 14 contains two bending punches 26 and 26'
      which in combination define a U. In the illustrated embodiment both
      punches are integrally combined to form a single punch. The length of the
      punch is at least twice and preferably a multiple of the node spacings at
      the top chord 12. If desired the punch may be roughly as long as a
      finished girder. If this is the case the bottom chords 14 and 14' in FIGS.
      5 and 6 can be welded to the lacing 16 before the latter is folded in the
      machine according to FIG. 14.
PAR  The punches 26 and 26' are replaceably attached to the ram of a commercial
      press, such as a brake press, and they cooperate with a forming beam 28
      secured to the press underneath the punches. The cross section of the
      forming beam is roughly of inverted Vee-shape. The forming beam 28 in the
      illustrated embodiment has a flat top although this could also be rounded.
      In any event it is desirable that the top of the forming beam should have
      no sharp corners. The flat on the top of the beam 28 corresponds to the
      original plane of the lacing 16 which is fed to the machine from the back
      right to the left front in intermittent steps and folded. A clamping face
      30 is provided in the feed plane at the right hand end of the forming beam
      28 preceding the punch 26 in the direction of feed of the lacing 16. A
      downholder 32 cooperates with the clamping face 30, this downholder being
      attached to the vertical piston rod of a hydraulic actuator cylinder 34.
      The punch 26 contains a recess 36 to provide space for the downholder 32
      to work. A similar downholder 32'  is associated with a clamping face 30'
      at the left hand end of the bending beam 28 on that side which faces away
      from the viewer in FIG. 14. The downholder 32' is likewise attached to the
      piston rod of a hydraulic actuator cylinder 34'. However, this piston rod
      extends obliquely into the background space in a direction normal to the
      rear side face of the forming beam 28 facing away from the viewer.
PAR  The forming beam 28 along the top of which the lacing 16 can slide forms
      part of a feed path which includes an intermittently feeding drive 38. In
      FIG. 14 this drive is diagrammatically indicated as being a chain drive
      provided with driving dogs 40 for entraining the lacing 16. A similar
      conveyor means may also be provided on the left hand side of the forming
      beam 28 in FIG. 14.
PAR  The girder lacing 16 is fed in intermittent steps from right to left. Each
      feed step corresponds to twice the distance between consecutive nodes at
      one of the bottom chords 14 or 14' as indicated by the dual arrow 42. This
      corresponds to four times the internodal distance at the top chord 12.
      After each feed step the two downholders 32 and 32' are lowered and locate
      the length of girder lacing between the clamping faces 30 and 30' on the
      forming beam 28. The punches 26 and 26' are jointly lowered to fold the
      portions of the lacing 26 against each side of the forming beam, as
      indicated by the arrows 44 and their circular leading lines. The portions
      of the girder lacing 16 on each side of the median centre line 24 (FIGS. 5
      and 6) are thus bent into the panel planes 18 and 18'. The punches 26 and
      26' as well as the downholders 32 and 32' can then be lifted off the
      forming beam 28 to permit the girder lacing 16 to be fed another step
      forward and the downholders and punches to operate again.
CLMS
STM  I claim:
NUM  1.
PAR  1. A braced girder for steel-reinforced concrete construction having a
      triangular cross section between a top chord and two relatively spaced
      bottom chords, the top chord being connected to both bottom chords by one
      continuous lacing forming a repeating pattern of braces which are at least
      roughly perpendicular to the top chord and of diagonal braces, wherein two
      braces in the continuous lacing which are perpendicular to the top chord
      follow each other consecutively.
NUM  2.
PAR  2. A braced girder according to claim 1, wherein each brace perpendicularly
      connecting one bottom chord to the top chord is adjoined by another brace
      perpendicularly connecting the top chord to the other bottom chord, said
      other brace being adjoined by two consecutive diagonal braces.
NUM  3.
PAR  3. A braced girder according to claim 1, characterised in that the braces
      (16c, 16'c) extending perpendicularly to the top chord (12) form directly
      adjacent pairs between the top chord and the same bottom chord.
NUM  4.
PAR  4. A braced girder for steel-reinforced concrete construction, comprising a
      top chord (12) connected to each of two bottom chords (14, 14') by
      substantially straight braces forming parts of one continuous lacing
      contained in each of two panel planes meeting at least approximately in
      the axis of the top chord, said continuous lacing comprising a repeating
      pattern consisting of braces (16c, 16'c) which are at least approximately
      perpendicular to the top chord (12) and which follow each other
      consecutively, and of diagonal braces, and where the two panel planes (18,
      18') meet, the lacing forms a radius (r) which is at least 0.4 times the
      diameter (d) of the top chord (12).
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ABST
PAL  The invention disclosed is directed to a packaging assembly including a
      body having an open channel for supporting a trough-shaped web having a
      product disposed therein; a cover cooperable with the body and the web to
      form a substantially air-tight chamber about the product, at least one of
      the body and the cover having a hole for aid in vacuumizing the chamber;
      means for moving the body and cover into and out of chamber-forming
      relation; and means operable within the chamber for sealing the web to
      form a sealed web package containing the product. A process for packaging
      is also disclosed.
BSUM
PAR  The present invention relates to a process and apparatus for packaging one
      or more products in substantially hermetically sealed packages.
PAR  Numerous methods and machines are known for forming hermetically sealed
      packages.
PAR  U.S. Pat. No. 3,736,721 to Wolfelsperger discloses a method and apparatus
      for packaging using a chamber formed of a pair of U-shaped members
      disposed at right angles to each other. As described therein, the film is
      heated by causing at least a portion of the film to be moved into contact
      with the inner surface of the chamber by means of a pressure differential.
      A single web of film is engaged by the members, which are entirely
      separated thereby. Thus a substantial portion of the wrapping material
      does not wrap the product being packaged.
PAR  U.S. Pat. No. 3,331,185 to MacKay et al. discloses a wrapping machine which
      comprises means for carrying a roll of heat sealable web material, folding
      means for forming the web into a U-shaped trough, means for maintaining
      the free edge portions of the web trough in spaced apart relation, means
      for bringing together and gripping the free edge portions of the web
      trough with the articles therein to be wrapped, and longitudinally
      carrying the thus closed web to a heat sealing and severing station, means
      for heat sealing and severing the loaded web perpendicular its length in
      the spaces between articles and means for heat sealing and severing the
      loaded web to free the completely wrapped article therefrom. U.S. Pat. No.
      3,466,844 to L. M. Reid et al. discloses an asserted improvement on the
      machine disclosed in the above-cited U.S. Pat. No. 3,331,185, including
      addition of a horizontal conveyor for supporting the loaded packaging
      material.
PAR  U.S. Pat. No. 3,481,099 to Clancy et al. discloses a method for making
      sealed packages containing towelettes which comprises forming a moving
      continuous strip of moisture-proof envelope material into substantially
      channel shape with the upper end open, inserting towelettes into the
      channel at longitudinally spaced locations in timed relation with movement
      of the strip, sealing opposite sides of the inserted towelettes to form
      individual compartments therefor, injecting volatile liquid into each
      compartment, sealing the strip along the upper ends of said compartments,
      and then separating along selected areas into individual dual sealed
      compartmented packages.
PAR  U.S. Pat. No. 3,453,799 to Cloud et al. discloses a machine and method for
      continuously forming a series of filled packages from a continuous length
      of flexible material formed into a double wall strip using a plow.
      Individual pouches are severed prior to sealing the upper open ends.
PAR  U.S. Pat. No. 3,673,760 to Canamero et al. discloses another packaging
      machine for making hermetically sealed packages from which air has been
      exhausted from two continuous sheets of flexible packaging material.
PAR  U.S. Pat. No. 3,701,229 to Zelnick discloses a continuous motion
      skin-packaging machine and method for production of air-evacuated
      see-through film-on-film packages.
PAR  U.S. Pat. No. 2,753,671 to DePuy et al., discloses a machine for vacuum
      packaging, operation of which includes feeding a cover sheet to overlay a
      base sheet and merchandise units supported thereon, sealing three sides
      about the units, evacuating the incomplete packages through a horizontal
      nozzle over and beneath which are fed the cover sheet and base sheet,
      respectively, and sealing the fourth sides.
PAR  U.S. Pat. No. 3,693,319 discloses a method and apparatus for wrapping
      wherein slices of product are carried upon a web of film which is
      thereafter drawn through enfolding operations to entube the slices.
PAR  U.S. Pat. No. 3,420,035 discloses an apparatus having means for inserting
      articles into a folded web of heat-sealable material.
PAR  U.S. Pat. No. 3,283,740 discloses a method and apparatus for wrapping
      wherein film is wrapped around goods to form a length of an incompletely
      longitudinally closed tube which is provided with transverse welded seams.
PAR  U.S. Pat. No. 3,583,129 discloses an auxiliary air-evacuating apparatus for
      a continuous skin packaging machine.
PAR  U.S. Pat. No. 3,272,746 discloses a packaging method and apparatus wherein
      units to be packaged are placed on a film which is thereafter formed into
      a closed tube using a pair of spaced film folding shoes and a horizontally
      wedge-shaped hood shaped to fit over and enclose the opening between the
      shoes. A lance is joined with a vacuum block mounted adjacent an end of
      the hood for withdrawing gas from the tube.
PAR  U.S. Pat. No. 3,417,544 to Grevich discloses a former for shaping and
      directing a web of material around articles.
PAR  U.S. Pat. No. 3,372,797 to Grevich discloses a method of forming a
      perforated strip package from a folded strip of thermoplastic material.
PAR  U.S. Pat. No. 3,597,899 to Hanson discloses a method for encapsulating
      materials between vertically opposed upper and lower sheets of plastic
      film, optionally including evacuation of air from the capsules.
PAR  However, many of the prior art devices and methods have not been entirely
      satisfactory for making hermetically sealed vacuum packages.
PAR  It has now been found that numerous deficiencies of the prior art are
      overcome by practice of the present invention which provides a new
      improved assembly and process for packaging in simple, efficient and
      economical manner.
PAR  Generally stated, the packaging assembly of the present invention includes
PA1  a. a body having walls defining an elongate open channel for supporting a
      trough-shaped web having a product disposed within the web;
PA1  b. a cover cooperable with the body and the web to form a substantially
      air-tight chamber;
PA1  c. means for moving at least one of the body and the cover into and out of
      chamber-forming relation of the body with the cover; and
PA1  d. means operable within the chamber for sealing the web to form a sealed
      web package containing the product.
PAR  The assembly may be used in any position effective for packaging. Thus the
      channel may be upwardly open, horizontally open or directionally open in
      any other effective direction. Preferably, the channel is generally
      upwardly open. The cover includes means for maintaining at least a portion
      of the web in trough-shaped configuration within the chamber. At least one
      of the cover and the body has a hole therethrough adapted for flow
      communication of the chamber with vacuumizing means.
PAR  This invention also provides a process for forming a vacuum package which
      generally stated, includes
PA1  a. forming a web into trough-shaped configuration,
PA1  b. inserting a product into the formed web,
PA1  c. registering members to provide a substantially air-tight chamber with
      the product-containing portion of the web within the chamber and with
      portions of the web spaced longitudinally from the product sealingly
      engaged between the members;
PA1  d. maintaining at least a portion of the web in trough-shaped configuration
      within the chamber;
PA1  e. vacuumizing to reduce the pressure interiorly of the chamber about the
      product;
PA1  f. while the chamber pressure is reduced, moving spaced apart transversely
      opposed portions of the web into interfacial engagement outwardly of the
      product, said transversely opposed web portions including at least a
      portion of said web margin;
PA1  g. sealing interengaged portions of the web to form a vacuum package
      containing the product; and
PA1  h. moving the members apart to open the chamber to permit recovery of the
      package; with at least a portion of one longitudinal margin of the web
      disposed within the chamber and substantially free of restraint against
      transverse movement into contact with an opposite portion of the web.
PAR  Practice of the present invention will be made more fully apparent by the
      following detailed description taken with the accompanying drawing wherein
      like numerals refer to similar elements throughout the several views.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a perspective view illustrating the present packaging assembly
      and packaging apparatus of this invention including the assembly as a
      component thereof;
PAR  FIG. 2 is a perspective fragmented view schematically illustrating a web as
      it may appear along a path of web travel in the apparatus;
PAR  FIG. 3 is a fragmented perspective view illustrating a chamber formed by
      the assembly;
PAR  FIG. 4 is an end view illustrating body and cover components or members of
      the assembly with a sealing bar operable within the chamber;
PAR  FIG. 5 is a side view taken normal to a channel-defining wall of the body
      and showing the sealing bar disposed in a recess thereof;
PAR  FIG. 6 is an end view of the sealing bar showing perforating means disposed
      thereon;
PAR  FIG. 7 is an end view showing another embodiment cover component of the
      present assembly;
PAR  FIGS. 8-9 illustrate products of various shapes which may be packaged by
      means of the present invention.
DETD
PAR  Referring now to the drawing and especially FIG. 1 there is shown packaging
      apparatus 10 of the present invention including vacuumizing and sealing
      assembly 12 slidably supported by tracks 15 provided on frame 14. The
      assembly includes body 16 having walls 18 and 20 defining an elongate
      upwardly open channel for supporting a trough-shaped web 22 of flexible
      sheet material, which may be supplied from supply roll 40 shown rotatably
      carried by the frame. The assembly includes cover 24 cooperable with the
      body and the web to form a substantially air-tight chamber, which
      cooperating relationship is shown in FIGS. 1 and 3. The cover includes
      depending arms 26 and 28 which provide means for maintaining at least a
      portion of the web in trough-shaped configuration within the chamber and
      for closing longitudinally opposite ends thereof. Provided in the cover is
      hole 30 extending therethrough and adapted for flow communication of the
      chamber with vacuumizing means as by way of a flexible vacuum hose not
      shown. Mounted on the side of the body are preferably four stroking
      cylinders 32, having reciprocable rods 33 connected to mounts 34 provided
      on the cover for moving the cover up and down and out of and into chamber
      forming relation of the body with the cover. Two of these cylinders are
      shown in FIG. 1 with two oppositely mounted stroking cylinders being
      substantially hidden by wall 20. An upper position of the cover is
      illustrated by the upper phantom view shown in FIG. 1.
PAR  Although in the illustrated arrangement the stroking cylinders operate to
      move the cover while the body is supported on a frame, it is within the
      scope of this invention to independently support the cover and
      reciprocably move the body into and out of chamber-forming relation with
      the cover.
PAR  As illustrated in FIGS. 3, 4, and 5, the assembly includes sealing bar 38
      which is normally disposed in a recess provided in channel-defining wall
      18 and may be pivotally mounted about elongate pin 39 which is disposed in
      the body.
PAR  Conveniently, the assembly is adapted to intermittently or
      semi-continuously form packages. Thus apparatus 10 includes frame
      supported stroking cylinder 42 having reciprocal rod 43 connected to mount
      44 depending from the body, whereby the assembly is reciprocably movable
      to the lateral phantom position shown in FIG. 1 with the exterior
      transverese side of arm 28 adjacent end 46 of the frame. Operably disposed
      adjacent the frame end 46 is brake system 48 for securing a preferably
      sealed portion of the web during movement of the assembly toward the roll
      40 to preclude carry-back of the web toward the supply roll. The brake or
      gripping system includes jaws 50 which are pivotally mounted by the frame
      for releasably gripping and securing the web between opposed surfaces of
      the jaws.
PAR  FIG. 2 schematically illustrates various functions performed using the
      present apparatus. In operation web 22 of flexible sheet material is
      advanced from supply roll 40, formed into trough-shaped configuration in
      stage 53, loaded with one or more products and optionally pre-heated in
      stage 55, subjected to chamber vacuumizing in stage 57, and while in the
      chamber environment the web is sealed in stage 59 about one or more of the
      loaded or inserted products as desired. The web may be provided with
      transverse lines of weakness at any suitable stage, for example in stage
      51 prior to formation of the trough-shaped web, as by means of perforators
      52 which may be included in apparatus 10 intermediate the assembly and
      supply roll. Each loaded product may be an article or an aggregate of two
      or more articles.
PAR  In making packages, the body and the cover are placed in register to
      provide a substantially air-tight chamber with a product-containing
      portion of a web within the chamber. Transverse web portions spaced
      longitudinally from the product are sealingly engaged between the body and
      cover members. Thus, a portion of the web disposed between arm 26 and body
      walls 18 and 20 is sealingly engaged between the arm and the walls, while
      a corresponding portion of the web may be engaged between arm 28 and one
      or more of the walls. For semi-continuous package forming operations
      transversely opposed portions of the web are urged into mutual sealed
      contact and the resulting two-layer web portion is sealingly engaged
      between one of the walls and a transverse side of one of the arms as
      illustrated in FIG. 3, wherein opposed portions of both web walls 54 and
      58 are in sealed contact each with the other and sealingly engaged between
      arm 28 and wall 20 adjacent an end of the chamber, and the web walls are
      independently sealingly engaged between transversely opposite sides of arm
      26 and walls 18 and 20, respectively, at an opposite end of the chamber.
PAR  Longitudinal web margin 56 terminating to an upper edge of web wall 54 is
      disposed within the chamber and substantially free of restraint against
      transverse movement into contact with the opposite web wall or portion 58.
      The web, which preferably is of stretchable material, is maintained in
      substantially trough-shaped configuration within the chamber by means of
      arm 26. The chamber is vacuumized through the hole to reduce the pressure
      interiorly of the chamber about the one or more products, as by means of
      operating a vacuum pump with a hose connected from the hole to the low
      pressure side of the pump, not shown. While the chamber pressure is
      reduced to a suitable level, spaced apart transversely opposed web
      portions 54 and 58 are moved into interfacial engagement outwardly or
      peripherally of the one or more products. Transverse web movement is
      principally effected by pivoting the seal bar transversely of the channel.
      Preferably, the thus engaged web portions include at least a portion of
      web margin 56. In a preferred embodiment the web margin 56 is thereby
      engaged with the corresponding web margin of opposed web wall 58. The thus
      interengaged portions of the web are sealed to form one or more vacuum
      packages each containing a product.
PAR  Maintaining the longitudinal margin 56 substantially free from restraint
      against transverse movement not only effectively and substantially avoids
      undue stretching and weakening of the film but also maximizes utilization
      of the web in the package being formed, in contrast to many heretofore
      known vacuum packaging procedures. Such freedom from restraint of web
      margin 56 is provided by the present assembly in that the cover is adapted
      to directly engage an upper longitudinal portion of at least one of the
      body walls to form therewith a substantially airtight seal, as shown for
      example in FIG. 1, wherein undersurface 60, appearing as an edge therein,
      of cover 24 directly engages upper surface 62 atop wall 18. Cover 24
      includes (I) spaced apart depending arms 26 and 28 adapted to
      substantially hermetically seal longitudinally opposite portions of the
      chamber with portions of the web engaged between the arms and the channel
      and (II) bridge 64 connecting the arms and adapted to directly engage the
      body to substantially hermetically seal an upper portion of the channel.
PAR  The channel and the depending arms of the cover are preferably of generally
      V-shape in transverse section, as shown. However, mating arrangements of
      generally U-shaped channels and depending arms may also prove useful. The
      generally V-shaped arms and channels may be formed with mating arcuate
      portions joining their respective tapering side portions which correspond
      to the legs of a V.
PAR  Desirably, transversely opposed sides of the arms include resilient sealing
      means illustrated in FIG. 4 by a portion of strip 66 of suitable resilient
      material which may be foam rubber. The bridge includes undersurface
      portions 60 and 61 extending longitudinally from one of the arms and
      terminating to the other arm, the body including upper surfaces 62 and 68
      atop the walls and extending outwardly from the channel defining surfaces,
      whereby the bridge undersurfaces are sealingly engagable with the body
      upper surfaces in chamber forming relationship of the cover with the body.
      Transversely facing side 70 of arm 28 is preferably adapted in any
      suitable manner to directly sealingly engage the channel, as by providing
      the channel and the arm side with highly finished mating surfaces or
      providing the arm side with resilient sealing means disposed thereon and
      forming a part thereof. The arm may thus be adapted to directly engage and
      seal with the channel substantially along the entire length of an arm
      side. As a general preference a strip of resilient sealing material is
      disposed in a closed loop entirely along a loop portion of the cover
      surface which sealingly engages the channel-containing body. Thus strip 66
      is preferably a closed loop extending along undersurfaces 61 and 62 of the
      bridge and the transversely opposed tapering sides of arms 26 and 28. The
      strip may be secured to the cover using any suitable securing means, e.g.,
      adhesives.
PAR  The sealing bar 38 preferably includes means, illustrated by longitudinal
      bar section 72, for sealing an upper longitudinal margin of a first
      portion of a web, such as margin 56 of web 54 to an opposite web portion,
      such as portion 58 and preferably to upper margin 74 thereof. The sealing
      bar further includes leg 76 depending preferably from an end of bar
      section 72, thereby providing a generally L-shaped sealing bar. In
      embodiments hereof L-shaped sealing bars are suitable for forming a single
      package per sealing stage about a product inserted into a web trough, an
      opposite end of which has previously been sealed. One or more leg portions
      80 depending from serially spaced apart regions of elongate bar section 72
      are desirably provided, thereby providing means for effectively forming
      two or more product packages in a single vacuumizing and sealing
      operation. The sealing bar may include N such leg portions 80 where N is
      zero or an integer, the free ends of the various leg portions preferably
      being pivotally mounted adjacent the bottom of the channel.
PAR  Sealing bar 38 is preferably normally disposed in recess 82 provided in
      channel defining wall 18, the recess being of sufficient depth such that
      the sealing bar is at least flush with the wall and preferably recessed
      therefrom in the normal position as shown in FIGS. 4 and 5. Sealing bar 38
      is pivotally mounted about pivot pin 39 extending through pivot receiving
      holes disposed through the various seal bar legs adjacent ends thereof. To
      effect sealing, the sealing bar is pivoted about the pin toward and
      substantially to opposite wall 20 by means of actuating the stroking
      cylinder 36 such that rod 84 traverses a substantially transverse width of
      the channel. The rod may be provided with wheel 86 rotatably mounted
      adjacent an end thereof for rotatably and slidably engaging groove 87
      provided in the associated seal bar leg for positive reciprocable motion
      of the seal bar between a sealing position adjacent wall 58 and the normal
      or recessed position. Rod 84 is reciprocably disposed through cavity 89
      extending from an outer side of wall 18 to the recess.
PAR  A web having one or more products inserted therein to be vacuumized and
      sealed in the present assembly may be positioned in the channel of the
      body in any suitable manner.
PAR  Thus, for example, the web may be formed into a trough within the channel
      with the cover raised therefrom as illustrated in FIG. 4. Thereafter one
      or more products may be inserted into the trough-shaped web, after which
      the cover is closed to form the chamber and vacuumizing and sealing may be
      effected as above described. Thus the channel may be substantially equal
      in length to the distance from the outer face of a first channel closing
      cover arm to the outer-face of an opposite channel closing cover arm.
      However, for higher packaging speeds and improved ease of operation, it is
      desirable to construct the channel of greater length than the distance
      between depending arms 26 and 28, thereby providing a channel having a
      loading station terminating to the chamber-forming portion of the channel.
      Preferably, the loading station portion of the channel, illustrated by
      station 88 in FIG. 1, is slightly greater in length than the length of the
      chamber-forming portion of the channel.
PAR  In operation of the thus illustrated and preferred apparatus, assembly 12
      may be stroked initially to end 46 of the frame with the chamber-forming
      portion of the assembly adjacent the frame end having the web gripping or
      brake system. The cover may be thereafter stroked upwardly to expose the
      channel and a sufficient length of web material is withdrawn from the roll
      such that a continuous length of web extends from the roll to the gripping
      system, whereupon the jaws are closed to grip the web. At least one heat
      seal 103 is provided entirely transversely of the web as shown in FIG. 2,
      and a first set of one or more products is inserted into the web at
      suitably spaced apart positions longitudinally of the web in loading
      station 88 now disposed centrally of the opposite track ends. Next, while
      maintaining the grip on the web, the assembly with the cover in an upper
      position is advanced along tracks 15 toward web roll 40 by means of
      stroking cylinder 42, the assembly body now appearing as shown by the hold
      lines in FIG. 1 and the assembly cover now appearing as shown by the upper
      phantom position thereof in FIG. 1. The grippers may be opened now or
      subsequently. By thus moving the assembly towards the web roll an unloaded
      portion of the web is received into the loading station with simultaneous
      formation of this web portion into trough-shaped configuration, into which
      web trough a second set of one or more product units is next inserted in
      suitably spaced apart relationship longitudinally of the web. The
      last-described advance of the assembly effectively transfers the web
      portion having the first set of products inserted therein from the loading
      station to the chamber-forming portion of the body channel, which is now
      disposed centrally of the opposite track ends. The cover is thereafter
      registered with the body by stroking the raised cover down into
      substantially air-tight chamber forming relation with the body and with
      portions of the web spaced longitudinally from the products sealingly
      engaged between the cover arms and the body wall, as illustrated, for
      example, in FIG. 3. The web is maintained in substantially trough-shaped
      configuration within the chamber by means of engagement of the web between
      the cover and the arms. Thereafter the chamber is vacuumized to suitable
      degree of rarifaction, after which the sealing bar is pivoted within the
      chamber transversely of the channel to effect contact between opposing web
      portions about one or more of the products and sealing of the web walls
      adjacent the bar.
PAR  During vacuumizing the assembly desirably is again moved to the gripping
      system end of the apparatus, thereby advancing the web portion having
      exposed loaded product therein to a zone disposed centrally of the track
      ends, drawing a contiguous web portion to above the track section disposed
      closer to the web roll, and advancing the vacuumized product-containing
      web portion to the gripper system end of the frame. Next, the previously
      opened grippers 50 are moved into engagement with transverse web portion
      23 adjacent arm 28 as illustrated schematically in FIG. 5, after which the
      cover is again raised and the cover-body assembly is again retracted or
      advanced to the position of the frame closer to the web roll, thereby at
      least partially forming a successive web portion into trough-shaped
      configuration in the loading station. The successively formed packages or
      successively formed sets of contiguous packages which result from
      repetition of the functions or steps set forth in the above description
      may be forwarded to storage or use, with or without severance thereof from
      the continuous web, as desired.
PAR  The heat for the heat-sealing operation may be provided by any suitable
      heating means. In an embodiment the sealing bar itself is heated by
      heating the pivot pin as by way of electric resistance heating elements
      provided therein and connected at exposed pin end 41 (FIG. 5) to an
      electric power source, not shown.
PAR  Preferably, the heating means is provided in whole or part by heating
      elements 19 which may be disposed in walls 18 and 20 for heating the web
      through the channel defining body surfaces. The elements may be conduits
      for steam introduced through ports 21 and 23 and removed through port 25.
      If desired the heating elements may be electric resistance conductors
      suitably connected by well known means to a source of electric power. The
      web is found to be suitably heated from the heated walls such that not
      only is sealing effected in reduced time, but also better packages
      generally may thus be prepared.
PAR  In a preferred embodiment perforating means are included in the apparatus
      as illustrated by perforators 52 each of which includes a serrated knife
      means 92 and is reciprocably movable into and out of cutting engagement
      with the web by operation of stroking cylinders 94 operatively associated
      therewith. The spacing between the cutting surfaces of the perforators 52
      at the point of engagement with the web is substantially equal in distance
      to the length of the package being formed. In making a plurality of
      packages in a single vacuumizing and sealing operation, the perforator
      spacing is substantially equal in distance to the distance between axes of
      two or more spaced legs provided on the sealing bar. The location of the
      perforators and the sealing bars are indexed such that the various
      packages are formed with heat sealed surfaces disposed adjacently
      longitudinally forward and rearward sides of the lines of weakness formed
      by the perforators. Use of perforators 52 is desirable in that the
      resulting lines of weakness serve as index lines to aid in suitably
      indexing the products being loaded in the web. In another embodiment,
      lines of weakness may be provided in the web by use of a sealing bar
      having serrated cutting edges provided along the web contacting surface of
      one or more of the depending legs 78 and 80. Bar 38 may be provided with
      serrated cutting surfaces 92 disposed in spaced apart relationship
      substantially along the lengths of the various legs. As illustrated in
      FIG. 6, wall 20 may be provided with recesses for receiving the cutting
      surfaces disposed on the bar.
PAR  In another embodiment, shown in FIG. 7, the present assembly includes cover
      124 having (I) spaced apart generally V-shaped depending arms 126 and 128
      adapted to substantially hermetically seal longitudinally opposite
      portions of the chamber with portions of the web engaged between the arms
      and the channel and (II) truncated generally V-shaped bridge 164
      connecting said arms and adapted to directly engage the body to
      substantially hermetically seal an upper portion of the channel, said
      bridge engaging the channel along transversely opposed sides of the bridge
      extending from arm 128 and terminating to arm 126. In this embodiment body
      116 may be substantially the same as body 16 shown, for example, in FIG.
      1.
PAR  A wide variety of product shapes may be packaged using the present
      apparatus. In FIGS. 8 and 9 there are shown illustrative product shapes 96
      and 98, which are generally round and wedge shaped, respectively. Products
      which do not extend to the lower portion of the web, such as product 96,
      are found to aid in vacuumizing by maintaining an air exhaustion channel
      94 within the vacuumizing chamber. Products which may be packaged
      effectively using the present apparatus include, for example, foods such
      as meat, cheese and the like, which may be either solid or semi-solid;
      hardware; balls; etc.
PAR  As shown in FIG. 5 the bar 38 preferably extends to substantially adjacent
      the cover arm 28, thereby permitting a continuous longitudinal margin seal
      to be formed in successive vacuumizing and sealing operations without need
      for a transverse sealing leg disposed operatively adjacent the arm.
      Typically therefore widths of the web contacting surfaces of the seal bar
      legs are greater than the width of the cover arm remote to the web supply.
      For packaging wherein more than two product units are simultaneously
      vacuumized and sealed in the chamber, and where the products are of
      substantial channel filling size as indicated by product 96 in FIG. 8, it
      is preferred in order to minimize web distortion that the seal bar end leg
      76 be spaced from the inner transverse surface of depending arm 26 a
      suitable distance, which may be for example equal in length to the
      distance from arm 76 to that arm 80 nearest thereto.
PAR  While resilient means 66 have been illustrated disposed on the cover it is
      within the scope of the present invention to provide the resilient means
      on the surfaces of the body which engage or substantially engage with the
      cover to provide a substantially air-tight chamber.
PAR  Packages which may be formed using either the present process or apparatus
      are illustrated by strip package 100 (FIG. 2) which includes a plurality
      of severable package units 101 joined along transverse lines of weakness
      103 having transverse heat seals disposed adjacent thereto. The packages
      include an upper heat seal desirably disposed along an upper end of the
      web 22 wherein longitudinal margin 102 is heat sealed to opposite
      longitudinal margin 104.
PAR  The web is preferably formed of a stretchable sheet material suitable for
      packaging which desirably is of see-through construction. The sheet
      material may be sufficiently thin, for example, up to about 3 mils in
      thickness, as to be classified as a film. The film or other sheet material
      may be of any suitable material, including, for example, polyethylene
      coated with an ethylene vinyl acetate interpolymer on the surfaces to be
      contacted in heat-sealing; laminates such as those including a high
      barrier layer such as poly(vinylidene chloride) and copolymers including
      from about 50 to about 85 weight percent thereof; polypropylene;
      polybutene, preferably polybutene-1; and the like.
PAR  The angles .alpha. and .beta., which the transversely opposite sides of the
      depending cover arms make with the vertical as shown in FIG. 7 and the
      corresponding like identified angles of the channel-defining surfaces of
      the walls 18 and 20, preferably are substantially identical and may be in
      the range from about 1.degree. to about 80.degree. or more, preferably
      from about 5.degree. to about 30.degree..
PAR  FIG. 7 further illustrates another embodiment of the present assembly
      wherein hole 31 is provided through the body and opening to the channel at
      an upper portion of wall 20, the hole being adapted for flow communication
      of the chamber with vacuumizing means not shown. When the present assembly
      is thus formed, the hole is disposed sufficiently high to avoid blocking
      thereof by webs received in the body channel during vacuumizing.
PAR  If desired, after vacuumizing and prior to sealing packages being formed by
      the present invention, various gaseous compositions may be introducted
      into the chamber. Suitable gaseous compositions include, for example,
      inert gases such as nitrogen or the like.
PAR  It is to be understood that the foregoing detailed description is given
      merely by way of illustration and that numerous modifications may be made
      therein without departing from the spirit or scope of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A packaging assembly comprising
PA1  a. a body having walls defining an elongate open channel for supporting a
      trough-shaped web having a product disposed within the web;
PA1  b. a cover cooperable with the body and the web to form a substantially
      air-tight chamber, said cover including means for maintaining at least a
      portion of the web in trough-shaped configuration within the chamber, at
      least one of said body and said cover having a hole therethrough adapted
      for flow communication of the chamber with vacuumizing means;
PA1  c. means for moving at least one of the body and the cover into and out of
      chamber forming relation of the body with the cover; and
PA1  d. means operable within the chamber for sealing the web to form a sealed
      web package containing the product.
NUM  2.
PAR  2. The assembly of claim 1 wherein said cover is adapted to directly engage
      an upper longitudinal portion of at least one of said body walls to form
      therewith a substantially air-tight seal.
NUM  3.
PAR  3. The assembly of claim 1 wherein said cover includes (I) spaced apart
      depending arms adapted to substantially hermetically seal longitudinally
      opposite portions of the chamber with portions of the web engaged between
      the arms and the channel and (II) a bridge connecting said arms and
      adapted to directly engage the body to substantially hermetically seal an
      upper portion of the channel.
NUM  4.
PAR  4. The assembly of claim 3 wherein said channel and said arms are generally
      V-shaped in transverse section.
NUM  5.
PAR  5. The assembly of claim 3 wherein transversely opposed sides of said arms
      include resilient sealing means.
NUM  6.
PAR  6. The assembly of claim 3 wherein said bridge includes undersurface
      portions extending transversely outwardly from upper portions of the arms
      and extending longitudinally from one of said arms to another of said
      arms, said body includes upper surfaces extending outwardly from the
      channel defining surfaces, and said bridge undersurfaces sealingly engage
      the body upper surfaces.
NUM  7.
PAR  7. The assembly of claim 3 wherein a transversely facing side of one of
      said arms is adapted to directly sealingly engage the channel.
NUM  8.
PAR  8. The assembly of claim 1 wherein said sealing means includes means for
      sealing a first transverse portion of the web to a second transverse
      portion of the web and means for sealing an upper longitudinal margin of a
      first portion of the web to an upper longitudinal margin of a second
      portion of the web.
NUM  9.
PAR  9. The assembly of claim 8 wherein the means for transversely sealing and
      the means for longitudinally sealing are provided by a heated sealing bar
      normally disposed in a recess provided in one of said channel-defining
      wall surfaces, said bar having a generally straight elongate portion, an
      end leg portion depending from an end of said elongate portion, and N leg
      portions depending from serially spaced apart regions of said elongate
      portion where N is zero or an integer, the free ends of one or more of
      said leg portions being pivotally mounted adjacent the bottom of the
      channel.
NUM  10.
PAR  10. The assembly of claim 1 wherein the longitudinal extent of the channel
      is about twice as long as the longitudinal chamber-forming extent of the
      cover, thereby providing a loading station adjacent the chamber-forming
      portion of the channel.
NUM  11.
PAR  11. The assembly of claim 10 further including means for heating the
      channel surfaces at the loading station.
NUM  12.
PAR  12. Packaging apparatus comprising the assembly of claim 1 in combination
      with means for moving the assembly while the body and cover are not in
      chamber-forming relation toward a supply roll of the web material, means
      for securing a sealed portion of the web during movement of the assembly
      toward the roll to preclude carry back of the web toward the supply roll,
      said moving means being reversibly operable with the cover and body in
      chamber-forming relation for advancing web material to a loading station
      and for advancing loaded web material toward the securing means.
NUM  13.
PAR  13. The packaging apparatus of claim 12 further including means disposed
      operatively in advance of the assembly for forming longitudinally spaced
      apart lines of weakness transverse the web.
NUM  14.
PAR  14. A process for forming a vacuum package which comprises
PA1  a. forming a web into trough-shaped configuration,
PA1  b. inserting a product into the formed web,
PA1  c. registering members to provide a substantially air-tight chamber with
      the product-containing portion of the web within the chamber, with
      portions of the web spaced longitudinally from the product sealingly
      engaged between the members, with at least a portion of one longitudinal
      margin of the web disposed within the chamber and substantially free of
      restraint against transverse movement into contact with an opposite
      portion of the web,
PA1  d. maintaining at least a portion of the web in trough-shaped configuration
      within the chamber;
PA1  e. vacuumizing to reduce the pressure interiorly of the chamber about the
      product;
PA1  f. while the chamber pressure is reduced, moving spaced apart transversely
      opposed portions of the web into interfacial engagement outwardly of the
      product, said transversely opposed web portions including at least a
      portion of said web margin;
PA1  g. sealing interengaged portions of the web to form a vacuum package
      containing the product; and
PA1  h. moving the members apart to open the chamber to permit recovery of the
      package.
NUM  15.
PAR  15. The process of claim 14, which further includes prior to said
      vacuumizing step, substantially hermetically sealing a transverse portion
      of the web with an opposed transverse portion of the web to provide a web
      trough having a closed end, and wherein the chamber is formed with the
      closed end sealingly engaged between the members.
NUM  16.
PAR  16. The process of claim 15 wherein the process is successively carried out
      using longitudinally spaced transversely joined web segments and the
      hermetically sealing step prior to vacuumizing a later vacuumized segment
      is performed by the sealing of a prior vacuumized segment.
NUM  17.
PAR  17. The process of claim 14 wherein the formed web is generally V-shaped in
      transverse section.
NUM  18.
PAR  18. The process of claim 14 wherein the web is supplied from a web supply
      and further including after step (c) and prior to step (h) moving the
      registered members with portions of the web engaged therebetween to
      advance the web from the web supply, and thereafter while the members are
      apart securing the web to substantially preclude carry back thereof toward
      the web supply, while the members are apart and the web is secured moving
      the members longitudinally of the web toward the web supply, and
      thereafter repeating steps (c) to (h) inclusive.
NUM  19.
PAR  19. The process of claim 14 wherein the members include a body having walls
      defining an elongate upwardly open channel for supporting said
      trough-shaped web and a cover cooperable with the body and the web to form
      said substantially air-tight chamber, said cover including means for
      maintaining at least a portion of the web in trough-shaped configuration
      within the chamber, said cover having a hole therethrough adapted for flow
      communication of the chamber with vacuumizing means.
NUM  20.
PAR  20. The process of claim 17 wherein said registering step includes directly
      engaging the cover with an upper longitudinal portion of at least one of
      said body walls to form therewith a substantially air-tight seal.
NUM  21.
PAR  21. The process of claim 19 wherein said cover includes (I) spaced apart
      depending arms adapted to substantially hermetically seal longitudinally
      opposite portions of the chamber with portions of the web engaged between
      the arms and the channel and (II) a bridge connecting said arms and
      adapted to directly engage the body to substantially hermetically seal an
      upper portion of the channel.
NUM  22.
PAR  22. The process of claim 19 wherein said channel, said arms, and said
      formed web are generally V-shaped in transverse section.
NUM  23.
PAR  23. The process of claim 14 wherein the web is a plastic film.
NUM  24.
PAR  24. The process of claim 23 wherein the film is of polyethylene coated with
      a ethylene vinyl acetate interpolymer.
NUM  25.
PAR  25. The process of claim 23 wherein the film is a laminate.
NUM  26.
PAR  26. The process of claim 25 wherein the laminate includes a lamina of
      poly(vinylidene chloride) or a copolymer including from about 50 to about
      85 weight percent thereof.
NUM  27.
PAR  27. The process of claim 14 wherein two or more product units are inserted
      in serially spaced apart relationship longitudinally of the formed web,
      the chamber is formed with two or more of said product units disposed
      therein, and while the chamber pressure is reduced opposed portions of the
      web are moved into interfacial engagement and sealed about each product
      unit to form contiguous vacuum packages each containing a product unit.
NUM  28.
PAR  28. The apparatus of claim 3 wherein said bridge includes transversely
      opposed sides adapted to engage the body to substantially hermetically
      seal an upper portion of the channel.
NUM  29.
PAR  29. The apparatus of claim 28 wherein said bridge further includes an
      undersurface portion extending longitudinally from one of said arms to
      another of said arms for forming an upper surface of the chamber.
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ABST
PAL  The present invention relates to a method and apparatus for transferring
      yarn packages doffed from a textile machine provided with a conveyer belt
      disposed along the longitudinal direction thereof, to a container. The
      yarn packages are carried to one end of the conveyer and then dropped into
      the container positioned at a receiving position below and next to the end
      of the conveyer. The dropping distance from the end portion of the
      carrying surface of the conveyer to the surface for receiving yarn
      packages in the container is always maintained at a substantially
      predetermined distance which is larger than the width L of one package,
      but smaller than the width of two packages.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method and apparatus for transferring
      yarn packages doffed from a textile machine, such as an open-end spinning
      machine, to a container.
PAR  According to our experience in mass production open-end spinning, it is
      well known that the yarn packages doffed from the respective spinning
      units are carried to an end portion of the machine frame by means of a
      conveyer belt and then transferred into a container in which they are
      transported to the successive process. However, if the yarn packages are
      stored in the container in irregular condition, the yarn packages are
      often damaged, or easy handling of the yarn packages when they are taken
      out of the container is made difficult. Therefore, it is necessary to
      store the yarn packages in the container in an orderly condition. Several
      solutions have been developed to satisfy the above-mentioned requirement,
      however, none have been completely satisfactory from a practical point of
      view. For example, a device for positively correcting the transferring
      condition of the yarn packages from the conveyer belt to the container was
      introduced. However, even though the above-mentioned device can be
      effectively utilized to satisfy the above-mentioned requirement, as the
      mechanism of the device is complicated and adoption of the device requires
      additional investment, there is still a requirement to create a practical
      method and apparatus to solve the above-mentioned problem.
PAR  It is the principal object of the present invention to provide a practical
      method and apparatus for transferring yarn packages doffed from a textile
      machine to a container, and to satisfy the above-mentioned requirement.
PAR  According to the present invention, the yarn packages doffed from each
      operational unit of a textile machine such as an open-end spinning machine
      are carried to an end position of the textile machine by a conveyer belt.
      The yarn packages are then put in a container adjacently positioned below
      the end of the conveyer belt in such a condition that the dropping
      distance of the packages from the end portion of the carrying surface of
      the conveyer belt to a surface for receiving the yarn packages in the
      container is always maintained at a substantially predetermined distance,
      so as to stop the free turning of the yarn packages at a point which will
      result in the packages being correctly positioned in the container.
      Further, the passage of the yarn packages when dropping into the container
      is regulated by a guide means disposed at the end portion of the conveyer
      belt. Consequently, the yarn packages carried by the conveyer belt are
      capable of being placed in the container in an orderly condition.
PAR  To attain the above-mentioned effect, a displaceable supporting means, such
      as a receiving plate which is resiliently supported in the container, is
      disposed in the container and a guide means for correctly forming a
      transferring passage of the yarn packages is preferably mounted on the end
      portion of the conveyer belt. Therefore, the construction of the apparatus
      according to the present invention is not complicated, and the
      installation cost of the apparatus is not expensive.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a storing apparatus embodying the present
      invention;
PAR  FIGS. 2 through 4 are cross sectional views of the storing apparatus shown
      in FIG. 1, which indicate storing states of packages;
PAR  FIG. 5 is a perspective view of a guide means of a storing apparatus of the
      invention;
PAR  FIG. 6 is a side elevation view of other embodiments of the storing
      apparatus of the invention;
PAR  FIG. 7 is a plane view of the apparatus shown in FIG. 6;
PAR  FIG. 8 is a sectional view taken along the line VIII--VIII in FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The most pertinent embodiment of the present invention is hereinafter first
      explained in detail with reference to the attached drawings FIGS. 1, 2, 3.
      In this embodiment, an endless conveyer belt 2 is disposed to an open-end
      spinning machine (not shown) along a longitudinal direction thereof and at
      a horizontal position above winding mechanism thereof. Yarn packages 3
      doffed from the respective spinning units are transported in a
      substantially axially vertical standing condition to the discharge end of
      the conveyer belt 2. A container 4 is adjacently positioned below the end
      of the conveyer belt 2 so that the yarn packages 3 fall into the container
      4. In the above-mentioned transfer motion of the yarn packages 3 from the
      conveyer belt 2 to the container 4, as a yarn package 3 moves from the end
      of the conveyer belt 2 under its own inertia, which depends upon the mass
      of the yarn package 3 and the carrying speed thereof, there is no
      assurance that the yarn packages 3 will be positioned in the container 4
      in an orderly condition. That is, when the yarn package 3 leaves the end
      of the conveyer belt 2, the yarn package 3 drops in a parabollic curve
      and, therefore, if a receiving surface of the container 4, whereon the
      yarn package 3 is received, is located at an indefinite position in the
      container 4, it is impossible to store the yarn packages 3 in an orderly
      or aligned condition. Similarly, if the size of the full yarn packages
      changes due to different production lots, as the mass of the yarn packages
      3 is also changed, the shape of the above-mentioned parabollic dropping
      curve is changed and, consequently, the above-mentioned difficulty in
      positioning the yarn packages 3 in an orderly condition is increased.
PAR  To solve the above-mentioned problems, in developing the present invention,
      experimental tests were repeated to determine how to position the
      above-mentioned receiving surface in the container 4 so as to eliminate
      the possibility of the yarn packages 3 being stored in a disorderly or
      misaligned condition in the container 4. Based on these tests it was
      concluded that, if the receiving surface can always be positioned in the
      container 4 in such a way that the distance between the carrying surface
      of the conveyer 2 and the receiving surface is maintained at a
      predetermined distance H (see FIG. 2), which is within a range of between
      the axial width L of the yarn package 3 and twice this axial width L, the
      yarn packages 3 can be deposited in the container 4 in an orderly
      condition. The technical reason for the above-mentioned conclusion is as
      follows. The body of the yarn package 3 inclines from the horizontal as
      the yarn package falls during its passage between the end of the conveyer
      belt 2 and the above-mentioned receiving surface and, therefore, if the
      above-mentioned distance H is always maintained the falling and inclining
      of the yarn package 3 is stopped at a point where the yarn package 3 comes
      to rest on the receiving surface in the container 4 in an axially vertical
      condition.
PAR  To create the above-mentioned condition of the receiving surface, a
      receiving disc 6 is movably provided in the container 4. The receiving
      disc 6 is always urged upward by a spring 5, which is chosen based on the
      requirement that it is capable of being compressed by a length
      corresponding to the width L of the package 3 by the weight of the
      package. Because of this, the receiving space H is always kept
      substantially constant without relation to the number of yarn packages 3
      stored in the container 4 as shown in FIGs. 2, 3 and 4. Instead of the
      spring 5, other means which can keep the receiving space H constant, such
      as a cylinder means, are also applicable to the present invention.
PAR  As mentioned above, according to the present invention packages 3 are
      regularly stored in axially vertical and superimposed condition in the
      container.
PAR  Based on our experimental tests, it is preferable to restrict the dropping
      passage of the yarn packages 3 to a predetermined parabolic dropping
      passage in order to avoid contact with the container. To create this
      condition, it is preferable to dispose a means for guiding the yarn
      packages 3 at a position between the conveyer belt 2 and the container 4.
      Referring to FIG. 5, a guide plate 20 is arranged at the discharge end of
      the conveyer belt 2. The form of the guide plate 20 is funnel-shaped or
      partly funnel-shaped. The guide plate 20 may be stationarily mounted to a
      frame (not shown) of the spinning machine. However, it is more
      advantageous that the guide plate be movable from the operating position
      where the guide plate guides a package from the conveyer belt to the
      container to a non-operating position where the guide plate is situated
      above the conveyer belt and vice versa. If such a movable guide plate is
      used, the guide plate in the non-operating position will not be an
      obstruction to the operator when the guide plate is unnecessary during a
      spinning operation.
PAR  In a case where the discharge-end of the conveyer is positioned inside the
      out-end box (or the off-end box) of the spinning machine and doffed
      packages are discharged from an opening of the box, and where the guide
      plate is movable from the operating position outside the box to the
      non-operating position inside the box, it is preferable to provide a door
      for covering said opening in order to protect the guide plate in the
      non-operating position from fly and dust. Further, it is even more
      preferable that the opening motion of the door causes the movement of the
      guide plate from the non-operating position to the operating position and
      the closing motion of the door causes the movement of the guide plate from
      the operating position to the non-operating position.
PAR  To attain the above-mentioned movement of the door, a swinging mechanism is
      mounted on the machine frame (not shown) as follows. In FIGS. 6 and 7, the
      guide plate 20 is pivotably supported at its both sides by levers 21, 22
      with pivots 23, 24. The other ends of the levers 21, 22 are turnably
      connected to shafts 18, 18' which are secured to the frame of the spinning
      machine. Levers 21, 22, the guide plate 20 and the shafts 18, 18' form a
      parallelogram, whereby the guide plate 20 is always kept in an
      approximately horizontal condition. The lever 21 is engaged with a pulley
      19 mounted on the shaft 18. A door 7 is swingably arranged with a pivot 8
      at the end of the frame of the spinning machine and is provided with a
      gear 9. On the side of the gear 9 at least two hollows 11, 11' are formed
      and the hollows 11, 11' engage a ball 12 to stop further rotation of the
      gear and to determine the position thereof. In FIGS. 7 and 8 the numeral
      13 designates a coil spring and the numeral 14 designates a ball-holder. A
      gear 10 engages with the gear 9. A pulley 15 is mounted on the shaft with
      the gear 10 and the pulley 15 is connected to the above-mentioned pulley
      19 via a belt 17. The numeral 16 is a shaft for the gear 10 and a pulley
      15.
PAR  The above-mentioned mechanism is operated as follows. When packages 3 are
      doffed in a spinning machine, the door 7 is swung upward so that it no
      longer obstructs the space above the end of the conveyer belt 2. In
      connection with the opening of the door, the gear 10 engaged with the gear
      9 is rotated and this rotation is transmitted to the pulley 19 through the
      belt 17. This results in the lever 21 engaged with the pulley 19 being
      pivoted on the shaft 18 so that the guide plate 20 is moved from a
      position indicated in FIG. 6 by broken lines to the position indicated by
      solid lines.
PAR  After the guide plate 20 is positioned as indicated by solid lines in FIG.
      6, packages 3 transported by the conveyer belt 2 leave the end of the
      conveyer belt 2 and slip down on the funnel-shaped surface of the guide
      plate 20 to drop into the container 4, always in axially vertical
      condition. When a container 4 is filled with given number of packages 3,
      the full container 4 is exchanged for an empty container. This exchange of
      full containers for empty containers is repeated until all of the doffed
      packages are stored. The door 7 is closed when the storing of doffed
      packages is completed, so that the guide plate 20 is again moved to its
      position above the conveyer 2 shown by broken lines in FIG. 6.
PAR  The door 7 may be opened and closed manually. Otherwise, the opening and
      closing of the door 7 and movement of the guide plate 20 may be
      accomplished automatically by connecting the shaft 16 of the gear 10 and
      pulley 15 to a driving source, e.g. an electric motor. The open state and
      closed state of the door 7 and advanced state and retired state of the
      guide plate 20 are ensured by engagement of the ball 12 with the hollows
      11, 11'. However, of course, other known means for maintaining things at a
      certain position may be substituted for said ball 12 and hollows 11, 11'
      in order to obtain the above-mentioned states.
PAR  According to the above-described embodiment, contact of a package 3 with
      the container can be prevented by the guide plate 20, so that the package
      3 is not damaged.
PAR  While the preferred embodiments have been illustrated and described, it
      will be apparent to those skilled in the art that modifications are
      possible without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for transferring yarn packages doffed from a textile machine
      provided with a conveyer belt disposed along a longitudinal direction
      thereof to a container, comprising the steps of carrying the yarn packages
      doffed from said textile machine along a path having a horizontal
      component of direction to an end of the conveyer, and then ejecting the
      yarn packages from the end of the conveyer at a velocity sufficient to
      cause the yarn package to fall along a parabolic path due to the
      horizontal momentum imparted to the packages by the conveyer, on to a
      receiving surface, and maintaining the receiving surface at a
      substantially constant vertical distance from the upper surface of said
      conveyer, said distance being from one to two times the width L of a yarn
      package.
NUM  2.
PAR  2. Method according to claim 1 characterized in that the passage taken by
      the falling yarn package when it drops into the container is positively
      regulated.
NUM  3.
PAR  3. Apparatus for transferring yarn packages doffed from a textile machine,
      comprising a conveyer belt disposed along longitudinal direction wherein
      yarn packages doffed from said textile machine are carried to an end of
      the conveyer along a path that has a horizontal component of motion and
      then ejected by the conveyer along a parabolic path, a container
      positioned at a receiving position adjacently below and horizontally
      spaced from the end of the conveyer, a disc displaceably disposed in the
      container, a helical spring disposed at a position below the disc and in
      contact with the disc, the disc being positioned within a range of between
      L and 2L from the carrying surface of the conveyer wherein L defines the
      axial width of the package, the spring constant being sufficient to permit
      deformation by the length L when a yarn package is placed on the disc.
NUM  4.
PAR  4. Apparatus according to claim 3 further comprising a guide plate disposed
      at the end portion of the conveyer.
NUM  5.
PAR  5. Apparatus according to claim 4 further comprising a door disposed at the
      end of conveyer and a swinging mechanism for advancing and retiring the
      guide plate in response to the movement of the door.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein said swinging mechanism
      comprises a parallelogram pivoted on said guide plate, and a first pulley
      on which said parallelogram is further pivoted, and wherein said door is
      provided with a second pulley, and a belt connecting said first and second
      pulleys.
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ABST
PAL  An apparatus for packaging bread or the like into flexible bags, employing
      articulated scoops which are arranged to enter into the bag interior,
      engage the bag wall surfaces, and enable passage of product into the bag
      through the scoops. Pusher arm assemblies are employed to urge the
      continuous forward travel of product. A sensing device i.e. photo-electric
      cell, is employed to detect the absence of packaging bags and cause
      activation of a fresh supply of bags into the packaging station.
BSUM
PAR  The present invention is directed to an apparatus for automatically
      advancing and packaging bread and the like, into packaging material in an
      efficient and trouble free manner. More particularly, the present
      invention is directed to an apparatus for guiding and advancing the
      material to be packaged into a plastic bag which is held in the open
      position by suitably structured guide means. Also within the scope of the
      present invention is a system for sensing the absence of a bag to receive
      the article being advanced thereon and associated means for replenishing
      the bags with a fresh supply.
PAR  Generally speaking it is most desirable to have a versatile packaging
      machine that is capable of bagging different sizes and shapes either
      loosely or in boxes; in clusters or singularly; sliced or unsliced, etc.
      This can be accomplished by employing suitably designed perameters in a
      basic machine structure. The prior art has employed structure which
      carries out some of the operations of the invention but without the
      attendent advantages.
PAR  However, the specific concepts utilized in carrying out the invention
      represent a new and novel approach which is less expensive, more
      efficient, less complicated, easier to use, has greater utility and
      represents an advance in the art of automatic packaging.
PAR  Accordingly it is the main object of the present invention to provide an
      apparatus free from the defects of the prior art.
PAR  Still another object of the present invention is to provide a guiding
      assembly adapted to positively engage the product to be packaged for
      advance into the bag.
PAR  Still a further object of the present invention is to provide an efficient
      articulated scoop mechanism suitably adjustable for entering, positioning
      and cooperating with the bag to receive the product to be packaged.
PAR  Still another object of the present invention is to provide a sensing
      arrangement adapted to sense upon the absence of the supply of bags and
      coordinate the arrival of a fresh supply of the continued infeed of
      product to be packaged.
PAR  Still a further object of the present invention is to provide for a ready
      adjustable packaging machine capable of holding different varieties and
      sizes of product to be packaged.
PAR  The principal feature of the present invention is directed to a packaging
      apparatus for successively receiving and packing a supply of material such
      as baked goods into each of a stack of bags including: means for advancing
      said material into a packaging conveyor; conveying means for conveying
      said material into a packaging station; means for causing said bag to
      become partially opened; engaging means for entering and engaging bags for
      receiving said material to be packaged; advancing means for advancing said
      material through said engaging means into the interior of said bags for
      sealing; means sensing the successive utilization of bags from said stack
      to thereby advance fresh packaging material as said bags are being used;
      and drive means for advancing a fresh stack of packaging material into
      said packaging station as the last of said bags is used.
PAR  Also within the scope of the invention are engaging means including a pair
      of cooperatively acting elongated guide means adapted to enter into said
      partially opened bags and engage the interior at the wall surface to
      thereby allow sufficient passage area for material to be advanced
      therethrough and into the package interior; and means for urging said
      guide means to assume a collapsed retracted position as said material is
      caused to fill the previously existing void in said package.
PAR  The invention also contemplates bag supply means having, a stack of
      packaging material; support means for holding said packaging material to
      be dispensed as required; restraining means disposed in proximity with
      respect to said packaging material for holding said packaging material in
      horizontal alignment with respect to said product being inserted therein
      by said pusher arms; drive means for positioning said support means to
      allow for the withdrawal of said packaging material and cam means for
      advancing said support means back into horizontal alignment with said
      product flow after said filled packaging material has been removed from a
      stack.
PAR  Still other objects and advantages of the present invention will be best
      understood with reference to the accompanying specification and drawings
      together with the claims which hereinafter define the invention.
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PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a side elevation of conveyor and pusher assembly in partial
      fragmented view.
PAR  FIG. 2 is a sectional view through the conveyor and pusher assembly.
PAR  FIG. 3 is a partial schematic view of the invention illustrating the
      pusher, scoopes and bag replenisher.
PAR  FIG. 4 is a top view of the scoopes in the open position.
PAR  FIG. 5 is a side elevation of scoopes shown in FIG. 4.
PAR  FIG. 6 is a partial side elevation of the bag replenisher assembly.
PAR  FIG. 7 is a top view of the bag replenisher section shown in FIG. 6.
PAR  FIG. 8a is a top view of a schematic diagram illustrating the movement of
      the scoops employed in the invention.
PAR  FIG. 8b is a profile view of FIG. 8a.
PAR  FIG. 8c is a point diagram showing the pivotal scoop movement.
PAR  FIG. 8d is a schematic diagram illustrating the locking action of the
      scoops in accordance with the invention.
DETD
PAR  As product is being advanced along suitable means such as a conveyor, it is
      caused to interrupt a photoelectric light source, and initiate an air flow
      through a plurality of suitably disposed air jets. This last action causes
      the uppermost bag in the stack to inflate. Once this occurs, articulated
      scoops are fully withdrawn and folded into a low and narrow profile for
      entry into the inflated bag. Simultaneous with this occurrence and product
      advance by means of the overhead pusher guides; the scoops in the
      aforementioned position, that is in the folded position, are urged into
      the open mouth of the inflated bag. Once disposed therein, the scoops are
      caused to unfold, engage and grip the bag, so as to shape such inflated
      bag into a suitable size for product entry therethrough. Thereafter, the
      overhead pusher guide proceeds to literally push the product through the
      scoops and into the open mouth of the bag.
PAR  The scoop arrangement is basically a cam actuated articulated scoop
      mechanism for use with relatively narrow bread products of substantially
      square cross section. To permit utilization with a wide range of bag and
      product configuration, the scoops, as hereinafter described are fully
      adjustable over a wide range. The basic operation allows a cam operated
      scoop mechanism to provide the desired motion characteristics of such
      scoop so as to aid its entry into and expansion of the bag at the
      appropriate time enabling product entry. Conversely, in the retracted
      position, the discharge end of the scoops are fully folded into a narrow
      low profile ready for entry into the open mouth of the bag. Inherent to
      the inventive design, is the fact that a low narrow profile permits slow
      and deep penetration of the scoops sufficiently into the interior of the
      bag prior to the scoops fully opening up to grip the bag and guide the
      product into the bag.
PAR  The scoop mechanism can be best understood with reference to FIGS. 3, 4 and
      5.
PAR  Firstly, the use of the term scoop mechanism or scoops is intended to cover
      the assembly which is actuated and is caused to enter a partially opened
      mouth of a bag, complete the opening of the bag and thereafter serve as a
      channel or funnel for insertion of the article to be bagged therethrough.
      While mechanisms of this type are known and in its simplist form consists
      of a tapering tube with the small end inserted into the bag and articles
      introduced through the large end; the usual embodiment known to the art,
      proceeds to employ a mechanism which splits the funnel into sections
      causing the leading ends to be drawn together during entry into the bag.
      Once the mechanisms have entered into the bag, the tips are moved apart to
      increase the size of the opening to a maximum. However, this arrangement
      has certain number of limitations, especially where the article to be
      bagged is relatively rigid, for example, a loaf of bread. In such cases,
      it is desirable to employ a channel or funnel exhibiting double
      articulation, that is the elements of the funnel being split into four
      sections thereby enabling the tips or working edges to be drawn together
      both vertically and horizontally, so that the scoop can enter into the bag
      rapidly and more particularly without the need for the bag to be opened to
      an amount that is normally required when employing a single articulated
      scoop. The advantages of such articulated scoops are well established.
      However, the manner in which the various movements of the scoop elements
      are effectuated, and the overall efficiency exhibited by the present
      invention can be understood with reference to FIG. 8.
PAR  In accordance with the invention, the scoops 1 are shown in the forward
      position, as for instance, when they are inserted into the mouth of a bag
      and the working edges 2 are in the extended position. Conversely, the
      retracted position, as represented by broken lines, cause the tips or
      working edges 2 to be drawn together. Likewise, FIGS. 4 and 5 illustrate
      the scoop working edges 2 in the expanded position when forward and in a
      closed position when retracted.
PAR  In FIG. 8, points A and C are pivot points. In operation, points A on each
      scoop 1 are urged to move in an arc defined by A.sub.1 to A and points C
      move in an arc about fixed points B. The link B-K-C is a rigid bar whose
      principle function is to force points C to move in an arcuate path C.sub.1
      -C. From this, it is readily apparent that the path described, causes the
      scoop working edges or tips 2 to initially converge and then diverge in
      moving from a retracted position to a forward position. In accordance with
      FIG. 8b, the upper and lower elements 3, 4 of the scoop 1 are pivotally
      mounted at points D and F respectively. A toggle linkage connects the
      upper and lower elements which is identifiable as E-H and H-G. From this
      it is quite apparent that in the retracted position where the toggle pivot
      points E.sub.1 and G.sub.1 are urged or pushed apart causing the scoop 1
      to turn about pivot points D.sub.1 and F.sub.1 causing the working edge or
      tip 2 of the lower element 4 to rise and the working edge or the tip 2 of
      the upper element 3 to lower. Suitably connected springs 5 (see FIG. 5)
      extending from each scoop element 3, 4 to a mounting plate 6 causes such
      scoop elements 3, 4 to be biased toward the expanded state, as shown in
      FIG. 5.
PAR  In accordance with FIG. 8b, during the retraction stroke of the scoops 1,
      the toggle linkage is caused to move from its folded state E-H-G and
      assume a near straight line position E.sub.1 -H.sub.1 -G.sub.1 against the
      bias of the springs 5 thereby causing and urging the scoop tips 2 to
      converge. The linkage is caused to latch in its near straight position by
      causing point H to be advanced past the line of centers against a stop.
PAR  More particularly, this operation can be understood with reference to
      schematic FIGS. 8c and 8d. In accordance with FIG. 8d, points G, F and H
      are represented and a yoke member 7 (see FIG. 5) carrying point J is
      pivotally mounted at G as is the member H-F of FIG. 8d. However, the two
      elements are independendently rotatable. What follows is that during the
      retraction stroke of the scoops 1, the yoke member 7 is caused to rotate
      about point G in the clockwise direction. The left most tine of the yoke 7
      engages a pin 8 at H which pin is carried by member H-G and thusly causes
      such member H-G to rotate about point G.
PAR  Member H, E is caused to rotate about a point E in the counterclockwise
      direction causing the point H to be moved through the line of centers E-G
      whereby the toggle linkage latches. During the forward stroke of the
      scoops 1 the yoke member 7 is caused to rotate opposite to or in the
      counterclockwise direction and just prior to the scoops 1 reaching the
      full forward position, the right most tine of the yoke 7 contacts the pin
      8 at H causing it to be pushed through the line of centers resulting in a
      unlatching of the toggle linkage. Due to the spring 5 bias, the toggle
      elements fold and the scoop tips or working edges 2 move apart. The motion
      of the lower scoop element 4 is restricted to a small amount by suitable
      stop members (not shown). However, the upper element 3 is permitted a
      greater range of motion with its raised position usually being dictated by
      the tension of the bag imparted thereto.
PAR  Connecting link J-K as shown in FIG. 8c and 8d causes the yoke 7 to move
      with K being located on the member BKC of FIG. 8a and J located on yoke 7.
      With point B fixed, motion of point C during the retraction stroke causes
      a relative rotation of point K and C in a counterclockwise direction,
      which through connecting link J-K causes the yoke 7 to rotate about point
      G in a clockwise direction (see FIG. 8d).
PAR  Referring to FIG. 8a, each half of the scoop assembly moves back and forth
      on arms M-A and B-C. These arms rotate about grounded points M and B, but
      they have relative rotation about points A and C. Point K, carried on arm
      B-C, therefore, has relative rotation about point C as shown on FIG. 8c. A
      yoke member 7 rotatable about a horizontal axis at G (FIG. 8d), is caused
      to oscillate, as the scoops go back and forth, by a link 9 connecting
      point K (on arm B-C) to point J, on the yoke 7 (see FIG. 8d). The tines of
      the yoke 7 alternately engage pin 8, carried on toggle linkage G-H-E at H,
      and on the back stroke forces point H into a straight line with G and E as
      shown at E.sub.1 -H.sub.1 -G.sub.1 FIG. 8b where the toggle is latched.
PAR  This expanding action of the toggle linkage causes the scoop tips 2 to be
      forced together against the bias of spring 5.
PAR  On the forward stroke, the yoke 7 pushes point H off center, which
      unlatches it, and under the pressure of the spring 5 resumes the folded
      position as at E-H-G, FIG. 8b, and the scoop tips 2 are permitted to move
      apart.
PAR  Thus, in the foregoing manner, the scoop tips 2 are latched closed during
      the back stroke and just at the end of the forward stroke, when the tips 2
      are completely in the bag, the toggle is unlatched and the tips 2 fly
      apart to the open position.
PAR  By means of the aforementioned arrangement and sequence of operations, the
      entire back stroke of the scoop 1 is used to cam the tips or working edges
      2 together while full insertion of the scoops 1 into the bag is
      accomplished before the scoops 1 are caused to spring and extend into an
      open position.
PAR  As shown in FIGS. 1 and 2, the apparatus of the present invention
      contemplates a series of overhead pushers 10 which are continuously moved.
      Each pusher 10 is pivotally mounted on a pair of chains 11 and are
      constrained and guided by means of cam tracks 12 working in conjunction
      with pusher control arms 13. In this connection, it is desirable to employ
      such pushers 10 in a manner enabling the material to be pushed into the
      bag to a forward-most position, whereupon the pusher 10 can retract away
      from the material. Such is the case with the continuous motion of a
      carrier chain 11, where in accordance with the needs of the invention, a
      loaf of bread is advanced into the bottom of a bag from which point the
      pusher 10 is withdrawn from inside the bag mouth.
PAR  The combination of pivotally mounted overhead pushers 10 continuously
      traversing on a pair of chains 11, as well as, control pusher acceleration
      at the end of the idle travel and the end of the product pushing travel,
      permits smooth high speed operation of the apparatus.
PAR  In FIG. 1, pusher arms 10 are carried and are continuously in motion while
      traveling at a constant rate along the path defined by a carrier chain 11.
      A control arm 13 is rigidly mounted on each rotatable shaft which carries
      the pusher arms 10. Rollers 14 carried on the control arms 13 ride on
      either side of a track 12 which tends to stabilize the assembly, thereby
      minimizing rotation during both upper and lower horizontal motion. The
      control arms 13 each are provided with a slot 15 at each end. For purposes
      of illustration, reference is made to the lower run, as the pusher shaft
      16 reaches tangency to the drive sprockets 17, the leading slot engages a
      fixed pin or roller 18. Simultaneously, the control arm rollers 14 lose
      contact with the control arm track 12 and as the pusher shaft 16 moves
      around the sprocket 17, the control arm 13 is caused to rotate about the
      fixed pivot pins 18. Thus, the face of the pusher 19 is caused to swing
      back away from its forwardmost position. By the time the pusher shaft 16
      reaches the horizontal center line of the sprocket 17, the pusher control
      arm 13 is vertical and the slot 15, trailing now, is leaving contact with
      the pivot pin 18. Also, at this time, a curved extension of the upper
      control arm track 12 is being contacted by the control arm rollers 14 and
      guides the assembly around the remaining quadrant.
PAR  The upper control arm track 12 stabilizes the pusher assembly as it
      approaches the left-most drive sprocket 17. As the pusher shaft 16 reaches
      tangency to the sprocket 17, the control arm rollers 14 travel off the
      track 12 and the leading slot 15 in the control arm 13 engages another
      pivot pin or roller 18. Here again, the pusher assembly rotates about the
      pivot pin 18 as the pusher shaft 16 moves around the sprocket. By the time
      the pusher shaft 16 reaches the horizontal center line of the sprocket 17
      the pusher control arm 13 is vertical and the slot is leaving engagement
      with the upper pivot pin 18 and the rollers 14 are engaged with the lower
      track 12 provided with a curved extension that wraps partially around the
      sprocket 17.
PAR  By way of further explanation, to eliminate the possibility of feeding
      loaves of bread or the like without appropriate bags, it is accepted
      practice to supply bags which are pre-made bags with extended lips
      containing suitable punched holes for holding a group of bags in
      substantial quantities, i.e. 500 to 750 on a wicket wire. In order to
      minimize interruption of production and to maintain a continuous flow of
      product bagging, the present invention contemplates a bag resupply
      arrangement, as shown in FIGS. 6 and 7. This assembly employs a pair of
      endless roller chains 21 transversed to the direction of product flow. The
      chains 21 comprise function in two locations, namely, at a use or filling
      station 22 and a standby station 23.
PAR  The wickets of bags 24 are held in line with product flow in a position
      ready to be inflated and loaded by action of the overhead pusher 19.
      Another wicket of bags 24 are in the standby position 23 located outside
      the product flow path. The pitch or spacing between these two positions is
      equal to the maximum width of the bag to be accommodated, plus a small
      amount of clearance between such bag stations 22, 23.
PAR  The present assembly employes an indexing arrangement for indexing the bag
      resupply chains 21 which makes use of a fixed stroke pneumatic cylinder 25
      with a ratchet connection to the chains 21 so that uni-directional motion
      can be imparted to index the bags by an amount equal to the pitch selected
      between the use position and the reserve position. The wicket wires 26 are
      held by clips 27 affixed to the chain 21 located under the open end of the
      wicket of bags 24.
PAR  The bags 24 being utilized are supported in the use position by a bag
      support table 28 and are held secure during the filling function by
      pressure of lip pressure bar 29 gripping the bag lip. In accordance with
      FIGS. 6 and 7, the bag support table 28 is mounted on a parallelogram
      linkage of arm length A-C and the lip pressure bar 29 is carried by
      another linkage of arm length A-B with coincident centers of rotation at
      A.
PAR  The clutch rod 30 is attached to the lip pressure bar linkage A-B which
      abutts the table linkage A-C causing both parallelogram linkages to lift
      by lifting action of the clutch rod 30, however, the table linkage A-C may
      be lifted independently, or held in a raised position when the lip
      pressure bar 29 is lowered. For bag transfer purposes, when the air
      cylinder 31 operates to move the lip pressure bar 29, it and the bag
      support table 28 moves in unison, except arm A-B being half as long as arm
      A-C, the motion of the lip pressure bar 29 is one-half that of the bag
      support table 28. This relationship reflects that the bag stack thickness
      on the support table 28 is twice that at the lip; and as each top bag is
      removed, the table rises two film thicknesses while the lip rises one film
      thickness. The upper portion of the table 28 and lip pressure bar 29 is
      determined by the latter bottoming against the stack of film at the lip.
PAR  Rod 30 connecting the lip pressure bar 29 to the air cylinder 31, passes
      through a close fitting hole 38 in arm 31, which under the bias of spring
      32 tends to "cock" which, in turn, causes a gripping force on rod 30
      unless arm 31 is held square by screw 32 striking a stop which is arm 33.
      A similar clutching means is obtained with rod 34, attached to support
      table 28, passing through a hole 39 in arm 33 biased to cock by
      compression spring 35.
PAR  As the rotation of the cam 36 causes the bell crank 37 to pull down on arm
      31, it cocks, gripping rod 30 and causing it to move down bringing with it
      the lip pressure bar 29 which releases its pressure on the lips of the
      bags. The support table 28 is prevented from following the pressure bar 29
      down by the gripping action of arm 33 exerted on rod 34 attached to bag
      support table 28. At all times, except when the cam follower 40 is on the
      raised portion of the cam 36, both arms 31 and 33 are held square to their
      respective rods 30, 34 and such rods can freely slide in holes 38, 39
      permitting the air cylinder 31 to move the pressure bar 29 and table 28 up
      or down.
PAR  In operation, the cam 36 turns continuously causing a periodic oscillation
      of the bell crank 37. The timing is such that as the product being bagged
      reaches the bottom of the bag, the lobe of the cam 36 moves under the
      follower 40 pulling down the pressure bar 29 are releasing the lip so the
      bag can be freely ripped off the wicket 26. The bag support table 28
      remains stationary being held up by clutch bar 33. As the bags are
      progressively removed, the table 28 and pressure bar 29 progressively rise
      to maintain the top bag at a constant elevation.
PAR  As the last bag is removed, its absence is detected whereupon the air
      cylinder 31 retracts pulling the table 28 and pressure bar 29 down to the
      lowest position so a new wicket of bags 24 can be transferred into
      position.
PAR  It will be apparent to those skilled in the art from the preceeding
      description that certain changes may be made in the above apparatus
      without departing from the scope of the invention. It is intended that the
      description matter above shall be interpreted as illustrative and in no
      way limiting, since all equivalents within the scope of the disclosure may
      be substituted and such substitution is intended.
CLMS
STM  I claim:
NUM  1.
PAR  1. A packaging apparatus for successively receiving and packing a supply of
      material, such as baked goods, into individual bags taken from a stack of
      bags dispensed from a bag supply means, including: conveyor means for
      conveying said material into a packaging station; means for causing each
      of said bags to become partially opened; engaging means for entering and
      engaging each of said bags for receiving said material to be packaged;
      advancing means for advancing said material into the interior of said bags
      for sealing; means sensing the successive utilization of bags from said
      stack for replenishing bags being used; support means for holding said
      bags to be dispensed, as required; restraining means disposed in proximity
      with respect to said bags, for holding said bags in horizontal alignment
      with respect to said supply of material being inserted therein; drive
      means for positioning said support means to allow for the withdrawal of
      said bags from said stack; cam means for advancing said support means into
      horizontal alignment with product flow after a product inserted bag has
      been removed from said stack; and means for advancing a fresh stack of
      packaging material into said packaging station as the last of said bags is
      utilized.
NUM  2.
PAR  2. A packaging apparatus for receiving and packing a supply of material,
      such as baked goods into individual bags taken from a stack of bags
      dispensed from a bag supply means including: conveying means for conveying
      said material into a packaging station; means for causing said bag to
      partially open; engaging means for entering and engaging said bags for
      receiving said material to be packaged, being defined by a pair of
      cooperatively acting guide means having elongated body portions for
      entering into partially opened bags to form a passage area for material to
      be advanced therethrough and into the package interior; said body portions
      employing upper and lower elements enabling said engaging means to be
      generally moved both vertically and horizontally; linkage means for
      pivotally advancing said elongated body portions to initially converge and
      subsequently diverge; toggle linkage means connecting said upper and lower
      elements for defining a line of motion by said elements; biasing means
      connected to each of said body portions for maintaining such portion
      biased towards the expanded state as said material is caused to enter and
      fill said package; advancing means for advancing said material through
      said engaging means into the interior of said bags for sealing; means
      sensing the successive utilization of bags from said stack to thereby
      advance fresh packaging material as said bags are being used; and drive
      means for advancing a fresh stack of packaging material into said
      packaging station as the last of said bags is used.
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ABST
PAL  An apparatus for closing and sealing filled containers with a lid includes
      instrumentalities for positioning an individual lid beneath a sealing die
      which has an underside. The lid is temporarily held and finally joined to
      a container under the influence of heat and pressure. Suction is used to
      hold the lid against the underside of the die while it is being joined to
      the container. A plurality of protuberances are disposed at the underside
      of the sealing die. Each of the protuberances has an oblique surface. Each
      oblique surface has a point lying nearest a sealing surface defining an
      area of the underside, the area thus defined being substantially equal to
      that of the lid. Each lid can be consequently positioned correctly on a
      container and becomes fused therewith.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for closing and sealing filled
      containers with a lid. The invention relates, more particularly, to an
      improvement in an apparatus for closing and sealing filled containers
      using preformed lids in which, for each container, a lid is moved beneath
      a sealing die, is temporarily held against its bottom by a vacuum, and is
      finally joined to a container under the influence of pressure and heat.
PAR  In an apparatus for closing and sealing of the kind mentioned above, for
      example, the apparatus made known by the German Offenlegungsschrift (Laid
      Open Patent Application) No. 1,909,792, a lid is brought to the underside
      of a sealing die, it is sucked against it by vacuum, and then the sealing
      die presses the lid onto the container positioned beneath it. In this
      known apparatus, the lids are brought to the sealing die in the correct
      position by a pair of grippers so that the sealing die, in turn, correctly
      positions the lid on the container to be closed.
PAR  The correctly positioned delivery of the lids is not always guaranteed,
      within the closing and sealing apparatus, in which the lid is pushed
      beneath the sealing die by means of a slide. In these known apparatuses,
      it can happen that the lid is aspirated to the sealing surface on the
      sealing die in a slightly displaced position. As a consequence, the
      containers are not correctly closed and become rejects.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the present invention to provide a closing
      and sealing apparatus in which each lid is correctly positioned on a
      container and fused therewith.
PAR  It is another object of the present invention to provide a closing and
      sealing apparatus which is inexpensive and yet assures that each lid is
      correctly positioned on a container and fused therewith.
PAR  The foregoing objects, as well as others which are to become clear from the
      text below, are accomplished in accordance with the present invention by
      providing an improvement in an apparatus for closing and sealing filled
      containers with lids. The apparatus includes instrumentalities for
      positioning an individual lid beneath a sealing die having an underside. A
      lid is temporarily held and finally joined to a container under the
      influence of heat and pressure. A plurality of protuberances are disposed
      at the underside of the sealing die. Each of the protuberances has an
      oblique surface, each oblique surface having a point lying nearest a
      sealing surface defining an area of the underside. The area is
      substantially equal to that of the lid. As a consequence, each lid is
      correctly positioned on a respective container and becomes fused
      therewith.
PAR  It is a salient novel feature of the present invention that the lower
      surface (underside) of the sealing die is provided with protuberances,
      each having an oblique surface, and each oblique surface having a point
      which lies nearest to a sealing surface of the sealing die defined by an
      area of the lower surface which is equal to the area of a lid.
PAR  In the apparatus according to the invention, which is very simple, the lid
      slides along the oblique surfaces into the correct position on the sealing
      die during suction without further external action.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a container closing and sealing
      apparatus according to an exemplary embodiment of the present invention, a
      container and lid being shown in phantom.
PAR  FIG. 2 is a plan view of the sealing surface of the sealing die used in the
      closing and sealing apparatus of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated in FIGS. 1 and 2, an apparatus according to the present
      invention is arranged to close containers 1 made of thin aluminum foil.
      The containers have a protruding flange 2 at their open edge. The
      respective containers 1 are closed with a respective lid 3. Each lid 3 has
      an extrusion 4 fitting, as shown, into an opening of the container 1, and
      also has a flange 5 which is congruent with a flange 2 of the container 1.
PAR  The closing and sealing apparatus has several sealing mechanisms which
      rotate on a drum 10. Each of the sealing mechanisms has a fixedly
      installed, heated, sealing die 11 and a ring 12, which can be raised with
      respect to the sealing die 11. The ring 12 has a cylindrical void 13 in
      which may be placed a container 1 to be closed and sealed. The ring 12 has
      an upwardly pointing annular rim 14 which is congruent with the flange 2
      of the container 1. A support plate 15 is disposed coaxially with ring 12.
PAR  A narrow sealing surface 17 of the sealing die 11 is congruent with the
      flange 5 of the lid 3 and it is provided with a step 18 which fits into
      the extrusion 4 of the lid 3. The underside (lower face) of the step 18
      contains terminations of vacuum lines (bores) 19, which come from a
      chamber 23. The chamber 23 can be connected to a source of vacuum (not
      shown) through a lateral bore 20 and a line 21, shown somewhat
      diagrammatically.
PAR  Fastened to the underside of the sealing die 11 are six protuberances 30
      whose form is that of a frustrated, downwardly pointing cone. The
      protuberances 30 are distributed along the outer edge of a narrow sealing
      surface 17, which is substantially rectangular as shown in the present
      exemplary embodiment, so that the wide base region of the protuberances 30
      just touches the outer limit of the sealing surface 17, these tangent
      points limiting an area which is congruent with the surface area of the
      lid 3. Due to the frustrated, conical shape of the protuberances 30, the
      points nearest to the sealing surface 17 which lie on the small
      cross-sectional region of the protuberances 30 define an area similar in
      shape to that of the lid 3, but somewhat larger.
PAR  The protuberances 30, which have the shape of frustrated cones with a cone
      angle of approximately 60.degree., are equipped with a threaded stud 31 by
      means of which they can be screwed into the underside of the sealing die
      11.
PAR  When the ring 12 is lowered, a space is formed between the ring 12 and the
      sealing die 11 and into this space extend guide members 25 and 26 for
      delivering the lid 3 and the container 1. Associated with the guide
      members 25 and 26 are rotating fingers 27 and 28, which extend into the
      above-described space during their rotation. The fingers 27 and 28
      respectively push the lid 3 and the filled container 1 on and along the
      guides 25 and 26 into an orbital path of the sealing mechanism whereby the
      container 1 is placed on a support plate 15 and is carried along by it. As
      soon as the lid 3 has arrived under the sealing die 11, the chamber 23 and
      the vacuum lines 19 are connected with the vacuum source so that the lid 3
      is moved to the step 18. Because the lids 3 are rarely delivered to the
      step 18 and to the sealing surface 17 in the correct spatial position,
      certain regions of the periphery of the lid 3 being moved are brought into
      contact with the oblique surface of one or more of the protuberances 30.
      When the flange 5 of the lid 3 glides along the oblique surfaces of the
      protuberances 30, the lid 3 is guided toward the sealing surface 17 so
      that in its final position, it is precisely positioned on the sealing
      surface 17 of the sealing die 11. This guarantees that, when the container
      1 is raised up toward the sealing die 11, the lid 3 is placed on the
      container 1 in the correct position, and is sealed tightly to it under the
      influence of pressure and heat. After the vacuum is removed, and the ring
      12 is lowered, the sealed container 1, 2, 3 is removed from the sealing
      mechanism.
PAR  It should be noted that instead of the frustrated cone-shaped
      protuberances, which have the surrounding oblique surface, protuberances
      of different shapes could be disposed at the sealing die 11 which would
      have an oblique surface only on that side facing the sealing surface 17.
PAR  It is to be understood that the foregoing description of an illustrative
      embodiment and the associated drawing figures have been set out by way of
      example. Numerous other embodiments and variants are possible within the
      spirit and scope of the invention, the scope being defined by the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for closing and sealing filled containers with lids
      which apparatus includes a sealing die having suction means for producing
      at least a partial vacuum within the sealing die and an underside surface
      against which a lid is temporarily held by the suction and finally joined
      to a container under the influence of heat and pressure, means for
      positioning an individual lid beneath the sealing die adjacent the
      underside surface and into the effective range of the suction thereby
      producing a displacement of the lid toward the underside surface, the
      improvement comprising a plurality of protuberances mounted to the
      underside surface of the sealing die for jointly, stationarily positioning
      a lid on said underside surface prior to sealing and during the
      displacement of the lid toward the underside surface due to the suction,
      each of said protuberances having an oblique surface, and each oblique
      surface having a point lying nearest a sealing surface defining an area of
      said underside surface, which area is substantially equal to that of a
      lid, whereby edges of a lid may contact the oblique surfaces and become
      correctly positioned on a respective container and become fused therewith.
NUM  2.
PAR  2. An arrangement as defined in claim 1, wherein each of said protuberances
      has a substantially conical form.
NUM  3.
PAR  3. An arrangement as defined in claim 2, wherein each of said protuberances
      is formed respectively by a threaded stud screwed into said sealing die.
NUM  4.
PAR  4. An arrangement as defined in claim 1, wherein each of said protuberances
      has a frusto-conical form.
NUM  5.
PAR  5. An arrangement as defined in claim 4, wherein each of said protuberances
      is formed respectively by a threaded stud screwed into said sealing die.
NUM  6.
PAR  6. An arrangement as defined in claim 1, wherein each of said protuberances
      has a substantially conical form.
NUM  7.
PAR  7. An arrangement as defined in claim 6, wherein each of said protuberances
      is formed respectively by a threaded stud screwed into said sealing die.
NUM  8.
PAR  8. An arrangement as defined in claim 1, wherein each of said protuberances
      has a frusto-conical form.
NUM  9.
PAR  9. An arrangement as defined in claim 8, wherein each of said protuberances
      is formed respectively by a threaded stud screwed into said sealing die.
PATN
WKU  039303543
SRC  5
APN  4461096
APT  1
ART  333
APD  19740226
TTL  Harvesting device in particular for an ensilaging machine
ISD  19760106
NCL  22
ECL  1
EXP  Kinsey; Russell R.
NDR  3
NFG  5
INVT
NAM  Borderie; Antoine
CTY  Argenteuil
CNT  FR
ASSG
NAM  Societe Rivierre-Casalis
CTY  Fleury Les Aubrais
CNT  FR
COD  03
PRIR
CNT  FR
APD  19730302
APN  73.7307548
CLAS
OCL   56 94
EDF  2
ICL  A01D 4502
FSC   56
FSS  94;61;98;102;14.1;14.2
UREF
PNO  322459
ISD  18850700
NAM  Lewis et al.
OCL   56 98
UREF
PNO  1239685
ISD  19170900
NAM  Gruben
OCL   56 98
UREF
PNO  2009784
ISD  19350700
NAM  Palmer
OCL   56102
UREF
PNO  3075339
ISD  19630100
NAM  Barkstrom
OCL   56 98
UREF
PNO  3654752
ISD  19720400
NAM  Segredo
OCL   56 98
LREP
FRM  Wenderoth, Lind & Ponack
ABST
PAL  The device comprises at least one gatherer having two dividers and two
      advancing devices in the dividers for advancing severed stalks which have
      been severed by a cutting mechanism. Each advancing device comprises a
      front shaft and a rear shaft, the front shafts being parallel and upwardly
      and forwardly inclined and each carrying a rotary cutter adjacent the
      lower end of the shaft, a chain sprocket wheel and a rotary member fixed
      to the shaft adjacent the upper end of the shaft. An endless chain of each
      advancing device extends around the corresponding sprocket wheel. The
      rotary cutters are contained in the same plane and rotate in opposite
      directions. The rotary members co-operate with each other for seizing
      successive stalks before the stalks are severed and directing the stalks
      in a passageway defined by the dividers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to devices for harvesting plant stems sown in
      rows, in particular for a corn or maize ensilaging machine, in which at
      least one gatherer having two dividers comprises a cutting mechanism and
      two advancing devices provided in the respective dividers for the transfer
      of the cut stalks to a treating apparatus, the advancing devices
      comprising two parallel shafts which are forwardly and upwardly inclined,
      the respective front shafts of the advancing devices carrying at their
      lower end two rotary cutters contained in the same plane and rotating in
      opposite directions. The treating apparatus may be a thresher for shelling
      or a cutting rotor for chopping the harvest for a subsequent ensilage.
PAR  A device of this type, described in U.S. Pat. No. 1,600,836, has the
      drawback that the cutters have a horizontal disposition and consequently
      require a drive through universal joints. Moreover, it imperfectly holds
      the severed stalks in the course of their transfer so that certain stalks
      are not taken up in the machine and are abandoned on the ground.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a harvester which overcomes the
      drawbacks of the known device.
PAR  The invention provides a harvesting device, wherein the front shaft of each
      advancing device carries a sprocket wheel around which extends an endless
      chain of the advancing device and there are fixed on the upper end of the
      respective front shafts two rotary members each of which is coaxial with
      the corresponding sprocket wheel and rotary cutter, the rotary members
      co-operating with each other for seizing the successive stalks before the
      severing thereof so as to conduct them into the feedway defined between
      the two dividers.
PAR  Owing to the coaxial disposition of the moving cutters relative to the
      shafts, the latter directly drive the cutters. As concerns the holding of
      the stalks, this is achieved by the complementary arrangement in which
      there are fixed in the upper part of the respective front shafts two
      rotary members which cooperate with each other and constitute a turnstile
      which seizes the stalk before the severing thereof so as to advance it
      into the feedway between the two dividers.
PAR  In order to prevent any rearward movement of the stalk at the output end of
      the turnstile, each one of the rotary members of the latter is combined
      with a movable or deformable stop element, preferably constructed in the
      form of an arm pivoted to a spring, to retain the upper part of the stalk.
PAR  The front shaft on which there are fixed one of the cutters and one of the
      rotary members of the turnstile, is advantageously driven by the
      corresponding sprocket wheel which is itself secured to the shaft, the
      rear sprocket wheel of the chain being integral with the shaft driven by
      the driving system of the harvester which also drives the treating
      apparatus such as a thresher or chopper.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further features and advantages of the invention will be apparent from the
      ensuing description with reference to the accompanying drawings.
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of a corn or maize ensilaging machine equipped
      with a harvesting device according to the invention;
PAR  FIG. 2 is a schematic longitudinal sectional view of the harvesting device
      in the region of the passageway defined between the two dividers of the
      gatherer showing the manner in which the device acts on the stalks to be
      severed and driven along;
PAR  FIG. 3 is a corresponding diagrammatic plan view, and
PAR  FIGS. 4 and 5 are diagrammatic views of two successive positions of the
      turnstile and of the stalks which pass therethrough.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The ensilaging machine shown in FIG. 1, which travels in the direction of
      arrow f of FIG. 2, comprises a supporting chassis 50 to the rear of which
      there is fixed the discharging spout 51, the chassis bearing on the ground
      through wheels (not shown) mounted at the ends of the main tubular cross
      member 52 above which there are disposed the mechanical actuating elements
      53 driven by the power take-off of the tractor and driving the cutting
      rotor 20 of the chopper, the advancing rollers 19 and the shaft 22 which
      drives the moving elements of the harvesting device 54 fixed in the front
      of the chassis 50 (FIGS. 1 and 2).
PAR  The harvesting device 54 which encounters the stalks 1, 2, 3, 4 to be
      harvested constitutes a gatherer whose frame comprises mainly two dividers
      56, 57 which are capable of bearing on the ground through shoes 58 and
      which are interconnected by an inclined sheet 23 forming the bottom of the
      feedway or passageway 6 defined between the dividers 56,57. On the lower
      part of the sheet 23, there is fixed a blade 18 constituting a
      counter-cutter whose cutting edge 18a cooperates with two rotary cutters
      16, 17 respectively fixed on one and the other of two shafts 5 (shown
      schematically in FIG. 2) which are perpendicular to the bottom sheet 23
      and journalled in bearings carried in the front portions of the dividers
      56, 57. Each of the shafts 5 is driven by a sprocket wheel 14 or 15 which
      is keyed on the shaft and around which extends a chain 12 or 13 (shown
      schematically in FIG. 2) which is driven by a sprocket wheel 24 or 25
      fixed on a shaft 26 or 27 (shown schematically in FIG. 2) which is
      parallel to the shaft 5 and whose lower end carries a bevel gear 28 meshed
      with a corresponding bevel gear 29 keyed on the drive shaft 22.
PAR  The rotary cutters 16, 17, which are synchronized with each other, are
      rotated in opposite directions and operate in co-operation with the fixed
      blade 18. The illustrated cutters each comprise three blades or branches
      16a, 17a, with cutting edges 16b, 17b, which are each located during the
      course of rotation in one of three recesses of the other cutter. The
      cutters may have a different number of branches to ensure the required
      efficiency in accordance with the speed of travel of the machine and of
      the density of the harvest. The shape and inclination of the cutters and
      fixed blade 18 promote the picking up of the stalks which may, as the case
      may be, slope to one side or in front of the machine, and thus permits the
      introduction of the stalks into the passageway 6 defined on the axis of
      symmetry of the gatherer.
PAR  The two gathering chains 12 and 13 which drive the shafts 5 carrying the
      cutters 16, 17 and which are engaged with the sprocket wheels 14 and 15
      are conventional roller chains provided with lateral projections or nose
      members 12a, 13a arranged along each chain at an even spacing, so that the
      nose member of one chain is disposed between two consecutive nose members
      of the other chain, and define therebetween a space which is sufficient to
      allow passage therethrough of at least one stalk of the harvested plants.
PAR  Secured to the upper part of each shaft 5 is a rotary member 7 or 8 having
      two projections or branches 7a, 8a, these two rotary members together
      constituting a turnstile 30 and each having two operative edges 7b, 8b of
      convex shape arranged to act on the stalks before they are severed by the
      cutters. The operative edges of one of the rotary members are angularly
      offset with respect to the operative edges of the other rotary member so
      that the stalks are acted upon alternately by one and then the other of
      the rotary members 7, 8.
PAR  The rotary members 7, 8 of the turntile 30 rotate at the same speed of
      rotation as the shaft 5 but have a number of branches which is less than
      the number of branches of the cutters 16, 17 (two instead of three in the
      illustrated embodiment) so that the lower frequency of passage of the
      branches of the turnstile impart a speed of displacement of the upper part
      of the stalks which is lower than the speed of displacement of the lower
      part of the stalks driven by the chains 12, 13. Associated with these
      rotary members are two pivotable stop members 10, 11 which are mounted on
      the frame of the apparatus and are each biased by a spring 31 and ensure
      that, before or after their severing, the stalks do not fall forwardly of
      the machine and which support the stalks during the time that their lower
      part is being moved by the chains 12, 13 and their nose members 12a, 13a,
      toward the stalk advancing or feeding rollers 19.
PAR  Owing to the angular disposition with respect to the vertical of the shafts
      5, there occurs in succession:
PA1  introduction and holding in the passageway 6 of the gatherer of the upper
      part of the stalks by, on one hand, the turnstile 30 located on the upper
      parts of the shafts 5 rotating in the direction of the arrows 9 and, on
      the other hand, the pivotable spring-biased stop members 10 and 11 which
      retain the stalks which have passed through the turnstile;
PA1  beginning of the driving of the upper part of the stalks by the chains 12,
      13;
PA1  severing of the lower part of the stalks by the rotary cutters 16 and 17
      which operate against the fixed blade 18;
PA1  transfer of the severed stalks to the working means such as, in the
      drawings, the advancing rollers 19, the cutting rotor 20 and its fixed
      cutter 21.
PAR  Whereas in the illustrated embodiment the sprocket wheels 14, 15, around
      which extend the respective chains, are keyed on the shafts 5, it is
      possible to provide a freely rotatable mounting of the sprocket wheels 14,
      15 and to drive the shafts 5 by means independent of the chains.
CLMS
STM  Having now described my invention what I claim as new and desire to secure
      by Letters Patent is:
NUM  1.
PAR  1. In a harvesting device, particularly for use with a corn ensilaging
      machine, said device including a treating apparatus; at least one gatherer
      device formed by a pair of spaced dividers providing therebetween a
      passageway; a cutting mechanism for severing planted stalks in said
      passageway; and a pair of advancing devices, one in each of said dividers,
      for transferring severed stalks to said treating apparatus; the
      improvement wherein:
PA1  each said advancing device comprising a first rear shaft and a second front
      shaft, said front shaft being forwardly and upwardly inclined relative to
      the direction of movement of said harvesting device, the front shafts of
      said pair of advancing devices being parallel, a sprocket wheel mounted on
      each said front and rear shaft, and an endless chain extending around the
      sprocket wheels on said front and rear shafts;
PA1  said cutting mechanism comprising a pair of rotary cutters, one each fixed
      to the lower end of one of said front shafts, said pair of rotary cutters
      being contained in the same plane and being rotatable in opposite
      directions;
PA1  said improvement further comprising:
PA2  a pair of rotary members, one each fixed to the upper end of one of said
      front shafts, said pair of rotary members cooperating to form means for
      seizing stalks before said stalks are severed by said rotary cutters and
      directing said stalks into said passageway; and
PA2  a pair of stop elements, one each positioned adjacent one of said rotary
      members, said pair of stop elements cooperating to form means for
      retaining the upper part of each stalk after the passage thereof through
      said rotary members and preventing the stalk from falling forwardly of
      said harvesting device.
NUM  2.
PAR  2. The improvement claimed in claim 1, wherein each said stop element is
      movable relative to the harvesting device.
NUM  3.
PAR  3. The improvement claimed in claim 1, wherein each said stop element is
      deformable.
NUM  4.
PAR  4. The improvement claimed in claim 1, wherein each said stop element is a
      spring-biased pivotable arm.
NUM  5.
PAR  5. The improvement claimed in claim 1, wherein said cutting mechanism
      further comprises a common fixed blade positioned across said passageway
      and co-operable with said rotary cutters.
NUM  6.
PAR  6. The improvement claimed in claim 1, wherein said rotary members comprise
      means for moving the upper end of the stalks at a speed of displacement
      which is lower than that undergone by the lower end of the stalks under
      the action of said endless chains.
NUM  7.
PAR  7. The improvement claimed in claim 1, wherein each said rotary member
      comprises at least one operative edge means, which is angularly offset
      with respect to a corresponding operative edge of the other said rotary
      member, for seizing and conveying the upper ends of stalks.
NUM  8.
PAR  8. The improvement claimed in claim 1, wherein each said rotary member has
      a plurality of projections each of which defines an operative edge means
      for seizing and conveying the upper ends of stalks.
NUM  9.
PAR  9. The improvement claimed in claim 5, wherein each said rotary cutter
      comprises at least one cutting edge which is angularly offset with respect
      to a corresponding cutting edge of the other said rotary cutter, whereby
      said fixed blade is engaged alternately first by one rotary cutter and
      then by the other rotary cutter.
NUM  10.
PAR  10. The improvement claimed in claim 1, wherein each said rotary cutter has
      a plurality of equally spaced blades, each of which are disposed relative
      to the blades of the other said rotary cutter in the manner of the teeth
      of a gear wheel.
NUM  11.
PAR  11. The improvement claimed in claim 8, wherein each said rotary cutter has
      a plurality of blades each having a cutting edge, the number of
      projections of each said rotary member being less than the number of
      blades of the corresponding said rotary cutter.
NUM  12.
PAR  12. The improvement claimed in claim 1, wherein the chain sprocket wheel
      mounted on each front shaft is fixedly keyed thereto.
NUM  13.
PAR  13. The improvement claimed in claim 1, wherein said two endless chains are
      contained in the same plane.
NUM  14.
PAR  14. The improvement claimed in claim 1, wherein each said endless chain has
      thereon evenly spaced apart lateral projections, the lateral projections
      of one of said endless chains being in alternating relation to the lateral
      projections of the other said endless chain.
NUM  15.
PAR  15. In a harvesting device, particularly for use with a corn ensilaging
      machine, said device including a treating apparatus; at least one gatherer
      device formed by a pair of spaced dividers providing therebetween a
      passageway; a cutting mechanism for severing planted stalks in said
      passageway; and a pair of advancing devices, one in each of said dividers,
      for transferring severed stalks to said treating apparatus; the
      improvement wherein:
PA1  each said advancing device comprising a first rear shaft and a second front
      shaft, said front shaft being forwardly and upwardly inclined relative to
      the direction of movement of said harvesting device, the front shafts of
      said pair of advancing devices being parallel, a sprocket wheel mounted on
      each said front and rear shaft, and an endless chain extending around the
      sprocket wheels on said front and rear shafts;
PA1  said cutting mechanism comprising a pair of rotary cutters, one each fixed
      to the lower end of one of said front shafts, said pair of rotary cutters
      being contained in the same plane and being rotatable in opposite
      directions, each said rotary cutter having a plurality of blades each
      having a cutting edge;
PA1  said improvement further comprising:
PA2  a pair of rotary members, one each fixed to the upper end of one of said
      front shafts, said pair of rotary members cooperating to form means for
      seizing stalks before said stalks are severed by said rotary cutters and
      directing said stalks into said passageway, each said rotary member having
      a plurality of projections each of which defines an operative edge means
      for seizing and conveying the upper ends of stalks, the number of
      projections of each said rotary member being less than the number of
      blades of the corresponding said rotary cutter.
NUM  16.
PAR  16. The improvement claimed in claim 15, wherein said cutting mechanism
      further comprises a common fixed blade positioned across said passageway
      and co-operable with said rotary cutters.
NUM  17.
PAR  17. The improvement claimed in claim 15, wherein said projections of each
      said rotary member are offset with respect to the corresponding
      projections of the other said rotary member.
NUM  18.
PAR  18. The improvement claimed in claim 16, wherein said cutting edges of each
      said rotary cutter are angularly offset with respect to the corresponding
      cutting edges of the other said rotary cutter.
NUM  19.
PAR  19. The improvement claimed in claim 15, wherein each said rotary cutter
      has a plurality of blades each having a cutting edge, the number of
      projections of each said rotary member being less than the number of
      blades of the corresponding said rotary cutter.
NUM  20.
PAR  20. The improvement claimed in claim 15, wherein the chain sprocket wheel
      mounted on each front shaft is fixedly keyed thereto.
NUM  21.
PAR  21. The improvement claimed in claim 15, wherein said two endless chains
      are contained in the same plane.
NUM  22.
PAR  22. The improvement claimed in claim 15, wherein each said endless chain
      has thereon evenly spaced apart lateral projections, the lateral
      projections of one of said endless chains being in alternating relation to
      the lateral projections of the other said endless chain.
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ABST
PAL  An apparatus for picking up melons lying on the ground, comprising: a
      frame; wheels supporting the frame; an upwardly and rearwardly sloping
      concave ramp carried by the frame and up which the melons are adapted to
      be rolled, the front end of the ramp being substantially at ground level;
      a melon pickup mechanism for rolling the melons up the ramp, comprising
      laterally spaced, coaxial tires mounted on the frame above the ramp for
      rotation about a transverse horizontal axis, the tires being above ground
      level and being engageable with melons on the ground ahead of the ramp to
      start the melons rolling rearwardly before they engage the front end of
      the ramp; a drive on the frame for driving the tires in a direction to
      cause them to roll the melons toward the front end of and up the ramp; and
      a transverse melon receiving conveyor at the rear end of the ramp.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates in general to a melon harvester and, more
      particularly, to a harvester for generally spherical melons, such as
      cantaloupes, honeydew melons, casabas, and the like, although the
      invention may be utilized for harvesting other, similar products.
PAR  Melons are customarily grown on relatively wide, flat hills or ridges
      having irrigation ditches therebetween. At harvest time, workers go
      through the field picking the melons which are ready for harvest and
      rolling them into the ditches between the hills. The present invention
      relates to an apparatus for picking up such harvested melons and for
      delivering them to a truck, or other means of transport.
PAR  Still more particularly, the present invention relates to an apparatus for
      picking up melons lying on the ground, comprising: a frame; wheeled means
      for supporting the frame; upwardly and rearwardly sloping means carried by
      the frame for conveying the melons upwardly and rearwardly to a melon
      receiving means, such as a transverse conveyor leading to a truck, or
      other melon transporting means; and means for delivering the melons to the
      melon conveying means, comprising laterally spaced coaxial tires mounted
      on the frame and engageable with the melons on the ground and adapted to
      roll them rearwardly.
PAC  SUMMARY AND OBJECTS OF INVENTION
PAR  A general object of the invention is to provide a melon pickup apparatus of
      the foregoing nature which is an improvement on prior apparatuses.
PAR  More particularly, the invention may be summarized as including, and a
      primary object of the invention is to provide a melon harvester which
      includes: an upwardly and rearwardly sloping ramp carried by the frame of
      the apparatus and up which melons are adapted to be rolled, the front end
      of the ramp being substantially at ground level; means for rolling the
      melons up the ramp and delivering them to the melon receiving means at the
      rear of the ramp, comprising laterally spaced, coaxial tires mounted on
      the frame above the ramp for rotation about the transverse horizontal
      axis, the tires being above ground level and being engageable with the
      melons on the ground; and drive means on the frame for driving the tires
      in a direction to cause them to roll the melons toward the front end of
      and up the ramp.
PAR  With the foregoing construction, the tires are clear of the ground at all
      times, and frictional engagement of the tires with the ground is not
      relied on to drive the tires. Consequently, the tires rotate at all times
      and cannot encounter any obstructions which might cause skidding of the
      tires. Further, having the tires spaced above ground level minimizes any
      tendency of the melon vines to become entangled in the apparatus.
PAR  Another important object of the invention is to provide a ramp which is
      curved substantially about the axis of rotation of the tires in the
      fore-and-aft direction so that the tires act to roll the melons up the
      ramp and discharge them at the rear end thereof, no separate conveyor
      being necessary.
PAR  Still another important object is to provide a construction wherein the
      tires project forwardly of the front end of the ramp sufficiently so as to
      engage the melons on the ground, and start them rolling rearwardly, before
      such melons engage the front end of the ramp, whereby the tires roll the
      melons rearwardly onto the ramp. In other words, the melons are not
      scooped up by the ramp, thereby minimizing any possibility of damage to
      the melons. A related object is to provide a construction wherein the
      front end of the ramp is substantially directly below the axis of rotation
      of the tires.
PAR  Yet another object is to provide laterally spaced, forwardly and outwardly
      extending guides projecting forwardly from the ramp for guiding melons
      rearwardly to the front end of the ramp.
PAR  The foregoing objects, advantages, features and results of the present
      invention, together with various other objects, advantages, features and
      results thereof which will be evident to those skilled in the melon
      harvesting art, or the like, in the light of this disclosure, may be
      achieved with the exemplary embodiment of the invention illustrated in the
      accompanying drawing and described in detail hereinafter.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  FIG. 1 is a plan view on a reduced scale showing two tractor supported and
      propelled melon harvesting units of the invention in conjunction with a
      transverse conveyor for transporting the melons to a bin on a truck, or
      similar vehicle;
PAR  FIG. 2 is a side elevational view of a melon harvesting unit or apparatus
      of the invention on an enlarged scale;
PAR  FIG. 3 is a front elevational view of the melon harvesting apparatus and is
      taken as indicated by the arrowed line 3--3 of FIG. 2; and
PAR  FIG. 4 is a fragmentary sectional view taken as indicated by the arrowed
      line 4--4 of FIG. 2 of the drawing.
DETD
PAC  DESCRIPTION OF EXEMPLARY EMBODIMENT OF INVENTION
PAR  Referring initially to FIG. 1 of the drawing, illustrated therein are
      ridges or hills 10 on which melons are grown, such ridges being separated
      by relatively wide irrigation ditches or furrows 12. As previously
      mentioned, it is conventional for workers to go through a field and pick
      melons which are ready for harvest from vines growing on the ridges 10,
      the picked melons being rolled into the furrows 12.
PAR  The invention comprises a harvester, designated generally by the numeral
      14, for picking up the melons in the furrows 12, such melons being
      indicated by the numeral 16.
PAR  In the particular construction illustrated, the harvester 14 comprises a
      supporting frame 18 shown as mounted on a tractor 20. However, it will be
      understood that the harvester may be mounted on any suitable wheeled
      supporting means, other than the tractor 20.
PAR  The frame 18 is shown as carrying two units 22 for picking up melons lying
      in the respective rows 12. It will be understood, of course, that the
      harvester 14 may comprise any desired number of the units 22. The two
      units 22 are identical and only one of them will be considered
      hereinafter.
PAR  Referring to FIGS. 2 to 4 of the drawing, the melon pickup unit or
      apparatus 22 shown therein comprises a subframe 24 mounted on the frame
      18, the latter being shown simply as a transverse noncircular bar. The
      subframe 24 is secured to the frame 18 by clamps 26 so that the lateral
      position of the pickup unit 22 can be adjusted to accommodate a particular
      spacing of the furrows 12. Carried by the subframe 24 at the lower end
      thereof is an upwardly and rearwardly sloping ramp 28 up which the melons
      16 are adapted to be rolled from the front end 30 of the ramp to the rear
      end 32 thereof, the melons being discharged from the rear end of the ramp
      onto a melon receiving means which is shown simply as a transverse
      conveyor 34 leading to a bin 36 on a truck, or the like, not shown,
      traveling alongside the tractor 20. Preferably, the terminal portion of
      the transverse conveyor 34 slopes upwardly to the top of the bin 36 and,
      to keep the melons 16 from rolling back down such upwardly sloping
      portion, the conveyor is provided with cleats one of which is designated
      by the numeral 38 in FIG. 2 of the drawing.
PAR  The ramp 28 is preferably of open construction, as will be clear from FIGS.
      2, 3 and 4, to minimize the possibility of picking up clods of dirt, or
      other foreign matter. The front end 30 of the ramp 28 rides substantially
      on the ground at the bottom of the corresponding furrow 12. The ramp 28 is
      provided with laterally spaced, forwardly and outwardly extending guides
      40 projecting forwardly from the front end 30 of the ramp for centering
      the melons 16 in the corresponding furrow 12 relative to the front end of
      the ramp.
PAR  Also mounted on the subframe 24 is a means 42 for rolling the melons 16
      rearwardly along the ground and onto the ramp 28, such pickup means
      thereafter rolling the melons upwardly and rearwardly along the ramp and
      discharging same onto the melon receiving means represented by the
      transverse conveyor 34.
PAR  The means 42 comprises laterally spaced, coaxial tires 44 mounted on the
      subframe 24 above the ramp 28 for rotation about a transverse horizontal
      axis, the tires being above the level of the bottom of the corresponding
      furrow 12 as will be clear from FIG. 2 of the drawing. The tires 44 are
      spaced apart a distance considerably less than the average diameter of the
      melons 26 to be picked up. If desired, means, not shown, may be provided
      for varying the lateral spacing of the tires 44 to accommodate melons of
      different sizes. Similarly, the vertical position of the tires 44 relative
      to the ramp 28 may be adjusted by an adjustment means 46 to accommodate
      melons of different sizes.
PAR  The tires 44 are carried by wheels 48 mounted on a transverse horizontal
      shaft 50 carried by bearings 52 on the subframe 24.
PAR  It will be noted that the ramp 28 is upwardly and forwardly concave, and
      that its center of curvature substantially coincides with the axis of
      rotation of the tires 44. Thus, not only do the tires roll the melons 16
      rearwardly onto the ramp 28, but they roll the melons upwardly and
      rearwardly along the ramp until they are discharged from the rear end 32
      thereof. Thus, it is not necessary to provide the ramp 28 with any
      auxiliary conveying means, the tires 44 themselves acting as the conveying
      means. With this construction, the structure of the ramp 28 is extremely
      simple, which is an important feature. It will also be noted that the
      tires 44 engage each melon 16, and start it rolling rearwardly, before the
      melon engages the front end 30 of the ramp 28. Thus, the melons 16 are
      rolled upwardly over the front end 30 of the ramp 28, and are not scooped
      up by the ramp, thereby minimizing the possibility of damage. To insure
      engagement of each melon 16 by the tires 44 before such melon encounters
      the front end 30 of the ramp 28, the tires project forwardly of the front
      end of the ramp a considerable distance. Preferably, the front end 30 of
      the ramp 28 is located approximately directly below the axis of rotation
      of the tires 44 to achieve this result.
PAR  The pickup unit 22 includes a drive means 54 on the subframe 24 for driving
      the tires 44 in a direction to cause them to roll the melons 16 toward the
      front end 30 of and up the ramp 28, there being no reliance on frictional
      engagement with the ground to achieve tire rotation. The drive means 54
      may comprise the hydraulic motor 56 supplied by a pump, not shown, on the
      tractor 20. The hydraulic motor 56 drives a transverse horizontal shaft 58
      which, in turn, drives the tire shaft 50 through a belt-and-pulley
      connection 60. This positive drive for the tires 44 insures that they will
      perform their desired function at all times, as opposed to prior art
      constructions wherein the pickup tires are in contact with the ground and
      rely on frictional engagement with the ground to drive them. Also, with
      the present construction, there is less likelihood of entanglement with
      the melon vines.
PAR  Although an exemplary embodiment of the invention has been disclosed for
      illustrative purposes, it will be understood that various changes,
      modifications and substitutions may be incorporated in such embodiment
      without departing from the invention as hereinafter claimed.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In an apparatus for picking up melons lying on the ground, the
      combination of:
PA1  a. a frame;
PA1  b. wheeled means for supporting said frame;
PA1  c. an upwardly and rearwardly sloping ramp carried by said frame and up
      which melons are adapted to be rolled, the front end of said ramp being
      substantially at ground level;
PA1  d. means for rolling the melons up said ramp, comprising laterally spaced,
      coaxial tires mounted on said frame above said ramp for rotation about a
      transverse horizontal axis, the lowermost portions of said tires being
      spaced above said ramp and being above ground level and being engageable
      with the melons on the ground;
PA1  e. drive means on said frame for driving said tires in a direction to cause
      them to roll the melons toward the front end of and up said ramp; and
PA1  f. melon receiving means at the rear end of said ramp.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said ramp is curved
      substantially about the axis of rotation of said tires in the fore-and-aft
      direction.
NUM  3.
PAR  3. An apparatus according to claim 2 including laterally spaced, forwardly
      and outwardly extending guides projecting forwardly from said ramp for
      guiding the melons to the front end of said ramp.
NUM  4.
PAR  4. An apparatus as defined in claim 2 wherein said tires project forwardly
      of the front end of said ramp so as to engage the melons on the ground,
      and start them rolling rearwardly, before such melons engage the front end
      of said ramp.
NUM  5.
PAR  5. An apparatus as set forth in claim 4 wherein the front end of said ramp
      is approximately directly below the axis of rotation of said tires.
NUM  6.
PAR  6. An apparatus as set forth in claim 2 wherein said melon receiving means
      comprises a transverse conveyor onto which the melons are rolled from the
      rear end of said ramp by said tires.
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ABST
PAL  A method and apparatus for influencing the ambient or surrounding
      conditions during open-end spinning, wherein the fibers are delivered to a
      spinning rotor or turbine by means of a conveying air stream and then spun
      into a yarn in such spinning rotor. The invention contemplates cooling the
      spinning rotor by providing a simultaneously flowing stream of cooling air
      which is separate from the conveying air stream. The apparatus aspects of
      this development contemplate disposing the side of the spinning rotor not
      impinged by the fiber material-conveying air stream in a compartment
      having inflow- and outflow openings for the cooling air stream. The
      outflow opening is operatively connected in flow communication with an air
      conveying device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved method for influencing
      the ambient or surrounding conditions during open-end spinning as well as
      to a new and improved apparatus for the performance of the aforesaid
      method.
PAR  Practical experience gained since the introduction of open-end spinning has
      shown that after commencing the spinning operation during a certain time
      period the number of yarn ruptures increases in an inexplainable manner.
      The determination that the number of yarn ruptures was relatively small at
      the start of the spinning operation led to the assumption that the cause
      of the increase in yarn rupture probably was attributable to the
      increasing contamination or soiling of the working surfaces of the
      spinning rotor or turbine. However, this assumption has not proven itself
      to be correct, although relatively frequent periodic cleaning of such
      working surfaces did bring with it a limited improvement. On the other
      hand, this pnenomenon cannot be prevented even by changing within
      permissible limits the climatic conditions of the spinning room with
      regard to temperature and humidity, quite apart from the fact that the
      number of yarn ruptures increases notwithstanding constant climatic
      conditions of the room, in other words, apparently the number of yarn
      ruptures increases independently of the climatic conditions.
PAC  SUMMARY OF THE INVENTION
PAR  Now the present invention is predicated upon the recognition that the
      ambient climatic conditions at the spinning location need not be identical
      with the climatic conditions of the room and that such ambient conditions,
      if the aforementioned drawbacks are to be avoided, should be influenced or
      maintained under control independently of the room climatic conditions or
      in addition to such.
PAR  Hence, it is a primary objective of the present invention to avoid the
      previously discussed disadvantages arising during open-end spinning when
      working with state-of-the-art equipment and procedures.
PAR  Another and more specific object of the present invention relates to a
      novel method of, and apparatus for, open-end spinning affording a
      significant reduction in yarn rupture during yarn spinning.
PAR  Still a further significant object of the present invention relates to a
      novel method of, and apparatus for, carrying out open-end spinning
      techniques wherein the ambient conditions at the spinning location are
      controlled or influenced in such a manner as to favorably counteract yarn
      rupture.
PAR  A further significant object of the present invention relates to a novel
      apparatus for use in open-end spinning techniques wherein mechanism is
      provided for controllably influencing the ambient conditions at the
      spinning location to mitigate against yarn rupture during the yarn
      spinning operations.
PAR  Now, in order to implement these and still further objects of the
      invention, which will become more readily apparent as the description
      proceeds, the inventive method for influencing the ambient conditions
      during open-end spinning wherein the textile or spinning fibers are
      transported by means of a conveying air stream to a spinning rotor or
      turbine and are spun into a yarn in such rotor, is manifested by the
      features that the spinning rotor is cooled and such cooling is undertaken
      by a cooling air stream flowing simultaneously with the fiber
      material-conveying air stream but separated from such conveying air
      stream.
PAR  By virtue of the inventive method, there is taken into account that, owing
      to the high rotational speeds of the spinning rotor required during
      open-end spinning, considerable frictional heat is developed. This
      frictional heat which is only partially withdrawn by the air in the room,
      causes a temperature increase of the machine components at the spinning
      location. This temperature increase results in the fibers, which come into
      contact with such heated machine components or which are thus guided
      through a heated work zone, being subjected to an undesired loss in
      moisture, adversely affecting the quality of the spun yarn.
PAR  Due to guiding of the cooling air stream separately from the fiber
      conveying air stream at the working region or zone, it is possible to
      prevent a change or impairment of the natural flow structure of the fibers
      to the spinning zone. It would of course also be possible, in addition to
      cooling of the spinning rotor, to act directly upon the climatic
      conditions of the air transporting the fibers to the rotor, i.e. without
      detour by means of the climatic conditions of the room, in order to obtain
      optimum climatic conditions at the spinning zone.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof.  Such description makes reference
      to the annexed drawing wherein the single FIGURE schematically illustrates
      an exemplary embodiment of inventive apparatus suitable for carrying out
      the inventive method.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawing, it is to be understood that the single FIGURE
      schematically depicts a preferred constructional form of inventive
      apparatus for influencing the ambient or surrounding conditions during
      open-end spinning, and wherein specifically there is provided a housing 2
      containing a spinning rotor or turbine, generally designated in its
      entirety by reference character 4. This spinning rotor or turbine 4
      comprises a driven rotating rotor component 6 and a stationary yarn
      removal or withdrawal component 8. The rotating rotor component 6 is
      supported at its shaft 10 in a bearing arrangement 12. A fiber delivery or
      infeed conduit 14 piercingly extends through the housing 2, delivery
      conduit 14 supplying the textile or spinning fibers, furnished by a
      suitable separating mechanism 16, to the rotating rotor component 6 of the
      spinning rotor 4. A schematically depicted fiber arrangement or structure
      18 is shown delivered to the separating mechanism 16 and the latter, as is
      well known, embodies a delivery or feed cylinder 20 and a combing cylinder
      22.
PAR  The yarn 24 formed in the spinning rotor 4 is withdrawn from the stationary
      yarn withdrawal or removal component 8 by means of yarn withdrawal
      cylinders or rolls 26. This yarn 24 is then wound onto a spool 28 or the
      like.
PAR  Considering again the housing 2, it will be recognized that such contains a
      separation or partition wall 30 which encloses the rotating rotor
      component 6 at the region of its greatest circumference or periphery and
      forms together therewith two compartments or chambers 32 and 34 separated
      from one another. Compartment 34 is connected at its inflow or infeed
      opening, schematically indicated at reference character 55, with an infeed
      line or conduit 36 controlled by throttle 38, the end of this conduit 36,
      if desired, can be open with regard to the spinning room at a location
      spaced from the spinning machine. A conduit or line 40 is connected with
      the outflow or outfeed opening 56 of compartment 34, leads out of this
      compartment 34 and communicates with a conventional central
      air-conditioning unit 42 serving for conditioning the room air of the
      spinning room. The air-conditioning unit 42 embodies any suitable air
      conveying mechanism, such as a standard blower or ventilator,
      schematically indicated by reference character 57, the suction side of
      which is in flow communication with the suction line or conduit 40. On the
      other hand, the compartment or chamber 32 is connected via a conduit 44
      with suction line or outflow conduit 40. Conduit 44 contains a suitable
      throttle 46. A further throttle 48 is provided at the section of the
      conduit 40 located between the mouth of the conduit 44 and the central
      air-conditioning unit 42.
PAR  During operation air is sucked out of the compartment 34 by means of the
      central air-conditioning unit 42 and its air conveying mechanism 57 via
      the outflow conduit 40, whereas room air can flow via the inflow conduit
      36 into the compartment 34. In so doing, a suction air stream which
      traverses the compartment 34 is formed therein, this suction air stream on
      the one hand flowing around the turbine 6 and the shaft 10 and, on the
      other hand, around the bearing arrangement 12, thereby in particular
      removing any heat resulting because of bearing friction. By adjustment of
      the throttle 38 as well as, if desired, by the throttle 48 the cooling air
      stream is regulated such that all of the heat which arises can be
      withdrawn and there is prevented an increase in the temperature at or in
      the spinning rotor 4. On the other hand, the conduit 44 ensures for the
      removal of that air from the compartment 32 which assists the fiber
      transport in the delivery conduit 14 during operation of the spinning
      rotor 4 and after arriving at said rotor escapes in the direction of the
      arrows 50 out of such rotor via the outlet openings 50a.
PAR  The throttle 46 in conjunction with the throttles 48 and 36 enable
      influencing the flow conditions in the conduit 44 in such a manner that
      there can be prevented disturbance of the flow conditions in the rotor
      itself. Although the air flowing through the fiber delivery or infeed
      conduit 14 of course can be employed for cooling the rotor it must be
      taken into consideration that this air, upon wipingly moving past the
      bearing locations of the delivery cylinder 20 and the combing cylinder 22
      can possess a temperature greater than the room temperature. Therefore, it
      can be advantageous to deliver to the fiber separating mechanism 16, by
      means of the phantom line illustrated blower air conduit 52, suitably
      climatized or artificially conditioned air from the central
      air-conditioning unit 42. The temperature and/or humidity thereof can be,
      if desired, lower or greater, respectively, than the temperature and
      humidity or moisture content of the room air.
PAR  Now in order to prevent that contaminants or foreign particles are
      entrained by the delivery conduit 14 into the spinning rotor 4, and which
      contaminants are released at the separation mechanism 16, it is possible
      to connect the separation mechanism 16 via a conduit 54 with the suction
      conduit 40 so that these contaminants are sucked-up into the central air
      conditioning unit 42 and at that location separated-out by means of any
      suitable filtering device, not particularly illustrated, and which
      simultaneously also engages the fibers and contaminants which depart from
      the spinning rotor 4 by means of the air stream 50.
PAR  Of course it is also possible to deliver to the compartment 34 a supply of
      air which does not come directly from the spinning room, for instance by
      connecting the conduit 36 with the central air-conditioning unit 42. In
      this way it is possible to deliver to the compartment 34 air which is at a
      lower temperature than that of the room air.
PAR  It can be advantageous to control the apparatus by automatic means in such
      a manner that the temperature and moisture content in the spinning rotor
      is maintained at a predetermined constant level or value.
PAR  Although the illustrated exemplary embodiment has been described in
      conjunction with a central air-conditioning unit 42 serving to climatize
      the entire spinning room and at which all spinning machines are connected
      via the conduit 40, instead of this arrangement it would be possible to
      provide for each spinning machine an air conveying- or conditioning unit.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied and practiced
      within the scope of the following claims. Accordingly,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for influencing the ambient conditions prevailing at the
      spinning location during open-end spinning, comprising the steps of
      delivering fibers by means of a conveying air stream to a spinning rotor,
      spinning the fibers into a yarn at such rotor, cooling the rotor by
      simultaneously delivering to the spinning rotor a flowing cooling air
      stream which is separate from the conveying air stream for the fibers, and
      providing separate and independent flow paths at least at the region of
      the rotor for the conveying air stream and cooling air stream
      respectively, in order to control the climatic conditions at which
      spinning of the fibers occurs, to thereby minimize rupture of the spun
      yarn.
NUM  2.
PAR  2. The method as defined in claim 1, further including the step of using
      artificially conditioned air to form the conveying air stream for the
      fibers.
NUM  3.
PAR  3. The method as defined in claim 1, including the step of removing heat
      produced by friction from the spinning rotor by the cooling thereof.
NUM  4.
PAR  4. An apparatus for influencing the ambient conditions of open-end spinning
      equipment, comprising a spinning rotor for spinning fibers delivered
      thereto by means of a conveying air stream, means for delivering fibers by
      means of a conveying air stream to one side of the spinning rotor, means
      providing at least one outlet opening at the spinning rotor for the
      conveying air stream, means providing a compartment for the side of said
      spinning rotor which is not impinged by the conveying air stream for the
      fibers, said compartment being provided with at least one inflow opening
      and at least one outflow opening for cooling air for cooling of said
      spinning rotor, an air conveying mechanism, said inflow opening for the
      cooling air being different than said outlet opening for the conveying air
      stream, and means for connecting said outflow opening with said air
      conveying mechanism.
NUM  5.
PAR  5. The apparatus as defined in claim 4, wherein said air conveying
      mechanism constitutes a component of an air-conditioning unit, said
      air-conditioning unit having a suction side, and said connecting means
      comprising a conduit for connecting said suction side of said
      air-conditioning unit with said compartment.
NUM  6.
PAR  6. The apparatus as defined in claim 5, further including bearing means for
      said spinning rotor, said compartment housing said bearing means of said
      spinning rotor.
NUM  7.
PAR  7. The apparatus as defined in claim 5, further including a separation
      mechanism provided for said spinning rotor, and means operatively
      connecting the suction side of said airconditioning unit with said
      separation mechanism.
NUM  8.
PAR  8. The apparatus as defined in claim 7, further including blower air
      conduit means for connecting said air-conditioning unit with said
      separation mechanism for delivering artificially conditioned air to the
      latter.
NUM  9.
PAR  9. An apparatus for influencing the ambient conditions of open-end spinning
      equipment, comprising a spinning rotor for spinning fibers delivered
      thereto by means of a conveying air stream, means for delivering fibers by
      means of a conveying air stream to one side of the spinning rotor, means
      providing a compartment for the side of said spinning rotor which is not
      impinged by the conveying air stream for the fibers, said compartment
      being provided with at least one inflow opening and at least one outflow
      opening for cooling air for cooling of said spinning rotor, an air
      conveying mechanism, means for connecting said outflow opening with said
      air conveying mechanism, said air conveying mechanism constitutes a
      component of an air-conditioning unit, said air-conditioning unit having a
      suction side, said connecting means comprising a conduit for connecting
      said suction side of said air-conditioning unit with said compartment,
      means defining an additional compartment communicating with the interior
      of said spinning rotor, and means for connecting said additional
      compartment with said conduit which connects said compartment for the
      non-impinged side of said spinning rotor with said air conveying
      mechanism.
NUM  10.
PAR  10. A method for influencing the ambient conditions prevailing at the
      spinning location during open-end spinning comprises the steps of
      delivering fibers by means of an artificially conditioned conveying air
      stream to a spinning rotor, spinning the fibers into a yarn at such rotor,
      cooling the rotor by simultaneously delivering to the spinning rotor a
      flowing cooling air stream which is separate from the conveying air stream
      for the fibers.
NUM  11.
PAR  11. A method for influencing the ambient conditions prevailing at the
      spinning location during open-end spinning, comprising the steps of
      delivering fibers by means of a conveying air stream to a spinning rotor,
      spinning the fibers into a yarn at such rotor, cooling the rotor by
      simultaneously delivering to the spinning rotor a flowing cooling air
      stream which is separate from the conveying air stream for the fibers.
NUM  12.
PAR  12. In an apparatus for open-end spinning, comprising: a housing; a
      spinning chamber defined within the housing; a power driven rotor within
      the chamber; a feeder channel for feeding discrete fibers to the interior
      of the rotor by means of a current of air; a fiber receiving groove in the
      interior of the rotor; a thread evacuation channel for conducting twisted
      thread from the fiber groove out of the spinning chamber; and at least one
      air passage in the rotor connecting the interior of the rotor with an
      adjoining area of the spinning chamber; the chamber having at least one
      air outlet opening, the improvement wherein the at least one air outlet
      opening, through which air flowing into the interior of the rotor leaves
      the spinning chamber, is connected to an air suction device by at least
      one air channel, and wherein the wall of the spinning chamber defined by
      the housing is provided with at least one bypass inlet opening.
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ABST
PAL  Filling yarns are removed from a fabric woven on a double pick needle loom
      and then packaged on a revolving bobbin for subsequent re-use by
      interposing a ring and ring traveler through which traveler the yarn is
      led from the fabric to the bobbin package with a traverse of the yarn
      parallel to the axis of the bobbin, the traveler serving to compensate for
      the uneven flow rate of the filling yarn from the woven fabric.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the removal of a filling yarn from a woven fabric, such for instance as
      a fabric woven on a double pick needle loom as shown in U.S. Pat. No.
      3,605,225, there is an uneven flow rate of the filling as it is drawn from
      the fabric. In fact, the filling can become entangled in itself.
      Heretofore the handling of an uneven flow rate has been done by nip rolls
      to nip the yarn and control and even out the flow rate of the yarn and
      thus to even out the tension to the winding means. This does not control
      self-entanglement. Allowance must be made also for shrinkage of the
      filling yarns when exposed to elevated temperatures during dyeing, heat
      set and drying cycles and for bulking of the warp yarns. Further, slip
      spindle winders have been used, but the slippage of the spindle is not an
      even tension control and leads to numerous operating problems.
PAC  SUMMARY OF THE INVENTION
PAR  In this invention it has been found that the filling yarn may be drawn from
      a woven fabric by guiding the yarn to a ring and traveler which ring
      encircles a bobbin with a traverse motion for the yarn to wind on the
      bobbin without the interposing of any nip rolls to grip the yarn and the
      imposing of an additional control of tension on the yarn. The traveler on
      the ring which encircles the bobbin serves as a compensator and causes
      sufficient take-up resiliency and compensation due to the variation of the
      ballooning of the yarn between the traveler on the ring and a guide of the
      yarn to the traveler so as to make unnecessary the nip rolls heretofore
      used for controlling the yarn and its tension between the withdrawal of
      the yarn from the narrow fabric and the packaging, thus speeding the
      process and making it economical to re-use the filling yarns in subsequent
      similar operations.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view illustrating in generally side elevation the
      drawing of the filling yarn from a fabric to a guide, thence to a ring
      traveler which encircles the packaging bobbin;
PAR  FIG. 2 is a diagrammatic top plan view of the parts shown in FIG. 1 and
      also illustrating the means for taking up or winding the warps which are
      processed for further use;
PAR  FIG. 3 is a plan view of a fabric formed on a double pick needle loom and
      showing the filling yarn for withdrawal therefrom.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawings, a narrow fabric 15 is formed such as shown
      in FIG. 3 of the drawing in which there are warp yarns 10 with a finer
      filling yarn 11 woven therewith on a double pick needle loom in which the
      filling is passed across the warps doubled on itself and passed back
      through the warps without a change in the shed on the same side of each
      warp as it is inserted from a given side, the loops on one side being
      positioned about a wire from which the fabric is withdrawn, while on the
      other side the loops are caught with a latch needle, spring needle or hook
      which is withdrawn. This form of fabric is also shown in FIG. 2 of U.S.
      Pat. No. 3,605,225.
PAR  It is desired that the filling yarn 11 be recovered for subsequent re-use
      due to the costs of the yarn in the present economy. Referring to FIG. 1,
      the fabric designated 15 is illustrated with the filling yarn 11 extending
      therefrom as it is withdrawn from the warp yarns 10 of the fabric. The
      filling yarn will be suitably guided so as to give a rather long lead
      between the fabric and a pigtail guide 16 which is located above the
      package to be formed, and thence is led to a traveler 17 which rotates
      about a ring 18 which encircles the bobbin 19. This bobbin is mounted on a
      spindle 20 to which there is secured a whorl 21 with a belt 22 for driving
      the spindle. As is customary in the art, a spindle is mounted in a rail 23
      and the ring moves vertically up and down about the bobbin for traversing
      the yarn along the bobbin. The warp yarns 10 are lead about guides 29 and
      packaged on a drum 30 mounted on a shaft 31 and driven in any suitable
      manner such as by driving of the drum by means of a driven friction roll
      32 or any other means. These warp yarns are usually processed for
      intermittent coloring, bulking or the like and are an intermediate product
      for the forming of other fabrics as set forth in U.S. Pat. No. 3,605,225.
      In practicing the process of U.S. Pat. No. 3,605,225, the filling yarns
      which tied the fabric together were removed and destroyed. However, in the
      present instance the economics make it desirable to save the filling yarns
      for re-use in the processing of additional warp yarns.
PAR  The filling yarn 11 is drawn from the fabric designated generally 15. The
      drawing of the filling yarn 11 from the fabric causes an uneven flow of
      the yarn, possible self-entanglement, and uneven tension. However, it is
      found that by leading the yarn through a guide 16 and thence through a
      traveler 17, the speed of the bobbin 19 being in excess of the necessary
      take-up for winding of the yarn on the bobbin, that the traveler will
      rotate about the bobbin and put a small amount of twist in the yarn 11,
      the twist relationship being the difference in speed between the wind on
      the bobbin and the revolutions of the spindle for winding. The traveler 17
      will have to be weighted sufficient so that there will be a drag of the
      traveler on the ring which will result in the twisting of the yarn to a
      small extent, and it will be apparent that any change in the flow rate of
      the yarn 11 will result in a relative change in the twist level in the
      yarn. A sudden stop would result in the speedup of the traveler putting in
      higher twists and higher wind resistance of the balloon of the yarn
      between the traveler 17 and the guide 16, thus increasing the tension of
      the yarn 11. Such retarding of the yarn flow or sudden stop might result
      from kinking of the yarn or some knot in the warp catching the yarn as it
      was being pulled from the fabric. This higher twist and higher tension
      buildup would thus exert a greater pull on the yarn 11 and would release
      it from kinking, snarling or catching. This sudden release would then
      change the balloon on the yarn and result in an increased takeup of the
      filling on the package and thus balance out this intermittent tension
      which resulted, allowing the traveler to again slow down and the balloon
      to even out until a stable condition was again reached. Thus this
      variation is absorbed by the compensation of the traveler without the need
      of nip rolls to grip the yarn and control the tension. The formulas which
      apply to this action are as follows and with an example so as to show how
      the results are obtained:
      ##EQU1##
PAR  With a 5 inch bobbin diameter
      ##EQU2##
      The assumed bobbin diameter of 3 inches is at the start of winding, while
      the assumed bobbin diameter of 5 inches is near the completion of the
      winding. By this method there is a resiliency and compensation for
      intermittent supply and tension to overcome any snagging and an evening
      out of the supply and demand in the packaging of filling yarn for drawing
      it directly from a woven narrow fabric.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of removing and packaging the filling yarn from a fabric
      woven on a double pick needle loom and said filling having a change of
      flow rate as drawn from the fabric comprising, taking up the filling yarn
      on a bobbin, rotating the bobbin, interposing between the fabric and the
      bobbin takeup, a ring and traveler through which traveler the yarn extends
      to the bobbin, guiding the yarn to the traveler and traversing the yarn on
      the bobbin whereby the traveler serves as a compensator for the change in
      flow rate of the filling yarn as drawn from the fabric.
NUM  2.
PAR  2. The method of claim 1 wherein the yarn moves between the point of
      removal from the fabric and the bobbin takeup free from being gripped and
      restrained.
NUM  3.
PAR  3. The method of claim 1 wherein the bobbin is rotating faster than the
      winding rate of the yarn therein.
NUM  4.
PAR  4. The method of claim 1 wherein the bobbin is rotating faster than the
      winding rate of the yarn thereon and the revolutions beyond the winding
      rate results in twist of the yarn.
NUM  5.
PAR  5. The method of claim 1 wherein the yarn balloons between the traveler and
      the guide of the yarn thereto.
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ABST
PAL  An alarm vibrator control mechanism for a clock timer wherein an elongated
      lever extends along the lower portion of the timer for releasing an alarm
      vibrator at a preset time. The elongated lever is controlled by a selector
      shaft mechanism which is positioned at one side of the timer, a centrally
      located 12 hour alarm time gear and a disc cam which is connected to a
      units shaft at the other side of the timer. The 12 hour alarm time gear
      tilts the vibrator shutoff lever forwardly a few minutes before the alarm
      time and then the disc cam moves a right side portion of the elongated
      lever downwardly at the alarm time to release the elongated alarm shutoff
      lever from a notch which is formed in a base plate.
PARN
PAR  This is a division of application Ser. No. 388,770, filed Aug. 16, 1973,
      now U.S. Pat. No. 3,882,668.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a clock timer, and more particularly to an
      improved vibrator control level mechanism which is actuated by both a 12
      hour cam mechanism and a units mechanism to reliably and accurately
      release an alarm vibrator at the alarm time and a selector mechanism for
      controlling the alarm vibrator and a switch.
PAR  2. Description of the Prior Art
PAR  Radio digital alarm clock timers are now known in the horological art. Such
      radio alarms are generally designed to close a switch at a pre-selected
      time, and a known timer of this type is shown in a recent U.S. Pat. No.
      3,725,617 to Boyles and Polonsky dated Mar. 20, 1973, assigned to the same
      assignee as the present invention. As shown in the patent, a rotatable
      units cam is positioned adjacent to a minutes display indicator for
      progressively actuating the minutes display indicator, a rotatable tens
      cam is spaced to the left of the units cam for actuating the tens of
      minutes display indicator and a rotatable hours cam is spaced to the left
      of the tens of minutes cam for actuating an hours display indicator.
PAR  A pair of coaxially mounted gear driven cam members with one of the cam
      members being axially movable is utilized for operating a switch mechanism
      at a preset alarm time to turn on a radio or a similar appliance at the
      preset alarm time. This invention is concerned with the addition of a
      vibrator type alarm mechanism to such a clock timer which may be operated
      by the same mechanism which operates the switch for a radio and the
      display indicators of the clock.
PAR  The prior art includes many different constructions and arrangements for
      controlling an audible alarm vibrator by itself or in combination with a
      switch for turning a radio ON and OFF. Some of these mechanisms are quite
      complex. My invention is concerned with a relatively simple alarm vibrator
      control mechanism for such a clock timer which may be inexpensively
      manufactured and readily incorporated in a digital clock of the type
      disclosed in the U.S. Pat. No. 3,725,617; however, it is to be understood
      that it may also be utilized in other digital clock timer mechanisms or
      hand-type clock timer mechanisms.
PAR  Accordingly, it is a primary object of my invention to provide an improved
      reliable vibrator control mechanism for a clock timer which includes
      relatively few parts which may be readily manufactured and assembled to
      each other.
PAR  It is also an object of my invention to provide a vibrator control
      mechanism which may be conveniently operated and which may be easily
      combined with a digital clock of the type disclosed in the above mentioned
      patent.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one of the aspects of this invention, an alarm clock
      timer includes a supporting structure and a timing mechanism for
      continuously applying a driving force to the components of the clock timer
      mechanism. The clock timer includes a vibrator member for sounding an
      alarm which is connected to the supporting structure, and is movable to an
      alarm ON or an alarm OFF position. An elongated alarm control lever is
      also mounted on the supporting structure and is movable into engagement
      with the vibrator member for shutting OFF the alarm. A spring is connected
      to the elongated alarm control lever for urging the lever to the alarm ON
      position and a latch is formed on the lever for holding the lever in the
      alarm OFF position. The elongated alarm control lever is uniquely mounted
      at the lower position of the timer and it includes a centrally located tab
      for movement into contact with the alarm vibrator member. A central
      portion of the elongated control lever is also shaped and positioned for
      control by a 12 hour alarm cam gear member. One end portion of the
      elongated control lever is located adjacent to a minutes cam for control
      thereby, and another end portion is positioned adjacent to a manually
      operable selector cam setting member. The alarm control lever is mounted
      for longitudinal movement to move the alarm vibrator to an alarm sounding
      position. It is also loosely mounted for tilting movement and for
      transverse movement. A few minutes before the alarm time, a 12 hour cam
      member tilts the elongated alarm control lever into engagement with the
      cam which is connected to the minutes shaft, and then the minutes shaft
      cam which is located close to the latch lowers the alarm control lever at
      the preset alarm time to disengage the latch to permit the elongated alarm
      control lever to move longitudinally under the force of the spring to
      sound the alarm.
PAR  By this arrangement, the 12 hour alarm cam gear operates on the central
      portion of the elongated alarm control lever to readily tilt the entire
      lever reliably forwardly into engagement with the minutes cam. Thus, the
      lever is held with sufficient force into contact with the minutes cam gear
      so that the minutes cam gear may readily and reliably lower the elongated
      lever to accurately release the latch at the preset alarm time. In
      addition, since the minutes cam and the latch are both located at one end
      portion of the elongated lever, the minutes cam may readily and reliably
      lower the lever at the alarm time although the elongated vibrator shutoff
      lever may be quite loosely mounted on the timer supporting structure with
      relatively great tolerances. Moreover, a selector mechanism for
      controlling the alarm vibrator and a switch may be readily positioned
      adjacent to an end portion of the alarm control lever.
PAR  With this unique construction, relatively few parts are required for adding
      an alarm vibrator function to the digital clock mechanism disclosed in the
      prior U.S. Pat. No. 3,725,617. A unique units cam member is readily
      attached to the units digital display mechanism for moving the lever to
      release the latch, and the uniquely shaped elongated alarm control lever
      may be readily slid into the timer supporting structure and held thereon
      without the use of any separate supporting mechanisms. The alarm control
      lever is simply provided with slots and tabs for cooperating with
      corresponding slots and tabs which are formed on the supporting structure.
      A spring extends from the lever to the supporting structure for biasing
      the alarm control lever to the alarm ON position.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and attendant advantages of the invention will be apparent
      from the following description taken in connection with the accompanying
      drawing in which:
PAR  FIG. 1 is a front elevational view of a digital alarm clock timer
      constructed in accordance with my invention;
PAR  FIG. 2 is a fragmentary exploded front perspective view of a portion of my
      unique alarm vibrator control mechanism which is incorporated in the
      digital clock shown in FIG. 1, the parts of my vibrator control mechanism
      being shown in a position wherein they are under the control of an alarm
      selector cam, the parts being shown in a NO-WAKE position wherein they are
      prevented from operating to sound the vibrator or to close the switch of
      the alarm clock timer to turn a radio on;
PAR  FIG. 3 is a fragmentary exploded front perspective view generally similar
      to FIG. 2 including some parts of the display mechanism of the clock;
PAR  FIG. 4 is a fragmentary exploded rear perspective view of my alarm vibrator
      control mechanism which is incorporated in the digital clock shown in
      FIGS. 1, 2, and 3, the parts of the vibrator control mechanism being shown
      in a position wherein the alarm selector member has been rotated to a
      NO-WAKE position for holding the vibrator control mechanism in the OFF
      position;
PAR  FIG. 5 is a fragmentary exploded rear perspective view similar to FIG. 4
      showing the alarm selector cam in the ALARM position wherein the parts
      have been set to permit the alarm vibrator to sound at a preset time;
PAR  FIG. 6 is a fragmentary exploded rear perspective view generally similar to
      FIG. 5 showing the parts under the control of a 12 hour alarm time cam
      gear wherein the alarm time cam gear has functioned to close the switch at
      the preset alarm time and the 12 hour alarm time cam has also tilted the
      vibrator shutoff lever into engagement with a minutes cam; FIG. 7 is a
      fragmentary exploded rear perspective view generally similar to FIG. 6
      showing the vibrator control lever after it has been removed downwardly to
      release the latch at the alarm time;
PAR  FIG. 8 is a fragmentary exploded rear perspective view generally similar to
      FIG. 7 showing a repeat alarm lever being actuated to move the vibrator
      shutoff lever longitudinally against the force of its spring to shut off
      the alarm vibrator for a predetermined short interval of time, the parts
      being shown as the repeat alarm lever moves into engagement with the
      vibrator shutoff lever but before the shutoff lever is moved from its
      position illustrated in FIG. 7 to its position illustrated in FIG. 6.
PAR  FIG. 9 is a rear elevational view of the digital clock timer shown in FIG.
      1, showing the repeat alarm lever in its at rest position;
PAR  FIG. 10 is a detailed side cross-sectional view of a portion of the minutes
      drive mechanism for the vibrator shutoff lever of the digital clock shown
      in FIG. 1;
PAR  FIG. 11 is a detailed side cross-sectional view of the vibrator and the
      field laminations of the digital clock shown in FIG. 1;
PAR  FIG. 12 is a fragmentary exploded perspective view of the minutes cam
      construction for the vibrator shutoff lever of the digital clock shown in
      FIG. 1;
PAR  FIG.. 13 is a fragmentary exploded rear perspective view showing a repeat
      alarm modification of the digital clock shown in FIG. 1;
PAR  FIG. 14 is a fragmentary rear elevational view of a portion of the modified
      repeat alarm mechanism shown in FIG. 13 showing the alarm vibrator shutoff
      lever in its alarm sounding position with the repeat alarm mechanism
      starting to move the vibrator shutoff lever to its alarm OFF position; and
PAR  FIG. 15 is a fragmentary rear elevational view of the shutoff lever and the
      repeat alarm mechanism after the parts have been moved to the alarm OFF
      position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, and first particularly to FIGS. 1 and 2,
      there is shown a digital clock which includes my unique alarm vibrator
      control mechanism. The clock includes four numeral display indicators 2,
      4, 6 and 8 which indicate minutes, tens of minutes, hours and tens of
      hours, respectively. With reference to FIG. 3, portions of the cams and
      other mechanisms for driving the display indicators are shown by reference
      numerals 12, 14, and 16, and my improved alarm vibrator control mechanism
      is generally identified by reference numeral 20.
PAR  The details of the digital display indicators 2, 4, 6 and 8, and the
      details of the mechanism for indexing and driving the minutes, tens of
      minutes, and hours cams 12, 14, and 16, respectively, do not form a part
      of this invention and are described and illustrated in greater detail in
      U.S. Pat. No. 3,721,087 to Boyles and Polonsky dated Mar. 20, 1973,
      assigned to the same assignee as the present invention. However, it should
      be understood that the minutes cam 12 is driven at one revolution every
      ten minutes, and the hours cam 16 is driven at one revolution every 12
      hours.
PAR  With reference to FIG. 2, the clock timer includes a switch alarm mechanism
      for turning on a radio. The construction includes a switch 22, switch
      actuating members 24 and 26, and a 12 hour alarm time cam mechanism 28.
      This mechanism is described and illustrated in greater detail in U.S. Pat.
      No. 3,725,617 to Boyles and Polonsky dated Apr. 3, 1973, assigned to the
      same assignee as the present invention. As shown, the switch 22 includes a
      pair of switch blades 30 and 32 having a pair of switch contacts 33 and 34
      mounted at their free end portions. Rear switch blade 30 is somewhat
      longer than the front switch blade 32 and is formed of spring material for
      normally biasing the rear switch blade forwardly to hold the switch
      contacts in a closed position. The switch blades may be mounted on a
      conventional switch block member 35 which may be connected to a rear plate
      36 of the digital clock by any suitable securing means. As shown, the
      switch 22 is mounted so that the switch blades 30 and 32 are arranged in
      planes which are generally parallel to the base plate 36. With this
      arrangement, rearward or transverse movement of the free end portion of
      the switch blade 30 will open the switch contacts.
PAR  As shown in FIG. 2, one of the switch actuating members is a generally
      vertical lever member 24 which is positioned between the rear switch blade
      30 and the base plate 36 for opening or closing the switch in response to
      movement of the 12 hour alarm time cam mechanism 28, and particularly, its
      rearwardly extending shaft member 26 which abuts the lower portion of
      lever 24. It can be appreciated that rearward movement of the switch
      actuating lever 24 by shaft 26 will cause the lower portion of the lever
      to abut the front surface of switch blade 30 and further rearward movement
      of the lever will cause the switch blade 30 to be moved far enough
      rearwardly to open the switch contacts 34 and 33.
PAR  The alarm cam mechanism 28 for allowing the switch actuating lever 24 to be
      moved forwardly at a preset alarm time to thereby turn on a radio or other
      alarm at a preset time will now be more particularly described. Basically,
      the alarm cam mechanism 28 includes two coaxially mounted gears 40 and 42
      which are provided with interacting cams 44 and 46, respectively, for
      causing relative axial movement of the gears at a preset time for
      actuating the switch 22. Cam gear 44 functions as an alarm time can and is
      driven at one revolution every 12 hours by the timing mechanism of the
      clock. Cam 42, 46 is an alarm set cam and it is fixed to a shaft 48 which
      extends forwardly and rearwardly therefrom. A knob 50 may be fixed to the
      forward end of the shaft 48 for manually rotating the alarm set cam 42, 46
      to any desired alarm time.
PAR  A relatively simple alarm set time indicator may be incorporated with the
      alarm set cam 42 for indicating the alarm set time. As shown more
      particularly in FIGS. 1 and 2, the principal component of the indicating
      mechanism is a disc 58 which may be readily snapped onto an outer portion
      of the shaft 48 for cooperation with a suitable slot 60 which may be
      formed in the front casing of the digital clock for viewing the hours
      numerals which are formed on the indicating disc.
PAR  In the more conventional alarm time cam and alarm set cam gear
      arrangements, such as the one disclosed in a prior U.S. Pat. No. 3,432,625
      to Polonsky dated Mar. 11, 1969, assigned to the same assignee as the
      present invention, a cam finger is fixed to a rotatable alarm set gear for
      cooperating with a slot which is formed in a continuously rotatable alarm
      time cam gear. With the arrangement shown in the Polonsky patent a cam
      finger 24 snaps into a cam slot 30 at an alarm time, and then the cam
      finger 24 drives out and separates the cam gears in about 45 to 90
      minutes. Naturally, such a drive-out movement would require a higher
      torque motor than would normally be required for simply rotating the hands
      of a clock.
PAR  In order to keep the torque requirements of the motor as low as possible it
      is preferred that the manual reset arrangement disclosed in a co-pending
      application of Robert L. Boyles and Samuel Polonsky, Ser. No. 241,963, now
      U.S. Pat. No. 3,740,502 be utilized with the alarm vibrator control
      mechanism disclosed in the instant case. As described more particularly in
      the co-pending application of Robert L. Boyles and Samuel Polonsky, the
      cam finger 46 is not fixed to the alarm set cam 42 but is resiliently
      mounted in a slot which is provided in the gear. A NO WAKE, RADIO WAKE,
      ALARM selector mechanism 80 is provided for moving the alarm time cam gear
      40 rearwardly to position the finger 46 on the front surface of cam 44. As
      shown more particularly in FIG. 2, the mechanism includes a bifurcated
      lever 62 which is pivoted by tabs 64 and 66 to the mounting plate 36 of
      the digital clock. One downwardly extending arm 68 of the lever includes a
      U-shaped slot 70 for receiving an annular groove 72 which is formed in the
      shaft portion of the alarm time cam 40. The other left arm 76 of the lever
      62 extends downwardly into a position to be actuated by a NO WAKE, RADIO
      WAKE, ALARM cam 82.
PAC  ON-OFF SLEEP
PAR  A manually setable SLEEP-ON-OFF cam mechanism 90 may also be provided for
      controlling the switch operating lever 24. This mechanism is described in
      more detail in U.S. Pat. No. 3,725,615 to Robert L. Boyles and Samuel
      Polonsky, and with particular reference to FIG. 2, it can be seen that the
      mechanism includes a pivoted plural position lever 94 which may be
      provided with a forwardly extending tab 96 for riding on the surface of an
      ON-OFF-SLEEP cam 90.
PAR  The switch actuating lever 24 is shaped and positioned so that it may be
      manually pushed downwardly at any time to close the switch without
      disturbing the position of shaft 26. To achieve this, an upper end portion
      is pivoted to the plural position lever 94 which in turn is arranged to be
      actuated by the ON-OFF-SLEEP cam 90. As illustrated in FIG. 2, the upper
      end of the switch actuating lever 24 is formed with a forwardly extending
      shaft portion which is received by an aperture which is formed in the
      plural position lever 94. A conventional pivot may be provided for
      generally centrally supporting the plural position lever 94, and it can be
      appreciated that upon rotational movement of the sleep cam 90, the lever
      94 may be moved upwardly and downwardly to change the position of the
      switch actuating lever 24 with respect to the switch blade 30.
PAC  ALARM VIBRATOR CONTROL MECHANISM
PAR  According to my invention, there is uniquely combined with the
      aforedescribed radio alarm clock timer mechanism, a mechanism for
      automatically and very accurately sounding an audible alarm vibrator at a
      preset alarm time after the radio alarm time. This mechanism is
      constructed so that it may be uniquely positioned within the radio alarm
      timer with the use of relatively few additional parts. The primary
      component of this mechanism is an elongated vibrator shutoff lever 20
      which stretches along the lower edge of the base plate 36 and is shaped to
      avoid several posts and shafts. It is also shaped to be selectively
      movable into engagement with control portions of the alarm clock timer,
      and with particular reference to the FIG. 2 front perspective view, it can
      be seen that the shutoff lever 20 is shaped to avoid a lower spacer post
      100, and is also shaped with an upstanding generally vertical finger
      portion 102 for engagement with a radial finger 105 of the alarm selector
      cam member 80. The elongated lever 20 is also arranged to be selectively
      moved into engagement with the centrally located 12 hour alarm time cam
      gear 40, and a minutes cam 108 which is positioned at the right side of
      the timer and rotated at one revolution every 10 minutes.
PAR  Since many of the critical components of the elongated vibrator shutoff
      lever 20 extend through slots which are formed in the base plate 36, and
      since the base plate and the elongated shutoff lever are located at the
      lower rear of the alarm clock timer, the shape of the elongated lever and
      the manner in which it cooperates with the other parts of the radio alarm
      clock timer may best be seen in the FIGS. 4, 5, 6, 8 and 9 rear
      perspective views of the alarm clock timer. Naturally, in looking at the
      rear perspective views, the right end portion 110 of the vibrator control
      lever is shown at the left of the drawing while the left end portion 112
      of the vibrator control lever 20 is shown at the right side of the
      drawing. In order to maintain complete consistency throughout the
      specification and claims, the end portion 110 will always be referred to
      as the right end portion while the end portion 112 will always be referred
      to as the left end portion in spite of the fact that the parts will appear
      reversed in the rear perspective views of FIGS. 4 through 9.
PAR  The principal function of the vibrator shutoff lever 20 is to permit or
      prevent the sounding of an audible alarm vibrator member 120 against the
      field laminations 122. With reference to FIGS. 4 and 9, the vibrator 120
      may be fixed to the upper portion of base plate 36 by means of two rivets
      124 and 126. As shown, it extends generally vertically downwardly and its
      lower end is formed with a rearward tab 128 for contact with the field
      laminations 122. As shown more particularly in FIG. 4, the lower portion
      of the vibrator includes a forwardly extending tab 130 which is formed
      with a cutout portion having an inclined surface 132 for engagement with a
      rearwardly lanced tab 134 that is struck from the shutoff lever 20.
PAR  The vibrator shutoff lever 20 is very loosely mounted on the supporting
      structure and because of the relationship of its control tabs and parts to
      each other, it may be formed with relatively great manufacturing
      tolerances. The right end portion of the lever is formed with a tab 136
      that extends rearwardly of the base plate 36, and it has a forward surface
      138 for cooperating with the rear surface of the base plate to limit
      forward movement of the right end portion of vibrator shutoff lever. The
      principal portion of the lever is located in front of the base plate 36
      and is provided with a rearwardly extending tab 140 at its left portion
      for contact with the front surface of the plate to limit rearward movement
      of the shutoff lever. A pivot for the left portion of the lever is
      achieved by a pivot tab 142 which extends rearwardly and is received by a
      slot 144 which is formed in the base plate. The right portion of the
      elongated shutoff lever 20, and particularly the tab 136, is also provided
      with a notch 146 for receiving one end of a spring 148 to bias the lever
      in a rightward direction (leftward as shown in FIG. 4) to its vibrator
      sounding position. As shown in FIG. 4, a forwardly struck tab 147 may also
      be provided on the base plate 36 to limit rearward movement of the lever
      20 and to act as a pivot surface for the lever.
PAR  The vibrator shutoff lever 20 has three modes of freedom. It can move
      longitudinally to the right or the left to permit the vibrator 120 to
      sound or to prevent the vibrator from sounding. In can tilt forwardly
      about a hinge line close to the bottom edge of the base plate 36 to move
      into engagement with a minutes shaft cam 108, and it can also be moved
      transversely downwardly, particularly at its right portion 110, for
      releasing a latch 150 that holds the lever in the vibrator shutoff
      position.
PAR  As shown more particularly in FIG. 4, the shutoff lever 20 is held in its
      NO WAKE position by a finger 104 of the selector cam 80. It can be seen
      that an axially extending surface 152 of the finger has been rotated into
      contact with the upwardly extending finger 102 of the vibrator shutoff
      lever 20 to move the lever to the left against the force of spring 148.
      During this movement, the tab 134 of the shutoff lever slides on the
      inclined surface 132 of the vibrator 120 to pull the vibrator tab 128
      forwardly to thereby prevent it from sounding against the field
      laminations 122.
PAR  As shown in FIGS. 7 and 10, the right portion of the vibrator shutoff lever
      20 is provided with a latch tab 150 that extends between the principal
      portion of the shutoff lever and its right rear tab 136 for holding the
      lever 20 in latching engagement within an upwardly extending notch 156
      that is formed in the base plate 36. With this construction, the vibrator
      shutoff lever 20 is held to prevent the vibrator 120 from sounding when
      the selector cam member 80 is rotated counterclockwise from the NO WAKE
      position shown in FIG. 4, to the ALARM set position shown in FIG. 5. It
      can be appreciated that when the alarm selector cam member 80 is moved
      counterclockwise, the radially extending finger 104 will be moved from its
      upper position shown in FIG. 4 to its lower position shown in FIG. 5
      wherein its surface 152 does not abut finger 102 of the vibrator shutoff
      lever, and thus, the lever 20 is permitted to move a slight imcrement to
      the right, depending on manufacturing tolerances, under the influence of
      spring 148 until it rests against a right inside surface of the latch
      notch 156.
PAR  The central portion of the vibrator shutoff lever 20 is provided with a
      notched out portion 160 for receiving shaft 26 of the alarm time cam gear
      40 and a slide tab 162 for cooperating with the rearward surface of the
      alarm time cam 40. To achieve this, the lever 20 is stamped with a
      relatively small forwardly extending protrusion 162 adjacent to the
      notched out portion 160 for slidable engagement with the rear surface of
      the alarm time cam gear 40. With particular reference to FIGS. 4 and 9, it
      can be appreciated that the spring 148 is anchored at one of its ends 149
      to an upper portion of the base plate 36 and thus, in addition to pulling
      the tab 136 to the right, it lifts the tab 136 and tilts the upper portion
      of the lever forwardly to hold the protrusion 162 into engagement with the
      rear surface of gear 40.
PAR  From the foregoing discussion of the alarm time and alarm set cams 40 and
      42, and from a detailed discussion of these components in the co-pending
      application of Boyles and Polonsky (6D-4327), Ser. No. 241,963, filed Apr.
      7, 1972, it can be appreciated that the 12 hour alarm time cam gear 40
      will be moved forwardly at the alarm set time, and from the foregoing
      discussion and a more detailed discussion in the U.S. Pat. No. 3,725,617
      to Boyles and Polonsky, it can also be appreciated that this movement will
      move shaft 26 forward to close switch contacts 34 and 33 to turn the radio
      on at the alarm time which has been preset by the 12 hour alarm set cam
      42. This same forward movement of the alarm cam gear 40 tilts the upper
      portion of the vibrator shutoff lever 20 forwardly, and particularly the
      upper right portion 110 thereof, into slidable engagement with a minutes
      cam 108 to permit the minutes cam to accurately sound the alarm vibrator a
      short time thereafter. This position of the alarm vibrator shutoff lever
      is shown more particularly in FIG. 6.
PAC   MINUTES CAM
PAR  The upper right portion 110 of the vibrator shutoff lever 20 is provided
      with an upwardly extending tab 166 for engagement with the minutes shaft
      cam 108 when the 12 hour alarm time cam gear 40 has moved forwardly to
      tilt the lever 20 into engagement with the minutes cam 108. As shown more
      particularly in FIGS. 6 and 7, the vibrator shutoff lever 20 is provided
      with a curved cutout portion 170 for very freely receiving the shaft 172
      of the minutes cam 108 so that the small upwardly extending cam finger 166
      may readily slide in engagement with an annular cam surface 176 of the
      minutes cam 108.
PAR  With particular reference to FIGS. 2, 6, 7, and 12, it can be seen that the
      vibrator alarm minutes cam 108 includes a forwardly extending hollow shaft
      portion 177 for receiving a minutes cam drive shaft 178 which may be
      integrally formed with the cam 12 which drives the minutes display
      indicator 2, a cam disc portion 176, and a rearwardly extending shaft
      portion 172 for reception in an aperture 182 which is formed in the base
      plate 36. As shown, the cam portion 176 is annular in shape, it extends
      for 360 degrees close to the periphery of the disc on the rear surface of
      the disc, and it includes an abrupt trigger shelf portion 186 for
      engagement with the upper surface of the tab 166 to move the tab 166 and
      the vibrator shutoff level downwardly to release the latch 150 of the
      vibrator shutoff lever from the notch 156 in the base plate at a precise
      number of minutes after the radio alarm time. This released position is
      shown more particularly in FIG. 7 and it can be appreciated that when the
      latch is released, spring 148 will cause the alarm shutoff level 20 to be
      moved to the right (to the left as shown in FIG. 7) to release the alarm
      vibrator 120 to thereby permit the alarm to sound. The angular orientation
      of the shelf portion 186 is preferably such that the release of the latch
      lever 20 occurs as the units digit 9 appears at the display indicator 2.
PAC  REPEAT ALARM
PAR  In accordance with my invention, a repeat alarm mechanism may be readily
      added to the alarm clock timer with the addition of relatively few parts.
      With such a mechanism the vibrator 120 may be shut off to permit the radio
      to continue to play, and then the minutes cam timing mechanism 108 can
      operate to resound the audible alarm vibrator 120 exactly ten minutes
      after the original sounding, just to make sure the user has not fallen
      asleep.
PAR  As shown more particularly in FIGS. 8 and 9, the principal component of the
      repeat alarm mechanismm is a bell crank lever 200 which is pivoted on the
      back of the base plate 36 by means of a rivet 201 or other suitable pivot
      construction. As shown, the repeat bell crank lever 200 includes a
      rearwardly extending tab 202 for receiving one end of a spring 206 which
      pivots the bell crank lever in a counterclockwise direction (clockwise as
      shown in FIG. 8). The bell crank lever 200 also includes a downwardly
      extending arm 204 for uniquely operating against the pivot tab 142 of the
      vibrator shutoff lever 20 to recock the vibrator shutoff lever on the
      latch tab 150 after the alarm has sounded.
PAR  With this construction, it can be appreciated that after the alarm has
      sounded and the parts have moved to the position illustrated in FIG. 7 to
      permit the vibrator tab 128 to vibrate against the field laminations 122,
      downward movement of the right side (left as shown in FIG. 8) of the
      repeat alarm lever 200 will move its finger 204 to the left (right in FIG.
      8) to engage pivot tab 142 to move the entire vibrator shutoff lever 20 to
      the left (right in FIG. 8) to pull the vibrator 120 forwardly to shut off
      the alarm and to reset the latch 150 within notch 156. With this movement,
      the upwardly extending trigger finger 166 of the vibrator shutoff lever
      will be moved into engagement with the surface 176 of the minutes cam 108,
      and then the shelf 186 of the minutes cam will push the right end portion
      of the vibrator shutoff lever downwardly within ten minutes thereafter to
      permit the vibrator 128 to resound against the field laminations 122.
PAC  AUTOMATIC REPEAT ALARM MECHANISM
PAR  As shown more particularly in the modification illustrated in FIGS. 13, 14
      and 15, an automatic repeat alarm mechanism may be added to the digital
      alarm clock timer in place of the manual repeat mechanism which includes
      the bell crank lever 200. This mechanism can be readily actuated by a
      drive roller 220 which is normally provided on a one revolution per minute
      gear 222 that actuates the minutes display indicator cam 12. The drive
      roller mechanism for driving the minutes display indicator cam 12 is
      described and illustrated in greater detail in U.S. Pat. No. 3,721,087 to
      Boyles and Polonsky dated Mar. 20, 1973, and as shown in FIG. 3, the drive
      roller mechanism 220 is positioned between the minutes and tens cams 12
      and 14 for indexing the minutes cam once every minute and for
      simultaneously indexing the tens cam one increment at the instant that the
      minutes cam is indexed a tenth increment. With this construction, the
      minutes cam and the tens cam are simultaneously indexed to the next
      succeeding numbers when the units cam is being moved to its tenth
      increment. To achieve this, special cam teeth 224 and 226 are integrally
      formed on the outer periphery of the cams 12 and 14 for cooperating with a
      pawl lever 228 which is positioned between the cams. As shown more
      particularly in FIG. 3, the indexing mechanism includes a drive lever 230
      which is pivotally mounted on the digital clock between the units and tens
      cams 12 and 14.
PAR  The drive roller mechanism 220 is provided for oscillating the drive lever
      230 to provide a rapid clockwise advance stroke of about five seconds
      duration and a slower return stoke once per minute. To accomplish this,
      the drive lever 230 is provided with cam surfaces for cooperating with the
      eccentric drive roller 220 which is mounted on the gear 222 that is
      rotated at one revolution per minute by a synchronous electric motor
      pinion 234. The gear 222 and its eccentric roller 220 are rotated in a
      clockwise direction and the roller 220 abuts a cam surface to pivot the
      upper portion of the drive lever 230 to the right to move a units pawl 238
      of the pawl lever 228 to the right. With reference to FIG. 3, the pawl 238
      move a tooth of the units cam 12 to move the units cam one increment to
      thereby actuate the units display indicator 2 to display a next succeeding
      numeral. Continued rotation of the eccentric roller 220 moves the roller
      into contact with a return stroke cam surface to move the drive lever 230
      and the pawl lever 228 to the left as shown in FIG. 3.
PAR  In accordance with my invention, the drive roller 220 for actuating the
      drive lever 230 of the units display cam 12 is also uniquely utilized for
      moving the vibrator shutoff lever 20 from its alarm vibrating position
      illustrated in FIG. 7 to its alarm OFF position illustrated in FIG. 6. As
      shown more particularly in FIGS. 13, 14 and 15, this is uniquely
      accomplished by providing a reset pawl 210 for cooperating with the drive
      roller 220 and the alarm vibrator shutoff lever 20 for moving the shutoff
      lever 20 from its alarmm vibrating position shown in FIGS. 7 and 14 to its
      alarm shutoff position shown in FIGS. 6 and 15. As shown more particularly
      in FIG. 13, the reset pawl 210 is mounted on a pawl stud 240 which is
      pivotally positioned within a downwardly extending slot 244 that is formed
      in the vibrator shutoff lever 20 for moving the lever.
PAR  The upper portion of the reset pawl 210 is formed with a curved cutout
      portion for selective engagement with the drive roller 220 to permit the
      drive roller to move the reset pawl 210 and the vibrator shutoff lever 20
      from the position illustrated in FIG. 14 to the position illustrated in
      FIG. 15. A drive lever abutment stud 248 is fixed to the base plate 36 for
      camming the reset pawl 210 upwardly into a position where it may be
      engaged by the drive roller 220.
PAR  From the foregoing discussion it can be appreciated that the minutes cam
      108 actuates the vibrator shutoff lever 20 at the alarm time and spring
      148 moves the vibrator shutoff lever to the right (left as shown in FIGS.
      6, 7, 14 and 15) to permit the vibrator 128 to sound against the field
      laminations 122 as shown in FIGS. 7 and 14. In accordance with my unique
      automatic repeat alarm mechanism, during this rightward movement of the
      vibrator shutoff lever 20, the reset pawl 210 will be moved into
      engagement with the drive abutment 248 to move the reset pawl 210 upwardly
      to a position where it can be contacted by the drive roller 220. As the
      pawl 210 is carried to the right by its coupling 240, 244 with the
      vibrator shutoff lever 20 its lower edge engages the abutment 248 which
      cams the pawl 210 upward to the position where it can be engaged by the
      drive roller 220.
PAR  The engagement of the roller 220 with the pawl 210 occurs three or four
      seconds after the vibrator has been freed to sound. As the drive roller
      220 continues to rotate clockwise (counterclockwise as shown in FIG. 15)
      it pushes the reset pawl 210 to the left (right as shown in FIG. 15). The
      stud 240 on the lower end of the pawl 210 is constrained to travel
      horizontally in the slot 242 which is formed in the base plate 36. The
      stud 240 is located within the vertical slot 244 of the vibrator shutoff
      lever and thereby carries the vibrator shutoff lever 20 back to the left
      (right as shown in FIGS. 6 and 15) with the reset pawl 210 to the alarm
      reset or shutoff position illustrated in FIGS. 6 and 15. Naturally, this
      motion of the vibrator shutoff lever 20 will cause the latch 150 of the
      shutoff lever to be re-positioned within the notch 156 of the base plate
      36.
PAR  The vibrator shutoff lever 20 now remains latched as the 1 rpm gear 222
      continues to rotate and the pawl 210 drops free by gravity and comes to
      rest on the abutment 248 where it is out of engagement with the drive
      roller 220. It remains in this position for ten minutes until the alarm
      shutoff lever 20 is again released by the minutes cam 108 and the cycle
      repeats with the vibrator sounding and then being automatically shut off
      in about five seconds of time.
PAC  OPERATION
PAR  If at bedtime it is desired to have a switch for operating apparatus such
      as a radio closed at some time in the future, say 6 o'clock in the
      morning, and it is also desired to have the audible alarm vibrator 120
      vibrate at exactly nine minutes thereafter, the selector cam 80 is rotated
      counterclockwise to the ALARM position shown in FIG. 1. This motion
      releases the finger 105 of the selector cam 80 from the upwardly extending
      finger 102 of the vibrator shutoff lever, and the spring 148 holds the
      latch 150 of the vibrator shutoff lever 20 against the right surface of
      the latch notch 156. In addition, this motion  releases cam 82 of the
      selector cam 80 from the bifurcated lever 62 to permit the switch 33, 34
      to be operated. The alarm set knob 50 is rotated to the 6 o'clock position
      illustrated in FIG. 1 and the 12 hour alarm cam gear 40 can now operate to
      move forwardly to tilt the alarm shutoff lever 20 when finger 46 lines up
      with the notch formed in the alarm time cam gear 40.
PAR  Throughout the night the switch contacts 33, 34 will remain in the open
      position as the finger 46 of the alarm set cam 42 slides on the forward
      surface of the continuously rotatable alarm time cam 40. At 6 o'clock in
      the morning the finger 46 will have moved to the notch in the alarm time
      cam and the resilient switch blade 30 will move the lower portion of lever
      24 forwardly to move the shaft 26 and the alarm time cam 40 to the
      position illustrated in FIG. 6. Naturally, during this movement the switch
      33, 34 will be moved to its closed position, and more importantly, in
      accordance with the instant invention, the spring 148 of the elongated
      alarm shutoff lever 20 will tilt the lever 20 about a hinge line close to
      the bottom edge of the base plate 36 to move the trigger finger 166 of the
      alarm shutoff lever 20 into engagement with the minutes cam 108. Then, as
      the minutes shaft 178 and the cam 108 are rotated clockwise
      (counterclockwise as shown in the rear perspective view of FIG. 6) the
      shelf 186 of the cam 108 will move into contact with the upwardly
      extending trigger finger 166 of the vibrator shutoff lever 20 to move the
      right portion of the vibrator shutoff lever 20 downwardly to thereby
      release latch 150 from latch notch 156 to permit the entire shutoff lever
      20 to be moved longitudinally to the right (left in FIG. 7) to release the
      alarm vibrator 120 to sound the alarm at 6:09 in the morning. Thus, at 6
      o'clock the radio will be playing and nine minutes thereafter the vibrator
      will be sounded and the radio will remain playing.
PAR  One of the repeat alarm mechanisms which may be provided for shutting off
      the alarm vibrator while permitting the radio to stay on includes the
      repeat alarm bell crank lever 200 illustrated in FIG. 9. With reference to
      FIGS. 1 and 9, a plunger 218 which extends upwardly from the top wall of
      the clock may be manually depressed in order to shut off the alarm for a
      predetermined short time interval, and with particular reference to FIG.
      8, it can be seen that depression of the plunger 218 will move the
      downwardly extending finger 204 of the bell crank 200 to the left (right
      as viewed in the rear perspective view of FIG. 8) into engagement with the
      rearwardly extending pivot finger 142 of the vibrator shutoff lever 20 to
      move the vibrator shutoff lever to the left to thereby pull the vibrator
      128 rearwardly to shut off the alarm. During this movement, the latch 150
      of the lever 20 will be re-positioned within the latch notch 156 of the
      base plate 36 to hold the vibrator shutoff lever 20 in the alarm OFF
      position while the repeat alarm bell crank lever 200 and its plunger
      member 218 are returned to their upper positions under the force of spring
      206. Naturally, during this movement the downwardly extending finger 204
      of the repeat alarm bell crank lever will be moved to the right out of the
      way of the vibrator shutoff lever 20. Thus, the minutes cam 108 can
      function to resound the alarm a short time interval after the repeat alarm
      mechanism has been actuated. The shelf 186 of the minutes cam will move
      into engagement with the upwardly extending trigger finger 166 of the
      vibrator shutoff lever to move the lever 20 downwardly to release the
      latch 150 to thereby permit the vibrator 128 to resound.
PAR  In order to permanently shut off the audible alarm vibrator 128 the
      selector cam 80 may be rotated in a clockwise direction from the ALARM
      position to the RADIO WAKE or the NO WAKE position. With particular
      reference to FIGS. 2 and 4, it can be appreciated that during this
      movement the radially outwardly extending cam surface 104 of the selector
      cam 80 will be moved upwardly from the ALARM position illustrated in FIG.
      5 to the RADIO WAKE position or to the NO WAKE position illustrated in
      FIG. 4, and during this movement the entire vibrator shutoff lever 20 will
      be moved longitudinally to the left (right in FIGS. 4 and 5) to pull the
      vibrator 120 away from the field laminations 122 to shut off the alarm.
PAR  With reference to FIG. 5, it can be appreciated that the selector cam 80
      may be rotated approximately 25.degree. counterclockwise (as viewed in
      FIG. 5) from the ALARM position shown in FIG. 5 to a RADIO WAKE position.
      In the RADIO WAKE position, the alarm vibrator 120 will be prevented from
      sounding since cam 104, 152 will have been rotated to hold arm 102 and
      lever 20 to the right. In the RADIO WAKE position cam 82 will be spaced
      from lever 62. Thus, the switch 33, 34 will remain closed and the radio
      will continue to play while the vibrator 120 is shut off by selector cam
      80 - 104.
PAR  When the selector shaft 80 and particularly its cam 104 are moved to the
      position illustrated in FIGS. 2 and 4, it can be appreciated that selector
      cam 80 - 82 will have engaged lever 62 to move the lever 62, gear 40 and
      shaft 26 rearwardly to open switch contacts 33 and 34 to thereby shut off
      the radio. Moreover, during such movement to forwardly extending portion
      105 of the cam finger 104 will have pushed the upwardly extending finger
      102 of lever 20 rearwardly to tilt the upper portion of the vibrator
      shutoff lever 20 rearwardly to thereby prevent the lever 20 from being
      actuated by the 12 hour cam gear 40 and the minutes cam 108. With
      reference to FIG. 3, it can be seen that this is achieved by uniquely
      shaping the upwardly extending left finger portion 102 of the vibrator
      shutoff lever. As shown more particularly in FIG. 2, when the selector cam
      80 and its finger 104 are rotated to the position illustrated in FIG. 2,
      they will tilt the vibrator shutoff lever 20 rearwardly to move the lever
      20 a short distance behind the 12 hour alarm time cam 40 and the minutes
      cam 108 to prevent these cams from actuating the vibrator shutoff lever
      20.
PAR  From the foregoing discussion, it will be appreciated that my improved
      alarm vibrator control mechanism may be readily constructed with
      relatively few parts. The principal component is the uniquely shaped and
      positioned vibrator shutoff lever 20 which may be readily stamped from a
      piece of metal to include all of the components for supporting the shutoff
      lever and for cooperating with the other components of the alarm clock
      timer. The upwardly extending finger 102 for tilting the vibrator control
      lever 20 rearwardly can be readily formed during the stamping operation.
      Likewise, the notched out portion 160 and forwardly extending tab 162 for
      cooperating with the 12 hour alarm cam 40 may be readily provided during
      the stamping operation. Similarly, the pivot finger 142 and the upwardly
      extending trigger tab 166 at the right end portion of the lever for
      cooperating with the minutes cam 108 can be readily formed during the
      stamping operation. With this unique mechanism, the latch 150 of the
      vibrator shutoff lever 20 is located almost directly below the shelf 186
      of its actuating cam 108 at the right end portion of the lever so that
      relatively accurate and positive control of the latch is achieved. The 12
      hour alarm time cam gear 40 is required ro tilt the entire vibrator lever,
      and thus, it is uniquely located at the central portion of the vibrator
      shutoff lever so that the lever actuating protrusion 162 may readily tilt
      the entire vibrator shutoff lever, and particularly its right end portion
      into engagement with the cam 108. Moreover, the selector cam 80 may be
      readily positioned adjacent to an end portion 102 of the alarm control
      lever 20.
PAR  With my improved vibrator shutoff lever construction, it can also be
      appreciated that the mechanism may be readily added to a digital clock of
      the type disclosed in U.S. Pat. No. 3,725,617. The shutoff lever 20 is
      simply located in existing space in front of the base plate 36, and is
      readily supported on the base plate by the base plate slots 144 and 156
      which receive tabs of the vibrator shutoff lever 20. The shutoff lever 20
      is also uniquely shaped so that is may be readily sandwiched between the
      other components of the digital clock. Thus, an exceedingly simple and
      reliable mechanism is achieved with the use of relatively few parts which
      may be readily connected to each other.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An alarm clock mechanism comprising:
PA1  a. a timing mechanism;
PA1  b. a supporting structure;
PA1  c. an audible alarm vibrator mounted on said supporting structure for
      operation by said timing mechanism;
PA1  d. a switch mounted on said supporting structure for operation by said
      timing mechanism;
PA1  e. an alarm vibrator control lever mounted on said supporting structure and
      movable into engagement with said audible alarm vibrator for shutting off
      the alarm;
PA1  f. a switch control lever mounted on said supporting structure;
PA1  g. a manually operable selector cam mounted on said supporting structure
      and movable into engagement with said alarm vibrator control lever and
      said switch control lever for selectively controlling operation of said
      audible alarm vibrator and said switch, said selector cam including an
      integrally formed longitudinally variable cam surface movable into
      engagement with said switch control lever for moving said switch control
      lever for holding the switch in an open position and said selector cam
      including a second integrally formed radially variable cam surface movable
      into engagement with said alarm vibrator control lever for holding the
      audible alarm vibrator in an off position, said selector cam being movable
      to any one of a plurality of positions for controlling the operation of
      said audible alarm vibrator and said switch, said selector cam member
      being movable into one position wherein its integrally formed cam surfaces
      for controlling operation of the alarm vibrator control lever and the
      switch control lever holds both of these levers in an off position to
      prevent actuation of the audible alarm vibrator and to hold the switch
      control lever in an off position to prevent actuation of the switch, said
      selector cam being rotatable to another position wherein its integrally
      formed cam surface which is movable into engagement with the switch
      control lever is removed from the switch control lever to enable the
      switch to be automatically operated by the timing mechanism at an alarm
      time but wherein the integrally formed cam which is movable into
      engagement with the alarm control lever is retained in engagement with the
      alarm control lever for preventing automatic operation of the alarm
      vibrator by the timing mechanism at the alarm time.
NUM  2.
PAR  2. An alarmm clock timer mechanism as defined in claim 1 wherein the
      longitudinally variable cam for controlling said switch control lever is
      integrally formed on said selector cam for moving the switch control lever
      rearwardly to prevent operation of the said switch and wherein the
      radially variable cam which is integrally formed on said selector cam for
      operating the alarm control lever is positioned for engagement with said
      alarm control lever to move said alarm control lever toward one side of
      the timer to prevent actuation of said audible alarm vibrator.
NUM  3.
PAR  3. An alarm clock mechanism as defined in claim 1 wherein said alarm
      control lever is formed as an elongated lever having a central portion and
      two end portions and said alarm control mechanism also includes:
PA1  a. spring means connected to said elongated alarm control lever for urging
      the lever to a first alarm position;
PA1  b. a latch integrally formed on said alarm control lever for holding said
      alarm control lever in the other alarm position;
PA1  c. said alarm control lever being mounted for longitudinal movement to move
      said alarm vibrator member to an alarm sounding position or an alarm off
      position, said alarm control lever being mounted for tilting movement and
      said alarm control lever being mounted for transverse movement;
PA1  d. a first cam means driven by said timing mechanism in selective
      engagement with an end portion of said alarm control lever for moving said
      lever transversely at a preset time to disengage said latch to permit said
      elongated alarm control lever to move longitudinally under the force of
      said spring means to move said member to said first alarm position at a
      preset time; and
PA1  e. a second cam means driven by said timing mechanism in selective
      engagement with the central portion of said alarm control lever for
      permitting said alarm control lever to be tilted into engagement with said
      first cam means a short time prior to said preset time.
NUM  4.
PAR  4. An alarm clock switch timer mechanism comprising:
PA1  a. a timing mechanism;
PA1  b. a supporting structure;
PA1  c. an audible alarm vibrator mounted on said supporting structure for
      operation by said timing mechanism;
PA1  d. a switch mounted on said supporting structure for operation by said
      timing mechanism;
PA1  e. an alarm vibrator control lever mounted on said supporting structure and
      movable into engagement with said audible alarm vibrator for shutting off
      the alarm;
PA1  f. a switch control lever mounted on said supporting structure;
PA1  g. a first cam means driven by said timing mechanism in selective
      engagement with said alarm vibrator control lever for moving said alarm
      vibrator control lever to permit the vibrator to sound at a predetermined
      alarm vibrator time;
PA1  h. a second cam means driven by said timing mechanism in selective
      engagement with the alarm vibrator control lever for permitting the alarm
      vibrator control lever to be moved into engagement with said first cam
      means a short time prior to said predetermined alarm vibrator time, said
      second cam means being in engagement with said switch control lever for
      moving said switch to a closed position when said second cam means moves
      the vibrator control lever into engagement with the first cam means to
      thereby close the switch at the commencement of the actuating movement of
      the alarm vibrator control lever by said first cam means; and
PA1  i. a manually operable selector cam positioned adjacent to said vibrator
      control lever and said switch control lever for actuating the switch
      control lever and the alarm control lever to shut off the alarm and open
      the switch, for actuating the vibrator control and switch control levers
      to be closed at some predetermined time and to permit the vibrator to
      sound a short predetermined time thereafter, and for actuating the
      vibrator control and switch control levers to permit the switch to be
      closed at some predetermined time and to prevent the vibrator from
      sounding.
NUM  5.
PAR  5. An alarm clock switch timer mechanism as defined in claim 4 wherein the
      manually operable selector cam includes a forwardly extending cam surface
      for moving said vibrator control lever radially away from the axis of said
      selector cam to shut off the audible alarm vibrator, and said selector cam
      includes an arcuate cam surface for moving the switch control lever
      rearwardly to open the switch.
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ABST
PAL  A digital cooking hours timer for providing an automatic cooking operation
      of a cooking apparatus for a selected time period and having a frame
      provided with a timer unit and a drive mechanism for driving the timer
      unit. A selector is carried by the frame to set a selected period of
      cooking time of the timer unit and is adapted to interconnect the drive
      mechanism with the timer unit so as to cause the drive mechanism to drive
      the timer unit for only the set period of cooking time, the timer unit
      having an output for operating the cooking apparatus at least part of the
      set period of cooking time as the set period of cooking time is elapsing.
BSUM
PAR  This invention relates to a digital cooking hours timer for a cooking
      apparatus and, in particular, to a digital cooking hours timer that is
      adapted to be utilized in combination with a conventional clock structure
      for providing an automatic cooking operation of the cooking apparatus.
PAR  It is well known that timer units have been provided for cooking apparatus
      whereby each unit includes a conventional clock structure provided with
      rotatable hands for continuously indicating the time of day. Usually, in
      combination with such clock structure, windows are provided in the timer
      unit along with printed timer discs of conventional time indication to be
      set for a desired cooking time period whereby such timer mechanism will
      thereafter operate the heating means of the oven to cook an item during
      the elapsing of such selected time period.
PAR  It is a feature of this invention to provide a range timer for the above
      purpose, but having a digital cooking hours timer in combination with a
      conventional clock structure so that the resulting unit can be utilized in
      combination with a cooking apparatus or the like.
PAR  Another feature of this invention is to provide a digital cooking hours
      timer that can be utilized by itself or for other purposes as desired.
PAR  Another feature of this invention is to utilize such a range timer together
      with a digital timer means for providing a munute-by-minute timing
      operation separate from the time of day clock structure and separate from
      the digital cooking hours timer as will be apparent hereinafter.
PAR  In particular, one embodiment of this invention provides a frame means
      carrying a timer means and a drive means for driving the timer means.
      Setting means are carried by the frame means to set a selected period of
      cooking time of the timer means. Means are also provided for
      interconnecting the drive means and the timer means together to cause the
      drive means to drive the timer means for only the set period of cooking
      time. The timer means has means for operating the cooking apparatus at
      least part of the set period of cooking time as the set period of cooking
      time is elapsing whereby the digital cooking hours timer is adapted to
      provide an automatic cooking operation of the cooking apparatus for the
      selected time period.
PAR  The digital cooking hours timer of this invention has digital reading means
      for indicating the selected set period of cooking time thereof and for
      thereafter providing a countdown readout of the set period of cooking time
      as the same is elapsing.
PAR  In this embodiment of the invention, the digital reading means comprises a
      pair of different sized, concentrically mounted and rotatable discs
      respectively having time indicating indicia disposed adjacent the outer
      peripheries thereof with the outer peripheries of such discs respectively
      having adjacent sections thereof being viewable through an opening in the
      panel structure to provide the indicated time of the timer means.
PAR  Accordingly, it is a feature of this invention to provide a digital cooking
      hours timer having one or more of the novel features set forth above or
      hereinafter shown or described.
PAR  Another object of this invention is to provide an improved range timer.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description, which proceeds with reference to the
      accompanying drawings forming a part thereof and wherein:
PAR  FIG. 1 is a front view of the improved range timer of this invention with
      the digital minute timer thereof set for a time period of one hour and
      forty-eight minutes while the digital cooking hours timer thereof has been
      set for an automatic cooking operation of a cooking apparatus for a period
      of three hours and twenty minutes.
PAR  FIG. 2 is a front view of the range timer illustrated in FIG. 1 with the
      front panel removed to expose the timer discs, the digital minute timer of
      FIG. 2 and the digital cooking hours timer of FIG. 2 being respectively
      disposed in their zero time or "off" positions thereof.
PAR  FIG. 3 is a bottom view of the range timer of FIG. 1.
PAR  FIG. 4 is a reduced view of the range timer illustrated in FIG. 2 with the
      timer discs and front frame panel illustrated in FIG. 2 removed.
PAR  FIG. 5 is an enlarged, fragmentary, cross-sectional view taken
      substantially in the direction of the arrows 5--5 of FIG. 1 and
      illustrating the time of day clock structure.
PAR  FIG. 6 is an enlarged, fragmentary, cross-sectional view taken
      substantially in the direction of the arrows 6--6 of FIG. 1 and
      illustrating the digital minute timer structure.
PAR  FIG. 6A is a fragmentary, cross-sectional view taken substantially in the
      direction of the arrows 6A--6A of FIG. 6.
PAR  FIG. 6B is a left end view of the structure illustrated in FIG. 6A.
PAR  FIG. 6C is a right end view of the structure illustrated in FIG. 6A.
PAR  FIG. 7 is a fragmentary, cross-sectional view taken in the direction of the
      arrows 7--7 of FIG. 6.
PAR  FIG. 7A is a fragmentary end view of the bell-ringing structure of the
      timer means illustrated in FIG. 7 and taken in the direction of the arrow
      7A of FIG. 7.
PAR  FIG. 8 is an enlarged, fragmentary, cross-sectional view taken
      substantially in the direction of the arrows 8--8 of FIG. 4.
PAR  FIG. 9 is an enlarged, fragmentary, cross-sectional view taken
      substantially on the line 9--9 of FIG. 1 and illustrates the digital
      cooking hours timer structure.
PAR  FIG. 10 is a cross-sectional view taken substantially on the line 10--10 of
      FIGS. 8 and 9.
PAR  FIG. 11 is a view similar to FIG. 10 with certain parts thereof removed and
      illustrating the structure of FIG. 10 set in a "manual" position thereof.
PAR  FIG. 12 is a view similar to FIG. 11 and illustrates the digital cooking
      timer means of FIG. 11, set for a time period of six hours and fifty-five
      minutes.
PAR  FIG. 13 is a fragmentary view similar to FIG. 2 and illustrating another
      embodiment of the digital cooking timer means, such timer means providing
      for a self-clearing thereof.
PAR  FIG. 14 is a view similar to FIG. 11 and illustrates the self-clearing
      embodiment of FIG. 13.
PAR  FIG. 15 is a view similar to FIG. 5 and illustrates another embodiment of
      this invention.
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted to provide a digital cooking
      hours timer for use with a time-of-day clock structure for providing a
      range timer for a cooking apparatus, it is to be understood that the
      various features of this invention can be used singly or in any
      combination thereof to provide a digital cooking hours timer for use by
      itself or in combination with other structures as desired.
PAR  Therefore, this invention is not to be limited to only the embodiments
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate some of the wide variety of uses of this invention.
DETD
PAR  Referring now to FIG. 1, the improved range timer construction of this
      invention is generally indicated by the reference numeral 10 and comprises
      a frame structure generally indicated by the reference numeral 11 and
      having a front dial plate or panel 12 and a bezel 13, the frame 11 having
      means for mounting the range timer 10 to a control panel of a conventional
      cooking apparatus in a manner well known in the art.
PAR  The range timer construction 10 includes a time-of-day clock means that is
      generally indicated by the reference numeral 14 and comprising a clock
      face 15 disposed on the front panel 12 and having an hour hand 16 and
      minute hand 17 concentrically mounted to indicate time of day in
      combination with the dial face 15 in a conventional manner. The clock
      structure 14 is adapted to have the hands 16 and 17 thereof set by a
      selector knob 18 in a manner conventional in the art.
PAR  The range timer construction 10 includes a digital minute timer of this
      invention that is generally indicated by the reference numeral 19 and
      comprises a substantially rectangular window 20 formed through the front
      panel 12 and exposing sections of a pair of concentrically mounted,
      different sized discs 21 and 22 operated in a manner hereinafter described
      to be set to a desired indicating time period by a selector knob 23
      rotated in either a clockwise or counterclockwise direction to set the
      selected time period for the minute timer means 19. The selected time
      period for the minute timer means 19 illustrated in FIG. 1 is one hour and
      forty-eight minutes. The selected time period of the minute timer means 19
      is directly selected by the selector knob 23, as will be apparent
      hereinafter, and the discs 21 and 22 are operated by timer means in the
      manner hereinafter described to provide a minute by minute digital
      countdown of the elapsing time period and when the discs 21 and 22
      subsequently indicate the zero position "00", the timer means is
      automatically disconnected from the discs 21 and 22 and an alarm is
      provided by the range timer 10 in the form of a bell 119, FIG. 3, being
      repetitively hit by an oscillating hammer member 125, FIG. 7A, in a manner
      hereinafter described until the operator pushes inwardly on the selector
      knob 23 in a push button manner as will be apparent hereinafter to
      terminate the sounding of the alarm. At this time, the digital minute
      timer means 19 remains dormant until again set for a new time period.
PAR  Therefore, it can be seen that the range timer means 10 of this invention
      provides a digital minute timer means 19 completely separate from the
      conventional clock means 14 so that the housewife or the like will not
      have to bother with the conventional clock means 14 to set the desired
      time period for digital minute timer means 19 and the digital minute timer
      means 19 will directly indicate the selected time by a digital readout
      arrangement thereof that is completely separate from the conventional
      clock means 14. Such digital reading means of the minute timer means 19
      will thereafter continuously indicate a digital countdown of the elapsing
      time period so that the housewife or the like will know how much of the
      selected time period remains during the running thereof.
PAR  The range timer construction 10 also includes a digital cooking hours timer
      means of this invention that is generally indicated by the reference
      numeral 25 in FIG. 1 and also comprises a substantially rectangular window
      26 formed through the front panel 12 and exposing sections of a pair of
      concentrically mounted, different sized discs 27 and 28 operated in a
      manner hereinafter described to be set to te desired indicating time
      period that food or the like is to be cooked in a cooking apparatus 29,
      FIG. 3, by a selector knob 30 rotated to set a selected cooking hour time
      period for the timer means 25. The selected cooking time period for the
      cooking timer means 25 illustrated in FIG. 1 is three hours and twenty
      minutes. The selected cooking time period of the cooking hours timer means
      25 is directly selected by the knob 30, as will be apparent hereinafter,
      and the discs 27 and 28 are operated by timer means in a manner
      hereinafter described to provide a five-minute by five-minute digital
      countdown of the elapsing cooking time period and when the discs 27 and 28
      subsequently indicate the zero position, "00",  as illustrated in FIG. 2,
      the oven of the cooking apparatus 29 will be maintained at a
      warmth-retaining and non-cooking temperature in a manner well known in the
      art until the operator grasps the knob 30 and moves the discs 27 and 28 so
      that the indicator "manual" of the disc 27 will be viewable in the window
      26 of the cooking hours timer means 25 whereby the oven of the cooking
      apparatus 29 can be subsequently operated in a conventional manner not
      under the influence of the cooking timer means 25 unless the timer means
      25 is again manually set to a new cooking time period.
PAR  Therefore, it can be seen that the range timer means 10 of this invention
      also provides a digital cooking hours timer means 25 completely separate
      from the conventional clock means 14 so that the housewife or the like
      will not have to bother with the conventional clock means 14 to set the
      desired cooking time period for the digital cooking hours timer means 25
      and the digital cooking hours timer means 25 will directly indicate the
      selected cooking time by a digital readout arrangement thereof that is
      completely separate from the conventional clock means 14. Such digital
      reading means of the cooking hours timer means 25 will thereafter
      continuously indicate a digital countdown of the elapsing time period so
      that the housewife or the like will know how much of the selected cooking
      time period remains during the running thereof. Also, the digital cooking
      hours timer means 25 has means hereinafter described that will operate the
      cooking apparatus 29 during the elapsing of the cooking time period to
      maintain the oven at the selected temperature and at a set fixed period,
      such as fifteen minutes, before the termination of the cooking hours of
      the cooking time period, the digital cooking hours timer means 25 will
      automatically cut back the temperature in the oven of the cooking
      apparatus 29 to a warmth-retaining and non-cooking temperature so that
      when the set cooking time period has completely elapsed, the food can
      remain in the oven of the cooking apparatus 29 and will not be further
      cooked therein but will be maintained at a warmth-retaining and
      non-cooking temperature. Thus, the food can be removed from the oven at
      any desired time after the cooking time period has elapsed and the food
      will remain palatable and not be further cooked. At this time the
      housewife or the like turns off the oven of the cooking apparatus 29 by
      rotating the knob 30 so that the "manual" indicator of the digital cooking
      hours timer means 25 will appear at the window 26 whereby the oven of the
      cooking apparatus 29 can be utilized in a conventional manner or can again
      be subsequently utilized for automatic cooking operation in the above
      manner.
PAR  While the digital minute timer means 19 in combination with a conventional
      clock 14 or by itself is the subject matter of a concurrently filed patent
      application of applicants, Ser. No. 390,024, filed Aug. 20, 1973, now U.S.
      Pat. No. 3,857,234, the digital timer means, 19 of this application has a
      few changes in the structure thereof from that disclosed in the
      aforementioned patent application. However, the digital cooking hours
      timer 25 of this invention is not disclosed in the aforementioned
      copending paatent application and forms the features of the claimed
      invention either by itself, in combination with the conventional clock
      means 14, or in combination with the conventional clock means 14 and the
      digital minute timer means 19.
PAR  Therefore, the details of the parts and the details of the operation of the
      range timer construction 10 that has been previously generally described
      will now be described in detail in connection with the remaining Figures
      of the drawings.
PAC  DIGITAL MINUTE TIMER MEANS 19
PAR  As illustrated in FIG. 5, a synchronous motor and gear unit 24 is carried
      by the frame means 11 and has an outlet shaft 24' driven at a speed of six
      revolutions per minute. The output shaft 24' is used for driving the clock
      mechanism for the conventional clock 14 and the timer means for the
      digital timers 19 and 25 as will be apparent hereinafter.
PAR  A pinion gear 31 and ratchet wheel 32 are respectively attached as drive
      fits to the continuously rotating one rpm output shaft 24' of the motor 24
      as illustrated in FIGS. 5 and 7. As illustrated in FIGS. 4 and 7, the
      timer mechanism for the digital minute timer means 19 is generally
      indicated by the reference numeral 33 and is illustrated in FIGS. 4, 6 and
      7 as being in its "off" or zero position. Thus, the pinion gear 31 is
      continuously rotating a meshing gear 126 within a cutout 34 formed in the
      outer periphery of a molded gear 35. Therefore, with the drive means 33
      disposed in its "off" position, no drive is imparted from the continuously
      rotating drive means 31 to the timer mechanism 33 of the minute timer
      means 19.
PAR  As illustrated in FIG. 6, the setting knob 23 for the digital timer means
      19 is attached to a setting shaft 36 which is rotatably mounted to the
      frame means 11 by a bearing means 37 staked in suitable openings 38 and 39
      formed respectively in frame plate 40 and dial plate 41, the frame plate
      41 providing on the front side thereof the front dial 12 of the range
      timer means construction 10 which is adapted to have a transparent plate
      42 disposed in front of the same as illustrated in FIG. 6, whereby the
      setting shaft 36 projects out of an opening 43 formed in the window
      material 42 in a conventional manner.
PAR  The setting shaft 36 has a gear wheel 44 staked thereto and cooperates with
      a slider member 45 having an oblong opening 46, FIG. 6A, formed
      therethrough and receiving the setting shaft 36 therethrough. The slider
      member 45 has a pin 47 fastened thereto and projecting through an
      elongated slot 48 formed in the gear wheel 44 and being held captive
      thereto by an enlarged rivet-like head 49 on the pin 47. A formed wire
      spring 50 provides a bias to the slider pin 47 and thus to the slider
      member 45 in two different planes. In particular, the spring 50 provides a
      bias in a direction whereby a radiused tip or end 51 of the slider member
      45 is moved or pressed to its furthermost position from the longitudinal
      axis of the setting shaft 36, or to the right as illustrated in FIGS. 6
      and 6A, because of a rectangular loop 52 thereof bearing against the
      left-hand side of the pin 47 as illustrated in FIG. 6. The spring 50 also
      provides a bias in a plane whereby the head 49 of the slider pin 47 tends
      to engage against the gear wheel 44. However, the slider member 45 is
      illustrated in FIG. 6 as being in a raised position by being disposed on
      top of an operating pin 53 that is attached to a gear wheel 54 fixed to a
      shaft 55 rotatably mounted between the frame plate 40 and a back frame
      plate 56 of the frame means 11.
PAR  As the setting shaft 36 is rotated by the knob 23, the gear wheel 44
      attached thereto is also caused to rotate in unison therewith and is
      disposed in meshing relation with a gear wheel 57 that is fixed to the
      shaft 55. Thus, the gear wheels 57 and 54 rotate upon rotation of the
      setting shaft 36 causing the operating pin 53 to rotate out from under the
      radiused end or tip 51 of the slider member 45 whereby the rotation of the
      two shafts 36 and 55 will cause the slider member 45 to disengage from the
      operating pin 53 upon a rotation of the setting shaft 36 in either a
      clockwise or counterclockwise direction. Such setting mechanism 36 is
      arranged so that for a setting of one minute on the timer means 19 by
      rotation of the shaft 36 in either direction, the slider member 45 will
      disengage from the operating pin 53 and will move to a position wherein
      the head 49 of the slider pin 47 engages against the gear wheel 44. This
      will cause the radiused end or tip 51 of the slider member 45 to move to a
      position within the same plane of the movement of the operating pin 53 of
      the gear 54.
PAR  The gear ratios of the two gears 44 and 57 are so arranged that one full
      turn of the setting shaft 36 is equivalent to the setting of 30 minutes of
      the digital minute timer 19 and this causes the shaft 55 to rotate three
      and three-quarters of a turn, or at a rate of one revolution for each
      eight minutes of setting of the shaft 36.
PAR  These respective rates of revolutions are utilized for the purpose of
      obtaining multiple revolutions of the setting shaft 36 between successive
      points of engagement of the slider member 45 with the operating pin 53.
      With the structure assembled for inline engagement of the slider member 45
      with the operating pin 53 at "0" minutes of the timer means 19 as
      illustrated in FIG. 6, the digital timer 19 may be set by the knob 23 for
      a period up to 120 minutes before this inline arrangement of the pin 53
      and slider member 45 will reoccur. Thus, a setting of two hours for the
      timer means 19 is therefore equivalent to returning the mechanism to a "0"
      setting and for this reason the maximum setting time for the particular
      embodiment of the digital timer means 19 of this invention is one hour and
      fifty-nine minutes as will be apparent hereinafter.
PAR  The gear 54 that carries the operating pin 53 is disposed in meshing
      relation with gear teeth 58 of a molded gear 59 that is fixed to a shaft
      60 rotatably mounted between the frame plates 40 and 56 as illustrated,
      the shaft 60 loosely receiving and thereby rotatably mounting the
      previously described gear 35 to the frame means 11. The timer disc 22 that
      has a section thereof viewably at the window 20 in the front panel 12 or
      frame plate 41 is fastened for rotation to the shaft 60 by two flats on
      the shaft 60 and is retained on the shaft by a spring clip 61. The spring
      clip 61 is assembled by being set on the end 62 of the shaft 60 and is
      depressed against its bowed spring tension and given one quarter of a turn
      in a clockwise direction to retain it in an appropriate groove 63 in the
      end 62 of the shaft 60. Of course, the disc 22 can be fastened to the
      shaft 60 to rotate in unison therewith in any desired manner.
PAR  Numerals from "0" to "9" are printed on the indicator disc 22 adjacent its
      outer periphery 64 to respectively represent unit minutes that are to be
      viewed through the aperture or window 20 in the dial or front plate 12.
PAR  A thin spacing washer 65 is positioned on the end 62 of the shaft 60 for
      the purpose of preventing the discs 22 and 21 from scraping each other or
      having excessive frictional contact therebetween.
PAR  The indicator disc 21 is printed with the numerals from "0" to "5" and from
      "1.0" to "1.5" to indicate the tens of minutes readings about the outer
      periphery 66 thereof so as to be respectively readable in the window 20 as
      illustrated in FIG. 1.
PAR  The molded gear 59 is disposed in engagement with a special die cast gear
      67, FIG. 6, the gear 67 originally being a twelve toothed gear in a plane
      adjacent to the frame plate or pan 40 and has eight of those teeth removed
      on one side of the gear 67 to become a four toothed gear in a plane
      similar to that for the rim 68 of the gear 59, such remaining teeth of the
      gear 67 being indicated by the reference numeral 69 in FIG. 6. Two teeth
      70, FIG. 4, project above the surface of the rim 68 of the gear 59 so as
      to lie within the same plane as the twelve teeth 71 of the gear 67 to
      provide a means of providing a locked-in increment drive between the gears
      59 and 67.
PAR  A pinion gear 72 is assembled as a free running fit through an opening 73
      in the plate 40 and is staked to the gear 67 to rotate in unison
      therewith. The gear 72 is disposed in mesh with a gear wheel 74 disposed
      in a free running fit on the shaft 60 and retained in position by the
      plate 40 and the spacing washer 65. Two extruded dowels 75 on the gear 74
      are received in complementary openings 76 formed through the disc 21
      whereby the indicating disc 21 is fastened for rotation with the gear 74
      and may be further fixed thereto by adhesive or other suitable means.
PAR  Thus, it can be seen that for each revolution of the shaft 60, the unit
      minute indicator 22 will move through successive readings from "0" to "9"
      and by synchronizing the printing and respective gear meshes, the tens of
      minutes indicating disc 21 will be caused to change its reading one
      increment in an appropriate manner when the reading changes from "9" back
      to "0" on the indicating disc 22. In fact, in practice, the numbers of
      both discs 21 and 22 move together during a change in reading of the tens
      of minutes.
PAR  Accordingly, the setting knob 23 for the timer means 19 can be turned in
      one direction for increasing readings of minute settings as "0, 1, 2, 3,
      etc." or in the opposite direction for decreasing readings as "1.59, 1.58,
      1,57, etc." of the discs 21 and 22 at the window 20 of the timer means 19
      when it is desired to set the timer means 19 for a desired time period.
PAR  The shaft 55 has an integral eight toothed gear 77 and cam wheel 78 fixed
      thereto whereby the integral gear 77 and cam wheel 78 will be rotated
      during the setting of the timer means 19.
PAR  As illustrated in FIGS. 6 and 7, an arming pin 79 is carried by a stop
      lever 80 so that when the cam wheel 78 is caused to rotate from its zero
      position upon a setting of the setting shaft 36, the cam plate 78 will
      raise the arming pin in FIG. 7 and therefore cause the stop lever 80 to
      pivot on a post or pillar 81 that is carried by the back plate 56 and
      comprises one of the posts that supports the frame plates 56 and 40 in
      spaced relation so as to move to a set position against the force of a
      tension spring 82 having one end 83 secured to the back plate 56 and the
      other end 84 fastened to an ear 85 of the lever 80.
PAR  The lever 80 has a bent ear 86 normally disposed against a plunger 87
      loosely disposed on the setting shaft 36 and normally urged toward a
      retaining ring 88 carried by the setting shaft 36 by a compression spring
      188 as illustrated in FIG. 6. Thus, when the lever 80 is cammed in a
      counterclockwise direction in FIG. 7 by rotation of the cam wheel 78, the
      tang or ear 86 moves out from engagement with the plunger 87 whereby the
      plunger 87 will move against the retaining ring 88 by the force of the
      compression spring 188 and thereby prevent the stop lever 80 from
      returning to its original position as the ear 86 will engage against the
      side of the plunger 87 even though the notch 89 in the cam 78 is again in
      alignment with the arming pin 79 of the lever 80 as illustrated in FIG. 7.
PAR  The lever 80 has a V-shaped part or rib 90 normally disposed in engagement
      with a chamfer 91 on a hub 92 of the gear 35 so that when the lever 80 is
      cammed in a counterclockwise direction in FIG. 7 by the cam 78 acting on
      the arming pin 79, the rib 90 is moved away from the chamfer 91 of the
      gear 35 so that the gear 35 is now free to move against the back plate 56
      under the influence of a compression spring 93 acting between the gears 35
      and 59.
PAR  As the gear 35 is moved toward the back plate 56 by the compression spring
      93, the gear teeth 94 of the rear 35 that have not been removed by the
      cutout 34 are lowered on to the top of the motor driven gear 126. It is
      not important whether or not the synchronization of mesh of the teeth 94
      of the gear 35 with the teeth of the gear 126 is achieved instantaneously
      because the gears 35 and 126 are of equal size and both rotate at the rate
      of one revolution per minute and are driven by the motor pinion 126 which
      is rotating at a rate of six revolutions per minute. Therefore, no more
      than in interval of time of less than one second can be lost as a result
      of any lapse in the time before the respective gears 35 and 126 achieve an
      effective meshing action to permit the gear 35 to move against the backup
      plate 56 and be directly driven by the drive gear 126.
PAR  As the gear 35 is moved toward the back plate 56 by the compression spring
      93, a single tooth driving dog 95 that is integral with the gear 35 is
      lowered into the same plane as the eight toothed gear 77 fixed to the
      shaft 55. Due to its initial starting position and its direction of
      rotation, which is counterclockwise in FIG. 7, the driving dog 95 will not
      impart any restriction to the free rotation of gear 77 for a period of
      time equal to approximately 50 seconds from the commencement of the
      setting of the shaft 36 for a setting of a time period for the timer means
      19.
PAR  While in the previous description of the setting of the timing means 33 for
      the digital time means 19, all of the components have been free to move
      without any mechanical resistance other than the arming of the stop lever
      80 against the force imposed by its associated spring 82 and by the very
      small friction of the gear meshes, it may be desired to provide a means of
      accurate positioning for the numbers on the discs 21 and 22 during a
      setting thereof whereby an incremental positioning means has been
      incorporated for the digital timer means 19 as illustrated in FIG. 4.
PAR  In particular, a formed leaf spring 96 has an elbow 98 thereof exerting a
      very light pressure against an outer peripheral surface 99 of the gear
      member 59 so as to be received respectively in notches 100 at each numeral
      setting at the window 20 of the range timer 10. Although the detents or
      notches 100 do not join one another in a continuous uninterrupted
      sequence, but possess null positions between adjacent settings, it is
      found in practice that the "feel" of the setting mechanism is such that
      the natural tendency is to move from one notch 100 to the next whereby it
      requires a very deliberate intent and action of the operator to produce a
      half-way setting between the notches 100 and, thus, a half-way setting
      between numbers at the window 20. Such a half-way setting, however, does
      not provide for any increment of a minute in the running time of the unit
      19 as will be apparent hereinafter and such half-way setting will not
      cause any damage to the unit 19 as will be apparent hereinafter.
PAR  As previously stated, it is considered that the 50 seconds of running time
      for commencement of the setting of the timer means 19 by the shaft 36
      before the driving dog 95 moves its single tooth 101 into a position for
      its first engagement with a gear tooth 102A of the gear 77 is more than
      adequate time for achieving an initial setting of the timer unit 19 by the
      operator. However, when the driving dog 95 does have its tooth 101 rotated
      into contact with a tooth 102 of the gear 77, the amount of drive during
      which the driving dog 95 is actually driving gear 77 is approximately five
      seconds whereas the time in which the driving dog 95 is actually within
      the track of gear 77 is a slightly longer period of time. It can be seen
      in FIG. 7 that one tooth 102A of the gear 77 is in a slightly offset
      position from a line drawn between the center of the two shafts 55 and 60.
      This position for the gear 77 is determined by the runout of the driving
      dog tooth 101 from its previous engagement with the tooth 102B and by the
      positioning detents 100 of the gear 59. With the gear 77 in the position
      as illustrated in FIG. 7, it can be seen that the tooth 101 of the driving
      dog 95 will clear a tooth 102 of gear 77 which is disposed in a position
      approximately symmetrical to that of tooth 102B and will subsequently
      engage with tooth 102A to drive the gear 77. In the event of a change of
      setting being made during the running time of the unit, this may be
      accomplished during any period of approximately 50 seconds during which
      time the driving dog 95 is not moving its tooth 101 within the track of
      the teeth 102 of gear 77. If, however, this engagement should commence
      during the time of resetting the unit 19, it will be necessary to wait for
      the completion of the engagement between the dog 95 and the gear 77 before
      completion of the resetting operation. However, it is to be understood
      that any means can be provided within the mechanism 33 for overriding the
      mechanical drive between the dog 95 and gear 77, if desired.
PAR  Thus, it can be seen that the shaft 55 is caused to rotate one-eighth turn
      for each rotation of the dog 95 which occurs once every minute of the
      running time. Thus, the change of numerals on the discs 21 and 22 will
      take place as follows.
PAR  Approximately 52 seconds after the commencement of setting of the timer
      means 19 to a desired time period by the setting knob 23, the numerals of
      the indicating discs 21 and 22 finally set at the window 20 of the
      selected time period will change by one increment over a period of time of
      approximately 5 seconds. This change in numerals will reoccur thereafter
      at intervals of 60 seconds until the completion of the set running time
      for the timer mechanism 33.
PAR  Thus, during the set running time for the timer mechanism 33, the timer
      mechanism 33 will remain stationary for approximately 55 seconds of each
      minute and then move one increment, equal to one minute of indicated time,
      over a period of approximately 5 seconds of drive. This feature, combined
      with the permutation of revolutions of the slider member 45 and the
      operating pin 53 provides the following advantages.
PAR  During the setting of the timer unit 19, the setting knob is rotated at a
      rate equivalent to thirty minutes of setting for each complete rotation of
      the setting knob 23, a rate that is believed to be convenient rate for
      obtaining a particular timer setting. Also, with the combination of two
      way setting of the knob 23 and permutated revolutions, a setting of up to
      one hour and fifty-nine minutes may be achieved without an undue number of
      revolutions of the setting knob 23 and in the fifty second time before the
      driving dog 95 initially begins to incrementally drive the gear 77 and,
      thus, the discs 21 and 22 back to their zero position. However, during the
      running time for the timer unit 19, the setting shaft 36 advances in
      increments of 1/30 of a turn over periods of approximately 5 seconds back
      to its original rotational position. Thus, the setting shaft 36 moves at a
      rate of one revolution per two minutes and 30 seconds during its actual
      period of movement to provide a comparatively fast speed for its drop-off
      position at the end of the timed run as will be apparent hereinafter
      whereby this combination of features provides a very accurate means of
      timing for a comparatively long running time mechanism.
PAR  The operation of the digital timer means 19 for an initial setting of a
      selected time period will now be described.
PAR  When the operator grasps the knob 23 and rotates the same in either a
      clockwise or counterclockwise direction to cause the indicating discs 21
      and 22 to move in the window 20 to represent the desired time period that
      the timer 19 is to run for a timing operation, rotation of the shaft 36
      causes the gear 44 to rotate the shaft 55 through the meshing of the gear
      44 with the gear 57. Rotation of the gear 44 and the gear 54 of the shaft
      55 thereby moves the pin 53 from beneath the slider member 45 so that the
      slider member 45 moves downwardly in FIG. 6 to have its end 51 disposed in
      the same plane as the pin 53. The rotation of the shaft 55 also causes the
      cam member 78 to cam the lever 80 in a counterclockwise direction in FIG.
      7 to move the tang 86 away from the plunger 87 so that the plunger 87 is
      moved against the retaining ring 88 by the force of the compression spring
      188 to prevent the lever 80 from returning to the position illustrated in
      FIG. 7. Such movement of the lever 80 moves the rib 90 away from the hub
      92 of the gear 35 so that the gear 35 now moves by the spring 93 into
      meshing relation with the gear 126 so as to be rotated thereby. However,
      it takes one complete revolution of the gear 35 before the single tooth
      101 of the driving dog 95 meshes with a tooth 102 of the gear 77 so that
      no drive is imparted to the shaft 55 by the drive motor 24 for
      approximately 50 seconds from the time the gear 34 is initially driven by
      the drive pinion 31 for the reasons previously described. The setting
      rotation of the shaft 55 by the setting shaft 36 causes the gear 54 to
      rotate the gear 59 as the teeth 58 of the gear 59 are disposed in mesh
      with the teeth of the gear 54. Such rotation of the gear 59 causes the
      unit minute indicator disc 22 to rotate and serially position the numbers
      thereon in the window 20 while the disc 21 is caused to rotate one
      increment each time the gear 59 is rotated one complete revolution as the
      pair of teeth 70 of the gear 59 only makes contact with one of the teeth
      71 on the pinion gear 67 after each revolution of the gear 59. Thus, one
      revolution of the gear 58 causes the gear 67 to move and through its
      interconnected pinion gear 72 that is disposed in mesh with the teeth on
      the gear 74 that is interconnected to the timing disc 21, the tens of
      minutes indicating disc 21 will change its indication every time the disc
      22 moves one complete revolution. Thus, the desired time period appears in
      the window 20, such as the one hour and forty-eight minute setting
      illustrated in FIG. 1, and the timer mechanism 33 will run down in a
      digital countdown manner for the set time period in the following manner.
PAR  As the driving dog 94 is now being rotated by the gear 35 being rotated by
      the driving gear 126, its tooth 101 will at every revolution of the
      driving dog 95 make contact with a tooth 102 of the gear 77 and cause the
      same to rotate 1/8 of a turn and thereby cause the shaft 55 to rotate
      one-eighth of a turn. Such incremental rotation of the shaft 55 causes its
      gear 54 to rotate and, thus, the gears 59 and 67 to rotate and function in
      the manner previously described to provide a run down of the time
      indicated in the window 20 so that the discs 21 and 22 will be
      incrementally run back toward the zero position therefor which will occur
      in approximately one hour and forty-eight minutes from the initial setting
      thereof by the knob 23.
PAR  When the timer mechanism 33 has been driven to a position in which the
      operating pin 53 on the gear 54 is brought into a position of engagement
      with the end 51 of the slider amount 45 during the run down of a selected
      time period for the timer means 19, the slider mean 45 is deflected in a
      leftward radial movement in FIG. 6 on the shaft 36 with respect to the
      gear 44. However, gear 44, also being simultaneously driven by the gear 57
      during the rotation of the shaft 55, causes a tongue 103 on the slider
      member 45 to move across the face of the frame plate 40 until the tongue
      103 enters a slot 104 formed through the frame member 40. With the slider
      45 in this new position, the setting shaft 36 is free to move in an axial
      direction upwardly in FIG. 6 under the influence of a compression spring
      105 disposed between the back plate 56 and the retaining ring 88. Thus,
      the shaft 36 moves upwardly in FIG. 6 will be gear 44 carried thereby
      comes into engagement with the end 106 of the bushing 37. This action
      moves the tip 51 of the slider 45 beyond the top of the operating pin 53
      and through the slider member 45 cannot return to its fully extended
      position relative to the gear 44 by the spring 50, due to the engagement
      of the tongue 103 against the innermost edge of the slot 104, the tip 51
      of the slider member 45 will nevertheless move partially across the top of
      the operating pin 53.
PAR  The plunger 87 which has previously been restraining the stop lever 80 from
      returning to its original "unset" position as illustrated in FIG. 7, is
      now lifted out of engagement with the tang 86 of the lever 80 so that the
      spring 82 causes the lever 80 to move in a clockwise direction in FIG. 7
      wherein the tab 86 moves to a position in alignment with the plunger 87 as
      illustrated in FIG. 6 and the stop lever pin 79 moves into the notch 89 of
      the cam wheel 78. The rib 90 of the stop lever 80 also moves into
      engagement with the chamber 91 of the gear wheel 35 and cams the same on
      the shaft 60 away from the end plate 56.
PAR  At the instant in which the drive has been transmitted from the driving dog
      95 to the gear 77 sufficient to cause the setting shaft 36 to move
      upwardly in FIG. 6 in the manner previously described, the driving dog 95
      has completed its function but still remains within the track of the teeth
      102 of the gear 77. If the tooth 101 of the driving dog 95 should remain
      in this position, it would provide a locking condition when the unit 19
      was reset to a new timing condition thereof. However, this problem is
      overcome because as the gear 35 is raised by the action of the stop lever
      80 returning to its normal position, the driving dog 95 is also lifted
      away from the back plate 56 a distance which is sufficient to move the
      tooth 101 of the driving dog 95 out of the plane of the teeth 102 of the
      gear 77. Although the gear 35 has been moved away from the end plate 56,
      its gear teeth 94 are still within the same plane as the teeth of the
      motor driven output gear 126 as the cutout 34 thereof has not reached the
      gear 126. Therefore, the gear 35 will continue to rotate under the
      influence of the driving pinion 126 causing the driving dog 95 to move its
      gear tooth 101 to a position which is outside of the track of the teeth
      102 of the gear 77 as illustrated in FIG. 7. In this position of the
      driving dog 95, the motor output gear 126 ceases to drive the gear 35 as
      the cutout 34 of the driving gear 35 has now reached the gear 126.
PAR  This additional running time of the gear 35 after the final drop off is
      equal to approximately 3 seconds and therefore this amount of time is
      deducted from the running time of the unit for any setting thereof.
PAR  One problem which would appear to be inherent for any mechanical
      incremental mechanism to be used for a digital minute timer, compared to
      continuous running timers, is that in the event of cancellation of a
      setting, a continuously rotating member which provides the time base for
      controlling the mechanism and which in this instance is the assembly
      comprising the gear 35 and driving dog 95, may be in an infinitely
      variable position. If this member should remain in this indeterminate
      position, it would not provide a correct running time for the unit on its
      next setting. This problem is increased due to the basic requirements for
      the times at which the numbers are moved during each minute. For any
      setting of the indicator discs 21 and 22, this setting will remain visible
      for the greater portion of one minute and then be driven to its next
      lowest reading during the last few seconds of that minute. Therefore, a
      reading of "01" will not commence to change to "00" until the mechanism is
      within approximately five seconds of its final drop-off position. Thus,
      when a setting has been cancelled, the mechanism will probably be in a
      position whereby it is necessary for the driving dog 95 to traverse the
      position in which it would normally operate one further change of numeral
      before reaching its datum "off" position. If no suitable provision has
      been made to counteract this tendency, the mechanism would continue to
      drive to a reading of "1.59" and therefore run for this further time.
PAR  This problem does not normally occur in the design of continuously running
      timers and is believed to be unique in respect to prior art in the areas
      of clocks and timers. However, the timer mechanism of this invention has
      been designed to overcome this problem. In particular, the operation of
      the digital timer means 19 after cancellation of a time setting thereof
      has occurred is as follows.
PAR  When a setting has been made on the digital timer means 19 and then is
      cancelled by the operator turning the shaft 36 to position a zero setting
      in the window 20, the gear 35 will have been moved toward the back plate
      56 and then driven to some position other than its normal "start"
      position. However, when the unit is reset to read "00", the stop lever 80
      will immediately raise the gear 35 away from the back plate 56 and gear 35
      will continue to be driven by the motor output pinion 126 and therefore
      will not impart any drive to the rest of the mechanism as the driving dog
      95 is raised out of the plane of the gear 77. Thus, the gear 35 will be
      driven to its normal "start" position as shown in FIG. 7 and will come to
      rest in this position due to the cutout 34 in the gear face 94 of the gear
      35 receiving the drive pinion 126.
PAR  Therefore, it can be seen that when the shaft 36 is rotated by the knob 23
      to the "0" setting in the window 20, the indicator discs 21 and 22 will
      not be further driven even though the gear 35 may be further driven by the
      drive motor 24 in the manner previously described.
PAR  The further operation of the timer means 19 at the instant of completion of
      a normal timed run of the timer means 19 will not be described.
PAR  The end part 107 of the setting shaft 36 which projects beyond the end
      plate 56 as illustrated in FIGS. 6 and 7A, is in engagement with an edge
      of a portion 108 of a hammer lever 109 pivotally mounted to the back plate
      56 by a pivot pin 110 and normally spring urged in a clockwise direction
      in FIG. 7 about the pivot pin 110 but being prevented by the end 107 of
      the shaft 36. A leg 111 of the lever 109 passes through an opening 112 in
      the back plate 56 and has a tab 113 movable into engagement with the
      ratchet wheel 32. Thus, as the setting shaft 36 moves upwardly in FIG. 6
      upon the completion of a timed cycle in the manner previously described by
      the force of the compression spring 105 as the tang 103 of the slider
      member enters the slot 104, the end 107 of the shaft 36 disengages from
      the portion 108 of the lever whereby the hammer lever 109 is pivoted on
      the pin 110 by a spring (not shown) having one end interconnected to the
      back plate 56 while the other end is fastened to the lever 109. When the
      portion 108 of the lever 109 is released from its engagement with the
      setting shaft 36, the hammer lever 109 is free to move under the influence
      of the spring whereby tab 113 on the lever 109 now moves into engagement
      with the teeth 118 of the ratchet wheel 32. Due to the respective features
      of the form of the teeth 118 of the ratchet wheel 32 and the pivoting
      position of the hammer lever 109, the hammer lever 109 is induced to lift
      slowly and fall rapidly and this action of the hammer weight 125 is
      induced to strike the bell 119 in a series of blows to produce a
      continuous chiming action and thus signal the end of the time period of
      the timer means 19.
PAR  The ringing of the bell 119 continues until shut off by utilizing the
      setting knob 23 in a manner now to be described.
PAR  A decorative button 120 is carried by the setting knob 23 so as to provide
      obvious press button appearance in addition to appropriate instructions
      which are printed on the dial face 12 as illustrated in FIG. 1 concerning
      the alarm shutoff. Such button 120 also provides illusion of a shutoff
      mechanism operated independently of the setting knob 23.
PAR  Therefore, when the operator pushes in on the button 120, the entire
      setting shaft assembly 36 is moved toward the back plate 56 with the
      exception of the plunger 87 which remains seated on the top of the tab 85
      of the lever 80 and the radiused tip 51 of the sliding member 45 which
      remains on top of the operating pin 53. As the tongue 103 of the sliding
      member 45 is removed from the slot 104 in the plate 40, the slider member
      45 is now free to move to its outer most radial position from the setting
      shaft 36 under the force of the spring 59 whereby the tongue 103 now moves
      radially to a position away from its innermost edge of the slot 104. Then
      as the press button 120 is released, the tongue 103 of the sliding member
      45 will now prevent the setting assembly 36 from returning to its outer
      position as the tongue 103 of the slider member 45 now abuts against the
      plate 40 as illustrated in FIG. 6.
PAR  As the setting shaft 36 and its assembly is depressed by the pushing
      inwardly on the button 120, the chamfered end 107 of the shaft 36 will
      engage the portion 108 of the hammer lever 109 and deflect the hammer
      lever 109 away from its contact with the ratchet wheel 32 whereby the
      timer unit 19 is now reset to its original position.
PAR  Thus, it can be seen that the digital timer means 19 operates in a manner
      to run down from the set period of time thereof to the "00" position
      wherein the bell 119 will then be continuously operated until the operator
      pushes in on the push button 120 of the set knob 23 to terminate the alarm
      and reset the setting shaft 36 thereof.
PAR  If any attempt is made to change a setting of the digital timer 19 during
      the normal running thereof or any attempt is made at misuse of the unit 19
      by setting the indicated numbers in unusual positions in the dial window
      20 so that the unit 19 is set to read halfway between numbers, the unit 19
      will not measure odd increments of minutes. For example, for a setting of
      five and one-half minutes whereby the numbers 5 and 6 on the disc 22 are
      both visible in the dial aperture 20, the teeth 102 of the gear 77 will be
      displaced from their position as shown in FIG. 7 by half a pitch. As the
      tooth 101 of the driving dog 95 enters this configuration, it will
      commence to drive a tooth 102 of the gear 77 at a position which is prior
      to its normal point of engagement. At this position it would not
      constitute a jamming situation but would commence driving the mechanism
      for a time equivalent to 11/2 pitches of the teeth 102 on the gear 77.
      This action would cause the numbers in the dial aperture 20 to move from
      their previous positions to now indicate a reading of "4" whereas the
      total length of the timed run would be 5 minutes.
PAR  Due to the shape of the teeth 102 on the gear 77 and the tooth 101 on the
      driving dog 95, the tendency for any jamming of these teeth to occur by
      producing a butting condition from mis-settings is very remote. However,
      there is one critical position where this can be achieved but even under
      these circumstances, the unit 19 is not damaged. Due to the comparatively
      fast speed of the motor output shaft 24', there is very little gearing
      between the shaft 24' and the rotor of the synchronous motor 24. A jamming
      action at these speeds will stall the motor 24 without damaging the unit
      19. However, an alternative to this condition is that the motor output
      pinion 31 can be clutched to the motor output shaft 24' but this has been
      found unnecessary in the existing unit.
PAR  Concerning the possibility of damaging the unit 19 by any attempt to force
      a setting thereof while a change of numbers is being selected by the
      mechanism 33, this can be prevented in either of two ways. Probably the
      most practical method is by employing reasonably strong components and
      stakings consistent with normal instrument practice and by the use of the
      setting knob 23 which is not unduly large for the very light setting
      frictions. An alternative method would be to clutch the setting knob 23 to
      the setting shaft 36 so that the application of any undue force would be
      passed by such clutch.
PAC  TIME OF DAY CLOCK 14
PAR  As illustrated in FIG. 5 and as previously stated, the motor 24 rotates the
      output pinion 31 at the rate of six revolutions per minute and is disposed
      in meshing relation with the output gear 126 which drives the digital
      minute timer means 19 previously described, the gear 126 being fixed to a
      shaft 200 rotatably mounted between the frame plates 40 and 56 as
      ilustrated in FIG. 5. The shaft 200 has a pinion gear 201 carried thereon
      and disposed in meshing relation with another gear 202 fixed to another
      shaft 203 rotatably mounted between the frame plates 40 and 56 as
      illustrated, the shaft 203 having a gear 204 fixed thereon and disposed in
      meshing relation with a gear 205 that forms part of a slip-clutch,
      generally indicated by the reference numeral 206, carried on a shaft 207
      that has the clock setting knob 18 on the outer end thereof and rotatably
      carries the hour and minute hands 16 and 17 with the minute hand 17 being
      fixed to the shaft 207 to rotate in unison therewith.
PAR  An hour pipe 208 is disposed in a free running fit on the shaft 207 and is
      retained captive between the plates 41 and 40, the hour pipe 208 being
      driven by a gear 209 fixed thereto and disposed in meshing relation with
      another gear 210 rotatably mounted to the frame plate 40 and carrying a
      gear 211 disposed in meshing relation with a gear 212 carried by the shaft
      207 as illustrated whereby rotation of the shaft 207 by the drive motor 24
      directly drives the minute hand 17 and indirectly drives the hour hand 16
      through the gear train 212, 211, 210, 209 and collar 208.
PAR  Also, it can be seen that the clock hands 17 and 16 can be set to a desired
      time of day by rotation of knob 18 as the slip clutch 206 permits such
      relative movement of the shaft 207 relative to the drive gears 31, 126,
      201, 202, 204 and 205 disposed between the motor 24 and the clutch 206.
PAR  Since the clock structure 14 operates in a conventional manner to provide a
      continuous time of day reading at the dial face 15 in a manner well known
      in the art, further details of the conventional clock 14 and its operation
      need not be further set forth in order to understand the features of this
      invention.
PAC  DIGITAL COOKING HOURS TIMER MEANS 25
PAR  As illustrated in FIG. 8, the drive gear 126 is also disposed in meshing
      relation with a gear wheel 220 fixed to a hub 221 loosely disposed on the
      shaft 207 of the time of day clock 14 and being held captive between an
      enlarged portion 222, FIG. 5, of the shaft 207 and a hub part 223 of the
      slip clutch 206 previously described.
PAR  A single tooth driving dog 224 is also fixed to the hub 221 and is thereby
      rotated at a constant speed by the bushing 221 as the gear 126 is
      continuously rotating under the influence of the drive motor 24.
PAR  As illustrated in FIGS. 8 and 10, the driving dog 224 rotates through a
      radius which intersects with the teeth 227 of a five tooth gear 225 fixed
      to a shaft 226 rotatably mounted between the frame plates 40 and 56 as
      illustrated in FIG. 8. One tooth 227A of the five tooth gear 225 is
      undercut as illustrated in FIGS. 8 and 10 so that when the shaft 226 is
      disposed in the rotational position illustrated in FIGS. 8 and 10, where
      the digital cooking timer means 25 is set for "00", no drive will be
      imparted from the driving dog 224 to the five tooth gear 225 and, thus,
      the digital cooking timer means 25 will not be operated even though the
      driving dog 224 is continuously being driven by the output motor 24.
PAR  A second single tooth driving dog 228 is fixed to the shaft 226 as
      illustrated in FIGS. 8 and 10. Also attached to the shaft 226 as a light
      friction device is a friction plate 229 as best illustrated in FIGS. 8 and
      4 which has split legs 230 and 231 respectively gripping against the shaft
      226 that passes therebetween and being held from rotation by hahving a
      bight portion 232 thereof being received about another shaft 233 rotatably
      mounted between the plates 40 and 56 as illustrated in FIG. 8. Thus, the
      legs 231 and 230 of the friction plate 229 grip the shaft 226 in such a
      manner that the shaft 226 will not readily rotate relative to the slip
      plate 229 unless the gear 225 is being driven by the driving dog 224 in a
      manner hereinafter set forth. While the friction member 229 can be formed
      from any suitable material, it has been found that the same can be made
      from cloth laminated phenolic sheet.
PAR  The driving dog 228 has a radius of movement so as to intersect with the
      teeth 234 of an eight tooth die cast component 235 fixed to the shaft 233.
      However, the driving dog 228 is normally held in the stationary rotational
      position illustrated in FIG. 10 outside of a position of effective
      engagement with the eight tooth gear 235 so that there is no mechanical
      engagement between the shafts 226 and 233 or between the shaft 226 and the
      shaft 207. Thus, the shaft assembly 226 is isolated from any mechanical
      engagement with either of the adjacent shaft assemblies 207 and 233.
PAR  For the purpose of achieving a correct performance from each of the
      mechanical functions which are incorporated into the cooking hours timer
      mechanism, it is necessary to maintain certain gear meshes and
      sub-assemblies in predetermined angular relationships and this requirement
      commences in the cooking hours timer mechanism with the assembly 226
      whereby the friction device 229 previously described has been provided.
PAR  In FIG. 9, the gear train associated with the setting mechanism for the
      digital cooking hour timer is illustrated and comprises a gear wheel 236
      attached to a setting shaft 237 for the timer means 25, the setting shaft
      237 being rotatably mounted to the frame plates 41, 40 and 56 as
      illustrated and carrying the setting knob 30 on the outer end thereof. The
      gear 236 is in mesh with a pinion gear 238 attached to a shaft 239
      rotatably mounted between the frame plates 40 and 56. A gear 240 carried
      by the shaft 239 is disposed in meshing relation with a gear 241 carried
      on the shaft 233 also rotatably mounted to the frame plates 40 and 56. The
      gear 241 is disposed in meshing relation with a gear face 243 of a molded
      gear component 244 that is attached to a sleeve 245 loosely rotatably
      mounted on a shaft 246 rotatably mounted between the frame plates 40 and
      56. The sleeve 245 is attached to the indicating wheel 28 as illustrated
      in FIG. 9 and is rotatably mounted in an opening 245' in the plate 40, the
      indicator disc 28 having the five minute increments of cooking time
      thereon.
PAR  A locked-in incremental drive is achieved between the molding 244 and a
      shaft 247 that is also rotatably mounted to the frame plates 40 and 56. A
      gear profile on the molding 244 is utilized in conjunction with a stepped
      gear 249 carried on the shaft 247. In particular, the molding 244 has a
      pair of gear teeth 250, FIG. 4, which are adapted to receive one of the
      teeth 251 of the gear 249 therebetween to impose an incremental drive to
      the gear 249 each time the molding 244 completes one revolution in
      substantially the same manner as the gear teeth 70 mesh with gear 71 for
      the digital minute timer 19 previously described. However, due to the
      differences which exist between the minute timer 19 and the cooking hour
      timer 25, with respect to the reversed functions of the large and small
      indicator discs, it is necessary to utilize the shaft 247 instead of the
      simpler gear assembly 67, 72 previously described.
PAR  In particular, the stepped gear 249 that is attached to the shaft 247
      transmits the drive thereof to a gear 252 that is interconnected to the
      shaft 247 and which, in turn, is disposed in meshing relation with a gear
      face 253 of a molding 254. The molding 254 is fixed to the shaft 246 at
      the lower end thereof and the hour indicator disc 27 is secured to the
      upper end of the shaft 246 in the same manner that the disc 22 is secured
      to the upper end of the shaft 60 of the minute timer 19, a washer 255
      being disposed between the discs 27 and 28 for the same reason as the
      washer 65 previously described.
PAR  When it is desired to make a setting, the cooking hour set shaft 237 should
      be turned clockwise as viewed in FIG. 10 whereby the indicator discs 27
      and 28 will be rotated counterclockwise and will cause the numerals to
      rise in the dial aperture 26 for increasing increments of time. This
      aspect of vertical movement of the numerals during setting will therefore
      be comparable to that in the setting of the minute timer means 19. As the
      setting knob 30 is turned clockwise in FIG. 1, the readings will increase
      in value from "00" to "05"; "10" etc. up to a maximum setting of "6.55".
      The rate at which these increments are set is for thirty-two increments
      (two hours and 40 minutes) per revolution of the setting shaft 237. This
      is a rate of setting which is comparable to that used in the minute timer
      mechanism 33 of thirty increments per revolution of the setting shaft 36.
      Also, by the use of a light detent spring engagement of a leaf spring 256
      having its elbow 257 disposed in notches 258 in the outer periphery 259 of
      the molding 244, similar to the spring means 96 utilized for the molding
      59 of the minute timer means 19, the numbers and components of the
      mechanism for the cooking hour timer means 25 may easily be set in
      accurate positions thereof.
PAR  As the setting wheel 236 is turned by the setting shaft 237, the shaft 239
      is turned through the meshing relation of the gear 236 with the gear 238.
      A lighting profile 260' on a cam 260 carried by the shaft 239 causes a pin
      261, FIG. 10, which is attached to a lever 262 to be set to an armed
      position thereof, the lever 262 being rotatably mounted on the shaft 233.
      Lever 262 is armed against the force exerted by an extension spring 267
      which is attached to an upstanding tab of lever 262 by a loop 268 at one
      end of spring 267 and by a similar loop 269 to a post which is mounted in
      plate 56. Also, a pin 263 which is attached to the setting gear wheel 236
      is moved away from a projection 264 of a lever 265 that is freely pivoted
      on the shaft 239. A machined flat 266 on the pin 261, which has previously
      been restricting the rotation of the lever 265 under the influence of a
      torsion spring 274 having one end attached thereto and another end
      attached to a post 270, now releases the lever 265 to permit the same to
      move to a new position where a face 271 of the lever 265 now engages the
      flat 266 of the pin 261. A narrow step 272 of the lever 265 will now lay
      adjacent to, but not in contact with the outside diameter of the pin 261,
      due to the slight difference in radius from the center of the shaft 239 to
      the step 272, compared to the outside diameter of the cam 260.
PAR  During the operation of setting the digital cooking hour timer unit 25 up
      to a maximum time of "6.55", both the setting shaft 237 and the shaft
      assembly 239 can be turned through several revolutions. In order to
      prevent the pin 261 from fully entering the cutout 273 of the cam 260 at
      each revolution of the shaft 239, the mechanism has been designed so that
      this can only happen for one permutation of revolutions for each of the
      two shaft assemblies 237 and 239 similar to the principle incurred in the
      minute timer mechanism 19. The ratio of revolutions between the setting
      shaft 237 and shaft assembly 239 is at a rate of three turns of the
      setting shaft 237 for ten turns of the shaft 239.
PAR  During the interval of time in which the opening 273 of the cam 260 is
      adjacent to the pin 261, the pin 261 will be supported on the small step
      272 of the lever 265 adjacent to the face 271 thereof. Due to the fact
      that the pin 261 is a full round diameter at the height of the cam 260,
      the very slight difference in its position when it is resting on the step
      of lever 265 will not cause any undue problem when it encounters either
      end of the cutout 273 in the cam 260. The permutation of the respective
      revolutions for each shaft assembly 237 and 239 is such that when the pin
      263 engages the projection 264 of the lever 265, the cutout 273 in the cam
      260 is at some position other than adjacent to the pin 261. Therefore,
      although the lever 265 may be deflected for three separate settings of the
      mechanism, the pin 261 cannot drop into the cam opening 273 except for the
      permutation of component positions for a "00" reading. The small step 272
      of the lever 265 has been positioned slightly below the outside diameter
      of the cam 260 in order that a weak torsion spring 274 wrapped around the
      pin 270 and hooked to the lever 265 may be sufficient for returning the
      lever 265 to a position beneath the pin 261 without touching the pin 261
      when the pin 261 is seated on the outside diameter of the cam 260.
PAR  As the lever 262 is set to the "on" position thereof against the force
      exerted by the spring 267, a camming face 275 of a part 276 of the lever
      262 that passes through an opening 277 in the back frame plate 56, FIG. 8,
      is retracted from its engagement with the end 278 of the shaft 226 whereby
      a light compression spring 279 causes the shaft assembly 226 to lower into
      a position whereby a shoulder 280 on the shaft assembly 226 now moves into
      contact with the back frame plate 56.
PAR  The five tooth gear 227 carried by the shaft 226 which has been previously
      positioned at a height whereby it is not engaged by the tooth 281 of the
      driving dog 224 is now lowered into a plane wherein all of the teeth 227
      of the gear 225 are now within the track of the driving dog 224.
      Similarly, the driving dog 228 carried by the shaft 226 has its tooth 282
      lowered to within the same plane as the eight teeth 234 of the gear 235.
      The angular position of the continuously rotating driving dog 224 is not
      important at the instant at which the shaft assembly 226 is lowered.
      Variation in the position of this driving dog 224 will affect the amount
      of time for the first increment of running time, but this cannot be more
      than one minute, which is the maximum error for any setting of the cooking
      hours function. If at the instant when the shaft assembly 226 is lowered,
      the driving dog 224 has its tooth 281 disposed immediately beneath the
      undercut tooth 227A of the gear 225, the shaft assembly 226 is restrained
      from any partial movement by the friction plate 229. This insures that the
      shaft assembly 226 cannot move into a random position whereby the tip of
      the single tooth 281 of the driving dog 224 may butt with the top of the
      teeth 227 of the five tooth gear 225 and thereby stall the mechanism. When
      the driving dog 224 moves into its first engagement with the undercut
      tooth 227A of gear 225, the shaft assembly 226 is advanced by one fifth
      turn and moves the driving dog 228 accordingly. It can be seen in FIG. 10
      that this moves the driving dog 228 in a clockwise direction for which a
      total of five such incremental movements are required before any drive is
      imparted to the setting and indicator gear train assemblies 233, 246, 239
      and 237. Thus, the shaft assembly 226 moves one increment each minute of
      running time of a cooking time period, but only imparts drive to the
      cooking hours mechanism for one out of each of its five increments because
      of its simple tooth driving dog 228.
PAR  The action provides a movement of the numerals and gear train of
      approximately three to four seconds duration which occurs once every five
      minutes. This movement is comparable in speed and duration to the movement
      of the minute timer assemblies and therefore provides similar benefits for
      accuracy of drop-off position, etc.
PAR  The operation of the two switches 283 and 284, FIG. 3, for the cooking
      apparatus 29 is by the means of two cams 285 and 286 formed respectively
      on the gear moldings 244 and 254, each of which acts against a single
      switch lever 287 that operates both switches 283 and 284. The switch lever
      287 has opposed tongues which are located loosely in slots 288 formed in
      the frame plates 56 and 40. It has been found that the pressure which is
      exerted by the springs contained within the particular microswitches 283
      and 284 on the actuator buttons 289 thereof is more than adequate for
      moving the switch lever 287 without any necessity for additional springs
      for the particular lever 287. Thus, it is possible to control the action
      of the switch contacts within the switches 283 and 284 without any
      additional spring loading on the cooking hours mechanism.
PAR  The cam profile 285 is associated with the indicator disc 28 denoting the
      five minute increments and have a profile 285' which enables an "off" or
      holding "keep warm" position to be maintained by the switches 283 and 284
      for readings of "15" to "00" inclusive as the particular cooking time
      period is elapsing. The other cam profile 286 is associated with the
      indicator disc 27 denoting the hours of cooking time and possesses a
      cutout 286' which enables an "off" or holding "keep warm" position to be
      maintained for one position only at an equivalent to "0" hours position of
      the disc 27.
PAR  Thus, the disc 27 must be indicating "0" hours for the cutout 286' to be
      adjacent the elbow 287' of the lever 287 and then the disc 28 must be
      indicating "15" minutes before the lever can move into the position
      illustrated in FIG. 10 whereby such position of the lever causes the oven
      of the cooking apparatus to be turned "off" or be placed in a warmth
      retaining and non-cooking temperature condition of 170.degree. F or the
      like in a manner well known in the art.
PAR  When a cooking hours time setting has been made on the cooking hours
      mechanism, the lever 262 will be armed and the shaft assembly 226 will be
      lowered into contact with the back plate 56 as previously described.
PAR  The timer mechanism then will operate in an incremental manner similar to
      the operation previously described for the minute timer means 19 except
      that each increment will be of five minutes duration with approximately
      four seconds of each increment in which the mechanism will be moved.
      During the running time for the unit 25, a position will be reached in
      which the indicated reading changes from "20" to "15" which will be
      exactly 15 minutes before the end of a timed run. As the numerals and
      mechanism are moved to this increment, the switch lever 287 of the
      switches 283 and 284 will be lowered into the cutout 285' of the cam 285
      and the cutout 286' of the cam 286 thus changing the contact position in
      the microswitches 283 and 284. When the mechanism moves through its final
      incremental movement from "05" to "00", the opening 273 in the cam 260
      will move to a position of clearance for the pin 261. The pin 261 will
      however be retained on the small step 272 of the lever 265 until the pin
      263 finally disengages the step 272 from beneath the pin 261 by the gear
      236 moving to the position of FIG. 10 and acting on the end 264 of the
      lever 265 at the last part of the incremental movement for a rapid release
      of the lever 262. This rapid movement of the lever 262 is employed to
      raise the shaft assembly 226 to the position as illustrated in FIG. 8 by
      the end 275 of the lever 262 camming against the shaft 226. The cooking
      hour mechanism will now be disengaged from any further drive and the
      components will maintain their respective positions as shown in FIG. 10.
      This position is however only employed for a temporary holding "keep warm"
      or "off" condition and the unit 25 must then be reset manually for normal
      manual operation of the oven thermostat 290, FIG. 3. This is achieved by
      turning the setting knob 30 of the cooking hour timer 25 counterclockwise
      for one increment whereby the word "MANUAL" on disc 27 is now positioned
      in the opening 26 and the components are moved to the positions as shown
      in FIG. 11. In particular, the lever 262 maintains its engagement with the
      shaft assembly 226 thus insuring that no drive is transmitted to the
      cooking hours mechanism during the movement of the shaft 237 to the
      "MANUAL" position and a stop face 291 of the cam 260 moves into close
      proximity to the pin 261 providing a "MANUAL" stop position. The switch
      cams 285 and 286 also move to positions whereby lever 287 again actuates
      the buttons 289 of the switches 283 and 284 to reset the same to their
      "on" positions so that the thermostat 290 can operate the oven of the
      cooking apparatus 29 in a conventional manner without having an automatic
      cooking operation thereof.
PAR  In order to prevent the timer means 25 previously described from being set
      beyond its capability of correct indication and function, a manual over
      wind stop has been introduced which limits the settings of the cooking
      hour timer means 25 to "6.55". This stop position is achieved by means of
      a rib 292 on the part 254 which engages a stop pin 293 carried by the back
      plate 56 as illustrated in FIG. 12. This rib 292 and stop pin 293 permits
      movement of the gear part 254 for all of the eight forty-five degrees
      incremental positions of the hour indicator disc 27 but it prevents any
      setting to be made beyond the six hour division for this disc 27. The
      position of the components for this setting of "6.55" is illustrated in
      FIG. 12.
PAR  In the event of canceling a setting of the cooking timer means 25 after the
      set time period has begun to run, the shaft assembly 226 may be in any one
      of its five incremental positions. Due to the action of the cam 260, the
      pin 261 and the lever 262, when the unit is returned to the reading of
      "00" or "MANUAL", the shaft assembly 226 will be raised to its position of
      height as shown in FIG. 8. The driving dog 228 will be raised to its
      position whereby no further drive can be transmitted to the mechanism
      comprising the setting and indicating gear train assemblies 237 and 246.
      The shaft assembly 226 may however be in an angular position whereby
      further drive can be transmitted to this assembly by the driving dog 224.
      If the angular position of this assembly is such that the driving dog 224
      encounters any of the four teeth 227 which are not undercut on the gear
      225, the shaft assembly 226 will continue to be rotated in incremental
      movement until it reaches the position as indicated in FIGS. 8 and 10.
      This action results in running out any portion of a five minute increment
      which may remain in the unit 25 after a cancellation of a setting in order
      to provide correct running time for any following setting which is made.
PAR  The operation of the cooking hour timer means 25 in connection with the
      cooking apparatus 29 will now be described.
PAR  After the housewife or the like places the desired food to be cooked in the
      oven of the cooking apparatus 29, she turns the thermostat 290 to the
      desired cooking temperature that the heating means of the oven is to
      maintain in a conventional manner.
PAR  Thereafter, she sets the timer means 25 through the knob 30 thereof to the
      desired cooking time period that the oven is to cook the food placed
      therein. In particular, she grasps the knob 30 and turns the same in a
      direction to cause the setting shaft 237 to rotate and through its meshing
      relation of the gear 236 with the gear 238, the gear 240 with the gear 241
      and the gear 241 with the gear 243, the minute indicator disc 28 is
      rotated in the aperture 26 and through the interconnection of the pair of
      teeth 250 on the gear member 244 with the teeth of the gear 249 of the
      shaft 247, the hour disc 27 will be appropriately rotated in the aperture
      26 so that when the selected cooking time period, such as the 3 hours and
      20 minutes of FIG. 1 has been selected by the housewife, the timer means
      25 will run down in a visual countdown of five minute increments from the
      3 hour and 20 minute setting back to the "0" setting thereof and during
      such time the oven of the cooking apparatus 29 will cook the item under
      the control of the thermostat 290 and the switches 283 and 284 as the cams
      285 and 286 are holding the switch lever 287 in its "in" position toward
      the switches 283 and 284.
PAR  During the initial rotation of the shaft 237 for the setting of the digital
      cooking hours timer means 25, the pin 263 on the gear wheel 236 is moved
      away from the end 264 of the lever 265 whereby the spring 274 tends to
      pivot the lever 265 in a counterclockwise direction in FIG. 10. As the
      gear 236 rotates, and, thus, rotates the shaft 239 through its meshing
      relation with the gear 238 on the shaft 239, the cam 260 rotates and cams
      against the pin 261 and moves the same outwardly so that the lever 262
      pivots in a clockwise direction on the shaft 233 in the manner illustrated
      in FIG. 10 whereby such pivoting action of the lever 262 permits the shaft
      226 of FIG. 8 to move downwardly under the force of the spring 279.
      However, the driving dog 224, being in a random angular position at the
      instant of commencing the setting operation, will impart its first driving
      increment to the tooth 227A at a variable interval not exceeding one
      minute. Such subsequent rotation of the shaft 226 by the dog 224 now
      causes the dog 228 to drive the gear 235 and, thus, the shaft 233 which,
      in turn, drives the setting shaft assembly 237 and indicating shaft
      assembly 246 back to their "00" positions.
PAR  During the entire time that the selected cooking time period of the timer
      means 25 is elapsing in the above manner, the cams 285 and 286 maintain
      the lever 287 in its "in" position whereby the thermostat 290 causes the
      food to be cooked at the set cooking temperature. However, when the
      elapsing time reaches the "15" minute setting thereof, the cutout profile
      286' of the cam 286 has already reached the elbow 287' of the lever 287 in
      the manner illustrated in FIG. 10 and the cutout 285' in the cam 285 now
      reaches a position where the lever 287 can be received in the cutout 285'
      as illustrated in FIG. 10 so that it can be seen that for the next 15
      minutes of operation of the timer means 25, the lever 287 operating the
      switches 283 and 284 has now moved outwardly from the buttons 289 thereof
      as illustrated in FIG. 10 so that the switches 283 and 284 operate the
      thermostat 290 in such a manner that the same will permit the temperature
      in the oven of the cooking apparatus to be reduced down to a non-cooking
      and warmth retaining condition, such as 170.degree. which temperature will
      be maintained at the termination of the elapsing cooking time period when
      the same indicates that the time of "00" has been reached. Alternately,
      such out position of the lever 287 can cause the thermostat 290 to merely
      turn off the oven, if desired. Thus, the oven 29 will maintain the cooked
      food at a warmth retaining and noncooking temperature or the oven will
      merely be in an "off" condition thereof until the housewife desires to
      remove such cooked food from the oven. At this time, the housewife rotates
      the knob 30 of the cooking hours timer means 25 to position the "MANUAL"
      portion of the disc 27 in the aperture 26 whereby the cams 285 and 286 now
      act against the lever 287 for the switches 283 and 284 in the manner
      illustrated in FIG. 11 to move the lever 287 toward the switches 283 and
      284 and thereby reset the same so as to permit the thermostat 290 to be
      used for normal manual operation under the control of its own selector
      knob 290' and thereby be useable for controlling the oven without a timed
      cooking period, if desired.
PAR  While the digital cooking hours timer means 25 has been previously
      described as being adapted to be moved from its "00" position to a
      "MANUAL" position, this "MANUAL" position is not required if the timer
      means 25 is fabricated to be a self-clearing timer unit. Thus, for a
      self-clearing timer unit there is no necessity for restricting a range of
      settings to "6.55" or to introduce any manual setting stops in the timer
      means 25. The permutation of revolutions for the various components and
      assemblies for the cooking hours mechanism for the previously described
      "MANUAL" unit and for a "self-clearing" unit has been designed so that the
      same can provide a two-way setting for a self-clearing timer unit but be
      provided with the limit stops 292 and 293 for the "MANUAL" unit for
      reasons previously stated.
PAR  Therefore, reference is now made to FIGS. 13 and 14 wherein a self-clearing
      digital cooking hours timer means is generally indicated by the reference
      numeral 25A and parts thereof similar to the timer means 25 previously
      described are indicated by like reference numerals followed by the
      reference letter "A".
PAR  In the self-clearing timer unit 25A, three full turns of the setting shaft
      237A will provide ten turns of the shaft assembly 239A and a setting of
      ninety-six increments. Ninety-six increments are equivalent to eight hours
      but will cause a full range of settings on the indicator discs 27A and 28A
      and return the same to a "00" reading as shown in FIG. 13. Therefore, the
      maximum setting time for the self-clearing unit 25A is "7.55".
PAR  As illustrated in FIG. 14, the components of the self-clearing unit 25A are
      somewhat different from those of the "MANUAL" unit 25. In particular, the
      cam 260A has its opening 273A suitable for only one incremental position
      which is for a reading of "00" and has camming slopes for the pin 261A
      suitable for a two-way setting rotation of the cam 260A. The switch 285A
      has its cutout 285'A reduced when compared to the cam profile 285'
      previously described for the purpose of reducing the time in which the
      switches are in the position for actuating a holding "keep warm" circuit.
PAR  The stop pin 293A which was previously employed in the "MANUAL" unit 25 is
      not required in the unit 25A but the rib 292A can be left on the molding
      254A, if desired.
PAR  The action of the switch lever 287A, in association with the cam 285A is to
      release the switch button 289A fifteen minutes before the end of the
      cooking time and to depress it again at five minutes before the end of the
      cooking time whereby such action on the switches 283A and 284A causes the
      same to have the thermostat 290 maintain the same warmth retaining and
      non-cooking temperature in the oven when the timer means 25A reaches the
      "00" position so that the housewife or the like need not operate the
      setting shaft means 237A for the timer means 25A thereafter before the
      same can be utilized for another timing operation or the cooking apparatus
      29A can have the thermostat 290A operate the same in a conventional manner
      without timing operation thereof.
PAR  While the features of this invention are to utilize the digital cooking
      hours timer means 25 or 25A in combination with the time of day clock
      means 14 and/or digital timer means 19 or by itself, it is to be
      understood that the time of day clock means 14 can be utilized with the
      digital minute timer means 19 without the use of the digital cooking hour
      timer means 25 or 25A previously described.
PAR  Thus, reference is made to FIG. 15 wherein it can be seen that the time of
      day means 14 can be modified from the structure illustrated in FIG. 5
      through the elimination of the hub 221 and driving dog 224, as well as
      gear 220, so that the drive motor 24 will merely provide the drive means
      for the time of day means 14 as well as for the digital timer means 19
      previously described.
PAR  Therefore, it can be seen that this invention not only provides an improved
      range timer having a digital cooking hours timer with direct reading for
      the setting thereof and for a countdown reading thereof from a setting of
      anywhere from "05" to "6.55" for the "MANUAL" timer means 25 and to "7.55"
      for the self-clearing timer means 25A, but also this invention provides a
      digital cooking timer means that can be utilized by itself, if desired.
PAR  While the forms of this invention now preferred have been described and
      illustrated as required by the patent statutes, it is to be understood
      that other forms can be utilized and still come within the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a range timer having a cooking hours timer means for providing an
      automatic cooking operation of a cooking apparatus for a time period
      selected by setting setting means of said timer means at a selected period
      of cooking time of said timer means, the improvement wherein said cooking
      hours timer means has digital reading means for indicating the set period
      of time thereof, said reading means comprising two concentrically disposed
      different sized discs having time indicating indicia on the outer
      peripheries thereof, the smaller of said discs having said time indicating
      indicia thereof providing hours and the larger of said discs having said
      time indicating indicia providing minutes, said range timer having a
      window for exposing adjacent parts of said outer peripheries of said discs
      whereby the exposed indicia at said window provides said selected period
      of cooking time, one of said discs having a part thereof indicating a
      "manual" setting of said timer means, said part that indicates said
      "manual" setting being viewable at said window when said timer means is
      set in said "manual" position thereof.
NUM  2.
PAR  2. In a range timer as set forth in claim 1, said part indicating said
      "manual" setting of said timer means completely filling said window when
      said timer means is set in said "manual" position thereof.
NUM  3.
PAR  3. In a range timer as set forth in claim 2, said part indicating said
      "manual" setting of said timer means being carried by the smaller of said
      discs.
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ABST
PAL  An alarm vibrator control mechanism for a clock timer wherein an elongated
      lever extends along the lower portion of the timer for releasing an alarm
      vibrator at a preset time. The elongated lever is controlled by a selector
      shaft mechanism which is positioned at one side of the timer, a centrally
      located 12 hour alarm time gear and a disc cam which is connected to a
      units shaft at the other side of the timer. The 12 hour alarm time gear
      tilts the vibrator shutoff lever forwardly a few minutes before the alarm
      time and then the disc cam moves a right side portion of the elongated
      lever downwardly at the alarm time to release the elongated alarm shutoff
      lever from a notch which is formed in a base plate to sound the alarm. A
      repeat alarm lever cooperates with a tab of the elongated lever to
      automatically shut off the alarm for a short time interval.
PARN
PAR  This is a division of application Ser. No. 388,770, filed Aug. 16, 1973,
      now U.S. Pat. No. 3,882,668.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a clock timer, and more particularly to an
      improved vibrator control lever mechanism which is actuated by both a 12
      hour cam mechanism and a units mechanism to reliably and accurately
      release an alarm vibrator at the alarm time and a repeat alarm mechanism
      which cooperates with the control lever mechanism to shut off the alarm
      for a short time interval.
PAR  2. Description of the Prior Art
PAR  Radio digital alarm clock timers are now known in the horological art. Such
      radio alarms are generally designed to close a switch at a pre-selected
      time, and a known timer of this type is shown in a recent U.S. Pat. No.
      3,725,617 to Boyles and Polonsky dated Mar. 20, 1973, assigned to the same
      assignee as the present invention. As shown in the patent, a rotatable
      units cam is positioned adjacent to a minutes display indicator for
      progressively actuating the minutes display indicator, a rotatable tens
      cam is spaced to the left of the units cam for actuating the tens of
      minutes display indicator and a rotatable hours cam is spaced to the left
      of the tens of minutes cam for actuating an hours display indicator.
PAR  A pair of coaxially mounted gear driven cam members with one of the cam
      members being axially movable is utilized for operating a switch mechanism
      at a preset alarm time to turn on a radio or a similar appliance at the
      preset alarm time. This invention is concerned with the addition of a
      vibrator type alarm mechanism to such a clock timer which may be operated
      by the same mechanism which operates the switch for a radio and the
      display indicators of the clock.
PAR  The prior art includes many different constructions and arrangements for
      controlling an audible alarm vibrator by itself or in combination with a
      switch for turning a radio ON and OFF. Some of these mechanisms are quite
      complex. My invention is concerned with a relatively simple alarm vibrator
      control mechanism for such a clock timer which may be inexpensively
      manufactured and readily incorporated in a digital clock of the type
      disclosed in the U.S. Pat. No. 3,725,617; however, it is to be understood
      that it may also be utilized in other digital clock timer mechanisms or
      hand-type clock timer mechanisms.
PAR  Accordingly, it is a primary object of my invention to provide an improved
      reliable vibrator control mechanism for a clock timer which includes
      relatively few parts which may be readily manufactured and assembled to
      each other.
PAR  It is also an object of my invention to provide a vibrator control
      mechanism which may be conveniently operated and which may be easily
      combined with a digital clock of the type disclosed in the above mentioned
      patent.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one of the aspects of this invention, an alarm clock
      timer includes a supporting structure and a timing mechanism for
      continuously applying a driving force to the components of the clock timer
      mechanism. The clock timer includes a vibrator member for sounding an
      alarm which is connected to the supporting structure, and is movable to an
      alarm ON or an alarm OFF position. An elongated alarm control lever is
      also mounted on the supporting structure and is movable into engagement
      with the vibrator member for shutting OFF the alarm. A spring is connected
      to the elongated alarm control lever for urging the lever to the alarm ON
      position and a latch is formed on the lever for holding the lever in the
      alarm OFF position. The elongated alarm control lever is uniquely mounted
      at the lower portion of the timer and it includes a centrally located tab
      for movement into contact with the alarm vibrator member. A central
      portion of the elongated control lever is also shaped and positioned for
      control by a 12 hour alarm cam gear member. One end portion of the
      elongated control lever is located adjacent to a minutes cam for control
      thereby, and another end portion is positioned adjacent to a manually
      operable selector cam setting member. The alarm control lever is mounted
      for longitudinal movement to move the alarm vibrator to an alarm sounding
      position. It is also loosely mounted for tilting movement and for
      transverse movement. A few minutes before the alarm time, a 12 hour cam
      member tilts the elongated alarm control lever into engagement with the
      cam which is connected to the minutes shaft, and then the minutes shaft
      cam which is located close to the latch lowers the alarm control lever at
      the preset alarm time to disengage the latch to permit the elongated alarm
      control lever to move longitudinally under the force of the spring to
      sound the alarm alarm lever is positioned for actuating a tab on the
      elongated lever to automatically shut off the alarm for a short time
      interval.
PAR  By this arrangement, the 12 hour alarm cam gear operates on the central
      portion of the elongated alarm control lever to readily tilt the entire
      lever reliably forwardly into engagement with the minutes cam. Thus, the
      lever is held with sufficient force into contact with the minutes cam gear
      so that the minutes cam gear may readily and reliably lower the elongated
      lever to accurately release the latch at the preset alarm time. In
      addition, since the minutes cam and the latch are both located at one end
      portion of the elongated lever, the minutes cam may readily and reliably
      lower the lever at the alarm time although the elongated vibrator shutoff
      lever may be quite loosely mounted on the timer supporting structure with
      relatively great tolerances. Moreover, the repeat alarm mechanism may be
      readily positioned for operating a tab of the elongated lever.
PAR  With this unique construction, relatively few parts are required for adding
      an alarm vibrator function to the digital clock mechanism disclosed in the
      prior U.S. Pat. No. 3,725,617. A unique units cam member is readily
      attached to the units digital display mechanism for moving the lever to
      release the latch, and the uniquely shaped elongated alarm control lever
      may be readily slid into the timer supporting structure and held thereon
      without the use of any separate supporting mechanisms. The alarm control
      lever is simply provided with slots and tabs for cooperating with
      corresponding slots and tabs which are formed on the supporting structure.
      A spring extends from the lever to the supporting structure for biasing
      the alarm control lever to the alarm ON position.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and attendant advantages of the invention will be apparent
      from the following description taken in connection with the accompanying
      drawing in which:
PAR  FIG. 1 is a front elevational view of a digital alarm clock timer
      constructed in accordance with my invention;
PAR  FIG. 2 is a fragmentary exploded front perspective view of a portion of my
      unique alarm vibrator control mechanism which is incorporated in the
      digital clock shown in FIG. 1, the parts of my vibrator control mechanism
      being shown in a position wherein they are under the control of an alarm
      selector cam, the parts being shown in a NO-WAKE position wherein they are
      prevented from operating to sound the vibrator or to close the switch of
      the alarm clock timer to turn a radio on;
PAR  FIG. 3 is a fragmentary exploded front perspective view generally similar
      to FIG. 2 including some parts of the display mechanism of the clock;
PAR  FIG. 4 is a fragmentary exploded rear perspective view of my alarm vibrator
      control mechanism which is incorporated in the digital clock shown in
      FIGS. 1, 2, and 3, the parts of the vibrator control mechanism being shown
      in a position wherein the alarm selector member has been rotated to a
      NO-WAKE position for holding the vibrator control mechanism in the OFF
      position;
PAR  FIG. 5 is a fragmentary exploded rear perspective view similar to FIG. 4
      showing the alarm selector cam in the ALARM position wherein the parts
      have been set to permit the alarm vibrator to sound at a preset time;
PAR  FIG. 6 is a fragmentary exploded rear perspective view generally similar to
      FIG. 5 showing the parts under the control of a 12 hour alarm time cam
      gear wherein the alarm time cam gear has functioned to close the switch at
      the preset alarm time and the 12 hour alarm time cam has also tilted the
      vibrator shutoff lever into engagement with a minutes cam;
PAR  FIG. 7 is a fragmentary exploded rear perspective view generally similar to
      FIG. 6 showing the vibrator control lever after it has been moved
      downwardly to release the latch at the alarm time;
PAR  FIG. 8 is a fragmentary exploded rear perspective view generally similar to
      FIG. 7 showing a repeat alarm lever being actuated to move the vibrator
      shutoff lever longitudinally against the force of its spring to shut off
      the alarm vibrator for a predetermined short interval of time, the parts
      being shown as the repeat alarm lever moves into engagement with the
      vibrator shutoff lever but before the shutoff lever is moved from its
      position illustrated in FIG. 7 to its position illustrated in FIG. 6;
PAR  FIG. 9 is a rear elevational view of the digital clock timer shown in FIG.
      1, showing the repeat alarm lever in its at rest position;
PAR  FIG. 10 is a detailed side cross-sectional view of a portion of the minutes
      drive mechanism for the vibrator shutoff lever of the digital clock shown
      in FIG. 1;
PAR  FIG. 11 is a detailed side cross-sectional view of the vibrator and the
      field laminations of the digital clock shown in FIG. 1;
PAR  FIG. 12 is a fragmentary exploded perspective view of the minutes cam
      construction for the vibrator shutoff lever of the digital clock shown in
      FIG. 1;
PAR  FIG. 13 is a fragmentary exploded rear perspective view showing a repeat
      alarm modification of the digital clock shown in FIG. 1;
PAR  FIG. 14 is a fragmentary rear elevational view of a portion of the modified
      repeat alarm mechanism shown in FIG. 13 showing the alarm vibrator shutoff
      lever in its alarm sounding position with the repeat alarm mechanism
      starting to move the vibrator shutoff lever to its alarm OFF position; and
PAR  FIG. 15 is a fragmentary rear elevational view of the shutoff lever and the
      repeat alarm mechanism after the parts have been moved to the alarm OFF
      position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, and first particularly to FIGS. 1 and 2,
      there is shown a digital clock which includes my unique alarm vibrator
      control mechanism. The clock includes four numeral display indicators 2,
      4, 6 and 8 which indicate minutes, tens of minutes, hours and tens of
      hours, respectively. With reference to FIG. 3, portions of the cams and
      other mechanisms for driving the display indicators are shown by reference
      numerals 12, 14, and 16, and my improved alarm vibrator control mechanism
      is generally identified by reference numeral 20.
PAR  The details of the digital display indicators 2, 4, 6 and 8, and the
      details of the mechanism for indexing and driving the minutes, tens of
      minutes, and hours cams 12, 14, and 16, respectively, do not form a part
      of this invention and are described and illustrated in greater detail in
      U.S. Pat. No. 3,721,087 to Boyles and Polonsky dated Mar. 20, 1973
      assigned to the same assignee as the present invention. However, it should
      be understood that the minutes cam 12 is driven at one revolution every
      ten minutes, and the hours cam 16 is driven at one revolution every 12
      hours.
PAR  With reference to FIG. 2, the clock timer includes a switch alarm mechanism
      for turning on a radio. The construction includes a switch 22, switch
      actuating members 24 and 26, and a 12 hour alarm time cam mechanism 28.
      This mechanism is described and illustrated in greater detail in U.S. Pat.
      No. 3,725,617 to Boyles and Polonsky dated Apr. 3, 1973,  assigned to the
      same assignee as the present invention. As shown, the switch 22 includes a
      pair of switch blades 30 and 32 having a pair of switch contacts 33 and 34
      mounted at their free end portions. Rear switch blade 30 is somewhat
      longer than the front switch blade 32 and is formed of spring material for
      normally biasing the rear switch blade forwardly to hold the switch
      contacts in a closed position. The switch blades may be mounted on a
      conventional switch block member 35 which may be connected to a rear plate
      36 of the digital clock by any suitable securing means. As shown, the
      switch 22 is mounted so that the switch blades 30 and 32 are arranged in
      planes which are generally parallel to the base plate 36. With this
      arrangement, rearward or transverse movement of the free end portion of
      the switch blade 30 will open the switch contacts.
PAR  As shown in FIG. 2, one of the switch actuating members is a generally
      vertical lever member 24 which is positioned between the rear switch blade
      30 and the base plate 36 for opening or closing the switch in response to
      movement of the 12 hour alarm time cam mechanism 28, and particularly, its
      rearwardly extending shaft member 26 which abuts the lower portion of
      lever 24. It can be appreciated that rearward movement of the switch
      actuating lever 24 by shaft 26 will cause the lower portion of the lever
      to abut the front surface of switch blade 30 and further rearward movement
      of the lever will cause the switch blade 30 to be moved far enough
      rearwardly to open the switch contacts 34 and 33.
PAR  The alarm cam mechanism 28 for allowing the switch actuating lever 24 to be
      moved forwardly at a preset alarm time to thereby turn on a radio or other
      alarm at a preset time will now be more particularly described. Basically,
      the alarm cam mechanism 28 includes two coaxially mounted gears 40 and 42
      which are provided with interacting cams 44 and 46, respectively, for
      causing relative axial movement of the gears at a preset time for
      actuating the switch 22. Cam gear 44 functions as an alarm time cam and is
      driven at one revolution every 12 hours by the timing mechanism of the
      clock. Cam 42, 46 is an alarm set cam and it is fixed to a shaft 48 which
      extends forwardly and rearwardly therefrom. A knob 50 may be fixed to the
      forward end of the shaft 48 for manually rotating the alarm set cam 42, 46
      to any desired alarm time.
PAR  A relatively simple alarm set time indicator may be incorporated with the
      alarm set cam 42 for indicating the alarm set time. As shown more
      particularly in FIGS. 1 and 2, the principal component of the indicating
      mechanism is a disc 58 which may be readily snapped onto an outer portion
      of the shaft 48 for cooperation with a suitable slot 60 which may be
      formed in the front casing of the digital clock for viewing the hours
      numerals which are formed on the indicating disc.
PAR  In the more conventional alarm time cam and alarm set cam gear
      arrangements, such as the one disclosed in a prior U.S. Pat. No. 3,432,625
      to Polonsky dated Mar. 11, 1969, assigned to the same assignee as the
      present invention, a cam finger is fixed to a rotatable alarm set gear for
      cooperating with a slot which is formed in a continuously rotatable alarm
      time cam gear. With the arrangement shown in the Polonsky patent a cam
      finger 24 snaps into a cam slot 30 at an alarm time, and then the cam
      finger 24 drives out and separates the cam gears in about 45 to 90
      minutes. Naturally, such a drive-out movement would require a higher
      torque motor than would normally be required for simply rotating the hands
      of a clock.
PAR  In order to keep the torque requirements of the motor as low as possible it
      is preferred that the manual reset arrangement disclosed in a co-pending
      application of Robert L. Boyles and Samuel Polonsky, Ser. No. 241,963, now
      U.S. Pat. No. 3,740,502 be utilized with the alarm vibrator control
      mechanism disclosed in the instant case. As described more particularly in
      the co-pending application of Robert L. Boyles and Samuel Polonsky, the
      cam finger 46 is not fixed to the alarm set cam 42 but is resiliently
      mounted in a slot which is provided in the gear. A NO WAKE, RADIO WAKE,
      ALARM selector mechanism 80 is provided for moving the alarm time cam gear
      40 rearwardly to position the finger 46 on the front surface of cam 44. As
      shown more particularly in FIG. 2, the mechanism includes a bifurcated
      lever 62 which is pivoted by tabs 64 and 66 to the mounting plate 36 of
      the digital clock. One downwardly extending arm 68 of the lever includes a
      U-shaped slot 70 for receiving an annular groove 72 which is formed in the
      shaft portion of the alarm time cam 40. The other left arm 76 of the lever
      62 extends downwardly into a position to be actuated by a NO WAKE, RADIO
      WAKE, ALARM cam 82.
PAC  ON-OFF SLEEP
PAR  A manually setable SLEEP-ON-OFF cam mechanism 90 may also be provided for
      controlling the switch operating lever 24. This mechanism is described in
      more detail in U.S. Pat. No. 3,725,615 to Robert L. Boyles and Samuel
      Polonsky, and with particular reference to FIG. 2, it can be seen that the
      mechanism includes a pivoted plural position lever 94 which may be
      provided with a forwardly extending tab 96 for riding on the surface of an
      ON-OFF-SLEEP cam 90.
PAR  The switch actuating lever 24 is shaped and positioned so that it may be
      manually pushed downwardly at any time to close the switch without
      disturbing the position of shaft 26. To achieve this, an upper end portion
      is pivoted to the plural position lever 94 which in turn is arranged to be
      actuated by the ON-OFF-SLEEP cam 90. As illustrated in FIG. 2, the upper
      end of the switch actuating lever 24 is formed with a forwardly extending
      shaft portion which is received by an aperture which is formed in the
      plural position lever 94. A conventional pivot may be provided for
      generally centrally supporting the plural position lever 94, and it can be
      appreciated that upon rotational movement of the sleep cam 90, the lever
      94 may be moved upwardly and downwardly to change the position of the
      switch actuating lever 24 with respect to the switch blade 30.
PAC  ALARM VIBRATOR CONTROL MECHANISM
PAR  According to my invention, there is uniquely combined with the
      aforedescribed radio alarm clock timer mechanism, a mechanism for
      automatically and very accurately sounding an audible alarm vibrator at a
      preset alarm time after the radio alarm time. This mechanism is
      constructed so that it may be uniquely positioned within the radio alarm
      timer with the use of relatively few additional parts. The primary
      component of this mechanism is an elongated vibrator shutoff lever 20
      which stretches along the lower edge of the base plate 36 and is shaped to
      avoid several posts and shafts. It is also shaped to be selectively
      movable into engagement with control portions of the alarm clock timer,
      and with particular reference to the FIG. 2 front perspective view, it can
      be seen that the shutoff lever 20 is shaped to avoid a lower spacer post
      100, and is also shaped with an upstanding generally vertical finger
      portion 102 for engagement with a radial finger 105 of the alarm selector
      cam member 80. The elongated lever 20 is also arranged to be selectively
      moved into engagement with the centrally located 12 hour alarm time cam
      gear 40, and a minutes cam 108 which is positioned at the right side of
      the timer and rotated at one revolution every ten minutes.
PAR  Since many of the critical components of the elongated vibrator shutoff
      lever 20 extend through slots which are formed in the base plate 36, and
      since the base plate and the elongated shutoff lever are located at the
      lower rear of the alarm clock timer, the shape of the elongated lever and
      the manner in which it cooperates with the other parts of the radio alarm
      clock timer may best be seen in the FIGS. 4, 5, 6, 8 and 9 rear
      perspective views of the alarm clock timer. Naturally, in looking at the
      rear perspective views, the right end portion 110 of the vibrator control
      lever is shown at the left of the drawing while the left end portion 112
      of the vibrator control lever 20 is shown at the right side of the
      drawing. In order to maintain complete consistency throughout the
      specification and claims, the end portion 110 will always be referred to
      as the right end portion while the end portion 112 will always be referred
      to as the left end portion in spite of the fact that the parts will appear
      reversed in the rear perspective views of FIGS. 4 through 9.
PAR  The principal function of the vibrator shutoff lever 20 is to permit or
      prevent the sounding of an audible alarm vibrator member 120 against the
      field laminations 122. With reference to FIGS. 4 and 9, the vibrator 120
      may be fixed to the upper portion of base plate 36 by means of two rivets
      124 and 126. As shown, it extends generally vertically downwardly and its
      lower end is formed with a rearward tab 128 for contact with the field
      laminations 122. As shown more particularly in FIG. 4, the lower portion
      of the vibrator includes a forwardly extending tab 130 which is formed
      with a cutout portion having an inclined surface 132 for engagement with a
      rearwardly lanced tab 134 that is struck from the shutoff lever 20.
PAR  The vibrator shutoff lever 20 is very loosely mounted on the supporting
      structure and because of the relationship of its control tabs and parts to
      each other, it may be formed with relatively great manufacturing
      tolerances. The right end portion of the lever is formed with a tab 136
      that extends rearwardly of the base plate 36, and it has a forward surface
      138 for cooperating with the rear surface of the base plate to limit
      forward movement of the right end portion of vibrator shutoff lever. The
      principal portion of the lever is located in front of the base plate 36
      and is provided with a rearwardly extending tab 140 at its left portion
      for contact with the front surface of the plate to limit rearward movement
      of the shutoff lever. A pivot for the left portion of the lever is
      achieved by a pivot tab 142 which extends rearwardly and is received by a
      slot 144 which is formed in the base plate. The right portion of the
      elongated shutoff lever 20, and particularly the tab 136, is also provided
      with a notch 146 for receiving one end of a spring 148 to bias the lever
      in a rightward direction (leftward as shown in FIG. 4) to its vibrator
      sounding position. As shown in FIG. 4, a forwardly struck tab 147 may also
      be provided on the base plate 36 to limit rearward movement of the lever
      20 and to act as a pivot surface for the lever.
PAR  The vibrator shutoff lever 20 has three modes of freedom. It can move
      longitudinally to the right or the left to permit the vibrator 120 to
      sound or to prevent the vibrator from sounding. It can tilt forwardly
      about a hinge line close to the bottom edge of the base plate 36 to move
      into engagement with a minutes shaft cam 108, and it can also be moved
      transversely downwardly, particularly at its right portion 110, for
      releasing a latch 150 that holds the lever in the vibrator shutoff
      position.
PAR  As shown more particularly in FIG. 4, the shutoff lever 20 is held in its
      NO WAKE position by a finger 104 of the selector cam 80. It can be seen
      that an axially extending surface 152 of the finger has been rotated into
      contact with the upwardly extending finger 102 of the vibrator shutoff
      lever 20 to move the lever to the left against the force of spring 148.
      During this movement, the tab 134 of the shutoff lever slides on the
      inclined surface 132 of the vibrator 120 to pull the vibrator tab 128
      forwardly to thereby prevent it from sounding against the field
      laminations 122.
PAR  As shown in FIGS. 7 and 10, the right portion of the vibrator shutoff lever
      20 is provided with a latch tab 150 that extends between the principal
      portion of the shutoff lever and its right rear tab 136 for holding the
      lever 20 in latching engagement within an upwardly extending notch 156
      that is formed in the base plate 36. With this construction, the vibrator
      shutoff lever 20 is held to prevent the vibrator 120 from sounding when
      the selector cam member 80 is rotated counterclockwise from the NO WAKE
      position shown in FIG. 4 to the ALARM set position shown in FIG. 5. It can
      be appreciated that when the alarm selector cam member 80 is moved
      counterclockwise, the radially extending finger 104 will be moved from its
      upper position shown in FIG. 4 to its lower position shown in FIG. 5
      wherein its surface 152 does not abut finger 102 of the vibrator shutoff
      lever, and thus, the lever 20 is permitted to move a slight increment to
      the right, depending on manufacturing tolerances, under the influence of
      spring 148 until it rests against a right inside surface of the latch
      notch 156.
PAR  The central portion of the vibrator shutoff lever 20 is provided with a
      notched out portion 160 for receiving shaft 26 of the alarm time cam gear
      40 and a slide tab 162 for cooperating with the rearward surface of the
      alarm time cam 40. To achieve this, the lever 20 is stamped with a
      relatively small forwardly extending protrusion 162 adjacent to the
      notched out portion 160 for slidable engagement with the rear surface of
      the alarm time cam gear 40. With particular reference to FIGS. 4 and 9, it
      can be appreciated that the spring 148 is anchored at one of its ends 149
      to an upper portion of the base plate 36 and thus, in addition to pulling
      the tab 136 to the right, it lifts the tab 136 and tilts the upper portion
      of the lever forwardly to hold the protrusion 162 into engagement with the
      rear surface of gear 40.
PAR  From the foregoing discussion of the alarm time and alarm set cams 40 and
      42, and from a detailed discussion of these components in the co-pending
      application of Boyles and Polonsky (6D-4327), Ser. No. 241,963, filed Apr.
      7, 1972, it can be appreciated that the 12 hour alarm time cam gear 40
      will be moved forwardly at the alarm set time, and from the foregoing
      discussion and a more detailed discussion in the U.S. Pat. No. 3,725,617
      to Boyles and Polonsky, it can also be appreciated that this movement will
      move shaft 26 forward to close switch contacts 34 and 33 to turn the radio
      on at the alarm time which has been preset by the 12 hour alarm set cam
      42. This same forward movement of the alarm cam gear 40 tilts the upper
      portion of the vibrator shutoff lever 20 forwardly, and particularly the
      upper right portion 110 thereof, into slidable engagement with a minutes
      cam 108 to permit the minutes cam to accurately sound the alarm vibrator a
      short time thereafter. This position of the alarm vibrator shutoff lever
      is shown more particularly in FIG. 6.
PAC  MINUTES CAM
PAR  The upper right portion 110 of the vibrator shutoff lever 20 is provided
      with an upwardly extending tab 166 for engagement with the minutes shaft
      cam 108 when the 12 hour alarm time cam gear 40 has moved forwardly to
      tilt the lever 20 into engagement with the minutes cam 108. As shown more
      particularly in FIGS. 6 and 7, the vibrator shutoff lever 20 is provided
      with a curved cutout portion 170 for very freely receiving the shaft 172
      of the minutes cam 108 so that the small upwardly extending cam finger 166
      may readily slide in engagement with an annular cam surface 176 of the
      minutes cam 108.
PAR  With particular reference to FIGS. 2, 6, 7, and 12, it can be seen that the
      vibrator alarm minutes cam 108 includes a forwardly extending hollow shaft
      portion 177 for receiving a minutes cam drive shaft 178 which may be
      integrally formed with the cam 12 which drives the minutes display
      indicator 2, a cam disc portion 176, and a rearwardly extending shaft
      portion 172 for reception in an aperture 182 which is formed in the base
      plate 36. As shown, the cam portion 176 is annular in shape, it extends
      for 360.degree. close to the periphery of the disc on the rear surface of
      the disc, and it includes an abrupt trigger shelf portion 186 for
      engagement with the upper surface of the tab 166 to move the tab 166 and
      the vibrator shutoff lever downwardly to release the latch 150 of the
      vibrator shutoff lever from the notch 156 in the base plate at a precise
      number of minutes after the radio alarm time. This released position is
      shown more particularly in FIG. 7 and it can be appreciated that when the
      latch is released, spring 148 will cause the alarm shutoff lever 20 to be
      moved to the right (to the left as shown in FIG. 7) to release the alarm
      vibrator 120 to thereby permit the alarm to sound. The angular orientation
      of the shelf portion 186 is preferably such that the release of the latch
      lever 20 occurs as the units digit 9 appears at the display indicator 2.
PAC  REPEAT ALARM
PAR  In accordance with my invention, a repeat alarm mechanism may be readily
      added to the alarm clock timer with the addition of relatively few parts.
      With such a mechanism the vibrator 120 may be shutoff to permit the radio
      to continue to play, and then the minutes cam timing mechahism 108 can
      operate to resound the audible alarm vibrator 120 exactly ten minutes
      after the original sounding, just to make sure the user has not fallen
      asleep.
PAR  As shown more particularly in FIGS. 8 and 9, the principal component of the
      repeat alarm mechanism is a bell crank lever 200 which is pivoted on the
      back of the base plate 36 by means of a rivet 201 or other suitable pivot
      construction. As shown, the repeat bell crank lever 200 includes a
      rearwardly extending tab 202 for receiving one end of a spring 206 which
      pivots the bell crank lever in a counterclockwise direction (clockwise as
      shown in FIG. 8). The bell crank lever 200 also includes a downwardly
      extending arm 204 for uniquely operating against the pivot tab 142 of the
      vibrator shutoff lever 20 to recock the vibrator shutoff lever on the
      latch tab 150 after the alarm has sounded.
PAR  With this construction, it can be appreciated that after the alarm has
      sounded and the parts have moved to the position illustrated in FIG. 7 to
      permit the vibrator tab 128 to vibrate against the field laminations 122,
      downward movement of the right side (left as shown in FIG. 8) of the
      repeat alarm lever 200 will move its finger 204 to the left (right in FIG.
      8) to engage pivot tab 142 to move the entire vibrator shutoff lever 20 to
      the left (right in FIG. 8) to pull the vibrator 120 forwardly to shut off
      the alarm and to reset the latch 150 within notch 156. With this movement,
      the upwardly extending trigger finger 166 of the vibrator shutoff lever
      will be moved into engagement with the surface 176 of the minutes cam 108,
      and then the shelf 186 of the minutes cam will push the right end portion
      of the vibrator shutoff lever downwardly within ten minutes thereafter to
      permit the vibrator 128 to resound against the field laminations 122.
PAC  AUTOMATIC REPEAT ALARM MECHANISM
PAR  As shown more particularly in the modification illustrated in FIGS. 13, 14
      and 15, an automatic repeat alarm mechanism may be added to the digital
      alarm clock timer in place of the manual repeat mechanism which includes
      the bell crank lever 200. This mechanism can be readily actuated by a
      drive roller 220 which is normally provided on a one revolution per minute
      gear 222 that actuates the minutes display indicator cam 12. The drive
      roller mechanism for driving the minutes display indicator cam 12 is
      described and illustrated in greater detail in U.S. Pat. No. 3,721,087 to
      Boyles and Polonsky dated Mar. 20, 1973, and as shown in FIG. 3, the drive
      roller mechanism 220 is positioned between the minutes and tens cams 12
      and 14 for indexing the minutes cam once every minute and for
      simultaneously indexing the tens cam one increment at the instant that the
      minutes cam is indexed a tenth increment. With this construction, the
      minutes cam and the tens cam are simultaneously indexed to the next
      succeeding numbers when the units cam is being moved to its tenth
      increment. To achieve this, special cam teeth 224 and 226 are integrally
      formed on the outer periphery of the cams 12 and 14 for cooperating with a
      pawl lever 228 which is positioned between the cams. As shown more
      particularly in FIG. 3, the indexing mechanism includes a drive lever 230
      which is pivotally mounted on the digital clock between the units and tens
      cams 12 and 14.
PAR  The drive roller mechanism 220 is provided for oscillating the drive lever
      230 to provide a rapid clockwise advance stroke of about five seconds
      duration and a slower return stroke once per minute. To accomplish this,
      the drive lever 230 is provided with cam surfaces for cooperating with the
      eccentric drive roller 220 which is mounted on the gear 222 that is
      rotated at one revolution per minute by a synchronous electric motor
      pinion 234. The gear 222 and its eccentric roller 220 are rotated in a
      clockwise direction and the roller 220 abuts a cam surface to pivot the
      upper portion of the drive lever 230 to the right to move a units pawl 238
      of the pawl lever 228 to the right. With reference to FIG. 3, the pawl 238
      move a tooth of the units cam 12 to move the units cam one increment to
      thereby actuate the units display indicator 2 to display a next succeeding
      numeral. Continued rotation of the eccentric roller 220 moves the roller
      into contact with a return stroke cam surface to move the drive lever 230
      and the pawl lever 228 to the left as shown in FIG. 3.
PAR  In accordance with my invention, the drive roller 220 for actuating the
      drive lever 230 of the units display cam 12 is also uniquely utilized for
      moving the vibrator shutoff lever 20 from its alarm vibrating position
      illustrated in FIG. 7 to its alarm OFF position illustrated in FIG. 6. As
      shown more particularly in FIGs. 13, 14, and 15, this is uniquely
      accomplished by providing a reset pawl 210 for cooperating with the drive
      roller 220 and the alarm vibrator shutoff lever 20 for moving the shutoff
      lever 20 from its alarm vibrating position shown in FIGS. 7 and 14 to its
      alarm shutoff position shown in FIGS. 6 and 15. As shown more particularly
      in FIG. 13, the reset pawl 210 is mounted on a pawl stud 240 which is
      pivotally positioned within a downwardly extending slot 244 that is formed
      in the vibrator shutoff lever 20 for moving the lever.
PAR  The upper portion of the reset pawl 210 is formed with a curved cutout
      portion for selective engagement with the drive roller 220 to permit the
      drive roller to move the reset pawl 210 and the vibrator shutoff lever 20
      from the position illustrated in FIG. 14 to the position illustrated in
      FIG. 15. A drive lever abutment stud 248 is fixed to the base plate 36 for
      camming the reset pawl 210 upwardly into a position where it may be
      engaged by the drive roller 220.
PAR  From the foregoing discussion it can be appreciated that the minutes cam
      108 actuates the vibrator shutoff lever 20 at the alarm time and spring
      148 moves the vibrator shutoff lever to the right (left as shown in FIGS.
      6, 7, 14 and 15) to permit the vibrator 128 to sound against the field
      laminations 122 as shown in FIGS. 7 and 14. In accordance with my unique
      automatic repeat alarm mechanism, during this rightward movement of the
      vibrator shutoff lever 20, the reset pawl 210 will be moved into
      engagement with the drive abutment 248 to move the reset pawl 210 upwardly
      to a position where it can be contacted by the drive roller 220. As the
      pawl 210 is carried to the right by its coupling 240, 244 with the
      vibrator shutoff lever 20 its lower edge engages the abutment 248 which
      cams the pawl 210 upward to the position where it can be engaged by the
      drive roller 220.
PAR  The engagement of the roller 220 with the pawl 210 occurs three or four
      seconds after the vibrator has been freed to sound. As the drive roller
      220 continues to rotate clockwise (counterclockwise as shown in FIG. 15)
      it pushes the reset pawl 210 to the left (right as shown in FIG. 15). The
      stud 240 on the lower end of the pawl 210 is constrained to travel
      horizontally in the slot 242 which is formed in the base plate 36. The
      stud 240 is located within the vertical slot 244 of the vibrator shutoff
      lever and thereby carries the vibrator shutoff lever 20 back to the left
      (right as shown in FIGS. 6 and 15) with the reset pawl 210 to the alarm
      reset or shutoff position illustrated in FIGS. 6 and 15. Naturally, this
      motion of the vibrator shutoff lever 20 will cause the latch 150 of the
      shutoff lever to be re-positioned within the notch 156 of the base plate
      36.
PAR  The vibrator shutoff lever 20 now remains latched as the 1 rpm gear 222
      continues to rotate and the pawl 210 drops free by gravity and comes to
      rest on the abutment 248 where it is out of engagement with the drive
      roller 220. It remains in this position for ten minutes until the alarm
      shutoff lever 20 is again released by the minutes cam 108 and the cycle
      repeats with the vibrator sounding and then being automatically shut off
      in about five seconds of time.
PAC  OPERATION
PAR  If at bedtime it is desired to have the switch for operating apparatus such
      as a radio closed at some time in the future, say six o'clock in the
      morning, and it is also desired to have the audible alarm vibrator 120
      vibrate at exactly nine minutes therafter, the selector cam 80 is rotated
      counterclockwise to the ALARM position shown in FIG. 1. This motion
      releases the finger 105 of the selector cam 80 from the upwardly extending
      finger 102 of the vibrator shutoff lever, and the spring 148 holds the
      latch 150 of the vibrator shutoff lever 20 against the right surface of
      the latch notch 156. In addition, this motion releases cam 82 of the
      selector cam 80 from the bifurcated lever 62 to permit the switch 33, 34
      to be operated. The alarm set knob 50 is rotated to the six o'clock
      position illustrated in FIG. 1 and the 12 hour alarm cam gear 40 can now
      operate to move forwardly to tilt the alarm shutoff lever 20 when finger
      46 lines up with the notch formed in the alarm time cam gear 40.
PAR  Throughout the night the switch contacts 33, 34 will remain in the open
      position as the finger 46 of the alarm set cam 42 slides on the forward
      surface of the continuously rotatable alarm time cam 40. At six o'clock in
      the morning the finger 46 will have moved to the notch in the alarm time
      cam and the resilient switch blade 30 will move the lower portion of lever
      24 forwardly to move the shaft 26 and the alarm time cam 40 to the
      position illustrated in FIG. 6. Naturally, during this movement the switch
      33, 34 will be moved to its closed position, and more importantly, in
      accordance with the instant invention, the spring 148 of the elongated
      alarm shutoff lever 20 will tilt the lever 20 about a hinge line close to
      the bottom edge of the base plate 36 to move the trigger finger 166 of the
      alarm shutoff lever 20 into engagement with the minutes cam 108. Then, as
      the minutes shaft 178 and the cam 108 are rotated clockwise
      (counterclockwise as shown in the rear perspective view of FIG. 6) the
      shelf 186 of the cam 108 will move into contact with the upwardly
      extending trigger finger 166 of the vibrator shutoff lever 20 to move the
      right portion of the vibrator shutoff lever 20 downwardly to thereby
      release latch 150 from latch notch 156 to permit the entire shutoff lever
      20 to be moved longitudinally to the right (left in FIG. 7) to release the
      alarm vibrator 120 to sound the alarm at 6:09 in the morning. Thus, at six
      o'clock the radio will be playing and nine minutes thereafter the vibrator
      will be sounded and the radio will remain playing.
PAR  One of the repeat alarm mechanisms which may be provided for shutting off
      the alarm vibrator while permitting the radio to stay on includes the
      repeat alarm bell crank lever 200 illustrated in FIG. 9. With reference to
      FIGS. 1 and 9, a plunger 218 which extends upwardly from the top wall of
      the clock may be manually depressed in order to shut off the alarm for a
      predetermined short time interval, and with particular reference to FIG.
      8, it can be seen that depression of the plunger 218 will move the
      downwardly extending finger 204 of the bell crank 200 to the left (right
      as viewed in the rear perspective view of FIG. 8) into engagement with the
      rearwardly extending pivot finger 142 of the vibrator shutoff lever 20 to
      move the vibrator shutoff lever to the left to thereby pull the vibrator
      128 rearwardly to shut off the alarm. During this movement, the latch 150
      of the lever 20 will be re-positioned within the latch notch 156 of the
      base plate 36 to hold the vibrator shutoff lever 20 in the alarm OFF
      position while the repeat alarm bell crank lever 200 and its plunger
      member 218 are returned to their upper positions under the force of spring
      206. Naturally, during this movement the downwardly extending finger 204
      of the repeat alarm bell crank lever will be moved to the right out of the
      way of the vibrator shutoff lever 20. Thus, the minutes cam 108 can
      function to resound the alarm a short time interval after the repeat alarm
      mechanism has been actuated. The shelf 186 of the minutes cam will move
      into engagement with the upwardly extending trigger finger 166 of the
      vibrator shutoff lever to move the lever 20 downwardly to release the
      latch 150 to thereby permit the vibrator 128 to resound.
PAR  In order to permanently shut off the audible alarm vibrator 128 the
      selector cam 80 may be rotated in a clockwise direction from the ALARM
      position to the RADIO WAKE or the NO WAKE position. With particular
      reference to FIGS. 2 and 4, it can be appreciated that during this
      movement the radially outwardly extending cam surface 104 of the selector
      cam 80 will be moved upwardly from the ALARM position illustrated in FIG.
      5 to the RADIO WAKE position or to the NO WAKE position illustrated in
      FIG. 4, and during this movement the entire vibrator shutoff lever 20 will
      be moved longitudinally to the left (right in FIGS. 4 and 5) to pull the
      vibrator 120 away from the field laminations 122 to shut off the alarm.
PAR  With reference to FIGS. 6 and 7, it can be appreciated that with the
      selector cam 80 in the RADIO WAKE position, the alarm vibrator 120 will be
      prevented from sounding but in this position cam 82 will be spaced from
      lever 62. Thus, the switch 33, 34 will remain closed and the radio will
      continue to play while the vibrator 120 is shut off by selector cam 80 -
      104.
PAR  When the selector shaft 80 and particularly its cam 104 are moved to the
      position illustrated in FIGS. 2 and 4, it can be appreciated that selector
      cam 80 - 82 will have engaged lever 62 to move the lever 62, gear 40 and
      shaft 26 rearwardly to open switch contacts 33 and 34 to thereby shut off
      the radio. Moreover, during such movement the forwardly extending portion
      105 of the cam finger 104 will have pushed the upwardly extending finger
      102 of lever 20 rearwardly to tilt the upper portion of the vibrator
      shutoff lever 20 rearwardly to thereby prevent the lever 20 from being
      actuated by the 12 hour cam gear 40 and the minutes cam 108. With
      reference to FIG. 3, it can be seen that this is achieved by uniquely
      shaping the upwardly extending left finger portion 102 of the vibrator
      shutoff lever. As shown more particularly in FIG. 2, when the selector cam
      80 and its finger 104 are rotated to the position illustrated in FIG. 2,
      they will tilt the vibrator shutoff lever 20 rearwardly to move the lever
      20 a short distance behind the 12 hour alarm time cam 40 and the minutes
      cam 108 to prevent these cams from actuating the vibrator shutoff lever
      20.
PAR  From the foregoing discussion, it will be appreciated that my improved
      alarm vibrator control mechanism may be readily constructed with
      relatively few parts. The principal component is the uniquely shaped and
      positioned vibrator shutoff lever 20 which may be readily stamped from a
      piece of metal to include all of the components for supporting the shutoff
      lever and for cooperating with the other components of the alarm clock
      timer. The upwardly extending finger 102 for tilting the vibrator control
      lever 20 rearwardly can be readily formed during the stamping operation.
      Likewise, the notched out portion 160 and forwardly extending tab 162 for
      cooperating with the 12 hour alarm cam 40 may be readily provided during
      the stamping operation. Similarly, the pivot finger 142 and the upwardly
      extending trigger tab 166 at the right end portion of the lever for
      cooperating with the minutes cam 108 can be readily formed during the
      stamping operation. With this unique mechanism, the latch 150 of the
      vibrator shutoff lever 20 is located almost directly below the shelf 186
      of its actuating cam 108 at the right end portion of the lever so that
      relatively accurate and positive control of the latch is achieved. The 12
      hour alarm time cam gear 40 is required to tilt the entire vibrator lever,
      and thus, it is uniquely located at the central portion of the vibrator
      shutoff lever so that the lever actuating protrusion 162 may readily tilt
      the entire vibrator shutoff lever, and particularly its right end portion
      into engagement with the cam 108. Moreover, the repeat alarm lever 200 -
      204 may be readily positioned adjacent to a tab 142 of the alarm control
      lever 20 to automatically shut off the alarm for a short time interval.
PAR  With my improved vibrator shutoff lever construction, it can also be
      appreciated that the mechanism may be readily added to a digital clock of
      the type disclosed in U.S. Pat. No. 3,725,617. The shutoff lever 20 is
      simply located in existing space in front of the base plate 36, and is
      readily supported on the base plate by the base plate slots 144 and 156
      which receive tabs of the vibrator shutoff lever 20. The shutoff lever 20
      is also uniquely shaped so that it may be readily sandwiched between the
      other components of the digital clock. Thus, an exceedingly simple and
      reliable mechanism is achieved with the use of relatively few parts which
      may be readily connected to each other.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A repeat alarm clock mechanism comprising:
PA1  a. a timing mechanism;
PA1  b. a supporting structure;
PA1  c. an alarm vibrator member for sounding an alarm connected to said
      supporting structure;
PA1  d. a vibrator shutoff lever having an alarm on position out of engagement
      with said vibrator member and an alarm off position in engagement with
      said vibrator member;
PA1  e. a pivot tab integrally formed with said vibrator shutoff lever for
      mounting said vibrator shutoff lever for pivotal and longitudinal movement
      on said supporting structure;
PA1  f. spring means connected to said vibrator shutoff lever for urging said
      lever to an alarm on position;
PA1  g. a latch integrally formed on said vibrator shutoff lever for holding the
      vibrator shutoff lever in the alarm off position;
PA1  h. means driven by the timing mechanism in selective engagement with a
      portion of the vibrator shutoff lever for moving the lever to disengage
      said latch to permit the vibrator shutoff lever to move longitudinally
      under the force of said spring means to permit the alarm to sound; and
PA1  i. a repeat alarm lever mounted on said supporting structure, said repeat
      alarm lever being manually movable into engagement with said pivot tab for
      moving the vibrator shutoff lever against the force of said spring means
      to reset said latch to thereby hold the alarm shutoff lever in the alarm
      off position for a predetermined short time interval.
NUM  2.
PAR  2. A repeat alarm clock mechanism comprising:
PA1  a. a timing mechanism;
PA1  b. a supporting structure;
PA1  c. a member for sounding an alarm connected to said supporting structure
      and movable to an alarm on position or an alarm off position;
PA1  d. an alarm control lever mounted on said supporting structure and movable
      into engagement with said member for shutting off the alarm;
PA1  e. a pivot tab integrally formed with said alarm control lever for mounting
      said alarm control lever for movement on said supporting structure;
PA1  f. means driven by the timing mechanism in engagement with a portion of the
      alarm control lever for moving the lever to permit the alarm to sound;
PA1  g. a repeat alarm lever pivotally mounted on said supporting structure,
      said repeat alarm lever being movable into engagement with said pivot tab
      for moving the alarm control lever to the alarm off position; and
PA1  h. said means driven by said timing mechanism being positioned for moving
      the alarm control lever to an alarm sounding position after it has been
      moved to the alarm off position by said repeat alarm lever.
NUM  3.
PAR  3. An alarm clock mechanism comprising:
PA1  a. a timing mechanism;
PA1  b. a supporting structure;
PA1  c. a member for sounding an alarm connected to said supporting structure
      and movable to an alarm on and an alarm off position;
PA1  d. an elongated alarm control lever mounted on said supporting structure
      and movable into engagement with said member for shutting off the alarm,
      said elongated alarm control lever having a central portion and two end
      portions;
PA1  e. spring means connected to said elongated alarm control lever for urging
      said lever to a first alarm position;
PA1  f. a latch integrally formed on said alarm control lever for holding said
      alarm control lever in the other alarm position;
PA1  g. said alarm control lever being mounted for longitudinal movement to move
      said member to an alarm sounding position or an alarm off position, said
      alarm control lever being mounted for tilting movement, and said alarm
      control lever being mounted for transverse movement;
PA1  h. a first cam means driven by said timing mechanism in selective
      engagement with an end portion of said alarm control lever for moving said
      lever transversely at a preset time to disengage said latch to permit said
      elongated alarm control lever to move longitudinally under the force of
      said spring means to move said member to said first alarm position at a
      preset time;
PA1  i. a second cam means driven by said timing mechanism in selective
      engagement with the central portion of said alarm control lever for
      tilting said alarm control lever into engagement with said first cam means
      a short time prior to said preset time; and
PA1  j. a rearwardly extending pivot tab integrally formed with said elongated
      alarm control lever, said tab extending through a slot which is formed in
      a base plate of said supporting structure and said tab being positioned
      for engagement with a repeat alarm lever for moving the elongated alarm
      control lever longitudinally to reset the latch to thereby prevent the
      alarm from sounding for a short time interval.
NUM  4.
PAR  4. A repeat alarm clock mechanism comprising:
PA1  a. a timing mechanism;
PA1  b. a supporting structure;
PA1  c. a member for sounding an alarm connected to said supporting structure
      and movable to an alarm on position or an alarm off position;
PA1  d. an alarm control lever mounted on said supporting structure and movable
      into engagement with said member for shutting off the alarm;
PA1  e. a pivot tab integrally formed with said alarm control lever for mounting
      said alarm control lever for movement on said supporting structure;
PA1  f. means driven by the timing mechanism in engagement with a portion of the
      alarm control lever for moving the lever to permit the alarm to sound;
PA1  g. a repeat alarm lever pivotally mounted on said supporting structure,
      said repeat alarm lever being manually movable into engagement with said
      pivot tab for moving the alarm control lever to the alarm off position;
      and
PA1  h. spring means connected to said repeat alarm lever for moving said repeat
      alarm lever out of engagement with said pivot tab for permitting said
      means driven by said timing mechanism to move the alarm control lever to
      an alarm sounding position.
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ABST
PAL  A slip wheel arrangement of a watch movement in which a center wheel is
      provided with an integral arbor which, in turn is formed with a
      double-tapered portion. For a slip-on coupling of a cannon pinion with the
      arbor, the pinion is formed with an integral tubular portion which
      includes a middle resilient part and a thickened end part, and is provided
      with at least one inwardly projecting projection on the resilient part.
      The leading portion of the bore of the tubular portion has a diameter
      larger than the sum of a largest diameter measured at the forward part of
      the arbor from the double-tapered part, plus the coupling idle gap
      measured thereat, with the inward projection being positioned within the
      area of the leading portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a time piece mechanism and more
      specifically, to improvements in and relating to a slip clutch mechanism
      of the time piece.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A representative conventional structure of the slip wheel arrangement used
      in a watch movement is such that a cannon wheel is slipped on the arbor
      portion of a center wheel. In this arrangement, at least a projection is
      formed on the tubular portion of the cannon wheel for the purpose of
      establishing a friction engagement with a tapered portion formed on the
      arbor portion of the center wheel so as to frictionally transmit motion
      from the latter to the cannon wheel, as an example.
PAR  It is requisitely necessary to maintain the friction torque acting between
      the tapered portion and projection as far as possible among a large number
      of mass-produced watch movements, so as to quarantee the regular and
      accurate turning movement of the watch hands during the time-setting
      operation and with a reasonable manual effort exerted therefor.
PAR  A further requirement for the watch movement is to limit the axial thrust
      force to a reasonable range which force is required when a slip-on
      assembly of the cannon wheel with the center wheel is being carried out
      and even when observed among a large number of mass-produced watch
      movements. When an excess axial thrust is required during the assembly
      job, the position of bearing stones for the center wheel may be forcibly
      altered, resulting in a disadvantageous fluctuation in the longitudinal
      position of the latter and in inaccuracy of the time displaying operation
      of the watch hands. In addition, the cannon wheel may be subjected to
      excess deformation.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an improved slip wheel
      structure devoid of the aforementioned conventional drawbacks.
PAR  A further object is to provide an improved slip wheel arrangement with
      which the axial slip-on effort can be effectively rationalized and the
      friction torque can be substantially stabilized.
DRWD
PAR  These and further objects, features and advantages of the invention will
      become more apparent when read in connection with the following detailed
      description of the invention with reference to the accompanying drawings
      illustrative of several preferred embodiments of the invention, in
      comparison with the comparative prior art.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a first embodiment of the invention,
PAR  FIG. 2 is a longitudinal section thereof, substantially taken along a
      section line II -- II' shown in FIG. 1,
PAR  FIGS. 3 and 4 are schematic sectional representations for the illustration
      of a conventional defective arrangement,
PAR  FIGS. 5 and 6 are views similar to FIGS. 3 and 4, for the illustration of
      the merits of the first embodiment of the invention,
PAR  FIG. 7 is a view similar to FIG. 1, illustrative of a second embodiment of
      the invention,
PAR  FIG. 8 is a view similar to FIG. 2, illustrative of the second embodiment,
      with the section being taken substantially along a section line
      VIII--VIII' shown in FIG. 7,
PAR  FIG. 9 is a view similar to FIG. 1, illustrative of a third embodiment of
      the invention,
PAR  FIG. 10 is a view similar to FIG. 2, illustrative of the third embodiment,
      with the section being taken substantially along a section line X--X'
      shown in FIG. 9 and
PAR  FIG. 11 is a cross section taken along a section line XI--XI' shown in FIG.
      10.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring now to the accompanying drawings, several preferred embodiments
      of the invention will be described in detail.
PAR  In FIGS. 1 and 2 showing a first embodiment of the invention, numeral 1
      represents a center wheel and 2 a cannon wheel or pinion of a watch
      movement. In FIG. 1, however, the center wheel 1 is shown only by a single
      full-lined outline circle for simplicity and in FIG. 2, it is shown only
      partially.
PAR  The center wheel 1 comprises an arbor portion 1a; 1g; 1f and a gear portion
      1b' made integral with each other as shown. The cannon pinion 2 comprises
      a pinion portion 2c and a multistepped tubular portion 2a having a
      squeezed and inwardly projecting portion 2b at an intermediate position of
      the whole length of the latter. A stepped axial bore 2d is formed through
      the cannon pinion 2.
PAR  The center wheel 1 and the cannon pinion 2 are coupled with each other by a
      slip-on combination, as shown in FIG. 2.
PAR  The exposed root portion of arbor portion of the center wheel 1 comprises
      the cylindrical maximum diameter portion 1f and a tapered portion 1g,
      while the next succeeding cylindrical and intermediate diameter portion 1d
      is kept in a pressure fit with the starting beginning end of with axial
      bore 2d, with the portion 1d having a diameter D1 as shown. The starting
      bore end is formed concentrically with the pinion portion 2c.
PAR  The cylindrical and reduced diameter tip end portion 1c of the center
      wheel, having a smallest effective diameter D2 is kept in pressure
      engagement of the most reduced diameter portion 2e of the bore 2d around
      which the material of the tubular portion is thickened at 2f. The
      intermediate portion 2a of the tubular portion including said inward
      projection 2b and defined by and between the pinion portion 2c and
      thickened portion 2f, has the tube wall substantially reduced, so as to
      provide enough resiliency for the purpose to be later described.
PAR  The center wheel arbor represents a double tapered portion 1b - 1e - 1h of
      which the middle portion 1e has a small length cylindrical shape
      representing a circular top ridge having an intermediate diameter D3.
PAR  When the cannon wheel 2 is slipped onto the arbor portion 1a of the center
      wheel 1, the following phenomenon can be observed.
PAR  Now assuming that the inwardly projecting distance at 2b be expressed by
      .alpha.o, the double-tapered portion 1b-1e-1h will engage at first with
      the inward projection 2b off from the inside wall surface 2d of the
      tubular arbor 2a of cannon pinion by such distance:
      ##EQU1##
      whereby the tubular arbor is subjected to a corresponding amount of
      lateral resilient deflection. By utilizing the resilient structure at 2a
      in this way, the slip-on pressure for the assembly of the both parts 1 and
      2 can be substantially reduced than otherwise. In addition, the cannon
      wheel 2 can be relieved from otherwise possible excess distortion during
      the assembling operation, yet assuring a sufficient friction torque
      necessary for the cannon wheel upon assembled thereof in position.
PAR  In this respect, a comparative analysis will be made with reference to
      FIGS. 3 and 4, illustrative of a conventional comparative arrangement in
      its cross section.
PAR  In FIG. 3, numeral 11c represents the cylindrical tip end of the arbor
      portion shown only schematically in chain-dotted lines, of a center wheel,
      and substantially corresponding to the foregoing portion 1c shown in FIG.
      2, while numeral 12a represents the tubular portion of the cannon wheel.
      These related two portions represent a small fitting gap .beta. as shown.
      Numeral 12b represents an inwardly squeezed portion similar to that shown
      at 2 The arbor portion 11c has a diameter d1 at its root portion, with
      said diameter d1 being equal to the diameter D3 when measured at the tip
      end thereof.
PAR  In practice, however, the size of the gap formed between the inside
      diameter measured at the projecting portion of a traditional cannon pinion
      and the outer diameter at the end portion (having the same direction at
      the root portion) of the center wheel, appreciably fluctuates among a
      large number of mass-produced watch movements on account of fabrication
      dimensional errors. In addition, the height .alpha.1 at the projection 12b
      may be variable. A result of this may become highly disadvantageous when
      the tip end of the tubular portion 12a is brought into pressure engagement
      with the end portion 11c, as shown in FIG. 4, as the cross sectional area
      at 11c may occasionally be larger than the cross section of the space
      defined by the projections as at 12b, whereby the cannon pinion 12 is
      subjected to excess deformation as shown by dense hatched areas A and A'
      in FIG. 4. This may result in the aforementioned drawback.
PAR  In the case of the first embodiment, as may be more clearly understood from
      FIG. 5, the diametral difference D1 - D3 has been set beforehand and thus
      is not influenced by fabrication errors. It may be further understood that
      the entrance diameter corresponding to D1 through which the maximum
      diameter portion D3 must pass during the assembly job, thus provides an
      ample idle gap for easy execution thereof. In addition, the middle portion
      2a of the tubular portion of cannon wheel has enough resiliency as above
      mentioned, thus otherwise encountered rub-off of the material at the
      projection or projections at 2b during the assembly job is prevented. The
      elastic deformation of the tubular portion of the cannon wheel can be set
      within a reasonable range.
PAR  Next, referring to FIGS. 7 and 8, illustrative of the second embodiment,
      numeral 22 represents a cannon wheel or pinion having an integral tubular
      portion 22a provided with a circumpherential recess 22c fabricated from
      inside and having an appreciable axial length. The tubular portion 22a has
      a thin wall thickness, so as to provide enough resiliency as above stated.
PAR  The inner end of the recess 22c is defined by the provision of one or more
      inwardly projecting circumferential projections 22b which may be, when
      necessary, fabricated into a continuous circular groove. The inwardly
      projecting distance at 22b is larger than the depth of the recess at 22c.
PAR  During a assembly job, by insertion of the stepped arbor portion 21a of a
      center wheel 21 into the bore of a cannon wheel 22, a tip end portion 21c
      of the arbor does not engage with the root 22b' of the projection or
      projections 22b, but is brought into engagement with the projection(s) at
      a predetermined distance which can be expressed by .alpha. 2, for
      resiliently deforming the tubular portion. In this way, the axial force
      exerted during the assembly job can be kept within a reasonable range and
      excess elastic deformation thereof can be effectively prevented in a
      similar manner.
PAR  Finally, referring to FIGS. 9 - 11, the third embodiment of the invention
      will be explained briefly.
PAR  In this embodiment, numeral 32 represents a cannon wheel or pinion having a
      tubular portion 32a which has a generally thin wall thickness as a whole,
      so as to provide enough resiliency, representing practically a stepless
      bore configuration.
PAR  A circumferential ridge 31e is formed in a similar way to the portion 1e in
      FIG. 2. One or more of inwardly extending projections 32b are formed on an
      arbor portion 31a of a center wheel 31 at a small distance from the ridge
      31e measured towards the gear portion of the center wheel 31, when seen in
      the assembled position shown.
PAR  The inwardly projecting distance which may be denoted with .alpha. 3, has
      been selected to be larger than R1 - R2 if R1 stands for the radius at the
      entrance portion of the cannon pinion bore and R2 stands for the radius at
      31e.
PAR  It may well be understood from the foregoing that during the assembly job,
      the arbor end portion 31c does not contact with the root of the projection
      32b and the engagement is carried out at such position as remote by the
      distance .alpha. 3 from the inside bore wall of the tubular portion of the
      cannon wheel. Therefore, again in the present embodiment, excess axial
      force may not be applied and excess resilient deformation of the tubular
      section can be avoided.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are as follows:
NUM  1.
PAR  1. A timepiece provided with a slip arrangement, comprising an arbor formed
      with a tapered portion, a pinion, a tubular portion having an elastic bore
      portion and integral with the pinion and at least an inwardly projecting
      projection on said tubular portion, said arbor being inserted into said
      tubular portion, said tapered portion and said projection being in
      resilient engagement with each other, so that said arbor and said tubular
      portion are thereby maintained in frictionally rotatable relationship with
      each other, the elastic bore portion of said tubular portion having a
      diameter larger than the largest diameter measured at a forward part of
      the arbor from said tapered portion, said inward projection being
      positioned within the area of said elastic bore portion.
NUM  2.
PAR  2. The timepiece as claimed in claim 1 in which said tapered portion is
      defined by a double-tapered portion.
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PAL  A clock "friction" for use in clocks having plastic gear wheels which
      permits manual setting of the hands but in which a reliable level of
      frictional torque is obtained without requiring use of any auxiliary
      parts. The centerwheel of the clock has an interference fit with respect
      to the center, or minute hand, shaft upon which it is telescoped, and the
      minute hand shaft is formed with an annular groove lying generally in the
      plane of the centerwheel into which the plastic relaxes and flows for
      maintaining the centerwheel in a desired axial position. The minute hand
      shaft has a setting knob, and means are provided for precluding axial
      shifting of the center shaft, by pushing or pulling, which might result in
      stripping of the plastic in the groove.
BSUM
PAR  In my earlier U.S. Pat. No. 3,443,375 which issued May 13, 1969 there is
      disclosed a friction mechanism for a clock which includes segmental jaws
      on the centerwheel encircled by an auxiliary garter spring serving to
      press the jaws into a registering tapered section on the shaft to provide
      friction while maintaining the centerwheel in its desired axial position.
PAR  It is an object of the present invention to improve upon, and simplify, the
      earlier construction in terms of both effectiveness and cost.
PAR  It is therefore an object of the invention to provide a clock friction for
      establishing frictional driving torque between the drive train and clock
      hands which has reliable and consistent torque characteristics over the
      life of the clock and which is capable of achieving the desired result
      without added elements such as the jaws or garter springs previously
      required. It is a more specific object of the invention to provide a
      friction connection resulting in a friction torque which is maintained at
      a reliable level over a long period of time, which is constant from clock
      to clock in quantity production, and which is obtainable, with ease of
      assembly, at minimum cost. It is a related object to provide a friction
      connection between the centerwheel and minute hand shaft of a clock in
      which the operating position of the centerwheel on the shaft is
      automatically established and in which there is no possibility of axial
      dislodgement of the centerwheel with respect to the shaft.
PAR  It is another object to provide a clock friction which utilizes, for
      frictional and retention purposes, characteristics which are inherent in a
      conventionally employed plastic centerwheel but which have not been
      heretofore taken advantage of. More specifically it is an object to
      provide a friction in which the restoring force developed in an outwardly
      stressed centerwheel is utilized for causing an annular ridge of plastic
      to relax and flow into permanent position in a mating annular groove
      provided in the minute hand shaft.
DRWD
PAR  Other objects and advantages of the invention will become apparent upon
      reading the attached detailed description and upon reference to the
      drawings in which:
PAR  FIG. 1 shows, in vertical section, a centerwheel and associated center, or
      minute hand, shaft constructed in accordance with the present invention
      and with the frame plates of the mechanism, and associated gear wheels and
      pinions, being indicated fragmentarily.
PAR  FIG. 2 is a fragmentary view showing the interfering fit between the
      centerwheel and the minute hand shaft with the centerwheel in the act of
      being telescoped over the shaft.
PAR  FIG. 3 is an enlarged fragmentary view showing the relaxing and flowing of
      the plastic into a registering groove on the shaft.
PAR  FIG. 4 is a fragmentary perspective view of the wheel and shaft.
PAR  FIG. 5, similar to FIG. 3, shows an alternative construction.
DETD
PAR  While the invention has been described in connection with a preferred
      embodiment, it will be understood that I do not intend to limit the
      invention to such embodiment but intend on the contrary to cover the
      various alternative and equivalent forms of the invention included within
      the spirit and scope of the appended claims.
PAR  Turning now to FIG. 1 there is shown a clock mechanism 10 having a frame
      which includes a pair of spaced, parallel frame plates 11, 12.
PAR  For the details of a typical clock mechanism to which the invention is
      applicable including source of driving torque, timing train and
      escapement, reference is made to my prior patent. It will suffice for
      present purposes to say that a center or minute hand shaft 13 is journaled
      in alined openings in the frame plates carrying a minute hand 14 at one
      end and having a setting knob 15 at the other. The minute hand has a
      cooperating hour hand 16 which is coupled to the minute hand via an hour
      hand reduction 17 including an hour hand gear 18 which is driven by a
      pinion 19. For frictionally driving the minute hand shaft 13, a unitary
      centerwheel member 20 is provided which is molded of plastic and which
      includes a centerwheel 21 and hub 22 with pinion 23 molded on the hub. The
      hub provides an extensive cylindrical inner surface 24 embracing the
      shaft.
PAR  In accordance with the present invention the centerwheel member is made of
      durable plastic having stable characteristics and a relatively high
      modulus of elasticity, with the cylindrical inner surface 24 having a
      diameter which is slightly less than the diameter of the shaft 13 over
      which it is telescoped so as to obtain an interfering fit to develop in
      the plastic of the wheel 21 and hub 22 a restoring force at a level which
      is sufficiently high as to insure development of a reliable frictional
      driving torque between the centerwheel assembly and the shaft. More
      specifically in accordance with the invention the shaft is provided with a
      narrow annular groove 30 which lies substantially in the plane of the
      centerwheel 21 when the centerwheel is in its operating position so that
      the restoring force developed in the wheel by the interfering fit causes
      the plastic to relax and to some extent flow into the groove 30 to form an
      internal ridge 31. This provides a registering axial connection, as
      illustrated in enlarged form in FIG. 3, tending thereafter to maintain the
      centerwheel member accurately in its working position over the life of the
      clock.
PAR  It is one of the further features of the invention that a shoulder is
      provided on the shaft 13, against which the centerwheel member is seated
      during the course of telescoping assembly and which defines the working
      position of the member which working position is maintained by the
      registered condition of the groove 30 and the internal plastic ridge 31.
      The shoulder, against which the centerwheel is seated, and which is
      indicated at 32, it preferably formed by the side wall of hour hand
      reduction pinion 19 which is tightly mounted in fixed position adjacent
      the front or left-hand end of the center shaft 13.
PAR  In accordance with a still further feature of the present invention, means
      are provided for insuring that the shaft 13 is securely anchored with
      respect to the frame plates and cannot by axially dislodged with respect
      to the centerwheel assembly 20. This is accomplished by providing
      shoulders on the shaft 13 to prevent movement in the respective
      directions. The first shoulder, indicated at 35, is formed by the
      presented surface of th pinion 19 and abuts the frame plate 11 to preclude
      movement in that direction. The second shoulder, indicated at 36, is
      formed directly upon the shaft 13 and faces the frame plate 12 to preclude
      movement in the opposite direction. Consequently, the setting knob 15 is
      completely blocked against axial movement; it can be neither pushed nor
      pulled, and thus there is no possibility that force can be applied via the
      shaft which would have the effect of shearing off the plastic ridge 31
      thereby destroying the condition of axial register between the centerwheel
      assembly 20 and the shaft.
PAR  To complete the assembly, means are, in a mechanical clock, provided for
      driving the pinion 23. As set forth in my prior patent, such means may be
      in the form of a gear 37 mounted upon the spring barrel. The periphery of
      the center gear 21 engages a pinion 38 which forms an element of the
      timing train leading to an escapement 39.
PAR  It will thus be apparent that under normal driving conditions timed
      rotation of the pinion 38 drives the centerwheel 121, with the center
      shaft being rotated in unison therewith through the friction connection,
      for timed rotation of the minute hand and hour hand.
PAR  Assembly of the elements 19, 20 on the center shaft is a simple matter as
      illustrated in FIG. 2. The output pinion 19, which has a severe
      interfering fit with respect to the shaft 13, is first pressed into fixed,
      rigid position against a shallow shoulder 19a. Following this the
      centerwheel member 20 is forcibly telescoped over the shaft 13. For
      guidance purposes, and to overcome the interference, the shaft may be
      provided with a short tapered section 36a adjacent the shoulder 36.
      Alternatively, the leading edge of the bore 24 may be provided with a
      short flare along the left-hand edge thereof as viewed in FIG. 1. In any
      event the sliding friction is overcome, with the centerwheel member being
      moved with a single motion into its working position bottomed against the
      surface 32 on the pinion 19. With the member 20 in working position,
      relaxation and flow of the plastic occurs under the influence of the
      inwardly directed restoring force, indicated at R, resulting in the
      formation of the internal ridge 31 which remains permanently in register
      with the groove 30. Any possibility of shearing off the ridge is prevented
      since pushing or pulling of the setting knob 15 simply results in prompt
      bottoming of the shoulders 35, 36 on the shaft against the respective
      frame plates so that no endwise force is applied to the member 20.
PAR  As stated, it is one of the features of the construction that the groove
      30, when the centerwheel is in working position, is located so that the
      groove lies substantially in the plane of the centerwheel. This takes
      advantage of the fact that most of the restoring force is developed in the
      plane of the wheel so that inward flow of plastic into the groove occurs
      reliably and to a greater extent than if the groove were located opposite
      the projecting hub portion where the plastic is of reduced cross section.
PAR  The invention is not limited to use of any single plastic material. It is
      preferred, however, that a durable plastic be employed having a modulus of
      elasticity of 400,000 psi and which is capable upon being stressed, of
      minor flow into a "set" condition. It is also desirable that the plastic
      be chemically stable and capable of retaining its characteristics
      undiminished over a long period of time. One example of a plastic meeting
      these conditions is the material commonly available from the DuPont
      Corporation having a catalog designation Delrin 8010. Using a material of
      this kind adequate reaction force to achieve the desired friction and
      desired flow and retention may be developed employing interference between
      the shaft and inner diameter of hub on the order of 0.001 inch.
PAR  It will be apparent that the objects of the invention have been amply
      carried out. A reliable level of friction is simply achieved, combined
      with accurate and permanent retention, without any additional mechanical
      parts whatsoever and with a consequent high degree of economy in piece
      part cost and in the assembly of the parts, on a production line basis,
      into a working unit.
PAR  While the above constitutes the preferred form of the invention, the
      invention in its broader aspects may be practiced using other narrow,
      annular locator means interposed between the shaft and the hub and which
      inhibits relative endwise movement so that the centerwheel "tracks" in a
      permanent position on the shaft over the life of the clock and in spite of
      relative setting motion. Thus as set forth in FIG. 5 the centerwheel may
      be the grooved element and the bead or ridge, cooperating therewith, may
      be formed on the shaft. Thus there is provided, on the shaft 13, a shallow
      annular bead or ridge 30a which, when the centerwheel is moved into seated
      position against the shoulder 32, deforms the plastic in the region into a
      registering annular groove 31a. Since the shaft 13 is blocked against
      axial movement, as previously described, no force can be set up between
      the shaft and the centerwheel member capable of dislodging the latter so
      that the groove 31a, formed in part by flow of the plastic under stress,
      results in permanent tracking. In the case of the embodiment illustrated
      in FIG. 5 friction is produced in the groove and consequently the bead or
      ridge diameter may be considered the maximum diameter of the shaft for
      interference fit purposes.
PAR  In the preferred construction the pinion 19 on the shaft 13 presents a
      shoulder 32 surrounding the shaft, which serves as an axial "locator" for
      the center wheel. However, in many designs of clocks the hour hand
      reduction, including the pinion 19, lies entirely outboard of the adjacent
      frame plate 11; in other words, the pinion 19 is mounted at the outer, or
      left-hand, side of the frame plate while the frame plate is moved
      relatively inwardly to the location of the shoulder surface 32 (with the
      hole in the frame plate being enlarged appropriately for clearance
      purposes). In such event the land surrounding the hole serves as a
      "shoulder" to perform the locator function.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a clock having minute and hour hands with interposed gear reduction,
      the combination comprising a timed driving train having a centerwheel and
      source of driving torque, a minute hand shaft telescoped through the
      centerwheel, said centerwheel being formed of molded plastic and having a
      hub providing an extensive cylindrical inner surface in contact with the
      shaft, the diameter of the inner surface, prior to telescoping, being
      slightly less than the diameter of the shaft so that friction torque is
      developed between the shaft and the wheel for normal driving of the shaft
      but with the shaft being forcibly rotatable to overcome the friction
      torque for setting of the hands, the shaft having an annular groove
      extending over a minor portion of the length of the hub and into which the
      plastic relaxes and flows after the centerwheel is located in a desired
      axial position thereby to maintain the centerwheel in such axial position.
NUM  2.
PAR  2. The combination as claimed in claim 1 in which the centerwheel and hub
      are molded integrally so that when the shaft is telescoped into the
      centerwheel an inwardly directed restoring force is created in the
      centerwheel, the groove in the shaft being in substantial planar alinement
      with the centerwheel so that the restoring force tends to crowd some of
      the plastic of the hub into the groove.
NUM  3.
PAR  3. In a clock having minute and hour hands with interposed gear reduction,
      the combination comprising a timed driving train having a centerwheel and
      source of driving torque, a minute hand shaft telescoped through the
      centerwheel, said centerwheel being formed of molded plastic and having a
      hub providing an extensive cylindrical inner surface in contact with the
      shaft, the diameter of the inner surface, prior to telescoping, being
      slightly less than the diameter of the shaft so that friction torque is
      developed between the shaft and the wheel for normal driving of the shaft
      but with the shaft being forcibly rotatable to overcome the friction
      torque for setting of the hands, an annular shoulder surrounding the
      shaft, the shaft having a narrow annular groove spaced a short distance
      from the shoulder and generally alined with the centerwheel when the
      centerwheel is telescoped into operating position against the shoulder, in
      which position the plastic adjacent the groove, forced inwardly by the
      restoring force of the plastic in the wheel, flows into the groove to form
      an internal ridge registering with the groove thereby to maintain the
      centerwheel in its operating position adjacent the shoulder.
NUM  4.
PAR  4. The combination as claimed in claim 3 in which the shoulder is in the
      form of a pinion tightly telescoped over the shaft in fixed position, the
      pinion forming an element of the gear reduction between the minute and
      hour hands.
NUM  5.
PAR  5. In a clock having minute and hour hands, the combination comprising a
      pair of spaced frame plates, a minute hand shaft journaled in the frame
      plates, the minute hand shaft carrying the minute hand at one end and
      having a manually accessible setting knob at the other end, a timed
      driving train having a centerwheel and source of driving torque, the
      centerwheel being telescoped over the minute hand shaft into a working
      position between the frame plates, said centerwheel being formed of molded
      plastic and having an integral hub providing an extensive cylindrical
      inner surface in contact with the shaft, the minimum diameter of the inner
      surface, prior to telescoping, being slightly less than the diameter of
      the shaft so that friction torque is developed between the shaft and the
      wheel for normal driving of the shaft, but with the shaft being forcibly
      rotatable by the setting knob to overcome the friction torque for setting
      of the hands, the shaft having an annular groove extending over a minor
      portion of the length of the hub and into which the plastic relaxes and
      flows after the centerwheel is located in its desired axial working
      position thereby to maintain the centerwheel in such axial position during
      the life of the clock, and means for blocking the minute hand shaft
      against axial movement in either direction with respect to the frame
      plates, thereby precluding dislodgement of the centerwheel by shearing of
      the plastic in the groove upon either pulling or pushing upon the setting
      knob.
NUM  6.
PAR  6. The combination as claimed in claim 5 in which the means for blocking
      the minute hand shaft against axial movement is in the form of outwardly
      facing shoulders on the shaft.
NUM  7.
PAR  7. In a clock having minute and hour hands with interposed gear reduction,
      the combination comprising a timed driving train having a centerwheel and
      source of driving torque, a minute hand shaft telescoped through the
      centerwheel, said centerwheel being formed of molded plastic and having an
      integral hub providing a cylindrical inner surface in contact with the
      shaft, the diameter of the inner surface, prior to telescoping, being
      slightly less than the maximum diameter of the shaft so that friction
      torque is developed between the shaft and the wheel for normal driving of
      the shaft but with the shaft being forcibly rotatable to overcome the
      friction torque for setting of the hands, means defining an annular
      shoulder surrounding the shaft, the shaft being formed to define with the
      centerwheel, as a result of flow of the plastic of the centerwheel, a
      narrow annular ridge-and-groove engagement spaced a short distance from
      the shoulder and generally alined with the centerwheel when the
      centerwheel is telescoped into operating position against the shoulder,
      the ridge-and-groove engagement serving to key the parts against relative
      axial movement as the shaft is forcibly rotated for setting purposes
      thereby to maintain the centerwheel in its operating position adjacent the
      shoulder.
NUM  8.
PAR  8. The combination as claimed in claim 7 in which the shaft has a shallow
      annular bead forming a ridge thereon and in which the mating groove is
      formed by the flow of the plastic in the plastic centerwheel in
      accommodation of the bead.
NUM  9.
PAR  9. In a clock having minute and hour hands with interposed gear reduction
      the combination comprising a pair of spaced frame plates, a minute hand
      shaft journaled in the frame plates, the minute hand shaft carrying the
      minute hand at one end and having a manually accessible setting knob at
      the other end, a timed driving train having a centerwheel and source of
      driving torque, the centerwheel being telescoped over the minute hand
      shaft into a working position between the frame plates, said centerwheel
      being formed of molded plastic and having an integral hub providing an
      inner surface in contact with the shaft, the diameter of the inner
      surface, prior to telescoping, being slightly less than the maximum
      diameter of the shaft so that friction troque is developed between the
      shaft and the wheel for normal driving of the shaft but with the shaft
      being forcibly rotatable by the setting knob to overcome the friction
      torque for setting of the hands, the shaft having a shoulder which abuts
      the centerwheel and against which the wheel is bottomed incident to
      assembly to define the working position of the centerwheel, the shaft
      further having an annular locating means cooperating with the hub for
      inhibiting axial movement of the centerwheel away from its working
      position, and means for blocking the minute hand shaft against axial
      movement in either direction with respect to the frame plates, thereby
      precluding dislodgement of the centerwheel with respect to the shaft upon
      either pulling or pushing upon the setting knob.
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ABST
PAL  A parking meter which electrically indicates "remaining time" and which
      electrically operates only in the presence of a vehicle and when there is
      "paid-for" time on the meter. Thus, for example, unused time by one
      departing motorist is cancelled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to parking meters, and particularly to an improved
      digitally-controlled electronic parking meter.
PAR  2. General Description of the Prior Art
PAR  Conventional parking meters are essentially coin-operated mechanical
      clocks. They are fairly expensive and require a good deal of service to
      properly maintain them. Their efficiency insofar as financial return is
      concerned is seriously impeded by virtue of the fact that the unused time
      by one motorist may be used by a second motorist without further payment.
      It is the object of the present invention to overcome these deficiecies.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a parking meter is constructed utilizing
      an electronic down counter. A metal locator positioned on the parking
      meter is directed toward the parking space to be covered, and it operates
      a switch which readies the meter; and if the meter is on and a vehicle
      departs, it turns the meter off. Appropriate denomination coin-operated
      switches set the down counter to an appropriate timing count, e.g. a dime
      coin would set the down counter to 30, representing 30 minutes. The
      operation of the coin switch starts a one-pulse-per-minute clock, which
      counts the down counter down. The output of the down counter is connected
      to a readout (either of the digital or analog types) to display remaining
      paid-for occupancy of a parking space.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single drawing is an electrical schematic diagram of an embodiment of
      the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring to the drawing, there is shown an electrical block diagram of one
      embodiment of the invention. Basic timing for the parking meter is
      accomplished by binary down counter 10, which in this system is a six
      stage binary counter. The set input of each stage of binary down counter
      10 is selectively coupled through an isolation diode 12 to the outputs of
      one shots 14 and 16. The set output of each stage of binary down counter
      is in turn connected as an input to binary to analog converter 18, which
      converts the binary output to a voltage which is representative of the
      binary value stored in binary down counter 10. The outputs of one shots 14
      and 16 are "OR" coupled together by OR gate 20, the output of which serves
      as a strobe input STR to the binary counter. The output of OR gate 20 is
      further connected as an "inhibit" input 22 of AND gate 24. The inputs of
      one shots 14 and 16 are connected to the stationary contacts of
      coin-operated switches 26 and 28, which are also "OR" coupled together by
      OR gate 30. The output of OR gate 30 is coupled as a trigger input to one
      shot 32, the output of which is fed as a reset signal RS to reset binary
      counter 10. The output of OR gate 30 is also connected as a "turn on"
      signal 34 to power connect switch 36. The movable arms of coin-operated
      switches 26 and 28 are tied together and to common ground 38. One contact
      of vehicle presence detector switch 40 is connected to common ground, and
      the movable arm is connected as an enable input 42 of power connect switch
      36. Power to operate the system is applied from battery 44, the negative
      terminal of which is tied to common ground, and the plus end of which is
      connected to movable arm 46 of power connect switch 36, having a
      stationary contact connected as a plus voltage output to all logic
      elements of the system. A selected count stored in binary down counter 10
      is counted down in discrete increments by the output of one PPM clock 48,
      the output of which is connected to the clock input CL of binary down
      counter 10. Once the down counter counts to zero, or if it has been reset
      to zero, a pulse is produced on zero count line 50, which inhibits one PPM
      clock 48 and applies a trigger pulse to one shot 52. The output of one
      shot 52 is connected as one input 54 of AND gate 24, which is connected as
      a "turn off" signal 56 to power connect switch 36. The output of binary
      down counter 10 is coupled to the input of binary to analog converter 10,
      which converts the "time remaining" binary count to an analog signal. This
      signal is coupled to the inverting input of amplifier 58, which has a
      positive or noninverting input connected to the wiper of potentiometer 60.
      Calibration potentiometer 60 is connected between plus voltage and common
      ground. The output of amplifier 58 is connected through series meter
      resistor 62 and meter movement 64 to common ground 38. The output of
      amplifier 58 is scaled with respect to the input by feedback resistor 66,
      which varies the gain of amplifier 58. Elongated pointer 68 is attached to
      meter 64 and serves to indicate remaining parking time in minutes between
      0  and 60 minutes, as observed on calibrated scale 70.
PAR  For the purpose of illustrating operation of the system, it is assumed that
      a 10-cent coin allows parking for a period of 30 minutes, while a 25-cent
      coin permits one hour of parking. Accordingly, the output of one shot 14
      is strapped to the 1, 2, 4, and 8 inputs of binary counter 10 to thus set
      a count of 30 into binary counter 10. The output of one shot 16 is
      connected as shown to the 4, 8, 16, and 32 inputs of binary counter 10,
      and thus a count of 60 would be gated by a quarter into binary counter 10.
      In operation, once a vehicle has been parked in the space served by the
      parking meter, presence detector switch 40 (a conventional metal locator
      adapted to close a switch when metal is determined and which would be
      pointed at the parking space involved) is closed. This switch provides an
      enable input to input 42 of power connect switch 36.
PAR  Assuming it is desired to park 30 minutes, a 10-cent coin would be
      inserted, which would close coin switch 26. This switch is a roll-over
      type switch, and hence the coin would simply roll over the switch, close
      it, and then open it. Upon the closure of the switch, a ground is applied
      to one input 72 of OR gate 30, which produces a pulse to input 34 of power
      connect switch 36, which closes contacts 46, applying plus voltage to all
      logic elements of the parking meter. When the coin rolls over a switch 26,
      an output of OR gate 30 triggers one shot 32 and an output of switch 26
      triggers one shot 14. An output of one shot 32 applies a reset pulse to
      binary counter 10 and resets counter 10 to a zero condition. An output of
      one shot 14, which is a longer delay than one shot 32, applies a true
      signal through diodes 12 to inputs 1, 2, 4, and 8 of binary counter 10. An
      output of OR gate 20 applies a strobe pulse to counter 10 and inhibits
      input 22 of AND gate 24. At the end of the reset pulse, an output appears
      on zero count line 50, which inhibits one PPM clock 48 and applies a
      trigger pulse to one shot 52. The output pulse of one shot 52 occurs at
      input 54 of AND gate 24, which does not produce an output to the turn off
      input 56 of power connect switch 36, since input 22 is inhibited by an
      output of OR gate 20.
PAR  Accordingly, at the end of the output from one shot 14, a count of 30 is
      gated into binary down counter 10 by the strobe at the output of OR gate
      20. Once the count is gated into the counter, zero count line 50 is no
      longer true, and one PPM clock 48 is enabled and produces a train of
      pulses, which occur at one-minute intervals. Each clock pulse at the
      countdown input CL subtracts one count from binary down counter 10. A
      voltage which represents the 30-minute count is fed to amplifier 58 and
      produces a current which causes the meter to be deflected to the observed
      30-minute marker of scale 70. This is calibrated as follows so as to read
      an accurate count. With the binary counter set to zero, potentiometer 60
      is adjusted so that the indicator reads zero. With a count of 60 in the
      binary counter, scale adjust resistor 66 has been set to read 60 minutes
      on the indicator. Once the timer has been energized by the insertion of a
      coin, 30 discrete counts from one PPM clock 48 subtract the count
      previously stored in binary counter 10, and the count now is at zero
      count. An output of zero count line 50 inhibits clock 48 and triggers one
      shot 52. The output of one shot 52 is now coupled through AND gate 24 to
      the turn off input 56 of power connect switch 36. This pulse opens power
      connect switch 36, disconnecting power from the parking meter.
PAR  Thus, regardless of the time the vehicle is left in the paring space, no
      further energy is drawn from the parking meter battery 44. A like series
      of events occur when a 25-cent coin is deposited in the parking meter. The
      coin rolls over switch 28, which closes and opens as before described.
      Before opening of the switch, power connect switch 36 is closed through
      input 34 and one shot 32 is triggered to reset binary counter 10. The
      output of one shot 16 applies a strobe signal to the counter and an
      inhibit to AND gate 24 through OR gate 20 and presents a true signal to
      the 4, 8, 16, and 32 inputs of binary counter 10. In this manner, a count
      of 60 is now gated into the binary counter. Zero count line 50 is no
      longer true, which enables clock 48, and a count of 60 is indicated by
      indicator 68. Thus, after 60 counts, the counter counts down to zero, and
      zero count line 50 again inhibits clock 48 and produces a pulse at the
      output of one shot 52, which disconnects power connect switch 36. Assuming
      that at any time during the one-hour parking period a vehicle is removed
      from the parking space, then vehicle presence detector switch 40 would
      open. Since a ground is required at enable input 42 of power switch 36 in
      order to maintain the swtich at an "on" position, once the vehicle drives
      off, switch 36 opens and removes power from the meter, which then goes to
      zero time on the indicator and the battery is disconnected from the logic
      so as not to drain power from the battery. This also prevents the next
      vehicle from receiving free parking time, since in order to legally park,
      a coin must again be deposited in the meter.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A parking meter comprising:
PA1  counting means comprising;
PA2  an electrical down counter,
PA2  first input means responsive to a selected input for initially setting said
      down counter to a selected count, and
PA2  second input means for providing clock input signals to said down counter,
      whereby with each signal said down counter is counted down a selected
      count;
PA1  coin-operated switching means including at least one coin switch and means
      responsive to the receipt of a particular coin for operating said switch
      and providing a selected count input to said first input means of said
      down counter;
PA1  vehicle detection means responsive to the detection of the presence of a
      vehicle for applying a circuit operating bias to at least said counting
      means;
PA1  clock means for providing electrical pulses at a selected time rate to said
      second input means; and
PA1  readout means responsive to the output of said down counter for visually
      indicating an output state of said down counter.
NUM  2.
PAR  2. A parking meter as set forth in claim 1 wherein said readout means
      comprises means for indicating whether time remaining on said meter is
      finite or zero.
NUM  3.
PAR  3. A parking meter as set forth in claim 2 wherein said readout means
      comprises means for indicating the remaining "paid for" time on said
      meter.
NUM  4.
PAR  4. A parking meter as set forth in claim 1 wherein said readout means is a
      meter, indicating "remaining time" in minutes.
NUM  5.
PAR  5. A parking meter as set forth in claim 4 wherein said vehicle detection
      means comprises metal detection means for applying said operating bias
      upon the detection of the presence of a metal body.
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ABST
PAL  A bracelet primarily for a watch incorporates at least one link which can
      be disconnected from a neighbouring link to allow a unit to be added to or
      removed from the bracelet to alter its length. The unit consists of a link
      and a pivot element which is pivotally attached by one end to one end of
      the link and the other end of which has a pair of pivot projections for
      attachment to another link, e.g. of a similar unit. The said one link has
      at one end a pair of sockets facing opposite sides of the bracelet and
      these sockets have slots at their sides remote from said one end to enable
      the said pair of pivot projections on the pivot element of the unit to be
      engaged in and disengaged from the sockets. The said one link has a
      release member pivoted to it for movement into and out of a position in
      which a portion of the link blocks the slots to prevent disengagement of
      the pivot projections from the sockets.
BSUM
PAR  This invention relates to bracelets and links therefor and more
      particularly but not exclusively to watch bracelets and links therefor.
PAR  According to this invention there is provided a bracelet link having at
      each end thereof a pair of aligned sockets for receiving hinge projections
      which sockets face opposite edges of the link, slots opening to the
      sockets of one pair at the side thereof nearer the other pair of sockets,
      a release member pivotally mounted on said link, which release member is
      movable into a first position in which portions of the member close off
      said slots and into a second position in which said portions are disposed
      away from the slots.
PAR  The invention further provides a bracelet comprising a plurality of links,
      and pivot elements hinging the links together, each pivot element
      extending between adjoining ends of two links and having at each end two
      hinge projections extending coaxially with each other towards opposite
      side edges of the bracelet and each of the two links joined by the pivot
      element having at its end adjacent the other link respective sockets into
      which the two hinge projections at the adjoining end of the element
      project, at least one of the links in the bracelet having slots which open
      to the sockets at one end thereof at the side of the sockets nearer the
      other end of said one link, and a member pivotally mounted on said one
      link and movable into a first position in which portions of the member are
      engaged in the slots and close off said sockets and into a second position
      in which said portions are disposed away from the slots enabling the
      projections to be disengaged from the sockets.
DRWD
PAR  One embodiment of the invention will now be described in more detail by way
      of example with reference to the accompanying drawings in which:
PAR  FIG. 1 shows the face side of part of a bracelet according to the
      invention;
PAR  FIG. 2 shows the reverse side corresponding to FIG. 1;
PAR  FIGS. 3 to 5 respectively show components of a link according to the
      invention;
PAR  FIG. 6 shows a pivot element for interconnecting the links;
PAR  FIGS. 7 and 8 respectively show an intermediate stage in the assembly of
      the link and pivot element and the completed assembly, and
PAR  FIG. 9 shows a plan view corresponding to FIG. 8.
DETD
PAR  Referring to FIGS. 1 and 2 a bracelet comprises a plurality of links 10
      which are permanently hinged together and a plurality of links 11 which
      are detachable from and insertable into the bracelet to enable its length
      to be adjusted. The links 10 and 11 are hinged together by pivot elements
      12 disposed on the reverse side of the bracelet.
PAR  Each link 11 is constructed from sheet metal components similar to those
      shown in FIGS. 3 to 6. The face side of each link is provided by a shell
      13 having pairs of tabs 14, 15 at its ends. The shell first has its end
      portions turned up as shown in FIG. 3 and a rectangular plate member 16
      and a notched plate member 17 are placed one above the other between the
      tabs, member 17 being uppermost. A pivot element 12 of bowed shape and
      having pairs of projections 19, 20 at its ends as shown in FIG. 6 is
      placed with one end edge in the shallower notch 21 of plate member 17. The
      tabs 14, 15 are now pressed down to give the structure shown in FIG. 7.
      The width of the body of the pivot element 12, i.e. its dimension
      widthwise of the bracelet is slightly less than the distance between the
      tabs 14, but the overall width of the element 12 is greater than the said
      distance and is slightly less than the width of the notch 21. The
      projections 19 are thus disposed in sockets formed jointly by the shell
      and members 16 and 17.
PAR  A release member 24 is shown in FIG. 5 and has at one end a turned down
      portion 25 which has outward pivot projections 26 at its bottom edge. The
      other end of member 24 is curved downwardly and back on itself and two
      outward projections 27 are formed on the curved portion. The curved end of
      the member 24 is formed with a cutout 28.
PAR  Tabs 15 of the shell are formed with slots 30 on their adjacent edges, and
      to attach the release member 24 thereto, its projections 26 are inserted
      through the slots 30 of the assembly shown in FIG. 7 so as to be engaged
      in the deeper notch 31 of plate member 17, and the member is then slid
      towards the other end of the link until it abuts the bar 32 separating the
      notches of member 17. The portions 33 of tabs 15, between the notches 30
      and the free ends of the tabs are then deformed downward to retain the
      projections 26 in place. Thus the shell and the plate members 16 and 17
      jointly also provide sockets for the pivot projections 26 of release
      element 24, enabling the element to be rotated into and out of a position
      in which the projections 27 extend through the slots 30 and across the
      notch 31 of the underlying plate member 17. The curved surfaces of the
      projections 27 co-operate with the edges of slots 30 to provide a snap
      action movement into and out of said position, and the cutout 28 provides
      a purchase for the tip of a penknife blade or other pointed tool to prise
      the free edge of element 24 upward.
PAR  When the projections 27 are clear of the notches 30 the projections 20 of
      the connecting pivot element 12 of a similar link can be inserted through
      the notches 30 and then moved to the open end of notch 31 where they abut
      the end parts of the shell. The shell and plate members 16 and 17 thus
      also provide sockets for the projections 20. The slots 30 giving access to
      the sockets are then closed off by returning the release member to its
      position in which the projections 27 are engaged in the slots.
PAR  The links 10 are constructed in a similar way to links 11, but do not
      incorporate release member 24. Consequently the shells of the links 10 do
      not have slots 30, and their plate members have two shallow notches 21
      instead of shallow and deep notches 21, 31 so that the links are
      symmetrical, and the pivot projections 19, 20 of the pivot elements 12 are
      permanently locked in the sockets in the links. It will be understood
      therefore that the first link 11 is permanently attached by its pivot
      element 12 to the links 10.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bracelet link having at each end thereof a pair of aligned sockets for
      receiving hinge projections which sockets face opposite side edges of the
      link, slots opening to the sockets of one pair at the side thereof, a
      release member pivotally mounted on said link, which release member is
      movable into a first position in which portions of the member close off
      said slots and into a second position in which said portions are disposed
      away from the slots.
NUM  2.
PAR  2. A bracelet link as claimed in claim 1, wherein said release member is
      movable into and out of said first position with a snap action.
NUM  3.
PAR  3. A bracelet link as claimed in claim 1, further comprising a pivot
      element connected thereto and adapted to connect the link pivotally to a
      similar link, said element having at one end thereof a pair of projections
      engaging in the sockets of the other pair and having at its other end a
      pair of projections adapted for engagement in the slotted sockets of a
      similar link.
NUM  4.
PAR  4. a bracelet link as claimed in claim 3, wherein the sockets of each pair
      face towards each other.
NUM  5.
PAR  5. a bracelet link as claimed in claim 4, wherein the link is of sandwich
      construction comprising a shell having a face portion and, at each end of
      the face portion, a pair of tabs which are spaced from each other, and an
      inner plate member about which the pairs of tabs are folded and each end
      edge of which has a central notch wider than the distance between the tabs
      whereby the sockets are formed between the tabs and the outer side of the
      shell, the notch at one end of the plate member having a greater depth
      than the notch at the other end and the tabs engaging said one end of the
      plate member having said slots formed in their edges nearest each other
      which slots are spaced away from the end of the link, and said release
      member being arranged so that said portions thereof are movable through
      the slots in the tabs to block, in the first position of the release
      member, movement of the projections of a pivot element out of the sockets
      and through the slots in the tabs.
NUM  6.
PAR  6. A bracelet link as claimed in claim 5, wherein said release member is
      made from sheet metal, the metal being curved back on itself at one end of
      the release member and having projections formed at said one end thereof,
      whereby the projections have curved faces, the slots in the tabs having
      edges which are engaged by the curved faces of the projections to provide
      a snap action of the release member into and out of said first position.
NUM  7.
PAR  7. A bracelet link as claimed in claim 5, wherein the deeper notch in the
      plate member extends beyond the slotted tabs and the release member has a
      pair of aligned pivot projections which are engaged in the deeper notch
      beyond the slotted tabs and which are retained therein by the other tabs
      and by free end portions of the slotted tabs which are deformed upon the
      deeper notch.
NUM  8.
PAR  8. A bracelet comprising a plurality of links, and pivot elements hinging
      the links together, each pivot element extending between adjoining ends of
      two links and having at each end two hinge projections extending coaxially
      with each other towards opposite side edges of the bracelet and each of
      the two links joined by the pivot element having at its end adjacent the
      other link respective sockets into which the two hinge projections at the
      adjoining end of the element project, at least one of the links in the
      bracelet having slots which open to the sockets at one end thereof at the
      side of the sockets and a release member pivotally mounted on said one
      link and movable into a first position in which poritions of the member
      are engaged in the slots and close off said sockets and into a second
      position in which said portions are disposed away from the slots enabling
      the projections to be disengaged from the sockets.
NUM  9.
PAR  9. A bracelet as claimed in claim 8, wherein said one link has its sockets
      of each pair facing towards each other.
NUM  10.
PAR  10. a bracelet as claimed in claim 9, wherein said one link is of sandwich
      construction comprising a shell having a face portion and, at each end of
      the face portion, a pair of tabs which are spaced from each other, and an
      inner plate member about which the pairs of tabs are folded and each end
      edge of which has a central notch wider than the distance between the tabs
      whereby the sockets are formed between the tabs and the outer side of the
      shell, the central notch at one end of the plate member having a greater
      depth than the notch at the other end and the tabs engaging said one end
      of the plate member having said slots formed in their edges nearest each
      other which slots are spaced away from the end of the link, and said
      release member being arranged so that said portions thereof are movable
      through the slots in the tabs to block, in the first position of the
      release member, movement of the projections of a pivot element out of the
      sockets and through the slots in the tabs.
NUM  11.
PAR  11. A bracelet as claimed in claim 10, wherein said release member is made
      from sheet metal, the metal being curved back on itself at one end of the
      release member and having projections formed at said one end thereof,
      whereby the projections have curved faces, the slots in the tabs having
      edges which are engaged by the curved faces of the projections to provide
      a snap action of the release member into and out of said first position.
NUM  12.
PAR  12. A bracelet as claimed in claim 10, wherein the deeper notch in the
      plate member extends beyond the slotted tabs and the release member has a
      pair of aligned pivot projections which are engaged in the deeper notch
      beyond the slotted tabs and which are retained therein by the other tabs
      and by free end portions of the slotted tabs which are deformed upon the
      deeper notch.
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PAL  A fuel control system for a gas turbine engine includes a metering device
      having a sleeve which is movable to vary fuel flow to the engine. A stop
      cooperates with the sleeve to define a minimum fuel flow. The stop is
      movable between a first, normal running position and a second, engine
      starting position, the second position corresponding to a smaller minimum
      flow through the metering arrangement.
BSUM
PAR  This invention relates to fuel control systems for gas turbine engines.
PAR  According to the invention a fuel control system for a gas turbine engine
      comprises a variable metering arrangement responsive to engine operating
      parameters to control fuel flow to the engine, a stop engageable by a part
      of said metering arrangement to limit movement thereof in a direction to
      reduce fuel flow, and means responsive to a selector device associated
      with the engine to set said stop in a first position for normal running of
      the engine and in a second position for engine starting, said second
      position corresponding to a smaller minimum flow through said metering
      arrangement.
PAR  In a preferred embodiment the said means responsive to the selector device
      comprises a cam co-acting with said stop and movable to urge the latter to
      said first and second positions.
PAR  In a further preferred embodiment said variable metering arrangement
      includes a sleeve movable in response to an increase in the delivery
      pressure of a compressor of the engine to increase fuel flow, and said
      stop co-acts with said sleeve to limit movement thereof.
PAR  In a further preferred embodiment the system includes a shut-off valve
      downstream of said metering arrangement, said selector device being
      operable in one of its positions to shut said shut-off valve, and in two
      others of its positions to move said stop to its first and second
      positions respectively.
DRWD
PAR  An example of the invention will now be described with reference to the
      accompanying drawings, in which FIGS. 1 to 3 show diagrammatically the
      several parts of a fuel control system. These figures should be read in
      conjunction with one another.
DETD
PAR  The drawings show a fuel control arrangement for a three-spool gas turbine
      engine 10, that is, an engine having three compressors and three
      associated turbines being carried on concentric shafts.
PAR  A centrifugal pump 11 supplies fuel to a positive-displacement pump 12
      driven by the engine 10. A spring-loaded pressure relief valve 13 is
      connected across the pump 12.
PAR  Downstream of pump 12 is a variable metering arrangement 14 which comprises
      a sleeve 15a slidable in a body 16 relative to a fixed sleeve 15b.
      Slidable within sleeves 15a, 15b is a further sleeve 17. Sleeve 17 has
      triangular ports 18 which can more relative to a gap 19 defined between
      sleeves 15a, 15b to provide a variable metering orifice.
PAR  Sleeve 15a is movable in a direction relative to sleeve 17, to reduce fuel
      flow by a flyweight arrangement 20 driven by the high speed shaft of
      engine 10. Engaged with sleeve 15a is a lever 21, which, as shown in FIG.
      1, is mounted for movement about a fixed axis 22 and has an arm 23 formed
      on one edge with a cam surface 24. A cam element 25 has a pair of cam
      faces 26, 27 which are formed along opposite sides of element 25. A pair
      of support rollers 28, 29 engage the cam face 27 and the positions of
      rollers 28, 29 are adjustable by threaded stems.
PAR  A transmission device 30 comprises a carrier 31 upon which a pair of arms
      32, 33 are pivotally mounted. Bearing rollers 34, 35 on the ends of
      respective arms 32, 33 engage cam surfaces 24 and 26. Rollers 34, 35 are
      biased outwardly against the respective cam surfaces by a spring 36, the
      arrangment being such that spring 36 acts, through lever 21 to bias sleeve
      15 against movement by flyweight arrangement 20.
PAR  Carrier 31 is mounted for pivotal movement about a fixed axis between the
      cam surfaces 24, 26 so that movement of the force of spring 36 about pivot
      22, and thus the bias applied to sleeve 15a, is variable. Carrier 31 is
      movable by a cam 37 which is in turn responsive to a lever 38 movable from
      a central, idle, position shown in FIG. 1, in either direction to demand
      forward or reverse thrust from the engine 10. Cam 37 is formed so that the
      power demand, for similar engine movement from the idle position, is the
      same for both forward and reverse thrust. It will be understood that
      reverse thrust is obtained from engine 10 by deflectors (not shown)
      operated in response to movement of lever 38.
PAR  Cam element 25 is freely pivoted on a link 39 which is in turn freely
      pivoted on a lever 40 movable about a fixed axis 41. Lever 40 is biased by
      a spring 42 towards an edge cam 43 rotated by a stepper motor 44. Motor 44
      is controlled by output pulses from a control circuit 45. Circuit 45 is a
      digital circuit responsive to the speed N.sub.H of the high speed shaft of
      engine 10, to the temperature T.sub.1 at the engine compressor inlet, to
      the Mach No. MN and altitude of an aircraft in which the engine 10 is
      mounted, to the exhaust temperature T.sub.7 of the engine combustion
      chamber, to the position .theta. of lever 38, and also to the setting of a
      selector switch 46 to drive motor 44 to rotate cam 43 so as to move cam
      element 25 upwardly, as seen in FIG. 1. Upward movement of cam element 25
      rotates the latter anticlockwise about its pivotal connection with link 39
      and thus increases the bias of spring 36 on sleeve 15a, for a given
      position of carrier 31. Selector switch 46 is manually operable to
      correspond to required operating modes of an aircraft in which the engine
      10 is mounted, as for example take-off, maximum climb, and maximum cruise.
PAR  In the event of failure of circuit 44 the cam 43 can be rendered
      ineffective by means of a further cam 47. Cam 47 is rotatable to lift
      lever 40 away from cam 43 by a selector lever 48 when the latter is moved
      to the position indicated at A in FIG. 3.
PAR  Referring to FIG. 2 the sleeve 17 of variable metering arrangement 14 is
      movable by a lever 50 which is coupled to a bellows arrangement having a
      pair of bellows units 51, 52 arranged in tandem. Unit 51 is evacuated and
      unit 52 is subjected internally to an intermediate pressure P.sub.3 from
      the engine compressor. Both units 51, 52 are subjected externally to a
      pressure P.sub.4P which is derived by means of a fluid potentiometer
      comprising a restrictor 53 and a venturi 54 connected in series between
      pressure P.sub.3 and a pressure P.sub.4 derived from the output of the
      final compressor stage of the engine.
PAR  In use, therefore, variable metering arrangement 14 is responsive to an
      increase in pressure P.sub.4P, or to a decrease in pressure P.sub.3, to
      increase fuel flow. Arrangement 14 is also responsive to an increase in
      the speed N.sub.H of the high speed shaft of the engine to decrease fuel
      flow, and the sleeve 15 is biased against movement by flyweight
      arrangement 20, by spring 36, acting through lever 21. The bias applied by
      spring 36 is increased by movement of lever 38 in either direction away
      from its central, idling, position. Movement of sleeve 15a is limited by
      adjustable stops 55, 56 which effectively act to limit acceleration and
      deceleration respectively.
PAR  Movement of sleeve 17 in a direction to decrease fuel flow is limited by a
      stop 57. Stop 57 is movable by a cam 58 rotatable by selector lever 48.
      Stop 57 is movable between a first position, shown in FIG. 2 and selected
      by a position B of lever 48, and a second position selected by positions C
      or D of lever 48. Position B of lever 48 corresponds to normal running of
      the engine 10, and positions C and D to "fuel rich" and "fuel lean" engine
      starting conditions respectively. Stop 57 provides, for a given engine
      speed as manifested by the position of sleeve 15, a minimum fuel flow
      through the metering arrangement 14.
PAR  Extending axially through sleeve 17 is a stem 60 which terminates in a
      piston element 61 slidable in a ported sleeve 62. The ends of sleeve 62
      communicate respectively with the upstream and downstream sides of
      variable metering arrangement 14. Sleeve 62 has ports 63 which communicate
      via a passage 64 with the upstream side of pump 12. Element 61 thus
      provides a spill valve for metering arrangement 14.
PAR  Slidable on stem 60 adjacent piston element 61 is a further piston element
      65. Sliding movement of element 65 is restricted in both directions by a
      projection 66 on stem 60. Element 65 co-operates with further ports 67 in
      sleeve 62 to define a throttle valve in series with metering arrangement
      14. Ports 67 communicate via a passage 68 with a further valve arrangement
      69, later to be described. Element 65 is urged in a direction to uncover
      ports 67 by the pressure downstream of metering arrangement 14, and in the
      opposite direction by a spring 70 which also engages piston element 61.
      Piston element 65 has a relieved portion 65a so that the space between
      elements 61, 65 is always subjected to the pressure in passage 68.
PAR  Stem 60 is engaged by a further set of governor flyweights 71 which are
      also driven at the speed N.sub.H of the engine high speed shaft.
      Flyweights 71 are biased by a spring 72 against movement in response to an
      increase in speed N.sub.H. Spring 72 thus sets a minimum force on stem 60
      and, by urging the latter towards a position in which spill valve element
      61 is closed, also sets, a minimum pressure drop across the variable
      metering arrangement 14. An adequate flow level at light-up is thus
      provided. This light-up flow level is responsive to altitude by virtue of
      movement of sleeve 17 by bellows 51, 52.
PAR  The downstream side of metering arrangement 14 communicates via a passage
      73 and a shut-off cock 74 with pilot burners of the engine 10. Cock 74 is
      operated by selector 48 so as to be open in all positions of lever 48
      except E, which position corresponds to engine shut-down.
PAR  Piston element 61 is biased against the delivery pressure of pump 12, and
      in a direction to reduce spill flow and permit element 65 to open the
      throttle valve, by a spring 75. The force exerted by spring 75 is variable
      by a cam 76 which is rotatable by selector lever 48 so that in position C
      of lever 48 (corresponding to fuel-rich starting) the spring force is
      increased and the spill flow reduced.
PAR  During starting, the pressure downstream of metering arrangement is low,
      and spring 70 overcomes this pressure to urge piston element 65 to shut
      the throttle valve. Substantially the whole of the fuel delivered by pump
      12 is thus supplied via passage 73 to the engine pilot burners. At low
      levels of fuel flow through metering arrangement 14, the throttle valve
      thus acts as a pressurising valve to maintain the pressure in passage 73
      above that in passage 68 by an amount which does not fall below a minimum
      value set by spring 70.
PAR  When engine speed rises to the level at which flyweights 71 overcome spring
      72, the fuel flow through arrangement 14 increases and the fuel delivery
      of pump 12 also increases. The pressures upstream and downstream of
      metering arrangement 14 increase. The downstream pressure overcomes the
      force exerted by spring 70 and element 61 engages element 65. These
      elements substantially move as a unit and are responsive to the difference
      in pressures across metering arrangement 14. Elements 61, 65 are also
      responsive, via flyweights 71, to the speed N.sub.H of the engine. In
      these conditions, therefore, elements 61, 65 act to maintain the pressure
      difference across metering arrangement 14 substantially constant for any
      given speed N.sub.H.
PAR  The valve 69 (FIG. 3) between passages 68 and the engine main burners has a
      pair of outlets 77, 78 which communicate respectively with passage 64 and
      with the main burners. A spool control element 79 is movable so as to
      divide the flow from passage 68 between outlets 77, 78. Element 79 is
      responsive to the pressure in passage 68 and is formed with lands of
      different diameters so as to be biased, by the pressure in passage 68, in
      a direction to increase flow through outlet 77 and decrease flow through
      outlet 78. Element 79 is also biased in the same direction by a spring 80
      and by a high pressure signal applied via a line 81 from the outlet of
      pump 12. Element 79 is urged in the opposite direction by a servo pressure
      signal in a chamber 82, derived from the pressure in line 81 via a
      restrictor 83. Chamber 82 communicates via a port 84, a passage 85 and a
      pilot valve arrangement 86 with passage 68. Port 84 is placed so as to
      form a valve, in co-operation with the larger end of spool element 79. A
      condition thus can exist in which, with port 84 partly shut, the forces on
      element 79 are in equilibrium. In this equilibrium condition port 78
      remains at least partly open, so that the main burners are not
      extinguished.
PAR  Pilot valve 86 is operated by a torque motor 87 responsive to an electronic
      control circuit 88. Circuit 88 receives signals dependent on the speeds
      N.sub.L, N.sub.I  of the low-speed and intermediate-speed engine shafts
      and also on temperature T.sub.7, so that an increase beyond predetermined
      levels of these values opens pilot valve 86 to reduce the servo pressure
      in chamber 82 and thereby reduce fuel flow to the engine main burners.
PAR  A lever 89 has an adjustably-positioned pivot 90 and is engageable both
      with the control element of pilot valve 86 and also with the lever 50 of
      the variable metering arrangement 14 when the lever 50 has been moved by
      more than a predetermined amount in response to pressures P.sub.3 and
      P.sub.4P. Lever 89 thus acts to reduce fuel flow to the engine in order to
      limit the difference between pressures P.sub.3 and P.sub.4P, and hence to
      determine a maximum compressor delivery pressure.
PAR  Chamber 82 of valve 69 also communicates via a passage 91 and a shut-off
      cock 92 with passage 68. Shut-off cock 92 is operated by selector lever 48
      so as to be opened only when the latter is in position E, i.e. when the
      engine is shut down. With cock 92 open, servo pressure in chamber 82 falls
      to cause outlet 78 to be shut off completely and all fuel flow to valve 69
      to be returned to the upstream side of pump 12.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fuel control system for a gas turbine engine, comprising a variable
      metering arrangement including a flow control element which is movable in
      response to engine operating parameters to control fuel flow to the
      engine, a stop co-acting with said control element to limit movement
      thereof in a direction to reduce fuel flow, said stop being movable
      between first and second limiting positions, and a manually operable
      selector device for moving said stop to said first position for normal
      running of the engine and to said second position for engine starting,
      said second position corresponding to a smaller minimum flow through said
      metering arrangement than said first position.
NUM  2.
PAR  2. A system as claimed in claim 1 in which said selector device comprises a
      cam co-acting with said stop and movable to urge the latter to said first
      and second positions.
NUM  3.
PAR  3. A system as claimed in claim 1 in which said control element comprises a
      sleeve movable in response to an increase in the delivery pressure of a
      compressor of the engine to increase fuel flow.
NUM  4.
PAR  4. A system as claimed in claim 1 which includes a shut-off valve
      downstream of said metering arrangement, said selector device being
      operable in one of its positions to shut said shut-off valve, and in two
      others of its positions to move said stop to its first and second
      positions respectively.
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ABST
PAL  A control system for a helicopter power plant with three power units
      driving the lifting rotor system through a main gearbox. Each power unit
      comprises a gas turbine engine of the gas-coupled type, a hydromechanical
      fuel control receiving electrical inputs to set a gas generator governor
      in the fuel control, an engine electronic control, and various engine
      accessories.
PAL  The operation of the power plant is normally controlled by the pilot
      through condition levers and switches on a control quadrant, through a
      pitch control by which the collective pitch of the rotor blades is
      controlled, and through a master beeper switch which is operable to trim
      the setting of an isochronous governor for the rotor system and the gas
      generator governors. The condition lever of each engine transmits a speed
      command signal through the electronic control of each power unit to its
      gas generator governor. A signal of collective pitch transmitted from the
      rotor control system to each engine electronic control is another factor
      in setting the governor.
PAL  The power plant includes a power management control, the principal function
      of which is to equalize the power outputs of the engines. It also includes
      the rotor isochronous governor. The power management control receives
      inputs of rotor system speed command and actual rotor speed and of the
      torques of the individual engines and transmits a governor trim signal to
      increase or decrease engine power to the several electronic controls.
PAL  All signals are transmitted electrically between the rotor system, control
      panel, power management control, and engine electronic controls. Excessive
      engine torque during rotor startup is avoided.
GOVT
PAC  INTRODUCTION
PAR  The invention described herein was made in the course of work under a
      contract with the Department of Defense.
BSUM
PAR  This invention relates particularly to controls for a helicopter power
      plant embodying a plural number of gas turbine engines. However, many
      features of the control system may be employed in other environments. The
      system provides an overall control of the operation of the several
      engines, coordinating the engines with the operation of the lifting rotor
      or rotors of the aircraft and with signals transmitted by the aircraft
      pilot. It provides for division of the load between individual engines,
      for safety overrides or shutdowns in the event of a casualty, for
      alternative modes of operation in the event of failure of some portion of
      the system, and particularly for electrical transmission of signals
      between various elements of the system which are located at diverse points
      in the aircraft. This use of electrical interconnections or "fly-by-wire",
      as opposed to mechanical rigging or hydraulic controls, for example,
      reduces weight and increases reliability of the power plant besides
      facilitating installation.
PAR  The principle object of the present invention is to improve controls for a
      multiple engine installation, particularly in helicopter installations
      powered by gas turbine engines; a more particular object of this invention
      is to provide improved power management controls to increase safety and
      flexibility of a multi-engined plant for a helicopter and particularly
      improve rotor startup and response to engine failures; also, to provide
      alternative modes of control.
PAR  The nature of the invention and its advantages will be clearly apparent to
      those skilled in the art from the succeeding detailed description of the
      preferred embodiment of the invention, the accompanying drawings thereof,
      and the appended claims.
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 is a much simplified illustration of a gas turbine powered
      helicopter.
PAR  FIG. 2 is a chart illustrating the effect on gas generator governor speed
      setting of condition lever and collective pitch inputs.
PAR  FIG. 3 is a general diagram of the overall power plant control system of
      the helicopter.
PAR  FIg. 4 is a schematic diagram of circuits for remote setting of the engine
      governor.
PAR  FIG. 5 illustrates rotor acceleration characteristics of the power plant.
PAR  FIG. 6 shows calculated response of the system to failure of one engine.
PAR  FIG. 7 is a schematic diagram of the power management control portion of
      the control.
PAR  FIG. 8 is a schematic diagram of the engine electronic control for each
      engine.
DETD
PAR  Referring first to FIG. 1, this illustrates a helicopter installation to
      which the control system of the invention is applicable. This is a highly
      schematic diagram for orientation, and is not intended as a full
      description of the actual aircraft installation.
PAR  The particular installation for which this control is provided has been
      described more fully in a paper by J. Roger Alwang and Richard D. McLain
      entitled "Heavy-Lift Helicopter Engine Control System" presented at the
      30th Annual National Forum of the American Helicopter Society in
      Washington, D.C., May 1974 (preprint No. 870). McCarthy U.S. Pat. No.
      3,174,284, Mar. 22, 1965, may also be of interest as to helicopter engine
      controls.
PAR  FIG. 1 illustrates the aircraft so far as is necessary to an understanding
      of the control system of this invention. A helicopter 2 is of the type
      having a forward lifting rotor 3 and an aft lifting rotor 4. Rotor 3 is
      driven through a gearbox 6 and rotor 4 through a gearbox 7. These
      gearboxes are connected by shafts 8 and 9, respectively, to a main or
      combiner gearbox 10. The rotors, gearboxes, and shafts are termed the
      rotor system 11.
PAR  Power is supplied to the main gearbox by three power units 12, each of
      which includes a gas turbine engine 15 delivering power through a shaft 16
      to the main gearbox. Each power unit includes also an engine electronic
      control 18 and various controls and accessories such as a fuel control 21,
      a compressor variable geometry actuator 22, and a starter 23. Each engine
      is of the gas-coupled or free turbine type. This means that it includes a
      gas generator comprising a compressor, combustion apparatus, and a
      turbine, and a power turbine energized by the discharge from the gas
      generator. The gas generator turbine and the power output turbine rotate
      independently, the latter driving the shaft 16. The shafts 16 are suitably
      geared together and to the rotor drive shafts 8 and 9 in the gearbox 10.
      An overrunning clutch (not illustrated) is provided between each shaft 16
      and the common drive so that the rotor may not be braked by a casualty to
      an individual engine. Normally, however, the power turbines rotate
      synchronously as geared together through a main gearing in the box 10.
PAR  The aircraft includes a pilot's station at 24 with controls for the
      aircraft including a stick 26 by which the collective and cyclic pitch
      settings of the lifting rotor blades and controlled, as is well known. The
      pilot's station also includes an engine control quadrant or control panel
      27 which bears a main control lever called a condition lever for each
      power unit, as well as other controls and switches to be described.
PAR  The other major element of the control system is a power management control
      30 which has various functions in the coordination of the operation of the
      power units, to be described. The electronic controls, power management
      control, and the control quadrant are connected together only by electric
      wiring (not illustrated in FIG. 1), as will be further described.
PAR  The details of the rotor system are immaterial to the present invention,
      which is equally applicable to a single rotor helicopter, or to other
      power plants having control requirements comparable to that illlustrated.
PAC  General Description
PAR  The nature of the interconnections between the major elements of the
      control system is set out in the system diagram of FIG. 3. It will be
      noted that the rotor system 11, power plants 12 including the component
      engines 15, engine electronic controls 18, fuel controls 21, compressor
      variable geometry actuators 22, and starters 23, are illustrated toward
      the bottom of the drawing. The control quadrant 27, pitch control stick
      26, and power management control are illustrated in the upper part of the
      figure. As indicated, the control quadrant bears three condition lever 28
      which are movable from a Stop position to a Ground Idle or Start position
      at which the engine may be started and operated at minimum power, and
      further to a Fly or maximum power position at the other end of the range
      of movement. Engine power may be modulated between the Ground Idle and Fly
      positions, depending upon the movement of the lever in the quadrant.
PAR  The position of the condition lever is transmitted as an electrical signal
      to the engines electronic control through a line 34. An electrical signal
      representing collective pitch of the rotors is transmitted by a suitable
      transducer from the control stick 26, automatic flight control, or other
      source, through a line 35 to each engine electronic control; and to the
      rotor system 11 to set rotor collective pitch. Other transmission means to
      the rotor may be employed and other means of controlling rotor pitch may
      be employed, but the point with which the control system is concerned is
      that an electrical signal representing collective pitch is supplied to
      each engine electronic control.
PAR  The control quadrant 27 mounts a rotor brake control 36 which is connected
      as indicated by line 38 to the rotor drive system to hold the rotor
      against rotation until the brake is released. There is an interlock to
      prevent movement of any condition lever beyond the Ground Idle until the
      brake is released. Line 39 represents means for transmission of a lifting
      rotor speed signal, specifically an alternating current the frequency of
      which is proportional to speed, to the power management control 30. The
      power management control uses the rorot speed signal as the input to
      isochronous governing means which establishes the final control of rotor
      and power turbine speed. A signal representing torque transmitted through
      the power output shaft of each engine is communicated to the power
      management control through transmission systems identified as 40. These
      signals are converted into potentials representing the torque output of
      each engine in the power management control. The rotor speed and engine
      torque signals are used to generate a power turbine governor trim signal,
      indicated as .DELTA. N.sub.P, for each engine. These are transmitted
      through lines 42 to the respective electronic controls 18. The rotor
      isochronous governor is normally on but may be turned off by a switch 43
      on the control quadrant connected through a line 44 to the power
      management control. Likewise, the load sharing features of the power
      management control are normally on, buy may be turned off by a switch 46
      on the quadrant connected through a line 47 to the power management
      control. Operation of each torquemeter circuit is inhibited below 40%
      normal rated power turbine speed by a signal transmitted through a line 48
      from each of the engine electronic signal controls.
PAR  Each engine electronic control 18 is turned on by its respective switch 50
      on the quadrant connected through a line 51 to the control. Teh control
      quadrant als mounts a Start switch 52 for each engine connected through a
      line 54 to the electronic control to turn on the starter. The starter is
      cut out by movement of the condition lever to Stop.
PAR  The system also includes means for varying rotor speed over a limited range
      from its normal value by operation of a master beeper switch 56 mounted on
      the control stick 26. The master beeper switch includes a switch member
      which is movable in either direction to cause an increase or decrease in
      rotor speed command. The switch is connected through the lines 58 and 59
      marked "increase" and "decrease" to the power management control. The
      signal from the beeper switch is converted to a signal compatible with
      those generated to balance power output between the engines, and added to
      these signals to contribute to the .DELTA. N.sub.P governor trim signals
      transmitted through lines 42 to the several engine electronic controls.
PAR  There is also an auxiliary beeper or manual N.sub.P trim system by which
      any individual engine may be trimmed slightly in governor setting under
      certain conditions. The auxiliary beeper system includes a switch 60 on
      the control quadrant for each power unit which transmits a signal through
      lines 62 to the electronic control.
PAR  The broad arrows 63 and 64 on FIG. 3 represent transmission of signals to
      the No. 2 and No. 3 engine electronic controls corresponding to those
      transmitted to the No. 1 electronic control.
PAR  Each engine electronic control 18 receives signals from the stick 26 or
      other collective pitch control, the control quadrant 27, and the power
      management control 30 for control of the corresponding engine. It also
      transmits a signal of power turbine speed below 40 percent to the engine
      electronic control. It receives electrical signals of gas generator
      turbine speed, power turbine inlet temperature, and power turbine speed
      from the engine as indicated by arrows 66, 67, and 68. The engine
      electronic control transmits a current signal indicative of condition
      lever position over a line 70 and a current signal over line 71 indicative
      of collective pitch. The starter, geared to the gas generator, is
      energized from the electronic control through a line 72. The governor trim
      signal indicated by .angle. N.sub.G is transmitted through line 74 to the
      governor trim of the fuel control. This is a reversable current signal.
      On-off electrical signals for fuel shutoff valve control are transmitted
      through lines 75 to the fuel control.
PAR  The fuel control, which is mounted on the engine, receives inputs of gas
      generator rpm, engine inlet temperature, and compressor discharge pressure
      directly from the engine, and is driven by the engine. The compressor
      variable geometry actuator regulated by the fuel control acts to vary the
      setting of vanes in the engine compressor.
PAR  The broad arrows 76 and 78 represent transmissions between power units Nos.
      2 and 3 and their electronic controls corresponding to those indicated
      specifically for power unit No. 1.
PAR  It may be reiterated that all of the communications between the elements
      indicated by the arrows in the diagram of FIG. 3 are by electric
      potentials or currents and, therefore, may be transmitted by suitable
      wiring.
PAR  Getting now into the relation of the hydromechanical fuel controls to the
      engines, we refer first to FIG. 4 which illustrates any one of the gas
      turbines 15 as comprising in flow series a compressor 82, combustion
      apparatus 83, a high pressure turbine 84 indicated as T1, and a low
      pressure turbine 86 indicated as T2. The high pressure turbine drives the
      compressor and the low pressure turbine 86, otherwise called the power
      turbine, drives the power output shaft 16 which extends through the gas
      generator comprising elements 82, 83, and 84. As with gas turbine engines
      in general, the basic control of the engine is by control of the supply of
      fuel. Fuel is delivered by an engine driven pump (not illustrated) through
      conduit 87, to the engine fuel control 88. The fuel control includes,
      among other instrumentalities, a governor 89 driven by the gas generator
      turbine 84 of the engine. The fuel control contains suitable provisions
      for determining the amount of fuel allowed to flow to the engine for
      steady state operation, acceleration, and deceleration, and for returning
      the excess to the pump inlet by conventional means (not illustrated). The
      fuel control 88 discharges fuel through a metered fuel line 90 in which is
      interposed a fuel shutoff valve 91. Valve 91 is opened when it is desired
      to initiate combustion during starting of the engine and remains open as
      long as the engine is operating.
PAR  We do not attempt here to describe the fuel control in detail, since such
      details are immaterial to the present invention. A great number of fuel
      control devices which may be used for the purposes of the present
      invention are known. The particular control 88 employed in practice of the
      present invention is manufactured by the Woodward Governor Company of
      Rockford, Illinois. Some insight into the structure of such engine
      governors may be had, if desired, from consideration of the following U.S.
      Pat. Nos.: Plummer No. 3,426,777, Feb. 11, 1969; Barnes U.S. Pat. No.
      3,442,277, May 6, 1969; and Witt U.S. Pat. No. 3,772,884, Nov. 20, 1973.
      As with most fuel controls for a gas-coupled gas turbine engine, this
      device includes a governor rotated by the gas generator turbine which
      controls a fuel metering valve. The basic speed setting of this gevernor
      is determined by an input which loads the speeder spring of the governor.
      It is also responsive to a second loading which we may call a governor
      trim or .DELTA. N.sub.G signal.
PAR  The setting of the speeder spring of the governor 89 is effected through
      servo systems responsive to the settings of the condition lever 28 of the
      particular engine and the collective pitch lever of stick 26 which is
      connected to all of the fuel controls. As illustrated in FIG. 4, the
      condition lever 28 is connected to a position transducer 92 which
      transmits an electrical potential signal representing position of the
      condition lever to a buffer amplifier 94 which transmits a potential
      signal through line 95 to a power amplifier 96. The position transducer is
      a commercially available type device which generates a signal that is a
      predetermined function of the position of the condition lever. One example
      of such a device is a potentiometer, but more sophisticated devices such
      as linear-variable differential transformers are preferred. This may be
      coupled to the condition lever through a non-linear motion transmission
      linkage.
PAR  The power amplifier responds to the potential signal to generate a current
      which varies with condition lever position. The current is fed through a
      power lead 102 to a condition lever servo 103 and the current returns to
      ground through a line 104 and a low resistor 106. The condition lever
      servo is a torque motor type device which rotates an output shaft 107
      proportionally to the current supplied to the motor. A potential
      proportional to the value of servo current is fed back to the power
      amplifier through a branch 105 of line 104.
PAR  The collective pitch stick 26 is connected through a position transducer
      110 and buffer amplifier 111 to a power amplifier 114. The potential
      signal fed to power amplifier 114 causes transmission of a corresponding
      current signal through line 115 to a collective pitch servo 116. Current
      is returned to ground through line 117 and low resistor 118. The potential
      drop across the resistor provides a feedback of current value to the power
      amplifier through a branch of line 117. The collective pitch servo also is
      a torque motor type device which rotates its output shaft 119 as a direct
      function of collective pitch of the helicopter rotor. Rotations of the
      shafts 107 and 119 are added in a mechanical differential gear 120 which
      rotates a shaft 122 entering the fuel control 88 and coupled through
      suitable mechanism to the speeder spring of the gas generator turbine
      governor. It will thus be seen that the setting of this governor is a
      function of the position of the condition lever and of rotor collective
      pitch.
PAR  The effects of the collective pitch and condition inputs to the fuel
      control are shown in FIG. 2. This is a plot of gas generator speed as a
      function of collective pitch input and the condition lever input. The
      condition lever input is represented by a family of lines, the lowest line
      124 of which is identified as "Ground Idle" and the uppermost 126 as
      "Fly". The collective pitch input from transducer 110 and buffer amplifier
      111 varies over a range from 61/2 volts for minimum pitch down to 2 volts
      for maximum pitch. The input from the condition lever transducer 92 and
      buffer amplifier 94 varies from 13.75 volts with the condition lever at
      ground idle position down to 5 volts with the condition lever at the
      maximum or Fly position. Thus, gas generator governor setting is increased
      as the condition lever is moved from Ground Idle toward the Fly position
      and as the collective pitch lever is moved from flat pitch toward maximum
      pitch. The input from the collective pitch lever anticipates and
      approximately compensates for the load added to or subtracted from the
      engine by changes in rotor pitch. The condition lever input normally is
      set to Fly; that is, to call for maximum condition lever speed input, and
      the speed is then trimmed by other instrumentalities. However, the
      condition lever may be used as a means to control the power output of the
      engine between Ground Idle and Fly by movement of the condition lever. The
      minimum gas generator speed setting is approximately 8800 rpm in this
      particular case as determined by a fuel metering valve minimum flow stop.
      Of course, the values of speed and voltage set out are merely those
      selected for this particular engine and aircraft installation, and might
      be different for other cases. If is considered highly desirable, however,
      to have the control potential decreased for increasing rotor pitch and for
      increasing power setting of the condition lever, since this results in a
      fail-safe condition where interruption of power in the electrical system
      tends to produce maximum power from any engine, and maximum rotor pitch.
      If not corrected in other element of the system, as later described, the
      pilot may correct any error.
PAC  Power Management Control
PAR  We may now take up the power management control system which, as stated
      above, receives inputs of rotor speed command from the master beeper
      switch, rotor speed, torque, of each engine, and power turbine speed below
      40 percent from each power unit. It delivers a power turbine speed trim
      signal to each engine electronic control. Referring first briefly to FIG.
      8 for the origin of the engine torque signals, an engine 15 is illustrated
      at the bottom of the figure. The power output shaft 16 from the turbine 86
      enters the main gearbox 10 of the rotor system along with the output
      shafts of the other engines. A toothed wheel 130 is mounted on the shaft
      16, which is twisted proportionally to the torque delivered by it. A
      similar toothed wheel 131 is mounted adjacent wheel 130 on a reference
      shaft 135, which is unloaded. Inductive pickups 132 and 134 adjacent the
      wheels generate alternating current signals responsive to the rotation of
      the wheels. The value of torque is represented by the phase difference of
      the alternating current signals transmitted by the pickups 132 and 134.
      Specifically, in the particular case, the signals from the pickups are in
      phase at a particular negative (reverse torque) value of torque and become
      increasingly out of phase as torque value increases in the positive
      direction. The signals from these two conductive pickups are transmitted
      through the lines 40 (note also FIG. 3) to the torque measuring circuits
      136 (FIG. 7). The principle element of each torque measuring circuit 136
      is a phase sensing circuit 138 which provides a potential output on line
      139 which is a linear function of torque. Specifically in the described
      example, the output is zero volts at minus 500 lb.-ft. torque and rises
      linearly to 10 volts at 5500 lb.-ft. The signal is transmitted through
      line 139 to elements of the power management control and also to a pilot's
      torque indicator 140 for the particular engine.
PAR  There is no need to describe specific torque transducers and phase sensing
      circuits to explain the present invention. Tyler et al. U.S. Pat. No.
      2,766,617, Oct. 16, 1956, discloses structure for providing signals
      indicative of torque such as might be used in the present system. The
      preferred phase sensing circuit is irrelevant to the present invention,
      being the invention of another. However, one of many known phase sensing
      circuits may be used in this combination.
PAR  The torque measuring circuits include means for blocking their operation
      when power turbine speed is below 40 percent of full rated. Passing over
      for the time being the means for deriving a signal indicative of power
      turbine speed, which is a part of the engine electronic control, the power
      unit transmits on a line 48 a positive signal when power turbine speed of
      the power unit is less than 40 percent rated. This signal is transmitted
      to an OR gate 143. The other input to OR gate 143 is from a calibrating
      switch 144 marked "Cal. A" which connects the 26 volt supply to the gate.
      Thus, if either the speed is below 40 percent or switch 144 is closed,
      there will be an output on line 146 from the OR gate to an AND gate 147.
      The AND gate also receives an input from the 26 volt supply through a
      second calibrating switch 148 identified as "Cal. B". This signal is
      transmitted through a line 150 and an inverter 151 to the other input of
      AND gate 147.
PAR  When power turbine speed is below 40 percent rated or the calibration
      switch 144 is closed, the OR gate 143 provides an output on line 146 into
      the AND gate 147. These is also an input through inverter 151 when
      calibration switch 148 is not closed. In this case, the AND gate is
      operative to transmit a signal to the phase sensing circuit which causes
      the phase sensing circuit to read a very low torque value, specifically
      minus 254 lb.-ft., regardless of any actual torque signal. If the
      indicator 140 reads a different value, there is an adjustment to set this
      initial point of the torquemeter scale. Closing of the other calibration
      switch 148 transmits a signal through line 150 and inverter 151 to inhibit
      transmission of any signal through AND gate 147. The calibration B input
      is supplied through line 150 to each phase sensing circuit and should
      cause an artificial high reading, specifically 5281 lb.-ft. A second
      adjustment of the phase sensing circuit is provided to change the slope of
      the output to match this value, so that with the two points correctly set
      the torquemeter output will follow the desired linear relation to torque
      and indicate or control accurately.
PAR  Thus, when the calibration switches are in their normally open condition
      and power turbine speed rises to a level over 40 percent, each torque
      circuit 136 supplies a potential on its output line 139 representing the
      torque output of the particular power turbine. These outputs are fed to a
      select high gate 152 which provides an output on line 154 of maximum
      torque, indicated as Q.sub.max. In the particular embodiment, this is a
      negative signal which becomes more negative with increase in torque.
PAR  Considering now specifically the power management circuits for power unit
      No. 1, the maximum torque signal on line 154 and the engine No. 1 torque
      signal on line 139 are fed to a summing circuit 155. If engine No. 1 is
      the one with the highest torque, these two inputs balance out and
      effective output is zero. If the engine No. 1 is not that having the
      highest torque output, the summing circuit puts out a difference signal of
      the difference between engine No. 1 torque and the highest torque. This
      signal, which has been inverted and is positive, is supplied to an On-Off
      gate 156. Lag is introduced by a lag circuit 158. In practice, the lag may
      be introduced in the same circuit as the accomplishment of the summing. In
      other words, 155 and 158 may be embodied in a single operational amplifier
      circuit with inputs of maximum torque and engine torque through suitable
      resistance and a capacitive feedback from the output of the operational
      amplifier. The On-Off gate allows the signal calling for torque increasing
      correction of engine power output to proceed to a summing circuit 159 is
      load sharing is turned on at the switch 46 on the control quadrant 27.
      When this switch is closed it transmits 26 volts to the On-Off gate 156.
PAR  The summing circuit 159 adds in a speed correcting signal from an
      isochronous governor responsive to rotor speed.
PAR  This brings us to a discussion of the rotor isochronous governor circuit.
      As illustrated in FIG. 7, the rotor system 11 includes a rotor speed
      transducer 160, which may be a toothed wheel and magnetic pickup, which
      generates an alternating emf the frequency of which is directly
      proportional to rotor speed. This transducer may be located in the main
      gearbox 10. Rotor speed transducer 160 is shown as connected through a
      line 162 to a frequency conversion circuit 163 which provides an output
      potential proportional to rotor speed on an N.sub.R line 164. Circuit 163
      may be of any suitable type, including that disclosed in Nelson et al U.S.
      Pat. No. 3,482,396, Dec. 9, 1969. The N.sub.R signal is fed through line
      164 to a gate 166 which receives a second input of emf corresponding to 85
      percent rated rotor speed. When the N.sub.R signal is above the 85 percent
      point, gate 166 transmits an enabling signal to an AND gate 167. The other
      input to the AND gate 167 is from the isochronous governor enabling switch
      43 on the control quadrant. Thus, if this switch is closed to enable the
      isochronous governing system and the rotor speed is above 85 percent, the
      AND gate transmits an enabling signal through line 168 to an integrating
      circuit 170. This circuit is provided to integrate the speed error of the
      rotor to provide isochronous governing. In addition to the enabling input,
      circuit 170 receives a rotor speed error signal through line 171.
PAR  The rotor speed error signal is developed in a summing circuit 172. This
      circuit receives an input of actual rotor speed from line 164, an input of
      a reference potential representing 100 percent rotor speed as indicated at
      174, and a further input from a master beeper circuit. This is a circuit
      by which the set or desired speed of the rotor may be varied over a
      limited range. Specifically, in this preferred embodiment, from 90 percent
      to 104 percent of normal rated rotor speed. We will not consider the
      details of the beeper circuit here. It is the subject of a copending U.S.
      patent application of Robert E. Nelson, Ser. No. 489,262 filed July 17,
      1974, of common ownership. The beeper is operated by the switch 56 (see
      also FIG. 3) on the pilot's control stick, which may be moved in either
      direction to supply 26 volt current to the increase line 58 or the
      decrease line 59 leading into the beeper circuit 175. If switch 56 is
      closed on the increase line, the beeper circuit provides a progressively
      increasing outtput on its output line 176 to the maximum which calls for a
      4 percent increase in rotor speed setting. If switch 56 is closed on the
      decrease contact, the rotor speed signal in line 176 decreases
      progressively to a value calling for rotor speed of 90 percent of normal
      rated. This signal is transmitted through a scaling circuit 178 to the
      input line 179 to the summing circuit 172.
PAR  The resulting output on line 171 is the error in rotor speed which results
      from the difference between the actual rotor speed, and the rotor speed
      set by the 100 percent reference plus the beeper circuit increment. This
      error signal is integrated in the integrating circuit 170 to provide the
      isochronous governing function, and the resulting speed correction signal
      feed through an isochronous governing signal line 180 to the summing
      circuit 159. Therefore, assuming that load sharing and isochronous
      governing are both turned on, summing circuit 159 derives the correction
      to engine power (gas generator speed responsive to rate of fuel supply)
      required to equalize engine torques and provide the desired or set rotor
      speed. This output is transmitted through a line 182 to a further summing
      circuit 183.
PAR  The rotor speed signal from beeper circuit 175 is also transmitted through
      line 176 to the summing device 183. The final output of governor trim
      signal on .DELTA. N.sub.P line 42 thus incorporates all of the inputs
      which should be reflected in a change of governor setting of the gas
      generator to effect even load division and the desired lifting rotor
      speed. The correction to equalize torques, the correction from the
      isochronous governor to eliminate variation in the rotor speed, and the
      input from the beeper circuit setting the desired rotor speed are summed
      and transmitted to the engine electronic control. The rotor isochronous
      governing and beeper circuit elements are common to all power units. The
      circuit elements 155, 158, 156, 159, and 183 are duplicated for each power
      unit. These elements for power units 2 and 3 are indicated schematically
      on FIG. 7 by the blocks 186 and 187.
PAC  Engine Electronic Control
PAR  FIG. 8 illustrates the basic engine electronic control configuration. We
      begin with a discussion of means for sensing speed of the power turbine.
      The engine 15 is illustrated as comprising the compressor 82 at the air
      inlet end, combustion apparatus 83, gas generator turbine 84, and power
      turbine 86. The power turbine drives the power output shaft 16 which
      extends through the forward end of the engine. Toothed wheel 130 and
      magnetic pickup 132 generate an alternating current the frequency of which
      is proportional to the speed of shaft 16. This signal is fed to a
      frequency conversion circuit 202 which provides an output potential
      proportional to the speed of shaft 16.
PAR  As a backup or safety device, a second power turbine speed signal is
      derived from a second toothed wheel 203 driven from the exhaust end
      portion 204 of the power turbine shaft. This wheel induces a signal in a
      pickup 206 which is transmitted to a frequency conversion circuit 208
      which may be identical to the circuit 202 and which transmits a second
      output potential proportional to power turbine speed through a line 210.
      The details of the frequency conversion circuits 202 and 206 are
      immaterial to the present invention. They may, for example, be of the type
      disclosed in Nelson et al. U.S. Pat. No. 3,482,396, Dec. 9, 1969.
PAR  Normally, the signals from the circuits 202 and 206 are equal. However, in
      the event of failure of one of the frequency conversion circuits, the
      signal from the other is employed. The two signal outputs are fed to a
      select high circuit 211 which transmits the higher of the two signals to a
      number of elements of the system through a line 212. The presence of the
      two speed pickups provides a safety factor apart from possible electronic
      faliures, since the pickup 206 will respond to power turbine overspeed
      resulting from a broken shaft within the engine which would not be
      detected by the pickup 132.
PAR  One branch of power turbine speed signal line 212 is connected into a
      comparison circuit 214 which receives a reference emf equal to the
      potential generated in response to 40 percent rated power turbine speed,
      and provides a 26 volt power management enabling signal on line 48 when
      power turbine speed is below 40 percent. The disappearance of this signal
      from the OR gate 143 (FIG. 7) enables the torque signals from the engines
      to be transmitted to the load sharing system described above.
PAR  At this point, we consider briefly the fuel control 88, already described
      to some extent with respect to the inputs of condition and collective
      pitch. The fuel control, which receives fuel from a suitable pump and
      meters the required quantity to the combustion apparatus of the engine,
      includes a fuel shutoff valve 91 and a gas generator governor 89 which
      receives an input for setting the governor through the shaft 122 from the
      collective pitch and condition servos as previously described. This gas
      generator governor 89 is also biased in either direction to increase or
      decrease gas generator speed within a predetermined range by a hydraulic
      servo indicated as a governor bias mechanism 218. The pressure and thereby
      force exerted by this piston is controlled by a torque motor valve 219, a
      commercially obtainable device which provides a fluid pressure which is a
      direct function of the current supplied to the torque motor valve 219. The
      current is supplied by a valve driver circuit 220 which responds to a
      potential signal indicating the desired increment or decrement of gas
      generator speed through the line 74 (see also FIg. 3).
PAR  The shutoff valve 91 is energized to shut off fuel to the engine whenever
      the speed and acceleration of the power turbine are as to indicate
      incipient runaway conditions. Cutting off fuel deenergizes the power
      turbine to prevent runaway. The circuit for this runs from the N.sub.P
      power turbine speed line 212 through a lead circuit 223 which adds an
      acceleration component to the speed signal so that the output from the
      lead circuit is proportional to power turbine speed, plus a constant times
      acceleration of the power turbine, which speeds up the valve closing
      action in case of rapid acceleration such as might occur with a broken
      power turbine shaft.
PAR  The overspeed signal from the lead circuit 223 is fed to a comparison
      circuit 224 where it is compared with a reference signal, which in this
      case preferably represents 121 percent rated power turbine speed. If the
      signal transmitted from circuit 223 is greater than the voltage
      corresponding to 121 percent speed, the circuit 224 energizes a line 226
      which causes a solenoid mechanism to close valve 91.
PAR  The governing features of the engine electronic control are turned on and
      off by a switch 50 on the control quadrant which supplies 26 volt power to
      the engine electronic control through a line 51. This signal is supplied
      to an enabling circuit for the valve driver amplifier 220 through an AND
      gate 227 and line 75. This signal is transmitted only if the AND gate is
      also energized by a signal indicating power turbine speed above 85
      percent. This assures that there is no governor trim until power turbine
      and lifting rotor speeds reach 85 percent. The enabling signal is derived
      from the power turbine speed signal in line 212 by a comparison circuit
      228 which receives also a reference voltage input corresponding to the 85
      percent N.sub.P signal. The output of this comparison circuit is fed
      through line 230 to the AND gate 227. Unless switch 50 is closed and power
      turbine speed is above 85 percent, the governor trim is inoperative,
      because the driver circuits are not able to operate in response to the
      signal in line 74.
PAR  Proceeding to the origin of the gas generator governor trim signal, this
      may respond to a number of inputs; specifically, power turbine speed, the
      power turbine speed trim signal in line 42 from the power management
      control 30, a signal from a power turbine speed trim or auxiliary beeper
      circuit on the control quadrant, and a power turbine inlet temperature
      limit circuit. The generation of the power turbine trim signal in the
      power management control has been described above. This is fed through a
      line 42 for each engine into a summing circuit 231 which also receives an
      input potential representing 100 percent rated power turbine speed.
PAR  There is a further input from an auxiliary beeper circuit which is operable
      only when load sharing is turned off. For description of the system
      disclosed here, it is sufficient to point out that the Manual Trim Switch
      60 on the control quadrant (FIG. 3) is operable to energize lines 62
      leading to the auxiliary beeper circuit 232. When the increase line is
      energized the auxiliary beeper circuit provides a progressively increasing
      signal on its output line 233, and when the switch is closed on the
      decrease line, this signal is decreased. The power management trim signal
      or the auxiliary beeper trim signal is added in circuit 231 to the 100
      percent reference signal to provide a component of the governor trim
      signal. This is fed through line 234 to a select low circuit 242. When
      load sharing is turned on, the auxiliary beeper is reset to zero by an
      input from reset 235.
PAR  A feature of the control is that, when the governor does become effective
      at 85 percent turbine speed, it controls so as to provide a desired limit
      to rate of increase of power turbine speed so that there is no sudden
      surge of power into the rotor system as the governing system becomes
      effective. The enabling signal from the comparison circuit 228 is fed
      above 85 percent power turbine speed through line 230 to an integrating
      circuit 236 which provides a gradually increasing signal, starting at zero
      when it is energized. This signal, which varies progressively from zero to
      substantially greater than the signal corresponding to 15 percent gas
      generator power turbine speed, is fed through a ramp signal line 237 to a
      summing circuit 238. Here the gradually increasing signal from integrator
      236 is added to a potential corresponding to 85 percent power turbine
      speed. The result is a power turbine speed command signal on a line 240.
PAR  This signal starts at the value for 85 percent power turbine speed when the
      control is made operative and increases, preferably at a rate of about 3
      percent rated gas turbine speed per second, to a value which is
      appreciably in excess of that for 100 percent power turbine speed. This
      signal is supplied to a select low gate 242. The other input to this gate
      is the power turbine speed control signal supplied by the summing network
      231 through the line 234. The lower signal is selected and fed through
      line 244 to a summing circuit 246. By virtue of the action of the select
      low circuit, the increasing acceleration control signal on line 240 is
      effective only up to the point of equality with the normal control signal
      supplied over line 234. As the signal on line 240 increases beyond the
      value called for in line 234, which has a maximum of 104 percent rated,
      the signal on line 240 becomes ineffective after serving its purpose of
      controlling acceleration during initial speedup of the rotor system.
PAR  The summing circuit 246 receives also an input of actual power turbine
      speed from line 212, and an input of a gas generator governor trim signal,
      to be described. Leaving that aside for the moment, summing circuit 246
      finds the difference between the power turbine output demand and actual
      power turbine output, and produces a corresponding signal on speed error
      line 247.
PAR  This signal is ultimately applied through the valve driver 220 to torque
      motor valve 219 to correct gas generator speed and thus engine power
      output. However, it is subject to override by an engine overtemperature
      signal. The engine is protected against overtemperature by a response to
      power turbine inlet temperature generated by thermocouples 250 in the
      engine. The potential generated by these thermocouples is proportional to
      temperature. This potential is amplified in a power turbine inlet
      temperature amplifier 252 which includes a temperature reference signal
      generating means to provide an emf representing the maximum allowable
      temperature. The amplifier 252 delivers a turbine temperature signal on
      line 254. This signal is negative in the normal temperature range and
      increases with temperature. At the established temperature limit the
      signal becomes positive and is increasingly positive as the
      overtemperature increases. This signal is summed with a feedback signal to
      be described in a summing circuit 255. The resulting signal is amplified
      and inverted in a high gain amplifier 256 which delivers a signal which is
      normally highly positive but becomes highly negative during
      overtemperature. This signal is fed through a "Negative Only" gate 257,
      which passes only negative signals, to one of the inputs of a select low
      gate 258.
PAR  The other input of gate 258 is a response to overspeed which is generated
      by a high gain amplifier 260 energized by the signal in line 247 from the
      summing device 246. Amplifier 260 provides a positive input to the gate
      258 except when the signal on line 247 indicates overspeed, in which case
      the signal becomes highly negative. Thus, if there is either an over-limit
      temperature or power turbine output greater than that called for, a
      negative signal is transmitted from the select low gate 258 to the valve
      driver amplifier through line 74. If temperature is below the established
      maximum and speed is below that called for by the signals added in summer
      246, a positive signal is transmitted through line 74. A positive signal
      causes the driver to operate the torque motor valve to increase fuel, and
      a negative signal operates the driver to cause the valve to decrease fuel.
      As previously stated, this is effected by exerting a force on the
      governor-operated valve in the fuel control, effectively trimming the gas
      generator governor speed setting.
PAR  The valve driver signal on line 74 is fed back to the speed and temperature
      circuits. A proportional feedback of this signal is developed by an
      amplifier 262 which provides a damping input to the summing device 246. If
      the engine is under the selected speed and the summing device is ordering
      to the valve driver to increase fuel, the amplifier 262 provides a small
      negative input to the summing device to damp the input to the valve driver
      and prevent over-reaction and overtravel of the torque motor valve. There
      is also feedback to the summing device 255 which, in this case, includes
      an integrating term so that there is a lag in the feedback to the
      amplifier 256. This signal is generated in an integrating amplifier 264
      which provides dynamic compensation for suitable transient performance.
PAR  This completes the description of the engine electronic control system,
      apart from start-stop controls, which are irrelevant to the subject matter
      claimed here. They form the subject matter of a patent application Nelson,
      Ser. No. 489,264 filed July 17, 1974, of common ownership.
PAC  Operation
PAR  While the operation of the power plant control system may well be clear to
      those skilled in the art from the foregoing detailed description, it seems
      best to discuss the operation and, in connection with this, to point out
      some of the characteristics of the control system more fully.
PAR  We may begin with the starting procedure, in which each engine is started
      independently. The isochronous governor, load share, and engine electronic
      controls may be energized through the switches on the control quadrant 27.
      The rotor brake is applied by the control 36 on the control quadrant. To
      start the engine, the corresponding condition lever is moved to Ground
      Idle (or to a Start position below Ground Idle if desired, but not above
      Ground Idle). The collective pitch control should be set to zero or flat
      pitch. If it is not, an interlock (described in companion application Ser.
      No. 489,264 signals the rotor to move to flat pitch until the condition
      lever is advanced above Ground Idle. The Start switch 52 for the engine is
      then closed. This energizes the starter through mechanism immaterial here.
      The engine goes through a starting cycle during which it is accelerated by
      the starter, the ignition is turned on and fuel is introduced, the engine
      then continuing to pick up speed until at some point the starter is cut
      out and the engine is in normal operation. As shown in FIG. 2, with the
      condition lever at Ground Idle, the gas generator will accelerate to a
      speed of about 8800 rpm. With the gas generator operating at this low
      speed, the torque delivered by the power turbine is relatively slight.
      Normally, after all of the engines are started, the condition levers are
      moved partially or all the way to the "Fly" position to call for a higher
      gas generator governor setting. This causes the gas generators to
      accelerate to the speed called for by the condition levers up to a
      maximum, in this case, of approximately 12,000 rpm. This greatly increases
      the power output of the power turbines.
PAR  In the particular aircraft, it is possible to overload the gearboxes if all
      three engines are putting out maximum torque at the same time under normal
      atmospheric conditions. Otherwise, the gearing would be unduly heavy.
      Under extremely hot conditions, the torque output is lower. On the other
      hand, in extremely cold weather, the torque available is greater. However,
      since the gas generator governors may not be moved to call for more than
      12,000 gas generator rpm, the power available is limited to a reasonable
      value except in extreme conditions of cold weather, in which case the
      controls may not be moved all the way to the Fly position.
PAR  Also, the rotor may be damaged by excessive torque, particularly at low
      speed where the buckling effect of the torque transmitted from the rotor
      hub to the rotor blades is not sufficiently opposed by centrifugal force
      on the blades.
PAR  In this control system, the gas generator speed setting is held to the 80
      percent value until the power turbines and rotor come up to 85 percent
      rated speed, and thereafter the system prevents a heavy surge of power
      when the power turbine governor is cut in.
PAR  This may be explained by reference to FIG. 5, which illustrates rotor
      starting characteristics at minimum collective pitch on a standard day.
      Total output torque of the three engines is plotted against rotor speed.
      The broken line 403 represents the torque output of the engines with the
      controls set at Ground Idle; that is, with the governors at the minimum
      setting and gas generators governed at about 8800 rpm. The torque
      decreases with rotor speed, since the torque of the power turbine
      decreases with speed for any given flow of motive fluid. The solid line
      404 up to the 85 percent rotor speed point 406 represents the relation of
      power plant output torque to rotor speed as the rotor is being accelerated
      with the control in Fly, at approximately 12,000 gas generator rpm.
PAR  Assuming that the power turbine governor is set to call for 100 percent
      speed, it is held inoperative by the circuits described until 85 percent
      speed is reached at point 406. At this point the power turbine governor
      setting is advanced by the governor trim signal from 85 to 100 percent at
      a rate of approximately 3 percent per second. This gradual increase in
      governor setting prevents a too heavy surge of torque into the gearboxes
      and rotors. The torque increases, with the power turbine governor calling
      for more power by biasing the gas generator governor. Torque reaches a
      maximum value at the point 407 and then decreases as the rotor reaches the
      desired 100 percent speed. After a minor overspeed transient, the rotor
      system stabilizes at the point 408 which represents steadystate rotor
      speed and torque with the control set to Fly at minimum collective pitch.
      At this point the rotor system is in full speed operation, and if it is
      desired to lift the aircraft, the collective pitch is increased. With the
      increase in collective pitch, the gas generator governor setting is
      increased as indicated by the curve 126 in FIG. 2 to a maximum of about
      14,400 at maximum collective pitch setting. The change in governor setting
      responsive to the collective pitch will generally parallel the increasing
      load as pitch is increased. If further trimming is required, it is
      accomplished by the governor trim system of the power management control.
      Normally, the trim effect is to reduce power.
PAR  Referring further to FIG. 5, the line 410 in the figure represents the
      steady state torque limit of the main gearbox. The broken line 411
      represents the torque which would be delivered by the power plant if all
      three power units operated at maximum power setting or maximum gas
      generator governor speed setting to accelerate the rotor. This would be
      sufficient to overload the gearbox and possibly to damage the rotor
      system.
PAR  The normal 100 percent rotor speed is maintained unless there is some fault
      in the power plant or the pilot operates the beeper system to reset the
      isochronous governing system as previously described. This may be operated
      to vary rotor speed between 90 and 104 percent of normal rated speed.
PAR  The load sharing function of the control is normally in operation as
      described above to increase the fuel to any power plant which is
      delivering less torque than that delivered by the power plant delivering
      the greatest torque. Assuming that one power plant is capable of
      delivering a certain torque at a particular gas generator speed, whereas
      the others will require somewhat higher gas generator speed to provide the
      same torque, the governors of these others are trimmed to increase gas
      generator speed and equalize the torques. Such equalization does not
      normally change the rotor speed, since the rotor isochronous governor acts
      to reduce the torque of all the power plants concurrently to maintain the
      preset rotor speed.
PAR  The most important reason for having the load sharing feature in the
      control is to provide immediate proper reaction to failure of an engine.
      The design of the aircraft and power plant is such that under all normal
      conditions it is possible to maintain flight under full load with two
      power plants. The load sharing control quickly increases the output of the
      other two engines if one fails. This requires no attention from the pilot.
      Such action is illustrated by the curves in FIG. 6. These are plots of
      rotor speed and engine shaft horsepower against time. Curve 414 represents
      the rotor speed transient after a failure of one engine at one second
      time. Curve 415 represents the output of the failed engine. At one second
      time the torque output of the failed engine drops very rapidly to zero and
      remains zero. Curve 416 represents the output of each of the two good
      engines before and after the failure. With the loss of power, there is a
      drop in rotor speed of about 11/2 percent during a time of about one more
      second to the minimum point 418. Rotor deceleration is resisted by the
      inertia of the rotor and by the output of the two operating engines. The
      rotor isochronous governor picks up the speed drop and acts through the
      power management control to increase the power turbine speed trim signal
      to all of the power units. This operates through the engine electronic
      control to increase the gas generator governor setting of all the engines.
      This does nothing for the failed unit, but it causes a rapid power
      increase from the two operating engines. The output of these rises from
      about 5300 horsepower each to about 8000 horsepower each in about 2
      seconds. With this increase in power, the rotor again begins to accelerate
      and by the end of five seconds after the failure it is substantially at
      rated speed again.
PAR  In the event of partial failure of an engine, causing it to fail to deliver
      its full share of power, the load sharing control will increase the
      governor setting of the crippled engine up to the point where this
      increase is limited by the power turbine inlet temperature limit or by
      maximum gas generator speed (the latter being limited by the fuel
      control). However, the output of the properly operating engines is
      increased to take up the difference.
PAR  If a failure in the control should cause one power unit to go to maximum
      power, the power delivered by the other units is accordingly reduced by
      the rotor isochronous governor and the circuits described above. This
      condition may then be corrected by the pilot by movement of his condition
      lever to reduce the power setting of the engine which is accepting too
      much of the load.
PAR  If desired, the load sharing system may be turned off, in which case
      relative outputs of the engines may be adjusted by the condition levers or
      the governor settings may be adjusted by the auxiliary beepers. When the
      load share is turned off, the isochronous governor continues to contribute
      to the governor trim of the engine.
PAR  If the isochronous governor fails or does not operate properly, it may be
      cut out, in which case the rotor may be governed by the power unit
      governors as varied by the master beeper system or by the auxiliary beeper
      system to change the setting of the gas generator governors. The power
      plant may be operated with both load sharing and isochronous governing cut
      off.
PAR  The engine electronic control may be turned off at the switch 50 for any
      engine. In this case, the governor trim system is totally disabled. The
      gas generator governor still responds to condition lever position and
      collective pitch as described above.
PAC  Conclusion
PAR  It should be clear to those skilled in the art that the power management
      system described above is particularly adapted to respond authoritatively
      to failure or partial failure of an engine or to faults of one sort or
      another in the control system. It maintains rotor speed essentially
      constant notwithstanding loss of one power unit. It provides stand-by
      modes of control if any part of the power management or engine electronic
      control system is disabled. It balances output between the power units by
      bringing the other power units up to the level of the strongest. If this
      results in speed of the rotor greater than called for, the system as a
      whole is trimmed down, with the torques remaining balanced. Overloading of
      the rotor system during rotor acceleration is prevented. The system
      described acts to keep rotor speed variations within 3 percent
      notwithstanding full scale snap changes in collective pitch. The
      collective pitch input to the engine control minimizes the required
      electronic trim authority and improves control operation with the
      electronics off.
PAR  Preferably, the system described here is employed in connection with
      starting logic described in copending application Ser. No. 489,264 and
      with beeper circuits described in copending application Ser. No. 489,262,
      both referred to above.
PAR  It will be apparent that references to specific values in the specification
      are values which are considered most suitable for the particular
      installation described here and most, if not all, of these values are open
      to change where desired.
PAR  The system has been described in connection with a three-engine
      installation, but can obviously be modified for use with two, four, or
      more engines.
PAR  Also, it is applicable to power plants employing single-shaft gas turbine
      engines with some attendant simplification due to the single turbine in
      each engine. In the helicopter example cited, a disengageable clutch
      between each power unit and the rotor system would be needed if
      single-shaft turbines were substituted for the free turbine type.
PAR  The detailed description of the preferred embodiment of the invention for
      the purpose of explaining the principles thereof is not to be considered
      as limiting or restricting the invention, since many modifications may be
      made by the exercise of skill in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control system for a power plant including a plural number of gas
      turbine engines connected to drive a common variable load comprising, in
      combination,
PA1  main power control means including a condition control settable by an
      operator providing a power output level command signal, a load control
      providing a power output required signal, a fuel control for each engine
      operative to control fuel flow to the respective engine, and means
      generating a weighted sum of the said signals effective to vary
      concurrently the power setting of the fuel controls;
PA1  load sharing means including means responsive to a condition indicative of
      the power output of each engine generating an engine power signal,
      comparing means effective to determine the maximum one of the said power
      signals, means operative to determine a power error signal for each engine
      representing the difference between the maximum power signal and the power
      signal of the said engine, power trim means coupled to each fuel control
      effective to modify the power setting of the fuel control, and means
      responsive to the power error signal of each engine coupled to the power
      trim means of the respective engine so as to increase the power output of
      each engine other than that generating the maximum power signal to
      eliminate the power error signal;
PA1  and governing means including means providing a load speed command signal,
      means responsive to load speed, means operative to provide a load speed
      error signal, and means responsive to the load speed error signal coupled
      to the power trim means of all engines so as to reset all the fuel
      controls in the direction to eliminate the load speed error signal.
NUM  2.
PAR  2. A control system for a power plant including a plural number of gas
      turbine engines connected to drive a common variable load comprising, in
      combination,
PA1  main power control means including a condition control settable by an
      operator providing a power output level command signal, a load control
      providing a power output required signal, a fuel control for each engine
      operative to control fuel flow to the respective engine, and means
      generating a weighted sum of the said signals effective to vary
      concurrently the power setting of the fuel controls;
PA1  load sharing means including means responsive to a condition indicative of
      the power output of each engine generating an engine power signal,
      comparing means effective to determine the maximum one of the said power
      signals, means operative to determine a power error signal for each engine
      representing the difference between the maximum power signal and the power
      signal of the said engine, power trim means coupled to each fuel control
      effective to modify the power setting of the fuel control, means
      responsive to the power error signal of each engine coupled to the power
      trim means of the respective engine so as to increase the power output of
      each engine other than that generating the maximum power signal to
      eliminate the power error signal, and means effective to disable the load
      sharing means below a predetermined engine speed level,
PA1  and governing means including means providing a load speed command signal,
      means responsive to load speed, and means operative to provide a load
      speed error signal, means responsive to the load speed error signal
      coupled to the power trim means of all engines so as to reset all the fuel
      controls in the direction to eliminate the load speed error signal, and
      means effective to disable the governing means below a predetermined value
      of load speed.
NUM  3.
PAR  3. A control system for a power plant including a plural number of gas
      turbine engines connected to drive a common variable load comprising, in
      combination,
PA1  main power control means including a condition control settable by an
      operator providing a power output level command signal, a load control
      providing a power output required signal, a fuel control for each engine
      operative to control fuel flow to the respective engine, and means
      generating a weighted sum of the said signals effective to vary
      concurrently the power setting of the fuel controls;
PA1  load sharing means including means responsive to a condition indicative of
      the power output of each engine generating an engine power signal,
      comparing means effective to determine the maximum one of the said power
      signals, means operative to determine a power error signal for each engine
      representing the difference between the maximum power signal and the power
      signal of the said engine, power trim means coupled to each fuel control
      effective to modify the power setting of the fuel control, means
      responsive to the power error signal of each engine coupled to the power
      trim means of the respective engine so as to increase the power output of
      each engine other than that generating the maximum power signal to
      eliminate the power error signal, and optionally operable means effective
      to disable the load sharing means;
PA1  governing means including means providing a load speed command signal,
      means responsive to load speed, and means operative to provide a load
      speed error signal, means responsive to the load speed error signal
      coupled to the power trim means of all engines so as to reset all the fuel
      controls in the direction to eliminate the load speed error signal, and
      optionally operable means effective to disable the governing means;
PA1  and optionally operable means for each engine effective to disable the
      power trim means of the engine.
NUM  4.
PAR  4. A control system for a power plant including a plural number of gas
      turbine engines connected to drive a common variable load comprising, in
      combination,
PA1  main power control means including a condition control settable by an
      operator providing a power output level command signal, a load control
      providing a power output required signal, a fuel control for each engine
      operative to control fuel to the respective engine, and means generating a
      weighted sum of the said signals effective to vary concurrently the power
      setting of the fuel controls;
PA1  load sharing means including means responsive to a condition indicative of
      the power output of each engine generating an engine power signal,
      comparing means effective to determine the maximum one of the said power
      signals, means operative to determine a power error signal for each engine
      representing the difference between the maximum power signal and the power
      signal of the said engine, power trim means coupled to each fuel control
      effective to modify the power setting of the fuel control, means
      responsive to the power error signal of each engine coupled to the power
      trim means of the respective engine so as to increase the power output of
      each engine other than that generating the maximum power signal to
      eliminate the power error signal, means effective to disable the load
      sharing means below a predetermined engine speed level, and optionally
      operable means effective to disable the load sharing means;
PA1  governing means including means providing a load speed command signal,
      means responsive to load speed, and means operative to provide a load
      speed error signal, means responsive to the load speed error signal
      coupled to the power trim means of all engines so as to reset all the fuel
      controls in the direction to eliminate the load speed error signal, means
      effective to disable the governing means below a predetermined value of
      load speed, and optionally operable means effective to disable the
      governing means;
PA1  an optionally operable means for each engine effective to disable the power
      trim means of the engine.
NUM  5.
PAR  5. A control system for a power plant including a plural number of
      gas-coupled gas turbine engines synchronously connected to drive a common
      variable load comprising, in combination,
PA1  main power control means including a condition lever settable by an
      operator providing a power output level command signal, a load control
      lever settable by an operator providing a power output required signal, a
      gas generator governor for each engine operative to control fuel flow to
      the respective engine, and means generating a weighted sum of the said
      signals effective to vary concurrently the speed setting of the governors;
PA1  load sharing means including means responsive to a condition indicative of
      the power output of each engine generating an engine power signal,
      comparing means effective to determine the maximum one of the said power
      signals, means operative to determine a power error signal for each engine
      representing the difference between the maximum power signal and the power
      signal of the said engine, governor trim means coupled to each governor
      effective to modify the speed setting of the governor, means responsive to
      the power error signal of each engine coupled to the governor trim means
      of the respective engine so as to reset the governor of each engine other
      than that generating the maximum power signal in the direction to
      eliminate the power error signal, and optionally operable means effective
      to disable the load sharing means;
PA1  governing means including means providing a load speed command signal,
      means responsive to load speed, and means operative to provide a load
      speed error signal, means responsive to the load speed error signal
      coupled to the governor trim means of all engines so as to reset all the
      governors in the direction to eliminate the load speed error signal, and
      optionally operable means effective to disable the governing means;
PA1  and optionally operable means for each engine effective to disable the
      governor trim means of the engine.
NUM  6.
PAR  6. A control system for a power plant including a plural number of
      gas-coupled gas turbine engines synchronously connected to drive a common
      variable load comprising, in combination,
PA1  main power control means including a condition lever settable by an
      operator providing a power output level command signal, a load control
      lever settable by an operator providing a power output required signal, a
      gas generator governor for each engine operative to control fuel flow to
      the respective engine, and means generating a weighted sum of the said
      signals effective to vary concurrently the speed setting of the governors;
PA1  load sharing means including means responsive to a condition indicative of
      the power output of each engine generating an engine power signal,
      comparing means effective to determine the maximum one of the said power
      signals, means operative to determine a power error signal for each engine
      representing the difference between the maximum power signal and the power
      signal of the said engine, governor trim means coupled to each governor
      effective to modify the speed setting of the governor, means responsive to
      the power error signal of each engine coupled to the governor trim means
      of the respective engine so as to reset governor of each engine other than
      that generating the maximum power signal in the direction to eliminate the
      power error signal, means effective to disable the load sharing means
      below a predetermined engine speed level, and optionally operable means
      effective to disable the load sharing means;
PA1  governing means including means providing a load speed command signal,
      means responsive to load speed, and means operative to provide a load
      speed error signal, means responsive to the load speed error signal
      coupled to the governor trim means of all engines so as to reset all the
      governors in the direction to eliminate the load speed error signal, means
      effective to disable the governing means below a predetermined value of
      load speed, and optionally operable means effective to disable the
      governing means;
PA1  and optionally operable means for each engine effective to disable the
      governor trim means of the engine.
NUM  7.
PAR  7. A control system for a power plant including a plural number of gas
      turbine engines synchronously connected to a variable pitch lifting rotor
      to drive the rotor comprising, in combination,
PA1  main power control means including a condition lever settable by an
      operator providing a power output level command signal, a collective pitch
      control providing a rotor collective pitch signal, a fuel control for each
      engine operative to control fuel flow to the respective engine, and means
      generating a weighted sum of the said signals effective to vary
      concurrently the power setting of the fuel controls;
PA1  load sharing means including means responsive to a condition indicative of
      the power output of each engine generating an engine power signal,
      comparing means effective to determine the maximum one of the said power
      signals, means operative to determine a power error signal for each engine
      representing the difference between the maximum power signal and the power
      signal of the said engine, power trim means coupled to each fuel control
      effective to modify the power setting of the fuel control, and means
      responsive to the power error signal of each engine coupled to the power
      trim means of the respective engine so as to increase the power output of
      each engine other than that generating the maximum power signal in the
      direction to eliminate the power error signal;
PA1  and isochronous governing means including means providing a rotor speed
      command signal, means responsive to rotor speed, and means responsive to
      integrated rotor speed error operative to provide a rotor speed error
      signal, means responsive to the rotor speed error signal coupled to the
      power trim means of all engines so as to reset all the fuel controls in
      the direction to eliminate the rotor speed error signal.
NUM  8.
PAR  8. A control system for a power plant including a plural number of gas
      turbine engines synchronously connected to a variable pitch lifting rotor
      to drive the rotor comprising, in combination,
PA1  main power control means including a condition lever settable by an
      operator providing a power output level command signal, a collective pitch
      control providing a rotor collective pitch signal, a fuel control for each
      engine operative to control fuel flow to the respective engine, and means
      generating a weighted sum of the said signals effective to vary
      concurrently the power setting of the fuel controls;
PA1  load sharing means including means responsive to a condition indicative of
      the power output of each engine generating an engine power signal,
      comparing means effective to determine the maximum one of the said power
      signals, means operative to determine a power error signal for each engine
      representing the difference between the maximum power signal and the power
      signal of the said engine, power trim means coupled to each fuel control
      effective to modify the power setting of the fuel control, means
      responsive to the power error signal of each engine coupled to the power
      trim means of the respective engine so as to increase the power output of
      each engine other than that generating the maximum power signal in the
      direction to eliminate the power error signal, means effective to disable
      the load sharing means below a predetermined engine speed level, and
      optionally operable means effective to disable the load sharing means;
PA1  isochronous governing means including means providing a rotor speed command
      signal, means responsive to rotor speed, and means responsive to
      integrated rotor speed error operative to provide a rotor speed error
      signal, means responsive to the rotor speed error signal coupled to the
      power trim means of all engines so as to reset all the fuel controls in
      the direction to eliminate the rotor speed error signal, means effective
      to disable the isochronous governing means below a predetermined value of
      rotor speed, and optionally operable means effective to disable the
      isochronous governing means;
PA1  and optionally operable means for each engine effective to disable the
      power trim means of the engine.
NUM  9.
PAR  9. A control system for a helicopter power plant including at least one gas
      turbine engine connected to drive a variable pitch lifting rotor
      comprising, in combination,
PA1  main power control means including a condition control for each engine
      settable by an operator providing an engine power output level command
      signal, a rotor collective pitch control settable by an operator providing
      a rotor power input required signal, a governor for each engine operative
      to control fuel flow to the respective engine, and means generating a
      weighted sum of the said signals effective to vary concurrently the speed
      setting of each governor;
PA1  governor trim means coupled to each governor effective to modify the speed
      setting of the governor,
PA1  rotor speed governing means including means providing a rotor speed command
      signal, means responsive to rotor speed, and means responsive to rotor
      speed error operative to provide a rotor speed error signal, means
      responsive to the rotor speed error signal coupled to each governor trim
      means so as to reset the governor in the direction to eliminate the rotor
      speed error signal,
PA1  rotor acceleration control means including means effective to generate a
      rotor speed command limit signal rising progressively as a predetermined
      function of time; and select low gate means effective to transmit the
      lower one of the rotor speed command and rotor speed command limit signals
      to the rotor speed error responsive means during acceleration of the rotor
      from a predetermined speed.
NUM  10.
PAR  10. A control system for a helicopter power plant including at least one
      gas turbine engine connected to drive a variable pitch lifting rotor
      comprising, in combination,
PA1  main power control means including a condition control for each engine
      settable by an operator providing an engine power output level command
      signal, a rotor collective pitch control settable by an operator providing
      a rotor power input required signal, a governor for each engine operative
      to control fuel flow to the respective engine, and means generating a
      weighted sum of the said signals effective to vary concurrently the speed
      setting of each governor;
PA1  governor trim means coupled to each governor effective to modify the speed
      setting of the governor,
PA1  rotor speed governing means including means providing a rotor speed command
      signal, means responsive to rotor speed, means responsive to rotor speed
      error operative to provide a rotor speed error signal, and means
      responsive to the rotor speed error signal coupled to each governor trim
      means so as to reset the governor in the direction to eliminate the rotor
      speed error signal,
PA1  rotor acceleration control means including means effective to disable each
      governor trim means below a predetermined value of rotor speed, means
      energized in response to acceleration of rotor speed to the said
      predetermined value effective to generate a rotor speed command limit
      signal rising progressively from zero as a predetermined function of time;
      and select low gate means effective to transmit the lower one of the rotor
      speed command and rotor speed command limit signals to the rotor speed
      error responsive means.
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ABST
PAL  In a turbine powered generating system the rate of fuel flow for auxiliary
      firing of a steam turbine is automatically controlled to control the
      generation of steam for the turbine in accordance with turbine operating
      parameters and system power demands. Fuel flow rates are controlled within
      program selected limits to minimize stresses on the steam turbine, thus
      increasing the performance and life expectancy of the turbine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to fluid flow control systems of general
      use and more particularly to fluid flow control systems and apparatus of
      the type for controlling the rate of fuel flow for auxiliary firing of a
      steam turbine boiler.
PAC  FIELD OF THE INVENTION
PAR  In the field of turbine powered generating systems, the temperature of hot
      exhaust gasses from a gas turbine are sometimes utilized to heat the
      evaporator coils of a steam turbine boiler to make steam for powering the
      steam turbine. The temperature of these hot exhaust gasses is also
      frequently supplemented by heat from auxiliary firing means, such as a
      burner, to more effectively control the generation of the steam for
      powering the turbine.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  For economic reasons, power generating stations frequently employ gas and
      steam turbines, each including a generator for supplying power to an
      electrical load. Hot exhaust gasses from the gas turbine, which would
      normally be wasted to the atmosphere, are utilized to provide heat for the
      steam turbine boiler. Generally, these hot gasses are exhausted into a
      heat chamber or manifold frequently referred to as a "waste heat recovery
      steam generator". Two major elements which are disposed in this chamber
      are an auxiliary firing means or burner and the steam turbine boiler
      evaporator coils. Water from the boiler is recirculated through the
      evaporator coils, heated by the hot exhaust gasses and returned to the
      boiler as steam. The auxiliary firing means receives fuel for burning in
      the chamber to more rapidly effect heating of the evaporator coils than
      that normally possible with increases in the temperature of the gas
      turbine exhaust gasses. It is well known in the art that a gas turbine
      does not respond instantaneously to increases and decreases in fuel
      supplied thereto. Thus, the temperature of the gas turbine exhaust does
      not change instantaneously. Further the gas turbine might be running at
      its maximum capacity and cannot provide sufficient heat for the steam
      turbine demands. Thus, the auxiliary firing means fulfills the needed
      demand increase.
PAR  To the best of this inventor's knowledge the rate of fuel flow provided to
      the auxiliary burners of steam trubines has always been under manual or
      semi-automatic control of a turbine operator. The operator by reading
      various gages used to monitor the power generating system, such as load
      requirements and steam turbine temperatures, determines how much he should
      open a valve to regulate the fuel flow to the auxiliary burner. By so
      doing he manually controls the amount of steam being generated to power
      the steam turbine, thus controlling the power output of the steam turbine
      generator.
PAR  It is also well known in the art that steam turbines are subjected to
      severe stresses (e.g. mechanical, thermal, vibration, etc.) when they must
      load, unload, accelerate, or decelerate too rapidly. At the best, these
      stresses can greatly reduce turbine life and if they become too severe can
      cause catastrophic turbine failure. It has been found that operator manual
      control of the auxiliary firing is an adverse condition because it does
      not allow optimization of these turbine stresses (e.g. under cold, warm
      and hot conditions) to keep them at a minimum. This is because the rate at
      which steam is provided to the turbine is a direct factor of operator
      experience.
PAR  In view of these adversities it is desirable to provide a system and
      apparatus for automatically controlling the fuel flow rate for auxiliary
      firing of a steam turbine under all turbine operating conditions whereby
      the turbine stresses are minimized, thus resulting in increased
      performance and sustained turbine life.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a combination gas and steam
      turbine powered generating system is provided for supplying regulated
      power to an electrical load over a minimum to maximum percentile load
      range (i.e. minimum power to maximum power). The gas turbine is capable of
      providing power to the load up to the maximum of a first percentile range.
      It also provides hot exhaust gasses to the steam turbine boiler to make
      steam for powering the steam turbine.
PAR  The steam turbine operates over the entire percentile range and has an
      associated auxiliary firing means operating over a second percentile range
      for providing supplementary heat for the steam turbine boiler. This
      supplementary heat allows steam to be generated at one or more program
      selected rates whereby the steam turbine in combination with the gas
      turbine provides power to the load over the entire percentile range.
PAR  Control of the system is provided by monitoring power signals
      representative of total system power and comparing these signals with a
      set point power demand signal representive of the amount of power to be
      provided to the load. This comparison results in the generation of a
      demand or reference signal indicative of a desired rate of fuel or fluid
      flow to be metered to the auxiliary firing means.
PAR  The reference signal controls fuel flow to the gas turbine over the first
      percentile range and is also compared with a metering signal. The latter
      signal is also utilized to control the rate of fuel flow to the auxiliary
      firing means.
PAR  The rate of change of the metering signal is program selectable to control
      the rate of fuel flow in accordance with specified turbine operating
      parameters or conditions. The rate of fuel flow increases or decreases in
      accordance with the value of the reference signal until the reference and
      flow rate signals are equal. When equality of these two signals occurs,
      the flow rate signal and thus the fuel flow rate become constant.
      Additionally, specified minimum and maximum values of the flow rate signal
      control minimum and maximum fuel flow rates to the auxiliary firing means,
      should the set point power demand signal or the power signals exceed
      specified values.
PAR  In view of the foregoing it is therefore an object of the present invention
      provide a fluid flow control system having enhanced operating
      capabilities.
PAR  It is a further object to provide means for automatically controlling the
      rate of change of fuel flow for the auxiliary firing of a steam turbine.
PAR  A still further object is to provide apparatus for automatically
      controlling the auxiliary firing of a steam turbine power generator under
      all operating conditions.
PAR  Another object is to provide automatic digital analog control of the rate
      of change of fuel flow for auxiliary firing of a steam turbine.
PAR  Yet another object is to provide a turbine power generating system capable
      of program selecting the fuel flow rate for auxiliary firing of a steam
      turbine.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention may be more readily described and understood by a
      reference to the accompanying drawing in which:
PAR  FIG. 1 is a major block diagram of an exemplary turbine powered generating
      system encompassing the present invention.
PAR  FIG. 2 is a detailed drawing showing circuitry and logic for automatically
      controlling the rate of fuel flow to an auxiliary firing means of FIG. 1.
PAR  FIG. 3 is a performance chart useful in describing the operation of the
      invention and shows the operation of the invention under varying operating
      conditions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made to FIG. 1 which illustrates in major block diagram
      form a turbine powered generating system in accordance with the present
      invention. The system is of the type comprising a gas turbine 10 and its
      associated generator 12, the latter being driven from the gas turbine
      through a mechanical linkage 14. When the gas turbine is in operation, the
      generator 12 provides output power via one or more conductors 16 to a
      conventional power station load 18 of the type generally found in
      industrial and domestic power distribution stations.
PAR  The gas turbine 10 is of the conventional type which receives atmospheric
      air into a compressor wherein that air is fed into a combustor and mixed
      with fuel from a fuel supply connected to the combustor via a conduit 20
      and conventional regulator control valve 22. Heated gasses are exhausted
      from the combustor into the turbine section of the gas turbine and passed
      from that section as hot exhaust gasses via an exhaust 24 into a waste
      heat recovery steam generator identified in FIG. 1 in parenthesis as HRSG.
      A description of the HRSG will subsequently be given.
PAR  The amount of fuel provided to the combustor of the turbine 10 via valve 22
      is controlled by a valve control 26 which may be either mechanically or
      electrically connected to the valve. The valve control 26 is of
      conventional type utilized in gas turbine control systems and receives an
      electrical input control signal on a conductor 28 for controlling its
      output. The valve control output in turn controls valve 22 to meter the
      proper amount of fuel to the combustor.
PAR  The input signal to the valve control 26 is on a conductor 28 from an
      isolation and scaling circuit 30. The isolation and scaling circuit 30 is
      represented as an isolation network comprised of an isolation transformer
      and scaling amplifier of conventional type utilized in turbine powered
      generating systems. Isolators of this type are frequently used when it is
      desirable to isolate possible common mode voltage or noise associated with
      the isolator input signal. The scaling amplifier is adjustable and is
      utilized to discriminate against the passage of a signal having a
      predetermined maximum value. It will be noted, as shown in FIG. 1 that the
      isolation and scaling circuitry 30 operates over an exemplary 0  to 50
      percent range. In the present embodiment this percentile range is that
      percentage of the isolator input signal (equivalent to 0 to 50 percent of
      the total system load requirements) which is passed to the valve control
      22. Thus, it can be seen that the gas turbine will handle a maximum of 50
      percent of the power station load. To achieve proper scaling, the
      amplifier of the isolation and scaling 30 is adjusted so that the ouput
      signal to the valve control 26 will never exceed a value representative of
      more than 50 percent of the percentile power station load requirements
      regardless of the value of the input signal. In this manner the gas
      turbine 10 will never receive more fuel than is required to drive it to
      the point whereby generator 12 provides more than 50 percent of the total
      output power to the power station load 18.
PAR  The input signal to the isolation and scaling 30 is provided via a
      conductor 32 as a Demand Signal A. Demand Signal A varies in value or
      magnitude from 0 percent (minimum) to 100 percent (maximum) of the power
      station load requirements. Thus, it can be seen that when the value of
      Demand Signal A achieves a value greater than 50 percent of the overall
      percentile range the isolation and scaling 30 discriminates against any
      value of that signal above 50 percent and prevents the upper 50 percent
      from affecting the operation of the gas turbine 10.
PAR  The systems of FIG. 1 is also comrpised of a conventional steam turbine 34
      having its associated generator 36 driven through a suitable mechanical
      linkage 38. In a similar fashion to generator 12, generator 36 also
      provides power to the power station load via one or more conductors 40.
      The steam turbine is of conventional type having an associated boiler or
      boiler drum 42. Water in the boiler is heated to steam and passed through
      a conduit 44 to power the turbine 10 The steam is passed through the steam
      turbine and returned back to the boiler drum via connecting conduits, a
      steam condenser 46 and a pump 48. In steam condenser 46 the steam is
      condensed to water and pumped back into the boiler where it is reheated
      for recirculation as steam back to the steam turbine.
PAR  It will also be noted that a second pump 50 is provided to pump water from
      the boiler drum through evaporator coils 52 for heating in the HRSG. This
      water in the evaporator coils is subjected to variable heat in the HRSG
      and returned as steam back to the boiler drum to thus control the amount
      and rate of steam being generated by the boiler. In the present system,
      all of the heat for heating the water in the boiler is provided by heat
      passed over the evaporator coils from the gas turbine exhaust gasses and
      from the supplementary controlled heat of an auxiliary firing means or
      burners 54.
PAR  The auxiliary firing burners receive fuel at a programmed or selected rate
      which allows fuel to flow into the auxiliary firing burners at a
      predetermined rate whereby the water in the evaporator 52 is heated at
      that rate to thus control the rate of steam generation. It is the rate of
      change of fuel flow into the auxiliary firing burner of the present
      invention which is precisely controlled to minimize the stresses imposed
      on the steam turbine by controlling the steam which drives the turbine.
PAR  Input fuel to the auxiliary firing burners 54 is provided via conduits 56
      and 58 and a conventional variable drive pump 60. The rate at which fuel
      is pumped into the auxiliary firing burner 54 is controlled by a metering
      signal on conductor 64 from a pump control 62. Pump control 62 is of
      conventional circuitry much like that of valve control 26 utilized in
      steam and gas turbine controls. The use of a pump control 62 and a
      variable drive pump 60 as shown in FIG. 1 is an arbitrary selection
      determined by the system designer. The pump control 62 and the variable
      drive pump 60 can be replaced by apparatus similar to valve control 26 and
      valve 22.
PAR  A metering or Demand Signal B on a conductor 66 is provided to the pump
      control 62 from an auxiliary fuel rate control 68. This feedback signal is
      compared with the previously mentioned Demand Signal A, the latter serving
      as a reference signal. The Demand Signal B tracks the reference signal in
      a comparator internal to the fuel rate control to effect control of the
      Demand Signal B.
PAR  Demand Signal A, as well as being provided to the isolation and scaling 30,
      is also provided to the fuel rate control 68 from a station load
      controller 72 via a conductor 74. Three input signals, designated as set
      point on conductor 75, steam turbine watts (ST watts) and gas turbine
      watts (GT watts) are provided to the station load controller. The ST watts
      and GT watts signals are provided to controller 72 via conductors 76 and
      78 respectively from two power wattage transducers 80 and 82. Transducers
      80 and 82 are of conventional types which sense the amount of power being
      provided on conductors 40 and 16 to the power station load 18. These
      transducers generate output signals representative of the amount of power
      being generated by generators 35 and 12. The ST and GT watts signals,
      through suitable circuitry within the station load controller 72, are
      summed to generate a single output signal representative of total system
      watts or power. As will subsequently be described in connection with FIG.
      2, this total watts signal is combined in a differential amplifier with
      the set point signal on conductor 75. The set point signal may be provided
      either manually by an operator or automatically from other suitable
      control not shown. The output of the differential amplifier is the Demand
      Signal A. This signal results from the difference between the total watts
      and the operator set point signals.
PAR  Still referring to FIG. 1, it is significant to note at this time that all
      of the control circuitry for controlling the operation of the gas turbine
      10 is not shown. This has been specifically omitted for simplification of
      the drawing and particularly since that circuitry is not significant to
      the operation of the present invention. Normally, however, this control
      circuitry would be inserted in conductor 28 between the isolation and
      scaling 30 and the valve control 26 whereby the signal on conductor 28 is
      combined in that control circuitry with other signals representative of
      gas turbine conditions to generate the proper output control signal to the
      valve control 26. Typical circuitry for controlling a gas turbine of the
      type utilized in the present invention is shown and described in U.S. Pat.
      No. 3,520,133 to A. Loft et al. entitled "Gas Turbine Control System" and
      assigned to the assignee of the present invention.
PAR  Reference is now made to FIG. 2 which illustrates in schematic and block
      diagram form the station load controller 72 and that circuitry comprising
      the auxiliary fuel rate control 68. The station load controller 72 is
      comprised of a summation network 84 which receives the input signals SG
      watts and GT watts from transducers 80 and 82 respectively of FIG. 1. As
      previously described, these two signals are proportional to the amount of
      power being provided to the load 18 by generators 36 and 12. The summation
      network 84 may be comprised of any number of conventional types of
      summation amplifiers or transformer devices having resistors connected in
      series with their secondary windings to provide a summation output signal
      designated as total watts on a conductor 86.
PAR  The total watts signal is provided to a differential and integrating
      amplifier 88 on conductor 86. A second input to amplifier 88 is from a
      variable voltage source shown as a potentiometer 90. Potentiometer 90 is
      connected between a common shown as ground and a reference voltage (REF
      VOLT.). Potentiometer 90 is adjustable between ground and the reference
      voltage to provide an operator set point input signal via conductor 92 to
      the input of the differential amplifier 88. For purposes of illustration
      and to simplify the drawing of FIG. 2, the potentiometer 90 is shown to be
      a manually adjustable operator set point input to amplifier 88. However,
      this input on conductor 92 could also come from a remote control voltage
      source such as conductor 75 of FIG. 1. This set point input could be
      provided externally by either a computer or via a telecommunication link
      for remotely controlling the operation of the system. The purpose of the
      operator set point is to allow the system operator to adjust potentiometer
      90 from a 0 to a 100 percent setting representative of the amount of power
      (e.g. megawatts) which the two generators 36 and 12 are to provide to the
      power station load 18. The operator set point signal from potentiometer 90
      is compared by amplifier 88 with the total watts signal to generate an
      output signal (Demand Signal A) resulting from the difference between
      those two signals and being indicative of a desired rate of fuel flow. As
      previously described, the Demand Signal A is provided to the isolation and
      scaling 30 of FIG. 1 on conductor 32. It is this signal which is utilized
      to drive the valve control 26.
PAR  Demand Signal A is also provided on conductor 74 to an isolation and
      scaling 94 of the fuel rate control 68. The isolation and scaling 94 is
      shown to include a transformer and scaling amplifier of a similar type as
      previously described for the isolation and scaling 30 of FIG. 1. The
      primary difference between the isolation and scaling 94 and that of the
      isolation and scaling 30 of FIG. 1 is that the former is adjusted to
      operate from 50% to 100% of the percentile load range of the system. The
      output of the isolation and scaling 94 is designated as a reference signal
      (REF) on conductor 96. This reference signal is fed through a resistor 98
      via a summation junction 99 and a common conductor 97 as one input to each
      of two comparator amplifiers 100 and 102. Amplifier 100 is a non-inverting
      amplifier whereas amplifier 102 is inverting as indicated by the circle
      103 on its output. Also connected to the common conductor 97 is a feedback
      or tracking signal previously described as the metering or Demand Signal
      B. This feedback signal is provided to juncion 99 via a resistor 104 and a
      feedback amplifier 106. Amplifier 106 receives its input via conductor 70
      and resistor 108 as Demand Signal B. Amplifier 106 is a conventional d.c.
      or operational amplifier having a normal feedback resistor 110 for
      controlling the overall gain of the amplifier. The sum of the two currents
      flowing through resistors 98 and 104 into junction 99 determine the
      amplitude or value of the signal applied to the inputs of the comparator
      amplifiers 100 and 102 on conductor 97.
PAR  The amplitude of the signal on conductor 97 turns amplifiers 100 and 102 on
      or off to generate either a binary 1 or a binary 0. Each of the amplifiers
      100 and 102 receive a second input from a corresponding threshold/deadband
      potentiometer shown as 112 and 114 for adjusting the threshold or deadband
      limits of each amplifier. Potentiometers 112 and 114 are each connected
      between a negative potential (-V) and a positive potential (+V).
      Potentiometer 112 is adjusted so that amplifier 100 generates a binary 1
      or UP signal whenever the REF signal through resistor 98 exceeds the
      feedback voltage or current through resistor 104. Contrary to the
      adjustment of potentiometer 112, potentiometer 114 is adjusted to cause
      amplifier 102 to generate a binary 1 or DN output signal whenever the
      feedback signal through resistor 104 is greater than the REF signal
      through resistor 98. Thus, it can be seen that whenever the voltage on
      conductor 97 fluctuates between two predetermined values (e.g. +0.4 volts
      to -0.4 volts), as determined by the settings of potentiometers 112 and
      114, the two amplifiers 100 and 102, in a complementary fashion will
      either conduct or not conduct. It is significant to note that the
      adjustments of potentiometers 112 and 114 for controlling the threshold
      turn on and turn off levels of amplifiers 100 and 102 are set close enough
      together to cause both amplifiers to generate binary 0's simultaneously
      when the REF and feedback currents are equal (e.g. 0 volts).
PAR  The UP signal from amplifier 100 is applied on a conductor 116 as one input
      to a gating element 120. In a similar fashion the DN signal from amplifier
      102 is applied to gate 120 on conductor 122. Still referring to gate 120
      (illustrated as a NOR gate), it will be noted that two circles appear on
      the up and down inputs of that gate. These circles indicate that inversion
      takes place of the signals applied to that gate. If two binary 0 signals
      are applied to gate 120 it will be enabled to generate a binary 1 output
      signal. The output of gate 120 is connected via conductor 128 to a first
      input of an OR gate 126. The output of OR gate 126 provides an
      enable/disable output signal to an OEN input terminal of a 12 bit up/down
      counter 130. The enable/disable signal on conductor 132 is capable of
      achieving either a binary 1 or a binary 0 state and is utilized to enable
      and disable the counter 130. To enable counter 130 to count, a binary 0
      signal on conductor 132 is applied to the OEN terminal. A binary 1 signal
      will disable the counter.
PAR  The up/down counter 130 is controlled to count either up or down in
      accordance with a binary 1 UP signal or a binary 0 DN signal applied to an
      UP/DN input terminal on conductor 134 from an up/down flip-flop (UDF) 136.
      It will be noted that the 1 UP and 0 DN signals are applied to the counter
      from the 1 output terminal of the UDF flip-flop. When the UDF flip-flop is
      in a set state a binary 1 signal (1 UP) will cause the counter to count
      up. When the flip-flop is in a reset state a binary 0 signal (0DN) on
      conductor 134 will cause the counter to count down.
PAR  The UDF flip-flop 136 is either set or reset in accordance with the state
      of the UP signal from amplifier 100. When the UP signal is a binary 1 the
      UDF flip-flop will set by the application of the UP signal to its S or set
      input terminal. When the UP signal is a binary 0, the UDF flip-flop will
      reset due to the inversion by inverter 137 connected to the UDF R (reset)
      terminal.
PAR  The up/down counter 130 also contains an output terminal designated M/M for
      providing at least one output signal on one or more conductors 140 to an
      AND gate 142. The output M/M from the counter indicates that the counter
      has achieved either a minimum or a maximum count. The counter contains its
      own logic for recognizing either a minimum or a maximum count and
      generating output signals accordingly on conductors 140. Whenever AND gate
      142 is enabled its output goes to a binary 1 and provides a binary 1 to a
      second input of OR gate 126. When OR gate 126 is enabled by a binary 1
      MIN/MAX signal on conductor 144 the enable/disable signal 132 will go to a
      binary 1 disabling counter 130. The purpose of the MIN/MAX detection from
      the output of counter 130 will become apparent as the description
      proceeds.
PAR  The 12 bit counter 130 is shown as a block diagram in FIG. 2 and comprises
      all of its own enable up/down control logic and MIN/MAX recognition logic.
      The details of the counter have not been shown since this counter is a
      commercially available item and can be found in the "TTL Data Book For
      Design Engineers" published by Texas Instruments, Inc., Copyright 1973.
      The counter 130 is actually comprised of three 4 bit counter integrated
      circuit chips and identified in the data book as type SN 174191.
PAR  A rate of change signal, shown as clock input signal CCP is provided to a
      clock pulse (CP) input terminal of counter 130 via a conductor 146 from a
      rate select means or circuitry 148. The rate select 148 provides a means
      of selecting or program controlling the rate of the CCP pulses applied to
      the counter 130. By controlling the rate of the CCP pulses it is possible
      to control the rate at which the counter 130 counts. In the embodiment of
      FIG. 2 this clock pulse rate is determined by the output of a variable
      frequency voltage controlled oscillator (VCO) 150. The oscillator 150 is a
      conventional voltage controlled oscillator well known in the art and is
      shown receiving selected voltage inputs via a common conductor 152. The
      conductor 152 is connected in common to one end of each of three resistors
      154, 156 and 158, each of a different value. The resistor 154 receives a
      voltage from a voltage source V whenever a cold switch 160 is closed. The
      value of the resistor 154 determines the voltage level applied to the
      oscillator 150. The level of the voltage causes the oscillator to provide
      output pulses at a predetermined rate in accordance with that voltage. In
      a similar fashion resistors 156 and 158 also receive the input voltage V
      via warm and hot switches 162 and 164 respectively. As each switch is
      closed a predetermined voltage (as determined by the values of their
      corresponding resistors) is applied on conductor 152 to the oscillator
      causing it to generate output pulses CCP at a rate determined by the value
      of that voltage.
PAR  The switches in the rate select are shown to be manual switches which can
      be manually operated by a system operator as specified by system operating
      parameters. For example, when operating the steam turbine in the cold
      condition, the operator will close the cold switch 160. This will cause
      the oscillator 150 to generate output pulses, for example at a relatively
      slow rate, causing the up/down counter to count at that rate. After the
      steam turbine has operated for a while, and the operator has determined,
      by reading gages, that the steam turbine parameters have achieved a warm
      condition he may close the warm switch and open the cold switch. At this
      time the oscillator 150 will begin to generate pulses at a faster rate.
      After a sufficient warm up period, the operator may then close the hot
      switch and open the warm switch causing the oscillator 150 to generate
      pulses at a still faster or desirable maximum rate.
PAR  Still referring to the rate select 148, it will be noted that a relay 166
      is shown mechanically connected to a set of associated cold relay contacts
      168 which bridge the cold switch 160. The cold contacts 168 are shown in
      dotted lines to indicate that the cold switch 160 can be replaced by an
      automatic closure relay contact 168. Contacts 168 are controlled by relay
      166 which in turn is controlled from a temperature sensor in the steam
      turbine not shown. Obviously there could be a relay and a set of contacts
      for each of the other switches 162 and 164 connected in the same fashion
      to corresponding temperature or parameter sensors in the steam turbine.
      Thus, it can be seen that by replacing the switches 160, 162 and 164 with
      corresponding relays the system can be automatically controlled or
      programmed to operate the oscillator at rates specified by each of the
      resistors 154, 156 and 158 when their corresponding relay contacts close.
      Additionally the cold, warm, and hot voltages or any other combination
      thereof could be provided to the oscillator 150 from a process computer or
      controller.
PAR  Reference is now made back to the counter 130. Counter 130 also provides a
      plurality of digital output signals shown as bits 0-11 on conductors 170
      to a digital-to-analog (D/A) converter 172. The D/A converter 172 is of
      conventional type for converting signals representative of a digital value
      in counter 130 into an analog value for output to an amplifier 174 on
      conductor 176. Amplifier 174 is a conventional operational amplifier which
      amplifies the output analog signal from the converter 172 to provide
      sufficient drive to the pump control 62 of FIG. 1 and to the input of
      amplifier 106.
PAC  Operational Description
PAR  It is significant to note again at this time that the primary purpose of
      the invention is to control the rate of change of fluid or fuel flow to
      the exemplary auxiliary firing means 54 of FIG. 1 to control the amount of
      heat presented to the evaporator 52. By controlling this heat, the rate at
      which the steam in the boiler 42 is generated is controlled. As previously
      mentioned this controlled rate minimizes those stresses associated with
      steam turbines.
PAR  Prior to proceeding further with the operational description it is
      considered advantageous to describe the basic operation of the invention
      as related to FIG. 3.
PAR  FIG. 3 is an exemplary performance chart or graph showing how the feedback
      or metering Demand Signal B tracks the reference signal REF. with time.
      Referring to FIGS. 2 and 3 it can be seen that the REF. signal at the
      output of the isolation and scaling 94 changes in accordance with the
      Demand A signal. Typical changes of the REF signal are exemplified by the
      solid curve a of FIG. 3. Dotted line curves b, c and d of FIG. 3
      illustrate how the Demand B signal at the output of amplifier 174 of FIG.
      2 tracks the REF. signal under various steam turbine operating conditions.
      Curves b, c and d illustrate this tracking under steam turbine cold, warm
      and hot conditions. It is significant to note that the Demand B signal
      increases at a slower or dampened rate than the REF signal when the latter
      signal makes a rapid change. Also, it will be noted that the Demand Signal
      B increases at a slower rate when the steam turbine is cold then when it
      is warm or hot. It is this dampening and variance of the rate of change of
      the Demand Signal B under various turbine operating conditions with rapid
      changes in the REF signal which effectively minimize the turbine stresses
      by precisely controlling the rate of fuel flow to the auxiliary firing
      means 54 of FIG. 1.
PAR  FIG. 3 also shows how the Demand Signal B tracks the REF signal when the
      latter signal is relatively constant as shown between points 177 and 179
      and 184 and 185. Also illustrated between points 178 and 179 and 180 and
      182 is how the Demand Signal linearly tracks the REF signal for relatively
      slow changes in the latter signal. How the Demand Signal B tracks the REF
      signal will subsequently be described in connection with FIG. 2.
PAR  Small or rapid changes can take place in the REF signal with corresponding
      changes in either the GT or ST watts signals applied to controller 72 or
      whenever the operator makes a change in the operator set point
      potentiometer 90. A rapid change in the REF signal will most frequently
      occur when the operator set point is increased or decreased very quickly
      over a large range as shown between points 178 and 181 or between points
      182 and 184 of FIG. 3.
PAR  In the ensuing description, reference will be made to FIGS. 1, 2 and 3. In
      systems of the type being described, it is customary to first fire up the
      gas turbine 10 and get that turbine on line whereby generator 12 is
      providing power to the station load 18. As shown in FIG. 1, with the gas
      turbine operating, the hot exhaust gasses heat the evaporator 52 to bring
      the boiler up to steam temperature. Once the boiler temperature is up to
      proper operating temperature, various control valves, not shown, for
      operating the steam turbine are opened to provide steam to the turbine.
      When the steam turbine is first placed in operation it is considered to be
      in a cold condition (i.e. not up to normal operating temperature).
PAR  Let it be assumed that both turbines are now running on line and that the
      steam turbine is running in the cold condition (switch 160 closed). With
      both turbines now running, generators 12 and 36 are providing power to the
      power station load 18. The two transducers 80 and 82 are providing signals
      ST and GT watts on conductors 76 and 78 to the summation circuit 84. As
      previously described the output of the summation circuit is a signal
      representative of total system power being provided to the power station
      load 18. The total watts signal on conductor 86 is now being provided to
      the differential amplifier 88 in conjunction with the operator set point
      signal from potentiometer 90.
PAR  When the system is first started up the operator set point is normally set
      at a relatively low value, such as 5 percent, although it is not
      mandatory. As a result, the value of the Demand Signal A is relatively
      small (equal to 5 percent and less than 50 percent). At this time no fuel
      is being provided to the auxiliary firing means 54. All of the heat for
      the evaporator 52 is being provided by the gas turbine exhaust. The steam
      and gas turbine generators are both providing power to the load at this
      time. As the operator continues to increase the set point from 5 percent
      to 50 percent the gas and steam turbines will both increase their
      generator outputs accordingly. When the set point reaches 50 percent (the
      maximum power output capability of the gas turbine generator) fuel will
      begin to be metered to the auxiliary firing means 54 to provide more steam
      for the steam turbine so it can pick up the additional power demand above
      50 percent. As previously described, it is the rate of change and the
      value of the Demand Signal B applied to the pump control 62 (FIG. 1) which
      controls the rate of fuel flow to the auxiliary firing means 54 via pump
      60.
PAR  To now understand the operation of the logic and circuitry comprising the
      auxiliary fuel rate control 68 of FIG. 2 it is desirable to analyze that
      operation under basically four conditions. They are: (1) when the operator
      set point is less than 50percent; (2) when the REF and feedback signals at
      point 99 are both equal; (3) when the REF signal is greater than the
      feedback signal; and (4) when the feedback signal is greater than the REF
      signal.
PAR  For the first condition let it be assumed that both turbines are running
      and that the set point (potentiometer 90) is set at some value less than
      50 percent. As a result the REF signal from the isolation and scaling 94
      will be at its minimum or zero value. Additionally when power is first
      applied to the circuitry of FIG. 2 the value of the feedback signal is
      unknown and can be any value from minimum to maximum. This is due to the
      fact that the counter 130 can take on any count when power is first
      applied to it, thus causing the Demand Signal B on conductor 70 to take on
      the value as determined by the A/D converter 172. This is of no
      significance, however, because the system is self-stabilizing. This is
      explained as follows.
PAR  If it is assumed that the counter 130 contains a minimum count (all binary
      0's) the metering signal at the output of amplifier 174 is at its minimum
      or zero value. Thus, the REF and feedback signals at junction 99 are
      essentially equal and cancel each other out to provide, for all practical
      purposes, a zero volt signal to amplifiers 100 and 102. The low valued
      signal on conductor 97 causes amplifier 100 to be turned off and amplifier
      102 to be turned on. Thus, each is generating a binary 0 output signal on
      associated conductors 116 and 122.
PAR  With the UP and DN signals both at binary 0 gate 120 is now enabled
      applying a binary 1 disable input signal to the OEN terminal of counter
      130. Also, the binary 0 UP signal causes the UDF flip-flop 136 to be
      reset. The counter is also disabled by the binary 1 MIN/MAX signal from
      now enabled AND gate 142. The counter cannot count until the REF signal
      increases sufficiently to turn on amplifier 100.
PAR  Still considering the first (1) condition let it now be assumed that the
      counter 130 is at some count other than zero when power is first applied.
      Under this condition, the feedback signal from amplifier 174 is at a value
      proportional to the count in counter 130. The feedback signal is now
      greater than the REF signal. The voltage on conductor 97 is now
      sufficiently negative to cause the output of amplifier 102 to become a
      binary 1 and amplifier 100 to become a binary 0 (i.e. both amplifiers
      turned off).
PAR  The binary 1 UP signal disables gate 120 removing the disable signal on
      conductor 132. Gate 142 is not enabled at this time because the counter is
      not at minimum or maximum. It will also be noted that the binary 0 UP
      signal causes the flip-flop UDF 136 to reset enabling the counter to count
      down.
PAR  With the counter now enabled to count down, the clock pulses (CCP) cause
      the counter to start counting toward zero at the rate determined by the
      oscillator 150. For each diminishing count of counter 130 the feedback
      voltage (Demand Signal B) will decrease accordingly. When the feedback
      voltage equals the REF voltage cancellation occurs as previously described
      causing the outputs of amplifiers 100 and 102 to both generate a binary 0
      output signal (UP and DN). The binary 0 UP and DN signals will disable
      counter 130 as previously described, thus stopping or holding the Demand
      Signal B at its minimum or zero value.
PAR  Basically condition (2) was just described in (1) above (i.e. the operation
      of the fuel rate control when the REF and feedback signals are equal at
      minimum values). Amplifiers 100 and 102 will each generate a binary 0
      output when these two signals are equal regardless of their values. This
      is due to the fact that equal currents at junction 99 always cancel out to
      provide essentially zero volts to each of the amplifiers.
PAR  Consider now condition (3), when the REF signal is greater than the
      feedback signal. This condition can occur at anytime when the operator
      increases the set point voltage (potentiometer 90) to a new value above 50
      percent and if the counter is at some count causing the feedback signal to
      be less than the new value. If the set point change is a rapid increase,
      the REF signal will change as shown in the example of FIG. 3 from point
      178 to 181. This increase in the REF signal now exceeds the value of the
      feedback signal causing amplifiers 100 and 102 to both turn on. Amplifier
      100 now generates a binary 1 UP signal and amplifier 102 (due to
      inversion) generates a binary 0 DN signal.
PAR  The binary 1 UP signal prevents gate 120 from being enabled so that counter
      130 is enabled and it sets flip-flop UDF 130. With UDF 130 set and 1 UP
      signal on conductor 134 steers the counter to start counting up in
      response to the oscillator CCP pulses.
PAR  Counter 130 will continue to count up at the rate determined by the
      oscillator 150 as specified by the closed cold switch 160. It will be
      recalled at the beginning of the discussion that the cold switch 160 was
      assumed closed. As counter 130 counts up Demand Signal B on conductors 70
      and 66 increases at a much slower or dampened rate than the REF signal. A
      comparison of the REF signal and the Demand Signal B under these described
      conditions is illustrated by curves a and b of FIG. 3. It is the Demand
      Signal B (curve b) which is provided as a metering signal to the pump
      control 62 (FIG. 1) to control the rate of fuel flow to the auxiliary
      firing means 54 via pump 60.
PAR  Counter 130 will continue to count until it achieves its maximum count or
      until the feedback signal (Demand Signal B) at junction 90 is equal to the
      REF signal. When these two signals are equal, cancellation occurs at
      junction 90 and the counter is inhibited from counting as previously
      described. However, if counter 130 reaches its maximum count before the
      feedback signal equals the REF signal the counter is disabled via gates
      126 and 142 which are enabled at that maximum count. It can now be seen
      that the system of the present invention (by virtue of the minimum and
      maximum count detection) provides programmed limits for controlling the
      rate of fuel flow to the auxiliary firing means 54.
PAR  The last condition to be considered is condition (4). In this latter
      condition it is assumed that the feedback signal at junction 90 is greater
      than the REF signal. Referring to FIG. 3 it can be seen that this
      condition occurs when the REF signal a rapidly decreases, for example from
      point 182 to point 184. With this rapid decrease the signal on conductor
      97 goes sufficiently negative (e.g. to -0.4 volts) to cause amplifiers 100
      and 102 to generate a binary 0 and a binary 1 respectively.
PAR  Gate 120 is disabled due to its complementary UP and DN input signals and
      flip-flop UDF 136 is now reset by the binary 0 UP signal applied to its R
      (reset) input terminal. With UDF 136 reset and gate 126 disabled, counter
      130 begins to count down in response to the CCP pulses.
PAR  The slow rate of decrease of the feedback signal (Demand Signal B) compared
      to the rapid decrease of the REF signal is shown by curves a and b of FIG.
      3 where curve a decreases from point 182 to 184 and curve b (feedback
      signal) decreases from point 182a to point 185a.  This decreasing change
      in the Demand Signal B now causes a decrease in the rate of fuel flow to
      the auxiliary firing means 54 at a rate commensurate with the slope of
      curve b between points 182a and 185a.
PAR  The counter 130 will again be inhibited when it either reaches its minimum
      count by the enablement of gates 126 and 142 or when the tracking feedback
      signal becomes equal to the REF signal. In either event, when counter 130
      stops counting, Demand Signal B becomes constant as shown between points
      185a and 186.
PAR  One point in connection with the operation of FIG. 2 remains to be
      explained, and that is how counter 130 is enabled to count when it is at
      either its minimum or maximum value. From observation of FIG. 2 it would
      appear that counter 130 is permanently disabled via gates 126 and 142 when
      the counter is at either its minimum or maximum value. However, logic (not
      shown) internal to the counter 130 immediately removes the disable signal
      on conductor 132 in accordance with the following equation which defines
      that logic:
EQU  M/M = (CTR MAX .sup.. 1 UP) + (CTR MIN .sup.. 0 DN)
PAR  In the above equation M/M specifies the output signals (minimum) or maximum
      count) provided to AND gate 142 on conductor(s) 140. The term CTR MAX
      specifies the maximum count of the counter (i.e. all binary 1's) and the
      term CTR MIN specifies the minimum count of the counter (i.e. all binary
      0's). The 1 UP and 0 DN terms represent the state of the UDF flip-flop 136
      (conductor 134) for controlling the direction of counter 130. During the
      operation of the invention it is desirable to inhibit the counter when it
      achieves either its maximum or minimum count. This desireability is
      obvious when it is realized that the counter, if not inhibited, will
      merely roll over from its minimum or maximum count and continue to count.
      This is an undesirable condition, because, when the present fuel flow rate
      is at either a minimum or maximum it should be kept at that rate until the
      REF signal calls for either an increase or decrease in fuel flow rate. If
      the counter is at its maximum count it should be permissible that it count
      down. Also if it is at its minimum count it should be permissible that it
      count up. This is obvious from the preceding equation by assuming that the
      UP signal applied to the UDF flip-flop 136 is a binary 1 which sets the
      flip-flop. A binary 1 UP signal on conductor 134 now enables the counter
      to count up. Let it also be assumed that the counter is at a minimum, thus
      the M/M output signals on conductor 140 are removed (binary 0's) causing
      AND gate 142 to be disabled. Gate 120 is also disabled, thus both inputs
      to OR gate 126 are binary 0's. As a result, a binary 0 is applied on
      conductor 132 to the OEN terminal of counter 130. The counter will now
      count up at a rate determined by the CCP pulses from oscillator 150. From
      the above equation it can also be seen that counter 130 will count down
      from its maximum when the UDF flip-flop 136 is reset by a binary 0 UP
      signal on conductor 116.
PAR  The operation of the invention has just been described illustrating how the
      tracking or metering signal (Demand Signal B) follows the REF signal and
      controls the fuel flow rate to the auxiliary firing means 54 when the
      steam turbine is in a cold operating condition. The operation of the
      system is the same as previously described when the steam turbine is in
      the warm or hot condition. The only difference is that the feedback signal
      tracks the REF signal at a different rate for these other selected
      conditions. For example, if switch 162 is closed oscillator 150 will
      generate pulses at a more rapid rate than when the cold switch 160 is
      closed. This faster count rate causes the feedback signal to increase or
      decrease at a faster rate as illustrated by curve c of FIG. 3. In a
      similar manner, if the cold and warm switches 160 and 162 are open and the
      hot switch 164 is closed, oscillator 150 provides pulses at a much faster
      rate to counter 130. Curve d of FIG. 3 illustrates how the metering signal
      (Demand Switch B) increases or decreases at a much faster rate to control
      the fuel flow rate to the auxiliary firing means 54. The reason that fuel
      can be provided to the auxiliary firing means at progressively higher
      rates with increasing turbine temperature is because larger and faster
      steam pressures have less stressing affects on the turbine at higher
      operating temperatures.
PAR  In summary it can now be seen how the rate of fuel flow to an auxiliary
      firing means of a steam turbine is automatically controlled by programming
      various pulse rates to a counter, the outputs of which control a
      digital-to-analog converter to generate a metering signal at a rate
      determined by the counter rate. This programmed rate is effected in the
      illustrated embodiment in exemplary form by three switches showing cold,
      warm and hot steam turbine operating parameters or conditions. However,
      the programmed rate can also be automatically provided as illustrated in
      FIG. 2 by temperature sensors in the steam turbine controlling relay
      contacts which operate in conjunction with or replace those cold, warm and
      hot switches. Further, these switches may also be replaced by logic
      elements, such as flip-flops or logic gates in communication with a
      computer which controls the system.
PAR  The oscillator 150 of the rate select 148 of FIG. 2 is merely one exemplary
      means of controlling the programmed rate of pulses applied to the counter
      130. There are many other types of oscillators which may be used to
      generate these programmed pulses. For example, a standard, free-running
      multivibrator designed to operate at some predetermined nominal frequency
      and having switchable RC components connected to its inputs and/or outputs
      for controlling the oscillator frequency could be employed.
PAR  While the principles of the invention have now been made clear in an
      illustrative embodiment, there will be immediately obvious to those
      skilled in the art, many modifications of structure, arrangement, the
      elements, materials, and components used in the practice of the invention
      and otherwise, which are particularly adapted for specific environments
      and operating requirements without departing from those principles. The
      appended claims are, therefore, intended to cover and embrace any such
      modifications within the limits only of the true spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for controlling the rate of fuel flow for auxiliary firing of
      a steam turbine power generating system comprising:
PA1  a. auxiliary firing means for receiving combustible fuel at a metered rate
      for heating a steam boiler of said turbine;
PA1  b. means for metering the rate of fuel flow to said auxiliary firing means
      in response to a metering signal provided thereto;
PA1  c. load control means for receiving power signals representative of the
      amount of power being provided to said load, said load control means
      including means for providing a variable set point signal indicative of
      the amount of power to be provided to said load and generating an output
      demand signal representative of the difference between said power and set
      point signals and further being indicative of a desired rate of fuel flow;
PA1  d. comparison means responsive to said demand signal and to said metering
      signal to provide an output signal when a difference exists therebetween;
PA1  e. control signal generating means for generating said metering signal and
      for varying the value thereof in response to said comparison means output
      signal, said control signal generating means further responsive to a rate
      of change signal supplied thereto to control the rate at which said
      metering signal changes; and
PA1  f. means for providing said rate of change signal to said control signal
      generating means.
NUM  2.
PAR  2. The invention as recited in claim 1 wherein said metering signal is an
      analog signal and varies in accordance with changes in said demand signal
      to control desired increased and decreased fluid flow rate limits.
NUM  3.
PAR  3. The invention as recited in claim 1 wherein said control signal
      generating means includes means for limiting the value of said metering
      signal when the difference between said demand signal and said metering
      signal is of a specified value.
NUM  4.
PAR  4. The invention as recited in claim 1 wherein said means for providing
      said rate of change signal includes means for selectively changing the
      value of said rate of change signal to change the rate of change of said
      metering signal.
NUM  5.
PAR  5. The invention as recited in claim 4 wherein said means for selectively
      changing the value of said rate of change signal comprises a variable
      frequency oscillator responsive to signals from said steam turbine
      representative of operating parameters therein to program said oscillator
      to operate at predetermined frequencies.
NUM  6.
PAR  6. An apparatus for automatically controlling the rate of change of a
      metering signal for controlling the rate of fuel flow for a boiler serving
      to generate steam for powering a steam turbine generator providing
      electrical power to a load comprising:
PA1  a. auxiliary heating means for providing heat to said boiler, said means
      including means in communication therewith for metering the rate of fuel
      flow thereto in response to said metering signal;
PA1  b. means for generating said metering signal including;
PA2  1. comparison means responsive to a demand signal indicative of a desired
      rate of fuel flow and to said metering signal to provide an output signal
      when a difference exists therebetween,
PAR  2.  signal generating means for generating said metering signal and for
      varying the value thereof in response to said comparison means output
      control signal, said signal generating means further responsive to a rate
      of change signal supplied thereto to control the rate at which said
      metering signal changes, and
PA2  3. rate select means for providing a rate of change signal at selected
      rates to said signal generating means to automatically control the rate of
      change of said metering control signal; and
PA1  c. load control means including means for providing a set point signal
      representative of a desired amount of power to be provided to said load,
      said control means further including means for establishing the difference
      between said set point signal and a power signal representative of the
      amount of power being provided to said load to generate said demand
      signal.
NUM  7.
PAR  7. The invention as recited in claim 6 wherein said metering signal is an
      analog signal and varies in accordance with changes in said demand signal
      to control desired increased and decreased fluid flow rate limits.
NUM  8.
PAR  8. The invention as recited in claim 6 wherein said signal generating means
      includes means for limiting the value of said metering signal when the
      difference between said demand signal and said metering signal is of a
      specified value.
NUM  9.
PAR  9. The invention as recited in claim 6 wherein said rate select means
      comprises a variable frequency oscillator responsive to signals from said
      steam turbine representative of operating parameters therein to program
      said oscillator to operate at predetermined frequencies.
NUM  10.
PAR  10. In a power generating system of the type including a gas turbine power
      generator for providing hot exhaust gasses to a steam boiler for powering
      a steam turbine power generator an improved fuel flow apparatus for
      controlling the rate of fuel flow for auxiliary firing of said steam
      turbine to control the power provided to a load by said generators,
      comprising:
PA1  a. an auxiliary firing means disposed in the path of the gas turbine
      exhaust gasses for providing supplementary heat to said boiler in
      accordance with the rate of fuel metered thereto;
PA1  b. metering means for metering the rate of fuel to said auxiliary firing
      means in response to a metering signal provided to said metering means;
PA1  c. load control means to receiving power signals representative of the
      total amount of power being provided to said load by said generators, said
      load control means including means for providing a set point signal
      indicative of the amount of power to be provided to said load and
      generating an output demand signal representative of the difference
      between the power signals and the set point signal and further being
      indicative of a desired rate of fuel flow;
PA1  d. a comparator for comparing the values of said demand signal and said
      metering signal and generating an output signal when a difference exists
      therebetween;
PA1  e. control signal generating means for generating said metering signal and
      for varying the value thereof in response to said comparison means output
      signal, said control signal generating means further responsive to a rate
      of change signal supplied thereto to control the rate at which said
      metering signal changes; and
PA1  f. rate select means for providing said rate of change signal to said
      control signal generating means, said rate select means responsive to
      operating signals representative of specified steam turbine operating
      parameters to effect changes in the rate of change signal to automatically
      control the rate of change of said metering signal with changes in said
      operating parameters.
NUM  11.
PAR  11. The invention as recited in claim 10 wherein said metering signal is an
      analog signal and varies in accordance with changes in said demand signal
      to control desired increased and decreased fluid flow rate limits.
NUM  12.
PAR  12. The invention as recited in claim 10 wherein said control signal
      generating means includes means for limiting the value of said metering
      signal when the difference between said demand signal and said metering
      signal is of a specified value.
NUM  13.
PAR  13. The invention as recited in claim 10 wherein said rate select means
      comprises a variable frequency oscillator for generating said rate of
      change signal and means for selectively providing said operating signals
      to said oscillator to effect changes in the operating frequency thereof.
NUM  14.
PAR  14. In a power generating system of the type including a gas turbine power
      generator for providing hot exhaust gasses to a steam boiler for powering
      a steam turbine power generator, an improved fuel flow apparatus for
      controlling the rate of fuel flow for auxiliary firing of said steam
      turbine for controlling the power provided to a load by said generators,
      comprising:
PA1  a. an auxiliary firing means disposed in the path of the gas turbine
      exhaust gasses for providing supplementary heat to said boiler in
      accordance with the rate of fuel metered thereto;
PA1  b. means for metering the rate of fuel to said auxiliary firing means in
      response to a metering signal provided thereto;
PA1  c. load control means for receiving power signals representative of the
      total amount of power being provided to said load by said generators, said
      load control means including means for providing a set point signal having
      settable values ranging over a minimum to maximum percentile range
      indicative of the percentage of power to be provided to said load and
      generating an output demand signal representative of the difference
      between the power and set point signals and having a value indicative of a
      desired rate of fuel flow for a desired percentile setting of said set
      point signal;
PA1  d. circuit means for passing said demand signal only when said demand
      signal achieves a predetermined value corresponding to a desired
      percentile setting of said set point signal;
PA1  e. a comparator in communication with said circuit means for comparing the
      values of said demand signal and said metering signal and generating an
      output signal when a difference exists therebetween;
PA1  f. control signal generating means for generating said metering signal and
      for varying the value thereof in response to said comparison means output
      signal, said control signal generating means further responsive to a rate
      of change signal supplied thereto to control the rate at which said
      metering signal changes; and
PA1  g. rate select means for providing said rate of change signal to said
      control signal generating means, said select means responsive to operating
      signals representative of specified steam turbine operating parameters to
      effect changes in the rate of change signal to automatically control the
      rate of change of said metering signal with changes in said operating
      parameters.
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ABST
PAL  A combustion liner suitable for an automotive gas turbine has variable
      primary and secondary air admission ports through the wall of the liner.
      The areas of these sets of ports are varied jointly by two annular valve
      sleeve assemblies reciprocable on the surface of the liner. Each valve
      sleeve assembly comprises an outer rigid ring, four approximately
      quarter-cylindrical valve plates extending around the outer surface of the
      liner within the ring and coupled to the ring for reciprocation by it, and
      a leaf spring disposed between the ring and each valve plate to hold the
      valve plate in contact with the liner.
BSUM
PAR  Our invention is directed to valve arrangements suitable for controlling
      the flow of hot gas, and particularly to such a valve arrangement suited
      for use in the environment of a gas turbine combustion apparatus. In order
      to promote clean combustion in such apparatus, it may be necessary to vary
      the area of the ports through which primary (combustion) air and secondary
      (dilution) air enter the combustion liner.
PAR  Control of the air flow through rings of ports extending through the liner
      wall by sleeves slidable longitudinally of the wall to uncover the ports
      to a variable extent has previously been proposed. There are problems in
      such installations, however. Because of relative thermal expansion and of
      the need for easy sliding motion of the sleeves on the liner wall, it has
      been customary in the past to provide an appreciable clearance between the
      liner wall and the flow regulating sleeve. This militates against accurate
      control of the flow which requires minimization of flow other than through
      the uncovered port area. With loosely fitting parts, there is considerable
      leakage flow which it is difficult to make allowances for.
PAR  Our invention is directed to improved valve means and particularly to a
      movable sleeve assembly which is so constructed as the flow controlling
      parts of the movable sleeve are composed of several sections distributed
      around the circumference of the liner. These sections, which are of
      relatively light and flexible sheet metal, are biased into contact with
      the liner with relatively light pressure by springs reacting against an
      actuating ring overlying the valve plates and springs. The ring is coupled
      to the other parts of the assembly so that these move axially with the
      ring, and the rings are in turn coupled to some external valve controlling
      device.
PAR  The principal objects of our invention are to improve the operation of
      valves for variably regulating flow of hot gases such as heated compressed
      air or other hot gases; to provide a valve defined by two concentric
      relatively movable parts in which the parts have substantially zero
      clearance but are free to move notwithstanding differential thermal
      expansion, warping, or other factors which might cause trouble in a
      conventional sleeve valve; to provide a sleeve valve defined by inner and
      outer relatively movable members in which one member is expansible and is
      biased toward the other member resiliently; and to provide improved flow
      regulating means adapted to use in a gas turbine combustion apparatus.
PAR  The nature of the invention and its advantages will be clear to those
      skilled in the art from the succeeding detailed description of the
      preferred embodiment of the invention, the accompanying drawings thereof,
      and the appended claims.
DRWD
PAR  Referring to the drawings,
PAR  FIG. 1 is a longitudinal sectional view of a gas turbine combustion liner
      with the installation in an engine illustrated fragmentarily.
PAR  FIG. 2 is a transverse section of the liner wall taken on the plane
      indicated by the line 2--2 in FIG. 1.
PAR  FIG. 3 is a transverse section taken on the plane indicated by the line
      3--3 in FIG. 1.
PAR  FIG. 4 is an end elevation view taken on the plane indicated by the line
      4--4 in FIG. 1.
PAR  FIG. 5 is a fragmentary enlarged longitudinal sectional view taken on the
      plane indicated by the line 5--5 in FIG. 4.
PAR  FIG. 6 is an end elevation view taken on the plane indicated by the line
      6--6 in FIG. 1.
PAR  FIG. 7 is a fragmentary enlarged sectional view taken on the plane
      indicated by the line 7--7 in FIG. 6.
DETD
PAR  Referring to the drawings, a combustion liner 2 is illustrated as installed
      in a combustion apparatus of a gas turbine engine, the combustion
      apparatus being enclosed in a housing a portion of which is shown as 3,
      this housing forming part of an enclosure to which hot air is supplied to
      support combustion of fuel. The liner 2 and housing 3 may form part of a
      gas turbine engine such as those described in U.S. Pats. to Collman et
      al., No. 3,077,074, Feb. 12, 1963; Collman et al., No. 3,267,674, Aug. 23,
      1966; and Bell, No. 3,490,746, Jan. 20, 1970.
PAR  The liner 2 bears a considerable resemblance in many ways to the liner
      fully described in a copending patent application of Anderson and Troth
      for Combustion Apparatus, Ser. No. 439,648, filed Feb. 4, 1974 now Pat.
      No. 3,859,787, Jan. 14, 1975. The differences, so far as the subject
      matter of this application are concerned, lie primarily in the means for
      regulating the flow of air into the combustion liner through
      circumferentially extending rows of primary and secondary air ports.
PAR  The liner 2 is preferably of circular cross-section. The annular walls of
      the liner define, in sequence from the upstream end of the liner at 4, a
      premix-prevaporization zone or prechamber 6 for introduction and intimate
      mixing of fuel and combuston air; an abruptly diverging wall section 7; a
      substantially cylindrical wall section 8 bounding a reaction zone or
      combustion zone 10; a converging wall section 11; a generally cylindrical
      section 12 defining the initial portion of a dilution zone 14; a further
      converging section 15; and an outlet ring 16. The outlet ring is slidably
      mounted within the entrance of a scroll or duct 18 which carries the
      combustion products to a turbine (not illustrated). The upstream end of
      the liner is supported by a fuel nozzle housing 19 which is welded to a
      mounting ring 20 fixed to the wall of housing 3 by cap screws 22 which
      clamp it to an external fuel introduction fitting 23. A suitable pilot
      fuel nozzle and igniter (not illustrated) may be mounted within the
      housing 19 and supplied through the fitting 23.
PAR  The nozzle housing 19 is connected by radial swirler vanes 24 defining an
      axial-flow air inlet at the upstream end of the liner to a ring or shroud
      26. Ring 26 is brazed or otherwise fixedly mounted within a machined
      premix chamber wall 27. A portion of wall 27 is lined by a sheet metal
      liner 28, the forward edge of which abuts the downstream edge of shroud
      26. Liner 28 is of less thickness than shroud 26 so that there is a slight
      drop or shoulder at the downstream edge of shroud 26. Fuel supplied
      through a pipe 29 (FIG. 4) is introduced at this point from a manifold 30
      defined by a circumferential recess in wall 27. This fuel is laid on the
      interior of liner 28 through a ring of sixteen small ports, approximately
      3/10 millimeter in diameter in the particular example. The swirling air
      discharged from the cascade of vanes 24 pulls the fuel along the inner
      surface of ring 28 and evaporates it off the ring. The inner surface of
      ring 28 is textured or somewhat roughened as described in the
      above-mentioned patent application.
PAR  The major part of prechamber wall 27 is of considerable thickness. Near the
      downstream end of the prechamber, additional primary air is introduced
      through a ring of ports 32 machined in the wall. As appears clearly in
      FIG. 2, these ports are inclined at about a 30.degree. angle to the radial
      direction so as to introduce the additional primary air with swirl of the
      same hand as that entering at 4. Generally, as will be apparent from FIGS.
      1 and 2, the width of these ports varies axially of the wall, but is
      constant in the generally radial direction through the ports. The
      variation in width is to cause the desired relation of area of these
      primary air ports with respect to movement of a slide valve means which
      variably obstructs and may completely close the ring of ports 32.
PAR  The downstream end of wall 27 is brazed to the reaction zone wall 7, 8, 11
      within which the air and evaporated fuel combine to complete combustion of
      the fuel. The resulting hot combustion products flow from wall section 11
      into the upstream end of the dilution zone 14 defined by the cylindrical
      wall section 12. The variable portion of the dilution air enters through a
      ring of suitably contoured ports 35 in the sheet metal wall. These ports
      are varied from closed to full open by a secondary air slide valve means
      or slide valve assembly 36, which is coupled to the slide valve assembly
      34 for concurrent movement, the arrangement being such that the primary
      air ports are closed as the secondary air ports are opened and vice versa.
      Additional dilution air is introduced through a ring of fixed air ports 38
      at the downstream end of the liner. The wall of the dilution section is
      deformed inwardly as indicated at 39 for clearance from a part of a
      particular engine in the particular installation.
PAR  This completes the description of the combustion liner apart from the air
      control means of the invention. There should be no need to explain the
      operation of the combustion apparatus in view of prior art disclosures of
      such.
PAR  The two movable slide valve means 34 and 36 are of essentially the same
      type of structure. Considering first the valve means 34 shown in FIGS. 4,
      and 5 in addition to FIG. 1, it comprises a rigid external actuating ring
      or hoop 40, preferably about 2 to 21/2 millimeters in thickness, which is
      spaced from the exterior of wall 27. The valve assembly also includes four
      valve plates 42 each extending nearly 90.degree. around the circumference.
      These plates are of approximately quarter-cylindrical shape so as to fit
      the outer surface of wall 27. Each plate 42 bears four tabs 43, one at
      each corner of the plate, which extend past the forward and rear edges of
      the ring 40 as shown clearly in the figures. These tabs have a slight
      clearance from the edges of ring 40 so that the plates 42 must move
      axially with the actuating ring 40 but can move radially relative to the
      ring 40.
PAR  The valve plates 42 are held resiliently in contact with the liner wall so
      as to permit relative expansion and minimize undesired friction while
      maintaining close contact. This is accomplished by a leaf spring 44 for
      each valve plate, each leaf spring having a slight bend or break at its
      center at 46 where it bears against the inside of the actuating ring 40.
      Each spring also has two slightly rolled end portions 47 which bear
      against the valve plate near its circumferential ends. The tabs 43 also
      confine the leaf spring 44 against slipping axially out of place.
PAR  The valve plates and leaf springs are held in position circumferentially of
      the ring 40 by four small blocks 48 fixed to and extending inwardly from
      the ring to proximity to the exterior of the liner wall. It will be seen,
      therefore, that the ring 40 is rather loosely guided on the liner wall but
      that it provides a reaction point for the springs 44 which hold the valve
      plates 42 which control air flow in contact with the liner wall. In the
      particular installation, it is contemplated that each spring exert about
      one-half kilogram force in the radial direction against the ring 40. The
      tabs 43 have holes 49 through them through which a wire or the like may be
      inserted to hold the valve parts together until they are in place on the
      liner wall.
PAR  The slide valve means or assembly 36 illustrated particularly in FIGS. 3,
      6, and 7 is essentially of the same construction as the assembly 34 except
      for dimensions and except for the adaptation to the deformation of the
      liner wall at 39 previously referred to.
PAR  Since the slide valve means 36 has the same parts as slide valve means 34,
      these parts were given the same numbers plus 10 and no further explanation
      should be necessary, except that it may be pointed out that the valve
      plates 52 are of somewhat less than 90.degree. extent because it is
      desired to leave a gap between them at the location of the deformed wall
      portion 39. Likewise, for this reason, there are five blocks 58 on the
      interior of actuating ring 50 to locate the valve plates and leaf springs.
PAR  Proceeding now to the arrangement for jointly reciprocating the valve means
      34 and 36, these are coupled together by three struts 62 equally spaced
      around the liner which are welded to both actuating rings. A gusset 63
      reinforces each strut where it is bent inward at the forward end of the
      liner. An eye 64 at the front end of one strut provides for connection to
      an external actuator (not illustrated) by which the valves are moved.
PAR  The forward movement is limited by three stop blocks 66 spaced around and
      fixed to the exterior of section 12 of the liner. Two guide blocks 67
      disposed on opposite sides of the lower strut 62, as illustrated in FIG.
      1, serve to locate the struts circumferentially of the liner.
PAR  This completes the disclosure of the structure. As to operation, it should
      be clear that the valve arrangement provides for smooth, non-binding
      operation and provides for close contact between the valve plates and the
      liner wall notwithstanding different expansions of these parts under
      differing conditions of operation such as changes in fuel flow or warm-up
      of the engine, or the effect of radiation on the valve means which will
      vary with the position of the valve means.
PAR  The contouring of the air entrance holes 32 and 35 may embody any desired
      relative variation of width of the openings with respect to axial distance
      along the liner to suit the characteristics of a particular combustion
      apparatus. By contouring the slots and by taking advantage of the close
      clearance provided by the valve means illustrated, it is possible to
      obtain a very accurate relative control of primary and secondary air with
      a single linear input movement and to avoid using complicated cam
      mechanisms to cooordinate variation of an air flow with movement of such a
      control member as the engine power control of the gas turbine engine, for
      example.
PAR  It will be apparent that the type of yieldable movable valve member
      illustrated is usable in many environments. It is also clear that the
      structure such as 34 or 36 could be inside the ported wall for radially
      outward flow. Also, the structure could be adapted for rotation to control
      flow rather than reciprocation.
PAR  The detailed description of the preferred embodiment of the invention for
      the purpose of explaining the principles thereof is not to be considered
      as limiting or restricting the invention, since many modifications may be
      made by the exercise of skill in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. Means for controlling flow of hot gas comprising, in combination, a
      substantially cylindrical body defined by a wall with ports through the
      wall adapted for flow of hot gas from one surface of the wall through the
      ports to the other surface of the wall and slide valve means movable
      relative to the body to vary the area of the said ports, wherein the
      improvement comprises slide valve means including a movable actuating ring
      extending around the body overlying the surface which is upstream in the
      direction of flow through the ports; a circumferential row of
      part-cylindrical valve plates disposed between the actuating ring and the
      body configured to slide on the surface of the body to throttle the said
      ports variably; means coupling the valve plates to the actuating ring for
      concurrent movement; and spring means mounted between the actuating ring
      and the valve plates reacting against the ring and the plates to press the
      plates against the body.
NUM  2.
PAR  2. Means for controlling flow of hot gas comprising, in combination, a
      substantially cylindrical body defined by a wall with ports through the
      wall adapted for flow of hot gas from one surface of the wall through the
      ports to the other surface of the wall and slide valve means movable
      axially of the body to vary the area of the said ports, wherein the
      improvement comprises slide valve means including a movable actuating ring
      extending around the body overlying the surface which is upstream in the
      direction of flow through the ports; a circumferential row of
      part-cylindrical valve plates disposed between the actuating ring and the
      body configured to slide axially on the surface of the body to throttle
      the said ports variably; means coupling the valve plates to the actuating
      ring for concurrent movement; and leaf spring means mounted between the
      actuating ring and the valve plates reacting against the ring and the
      plates to press the plates against the body.
NUM  3.
PAR  3. Means for controlling flow of hot gas comprising, in combination, a
      substantially cylindrical body defined by a wall with ports through the
      wall adapted for flow of hot gas from the outer surface of the wall
      through the ports to the inner surface of the wall and slide valve means
      movable axially of the body to vary the area of the said ports, wherein
      the improvement comprises slide valve means including a movable actuating
      ring extending around the body overlying the surface which is upstream in
      the direction of flow through the ports; a circumferential row of
      part-cylindrical valve plates disposed between the actuating ring and the
      body configured to slide axially on the surface of the body to throttle
      the said ports variably; means coupling the valve plates to the actuating
      ring for concurrent movement; and leaf spring means mounted between the
      actuating ring and the valve plates reacting against the ring and the
      plates to press the plates against the body.
NUM  4.
PAR  4. Means for controlling flow of hot gas comprising, in combination, a
      substantially cylindrical body defined by a wall with ports through the
      wall adapted for flow of hot gas from one surface of the wall through the
      ports to the other surface of the wall and slide valve means movable
      axially of the body to vary the area of the said ports, wherein the
      improvement comprises slide valve means including a movable actuating ring
      extending around the body overlying the surface which is upstream in the
      direction of flow through the ports; a circumferential row of
      part-cylindrical valve plates disposed between the actuating ring and the
      body configured to slide on the surface of the body to throttle the said
      ports variably; tabs extending from the valve plates past the edges of the
      actuating ring coupling the valve plates to the actuating ring for
      concurrent movement; and leaf spring means mounted between the actuating
      ring and the valve plates reacting against the ring and the plates to
      press the plates against the body; the tab means having holes for
      receiving a wire or the like to hold the parts assembled prior to
      disposition of slide valve means on the body.
NUM  5.
PAR  5. Means for controlling flow of hot gas comprising, in combination, a
      substantially cylindrical flame tube body defined by a wall with two sets
      of ports through the wall adapted for flow of hot air from the outer
      surface of the wall through the ports to the inner surface of the wall and
      slide valve means movable axially of the body to vary reversely the area
      of the said sets of ports, wherein the improvement comprises slide valve
      means for each set of ports, each including a movable actuating ring
      extending around the body overlying the outer surface of the body; a
      circumferential row of part-cylindrical valve plates disposed between the
      actuating ring and the body configured to slide on the surface of the body
      to throttle the said ports variably; means coupling the valve plates to
      the actuating ring for concurrent movement; spring means mounted between
      the actuating ring and the valve plates reacting against the ring and the
      plates to press the plates against the body; and means coupling the two
      actuating rings together for concurrent movement.
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ABST
PAL  A combustion apparatus for gas turbine engines particularly adapted to
      reduce emissions to meet automotive requirements. The fuel is laid on the
      wall of a cylindrical prechamber and evaporated from the wall by
      combustion air which is introduced through a swirler at the upstream end
      of the prechamber. The inner surface of the prechamber is artificially
      roughened by a grid of grooves to improve fuel evaporation. The fuel is
      laid on the wall from an annular manifold extending around the upstream
      end of the prechamber through tangential orifices leading from the
      manifold into the interior of the prechamber. The fuel manifold is cooled
      and shielded from heat by an air jacket. More air enters through entrance
      ports distributed around the prechamber toward its downstream end. The
      resulting lean fuel-air mixture is delivered past an annular flow dam at
      the outlet of the prechamber into a combustion or reaction zone which is
      abruptly enlarged from the prechamber. The structure causes turbulent
      flow, recirculation, and good mixing in the reaction zone. A dilution zone
      downstream of the reaction zone has a circumferential array of dilution
      air ports which are of such shape as to be varied nonlinearly in area by a
      sliding ring valve. The sliding ring valve is coupled to a second sliding
      ring valve which varies the area of the air entrance ports in the
      prechamber in reverse sense to the dilution air ports. A pilot fuel nozzle
      to aid in cold starts is mounted at the upstream end of the prechamber.
BSUM
PAR  This invention is directed to combustion chambers of a type suitable for
      use with gas turbine engines. It is particularly directed to combustion
      chamber structures adapted to insure complete combustion over relatively
      wide ranges of air and fuel flow and to minimize discharge of incompletely
      burned fuel and generation of oxides of nitrogen.
PAR  It is well known that the United States government has established
      standards for emissions of unburned hydrocarbons, carbon monoxide, and
      oxides of nitrogen for motor vehicles with a view to reducing atmospheric
      pollution. The standards established by legislation for 1977 are extremely
      stringent. Procedures established by the Government for determination of
      compliance with such standards by automotive vehicles are based upon a
      particular specified test cycle involving starting the engine,
      accelerations, decelerations, and operation at various speeds. This cycle
      is intended to simulate driving under urban traffic conditions.
PAR  The combustion chamber in which the present invention is embodied has been
      tested and found to be capable of meeting the 1977 emission standards in a
      suitable vehicle installation.
PAR  By way of background, successful gas turbine combustion chambers have been
      in existence for some decades. Originally, primary aims in development of
      such combustors were to achieve reliable operation, efficiency,
      durability, good outlet temperature profiles, and compactness.
      Conventional gas turbine combustors can very easily be made to provide
      very low outputs of unburned fuel, and partially burned fuel in the form
      of carbon monoxide or unburned carbon. However, the usual gas turbine
      combustion apparatus operates at quite high temperature, and there is
      ordinarily a significant degree of combination of atmospheric nitrogen and
      oxygen to form undesired nitrogen oxides. Various expedients to reduce
      nitrogen oxides have been employed; but experience has shown that such
      expedients as reducing the residence time in the reaction area, reducing
      the maximum temperature in the reaction area, and early quenching of
      combustion tend to increase the output of incompletely burned fuel.
PAR  The problem of devising a low output combustion apparatus is complicated by
      the wide range of power levels over which an automotive engine must
      operate; that is, from idle to full power, and the need for relatively
      clean starting even with the engine cold. High temperature of the
      combustion air in a regenerative engine increases the tendency to form
      oxides of nitrogen.
PAR  The invention which is the subject of this patent application is one of a
      number of improvements to a gas turbine combustion chamber of a type
      generally known in the prior art. These refinements cooperate to bring
      emissions down to the prescribed level. The invention is described here in
      terms of its preferred embodiment, which includes others of these
      improvements.
PAR  The particular subject matter of this application is an improved combustion
      apparatus, with particular regard to a fuel vaporizing prechamber adapted
      to supply a lean mixture of vaporized fuel and air to the reaction zone of
      the apparatus, and to improved combustion air admission structure for a
      combustion liner, particularly involving air admission to the prechamber.
PAR  The principal objects of this invention are to provide an improved
      combustion apparatus suitable for automotive use, to provide a combustion
      chamber having a very clean exhaust, to provide an improved
      prevaporization arrangement for a combustor, and to improve structure for
      admission of combustion air to a combustion liner.
DRWD
PAR  The nature of the invention and its advantages will be clear to those
      skilled in the art from the succeeding detailed description of the
      preferred embodiment and the accompanying drawings thereof.
PAR  FIG. 1 is a longitudinal view of a combustion apparatus for a gas turbine
      engine, with parts cut away and in section.
PAR  FIG. 2 is a longitudinal sectional view of the combustion liner.
PAR  FIG. 3 is an upstream end view of the combustion liner taken on the plane
      indicated by the line 3--3 in FIG. 2.
PAR  FIG. 4 is a cross sectional view of the prechamber taken on the plane
      indicated by the line 4--4 in FIG. 2.
PAR  FIG. 5 is a fragmentary longitudinal sectional view of the prechamber.
PAR  FIG. 6 is a detailed sectional view taken on the plane indicated by the
      line 6--6 in FIG. 5.
PAR  FIG. 7 is a fragmentary view taken on the plane indicated by the line 7--7
      in FIG. 5.
PAR  FIG. 8 is a fragmentary view of the interior of the prechamber illustrating
      a textured surface.
PAR  FIG. 9 is a cross-section of the same taken in the plane indicated by the
      line 9--9 in FIG. 8.
PAR  FIG. 10 is a fragmentary exterior view of the prechamber wall.
PAR  FIG. 11 is a plot of airflow distribution.
PAR  FIG. 12 is a partial elevation view illustrating an alternative prechamber
      arrangement.
DETD
PAR  Referring to FIG. 1, a gas turbine engine 2 includes an engine case 3.
      Further details of the engine are not shown or described, since they are
      immaterial to an understanding of the present invention. By way of
      background, however, the engine may be a regenerative gas turbine of the
      general nature of those described in U.S. Pats. to Collman et al., No.
      3,077,074, Feb. 12, 1963; Collman et al., No. 3,267,674, Aug. 23, 1966;
      and Bell, No. 3,490,746, Jan. 20, 1970.
PAR  The engine case 3 forms part of an outer casing 4 of the combustion
      apparatus which also includes a cylindrical housing 6 bolted to the engine
      case. In an engine of this sort, the engine compressor (not illustrated)
      delivers compressed air which is heated in a regenerator (not illustrated)
      on its way into the combustion apparatus casing 4.
PAR  Housing 6 terminates in a flange 7 to which is fixed a continuous outer
      ring 8 of a combustion liner support spider 10 which provides part of the
      support for a combustion liner 11 in which the invention is embodied. Ring
      8 is fixed to flange 7 by circumferentially spaced countersunk screws 12.
      A combustion chamber cover 14 which overlies the ring 8 is fixed to the
      flange 7 by a ring of bolts 15 which extend through the ring and flange.
      The housing 6 and cover 14 are lined with thermal insulating material 16.
      Referring also to FIG. 2, the combustion liner 11 in its preferred form is
      of circular cross section and is bounded by walls 18. The liner wall
      includes a first prechamber or fuel vaporizing portion 19 which extends to
      an abrupt radial enlargement defined by a substantially radially outwardly
      extending wall portion 20 which is integral with and continues into a
      cylindrical wall portion 22. The wall portion 19 encloses a fuel
      vaporizing zone of the combustion apparatus and the wall 22 portion
      encloses a reaction zone 23 and a dilution zone 24. Wall 22 terminates in
      an outlet 25 for combustion products at the downstream end of the
      combustion liner. As shown in FIG. 1, the outlet end may be inserted into
      a combustion products duct 26 leading to the turbine (not shown). This
      supports the downstream end of the liner.
PAR  In operation of the combustion apparatus, fuel is evaporated and the fuel
      and air are mixed in a prechamber 27 enclosed by wall section 19. The fuel
      and air react, or combustion takes place, in the reaction zone 23 and
      additional air is introduced and mixed with combustion products in the
      dilution zone 24 to provide the ultimate mixture of combustion products to
      drive the turbine of the gas turbine engine.
PAR  Considering now in more detail the structure of the combustion liner,
      beginning with the upstream end 28, part of the combustion air enters the
      upstream end through a swirler 30 comprising an annular cascade of vanes
      31 (see also FIGS. 3 and 5). These vanes extend from an outer ring 32 to a
      central sleeve 34, the latter extending forwardly from the swirler 30. The
      vanes of the swirler are set at an angle of 75.degree. to a plane
      extending axially of the combustion apparatus so as to impart a strong
      swirl component to air entering the liner at this point from the outer
      casing 4. The outer ring 32 is welded or brazed to a prechamber forward
      wall portion 35. Wall section 35 is piloted within and fixed to the
      forward end of a rear prechamber wall portion 36. Wall portion 36 is of
      relatively heavy stock, about one-fourth to five-sixteenths inch in
      thickness. The downstream end of wall portion 36 is welded to the radially
      extending portion 20 of the main combustion chamber wall, these parts
      being concentric. Wall 20 extends radially inwardly from interior surface
      of wall portion 36 to provide a flow dam 28. The remainder of the
      combustion liner wall is cylindrical and integral with the portion 20. A
      sheet metal ring 39 extending over the forward portion of the prechamber
      has an inwardly extending flange 40 which is welded to the forward edge of
      wall portion 35. This ring 39 provides for connecting the forward end of
      the combustion liner to the support spider 10. The spider includes arms
      connecting outer ring 8 to an inner ring 42 (see also FIG. 1) which is
      suitably fixed or attached to the ring 39 of the liner.
PAR  The hot compressed air forced through swirler 30 will flow with a strong
      tangential component over the inner surface of wall portions 35 and 36
      because of centrifugal force and will tend to scour these walls. In so
      doing, it vaporizes and picks up liquid hydrocarbon fuel which is fed to
      the inner surface of the prechamber just downstream of swirler 30. The
      fuel is introduced from a manifold 46 (see FIGS. 2, 5, 6, and 7) which is
      a ring of semicircular section extending entirely around the outer surface
      of wall portion 35. Fuel is delivered to this manifold through a fuel
      inlet tube 47 which extends into the combustion apparatus from a suitable
      fitting for connection to an external source of supply (not illustrated).
      Manifold 46 is enclosed within a cooling air jacket 48, likewise of
      semicircular cross section and likewise welded to the outer surface of
      wall section 35. Cooling air from a suitable source, for example from the
      compressor of the engine upstream of the regenerator, is supplied to the
      tube 48 through a cooling air pipe 50 which surrounds the fuel tube 47.
      The cooling air jacket extends almost entirely around the prechamber, as
      shown in FIG. 6. The gap in the circumference of the tube is closed
      adjacent the inlet pipe 50 by a semi-annular blocking plate 51 brazed or
      welded to tubes 46 and 48 and to the wall portion 35. Air introduced
      through tube 50 thus circulates over the fuel manifold to an outlet at 52
      at the other end of the cooling air jacket. This circulation of air is to
      prevent boiling of the fuel under certain conditions of operation such as
      upon cutback of fuel with a hot engine, or during idling operation. It
      should be noted that the support ring 39 also shields the fuel manifold
      and the cooling air jacket to some extent from heat which may be radiated
      from hot engine components near the flame tube.
PAR  Fuel supplied to the manifold 46 through tube 47 is laid on the interior of
      the prechamber wall through 16 equally spaced fuel ports or orifices 54.
      These ports are 0.013 inch in diameter and make about a 15.degree. angle
      with the outer surface of the wall so that the fuel is squirted onto the
      inner surface of the wall rather than into the air flowing through the
      swirler. The fuel is supplied at low pressure, the preferred maximum
      pressure drop through ports 54 being about 20 psi. The current of air
      flowing through the swirler blows the introduced fuel along the inner
      surface of the prechamber wall portions 35 and 36, and the hot rapidly
      moving air heats and vaporizes and mixes with the fuel before entry into
      the reaction zone 23.
PAR  A substantial improvement in the vaporization and mixing of fuel with the
      air has been found to result from providing a roughened or textured
      surface on the interior of the prechamber wall. Preferably, this textured
      surface extends from just downstream of the fuel entrance ports 54 to the
      dam 38. This textured surface may be similar to a knurled surface. The
      preferred form may be more accurately described in connection with FIGS. 8
      and 9. FIG. 8 is a view looking at the interior of the prechamber wall and
      FIG. 9 is a cross section of the same. The surface is relieved to provide
      a grid of two intersecting sets of small grooves 56 which leave between
      them small substantially rectangular bosses 55. This sort of textured
      surface may most readily be achieved by coating the areas which provide
      the bosses 55 with a suitable resist and then etching the surface to the
      desired depth. the resist may be applied by a photographic process, as is
      well understood. In the presently preferred form of the structure, the
      center to center spacing of adjacent grooves of each set is approximately
      0.05 inch and the grooves are about 0.003 deep. The width of each groove
      is about the same as the width of the bosses between the grooves.
      Orientation of the grooves is preferably at about a 45.degree. angle to
      the axial direction through the prechamber so that the fuel introduced
      into the inner wall may flow downstream of the prechamber under the
      influence of the air stream through the channels defined by the helically
      extending grooves 56.
PAR  It is believed that the superior performance with the textured surface is
      due to turbulence in the air flow on a small scale, aided by the bosses 55
      which improve heat transfer from the air, and also to the partial
      shielding of the liquid fuel within the channels 56 from the direct blast
      of the air. At any rate, it has been demonstrated that this textured
      surface aids in the complete vaporization and diffusion of the fuel in the
      air.
PAR  It has been found that burning of a lean mixture in the reaction zone 23 is
      preferable from the standpoint of clean exhaust to burning of a nearer to
      stoichiometric mixture. It is found desirable to introduce some air beyond
      that introduced by the swirler 30 to further mix with and dilute the
      fuel-air mixture prior to the initiation of combustion. This effected by a
      set of air entrances distributed around the prechamber, preferably about
      three-fourths of its length from the upstream end to the downstream end.
      The presently preferred structure for introduction of additional air
      introduces the air with radially inward and tangential components of
      movement and no significant axial component. It also provides for
      variation of the effective area and therefore flow capacity of the
      prechamber downstream air inlet, which is desirable as a part of means for
      maintaining the desired equivalence ratio in the reaction zone.
      Equivalence ratio will be understood to mean the ratio of the actual
      weight ratio of fuel to air to the stoichiometric ratio of fuel to air.
      This is accomplished effectively by varying the ratio between the quantity
      of air flowing into the reaction zone from the prechamber to that
      introduced through dilution ports in the dilution zone 24 as the ratio of
      total airflow to fuel flow varies.
PAR  Considering first the air entrance means through the prechamber wall, ass
      illustrated in FIGS. 2, 4, and 10, the wall portion 36 is made in two
      coaxial abutting sections fixed together, an upstream section 58 and a
      downstream section 59. The air entrance means is defined by an annular
      array of slots 60 machined in the downstream edge of upstream section 58.
      Of course, they would be machined in the upstream portion of section 59 if
      the joint between the two sections is suitably located. It will be seen
      from FIGS. 4 and 10 that slots 60 enter the chamber at a considerable
      angle to the radial, about 60.degree. in the particular case, and are so
      oriented that the direction of swirl of air from these slots is the same
      as that imparted by the inlet swirler 30. The outline of the slots is
      trapezoidal, the walls which bound the slots diverging from each other in
      the direction toward the upstream end of the prechamber. The fragmentary
      view of FIG. 10 shows two such slots. In the total circumference there are
      preferably eighteen air entrance slots.
PAR  The wall section 58 also defines a radial port 62 through which an igniter
      63 (FIG. 3), which may be similar to a spark plug, extends into the
      prechamber so as to light off the fuel. The details of the igniter are
      immaterial, so it is not further described.
PAR  The exterior of section 59 may bear three bosses 64. These provide a limit
      to movement of a flow modulating sleeve 66 slidably mounted on the
      exterior of the prechamber wall portion 36. As will be further described,
      this sleeve provides means for varying the flow of air through slots 60.
PAR  Proceeding now to the reaction and dilution zones of the liner, these are
      enclosed within the wall 22 from the radially enlarging wall 20 downstream
      to the combustion products outlet 26. The walls of the combustion portion
      of the liner are imperforate. All the air for combustion is introduced
      through the prechamber outlet 67 defined by the inner margin of the flow
      dam 38. It has been found desirable, to improve cooling of the combustion
      section, to provide a circumferential array of fins 68 extending
      longitudinally of the wall 22 from the upstream end. These help in
      transfer of heat to the air flowing within the outer casing 4 toward the
      combustion air inlets.
PAR  The dilution zone 24 is characterized by an array 70 of dilution air
      entrance ports, the effective area of which is varied by a ported axially
      slidable flow modulating sleeve 71. As one means to attain the desired
      characteristics of change of dilution air flow area with movement of the
      sleeve 71, the ports 70 are of two sets alternating around the periphery
      of the liner. One set is of ports 72, which are rectangular and of the
      least dimension axially of the liner. Between these are the ports 74 of
      the second set which have an extension 75 toward the upstream end of the
      liner which is of smaller width circumferentially of the liner than the
      downstream portion of the ports 74.
PAR  The sleeve 71 is a simple cylinder with slightly flared ends and with a
      circumferential stiffening rib or ridge 78 near its upstream end. This
      sleeve is reciprocable on the outer surface of the liner, its travel being
      limited by two sets of small bosses 79 fixed to the outer surface of the
      liner, the bosses of each set being distributed 120.degree. apart around
      the circumference of the liner.
PAR  The flow modulating sleeve 71 has two sets of ports each cooperating with
      one set of ports 72 or 74 of the liner wall. Rectangular ports 80 register
      with ports 72 of the wall and rectangular ports 82 register with ports 74.
      The length and width of the ports in the sleeve corresponds to the length
      and width of the corresponding port in the liner so that the liner ports
      can be fully opened at one setting of the sleeve. One of the short ports
      80 has two slots 83 extending axially of the liner at its upstream edge.
      These slots provide clearance for two pins 84 which extend outwardly from
      the liner and are welded to the liner wall. These pins serve to locate the
      sleeve 71 circumferentially of the liner and obviate any tendency for the
      sleeve to rotate around the axis of the liner as it is moved back and
      forth to vary the dilution air flow.
PAR  The sleeve 71 is moved by three axially movable rods 86 (FIG. 1) which are
      coupled by pins 85 to webs 87 extending radially from the sleeve 71. Rods
      86 extend through guides 88 in the combustion chamber cover 14 and through
      seals or glands 90 to a common actuator plate 91 to which the rods are
      fixed by nuts 92. The plate 91 may be coupled through a rod 94 to any
      suitable actuating mechanism capable of sliding the sleeve 71 axially of
      the liner.
PAR  The flow modulating sleeve 66 which varies the flow area through the ports
      60 of the prechamber is rigidly coupled to sleeve 71 for concurrent
      movement by the input device 94. This interconnection includes three rods
      95 extending axially of and distributed around the circumference of the
      liner. Each rod is fixed at an anchorage 96 to the sleeve 71. They are
      adjustably connected to sleeve 66. This connection is effected through
      arms 102 fixed to the sleeve 66 120.degree. apart and extending radially
      outwardly. The arms are stiffened by gussets 103 welded to the arms and
      through a base plate 104 to the sleeve 66.
PAR  The forward end of each rod 95 is threaded and extends through a hole at
      the extremity of an arm 102. The connection is completed by two sets of
      double nuts 105 which may be adjusted to trim the relative positions of
      the two flow controlling sleeves. It will be seen that the two sets of
      sleeves move so that, as the ports 60 in the prechamber open, the ports 70
      in the dilution area close.
PAR  Clearly, many operating connections to the sleeves 66 and 71 may be
      devised. That shown is simple and meets the requirements.
PAR  The downstream edge of sleeve 66 is notched as indicated at 106 in FIGS. 1
      and 2. There is a notch aligned with each air entrance slot 60, the
      notches being V-shaped and having an included angle of about 70.degree..
      These notches are slightly wider than the downstream end of slots 60. They
      provide a tapering rather than an abrupt opening or closing of the slots
      60 as the sleeve 66 moves so that its rear edge passes the rear edge of
      the slots.
PAR  The particular configuration of the air entrance openings 60, 72, and 74 is
      such as to provide a desirable characteristic of variation of the relative
      amounts of primary and dilution air as the input rod 94 is reciprocated.
      FIG. 11 illustrates the variation of air flow with movement of the flow
      controlling sleeves. Specifically, curve A of FIG. 11 shows the proportion
      of air entering the reaction zone through the swirler 30 and the slots 60
      to the total air admitted, which is this amount of air plus that entering
      through the dilution ports at 70. It will be noted that the reaction zone
      air flow increases from about 17 percent with the sleeves at their maximum
      downstream position to approximately 55 percent with the sleeves moved
      forwardly to provide maximum reaction air flow relative to dilution air
      flow. Put another way, the dilution air flow decreases from about 83
      percent to about 45 percent of total flow over this range of movement of
      the sleeves. This makes it possible to provide adequate air flow in the
      reaction zone under high power conditions without having the reaction zone
      undesirably rich as the power level of the engine is decreased. At small
      fuel flows, as under engine idling conditions, a relatively small part of
      the air is required to provide the desired equivalence ratio of about 0.3
      in the reaction zone. The bend at 107 in curve A represents closing of the
      short dilution ports 72.
PAR  A pilot fuel nozzle 110 is mounted in the prechamber. This nozzle is
      preferably of an air-atomizing type supplied with compressed air and fuel
      through tubes (not illustrated) which enter through a supporting structure
      including a ring 111 fixed within the sleeve 34 by cap screws 112. This
      arrangement provides a suitable support for the fuel nozzle which includes
      a tubular extension 114 threadably coupled with the ring 111. The details
      of the fuel nozzle are not material to the present invention. With this
      type of fuel nozzle, the fuel is sprayed in fine droplets by an air blast.
      The pilot fuel nozzle is provided for starting combustion, particularly
      when the engine is cold and therefore evaporation of fuel from the
      prechamber wall is not effective. The pilot nozzle is turned off after
      normal operation has begun. Other starting expedients such as use of
      gaseous fuel may be employed, but are not considered as feasible as the
      use of the pilot nozzle.
PAR  A converging fairing 115 extends from the downstream end of sleeve 34 to
      the downstream end of the fuel nozzle 110 to provide a smooth transition
      of flow from the swirler 30 into the prechamber.
PAR  In starting the engine, air flow is low and conditions are abnormal. In
      this case the flow modulating sleeve moves forward so as to diminish
      dilution air and direct the major part of the air into the prechamber
      where it mixes with the fuel from the pilot nozzle and burns when the
      igniter is energized. When the engine reaches normal operating conditions,
      the starting regime is terminated and the position of the flow modulating
      sleeves is varied as necessary to attain the desired equivalence ratio at
      the entrance to the reaction zone.
PAR  In operation of a regenerative engine at full power, the air enters the
      combustion apparatus at about 1,100.degree.F. and after passing through
      the swirler 30 flows over the inside of the prechamber wall, heating,
      evaporating, and mixing with the fuel introduced from the manifold 46
      through the orifices 54. This mixture of air and vaporized fuel is further
      mixed with additional combustion air which enters through the swirl ports
      60 with swirl in the same direction as the air flowing rearwardly through
      the prechamber. These two flows then mix to provide a rather lean fuel-air
      mixture, preferably with about three times the amount of air required for
      combustion; that is, three times the stoichiometric amount of air.
PAR  The swirling fuel-air mixture spills over the dam 38 and because of the
      swirl flows tangentially and radially outward to the outer wall 22 of the
      liner and then, because of the creation of a low pressure area along the
      axis of the combustion zone and prechamber, it flows in a more or less
      toroidal vortex with some upstream or recirculating flow along the axis of
      the liner. This flow may penetrate into the downstream part of the
      prechamber under some conditions of operation and in this case may also
      tend to heat the prechamber.
PAR  The dilution air admitted through the openings at 70 tends to quench the
      heat of the combustion mixture which flows along the wall 22 toward the
      outlet 25. In addition, the radially entering streams of air as they meet
      toward the axis tend to project some of the dilution air forwardly into
      the low pressure zone on the combustion chamber axis where this mixes with
      the recirculating combustion products to assist in cooling the combustion
      products at any early time, reducing duration of high temperature in the
      gas.
PAR  The lean combustion lowers the combustion temperature and the prompt
      quenching of the gas lowers the residence time at high temperature. Both
      of these effects serve to minimize formation of nitrogen oxide.
PAR  Also, the burning of the fuel in a vaporized condition reduces conditions
      of local richness which will be found in the vicinity of atomized droplets
      of fuel and which tend to increase generation of nitrogen oxide.
PAR  While there seems to be no need to recite details of dimensions which are
      variable to suit any particular installation, it may be mentioned that the
      combustion line shown, which is for a 225 horsepower gas turbine engine,
      is 65/8  inches in diameter and 15 inches long, and is shown in true
      proportion in FIG. 2.
PAR  It is possible, of course, to vary the ratio of primary to dilution air by
      throttling one set of ports only. The broken line curve B in FIG. 11
      illustrates the relation of reaction zone air flow to total flow in an
      apparatus of the sort illustrated in which the change of flow is due only
      to the movement of the sleeve 71, the downstream air entrance of the
      prechamber being of fixed area. For a given structure, the variation is
      less and the pressure drop is greater if modulation is effected at only
      one set of ports. Since pressure drops are inimical to engine efficiency,
      there is good reason to modulate both sets of air ports.
PAR  FIG. 12 illustrates a variation of the combustion liner which may be in
      most respects essentially as shown in figures previously discussed. The
      liner of FIG. 12 differs from that of FIG. 2 in the mode of introduction
      of air into the prechamber, and the portion of the combustion liner
      downstream of that illustrated in FIG. 12 may be as illustrated in FIG. 2.
      As illustrated in FIG. 12, the prechamber wall 120 is a sheet metal
      structure of constant thickness bearing the swirler 30 at its forward end
      and with the central plug 34, 115 at the center of the swirler to support
      the starting fuel nozzle. The interior of the prechamber wall is
      preferably textured as previously described.
PAR  The arrangement for introduction of additional primary air toward the
      downstream end of the prechamber in this case is a ring of circular holes
      122 spaced uniformly around the prechamber. In one instance, the holes are
      1/8 inch diameter and there are 36 holes. In this case, a slightly smaller
      percentage of the air was admitted through the holes 122 than through the
      ports 60 of FIG. 2. However, in this case, the swirler 30 was slightly
      more open, having the blades set at a 70.degree. angle to the axial
      direction rather than 75.degree.. No variation of the ports 122 was
      provided. While this apparatus does not perform as cleanly as that
      described above, it is a relatively clean combustion apparatus that might
      well serve quite satisfactorily in various applications.
PAR  We believe that the foregoing description of preferred structure will be
      sufficient for an understanding of the invention and its preferred
      embodiment by those skilled in the art. As will be appreciated, details of
      structure, dimensions, and the like may be varied in response to the
      conditions of particular installations.
PAR  The admission of all combustion air through the prechamber, as
      distinguished from dividing the admission between the prechamber and the
      reaction zone, is highly favorable to good combustion in a lean fuel-air
      mixture and thus to minimizing undesired emissions from the combustion
      apparatus.
PAR  The detailed description of the preferred embodiment of the invention for
      the purpose of explaining the principles thereof is not to be considered
      as limiting or restricting the invention, since many modifications may be
      made by the exercise of skill in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combustion apparatus adapted for use in a gas turbine engine
      characterized by substantially complete combustion of liquid hydrocarbon
      fuel and by a low output of nitrogen oxides, the apparatus comprising a
      combustion liner having a discharge outlet for combustion products at the
      downstream end of the liner; the liner having an upstream end and liner
      wall means extending from the upstream end to the downstream end, the wall
      means enclosing, in sequence from the upstream end to the downstream end,
      a prechamber for providing a homogeneous mixture of vaporized fuel and
      air, a reaction zone for combustion of the fuel flowing from the
      prechamber in the air flowing from the prechamber, and a dilution zone for
      mixing the combustion products from the reaction zone with additional air;
      the prechamber being of significantly smaller cross-sectional area than
      the reaction zone and being joined to the reaction zone by an abruptly
      diverging wall portion; the prechamber including first air entrance means
      defined by swirler means at its upstream end effective to direct
      combustion air with a substantial circumferential velocity component
      downstream over the inner surface of the prechamber wall means so as to
      scour the wall means, liquid fuel introduction means downstream of the
      swirler means disposed to lay a film of liquid fuel on the said inner
      surface for evaporation by and mixture with the said combustion air, and
      second air entrance means defined by a circumferential ring of ports
      through the prechamber wall near the downstream end of the prechamber
      adapted to introduce air flowing radially inward to mix with and dilute
      the fuel-air mixture prior to combustion; the reaction zone having an
      imperforate wall and providing turbulent recirculating flow of burning
      fuel-air mixture and combustion products resulting from the swirl of the
      entering mixture and the abrupt divergence of the wall means; and the
      dilution zone including dilution air entrance means located so as to admit
      air for mixture with recirculating gas in the reaction zone and for
      dilution of the combustion products flowing from the reaction zone to the
      discharge outlet.
NUM  2.
PAR  2. A combustion apparatus adapted for use in a gas turbine engine
      characterized by substantially complete combustion of liquid hydrocarbon
      fuel and by a low output of nitrogen oxides, the apparatus comprising a
      combustion liner having a discharge outlet for combustion products at the
      downstream end of the liner; the liner having an upstream end and liner
      wall means extending from the upstream end to the downstream end, the wall
      means enclosing, in sequence from the upstream end to the downstream end,
      a prechamber for providing a homogeneous mixture of vaporized fuel and
      air, a reaction zone for combustion of the fuel flowing from the
      prechamber in the air flowing from the prechamber, and a dilution zone for
      mixing the combustion products from the reaction zone with additional air;
      the prechamber being of approximately one-quarter the cross-sectional area
      of the reaction zone and being joined to the reaction zone by an abruptly
      diverging wall portion; the prechamber including first air entrance means
      defined by swirler means at its upstream end effective to direct
      combustion air with a substantial circumferential velocity component
      downstream over the inner surface of the prechamber wall means so as to
      scour the wall means, liquid fuel introduction means downstream of the
      swirler means disposed to lay a film of liquid fuel on the said inner
      surface for evaporation by and mixture with the said combustion air, and
      second air entrance means defined by a circumferential ring of ports
      through the prechamber wall near the downstream end of the prechamber
      adapted to introduce air flowing radially inward to mix with and dilute
      the fuel-air mixture prior to combustion; the reaction zone having an
      imperforate wall and providing turbulent recirculating flow of burning
      fuel-air mixture and combustion products resulting from the swirl of the
      entering mixture and the abrupt divergence of the wall means; the dilution
      zone including dilution air entrance means located so as to admit air for
      mixture with recirculating gas in the reaction zone and for dilution of
      the combustion products flowing from the reaction zone to the discharge
      outlet; and the relation of the entrance means being such as to provide an
      equivalence ratio of about 0.25 to 0.5 in the fuel-air mixture flowing
      from the prechamber into the reaction zone.
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ABST
PAL  A mixed flow turbofan engine in which a portion of the core engine exhaust
      gases are passed into a pilot zone chamber where fuel is added thereto for
      vaporization therewith and wherein the fan air is passed over a series of
      vortex generators so that the vortex flow fan air and the vaporized fuel
      mixture will mix and combust rapidly in an augmentation combustion
      chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to augmentation burning in a mixed flow turbofan
      engine and more particularly to such a construction in which vorbix
      burning principles are used.
PAR  2. Description of the Prior Art
PAR  In the turbojet engine art, combustion takes place in the main combustion
      chamber between the compressor and the turbine of the engine and may also
      take place downstream of the turbine in the afterburner portion of the
      engine. In the early combustion art in turbojet engines, combustion was
      sustained in the main combustion chamber by establishing a recirculation
      zone as in Clark U.S. Pat. No. 2,525,206, Brown U.S. Pat. No. 2,676,460,
      and U.S. Pat. No. 2,560,207 to Berggren. In the afterburner art it was
      conventional to use flameholders of the type shown in U.S. Pat. No.
      2,702,452.
PAR  From these types of combustion apparatus, the art advanced to the swirl
      burner principles taught in my U.S. Pat. Nos. 3,788,065 and 3,701,255, and
      divisions thereof, and to the vorbix burning principle taught in my
      pending U.S. patent application Ser. No. 406,771 filed October 15, 1973.
PAR  In turbofan engines of the mixed flow design in which fan air and the
      engine exhaust gases flow in a common exhaust duct, the engine cycle has a
      high temperature rise so that it is only practical to perform augmentation
      combustion in the fan air stream and by utilizing apparatus which produces
      minimum loss. Special and unique combustion problems are encountered in
      such augmentation combustion and the teaching herein is to sustain
      augmentation combustion in such a turbofan engine utilizing the vorbix
      burning principles.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of the present invention is to provide a mixed flow
      turbofan engine augmentation combustion system in which fuel is added to
      the core engine exhaust gas in a pilot zone chamber for vaporization
      therein and for mixing and autoigniting with the fan air which is passed
      over a plurality of vortex generators which cause a swirling motion of the
      fan air as it meets the vaporized fuel mixture for accelerated mixing and
      combustion therewith.
PAR  It is still a further object of the present invention to teach such a
      construction in which trigger mechanisms are used to accelerate mixing
      between the vaporized fuel mixture and the vortices of fan air.
PAR  In accordance with a further aspect of the present invention, the vortex
      generator pattern and the trigger shapes may be selected to effect optimum
      mixing and combustion.
PAR  In accordance with still a further aspect of the present invention and
      especially for installation in which the hot exhaust gas from the core
      engine will not completely vaporize the augmentation fuel sufficiently or
      added thrust is desired, a scoop system is provided to scoop some of the
      fan air into the pilot zone for autoignition therein or to have fuel added
      thereto for burning therein and for discharge therefrom as an
      autoignitable hot fuel-air mixture for combusting with the fan air
      vortices in the augmentation combustion chamber.
PAR  In accordance with a further aspect of the present invention, either the
      trigger mechanisms or the vortex generators may be retractable during the
      non-augmentation engine mode of operation.
DRWD
PAR  Other objects and advantages of the present invention may be seen by
      referring to the following description and claims, read in conjunction
      with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a showing of a mixed flow turbofan engine, partially broken away
      to illustrate the augmentation combustion chamber utilizing vorbix
      principles.
PAR  FIG. 2 is a view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a cross-sectional showing of the top half of the augmentation
      combustion chamber illustrating an alternative form of our invention.
PAR  FIG. 4 is a view taken along line 4--4 of FIG. 3.
PAR  FIG. 5 corresponds to FIG. 4 and illustrates an alternate vortex generator
      and trigger mechanism scheme.
PAR  FIG. 6 is a cross-sectional showing of the top half of such a turbofan
      engine utilizing still another alternative form of this invention.
PAR  FIG. 7 corresponds to FIG. 6 and illustrates still another modification of
      this invention.
PAR  FIG. 8 corresponds to FIG. 1 and shows a modified form of pilot zone
      construction.
PAR  FIG. 9 is a view taken along line 9--9 of FIG. 8.
PAR  FIG. 10 is a showing of a preferred form of vortex generator shaped as a
      swept wing.
PAR  FIG. 11 is a sectional view taken along line 11--11 of FIG. 10.
PAR  FIG. 12 is a showing of a delta wing shaped vortex generator.
PAR  FIG. 13 is a sectional view taken along line 13--13 of FIG. 12.
PAR  FIG. 14 is an illustration of a retractable vortex generator embodiment.
PAR  FIG. 15 is a view taken along line 15--15 of FIG. 14.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 we see turbofan engine 10 which is of the mixed flow
      type in which fan air and the engine exhaust gases flow in a common
      exhaust duct. Engine 10 may be generally of the type more specifically
      described in U.S. Pat. No. 2,979,900 and includes inlet 12 and outlet 14
      and is of generally circular cross section and concentric about engine
      axis 16. Engine 10 includes fan section 18, compressor section 20, main
      combustion section 22, turbine section 24 and augmentation combustion
      section 32. Fan section 18 includes fan blades which are mounted for
      rotation with the rotors of compressor 20 so as to pump fan air through
      annular passage 26. Compressor section 20, main burner section 22 and
      turbine section 24 form the core turbofan engine 28 which is enveloped
      within engine or splitter case 30. In conventional fashion, air enters
      inlet 12 and a portion of it is pumped by fan blades through fan passage
      26 for discharge therefrom into augmentation burner section 32. The
      remainder of the air which enters inlet 12 passes through core engine 28
      and is compressed in passing through compressor section 20, has heat added
      thereto in passing through main burner section 22, and then passes through
      turbine section 24, which extracts sufficient energy therefrom to drive
      compressor section 20 and fan section 18 before discharge from the core
      engine as exhaust gases through annular exhaust gas passage 34 and into
      the augmentation combustion chamber section 32. In conventional fashion,
      centerbody 36 may be located in engine case or splitter duct 30 or may be
      omitted. Turbine exit guide vanes 37 extend between case 30 and centerbody
      36. Pilot zone case or duct 40 is supported within duct 30 in any
      conventional fashion, such as by streamlined struts 42, and cooperates
      therewith in defining annular pilot zone and passage 44 therebetween. Fan
      case 46 envelops engine case 30 and cooperates therewith to define annular
      fan passage 26 therebetween. Preferably, ducts or cases 46, 30 and 40 are
      of circular cross section and concentric about axis 16.
PAR  The turbofan engine 10 shown in FIG. 1 operates in such a fashion that the
      engine cycle has a high temperature rise so that it is only practical to
      augment the fan air stream entering augmentation section 32 through
      passage 26. Due to this high temperature rise, the products of combustion
      being discharged through exhaust gas passage 34 would have completely
      vitiated fuel-air therein and is therefore incapable of augmentation
      combustion at a downstream stage. Accordingly, it is an important teaching
      of our invention that the exhaust gas from core engine 28 be used in pilot
      zone 44 to vaporize the augmentation fuel being passed into zone 44 by
      conventional fuel atomizing ring 48, which is located at the forward or
      upstream end of pilot zone 44 to insure complete vaporization of the fuel
      therein and which receives fuel from fuel manifold 50.
PAR  The augmentation combustion taking place in engine 10 takes place in
      augmentation combustion chamber or zone 52, located immediately downstream
      of splitter duct 30 and utilizes the vorbix mixing and combusting
      principles. the vorbix principle of mixing and combustion is utilized in
      the FIG. 1 turbofan engine in the fashion now to be described. The fan air
      entering annular combustion zone 52 of augmentation combustion section 32
      is caused to pass over a plurality of vortex generators 54, each of which
      may be shaped as a half-delta, which are position circumferentially about
      annular passage 26 and which are shown attached to the outer periphery of
      splitter case 30. Fan air, following passage over vortex generators 54
      will enter combustion zone 52 in swirling flow as a series of vortices
      located circumferentially around zone 52 so as to quickly mix therein with
      the vaporized fuel being discharged annularly into zone 52 from pilot zone
      44 for autoignition and combustion therewith in zone 52. The vaporized
      fuel is provided by causing some of the hot exhaust gases from core engine
      28 to pass into the open inlet 56 of pilot zone 44 and to have fuel
      injected thereinto by fuel dispensing means 48 for vaporization in passing
      along pilot zone 44. Case 40 is chosen to be of sufficient axial length
      downstream of the fuel injection point that complete fuel vaporization can
      take place therewithin. Accordingly, the swirling fan air and the
      vaporized fuel are simultaneously injected into pilot combustion zone 52
      for autoignition and combustion therein. In view of the swirling flow
      imparted to the fan air by vortex generators 54, accelerated mixing and
      combusting between the fan air and the vaporized fuel will take place
      following the vorbix principle since the product parameter .rho..sub.1
      V.sub.1t.sup.2 of the fan air will be greater than the corresponding
      product parameter .rho..sub.2 V.sub.2t.sup.2 of the vaporized fuel to
      thereby bring about accelerated mixing and combustion. .rho..sub.1 and
      .rho..sub.2 are the densities of the fan air and vaporized fuel mixture,
      respectively, while V.sub.1t and V.sub.2t are the tangential velocities of
      the fan air and the vaporized fuel mixture, respectively.
PAR  The action of the vortex generators is illustrated in greater particularity
      in FIG. 2 from which it will be noted that the vortex generators 54 are of
      selected shape so that vortices of opposite rotation are established by
      adjacent vortex generators, such as 54' and 54". Vortex generators 54 and
      trigger mechanism 60 may be of any conventional type such as those shown
      and described in my U.S. Pat. No. 3,788,065, but are preferably of the
      half-delta wing construction shown in FIG. 9. It will be noted by viewing
      FIG. 2 that the action of the vortex generators 54 is to cause the fan air
      to enter combustion zone 52 as a series of swirling flow streams, with
      adjacent streams rotating in opposite directions to further accelerate
      mixing following the vorbix principle. It would, of course, be possible to
      provide vortex generators 54 which would cause vortex flow in the same
      direction for all vortex generators and this would still be within the
      teaching of our invention. Because of the action of the augmentation
      combustion section 32, increased thrust is produced by turbofan engine 10
      since the augmentation burning taking place in zone 52 adds energy to the
      core engine exhaust gases and the fan stream mixture before it is
      discharged in thrust generating fashion through outlet 14 of exhaust
      nozzle 58, which may be of a fixed or variable variety.
PAR  A modification of my turbofan augmentation combustion system is shown in
      FIG. 3 and is the same in all particulars as the construction illustrated
      and described in connection with FIG. 1 except for the modifications now
      to be described. Common reference numerals will be used where applicable.
      In the FIG. 3 construction, trigger or kicker mechanisms 60 are positioned
      at the downstream or after end of splitter duct 30 and are preferably in
      the shape of corrugations as best shown in FIG. 4, which corrugations are
      shaped to establish forced radial currents of hot, autoignitable vaporized
      fuel mixture from pilot zone 44 to flow radially outwardly into the fan
      air. Preferably, each trigger or convolution 60 is positioned between
      adjacent vortex generators 54 which generate oppositely rotating vortices
      of fan air on the opposite sides of the radially flowing hot vaporized
      fuel mixture stream from zone 44. While convolutions 60 are illustrated in
      the FIG. 3-4 embodiment at the downstream end of splitter duct 30 to form
      the kickers which generate the forced radial current of hot autoignitable
      vaporized mixture to flow into combustion chamber 52, it should be borne
      in mind that kickers 60 can be of a great variety of constructions, such
      as those disclosed in my U.S. Pat. No. 3,788,065 and will serve to produce
      the same desirable vorbix mixing and burning results.
PAR  Another modification of the FIG. 3-4 configuration over the FIG. 1-2
      construction is that pilot duct 40 extends farther downstream than
      splitter duct 30 and this serves to insure that complete combustion takes
      place in augmentation combustion zone 52 before any dilution occurs to the
      fuel mixture from zone 52 with the core engine exhaust gases passing
      through passage 62 for mixing therewith downstream of outlet 66 of duct 40
      and prior to discharge through thrust nozzle 58 and outlet 14.
PAR  While single rows of vortex generators have been shown in the FIG. 1-2 and
      3-4 arrangements, other vortex generators and kicker arrangements could be
      utilized in either of these constructions, for example, as illustrated in
      FIG. 5. In the FIG. 5 construction, a first row vortex generators 54a are
      supported in the outer diameter portion of fan stream 26, preferably from
      fan case 46, and are shaped to generate vortices as illustrated to be
      rotating in the same direction. A second row of vortex generators 54b-54c
      is positioned at the inner diameter portion of fan air stream 26 and are
      preferably supported from splitter duct 30 and are preferably formed in
      vortex pairs as illustrated at 54b and 54c to generate vortices rotating
      in opposite directions on opposite sides of triggers 68. This multiple row
      vortex system of FIG. 5 is intended to accelerate the passage of the
      vaporized fuel from zone 44 across the fan air passage 26 so as to
      accelerate mixing and hence combustion in zone 52. It will further be
      noted in the FIG. 5 construction that the kickers or triggers 68 are
      canted convolutions in the downstream edge of splitter duct 54 and are
      preferably positioned between vortex generator pairs such as 54b and 54c.
      These convolutions are canted as shown to impart a rotary motion about
      axis 16 to the hot, autoignitable vaporized fuel mixture being discharged
      from zone 44 into the combustion zone 52. This rotational motion further
      utilizes the above described swirl flow or vorbix principle to accelerate
      mixing and combustion in addition to the vortex action generated by vortex
      generators 54.
PAR  Another embodiment of our invention is shown in FIG. 6 and is particularly
      applicable to a situation in which the core engine exhaust gases entering
      pilot zone 44 might not be sufficiently hot to insure complete fuel
      vaporization and hence autoignition of the fuel therein when mixed with
      the fan air in combustion zone 52. The FIG. 6 construction is also
      applicable where increased thrust augmentation is desired from
      augmentation combustion chamber 32. In the FIG. 6 construction, either a
      continuous scoop member 70 or a plurality of circumferentially spaced
      scoops 70 are positioned on splitter duct 30 and shaped to intercept some
      of the fan air from passage 26 and direct it into pilot zone 44 so as to
      effect autoignition and combustion of the fuel exhaust gas mixture in
      pilot zone 44 with some of the fan stream air to raise the temperature of
      the products of combustion being generated in pilot zone 44 to either
      increase the thrust being generated by engine 10 or to maintain the pilot
      discharge at a high enough temperature to autoignite upon contact with the
      fan air.
PAR  FIG. 7 illustrates a modification of the FIG. 6 embodiment in which fuel
      continues to be discharged into pilot zone 44 through fuel injection means
      48 at the upstream end thereof, fan air continues to be introduced into
      pilot zone 44 through scoop or scoops 70, however, additional fuel is
      injected into zone 44 through fuel dispensing means 72, which may be a
      plurality of circumferentially positioned nozzles or apertures around
      splitter duct 30 so as to provide a staged fuel system. In such a system,
      maximum energy and hence thrust can be created if the engine exhaust gases
      are sufficiently hot to cause the autoignition of the fuel from injection
      system 48 at station 74, upstream of scoop system 70, and to also cause
      additional combustion at a station further downstream in the pilot zone 44
      of the fuel from fuel system 72 with the fan air from scoop system 70 and
      the hot gases from zone 74.
PAR  A rear view of the FIG. 6 and FIG. 7 constructions would be the same as
      shown in FIG. 4.
PAR  Although the arrangements shown in FIGS. 1, 3, 6 and 7 constructions would
      serve to accelerate mixing between the fan air and the core engine exhaust
      gases, even during the nonaugmented mode of operation in which augmented
      combustion system 32 is not supporting combustion in combustion zone 52,
      there may be installations where it is deemed desirable to retract the
      vortex generators 54, the trigger mechanisms 60 and the scoop mechanism 70
      during the nonaugmented mode of operation.
PAR  Referring to FIGS. 8 and 9, we see a modified form of our invention in
      which pilot zone defining means 76 is connected to the downstream end of
      case 30 and includes an outer wall 78 and an inner wall 80, each of which
      are of circular cross section and concentric about axis 16 so as to define
      annular pilot zone 82 therebetween. Pilot zone means 76 is shaped so that
      its annular inlet 84 communicates with passage 34 to receive the engine
      exhaust gases therefrom for passage through perforated plate member 86
      into pilot zone 82. A plurality of vortex generators 54 are positioned
      circumferentially about passage 26 and are preferably individually
      supported from wall 78. A trigger mechanism 88, which is preferably a
      corrugated ring, is connected to the downstream end of wall 78. Pilot fuel
      is injected around annular inlet 84 through pilot fuel injection means 90
      for mixing with the hot products of combustion and is vaporized thereby in
      pilot zone 82 so as to form a vaporized fuel mixture for discharge
      therefrom into augmentation burner 52 as radially projecting columns of
      autoignitable, vaporized fuel mixture for accelerated mixing and burning
      with the vortices of fan air being discharged into augmentation burner 52
      due to the action of vortex generators 54 in fan passage 26. As best shown
      in FIG. 9, preferably the vortex generators 54 are positioned between
      adjacent corrugations in trigger mechanism 88.
PAR  In practice, the FIG. 8-9 construction will operate precisely as the
      previously described constructions when they include the mechanism just
      described. To be specific, the core engine products of combustion enter
      pilot zone inlet 84 for mixing therein with pilot fuel from mechanism 90
      to thereby vaporize the fuel and discharge it into augmentation burner
      zone 52 through trigger mechanisms 88 for autoignition and accelerated
      mixing and combustion with the fan air vortices being passed into burner
      zone 52 from the fan stream 26, due to the action of the vortex generators
      54.
PAR  With the FIG. 8-9 construction, secondary fuel may be injected into the fan
      stream and annularly thereabout by secondary fuel injection mechanism 91,
      if greater heat or thrust generation is desired.
PAR  In addition, in mixed flow turbofan engines in which the engine exhaust
      gases are not completely vitiated of fuel, one or more rows of vortex
      generators 92 and 94 may be positioned circumferentially about passage 34,
      and are preferably suspended from inner wall 80, which has trigger
      mechanism 96, in the form of a corrugated ring extending circumferentially
      thereabout. With this construction, the products of combustion from
      passage 34, which may include unvitiated fuel, or which may have fuel
      injected annularly thereinto through fuel dispensing means 98, is
      discharged into augmentation burner 52 as a circumferentially spaced
      plurality of vortices of a fuel-rich mixture of core engine exhaust gases
      due to the action of vortex generators 92 and 94. The fuel-rich vortices
      of fuel-rich exhaust gases autoignite, rapidly mix and combust with
      vaporized fuel mixture which enters augmentation burner zone 52 through
      trigger mechanism 96 as a series of radially moving columns of hot,
      autoignitable, vaporized fuel mixture. Again, as best shown in FIG. 9,
      vortex generators 92 and 94 are preferably positioned between the
      corrugations of trigger mechanism 96. While a double row of vortex
      generators 92 and 94 is shown in the FIG. 8 environment, a single row
      could have been used. In addition, while secondary fuel injection means 98
      is shown in the FIG. 8 environment, in fan engines which operate so that
      there is fuel remaining in the exhaust gases from the core engine, this
      secondary fuel injection apparatus would not have been necessary.
PAR  Triggers 88 and 96 may be of any of the types previously described.
PAR  While pilot zone mechanism 76 is described in the FIG. 8-9 embodiment as a
      fuel-vaporizing pilot to produce an autoignitable, vaporized fuel mixture,
      it will be evident to those skilled in the art that pilot 76 could be of
      the variety in which pilot fuel from supply 90 is burned in zone 82 to
      produce a continuous pilot flame for ignitable mixture passing through the
      fan and/or core engine passages 26 and 34.
PAR  To this point, the operation of the FIG. 8-9 modification has been
      described in generalities and the preferred embodiment and its method of
      operation will now be described. When the FIG. 8-9 modification is used
      with a turbofan engine in which all oxygen has not been consumed in the
      engine exhaust gas stream in passage 34, pilot fuel is introduced at 90,
      passes through perforated flameholder 86, and burns in pilot chamber 82,
      where it is ignited either by autoignition or, if necessary, by a
      conventional ignitor 89. Secondary fuel is introduced at stations 91 and
      98 from which it is injected into the hot pilot gases issuing from pilot
      combustion region 82 to thereby accomplish rapid vaporization of the
      secondary flow from stations 91 and 98. The resulting autoignitable
      fuel-rich mixture mixes and burns with the fan air vortices caused by
      vortex generators 54 and the engine exhaust gas vortices caused by vortex
      generators 92 and 94. Using this construction and method of operation,
      thrust variation is smooth and continuous from the lowest level of
      augmentation when pilot fuel 90 only is burned, through various increased
      thrust levels as the secondary fuel 91 and 98 are introduced and burned as
      required in increasing proportions to produce the desired overall thrust
      level.
PAR  Further, when the FIG. 8 and 9 preferred embodiment is used in an engine in
      which all oxygen is used up in the core engine exhaust gas stream passing
      through passage 34, these exhaust gases are, in and of themselves, very
      hot and the burning of pilot fuel 90 therewith is not necessary to produce
      an autoignitable mixture when mixed with the fan air. In such an engine
      construction, secondary fuel is injected directly from stations such as 91
      and 98 into pilot region 82 to form a hot, fuel-rich and autoignitable
      mixture with the engine exhaust gases in region 82 and for discharge
      therefrom and accelerated mixing and burning with the fan air vortices
      generated by airfoils 54. In such a construction, the core engine airfoil
      generators 92 and 94 may be used to serve a mixing function downstream
      thereof or may be omitted.
PAR  The vortex generators illustrated in the various embodiments already
      described may be of the swept wing variety shown in FIG. 10 and 11, in
      which the vortex generator, such as 54, consists of two wing sections 100
      and 102, which are joined at station 104 and sweep back therefrom at an
      angle of about 30.degree. on each side thereof, and taper at their
      afterends 106 to define an angle of about 20.degree.. While other
      dimensions will suffice for different embodiments, we have found that the
      thickness T of FIG. 10-11 swept wing vortex generator should be about
      0.125 inch, the dimension A thereof shown in FIG. 10 should be about 1.410
      inches, and the dimension B thereof shown in FIG. 10 should be about 2.815
      inches.
PAR  The vortex generators shown in the several embodiments previously described
      might also be of the delta wing shape shown in FIGS. 12 and 13. The vortex
      generator 54 so illustrated is of the sharp edge variety in which, as best
      shown in FIG. 13, the edge of the generator 54 throughout its periphery is
      machined so that it has a flat surface 108, spaced from parallel flat
      surface 110, which are joined by an inclined surface 112, forming an angle
      with the perpendicular of about 83.degree. .+-. 1.degree. as illustrated
      or, defining an included angle of about 7.degree. .+-. 1.degree.. The
      angle formed by side sharp surfaces 114 and 116 of the delta wing vortex
      generator is about 76.degree. .+-. 1.degree. with the perpendicular so as
      to define an angle of a therebetween of about 28.degree. .+-. 2.degree..
      Angles b and c are equal. While other dimensions will suffice for other
      embodiments, we have found that our delta wing generators perform well
      when the dimension C of FIG. 12 is 6.850  inches and the dimension D of
      FIG. 12 is 1.720 inches.
PAR  As previously mentioned, the vortex generators 54, or any of the other
      vortex generators for trigger mechanisms, may be retractable. An
      embodiment of such a configuration is shown in FIGS. 14 and 15 wherein
      delta shaped vortex generators 54 is pivotally connected to case 30 at
      pivot points 118 and 120 and is pivotally connected at its third corner to
      one end 122 of link 124 which is, in turn, pivotally connected at its
      opposite end 126 to piston arm 128 of conventional cylinder-piston
      actuator 130, which may be hydraulically or pneumatically actuated or
      which may, in fact, be an electric motor or any other prime mover. With
      the FIG. 14-15 construction, it will be noted that with arm 128 extended,
      vortex generator 54 is in its phantom line retracted position to offer
      minimum resistance to fan air flow through passage 26, and that when arm
      128 is withdrawn to its fully withdrawn position, the vortex generator 54
      is in the solid line position to form vortices from the tips thereof for
      passage into combustion zone 52 as a series of circumferentially
      positioned vortices of fan air.
PAR  We wish it to be understood that we do not desire to be limited to the
      exact details of construction shown and described, for obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mixed flow turbofan engine having an inlet and an outlet and having:
PA1  A. a core engine enveloped within an engine case having an inlet and an
      outlet and being of circular cross section and concentric about the engine
      axis and mounted to define a first passage through which core engine
      exhaust gases are passed,
PA1  B. a fan section enveloped within a fan case having an inlet and an outlet
      and being of circular cross section and which envelops and is concentric
      with said engine case to define a first annular passage therebetween
      through which fan air is passed and which extends downstream of the engine
      case to define an augmentation burner therewithin,
PA1  C. a pilot zone case having an inlet and an outlet and being of circular
      cross section and concentric about the engine axis and supported within
      the engine case with its inlet located at an axial station upstream of the
      engine case outlet so that the fan case, the engine case and the pilot
      zone case cooperate to define an annular pilot combustion zone between the
      fan and pilot cases and downstream of the engine case, and which pilot
      zone case defines a second annular passage with the engine case in the
      form of an annular pilot zone having an open upstream end to receive
      therein exhaust gases from the core engine,
PA1  D. means to introduce fuel into said pilot zone for mixing therein with the
      exhaust gases of the core engine and for discharge therefrom at the engine
      case outlet for mixing and combustion with the fan air, and
PA1  E. a plurality of vortex generators positioned within the first annular
      passage and located circumferentially thereabout to cause the fan air to
      be discharged from said first annular passage and into the pilot
      combustion zone as a plurality of vortices to thereby accelerate mixing
      and combustion with said fuel from said pilot combustion chamber.
NUM  2.
PAR  2. A turbofan engine according to claim 1 and including trigger mechanism
      located circumferentially about the outlet of said engine case and shaped
      to generate forced radial currents of hot autoignitable vaporized mixture
      from the pilot zone to accelerate mixing and burning between the vaporized
      mixture and the fan air in the pilot combustion zone.
NUM  3.
PAR  3. A turbofan engine according to claim 1 wherein said vortex generators
      are shaped so that adjacent generators generate fan air vortices rotating
      in opposite directions and including trigger mechanisms located
      circumferentially about the outlet of said engine case and positioned
      between adjacent vortex generators and shaped to generate a forced radial
      current of hot autoignitable vaporized mixture from the pilot zone to
      accelerate mixing and burning between the vaporized mixture and the fan
      air in the pilot combustion zone.
NUM  4.
PAR  4. A turbofan engine according to claim 3 wherein said trigger mechanism
      consists of radially outwardly extending convolutions in said engine case
      and terminating in a maximum radial amplitude station at the engine case
      outlet.
NUM  5.
PAR  5. A turbofan engine according to claim 4 wherein said vortex generators
      comprise:
PA1  A. a first circumferentially extending row of vortex generators formed as
      vortex generator pairs which are shaped to generate vortices in opposite
      directions, and
PA1  B. a second row of vortex generators positioned radially outwardly thereof
      and shaped to generate vortices rotating in the same direction and each
      positioned to be radially outwardly of one of the trigger mechanism
      convolutions or a vortex generator pair from the first row and wherein
      said convolutions are canted circumferentially.
NUM  6.
PAR  6. A turbofan engine according to claim 1 and including air scoop means
      positioned circumferentially about said engine case at a station axially
      downstream of said fuel introducing means and shaped to communicate with
      the pilot zone and to extend into said first annular passage to intercept
      selected quantities of fan air and direct them into the pilot zone.
NUM  7.
PAR  7. A turbofan engine according to claim 6 and including means to introduce
      fuel into said pilot zone at a station downstream of said air scoop means.
NUM  8.
PAR  8. A turbofan engine according to claim 7 wherein said fuel injection means
      is positioned a sufficient distance from the engine case outlet so that
      fuel injected therethrough is either fully vaporized or fully burned
      before being discharged into said pilot combustion zone.
NUM  9.
PAR  9. A turbofan engine according to claim 6 wherein said scoop members are
      retractable.
NUM  10.
PAR  10. A turbofan engine according to claim 1 wherein said vortex generators
      are retractable.
NUM  11.
PAR  11. A turbofan engine according to claim 1 wherein said vortex generators
      are of half-delta shape.
NUM  12.
PAR  12. A turbofan engine according to claim 1 wherein said pilot burner case
      inlet is located a sufficient distance axially upstream of the engine case
      outlet and wherein the fuel introducing means is located a sufficient
      distance axially upstream of the engine case outlet that the fuel
      introduced to the pilot combustion chamber is mixed therein with the
      exhaust gases of the core engine and fully vaporized before discharge
      therefrom so as to autoignite upon contact with the fan air in the pilot
      combustion zone.
NUM  13.
PAR  13. A turbofan engine according to claim 1 wherein the outlet of the engine
      case is positioned a selected distance axially forward of the outlet of
      the pilot case so that complete combustion occurs in the pilot combustion
      zone before mixing and dilution with the core engine exhaust gases passing
      through the pilot case outlet.
NUM  14.
PAR  14. An engine according to claim 1 wherein said vortex generators are of
      swept wing shape.
NUM  15.
PAR  15. An engine according to claim 1 wherein said vortex generators are of
      delta wing shape.
NUM  16.
PAR  16. An engine according to claim 2 wherein said vortex generators are of
      swept wing shape.
NUM  17.
PAR  17. An engine according to claim 2 wherein said vortex generators are of
      delta wing shape.
NUM  18.
PAR  18. A mixed flow turbofan engine having an inlet and an outlet and having:
PA1  A. a core engine enveloped within an engine case having an inlet and an
      outlet and being of circular cross section and concentric about the engine
      axis and mounted to define a first passage through which core engine
      exhaust gases are passed,
PA1  B. a fan section enveloped within a fan case having an inlet and an outlet
      and being of circular cross section and which envelops and is concentric
      with said engine case to define a first annular passage therebetween
      through which fan air is passed and which extends downstream of the engine
      case to define an augmentation burner therewithin,
PA1  c. an annular pilot zone chamber having an inlet communicating with the
      first passage and an outlet communicating with the augmentation burner so
      that the inlet of said annular pilot zone chamber receives engine exhaust
      gases from said first passage and having:
PA2  1. an outer wall adjacent said first annular passage,
PA2  2. an inner wall adjacent said first passage and cooperating with said
      outer wall to define an annular pilot zone therebetween, and
PA2  3. means to inject pilot fuel into said pilot zone to be vaporized therein
      by the engine exhaust gases for discharge therefrom as a hot,
      autoignitable vaporized fuel mixture, and
PA1  D. a plurality of vortex generators positioned within said first annular
      passage and located circumferentially thereabout adjacent said pilot
      burner outer wall to cause the fan air to be discharged from said first
      annular passage thereover and into said augmentation burner as a plurality
      of vortices to thereby accelerate mixing and combustion therein between
      said fan air and said hot, autoignitable, vaporized fuel mixture.
NUM  19.
PAR  19. An engine according to claim 18 and including trigger mechanism located
      circumferentially about the outlet into pilot zone chamber outer wall and
      shaped to generate forced radial currents of said pilot zone mixture
      across said first annular passage to cooperate with the fan air vortices
      to accelerate mixing and burning between the pilot zone mixture and the
      fan air.
NUM  20.
PAR  20. An engine according to claim 19 and including means to inject fuel into
      said first annular passage so that a fan air-fuel mixture is discharged
      into the augmentation burner as vortices.
NUM  21.
PAR  21. An engine according to claim 19 and including:
PA1  A. means to discharge fuel into said first passage to mix with said core
      engine exhaust gases to produce a fuel rich mixture of engine exhaust
      gases, and
PA1  B. a plurality of vortex generators positioned within said first passage
      and located circumferentially thereabout adjacent the pilot zone chamber
      inner wall to cause the fuel rich engine exhaust gases to be discharged
      from the first passage and into the augmentation burner as a plurality of
      vortices to thereby accelerate mixing and combustion between said pilot
      zone mixture and said core engine fuel rich exhaust gas mixture in said
      augmentation burner.
NUM  22.
PAR  22. An engine according to claim 21 and including trigger mechanism located
      circumferentially about the outlet into pilot zone chamber inner wall and
      shaped to generate forced radial currents of said pilot zone mixture
      across said first passage to cooperate with the fuel rich mixture of
      engine exhaust gas vortices to accelerate mixing and burning between the
      pilot zone mixture and the fuel rich mixture of engine exhaust gas.
NUM  23.
PAR  23. An engine according to claim 21 and including means to inject fuel into
      said first annular passage so that a fan air-fuel mixture is discharged
      into the augmentation burner as vortices and wherein said fuel injection
      means for said first annular passage and said first passage are located
      adjacent the vortex generator pluralities in those passages.
NUM  24.
PAR  24. An engine according to claim 23 wherein said trigger mechanisms are
      axially displaced.
NUM  25.
PAR  25. An engine according to claim 21 wherein said vortex generators are
      swept wing shaped.
NUM  26.
PAR  26. An engine according to claim 21 wherein said vortex generators are
      delta wing shaped.
NUM  27.
PAR  27. An engine according to claim 21 wherein the trigger mechanisms are
      corrugated rings connected to the outlet of the inner and outer walls of
      the pilot zone chamber and shaped so that the maximum amplitude of the
      corrugation is at the trigger mechanism farthest downstream station, and
      wherein the vortex generators of each plurality are positioned between
      corrugations.
NUM  28.
PAR  28. An engine according to claim 18 wherein said vortex generators are
      retractable.
NUM  29.
PAR  29. In a mixed flow turbofan engine, augmentation combustion apparatus
      having an axis and an inlet end and an outlet end and including:
PA1  A. a first case having an inlet and an outlet and being of substantially
      circular cross section and positioned concentrically about the axis to
      define a first passage therewithin,
PA1  B. a second case having an inlet and an outlet and being of substantially
      circular cross section and concentric about said axis and enveloping said
      first case to define a first annular passage therebetween and extending
      downstream of the first case outlet,
PA1  C. a third case member having an inlet and an outlet and being of
      substantially circular cross section and concentric about said axis and
      positioned within said first case member to define a second annular
      passage therebetween and extending a selected distance axially of the
      first case outlet to define an annular pilot zone therebetween and shaped
      to cooperate with said first and second cases to define an annular
      augmentation combustion chamber,
PA1  D. means to pass air through said first annular passage,
PA1  E. a plurality of vortex generators positioned in said first annular
      passage and located circumferentially therearound to cause the air being
      passed through said first annular passage to enter said combustion chamber
      as a series of circumferentially spaced vortices,
PA1  F. means to pass heated gas through said first passage and said second
      annular passage,
PA1  G. means to inject fuel into said second annular passage a sufficient
      distance upstream of said first case outlet so that said fuel will mix
      with and be vaporized by said hot gas before being discharged into said
      combustion chamber for rapid mixing and combusting with said vortices of
      air therein, and
PA1  H. wherein said first case is the core engine case, wherein said second
      case is the fan case and wherein the third case is a pilot zone case,
      wherein said air is fan air, and wherein said hot gas is core engine
      exhaust gas.
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ABST
PAL  A nuclear power plant includes a steam generator supplied via an input
      inlet with feed water heated by reactor coolant to generate steam, the
      steam being conducted to a steam engine having a high pressure stage to
      which the steam is supplied, and which exhausts the steam through a
      reheater to a low pressure stage. The reheater is a heat exchanger
      requiring a supply of hot fluid. To avoid the extra load that would be
      placed on the steam generator by using a portion of its steam output as
      such heating fluid, a portion of the water in the steam generator is
      removed and passed through the reheater, this water having received at
      least adequate heating in the steam generator to make the reheater
      effective, but not at the time of its removal being in a boiling
      condition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a nuclear power plant, the reactor being of the
      pressurized-water coolant type and its coolant being circulated through a
      steam generator having a feed water inlet and in which the feed water
      generates steam which is used to power a steam engine, such as a turbine,
      having a low pressure stage and a high pressure stage, the mechanical
      rotary power produced by the turbine driving a generator producing
      electric power, for example.
PAR  The steam generator is in the form of a vertical cylindrical casing
      containing a horizontal circular tube sheet in which the ends of the
      vertical legs of an inverted U-shaped nest of heat exchanging tubes are
      mounted, the casing below this tube sheet being constructed to form a
      coolant inlet manifold for the inlet end of the tube nest, and a coolant
      outlet manifold for the outlet end of the next. The manifolds are in
      circuit with the coolant circuit of the reactor, the coolant 2 passing
      through the tube nest. The casing extends above the tube sheet and its
      upper portion is provided with a steam outlet, a feed water inlet
      supplying feed water to the casing above the tube sheet and which
      vaporizes and generates steam. The feed water must be pumped into the
      casing against the steam pressure by one or more feed water pumps and the
      feed water is introduced to the water already in the casing, through a
      feed water reheater inside of the casing and receiving heat from the
      outlet leg of the tube nest. Above the tube nest the steam generator's
      casing contains at least one water separator for removing water from the
      generated steam before leaving the steam generator, and possibly a coarse
      water separator followed by a fine water separator.
PAR  The steam from the steam generator goes to the high pressure stage of a
      turbine, the exhaust from there then going through a reheater and to a low
      pressure stage of the turbine, the exhaust of which is handled in a normal
      manner.
PAR  The above steam reheater is a heat exchanger of the counter flow type
      requiring a supply of hot fluid, and this supply has heretofore been steam
      taken from the output of the steam generator, thus placing on the latter
      an extra load above that required to power the turbine. When the turbine
      load changed unstable operation was possible, condensate shock or backup
      of the steam condensate discharged from the reheater necessitating the
      reheater being designed as a heat exchanger of larger size when might
      otherwise have been necessary. Also, the additional load on the steam
      generator required the latter to be operated at higher capacity, placing
      undesirable stress on the steam lines and fittings and on the water
      separators within the steam generator. Because more steam was required
      than was necessary to power the turbine, more feed water had to be
      constantly introduced to the steam generator, requiring a larger capacity
      feed water pump than what otherwise would have been necessary. Using steam
      as the heating medium for the reheater, the latter had to be provided a
      condensate cooler for the exhausting steam, a condensate decompressor and
      other equipment.
PAR  Because of the need for additional steam required by the reheater, a larger
      amount of water was required to be boiled off in the steam generator,
      leaving undesirable deposits of salts and the like unavoidably included by
      the feed water. To constantly circulate the water in the steam generator,
      the latter had to be provided with an annular descent space surrounding
      the tube nest with its lower end spaced above the tube sheet to provide
      for thermal circulation, requiring the generator casing to be larger and
      therefore more expensive.
PAR  During start-up and shut-down of the nuclear reactor, a complicated system
      of multiple emergency feed water pump equipment, emergency feed water
      lines and deionate supply tanks, were required to remove the residual heat
      via the steam generator functioning as a heat exchanger.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to eliminate the objectionable
      features described above and to provide the described type of nuclear
      power plant with a simpler construction.
PAR  According to the invention, the previously described reheater is supplied
      with heating fluid by removing a portion of the feed water from the steam
      generator and passing it through the reheater and back to the steam
      generator. The water is removed from the steam generator after it has been
      heated adequately but not while it is in a boiling condition containing
      steam. Solid or dead water is removed from the steam generator after its
      temperature has been elevated sufficiently. The feed water leaving the
      reheater may go back to the steam generator by a pump which boosts its
      pressure but the power required for this purpose is not excessive. In this
      way the complications of handling steam are eliminated, the entire steam
      output of the steam generator is available to power the turbine, the size
      of the steam generator may be reduced, the feed water pumping equipment
      may be made of smaller capacity and other advantages are obtained as well.
PAR  The feed water is removed from the steam generator, when the latter is
      designed for thermal water circulation, at a location adjacent to the
      center of the tube sheet so that feed water ordinarily fed from the
      descent space to the latter radially inwardly over the tube sheet, is
      effectively maintained at a flow rate reducing its risk of local boiling
      and causing deposits. In another form of the invention the vertical
      circulation of the feed water within the steam generator is effected by
      removing a major amount of the feed water required by the reheater from
      water collected by the water collector in the steam generator, and a small
      amount from adjacent to the upper surface of the tube sheet. After passage
      through the reheater all of the water is returned to the bottom portion of
      the generator, via its preheater, together with any additional feed water
      required, thus effecting a forced vertical circulation of the water within
      the steam generator. This eliminates the need for the shell surrounding
      the tube nest to provide the descent space required for thermal
      circulation, permitting the steam generator to be reduced in size, keeping
      in mind that its size may be inherently reduced because of the reduction
      in its  required output capacity effected by relieving it of the necessity
      of producing steam for the reheater.
PAR  Another feature of the invention is that to remove the residual heat during
      start-up and shut-down of the reactor via the steam generator, the portion
      of feed water removed for the reheater may be by-passed around the
      reheater, sent through a cooling heat exchanger and via a pump, returned
      to the steam generator, the cooling heat exchanger receiving cooling fluid
      via the usual nuclear intermediate cooling circuit which must always be in
      operational readiness for safety reasons. This eliminates the former
      complicated system of emergency feed water pumps and lines and deionate
      supply tanks.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated by the accompanying drawings in which:
PAR  FIG. 1 is a graph showing the temperature and amount of heat prevailing in
      the steam generator of a pressurized-water coolant nuclear reactor system;
PAR  FIG. 2 diagrammatically illustrates a power plant embodying the invention;
PAR  FIG. 3 schematically illustrates in vertical section one type of steam
      generator previously described, and
PAR  FIG. 4 is the same as FIG. 3 but shows another example.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 the graph shows the temperature and the amount of heat which
      prevail in the steam generator of a nuclear power plant with a
      pressurized-water reactor. Line 1 shows the temperature of the primary
      water which flows through the steam generator. Through heat transfer to
      the secondary-side feed water, the primary water is cooled down from the
      input temperature on the right-hand side of the diagram to the output
      temperature.
PAR  Normally, the feed water is preheated from the starting temperature T.sub.o
      along the line 4 up to the evaporation temperature at the line 5. This
      evaporation temperature is lower by the temperature difference .DELTA.
      t.sub.1 than the temperature of the primary water, as the heat transfer
      requires a certain temperature gradient. According to the invention,
      however, more heat is expended along the line 6, as part of the preheated
      feed water serves to heat the superheater. The steam temperature thereby
      rises to the value indicated by the line 7, where again approximately the
      same temperature difference .DELTA. t.sub.2 against the primary water
      prevails.
PAR  Referring to FIG. 2, a pressurized-water coolant reactor 10 is the heat
      source in this instance, the coolant being circulated through the
      previously described tube nest of the steam generator 11, later described
      in detail, and back to the reactor under the force of a coolant pump 12;
      this is a closed circuit. The steam output of the generator 11 is fed
      through a line 13 to a two-stage steam turbine 15, the steam going first
      into the high-pressure stage 16, then through a water separator 17,
      through the previously described reheater, or reheat-superheater 18, and
      then to the low presure stage 20 of the turbine 15.
PAR  As the heating means for the reheater 18, a line 22 removes the portion of
      the feed water required by the steam generator 11, from a feed water
      preheating zone indicated at 14. The details of this are described
      hereinafter, but for the present it is sufficient to understand that it
      may be any portion of the feed water in the steam generator 11 which has
      been heated to temperatures making it effective in the reheater, but which
      is solid water free from steam, being under the pressure prevailing in the
      steam generator. The feed water leaves the reheater 18, having given up a
      substantial portion of its heat to the steam line going to the low
      pressure stage 20 of the turbine 15, by way of a line 23, valve 24,
      pressure boosting pump 25, a check valve 26 preventing reverse flow, and
      line 30 to the feed water line 28 which feeds the input water constantly
      to the steam generator 11 required for the latter's steam output. If due
      to a pressure reduction, the feed water has converted to or contains steam
      in the line 30, the cold feed water in the line 28 condenses such steam
      back into water. The feed water is supplied to the line 28 under adequate
      pressure in the usual manner through the usual control valve 31, and it is
      to be noted that the line 30 connects with the line 28 between the feed
      water valve 31 and the steam generator. Therefore, the feed water circuit
      starting at the line 22 and ending at the line 30 and via the line 28 to
      the steam generator, has only a very small pressure drop. Consequently the
      circulating pump 25 does not require very much power, its output pressure
      being less than 15 bar in a typical installation.
PAR  To provide for the heat removal required during start-up and shut-down of
      the reactor 10, and for emergency cooling when needed, the line 22, to
      by-pass the reheater 18, connects with a line 42 which carries the feed
      water removed from the steam generator 1, through a cooling heat exchanger
      43 and from there through a control valve 45, a pressure boosting pump 33,
      a reverse flow preventing check valve 34 and so via a line 35, to the line
      30 which connects with the feed water line 28. For cooling, the heat
      exchanger 43 is connected in circuit with the nuclear intermediate cooling
      circuit 44 which is always in operational readiness, so that this system
      which with its pump 33 is in parallel with its previously described
      reheater feed water circuit, is available to provide cold feed water
      directly to the steam generator when necessary. The valves 24 and 45 are
      control valves for the two circuits.
PAR  With the above parallel circuit, emergency cooling of the reactors
      pressurized-water coolant, is always available via the steam generator 11.
      This eliminates the need for the customary equipment used for this purpose
      and previously described.
PAR  Under normal operating conditions the turbine 20 powers an electric
      generator G. Its preheater 18 is supplied with heating fluid via the
      circuits including the lines 22, 23 and 30 back to the feed water input
      line 28.
PAR  Neither of the circulating pumps 25 and 33 consume very much power. They
      are only required to raise the feed water pressure a little above the
      pressure reduction resulting from passage through either the reheater 18,
      or the cooling heat exchanger 43 as the case may be. Both circuits
      concerned, are closed and operate under the steam generator water
      pressure.
PAR  A quantitative estimate of the advantages of the invention is possible by
      the following Table, in which the reheating with live steam is compared
      with the reheating according to the invention for the example of a
      pressurized-water reactor with 650 MWe, at a live-steam pressure of 70 bar
      with 0.25 percent moisture and a steam-generator entrance temperature
      (preheating end and water return temperature) of 215.degree.C.
TBL  __________________________________________________________________________

     Reheating by:          Live Steam                                         

                                   Hot Water                                   

     __________________________________________________________________________

     Quantity of steam to turbine                                              

                         kg/s                                                  

                             920   920                                         

     Quantity of steam to reheater                                             

                         "   80    --                                          

     Quantity of steam to steam drier                                          

                         "  1000   920                                         

     Water removed from steam generator                                        

                         "   10    430                                         

     Water throughput, preheating zone                                         

                         "  1010   1350                                        

     Water throughput, feed pump + high-                                       

     pressure preheater  "  1010   930                                         

     Water throughput, circulating pump                                        

                         "  --     420                                         

     Water throughput, elutriating                                             

     decompressor        "   10     10                                         

     Input temperature, elutriating                                            

     decompressor         .degree.C                                            

                             284   215                                         

     __________________________________________________________________________

PAR  FIG. 3 shows an example of a typical steam generator which may be used as
      the steam generator indicated at 11 in FIG. 2.
PAR  In this instance, a vertical cylindrical casing 51 encloses the inverted
      U-shaped nest of tubes 52, indicated by broken lines, through which the
      reactor coolant is circulated, the vertical legs 52a and 52b of this nest
      being mounted in a horizontal circular tube sheet 53. The inlet manifold
      below the tube sheet has a reactor coolant inlet 54, the coolant
      circulating up through the nest leg 52a and down through the outlet leg
      52b to the outlet manifold below the tube sheet 53, and back to the
      reactor via a coolant outlet 55.
PAR  This steam generator normally operates with natural or thermal circulation,
      the feed water entering via 68 going through a preheater 64 surrounding
      the outlet leg of the tube nest, and into the descent space 58 formed by
      the shell 58a which surrounds the tube nest in spaced relationship
      relative to the casing 51, and having its lower end spaced above the tube
      sheet 53 to define an annular space 59, the descending feed water feeding
      radially inwardly over the upper surface of the tube sheet 53 and then
      upwardly. The feed water rises in the boiling space 62 while evaporating
      to form steam, the water being separated by a water separator 58b on top
      of the shell 58a, and the steam leaving via a steam output outlet 13a
      connecting with the line 13 in FIG. 2. When the reheater 18 of FIG. 2 was
      supplied with a portion of this output steam, the steam generator had to
      be large enough to have adequate capacity to meet this extra load, making
      the steam generator more expensive and placing extra loading on the water
      separator 58b. Other trouble, previously described, could also occur.
PAR  In this instance, the feed water supplied to the reheater 18 is removed
      from the steam generator via an elutriating outlet 72 which although not
      specifically shown in FIG. 3, extends to the central portion of the area
      adjacently above the circular tube sheet 53, thus accelerating or
      reinforcing the radial inward flow via the annular inlet 59 from the
      descent space 58 and improving the feed water circulation within the steam
      generator. It is this outlet 72 that connects with the line 22, and inlet
      68 connecting with the line 28, as these lines are shown in FIG. 2. This
      central portion of the tube sheet 53 is indicated at 60.
PAR  The steam generator shown by FIG. 4 again has the inverted U-shaped nest of
      tubes 52 but in this instance the water circulation is a forced flow. In
      this instance the casing 51 contains a coarse water separator 74 and a
      fine water separator 75. The feed water separated from the water-steam
      mixture in the coarse separator 74, is fed from this steam generator
      through a line 77 which connects with the line 22 in FIG. 2, while a
      smaller amount of feed water is removed via a line 78 from an area near
      the upper surface of the tube sheet but not so close to its center 60 as
      in the case of the FIG. 3 example. This line 78 connects with the line 77.
      The line 28 of FIG. 2, connects with the feed water inlet 68 and enters
      this steam generator via a preheater 64, this preheater also feeding a
      small portion of the preheater feed water via a line 82 to the water
      collection portion 83 of the coarse water separator 74 and, being somewhat
      colder than the water in this portion 83 serving to condense possible
      steam to assist in maintaining an easily controlable feed water level
      while preventing steam bubbles from getting into the line 77. The water
      collection portion 83 of the coarse separator 74 has its periphery affixed
      to the inside of the casing 61 and connects with the line 77.
PAR  In the operation of this steam generator of FIG. 4, the outlet 77 supplies
      solid very hot feed water through the line 77 through the line 22 of FIG.
      2, this feed water being above normal boiling temperature because under
      the pressure of the generated steam. After leaving the reheater 18 and
      with its pressure raised by the pump 25, the water returns to the steam
      generator via its feed water inlet 68. Therefore, the water in this steam
      generator is under forced circulation at all times in the boiling space
      62.
PAR  However, the circulation through the line 78 is effected thermally, this
      line being of small capacity relative to the forced circulation and
      serving fundamentally as a elutriating line.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nuclear power plant including a steam generator supplied via an input
      inlet connecting with a source of feed water under pressure, with feed
      water which in the generator is heated by reactor coolant until it boils
      to steam, and a steam engine having a low pressure stage supplied with
      said steam and exhausting the steam through a reheater to a low pressure
      stage; wherein the improvement comprises means for conducting said feed
      water from within said generator to and through said reheater.
NUM  2.
PAR  2. The plant of claim 1 in which said portion is conducted from the feed
      water in the generator at a location where the feed water is not boiling.
NUM  3.
PAR  3. The plant of claim 1 in which said generator contains a horizontal tube
      sheet mounting an upstanding inverted U-shaped nest of tubes for the
      reactor coolant and surrounding by a casing, the input feed water being
      fed to the upper surface of the tube sheet and said means conducting the
      feed water from an area adjacent to said upper surface.
NUM  4.
PAR  4. The plant of claim 1 including means for conducting said portion around
      the reheater and through cooling and pressure increasing means, to said
      generator's feed water supply inlet.
NUM  5.
PAR  5. The plant of claim 1 in which said steam generator includes a feed water
      separator above said tube nest and which collects the feed water separator
      from the generated steam, said means conducting the feed water from that
      collected by this water separator.
NUM  6.
PAR  6. The plant of claim 1 in which said means returns the feed water from
      said reheater to said heat exchanger's feed water inlet and includes means
      for forcing the feed water to circulate.
NUM  7.
PAR  7. The plant of claim 6 in which said steam generator includes a feed water
      preheater for the feed water supplied via said feed water inlet.
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ABST
PAL  A method and arrangement for preventing an underground manhole assembly
      from moving upwards in response to a change in soil conditions beneath the
      assembly are disclosed herein. For example, in the event the soil directly
      beneath the assembly includes substantial moisture and in the event this
      moisture freezes, the latter expands against the base of the assembly and
      in many cases pushes the assembly in an upward direction. The method and
      arrangement disclosed herein eliminates this upward movement by the
      utilization of a pressurized fluid barrier which is maintained between the
      manhole assembly and the soil directly beneath the assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed generally to underground manhole
      assemblies and more particularly to a method and arrangement for
      preventing the assembly from moving upwards in response to a change in
      surrounding soil conditions.
PAR  2. Discussion of the Prior Art
PAR  As is generally known, manhole assemblies are often provided as a juncture
      for joining underground sewer pipes which extend in different directions
      therefrom. Typically, a manhole assembly will include a base which sits
      directly against the soil beneath it. In relatively dry or warm climates,
      the soil surrounding the manhole assembly and particularly the soil
      beneath its base will remain in an unfrozen and/or unexpanded state.
      However, in moist climates where freeze and thaw conditions prevail,
      moisture directly beneath and directly against the manhole assembly tends
      to freeze, causing the soil to expand in an upward direction against the
      base of the manhole assembly. This, in turn, can force the assembly
      towards ground level.
PAR  When the frozen soil thaws, the side pressures exerted against the assembly
      prevent the ladder from moving back to its original position and
      eventually there is further soil build-up beneath the base. Hence, at the
      next freeze period, this procedure is repeated. While each increment of
      upward movement of the assembly is small, after many freeze-thaw cycles,
      the entire manhole assembly can move upwards a substantial distance.
PAR  The foregoing creates two major problems. Firstly, if the manhole assembly
      is located beneath a street or sidewalk, which is generally the case,
      upward movement of the assembly can cause substantial damage to the street
      or sidewalk. This, of course, can create hazardous conditions. Secondly,
      since the manhole acts as an extension or juncture to sewer pipes,
      substantial movement of the manhole produces misalignment which, in turn,
      interferes with the otherwise smooth flow through the sewer pipes. This,
      in turn, can produce a pressure problem within the sewer pipes and also
      can create a static condition within the latter, causing sewage to settle
      in the manhole, thereby creating a maintenance problem.
PAR  The aforedescribed freeze-thaw conditions can also exist along the sides of
      the manhole assembly. In this regard, many manhole assemblies are
      constructed in sections which are stacked on top of one another. It has
      been discovered that ice along the periphery of a given section of the
      assembly, during the freeze cycle, grips the assembly section as the ice
      expands and raises the section upward. As this occurs, gravel and/or other
      debris may collect between the raised section and the section directly
      below it, preventing the raised section from returning to its normal
      position. After many freeze-thaw cycles, the overall upward movement of
      any given manhole section may be substantial, resulting in the same
      problems discussed above.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an underground manhole
      assembly which is especially suitable in moist climates including seasonal
      freeze-thaw conditions.
PAR  Another object of the present invention is to provide an underground
      manhole assembly which is not forced towards ground level in response to
      changes in freeze-thaw conditions under the assembly.
PAR  A further object of the present invention is to provide a method for
      preventing cyclic freeze-thaw soil conditions beneath an underground
      manhole assembly from forcing the latter to ground level.
PAR  The foregoing objects, as well as other objects and features, are achieved
      by the present invention which provides a method and arrangement for
      preventing changes in soil conditions beneath an underground manhole
      assembly from forcing the latter toward ground level. In this regard,
      manhole assemblies generally include an underground base, a lid readily
      accessible from ground level and underground sidewall means, all of which
      together cooperate to define the manhole. In accordance with one aspect of
      the present invention, a pressurized fluid barrier, preferably an air
      barrier, is provided between the base of the manhole assembly and the
      unfrozen soil beneath the base. In the event any moisture which is located
      beneath the barrier, either alone or within the soil, freezes and expands,
      it will expand into the barrier and not directly against the base. Hence,
      no appreciable upwardly directed forces will be applied against the
      manhole assembly for otherwise forcing the ladder toward ground level.
PAR  Some manhole assemblies are constructed in sections, as stated above. In
      accordance with another aspect of the present invention, in the event one
      or more of these sections are moved toward ground level by freeze
      conditions along their periphery, gravel and other foreign matter is
      prevented from entering between the raised section or sections and
      adjacent lower sections. Hence, during the thaw cycle, the raised section
      can readily return to its original position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view illustrating an underground manhole
      assembly constructed in accordance with the present invention.
PAR  FIG. 2 is a vertical sectional view of a portion of a manhole assembly
      which is constructed in accordance with the present invention and which
      includes a plurality of sections.
DETD
PAC  DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS
PAR  Turning to the drawing, FIG. 1 illustrates an underground manhole assembly
      which is constructed in accordance with the present invention and which is
      generally designated by the reference numeral 10. The assembly typically
      includes a lid 12 positioned at ground level (generally designated by the
      reference numeral 14), a base 16 located below the lid and a substantial
      distance from ground level and continuous sidewall means 18. Together, the
      lid 12, base 16 and sidewall means 18 define a manhole 20 which acts as a
      juncture between incoming and outgoing sewer pipes 22, as illustrated in
      FIG. 1. In this manner, any sewage which is to pass from one sewer pipe to
      the other sewer pipe, flows through the manhole.
PAR  In accordance with the present invention, assembly 10 includes an
      arrangement 24 for preventing a change in soil conditions beneath base 16
      from forcing the base, sidewall means and lid upwards. More specifically,
      during wet but warm climatic conditions, water and/or water containing
      soil, generally designated soil 26, resides beneath base 16. During a
      freezing period, this water and/or water containing soil 26 freezes up and
      expands. As will be seen hereinafter, arrangement 24 prevents this
      expansion from producing any appreciable forces against base 16 of manhole
      assembly 10 and therefore prevents upward movement of the latter in
      response to such changes in the soil condition.
PAR  To achieve the foregoing and in accordance with a preferred embodiment of
      the present invention, arrangement 24 includes a pan-like member 28
      comprising a top side 30 and a circumferential sidewall 32 formed around
      the periphery of the top side. As illustrated, the top side is positioned
      below and against the bottom of base 16 such that the sidewall 32 extends
      downwardly therefrom. In this regard, the top side is preferably at least
      approximately as large as the base so as to engage against substantially
      the entire bottom surface of the base.
PAR  With pan-like member 28 in the aforedescribed position, the top side 30 and
      sidewall 32 together define a chamber 34 which is opened to soil 26. In
      fact, initially the water and/or water containing soil may be at least
      partially located within the chamber. After the pan-like member has been
      initially positioned under base 16, and while the water and/or water
      containing soil is in an unfrozen state, fluid under pressure, preferably
      air, is directed into chamber 34 with sufficient pressure to prevent the
      soil in the chamber from resting directly against top side 30, thereby
      creating a pressurized barrier between the top side and the unfrozen soil.
      In this regard, sidewall 32 should be of sufficient depth to provide a
      substantially deep barrier between base 30 and the soil. In addition,
      there should be sufficient soil around the sidewall to prevent the
      pressurized air from appreciably leaking under the sidewall and out of the
      chamber.
PAR  To produce the barrier, arrangement 24 preferably includes a conduit 36
      located within the manhole 20, through base 16 and the top side 30 of the
      pan-like member and into the chamber 34. The conduit, as illustrated, can
      include one outlet point within the chamber or may be designed to include
      a plurality of outlet points spaced throughout chamber 34 so as to more
      uniformly apply the pressurized air to the chamber. In addition, the
      conduit includes a shut-off valve 38 to prevent the pressurized air within
      the chamber from escaping therethrough. In this connection, as long as the
      soil 26 is sufficiently non-porous so as to prevent the pressurized air
      from escaping from chambers 34 therethrough, the pressurized barrier may
      be maintained for a long period of time, for example, months.
PAR  The exact amount of pressure required in creating and maintaining the
      aforedescribed barrier within chamber 34 will depend upon several factors.
      One such factor is the size of the barrier, that is, the volume of space
      to be pressurized between the soil 26 and top side 30 within the chamber.
      Another factor is the amount of force, i.e., air pressure, required in
      maintaining the water and/or water containing soil away from top-side 30
      while water and/or water containing soil is in an unfrozen state. The
      specific depth of the barrier must, of course, be sufficient to allow
      expansion of the soil during a freeze without the soil applying any
      appreciable forces directly against top side 30 and therefore against base
      16. In other words, the barrier must be sufficiently deep to allow the
      soil to expand into it without appreciably engaging against top side 30.
      These specific factors and therefore the required air pressure can be
      readily determined in view of the teachings of the present invention.
PAR  In actual operation, when manhole assembly 10 including arrangement 24 is
      initially installed, which obviously should be done in warm climatic
      conditions or at least in non-freezing conditions, some soil 26 will
      probably be located within the chamber 34. This soil should be initially
      located or otherwise forced away from top side 30. Once the assembly is in
      position, air is applied through the conduit 36 with sufficient pressure
      to force or, in any case, maintain this soil away from top side 30 to
      produce the barrier of the desired depth. The pressure must, or course, be
      sufficient to maintain this barrier during non-freeze conditions. Now, in
      the event the soil does freeze, it will expand into the barrier and not
      directly against the top side. Hence, this will eliminate the application
      of substantial forces against the top side which would otherwise tend to
      force the base upwardly towards ground level. In this regard, in order to
      prevent pan-like member 28 from slipping laterally relative to base 16,
      coarse gravel 35 or other such means may be provided in the chamber 34 to
      hold the member in place. The gravel or other such means must, however, be
      sufficiently coarse to provide spaces between individual components. These
      spaces must be of sufficient size and quantity to maintain the
      aforedescribed barrier and allow expansion of soil 26 into the spaces.
PAR  In summarizing the foregoing, the pressurized barrier prevents unfrozen
      water and/or water containing soil within chamber 34 from directly
      contacting the top side 30 of inverted pan 28. Hence, when the water
      and/or water containing soil does freeze and expand upwardly, it expands
      into the barrier and not directly against the pan and manhole assembly
      generally. During this expansion, it should be noted that the pressure
      within the chamber 34 will increase slightly or some of the pressurized
      air forming the aforedescribed barrier may escape through soil or through
      a one-way release valve (not shown) which may be provided for this
      purpose. Hence, after the freeze cycle and after the soil has thawed,
      introduction of further pressurized air in the chamber may be necessary.
PAR  As stated above, manhole assemblies are often constructed in sections. As
      illustrated in FIG. 2, a portion of a manhole assembly 10a is shown.
      Assembly 10a, unlike assembly 10, is comprised of a plurality of
      subsections 18a, 18b, 18c and so on, depending on the number of such
      subsections. These subsections are positioned in an aligned stack so that
      together they define a manhole 20a.
PAR  As also stated above, if the soil around the aforedescribed subsections
      freezes, this frozen soil during expansion may tend to grip and raise one
      of the subsections, for example subsection 18a, upwardly creating a space
      between this subsection and the next lower subsection, for example
      subsection 18b. If this occurs, gravel, soil or other such matter can move
      between the subsection, preventing the raised one from returning to its
      initial position during a subsequent thaw period. Repeated freeze-thaw
      cycles may produce substantial upward movement of the subsections of
      assembly 10a.
PAR  In accordance with the present invention, each of the subsections of
      assembly 10a, except for example the lower most subsection, includes a
      circumferential skirt 40 which is of a shape corresponding to the
      periphery of an associated subsection. As illustrated in FIG. 2, each
      skirt extends around and is preferably suitably fixed (not shown) to the
      lower end portion of its associated subsection and depends a predetermined
      distance from the lower end thereof. Hence, with the subsections
      positioned in an aligned stack, as shown, the skirt associated with, for
      example, subsection 18a extends below this subsection and around a top
      portion of subsection 18b.
PAR  From the foregoing, it should be apparent that if, for example subsection
      18a is forced upward due to a freeze, its associated skirt 40 will also
      move upward. In this respect, the associated skirt must depend a
      sufficient distance from the lower end of subsection 18a so as to maintain
      the resulting space between this subsection and subsection 18b closed from
      external matter. This, in turn, prevents foreign matter from entering
      between the two subsections and thus allows the raised subsection to
      return to its original position during a subsequent thaw period.
      Therefore, repeated freeze thaw cycles will not produce cumulative raising
      of the subsections.
PAR  It should be apparent that the skirts could be connected with the tops of
      their respective subsections and extend upwardly therefrom to produce the
      aforedescribed results. In this case, the lowermost subsection would
      include a skirt and the uppermost subsection would, for example, not
      require a skirt. Assembly 10a may, of course, include an arrangement 24 in
      addition to skirts 40. In fact, a manhole assembly comprised of
      subsections may include only air arrangement 24.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an underground manhole assembly including an underground base, a lid
      readily accessible from ground level and underground wall means which
      together cooperate to define a manhole, the improvement comprising:
PA1  a. an arrangement at least partially positioned between the base of said
      manhole assembly and soil beneath said base, said arrangement including
      air under pressure between said base and said soil.
NUM  2.
PAR  2. In an assembly according to claim 1 wherein said arrangement includes
      fluid conveyance means for aiding in providing said air under pressure
      after said arrangement is in said position.
NUM  3.
PAR  3. In an assembly according to claim 1 wherein said arrangement includes a
      pan-like member having a closed top, side wall means formed around the
      periphery of said top and an opened bottom, said pan-like member being
      positioned under and against said base so that its opened bottom faces
      towards the soil beneath said base.
NUM  4.
PAR  4. In an assembly according to claim 3 including means for preventing said
      pan-like member from moving in a transverse direction relative to said
      base.
NUM  5.
PAR  5. In an assembly according to claim 1 wherein said underground wall means
      is comprised of a plurality of circumferential sections which are
      positioned in an aligned vertical stack, said improvement including at
      least one circumferential skirt extending around one of said sections and
      having a circumferential portion depending from the lower end of said one
      section, said depending portion extending around on the upper portion of
      an adjacent lower section.
NUM  6.
PAR  6. In an assembly according to claim 5 wherein said skirt is connected,
      with one of said last-mentioned sections.
NUM  7.
PAR  7. In an underground manhole assembly including an underground base, a lid
      readily accessible from ground level and underground wall means which
      together cooperate to define a manhole, the improvement comprising:
PA1  a. a first means defining a chamber between the base of said manhole
      assembly and the soil beneath said base;
PA1  b. fluid under pressure provided within said chamber for preventing said
      soil and any liquids in said soil from substantially completely filling
      said chamber; and
PA1  c. second means for conveying said fluid into said chamber.
NUM  8.
PAR  8. In an assembly according to claim 7 wherein
PA1  a. said fluid is air,
PA1  b. said first means includes a pan-like member positioned against and below
      said base and having a closed top side, side wall means formed around said
      top side and an opened bottom, said opened bottom facing said soil so that
      said member defines said chamber between said soil and the top side of
      said member, and
PA1  c. said second means includes an air conduit means positioned through said
      base and said top side and means for closing the passage through said
      conduit.
NUM  9.
PAR  9. In an assembly according to claim 8 including coarse aggregate matter
      located within said chamber for preventing said pan-like member from
      shifting relative to said base, said matter being of sizes and shapes to
      provide pockets therebetween for the presence of said air under pressure.
NUM  10.
PAR  10. In an underground manhole assembly including an underground base, a lid
      readily accessible from ground level and underground wall means which
      together cooperate to define a manhole, a method of preventing the soil
      beneath the base of said assembly from forcing the base upwards in
      response to the moisture in said soil freezing and expanding, said method
      comprising:
PA1  a. providing a chamber between said base and the soil beneath said base;
      and
PA1  b. applying fluid under pressure to said chamber so as to define a
      pressurized fluid barrier between said base and soil, said barrier being
      of sufficient depth to prevent said soil, when in an unfrozen state, from
      contacting said base and to prevent said soil from applying any
      appreciable force on said base due to a freeze in any moisture in the
      soil.
NUM  11.
PAR  11. A method according to claim 10 wherein said fluid under pressure is
      directed into said chamber with sufficient pressure to maintain said
      barrier so long as the moisture in said soil is in an unfrozen state.
NUM  12.
PAR  12. A method according to claim 11 wherein said fluid is periodically
      directed into said chamber so as to maintain said sufficient pressure.
NUM  13.
PAR  13. A method according to claim 12 wherein said fluid is air.
NUM  14.
PAR  14. In an assembly according to claim 2 wherein said conveyance means is
      located within said manhole.
NUM  15.
PAR  15. In an underground manhole assembly including an underground base, a lid
      readily accessible from ground level and underground wall means which
      together cooperate to define a manhole, the improvement comprising:
PA1  a. an arrangement at least partially positioned between the base of said
      manhole assembly and soil beneath said base, said arrangement including
      air under pressure between said base and said soil beneath said base for
      preventing said soil, when in an unfrozen state, from contacting said base
      and for preventing said soil from applying any appreciable force to said
      base due to a freeze in any moisture in said soil.
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ABST
PAL  In a concrete pile the axially running bars of the reinforcing structure
      are attached to an end collar of the pile by threaded connectors screwed
      into the collar and each enclosing the threaded end of a reinforcing bar.
PARN
PAR  This is a divisional of application Ser. No. 471,899 filed May 21, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention refers to a reinforced concrete pile of the type
      having a collar or similar fitting at least at one of its end, to which
      axially running reinforcing bars are attached. The invention also refers
      to a method of manufacturing such piles, as well as to the collar provided
      at the pile.
PAR  The collars fitted at one or both ends of a concrete pile, may be shaped as
      points, shoes or joint elements, and must be attached to the pile in such
      a manner that they can also take care of tensile strain loads in the pile.
      Hitherto the attaching of the collar has usually been made by means of
      anchor bolts, threaded into the collar and arranged parallel to the axial
      reinforcing bars in the pile. The anchor bolts usually have length of
      about one meter, and as many bolts as axial reinforcing bars are provided,
      fitted intermediate the ends thereof. Hereby a rather tight basket
      structure is obtained, which makes the introduction of the concrete
      compound at the ends of the pile difficult. When such a pile is subjected
      to tensile strain the axial forces cannot be transferred directly from the
      reinforcing bars to the collar, but must pass over to the anchor bolts by
      way of the concrete. This is not well suited for such action, so the
      actual transfer capacity is limited. Similarly the power strokes, when
      driving the pile, will largely have to be transferred from the anchor
      bolts to the reinforcing bars by way of the concrete.
PAR  It has been proposed to weld the axial reinforcing bars to the collar, but
      on the one end such welding will not provide the necessary strength, and
      on the other hand the collar is often made of nodular cast iron and the
      reinforcing bars of high class steel, so a welding will be generally
      difficult.
PAR  For a long time a desire to attach the reinforcing bars directly to the
      collar has been felt, but no simple, reliable solution has been found.
PAC  SUMMARY OF THE INVENTION
PAR  The aim of the present invention is to provide such a simple and reliable
      way of attaching the bars to the collar, and to propose a joint collar
      suitable for this purpose. The characterizing feature is that the collar
      is provided with threaded bores corresponding to the number of axial
      reinforcing bars within the pile, and that an externally threaded
      connector is fitted in each bore, said connector having an axial,
      internally threaded bore for the reception of the externally threaded end
      of a reinforcing bar as well as means for rotating the connector.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an elevation of the end of a pile according to the invention,
      and provided with a collar forming part of a device for connecting two
      piles,
PAR  FIG. 2 is a section along line II--II in FIG. 1,
PAR  FIG. 3 shows, on a larger scale, a section along line III--III of FIG. 2,
PAR  FIG. 4 shows a partly cut-up view of a connector,
PAR  FIG. 5 shows the connector of FIG. 4 as viewed from above,
PAR  FIG. 6 shows a perspective view of the end of a pile of a somewhat modified
      shape,
PAR  FIG. 7 shows, on a larger scale, an end view of the collar according to
      FIG. 6,
PAR  FIG. 8 is a section along line VIII--VIII in FIG. 7,
PAR  FIG. 9 is a section along line IX--IX in FIG. 7, and
PAR  FIG. 10 shows a step during the manufacture of a pile having a collar at
      each end.
DETD
PAC  DESCRIPTION OF SOME PREFERRED EMBODIMENTS
PAR  In FIG. 1 the end of a concrete pile is denoted by 1. This is provided with
      an internal reinforcing structure of which some axial bars are denoted by
      2. The end of each bar is threaded at 3, mating with internal threads in a
      connector 4 adapted to be screwed into collar 5 forming the very end of
      the pile.
PAR  This collar is in FIG. 1 a part of a joint for connecting two piles, but
      may for other purposes be a pointed end portion or a shoe.
PAR  The collar includes an outer frame 6, having substantially the same shape
      as the cross section of the pile, and a bottom 7. At each corner of the
      frame a tubular member 8 is fitted, said member being provided with
      internal threads 9.
PAR  The connector 4 (FIGS. 4 and 5) includes a sleeve portion 10 having
      internal threads 11, and a spigot 12 having external threads 13. The
      spigot is separated from the sleeve by a noncircular intermediate part 14,
      which preferably has a square or hexagonal cross section to be gripped by
      a tool for turning the connector.
PAR  The threads 13 at the spigot mate with the threads 9 in the tubular member
      8, and the threads 11 of the sleeve, which run in the opposite direction
      to those of the spigot, mate with the threads 3 at the reinforcing bars 2.
      Spigot 12 is preferably somewhat longer than the bore 15 of the sleeve 10,
      so it is possible initially to mount the connectors at the collar 5 by
      turning then a few times tubular members before the reinforcing bars are
      introduced into the sleeves. As the threads at the spigot and in the
      sleeve are running in opposite directions the bars 2 will be screwed into
      the sleeves while the connectors are screwed into the tubular members of
      the collar.
PAR  The collar is provided with externally accessible locking members 16 being
      cylindrical projection, one at each tubular member and directed
      perpendicularly with respect to the side face of the collar. When two
      piles are to be joined the collars are brought into engagement with their
      projections aligned. Any two adjacent, superimposed projections 16 are
      interconnected by means of a fish plate (not shown) having two bores,
      mating with the projections and separated a suitable distance. These fish
      plates are secured in any suitable manner to the projections after having
      been fitted thereon.
PAR  With the embodiment according to FIGS. 6-9 the threaded bores 17 in the
      collar have a larger diameter than that of the axial reinforcing bars 2. A
      tubular connector 4 is adapted to be fitted between the threaded ends 3 of
      a reinforcing bar and the bore 17. This is provided with internal threads
      9 mating with the external threads 13 of the connector, the internal
      threads 11 of which mate with threads 3 at the bars 2. To facilitate the
      operation the connector is provided with a diametral slot 18 at one of its
      ends for the application of a screwdriver or some similar tool. The
      opposite end of the connector is chamfered, internally as well as
      externally. The mouth of the bore 17 is correspondingly chamfered.
PAR  Each bore 17 is in the collar shown in FIGS. 6 and 9 as located at the
      bottom of a dove-tailed groove 19. One such groove is arranged at each
      corner of the collar and is directed diagonally inwards. At least one lip
      20 is provided at the entrance to each groove 19, protruding from the
      bottom and/or from any of the side walls thereof. By bending or other
      deformation this lip may be used to lock a wedge 21 introduced into the
      groove. This wedge has a twin dove-tailed cross section and is intended to
      interconnect two adjacent collars 5. The wedges will strengthen the
      structure and the forces transferred by way of bars 2 will be better
      distributed in the structure than if the connectors had been located
      intermediate the grooves.
PAR  The manufacture of a pile is brought about in the following general manner.
      The axial reinforcing bars are cut to lengths suited to the pile. If this
      is to have a collar at both ends, both ends of the bars are externally
      threaded as is shown in FIG. 10. A transverse, secondary reinforcement 25
      is mounted upon bars 2 and attached thereto, the bars being fitted in a
      suitable fixture (not shown). The collars 5 are then located over the bars
      so the threaded ends thereof extend about to, but not past the bottoms of
      the pertaining grooves 19. The connectors 4 are then screwed into the
      bores 17 and will bring about a very efficient joint between the bars and
      collar, which hereby will be able to take care of high loads. Finally the
      reinforcing structure is placed in a mould which is filled with the
      concrete compound.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of manufacturing reinforced concrete piles, each pile at least
      at one of its ends being provided with a collar, in which
PA1  longitudinally running reinforcing bars are cut to exact lengths and are
      threaded at least at one of their ends,
PA1  a collar provided with threaded bores corresponding in number to the
      desired number of axial reinforcing bars and having a bigger diameter than
      said bars is fitted to at least one end of the bars,
PA1  an externally threaded connector having an internally threaded bore is
      fitted in each bore in the collar to attach the reinforcing bars thereto,
      and
PA1  the reinforcing unit thus produced is placed in a mould which thereafter is
      filled with concrete.
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ABST
PAL  The invention concerns dynamic ballast and stabilization systems for
      deep-sea applications such as the dynamic anchoring and stabilizing of
      off-shore platform structures supported by an elongated structure of the
      type having the lower ends fastened into the floor of a body of water. The
      system employs a relatively large impellor assembly which generates a
      downward vertical thrust of sufficient magnitude as to maintain the
      platform anchored. The structure is designed to absorb shock and movement
      within a prescribed range to cushion and protect operating equipment. The
      impellor is enclosed in a movable slinger which can control the lateral
      direction of the impellor generated thrust such that lateral displacement
      of the structure is counteracted by the underwater reactive force
      generated by the impellor. This system includes means for converting the
      flow of seawater into usable power for driving the system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  The present invention relates to dynamic ballast and stabilization systems
      for deep-sea applications, and, in particular, the present invention
      relates to a dynamic ballast and stabilization system for off-shore
      platform structures.
PAR  II. Description of the Prior Art
PAR  To be both practical and useful, off-shore platforms utilized for the
      exploration and production of crude oil and gas sources must not only
      perform a desired function but do so under adverse operating conditions.
      Primarily among such conditions is a virtually unpredictable source of
      trouble at any off-shore platform by the continuously changing pattern of
      wave intensity which reflects widespread weather conditions. For example,
      weather situations in one part of the world may have a decided effect on
      the water and wave conditions in a remote section thousands of miles away.
      In the design and construction of off-shore platforms most weather
      conditions can be accounted for through the expediency of fabricating the
      platform of sufficient strength to satisfactorily support the required
      constant and expected load and to overcome and to resist the most adverse
      storm conditions. Thus, a platform might be engineered to be sufficiently
      rugged by sheer massiveness to resist hurricane forces at the water
      surface without collapse or even to avoid excessive damage. The ideal
      situation would be to design the platforms to safely resist maximum forces
      as would be instituted by a hurricane or other severe storm. What is more
      difficullt to overcome, however, is the problem instituted by the
      pulsating forces resulting from periodic wave movement. While such
      movement may be particularly intense, the periodic forces generated by the
      waves may be of such frequency that, if counted over a period of time,
      will prompt and amplify an oscillatory movement of the floor-anchored
      platform structure. This vibrational tendency will be a function of the
      platform structure and the intensity and frequency of the wave forces.
PAR  While it is possible through engineering techniques to adequately design a
      platform to overcome the normal and expected wave forces, it is highly
      impractical in both structural and economical terms to design a platform
      when vibration and oscillation forces are taken into consideration. It can
      be readily appreciated that for platforms usable in deep waters the design
      problems are sharply aggravated as the platform height increases. For
      example, for extreme depths having an order of magnitude of 400 to 1,000
      feet, it is virtually impossible to design and engineer a safe, practical
      platform. To overcome constantly imposed vibrations or oscillation
      inducing forces as well as the ordinary natural forces acting against an
      off-shore platform structure, many expedients have been resorted to such
      as internal bracing and external anchoring. In the absence of the latter,
      structures in relatively deep water often utilize an anchoring system
      including chains and cables both of which elements present troublesome
      handling problems and are not entirely effective. Furthermore, since the
      present trend in oil exploratory and production efforts is towards deeper
      waters, and anchoring systems tend to become more expensive and unwieldly,
      thereby amplifying the above-noted susceptibility to sway and vibrational
      tendencies.
PAR  An example of one solution of the aforementioned problem is disclosed in
      U.S. Pat. No. 3,553,968.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, which will be described subsequently in greater
      detail, comprises a dynamic ballast and stabilization system for deep-sea
      applications wherein a downward vertical thrust is attained by rotating a
      relatively large multi-vane impellor assembly which includes the means for
      directing the thrust laterally of the vertical position whereby the system
      functions to provide a ballast means for anchoring the platform as well as
      for providing a means for dynamically overcoming any tendencies towards
      the structure assuming a periodic oscillation which, over a period of
      time, detrimentally affects the platform.
PAR  It is therefore an object of the present invention to provide a new and
      improved dynamic ballast and stabilization system for off-shore platforms
      of the type which is firmly anchored to the floor of a desired off-shore
      location and yet dynamically stabilized to maintain its anchored position
      while overcoming vibrational tendencies.
PAR  Other objects, advantages, and applications of the present invention will
      become apparent to those skilled in the art of anchoring and stabilizing
      off-shore platforms when the accompanying description of the best mode
      contemplated for practicing the invention is read in conjunction with the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The description herein makes reference to the accompanying drawing wherein
      like reference numerals refer to like parts throughout the two views, and
      in which:
PAR  FIG. 1 illustrates an off-shore platform located in a relatively deep body
      of water and supported by rigidly fixed upright legs; and
PAR  FIG. 2 is a cross-sectional view of the system which provides dynamic
      ballast and stabilization of the platform illustrated in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In achieving the foregoing objectives and overcoming the discussed
      problems, the present invention contemplates an off-shore platform 10
      comprising a working deck 12 holding such equipment as a derrick 13,
      storage facilities 14, and other equipment which is essential to the
      proper function of the off-shore drilling or production platform 10. The
      deck 12 is normally elevated a predetermined distance of about 50-100 feet
      above the water surface; and thus while the working deck and equipment are
      essentially beyond the reach of water and waves, they are still subjected
      to the full effect of surface weather conditions. The deck 12 is sustained
      in its elevated position above the water surface by an elongated, open
      structure comprising essentially a plurality of downwardly extending legs
      16, 17, 18, and 19 which have their upper ends affixed to the deck 12. The
      upstanding legs 16, 17, 18, and 19 are reinforced by cross-bracing members
      20 which provide rigidity to the structure as well as support for the
      dynamic ballast and stabilization system 24. The framework structure
      further includes a plurality of piles 25 which have their lower ends
      embedded into the ocean floor. The depth of the pile embedment is readily
      predetermined in accordance with the consistency of the floor of the body
      of water and the ability of the floor to grip the pile to establish a firm
      anchor for the structure. This arrangement is just an example of the many
      types wich may be employed for the mounting and support of such off-shore
      platforms.
PAR  As previously noted, the upright arrangement of the off-shore platform is
      such that the action of the wind and the waves against the exposed
      elevated deck 12, as well as against the submerged support structure,
      tends to urge the bottom anchor laterally and uprightly from its normal
      disposition. The degree of such displacement will vary with the intensity
      of the displacing forces and tend to sway or upset the structure about its
      anchored footings.
PAR  A monitoring system should be incorporated into the platform structure to
      continuously scan, monitor, and interpret the lateral and upward
      displacement and frequency of movement and displacement of the platform.
      Such a monitor system would determine the rate of the platform's sway and
      generate a signal to reflect the interpretation of the received data. The
      monitor system might include any of several means adaquate to achieve the
      desired function. For example, the structure may be provided with
      appropriately placed strain gages which reflect the degree of strain in
      any particular point in the structure, as the latter is displaced from its
      normal position. Preferably, the measuring device will be disposed at
      critical points throughout the entire structure to obtain a more composite
      set of data with respect to the movement and displacement of the
      structure. The measuring devices will be connected by means of suitable
      electric cables to a data assimilator, or computer, mounted in the storage
      facility 14. The computer would assimilate the information and generate
      the signal which functions to control the operation of the dynamic ballast
      and stabilization system 24.
PAR  It should be appreciated that the thrust and reacting forces generated by
      the dynamic ballast and stabilization system 24, as to be described
      hereinafter, may be embodied in a single reactant, as described, as well
      as a plurality of separate units. The system 24 comprises a support member
      30 which is supported by and attached to the cross-bracing members 20 by
      any suitable fastening means. The support member 30 has a central
      aperature 32 through which extends a vertical drive shaft 34 that mounts
      an impellor 36 at its upper end such that the impellor 36 may be rotated
      about the vertical axis by the impellor drive shaft 34, as the same is
      driven by any suitable means such as the electric motor 38. A bearing
      assembly 40 mounted to the upper surface of the support member 30
      functions to provide structural support for a pair of bearings 42 and 44
      which respectively provide rotational support for the impellor drive shaft
      34 and the impellor 36. The impellor 36 is partially enclosed by a movable
      slinger or shroud 46 that is rotatably supported by the bearing assembly
      40. The slinger 46 has a bottom wall which is aperatured at 48 in a manner
      similar to aperatures 49 formed in the support member 30 so that seawater
      may pass, in an unrestricted manner, through the support member 30 and the
      bottom wall of the slinger 46 such that the impellor may draw the water in
      and direct the same upwardly at a sufficient rate so as to generate the
      required reactive force. The slinger which has a truncate shape includes a
      directional control element 50 which is similarly shaped and mounted to
      trunnions 52 such that the directional control element 50 may be rotated
      about the horizontal axis 54 by means of an electric motor 56. It can thus
      be seen that the water being directed upwardly by the rotating impellor 36
      may have its upward direction varied from the vertical by means of the
      rotational positioning of the directional control element 50 about the
      horizontal axis 54. A vane member 58 extending across the midsection of
      the directional control element 50 in conjunction with the inner-wall
      surface of the directional control element 50 aids in diverting the
      direction of movement of the water exhausted from the impellor 36. The
      peripheral edge of the slinger 46 is provided with a gear ring 60 which
      drivingly meshes with a gear 62 on the end of a drive shaft 64 of an
      electric motor 66. It can thus be seen that as the electric motor 66 is
      driven, its out-put shaft 64 rotates the gear 62 so as to rotate the ring
      gear 60 and the slinger 46. It can thus be seen that as the slinger 46 is
      rotated about a vertical axis, the direction of movement of the water
      exhausted from the impellor 36 can be selectively controlled. By utilizing
      the aforementioned computer in the monitoring system, the position of the
      movable vane may be controlled by selectively operating the electric
      motors 56 and 66. Additionally, the rate at which water is exhausted from
      the impellor 36 and thus the amount of force generated thereby may be also
      controlled by the rate at which the electric motor 38 drives the impellor
      36.
PAR  The peripheral edge of the slinger 46 opposite the gear ring 60 mounts a
      roller bearing 70 which, in turn, rotatably supports a generating wheel 72
      in the form of a plurality of arcuately spaced water buckets 74. As can
      best be seen in FIG. 2, the action of the water passing by the system 10
      will engage the buckets 74 and cause the same to rotate about the vertical
      axis. The water wheel 72 also has a gear ring 76 which engages a gear 78
      on the in-put shaft 80 of a generator 82. It can be seen that, as a water
      wheel 72 is rotated by the action of the underwater currents and the like,
      its rotational movement will be translated into electrical energy by means
      of the generator 82. Obviously, a suitable transmission will be provided
      between the gears 78 and 76 so that a proper coaction between these
      elements will be achieved, and the generator 82 will function in a desired
      manner. The generator 82 may preferably be utilized to charge batteries 77
      carried on the deck 12 which batteries, in turn, are utilized in
      conjunction with other electrical generating equipment such as the diesel
      powered generator to provide the electrical energy necessary for driving
      the electric motors 38, 66, and 72, as well as the other electrical
      requirements of the system. The rotatable slinger 46 carries a water wheel
      guard or shroud 83 which is positioned over a selected number of the
      buckets 74 so that only the buckets 74 facing the oncoming water flow are
      exposed. The wheel guard is automatically positioned as the slinger 46 is
      rotated in the aforementioned manner.
PAR  As can best be seen in FIG. 2, water tanks 90 (only one of which is shown)
      preferably mounted to the upper ends of the legs 16, 17, 18, and 19 are
      adapted to be filled with seawater to provide static above-water ballast
      tanks to aid in maintaining the platform in a stable condition. Similarly,
      outwardly extending cables 92 having one end attached to the legs and the
      other end anchored some distance from the platform provide additional
      means for maintaining the legs 16-19 in position on the bottom while
      helping to maintain a proper alignment between the legs and for
      maintaining the proper orientation of the thrust generated by the system.
PAR  While functioning as ballast the system 24 will force the structure
      downwardly and will offset the weight loss due to the displacement of
      water. The vertical load factor can thus be greatly increased simply by
      rotating the impellor at a greater speed by means of the electric motor
      38. With this in mind, it should be noted that the platform 10 and its
      legs 16, 17, 18, and 19 may be of different constructions employing
      torsional and/or shock absorbing apparatus such that the deck 12 may be
      relatively rigid while the legs and other supporting aspects of the
      structure are more flexible. The system thus reduces the load carrying
      requirements of the pilings 25 as the strength of the pilings, in order to
      resist torsional and lateral loads on the structure, are reduced since the
      structure is more flexible. Since it is more flexible, the platform has a
      built-in self-righting capability in conjunction with the ballast and
      stabilizing system 24.
PAR  It should be realized that the stabilizing system 24 contains features
      which, while being disclosed herein, may not always be needed in all
      applications. For example, the water wheel 72 may not be required if the
      structure is employed in an area where there is no underwater current.
      Similarly, the system need not be mounted in a horizontal plane, as
      illustrated, but may be permanently mounted at an angle that is inclined
      with respect to the horizontal where known prevailing winds or currents
      exist and in which the forces generated by such prevailing winds and
      currents would have to be constantly dealt with.
PAR  Additionally, it can be understood that the support system 24 has other
      applications wherein it may be utilized as a ballast and stabilization
      system, in particular, wherein an underwater life-support system is
      desired to be used and maintained on the bottom of the floor of a body of
      water by means of the system in the same manner in which it is utilized as
      ballast to maintain the platform structure 10 in a stationary position.
PAR  In addition to the water tanks 90 the system may be provided with laterally
      extending water tanks 96 (only one of which is shown) which are adapted to
      extend from each side of the deck 12 outwardly from the deck, as shown in
      FIG. 1. The ballast tanks 96 can be filled with water to provide
      additional ballast to aid in maintaining the platform in a stable
      condition; and additionally the tanks 96, as well as the tanks 90, may be
      provided with suitable valving and the like and piping to interconnect
      them such that water may be pumped into and out of the tanks as desired so
      as to shift the weight of water in these tanks and thus control the center
      of gravity of the platform structure 10. This can be effected by utilizing
      the aforementioned computer so as to control the disposition of water
      between the several tanks all of which results in the static tank system
      being converted into a dynamic ballast system.
PAR  It can thus be seen that the present invention has provided a new and
      improved ballast and stabilization system for platforms particularly
      adapted for mounting in deep-sea areas.
PAR  While only one example of the present invention has been disclosed, it
      should be understood by those skilled in the art of such ballast and
      stabilization systems that other forms can be had all coming within the
      spirit of the invention and scope of the appending claims.
CLMS
STM  What is claimed is as follows:
NUM  1.
PAR  1. A dynamic ballast and stabilization system for use in combination with a
      platform structure anchored at an off-shore location in a body of water,
      the structure being normally subjected to lateral and upward displacement
      under the influence of periodically occurring wave forces, said structure
      including an equipment holding deck, a rigid framework having the upper
      ends supportably connected to the equipment holding deck with the lower
      ends thereof fixedly embedded in the floor of said body of water, said
      system being carried by said framework below the surface of the body of
      water and comprising:
PA1  a support member carried by said framework;
PA1  an impellor rotatably carried by said support member, said impellor driving
      water upwardly to generate a counter-acting force on said support member;
PA1  means carried by said support member movable independently of said impellor
      for controlling direction at which said water is driven; and
PA1  power generating means carried by said support member and driven by said
      water, the power generating means being utilized to aid in driving said
      impellor.
NUM  2.
PAR  2. The dynamic ballast and stabilization system defined in claim 1 wherein
      said impellor is driven by an electric motor.
NUM  3.
PAR  3. The dynamic ballast and stabilization system defined in claim 2 wherein
      said power generating means comprises a water wheel mounted for rotation
      about a vertical axis said water wheel being driven by said body of water;
PA1  transmission means connecting said water wheel to said generator such that
      said rotating water wheel drives said generator;
PA1  batteries carried by said platform structure and charged by said generator
      means; and
PA1  said batteries providing a partial source of the electrical energy needed
      to drive said electrical motor.
NUM  4.
PAR  4. The dynamic ballast and stabilization system defined in claim 1 wherein
      said means carried by said support member for controlling the direction at
      which water is driven by said impellor comprises a shroud having first
      member which encircles said impellor and is rotatable about an axis
      parallel to the axis of rotation of said impellor, and a second member
      carried by said first member said second member being mounted for pivotal
      movement about an axis perpendicular to said axis of rotation of said
      impellor, and means for inclining said second member with respect to its
      pivotable axis; and
PA1  means for rotating said first member about the axis of rotation of said
      impellor.
NUM  5.
PAR  5. The dynamic ballast and stabilization system defined in claim 4
      comprising a second shroud positionable over a portion of said water wheel
      to protect said water wheel, said second shroud being carried by said
      rotating first member and automatically positionable over said water wheel
      when said first member is rotated to position the direction at which fluid
      is ejected from said impellor.
NUM  6.
PAR  6. The dynamic ballast and stabilization system defined in claim 4 further
      comprising a vane element disposed in said second member in the path of
      said ejected water to aid said second member in controlling the direction
      of movement of said water as it is exhausted from said rotating impellor.
NUM  7.
PAR  7. The dynamic ballast and stabilization system defined in claim 1 further
      comprising ballast tanks carried by said structure above the water level
      of said body of water and adapted to be filled with said water to provide
      additional ballast for holding said structure down.
NUM  8.
PAR  8. The dynamic ballast and stabilization system defined in claim 1 further
      comprising cable means extending from said structure at a substantial
      distance therefrom and having anchor means disposed the end of said cables
      for firmly anchoring said cables into the floor of said body of water to
      aid said system in maintaining said structure in a secure position.
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ABST
PAL  A storage vessel for liquefied gas, especially liquefied helium and
      liquefied hydrogen intended to be stored at temperatures below about
      30.degree.K, comprises inner and outer shells respectively at the
      liquefied-gas temperature and an ambient temperature, a radiation shield
      disposed between but spaced from the inner and outer shells and cooled by
      nitrogen or the like to a temperature between the storage temperature and
      ambient (preferably of the order of 70.degree.K), a filling of a
      particulate insulating material between the radiation shield and the inner
      shell, and a filling composed of a mixture of such insulating particles
      and reflective metal particles between the outer shell and the radiation
      shield. The spaces between the inner and outer shells, respectively, and
      the radiation shield are evacuated and the insulating material is
      preferably perlite. The metal particles may be aluminum or copper.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a storage vessel for low-temperature
      liquefied gases, especially hydrogen or helium adapted to be stored at
      temperatures below about 30.degree.K at ambient or elevated pressure. More
      particularly, the invention relates to a receptacle of this character
      having an insulated space between inner and outer walls or shells of the
      receptacle.
PAC  BACKGROUND OF THE INVENTION
PAR  Double-wall vessels are commonly provided for the storage of
      low-temperature liquefied gases under pressure or at standard or ambient
      pressure, with suitable means for insulating the space between the two
      walls or shells of the vessel.
PAR  In an early version, such vessels were provided in accordance with Dewar
      principles and consisted of inner and outer shells or walls defining a
      space between them which was maintained under a high vacuum to prevent the
      development of convection currents tending to cause heat transfer from the
      outer wall to the inner wall or cold loss from the interior to the
      exterior. The or each wall could be provided with a highly reflective
      coating to prevent radiation transfer of energy between the interior and
      the exterior. Such systems had the obvious disadvantage that loss of the
      vacuum in the space between the two walls caused an immediate breakdown of
      the insulation space and substantial heat transfer between interior and
      exterior. Such heat transfer is disadvantageous for the storage of
      low-temperature liquefied gases at ambient pressure, causing substantially
      immediate vaporization of the liquefied gas.
PAR  It has been proposed to modify such systems for the storage of such
      liquefied gases as hydrogen and helium at temperatures below about
      30.degree.K by providing within the evacuated space between the two walls,
      a so-called superinsulation consisting of alternating layers of woven or
      nonwoven fabric web of low thermal conductivity and metal foil layers. The
      interstices of the fabric web further reduce convective flow of heat while
      the metal foil constitutes a reflection barrier to radiation transfer.
      While such systems are effective for the purposes stated, they are
      relatively expensive and difficult to manufacture and are highly sensitive
      to handling of the vessel. Furthermore, there is the disadvantage that
      leakage of the vacuum will occur and render the system ineffective. With
      gases such as hydrogen and helium even the slightest loss of insulating
      capacity can result in spontaneous vaporization of the stored liquid.
PAR  With the development of improved techniques for the storage, transport and
      utilization of liquefied gas, relatively low cost systems have been
      devised for insulating vessel and compartments containing the liquefied
      gas. One such system makes use of a filling of perlite, a porous insulator
      in the space between the two walls of a double wall vessel. This system,
      while effective for such relatively high-boiling liquefied gases as
      methane, are not suitable in the prior-art technique for use in the
      storage of hydrogen or helium in a liquid state because of thermal leakage
      and the effects of the heat capacity of the perlite.
PAC  OBJECTS OF THE INVENTION
PAR  It is the principal object of the present invention to provide a vessel for
      the storage and transport of low-temperature liquefied gases which
      obviates the disadvantages of the earlier systems as described.
PAR  Another object of the invention is to provide a storage vessel, especially
      for liquid hydrogen at ambient pressure which is of low cost and high
      effectiveness.
PAR  Still another object of the invention is the provision of a vessel for the
      storage of liquefied gases at temperatures of at most 30.degree.K, which
      vessel is adapted to resist transfer of heat from the exterior to the
      interior to the extent necessary to maintain the stored liquid at a
      storage temperature for prolonged periods.
PAC  SUMMARY OF THE INVENTION
PAR  These objects and others which will become apparent hereinafter are
      obtained, in accordance with the present invention in a double-wall
      storage vessel for liquefied hydrogen or other liquefied gases, preferably
      liquids which must be maintained at temperatures below about 30.degree.K,
      having an insulating system between inner and outer walls or shells which
      permits a safe and prolonged storage of the liquefied gases and minimizes
      evaporation losses of the stored medium from heat transfer thereto. This
      system comprises a continuous radiation shield, e. g. of a thermal
      reflecting sheet metal such as aluminum, which is disposed within the
      space between the inner and outer shells and is, in turn, spaced therefrom
      to define an inner compartment between the radiation shield and the outer
      shield.
PAR  In the inner compartment between the radiation shield and the inner shield,
      I provide a filling of pulverulent insulating material while in the outer
      compartment between the radiation shield and the outer shell, I provide a
      mixture of a pulverulent insulating material and a metal powder.
PAR  According to an important feature of the invention, the radiation shield is
      cooled by a low-temperature gas, e. g. nitrogen to a temperature between
      storage temperature and the ambient temperature, namely, a temperature
      between say 50.degree.K and 150.degree.K but preferably of the order of
      70.degree.K or 80.degree.K.
PAR  The vessel has been found to have very low evaporation losses of the stored
      liquid (at a temperature of 30.degree.K or below) since the transfer of
      heat from the exterior to the interior, whether by conduction or
      radiation, is substantially precluded.
PAR  To prevent the transfer of heat through the insulator by radiation, whose
      intensity falls with the fourth power of the temperature, there has been
      provided the reflective metal powder which is dispersed in the pulverulent
      insulating material within the outer compartment between the outer shell
      and the radiation shield, i. e. in the warm region of the insulation. Any
      radiation which is not reflected by the metal powder is intercepted by the
      cooled radiation shield. Preferably the cooling is carried out by means of
      deep, cooled nitrogen.
PAR  Thermal conduction is precluded by the low conductivity pulverulent
      insulating material within the outer compartment between the outer shell
      and the radiation shield. Conduction is completely prevented between the
      radiation shield and the inner shell by the pulverulent insulating
      material completely filling the space there between. The effectiveness of
      the system will be apparent from the fact that, within the inner
      compartment, no reflecting material is necessary.
PAR  Best results have been obtained with respect to excluding radiation
      transfer of heat when the metal powder makes up 15 to 30 percent by
      weight, preferably 18 to 25 percent by weight of the filling mixture
      introduced into the outer compartment. The pulverulent insulating material
      is a porous or cellular mineral substance, most advantageously perlite,
      which the metal powder is composed of aluminum or copper.
PAR  The two compartments are evacuated and it has been found to be advantageous
      to space the radiation shield more closely to the inner shell than to the
      outer shell. Best results have been obtained when the distance between the
      radiation shield and the outer shell and the distance between the
      radiation shield and the outer shell and the distance between the
      radiation shield and the inner shell are in a ratio of 2:1. With this
      arrangement heat transfer through the system has been found to be a
      minimum.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which the
      sole FIGURE represents, in cross section, in a storage vessel embodying
      the principles of the present invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In the drawing, there has been shown a storage vessel for liquefied
      hydrogen which comprises an outer shell 1 and an inner shell 2 defining a
      space between them. Liquid hydrogen is introduced into and removed from
      the storage compartment 10 of the inner shell 2 by appropriate fitting not
      illustrated. The outer shell 1 may be considered to be at a temperature of
      about 300.degree.K (ambient temperature) while the temperature of the
      shell 2 is the same as that of the stored liquid hydrogen, in this case
      about 20.degree.K.
PAR  Within the space between the outer shell 1 and the inner shell 2, there is
      provided a radiation shield 3, e. g. of polished aluminum sheet metal,
      which completely surrounds the inner shell 2 and defines therewith an
      inner compartment 11. The space between the radiation shell 3 and the
      outer shell is defined as an outer compartment represented at 12. The
      radiation shield 3 is welded to a tube coil 13 in heat-transferring
      relationship therewith and to which nitrogen can be fed via a line 14 and
      removed by line 15. A cooling unit 16 of conventional design is provided
      for supplying the deep-cooled nitrogen. The temperature of the radiation
      shield is of the order of 70.degree.K, in the present case about
      77.degree.K. The distance D between the radiation shield and the outer
      shell 1 and the distance between the radiation shield and the inner shell
      are in a ratio of 2:1. The inner space of compartment 11 is completely
      filled with pulverulent perlite in a particle size between 50 microns and
      5 millimeters as represented at 5 while the outer space 12 is filled with
      80 percent by weight of the perlite and 20 percent by weight of aluminum
      particles having a particle size from 5 microns to 500 microns as
      represented at 4. The inner compartment is evacuated via a fitting 17 and
      a suction pump 18 while the outer compartment is evacuated via a pipe 19
      and a suction pump 20.
PAR  The tubes 13 are disposed with the outer compartment 12 while the vacuum
      pumps 18 and 20 are designed to create a vacuum of about 10-5 torr within
      the compartment.
CLMS
STM  I claim:
NUM  1.
PAR  1. A storage vessel for a liquid adapted to be maintained normally at a
      temperature below about 30.degree.K, said vessel comprising:
PA1  an inner shell defining a chamber receiving said liquid;
PA1  a radiation shield specedly surrounding said inner shell and defining an
      inner compartment therewith;
PA1  an outer shell spacedly surrounding said radiation shield and defining an
      outer compartment with said radiation shield;
PA1  a mass consisting of pulverulent insulating material free from metal
      particles filling said inner compartment;
PA1  a mixture of pulverulent insulating material and metal powder filling said
      outer compartment, the proportion of metal powder in said mixture being
      substantially 15 to 30 percent by weight, said insulating material being
      perlite and said metal powder being aluminum or copper;
PA1  means for cooling said radiation shield and including tubes lying in said
      outer compartment and extending along and in heat-exchanging relationship
      with said radiation shield, and means for passing a deep-cooled fluid
      through said tubes, the distance between said outer shell and said
      radiation shield and the distance between said radiation shield and said
      inner shell being in a ratio of about 2:1;
PA1  means for evacuating said inner compartment; and
PA1  means for exacuating said outer compartment.
NUM  2.
PAR  2. The storage vessel defined in claim 1 wherein said proportion is 18 to
      25 percent by weight.
NUM  3.
PAR  3. The storage vessel defined in claim 1 wherein said means for passing a
      deep-cooled fluid through said tubes includes means for supplying nitrogen
      at a temperature of 50.degree.K to 150.degree.K to said tubes.
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ABST
PAL  A pair of diametrically opposed protuberances, comprising inwardly
      projecting bumps, extend from the otherwise smooth surface of opposite
      corners of adjoining side walls of the generally cubical pockets in an ice
      cube tray. These protruberances, define stress concentration areas at the
      corners of the frozen cubes which, when the plastic tray is twisted to
      release the cubes therefrom, cause the cubes to fracture and alter their
      configuration to the extent that they are prevented, either because of
      their enlarged outward dimensions or because of ice particles that have
      flaked therefrom and are in an interferring position, from being reseated
      in the tray in the as-molded position. Thus, each cube remains elevated
      from its original position with the side walls of each cube spaced
      somewhat from the side walls of the mold for relatively easy individual
      removal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to well known plastic molded generally flexible ice
      cube trays and more particularly to such a tray having protruberances on
      opposing corners of each individual ice cube forming pocket to alter the
      ice cube upon its release from the tray to the extent that it will not be
      reseated in the tray in its as-molded orientation.
PAR  2. Description of the Prior Art
PAR  Flexible plastic ice cube trays are well known in the prior art. Such
      flexible trays have the advantage of being relatively inexpensively molded
      from a plastic such as polypropylene that easily releases the ice cubes
      once the initial adhesion force established during freezing is broken. To
      do this, the tray is generally grasped at each end and twisted to the
      extent there is sufficient flexing of each individual pocket to release
      the cube. However, after such flexing, if the cubes are to remain in the
      tray as opposed to the tray being dumped into a separate storage bin, the
      cubes settle back into their respective pockets and assume the as-molded
      orientation providing generally continuous smooth surfaces between the
      tray and the ice cubes making it difficult to manually grasp any
      individual cube to remove it.
PAR  One manner of altering the cube orientation with respect to the pocket of
      an ice cube tray is to utilize the expansive forces of freezing to move
      the cube to an accessible position with respect to the tray while it
      remains therein. Such is shown in U.S. Pat. Nos. 3,025,682 and 2,704,927.
PAR  The present invention however, provides certain stress concentrating
      structure in each pocket so that upon flexing the tray each individual
      cube is caused to fracture to the extent its outward dimension is altered
      so that it will not be reseated in its as-molded orientation. This
      produces a generally discontinuous surface between the cubes and the tray
      permitting each cube to be individually grasped.
PAC  SUMMARY OF THE INVENTION
PAR  The invention shows an improved ice cube tray of the well known molded
      flexible plastic type having individual pockets with outwardly diverging
      side walls. Protruberances extend inwardly from a pair of diagonally
      opposed corners of the pocket walls. The protruberances provide stress
      concentration areas in the corners of the cube when a tray is flexed to
      dislodge the cube. The stress at such areas is sufficient to alter the
      outward dimensions of the cube upon its release to the extent it is
      prevented from reseating itself within the pocket in the as-molded
      position but remains in a somewhat elevated position for accessibility.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of an ice cube tray of the present invention;
PAR  FIG. 2 is an elevational view with a portion shown in cross section of the
      tray of FIG. 1;
PAR  FIG. 3 is a cross sectional elevational view across opposing corners of an
      ice cube molding pocket of the tray of FIG. 1;
PAR  FIG. 4 is view similar to FIG. 3 showing the ice cube in the pocket and the
      pocket in a flexed position to release the cube; and,
PAR  FIG. 5 is a view similar to FIG. 3 with the cube in a released position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention is directed to an improvement in an ice tray whose
      construction, except for the improvement, is otherwise generally known and
      commercially available. In accordance therewith, the tray generally
      comprises a grid-like array of unitary molded individual pockets, molded
      from a plastic such as polyethylene or polypropylene to provide a
      generally flexible structure capable of easy release of the ice cubes
      molded therein. The release of the cubes is generally accomplished by
      flexing or manually twisting the tray.
PAR  Referring now to FIG. 1, the specific structure of the tray 10 is shown
      incorporating the structure of the present invention. As therein seen, the
      tray 10 comprises a plurality of pockets 12 generally arranged in a
      grid-like pattern, such as two rows of seven as is shown. The pockets 12,
      in this array, are framed by a peripheral frame 14 having an outer
      down-turned flange 16 providing strength and rigidity to the flexible
      tray. The opposing ends 18, 20 of the frame having a generally broadened
      flat area which, in addition to displacing the downwardly extending flange
      a desired distance outwardly from the adjacent pockets for facilitating
      gripping of the flange at the opposite ends of the tray, provides an area
      against which the palm or fingers of the hands of the user press in
      generally opposite directions about the center line to flex the tray and
      crack the ice from the pockets.
PAR  Each individual pocket 12 is generally cubical having side walls 22, 24
      that diverge slightly outwardly upwardly and a planar bottom wall 26. The
      opposed facing walls (22, 22 or 24, 24) of adjacent pockets converge in a
      common rounded top 28 separating each pocket. The common corner juncture
      30 of each cluster of four pockets is depressed below the rounded tops
      otherwise separating the pockets as are the tops 28 adjacent the frame 16
      (as at 31) to provide water flow path between each adjacent pocket so that
      as one pocket is filled to a level reaching this height, the water flows
      over the depressed juncture into the next pocket and thus, the tray can be
      filled to a common depth in all pockets that is slightly above the height
      of the depressed portion.
PAR  The improvement of the present invention comprises protruberances 32
      extending inwardly (with respect to each pocket) from diagonally opposing
      junctures or corners of adjoining side walls 22, 24 of each individual
      pocket. These protruberances 32 are disposed in generally the upper
      portion of each pocket yet below the depressed portions 30 and 31 above
      described, and are preferably molded into the corners during the time the
      tray is molded. However, such protruberances can be subsequently formed in
      the above described trays as by pressing the back side of the corners of
      each pocket with a properly shaped and sufficiently heated tool.
PAR  In that these protuberances 32 are disposed within the corner structure of
      adjoining side walls, which is an area generally structurally rigid with
      respect to the planar area of the walls, they are not easily cammed or
      flexed out of an interfering contacting engagement with an ice cube formed
      therein. Further it is seen that the forces transmitted to the cube
      through these protuberances are received by the cube in a relatively sharp
      angled corner. The force thus received by the cube in this area cannot be
      easily distributed but remains generally concentrated thereat. The net
      result of the relatively non-flexibility of the pocket in the corner area
      and the concentration of forces on the cube at the corner result in a high
      localized stress when the tray is flexed to release the ice cubes
      therefrom.
PAR  Thus, referring to FIG. 3, the cross sectional shape of the pocket and the
      frozen ice cubes therein is seen. The corner protuberances 32 extend
      inwardly towards each other and have a generally rounded configuration
      that provides an interfering area 34 in the cube immediately subadjacent
      each protuberance 32 that might either be broken from the cube or that
      must cam the corner construction of the pocket 12 out of the way of the
      cube before the cube can be ejected (or a combination of the above). These
      protruberances 32 extend at least sufficiently so that whatever flexure is
      permitted by the corners there remains at least some interference
      engagement that causes the ice to be somewhat deformed or fractured before
      it is permitted to pass.
PAR  Referring now to FIG. 4, the relative relationship of the pocket 12 with
      respect to the cube is shown during the time when a tray is flexed or
      twisted so as to release the cube. This twisting or flexing establishes a
      stress concentration in the cube that ultimately results in fracturing the
      cube (as shown) to the extent necessary to alter its configuration to
      permit it to pass the protuberances 32. This alteration takes on many
      variations including limited displacement of certain areas of the cube to
      some extent and also causing flaking and chipping 36 of the cube along its
      corner with the chips generally retained in the pocket. However, to the
      extent that the cube is altered by these various ways, it is prevented
      from becoming reseated in the pocket in the as-molded condition upon the
      pocket returning to its initial configuration when the twisting is
      released as seen in FIG. 5. The end result is that each individual cube
      remains in a generally elevated position subsequent to being released from
      the pocket by the above flexing and, in such position, provides a space 38
      between the walls of the cube and the pocket and facilitates manual
      removal of each individual cube.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A unitarily molded flexible plastic ice cube tray comprising a generally
      rectangular member having a peripheral framing flange encircling a
      plurality of pockets for receiving water to be formed into individual ice
      cubes when frozen, each of said pockets having a generally cubical
      configuration with upwardly outwardly diverging side walls and wherein the
      improvement comprises:
PA1  means projecting inwardly from opposite areas of said side walls for
      establishing areas of stress concentration in said ice cube when said tray
      is deformed to release the ice cubes from said pockets, said projections
      thereby causing a splintering and cracking of said ice cube to the extent
      that the cube is prevented from reseating itself within the tray in the
      as-molded relationship whereby manually gripping each individual cube for
      removal from said pocket is facilitated.
NUM  2.
PAR  2. Structure according to claim 1 wherein said inwardly projecting means
      are disposed in a pair of diagonally opposed corners of said side walls.
NUM  3.
PAR  3. Structure according to claim 2 wherein said tray includes depressed
      areas in the common uppermost juncture of adjacent pockets to provide flow
      communications from a pocket that has been filled to this level to the
      adjacent pocket, said inwardly projection means disposed below said
      depressed areas and generally above the center of said pocket.
NUM  4.
PAR  4. Structure according to claim 2 wherein said inwardly projecting means
      are unitarily molded with and form a part of the walls of said pockets and
      extend into the pocket with sufficient rigidity to prevent outward passage
      of the ice cube formed in said pocket without first fracturing the cube.
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ABST
PAL  A conduit structure for use in an ice transport system consisting of a
      plurality of individual conduit members, the adjacent ends of which are
      interconnected by conduit couplings, the conduit structure being of the
      one-piece uniform cross-section construction and including an intermediate
      section and first and second opposite end sections which are of a
      relatively linear configuration, the conduit structure further including
      first and second relatively arcuate sections interposed one between the
      first end section and the intermediate section and the other interposed
      between the intermediate section and the second end section, whereby the
      conduit structure can be severed within the intermediate section thereof
      to provide two separate conduit parts, each having a non-linear
      intermediate section and relatively linear opposed end sections adapted
      for operative association with the conduit couplings.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates generally to ice making and storage apparatus and
      more particularly, to an ice transport system for conveying ice between
      remotely located ice producing machines and storage containers or bins.
PAR  It has heretofore been the practice to communicate ice which is produced,
      for example, by means of a flaked ice machine, to a remotely located
      storage chamber through an elongated continuous hose or conduit. Such
      hoses or conduits have been satisfactory from the standpoint of providing
      for a smooth, uninterrupted communication of ice; however, such continuous
      conduits have been objectionable from a maintenance and cleaning
      standpoint due to the fact that it is extremely difficult to effectively
      clean relatively long sections of conduit so as to satisfy the rigorous
      sanitary standards imposed by federal, state and municipal regulatory
      authorities.
PAR  The applicant's conduit structure will find particularly useful application
      in that the structure is designed so as to be compatible with conventional
      conduit couplings which must be secured to relative linear, i.e.,
      non-curved, conduit sections. Toward this end, the applicant's conduit
      structure is designed such that it may be severed at an intermediate
      portion thereof to provide two conduit elements, each of which is adapted
      to provide for a change in direction, as well as provide for convenient
      assembly or operative association with the standard conduit coupling
      assemblies.
PAR  It is accordingly a general object of the present invention to provide a
      new and improved ice transport system.
PAR  It is a more particular object of the present invention to provide a new
      and improved ice transport system for use in flaked ice producing and
      storing systems.
PAR  It is another object of the present invention to provide a new and improved
      conduit structure for use in ice transport systems which minimizes back
      pressure resistance to the extreme and provides for compatible assembly of
      the conduit structure with coupling assemblies of the type well known in
      the art.
PAR  It is still another object of the present invention to provide a new and
      improved conduit structure which is of a simple design, is economical to
      manufacture and will have long and durable operational life.
PAR  It is still a further object of the present invention to provide a new and
      improved conduit structure that will find universality of application in
      various types of ice making machines.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a typical ice transport system
      embodying the principles of the present invention therein;
PAR  FIG. 2 is an enlarged fragmentary cross-sectional view of one of the
      coupling assemblies associated with the conduit system embodied in the
      structure shown in FIG. 1;
PAR  FIG. 3 is an exploded assembly view of the coupling assembly shown in FIG.
      2;
PAR  FIG. 4 is an enlarged side elevational view of a conduit structure in
      accordance with the principles of the present invention; and
PAR  FIG. 5 is a view similar to FIG. 4 and shows the conduit structure therein
      after it has been severed into two separate conduit members.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in detail to the drawing and in particular to FIG. 1 thereof,
      an ice producing and storage system 10 is shown generally as comprising an
      ice making machine 12 and an ice storage enclosure or container 14 that is
      located remote from the machine 12. Disposed between and operatively
      connecting the machine 12 and storage container 14 is an ice transmitting
      or conveying conduit system 16 which is intended to convey ice produced by
      the machine 12 to the container 14 where ice may be stored or put to any
      suitable use. The ice making machine 12 may be of any suitable type
      adapted to produce flaked ice which is of a relatively fluent character,
      whereby such ice may be easily conveyed through the conduit system 16 to
      the container 14. A typical ice making machine which may be incorporated
      in the system 10 is shown and described in copending U.S. Pat.
      application, Ser. No. 269,609, filed June 12, 1972, now letter Pat. No.
      3,820,354 which is incorporated by reference herein.
PAR  The conduit system 16 may assume various configurations depending upon the
      particular installation thereof and the relative orientation or location
      of the machine 12 relative to the container 14. It will therefore be
      appreciated that the conduit system 16 depicted in FIG. 1 is merely
      exemplary in nature and is in no way intended to limit the fair meaning of
      the claims appended hereto. By way of example, the conduit system 16 is
      shown as comprising a plurality of serially connected, uniform diameter
      tubular or conduit sections consisting of a plurality of straight sections
      18 which are interconnected by means of a plurality of coupling assemblies
      20 and conduit structures 22 in a manner so as to provide for the smooth
      and effortless transferring of ice from the machine 12 to the container
      14.
PAR  The conduit sections 18 and conduit structures 22 are fabricated
      preferably, although not necessarily, of a relatively rigid polymeric
      material, such as polyvinyl chloride (PVC) or other suitable material
      which may be economically fabricated and possesses the requisite stable
      and sanitary characteristics, as will be appreciated by those skilled in
      the art. The coupling assemblies 20 are utilized at the abutting or
      adjoining ends of the various conduit sections 18 and/or conduit
      structures 22 for operatively connecting the same and are designed so that
      they may be easily disassembled to provide for the cleaning and related
      sanitary maintenance of the system 10.
PAR  Reference will be made to FIGS. 2 and 3 wherein a typical coupling assembly
      20 is shown as comprising a pair of coupling members 24, 26 which are
      formed with internal bores 28 and 30, respectively, the diameter of which
      is approximately equal to the outer diameter of the various conduit
      sections constituting the conduit section 16. The coupling member 26 is
      shown as comprising a radially outwardly projecting externally threaded
      shoulder 32 and is adapted, for example, to have one end of one of the
      conduit structures 22 nestingly received within the bore 30 thereof. The
      coupling member 24 is also formed with a radially outwardly projecting
      enlarged diameter shoulder 34, with the radially extending face adjacent
      thereto being formed with an annular recess 36 within which an O-ring
      sealing element 38 is disposed. As illustrated, the bore 28 of the
      coupling member 26 is adapted to nestingly receive, for example, one end
      of an adjacent conduit section 18, with the assembly 20 being operable to
      secure the conduit sections 18 and 22 in end-to-end abutting relation so
      as to provide a smooth relatively continuous flow path for ice
      therebetween. Each of the coupling assemblies 20 also includes a threaded
      collar member 40, one of which is shown in FIGS. 2 and 3 as having an
      internally threaded bore 42 which is slightly larger in diameter than the
      outer diameter of the main body of the coupling member 24, with the result
      that the threaded collar 40 is adapted to move coaxially and rotationally
      of the coupling member 26. The threaded collar 40 is formed with a
      radially inwardly projecting shoulder 44 which is adapted to abut against
      the shoulder 34 of the coupling member 24 at such time as the collar 40 is
      threadably engaged with the shoulder 32 of the coupling member 26,
      resulting in the members 24, 26 being urged axially toward one another and
      the sealing element 38 being forced into tight sealing engagement with a
      radially disposed end face on the coupling member 26, as best seen in FIG.
      2.
PAR  Referring now in detail to the construction of the conduit structure 22, in
      accordance with one preferred embodiment of the present invention, the
      structure 22 is of a one-piece tubular construction and comprises a pair
      of straight or linear end sections 48 and 50 which lie along axes arranged
      perpendicular or at right angles to one another. The conduit structure 22
      also comprises an intermediate linear or straight section 52 which lies
      along an axis arranged at 45.degree. angles to the respective axes of the
      sections 48 and 50. The conduit structure 22 further comprises a pair of
      arcuate sections 54 and 56, the former of which is serially connected
      between the linear sections 48 and 52 and the latter of which is serially
      connected between the linear sections 50 and 52. In accordance with one of
      the principles of the present invention, it will be seen that ice
      transmitted through the conduit structure 22 may undergo a change of
      direction of 90.degree., yet at no time is it subjected to passing through
      an arcuate section of conduit having a projected angle of greater than
      45.degree.. In accordance with a preferred construction of the present
      invention, the linear or axial lengths of sections 48, 50 are
      approximately equal and are herein designated by the dimension D.sub.1.
      The length of the linear intermediate section 52, on the other hand, is
      preferably of a dimension designated as D.sub.2 which is preferably
      approximately equal to twice the dimension D.sub.1, with the result that
      the following relationship exists between the sections 48, 50 and the
      section 52:
EQU  D.sub.2 = 2 D.sub.1
PAR  The projected angles of the arcuate sections 54, 56, in accordance with a
      preferred construction of the present invention, are preferably, although
      not necessarily, equal to one another and the sum of which is
      approximately 90.degree.. In other words, the projected angle of each of
      the sections 54, 56 is preferably 45.degree..
PAR  In accordance with one of the primary features of the present invention,
      the conduit structure 22 is adapted to be severed or cut along a line
      extending generally transversely to the axis defining the intermediate
      linear section 52, as indicated at the phantom line in FIG. 4 designated
      by the numeral 58. When this has been done, two separate conduit sections
      or parts 22a and 22b are provided, as indicated in FIG. 5, which sections
      22a, 22b are preferably identical in construction and are characterized by
      the fact that each of the sections comprises a central arcuate portion of
      45.degree. projected angle and a relatively linear or straight end portion
      at each end thereof having an axial dimension of D.sub.1 or one-half
      D.sub.2. With this arrangement, both ends of each of the sections, 22a,
      22b is adapted to be operatively associated with one of the coupling
      assemblies 20 which require that the associated portion of the conduit
      that is inserted into the interior bores 28, 30 thereof be relatively
      straight or linear. Thus, it will be seen that the present invention
      provides a novel conduit structure which can effect a 90.degree. change in
      direction of the ice being transmitted therethrough. In addition, the
      conduit structure of the present invention may be conveniently cut in
      half, with each resulting conduit section being adapted for operative
      association with a conventional coupling assembly, thereby providing for
      universality of application without any sacrifices in the cleanability and
      related maintenance thereof.
PAR  While it will be apparent that the preferred embodiment illustrated herein
      is well calculated to fulfill the objects above stated, it will be
      appreciated that the present invention is susceptible to modification,
      variation and change without departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination in an ice making machine,
PA1  means for producing a quantity of ice,
PA1  an ice storage container located remote from said ice producing means, and
PA1  a conduit system for communicating ice from said ice producing means to
      said storage container,
PA1  said conduit system comprising at least one conduit structure and at least
      one coupling assembly for operatively connecting one end of said structure
      to an associated conduit element,
PA1  said coupling assembly comprising first and second parts each having a
      portion of predetermined axial length adapted for engagement with said
      structure,
PA1  said conduit structure being of a one-piece uniform cross-section
      construction and including an intermediate section and first and second
      opposite end sections which are of a relatively linear configuration,
PA1  said first and second end sections being defined by first and second
      imaginary axis arranged at right angles to one another and said
      intermediate section being defined by a third imaginary axis arranged at a
      45.degree. angle to both said first and second axis,
PA1  said conduit structure further including first and second relatively
      arcuate sections interposed one between said first end section and said
      intermediate section and the other between said intermediate section and
      said second end section, whereby said conduit structure can be used in an
      unsevered condition to provide a 90.degree. change in direction for ice
      being communicated therethrough and can be severed within said
      intermediate section thereof to provide two separate conduit parts each
      having a non-linear intermediate section and relatively linear opposed end
      sections and each adapted to provide a 45.degree. change in direction for
      ice being communicated therethrough,
PA1  each of said arcuate sections being spaced axially from the terminal ends
      of said structure a distance at least equal to said predetermined length
      and being spaced from each other a distance at least as great as twice
      said predetermined length,
PA1  said coupling assembly including a collar member adapted to be sleeved over
      the outer periphery of one of said end sections, said collar member having
      an axial bore adapted to telescopically receive said end section
      therewithin, with the axial length of said bore not being greater than the
      length of said end section.
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PAL  A universal coupling which is axially displaceable and angular movable, in
      which the torque is transmitted by three rolling parts evenly distributed
      about the circumference. The three rolling parts are connected to the
      inner part of the coupling in a rotatable and radially-movable manner. The
      three rolling parts also project into grooves. The displacement of the
      rolling parts required during an angular movement is carried out with the
      aid of a spring-derived force. The rolling parts, furthermore, have a
      cylindrical pin located in a radial bore of the inner part of the
      coupling, and the rolling parts are pushed radially outward by a force
      pushing on the inner end of the cylindrical pin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an axially-displaceable and
      angularly-movable, evenly-running universal coupling, in which the torque
      is transmitted by three rolling parts which are distributed equiangularly.
      The rolling parts are connected to the inner part of the coupling in a
      rotatable and radially movable manner. The rolling parts, furthermore,
      project into grooves in the outer part of the coupling, which are straight
      and parallel to the axis. To achieve even running, the displacement of the
      rolling parts required during an angular movement is accomplished with the
      aid of a force, pushing the rolling part outward. This force is a spring
      derived or spring-actuated force.
PAR  Universal couplings of the preceding species and known in the art, have the
      inner part of the coupling constructed of three-legged form. In this
      arrangement, so-called thrust stones are supported on the corresponding
      studs, in a slidable and rotatable manner for torque transmission. In
      contrast to the prior art, in which the thrust stones are coated with
      relatively thin discs of elastic material, an arrangement disclosed in the
      German Patent No. 2,216,345 operates in the following manner: For exerting
      an outward-directed force on the thrust stones, a ring is provided on one
      or both sides of the three-legged structure. This ring is in contact with
      each of the thrust stones when force is exerted parallel to the axis of
      each.
PAR  The difficulty of arriving at an effective solution with the aid of elastic
      discs, in the prior art, has been extensively described in a review of the
      state of the art in the German Patent No. 2,216,345. The arrangement
      disclosed by this German patent, has the disadvantage of requiring
      costlier construction and manufacture, and it is also associated with the
      danger that breakage of the highly-stressed rings could cause the pieces
      to destroy the universal coupling.
PAR  The two arrangements above of the prior art, also have the common
      disadvantage that the relatively large controlling force applied by the
      spring elements, does not act near the center of the axis of rotation of
      the thrust stones. Instead, the force acts substantially far out
      therefrom. A large braking torque results, thereby, and the thrust stones,
      prevented from rotating, cause wear, heating, and ineffectiveness.
PAR  Accordingly, it is an object of the present invention to provide a
      universal coupling of the character described above, and which avoids the
      disadvantages mentioned supra.
PAR  Another object of the present invention is to provide a universal coupling
      of the foregoing character, which is simple in design and may be
      economically fabricated.
PAR  A still further object of the present invention is to provide a universal
      coupling, as described, which has a substantially long operating life and
      may be readily maintained.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of the present invention are achieved by providing that the
      rolling parts have a cylindrical pin located in a radial bore of the inner
      part of the coupling, in a rotatable and radially-movable manner. The
      rolling parts are pushed radially outward by a force pushing on the inner
      end of the cylindrical pin, and derived from a spring element. The spring
      element is located in a central bore of the inner part of the coupling,
      and running axially.
PAR  The spring element can be constructed so that it produces its spring force
      in an axial direction, and that this force is then converted into a radial
      force by an intermediate element. The latter is between the spring element
      and the inner end of the cylindrical pin. In such a case, the intermediate
      element can be provided with a conical surface, while the inner end of the
      cylindrical pin is rounded. It is also possible, on the other hand, to
      construct the intermediate element as a sphere, and to provide the inner
      end of the cylindrical pin with a conical surface.
PAR  The spring element can also be constructed so that it directly provides
      three forces pushing radially outward, and being uniformly distributed
      angularly about the circumference. In such an arrangement, the spring
      element can be constructed of an elastically deformable material of high
      stiffness, as for example, a hard polyurethane rubber. Such a spring
      element can consist of a basic structure, touching the bore of the inner
      part of the coupling in three places, out of which protrude three pressure
      elements for acting on the inner ends of the cylindrical pins of the three
      rolling parts.
PAR  The outer end of the cylindrical pin of the roller parts is provided with a
      spherical surface, the center of the sphere lying at the point which is
      the center of the sphere that constitutes the outer diameter of the
      rolling part. This spherical surface at the outer end of the cylindrical
      pin serves for supporting the roller parts against the grooves of the
      outer part of the coupling.
PAR  The main advantage achieved by the present invention resides particularly
      in the location of the spring element in a central bore of the inner
      element of the coupling. This permits an advantageous construction of the
      spring element. The construction is simple, can be easily manufactured,
      and has a large operating volume, as well as correspondingly low stress.
      Should a spring element break, despite the low stresses, due to failure of
      the material, for example, then no damage can occur. This results from the
      condition that even the smallest pieces resulting from breakage are
      stopped by the intermediate element. The construction of the
      evenly-running universal coupling, according to the present invention, is
      substantially simple in design, and the few robust individual parts are
      relatively inexpensive and easy to manufacture. The outer diameters of the
      rolling parts are large, and the diameters of their cylindrical pins are
      small. Accordingly, when taken together with forces applied near the
      center, these conditions result in the best possible arrangement for
      effectiveness, even with large amounts of displacement and large bending
      angles.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments, when read in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial sectional view taken through the longitudinal axis, and
      shows one embodiment of a universal coupling, in accordance with the
      present invention;
PAR  FIG. 2 is a partial cross-sectional side view of the embodiment of FIG. 1;
PAR  FIG. 3 is a partial sectional view of a coupling as shown in FIG. 1, but
      with the inner part of the coupling subjected to an axial displacement and
      an angular movement;
PAR  FIG. 4 is a partial sectional view of another embodiment of a universal
      coupling, in accordance with the present invention;
PAR  FIG. 5 is a partial cross-sectional view of a third embodiment of a
      universal coupling, in accordance with the present invention;
PAR  FIG. 6 is a partial sectional view taken through the longitudinal axis of
      the embodiment of FIG. 5;
PAR  FIG. 7 is a partial sectional view of the arrangement of FIG. 6, with the
      inner part of the coupling subjected to an angular displacement.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawing, the outer part of the coupling 1 is provided with
      grooves 3 evenly distributed about the circumference. To transfer the
      torque, rolling parts 5 engage these grooves. Rolling part 5 has a
      cylindrical pin 6, located within bore 4 of the inner part of the coupling
      2, in a rotatable and radially displaceable manner.
PAR  The outer end 24 of the cylindrical pin 6 of the rolling part 5, is
      provided with a spherical surface 27. The spherical center 25 of this
      spherical surface 27, is located at the center of the sphere 26. The
      latter constitutes the outer diameter of rolling part 5. Spherical surface
      27 serves for supporting the rolling part 5 against the grooves 7 of the
      outer coupling part 1. For even motion, and angular displacement 14
      requires a radial displacement of the roller parts by the difference
      between dimensions 20 and 23.
PAR  This is accomplished by a force 19 arising from spring element 10, 31,
      which pushes the rolling parts radially outward. The spring element is
      located in the central bore 22, 30, 33, of the inner coupling 2. The
      spring element 10, furthermore, is supported on the bottom 9 of the
      central bore, and it exerts its force in an axial direction. The axial
      force 21 is converted by intermediate element 12, 28, into a radial force
      19.
PAR  The intermediate element 12, 28, is located between spring element 10 and
      the inner end 16, 29 of the cylindrical pin 6. With use of the
      intermediate element 12, provided with conical surface 13 and centered by
      collar 11, the inner end of cylindrical pin 6 is rounded.
PAR  When using an intermediate element 28 in the form of a sphere, the inner
      end of cylindrical pin 6 is provided with conical surface 29. Spring
      element 31 is constructed for providing three radially outward-pushing
      forces 19, which are evenly distributed about the circumference. This
      spring element is constructed, furthermore, of an elastically deformable
      material of substantially high stiffness as, for example, hard
      polyurethane rubber.
PAR  To act on the inner end 35 of the cylindrical pin 6, the spring element is
      provided with three pressure elements 32, and is constructed so as to
      touch the bore 33 at three places. As a result, substantially the entire
      volume of spring element 31 is active and functions.
PAR  The shaft which is rigidly connected to the inner part of the coupling is
      designated by the reference numeral 8, and the length of the displacement
      is indicated by the reference numeral 15. The shoulder 34 holds the spring
      element 31 to the inner part of the coupling. The bore 17 serves for
      connecting the outer part of the coupling to its respective shaft. The
      distance 18 of the force 19 from the center of rotation of the rolling
      part 5, is substantially small, and the difference between the outer
      diameter of rolling part 5 and that of the cylindrical pin 6 is
      substantially large. Accordingly, universal couplings constructed in
      accordance with the present invetion, rotate particularly smoothly. In
      addition to being very effective, the couplings of the present invention
      have a substantially long operating life.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention, and
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalance of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An axially displaceable and angularly movable, evenly-running universal
      coupling comprising, in combination, an inner coupling member with a
      radial bore; three rolling elements equi-angularly distributed and
      connected rotatably and radially movable to said inner coupling member for
      transmitting torque; an outer coupling member having straight-lined
      grooves parallel to the axis of said outer coupling member, said rolling
      elements protruding into said grooves; spring means for applying a radial
      force pushing said rolling elements outward to displace said rolling
      elements during an angular movement for even-running of said universal
      coupling, said rolling elements having a cylindrical pin rotatable and
      radially movable in said radial bore, said spring means applying a force
      on the inner end of said cylindrical pin for pushing said rolling elements
      radially outward.
NUM  2.
PAR  2. The universal coupling as defined in claim 1 including a central and
      axially directed bore in said inner coupling member for holding said
      spring means.
NUM  3.
PAR  3. The universal coupling as defined in claim 2 including an intermediate
      member between the inner end of said cylindrical pin and said spring means
      said spring means applying a radially directed force to said cylindrical
      pin through said intermediate member.
NUM  4.
PAR  4. The universal coupling as defined in claim 3 wherein said intermediate
      member has a conical-shape surface, said inner end of said cylindrical pin
      being rounded.
NUM  5.
PAR  5. The universal coupling as defined in claim 3 wherein said intermediate
      member is spherical-shaped, said inner end of said cylindrical pin having
      a conical-shaped surface.
NUM  6.
PAR  6. The universal coupling as defined in claim 2 wherein said spring means
      comprises three force applying members equiangularly distributed and
      directed radially outward.
NUM  7.
PAR  7. The universal coupling as defined in claim 6 wherein said spring means
      comprises of elastic deformable material of substantially high strength.
NUM  8.
PAR  8. The universal coupling as defined in claim 7 wherein said spring means
      comprises a main member within a bore of said inner coupling member, said
      main member having three pressure applying bosses for abutting the inner
      ends of said cylindrical pin of said three rolling elements.
NUM  9.
PAR  9. The universal coupling as defined in claim 1 wherein said cylindrical
      pin of said rolling elements have a spherical surface on the outer end,
      the spherical center of said spherical surface being at the center of the
      sphere conforming to the outer surface of said rolling element.
NUM  10.
PAR  10. The universal coupling as defined in claim 9 wherein said spherical
      surface on the outer end of said cylindrical pin abuts said rolling
      elements against said grooves of said outer coupling member.
NUM  11.
PAR  11. The universal coupling as defined in claim 4 wherein said spring means
      comprises elastic deformable material of substantially high strength and
      having a main member within a bore of said inner coupling member, said
      main member having 3 pressure applying bosses for abutting the inner ends
      of said cylindrical pin of said 3 rolling elements, said cylindrical pin
      as said rolling elements having a spherical surface on the outer end, the
      spherical center of said spherical surface being at the center of the
      sphere conforming to the outer surface of said rolling element, said
      spherical surface on the outer end of said cylindrical pin abutting said
      rolling elements against said grooves of said outer coupling member.
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PAL  The coupling has two annular flanges respectively secured to driving and
      driven shafts and spaced apart axially. A hollow shaft is interposed
      between the flanges, and is connected to these flanges through holding
      elements extending axially from the flanges on the outside as well as
      inside of the shaft and being connected to the hollow shaft through
      individual rubber elements whereby a holding element on the outside is
      radially aligned with a holding element on the inside with two radially
      tensioned rubber elements inbetween, one on the inside and one on the
      outside. The holding elements as connected to one flange are on their
      axial other end interconnected by an annulus, two annuli facing each other
      in pairs and about the (axial) center of the hollow shaft but leaving a
      gap between.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an equalizing and compensating coupling
      for transfer of large torques, and more particularly the invention relates
      to a coupling interposed between the output shaft of a transmission gear
      and the propellor shaft of a ship.
PAR  Couplings used for transmission of large torques, particularly in ships
      drive systems, may have primary and secondary parts which have coaxial
      disposition to each other and to the respective axis of the couplings, and
      the two parts are interconnected by rubber-elastic elements. In a
      particular construction, a coupler sleeve may be interposed, and the
      primary and secondary clutch parts each connect to the sleeve through
      these resilient elements.
PAR  It is, however, necessary to consider the operating conditions for such a
      clutch or coupling in some detail. If the transmission of the ships drive
      is located near the stern, the propeller shaft will be rather short and
      exhibit rather high flexural stiffness and bending strength. On the other
      hand the higher strength of sheet metal as it is used for construction of
      ships hulls today permits employment of thinner sheet stock for that
      purpose so that the hulls are more resilient. Such increase in resiliency
      is particularly noticeable in the stern because the buyoncy differs for
      different loads. The resulting change in shape of the hull must not
      influence the position of the ship's drive generally and must not cause
      any change in gearing operation.
PAR  Ships gears are quite heavy, and for this reason they cannot merely be
      connected to the respective propeller shaft. Rather, the transmission must
      be mounted in some fashion to the frame of the ship. If, however, the
      propellor shaft moves with flexing of the hull, displacement of gear parts
      must be expected and has, in fact, been observed.
PAR  Several different solutions have been advanced to solve that problem. In
      accordance with a first solution, a thrust bearing is directly connected
      to the transmission gear; the latter has a small base bolted to the base
      of the thrust bearing. The base of the thrust bearing has usually
      significant strength.
PAR  In accordance with a second solution to the problem thrust bearing and
      transmission are separated, and the transmission is solely responsible for
      radially guiding the propellor shaft. Any vertical displacements of the
      bases of the thrust bearing and of the transmission gear is to be
      compensated in that manner.
PAR  In accordance with a third solution the transmission is mounted on level
      controlled cylinders so that changes in the location of its base are not
      transmitted to the transmission. Finally, it has been proposed to provide
      a transversely displaceable jaw clutch between propeller shaft and
      gearing, which clutch does not only transfer torque but compensates also
      for disposition changes as between thrust bearing and gearing.
PAR  All of these proposals for solving the problem have one drawback or another
      and are, therefore, not quite suitable, at least not to the desired
      extent.
PAR  A small base in accordance with the first proposal leads invariably to
      overhanging parts, particularly in twin gear systems. Moreover, a small
      base is not well suited to take up the reaction forces if the power
      transmitted is quite large. The separation of transmission and thrust
      bearing in accordance with the second proposed solution may suffice in the
      case of vertical, mutual displacement, but not when the angle between
      propeller shaft and transmission output shaft tends to change.
PAR  The levelled positioning of the transmission casing, also known as active
      positioning, is very complicated and too amenable to break down. The final
      solution was found to cause increasing stiffening of the jaw clutch with
      increasing torque while for low torques the clutch my start to rattle.
PAC  DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to provide for a coupling
      structure which is usable as driving connection between a transmission, on
      the one hand and a thrust bearing and/or the propellor shaft, on the other
      hand.
PAR  It is a more general object of the present invention to provide for new and
      improved coupling for transmission of very large torques, even though the
      shaft may under-go lateral as well as angular displacement.
PAR  It is another object of the present invention to provide for a specific
      solution to the above outlined problem, for providing compensation as
      between the changes in shape of a ships hull so that these changes do not
      influence the relative disposition of propellor shaft and gearing, but are
      compensated by suitably placed resilient action and reaction.
PAR  It is, therefore a particular object of the present invention to improve a
      coupling in which coaxial primary and secondary parts are individually
      interconnected with a sleeve by means of rubber elastic elements.
PAR  In accordance with the preferred embodiment of the invention it is
      suggested to provide inner and outer cylindrical holding and mounting
      structures on each of the primary and secondary parts, and the coupler
      sleeve is interposed as a hollow shaft between the two inner structures on
      one hand and the two outer structures on the other hand in axially
      overlapping relation. The inner and outer structures for the primary
      coupling part and those for the secondary coupling part are secured to
      each other. All cylindrical structures are connected to the coupler sleeve
      by means of the resilient elements, of rubber or rubber-like elasticity
      and resiliency, whereby structure surfaces interconnected with the shaft
      face the shaft in radial direction and the resilient elements are
      interposed along that direction.
PAR  The cylindrical mounting structures are preferably realized by means of
      individual holding elements bolted to flanges, one flange being connected
      to a driving shaft and another flange to a driven shaft. The holding
      elements of an outer structure are radially aligned with the holding
      elements of the inner structure as connected to the same flange.
      Individual resilient elements connect each holding element to the coupler
      sleeve and hollow shaft.
PAR  The holding elements of the two structures pertaining to the same clutch
      part (primary or secondary) are additionally interconnected by annuli,
      whereby the connection to such annulus as well as connection to the
      respective flange establishes a radial compression bias of and for the
      resilient elements.
PAR  Torque is transferred between driving shaft and primary part and coupler
      sleeve or hollow shaft, as well as between that shaft and the secondary
      part and driven shaft by circumferentially effective thrust. Thus, even in
      the case of lateral and angular displacement as between primary and
      secondary coupling parts, no stiffening occurs, even on large torques.
PAR  The coupling can be placed between the transmission gearing on one hand and
      the thrust bearing for the propeller shaft in a ships drive on the other
      hand. The coupling readily compensates particularly displacements of the
      propellor shaft, due to hull flexing relative to the transmission gear.
      The degree of flexing and equalization needed depends on the individual
      case. The thickness of the resilient elements, i.e. their extension in
      radial direction is the parameter to be selected in accordance with the
      needed compensation and equilization. That thickness, however, should be
      smaller than azimuthal and axial dimensions of resilient elements. As a
      consequence, torsional elasticity is low while transverse and axial
      displaceability as between the primary and secondary coupling parts are
      quite high, even in the case of very large torques and power in excess of
      10,000 horsepowers.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages thereof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is an axial-section view through a coupling in accordance with the
      preferred embodiment of the invention; showing only about one half (the
      upper half) of that section due to rotational symmetry;
PAR  FIG. 1a can be interpreted as the other half of the section as per FIG. 1,
      except that clutch parts have been shown in mutual displacement as it may
      occur during operation;
PAR  FIG. 2 is a section view along line 2--2 in FIG. 1; and
PAR  FIG. 3 is section view, similar to FIG. 1 but showing a portion only on a
      larger scale.
DETD
PAR  Proceeding now to the detailed description of the drawings, the coupling
      illustrated has a primary or driving part 1 connected to the output shaft
      22 of a transmission gear and constituting the driving shaft for the
      coupling. The axis of shaft 22 is denoted by 24. The coupling has a
      secondary or driven part 2, connected to a propellor shaft 23 having axis
      25. It may be assumed, that a thrust bearing is provided on the propellor
      shaft.
PAR  The primary and secondary parts 1 and 2 of the coupling are basically of
      symmetrical construction (though details may differ). Each of these
      coupling parts has an annular flange, 8 and 9 respectively, whereby flange
      8 is connected to shaft 22 and flange 9 is connected to shaft 23. An outer
      cylinder holding structure 3 and an inner cylindrical holding structure 4
      is connected to flange 8 in concentric relation; an outer cylindrical
      holding structure 3' and an inner cylindrical holding structure 4' is
      connected to flange 9.
PAR  A coupler sleeve or hollow shaft 5 is coaxially and concentrically disposed
      to all holding structures and is particularly interposed between inner and
      outer structures in each instance. In particular, there is definite axial
      overlap and telescopic relation in the disposition of sleeve 5 with
      respect to each holding structure, in that the sleeve or shaft 5 is in the
      outer cylindrical holding structures and receives the respective inner
      holding and mounting structures. As far as radial dimensions are
      concerned, sleeve 5 is located in about the (radial) middle between inner
      and outer structures.
PAR  Inner and outer structures are provided in a cylindrical and cage-like
      configuration. The outer structures 3 and 3' are respectively established
      through a plurality of individual holding elements 11, 11', which are
      individually bolted to the respective flange, 8 or 9 as the case may be,
      and they are arranged concentrically to the respective axis, 24 or 25.
      Analogously, inner structures 4 and 4' are established by individual
      holding elements 12, 12' also being bolted to the respective flange, 8 or
      9, whereby in particular each element 11 is radially aligned with an
      element 12; and each element 11' is radi aligned with an element 12'.
PAR  Each holding element such as 11, has a first flange lla for bolting to
      annular flange 8 by means of bolts 10 while a second flange 11b on each
      element 11 is used to bolt the respective element to an annulus 13.
      Analogously each element 12 has a first flange 12a for bolting to flange 8
      while a second flange 12b on each element 12 is bolted to an annulus 14.
PAR  It can thus be seen, that by virtue of bolting the elements 11 to annulus
      13 as well as to flange 8 the outer cylindrical holding structure 3 is
      established by assembling individual holding elements, namely 11 in the
      stated manner. Analogously the inner holding 4 structure results from the
      assembly of holding elements 12 in a cylindrical configuration and bolting
      them to annulus 14 and flange 8. One can also say that structure 3 is
      comprised of the elements 11 as bolted to annulus 13 and establishing
      therewith a sleeve with slots, namely the gaps between azimuthally
      adjacent elements 11. Analogously structure 4 is comprised of the elements
      12 as bolted to annulus 14 and establishes also a sleeve with slots,
      aligned with the slots in the respective concentric sleeve structure 3.
      Bolting may be carried out by means of releasable bolts 10 and 21.
PAR  The several outer holding elements 11 are interconnected with sleeve 5 by
      means of individual rubber or rubber-like, resilient elements 6 which are
      vulcanized or otherwise bonded, e.g. glued, to elements 11 in each
      instance. The respective (radial in the assembly) opposite end of each
      resilient element 6 is vulcanized or otherwise bonded to a plate 15. Each
      plate 15 is bolted to sleeve 5 in the proper location, by means of
      bolt-nut combinations 17.
PAR  Analogously, inner holding elements 12 are directly interconnected (e.g.
      vulcanized etc) with rubber or rubber-like resilient elements 7 which in
      turn are bonded to plates 16, and the plates 16 are bolted to sleeve 5 by
      the same bolts which bolt plates 15 to sleeve 5 because each combination
      of an element 11, a resilient element 6 and a plate 16 is radially aligned
      with a combination of an element 12, a resilient element 7 and a plate 16.
PAR  In order to permit bolting, plates 15 and 16 have axial extensions beyond
      the bonding interfaces with the respective resilient elements and this is
      true for each axial end on both coupling parts, 1 and 2.
PAR  The flange 8 has an annular recess 8a of particular diameter into which
      flanges 11a and 12a are inserted in the annular arrangement of the holding
      elements 11 and 12. The annuli 13 and 14 have recesses or shoulders to
      establish a definite circle for disposition of the flanges 11b and 12b in
      analogous manner. Even though annuli 13 and 14 are not rigidly
      inerconnected, the structures as a whole are interconnected by the flange
      8 and define a definite cylindrical annular space in which one end of
      sleeve 5 is inserted, at about half the diameter difference between inner
      and outer holding cylinders, whereby the resilient elements 6 and 7 are
      all radially compressed and biased. The assembly of these components can
      be understood best with reference to the right hand portion of FIG. 3.
PAR  The right hand portion of FIG. 3, but also FIG. 1 shows that the driven or
      secondary side (2) of the coupling has outer holding elements 11' bolted
      (or to be bolted as per FIG. 3) to flange 9 and to an annulus 13'; there
      are also inner holding elements 12' bolted to flange 9 and to an annulus
      14'. Each element 11', 12' respectively is bonded to a resilient element
      6, 7 which in turn are bonded to plates 15, 16.
PAR  Each resilient element 6, 7, each plate 15, 16 and each element 11, 11',
      12, 12' has two bores, which for each holding element/rubber element/plate
      sub-assembly are aligned. Moreover, there are corresponding bores in
      sleeve or hollow shaft 5 so that in each instance seven individual bores
      can be aligned radially, due to the radial alignment of, an element 11 (or
      11'), a rubber element 6, a plate 15, the appropriate location of sleeve 5
      where having such bores, a plate 16, an element 7 and an element 12 (or
      12'). Such seven radially registering bores are denoted with reference
      numeral 18.
PAR  As can be seen best in FIG. 3, all these bores in each element have similar
      diameter, excepting holding elements 12 and 12' having bores 19 of a
      diameter which is smaller than the others and, also unlike the others, is
      threaded. This way, bolts 20 can be inserted and threaded into the bores
      19 of element 12 (or 12') while the head of each bolt engages a plate 11
      (or 11'). Upon tightening the bolts, resilient bias is provided in each of
      the respective two interposed rubber elements 6 and 7, effective therein
      by radial compression with reference to the common axis 24, 25 about which
      they are assembled.
PAR  As indicated above, the FIG. 3 shows the completed connection for the
      several holding elements etc. as far as mounting to flange 8 is concerned,
      while the right hand side of the Figure shows inner and outer holding
      structure, resilient elements and coupler sleeve in superimposed but not
      yet tightened configuration. The flanges 11'a, 12'a of the respective
      parts 11 and 12 cannot yet bet bolted to flange 9 because the resilient
      parts 6 and 7 of that portion have not yet been compressed; the same is
      true with regard to bolting flanges 11'b, 12'b to annuli 13', 14'.
PAR  Accordingly, bolts 20 will be inserted into the respective
      seven-aligned-bores 18 and threaded into bores 19 to compress (radially)
      the rubber elements as sandwiched inbetween, until the flanges of parts 11
      and 12 can be inserted in the recess 9a of flange 9 whereupon the several
      bores are aligned for bolting of flanges 11'a, 12'a to flange 9.
PAR  The same is true as far as annuli 13', 14' is concerned; compression of the
      rubber elements 6 and 7 is needed to place the bores in flanges 11'b, 12'b
      of parts 11' and 12' into alignment with the bolting bores in annuli 13'
      and 14'.
PAR  The left hand side of FIG. 3 shows the completed assembly as far as
      connection to flange 8 and to annuli 13 and 14 is concerned. However, once
      that bolting connection has been completed, bolts 20 are no longer needed
      and can be removed. Actually, they must be removed prior to setting shaft
      22 into rotational motion, because flexing of the resilient elements must
      be permitted. Particularly, hollow shaft 5 must be permitted to undergo
      annular skew and lateral displacement; also, axial displacement within the
      constraint of resilient deflection of elements 6 and 7 should be
      permitted. The resulting compensating operation of the coupling is
      depicted by way of example in FIG. 1a.
PAR  The right hand part of FIG. 3 is in parts an exploded view from which one
      could conclude that flange 9 has to be shifted axially to permit bolting
      thereof to parts 11' and 12'. Indeed, assembling the coupling is
      facilitated when flanges 8 and 9 have not yet fixed axial distance from
      each other. However, the construction as a whole still permits assembly,
      even without axially displacing flanges 8 and 9. This is important as
      these flanges pertain to shafts 22 and 23 which may have already definite
      disposition to each other no longer permitting axial displacement.
      Assembly of the coupling without displacement of flanges 8 and 9 is needed
      also when rubber parts 6 and 7 are to be exchanged without having to shift
      the flanges (and the shafts 22, 23 to which they are connected). The
      elasticity of parts 6 and 7 can be taken advantage of for this purpose.
PAR  For purposes of disconnection of any of the holding structures the annuli
      13, 14, for example, are disconnected from all the parts 11 and 12. Next,
      bolts 10 are taken out. Upon release from flange 8 elements 11 and 12 can
      be shifted axially out of recess 8a because resilient elements 6 and 7
      permit axial deflection. Shaft 5 is also axially movable (to the right)
      because it is not rigidly secured to flange 9.
PAR  Next, one will proceed in the same manner on the other end, adjacent flange
      9. Thereafter the entire assembly which was bolted to flanges 8 and 9 can
      be taken out from the space between these two flanges, and the individual
      plates 15 and 16 can be conveniently unfastened from shaft 5, particularly
      for an exchange of the resilient elements.
PAR  Initial assembly and reassembly is carried out in the reverse order whereby
      plates 15, 16 are connected to one end of sleeve 5 in the stated manner,
      and, for example, parts 11, 12, 13, 14 are assembled with radial
      compression provided by bolts 20. Since sleeve 5 is still axially movable
      as a whole, the assembly, as held together by bolts 20 can be shifted
      axially into recess 8a and bolted to flange 8.
PAR  The other (right hand) end of sleeve 5 clears flange 9, but elements 11'
      and 12' with rubber elements cannot be placed with their plates 15, 16 in
      bore-to-bore aligned position on sleeve 5. Elements 11', 12' cannot be
      assembled by bolts 20 at that point. If, however, bolts 20 are taken out
      of the left hand assembly 1, sleeve 5 can be shifted to the left, flexing
      elements 6 and 7 of the assembly 1 axially so that the bores of the right
      assembly 2 are aligned and now elements 6 and 7 can be compressed by means
      of bolts 20 so that flanges 11b' and 12b' clear the edge of recess 9a
      point. However it may not be practical to shift sleeve 5 as a whole to the
      left, and it may be more practical to flex the rubber elements of each
      pair of elements 11', 12', that is and as it is being connected to flange
      9. Therefor bolts 20 cannot be used in that case for obtaining the needed
      radial compression of elements 6, 7 for assembly 2.
PAR  Tools are inserted into the interior of the space between flange 9 and
      inside of tube or sleeve 5 through appropriate openings in flanges 8
      and/or 9. These tools, individually provide radial urging of a pair of
      parts 11' and 12' towards each other until they can slip into recess 9a,
      whereupon they are bolted thereto, and to annuli 13' and 14'. The process
      proceeds from pair to pair of parts 11', 12' until all are connected to
      flange 9 and annuli 13' and 14'. The bolts 20 may have been removed on the
      other side of sleeve 5 to aid in the flexing and positioning of parts 11'
      and 12' in each instance.
PAR  By way of example a coupling for the transmission of 25,000 horsepowers
      requires an outer diameter of about 2 to 2.5 meters (i.e. about 7 feet to
      8 feet) with a propellor shaft of a diameter of 600mm (about 24 inches).
      The flanges are sufficiently large to provide for apertures permitting
      insertion of tools without weakening of structure. Moreover such openings
      may actually be provided for simply to hold the weight of the coupling
      down.
PAR  As can be seen from FIG. 1a, the coupling in accordance with the invention
      is well suited to provide for compensation and equilization in the case of
      displacement of axes 24 and 25 as well as in the case of a slight tilt.
      Since the sleeve 5 functions as a hollow shaft and since resilient
      coupling elements 6 and 7 are connected thereto on the inside and on the
      outside large torques can indeed be transmitted.
PAR  Circumferential acting forces (as provided by the driving input part) are
      transmitted upon the hollow shaft via the resilient elements as thrust and
      that in turn is instrumental in avoiding stiffening of these elements nor
      do they resist displacement of the axes by tilt and/or lateral
      displacement other than by resilient reaction, even in the case of large
      torque.
PAR  The thickness (radially) of elements 6 and 7 is to be selected in
      accordance with anticipated displacements of that kind and is quite small.
      By way of example. The radial extension (thickness) of each resilient
      element is significantly smaller than its axial as well as azimuthal
      extension. Furthermore, the radial distance of an outer element 11 from
      its respective inner counter part 12 (or 11' from 12') is to be about 6 to
      10% of the outer diameter of the coupling. That diameter is determined
      essentially by the assembled outer elements 11 and 11'.
PAR  The elements 6 and 7 when assembled are radially tensioned and as a
      consequence this compensating and equalizing coupling has a
      characteristical low torsional elasticity, and its compensation function
      as far as taking up transverse and axial displacements (both occur on
      tilting) is not impeded even under full, rated torque. This is
      particularly important if, as already mentioned by way of example the load
      and power is in excess of 10,000 horsepower.
PAR  The invention is not limited to the embodiments described above but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  We claim:
NUM  1.
PAR  1. Compensating and equalizing coupling for transmission of large torques,
      such as between a ship's drive transmission gear and a propellor shaft,
      comprising:
PA1  a hollow shaft;
PA1  means (a) including
PA1  i. a first, cylindrical structure having larger diameter than the shaft and
      receiving one end of the shaft in axially overlapping relation;
PA1  ii. a second, cylindrical structure having smaller diamater than the shaft
      and being received by the shaft at the one end in axially overlapping
      relation;
PA1  iii. means for interconnecting the first and second structures
      independently from the hollow shaft and connecting the interconnected
      structures to serve as primary input part of the coupling; and
PA1  iv. a first plurality of resilient elements interposed radially between and
      connected to the shaft and said first and second structures to provide for
      radially extending resilient interconnection between the shaft and said
      structures; and
PA1  means (b) including:
PA1  i. a third cylindrical structure having larger diameter than the shaft and
      receiving the other end of the shaft in axially overlapping relation, but
      axially spaced apart from the first structure;
PA1  ii. a fourth cylindrical structure having smaller diameter than the hollow
      shaft and being received by the shaft at the other end in axially
      overlapping relation, but axially spaced apart from the first structure;
PA1  iii. means for interconnecting the third and fourth structures and
      connecting these interconnected structures to serve as secondary, output
      part of the coupling; and
PA1  iv. a second plurality of resilient elements interposed radially between
      and connected to the shaft and said third and fourth structures to provide
      for radially extending resilient interconnection between the shaft and
      said third and fourth structures;
PA1  so that said hollow shaft floats between the elements of the first to
      fourth pluralities and remains disconnected from said gear and said shaft
      except through the means (a) and the means (b) which in turn are
      interconnected only by said hollow shaft.
NUM  2.
PAR  2. Coupling as in claim 1, the two means for interconnecting including
      respectively first and second flanges to which the first and second
      structures and the third and fourth structures are respectively connected,
      the first flange connected to a drive shaft, the second flange connected
      to a driven shaft.
NUM  3.
PAR  3. Coupling as in claim 1, wherein the structures each being comprised of a
      plurality of individual elements which when interconnected establish the
      respective cylindrical structures, whereby an element of the first
      structure is radially aligned with an element of the second structure, and
      an element of the third structure is radially aligned with an element of
      the fourth structure.
NUM  4.
PAR  4. Coupling structure as in claim 3, the elements of the first and second
      structures being connected to a first flange, the elements of third and
      fourth structures being connected to a second flange, the first and second
      flanges respectively included in the two means for interconnecting.
NUM  5.
PAR  5. Coupling structure as in claim 4, wherein the two means for
      interconnecting further including four annuli respectively for
      interconnecting the elements of the first through fourth structures.
NUM  6.
PAR  6. Coupling as in claim 3, wherein a separate resilient element of the
      plurality is disposed between each element of the plurality and the hollow
      shaft.
NUM  7.
PAR  7. Coupling as in claim 6 wherein each resilient element is bonded to the
      respective holding element.
NUM  8.
PAR  8. Coupling as in claim 6, wherein each resilient element is bonded to a
      plate at an interface therewith, the respective plates being fastened to
      the hollow shaft.
NUM  9.
PAR  9. Coupling as in claim 8, wherein the plates have larger extension in
      axial direction than the respective axial extension of the resilient
      elements.
NUM  10.
PAR  10. Coupling as in claim 9, wherein each plate where extending beyond the
      interface with the respective resilient element is bolted to the hollow
      shaft.
NUM  11.
PAR  11. Coupling as in claim 3, wherein two holding elements on the plurality
      and two resilient elements of the plurality establish a sub-assembly
      connected to the hollow shaft, there being aligned bores in the elements
      of the subassembly for insertion of tightening bolts.
NUM  12.
PAR  12. Coupling as in claim 1, wherein the radial distance between first and
      third structures on one hand and the second and fourth structures on the
      other hand is about 6 to 10% of the diameter of the first and third
      structures.
NUM  13.
PAR  13. Coupling as in claim 1, wherein the means for interconnecting provide
      for radial tension bias of the resilient elements.
NUM  14.
PAR  14. Coupling as in claim 1, wherein the resilient elements have radially
      smaller dimensions than their respective dimensions in axial and in
      azimuthal direction.
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ABST
PAL  A self-aligning shaft coupling in which an open coil, helical spring is
      carried by a flanged disc on a driven shaft for releasable coupling within
      a housing mounted on a driving shaft wherein the shaft may be in axial or
      offset misalignment. The housing has a cylindrical internal peripheral
      surface closed at its rearward end by a face having a plurality of axially
      extending radially spaced lugs integrally formed thereon, any one of said
      lugs providing the sole coupling spring driving means. The spring has
      identical end-turned portions each of which are square with the spring
      axis and terminate in inwardly directed radial tangs so as to engage a
      slot in the driven disc and one of the lugs of the driving housing
      respectively, to provide a flexible torsional shaft coupling that is
      readily separable.
BSUM
PAR  This invention relates to self-aligning shaft couplings and more
      particularly to a readily releasable, resilient shaft coupling assembly
      between the drive motor and ice piece dispenser for use with a domestic
      refrigerator automatic ice maker.
PAR  One form of improved dispenser for an automatic ice maker for dispensing
      predetermined quantities of ice pieces exteriorly of a refrigerator
      cabinet in response to operator-initiated signals is disclosed in the
      Sucro et al U.S. Pat. application Ser. No. 420,361 now U.S. Pat. No.
      3,887,119, owned by the assignee of the instant invention. In the Sucro
      application a ram, having a stepped upper surface, is longitudinally
      driven by an eccentric for combined oscillatory and reciprocal movement
      from a recessed trough of an ice piece storage bin. As it is obviously
      convenient to be able to either completely or partially remove the storage
       bin from the refrigerator freezer compartment for removing large
      quantities of ice pieces by sliding the bin outwardly from beneath the
      icemaker it will be appreciated that some form of releasable self-aligning
      coupling will be required between a bin driven shaft and a cabinet motor
      driving shaft.
PAR  Accordingly, it is an object of the present invention to provide an
      improved self-aligning shaft coupling having a flexible torsional coil
      spring which may be readily engaged even through the shafts are either in
      axial or offset misalignment.
PAR  It is another object of this invention to provide an improved self-aligning
      shaft coupling for a removable ice piece dispenser bin in which an open
      coil, helical spring is carried by means of a driven shaft mounted on the
      bin for releasable flexible torsional coupling with a tubular housing
      mounted on a driving shaft, wherein the housing has a cylindrical internal
      peripheral surface closed at its rearward end by a recessed face having a
      plurality of axially extending radial spaced lugs, any one of which
      provides the sole spring-driving means between the housing and the free
      radial tang end of the spring.
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings, wherein a preferred embodiment of the present invention is
      clearly shown.
DRWD
PAR  In the Drawings:
PAR  FIG. 1 is a front elevational view of a removable ice dispensing bin
      positioned beneath an automatic icemaker incorporated in the freezer
      compartment of a top-freezer household refrigerator;
PAR  FIG. 2 is a fragmentary side elevational view, partly in section of the bin
      mounted driven portion for the ice dispenser and the driving shaft of the
      cabinet mounted electric motor;
PAR  FIG. 2A is a view taken on line 2A--2A of FIG. 2 showing the underside of
      the lead-in fork in engagement with the bin positioning rib;
PAR  FIG. 3 is a vertical sectional view taken on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a horizontal sectional view of the driven shaft disc taken on
      line 4--4 of FIG. 3;
PAR  FIG. 5 is a plan view of the rearward face of the bin driven shaft disc
      taken on line 5 of FIG. 4;
PAR  FIG. 6 is a view of the forward open-ended coupling housing of the drive
      shaft and coupling and engaged helical spring taken substantially on the
      line 6--6 of FIG. 2;
PAR  FIG. 7 is a horizontal sectional view of the housing and spring taken on
      the line 7--7 of FIG. 6;
PAR  FIG. 8 is a vertical sectional view taken on the line 8--8 of FIG. 6;
PAR  FIG. 9 is an exploded view, in perspective, of the self-aligning shaft
      coupling shown in FIG. 2; and
PAR  FIG. 10 is a fragmentary vertical sectional view taken on the line 10--10
      of FIG. 1.
DETD
PAR  Referring now to the drawings and more particularly to FIG. 1, there is
      shown an upper cabinet portion 10 of a household refrigerator having a top
      freezer compartment 12 separated by a support shelf 16 from the lower
      fresh food storage compartment 18. An automatic liquid freezer or ice
      maker is shown installed in the area 20 above the space 22 from which ice
      pieces or frozen liquid are discharged into an ice collecting and
      dispensing bin 26 located therebelow. The automatic ice maker, while it
      could be of any one of numerous designs, is preferably of the type
      disclosed in U.S. Pat. No. 3,548,227 issued Nov. 17, 1970 to E. W. Eyman,
      Jr., et al, which patent is assigned to the assignee of the instant
      application.
PAR  The Eyman et al automatic icemaker is cycled such that after the liquid is
      frozen an ice tray or mold harvesting cycle is commenced wherein the tray
      is rotated to a substantially inverted position and twisted so as to
      release the ice pieces formed therein into the subjacent dispensing bin 26
      which retains the ice pieces at below freezing temperatures prior to their
      being dispensed.
PAR  As described in the above-mentioned patent application S.N. 420,361, the
      ice storage bin 26, which is removably supported on the shelf 16, has a
      generally box-shaped configuration including vertical side walls 27 and
      28. The base portion of the storage bin includes downwardly and inwardly
      converging bottom walls 29 and 30 (FIG. 3) intersecting side plates 36 and
      37 respectively, of a longitudinally disposed bin trough 38. For a
      detailed description of the bin and ice dispensing mechanism, reference
      may be had to the above-mentioned Sucro et al patent application.
PAR  A longitudinal trough 38, illustrated in FIG. 3, is formed in the bottom of
      the bin which is closed on its under side by a bottom plate, partially
      indicated at 39 in FIG. 10, such that the plate 39 merges with the trough
      rear wall 41 via arcuate fillet 42, shown in FIG. 2. It will be noted that
      the bin side walls 27 and 28 terminate at their forward ends in bottom
      longitudinal edges 44 which together with a pair of skids 45 integrally
      molded at the aft portion of base plate 39, support the bin on shelf 16
      when in the freezer compartment and on a work surface such as a kitchen
      countertop when removed from the refrigerator cabinet. It will be noted in
      FIG. 10 that the upper wall of the freezer shelf 16 has an integrally
      molded transverse rib 16' which engages the front baffle wall 65 to retain
      the bin in its exact longitudinal ice piece receiving position beneath the
      icemaker 20.
PAR  As seen in FIG. 10, the bin trough has positioned therein an elongated ram
      member 50 whose upper surface has a plurality of steps, one of which is
      shown at 55. The ram lead step 56 terminates in a downwardly and forwardly
      sloping ram front face 58 which is shown rearwardly spaced from a pivoted
      closure member in the form of a trap door 59 pivotally mounted at the
      entrance to an ice piece discharge housing member 60 having an ice piece
      discharge compartment 61 defined by an upper wall 62, side partitions, one
      of which is shown at 63, and a front baffle wall 65 forwardly offset from
      a front cover plate, partially shown at 66 having means to engage the bin
      front wall (not shown). The ram forward end 68 is movable along the trough
      longitudinal axis and the ram rearward end is drivingly connected to an
      eccentric to thereby impart combined reciprocating and oscillating travel
      to the ram.
PAR  To effect the combined reciprocating and oscillating movement of the ram 50
      a linkage member is driven by eccentric drive means in the form of a
      fractional horsepower electric motor 72 as shown mounted on rear wall 73
      of the freezer compartment so as to be partially received in a cup portion
      76 recessed in the insulation material 77 of the rear wall area. The motor
      has its drive shaft 78 extending forwardly through an aperture 79 in the
      forward cover plate 80 of the plastic motor housing generally indicated at
      81. It will be noted that front resilient bushing 97 is received in
      cylindrical cover pocket 98 so as to mount the bearing frusto-conical
      portions 99 of the motor. The rear portion of the motor shaft 78 and its
      embossment 101 are similarly mounted in rear resilient bushing 103 seated
      in cup boss 105 whereby the motor vibration is cushioned to a level that
      will not be detected by the customer.
PAR  As seen in FIG. 2, a reduction gear unit casing 100 is secured to the rear
      portion of the trough side plate 37 by  machine screws 102 which extend
      through housing ears 104 and thence into integral boss portion 106. The
      driven coupling shaft 110 extends through the wall of the casing 100 of
      the reduction gear unit and engages in suitable bearing cups (not shown)
      located in the end walls of the casing 100. On the driven shaft 110 is a
      worm and worm gear arrangement (not shown) secured to a transverse shaft
      118, having a concentric boss 119, with the shaft 118 extending through an
      opening in the opposite casing side wall 120 so as to be threadably
      received in the gear hub, while the gear cover plate 122 is retained
      thereon by screws 124. A driven wheel 134, integrally formed on the inner
      end of the transverse shaft 118, is rotated within a conforming circular
      opening 142 in the trough side plate 37 such that the drive wheel 134 has
      its inner surface 135 flush therewith. The drive wheel 134 has integrally
      molded thereon and extending normal thereto an eccentrically positioned
      link pin (not shown) adjacent the outer periphery of the drive wheel 134
      for reception through a suitable pivotal connection with the lower portion
      of the linkage member 84 and the rear portion of the ram 50. The rearmost
      portion of the linkage member 84 includes transverse pins for sliding
      reception in opposed vertical bin grid slots 92 as fully set forth in the
      mentioned Sucro et al application.
PAR  The new and improved self-aligning shaft coupling assembly consists of
      first and second spaced annular members with the first coupling member 190
      being a rearwardly positioned housing secured on the motor driven shaft 78
      by means of a rearwardly extending hub portion 192 having an axial bore
      194 threaded on the shaft 78 such that the hub is received in aperture 196
      in the pocket 98 of the motor cover plate 80. The driving coupling means
      in the form of the housing or tubular sleeve collar 198 has a generally
      cylindrical internal peripheral surface 200 closed at its rearward end by
      a base plate 202 on whose rearward or outer face  204 the hub 192 is
      integrally formed.
PAR  The inner or forward face 206 of the base plate 202 has a forward axial
      stud portion 210 having its nose 212 tapered with a decreasing diameter
      toward the center providing a frusto-conical portion. Positioned
      symmetrically around the forward stud 210 are integrally molded
      cylindrical driving lugs located radially outward from the forward stud
      210 which in the preferred form comprise four identical driving lugs 214,
      215, 216 and 217 centered at each corner of a square so as to be arcuately
      spaced at 90.degree. intervals around the hub. Each lug has a conical
      shaped or pointed tip as shown at 218 in FIG. 7 together with a radial
      flange or web portion 220 having a knife-like outer edge 222.
PAR  The tubular sleeve portion 198 of the driving coupling 190 includes a
      peripheral surface 224 outwardly tapered with an increasing diameter
      toward the outer surface to provide a smooth lead-in surface to the
      cylindrical internal peripheral surface 200 such that the open end
      entrance portion of the tubular sleeve 198 receives the free end of a
      cylindrical open coil helical compression spring 230 for reception on the
      inner face 206 of the base 202. As best seen in FIGS. 6, 7 and 8 of the
      illustrated embodiment of the invention, one of the lugs 214-217 in the
      housing 198 is designed to receive an extreme inwardly directed straight
      radial tang end portion 232 on the outer turn of the spring. The lugs are
      cylindrical so that the tangs 232 need not be formed perfectly radial to
      contact and drive on some point of the lug circumference.
PAR  The free end turn portion 231 of the spring, which has the same diameter as
      the remaining operating coils of the spring, is formed square with the
      longitudinal axis of the spring so that when the free end turn portion 231
      is seated flush with the face 206 and the tang end 232 engages on of the
      lugs, such as lug 214 in FIG. 6, it provides the sole means for firmly
      positioning the  spring in the housing. Since the tang 232 and end portion
      231 of the spring are square with the axis of the spring and the free end
      turn portion is telescoped about or encircles all four lugs the free end
      portion 231 axially aligns the spring with the motor shaft 78. It will be
      noted that the free end portion 231 has a circumferential length of more
      than 270.degree. in order that it will contact all four of the lugs
      214-217. With reference to FIG. 6 it will be appreciated that each of the
      radial webs 220 provide reinforcement for the associated lugs 214-217
      while allowing the tang portion 232, located on a radial line 219, to be
      positioned in spaced relation from the web and lug 214 to insure that a
      sharply cut tang end 238 will not contact the housing to cause possible
      scarring or other damage to the housing.
PAR  The forward second spaced annular spring anchoring disc member 240, mounted
      for rotation on the driven shaft 110 of the ice dispenser, is in the form
      of a flanged disc with a forward radially extending flange or rim portion
      241 formed integrally to the disc portion. The disc 240 includes a central
      forwardly extending hub 242 provided with an axial bore 244 for threadable
      mounting on driven shaft 110. As seen in FIG. 4, the rearward periphery
      246 of the disc 240 is tapered with a decreasing diameter toward the
      center of the disc to provide a lead-in periphery for receiving the fixed
      end of the helical compression spring 230.
PAR  As seen in FIG. 5, a radial slot 248 is formed in the outer surface 250
      having a chamfered outer edge 251 to allow for the reception of an extreme
      tang portion 254 on the inner turn of the spring 230. The fixed end
      portion 253 of the spring, having the same diameter as the remaining
      operating coils, is formed square with the longitudinal axis of the spring
      in the same manner as spring free end 231 so that after the radial tang
      254 is received in slot 248 the fixed end portion 253 is seated  flush
      with the inner flange face 256 by being snapped over a friction detent 258
      formed on the cylindrical periphery of the disc at a location
      diametrically opposite from the slot 248.
PAR  As seen in FIGS. 2 and 2A, the lower end of the cover plate 80, secured by
      screws 259 to motor housing 81, has initial bin guide means in the form of
      a bifurcated or fork-like member generally indicated at 260 having an
      L-shaped section whose upstanding flange 262 is secured by screw 263 to
      the cover plate 80. The forwardly extending legs 264 and 265 of the member
      260 define longitudinal open-ended slot 266 having diagonally converging
      lead-in edges 268 and 269 for reception of the longitudinal rib 270
      integral with the bottom plate 39 of bin trough 38. Thus, as the bin is
      inserted in the freezer compartment between its spaced side walls it will
      be guided such that the rib 270 is aligned to engage one of the lead-in
      edges 268, 269 so as to slip into slot 266 just before the free end of
      spring 230 approaches the housing 190. The final rearward travel of the
      bin will cause the spring free end to engage peripheral housing surface
      224 whereby final positioning of the bin front baffle wall 65 behind the
      retaining rib 16' will seat the spring turn 231 against the face 206 of
      the housing 190. It will be seen that if the radial tang end 232 contacts
      one of the lugs 214-217 it will either be directed by its cone 218 to
      engage its associated lug, as shown in FIG. 6, or else move to the dashed
      line position of FIG. 6 such that the tang will engage the next succeeding
      lug when the housing is rotated in a counterclockwise direction by the
      motor shaft as indicated by the arrow.
PAR  As explained in the above-referenced Sucro et al application after the ice
      pieces are advanced through the trap door 59, which is spring biased
      closed by suitable spring means 70, by the ram 50, the ice pieces are free
      to fall by gravity through a  passageway in partition 16, indicated at 272
      in FIG. 10, into a connecting passage for dispensing into suitable means,
      such as a glass in an ice service area in the refrigerator door as shown
      and described in the U.S. Pat. No. 3,789,620 to L. D. Benasutti et al,
      which patent is assigned to the same assignee as the present application.
PAR  While the embodiment of the present invention as herein disclosed
      constitutes a preferred form, it is to be understood that other forms
      might be adopted.
CLMS
STM  I claim:
NUM  1.
PAR  1. A flexible coupling unit for readily coupling and decoupling the driven
      shaft of an appliance, removably located on a support structure, and a
      motor driving shaft mounted on said support structure comprising, a
      driving tubular sleeve closed at one end by a base providing inner and
      outer faces, means for fixedly attaching said sleeve outer face on the end
      of said driving shaft, a disc fixed on the end of said appliance driven
      shaft in axially spaced opposed relation to said tubular sleeve inner
      face, an open helical coiled wire spring having one end fixed on said
      disc, said coiled spring having its end turns formed square with the
      longitudinal axis of said spring, said spring free end being telescoped
      within said tubular sleeve and compressed such that said free end turn is
      seated flush with said sleeve inner face upon said appliance being moved
      into its operative position on said structure, means for retaining the
      appliance in its operative position on said structure, said sleeve inner
      face having a plurality of axially extending, radially arranged driving
      lugs fixed thereon; said coil spring free end turn terminating in an
      inwardly directed radial tang, and said radial tang being located so as to
      engage one of the plurality of driving lugs in hook-like fashion upon
      rotation of said driving shaft in a first direction, whereby said helical
      coiled spring tends to tighten in said first direction causing said disk
      and driven shaft to be rotated in said first direction and operate said
      appliance.
NUM  2.
PAR  2. A flexible readily detachable coupling unit for coupling the driven
      shaft of an ice piece dispensing container, removably located in a
      compartment of a domestic refrigerator, and a motor driving shaft mounted
      in said compartment comprising, a driving tubular sleeve closed at one end
      by a base providing  inner and outer faces, means for fixedly attaching
      said sleeve outer face on the end of said driving shaft, a disc fixed on
      the end of said container driven shaft in axially spaced opposed relation
      to said tubular sleeve inner face, an open helical coiled wire spring
      having one end fixed on said disc, said coiled spring having its end turns
      formed square with the longitudinal axis of said spring, said spring free
      end being telescoped within said tubular sleeve and compressed such that
      said free end turn is seated flush with said sleeve inner face upon said
      container being moved into its ice dispensing operative position in the
      refrigerator compartment, means for retaining the container in its
      operative position, said sleeve inner face having a plurality of axially
      extending, arcuately spaced driving lugs fixed thereon; said coil spring
      free end turn terminating in an inwardly directed radial tang, and said
      radial tang being located so as to engage one of the plurality of driving
      lugs in hook-like fashion upon rotation of said driving shaft in a first
      direction, whereby said helical coiled spring tends to tighten in said
      first direction causing said disc and driven shaft to be rotated in said
      first direction in unison with said driving tubular sleeve and driven
      shaft operating said ice dispensing container.
NUM  3.
PAR  3. A flexible self-aligning coupling unit for readily coupling and
      decoupling the driven shaft of an ice piece dispensing container,
      removably located in a freezer compartment of a domestic refrigerator, and
      a motor driving shaft mounted in said freezer compartment comprising, a
      driving housing closed at one end by a base providing inner and outer
      faces, the open end of said housing having a generally cylindrical
      internal peripheral surface, means for fixedly attaching said sleeve outer
      face on the end of said driving shaft, a disc fixed on the end of said
      container driven  shaft in axially spaced opposed relation to said tubular
      sleeve inner face, an open helical coiled wire spring having one end fixed
      on said disc, said coiled spring having its end turns formed square with
      the longitudinal axis of said spring, a member defining a longitudinal
      open-ended guide slot located adjacent the rearward end of said
      compartment, a longitudinal rib on said container positioned to be
      received in said open-ended slot during the final rearward travel of said
      container, whereby said spring free end will be horizontally aligned with
      said housing open end for telescopic reception therein, said spring free
      end being telescoped within said tubular sleeve and compressed such that
      said free end turn is seated flush with said sleeve inner face upon said
      container being moved into its ice dispensing operative position in the
      refrigerator compartment, means for retaining the container in its
      operative position, said sleeve inner face having a plurality of axially
      extending, radially arranged and arcuately spaced driving lugs fixed
      thereon; and said coil spring free end turn terminating in an inwardly
      directed radial tang, said radial tang being located so as to engage one
      of the plurality of driving lugs in hook-like fashion upon rotation of
      said driving shaft in a first direction, whereby said helical coiled
      spring tends to tighten in said first direction causing said disc and
      driven shaft to be rotated in said first direction in unison with said
      driving housing and driving shaft operating said ice dispensing container.
NUM  4.
PAR  4. A flexible self-aligning coupling unit for readily coupling and
      decoupling the driven shaft of an ice piece dispensing container removably
      located in a freezer compartment of a domestic refrigerator and a motor
      driving shaft mounted in said freezer compartment comprising, a driving
      housing closed at one end by a base providing inner and outer faces, the
      open end of said housing  having a generally cylindrical internal
      peripheral surface, means for fixedly attaching said sleeve outer face on
      the end of said driving shaft, a radially flanged disc fixed on the end of
      said container driven shaft in axially spaced opposed relation to said
      tubular sleeve inner face, an open helical coiled wire spring having one
      end fixed on said disc, said coiled spring having its end turn portions
      formed square with the longitudinal axis of said spring to provide a
      circumferential length of at least 270.degree., said coil spring end turn
      portions terminating in inwardly directed radial tangs, said one end turn
      portion of said spring adapted to be slipped onto said disc for seating
      against said disc flange, radial slot means in said disc for reception of
      the radial tang of said one end turn portion, a friction detent formed on
      the cylindrical periphery of said disc diametrically opposite from said
      slot whereby said one end turn portion is snapped over said detent for
      retention thereby, an L-shaped bifurcated member defining a longitudinal
      open-ended slot located adjacent the rearward end of said compartment,
      longitudinal rib means on said container positioned to be received in said
      open-ended slot during the final rearward travel of said container,
      whereby said spring free end will be horizontally aligned with said
      housing open end cylindrical surface for telescopic reception therein,
      said spring free end being telescoped within said tubular sleeve and
      compressed such that said free end turn is seated flush with said sleeve
      inner face upon said container being moved into its ice dispensing
      operative position in the refrigerator compartment, means for retaining
      the container in its operative position, said sleeve inner face having two
      pairs of diametrically opposed ninety degree spaced, axially extending
      driving lugs integrally formed thereon; said coil spring free end turn
      radial tang being located  so as to engage one of the plurality of driving
      lugs in hook-like fashion upon rotation of said driving shaft in a first
      direction, whereby said helical coiled spring tends to tighten in said
      first direction causing said disc and driven shaft to be rotated in said
      first direction and operate said ice dispensing container.
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ABST
PAL  A universal joint is disclosed for rotationally coupling a pair of shafts,
      comprising identical yoke members having paired diametrically opposed
      axially extending arms telescoped into overlapped but circumferentially
      spaced relation, and coupling block means interposed between the arms and
      providing pivotal driving connection therebetween through stub shafts
      fixedly carried by the block means, the stub shafts projecting into
      bearing sleeves removably retained in apertures in the arms of the yoke
      members to permit articulation of the yoke arms relative to the stub
      shafts of the coupling block in transmitting rotary motion from one yoke
      member to the other.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The external appearance of one form of universal joint covered by the
      present invention is shown in design application Ser. No. 361,228, filed
      May 17, 1973,
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  For a long time, universal joints of the type comprising telescopically
      overlapped yoke members, interconnected by a centrally disposed coupling
      block carrying pivot pins or stub shafts rotationally received in either
      the block or the yoke members, have been utilized for transmitting
      rotational drive from one line shaft to another in a drive train where
      requirements call for axial misalignment of the line shafts. The torque
      loads to which such universal joints are subjected are commonly rather
      high, resulting in rapid mechanical wear at points of pivotal movement,
      especially if there is much articulation of the coupling block due to
      substantial axial offset of the interconnected shafts. Considerable effort
      has been directed to designing low-frictional pivots for the joints, as by
      use of needle bearings and through improvement in lubrication of the pivot
      points. Compactness of size of the universal joint in order to reduce
      inertia and momentum effects, as well as to mechanically accommodate a
      higher degree of misalignment of the coupled shafts, dictates against
      increasing the size of the universal joint to permit enlarging the bearing
      surfaces. Even with low friction bearing design and improved lubrication,
      an undesirably high rate of wear has often been unavoidable. A worn
      universal joint produces inefficient and inexact transmission of torsional
      load due to backlash or play at the pivot points. This necessitates either
      complete replacement of the universal joint, an economically expensive
      solution, or repair and rebuilding of the worn joint. The designs of
      universal joints heretofore proposed do not permit easy, inexpensive
      rebuilding or repair by semi-skilled routine maintenance personnel who
      usually are the only immediately available personnel at the point of use.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an improved universal joint construction, and
      more particularly to a universal joint which permits easy disassembly and
      replacement of the worn parts at the use site.
PAR  Briefly stated, the invention provides a universal joint construction
      utilizing a pair of yoke members whose arms are disposed in axially
      overlapped telescoping relation and which are drivingly interconnected
      through a coupling block interposed between the arms, wherein the block is
      provided with projecting stub shafts each pivotally received in one of the
      yoke arms. The block is split into two halves by a bisecting plane
      perpendicular to an axially oriented bolt or other releasable fastening
      means normally securing the two halves of the block together. The interior
      of the block is hollow, and the stub shafts lie in the bisecting plane and
      each is formed with a head or similar retaining means positioned within
      the hollow center of the block, whereby to prevent escape of the shafts
      laterally outwardly of the block. In addition, each stub shaft is clamped
      by the split coupling block to prevent rotation relative to the block.
      Bearing sleeves are removably retained in apertures in the yoke arms and
      receive the projecting ends of the stub shafts of the assembled universal
      joint. Lubricating passages are provided in each of the stub shafts, which
      passages communicate the bearing surfaces of the shafts with the interior
      of the block member. Lubricating oil applied to the universal joint passes
      into a hollow center of the block which serves as a reservoir, feeding oil
      to each of the stub shaft bearing surfaces. While this lubrication
      arrangement itself improves the life of the universal joint, mechanical
      wear still cannot be completely avoided but the design of the joint makes
      possible easy disassembly and repair.
PAR  Since the stub shafts are fixedly gripped in the central block, the only
      point of rotational wear occurs between the sleeve bearings and the
      projecting ends of the stub shafts. Therefore only these two sets of
      members need be replaced when repairing the universal joint. Such
      replacement is easily accomplished simply by disengaging the
      block-fastening means to release the stub shafts, and by pressing the
      bearing sleeves from their respective yoke arms and substituting
      corresponding new components. These components are relatively inexpensive,
      compared with the yoke and block members.
PAR  Accordingly it is a principal objective of the present invention to provide
      an improved universal joint which gives improved wear life and permits
      simple maintenance and repair to be accomplished on site by relatively
      unskilled personnel, reducing down-time of apparatus incorporating the
      novel universal joint.
PAR  The invention is illustrated by the embodiment shown in the accompanying
      drawings and described hereinafter, it being understood that such
      embodiment is illustrative and that changes in details may be made within
      the scope of the appended claims without departing from the inventive
      concept.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a universal joint embodying the features of
      the present invention;
PAR  FIG. 2 is an exploded view in perspective of the several components of the
      novel universal joint;
PAR  FIGS, 3 and 4 are side elevational views, respectively, of the universal
      joint in different rotated positions; and
PAR  FIG. 5 is a fragmentary sectional view on a generally axial plane passing
      through the joint.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2 more particularly, universal joint 10 is
      composed of a pair of essentially identical yoke members 12, each having a
      hub portion 14 and a pair of arms 16 extending axially from the hub
      portion in diametrically opposed relation. A generally cubical block
      member 18 is interposed between arms 16 and is interconnected to yokes 12
      through two pairs of diametrically opposed stub shafts 20 which project
      laterally from the block and pivotally engage the arms of yokes 12.
PAR  As seen best in FIG. 2, block 18 is split into two halves along a bisecting
      plane parallel to the axially opposite end faces of the block, the latter
      being bored axially at 22 to receive a bolt 24 and cooperating nut 26 for
      clamping the two block sections together. Each of the quadrantially
      related lateral faces 28 of block 18 is bored centrally at 30, the axis of
      the bore lying in the parting plane, to receive and retain the respective
      stub shafts 20. Each of stub shafts 20 is provided with an enlarged head
      or rim 32, and the interior of the split block 18 is hollowed to provide a
      shouldered recess 19 for the head portions to retain shafts 20 against
      escape laterally outwardly of the block. In the assembled block, each of
      shafts 20 is also gripped circumferentially in its respective bore 30 by
      the clamping action of the two halves of the block imparted by the
      fastening bolt and nut 24, 26. Stub shafts 20 accordingly do not rotate in
      the block and no wear of block 18 is occasioned.
PAR  As seen best in FIG. 5, the free end of each stub shaft 20 projects
      perpendicularly outwardly from its respective face 28 of block 18, and is
      received in a sleeve bearing 34 disposed in an aperture 36 in each yoke
      arm 16. Sleeve bearings 36 may be press fitted in the apertures, or the
      walls of the apertures may be slightly tapered, and the external surfaces
      of the sleeve bearings similarly tapered, so that each sleeve is retained
      in its arm by the respective lateral face of the coupling block.
PAR  Each of stub shafts 20 is bored axially and radially to provide lubricating
      passages 38 which interconnect the bearing surface of the shaft with the
      hollow center of coupling block 18. Preferably the axial portions of
      passages 38 are closed off at the outer end of each stub shaft except one.
      This permits lubricating oil to be introduced into the open center of
      coupling block 18 through the one open passage, forming a reservoir of
      lubricant in the center of the block. Such trapped lubricant is fed by
      centrifugal force, when the universal joint is rotated, through the
      various lubricating passages in the stub shafts to the bearing surfaces.
      By leaving only one axial passage completely open the loss of lubricant
      from the central reservior is restricted.
PAR  As mentioned above, the lubrication reservoir arrangement thus provided
      gives lower wear and longer life. When wear does occur, the joint is
      easily disassembled in the field for maintenance. Such disassembly is
      readily effected by disconnecting the joint and bending it to give access
      to the coupling block clamping nut and bolt. When this is removed,
      one-half of the coupling block is lifted out to expose the inner ends of
      the stub shafts which can then be slid inwardly of the hollow block, one
      at a time, to disengage them from the respective yoke arms. The sleeve
      bearings may then be pressed out of the arms. A replacement kit comprising
      a complete set of new sleeve bearings and stub shafts can then be
      substituted in the joint, restoring it to original condition. Such repair
      can be done by maintenance personnel on location, substantially reducing
      any down-time of the machine involved.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a universal joint for effecting rotational coupling between a pair of
      shafts, said joint comprising a pair of yoke members each having a hub
      portion for connection to the end of a shaft and a pair of opposed arms
      integral with and extending axially from said hub, said yoke members being
      positioned with their paired arms telescoped into axially overlapped but
      circumferentially spaced relation, means pivotally interconnecting the
      arms of said yoke members including a coupling block interposed between
      said arms and having parallel axially opposite end faces and quadrantially
      oriented lateral faces between said end faces, said block being split
      along the bisecting plane parallel to said end faces and retaining means
      for releasably holding said block together, and a stub shaft disposed
      centrally of each lateral face of said block and projecting outwardly
      therefrom in said bisecting plane; the improvement which comprises means
      for fixedly securing said stub shafts in said block against escape
      outwardly thereof, each of said yoke arms having an aperture and a sleeve
      bearing removably retained in said aperture, said projecting stud shafts
      being pivotally received in said sleeve bearings in free rotation therein.
NUM  2.
PAR  2. A universal joint as defined in claim 1, wherein said sleeve bearings
      are press fitted into said yoke arms to removably retain them therein.
NUM  3.
PAR  3. A universal joint as defined in claim 2, wherein said stub shafts are
      clamped between the halves of said block, said securing means comprising
      an enlarged head portion at the inner end of each of said stub shafts and
      said coupling block being recessed interiorly to provide a shouldered
      recess for each of said enlarged head portions to prevent laterally
      outward movement of said shafts relative to the lateral faces of said
      block.
NUM  4.
PAR  4. A universal joint as defined in claim 3, wherein said coupling block is
      formed to provide a hollow center to provide said shouldered recess in
      which said enlarged head portions of said stub shafts are received.
NUM  5.
PAR  5. A universal joint as defined in claim 4, wherein each of said stub
      shafts is formed with lubricating passages communicating the surface of
      each shaft within its respective sleeve bearing with the hollow interior
      of said coupling block.
NUM  6.
PAR  6. A universal joint as defined in claim 5, wherein said lubricating
      passages of at least one of said stub shafts opens onto the outer free end
      of such shaft.
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ABST
PAL  A safety coupling which provides positive torque transfer and which
      disengages above a disengagement torque. The safety coupling comprises two
      coupling halves which are engaged to restrict axial movement. Some rollers
      restricted by a first coupling half are urged into recesses in a stop face
      associated with a second coupling half by a biasing mechanism enabling
      positive transfer of torque. However, disengagement of the coupling halves
      is permitted by a relative axial movement of the rollers and the stop face
      when the bias is overcome, the rollers being free to roll on fixed axes.
BSUM
PAR  Most safety couplings rely on frictionally engaged clutch plates and the
      like secured to opposite sides of the coupling. The drawback of these
      couplings is that frictional forces are difficult to regulate and in time,
      these forces become variable. Some safety couplings have used rollers to
      transmit the torque from one side of the coupling to the other. However,
      they do not sufficiently eliminate the occurrence of frictional forces.
PAR  Safety couplings relying on frictional forces cannot be built to provide
      reproducible disengagement torque (response precision). Deviations ranging
      from 20 to 30% are unavoidable. However, a high degree of precision in the
      response of safety couplings is particularly necessary for present day
      machines which are presently designed with smaller margins of safety than
      formerly in order to hold down the prices.
PAR  Known safety couplings have an added drawback in that a prolonged service
      life degrades their performance. Frequent friction leads to wear and
      consequently the length of the reliable operation time is limited. When
      couplings of this type do not slide for an extended period of time, they
      will operate very unreliably. This can be attributed to environmental
      influences such as humidity, temperature, dirt and rust. In addition to
      the simple sliding friction, there exists static friction which occurs at
      the start of the shifting movement of two coupling halves relative to one
      another which adds to the unpredictability of the disengagement torque.
PAR  It is an advantage of the present invention to improve safety or torque
      limiting couplings and to provide a construction which can be economically
      manufactured and at the same time, avoid substantially all friction
      forces. It is a further advantage to provide an improved safety or torque
      limiting coupling that has a disengagement torque or response soley
      dependent upon the resilient properties of the materials used. Only the
      substantially complete elimination of frictional forces will allow the
      desired precision of adjustment and constancy of this precision over long
      periods of service.
PAR  Briefly, according to this invention, the coupling comprises two coupling
      halves engaged to restrict relative axial movement. The two halves are
      further engaged to prevent relative rotary movement, but to disengage at a
      disengagement torque. One half of the coupling comprises, in part, a
      coaxial disc having spaces therein to hold or restrict radially spaced
      rollers to prevent both axial and circumferential movement of the rollers
      and to allow the rollers to turn. This disc holds the rollers in such a
      way that the rollers extend away from at least one face of the disc. The
      other half of the coupling comprises, in part, a disc with a stop face
      having recesses therein for receiving some of the rollers projecting from
      the disc holding the rollers. Hence, the rollers keep the two discs keyed
      together without engaging face to face. Means associated with one half of
      the coupling bias the rollers and the stop face axially toward each other.
      At operating torques the rollers transmit torque from one half to the
      other. However, at or above disengagement torque, the rollers roll out of
      the recesses in the recessed face by overcoming the axial bias. The
      strength of the bias controls the disengagement torque and it is therefore
      substantially independent of frictional forces.
PAR  One coupling half may, for example, take the form of a hub with a flange
      thereon comprising an annular disc with at least three (3) recesses
      extending from the inner or the outer edge to accomodate one pair of
      rollers aligned in the direction of the coupling axis.
PAR  The biasing mechanism or spring mechanism may consist of a number of spaced
      annular discs that are aligned with one another and are connected with one
      another only by sectors. This spring mechanism consists of a circular
      cylindrical tube that has slits radially cut thereinto alternately from
      the one side and then from the other.
PAR  It is desirable to install supplemental springs between the spring
      mechanism and the associated coupling half. The supplemental spring
      increases the compressive force of the spring mechanism.
PAR  When the spring mechanism is compressed, its movement can be transmitted
      outward of the coupling to act upon a limit switch or an electronic
      proximity switch to shut off the rotating drive or source of the input
      torque. In this case, by means of a pin, the one coupling half may also be
      made to engage in a recess of larger dimensions in the other coupling half
      so that only limited relative rotation of the coupling half is possible.
PAR  The second coupling half may be constructed as a housing or sleeve
      encompassing the first coupling half constructed as a hub. The housing may
      be filled with grease or viscous oil which serves to dampen any vibrations
      created in the coupling.
PAR  In one preferred embodiment, the use of the roller pairs may be replaced by
      separating the pairs by a loose annular disc inserted therebetween on
      whose opposite side faces the rollers may ride.
PAR  According to one preferred embodiment, the rollers are rotably mounted
      about radially running axes on the outer cylindrical surface of the one
      coupling half and strike alternatingly against biasing the stop face and a
      fixed end face of the second coupling half.
DRWD
PAR  Further features and other objects and advantages of this invention will
      become clear from the following detailed description made with reference
      to the drawings in which:
PAR  FIG. 1 is a longitudinal section of the coupling according to this
      invention.
PAR  FIG. 2 is a cross section taken along lines II--II of FIG. 1.
PAR  FIG. 3 is a side view of the partial section taken along lines III--III of
      FIG. 1.
PAR  FIG. 4 is a longitudinal section of an additional preferred embodiment of
      the coupling according to this invention.
PAR  FIG. 5 is a cross section taken along lines V--V of FIG. 4.
PAR  FIG. 6 is a perspective of the biasing mechanism 6' of FIG. 1.
PAR  FIG. 7 is a side view of the biasing mechanism 6' of FIG. 1.
DETD
PAR  The coupling illustrated in FIGS. 1 and 2 consists essentially of the two
      coupling halves 1 and 6. The first coupling half is generally a hub with a
      coaxial disc thereon. The second coupling half is generally a sleeve or a
      housing coaxial with the hub and including an associated biasing mechanism
      6'. Pairs of rollers 2, 3 held between the disc faces on each half of the
      coupling by the spring mechanism 6' transmit torque introduced for
      instance, in the direction indicated by arrow 27, so that it may be passed
      on in the direction indicated by arrow 28. It should be understood that
      according to this invention, torque may be transmitted in either axial
      direction and in either circumferential direction and the disengagement
      torque will be substantially the same in each instance.
PAR  In the illustrated embodiment, the first coupling half 1, is a hub having a
      flange 8 in the shape of an annular disc into which peripheral recesses 9
      have been sunk at regular intervals. Aligned pairs of rollers 2, 3 are
      held in or restricted by the recesses. Peripheral recesses 9 are
      appropriately lined on both sides with small wear plates so that the
      latter will hold the roller pairs 2, 3 positively as shown in FIG. 3.
PAR  A roller pair 2, 3 is inserted between the planar stop face 7 of an
      inwardly facing collar 24 of housing-like coupling half 6 and an
      oppositely disposed stop face 5 of spring mechanism 6'. The right hand
      roller 3 engages in a suitably designed recess 4 in stop face 5.
      Preferably, the stop face 5 has radial grooves to receive the rollers. The
      grooves preferably have two inclined groove faces enabling the rollers to
      roll out of the groove in either circumferencial direction when the torque
      overcomes the axial bias as explained herein. Thus, roller pair 2, 3 is
      clamped in place by the second coupling half 6 from two opposing sides.
      The torque that is picked up from annular disc shaped flange 8 of coupling
      1 is transmitted positively to the two stop faces 5, and 7. When the
      disengagement torque is exceeded, annular disc shaped flange 8 of coupling
      half 1 will be displaced in the circumferential direction relative to the
      stop faces 5 and 7 of the other half 6 whereby the pair of rollers 2, 3
      will execute a rolling movement and substantially no frictional forces
      will occur at any point. When the torque limit is reached, spring
      mechanism 6' is compressed axially, since spring mechanism 6' is
      constructed such that it has flexibility only in the axial direction. In
      the peripheral direction, spring mechanism 6' is completely rigid and
      transmits the absorbed torque in a truely positive manner. (Other
      embodiments are envisioned wherein flange 23 is splined to the housing 6
      to insure positive transfer of torque.)
PAR  Preferably, according to this invention, the bias mechanism is provided
      with elasticity in the axial direction and rigidity in the peripheral or
      circumferencial direction by a design comprising perforated discs 10 which
      are aligned with one another and are connected to one another only by
      sectors 6'a. The above mentioned stop face 5 with its receiving recesses 4
      is located at the left hand outer end of spring mechanism 6'. FIGS. 6 and
      7 illustrate the spring or biasing mechanism 6' and illustrate how the
      mechanism comprises perforated discs 10 joined by sectors 6'a. At this
      end, there is also an outwardly directed flange 23 with supplemental
      springs 11 that are guided by adapter sleeves 19. The supplemental springs
      increase the pressure exerted by the spring mechanism 6'. The supplemental
      springs 11 depending upon the configuration, adjustability, and number
      will make it possible to vary the overall compressive force in the desired
      and required direction and to thereby adjust or pre-select the
      disengagement torque.
PAR  One end of springs 11 abut an annular disc 21 which is provided with a
      number of bores for receiving bolts 20. The bolts releasably connect
      housing-like coupling half 6 to spring mechanism 6', through the annular
      disc 21.
PAR  In coupling half 6 and its associated spring mechanism 6' bores 18 are
      provided which secure an input output device of any desired type for
      receiving the torque.
PAR  It is also possible to provide a sensing device which consists of a bolt 13
      and an annular disc 14 which is subject to the pressure of helical springs
      12. The sensing device is braced against the above-mentioned outwardly
      directed flange 23 of spring mechanism 6'. Annular disc 14 is suitably
      provided with a number of bores 22, to permit free passage therethrough of
      fastening bolts 20. If the torque limit is exceeded, collar 23 of spring
      mechanism 6' will move from left to right in the drawing and this
      compressive movement of spring mechanism 6' will be transmitted to the
      outside of the housing-like coupling by the above mentioned sensing device
      13, 14 and can be properly registered by an electronic proximity switch
      15. Desirably, the torque will be immediately shut off thus avoiding
      possible damage by exceeding the torque limit.
PAR  When the safety coupling, according to this invention is equipped with a
      shut off device as above-described, it may be desirable to equip the
      coupling with means for limiting the rotational movement of the two
      coupling halves relative to one another. It may for instance, be the
      purpose of such a device to prevent the rollers from rolling completely
      out of their grooves or cradles, so that when the overload is eliminated,
      the coupling will automatically be re-engaged. Such a device consists
      appropriately of a pin 16 which is mounted in a bore 25 in coupling half 6
      and is engaged in a recess 17 of larger dimensions in the other coupling
      half. Without this device, the two coupling halves could turn freely
      creating great torsional vibration due to the repeated contraction and
      expansion of the biasing means creating a great amount of noise. The
      housing-like shape of coupling half 6 permits it to be filled with grease
      or viscous oil thereby dampening vibrations.
PAR  Of course, it is understood that certain modifications can be made to the
      above-described coupling without departing from the scope of this
      invention. One such presently preferred modified structure is illustrated
      in FIGS. 4 and 5. The coupling consists essentially of two coupling halves
      1 and 6 which engage one another to restrict axial movement. First
      coupling half 1 includes a coaxial annular disc having a plurality of
      spaced apart, peripheral recesses 9. Aligned pairs of rollers 2, 3 are
      held in or restricted by peripheral recesses 9 of the annular disc.
      Peripheral recesses 9 are appropriately lined on both sides with small
      wear plates 26 so that the latter will hold the roller pairs 2, 3
      positively as shown in FIG. 5.
PAR  The second coupling half 6 is generally sleeve shaped and coaxially aligned
      with the first coupling half 1. Second coupling half 6 includes two
      opposed end faces fixed thereto and an outwardly extending peripheral
      collar 24 having a planar stop face 7 engaging roller pairs 2, 3. Spring
      biasing means 6', generally cup-shaped, is secured to second coupling half
      6 by suitable bolts 20. Biasing means 6' includes perforated discs 10
      similar to those shown in FIG. 1, and previously described above. Still
      referring to the embodiment of FIG. 4, biasing means 6' also includes
      moveable stop face 5 having roller engaging recesses 4. Roller pairs 2, 3
      are thus clamped in place by planar stop face 7 and moveable stop face 5.
      Stop faces 5 and 7 rotate with second coupling half 6 along with roller
      pairs 2, 3 which turn on a fixed axis generally radial to the disc of
      first coupling half 1 and the coupling axis, designated generally by the
      arrows 27,28.
PAR  Planar stop face 7 is rigid in the axial direction while stop face 5 is
      axially moveable relative to second coupling half 6 due to the action of
      perforated discs 10 of biasing means 6'. Biasing means 6' forceably urges
      stop face 5 away from the right side end face of coupling 6 and toward
      left side end face flange 24 thereby forcing stop face 5 into engagement
      with rollers 3. The biasing force applied to rollers 3 is transmitted by
      rollers 3 to their adjacent rollers 2 and hence to planar stop face 7. The
      roller pairs 2, 3 are held in place by stop face 7 on one side and
      recesses 4 of stop face 5 on the other side. Torque is thus transferred
      between coupling halves 1 and 6 by the roller pairs 2, 3 mounted in
      peripheral recesses 9 of first coupling half 1. When a torque level
      greater than the biasing force is reached, the wear plates 20 in recesses
      9 of first coupling half 1 forceably engage roller pairs 2, 3 causing the
      rollers 3 to forceably move stop face 5 in an axial direction away from
      the rollers permitting disengagement of the rollers with stop face
      recesses 4 thus allowing free rotation of first coupling half 1
      independent of second coupling half 6.
PAR  The biasing means 6' of FIG. 4 also include supplemental spring elements 11
      mounted around the outer periphery thereof. Springs 11 are two concave
      washer elements having their concave surfaces facing one another and their
      outer convex sides adjacent the bore, forceably bearing against biasing
      means 6' in the axial direction.
PAR  The advantages of the above-described safety or torque disengaging coupling
      are that the torque is transmitted positively using only the resilient
      properties of the materials employed. Since the torque is transmitted
      substantially without any friction, the coupling always reacts uniformly
      regardless of all surrounding conditions since the modulus of elasticity
      of the materials comprising the biasing means (for example steel) are not
      changed under these influences.
PAR  Even after a random number of overloads, the properties of the coupling are
      not affected, because no wear occurs due to the rolling movement and
      compression of the springs. Service life is extended because the coupling
      responds again and again to the torque limit. Moreover, with the aid of
      supplemental springs, it is possible to set the torque limit very
      sensitively. A further advantage of the coupling is that it responds
      independently of the rotational direction of the torque.
CLMS
STM  Having thus described my invention as required by the Patent Laws, what is
      desired protected by Letters Patent is set forth in the following claims:
NUM  1.
PAR  1. A safety coupling which provides positive torque transfer and which
      disengages above a disengagement torque comprising first (1) and second
      (6) coupling halves which are engaged to restrict axial movement, said
      first coupling half having a disc shaped flange (8) defining at least
      three radial recesses (9), at least a pair of cylindrical rollers (2, 3)
      within the recesses in the first coupling half (1) such that they move
      with the first coupling half and are free to roll on axes generally radial
      to the coupling axis, said second coupling half (6) comprising first and
      second stop faces (5, 7) arranged on opposite sides of the disc shaped
      flange (8) of the first coupling half, said first stop face defining
      recesses (4) for receiving part of an adjacent roller and said second stop
      face (7) being planar and adjacent one of said remaining rollers, means
      integral with said first stop face for biasing it toward the second stop
      face, said biasing means being axially compressible and peripherally
      rigid, whereby said biasing means urges rollers held by said radial
      recesses (9) into the said stop face recesses (4) for transmitting torque
      between the coupling halves (1, 6) and permitting disengagement of the
      coupling halves by axial movement of the axially movable stop face.
NUM  2.
PAR  2. A safety coupling according to claim 1 wherein said first coupling half
      comprises a hub, and said second coupling half comprises a sleeve coaxial
      with said hub thereby defining a housing.
NUM  3.
PAR  3. A safety coupling according to claim 1 wherein the said biasing means
      (6') consists of a number of spaced annular discs (10) which are in
      alignment with one another and are connected to one another only by
      sectors.
NUM  4.
PAR  4. A safety coupling according to claim 3 wherein the biasing means
      consists of a circular cylindrical tube having slits thereinto in the
      radial direction alternately from one side and then the other.
NUM  5.
PAR  5. A safety coupling according to claim 1 wherein between the biasing means
      and its associated coupling half (6) supplemental springs (11) are
      provided which serve to increase the pressing force of the spring
      mechanism (6').
NUM  6.
PAR  6. A safety coupling according to claim 1 wherein the movement produced by
      the compression of the biasing means is transmitted out of the coupling to
      a sensing device (13, 14) held under spring pressure (12) and which may
      act upon a limit switch or an electronic proximity switch (15) shutting
      off the means to apply torque to the coupling.
NUM  7.
PAR  7. A safety coupling according to claim 6 wherein a pin (16) secured to one
      coupling half engages a recess (17) of greater dimension than the other
      coupling half so that only limited rotational movement of the two coupling
      halves relative to one another is permitted.
NUM  8.
PAR  8. A safety coupling according to claim 1 wherein the second coupling half
      (6) defines a housing surrounding the first coupling half (1) and may be
      filled with grease or other viscous oil for dampening purposes.
NUM  9.
PAR  9. A safety coupling according to claim 1 wherein rollers restrained by
      recesses in disc shaped flange (8) are separated from one another by a
      loose disc ring on both of whose opposed side faces the rollers may ride.
NUM  10.
PAR  10. A safety coupling according to claim 1 wherein on the outer cylindrical
      convex surface of one coupling half, rollers are rotatably mounted about
      radially running axes, the said rollers alternately striking against the
      two end faces of the second coupling half, i.e. against its fixed end face
      and its biasing stop face.
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ABST
PAL  To permit selective needle projection, under control of a patterning
      arrangement, the needle jacks are made for rocking movement about an axis
      transverse to the direction of needle projection during knitting, and the
      camming system for the needle jacks is formed with two tracks, located one
      above the other (by a deeper cut, or camming elements of different
      heights) or, longitudinally staggered, one adjacent to the other, the cam
      tracks being arranged for selected projection of the needles to tuck or
      knit position; the needle jacks having either a butt projecting far enough
      to selectively engage either of the superimposed cam tracks, depending on
      the extent of rocking of the needle jack about the fulcrum, or the needle
      jack being formed with two butts, one on either side of the fulcrum, and
      selectively engaging the adjacent cam tracks, depending on the direction
      of rocking of the jack from a center position. The jack is retained in
      selected position with respect to the guide groove by a springy
      projection, laterally offset, and engaging a groove in the guide slot to
      prevent spurious rocking of the jack and escape from its controlled
      position. To control the needle jacks, selector jacks with respectively
      high and low break-out butts can be provided.
PARN
PAR  Cross reference to related applications: U.S. Ser. No. 246,651 filed Apr.
      24, 1972.
BSUM
PAR  The present invention relates to a method to make patterned rib knit goods
      on various types of circular knitting machines, in which the needles of
      the knitting machines are operated by associated cam races over needle
      operating jacks, and more particularly to a method for knitting, and a
      machine on which the knitting method can be carried out, which is easily
      controlled or programmed to permit pattern change.
PAR  Circular knitting machines having cylinder and dial needles are customarily
      provided with pattern controllers, such as Jacquard pattern controllers
      which control the various needles of the group (cylinder or dial) in
      accordance with the desired pattern. The needles are projected to tuck
      position, or knitting position, or not at all, in dependence on the
      pattern, as controlled by a pattern controller, or the needles may be
      controlled to project to the selected position by pattern wheels having
      high, or low pattern cam positions.
PAR  The patterning devices require a fair amount of space. Pattern wheels,
      particularly if substantial pattern repeats are to be controlled and the
      cut of the machine is fine, are subject to malfunction, so that their use
      is limited.
PAR  It is an object of the present invention to provide a method, and a
      knitting machine capable of carrying out the method in which additional
      bulky and space consuming pattern wheels or other pattern devices are not
      needed, and yet which permit control of a circular knitting machine simply
      and reliably, so that the knitting feeds can knit, on one or both needle
      groups, the customary types of knit goods such as plain stitches, tuck
      stitches, insert floats, skip stitches, in any one of the rows of the
      stitches.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, both the cylinder, and the dial have a full complement of needles.
      The cam raceways for the butts, during knitting, remain unchanged. Needle
      jacks are distributed, in accordance with the pattern, to operate the
      needles. The needle jacks can be selectively positioned in one of three
      different positions, to be selectively controlled by correspondingly set
      cam raceways. Needle jacks set in a first position have their needle butts
      engaged in one cam raceway, which is so shaped that the needles are
      completely projected to knitting position to form stitches. In another
      position of the needle jacks, the needle butts engage a raceway which is
      so arranged that the associated needles are projected to tuck position,
      and in a third position of the needle jacks, no cam raceways are engaged
      by the butts so that the associated needles will remain in miss position.
PAR  In accordance with a feature of the invention, the cam elements of the
      knitting machine have two cam raceways, and the needle jacks are swingably
      located to rock about a pivot so that, selectively, butts on the needle
      jacks can selectively engage one, or the other of the cam raceways, or
      neither of the cam raceways. One of the cam raceways is shaped, when
      engaged, to project the needle fully to knitting position, the other cam
      raceway is shaped to project, when engaged by a butt, the associated
      needle to tuck position. The needle jacks are arranged, in accordance with
      the pattern, in such a manner that one needle butt may (as per pattern)
      engage the first raceway, the other needle butt may, according to pattern,
      engage the other raceway or, selectively, neither butt engages either
      raceway.
PAR  In accordance with another feature of the invention, needle jacks which are
      swingably mounted to rock over a pivot point may be so arranged that they
      have a single projecting butt which is placed to engage two different cam
      raceways. One of the cam raceways to be engaged by the single butt
      projects the needle fully, to knitting position, whereas the other cam
      raceway to be engaged by the single butt projects the needle only to tuck
      position. The needle jacks, again, are rocked about their pivot point to
      selectively engage the one, or the other cam raceway, or neither one of
      the cam raceways.
PAR  Interlock, eight lock, double pique fabric, as well as colored patterns,
      and any knit fabric having any miss, tuck, and knit stitch combinations
      may be made in accordance with features of the present invention and on
      apparatus thereof. Respectively set, or adjusted butt raceways cooperate
      with the needle jacks, controlled to be in the first or in the second
      position to either project the needles fully to knit position, or not at
      all, so that the needles will be in miss position. Cam raceways associated
      with different knitting feeds may be set to control the engaging butts to
      effect different needle movement, so that at one selector position the
      needle jacks can be placed in a position so that the butts will be engaged
      sequentially by cam raceways which effect, respectively, different needle
      projection from the same butt position.
PAR  The apparatus, and the method permit selective knitting of any desired type
      knitting fabric with simple cam race elements.
PAR  A circular knitting machine, in accordance with a feature of the invention,
      is so arranged that the knitting needle may be selectively projected by a
      needle jack which can be placed, selectively, in one of three adjustable
      positions, the needle jacks being secured in position by, for example, a
      springy projection engaging grooves, or slipping into a notch.
PAR  In a preferred form, the needle jacks of at least one group, particularly
      the cylinder needles, are so arranged that they can pivot about a fulcrum
      point, the needle jack being formed with needle butts located, preferably
      symmetrically, at both sides of the fulcrum point. Each one of the
      projecting needle butts cooperates with a cam race, projection of the
      needle butt being controlled by a pattern arrangement, such as a Jacquard
      pattern controller. The cam races cooperating with the respectively
      located needle butts then effect projection of the associated needle to
      the selected needle position.
PAR  The dial group is preferably so arranged that the needle jack is formed
      with a single butt, which may project for a greater distance than the
      butts of the cylinder jacks, and the dial cam structure is so arranged
      that the cam race has two cam raceways at selectively different heights,
      so that, when the jack butt is fully projected, one cam race is engaged
      whereas, when the jack butt is projected only for a portion of its maximum
      possible distance, say half, the other cam race is engaged, so that the
      needle is projected in accordance with the respectively engaged cam race.
      In a third position, the butt is entirely withdrawn and the needle will
      miss.
PAR  In a preferred embodiment, the needle jacks are formed with a thin
      projecting tail which is slightly laterally offset, or bent, to
      resiliently engage notches, or grooves formed in an associated jack guide
      slot, so that the projecting tail can slide longitudinally, but is
      resiliently restrained from lateral swinging, absent a specific control
      force acting thereon.
PAR  The needle jacks, when in a first or second projecting position engage the
      respective cam races to project to tuck or knit position; in the third
      position the butts remain out of engagement with the cam races, so that
      the associated needles remain in miss position. In a preferred form, the
      needle jacks and butts are so dimensioned that the butts can be depressed
      to be flush with, or below the surface of the cylinder and needle guide
      slots.
PAR  In one form, the cam races for the machine can be so selected that all
      needles associated with needle jacks placed in first position are
      completely projected, that is, are projected to knit position, whereas the
      needles having their butts placed in a second position are projected only
      to tuck position. It is, of course, also possible to select the adjustment
      of the cam raceways such that the needles are completely projected to knit
      position, or only projected to tuck position regardless of the position
      setting of the needle jacks, for example for sequential feeds. This
      provides for a wide range of patterning. The machine, therefore,
      preferably is so made that the cam raceways are adjustable, or
      interchangeable on the machine. The needle jacks themselves are placed in
      one of their three possible positions by means of selector jacks formed
      with high and low selector butts. The needle jacks for the dial,
      specifically, can be set by swingably or rockably located selector butts
      which are arranged to engage beneath the projecting tail of the associated
      needle jack. For the cylinder, particularly, the needle selector
      preferably has two elements, such as forked elements engaging the needle
      jacks and being selectively placed in position by means of a needle
      selector element.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 illustrates, highly schematically, a portion of a circular knitting
      machine, in radial section, through the needle cylinder and through the
      dial, and illustrating the selector elements and the needles in the needle
      guide slots;
PAR  FIG. 1a is a fragmentary view illustrating resilient retention of the
      needle jacks, for the cylinder needles, taken transversely to the view of
      FIG. 1;
PAR  FIG. 2 is a schematic view of the cam race for the cylinder needles of FIG.
      1, in developed plan view;
PAR  FIG. 3 is a schematic, developed plan view of the cam race for the needle
      jacks to select the cylinder needles;
PAR  FIG. 4 is a vertical radial cross-section through the selector cylinder,
      illustrating selection by the selector jacks, and, schematically, the
      selector apparatus;
PAR  FIG. 5 is a schematic, developed view of the cam race for the needle jacks
      to select cylinder needles, illustrating a different embodiment from that
      of FIG. 3;
PAR  FIG. 6 is a schematic representation of the arrangement of the selector
      butts in the respective guide slots of the selector jack cylinder of FIG.
      4, as a developed portion of the cylinder;
PAR  FIGS. 7, 8 and 9 are radial cross-sectional views of the cylinder,
      illustrating placement of the needle in three, selectively different
      positions, in accordance with the positioning of the needle jacks;
PAR  FIGS. 10 and 11 are radial, sectional views illustrating the dial portion
      of a circular knitting machine and adjustment of the needle jacks for the
      dial needle, the needle jacks being half lifted (FIG. 10) and fully lifted
      (FIG. 11) for respective selection;
PAR  FIG. 12 is a schematic bottom view of the dial cam races, for one knitting
      feed, illustrating selection of the dial needles;
PAR  FIG. 13 illustrates a stitch pattern of a fabric made on the machine of
      FIG. 1, the stitch pattern hanging on the dial needles of the machine,
      with the dial needles themselves having been omitted; and
PAR  FIG. 14 is a schematic representation of the loops of a fabric made in
      accordance with the method, on the machine of FIG. 1, having a
      double-sided pique pattern.
DETD
PAR  The cylinder 1 rotates, as well known, and is formed with vertical needle
      guide slots, in each of which a flat, strip-like cylinder needle 2 having
      a shank end portion is slidably located. A coaxial needle jack cylinder 3
      is fixed to the needle cylinder 1, likewise formed with vertical guide
      slots which are aligned with the guide slots of the needle cylinder 1. The
      guide slots of the jack cylinder 3 are formed by inserted guide liners 4
      (FIG. 1a), between which the guide slot itself is formed. The projecting
      jack for the needle itself is a two-element device, having elements 5, 6
      guided in the slot formed by guide inserts, which further guide a selector
      jack 10. Needle cylinder 1 likewise is formed with guide slots liners
      4.sup.1.
PAR  Each needle selection device has a needle push element 5 having a
      ball-shaped or flat, essentially circular disk-shaped projection 5.sup.1,
      which cooperates with the associated cylinder needle 2 by means of a
      shoulder 5.sup.2. The other element of the needle projecting device 6 has
      a projecting lower end, or tail 6.sup.1, and a pair of projecting jack
      butts 6.sup.2 and 6.sup.3. Element 6 further is formed with a circular
      notch, or cut 6.sup.4, located roughly in the middle between the two butts
      6.sup.2 and 6.sup.3. The essentially circular disk-shaped projection
      5.sup.1 fits into the opening 6.sup.4, to form a fulcrum over which the
      element 6 can rock, or tilt, or tip, as seen in FIGS. 7, 8 and 9, the
      disk-shaped projection engaging in the opening 6.sup.4 further forming an
      operative interconnection between the needle push element 5 and the actual
      selector element 6 which, together, form the needle jack 5, 6.
PAR  The narrow tail-like extensions 6.sup.1 of the elements 6 are slightly,
      laterally offset or bent as seen at 6.sup.5 (FIG. 1a), to resiliently
      engage notches 7 formed in an adjacent guide liner 4, and to provide
      discrete positions and to prevent spurious, uncontrolled rocking of the
      element 6 about the disk-shaped projection 5.sup.1 of the associated
      element 5. The guide liners 4 are relieved, as seen at 8, in the region
      below the notches 7 in order to permit ready movement of the extension
      tail 6.sup.1, as required to shift the position of element 6.
PAR  The tail-like projections 6.sup.1 of the elements 6 extend between two
      tines which form the upper end of the selector jacks 10 (FIG. 4). The
      tines have slightly thickened head ends directed towards the tail 6.sup.1
      to provide an operative coupling between the respective associated element
      6 and the selector jack 10. A holding ring 9 (FIG. 1) surrounds the guide
      slot liners 4, located above the relief 8, in order to secure the selector
      jacks 10 and the elements 6 against removal from the respective guide
      slots.
PAR  The selector jacks 10 (FIG. 4) are formed with a relief 12.sup.1 adjacent
      their lower ends, the relief fitting in a projection 12 formed on a side
      of an associated guide slot 4. A circumferential spring 14 surrounds all
      of the selector jacks 10 to secure the selector jacks in their guide slots
      against falling out of the guide slots, the projections 12 forming a
      holding point to prevent vertical shifting of the selector jacks, so that
      the selector jacks 10 may only swing, or rock vertically about the
      projections 12 as a fulcrum for the rocking movement.
PAR  Selector jacks 10 are formed, circumferentially outside with respect to the
      machine, with high (long) and low (short) selector butts 10.sup.1 and
      10.sup.2, respectively, as seen in FIG. 4, the long and short butts
      alternating. In the example shown in the drawings, selector butts 10.sup.1
      and 10.sup.2 of the respective selector jacks are so broken out, or
      removed, that selector jacks 10 with the long, and short butts 10.sup.1
      and 10.sup.2, respectively, are placed in staggered sequence, adjacent
      each other, on the circumference of the jack cylinder 3, as schematically
      indicated in the fragmentary developed view of the jack cylinder in FIG.
      6, where the butts to control needles for one feed are, schematically,
      illustrated.
PAR  In addition to the control butts 10.sup.1, 10.sup.2, the selector jacks 10
      are formed at their lower end with a pair of eliminator or blanking butts
      13.sup.1, 13.sup.2 which, in the example shown, are so broken out that
      every other selector jack 10 has a projecting blanking butt 13.sup.1, or
      13.sup.2 in staggered sequence -- see FIG. 6, bottom portion.
PAR  The selector jacks 10 are rocked by Jacquard drums, in well known manner,
      as, for example described in detail in DOUBLE KNIT FABRIC MANUAL,
      published by National Knitted Outerwear Association, New York,
      particularly pages 45-52; see also German Pat. No. 1,147,706. The
      literature reference referred to also describes further details of
      circular knitting machines for use with the apparatus of the present
      invention.
PAR  The Jacquard selector device, as described in the literature reference, has
      a stack of superimposed selector cams 32, 32.sup.2, 32.sup.3, etc., which
      are arranged to rock or swing about a vertical axis 330, and which can be
      selected by a Jacquard selector drum, not shown, (see literature
      reference), in accordance with a selected pattern. FIG. 4 illustrates
      selector cam 32.sup.1 in rest position, in which neither of the selector
      butts 10.sup.1 or 10.sup.2 of the selector jacks 10 are influenced;
      whereas the selector cams 32.sup.3 are shown in projected position in
      which the selector jacks 10, when contacted by the cams, will be rocked.
      The selector cams 32.sup.2 are utilized to control the blanking or
      cancelling butts 13.sup.1, 13.sup.2.
PAR  If a cam 32.sup.3, set into its effective or engaging position, engages a
      butt 10.sup.1 or 10.sup.2 of the selector jacks 10, then it will be rocked
      from the position shown in FIG. 4, about the fulcrum projection 12. The
      extent of projection depends upon the engagement of the selector jack
      32.sup.3 by either a long butt 10.sup.1, or by a short butt 10.sup.2. If
      engagement is by a long butt, rocking of the selector jack 10 will be over
      a greater angle, so that the tail portion 6.sup.1, surrounded by the two
      tines of the selector jack will be carried over to the notch 7 is farthest
      at the right (FIG. 4); if the cam 32.sup.3 meets a short butt 10.sup.2,
      then the selector jack 10 is rocked only over a smaller angle which
      carries the tail 6.sup.1 of the element 6 to the central notch 7. The
      selector jacks 10, rocked in their guide grooves or slots can be returned
      by engagement of the cancelling or blanking cam 32.sup.2, likewise movably
      located on axis 33, with the blanking or cancelling butts 31.sup.1,
      31.sup.2, respectively to be returned to a start or base position.
PAR  Selection of specific selector jacks 10, and their movement, from a base
      position, as well as return to the base position can be controlled by
      other apparatus, or other selection devices, as known in the art.
PAR  The cylinder 1 is surrounded by a cylinder camming system structure
      15.sup.1, carrying a cylinder needle camming system 15 at the inner side
      thereof, the structure being fixed to the frame of the machine. FIG. 2
      illustrates a developed view of the camming system. The cylinder needle
      camming system has a circumferential race 15.sup.2, corresponding to
      needle miss position, and a needle track or raceway 15.sup.3, which is
      engaged by needle butts 2.sup.1 projecting from the cylinder needles 2.
      Cylinder needles 2 which are not knitting are held by cam element 20 in
      the circumferential track 15.sup.2 ; cylinder needles 2 which are
      projected -- as will be described below -- to tuck position or to knitting
      position are returned back to withdrawn or retracted position after the
      knitting loops have been formed.
PAR  The jack cylinder 3 is surrounded at the outside by a jack camming system
      structure 16.sup.1, having, at the inside, two camming systems 16 and 17
      formed therein. FIGS. 3 and 5 illustrate, in schematic, developed
      representation, different embodiments of examples of camming systems for
      any one knitting feed.
PAR  Camming system 16, and camming system 17 (FIG. 3) each have a cam track
      16.sup.2, 17.sup.2, respectively. The upper camming track 16.sup.2
      cooperates with the upper needle jack butts 6.sup.3. The lower camming
      track or raceway 17.sup.2 cooperates with the lower needle jack butts
      6.sup.2. The needle jack camming systems 16, 17 have cam elements 18, 19
      which can be selectively replaced, so that the camming system of FIG. 5 or
      FIG. 3 can be arranged in the camming system structure. The camming system
      structure can also be so arranged that the cam elements 18, 19 are formed
      as selectively positionable elements to define the cam tracks,
      schematically shown in FIGS. 3, 5, respectively, in dependence on the
      position of a respective camming element in the system, as known in the
      art.
PAR  Operation: The selector jacks 10 are placed in their respective positions,
      according to pattern, by cooperation of the pattern levers, or selector
      cams 32 with the respective selector butts 10.sup.1, 10.sup.2, that is, by
      cooperation of those pattern levers 32.sup.3 which project. The adjustment
      of the selector jacks 10 thus will be in accordance with three discrete
      positions, which correspond to the positions of the respectively
      associated elements 6. The needle jack elements are held in their
      respective deflected, or non-deflected position by the springy projections
      of 6.sup.1 engaging in the respective notches 7. The projection 6.sup.1 is
      laterally, resiliently deflectable.
PAR  Needle jacks 6, which, due to the selection of the selector jacks 10.sup.1,
      are placed in the furthest inwardly located groove 7 are rocked such that
      the upper needle selector butt 6.sup.3 engages in cam race 16.sup.2 of the
      cam system 16, as illustrated in FIG. 9 (from which the cam raceways have
      been omitted). If the selector butt which is engaged by the pattern levers
      9 is a short butt, then the needle jack elements 6 are so deflected that
      the central notch or groove 7, is engaged by the projecting tail 6.sup.1
      of the needle jack, thus maintaining needle jack 6 in the position in
      which both of the butts 6.sup.2 and 6.sup.3 are within the guide slots of
      the jacks, as seen in FIG. 8. Thus neither of the butts engage any one of
      the cam races 16.sup.2 nor 17.sup.2, and the needle jacks are not carried
      along by the camming system.
PAR  Those needle jacks 6 which are not deflected at all by engagement of the
      associated selector jacks 10 retain the extending portion 6.sup.1 in the
      groove 7 which is farthest at the outside (FIG. 7) so that the lower
      needle jack 6.sup.2 can engage in the cam race 17.sup.2 of the cam system
      17.
PAR  In the embodiment illustrated, the lower cam raceway of FIG. 3 is set to
      drive the needles fully, that is, to knitting position, the upper cam
      system 16 being set to drive the needle to tuck position. The cylinder
      needles 2 are thus projected accordingly, that is, those cylinder needles
      which are coupled with the needle push or jack element 5 in which the
      butts 6.sup.3 engage the cam race 16.sup.2 the upper raceway 16 are
      projected to tuck position (FIG. 9) whereas those needles in which the
      needle jack element 6 is placed as illustrated in FIG. 7 are fully
      projected to knitting position. The remaining cylinder needles, whose
      associated needle jacks 6 are located as illustrated in FIG. 8 remain in
      miss position, that is, will not be projected at all.
PAR  The needles which are projected, either fully or partially, are brought
      back to rest position by cooperation of the cylinder needle cam system 15
      with the cylinder needle butts 2.sup.1, as well known. The elements 6 are
      controlled to a controlled position by engagement of the cancelling butts
      13.sup.1, 13.sup.2 with the respective cancelling cams 32.sup.2 FIG. 4;
      they may be returned by a return cam engaging the lower end, as well
      known.
PAR  The description so far, has been confined to the cylinder and selection of
      the cylinder needles. Dial needles, likewise, can be selected for
      projection through different distances.
PAR  Referring again to FIG. 1, the dial 20 is formed with guide elements
      20.sup.1 in which dial needles 21 are radially slideable. Each dial needle
      21 is formed with an essentially circular notch or opening 21.sup.2 in
      which a disc-shaped circular projection 22 of a dial needle jack 22 can
      fit. Thus, dial needle jack 22 is in operative engagement with the needle
      20. The needle jacks 22 are guided between guide bars 25 of the inner dial
      disc 25.sup.1. They are formed with a single projecting butt 23, and with
      a rearward, fairly narrow push projection 24. The jacks 22 are tiltable
      about the disc projection 22.sup.2.
PAR  The guide bars 25, as seen in FIGS. 1, 10 and 11, are formed with locating
      notches 26, in which the jack extensions 24 of the jacks 22 can
      resiliently engage. These jack extensions are slightly laterally offset to
      resiliently snap into the grooves 26. The principle is similar to the tail
      end 6.sup.1 of the cylinder needle jacks 6 and their engagement into the
      grooves 7.
PAR  The selector jacks which control the needle jacks 22 are of the lever type
      shown at 27. They are laterally guided between guide notches, or guide
      liners 27.sup.1. The selector jacks 27 are formed with a notch 27.sup.2
      which fits over a ring-shaped bearing ridge 40, so that the selector jacks
      27 can tilt over, or rock about ridge 40 as a fulcrum. The back ends of
      the selector jacks 27 are formed with selector butts 27.sup.3 which can be
      broken out, according to a pattern. The forward part of the selector jack
      has a projecting extension 28, which is narrow, and engages beneath the
      narrow rear portion 24 of the associated needle jack 22. Thus, when
      selector jacks 27 are rocked about fulcrum of ring 40, the associated
      needle jack 22 is likewise rocked about the circular head 22.sup.2.
PAR  The dial cam system is formed as a disk 41. At its lower side, facing the
      dial needles 21, the cam system 33 itself is located, consisting of cam
      parts (see FIG. 12) 33.sup.1, 34, 35, 36. The cam elements 34, 35, 36
      prevent escape of dial needles 21 and of needle jacks 22 from the
      associated cam grooves.
PAR  Each needle 21 is formed with an upwardly projecting needle butt 21.sup.1
      which fits into the associated needle cam race 33.sup.1 (FIG. 12
      illustrates this for 1 knitting feed) and which permits determination of
      the loop density.
PAR  The dial cam disk 41 is, adjacent to the dial cam race 33, formed with a
      needle jack cam system. The needle jack cam system has a raising cam 32
      and a re-set cam part 31. Raising cam 32 and re-set cam 31, conjointly
      with cam part 35 define a cam race 35.sup.1 and 35.sup.2 respectively.
      Each needle jack 22 has a single, projecting butt 23 which co-operates
      with the needle jack cam race 35.sup.1, 35.sup.2, as will be explained in
      detail below.
PAR  Radially inwardly with respect to the dial camming system as illustrated in
      FIG. 12, a jack guide element 29 (FIG. 1) is fixedly located. Element 29
      acts from above on the jack part 24 so that all needle jacks 22 are moved
      into the lowest position (FIG. 1) in which all the jack butts are
      depressed beneath or level with the associated guide slot. Likewise, the
      selector jacks 27 are placed into their selection position.
PAR  A carrier ring 42, fixed on the frame of the machine is located in the
      region above the selector butts 27.sup.3 of the selector jacks 27. Carrier
      ring 42 carries selector plates 30 which are slideable thereon (see FIG.
      1) and which can be moved from the non-effective position as shown in FIG.
      1 into a second, effective position, as illustrated for the slider
      30.sup.1, in which they engage the selector butts 27.sup.3 of the selector
      jacks 27. Selector plates 30 can be fixed in effective, as well as
      ineffective (disengaged) position after having been set in accordance with
      the pattern.
PAR  The selector plates 30 can be placed into two operative conditions; besides
      the position indicated for plate 30.sup.1, that is, the lowest position, a
      third position shown in FIG. 1 at 30.sup.2 is possible. In this third
      position, which is approximately midway between fully projected position
      (30.sup.1) and retracted position, they cause only limited rocking of the
      selector jack 27.
PAR  The cam races 35.sup.1 and 35.sup.2 (FIG. 12) have different depths; they
      are formed by cams which project from the face of the dial cam system
      carrier by different distances. The cam race 35.sup.1 is deep in the dial
      cam structure. The cam element 35 has approximately the same thickness as
      cam element 33.- see FIGS. 10 and 11 - and cam element 32 extends from the
      base of the carrier of the dial cam system. Placed next to cam element 32
      and projecting downwardly is cam element 31, so that butts which are
      lifted only part way, that is, to the second position, will not engage
      behind cam element 32 but will be engaged only by cam element 31.
PAC  OPERATION
PAR  Needle jacks 22 which are not affected by the selector jacks 27 cooperating
      with the selector plates 20 remain in the non-engaging, ineffective
      selection position illustrated in FIG. 1. The extending jack portion 28 is
      engaged in the lowest engaging notch 26. The butts 23 of those jacks 22,
      which are not selected, do not engage either of the cam races 35.sup.1 nor
      35.sup.2, but rather are withdrawn between the guide elements 25. Thus,
      the associated dial needles 21 are not projected, and these needles are
      therefore in miss position.
PAR  Needle jacks 22 which have the associated selector jacks 27 engaged by
      selector plates in the position indicated in FIG. 1 at 30.sup.2, that is,
      in the intermediate position, will be lifted to such an extent that the
      narrow jack part 24 will engage in the central engagement notch 26, so
      that the associated selector butts 23 will be engaged by the cam race
      35.sup.2. In cam race 35.sup.2, they will be engaged only by the lower cam
      element 31 (see FIG. 12), so that the dial needles will be projected by a
      half distance, that is, to tuck position, see FIG. 10.
PAR  Those needle jacks 22 having their selector butts 27 engaged by selector
      plates 30 which are in the completely projected position indicated in FIG.
      1 at 30.sup.1, will lift the rear portion 24 of the jack to the upper
      notch 26, as seen in FIG. 11. Butt 23 of such a jack 22 will then engage
      in cam race 35.sup.1. The entire cam element 32 will act on these butts so
      that the associated dial needle 21 is fully projected to knitting
      position, to knit loops.
PAR  The needles, whether fully or half projected, are withdrawn by engagement
      of dial cam 33, to withdraw the needles on engagement of needle butts
      21.sup.1 in cam the race 33.sup.1 of cam 33. The cam race additionally is
      formed with a raceway 34.sup.1 for, formed by cam element 34 those needles
      which have not been projected, that is, to retain non-projected needles in
      their miss position.
PAR  The selector jacks 30 can be controlled by any known Jacquard patterning
      device which places the selector jacks 30, automatically, in their
      position in accordance with pattern. The patterning device may be formed
      so as to have only two positions - withdrawn or projected. Selector jacks
      to be used with such a selection device will then be formed with butts
      which can be either completely broken away, or only half broken away,
      similar to the butts 10.sup.1, 10.sup.2, respectively of the cylinder
      selector jacks.
PAR  Each one of the needles, 2, or 21, that is, the cylinder and dial needles
      respectively, can thereby, automatically, be introduced into the
      respective cam race for any desired knitting step, that is, knit, tuck, or
      miss, without requiring any associated apparatus or device, by merely
      appropriately setting, or assembling the cam elements which form the cam
      races. This is made possible by the needle selector jacks 5, 6, in the
      cylinder, the needle jacks 22 in the dial 41, and the respectively
      associated patterning devices, known by themselves, for the cylinder
      needles 2 and dial needles 21, that is, the associated selector jacks 10,
      27, respectively.
PAR  It is possible to make a number of different types of knit fabric without
      needle change, or re-programming of an entire knitting machine: all single
      or double-faced ribbed fabrics, such as for example 1:1, or 2:2 ribbed
      fabrics, other types of ribbed fabrics, interlock, eight-lock, and pique
      fabric, tuck stitch patterns, Jacquard, knopped patterns, tuck blister
      patterns, and colored patterns of any type, both single sided as well as
      double sided.
PAC  KNITTING METHODS
PAR  To knit ribbed goods of all types, both the cylinder 1 and the dial will
      have a full complement of needles therein. All of the cam system 15, 16,
      17 of the cylinder (FIGS. 2, 3) and 31, 32 as well as 33.sup.1 of the dial
      (FIG. 12) are set as shown. Needles associated with needle jacks 6 which
      have their lower butt 6.sup.2 engaged in the associated cam race are
      completely projected to knitting position, whereas those needle jacks 6 in
      which the upper butt 6.sup.3 is engaged in the associated cam race are
      projected only partially to form tuck stitches. The cylinder needles which
      are not to knit are controlled to remain in miss position by retaining the
      jack part 6 in central position with both butts 6.sup.2 and 6.sup.3 even
      with or depressed within their guide grooves. Dial needles 21 which have
      their associated jacks placed in the position of FIG. 11, that is,
      completely lifted, are projected to knitting position, whereas those dial
      needles 21 having associated needle jacks 22 lifted only half maximum lift
      distance are projected to tuck position. The remaining dial needles, the
      associated needle jacks of which remain in the lower position (FIG. 1)
      remain in miss position, and are secured therein without being projected.
      The cam races are shown in FIGS. 2, 3 and 12 respectively.
PAR  To make eight lock, interlock, and pique fabric, and without requiring any
      re-programming of the pattern selector, or of the associated selector
      jacks, it is only necessary to replace in the cam system 16 the cam
      element 18 by another element similar to cam element 19, so that, without
      requiring any change in the selector jack setting, the needles will be
      fully projected regardless of whether the needle jack element 6 is in the
      position shown in FIGS. 1 and 7, or in the position shown in FIG. 9. Thus,
      those needle jacks 6 which engage with their upper butt 6.sup.3 in the
      upper cam system 16 control the needles for full projection as well (see
      FIG. 5), thus causing the associated cylinder needles 2 to form loops at
      their projected knitting position. As noted, rather than replacing the cam
      element 18 (FIG. 3) of the camming system 16 with a cam element 19 (FIG.
      5) a movable cam can be provided to form the appropriate raceways.
PAR  Needle selection can be simplified when making the referred to fabrics by
      controlling every other needle selector 6, each with a butt 6.sup.2 or
      6.sup.3, alternately, to engage the upper or the lower cam race 16, 17,
      the needles themselves being selectable in two knitting feeds, as known in
      the manufacture of interlock or full body fabric.
PAR  FIGS. 13 and 14 illustrate examples of different types of loop formations
      which can be obtained at any knitting feed by selective adjustment of the
      needle jacks 6 and 22.
PAR  FIG. 13 illustrates the cylinder needle row C and a dial needle row at D;
      FIG. 14 illustrates the ribs formed by these needles with these same
      letters with double prime notation.
PAR  The fabric of FIG. 13 is made of loops formed at a by needles which are
      fully projected to knitting position, whereas tuck stitches, formed by
      half-projected needles are indicated at b. The loops indicated at e are
      derived from the previously knit row of loops and hang on needles which
      are not knitting. The needles themselves are not shown.
PAR  FIG. 14 illustrates a double-sided Jacquard relief or blister pattern (also
      termed knop) having 7 vertically extending ribs, or wales, and 9 courses
      of loops.
PAR  Course 1 is formed by all cylinder and dial needles 2, 21. All jacks, 6,
      22, respectively control the associated needles 2, 21 for complete
      projection to knitting position.
PAR  Courses 2 and 3 show that all dial needles knit ribs (D"); all cylinder
      needles knit full stitches (C"). Course 4 shows that ribs D" have tuck
      stitches whereas the rib D".sub.1 has a full stitch. Cylinder needles C"
      form full loops.
PAR  The next adjacent courses, 5, 6, form full stitches on both needle groups,
      that is, dial and cylinder; in the subsequent courses 7 and 8, the central
      ribs C".sub.1 and C".sub.2 show tuck stitches; in all other ribs, full
      stitches are formed as illustrated at C", B" and D".sub.1.
PAR  Course 9 illustrates that the tuck stitches on the cylinder needles (C")
      are knit into the full loops of course 9, thus forming the raised, relief
      or blister fabric on the cylinder, as previously referred to.
PAR  Double-sided blister fabric can be made without changing cam races, and
      merely by suitable pattern selection acting on the needle jacks 6, 22. The
      patterns which can be made are not restricted to the examples of FIGS. 13
      and 14 and as described, these examples are given merely as an
      illustration.
PAR  Needle selection may be carried out practically for all types of knit goods
      to be made without changing the patterning, and with or without switching
      of the cam races, or cam raceways, and without placing new or different
      length needles in the machine, so that the manufacture of the circular
      knitting machine is simplified, the number of knitting feeds can be
      increased, and changes from one type of knit fabric to another can be
      easily accomplished without complete pattern changing, changing of pattern
      selector drums, or change of needle selector butts on the knitting
      machines. For example, if the cam system of FIG. 5 is utilized for the
      cylinder needles for the selected knitting feed, it is possible to utilize
      a single selector as a controller for two knitting feeds, i.e., a single
      selection position for the needles (e.g., a Jacquard control drum), for
      the needles to knit at two knitting feeds.
PAR  The needle jacks 6 are preferably formed with a pointed forward end
      engageable in a serrated rearward end of the associated needle part 5 (see
      FIG. 1) to additionally lock the needle jack part 6 in the selected,
      rocked position as determined by excursion of the associated selector jack
      10.
PAR  Various changes and modifications may be made within the inventive concept.
PAR  If desired, the needles can be controlled not only to project to tuck and
      knit position, but may also be controlled, by suitably shaped cam races,
      to project to transfer position. In such case, not 3 but 4 notches 7, or
      26, respectively, are provided and engaged by the rearward projections
      6.sup.1, or 24 of the needle jacks. The engagement position of one of the
      butts, for example in accordance with FIGS. 7-9 can be additionally
      modified by forming one of the cam races, for example of the cam system 16
      (FIG. 3) of double height, as explained in connection with a cam 31, 32
      and cam tracks 35.sup.1, 35.sup.2, FIG. 12. Thus, the camming system of
      FIG. 12 and FIG. 3 (or 5, respectively) can be combined, the needle jack
      elements then being formed with one or two projecting butts 6.sup.2,
      6.sup.3, which have the projection extent of butt 23 (FIGS. 10, 11). The
      depth of engagement, as well as engagement of the respective butt then can
      be controlled by a selector similar to that explained in connection with
      FIG. 4, having projecting elements 32 which can project for different
      distances, for example to engage either the high, or low butts 10.sup.1,
      10.sup.2 of the selector jack 10 to a different extent, to thus place the
      butt which is extended to either one of the superimposed raceways of the
      camming system. Theoretically, five different positions can be controlled,
      by forming both of the camming systems 16, 17, (FIG. 3) of double height,
      and similarly controlling the rocking movement of the needle jack element
      6 to assume five different positions.
PAR  A similar modification can be made with respect to the dial where the
      double-height cam discussed in connection with FIGS. 1, 10 and 11, can be
      duplicated as discussed in detail with respect to the cylinder needle
      projection in connection with FIGS. 3, 5 and 7-9.
PAR  The jacks 10 (FIG. 4) can already be made with high and low butts; or the
      butts can be made with two or more break-off lines 10.sup.3 (FIG. 4) for
      either shortening a butt, by breaking away a portion, e.g., half, or
      breaking it off entirely.
PAR  The detailed specification is directed to that portion of the machine in
      which the apparatus of the present invention is incorporated and with
      which the method of the present invention is useful. For a complete
      discussion of knitting machines, reference may be had to "Double Knit
      Fabric Manual", 1961, "Knitting Dictionary", 1966, "Knitting Encyclopedia,
      " 1972, published by the National Knitted Outerwear Association;
      "Technologie der Rundstrickerei" by Albert Diebler, Konradin-Verlag,
      Stuttgart, particularly vols. 9, 10 and 11; "MELLIAND TEXTILBERICHTE",
      Heidelberg, particularly Vol. 42, issue 12, 1961, pages 1363-1370; the
      various operating and programming instruction books published in
      connection with sale of the machines referred to in the foregoing
      publications; U.S. Pat. Nos. 2,169,801, 2,697,336; and British Pat. Nos.
      874,719 (which discloses a system to control the dial needles), and
      996,291. Well-known parts of knitting machines are described in these
      references; the cooperation of the apparatus of the present invention with
      known parts and elements of knitting machines, and application of the
      invention to other machines and operating elements thereof, will be
      obvious.
CLMS
STM  I claim:
NUM  1.
PAR  1. Circular knitting machine having a needle bed (1);
PA1  needles (2, 21) located in the needle bed;
PA1  guide slots (4) guiding the needles for sliding movement in the needle bed;
PA1  a camming system (15, 16, 17; 34, 35, 36) having a first cam race to
      control protection of needles to a first projection position and a miss
      cam race to control needles to remain in miss position;
PA1  movable needle jacks (6, 22) slidable in said needle guide slots and being
      additionally pivotable about axes transverse to the sliding direction in
      the guide slots, the needle jacks being in engagement with the needles and
      the camming system, and having butts (2.sup.1, 6.sup.2, 6.sup.3 ; 23)
      selectively engageable in the first cam race or in the miss cam race, the
      needle jacks associated with at least one of the cylinder or dial needles
      being located in the guide slots for rocking movement essentially in a
      plane of the guide slots;
PA1  jack control means (10, 32, 27, 30) controlling pivoting, rocking movement
      of the needle jacks to control selective engagement with a selected cam
      track;
PA1  means (7) locking the needle jacks in selected, rocked position as
      controlled by said jack control means,
PA1  an second cam race formed in the camming system to control projection of
      the needles to a second projected position;
PA1  the locking means (7) having three selected locked positions for placement
      of the movable needle jacks in a selected one of said three pivoted
      positions, the butts being engageable with the additional cam race upon
      locking of the pivotable needle jacks to the second rocked, or pivoted
      position under command of said jack control means;
PA1  and wherein the locking means securing the needle jacks in selected
      position comprises
PA1  a projecting end (6.sup.1, 24) formed on the needle jack, said end being
      laterally, resiliently deflectable;
PA1  at least three groves formed in the machine adjacent said projecting end
      and located to be resiliently, selectively engaged by said projecting end
      to locate the same and permit longitudinal sliding movement of the jack
      while securing the jack against transverse shift while rocking.
NUM  2.
PAR  2. Machine according to claim 1 wherein some of the needle jacks (6) have
      selector butts (6.sup.2, 6.sup.3) located approximately equidistantly from
      a pivot point,
PA1  and the first and second cam races (16, 17) are located opposite said pivot
      point for selective engagement by one of said selector butts to control
      projection of the jack, and hence the needle, in accordance with the cam
      track pattern of the cam race engaged by the selected butt.
NUM  3.
PAR  3. Machine according to claim 1 wherein the needle jacks have a projecting
      selector butt (23) located on said jack at one side from a pivot point;
PA1  and the first and second cam races (31, 32) are of different depths and
      located to be engageable by said selector butt, selectively, in dependence
      on the extent of pivoting, and hence of projection of the butt to control
      projection of the jack, and hence the needle, in accordance with the
      pattern of the cam track of the cam race engaged by the butt.
NUM  4.
PAR  4. Machine according to claim 1 wherein the first cam race controls the
      needle jack to project the needle to knitting position and the second cam
      race controls the needle jack to project the needle to tuck position.
NUM  5.
PAR  5. Machine according to claim 1 wherein the first cam race controls the
      needle jack to project the needle to knitting position and the second cam
      race controls the needle jack to likewise project the needle to knitting
      position.
NUM  6.
PAR  6. Machine according to claim 1 wherein the first and second cam races have
      camming elements which are selectively adjustable (18, 19) to provide a
      choice of cam track paths.
NUM  7.
PAR  7. Machine according to claim 1 further comprising selector jacks (10)
      having high and low selector butts (10.sup.1, 10.sup.2) and pattern means
      (32) selectively engaging said high and low butts.
NUM  8.
PAR  8. Machine according to claim 2 wherein the needle jacks (22) are formed
      with an extending portion (24);
PA1  the jack control means comprises selector jacks (27) which are located
      beneath said extending portions;
PA1  and pattern means (30, 27.sup.3) are provided selectively engaging said
      selector jacks to move the selector jacks into selective engagement with
      the needle jacks and thus rock the needle jacks from below.
NUM  9.
PAR  9. Machine according to claim 1 wherein the jack control means comprises
      selector jacks mounted for rocking movement, and
PA1  the needle jacks (6) comprise a multi-component element (5, 6), one
      component (5) being coupled to the needle (2) to push the needle into
      selected position and the other component (6) being coupled to the
      associated selector jack (10) and movable by rocking about a plane
      substantially transverse to the sliding movement of the jack, and the
      needle, respectively in the machine.
NUM  10.
PAR  10. Machine according to claim 1 comprising
PA1  a connection arrangement between a respective needle jack (22) and a needle
      (21) and formed, respectively, on the respective needles and the jacks
      including
PA1  a projecting component (22.sup.2) having essentially, circular outline and
      a recessed component (21.sup.2) of essentially circular outline into which
      the projecting component fits to permit both rocking movement of the
      respective needle jack and sliding movement longitudinally thereof and to
      form a fulcrum for pivoting, or rocking of the needle jack (24).
NUM  11.
PAR  11. Machine according to claim 1, comprising a connection arrangement
      between a respective needle jack and a needle including an intermediate
      element (5) in engagement with the needle (2) to move the needle in
      sliding motion, the intermediate element (5) having one of the components
      of the connection arrangement formed thereon, to isolate rocking movement
      of the jack from the needle (25).
NUM  12.
PAR  12. Machine according to claim 1, wherein elements beneath the needles (2,)
      are formed with shank ends (5,) facing the needle jacks (6,), the needle
      shanks and the element jacks at their facing end portions being formed
      with releasable, interengaging locking means to lock the needle shank ends
      and the element jacks in relatively locked alignment.
NUM  13.
PAR  13. Machine according to claim 12, wherein the interengaging locking means
      comprises projection and recess means.
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ABST
PAL  Compound knitting needles are operatively mounted in a circular knitting
      machine and coact with a special simplified cam system.
PAL  Each of the compound needles has a butt-free hook part and a latch. The
      latch has a first butt and is shiftable relative to the hook part and the
      hook part has an abutment which drives the tongue part. A lifting element
      is articulated to the hook part. The lifting element has a second butt and
      is radially movable by selecting members between an operative and
      inoperative position. When the lifting element is in the operative
      position it moves the hook part articulated thereto in accordance with the
      cam system of the circular knitting machine.
BSUM
PAR  The invention relates to a knitting tool for circular knitting machines,
      and concerns a knitting tool comprising a compound needle and a lifting
      element.
PAR  A number of examples of compound needles are known, these compound needles
      comprising a hook part and a latch, which is longitudinally shiftable
      relative to the hook part. In the case of one known example both the hook
      part and the latch of the compound needle have a respective butt, each of
      these butts engaging in a respective cam track of an associated cam
      system, with the result that the hook part and latch are lifted
      independently of one another, and are then returned to their starting
      position. In the case of a second known example, only the hook part of the
      compound needle has a butt, and the cam system only has one cam track, in
      which this single butt engages. Stops are provided on the hook part of the
      needle for controlling the latch of the needle, these stops being so
      spaced from one another that, although the hook part can be moved relative
      to the latch, the hook part nevertheless drives the tongue part in both
      directions after a specific path of movement has been negotiated.
PAR  By reason of the smaller paths of ascending and descending (return)
      movement, the use of compound needles enables higher speeds to be realized
      and also enables a greater number of systems to be incorporated. It is,
      therefore, desirable, to employ these compound needles in circular
      knitting machines which are controlled according to a pattern in
      particular in Jacquard circular knitting machines.
PAR  Accordingly, compound needles for use in circular knitting machines are
      known, these needles being controllable according to a pattern as shown,
      e.g., in Czech Pat. No. 457,692 and German published application, No.
      1,635,844. All the known compound needles of this type have a butt on the
      hook part and on the latch and it is necessary to provide, for both butts,
      cam tracks which have to be accurately manufactured and brought into exact
      mutual registration (alignment). Control exercised on the basis of a
      control pattern, is exercised in the one instance, by way of the butt of
      the latch of the needle -- electromagnetically controlled guide
      (switching) members being installed in the cam track of this butt -- and,
      in the second instance, by way of a selector (jack), which is radially
      pivotable and can in this way be caused to co-operate with one or both
      elements of the compound needle.
PAR  The invention has the object of providing a knitting tool comprising a
      compound needle and a lifting element which enables each individual needle
      to be selected on the basis of a pattern, although the cam parts can be
      manufactured more cheaply. A prior proposal for realizing this object,
      consists in a compound needle which comprises: a hook part, and a latch,
      which is longitudinally slidable relative to the hook part; a stop on the
      hook part for the latch, this stop lying, in the lower terminal position
      of the hook part, a pre-determined distance from that portion of the latch
      which co-operates with this stop, this distance being equal to a relative
      path of motion between hook part and latch; and a butt on the latch.
PAR  According to the invention there is provided a knitting tool for Jacquard
      circular knitting machines, which tool comprises a lifting element and a
      compound needle, with a butt-free hook part which can be lifted by the
      said lifting element, and with a latch which is longitudinally shiftable
      relative to the hook part, there being an abutment on the hook part for
      driving the tongue part, with a first butt on the latch and with a second
      butt, which is provided on the said lifting element and arranged in
      operation, to co-operate with a lifting cam surface, this lifting element
      being pivotable, radially as dictated by a pattern control system, between
      an operative and an inoperative position, the said lifting element being
      articulated to the hook part, and the abutment of the hook part, which is
      arranged to lift the latch of the needle, lying, when the hook part is in
      its lower terminal position, a pre-determined distance x  from that
      portion of the latch of the needle which co-operates with it.
PAR  Preferably the hook part has a recess which terminates, in its lower
      portion, in a shoulder, this recess receiving the latch of the needle; and
      the shoulder constitutes an abutment surface for the lower end of the
      latch.
PAR  According to the invention a compound needle of this type is so constructed
      that a control element, serving to lift the hook part, is associated, in a
      manner known per se, with this hook part, the control element having a
      butt for co-operating with a lifting cam surface, and the control element
      being radially pivotable between an operative and an inoperative position.
      According to a preferred embodiment of the compound needle according to
      the invention the control element is a jack, which is articulated to the
      hook part. Thus, the previously known compound needles either incorporated
      a single butt only and two stops, which are effective in both directions,
      or a butt on the hook part and another butt on the latch of the needle. In
      contradistinction to this, the compound needle according to the invention
      is a tripartite needle, this being known per se. However, the proposed
      needle only has two butts and does not require, for the butt of the latch,
      a cam track both of whose flanks have to be shaped with precision along
      their whole length. This latter-mentioned feature of the present invention
      will be further explained below.
PAR  The fact that the control element, which is provided with a butt and forms
      part of the proposed compound needle, which is composed of at least three
      pivotable parts, makes it possible to control the needle on the basis of a
      pattern. This control is exercised by pivoting the control element in the
      radial direction of the needle cylinder, so that either the butt of the
      control element is brought out of engagement with the lifting (clearing)
      cam track with which it is associated, or so that a control element, which
      is not articulated to the hook part of the compound needle, is brought
      into a position in which it moves past the hook part during the lifting
      (clearing) movement. The form of construction proposed according to the
      invention affords the further advantage that numerous known and simply
      constructed selector devices for circular knitting machines, which can be
      controlled according to a pattern, may be used for controlling the said
      control element; this is not true of the known compound needles which can
      be controlled according to a pattern (see in particular Czeck Pat. No.
      457,692).
PAR  Although the compound needle according to the invention comprises two
      butts, nevertheless it permits the use of a cam system which is cheaper to
      manufacture than those cam systems which have hitherto been used for
      compound needles having two butts. Use is made of a cam system having two
      cam tracks for controlling the hook part and the latch of the compound
      needle. The first of these cam tracks, that is to say the track associated
      with the butt of the said control element, is to be provided with an
      ascending lifting (clearing) cam surface, and a descending return cam
      surface, whereas the second of these cam tracks, that is to say the track
      associated with the butt of the said latch, only has to be equipped with a
      needle return edge or surface. In the case of the known compound needles
      both cam tracks have to be manufactured with precision over their whole
      length. In contrast to this, in the case of a cam system for use with the
      compound needle according to the invention, only the needle return edge or
      surface of the cam track associated with the butt of the latch has to be
      manufactured with precision, because the stop on the hook part of the
      needle serves to lift the latch.
PAR  In principle uncontrolled bouncing movements of the latch of the needle
      could be prevented by providing a suitable frictional contact. However, in
      the case of a preferred embodiment of the cam system according to the
      invention, the second cam track, i.e., the track associated with the
      latch, has stop surfaces for the butt of the latch, the upper abutment
      edge of this cam track comprising: a first level portion, which extends,
      in the direction of movement of the compound needles, to a point above
      that point (of the lifting edge of the first cam track) at which the
      extent of the lifting or clearing action corresponds to the initial
      distance between the hook part and the latch of the needle; a second
      portion, which lies directly adjacent the first level portion of the upper
      abutment edge of this cam track, this second portion lying parallel to the
      lifting or clearing edge surface of the first cam track and terminating at
      the same point as this lifting edge of the first cam track; a third
      portion of the upper abutment edge surface, which extends as far as the
      descending (return) edge surface of the second cam track, both this said
      third portion of the upper abutment edge and also the lower abutment edge
      surface of this cam track being level, i.e., without ascent or descent,
      and the distance between the first portion of the upper abutment edge and
      the lower abutment edge is equal to the width of the butt of the latch of
      the needle. The first level (gradient-free) region of the upper abutment
      edge prevents the latch of the needle being driven, during the needle
      lifting or clearing action, by the hook part of the needle owing to
      frictional contact. The second portion of the upper abutment edge, this
      second portion lying parallel to the lifting or clearing edge of the first
      cam track, enables the latch of the needle to be lifted by the abutment
      surface of the hook part; and the third, level portion of the upper
      abutment edge determines or defines the upper terminal position of the
      latch. Finally, the lower abutment edge of the second cam track limits the
      extent to which the latch of the needle is driven, by fractional contact,
      by the hook part of the needle during the descending or return movement of
      the hook part.
DRWD
PAR  Further features and details of the invention will be clear from the
      appended drawing, which represents a preferred embodiment of the compound
      needle and of a cam system for co-operation with this needle, reference
      being made to this drawing in the following description.
PAR  In the drawing:
PAR  FIG. 1 is a side view of a compound needle, the upper end of a forked
      selector jack also being shown, this forked selector jack belonging to a
      pattern control system which is known per se;
PAR  FIG. 2 is a view of a cam system for use with the invention, as viewed from
      the needle cylinder, and
PAR  FIG. 3 is a cross-sectional view, taken along the line III--III in FIG. 1,
      through the compound needle.
DETD
PAR  The compound needle illustrated comprises a hook part 10, a tongue part 12,
      and a suspended or articulated jack 14. As is clear from FIG. 3, the hook
      part 10 of the compound needle is forked, the latch 12 being guided in the
      forked portion. The latch 12 has a butt 12a. The hook part 10 is so
      constructed, in its lower portion, that it is formed with a stop portion
      10a, which co-operates with the lower end 12b of the latch 12, this stop
      portion 10a carrying the latch 12 with it when the hook part 10 has been
      upwardly pushed through a distance x.
PAR  The jack 14 is suspended in the lower portion of the hook part 10 of the
      compound needle, so that jack 14 is articulated, i.e., swivelably
      connected, to the hook part 10. The suspended or articulated jack 14 is
      formed with a butt 14a, and co-operates with a forked selector jack 16,
      which can be swivelled in the direction of the arrow A in response to a
      controlling action by a pattern control system.
PAR  The cam box illustrated in FIG. 2 has a first and a second cam track 20 and
      22 respectively. In the position (condition) of the compound needle
      illustrated in FIG. 1, the butt 14a of the articulated jack 14 engages in
      the first cam track 20, while butt 12a of the latch 12 engages in the
      second cam track 22. The first cam track 20 has an ascending control
      surface 20a and a descending (return) control surface 20b. The second cam
      track 22 has a lower, level (without gradient) abutment surface 22a, an
      upper abutment edge 22b - 22d, and a descending or return control surface
      22e, which lies immediately adjacent the upper abutment surface 22b - 22d.
      The latter-mentioned abutment surface 22b - 22d is composed of three
      regions, viz, a first surface 22b, which is level (i.e., without ascent or
      descent), a second, ascending surface 22c, and a third surface or portion
      22d, which, again, is level. The distance of the first cam surface 22b
      from the lower abutment surface 22a corresponds to the width of the butt
      12a of the latch 12 of the needle. The second cam surface 22c begins above
      that point of the ascending cam surface 20a of the first cam track 20 at
      which the hook part 10 of the needle has been raised through the height or
      distance x. The cam surface 22c is parallel to the ascending cam surface
      20a. Finally, the descending or return cam surface 22e is parallel to the
      descending (return) cam surface 20b, and is so arranged and dimensioned
      that the latch 12 of the compound needle will re-assume its starting
      position simultaneously with the hook part 10 of the needle.
PAR  When the forked selector jack 16 is pivoted in the direction of arrow A,
      that is to say in the radial direction, by the pattern control system (not
      shown), the butt 14a is brought out of engagement with the first cam track
      20, so that the compound needle associated with this particular forked
      selector jack 16 missknits. When, on the other hand, the forked selector
      jack 16 assumes the position shown in FIG. 1, then the needle associated
      with it will knit.
PAR  Conveniently, the descending or return cam surfaces 22e and 20b are
      constituted by one or more separate parts, in particular parts which can
      be shifted together for thus realising a desired depth of loop (stitch)
      formation. In accordance with a preferred embodiment two parts,
      constituting the descending or return cam surfaces 22e and 20b, are
      mounted on a common slide member, which is adjustably arranged in the cam
      box.
PAR  Although the invention is illustrated and described with reference to one
      preferred embodiment thereof, it is to be expressly understood that it is
      in no way limited to the disclosure of such a preferred embodiment, but is
      capable of numerous modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a pattern-controlled Jacquard-type circular knitting machine, a
      knitting arrangement including first and second cooperable cam tracks, a
      compound needle including a hook portion vertically movable between an
      uppermost and a lowermost position and a latch cooperable with the hook
      portion and normally situated in a first position, the latch having a
      first butt engageable in the first cam track, means for effecting
      engagement of the hook portion and the latch when the hook portion is
      raised through a predetermined vertical distance from its lowermost
      position so that further upward movement of the hook portion is
      accompanied by an upward movement of the latch from its first position,
      and a jack member articulated to the hook member and responsive to the
      pattern control means of the circular knitting machine for selectively
      operating the hook member, the jack member having a second butt in contact
      with the second cam track for effecting a prescribed movement of the first
      butt of the latch in the first cam track, the second cam track having
      ascending and descending cam surfaces, the first cam track having a first
      upper abutment surface coextensive with a portion of the descending cam
      surface of the second cam track for effecting a lowering of the latch into
      its first position.
NUM  2.
PAR  2. The improved knitting machine as set forth in claim 1, wherein said hook
      part has well portions defining a recess, and said latch is slidably
      mounted in said recess, and the engagement effecting means comprises an
      upwardly facing abutment on the hook portion and a cooperating downwardly
      facing abutment on the latch, the cooperating abutments being separated by
      the predetermined distance when the hook portion is in its lowermost
      position.
NUM  3.
PAR  3. The improved knitting arrangement as set forth in claim 1, wherein said
      first cam track further comprises a second substantially horizontal upper
      abutment surface which is coextensive with a first portion of said
      ascending cam surface that has a vertical component equal to the
      predetermined distance, a third upper abutment surface contiguous to said
      second abutment surface and parallel to said ascending cam surface and
      coextensively terminating therewith and a fourth substantially horizontal
      upper abutment surface interposed between said third abutment surface and
      said first abutment surface.
NUM  4.
PAR  4. The improved knitting arrangement as set forth in claim 1, wherein said
      first abutment surface and said descending cam surface are rigidly
      connected to each other and are adjustable in the longitudinal direction
      of the compound needle.
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ABST
PAL  In a circular knitting machine, a self-balancing, circular bobbin table
      which has formed therein a circular groove within which a plurality of
      balls freely roll to dynamically balance the table as it is rotated during
      the knitting operations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the knitting machine art, and
      more particularly, is directed to a circular knitting machine having a
      self-balancing bobbin table.
PAR  Circular knitting machines of the multi-feed type include means to mount a
      plurality of yarn supply bobbins thereon, at least one supply bobbin being
      provided for each feed. The bobbins are mounted outwardly from the central
      machine axis and may be arranged at the outer end of radially oriented
      arms which radiate outwardly from a central mounting hub which is
      concentric with and which rotates about the axis of the machine.
      Optionally, the yarn supply bobbins may be mounted upon a solid, disc like
      table similar to that disclosed in my copending patent application Ser.
      No. 283,787, now U.S. Pat. No. 3,848,433. Due to the speed of rotation of
      prior art bobbin mounting means, any unbalance in the system construction
      will result in unwanted vibration, the imposition of unbalanced forces or
      other unwanted unbalanced conditions which interfere with quiet,
      trouble-free operation and which can result in undue bearing wear, fatigue
      cracks and other mechanical failures.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to circular knitting machines of
      the type incorporating solid bobbin tables, and more particularly, is
      directed to a bobbin table incorporating dynamic balancing construction.
PAR  The present invention includes a solid bobbin table of generally flat, disc
      like configuration which includes a central aperture for mounting the
      bobbin table in concentric relation to the needle cylinder of a circular
      knitting machine. The bobbin mounting table includes a circular groove
      positioned near the outer periphery of the table and a plurality of balls
      which are free to roll within the grooves to balance the bobbin table when
      it is rotated at high speed. A cover of wire fabric or other lightweight,
      strong, thin material is positioned over the circular groove to retain the
      balls within the groove during rotation and to facilitate access to the
      groove to either add or subtract the number of balls positioned within the
      groove as may be desired or necessary to dynamically balance the table
      when the machine is in operation.
PAR  It is therefore an object of the present invention to provide an improved,
      circular knitting machine including a balanced, solid bobbin table.
PAR  It is another object of the present invention to provide a novel
      self-balancing bobbin table for a circular knitting machine including ball
      means for dynamically balancing the table.
PAR  It is another object of the present invention to provide a novel self
      balancing bobbin table for use with a circular knitting machine including
      a peripherally positioned circular groove and a plurality of balls which
      are free to roll within the groove to compensate for any unbalance in the
      table construction when the table is rotated at high speed.
PAR  It is another object of the present invention to provide a novel bobbin
      table for use with circular knitting machines wherein the table includes
      circular groove means, ball means which roll within the groove means and
      cover means to retain the ball means within the groove means when the
      table is rotated at high speed.
PAR  It is another object of the present invention to provide a novel
      self-balancing bobbin table that is inexpensive in manufacture, simple in
      design and trouble free when in operation.
PAR  Other objects and a fuller understanding of the invention will be had by
      referring to the following description and claims of a preferred
      embodiment thereof, taken in conjunction with the accompanying drawings,
      wherein like reference characters refer to similar parts throughout the
      several views and in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a portion of a circular knitting machine
      showing the use of the present invention, portions of which are broken
      away to expose details of interior construction.
PAR  FIG. 2 is a sectional view on reduced scale taken along Line 2--2 of FIG.
      1, looking in the direction of the arrows.
PAR  FIG. 3 is an enlarged, cross sectional view taken along Line 3--3 of FIG.
      2, looking in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  Although specific terms are used in the following description for the sake
      of clarity, these terms are intended to refer only to the particular
      structure of my invention selected for illustration in the drawings, and
      are not intended to define or limit the scope of the invention.
PAR  Referring now to the drawings, I show in FIG. 1 a portion of a circular
      knitting machine 10 of the type generally set forth in my previous
      patents, U.S. Pat. Nos. 2,257,828 and 3,543,280 wherein a solid bobbin
      mounting table is employed similar to that disclosed in my previous
      patent, U.S. Pat. No. 2,848,433. The present invention will be described
      in conjunction with the type of circular knitting machine that is commonly
      employed to knit a tubular reinforcing fabric over a length of hose.
      However, it will be appreciated that the invention is not so limited and
      the bobbin mounting table described can be equally employed for use with
      other types of circular knitting machines.
PAR  The knitting machine 10 with the exception of the bobbin mounting table 12
      is conventional, is fully described in my previous patents and so need not
      be fully described at this time. Suffice it to say that a plurality of
      yarn wound bobbins 14 are mounted upon the table 12 through suitable
      mounting blocks 16 to feed yarn 18 to the knitting needles (not shown)
      through the yarn guides 20. The knitting needles reciprocate within the
      usual grooves provided in the needle cylinder 20 and the needle stem 22 to
      knit a tubular fabric in well known manner. The bobbin mounting table 12
      is rotated at relatively high speed by the machine motor (not shown) in
      the usual manner to facilitate the knitting operations.
PAR  The bobbin mounting table 12 may be fabricated of solid, disc-shaped
      configuration as illustrated and may be constructed of a suitable sturdy
      material, for example, aluminum plate of uniform three-quarter inch
      thickness. The bobbin mounting table 12 may also be fabricated in the form
      of an annular ring (not illustrated) with suitable mounting spokes (also
      not illustrated) which radiate from the central hub 24 if so desired, to
      provide adequate provision to receive a plurality of balls to dynamically
      balance the table as hereinafter more fully set forth.
PAR  Referring now to FIGS. 1, 2 and 3, I show a solid bobbin mounting table 12
      conventionally mounted upon a circular knitting machine 10 to facilitate
      rotation thereabout in well known manner. The table 12 is provided with a
      circular groove means 26 which is positioned near the outer periphery 25
      of the table 12. The groove 26 may be machined or otherwise formed in the
      table construction. Preferably, the groove 26 opens upwardly to form a
      circular opening 28 which is flush with the top surface 30 of the bobbin
      mounting table 12. In a preferred embodiment, I have found that a groove
      five-eighths of an inch in depth and five-eights of an inch in width to be
      suitable for this purpose. As best seen in FIG. 3, the circular groove 26
      terminates downwardly in a rounded bottom surface 32 to facilitate
      circular rolling of a plurality of balls therein. In the event the bobbin
      table is in the form of an annular ring as above set forth, the circular
      groove 26 would be similarly formed in the annulus.
PAR  As seen in FIGS. 2 and 3, ball means 34 comprising a plurality of hardened
      steel balls are positioned within the circular groove 26 for dynamic table
      balancing purposes. The balls should be of suitable size to readily fit
      within the groove 26 and to be freely movable within the annular path
      defined by the interior of the groove. A sufficient number of balls 34
      should be employed to dynamically balance the bobbin mounting table as it
      is rotated at high speed. Sufficient space 36 should be left free, that is
      unencumbered, by the presence of balls 34, to allow the balls 34 great
      freedom in movement about the annular path defined by the groove 26. In
      this manner, when the bobbin mounting table 12 is rotated at high speed,
      the balls 34 can freely move along the path defined by the groove 26 to
      approach the desired equilibrium position to compensate for any unbalance
      in the system.
PAR  In a preferred embodiment, the radius of the balls 34 is substantially
      equal to the radius of the bottom 32 of the groove to permit rolling
      contact thereover.
PAR  As hereinbefore set forth, the circular groove 26 opens upwardly to provide
      a circular groove opening 28 into which the plurality of balls 34 can
      readily be fed. More or fewer balls can be employed as necessary and as
      determined upon field testing of the apparatus to assure that sufficient
      movable weight in the form of the balls 34 is present for optimum dynamic
      balancing of the bobbin mounting table 12. After a sufficient number of
      balls 34 is placed within the circular groove 26, a cover 38 is affixed to
      the surface 30 of the bobbin mounting table 12 to completely cover the
      circular groove opening 28 in a manner to retain the balls 34 within the
      circular groove 26. The cover 38 may be secured to the bobbin mounting
      table surface 30 in any well known manner such as by employing suitable
      fasteners (not shown) affixed directly to the bobbin mounting table 12 in
      a manner to secure the cover 38 under all conditions of use. The cover 38
      may be fabricated of relatively light weight expanded metal, sheet
      aluminum, wire fabric or the like of sufficient strength to prevent balls
      from exiting from the circular groove 26 when the bobbin mounting table is
      rotated at high speed. Of course, due to centrifugal forces generated by
      table rotation, all of the forces imposed by the balls 34 will be directed
      radially outwardly against the outer side 40 of the circular groove 26 and
      normally, no forces will be imposed upwardly against the cover 38.
      However, it is conceivable that the balls 34 may bunch together and tend
      to pyramid within the groove 26 and the fasteners (not shown) affixing the
      cover 38 to the top surface 30 of the bobbin mounting table 12 should be
      strong enough to resist the possible imposition of any such forces.
PAR  Upon high speed rotation of the bobbin mounting table (or annular ring if
      used), the balls 34 will tend to position themselves within the circular
      groove 26 in the most advantageous location to compensate for any dynamic
      unbalance within the system. Thus the balls 34 automatically position
      themselves without any manual operations to eliminate vibration, chatter,
      wear or other conditions directly or indirectly caused by system
      unbalance.
PAR  Although I have described my invention with a certain degree of
      particularlity, it is understood that the present disclosure has been made
      only by way of example and that numerous changes in the details of
      construction and the combination and arrangement of parts may be resorted
      to without departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-balancing table in a circular knitting machine of the type
      including a rotating bobbin mounting table, the combination of
PA1  A. groove means provided in the table to form a path adapted to retain
      movable weight means therewithin,
PA2  1. said groove means being circular in planar configuration;
PA1  B. weight means movable within the groove means to dynamically balance the
      table,
PA2  1. said weight means including a plurality of similarly configured weights;
      and
PA1  C. cover means overfitting the groove means to retain the weight means
      within the groove means when the bobbin mounting table is rotated.
NUM  2.
PAR  2. The self balancing table of claim 1 wherein the table is formed to a
      generally flat, disc-like configuration having a circular peripheral edge
      and wherein the groove is positioned near the peripheral edge.
NUM  3.
PAR  3. The self balancing table of claim 2 wherein the table is a solid disc.
NUM  4.
PAR  4. The self balancing table of claim 1 wherein the groove means include a
      circular groove formed in the table near the outer periphery thereof, said
      groove having an open top in the form of a circular opening.
NUM  5.
PAR  5. The self balancing table of claim 4 wherein the groove terminates
      downwardly in a rounded bottom surface.
NUM  6.
PAR  6. The self balancing table of claim 5 wherein the width of the groove
      equals the depth of the groove.
NUM  7.
PAR  7. The self balancing table of claim 5 wherein the weight means comprise a
      plurality of balls, the said balls being of diameter to easily move within
      the circular groove.
NUM  8.
PAR  8. The self balancing table of claim 7 wherein the radius of the balls is
      substantially equal to the radius of the rounded bottom groove surface to
      facilitate rolling contact therebetween.
NUM  9.
PAR  9. The self balancing table of claim 7 wherein the cover means include a
      cover secured to the table, said cover being configured to overfit and
      close the said open top of the groove to prevent the balls from exiting
      the groove when the bobbin mounting table is rotated at high speed.
NUM  10.
PAR  10. The self balancing table of claim 9 wherein the cover is fabricated of
      relatively light weight material relative to the weight of the table.
NUM  11.
PAR  11. The self balancing table of claim 10 wherein the number of balls
      employed for dynamic balancing purposes is less than the number that would
      be required to completely fill the groove.
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ABST
PAL  A plating feeder for use in a circular knitting machine comprises a first
      mouth for supplying a first yarn, and a second mouth for supplying a
      second yarn and which is movable relative to the first and second mouths
      together to alter the angle between the yarns fed by the plating feeder
      during knitting. The first mouth is provided on an elongate first feeder
      part and the second mouth is provided on a second feeder part slidable
      lengthwise on the first feeder part. A biasing spring urges the first and
      second mouths together and a cam follower coacts with the movable mouth
      and engages with a cam to override the spring. The first mouth is in a
      form of a narrow aperture for defining a single yarn feed position for a
      facing yarn and the second mouth is in a form of a trough at least partly
      surrounding the first mouth for defining alternative, interconnected yarn
      feed positions for a backing yarn on either side of the first mouth.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to plating feeders for use in circular knitting
      machines and in particular knitting machines having arrangements for
      exchanging feeders during knitting.
PAR  Plating may be effected by feeding a pair of individual yarns with one yarn
      having a lead over the other at a plating angle. The plating angle is
      critical and requires the yarns to be fed along converging paths from the
      feeder. Separate mouths are provided on plating feeders for each of the
      yarns which are spaced from one another.
PAR  Feeders on knitting machines may be exchanged during knitting. This
      involves moving the feeder, trapping and cutting the yarn to separate the
      last part of the knitted yarn from the feeder, when taking a feeder out of
      action. When inserting a feeder, the exchange involves laying the yarn
      between the active needles or licking the new yarn into the hooks of the
      needles by means of latches.
PAR  When applying plating feeders to machines having facilities for exchanging
      feeders, the requirement for separate and spaced feeder mouths conflicts
      with the need for precise location of the last part of the knitting yarn
      for trapping and cutting and of the new yarn for initially feeding it to
      the needles. In double cylinder machines the problem is more acute as
      feeder movement up or down is restricted by the cylinders and the only
      free movement used in exchanging feeders is in a direction tangential to
      the cylinders.
PAR  Another problem arises when plating during reciprocation of a circular
      machine. In that case the plating angle must be reversed when reversing
      the direction of knitting so as to maintain the yarns in proper
      relationship. Whatever the application of a plating feeder, it should also
      be capable of adjusting the plating angle to adapt it to different
      requirements. The adjustment is often critical and requires great skill.
PAR  It is an object of the invention to provide a plating feeder or a method of
      control of such a feeder which enables it to be exchanged for another
      feeder.
PAR  It is a further object to provide a plating feeder suitable for use in
      reciprocatory plating and which is easily adjustable.
PAR  It is also an object to provide such plating feeders which may be used on
      double cylinder machines.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention there is provided a plating feeder for
      use in a circular knitting machine comprising a first mouth for supplying
      a first yarn and a second mouth for supplying a second yarn movable
      relative to the first mouth so as to alternatively separate or bring the
      first and second mouths together. In this way the plating feeder can be
      operated to alter the angle between the yarns fed by the plating feeder
      during knitting whenever the plating feeder is moved into or out of the
      operative plating position. Preferably the first mouth is provided on an
      elongate first feeder part and the second mouth is provided on a second
      feeder part, slidable lengthwise on the first feeder part. Advantageously
      a spring is provided to urge the first and second mouths together and a
      cam follower is associated with the movable mouth for engaging with a cam
      to override the spring. Suitably the first mouth is in a form of a narrow
      aperture for defining a single yarn feed position for a facing yarn and
      the second mouth is in a form of a trough at least partly surrounding the
      first mouth for defining alternative, interconnected yarn feed positions
      for a backing yarn to either side of the first mouth. Thus if the
      direction of knitting were reversed, the backing yarn would float to the
      other feed position whereas the facing yarn would not shift sideways. The
      required plating angle can be maintained for forward, reverse and during
      reciprocatory knitting. Conveniently the alternative yarn feed positions
      are arranged symmetrically with respect to the first mouth. The
      arrangement also has a small height and is thus capable of clearing
      latchguards in both cylinders of a superposed double cylinder machine and
      feeding the yarns from positions close to the cylinder. Suitably the first
      mouth is adjustably supported by a mounting so as to enable the space
      between the mouth and the mounting to be varied.
PAR  The movable mouth may be pivotably mounted instead of slidable to bring the
      mouths together and separate and/or facilitate reciprocatory knitting. The
      mouth for the backing yarn may also be narrow to define a single feeding
      position but this would require a greater spacing between the mouths
      during plating. Preferably the movable mouth is adapted to feed the
      backing yarn. The movable mouth could however be adapted to project
      forward of the other mouth to supply the facing yarn.
PAR  Using such plating feeders the yarns can be fed to the needles along paths
      at a predetermined angle during plating. For commencement of plating, the
      yarns can be fed parallel and close together to facilitate the licking in
      of the yarns. In the same way the yarns can be brought into a trapping and
      cutting block as in the case of a single yarn when terminating the
      operation of a plating feeder.
PAR  The plating feeders can be mounted on any circular knitting machine after
      the knitting machine has been adapted to exercise control over the
      relative movements of the mouths of the plating feeder. Preferably the
      plating feeder is mounted on a feeder mechanism adapted to move the
      plating feeder in and out of action tangentially with respect to the
      knitting machine. The first mouth may be moved and the movement timed in
      many ways such as by cables, hydraulic action etc. Using a cam control
      however a simple and reliable construction can be made. Preferably then a
      stationary cam arrangement is associated with the knitting machine for
      controlling the movement of the second mouth. The cam may be operative to
      control the position of the second mouth along all or part of its path as
      the plating feeder is moved into or out of action and the cam action may
      be effected using a cam and the cam follower associated with the movable
      mouth urged against the cam by a spring. Preferably the cam arrangement is
      adjustable to vary the extent of separation of the first and second mouth
      and the cam arrangement comprises a single cam for separating the second
      mouth from the first only at the plating position of the plating feeder.
      The plating feeder is preferably mounted so as to have the feeder parts
      mounting the first and second mouths extending radially with respect to
      the circular knitting machine. The plating feeder may be one of a
      plurality of alternative feeders of a yarn changing mechanism adapted to
      exchange feeders during knitting. Conveniently the mechanism is of a type
      in which the feeders are taken in and out of action by a sliding movement
      of a shank on which the respective feeders are mounted in a direction
      tangential to a cylinder or cylinders of the circular knitting machine as
      described in the British Patent specifications 301,350 and 301,360.
      Preferably the cam is arranged so as to move the second feeder part away
      from the needle cylinder against a spring action and to allow the spring
      to move the first and second yarns, emerging from the feeders close
      together when the plating feeder is moved to either side of the cam.
PAR  In accordance with this invention there is also provided a method of
      plating for a limited period while knitting is in progress on a circular
      knitting machine which method comprises feeding a backing and facing yarn
      to needles of the circular knitting machine from separate and relatively
      movable feeder mouths, controlling said feeder mouths to move the backing
      and facing yarn together at the commencement and/or termination of plating
      and controlling said feeder parts to supply the backing and facing yarn at
      a predetermined angles respectively to the needles while plating.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is particularly described with reference to the drawings in
      which:
PAR  FIG. 1 is a perspective view showing a plating feeder according to the
      invention in its operative position mounted in a feeder cage;
PAR  FIG. 2 is a plan view of the plating feeder of FIG. 1 in its rest position
      with the yarns held in the trapper;
PAR  FIG. 3 is a plan view of the plating feeder of FIG. 1 in a position
      suitable for presenting the yarns to the needles; and
PAR  FIG. 4 is a plan view of the plating feeder of FIG. 1 in its operative
      position as shown in FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  With reference to the Figures, there is shown part of a superposed double
      cylinder knitting machine having needles N with latches L in rotatable
      cylinders and a yarn changing mechanism mounted outside the cylinders
      which comprises a yarn cutting and trapping block and a number of
      alternative yarn feeders. The yarn changing mechanism is substantially as
      described in the British Patent specifications 301,350 and 301,360. All
      feeders are adapted to move towards or away from the needle cylinders to
      take them in or out of action by a feeder shank 15 slidably mounted for
      movement in a tangential direction in a fixed U-bracket 26. The feeder
      shank 15 comprises a mounting for securing one of the feeders to the
      bracket 26 of the knitting machine. The feeders are adapted move up or
      down as required during such sliding movement by the engagement of a pin
      24 mounted on a block 23 fixed to the shank 15 with a slot 27 formed in a
      plate 25 which causes the shank 15 to rotate. For fine adjustment of such
      up and down movements, the plate 25 is adjustable by means of a vertical
      slot 28 and a screw 29 for locking the plate to the U-bracket 26. One of
      the feeders is adapted for plating and will now be described in detail.
PAR  On the end of the feeder mounting shank 15 is mounted a connecting block 12
      through which is bored a hole holding a rod-like feeder part 10. The
      feeder part 10 is held in position with respect to the block 12 by a
      lock-screw 13. Fine adjustment of the position of the feeder part 10 can
      be effected by an adjusting nut 14 screwed onto the feeder part 10 and
      engaging the block 12. The feeder part 10 extends generally towards the
      needle cylinder and is provided at the end 10a which is directed to the
      needles with a mouth in the form of a hole 10b for guiding a yarn.
PAR  On the rod-like feeder part 10, intermediate the end 10a and the connecting
      block 12, is mounted a trough-shaped feeder part 11. The trough-shaped
      feeder part 11 is provided with a longitudinal slot 21 through which a pin
      20 fixed to the feeder part 10 protrudes. By this arrangement rotation of
      the feeder part 11 around the feeder part 10 is prevented. The feeder part
      11 can thus slide along the feeder part 10 within the limits of the slot
      21. The two ends of the slot provide the maximum and minimum separation of
      the two feeder parts 10 and 11. The trough shaped feeder part 11 is urged
      towards the needle cylinder by a compression spring 22. At the end facing
      the needles both sides of the trough shaped feeder part 11 are bent
      upwardly and inwardly at the end 11 facing the needles forming a
      substantially U-shaped mouth. A slot 11b is further formed in the bottom
      of the troughlike feeder part 11 adjacent the end 11a. The slot 11b has a
      straight edge towards the front of the part 11 and a curved edge towards
      the rear, which converges to the straight edge in the region where the
      sides of the trough-shaped feeder part 11 are bent upward and inward. The
      position of the feeder part 11 is controlled by a camplate 16 which
      engages a roller 17 mounted on an upright pin 18 on the part 11. The
      camplate 16 is mounted on a fixed bracket 19 by two screws 16a and 16b,
      one of which is mounted in the bracket 19 through a slot 16c in the
      camplate 16. The camplate 16 is arranged to have a generally horizontal
      portion 16d whose edge engages the roller 17. As seen in FIG. 1, the
      horizontal portion 16d is offset downwards with respect to the portion of
      the camplate 16 secured to the bracket 19 so as to enable movement of the
      roller 17 beneath the camplate 16 as portrayed in FIG. 2.
PAR  The extent of sideways movement of the plating feeder can be adjusted by
      means of a stop screw 30 mounted in the bracket 26 which is arranged to
      abut with the rod-like feeder part 10. One plating yarn (Ya) can be
      threaded through take up guide C and a guide A on the rod-like feeder part
      10 to pass through the hole 10b. Another plating yarn can be threaded
      through a take-up guide D and guide B to pass through the slot 11b into
      the mouth formed by the space left between the upstanding portions at the
      end 11a of the feeder part 11. In this way the yarn is held steady in the
      feeder part 11.
PAR  The plating feeder movements can be adjusted as required in the following
      ways:
PAR  1. The rod-like feeder part 10 which feeds the face yarn to the needles is
      adjustable towards or away from the axis of the cylinders by releasing the
      lock screw 13 and rotating the adjusting nut 14 anti-clockwise or
      clockwise respectively;
PAR  2. The trough-like feeder part 11 which slidably locates over the feeder
      part 10 and serves to feed a backing yarn to the needles is controlled by
      the cam plate 16. The correct separation between the two feeder parts 10
      and 11 can be obtained by releasing the camplate 16 and rotating it on the
      screw 16b in the rquired direction, then re-locking the screw 16a which
      passes through the slot 16c into the fixed bracket 19;
PAR  3. Heightwise adjustment of the yarn feeding ends 10a and 11a of the
      plating feeder is obtained by adjustment up or down of the feeder control
      plate 25. The feeder control plate 25 carries the slot 28 which permits
      the plate to be adjusted up or down when released by the locking screw 29.
PAR  In operation with the plating feeder at rest in the non-operating position
      (FIG. 2) the two yarns Ya and Yb are held in a cutting and trapping block
      31 situated adjacent to the plating feeder.
PAR  When it is required during the knitting cycle of the machine to bring the
      plating feeder into a yarn feeding position, movement is initiated by the
      yarn changing mechanism, causing the feeder shank 15 to slide through the
      bracket 26 until the pin 24, following the cam profile in the control slot
      27, comes to rest at a point near Z, through the rod-like feeder part 10
      coming into abutment with the adjustable stop screw 30 (FIG. 3). With the
      plating feeder in this position, the yarns Ya and Yb still held in the
      cutting and trapping block 31 are brought closely adjacent to the needles
      passing down the knitting cam which allows the closing latch L of the
      needle N to lick the yarns Ya and Yb into the hook of the needle. The two
      yarns Ya and Yb have a minimum of separation at this stage because the
      roller 17 has lost contact with the cam plate 16, allowing the spring 22
      to push the feeder part 11 forward to the limit of the slot 21. As soon as
      the yarns Ya and Yb are engaged by the needles N, the trapper block 31 is
      opened to release the yarn ends, and the feeder is moved to its correct
      feeding position by the yarn feed mechanism, the pin 24 reaching the point
      Y on the feeder control plate 25. (FIG. 1). At the same time the roller 17
      comes into engagement with the camplate 16 which causes the feeder part 11
      to slide along the feeder part 10, compressing the spring 22 and
      separating the yarns Ya and Yb into a proper plating relationship (FIG.
      4).
PAR  The correct yarn feeding position of the plating feeder is set in such a
      way as to ensure that the two yarns Ya and Yb are delivered to the needles
      in a correct plating relationship for both forward knitting and reverse
      knitting. The plating feeder can be set to lie on a radial line through
      the axis of the needle cylinder when at its yarn feed position (FIG. 4)
      (the two yarns Ya and Yb are shown in full lines for forward knitting and
      chain dot lines for reverse knitting.) It will be seen that the backing
      yarn Yb is permitted to float from one side of the slot 11b to the other
      according to the direction of knitting during reciprocation of the needle
      cylinder when producing heels and toes, and this makes sure that the feed
      angle between the two yarns remains the same in both directions of
      knitting.
PAR  When it is required during the knitting cycle of the machine to withdraw
      the plating feeder from its active position, movement is again initiated
      by the yarn feed mechanism to cause the feeder shank 15 to slide through
      the bracket 26 until the pin 24, following the cam profile in the control
      slot 27, comes to rest at a point `X`. During this movement of withdrawal,
      the two yarns Ya and Yb and the two feeder parts 10 and 11 remain
      separated until the roller 17 loses contact with the edge of the
      horizontal portion 16d of the camplate 16. This allows the feeder part 11
      to slide along the rod-like feeder part 10 under pressure of the spring 22
      until the pin 20 is engaged by the end of the slot 21 (FIG. 2). Thus the
      two yarns are caused to feed together, one above the other around the
      flank of the trough-like feeder part when entering the cutting and
      trapping block 31.
PAR  To avoid contact and damage to the needle latches when the plating feeder
      is introduced or withdrawn, the feeder cage is controlled in the well
      known manner by the yarn feed mechanism disclosed in the British Patent
      specifications Nos. 301,350 and 301,360.
PAR  In practising the invention it can easily be arranged that the face thread
      which is to appear at the outer face of the fabric, and the backing thread
      which is to appear at the inner face of the fabric, are fed to the
      knitting needles of the machine so that the threads will be engaged by the
      hooks of the needles in their proper relationship when each stitch is
      drawn, the face thread lying in the hook of the needle close to the shank
      and the backing thread lying in the hook of the needle on the outer side
      of the face thread. The same setting of the plating feeder can be made to
      give the proper relationship when rotating the needle cylinder in either
      direction or during reciprocatory knitting when the cylinder reciprocates
      during the production of heels and toes.
PAR  The yarns can be led in a separated condition to the needles during
      plating. On withdrawal of the feeder the yarns can be easily cut and
      trapped in a trapper since the two yarns lie close together during
      withdrawel of the feeder. By providing separate control of the angle
      between the yarns during plating and during commencement and termination
      of feed, the setting of the plating angle is less critical as the operator
      need not be concerned with reducing this angle as much as possible so as
      to ensure proper trapping and feeding of the new yarn. The plating feeder
      can thus also be used satisfactorily for a wide range of yarns.
PAR  The plating feeder has feeder parts 10 and 11 for the face and backing
      threads which are individually adjustable and which can be moved relative
      to one another automatically during knitting to give a proper angle for
      plating and bring them close together for the initial feeding to the
      needles and the final cutting and trapping. Thus the plating feeder in a
      particular adjustment position can cope with a variety of yarns.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Plating feeder comprising: a mounting shank for securing the plating
      feeder during use to a circular knitting machine; a first feeder part in
      the form of an elongate body, a first mouth defined at the extremity of
      the first feeder part for feeding a first yarn, and means rigidly securing
      the first feeder part to the mounting shank; and a second feeder part
      having a portion encircling a portion of said first feeder part and
      slidable lengthwise with respect to said elongate body, a second mouth
      defined at the extremity of the second feeder part for feeding a second
      yarn, and means mounting the second feeder part for movement with respect
      to the mounting shank to enable the first and second mouths to be held
      separated from one another during plating or brought into close proximity
      to one another during cutting and trapping or initial feeding of the
      yarns.
NUM  2.
PAR  2. Plating feeder as claimed in claim 1 including resilient means for
      biasing the first and second mouths into close proximity, and a cam
      follower mounted on the second feeder part for overriding the bias of the
      resilient means.
NUM  3.
PAR  3. Plating feeder as claimed in claim 1 wherein the first mouth is defined
      by a narrow aperture in the first feeder part to provide a single feed
      position for a facing yarn and the second mouth has upwardly and inwardly
      inclined portions on either side of the first mouth to provide
      alternative, interconnected yarn feeder positions on either side of the
      first mouth.
NUM  4.
PAR  4. Plating feeder as claimed in claim 1 wherein said means rigidly securing
      the first feeder part comprises means releasably securing the first feeder
      part to the mounting in a plurality of positions to vary the distance
      between the first mouth and the mounting shank.
NUM  5.
PAR  5. A circular knitting machine comprising at least one needle cylinder; at
      least one knitting station; a plurality of interchangeable feeders for
      supplying yarn to said knitting station, at least one of said feeders
      being a plating feeder comprising a mounting for securing the plating
      feeder to the knitting machine; a first feeder part in the form of an
      elongate body, a first mouth defined at the extremity of the first feeder
      part for feeding a first yarn, and means rigidly securing the first feeder
      part to the mounting; a second feeder part having a portion encircling a
      portion of said first feeder part and slidable lengthwise with respect to
      said elongate body, a second mouth defined at the extremity of the second
      feeder part for feeding a second yarn, means mounting the second feeder
      part for movement with respect to the mounting, and means for moving the
      second feeder part to enable the first and second mouths to be held
      separated from one another during plating or brought into close proximity
      to one another during cutting and trapping or initial feeding the yarns.
NUM  6.
PAR  6. A circular knitting machine as claimed in claim 5 including resilient
      means for biasing the first and second mouths into close proximity, and a
      cam follower mounted on the second feeder part for overriding the bias of
      the resilient means.
NUM  7.
PAR  7. A circular knitting machine as claimed in claim 5 wherein the first
      mouth is defined by a narrow aperture in the first feeder part to provide
      a single feed position for a facing yarn and the second mouth has upwardly
      and inwardly inclined portions on either side of the first mouth to
      provide alternative, interconnected yarn feed positions on either side of
      the first mouth.
NUM  8.
PAR  8. A circular knitting machine as claimed in claim 5 wherein said means
      rigidly securing the first feeder part comprises means releasably securing
      the first feeder part to the mounting in a plurality of positions to vary
      the distance between the first mouth and the mounting.
NUM  9.
PAR  9. A circular knitting machine according to claim 5 in which the plating
      feeder is mounted in a bracket and is slidable bodily in said bracket in a
      direction tangential with respect to the knitting machine.
NUM  10.
PAR  10. A circular knitting machine as claimed in claim 9 in which the means
      for moving the second feeder part comprises a cam acting on the second
      feeder part to separate the first and second mouths during plating.
NUM  11.
PAR  11. A circular knitting machine as claimed in claim 9 in which the means
      for moving the second feeder comprises a cam acting on the second feeder
      part to separate the first and second mouths during plating and means for
      adjusting the cam to enable the extent of separation during plating to be
      varied.
NUM  12.
PAR  12. A circular knitting machine including at least one needle cylinder; at
      least one knitting station; a plurality of interchangeable, alternatively
      operable feeders for supplying yarn to said knitting station; a first
      feeder part defined by each of the feeders and comprising an elongate body
      directed toward said cylinder; a second feeder part defined by each of the
      feeders and comprising a second elongate body which extends substantially
      tangentially of said cylinder; means mounting the plurality of feeders and
      engaging the second feeder part of each of the feeders so as to permit
      bodily sliding movement of the feeders substantially tangentially of said
      cylinder; a plurality of trappers for trapping yarn from inoperative
      feeders and wherein at least one of said feeders, being a plating feeder
      includes said first feeder part on which a first mouth is defined at its
      extremity for feeding a first yarn; a third feeder part, a second mouth
      defined at the extremity of said third feeder part for feeding a second
      yarn, the third feeder part being mounted slidably on the first feeder
      part so as to permit the third feeder part to slide along the first feeder
      part; and means in part fixed with respect to the trappers and the feeder
      mounting means and in part on the third feeder part for camming the third
      feeder part along the first feeder part on tangential bodily movement of
      the plating feeder whereby said first and second mouths can be held
      separated in an operative position during plating or brought into close
      proximity during cutting and trapping on one side of the operative
      position and initially feeding the yarns from an inoperative position on
      the other side of the operative position.
NUM  13.
PAR  13. A circular knitting machine as claimed in claim 12; wherein the third
      feeder part has at least a portion which completely surrounds a portion of
      the first feeder part.
NUM  14.
PAR  14. A circular knitting machine as claimed in claim 12; wherein the means
      for camming the third feeder part includes resilient means to bias the
      first and second mouths into close proximity, a cam follower mounted on
      the third feeder part, and a cam fixed with respect to the trappers and
      feeder mounting means for overriding the bias of the resilient means.
NUM  15.
PAR  15. A circular knitting machine as claimed in claim 12; wherein the first
      mouth is defined by a narrow aperture in the first feeder part to provide
      a single feed position for a facing yearn, and the second mouth comprises
      upwardly and inwardly inclined flanges on either side of the first mouth
      to provide alternative, interconnected yarn feed positions on either side
      of the first mouth.
NUM  16.
PAR  16. A circular knitting machine as claimed in claim 12; in whch the first
      feeder part is releasably secured to the second feeder part and rigidly
      securable thereto in a plurality of positions to vary the distance between
      the first mouth and the cylinder.
NUM  17.
PAR  17. A circular knitting machine as claimed in claim 12; wherein the means
      for camming the third feeder part includes resilient means to bias the
      first and second mouths into close proximity, a cam follower mounted on
      the third feeder part, and a cam fixed with respect to the trappers and
      feeder mounting means for overriding the bias of the resilient means and
      wherein the cam acting on the cam follower on the third feeder part is
      releasably securable whereby the extent of separation of the first and
      second mouths in the operative position can be varied.
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ABST
PAL  Knitted material having chains interlaid between double-knitted loops and
      knitted in any conventional fashion to form a pattern. Preferably the
      chainsupporting loops are knitted by rib stitches with wales formed in a
      series of 1 .times. 1 ribs alternatively constituting the front and back
      stitches. The courses may include plain stitches with the two loops of the
      rib stitches disposed at the junction between the rib stitches and the
      plain stitches being linked to a loop of the plain stitches on the
      adjacent course.
BSUM
PAR  This invention relates to knitted material used with clothing or for indoor
      decorative purposes.
PAR  As is well known, the general field of clothing is ready for not only a
      design or arrangement to be applied to texture, but also a new type of
      clothing material itself, for example, knitted material. Already known are
      knitted material bearing patterns obtained by changing the material or
      color of particular yarns or knitting them in a different manner from
      those constituting the base texture, or other kinds of clothing material
      such as those embroidered or creweled. However, all these types of
      clothing material have lost a visual appeal.
PAR  Further, conventional knitted material has low strength and durability.
      Particularly the knitted material forming a sleeve band, neck portion or
      pocket can be easily damaged or stretched. Moreover, the prior art knitted
      material has the drawback that during long use it looses its elasticity.
PAR  It is accordingly the object of this invention to provide knitted material
      strong enough to withstand long use and particularly of such type as has
      not been thought of.
PAR  The knitted material of this invention has at least one chain interlaid
      between adjacent double-knit loops. As used herein, the term "double-knit
      loops" is defined comprehensively to mean loops constituting knitted
      material generally referred to as "double knit". Accordingly, the
      double-knitted loops include those formed of rib stitches and figured
      stitches obtained by a jacquard knitting machine.
PAR  The knitted material of this invention using chains whose application as
      the component of knitted material has not been thought of provides a
      unique visual appeal and can display a large variety of patterns according
      to the manner in which the double-knitted loops and chains are arranged.
PAR  The outstanding feature of the knitted material of this invention
      originates with the properties of chains used, namely, their relatively
      small extensibility, great strength and prominent flexibility. Therefore,
      the present knitted material not only maintains mechanical strength or
      tension, even if it is used for long periods, but also always provides a
      satisfactory fit to any wearer. Further, the depressions defined by the
      respective adjacent links of a chain conveniently engage the yarns of the
      double-knitted loop, enabling the chain to be securely kept in a
      prescribed position. It is, therefore, unnecessary particularly to sew the
      chain to the knitted material, for example, with a thread.
PAR  For the object of this invention, it is preferred that the chain be made of
      metal. The metal chain applies a downward-acting tensile force to the
      knitted material and causes the material to fit the wearer closely,
      rendering his physical outline more distinguished. Moreover, the adequate
      weight of the metal chain prevents clothing consisting of knitted material
      bearing said metal chain from getting out of shape when it is worn.
PAR  The double-knitted loops of knitted material can be made into the so-called
      double rib stitch bearing two-fold loops for each wale. In this case, the
      metal chain is very firmly supported by said two-fold loops. Moreover,
      those portions of the metal chain which are held by the two-fold loops are
      concealed from view. Thus, clear distinction is made between the exposed
      and hidden portions of the chain, effectively presenting a distinct
      pattern.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is a schematic plan view of metal chain-bearing knitted material
      according to this invention presenting various patterns formed by
      different knitting processes;
PAR  FIG. 2 is an enlarged view of the section surrounded by a circle 2 in FIG.
      1;
PAR  FIG. 3 is a sectional view on line 3--3 of FIG. 2;
PAR  FIGS. 4, 5 and 6 are enlarged views of the sections surrounded by circles
      4, 5 and 6 in FIG. 1.
PAR  FIG. 7 is an enlarged view of FIG. 5 in which the loops are somewhat
      deformed and the chains are not shown for clarity;
PAR  FIGS. 8A, 9A and 10A are schematic views showing respectively, like FIG. 3,
      the knitted loops on the course 12l, the knitted loops on the course 12k
      and the knitted loops on the course 12j, the chains being not shown;
PAR  FIGS. 8B, 9B and 10B are enlarged perspective views respectively of the
      loops shown in FIGS. 8A, 9A and 10A; and
PAR  FIG. 11 is a schematic view showing a point used for shifting the loops.
DETD
PAR  The knitted material 10 of FIG. 1 bears metal chains 11 arranged along the
      courses of woolen yarn loops. For better understanding of this invention,
      FIG. 1 indicates different processes of knitting the clothing material 10.
      Namely, the section 13 denotes rib stitches, the section 14 plain stitches
      and the section 15 the so-called double rib stitches. Though the manner in
      which the metal chain is exposed to view varies with the knitting process
      used and the condition and arrangement of the loops holding the metal
      chain, preferably the metal chain-supporting loops are knitted by rib
      stitches.
PAR  As seen from FIG. 2, the rib-stitched section 13 comprises wales each
      formed of a series of 1 .times. 1 ribs alternately constituting the front
      and back stitches; and courses of yarn loops, for example 12a, 12b, 12c
      and 12d, of which the courses 12b and 12c are each provided with a metal
      chain 11 extending along the length. The metal chains are interlaid
      between front loops constituting wales 16a, 16c, 16e . . . and back loops
      forming wales 16b, 16d, 16f . . . . When, therefore, the knitted material
      is observed from the front side, the metal chains 11 appear only on the
      back loop wales 16b, 16d, 16f . . . , and when the knitted material is
      looked at from the back side, the metal chains 11 are exposed to view only
      on the front loop wales 16a, 16c, 16e . . . . Accordingly, the metal
      chains 11 present the same patterns on both front and back sides of the
      knitted material.
PAR  As is well known, the rib-stitched material has the back loop wales and
      front loop wales partly superposed on each other. Consequently, the metal
      chain 11 is interlaid between the front and back loops in the form of
      zigzags as viewed through the thickness of the knitted material (FIG. 3).
      The zigzag formation of the metal chain 11 and the meshing allowance of
      the respective links thereof enable the metal chain 11 to be lengthened or
      contracted along the length to a relatively large extent.
PAR  Both peripheral edges of the metal chain 11 have an undulating outline.
      Part of looped yarns 17 passes through the depressions defined by the
      respective adjacent links of the metal chain 11. This prevents the chain
      11 from making a large lengthwise displacement through the loop course. It
      is therefore unnecessary to sew the metal chain 11, for example, with a
      thread to the knitted material, for example, at points spaced from each
      other at a prescribed interval. Where occasion demands, the metal chain 11
      has only to be fixed at both ends to the knitted material.
PAR  With the knitted material of this invention, the interlaying of the metal
      chain 11 between the front and back loops can be very easily effected by
      the conventional knitting machine, for example, a flat knitting machine
      not only mechanically but also simultaneously with the knitting of loops.
      Referring to FIG. 3, the chain line 18 shows the boundary of both needle
      beds A and B of a flat knitting machine, and reference numeral 19 denotes
      knitting needles mounted parallel with each other on the needle beds A and
      B. As is well known, use of needles 19 on both needle beds A and B
      provides rib stitching, and application of needles 19 on one of the needle
      beds A and B effects flat knitting. To knit the material of FIG. 2, it is
      only required to set needles 19 on both needle beds A and B in an
      operative position (the position of a projecting needle shown in FIG. 3)
      in alternate relationship. As seen from FIG. 3, the metal chain 11 is
      placed on the boundary 18, and then back loops are formed on the upper
      side of the boundary 18 and front loops are provided on the lower side
      thereof in a manner to face each other across the metal chain 11. Thus the
      metal chain 11 is properly interlaid between the front loop wales and back
      loop wales in zigzags as viewed through the thickness of the knitted
      material.
PAR  The greater part of the knitted material shown in FIG. 4 consists of
      flat-knitted back loops. Only the wales 20b and 20c associated with the
      loop courses 12f and 12g are formed of front loops or rib stitches.
      Accordingly, metal chains 11 placed in the loop courses 12f and 12g are
      concealed from view at the front loop wales 20b and 20c and exposed at the
      other sections of the loop courses 12f and 12g. The interval between the
      chain-supporting front loops and the number of front loops at each
      chain-supporting point can be suitably chosen.
PAR  The material of FIG. 4 can be knitted by the same process as shown in FIGS.
      2 and 3. Namely, that portion of the knitted material where the metal
      chain is exposed is formed by causing needles 19 only on the needle bed A
      to provide back loops by flat knitting, and that portion of the knitted
      material which supports the metal chain is formed by causing needles 19
      only on the needle bed B to knit front loops.
PAR  The knitted material of FIG. 5 is mostly formed, as in FIG. 4, of
      flat-knitted back loops. However, the section of the knitted material of
      FIG. 5 which supports the metal chains 11 is knitted in a different manner
      from FIG. 4. In FIG. 5, the metal chains 11 are placed in the loop courses
      12j and 12k, and supported at wales 21b to 21g by the so-called double rib
      stitches. Namely, the metal chain-supporting section of the loop course
      12j or 12k includes two-fold loops as against a single loop used in the
      loop course 12j or 12l. In this case, the front and back two-fold loops
      jointly constitute rib stitches. As more clearly shown in FIG. 7, each
      pair of front and back loops corresponds to one of the purl loops of the
      plain stiches on the course 12i or 12l. Thus, twice as many loops of the
      rib stitches as loops of the plain stitches on the courses 12i or 12l are
      arranged on the course 12j or 12k, so that the loops of the rib stitches
      are more densely arranged than those of the plain stitches. A knitted
      fabric having rib and plain stitches united in such a manner has been
      employed for many years in the textile industry. In this knitted material
      (FIG. 5), the supporting loops on the courses 12j and 12k for the wales
      21b- 21g are arranged close to each other, thereby securely holding the
      metal chain. Since the portion of the metal chain thus supported is not
      exposed to view either on the back or on the front side of the knitted
      material, the metal chain as a whole intermittently appears on the surface
      of the knitted material to provide a very effective visual appeal. The
      knitting of the metal chain-supporting twofold loops can be carried out
      simply by simultaneously operating all the needles fitted to both needle
      beds A and B of FIG. 3. The steps for knitting the above-mentioned fabric
      can be described with reference to FIGS. 8A-10B, and are obvious from
      conventional knitting machines. The loops on the course 12l constitute
      normal plain stitches and are knitted by the needles only on the bed A. At
      this stage the needles on the bed A are aligned with the respective
      needles on the bed B. When the loops on the course 12l have been knitted,
      the bed B is shifted in the direction of the arrow (FIG. 8A) about half
      the distance of the space between the adjacent needles thereon. After this
      has been accomplished, the needles b.sub.2 -g.sub.2 on the bed B are
      brought into an operative position, while the other needles on the bed B
      remain in an inoperative position. Then the needles b.sub.2 -g.sub.2
      automatically form the front loops of the rib stitches on the course 12k
      and the needles on the bed A form the back loops (FIGS. 9A and 9B). Once
      all the loops have been knitted on the course 12j in the same manner as
      those on the course 12k (FIGS. 10A and 10B), the bed B is returned to its
      initial position to make the needles on the bed B aligned again with those
      on the bed A. Then, the loops caught by the needles b.sub.2 -g.sub.2  on
      the bed B are moved onto the needles b.sub.1 -g.sub.1 on the bed A by
      means of a point (FIG. 11), and the needles b.sub.1 -g.sub.1 each hold a
      pair of front and back loops. Thereafter, the needles b.sub.2 -g.sub.2 on
      the bed B are brought into an inoperative position and the knitting
      machine is then operated to cause the needles on the bed A to form the
      loops of the plain stitches on the course 12i.
PAR  The portion of the knitted material 15 shown in FIG. 6 is a modification
      from that of FIG. 5 in which the metal chain portion appearing on the
      fabric surface forms a pattern. As mentioned above, in FIG. 5 the portion
      of the metal chain supported by the double rib stitches does not
      substantially appear on the surface of the knitted material. Where,
      therefore, the loops constituting the particular sections of the knitted
      material are formed by flat knitting and the loops constituting the
      remaining sections are knitted by double rib stitches, then the metal
      chain shows any desired pattern by being exposed to view on said
      particular sections consisting of flat knitted loops. The exposed portion
      of the metal chain shown in FIG. 6 is an enlarged view of that part of a
      numeral "2" which is surrounded with a circle 6 in FIG. 1. To provide such
      a numerical pattern, metal chains 11 are placed in all the loop courses
      required to delineate a numeral. Plain and rib loops are formed at
      different portions along each course according to the outline of the
      numeral being made. To indicate, for example, the abovementioned numeral 2
      of FIG. 1, the loops of the wales 22b and 22c in the loop course 12t,
      those of the wales 22b, 22c and 22d in the loop cource 12s, and those of
      the wales 22c, 22d, 22e, 22f and 22j in the loop course 12q are formed by
      flat knitting, and the loops of the wales 22g, 22h and 22i in the loop
      course 12q are provided by double rib stitches as illustrated in FIG. 6.
      According to the embodiment of FIG. 6, all the loops constituting the loop
      course 12m are formed by double rib stitches. Obviously, these loops may
      permissibly be flat-knitted. The knitted fabric shown in FIG. 6 can be
      produced in the same manner as described with reference to FIGS. 8A-10A
      and 8B-10B. For example, when the loops on the course 12q are to be
      knitted, all the needles on the the bed A and some of the needles on the
      bed B for the wales 22a, 22b and 22g- 22i are operative, while the other
      needles on the bed B are held inoperative. When loops are knitted on the
      course 12q, the loops for the wales 22g- 22i are brought into an
      inoperative position. In this condition, the loops on the courses 12p are
      knitted and then the needles on the bed B for the wales 22c and 22d are
      made operative to knit loops on the course 12o.
PAR  The aforesaid chain 11 incorporated in knitted material was described to
      consist of metal. However, the chain may by made of such type of synthetic
      resin as is mechanically strong and has a certain weight. Though, in the
      foregoing embodiment, a single chain was placed in each loop course, yet
      it is of course possible to use two or more chains for each loop course
      according to the thickness of the chain or yarn or the size of the loop.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A knitted fabric comprising courses formed of a plurality of loops, some
      of said courses including alternatively arranged front and back loops, and
      at least one metal chain which extends along the course and is interlaid
      between said front and back loops, said alternatively arranged front and
      back loops constituting rib stitches and the other loops constituting
      plain stitches, the two loops of the rib stitches that are disposed at the
      junction between the rib stitches and the plain stitches being linked to a
      loop of the plain stitches on the adjacent course.
NUM  2.
PAR  2. A knitted fabric according to claim 1, wherein said plain stitches are
      arranged with the rib stitches to form a predetermined pattern.
NUM  3.
PAR  3. A knitted fabric comprising courses formed of a plurality of loops, some
      of said courses including alternatively arranged front and back loops, and
      at least one metal chain which extends along the course and is interlaid
      between said front and back loops, said front and back loops constituting
      1 .times. 1 rib stitches.
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ABST
PAL  The apparatus of this invention is designed to be employed in combination
      with a vehicle, the vehicle including therein a gasoline filler pipe, the
      filler pipe being normally closed by a gasoline cap. The apparatus of this
      invention relates to a separate locking apparatus which interfits over the
      gasoline cap of the vehicle, the locking apparatus including a key
      actuated locking mechanism which locks shut the apparatus housing and
      access to the gasoline cap is prevented.
PARN
PAR  This application is a continuation-in-part of patent application Ser. No.
      461,903, filed Apr. 18, 1974, now abandoned, entitled LOCKING APPARATUS
      FOR A GASOLINE FILLER PIPE by the present inventor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention relates to locking devices and more
      particularly to a locking device for a vehicle gasoline filler pipe cap.
PAR  Gasoline, which is the most common fuel for operating vehicles, is rapidly
      becoming a commodity in short supply. Due to the shortness of supply, the
      cost of gasoline has substantially increased.
PAR  Because of these two factors, the unauthorized syphoning of gasoline from
      vehicles is becoming quite common. Almost all private and commercial
      vehicles employ a gasoline filler pipe within the vehicle which connects
      to the gasoline tank. The filler pipe is normally closed by a gasoline
      cap. It is not uncommon for a person to remove this gasoline cap and
      syphon gasoline from the gasoline tank.
PAR  In the past, there has been substantial effort expended on the designed of
      a structure which will prevent the unauthorized syphoning of gasoline from
      the vehicle. One such prior art apparatus is a spring which fits within
      the filler pipe. The spring will permit gasoline to be conducted into the
      gasoline tank but will prevent any syphoning hose from moving into the
      tank. However, such springs have been found to have one major disadvantage
      in that they tend to restrict the flow of fuel into the vehicle. As a
      result, it takes a substantial longer period of time to fill the gasoline
      tank of the vehicle than was previously required.
PAR  One other common type of prior art device is a gasoline cap which includes
      a key actuated locking mechanism. Such gasoline caps, because of the
      included locking mechanism, are quite expensive when compared to a
      conventional gasoline cap. As a result, there has never been a wide spread
      use of a gasoline cap which includes therein a key actuated locking
      device.
PAC  SUMMARY OF THE INVENTION
PAR  The locking apparatus of this invention comprises the use of a housing
      having an internal chamber therein. Within the housing there are first and
      second enlarged openings formed respectively within the upper side and the
      lower side of the housing. The cover is hingedly connected to the housing
      and is adapted to close off the first opening. A locking mechanism is
      mounted within the housing and cooperates with a latching pawl. The
      latching pawl connects with a catch mounted on the cover and is capable of
      holding the cover in a closed position. The lock is key actuated and is to
      move the latching pawl to permit the cover to be moved to an open
      position. The cover is continuously spring biased to the open position. A
      split band is mounted upon a fuel filler pipe adjacent the cap which
      normally is employed to close off the filler pipe. This split band
      includes adjustment means so as to cause the band to fit different
      diameters of filler pipes. An annular flange of the split band is attached
      to the underside of the housing about the second opening. In lieu of the
      split band, a wedging block assembly may be employed to securely bind the
      cap to the filler pipe.
PAR  The primary advantage of the structure of this invention is to prevent
      unauthorized access into the fuel tank of a vehicle thereby preventing
      syphoning of the fuel from the vehicle. The apparatus of this invention is
      employed in combination with the conventional non-locking gas cap for a
      fuel filler pipe. The apparatus of this invention is designed to fit most
      all diameters of filler pipes. The apparatus of this invention is designed
      so as to be extremely difficult to forcibly enter the apparatus or to
      break the apparatus. Previous locking types of caps have been extremely
      difficult to install and are quite complicated in construction wherein the
      structure of this invention is simple in construction and is relatively
      easy to operate. Also, the apparatus of this invention can be easily
      removed and reinstalled on another vehicle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the first embodiment of the locking apparatus of
      this invention as it is mounted upon a fuel tank filler pipe;
PAR  FIG. 2 is a top view of the apparatus of this invention taken along line
      2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of the apparatus of this invention taken
      along line 3--3 of FIG. 2;
PAR  FIG. 3A is a cross-sectional view taken along line 3A--3A of FIG. 3 showing
      in detail the hinge joint connection between the cover and the apparatus
      housing;
PAR  FIG. 4 is a cross-sectional view showing the split band of the first
      embodiment incorporated within the apparatus of this invention taken along
      line 4-4 of FIG. 1;
PAR  FIG. 5 is a cross-sectional view through the apparatus of this invention
      taken along line 5--5 of FIG. 3;
PAR  FIG. 6 is a view similar to FIG. 3 but showing the cover in the open
      position;
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is a plan view of the second embodiment of this invention showing
      the cover in the open position unconnected to a gasoline filler pipe with
      the wedge blocks in the fully retracted position;
PAR  FIG. 9 is a partial cross-sectional side view of the second embodiment of
      this invention;
PAR  FIG. 10 is a view similar to FIG. 8 but showing the cap in the installed
      position; and
PAR  FIG. 11 is a sectional view showing the locking mechanism in the locked
      position.
DETD
PAC  DETAILED DESCRIPTION OF THE SHOWN EMBODIMENT
PAR  Referring particularly to FIG. 1 of the drawings, there is shown the first
      embodiment of locking apparatus 10 of this invention which is mounted upon
      a fuel tank filler pipe 12. It is to be understood that the pipe 12 is
      connected to a fuel tank (not shown) and is provided for the purpose of
      filling the fuel tank with fuel. The pipe 12 is closed at its outermost
      end by means of a cap 14. The cap 14 can be any conventional type of cap.
PAR  The apparatus 10 includes housing 16 which includes an interior chamber 18.
      The chamber 18 is somewhat larger in size than the size of the gas cap 14.
      This is in order to facilitate entry of a person's hand within the chamber
      18 and effect removal of the gas cap 14 and then subsequently replacement
      of the gas cap 14 upon filler pipe 12.
PAR  A first opening 20 is provided within the housing 16 through the upper
      surface thereof. Through the underside of the housing 16 is provided a
      second opening 22. Surrounding the opening 22 is formed an annular lip 24
      which is formed as part of the under surface of the housing 16. Within the
      lip 24 are formed a plurality of fastener openings 26. These openings 26
      are in the form of slots which are angularly located across the lip 24.
      Associated with each opening 26 is a channel 28 which is to provide for
      recessing of a screw fastener 30 so as to prevent the head of the fastener
      30 from protruding above the upper surface of the lip 24. The reason for
      the provision of the inclination of the slots 26 is so that the housing 16
      is capable of being connected to different sizes of filler pipes 12. For
      example, most filler pipes are within two different sizes which are
      one-fourth of an inch apart in diameter. The apparatus of this invention
      can readily accommodate either size of filler pipe.
PAR  A cover 32 is capable of closing the first opening 20. At the fore end of
      the cover 32 is attached a latching catch 34. At the aft end of the cover
      and attached to the inner side of the cover 32 and a pair of spaced apart
      mounts 36. Each mount 36 includes an aperture 38 formed therein. A rod 40
      passes through both of the apertures 38 with the ends of the rod 40
      extending within recesses 42 and 44 formed within the housing 16. A spring
      46 is wound about the rod 40 and is positioned between the mounts 36. One
      end of the spring 46 connects with the cover 32 while the other end of the
      spring connects with the housing 16. The spring 46 exerts a continuous
      bias tending to pivot the cover 32 about the rod 40 to the open position.
PAR  Integrally secured to the cover 32 exteriorly of the mounts 36 is a
      depending flange 48. This flange 48 is to obscure from view the rod 40 and
      the spring 46. A person desiring to achieve unauthorized entry into the
      apparatus 10 of this invention could conceivably use a tool to break the
      hinge joint between the cover and the housing established by the rod 40.
      Therefore, by including of the depending flange 48, this is prevented.
PAR  The aft end of the housing 16 includes an enlarged recess 50 within which
      the depending flange 48 extends. The function of the recess 50 is so that
      the flange 48 will pivot within the recess 50 during opening and closing
      movement of the cover 32.
PAR  Formed within the housing 16 and located adjacent the chamber 18 is a lock
      chamber 52. This lock chamber 52 is separated from the chamber 18 by means
      of a partition 54. A locking pawl 56 has a pivot pin 58 mounted
      therethrough and the pivot pin 58 is rotatably mounted within recesses
      formed within portions of the housing 16 which constitute the end walls of
      the lock chamber 52. The locking pawl 56 is merely positioned with the
      pivot pin in these recesses and there is no specific structure holding the
      locking pawl in place with the exception of the location of the lock
      tumbler 60. This tumbler is positioned very near the pawl 56 and prevents
      this withdrawal movement out of the recesses in which it is mounted. A
      spring 62 is positioned about the pivot pin 58 and with one end of the pin
      62 being against the latching pawl 56 with the other end resting against a
      portion of the housing 16. The spring 62 functions to bias the pawl 56 to
      the latched position at all times which is shown in FIG. 3 of the
      drawings.
PAR  The locking tumbler 60 may be of a special construction of can be of any
      conventional construction. The locking tumbler 60 is to be operated by
      means of a key 64. Once the proper key 64 is inserted and rotated, an
      elliptical shaped cam 80, attached to the tumbler 60 by rod 66, is rotated
      so that the large end of cam 80 moves against pawl 56. The latching pawl
      56 is pivoted about the pin 58 from the latched position to the unlatched
      position shown in FIG. 6. This thereby releases the latching catch 34 and
      permits the cover 32 to pivot to the open position as shown in FIG. 6. The
      locking tumbler 60 is fixedly mounted to the housing 16 in a conventional
      manner and extends within the lock chamber 52.
PAR  Snugly mounted upon the filler pipe 12 is a split band 70. The split band
      70 is formed into a pair of connecting flanges 72 and 74 through which a
      bolt fastener 76 extends. The fastener 76 will normally employ an Allen
      head type of fastener head which is operated by a conventional Allen
      wrench (not shown). By loosening of the fastener 76, the split band 70 can
      be passed over the annular lip 78 formed on the filler pipe 12. By
      tightening of the fastener 76, the band can then be tightly secured upon
      the filler pipe 12. Because of the adjustment feature inherent in this
      type of arrangement, the split band 70 can be employed to accommodate
      different sizes of filler pipes 12.
PAR  Attached to the band 70 is an annular flange assembly which comprises
      separate spaced apart flanges 80, 82 and 84. Each of these flanges 80, 82
      and 84 include a fastener receiving opening 86. The fasteners 30 are to
      connect with the openings 86 in order to secure the housing 16 upon the
      flanges 80, 82 and 84. Therefore, the flanges are in contact with the lip
      24. The spacing between the flanges 80, 82 and 84 provides ventilating
      area for the chamber 18. Therefore, any gas fumes which may enter chamber
      18 are permitted to escape to the space between the flanges 80, 82 and 84.
PAR  To install the apparatus of this invention it is only necessary to locate
      the split band 70 upon the filler pipe 12 and tighten such tightly by
      means of an Allen wrench cooperating with the Allen head fastener 76. With
      the split band 70 tightly installed upon the filler pipe 12, the housing
      16 is then placed so that the lip 24 comes into contact with the flanges
      80, 82 and 84. The location of the housing 16 upon the lip 24 is so that
      slots 26 align with the fastener openings 86. When such is so aligned, the
      fasteners 30 are located within the alinged openings and installed
      tightly. The apparatus 10 of this invention is then ready for use and upon
      the cover 32 being closed, such cannot be opened without the using of the
      key 64 to disassociate the latching pawl 56 from the catch 34.
PAR  Referring in particular to FIGS. 8 to 11 of the drawings, there is shown a
      second embodiment 100 of the locking apparatus of this invention. The
      second embodiment 100 includes a cover 102 which is hingedly connected to
      a housing 104. Within the housing 104 is mounted a key actuated locking
      tumbler 106 which is to function as in the first embodiment to latch the
      cover 102 in a closed position about the housing 104.
PAR  Within the housing 104 is formed an interior chamber 108. An access opening
      110 is provided within the lower side of the housing 104 which connects
      with the interior chamber 108.
PAR  Integrally formed with the housing 104 and extending within the interior
      chamber 108 is a forward ledge 112 and an aft ledge 114. The ledges 112
      and 114 are on opposite sides of the chamber 108. The lower surface of the
      ledges 112 and 114 are inclined at a 45.degree. angle with respect to the
      bottom surface of the housing 104.
PAR  Formed within the ledge 112 are a pair of elongated slots 116. Similarly
      formed within the ledge 114 are a pair of elongated slots 118. A screw
      fastener 120 is positioned within each of the slots 116. In a similar
      manner, a screw fastener 122 is positioned within each of the elongated
      slots 118.
PAR  Each of the screw fasteners 120 are secured to a wedge block 124 with it
      being understood that there are two in number of such wedge blocks 124. In
      a similar manner, each screw fastener 122 is connected to a respective
      wedge block 126 with it being understood that there are two in number of
      such wedge blocks 126. The wedge blocks 124 and 126 are each threadably
      connected to its respective fastener 120 or 122. Each of the blocks 124
      and 126 are formed to include an inclined surface which is in abutting
      contact with the incline surface of the lower surface of its respective
      ledge 112 or 114. The forwardmost top 128 of each of the blocks 126 and
      124 is formed serrated, the function of which will be explained further on
      in the specification.
PAR  The operation of the second embodiment 100 of this invention is as follows:
      Prior to installation, the screws 120 and 122 are loosened so that the
      body portion of each screw will rest within the outermost portion of its
      respective slot 116 and 118. The gas cap 130 is placed over the filler
      pipe 117. The screws 120 and 122 are then tightened which causes the wedge
      blocks 124 and 126 for that particular screw to be moved along the lower
      incline surface of its respective ledge 112 or 114. This movement is
      accomplished until all four wedge blocks 124 and 126 engage the gas filler
      pipe and are wedged against it securely. The serrated surface 128 of each
      wedge block bites into the filler pipe thereby facilitating secure
      interconnection therebetween and preventing unauthorized removal of the
      embodiment 100. The wedges are movable approximately five-eighths of an
      inch from its innermost position to its outermost position so therefore
      the wedges permit installation of the second embodiment 100 of this
      invention upon any conventionally known diameter of filler pipe. The front
      edge (surface 128) of each of the blocks may be straight or may be formed
      at some angle or may be arcuate.
PAR  Filler pipes normally have a turned-in bead 119. The amount of turned-in
      bead 119 controls the inner diameter of the pipe 117. In other words, the
      outer diameter of pipe 117 can be identical for all vehicles, but the
      inward extension of bead 119 can prohibit use with some gas filling
      nozzles. The structure of this invention will adapt to any inner diameter
      of filler pipe, as well as being adaptable to various outer diameter of
      filler pipes.
PAR  The advantage of the second embodiment 100 is that it can very easily
      secure the housing 104 to the filler pipe. While the cap is open, access
      for a screwdriver is readily facilitated through the open end of the
      housing 114 which is normally closed by the cover 102. The second
      embodiment 100 can be readily installed by practically any person, male or
      female. The structure of the second embodiment 100 avoids the use of an
      Allen wrench, which is required in the first embodiment 10. Also in this
      construction, no separate split ring is required as in the first
      embodiment.
PAR  Formed within the housing 104 and located adjacent the chamber 18 is a lock
      chamber 52. This lock chamber 52 is separated from the chamber 18 by means
      of a partition 54. A locking pawl 56 has a pivot pin 58 mounted
      therethrough and the pivot pin 58 is rotatably mounted within recesses
      formed within portions of the housing 104 which constitute the end walls
      of the lock chamber 52. The locking pawl 56 is merely positioned with the
      pivot pin in these recesses and there is no specific structure holding the
      locking pawl in place with the exception of the location of the lock
      tumbler 60. This tumbler 60 is positioned very near the pawl 56 and
      prevents this withdrawal movement out of the recesses in which it is
      mounted. A spring 62 is positioned about the pivot pin 58 and with one end
      of the pin 62 being against the latching pawl 56 with the other end
      resting against a portion of the housing 104. The spring 62 functions to
      bias the pawl 56 to the latched position at all times which is shown in
      FIG. 11 of the drawings.
PAR  The locking tumbler 60 may be of a special construction or can be of any
      conventional construction. The locking tumbler 60 is to be operated by
      means of a key 64. Once the proper key 64 is inserted and rotated, an
      elliptical shaped cam 80, attached to the tumbler 60 by rod 66, is rotated
      so that the large end of cam 80 moves against pawl 56. The latching pawl
      56 is pivoted about the pin 58 from the latched position to the unlatched
      position shown in FIG. 9. This thereby releases the latching catch 34 and
      permits the cover 32 to pivot to the open position as shown in FIG. 9. The
      locking tumbler 60 is fixedly mounted to the housing 104 in a conventional
      manner and extends within the lock chamber 52.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A locking apparatus comprising:
PA1  a housing having an internal chamber, a first opening and a second opening
      formed within said housing providing access into said chamber;
PA1  a cover mounted by hinge means to said housing and movable between a closed
      position and an open position, said cover capable of closing said first
      opening when said cover is in said closed position, said open position
      providing access into said chamber, a latching catch attached to said
      cover;
PA1  a split band adapted to surround a gas filler pipe, said band being
      adjustable to different diameters, said band including tightening means;
PA1  a connecting flange attached to said band, said connecting flange
      attachable by fastening means to said housing about said second opening;
PA1  a latching pawl pivotally mounted within said housing and movable between a
      latch position and an unlatch position, first biasing means attached to
      said latching pawl exerting a continuous bias tending to locate said pawl
      in said latched position, with said pawl in said latched position said
      pawl connects with said latching catch; and
PA1  a key actuated lock mounted within said housing, said lock including
      structure capable of moving said pawl to said unlatched position.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein:
PA1  a second biasing means mounted adjacent said hinge means of said cover,
      said second biasing means exerting a continuous bias tending to move said
      cover to said open position.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein:
PA1  said cover including a depending flange, said depending flange exteriorly
      covering said hinge means.
NUM  4.
PAR  4. Apparatus as defined in claim 1 wherein:
PA1  said connecting flange including a plurality of openings formed therein.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein:
PA1  said flange being formed of a plurality of separate spaced apart segments,
      said openings comprising said spaces between said segments.
NUM  6.
PAR  6. Apparatus as defined in claim 1 wherein:
PA1  said latching pawl being mounted by a pivot pin within recesses formed
      within said housing and located in an established position, the location
      of said lock being such to prevent withdrawal of said latching pawl from
      said established position.
NUM  7.
PAR  7. In combination with a fuel tank, said fuel tank having a filler pipe,
      the open end of said filler pipe being closeable by a cap, a locking
      apparatus to connect with said filler pipe and prevent unauthorized access
      to said cap, said locking apparatus comprising:
PA1  a housing having an internal chamber, a first opening and a second opening
      formed within said housing providing access into said chamber;
PA1  a cover mounted by hinge means to said housing movable between a closed
      position and an open position, said cover capable of closing said first
      opening when said cover is in said closed position, said open position
      providing access into said chamber, a latching catch attached to said
      cover;
PA1  a split band adapted to surround a gas filler pipe, said band bing
      adjustable to different diameters, said band including tightening means;
PA1  a connecting flange attached to said band, said connecting flange
      attachable by fastening means to said housing about said second opening;
PA1  a latching pawl pivotally mounted within said housing and movable between a
      latched position and an unlatched position, first biasing means attached
      to said latching pawl exerting a continuous bias tending to locate said
      pawl in said latched position, with said pawl in said latched position
      said pawl connects with said latching catch; and
PA1  a key actuated lock mounted within said housing, said lock including
      structure capable of moving said pawl to said unlatched position.
NUM  8.
PAR  8. The combination as defined in claim 7 wherein:
PA1  a second biasing means mounted adjacent said hinge means of said cover,
      said second biasing means exerting a continuous bias tending to move said
      cover to said open position.
NUM  9.
PAR  9. The combination as defined in claim 7 wherein:
PA1  said cover including a depending flange, said depending flange exteriorly
      covering said hinge means.
NUM  10.
PAR  10. The combination as defined in claim 7 wherein:
PA1  said connecting flange including a plurality of openings formed therein.
NUM  11.
PAR  11. The combination as defined in claim 10 wherein:
PA1  said flange being formed of a plurality of separate spaced apart segments,
      said openings comprising said spaces between said segments.
NUM  12.
PAR  12. The combination as defined in claim 7 wherein:
PA1  said latching pawl being mounted by a pivot pin within recesses formed
      within said housing and located in an established position, the location
      of said lock being such to prevent withdrawal of said latching pawl from
      said established position.
NUM  13.
PAR  13. A locking apparatus comprising:
PA1  a housing having an internal chamber, a first opening and a second opening
      formed within said housing providing access into said chamber;
PA1  a cover mounted by hinge means to said housing and movable between a closed
      position and an open position, said cover capable of closing said first
      opening when said cover is in said closed position, said open position
      providing access into said chamber, a latching catch attached to said
      cover;
PA1  locking means mounted on said housing which includes a movable pawl to
      connect with said latching catch of said cover when in the closed position
      upon said housing, actuating means for moving said movable pawl; and
PA1  attaching means connected to said housing for connecting said housing to a
      gasoline filler pipe, said attaching means including means adjustable to
      accommodate different diameters of gasoline filler pipes.
NUM  14.
PAR  14. A locking apparatus as defined in claim 13 wherein:
PA1  said attaching means comprising at least one movable member, said movable
      member being slidable upon an inclined surface formed on a portion of said
      housing, fastening means interconnecting said movable member and said
      housing portion, whereby as said fastening means is tightened said movable
      member is moved toward an engagement with said filler pipe, whereby as
      said fastening means is loosened said movable member is moved away from
      said filler pipe.
NUM  15.
PAR  15. The locking apparatus as defined in claim 14 wherein:
PA1  there being a plurality of said movable members slidable on inclined
      surfaces of housing portions located in a spaced apart manner and a
      plurality of fastening means, each one of said movable members being
      interconnected to one of said housing portions by one of said fastening
      means for separate movement of said members toward an engagement with said
      filler pipe.
NUM  16.
PAR  16. A locking apparatus as defined in claim 15 wherein each of said movable
      members has a sharp pipe engaging portion positioned closest to said
      filler pipe, said portion tightly engaging said filler pipe upon
      tightening of the interconnecting fastening means.
NUM  17.
PAR  17. A locking apparatus as defined in claim 14 wherein said fastening means
      comprises a threaded fastener member passing through said housing portion
      and threaded into said movable member, said attaching means comprising
      slot means transversed by said fastener member and permitting relative
      movement between said movable member and said inclined surface upon
      rotation of said fastener member.
NUM  18.
PAR  18. A locking apparatus as defined in claim 13 wherein said actuating means
      comprises a key-actuated lock mounted within said housing for selectively
      engaging said latching catch to lock said cover in the closed position.
NUM  19.
PAR  19. A locking apparatus comprising:
PA1  a housing having an internal chamber, a first opening and a second opening
      formed within said housing providing access into said chamber;
PA1  a cover mounted by hinge means to said housing and movable between a closed
      position and an open position, said cover capable of closing said first
      opening when said cover is in said closed position, said open position
      providing access into said chamber, a latching catch attached to said
      cover;
PA1  locking means mounted on said housing which includes a movable pawl to
      connect with said latching catch of said cover when in the closed position
      upon said housing, actuating means for moving said movable pawl;
PA1  attaching means connected to said housing for connecting said housing to a
      gasoline filler pipe, said attaching means including means adjustable to
      accommodate different diameters of gasoline filler pipes; and
PA1  said attaching means comprises a wedge assembly, said wedge assembly
      including at least one wedge member movable upon an incline surface formed
      upon said housing, threaded fastening means interconnecting said wedge
      member and said housing, whereby as said threaded fastening means is
      tightened said wedge member is moved toward an engagement with the filler
      pipe, whereby as said threaded fastening means is loosened said wedge
      member is moved away from said filler pipe.
NUM  20.
PAR  20. A locking apparatus comprising:
PA1  a housing having an internal chamber, a first opening and a second opening
      formed within said housing providing access into said chamber;
PA1  a cover mounted by hinge means to said housing and movable between a closed
      position and an open position, said cover capable of closing said first
      opening when said cover is in said closed position, said open position
      providing access into said chamber, a latching catch attached to said
      cover;
PA1  locking means mounted on said housing which includes a movable pawl to
      connect with said latching catch of said cover when in the closed position
      upon said housing, actuating means for moving said movable pawl;
PA1  attaching means connected to said housing for connecting said housing to a
      gasoline filler pipe, said attaching means including means adjustable to
      accommodate different diameters of gasoline filler pipes;
PA1  said attaching means comprises a wedge assembly, said wedge assembly
      including at least one wedge member movable upon an incline surface formed
      upon said housing, threaded fastening means interconnecting said wedge
      member and said housing, whereby as said threaded fastening means is
      tightened said wedge member is moved toward an engagement with the filler
      pipe, whereby as said threaded fastening means is loosened said wedge
      member is moved away from said filler pipe; and
PA1  there being four in number of said wedge members with a said fastening
      means being individually connected to each said wedge member.
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ABST
PAL  A lock and support device for fuel tanks holding acetylene gas and the
      like. The lock and support device includes an outlet cap, a locking bar,
      and an intermediate lock connecting ring that is connected between the
      outlet cap and the locking bar. The outlet cap screws over the outlet of
      the valve that is permanently attached to the top of the fuel tank in
      order to connect the lock and support device to the fuel tank and to cover
      the valve outlet. The locking bar may be used as a handle and as a means
      to prevent removing the outlet cap. The lock connecting ring is used as a
      means to support the tank in an upright position, and as a connection
      means for locking the tank to a fixed object.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is for a new and improved lock and support device, and more
      particularly, to a lock and support device having a valve cap, a valve cap
      locking bar to secure the valve cap on a fuel tank, and a lock connecting
      portion or ring for providing a means to hold the fuel tank in an upright
      secured position and for providing a means to lock the tank to a fixed
      object.
PAR  In the past fuel tanks have been positioned in an upright position by
      standing them on their bases. Fuel tanks have been secured to fixed
      objects by wrapping chains around them or providing specially made tank
      racks. Fuel tanks are easily knocked over if left unsecured to a fixed
      object. Fuel tanks that are not held in an upright position are safety
      hazards.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  A new and improved lock and support device for fuel tanks that may be
      utilized as a handle to carry a fuel tank having a permanent valve fixed
      thereon, that caps the threaded valve outlet of the fuel tank, that
      provides a locking means to prevent removal of the outlet cap and that
      provides a lock connecting portion for locking the tank in an upright
      position to a fixed structure.
PAR  The lock and support device includes an outlet cap, a locking bar, and an
      intermediate lock connecting portion or ring connected between the outlet
      cap and the locking bar. The outlet cap screws over the outlet of the
      valve to connect the lock and support device to the fuel tank and to cover
      the outlet. The locking bar may be used as a handle as well as a means to
      prevent removing the outlet cap from the valve outlet. The lock connecting
      means supports the locking bar, supports the tank in an upright position,
      and is a means that is used to lock the tank to a fixed object. When the
      lock and support device is connected to the valve and the locking bar,
      pivotally connected to the connecting portion, is placed in a general
      horizontal position over the valve, a locking device may be threaded
      through the upper portion of the lock connecting portion in order to
      prevent removing the cap used to stop gases that may flow out of the valve
      outlet and to prevent removing the lock and support device from the fuel
      tank.
PAR  It is an object of this invention to provide a new and useful fuel tank
      lock and support device.
PAR  It is another object of this invention to provide a non-complex low-cost
      lock and support device for fuel tanks that caps the valve outlet.
PAR  It is another object of this invention to provide a lock and support device
      for easily fixing a fuel tank in an upright position.
PAR  It is another object of this invention to provide a lock and support device
      that provides a convenient carrying means for fuel tanks.
PAR  It is an additional object of this invention to provide a lock and support
      device that is easily locked to a fixed object.
PAR  In accordance with these and other objects which will be apparent
      hereinafter, the instant invention will now be described with particular
      reference to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a top view of the lock and support device;
PAR  FIG. 2 is a side view of the lock and support device with the locking bar
      shown in phantom in a generally vertical position;
PAR  FIG. 3 is a side view of the lock and support device connected to a fuel
      tank and to a fixed structure, and
PAR  FIG. 4 is an end view of the lock and support device.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now in detail to the drawing, wherein an embodiment of the
      invention is shown, the lock and support device is generally designated by
      numeral 2, includes an outlet cap or secureing means 4 having internal
      threads, for capping the outlet 6 of the fuel valve 8. The lock and
      support device 2 also includes a locking bar 10 that is shown as a
      generally rectangular ring that is sized to surround the fuel valve. The
      lock connecting means or lock connecting ring 12 is connected to and
      connected between the outlet cap 4 and the locking bar 10. The outlet cap
      4 is fixed to the lock connecting ring 12. The locking bar 6 is rotatably
      connected in the extension 12' of the lock connecting ring 12.
PAR  As shown in FIGS. 2 and 3, the locking bar 10 may be placed in a generally
      horizontal position or may be rotated upwardly into a vertical position as
      shown in phantom by the dotted lines designated 10'. The locking bar 10
      secures the lock and support device 2, on the outlet 6 of the fuel valve 8
      when it is in a position as shown in FIG. 3. After the locking bar rotates
      over the valve 8, as shown in FIG. 3, the lock and support device 2 cannot
      be rotated in order to unscrew the outlet cap 4 from the fuel valve outlet
      6 that has external threads. When the locking bar 6 is moved into a
      position as shown in phantom in FIG. 2 or into a position 180.degree. from
      the position of the locking bar 6 in FIGS. 2 or 3, the lock and support
      device 2 may be rotated in order to remove the outlet cap 4 from the valve
      outlet 6.
PAR  The valve 8 is connected to tank 14 by a threaded connection. The valve is
      generally securely tightened on the tank. It normally takes a great force
      to remove the valve from the tank 14.
PAR  It should be noted that when the locking bar 6 is moved to a generally
      vertical position the distal portion of the locking bar 10' may be used as
      a handle to carry the fuel tank 14 and valve.
PAR  In order to lock the bar 10 over the valve 8 as shown in FIG. 3, a locking
      means such as a chain 20 or a padlock, not shown, may be attached to the
      opening shown by numeral 16. When the chain or lock is connected through
      opening 16, the lock shaft or the chain link will prevent movement of bar
      10 from a position shown in FIG. 2 to the phantom position, shown in FIG.
      2. The chain link is sized to prevent movement of the bar 10 to a position
      in which it will not engage the valve 8 or tank 14 when the lock and
      support device is rotated. FIG. 3 also shows that the chain 20 may pass
      around a fixed member 24 that is connected to a post 22 that is fixed in
      the ground, a floor, a truck bed or the like. Lock 18 is used to secure
      the two ends of the chain together around the member 24. It should be
      noted that bicycle locks may be used to secure the member 24 to the lock
      connecting ring opening 16.
PAR  In use, the outlet 6 is capped by first turning the locking bar 10 to a
      position as shown in phantom in FIG. 2, then the outlet cap 4 is threaded
      on the outlet 6 of valve 8. Thereafter the locking bar 10 may be passed
      over the valve 8. A locking means such as a lock or a chain is passed
      through opening 16 in the lock connecting ring 12 to secure the bar 10 in
      a locked position. To secure the tank in an upright position in
      relationship to a member fixed such as a truck bed, a floor or the ground,
      the lock or chain 20 is fixed to a member, such as member 24.
PAR  A keyway 26 may be cut into the locking ring to provide a means for turning
      the valve control shaft 28 off or on to release the gas stored in fuel
      tank 14. Also a wrench attachment 26' may be connected to the lock
      connecting ring for removing fittings from the tank valve outlet when the
      outlet is connected to welding or heating apparatus, not shown.
PAR  The instant invention has been shown and described herein in what is
      considered to be the most practical and preferred embodiment. It is
      recognized, however, that departures may be made therefrom within the
      scope of the invention and that obvious modifications will occur to a
      person skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lock and support device for a fuel tank means that includes a fuel
      tank with a generally fixed valve having an outlet comprising:
PA1  a capping and securing means connectable to the outlet,
PA1  a lock connecting means attached to said capping and securing means,
PA1  a moveable bar connected to said lock connecting means for movement between
      a first position engaging the fuel tank means to lock said capping and
      securing means on the outlet and a second position allowing movement of
      said capping and securing means to disengage said lock and support device
      from the outlet,
PA1  said lock connecting means includes a securing portion that may be utilized
      to secure said bar in said first position.
NUM  2.
PAR  2. A lock and support device as set forth in claim 1 wherein;
PA1  said capping and securing means is rotatably connected to the valve outlet.
NUM  3.
PAR  3. A lock and support device as set forth in claim 2 wherein;
PA1  said bar is ring-shaped for movement over the valve to prevent removal of
      said capping and securing means.
NUM  4.
PAR  4. A lock and support device as set forth in claim 3 including;
PA1  a connecting means attachable to said securing portion to prevent movement
      of the moveable bar from the first position,
PA1  said connecting means attachable to a fixed object to hold said tank in an
      upright position and to prevent theft.
NUM  5.
PAR  5. A lock and support device as set forth in claim 4 wherein;
PA1  said bar is a handle when placed in a generally vertical position.
NUM  6.
PAR  6. A lock and support device as set forth in claim 5 including;
PA1  a valve keyway in said lock connecting means and a wrench connected to said
      lock connecting means.
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ABST
PAL  An espagnolette lock having an actuating nut which is rotatably supported
      in a lock box and in a lock box cover, which includes a rectangular
      through-aperture for receiving a rectangular arbor, and a slot formed in
      one side of the nut body of the nut for receiving the key bit of a cipher
      key. A sleeve is fastened to the lock box cover, which is adapted to
      extend into a circular aperture formed in the door or the like, and in
      which the sleeve is provided with guide slots and/or projections for
      receiving and securely fastening different types of actuating members or
      fittings for the lock, and their respective guide and covering sleeves.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an espagnolette lock having an actuating
      nut which is rotatably supported in a lock box and in a lock box cover,
      which includes a rectangular throughaperture for receiving a rectangular
      arbor, and a slot formed in one side of the nut body of the nut for
      receiving the key bit of a cipher key.
PAC  DISCUSSION OF THE PRIOR ART
PAR  A lock of the above-mentioned type is disclosed in applicants U.S. patent
      application Ser. No. 408,00l, filed Oct. 19, 1973, now U.S. Pat. No.
      3,863,47l. Among other advantages it provides that, without changing the
      basic construction thereof, the lock may be adapted for acutation by means
      of a cipher key, a safety cylinder, a cylinder olive or rotary grip,
      wherein merely the auxiliary fittings need be interchanged.
PAR  In the presently employed construction of the lock, these auxiliary
      fittings had to be assembled with the lock prior to the latter being
      mounted on a door. Thus, for example, manufacturers had the capability of
      providing the door of a cabinet with a lock adapted for actuation by means
      of a cipher-bit key and to then place the cabinet into storage. However,
      if a purchaser required a different type of actuation for the lock such
      as, for example, a safety cylinder, the lock had to be again dismounted
      and refitted. Additionally, the type of fastening of the lock to the door,
      as heretofore known, was effected by means of four screws, which required
      a considerable amount of labor.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a lock of
      the above-mentioned type which is constructed so as to, on the one hand,
      simplify the mounting thereof on the door, for example, in order to permit
      it to be carried out automatically and, on the other hand, to allow
      assembly of the varied types of actuating components for the lock, such as
      a cipherbit key, safety cylinder, cylinder olive or rotary grip subsequent
      to the mounting of the basic lock structure on a door.
PAR  The foregoing object is inventively achieved in that a sleeve or receptacle
      is fastened to the lock box cover, which is adapted to extend into a
      circular aperture formed in the door or the like, and in which the sleeve
      is provided with guide slots and/or projections for receiving and securely
      fastening the different types of actuating members or fittings for the
      lock, and their respective guide and covering sleeves.
PAR  A preferred embodiment of the inventive espagnolette lock is characterized
      in that the sleeve includes plastically deformable spreader lugs for
      effecting fastening thereof within the aperture formed in the door or the
      like.
PAR  Through the foregoing is accomplished that for the fastening of the lock on
      a door, the latter must be provided with a single through-aperture. The
      sleeve, which is connected with the lock box, is then introduced into this
      aperture, and is fastened from the opposite side thereof through outward
      bending of the spreader lugs. The door, and possibly the therewith
      associated cabinet, may then be placed into storage, and the actuating
      fitting which is desired by a subsequent purchaser may then be
      subsequently built into the sleeve from exteriorly to the door. In this
      manner, the most economical and simple completion of cabinets becomes
      possible.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference may now be had to an exemplary embodiment of the invention, taken
      in conjunction with the accompanying drawings; in which:
PAR  FIG. 1 illustrates an espagnolette lock adapted to be mounted in a door,
      for use with different types of actuating members as shown in FIGS. 1a
      through 1d, and which may be subsequently assembled therewith;
PAR  FIG. 2 is a longitudinal sectional view through a door having the lock of
      FIG. 1 mounted thereon;
PAR  FIG. 3 is a plan view of the front side of the lock sleeve;
PAR  FIG. 4 is a plan view of the rear side of the lock sleeve;
PAR  FIG. 5 is a perspective view of a key shield; and
PAR  FIG. 6 is a front view of an espagnolette lock shown with the lock sleeve
      removed.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1 and 2 of the drawing, there may be ascertained that an
      espagnolette lock 1, whose inner construction is not illustrated since it
      does not relate to the present invention, includes a lock box 2 having a
      cover 3 which, in a known manner, is fastened in the lock box 2 by means
      of lugs 4. From FIG. 6 there may further be ascertained a nut 5, which is
      rotatably supported in the wall of the box and in cover 3, and which may
      be pivoted about its axis upon rotation of a locking rod 8 is displaced
      about its longitudinal axis. The internal construction of the lock is
      described in copending U.S. application Ser. No. 408,001.
PAR  A sleeve 9 is fastened in the cover 3, shown individually in FIGS. 3 and 4.
      The sleeve 9 includes a flange 9a on which there are located four pins 10
      which are adapted to project through complementary apertures 11 in cover
      3. The fastening of the sleeve 3 to the cover 3 is effected through the
      upsetting of pins 10. Furthermore, two projections 12 of different lengths
      are provided on flange 9a, which extend through recesses 13 in the cover.
      The lengthier of the projections serves as a stop for limiting the angle
      of rotation of nut 5. The sleeve 9 may be fastened in two 180.degree.
      offset positions in the cover so that the lock is adapted to be employed
      for either right-and-left hand latching of the door.
PAR  Within the cylindrical portion of sleeve 9 there are located three lugs 14,
      which are separated from the remainder of the sleeve through the
      intermediary of two parallel slots 15. The lugs 14, after introduction of
      the sleeve 9 into the aperture 16 in door 17, are outwardly spread by
      means of a suitable special tool, whereby the sleeve 9 and the entire lock
      therewith are fastened to the door.
PAR  Interiorly of sleeve 9 there are further provided two axially extending
      lower and upper grooves 18 and 19. The lower groove 18 is somewhat wider
      than the upper groove 19. Furthermore, the sleeve 9 includes two radially
      inwardly extending projections 20. The grooves 18, 19, and the projections
      20, serve for effecting the guidance and fastening of the various types of
      actuating fittings or members for the lock as shown in FIGS. 1a through
      1d.
PAR  Thus, illustrated in FIG. 1a is a commercially available olive 21 with a
      built-in safety cylinder 25, which may be actuated by means of a flat key.
      The safety cylinder 25 actuates the radially displaceable locking bolt 26.
      The olive 21, through the intermediary of a plastic material ring 27, may
      be inserted directly into the sleeve 9. The rectangular arbor 28 extends
      into the rectangular aperture 6 in nut 5 (refer to FIG. 6). The
      rectangular arbor is then grippingly clamped by means of a screw 29 which
      is located in a radial hole formed in nut 5. This screw is accessible
      through an aperture 30 which is formed in the side wall of the lock box 2,
      as indicated in FIG. 6. In the locking position, the locking bolt 26
      extends into the groove 19 of the sleeve 9, so as to prevent rotation of
      the olive 21.
PAR  In FIG. 1b there is illustrated an olive 24 having another common
      commercially construction. The olive may also be constructed as a rotary
      grip. The portion 31 which is adapted to be inserted into sleeve 9 has a
      smaller diameter than the olive shown in FIG. 1a, and a reducing sleeve 22
      which has a flange 22a is inserted in the sleeve 9. The reducing sleeve 22
      includes a wedge-like axially extending projection 23, which extends into
      the groove 19 in sleeve 9. A groove 19a in the reducing sleeve 22 is
      adapted to receive the locking bolt 26, in the event that olive 24, as
      illustrated, is provided with a safety cylinder 25. The rectangular arbor
      28 is, in a similar manner as shown with respect to the olive 21 in FIG.
      1a, fastened in the nut 5.
PAR  Illustrated in FIG. 1c of the drawing is a usual commercial safety cylinder
      31, whose inner cylinder may be rotated by means of a key, so that its
      rectangular arbor 28 will concurrently rotate therewith. The cylinder 31
      has a smaller external diameter than the inner diameter of sleeve 9. For
      this reason, a rossette 32 having two projections 33, 34 is previously
      introduced into the sleeve 9. The projections 33, 34 thereby extend into
      the grooves 18, 19 of sleeve 9 and support the rossette with a gripping
      engagement. The cylinder 31 is then introduced into the rossette 32, so
      that the rectangular arbor 28 extends into the rectangular aperture 6 in
      nut 5, and may be fastened therein in the previously described manner. The
      cylinder 31 includes two recesses 35. Into these, in the mounted position,
      there extend the two projections 20 in the sleeve 9, so that cylinder 31
      is also secured against rotation.
PAR  Illustrated in FIG. 1d is a key shield 36 which is adapted to be built into
      the sleeve 9, and which may be utilized in conjunction with a cipher key
      37. The key shield 36 is separately illustrated in FIG. 5. The key shield
      includes a circular plate 36a from which projects a shaft 38. The latter
      includes four flats 39a, 39b, 39c and 39d which, in the built-in
      condition, are placed in a gripping engagement with the sleeve 9. Thereby,
      a wedge-like projection 40 engages in groove 19 of sleeve 9. At the rear
      end of the shaft 38 there is located a plate 41 which includes an aperture
      42 in conformance with the shape of the key bit 37a. The difference in
      locking is thus provided by the plate 41. The key 37 and the key shield 36
      are the only components which must be produced in various kinds of shapes
      and held in storage. Their number depends upon the various key bit shapes
      which are offered for sale. All forms of key bits 37a can readily extend
      into the slot 7 of nut 5, and rotate the latter for effecting opening and
      locking of the lock.
PAR  By means of the above-described construction it thus becomes feasible that
      the finally mounted lock 1 be subsequently fitted in a simple manner with
      any of the actuating elements illustrated in FIGS. 1a through 1d.
PAR  The mounting of the lock 1, through insertion of the sleeve 9 into the door
      aperture 16 and the spreading of lugs 14 may even be automatically carried
      out by means of suitable devices. Naturally, the lock 1 may also be
      fastened to a door in the heretofore usual manner through the employment
      of four screws.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Espagnolette lock for the latching of doors and the like, comprising a
      lock box; a lock box cover; an actuating nut rotatably supported on the
      wall of said lock box and in said lock box cover, said actuating nut
      including a rectangular through-aperture for receiving a rectangular
      arbor, and a slot formed in one side of said nut for receiving the key bit
      of a cipher key; and a sleeve adapted to be mounted in a circular aperture
      formed in the door, said sleeve including guide grooves and projections
      for receiving and securing of varied actuating elements for said lock and
      guide and cover sleeves associated therewith.
NUM  2.
PAR  2. A lock as claimed in claim 1, said sleeve including plastically
      deformable spreader lugs for securing said sleeve in said door aperture.
NUM  3.
PAR  3. A lock as claimed in claim 1, comprising a reducing sleeve having a
      wedge-like projection being insertable into said first sleeve; and
      wedge-like projection extending into one said groove of said first sleeve,
      and a groove being formed in said reducing sleeve for receiving a locking
      bolt of an olive having a safety cylinder.
NUM  4.
PAR  4. A lock as claimed in claim 1, comprising a rosette adapted to be
      positioned in said sleeve, said rosette having two projections extending
      into said guide grooves, and a safety cylinder being mountable in said
      rosette, said safety cylinder having recesses for receiving the
      projections of said sleeve.
NUM  5.
PAR  5. A lock as claimed in claim 4, comprising radially extending locking
      screw means in said nut for securing said rectangular arbor to said nut.
NUM  6.
PAR  6. A lock as claimed in claim 1, comprising a key shield having a shaft
      being inserted into said sleeve; and a plate being located at the rear end
      of said shaft, said plate having aperture in conformance with the bit
      configuration of a cipher key.
NUM  7.
PAR  7. A lock as claimed in claim 6, said key shield shaft being mounted in
      said sleeve in gripping engagement therewith.
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ABST
PAL  A lock cylinder cover arrangement including a spring detent secured at one
      end thereof to the underside of a cover base or escutcheon, wherein the
      spring detent has a stop surface and a cam surface formed adjacent the
      other end thereof, the stop surface serving to hold open a cover pivotally
      mounted on the escutcheon, and the cam surface serving to be cammed
      downwardly toward the lock cylinder by an edge of the key-head to thereby
      release the stop surface from the cover and permit the latter to be biased
      closed upon withdrawal of the key from the lock cylinder.
BSUM
PAR  This invention relates generally to lock cylinder cover arrangements and,
      more specifically, to such arrangements which include detent means for
      retaining a cover in an open position and for automatically permitting the
      cover to return to a closed position upon withdrawal of the key from the
      lock cylinder.
PAR  Heretofore, the lock cylinder cover arrangements used on vehicular trunk
      lids for shielding the locks from inclement weather conditions have
      generally included some type of projection formed on the exposed end
      surface of the lock cylinder assembly. An example of the latter
      arrangement is shown and described in Jacobi U.S. Pat. No. 2,213,814.
PAR  While such arrangements are generally satisfactory in operation, it is an
      object of the invention to provide an improved lock cylinder cover
      arrangement which eliminates the necessity of forming cams on the lock
      cylinder per se and, in lieu thereof, to provide a simplified, efficient
      spring detent means secured to the cover base or escutcheon.
PAR  Another object of the invention is to provide such an improved spring
      detent-type lock cylinder cover arrangement which is readily operable with
      one hand through the steps of manually opening the cover, inserting and
      rotating the key to unlock the lock mechanism, and having the cover
      automatically close upon withdrawal of the key.
PAR  A further object of the invention is to provide an improved spring detent
      means which may be readily secured to the underside of a typical
      escutcheon, and including both a stop surface for retaining the cover in
      an open position and a cam surface engageable by the head of a key during
      the unlocking operation, causing the stop surface to be released from an
      edge of the cover and thus permitting the cover to close upon withdrawal
      of the key from the lock cylinder.
DRWD
PAR  These and other objects and advantages of the invention will be apparent
      when reference is made to the following description and accompanying
      drawings, wherein:
PAR  FIG. 1 is a fragmentary plan view of a vehicular trunk lid embodying the
      inventive lock cylinder cover arrangement;
PAR  FIG. 2 is a perspective view of one of the elements of the FIG. 1
      structure; and
PAR  FIGS. 3, 4, 5, and 6 are fragmentary cross-sectional views taken along the
      planes of the respective lines 3--3, 4--4, 5--5, and 6--6 of FIG. 1, and
      looking in the directions of the respective arrows.
DETD
PAR  Referring to the drawings in greater detail, FIG. 1 illustrates a vehicular
      trunk lid 10 including a conventional lock cylinder assembly 12 having a
      lock cylinder cover arrangement 14 associated therewith.
PAR  The lock cylinder cover arrangement 14 includes a cover base or escutcheon
      16 secured by suitable fasteners 18 to the trunk lid 10 and having a
      central opening 20 formed therein for exposing an end surface 22 of the
      lock cylinder assembly 12. A key 24 is manually inserted in the inlet
      opening 26 formed in the lock cylinder end surface 22, the key 24 being
      inserted therein through the opening 20 of the escutcheon 16 when a cover
      member 28 is pivoted away from the opening 20 (FIG. 1) about a
      conventional spring-loaded, pivotal support arrangement 30 operatively
      connected between the escutcheon 16 and the cover member 28.
PAR  A spring detent 32, shown individually in FIG. 2 and in operating location
      in FIG. 1, includes a support arm 34 having apertures 36 formed in
      opposite ends thereof, and a resilient arm having a spring member 38
      extending from one end of the support arm 34 substantially perpendicular
      thereto and an operating member 40 formed on the free end of the spring
      member 38. A bent end-portion 42 is formed on the free end of the
      operating member 40, serving as a stop surface for a purpose to be
      described later. A contoured extension 44 is formed along an edge of the
      operating member 40 intermediate the bent-end portion 42 and the spring
      member 38, serving as a cam surface, as will be discussed later. As
      illustrated in FIG. 1, the spring detent 32 is secured to the underside of
      the escutcheon 16 by mounting the apertures 36 thereof onto respective
      studs 46 formed on the escutcheon 16, the studs 46 being swaged or
      otherwise deformed around the outer edges of the apertures 36, after the
      spring detent 32 is mounted, securing the support arm 34 substantially
      tangent to an upper edge of the opening 20, as shown in FIG. 1.
PAR  As illustrated in FIGS. 1 and 5, when the cover member 28 is initially
      pivoted about the pivotal support means 30, prior to insertion of the key
      24 into the cylinder of the lock cylinder assembly 12, the bent
      end-portion or stop surface 42 is depressed toward the end surface 22 of
      the lock cylinder assembly 12 until such time as a predetermined edge 48
      of the cover member 28 snaps past the stop surface 42, permitting the
      surface 42 to spring back to the position shown in FIG. 5, thus serving to
      retain the cover member 28 in the fully-open position shown in FIG. 1.
PAR  After manual insertion of the key 24 into the inlet opening 26 of the lock
      cylinder assembly 12, any unlocking rotational movement of the key 24 in a
      clockwise direction, as seen in FIG. 1, serves to abut an arcuate edge 50
      (FIG. 3) of the head of the key 24 against the cam surface 44 of the
      spring detent 32. Once the key 24 has been rotated a predetermined amount,
      say 45.degree., the surface 50 thereof will have moved across the length
      of the cam surface 44, depressing the operating member 40 of the spring
      detent 32 toward the end surface 22 of the lock cylinder assembly 12, as
      illustrated in FIG. 3, such that the interrelated stop surface 42 (FIG. 4)
      will have been moved away from the edge 48 of the cover member 28, as
      illustrated in FIG. 5, permitting a torsion spring 52 (FIG. 6) of the
      pivotal support arrangement 30 to bias the cover member 28 in a
      counterclockwise direction, as seen in FIG. 1, into contact with the key
      24. Thus, when the key 24 is withdrawn from the lock cylinder assembly 12,
      the cover member 28 will be urged by the spring 52 back to its original or
      closed position in vertical alignment with the escutcheon 16.
PAR  It may be noted in FIG. 6 that the conventional spring-loaded pivotal
      support arrangement 30 typically includes a cylindrical extension 54
      formed on the undersurface of the cover member 28, with aligned openings
      56 formed through oppositely disposed wall portions thereof. A straight
      end-portion 58 formed on one end of the torsion spring 52 extends through
      the aligned openings 56 and serves to retain the cover member 28 on the
      escutcheon 16 by abutting against the end of a cylindrical extension 60
      mounted concentrically around the cylindrical extension 54. The torsion
      spring 52 is mounted around the cylindrical extension 60, with a
      hook-portion 62 formed on the other end thereof for retention around a lug
      64 formed on the escutcheon 16, the torsion spring 52 thus serving to both
      retain the cover member 28 on the escutcheon 16 and to urge the cover
      member 28 toward a closed position.
PAR  It should be apparent that the lock cylinder cover arrangement of the
      invention provides a simplified and efficient means for permitting a lock
      cylinder cover member to be rotated away from the lock cylinder key inlet
      opening, while effectively retaining same in such open position until the
      key is inserted into the inlet opening and rotated through the unlocking
      operation, with the head of the rotating key engaging a cam surface and,
      thereby, releasing the cover member from a stop surface for automatic
      return to its originally closed position upon withdrawal of the key from
      the lock cylinder, all of which may be accomplished by the operator with
      one hand.
PAR  It should be further apparent that while a clockwise operational direction
      has been shown and described, the lock cylinder, spring detent and cover
      member could each be constructed to operate as well in the
      counterclockwise direction.
PAR  While but one embodiment of the invention has been shown and described,
      other modifications thereof are possible.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use with a vehicle body trunk lid including a lock cylinder mounted
      thereon with an outwardly facing key opening for receiving a key to permit
      rotation thereof through an unlocking operation of said lock cylinder, a
      cover arrangement comprising an escutcheon secured to said trunk lid and
      having a central opening formed therein axially aligned with said lock
      cylinder, a cover member pivotally mounted on said escutcheon for movement
      between a closed position covering said opening and an open position
      permitting access through said opening to said key opening, resilient
      means operatively connected between said cover member and said escutcheon
      for urging said cover member toward said closed position, and a spring
      detent secured to the underside of said escutcheon and including a
      resilient arm having a stopping surface and an adjacent camming surface
      formed thereon and extending outwardly through said opening in said
      escutcheon, said stopping surface serving to normally abut against an edge
      of said cover member to retain said cover member in said open position,
      and said camming surface adapted to being deflected toward said lock
      cylinder by said key upon rotation thereof through said unlocking
      operation to, thereby, withdraw said stopping surface from said cover
      member, permitting said resilient means to move said cover member back to
      its closed position upon removal of said key from said lock cylinder.
NUM  2.
PAR  2. For use with a vehicle body trunk lid including a lock cylinder mounted
      thereon with an outwardly facing key inlet opening for receiving a key to
      permit rotation thereof through an unlocking operation of said lock
      cylinder, a cover arrangement comprising an escutcheon secured to said
      trunk lid and having a central opening formed therein axially aligned with
      said lock cylinder, a cover member pivotally mounted on said escutcheon
      for movement between a closed position covering said central opening and
      an open position permitting access through said central opening to said
      key inlet opening, resilient means operatively connected between said
      cover member and said escutcheon for urging said cover member toward said
      closed position, and a spring detent including a support arm secured to
      the underside of said escutcheon, a spring arm extending from one end of
      said support arm, and an operating arm extending from the free end of said
      spring arm, a stop surface and an adjacent cam surface formed on said
      operating arm and extending outwardly through said opening in said
      escutcheon, said stop surface serving to normally abut against an edge of
      said cover member to retain said cover member in said open position, and
      said cam surface adapted to being deflected toward said lock cylinder by
      an edge of the exposed head of said key upon being manually rotated
      through said unlocking operation to, thereby, release said stop surface
      from said edge of said cover member, permitting said resilient means to
      move said cover member back to its closed position upon removal of said
      key from said lock cylinder.
NUM  3.
PAR  3. For use with a vehicle body trunk lid including a lock cylinder mounted
      thereon with an outwardly facing key inlet opening for receiving a key to
      permit rotation thereof through an unlocking operation of said lock
      cylinder, a cover arrangement comprising an escutcheon secured to said
      trunk lid and having a central opening formed therein axially aligned with
      said lock cylinder, a cover member pivotally mounted on said escutcheon
      for movement between a closed position covering said central opening and
      an open position permitting access through said central opening to said
      key inlet opening, resilient means operatively connected between said
      cover member and said escutcheon for urging said cover member toward said
      closed position, and a spring detent including a support arm secured to
      the underside of said escutcheon, a spring arm extending from one end of
      said support arm, and an operating arm extending from the free end of said
      spring arm, a bent-end-portion formed on the free end of said operating
      arm and providing a stop surface, and a bowed extension formed on an edge
      of said operating arm intermediate said bent end-portion and said spring
      arm and providing a cam surface, said stop surface and said cam surface
      extending outwardly through said opening in said escutcheon, said stop
      surface serving to normally abut against an edge of said cover member to
      retain said cover member in said open position, and said cam surface
      adapted to being deflected toward said lock cylinder by an arcuate-shaped
      edge of the head of said key upon manual rotation thereof through said
      unlocking operation to, thereby, release said stop surface from said edge
      of said cover member and thus permit said resilient means to move said
      cover member back to its closed position upon removal of said key from
      said lock cylinder.
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ABST
PAL  A machine is provided to straighten both the stem and the head of flanged
      stem workpieces such as poppet valves by rolling the stem of the workpiece
      between a rotary die and an arcuate stationary die. The flange of the
      workpiece being larger than the stem overlaps the rotary second die to
      have a first path of a contact portion of the flange. A straightening
      roller is journalled for orbiting movement on a rotary straightening
      member and the straightening roller has a contact area movable in a second
      path intersecting the first path to engage the flange and bend the
      workpiece cyclically. This bending effects a straightening of such flange.
      The above description is merely one form of the invention and is not to be
      construed as limiting on the scope of the invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Straightening machines have been proposed including those operating on a
      planetary principle. One straightening machine for poppet valves included
      two rotary dies of similar diameter with spaced axes and slightly
      different peripheral speeds engaging the stem of the poppet valve so that
      the workpiece passed between the nip of the die rollers. One die roller
      had a straightening disc freely journalled coaxially thereon to engage the
      underside of the head of the poppet valve as the valve gradually passed
      through the nip. Any wobble to the head of the poppet valve was removed by
      engagement with the free running straightening disc. Such prior art
      machine had the difficulty of not being able to satisfactorily control the
      attitude of the workpiece because of the limited area of contact of the
      workpiece stem with the two separated roller dies, both of which have
      convex faces. The poppet valve stem would easily become cocked at an angle
      other than parallel to the two roller dies, especially because of the
      unbalanced force caused by the straightening disc cyclically engaging the
      poppet valve head. The problem to be solved then is how to establish a
      flanged stem workpiece straightening machine to overcome this deficiency.
PAR  An object of the invention is to provide a straightening machine for
      flanged stem workpieces wherein the workpiece is securely held during
      travel through the machine.
PAR  Another object of the invention is to provide a straightening machine
      wherein a flange of a stemmed workpiece is cyclically bent more and more
      to a midpoint of a die and is then bent in decreasing amounts until the
      flange is straight, namely, perpendicular to the stem.
PAR  Another object of the invention is to provide a straightening machine
      wherein the flange of the stemmed workpiece moves in a first path and a
      straightening roller moves in a second path intersecting the first path so
      as to engage and bend the workpiece.
PAR  Another object of the invention is to provide a straightening machine
      wherein the phase position of a straightening roller relative to a
      workpiece flange is gradually changed so that the straightening roller
      engages and straightens the workpiece flange.
PAR  Other objects and a fuller understanding of this invention may be had by
      referring to the following description and claims, taken in conjunction
      with the accompanying drawings, in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial plan view of a straightening machine made in accordance
      with the invention;
PAR  FIG. 2 is a sectional view on line 2--2 of FIG. 1;
PAR  FIG. 3 is a partial plan view of a modification of the invention;
PAR  FIG. 4 is a sectional view on line 4--4 of FIG. 3;
PAR  FIG. 5 is a plan view of a further modification of the invention;
PAR  FIG. 6 is a sectional view on line 6--6 of FIG. 5;
PAR  FIG. 7 is an isometric view of a straightening roller block;
PAR  FIG. 8 is a plan view of a modified straightening roller block and a
      flanged stem workpiece;
PAR  FIG. 9 is a sectional view on line 9--9 of FIG. 8;
PAR  FIG. 10 is a partial plan view of straightening rollers for the stem of a
      workpiece; and
PAR  FIG. 11 is a sectional view on line 11--11 of FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 illustrate a straightening machine 14 embodying the
      invention. This straightening machine has a base 15 with an arcuate first
      die 16 fixed on the base by any suitable means, not shown. A rotary second
      die 17 is journalled for rotation on the base on a first axis 18. This
      journalling may take one of several forms and in FIGS. 1 and 2 the rotary
      second die 17 is shown as a ring die. The base 15 has a stationary
      cylindrical extension 19 coaxial with the first axis 18. Bearings 20
      journal a rotary spindle 21 around this cylindrical extension 19. Arcuate
      segments 22 are secured by cap screws 23 and conical surfaces between the
      arcuate segments 22 and the rotary spindle 21 co-act to tightly secure the
      rotary ring second die 17 on the spindle 21. This permits ready
      replacement of the ring second die 17 for one of a different diameter or a
      different configuration.
PAR  Feed means 26 feeds workpieces 27 to an entrance end 28 of the stationary
      first die 16. Such die also has an exit end 29 for exit of the workpieces.
      The feed means 26 includes a reciprocating feed finger 30 to periodically
      feed workpieces to this entrance end 28 of the first die 16 so that the
      stems 31 of such workpieces will be engaged between the first and second
      dies for rotary passage of the stems of such workpieces between the dies
      in accordance with rotation of the second die 17.
PAR  The workpieces 27 are flanged stem workpieces having a flange 34. Such
      workpieces may be eyelets or spool valves with several flanges on a stem,
      or as shown in the drawing, may be poppet valves such as used in
      automotive engines. The flange 32 of the workpiece 27 is larger than the
      stem 31 and has a contact portion 34 of the flange 32 continually
      overlapping the rotary second die 17 so as to lie nominally in a first
      path 35 of a circular arc on a radius from the first axis 18.
PAR  The machine 14 includes a straightening member 38 journalled for rotation
      on the base. In FIGS. 1 and 2 this straightening member 38 is shown as a
      disc secured on a shaft 39 which is journalled inside the cylindrical
      extension 19 on the same first axis 18. At least one straightening roller
      40 is provided on the straightening member 38. In FIGS. 1 and 2 four such
      straightening rollers are provided. Each straightening roller 40 is
      journalled in a block 41 fixed near the periphery of the disc 38 at
      equi-spaced intervals. Each straightening roller is journalled for free
      rotation on an axis 42 at an acute angle to the first axis 18. This
      journalling axis is dependent upon the type of flanged workpiece. The
      underside of such flange may have a contact portion 34 which is at a 30
      degree angle to the horizontal and in such case the roller axis 42 would
      be at such 30 degree angle to properly cooperate with the flange 32. This
      provides a form of orbiting movement to the straightening roller 40 upon
      rotation of the die 17.
PAR  Movement means 45 is provided for the machine 14. This includes a motor 46
      driving a bevel pinion 47, in turn driving a bevel gear 48 secured to the
      rotary spindle 21 to drive the rotary second die 17. A bevel pinion 49 is
      driven from the bevel gear 48 to drive a shaft 50 horizontally mounted in
      the machine 14. Another shaft 51 is disposed parallel to shaft 50 and the
      shafts are interconnected by change gears 52, 53. The shaft 51 is
      connected through bevel gears 54, 55 to the central shaft 39 to drive the
      straightening member 38. By this means the straightening rollers 40 are
      moved in a second path which intersects the first path 35. In the case of
      the machine of FIGS. 1 and 2 the first and second paths coincide. The feed
      means 26 is synchronized with the motion of the rotary second die 17. It
      may be operated by a bevel pinion, shafts and change gears similar to the
      linkage 49-53 and similar to that shown in U.S. Pat. No. 3,733,867 issued
      May 22, 1973 which shows such synchronized feeding of workpieces.
PAR  The change gears 52-53 may be selected so that the straightening member 38
      rotates at exactly one-half the rotational speed of the rotary second die
      17.
PAC  OPERATION
PAR  The stem 31 of each workpiece moves by planetary action between the first
      and second dies 16 and 17. The planetary movement of the workpiece
      establishes the workpiece movement at not quite one-half the periphal
      speed of the rotary die 17. The reason is that the radius to the first die
      working surface 56 is larger than the radius to the second die working
      surface 57. If one assumes a second die working surface 57 with a 6-inch
      radius and a workpiece stem with a diameter of 0.4 inches then this
      calculates to be that for a 180.degree. arcuate movement of the second die
      17, the workpiece 27 will have an arcuate movement of only about
      84.degree.. Accordingly, the feed means 26 establishes feed of a workpiece
      27 to the entrance end 28 of die 16 just in advance of a straightening
      roller 40, assuming clockwise rotation of die 17 and straightening member
      38. If the rotary die 17 rotates 180.degree., then the workpiece stem 31
      will move a little less than 90.degree., about 84.degree. in the above
      example, and straightening member 38 rotates 90.degree..
PAR  The straightening machine 14 also straightens the stems 31 of the
      workpieces 27. To accomplish this the first and second dies have ribs on
      the die working surfaces 56 and 57. Ribs 59 and 60 extend outwardly from
      the first die 16 and ribs 61 and 62 extend outwardly from the rotary
      second die 17. These ribs 59-62 are opposing cylindrical die surfaces and
      are offset in an axial direction with respect to each other. Accordingly,
      as the workpiece 27 moves in a planetary manner between the dies 16 and 17
      the stem 31 is worked and progressiely bent along its length to straighten
      this stem. Preferably, progressively bending is a maximum at the midpoint
      of die 16 and decreases toward the exit end 29.
PAR  At the entrance end 28 of die 16, the workpiece 27 is in advance of the
      straightening roller 40. Since the straightening roller 40 moves
      90.degree. while the workpiece moves about 84.degree. in the above
      example, the straightening roller contact area has a phase advancement
      movement to pass underneath the flange 32 and end up in advance of the
      flange 32 at the exit end 29 of the first die 16. In the midportion of the
      travel along the first die 16, the straightening roller 40 is directly
      under the flange 32 and deflects such flange a maximum extent. This would
      be similar to that shown in FIG. 4, as described below. The flange
      accordingly, is cyclically bent or, more properly, the material at the
      junction between the flange and the stem is bent so that the metal thereat
      is worked.
PAR  Automotive poppet type valves are currently made in three different ways.
      They may be forged or cast as a unitary piece, or they may be welded from
      two different metals used in the flange and the stem. Any of these three
      different methods of manufacture can produce valves which are warped and
      wherein the head or flange is not perpendicular to the stem. The present
      machine, by cyclically bending the head relative to the stem an increasing
      amount until the mid-portion of the die 16 is reached, and then a
      decreasing amount toward the exit end 29, will straighten such head.
PAR  FIG. 1 shows in phantom the position of a straightening roller 40A and this
      shows the position of such straightening roller relative to workpiece 27
      if the ratio of the change gears 52 and 53 is changed. In the above
      example, die 17 has a speed of 2:1 relative to straightening member 38.
      Now if this ratio is changed, e.g., to 16:9, then the roller 40 may move
      to the position 40A by the time the workpiece 27 is at the exit end 29, as
      shown. This has the advantage of changing the arc through which the
      straightening of the flange takes place. Accordingly, by changing the gear
      ratio of the change gears 52, 53 this arc of straightening may be varied
      to suit different workpieces of different stem diameters and different
      flange diameters.
PAR  FIGS. 3 and 4 illustrate a modification of the invention wherein a
      straightening machine 64 is similar in many respects to the machine 14 and
      like parts are provided with the same reference numerals. The base 15 has
      a stationary cylindrical extension 19A on which the ring die 17 is
      journalled. The straightening member 38A is shown in a cross form rather
      than as a disc, but still has a plurality of equally spaced straightening
      rollers 40 secured near the periphery or the ends of the arms of the
      cross. The rollers 40 are shown as four in number. This straightening
      member 38A is fixed on shaft 39 which is journalled in the cylindrical
      extension 19A about a second axis 65 which is parallel to but offset
      relative to the first axis 18. Axis 65 is close to axis 18 and along a
      line which intersects axis 18 and also substantially bisects the first die
      16. The radius of the arms of the straightening member 38A is shorter than
      the radius of the second die 17. In this way the first path 35 of the
      contact portion 34 of the workpiece flange 32 is on a larger arc than a
      second path 66 of the contact area of the straightening rollers 40.
      Accordingly, the second path 66 intersects the first path 35 at two
      places. At the entrance end 28 of the first die 16 the straightening
      roller 40 will be out of engagement with the workpiece flange 32 but will
      engage this flange after perhaps 5.degree. or 10.degree. of movement. At
      the mid-point of the first die 16, generally as shown in FIG. 3, the
      straightening roller 40 will deflect the flange 32 to a maximum extent as
      best shown in FIG. 4. From there on toward the exit end 29 of the first
      die 16 the amount of bending deflection of flange 32 decreases. The roller
      40 preferably does not engage the flange 32 during the last 5.degree. to
      20.degree. of movement of the workpiece. Accordingly, the flange is
      cyclically bent at its junction with the stem to straighten such flange,
      namely, to be perpendicular to the stem. At the same time the stem itself
      is straightened by the opposing ribs 59-62, as described for FIGS. 1 and
      2.
PAR  FIGS. 5 and 6 show a further modification of the invention in a
      straightening machine 74. Many parts are the same as in previous Figures
      and bear like reference numerals. The machine of FIGS. 5 and 6 is a
      coaxial machine as in FIGS. 1 and 2 with shaft 39 journalled on the first
      axis 18. The machine 74 has a straightening member 38B shown as a disc,
      again with plural rollers equi-spaced around the periphery. At least one
      such roller is used and the number need not be four. Each straightening
      roller 40 in its respective block 41 is mounted for radially sliding
      movements in a slot 75. FIG. 7 illustrates the construction of the block
      41 with a cylindrical stud 76 on the lower surface thereof to be received
      in a slide 77. Slide 77 slides radially in the radial slot 75 and is held
      in such slot by a plate 78 secured by screws, not shown.
PAR  A disc cam 80 is fixed on the upper end of the cylindrical extension 19B. A
      cam follower roller 81 is journalled on the inner end of the slide 77 and
      cooperates with the edge of the disc cam 80. The cam 80 has a rise at 82
      and a fall at 83 positioned so as to cause the slide 77 and block 41 to
      move radially outwardly near the entrance end 28 of the first die 16. The
      cam fall 83 permits the block 41 to move radially inwardly near the exit
      end 29 of the first die 16, under the urging of a spring 84. The cam 80 is
      thus a means to establish a second path 86 of movement of the contact area
      of the roller 40 which second path intersects the first path 35 at two
      points. By this means the valve head or flange 32 is cyclically bent to be
      straightened in a manner similar to that described above.
PAR  FIGS. 8 and 9 illustrate a modified block 41A which journals two follower
      rollers 40 on spaced parallel axes. This modified block 41A may be used in
      the machines of FIGS. 3 and 4 or 5 and 6. By providing two straightening
      rollers 40, each with a contact area engaging the underside of the flange
      32, a more positive control of the bending of such flange 32 is achieved.
      The bending force is balanced so that there is no tendency to tilt the
      axis of the workpiece stem 31.
PAR  FIGS. 10 and 11 show an alternative construction of a block 91 which
      journals two die rollers 90 on an upper level and two more die rollers 90
      disposed at a roller level. As shown in FIG. 11, the upper and lower
      levels of die rollers take the place of the die ribs 61 and 62 on the
      rotary second die 17A. A strong spring 92 urges the die block 91 radially
      outwardly. The two die rollers 90 on the upper level will engage an upper
      portion of the workpiece stem 31 and the two die rollers 90 on the lower
      level will engage a lower area of the workpiece stem. By the use of the
      strong spring 92 straightening of the workpiece stem 31 may be
      accomplished the same as using the die ribs 61 and 62 in the embodiments
      of FIGS. 1-6.
PAR  The die rollers 90 will accomplish rotary passage of the workpiece stems
      between the first and second dies 16 and 17 although this will not be a
      planetary passage, instead such rotary passage will be at the peripheral
      speed of the rotary second die 17A. Such die rollers 90 have the advantage
      of positively locating the workpiece stem 31 to avoid any possibility of
      cocking or skewing of the workpiece stem so that it is not parallel to the
      first axis 18. This modification of FIGS. 10 and 11 may be used in any one
      of the straightening machines 14, 64 or 74, with the geared speed of
      straightening member 38 taking into account that the rotary passage is now
      approximately twice the former speed. This is an advantage of using the
      change gears 52, 53 so that such changed speed of the rotary passage of
      the workpiece may readily be accommodated.
PAR  The movement means 45 includes gearing interconnecting the rotary second
      die 17 and the straightening member 38 to establish a presecribed driven
      rotational speed of the straightening member.
PAR  The straightening rollers 40 are positioned closely adjacent the rotary
      second die 17 to engage the underside of the flange 32, namely, that side
      of the flange facing the rotary second die. Such rollers and straightening
      members may be positioned above the flange 32 to engage the upper surface
      thereof. In FIG. 2 the roller axis 42 is shown at about 30.degree. angle
      relative to the horizontal and is shown at about a 45.degree. angle in
      FIG. 9. Blocks with rollers at different angles may be readily
      interchanged to accommodate different angles of the contact portion 34 on
      the flange 32. The rollers 40 turn freely at the peripheral speed of the
      flange 32.
PAR  Although this invention has been described in its preferred form with a
      certain degree of particularity, it is understood that the present
      disclosure of the preferred form has been made only by way of example and
      that numerous changes in the details of construction and the combination
      and arrangement of parts may be resorted to without departing from the
      spirit and the scope of the invention as hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A straightening machine for a flanged stem workpiece, comprising in
      combination:
PA1  a base,
PA1  an arcuate first die fixed on said base,
PA1  a rotary second die journalled on said base on a first axis,
PA1  feed means to feed workpieces to an entrance end of said first die for
      rotary passage of the stems of such workpieces between said first and
      second dies in accordance with rotation of said second die,
PA1  the flange of the workpiece being larger than the stem thereof to have a
      contact portion of the flange continually overlapping said rotary second
      die to lie nominally in a first path of a circular arc on a radius from
      said first axis,
PA1  a straightening member journalled for rotation on said base,
PA1  a straightening roller connected for orbiting movement in accordance with
      rotation of said straightening member and with a contact area on the
      periphery of said roller,
PA1  and movement means including rotation of said straightening member to
      establish movement of said roller contact area in a second path
      intersecting said first path during rotary passage of such workpiece stem
      between said dies to engage said flange and bend said workpiece cyclically
      with the amount of bending increasing and then decreasing thereafter
      toward the exit end of said first die to effect a straightening of such
      flange.
NUM  2.
PAR  2. A straightening machine as set forth in claim 1, wherein said movement
      means includes drive means to establish a predeterminable rotational speed
      of said straightening member relative to said rotary second die.
NUM  3.
PAR  3. A straightening machine as set forth in claim 1 wherein said
      straightening roller is positioned closely adjacent said rotary second die
      to engage the side of the workpiece flange facing said rotary second die.
NUM  4.
PAR  4. A straightening machine as set forth in claim 1, including means
      journalling said straightening roller on said straightening member on an
      axis at an acute angle to said axis of rotation of said straightening
      member.
NUM  5.
PAR  5. A straightening machine as set forth in claim 1, including opposing
      cylindrical die surfaces on said first and second dies with said die
      surfaces being offset in an axial direction with respect to each other to
      engage the stem of a workpiece therebetween for deflecting and
      straightening such stem during rotary passage between said dies.
NUM  6.
PAR  6. A straightening machine as set forth in claim 1 wherein said movement
      means includes a gearing means interconnecting said rotary second die and
      said straightening member to establish a prescribed driven rotational
      speed of said straightening member.
NUM  7.
PAR  7. A straightening machine as set forth in claim 6 including gearing said
      straightening member to have a speed one-half that of said rotary second
      die, said rotary passage of the stem of the workpiece being a planetary
      movement at slightly less than half the peripheral speed of said rotary
      second die to cause said straightening roller to gradually move past said
      flange.
NUM  8.
PAR  8. A straightening machine as set forth in claim 7 including journalling
      said straightening member for rotation on said first axis.
NUM  9.
PAR  9. A straightening machine as set forth in claim 1 including journalling
      said straightening member on said frame on a second axis closer to said
      first die than said first axis of said rotary second die to establish said
      second path on a smaller circular arc than said first path.
NUM  10.
PAR  10. A straightening machine as set forth in claim 9 including journalling
      said straightening member on said second axis at a location to have said
      second path intersect said first path at two points.
NUM  11.
PAR  11. A straightening machine as set forth in claim 9 including means
      establishing said second axis close to and parallel to said first axis and
      intersecting a line which substantially bisects said first die and also
      intersects said first axis.
NUM  12.
PAR  12. A straightening machine as set forth in claim 1 wherein said movement
      means includes means to gradually change the phase position of said
      straightening roller relative to the contact portion of the workpiece
      flange.
NUM  13.
PAR  13. A straightening machine as set forth in claim 1 wherein said movement
      means includes cam means to move said straightening roller relative to the
      workpiece.
NUM  14.
PAR  14. A straightening machine as set forth in claim 13 including cam follower
      means cooperating with said cam means and connected to move said
      straightening roller.
NUM  15.
PAR  15. A straightening machine as set forth in claim 14 wherein said cam means
      is stationary and said cam follower means is slidably journalled on said
      straightening member.
NUM  16.
PAR  16. A straightening machine as set forth in claim 1 including two
      straightening rollers journalled closely together and each with a contact
      area to engage the same workpiece at spaced points.
NUM  17.
PAR  17. A straightening machine as set forth in claim 16 wherein said
      straightening rollers are journalled on said straightening member.
NUM  18.
PAR  18. A straightening machine as set forth in claim 16 wherein said
      straightening rollers are journalled on said rotary second die.
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ABST
PAL  A pair of cooperating die members are disposed in a housing and arranged to
      slidably move along respective intersecting axes so that a forming portion
      of one of the die members is caused to progressively approach the nest
      portion of the other die member along an incline terminating at the nose
      portion of the housing, the nest portion of the one die member being
      arranged to support a preferably U-shaped deformable terminal, the arms of
      which are then caused to be contacted by the forming portion of the other
      die member and longitudinally progressively folded inwardly against one or
      more articles located within the terminal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is directed to the field of tools for metal forming and the
      like.
PAR  2. Description of the Prior Art
PAR  In the field of die assemblies adapted for use in crimping or otherwise
      deforming metallic terminals for joining or splicing articles to one
      another, two principle modes of operation are generally utilized. The more
      conventional devices generally comprise a pair of mating die members
      movable towards one another along a common axis to provide a given
      compressive force to a deformable terminal or like element seated
      therebetween. Proliferous examples of such die assemblies may be found in
      the prior art and are sufficiently well known to those skilled in the art.
      The other mode of operation utilizes longitudinal displacement of the
      connector through a restrictive orifice to extrudably deform the terminal
      or connector about one or more contained wires or conductors. An example
      of such device is disclosed in U.S. Pat. No. 3,739,470 issued June 19,
      1973 to applicant and assigned to the assignee of the instant invention.
      In the latter method, the terminal must be fabricated from special
      material which must be extrudably deformable without fracture or damage
      occurring thereto in order to preserve the integrity of the connection.
      Furthermore, by virtue of the extrusion process, both the terminal and
      enclosed wires are elongated and reduced in cross-section to a significant
      degree upon completion of the operation, a condition which may be
      undesirable in many applications where the cross-sectional area of the
      completed joint or connection is of principle importance. The former
      conventional method of direct crimping, although used quite successfully
      in many applications, has the distinct drawback of requiring relatively
      high crimping forces when employed with the larger size conductors and
      associated terminals, thereby requiring the use of relatively bulky and
      expensive drive sources for use therewith. In many cases where such
      connections must be made in remote locations removed from a worksite,
      convenience of portability may become a major factor in the use thereof,
      whereby the weight and size of such prior art devices may seriously limit
      their applicability under such conditions.
PAC  SUMMARY OF THE INVENTION
PAR  The invention overcomes the limitations and difficulties noted above with
      respect to such prior art devices by providing a terminal folding die
      assembly which is lighter, more versatile, more convenient, and requires
      substantially less driving force than such prior art devices. The die
      assembly comprises a pair of die members slidably mounted in a housing and
      independently movable along respective axes which intersect one another
      generally adjacent the front or nose portion of the housing. One die
      member includes a terminal receiving nest and the other die member is
      provided with a terminal-forming or folding portion, the latter die member
      being slidably movable along an axis inclined at an oblique angle to the
      axis of the nest-bearing die member. Each of the die members is guided
      along an appropriately formed channel within the housing to insure
      accurate movement thereof. In one embodiment, the nest of the nest-bearing
      die member is positionable forwardly of the housing for loading of a
      connector or terminal therein, while an alternative arrangement utilizes a
      transverse aperture in the housing for a similar purpose. The conductors
      or other articles to be joined to one another may be placed into the
      terminal either from the front or nose portion of the housing or through
      the aforementioned transverse aperture. The terminal forming or folding
      portion of the associated die member may be pivotingly or otherwise
      movably connected to the remainder of the die member to permit it to be
      manipulated to an open position and the housing suitably selectively
      slotted along its length to permit midspan engagement of a continuous
      length of wire where it is desired, for example, to provide a tapped joint
      thereat. In operation, both die members are initially retracted to a first
      postion remote from the nose portion of the housing, so that access may be
      had to the terminal-receiving nest of the nest bearing die member. As an
      alternative, the nest-bearing die member may be advanced, as described
      above, to expose the nest for loading and then returned to its retracted
      position. The forming or folding die member is then advanced along its
      guide rails to a second position generally adjacent the front or nose
      portion of the housing, the exact position thereof being controlled by
      adjusting means thereon cooperable with the housing. Since this die member
      is guided along an axis oblique to the axis of movement of the other die
      member, the forming or folding portion thereof will be disposed at an
      oblique angle to the other die member and in generally wedging
      relationship to the terminal seated therein. The other die member is then
      driven forwardly towards the nose portion of the housing, causing the
      terminal seated therewithin to be progressively wedged between the two die
      members so that successive portions of the upstanding legs of the terminal
      are progressively folded inwardly and downwardly against the contained
      articles as the nest-bearing die member is progressively advanced along
      its axis of movement. The amount of force required to fully fold or deform
      the terminal arms will be directly proportional to the angular
      displacement between the two die members, a smaller angle resulting in a
      decrease of operating force, and a larger angle resulting in a
      commensurate increase in operating force, but, in either case, resulting
      in a required operating force significantly less than the required to
      accomplish deformation of the terminal by the more conventional means of
      uniaxial compression. It is therefore an object of this invention to
      provide a novel die assembly.
PAR  It is another object of this invention to provide a die assembly arranged
      to significantly reduce the force required to mechanically deform a
      terminal or connector.
PAR  It is a further object of this invention to provide a multiaxial die
      assembly.
PAR  It is yet another object of this invention to provide a means for
      progressively folding a terminal along its length about one or more
      articles located therewithin.
PAR  It is still a further object of this invention to provide a means for
      splicing two or more conductors with a minimum of operating force.
PAR  It is still another object of this invention to provide means for wedgingly
      deforming a terminal.
PAR  It is still a further object of this invention to provide a die assembly in
      which the die members thereof are slidably moveable along respective
      angularly displaced axes.
PAR  It is yet another object of this invention to provide a die assembly in
      which the work required to deform a terminal is divided generally equally
      along the length of the terminal.
PAR  It is still a further object of this invention to provide a means for
      deforming a terminal about one or more contained wires or articles in such
      manner as to significantly reduce the spring-back characteristics thereof.
PAR  Other objects and features will be pointed out in the following description
      and claims and illustrated in the accompanying drawings which disclose, by
      way of example, the principle of the invention and the best mode
      contemplated for carrying it out.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a side elevational view, partly in section and partly cut away,
      of a die assembly constructed in accordance with the concepts of the
      invention.
PAR  FIG. 2 is a top plan view, partly in section and partly cut away, of the
      die assembly of FIG. 1.
PAR  FIG. 3 is a front elevational view, in section, taken along the line 3--3
      of FIG. 1.
PAR  FIG. 4 is a perspective view of one of the die members of the device of
      FIG. 1.
PAR  FIG. 5 is a perspective view of the other die member of the device of FIG.
      1.
PAR  FIG. 6 is a perspective view of a terminal configuration suitable for use
      with the die assembly of FIG. 1.
PAR  FIG. 7 is a fragmentary side elevational view, partly in section, of a
      portion of the die set of FIG. 1, showing a manner of loading a terminal
      thereinto.
PAR  FIG. 8 is a fragmentary side elevational view, partly cut away and partly
      in section, of a portion of the die assembly of FIG. 1 showing the die
      members in a partially advanced state of operation.
PAR  FIG. 9 is a fragmentary side elevational view, partly in section, of a
      portion of the die assembly of FIG. 1 showing the die members in a more
      fully advanced state of operation.
PAR  FIG. 10 is a perspective view of the terminal of FIG. 6 in a partial state
      of deformation.
PAR  FIG. 11 is a fragmentary side elevational view, partly in section, of the
      device of FIG. 1 showing an alternative arrangement for loading.
PAR  FIG. 12 is a fragmentary side elevational view, partly in section, of a
      portion of the device of FIG. 1, showing the die members in a fully
      advanced state of operation.
PAR  FIG. 13 is a perspective view of the terminal of FIG. 6 after completion of
      the deforming operation.
PAR  FIG. 14 is a fragmentary perspective view of a further embodiment of a die
      assembly constructed in accordance with the concepts of the invention.
PAR  FIG. 15 is a fragmentary side elevational view, in section, of a portion of
      the device of FIG. 14.
PAR  FIG. 16 is a fragmentary side elevational view, in section, of a portion of
      the device of FIG. 14 in a partially advanced state of operation.
PAR  FIGS. 17, 18, 19, and 20 are diagrammatic views of the device of FIG. 1,
      illustrating the relative axial movement of the die members thereof during
      the operating cycle.
DETD
PAR  Similar elements are given similar reference characters in each of the
      respective drawings.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to FIGS. 1 through 13, and 17 through 20, there is shown a die
      assembly 30 constructed in accordance with the concepts of the invention
      and comprising a housing 32 having a first end 34 defining a nose portion
      thereof, a second end 36 defining the rear of the housing 32, and a
      central portion 38 intermediate the first and second ends 34 and 36
      respectively. The housing 32 is formed preferably as a tubular structure
      and houses a first die member 40 slidably mounted in the housing 32 and
      movable along a first axis 42 (FIG. 17) generally parallel to the
      longitudinal axis of the housing 32. The housing 32 also contains a second
      die member 44 similarly slidably mounted therein and movable along a
      second axis 46 (FIG. 17) inclined to the first axis 42 at angle a and
      selectively arranged to intersect the first axis 42 generally adjacent the
      first end 34 of the housing 32. The first die member 40 further includes a
      nest portion 48 adjacent its forward end and arranged to provide a seat
      for a terminal 50 (FIG. 6) in the manner shown in FIG. 7. The nest portion
      48 is formed as a recessed portion in the first die member 40 and includes
      sidewalls 52, 54, and 56 (FIG. 5) arranged to conform generally to the
      dimensions of the base of the terminal 50 so that the terminal 50 may be
      accurately located therewithin for subsequent deformation. The first die
      member 40 further comprises a rear portion 58 having a piston-like
      configuration and including a bore 60 suitably dimensioned to tightly fit
      about an extension 62 partially shown in FIGS. 1 and 5. The extension 62
      is arranged to be coupled to a convenient electric, hydraulic, pneumatic
      or manual driving source (not shown) which may be attached to the second
      end 36 of the housing 32 in any convenient manner to provide an integral
      unit including both the driving source and the die set 30. The first die
      member 40 may thus be slidably driven forwardly and rearwardly along its
      axis 42 within the housing 32. As shown in further detail in FIGS. 3 and
      5, the first die member 40 has a generally semi-cylindrical configuration
      in cross section along a substantial portion of its length thereby
      providing an arcuate outer surface 64 proportioned to slidingly mate with
      an adjacent inner surface 66 within the housing 32. The first die member
      40 further includes a longitudinally extending slot 68 engageable with a
      key 70 centrally located within the surface 66 of the housing 32 to
      prevent axial rotation of the first die member 40 within the housing. As
      shown in further detail in FIG. 4, the second die member 44 comprises an
      elongate body 72 having a first or forward end 74 including a forming
      portion 76 suitably shaped to impart a folding action to a terminal such
      as 50 in a manner to be described in greater detail hereafter. In the
      particular embodiment illustrated in FIG. 4, the forming portion 76
      comprises a pair of juxtaposed arcuate grooves or recesses 78, 78'
      extending lengthwise within the forming portion 76. It should be noted,
      however, that the forming portion 76 may be suitably modified to provide
      other forming shapes commensurate with the particular terminal being
      employed and the desired final shape of the deformed terminal. Extending
      rearwardly from the forming portion 76 is a pair of spaced ribs 80, 80'
      joined together at their distal ends by an interconnecting portion 82. To
      facilitate manual manipulation of the second die member 44, there is
      provided a handle member 84 having a pair of threaded transverse apertures
      86, 86' engaging the shanks of a pair of respective threaded adjusting
      means such as members 88, 88' (FIG. 2). By suitable adjustment thereof the
      members 88, 88' provide a means for controlling the maximum forward
      displacement of the second die member 44 in the housing 32. This is
      accomplished by rotating each of the members 88, 88' either clockwise or
      counterclockwise so that the ends of the shanks thereof, indicated by the
      numerals 90, 90' in FIG. 2, extend beyond the adjacent face of the handle
      84 a given distance whereby, upon the advance of the second die member 44
      forwardly towards the first end 34 of the housing 32, the ends 90 and 90'
      are caused to contact a surface 92 (FIG. 8) of the housing 32 at a given
      position, thereby controlling the distance between the forming portion 76
      of the second die member 44 and the nest portion 48 of the first die
      member 40 during the operating cycle and, accordingly, controlling the
      degree of fold of the terminal 50 in a manner to be described more fully
      below. The second die member 44 further comprises a stepped portion 94
      slidable within a longitudinally extending slot 96 in the housing 32, the
      slot 96 providing an opening from the exterior to the interior of the
      housing 32. The rearward travel of the second die member 44 is restricted
      by a stop means such as a threaded member 98 (FIG. 2) fastened to the
      housing 32 and arranged to abut an adjacent surface of the second die
      member stepped portion 94 as the second die member 44 is retracted to the
      position shown generally in FIG. 2. As shown in further detail in FIG. 3,
      the housing 32 further comprises a pair of opposing interior tracks or
      channels 100, 100' oriented oblique to the longitudinal axis of the
      housing 32 and generally parallel to the second axis 46. The ribs 80 and
      80' of the second die member 44 are arranged to slide within the
      respective channels 100, 100' which thus guide and control the path of the
      second die member 44 coincident with the second axis 46. As shown in FIG.
      7, the terminal 50 is loaded into the first die member nest portion 48
      through the opening 96 in the housing 32 as the second die member 44 is
      positioned in its retracted position. Thereafter, the second die member 44
      is advanced forwardly towards the first end 34 of the housing 32 in the
      direction indicated by the arrow 104 in FIG. 8. The opening between the
      ribs 80, 80' of the second die member 44 is now positioned over the nest
      portion 48 of the first die member 40 permitting the insertion of one or
      more articles such as conductors 104, 104' into the interior of the
      housing 32 for placement into the terminal 50 substantially as shown in
      FIG. 8. In an alternative mode of loading, the first die member 40 may be
      advanced forwardly of the first end 34 of the housing 32 as shown in FIG.
      11 so as to expose the nest portion 48 which may then be loaded with the
      terminal 50 and the wires 104, 104', substantially as shown, after which
      the first die member is retracted to the position shown in FIG. 8 and the
      second die member 44 advanced forwardly, as described above. The first die
      member 40 is then driven forwardly towards the first end 34 of the housing
      32 in the direction shown by the arrow 106 in FIG. 9. As the terminal 50
      which comprises a pair of upstanding arms 108, 108' approaches the forming
      portion 76 of the second die member 44, the leading edges of the arms 108,
      108' are caused to contact the grooves 78, 78' and are accordingly
      progressively curled or folded inwardly. FIG. 10 illustrates generally the
      terminal 50 as it appears after having undergone a partial curl of the
      arms 108, 108' during an intermediate portion of the folding operation,
      i.e., where the terminal 50 has not yet been fully advanced beyond the
      contacting surface of the forming portion 76 of the second die member 44.
      The final stage of the folding operation is shown in FIG. 12 wherein the
      first die member 40 has been advanced sufficiently in the direction
      indicated by the arrow 110 to cause the terminal 50 to completely traverse
      the forming portion 76 of the second die member 44, resulting in the
      completed connection shown generally in FIG. 13 wherein the entire length
      of the arms 108, 108' have been folded or curled against the wires 104,
      104'. It will be appreciated that the above described progressive
      incremental folding or curling operation requires substantially less force
      to accomplish than would be the case where the arms 108, 108' were folded
      downwardly simultaneously along their entire length, since, in the instant
      case, only a relatively short segment of each arm is subjected to the
      folding force at any one instant of time. A diagrammatic representation of
      the sequence of operation and the associated axial movement of each of the
      die members 40 and 44 is illustrated in FIGS. 17 through 20, wherein FIG.
      17 illustrates the initial position of the die members 40 and 44 along
      their respective axis during the terminal loading stage; FIG. 18
      illustrates the relative movement of the second die member 44 for
      positioning adjacent the first end 34 of the housing 32; FIG. 19
      illustrates the relative movement of the first die member 40 during an
      intermediate folding stage; and FIG. 20 illustrates the relative positions
      of the die members 40 and 44 at the final stage of operation. Removal of
      the completed connection including the folded terminal 50 and wires 104,
      104' is accomplished simply by retracting the first die member 40 into the
      housing 32 sufficiently to allow the terminal 50 to clear the forming
      portion 76 of the second die member 44 and be lifted out of the nest
      portion 48 of the first die member 40 and through the opening 96 in the
      housing 32. In the arrangement shown in FIG. 11, however, the retracting
      step is eliminated since the completed connection may be immediately
      lifted out of the first die member nest portion 48 upon completion of the
      forward stroke of the first die member 40.
PAR  Turning now to FIGS. 14, 15, and 16 there is shown a further embodiment of
      a second die member 112 constructed in accordance with the concepts of the
      invention and arranged to permit the advantageous use thereof to effect a
      midspan splice or tap connection at any given location along a continuous
      wire or conductor. The second die member 112 comprises a forming portion
      114 essentially similar to the forming portion 76 of the second die member
      44 and includes longitudinally extending grooves 116, 116' essentially
      duplicative of the grooves 78, 78' shown in FIG. 4. The forming portion
      114, however, is separable from the remainder of the die member 112 and is
      rotatable about a pin 118 (FIG. 15) extending from a first rib 120 of the
      second die member 112 into a longitudinal mating bore 122 in the forming
      portion 114. Thus, as shown in FIG. 14, the forming portion 114 may be
      rotatably displaced away from the housing opening 96 to provide full
      access to the interior of the housing 32 along the entire length of the
      opening 96. Thus, to effect a mid span splice or tap, the operator simply
      rotates the forming portion 114 away from the housing 32 to the position
      shown in FIG. 14 and inserts the desired portion of a continous conductor
      or wire such as 124 through the opening 96 and into the terminal 50 seated
      in the nest portion 48 of the first die member 40. A second conductor or
      wire 126 may then be inserted into the housing 32 for placement into the
      terminal 50 at the desired tap or splice location. The forming portion 114
      is then rotated back into coincidence with the remainder of the second die
      member 112, as shown in FIG. 15. The second die member 112 is then
      advanced forwardly towards the first end 34 of the housing 32 in the
      direction indicated by the arrow 128, essentially as described above with
      respect to the embodiment illustrated in FIG. 1. The remainder of the
      folding sequence similarly follows that described heretofore, and, upon
      completion of the connection, the first die member 40 is retracted to
      permit removal of the completed assembly including the terminal 50 and the
      tap or splice connection formed thereby. It should, of course, be readily
      appreciated that the particular configuration of the forming portion 76
      described and illustrated herein may be modified in the usual manner to
      impart a variety of folding or curling configurations commensurate with
      the particular terminal being employed. Similarly, the first die member
      nest portion 48, shown as an essentially rectangular recess, may be
      modified to coincide with differing terminal bore configurations according
      to a particular application and within the concepts herein disclosed.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A die assembly for joining articles comprising: an elongate housing
      having a first end and second end; a first die member slidable in said
      housing along a first axis towards and away from said housing first end; a
      second die member slidable in said housing along a second axis towards and
      away from said housing first end; said second axis being selectively
      disposed at an oblique angle to said first axis and intersecting said
      first axis generally adjacent said first end of said housing; said first
      die member having a nest portion for receiving a terminal therein for
      movement towards said first end of said housing; said second die member
      having a forming portion generally facing said first die member nest
      portion and arranged to selectively progressively approach said first die
      member nest portion upon movement of said first and said second die
      members towards said housing first end, wherein upon the insertion of a
      deformable terminal within said first die member nest portion and the
      movement of said first and said second die members towards said housing
      first end, said second die member forming portion is caused to
      progressively approach said first die member nest portion and
      progressively wedgingly deform such terminal about such articles located
      therewithin.
NUM  2.
PAR  2. A die assembly as defined in claim 1 wherein said second die member
      forming portion comprises elongate grooved portions arranged in juxtaposed
      relationship.
NUM  3.
PAR  3. A die assembly as defined in claim 1 wherein said housing comprises key
      means cooperative with said first die member to maintain said first die
      member in a given orientation with respect to said second die member.
NUM  4.
PAR  4. A die assembly as defined in claim 1 wherein said housing comprises
      guide means cooperative with said second die member to maintain said
      second die member in a given orientation with respect to said first die
      member.
NUM  5.
PAR  5. A die assembly as defined in claim 1 wherein said housing has a
      transverse opening communicating with said first die member nest portion
      to provide access thereto.
NUM  6.
PAR  6. A die assembly as defined in claim 1 wherein said second die member
      further comprises adjustable means cooperative with said housing for
      selectively controlling the stroke of said second die member.
NUM  7.
PAR  7. A die assembly as defined in claim 6 wherein said adjustable means
      comprises a threaded member attached to said second die member for
      selective contacting engagement with said housing.
NUM  8.
PAR  8. A die assembly as defined in claim 1 wherein said first die member
      further comprises means engageable with an external driving member for
      forcibly advancing said first die member towards said housing first end.
NUM  9.
PAR  9. A die assembly as defined in claim 8 wherein said means comprises an
      extension affixed to said first die member remote from said first die
      member nest portion and protruding beyond said housing second end.
NUM  10.
PAR  10. A die assembly as defined in claim 1 wherein said housing has a
      transverse opening communicating with said first die member nest portion
      and said second die member forming portion is displaceable towards and
      away from said transverse opening as said second die member is positioned
      remote from said housing first end.
NUM  11.
PAR  11. A die assembly as defined in claim 10 wherein said second die member
      forming portion is pivotingly displaceable towards and away from said
      transverse opening.
NUM  12.
PAR  12. A die assembly as defined in claim 1 wherein said first die member nest
      portion is positionable forwardly of said housing first end.
NUM  13.
PAR  13. A die assembly as defined in claim 1 wherein said first axis extends
      generally parallel to the longitudinal axis of said housing.
NUM  14.
PAR  14. A die assembly as defined in claim 13 wherein said second axis extends
      generally oblique to the longitudinal axis of said housing.
NUM  15.
PAR  15. A die assembly as defined in claim 1 wherein said housing has a
      generally tubular configuration, there being an elongate opening extending
      longitudinally from said housing first end towards said housing second
      end, said second die member further comprising a stepped portion slidable
      within said housing elongate opening.
NUM  16.
PAR  16. A die assembly as defined in claim 15 further comprising means on said
      housing for limiting the movement of said second slide member where said
      second slide member is moved towards said housing second end.
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ABST
PAL  A mill is disclosed, said mill comprising a plug head for plugging tubes,
      one pulling device adapted to draw a tube with a plug through the plug
      head, a gear for taking tubes off the plug mounted in the rear portion of
      the pulling device and composed of power cylinders secured on the pulling
      device at an acute angle to a plane passing through guides of the pulling
      device with the rods of the power cylinders carrying jaws for gripping the
      tube being plugged, the jaws being attached to the rods, and two pockets
      wherein the tubes and plugs are placed after the tubes have been taken off
      the plugs. The invention is intended for providing a mill featuring an
      improved production rate with the ensuing augmentation of the production
      of a drawing mill, and having smaller overall dimensions.
PARN
PAR  This is a continuation of application Ser. No. 359,888, filed May 14, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to tube drawing and more
      particularly, it relates to plug rolling mills for drawing seamless tubes
      and taking them off a plug after drawing over the long movable plug.
PAR  As compared with other types of tube drawing operations, tube drawing on
      long movable plugs has an important advantage, namely, the possibility of
      attaining considerable tube reduction per pass and drawing tubes (with
      wall reduction) of small diameters (down to capillary ones).
PAR  A main disadvantage of this method of drawing tubes on a long movable plug,
      restricting its application, is a need for labor-consuming additional
      technological operations, such as: plugging the drawn tube over the plug
      for withdrawing the latter out of the tube and the plug extraction process
      as such.
PAR  Mills for plugging tubes and taking them off a long movable plug after
      drawing are known in the art, comprising a plug head adapted to plug the
      tubes over the plug with the aid of idle tube-reducing members, a pulling
      device with guides for moving pulling elements therealong, the elements
      drawing the tube with the plug through the plug head, a gear for taking
      the tubes off the plug, two pockets wherein the tubes and plugs are placed
      after the tubes have been taken off the plugs and a drive for the pulling
      device.
PAR  The known designs of the mills aimed at further improvement of the long-lug
      drawing process as regards tube plugging and taking them off the plugs
      comprise, as a rule, apart from a drawing line, two additional working
      lines parallel with one another, namely, a tube plugging line and another
      line for taking the tubes off the plug.
PAR  Mills comprising two pulling devices arranged in line are also applicable,
      with one of the pulling devices being adapted in this case for pulling the
      tube together with the plug through a plug arrangement and the other one
      for extracting the plug from the tube. The time needed for returning the
      plug (after the tube has been taken off) to the drawing mill is an
      important factor governing the production rate of the plugging and drawing
      mills. When using two additional working lines or a single working line
      with two pulling devices, the flow sheets related to plugging and taking
      the tubes off the plug envisage periodical stoppage of the mills, reversal
      of the tube travelling with the plug or turning the plug with the tube
      through 180.degree..
PAR  The above additional operations diminish materially the production of both
      the plugging and drawing mills.
PAR  On the known mills for extracting the plugs from the tubes use is made of
      thrust plates with a calibrated opening, forks or clamps of the pulling
      devices gripping the tube fore part on one side and the plug end on the
      other.
PAR  The above operations involved in the extraction of the plugs from the tubes
      are responsible for the appearance of various defects on the tubes
      (scratches, galling, corrugation) and for the sticking of tube metal to
      the plugs.
PAR  The arrangement of equipment for plugging and taking the tubes off the
      plugs when using two additional lines or a single additional working line
      with two pulling devices requires considerable floor area. For further
      general details of a typical -- plug rolling mill -- see: The Making,
      Shaping and Treating of Steel, Chapter XXIX, Manufacturing of Steel -
      Tubular Products, pp. 1150-1152; a complete revision based on the original
      text by J. M. Camp and C. B. Francis, Sixth Ed., 2nd Impression, published
      by United States Steel Company, Copyright 1951 by U.S. Steel Company.
PAC  SUMMARY OF THE INVENTION
PAR  The main object of the invention is to provide a mill for plugging tubes
      and taking them off a plug, which will enable plugging and taking the
      tubes off the plug to be performed with the help of one pulling device and
      one additional working line.
PAR  Another object of the invention is to provide a mill which will allow
      plugging tubes and taking them off a plug at a single working pass with
      the tube and plug moving in the same direction.
PAR  Still another object of the invention is to provide a mill featuring
      smaller overall dimensions.
PAR  Yet another object of the invention is to provide a mill featuring an
      enhanced production rate with the ensuing increase in the yield of a
      drawing mill.
PAR  A further object of the invention is to provide a mill which will make it
      possible to enhance the quality of tubes and to reduce reject figures.
PAR  These and other objects of the invention are accomplished in a mill for
      plugging tubes and taking them off a long movable plug after their
      drawing, comprising a plug head for plugging tubes on a plug with idle
      tube-reducing members, a pulling device with guides for moving pulling
      elements therealong to draw the tube with the plug through the plug head,
      apparatus for taking the tubes off the plug, two pockets wherein the tubes
      and plugs are placed after taking the tubes off the plugs, and a drive for
      the pulling device.
PAR  According to the invention, the apparatus for taking the tubes off the plug
      is mounted on the pulling device in its rear portion adjacent to the plug
      head and is composed of power cylinders secured on the pulling device at
      an acute angle to a plane passing through the guides of the pulling
      device, with cylinder rods mounting jaws for gripping the tube.
PAR  In order to prevent the arisal of impact loads when gripping the tube, jaw
      misalignment relative to the plug axis and to ensure the return of the
      jaws to their initial position in case of an emergency pressure drop in
      the power cylinders for the jaws, it is expedient that the apparatus for
      taking the tubes off the plug be provided with additional cylinders
      parallel with the above-specified power cylinders in one and the same
      plane and provided with spring-biased rods connected to the jaws.
PAR  To prevent accidental damaging of the tube surface when being gripped by
      the jaws of the apparatus for taking the tube off the plug, it is also
      expedient that the jaws be provided with resilient elements coming into
      direct contact with the surface of the tube being gripped.
PAR  The essence of the present invention is thus the provision of a mill for
      plugging tubes and taking them off a plug allowing: plugging the tube and
      taking it off the plug at a single pass in one working line (without
      reversing the plug and the tube) with the aid of one pulling device;
      enhancing the production rate of the mill for plugging tubes and taking
      them off the plug with the ensuing increase in the production rate of a
      drawing mill; taking the tube off the plug with the help of a pneumatic
      appliance which precludes the possibility of damaging the tube surface;
      and more rapid return of the plug for re-use (after the tube has been
      taken off) to the drawing mill.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be better understood from a consideration of a
      detailed description of an exemplary embodiment thereof, to be had in
      conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 shows a diagrammatic plan general view of the mill for plugging
      tubes and means for taking them off a plug, according to the invention;
PAR  FIG. 2 is a section view taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a section view taken along the line III--III of FIG. 1;
PAR  FIG. 4 is an enlarged section view taken along the line IV--IV of FIG. 1;
PAR  FIG. 5 is an enlarged view of the plug head along an arrow A of FIG. 1 with
      a fragmentary cutaway;
PAR  FIG. 6 is an enlarged section view taken along the line VI--VI of FIG. 1;
PAR  FIG. 7 is a section view taken along the line VII--VII of FIG. 6;
PAR  FIG. 8 is a diagrammatic layout of the plug with the tube on the roll table
      prior to plugging;
PAR  FIG. 9 is a schematic diagram showing the gripping of the plug end by the
      clamps of the pulling device;
PAR  FIG. 10 is a schematic diagram illustrating the drawing of the plug with
      the tube through the plug head during plugging.
PAR  FIG. 11 is a schematic diagram showing taking the tube off the plug and;
PAR  FIG. 12 is a layout of the plugs and tubes in the pockets.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 through 12, a mill for plugging tubes and taking them
      off a plug comprises the following main units (FIG. 1): a conveyor table 1
      onto which a tube with a plug is delivered from a drawing mill, the plug
      being arranged after the roll table, as viewed in the direction of
      movement of the tube being plugged, a plug head 2 wherein the tube is
      delivered from the roll table 1 is plugged, a pulling device 3 adapted to
      draw the tube with the plug through the plug head 2, apparatus 4 for
      taking the tube off the plug, the apparatus being set up on the rear
      portion of the pulling device 3 adjacent to the plug head 2, lateral
      pockets 5 and 6 for respectively receiving the plugs and tubes after being
      separated, and a pulling device drive which consists of an electric motor
      7, a speed variator 8 (for changing the plugging rate) and a reducer 9.
PAR  The roll table 1 comprises a plurality of transverse rollers having a
      concave surface and forming a trough; see FIG. 1.
PAR  The plug head 2 arranged between the pulling device 3 and roll table 1
      consists of fourteen stands 2a. The latter are joined together in pairs at
      an angle of 90.degree. to each other by pins 10 (FIG. 5). This precludes
      the possibility of bending the rod with the plug in the course of
      plugging. Each pair of the stands is turned through an angle of 50.degree.
      relative to the neighbouring pair. The above arrangement of the stands
      ensures regular plugging (reducing) of the tube along its circumference to
      provide an annular clearance between the tube and plug sufficient for free
      extraction of the plug from the tube. As a result of this regular
      plugging, wall thickness variation as a practical matter does not increase
      during the process.
PAR  The stands 2a are connected to each other by flanges 11 and pins 12; (see
      FIGS. 1, 4 and 5).
PAR  As to the plugging members (reducing the tube over the plug) of the plug
      head 2, use is made of ball bearings 13 (two bearings per stand).
PAR  The use of the ball bearings as reducing members is convenient (there being
      no need for producing special rollers or rolls), ensures adequate rigidity
      when plugging the tubes, high quality of the tube surface and a minimum
      effort when drawing the tube with the plug through the plug head 2.
PAR  The ball bearings 13 are anchored on shafts 14 secured in chocks 15. The
      chocks 15 in which the ball bearings 13 are secured are exposed to the
      effect of housing screws 16 which ensure individual adjustment of
      reduction of the tube wall over the plug in each stand.
PAR  To exclude spontaneous rotation of the housing screws 16, use is made of
      lock nuts 17.
PAR  In order to enable more convenient rotation of the housing screws 16 when
      adjusting the degree of reduction of the tubes being processed, the plug
      head 2 is able to rotate about its longitudinal axis in trunnions 18
      secured in supports 19.
PAR  To prevent spontaneous rotation of the plug head 2 during the plugging
      operation, covers 21 with a stop screw 22 are attached to the supports 19
      by bolts 20. On being screwed in, the stop screw 22 rests against the
      trunnion 18 of the head 2.
PAR  The pulling device 3 drawing the tube with the plug through the plug head
      comprises two frames 23 (FIGS. 2 and 6) arranged parallel to each other,
      fastened on the inside with guides 24, in which guides travel two endless
      pulling (conveyor) chains 25 of the pulling device 3. Articulated
      internally to the chains 25 are clamps 26 (FIG. 1) gripping the plug end.
PAR  The chains 25 are brought into rotation by a pair of drive sprocket wheels
      27 located at the front end of the pulling device and at the rear end of
      the pulling device 3, the chains 25 are entrained on a pair of driven
      sprocket wheels 28; shaft 29 and 30 of the drive and driven sprocket
      wheels respectively are parallel with each other.
PAR  At the rear end of the pulling device 3 are mounted guards 31 (elements
      adapted to bring the clamps apart) opening the clamps 26 for gripping the
      plug end with the tube before drawing thereof.
PAR  To bring the clamps 26 apart after plugging, taking the tube off the plug
      and releasing the plug, guards 32 (elements for releasing the clamps) are
      arranged at the front end of the pulling device 3.
PAR  For placing the tubes and plugs separately after they have been
      disconnected, provision is made for pockets 5 and 6 fastened under the
      pulling device 3 in its front and rear portions to frames 23 of the
      pulling device and located on the opposite sides of the device.
PAR  The pocket 5 designed for accommodating the plugs is located on the side of
      the pulling device facing the drawing mill. The pocket 6 intended for the
      tubes is located on the external side of the mill. The pockets 5 and 6 are
      built up of a plurality of rubberized metallic rods or pipes arranged in
      parallel.
PAR  The apparatus 4 for taking the tube off the plug is mounted on the rear
      (upstream) portion of the pulling (conveying) device. A primary function
      of the gear 4 when taking the tube off the plug is to fix the tube when
      the plug is being extracted from it by travelling clamps 26 of the pulling
      device 3.
PAR  The gear for taking the tubes off the plug comprises a welded casing 33
      (FIG. 6) secured with the aid of bolted connections 34 to both frames 23
      of the pulling device 3.
PAR  Welded on both sides of the casing 33 are brackets 35, each of them
      mounting one power (air) cylinder 36 and two auxiliary cylinders 37 (FIG.
      7) with each power cylinder 36 being arranged between the two auxiliary
      cylinders 37.
PAR  The power and auxiliary cylinders set up on both sides of the casing 33 of
      the gear 4 are located in planes passing through a plugging axis I-I and
      inclined to a plane passing through the guides 24 of the pulling device at
      an angle .alpha. sufficient for these cylinders not to interfere with the
      guides arranged in the plane and with the pulling chains 25 travelling in
      the guides 24.
PAR  Jaws 40 with resilient elements 41 are connected to rods 38 and 39 of the
      power and auxiliary cylinders. The resilient elements 41 are mounted in
      dovetail slots provided in the jaws.
PAR  When the jaws 40 come together and the tube is gripped, the resilient
      elements 41 come into contact directly with the tube surface precluding
      thereby its damage.
PAR  The auxiliary cylinders 37 are adapted to reduce impact loads on the tube
      when it is gripped, to prevent misalignment of the jaws 40 with respect to
      the plugging axis I--I and to impart the jaws 40 a backward motion to
      bring them apart in case of an emergency pressure drop in the power
      cylinders 36.
PAR  For reducing the impact loads on the tube when it is gripped and for
      bringing the jaws 40 apart in case of an emergency drop in pressure in the
      power cylinders 36, the auxiliary cylinders 37 are provided with springs
      42 which are compressed during a forward stroke (when the jaws are brought
      together) and actuate the rods 39 of the auxiliary cylinders.
PAR  The operation of a mill for plugging tubes and taking them off a plug is
      performed in the following manner.
PAR  A plug a with a tube b is delivered from a drawing mill to the roll table 1
      (FIG. 8) moving strictly axially, without rotation with the rear end of
      the plug a facing a plug head 2. In this case the length of the end of the
      plug a protruding freely from the tube b must exceed the total length of
      the plug head 2 and guards 31 arranged on the read end of a pulling device
      3.
PAR  With the chains 25 of the pulling (conveying) device 3 in motion, clamps
      26, on passing through the guards 31 and contacting them are brought apart
      to receive the end of the plug a projecting from the plug head 2.
PAR  Upon passing the guards 31, the clamps 26 under the effect of springs (not
      shown in the drawing) grip (FIG. 9) the end of the plug a drawing (FIG.
      10) the plug a with the tube b through the plug head 2.
PAR  Bearings 13 (reducing members) of the plug head 2 reduce uniformly the wall
      of the tube b along its circumference.
PAR  As a result, an annular clearance is formed between the tube b and the plug
      a.
PAR  On completion of the process of plugging the tube b, compressed air is fed
      into the power cylinders 36 of the gear 4 for taking the tubes off the
      plug, rods 38 and 39 of the power cylinders 36 and auxiliary cylinders 37
      perform a forward stroke, the jaws 40 are brought together (FIG. 11) and
      hold the plugged tube b with their resilient elements 41 in place
      preventing it from moving further.
PAR  The clamps 26 of the pulling device 3 which continue their travel extract
      the plug a from the thus fixed tube b.
PAR  After the plug a has been completely extracted from the tube b, the rods 38
      and 39 of the apparatus 4 for taking the tube off the plug perform a
      (reverse) stroke.
PAR  The jaws 40 with the resilient elements 41 are brought apart and the tube b
      falls into a pocket 6 (FIG. 12).
PAR  DUring this period, the clamps 26 pulling the plug a extracted from the
      tube b contact guards 32 located at the front end of the pulling device 3
      being thereby brought apart, whereupon the plug a falls into a pocket 5
      located on the pulling device 3 on the side of the drawing mill.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A mill for plugging tubes and taking them off a plug after drawing, said
      mill comprising: a roll table onto which a tube with a plug is delivered
      from a drawing mill; a plug head for plugging the tubes placed over the
      plug to provide a clearance between the tube and plug for extracting the
      plug from the tube, the plug head being formed as a plurality of stands
      disposed one after another, in which stands bearings are utilized as
      plugging members, the plug head being installed downstream of said roll
      table, as viewed in the direction of movement of the tube being plugged,
      and wherein the tube is delivered from said roll table; a conveying device
      being disposed downstream of said plug head as viewed in the direction of
      movement of the tube being plugged, said pulling device comprising two
      frames arranged parallel to each other and fitted with guides along which
      two endless conveying chains are transferred by a pair of drive sprocket
      wheels, said chains carrying articulated clamps for gripping one end of
      the plug to draw the tube with the plug through said plug head and to
      extract the plug from the tube on completion of the plugging operation,
      said conveying device being provided with elements for moving said clamps
      apart before they have gripped the tube and when the tube is released from
      said clamps; and apparatus for separating the tubes from the plug set up
      on said pulling device in its rear portion adjacent to said plug head and
      comprising power cylinders secured on said pulling device at an acute
      angle to a plane passing through said guides of said pulling device so
      that the cylinders do not interfere with the guides located in said plane
      and with the pulling chains moving along the guides; said power cylinders
      having rods which carry jaws fastened to them and adapted for gripping and
      holding the tube being plugged in place to enable the extraction of the
      plug from the tube with the help of said clamps.
NUM  2.
PAR  2. A mill of claim 1, wherein to prevent impact loads on the tube when
      gripped, misalignment of said jaws with respect to said plugging axis and
      to return said jaws to their initial position in case of emergency
      pressure drop in said power cylinders, a gear for taking the tubes off the
      plug is furnished with auxiliary cylinders located in parallel with said
      power cylinders in the same plane, said auxiliary cylinders having
      spring-biased rods connected to said jaws.
NUM  3.
PAR  3. A mill of claim 1, wherein to prevent damage on the surface of the tube
      when gripped with said jaws of the gear for taking the tubes off the plug,
      said jaws are fitted with resilient elements which contact directly the
      surface of the tube being gripped.
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PAL  Rolling mill for high production capacity and large bundle weights using
      one furnace followed by a roughing line and with separate intermediate-
      and finish-roll lines for each roll line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known that the productive capacity of a multiple wire-rod
      rolling mill train is mainly determined by four factors; it depends on the
      base cross section of the billet within the roughing line, on the length
      of the billets entering the roughing line, on the number of rolling lines,
      and finally on the rod delivery speed.
PAR  Practical experience, however, has indicated that certain problems are
      encountered with all these factors during the operation of a continuous
      rod mill. The base cross-section of the billets on a multi-pass rod train
      are subject to the so-called Konti law and cannot be made of unlimited
      size, because each enlargement of the billet also requires an increase in
      number and a reduced billet entrance speed into the pre-roll line. For
      that reason not only is the passing time of the billet through the entire
      rolling train extended (which has an unfavorable influence on the heat
      balance) but lowering the entrance speed into the pre-roll line under 0.07
      m/sec. presents the additional danger of creating heat cracks on the
      rolls.
PAR  The length of the rolled billets may theoretically be of any dimension,
      because billets from a given base cross section may as a practical matter
      be welded to any length. This type of operation, however, is not practical
      when a multi-wire rod train is to be used.
PAR  The delivery speed can theoretically be increased. Practically, however,
      there are limits, because the necessary auxiliary equipment such as
      shears, reels, etc. at the end of the train can operate safely (in the
      present state of the art) only up to maximum output speed of 60 m/sec.
PAR  Finally, the number of rolling lines cannot be chosen arbitrarily based on
      the machinery available; the limit with today's state of development lies
      in a four-line train.
PAR  There have been made several attempts to operate multi-line trains to
      obtain high production capacity and large bundle weights. For example, in
      German patent DT-OS No. 1,527,694 a continuous light-section steel train
      was revealed and has, following a furnace, a roughing train, intermediate
      train, and finish train, wherein the rough train and/or the intermediate
      train each have a single rolling line operation, but the finish train is
      arranged for multi-strand rolling operation and wherein each line has an
      added special bundle storage. The bundle storage is interchangeably
      supplied from the intermediate train with a rod line and is designed as
      after-furnace or equalization-furnace. In that way the roughing train and
      the intermediate train can be driven independently of the rolling speed of
      the finish train and the bundle storage acts as a buffer for the finish
      train. The base cross section of the billet entering the roughing train
      can thereby be enlarged without the entrance speed into the roughing train
      being lowered below the critical speed of 0.07 m/sec., because of the fact
      that the after-furnace or equalization-furnace operates as a buffer, so
      that the so-called Konti law is not operative.
PAR  A multi-strand roll train which is similar with respect to the after- or
      equalization-furnaces, but somewhat modified, has been taught by German
      patent DT-AS No. 1,808,822. In the arrangement shown in that patent the
      after- or equalization-furnace is positioned between the roughing train
      and the intermediate train, so that, instead of a bundle storage, a
      roll-through storage is provided. The multi-strand line operation also
      begins here in the intermediate train of the mill.
PAR  In spite of the fact that these known, continuous multi-strand trains
      provide an intermediate storage by the provision of the after- or
      equalization-furnace located in an area between one or the other
      successive rolling lines allow the so-called Konti law to be inoperative
      and thereby the possibility is presented of introducing billets into the
      roughing train with a base cross section of approximately 180 mm with an
      entrance speed of at least 0.07 m/sec., nevertheless, considerable
      disadvantage is still present with these known designs. Since obviously
      the achieveable pass reduction within the individual roller stands is
      limited, practically every increase of the base bar cross section requires
      a certain increase in the number of stands, at least within the roughing
      train. In case one achieves a high production capacity with large bundle
      weights by replacing the standard billet cross section of 100 mm with an
      enlarged billet cross section of 180 mm, then the plant investment for the
      roughing train line is more than doubled. Because of the increase in the
      number of stands, an extension of the roughing train is necessary, and,
      consequently, a longer shop for the housing of the machinery is also
      required. Additionally, the after- or equalization-furnaces (which serve
      as intermediate storage) have to be introduced into the mill to guarantee
      constant temperatures of the rod stock during intermediate storage; this
      introduction also increases still further the total expenditure because of
      the corresponding necessary increase of the length of the shop.
PAR  The design of the intermediate storage as after- or equalization-furnace
      has, in addition to the increased energy expenditure, the disadvantage
      that the after-heating of the rod leads to the danger of scale formation.
      These and other difficulties experienced with the prior art devices have
      been obviated in a novel manner by the present invention.
PAR  It is, therefore, the object of the present invention not only to eliminate
      all the disadvantages previously described in continuous multi-strand rod
      rolling mills, but also make it possible to use billets of large base
      cross section for achieving high production output and larger bundle
      weights.
PAR  Another object of this invention is to create a multi-strand rod rolling
      mill with high production capacity to produce large bundle weights, the
      mill having a furnace after which is provided a roughing train and a
      separate intermediate and finish train for each individual rod rolling
      line and using intermediate and finish train as used in rolling with the
      classic billet cross section of, for example, 100 mm and capable within
      the roughing train of rolling large billet cross sections up to 200 mm
      with a minimum number of stands without the entrance speed of the billets
      going below the critical speed of 0.07 m/sec. and without an increase in
      billet residence time in the roughing train, which increase could endanger
      the entire heat balance in the rod rolling mill.
PAR  With these and other objects in view, as will be apparent to those skilled
      in the art, the invention resides in the combination of parts set forth in
      the specification and covered by the claims appended hereto.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the inventive solution to the complex problem is based on the
      previously-described rod rolling mill and mainly in the fact that the
      roughing train following the furnace consists of a shaping stand, an
      outlet roll pass, permitting free outlet of the rolling stock from the
      shaping stand, and with a distribution device designed as transverse
      conveyor device and on attached separate planetary diagonal rolling mill
      arranged for each pass line. The roughing train designed in this way can
      be supplied directly with billets of, for example, 195 or 200 mm
      cross-section from the furnace with an entrance speed at least 0.07 m/sec.
      The billets may be rolled down to 66 mm cross section by the planetary
      diagonal rolling mill in a single pass, so that the stock enters the
      intermediate train with a speed of 0.4 m/sec. The rod leaves the finish
      train, for example, with a cross section of 5.5 mm and an outlet speed of
      60 m/sec.
PAR  In the event that square billets are introduced to the planetary diagonal
      rolling mill, difficulties may result by the reduction rolling in only one
      pass where, within a strand different material expansions occur, because
      the material in the corner areas of the square billets is naturally
      exposed to a large working deformation. This problem is eliminated (in
      accordance with a further characteristic of this invention) by equipping
      the shaping stand with a universal roller-set for octagon rolling. It has
      been found that reduction rolling of stock with a octagonal cross section
      within a planetary diagonal rolling mill leads to equally good results as
      are achieved by the use of stock with a circular cross section.
PAR  Since (on the one hand) the shaping stand for known reasons cannot work
      with an entrance speed of less than 0.7 m/sec. and (on the other hand) the
      roughing train, in order to obtain a safe, controllable exit speed on the
      end of the finish pass, cannot operate with higher entrance speed of 0.07
      m/sec., then, if an intermediate storage is to be avoided, the shaping
      stand with the outlet roller pass is equipped with a distributor device
      having a transverse conveyor. The billet, which has been shaped within the
      shaping stand and which moves out with a speed of 0.25 m/sec., can have
      its total length absorbed and thereafter may be guided in accordance with
      requirements over the transverse distributor into the different planetary
      diagonal rolling mills.
PAR  The roughing train, consisting of the outlet roller pass with the
      distributor device and the planetary diagonal roller mills, does not use
      more erection space in this case than a conventional roughing train
      designed for a billet having a cross section of 80 mm.
PAR  A further important advantage can be achieved by this invention if a hot
      flame machine is added to the billet distributor device. A preliminary
      operation on the billets, especially a manual cleaning before the
      introduction into the furnace for heating, can thereby be eliminated. The
      elimination of any defects within the billets by the use of hot flaming
      after the heating will result in a optimum condition of the surface of the
      billets at the start of the true rolling procedure. The hot flaming of the
      billets is possible in accordance with this invention and is economically
      possible within the area of the distribution device after the billet
      leaves the furnace, because in this area the billets have still a cross
      section of 180 mm.
PAR  Since, with a multi-strand rod mill in accordance with this invention, the
      planetary diagonal rolling mill as well as the intermediate and finish
      trains always operate on a single strand, the rod rolling mill can be
      expanded if desired in a simple way, i.e., by adding another planetary
      diagonal rolling mill as well as an intermediate and finish roll line for
      an additional roll pass. The predominant single roll pass operation of the
      rod mill in accordance with this invention makes better use of an added
      roll pass than is possible with the known rolling mills. An efficiency of
      85 percent can be achieved, as compared with 65 percent on a conventional
      rod rolling mill. This effect will be achieved because of the fact when
      there is a breakdown in the present rod mill, as compared with the
      conventional type, the total installation does not have to be taken out of
      operation, but only the area of the installation effecting a certain roll
      pass.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawing, in which:
PAR  The single FIGURE is a plan view of a two-strand rolling mill constructed
      in accordance with the principles of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The rolling mill has two pass lines 1 and 2. On each track is located an
      intermediate train and a finish train. The intermediate train in the roll
      pass 1 is designated as 1.sup.1 and the finish train as 1.sup.2. The
      intermediate train on pass 2 is designated as 2.sup.1 and the finish train
      as 2.sup.2.
PAR  On the two roll passes 1 and 2 are also located planetary diagonal rolling
      mills 1.sup.3 and 2.sup.3, respectively, which are of the type shown and
      described in the U.S. Pat. No. 3,735,617 of Bretschneider. With both
      planetary diagonal rolling mills 1.sup.3 and 2.sup.3 is provided a shaping
      stand 4 on the discharge side of a furnace 3. An outlet roll track 5 is
      connected to the shaping stand 4 and extending in the direction of the
      planetary diagonal rolling mills 1.sup.3 and 2.sup.3 of the two roll
      passes 1 and 2. The roll axis of the shaping stand 4 and the longitudinal
      path of the outlet roll track are both positioned centrally of the
      two-strand roll pass rolling mill. To the sides of the outlet roll track 5
      are attached billet-distribution devices 6.sup.1 and 6.sup.2 designed as
      lateral conveyors. The billets coming from the shaping stand 4 have their
      total lengths received on the outlet roll track 5 and can be transferred
      by the billet distribution device 6.sup.1 to the guide roll conveyor
      7.sup.1 leading to the planetary diagonal rolling mill 1.sup.3. In the
      same manner the billet distribution device 6.sup.2 supplies the guide roll
      conveyor 7.sup.2 leading to the planetary diagonal rolling mill 2.sup.3.
PAR  The shaping stand 4 is equipped with a universal-roller set in the manner
      shown and described in the application GD-875 of Bretschneider et al.
      filed on this date. The billets coming from the furnace 3 are of square
      shape and of 200 mm cross-sectional area and the stand 4 shapes those
      billets to octagonal cross section of approximately 195 mm. Such an
      octagonal billet cross section is much easier to work on in the planetary
      diagonal rolling mills 1.sup.3 and 2.sup.3 than a billet of square
      cross-section. Surprisingly, it has been found that the use of billets
      with octagonal cross section produce as good results when rolled in a
      planetary diagonal rolling mill as billets with a circular cross section.
PAR  A billet with an octagonal cross section of 195 mm area runs with a minimum
      speed of 0.07 m/sec. into one of the planetary diagonal rolling mills
      1.sup.3 and 2.sup.3 and is reduced there in one pass to a cross section of
      65 mm and with an outlet speed of 0.4 m/sec. At this speed the rod enters,
      for example, a 10-stand intermediate train 1.sup.1 and is reduced there to
      a cross section of 18 mm area with an exit speed of 8.5 m/sec. Now this
      rod enters at this speed a 10-stand finishing train 1.sup.2 and is reduced
      to a final cross section of 5.5 mm area with an exit speed of 60 m/sec.
      and can be reeled.
PAR  It should be mentioned that the billet distributor devices 6.sup.1,
      6.sup.2, which are designed as transverse conveyors, form an intermediate
      storage between the shaping stand 4 and the two planetary diagonal rolling
      mills 1.sup.3 and 2.sup.3. Such intermediate storage is provided, because
      of the fact that the billets arriving from the shaping stand 4 have an
      exit speed which is greater than the inlet speed of the planetary diagonal
      rolling mills 1.sup.3 and 2.sup.3.
PAR  The billet distribution device 6.sup.1, 6.sup.2 can purposely be equipped
      with a torch, which serves to eliminate defects from the surface of the
      billets before they are introduced into the planetary diagonal rolling
      mills 1.sup.3 and 2.sup.3.
PAR  Finally, it should be pointed out that it is possible to lay out the
      intermediate trains 1.sup.1 and 2.sup.1 and the finish trains 1.sup.2 and
      2.sup.2 for each roll pass 1 and 2 in a H-V arrangement.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  The invention having been thus described, what is claimed as new and
      desired to secure by Letters Patent is:
NUM  1.
PAR  1. Rolling mill for high capacity and for producing large bundle weights,
      having a furnace followed by a roughing line and a separate intermediate
      and finish rolling line for each line of product,
PA1  characterized by the fact that the roughing line consists of a shaping
      stand (4) located next to the furnace, a free outlet, permitting outlet
      roll runout (5) of the rolled stock from the shaping stand (4), with a
      distribution device (6.sup.1, 6.sup.2) designed as transverse transport
      and arranged thereafter a planetary diagonal rolling mill (1.sup.3 and
      2.sup.3) for each roll line (1, 2).
NUM  2.
PAR  2. Rolling mill as recited in claim 1,
PA1  characterized by the fact that the shaping stand (4) is equipped with a
      universal roller set for octagonal rolling.
NUM  3.
PAR  3. Rolling mill as recited in claim 1,
PA1  characterized by the fact that a hot flaming machine is associated with the
      billet distribution device (6.sup.1, 6.sup.2).
NUM  4.
PAR  4. Rolling mill as recited in claim 1, wherein the shaping stand consists
      of a single rolling stand receiving square cross-section billets on the
      corner and converting them to octagonal cross section.
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ABST
PAL  The disclosed ironing ring improvement increases ironing life by use of a
      conical surface of intermediate taper between the conical lead-in surface
      and the cylindrical land surface of the ironing ring, particularly for
      purposes of making drawn and ironed metal can bodies at high speeds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Drawn and ironed can bodies are conventionally formed while carried on a
      punch through a set of dies including at least one ironing ring which
      thins and lengthens the side wall. This operation is repeated through the
      same set of dies at the rate of more than 100 can bodies per minute. One
      problem is to supply cooling and lubricating liquid to assist in the
      ironing operation, and to avoid build-up of aluminum oxide on the ironing
      ring to the point where it scratches the exterior surface of the can body
      side wall.
PAC  SUMMARY
PAR  The present invention improves the operation of conventional ironing rings
      for aluminum can bodies by introducing a conical surface of intermediate
      taper between the conical lead-in surface and the cylindrical land surface
      of the die.
PAR  Other details and advantages of the invention will become apparent as the
      following description of the embodiment thereof in the accompanying
      drawings proceeds:
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The accompanying drawing shows schematically an embodiment of the invention
      in which:
PAR  FIG. 1 shows a section, partly broken away, taken through the axis of a
      punch carrying a can body through a pair of ironing rings;
PAR  FIG. 2 shows an enlarged sectional view, partly broken away, of the portion
      of the section of one of the ironing rings shown in FIG. 1, prior to
      modification in accordance with the invention; and,
PAR  FIG. 3 shows the section of FIG. 2, after modification in accordance with
      the invention.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now more particularly to the drawing, there is shown a can body
      10 being carried through a pair of ironing rings 12 and 14 by a punch 16.
      Annular sprayers 15 and 17 direct cooling and lubricating liquid toward
      the places where the outer surface of the side wall of can body 10
      initially comes in contact with rings 12 and 14. These rings are supported
      in any suitable manner by means not shown. The rings 12 and 14 are
      preferably made in substantially the same shape and size so that the ring
      12, which has less inside diameter, can be reground after it has become
      worn in use, to the larger inside diameter required for the ring 14.
      Consequently, what is said below with respect to ring 12, which is
      illustrated in FIGS. 2 and 3, applies also to ring 14.
PAR  Ironing rings of the kind in question are conventionally made of a cobalt
      and tungsten composition which contains relatively hard grains held in a
      softer matrix. This matrix is more readily worn away in the course of use
      than these hard grains. In the case of cans fabricated of aluminum alloys,
      this wearing action on the ring is accentuated by the naturally occurring
      presence of aluminum oxide on the outer surface of the aluminum alloy.
      This oxide apparently tends to dig into the die ring matrix, and then to
      build up oxide which leaves scratch marks on the outer surface of the can
      body. The appearance of such scratches limits the effective working life
      of the ironing ring before it has to be removed for repolishing or
      regrinding. The present invention is directed to modification of ironing
      rings so that this problem is minimized and effective ring life is
      extended. The modification amounts to spreading out the working area over
      which ironing occurs in the die to avoid having the total work area
      concentrated at a single point or line.
PAR  FIG. 2 shows ring 12 in conventional form with a conical lead-in surface
      18, a cylindrical land surface 20 and a conical exit surface 22. The
      circular intersection or lead edge between the lead-in surface 18 and land
      surface 20 is designated 24.
PAR  As referred to herein, semicone angle means the angle between the land
      surface and a straight line on a conical surface.
PAR  The semicone angle of the lead-in surface 18, designated a, is subject to
      two functional considerations. In the first place, it should be small
      enough to minimize mechanical shock when the can body 10 enters the ring
      12 in slightly off-center relation, even through the ring 12 is preferably
      mounted in a flexible support to permit displacement of the ring 12 to
      ease such an off-center problem. In the second place, the angle of the
      conical surface 18 should be large enough to facilitate passage of cooling
      and lubricating liquid as close as possible to the land surface 20, where
      the metal of the can body 10 is ironed. The present preferred semicone
      angle for this purpose is 15.degree., but the angle may be between
      6.degree. and 20.degree..
PAR  The land surface 20 is cylindrical, for purposes of bearing directly
      against the metal of the side wall of can body 10 to thin and lengthen it.
      The angle of the conical surface 22 at the exit side of the ironing ring
      is small and non-critical (e.g., about 6.degree.), enough to clear the can
      body wall while buttressing the land surface 20.
PAR  In accordance with the invention, as seen in FIG. 3, the circular
      intersection 24 between the cylindrical land surface 20 and the conical
      inlet surface 18 is replaced by a new intermediate conical surface 26,
      which has a semicone angle, designated b, of between 20 and 80 percent,
      preferably about 50 percent, of the semicone angle a of the lead-in
      surface 18. With an angle a of 15.degree., an angle b of 71/2.degree. has
      proved ideal. Depending on the angle a, the angle b may be in the range of
      from 2.degree. to 10.degree.. After formation of the surface 26, there
      remains a cylindrical land surface 20, and a conical lead-in surface 18'
      consisting of part of the original lead-in surface 18. The remaining land
      surface should have a length of 0.007 to 0.012 inch (0.1778 to 0.3048
      mm.). The circular intersection or lead edge between the surfaces 18' and
      26 is designated 26' and the circular intersection or lead edge between
      the surface 26 and land surface 20' is designated 20". Although the
      surfaces 22, 20', 26 and 18' shown in FIG. 3 could each be formed
      independently of the others, while still maintaining the predetermined
      angles and axial concentricity with each other, it is preferable to form
      them by first forming what is shown in FIG. 2. Then, while still holding
      the ironing ring 12 in the same position in the grinder (such as a Monoset
      grinder of Cincinnati Milacron Company), adjusting the grinder to the
      angle required for the surface 26, using the line of intersection 24 to
      locate where the grinding of surface 26 should begin, and grinding down
      (in a direction normal to the surface 26) to a depth of between 0.0002 to
      0.005 inch (preferably about 0.001 to 0.002 inch). The metric equivalents
      of these three dimensions are 0.00508 mm., 0.127 mm. and (0.0254 to 0.0508
      mm.). This should leave the final cylindrical land 20' with a minimum
      length of 0.007 to 0.012 inch (0.1778 to 0.3048 mm.), and leave the length
      of the conical surface 26 at about 0.002 to 0.005 inch (0.0508 to 0.127
      mm.), with 0.003 inch (0.0762 mm.) being preferred. The conical surface
      18' thus remains as the major surface for guiding the can body 10 into
      ring 12, and for the purpose of permitting passage of substantial
      quantities of cooling and lubricating liquid toward the cylindrical
      surface 20'. The intermediate conical surface 26 is positioned next to the
      cylindrical land surface 20' to provide a cone of small angle for slidably
      drawing down the metal of the can body side wall as it passes toward the
      ironing surface 20'. The resulting operation of the die might be described
      as making a primary reduction at the lead edge 26' of the surface 26 and a
      finish reduction at the lead edge 20" of the land surface 20'. Also, it is
      believed that the reduced semicone angle of surface 26 aids in the
      introduction of lubricant between the can body side wall metal and the
      working face of the ironing die 12 as a result of the two-stage
      compression of the lubricant by the combined surfaces 18' and 26.
PAR  Experience in ironing aluminum can bodies for beer and carbonated beverages
      at rates over 100 per minute has shown that the above-described
      modification between what is shown in FIG. 2 and FIG. 3 can in some cases
      extend the service life of ironing rings by about 50% before repolishing
      or regrinding is necessary. Typical increased life is from 500,000 cans to
      700,000 cans.
PAR  While present preferred embodiments of the invention have been illustrated
      and described, it will be understood that the invention is not limited
      thereto, but may be otherwise embodied and practiced within the scope of
      the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A press for ironing the side wall of a metal can body, comprising a
      punch, an ironing ring, means supporting the ironing ring to iron a side
      wall of a can body carried by the punch as it moves in one direction
      relative to the ironing ring, means to move the punch relative to the
      ironing ring, and means to direct cooling and lubricating liquid toward
      the position where the can body side wall is initially ironed in the ring,
      said ironing ring having a conical lead-in surface where the can body
      first enters the ironing ring, a cylindrical land surface adapted to iron
      and thereby thin and lengthen the can body side wall, and an intermediate
      conical surface therebetween, the semicone angle of said intermediate
      conical surface being between 20 and 80 percent of the semicone angle of
      the conical lead-in surface.
NUM  2.
PAR  2. Apparatus, according to claim 1, in which the semicone angle of the
      intermediate conical surface is about half that of the conical lead-in
      surface.
NUM  3.
PAR  3. Apparatus, according to claim 2, in which the semicone angle of the
      conical lead-in surface is about 15.degree..
NUM  4.
PAR  4. Apparatus, according to claim 3, in which the semicone angle of the
      conical intermediate surface is between 2.degree. and 10.degree..
NUM  5.
PAR  5. Apparatus, according to claim 1, in which the semicone angle of the
      conical lead-in surface is between 6.degree. and 20.degree..
NUM  6.
PAR  6. Apparatus, according to claim 1, in which the intermediate surface is
      0.0002 to 0.005 inch radially inward of the intersection of projections of
      the conical lead-in surface and the cylindrical land surface.
NUM  7.
PAR  7. Apparatus, according to claim 6, in which the said radial inward
      dimension is about 0.001 to 0.002 inch.
NUM  8.
PAR  8. A method of finishing the surfaces of an ironing ring for making drawn
      and ironed metal can bodies, comprising the steps of holding the ring
      stationary while successively grinding a cylindrical land surface on it,
      grinding a first conical surface on it which intersects the land surface,
      and grinding a second conical surface between the first two surfaces, said
      second conical surface having a semicone angle about 20 to 80% of the
      semicone angle of the said first conical surface, said intermediate
      surface being ground to a depth of 0.0002 to 0.005 inch from the original
      intersection of the cylindrical and first conical surfaces.
NUM  9.
PAR  9. The method of claim 8, in which the semicone angle of the second conical
      surface is about half that of the first conical surface.
NUM  10.
PAR  10. A method of ironing the side wall of an aluminum alloy can body,
      comprising mounting the can body side wall around a punch, and moving the
      punch through an ironing ring while passing cooling and lubricating fluid
      toward the place where the can body side wall is initially ironed in the
      ring, said ironing ring having a conical lead-in surface where the can
      body first enters the ironing ring, a cylindrical land surface which thins
      and lengthens the can body side wall, and a conical intermediate surface
      between said lead-in surface and said land surface, the semicone angle of
      said concial intermediate surface being between 20 and 80 percent of the
      semicone angle on the conical lead-in surface.
NUM  11.
PAR  11. An improved ironing ring for use in a press adapted to make drawn and
      ironed can bodies, the ironing ring having a cylindrical land surface and
      a conical lead-in surface, wherein the improvement comprises an
      intermediate conical surface between the cylindrical land surface and the
      conical lead-in surface, the semicone angle of the intermediate conical
      surface being in the range of about 20 to 80 percent of the semicone angle
      of the conical lead-in surface.
NUM  12.
PAR  12. The article of claim 11 wherein the semicone angle of the intermediate
      conical surface is about half of the semicone angle of the conical lead-in
      surface.
NUM  13.
PAR  13. The article of claim 12 wherein the semicone angle of the conical
      lead-in surface is about 15.degree..
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ABST
PAL  An automatic combustion tester is disclosed. A burner is provided and is
      movable by a moving means between a first position adjacent a rigidly
      supported test piece and a second position. The burner is connected by a
      first conduit to a lateral tube which is, in turn, connected to a gas bomb
      by a coupling means. A flame timer is used for controlling the time during
      which a test piece is exposed to flames from the burner during a cycle. A
      down-time timer is provided for controlling the time during which the
      flame is removed from the test piece during a cycle. A heat shield is
      provided along with means for moving the heat shield between a position
      intermediate the test piece and the adjacent bunsen burner and a position
      removed therefrom. First and second microswitches are positioned to
      contact the conduit when the burner reaches its first and second
      positions. The first switch controls the heat shield and the second switch
      is coupled to a counter means for deactivating the system after a
      predetermined number of cycles of operation.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to testers for determining combustibility of
      materials. More particularly, this invention relates to devices using an
      injection needle, etc., to periodically blow a fine flame onto a test
      piece for a definite period of time, with a predetermined non-exposure
      period between flame exposure periods. The operation is repeated to
      determine the number of cycles required until the test piece begins to
      burn, to determine whether the test piece catches fire after being
      subjected to the flame for a predetermined number of cycles, or to inspect
      combustibility by dividing the time of residual combustion after a number,
      e.g., five of successive cycles of, e.g., three seconds of flame exposure
      and, e.g., three seconds down time by the volume lost during the
      operation.
PAR  2. Description of the Prior Art
PAR  Various flame tests, particularly the last above-noted test, are conducted
      by hand. In this case, however, human error is unavoidable and results in
      very poor precision. For example, if the flame was successively applied
      five times for three seconds each time, i.e., a total of 15 seconds, the
      error accumulated through human inaccuracy may result in actual flame
      contact time of as little as 13 seconds or as long as 18 seconds.
PAR  The flame exposure period commences after the flame of the burner is
      brought into contact with the test piece. However, certain materials are
      easily affected or melted by the flame before it is actually brought to
      the predetermined position and wide variations in test results are
      obtained when testing these materials.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the instant invention to provide a new and improved
      combustion testing system which minimizes error and is automated.
PAR  It is a further object of the subject invention to provide an improved
      combustion testing system that will produce accurate results even when
      easily combustible material is being tested.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a preferred embodiment of the instant
      invention;
PAR  FIG. 2 depicts data values obtained by means of prior art combustion
      testing systems; and
PAR  FIG. 3 shows data values obtained by using the improved combustion testing
      apparatus of the subject disclosure.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A test chamber 1 is made of a corrosion-resistant metal and has an
      air-inlet port 2 at the lower end and exhaust port 3 and top plate 4 at
      the upper portion thereof. The chamber communicates with the external
      atmosphere through clearance 5 between the top plate and the exhaust port.
      A test piece 6 is held by a test-piece support 7 at the center of the test
      chamber.
PAR  Burner 8 is positioned immediately below the test piece and supplied with a
      combustible gas (such as butane) through conduit 9. One end of the conduit
      9 is connected to lateral tube 10 which is, in turn, directly connected to
      a burner moving means 11. The burner moves between positions A and B by
      means of the moving means 11 for selectively exposing the test piece to
      the flame. The lateral tube 10 is equipped with a hose port 12 and is
      thereby connected to a gas bomb 16 through rubber tube 13, needle valve 14
      and electromagnetic valve 15.
PAR  The burner moving means 11 is electrically driven by a flame timer 17 which
      controls the flame time and by a down-time timer 18 which controls the
      time during each cycle when the test piece is not exposed to the burner
      flame. Successive switching between the flame timer and the down-time
      timer is dependent upon two microswitches, 19 and 20, that are actuated by
      the position of the burner. As shown, microswitch 20 is coupled to
      down-time timer 18 while microswitch 19 is coupled to flame timer 17 for
      respective control thereof. A counter 21 is connected to the microswitch
      20 and receives an input every time the burner actuates microswitch 20.
      Hence by appropriately setting a desired number of cycles on the counter,
      operation of the electromagnetic valve and the timer 18 can be stopped
      automatically when the set number is reached. At the same time that this
      operation ceases, a residual-flame timer 25 is activated by counter 21 to
      begin measuring time.
PAR  The testing is started by activating switch 26, igniting the burner,
      adjusting the flame length, and depressing start switch 27.
PAR  Between the test piece and the burner a heat-shielding plate 22 is
      provided. This plate is moved reciprocally along the drive axis 23 by
      plate moving means 24 in order to selectively expose the test piece to the
      flame and to shield the test piece therefrom. When the burner is at the
      position A, the heat-shielding plate is at the position A' to shield the
      test piece from the flame. When the burner reaches a position adjacent the
      test piece (position B), the heat-shielding plate moves to the position B'
      and flame touches the test piece for the first time.
PAR  This eliminates the prior art problems relating to the inability to
      precisely control exposure time of the sample. Moreover, this overcomes
      the prior art difficulties encountered in the testing of readily
      combustible materials.
PAR  FIG. 2 depicts the experimental results obtained by using the prior art
      manual method. The parameter computed was the residual time of combustion
      (t), as determined by observing elapsed time on residual-flame timer 25
      when residual burning is observed to be completed, of a test piece after 5
      cycles of 3 second flame exposure, divided by the volume (v) of the test
      piece lost during burning, and is represented in terms of the value of
      combustibility n = t/v. Ten tests were performed and the values were
      dispersed as shown in FIG. 2. It should be apparent that the test results
      were widely scattered. In contrast, when similar tests were performed
      utilizing the device of the subject invention, very uniform results were
      obtained, as shown in FIG. 3.
PAR  It is to be understood that there are many variations of the above-detailed
      preferred embodiment and they are to be considered within the scope of the
      appended claims unless departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for testing combustion properties of a testpiece, said device
      comprising:
PA1  a test chamber having an air inlet port and an exhaust port therein;
PA1  a test piece support positioned to support a test piece within said test
      chamber;
PA1  a burner means movable between a first position adjacent said test piece
      within said test chamber and a second position remote from said test piece
      within said test chamber;
PA1  a lateral tube coupled to said burner means;
PA1  a gas bomb;
PA1  means coupling said lateral tube to said gas bomb for selectively supplying
      gas to said lateral tube;
PA1  a flame timer for controlling the time during which a test piece is exposed
      to flame from the burner means during a cycle;
PA1  a down-time timer for controlling the time during which the flame is
      removed from the test piece during a cycle;
PA1  a burner moving means operatively controlled by said flame timer and said
      down-time timer and coupled to said lateral tube for moving said lateral
      tube and said burner means between said first and second positions at
      predetermined intervals determined by the time settings of said flame
      timer and said down-time timer;
PA1  a first microswitch positioned to contact said burner means when said
      burner means is in said first position;
PA1  a second microswitch positioned to contact said burner means when said
      burner means is in said second position;
PA1  a counter means coupled to said coupling means and said second microswitch
      for halting gas flow upon detection of predetermined number of contacts
      between said second microswitch and said burner means;
PA1  a residual flame timer coupled to and operable by said counter means for
      providing an indication of time lapse beginning with said halting of said
      gas flow;
PA1  a heat shield; and
PA1  means operatively positioned for moving said heat shield between a position
      intermediate said test piece and said first position of said burner means
      and a position remote therefrom, said moving means being coupled to said
      heat shield and to said first microswitch,
PA1  whereby said test piece is shielded from flame until said burner means is
      adjacent thereto, said test piece being subjected to a predetermined
      number of periodic exposures to flame, the length of the periodic
      exposures and the hiatus therebetween being precisely controlled.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein said burner means comprises a
      burner head and a first conduit connected at a first end thereof to said
      burner head and at a second end thereof to said lateral tube.
NUM  3.
PAR  3. A device as claimed in claim 2, wherein said coupling means comprises a
      second conduit coupled to said lateral conduit by a hose port, and a
      needle valve and an electro magnetic valve operatively disposed along said
      second conduit.
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ABST
PAL  A device for continuous temperature measurement of the dew point of flue
      gases, in which the signal of the sensitive unit, carrying information on
      the appearance of a condensate film on the condensation surface of the dew
      point temperature transmitter, is applied simultaneously to the regulator
      of the heating element and the regulator of the cooling element. Both of
      these are included in the condensation surface temperature control unit,
      wherein temperature control of the condensation surface is attained by the
      heating and cooling means operating simultaneously. The transmitter is
      provided with heating and cooling means.
BSUM
PAR  The present invention relates to measuring instruments and more
      particularly it relates to the devices for continuous temperature
      measurement of the new point of flue gases used, in the main, at heating
      and power plants and other heat and power installations running on
      high-sulphur fuels.
PAR  Known in the art is a device for continuous temperature control of the dew
      point of flue gases wherein the signal of the sensitive unit carrying
      information on the appearance of a condensate film produced by the flue
      gas on the condensation surface of the dew point temperature transmitter,
      said transmitter being provided with heating and cooling means, is
      received by the regulator of the heating element of the condensation
      surface temperature control unit.
PAR  The provision of the heating element regulator in said device makes it
      possible to carry out continuous measurements of the dew point temperature
      with a sufficient accuracy within but a narrow range, when the dew point
      temperature of the flue gas approaches closely the temperature of the
      transmitter condensation surface at a definite preset flow rate of
      coolant.
PAR  When the dew point temperature is lower than the temperature of the
      transmitter condensation surface governed by the preset flow rate of
      coolant, the use of said device for measurements becomes impossible. This
      prevents the employment of said device at industrial installations in
      which the temperature of the dew point of flue gasses varies within broad
      limits which is the case, for example, with high-capacity heating and
      power plants running on high-sulphur fuel oils.
PAR  When the temperature of gas dew point is considerably higher than the
      preset temperature of the condensation surface, the measurements are
      practically possible but are characterized by heavy errors which grow
      still more with an increase in the temperature of the dew point.
PAR  An object of the present invention consists in providing a device for
      continuous control of the temperature of the dew point of flue gases which
      would be more accurate and capable of being used in a wider range of
      applications.
PAR  This object is achieved by providing a device for continuous temperature
      control of the dew point of flue gases wherein the signal of the
      transmitter sensitive unit carrying information about the appearance of
      the condensate film produced by the flue gas on the condensation surface
      of the dew point temperature transmitter provided with heating and cooling
      means is received by the heating element regulator incorporated in the
      condensation surface temperature control unit wherein, according to the
      invention, the control unit incorporates a cooling means regulator which
      receives the signal from the sensitive unit simultaneously with the
      reception of the signal by the heating element regulator, thereby ensuring
      temperature control of the transmitter condensation surface simultaneously
      by the heating and cooling means.
PAR  The device according to the invention ensures a high accuracy in measuring
      the dew point temperature and broadens considerably the field of its
      application.
DRWD
PAR  Now the invention will be described in detail by way of example with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a general layout of the device for continuous temperature control
      of the dew point of flue gases according to the invention;
PAR  FIG. 2 is a diagram of the temperature control unit of the transmitter
      condensation surface in the device according to the invention;
PAR  FIG. 3 -- same, electrical diagram (without voltage amplifier).
DETD
PAR  The device for continuous temperature control of the dew point of flue
      gases according to the invention comprises a transmitter 1 (FIG. 1) of the
      dew point temperature. The transmitter 1 is a hemisphere made of an
      electric-insulating heat-resisting material, the external surface of this
      hemisphere being intended for the condensation of the vapours of flue
      gases. Located on the condensation surface is a transmitter sensitive unit
      consisting of two metal electrodes 2 and a thermocouple 3 made integral
      with one of the electrodes 2.
PAR  On the inner surface of the hemisphere, right under the sensitive unit, is
      located a heating element in the form of an electrical heater coil 4.
PAR  The cooling means, i.e., a coolant, is delivered to the condensation
      surface through a channel 5 provided with a sprayer (not shown in the
      drawing) and is taken away through a pipe 6.
PAR  The lead-out terminals of the electrodes 2, thermocouple 3 and electric
      heater coil 4 accommodated inside the hemisphere are insulated from the
      coolant by pipes (not shown in the drawing) made of an electric-insulating
      material.
PAR  This design of the transmitter 1 makes the device suitable for use with any
      type of coolant (either liquid or gas) required by the conditions of
      service.
PAR  The delivery of coolant can be changed by a control valve 7 actuated by an
      electric drive 8.
PAR  The device is also provided with a unit 9 for controlling the temperature
      of the transmitter condensation surface, the input of said unit 9 being
      connected with the electrodes 2 of the sensitive unit of the transmitter
      1.
PAR  The control unit 9 for regulating the temperature of the condensation
      surface incorporates a voltage amplifier 10 (FIG. 2) whose lead-out
      terminal is connected with one of the lead-in terminals of a comparison
      element 11 whose other lead-in terminal is connected with a setter 12. The
      lead-out terminal of the comparison element 11 is connected with the
      lead-in terminal of a power amplifier 13 whose lead-out terminal is
      connected with the lead-in terminals of the heating element regulator 14
      and the cooling means regulator 15.
PAR  The lead-out terminals of the heating element regulator 14 and cooling
      means regulator 15 which serve as the lead-out terminals of the control
      unit 9 are connected, respectively, with the electrical heater coil 4 and
      the electric drive 8 of the control valve 7.
PAR  The device is also provided with a temperature recorder 16 (FIG. 1) which
      receives a signal from the thermocouple 3 measuring the temperature of the
      condensation surface; during operation of the device at a continuous
      measuring duty this temperature represents the temperature of the dew
      point of the flue gas being analyzed.
PAR  The signal sent by the electrodes 2 located on the condensation surface of
      the transmitter 1 is amplified by the voltage amplifier 10 (FIG. 2) and
      fed into the comparison element 11 which comprises three transistors 17,
      18 and 19.
PAR  The first input of the comparison element 11 (FIG. 3) is the base of the
      transistor 17 to which a resistor 20 is connected. Also connected to this
      base is a chain of parallel-connected resistor 21 and capacitor 22, one of
      the leads of the resistor 21 being connected to the minus terminal of the
      general power source of the amplifier 10 (FIG. 2). The emitter of the
      transistor 17 (FIG. 3) is connected with the base of the transistor 18 and
      with the resistor 23. The collector of the transistor 17 is connected to
      the plus terminal of the general power source. The transistors 18 and 19
      form a balancing stage whose collector load is constituted by the
      resistors 24 and 25 whose common point is connected to the plus terminal
      of the general power source while the emitter load is constituted by the
      resistors 26 and 27 whose common point is connected to the resistor 23 via
      the resistor 28.
PAR  The base of the transistor 19 serves as the second input of the comparison
      element 11 connected to which is the output of the setter 12. The setter
      12 consists of four parallel-connected resistors 29, 30, 31 and 32, the
      resistor 30 being of a variable-resistance type. The resistor 29 is
      connected to the minus terminal of a separate power source also connected
      to the common point of the resistors 28 and 23 while the resistor 32 is
      connected to the plus terminal of the general power source.
PAR  The output of the comparison element 11 is connected with the input of the
      power amplifier 13 incorporating transistors 33 and 34, the base of the
      transistor 33 being connected with the collector of the transistor 19. The
      collectors of the transistors 33 and 34 are connected to the plus terminal
      of the general power source while their emitters are connected to its
      minus terminal via resistors 35 and 36, respectively. The emitter of the
      transistor 33 is connected with the base of the transistor 34.
PAR  The output of the power amplifier 13 is constituted by the emitter load;
      i.e., resistor 36, whose signal is fed to the inputs of the heating
      element regulator 14 and cooling means regulator 15.
PAR  The output of the power amplifier 13 is connected by parallel-connected
      resistor 37 and capacitor 38 with the input of the heating element
      regulator 14, this input being at the common point where the base of the
      transistor 39 is connected with the collector of the transistor 40.
PAR  The stages incorporating transistors 39 and 40 constitute a sawtooth
      voltage generator which is started by a short-pulse former comprising the
      stages of the transistors 41 and 42.
PAR  The base of the transistor 41 is connected across the resistor 43 with the
      plus terminal of the separate power source having a bridge rectifier
      circuit and, by a chain of parallel-connected resistor 44 and diode 45,
      with the minus terminal of the general power source, the diode 45 being
      connected to the base by its cathode. The collector of the transistor 41
      is connected across a resistor 46 to the plus terminal of the general
      power source while its emitter, to the minus terminal.
PAR  The collector of the transistor 41 is connected across the capacitor 47 to
      the base of the transistor 42; said base is connected, in turn, to the
      minus terminal of the general power source via the resistor 48. The
      collector of the transistor 42 is connected with the plus terminal of the
      general power source while its emitter is connected with the base of the
      transistor 40 and, across the resistor 49, with the minus terminal of the
      general power source. The emitter of the transistor 40 is also connected
      with the minus terminal of the same power source.
PAR  The emitter of the transistor 39 is connected with the base of the
      transistor 50 which, in turn, is connected by the resistor 51 to the minus
      terminal of the general power source. The collector of the transistor 39
      is connected to the plus terminal of the same power source.
PAR  The collector of the transistor 50 is connected across the resistor 52 to
      the plus terminal of the general power source while its emitter is
      connected with the emitter of the transistor 53 and their common point is
      connected to the minus terminal of the same power source across the
      resistor 54. The collector of the transistor 53 is connected across the
      resistor 55 to the plus terminal of the general power source.
PAR  The base of the transistor 53 is connected by the resistor 56 to the plus
      terminal of the general power source and, by the diode 57, to the common
      point of the emitters of the transistors 50 and 53, the diode 57 being
      connected in such a manner that its cathode is turned towards the base.
PAR  The base of the transistor 53 is also connected by a capacitor 58 with the
      collector of the transistor 50. The collector of the transistor 53 is
      connected with the base of the transistor 59. The collector of the
      transistor 59 is connected to the plus terminal of the general power
      source while its emitter is connected to the minus of the same source
      across the resistor 60.
PAR  The emitter of the transistor 59 is connected by the resistor 61 with the
      control electrode of the thyristor 62 whose cathode is connected to the
      minus of the separate power source 63 of the bridge rectifier type while
      its anode is connected to the plus of the same source 63 across the
      resistor 64.
PAR  The output signal of the regulator 14 is taken from the resistor 64.
PAR  The output of the power amplifier 13 is also connected with the input of
      the cooling means regulator 15 incorporating the stages of the transistors
      65 and 66. The actual input of the regulator 15 is the base of the
      transistor 65 whose collector is connected to the plus terminal of the
      general power source while its emitter is connected with the minus
      terminal of the same source across the resistor 67.
PAR  The emitter of the transistor 65 is also connected across the resistor 68
      with the emitter of the transistor 66 whose collector is connected to the
      plus terminal of the general power source. The base of the transistor 66
      is connected to the common point of the voltage divider consisting of
      resistors 69 and 70 connected, respectively, to the plus and minus of the
      general power source.
PAR  The output signal of the regulator 15 is taken from the resistor 68. The
      device for continuous temperature control of the dew point of flue gases
      according to the invention functions as follows.
PAR  The dew point temperature transmitter 1 (FIG. 1) is introduced into the
      flue gas to be analyzed. At the moment of introduction the temperature of
      the condensation surface of the transmitter 1 is usually lower than the
      dew point temperature of the gas; as a result, the condensation surface
      becomes covered with a film of condensate. The electrodes 2 of the
      sensitive unit generate an electric signal which gives information about
      the formation of said film.
PAR  From the elctrodes 2 the signal is fed to the input of the control unit
      base and, correspondingly, to the input of the amplifier 10 (FIG. 2) which
      ensures linear amplification of the received signal. The amplified signal
      is fed to the input of the comparison element 11 whose second input
      receives a signal from the setter 12, the intensity of said second signal
      being set when the device is adjusted for the given service conditions.
      The comparison element 11 utilizes the stages of transistors 17, 18, 19
      (FIG. 3) for converting the signals received at its outputs to the values
      of voltage which are convenient for comparison.
PAR  The input signal is fed to the base of the first stage transistor 17 across
      the resistor 20. The first stage has a circuit with a common collector
      (emitter follower) which produces a high input resistance of the
      comparison element 11. The transistor 17 becomes conducting and the signal
      is fed from the emitter of the transistor 17 to the input of the balancing
      stage incorporating transistors 18 and 19. The signal is initially fed to
      the base of the transistor 18, opens the latter and is directed to the
      emitter of the transistor 19 across the resistors 26 and 27.
      Simultaneously, the base of the transistor 19 receives a signal from the
      setter 12 with a separate power source, said signal being set by the
      resistor 29, variable resistor 30 and resistors 31 and 32.
PAR  If the signal at the input of the comparison element 11 becomes more
      intensive than that on the base of the transistor 19, the transistor 18
      will become more conducting than the transistor 19 and the output of the
      comparison element 11 will produce an unbalance signal. This signal will
      be fed from the output of the comparison element 11 to the input of the
      power amplifier 13 based on transistors 33 and 34.
PAR  From the collector of the transistor 19 the signal flows to the base of the
      transistor 33, makes it conducting and the voltage taken off the resistor
      35 opens the transistor 34.
PAR  The linearly-amplified unbalance signal taken off the output of the power
      amplifier 13, i.e. from the resistor 36, is fed simultaneously to the
      inputs of the heating element regulator 14 and the cooling means regulator
      15.
PAR  The signal fed to the input of the heating element regulator 14 via the
      chain of the parallel-connected resistor 37 and capacitor 38 is received
      at the base of the transistor 39 which, jointly with the transistor 40,
      forms a sawtooth voltage generator. The sawtooth voltage generator is
      started by the short pulse former based on transistors 41 and 42.
PAR  Simultaneously with the signal received at the base of the transistor 39,
      the base of the transistor 40 receives pulses generated by said former.
PAR  The input of the short-pulse former constituted by the base of the
      transistor 41 receives, across the resistor 43 which limits the input
      current, the rectified variable voltage from the separate power source 63
      of the bridge-rectifier type. In this case the diode 45 inserted between
      the base and emitter of the transistor 41 limits the back voltage of the
      "base-emitter" circuit.
PAR  The stage incorporating the transistor 41 functions at the switch-over
      duty. At the moment, when the signal produced by the separate power source
      63 is sufficient to open the transistor 41, the latter becomes conducting
      and, utilizing the differentiating chain of the capacitor 47 and resistor
      48, generates short pulses which are fed to the base of the transistor 42
      which constitutes an emitter follower. The latter is included into the
      circuit in order to prevent the input resistance of the transistor 40 from
      shunting the resistor 48.
PAR  The sawtooth voltage is generated on the collector of the transistor 40. At
      the moment when a pulse is received from the short pulse former, the
      transistor 40 becomes conducting. The capacitor 38 is charged and opens
      the transistor 39. The charge of the capacitor 38 also depends on the
      intensity of the signal received at the base of the transistor 39 from the
      power rectifier 13. The intensity of this signal governs the voltage to
      which the capacitor 38 is charged. This changes the amplitude of the
      sawtooth voltage produced by the sawtooth voltage generator. This shifts
      the time at which the voltage on the emitter of the transistor 39 reaches
      the operating level of the single flip-flop oscillator incorporating
      transistors 50 and 53.
PAR  The operating voltage of the single flip-flop oscillator is set by
      resistors 54 and 55. When the voltage on the base of the transistor 50
      reaches the operating level, the transistor 50 opens and the voltage on
      its collector decreases. The voltage on the plates of the capacitor 58
      also decreases which reduces the voltage on the base of the transistor 53
      and the latter closes. This increases the voltage on the collector of the
      transistor 53. When this voltage reaches the level sufficient for opening
      the transistor 59, the latter becomes conducting and the signal taken off
      the resistor 60 flows across the resistor 61 to the control electrode of
      the thyristor 62 which becomes conducting.
PAR  At the opening of the transistor 59 the capacitor 58 starts to be
      discharged through the circuit consisting of the resistor 56, transistor
      50 and resistor 54. In this case the transistor 53 is made conducting by
      the current set by the resistor 56 whereas the transistor 50 closes. Thus,
      the single flip-flop oscillator generates voltage pulses of certain
      amplitdue and duration. When the transistor 50 has become non-conducting,
      the single flip-flop oscillator is ready for the reception of the next
      sawtooth pulse. The thyristor 62 stays conducting until its supply voltage
      falls down to zero. At this moment the thyristor 62 will close.
PAR  The voltage fed to the input of the short-pulse former from the separate
      power source 63 whose circuit incorporates the thyristor 62 and resistor
      64, synchronizes the pulses received by the control electrode of the
      thyristor 62 with the current flowing through said thyristor.
PAR  Thus, a change in the voltage at the ouput of the power amplifier 13
      changes the opening moment of the thyristor 62 and, as a consequence, the
      effective value of the current flowing through the thyristor 62 and
      functioning as the output signal of the heating element regulator 14.
PAR  Simultaneously with the reception of the signal at the input of the heating
      element regulator 14, the signal from the ouput of the power amplifiers 13
      is received at the input of the cooling means regulator 15. The transistor
      65 becomes conducting and the potential on the emitter of the transistor
      66 starts growing. In view of the fact that the voltage on the base of the
      transistor 66 is set by the divider consisting of resistors 69 and 70,
      said voltage is selected so that the voltage on the base of the transistor
      66 would be equal to the voltage on its emitter at a maximum voltage at
      the output of the power amplifier 13 and, consequently, at the maximum
      current at the output of the heating element regulator 14. This closes the
      transistor 66 and cuts off the single at the output of the regulator 15.
PAR  At a minimum voltage at the output of the power amplifier 13 and,
      consequently, at a minimum voltage at the input of the heating element
      regulator 14 the voltage on the emitter of the transistor 66 becomes lower
      than that on its base. This opens fully the transistor 66 and produces a
      maximum signal at the output of the cooling means regulator 15.
PAR  Thus, the signals at the outputs of the regulators 14 and 15 are different
      in intensity and phase.
PAR  As a result, the heating element regulator 14 produces a pulse proportional
      to the thickness of the condensate film formed on the condensation surface
      of the transmitter 1 (FIG. 1); said pulse is fed for heating the
      electrical heater coil 4. The current increases with the thickness of the
      condensate film.
PAR  Flowing through the heater coil 4, the current heats the condensation
      surface of the transmitter 1 until the condensate film is completely
      evaporated. As the condensate film becomes thinner, the intensity of
      heating drops and when the film fully evaporates the heating current drops
      down to zero in correspondence with the zero signal from the electrodes 2.
PAR  The cooling means regulator 15 (FIG. 2) generates a pulse inversely
      proportional to the thickness of the condensate film and controls the flow
      rate of the coolant by means of the electric drive 8 (FIG. 1).
PAR  The flow rate of the coolant decreases with the increase in the thickness
      of the condensate film which is also conductive to the evaporation of the
      latter. As the condensate film becomes thinner the flow rate of the
      coolant increases and, as soon as the film is completely evaporated (the
      signal sent by the electrodes 2 being equal to zero), the electric drive 8
      and the control valve 7 ensure a maximum flow rate of the coolant.
PAR  As a result, the condensate film is constantly formed or evaporated on the
      condensation surface of the transmitter 1 which is characteristic of the
      surface whose temperature is equal to the temperature of the gas dew
      point.
PAR  Thus, the temperature of the condensation surface continuously measured by
      the thermocouple 3 and registered by the recorder 16 represents the
      temperature of the gas dew point.
PAR  The design of the control unit 9 (FIG. 2) according to the invention makes
      it possible to change the temperature of the condensation surface of the
      transmitter 1 (FIG. 1) by two means simultaneously: a heating element and
      a cooling means which makes it possible to maintain the temperature of the
      condensation surface equal to the dew point of the gas with a high
      accuracy and within a wide range.
PAR  The control unit 9 may also be designed so as to control the temperature of
      the condensation surface by any one of the two above-named means.
PAR  For example, when the temperature of the dew point is somewhat lower than
      the temperature of gas and changes within narrow limits; also in all cases
      when the temperature of the dew point is higher than the temperature of
      gas, it is practicable to exercise control by means of the heating element
      at a constant flow rate of the coolant.
PAR  When the temperature of gas is considerably higher than the temperature of
      its dew point it may become practicable to control the temperature of the
      condensation surface by the cooling means alone with the heater element
      inoperative.
PAR  In the operating principle of the device described above the proportional
      control of the condensation surface temperature can be replaced by a more
      complicated law of control by inserting a separate regulator between the
      output of the cooling means regulator 15 (FIG. 2) and the electric drive 8
      (FIG. 1), said separate regulator ensuring complicated laws of temperature
      control.
PAR  The device according to the invention is characterized by considerable
      advantages over the known devices for continuous temperature control of
      the dew point of flue gases.
PAR  The use of the cooling means regulator in the device according to the
      invention and, as a consequence, the possibility of controlling the
      temperature of the condensation surface simultaneously by the heating and
      cooling means makes it possible to carry out measurements with a high
      accuracy and within a wide range.
PAR  The device ensures a proportional control of the heating element which
      provides for a high accuracy in measuring the temperature of the dew
      point.
PAR  The introduction of the regulator with a complex law of cooling means
      control provides for a further broadening of the range of measurements
      while retaining their high accuracy.
PAR  The use of any type of coolant in the transmitter of the device according
      to the invention and the location of the heating element directly under
      the sensitive unit also widens the range of measurements and improves
      their accuracy.
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STM  What is claimed is:
NUM  1.
PAR  1. A device for continuous temperature measurement of the dew point of flue
      gases comprising in combination, a dew point temperature transmitter
      having a condensation surface; means for heating said transmitter, said
      heating means being located under said condensation surface; means for
      cooling said transmitter and applied to said condensation surface; s
      sensitive unit of said transmitter located on said condensation surface
      thereof; electrodes of said sensitive unit; a thermo-electric element of
      said sensitive unit; a unit for controlling the temperature of said
      condensation surface and comprising a heating regulator connected
      electrically to said electrodes and said heating means, and a cooling
      regulator connected electrically to said electrodes and said cooling
      means, a signal from said electrodes carrying information about the
      formation of a condensate film of flue gas on said condensation surface
      being applied simultaneously to said heating and cooling regulators, a
      signal from the output of said heating regulator being directly
      proportional to the thickness of the condensate film, and a signal from
      the output of said cooling regulator being inversely proportional to the
      thickness of said condensate film; and a register electrically connected
      to said thermo-electric element and adapted to register the condensate
      surface temperature that is maintained equal to the dew point temperature
      by said heating and cooling regulators simultaneously.
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ABST
PAL  Apparatus and method applicable to liquid chromatography for continuously
      detecting the viscosity of the effluent from an analysis column of a
      chromatograph system. The effluent is forced through a tubular path in a
      flow resistance element, which may contain a packing material to increase
      the amount of energy dissipated in the flow resistance element. The
      temperature of the effluent is sensed before and after passage through the
      path. A signal is generated which is a function of the difference between
      the value of temperature which is sensed before and after traversal of the
      effluent through the tubular path. From these measurements, the viscosity
      of the effluent may be computed as a function of the observed temperature
      change.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to the area of liquid chromatography and
      specifically to continuous detection of viscosity of column effluent in
      such systems.
PAR  2. Description of the Prior Art
PAR  Liquid chromatography pertains to a particular variety of equipment and
      techniques for analyzing the components of an unknown sample of liquid
      material.
PAR  Liquid chromatography is a process wherein a sample having unknown
      components is forced to migrate through an elongated "column." The column
      contains a material held statically inside it, called a "stationary
      phase." The stationary phase is chosen for its ability to selectively
      retain the various potential components of the sample with which it comes
      in contact with differing degrees of tenacity. The sample is forced to
      migrate through the column by injecting it into a solvent upstream of the
      column and subsequently pumping the solvent and dissolved sample through
      the column.
PAR  When the dissolved sample is forced through the column, each of its
      components migrates through the column in a particular time related
      pattern, which pattern is a function of the degree of the tendency of the
      stationary phase to retain that component.
PAR  Some properties of the column effluent are affected by the concentration of
      sample in the emergent fluid. One of the properties which may be affected
      is the viscosity of the effluent. By detecting variations in this property
      of the effluent, and plotting these variations against time, certain
      information can be derived as to the nature and amount of the components
      in the sample.
PAR  For example, for predetermined column conditions and flow rate, it may be
      known that a particular hypothetical component, if present in the sample,
      will reach a maximum concentration in the column effluent at a specific
      time following introduction of the sample to the column. This time is
      known as the "retention time" of the component. This phenomenon occurs
      because of the existence of the particular degree of retention of that
      component by the stationary phase. By measuring a property of the effluent
      known to be affected by the hypothetical component, and observing whether
      a maximum occurs at the "retention time" for that component, presence of
      the component can be verified or negated.
PAR  It is evident that in liquid chromatography there exists a necessity for
      accurately detecting and measuring, on a continuous basis, properties of
      the liquid emerging from the column, such as viscosity.
PAR  It is known in liquid chromatography to measure many properties of the
      column effluent to derive information relating to the nature and quantity
      of the components in a sample. Among the properties measured are visible
      light and ultraviolet ray absorption, refractive index, heat of absorption
      and flame ionization of the sample.
PAC  SUMMARY OF THE INVENTION
PAR  In contrast to the prior art, applicant has invented a new method and
      apparatus for detecting sample concentration by measuring the viscosity of
      the effluent stream from the column.
PAR  This invention provides a new and improved method and apparatus for
      continuously detecting the viscosity of a stream of liquid emanating from
      the column of a liquid chromatograph.
PAR  An inlet conduit delivers effluent from the column to a flow resistance
      element, which comprises the detection structure of the chromatograph
      system. The flow resistance element defines a tubular path through which
      the effluent is forced. The liquid incurs a pressure drop in traversing
      the path, and is frictionally heated as well. A reference temperature
      sensor produces a signal as a function of the temperature of the entering
      effluent. A detection sensor produces a signal as a function of effluent
      temperature after traversal of the flow path. These two temperature
      signals are compared in a comparator which generates an output signal
      which is a function of their difference.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a liquid chromatographic system to which the
      present invention is applicable;
PAR  FIG. 1a is a detailed drawing of the column in cross section;
PAR  FIG. 2 is a cross-sectional side view of an apparatus embodying the present
      invention;
PAR  FIG. 3 is a detailed sectional drawing of the flow resistance element of
      said apparatus;
PAR  FIG. 4 is a detailed drawing of the tubular path defined by the flow
      resistance element; and
PAR  FIG. 5 is a detailed drawing showing the transport phenomenon occurring
      with the passage of liquid through the tubular path.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a typical liquid chromatograph system to which the present
      invention is applicable. A solvent reservoir 10 contains a quantity of
      solvent, which is drawn along a conduit 12 by a pump 14, and subsequently
      transported through a conduit 16 to an injector 18. A quantity of sample
      from a sample reservoir 20 is injected into the solvent by the injector
      18. The solvent/sample solution continues on to a column 22. The column 22
      is an elongated conduit containing a stationary phase 24 which is shown in
      FIG. 1a as a solid particulate material.
PAR  Components of the sample are selectively retained in the column 22 by the
      stationary phase 24, emerging in the column effluent at an end 25 of the
      column 22 in particular time-related patterns. The presence and
      concentration of these components in the effluent are sensed by a detector
      26. The detector 26 generates a signal as a function of the concentration
      of the component detected, which signal is directed to a recorder 28. The
      recorder 28 produces a tangible record of the detected concentration of
      the sample components with respect to time.
PAR  FIG. 2 shows a side sectional view of an apparatus embodying the present
      invention, and which comprises detector 26. A shell, generally indicated
      at 30, is provided for housing the structure of this preferred embodiment.
      The shell 30 includes a pair of oppositely facing shell plates 32 and 34.
      The shell plates 32 and 34 are made of a rigid material. It is also
      desirable that the shell plates 32 and 34 be made of a material which is
      chemically inert to the effluent whose viscosity is to be tested. The
      shell plates 32 and 34 are held together in a rigid configuration by means
      of bolts 36 and 38. The shell plate 32 is of disc-shaped configuration,
      and has an inlet conduit 40 centrally disposed therein. The shell plate 34
      is also disc-shaped and has an outlet conduit 42 through its center. The
      inlet conduit 40 is connected to the end 25 of the column, in order to
      receive the effluent. The outlet conduit 42 carries the effluent which
      exits the detector, which fluid can either be discarded or collected, as
      the particular circumstances of use of the invention may dictate.
PAR  Two thermal insulating discs 44 and 46 are positioned adjacent the interior
      surfaces of shell plates 32 and 34, respectively. The insulating disc 44
      has a central orifice 44a which communicates with the inlet conduit 40.
      Similarly, the insulating disc 46 has an orifice 46a communicating with
      the outlet conduit 42.
PAR  A pair of retainer discs 48 and 50 are positioned adjacent the insulating
      discs 44 and 46 respectively.
PAR  A reference sensor 56 is centrally disposed in an opening 48a in the
      retainer disc 48. A detection sensor 58 is similarly centrally disposed in
      an opening 50a in retainer disc 50. Each of the sensors 56 and 58 are
      thermistors in the preferred embodiment. A thermistor is a semiconductor
      element having a resistance which varies substantially with changes in
      temperature. The coefficient of resistivity in the thermistor is generally
      quite large and negative. That is to say, the resistance drops
      substantially with increases in temperature.
PAR  A flow resistance element 52 is disposed between the retainer discs 48 and
      50. The flow resistance element 52 defines a tubular flow path 54 in its
      center. The flow path 54 is covered on either end by screens 53 and 55.
      The flow path 54 is filled with a fine particulate material, indicated as
      54a in FIG. 3.
PAR  The inlet and outlet conduits 40 and 42, the orifices 44a and 46a, and the
      openings 48a and 50a are all aligned to cooperate with the flow path 54 to
      form a channel through which liquid can flow.
PAR  Applicant has determined that the dimensions for the flow path 54 in the
      preferred embodiment are approximately one-eighth inch in length and .03
      inch in diameter. The packing material consists of 29 micron diameter
      spherical glass beads. The glass beads are retained within the flow path
      54 by 10 micron hole diameter screens 53 and 55 at each end of the flow
      path 54.
PAR  Each of the sensors 56 and 58 is electrically connected to an electrical
      comparator bridge 64. The comparator bridge 64 produces an electrical
      output signal at an output 66, which output signal is a function of the
      difference between the resistances of each of the sensors 56 and 58.
PAR  The operation of this embodiment of the invention is described as follows.
      The inlet conduit 40 is connected to the end 25 of the analysis column 22,
      so that it receives the effluent from the column. The effluent passes
      through orifice 44a and continues through opening 48a around the reference
      sensor 56. The reference sensor 56, in response to the temperature of the
      effluent liquid in contact with it, assumes a particular value of
      resistance.
PAR  The effluent then passes through the flow path 54 in the flow resistance
      element 52. The screens 53 and 55 permit the passage of the effluent
      liquid through the flow path 54, while preventing the escape from the flow
      path of the particulate packing material 54a. During the passage of the
      effluent liquid through the flow path 54 containing the packing material
      54a, energy is dissipated in the effluent. This energy causes an increase
      in the temperature of the liquid passing through the flow path 54. The
      effluent, upon emerging from the lower end of the flow path 54, comes in
      contact with the detection sensor 58. The detection sensor 58 assumes a
      particular resistance, the value of which is a function of the temperature
      of the liquid emerging from the flow path 54. The effluent liquid then
      passes through the orifice 46a and the outlet conduit 42, from which it
      may be discarded or collected as desired.
PAR  Each of the thermistors comprising the reference sensor 56 and the
      detection sensor 58 is connected to the bridge comparator 64, which
      consists of an electrical bridge circuit in the preferred embodiment.
      Bridge circuits are known in the art which are capable of comparing
      relative resistances with extreme precision. The choice of such a bridge
      is within the skill of one ordinarily skilled in the relevant art.
PAR  The signal output from the bridge comparator 64 appearing at the output 66
      is thus a function of the difference in resistances between the
      thermistors comprising the reference sensor 56 and the detection sensor
      58. Consequently, the signal at the output 66 is also a function of the
      difference in temperature of the effluent liquid immediately before and
      immediately after the passage through the flow path 54.
PAR  It is mathematically demonstrable that the temperature change in liquid
      flowing across a constriction is a function of the viscosity of that
      liquid.
PAR  The kinetic theory of gases gives the following expression for an ideal
      gas:
EQU  .mu. = k/C.sub.v
PAL  where .mu. is the coefficient of viscosity, k is the thermal conductivity
      of the gas, and C.sub.v is the heat capacity of gas at constant volume.
PAR  The viscosity of the liquid is representable by the following expression:
EQU  .mu. = A e .sup..sup.-.sup..delta.E.sbsp.v.sbsp.i.sbsp.s/RT
PAL  where A is a constant, .DELTA.E.sub.vis is the measure of the energy
      barrier that must be overcome before the elementary flow process can
      occur, R is the ideal gas constant, and T is the absolute temperature in
      degrees Kelvin. .DELTA.E.sub.vis will depend on the composition of the
      fluid.
PAR  Considering flow through a long, relatively narrow tube having circular
      cross section, the pressure drop per unit length is related to the
      coefficient of viscosity by the "Hagen-Poiseuille law" as follows:
      ##EQU1##
      where V is the volume flow rate of liquid, .DELTA.P/L is the pressure drop
      per unit length of the channel, and R is the radius of the circular
      channel. Other channel cross sections can be accounted for by using the
      hydraulic radius in this equation. The pressure drop is thus directly
      proportional to the coefficient of viscosity .mu..
PAR  When considering a relatively short flow path containing packing material,
      as indicated in FIG. 4, the pressure drop per unit length is related to
      the coefficient of viscosity, .mu., by the following "Blake-Kozeny
      equation" for laminar flow:
      ##EQU2##
      where v.sub.o is the superficial velocity (the velocity that liquid would
      have in the absence of packing material for the particular flow rate),
      D.sub.p is the particle diameter of the packing material (provided the
      particles are spherical), and e is the void volume of the flow path
      relative to the total volume of the flow path. Rearrangement of the above
      equation results in the following expression:
EQU  .DELTA.P/L = B.mu.
PAL  where B is a constant for the system if the flow rate is maintained
      constant. In this situation, as well as in the previously described
      situation, the pressure drop is directly proportional to the viscosity of
      the liquid flowing through the flow path.
PAR  When a liquid flows through a packed flow path, the amount of heat
      generated by that flow path, and consequently the increase in temperature
      of the liquid passing through the flow path, is a function of the
      viscosity of the liquid. The reason for this is that more energy is
      dissipated with the passage of a fluid of greater viscosity through such a
      column than with the passage of a fluid with lesser viscosity.
PAR  FIG. 5 shows a longitudinal section sketch of a flow path. In a certain
      length of time, a slug of liquid in a flow path can be forced to move a
      distance x. The force acting on this slug is the pressure drop from the
      upstream face of the slug to the downstream face, that is,
EQU  F = .DELTA.p .sup.. A
PAL  where A is the area of the cross section of the slug of liquid. If one
      assumes a steady state condition, this force must be balanced by
      frictional forces as the portion of liquid is moved along. The work done
      against the frictional forces is the force times the distance, or
EQU  W = F .sup.. x = .DELTA.p .sup.. A .sup.. x
PAL  The time, t, in which this work is done is the volume swept out by the slug
      of liquid divided by the volume flow rate of the liquid. This time is
      expressable as:
EQU  t = (x .sup.. A)/V
PAL  where V is the volume flow rate of the liquid. The work per unit time is
      the power dissipated in the liquid. Thus:
PA1  power dissipated =
      ##EQU3##
      power dissipated = .DELTA.P .sup.. V If one assumes that the flow path is
      very well insulated thermally so that no heat is lost from it, the power
      dissipated all goes into heating the liquid flowing through the flow path.
      (In actual practice, there will be a short lived transient in the
      temperature rise of the fluid moving through the flow path due to the heat
      capacity of the packing material within the flow path. This transient is
      relatively short, however, and need not be considered.) Thus, the
      temperature rise in the liquid is the power dissipated into it divided by
      the product of its heat capacity and the volume flow rate of liquid
      through the flow path. Thus:
      ##EQU4##
      where .rho. is the density of the liquid and C is the heat capacity per
      unit mass of the liquid. Since the pressure drop is proportional to the
      viscosity of the liquid, the following expression for the temperature rise
      of the liquid holds true:
      ##EQU5##
      where k is a constant for a constant flow rate of liquid through the flow
      path.
PAR  The disclosure of this application is intended to be illustrative, rather
      than exhaustive. Persons of ordinary skill in the relevant art, when aided
      by this disclosure, will be able to make changes and modifications in the
      embodiments disclosed herein without departing from the spirit of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for measuring the viscosity of effluent from the column of a
      liquid chromatograph, said apparatus comprising:
PA1  a. a flow resistance element having an elongated flow path therethrough,
      said flow path having an entrance and an exit connectable to carry a flow
      of effluent from the column through said flow path, said flow path
      containing packing material;
PA1  b. a reference sensor disposed outside said flow resistance element to
      sense the temperature of the effluent entering said flow resistance
      element; and
PA1  c. a detection sensor disposed outside said flow resistance element to
      sense the temperature of the effluent exiting from the flow resistance
      element.
NUM  2.
PAR  2. The apparatus of claim 1, wherein:
PA1  said reference sensor comprises a thermistor disposed proximate to said
      entrance.
NUM  3.
PAR  3. The apparatus of claim 1, wherein:
PA1  said detection sensor comprises a thermistor disposed proximate to said
      exit.
NUM  4.
PAR  4. The apparatus of claim 1, further comprising:
PA1  a comparator connected to each of said reference and said detection sensors
      for producing a differential signal which is a function of the difference
      between the temperatures sensed by said reference and detection sensors.
NUM  5.
PAR  5. The apparatus of claim 4, wherein:
PA1  said comparator comprises an electrical bridge circuit.
NUM  6.
PAR  6. The apparatus of claim 1, wherein:
PA1  said flow path has a tubular configuration.
NUM  7.
PAR  7. The apparatus of claim 1, wherein:
PA1  said packing material is particulate.
NUM  8.
PAR  8. The apparatus of claim 7, wherein:
PA1  said packing material comprises spherical glass beads.
NUM  9.
PAR  9. The apparatus of claim 7, further comprising:
PA1  a screen interposed across each of said entrance and exit of said flow path
      for retaining said packing material within said flow path.
NUM  10.
PAR  10. The apparatus of claim 1, further comprising:
PA1  a housing enclosing said flow resistance element, and each of said
      reference and said detection sensors.
NUM  11.
PAR  11. The apparatus of claim 10, further comprising:
PA1  thermal insulation disposed within said housing to insulate said flow
      resistance element and said sensors from thermal exchange with the
      environment external to said housing.
NUM  12.
PAR  12. The apparatus of claim 11, wherein:
PA1  said flow resistance element comprises a first disc mounted within said
      housing and having an aperture through its center, said aperture
      comprising said flow path.
NUM  13.
PAR  13. The apparatus of claim 12, further comprising:
PA1  a. a retainer disc mounted within said housing adjacent one side of said
      first disc and disposed for supporting said reference sensor, and
PA1  b. another retainer disc mounted within said housing adjacent the other
      side of said first disc and disposed for supporting said detection sensor.
NUM  14.
PAR  14. A method for measuring the viscosity of effluent from the column of a
      liquid chromatograph utilizing known properties of said effluent and known
      operating parameters of said chromatograph, said method comprising the
      steps of:
PA1  a. forcing the effluent through an elongated flow path having an entrance
      and exit;
PA1  b. sensing the temperature of the effluent entering said flow path;
PA1  c. sensing the temperature of the effluent exiting from the flow path;
PA1  d. comparing the sensed entrance and exit temperatures, and
PA1  e. deriving an indication of the viscosity of said effluent from the
      comparison of said sensed entrance and exit temperatures and from said
      known properties of said effluent and said known operating parameters of
      said chromatograph.
NUM  15.
PAR  15. The method of claim 14, further comprising the step of:
PA1  rendering said flow path tortuous to the passage of liquid therethrough.
NUM  16.
PAR  16. The method of claim 14, further comprising the step of:
PA1  retarding heat exchange between the region of said flow path and the
      environment external to said flow path.
NUM  17.
PAR  17. A method for identifying components of a liquid sample, said method
      comprising the steps of:
PA1  a. passing the sample through a column of a liquid chromatograph having
      known operating parameters, and
PA1  b. detecting the viscosity of the effluent of the column utilizing known
      properties of said effluent and the known operating parameters of said
      chromatograph by
PA2  i. forcing the effluent through an elongated flow path having an entrance
      and exit;
PA2  ii. sensing the temperature of the effluent entering said flow path;
PA2  iii. sensing the temperature of the effluent exiting from the flow path;
      and
PA2  iv. comparing the sensed entrance and exit temperatures.
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ABST
PAL  The machine comprises a rotary table supporting similar working stations.
      Each station supports a reference heat exchanger and a heat exchanger to
      be tested. The operations related to a simultaneous supply of compressed
      gas in the two exchangers, isolation of said exhangers, control of their
      residual pressure, etc... are controlled during a complete rotation of the
      table from fixed annular segments placed concentrically to the table and
      read by brushes supported by bars related to each working station.
BSUM
PAR  The present invention relates to an automatic machine for testing hollow
      bodies of the heat exchanger type and the like.
PAR  Applicant has already shown a method for testing hollow bodies of the heat
      exchanger type wherein a reference heat exchanger known for its good
      tightness, and a heat exchanger to be tested, are simultaneously supplied
      with compressed air, then isolated from the source of compressed air for a
      significant period of time during which said two heat exchangers are
      connected to the two inlets of a differential manometer.
PAR  The state of the differential manometer, at the end of said period of time,
      is indicative of whether the heat exchanger to be tested leaks or not.
PAR  For the test to be really valuable, it has been found suitable that the
      reference heat exchanger be of a same nature as and, if possible,
      identical to the heat exchanger to be tested, to prevent disturbing
      factors, such as differences of volume between the two heat exchangers or
      differences in their heat exchange capacity from adversely affecting the
      test.
PAR  Because of the very short period of time, about a few seconds, which is
      necessary to test heat exchangers according to the above mentioned method,
      it has appeared possible to submit all the heat exchangers coming from a
      mass production line to a tightness test instead of performing only
      selective tests on a few heat exchangers as it was usual before. However,
      it has appeared that the practical embodiment of the above mentioned
      method could be difficult to realize when several thousands of heat
      exchangers have to be tested in a single working day. In fact, in heat
      exchanger manufacturing lines, there are manufactured heat exchangers of
      substantially different characteristics both with respect to inner
      capacity and shape. The manufactured units are thus different during a
      working day and from one day to another. This practical difficulty would
      normally lead one to design various machines, each comprising a reference
      heat exchanger corresponding to the various heat exchangers being
      manufactured. However, in such a case it would become a requirement to
      direct towards the various machines only one type of heat exchanger, and
      then some of the testing machines would be utilized below their working
      capacity while other machines would be overloaded at some hours. Besides,
      each machine would necessarily have to be fed permanently by an operator.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention creates a new machine comprising a great number of
      working stations of a realization enabling them to be used for the test of
      heat exchangers or other hollow bodies of any type since in order to adapt
      them to one type or to another type of heat exchanger, it is only
      necessary to change the reference heat exchanger which is provided at each
      station. Besides, the machine will incidentally identify by itself among
      all the stations which station eventually is not provided with a heat
      exchanger to be tested. That station will then be automatically made
      inoperative without any manual intervention.
PAR  Further, because of its design, the machine cannot indicate as being "good"
      a heat exchanger which would have leaks, even minor ones. Actually, any
      faulty placing of a heat exchanger and also any incident occuring to the
      machine itself will result in an indication that the heat exchangers under
      test are bad.
PAR  Furthermore, the machine enables one to know at any moment the total number
      of heat exchangers which have been tested in a predetermined period of
      time and also the number of heat exchangers respectively declared "good"
      and "bad."
PAR  According to the invention, the machine comprises a plurality of units,
      each having a support for a reference hollow body and for the hollow body
      to be tested, a first set of caps for closing all apertures but one of
      each of the hollow bodies whereby one aperture remains free for each of
      the hollow bodies, a further first set of caps for coupling the free
      apertures of each of said reference hollow bodies to a common distribution
      test compressed gaseous fluid supply, a further second set of caps
      associated with carrier means for coupling the free apertures of each of
      said hollow bodies to be tested and carried by said carrier means to said
      common distributing test compressed gaseous fluid supply, a differential
      manometer having two inputs each respectively connected to one of said
      further first and second sets of caps, a rotatable table supporting said
      plurality of units positioned in spaced relationship along the periphery
      thereof, arcuate controlling means mounted in relation with said table,
      means for rotating said table at a substantially constant speed and means
      engaging said arcuate controlling means and causing simultaneously
      connection of said reference hollow bodies and hollow bodies to be tested
      with said compressed test gaseous fluid supply, then isolating
      simultaneously said reference hollow bodies and hollow bodies to be tested
      from said test gaseous fluid supply and then connecting simultaneously
      said reference hollow bodies and hollow bodies to be tested respectively
      to the two inputs of said differential manometer, means coupled to said
      carrier for reading said differential manometer for detecting a leak and
      for operating said carrier for releasing thereof upon detection of a leak,
      thus causing dropping of said tested hollow body having a leak in a first
      position, and operating means angularly spaced with respect to said means
      for reading said differential manometer for releasing said carriers
      carrying tested hollow bodies which do not have leaks, whereby said latter
      hollow bodies are dropped in a second position.
PAR  Various other features of the invention will become apparent from the
      following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention is shown by way of non-restrictive example
      in the accompanying drawings, wherein:
PAR  FIG. 1 is a partly exploded top view of a testing machine with multiple
      working stations, according to the invention.
PAR  FIG. 2 is an enlarged partly sectional top view of a detail of FIG. 1.
PAR  FIG. 3 is a fragmentary top view taken along line III--III of FIG. 2.
PAR  FIG. 4 is a sectional view taken substantially along the line IV--IV of
      FIG. 2.
PAR  FIG. 5 is an explanatory diagrammatic plan view.
PAR  FIG. 6 is a diagram showing the position of some control elements of the
      machine.
PAR  FIG. 7 is a partial top view of one of the working stations of the machine.
PAR  FIG. 8 is a diagram showing the operation of the machine.
PAR  FIG. 9 is a fragmentary diagram of a memory with which the machine is
      provided.
DETD
PAC  Detailed Description of Illustrated Embodiments
PAR  Referring to FIG. 1, a frame 1 has a plate 2 on its top, said plate
      supporting a body 3 containing a ball thrust bearing for a hollow shaft 4
      protruding on each side of said body 3 and which is rotatably driven
      through belts 5 by means of a motor unit 6.
PAR  At its lower portion below the plate 2, the shaft 4 supports a sleeve 7
      which is maintained by a finger 8 retained by a stop 9. The sleeve 7
      constitutes the outer envelope of a rotary joint. The sleeve 7 is
      connected through a pipe 10 to a supply unit 11 of filtered dry air
      without lubricant and through a pipe 12 to a supply unit 13 of air or
      other gas containing a lubricant in suspension. The rotary joint, of which
      the sleeve 7 constitutes a portion, is connected, inside the hollow shaft
      4, to a duct 14 supplying non-lubricated air and to a duct 15 supplying
      lubricated air.
PAR  A T-coupling 16 connects the duct 14 to two ring-shaped manifolds 17, 17a,
      for the distribution of the non-lubricated air, and an elbow pipe fitting
      18 connects the duct 15 to a manifold 19 supplying the lubricated air.
PAR  The manifolds 17, 17a and 19 are supported by pillars 20 which are placed
      on the top of a table 21 supported by the shaft 4 and consequently
      rotatably driven by said shaft.
PAR  The plate 2 supports, around the body 3, a collector device 22 constituted
      by a stack of conducting rings a.sub.1 --a.sub.7 separated from each other
      by joints made of electrically insulating material.
PAR  As explained herein below, some of the conducting rings a.sub.1 --a.sub.7
      do not extend about the whole periphery of the collector 22, but only
      extend about a portion of the circle.
PAR  In the illustrated example the rotary table 21 supports, near its
      periphery, eighteen testing stations which are referenced P.sub.1
      --P.sub.18. In FIG. 1 only the stations P.sub.1 and P.sub.11 are shown.
PAR  Each station is electrically connected by cables (not illustrated) to a bar
      23 placed below the table 21 near the collector 22 and each of the bars
      supports a set of seven brushes 24 designed for bearing on the rings or
      ring segments a.sub.1 --a.sub.7 respectively.
PAR  As should now be apparent each cycle of the machine corresponds to a
      complete rotation of its rotary table 21 and, during this complete
      rotation, each of the brushes 24 of each bar 23 is in contact with the
      corresponding conducting rings or segments of conducting ring of the
      collector 22 to control some operations of the working cycle as
      hereinbelow described. Electric current is of course supplied to the rings
      a.sub.1 --a.sub.7 by appropriate conductors placed inside the collector 22
      without any difficulty since said rings are fixedly mounted.
PAR  Other operations which have to be performed at each working station are
      controlled by micro-switches or contacts such as the contact M.sub.4 shown
      in FIG. 1. These contacts are fixedly mounted below the rotary table 11
      and are provided with a slider or roller 25 moving on fixed tracks 26
      supported by the frame top plate 2 and having in various places, which
      will be defined hereinbelow, some protuberances forming control cams. For
      manufacturing purposes the contacts of a station can be angularly off-set
      with respect to the place where they must work, which is shown in FIG. 5
      wherein the contacts M.sub.1, M.sub.2 and M.sub.4 are referenced twice,
      first at their waiting position, secondly at their operational position.
PAR  FIG. 6 shows the conducting rings a.sub.1 --a.sub.7 are distributed in
      relation to each other and in front of the stations P.sub.1 --P.sub.18
      when the station P.sub.1 is at the starting position of the cycle.
PAR  FIG. 6 also shows, at its lower portion, the development and the angular
      operative place of the protuberances or cams supported by the track 26 and
      controlling the working position of the contacts M.sub.1 to M.sub.4 which
      are described below.
PAR  The working stations P.sub.1 --P.sub.18 are in the shape of cabinets
      delimiting on their front side, as shown in FIG. 7, a panel 27 with
      various warning lights as well as a differential manometer 28. Further,
      each cabinet forms, close to its lower portion, a bracket 29 supporting a
      hollow apparatus 30 (FIG. 1), for example a heat exchanger. A second
      bracket 31 is provided to support a second heat exchanger 32 of a same
      type as the heat exchanger 30. The heat exchanger 32 will be tested during
      a next cycle of the machine and is placed on the bracket 31 in a waiting
      position in view of being exactly in the same heat exchange conditions as
      the reference heat exchanger 30 for a sufficient period of time for its
      temperature be equalized with that of the reference heat exchanger 30
      before being submitted to the test and in order to prevent any chance of
      measuring error during said test.
PAR  The various heat exchangers to be tested at each station are designated by
      33 and are supported, as shown in FIG. 1, in the vicinity of the reference
      heat exchangers 30.
PAR  As shown in FIGS. 2 and 3, the front part of each bracket 29 supports a
      plate 34 on which is placed a jack V.sub.1 having a rod connected by a
      cross-piece 35 to two small rods 36, 37 pivotally mounted on spindles 38,
      39. The small rods 36, 37 control, through pivots 40, 41, operational arms
      42, 43 of jaws 44, 45 pivotally mounted on a spindle 46, said jaws forming
      a gripper 47 (FIG. 2) which is designed to hold one of the pipes 33a of a
      heat exchanger 33 to be tested.
PAR  A tube 48 for the supply of the testing compressed air passes axially
      through the gripper 47. The tube 48 is placed in a slide block 49 guided
      by plates 50 and slide block 49 is connected to the rod of a in turn
      V.sub.2b which in turn is connected through a coupling sleeve 51, to a
      second jack V.sub.1a aligned with the jack V.sub.2b the piston rod of jack
      V.sub.1a being connected to a fixed point 52.
PAR  The jack V.sub.2b has a short stroke, for example about 10 mm. The jack
      V.sub.1a has a longer stroke, for example about 35 mm, this stroke
      corresponding at least to the length of the portion of tube 48 which is
      engaged into the pipe 33a of the heat exchanger 33.
PAR  The protruding portion of the tube 48 passes through a plate 53 which is
      guided on fingers 54 in order to be slidable. Said plate 53 constitutes a
      bearing for a pressure washer 55 against which is applied a distortable
      packing 56 held by a washer and a nut 57. The plate 53 bears on a rod 58
      crossing the plates 50 and bearing against the operational component of a
      contact M.sub.3.
PAR  The above described arrangement is designed to provide the following
      operations: when the pipe 33a brought is to surround the tube 48, said
      pipe 33a fits the distortable packing 56 and its end bears against the
      plate 53. By pushing said plate at the end of the pipe engaging stroke,
      the contact M.sub.3 is operated and, through an electro-valve which is
      described hereinbelow, the jack V.sub.2b is fed and its piston rod then
      slides in the direction of arrow f.sub.1. This has for its effect to
      compress and distort the resilient packing 56 inside the pipe 33a which is
      thus tightly closed. At the same time, the plate 53 holds the rod 58 in a
      position to operate the contact M.sub.3 and it can be noticed, while
      referring to FIG. 6, that the operation of said contact M.sub.3 remains
      effective during the main portion of the machine cycle.
PAR  The assembly formed by the jack V.sub.1a, sleeve 51, contact M.sub.3, plate
      50 and jack V.sub.2b is supported and guided by a sliding plate 59 which
      is itself guided in a track 60 placed on the top of the rotary table 21.
      The plate 59 is connected to the body of jack V.sub.2b by a member 59a.
      When the jack V.sub.2b is not fed, the packing 56 is not distorded, and
      the assembly comprising the plate 59 and the elements supported thereby
      can be slided according to the arrow f.sub.1 under the action of the long
      stroke jack V.sub.1a . It becomes then possible to completely remove the
      tube 48 and the packing 56 from the pipe 33a, which is made, as explained
      hereinbelow, just before the end of the working cycle. Then, by also
      supplying the jack V.sub.1 in a way to cause opening of the gripper 47,
      the heat exchanger 33 is no longer maintained and thus falls down by
      gravity.
PAR  FIG. 5 shows that the drop of the heat exchanger occurs either at the
      station P.sub.16 if the exchanger is considered as being "bad," in which
      case it is picked up by a carrier 61, or at the station P.sub.17 if the
      exchanger is "good" and, in which case it is picked up on a carrier 62. In
      all cases, retraction of the tube 48 and of the distortable packing 56
      (FIG. 2) is made before opening the gripper 47.
PAR  FIG. 3 shows that the jack V.sub.1 is also utilized to operate a rotary
      lever 63 which is hinged on a spindle 63' and on the spindle 38 of the
      cross piece 35. The lever is in the position shown in full line as long as
      the gripper is closed and, on the contrary, it is brought to position
      represented in chain lines (63a in FIG. 3) when the gripper is open, which
      means after operation of the jacks V.sub.1 to release the heat exchanger
      33, either at the station P.sub.16 or at the station P.sub.17 (Stations
      considered as reference stations when the station P.sub.1 is at the start
      of the cycle).
PAR  It is thus possible to place, between the positions of the stations
      P.sub.16 and P.sub.17, a marking device 64 which is diagrammatically shown
      in FIG. 5 and sketched in FIG. 1. This marking device is, for example,
      constituted by a painting gun, the operation of which is controlled by the
      lever 63 when it is in the position represented in full line in FIG. 3,
      that is when the heat exchanger has been considered as being "good" by the
      test and that it is to be released on the carrier 62. In most cases, each
      heat exchanger comprises at least two pipes, and it is of course necessary
      that all pipes be tightly closed before supplying the testing compressed
      air into said heat exchangers through the pipe 48. To ensure this closing,
      usually all the pipes or other apertures of the heat exchanger are
      provided with closing caps which may be independent from the machine. In
      many cases, however, for example when the heat exchangers are constituted
      by heating radiators for vehicles, they only comprise two pipes. In such
      case it is provided on the machine that the closing of the second pipe,
      designated at 33b in FIG. 1, be performed at the same time that the heat
      exchanger is placed on the end of tube 48.
PAR  For closing said second pipe, that some at least of the working stations
      are provided with supporting arms 65 protruding beyond the rotary table
      21, the supporting arm being provided with an air operated sliding cap 66,
      which means that it comprises a distortable packing similar to the packing
      56, said packing being introduced into the second pipe 33b to be distorted
      therein upon operation of a jack 67 (FIGS. 1 and 8).
PAR  Eventuaally, Eventually, more than a second pipe must be closed, it is then
      possible to provide, at least at some stations of the machine, a plurality
      of caps 66 and a plurality of parallel fed control jacks 67.
PAR  The reference heat exchanger 30, which is similar to and preferably
      identical to the heat exchangers 33 to be tested at a determined working
      station, is closed in the same way by tight closing caps which are not
      illustrated in order not to complicate the drawings, one of said caps
      being crossed through by a tube 68 (FIG.8) for supplying thereto the
      testing compressed air.
PAR  The cabinet of each working station P.sub.1 -- P.sub.18 is connected, as
      herein before explained, to each of the manifolds 19 for the supply of
      greased air and respectively 17, 17a for the supply of the dry air.
PAR  FIG. 8 shows in a diagrammatic way the above manifolds which are themselves
      respectively supplied from the air supply units 11 and 13 through the
      ducts 14 and 15. The dry air fed by the manifolds 17, 17a being used for
      testing the heat exchangers, it is important that the dry air be really
      supplied. For that purpose the machine comprises, upstream of the
      manifolds 17, 17a, a safety pressostatic valve S (FIG.8) which is designed
      to immediately stop the machine in case of a lack of air, typically by
      stopping the supply to the motor unit 6 driving the rotary table 21.
PAR  The pressure at the inlet of the manifolds 17, 17a is also permanently
      checked by a manometer 69 placed upstream of the manifold 17 and the
      indications of which appear on a general panel checking the operation of
      the machine.
PAR  The lubricated air coming from the manifold 17 is fed through a duct 70 to
      a first electro-valve EVA which is controlled by the contact M.sub.3 (FIG.
      2) of which the closing is ensured upon positioning a heat exchanger to be
      tested. Supplying electric current to the contact M.sub.3 is ensured by
      the rings a.sub.6 and a.sub.7 which are continuous rings as shown in
      FIG.6.
PAR  The electro-valve EVA has two states: a working state and a draining off
      state, the working state being the illustrated state of the electro-valve
      EVA and for which the jack V.sub.1 is fed to close the gripper 47 holding
      the pipe of the heat exchanger 33 to be tested. If required, an adjustable
      pressure regulator 71 is placed between the electro-valve EVA and the jack
      V.sub.1. The duct 70 is also connected, through a pressure regulator 71a,
      to a second electro-valve EVI having also two states, a working state and
      a draining off state, and which is used to feed the jack 67, acting on the
      cap or caps 66 for closing the pipe or pipes of the heat exchanger 33 to
      be tested.
PAR  The electro-valve EVI is manually controlled for being set in the working
      state or closing position and is controlled by the ring a.sub.2 for its
      draining off state or it is controlled by the contact M.sub.3 for its
      closing and by the ring a.sub.2 for its draining off states.
PAR  The working outlet of the electro-valve EVA is connected by a duct 72 to an
      electro-valve EVB with two positions: a working position and a draining
      off position. In the working position which is illustrated, the jack
      V.sub.2b is fed and the jack V.sub.1a is drained off. Then the resilient
      packing 56 is distorted ensuring tightness between the pipe 33a of the
      heat exchanger to be tested and the testing air supplying tube 48 which
      corresponds to the position appearing in FIG.2. In the other position of
      the electro-valve EVB, the jack V.sub.2b is drained off and the jack
      V.sub.1a is fed, which corresponds to the retraction position of the tube
      48 from the pipe 33a. The control of the electro-valve EVB is ensured upon
      rotation of the table 21 by the ring a.sub.2 which extends on an arc of a
      circle comprised of between about 290.degree. and 330.degree. from the
      start of the cycle, as shown in FIG.6.
PAR  It is to be noted that the operation of the valve EVB is independent of the
      result of the tightness test of the heat exchanger 33, and that said
      operation occurs during a rotation amplitude of the table which starts
      before the position of the station P.sub.16 and which ends after the
      position of the station P.sub.17 (FIGS. 5 and 6). Thus the tube 48 is
      always retracted when the gripper 47 releases the heat exchanger to be
      picked up by the carrier 61 or the carrier 62 depending on whether it is
      considered as being "bad" or "good."
PAR  The lubricated air coming from the electro-valve EVB in its working
      position and sent to the jack V.sub.2b through the duct 73 is also sent
      through said duct to a flow regulator 74 and to an electro-valve EVD
      illustrated in FIG. 8 in a rest position. The working state of the
      electro-valve EVD is controlled by the ring a.sub.3 having an active
      portion extending on an angular opening substantially comprised of between
      45.degree. and 115.degree. from the original position, as shown in FIG. 6,
      which corresponds to the initial position of the working stations P.sub.3
      --P.sub.7.
PAR  The electro-valve EVD controls through ducts 75 the working positioning of
      two electro-valves EVC and EVH having three positions i.e.: working,
      neutral and draining off. The outlet of the electro-valve EVC is connected
      to the inlet of the electro-valve EVH and the outlet of said electro-valve
      EVH is connected through a duct 76 to the tube 48 entering the heat
      exchanger 33 to be tested. The duct 76 is connected through a duct 76a to
      one inlet 77a of the differential manometer 77.
PAR  The outlet of the electro-valve EVH is also connected through a duct 78 to
      the duct 68 leading to the reference heat exchanger 30 but through a
      pressure checker generally shown at 79. A duct 78a of the duct 78 leads to
      the second inlet 77b of the differential manometer 77.
PAR  The pressure checker 79 is constituted by a cylinder 80 in which is placed
      a piston 81 controlling a switch 82. The cylinder 80 is by-passed by a
      shunt 83 with a heavy loss of pressure to enable motion of the piston in
      said cylinder which is connected to the tube 68 for the supply of the
      testing compressed air to the reference heat exchanger 30.
PAR  When the electro-valves EVC and EVH controlled by the electro-valve EVD are
      supplied with air, then the compressed air, coming from the manifold 17a
      and having a pressure which is set by an adjustable pressure reducing
      manometer M, is fed, on one hand directly to the heat exchanger 33 to be
      tested and to the first inlet 77a of the differential manometer 77 and, on
      the other hand, directly to the second inlet 77b of the differential
      manometer and to the cylinder 80, which has for its effect to cause the
      piston 81 of the pressure checker 79 to slide which closes the switch 82.
      The testing air is thus fed to the reference heat exchanger 30.
PAR  Closing the switch 82 ensures that the testing air has actually been
      supplied into the reference heat exchanger 30 and said switch 82
      constitutes a first relay for stopping the supply of an amplifier 84,
      preferably of the threshold type and the final supply of which is ensured
      by a second relay constituted by the ring a.sub.1 which, as shown in FIGS.
      5 and 6, extends on an angular aperture from about ten degrees to about
      260.degree. of the cycle.
PAR  FIGS. 7 and 8 show that the differential manometer 77 placed in each
      cabinet comprises a U-tube 85 of which at least the upwards leg 85a is
      transparent. The end of the leg 85a emerges in a bulb 86 forming the inlet
      77a of the manometer and to which is connected the duct 76a. The other leg
      85b emerges in a distortable diaphragm case 87 placed in a chamber 88
      forming the second inlet 77b connected to the duct 78a.
PAR  A tinted fluid is poured in the tube 85 and an adjustable support 89 in
      placed against the leg 85a to support a light source 90 and a
      photoelectric cell 91 of which the output is connected to the amplifier
      84.
PAR  When the reference heat exchanger 30 and the heat exchanger 33 to be tested
      are filled with compressed gas and isolated by the electro-valve EVH
      (position as shown in FIG. 8), if the heat exchanger 33 is air tight, then
      the liquid does not raise enough in the leg 85a of the manometer to
      interrupt the light ray of the source 90.
PAR  In that case, when the working station supporting the reference heat
      exchanger 30 and the heat exchanger 33 under test reaches the position of
      ring a.sub.1 (FIGS. 5 and 6) (said ring extending on about ten degrees),
      the amplifier 84 is fed and "reads" the information coming from the cell
      91. This information which corresponds to the state "good" or "leakproof"
      of the heat exchanger 33 is transmitted through the amplifier 84, which is
      common to all stations, to the ring a.sub.5 of which the conducting
      portion is in coincidence, as shown in FIG. 6, with that of the ring
      a.sub. 1 which supplies the amplifier. The information received by the
      ring a.sub.5 is transmitted to a bistable relay 92 (FIG. 9) which is
      placed in the cabinet of the considered station, said relay then closing a
      first contact 92a of a circuit 93 in which is serially mounted the contact
      M.sub.3 controlling the electro-valve EVA.
PAR  On the contrary, if the heat exchanger 33 leaks, then the pressure in the
      reference heat exchanger 30 is dominant and this pressure causes the fluid
      to rise in the leg 85a of the differential manometer 77. The fluid then
      intercepts the light ray of the source 30 and acts as an optical
      amplifier. The information received by the cell 91 is then sufficient to
      be beyond the threshold of the amplifier 84 which does not transmit any
      information at the moment of its voltage supply through the ring a.sub.1.
      Consequently, in that case a pulse is not transmitted through the ring
      a.sub.5 to the relay 92 of FIG. 9, and the circuit 93 remains open while
      the circuit 93a remains closed. The circuit 93a is connected, as is the
      circuit 93, to the contact M.sub.3.
PAR  Each of said two circuits 93 and 93a is, besides, provided with a switch
      contact M.sub.1, respectively M.sub.2, fixed under the rotary table 21
      like the contact M.sub.4 shown in FIG. 1 and consequently running on the
      track 26 which is, as illustrated in FIG. 6, provided with a portion of a
      cam extending to act between 300.degree. and 325.degree. with respect to
      the contact M.sub.2 and about between 315.degree. and 325.degree. with
      respect to the contact M.sub.1. With regard to the construction, the
      valves operating the contacts M.sub.1 and M.sub.2 can be offset as shown
      by M'.sub. 1 in FIG. 5 which enables only one track 26 to be used.
PAR  Considering what has been previously described, if the radiator is "good"
      and if the relay 92 has been excited, the circuit 93 is partially closed.
      When the contact M.sub.1 reaches its cam at about 315.degree., it is
      closed, and consequently the contact M.sub.3 drops, thus causing opening
      of the gripper 47 and consequently the drop of the heat exchanger 33 on
      the carrier 62 (FIG. 5).
PAR  The previously occured closing of the contact M.sub.2 had no effect since
      the contact 92b was already maintaining open the circuit 93a. On the
      contrary, if the heat exchanger 33 is "bad" or leaking, the relay 92,
      having not been excited and the contact 92b having remained closed,
      closing of the contact M.sub.2 which occurs before that of the contact
      M.sub.1, causes the contact M.sub.3 to drop, thereby causing the opening
      of the gripper at about 300.degree., which means at the level of the
      station P.sub.16 as shown in FIG. 5, and then the heat exchanger 33 is
      received by the carrier 61.
PAR  It is noted from the above disclosure that the circuits 93, 93a will act as
      a memory having registered the reading previously made by the
      photo-electric cell 91. This memory circuit, as well as the way of feeding
      the amplifier and the other described means, ensures that in no case a
      heat exchanger can be recognized as being "good" if it is not good.
      Actually it has been found that for supplying the amplifier 84 it was
      necessary that the switch 82 be closed, it was also necessary that current
      will arrive on the ring a.sub.1, and it was also necessary that both the
      light source 90 and the cell 91 work as well as the amplifier circuits
      since it is required, for a heat exchanger to be declared as being "good"
      that said amplifier does not reach the threshold which causes operating of
      the relay 92.
PAR  It is of course necessary that the heat exchangers 30 and 33 be drained off
      of the testing compressed air before being dropped on the carrier 61 for
      the "bad" ones or on the carrier 62 for the "good" ones. For that purpose
      the ring a.sub.4 (FIGS. 5 and 6) has a conducting section between about
      270.degree.  and 300.degree. of the cycle and this ring a.sub.4 is
      connected to the electro-valves EVC and EVH to bring them to their
      draining off position.
PAR  Referring again to FIG. 5, it is seen that the complete testing cycle is in
      fact smaller than one rotation of 360.degree. of the table 21 since, in
      fact, said testing cycle starts only after a working positioning of the
      electro-valve EVD which parallely controls and with some delay the
      electrovalves EVC and EVH for the supplying of the testing compressed air.
      Consequently, for the positioning of the heat exchangers 33 there is
      designed an angular opening extending from the carrier 62 up to an angular
      position slightly after applying voltage to the electro-valve EVD, i.e.:
      there is provided a loading availability of about 60.degree..
PAR  It should be apparent from the above that the operations are, after the
      loading step, completely automatic for each of the stations. These
      operations can be further explained as follows:
PAR  manual loading causing, by actuation of the contact M.sub.3, the closing of
      the gripper 47, then through the electro-valve EVB, the inflating of the
      tightening packing 56 with a small delay and the inflating of the closing
      caps 66 through the electro-valve EVI,
PAR  admission of the testing compressed air through the electro-valves EVC and
      EVH set in their working position through the ring a.sub.3 and the
      electro-valve EVD,
PAR  isolation between each other of the reference heat exchanger and the heat
      exchanger to be tested, and setting in communication with the differential
      manometer upon the end of the ring a.sub.3, which corresponds to the
      longest portion of the cycle as illustrated by the heavy line in FIG. 5,
      which extends just before the station P.sub.7 up to the station P.sub.14,
PAR  reading and memorizing the information coming from the differential
      manometer through the rings a.sub.1, a.sub.5 and the relay 92,
PAR  draining off the reference heat exchanger and the exchanger to be tested
      controlled by the ring a.sub.4 and the electro-valves EVH and EVC,
PAR  draining off the closing caps by the electro-valve EVI, draining off the
      caps supplying the testing compressed air and retraction these caps by
      means of the electro-valve EVD controlled by the ring a.sub.2,
PAR  controlling the opening of the gripper 47 through the contacts M.sub.1 or
      M.sub.2, which besides annuls or cancels the memory.
PAR  It is remarkable to notice that in the case when one or several of the
      eighteen working stations of the machine would not be provided with a heat
      exchanger to be tested, then the contact M.sub.3 would not be operated
      since it can only be operated by placing a heat exchanger to be tested at
      the station. In that case, the electro-valve EVA would not be brought to
      its working position and, consequently the different air-operated circuits
      of the machines, described with reference to FIG. 8 and relating to the
      non-loaded station, would remain inoperative since their operation is
      related to the working position of the electro-valve EVA downstream of
      which is connected the duct 72 for feeding of electro-valve EVB.
PAR  In addition to the means as above described and required for the operation
      of the machine, said machine comprises various other secondary devices and
      especially it is advantageous that the state of operation be controlled or
      monitored by various warning lights as that indicated as examples at 100
      in FIG. 7. Further, at least one counter 101 can be designed in view of
      registering one unit each time a contact M.sub.4 (FIG. 1) passes on a cam
      of the track 26 and simultaneously a second contact is closed by the
      operation of the contact M.sub.3 which is connected to voltage by the
      engagement of a heat exchanger to be tested. Still further, it is also
      possible to count the "good" radiators and this can be accomplished by
      means of a counter (not illustrated) controlled from a pulse coming from
      the memory relay 92.
PAR  The invention is not restricted to the embodiment shown and described in
      detail, for various modifications thereof can moreover be applied thereto
      without departing from the scope of the invention as defined in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for detecting leaks in hollow bodies, by testing each hollow
      body by comparison with an identical reference hollow body, hollow bodies
      of different kinds being tested simultaneously and each hollow body having
      at least two apertures, comprising:
PA1  a plurality of units, each having a support and carrier means for a
      reference hollow body and for the hollow body to be tested;
PA1  a first set of caps for closing all apertures but one of each of the hollow
      bodies whereby one aperture remains free for each of the hollow bodies;
PA1  a further first set of caps for connecting said free apertures of each of
      said reference hollow bodies to a common distributing test compressed
      gaseous fluid supply;
PA1  a further second set of caps associated with said carrier means for
      connecting said free aperture of each of said hollow bodies to be tested
      and carried by said carrier means to said common distributing test
      compressed gas fluid supply;
PA1  a differential manometer having two inputs each respectively connected to
      one of said further first and further second sets of caps;
PA1  a rotatable table supporting said plurality of units, said units being
      positioned in spaced relationship along the periphery of said rotatable
      table;
PA1  arcuate controlling means operatively coupled with said table;
PA1  means for rotating said table at a substantially constant speed;
PA1  means engaging said arcuate controlling means for simultaneously coupling
      said reference hollow bodies and hollow bodies to be tested with said
      compressed test gas fluid supply and for then simultaneously isolating
      said reference hollow bodies and hollow bodies to be tested from said test
      compressed gas fluid supply and simultaneously coupling said reference
      hollow bodies and hollow bodies to be tested respectively to the two
      inputs of said differential manometer;
PA1  means operatively coupled to said differential manometer for reading said
      differential manometer and operated from said differential manometer in
      response to a leak detected thereby, said reading means operating said
      carrier means for releasing thereof thus causing dropping of said tested
      hollow body in which a leak is detected in a first position; and
PA1  operating means angularly spaced with respect to said means for reading
      said differential manometer for releasing said carrier means carrying
      tested hollow bodies which are determined to be leak-proof so as to drop
      said latter leak-proof hollow bodies in a second position.
NUM  2.
PAR  2. Machine according to claim 1, wherein said carrier means comprises at
      least one gripper to hold a hollow body; a first air cylinder controlling
      said gripper; and a switch for operating said first cylinder; said cap
      closing the aperture of said hollow body under test and applying voltage
      to said switch.
NUM  3.
PAR  3. Machine according to claim 2 wherein said cap for closing said aperture
      of each of said hollow bodies comprises a distortable packing maintained
      between two sliding bearing washers, said machine including a second air
      cylinder controlled in time relation with said first air cylinder
      operatively coupled to said cap to cause deformation of said packing
      within said aperture.
NUM  4.
PAR  4. Machine according to claim 3 comprising a pipe in which is inserted in
      said distortable packing of said cap, and wherein said gripper surrounds
      said pipe which is connected to the aperture of the hollow body and which
      is inserted in the distortable packing of the cap, said cap being crossed
      through by a tube on which are mounted said bearing washers, said tube
      being connected, on one hand, to a duct connected to the test compressed
      gas fluid supply for feeding the test compressed gaseous fluid to the
      hollow body, and on the other hand, to said second air cylinder, said
      second air cylinder being slidably mounted and connected to a third air
      cylinder connected to the cap for operation thereof and for removing said
      cap following operation of said second air cylinder in a direction to stop
      deforming of said packing.
NUM  5.
PAR  5. Machine according to claim 4, wherein said switch is controlled by
      placing the hollow body on a carrier means, and further comprising a first
      electro-valve controlled by said switch for controlling operation of said
      first air cylinder for controlling said grippers and said caps, whereby
      said unit will only operate if said unit is provided with a hollow body to
      be tested.
NUM  6.
PAR  6. Machine according to claim 5, comprising a second electro-valve for
      controlling the operation of said second air cylinder and of said third
      air cylinder which respectively control the distortable packing of the cap
      and the removing of said cap, said second electro-valve being connected to
      the output of said first electro-valve operated by said switch controlled
      by placing the hollow body, said second electro-valve being coupled to and
      controlled by said arcuate controlling means.
NUM  7.
PAR  7. Machine according to claim 6, wherein said arcuate controlling means
      includes a plurality of rings coupled to said table.
NUM  8.
PAR  8. Machine according to claim 7, comprising two serially mounted
      distributing electro-valves for controlling the test compressed gas fluid
      being supplied and evacuated from the hollow body to be tested as well as
      from the reference hollow body, said two serially mounted distributing
      electro-valves being simultaneously controlled to supply the test
      compressed gaseous fluid by means of a drive electro-valve fed in
      operating air through the second electro-valve controlling both said
      second air cylinder and said third air cylinder, said drive electro-valve
      being itself controlled through one ring of said arcuate controlling means
      and said two serially mounted distributing electro-valves being controlled
      to evacuate the hollow body under test and the reference hollow body
      through a second ring of said arcuate controlling means, said first and
      second rings being angularly spaced from each other by an angular distance
      corresponding to a rotation angle of the table for which said two
      distributing electro-valves maintain the hollow body under test and the
      reference hollow body isolated from said test compressed gas fluid supply
      and connected with the two inputs of the differential manometer.
NUM  9.
PAR  9. Machine according to claim 8, wherein the air used for operating said
      air cylinders and said electro-valves is an air charged with lubricant,
      and the test compressed gaseous fluid supplied to said two serially
      mounted distributing electro-valves and to the reference hollow body and
      the hollow body to be tested is a dry and filtered air said dry and
      filtered air as well as said air charged with lubricant being supplied to
      the different units by rotary manifolds placed above the rotary table and
      fed by ducts placed in a hollow shaft constituting a rotation spindle for
      the table, said hollow shaft being provided with a rotating connection for
      supplying said ducts leading to the manifolds.
NUM  10.
PAR  10. Machine according to claim 2, comprising a pushing plate against which
      a pipe connected to the aperture of the hollow body abuts when closed by
      the cap, said switch causing operation of the first cylinder being
      operated by said pushing plate.
NUM  11.
PAR  11. Machine according to claim 2, wherein the switch of each of the units
      is electrically supplied from said arcuate controlling means.
NUM  12.
PAR  12. Machine according to claim 2, comprising a memory for storing the
      reading of said differential manometer, which reading indicates
      respectively the leaking and the leak-proof states of the heat exchanger
      under test, said memory having two parallel circuits coupled in series
      with said switch operating said first air cylinder, each of said two
      circuits comprising a first contact means forming a flip-flop circuit and
      a second contact operatively coupled with each of said units, each of said
      second contacts being controlled from a contactor driven by the rotatable
      table and activated by fixedly positioned cams whereby said gripper
      holding the hollow body is controlled to drop said hollow body at one of
      said two contactors depending on the initial state of said memory.
NUM  13.
PAR  13. Machine according to claim 12, wherein the first contact forming a
      flip-flop circuit is normally closed on one of the two parallel circuits
      which corresponds to the leaking state of the hollow-body under test.
NUM  14.
PAR  14. Machine according to claim 12, comprising a cam controlling the
      contactor corresponding to the leaking state of the hollow body under test
      which is first operated during rotation of the rotatable table.
NUM  15.
PAR  15. Machine according to claim 2, comprising a marking device, and wherein
      said gripper of each unit is provided with means for operating said
      marking device for those of the hollow bodies which are considered by said
      reading means as being leak-proof, said marking device being coupled
      between the said first and second positions in which the hollow bodies are
      dropped depending on the leaking and respectively leak-proof state,
      whereby said marking device is not operated when said gripper has been
      released to drop a leaking hollow body since said gripper will move upon
      releasing thereof the means for operating the marking device.
NUM  16.
PAR  16. Machine according to claim 1, wherein said first set of caps for
      closing all apertures but one of the hollow body is operated in
      synchronism with the cap through which the test compressed gas fluid is
      supplied to said hollow bodies.
NUM  17.
PAR  17. Machine according to claim 1, wherein said arcuate controlling means
      includes a plurality of rings coupled to said table.
NUM  18.
PAR  18. Machine according to claim 17, wherein said means for reading said
      differential manometer comprises a photo-electric cell having an ouput; an
      amplifier coupled to said output of said photo-electric cell said
      amplifier receiving power supply voltage from one ring of said arcuate
      controlling means; a memory, the reading being transmitted by a second
      ring of said arcuate controlling means to said memory and indicating
      respective leaking and leak-proof states of the tested hollow body just
      before evacuation of the two hollow bodies from the test gaseous fluid,
      said memory controlling said operating means for releasing of said carrier
      carrying the tested hollow bodies and dropping said tested hollow bodies
      in said first or second positions.
NUM  19.
PAR  19. Machine according to claim 18, wherein the amplifier is supplied
      through a first switch controlled by a second switch, said second switch
      being operated by a pressure controlling component connected to the
      reference hollow body.
NUM  20.
PAR  20. Machine as set forth in claim 18, comprising at least one partial
      counter of the respective leaking and leak-proof hollow bodies is mounted
      on each working unit and is coupled to and controlled by said memory.
NUM  21.
PAR  21. Machine according to claim 1, comprising conveyors mounted along the
      periphery of said rotatable table below said first and second dropping
      positions of the hollow bodies.
NUM  22.
PAR  22. Machine according to claim 1, comprising at least one device sensitive
      to the pressure of the compressed gaseous fluid circuits leading to said
      reference hollow body and to the hollow body to be tested and controlling
      the electric supply of the machine and also the power supply of said means
      for rotating said rotatable table.
NUM  23.
PAR  23. Machine according to claim 1, wherein each working unit is provided
      with a bracket for supporting at least one hollow body waiting to be
      tested, whereby said waiting hollow body is held on the machine for a time
      corresponding to at least one revolution of said rotary table to enable
      its temperature to be equalized with that of the reference hollow body.
NUM  24.
PAR  24. Machine according to claim 1, comprising at least one counter
      controlled by a circuit receiving in series, on one hand, first
      information from said carrier means supporting the hollow bodies and, on
      the other hand, second information from a contactor rotating with said
      table of the machine, said counter being operated only when said first and
      second information is supplied simultaneously, whereby counting takes
      place only upon placing of a hollow body to be tested on said carrier
      means and when said hollow body is undergoing a testing cycle.
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ABST
PAL  A system for testing opening-equipped containers for leakage during the
      entire period, which is usually relatively long, between the time that
      such containers are fabricated by the manufacturer thereof and the time
      that they are filled by the user with the product intended therefor. The
      system includes a testing method, a particular test closure or cap and
      structural relationship thereof with a container opening, and apparatus
      for establishing a pressure differential between the interior and exterior
      of any container under test. In the practice of such system, a pressure
      differential is established between the interior and exterior of the
      container, such as by vacuumizing the container interior; seating a
      closure cap of particular character against surfaces of the container in
      covering relation with the opening thereof, and sealingly relating the
      closure cap to the container and thereafter maintaining the sealing
      relationship therebetween using, in each instance, only the pressure
      differential as the seating and sealing force; transporting the sealed
      container from its place of fabrication to the place of use, either
      directly or with intermediate storage periods; and before the container is
      to be filled with a product, testing the tightness of the closure cap
      against the container as an index of the presence or loss of the pressure
      differential.
BSUM
PAR  This invention relates to the container art and, more particularly, to
      opening-equipped containers adapted to receive and sealingly confine
      products of various types therewithin. In still more particular reference,
      the invention relates to an opening-equipped container and test closure
      therefor; to a method of testing containers of such type for leakage; and
      to apparatus for use with such containers and closure caps to establish a
      pressure differential between the interior and exterior of any such
      container as a step in the testing method therefor.
PAR  Particular containers with which the invention has utility are metal
      containers used in the food and chemcial industries, as well as elsewhere,
      for packaging products in a sealed condition for shipment and sale. As a
      specific example of such metal containers, both drums (usually 55 gallon)
      and pails may be connsidered, the latter being somewhat smaller
      counterparts of the former and usually ranging in size from about 5 to 20
      gallons. Metal containers of this character are fabricated by separately
      forming and thereafter interconnecting a plurality of components, one
      thereof being a body tube or shell (which is usually but not necessarily
      cylindrical in cross section) formed from a flat steel sheet bent into a
      cylindrical configuration with the longitudinal edge portions thereof
      overlapped and welded together to sealingly constrain the sheet in its
      tubular form. Other components are the bottom and top walls, or ends, that
      are joined with the tube to establish a sealed mechanical interconnection
      therebetween. One of the walls is provided with an opening through which
      the product is subsequently removed by the ultimate purchaser. Depending
      somewhat upon the size of the container, such opening may be in the
      sidewall or in an end wall thereof.
PAR  It is common industry practice to test containers prior to shipment thereof
      by the manufacture to the user, and one of the tests often used requires
      pressurization of each container and then submerging the same in a liquid
      to observe for evidence of leakage or otherwise checking for loss of
      pressure from the container. Such tests are clearly cumbersome, require
      the container opening to be sealed and subsequently unsealed, and the
      short or restricted time interval practicably assigned to these tests
      requires exercise of care to discover minute leaks (sometimes referred to
      as "weepers") because of the slow rate of escape of air occasioned
      thereby.
PAR  In view of the foregoing, a general object of the present invention is to
      provide a system for effectively testing opening-equipped containers for
      leakage prior to products being packaged therein, and which system is
      effective to detect even minute leaks which heretofore have been difficult
      to detect.
PAR  Still another object of the invention is in the provision of an improved
      system of the character described that lends itself to use in commercial,
      large-scale production of metal containers and the like, that is
      relatively inexpensive yet reliable, and that enables the leakage test to
      be of long duration -- possibly for weeks and months -- without in any way
      interfering with normal schedules of production, shipment, storage and
      use.
PAR  Still another object is that of providing an improved system of the
      character described that includes a leakage-testing method, container and
      test-closure relationship, and apparatus for use in the testing method;
      and which system utilizes as the test interval substantially the entire
      long-time period between when the container is fabricated by the
      manufacturer and when it is subsequently filled by the user with the
      product intended therefor which, in the ordinary instance, follows
      transport of the container from the manufacturer to the location of the
      user and any intermediate storage time at either location.
PAR  Further objects, among others, of the present invention are to provide a
      system as described in which an opening-equipped container has a pressure
      differential established between the interior and exterior thereof; in
      which a test closure member constructed so as to fit loosely and with
      substantially no constraint within the opening of such container is seated
      in the opening in covering relation therewith and is sealingly related
      thereto and thereafter maintained in such relationship therewith entirely
      by the pressure differential existing between the interior and exterior of
      the container; in which the sealed container is then transported from its
      place of fabrication to its general place of use; and in which the
      condition of the container is then determined by testing the tightness of
      the closure member against the container as an index of any loss of the
      pressure differential, loss thereof being indicative of a leaking and
      therefore defective container.
PAR  Additional objects of the invention, especially as concerns particular
      features and characteristics thereof, will become apparent as the
      specification continues.
DRWD
PAR  An embodiment of the invention is illustrated in the accompanying drawing,
      in which:
PAR  FIG. 1 is a broken vertical sectional view through the upper end portion of
      a container and closure member therefor embodying the present invention
      both shown in association with apparatus for establishing a pressure
      differential between the exterior and interior of the container, the
      relative positions of the cap-equipped container and apparatus depicting
      the first condition of the overall process;
PAR  FIG. 2 is a broken vertical sectional view similar to that of FIG. 1 but
      illustrating the relative positions of the cap-equipped container and
      apparatus as the pressure differential is being established;
PAR  FIG. 3 is a broken vertical sectional view, partly in elevation, similar to
      FIG. 1 but differing therefrom in that the closure member is in sealing
      relation with the container; and
PAR  FIG. 4 is an enlarged, broken vertical sectional view illustrating the
      cooperative interconnection of the closure member and container as shown
      in FIG. 3.
DETD
PAR  As previously suggested, the present invention is useful with a great
      variety of containers that are adapted to receive and thereafter sealingly
      confine products therewithin, and the container illustrated in the drawing
      is intended to be exemplary of such containers and is denoted in its
      entirety with the numeral 10. As respects the present invention, the
      container 10 may be completely conventional, and the particular container
      illustrated is a five-gallon, 24-gauge insecticide pail manufactured and
      sold by Rheem Manufacturing Company of Richmond, Calif. as a number 17E
      Insecticide Pail having a "Rieke Flex-Spout" opening. As stated, however,
      the container 10 is exemplary only because the invention is useful with a
      very great variety of opening-equipped containers adapted to have the
      openings thereof sealed with a closure member after a product has been
      placed within the interior thereof.
PAR  The particular container 10 illustrated has a generally cylindrical
      sidewall 11 equipped at the lower end thereof with a bottom wall 12 (FIG.
      3) that is sealingly related thereto. Adjacent its upper end, the
      container 10 is equipped with a top wall 13 having an upwardly extending
      perimetric flange or rim 14 turned downwardly upon itself into an inverted
      generally U-shaped configuration by means of which it is sealingly
      connected with the upper edge of the sidewall 11. The generally planar
      portions of the top wall 13 are therefore inset below the upper edge of
      the lip 14, and at one location therealong, the top wall has an opening 15
      therein defined by a substantially cylindrical rim or flange 16. The
      portions of the cover 13 immediately joining with the rim 16 are depressed
      so that the upper edge of the rim is spatially free from obstruction. The
      type of opening shown is sometimes referred to as a "reverse curl
      opening," but as previously emphasized, the particular container and
      precise character of the opening therein is not critical, and "regular
      curl openings" are another example of a type of opening with which the
      container may be equipped. The side, bottom, and top walls 13 define a
      hollow interior 17 adapted to receive a product which will be sealed
      within the container for shipment and storage.
PAR  Also illustrated in the drawing is a closure member 18 in the form of a cap
      adapted to removably cooperate with the opening 15 to maintain a pressure
      differential between the ambient environment and interior 17 of the
      container during a leakage-test period, as explained in detail
      hereinafter. The closure member 18 has a generally cylindrical sidewall 19
      formed integrally with a bottom wall 20. Adjacent its upper end, the
      sidewall 19 of the closure member is curved outwardly and downwardly to
      provide a flange 21 of generally convex configuration defining a space
      within which is located a seal or gasket component 22 intended to
      cooperate with the rim 16 to establish a seal therewith, as shown in FIGS.
      3 and 4.
PAR  As is most evident in FIG. 4, the outer diameter of the sidewall 19 of the
      cap 18 is substantially less than the inner diameter of the rim 16
      defining the container opening 15 so that as respects the coaxial
      circumjacent relationship of the rim 16 with the closure member 18, there
      is a very loose fit therebetween so that the closure member is readily and
      freely placed within the opening 15 and removed therefrom with essentially
      no frictional inhibition or other obstruction to such placement and
      removal of the closure member. The closure member 18 is also a relatively
      stiff or rigid member so as to resist bending or other deformation that
      otherwise might be enforced thereon as a consequence of any pressure
      differential across the bottom wall 20 thereof and, by way of example, the
      closure member may be fabricated from 18 gauge steel of the type
      ordinarily used in making containers of the particular example being
      considered. By way of further example, the opening 15 may have a diameter
      of approximately 2-3/8 inches, and the outer diameter of the wall 19 of
      the closure member for such opening may be approximately 2-1/4 inches. An
      opening of that size is typical in the particular insecticide pail under
      consideration in which the diameter of the sidewall 11 thereof is of the
      order of 11 inches.
PAR  The downwardly turned flange 21 of the closure member 18 is sufficiently
      large to completely overlie the rim 16 of the container, and referring to
      the specific example given, the outer diameter of the flange 21 may be
      approximately 2-15/16 inches. The depth of the flange 21 should be
      sufficient to enable the rim 16 to seat firmly into the gasket 22 so as to
      assure an hermetic seal therebetween, and again considering the specific
      example given, the outside depth of the flange may approximate 3/16 of an
      inch. The gasket or seal 22 should be sufficiently soft and pliable so as
      to conform to the rim 16 and thereby establish the desired relationship
      therebetween without permitting metal-to-metal contact between the rim and
      downwardly facing surface of the flange 21. A number of resilient,
      conforming-type materials may be used to attain the sealing relationship
      desired under the conditions subsequently explained, and a specific
      example of one such material is number 34212G Vacuum Seal Compound sold by
      Dewey and Almy Chemical Division of W. R. Grace and Co., of San Leandro,
      Calif.
PAR  Customarily, containers 10 are tin-coated or otherwise covered along the
      interior surfaces thereof with a material to protect the metal walls of
      the container from attack by the materials stored therewithin, but for
      purposes of simplification, such coating is not illustrated in the drawing
      and constitutes a standard technique in the container art. Analogously,
      the closure member 18 is protected as by means of a tin coating along the
      undersurfaces thereof to protect the same from contamination and
      especially from oxidation should it be exposed to moisture. Such coating
      is not illustrated for purposes of simplifying the illustration and is
      taken to be a part of the bottom and sidewall structure of the closure
      member 18.
PAR  In the method of testing the opening-equipped container 10 for leakage
      during the relatively long time period intermediate fabrication of the
      container by the manufacturer thereof and filling the container by the
      user with product intended therefor, a pressure differential is
      established between the interior and exterior of the container.
      Establishing such pressure differential may be effected by various
      techniques, and since the exterior pressure in most instances (although it
      need not necessarily be) will be that of the atmospheric environment, the
      pressure within the interior 17 of the container will be either
      subatmospheric or superatmospheric pressure. In the particular embodiment
      of the invention under consideration, the pressure within the container 10
      will be a partial vacuum or subatmospheric pressure, and where a
      superatmospheric pressure is more desirably used, it will require an
      inverted counterpart of the closure member 18, as will be more apparent
      hereinafter.
PAR  Establishing a pressure differential by creating a partial vacuum within
      the interior 17 of the container 10 may be effected in one of several ways
      such as by heating the container and sealing the opening 15 thereof prior
      to permitting the container to cool, or by means of a vacuum pump to
      remove air from the container and thereby reduce the pressure therewithin.
      This latter technique is illustrated in the drawing, and the apparatus for
      establishing such pressure differential is denoted in its entirety with
      the numeral 24. Such apparatus includes a relatively rigid backing plate
      or platen 25 which may be formed of a metal such as steel, and the platen
      along the undersurface thereof may be equipped with a resilient sealing
      pad 26, either synthetic or natural rubber or one of the many resilient
      synthetic plastic materials. As shown in the drawing, the pad 26 covers
      the entire undersurface of the platen 25, although complete coverage is
      not essential. The apparatus 24 further includes a reciprocable shaft or
      ram 27 fixedly connected to the platen 25 by means of an enlarged boss or
      mounting element 28 rigidly secured to each. The container 10 and
      apparatus 24 are adapted to be displaced in vertical directions relative
      to each other between the positions respectively shown in FIGS. 1 and 2,
      and in the particular arrangement illustrated, the apparatus 24 is taken
      to be vertically displaceable by means (not shown) provided for this
      purpose which may take any completely conventional form including any
      standard motor means such as a fluid energized piston-cylinder structure.
PAR  The apparatus 24 further includes a flow-conduit 29 mechanically connected
      with the platen 25 so as to be displaceable therewith and also being
      sealingly related thereto. The conduit 29 either extends completely
      through the platen 25 via an opening therein provided for this purpose, or
      the platen is otherwise equipped with an opening by means of which flow
      communication is established between the interior of the conduit 29 and
      the underside of the platen. The pad 26 has an aperture 30 in alignment
      with the conduit 29, thereby enabling the conduit to communicate for
      fluid-flow purposes with the underside of the pad. The conduit 29 adjacent
      its opposite end is connected to a vacuum pump (not shown) by means of
      which a reduced pressure is developed within the interior of the conduit
      and, therefore, within the interior of the container 10 in a manner
      subsequently described.
PAR  In use of the apparatus 24 and practice of the testing method, the
      container 10 is provided with a test closure 18 which, because of the
      loose fit described, will fall downwardly into the opening 15 until the
      seal 25 rests lightly upon the upper edge of the container rim 16. This
      condition is not specifically illustrated in FIG. 1 which depicts the
      closure member in an artifically elevated position to emphasize the step
      of inserting the closure member into the opening but suggests the downward
      movement of the closure member by the directional arrow associated
      therewith. The container 10 is then brought into functional association
      with the apparatus 24, and they are then brought into the positional
      relationship illustrated in FIG. 2 in which the pad 26 sealingly engages
      the rim 14 of the container. The vacuum pump is then energized (assuming
      the condition in which it was not previously in operation) to establish a
      reduced pressure within the conduit 29 and, therefore, within the space
      defined between the downwardly facing surface of the pad 26 and upwardly
      facing surface of the container top wall 13. Such reduced pressure tends
      to elevate the closure member 18 slightly, and air within the interior 17
      of the container escapes through the opening 15 and is withdrawn via the
      conduit 29.
PAR  This condition is maintained until the pressure within the interior 17 of
      the container has reached some predetermined value which, by way of
      example, may be typically within the range of about 5 inches to 8 inches
      of mercury. Once a pressure equalization is established between the
      interior 17 of the container 10 and the space intermediate the container
      top wall 13 and pad 26, gravity tends to return the closure member 18 to
      its original position in which the seal 22 rests upon the upper edge of
      the container rim 16. The vacummized condition between the container top
      or end wall 13 and pad 26 of the apparatus 24 is then quickly relieved,
      and the sudden inrush of air and pressure differential thereby established
      across the closure member 18 seats the same firmly and positively against
      the rim 16 causing the latter to become embedded within the relatively
      soft seal 22, as shown in FIGS. 3 and 4.
PAR  The reduced-pressure condition in the space between the container wall 13
      and pad 26 may be relieved in any convenient manner as, for example, by
      switching the conduit 29 from its vacuum connection to an atmospheric vent
      by conventional valve means or, as shown in the drawing, by venting the
      space directly to atmosphere via a conduit 31 communicating therewith
      through the platen 25 and pad 26, valve 32 which may be manually or
      mechanically manipulated, and vent tube 33. In any case, after the
      pressure differential has been established between the interior and
      exterior of the container 10, the closure member 18 is seated against the
      container in covering relation with the opening 15 thereof in sealingly
      relate the closure member and container, and thereafter the relationship
      is maintained using such pressure differential as the only means for this
      purpose. In the arrangement being considered, the closure member 18 is
      seated and sealingly related to the rim 16 entirely by the pressure
      differential although mechanical seating arrangements to press the closure
      member into sealing engagement with the rim 16 can be included.
PAR  Next, the sealed container 10 is transported to its place of use with the
      pressure differential being maintained unless, of course, the container
      leaks. Transporting the container from its place of manufacture to its
      place of use may involve widely disparate time periods depending upon any
      particular environment and the concept of transporting the containers is
      intended to include the actual storage time of the container after the
      pressure differential has been established both at the place of
      manufacture and at the place of use. In any event, the time period is
      relatively long and will usually extend from a few days to a few weeks
      although in certain instances it may be as short as a few hours or less or
      as long as several months.
PAR  In this reference, the usual commercial situation is one in which the
      manufacture of the container is not the user thereof, and containers of
      many types and styles, qualities and sizes may be fabricated on specific
      order from customers or on a regular basis going into inventory until
      orders therefor are received. The customer may be located in relatively
      close proximity to the container manufacturer or may be many hundreds of
      miles therefrom; and similarly the customer may order containers only as
      needed or may store the same on his premises so as to have a ready supply
      when required. However, the fabricator of containers might also be the
      user thereof in which event transportation of the sealed container could
      simply be from one location in a particular plant or facility to another
      location thereat either with or without intermediate storage. Thus, the
      time peroid involved in the pressure test would be short with reference to
      the long-distance transport and long-period storage condition noted, but
      would nevertheless be relatively long referenced to the very short test
      periods that characterize conventional production-testing techniques.
PAR  Following such transporting of the sealed container, irrespective of the
      period and/or distance thereof, the condition of the container is
      determined by testing the tightness of the closure member 18 against the
      container rim 16 using such tightness as an index of any loss of the
      pressure differential. That is to say, the closure member 18 is maintained
      in sealing engagement with the container rim 16 only in the presence of a
      sufficient pressure differential across the closure member or, otherwise
      stated, between the interior and exterior of the container. Accordingly,
      should such pressure diffential be lost, the closure member 18 will no
      longer be tightly seated upon the rim 16 in sealing engagement therewith
      but will be loose and free to fall therefrom.
PAR  Considering a very simple test for tightness, all that is required is for
      the container 10 to be inverted so that the top wall 13 thereof faces
      downwardly. If the closure member 18 remains in place, it is apparent that
      a pressure differential has been maintained between the interior and
      exterior of the container, and it may be assumed that the container is in
      good condition and does not leak and may be used with confidence. The
      satisfactory condition of the container may further be established by
      removal of the closure member 18, the resistance to removal and sound when
      the seal is broken further establishing the presence and magnitude of the
      pressure differential. On the other hand, if the pressure differential no
      longer exists because of leakage, the closure member 18 will fall from the
      opening 15 when the container is inverted. Under the various conditions
      heretofore described, such test may be made either by the manufacturer or
      the user, but it is evidentally advantageous to delay the test as long as
      practicable to maximize the test period and thereby enhance the accuracy
      of the test results.
PAR  The test closure member 18, as previously explained, is of special
      construction being sufficiently rigid to resist deformation under the
      pressure differential defined thereacross; and it also establishes a
      particular structural and functional relationship with the container 10
      and rim-equipped opening 15 thereof. Once the leakage test has been
      completed and the closure member 18 removed, it may be discarded and
      replaced with a conventional closure member that will be sealing related
      to the rim 16 in the usual manner once the container has been filled with
      the product therefor. In the case of the pressure differential being
      developed because of a positive superatmospheric pressure being developed
      within the interior 17 of the container, the test closure member will take
      the form of an inverted counterpart of the member 18, having components
      thereof adapted to be pressed outwardly into sealingly engagement with the
      container. In the event of a positive internal pressure of such type, a
      pressure within the range of about 5 psig to 8 psig will generally be
      effective.
PAR  While in the foregoing specification an embodiment of the invention has
      been set forth in considerable detail for purposes of making a complete
      disclosure thereof, it will be apparent to those skilled in the art that
      numerous changes may be made in such details without departing from the
      spirit and principles of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of testing opening-equipped containers for leakage during
      the relatively long time period intermediate fabrication of such container
      by the manufacturer therefor and filling the same by the user with the
      product intended therefor, comprising the steps of: establishing a
      pressure differential between the interior and exterior of such container;
      seating a closure member against such container, in covering relation with
      the opening thereof to sealingly relate the closure member and container
      using such pressure differential to maintain the sealing relationship
      therebetween, such that the closure member engages only the container; and
      thereafter testing the tightness of the closure member against the
      container as an index of any loss of such pressure differential.
NUM  2.
PAR  2. The method of claim 1 in which the step of seating the closure member
      and maintaining the same in sealing relationship with the container is
      effected entirely by the pressure differential between the interior and
      exterior of the container.
NUM  3.
PAR  3. The method of claim 1 in which the step of establishing a pressure
      differential between the interior and exterior of such container includes
      developing a subatmospheric pressure therewith.
NUM  4.
PAR  4. The method of claim 3 in which air within the container is pumped
      therefrom to evacuate the same and develop a subatmospheric presence as
      aforesaid.
NUM  5.
PAR  5. The method of claim 1 in which the step of testing the closure member
      for tightness includes attempting to remove the closure member by
      application of a limited force thereto.
NUM  6.
PAR  6. The method of claim 5 in which the container is inverted to orient the
      closure member downwardly, whereby the limited force applied thereagainst
      is gravitionally derived.
NUM  7.
PAR  7. The method of claim 1 including the further step of providing a closure
      member dimensioned to fit loosely within the container opening and overlie
      the external marginal edge portions thereof, in which said closure member
      is seated within the opening, and in which the step of establishing a
      pressure differential between the interior and exterior of such container
      includes reducing the pressure within the container to a subatmospheric
      value.
NUM  8.
PAR  8. The method of claim 7 in which the step of seating the closure member
      and maintaining the same in sealing relationship with the container is
      effected entirely by the pressure differential between the interior and
      exterior of the container.
NUM  9.
PAR  9. The method of claim 8 in which air within the container is pumped
      therefrom to evacuate the same as aforesaid, and in which the step of
      testing the closure member for tightness includes attempting to remove the
      closure member by application of a limited force thereto.
NUM  10.
PAR  10. The method of claim 9 including the further step of transporting the
      sealed container from its place of sealing to its place of use prior to
      testing the tightness of the closure member.
NUM  11.
PAR  11. The method of claim 1 including the further step of transporting the
      sealed container from its place of sealing to its place of use prior to
      testing the tightness of the closure member.
NUM  12.
PAR  12. In a method of testing opening-equipped containers for leakage during
      the relatively long time period intermediate fabrication of such container
      by the manufacturer thereof and filling the same by the user with the
      product intended therefor, the steps of: establishing a pressure
      differential between the interior and exterior of such container at its
      place of manufacture; closing such opening with a closure member to
      maintain the pressure differential; transporting the sealed container
      including said closure member from its place of manufacture to its place
      of use with such pressure differential being maintained; and thereafter
      testing the container at its place of use for any loss of such pressure
      differential.
NUM  13.
PAR  13. In a method of reducing the pressure within a container having an
      opening in a lip-equipped wall thereof and of sealingly seating a closure
      member against such container in covering relation with the opening
      therein to maintain thereafter the reduced interior container pressure
      comprising the steps of: placing the cover member in overlying relation
      with the opening such that the uppermost portion of such cover member lies
      below the uppermost part of the lip; closing the space bounded by such lip
      and the wall which communicates through said opening with the interior of
      the container; reducing the pressure within such space and container
      interior to a subatmospheric value; seating such closure member against
      the container in overlying relation with the opening; and increasing the
      pressure within such space relatively rapidly to establish a pressure
      differential across the closure member effective to sealingly seat the
      same against the container.
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ABST
PAL  Viscosimeter comprising a flow system for the liquid to be tested, having a
      narrow zone, zones for determining the pressure of the liquid to be tested
      located before and after the narrow zone, said zones for determining the
      pressure of the liquid to be tested being surrounded by tubes of a
      thin-walled material adapted to transfer the pressure of the liquid within
      the tubes to pressure transduction liquids outside each of the tubes, each
      of said pressure transduction liquids being in contact with one of two
      pressure chambers of a pressure difference recording means in such a
      manner that the pressures of the liquid to be tested at both sides of the
      narrow zone are transferred to said pressure chambers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Viscosimeters are generally known, for example, the Ostwald viscosimeter
      (Glasstone, Textbook of Physical Chemistry, 2nd Ed., 10th Printing (1954)
      D. vam Nostrand Co., page 498), comprising a capillary adapted to the flow
      of the liquid to be determined. Such a viscosimeter is adapted only to
      measurements on liquids having a constant viscosity and it cannot be used
      for measurements of liquids having a varying viscosity, e.g. due to a
      reaction in the liquid, such as an enzymatically decomposing starch or
      protein solution having a decreasing viscosity, a polymerizing solution
      having an increasing viscosity, or a DNA solution in which the viscosity
      varies due to influences of temperature, pH or ion concentration.
PAR  The generally known method of the falling ball (Glasstone, loc. cit. page
      498 and 499) is not suitable for this purpose either.
PAR  It is an object of the invention to provide a low feed, fast response, very
      low time of delay viscosimeter which, in particular, is suitable for
      continuous measurements of liquids showing a viscosity varying with the
      time.
PAR  Thus, the invention provides a viscosimeter comprising a flow system for
      the liquid to be tested, having a narrow zone, zones for determining the
      pressure of the liquid to be tested located before and after the said
      narrow zone, said zones for determining the pressure of the liquid to be
      tested being surrounded by tubes of a thin-walled material adapted to
      transfer the pressure of the liquid within the tubes to pressure
      transduction liquids outside each of the tubes, each of said pressure
      transduction liquids being in contact with one of two pressure chambers of
      a pressure difference recording means in such a manner that the pressures
      of the liquid to be tested at both sides of the narrow zone are
      transferred to said pressure chambers.
PAR  The tubes of thin-walled material are within chambers containing the
      pressure transduction liquid, said chambers being connected to connecting
      tubes, each of them leading one of the two pressure chambers of the
      pressure difference recording means.
PAR  The viscosimeter according to the invention enables in an easy manner to
      follow continuously the viscosity of a liquid flowing through the narrow
      zone, preferably a capillary, at constant speed.
PAR  The relationship between the viscosity and the pressure gradient over a
      capillary may be derived from the Hagen-Poiseuille equation for a liquid
      flowing through a capillary: 8n
      ##EQU1##
      in which .eta. = viscosity of the liquid
PA1  R = radius of the cross-section of the capillary
PA1  V = volume of the liquid flowing through the capillary within a period t
PA1  P.sub.1 - p.sub.2 = pressure difference of the liquids at both sides of the
      capillary
PA1  L = length of the capillary
PAL  From this equation, which is a good approximation when a laminary flow is
      maintained in the capillary, it may easily be concluded that, at constant
      flow speed, the viscosity is proportional to the pressure difference, and
      that variations in viscosity thus are indicated by the variations of the
      pressure difference which may be transferred, for example, into an
      electrical signal by means of a device acting according to the inductive,
      capacitive or piezoelectrical principle, which signal may be made visible
      by a recorder.
PAR  An advantage of the application of an additional liquid located between the
      spaces with the zones surrounded by the thin-walled, pressure-transferring
      material and the pressure difference meter, is that the liquid to be
      determined cannot remain in dead spaces and influence the measurement
      wrongly in this manner.
PAR  When, for example, quick changes occur in the viscosity of the liquid to be
      determined, the liquid present in the connecting tubes and diffusing into
      the liquid to be tested, would give rise to false measurements, and this
      may be avoided by the device of the invention.
PAR  Since the viscosity is generally highly dependent on the temperature, the
      capillary of the viscosimeter according to the invention is preferably
      provided with a jacket through which thermostatted liquid may be passed.
      It is also possible to place the whole viscosimeter in a thermostatted
      zone. Further, the liquid to be tested is preferably heated to the desired
      temperature by means of a thermostat before it is carried through the
      viscosimeter according to the invention.
PAR  The above-mentioned thin-walled, pressure-transferring material is
      preferably a flexible thin-walled rubber which is very useful for
      viscosity measurements in aqueous media. Another suitable material is, for
      example, polyvinylalcohol, enabling measurements is several organic
      solvents.
PAR  According to a preferred embodiment, the ends of the capillary are
      funnel-shaped and the zones surrounded by the tubes of thin-walled
      material are located in line with the capillary. Thus, the capillary may
      easily be cleaned by, e.g. mechanical means, without the necessity of
      demounting the apparatus.
PAR  It is appreciated that the viscosimeter according to the invention may also
      be used for measurements of the absolute viscosity; in that case, the
      viscosimeter has to be calibrated by means of two or more liquids having a
      known viscosity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a section through a preferred embodiment of the device
      according to the invention.
PAR  FIG. 2 shows a section through one of the chambers of another embodiment of
      the device according to the invention.
PAR  FIG. 3 is a schematic view of an arrangement including the viscosimeter
      according to the invention.
PAR  FIG. 4 shows the result of the measurement carried out by means of the
      arrangement according to FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The device shown in FIG. 1 comprises a flow system for the liquid to be
      tested, indicated by arrows 1. The flow system comprises a capillary 2,
      preceded by a zone 3 and followed by a zone 4, each of which being
      surrounded by a flexible thin-walled rubber tube 5 and 6, respectively.
      One end of each of the tubes 5 and 6 is placed over an end of the
      capillary 2, whereas the other ends of the tubes are placed over an inlet
      and outlet tubes 7 and 8, respectively, for the liquid to be tested. The
      zones 3 and 4 with the rubber tubes 5 and 6 are surrounded by chambers 9
      and 10 defined by containers 11 and 12 in which the capillary 2 and the
      inlet and outlet tubes 7 and 8 are fixed by rubber rings fixing also the
      rubber tubes 5 and 6. The chambers 9 and 10 can be reached through
      openings which may be closed by screws 14 and 15. The chambers 9 and 10
      are further connected to the channels 18 and 19 of a connecting piece 20
      by by means of connecting tubes 16 and 17. The connecting piece is
      provided with a three way valve 21 allowing a mutual connection of the
      channels 18 and 19 and a channel 22. The channel 22 is connected to a
      supply vessel (not indicated). The channels 18 and 19 are further
      connected to branch channels 23 and 24, respectively, which in turn are
      connected to a pressure transducer. The pressure transducer is connected
      to a recorder.
PAR  The combination of the pressure transducer and the recorder is
      schematically indicated in the drawing by a block 25. The pressure
      transducer operates as follows: The liquids, between which the pressure
      difference is to be measured, occupy each a separate chamber. The chambers
      are separated by a corrosion-free steel membrane deflecting upon the
      occurrance of a variation of pressure difference. The membrane is located
      in a magnetic field originated by two coils in a bridge. When the membrane
      deflects, the change of the selfinductions of the coils will cause an
      unbalance of the bridge and give rise to an output signal which, after
      sufficient amplification, may be supplied to, for example, a recorder, so
      that the pressure changes may be recorded continuously.
PAR  Capillary 2 is surrounded by a jacket 26 adapted to be passed by a medium
      from a thermostat bath.
PAR  The flexible rubber tubes 5 and 6 may be sufficiently flexible and
      thin-walled as to enable a clear recording of pressure changes. A suitable
      method for the preparation of the flexible rubber tubes is the following:
      a stirring rod having a cross-section equal to the external cross-section
      of the capillary is submerged three times in a rubber latex and dried
      every time in air. By means of talc powder, the flexible rubber tube thus
      obtained is stripped off from the stirring rod.
PAR  Before use, the chambers 9 and 10, the connecting tubes 16 and 17 connected
      therewith, and the channels 18, 19, 23 and 24 have to be filled with a
      liquid adapted to transfer pressure changes to the transducer. Therefore,
      the device is held horizontally (i.e. the tubes 16 and 17 horizontal, and
      the block 20 below), the screws 14 and 15 are unscrewed and the three way
      valve 21 is adjusted so that the channels 18, 19 and 22 are mutually
      connected.
PAR  Liquid from the supply vessel, for example distilled water, is permitted to
      enter, allowing the air present to escape through the openings of the
      screws 14 and 15 until the whole cavity is filled and the chambers 9 and
      10 run over. The three way valve 21 is turned one eighth of a revolution,
      disconnecting the mutual connection between the channels 18, 19 and 22,
      and the screws 14 and 15 are screwed tight. For measurements, the device
      is placed vertically (i.e. in such a manner that the capillary is in a
      vertical position and the liquid to be tested is allowed to flow upwards)
      in order to avoid settling of air bubbles anywhere.
PAR  FIG. 2 shows a part of another embodiment of the device according to the
      invention. This embodiment comprises also a capillary 32, from which only
      the lower part, ending in a zone 33, is shown. The zone 33 is surrounded
      by a flexible, thin-walled, pressure-transferring tube 35 which, in turn,
      is surrounded by a chamber 39. One end of the flexible tube 35 is placed
      over the capillary and is held in its position by an O-ring 31. The other
      end of the flexible tube 35 is placed over an inlet tube 37, and is held
      by an O-ring 34. The capillary is held in its position by an O-ring 36 in
      a holder 41. The inlet tube 37 is held by an O-ring 38 in the holder 41.
      This construction has the advantage that it is demounted easily and thus,
      can be cleaned easily. Also the funnel-shaped end of the capillary,
      indicated in FIG. 2 by a reference 40, contributes to easy cleaning
      thereof.
PAR  The device of FIGS. 1 or 2 can be introduced in an arrangement as described
      and indicated in FIG. 3. From a supply vessel, a substrate solution, for
      example a starch solution, is pumped to a heating coil 50, placed in a
      thermostat of 40.degree.C, by means of a peristaltic pump 51. By means of
      the peristaltic pump 51, air is introduced which, through a T-piece 52, is
      added to the substrate solution, so that the liquid is segmented. From a
      sampler 53, which alternatively supplies a sample solution, for example,
      an amylase solution, and water, the peristaltic pump 51 pumps the sample
      which, through a T-piece 54, is added to the substrate solution. The
      segmented reaction mixture proceeds along an incubation coil 55, also
      placed in a thermostat of 40.degree.C. Then, the reaction mixture passes a
      T-piece 56 allowing excess of reaction mixture and air to escape.
      Thereafter, the reaction mixture passes a peristaltic pump 57 of a low
      pulse dosing the reaction mixture at the desired speed to the viscosimeter
      indicated by reference number 59 through a pulse depressor 58 consisting
      of a tightly closed vessel in which an air cushion is present above the
      liquid. The viscosimeter is connected to a pressure transducer (not
      indicated) which, in turn, is connected to a recorder. The combination of
      flexible tubes and peristaltic pump is adjusted in such manner that, for
      example, the substrate solution is pumped with a rate of 4.0 ml/minute,
      while the air is pumped with a rate of 1.0 ml/minute, and the enzyme
      sample with a rate of 0.4 ml/minute. The sampler is arranged so that it
      supplies alternatively sample solution and water during periods of 11/2
      minutes each. The incubation time during which the enzyme reacts with the
      substrate can be varied, for example, by adjusting the length of the
      incubation coil 55.
PAR  The result of an experiment carried out under the abovementioned
      circumstances is schematically indicated in FIG. 4, in which, on a
      decreased scale, a graph is shown, as it leaves the recorder. The part 70
      is the deflection, obtained by flowing water through the system; the part
      71 corresponds to the deflection of the substrate solution with water; the
      deflections 72 correspond to the substrate solution to which a certain
      amount of enzyme is added, the deflections 73 correspond to the substrate
      solution with water again; and the deflections 74 correspond to the
      substrate solution to which a larger amount of enzyme is added.
PAR  In a similar manner, analoguous curves are obtained with other enzymes
      using other substrates, i.a. with a proteolytic enzyme and casein.
PAR  It should be appreciated that the invention is not restricted to the
      embodiments shown, but that many alterations and modifications may be made
      by those skilled in the art without departing from the spirit and scope of
      the invention as defined in the claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A viscosimeter for testing liquids comprising: a flow system for liquid
      to be tested, having a capillary; zones for determining the pressure of
      the liquid to be tested located before and after the capillary, said zones
      for determining the pressure of the liquid to be tested being surrounded
      by tubes of a thin-walled material adapted to transfer the pressure of the
      liquid within the tubes to pressure transduction liquids outside each of
      the tubes; a pressure difference recording means having two chambers, each
      of said pressure transduction liquids being in contact with one of said
      two pressure chambers of said pressure difference recording means in such
      a manner that the pressure of the liquid to be tested at both sides of the
      capillary are transferred to said pressure chambers.
NUM  2.
PAR  2. Viscosimeter according to claim 1, wherein the tubes of thin-walled
      material are flexible, thin-walled rubber tubes.
NUM  3.
PAR  3. Viscosimeter according to claim 2, wherein the capillary is provided
      with a jacket through which a thermostatted liquid may be passed.
NUM  4.
PAR  4. Viscosimeter according to claim 1, wherein the ends of the capillary are
      funnel-shaped and wherein the zones for determining the pressure of the
      liquid to be tested are located in line with the capillary.
NUM  5.
PAR  5. Viscosimeter according to claim 1, wherein the tubes of thin-walled
      material are within chambers containing the pressure transduction liquid,
      said chambers being connected to connecting tubes, each of them leading to
      one of the two pressure chambers of the pressure difference recording
      means.
NUM  6.
PAR  6. A viscosimeter comprising:
PA1  a housing;
PA1  a capillary tube positioned axially within said housing through which test
      fluid to be analyzed flows;
PA1  means for measuring the pressure drop of said test fluid flowing through
      said capillary tube comprising first and second spaced apart pressure
      sensing zones positioned in said housing, one zone being attached to each
      end of said capillary tube, each pressure sensing zone having a container
      housing defining a chamber therein and a thin walled tube surrounding said
      pressure sensing zone so that test fluid flowing in said capillary tube
      flows through said pressure sensing zone and exerts pressure on said thin
      walled tube;
PA1  means for sensing pressure in said pressure sensing zones comprising a
      differential pressure transducer;
PA1  pressure transduction tubes connecting said differential pressure
      transducer to each of said pressure sensing zones and pressure
      transduction liquid which completely fills said transduction tubes and
      said pressure sensing zones and is separated from said test fluid flowing
      by said thin-walled tubes, said thin walled tubes transferring pressure
      from said pressure sensing zones to said differential pressure transducer
      via said pressure transduction liquid; and
PA1  means for recording the differential pressure sensed by said differential
      pressure transducer.
NUM  7.
PAR  7. A measuring circuit for determining liquid pressure comprising:
PA1  a viscosimeter comprising:
PA1  a housing;
PA1  a capillary tube positioned axially within said housing through which test
      fluid to be analyzed flows;
PA1  means for measuring the pressure drop of said test fluid flowing through
      said capillary tube comprising first and second spaced apart pressure
      sensing zones positioned in said housing, one zone being attached to each
      end of said capillary tube, each pressure sensing zone having a container
      housing defining a chamber therein and a thin walled tube surrounding said
      pressure sensing zone so that test fluid flowing in said capillary tube
      flows through said pressure sensing zone and exerts pressure on said thin
      walled tube;
PA1  means for sensing pressure in said pressure sensing zones comprising a
      differential pressure transducer, pressure transduction tubes connecting
      said differential pressure transducer to each of said pressure sensing
      zones, and pressure transduction liquid which completely fills said
      transduction tubes and said pressure sensing zones and is separated from
      said test fluid flowing by said thin walled tubes, said thin walled tubes
      transferring pressure from said pressure sensing zones to said
      differential pressure transducer via said pressure transduction liquid;
PA1  means for recording the differential pressure sensed by said differential
      pressure transducer; and
PA1  a supply of liquid to be tested.
NUM  8.
PAR  8. Measuring circuit according to claim 7, wherein the supply for the
      liquid to be tested consists of a zone in which the temperature of
      substrate may be brought to a desired level, a zone adapted to receive a
      reagent in a predetermined amount, and a zone in which the thus obtained
      liquid to be tested is supplied to the viscosimeter.
NUM  9.
PAR  9. Viscosimeter comprising a flow system for the liquid to be tested,
      having a narrow zone, zones for determining the pressure of the liquid to
      be tested located before and after the said narrow zone, said zones for
      determining the pressure of the liquid to be tested being surrounded by
      tubes of a thinwalled material adapted to transfer the pressure of the
      liquid within the tubes to pressure transduction liquids outside each of
      the tubes, said tubes being within chambers containing the pressure
      transduction liquid, said chambers being connected to connecting tubes, a
      three way valve which may be brought in such a position that the
      connecting tubes are in mutual contact prior to filling the device with
      the pressure transduction liquid, said valve also allowing to form a
      connection with a supply vessel for the pressure transduction liquid, each
      of said pressure transduction liquids being in contact with one of two
      pressure chambers of a pressure difference recording means in such a
      manner that the pressures of the liquid to be tested at both sides of the
      narrow zone are transferred to said pressure chambers.
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ABST
PAL  A transfer compressor for transmitting pressure from one fluid to another
      comprising a cylinder, a piston slidable within the cylinder, a space
      within the cylinder at each end of the piston, means for admitting fluid
      to each of the spaces, a tell-tale rod mounted on one end of the piston
      passing slidably and sealingly through an end of the cylinder, one end of
      the piston presenting a different area presented by the other end of the
      piston to the fluid in contact with said other end whereby the pressure
      exerted on the fluid at one end of the piston may be different from the
      pressure existing in the fluid at the other end of the piston.
BSUM
PAR  This invention relates to a piston assembly and in particular to a piston
      assembly in which opposite ends of the piston have differing effective
      areas, suitable for use in a variety of high pressure applications.
PAR  In the field of high pressure technology various problems exist which are
      concerned with the compression, pumping, sealing and viscosity measurement
      of fluids maintained at high pressure. It has now been found that some of
      these problems may be overcome in a relatively simple manner by making use
      of a simple device hereinafter termed a "transfer compressor".
PAR  Accordingly there is provided a transfer compressor for transmitting
      pressure from one fluid to another comprising a cylinder, a piston
      slidable within the cylinder, a space within the cylinder at each end of
      the piston, means for admitting fluid to each of the spaces, a telltale
      rod mounted on one end of the piston passing slidably and sealingly
      through an end of the cylinder, one end of the piston presenting a
      different area to the fluid in contact with it from the area presented by
      the other end of the piston to the fluid in contact with said other end,
      whereby the pressure exerted on the fluid at one end of the piston may be
      different from the pressure existing in the fluid at the other end of the
      piston and movement of the piston within the cylinder may be detected by
      observation of movement of the tell-tale rod.
DRWD
PAR  In order that the invention may be more clearly understood various
      embodiments of the invention will now be described with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a sectional view of a transfer compressor according to the
      invention on a plane through an axis of the cylinder of the compressor.
PAR  FIG. 2 is a sectional view of a transfer compressor when used together with
      a capillary tube to provide a means for measuring the flow characteristics
      of fluids at high pressure.
PAR  FIG. 3 is a sectional view of a transfer compressor when used with a
      sealing means for a high pressure vessel to provide a sealing pressure for
      the contents of the high pressure vessel.
PAR  FIG. 4 is a sectional view of the transfer compressor when used together
      with an intensifier to provide a means for compressing fluids at high
      pressure.
DETD
PAR  The piston assembly shown in FIG. 1 consists of a thick-walled steel
      cylinder 10 and a piston 11 slidable within the bore 12 of the cylinder
      10. The cylinder 10 is provided with closure pieces 13 and 14 which are
      engaged against the ends of the cylinder 10 by means of turnbuckle nuts 15
      and 16. The piston 11 having ends 17 and 18 is provided with a tell-tale
      rod 19 attached to the end 18 and passing slidably through the closure
      piece 14. The piston 11 is further provided with an annular
      circumferential groove 20 which receives a resilient O-ring 21 to provide
      a slidable and sealing engagement with the bore 12.
PAR  Closure piece 14 is provided with a narrow bore 22 to slidably receive the
      tell-tale rod 19 and is further adapted to receive a threaded plug 23 also
      provided with a bore 24 to slidably receive the tell-tale rod. The
      threaded plug 23 is provided with a recessed portion 25 to receive a
      packing 26. An end-closure nut 27 adapted to slidably receive the
      tell-tale rod is threaded on complementary threads on the outer surface of
      plug 23 to secure the packing 26 and provide a slidable and sealing
      engagement of the tell-tale rod 19 with the end of the piston assembly.
PAR  An access port 28 is provided in closure piece 14 and is adapted to receive
      a connecting plug (not shown) to enable fluids to be introduced or
      withdrawn via a narrow bore 29 into space 30 in the end of the cylinder
      containing the tell-tale rod.
PAR  Closure piece 13 is provided with an access port 31 adapted to receive a
      connecting plug (not shown) to enable fluids to be introduced or withdrawn
      via a narrow bore 32 into space 33 in the end of the cylinder not
      containing the tell-tale rod.
PAR  In operation high pressure fluid is introduced through access port 31 into
      space 33 and acts on end 17 of the piston 11. The opposing force acting on
      end 18 of the piston 11 is determined by the pressure of the fluid
      contained in space 30 and the effective surface area of the end 18 of the
      piston, that is the area of end 18 excluding the area occupied by the
      attachment of the tell-tale rod 19. When the forces acting on opposite
      sides of the piston are equal and the piston is in force balance the fluid
      pressure acting in space 30 is greater than the fluid pressure acting in
      space 33 by an amount which is determined by the fluid pressure acting in
      space 30 and the ratio of the area occupied by the tell-tale rod 19 to the
      area of the end 17 of the piston.
PAR  By varying the cross-section of the tell-tale rod the pressure difference
      acting between opposite sides of the piston when it is in force balance
      may be varied over a wide range chosen to suit the particular application
      but is is preferred that this pressure difference is kept at a low level
      in order that complicated sealing arrangements are not required between
      opposite ends of the piston and for this reason the cross-sectional area
      of the rod relative to the cross-sectional area of the piston is
      preferably as small as possible. In practice the difference in pressure
      between opposite sides of the piston when the piston is moving will be
      slightly different from the static equilibrium value because of friction
      of the piston and tell-tale seals.
PAR  Where it is desired to vary the pressure difference acting across the
      piston this may be achieved without altering the relative cross-sectional
      areas of the piston and the tell-tale rod or the pressure acting within
      the cylinder by applying an external force to the tell-tale rod along its
      axis. This force may be applied in either direction to either increase or
      decrease the pressure difference across the piston. Preferably, the
      magnitude of the force is known in order that the pressure difference may
      be varied by a known amount.
PAR  Various modifications of the construction of the transfer compressor
      described are readily apparent. Thus either closure end piece may be
      formed integrally with the cylinder barrel. Additionally, the sealing
      arrangements of the piston and the tell-tale rod may be varied using any
      suitable sealing method know to the art.
PAR  In a further modification the end of the telltale rod projecting from the
      compressor may be provided with a means for rotating the piston. This
      modification permits the fluid contents of the cylinder to be agitated
      when desired.
PAR  As previously indicated the simple transfer compressor described may be
      advantageously used to overcome a number of problems in the field of high
      pressure technology. For example it is well known that the viscosity of
      fluids is extremely dependent on the pressures to which the fluids are
      subjected. A knowledge of the flow behaviour of fluids subjected to high
      pressure is essential when such a fluid is to be pumped at high pressure
      along a pipe or when the fluid is to be used to seal fine clearances for
      example in rotary shaft clearance seals or when used as a lubricant to
      support a rotating shaft in a bearing. Such information can be very simply
      obtained by making use of a transfer compressor of the type described with
      reference to FIG. 1 and a capillary tube.
PAR  According to a further embodiment of the invention there is provided a
      device for measuring the flow characteristics of a fluid at high pressure
      comprising a transfer compressor of the type hereinbefore described and a
      capillary tube wherein the ends of the capillary are connected to the
      spaces at the ends of the cylinder whereby a pressure difference generated
      between opposite ends of the piston by the application of pressure to the
      fluid contained in the end spaces of the cylinder causes the fluid to flow
      through the capillary at a rate which may be determined by the movement of
      the tell-tale rod.
PAR  These measurements may be performed using an embodiment of the invention
      illustrated in FIG. 2 in which a transfer compressor of the type
      hereinbefore described is used in conjunction with a narrow bore capillary
      tube. A cylinder 40 of the transfer compressor is provided with end
      closure pieces 41 and 42 and is connected through access ports 43 and 44
      by means of conduits 45 and 46 to a thick-walled capillary tube 47. The
      cylinder 40 is provided with a piston 48 having ends 49 and 50 and a
      tell-tale rod 51 connected to end 49. Conduit 45 is provided with a stop
      valve 52 for isolating spaces 53 and 54 on either side of the piston from
      each other. A reservoir 55 contains the fluid to be examined. A conduit 56
      connects reservoir 55 to conduit 45 and is provided with stop valves 57
      and 58, a pump 59 and a drain valve 60. Cylinder 40 is further provided
      with access ports 61 and 62 connected through stop valves 63 and 64
      respectively to a return conduit 65 to the reservoir 55. The capillary
      tube 47 is surrounded by a constant temperature bath 66 and the ends of
      the capillary tube are connected to pressure transducers 67 and 68.
      Movement of the tell-tale rod 51 connected to the piston 48 is detected by
      means of a slidewire displacement transducer (not shown).
PAR  In operation the fluid to be examined is introduced from reservoir 55 into
      the both ends of cylinder 40 and the capillary tube 47 and the associated
      conduits, stop valves 52, 57, 58, 63 and 64 being open, taking care to
      purge the system of air. Stop valves 52 and 63 are then closed and the
      fluid pumped by means of pump 59 into space 53 of the cylinder 40 to move
      the piston 48 to within a short distance from the closure piece 42. Stop
      valve 64 is closed and pumping is stopped when the system has reached the
      desired pressure. The piston will now be in force equilibrium so that the
      pressure in space 53 is higher than the pressure in space 54 by an amount
      which is determined by the relative surface areas of the piston faces 49
      and 50. The apparatus is then ready for the viscosity measurement to
      commence.
PAR  Stop valve 52 is opened allowing the fluid to pass from space 53 of the
      piston to space 54 via the capillary tube 47. The displacement of the
      tell-tale rod and the change in pressure across the capillary are measured
      by means of the transducers. These values together with their rate of
      change are recorded automatically by means not shown. The values obtained
      give a measure of the flow characteristics of the fluid and can be used to
      give a value for viscosity according to the well known Poiseuille
      equation,
      ##EQU1##
      where .eta. is the viscosity of a liquid, .DELTA. P is the difference in
      pressure beteween the two ends of the tube of the length L and internal
      radius r and Q is the volume of liquid which passes in time t. Because the
      viscosity of some liquids is very strongly dependent on the pressure
      applied this equation can give an inaccurate answer if the pressure
      difference across the capillary is large. However, by a suitable choice of
      capillary and dimensions of the cross-sectional areas of the piston and
      tell-tale rod the pressure difference can be maintained below 100
      kg/cm.sup.2 and the error introduced in ignoring the change of viscosity
      with pressure is then very small. When the pressure difference across the
      capillary exceeds 100 kg/cm.sup.2 the change in viscosity with pressure
      may be taken account of by using a modified form of the Poiseuille
      equation.
PAR  The effect of temperature, as well as pressure, on the viscosity of the
      fluid can be measured by controlling the temperature of the fluid passing
      through the capillary by means of the bath 66. For measurements at high
      temperatures the bath may be replaced by an oven.
PAR  The apparatus described with reference to FIG. 2 may also be used to
      provide a measure of the compressibility of a fluid. This is accomplished
      by filling the system completely with fluid at atmospheric pressure with
      the piston fully withdrawn, that is with the side of the piston attached
      to the tell-tale rod contacting the end of the cylinder. Fluid is then
      pumped in through access port 43 and the liquid becomes compressed as the
      fluid pressure increases. The change in volume of the liquid originally
      contained in space 54 of the compressor and the associated connecting
      pipe-work can be determined by measuring the displacement of the tell-tale
      rod. The change in volume with change in pressure thus gives a measure of
      the compressibility of the fluid at a known temperature.
PAR  As a further example of the wide utility of the transfer compressor it may
      be used in providing a sealing pressure of lubricant in a rotary shaft
      clearance seal when used for example for preventing the fluid contents of
      a vessel maintained at high pressure from leaking past a stirrer shaft
      entering the vessel.
PAR  In this embodiment of the invention there is provided a means for enabling
      the contents of a vessel maintained at high pressure to be agitated
      without leakage of pressure comprising a shaft to carry the agitation
      means, a sleeve surrounding the shaft to form a seal with the
      circumference of the shaft at both ends of the sleeve, means to seal the
      sleeve to the vessel wall at an aperture in the wall so that the shaft
      passes into the vessel and the space within the vessel is sealed from the
      space outside the vessel by means of the seal between the sleeve and the
      shaft, wherein fluid e.g. a sealing lubricant at a pressure in excess of
      the pressure in the vessel is introduced between the shaft and the sleeve
      at a point intermediate the two ends of the sleeve. The fluid may be
      introduced by means of a conduit leading to the interface between the
      shaft and the sleeve, or a gap between the shaft and the sleeve
      intermediate the sleeve ends, the conduit being connected to a transfer
      compressor as hereinbefore described via the space containing the
      tell-tale rod.
PAR  This aspect of the invention is illustrated in FIG. 3. The assembly
      consists essentially of a transfer compressor 70, a high pressure vessel
      71 and a sealing means 72. The sealing means is not shown in detail and
      may be any suitable type of seal, for example, the type known as a
      Morrison Seal which is described in the Proceedings of the Institute of
      Mechanical Engineers, Volume 170, page 697, 1959.
PAR  A space 73 of the transfer compressor is connected via a threaded connector
      74 inserted in access port 75 into a gas supply line 76 supplying the high
      pressure vessel 71. The gas supply line 76 is connected to the vessel 71
      through an access port 77. Vessel 71 is provided with an agitator shaft 78
      fitted with paddles 79. Agitator shaft 78 passes slidably and rotatably
      through a gland 80 secured to the pressure vessel. The force on the end of
      the agitator shaft 78 inside the vessel 71 is opposed by some means, such
      as a thrust bearing, external to the vessel and not shown in the FIG. 3.
      Gland 80 is provided with a rotary sleeve seal 72 (not shown in detail) of
      the `Morrison` type which is supplied with sealing fluid by means of
      supply line 81 leading from access port 82 of the compressor 70. Sealing
      fluid is supplied to space 83 on the tell-tale side of the compressor from
      a reservoir 84 through a non-return valve 85 in a supply line 86.
PAR  In operation gas is fed via supply line 76 to the vessel 71 via access port
      77 and to the compressor via access port 75. A pressure greater than the
      gas pressure in the vessel is developed in the fluid on the tell-tale side
      of the compressor and is transmitted via line 81 to the rotary seal 72.
      The pressure applied to seal 72 is always greater than the pressure
      existing in vessel 71 the difference in pressure being determined by the
      pressure in the vessel and the relative cross-sectional areas of the
      piston and the tell-tale rod of the compressor.
PAR  Further uses of the transfer compressor described are for compressing
      fluids to very high pressures without requiring the complex moving seal
      arrangements which are normally required in such compressors or for
      pumping fluids which are difficult to handle or undesirable to introduce
      into primary high pressure equipment. Such fluids may be corrosive, of
      very high or very low viscosity, chemically unstable or having any
      property which could cause damage when introduced into complex equipment.
PAR  Accordingly there is further provided an apparatus for compressing or
      pumping fluids comprising a transfer compressor of the type described and
      a means for pressurising the fluid on the tell-tale side of the piston of
      the transfer compressor whereby a higher pressure developed in the fluid
      on the tell-tale side of the piston can be used to compress or pump a
      fluid in liquid or gaseous form contained on the opposite side of the
      piston.
PAR  This embodiment of the invention is now described with reference to FIG. 4
      which shows the use of the transfer compressor together with an
      intensifier for providing a means for compressing a fluid to high
      pressure.
PAR  The apparatus consists essentially of a transfer compressor 90 connected to
      an air-operated intensifier 91 for pressurising fluid in the compressor. A
      space 92 on the tell-tale side of the compressor is supplied with fluid
      from reservoir 93 via non-return valve 94 in supply line 95 which in turn
      is connected to access port 96 of the compressor. Access port 97 on the
      opposite end 102 of the compressor is connected via supply line 98
      provided with a valve 99 to a chamber 100 which can be pressurised with
      gas from a cylinder 101. Supply line 98 is further provided with a system
      of valves comprising a valve 103, a non-return valve 104 and a safety
      valve 105.
PAR  In operation gas from the cylinder 101 is introduced to the chamber 100 and
      via access port 97 into the end of the transfer compressor not containing
      the piston until the piston is contacting the end 106 of the compressor
      and the gas pressure in the system is the same as that in the supply
      cylinder 101. Stop valve 103 is then closed and fluid from reservoir 93 is
      pumped by means of the air-operated intensifier 91 via access port 96 to
      the transfer compressor to force the piston back towards end 102 of the
      compressor thereby compressing the gas contained in the compressor, the
      chamber 100 and the associated connecting lines. To achieve the maximum
      increase in pressure the volume of the specimen chamber and the connecting
      lines is kept to a minimum. An advantage of this method of compressing
      gases is that the pressure developed on the side of the piston not
      containing the tell-tale rod is always less than the pressure of the fluid
      on the other side of the piston by an amount which is dependent on the
      area of the piston occupied by the tell-tale rod. This prevents leakage of
      the gas into the fluid space. The area difference is preferably small in
      order that the pressure difference between the two sides of the piston is
      small and a very simple O-ring sealing means is sufficient to prevent a
      significant flow of fluid into the gas space.
PAR  The pressures obtainable by this device may be increased by the inclusion
      of suitable valve arrangements whereby repeated strokes of the transfer
      compressor produce increased pressures.
CLMS
STM  We claim:
NUM  1.
PAR  1. A high pressure viscometer comprising: a transfer compressor for
      transmitting pressure from one fluid to another, said transfer compressor
      including a cylinder, a piston slidable within the cylinder, a space
      within the cylinder at each end of the piston, means for admitting fluid
      to each of the spaces, a tell-tale rod mounted on one end of the piston
      passing slidably and sealingly through an end of the cylinder, one end of
      the piston presenting a different area to the fluid in contact with it
      from the area presented by the other end of the piston to the fluid in
      contact with said other end, whereby the pressure exerted on the fluid at
      one end of the piston may be different from the pressure existing in the
      fluid at the other end of the piston; and a capillary tube having opposite
      ends connected to the spaces at the ends of the cylinder whereby a
      pressure difference generated between opposite ends of the piston by the
      application of pressure to the fluid contained in the end spaces of the
      cylinder causes the fluid to flow through the capillary at a rate which
      may be determined by the movement of the tell-tale rod.
NUM  2.
PAR  2. A high pressure viscometer as in claim 1 in which the dimensions of the
      capillary, the piston and the tell-tale rod are such as to give a pressure
      difference across the capillary of less than 100 kg/cm.sup.2.
NUM  3.
PAR  3. A high pressure viscometer as in claim 1 in which the capillary tube is
      surrounded by a constant temperature vessel.
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PAL  An ultrasonic apparatus and technique for rapidly and accurately measuring
      the inside and outside diameters and wall thickness of a tubular material.
      The tubes are passed between a pair of diametrically opposed ultrasonic
      transducers for obtaining the necessary data. A third transducer is
      employed to obtain a reference signal, which is used to automatically
      compensate for any temperature variations in the ultrasound couplant
      medium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The measurement of material thickness by the use of ultrasonics is a common
      inspection technique. Generally, there are two types of ultrasonic
      thickness measurement techniques comprising the resonance method and the
      pulse-echo technique. Resonance tests are limited in application,
      particularly in the tubing industry, because of the low measurement
      sampling rates that are used by instruments employing this technique. Use
      of the pulse-echo thickness measurement technique, is more prevalent today
      than the resonance method primarily because of its higher measurement
      sampling rate.
PAR  An air gage technique is commonly employed for measuring inside and outside
      tube diameters. Although the accuracy of this technique is high, it is
      quite slow and requires an internal probe, which may scratch the tube. It
      is not possible to measure wall thickness by the air gaging technique.
PAR  One technique which is used to perform the inside and outside diameters and
      wall thickness measurements simultaneously relies on the use of
      capacitance probes. This particular technique also requires contacting an
      inside probe to measure the internal diameter of the tubing. Generally,
      such a probe would have a tendency to scratch the tube surface and also
      restricts the speed at which the tube can be rotated while passing the
      transducers. Measurement of the wall thickness requires maintaining a very
      precise relative alignment between the inside and outside capacitance
      probes while the tube is conveyed past the probe. This is exceedingly
      difficult, particularly if the tube is rotated at a relatively high rpm.
PAR  Other disclosures of prior art ultrasonic techniques primarily used for
      measuring thickness of a workpiece are typified by the disclosure in the
      Berg et al U.S. Pat. No. 3,554,014. Other patents considered in connection
      with this invention include: Zemanek et al., U.S. Pat. No. 3,426,585;
      Mitchell et al., U.S. Pat. No. 3,474,664; Weinbaum, U.S. Pat. No.
      3,599,478.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present inside diameter, outside diameter and wall tube gaging system
      overcomes the deficiencies of the prior art and satisfies a long-existing
      need to provide a gaging system wherein all three of the aforementioned
      measurements are performed simultaneously in a rapid and efficient manner.
      In addition to these advantages, the present system also obtains
      measurements without the need for contacting the tube (thus, avoiding
      possible scratching); it permits the tubes to be measured on a helical
      path by rotating and translating them past the transducers, which has the
      advantage of providing a more complete inspection of the tubing for
      dimensional conformance than if the tubing were not rotated. Also,
      according to the present invention, all three dimensions are displayed
      separately on a mutli-tri-channel strip chart recorder which permits tube
      ovality to be quickly ascertained from the charts. Furthermore, the gage
      measurements of this invention are repeatable to a very small variation of
      about .+-. 0.0002 inch. Measurements are not affected by tubing material
      property variables such as permeability whereas prior art devices such as
      eddy current systems, are highly sensitive to normally occuring
      permeability changes from tube to tube, thus rendering such a device
      unusable.
PAR  Briefly, the present invention comprises a gaging system which employs a
      pair of like utrasonic transducers, which are positioned diametrically
      opposite and immersed in suitable energy coupling medium such as a water
      bath. The tubing to be measured is simultaneously rotated and translated
      between the transducers to produce a helical inspection path. The
      transducers, which consist of piezoelectric crystals mounted in a casing,
      are repetitively pulsed by high voltage spikes from an electronic circuit.
      The ultrasonic energy (signals) produced by these crystals travels through
      the coupling medium to the outer tube surface where a portion is reflected
      back to the crystals. The remaining energy enters the tube wall and
      travels to the inner tube surface, before being reflected back to the
      crystals. These ultrasonic signals are converted to corresponding
      electrical signals by the crystals and are electronically processed to
      provide an indication of the inside and outside tube diameters and the
      wall thickness.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically illustrates the physical arrangement of the
      transducers in relation to the tubing according to the present invention.
PAR  FIG. 2 illustrates a timing chart of the various signals utilized in the
      gaging system of FIGS. 1 and 4.
PAR  FIG. 3 illustrates the preferred transducer configuration employed in this
      invention.
PAR  FIG. 3a illustrates the disposition of the reference transducer employed in
      this invention.
PAR  FIG. 4 illustrates a block diagram of the preferred electronics which may
      be employed in this invention.
PAR  FIG. 5 illustrates a typical actual arrangement for the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Having reference to the drawings wherein like parts are designated by the
      same reference numerals throughout the several views, FIG. 1 illustrates a
      pair of identical transducers 1 and 2 positioned diametrically opposite
      each other and immersed in a tank 3 containing a suitable energy coupling
      medium such as water 4. The tubing 5 to be measured is simultaneously
      rotated and translated between the transducers to produce the required
      helical inspection path (also see FIG. 5). Such a path is necessary to
      provide as complete inspection of the tubing as required. The means
      employed for rotation and longitudinal movement of the tubing may be of
      any suitable conventional type. Such units are commonly designated as
      either, tube handling systems or tube transport systems. Each transducer
      transmits and receives ultrasonic energy and comprises a piezoelectric
      crystal. The transducer can be mounted in the tank 3 by means of
      conventional transducer holders and manipulators. These crystals are
      repetitively pulsed by a high voltage spike received from the associated
      electronics. The ultrasonic energy produced by the crystals in response to
      these pulses travels through the water, which is used as a coupling
      medium, to the outer tube surface 7 where a portion is reflected back to
      the crystal from which it came and the remaining energy enters the tube
      wall. The interior of the tubing is not filled with water (i.e., is void)
      and acts as a buffer. The energy which enters the tube wall travels to the
      inner tube surface 8 where it is reflected back outwardly to the crystal
      from which it came. See FIG. 3. These ultrasonic signals are converted to
      corresponding electrical signals by the crystals and are then
      appropriately processed through the electronics to be described in greater
      detail hereinafter. Typical signals produced may be viewed on the
      oscilloscope and are shown in the timing chart of FIG. 2.
PAR  The time span designated is the time between the two successive transmitter
      pulses. The time it takes for the ultrasonic wave to travel from a
      transducer to a tube surface and back maybe given by the following well
      known equation:
EQU  t = 2d/V
PAL  where t is time; d is distance between transducer and tube; and V is
      velocity of the ultrasonic wave in water.
PAR  It is apparent that a t time measurement proportional to the outside tube
      diameter can be obtained by summing the two time intervals t.sub.D1 and
      t.sub.D2 as shown in FIG. 2. By subsequently converting these times to a
      proportional voltage this allows the information to be placed on a strip
      chart recorder. One problem, however, is that the velocity of the
      ultrasound in the water is temperature dependent. Although water is
      employed, other mediums such as oil also may be employed. Thus, if the
      velocity changes then t.sub.D1 and t.sub.D2 change accordingly, and the
      outside diameter measurement would be in error by that deviation.
PAR  According to the present invention, automatic compensations are made for
      the water temperature variations. This accomplished by using a third
      transducer 6 which is disposed to direct its energy beam at a fixed
      surface such as the side wall of the water tank 3. See FIG. 3a. This
      reference transducer 6 is pulsed simultaneously (as shown by time sequence
      in FIG. 2) with the other transducers 1 and 2. As shown in FIGS. 2A, 2B
      and 2D the electrical signal 45 received by the reference transducer 6
      occurs shortly (about 1 microsecond) before the outer tube surface signals
      46 and 47 are received by the sensing transducers 1 and 2. Instead of
      measuring t.sub.D1 and t.sub.D2 to obtain the outside tube diameter
      measurement, the time intervals between the tank wall signal 45 and the
      outer tube surface signals 46 and 47 from each sensing transducers, are
      measured and then converted to a proportional voltage and summed. These
      time intervals are shown as tr.sub.1 (50) and tr.sub.2 (49) in FIGS. 2G
      and F repectively. If the water temperature varies and subsequently causes
      a change in ultrasonic velocity, the time occurrence of the tank wall and
      the two outer tube surface signals will vary also. However, the time
      interval between them will remain constant and thus the system is
      automatically compensated for water temperature changes. In the case of
      using other coupling mediums, temperature compensation automatically can
      be accomplished in a similar manner.
PAR  By measuring the time intervals tw.sub.1 and tw.sub.2 (see FIGS. 2H and 2I)
      and converting these times to voltages, then summing the voltages and
      thereafter subtracting this sum from the outside diameter voltage, the
      inside diameter of the tubing may be obtained. These time intervals
      comprise the time interval between the outside surface 7 and inside
      surface 8 signals as shown in FIGS. 2B and C. The wall thickness
      measurement data from one of the two sensing transducers is used for
      recording together with the inside diameter and outside diameter
      measurements.
PAR  As shown in FIG. 3, each of the tube measuring or sensing transducers, 1
      and 2, contains a piezoelectric crystal which acts both as a transmitter
      and receiver. Transducer 1, which is identical in construction and
      operation to transducer 2, is used for explanation purposes. When the
      reference transducer 6 and the sensing transducer 1 (having a high
      frequency crystal 1a) is pulsed, the ultrasound travels from the crystal
      to the outer tube surface 7 where a portion of the energy is reflected.
      However, some of the energy enters the tube wall and travels in the form
      of an utrasonic longitudinal wave to the back or internal surface 8 of the
      tube wall. The transducers are aligned relative to the tube such that the
      ultrasound impinges normal to the outer tube surface and hence, the
      ultrasound that enters the tube wall is not refracted. At the back wall
      surface 8 of the tube 5, most of the energy is reflected back through the
      path it travelled to the crystal 1a. This signal arrives at a time later
      than the signal received from the outer surface. The time difference
      between outer and back wall tube surfaces is proportional to wall
      thickness.
PAR  The reference transducer 6 as shown in FIG. 3a, also includes only a single
      piezoelectric crystal 6a which operates both as a transmitter and receiver
      and may be identical to the sensing transducers. The function of the
      reference crystal is only to obtain a surface signal from a stationary
      object and is not directed at the tube being measured, but rather at the
      water tank wall 3 or other suitable stationary reference point.
PAR  The operation of the electronics employed with the aforedescribed
      transducer arrangement is best described with reference to the block
      diagram shown in FIG. 4 and the corresponding timing sequence chart of
      FIG. 2.
PAR  The electronic clock 14 provides the necessary timing pulses for proper
      system operation. The clock output can be varied in frequency being
      generally set at 5,000 pulses per second. The clock output pulses 44 of
      FIG. 2A are simultaneously applied to three identical high voltage pulse
      generators 15, 16 and 17 and reference gate generator 18.
PAR  The function of the high voltage generators is to apply a fast rise time,
      short duration, high voltage electrical pulse to the piezoelectric
      crystals. This electrical energy is converted to mechanical energy, in the
      form of ultrasound, by the crystal. The ultrasound travels through the
      water to the outer tube surface, in the case of the two data or sensing
      transducers, and to the water tank wall surface for the reference
      transducer.
PAR  The energy from the tank wall is reflected back to the crystal, converted
      to an electrical signal 45 of FIG. 2D and amplified by the reference
      amplifier 19.
PAR  The outside tube surface signals 46 and 47 of FIG. 2B and 2C from each of
      the two data transducers are applied to amplifiers 20 and 21, where they
      are amplified to voltage levels sufficient to operate subsequent circuits.
PAR  The reference signal gate generator 18 produces a voltage pulse 48 of
      adjustable duration as shown in FIG. 2E. It is initiated by the clock
      pulses 44 and is set to end at a time shortly after the reference
      transducer tank wall surface signal. This rectangular pulse is applied to
      the reference gate 22. The tank wall signal 45 is allowed to pass through
      the reference gate when the reference gate pulse is also applied. This
      signal turns on the displacement timers 23 and 26 and rectangular pulses
      49 and 50 of FIGS. 2F and 2G are initiated. These pulses are terminated by
      the arrival of the two tube outer surface signals 46 and 47 from the two
      data transducers 1 and 2. Thus, the time duration of the pulse outputs of
      the displacement timers are proportional to the two transducer-to-tube
      displacements.
PAR  In addition to being applied to the displacement timers, these tube outer
      surface signals are are also applied to the two wall timers 24 and 28.
      Here again, the signals turn on the timers and rectangular pulses 51 and
      52 (see FIGS. 2H and 2I) are initiated, which are not terminated until the
      arrival of the individual back surface signals 70 and 71 in FIGS. 2B and
      2C. The duration of these pulses are then proportional to the individual
      wall thickness.
PAR  Because the trailing edge of the tube outer surface signals 46 and 47 are
      not smooth, but rather irregular, inhibit signals 53 and 54 in FIGS. 2J
      and 2K produced by inhibit gate generator 25 and 27 are applied to the two
      wall timers to prevent false triggering. These inhibit signals are
      initiated by the turn off of the respective displacement timers. This
      duration is adjustable and set so that they terminate after the individual
      tube outer surface signals have returned to approximately zero volts.
      During the application of the inhibit signals, the wall timers cannot be
      turned off.
PAR  Time-to-voltage conversion of the wall and displacement timing pulses 49,
      50, 51 and 52 takes place by separate but identical voltage ramp
      generators. The duration of the wall timing pulses are converted to
      voltage levels 58 and 59 as shown in FIGS. 20 and 2P by wall ramp
      generators 29 and 30. The peak readers 31 and 32 are circuits which
      essentially follow and hold the ramp voltages until the voltages are
      appropriately sampled by the sampling pulse. The individual sampling
      pulses are generated in the following manner. The trailing edge of inhibit
      pulse 54 is used to turn on delay 36. This delay generates a rectangular
      pulse 55 of FIG. 2L of adjustable time duration. The exact duration is not
      critical, however, it must last for several microseconds after the ramp
      generators have reached full value. The trailing edge of the delay pulse
      turns on sampler gate generator 37 and the sampler gate pulse 60 in FIG.
      2Q is initiated. Again, the time durations are not critical and are
      generally set to last about 100 microseconds. It is this pulse which is
      applied to the peak readers and allows the data to pass on to subsequent
      circuits.
PAR  The time-to-voltage conversion for the two displacement timing pulses 49
      and 50 is performed in an identical manner by displacement ramp generators
      33 and 34, whereby voltage ramps 56 and 57 in FIGS. 2M and 2N are
      generated. Displacement peak readers 35 and 72 perform in a manner
      identical to the wall peak readers 31 and 32. The same sampling pulse
      which is applied to the wall peak readers is also applied to the
      displacement peak readers 35 and 72.
PAR  The outputs 61 and 62 shown in FIG. 2R and 2S of wall peak readers 31 and
      32, which are varying DC voltages (analog) proportional to the two wall
      thickness readings, are summed by wall summation circuit 38 to produce
      analog voltage 63 (See Fig. 2T).
PAR  The output of wall peak reader 32 is also coupled to the wall recorder
      drive circuit 39 which conditions the voltage for application to a strip
      chart recorder.
PAR  The outputs 64 and 65 of displacement peak readers 35 and 72 are summed by
      the displacement summation circuit 40 to produce a voltage output 66
      proportional to the tube OD (outside diameter). This voltage is coupled in
      parallel to OD recorder drive 41 and the summation of wall and OD circuit
      42. Here the negative of the summation of the two walls is summed to the
      OD signal, the resultant being voltage 67 proportional to the ID. The ID
      voltage is conditioned by the ID recorder drive 43 before being applied to
      the recorder.
PAR  Ramp reset generator 68 receives clock pulses 44 also and subsequently
      generates pulse 69 to reset all ramp generators prior to the occurrence of
      the succeeding transmit pulse.
PAR  FIG. 5 discloses a typical actual physical arrangement of the present
      invention. A strip chart recorder 9 is used to record the measurement
      data. However, trip circuits can be easily used instead of the recorder
      with suitable red light or audible alarms actuated whenever any of the
      measurements exceed predetermined limits. A unit 10 including an
      oscilloscope for displaying the various signals is connected between the
      recorder and transducers for processing the received signals.
PAR  It will be understood that various changes in the details and arrangements
      of parts and operating conditions which have been hereinabove described
      and illustrated in order to explain the nature of the preferred embodiment
      of this invention may be made by those skilled in the art within the
      principles thereof, and that reference should be made to the following
      appended claims for determination of the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ultrasonic system for simultaneously determining the inside and
      outside diameters and wall thickness of tubular objects, comprising in
      combination, first means containing a couplant medium capable of
      transferring ultrasonic energy for use in obtaining date for the
      measurement of said inside and outside diameters and wall thickness of
      said tubular objects disposed in said couplant medium in said first means,
      transducer means fixedly mounted externally of said tubular objects in
      said first means and immersed in said couplant medium for producing
      ultrasonic energy upon activation thereof, said transducer means
      comprising first and second transducers mounted diametrically opposite
      each other relative to said tubular objects in said first means for
      obtaining data for use in measuring said inside and outside diameters and
      wall thickness, electronic circuit means operably connected to said first
      and second transducers for producing electronic signals corresponding to
      the energy reflected back to and received by said transducers respectively
      from the tubular objects and processing said signals to provide output
      signals representative of the inside diameter, outside diameter and wall
      thickness of the tubular object being measured, and reference transducer
      means fixedly mounted externally of said tubular objects in said first
      means relative to a fixed surface and immersed in said couplant medium,
      said reference transducer means operably connected to said electronic
      circuit means for being activated simultaneously with said first andn
      second transducers for producing a reference signal, and said electronic
      circuit means processing said reference signal with said electronic
      signals so as to automatically compensate said system for temperature
      variations in said couplant medium
NUM  2.
PAR  2. The system of claim 1 wherein said circuit means comprises pulse means
      for simultaneously activating said first and second transducers and said
      reference transducer, amplifier means for receiving signals from each of
      said transducers and amplifying said signals to levels sufficient to
      operate timer circuit means for generating electrical pulses proportional
      to time intervals between predetermined ones of the amplified signals,
      conversion circuit means for converting said time signals to voltage
      signals, and sequential timing circuit means for sequentially processing
      said signals in a predetermined manner to provide output voltage signals
      proportional to the outside diameter, inside diameter, and wall thickness
      of said tubular objects respectively.
NUM  3.
PAR  3. The system of claim 2 including drive circuit means operably connected
      with said sequential timing circuit means and recorder means for receiving
      said output voltage signals and processing said signals to a level
      sufficient to drive said recorder means.
NUM  4.
PAR  4. The system of claim 3 wherein each of said inside and outside diameter
      and wall thickness is displayed separately on said recorder means, whereby
      ovality of the tubular objects readily may be ascertained.
NUM  5.
PAR  5. The system of claim 1 wherein said couplant medium comprises water.
NUM  6.
PAR  6. The system of claim 1 wherein said couplant medium comprises oil.
NUM  7.
PAR  7. The system of claim 1 including means for translating the tubular
      objects past said transducer means so that the diameters and wall
      thickness are measured on a helical path of travel of said objects.
NUM  8.
PAR  8. The system of claim 1 wherein each transducer comprises a piezoelectric
      crystal for transmitting and receiving ultrasonic energy.
NUM  9.
PAR  9. The system of claim 1 wherein said first and second transducers are
      arranged relative to the tubular object being measured such that said
      ultrasonic energy impinges normal to the outer surface thereof.
NUM  10.
PAR  10. The system of claim 1 wherein said electronic circuit means includes
      pulse means for simultaneously activating said first and second
      transducers and said reference transducer, said reference transducer upon
      being activated by said pulse means transmitting an ultrasonic signal at
      said fixed surface and receiving an ultrasonic signal reflected back from
      said fixed surface before said first and second transducers receive the
      reflected signals from the tubular object being measured, said electronic
      circuit means including gating means for permitting the output signal
      received from said reference transducer to pass therethrough for actuating
      displacement timer means, said displacement timer means producing output
      pulses which are terminated upon arrival at said timer means of first ones
      of said electronic signals produced by said first and second transducers
      whereby the time duration of said output pulses of said displacement timer
      means is proportional to the displacement between said first and second
      transducers and the tubular object being measured, wall timer means also
      actuated by said first electronic signals for producing output pulses
      which are terminated upon arrival at said wall timer means of second ones
      of said electronic signals from said first and second transducers whereby
      the duration of said output pulses are proportional to the thickness of
      the tubular object being measured, conversion means for converting said
      output pulses to voltage level signals, peak reading means for reading the
      maximum level of said voltage level signals, and first summation circuit
      means for summing the output readings of said peak reading means for
      providing an output voltage which is proportional to the outside diameter
      of the tubular object being measured and second summation circuit means
      for providing an output voltage which is proportional to the inside
      diameter of the tubular object being measured.
NUM  11.
PAR  11. The system of claim 10 wherein said electronic circuit means includes
      reset circuit means for resetting said conversion means prior to the
      occurrence of the next transmit pulse by said pulse means.
NUM  12.
PAR  12. The system of claim 10 wherein said first and second transducer means
      each receives first ultrasonic signals reflected from the outer surface of
      the tubular object being measured and second ultrasonic signals reflected
      back from the interior surface of the tubular object being measured and
      for producing electronic signals respectively corresponding thereto, said
      first ones of said electronic signals corresponding to said first
      ultrasonic signals and said second ones of said electronic signals
      corresponding to said second ultrasonic signals.
NUM  13.
PAR  13. A method for the simultaneous determination of the inside and outside
      diameters and wall thickness of a tubular member, comprising the steps of:
PA1  a. providing an energy coupling medium capable of transferring ultrasonic
      energy;
PA1  b. passing said tubular member having a void interior in a helical path of
      movement through said medium;
PA1  c. impinging ultrasonic energy througn said medium in a normal direction on
      the exterior and interior surfaces of said tubular member from fixed
      energy producing means located externally of and on diametrically opposite
      sides thereof, whereby said energy is reflected back from said surfaces to
      said energy producing means;
PA1  d. converting the reflected energy into electrical signals; and
PA1  e. electronically processing said electrical signals into output signals
      proportional to the outside diameter, inside diameter and wall thickness
      of said tubular member.
NUM  14.
PAR  14. The method of claim 13 including the step of impinging ultrasonic
      energy through said medium on a fixed surface from fixed energy producing
      reference means whereby said energy is reflected back from said fixed
      surface to said energy producing reference means, converting the reflected
      energy to an electrical reference signal, and electronically processing
      said electrical signals with reference to said electrical reference signal
      to automatically compensate for temperature variations in said coupling
      medium.
NUM  15.
PAR  15. The method of claim 13 wherein first ultrasonic energy signals are
      reflected back from the outer surface of said tubular member and second
      ultrasonic energy signals are reflected back from the inner surface of
      said tubular member comprising the steps of:
PA1  f. converting the first and second reflected ultrasonic energy signals into
      first and second voltage signals;
PA1  g. electronically processing said first and second voltage signals into
      output signals proportional to said outside diameter and inside diameter
      and wall thickness of said tubular member including adding said first
      voltage signals, obtaining a voltage signal corresponding to the duration
      of time between the first and second reflected ultrasonic energy signals,
      and subtracting from the summation of said first voltage signals a voltage
      signal corresponding to the time delay between said first and second
      voltage signals reflected back.
NUM  16.
PAR  16. An ultrasonic system for the simultaneous determination of the inside
      and outside diameters and wall thickness of a tubular member having inner
      and outer surfaces, comprising in combination, container means for
      containing a couplant medium capable of transferring ultrasonic energy for
      use in obtaining data for the measurement of said diameters and thickness
      of said tubular member, said tubular member being void and disposed in
      said couplant medium in said container means, first and second transducer
      means fixedly mounted externally of said tubular member in said couplant
      medium for producing ultrasonic signals upon activation thereof and
      mounted diametrically opposite each other relative to said tubular member
      for directing said ultrasonic signals normal to said tubular member, and
      reference transducer means fixedly mounted externally of said tubular
      member in said couplant medium relative to a fixed surface, said first and
      second transducer means and said reference transducer means operably
      connected with electronic circuit means including clock means for
      providing timing pulses at a predetermined frequency for simultaneous
      application to voltage pulse generator means and reference gate generator
      means, said voltage pulse generator means producing output pulses which
      are coupled to said first and second transducer means and said reference
      transducer means, said first and second transducer means converting said
      output pulses to ultrasonic signals for transmission through said couplant
      medium inaa normal direction relative to said tubular member in said
      couplant medium, at least a portion of said ultrasonic signals being
      reflected back from said outer surface of said tubular member to said
      first and second transducer means and the remainder of said ultrasonic
      signals being reflected back from the inner surface of said tubular member
      to said first and second transducer means, said first and second
      transducer means converting the reflected back signals to outer and inner
      tube surface electrical signals, said reference transducer means producing
      an ultrasonic signal and directing it to said fixed surface whereupon it
      is reflected back to said reference transducer means for conversion to an
      electrical reference signal, said electronic circuit means processing said
      surface electrical signals with reference to said electrical reference
      signal for automatically compensating said system for temperature
      variations in said couplant, amplifier means for amplifying said
      electrical reference signal and surface electrical signals from each of
      said transducers, displacement timer means receiving said electrical
      reference signal and producing output pulses, said outer tube surface
      electrical signals also being applied to said displacement timer means for
      terminating said output pulses therefrom whereby the time duration of said
      output pulses is proportional to the displacement between said first and
      second transducer means and said tubular member, said wall timer means
      also receiving said outer tube surface signals and producing output
      pulses, said inner tube surface signals also being applied to said wall
      timer means for terminating said output pulses therefrom whereby the
      duration of said output pulses is proportional to the thickness of said
      tubular member, conversion means comprising voltage ramp generators for
      converting the timing pulses produced by said wall timer means and said
      displacement timer means to voltage levels, peak reading circuit means
      operably connected with said voltage ramp generator means, and summation
      circuit means connected with said peak reading circuit means for producing
      analog voltages corresponding to the wall thickness, the inside diameter
      of and the outside diameter of said tubular member, whereby the outside
      and inside diameters and said wall thickness are substantially independent
      of temperature variations in said couplant medium.
NUM  17.
PAR  17. Ths system of claim 16 including triggering inhibiting means for
      preventing false triggereing of said wall timer means, said signal
      inhibiting means being activated when said displacement timer means is
      turned off and terminating operation when said outer tube surface
      electrical signals have returned to substantially zero voltage level.
NUM  18.
PAR  18. The system of claim 16 including ramp reset generator means for
      receiving said timing pulses and generating pulses for resetting said
      voltage ramp generators prior to the next succeeding timing pulse.
NUM  19.
PAR  19. An ultrasonic system for simultaneously determining the inside and
      outside diameters and wall thickness of tubular objects, comprising in
      combination, first means containing a couplant medium for transferring
      ultrasonic energy signals for use in obtaining data for the measurement of
      said inside and outside diameters and said wall thickness of each of said
      tubular objects disposed in said couplant medium in said first means,
      transducer means fixedly mounted externally of said tubular object in said
      first means and immersed in said couplant medium for producing initial
      ultrasonic energy signals upon activation thereof and impinging said
      energy signals on said tubular object being measured, said transducers
      means comprising first and second transducers mounted diametrically
      opposite each other relative to said tubular object in said couplant
      medium for obtaining data for use in measuring said inside and outside
      diameters and said wall thickness, said first and second transducers
      receiving first and second ultrasonic energy signals reflected back from
      the outer and inner surfaces of said tubular object being measured
      respectively, said first ultrasonic energy signal comprising a portion of
      said initial energy signal impinged on said tubular object being measured
      and being reflected from said outer surface thereof, and said second
      ultrasonic energy signal comprising the remainder of said initial energy
      signal which passes through the wall of said tubular object being measured
      and is reflected from said inner surface thereof, said first and second
      transducers converting said first and second ultrasonic energy signals to
      first and second electrical signals respectively, electronic circuit means
      operably connected to said first and second transducers for receiving said
      first and second electrical signals and producing further corresponding
      electrical signals and processing said further electrical signals with
      respect to a reference electrical signal to provide output signals
      representative of said inside diameter and outside diameter and said wall
      thickness of said tubular object being measured, and reference transducer
      means fixedly mounted externally of said tubular object in said first
      means relative to a fixed surface and immersed in said couplant medium,
      said reference transducer means operably connected to said electronic
      circuit means for being activated substantially simultaneously with said
      first and second transducers to produce said reference signal, and said
      electronic circuit means constructed and arranged for processing said
      electrical signals with respect to said reference signal such that said
      system automatically is compensated for temperature variations in said
      couplant medium whereby said output signals are independent of temperature
      variations in said couplant medium and the measurements of said inside and
      outside diameters and said wall thickness are highly accurate.
NUM  20.
PAR  20. The system of claim 19 wherein said electronic circuit means sums said
      first ultrasonic energy signals from each of said first and second
      transducers respectively for determining said outside diameter of said
      tubular object.
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ABST
PAL  The detection of acoustic emissions emanating from an object is achieved
      with a capacitive transducer coupled to the object. The capacitive
      transducer is charged and then allowed to discharge with the rate of
      discharge being monitored. Oscillations in the rate of discharge about the
      normally exponential discharge curve for the capacitive transducer
      indicate the presence of acoustic emissions.
GOVT
PAC  CONTRACTUAL ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the United States Atomic Energy Commission.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  An acoustic emission is a generally nonaudible noise caused by minute
      changes in a material or object due to stresses imposed thereon. Thus,
      when a material undergoes a permanent plastic deformation, it will
      generate a sound which may be monitored by ultrasensitive means.
PAR  This phenomenon can be used, for example, to monitor nuclear reactor
      vessels for material and structural failures such as fuel rod cracks.
      Since the bulk of acoustic emissions are inaudible, it is necessary to
      detect them by means of transducers which are placed at various locations
      on the surface of the object or vessel to be tested. The more sensors
      which can be present, then the greater the likelihood of detecting and
      locating a material failure. Therefore, the range of response and the cost
      of each individual transducer becomes of prime importance. Presently
      available transducers of sufficient sensitivity, typically piezoelectric
      crystals, usually only provide a narrow band of frequency response to
      acoustic emissions and are relatively quite expensive.
PAR  It is therefore an object of this invention to provide a transducer device
      for detecting acoustic emissions from objects.
PAR  Another object of this invention is to provide an inexpensive broadband
      detector of acoustic emissions.
PAR  Another object of this invention is to provide a method for detecting
      acoustic emissions from objects.
PAC  SUMMARY OF THE INVENTION
PAR  A method and means are provided for monitoring the acoustic emissions of an
      object such as a nuclear reactor vessel. A capacitive transducer is
      coupled to the object and then charged to an initial voltage. The
      capacitive transducer is then allowed to discharge across a load with the
      voltage across the load, which corresponds to the charge on the capacitor
      at that instant, being observed by monitoring means. The rate of this
      discharge is normally a smooth exponential discharge curve. Oscillations
      about the normally exponential discharge curve, as observed by the
      monitoring means, indicate the occurrence of acoustic emissions in the
      object during the discharging of the transducer. Decrease in the amplitude
      of the oscillations as the amplitude of the capacitive transduer's charge
      decreases is compensated for by amplifying the voltage signal across the
      load with an automatic gain control amplifier and then observing with the
      monitoring means the amplified signal. When the charge on the capacitive
      transducer has decreased to about 20 percent of the initial charge, the
      amplitude of the oscillations associated with the acoustic emissions
      becomes too small with respect to noise to be of value and the capacitive
      transducer should be recharged for continuous operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic of a device for detecting acoustic emissions;
PAR  FIG. 2 is an alternate embodiment of the device of FIG. 1;
PAR  FIG. 3 is a curve showing the normally exponential discharge curve of a
      capacitive transducer;
PAR  FIG. 4 is a curve showing the discharge curve of a capacitive transducer
      with acoustic emissions present; and
PAR  FIG. 5 is a curve showing the output of the AGC amplifier.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, there is shown a device for detecting acoustic
      emissions from an object 10 which may be any type of object to which a
      capacitive transducer may be coupled, such as a nuclear reactor vessel.
      Generally, for the purposes of this invention, a capacitive transducer is
      a capacitive device which may be charged to an initial voltage and then
      when allowed to discharge will discharge at a rate which depends, among
      other things, upon physical forces applied to it. Discharging of a
      capacitive device is the reduction of the potential difference between the
      electrodes of the device toward zero value and normally follows an
      exponential curve. The rate of discharge of the discharge curve is the
      speed at which this reduction occurs and may be illustrated graphically by
      a curve showing the potential difference with respect to time.
PAR  The capacitive transducer 11 includes a first electrode 12, a second
      electrode 14, and a dielectric material 16 disposed between electrodes 12
      and 14. Electrode 12 is mounted in physical contact with object 10 by any
      of several well-known means for providing a coupling between a transducer
      and an object. FIG. 2 shows an alternate embodiment for capacitive
      transducer 11. If the object 10 is of metal, it may be used as the
      electrode 12 as shown in FIG. 2 and the dielectric is then disposed
      between the object 10 and the other electrode 14. Any vibrations of object
      10, particularly those associated with acoustic emissions, will therefore
      be transferred from the object to transducer 11, in effect varying the
      spacing between the electrodes according to the vibrations.
PAR  With switch 21 closed, a voltage source 20 applies a voltage across
      electrodes 12 and 14, charging the capacitive transducer 11 to an initial
      value V.sub.i. When V.sub.i has been reached switch 21 is opened, and a
      simple parallel RC circuit is created with capacitive transducer 11 and
      resistor 22. The voltage across resistor 22, which corresponds to the
      potential difference between the electrodes of capacitive transducer 11,
      as is well known, will decrease. This is because capacitive transducer 11
      will begin to discharge when switch 21 is opened. Without interference,
      this discharge of capacitive transducer 11 and the corresponding reduction
      in voltage across resistor 22 will normally be exponential. Thus, the
      discharge curve will be smooth and normally exponential as shown by curve
      26 of FIG. 3. The decrease in voltage across resistor 22, the discharge
      curve, is monitored by suitable monitoring means such as an oscilloscope
      24, which produces a display of the decrease in voltage across resistor 22
      as capacitive transducer 11 discharges, the discharge curve 26 of FIG. 3
      with V.sub.i, the initial charge, being the peak value of the normally
      exponential discharge curve 26.
PAR  It has been discovered, however, that with acoustic emissions present
      during the discharge of the capacitive transducer 11, the rate of
      discharge will be modulated about the normally exponential rate of
      discharge as shown by curve 28 of FIG. 4, due to the varied spacing
      between the electrodes associated with the variations of object 10. The
      modulations in the discharge curve 28, such as that occurring at point 29,
      are caused by acoustic emissions from object 10. In particular, detector
      11 is responsive to a very wide band of frequencies of acoustic emissions,
      and the response of the detector 11 to acoustic emissions is characterized
      by a fast rise time. These are qualities not usually found in an acoustic
      emission detector.
PAR  As the discharging continues, the amplitude of the modulations decreases
      until, at point t.sub.f, where the voltage across resistor 22 is V.sub.f,
      the modulations become too small with respect to noise to be of use. It
      has been observed that the voltage at the point, t.sub.f, i.e. V.sub.f,
      where the modulations are too small, is generally about 0.2 of the initial
      voltage V.sub.i. Therefore, for continuous monitoring of acoustic
      emission, the capacitive transducer should be recharged or pulsed at time
      intervals of t.sub.f. This can be done by operation of switch 21 or by
      using a pulsed voltage source. To offset the reducing amplitude of the
      modulations as the discharging continues, the voltage across resistor 22
      may be applied to an amplifier 32, such as an automatic gain control
      (AGC), before monitoring by scope 24. The AGC amplifier 32 has a gain
      associated with the discharge curve applied to it as shown by curve 34 of
      FIG. 4. The value of the gain of an AGC varies inversely to the value of
      the signal it is amplifying. Therefore the output of amplifier 32 will be
      a more uniform signal in that the lower values of the discharge curve will
      receive more amplification than the higher values. Best results can be
      obtained with the time constant of the AGC short with respect to the time
      constant of the discharge curve and long with respect to the modulations
      so that the modulations are not smeared by the amplification. However,
      because of the modulation signal-to-noise ratio at the lower values, for
      continuous operation, pulsing is still required.
PAR  The maximum value of V.sub.i, the initial charge on capacitive transducer
      11, is limited by the breakdown voltage of the dielectric 16 while the
      minimum value of V.sub.i is limited by the amount of noise present in the
      circuit which will smother the acoustic modulations. The amount of noise
      will depend, among other things, upon the type of dielectric and its
      thickness. Generally, any type of dielectric 16 will produce the
      modulation effect described; however, the least noise with respect to the
      modulations is achieved with a dielectric 16 having a high E field
      impressed upon it by a relatively low voltage between electrodes 12 and
      14. Since an E field strength for a capacitor is defined as the voltage
      between the plates divided by the distance between the plates, best
      results are obtained if dielectric 16 is a thin dielectric such as mica.
      The minimum E field which will give a usable rate of discharge to at least
      0.2 of V.sub.i before noise smothers the modulations is about 0.5
      volts/mil, with best results being between 2 and 5 volts/mil. For example,
      for a mica dielectric, best results were obtained with a thickness of 2 to
      5 mils with a voltage between electrodes 12 and 14 of about 10 volts. Of
      course, other well-known thin dielectrics are applicable, as would be
      apparent to those skilled in the art.
PAR  In practice, numerous acoustic sensors are positioned about the object in
      order to pinpoint the location of the source of the acoustic emission
      within the object, such as by methods similar to triangulation. For
      example, in a nuclear reactor numerous capacitive transducers may be
      placed about the containment vessel. When an acoustic emission test is
      desired, such as when a fuel rod failure is suspected, each transducer may
      be simultaneously charged and then allowed to discharge. The rate of
      discharge may be monitored for modulations indicating acoustic emissions
      and for the time of arrival of the acoustic emission at each transducer.
      By comparing the time of arrival at each transducer and by applying
      well-known calculation methods, the source of the emissions may be
      located. Because of the inexpensive nature of the transducer herein
      required and because of the wide band frequency response of the
      transducer, the accuracy and expense of such an acoustic emission system
      is reduced.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A device for monitoring acoustic emissions from an object, comprising:
PA1  a capacitive transducer having two electrodes and a thin dielectric of mica
      between 2 and 5 mils thick disposed therebetween, one of said electrodes
      being mechanically coupled to the object, a pulsed voltage source coupled
      to and capable of charging said capacitive transducer to an initial
      voltage V.sub.i between said electrodes such that the E field impressed
      upon said dielectric is at least 0.5 volt/mil, a load coupled across said
      capacitive transducer for discharging said capacitive transducer to a
      voltage less than V.sub.i, said source being responsive to the voltage
      between said electrodes being 0.2 V.sub.i to recharge said capacitive
      transducer to V.sub.i, with said capacitive transducer discharging across
      said load the rate of change in the voltage across said load being
      proportional to the normally exponential rate of discharge of said
      capacitive transducer, an AGC amplifier coupled to said load, and being
      responsive to the voltage across said load to develop an output signal
      being the amplification of the voltage across said load with a magnitude
      of amplification inversely proportional to the value of the voltage across
      said load, and monitoring means coupled to said AGC amplifier and
      responsive to the output voltage thereof to detect modulations in said
      output signal from that which said output signal would be due to said
      normally exponential rate of change of the voltage across said load, the
      time constant of said AGC amplifier being shorter than the time constant
      of said normally exponential rate of discharge and longer than the time
      constant of said modulations, said modulations indicating the presence of
      acoustic emissions from the object.
NUM  2.
PAR  2. The device of claim 1 wherein the E field impressed upon said dielectric
      is between 2 and 5 volt/mil.
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ABST
PAL  A device for detecting the degree of firmness of cigarette ends comprising
      a rotating drum moving laterally one after the other to a position to be
      tested, yieldable feeler means with indicator means positioned according
      to the firmness of a cigarette end being tested and transducer means for
      providing a signal depending upon the position of the indicator means. The
      foregoing can be combined with pneumatic means for testing for integrity
      of the wrappers of cigarettes.
BSUM
PAR  This invention relates generally to inspection means and more particularly
      to means for detecting the degree of firmness of cigarette ends.
PAR  By the use of the novel end detector, the ends of cigarettes can be
      detected while on the same drum with which a pneumatic inspection device
      for the cigarettes is operatively associated. With such operative
      association, reject signals from the detection and inspection means can be
      introduced into a common memory with a reject signal from one source
      lagging a reject signal from the other source depending upon the delay
      between end detection and penumatic inspection of the cigarettes.
PAR  An object of the present invention is to provide improved non-destructive
      means for detecting the degree of firmness of cigarette ends.
PAR  Another object of the present invention is to provide the foregoing means
      for detecting cigarette ends at the same station the cigarettes are being
      inspected by a pneumatic inspecting device.
PAR  And another object of the present invention is to provide the foregoing
      detecting means capable of providing reject signals to the same memory and
      reject means which receives reject signals from the operatively associated
      pneumatic inspection device.
PAR  Substantially, the present invention provides for detection of the
      cigarette ends to be effected preferably on the same drum or station with
      which a device for penumatic inspection of the same cigarettes is
      operatively associated. The novel device for this end detection comprises
      essentially an elastically yielding feeler, means for bringing the feeler
      into temporary engagement with the end of a cigarette to be tested during
      its stay in a sector of the drum, an optically reflecting or refracting
      element fitted to the end feeler, and optic-beam sensing units operatively
      associated to the optically reflecting or refracting element to generate
      signals for acceptance or rejection of the cigarette so engaged by such
      feeler, in relation to the displacement or not of said feeler, caused by
      the cigarette end being tested, in one of a plurality of positions for
      which there exists an acceptable correlation with the degree of firmness
      of the same cigarette end. Preferably, adjusters are associated to the
      optic-beam sensing units to extend or restrict the range of a plurality of
      positions within which the degree of firmness of the cigarette ends is to
      be considered acceptable. This arrangement is provided with the specific
      purpose of adjusting said range not only in relation to the degree of
      firmness of the cigarettes ends, considered from a purely material point
      of view, but from the point of view of the degree of firmness considered
      as the best to avoid any tobacco leakage during the long travel of the
      cigarettes from the packing process to the smoker.
DRWD
PAR  The foregoing and other objects and advantages will appear more fully
      hereinafter from a consideration of the detailed description which
      follows, taken together with the accompanying drawings wherein one
      embodiment of the invention is illustrated by way of example. It is to be
      expressly understood, however, that the drawings are for illustration
      purposes only and are not to be construed as defining the limits of the
      invention.
PAR  FIG. 1 is an elevational view of a transfer drum with a pneumatic cigarette
      inspection device and a cigarette end detector, with portions thereof
      broken away to more clearly illustrate the details thereof.
PAR  FIG. 2 is an enlarged plan view of the novel opto-mechanical detector taken
      on line II--II of FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary end view taken on line III--III of FIG.
      1.
PAR  FIG. 4 is an enlarged longitudinal sectional view of one of the feelers
      operatively associated with the drum of FIG. 1, and adjustable head means
      shown in elevation.
PAR  FIGS. 5 and 6 are views similar to FIG. 4 each illustrating the feeler in a
      different position relative to the head.
PAR  FIG. 7 is a block diagram of a memory and reject means for receiving
      signals from the inspection and detector devices of FIG. 1.
DETD
PAR  With reference to the drawings and in particular to FIG. 1, an
      opto-mechanical cigarette end detector 1 is operatively associated,
      together with a pneumatic inspection device 2 for single cigarettes, to a
      pneumatic type fluted drum 3 which is rotatably mounted on a fixed hollow
      shaft 4. The hollow or bore of shaft 4 is connected with a source of
      suction (not shown) and transmits suction by means of ducts 5, 6, 7 and 8
      to cradles 9 which are provided or disposed in aligned pairs around drum
      3. The pairs of cradles 9 receive or accomodate individual cigarettes S to
      be tested and which are pneumatically held in the cradles by suction
      provided by ducts 8. Fastened to shaft 4 is a hub 10 provided with
      bearings 11 and 12 for rotatably supporting the drum 3, and a cam 18 as
      will be further described.
PAR  One end of the drum 3 is provided with an arcuate series of equally spaced
      pairs of axially aligned cradles 9 while the other end of the drum is
      enlarged to provide a box or support portion 16 having an arcuate series
      of spaced axial openings therethrough; each of said openings being axially
      aligned with a different pair of axially aligned cradles 9.
PAR  A plurality of feelers 13 are supported by the drum 3, each in axial
      alignment with a different pair of axially aligned cradles 9. Each feeler
      13 is provided with a cylinder or body 14 having a stem 15 extending
      therefrom and through one of the axial openings of the box portion 16 of
      the drum 3. Each stem 15 ends with a tappet or follower portion 17 which
      is constantly biased against the front face of the cam 18 by spring means
      such as a coil spring 19, as shown.
PAR  The cam 18 is disposed normal to the axis of rotation of the drum 3, its
      front face or cam surface being circular with two flat arcuate sections of
      different heights connected together by ramp sections. In other words, the
      face of cam 18 is provided with two flat circular sections axially spaced
      from the end of the drum 3. As shown in FIG. 1, the upper flat section 118
      is disposed closer to the drum 3 than is the lower flat section.
PAR  As the drum 3 rotates, feelers 13 with follower tips 17 moving along the
      ramp sections between the flat sections are moved axially and engage
      adjacent ends to be tested for firmness of axially aligned cigarettes S
      when the follower tips 17 are in contact with the flat section 118 of the
      face of cam 18.
PAR  As best shown in FIGS. 4 to 6, a set screw 28, or other suitable means,
      connects the end of a cylinder or body 14 to the end of a stem 15 while
      the other end of the body 14 is provided with a gasket 23, preferably
      rubber, cemented to a metal disk 24, preferably aluminum, which abuts a
      washer 25. A plunger 21 movable axially in the housing 14 is normally
      biased by a spring 22 against the washer 25 and is provided with a feeler
      pin 20 which extends axially through aligned central openings in the
      washer 25, disk 24 and gasket 23, and protrudes beyond the end of the
      housing 14 to engage the adjacent end of a cigarette S axially aligned
      with the feeler 13. Each housing or body 14 is provided with a
      longitudinal slot 27, and the plunger 21 therein is provided with a gauge
      pin 26 which extends laterally through the slot 27 and terminates in
      preferably a flat face 126 which will be discussed further.
PAR  When the end of a cigarette S to be tested is regularly filled with cut
      tobacco within the desired or predetermined best limits of density and the
      follower tip 17 of the axially aligned feeler 13 is in contact with the
      cam face section 118, the feeler pin 20 and plunger 21 will move axially
      against the bias of spring 22 until the end of the feeler pin is
      substantially flush with the outer surface of the gasket 23 or the end of
      the housing 14 to position the pin 26 and its face 126 as shown in FIGS. 4
      and 5. When a cigarette S is not properly filled the end of the feeler pin
      21 will extend outwardly from the gasket 23 and into the cut tobacco in
      the cigarette end being tested, as shown in FIG. 6.
PAR  The outer end surface 126 of pin 26 is a specular or reflecting surface or,
      more generally, a surface which influnces or has elements which influence
      the direction and/or the convergency (or other optic features, such as the
      intensity of absorption) of an optic beam which is deviated or directed by
      it from a light source 29 to a photosensitive element 30 of the
      opto-mechanical device 1. In the illustrated embodiment, surface 126 is a
      flat specular surface through which the incident light from the source 29
      is reflected to the photo sensitive element 30 of the opto-mechanical
      detector device 1. However, (see FIGS. 4, 5 and 6) this light is actually
      reflected only when the feeler pin 20 is in one of a plurality of preset
      positions in which the degree of firmness of the cigarette ends are
      considered to be good or acceptable while there is no reflection when pin
      20 is out of the range of said preset positions.
PAR  Referring particularly to FIGS. 1 and 2, the light source 29 and
      photosensitive element 30 are mounted in an adjustable transducer head 31,
      with slots and screws 32, as well as with a spring adjusting screw
      coupling 33 on a bracket arm 110 which is integral with hub 10. This
      adjusting capability allows extension or restriction of the field of
      action of mirror 126 thus indirectly adjusting, with more or less
      restrictive concepts, the degree of firmness allowable for the cigarette
      ends. Slots and screws 132, best shown in FIGS. 2 and 3, are provided to
      adjust the height or spacing of the head 31 from the feeler means 13.
PAR  It should be understood that although the reflection device described has
      the characteristic qualities of precision of optic systems, the invention
      is not necessarily restricted thereto but is to be considered in its
      broadest sense to include any transducer type means suitably sensitive to
      the position of pin 26 or, more generally, to that of feeler 20. Thus, for
      instance, suitable magnetic or capacitive units of the types well known in
      the art, or the like, could be used. The positional adjustment of the beam
      from the source 29 as shown in FIG. 5 is representative of testing
      cigarette ends with a very strict or limited acceptable range of the
      degree of firmness because even a slight amount of yeilding of the cut
      tobacco under the feeler pin 20 will cause the pin end surface 126 to move
      out of the beam. The transducer head 31 or more particularly the beam
      source 29 and the photosensitive element 30 are connected to an electrical
      supply circuit and to a memory and rejectiton means, as will be further
      discussed, by a multipolar cable 34 having a coupling 134, as shown.
PAR  With reference to FIGS. 1 and 3, the pneumatic cigarette inspection device
      2 associated with the rotary drum 3 substantially inspects filter joints,
      cork and paper of cigarettes for breaks or apertures. Devices of this kind
      are known in the art and usually comprise a ported of perforated
      mouthpiece 340 mounted on drum 3 with one of the openings of the
      mouthpiece being axially aligned with each pair of aligned cradles 9.
      During the pneumatic test which, as shown in FIG. 3, takes place at a
      distinct time in relation to a cigarette end test, pressure air is
      conveyed to the mouthpiece 340 through a duct 35. Over pressure in duct 35
      indicating the wholeness of the cut tobacco wrapper is detected by a
      transducer 36 which provides a signal which is sent to memory circuits
      through wires 37.
PAR  The original signal supplied by the opto-mechanical transducer 1 is an
      analog type signal and, consequently cannot be directly introduced into
      the memory means 38-45 associated with the pneumatic inspection device 2.
      The memory means preferably is a shift register memory consisting of a
      plurality of stages which are cascade-connected together in the usual
      manner. The original signal must, consequently, be converted or adapted to
      the characteristics of the memory into which it is introduced. For this
      purpose, said signal is first sent to a shaping circuit consisting of a
      threshold level circuit 47, such as a Schmidt trigger or the like, which
      converts the analog signal into a rectangular wave form, of constant
      amplitude and with sharp edges. The rise and fall edges of this signal can
      be used to modify the condition of the shift register memory, relating to
      the cigarette being tested, directly or preferably through a one-shot
      circuit 48 whose function is to confer a certain duration to the pulse
      originating from transducer 1, whatever the machine speed may be.
PAR  The signal from the one-shot circuit 48 can be introduced into the memory
      means through either wire 49 or wire 50 which are upstream or downstream,
      respectively, of the point at which line 37 applies the signal of the
      pneumatic inspection device 2. The terms "upstream" and "downstream" refer
      to the shifting direction of the memory means towards the output of the
      drive signal to a rejection means or solenoid valve 51 which controls
      compressed air for an ejection nozzle to reject defective cigarettes.
PAR  It should be understood, that the present invention is not limited to the
      embodiment which has been described herein as an example, but can be
      changed and modified, mainly from a constructive viewpoint, without
      departing from the spirit of the invention.
PAR  For instance, when it is desired to pneumatically inspect the same
      cigarette whose end is tested for the degree firmness, both tests could be
      conducted with a single tester which is substantially identical to the
      opto-mechanical device 1 already described. In this instance the feeler
      plunger 20 and 21 would be provided with a longitudinal through port.
      Pressure air would be applied behind the plunger 21 for the pneumatic test
      and could also be used as a bias for the plunger instead of spring 22.
      Obviously, the two tests could always be made at distinct times, even
      though a single device is used. In this case, it would even be convenient
      to coordinate the two tests such as to conduct the cigarette end test
      first and then, the penumatic inspection. In fact, if pin 20 penetrates
      into the end of a cigarette which is defective for lack of firmness, the
      head 21 could uncover a pressure air exhaust port. By so doing, pressure
      sensitive transducer 36, conveniently synchronized, could be used to send
      to the memory a reject signal for lack of firmness, bearing in mind that
      it will be used, immediately after, in relation to the pneumatic test for
      cigarette inspection. This test will, obviously, involve only the
      cigarettes which have passed the firmness test. Naturally, the novel
      device so modified does not exclude that the end detection from continuing
      to include the optic means 126, 29 and 30.
PAR  Although but a single embodiment of the invention has been illustrated and
      described in detail, it is to be expressly understood that the invention
      is not limited thereto. Various changes may also be made in the design and
      arrangement of the parts without departing from the spirit and scope of
      the invention as the same will now be understood by those skilled in the
      art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for detecting the degree of firmness of cigarette ends,
      comprising
PA1  a rotating pneumatic drum sequentially moving cigarettes laterally one
      after another to a position to be tested,
PA1  yieldable feeler means sensitive to the degree of firmness of cigarette
      ends and having positionable means indicating the degree of firmness of a
      cigarette being tested,
PA1  circular cam means engaging one end of said feeler means and urging the
      other end of said feeler means against the end of a cigarette positioned
      to be tested, and
PA1  transducer means disposed adjacent a cigarette being tested and operatively
      associated with said feeler means for selectively providing a signal
      representing the position of said positionable means indicating the degree
      of firmness of the end of a cigarette being tested,
PA1  said drum being provided with a plurality of axially aligned pairs of
      cradles disposed in an equally spaced series adjacent one end of the drum,
PA1  said feeler means being a plurality of axially movable feelers supported by
      said drum each being axially aligned with a different axially aligned pair
      of cradles, and
PA1  said cam means being provided with a fixed circular cam face having an
      arcuate portion disposed closer to the adjacent end of said drum than the
      remainder of said cam face urging a feeler into contact with the end of a
      cigarette supported by an axially aligned pair of cradles when the
      cigarette is in a position to be tested.
NUM  2.
PAR  2. The device in accordance with claim 1, and each of said feelers
      comprising
PA1  a body defining a chamber therein and having a longitudinal slot through
      the wall thereof,
PA1  a stem connected at one end to one end of said body and extending axially
      therefrom into engagement with said cam face at the other end thereof,
PA1  a plunger axially movable in said chamber and having a feeler pin extending
      axially through the end of said body opposite from said stem to engage the
      tobacco in the end of a cigarette to be tested,
PA1  spring means within said chamber biasing said plunger and said feeler pin
      in a direction away from said stem, and
PA1  said indicating means being connected to said plunger and extending
      laterally therefrom through said slot.
NUM  3.
PAR  3. The device in accordance with claim 2, wherein
PA1  said transducer means comprising a light source and a photo sensitive
      element providing an electric signal in response to light, and
PA1  said indicator means being a pin positioned by said plunger and having an
      end surface for directing light from said source to said photo sensitive
      element when in a predetermined position.
NUM  4.
PAR  4. The device in accordance with claim 3, and said transducer means further
      comprising
PA1  means for adjusting the transducer means relative to said feelers in
      directions parallel to and radially toward and away from the axis of
      rotation of said drum.
NUM  5.
PAR  5. The device in accordance with claim 4, and
PA1  said photo sensitive element providing electrical analog signals,
PA1  circuit means for receiving analog signals from said photo sensitive
      element and providing a delayed pulse type signal when the analog signal
      indicates that the tip of a cigarette being tested is unacceptable, and
PA1  means responsive to pulse type signals from said circuit means for
      rejecting cigarettes with unacceptable tips after a predetermined time
      delay from the time such cigarettes are tested.
NUM  6.
PAR  6. The device in accordance with claim 5, and
PA1  pneumatic inspecting means for testing for integrity of the wrapper of
      cigarettes supported by said axially aligned pairs of cradles when such
      cigarettes are in a position arcuately off-set from the position in which
      the tips of cigarettes are tested by said feelers.
NUM  7.
PAR  7. The device in accordance with claim 5, and
PA1  said pneumatic inspection means including a transducer providing an analog
      signal to said circuit means when a cigarette being tested by said
      inspection means is unacceptable.
NUM  8.
PAR  8. The device in accordance with claim 7, and
PA1  said pneumatic inspection means introducing pressure air into the end of a
      cigarette being tested opposite from the end of the cigarette tested by
      said feeler means.
NUM  9.
PAR  9. The device in accordance with claim 7, and
PA1  said pneumatic inspection means introducing pressure air through said
      feeler means, and
PA1  such pressure air providing the spring means for each of said feelers for
      biasing the plunger thereof in a direction away from said stems.
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ABST
PAL  Water-washable inspection penetrant compositions which avoid the use of
      conventional solubilizing detergents. The penetrants comprise an oil
      vehicle containing a dissolved indicator dye and a fatty acid ingredient
      dissolved to a concentration within the range of from about 2% to about
      25%. The fatty acid ingredient acts as a solubility promoter to permit the
      penetrant composition to be removed from test surfaces by a spray-wash of
      water.
BSUM
PAC  RELATED PATENT APPLICATION
PAR  Application Ser. No. 385,795 -- filed Aug. 6, 1973, for WATER-SOLUBLE
      INSPECTION PENETRANT COMPOSITION EMPLOYING DIMETHYL NAPHTHALENE.
PAR  The present invention relates to water-washable inspection penetrant
      compositions. More particularly, the invention relates to so-called
      "oil-phase" water-removable penetrants which comprise essentially a liquid
      vehicle consisting of a water-insoluble oil or mineral solvent, and in
      which a small but finite degree of water-solubility is imparted to the oil
      by means of a "solubility promotor" ingredient.
PAR  Penetrant inspection processes have been well known in the prior art and
      have had as their purpose the detection in test bodies of extremely small
      surface discontinuities and subsurface flaws having surface openings. The
      test bodies, or parts, may be constructed of metal, ceramic, or other
      material. The known processes have involved nondestructive inspection
      penetrant testing procedures, with the usual procedure including, as a
      first step, the immersion of the test bodies in a penetrant flaw tracer
      liquid having dissolved therein either a fluorescent dye or a
      nonfluorescent visible-color dye. The penetrant flaw tracer liquid usually
      employed has been formulated of an oily liquid vehicle within which
      vehicle the dye is dissolved.
PAR  After immersion of the test bodies in the penetrant for an appropriate
      dwell period, the test bodies are withdrawn from the liquid and are then
      subjected to draining, emulsification, and washing operations, for the
      purpose of removing any penetrant liquid adhering to the surfaces thereof.
      Minute entrapments of the penetrant liquid, however, remain in any surface
      discontinuities or subsurface flaws having surface openings, even though
      extremely small. If the penetrant liquid employed contains a dissolved
      fluorescent dye, the entrapments may be rendered visible by exposure of
      the surfaces of the test bodies to ultraviolet radiation. If, on the other
      hand, the penetrant liquid contains a dissolved nonfluorescent
      visible-color dye, the entrapments can be viewed in ordinary light.
PAR  Two major types of penetrant inspection processes have been utilized. In
      the case of the so-called "post-emulsifier" type of penetrant inspection
      process, the penetrant inspection liquid is removed from the surfaces of
      the test bodies during the washing step through the use of water together
      with a suitable emulsifier composition. In accordance with the so-called
      "self-emulsifiable", or water-washable, type of penetrant process, the
      oily vehicle of the penetrant flaw tracer liquid is compounded together
      with one or more detergents. As a result, upon contact with water, the
      penetrant liquid forms an emulsion. Consequently, after the test bodies
      have been immersed in the penetrant liquid, they may simply be rinsed in
      water, whereupon the surface penetrant liquid becomes emulsified and is
      removed without the use of a supplementary emulsifier composition.
PAR  The so-called "oil-phase" water-washable penetrants have in the past been
      comprised essentially of an oily vehicle containing an appropriate
      concentration of detergent material, sufficient to render the oily mixture
      emulsifiable in water. I have discovered that the presence of detergent
      material in the penetrant formulation causes an effect of "adsorption",
      such that when the penetrant comes in contact with test surfaces which
      have a substantial amount of fine surface porosity, the penetrant tends to
      be adsorbed into the large surface area provided by the fine-porosity
      condition, producing an undesirable amount of background indications.
PAR  In connection with the feature of flaw detection performance of a
      water-washable inspection penetrant, and even post-emulsifier type
      penetrants and solvent remover type penetrants, I have discovered a
      hitherto unrecognized performance parameter, and I have reported this
      discovery in several technical papers presented before the American
      Society for Nondestructive Testing. Also, requirements pertaining to this
      performance parameter of "Indication Depletion Time Constant" have been
      included in applicable Military and Industrial penetrant material
      specifications.
PAR  In essence, I have found that when tested using a standardized
      craze-cracked panel, each water-washable inspection penetrant exhibits a
      characteristic rate of depletion of penetrant entrapments upon contact
      with water remover. Since this depletion follows an exponential curve, it
      is possible to assign a "depletion time constant" to a given
      characteristic curve. Although the Indication Depletion Time Constant may
      be expressed in various ways, present practice is to state a given
      Indication Depletion Time Constant as the time in seconds of remover
      contact for the effective magnitude of the standardized entrapment to
      become diminished to 50% of its initial value.
PAR  The parameter of Indication Depletion is important with regard to the flaw
      detection performance of a given penetrant, since it determines the
      so-called "stability" of indications in the presence of a remover. Thus,
      it is important to exercise control over the feature of Indication
      Depletion Time Constant.
PAR  I have discovered that the Indication Depletion Time Constant of a given
      penetrant composition is roughly an inverse function of the concentration
      of surfactant (detergent) material which is present. As the surfactant
      concentration is reduced, the Indication Depletion Time Constant increases
      in value. Also, as the surfactant concentration is reduced, the water
      tolerance of the penetrant composition diminishes, water tolerance being
      the maximum percent of water which may be added to the penetrant
      composition without cousing clouding or separation of the oil-detergent
      mixture.
PAR  Thus, I have discovered that in designing water-washable penetrants for
      enhanced values of Indication Depletion Time Constant, it is necessary to
      reduce the concentration of surfactant in the penetrant composition. I
      have disclosed this concept in my copending application Ser. No. 385,795,
      filed Aug. 6, 1973, for "Water-Soluble Inspection Penetrant Composition
      Employing Dimethyl Naphthalene", and have disclosed various "Formats" of
      penetrant composition which provide controllable levels of Indication
      Depletion Time Constant.
PAR  In the aforesaid copending application Ser. No. 385,795, I have disclosed
      oil-detergent mixtures, which I designate "A-Format" penetrants, in which
      the surfactant content is about 25%, and the water tolerance is about 10%.
      I have also disclosed compositions which I designate "B-Format"
      penetrants, in which the surfactant content is about 15%, and the water
      tolerance is about 5%. Finally, I have disclosed compositions, which I
      designate "C-Format" penetrants, in which the surfactant content is about
      8%, and the water tolerance is about 2%. In these A, B, and C-Format
      penetrants, the Indication Depletion Time Constant values are
      progressively increased as the surfactant content is decreased.
PAR  In accordance with my concept of controlling Indication Depletion Time
      Constant values by adjusting the concentration of surfactant, I have
      theorized that it should be possible to still further increase the
      Depletion Time Constant values by further reducing the surfactant content,
      even to zero. However, I have found that when oil-surfactant compositions
      are formulated wherein the surfactant content is in the range of or less
      than about 1% to 5%, the solubility of the composition in water diminishes
      rapidly and approaches zero at zero content of surfactant. Thus, in
      oil-surfactant mixtues, it does not appear to be practical to reduce the
      surfactant concentration below a certain critical value in the range of
      1%.
PAR  Also, and as mentioned above, I have discovered that all liquid dye
      penetrant compositions exhibit an effect of adsorption with respect to the
      liquid-solid interface which is present on test parts, such that the
      penetrant tends to be retained on test surfaces, resisting removal by
      washing, even though the liquid is readily soluble in water. In many
      cases, the effect of adsorption is negligable, particularly where the test
      surface is smooth. But where the test surface is rough, or if a
      fine-porosity condition exists, as on anodized surfaces, the effective
      area of the surface which is exposed to contact with the penetrant may
      become exceedingly large, and any adsorption effects which exist become
      correspondingly more pronounced.
PAR  Adsorption is an interfacial function, and I have found that it is
      augmented by any surface-active materials, such as detergents, which may
      be present. I have found that by increasing the detergent (surfactant)
      content of a penetrant, its water solubility is increased, and the effect
      of adsorption is also increased.
PAR  Thus, in an inspection penetrant having a high concentration of surfactant
      which is employed on test surfaces which contain cracks in the presence of
      fine surface porosity, the high content of surfactant renders the
      penetrant soluble in wash water so that penetrant entrapments in cracks
      are readily removed, but the penetrant is at the same time strongly
      adsorbed into the fine surface porosity, producing a condition of severe
      background indications. The result is that the crack indications may be
      washed out completely, while the background of fine-porosity indications
      is not removed. When a condition such as this occurs, it may be said that
      the penetrant exhibits a poor "signal-to-noise ratio".
PAR  According to the above-described behaviour of oil-surfactant type
      water-washable penetrants, I have theorized that signal-to-noise ratio
      could be improved by reducing the surfactant content, and could be
      increased to a maximum by reducing the surfactant content to zero. As
      explained above, the penetrant becomes inoperable at zero surfactant
      content due to the fact that the oily composition becomes insoluble in
      water and will not wash from test parts.
PAR  I have discovered that it is possible to employ an oily liquid as the
      vehicle for a dyed liquid penetrant, and without any surfactant
      ingredient, and I have found that it is possible to induce sufficient
      water-solubility in the oily liquid so that it may be washed from test
      surfaces, yielding a good signal-to-noise ratio.
PAR  The principal object of the invention, therefore, is to provide oily
      penetrant compositions which contain no surfactant material, but which
      contain a solubility promoter sufficient to induce a small but finite
      degree of water-solubility to the penetrant composition.
PAR  This and other objects of the invention will in part be obvious and will in
      part become apparent from the following description thereof.
PAR  I have found that the addition of from 2% to 25% of a fatty acid to an oily
      penetrant vehicle will augment the water-solubility of the mixture, such
      that surface penetrant may be readily removed from test parts under
      conditions of pressure-spray washing. Also, I have found that the rate of
      wash removal may be accelerated by increasing the temperature of the
      wash-water spray, at least up to about 150.degree. F.
PAR  In the compositions of the present invention, both of the essential
      ingredients, oil and fatty acid, are, individually, insoluble in water.
      However, when combined in the proportions indicated, the mixtures exhibit
      the unexpected feature of enhanced water-solubility. Also, the effect of
      adsorption is at a relatively low level in the compositions of the
      invention, as compared with conventional oil-surfactant type compositions,
      thereby yielding good signal-to-noise ratios.
PAR  For the purpose of the present invention, the mineral solvent ingredient of
      the compositions is defined as a light mineral oil such as kerosene,
      diesel fuel, absorption oil, or a light lubricating oil such as white oil,
      or the so-called Pacific Base Oil. The oils may be aromatic in character,
      and light aromatic solvents such as xylene, benzene, toluene, or dimethyl
      naphthalene may be utilized. Insofar as the various mineral oils and
      solvents are concerned, viscosity may range from a few centistokes up to
      as much as several hundred centistokes, and the aniline point may fall
      anywhere within the range of from above 200.degree. F. down to quite low
      values of mixed aniline point, such as the value of 53.degree. F., which
      is characteristic of dimethyl naphthalene.
PAR  I have found that virtually any mineral solvent or mineral oil may be
      employed as the mineral solvent ingredient of the compositions of the
      invention. However, low viscosity oils are preferred, as are oils or
      solvents having flash points above 200.degree. F. Thus, a preferred type
      of mineral oil is that which is represented by the class of "Base Oils",
      as produced by Standard Oil Co. (Chevron). These oils may be either
      naphthenic or paraffinic, depending on the crude stocks from which they
      are derived.
PAR  Aniline point of the oil ingredient is not critical, however it is
      preferred that the aniline point shall be below about 130.degree. F. in
      order to provide good solubility for the indicator dye or dyes which may
      be employed. Any one of a large number of commercially available mineral
      solvents may be selected which have aniline points low enough to provide
      good solubility for the indicator dye. If a "base oil 50 pale" is used,
      its aniline point may fall in the range of from 180.degree. F. to
      200.degree. F. The addition of a highly aromatic solvent, such as dimethyl
      naphthalene, will reduce the aniline point to any desired value, down to a
      mixed aniline point of about 53.degree. F., which is the characteristic
      aniline point of pure dimethyl naphthalene.
PAR  For example, a mixture of equal parts of dimethyl naphthalene and Base Oil
      50 Pale will provide adequate solvency for the high concentrations of
      fluorescent dye, up to as much as 30%, which may be required for certain
      high-sensitivity usage. Where dye concentrations are less, down to 0.2% in
      some cases, the aromatic content of the oil vehicle need not be so great.
      In any event, the aniline point of the oil mixture should be below about
      150.degree. F., at least for best results. Dye concentrations may be
      selected in accordance with known practices for establishing dye
      performance sensitivity values of penetrants.
PAR  The fatty acid ingredient of the compositions of the invention may be any
      one or a combination of fatty acids, including:
PA1  Oleic acid
PA1  Soya Alkyd acid (linoleic)
PA1  Coconut fatty acid (lauric)
PA1  Palmitic acid
PA1  Tall Oil fatty acid
PA1  Naphthenic acid.
PAL  In the above listing, naphthenic acid is indicated as being a "fatty acid".
      Although naphthenic acid is not normally classified as a fatty acid, I
      include it in that category and define it as such for the purposes of this
      invention.
PAR  Most of the useful fatty acids are normally liquid at room temperature,
      however many fatty acids which are solid or semi-solid at room temperature
      may be utilized as solubility promotors in accordance with the invention,
      so long as they dissolve in the mineral oil constituent. For example,
      Palmitic acid is a flaky solid at room temperature, while Coconut fatty
      acid is a pasty solid at room temperature. These, and similar fatty acids
      dissolve readily in the oil mixture used as the base vehicle of the
      penetrants of the invention, and they act as solubility promoters in the
      same way as liquid fatty acids.
DETD
PAC  EXAMPLE
PAR  A family of D-Format fluorescent penetrants was prepared as follows: A
      mineral solvent mixture was first prepared by mixing equal parts of
      dimethyl naphthalene and Chevron (T.M.) Base Oil 50 Pale. This mixture was
      found to have an aniline point in the range of 110.degree. F. to
      115.degree. F. Using this mineral solvent mixture, a family of penetrant
      vehicles was prepared as follows:
     Mineral solvent mixture                                                   

                            98% to 75%                                         

     Oleic acid              2% to 25%                                         

PAL  A fluorescent indicator dye was added to the thus-prepared penetrant
      vehicle using various concentrations ranging from 0.2% up to 30% by
      weight.
PAR  Within the bounds of the foregoing formulations, it was found that the
      optimum and preferred content of oleic acid is about 7%, the preferred
      indicator dye is the fluorescent dye 4-methyl-7-diethylamino coumarin, and
      its concentration may range from 0.3% to 10% or more. In addition to the
      coumarin "sensitizer" dye, it was found that a small amount of
      green-yellow color-former dye may be added to the penetrant in accordance
      with known methods, to a concentration of about 0.1% to 0.6%, with a
      preferred concentration of about 0.4%. This color-former dye provides a
      shift in the fluorescent color from blue to green, whereby see-ability of
      flaw indications is improved. Any one or a combination of a wide variety
      of visible-color or fluorescent dyes may be employed in accordance with
      known practices.
PAR  The water-washable penetrants of the invention may be employed in
      accordance with known use techniques, except that consideration must be
      given to the fact that they dissolve slowly in water and a certain amount
      of agitation or spray action of the wash water is required in order to
      provide effective removal of surface penetrant. The effectiveness of
      wash-removal may be enhanced by heating the wash water to a temperature of
      up to 150.degree. F., a preferred temperature of the wash water being
      about 140.degree. F.
PAR  In the example given above, substitutions may be made of any of the fatty
      acids which have been disclosed, and with equivalent results. Also,
      substitutions may be made of any of the oil and solvent materials which
      have been disclosed, also with equivalent results.
PAR  The penetrant compositions of the invention not only dissolve slowly in
      water, but their solubility in water is quite low. Hence, as penetrant is
      removed from test surfaces, most of the penetrant tends to float to the
      surface of the wash water and may be recovered and re-used. The small
      amount of penetrant which dissolves in the water may be extracted by a
      process such as that which is disclosed in my copending application Ser.
      No. 432,752, filed Jan. 11, 1974 for "A Closed-Loop Water-Washable
      Inspection Penetrant Process". Penetrant which is thus extracted may be
      re-used, and the purified wash water may be re-used.
PAR  The penetrant compositions of the invention differ from conventional
      oil-detergent type water-washable penetrants in that they do not form
      highly stable emulsions in wash water. Oil-detergent type penetrants
      cannot be readily separated from wash water, due to their tendency to form
      stable emulsions, and they are, therefore, not adaptable to closed-loop
      operation as are the penetrants of the present invention.
PAR  It will be understood that I have devised a new and novel class of
      water-removable inspection penetrants. Although the invention has been
      describe with reference to particular embodiments thereof, it will be
      understood that various changes may be made therein without departing from
      the spirit of the invention or the scope of the appended claim.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a water-washable inspection penetrant process in which a
      water-dispersible dyed liquid penetrant is applied to test parts, surface
      penetrant is removed by washing said test parts with water, and said parts
      are inspected for residual entrapments of penetrant liquid in surface
      flaws, the improvement wherein said water-washable penetrant consists
      essentially of the following formulation, stated in weight percentages:
TBL         Mineral solvent                                                    

                       98% to 75%                                              

            Fatty acid  2% to 25%                                              

PAL  said penetrant vehicle having dissolved therein an indicator dye to a
      concentration within the range of from about 0.2% up to about 30%.
NUM  2.
PAR  2. A process in accordance with claim 1 in which said fatty acid is at
      least one member selected from the group consisting of:
PA1  Oleic acid,
PA1  Soya Alkyd acid,
PA1  Coconut fatty acid,
PA1  Palmitic acid,
PA1  Tall Oil fatty acid, and
PA1  Naphthenic acid.
NUM  3.
PAR  3. A process in accordance with claim 1 in which said fatty acid is Oleic
      acid.
NUM  4.
PAR  4. A process in accordance with claim 1 in which said mineral solvent is a
      mixture of mineral oils having an aniline point within the range of from
      about 200.degree. F. down to a mixed aniline point of about 53.degree. F.
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ABST
PAL  A maximum mileage indicator comprises a pressure gauging mechanism
      including the Bourdon gauge having a pointer for indicating the vacuum in
      an intake manifold and a speed metering mechanism including an indicator
      disc or cam board rotated by an angle determined by the vehicle speed, the
      pointer of the pressure gauging mechanism and the indicator disc or cam
      board being so arranged as to provide information on whether or not the
      vehicle is being drived under the maximum mileage condition for the
      desired vehicle speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a maximum mileage indicator for providing
      information about the maximum mileage driving condition for the desired
      vehicle speed.
PAR  When a vehicle is intended to be driven under the maximum mileage
      condition, the reading of a vacuum gauge mounted on an instrument panel
      has been utilized since it has been believed that as the vacuum gauge
      indicates higher vacuum, the mileage becomes higher value. The term
      "mileage" herein used is defined as the ratio of the distance traveled to
      the fuel consumed (killometer per liter). However, the above relationship
      between mileage and vacuum holds only for the same gear ratio, since the
      same vehicle speed may have different gear ratios from the first gear (low
      gear) to the fourth gear (top gear). At the same vehicle speed, the first
      gear offers the highest vacuum reading and the fourth gear offers the
      lowest vacuum reading, so that it is most preferable for the maximum
      mileage driving to take the lowest gear ratio and to drive a vehicle at a
      speed as low as possible. This does not meet the primary requirement for a
      vehicle design that it is to be driven at the desired vehicle speed with
      the proper gear ratio selected as occasion demands. Therefore, the reading
      to the vacuum gauge has been able to be used only for a mere reference.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a maximum
      mileage indicator for providing information about the maximum mileage
      driving condition for the desired vehicle speed.
PAR  It is another object of the invention to provide a maximum mileage
      indicator which is compact enough to be mounted on the conventional
      instrument panel space and simple in construction as well as low in
      manufacturing cost.
PAR  The principle of the present invention will be described with reference to
      FIG. 1. A set of characteristic curves (a) shows the relationship between
      mileage versus vehicle speed or road speed. It can be seen from the
      characteristic curves (a) that at the speed range greater than 30 km/h the
      maximum mileage is obtained by the use of the fourth gear ratio, at the
      speed range between 30 km/h and 25 km/h by the use of the third gear
      ratio, at the speed range between 25 km/h and 15 km/h by the use of the
      second gear ratio and at the speed range less than 15 km/h by the use of
      the first gear, in which case there is no other alternative because of the
      lack of tractive effort. Consequently, the maximum mileage versus vehicle
      speed is represented by the curve BD for all the vehicle speed ranges.
PAR  A set of curves (b) illustrates the vacuum in an intake manifold versus
      vehicle speed for each gear ratio. The curve BV represents the vacuum
      corresponding to the maximum mileage curve BD. This BV curve may be used
      as follows: Assuming that a vehicle is intended to be driven at a speed of
      40 km/h under the maximum mileage condition, the BV curve shows that it is
      necessary to take such a gear ratio as that the vacuum gauge should read
      360 mmHg of pressure. When the third gear is used, the vacuum gauge reads
      a pressure of 400 mmHg so that it is necessary to shift up the lever to
      the fourth gear to produce a pressure of 360 mmHg. When the second gear is
      used, the vacuum gauge reads a pressure of 440 mmHg so that the similar
      lever operation should be taken to provide the reading of 360 mmHg on the
      vacuum gauge. Such sequential reading of the gauge will require the
      special attention of a driver, making the load too heavy for the driver.
PAR  According to the present invention, a maximum mileage indicator comprises a
      speedometer including an indicator disc or cam board which is rotatable in
      proportion with the vehicle speed and has the maximum mileage curve BV
      printed thereon, and a vacuum gauge having a pointer so arranged as to be
      on the curve BV. With this arrangement, since an indicator window cut on
      the dial plate reveals a portion of the BV curve corresponding to the
      vehicle speed, the position of the pointer relative to the portion of the
      BV curve indicates whether or not the vehicle is running under the maximum
      mileage condition for the selected vehicle speed. In other words, a
      vehicle can be driven under the maximum mileage condition by controlling
      it in such a manner that the pointer of the vacuum gauge lies on the
      portion of the BV curve.
PAR  The indicator board having the maximum mileage curve BV is preferably
      formed as a disc board rotatable in proportion to the vehicle speed.
      Alternatively, it may be formed as a cam board having its circumference
      shaped to conform to the shape of the curve BV. In this case there is
      provided a maximum mileage indicator rod placed in contact with the cam
      surface so that the indicator rod may move in parallel relation with the
      pointer of the vacuum gauge, thus providing the maximum mileage
      information. In addition, this maximum mileage indicator may be
      constructed integrally with a speedometer to provide a compactness and low
      manufacturing cost.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objectives and advantages of the invention will appear from the
      following detailed description of the embodiments thereof and from the
      accompanying drawings, wherein
PAR  FIG. 1 is a graph representing the maximum mileage curves;
PAR  FIG. 2 is a plan view of one form of maximum mileage indicator embodying
      the invention;
PAR  FIG. 3 is a sectional view taken along the line III--III of FIG. 2 with
      parts partially broken away;
PAR  FIG. 4 is a plan view of one form of an indicator board 40 used for the
      indicator shown in FIGS. 2 and 3;
PAR  FIG. 5 is a plan view of another form of maximum mileage indicator
      according to the invention;
PAR  FIG. 6 is a plan view of the indicator shown in FIG. 5 with a dial plate
      taken apart for clearness.
PAR  FIG. 7 is a plan view of an alternate embodiment of the indicator means 19
      shown in FIGS. 5 and 6;
PAR  FIG. 8 is a circular graph showing a spiral curve used for the formation of
      a cam board;
PAR  FIG. 9 is a plan view of the modified embodiment of the invention; and
PAR  FIG. 10 is a sectional view of the indicator shown in FIG. 9 taken along
      the line X--X with parts partially broken away.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the attached drawings, in FIG. 2, there is shown a maximum
      mileage indicator comprises a casing 11, a dial plate 13 mounted on the
      casing 11, a transparent cover 12 placed over the dial plate 13, and a
      Bourdon gauge including a Bourdon tube 115 fixed at one end to the side
      wall of the casing 11 and at the other end to a connecting rod 114 which
      is coupled at the other end to the lever portion of a segment gear 112
      which engages with a gear 111 to which a pointer 19 is attached by a pin
      110.
PAR  Referring to FIG. 3, the pin 110 extends upwards through the dial plate 13
      to the pointer 19 and downwards to a bearing (not shown) fixed to the
      bottom of the casing 11 and is secured at its leg portion of the gear 111.
      The gear 111 engages with the segment gear 112 which has the lever portion
      coupled to one end of connecting rod 114. As described above, the other
      end of the connecting rod 114 is coupled to the tip of the Bourdon tube
      115 which is tightly sealed. The other end of Bourdon tube 115 or inlet
      port is airtightly connected to an intake manifold of an engine (not
      shown). The dial plate 13 is formed with a slit window 18 the upper edge
      of which is graduated in pressure scale.
PAR  Under the dial plate 13 is disposed an indicator board 40 secured to the
      shaft of a speedometer including a hair spring 15, a rotor 16, a magnet 17
      and a magnet driving shaft 116 to which the rotation of wheels of a
      vehicle is transmitted through a flexible wire which is well known in the
      art. The magnet driving shaft 116 is supported by a bearing 117 in such a
      manner as shown in FIG. 3.
PAR  FIG. 4 illustrates one example of the indicator board 40 on which the
      maximum mileage curves BV's are drawn for various conditions. The speed
      scale of a vehicle is printed on the circumference of the indicator board
      40 while the vacuum scale in the intake manifold is printed on concentric
      circles from the center to the circumference as shown in FIG. 4. A radial
      line representing vehicle speed is such a curve as to conform to the locus
      of the pointer 19 (FIGS. 2 and 3). The curve BV1 is constructed by
      connecting the plots of vacuum for each vehicle speed in the similar way
      to the BV curve in FIG. 1. The width of the curve represents the amount of
      scatter in measurement due to variations in the vehicle weight or engine
      conditions. The shape of BV curve depends upon the vehicle weight and the
      state of road gradient and road surface. The BV curves from BV1 to BV5 are
      printed for different operating conditions from at a level road with a
      normal load to at a medium falling grade as illustrated in FIG. 4. In
      practice it is preferred that the BV curves from BV1 to BV5 are distinctly
      colored, for example, from green for the maximum mileage to red for the
      minimum mileage.
PAR  The manner of operation of the indicator described in connection with FIGS.
      2 and 3 will be explained particularly with reference to FIG. 2. In
      proportion to the vehicle speed, the indicator board 40 rotates clockwise
      or counter-clockwise so that a vehicle speed line observed through the
      slit window 18 will represent the vehicle speed while a portion P of the
      BV curve will indicate the ideal pressure (400 mmHg) required for the
      maximum mileage at the vehicle speed. On the other hand, the pointer 19
      indicates an actual pressure (320 mmHg) so that it is required to operate
      a shift lever or accelerator pedal in such a manner that the pointer 19
      overlaps the portion P of the BV curve in the slit window 18. Thus, the
      overlap of the pointer 19 on the portion P indicates that the vehicle is
      running under the maximum mileage driving condition.
PAR  Referring to FIGS. 5 and 6 there is shown another embodiment of the maximum
      mileage indicator according to the invention. It comprises a casing 11
      provided with a dial plate 13 formed with slit windows 18 and 121, a
      pointer 19 secured to a pin 110 and placed between the dial plate 13 and a
      transparent cover 112 mounted on the casing 11, and a vacuum gauge
      including a Bourdon tube 115, a connecting rod 114, a segment gear 112, a
      windup spring 113, a gear 111 and the pointer 19. The outer end of the
      Bourdon tube 115 is designed to couple with the intake manifold of an
      engine. As the vacuum inside the Bourdon tube 115 increases, the free end
      of the tube 115 turns counter-clockwise, as shown in FIG. 6, rotating the
      segment gear 112 against the windup spring 113 and the gear 111 clockwise,
      together with the pointer 19.
PAR  In this embodiment there is provided a cam board 41 which is secured to a
      shaft 125 fixed to the rotor 16 of a speedometer so that it turns around
      in proportion to the vehicle speed. The rotor 16 which is well known in
      the art is opposed at a distance to a magnet (not shown) to which the
      rotation of wheels of a vehicle is transmitted through a flexible wire.
PAR  The cam 41 is formed in such a way that its shape conforms to the spiral
      line BV's is constructed in the similar way to the BV curves on the
      indicator board 40 as shown in FIG. 4. The contour of the cam board 41
      contacts with an indicator rod 120 which is slidably supported by a
      cylindrical guide member 123 fixed to the casing 11 and having a square
      hole 126 cut in line with the slit window 18 of the dial plate 13. A coil
      spring 124 is provided within the guide member 123 to push the indicator
      rod 120 to the left as shown in FIG. 6. When the cam board 41 turns around
      corresponding to the vehicle speed, the indicator rod 120 in contact with
      the cam face travels to and fro in the lateral direction. The indicator
      rod 120 is provided with a mark 122, whose position indicates the ideal
      vacuum required for the maximum mileage driving for a given vehicle speed.
      Since the pointer 19 of the vacuum gauge indicates an actual vacuum in the
      intake manifold, control may be made in such a manner that the pointer 19
      overlaps the mark 122 to thus provide the maximum mileage driving
      condition. In addition, when the cam board 41 is graduated in the speed
      scale, the vehicle speed can be read through the slit window 121 of the
      dial plate 13.
PAR  FIG. 7 illustrates the essential parts of the modified embodiment as shown
      in FIGS. 5 and 6. This embodiment is different from the one shown in FIGS.
      5 and 6 only in the indicating mechanism of the vacuum gauge. A pulley 131
      is supported by a shaft 134 provided at the center of the Bourdon tube 115
      and has a slit 132 cut in the radial direction. The Bourdon tube 115 has
      at its free end a pin 133 which slidably engages with the slit 132 of the
      pulley 131 so that the pulley 131 rotates clockwise or counterclockwise as
      the Bourdon tube 115 contracts or expands depending on the vacuum therein.
      A string, rope or belt 130 is held in strain over the pulley 131 and an
      idle roller 134. The pointer 19 is fixed to the string 130 so that it
      travels transversely in accordance with the rotation of the pulley 131.
PAR  Referring now to FIGS. 9 and 10 there is shown the modified preferred
      embodiment of maximum mileage indicator of the invention as shown in FIGS.
      2 and 3. On the indicator board 42 the speed scale is printed as well as
      the maximum mileage curve BV. Correspondingly, the dial plate 13 is formed
      with a slit window 121 through which the vehicle speed can be read. The
      dial plate 13 of this embodiment further has window 50 and 51 for an
      odometer 53 and trip-type odometer 52, respectively. These odometer 53 and
      trip-type odometer 52 are driven by a gear 160 fixed to a shaft 116
      through a train of gear (not shown). The rest of the parts of this
      embodiment are identical with those as shown FIGS. 2 and 3. It is noted
      however that the speedometer window 121 is disposed at a place making an
      angle 90.degree. with the slit window 18 so that the speed scale should be
      printed on the indicator board 42 rotated counterclockwise by an angle
      90.degree. with the corresponding portion P of the BV curve observed in
      the slit window 18. When the indicator board 42 is graduated in vehicle
      speed as shown in FIG. 4, the speedometer window 121 should be placed on
      the extended line of the slit window 18.
PAR  With this arrangement, the maximum mileage indicator can be also used for a
      speedometer so that the space on the instrument panel and the
      manufacturing cost can be greatly reduced. Moreover, it makes easier to
      read both the vehicle speed and maximum mileage scales at the same time.
PAR  While the invention has been particularly illustrated and described with
      reference to the preferred embodiments thereof, it will be understood by
      those skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A maximum mileage indicator comprising a pressure sensing mechanism
      responsive to the vacuum in an intake manifold to drive an indicator
      means;
PA1  a rotatable means having at least one maximum mileage curve printed thereon
      with the vacuum scale taken in the radial direction and the vehicle speed
      scale in the circumferential direction;
PA1  a speed sensing mechanism responsive to the vehicle speed to rotate said
      rotatable means by an angle proportional to the vehicle speed; and
PA1  said indicator means so arranged as to move substantially along the radial
      line of said rotatable means.
NUM  2.
PAR  2. A maximum mileage indicator as defined in claim 1 wherein said rotatable
      means is a disc board having at least one maximum mileage curve printed on
      its surface.
NUM  3.
PAR  3. A maximum mileage indicator as defined in claim 2 wherein said maximum
      mileage curves are distinctly colored from each other.
NUM  4.
PAR  4. A maximum mileage indicator as defined in claim 1 wherein said rotatable
      means is a disc board having the vehicle speed scale as well as the
      maximum mileage curve printed on its surface.
NUM  5.
PAR  5. A maximum mileage indicator as defined in claim 1 wherein said rotatable
      means is a cam board having a contour similar to the figure of said
      maximum mileage curve.
NUM  6.
PAR  6. A maximum mileage indicator as defined in claim 5 wherein said cam board
      has the vehicle speed scale on its surface.
NUM  7.
PAR  7. A maximum mileage indicator as defined in claim 6 wherein said indicator
      further comprises a maximum mileage indicator rod having its one end made
      contact with the contour surface of said cam board so that it will travel
      along the locus of said indicator means.
NUM  8.
PAR  8. A maximum mileage indicator as defined in claim 5 wherein said indicator
      further comprises a maximum mileage indicator rod having its one end made
      contact with the contour surface of said cam board so that it will travel
      along the locus of said indicator means.
NUM  9.
PAR  9. A maximum mileage indicator as defined in claim 1 wherein said indicator
      means is so constructed as to rotate on its axis.
NUM  10.
PAR  10. A maximum mileage indicator as defined in claim 1 wherein said
      indicator means is so constructed as to travel along a straight line.
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ABST
PAL  A vehicle chassis dynamometer for measuring available vehicle road
      horsepower is disclosed together with means for compensating an apparent
      dynamometer horsepower reading for dynamometer vehicle rolling resistance,
      and vehicle drive line losses, and adjusting for ambient barometric
      pressure, temperature, and fuel specific gravity to obtain an accurate
      reading of engine flywheel horsepower that may be used directly for
      comparison with engine manufactures SAE rated horsepower.
BSUM
PAR  This invention relates to dynamometers and more particularly relates to
      vehicle chassis dynamometers for accurately determining the true
      horsepower available at the drive wheels of a vehicle.
PAR  A chassis dynamometer may be generally classified as a shop vehicle testing
      apparatus for measuring the power available at the drive wheels of a
      vehicle. The horsepower is determined by measuring the speed of the wheel,
      generally through a contacting roll, and the torque thereof. Then if
      electrical signals are derived proportional to each, the horsepower may be
      calculated by a well known equation and implementing circuitry.
PAR  True vehicle wheel or road horsepower is influenced to an appreciable
      degree by vehicle rolling resistance, drive line efficiency and vehicle
      weight. All of these factors produce a horsepower loss that must be
      considered in determining the true engine flywheel net horsepower
      available. An evaluation of vehicle performance is accomplished by
      comparison of the horsepower developed by the engine, and the delivered
      horsepower to the drive wheels.
PAR  A given engine will have a rated design horsepower. Some of this horsepower
      is utilized in accessory demands such as fan, compressor and generator.
      After subtraction of these losses, a correction should be made for
      variable factors such as ambient temperature, barometric pressure and fuel
      specific gravity to determine the horsepower at the flywheel. To further
      obtain the road horsepower, the drive line efficiency and rolling
      resistance must be factored in. Obviously, the actual available horsepower
      for tractive effort and speed appearing at the drive wheels is
      considerably less than the rated horsepower of the engine.
PAR  Engine manufacturers follow Society of Automotive Engineers standards, and
      refer all ratings to standard conditions which presently include a
      barometric pressure of 29.0 inches HG, a given fuel specific gravity, and
      a temperature of 85.degree. F. In any measurement of available horsepower
      of a vehicle engine, the rated gross engine horsepower must be adjusted
      for accessory losses, ambient conditions, fuel specific gravity, drive
      losses and rolling resistances to obtain a true measurement of available
      horsepower under standard conditions.
PAR  Chassis dynamometers are generally used to determine if a vehicle meets its
      advertised or stated horsepower. With the variables mentioned above,
      chassis testing is presently largely educated guess work, or values
      determined by experienced operators.
PAR  The present invention provides a new and improved network for use in
      conjunction with a chassis dynamometer which eliminates guess work and
      rough compensation factors, and permits a direct readout of vehicle engine
      net horsepower.
PAR  Briefly stated, the present invention provides a means for deriving the
      indicated horsepower through a conventional speed-torque signal computing
      network, and further selectively introducing various correction factors
      for temperature, barometric pressure, and/or fuel specific gravity which
      depart from the test standards, and also the road losses due to rolling
      resistance and drive line efficiency which together are termed the
      K-factor. The present invention also permits selectively including a given
      loss in a horsepower reading to determine overall efficiency of the
      vehicle.
PAR  An object of this invention is to provide a new and improved vehicle
      chassis dynamometer.
PAR  Another object of this invention is to provide a vehicle chassis
      dynamometer having the ability to compensate for variable factors which
      affect measured road horsepower of a vehicle.
PAR  A further object of this invention is to provide a new and improved
      compensation network for use in conjunction with a horsepower computing
      network to adjust the indicated horsepower signal as a function of one or
      more of barometer pressure, temperature, fuel specific gravity and vehicle
      rolling resistance and drive line efficiency.
DRWD
PAR  The features of the invention which are believed to be novel are
      particularly pointed out and distinctly claimed in the concluding portion
      of this specification. The invention, however, both as to its organization
      and operation, together with further objects and advantages thereof, may
      best be appreciated by reference to the following detailed description
      taken in conjunction with the drawings, wherein:
PAR  FIG. 1 is a side elevation of a vehicle on a chassis dynamometer;
PAR  FIG. 2 is a view partly schematic and partly diagrammatic of a horsepower
      computing network;
PAR  FIG. 3 is a schematic diagram of a network utilized in conjunction with the
      network of FIG. 2 to accurately determine true drive wheel horsepower of a
      vehicle; and
PAR  FIG. 4 is a reproduction of a chart which permits compensation for the
      aforementioned K-factor.
DETD
PAR  The invention may be utilized in conjunction with apparatus as shown in
      co-pending application Ser. No. 313,121 filed Dec. 7, 1972 now U.S. Pat.
      No. 3,803,909. Such apparatus as exemplified in FIG. 1 comprises rotatable
      rolls adapted to support and engage the drive wheels 10 and 11 of a
      vehicle 12. In operation, the vehicle 12 is moved onto the dynamometer
      rolls so that wheels 10 engage rolls 13 and wheels 11 engage rolls 14.
      Assuming that only wheels 10 are drive wheels, roll 13 is driven and
      appropriate readings are taken therefrom for a determination of horsepower
      output at wheels 13. Roll 15 is positioned to prevent lift-off of the
      vehicle, and a platform 16 provides a support for the wheels when the
      vehicle is moved onto the rolls. The vehicle conventionally includes an
      engine and drive train (not shown) to the drive wheels as well as a fuel
      tank 17 carrying the fuel with which the vehicle is fueled.
PAR  To determine horsepower output at the drive wheels, a power absorption
      device such as a dynamometer 18 is coupled to roll 13 to measure the
      torque exerted thereon by wheels 10. The speed of rotation of roll 13 is
      measured by a tachometer 19 which supplies a voltage proportional to the
      speed. Tachometer 19 may be driven by an idler 20 in contact with roll 13,
      or may be driven therefrom in any suitable manner. Idler 20 may also be
      driven directly by the wheel 10 as exemplified in FIG. 1. The mechanical
      portions of the testing apparatus may be arranged in various manners to
      provide signals indicative of speed and torque.
PAR  Dynamometer 18 is preferably a Schenck Ul-30 liquid loaded dynamometer
      having a lever arm 22 which exerts a pressure or movement proportional to
      roll torque. Such lever arm may work on an air pressure cell (not shown)
      to produce movement of a potentiometer arm. As shown in simplified form,
      the lever 22 is adapted to vary the setting of a potentiometer contact arm
      23a on its resistance 23. Schenck dynamometers are available from
      Ostradyne, Incorporated, Milford, Connecticut. Connected in parallel with
      resistance 23 is the resistance portion 24 of a second potentiometer
      having a contact arm 24a. A milliammeter 25 calibrated in terms of
      horsepower is connected between arms 23a and 24a. Resistance 26 serves a
      calibration and factoring function.
PAR  In operation, the potential appearing at arm 24a is proportional to wheel
      speed. The voltage picked off at arm 23a, which is positioned in response
      to torque, is a function of torque and speed. The resistances are selected
      to satisfy the equation
PAC  Horsepower = RPM .times. TORQUE/5252
PAR  As thus far disclosed, the system of FIG. 2 will provide a reading of
      indicated horsepower at the wheels 10, but without compensation for the
      variable factors previously discussed.
PAR  In accordance with the invention, means are provided to compensate for the
      aforementioned variables. The connection between points 28 and 29 is
      opened, and a network as shown in FIG. 3 is provided.
PAR  Connected to terminal 28 is the common terminal ST of a plural position
      selector switch SS having ganged contact arms SS1 and SS2, each adapted to
      selectively engage contacts SS1a, SS1b and SS2a, SS2b, respectively.
      Contact SS1a is connected to the common terminal SWT of a second selector
      switch SW. Switch SW has a plurality of selectable contacts SW1, SW2, and
      SW3. With switches SS and SW in the positions shown, the network of FIG. 2
      is bypassed across terminals 28 and 29 over lines 31 and 32. Meter 25 will
      thus indicate observed horsepower without variable or rolling resistance
      losses.
PAR  When selector switch SS is set to contacts SS1b, various factors may be
      introduced to modify the horsepower signal. Assume switch SW is set to
      contact SW1, a circuit is completed from terminal 28, line 33, through the
      resistance network including resistance 35, and a shunt variable
      resistance 36 and trimmer resistance 37 and line 32 to terminal 29. The
      position of contact arm 36a is set in accordance with the K-factor,
      hereinafter more fully explained. The resistance network including
      resistances 35, 36 and 37 are thus inserted in the meter circuit and
      modify the horsepower signal.
PAR  When SS1 is at position SS1b and SW is at position SW2, a circuit is
      established from point 28, line 33, resistances 35 and 36 (unless 36 is
      bypassed), variable resistances 39, 40, 41, trimmer resistance 42, line
      31, and lines 43 and 44 to point 29.
PAR  When selector switch SW is set to contact SW3, a circuit is established
      from point 28, line 45, resistances 46, 47, and 48, line 50, line 31, and
      lines 43 and 44 to point 29.
PAR  The three networks selected in addition to the bypass condition permit the
      introduction of selected modifications of the basic horsepower signal
      appearing between arms 23a and 24a.
PAR  The resistance 39 is calibrated in terms of barometric pressure with its
      midpoint (with respect to contact arm 39a) calibrated to 29.0mm Hg. The
      resistance 40 is calibrated so that arm 40a is normally at a calibration
      of 85.degree.F. and may move - 25.degree. and + 42.degree. therefrom. The
      resistance 41 is selected to have preferably a calibrated range of 33.0 -
      41.7, with a standard setting of 35.0. The resistances 51 and 52 are
      included for calibration purposes. With all of the contact arms 39a, 40a
      and 41a in their standard positions, the network is set for the SAE
      standards of 85.degree.F., 29.0mm Hg, and a fuel specific gravity of 35.
      During a testing operation, if these quantities vary from such standards,
      the actual conditions are appropriately dialed in by one or more of the
      arms 39a, 40a and/or 41a.
PAR  The value of resistance 36 in the circuit is representative of a K-factor,
      which is a function of vehicle speed and weight, and drive line
      efficiency. The K-factor may be read from empirical data in chart form as
      shown in FIG. 4. A first set of curves I is prepared as a function of
      vehicle speed vs. horsepower loss with vehicle weights as parameter. A
      second set of curves II is prepared as a function of drive line efficiency
      versus horsepower losses. The third set of curves III is a plot of
      horsepower losses due to rolling resistance and drive line versus K-factor
      with rated engine horsepower as parameter.
PAR  The drive line losses referred to are the total of the losses appearing
      after the fly wheel, such as the gear box, drive shaft, and rear axle
      losses. These losses, as well as the rolling resistance losses are not
      corrected for in presently existing dynamometers. In all of curves I-III
      of FIG. 4, the ordinate units are the same.
PAR  Curves I of FIG. 4 are plots showing horsepower rolling resistance loss
      versus vehicle speed and miles per hour with vehicle weight in thousandths
      of pounds as parameter. Such curves are empirically determined for given
      types of chassis dynamometers.
PAR  Curves II of FIG. 4 are plots showing the slope of percent drive line
      horsepower loss over horsepower loss for various drive line efficiencies.
      Such data is determined from the vehicle manufacturer's stated drive line
      efficiency calculated to have an ordinant of 1 - efficiency/Horsepower
      loss
PAR  Curves III of FIG. 4 are preplotted curves of the total horsepower loss due
      to rolling resistance and drive line loss as a percentage efficiency for
      engines of various rated horsepowers where the rated horsepower is
      determined by the SAE standards at 29.0 inches HG and 85.degree.F. The
      K-factor as abcissa represents the percent of rated horsepower loss.
PAR  In operation of the network of FIG. 3, the overall effect is to vary the
      signal at meter 25 in accordance with horsepower losses and in accordance
      with ambient conditions and vehicle parameters. The values of the
      different resistances selected will depend on the design of the horsepower
      circuit including primarily the voltage output and current rating of the
      tachometer, and the current range of the ammeter.
PAR  The K-factor represents the percentage loss due to rolling resistance and
      drive train losses and curves III of FIG. 4 are a plot of K-factor versus
      such losses with SAE rated engine horsepower as a parameter at barometric
      reading of 29.0 inches of HG and 85.degree.F. When a vehicle is under test
      its weight and speed is located on curves I as indicated by the broken
      line and then such broken line is continued horizontally to the stated
      efficiency of the drive train, and then drawn parallel to the nearest
      efficiency loss curve, and then continued along the abscissa to the
      horsepower curves, and then located on the K-factor abscissa scale. This
      K-factor is then set on resistance 36 by means of selector arm 36a from a
      range of 0 through the percent range. As the K-factor increases less
      resistance 36 is placed in parallel with resistance 35, which will
      increase the current through milliammeter 25 and change the observed
      horsepower reading from the dynamometer to a reading corrected for rolling
      resistance and drive line efficiency.
PAR  As the K-factor percentage is dialed in through arm 36a, the current
      through the milliammeter increases and represents the actual horsepower at
      the wheels.
PAR  It will be noted that the K-factor can be determined for rolling resistance
      only if the efficiency curves II are not included in the determination of
      K-factor. This would occur when the broken line is taken directly across
      from the appropriate speed-horsepower loss durve to the engine horsepower
      curve.
PAR  When switch SS is at contact SS2 and SW is set to contact SW2, the circuit
      for the variables due to barometric pressure, air temperature and fuel
      specific gravity are also placed in circuit with resistances 35 and 36
      representing the K-factor. At this time the temperature and barometer
      reading may be checked, and also a hydrometer utilized to take a reading
      of specific gravity of the fuel. If there is any variation from the
      standards the contact arms 39a, 40a and 41a are set to the appropriate
      value to modify the resistance in the circuit and hence the current in
      milliammeter 25 in accordance with the existing and ambient conditions.
      For example, if the fuel specific gravity is greater than 35.0 indicating
      that the engine may be overfueled, the resistance is increased with
      increase in specific gravity. If the air temperature is less than
      85.degree.F., it would indicate more efficient ambient conditions. The
      amount of the resistance 40 in the circuit is increased and if the
      barometric pressure is greater than 29.0 the resistance 39 in parallel
      with resistance 51 would be increased. If the readings were less than the
      standards mentioned, the selector contact arms 39a, 40a and 41a would be
      otherwise adjusted. With these adjustments the milliammeter 25 will now
      accurately indicate the engine net horsepower of the vehicle.
PAR  It will be apparent that the ambient parameters and fuel specific gravity
      may be dialed in as corrections. without the K-factor when switch SW is in
      position SW2, merely by decreasing the K-factor as represented by the
      value of resistance 36 in the circuit to 0.
PAR  In many tests it is desired only to determine if the vehicle under all
      conditions has a horsepower output at the wheels which is a given
      percentage of the rated horsepower for a GO-NO Go test. In this situation,
      resistance 48 which is calibrated in terms of percent may be, for example,
      set to 25%, and place 25% of its resistance value in circuit with
      milliammeter 25 when switch is at contact SW3. If the meter then indicates
      the rated horsepower of the engine, the vehicle passes the test.
      Alternatively, resistance 48 may be calibrated in the reverse direction.
      Assume an engine of 400 rated horsepower is on a vehicle to be tested, and
      it must pass a specification test of 75% efficiency, then contact arm 48a
      is set to the 75% mark, and the vehicle brought up to the speed at which
      the horsepower is rated. The meter 25 will then indicate the actual
      horsepower at the drive wheels, and if such indicated value is 300 or
      more, the vehicle has passed the test.
PAR  The observed horsepower reading when both selector switches are at position
      I is the road or wheel horsepower less wind resistance. When the rolling
      resistance losses as a function of weight and speed are included, the
      horsepower reading is the true wheel horsepower. When the driveline
      efficiency factor is included, the horsepower reading is the true
      horsepower developed at the engine flywheel. This is the net engine
      horsepower, also referred to as brake horsepower. The inclusion of
      corrections for deviations of ambient temperature, barometric pressure,
      and fuel specific gravity then gives a measured vehicle horsepower
      adjusted to standard conditions.
PAR  It may thus be seen that the objects of the invention set forth as well as
      those made apparent from the foregoing description are efficiently
      attained. While preferred embodiments of the invention have been set forth
      for purposes of disclosure, modification to the disclosed embodiments of
      the invention as well as other embodiments thereof may occur to those
      skilled in the art. Accordingly, the appended claims are intended to cover
      all embodiments which do not depart from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a vehicle dynamometer for measuring the horsepower
      at the drive wheels thereof where the vehicle includes an engine, drive
      train to the drive wheels thereof and fuel for the engine, where the
      indicated horsepower of the engine may be affected by the rolling
      resistance of the vehicle and one or more of temperature, barometric
      pressure and vehicle fuel specific gravity, the dynamometer includes means
      for deriving a signal proportional to drive wheel speed and torque as the
      vehicle is powered on the dynamometer to give a signal indicative of drive
      wheel horsepower, and circuit means including an indicating device
      responsive to said signal for indicating horsepower; the improvement
      comprising first and second resistance means in circuit with said
      indicating device, the first of said resistance means calibrated in terms
      of vehicle rolling resistance, the second of said resistance means
      calibrated in terms of one of barometric pressure, vehicle fuel specific
      gravity and ambient temperature, each of said resistances being variable
      independent of the other whereby the indicated horsepower signal may be
      selectively modified in accordance with vehicle rolling resistance and one
      of temperature, barometric pressure and fuel specific gravity.
NUM  2.
PAR  2. The invention of claim 1 wherein said first resistance is calibrated as
      a function of vehicle rolling resistance and vehicle speed.
NUM  3.
PAR  3. The invention of claim 1 wherein said first resistance is calibrated as
      a function of vehicle rolling resistance and vehicle drive line
      efficiency.
NUM  4.
PAR  4. The invention of claim 1 further including third resistance means in
      said circuit calibrated in terms of percentage of rated horsepower, said
      third resistance being variable to select a desired percent horsepower.
NUM  5.
PAR  5. The invention of claim 4 further including switching means whereby said
      first, second, and third resistances are selectively insertable in circuit
      with said indicating device.
NUM  6.
PAR  6. The invention of claim 1 further including switching means whereby said
      first and said first and second resistances are selectively insertable in
      circuit with said indicating device.
NUM  7.
PAR  7. In combination with a vehicle dynamometer for measuring the horsepower
      at the drive wheels thereof where the vehicle includes an engine, drive
      train to the drive wheels where the effective horsepower of the engine may
      be affected by vehicle rolling resistance, the dynamometer includes means
      for deriving a signal proportional to drive wheel speed and torque as the
      vehicle is powered on the dynamometer to give a signal indicative of drive
      wheel horsepower and circuit means including an indicating device
      responsive to said signal for indicating horsepower; the improvement
      comprising first variable resistance means calibrated in terms of vehicle
      rolling resistance, second variable resistance means calibrated in terms
      of percent of rated horsepower and switching means for selectively placing
      either of said resistance means in circuit with said indicating device.
NUM  8.
PAR  8. The invention of claim 7 further including third variable resistance
      means calibrated in terms of one of barometric pressure, temperature and
      vehicle fuel specific gravity, and second switching means for selectively
      placing said third resistance means in circuit with said first resistance
      means.
NUM  9.
PAR  9. In combination with a vehicle dynamometer for measuring the horsepower
      at the drive wheels thereof where the vehicle includes an engine, drive
      train to the drive wheels thereof and fuel for the engine, where the
      effective horsepower of the engine may be affected by one or more of
      barometric pressure, temperature, and vehicle fuel specific gravity, the
      dynamometer includes means for deriving a signal proportional to drive
      wheel speed and torque as the vehicle is powered on the dynamometer to
      give a signal indicative of drive wheel horsepower and circuit means
      including an indicating device responsive to said signal for indicating
      horsepower, the improvement comprising first and second resistance means
      in circuit with said indicating device, said resistances being calibrated
      in terms of two of barometric pressure, temperature and fuel specific
      gravity, said resistances being variable independent of the other whereby
      the indicated horsepower signal may be modified in accordance with one or
      two of barometric pressure, temperature, and fuel specific gravity.
NUM  10.
PAR  10. The invention of claim 9 further including third variable resistance
      means calibrated in terms of vehicle rolling resistance insertable in
      circuit with said first and second resistance means.
NUM  11.
PAR  11. The invention of claim 9 further including third resistance means
      calibrated in terms of percentage of rated horsepower, said third
      resistance means being variable to select a desired percent horsepower.
NUM  12.
PAR  12. The invention of claim 11 further including switching means for
      selectively placing said first and second resistance means, or said third
      resistance means in circuit with said indicating device.
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ABST
PAL  A solid missile body for testing in a wind tunnel with a solid body engine
     lume simulator having a passageway therethrough to simulate aspiration of
      the air mass at the juncture between the missile body and the engine
      plume.
BSUM
PAC  Background of the Invention
PAR  It has long been known that a mass of air is trapped adjacent the juncture
      of a missile in flight and the engine plume during the powered portion of
      a missile flight. It is therefore an object of this invention to provide a
      relatively cheap solid body missile and solid body engine plume simulator
      to study in wind tunnel tests the characteristics of this trapped air mass
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single view of the drawing represents a section through a portion of a
      solid body missile configuration together with a solid body engine plume
      simulator.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawing, 10 indicates the rear portion of a missile
      model shown in half section and having a longitudinal axis 12. A solid
      engine plume simulator 14 is fixed to the rear of the missile model 10.
      The outer configurations 16 of the missile model 10 and 18 of the engine
      plume simulator 14 causes a zone of trapped air normally defined by line
      20. However since in normal flight some of this trapped air aspirates into
      the engine plume, an annular passageway 22 is formed in the engine plume
      simulator to allow some of the trapped air to escape thus changing the
      shape of the zone to that defined by line 24. The zone of trapped air
      defined by line 24 is more simulative of a missile in actual flight.
      Therefore, more accurate wind tunnel simulation, resulting in more
      accurate test data from the air trapped within this zone is obtainable
      without the use of a more expensive test model and without the use of
      additional test equipment.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use in a wind tunnel test program a solid body missile structure
      having a missile outer configuration,
PA1  A solid body engine plume simulator fixed to the rear of said solid body
      missile, said engine plume simulator having an outer configuration similar
      to a rocket engine plume,
PA1  An annular air passageway in said engine plume simulator surrounding the
      longitudinal axis of said missile and said plume simulator providing
      communication between the zone of juncture between said solid body missile
      structure and said solid body engine plume simulator and the rear of said
      solid body engine plume simulator.
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ABST
PAL  The invention relates to a device for measuring the quantity of a flow of
      fluid from fluid storage means such as liquefied gas. The device comprises
      a capacitor partially immersed in the stored fluid which includes a
      chamber being partially filled with the fluid. As fluid is drained from
      the capacitor, the timing and variations in capacitance are measured which
      is used to calculate quantity of flow.
PARN
PAR  This is a continuation, of application Ser. No. 341,469, filed Mar. 15,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for measuring the quantity of a
      liquid or gas flow, especially a low-boiling liquid gas, through liquid
      outlet means of a storage tank provided with liquid inlet and outlet
      means.
PAR  A method for measuring the quantity of flow of a liquid is known wherein a
      baffle is disposed in the current flow, whereby there is a pressure drop
      in the flow of the liquid past the baffle and this pressure drop can be
      measured by conventional means. The pressure drop, along with the known
      throughflow rate of the baffle, can be utilized with the aid of
      Bernoulli's theorem and the continuity relation for calculating the fluid
      quantity.
PAR  A disadvantage of this method is the inaccurate measurement of smaller
      quantities of fluid flows. Furthermore, in measuring the quantity of fluid
      flow of a low-boiling liquid gas which is near its boiling point,
      increased evaporation losses occur due to the pressure drop in the baffle,
      having a disadvantageous effect on the result of the measurement.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a device which can accurately
      determine the quantity of a fluid flow independently of the physical
      condition of the fluid, and independently of the amount conveyed.
PAR  Another object of this invention is to provide a device which is
      characterized by a capacitor disposed within a storage tank, and being at
      least partially immersed in the liquid, an inner chamber which is filled,
      at least partially, with fluid and is sealed off with respect to the
      liquid volume. This internal chamber is in communication with a liquid
      discharge conduit so that it can be closed off by a drain valve, with a
      refilling valve communicating with the liquid volume in the tank and with
      a recording instrument for registering the capacitance of the capacitor.
PAR  In a further object, the device makes it possible to measure accurately
      very small fluid quantities.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The basic principle of the device of this invention is based on the known
      fact that the capacitance of a capacitor depends on the dielectric
      disposed between the charged plates. In the present case, the dielectric
      is the fluid or liquefied gas present in an annular space of the
      capacitor, sealed off with respect to the liquid volume in the storage
      tank.
PAR  During a measurement of the fluid quantity, the annular space of the
      capacitor is in communication, by means of a drain valve, with a liquid
      discharge conduit, so that the liquid flows from the annular space of the
      capacitor into the liquid discharge conduit. This results in a permanent
      change in the capacitance of the capacitor as registered by a recording
      instrument, since the liquid serves as the dielectric. By providing,
      within the annular space of the capacitor, at least two vertically
      superimposed switching points, the amount of fluid flowing therebetween
      can be readily determined. As the liquid level drops and passes the upper
      switching point, the recording instrument, triggered by the respectively
      ambient capacitance, activates a timer. This timer is turned off after a
      measurable time period when the liquid level passes through a second
      switching point disposed below the first switching point. The fluid flow
      rate .DELTA.V : .DELTA.t can now be very accurately determined from the
      measured time .DELTA.t and the known volume .DELTA.V present between the
      switching points. It is clear, therefore, that very small fluid quantities
      can be determined by a suitable choice of the volume interval .DELTA.V.
PAR  An advantageous variation of the measuring range of the device of this
      invention resides in arranging several switching points at superimposed
      intervals varied in a defined manner one above the other, and coupling the
      start and/or cutoff of the timer with various switching points, by
      suitable switching means. In case of n switching points, with n = 1, . . .
      . . , s, . . . . . n, the following measuring ranges can be covered, for
      example:
      ##EQU1##
      respectively wherein .DELTA.V.sub.n is the volume interval between the
      (n-1)th and the n-th switching point, and .DELTA.t.sub.n is the measured
      time required by the liquid level for traversing this volume interval.
PAR  As soon as a measurement is terminated, the refilling valve, which was
      closed at the beginning of the measurement, is opened again and the drain
      valve is closed, so that inner chamber of the capacitor, which was emptied
      entirely or partially during the measurement, is again filled up to the
      upper level of its liquid volume. In order to make it possible to further
      convey the liquid continuously through the liquid discharge conduit after
      the measurement, another advantageous embodiment of the device of this
      invention resides in constructing the drain valve as a change-over valve
      in such a manner that by simply switching this valve over, the liquid
      discharge conduit can be connected either with the closed inner chamber of
      the capacitor or with the liquid volume directly.
PAR  The entire measuring process can be automated in a simple manner, by
      providing, according to another feature of the present invention, that the
      timer is controllably coupled with the refilling valve as well as with the
      change-over drain valve in such a manner that the timer, as soon as the
      shutoff command is applied thereto, changes the drain valve over to the
      liquid volume, on the one hand, and opens the refilling valve, on the
      other hand.
PAR  In order to obtain extremely sharp signals of the recording instrument,
      which are desirable for very accurate fluid quantity measurements, the
      invention provides, in another embodiment thereof, that disc-shaped
      displacement members are disposed within the inner space of the capacitor
      at the locations of the switching points. These displacement members are
      dimensioned so that merely a very narrow gap remains vacant between the
      displacement member and the charged surfaces of the capacitor. This
      affords the advantage that large changes in capacitance are reached within
      short time periods in the zone of the displacement members, as soon as the
      liquid in the inner chamber passes through such a narrow gap during a
      measurement. In such an arrangement, the recording device can then be
      coupled with a limit switch or can itself be constructed as a limit
      switch, so that, for starting and/or deactivating the timer, a sharp
      signal can be employed, indicating the capacitance variation with the
      time, dC : dt.
PAR  Another advantageous modification of the device of this invention resides
      in employing, as the capacitor, a cylindrical capacitor with an annular
      space between an outer jacket and a concentric core, wherein the annular
      space of the cylindrical capacitor corresponds to the closed-off inner
      chamber of the capacitor and is equipped with the corresponding parts of
      the apparatus and/or coupled with their mode of operation.
PAR  The present invention thus represents a simple and advantageous apparatus
      for measuring, during flow, a fluid quantity, and in particular, a very
      small fluid quantity.
PAR  In a further feature of this invention, since the refilling valve, as well
      as the change-over drain valve, are disposed within the liquid volume of
      the tank it is possible to measure the amounts of quantity of flow of a
      low-boiling liquid gas, such as, for example, liquefied natural gas. All
      parts of the apparatus are exposed to uniform and constant physical
      conditions, i.e., for example, constant temperatures and uniform pressure
      during the measurement procedures.
DRWD
PAR  The present invention will be made more clear by reference to the following
      drawings and the accompanying description which illustrate schematically
      the various embodiments of the invention.
PAR  FIG. 1 is a schematic representation of an embodiment of the device of the
      present invention showing an enclosed tank, containing a capacitor, and
PAR  FIG. 2 is a vertical cross section through a cylindrical capacitor
      constructed according to this invention, as well as a curve associated
      therewith, indicating the capacitance characteristic C = f(X,t).
DETD
PAR  FIG. 1 shows a vacuum-insulated liquid-gas tank with an internal jacket 1
      and an external jacket 2. Liquid gas is introduced into the tank through
      conduits 3 and 4 and is withdrawn, during stationary operation, through
      conduits 5, 6, and 7, with a change-over drain valve 8 in a
      correspondingly open position.
PAR  Within the liquid-gas tank, a charged cylindrical capacitor 9, having an
      external shell 10 shown in detail in FIG. 2, is vertically disposed
      partially in the liquid volume b and partially in the vapor space a of the
      tank. The level of the liquid volume is denoted by c. The cylindrical
      capacitor has an annular space 31 between the outer jacket 10 and the
      inner concentric core 25. This space 31 is in communication, through
      conduit 11 and the change-over drain valve 8, with liquid discharge
      conduit 6. Space 31 is also in communication through conduit 12 and the
      refilling valve 13, with liquid volume b of the tank, so that it can be
      filled with liquid up to the level c. Within the annular space 31 there
      are a number of switching points 14, 15, 16, 17, 18 two of which i.e,. 14
      and 18, are connected to a timer 19 in this embodiment. The timer 19 is
      controllably coupled with the valves 13 and 8. A liquid level sensing
      mechanism 20 is controllably connected to a valve 21 disposed in the
      liquid feed conduit 3 and controls the liquid level c within the storage
      tank at a permanently constant value. Relief valves 22 and 23 prevent the
      formation of an excess pressure within the liquid-gas tank.
PAR  The apparatus of this embodiment operates as follows: In the stationary
      operating condition, i.e. in an operating condition where no fluid
      quantity measurement is conducted, liquefied gas is introduced into the
      tank via conduits 3 and 4, is stored within the tank, and is withdrawn
      when needed through conduits 5, 6, and 7, as well as the correspondingly
      opened drain valve 8. Valve 24 roughly meters the withdrawn amount. The
      introduced quantity of liquefied gas is controlled by the liquid level
      sensor 20 such that a permanent, constant liquid level c is maintained in
      the tank. During this operating condition, the refilling valve 13 is open
      so that the annular space 31 of the capacitor is filled with liquid to the
      level c.
PAR  When it is intended, from time to time, to measure the liquid quantity flow
      through the conduit 6, the drain valve 8 is changed over to conduit 11,
      and the refilling valve 13 is closed. Liquid then flows from the annular
      space 31 of the capacitor through conduit 11 and into conduit 6. In this
      operation, the liquid level between the charged surfaces of the capacitor
      is being lowered and as the decreasing liquid level reaches the switching
      point 18, the timer 19 is automatically activated and when the level
      passes through the switching point 14, the timer is again turned off, and
      at the same time, the drain valve 8 is thereby switched to conduit 5, the
      refilling valve 13 is again opened, thereby reestablishing the stationary
      operating condition. Since the volume .DELTA.V of the annular space
      between the switching points 18 and 14 is known, and the time .DELTA.t of
      the lowering of the liquid level from switching point 18 to point 14 is
      measured very accurately, the flow rate i.e. .DELTA.V : .DELTA.t through
      conduit 6 can be exactly determined.
PAR  The general principle of measuring a fluid quantity is explained in greater
      detail in FIG. 2 by producing suitable initial and terminal signals for
      operating the timer.
PAR  FIG. 2 shows, on the left, a vertical cross section of the cylindrical
      capacitor employed herein, which consists of the external shell 10 and the
      concentric core 25. The capacitance of such a capacitor is calculated as
      ##EQU2##
      wherein .xi..sub.o represents the absolute dielectric constant, .xi. is
      the relative dielectric constant, i.e. in this case that of the liquid
      present in the annular space, x represents the respectively present
      vertical height of the liquid within the annular space, r.sub.a is the
      radius of the outer capacitor shell, and r.sub.i is the radius of the
      concentric core.
PAR  According to the invention, a number of annular horizontal discs, or
      displacement members in this example four discs, 26, 27, 28, 29 are
      disposed, in vertical superposition, within the annular space 31. The
      radius r.sub.s of these discs is somewhat smaller than that of the outer
      shell r.sub.a, so that in the zone of the discs there remains vacant only
      a relatively narrow annular gap between the outer rim of the disc and the
      inner surface of the capacitor shell. Thus, in total, the relationship
      applies that (r.sub.a - r.sub.s) is much smaller than (r.sub.a - r.sub.i).
      The vertical spacing of the individual discs is varied in a defined
      manner, wherein, however, the respective volume.DELTA.V between individual
      discs is fixedly determined.
PAR  The right-hand portion of FIG. 2 graphically illustrates the capacitance
      characteristic of a cylindrical capacitor, constructed as set forth above,
      as a function of the time and/or as a function of the lowering speed of
      the liquid present in the annular space of the cylindrical capacitor. In
      the curve, the capacitance C recorded by the recording device 30 is
      plotted on the abscissa and the time t is plotted on the ordinate. The
      course of the curve shows that, with a basically linear path, relatively
      large jumps in the capacitance occur at the location of the disc within
      short time periods. Thus, in this zone, the variation in capacitance with
      the time is very large. However, according to this invention, these large
      jumps or step functions in capacitance are utilized for the production of
      suitable electric signals for starting and/or deactivating the timer 19,
      for example by providing that the recording device 30 is a limit switch or
      is coupled with such a switch.
PAR  Thus, when emptying the annular space of the cylindrical capacitor, which
      was initially completely filled with liquid, during a fluid quantity
      measurement, the limit switch registers, for example, for the first time a
      large variation in capacitance when the liquid level enters the gap of the
      disc 29, and now turns on the timer. Upon the subsequent strong variation,
      as registered, for example, when the liquid level enters into the gap of
      the disc 28, the limit switch turns the timer off again. From the time
      .DELTA.t.sub.1 and the flow volume .DELTA.V.sub.1, the fluid quantity
      .DELTA.V.sub.1 : .DELTA.t.sub.1 can now be readily determined. By suitable
      switching variations, it is, of course, also possible to determine other
      fluid quantities, for example .DELTA.V.sub.2 :.DELTA.t.sub.2,
      .DELTA.V.sub.3 : .DELTA.t.sub.3 or (.DELTA.V.sub.1 + .DELTA.V.sub.2) :
      (.DELTA.t.sub.1 + .DELTA.t.sub.2), (.DELTA.V.sub.1 + .DELTA.V.sub.2 +
      .DELTA.V.sub.3): (.DELTA.t.sub.1 + .DELTA.t.sub.2 +  .DELTA.t.sub.3) and
      (.DELTA.V.sub.2 + .DELTA.V.sub.3) : (.DELTA.t.sub.2 + .DELTA.t.sub.3). The
      measuring range to be presently employed depends basically on the amount
      of liquid conveyed and on the required accuracy of the measurement.
PAR  Basically, the device of the present invention makes it possible to
      determine very accurately the amounts of also very small throughflow
      quantities of a continuous flow through a pipe or some other conveying
      system. Moreover, it is also possible to determine very accurately
      discrete quantities of liquid in accordance with the device of this
      invention.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for measuring the quantity of flow of a low-boiling fluid
      from fluid storage means, said storage means comprising a stored fluid,
      fluid discharge conduit means, and fluid inlet conduit means; a capacitor
      at least partially immersed within said stored fluid and comprising an
      inner chamber at least partially filled with said fluid, drain valve means
      communicating with said chamber and said discharge conduit means,
      refilling valve means communicating with said chamber and said stored
      fluid, and recording means for registering the capacitance of said
      capacitor.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said drain valve means is two stage
      communicating with either said chamber or said stored fluid.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said recording means is coupled with
      timer means which controls both said drain and refilling valve means.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said recording means is adapted to
      record the variation of the capacitance with respect to time.
NUM  5.
PAR  5. The apparatus of claim 4, wherein said variation of capacitance is a
      step function and wherein said timer is activated and deactivated by said
      variation in capacitance.
NUM  6.
PAR  6. The apparatus of claim 1 wherein at least two horizontally disposed,
      disc-shaped displacement members are superimposed vertically in said fluid
      in said chamber, and wherein a narrow gap is present between the outer rim
      of said displacement members and surfaces of the outer walls of said
      capacitor.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said capacitor is cylindrical having an
      inner concentric core, and said chamber is an annular space between the
      outer capacitor shell and said inner concentric core.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said refilling valve means and said
      drain valve means are disposed in said stored fluid of said storage means.
NUM  9.
PAR  9. The apparatus of claim 1 comprising sensing means for maintaining the
      level of said fluid in said storage means and said capacitor.
NUM  10.
PAR  10. The apparatus of claim 1, wherein said low-boiling fluid is a liquified
      gas.
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ABST
PAL  A plurality of individual pressure transducers are mounted or fabricated
      within a common housing. Each pressure transducer is associated with a
      separate and distinct pressure port and can be subjected to a different
      one of a plurality of pressure sensitive locations to be monitored. The
      pressure transducers can be electrically scanned by means of a scanning
      device such as a shift register or counter so their individual outputs can
      be monitored and recorded.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to electromechanical transducers and, more
      particularly, to a transducer configuration employing a number of separate
      transducers for monitoring a plurality of different pressure sensitive
      areas.
PAR  Pressure transducers employing semiconductor devices as piezoresistors are
      in wide-spread use and serve to measure force or pressure in a number of
      different environments.
PAR  One particular application is the use of such devices for measuring
      pressures or forces exerted on a model placed in a wind tunnel to define
      flow phenomenon. As such, the ultra-minature transducers or those
      employing piezoresistive bridge configurations, mounted on silicon
      diaphragms of between 0.25 to 0.03 inches or less, have received
      widespread use in wind tunnel applications for measuring pressure
      fluctuations in the local outside area of inlet/engine subsystems.
PAR  There are many considerations employed in the design and fabrication of
      transducers for such environments and a good review of such requirements
      may be had by referring to a publication entitled NOTES ON APPLICATIONS OF
      INTEGRATED SENSOR (IS) PRESSURE TRANSDUCER, Published by Kulite
      Semiconductor Products, Inc. as Application Note KPS-AN11. This
      publication contains a series of articles depicting and defining
      transducer requirements for wind tunnel tests and the like.
PAR  In any event, a wind tunnel or similar test on an engine, or an airplane
      part requires the measuring and monitoring of pressure at a relatively
      large number of points about and along the test object.
PAR  The prior art utilized many approaches to accomplish this. Separate
      transducers for each point could be employed, but present a problem in
      regard to calibration of each device, offset differences between each
      transducer due to manufacturing techniques and so on.
PAR  Another widely used approach was employing one or more high quality
      transducer assemblies and using the single assembly to monitor a plurality
      of points by mechanically switching a plurality of pressure tubes coupled
      between the transducer and each point to be monitored.
PAR  This system employed mechanical scanners, valves to close or open the
      pressure ports and so on. The mechanical switching assemblies and the
      valves experience high failure rate and are difficult and expensive to
      maintain.
PAR  Furthermore, the rate of mechanical scanning is substantially limited due
      to mechanical operation as well as the necessity of allowing the
      transducer to equalize each time a new pressure point is accessed. For
      example, if one high quality transducer is switched between varying
      pressure points, it is possible that the point may be at a pressure of 100
      psi and the next succeeding point may be at a pressure of 10 psi or ten
      times less.
PAR  The transducer employs a moving diaphragm, has hysteresis and the system
      has inertia. Hence, if the scanning rate is fast, the output will be
      incorrect since the reading of the transducer will be determined by the
      previous pressure.
PAR  It is therefore an object of the present invention to provide a multiple
      pressure transducer configuration having the capability of monitoring a
      plurality of pressure points by a plurality of individual transducers,
      fabricated by similar techniques and mounted in a common housing, thus
      subjecting all the transducers to a similar environment.
PAC  BRIEF DESCRIPTION OF PREFERRED EMBODIMENT
PAR  A multiple, pressure port transducer apparatus, comprising of a hollow
      housing, including mounted therein a plurality of pressure transducers,
      each one containing at least one pressure sensitive element mounted on a
      pressure sensitive diaphragm, said plurality of transducers being encased
      within said hollow of said housing and located relatively about the
      periphery thereof, said housing including a top surface having a plurality
      of tubular cylindrical pressure ports positioned in apertures in said
      surface, each one of which being aligned with one selected one of said
      transducers in said housing, whereby each transducer is associated with
      one tubular pressure port, a slot in said housing for accommodating a
      plurality of leads and means for coupling selected ones of said leads to
      selected ones of said transducers, whereby each transducer has at least
      one lead associated therewith for monitoring any change in said pressure
      sensitive element caused by a force applied to any one of said ports and
      therefore to said aligned diaphragms.
DRWD
PAC  BRIEF DESCRIPTION OF FIGURES
PAR  FIG. 1 is a perspective view of a transducer housing and assembly according
      to this invention.
PAR  FIG. 2A is a front of a pressure port accommodating plate according to the
      invention.
PAR  FIG. 2B is a side elevational view of the plate of FIG. 2A.
PAR  FIG. 3 is a front view of a flat-pack frame assembly used in the invention.
PAR  FIG. 4 is a side view showing the assembly of FIG. 3 bonded to the cover of
      FIG. 2B.
PAR  FIG. 5 is a front elevational view of a transducer arrangement.
PAR  FIG. 6 is a top view of one type transducer element used in the invention.
PAR  FIG. 7 is an electrical schematic included to show the circuit of a
      transducer bridge configuration.
PAR  FIG. 8 is a side view depicting an embodiment of mounting a pressure
      diaphragm to a housing.
PAR  FIG. 9 is a top view of a transducer assembly according to one step in an
      assembly process.
PAR  FIG. 10 is a top view of a transducer assembly according to a subsequent
      step in an assembly process.
PAR  FIG. 11 is a perspective view of an enclosure member for the transducer
      assembly.
PAR  FIG. 12 is a partial schematic and block diagram of one type of scanning
      circuit to be used in conjunction with the transducer assembly.
DETD
PAC  DETAILED DESCRIPTION OF FIGURES
PAR  Referring to FIG. 1, there is shown a perspective view of a transducer
      housing 10, which essentially is a typical integrated circuit flat-pack
      module. Such flat-packs are manufactured by a number of semiconductor
      fabricators and are used to house large scale integrated circuits or large
      integrated circuit assemblies. The housing 10 is relatively rectangular,
      although a circular, or any configuration housing would suffice as well.
      The housing includes a number of terminal areas (not shown) and can
      accommodate 96 or more terminal or lead areas. Such flat-packs are
      generally about 1.8 inches long and about 1.4 inches wide. A top cover
      plate 11 of the housing 10 has a plurality of apertures located therein
      for accommodating and receiving a pressure port. The top cover plate 11 is
      fabricated from Kovar or a similar material and 36 individual pressure
      ports as 12, 13 and 14 are braized, soldered or welded thereto.
PAR  The pressure ports or tubes as 12, 13 and 14 are shown as thirty-six about
      the periphery of the housing cover, but can be more or less in number
      depending upon the system, the size of the housing and so on. The pressure
      ports 12, 13 and 14 may be fabricated from a metal tubing and are each
      about 0.05 inches in diameter. It can be readily ascertained from the
      figure that a flexible tube or other tube can be coupled to each pressure
      port and directed to an area to be monitored.
PAR  Also shown extending from the side and directed underneath, is a flat-pack
      cable 15. The flat-pack cable usually comprises copper or other conductors
      enclosed between thin vinyl or insulating sheets and is used for
      externally connecting the transducers to biasing and monitoring circuits,
      as will be explained.
PAR  Also shown in FIG. 1 is a relatively central pressure port 16, which is
      used to provide a pressure reference for all pressure transducer
      diaphragms mounted within the housing 10.
PAR  FIG. 2A shows a front view of the cover plate or pressure port
      accommodating plate 20. Thirty-six holes as 21 and 22 are located about
      the peripheral edges of the plate 20 and are tapped to accommodate and
      thence braize a pressure port tube into each hole as tube 23 of FIG. 2B.
      The holes are approximately 0.124 inches apart from their centers. A tube
      as 23 or pressure port is inserted therein and braized to the Kovar plate
      20. The tapped portion of the hole as 24 of FIG. 2B will be used to
      communicate with the diaphragm of a pressure transducer, as will be
      explained.
PAR  Four screw accommodating apertures as 26, 27, 28 and 29 are located in the
      side of the cover or port accommodating plate 20 to provide coupling means
      for the remainder of the housing as 10 of FIG. 1.
PAR  FIG. 3 shows a standard 96, pin flat-pack 30, which has the bottom cut-out
      and appears as a picture frame. Such flat-packs are used to house large
      integrated circuits and an example of a suitable unit is that one
      manufactured and sold by Isotronics, Inc. as Number 1P 1610 Flatpack
      baseplate. The base plate or flat-pack 30 is soldered by a gold solder to
      the cover port accommodating plate 20 of FIG. 2 to form the composite
      structure shown in FIG. 4.
PAR  Thus in FIG. 4, the pressure port accommodating plate 20 is bonded at the
      periphery by a gold solder bond 34 to the flat-pack 30.
PAR  FIG. 5 shows the view indicated in FIG. 4 by arrow 35.
PAR  Thus, as seen in FIG. 5, the pressure port accommodating plate 20 as bonded
      to the flat-pack frame 20, has the apertures or the tapped holes formed in
      plate 20 surrounded by the sides or "framed" by the flat-pack housing 30.
      Mounted and positioned over each hole is a hexogonal shaped pressure
      transducer or piezoresistive bridge assembly as 36 and 37. While the
      transducers 36 and 37 are shown as hexagonal, any other suitable
      configuration as circular and so on could be employed as well.
PAR  Each pressure transducer as 36 and 37 is a full bridge configuration
      fabricated from four piezoresistor semiconductors diffused or mounted on a
      silicon, glass or other flexible diaphragm. The diaphragms are 0.137 and
      0.119 inch hex shaped integrated sensors in this example, but other
      configurations could be employed.
PAR  Referring to FIG. 6, there is shown a piezoresistive network 40 including
      four semiconductor resistors R.sub.1 to R.sub.4 diffused or located on a
      thin silicon or glass diaphragm 41. The diaphragm 41 is hex shaped, but
      may be circular or any other geometrical configuration. The diaphragm may
      be 0.003 inches thick, more or less. A full bridge includes four
      piezoresistors which may be arranged in a typical Wheatstone array as
      shown in FIG. 7. The piezoresistors R.sub.1 to R.sub.4 are force or
      pressure sensitive and their resistance varies according to a force or
      pressure applied to an active area of the diaphragm 41. Such bridge
      configurations as well as the piezoresistive effect are well known. See an
      article entitled DEVELOPMENT AND APPLICATION OF HIGH TEMPERATURE
      ULTRA-MINIATURE PRESSURE TRANSDUCERS by A. D. Kurtz and J. Kicks,
      presented and published at the ISA Silver Jubilee Conference of October,
      1970 held in Philadelphia, for examples of suitable bridge configurations.
PAR  Shown in FIG. 6 are contact terminals as 45, 46, 47 and 48 which are
      located about the periphery of the diaphragm 41 or the non-active area.
      The non-active area, not included within dashed line 49, does not readily
      deflect upon application of a force to the diaphragm 41. The area enclosed
      within dashed line 49 is the area on which the piezoresistors R.sub.1 to
      R.sub.4 are located and which does deflect upon applications of a force to
      the diaphragm 41. Thus, the piezoresistors R.sub.1 to R.sub.4 located
      within the active area will vary in resistance according to any applied
      force or pressure imposed upon the diaphragm 41.
PAR  In FIG. 7, the terminals of the bridge resistors R.sub.1 to R.sub.4 may be
      brought out as shown for purposes of applying biasing potentials to the
      bridge and for measuring the output of the bridge as for example, across
      contacts 45 and 48 or any other desired contacts.
PAR  In FIG. 8, the thin diaphragm 41 is bonded to an insulating housing 50
      fabricated of a glass and having a central aperture 51 congruent with the
      active area of the diaphragm. The housing may be slotted and leads as 52
      directed through a slot or aperture 53 in the sidewall of the housing 51
      to permit connection of the terminals or contacts as 45 to 48 to external
      circuitry for biasing or monitoring.
PAR  Again referring to FIG. 5, the transducer (FIG. 6) is mounted with the
      diaphragm 41 facing the open aperture or port accommodating recess in
      plate 20. Thus, each such aperture as 53, 54 and 55 have a transducer
      mounted with the active area thereof aligned with the aperture. The
      transducers are mounted by means of an epoxy or other type glue and the
      diaphragms as 41 are coated with a silicon grease for moisture proofing
      the same and protecting the diaphragm from the pressure producing
      environment.
PAR  Appropriate leads emanating from the transducer and indicative of the
      piezoresistor terminals are ball-bond to appropriate terminals on the
      flat-pack frame member 20.
PAR  A hybrid circuit board 60 fabricated from a ceramic material or any
      insulator has a series of terminal areas as 63 for paralleling common
      input or biasing leads of the transducers in order to eliminate multiple
      connections. Since the flat-pack housing 20 has only 96 pins, this is
      necessary. For example, the housing or assembly includes 36 transducers,
      each having at least five or six leads. The total number of leads would
      then be between 180 and 216, while the maximum number of flat-pack
      terminals is 96. Hence, the circuit board 60 has terminal area about the
      periphery to parallel input leads, common leads or biasing leads. The
      ceramic substrate circuit board 60 also has a central aperture 61 aligned
      with the center pressure port 62 in the Kovar pressure port plate 30.
PAR  This aperture 61 provides a pressure reference applied to pressure port 62
      for the back side of the diaphragms or transducers as 36 and 37 included
      within the common housing. The appropriate transducer leads are also
      ball-bonded or soldered to the bonding pads or contact areas of the board
      60.
PAR  The board 60 is bonded to the top pressure plate 30 by epoxy or otherwise.
PAR  A flat Kovar plate 70 as shown in FIG. 10, is then bonded over the
      flat-pack and covers the transducers and ceramic circuit board.
PAR  A printed circuit board 72 is epoxied to the Kovar plate 60 in a
      predetermined central position. The printed circuit board 72 as secured to
      the plate 70, has a plurality of conductors deposited thereon as shown and
      located with land areas as 73 and 74 with respect to the terminal leads as
      32, 74, 75, 76 and 77 of the flat-pack.
PAR  The leads of the flat-pack 30 are then bent around over the top and
      soldered to the terminal areas on the board 72. This is shown for leads 81
      and 82 as soldered to the terminals 83 and 84 of the printed circuit board
      72.
PAR  There are also shown breaks in certain conductor paths as 90, for insertion
      on the board 72 of a thick film resistor used for compensation of the
      bridge circuits.
PAR  As seen in area 91 of board 72, there are two rows aligned of terminals.
      Two flat-pack connectors as shown in FIG. 1 are soldered thereto and hence
      provide 84 output terminals for the 36 transducer assembly shown.
PAR  A cover member is shown in FIG. 11. The member 95 has a slot 100 through
      which the flat-pack cables are directed. The apertures 96 to 99 are
      positioned to align with the screw accommodating apertures 26 to 29 (FIG.
      2A) in the top pressure port plate 20 and hence, the package and assembly
      is as shown in FIG. 1.
PAR  Thus a unique housing for a plurality of pressure transducers, each having
      a separate port, each subjected to the same temperature and bonding
      techniques and each therefore operating reliable. The entire assembly is
      extremely small as being about 17/8 inches long and 1 7/16 inches wide and
      approximately 0.5 inches deep, not including the height of the pressure
      port cylinders.
PAR  Since the unit is so small, it can be mounted in the wind tunnel and hence,
      the tubing added to monitor the desired pressure points on a test object
      is kept short, avoiding all sorts of problems with tubing errors and
      fluctuations.
PAR  FIG. 12 shows a scanning technique useful for monitoring the outputs of the
      transducer circuits.
PAR  Each bridge output terminates in the flat-pack cable as wired to the board
      72 of FIG. 10.
PAR  Shown in FIG. 12 is a plurality of leads labelled as transducer #1 output
      to transducer #N output. As shown, the flat-pack housing includes 36
      units, but more or less can be accommodated in other housings as TO-5
      headers and so on.
PAR  One type of a scanner comprises a chain of flip-flops or binary
      multivibrators arranged in a counting configuration, shown as F/F#1 to
      F/F#N. The decode gates 120, 121, 122 decodes all states of the flip-flop
      and provide a time sequential series of pulses at the output or time
      slots. Each transducer output is coupled to a selective gate as 125, 126
      and 127. These may be AND gates or operational amplifiers. Each gate 125
      to 127 has an input coupled to the output of the counter decode gates 120
      to 122 and will be activated only during the associated time slot. Hence
      the output of transducer #1 will be monitored via gate 125, only during
      the time slot decoded by gate 125.
PAR  The counter is driven by a clock or oscillator 150, at a relatively high
      rate determined only by the recording equipment or the desire of the user.
PAR  The prior art problems of scanning are circumvented due to fact that each
      transducer always has pressure applied thereto and hence, the rate of
      scanning is not determined by the settling time as in prior art scanned
      transducers.
PAR  There are many integrated chip assemblies available designated as
      multiplexers, scanner and so on which employ binary counters, shift
      registers and so on and which include on the integrated circit (IC) board,
      the decode gates as 120 to 122 as well as the gates 125 to 127.
PAR  Such a chip can be mounted directly in the housing as on board 72 or plate
      70 and all scanning connections implemented within the housing shown.
PAR  This feature is also of extreme importance and quite advantageous.
      Alternatively, if desired, electronic scanning can be done externally.
PAR  A unique transducer capable of being electrically scanned has been
      provided, which transducer assembly will operate more reliably and
      efficiently than those in the prior art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A multiple pressure port transducer apparatus, comprising:
PA1  a. a hollow housing including mounted therein, a plurality of pressure
      transducers, each of said transducers including a silicon diaphragm having
      at least one pressure sensitive piezoresistor element diffused thereon and
      located within a central region, said diaphragm mounted on an annular
      glass member with the aperture of said member defining an active
      deflection area for said diaphragm, said plurality of transducers being
      encased within said hollow of said housing and located relatively about
      the periphery thereof, said housing including a top surface having a
      plurality of tubular cylindrical pressure ports coupled to said apertures
      in said surface, each one of which being aligned with one selected one of
      said transducers, in said housing, whereby each transducer is associated
      with one tubular pressure port, a slot in said housing for accommodating a
      plurality of leads and means for coupling selected ones of said leads to
      selected ones of said transducers, whereby each transducer has at least
      one lead associated therewith for monitoring any change in said pressure
      sensitive element caused by a force applied to any one of said ports and
      therefore to said aligned diaphragms, and means coupled to said selected
      leads for selectively scanning said transducers to monitor each separate
      one.
NUM  2.
PAR  2. The pressure transducer apparatus according to claim 1 wherein said
      housing is relatively rectangular in shape.
NUM  3.
PAR  3. The pressure transducer assembly according to claim 1 wherein said
      tubular cylindrical pressure ports are braized within said apertures.
NUM  4.
PAR  4. The pressure transducer assembly according to claim 1 wherein each
      diaphragm includes a piezoresistive bridge configuration mounted thereon.
NUM  5.
PAR  5. A multiple output pressure transducer, comprising:
PA1  a. a first framelike member including a plurality of terminals extending
      from the periphery thereof,
PA1  b. a cover member having a plurality of apertures on a surface thereof and
      dimensioned to cover said frame like member with said apertures being
      surrounded by said frame like member when the two are placed in
      congruency,
PA1  c. a plurality of tubular, pressure ports each one located in one of said
      apertures on surface of said cover member,
PA1  d. a plurality of pressure transducers having an active diaphragm area
      which deflects upon application of a force thereto, each positioned within
      said frame member with said active area in close proximity to one of said
      pressure ports, whereby a force exerted at said port will cause said
      diaphragm to deflect,
PA1  e. means for coupling each of said pressure transducers to a different one
      of said terminals extending from said frame like member for monitoring
      said force as applied to said diaphragm, and
PA1  f. a scanner coupled to said terminals for providing a plurality of time
      slots, each time slot associated with one of said transducer terminals to
      select any desired one in a designated time sequence.
NUM  6.
PAR  6. The transducer according to claim 5 wherein said frame like member is
      rectangular in shape and is a flat-pack integrated circuit header.
NUM  7.
PAR  7. The transducer according to claim 5 wherein said frame like member is
      bonded to said cover member about the periphery of said frame.
NUM  8.
PAR  8. The transducer according to claim 5 wherein said pressure transducers
      include piezo-electric bridge configurations, each mounted on a silicon
      diaphragm.
NUM  9.
PAR  9. The transducer according to claim 5 wherein said cover member is
      fabricated from Kovar.
NUM  10.
PAR  10. The transducer according to claim 5 wherein said diaphragms of said
      pressure transducers are fabricated from silicon and a glass ring
      associated with and coupled to each diaphragm to define said active area.
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ABST
PAL  A fitting is associated with a closed fluid system for allowing testing by
      means of a probe, meanwhile insuring the system is maintained in a closed
      condition. Such fitting has a resilient rubber member one side of which is
      exposed to the fluid in the system, and the other side of which is exposed
      to outside the system. The rubber member defines a passage from one side
      to the other which is held closed by the rubber member mounting means,
      which compress the rubber member to so close the passage. A testing probe
      may be pushed into and through this passage, to be exposed to the fluid in
      the system. The resilient member is in sealing contact with the probe when
      it is so introduced, and upon removal of the probe, the passage again
      closes, insuring that the system is continuously in a closed condition.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part application of pending application Ser. No.
      312,820, filed Dec. 7, 1972 by Richard P. Laird, et al. for "Quick Release
      Gauge Fitting" now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to sampling of fluid within a closed system, and
      more particularly, to a fitting of the type which allows sampling of said
      fluid, meanwhile maintaining the system in its closed condition.
PAR  The testing or trouble shooting of a mechanical apparatus such as power
      plant or engine often involves sampling the temperature and/or pressure of
      fluids within a closed system of the apparatus. These fluids may take the
      form of cooling, lubricating, or fuel agents, and variations in their
      temperature and/or pressure can indicate if the apparatus is functioning
      properly.
PAR  In order to sample a closed system fluid, it is the general practice to
      attach a fitting or valve of some type to a portion of the system carrying
      the fluid. Since the fluid will, of necessity, be exposed to the
      atmosphere for some limited period of time during connection of the
      fitting, the system or apparatus must be shut down to prevent loss of
      fluid and/or to prevent a safety hazard to personnel working on the
      system. Shutdown of the system or apparatus is time-consuming and often
      requires an additional running time to ring the fluid back to operating
      temperature or pressure after shutdown.
PAR  Additionally, connection of a fitting to the system generally results in
      some loss of fluid which must be replaced after the connection is
      completed.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a fitting associated with a
      closed fluid system which allows testing of the fluid, meanwhile insuring
      that a closed system is maintained, i.e., no system shutdown is required,
      and no loss of fluid results.
PAR  It is a further object of this invention to provide a fitting which, while
      fulfilling the above object, is normally connected to the system and need
      not be removed or replaced for and during the use thereof.
PAR  It is a still further object of this invention to provide a fitting which,
      while fulfilling the above objects, is extremely simple in design and
      operation.
PAR  Broadly stated, the invention comprises apparatus for allowing introduction
      of a testing probe into a closed fluid system, meanwhile maintaining said
      system in its closed condition. Such inventive apparatus comprises a
      resilient member having one side exposed to the fluid within the system,
      and the other side exposed to outside the system, said resilient member
      defining a passage from said one side to said other side. Means are
      included for closing the passage and holding the passage closed to
      maintain the system in a closed state. The probe means are introducible
      from the other side of the resilient member into and through the passage,
      in sealing engagement with the resilient member, opening the passage
      thereby, and into the fluid system, the removal of the probe means
      allowing the passage to close, whereby the system is continuously
      maintained in a closed condition.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of the invention will become apparent from a study
      of the following specification and drawings, in which:
PAR  FIG. 1 is a sectional elevation of a first embodiment of the invention;
PAR  FIG. 2 is a sectional elevation of a second embodiment of the invention;
      and
PAR  FIGS. 3 and 4 are sectional elevations of a third embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Shown in FIG. 1 is a first embodiment of fitting 10. The fitting 10
      includes a tubular member 12 secured to the body of fluid carrying means
      14, which define a fluid carrying chamber 16 as part of a closed fluid
      system. Such tubular member 12, as shown, communicates with the fluid
      within the system. A resilient rubber member 18 is disposed within the
      tubular member 12 and has one side 20 exposed to the fluid within the
      system and the other side 22 exposed to outside the system. The rubber
      member 18 defines a central passage 24 which runs from the one side 20 to
      the other side 22 thereof.
PAR  A clamp member 26 is threadably connected with the tubular member 12 and
      defines an annular surface 28 which is positioned to bear on the side 22
      of the rubber member 18 about the edge 30 of the rubber member 18. The
      tubular member 12 defines an annular step 32 positioned to bear upon the
      rubber member 18 on the side 20 thereof about the edge 30 of the rubber
      member 18. Upon tightening of the clamp member 26, it will be seen that
      rubber member 18 is held within the tubular member 12 in substantially
      sealing relation therewith.
PAR  It will also be seen that the annular surface 28 and the annular step 32
      are angled together outwardly of the rubber member 18 and positioned about
      portions of the resilient member 18, on either side of the edge 30. Such
      annular surface 28 and annular step 32, upon tightening of the clamp 26
      act to compress the resilient member 18 inwardly to close the passage 24
      and to hold the passage 24 closed. Closing of said passage 24, it is seen,
      maintains the fluid system in a closed state.
PAR  Sampling of the fluid within the closed fluid system is accomplished by
      means of a sampling or testing probe 34. To test said fluid, probe 34 is
      forcibly introduced through the normally closed passage 24 from the side
      22 of the rubber member 18 to the side 20 thereof. Said passage 24 is
      opened thereby, meanwhile with the probe 34 being in sealing engagement
      with the rubber member 18, keeping the fluid system closed. Said probe 34
      thus enters the fluid system, whereby such fluid may be sampled. Any type
      of instrument or measuring device can be secured to the probe 34 for
      measuring the characteristics of the fluid within the fluid carrying
      chamber 16. These instruments can, for example, measure temperature and/or
      pressure of the fluid. Since the rubber member 18 is under compressive
      forces, a fluid-type seal is established between the probe 34 and the
      rubber member 18, therefore, no fluid escapes from the chamber 16 as the
      probe 34 is inserted through the passage 24.
PAR  Removal of the probe 34 allows the passage 24 to close again. Thus, the
      system is continuously maintained in a closed condition, with no loss of
      fluid therefrom.
PAR  It is to be noted that rubber member 18 defines on the side 20 (which is
      exposed to the fluid within the system) an annular surface portion 36
      which is angled toward the passage 24 and inward of the fluid system. In
      such case, fluid within the system acts on said surface portion 36 to aid
      in closing passage 24, to in turn maintain the passage 24 in a closed
      state.
PAR  In addition, rubber member 18 defines on side 22 thereof an annular surface
      portion 38 which is also angled toward the passage 24 and inward of the
      fluid system. Such surface portion 38 aids in directing the probe 34 to
      the passage 24, so that it can be properly inserted therethrough.
PAR  Shown in FIG. 2 is a second embodiment of fitting 40. Such fitting is
      similar to that shown in FIG. 1 and operates in a similar manner. However,
      some design differences exist, and will now be described.
PAR  A tubular member 42 communicates with fluid within a fluid carrying chamber
      44, which is part of a closed fluid system. Such tubular member 42 has a
      rubber member 46 disposed therewithin, with one side 48 exposed to the
      fluid within the system and the other side 50 exposed to outside the
      system. A passage 52 runs from side 48 to side 50, as shown.
PAR  A shoulder 54 is defined by the tubular member 42 inwardly thereof. With
      the rubber member 46 in position as shown, the shoulder 54 bears
      continuously on the side 48 thereof. A shoulder 56 is also defined by the
      tubular member 42 inwardly thereof, and a recessed portion 58
      interconnects the shoulders 54, 56. A washer 60 is inserted to contact
      shoulder 56, and to bear on the side 50 of the rubber member 46. Through
      such means, the rubber member 46 is held within the tubular member 42 in
      continuous substantially sealing relation therewith. In addition, passage
      52 is compressed closed by means of shoulder 54, within which a portion of
      the rubber member 46 is disposed as shown.
PAR  Similar to the previous embodiment, rubber member 46 defines an annular
      surface portion 62 on the side 48 thereof which is exposed to the fluid
      within the system, and which is angled toward the passage 52 and inward of
      the fluid system. In such case, fluid within the system acts on said
      surface portion 62 to aid in closing passage 52, to in turn maintain the
      passage 52 in a closed state.
PAR  In addition, rubber member 46 defines on side 50 thereof an annular surface
      portion 64 which is also angled toward the passage 52 and inward of the
      fluid system. Such surface portion 64 aids in directing the probe 66 to
      the passage 54, so that it can be properly inserted therethrough. The
      aperture 68 in washer 60 may be sized and located to aid in proper
      positioning of the probe 66, as shown.
PAR  Shown in FIGS. 3 and 4 is a third embodiment of fitting 70. Such fitting 70
      is adapted for use within an aperture 72 defined through a fluid carrying
      body 74, carrying system fluid. A resilient member 76 is disposed within
      the aperture 72, and has one side 78 thereof exposed to fluid within the
      system, and the other side 80 exposed to outside the system. The resilient
      member 76 defines a passage 81 from one side to the other side thereof, as
      shown.
PAR  An annular step 82 is defined by the fluid carrying body 74, and an adapter
      member 84 is threaded into a threaded portion of the aperture 72 as shown.
      The adapter member 84 defines an annular surface portion 86 which bears on
      the other side of the resilient member 76 about the edge thereof, the
      annular step 82 bearing on the one side of the resilient member 76 about
      the edge thereof. Through such means, the resilient member 76 is held
      within the aperture 72, in continuous substantially sealing relation with
      the fluid carrying body 74.
PAR  The fluid carrying body defines an annular surface 88 within aperture 72
      which is angled downwardly inwardly of the aperture 72 toward the fluid
      within the system. Such annular surface 88 is in continuous annular
      contact with the resilient member 76, so as to compress the resilient
      member 76 to close the passage 81 and hold the passage 81 closed (FIG. 4).
PAR  In the use of such embodiment 70, the probe means 90 include a threaded
      portion 92 engageable with threads defined within a bore in the adapter
      member 84. The probe means 90 are then rotated until the tip 94 thereof
      extends through and opens passage 81, and into the fluid system. The probe
      means 90 are removed of course by rotation thereof in the opposite
      direction, allowing the passage 81 to close, whereby the system is
      maintained in a closed condition.
PAR  When the probe means 90 are not in use, a sealing plug 96 is applied as
      shown to protect and block off the resilient member 76.
PAR  It will be seen that all embodiments of fitting disclosed herein allow
      testing by means of a probe of a closed fluid system, meanwhile insuring
      that the system is maintained in such closed state, with no system
      shutdown required, and no loss of fluid therefrom. In addition, each
      fitting, it will be seen, is extremely simple in design and operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for allowing introduction of a testing probe into a closed
      fluid system, meanwhile maintaining such system in its closed condition,
      comprising: a tubular member communicating with the fluid within the
      system; a resilient member disposed within the tubular member and having
      one side exposed to the fluid within the system and the other side exposed
      to outside the system, said resilient member defining a passage from said
      one side to said other side thereof; means for holding the resilient
      member within the tubular member in continuous substantially sealing
      relation therewith; means for compressing said resilient member to close
      said passage and hold said passage closed to maintain the system in a
      closed state; said probe means being introducible from the other side of
      the resilient member into and through said passage in sealing engagement
      with the resilient member, opening said passage thereby, and into the
      fluid system, the removal of the probe means allowing said passage to
      close, whereby the system is continuously maintained in a closed
      condition, wherein the means for holding the resilient member and tubular
      member in continuous substantially sealing relation therewith comprise a
      clamp member threadably associated with the tubular member and defining an
      annular surface positioned to bear on the resilient member on said other
      side thereof about the edge thereof, and an annular step defined by the
      tubular member and positioned to bear on the resilient member on said one
      side thereof about the edge thereof, wherein the means for compressing
      said resilient member to close said passage and hold said passage closed
      comprise said annular surface defined by the clamp member and said annular
      step portion defined by the tubular member, angled together outwardly of
      the resilient member and positioned about portions of the resilient member
      to compress the resilient member inwardly to close said passage and to
      hold said passage closed.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the resilient member defines an
      annular surface portion on the one side thereof exposed to the fluid
      within the system and angled toward the passage defined thereby inwardly
      of the fluid system, whereby the fluid within the system acts on such
      resilient member annular surface portion to aid in closing such passage
      and maintaining said passage in a closed state.
NUM  3.
PAR  3. Apparatus for allowing introduction of a testing probe into a closed
      fluid system including a fluid carrying body, meanwhile maintaining said
      fluid system in a closed condition, comprising: a resilient member
      disposed within an aperture defined through the fluid carrying body and
      having one side exposed to the fluid within the system and the other side
      exposed to outside the system, said resilient member defining a passage
      from said one side to said other side thereof; means for holding the
      resilient member within the aperture in continuous substantially sealing
      relation with the fluid carrying body; means for compressing said
      resilient member to close said passage and hold said passage closed to
      maintain the system in a closed state; said probe means being introducible
      from the other side of the resilient member into and through such passage
      in sealing engagement with the resilient member, opening said passage
      thereby, and into the fluid system, the removal of the probe means
      allowing said passage to close, whereby the system is continuously
      maintained in a closed condition, wherein the means for holding the
      resilient member within the aperture in continuous substantially sealing
      relation therewith comprise an adapter member threadably associated with
      the fluid carrying body and defining an annular surface portion to bear on
      the resilient member on the other side thereof about the edge thereof, and
      an annular step defined by the fluid carrying body and positioned to bear
      on the resilient member on the other side thereof about the edge thereof,
      wherein the means for compressing the resilient member to close said
      passage and hold said passage closed comprise an annular surface defined
      by the fluid carrying body within the aperture, angled downwardly inwardly
      of the aperture toward the fluid within the system, and in continuous
      annular contact with the resilient member.
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ABST
PAL  A flow restriction is placed in the pipeline through which the fluid to be
      sampled flows to provide a pressure drop that is proportional to the rate
      of flow of the fluid in the line. A sample bottle is connected to the line
      through a sample conduit that also contains a flow restriction to cause a
      pressure drop in the fluid flowing to the sample bottle. A variable flow
      restriction in the sample line downstream of the first flow restriction is
      adjusted to maintain the pressure drop across the flow restriction in the
      sample line proportional to the pressure drop across the flow restriction
      in the pipeline so that fluid flows into the sample bottle at a rate that
      is proportional to the rate of flow of fluid in the pipeline.
BSUM
PAR  This invention relates to a method of and apparatus for obtaining a
      representative sample of fluid flowing through a conduit during a given
      period of time.
PAR  There are many occasions where it is important to know the composition of
      fluid flowing through a pipeline as well as the volume. For example,
      natural gas is often traded between companies. More and more this is being
      done on an energy rather than a volume basis. Spot samples to determine
      the energy content are satisfactory if the composition of the gas is
      fairly constant. Where it varies, however, it is very important to have a
      representative sample of the gas delivered.
PAR  Also, it is common practice to measure the volume of gas flowing through a
      pipeline with an orifice meter. The formula used includes values for the
      specific gravity and supercompressibility of the gas. These are determined
      from samples and therefore good representative samples are important.
PAR  It is particularly important to obtain representative samples where gas is
      passed through a plant to have certain constituents removed, such as
      ethane and propane. The ability of these plants to remove these
      constituents varies with throughput and therefore the makeup of the tail
      gate gas may vary substantially during a given period of time. It is
      important that a representative sample of this gas be obtained so that the
      seller and the buyer know what they are exchanging.
PAR  Therefore, there is a need for a method and apparatus for obtaining a
      representative sample of fluid flowing through a pipeline over a given
      period of time, and it is an object of this invention to provide such
      method and apparatus.
PAR  It is a further object of this invention to provide a method of and
      apparatus for obtaining a representative sample of fluid flowing through a
      pipeline during a preselected period of time.
PAR  It is a further object of this invention to provide a method of and
      apparatus for obtaining a representative sample of the fluid that passed
      through a pipeline during a period of time by causing the sample to flow
      into the sample bottle continuously during said period at a rate that is
      proportional to the rate of flow of fluid in the pipeline.
PAR  These and other objects, advantages, and features of this invention will be
      apparent to those skilled in the art from a consideration of this
      specification, including the attached drawing and appended claims.
DRWD
PAR  In the drawing, the preferred embodiment of the apparatus of this invention
      is shown arranged to obtain a representative sample of a fluid, such as
      natural gas, flowing in pipeline 10. In accordance with this invention,
      the flow through pipeline 10 is restricted by a flow restriction, such as
      orifice plate assembly 12. Sample bottle 14 is connected to pipeline 10
      through conduit 16 upstream of orifice plate assembly 12. A flow
      restriction is provided in conduit 16, indicated in the drawing by the
      number 18. This flow restriction is shown schematically as being fixed in
      size, however in practice, a variable restriction of one type or another
      will be used at this point in the sample line. For example, an adjustable
      needle valve would be satisfactory.
DETD
PAR  In accordance with this invention, means are provided to measure the
      pressure drop across the flow restriction in the pipeline, and to also
      measure the pressure drop across the flow restriction in the sample line.
      Means are also provided responsive to the two pressure drops to control
      the pressure drop across the flow restriction in the sample line so that
      the rate of flow into the sample bottle through this flow restriction is
      proportional to the rate of flow through the pipeline.
PAR  In the embodiment shown, differential pressure cell 20 is supplied with
      instrument pressure through lines 21 and 22. This cell provides a pressure
      signal to proportional controller 24 through line 26 that is proportional
      to the pressure drop across orifice 12. In the same manner, differential
      pressure cell 28 is provided with instrument air through lines 21 and 30
      and provides an output signal to proportional controller 24 through line
      32 that is proportional to the pressure drop across flow restriction 18.
      The proportional controller, in turn, provides a pressure signal to motor
      valve 34 through line 36 that operates to vary the opening through motor
      valve 34 so as to maintain the pressure signals received through lines 26
      and 32 in a preselected relationship. By maintaining such a relationship,
      the rate of flow of fluid through flow restriction 18 will be proportional
      to the flow through orifice 12. Consequently, a representative sample of
      the fluid flowing in the line during a given period will be collected in
      sample bottle 14.
PAR  For example, assume the pressure upstream of orifice plate assembly 12 to
      be 1,000 p.s.i. The pressure upstream of restriction 18 in the sample
      conduit is also 1,000 p.s.i. At the beginning, the pressure in the sample
      bottle is usually less than atmospheric since the bottle is preferably
      evacuated before use. If the sample is to be taken over a period of
      several hours, such as twenty four, then pressure build up in the bottle
      must be relatively slow. If the pressure drop across the orifice in the
      pipeline is 40 p.s.i. for example, the pressure drop across flow
      restriction 18 may be maintained the same or some percentage thereof. If
      the same, then motor valve 34 must maintain the pressure downstream of
      flow restriction 18 at 960 p.s.i. when the upstream pressure is 1,000
      p.s.i. If the rate of flow decreases, the pressure drop across orifice
      assembly 12 will drop. This will cause proportional controller 24 to
      adjust valve 34 to change the pressure drop across restriction 18 by the
      same amount to keep the rate of flow to the bottle proportional to the
      rate of flow in the pipeline.
PAR  Flow restriction 18, of course, must be such that sample bottle 14 will not
      reach pipeline pressure during the period of time that the sample is to be
      taken. In other words, there must be always a flow through flow
      restriction 18 sufficient to provide the necessary pressure drop to cause
      fluid to flow into the sample bottle and to allow motor valve 34 to
      maintain the necessary pressure drop. Therefore, for longer time periods,
      flow restriction 18 must be adjusted to reduce the flow to the sample
      bottle. In addition, the proportional controller can be adjusted to
      maintain the pressure drop across flow restriction 18 at a percentage, say
      one-half, the pressure drop across orifice assembly 12. This will further
      reduce the volume flowing to the sample bottle, but will allow each unit
      volume of fluid flowing through the pipeline to be represented in the
      sample bottle.
PAR  If the pipeline is carrying a mixture, such as natural gas, that may
      contain constitutents that may condense when cooled, the apparatus should
      be heated to keep condensate from collecting downstream of flow
      restriction 18 and valve 34.
PAR  From the foregoing, it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the method
      and apparatus.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the apparatus and method of
      this invention without departing from the scope thereof, it is to be
      understood that all matter herein set forth or shown in the accompanying
      drawings is to be interpreted as illustrative and not in a limiting sense.
CLMS
STM  The invention having been described, what is claimed is:
NUM  1.
PAR  1. A method of obtaining a representative sample of fluid flowing through a
      pipeline comprising the steps of connecting a sample bottle to the
      pipeline through a flow restriction through which fluid can flow from the
      pipeline into the sample bottle, measuring the pressure drop across a
      restriction in the pipeline, measuring the pressure drop across a flow
      restriction through which the fluid flows to the sample bottle and
      maintaining the pressure drop across the flow restriction through which
      the fluid flows to the sample bottle a proportional amount of the pressure
      drop across the flow restriction in the pipeline to cause the fluid to
      flow into the sample bottle at a rate proportional to the rate of flow of
      fluid in the pipeline.
NUM  2.
PAR  2. Apparatus for obtaining a representative sample of a fluid flowing
      through a conduit comprising means restricting the flow of fluid through
      the conduit to provide a pressure drop proportional to the rate of flow of
      fluid through the conduit, a sample bottle, a sample conduit connecting
      the sample bottle to the fluid conduit, means restricting the flow of
      fluid through the sample conduit to the sample bottle to provide a
      pressure drop across the flow restriction proportional to the rate of flow
      of fluid to the sample bottle and means for maintaining the rate of flow
      of fluid to the sample bottle proportional to the rate of flow of fluid
      through the fluid conduit to obtain a continuous flow of fluid into the
      sample bottle at a rate proportional to the rate of flow of fluid in the
      conduit said means for maintaining the rate of flow to the sample bottle
      including means for measuring the pressure drop across the flow
      restricting means in the fluid conduit, means for measuring the pressure
      drop across the flow restricting means in the sample conduit, and means
      responsive to the pressure drops to control the flow of fluid through the
      sample conduit to maintain the rate the fluid flows into the sample bottle
      proportional to the rate of flow of fluid in the fluid conduit.
NUM  3.
PAR  3. Apparatus for obtaining a representative sample of a fluid flowing
      through a conduit during a preselected period of time comprising a bottle
      for collecting the sample, a conduit connecting the sample bottle to the
      fluid conduit, a flow restriction in the fluid conduit, a flow restriction
      in the sample conduit to restrict the flow of fluid through the sample
      conduit sufficiently to keep the pressure downstream of the flow
      restriction from reaching the pressure of the fluid in the fluid conduit,
      means for measuring the pressure drop across each flow restriction and
      means responsive to the two pressure drops to maintain the pressure drop
      across the restriction in the sample conduit a proportional amount of the
      pressure drop across the flow restriction in the fluid conduit to cause
      the fluid to flow into the sample bottle at a rate proportional to the
      rate of flow of fluid in the fluid conduit.
NUM  4.
PAR  4. The apparatus of claim 3 in which the means responsive to the two
      pressure drops includes a second flow restriction in the sample conduit
      downstream of the first mentioned flow restriction in the sample conduit
      and means to vary the second flow restriction to maintain the pressure
      drop across the upstream sample conduit flow restriction proportional to
      the pressure drop across the flow restriction in the fluid conduit.
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ABST
PAL  A motion converter device capable of converting continuous rotary input
      motion to cyclic linear motion and capable of accomplishing the reversal
      thereof from cyclic linear motion to continuous rotary motion including
      means for substantially smoothly obtaining the conversion. The unit
      includes a set of gear trains having gears of a selected shape and which
      gear trains are intermeshed from either a single rotary shaft or a
      plurality of linked output shafts which interwork to convert the rotary
      motion of the single shaft to oscillatory or linear motion of the output
      shafts or will, in the reverse of this procedure, convert a linear input
      to the plurality of shafts to rotary motion of the single shaft.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to devices which will convert a rotary
      motion to a linear cyclical motion or alternatively will convert the
      linear motion to a rotary motion and through the device utilized herein,
      the cylic variations in output of either the linear motion or the rotary
      motion will be minimized.
PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  The desire for the conversion of rotary motions to cyclic linear motions or
      the reverse has realized its value in various arts. The object of several
      of these arts has been to pump or deliver fluid with a mechanical rotary
      input and conversely, to rotate a shaft with a cyclic linear input force.
      In many of these devices, the pressure flow and torque-speed concept is of
      primary importance and the ability to provide a smooth power transmission
      during the conversion process has also been a problem. With applicant's
      device the basic objects are to provide a mechanism that may be operated
      at relatively rather low speed and a unit wherein the timing situation is
      automatically compensated for by the motor output-speed demands if
      necessary.
PAR  The basic object of applicant's invention is to provide a device which will
      convert rotary motion to a cyclic linear motion but wherein the cyclical
      situation will not provide a horsepower ripple that would result in any
      deterring factors.
PAR  It is a further object of applicant's invention to provide a unit which is
      capable of converting a linear input whether the input be mechanical or by
      other means, to a rotary output.
PAR  It is a further object of applicant's invention to provide a motion
      converting device which is capable of utilization as a pump or motor but
      which more important thatn that consideration is the conversion of a
      linear motion to a rotary motion.
PAR  It is still a further object of applicant's invention to provide a motion
      converting device capable of converting linear to rotary or rotary to
      linear motion with a minimal energy transformation ripple.
DRWD
PAR  These and other objects and advantages of the invention will more fully
      appear from the following description made in connection with the
      accompanying drawings in which the same numeral is used to designate the
      same or similar parts throughout the several views, and in which:
PAR  FIG. 1 is a perspective view taken from one end of a motion converter
      embodying the concepts of applicant's invention;
PAR  FIG. 2 is an end view taken from the same end as that of FIG. 1;
PAR  FIG. 3 is a section taken substantially along line 3--3 of FIG. 2;
PAR  FIG. 4 is a vertical section taken substantially along Line 4--4 and
      partucularly designating the gear train arrangements and the relationships
      therebetween; and,
PAR  FIG. 5 is a vertical section taken substantially along Line 5--5 of FIG. 3
      and illustrating a single set of gears in the gear train.
DETD
PAR  In accordance with the accompanying drawings, applicant's motion converter
      is generally designated 10 and for the purposes of the disclosure of this
      invention the unit is provided with a single rotary motion input or output
      shaft 11 and three linear motion input or output shafts which are commonly
      designated 12. The reason for the utilization of this common designation
      for these linear input or output shafts 12 is that applicant has provided
      a common construction for these shafts and for the housings therefore and
      these shafts are simply arcuately spaced within the housings. The
      utilization of these shafts will substantially even out the motion
      conversion ripple and this motion ripple could be further controlled by
      increasing such shafts but such an increase would require only a
      mechanical variation in applicant's device. With the unit as illustrated
      herein, applicant believes that a sufficient disclosure is given to those
      skilled in the art which would allow them to utilize his concepts without
      regard to shaft numbers. Therefore, in the description as included
      hereinafter, until a consideration of the required gearing is given for
      three such units, it should be understood that the housing and various
      features and functions of all of the linear motion shafts 12 is identical.
PAR  In accordance with applicant's drawings, a housing for the motion
      conversion unit 10 is provided and this housing includes frontal housing
      portion 13 and a rear housing portion 14 having additional housings 15
      extending therefrom for the positioning and support of the linear output
      shafts 12. Bearing housing portions 16 are further provided on the front
      housing portion 13. Housing means for the rotary input and output shaft 11
      is designated 17 and is arranged generally centrally of the three bearing
      housings 16. Obviously means must be provided for sealingly connecting
      these housing portions 13, 14 together.
PAR  As particularly illustrated in FIG. 3, housings 13, 14 are formed to
      provide a gear casing and gear housing area 18 therebetween.
PAR  The rotary shaft member 11 is of a generally cylindrical construction and
      this member extends into and through the housing portion 13 and is
      captured therein by a housing member 20 and bearings 21 are provided
      within the housing portion 13 to properly position the same and allow for
      rotation thereof. Again, during this description it should be considered
      that transmission and bearing design is not necessarily new to the art and
      the means for mounting shafts for proper driving thereof does not form or
      provide a particular basis for this invention and minimal discussion will
      be given to the aspect of various mounting arrangements necessary to
      accomplish proper rotation of shafting and the like or for oil sealing
      thereof, but rather the primary disclosure of this application will be
      directed to the features that are deemed to be novel.
PAR  Input shaft 11 is provided with a first elliptical gear 25 which is secured
      for rotation with and to the shaft 11. It should be noted that shaft 11
      may be splined as at 11a for positive driving of this gear 25 and a second
      gear member 26 is also positioned on the splined portion 11a which gear 26
      is positioned in spaced relationship to the gear element 25. The
      particular relationship of these gears 25, 26 is illustrated in FIGS. 4
      and 5 where it should be noted that these gears are of elliptical design
      with an eccentric mounting and which are 180.degree.  out of phase with
      one another. This same consideration provides for eccentrically arranged
      gears of curcular configuration or concentrically arranged gears of oval
      configuration.
PAR  As illustrated in FIG. 3, means must be provided for proper mounting of the
      driving shaft 11 in the housing member 14 and further means must be
      provided to retain gear 26 in proper spaced apart relationship from gear
      25. This spacing may be accomplished through various devices: one such
      simple device being the provision of a spacer 25a between the gears 25,
      26. In this construction it is desirable that a beam type of construction
      rather than a cantilever construction be utilized for mounting these gears
      25, 26 and again, anyone skilled in the art may easily accomplish this
      type of strength design.
PAR  Obviously, when shaft 11 is rotated, gears 25 and 26 will rotate and in the
      opposite consideration, when rotary force is applied to gears 25 and/or
      26, shaft 11 will rotate.
PAR  At this point, consideration should be given to FIG. 3 which discloses and
      shows only one of the three output shaft constructions 12 and their
      individual housings 15. A consideration must also be made of FIGS. 4 and 5
      at this time. As has been previously indicated, the output shafts 12 are
      common to each of the selected number of linear motion shafts and the
      construction that will be discussed hereinafter is applicable to the
      various gearing and shafting for each of such shafts.
PAR  As illustrated in FIG. 3, the output shaft 12 includes what is known in the
      art as a linear ball spline section 30 adjacent one end thereof and a ball
      screw section 31 immediately adjacent thereto on a common shaft area which
      shaft extends through a sealing plate 32 arranged in housing 15 and which
      is further provided with a radially extending shoulder 33 thereon which
      radially extending shoulder 33 is captured in a thrust bearing housing
      designated in its entirety 34 which will permit rotation of this shaft
      section and will also accommodate and provide its linear movements. The
      housing section 34 is then attached to the output shaft designated 12, but
      it should be stated that this entire shaft structure is a continuous unit
      with what may be termed a universal connecter 34 at a portion thereof
      which will allow rotary and longitudinal motion of selected portions
      thereof.
PAR  Beam mounting for this shaft 12 is obtained by providing a first gear
      member 38 again being elliptical in shape and eccentrically mounted or
      circular in shape and eccentrically mounted or oval in shape and
      concentrically mounted; arranged and having teeth about the periphery
      thereof, which will mesh with gear 25 and further having a bearing
      shoulder surface 38a thereon which will be received into an appropriate
      bearing surface 13a in housing portion 13 with means being provided to
      properly position this gear 38 within the housing member 13 such that the
      teeth thereof will properly mesh with the gear 25. Again, the particular
      construction to properly seat this gear within housing 13 and provide for
      such teeth meshing is felt to be obvious to one skilled in the art.
PAR  The gear unit 38 is provided with an internal passage 38b having what are
      termed as ball-splined grooves therein which will receive the
      ball-splined, longitudinally extending area 30 of shaft 12. This structure
      will provide for proper beam mounting of the shaft 12, but will also
      permit shaft 12 to longitudinally reciprocate within the gear 38 while
      maintaining rotary driving mesh therewith. It should be obvious from this
      description that upon rotation of the shaft 11, rotary motion will be
      imparted to gear 25 and thus to the meshed gear 38 and therefore to the
      shaft 12. It should also be noted that as this is an elliptical gearing
      arrangement, the speed and torque considerations will vary as rotary
      positions of the shaft 11 and the respective gears 25, 38 are evolved.
      When considering the illustration of FIG. 4, it will be seen that these
      speed and torque variations between the illustrated three such gearing
      units will vary independently from the longitudinal motion of shafts 12
      while the shaft 11 is running at a constant speed. This same situation can
      be considered from a torque situation in which the torque transfer is
      opposite to the speed transfer.
PAR  A second gear 40 is arranged about the ball screw portion 31 of shaft 12
      and it should be noted that an internal passage 41 is provided through
      this gear 40 to permit longitudinal motion of shaft 12 therethrough. A
      ball nut member designated in its entirety 45 is positioned about the ball
      screw portion 31 of shaft 12 and has one end thereof secured to the gear
      40 while its other end 47 is positionable with respect to the housing 15
      through a capturing element 48. Obviously thrust bearings 15a and a
      shoulder 15b must be provided for the axial positioning of this unit. With
      this ball nut 45 so connected to the gear 40 it is obvious that this unit
      will rotate as a combined unit.
PAR  As is well known in the art, the idea of a ball nut is to provide a defined
      path of a plurality of balls 49 about an externally machined thread on a
      shaft and the continuity of this path is provided through an external path
      defining portion 50. The concept of this unit is that a relatively low
      friction type of device can be provided by having the balls act as the
      thread engaging or thread providing situations rather than have machine
      threads operate against machine threads as in a standard nut and bolt.
PAR  One of the basic concepts of applicant's invention lies in this screw-nut
      philosophy. If a bolt is turned clockwize in a right hand threaded
      bolt-nut assembly, and the nut is restrained from rotating, the bolt will
      advance through the nut axially. If the nut is turned clockwize and
      restrained from axial movement, and the bolt is restrained from rotating,
      the bolt will retract through the nut axially. It is to be noted that the
      linear motion of the bolt was reversed while the direction of rotation
      imparted to first the bolt and then the nut was unchanged; ie., clockwize
      rotation imparted to each the bolt and nut.
PAR  If clockwize rotation is imparted to the bolt and nut simultaneously, and
      the rotational speeds of the bolt and nut are identical, there will be no
      axial motion of the bolt with respect to the nut. If the bolt has a
      greater rotational speed than the nut, the bolt will advance through the
      nut. If the nut has a greater rotational speed than the bolt, the bolt
      will retract through the nut. It is this concept of applicant's invention
      that allows the conversion of rotary motion of shaft 11 to linear motion
      of the shafts 12 and likewise provids the opposite effect when linear
      axial forces are imposed on shafts 12 to impart rotary motion to shaft 11.
      A piston, driving construction is provided on the ends of shafts 12 and is
      designated 60. This construction may include a piston 61 arranged within
      cylinder 62 with hydraulic fluid means or the like 63, 64 being directed
      to opposite sides of the piston 61. Obviously this construction 60 would
      be provided on each of the shafts 12 and a valving mechanism which
      provides for proper sequential introduction and escape of fluid from
      either side of the piston 61 is necessary to induce the linear motion to
      the shafts 12. It should be noted that linear motion to the shafts 12 and
      the connected pistons 61 would provide pumping to the fluids within the
      cylinders. This piston construction is illustrated as one means for
      inducing or utilizing the linear movement of the shafts 12 but it should
      be obvious that mechanical camming devices could operate against the ends
      of shafts 12 and produce or utilize this movement. Again it should be
      noted that although the applicant has illustrated three of the shafts 12
      with the various gear trains thereon, that a greater number of such shafts
      could be provided without departing from the scope of the invention.
PAR  The operation of the unit, without regarding torque philosophies or the
      like and assuming that a conversion from rotary to linear cyclical motion
      is desired is as follows:
PAR  Rotary motion is applied to the input shaft 11. This will cause gears 25
      and 26 to rotate in the direction of rotaion of the shaft 11. As
      illustrated in FIGS. 4 and 5, the gears 38 and 40 meshing with gears 25,
      26 will through the eccentricity and elliptical configuration of the gears
      will be driven at changing speeds resulting in the axial movements of
      shafts 12. During a certain portion of rotation of gears 38, they will be
      driven more rapidly than the gears 40 and the attached ball nut units 45
      such that the shafts 12 will be driven in one axial direction over one
      half of such gear rotation and over the next half of the gear rotation the
      opposite relative movement of the gears 38, 40 will result thus providing
      an axial driving force to shafts 12 in an opposite direction. Basically
      the gear arrangement in connection with the ball nut accomplishes what has
      been previously explained for a nut and bolt.
PAR  The same results are obtained when an application of a linear force is made
      to the shafts 12. Driving of these shafts in one direction will cause
      rotation of the ball nut 45 and gear combination 40 at a certain speed and
      the retardation of such motion due to partial holding of this ball
      nut-gear combination will result in rotation of shaft 12 thus driving gear
      38. This rotation will obviously deliver rotation to the gears 25, 26 and
      shaft 11. Reversing of the linear driving forces to the shafts 12 will
      continue these same rotary effects to gears 38, 40 and the speed of
      rotation of these gears in combination with the ball nut 45 provides a
      continuing rotary driving effect. It should be obvious to anyone skilled
      in the art that a plurality of shafts 12 is necessary to control the
      cyclical output. One such shaft would provide the necessary motion
      conversion but the transfer would be by surges rather than being a smooth
      flow.
PAR  Applicant has provided herein a unique device which provides for the smooth
      conversion of either rotary or linear motion to linear or rotary motion
      through the utilization of a relative speed of rotation concept in
      conjunction with a linear force application and it should be obvious that
      modification of this device by, for example, increasing the linear shafts
      could increase the smooth conversion of motion without departing from the
      scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A motion converting device including:
PA1  a. a housing defining a gear receiving cavity therein;
PA1  b. a first shaft member arranged for rotation and extending into said
      cavity;
PA1  c. a first pair of gear members arranged on said first shaft within said
      cavity for rotation with said first shaft, said gear member being arranged
      for rotation on said shaft;
PA1  d. at least one second shaft extending into said cavity and being arranged
      for rotation therein;
PA1  e. a second pair of gear members arranged on said second shaft within said
      cavity for rotation with said second shaft, said gear members being
      arranged for engaging said first pair of gear members;
PA1  f. said second shaft having a splined driving section and being
      longitudinally shiftable with respect to one of said second pair of gear
      members; and,
PA1  g. said second shaft having a threaded section and the other of said second
      pair of gear members threadably arranged thereon.
NUM  2.
PAR  2. The structure set forth in claim 1 and said first pair of gear members
      including elliptical gears being eccentrically arranged on said first
      shaft.
NUM  3.
PAR  3. The structure set forth in claim 1 and said first pair of said gear
      members being mounted on said first shaft in 180.degree. opposed relation.
NUM  4.
PAR  4. The structure set forth in claim 1 and said splined section of said
      second shaft including externally formed splines on said shaft, internally
      formed splines on said engaging gear and ball members arranged in mating
      relation therebetween to permit relative longitudinal motion between said
      shaft and said gear while maintaining the rotational motion thereof.
NUM  5.
PAR  5. The structure set forth in claim 1 and said threaded section of said
      second shaft including a ball nut member surrounding the same and
      connected to said gear arranged therearound to provide longitudinal motion
      of said second shaft upon rotation of said gear and providing rotation of
      said gear upon longitudinal motion of said second shaft.
NUM  6.
PAR  6. The structure set forth in claim 1 and at least a pair of said second
      shafts, each such shaft having pairs of second gears thereon.
NUM  7.
PAR  7. The structure set forth in claim 6 and said gears on said second shafts
      including elliptical gears, each of said gears being in constant mesh with
      said gears on said first shaft.
NUM  8.
PAR  8. The structure set forth in claim 1 and means for imparting and receiving
      linear motion of said second shafts.
NUM  9.
PAR  9. The structure set forth in claim 8 and said means for imparting and
      receiving linear motion of said second shafts including a piston member
      arranged on said shafts, a cylinder surrounding said piston for actuation
      therein and fluid control means directing and receiving fluid to and from
      said cylinder on opposite sides of said piston.
NUM  10.
PAR  10. The structure set forth in claim 1 and a plurality of second shafts
      arcuately spaced about said first shaft and each of said second shafts
      having pairs of second gear members thereon which second gear members are
      in constant mesh with said first pair of gear members.
NUM  11.
PAR  11. The structure set forth in claim 1 and said first pair of gear members
      including oval gears being concentrically arranged on said first shaft.
NUM  12.
PAR  12. The structure set forth in claim 1 and said first pair of gear members
      including circular gears being eccentrically arranged on said first shaft.
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ABST
PAL  Drive arm of a speed reducer is provided with an aperture capable of
      carrying a various number of clutch means. Removable separates are
      provided between the arms having apertures corresponding at least in part
      with the arm apertures, thus, different sized clutches can be employed
      depending on the amount of torque to be transferred.
BSUM
PAR  This invention relates to speed reduction mechanisms and more particularly
      to a speed reduction mechanism having force transfer arms including a
      series of individual components.
PAR  In the area of speed reduction assemblies there are innumerable devices for
      juncture with a high-speed shaft that reduce the speed of the high-speed
      shaft to the desired rate. A substantial number of such devices employ
      gear means, others employing belt means etc. Special reference should be
      made to my prior U.S. Pat. No. 3,557,631 reissued as U.S. reissue patent
      Re 28122 and to my co-pending application Ser. No. filed simultaneously
      herewith. The invention of the present application is an improvement
      thereof.
PAR  In order to provide flexibility and vary the distribution of forces being
      transferred from a high-speed shaft of a motor to an output shaft, the
      force transfer arm of the invention is provided with a series of
      separation means. Each of these separation means have extending
      therethrough machined channels wherein the clutch assemblies can be
      placed. The device disclosed herein is capable of handling various
      magnitudes of high torque transmission through the use of more clutching
      assemblies being placed in the channels. Moreover, as an additional
      improvement, to cut down the noise pollution being generated between the
      force transfer arm and the highspeed input shaft during operation the
      input shaft is provided with a series of ball bearing assemblies and the
      arm is provided with a cushioning means in the area of contact.
PAR  It is therefore an object of this invention to provide an arm assembly
      adaptable to transfer different amounts of torque.
PAR  Still another object of this invention is to provide arm means capable of
      securement to various numbers of clutch members.
PAR  Still another object of this invention is to provide a speed reduction
      mechanism wherein noise pollution is reduced.
PAR  Another object of this invention is to provide the eccentric of the input
      shaft with a ball bearing assembly and the force transfer arm with a
      cushioning means whereby wear and noise pollution and therebetween is
      substantially reduced.
PAR  Another object of this invention is to provide a force transfer assembly
      and clutch assembly which can be increased or decreased in size depending
      on the amount of force being transferred.
DRWD
PAR  These and other objects have advantages of this invention will more fully
      appear from the following description, made in connection with the
      accompanying drawings wherein black reference characters refer to the same
      or similar parts throughout the several views and in which:
PAR  FIG. 1 is a plain top view partially broken away of the speed reducing
      mechanism according to the present inventions;
PAR  FIG. 2 is an elevational view looking in the direction of the arrows 2 -- 2
      of FIG. 1;
PAR  FIG. 3 is a partial side view of a single arm means;
PAR  FIG. 4 is a side view of a representative separation member;
PAR  FIG. 5 is a prospective view of part of the clutch assembly; and is
PAR  FIG. 6 is a partial view of the output shaft and clutch assembly showing
      the laminated nature of the arm and separator means.
DETD
PAR  The improved speed reducing mechanism means 10 is driven by an electric
      motor means 12 in the preferred embodiment. As is evident any type of
      driving means could be employed. It is essential however, that the driving
      means 12 have an output shaft means such as 14. As shown herein output
      shaft means 14 is provided with first and second eccentric means 16 and
      18. It should be noted that any number of eccentric means can be provided
      but they must be equally distributed about the output shaft means 14. That
      is, if 2 eccentrics are employed they must be 180 degrees out of phase, if
      3 eccentrics were employed they would be 120 degrees out of phase. If 4
      eccentrics means were employed they would be 90 degrees out of phase etc.
      First and second ball bearing means 20 and 22 are provided for each
      eccentric. In the preferred embodiment the inner race of the ball bearing
      means is secured to the eccentric such that shaft means 14 can rotate
      while the outer race of the bearing will remain generally motionless or at
      least be capable of achieving a motionless position.
PAR  An output shaft means 24 is provided to transfer the speed at a reduced
      rate to the conveyer etc which it is the object to drive. The output shaft
      may or may not be provided with its own series of bearing set means such
      as 26 and 28. It will often be possible to have the speed reduction
      assemblage carried by bearing sets which are an integral part of the
      apparatus to which the reduced speed is being delivered.
PAR  Mounted between the input and output assemblages is a speed reducing
      mechanism means 10 which includes: arm means 30 having first end means 32
      and second end means 34, said second end means being provided with an
      aperture means 36 as will hereafter be more fully explained. The output
      shaft means 24 is the preferred embodiment journals said second end means
      34. Adjacent and generally surrounding said output shaft means 24 is a
      sleeve or clutched member 38 removably secured by key means 40. Referring
      to FIGS. 1 and 4 the load bearing separation means 42 are shown. In FIG. 1
      two such members are shown on either side of the arm means 30 being
      positioned adjacent the second end means 34. Each of these separation
      means 42 are provided with an aperture means 44 which must in part
      correspond to the aperture present in the arm means which it is adjacent
      to.
PAR  Referring to FIG. 2 wherein is shown a preferred emodiment of the invention
      hereunder consideration. It will be noted that the apertures of both the
      separation means 42 and the arm means 30 correspond. Each of these
      aperture means includes tranversely extending channel means 46, said
      members being slightly cocked such that a ramp surface means 48 is
      created. That is the diameter of the aperture 44 increases in each channel
      means 48 as one moves in a clockwise manner. It should also be noted that
      each of the channel means 48 is substantially identical and angled in the
      same direction. As shown in FIG. 3 and FIG. 4, 8 channel means are shown
      as being provided in the separation means as well as as the arm means. As
      will be hereafter explained the number of these channel means can be
      increased or decreased depending on the amount of torque which it is
      desired to transmit.
PAR  Situated in the channel means 46 is a roller sprag means 50. The spray
      means 50 is a generally cylindrical member fully rolling within the given
      channel means. A spring means 52 continuously urges the sprag means 50
      toward the shallower side of the channel means 46. As is apparent when the
      roller sprag means 50 is pinched between the bottom wall means 54 and the
      outer surface means 56 of the clutched member 43 whereby force is
      transferred therebetween. As shown in FIG. 2 a very tough, durable steel
      plate means 58 is provided adjacent the bottom surface of each channel
      means. This provides better wear characteristics for the assembly.
PAR  As is apparent the more roller sprag members which are provided the larger
      the amount of torque which will be transferred from the input shaft to the
      output shaft. Additionally if the size or length of the roller sprags of a
      given number was increased more torque could be transferred. Depending on
      circumstances a given arm member 30 could be provided with a higher number
      of channel means 46. Thereafter plate or separation members such as 42
      could be provided with any number of channel means depending on the amount
      of torque which it was desired to transfer. That is arm member 30 could be
      provided with nine channels and if only low amounts of torque were to be
      transferred the separating means plate means 42 would only be for example
      provided with four channel means wherein could be situated the sprag
      members to transfer the necessary torque. Thereafter by pulling some of or
      one or more of the sprag members out the torque could be still further
      controlled. Additionally, by increasing or decreasing the separation plate
      members and thus allowing for larger or smaller sprag members to be
      employed the amount of torque transferred could also be controlled. As is
      apparent with this assemblage of arm means and separation means, with
      various numbers of channel means and of sprag means of various lengths and
      diameters a varying amount of torque transfer can be provided. The
      flexibility and combinations being employable in any number of situations.
PAR  In operation first end means 32 of arm means 30 is held by a spring means
      such as 64 or 66 against the outer race surface of bearing means 20. A
      cushioning material is provided across the area of possible contact to
      avoid any noise pollution which might be generated by the metal to metal
      contact. It is stated previously such noise pollution would be minimised
      by the fact that the outer race has literally no movement to it. As the
      eccentrics come around the arms are alternately lifted and then allowed to
      sink back in a very rapid chopping motion. Each of said motions being of a
      very small distance but with tremendous rapidity. Referring to FIG. 2 it
      would become apparent that as arm means 30 is raised the roller sprag 50
      will move slightly toward to the narrow end of the channel where it will
      pinch and transfer a small amount of movement to the clutch member and in
      turn to the output shaft. As is apparent the amount of movement
      transferred to the output shaft in a given arm stroke is very small yet
      when multiplied by several hundred strokes per minute causes the shaft to
      rotate in an almost steady continuous manner.
PAR  Additional features such as the provision of eccentrics capable of
      generating more movement or amplitude and as a result more torque being
      transferred to output shaft means 24 may also be provided. In such
      circumstances when high torque loads are being transferred the number of
      the arm means 30 can be doubled up as shown in FIG. 6. Such increasing of
      the torque carrying ability of the arm means is limited only by the other
      elements involved in the assemblage.
PAR  As is apparent there has been provided an improvement on a speed reducing
      mechanism wherein the torque being transferred from the input shaft to the
      output shaft can be tailored to the needs of the overall operation. Such
      tailoring is controlled by the number of force transmitting sprag means
      and their sizes. This in turn is determined by the number of channels
      provided in the separation means as well as the arm means. Additional
      features include doubling up of arm members to allow heavier torque loads
      to be transferred, providing the eccentrics with ball bearing assemblies.
      Additionally noise absorbing means are provided between the arm and the
      outer race ball bearing assembly such that the possibility of noise
      pollution therebetween is substantially lessened.
PAR  While there has been described what is at present considered to be the
      preferred embodiments of the invention, it will be understood that various
      modifications may be made therein, and it is intended to cover in the
      appended claims all such modifications as follows in the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A speed reducer mechanism for drivably connecting a rotating power shaft
      to a driven shaft comprising:
PA1  motion inducing means coupled to said power shaft;
PA1  at least one arm means having a pair of opposed planar side surfaces and a
      pair of opposed edge surfaces disposed therebetween;
PA1  said at least one arm means including a first end section engaging said
      motion inducing means at one of said edges and a second end section
      adapted to be operatively coupled to the driven shaft;
PA1  at least one separator element being removably positioned adjacent one of
      said sides of said second end section;
PA1  said separator element having two opposed flat faces one of which is in
      contiguous contact with one of said sides;
PA1  said at least one separator element and arm means having corresponding
      transversely extending aperture means; and
PA1  clutch means carried in said aperture means lying in confronting
      relationship to each other and in concentric relationship to the
      longitudinal axis of said driven shaft.
NUM  2.
PAR  2. The speed reducer mechanism of claim 1 wherein said aperture means
      includes generally rectangular shaped channel means having an open side
      means and a load bearing side means.
NUM  3.
PAR  3. The speed reducer mechanism of claim 2 wherein said load bearing side
      means includes a sleeve of a material having a greater modulus of
      elasticity than said arm means and separator element.
NUM  4.
PAR  4. The speed reducer mechanism of claim 1 wherein: said arm means includes
      a series of unitary laminated members, and each of said arm means is
      operatively coupled to said motion inducing means for effecting
      intermittent rocking movement of said arm means upon rotation of said
      power shaft.
NUM  5.
PAR  5. The speed reducer mechanism of claim 1 wherein said motion inducing
      means is an eccentric means.
NUM  6.
PAR  6. The speed reducer mechanism of claim 5 wherein said eccentric means
      incudes a non-rotatable sleeve, an internal eccentrically mounted
      rotatable element and journalled ball bearing means mounted therebetween.
NUM  7.
PAR  7. The speed reducer mechanism of claim 1 wherein: said first end means of
      said arm means includes a sound reducing means adjacent said motion
      reducing means during engagement.
NUM  8.
PAR  8. The speed reducer mechanism of claim 1 wherein: said at least one arm
      means includes a plurality of arm means.
NUM  9.
PAR  9. The speed reducer mechanism of claim 8 wherein: said at least one
      separator element is situated in contiguous contact between a pair of said
      plurality of arm means.
NUM  10.
PAR  10. The speed reducer mechanism of claim 9 wherein said separator means
      includes a series of laminated plates.
NUM  11.
PAR  11. The speed reducer mechanism of claim 10 wherein each said arm means
      includes a series of laminated members.
NUM  12.
PAR  12. The speed reducer mechanism of claim 9 further including at least one
      outer separator element positioned in contiguous contact on opposite sides
      of said arm means than between said adjacent pairs.
NUM  13.
PAR  13. The speed reducer mechanism of claim 12 further including securement
      means maintaining said plurality of arms, said at least one separator
      element and said at least one outer separator element in laminated
      position relative to the output shaft.
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PAL  An endless power transmission belt structure and method of making same
      comprised of a plurality of thermoplastic elastomeric layers with each
      layer having properties which are different from properties of an
      adjoining layer and each layer being particularly suited for the location
      and arrangement thereof in the belt structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The endless power transmission belt industry is a highly competitive one
      and there is a continuing effort to provide endless belts suitable for
      their associated applications yet at minimum cost. Many of such belts are
      expensive because numerous comparatively expensive materials are employed
      to arrive at the desired belt performance. Others of such belts are
      expensive because the materials employed are not compatible with each
      other and there is considerable processing required to arrive at an
      acceptable belt structure.
PAR  This invention provides a simple and economical endless power transmission
      belt structure and method of making same wherein a plurality of
      thermoplastic elastomeric layers are employed which are compatible with
      each other and built up to define a belt structure and such layers having
      properties which are different from properties of adjoining layers with
      each layer being particularly suited for the location and arrangement
      thereof in the belt structure.
PAR  Other details, uses, and advantages of this invention will be readily
      apparent from the embodiments thereof presented in the accompanying
      specification, claims, and drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying drawing shows present preferred embodiments of this
      invention, in which:
PAR  FIG. 1 is a cross-sectional view of one exemplary embodiment of the belt
      structure of this invention;
PAR  FIG. 2 is a typical fragmentary cross-sectional view taken on any one of
      the three lines 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary perspective view illustrating a method step which
      may be employed in making the belt of FIG. 1 wherein a plurality of three
      strips of a thermoplastic elastomer are extruded through an extrusion die
      and placed in face-to-face contact causing heat fusion thereof and the
      forming of a multiple layer strip assembly;
PAR  FIG. 4 is a perspective view illustrating a length of the strip assembly
      wrapped around a building cylinder and the heat fusion of opposite ends of
      such length to define a sleeve;
PAR  FIG. 5 is a view with parts in elevation, parts in cross section, and parts
      broken away particularly illustrating the manner in which the sleeve is
      cut by suitable knife means to define a plurality of endless power
      transmission belts similar to the belt of FIG. 1;
PAR  FIG. 6 is a view looking at a side of a belt made by cutting action as
      disclosed in FIG. 5 and schematically illustrating the heat fused area
      thereof;
PAR  FIG. 7 is a fragmentary perspective view illustrating the extrusion of a
      plurality of three tubular members made of a thermoplastic elastomer
      through an extrusion die and concentrically against each other to define a
      multiple layer sleeve wherein each layer of the sleeve has a substantially
      uniform character throughout; and
PAR  FIG. 8 is a graph particularly illustrating the tensile stress-strain
      relationship of three exemplary types of a thermoplastic elastomer which
      may be used to define the belt structure of this invention and carry out
      the method of this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Reference is now made to FIG. 1 of the drawing which illustrates one
      exemplary embodiment of the endless power transmission belt structure of
      this invention which is designated generally by the reference numeral 20
      and made of a plurality of thermoplastic elastomeric layers with each
      layer having properties which are different from properties of an
      adjoining layer and each layer being particularly suited to the location
      and arrangement thereof in the belt structure 20. In particular, the
      exemplary belt structure or belt 20 is made of a thermoplastic elastomer
      preferably in the form of three layers of a thermoplastic polyester
      elastomer, with the layers comprising a tension section layer 21, a
      load-carrying section layer 22 and a compression section layer 23. The
      detailed character of the thermoplastic polyester elastomer layers 21, 22
      and 23 will be described in detail subsequently.
PAR  The belt structure 20 has a substantially trapezoidal outline comprised of
      a pair of parallel sides defined as an outside surface 24 which also
      defines the outside surface of the tension section 21 and an inside
      surface 25 which also defines an exposed surface of the compression
      section 23. Each of the layers or sections 21, 22, and 23 extends the full
      width of the belt structure and has what is considered an unoriented
      crystalline structure. In particular, and as illustrated schematically at
      26 in FIG. 2, with FIG. 2 being a typical fragmentary cross section taken
      on each of the lines 2--2 of FIG. 1, the unoriented crystalline structure
      indicates that there is no particular pattern to such crystalline
      structure whereby structural integrity and strength of each particular
      layer, either 21, 22, or 23 is less than would be the case if a highly
      oriented structure were employed. Nevertheless, the unoriented crystalline
      structure is completely satisfactory for many endless belt applications
      and with such structure resulting from most comparatively inexpensive
      manufacturing techniques the belt 20 is also comparatively inexpensive.
PAR  Having described the endless belt structure 20 of this invention, the
      detailed description will now proceed with one example of the method of
      this invention which may be employed to make such belt structure 20 and
      for this description particular reference is made to FIG. 3 of the
      drawing. In particular, it will be seen in FIG. 3 that a plurality of
      three layers of a thermoplastic elastomer are bonded together in parallel
      relation as indicated at 30, with each of the layers having properties
      which are different from properties of an adjoining layer.
PAR  The bonding is achieved by extruding a plurality of strips, corresponding
      in number to the plurality of layers or sections in the belt 20, through
      an extrusion die 31 and for simplicity and easy correlation with the belt
      20 the plurality of strips being extruded through the extrusion die 31
      have the same reference numerals 21, 22, and 23 as corresponding layers in
      the belt structure 20. The bonding as illustrated at 30, is achieved by
      placing the strips 21, 22, and 23 in face-to-face contact or allowing such
      strips to come into face-to-face contact as they emerge from the extrusion
      die 31, causing heat fusion thereof and the forming of a strip assembly
      which is designated by the reference numeral 32.
PAR  The strip assembly 32 may be suitably cut and a cut length of such strip
      assembly, also designated 32, is wrapped around a building cylinder 33 as
      illustrated in FIG. 4 and the ends 35 of such length of strip assembly 32
      are heat fused together to define a sleeve which is designated by the
      general reference numeral 36. The ends 35 of the strip assembly are
      beveled, as indicated at 37 to facilitate the heat fusion thereof and the
      heat fusion is accomplished utilizing any suitable heating device or
      heater, such as the device 38, which may be of any known construction. It
      will be appreciated that while a beveled joint is illustrated at 37 as
      defining the sleeve 36, any suitable type of joint may be provided and the
      heat fusion provided by heat fusing the thermoplastic polyester elastomer
      results in the provision of a heat fused area indicated at 40.
PAR  The sleeve 36 is allowed to cool or forcefully cooled using any technique
      known in the art whereupon the sleeve 36 is ready to be cut to define a
      plurality of endless power transmission belt structures 20.
PAR  The sleeve 36 supported on the rotating drum or mandrel 33 is cut utilizing
      cutting means or knives 41 and the cutting action is achieved by
      relatively rotating the drum 33, with the sleeve 36 fixed thereon, and the
      knives 41 in a manner which is well known in the art to define a plurality
      of endless belts from the sleeve 36.
PAR  Each endless power transmission belt structure 20 made in the manner
      described above has a heat fused area which in the completed belt 20 shown
      in FIG. 6 is also designated by the reference numeral at 40; and, due to
      the character of the thermoplastic polyester elastomer such heat fused
      area has physical properties which are substantially equal to the physical
      properties of the remainder of the belt structure.
PAR  Another exemplary embodiment of the method of this invention is illustrated
      in part in FIG. 7 of the drawing and wherein the bonding step comprises
      the bonding of a plurality of three tubular members which for simplicity
      will be given the same reference numerals 21, 22, and 23 to correspond to
      the layers of the endless power transmission belt 20. The tubular members
      are extruded in a concentric manner through an extrusion die 44 and such
      tubular members are placed face-to-face as they exit the outlet at 45 of
      the die 44 causing heat fusion thereof and the forming of a multiple layer
      sleeve similar to the sleeve 36 formed around the mandrel 33 of FIG. 4.
PAR  Actually, the multiple layer sleeve defined as shown in FIG. 7, and also
      designated by the reference numeral 36, may then be placed on a mandrel 33
      by axially sliding such sleeve thereover. The mandrel may have suitable
      means of known construction enabling expansion of the outside surface of
      the mandrel against the inside surface of the sleeve to assure holding the
      sleeve firmly in position to enable easy cutting of such sleeve. The
      cutting may be achieved in a similar manner as described in FIG. 5 to
      define a plurality of endless power transmission belt structures 20. The
      belt structures formed with the technique of FIG. 7 differ from the belt
      structure formed utilizing the method step described in connection with
      FIGS. 4 and 5 primarily in that they do not have a heat fused area as
      shown at 40 in FIG. 6 but have a substantially uniform character
      throughout free of a heat fused area.
PAR  It will be seen from FIG. 8 of the drawing that various grades of
      thermoplastic polyester elastomer may be employed to define the various
      belt sections. For example, material grade having properties or a
      stress-strain curve as indicated by the curve X in FIG. 8 when tested in
      accordance with ASTM-D-412 may be used to define the compression section
      23, material having a stress-strain curve as indicated by the curve Y may
      be used to define the load-carrying section 22; and material having
      stress-strain curve as indicated by the curve Z may be used to define the
      tension section.
PAR  In this disclosure of the invention a plurality of three layers of a
      thermoplastic polyester elastomer have been illustrated and described in
      defining the belt structure 20 having a trapezoidal cross-sectional
      outline; however, it must be appreciated that the concept of this
      invention of employing various grades or types of thermoplastic polyester
      elastomer in layer form may be employed in belts having two layers which
      comprise the entire belt cross section or more than three layers. Also,
      the belt cross-section may be any suitable cross-section other than
      trapezoidal.
PAR  It will also be appreciated that the concept of this invention may be
      employed to define so-called banded belts, toothed belts having teeth
      provided as an integral part of the compression section, and toothed belts
      having teeth provided on outside and inside surfaces thereof. For example,
      for a timing belt structure the belt teeth may be of a comparatively
      harder thermoplastic elastomer compound than would be employed for a
      regular V-belt of trapezoidal cross section. Similarly a belt employed
      with teeth and for clutching operation would have its teeth comparatively
      softer than in a timing belt.
PAR  In this disclosure of the invention it will be noted that the mandrel 33
      illustrated in FIG. 5 is shown with the opposed end portions thereof
      removed and this has been done for simplicity.
PAR  It should be emphasized that the utilization of a thermoplastic elastomer
      to define various component portions of a belt such as the tension section
      21, load-carrying section 22 and compression section 23 of belt 20 enables
      such component portions to be integrally adhered or bonded together simply
      due to the thermoplastic character of the material and without requiring
      additional adhesive means, or the like, at the interfaces of such
      component portions.
PAR  Any suitable thermoplastic elastomer may be employed to make the belt
      structure 20; however, the belt structure 20 is preferably made using a
      high performance thermoplastic polyester elastomer sold under the
      trademark of "HYTREL" by the E. I. DuPont de Nemours Co. of Wilmington,
      Delaware.
PAR  While present exemplary embodiments of this invention, and methods of
      practicing the same, have been illustrated and described, it will be
      recognized that this invention may be otherwise variously embodied and
      practiced within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An endless power transmission belt structure made of a plurality of
      thermoplastic elastomeric layers, each of said layers having properties
      which are different from properties of an adjoining layer with each layer
      being particularly suited to the location and arrangement thereof in said
      structure, said layers having heat fused interfaces which provide the sole
      means bonding said layers together as a unitary structure.
NUM  2.
PAR  2. A belt structure as set forth in claim 1 and having an outside and an
      inside surface and said layers are arranged parallel thereto.
NUM  3.
PAR  3. A belt structure as set forth in claim 2 in which said layers are made
      of a thermoplastic polyester elastomer.
NUM  4.
PAR  4. A belt structure as set forth in claim 3 in which said layers comprise a
      tension section layer, a load-carrying section layer, and a compression
      section layer.
NUM  5.
PAR  5. A belt structure as set forth in claim 4 in which each of said layers
      extends the full width of said belt and has an unoriented crystalline
      structure.
NUM  6.
PAR  6. A belt structure as set forth in claim 3 having a substantially
      trapezoidal cross-sectional outline, said layers are arranged parallel to
      the parallel sides of said trapezoidal outline, said layers comprising a
      tension section layer, a load-carrying section layer, and a compression
      section layer, and each of said layers being a continuous layer having a
      uniform character throughout free of a heat fused area.
NUM  7.
PAR  7. A belt structure as set forth in claim 1 and having a trapezoidal
      cross-sectional outline and each of said layers has a trapezoidal
      cross-sectional outline including opposed parallel sides, said parallel
      sides of each layer being disposed parallel to the parallel sides of said
      trapezoidal outline.
NUM  8.
PAR  8. A belt structure as set forth in claim 1 in which each of said layers is
      a continuous layer having a uniform character throughout free of a heat
      fused area.
NUM  9.
PAR  9. A belt structure as set forth in claim 1 in which each of said layers
      has a heat fused area at a location along its endless path which has
      physical properties which are substantially equal to the physical
      properties of the remainder of said belt structure.
NUM  10.
PAR  10. A belt structure as set forth in claim 9 in which each of said layers
      has a common heat fused area.
NUM  11.
PAR  11. A belt structure as set forth in claim 1 in which each of said layers
      of said belt structure has an unoriented crystalline structure.
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ABST
PAL  A power transmission belt with a tensile section including spirally wound
      cord bundles of preferably multiple strands of heat shrinkable staple
      fibers adhesively bonded to each other with portions of the fibers heat
      shrunk from a slackened to a partially tensioned condition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to power transmission belts, but more particularly,
      the invention relates to an endless tensile member for power transmission
      belts.
PAR  Textile cords have been used as a tensile member in power transmission
      belts. Cord bundles for early belts were spun or twisted from staple
      fibers such as cotton. The tensile strength of such cord bundles is
      greatly influenced by the frictional forces achieved by twisting the
      staple fibers together. In many cases, the cord bundles with a greater
      tensile strength also had longer staple fiber lengths. The prickly ends of
      the fibers extending from the cord bundles formed a mechanical bond with
      the polymeric material of the belt which improved the tension carrying
      capacity of the cord by increasing the force at which the fibers would
      slip relative to each other.
PAR  The load carrying capacity of power transmission belts was greatly improved
      with the advent of cord bundles made from synthetic yarns of continuous
      multi-filaments. It was and currently is theorized that improved belt
      performance results from the substitution of staple fibers with filaments
      that extend continuously throughout the length of the belt to
      substantially eliminate slippage between filaments forming the cord
      bundle.
PAR  While the multi-filament synthetics greatly improved the load carrying
      performance of a power transmission belt, the early synthetics introduced
      some problems. Synthetic materials such as rayon were produced in
      multi-filament fashion and then purposely chopped, combed, oriented and
      twisted into a synthetic staple cord bundle. The fibers of this synthetic
      staple were purposely made longer to reduce slip between the twisted
      fibers. Although the twisted staple cord bundle did not have the tensile
      strength of its corresponding multi-filament counterpart, belts produced
      with such cord bundles were smoother running because of a reduced cord
      modulus.
PAR  For example, ten belts with a staple rayon cord bundle tensile member and
      ten belts with a multi-filament rayon cord bundle tensile member were
      built and tested. Except for the tensile members, the belts had
      substantially the same constructions. In accelerated tests, the belts with
      the multi-filament rayon tensile member had average lives of 195 hours
      whereas the belts with the staple rayon tensile member had average lives
      of 48 hours.
PAR  Newer synthetic fibers such as nylon and polyester have a more satisfactory
      modulus which eliminates the need for producing staple cords for belts
      where shock loading is a problem. The new synthetic fibers lead the way
      for producing belts of even higher load carrying capacity than was
      formerly achieved. Most power transmission belts presently produced use
      cord bundles of the continuous multi-filament type.
PAR  U.S. Pat. No. 3,855,870 to Schnackenberg discloses a cord bundle, a
      combination of continuous multi-filament and pseudo staple fibers for use
      with power transmission belts. The cord is produced by disassociating a
      plurality of end portions from a multi-filament cord bundle. Improved belt
      performance is believed to result from improved mechanical bonding of the
      tensile member with the polymeric material of the power transmission belt.
      Nevertheless, it is generally believed that a multi-filament cord bundle
      with a predominate number of continuous filaments is better as a tensile
      member than a cord bundle of twisted staple fibers.
PAR  The present art also uses adhesives and chemical agents to further enhance
      bonding between the polymeric material of a belt and the tensile member of
      spirally wound cord. Thus, the present belt art takes advantage of
      continuous multi-filament cord bundles and chemical agents or adhesives to
      effect power transmission belts of high performance.
PAR  Perhaps one reason why belts with staple fiber cord bundles do not have the
      equivalent load carrying capacity as belts having a multi-filament cord
      bundle, is that the individual staple fibers are stressed past their yield
      point when power is transmitted. For example, assume that two such staple
      fibers are twisted together. If the fibers are tensioned, each end of the
      fiber will be unstressed while the center portions of the fiber are
      stressed. The tensile load stresses must be less than that force which is
      required to separate adjacently twisted fibers.
PAR  Next assume that two staple fibers in pseudo being parallel and twisted
      together at their end portions where the center portion of one fiber is
      taut while the center portion of the fiber is slackened. When a tensile
      load is applied to the fibers, the taut fiber will be overstressed while
      the slackened fiber will have zero stresses. If this tension load is that
      which is required to transmit power with a V-belt, the taut fiber may
      become over-stressed and break. A cord bundle of twisted, staple fibers
      will have a multitude of fibers in such an arrangement.
PAR  When staple fibers are adhered together such as with polymeric material of
      a power transmission belt, they do not easily slip relative to one another
      to give each fiber its proportional share of a tensile load. The
      originally taut fibers may be relatively over-stressed so that slack will
      be taken from the slackened staple fibers so they can share in
      transmitting a load. Thus, some fibers will be highly stressed whereas
      other staple fibers of the cord bundle will be lowly stressed.
PAR  Belt life may be increased in some drives by lowering the modulus of the
      tensile member. Generally, the type of drive where increased belt life may
      be accomplished is those drives where small diameter sheaves are used. An
      example of such a drive is a front end automotive drive. Belt life may be
      increased by lowering the modulus provided that the reduction in stresses
      achieved by lowering the modulus is greater than the strength loss
      resulting from the change to a lower modulus material.
PAR  A reduction in modulus may be achieved in generally two ways. First, a
      lower modulus material may be used for the multi-filament cord bundle. Any
      gain in belt life because of a lower modulus may be predicted.
PAR  Secondly, a staple cord bundle may be made from a synthetic fiber of
      substantially the same modulus. When this is done the modulus of the cord
      bundles is reduced. Heretofore, the loss in modulus from use of staple
      fibers has always been greater than the reduction in stress concentrations
      that may have been gained. It is believed that this is because of the
      parallel filament loading concept discussed above. Thus, prior art power
      transmission belts with staple fibers have not had as good of belt life as
      power transmission belts built with multi-filaments of the same material.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, improved power transmission belts are
      provided which have a tensile member of spirally wound cord bundles of
      synthetic staple fibers. The fibers are twisted together to form strands
      and the strands are twisted together to form a cord bundle. The cord
      bundles are treated with an adhesive to bond the fibers together where
      some of the fibers may be taut while other fibers are slackened. The cord
      bundles are incorporated in power transmission belt bodies in known
      fashion and the fibers are thermally shrunk to tension portions of
      previously unslackened fibers. The staple filament cord bundle combines
      with first and second layers of a power transmission belt to produce a
      belt having unexpected improvement in performance when compared to a
      multi-filament cord bundle belt.
PAR  An object of the invention is to produce an endless power transmission belt
      having superior performance qualities with materials heretofore used to
      make belts of characteristic lower performance capability.
PAR  Another object of the invention is to define a new belt construction that
      exhibits superior belt performance when compared to belt structures of
      similar combinations using multi-filament cord bundles.
PAR  Still another object of the invention is to provide a method for producing
      tensile members for belts which compliment current belt molding
      techniques.
PAR  An advantage of the invention is that a smooth running belt with less
      deviation in predicted performance is achieved.
PAR  Another advantage of the invention is that belts may be made using more
      economically advantageous techniques.
PAR  Another advantage of the invention is that manufacturing tolerances need
      not be as critically controlled or adjusted for some molding and curing
      processes.
DRWD
PAR  These and other objects or advantages of the invention will be apparent
      after review of the drawings and description thereof wherein:
PAR  FIG. 1 is a photomicrograph of an untreated tensile cord bundle of twisted
      staple fibers;
PAR  FIG. 2 is a photomicrograph (40x) of a cord bundle similar to FIG. 1 but
      has been treated with a chemical agent;
PAR  FIG. 3 is a photomicrograph (40x) showing a cord bundle similar to FIG. 2
      but which has been treated with an adhesive;
PAR  FIG. 4 is a photomicrograph (200x) showing an enlarged portion of FIG. 3;
PAR  FIG. 5 is a cross-sectional view of a power transmission belt.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Multi-filament synthetic yarns of continuous lengths are typically twisted
      in S or Z fashion to define individual strands. The strands may be twisted
      together in S or Z fashion to define what is known in the art as a
      multi-filament cord bundle that is suitable to use as a tensile section in
      power transmission belts such as flat belts, positive drive belts, or
      V-belts. The same multi-filament yarn may be chopped to desired lengths to
      form synthetic staple fibers. The chopped fibers are then combed,
      oriented, and twisted into strands and the strands twisted into cord
      bundles for use as a tensile member in power transmission belts. This
      invention is directed to cord bundles comprised of synthetic staple
      filaments.
PAR  Referring to FIG. 1, a cord bundle 10 is comprised of staple fibers 12 of
      synthetic multi-filament yarn which has a negative coefficient of thermal
      expansion such as polyester. The fibers are twisted together to form
      strands 14, and the strands are twisted together to form the cord bundle.
      Any numbers of fibers and strands may be used to form the cord bundle or
      required denier and a combination of twisting is used to achieve a desired
      effect.
PAR  The cord bundle 10 is treated with an adhesive, FIGS. 3, 4, to bond
      portions of the fibers to portions of each other 16. Preferably, the cord
      bundle is first treated with a penetrating aquaphobic chemical agent
      solution, FIG. 2, such as polyisocyanates and then treated with a water
      soluble adhesive such as rescorcinol formaldehyde compounded latex. The
      aquaphobic agent penetrates the loose cord bundle 10 wetting the fibers 12
      which aids in distributing the water soluble adhesive evenly to form a
      thin film that substantially encapsulates the individual fibers. The
      openness of the twisted cord bundle permits the aquaphobic solution and
      adhesive to penetrate deep into the cord bundle to encapsulate the fibers.
      The adhesive is dried while the cord bundle is simultaneously tensioned
      which aids in further orienting the fibers. As shown in FIG. 2, the fibers
      are bonded together forming a smooth and continuous web-like matrix. The
      cord bundles so treated are suitable for fabricating into a tensile member
      for a power transmission belt. The "openness" and complete penetration of
      the adhesive into the cord bundle permits the cord bundle to operate as
      more of an integral member in a power transmission belt than would be
      achievable with multi-filament yarn. The photomicrograph of FIG. 4 clearly
      shows fibers adhesively bonded and interlocked to portions of each other
      16 with the dried encapsulating adhesive.
PAR  Advantageously, the penetration of a chemical agent and adhesive is much
      more significant than that which is achievable with a multi-filament yarn
      where adjacent filaments are located close to each other. Tensioning
      multi-filament yarn pulls the filaments in close contact with each other
      forming a filament to filament seal that inhibits complete penetration and
      encapsulation of the continuous filaments with a solution. Only the
      filaments on the outer periphery of the multi-filament yarn may be
      effectively covered with the solution.
PAR  The drying and tensioning process longitudinally aligns a plurality of
      fibers within the bundles. This is clearly seen by comparing FIGS. 1 and
      3. Tensioning the cord bundle takes the slack out of many fibers so that
      they may share in carrying a tensile load. However, the adhesively treated
      cord still has a number of fibers that are slightly slackened between
      points where they are adhesively bonded to adjacent fibers. Many of the
      individual fibers are not completely aligned and unslackened until after
      they are fabricated to become a tensile member in a power transmission
      belt.
PAR  Power transmission belts are fabricated by known processes. A power
      transmission belt 18 typically includes first 22 and second layers 24 of
      heat curable polymeric material between which is interpositioned a tensile
      member 20 formed by one or more spirally wound cord bundles 26 that are
      produced in accordance with the invention. Other reinforcements such as
      textile cross-cords or fibers may be included in the first and second
      layers in known fashion. However, the predominate material from a physical
      and usually a volume standpoint may be natural or synthetic rubbers or
      blends thereof, synthetic rubbers such as polyurethane, or suitable
      heat-setting thermal plastic elastomers preferably in the form of a
      polyester elastomer. Typically, these polymers, especially the rubbers,
      are heat cured at a temperature which causes some materials having a
      negative coefficient of thermal expansion to shrink. For example,
      polyester staple filaments will shrink when subjected to a temperature
      generally above 140.degree. F. On the other hand, most rubbers are
      typically cured at temperatures ranging from 250 to 400 degrees F. During
      curing, rubber becomes initially plastic and moldable into desired
      configurations prior to becoming completely polymerized to a harder
      condition. While the polymer, preferably a rubber, is in its plastic
      condition, the cord is also heated. Slackened portions between the
      attached portions of the fibers are able to shrink to take up slack. The
      plastic state of the elastomer permits the shrinking to take place. Once
      the rubber has been held at a high enough temperature for a sufficient
      time period, it is cured which further aids in holding the fibers in their
      oriented position.
PAR  When in use, the lower modulus cord bundle of the invention has
      unexpectedly demonstrated improved belt performance over similar belts
      built using cord bundles of continuous multi-filament polyester. Eight
      belts having a multi-filament tensile member and eight belts with a staple
      fiber tensile member in accordance with the invention were built. Except
      for the tensile member, the belts were substantially of the same
      construction and were tested under substantially the same conditions. In
      accelerated tests, belts using multi-filament polyester cord bundles as a
      tensile member had average belt lives of 110 hours whereas belts built
      with staple polyester cord bundles treated and processed in accordance
      with the invention had average belt lives of 260 hours. The test
      conditions were selected for representing the front end drive on an
      automobile where small diameter pulleys are used.
PAR  It is theorized that the improved belt performance results from taking the
      slack out of staple filaments between those portions of the filaments
      which are adhesively bonded together. This permits each filament to take
      more of its share of the representative load without failure. Also, the
      staple polyester cord bundle has a lower modulus than that of the
      multi-filament cord bundle which in combination with the load carrying
      capacity of the adhesively bonded filaments gives improved belt
      performance.
PAR  Generally speaking, there are three main stresses which are carried in a
      tensile member of a V-power transmission belt. The prevalent stresses are:
      those stresses concentrated at the edge cord of the V-belt; those stresses
      required for carrying the tensile load to transmit the power; and those
      stresses resulting from bending around a sheave. A lower modulus material
      allows the stress concentration at the edges to be more evenly distributed
      to the inner cords of the belt. The lower modulus material also reduces
      the prevalent bending stresses in accordance with Hooke's law which states
      that stress is proportional to strain. A suitable cord bundle modulus is
      achieved by the fiber bonding and unslackening as discussed above. The
      loss in stress concentration at the edges plus the loss in bending
      stresses for the belts produced in accordance with the invention is
      greater than the resultant modulus loss from going from a multi-filament
      tensile member to a staple tensile member.
PAR  The foregoing detailed description is presented for the purpose of
      illustration only and is not intended to limit the scope of the invention
      which is to be determined from the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a power transmission belt of the type having a spirally wound tensile
      member interpositioned between layers of a heat curable, predominately
      polymeric body, the improvement comprising:
PA1  at least one cord bundle of twisted staple fibers having a negative
      coefficient of expansion, a plurality of which are adhesively bonded to
      portions of each other, a plurality of portions of the fibers between the
      adhesively bonded portions arranged to generally unslackened positions,
      and
PA1  wherein the cord bundle defines the tensile member.
NUM  2.
PAR  2. A belt as set forth in claim 1 comprising an adhesive encapsulating a
      predominant portion of the staple fibers.
NUM  3.
PAR  3. A belt as set forth in claim 1 wherein the staple fibers are polyester.
NUM  4.
PAR  4. A cord bundle adaptable for use with a power transmission belt
      comprising:
PA1  a plurality of generally longitudinally oriented staple fibers of polyester
      having a negative coefficient of expansion, a plurality of which are
      twisted and bonded with an adhesive to portions of each other, a plurality
      of portions of the fibers between the adhesively bonded portions arranged
      to generally unslackened positions.
NUM  5.
PAR  5. A method for making power transmission belts having steps of fabricating
      a first layer of predominately elastomeric, heat curable material,
      spirally winding at least one cord bundle over the first layer forming a
      tensile member fabricating a second layer of predominately elastomeric
      material over the tensile member, and simultaneously curing and molding
      the elastomeric material, wherein the improvement comprises the steps of:
PA1  treating a cord bundle of twisted staple fibers having a negative
      coefficient of expansion with an aquaphobic solution;
PA1  successively treating the cord bundle with a water soluble adhesive and
      thereby bonding portions of the fibers to portions of each other;
PA1  simultaneously shrinking and unslackening a plurality of portions of the
      fibers between the adhesively bonded portions while curing the elastomeric
      material.
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ABST
PAL  A conductor or casing for shafts and cables, comprising a plastic tubular
      member having over a portion of its length a plurality of convolutions to
      permit bending and longitudinal compression and extension without
      substantial reduction in the internal diameter.
BSUM
PAR  This invention relates to conductors or casings for shafts and cables which
      transmit longitudinal and rotary motions and forces. More particularly,
      the invention relates to tubular conductors for shafts and cables between
      activating and/or indicating components, e.g., in speedometer cables and
      hood-latch releases in the automotive industry and rudder, flap and
      elevator controls in the aircraft industry.
PAR  A variety of materials and constructions are used to make conductors or
      casings for many types of "push-pull" and rotary motion cables and shafts.
      In such devices, the major function is to activate a switch or release or
      to open a panel or move an indicator by providing a longitudinal or rotary
      action from several inches to several feet away from the activating lever
      or indicator. The shafts and cables in such assemblies are usually carried
      in tubular conductors to eliminate friction and wear at support points,
      such as firewalls in automobiles and to prevent the rotary motion of
      certain cables from entangling adjacent wires and the like. Traditionally,
      the tubular conductors have been multi-wall constructions of rubbery or
      solid (e.g., metal) materials to provide the necessary flexibility to
      avoid kinking the activating shafts. Such multi-wall conductors are
      difficult to fabricate because they use a variety of materials, such as a
      rubber inner wall of a lubricated type, then wire braiding for stiffness
      and strengthening against twisting and finally an outer cover of rubber,
      usually different from that of the inner wall, to provide protection
      against chemicals, gasoline, heat and the like.
PAR  It is a principal object of the present invention to provide a conductor
      constructed so that one material can be employed to provide the required
      stiffness, flexibility and kink resistance. Although many materials of
      construction are suitable, the use of engineering thermoplastics, and
      polyesters in particular, is especially advantageous because the device
      thereby provided is smooth, and therefore relatively friction-free, and,
      if a suitable material is selected, the conductors will be resistant to
      many adverse environments, such as the heat and hydrocarbon vapors found
      in under-the-hood automotive uses. The devices, even when made from
      plastics, are strong enough to avoid the need for reinforcing wire or
      fabrics. Moreover, the special design of the present devices is uniquely
      suited to overcome the substantial differences in fit due to variations in
      the coefficient of expansion between stationary and movable components and
      the cable, shaft, tube, and the like.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a central longitudinal section of a conductor according to this
      invention, having a plurality of abutting convolutions;
PAR  FIG. 1A is a perspective view of the device of FIG. 1.
PAR  FIG. 2 is a central longitudinal section of another embodiment of a
      conductor according to this invention, in which the convolutions are still
      abutting, but the distance between repeating units is greater, affording
      more flexibility; and
PAR  FIG. 3 is a central longitudinal section of another conductor according to
      this invention, in which the convolutions are not abutting, thus giving
      even greater flexibility (and less resistance to twisting).
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  According to the present invention, a conductor for shafts, cables and the
      like comprises a tubular member having over a portion of its length a
      plurality of convolutions to permit bending and longitudinal compression
      and extension without a substantial reduction in the internal diameter of
      the member.
PAR  Preferably, the tubular member consists for the major portion of its length
      of a plurality of abutting convolutions, and it will terminate at one and,
      preferably, at both ends, in a cylindrical end portion. The convolutions
      permit a limited amount of extension and compression of the tubular member
      and bending through simple or compound curves.
PAR  The convolutions may be accordion-like, or corrugated, and the like, but
      conveniently they will be smoothly curved, i.e., comprising arcuate ridges
      and arcuate hollows. In preferred embodiments, the convolutions will have
      substantially constant wall thickness. In other preferred embodiments,
      each convolution will have a semicircular cross-section in an axial plane.
      The convolutions may or may not join at the base, depending on the
      stiffness desired. If the convolutions are abutting, then the stiffness
      will be at a maximum (FIGS. 1 and 2). This is best where the cables have
      long runs or are of small diameters and kinking would be a serious
      problem. Those embodiments in which the convolutions do not abut, e.g.,
      FIG. 3, are less stiff, and this is desirable in many applications, e.g.,
      for short runs or for relatively thick and stiff cables where kinking is
      less of a problem.
PAR  In general, if the wall thickness is increased, flexibility decreases and
      stiffness increases. So too, at the same pitch, or repeating distance
      between convolutions, an increase in the radial height of the convolutions
      at the same wall thickness will cause a decrease in flexibility and in
      stiffness.
PAR  One major advantage in the design of the present conductor is that it
      permits the stiffness and flexibility to be varied by varying the pitch,
      wall thickness and radial height of the convolutions. This permits the
      convoluted tube to be load bearing.
PAR  A variety of materials, including metals and non-metals, are useful to make
      the conductors of this invention. Especially useful are the commercially
      important high molecular weight engineering thermoplastics. Illustrative
      are acrylonitrile-butadiene-styrene terpolymers, acetal resins, acrylic
      resins, cellulosic resins, fluoroplastics, ionomers, methylpentene resins,
      nylons, polyester resins, polyphenylene ethers, polyallomers,
      polycarbonates, polyethylene, polyimides, polypropylene, modified
      polystyrenes, polysulfones, polyvinyl chloride, and many others.
      Especially preferred are thermoplastic polyester resins of the diol
      terephthalate type, and special mention is made of poly(1,4-butylene
      terephthalate).
PAR  The conductor can be made from thermoplastic materials in a number of ways,
      e.g., by standard closed mold heat and pressure forming techniques and by
      blow molding into a closed shaped mold. However, because no expensive
      fixed-design molds are required, it is especially convenient to extrude a
      hot thermoplastic onto a traveling conveyor which is programmed to
      hesitate then move and repeat the cycle, each of which cycles produces a
      single series of convolutions, the length of which is determined by the
      mold or machine, then to allow the conductor tube to cool to structural
      rigidity.
PAR  In use, the conductor will be mounted in place, e.g., by fastening the
      ends, respectively, to brackets on a latch and a handle. Then the shaft or
      cable will be pushed through the conductor and fastened into place. The
      conductor will grasp a suitably sized cable and, if desired, cylindrical
      portions at one or both ends of the conductor can be provided to
      facilitate clamping.
PAR  Materials which can be used for manufacturing of the conductor have been
      described above. Because of its low crystallization point and very rapid
      rate of crystallization from the melt, poly(1,4-butylene terephthalate) is
      preferred. Such polyesters are described in Whinfield et. al., U.S. Pat.
      No. 2,465,319.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a conductor for shafts and cables consists of tubular
      member 2 having central convoluted portion 4 and optional cylindrical end
      portions 6 and 8. The tube is extruded of poly(1,4-butylene
      terephthalate), such as the product designated VALOX and manufactured by
      General Electric Company. Convoluted portion 2 consists of a series of
      coaxial convolutions 10 of a bubble like configuration, each having a
      semi-circular cross section in an axial plane (although triangular
      cross-sections also are possible), and substantially uniform wall
      thickness.
PAR  In the embodiment shown, optional cylindrical end pieces 6 and 8 have the
      same wall thickness as the convolutions, but this is for convenience and
      is not a critical design feature.
PAR  Also shown in FIG. 1 is shaft 12 of metal or the like which serves to
      illustrate the manner in which the conductor slidably or rotatably
      supports at points 14 such a complementary component.
PAR  In FIG. 2 is shown a modification in which the repeating distance between
      convolutions 10 and the axial height both are increased (in comparison
      with the conductor of FIG. 1). Because the number of circumferential
      supports 14 will be fewer for a given length of central convoluted portion
      4, all other factors, wall thickness, etc., being constant, shaft 12 is
      more free to slide and rotate. The flexibility of this conductor is less
      than that shown in FIG. 1 because the convolutions are not as closely
      abutting. This embodiment is still hard to kink.
PAR  In FIG. 3 there is shown still another conductor according to this
      invention in which the convolutions 10 are not abutting convolutions. This
      is the least flexible of the three embodiments and exerts the least amount
      of restraint at points 14 on shaft 12 with respect to twisting and
      longitudinal motion. It is somewhat less resistant to kinking.
PAR  There has thus been described a convoluted conductor for shafts and cables
      which provides any desired measure of stiffness, which stiffness is
      adjustable by varying the wall thickness and configuration of various
      areas of convolution. The conductors are flexible because of the basic
      function of the convolutions. The use of polymeric materials of
      construction provides a simplified single wall conductor which minimizes
      friction as between the conductor and a cable or shaft carried
      therewithin, and eliminates the need for reinforcing braids, while, with
      the proper choice of polymer, at the same time providing resistance to
      adverse environments.
PAR  It is to be understood that other variations are possible in light of the
      above detailed description. Any such changes are within the full intended
      scope of the invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A casing for shafts and cables, said casing comprising a kink-resistant
      flexible tubular member having over at least a portion of its length a
      plurality of convolutions provided with axially-spaced internal
      circumferential supports capable of slidably supporting a shaft or cable
      at spaced intervals along the length thereof, thereby permitting bending
      and longitudinal compression and extension without substantial reduction
      in the internal diameter of said supports, said casing being made from a
      high molecular weight engineering thermoplastic.
NUM  2.
PAR  2. A casing as defined in claim 1 wherein the tubular member consists of a
      convoluted portion and at least one cylindrical end portion.
NUM  3.
PAR  3. A casing as defined in claim 1 wherein the convolutions are arcuate
      ridges and hollows.
NUM  4.
PAR  4. A casing as defined in claim 1 wherein the convolutions are abutting
      convolutions.
NUM  5.
PAR  5. A casing as defined in claim 1 wherein the convolutions have
      substantially constant wall thickness.
NUM  6.
PAR  6. A casing as defined in claim 1 wherein each convolution has a
      semi-circular cross-section in an axial plane.
NUM  7.
PAR  7. A casing as defined in claim 1 wherein the thermoplastic is selected
      from acrylonitrile-butadiene-styrene terpolymers, acetal resins, acrylic
      resins, cellulosic resins, fluoroplastics, ionomers, methylpentene resins,
      nylons, polyester resins, polyphenylene ethers, pollyallomers,
      polycarbonates, polyethylene, polyimides, polypropylene, modified
      polystyrenes, polysulfones, or a polyvinyl chloride.
NUM  8.
PAR  8. A casing for shafts and cables, said casing comprising a unitary, stiff,
      flexible and kink-resistant tubular member having over a portion of its
      length a plurality of convolutions provided with axially-spaced internal
      circumferential supports capable of rotatably and slidably supporting a
      shaft or cable at spaced intervals along the length thereof, thereby
      permitting bending and longitudinal compression and extension without a
      substantial reduction in the internal diameter of said supports, said
      casing being made from a high molecular weight thermoplastic
      poly(1,4-butylene terephthalate).
NUM  9.
PAR  9. In a flexible casing assembly of a metallic core element movable within
      a tubular casing member and extending beyond the ends thereof, the
      improvement comprising a tubular casing member that is unitary, stiff,
      flexible and kink-resistant and having over a portion of its length a
      plurality of convolutions provided with axially-spaced internal
      circumferential supports capable of rotatably and slidably supporting said
      core element at spaced intervals along the length thereof, thereby
      permitting bending and longitudinal compression and extension without a
      substantial reduction in the internal diameter of said supports, said
      casing member being made from a high molecular weight friction-free
      engineering thermoplastic.
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ABST
PAL  A steering wheel assembly in which a hub is mounted at one end of a
      steering shaft and is connected to a rim by a plurality of spokes. A cover
      is mounted over the spokes and is formed by a base layer and a coated
      surface layer of a resilient material. The free end of a bent portion of
      the cover is disposed adjacent to an outer edge portion of the hub.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to safety devices for vehicle drivers, and
      more particularly to a steering wheel having means for protecting a driver
      from shocks or impacts which would otherwise be imposed on the head of the
      driver during an accident such as vehicle collision.
PAR  Where a steering wheel of a shock absorbing construction is used in
      combination with a three-point restraining seat belt system for the
      purpose of protecting a vehicle driver against impacts or shocks as would
      occur as a result of a vehicle collision or other dangerous accidents, the
      body of the driver is retrained in the seated position by the seat belt
      system at the time of, for example, collision, while the head of the
      driver is turned around at the neck portion and thrown violently against
      the hub or spokes of the steering wheel. The turned head of the driver
      undergoes a sudden deceleration when hit upon the steering wheel and
      receives a serious damage as a consequence.
PAR  More particularly, the prior art steering wheels with a shock absorbing
      construction invariably contemplate to protect drivers against possible
      damages by means of a resilient material which is provided on the steering
      wheel to give cushioning effects and to act as a shock absorber at the
      time of vehicle collision. However, it has been found that sufficient
      shock absorption cannot be expected with the cushioning action of the
      resilient material alone and the driver's head still undergoes a sudden
      deceleration as a result of crashing on the hub or spoke of the steering
      wheel.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the instant invention to provide an improved
      steering wheel construction which is capable of preventing a driver's head
      from a sudden deceleration at the time of collision for protecting the
      driver's head from the damages which would otherwise be imposed thereon
      when crashed upon the steering wheel.
PAR  It is another object of the invention to provide an improved steering wheel
      construction employing a resilient means which is adapted to undergo
      plastic deformation when a driver's head is crashed thereon for absorbing
      the impact energy through deformation to reduce the deceleration to which
      the driver's head might be subjected.
PAR  According to the present invention, there is provided a steering wheel
      construction, comprising a hub mounted at one end of a steering shaft, a
      rim, a number of spokes connecting the hub to the rim, a cover member
      having a base layer and a coated surface layer of a resilient material and
      provided with a bent portion having a free end disposed adjacent to an
      outer edge portion of the hub, the bent portion of the cover means being
      adapted to undergo plastic deformation when a driver's head is crashed
      thereon for the purpose of absorbing impact energy.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects, features and advantages of the invention will
      become clear from the following description and the appended claims, when
      taken in conjunction with the accompanying drawings which show by way of
      example preferred embodiments of the invention and wherein:
PAR  FIG. 1 is a plan view showing the steering wheel construction according to
      the invention;
PAR  FIG. 2 is a plan view showing another embodiment of the present invention;
PAR  FIG. 3 is a plan view showing still another embodiment of the present
      invention;
PAR  FIG. 4 is a sectional view taken along line 4 -- 4 of FIG. 1; and
PAR  FIG. 5 is a view similar to FIG. 4 but showing a spoke cover as deformed as
      a result of collision of the vehicle.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the steering wheel generally indicated at 10 includes
      a hub 14 mounted at one end of a steering shaft 12 (FIGS. 4 and 5); a rim
      16; a number spokes 18 (18a, 18b, 18c and so on) arranged generally in
      T-shape to connect the hub 14 to the rim 16; and cover means 20 mounted
      over the spokes 18. The hub 14, rim 16 and spokes 18 are formed into an
      integral structure by means of a resin material which are reinforced by
      interconnected iron cores 22 and 24. The spokes connecting the hub 14 to
      the rim 16 can be arranged in various other ways different from the
      particular example shown in FIG. 1. For instance, in the embodiment shown
      in FIG. 2, the hub 14 and rim 16 are connected to each other by means of
      three spokes which are arranged generally in Y-shape and covered by cover
      means 20. While, in the embodiment shown in FIG. 3, the hub 14 and rim 16
      are connected by means of four spokes 18 which are arranged generally in
      H-shape and covered similarly by cover means 20.
PAR  As shown particularly in FIG. 1, the cover means 20 has a generally T-shape
      for covering all of the three spokes 18. The cover means 20 comprises a
      base layer or core 26 of metal and a coated surface layer 28 of a
      resilient material such as soft foams, as shown in FIG. 4. Furthermore,
      the cover means 20, when seen on the section line 4 -- 4 of FIG. 1 or on
      other section lines parallel thereto, has a generally L-shaped
      cross-section with a substantially straight portion extending in parallel
      to the rim 16, and a bent portion 30 as seen in FIG. 4. The cover means 20
      includes in the straight portion a recess 32 for fitting therein a
      decorative mark and a recess 33 for mounting a horn mechanism.
PAR  The lower end of the straight portion of the cover 20 is fixed to the spoke
      18 by means of a screw 34 through the connection between the core members
      26 and 22. The bent portion 30 of the cover means 20 has a free end 36 at
      which the underlayer 26 has a bent portion 37 which has its digital end
      spaced with a gap of about 10 mm from an outer edge portion 38 of the hub
      14. At the bent portion 30 of the cover 20, the core 26 is extended into
      the coated surface layer 28 at a certain angle with respect to the bent
      portion 37 mentioned above. Before the deformation to which the cover
      member 20 is subjected upon application of impacts as will be discussed
      hereinlater, that is to say, in the state shown in the drawings, the core
      26 has its end 40 disposed short of the edge 42 of the hub 14. In the
      embodiments shown, the outer edge portions 44 of the spokes 18a and 18b
      are held in the same relation as the hub 14 with respect to the bent
      portion 30 of the cover means 20, and the bent portion 37 of the core
      member 26 is disposed on the outer edge portion 44 of the spokes.
PAR  Upon collision, the body of the driver is held in the seated position by
      mean of the three-point restraining seat belt system as mentioned
      hereinbefore, and the driver's head is turned at his neck and violently
      thrown in a forward direction, more particularly, in the direction
      indicated by an arrow in FIG. 5, against the cover means 20. Upon the
      driver's head hitting against the cover member 20, the energy of movement
      of the head is converted into energy of deformation of the base layer 26
      and the coated surface layer 28 and the cover member 20 is ultimately
      deformed as shown by a broken line in FIG. 5. When the cover member 20 is
      deformed, the coated surface layer 28 of a resilient material serves to
      absorb the impact energy through deformation and at the same time to
      disperse the localized surface pressure caused by contact with the
      driver's head.
PAR  By the deformation of the cover means 20, the end portion 40 of the base
      layer 26 is brought into engagement with the hub 14, however, it will not
      be interfered by the rim 16 due to the provision of a sufficient gap space
      between the hub and the cover means, angular disposition of the bent
      portion 30 and its position relative to the hub 14. Therefore, the cover
      means 20 is deformed efficiently and sufficiently without interference by
      the rim 16 for the absorption of the impact energy imposed thereon by the
      driver's head.
PAR  In this manner, with an increased stroke of plastic deformation of the
      cover means 20 which receives an impact from the driver's head, the energy
      of movement of the head is reduced to a significant degree before it is
      hit upon the hard structure of the hub 14, so that the driver's head is
      protected against the serious damage which would otherwise be caused
      thereto when hit upon the hub 14. It will thus be understood that the
      steering wheel construction can ensure higher safety for the vehicle
      drivers.
PAR  While there have been described and shown preferred embodiments of the
      present invention, it is understood that the same is not limited thereto
      but is susceptible to many changes and modifications within the spirit and
      scope thereof and, therefore, it is not intended to be limited to the
      details shown and described herein nor to any particular type of vehicle
      steering wheel but is intended to cover all such changes and modifications
      as are encompassed by the scope of the invention as defined in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A steering wheel construction, comprising in combination:
PA1  a hub mounted at one end of a steering shaft;
PA1  a rim;
PA1  a plural number of spokes connecting said hub to said rim; and
PA1  cover means having a base layer and a coated surface layer of a resilient
      material and mounted over said spokes;
PA1  said cover means being provided with a bent portion having a free end
      disposed in the proximity of an outer edge portion of said hub.
NUM  2.
PAR  2. A steering wheel construction as defined in claim 1, wherein said spokes
      are three in number and are arranged generally in T-shape.
NUM  3.
PAR  3. A steering wheel construction as defined in claim 1, wherein said spokes
      are three in number and are arranged generally in Y-shape.
NUM  4.
PAR  4. A steering wheel construction as defined in claim 1, wherein said spokes
      are four in number and are arranged generally in H-shape.
NUM  5.
PAR  5. A steering wheel construction as defined in claim 1, wherein said hub,
      rim and spokes are formed into an integral structure by means of a
      synthetic resin material reinforced by iron cores which are connected to
      each other.
NUM  6.
PAR  6. A steering wheel construction as defined in claim 1, wherein said cover
      means comprises a base layer formed of metal; and a coated surface layer
      of a resilient material including soft foams.
NUM  7.
PAR  7. A steering wheel construction as defined in claim 1, wherein said cover
      means is generally in L-shape including a portion extending in parallel to
      said rim and a bent portion.
NUM  8.
PAR  8. A steering wheel construction as defined in claim 7, wherein said
      parallel portion of said cover means has the end thereof fixed between
      core members by means of a screw.
NUM  9.
PAR  9. A steering wheel construction as defined in claim 7, wherein said bent
      portion of said cover means terminates in a free end and said base layer
      in said bent portion is spaced by a predetermined distance from said outer
      edge portion of said hub at said free end.
NUM  10.
PAR  10. A steering wheel construction as defined in claim 9, wherein said base
      layer is extended into said coated surface layer at an angle with respect
      to the base layer in said bent portion.
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ABST
PAL  A differential housing cover for attachment to a standard differential
      housing having a pair of compression bolts threadably coupled thereto
      extending within the differential housing; the compression bolts each
      having a swivel cap in contact with the carrier cap of the differential
      system for prevention of rear-end failures because of carrier cap
      breakage.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is related to a differential gear housing cover and
      more particularly to a differential gear housing for eliminating carrier
      cap breakage.
PAR  According to the invention, the differential housing rear cover is provided
      having first and second compression bolts threadably engaged therewith and
      extending into the differential housing. The bolts are preferably
      terminated in swivel caps for abutment with the carrier cap in the
      differential transmission system. This prevents excessive loading on the
      carrier cap during rapid acceleration and, hence, cap breakabe. The rear
      cover has reinforcement ribs extending from the two compression bolts
      which leads additional strength and rigidity to the entire system.
PAR  An object of the present invention is the provision of an improved
      differential housing rear cover.
PAR  Another object is the provision of a differential housing cover which
      prevents carrier cap breakage.
PAR  A further object of the invention is the provision of a differential
      housing rear cover which increases the entire housing rigidity.
PAR  Yet another object of the present invention is the provision of a
      differential housing rear cover resulting in long gear life.
PAR  A still further object of the present invention is the provision of a
      differential housing rear cover which is inexpensive to manufacture and
      extremely simple to install.
DRWD
PAR  Other objects and many of the attendant advantages of the present invention
      will be readily appreciated as the same becomes better understood by
      reference to the following detailed description when considered in
      connection with the accompanying drawing in which like reference numerals
      designate like parts throughout the Figures thereof and wherein:
PAR  FIG. 1 is a top plan view of a typical prior art differential housing;
PAR  FIG. 2 is a side elevational view of the differential housing rear cover of
      the present invention;
PAR  FIG. 3 is a top plan view partially sectioned of the cover in situ; and
PAR  FIG. 4 is a cross sectional view taken along lines 4 -- 4 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, a typical prior art differential housing is shown at
      11 with a typical prior art rear cover 12 attached as by bolts 13. Drive
      shaft 14 enters one of differential housing 11 through drive shaft housing
      14A and axle 16 extends from the sides of differential housing 11 through
      axle housings 16A.
PAR  Referring to FIG. 2, the rear cover 17 of the present invention is shown
      with mounting holes 18 around the periphery thereof. Ribbed sections 19,
      21, 22 and 23 all converge on compression bolt 24 which is in threadable
      engagement with lock nut 26. Reinforcement ribs 21, 27, 28 and 29 all
      converge toward compression bolt 31 which is in threadable engagement with
      lock nut 32. Compression bolts 31 and 32 have allen wrench recess 25 and
      30, respectively.
PAR  Referring to FIG. 3, differential housing 11 is shown carrying cover 17
      with compression bolts 24 and 31 threadably engaged therewith and in
      threadable engagement with lock nut 26 and 32, respectively. Carrier caps
      33 and 34 are in abutment with swivel cap 36 and 37, respectively, which
      terminate compression bolts 24 and 31, respectively.
PAR  Referring to FIG. 4, differential housing 11 is shown with mounting bolt
      18A in threadable engagement therewith, coupling rear cover 17 thereto.
      Compression bolt 24 is in threadable engagement with cover 17 and with
      lock nut 26. Compression bolt 24 terminates in ball 36A which carries
      swivel cap 36 in abutment with carrier cap 33.
PAC  OPERATION
PAR  Referring to FIGS. 1, 2, 3 and 4, it can be seen that the differential
      housing rear cover 17 has mounting apertures 18 spaced for replacement of
      rear cover 12 of FIG. 1 without modification to differential housing 11.
      After rear cover 17 has been bolted in place with mounting bolts 17A to a
      differential housing the compression bolts are adjusted via the Allen Head
      depression 25 to a predetermined torque after which lock nuts 26 and 32
      are tightened.
PAR  With the rear cover 17 in place and the lock nuts and the compression bolts
      properly adjusted, carrier caps 33 and 34 are pre-loaded so that with a
      sudden acceleration of the vehicle carrier cap breakage is held to a
      minimum. The reinforcement ribs 19, 21, 22, 23, 28, 29 and 27 lend
      additional strength to the compression bolt area and hence result in added
      housing strength and rigidity which in and of itself promotes longer gear
      life.
PAR  It should be understood, of course, that the foregoing disclosure relates
      to only a preferred embodiment of the invention and that it is intended to
      cover all changes and modifications of the example of the invention herein
      chosen, for the purposes of the disclosure, which do not constitute
      departures from the spirit and scope of the invention.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A differential housing cover comprising:
PA1  a cover member;
PA1  first and second threaded bores in said cover member;
PA1  first and second compression bolts threadably engaged with said first and
      second threaded bores, respectively, said first and second threaded bores
      and said first and second compression bolts having a spatial geometry for
      placing first and second terminations of said compression bolts in
      abutment with conventional carrier caps in a standard differential
      transmission system when said cover member is coupled thereto.
NUM  2.
PAR  2. The differential housing cover of claim 1 wherein:
PA1  said first and second terminations of said first and second compression
      bolts consist of first and second swivel caps, respectively.
NUM  3.
PAR  3. The differential housing cover of claim 1 and further including:
PA1  first and second lock nuts in threadable engagement with said first and
      second compression bolts, respectively.
NUM  4.
PAR  4. The differential housing cover of claim 1 wherein:
PA1  said cover member includes a plurality of reinforcement ribs converging on
      said first and second compression bolts.
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ABST
PAL  A power transmission apparatus is disclosed in which a power output shaft
      is connected to both a manual input means and a power input means. Means
      are provided to automatically disengage the power input upon actuation of
      the manual input. Alternative embodiments disclose means to prevent
      rotation of the manual input handle during engagement of the power input
      means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a power transmission apparatus comprising two
      control systems for transmitting power to the power shaft connected to a
      load shaft, one of the two systems being an automatic control system for
      transmitting power from a motor and the other being a manual control
      system for manually transmitting power, wherein the power transmission
      through the manual control system precedes that through the automatic
      control system and the power transmission through said manual control
      system can be automatically switched, when it is stopped, to that through
      the automatic control system.
PAR  2. Description of the Prior Art
PAR  Most of the conventional apparatus of this type are provided with
      automatic-manual switching mechanisms for determining whether to transmit
      the power to the power shaft either through the automatic control system
      or through manual control system. However, the apparatus provided with
      such automatic-manual switching mechanisms are likely to result in
      mis-switching action by an unexpected external force applied thereto. In
      order to prevent the accidents that may be caused by such mis-switching
      operations, a power transmission apparatus has been proposed which
      transmits the power to the power shaft through either of the automatic or
      manual control without utilizing the automatic-manual switching mechanisms
      (for instance, Japanese Pat. No. 605,743). Such apparatus, however, have
      extremely complicated structures, require high accuracy in the fabrication
      and are, consequently, expensive.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is, therefore, to provide an apparatus which
      has a simple structure and is easy to operate wherein the power
      transmission mode can be selected between the power source to the power
      shaft through the automatic control system and the manual control system
      without employing the automatic-manual switching mechanism, and the power
      transmission through the manual control system can be performed preceding
      to the power transmission through the automatic control system.
PAR  Another object of this invention is to provide a power transmission
      apparatus wherein, during the power transmission through the automatic
      operation system to the power shaft, the manual control system can remain
      still without being affected thereby.
PAR  A further object of this invention is to provide a power transmission
      apparatus which can detect an overload applied to the power shaft during
      the power transmission through the automatic control system to the power
      shaft.
DRWD
PAC  DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  This invention will now further be described in detail by way of the
      preferred embodiments thereof referring to the accompanying drawing
      wherein:
PAR  FIG. 1 is a vertical section of one embodiment of this invention;
PAR  FIG. 2 is a perspective view of a lower portion of a handle used in the
      embodiment shown in FIG. 1;
PAR  FIG. 3 and FIG. 4 are transverse cross sections taken along the lines A--A
      and B--B respectively shown in FIG. 1;
PAR  FIG. 5 is a vertical section of a second embodiment of this invention;
PAR  FIG. 6 and FIG. 7 are transverse cross sections taken along the lines A--A
      and B--B respectively shown in FIG. 5;
PAR  FIG. 8 is a vertical section of a third embodiment of this invention;
PAR  FIG. 9 through FIG. 11 are transverse cross sections taken along the lines
      A--A, B--B and C--C respectively shown in FIG. 8; and
PAR  FIG. 12 is a vertical section of a fourth embodiment of this invention.
DETD
PAC  PREFERRED EMBODIMENTS
PAR  In FIG. 1, a worm gear 1 connected to a driving power source such as an
      electric motor is coupled to a portion of the outer periphery of a worm
      gear 2 which is rotatably supported on a power shaft 6 held in case 11. A
      holder 4 having cylindrical apertures 44 containing steel balls 33 at four
      locations thereof as best shown in FIG. 4 is provided laying over the
      upper side of the gear 2 and fixed to the power shaft 6 by way of a key
      50. Cylindrical rollers 32 which are movable in the apertures 44 of the
      holder 4 are inserted into cylindrical apertures 23 of the worm gear 2,
      and a compression spring 31 and a screw 34 for adjusting the resilience of
      said spring 31 are also inserted in said apertures 23. Notches 411, 422
      and 433 are cut through said holder 4 and springs 81 and 82 are held in
      said notches 411 and 422 respectively as shown in FIG. 4. Laying over said
      holder 4, a disc 5 is provided which is rotatable with respect to the
      power shaft 6. Disc 5 has conical recesses 52 capable of receiving the
      steel balls 33 contained in the cylindrical apertures 44 of said holder 4.
      The steel balls 33 contained within the cylindrical apertures 44 of said
      holder 4 have a diameter equal to the size as that of the thickness of the
      holder 4.
PAR  Handle 7 is rotatably supported on the power shaft 6 over the disc 5 and it
      has a pair of projections 71 opposing each other and, provided on its
      hollow lower end 72 as show in FIG. 2. Said projections 71 are passed
      through the notches 511 in the disc 5 beneath the handle 7 and inserted
      into a portion between the notches 411 and 422 and into the notch 433. 12
      denotes a lid, 13 is a bearing, 14 is an O-ring seal and 15 is a cover
      plate.
PAR  In this embodiment, the driving power can be transmitted to the power shaft
      by selecting either the automatic control system driven by an electric
      motor and the like or a manual control system actuated by operation of the
      handle. Precedence can be given to the power transmission through the
      manual control system rather than through the automatic control system.
      The automatic control system can be automatically restored when the power
      transmission through the manual control system is stopped.
PAR  During the time that the power is transmitted to the power shaft 6 through
      the automatic control system, each of the mechanism described above takes
      the state as shown in FIG. 1, where a cylindrical roller 32 overrides the
      worm gear 2 and the holder 4 and the steel ball 33 overrides the holder 4
      and the disc 5 under the compressive force of the spring 31. Accordingly,
      the driving power from the worm gear 1 connected to the motor and the like
      (not shown) is transmitted by way of the worm gear 2, cylindrical roller
      32, holder 4, and key 50. Since the holder 4 and disc 5 are coupled by the
      steel ball 33 to rotate the disc 5, the cylindrical roller 32 is not
      pushed completely into the cylindrical hole 23 of the worm gear 2. The
      handle 7 is also rotated by way of the projections 71 passing through the
      notches 511 in the disc 5.
PAR  During the power transmission through the automatic control system to the
      power shaft, the precedence can be given to the power tranmission through
      the manual control system by way of the handle operation rather than that
      through the automatic operation system as described below.
PAR  When the handle 7 is turned forcedly, its projections 71 rotate the disc 5
      causing the steel balls 33 within the conical holes 52 of the disc 5 to
      move downward. When the steel balls 33 are completely pushed into the
      cylindrical apertures 44 of the holder 4, the engagement between the disc
      5 and the holder 4 by the steel balls 33 is lost. At the same time, as
      shown in FIG. 4, the projection 71 of the handle 7 inserted at an
      intermediate position of the notches 411 and 422 of the holder 4 is moved
      by the turning of the handle 7 while compressing the either of the
      compression spring 81 or 82. Whether the spring 81 or the spring 82 is
      compressed is determined depending upon the particular turning directions.
      At the time when the engagement between the holder 4 and the disc 5 is
      lost as described above and the cylindrical apertures 44 in the holder 4
      and the conical holes 52 of the disc 5 are completely out of the
      alignment, the projection 71 of the handle 7 inserted in the notch 433 in
      the holder 4 comes to contact the end face 434 thereof. Therefore, by
      further turning the handle 7, the power is transmitted through the
      projection 71 of the handle 7, holder 4 comprising the end face 434 of the
      notch 433 and the key 50 to the power shaft 6.
PAR  The worm gear 2 continues idle rotation while having no effect on the
      holder 4 at the operation of the handle 7, because the steel balls 33
      having the diameter of the same size as that of the thickness of the
      holder 4 and completely contained within the cylindrical apertures 44 push
      the cylindrical rollers 32 into the cylindrical apertures 23 in the worm
      gear 2 and, as the result, the engagement between the worm gear 2 and the
      holder 4 is eliminated.
PAR  When the handle operation is stopped, the power transmission through the
      automatic control system to the power shaft is automatically restored in
      the manner described below. When the handle operation is stopped, that is,
      the turning force applied on the handle 7 is removed, the projection 71 of
      the handle 7 is pushed back to the intermediate position between the
      notches 411 and 422 by either of the compression spring 81 or 82 that was
      compressed within said notches 411 or 422. The movement of the projection
      71 results in the movement of the disc 5, and the conical holes 52 in the
      disc 5 arrive at the positions corresponding to those of the cylindrical
      paertures 44 in the holder 4. This makes it possible for the steel balls
      33 within the cylindrical apertures 44 to move upward. Then, the steel
      balls 33 are pushed upward by way of the cylindrical rollers 32 by the
      force of the springs 31 located in the cylindrical apertures 23, and they
      are received in the conical holes 52 of the disc 5. Thus, the cylindrical
      rollers 32 come to override the worm gear 2 and the holder 4 to combine
      again the gear 2 and the holder 4 thereby enabling the power transmission
      through the automatic control system in the manner as described above.
PAR  It is impossible in the foregoing embodiment of this invention to detect
      the overload applied on the power shaft 6. Another embodiment of this
      invention capable of detecting such overload will now be described.
PAR  In FIG. 5, a worm gear 2 is shown to be rotatably retained on the power
      shaft 6 and has recesses such as conical holes 21 on the side opposing the
      holder 4 at the position corresponding to the cylindrical apertures 23 in
      the previous embodiment. The conical holes 21 are provided at the four
      positions near the periphery of the worm gear 2 and the size capable of
      containing a portion of steel balls 3 contained in the cylindrical
      apertures 44 in the holder 4. The two steel balls 3 are designed so that
      they can move in the cylindrical apertures 44 and the sum of their
      diameters is larger than the thickness of the holder 4. The holder 4 is
      provided with slots 41 and 42 different to each other in length and
      corresponding to the notches 411, 422 and 433 in the holder 4 of the
      previous embodiment as specifically illustrated in the FIG. 7. One of the
      slots, slot 41, has inserted therein compression springs 81, 82 having the
      same spring force. The disc 5 rotatably held on the power shaft 6 is
      provided with recesses such as conical holes 52, 53 each at four positions
      to which the steel balls 3 contained in the cylindrical apertures 44 in
      the holder 4 can be received, as shown in FIG. 6. The conical holes 52, 53
      have the same size as that of the conical holes in the worm wheel 2.
      Apertures 51 are cut through the disc 5 at the positions corresponding to
      those of the slots 41, 42 in said holder 4. The projections 71 at the
      lower end of the handle 7 rotatably held in the case 11 pass through the
      apertures 51 and extend as far as the slots 41 and 42 in the holder 4, one
      of them being inserted at an intermediate position between the compression
      springs 81 and 82. A torque spring 8 is inserted between the spring
      holders 9 and 10 and the resilience of the spring 8 is previously set by
      way of the spring holder 9 which is adjustable.
PAR  The normal operation of this embodiment and the overload detection function
      thereof during the power transmission to the power shaft by way of the
      automatic system are to be described below.
PAR  When the power is transmitted to the power shaft 6 through the automatic
      control system, each of the mechanisms takes the state as shown in FIG. 5
      through FIG. 7, wherein the conical holes 21 in the worm gear 2 and the
      cylindrical apertures 44 in the holder 4 are in the aligning positions and
      the cylindrical apertures 44 in the holder 4 situate at the intermediate
      positions between each of the adjacent conical holes 52 and 53 in the disc
      5. The steel balls 3 within the cylindrical apertures 44 in the holder 4
      are thereby pushed downward by the disc into engagement with the conical
      holes 21 in the worm gear 2 to accomplish the connection between the worm
      gear 2 and the holder 4. The projection 71 of the handle 7 is maintained
      at an intermediate position between the compression springs 81 and 82. As
      apparent from the foregoing, the power from the electric motor, etc. is
      transmitted by way of the worm gear 1, worm gear 2, steel balls 3, holder
      4 and key 50 to the power shaft 6 to rotate said power shaft 6. Since the
      rotation of the holder 4 causes the handle 7 to rotate by the projection
      71 inserted within the slot 41 and the rotation of the handle 7 rotates,
      in turn, the disc 5, none of the cylindrical apertures 44 in the holder 4
      and the conical holes 52 and 53 in the disc 5 align with each other during
      power transmission through the automatic control system.
PAR  The operation of this embodiment at the time when the overload is applied
      on the power shaft while the power shaft is being rotated by way of the
      motor and the like is described below. It is assumed that some overload is
      applied on the power shaft 6 while the shaft is rotated by way of the
      motor, etc. and the rotation of the power shaft is stopped thereby. When
      the power shaft 6 is stopped by the application of the overload, it causes
      the holder 4 to stop by way of the key 50. Since the worm gear 2 continues
      to rotate if the power shaft is stopped by the application of the
      overload, the steel balls 3 in the cylindrical apertures 44 in the holder
      4 moves upward out of the conical holes 21 in the worm gear 2, which makes
      the disc 5 move upward against the predetermined compression resilience of
      the torque spring 8. The detection of the upward movement of this disc 5
      to stop the motor can be accomplished by various devices conventionally
      employed, for example, by providing a torque detection lever and actuating
      the switching mechanism, etc. through the operation of this detection
      lever.
PAR  The function of giving the precedence to the power transmission through the
      manual control system rather than the power transmission through the
      automatic control system by way of the handle operation during the time
      when the power transmission is performed to the power shaft through the
      automatic control system is described below.
PAR  When two projections 71 of the handle 7 are rotated, by the forced turning
      of the handle 7, the disc 5 is rotated in the direction, for instance, of
      an arrow shown in FIG. 7 and the handle projection 71 compresses the
      compression spring 82 held within the slot 41 in the holder 4. By further
      turning the handle 7, conical holes provided at the four positions on the
      disc 5, for example holes 52, come into alignment with the cylindrical
      apertures 44 in the holder 4, which enables the steel balls 3 within the
      cylindrical apertures 44 to move up and down. When the steel balls 33 are
      enabled to move up and down in the cylindrical apertures 44, the
      projection 71 inserted within the slot 42 in the holder comes to contact
      the end face 43 of the slot 42 in the holder 4 to transmit the power from
      the handle 7 to the holder 4. Accordingly, the turning of the handle 7
      transmits its power through the projection 71 of the handle 7, holder 4
      having the slot 42 and the key 50 to the power shaft 6. In this state, as
      the rotation speeds of the holder and the worm wheel differ, the steel
      balls 3 move upward in the cylindrical apertures 44 leaving the conical
      holes 21 in the worm gear 2 and are pushed into the conical holes 52 in
      the disc 5. Thus, the coupling between the holder 4 and the worm gear 2 by
      the steel balls 3 is eliminated to put the worm gear 2 into idle rotation
      and put the manual control system completely out of the effects of the
      power from the automatic control system.
PAR  As apparent from the foregoing, the size of the slot 42 in the holder 4 is
      so designed that the projection 71 of the handle 7 does not contact the
      end face 43 of the slot 42 until the conical holes 52 in the disc 5 and
      the cylindrical apertures 44 in the holder 4 come to align by turning the
      handle and the steel balls 3 contained in the cylindrical apertures 44 are
      received in the conical holes 52 in the disc 5. It is determined depending
      on the particular rotation directions of the power shaft 6 whether the
      compression spring 81 or 82 in the slots 41 of the holder is compressed,
      and which of the conical holes 52 and 53 provided on the disc 5
      respectively on the both sides of the positions corresponding to the
      cylindrical apertures 44 in the holder 4 align said apertures 44.
PAR  The power is thus transmitted to the power shaft 6 by the operation of the
      handle 7. Descriptions are now to be made on the function that the
      operation of the automatic control system is automatically restored when
      the operation of the handle 7 is stopped and the power transmission is
      switched to that of the automatic control system.
PAR  When the operation of the handle 7 is stopped, the projection 71 of the
      handle 7 is exerted in the slot 41 with the resilience force to return it
      to the intermediate position in the slot 41, that is, the position shown
      in FIG. 3 by the compression spring 82 held in the slot 41 in the holder
      4. two different conditions are conceivable then, that is, where the
      conical holes 21 in the worm gear 2 are aligned with positions
      corresponding to those of the cylindrical apertures 44 in the holder and
      where they are not. When the cylindrical apertures 44 and the conical
      holes align, the steel balls 3 contained within the cylindrical apertures
      44 in the holder 4 move downward since the disc 5 is applied with the
      force of rotation from the compression spring 82 by way of the projection
      71 of the handle 7. The connection between the disc 5 and the holder 4
      formed by the steel balls 3 is thereby disengaged, the projection 71 of
      the handle 7 is returned to its intermediate position by the compression
      spring 82 in the slot 41, and the disc 5 is rotated simultaneously to the
      location where its conical holes 52 no longer align with the cylindrical
      apertures 44 in the holder 4. The steel balls 3 move downward at this time
      through the cylindrical apertures 44 in the holder 4 are received in the
      conical holes 21 of the worm gear 2 to connect the holder 4 and the worm
      gear 2. Where the cylindrical apertures 44 in the holder 4 and the conical
      holes 21 in the worm gear 2 are not aligned at the time of stopping the
      handle operation, the disc 5 continues to keep its previous state since
      the holder 4 and the disc 5 are connected by way of the steel balls 3.
      Thereafter, when the conical holes 21 arrive at the positions
      corresponding to those of the cylindrical apertures 44 in the holder 4
      with the rotation of the worm gear 2, the steel balls 3 contained in the
      cylindrical apertures 44 are pressed and moved downward by the disc 5 as
      described above.
PAR  In each of the foregoing embodiments, the power can be transmitted to the
      power shaft through either the manual or the automatic control system
      without utilizing a switching lever mechanism of the prior art and the
      structure thereof is simplified. However, in those embodiments, the handle
      of the manual control system is also turned during the power transmission
      through the automatic control system to the power shaft. It is conveivable
      in such embodiments that when the rotation of the handle is stopped by
      some unexpected external force, the power transmission through the
      automatic control system may be interrupted. In order to avoid such a
      defect, a further embodiment of this invention is provided wherein the
      handle of the manual control system is kept from turning while the power
      is transmitted through the automatic control system to the power shaft,
      and it is described below.
PAR  An embodiment of the power transmission apparatus of this invention in
      which the handle of the manual control system is kept from turning during
      the power transmission through the automatic control system to the power
      shaft is shown in FIG. 8 through FIG. 11.
PAR  The apparatus illustrated in FIG. 8 comprises a handle 7, a cylindrical
      power shaft 6 rotatably held in the case 11, a worm gear 2 having conical
      holes 21 at four positions adjacent the periphery thereof, a holder 4
      fixed to the power shaft 6 and having cylindrical apertures 44 at four
      positions, and a disc 5 having conical holes 52, 53 at four positions on
      the periphery thereof as in the apparatus shown in FIG. 6. In this
      embodiment, however, apertures 441, 442 and 443 are provided in the holder
      4 corresponding to the slots 41 and 42 in the foregoing embodiment and the
      compression springs 81 and 82 are inserted in said apertures 441 and 442.
PAR  Above said disc 5, there is additionally provided a disc 55 with projection
      and an upper holder 400 rotatably affixed to the power shaft 6. The disc
      55 is provided at the lower portion thereof with a pair of projections 56
      opposing to each other, and each of said projections 56 passes through
      each of two apertures 511 in the disc 5 and extends into an intermediate
      position between the apertures 441 and 442 and into the apertures 443 in
      the holder 4. The disc 55 with the projection has conical holes 57 at four
      positions adjacent the periphery thereof. The upper holder 400 on the
      upper part provided above the disc 55 and rotatably held to the power
      shaft 6 has a structure substantially the same as that of the holder 4
      shown in FIG. 4, and has cylindrical apertures 404 at four positions
      thereof capable of aligning with the conical holes 57 in the disc 55. Each
      of the cylindrical apertures 404 contains two steel balls 30 the sum of
      their diameters being greater than the thickness of the upper holder 400.
      As shown in FIG. 11, the upper holder 400 has apertures 401, 402 and 403
      and said apertures 401 and 402 contain compression springs 83 and 84
      inserted therein. Two projections 71 of the handle 7 are respectively
      inserted into an intermediate position between the apertures 401 and 402
      and in the apertures 403 in said upper holder 400. The lower portion of
      the handle 7 is provided with conical holes 72 at the positions capable of
      aligning with the cylindrical apertures 404 provided at the four positions
      on the upper holder 400. 16 denotes a shaft bearing.
PAR  The operation of this apparatus is to be described below. When the power is
      transmitted through the automatic control system to the power shaft 6,
      each of the parts of the apparatus takes the state as shown in FIG. 8, and
      the power from an electric motor, etc. (not shown) is transmitted through
      the worm gear 1, worm gear 2, steel balls 3, holder 4 and key 50 to the
      power shaft 6. In this state, the disc 55 with projection rotates together
      with the holder 4 and the conical holes 57 in the disc 55 and cylindrical
      apertures 404 in the upper holder 400 may some time align to move the
      steel balls 30 contained in the cylindrical apertures 404 downward.
      However, since the handle 7 and the upper holder 400 contact at the outer
      periphery thereof with an O-ring 14 of a great frictional resistance, they
      are kept stationary. Accordingly, the steel balls 30 are forced to come
      out of the conical holes of the disc 55 with projection move upward and
      engage the conical holes 72 of the handle 7 and, therefore, the rotation
      of the disc 55 has no effects at all on the handle 7. The handle of the
      manual control system thus does not turn while the power is transmitted to
      the power shaft 6 through the automatic control system.
PAR  In this embodiment, the power is transmitted through the manual control
      system to the power shaft in the manner described below. In turning the
      handle 7 forcedly against the frictional resistance of the O-ring, where
      the cylindrical apertures 404 in the upper holder 400 and the conical
      holes 57 in the disc 55 with projection are aligned, the steel balls 30
      contained within the cylindrical apertures 404 in the upper holder 400 are
      pushed out of the conical holes 72 in the handle 7 and moved downward into
      the conical holes 57 in the disc 55. Where the cylindrical apertures 404
      in the upper holder 400 and the conical holes 57 in the disc 55 are not
      aligned, the turning of the handle 7 causes the upper holder 400 to rotate
      by the steel balls 30 and brings the cylindrical apertures 404 in the
      holder 400 to the positions corresponding to the conical holes 57 in the
      disc 55 to move the steel balls 30 as in the foregoing manner thereby
      disengaging the connection between the handle 7 and the upper holder 400
      formed by the steel balls 30. Now that the upper holder 400 and the disc
      55 are connected by way of the steel balls 30, by turning the handle 7,
      for example, in the direction of an arrow shown in FIG. 11, one of the
      compression springs inserted in the apertures 401 and 402 in the upper
      holder 400, for example, the spring 83 is compressed by the projection 71
      of the handle 7. When the conical holes 72 of the handle 7 are displaced
      from the positions corresponding to the cylindrical apertures 404 in the
      upper holder 400 to the positions where the steel balls 30 can no longer
      engage within the conical holes 72, or they are displaced so that they are
      completely out of the alignment with the cylindrical apertures 404 in the
      upper holder 4, the projection 71 of the handle 7 within one of the
      apertures 403 in the upper holder 400 comes to contact the end face 405 of
      the aperture 403. Therefore, by further turning the handle 7, the upper
      holder 400 is rotated and the rotation of said upper holder 400 is
      transmitted through the steel balls 30 to the disc 55 with projection.
PAR  The rotation of the disc 55 with projection causes the disc 5 to rotate by
      the projections 56 and simultaneously compresses the compression spring
      81, for example, in the aperture 441 in the holder 4 when the disc 55
      rotates, for example, in the direction of an arrow as shown in FIG. 9. The
      rotation of the disc 5 brings its conical holes 52 to the positions
      corresponding to those of the cylindrical apertures 44 in the holder 4
      whereby the steel balls 33 in the apertures 44 in the holder 4 are enabled
      to move up and downward. When the conical holes 52 in the disc 5 and the
      cylindrical apertures 44 in the holder 4 are aligned, the projection 56 of
      the disc 55 with projection comes to contact the end face 445 of the
      apertures 443 in the holder 4. Accordingly, by further turning the handle
      7, the holder 4 is rotated by the projection 56 of the disc 55, which
      rotation is transmitted by way of the key 50 to the power shaft 6. The
      turning power applied on the handle is, in this way, transmitted
      sequentially through the projection 71 of the handle 7, upper holder 400,
      steel balls 30, disc 55 and the projections 56 thereof, holder 4, and key
      50 to rotate the power shaft 6. In the above stated condition, the steel
      balls 3 contained in the cylindrical apertures 44 in the holder 4 are
      rendered possible to move upward through the cylindrical apertures 44 when
      the apertures 44 in the holder 4 and the conical holes 52 of the disc 5
      are aligned, and said aligning position of the holder 4 and the disc 5 is
      maintained by the projection 56 of the disc 55. Therefore, the steel balls
      3 are expelled upward out of the conical holes 21 in the worm wheel 2 as
      the holder 4 rotates. The connection formed by the steel balls 3 between
      the holder 4 and the worm gear 2 is thus eliminated whereby the worm gear
      2 rotates idly.
PAR  In this embodiment, the handle operation can be performed as described
      above and, when the operation for the handle 7 is stopped, the function of
      the automatic control system can be restored automatically and the driving
      power can again be transmitted through the automatic system to the power
      shaft 6, in the manner described below.
PAR  When the operation on the handle 7 is stopped, the projection 71 of the
      handle 7 is returned to an intermediate position between the spring 83
      compressed in said aperture 401 to provide the alignment between the
      conical holes 72 in the handle 7 and the cylindrical apertures 404 in the
      upper holder 400. The steel balls 30 contained in the cylindrical
      apertures 404 in the upper holder 4 are thereby enabled to move upward and
      the connection between the upper holder 400 and the disc 55 with
      projection fromed by the steel balls 30 becomes releasable. If the conical
      holes 21 in the worm gear 2 are aligned with the cylindrical apertures 44
      in the holder 4 in this state, the projection 56 of the disc 55 is turned
      back to the intermediate position between the apertures 441 and 442 in the
      holder 4 by the force of the compression spring 81 compressed in said
      aperture 441 whereby the disc 55 is rotated. The rotation of the disc 55
      forces the steel balls 300 contained in the cylindrical apertures 404 in
      the upper holder 400 to move upward into the engagement with the conical
      holes 72 in the handle 7. Also, the rotation of the projection 56 of the
      disc 55 rotates the disc 5 forcing the steel balls 3 contained in the
      cylindrical apertures 44 in the holder 4 to move downward into engagement
      with the conical holes 21 in the worm gear 2. The holder 4 and the worm
      gear 2 are thus connected by the steel balls 3 and the rotation of the
      worm gear 2 is transmitted to the holder 4. In the case where the conical
      holes 21 in the worm gear 2 are not aligned with the cylindrical paertures
      44 in the holder 4 where the conical holes 72 in the handle 7 and the
      cylindrical apertures 404 in the upper holder 400 are aligned, at the time
      of stopping the operation of handle 7 thereby enabling the steel balls 30
      to move in said apertures 404 and thus rendering the connection between
      the disc 55 with projection and the upper holder 400 releasable, the disc
      55 with projection is kept its position since the disc 5 and the holder 4
      are connected by the steel balls 3. Thereafter, when the worm gear 2
      rotates and brings its conical holes 21 to the positions corresponding to
      those of the cylindrical apertures 44 in the holder 4, the worm wheel 2
      and the holder 4 become connected in the same manner as described above.
PAR  In this embodiment, the handle 7 of the manual control system can be kept
      from turning while the power is transmitted to the power shaft 6 through
      the automatic control system as foregoing. Both of the two control systems
      can be the automatic control system or the manual control system
PAR  The apparatus shonw in FIG. 12 is a vertical section of a still further
      embodiment of this invention wherein, as in the apparatus previously
      described, the handle is kept from turning while the power is transmitted
      through the automatic control system to the power shaft and it is further
      adapted so that the overload applied on the power shaft during the power
      transmission to the power shaft through the automatic control system can
      be detected.
PAR  The apparatus shown in FIG. 12 is substantially the same as that shown in
      FIG. 8 excepting the following additional provisions for the detection of
      the overload applied on the power shaft. A gap is formed axially between
      disc 5 and the disc 55 with projection. The disc 5 is adapted so that it
      can move axially through said gap and provided on the upper side thereof
      with a torque detection lever 100 which detects the axial movement of said
      disc. The power shaft 6 has on its upper end a projection 60 provided with
      a torque adjusting nut 103 at the upper end thereof. A cylinder 101
      movable to the power shaft 6 and having an end extending to the disc 5 is
      provided in such a way as not hindering the rotation of the handle 7, the
      upper holder 400 and the disc 55 with projection at all. A torque spring
      102 is inserted between the torque adjusting nut 103 and the cylinder 101.
      34 denotes a thrust bearing.
PAR  The function of this embodiment is now described regarding the detection of
      the overload applied on the power shaft while the power is transmitted to
      the power shaft through the automatic control system. Each of the parts of
      this embodiment takes the state shown in FIG. 12 while the power is
      transmitted to the power shaft through the automatic control system, and
      the power is transmitted from the motor, etc. through the worm gear 1,
      worm gear 2, steel balls 3, holder 4 and key 50 to the power shaft 6.
      Assuming that some overload is applied on the power shaft 6 to stop its
      rotation, the stopping of the power shaft 6 stops the rotation of the
      holder 4 but the worm wheel 2 continues to rotate with the power from the
      motor, etc. Therefore, the steel balls 3 contained in the cylindrical
      apertures 44 in the holder 4 are forced to come out of the conical holes
      21 in the worm wheel 2 and move upward through the cylindrical apertures
      44. The movement of the steel balls 3 raises the disc 5 so that it
      compresses by way of the cylinder 101 the torque spring 102 having a
      compression force adjusted previously. The torque detection lever 100 is
      thus operated by the movement of the disc 100 thereby actuating a switch
      or the like (not shown) to stop the motor, etc. The overload applied on
      the power shaft can be detected in such a manner. By removing the overload
      applied on the power shaft 6 and starting the worm gear 2 again by the
      motor, etc., the conical holes 21 in the worm gear 2 arrive at the
      positions aligning with the cylindrical apertures 44 to form connection
      between the worm gear 2 and the holder 4 with the steel balls 3 whereby
      the power transmission to the power shaft 6 through the automatic system
      can be restored.
PAR  Also, as in the foregoing embodiments, the precedence can be given for the
      power transmission to the power shaft by the manual control system rather
      than the automatic control system by the operation of the handle 7 while
      the power is transmitted through the automatic system to the power shaft
      6, and the power transmission to the power shaft 6 through the automatic
      control system can be restored automatically when the manual control
      system is stopped.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a power transmission apparatus having both manual and power inputs,
      means for selecting between the inputs comprising a first worm gear
      rotatably mounted in an outer housing coupled to a power source; a second
      worm gear engaging said first worm gear and rotatably mounted about an
      output shaft, said second worm gear having a plurality of conical
      intentations therein; a holder slidingly engaging the upper side of said
      second worm gear and fixedly attached to the output shaft, said holder
      having at least one cylindrical aperture and a plurality of recesses
      therein; a disc mounted on said output shaft so as to be rotatably and
      axially movable with respect thereto, said disc having a plurality of
      conical indentations and recesses therein; spring means biasing said disc
      into engagement with said holder; a plurality of balls slidingly retained
      in each of said apertures in said holder, the sum of the diameter of the
      balls being greater than the thickness of said holder; a handle rotatably
      mounted in said outer housing above the disc said handle having
      projections on its lower portion so as to pass through the recesses in the
      disc and to be inserted into the recesses in said holder intermediate the
      sides thereof.
NUM  2.
PAR  2. A power transmission apparatus as defined in claim 1 wherein means are
      provided for detecting axial movement of said disc.
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ABST
PAL  A power shift transmission having a fluid pressure control system having an
      intake screen and level control located centrally in the bottom of the
      sump and a pump and regulator valve supplying pressure to the shift
      control system and to a sump oil level control. The sump oil level control
      has a small float controlling a relay valve to control an oil level
      control valve connecting an elevated oil reservoir for gravity feed to
      fill the sump and pressure return to the reservoir to dump the sump. When
      the transmission input and pump is not driven, there is no pressure in the
      chambers at opposite ends of the differential land area level valve and
      balanced springs hold the level valve in a central closed position
      blocking flow to and from the reservoir, to the sump and from the pressure
      line so the oil level control is inoperative. When the transmission input
      is driven, a small flow of line pressure is supplied through an inlet
      restriction to each chamber. When the oil level is low, a miniature float
      provides a small force to close the miniature relay valve closing a
      restricted exhaust from the chamber at the larger area land so equal
      pressures in the chambers act on the differential land area to move the
      level valve to the fill position closing the supply pressure port and
      providing a full flow connection from the reservoir for gravity feed at a
      low volume rate of flow to the sump. When the oil level is high the float
      permits the pressure to open the relay valve and the restricted exhaust
      reduces the pressure in the larger area chamber to move the level valve to
      dump position closing the sump port and connecting a restricted supply
      pressure branch to the reservoir so the transmission pump delivers fluid
      at the same low volume rate of flow from the sump to the reservoir to
      reduce the oil level. In a modification a level indicating thermistor
      controls a solenoid controlled relay valve similarly controlling the oil
      level valve.
BSUM
PAC  BRIEF DESCRIPTION:
PAR  The level control system for a sump has an internal fluid pressure supply
      for the transmission shift and sump level control systems with an intake
      in the sump and an external fluid supply reservoir interconnected with the
      sump by a level control valve controlled by a very low flow and miniature
      force relay valve controlled by a miniature low force level sensor. The
      level control system is operative at low oil level to connect the
      reservoir to sump to increase the oil level and at high oil level to
      connect the internal fluid pressure supply to the reservoir to decrease
      the oil level. The transmission control system has an intake screen, an
      input drive pump and regulator valve means providing the internal fluid
      pressure supply. The regulator valve means regulates a supply pressure for
      the transmission control system and provides a fluid pressure supply for
      the sump level control system. The main line supply for the transmission
      controls is used to supply the leveling system for full time operation. An
      overage supply to the leveling system which is available except for short
      periods of maximum main line requirements for the transmission control
      will provide priority supply to the transmission controls and sufficient
      part time leveling operation. The external reservoir is elevated to
      provide a gravity feed.
PAR  The level control valve has spaced differential area lands mounted in a
      stepped bore which is closed at both ends to provide a valve control
      chamber at the opposite ends of the lands. When the engine is not driving
      the transmission input, the pump does not supply pressure to the
      transmission shift control system and the level control system. Then
      balanced springs, one at each end of the level control valve element hold
      the valve element in a central closed position blocking the feed port
      connected to the pressure supply, the sump port connected to the sump and
      blocking the fill and dump port connected to the reservoir. Each valve
      control chamber has a small restricted inlet connected to the internal
      fluid pressure supply. The valve control chamber adjacent the larger land
      has a level controlled relay valve controlling a small restricted exhaust
      operative when the oil level is low to close the exhaust and when the oil
      level is high to open the small restricted exhaust. The level controlled
      relay valve, since it only controls the miniature volume flow through the
      restricted exhaust, has very low force requirements and is controlled by a
      level sensor, a miniature float. In a modification a thermistor type fluid
      level sensor controls a solenoid type level controlled relay valve to
      similarly control the level control valve. When the oil level is low with
      the restricted exhaust closed, the equal pressure in the chambers provides
      a force acting on the unbalanced area of the larger land to move the level
      control valve element to fill position to open the sump port through the
      space between the lands to the fill and dump port to establish a low
      volume rate gravity feed from the reservoir to the sump. During fill
      operation the feed port remains closed. When the oil level is high with
      the restricted exhaust open, the pressure in the chamber adjacent the
      larger area land is reduced so the higher pressure in the chamber adjacent
      the small land moves the valve element in the opposite direction to the
      dump position opening the feed port so the transmission pump pumps fluid
      from the sump to provide the internal fluid pressure source which is
      connected to the fill and dump port to be dumped or returned to the
      reservoir to lower the oil level in the sump. During dumping operation the
      sump port is closed. The internal pressure supply to the feed port is
      restricted so return flow from the sump to the reservoir has the same low
      volume rate of flow as the gravity feed flow from the reservoir to the
      sump for control stability.
DRWD
PAR  These and other features of the invention will be more apparent from the
      following drawings and description of a preferred embodiment.
PAR  FIG. 1 is an end view of a transmission with parts broken away to show the
      sump oil level control system.
PAR  FIG. 2 is a schematic of the transmission control system with the sump oil
      level control system.
PAR  FIG. 3 is a right angle sectional view on the line 3--3 FIG. 1 showing the
      leveling valve and float details.
PAR  FIG. 4 is a partial view of a portion of the level control valve showing a
      thermistor controlled solenoid type level controlled valve.
PAR  FIG. 5 is a schematic diagram of the thermistor and solenoid type level
      controlling valve.
DETD
PAR  Referring to FIG. 1, the transmission 10 has a housing 11 for the
      transmission torque converter 12 and gearing 13 providing a variable ratio
      drive between the input shaft 14 and output shaft 15. The sump pan 16 has
      a flange 17 secured to the bottom flange 18 of the open bottom of the
      transmission housing 11. The oil level control device 21 is located
      centrally in the pan 16 above the intake screen 22 which is connected to
      the suction line 23. The level control device 21 is connected by the fill
      and dump line 24 to an elevated makeup oil reservoir or tank 26. The tank
      26 has a cap 27 on the fill opening, an air vent in the cap or another
      suitable location and an oil level indicator 28 and is suitably mounted by
      a bracket 29 on the transmission or other part of the vehicle. The
      transmission control system has the screen 22 located centrally in the
      bottom of the pan 16. The intake screen is connected by the intake line 23
      to the pump 31 which is conventionally driven by the transmission input
      shaft or drive member 14 and supplies fluid under pressure to the main
      line 32 which is regulated by the conventional main line regulator valve
      33 with excess fluid connected by the first overage or converter feed line
      34 and by the second overage line or exhaust line 35. The main line 32
      pressure is conventionally connected to the shift controls 37 which
      selectively supply a plurality of ratio establishing lines 38 and 39
      connected respectively to the ratio establishing devices 40 and 41, e.g.,
      for a first and second ratio. The converter feed line 34 has an
      intermediate pressure relief valve 42 to insure that converter feed
      pressure is limited to an intermediate value, less than main line
      pressure, and is connected to supply the torque converter. The exhaust
      line 35 when restricted to provide a secondary overage fluid supply has a
      low pressure relief valve 44. The regulated main line 32 is shown
      connected to the feed line 43 for the level control device 21 to provide a
      fluid supply for full time operation of the leveling system when the
      vehicle engine is operating. The transmission fluid level system feed line
      43 may be alternatively connected to the converter feed line for a first
      overage fluid supply to the leveling system to provide operation of the
      leveling system when the main line requirements are supplied and there is
      sufficient overage to provide an intermediate pressure feed to the torque
      converter and to the leveling system. The leveling system feed line 43 may
      be alternatively connected to the exhaust line 35 so all fluid supply
      requirements of the transmission are met and then second overage fluid
      supply is fed to the leveling system. While full time main line supply and
      operation of the leveling system is desirable for the leveling system
      operation, the above first and second overage arrangements may be
      desirable for the overall transmission operation. Transmissions have
      varying amounts of excess main line capacity and varying amounts of first
      and second overage flow during varying time periods. In transmissions that
      do not have excess main line capacity, the leveling system can function on
      a part time basis when first or second overage feed is available to
      provide priority supply to the transmission control to insure full time
      transmission operation.
PAR  The level control device 21, as shown in FIG. 3, has a valve element 46
      having a small land a and a large land b respectively mounted in the small
      bore portion 47 and the large bore portion 48 of the stepped valve bore 49
      in the valve body 51. The bore 49 has at the small end a closure wall 52
      providing a fluid pressure chamber 53 between this wall and the land a and
      a removable closure wall 54 at the large end of the bore providing a fluid
      pressure chamber 56 between the wall 54 and land b of the valve element. A
      spring 57 seated on the wall 52 fits in a guide bore 58 in the land a and
      engages the land a to move the valve element 46 in a dump opening
      direction. A spring 61 fits in bore 62 in the end land b to bias the valve
      element 46 in fill opening direction. The fill and dump line 24 is
      connected at port 63 to the stepped bore 49 at the step and thus is always
      connected to the space between the lands a and b of valve element 46. A
      main line 43 is connected to a main line port 64 which is connected by
      restriction 66 and passage 67 to chamber 53 and by restriction 68 and
      passage 69 to chamber 56. The entry of passages 67 and 69 respectively to
      chambers 53 and 56 has a recess so valve element 46 cannot block the
      passages so each passage provides for full flow downstream of its
      restriction. The restrictions 66 and 68 provide equal flow and the
      chambers 53 and 56 have about equal volume so fluid movement during
      operation is about equal. The main line 43 is also connected by a
      restriction 70 and feed passage 71 to feed port 72 which may be annular in
      the large portion 48 of the bore. The small bore portion 47 has a fill
      port 73 connected to sump 16. When the valve 46 is in the neutral position
      shown, both the feed port 72 and the exhaust port 73 are closed
      respectively by the lands b and a. The control passage 69 is also
      connected by the valve controlled restricted passage 74 to exhaust 75 and
      is opened and closed by the relay valve element 76 slidably mounted in
      bore 77 in a portion of the valve body 51. A miniature cylindrical float
      81 is mounted in a cylindrical guide 82 having an inturned flange 83 at
      the top to retain the float within the guide, apertures 84 around the
      bottom of the float and attachment ears 86 and retaining screws 87.
PAR  The level sensor in the modification shown in FIGS. 4 and 5 employs a
      normally closed solenoid valve 91 and a temperature sensitive resistor or
      thermistor probe 92. The solenoid valve 91 is secured on the valve body
      51' which is like valve body 51 of FIG. 3 so only a portion is shown. The
      solenoid valve 91 has a valve element 93 which is spring biased to close
      restriction 74' and has a coil which when electrically energized opens
      restriction 74'. The thermistor probe 92 has a thermistor, e.g., a
      semiconductive germanium material of P-type conductivity or silicon
      material of N-type conductivity, having in the operating range a negative
      temperature coefficient of resistance providing as the temperature of the
      thermistor gradually increases, the resistance of the thermistor rapidly
      decreases, and conversely, as the temperature of the thermistor decreases,
      the resistance of the thermistor rapidly increases.
PAR  Such thermistors are used as fluid level sensors. The thermistor is
      supplied with proper voltage and when the heat generated by the resistance
      of the thermistor is dissipated to surrounding fluid, the thermistor is
      maintained at a lower temperature providing high resistance and low
      current flow insufficient to actuate a relay switch but when the heat
      generated by the resistance of the thermistor is not dissipated because it
      is surrounded by air, the temperature rises to reduce resistance and
      increase current flow sufficient to actuate a relay switch.
PAR  The level sensor circuit has a source of electrical energy, e.g., grounded
      battery 94, which is connected through the coil 95 of the normally closed
      relay switch 96 to the grounded thermistor 97 of the above described type
      in probe 92. The normally closed switch 96 normally connects the battery
      to energize the solenoid valve 91 to open valve 93 and when switch 96 is
      energized, opens the circuit to de-energize the solenoid valve to close
      valve 93.
PAR  When the fluid level is above the probe 92, the thermistor 97 reduces
      current, normally closed switch 96 is closed to energize solenoid valve 91
      to open relay valve element 93 to cause the level valve to return or dump
      fluid from sump 16 to reservoir 26. When the fluid level is below the
      probe 92, the thermistor 97 increases current, normally closed switch 96
      is open to de-energize normally closed solenoid valve 91 so the spring
      closes valve element 93 to cause the level valve to fill the sump 16 from
      the reservoir.
PAC  OPERATION:
PAR  During operation of a transmission in a vehicle the level of the oil in the
      sump of the transmission is subject to wide variations caused by
      variations in temperature, vehicle attitude, transmission operation
      conditions and loss of oil. In order to maintain substantially normal oil
      level in the transmission sump, the transmission oil level control device
      21 is centrally located in the transmission sump pan 16 and has a
      miniature float 81 controlling a valve 46 which is operative in response
      to low oil level to provide a fill connection to admit additional oil from
      the elevated tank 26 under a gravity feed and in response to above normal
      oil level connects the main line dump branch through the oil level control
      valve to return or dump oil to the elevated tank 26 to reduce the oil
      level.
PAR  When the transmission is not operating, and the transmission pump is not
      supplying fluid under pressure to the supply line such as main line 32,
      the springs 57 and 61 acting on opposite ends of the valve element 46,
      position the valve element in the central position shown. In this position
      main line pressure dump feed line 43 is blocked at port 72 by the land b
      of valve element 46. The fill port 73 is blocked by the land a of valve
      element 46. Thus the fill and dump line 24 is blocked between the lands a
      and b and there is no fill flow from the tank 26 through line 24 to the
      transmission sump and no dump flow from the dump feed line 43 to the fill
      and empty line 24. When the transmission input is driven to drive pump 31,
      the main line pressure is supplied from the sump 16 to the main line
      pressure line 32 and regulated by the regulator valve 33. This main line
      pressure is connected to the dump and control line 43 and is initially
      supplied respectively through orifices 66 and 68, passages 67 and 69 to
      chambers 53 and 56. If the oil level is low and the float 81 descends to
      move relay valve 76 to the closed position closing orifice 74, the main
      line pressure in both chambers 53 and 56 is equal. Thus the main line
      pressure chamber 56 acting on the larger area of land b moves the valve
      element 46 in a fill opening direction to connect the tank 26 via fill and
      dump line 24 and its port 63 between the lands a and b to the fill port 73
      to deliver more oil to the sump to increase the oil level in the sump. If
      the oil level rises above the normal oil level, it raises the float 81 to
      permit the pressure in passage 69 to move the relay valve 76 to open the
      passage 74 to connect the main line passage 69 via restriction 74 to
      exhaust port 75 to lower the pressure in chamber 56 so the equalized
      spring force and main line pressure in chamber 53 will move the valve
      element 46 to the dump opened position connecting main line pressure from
      dump feed line 43, restriction 70, passage 71 and port 72 between the
      lands a and b to port 63 and its fill and dump line 24 to return or dump
      fluid to the tank 26 to lower the oil level in the sump. The restriction
      70 in the main line pressure supply reduces the return or dump fluid flow
      to the same rate of flow volume as the gravity feed from the reservoir to
      the sump to equalize valve cycle time. This level control provides a slow
      rate of change between limits closely above and below the indicated means
      oil level since the restrictions 66, 68 and the forces on the float dump
      valve movement. The supply pressure is connected in parallel to the same
      very small size control restrictions 66 and 68 and the larger feed or
      supply restriction 70 so the rate of operation of the controls is the same
      in the dump and fill positions of valve element 46. The restriction 74 can
      be the same small size as restrictions 66, 68 to provide one half the
      supply pressure value in chamber 56 when relay valve 76 is open or
      slightly larger to provide less than half the supply pressure in chamber
      56. Apertures 84 are small so oil surges do not immediately change float
      level to damp operation.
PAR  The solenoid valve 91 and thermistor probe 92 function to control relay
      valve element 93 as described above. The level valve body 51' functions in
      the same way under control of relay valve element 93 as the level valve
      body 51 under the control of relay valve element 76.
PAR  It will be apparent that these and other modifications of the invention may
      be made.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. In a transmission; a transmission housing having a sump; an input; and
      output; drive means in said housing receiving fluid under pressure during
      operation providing a drive between said input and output; a suction
      intake centrally located in the bottom of said sump; source means
      including a pump connected to said intake and delivering a regulated
      pressure to said drive means; a fluid reservoir elevated above said sump;
      level control valve means having a bore and level valve element means in
      the bore mounted for movement from a central closed position in one
      direction to a fill position and in the opposite direction to a dump
      position; a fill and dump passage connecting said reservoir to said bore;
      a fill passage connecting said bore to said sump for full gravity flow
      filling; supply passage means having a flow passage connecting said source
      means to said large bore portion for dumping control means for said level
      valve means, having a chamber and low flow restricted passage means
      connected to said chamber, control passage means having a low flow control
      restriction connecting said chamber to said sump and a relay valve element
      movable for closing said control passage means at said restriction by a
      very low force and biased to open position by fluid pressure in said large
      chamber and level sensor means operative in high fluid level condition to
      cause opening of said relay valve element to reduce pressure in said
      chamber and said control means to move said level valve element to said
      dump position connecting said supply passage to said fill and empty
      passage and closing said fill passage to pump fluid from said sump and
      supply passage to said reservoir and in a low fluid level condition to
      move said relay valve element to closed position to close said control
      passage means so pressure in said chamber moves said level valve element
      to fill position closing said supply passage and connecting said fill and
      empty passage to said fill passage to fill said sump from said reservoir.
NUM  2.
PAR  2. The invention defined in claim 1 and said level sensor means being a
      miniature float operative to control said very low force relay valve
      element.
NUM  3.
PAR  3. The invention defined in claim 1 and said level sensor being a solenoid
      operative to control said very low force relay valve element and
      thermistor means operative to control said solenoid.
NUM  4.
PAR  4. In a transmission; a transmission housing having a sump; an input; an
      output; drive means in said housing receiving fluid under pressure during
      operation providing a drive between said input and output; a suction
      intake centrally located in the bottom of said sump; source means
      including a pump connected to said intake and delivering a regulated
      pressure to said drive means; a fluid reservoir elevated above said sump;
      level control valve means having a stepped bore having a large portion and
      a small portion with an intermediate step and closed at both ends, a level
      valve element having a large land in the large bore portion and a small
      land in the small bore portion with a recess therebetween at the step
      slidably mounted in said stepped bore for movement from a central closed
      position in one direction to a fill position and in the opposite direction
      to a dump position, a small area chamber provided between the closed small
      bore end and said small land, a large area chamber provided between the
      closed large bore end and said large land and spring means in each chamber
      seated on an end wall and biasing said valve element to said central
      closed position; a fill and dump passage connecting said reservoir to said
      bore at said step for connection to said recess in all valve element
      positions; a large fill passage connecting said small bore portion to said
      sump for full gravity flow filling; supply passage means having a
      restricted flow passage connecting said source means to said large bore
      portion for restricted pressure flow dumping at about the same volume rate
      of flow as said full gravity flow, a first very low flow restricted
      passage connecting said source means to said small chamber and a second
      very low flow restricted passage having substantially the same flow
      restriction as said first restricted passage connected to said large
      chamber; control passage means having a very low flow control restriction
      and connecting said large chamber to said sump, a miniature relay valve
      element movable for closing said control passage means at said control
      restriction and biased to open position by fluid pressure in said large
      chamber; a miniature float guided for floating on the fluid in said sump
      operative in high fluid level position to permit pressure in said large
      chamber to open said relay valve element to reduce pressure in said large
      chamber so pressure in said small chamber moves said level valve element
      to said dump position connecting said supply passage to said fill and
      empty passage and closing said fill passage to pump fluid from said sump
      to said reservoir and in a low fluid level position to move said relay
      valve element to closed position to close said control passage means so
      full pressure in said large chamber moves said level valve element to fill
      position closing said supply passage and connecting said fill and empty
      passage to said fill passage to fill said sump from said reservoir.
NUM  5.
PAR  5. The invention defined in claim 4 and said source means having a main
      line at main line regulated pressure connected to said drive means and
      said supply passage means.
NUM  6.
PAR  6. The invention defined in claim 4 and said source means having a main
      line at main line regulated pressure connected to said drive means and an
      overage line at a lower regulated pressure connected to said supply
      passage means to provide priority for drive means operation.
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ABST
PAL  A self-loading limited slip differential is disclosed including at least
      two concentric layers of pairs of generally semi-spherical shells for
      applying friction torque bias to the driven shafts via the side and
      planetary gears of the differential gearing assembly. The shells of one
      layer are rotatably mounted on the planetary pinion shafts, respectively,
      and the shells of the other layer are non-rotatably connected with the
      driven shafts, respectively, said shells being compressed together as the
      side and planetary pinion gears are displaced apart upon the application
      of torque to the differential casing. In an alternate embodiment, in order
      to increase the friction torque bias, an additional pair of concentric
      layers of shell pairs are mounted concentrically upon the first two shell
      layers.
BSUM
PAC  STATEMENT OF THE INVENTION
PAR  This invention relates to a limited slip differential of the self-loading
      type including at least two concentric layers of pairs of generally
      semi-spherical shells for applying friction torque bias to the driven
      shafts via the side and planetary pinion gears of the differential gearing
      assembly.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Limited slip differentials are well known in the patented prior art, as
      evidenced by the patents to Ottemann U.S. Pat. No. 3,606,803 and Ferbitz
      et al U.S. Pat. No. 3,264,901, for example. Various differential and axle
      designs of the pre-loaded and self-loading types have been proposed for
      introducing a positive traction characteristic that will prevent
      overspinning of one traction wheel relative to the other. In one
      embodiment, friction clutch means are provided for clutching together one
      side gear and the differential carrier. In these instances, overspinning
      of one wheel with respect to the other cannot be accomplished unless the
      friction surfaces of the clutch are caused to slip. This introduces a
      torque bias which reduces the loss of tractive effort as one wheel
      encounters a road surface of low coefficient of friction. Other positive
      traction differential mechanisms employ cam elements which are engaged by
      relatively displaceable components of the differential assembly. These cam
      elements become actuated upon relative movement thereof with respect to
      the differential carrier, thus introducing a releasable mechanical torque
      delivery path between the ring gear and one of both of the axle shafts.
PAR  The present invention was developed to provide an improved differential
      mechanism of the self-loading type which avoids the use of friction torque
      clutches, cam-actuated lock-up devices, or spring preloading means.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a self-loading torque-responsive
      limited slip differential is provided which includes multi-shell means for
      applying friction torque bias to the driven shafts via the side and
      planetary pinion gears. The invention is characterized by the provision of
      at least two concentrically arranged layers of pairs of generally
      semi-spherical shells arranged concentrically in the space between the
      back surfaces of the side and planetary pinion gears of the differential
      gearing means and the wall surface of a chamber contained in the
      differential casing. To this end, the wall surface of the casing chamber
      is spherical and the back surfaces of the planetary pinion and the side
      gears comprise sectors of a sphere. The shells of a first shell pair are
      rotatably mounted in a free floating manner on the shafts of the planetary
      pinion gears, respectively, and the shells of the other shell pair --
      which are orthogonally arranged relative to the shells of the first pair
      -- are non-rotatably connected with the driven shafts, respectively. In
      order to increase the friction torque bias, a plurality of additional
      pairs of concentric shell layers may be provided. The shells are
      compressed together as the side and planetary gears are displaced apart
      upon the application of load to the differential casing.
PAR  As distinguished from limited slip differentials of the preload type
      including clutch pack or spring loading means, the limited slip
      differential of the present invention is of the torque-responsive
      self-loading type (i.e., the friction torque bias, in pounds-feet, is a
      function of the driving or coasting torque applied to the differential
      casing). As is normal practice, the tooth geometry of the enmeshing teeth
      of the side and planetary pinion gears are designed to effect relative
      separation of these gears upon the application of torque to the
      differential casing, thereby effecting compression of the shells between
      the back surfaces of the side and pinion gears and the spherical wall
      surface of the casing chamber. Owing to the large frictional area between
      the mating surfaces, the multi-shell limited slip differential experiences
      low wear and an excellent heat transfer characteristic. The differential
      casing need not be hardened, thereby resulting in an important cost
      saving.
PAR  Boundary lubrication grooves are provided in the mating surfaces of the
      shells and/or the casing wall and the back surfaces of the side and
      planetary pinion gears for supplying boundary lubrication to said mating
      surfaces. The limited slip differential is compact enough to fit within
      existing axle housings, and the unit has no tendency to clunk when
      operable between drive and coast conditions. The bias is the same
      regardless of which rear wheel is spinning, thereby offering a further
      advantage over limited slip differentials of the single clutch pack type.
      Bias is immediate, without requiring initial or continued spinning of one
      wheel. In the two-layer design there is no limit on outward travel of the
      side gears, and consequently bias will not deteriorate with time. While
      the apparatus of the present invention lends itself best to differentials
      of the two-pinion type (rather than differentials of the four-pinion
      type), the shells of the four layer design are small enough that a
      plurality of shells can be fit in various layers, if desired. Thus, the
      apparatus of the present invention is particularly suitable for use in
      automobiles and light trucks.
PAC  OBJECT OF THE INVENTION
PAR  Accordingly, a primary object of the present invention is to provide a
      self-loading limited slip differential including at least a first pair of
      concentric layers of pairs of generally semi-spherical shells which are
      compressed, upon the application of torque to the differential casing,
      between the wall surface of the casing and the back surfaces of the side
      and planetary pinion gears, thereby to apply friction torque bias to the
      driven shafts via the side and planetary pinion gears. To this end, the
      wall surface of the casing chamber is spherical, and the back surfaces of
      the side and planetary pinion gears are formed as sectors of a sphere. The
      shell pairs of adjacent layers are orthogonally arranged, the shells of
      one layer being freely rotatably mounted upon the shafts of the planetary
      pinion gears, respectively, and the shells of the other layer being
      non-rotatably connected with the driven shafts, respectively (either
      directly or via non-rotatable connections with the side gears). The
      enmeshing teeth of the side and planetary gears have conventional geometry
      which cause these gears to be displaced apart upon the application of
      torque to the casing, thereby to achieve the desired compression of the
      shells.
PAR  In accordance with a more specific object of the invention, boundary
      lubrication grooves are formed in at least some of the mating surfaces of
      the shells, and, if desired, in the casing wall surface and the back
      surfaces of the side and pinion gears.
PAR  According to another object of the invention, the friction torque bias is
      increased by providing additional pairs of layers of shells in concentric
      relation to the first pair of shell layers. The pairs of shells of
      adjacent layers are orthogonally arranged, the open ends of the shells of
      each layer facing each other.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the invention will become apparent from a
      study of the following specification when viewed in the light of the
      accompanying drawing, in which:
PAR  FIG. 1 is a detailed sectional view of a two-layer embodiment of the
      limited slip differential of the present invention;
PAR  FIG. 2 is a perspective view of the apparatus of FIG. 1;
PAR  FIG. 3 is a detailed sectional view taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a detailed sectional view of a four-layer embodiment of the
      present invention; and
PAR  FIG. 5 is a sectional view taken along the line 5--5 of FIG. 4.
DETD
PAR  Referring now to the drawing, the limited slip differential includes a
      two-part casing 2 having casing sections 2a and 2b connected by bolts 4,
      said casing containing a chamber having a spherical wall surface 2c, and a
      pair of aligned bores 2d and 2e for receiving the aligned driven shafts 6
      and 8, respectively. The casing is rotatably driven by the driving shaft
      10 by a pinion gear 12 on the driving shaft and a ring gear 14 arranged
      concentrically upon the casing. The rotatable casing drives the output
      shafts via conventional differential gearing means including a pair of
      planetary pinions 16 (only one of which is shown) that are rotatably
      connected with the casing by pinion shaft 18, and a pair of side gears 20
      and 22 that are splined to the output shafts 6 and 8, respectively, said
      side gears including gear teeth that enmesh with corresponding gear teeth
      on the pinions 16. The geometry of the enmeshing teeth is such that the
      side and planetary pinion gears are displaced apart upon the application
      of torque to the casing.
PAR  In accordance with the present invention, the planetary pinion and side
      gears include outer surfaces each of which is formed as a sector of a
      sphere, said outer surfaces being concentrically spaced from the
      corresponding spherical chamber wall surface 2c. Concentrically mounted
      within the space between these surfaces are inner and outer concentrically
      arranged layers of generally semi-spherical shells 24 and 26, and 28 and
      30, respectively. As shown in FIG. 2, the shells of the inner and outer
      layers are orthogonally arranged, the open ends of the shells of each
      layer facing each other. The inner shells rotate freely in a floating
      manner about the pinion shaft 18, and the outer shells are splined to the
      output shafts 6 and 8, respectively. In order to effect boundary
      lubrication of the mating surfaces between the shells, between the inner
      shells and the back surfaces of the side and planetary pinion gears, and
      between the outer shells and the spherical casing wall, there are provided
      lubricating grooves 34 in at least some of these mating surfaces. These
      lubricating grooves may have various configurations as shown in FIG. 2.
PAC  OPERATION
PAR  Assuming that no driving torque is applied to the casing 2 via driving
      shaft 10, pinion 12 and ring gear 14, the layers of shells are not
      compressed together and the friction torque bias applied to the driven
      shafts via the back surfaces of the side and planetary pinion gears is
      quite low (i.e., substantially zero). Consequently, the driven shafts 6
      and 8 are connected by the planetary pinions 16 and the side gears 20 and
      22 for free conventional differential gearing operation. Rotation of one
      driven shaft in one direction results in rotation of the other driven
      shaft at the same speed in the opposite direction.
PAR  Upon the application of torque (driving or coasting) to the casing 2 via
      input shaft 10, pinion 12 and ring gear 14, the casing is rotated to drive
      the driven shafts 6 and 8 at the same rotational velocity via planetary
      pinions 16 and side gears 20 and 22, respectively. As the torque is
      increased, the tooth pressure angle between the enmeshing teeth of the
      side and planetary pinion gears causes these gears to be separated,
      thereby compressing the shells between the outer surfaces of the pinion
      and side gears and the spherical wall surface 2c of the casing chamber.
      This compression of the shells applies a friction torque bias to the
      driven shafts via the back surfaces of the side and planetary pinion
      gears. Thus, since shells 28 and 30 are splined to the driven shafts 6 and
      8, the friction experienced by these shells puts torque bias into the
      driven shafts in addition to the frictional resistance experienced by the
      backs of the pinion and side gears. Consequently, in the event that the
      rear wheel associated with one of the driven shafts experiences a slip
      condition, torque is applied to the other driven shaft in accordance with
      the bias ratio. It is apparent that the limited slip differential is of
      the self-loading torque-responsive type, and the use of pre-load means is
      avoided.
PAR  Owing to the provision of the boundary lubrication grooves 34, boundary
      lubrication is applied to the mating surfaces of the shell, casing and
      gearing components (without obtaining a complete film on the mating
      surfaces) thereby reducing wear of the mating surfaces. Owing to the
      relatively large areas of the mating surfaces, the apparatus has excellent
      heat dissipating characteristics.
PAR  The semi-spherical shells are formed (for example, by lathe spinning) from
      a suitable metal such as hardened steel, brass, bronze or the like. If
      desired, the shells may be faced with a suitable friction material, such
      as an asbestos composition material like that used in brake linings.
PAR  The tooth geometry of the enmeshing teeth of the planetary pinion and the
      side gears may be altered to obtain a desired separating force derived
      from torque, thereby to control the amount of friction torque bias.
PAR  In order to increase the friction torque bias, the number of shells may be
      increased. Referring now to the embodiment of FIGS. 4 and 5, the back
      surfaces of the side gears 20' and 22' are reduced to enlarge the space
      between said surfaces and the spherical wall surface 2c' of the casing
      chamber. Four layers of concentrically arranged pairs of semi-spherical
      shells are provided in this enlarged space, the shells of one set of
      alternate layers (only shells 50 and 52 of which are shown) being
      rotatably mounted in free floating relation on the pinion shaft 18', and
      the shells 54, 56 and 58, 60 of the remaining layers being splined to the
      side gears 20' and 22', respectively.
PAR  The operation of this embodiment is identical to that of FIGS. 1 - 3. More
      particularly, in the absence of the application of torque to the
      differential casing, conventional differential connection (with relatively
      low friction torque bias) is achieved between shafts 6' and 8' via the
      side gears 20' and 22' and the planetary pinion gears 16. As the driving
      torque on ring gear 14' and casing 2' increases, the pinion and side gears
      are displaced apart (owing to the geometry of their enmeshing teeth) to
      compress the layers of shells together in a self-loading manner, thereby
      increasing the friction torque bias applied to the driven shafts via the
      back surfaces of the side and planetary pinion gears.
PAR  While in accordance with the provisions of the Patent Statutes, the
      preferred forms and embodiments of the invention have been illustrated and
      described, it will be apparent to those skilled in the art that various
      changes and modifications may be made without deviating from the inventive
      concepts set forth above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A limited slip differential for driving a pair of axially aligned driven
      shafts by a driving shaft, including
PA1  a. a casing containing a chamber having a spherical wall surface, said
      casing also including a pair of aligned bores communicating with said
      chamber for receiving the driven shafts, respectively;
PA1  b. ring gear means adapted to be driven by the driving shaft for rotating
      said casing about the axis of said aligned bores;
PA1  c. differential gearing means for connecting said casing with the driven
      shafts, respectively, said differential gearing means including
PA2  1. at least two planetary pinion gears;
PA2  2. a pair of pinion shaft means rotatably connecting said pinion gears with
      said casing, respectively; and
PA2  3. a pair of side gears adapted for non-rotatable connection with said
      driven shafts, respectively, said side and planetary pinion gears having
      back surfaces which are formed as sectors of a sphere, said back surfaces
      being concentrically spaced from the spherical wall surface of said casing
      chamber, respectively, said planetary pinion and side gears having
      enmeshing teeth of a configuration to effect separation of said gears upon
      the application of torque to the differential casing; and
PA1  d. at least two concentric layers of pairs of generally semi-spherical
      shells mounted in the space between the back surfaces of said side and
      planetary pinion gears and said chamber wall surface, the open ends of the
      shells of each layer facing each other and the shells of adjacent layers
      being orthogonally arranged, the shells of a first layer being rotatably
      mounted on the pinion shaft means associated with said pinion gears,
      respectively, and the shells of the other layer being adapted for
      non-rotatable connection with the driven shafts, respectively, whereby
      upon the application of torque to said casing, said side and planetary
      pinion gears are displaced apart to compress the shells between said back
      surfaces of said side and planetary pinion gears and said spherical casing
      wall surface, thereby to apply friction torque bias to the driven shafts
      via said side and planetary pinion gears.
NUM  2.
PAR  2. Apparatus as defined in claim 1, wherein the shells of said second layer
      are non-rotatably connected with said side gears, respectively.
NUM  3.
PAR  3. Apparatus as defined in claim 1, wherein at least some of the shells
      contain boundary lubricating grooves for supplying a lubricant between the
      mating surfaces of said shells.
NUM  4.
PAR  4. Apparatus as defined in claim 2, wherein at least some of the mating
      surfaces between said shells and said spherical casing wall surface
      contain boundary lubricating grooves for supplying a lubricant to said
      mating surfaces.
NUM  5.
PAR  5. Apparatus as defined in claim 4, wherein at least some of the mating
      surfaces between said shells and said side and planetary pinion gears
      contain boundary lubrication grooves for supplying a lubricant to said
      mating surfaces.
NUM  6.
PAR  6. Apparatus as defined in claim 1, and further including at least two
      additional layers of pairs of semi-spherical shells arranged
      concentrically about said first two pairs of shells, the pairs of shells
      of a first group of alternate layers being rotatably connected with said
      pinion shaft means, respectively, and the shells of the remaining
      alternate layers being adapted for non-rotatable connection with said
      driven shafts, respectively.
NUM  7.
PAR  7. Apparatus as defined in claim 6, wherein the shells of said remaining
      layers are non-rotatably connected with said side gears, respectively.
NUM  8.
PAR  8. Apparatus as defined in claim 7, wherein the shells of said remaining
      alternate layers have a greater thickness than the shells of said first
      group of alternate layers.
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ABST
PAL  This invention relates to dies and the method for making dies for rolling
      threaded fasteners having conical or truncated conical ends. The face of
      each of a pair of dies which contacts the workpiece includes a first
      generally planar surface having a plurality of parallel ridges disposed
      thereon. A second generally planar surface having ridges thereon for
      threading the conical or truncated conical end is disposed on the face at
      an angle with respect to the first generally planar surface. The face on
      which the two generally planar surfaces are disposed is normally generally
      rectangular and elongated in the direction of relative movement between a
      pair of dies. The intersection of the two generally planar surfaces and
      each groove or ridge disposed on each such surface is positioned in
      parallel realtionship to every other ridge or groove and the intersection
      of the first and second generally planar surfaces. Each ridge disposed in
      a plane which is parallel to the first plane and the projection is
      disposed at an angle with respect to the direction of movement which is
      substantially equal to the helix angle of the threaded fastener to be
      formed. These angular relationships permit the rapid and inexpensive
      manufacture of dies for threaded fasteners of the type described by
      enabling cutting or grinding of the entire face with a multipoint cutting
      tool or a crushed grinding wheel in a single pass as opposed to prior art
      structures which necessitated the use of single point cutting tools or
      correspondingly shaped grinding wheels which machined or ground a single
      groove between adjacent ridges in each machining pass.
PARN
PAR  This is a division of application Ser. No. 430,800, filed Jan. 4, 1974 now
      U.S. Pat. No. 3,896,653.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The thread rolling process has been widely accepted as a means of forming
      external threads accurately, quickly and inexpensively. Production rates
      have reached six hundred parts per minute. The product so manufactured has
      superior physical qualities to that produced by machining. Significant
      material savings are realized since a blank is utilized having an outside
      diameter which is less than the outside diameter of the threaded fastener
      to be formed. This invention relates primarily to flat dies for such
      thread rolling processes and particularly to dies for rolling those
      threaded fasteners which have both a straight section and a point section.
      Other applications may include planetary dies for the rolling of such
      dies.
PAR  Such dies have been relatively expensive to manufacture because of the
      necessity of making multiple passes either with a grinding wheel or a
      milling cutter to individually produce each groove. The individual
      machining or grinding has been necessary because the face surface of the
      die which contacted the workpiece comprises two generally planar surfaces;
      the first generally planar surface disposed on the face of the die in
      substantially parallel relationship to the axis of the straight section of
      the workpiece and the second generally planar surface also disposed on the
      face of the die which contacts the workpiece. As viewed from one end of
      the die, the angular relationship between the two generally planar
      surfaces is equal to the angle between the straight section and point
      section of the finished screw.
PAR  The intersection of the first and second generally planar surfaces defined
      a line parallel to the direction of relative movement between the pair of
      dies utilized to form a single screw. Because the ridges disposed on the
      first and second generally planar surfaces of the face are obliquely
      disposed with respect to the intersection of the first and second
      generally planar surfaces, each ridge in the first generally planar
      surface was disposed in the same plane as the intersection of the first
      and second generally planar surfaces, which is sometimes referred to as
      the heel line, and each ridge is disposed at an angle to the direction of
      movement substantially equal to the helix angle of the thread to be
      rolled. Each ridge on the second generally planar surface is an extension
      of a ridge on the first generally planar surface. It is not feasible to
      use a multipoint cutter or grinding wheel to simultaneously generate all
      of the ridges in this configuration because the multipoint tool, as it
      progresses obliquely with respect to the heel line, will generate grooves
      of unequal depth if any attempt is made to obliquely pass over the "heel
      line."
PAR  The single point tools which have been typically utilized are controlled by
      means of cams or other mechanical apparatus to follow a predetermined rise
      and fall path which imparts a contoured thread forming surface into the
      die working face. The number of milling cuts or grinding cuts that must be
      made in single point generation of the die working face is determined by
      the length and pitch of the thread which is to be rolled by the die being
      made.
PAR  It is apparent that the mechanism for imparting the described rise and fall
      path, as well as the time involved in repetitively cutting each individual
      groove while describing the referred to rise and fall path, results in a
      relatively expensive manufacturing process.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the various problems with the prior art may be
      avoided in dies for forming the circumference of a substantially
      cylindrical workpiece into a threaded fastener having a tapered portion.
      Dies in accordance with the invention have a face elongated in the
      direction of movement cooperating with a similar face on another die upon
      relative motion therebetween. Each die face has a first planar surface
      disposed substantially parallel to the substantially cylindrical portion
      of the workpiece and has substantially parallel ridges disposed thereon at
      an included angle with respect to the direction of movement substantially
      equal to the helix angle of the threaded fastener to be rolled. Each die
      face has a second generally planar surface which intersects the first
      generally planar surface to define a line substantially parallel to said
      ridges on said first generally planar surface. The second generally planar
      surface also has ridges disposed thereon which are also substantially
      parallel to each of the ridges on the first generally planar surface.
PAR  In one form, the face may include a relief for clearance of an axial
      portion of the workpiece as it is started along the face and also may
      include a cutoff ramp gradually rising from the first generally planar
      surface which fairs into said second generally planar surface.
PAR  The invention also contemplates the method of manufacturing a die for
      rolling a threaded fastener having a tapered end portion wherein the die
      is provided with a plurality of ridges disposed in first and second
      generally planar surfaces intersecting to define a line disposed at an
      included angle with respect to the direction of movement when the die is
      used substantially equal to the helix angle of the screw to be formed with
      such die. The method includes holding the die blank and traversing a
      single multiple ridged tool along the face of the die blank with the line
      of contact between the tool and the die being disposed with respect to the
      direction of movement, when the die is used, at an angle equal to ninety
      degrees minus the helix angle of the screw to be rolled with the die. All
      of the thread rolling ridges on the die are accordingly manufactured
      simultaneously. In a preferred form, the tool is a grinding wheel
      manufactured by a crush grinding process to have a face complimentary to
      the desired die form. In another form, the method of manufacturing the die
      comprises holding the die blank and traversing a single tool having
      multiple ridges thereon along the face of the die blank with a line of
      contact between the tool and the die being disposed at right angles to the
      line which defines the intersection of the first and second generally
      planar surfaces.
PAR  It has been found that the invention meets the objects of the invention
      which include providing a die and a method for manufacturing a die which
      is compatible with existing thread rolling machines and which is
      substantially less expensive to manufacture.
PAR  Another object of the invention is to produce a die and a method for
      manufacturing such a die wherein the accuracy of the contour is improved
      by simultaneously machining each ridge and each groove of the die.
PAR  Still another object of the invention is to provide a die and a method for
      manufacturing such a die wherein different contours on individual ridges
      may be produced simultaneously such as where self-tapping or self-locking
      threads are desired.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a sectional view illustrating a thread rolling die and a threaded
      fastener produced thereby in accordance with the invention;
PAR  FIG. 2 is an isometric view to a slightly reduced scale of the die shown in
      FIG. 1 and showing the position of section 1--1 taken therein;
PAR  FIG. 3 is an isometric view of a cutoff die for forming gimlet point screws
      in accordance with the invention; and
PAR  FIG. 4 is an isometric view of a die in accordance with the prior art
      showing the relationship between the ridges on the faces of a cutoff die
      and the intersection of the generally planar surfaces respectively for
      threading the cylindrical body portion of the fastener and the tapered
      portion of the threaded fastener.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Turning now in detail to FIGS. 1 and 2 of the drawing, therein illustrated
      is a short die 10 embodying the present invention and having a plurality
      of discrete surfaces, each of which is adapted to operating in conjunction
      with a corresponding surface of another die (not shown) to vary the form
      of a blank or workpiece to produce a threaded fastener or workpiece 14
      having a cylindrical body portion 16, a tapered end portion 18 and a head
      19. As is customary in such dies, there is an exact counterpart having an
      identical shape and size on the mating die for every portion of the
      illustrated die except for the end portions which in one of the dies will
      be somewhat elongated. The longer of the two dies is provided with
      extensions which typically may be 1/4 of 1 inch on each end. The
      extensions are provided for end-wise adjustment purposes. The discrete
      transverse surfaces of die 10 correspond to the discrete surfaces of
      threaded fastener 14 which are cylindrical body portion 16 and tapered end
      portion 18.
PAR  A first generally planar surface 20 is disposed on the working face of the
      die 10 which contacts the workpiece 14. It is disposed in generally
      parallel relationship to the axis of the workpiece 14. Also, in the
      customary manner, it is provided with a plurality of ridges 22 spaced
      between grooves 24. Each ridge 22 and each groove 24 is disposed in
      parallel relationship to every other ridge 22 or groove 24 within the
      first planar surface 20.
PAR  Customarily, the die 10 will be manufactured with three parallel edges
      which are identified by the numerals 26, 28 and 30. In operation, there
      will be relative motion between the workpiece 14 and the die 10 and
      specifically the die will move in a direction parallel to each of the
      sides 26, 28 and 30. This relationship is not necessary to the invention
      and is noted merely because it conforms to the conventional method of
      manufacturing dies. It will be understood by those skilled in the art also
      that in a conventional flat die thread rolling machine that only one of
      the two dies in a pair is moved while the other is held stationary and a
      workpiece is passed therebetween. Accordingly, the terminology "direction
      of movement" pertains specifically to the die in the pair of dies that is
      being moved. Each of the ridges 22 and grooves 24 in the first generally
      planar surface 20 is disposed at an angle with respect to the direction of
      movement of the die which is substantially equal to the helix angle of the
      screw which is to be formed by the die. In the illustrated embodiment, it
      will be evident that the ridges 22 and grooves 24 are also disposed at an
      angle with respect to edges 26, 28 and 30 which is substantially equal to
      the helix angle of the screw to be rolled with the die.
PAR  A second generally planar surface 32 on the working face of the die 10 is
      obliquely disposed with respect to first generally planar surface 20 and
      is particularly for the purpose of rolling threads on the tapered end
      portion 18 of the workpiece 14. As measured in a transverse cross-section,
      perpendicular to the direction of movement of the die 10, the angle
      between the first generally planar surface 20 and second generally planar
      surface 32 will be substantially equal to the angle defined on the screw
      by the lines which are respectively defined by the crests of the screw
      threads within cylindrical body portion 16 and tapered end portion 18. The
      second generally planar surface 32 is disposed also with respect to first
      generally planar surface 20 so that the intersection therebetween defines
      a line 34 which is sometimes referred to as the heel line. This heel line
      34 is parallel to each ridge 22 and each groove 24 on first generally
      planar surface 20. It will be understood that although reference has been
      made to the plane defined by the ridges 22 and the plane defined by
      grooves 24 that the distance therebetween is so small that the two may be
      reasonably considered to be one single plane with the understanding that a
      rigorous geometric analysis must properly consider that they are in fact
      separate planes. The generally planar surface 32 is provided with a
      plurality of ridges 36 and grooves 38 for forming threads in the tapered
      end portion 18 of the workpiece 14. For threaded fasteners, such as that
      shown in FIG. 1, which are sometimes referred to as CA fasteners, it is
      preferable to provide die 10 with a relief or clearance surface 31 which
      is faired into second generally planar surface 32 and also a second relief
      or clearance surface 33. A constraint surface 37 is also provided to limit
      the radial growth of the workpiece 14 as it is moved with respect to the
      die 10 and promote axial extrusion of excess metal away from the head of
      the threaded fastener 14 which might otherwise increase the diameter of
      the rolled thread profile. The axial extrusion of excess metal is attained
      by the cooperation of constraint surface 37 with a corresponding surface
      on the mating die (not shown). By promoting the passage of portions of the
      workpiece 14, inordinate buildup between the planar surface 20 and the
      corresponding surface on the mating die is prevented. The two
      complementary dies are disposed in spaced relationship during the rolling
      operation. Normally, the constraint surface 37 will be disposed parallel
      to the plane defined by the uppermost portion of ridges 22 and
      approximately midway between the ridges 20 and grooves 24.
PAR  Referring now to FIG. 3, therein illustrated is a die 40, similar to that
      shown in FIGS. 1 and 2 which differs in that it is of the cutoff type
      meaning that it is structured to accommodate a cylindrical blank or
      workpiece to form a gimlet point threaded fastener and sever a finite
      axial portion of the workpiece. The die 40 includes a first generally
      planar surface 42 corresponding to first generally planar surface 20 shown
      in FIG. 2. It will be understood that for some gimlet point screws the
      generally planar surface 42 will not be parallel to the axis of the
      workpiece 14, and that there accordingly will be some taper along axially
      spaced portions of the resulting threaded fastener. This is in contrast to
      the first generally planar surface 20 shown in FIG. 2 which is disposed
      substantially parallel to the axis of the workpiece 14. The first
      generally planar surface 42 is provided with ridges 44 and grooves 47
      which are disposed in parallel relationship and at the helix angle with
      respect to the direction of movement as in the die 10. A second generally
      planar surface 46 is also provided corresponding to second generally
      planar surface 32 in die 10 which also has ridges 48 and grooves 50
      disposed in the manner corresponding to that of the ridges 36 and grooves
      38 of second generally planar surface 32 on die 10. The angle between the
      first generally planar surface 42 and second generally planar surface 48
      as measured in a transverse cross-section perpendicular to the direction
      of movement is again substantially equal to the angle between the lines
      defined by respectively the crests of the threads on the finished screw on
      the body portion and on the pointed end portion. The intersection of first
      and second generally planar surfaces 42 and 46 defines a line 52 which is
      parallel to each ridge 44, 48 and each groove 47, 50. In accordance with
      the conventional construction, the die 40 is provided also with a cutoff
      ramp 54 which is faired into the second generally planar surface 46 as
      well as a clearance surface 56 for the purpose of avoiding interference
      with the cooperating die (not shown). A relief area 58 is also provided to
      allow clearance for an axial portion of the workpiece prior to forming,
      threading and cutting off the tip of the cylindrical workpiece.
PAR  Referring now to FIG. 4, there is illustrated a die 60 in accordance with
      the prior art. The critical difference therebetween is clearly evident in
      these views in that the ridges 62 are not parallel to the heel line 64 and
      that the heel line 64 is not disposed at an angle substantially equal to
      the helix angle of the screw to be rolled with respect to the direction of
      movement of the die 60. This difference makes it impossible to
      simultaneously machine each ridge 62 with one cutting or grinding tool
      having axially spaced machining elements. This follows because of the
      necessity for moving the cutter for each individual ridge or groove
      between pairs of ridges up and down sequentially in different phased
      relationship as machining progresses from the first generally planar
      surface 66 to the second generally planar surface 68. By contrast, the die
      of FIG. 3 may be manufactured merely by holding the die blank and passing
      a multipoint tool which may be a crushed grinding wheel or multipoint tool
      over the surface to be machined. With blanks having some preforming, this
      may be done in one traverse. Secondary milling operations are then
      necessary in the case of die 40 to produce the clearance surface 56,
      cutoff ramp 54 and relief 58.
PAR  It will be observed by those skilled in the art that although the invention
      has been described with respect to a flat die, that it also may be
      utilized in the construction of planetary dies. In the method of
      manufacture of such dies the die blank may be moved with respect to the
      machining tool instead of holding the die stationary and moving the tool.
PAR  It will be seen that the die and method of manufacturing die produce a
      product which is compatible with existing thread rolling machines at a
      cost which, because of the simplification of the manufacturing process, is
      substantially less than dies heretofore utilized. In some applications, it
      may be desirable to preform the workpiece simultaneously with the header
      operation to produce the optimum quality of threaded fastener. Similarly,
      it will be evident that all ridges and grooves on the die may be machined
      simultaneously which will promote greater accuracy in the finished die
      product as well as in the threaded fasteners which are produced thereby,
      as well as reducing the cost of the dies involved. Increased accuracy with
      respect to the ridges and grooves is possible because (1) the crush ground
      roller or multipoint cutting tool can economically be manufactured with
      low dimensional tolerance since it will be used repetitively and (2) the
      process of using a single point cutter is inherently more accurate than
      the repetitive cam controlled rise and fall path process for milling each
      groove. It is also apparent that different ridge configurations may be
      simultaneously manufactured across the face of the die for rapidly
      producing dies to manufacture threads having self-tapping or self-locking
      characteristics.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. The method of manufacturing a die for rolling a threaded fastener having
      a tapered end portion, said die having a working face defined by a first
      and a second generally planar surface, said first and second planar
      surfaces intersecting along a line disposed at an included angle with
      respect to the direction of movement when the die is used substantially
      equal to the helix angle of the screw to be formed with such die which
      comprises: angle of the screw to be formed with such die which comprises:
PA1  holding the die, and
PA1  traversing a single tool having multiple ridges thereon relative to the
      face of the die with the line of contact between the tool and the die
      being disposed with respect to the direction of movement when the die is
      used at an angle equal to ninety degrees minus the helix angle of the
      screw to be rolled with the die to simultaneously cut a plurality of
      parallel thread forming ridges in said first and second planar surfaces.
NUM  2.
PAR  2. The method as described in claim 1, wherein the tool comprises a
      grinding wheel having a crush ground contour complimentary to said working
      face.
NUM  3.
PAR  3. The method as described in claim 1, wherein the tool comprises a
      multipoint cutting tool having a contour complimentary to said working
      face.
NUM  4.
PAR  4. The method of manufacturing a die for rolling a threaded fastener having
      a tapered end portion, said die having a working face defined by a first
      and a second generally planar surface, said first and second planar
      surfaces intersecting along a line disposed at an included angle with
      respect to the direction of movement when the die is used substantially
      equal to the helix angle of the screw to be formed with such die which
      comprises:
PA1  holding the die, and
PA1  traversing a single tool having multiple ridges thereon relative to the
      face of the die, the line of contact between the tool and the die being
      disposed at an angle of ninety degrees with respect to the line defined by
      the intersection of the first and second generally planar surfaces to
      simultaneously cut a plurality of parallel thread forming ridges in said
      first and second planar surfaces.
NUM  5.
PAR  5. The method as described in claim 4, wherein the tool comprises a
      grinding wheel having a crush ground contour complimentary to said working
      face.
NUM  6.
PAR  6. The method as described in claim 4, wherein the tool comprises a
      multipoint cutting tool having a contour complimentary to said working
      face.
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ABST
PAL  In the manufacture of saw blades a metal block is first produced, having a
      central portion consisting of cutting tool steel. The block is now
      flattened to form a sheet in which the cutting tool steel forms a central
      strip. The sheet is now divided to form two blades, each blade having an
      edge portion consisting of the cutting tool steel. Saw teeth are finally
      cut in said edge portion.
PARN
PAR  This is a division, of application Ser. No. 351,820, filed Apr. 17, 1973
      now abandoned.
BSUM
PAR  This invention relates broadly to the art of making saw blades, e.g. hack
      saw blades or band saw blades, particularly of the type employed in
      cutting metals, and has as its purpose to provide an improved saw blade
      stock and, more specifically, to provide a better and more practical way
      of making good saw blades.
PAR  Manufactures of saw blades have long known and appreciated that the ideal
      saw blade is the one in which the teeth are formed of cutting tool steel,
      and the back portion of the blade is made of a tough carbon or low alloy
      steel so as to be capable of withstanding shock and have high resistance
      to fatigue failure.
PAR  The term "cutting tool steel" as used herein covers any of the steel alloys
      normally used for cutting tools. Thus it includes high carbon steel, high
      carbon steel alloys, high speed steel, and semi high speed steel, the
      selection depends simply upon the intended use of the saw blade to be made
      from the band saw blade stock.
PAR  Such blades have been produced by welding a thin strip of cutting tool
      steel to one edge of a flexible alloy steel band. This method has not
      proved to be reliable because it results in a non-uniform product. Thus
      the welding of the cutting tool steel directly to the carbon or low alloy
      tough steel results in a welding joint containing hard brittle portions
      due to a partial melting of the steel during the welding. These hard
      brittle portions are often starting points for fatigue cracks. It has been
      found that this method requires the use of electron beam welding in vacuum
      or in at very low pressure. Even if the blade produced in this way is heat
      treated, much of the weld structure will be maintained, thereby causing
      premature failure of the saw.
PAR  It has also been proposed to make composite saw blade stock by pouring a
      melt with a composition corresponding to one portion of the saw blade on a
      billet with a composition corresponding to the other portion of the blade.
      This bimetal billet is then rolled to a band which is heat treated and in
      which teeth are cut in one edge. This method has been without success
      because of the difficulties of obtaining a good structure and an even
      joint between the strips.
PAR  In accordance with the method of the present invention, there is provided a
      saw blade stock comprising a composite band consisting of
PAR  1. A FLEXIBLE BACK STRIP OF STEEL POSSESSING THE PROPERTIES NECESSARY TO
      WITHSTAND SHOCK AND HAVE GOOD RESISTANCE TO FATIGUE FAILURE, AND
PAR  2. A TOOTH STRIP OF CUTTING TOOL STEEL, SAID STRIPS BEING OF INDISCRIMINATE
      LENGTH, UNIFORM WIDTH AND THICKNESS AND BEING PERMANENTLY BONDED TOGETHER
      ALONG ONE EDGE WITH A STRAIGHT THIN INTERMETALLIC JOINT EXTENDING ACROSS
      SAID EDGE AND HAVING AN EXCEPTIONALLY FINE GRAINED STRUCTURE OBTAINED AS A
      RESULT OF DIMENSIONAL REDUCTION BY HEAT WORKING.
PAR  The first of said strips forms the back of the saw blade. In the second
      strip the teeth may be formed by conventional means as cutting and
      grinding. When making a band saw blade, the gullets between the teeth are
      extended through the joint between the strips, so that the body of the saw
      is formed only by the tough back strip. When making hack saw blades, the
      bottom of the gullets will end in the harder second strip. The body of the
      saw therefore comprises both the tough back strip and part of the cutting
      tool steel.
PAR  The saw blades made in this way are capable of being hardened by
      conventional means as by heating, quenching and tempering to full hardness
      of the teeth and toughness of the back without warping or distortion.
PAR  Examples of the composition of the tooth strip are given in Table I and of
      the back strip in Table II
TBL                Table I                                                     

     ______________________________________                                    

     AISI                                                                      

     Designation                                                               

              C %     Mn %   Si % Cr % V %  W %   Mo %                         

     ______________________________________                                    

     M2       .84     .3     .3   4.2  1.9  6.32  5.0                          

     M3:2     1.20    .3     .2   4.2  3.3  6.4   5.0                          

     ______________________________________                                    

TBL                                    Table II                                

     __________________________________________________________________________

     AISI                                                                      

     Designation                                                               

            C % Mn %                                                           

                    Si % Cr % V %  Mo %                                        

     __________________________________________________________________________

     H 13   .4  .4  1.1  5.24 .99  1.345                                       

            .65 .6  1.6  .30  .18  .47                                         

            .52 .95 .25  1.1  .1                                               

     __________________________________________________________________________

PAR  The method of this invention comprises:
PAR  1. Two plane parallel plates or pieces composed of the steel intended for
      the back strip are placed vertically in the same plane with a narrow space
      between two parallel vertical edges. The space between the plates is
      closed at the bottom and at the sides, e.g. by plates of plain carbon
      steel or by water cooled jackets. The upper end of the space is left open.
PAR  2. A melt of cutting tool steel intended for the tooth strip is formed in
      the space between the plates by electric melting of alloy steel fed into
      the space and at the same time melting a controlled part of the plane
      parallel plates forming opposite walls of the space. The alloy steel is
      fed into the space as wires or rods functioning as electrodes. These are
      melted to drops which join the melt. It is essential that the melt is
      formed of the cutting tool steel which is more highly alloyed than the
      steel of the plates intended for the back strip, as only this will give
      the desired thin and straight joint between the materials. The electrode
      tips, the melt drops and the melt are shielded from the atmosphere.
PAR  3. The melt is successively, as it is formed, solidified to casting, which
      unifies the two plates and thereby forms a billet composed of three
      parallel parts.
PAR  4. The billet is hot and cold worked, for example, by forging and rolling
      in a direction parallel to the joints between the three parts to a metal
      band with a thickness corresponding to the thickness of the intended saw
      blade but at least double its width and composed of three aligned strips
      joined at their edges with the cutting tool steel forming the central
      part.
PAR  5. The metal band is thereafter divided into two bands by slotting along
      the centre of the cutting tool steel part.
PAR  FIG. 1 is a cross sectional view taken through FIG. 2.
PAR  FIG. 2 is a top view of an arrangement for producing billets in accordance
      with this invention.
PAR  FIG. 3 is a side view of a billet produced in accordance with the method of
      the invention.
PAR  FIG. 4 is a side view of the band produced by hot and cold working of the
      billet according to FIG. 3.
PAR  FIG. 5 is a side view of a short length of a saw made from the stock of the
      invention.
DETD
PAR  FIGS. 1 and 2 show how two plates 1 of a tough steel intended for the back
      part of the saw blade are placed in parallel vertical position. The space
      2 between these plates has been closed at the ends by carbon steel plates
      3 and 4 and underneath by a plug 5. Instead of the plates 3 and 4 water
      cooled jackets of e.g. copper may be used. These walls will in this case
      not be welded to the produced billet, and need not be scarfed away before
      using the billet. Two electrodes 6 and 7 of a composition calculated to
      give the cutting tool steel intended for the tooth part of the saw blade
      are introduced into the space between the plates. The tips of the
      electrodes are covered by a melted slag 8 which shields them and the
      molten metal 11 from the air. Instead of molten slag even an inert gas,
      for example carbon dioxide or nitrogen can be used as shielding medium.
      Even in this case a small amount of refining slag may be added. The
      electrode 6 is connected to a suitable power supply 9 with lines 10.
      Through the current, which passes the slag or forms an arc when gas is
      used as shielding medium and thereby heats the electrodes, drops of molten
      metal are formed and join the molten bath 11 which successively is
      solidified to an ingot 12, which fills the space between the plates 1. A
      part of the plates are also melted and mixed into the molten bath, which
      give a good connection between the ingot and the plates. The amount of the
      plates which is melted down can be regulated by the cooling of the plates
      and by the current through the electrodes. Instead of two electrodes 6 and
      7, one electrode which oscillates in horizontal direction in the space can
      be used. In this way it is possible to get a straight joint between the
      ingot and the material in the plates.
PAR  FIG. 3 shows on a reduced scale a cross sectional view through a billet
      produced in the arrangement shown in FIGS. 1 and 2. It comprises a central
      part 13 of cutting tool steel bonded to two outer 14, 15 parts of steel
      intended for the back strip of a saw blade.
PAR  FIG. 4 shows a cross sectional view of a band produced by hot and cold
      working of the billet of FIG. 3. The central strip 13 is composed of
      cutting tool steel. By dividing the central strip, two bands of saw blade
      stock are produced.
PAR  FIG. 5 shows how the saw blade stock according to the invention is used to
      make saw blades. The teeth are cut in the cutting tool steel strip 13. In
      this case the gullets do not reach the joint 16 between the strips, and
      the body contains both the back strip and a part of the cutting tool steel
      strip.
PAR  As a specific example of the practice of the invention, two bars, 100 mm
      square and with a length of 1 meter and composed of the steel H 13
      according to Table II, were placed in vertical direction with two sides
      parallel at a spacing of 30 mm. At the bottom the space was closed by an
      ordinary steel plate. With an ordinary electro slag welding equipment, two
      wires of a steel with the composition C .97, Si .20, Mn .27, Cr 3.93, Mo
      6.1, W 8.21, and V 2.14 were melted down between the bath. The ends of the
      space were closed by water-cooled copper walls. The current of the
      electrodes and cooling of the equipment were controlled in such a way that
      casting included about 30 % from the bar material and the resulting
      composition of the middle section of the produced billet had a composition
      corresponding to M2 in Table I.
PAR  The billet was hot rolled in a direction perpendicular to its smallest
      thickness. In this way a band 3 mm thick and 100 mm wide was produced with
      a centre part 20 mm wide, composed of high speed tool steel. After
      annealing the band was cold rolled to a thickness of 2 mm. After another
      annealing the band was divided into two bands of saw blade stock which,
      after trimming, had a width of 40 mm including a 9 mm cutting tool steel
      strip.
PAR  When using this band for hack saw manufacture, the blades were punched from
      the band, the teeth were milled by a cutter. The blade was heated to
      1220.degree.C and quenched in a salt bath and tempered. The achieved
      hardness of the teeth was 65 Rockwell C and the hardness of the backstrip
      was 55 Rockwell C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making a saw blade consisting essentially of a steel tooth
      strip joined to a steel back strip, the quality of the steel of the tooth
      strip being different from that of the back strip, comprising maintaining
      two plates of back strip steel in spaced parallel relation to one another,
      supplying molten tooth strip steel to the space between said plates for
      solidification thereof to form a billet consisting of three parallel
      layers, working said billet to form a composite strip having the desired
      thickness of the saw blade, said composite strip consisting of two edge
      portions of back strip steel and a central portion of tooth strip steel,
      dividing said composite strip along the middle of the central portion, and
      cutting saw teeth in the tooth strip steel edge thus formed.
NUM  2.
PAR  2. The method defined in claim 1 in which (1) the two parallel plates of
      the steel intended for the back strip are in the vertical position and the
      space between two parallel plates is closed at the bottom and at the ends;
      (2) the cutting tool steel intended for the tooth strip is formed as a
      melt in the space between the plates which, upon solidifying to a casting,
      unifies the plates and forms the billet; and (3) hot and cold working the
      billet in a direction parallel to the joints between the three parts to a
      band with the desired thickness and a width at least twice the width of
      the desired saw blade.
NUM  3.
PAR  3. The method according to claim 2, characterized in that the melt in the
      space is formed by supplying drops of a molten steel with a composition,
      which after mixing with a controlled amount of the steel of the plane
      parallel plates melted by the heat introduced into the space, gives the
      intended cutting tool steel.
NUM  4.
PAR  4. The method according to claim 3, characterized in that the amount of
      molten steel from the plane parallel plates mixed into the melt is 20-40%,
      preferably 30%, of the amount of steel introduced by the drops.
NUM  5.
PAR  5. The method according to claim 2, characterized in that the drops of
      molten steel are formed by electric melting of electrodes, that are
      introduced into the space between the plane parallel plates.
NUM  6.
PAR  6. The method according to claim 5, characterized in that the melt, the
      molten drops, and the tips of the electrodes are shielded against air.
NUM  7.
PAR  7. The method according to claim 6, characterized in that admission of air
      is prevented by introducing an inert gas in the space.
NUM  8.
PAR  8. The method according to claim 6, characterized in that a refining slag
      is added to the molten steel.
NUM  9.
PAR  9. The method according to claim 5, characterized in that admission of air
      is prevented by a molten slag.
NUM  10.
PAR  10. The method according to claim 2, characterized in that the space
      between the plane parallel plates is closed at the ends by water-cooled
      jackets, which are removed when the melt is solidified.
NUM  11.
PAR  11. The method according to claim 2, characterized in that the space
      between the two plane parallel plates is closed at the bottom and the ends
      by metallic material which is bond to the melt when it solidifies and
      which is removed before the hot working of the billet.
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ABST
PAL  A tool for tightening and untightening screw-type bottoms or backs of watch
      casings in which the spindle by which the bottom is rotated is threaded to
      a tool stand using the same pitch of thread as that of the threads on the
      watchcase bottom, so that as the spindle is rotated it is displaced
      axially by the same amount as the bottom, thereby keeping the tool on the
      spindle in proper engagement with the bottom of the case.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for screwing and unscrewing
      the bottoms of watch casings, comprising a stand bearing a rotatable
      spindle provided with a tool for tightening and untightening watch-case
      bottoms.
PAR  The apparatus of the above mentioned type are known per se. They are
      generally provided with means, in most of the cases screw means,
      permitting rapid adjustment in the height of the spindle. However, when
      the apparatus is in use, the spindle rotates freely in the stand, without
      effecting any axial movement. The result is that, during the screwing of a
      bottom of a watch casing, it is necessary, after a certain number of
      revolutions, to adjust the axial position of the spindle, by means of the
      rapid adjusting means, otherwise the bottom disengages itself from the
      tool so that it slips within the tool. Such improper tool engagement
      results, on the one hand, in failure of the watch-case bottom to be
      correctly tightened and, on the other hand, gives rise to the danger of
      damaging the outer surface of the bottom. During the unscrewing of the
      bottom, it is also necessary to adjust the axial position of the spindle,
      after a certain number of revolutions, otherwise the bottom moves axially
      up against the tool and binds against it.
PAR  The purpose of the present invention is to remove these drawbacks.
PAC  SUMMARY OF THE INVENTION
PAR  To this effect, the apparatus according to the invention is characterized
      by the fact that screw-thread means are provided for at least indirectly
      threading the spindle in the stand, using threads of the same pitch as
      those of the watch-case bottom, so that while the bottom is being
      tightened or untightened, the tool is displaced axially at the same rate
      that the bottom moves axially, and the tool therefore follows the bottom
      preventing it from binding or becoming disconnected.
DRWD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The drawing shows, by way of example, one embodiment of the invention.
PAR  The one FIGURE is a sectional view of an apparatus for screwing and
      unscrewing the bottoms of watch casings.
DETD
PAR  The apparatus as represented comprises a stand 1 provided with a base 1a
      carrying a fitting 2 intended to receive a watch casing 3 the bottom 4 of
      which is secured thereto by means of screw-threads. This bottom 4 is
      provided with a frusto-conical knurled bearing surface 5 with which
      cooperates a seat 6 of corresponding shape, also knurled, provided on a
      tool 7. This tool is secured to the end of a spindle 8 provided with a
      control wheel 9 carried by the arm, designated by 1b, of the stand 1.
PAR  The spindle 8 is supported within in a sleeve 10 which is screwed, by means
      of a rapid pitch threading, in a sleeve 11 forced in the arm 1b of the
      stand 1. A counternut 12 locks the sleeve 10 in position. This arrangement
      permits a rapid adjustment of the height of the spindle 8.
PAR  In the apparatus of this type known up to now, the spindle is mounted so
      that it rotates freely in a sleeve without axial displacement of the
      spindle with respect to the sleeve.
PAR  In the present apparatus, on the contrary, the spindle 8 is not only
      rotatably mounted in the sleeve 10 but can also move itself axially in
      this sleeve and to this end, the spindle is provided with a threaded
      portion 8a screwed in a tap provided in the upper portion, designated by
      10a, of the sleeve 10. The pitch of the threads 8a of the spindle is the
      same as that of the bottom 4. The result is that, when the bottom 4 is
      screwed on the casing 3 or, on the contrary, is unscrewed therefrom, the
      spindle 8 and, consequently, the tool 7, while moving axially at the same
      time as the bottom 4, follows the bottom, in one sense or in the other,
      without there being any risk that the bottom will escape from the tool or,
      on the contrary, will bind therein.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In apparatus for tightening and untightening screw-type bottoms of watch
      casings wherein the threads by which the bottom is attached to its casing
      have a predetermined pitch, said apparatus including a stand for
      supporting a watch casing and a spindle rotatable about an axis, together
      with a tool on said spindle for rotating the bottom of said watch casing,
      the improvement comprising in combination therewith,
PA1  screw-thread means for mounting said spindle on said stand for axial
      movement relative thereto, the threads of said screw-thread means having
      the same pitch as the threads of the watch-case bottom to be rotated, such
      that during tightening or untightening of said bottom said tool is
      displaced axially by an amount equal to the axial displacement of the
      watch-case bottom whereby said tool follows said bottom.
NUM  2.
PAR  2. The improvement defined in claim 1, wherein said screw-thread means
      comprises a sleeve to which said spindle is threaded,
PA1  said sleeve being also threaded to said stand by means of threads having a
      rapid pitch in order to provide rapid axial adjustment of said tool into
      and out of engagement with the bottom of the watch casing.
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ABST
PAL  Theft resistant combination lug nut apparatus including a nut formed with
      an internally threaded annular bearing ring formed on one end with a
      radially extending shoulder, such nut projecting axially outwardly from
      such ring to form a conical axially elongated centering dome. The bearing
      ring is formed with a plurality of diametrically unopposed radially
      outwardly facing chordal index facets arranged in a pattern defining a
      selected combination and extending axially along the periphery of the ring
      and spaced to form, at locations opposite all such facets, rounded slip
      surfaces. A key device is formed with an open ended shell defining a
      cylindrical socket for closely overfitting the slip surfaces of such
      bearing ring and is formed on its interior with a plurality of index
      surfaces arranged in a pattern to closely fit over the facets on such ring
      whereby the key device may be telescoped axially over such centering dome
      to be aligned axially with the ring and then rotated to register the key
      surfaces with the respective facets and then slid axially onto such ring
      so rotative forces can be applied thereto and only tangential forces will
      be applied to such facets.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of application Ser. No. 338,345, filed
      Mar. 5, 1973, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The theft resistant combination lug nut apparatus of the present invention
      relates to a nut for locking a tire rim to a wheel and which requires a
      special key device for removal thereof.
PAR  2. Description of the Prior Art:
PAR  As disclosed in my parent application, with the polularity of relatively
      expensive custom-made tire rims, many efforts have been made to provide a
      convenient means for locking such rims to the wheel but which provide for
      convenient and rapid removal thereof in the advent of a flat tire on such
      rim, thus necessitating replacement thereof by a spare tire. Since flat
      tires are frequently experienced in darkness and in inclement conditions,
      it is important that any key device to be used on a combination lug nut be
      easily fitted thereon with a minimum of inconvenience and tend to remain
      engaged with the nut during tightening thereof to avoid disengagement and
      consequent cracking of the operator's knuckles. Many efforts have been
      made to solve this problem and one such effort led to the proposal of a
      cylindrical nut having axially extending and radially outwardly opening
      grooves along one side thereof and registerable with a key device having
      complementarily positioned axially extending ribs formed on the interior
      thereof. A device of this type is shown in U.S. Pat. No. 1,447,564 and a
      somewhat similar groove and rib construction was shown in my parent
      application. However, I have learned that devices of this type suffer the
      shortcoming that there must be a close fit between the nut and key device,
      thus requiring critical axial and rotative alignment between the nut and
      key device in order to start the key device onto the nut and to prevent
      galling between the ribs and grooves during telescoping of such key device
      onto the nut. While a shroud may be installed over a lug nut of this type
      to assist in axially aligning the key device with the nut, such an
      arrangement would be practically unfeasible because of the inconvenience
      of installing such shroud and the likelihood of such shroud being deformed
      during use, thus preventing insertion of the key device. Obviously, acorn
      nuts having bell-shaped bonnets thereon are not formed with bearing rings
      having facets arranged in a selected pattern thereon so would present
      little difficulty in removal by a would-be thief.
PAC  SUMMARY OF THE INVENTION
PAR  The theft resistant combination lug nut apparatus of the present invention
      is characterized by a nut formed with an annular bearing ring formed with
      axially extending outwardly facing facets disposed in diametrically
      unopposed relationship and having formed therebetween rounded slip
      surfaces, such facets and slip surfaces being arranged such that a slip
      surface is disposed opposite all such facets. A conically shaped centering
      dome tapers axially outwardly and radially inwardly from such bearing ring
      to facilitate fitting thereonto of a key device formed with a socket which
      closely fits over such slip surfaces and is formed with index surfaces
      closely fitting such facets.
PAR  The objects and advantages of the present invention will become apparent
      from a consideration of the following detailed description when taken in
      conjunction with the accompanying drawing.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a key device and an end view of a
      combination nut incorporated in a theft resistant combination lug nut
      apparatus embodying the present invention;
PAR  FIG. 2 is a transverse sectional view taken through the lug nut apparatus
      shown in FIG. 1 with the key device and nut telescoped together;
PAR  FIG. 3 is a side view, in enlarged scale, of the nut shown in FIG. 1; and
PAR  FIG. 4 is a perspective view, in enlarged scale, of the key device shown in
      FIG. 1 being telescoped onto the nut device shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The theft resistant lug nut apparatus of the present invention includes,
      generally, a combination lug nut N which receives telescopically thereover
      a key device K. The lug nut N is formed with a bearing ring, generally
      designated 11, which defines an axially inwardly facing annular shoulder
      13 and has projecting axially outwardly therefrom a conically shaped
      centering dome 15. Formed about the periphery of the bearing ring 11 are
      three spaced apart, but unopposed, flat facets 17 arranged in a pattern to
      provide a selected combination, the rounded surface between such flat
      facets forming slip surfaces 19 such that a slip surface is disposed
      diametrically opposite all such facets. The key device K is in the form of
      a cylindrical socket closely fitting the bearing ring 11 and having the
      interior thereof formed with flat index surfaces 21 which are registerable
      over the facets 17 to enable such key device to be slid progressively onto
      the centering dome 15 and to then be rotated on such dome while held in
      axial alignment with the bearing ring 11 until such facets 21 align with
      the respective complemental facets 17 so the key device may be slid over
      the bearing ring so it may be rotated to apply tangential forces to the
      facets 17 to tighten or loosen the lug nut N as desired.
PAR  It is necessary that the key device K is easily alignable on the bearing
      ring 11 and registerable with the facets 17 to enable such key device to
      be easily positioned thereon even in poor visibility and operating under
      the handicap of cold and numbed fingers. In this regard, it is important
      that the centering dome 15 lead such key device into axial alignment with
      the bearing ring 11 so the operator can easily hold such device in axial
      alignment while rotating it until the appropriate index surfaces 21
      register with the complementary facets 17 to enable such key device to be
      slid down axially over the bearing ring 11. Further, it is important that
      the index facets be of generally flat construction to thus reduce any
      galling effect that may otherwise take place between such facets and the
      index surfaces 21. Additionally, it is also necessary that the facets 17
      project axially with respect to the bearing ring 11 rather than tapering
      inwardly, thus eliminating the tendency of the key device K to be urged
      axially outwardly with respect to such bearing ring when rotative forces
      are applied thereto.
PAR  With the relatively soft alloys such as magnesium or aluminum used in many
      present day decorative wheels, it is desirable that the lug bores thereof
      are held out of direct contact with the lug threads themselves and to this
      end, such lug bores are frequently drilled out to provide oversized bores
      to thus provide an annular space between the walls of such bores and the
      receiving lug. In order to provide a shield between such lug threads and
      walls of the lug bores, an annular sleeve 25 is formed integrally with the
      bearing ring 11 and projects axially inwardly therefrom and is threaded on
      its interior 27 to be received over the lug (not shown). In order to
      facilitate alignment of such sleeve 25 within the lug bore the axially
      inner end thereof is chamfered at 29 to assist in leading such skirt into
      the bore.
PAR  As discussed in my parent application, the bearing ring is conveniently
      formed with a diameter of one inch to form the annular shoulder 13 of
      sufficient size to adequately overlie the periphery of the lug bore. The
      ring 11 itself is 5/16 of an inch long and the periphery of the nut breaks
      at the axially outer end of such ring to form a circular break 30 and
      angles linearally and radially inwardly at approximately 10.degree. to the
      axis thereof to form the centering dome 15 which provides a convenient
      slope for leading the key device K onto such centering dome 15 for axial
      alignment with the bearing ring 11. The slope of the centering dome 15
      also serves to induce axial slipping therefrom of the jaws of vice grip
      pliers or the like which may be utilized by an unauthorized individual in
      attempt to remove the combination nut N. The dome 15 itself has an overall
      length of 1/2 inch to provide an adequate lead-on length, as well as
      contribute to the aesthetic appearance of the nut N.
PAR  It is particularly important in discouraging unauthorized removal of the
      nut N that the index facets 17 be disposed about the periphery of the
      bearing ring 11 in such a pattern and be of such a width that no facet or
      edge thereof is located diametrically opposite another facet, but is
      located only opposite an arcuate slip surface 19 to thus prevent an
      unauthorized individual from gripping index facets 17 or edges thereof
      located diametrically opposite one another with the jaws of vice grip
      pliers or the like, it being appreciated that with one jaw of the pliers
      being on a rounded slip surface 19, rotative forces applied thereto will
      tend to cause such plier jaw to slip therefrom. Any number of index facets
      17 and pattern thereof desired may be selected provided a rounded slip
      surface 19 remains opposite each facet. In the preferred embodiment, three
      facets 17 are provided spaced slightly staggered 120 degrees from one
      another.
PAR  In order to facilitate registration of the key surfaces 21 of the key
      device K with the ring 11, the facets project axially outwardly beyond the
      break 30 between such ring and the dome 15 to form respective facet
      feelers 32 about the base of such dome and in axial alignment with each of
      such index facets 17.
PAR  The key device K is in the form of a hollow cylindrical shell 31 having a
      13/16 inch hex nut 33 formed on the closed end thereof for mating with a
      conventional tire wrench. The interior of such cylindrical shell 31 is in
      the form of a cylinder to closely overfit the slip surfaces 19 of the
      bearing ring 11 and is undercut at three locations about its periphery to
      form the flat index surfaces 21 for close mating with the index facets 17,
      such surfaces terminating at the open edges thereof in feeler edges 34,
      the purpose of which will appear hereinafter.
PAR  In operation, it will be appreciated that the combination nuts 11 are sold
      in sets to provide at least four such nuts for each set of wheels for a
      four-wheel car and at least a single key device K. The flat facets 17 are
      disposed in different angular arrangements, and if desired, in different
      widths, for different sets of theft resistant combination lug nut
      apparatus. One lug nut bore in each wheel is then drilled out to form a
      0.70 inch diameter bore for receipt of the 0.70 inch diameter sleeve 25.
PAR  When a wheel is to be installed, the lug bores thereof are received over
      the lugs of the hub and conventional lug nuts installed on all lugs except
      for the one to receive the combination lug nut N. The lug nut N is screwed
      onto its receiving lug with the protective sleeve 25 projecting into the
      oversized lug bore and tightened finger tight. The key device K is then
      fitted telescopically over the centering dome 15 until the feeler edges 34
      abut the side of such dome, it being appreciated that such centering dome
      facilitates axial alignment of such key device without concern as to the
      relative clocked positions between such key device and nut N. It will be
      apparent that when the facets 17 are located at approximately 120 degrees
      from one another as shown in FIG. 2, the rotational position of the key
      device K relative to the bearing ring 11 for receipt of the respective key
      surfaces 21 on the flat facets 17 will not be apparent from visual
      inspection. However, with the key device K maintained in position with the
      feeler edges 34 engaged against such dome, the key device may be rotated
      to the point where the various index surfaces align axially with the
      respective complementary feeler edges 32 to thus enable such key device to
      be telescoped fully over the ring 11.
PAR  The tire wrench may then be applied to the hex nut 31 on the key device K
      and such key device rotated, it being appreciated that since both the
      facets 17 and mating index surfaces 21 project axially with respect to the
      bearing ring 11, the forces represented by the vector arrows 41 in FIG. 4
      will be fully tangential to the bearing ring 11 as represented by the
      vector arrows 43 (FIGS. 3 and 4) rather than being at an axial angle
      corresponding with the phantom vector arrow 45 which represents a force
      vector as might be applied if the facets 17 sloped axially outwardly and
      radially inwardly. Consequently, the reactive forces on the key device
      will be fully tangential thereto, thus assuring that no reactive axial
      forces are applied thereto which may tend to urge such key device axially
      outwardly, thus endangering dislodgement thereof from the nut N and
      consequent release resulting in banged knuckles of the operator and the
      consequent frustration of again necessitating alignment of the key device
      K over the nut N.
PAR  Once the combination lug nut N has been fully tightened, the key device K
      may be removed and stored in the trunk or glove compartment and will be
      available in the case of a flat tire or the like necessitating removal of
      the wheel locked in position by the nut N.
PAR  If, in the meantime, an unauthorized individual attempts to remove the lug
      nut N, it will be appreciated that access thereto from a radial direction
      with a pipe wrench or the like will be hindered by the surrounding wheel
      structure as a consequence of the hub portion of a wheel normally being
      recessed axially with respect to the peripheral rim thereof. Further, any
      attempt to grip the bearing ring 11 with the jaws of a pair of vice grip
      pliers or the like will result in at least one jaw of the pair being
      received on a slip surface 19 disposed diametrically opposite the
      respective opposed facets 17, thus causing such jaw to slip when torque is
      applied thereto and discouraging the thief's efforts. Further, attempts to
      grip the centering dome 15 will likewise be frustrated due to the taper
      thereof and the corresponding diametrical location of the facet feelers 32
      with respect to the diametrically opposed rounded surface of the dome 15.
      In fact, I have received correspondence from various customers indicating
      that on occasions when they misplace their key device K, their own efforts
      to remove the combination lug nut N were rendered extremely difficult,
      oftentimes to the point of failure.
PAR  Various modifications and changes may be made with regard to the foregoing
      detailed description without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A theft resistant combination lug nut apparatus for receipt on a
      threaded lug projecting coaxially through an oversize wheel bore and
      cooperating therewith to form an annulus and comprising:
PA1  a nut including an internally threaded cylindrical sleeve projecting
      coaxially into said annulus, said nut projecting axially from said annulus
      to form an increased-in-diameter axially projecting cylindrical bearing
      ring, said ring being formed with a radially projecting annular shoulder
      facing axially toward said sleeve, said nut projecting axially outwardly
      beyond said ring to form a conically shaped axially elongated centering
      dome having its peripheral surface tapering axially outwardly and radially
      inwardly from said ring;
PA1  a plurality of diametrically unopposed radially outwardly facing chordal
      index facets extending axially along the periphery of said ring parallel
      to the axis thereof and spaced about said bearing ring to form at
      locations opposite all said respective facets rounded slip surfaces;
PA1  a key device formed with an open ended shell defining a cylindrical socket
      for closely overfitting said slip surfaces of said ring and formed on its
      interior with a plurality of key surfaces for complementally mating with
      said index facets on said ring; and
PA1  wrench-receiving means on said key device whereby said nut may be
      telescoped loosely onto said centering dome to align said key device
      axially with said bearing ring and said key device rotated while centered
      on said dome to register said key surfaces with the complemental index
      facets on said ring and said key device then slipped axially onto said
      ring for positive engagement between said key device and ring and a wrench
      engaged on said wrench-receiving means and rotated to tighten said nut.
NUM  2.
PAR  2. A theft resistant combination lug nut apparatus as set forth in claim 1
      wherein:
PA1  said centering dome tapers at an angle of substantially 10 degrees to the
      axis thereof.
NUM  3.
PAR  3. A theft resistant combination lug nut apparatus as set forth in claim 1
      wherein:
PA1  said ring is formed with three chordal index facets; and
PA1  said socket is formed with three flat key surfaces for complementally
      engaging said respective index facets.
NUM  4.
PAR  4. A theft resistant combination lug nut apparatus as set forth in claim 1
      wherein:
PA1  said facets project axially outwardly from said ring onto said dome to form
      respective feeler facets for leading said index surfaces thereonto.
NUM  5.
PAR  5. A theft resistant combination lug nut apparatus for receipt on a
      threaded lug projecting coaxially through an oversize wheel bore and
      cooperating therewith to form an annulus and comprising:
PA1  a nut including an internally threaded cylindrical sleeve projecting
      coaxially into said annulus, said nut projecting axially from said annulus
      to form an increased-in-diameter axially projecting cylindrical bearing
      ring, said ring being formed with a radially projecting annular shoulder
      facing axially toward said sleeve, said nut projecting axially outwardly
      beyond said ring to form a conically shaped axially elongated centering
      dome;
PA1  a plurality of diametrically unopposed radially outwardly facing chordal
      index facets extending axially along the periphery of said ring parallel
      to the axis thereof and spaced about said bearing ring to form at
      locations opposite all said respective facets rounded slip surfaces, said
      index facets projecting axially outwardly from said ring onto said dome to
      define respective feeler facets;
PA1  a key device formed with an open ended shell defining a cylindrical socket
      for closely overfitting said slip surfaces of said ring and formed on its
      interior with a plurality of key surfaces for complementally mating with
      said index facets on said ring; and
PA1  wrench-receiving means on said key device whereby said nut may be
      telescoped loosely onto said centering dome to align said key device
      axially with said bearing ring and said key device rotated while centered
      on said dome to register said key surfaces with the complemental index
      facets on said ring and said key device then slipped axially onto said
      ring for positive engagement between said key device and ring and a wrench
      engaged on said wrench-receiving means and rotated to tighten said nut.
NUM  6.
PAR  6. A theft resistant combination lug nut apparatus as set forth in claim 5
      wherein:
PA1  said ring is formed with three chordal index facets; and
PA1  said socket is formed with three flat key surfaces for complementally
      engaging said respective index facets.
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ABST
PAL  The system of this invention is for use with an electronic musical
      instrument having a keyboard, and generally includes keyboard circuitry,
      audio waveform generators, envelope generators, static and dynamic filter
      circuitry and power amplifier and speaker apparatus. In accordance with
      one feature of this invention, the system comprises means for establishing
      different digital voice codes which are coupled to read only memories
      associated with the audio waveform generators, envelope generators and
      main voice circuitry. This voice code provides a limited number of program
      conditions to control such variables as audio waveform pulse widths,
      envelope attack, decay, sustain or release intervals, and instrument
      resonator control. Another feature of the present invention is concerned
      with the keyboard circuitry which operates from a digital key and octave
      code. Each code is sequentially interrrogated to determine if the
      corresponding key has been played. Although the completely illustrated
      embodiment is of a monophonic system, this sequential interrogation scheme
      lends itself quite readily to polyphonic operation. Still another feature
      of the invention resides in a novel digital controlled oscillator of the
      audio waveform generators that includes a feedback control loop and
      wherein the majority of the components of the oscillator only operate over
      a one octave range.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 368,367 filed June 8, 1973
      now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates in general to electronic musical instruments
      of the keyboard-type. More particularly, this invention is concerned with
      an electronic music synthesizer or organ system that has digital control
      and is characterized by digital keyboard circuitry.
PAC  BACKGROUND OF THE INVENTION
PAR  Electronic music systems of the keyboard-type heretofore constructed have
      been primarily of the analog type in that most of the signals to be
      processed are analog signals. As a result it has been difficult to provide
      for the programming of certain operations such as the operation of the
      envelope generators.
PAR  Accordingly, it is an object of the present invention to provide an
      improved electronic musical system that is under digital control by means
      of a voice code that controls many variables and interconnections
      associated with the system. Regarding the envelope generators, for
      example, in the present invention memory means, preferably in the form of
      read only memories, are associated with the generators for controlling
      such variables as envelope wave-form attack and decay. The attack time
      constant, for example, is varied in dependence upon the selected voice
      code which in turn usually corresponds to the desired instrument voice.
PAR  Another object of this invention is to provide digital keyboard circuitry
      that is compatible with the digital voice code control of the system and
      that is characterized by a sequential interrogation scheme for determining
      which key is being played which is in turn represented by a predetermined
      key and octave code.
PAR  A further object of this invention is to provide improved keyboard
      circuitry for generating a key and octave code and which is readily
      adaptable for use in a polyphonic musical system.
PAR  Still another object of this invention is to provide an improved audio
      waveform generator comprising a digital controlled oscillator having
      components thereof that are required to operate only over a one octave
      range thereby providing improved operation consistent with the ability to
      apply variable portamento or glissento across several octaves (three
      octaves in illustrated case).
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an electronic musical system having a
      keyboard and generally comprising keyboard circuitry, audio waveform
      generators, envelope generators, static and active filter circuitry, power
      amplifier and speaker apparatus, and voice code control means. In
      accordance with one aspect of the present invention there is provided
      means for establishing different digital voice codes which are coupled to
      memory means associated with the audio waveform generators, envelope
      generators and filtering circuitry. In the system there is provided means
      coupled to the keyboard and responsive to operation of at least one key of
      the keyboard for providing a signal of frequency corresponding to the key
      played, means responsive to the sustained playing of at least one key for
      providing an envelope control signal, means responsive to the frequency
      signal and the envelope control signal for generating a controlled audio
      signal, and code storage means coupled to both the frequency signal
      providing means and the envelope control signal providing means for
      controlling the characteristic of either the frequency signal or envelope
      control signal. The voice code provides a limited number of program
      conditions to control such variables as audio waveform pulse widths,
      envelope intervals and instrument resonator control.
PAR  Another aspect of the present invention is concerned with the keyboard
      circuitry which operates from a digital key and octave code. In accordance
      with this aspect of the invention the circuitry comprises switch means
      associated with each key of the keyboard, means for sequentially
      interrogating each switch means to determine if it is in a played
      condition, and means for sensing the occurrence of a played key. The means
      for sequentially interrogating includes means for generating a binary
      signal code with a different code being associated with each key. The
      circuitry also includes means responsive to the sensing means for storing
      the binary code corresponding to the played key. The circuitry may also
      include means for generating a gate signal which is at its enable level as
      long as at least one key is played, and a trigger signal of shorter
      duration and occurring at the commencement of the gate signal and possibly
      at other times during the gate signal if subsequent keys are played.
PAR  Still another aspect of the present invention resides in a novel digital
      controlled oscillator contained in the audio waveform generators. This
      oscillator includes a feedback control and is characterized by a majority
      of its components operating over only a one octave range. In one
      embodiment this digital controlled oscillator or digital to frequency
      converter circuit comprises a digital to analog converter, an analog
      comparator, an exponential converter, an oscillator, means for introducing
      both the octave and key codes to the circuit, and frequency to voltage
      converter means. The operation of this circuit and the advantages
      associated therewith are discussed in more detail hereinafter in the
      following detailed description.
DRWD
PAC  DESCRIPION OF THE DRAWINGS
PAR  Numerous other objects, features and advantages of the invention will now
      become apparent upon a reading of the following detailed description taken
      in conjunction wit the accompanying drawings in which:
PAR  FIG. 1 is a general block diagram of an electronic music system of the
      present invention;
PAR  FIGS. 2A and 2B are logic circuit diagrams of a preferred embodiment of the
      keyboard circuitry of FIG. 1;
PAR  FIGS. 3A and 3B are logic circuit diagrams of the envelope generators of
      FIG. 1;
PAR  FIG. 4 is a block diagram of the audio waveform generators shown in FIG. 1;
PAR  FIG. 5 is a block diagram of the digital controlled oscillator depicted in
      FIG. 4;
PAR  FIG. 6A and 6B are circuit logic diagrams showing in detail an
      implementation for the audio waveform generators shown in the block
      diagram of FIG. 4;
PAR  FIG. 7 is a block diagram of the main voice circuitry shown in FIG. 1;
PAR  FIGS. 8A and 8B are logic circuit diagrams showing in detail one
      implementation for the main voice circuitry shown in the block diagram of
      FIG. 7;
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 is a general block diagram of a system of the present invention
      embodied in an electronic musical instrument or synthesizer. In FIG. 1 the
      keyboard circuitry 10 has a digital output code coupled on line 11 to
      audio waveform generators 12, and on line 13 to envelope generators 14.
      The lines 11 and 13, as shown hereinafter, are actually a plurality of
      conductors. The conductors of line 11 have binary signals coupled thereon.
PAR  The audio waveform generators 12 basically generate a sawtooth and/or pulse
      signal of proper frequency, shown in the block diagram of FIG. 1 as being
      coupled by way of line 15 to main voice circuitry 16. The envelope
      generators 14 may include an attack-release (AR) generator and an
      attack-decay-sustain-release (ADSR) generator, as discussed in more detail
      hereinafter. The signals received on line 13 from keyboard circuitry 10
      control the wave-forms developed by generators 14. One or a combination of
      these waveforms are coupled by way of line 17 to main voice circuitry 16.
      The output of circuitry 16 couples to a conventional power amplifier and
      speaker apparatus 18.
PAR  Also shown in FIG. 1 is voice code box 20 which has separate lines coupling
      to generators 12, generators 14, and circuitry 16. Digital codes may be
      programmed into voice code box 20 for controlling the envelope waveform;
      controlling the envelope attenuation; octave and pulse width selection;
      and the selection of the proper instrument resonators which are contained
      in main voice circuitry 16. The codes may be set by means of switches. For
      example, the voice code box may be a Texas Instruments integrated circuit
      such as their type SN 54147. The lines coupling from box 20, in the
      disclosed embodiment, control read only memories (ROM's) contained within
      the generators 12 and 14, and circuitry 16.
PAR  FIGS. 2A and 2B show a logic circuit diagram for the keyboard circuitry 10
      shown in FIG. 1. Each of the inputs (C, C No., D, D No., . . . B) to the
      data selector may be considered as coupling to a key responsive switch 21
      for providing a ground signal or other voltage level on the corresponding
      input of the data selector.
PAR  Referring now to FIGS. 2A, 2B, the data selector 22 has an output line 23
      coupled to strobe gate 24. The data selector 22 also has four input
      control lines coupled from the first four stages of the six stage
      frequency divider 26. These four output stages are identified as stages N,
      M, L, and K. The divider 26 is constructed in the form of a conventional
      binary counter operated at a basic frequency f as determined by oscillator
      28. Oscillator 28 may be considered as of conventional design and in one
      embodiment operates at a 100 kilohertz rate. This rate may be considered
      as basic frequency f. The frequency divided outputs f/2, f/4, f/8, and
      f/16, provide the four inputs K, L, M, N to the data selector 22. For
      example, the data selector may be a Texas Instruments integrated circuit
      such as their type SN 74,150 or SN 54,150.
PAR  If it is assumed that playing occurs only over one octave then it is only
      necessary at this point to discuss operation of the first four stages of
      divider 26. As the input binary codes to data selector 22 change, and
      assuming that only one key is depressed, then when the binary code
      corresponding to that key is reached an output pulse of positive polarity
      is generated on line 23. If more than two keys are depressed then the
      output pulse on line 23 first occurs at the lowest binary input number
      which normally corresponds to the lowest key depressed.
PAR  The data selector 22 is not shown in detail as it is considered to be of
      conventional design. In one embodiment the data selector 22 may comprise a
      plurality of AND gates each one of which would receive a possible signal
      from the key responsive switches, and each of which would also receive a
      different binary code. The selector 22 may also include an output OR
      circuit for passing the signal to output line 23.
PAR  When the positive output pulse occurs on line 23, and there is a concurrent
      positive pulse by way of line 29 from oscillator 28, then the output of
      NAND gate 24 reverts to a low level output, as shown, which is coupled to
      reset-set (R-S) flip-flop 30. This pulse sets flip-flop 30 and the signal
      on output line 31 of the flip-flop transitions to its positive level
      thereby enabling gate memory 32 of FIG. 2A and the six bit memory 34 of
      FIG. 2B which is discussed in more detail hereinafter. The operation of
      flip-flop 30 in effect locks out serial data after the lowest detected
      note. The positive signal on line 35 which is coupled to memory 34
      immediately causes the binary code represented by the first four stages of
      divider 26 to be stored in the first four stages of memory 34. Thus, there
      has been stored a code which is representative of one of the keys of an
      octave that has been played.
PAR  Because the divider 26 is controlled from a continuously enabled oscillator
      28, the divider 26 continues to count binary codes over those
      corresponding to the highest note of keyboard, and the outputs f/32 and
      f/64 can be decoded to provide clocking signals that occur after the key
      switches 21, have been sequentially interrogated.
PAR  At the binary count of 111000, as provided by gates 36, 38, and 39, a high
      voltage level occurs on line 40 which couples to the clock input of gate
      memory 32. If a key has been depressed the flip-flop 30 is set and thus
      upon the occurrence of the clock pulse the gate memory is set thereby
      indicating that a key has been depressed. As long as one key remains
      depressed the gate signal is sustained from the gate memory.
PAR  After the gate memory has been set the binary signal 111100 at the output
      of gate 41 provides a reset signal for flip-flop 30. Flip-flop 30 then
      requires another signal from data selector 22 in the next counting
      sequence in order to sustain the gate memory at its high output on line
      42. This signal on line 42 is coupled to the gate output terminal 44. This
      signal is coupled to the envelope generators 14 which are discussed in
      more detail hereinafter.
PAR  FIG. 2A also shows the circuitry for generating the trigger pulse at
      terminal 46. When the gate memory 32 is set, a low level signal occurs on
      line 47 thereby enabling gate 48. Gate 48 will provide a positive output
      trigger pulse when both of its inputs are at a low level. The low level
      pulse to the other input of gate 48 can be provided from two sources, one
      being the setting of memory 32 and the other being from a change in the
      key code. The second mode of generating the trigger pulse will be
      discussed in more detail hereinafter with respect to the description of
      FIG. 2B.
PAR  When the gate memory 32 is set the voltage on line 47 which also couples to
      differentiate circuit 50 goes to its low level. Differentiate circuit 50
      thereby has a negative output impulse that is coupled to one-shot delay
      circuit 52. Circuit 52 is of conventional design and is adapted to provide
      a delay on the order of ten milliseconds. FIG. 2A shows the output of
      circuit 52 which is coupled to differentiate circuit 54. Circuit 54
      provides a negative impulse to gate 48. When this impulse is concurrent
      with a low signal on line 47 a trigger output is provided at terminal 46.
PAR  FIG. 2B shows the octave decoder 56 which receives coded signals from the
      last two, low frequency, stages of the divider 26. The output of the
      octave decoder includes in this embodiment four output lines 56A, 56B, 56C
      and 56D which couple to four separate busses shown in FIG. 9. Each bus
      ties in common one side of all the switches associated with one octave of
      the keyboard. The outputs of the octave decoder are enable signals for
      each of the separate busses.
PAR  As previously indicated, FIG. 2B includes the frequency divider 26 and
      memory 34. FIG. 2B also shows a six bit code change detector 60.
PAR  Assuming that one key is depressed in one of the octaves, the divider 26
      counts until the code is reached corresponding to that key. At that time,
      an enabling signal is provided on line 35 to each of the stages of memory
      34. This signal on line 35 is a clock signal for the memory which
      transfers the contents of divider 26 into memory 34. The output of the
      memory 34 couples to the detector 60 and also couples directly to the
      output terminals A and B (representing the octave code) and C, D, E and F
      (representing the key code).
PAR  With the system of this invention a trigger output is to be provided not
      only when the gate signal first appears but also at any time that a player
      changes from one key to another without releasing all keys. When this
      occurs the change detector 60 generates a negative pulse on line 61 which
      is coupled to circuit 52 for operating circuit 52, differentiator 54 and
      gate 48 in a manner previously discussed with reference to the circuitry
      of FIG. 2A.
PAR  The detector 60 comprises six exclusive OR gates 62 which each function as
      a comparator. Detector 60 also includes a plurality of delay circuits 63
      which couple to one of the inputs of the gates 62. If the inputs to any
      one of the gates 62 differ then there will be a low level pulse on the
      output line 61. This will occur at at least one of the gates when the code
      changes and in effect, the new code appears on one of the inputs and the
      old code, which is delayed, still is maintained on the other of the
      inputs.
PAR  Thus, in FIGS. 2A and 2B there has been shown circuitry for generating the
      GATE and TRIGGER signals, inputs from the keyboard including key contact
      inputs and bus inputs, and key and octave code outputs which are
      continuously updated.
PAR  FIGS. 3A and 3B show the envelope generators 14 depicted in FIG. 1. The
      envelope generators are controlled primarily from the trigger and gate
      signals received from the keyboard circuitry, and are also controlled from
      a voice code of five bits coupled from box 20 of FIG. 1. The envelope
      generators provide two basic outputs, one at terminal 65 which couples to
      the voltage control filter of circuitry 16 and one at terminal 66 which
      couples to the voltage control amplifier also shown in the circuity 16
      which is discussed hereinafter in more detail.
PAR  The use of a programmable voice code is one of the important features of
      the present invention. Regarding the use of the voice code in association
      with the envelope generators, different predetermined codes can be used
      for controlling, for example, attack, decay, sustain, and release time
      intervals in dependence upon the particular instrument being simulated.
      For example, if the instrument is a harpsichord the envelope has a faster
      attack time constant than if the instrument were a horn.
PAR  In FIG. 3A the voice code is coupled on lines U, V, W, X and Y to the read
      only memories ROM-1, ROM-2, and ROM-3. The five bit inputs to these ROMS,
      and other ROMS discussed hereinafter, provide up to a total of 32
      different voice combinations. ROM-2, for example, might have a code set
      therein desiring an attack A for AR generator 84. This would mean that the
      first line of ROM-2 would be permitted to float but the second line would
      be grounded thereby preventing an AR attack B.  Further discussion of the
      control provided by these read only memories will be discussed hereinafter
      with reference to other parts of the circuitry shown in FIGS. 3A and 3B.
PAR  The gate and trigger signals developed in the circuitry of FIG. 2A are
      coupled, respectively, to terminals 68 and 69 of FIG. 3A. The gate signal
      which is positive during the time interval that any key is depressed, is
      coupled by way of inverter gate 70 to inverter gate 71 and inverter gate
      73.
PAR  The trigger input at terminal 69 couples by way of inverting transistor 76
      to gate 78 which comprises one gate of flip-flop 79, the other gate being
      gate 80. The logic gates shown in FIG. 3A are responsive to the gate and
      trigger signals from the keyboard circuitry for controlling the initiation
      of the attack, decay and release segments of the envelope waveforms from
      generators 82 and 84.
PAR  The envelope generators basically include an ADSR generator 82 and an AR
      generator 84. The generator 82 has an integrating capacitor 83 associated
      therewith and generator 84 has a similarly placed capacitor 85 associated
      therewith.
PAR  As previously mentioned, when a key is depressed the gate signal at
      terminal 68 goes positive. This signal is inverted by gate 70 and gate 73
      to provide a high level enabling signal on line 87. This signal is coupled
      to tie line 88 associated with generator 84 of FIG. 3B providing a charge
      path through at least resistor 89 to capacitor 85 for causing an
      exponential increase in voltage at the base of transistor Q1 of generator
      84. If ROM-2 has a binary code indicating that charge paths should also be
      provided through resistors 89A and 89B then the signals on lines 89C and
      89D are floating. If either of these lines are grounded then the charging
      time cost is altered. In this way the initial attack time constant can be
      controlled, different instruments requiring a longer or shorter attack
      interval.
PAR  When the gate signal goes high, the flip-flop 79 is set from the trigger
      signal, line 81A is also high thereby providing a charging current to
      attack timing circuit 90 of generator 82, which receives three inputs from
      ROM-2 and includes intercoupled resistors and diodes, as shown. Again,
      depending upon which of the lines coupled from ROM-2 is grounded, there
      can be different charge paths for capacitor 83. The end of the attack
      interval is sensed by transistor Q6 associated with generator 82. The base
      of transistor Q6 is biased by resistors that couple to the output of
      generator 82. As the attack envelope increases a voltage is reached at the
      base of transistor Q6 which is sufficiently positive to render that
      transistor conductive. The voltage on line 91 is at its low level then and
      flip-flop 79 resets. When flip-flop 79 is reset a low-level signal is
      provided on line 75A by way of gate 75 thereby permitting the decay
      circuit 92 to come into operation. The capacitor 83 can then discharge
      through circuit 92 at a time constant depending upon the code of ROM-2.
PAR  It is noted that circuit 92 also connects by way of line 92A to sustain
      resistors 92B and 92C which in turn couple to ROM-1. By the proper code
      selection, line 92A can be maintained at different sustain voltage levels.
      When the selected sustained level has been reached capacitor 83 is
      maintained at that voltage level.
PAR  At a later point in time the gate signal on terminal 68 terminates thereby
      providing a ground signal on line 87 which permits the release circuit 93
      to come into operation. Capacitor 83 is then allowed to discharge toward
      ground at a time constant determined by circuit 92 and the code of ROM-1.
PAR  The sustain/release circuit 94 which is also controlled from ROM-1 provides
      another programming function for similar to the line release function for
      causing discharge of capacitor 83. Line 78A from flip-flop 79 controls
      circuit 94.
PAR  Line 87 also couples by way of line 88 to release circuit 95 associated
      with envelope generator 84 for controlling the discharge of capacitor 85.
PAR  The output of generator 82 is coupled by way of resistor 82A to the VCA
      control terminal 66. Similarly, the output of generator 84 is coupled by
      way of resistor 84A to the VCA control terminal 66. Resistors 82A and 84A
      along with other resistors coupled thereto from a combining circuit
      wherein either or both of the waveforms from generators 82 and 84 may be
      coupled to terminal 66.
PAR  Similarly, the outputs of envelope generators 82 and 84 couple by way of
      resistors 82B and 84B to operational amplifier 95. The output of the
      operational amplifier couples to terminal 65 which is the terminal that
      controls the voltage controlled filter discussed hereinafter.
PAR  ROM-3 is used to control the coupling of the AR and ADSR signals to either
      or both of the output terminals 65 and 66. Four of the output lines of
      ROM-3 are provided for that function. The other four output lines of ROM-3
      are used for providing different levels of attentuation of the envelope
      signals coupled to amplifier 95. There is provided an attentuation circuit
      96 which includes four resistors of different predetermined value each
      coupling from one of the four envelope attentuation controlling outputs of
      ROM-3. Depending upon which of these resistors are permitted to be
      grounded there will be provided different levels of attenuation of the
      signals fed from the envelope generators to amplifier 95.
PAR  One of the blocks of FIG. 1 shows the audio waveform generators which are
      controlled by the key and octave codes and the voice select code. The
      audio waveform generators basically provide a sawtooth waveform and a
      pulse waveform of variable pulse width. The output of the audio waveform
      generators couples to the main voice circuitry 16.
PAR  FIG. 4 shows a block diagram for a preferred embodiment of the audio
      waveform generators 12 shown in FIG. 1. FIG. 5 is a block diagram showing
      further detail of the digital-controlled oscillator depicted in FIG. 4.
      FIGS. 6A and 6B show an actual circuit and logic implementation for the
      audio waveform generators.
PAR  In FIG. 4 the digital-controlled oscillator 100 receives the key code and
      octave code binary signals from the keyboard circuitry of FIG. 2.
      Oscillator 100 may typically have an output frequency range from 16KHz to
      128KHz. The output frequency at any one time is, of course, a function of
      the key and octave codes. The output of oscillator 100 couples to octave
      selection logic 102 which also receives an output by way of line 103 from
      ROM-4. Actually, line 103 may comprise two separate conductor lines for
      altering the output of oscillator 100 by either one or two octaves. For
      example, if the output of oscillator 100 is a signal of 32KHz rate then
      logic 102 may change the frequency to 16KHz.
PAR  The output of octave selection logic 102 couples by way of line 104 to
      manual octave selection box 105. Box 105 may comprise a manually operated
      switch, as disclosed hereinafter with reference to FIG. 6A, for manually
      raising or lowering by one octave. The output of box 105 couples by way of
      line 106 to the frequency divider 107. The divider 107 may be a binary
      counter with its left-most output being the least significant bit (LSB)
      and its right-most output being the most significant bit (MSB). In the
      embodiment disclosed in FIG. 4 there are six separate outputs from divider
      107 which couple to the digital to analog summer 108 and the pulse width
      selection logic 110. The continuously counting divider or counter 107 has
      its output summed by summer 108 and there is provided at the output of
      summer 108 a waveform 109 as shown in FIG. 4. This is a stepped sawtoothed
      waveform as indicated which typically rises between minus five volts and
      plus five volts. When the counter 107 terminates its count and reverts to
      a zero count the waveform transitions to its -5 volt level.
PAR  The six output lines from divider 107 also couple to logic 110. Logic 110
      also receives an input from ROM-4 by way of line 111. Actually, line 111
      may comprise a plurality of conductors for controlling the pulse width
      selection logic 110. The width of the PULSE output is a function of the
      control coupled by way of line 111 to logic 110. Logic 110 is shown in
      more detail hereinafter in FIG. 6B.
PAR  FIG. 5 is a block diagram of the digital-controlled oscillator 100 of FIG.
      5. In accordance with one aspect of the present invention there is
      provided an improved oscillator 100. Unlike most prior art devices which
      were required to operate over many octaves of frequency, the oscillator of
      this invention has most of its circuitry operating only over a one octave
      range thereby making the oscillator more stable and easier to construct
      and operate.
PAR  FIG. 5 shows the digital to analog converter 112 which receives the four
      bit key code and converts this code, independently of the octave code,
      into an analog voltage range of four volts. As indicated in FIG. 5 the
      note C is designated by a plus five volt level and the note B above that
      note C is designated by a plus 9 volt level.
PAR  The output of converter 112 is fed to the input 113 of analog comparator
      114. The other input 115 to comparator 114 couples from a stable frequency
      to voltage converter 116 which operates over a one octave range. If the
      key code is assumed to be constant then the loop including converter 116
      tends to maintain the two inputs to comparator 114 at the same voltage.
      Under that condition the high gain comparator provides an error signal and
      the output of the circuit shown in FIG. 5 is maintained at the proper
      frequency corresponding to the key code coupled to converter 112.
PAR  The loop 117 may be considered as comprising all of the blocks or circuitry
      from the output of comparator 114 around to the output of converter 116.
      The output of analog comparator 114 couples to portamento potentiometer
      118. A portamento control is typical in electronic musical synthesizers
      and in FIG. 5 includes a switch 119 for disabling the portamento when the
      switch is in its closed position. When the switch is in its open position
      as shown the output of analog comparator 114 is delayed thereby causing a
      slurring or portamento effect due to an increase in the loop correction
      time. In FIG. 5 the output from the portamento control to the FET (field
      effect transistor) buffer circuit 120 is termed an error voltage.
PAR  The output of circuit 120 provides a -1 volt/octave signal which is used as
      a control signal for tracking the voltage controlled filters in the main
      voice circuitry 16, and which also couples to the exponential converter
      122 shown in FIG. 5. The converter 122 may be of conventional design and
      provides an exponential output in accordance with the -1 volt/octave input
      signal. A typical converter 122 that may be employed is of the type shown
      in U.S. Pat. No. 3,444,362.
PAR  The output of converter 122 couples to and controls the operation of
      oscillator 124. This oscillator is a uni-junction oscillator that may also
      be of conventional design. The output of oscillator 124 couples to pulse
      shaper 126 which may be of conventional design. The output of the pulse
      shaper 126 is the digital control oscillator output which typically varies
      from 16KHz to 128KHz, this frequency range being representative of three
      complete octaves of frequency. This range corresponds to that of the
      keyboard being used to control the instrument.
PAR  The output of shaper 126 couples to divider group 128 which in FIG. 5
      includes three blocks 128A, 128B and 128C, each of which can provide a
      .div.2. The divider string is controlled by the two bit octave code from
      the keyboard circuitry and the output of the divider string couples by way
      of frequency to voltage converter 116.
PAR  As previously indicated, when the key code is maintained at a predetermined
      binary code because a new key has not been played, the error voltage fed
      to circuit 120 is small and the output of the circuit of FIG. 5 is
      operating at a frequency corresponding to the key code.
PAR  Suppose that the key code at one time corresponds to low C. If C one octave
      higher is played then the output of divider 128 changes in frequency and
      the converter 116 causes an unbalance at the input of comparator 114. This
      causes an error voltage of predetermined polarity which in turn causes
      oscillator 124 to operate at a different frequency. The output of shaper
      circuit 126 thus seeks the proper frequency and when the proper frequency
      is coupled by way of lines 129 to converter 116 comparator 114 is in
      balance and the error voltage again becomes small. The loop is then
      stabilized. At that point, the output of the circuit of FIG. 5 is
      operating at twice its original frequency.
PAR  Assuming that the change in code is not from one octave to the next, but is
      instead from one key to the next, then the same type of operation occurs.
      In this case, the voltage on line 113 changes immediately with a change in
      the key code causing an unbalance at the input to comparator 114. This
      error voltage is fed back to change the output of the oscillator 100 and
      eventually to stabilize the loop at this new output frequency.
PAR  For a more thorough understanding of the operation of the blocks shown in
      FIGS. 4 and 5 reference is now made to the circuit and logic diagram of
      FIGS. 6A and 6B. With reference to FIG. 4, FIG. 6A shows the digital
      controlled oscillator 100, octave selection logic 102 and manual selection
      105. FIG. 6B shows the pulse width selection logic and the current summing
      digital to analog converter 108. FIG. 6A shows a conventional circuit and
      logic implementation for the digital to analog converter 112. The output
      at amplifier 112A of the converter is a voltage level signal
      representative of the key code input to the converter. This signal is
      coupled to input 113 of the comparator 114. The output of comparator 114
      couples to portamento potentiometer 118.
PAR  Both FIGS. 5 and 6A show the portamento switch 119 coupled across
      portamento potentiometer 118. The other side of potentiometer 118 couples
      to field effect transistor (FET) buffer circuit 120 which includes field
      effect transistor 121 and associated biasing resistors. The output
      electrode of transistor 121 couples by way of resistor 130 to transistor
      132 which comprises one of the transistors of exponential converter 122.
      The other transistor is transistor 134. Transistors 132 and 134 are
      thermally matched transistors and may be arranged as shown in FIG. 6A or
      as described in U.S. Pat. No. 3,444,362 for providing an output current at
      the collector of transistor 134 which is exponentially related to the
      voltage coupled by way of resistor 130 from circuit 120. The output of
      conveter 122, taken at the collector of transistor, 134 couples to
      uni-junction oscillator 124 which comprises uni-junction transistor 136
      and charging capacitor 138. Uni-junction oscillator 124 is a conventional
      relaxation oscillator.
PAR  The output frequency of this oscillator is a function of the charging time
      of capacitor 138 which is in turn a function of the collector current of
      transistor 134 of converter 122.
PAR  The output pulses from the oscillator are fed to the base of transistor 140
      which comprises the pulse shaper circuit 126. The frequency signal taken
      from the collector of transistor 140 may be termed, and is so termed in
      FIG. 5, as the digital controlled oscillator output signal. As indicated
      in FIG. 4 this signal is coupled to the octave selection logic 102 which
      is also shown in FIG. 6A, and also couples by way of line 141 to the
      divider string 128. The logic 102 includes three bistable devices 102A,
      102B and 102C. Divider string 128 includes similarly arranged bistable
      devices 128A, 128B and 128C. Each of the bistable devices has a NAND gate
      associated therewith.
PAR  The two bit octave code couples to the reset inputs of bistable devices
      128A, 128B and 128C. The output of bistable device 128C, coupled by way of
      its associated gate, is connected by way of line 142 to the frequency to
      voltage converter 116. Converter 116 converts the frequency signal on line
      142 into a corresponding voltage which is coupled to input 115 of analog
      comparator 114.
PAR  The converter 116 includes a stable one-shot or monostable multivibrator
      146, buffer transistor 148, and amplitude setting circuit 150. The
      one-shot 146 is adjustable to provide a fixed pulse width output which is
      coupled by way of transistor 148 to circuit 150. This pulse width
      adjustment serves as a fine tuning control for the overall digital
      oscillator system.
PAR  Transistor 148 and circuit 150 together control the amplitude of the pulse.
      Transistor 148 is non-conducting during the pulse width and the amplitude
      is controlled primarily by the nominally +15V supply. Circuit 150 also
      includes a lag-lead network circuit 154 which couples to the input 115 of
      comparator 114. This circuit provides for integration of the pulse train
      resulting in a d.c. voltage at the output of converter 116 as well as
      optimising overall oscillator loop for minimum response time consistent
      with loop stability.
PAR  As previously mentioned, the oscillator 100 includes the feedback
      arrangement that permits stable operation. When a code change occurs the
      comparator 114 generates an error voltage which is coupled to the FET
      buffer and converter 122. The oscillator adjusts its output frequency
      rapidly until the feedback signal to input 115 balances with the input
      signal at 113. With such an arrangement the converter 116 operates only
      over a one octave range.
PAR  Regarding the octave selection logic, control is provided from ROM-4 by way
      of lines 102D and 102E. Logic 102 is a frequency divider controlled by the
      levels on lines 102D and 102E, to provide 1 and 2 octave range changes.
      This divider arrangement is conventional logic design.
PAR  FIG. 6B shows the ROM-4 which receives the five bit voice code, frequency
      divider 107, digital to analog summer 108, and pulse width selection logic
      110. The output of the octave selection logic 102, as previously indicated
      in FIG. 4, couples by way of line 104 to the manual octave selection box
      105 which comprises two bistable dividers 105A and 105B shown in FIG. 6A.
      This box also includes a manual switch 105C which has three positions. In
      the first position there is no divider provided by selection box 105, in
      the second position there is a one octave decrease and in the third
      position there is a two octave decrease. The output from selection box 105
      is coupled, as previously indicated in FIG. 4 by way of line 106 to
      frequency divider 107. FIG. 6B shows the six output lines from divider 107
      which couple to the digital to analog summer 108.
PAR  The divider 107 includes five bistable devices and is a conventional
      frequency divider or binary counter. The summer 108 may also be of
      conventional design and adds in an analog fashion the counts from divider
      107. When the count reverts to zero then the summer output goes to a
      minimum value as indicated in waveform 109 of FIG. 4.
PAR  The lines from divider 107 also couple to the pulse width selection logic
      110. The pulse width selection logic 110 may be in many different forms
      depending upon the desired output pulse widths. In FIG. 6B the ROM-4 has
      the capability of selecting five different pulse widths. These lines from
      ROM-4 couple to different ones of the gates of logic 110 for providing
      different pulse widths. The logic 110 is considered of conventional design
      well within the expertise of one skilled in the art. The output of the
      selection logic 110 is termed the PULSE output as previously shown in FIG.
      4.
PAR  In FIG. 1 the main voice circuitry 16 is shown as having inputs from
      generators 12, generators 14, and voice code box 20. The line 15 shown in
      FIG. 1 may actually physically comprise the pulse and sawtooth waveforms
      developed in generators 12. The line 17 coupling from the envelope
      generators may actually physically comprise control voltage signals for
      filters and amplifiers shown in circuitry 16. The connection from the
      voice code box to circuitry 16 is a five wire line for programming certain
      functions performed by circuitry 16 and discussed hereinafter with
      reference to FIGS. 7, 8A and 8B.
PAR  The main voice circuitry 16 is shown in a block diagram in FIG. 7. In FIG.
      7 many of the blocks have an input designated as ROM control. In the
      circuit embodiment shown hereinafter in FIGS. 8A and 8B there are employed
      three read only memories.
PAR  For the purposes of discussion at this time only a single ROM control input
      is shown in the block diagram of FIG. 7. Actually, the inputs from the
      ROM's to some of the blocks shown in FIG. 7 may comprise more than one
      conductive wire.
PAR  FIG. 7 shows the sawtooth and pulse signals coupled from the audio waveform
      generators 12. The pulse signal couples to programmable pulse amplifier
      116 which has another input designated as the ROM control input. This
      input controls the output amplitude of the pusle. The output of amplifier
      16 couples to programmable resonators A, B and C, and also to sawtooth and
      pulse selection 120. The sawtooth waveform also couples to box 120. The
      sawtooth and pulse selection is under ROM control as indicated in FIG. 7.
      Box 120 is provided for passing either the sawtooth or the pulse waveforms
      or combinations thereof to the high pass filters 122. The filters 122
      comprise a plurality of separate filter circuits which may be selectively
      enables under ROM control to provide different filter characteristics. The
      output of filters 122 couples to the audio input of voltage control filter
      124.
PAR  The pulse signal which is coupled by way of amplifier 116 is also coupled
      to programmable resonators A, B and C. Each of the resonators is
      structurally similar and includes a band-pass filter circuit. There are
      ROM control signals coupled to each of the resonators from ROM box 126.
      The ROM control is used to control the pass band and center frequency of
      the filter in dependence upon the preselected voice code. The output of
      resonators A and B couple to selection logic 128 which is of conventional
      design and comprises a plurality of logic gates for selectively passing
      the outputs from either or both of the resonators A and B.
PAR  The output of resonator C couples to switch VCA and also to switch VCF.
      Both of these switches are under ROM control and the output of resonator C
      can be selectively coupled to either the voltage controlled filter 124 or
      the voltage controlled amplifier 129, or both of these devices.
PAR  The voltage controlled amplifier 129 also includes a control input
      designated as the VCA control which coupled from the envelope generators
      of FIG. 3B. Similarly, the voltage controlled filter 124 receives a
      control signal from the envelope generator circuitry which is combined
      with a control signal from tracking attenuator 132. This attenuator is
      also under ROM control and receives the -1 volt/octave signal from the
      circuitry of FIG. 6A.
PAR  The VCF 124 may be of the type shown in U.S. Pat. No. 3,475,623. As is
      common in voltage controlled filters there is provided a control input and
      also an audio input. The resonance input is provided in accordance with
      the teachings of the aforementioned U.S. Pat. No. 3,475,623.
PAR  FIGS. 8A and 8B show a circuit and logic diagram of the main voice
      circuitry. FIG. 8A shows three read only memories which are designated as
      ROM-5, ROM-6 and ROM-7. The voice code from box 20 is coupled to the input
      of the read only memories for controlling the outputs thereof. The
      operation of these read only memories is discussed in more detail
      hereinafter with reference to the functioning of other parts of the
      circuitry shown in FIGS. 8A and 8B. As discussed with reference to FIG. 7,
      the sawtooth waveform is coupled to sawtooth and pulse selection box 120
      which, in FIG. 8A, comprises a combining circuit including summer 136.
      Summer 136 has the sawtooth waveform coupled thereto by way of resistor
      137, and has the pulse waveform coupled thereto by way of resistor 145.
PAR  The control for the coupling of the sawtooth and pulse waveforms to summer
      136 is by way of lines 139 and 140 which couple, respectively, to
      resistors 137 and 145.
PAR  For predetermined voice codes the ROM-6 may provide a ground signal on
      either of the line 139 or 140 or both of these lines. A ground signal will
      shunt either the sawtooth or pulse signals and prevent them from reaching
      summer 136.
PAR  The pulse waveform which is coupled to summer 136 may be an amplified pulse
      waveform that has passed from the pulse input terminal 142 (FIG. 8B) to
      programmable pulse amplifier 116 which is shown in FIG. 8B as comprising
      two interconnected transistors. Amplifier 116 also receives a control
      signal by way of line 144 from ROM-6. If line 144 is grounded then there
      is no pulse amplification and the pulse signal on terminal 142 is coupled
      by way of diode X, line 156 and resistor 145 to pulse line 140 (FIG. 8A)
      and from there to the summer 136.
PAR  The output of summer 136 couples by way of line 146 to the high pass
      filters 122 which comprise four separate filter circuits each including a
      series connected capacitor and resistor. Each of these filter circuits
      includes a control signal coupled on lines 147, 148, and 149, and 150 from
      ROM-6. By selectively grounding one or more of these lines different
      filter characteristics can be provided by the high pass filters 122. The
      output of filters 122 couples by way of line 152 to the audio input 154 of
      the voltage controlled filter 124.
PAR  The output of amplifier 116, which has been previously mentioned as
      connecting to summer 136 by way of resistor 145, also couples by way of
      interconnecting line 156 to resonators A, B and C. Each of these
      resonators is of substantially the same construction and each includes a
      bridged-T network including operational amplifier 158. Resonator A has two
      modes of operation, resonator B three modes of operation and resonator C
      five modes of operation. The resonators provide programmed frequency
      response control for the pulse signal. Because each of the resonators are
      of substantially similar design, and because they are not considered as
      being novel in themselves, the discussion is limited to the structure of
      resonator A.
PAR  As previously indicated, resonator A includes an operational amplifier 158
      which has one input 159 referenced to near ground and its other input 160
      coupled by way of resistors 161 and capacitor 162 to line 156. The output
      of operational amplifier 158 is controlled by selection logic 128, and
      when this logic permits an output from operational amplifier 158 it is
      coupled to output line 164 which ties to common interconnect line 183
      which in turn connects to resonators B and C.
PAR  The operational amplifier 158 of resonator A includes output filter
      circuits 167 and 168 each of which connects across the operational
      amplifier 158 from input to output. Control signals are provided from
      selection logic 128, which is in turn controlled from ROM-7, for coupling
      either or both of the filter circuits 167 or 168 across amplifier 158. The
      filter networks 167 and 168 are of conventional design and are termed
      bridged-T networks. They are active band-pass filters.
PAR  Resonator B also includes an operational amplifier 158 and three filter
      circuits 170, 171, and 172 which are also selectively controlled from
      selection logic 128.
PAR  Resonator C includes an operational amplifier 158 and five filter circuits
      175, 176, 177, 178, and 179. There are in effect, two outputs from
      resonator C. One output couples by way of resistor 180 and line 181 to the
      input of voltage controlled amplifier 129. The output also couples to the
      tie line 183.
PAR  The other output from resonator C is coupled by way of resistor 185 and
      line 152 to the audio input of voltage control filter 124. This input is
      combined with the output from filters 122, as previously shown in FIG. 7.
PAR  The outputs from the resonator C which couple by way of resistors 180 and
      185 can be controlled by way of the signals fed on lines 190 and 191. The
      lines 190 and 191 couple from ROM-7 and are designated as the resonator C
      to VCF and resonator C to VCA signals. If either of these lines are
      grounded the associated output is blocked and not coupled to either the
      voltage control amplifier or voltage control filter.
PAR  FIG. 8A also shows the tracking attenuator 132 which comprises three
      transistors and has inputs connected from ROM-5. Different degrees of
      filter tracking can be provided depending upon which of the outputs from
      ROM-5 are grounded. In the disclosed embodiment a one volt per octave, a
      two volt per octave, a five volt per octave, or a no-tracking condition
      can be provided with the circuitry shown.
PAR  The ROM-5 also includes control outputs that couple to the resonance
      circuit 204 by way of buffers 206. The resonance circuit comprises three
      separate sections for providing minimum resonance, medium resonance and
      maximum resonance. These circuits couple to the resonance input 202 of the
      voltage controlled filter 124. When the WOW input line is high circuit 204
      operates at maximum resonance.
PAR  ROM-5 also typically includes filter offset control which couples to the
      control input of the voltage control filter.
PAR  The output of the voltage controlled amplifier couples to the power
      amplifier box shown in FIG. 1 and may couple by way of a volume control
      means.
PAR  Thus, in FIGS. 8A and 8B the pulse and sawtooth waveforms are operated upon
      and pass to the voltage controlled filter and/or voltage controlled
      amplifier. The signals from the envelope generators are used for dynamic
      control of the spectrum and amplitude of the audio signal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic musical system having a keyboard and comprising:
PA1  means coupled to said keyboard and responsive to operation of at least one
      key of said keyboard for providing a signal of frequency corresponding to
      the key played,
PA1  means responsive to the playing of at least one key for providing a control
      signal,
PA1  an analog signal generator including resistance-capacitance time-constant
      elements for controlling the shape of an audio waveform and responsive to
      said frequency signal and said control signal for generating said
      waveform,
PA1  and digital code storage means coupled to both said frequency signal
      providing means and said control signal providing means for controlling
      their signals.
NUM  2.
PAR  2. The system of claim 1 wherein said frequency signal providing means
      includes a pulse waveform generator and a sawtooth waveform generator.
NUM  3.
PAR  3. The system of claim 2 including means for combining said pulse and
      sawtooth waveforms.
NUM  4.
PAR  4. The system of claim 2 including pulse width selection logic response to
      said code storage means for providing different possible pulse widths for
      said pulse waveform.
NUM  5.
PAR  5. The system of claim 1 wherein said code storage means controls the
      frequency of said frequency signal.
NUM  6.
PAR  6. The system of claim 5 wherein said control changes said frequency by an
      octave.
NUM  7.
PAR  7. The system of claim 1 wherein said frequency signal and control signal
      providing means are coupled from said keyboard by way of keyboard
      circuitry.
NUM  8.
PAR  8. The system of claim 7 wherein said keyboard circuitry includes means
      responsive to said played key for generating a binary code corresponding
      thereto.
NUM  9.
PAR  9. The system of claim 8 wherein said keyboard circuitry includes means for
      sequentially interrogating said keys to determine if one has been played,
      and for storing the binary code corresponding to the played key.
NUM  10.
PAR  10. The system of claim 1 wherein said control signal providing means
      includes at least one envelope generator having attack circuit means and
      release circuit means.
NUM  11.
PAR  11. The system of claim 10 including a pair of envelope generators.
NUM  12.
PAR  12. The system of claim 11 wherein said code storage means controls said
      attack circuit means and release circuit means.
NUM  13.
PAR  13. The system of claim 1 wherein said code storage means is coupled to
      read only memories in said frequency signal providing means and said
      control signal providing means.
NUM  14.
PAR  14. The system of claim 1 wherein said means for generating includes
      voltage controlled filter means and voltage control amplifier means.
NUM  15.
PAR  15. The system of claim 14 including resonator means for receiving a pulse
      waveform and coupled to filter means.
NUM  16.
PAR  16. The system of claim 15 wherein said code storage means controls the
      filter means of said resonator means.
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ABST
PAL  An electrical organ in which each of the keys of the organ is mechanically
      coupled to one single pole single throw electrical switch, and a plurality
      of said switches are each connected to a plurality of photoelectric tone
      sources through pulse shaping keying circuits, the keying circuits
      connected to each key switch being connected in a cascade circuit with the
      direct current potential source and the photocell of one of the tone
      sources, the other tone sources having photocells connected to the
      junctions of keying circuits in said cascade circuit. The tone circuits
      actuated by a given key of the organ may be at the same frequency or may
      comprise a chiff tone component or a noise-puff component, or may include
      a special decay circuit which activates a photocell modulated at a
      different pitch from the main-tone component.
PARN
PAC  INTRODUCTION
PAR  This application is a continuation-in-part of application Ser. No. 368,608
      filed June 11, 1973, entitled "ELECTRICAL MUSICAL INSTRUMENT". This
      invention relates to electrical musical instruments, such as electrical
      organs, and in particular relates to unique means for simulating the tones
      of the pipe organ with such an electric organ. The present invention is
      particularly related to photoelectric organs and devices for controlling
      the attack and decay of tones produced by such organs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In organs generally, it is conventional to actuate a number of tones upon
      depressing a given key. In many types of electrical organs, electrical
      tone generators may be keyed by means of an electrical switch connected
      between the tone generator and a source of direct current potential, the
      switch being actuated in response to depressing of one of the keys of the
      keyboard of the musical instrument. U.S. Pat. No. 3,617,603 of Nov. 2,
      1971, entitled "CHIFF CIRCUITS FOR ELECTRONIC ORGANS" of Wayne and Meyer,
      and U.S. Pat. No. 3,660,587 of May 2, 1972, entitled "ELECTRONIC ORGAN
      KEYING CIRCUITS" of Martin disclose an electrical organ in which a single
      pole single throw key switch activates two photoelectric tone sources,
      corresponding, for example, to a main tone component and a chiff tone
      component of the organ tone through two parallel envelope circuits. As
      more fully described hereinafter, FIG. 1 illustrates such a system.
PAR  U.S. Pat. No. 3,390,223 to Wayne discloses an electrical organ in which
      certain pipe organ simulated tones decay at a pitch which is flat with
      respect to the steady-state pitch. In the organ of the Wayne patent,
      however, this is accomplished by driving, at the steady-state pitch, a
      resonant circuit which is tuned flat with respect to the steady-state
      pitch, so that when the key switch is opened and the driving signal
      terminates, the resonant circuit produces a decaying electrical signal at
      the resonant frequency of the circuit which is flat with respect to the
      steady-state pitch.
PAR  U.S. Pat. No. 3,037,413 to Markowitz entitled "ELECTRIC ORGAN WITH
      TRANSIENT SPEECH EFFECTS" is also an example of an electrical organ in
      which a single key is utilized to excite a plurality of tone sources
      through separate keying circuits connected in parallel with the keying
      circuit of the principal tone.
PAC  SUMMARY OF INVENTION
PAR  For any given key switch of certain types of electrical organs, tone
      signals which require different rise time characteristics, or different
      decay time characteristics, can be produced with fewer circuit components
      by utilizing a plurality of keying circuits connected in cascade.
      Electrical organs suitable for such a keying circuit require tone sources
      having a control terminal and which respond to a potential being impressed
      upon that control terminal to place the tone source in operation. Hence, a
      simple single-pole single-throw switch connected in series with a power
      source and the control terminal of the tone source is effective to control
      operation of the tone source. A plurality of keying circuits connected in
      cascade between the key and the control terminal of the tone source will
      thus be effective to control both the rise time and decay time of the tone
      produced by the tone source. In addition, other tone sources which are to
      be activated by the same key may be connected to the junctions between the
      cascade connected keying circuits to have rise times and/or decay times
      dictated by those keying circuits connected between that tone generator
      and the electrical switch. In a practical electrical organ, three such
      keying circuits have been connected in cascade to provide fast rise times,
      medium rise times, and slow rise times for the tones produced from three
      separate generators connected to a common key. In addition, these keying
      circuits connected in series with each of these generators also may be
      utilized to control the decay times of the tones produced from these
      signal sources.
PAR  It is an object of the present invention to provide an electrical organ
      which produces chiff and/or noise-puff components of the tone of the organ
      with economy of circuitry.
PAR  Another object of the present invention is to provide an electrical organ
      which produces pipe-organ like tones of the type that decay at different
      pitches from the main or steady state portion of the tones.
PAR  A still further object of the present invention is to provide an electrical
      musical instrument with a plurality of keying circuits connected in a
      cascade circuit with a direct current power source, a key switch, and a
      control electrode of an electrical tone source, the cascaded keying
      circuits providing a desirable rise characteristic to the electrical audio
      tone produced by the tone source on closing of the key switch, and in
      which the control electrode of other tone sources is connected to the
      junction between adjacent cascaded keying circuits to provide suitable
      rise times for the audio tone signals produced by these tone sources also.
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PAR  The above objects and still further objects, features and advantages of the
      present invention will become apparent upon consideration of the following
      detailed description of a specific embodiment thereof, especially when
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic circuit diagram of a portion of a photoelectric organ
      known to the prior art;
PAR  FIG. 2 is a broken-diagramatic and partly schematic view of a portion of a
      photoelectric organ suitable for carrying out the prior art organ of FIG.
      1 and a portion of the preferred embodiment of the present invention;
PAR  FIG. 3 is a schematic diagram of a portion of a photoelectric organ of the
      type illustrated in FIG. 2 constructed according to the teachings of the
      present invention;
PAR  FIG. 4 is a schematic view of a portion of the photoelectric organ of FIGS.
      2 and 3 illustrating in plane view one of the photocell assemblies of the
      organ;
PAR  FIG. 5 is an electrical circuit diagram of a modified construction of a
      keying circuit constructed according to the teachings of the present
      invention for use in the photoelectric organ illustrated in FIGS. 2 and 4;
PAR  FIG. 6 is an electrical circuit diagram of another modified construction of
      a keying circuit for use in the photoelectric organ of FIGS. 2 and 4;
PAR  FIG. 7 is an electrical circuit diagram of a more detailed construction of
      a keying circuit for a photoelectric organ as illustrated in FIGS. 2 and
      4; and
PAR  FIG. 8 is a graph showing the rise and decay characteristics of the keying
      potentials produced by the keying circuits set forth in FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  FIG. 1 illustrates the prior art parallel keying circuits described in
      detail in U.S. Pat. No. 3,617,603 of Wayne and Meyer, and U.S. Pat. No.
      3,660,587 of Martin. A single pole single throw key switch 2 has a pair of
      contacts actuated by a playing key 4 of a conventional keyboard (not
      shown) of the electric organ. The switch 2 has one contact directly
      connected to one terminal of a direct current potential source, designated
      as +V, and the other terminal of the switch 2 is connected to a fast
      envelope circuit 6, a slow envelope circuit 8, and a chiff envelope
      circuit 9. Hence, closing of the switch 2 applies the potential +V to the
      inputs of all three envelope circuits 6, 8 and 9 simultaneously.
PAR  The fast keying circuit 6 has multiple output connections which are
      connected to a plurality of different arrays of photocells in the organ,
      the photocells being indicated in FIG. 1 on a disc 11a as the 8' Reed, 4'
      Reed, 2' Flute, and 1' Flute. The slow envelope circuit 8 also has
      multiple output terminals which are connected to a plurality of different
      photocell arrays indicated as the 16' Bourdon, 4' Flute and 8' Flute. The
      attack required for the 8' Reed, 4' Reed, 1' Flute, and 2' Flute is
      relatively fast, and this can be achieved from the fast envelope circuits,
      while the attack for the 4' Flute, 8' Flute, and 16' Bourdon are
      relatively slow, and this is achieved by the slow envelope circuit 8. Thus
      from a single key switch 2, the photocells for both relatively fast
      starting tones and relatively slow starting tones are energized from a
      single direct current source +V.
PAR  FIG. 2 illustrates the construction of the tone generators used in the
      prior art organ of FIG. 1 and also used in the preferred embodiment of the
      present invention. The organ has a light source (not shown for simplicity)
      which produces radiation falling upon a pitch disc 1. The pitch disc 1 is
      maintained rotating at a constant rate by a motor (not shown). The pitch
      disc 1 has transparent slots 3 equally spaced in a plurality of concentric
      circles, one circle for each musical pitch, and rotation of the pitch disc
      1 causes apparent moving beams of light to scan wave form patterns
      illustrated at 5 and 7 in a stationary wave form disc 21. The patterns 5
      and 7 may either be of the variable area or variable density type. The
      wave form patterns 5 and 7 determine the timbre of the tones produced by
      the electrical organ.
PAR  The modulated light produced by the beams of light fall upon photocell
      arrays, one of which is illustrated at 11. The photocell array 11 is
      disposed upon the stationary plate 11a, diagramatically illustrated in
      FIG. 1 and illustrated in FIG. 2. Each array of photocells comprises a
      plurality of pairs of photocells for use in a push-pull circuit. Each pair
      of photocells has a keying electrode 13 disposed between two collecting
      electrodes 15 and 17, and a layer 19 of photosensitive material, such as
      cadmium selenide, is disposed in a ribbon over all three electrodes 15, 13
      and 17. The physical layout of a photocell array is further described
      hereinafter in connection with FIG. 4.
PAR  FIG. 3 discloses the basic elements of a photoelectric organ employing
      cascade keying circuits according to the present invention. A source of
      direct current activating potential +V is connected to the terminal 23 to
      which all key switches of the instrument are connected, the key switch 25
      being illustrated. It is to be understood that FIG. 3 illustrates the
      keying circuits for only one key and key switch of the electric organ and
      that similar keying circuits are utilized with each of the other key
      switches of the electric organ. The switch 25 has a second contact
      connected to an envelope circuit 27 containing only passive elements and
      having an output point 29. An emitter follower, designated EF No. 1, is
      connected to point 29, the emitter follower EF No. 1 having an output
      point 31.
PAR  Upon closing of the key switch 25, a potential having a very rapid rise
      time appears on the contact of the key switch connected to the envelope
      circuit 27, the rise time being extremely short. The envelope circuit 27
      modifies this rise time to provide the fast attack desired and necessary
      for certain tones of the electric organ, and the fast attack is preserved
      by the emitter follower EF No. 1 to appear on the point 31. Hence, the
      potential appearing on the point 31 may be utilized directly to drive the
      control electrode 32 of a pair of photocells 32a and 32b which are
      utilized to produce tones which require a fast onset or attack.
PAR  The point 31 is also connected to a second envelope circuit 33, and the
      second envelope circuit is connected to another emitter follower
      designated EF No. 2. The output of the emitter follower EF No. 2 is
      connected to point 35.
PAR  Since closing of this key switch 25 produces a pulse on point 31 with a
      short rise time, but a rise time which has been modified by the envelope
      circuit 27 to be significantly longer than the rise time at the key switch
      25 itself, the envelope circuit 33 may achieve a further delayed rise time
      on the point 35 utilizing the potential which appears on the point 31. The
      point 35 is connected to the control element 34 of a pair of photocells
      34a and 34b which are positioned with respect to the rotating pitch disc
      of the photoelectric organ to require slower onsets than the photocell 32a
      and 32b. The photocells 34a and 34b are referred to as the medium cells,
      while the photocells 32a and 32b are referred to as the fast cells.
PAR  The point 35 is connected to still another envelope circuit 37, which in
      turn is connected to an emitter follower EF No. 3. The output of the
      emitter follower EF No. 3 is connected to the control electrode 39 of a
      pair of photocells 41a and 41b. It should be noted that the photocells in
      FIG. 3 are illustrated as variable resistors, but they are identical in
      construction to the photocells of FIG. 2. The envelope circuit 37 further
      modifies the rise time of pulses produced by closing of the key switch 25
      which appear on point 35 to further increase the rise time impressed upon
      the input of the emitter follower EF No. 3. In this manner, the onset of
      the control potential placed upon the control element 39 of the photocell
      assembly 41a and 41b is further retarded, and these photocells are
      referred to as slow cells. Thus, the keying circuits 27, 33, and 37 are
      connected in cascade with respect to the slow cells 41a and 41b, the
      emitter followers EF No. 1, EF No. 2 and EF No. 3 being utilized for
      isolation purposes.
PAR  The tone signal developed in the cells 32a and 32b, 34a and 34b, and 41a
      and 41b is conducted through a bifilar wound transformer 43 which cancels
      the direct current transient. The transformer 43 is connected to the input
      of a preamplifier 45 which is connected through a stop switch 47 and power
      amplifier 49 to a loudspeaker system 51 for conversion to sound. The
      emitter followers EF No. 1, EF No. 2 and EF No. 3 are utilized to prevent
      the longer decay pulses which are applied to certain of the photocells
      from effecting the shorter decay pulses and to prevent the wide range of
      impedances of the photocells from affecting each other. It is common to
      find photocell resistances to range between 6800 ohms and 100,000 ohms,
      and such changes in resistance may affect the envelope circuits 27, 33 and
      37 in the absence of isolation.
PAR  FIG. 4 illustrates a portion of one of the photocell arrays 11 of the
      photoelectric organ. A glass substrate 51, which is mounted on the
      stationary disc 11a illustrated in FIG. 2, has deposited thereon a
      metallic electrically conducting circuit pattern composed of the
      interdigitated members 13, 15 and 17. The interdigitated members 13, 15
      and 17 comprise the keying or control electrode and two collection
      electrodes of one photocell pair described in FIG. 2, the terminal lands
      of three adjacent control electrodes being indicated as 32, 520 and 521.
      The photosensitive material is in the form of a strip 19 deposited on the
      interdigitated members 13, 15 and 17 of the electrically conducting
      circuit pattern. The electrodes 15 and 17 are shown electrically connected
      to the transformer 43 and preamplifier 45, and the control electrodes 32,
      520 and 521 are indicated in FIG. 4.
PAR  FIG. 5 illustrates the manner in which chiff and noise components are added
      to the organ described in connection with FIG. 3, and identical reference
      numerals are used for identical parts. An additional keying circuit 53 is
      connected between the point 31, which produces pulses of the proper rise
      time for fast photocells, and an additional emitter follower designated EF
      No. 4. The output of the emitter follower EF No. 4 is connected to the
      control electrode 54 of the chiff photocells 54a and 54b. It is to be
      noted that the chiff photocells 54a and 54b are connected through a
      different transformer 56 to an amplifier 58, and the output of the
      amplifier 58 is connected to the input of the power amplifier 49 through a
      stop switch 60. Hence, the artist playing the organ has control to
      selectively use the chiff cells.
PAR  It will be noted that the passive elements in the keying circuit 53 include
      a capacitor 66 connected to the point 31 and a resistor 68 connected to a
      direct current potential designated as -V.sub.2. Accordingly, the chiff
      photocells are subjected to a short pulse whenever the key switch 25 is
      closed as shown by the fast chiff pulse 57 in FIG. 8.
PAR  The pulse output of emitter follower EF No. 4 may also feed a noise-puff
      gate which consists of diodes 501 and 502 resistors 503 and 504,
      transistor 505 and noise source 511. The nose source 511 is biased at
      ground potential, so that half the time that diode 502 is conducting with
      the transistor 505 not conducting, and the other half of the time the
      transistor 505 conducts and diode 502 does not. During these latter times
      the current from the resistor 503 is transferred to the collector load
      resistor 504. Thus, random width noise pulses are produced whose
      amplitudes are proportional to the instantaneous value of the chiff
      envelope at the output of emitter follower EF No. 4. The high-pass filter
      506 allows only noise components above a certain frequency to come
      through. This cut-off frequency varies from 1000 Hz for the low notes to
      3000 Hz for the high notes. Thus a noise-puff having the desired frequency
      components is obtained with the same envelope as is applied to the fast
      chiff cells. The puff is coupled through resistor 510 to the input
      transformer 56 of any stop requiring the puff.
PAR  Envelope circuit 27 is also connected through an emitter follower
      designated EF No. 5 to the control electrode of a gate 62. The gate 62 is
      connected between a noise source 64 and the input of the preamplifier 45,
      the signal passing through amplifier 507 and resistor 508. Desirable
      steady noise components may thus be keyed with the same envelope as
      supplied to the fast cells at point 31, but the separate emitter follower
      EF No. 5 is required because of negative voltages from gate 62 which could
      get back to the fast cells if it were not for this isolation. The noise
      source 64 and gate 62 are more fully described in the patent application
      Ser. No. 368,608 of the present inventors entitled "ELECTRICAL MUSICAL
      INSTRUMENT", filed June 11, 1973, and will not be further described.
PAR  FIG. 6 illustrates another modified construction of the electric oxygen set
      forth in FIG. 3, identical reference numerals being used for identical
      parts. In FIG. 6, however, a decay circuit 55 is connected to point 31.
      The output of the decay circuit appears on point 67, as will be more fully
      described in connection with FIGS. 7 and 8.
PAR  FIG. 7 shows a preferred construction of a cascade keyer for one key switch
      of an electric organ together with a fragment of the photocell circuits of
      the electric organ. In FIG. 7, the identical elements to those described
      in connection with the foregoing figures bear the same reference numerals.
      It will be noted that in FIG. 7 the emitter follower corresponding to EF
      No. 1 is formed by the transistor Q.sub.1, the emitter follower
      corresponding to EF No. 2 is formed by the transistor Q.sub.4, and the
      emitter follower corresponding to EF No. 3 is formed by the transistor
      Q.sub.6.
PAR  It will be noted that the transistor Q.sub.o is the emitter follower which
      couples the point 29 directly to the steady noise gate 62. The output of
      this gate 62 feeds the input transformers of several stops through an
      amplifier 507 and resistors 508 and 509.
PAR  The emitter follower utilizing transistor Q.sub.1 excites the tone
      generators which produce the Reed tones. One of these tone generatoros has
      a control electrode 82 for photocells 82a and 82b, as well as other tone
      generators which will not be further described. These tone generators are
      also connected to the power amplifier 49 through a transformer 84, a
      preamplifier 86, and a stop switch 88.
PAR  As the key switch 25 is closed, a +16V direct potential is applied to the
      RC envelope circuit 27, the potential of point 29 rising at a rate
      determined by the time constant of the resistor R2 and capacitor C1.
      Resistor R1 also provides a decay path for capacitor C1 when the key
      switch 25 is opened. Hence, the decay rate of potential on the capacitor
      C1 is determined by the time constant of resistors R1 plus R2 in series
      with capacitor C1. Thus, the rising, then decaying, potential at point 29
      is applied to the bases of transistors Q.sub.o and Q.sub.1, both of which
      are connected in emitter follower circuits. It will be noted that the
      collectors of all transistors in the keying circuit with the exception of
      Q.sub.2 are connected to the positive terminal of the 10 volt direct
      current power supply as illustrated. Thus, point 31, at the emitter of
      transistor Q.sub.1, develops an activating potential suitable for
      photocells corresponding to notes requiring a fast attack and decay, the
      potential being available on the photocells designated 90a and 90b and
      other such photocells.
PAR  The potential available at point 31 is also applied by means of a diode
      D.sub.3 to a group of photocells referred to as the Reed voices which are
      characterized by fast attack and fast decay. Two pairs of Reed photocells
      are illustrated at 82a and 82b and 94a and 94b, although it is to be
      understood that many more such cells are used in a complete electronic
      organ. The diode D.sub.3 isolates the decay transient which is applied to
      the Reed cells from other cells connected to the point 31 and from the
      subsequent cascaded circuits, and further provides a decay path for
      capacitors C2, C3 and C4 through resistor R3.
PAR  The envelope circuit 33 is the second envelope circuit in the cascade and
      consists of the passive components resistor R7 and capacitor C4 connected
      in series between the point 31 and the common return conductor 34. Thus
      the potential at the point 36 (the base of transistor Q.sub.4) rises when
      key 25 is closed at a rate determined by the series combination of
      envelope circuits 27 and 33. Hence, the rise time of the keying potential
      at point 36 will be slower than the rise time of the potential at point
      31.
PAR  Resistor R8 is connected between the emitter of transistor Q.sub.4 and the
      common connector 34 and provides a decay path for the capacitors C5 and
      C6.
PAR  Envelope circuit 37 is connected between the point 35 and transistor
      Q.sub.6 and consists of resistor R10 and capacitor C6. Transistor Q.sub.6
      is connected in an emitter follower circuit and corresponds to emitter
      follower EF No. 3. The emitter of transistor Q.sub.6 is connected to the
      slow photocells, one pair of which is designated 41a and 41b.
PAR  The fast attack output available at point 31 is coupled to the emitter
      follower employing transistor Q.sub.3 through capacitor C3 for activating
      fast chiff photocells for the onset of the chiff component of the tone.
      Resistor R6 controls the decay of the chiff component at point 54 (the
      base of transistor Q.sub.3), resistor R6 being connected to the return -9
      volts, thus producing a decay more like a straight line function than an
      exponential function. The charging of capacitors C3 is stopped by diode D1
      which is connected to a positive 0.6 volt potential and serves to
      discharge C3 quickly on opening of the key switch 25 in order to make it
      possible to immediately produce another transient when the key switch 25
      is again closed. The fast attack chiff component is generated by tone
      sources using photocells designated 97a and 97b as an example in FIG. 7.
      The fast attack chiff component is used in conjunction with a main tone
      component that has a medium or slow starting time so that the chiff always
      occurs in advance of the main tone. It will be noted in FIG. 8 that the
      curve 57, which represents the fast chiff potential appearing on the
      emitter of transistor Q.sub.3 rises ahead of the curves 59 and 61 which
      represent the medium onset and slow onset potentials which appear on point
      35 and the emitter of transistor Q.sub.6, respectively. A similar circuit
      consisting of capacitor C5, resistor R9, diode D2 and transistor Q.sub.5
      activates the slow chiff photocells.
PAR  FIG. 7 also illustrates circuits for use with Reed tones which achieve a
      decay at a different frequency than the frequency of the main tone. This
      decay output circuitry is designated 55 in FIG. 7 and couples the point 31
      to other cell elements 82c and 82d and 94c and 94d. When the key switch 25
      is opened, and the fast decay of the fast attack output which appears on
      point 31 is coupled to the base of transistor Q.sub.2 through capacitor
      C2. Since capacitor C2 is quickly charged through resistor R4, the decay
      is only momentarily coupled to the base of transistor Q.sub.2. This
      transient is inverted through transistor Q.sub.2 and applied to the
      photocell pairs 82c and 82d and 94c and 94d which have frequencies which
      differ from the frequency of the main tone by one, two or three semitones.
      For example, if the main tone is at the frequency C2, the frequency of the
      decay from the tone source using the photocells 82c and 82d will be on the
      D.sub. 2 No. frequency. Hence, if key switch 25 actuates the Reed tone
      generator using photocells 82a and 82b, then the output of transistor
      Q.sub.2 actuates the decay generator using photocells 82c and 82d
      operating at the frequency of D.sub.2 No. tone. The amplitude of the
      output from the D.sub.2 No. decay can be controlled by the emitter
      resistor R5. A typical curve for such a tone decay potential is shown at
      63 in FIG. 8, the descending portion of which lingers on after curve 65
      which is used to excite the photocells for the main Reed output.
PAR  In a particular construction, each note in the manual of a photoelectric
      organ is provided with a key switch and the associate cascaded keying
      circuits, such as illustrated in FIG. 7. A total of 215 such circuits are
      required for a typical three-manual organ. For the tone C3 (the next to
      the lowest C on the keyboard) the values of the resistors and capacitors
      used to obtain the desired rise times and decay times are as follows:
PA1  R1 = 3900 ohms.
PA1  R2 = 6800 ohms.
PA1  R3 = 6800 ohms.
PA1  R4 = 100,000 ohms.
PA1  R5 = 15,000 ohms.
PA1  R6 = 150,000 ohms.
PA1  R7 = 22,000 ohms.
PA1  R8 = 10,000 ohms.
PA1  R9 = 820,000 ohms.
PA1  R10 = 120,000 ohms.
PA1  C1 = 0.33 micro farads
PA1  C2 = 0.33 micro farads
PA1  C3 = 1 micro farad
PA1  C4 = 1 micro farad
PA1  C5 = 0.56 micro farads
PA1  C6 = 0.22 micro farads
PAL  Higher notes will require shorter time constants.
PAR  Those skilled in the art will devise many modifications to the foregoing
      photoelectric organ. In particular, it should be noted that the keying
      circuits may be utilized with other type of tone sources which are capable
      of being actuated and modulated responsive to a DC potential. It is
      therefore intended that the scope of the present invention be not limited
      by the foregoing disclosure, but rather only by the inventive claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. In an electronic musical instrument, a source of direct-current
      potential, a first keying circuit, a key switch connected between the
      source and the first keying circuit, a first tone signal source
      corresponding to the chiff component of a desired tone, a second keying
      circuit connected between the first keying circuit and the first tone
      signal source, a second tone signal source corresponding to the main
      component of a desired tone and a third keying circuit connected between
      the first keying circuit and the second tone signal source.
NUM  2.
PAR  2. The combination according to claim 1, wherein said keying circuits each
      comprise a series resistor-capacitor combination with an emitter-follower
      connected to each resistor-capacitor junction.
NUM  3.
PAR  3. The combination according to claim 1, wherein the first tone signal
      source comprises a direct-current-actuable noise source.
NUM  4.
PAR  4. In an electronic musical instrument, a first tone signal source having a
      control terminal and producing an output modulated in amplitude by the
      amplitude of a potential impressed upon the control terminal thereof, a
      source of electrical pulses having a rising leading edge and decaying
      trailing edge connected to the control terminal of the first tone signal
      source, a transistor having a base, an emitter and a collector, a
      capacitor electrically connected between the control terminal of the first
      tone signal source and the base of the transistor, a source of
      direct-current potential having a first and a second terminal, a first
      resistor electrically connected between the first terminal of the source
      of direct-current potential and the emitter of the transistor, a second
      resistor electrically connected between the first terminal of the
      potential source and the base of the transistor, and a second tone signal
      source having a control terminal connected to the collector of the
      transistor, said second tone signal source producing an output modulated
      in amplitude by the amplitude of the potential impressed upon the control
      terminal and the pitch of the second tone-signal source being different
      from the pitch of the first tone-signal source.
NUM  5.
PAR  5. The combination according to claim 4, wherein the source of electrical
      pulses comprises, in series, a key switch, a third resistor and a second
      capacitor electrically connected between the first and second terminals of
      the source of direct-current potential, and an emitter follower
      electrically connected between the junction of the third resistor and the
      second capacitor and the control electrode of the first tone signal
      source.
NUM  6.
PAR  6. In an electronic organ having a source of direct-current potential
      having a first terminal and a second terminal, a key switch having a first
      terminal connected to the first terminal of the source and a second
      terminal, a first resistor and a first capacitor connected in series
      between the second terminal of the key switch and the second terminal of
      the source, the combination comprising a first direct-current-actuable
      tone signal source, a first emitter follower having a first transistor
      having a base, an emitter and a collector, the base of the first
      transistor being connected to the junction between the first resistor and
      the first capacitor, a second emitter follower having a second transistor
      having a base, emitter and collector, a second resistor connected between
      the emitter of the first transistor and the base of the second transistor,
      a second capacitor connected between the base of the second transistor and
      the second terminal of the source, and the first tone signal source being
      connected to the emitter of the second transistor.
NUM  7.
PAR  7. In an electronic organ having a source of direct-current potential
      having a first terminal and a second terminal, a key switch having a first
      terminal connected to the first terminal of the source and a second
      terminal, a first resistor and a first capacitor connected in series
      between the second terminal of the key switch and the second terminal of
      said source, the combination comprising a first emitter follower having a
      first transistor having a base, an emitter and a collector, the base of
      the first transistor being connected to the junction between the first
      resistor and the first capacitor, a second emitter follower having a
      second transistor having a base, an emitter and a collector, a second
      resistor connected between the emitter of the first transistor and the
      base of the second transistor, a second capacitor connected between the
      base of the second transistor and the, second terminal of the source, a
      first direct-current-actuable tone signal source connected to the emitter
      of the second transistor, a third emitter follower having a third
      transistor having a base, an emitter and a collector, a third capacitor
      connected between the emitter of the second transistor and the base of the
      third transistor, and a second direct-current-actuable tone signal source
      connected to the emitter of the third transistor.
NUM  8.
PAR  8. An electrical musical instrument having a plurality of keys comprising a
      plurality of tone signal sources, each of the tone signal sources having a
      pair of control electrode terminals and producing a modulated output
      responsive to the magnitude of a potential impressed upon said control
      electrode terminals, an electrical key switch coupled to one of the keys
      of the musical instrument, said key switch being actuable in response to
      actuation of said key, a direct current source of potential, and a
      plurality of electrical envelope shapers, each having a pair of input
      terminals and a pair of output terminals and passive wave forming elements
      connected between the input and output terminals, said envelope shapers
      being connected in cascade with the input terminals of the first of said
      shapers connected in a series electrical circuit with the direct current
      source and the key switch, the output terminals of the last envelope
      shaper of said cascade being electrically connected to the control
      electrode terminals of one of the tone signal sources, whereby closing of
      the electrical switch impresses a potential on the one tone signal source
      modified by the cumulative effect of the waveform elements of the envelope
      shapers, and the pair of output terminals of the first of said envelope
      shapers being connected to the control electrode terminals of a different
      tone signal source, whereby closing of the electrical switch impresses a
      potential on said different tone signal source modified only by the
      waveforming elements of the first of said envelope shapers.
NUM  9.
PAR  9. An electrical musical instrument comprising the combination of claim 8
      in combination with additional tone signal sources, each of said
      additional tone signal sources having a pair of control electrode
      terminals electrically connected to the output terminals of envelope
      shapers in said cascade other than the first or last envelope shaper of
      said cascade, whereby closing of the electrical switch impresses a
      potential on said additional tone signal sources shaped by the passive
      waveform circuits between each said signal source and the direct current
      source.
NUM  10.
PAR  10. An electrical musical instrument comprising the combination of claim 8
      in combination with a pulse generator having a pair of input terminals
      electrically connected to the pair of output terminals of the first of
      said envelope shapers and a pair of output terminals, said pulse generator
      producing a single pulse responsive to each decay in output of the first
      envelope shaper, the pair of output terminals of the pulse generator being
      electrically connected to the control electrode terminals of an additional
      tone signal source wherein said additional tone signal source has a
      frequency different from said different tone signal source, whereby
      closing of the key switch results in actuation of the different tone
      signal source at a first frequency and opening of the key switch results
      in a decay tone signal from said additional tone signal source at a second
      frequency.
NUM  11.
PAR  11. An electrical musical instrument comprising the combination of claim 8
      wherein each of the tone signal sources comprises a pair of photoresistor
      cells connected in series, the junction between the cells being one of the
      control electrodes of the tone signal source, a push-pull electrical
      amplifier connected across the pair of photoresistor cells, and an
      electroacoustic transducer electrically connected to the output of the
      electrical amplifier.
NUM  12.
PAR  12. An electrical musical instrument comprising the combination of claim 8
      in combination with an additional electrical wave shaper having a pair of
      input terminals electrically connected to the output terminals of the
      first electrical envelope shaper and a pair of output terminals, an
      emitter follower having a pair of input terminals electrically connected
      to the output terminals of the additional wave shaper, and a chiff tone
      signal source having a pair of control electrodes electrically connected
      to the output terminals of the emitter follower, said chiff tone signal
      source producing an output responsive in magnitude to the potential
      impressed on the control electrode thereof.
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ABST
PAL  This invention discloses a novel and improved mechanism for operating a
      bass drum which is totally adjustable. A telescoping rod and tube assembly
      is provided whereby the position and the height of the foot pedal may be
      adjusted to suit the operator's individual needs. The position of the
      mechanism may be arcuately adjusted about the drum head as well as the
      distance through which the beater ball moves to strike the drum head and
      the force required to be exerted on the depressible foot pedal to cause
      the beater ball to move. These various adjustments may be made singly or
      in concert.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a mechanism for operating a bass drum
      and more particularly, to an adjustable bass drum pedal and beater
      mechanism therefor.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  Mechanisms for operating a bass drum have included a depressible foot
      pedal, which when depressed, activates a means which causes a beater ball
      to move through an arc and strike a bass drum. When the pedal is released,
      the beater ball will return to a resting position ready to move forward to
      strike the drum when activated again.
PAR  However, in the conventional bass drum pedal, no mechanism has been
      provided to allow the operator to adjust the position of the foot pedal in
      all directions in a quick and efficient manner as well as to adjust the
      direction of the beater ball and the distance it must travel to strike the
      bass drum. The lack of adjustability with the mechanisms of the prior art
      has been a problem, particularly with equipment used for instructional
      purposes. It is a well known fact that the feet of different people are
      different in both shape and size. It is therefore a distinct advantage to
      provide a mechanism which would allow the operator thereof to adjust the
      position, the height and angle of the foot pedal, the distance the beater
      ball must travel to the bass drum, the angle between the beater ball and
      the drum, and the pressure required to be applied to the foot pedal to
      cause the beater ball to strike the drum in a quick and efficient manner.
PAR  The adjustability of the aforementioned constants is particularly important
      if the operator has an irregularly shaped or diseased foot or muscle
      controlling movement of the foot.
PAR  The adjustability of the pressure required to activate the means to cause
      the beater ball to strike the bass drum provides a further advantage over
      the prior art. Different types of music will require different rhythms and
      beats to be played by the musicians and, in particular, will require
      different bass drum beats. With a totally adjustable mechanism, the
      operator will be able to adjust the travel of his foot so that he will be
      able to play a much faster or slower beat or a louder or softer beat on
      the bass drum with a minimum of effort.
PAR  It is also a fact that certain persons have difficulty in depressing the
      foot pedal of the conventional apparatus due to the strength required. The
      present invention alleviates such a problem in that the amount of pressure
      necessary to depress the foot pedal may be reduced.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a fully
      adjustable mechanism for playing a bass drum wherein the position of the
      foot pedal may be adjusted in all directions.
PAR  It is another object of the invention to provide a mechanism for operating
      a bass drum wherein both the distance between the foot pedal and the bass
      drum and the height of the foot pedal may be varied in a quick, easy and
      efficient manner.
PAR  Still a further object of the present invention is to provide a means for
      adjusting the distance the beater ball must move to strike the bass drum.
PAR  A still further object of the present invention is to provide a means to
      adjust the pressure necessary to be applied to the foot pedal to cause the
      beater ball to move from a resting position to strike the bass drum.
PAR  Yet a still further object of the present invention is to provide means to
      control the travel required by the foot pedal to cause the beater ball to
      move from a resting position to strike the bass drum.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, to which reference will now be made in this application,
      similar reference characters have been employed to designate corresponding
      parts throughout the several drawings:
PAR  FIG. 1 is a perspective view of a mechanism for operating a bass drum
      embodying the present invention and affixed to a bass drum;
PAR  FIG. 2 is a side elevational view of an embodiment of the present
      invention;
PAR  FIG. 3 is a fragmentary sectional view showing means for transmission of
      the pedal motion to the beater rod;
PAR  FIG. 4 is a cross-sectional view taken along the line A--A of FIG. 3; and
PAR  FIG. 5 is a top plan view of an embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The mechanism for operating a bass drum of the present invention consists
      generally of a base 10, a support comprising vertical side posts 12 and 14
      and shaft 16, beater rod 18, beater ball 20, foot pedal 22 and a rod 24
      connecting the foot pedal 22 and the shaft 16. A drum clamp 26 affixes to
      the rim 28 of a bass drum 98 and is affixed to a base plate 30 of the
      support and is held by a screw 32.
PAR  The foot pedal 22 is pivotally mounted by a pin 34 onto a heel plate 36 and
      pivots in a vertical direction. The forward portion of the foot pedal 22
      is slidably mounted by a first bracket 38 onto the rod 24 and the heel
      plate 36 is slidably mounted to the base 10 by a second bracket 40 and
      fastened by fastener 42.
PAR  Rod 24 is telescopic into tube 44 which is pivotally mounted through pin 48
      on base 10 by clamp 46 and its position is held by screw clamp 50. The
      rearward end of tube 44 is also slidably mounted in track 52 in the base
      10 and held in position by thumb screw 54.
PAR  The base 10 is adjustably clamped onto the leading edge of the base plate
      30 by a track clamp 56 and is held by first and second track clamp screws
      58 and 60.
PAR  The forward end of the rod 24 is affixed to a swivel connector 62 which is
      held by a cable 64 which is wound around a portion of a wheel 66
      comprising a first half-wheel 68 and a complimentary second half wheel 70.
      The first half-wheel 68 is fastened to the second half-wheel by first
      wheel screw 72, second wheel screw 74 and third wheel screw 76.
PAR  The beater ball 20 is affixed to a beater rod 18 leading to a horizontal
      shaft 16 and adjustably held on the shaft by a rod bracket 78. A first
      bracket screw 80 holds the beater rod 18 in position by contact pressure.
      Rod bracket 78 is also affixed to shaft 16 and is held in place by a
      second bracket screw 82 by contact pressure.
PAR  The end of the shaft 16 opposite to the wheel 66 contains an adjustable
      bracket 84, held by a beater angle adjuster screw 96 to which a spring 86
      is affixed. The lower end of the spring is connected to a swivel bearing
      88, a tension nut 90, and to a connector 94 affixed to the post 14 by a
      stud.
PAR  The present invention provides many novel adjustable features. The position
      of the foot pedal 22 may be adjusted independently of the position of the
      base plate 30 or the base 10. The fastener 42 is loosened and second
      bracket 40 is moved either forward or rearward sliding on base 10. First
      bracket 38 slides on rod 24 from screw clamp 50 to the foremost end of the
      rod. Then the position of the foot pedal 22 may be varied and it brought
      closer to the drum or further away as determined by the operator thereof.
PAR  A second adjustable feature of the present invention is the adjustability
      of the total length of the rod 24 and the tube 44. As stated hereinbefore,
      rod 24 is telescopically adjustable into tube 44. Thus, if screw clamp 50
      and thumb screw 54 are loosened, clamp 46 may be adjusted along track 52
      thereby reducing the length of rod 52 and thereby reducing the combined
      length of rod 24 and tube 44. This will cause the position of foot pedal
      22 to be varied according to the operator's preference. This adjustment
      produces a different effect than the first noted adjustment and the
      effects will be described hereinafter.
PAR  A third adjustable feature of the present invention is the angle at which
      the foot pedal is viz-a-viz the bass drum 98. Track clamp 56 may be
      adjusted by loosening first track clamp screw 58 and second track clamp
      screw 60 and travelled in an arc along the front lip of the base plate 30.
      Once a position comfortable to the operator is found, the first track
      clamp screw 58 and second track clamp screw 60 are tightened to a secure
      position and thus, the angle at which the operator's foot is positioned to
      use this pedal may be adjusted to each player's needs.
PAR  A fourth adjustable feature of this invention is well known in the prior
      art and resides in the drum clamp 26. The position of the drum clamp 26 on
      the rim 28 is adjusted by loosening screw 32 and adjusting the drum clamp
      26 to the desired position.
PAR  A fifth adjustable feature of the present invention is the ability to vary
      the length of the cable 64 and therefore the height of the resting
      position of the foot pedal 22. If the length of the cable is decreased,
      the height of the foot pedal 22 above the base 10 in a resting position
      would be increased. Therefore, the operator could adjust the height of the
      foot pedal 22 to his particular needs.
PAR  In order to adjust the length of the cable 64, the first wheel screw 72,
      the second wheel screw 74 and the third wheel screw 76 are loosened. Wheel
      66 consists of first half wheel 68 and second half wheel 70. The cable 64
      is affixed to one of said half wheels which is rotatable about the shaft
      16. The other of said half wheels is permanently fixed to the shaft 16.
      Thus, when the half wheel affixed to the cable 64 is rotated about the
      shaft 16 and then tightened to the fixed half wheel portion, the length of
      the cable 64 may be effectively increased or decreased. This raises or
      lowers the height of the rod 24 above the base 10 and adjusts the position
      of the foot pedal 22.
PAR  A sixth adjustable feature of the present invention is that the angle
      between the base of the beater rod 18 and the bass drum 98 may be adjusted
      thereby adjusting the distance between the beater ball 20 and the bass
      drum 98.
PAR  The beater angle adjuster screw 96 is loosened and the adjustable bracket
      is arcuately adjusted. This bracket is affixed to the shaft 16 and
      therefore, when rotated, will in turn rotate the shaft 16. Since the
      beater rod 18 is affixed to the shaft 16, when the adjustable bracket is
      rotated, the angle between the beater rod 18 and the drum 98 will change
      and therefore, the distance between the beater ball 20 and the drum 98
      will also change. Once the desired position is located, then the beater
      adjuster screw 96 is tightened.
PAR  A seventh adjustable feature of the present invention is well known in the
      art and comprises the increase or decrease in the tension of the spring 86
      by rotating tension nut 90 in one direction or in the other. The tension
      in the spring controls the return of the beater ball 20 to the resting
      position and contributes to the control of the amount of pressure
      necessary to be applied to the foot pedal 22 to move the beater rod 18
      from the resting position to the drum 98.
PAR  The operator of the present invention is able to vary the position of the
      foot pedal, the pressure necessary to be applied to depress the foot
      pedal, the distance through which the foot pedal must travel in order to
      cause the beater ball to strike the drum, the angle of the foot pedal to
      the drum and the distance the beater ball must travel from a resting
      position to strike the bass drum. These adjustments may be made singly or
      in concert according to his or her individual needs and preferences.
PAR  A brief explanation of the effect of the adjustments will now be outlined.
      A normal position shall be assumed when the clamp 46 at the end of the
      tube 44 is attached to the rearwardmost position of track 52 and when
      fastener 42 is also as far to the rear on the base 10 as possible. As the
      fastener 42 is moved forward along base 10 with tube 44 remaining
      stationary, the amount of force necessary to depress the pedal 22 to
      produce the same movement of the beater ball 20 is decreased but the
      distance through which the pedal 22 must move is increased. Therefore,
      less effort is required to produce the same beat but the pressure must be
      maintained for a longer period of time.
PAR  If the clamp 42 is moved to its forward position and the clamp 46 is also
      moved to the forward position thus telescoping the rod 24 into the tube
      44, the amount of force necessary to depress the pedal 22 is more than in
      the first situation but the distance through which the pedal 22 must move
      is the same.
PAR  It has been found that the distance through which the pedal 22 must be
      depressed does not change substantially as clamp 46 is adjusted to various
      positions along the track 52. It appears that the pressure through which
      the foot pedal must move to the beater ball 20 is a function of the
      position of the clamp 46 in the track 52.
PAR  The adjustability of the position of the foot pedal 22 through track clamp
      56 is particularly important for people with diseased or malformed feet
      and also is important for people with "normal feet" because the size,
      shape and position of the feet of all people may vary. Therefore, the
      adjustable foot pedal of the present invention would be welcomed by both
      people with normal and abnormal" feet. The conventional apparatus provides
      only one position of the foot pedal for the operator. However, with the
      apparatus of the present invention, the position of the foot pedal 22 is
      fully adjustable to suit each individual's needs.
PAR  Varying the length of cable 64 will vary the height of the foot pedal by
      raising or lowering the rod 24. This allows the individual to adjust the
      height of the pedal to the most comfortable position for his foot.
PAR  Adjusting the angle between the beater rod 18 and the bass drum 98 will
      vary the distance required for the beater ball 20 to travel from the
      resting position to strike the drum 98.
PAR  The adjustability of this distance is particularly important when different
      types and styles of bass drum beats are required by the distinct and
      varied types of music played today. If the distance between the beater
      ball 20 (in a resting position) and the bass drum is shortened, it has
      been found that the operator can sustain a much quicker beat with less
      effort since the beater ball 20 does not have to travel a great distance
      to strike the drum 98. If the distance were lengthened, it has been found
      that the strength of the beat may be increased because more power may be
      exerted through the increased distance.
PAR  Adjusting the tension nut 90 will also effect the pressure required to be
      exerted on the foot pedal to produce the required beat. The length of the
      beater rod 18 is adjustable by first bracket screw 80 and this will affect
      at what spot on the drum head that the beater ball 20 will strike.
PAR  This invention discloses many different adjustable features which may be
      found in concert or alone and still fall within the scope of the present
      invention. It is possible to manufacture an adjustable bass drum pedal
      with a one-piece rod rather than the rod and tube as described in the
      preferred embodiment and retain one or more of the remaining adjustable
      features. Similarly, other combinations of adjustable features may be
      incorporated into a bass drum mechanism along with the non-adjustable
      features of the prior art.
PAR  Although the disclosure describes and illustrates a preferred embodiment of
      the invention, it is to be understood the invention is not restricted to
      this particular embodiment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a mechanism for operating a bass drum comprising a base, a vertical
      support affixed to the forward edge of the base, said vertical support
      comprising a flat plate, two vertical posts at opposite ends of said plate
      and a shaft connecting said posts at their upper ends, said flat plate
      adapted to be clamped to a rim of a bass drum; a beater ball affixed to
      the upper end of a beater rod, said beater rod affixed to said shaft, a
      foot pedal, a connector means connecting said foot pedal to said support
      and adjustably connecting said foot pedal to said base, the improvement
      comprising said vertical support containing a flat plate having a
      convex-shaped outer rim to which the leading edge of said base is
      adjustably affixed so that the position of the base and therefore said
      foot pedal with respect to said bass drum may be arcuately adjusted by
      adjusting the point of affixation of said base on said rim of said plate.
NUM  2.
PAR  2. A mechanism for operating a bass drum comprising:
PA1  a base with a track therein;
PA1  a vertical support arcuately and adjustably affixed to the forward edge of
      the base, said support comprising a flat plate having a rounded outer
      edge, two vertical posts at opposite ends of said plate and a shaft
      journaled in said posts at their upper ends, said flat plate adapted to be
      clamped to a rim of a bass drum, said base adapted to be arcuately and
      adjustably affixed to said rounded outer edge of said flat plate;
PA1  a beater ball affixed to the upper end of a beater rod, said beater rod
      adjustably secured to said shaft;
PA1  a foot pedal comprising a heel plate and a depressible foot portion;
PA1  first connector means adjustably connecting said foot pedal to said support
      and adjustably connecting said foot pedal to said base;
PAL  whereby the position, height and angle of the depressible foot portion of
      said foot pedal with respect to said bass drum may be adjusted by
      adjusting said connector means and the position of said foot portion may
      be laterally adjusted by adjusting the point of affixation of said base to
      said support.
NUM  3.
PAR  3. A mechanism for operating a bass drum as claimed in claim 2 wherein said
      first connector means comprises:
PA1  a rod telescopically mounted in a tube and the rearward end of said tube is
      slidably seated in said track;
PA1  a cable affixed to the forward end of said rod;
PA1  a wheel rotatably affixed to said shaft, said cable being wound around said
      wheel and affixed to said wheel;
PA1  first attachment means slidably attaching said foot pedal to said rod;
PA1  second attachment means adjustably attaching said heel plate to said base;
PAL  wherein said rod telescopes into said tube as the point of seating of the
      tube is advanced in said track towards the support whereby the position of
      the foot pedal may be adjusted by adjusting the point of seating of said
      tube in said track alone or in concert with adjusting the position of the
      point of attachment of the second attachment means and said base.
NUM  4.
PAR  4. A mechanism for operating a bass drum as claimed in claim 3 wherein said
      wheel comprises:
PA1  first half wheel and second half wheel, said first half wheel being
      permanently affixed to said shaft, said cable being affixed to said second
      half wheel, said second half wheel being rotatable about said shaft and
      adjustably affixed to said first half wheel, whereby the length of the
      cable may be increased or decreased by rotating said second half wheel
      while said first half wheel is stationary thereby raising or lowering the
      height of the foot portion of said foot pedal above the ground.
NUM  5.
PAR  5. A mechanism for operating a bass drum as claimed in claim 2 wherein said
      vertical support includes:
PA1  returning means affixed to one of said supporting posts to effect a return
      movement of said shaft to a resting position after said foot pedal has
      been depressed and released.
NUM  6.
PAR  6. A mechanism for operating a bass drum comprising a base having a
PA1  track therein,
PA1  a vertical support adjustably affixed to the leading edge of said base,
      said support comprising:
PA1  a flat plate adapted to be clamped to a rim on a bass drum and adjustably
      affixed to the leading edge of said base;
PA1  two horizontally aligned vertical support posts at opposite ends of said
      plate;
PA1  a shaft journaled in said posts at the uppermost inner surfaces;
PA1  returning means affixed to one of said support posts adapted to effect a
      return movement of said shaft to a resting position;
PA1  a beater ball affixed to the upper end of a beater rod, said beater rod
      being adjustable secured to said shaft, a foot pedal comprising:
PA1  a heel plate;
PA1  a depressible foot portion; first connector means adjustably affixed to
      said foot pedal and adjustably affixed to said support comprising:
PA1  a rod telescopically mounted in a tube and said tube being slidably seated
      in said track;
PA1  a cable pivotally affixed to the tip of said rod;
PA1  a wheel rotatably affixed to said shaft comprising:
PA1  first half wheel;
PA1  second half wheel, said first half wheel being permanently affixed to said
      shaft, said cable being affixed to said second half wheel, said second
      half wheel being rotatable about said shaft and adjustably affixed to said
      first half wheel;
PA1  first attachment means slidably attaching said foot pedal to said rod;
PA1  second attachment means adjustably attaching said heel plate to said base;
      whereby the position of the depressible foot pedal may be adjusted
      independently of adjusting the position of the whole mechanism.
NUM  7.
PAR  7. A mechanism for operating a bass drum as claimed in claim 2 wherein said
      first connector means comprises:
PA1  a rod whose rearward end is seated in said track;
PA1  a cable affixed to the forward end of said rod;
PA1  a wheel rotatably affixed to said shaft, said cable being wound around said
      wheel and affixed to said wheel;
PA1  first attachment means slidably attaching said foot pedal to said rod;
PA1  second attachment means adjustably attaching said heel plate to said base;
PAL  wherein the position of the foot pedal may be adjusted by adjusting the
      position of the point of attachment of the second attachment means and
      said base thereby adjusting the point of attachment of said first
      attachment means on said rod.
PATN
WKU  039304329
SRC  5
APN  3809595
APT  1
ART  355
APD  19730720
TTL  Fastening assembly
ISD  19760106
NCL  4
ECL  1
EXP  Allen; Edward C.
NDR  2
NFG  6
INVT
NAM  Puchy; David Peter William
STR  24 Threlfall St.
CTY  Eastwood 2122, New South Wales
CNT  AU
PRIR
CNT  AU
APD  19720721
APN  9789
CLAS
OCL   85 53
EDF  2
ICL  A47G 0300
FSC   85
FSS  55;54;53
FSC   24
FSS  90 A;113 R;113 MP
UREF
PNO  465289
ISD  18911200
NAM  Platt
OCL   85 53
UREF
PNO  1805937
ISD  19310500
NAM  Berge
OCL   85 55
UREF
PNO  1936624
ISD  19331100
NAM  Gelpcke
OCL   85 55
UREF
PNO  2214030
ISD  19400900
NAM  Pereles
OCL   24113MP
UREF
PNO  2334104
ISD  19431100
NAM  Kurzweil et al.
OCL   24113MP
UREF
PNO  3027795
ISD  19620400
NAM  Spadaro
OCL   85 53
UREF
PNO  3654671
ISD  19720400
NAM  Berning
OCL   24113R
FREF
PNO  1,281,713
ISD  19611200
CNT  FR
OCL   85 55
FREF
PNO  1,397,500
ISD  19650300
CNT  FR
OCL   85 55
FREF
PNO  1,116,444
ISD  19680600
CNT  UK
OCL   85 53
FREF
PNO  890,049
ISD  19620200
CNT  UK
OCL   85 53
LREP
FRM  Haseltine, Lake & Waters
ABST
PAL  Fastening assembly comprising a base, locking or anchoring element,
      provided with an upper annular flange, which accepts and engages a
      removable flexible cap or covering element formed of impermeable elastic
      material, preferably molded thermoplastic, retained thereon by
      interference fit. The components when united provide a protective and/or
      decorative cover for a fastening element that can extend into a
      sub-stratum, work-piece or material through the base element. The cap and
      base elements may subsequently be marginally welded together so as to
      safely house electronic components of telephone or computer systems
      against unauthorised interference.
BSUM
PAR  The present invention relates to a fastening assembly featuring a
      protective cap, e.g. for screws, bolts and like fastening elements,
      serving the dual purpose of protecting the fastening elements against
      corrosion and at the same time providing a decorative effect. Further, the
      invention relates to an assembly for retaining a screw or bolt in secure
      relationship to the material in which it is anchored by avoiding loosening
      under the influence of vibration, in relation to, for example, the trim of
      motor bodies, reilway carriages and so on.
PAR  It has been customary in accordance with prior-art practices for screws,
      bolts, studs and like fastening elements to be countersunk and covered
      with sundry preparations which later permit paint or other coatings on the
      surfaces of panels of, for example, cabinet walls, sectional partitions in
      office areas, dashboards and trims of transport vehicles, and in relation
      to chambers utilised in chemical and other industries.
PAR  These customary procedures have proved inadequate in a number of different
      ways. For example, where normal steel or other metal screws or bolts have
      been employed in a corrosive atmosphere, deterioration of such screws or
      bolts has proceeded, shortening their useful life. Again where securing
      elements of the kind indicated are subject to vibration, they have been
      found to loosen and require periodic tightening. In relation to screw
      elements such tightening, either with a plain or a cruciform screw-driver,
      is known to result in burring of the screw-heads, resulting in sharp metal
      edges which can cause injury or discomfort where contact may be made by
      persons. In the case of mobile vehicles such contact in the event of a
      rapid change of velocity can cause injury.
PAR  In the case of metal cabinets, inadvertently burred screw or bolt heads may
      give rise to discomforting cuts or scratches.
PAR  Further, in the fields of furniture upholstery, vehicle trimming and in the
      erection of, for example, office partitions, it is well established that
      retaining screws or like elements should preserve both the utilitarian and
      decorative functions.
PAR  The inventive decorative covering and retaining elements, formed from any
      suitable thermoplastic or thermosetting plastic, may be produced in any
      desired colour or may be plated to suit the decor involved.
PAR  Further, the inventive protective covering and retaining elements permit
      ready adjustment and replacement of screws or like fastening elements and
      their re-use by virtue of the metal screws being unimpaired by corrosion.
PAR  The primary object of the present invention is to provide a novel fastening
      assembly comprising protective and/or decorative moulded plastic caps and
      removable locking washers for the protection of metal screws, bolts and
      the like, adapted for mass production in an economical manner.
PAR  A further object of the invention is to replace unsightly cupwasher mounted
      screws in, for example, building partitioning, curtain walls and framing,
      and in automotive interior fittings.
PAR  Another object of the invention is to provide exchangeable protective caps
      which may bear impressions of individual insignias in situations suiting
      the user's personal taste.
PAR  An additional object of the present invention is to provide protective caps
      and retaining washers appropriate for use with fastening elements in
      general. It is to be appreciated that by adoption of the novel protective
      cap-washer assembly the need to use expensive fastening elements, plated
      as protection against corrosion, is avoided with consequent economic
      advantages.
PAR  Other objects and advantages of the invention will be made apparant in the
      following description:
PAR  The fastening assembly in accordance with the present invention essentially
      comprises an elastic impermeable protective cap formed, e.g. by moulding
      from synthetic thermoplastic material, co-operatively but removably
      engaging a locking element by snap engagement, securing an interference
      fit between an annular flange or rim of the locking element and the
      elastic protective cap.
PAR  The invention also includes a locking element and protective cap adapted
      for use as a garment button, by virtue of the locking element being
      stitched to a fabric or like material, and the protective cap fitting over
      the annular rim of the locking element.
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PAR  The invention is now fully described in relation to one preferred,
      exemplary embodiment illustrated in the accompanying drawings.
PAR  In the drawings:
PAR  FIG. 1 is an exploded perspective view of the components of applicant's
      cap-washer-type fastening assembly in relation to a screw bolt, stud or
      like fastening element;
PAR  FIG. 2 is a sectional view of the assembly, also indicating two types of
      bolt or screw;
PAR  FIG. 3 is a part sectional view (enlarged scale) showing a single sealing
      rim between the cap and washer elements;
PAR  FIG. 4 is a similarly enlarged view illustrating a square-shouldered washer
      element achieving a double sealing rim in contact with the cap; and
PAR  FIG. 5 shows in a sectional view the deformation of the washer element
      during locking engagement between a fastening element and a work-piece to
      which the same is applied; and
PAR  FIG. 6 illustrates Table 1 of values relative to the dimensions shown in
      FIG. 2.
DETD
PAR  The applicant's cap-washer assembly consists essentially of a cap element 1
      and a locking or washer element 2 which engage together by snap engagement
      when the cap element is pressed over the upper annular flange or rim 3 of
      the washer element.
PAR  Referring particularly to FIG. 1 of the drawings the mode of assembly of
      the applicant's assembly is now described. The washer element 2 is located
      against a work surface (as shown in FIG. 5 at 6) and a fastening element 4
      is driven through a preferably central aperture 2 of the washer element
      into the work material. More apertures will be discussed later.
PAR  It is to be observed that the internal margin of the washer element is
      deformed by pressure asserted by the shank of the fastening element as
      will be explained, and extends to a degree into the work-piece, thereby
      locking the fastening element so as to withstand loosening as for example
      by vibration. With more particularity reference is made to FIG. 5 of the
      accompanying drawings which shows an extending nib 5 of the internal
      margin of the washer element 2, extending into a work-piece 6, holding the
      fastening element 4 securely against loosening.
PAR  The resilient impermeable cap element 1 fits over the annular flange 3 of
      the washer element, securing an interference fit along a narrow zone of
      the peripheral contact between the elements 1 and 3.
PAR  Referring more particularly to FIG. 2 it will be appreciated that the
      applicant's cap-washer assembly admits and encases all conventional types
      of heads of fastening elements. As a matter of example, in FIG. 2 of the
      drawing a flat-headed screw 7 and a bolt head 8 are shown.
PAR  It is to be appreciated that the interference fit between the cap and
      washer elements 1, 2 involves the maintenance of accurate tolerances
      coupled with quality control of the components. For the purposes of
      retaining an effective seal between the assembly elements, the
      interference is preferably of the order of ten thousandths inches per
      inch. However, the desired retention of the seal may be achieved with
      tolerances within the range of 2 to 20 thousandths inches per inch.
PAR  FIG. 2 of the drawings graphically illustrates examplary details of sizes
      of cap-washer assemblies conforming to recognised British gauge sizes of
      fastening elements. For purposes of interpreting FIG. 2 of the drawings
      reference is made to Table 1.
PAR  Reference is now made to FIGS. 3 and 4 of the drawings which show the
      fundamental cap-washer assembly, the latter figure having a single sealing
      rim 3 and two sealing zones 9 so that the modified square-shouldered
      washer component 2 achieves a double sealing effect.
PAR  In FIG. 3 the radii R.sub.1 R.sub.2 R.sub.3 set out in Table 1 are more
      clearly shown, having reference to the conformation between the cap and
      washer elements 1, 2, also illustrated in FIG. 2. It is to be understood
      that the radii are explanatory and may be varied, always provided that the
      applicant's interference fit is achieved.
PAR  It is to be observed that the cap component 1 is generally of convex or
      outwardly curved shape. This outward curvature facilitates application of
      the caps to engage with the washer components 2 in a clip-on manner. It
      will be evident that both cap and washer, by virtue of their elasticity,
      can tolerate distortion of shape while being fitted, provided that such
      distortion is always within the elastic limits of the components.
PAR  It is to be appreciated that the inventive cap and washer assembly may be
      modified by forming the washer with two or more small apertures, in place
      of the single aperture illustrated, thereby permitting the washer to be
      sewn to a fabric as a button, and the cap can then be engaged over the
      washer achieving a decorative button assembly.
PAR  Furthermore, the cap may be covered with a suitable piece of fabric or
      other sheet material and clipped on the modified washer, forming its base
      portion, to provide a readily achieved cloth-covered button matching any
      desired background.
PAR  In connection with the protection of fastening elements in a corrosive
      environment the inventive assembly elements may, additional to their
      inherent interference fit, be permanently united. This effect may be
      readily secured, for ex., by spin welding the cover and washer elements
      around their external common margin.
PAR  Welding of the elements achieves substantial utility in protecting
      telephonic installations computer, channels and other equipment from
      tampering by unauthorised persons. It will be evident that a permanently
      sealed protective cover could not be undone without revealing that
      interference had been undertaken, and thereby alerting those responsible
      for security of equipment of the kind indicated.  t,90
PAR  It should be understood that for each washer size, the exterior form is
      constant but the internal recess (dimensions B, C, etc.) can be molded to
      suit different countersunk sizes, and preferably one flat-bottom size.
      These recesses are shown in FIG. 2: the flat bottom is outlined by hatched
      lines; the larger of the two countersunk sizes is denoted with dot-dash
      lines; and the smaller countersunk size by a light continuous line.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a fastening assembly comprising an apertured locking element
      engageable by an extraneous fastening member passed therethrough, such as
      a screw, bolt and the like, for attachment of said locking element to a
      sub-stratum; a cap element larger than said locking element for
      superposition on the latter least one of said elements being formed of
      resilent material; and cooperative interengaging means provided
      respectively on outer and inner portions of said locking and said cap
      elements to facilitate detachable snap engagement between said elements
      with an interference fit, said cooperative means including on said locking
      element an annular ring-shaped flange, the improvement comprising: said
      ring-shaped flange having a convexly-curved circumferential surface in the
      plane of the longitudinal central axis of said fastening assembly, said
      cap element being hollow and having a concave portion in which the radius
      of curvature is greater than the radius of curvature of the
      convexly-curved circumferential surface of said ring-shaped flange in the
      plane of said longitudinal axis so as to form an interior cavity having a
      major diameter, with the space within the interior surface portion of said
      concave portion having a minor diameter less than that of the outside
      diameter of said ring-shaped flange of the locking element, the
      convexly-curved annular surface of said flange having a maximum diameter
      greater than said major diameter so as to provide said interference fit,
      said flange portion annularly engaging said cap element within said cavity
      but being displaced from said minor diameter thereof so as to provide an
      annular sealing line extending between said ring-shaped flange and said
      interior cavity at said major diameter through radial forces being
      produced by said interference fit; and said cap element having an annular
      depending skirt portion encompassing said locking element in spaced
      relationship therewith, said skirt portion being of a length so as to
      allow a gap between the bottom thereof and the sub-stratum when said cap
      element is superposed on said locking element.
NUM  2.
PAR  2. The improvement in a fastening assembly as defined in claim 1, wherein
      said cap element has a concave-convex portion in which the radius of
      curvature of the concave portion is greater than the radius of curvature
      of the convex portion, so as to form at least one other adjoining portion
      of the cap element.
NUM  3.
PAR  3. The improvement in a fastening assembly as defined in claim 1, wherein
      said locking and said cap elements are resilient while the extraneous
      fastening member is substantially rigid, being passed through the aperture
      of said locking element, and wherein said skirt portion of the cap element
      and peripheral portions of said locking element, below said ring-shaped
      flange thereof, define a gap sufficient to allow expansion of said
      resilient locking element toward and into the interference fit with said
      cap element, when the fastening member is tightened against the
      sub-stratum through said aperture in said locking element.
NUM  4.
PAR  4. In a fastening assembly comprising an apertured locking element
      engageable by an extraneous fastening member passed therethrough, such as
      a screw, bolt and the like, for attachment of said locking element to a
      sub-stratum; a cap element larger than said locking element for
      superposition on the latter least one of said elements being formed of
      resilent material; and cooperative interengaging means provided
      respectively on outer and inner portions of said locking and said cap
      elements to facilitate detachable snap engagement between said elements
      with an interference fit, the improvement comprising: said cooperative
      means including on said locking element an annular ring-shaped flange
      having an essentially cylindrical surface extending in parallel with and
      concentricaly about the longitudinal central axis of said fastening
      assembly; said cap element being hollow and having a concave portion of a
      predetermined radius of curvature in the plane of said longitudinal axis
      so as to form an interior cavity having a major diameter, with the space
      within the interior surface portion of said concave portion having a minor
      diameter less than that of the outer diameter of said ring-shaped flange
      of the locking element, said flange having the cylindrical outer diameter
      thereof dimensioned so as to annularly engage said cap element in said
      interference fit within said cavity along two axially spaced
      circumferential edges of said cylindrical surface but being displaced from
      said minor diameter thereof so as to provide two axially spaced annular
      sealing lines extending between the edges of said cylindrical surface of
      said flange and said cavity through radial forces being produced by said
      interference fit; and said cap element having an annular depending skirt
      portion encompassing said locking element in spaced relationship
      therewith, said skirt portion being of a length so as to allow a gap
      between the bottom thereof and the sub-stratum when said cap element is
      superposed on said locking element.
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ABST
PAL  An automatic firearm has a recoiling bolt connected by an amplifying lever
      to an additional mass subjected to the action of a recoil spring. One arm
      of the lever, via a push member, holds in a position of rest a stop pawl
      which is capable, when it is in active position, of retaining a striking
      hammer in striking position. The breaking of the lever permits the
      movement into the active position.
BSUM
PAR  The present invention relates to automatic firearms whose bolt mechanism
      comprises, in addition to a bolt which recoils upon each shot against the
      action of return means, an additional mass fastened to said bolt via an
      amplifying lever which, upon the recoil of the bolt, imparts said
      additional mass a speed of recoil greater than that of said bolt. The
      imparting of speed to the said additional mass has the effect of braking
      the recoil of the bolt (at least at the start of its recoil stroke) in
      proportions which are an increasing function of the weight of the
      additional mass and of the multiplication coefficient introduced by the
      amplifying lever.
PAR  The invention relates more particularly, since it is in this case that its
      application seems to be of the greatest advantage, but not exclusively,
      among automatic firearms of this type, to those of small caliber and in
      particular those of the assault rifle or machine pistol type.
PAR  Experience has shown that in the case of firearms of this type, the
      accidental breaking of the amplifying lever during firing generally does
      not prevent the reloading of the weapon, but on the other hand may upon
      the next shot cause serious damage to the bolt mechanism, which damage may
      even go so far as to make the firearm unusable thereafter (ejection
      towards the rear of the moving parts in particular).
PAR  Under these conditions, it will be realized that it would be advisable in
      the case of firearms of this type instantaneously to stop the firing as
      soon as an accidental breaking of the amplifying lever takes place, this
      break generally concerning the root point of the branches of said lever
      and in particular of the branch bearing the resting surface which is
      intended to cause the swinging of the lever when it comes against a fixed
      stop surface at the beginning of the recoil stroke of the bolt.
PAR  The object of the invention is specifically to provide an automatic firearm
      of the type in question, that is to say, one having an additional mass and
      an amplifying lever, in connection with which an accidental breaking of
      the amplifying lever instantaneously causes an interruption of the firing,
      thus avoiding the serious dangers of continued firing with a broken
      amplifying lever.
PAR  The automatic firearm in accordance with the invention comprises, among
      other parts, a bolt which recoils upon each shot against the action of
      return means, an additional mass fastened to said bolt via an amplifying
      lever pivotally mounted on the said bolt and having a resting surface
      adapted to come into contact with a fixed stop surface at the beginning of
      the recoil stroke of the bolt, a firing pin slidably mounted in the said
      bolt, and an oscillating percussion hammer the retraction stroke of which
      is controlled by the recoil of the bolt and the striking stroke of which
      is controlled by elastic return means. The automatic firearm being
      characterized by the fact that it furthermore comprises retention means
      capable, when they are in active position, of retaining the said
      percussion hammer in retracted position (and therefore of instantaneously
      interrupting the firing). The retention means is urged towards the active
      position by an elastic return device and is positively held in their
      position of rest, at least during the end of the bolt-closing stroke, by
      the amplifying lever for as long as the amplifying lever is intact, that
      is to say, as long as it assures a positive connection between the bolt
      and the additional mass. The breaking of the amplifying lever (which
      breakage breaks this positive attachment, causing the amplifying lever to
      float angularly) has the effect of permitting the said return means to
      occupy, under the action of their elastic return device, the active
      position in which they retain the percussion hammer in retracted position,
      thus automatically assuring an interruption of the firing upon the
      breaking of the amplifying lever.
PAR  The retention means intended to retain the striking hammer in retracted
      position as soon as an accidental breakage of the amplifying lever takes
      place are preferably formed by:
PAR  a beaked cam keyed at an angle on the oscillating pin of the striking
      hammer,
PAR  a stop pawl, articulated on the fixed part of the firearm, adapted to move,
      under the action of a return spring, from a position of rest in which it
      is away from the path of the beak of the said cam to an active position in
      which the stop pawl is located on the portion of the path of the beak
      corresponding to the start of the striking stroke of the percussion hammer
      and therefore prevents the said hammer from moving substantially away from
      its retracted position,
PAR  and a push member slidably mounted in the fixed portion of the firearm and
      resting, at one of its ends, on the stop pawl in question and, at its
      other end, against an arm of the amplifying lever, said assembly being so
      arranged that at least during the end of the closing stroke of the bolt,
      the arm, via the push member, forces the stop pawl to remain in its
      position of rest as long as the amplifying lever is intact.
PAR  In accordance with this embodiment, an accidental breaking of the
      amplifying lever causes the said lever to float at an angle, which permits
      the stop pawl, under the action of its return spring, to push the said
      push member back and to assume its active position, in which it locks the
      percussion hammer in retracted position.
PAR  In this embodiment of the invention it is advisable to locate the push
      member on the side of the arm of the amplifying lever which bears the
      resting surface intended to cooperate, upon the firing of each shot, with
      a fixed stop surface at the beginning of the recoil stroke of the bolt,
      this arm being the one the root of which runs the greatest risk of being
      broken accidentally.
DRWD
PAR  In order to illustrate the different arrangements, a preferred (but not
      limitative) embodiment of the invention will now be described with
      reference to the accompanying drawing in which:
PAR  FIG. 1 shows, schematically and in side elevation, with portions in
      section, the bolt mechanism of an automatic firearm with bolt assisted by
      an additional mass which is developed in accordance with the invention,
      the said firearm being shown in operating condition with its bolt closed,
PAR  FIG. 2 shows, under the same conditions, the said firearm in the position
      in which it is after the breaking of an amplifying lever forming part of
      its bolt mechanism.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The automatic firearm shown in FIG. 1 is an assault rifle having a
      launching tube 1, a bolt 2 which recoils upon each shot against the action
      of a recuperator spring 3, an additional mass 4 (against which the recoil
      spring 3 rests) secured to said bolt 2 via an amplifying lever 5 which is
      pivotally mounted around a pin 6 borne by the bolt 2 and having a resting
      surface S borne by the lower arm 5a of the said lever 5 and adapted to
      come into contact with a stationary stop surface P at the beginning of the
      recoil stroke of the bolt, a firing pin 7 slidably mounted in the bolt 2,
      and a swinging striking hammer 8 keyed at an angle onto a pin 9, the
      retraction stroke of said strike lever 8 being controlled by the recoil of
      the bolt 2, while the striking stroke of the said lever 8 is controlled by
      a spring 10.
PAR  In accordance with the invention, this bolt mechanism is supplemented by
      safety means which automatically interrupt the firing in case of the
      breaking of the amplification lever 5, and particularly in the case of the
      breaking of the part thereof which is under the greatest stress, namely
      the root point of its lower arm 5a bearing the resting surface S.
PAR  The safety means in question comprises:
PAR  a cam 11 with beak 11a keyed at an angle on the swing pin 9 of the striker
      hammer 8,
PAR  a stop pawl 12 pivoted by a pin 13 on a fixed portion of the firearm and
      subjected to the action of a return spring 14 capable of bringing it into
      an active position (shown in FIG. 2) in which its nose strikes against the
      beak 11a when the striker hammer 8 starts its striking stroke, the said
      stop pawl 12 thus retaining the hammer in retracted position,
PAR  and a push member 15 slidably mounted in the fixed portion of the firearm
      and resting at one of its ends against the stop pawl 12 and at its other
      end against the lower arm 5a of the amplifying lever 5, this assembly
      being so arranged that at least during the end of the closing stroke of
      the bolt 2 and as long as the amplifying lever 5 is intact, the said lower
      arm 5a, via the push member 15, forces the stop pawl to remain in its
      position of rest (shown in FIG. 1) in which it permits the oscillations of
      the cam 11 and therefore those of the striker hammer 8 which is connected
      at an angle to said cam.
PAR  In case of the breaking of the amplifying lever 5, and particularly its
      lower arm 5a, as shown in FIG. 2, the push member 15 slides toward the
      broken lever 5 and the spring 14 becomes predominant and causes the stop
      pawl 12 to swing into the active position in which it blocks the
      percussion hammer 8 in retracted position, thus assuring the interruption
      of the firing.
PAR  As goes without saying and as furthermore is already evident from the
      foregoing, the invention is by no means limited to those of its methods of
      application and embodiments which have been more particularly
      contemplated; rather, it covers all possible variants.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic firearm comprising:
PA1  a bolt which recoils upon each shot against the action of return means,
PA1  an amplifying lever pivotally mounted on said bolt, said lever having a
      resting surface adapted to come into contact with a fixed stop surface at
      the start of the recoil stroke of the bolt,
PA1  an additional mass connected to said bolt by said amplifying lever,
PA1  a firing pin slidably mounted in said bolt,
PA1  a pivoting striking hammer the retraction stroke of which is controlled by
      the recoil of the bolt and the striking stroke of which is controlled by
      elastic return means,
PA1  means for retaining said striking hammer in retracted position when in an
      active position, said retaining means being urged towards the active
      position by an elastic return device and being held in a position of rest,
      at least during the end of the closing stroke of the bolt, by said
      amplifying lever as long as said amplifying lever maintains the connection
      between the bolt and the additional mass, the breaking and said amplifying
      lever, causing said anplifying lever to float at an angle, permits said
      retaining means to come, under the action of the elastic return device,
      into the active position for retaining the striking hammer in retracted
      position, thus automatically assuring an interruption of firing.
NUM  2.
PAR  2. A firearm as claimed in claim 1, wherein:
PA1  said striking hammer is pivotable about a swing pin, and
PA1  said retaining means comprises:
PA2  a cam, said cam having a beak keyed at an angle on the swing pin of the
      striking hammer,
PA2  a stop pawl pivoted on a pin on a fixed portion of the firearm, said stop
      pawl being adapted to move, under the action of said elastic return
      device, from a position of rest in which it is outside the path of the
      beak of said cam to an active position in which said stop pawl is on a
      portion of the path of said beak corresponding to the start of the
      striking stroke of the striking hammer and therefore prevents said hammer
      from moving substantially away from its retracted position, and
PA2  a push member slidably mounted in said fixed portion of the firearm and
      resting, at one of its ends against said stop pawl and, at its other end,
      against an arm of said amplifying lever so that, at least during the end
      of the closing stroke of the bolt, said arm by said push member forces
      said stop pawl to remain in its position of rest as long as the amplifying
      lever maintains the connection between the bolt and the additional mass.
NUM  3.
PAR  3. A firearm as claimed in claim 2, wherein:
PA1  the push member is located on the same side as the arm of the amplifying
      lever.
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ABST
PAL  The hydraulic controller is for controlling the operation of a plurality of
      hydraulically controlled devices. Hydraulic fluid may be selectively
      distributed by the controller to various controlled hydraulic devices in a
      timed and predetermined sequence. The timing of the distribution of
      hydraulic fluid by the controller can be quickly and easily varied by
      various control knobs on the controller to thereby vary the timed operated
      period of the various machine operations controlled by such devices
      without affecting the timed operation of other machine operations. The
      controller is supplied with a source of hydraulic fluid under a generally
      constant pressure. Cam means are associated with each of a plurality of
      fluid flow distributing valves for operating such associated valve members
      in a predetermined sequence of valve positions upon advancement of the cam
      means relative thereto. Drive means including a pair of opposed indexing
      and timing device pistons; advance the cam means relative to the valves to
      operate them in sequence of positions and in operating intervals or dwell
      periods thereof. The indexing piston has an effective working diameter in
      its cylinder which is greater than that of the timing piston such that it
      normally overrides the timing piston. The cam drive means includes lost
      motion means for allowing the cam means and associated distributing valves
      to dwell during timing strokes. Fluid flow restrictor means adjustably
      restrict the flow of fluid through the venting means to control the speed
      of the timing stroke and thereby provide an adjustable timed interval of
      operation of the device then being operated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a hydraulic controller for controlling the
      operation of a plurality of hydraulically operated devices in a
      predetermined sequence of individually adjustable timed intervals of
      operation for each such device. Machine operations, operated by such
      hydraulically operated devices, may be controlled in predetermined
      sequence with the timed interval of each given operation being controlled
      by corresponding control members of the controller which are individually
      adjustable for varying the length of intervals of operation for each of
      the machine operations.
PAR  2. Description of the Prior Art
PAR  Various types of control devices have been developed heretofore for
      controlling the operation of pilot valves, switches and other similar
      devices. Examplary of such controllers are the prior U.S. Pat. Nos.
      3,404,227; 3,428,085 and 3,444,896. In these prior controllers, means have
      been provided for controlling the operation of associated pilot valves or
      switches in response to the operation of electrical motors, pneumatic
      motors and hydraulic motors. However, none of these devices have been
      found to be acceptable, or suitable, for use in controlling the operation
      of hydraulically operated devices such as are present in many presently
      used complex machines used in various production operations. By way of
      example, various known machines are employed in performing injection
      molding vacuum forming, blow forming, rotational molding and similar
      production operations which require the operation of various hydraulically
      operated mechanisms in a predetermined sequence. Generally, the hydraulic
      ram and cylinder utilized for opening and closing molds, moving turrets,
      etc. are in turn operated by hydraulically operated pilot valves. Such
      pilot valves typically are in turn operated by various solenoids, relays
      and associated electrical circuitry. The typical system for operating a
      complicated vacuum forming machine, or the like, usually includes a very
      complex electrical and hydraulic system including a large number of such
      relays, solenoids, pilot valves, etc. in addition to the main operated
      hydraulic devices performing the machine operations.
PAR  In view of the foregoing, it has been recognized that there is a real need
      for a hydraulically operated control device, suitable for being powered
      from the hydraulic fluid supply of the machine, for directly operating the
      various hydraulically operated devices of the machine which are performing
      the machine operations. Such a hydraulic controller would eliminate the
      necessity of complicated electrical circuitry, solenoids, relays and other
      associated electrical equipment as well as the inherent time delay
      attendant the necessary step-by-step operation of such components in a
      complicated electrical system. It has further been recognized that such
      hydraulic controller should be relatively easy to operate and should
      provide for the operation of the various machine operations in timed
      intervals, in a predetermined sequence and wherein the individual machine
      operations can be operated for selectable intervals of operating time.
PAC  SUMMARY OF THE INVENTION
PAC  Objects of the Invention
PAR  It is therefore an object of the invention to provide a hydraulic
      controller, operable from the supply of hydraulic fluid available for
      operating an associated machine having hydraulically operated devices, for
      selectively operating such devices in a predetermined sequence and
      controlling the interval or length of time of operation of each such
      device in independently adjustable manner such that the adjustment of the
      time of operation of any one given device will not affect, nor prevent,
      the adjustment of the time or interval of operation of any other given
      device of the machine.
PAR  It is another object of the invention to provide a hydraulic controller for
      controlling the operation of a plurality of hydraulically operated devices
      in a predetermined sequence of individually adjustable timed intervals of
      operation for each device wherein the controller is supplied with a source
      of hydraulic fluid under a generally constant pressure.
PAR  It is another object of the present invention to disclose and provide a
      controller as in the foregoing objects which overcomes the deficiencies of
      present electrical and hydraulic systems employing prolix numbers of
      timers, relays, solenoids, etc. and which is simply operable through
      available hydraulic fluid to provide an adjustable timed control of the
      operation of associated hydraulically operated valves or devices through
      controlling the distribution or flow of the available hydraulic fluid to
      such valves or operated devices in predetermined and adjustable manner.
PAR  It is another object of the present invention to provide and disclose a
      hydraulic controller as in the foregoing objects which simplifies and
      reduces the attendant costs of known systems for operating complicated
      hydraulically operated mechanisms such that it will provide for an easier
      maintenance, lower initial capital investment for the purchase thereof and
      provide for a more rapid and accurate control over the operations of the
      various hydraulically operated mechanisms of the machine with which the
      controller is to be associated.
PAC  INVENTION SUMMARY
PAR  Generally stated, the hydraulic controller according to the present
      invention, for controlling the operation of a plurality of hydraulically
      operated devices in a predetermined sequence of individually adjustable
      timed intervals of operation for each such device, and which is adapted to
      be connected to a source of hydraulic fluid under a generally constant
      fluid pressure, includes the provision of distributor means for
      distributing the flow of hydraulic fluid from such source to the various
      operated devices in a predetermined manner in response to operation of the
      distributor means through a sequence of individual positions of adjustment
      thereof and hydraulically operated drive means for operating such
      distributor means through its sequence of positions, such drive means
      being operable in an indexing mode to index the distributor means between
      positions of adjustments and being operable in a timing mode between
      indexing modes to maintain the distributor means in a dwell or timed
      interval at individual positions of adjustment during which the associated
      hydraulically operated devices are being operated. The timed interval of
      operation of such hydraulically operated devices, controlled by the dwell
      of the distributor means in its associated position of adjustment for a
      given operated device, is perferably accomplished by providing means for
      supplying hydraulic fluid from such source to the drive means to operate
      the drive means in both indexing and timing modes together with means
      associated with both the fluid supplying means and the drive means for
      adjustably controlling the time of operation of the drive means in its
      timing mode and thus the time of operation of the associated device. Such
      controlling of the time of operation of the drive means in its timing mode
      is, according to the present invention, preferably accomplished through
      the provision of means for modifying the flow of hydraulic fluid relative
      to the drive means during its operation in its timing mode, such modifying
      means being adjustably operable independently and sequentially during
      sequential operation of the distributor means in a manner such that the
      dwell of the distributor means, and consequent interval of operation for
      an associated device then being operated, is individually adjustable for
      each position of adjustment of the distributor means corresponding to a
      position of operation of the associated operated device.
PAR  More specifically, the fluid distributor means, according to the present
      invention, includes the provision of a plurality of fluid flow
      distributing valves, each having inlet means for connection to the
      aforementioned hydraulic fluid source, outlet means for connection to one
      of the associated operated devices and a movable valve member for
      selectively interconnecting the inlet and outlet means. Cam means are
      preferably associated with each of the fluid flow distributing valves for
      operating the associated valve member in a predetermined sequence of valve
      positions upon advancement of the cam means relative thereto under urging
      of the drive means. The aforementioned hydraulically operated drive means,
      more specifically, includes the provision of a timing mode drive piston
      and cylinder, an indexing mode drive piston and cylinder, force
      transmitting means associated with the cam means for translating
      reciprocal motion of the pistons into advancement motion for the cam means
      and piston mounting means for mounting such pistons in opposed driving
      relation to the force translating means. Such indexing piston is
      preferably provided with a larger effective diameter exposed to the
      hydraulic fluid than that of the timing piston, such that, when the
      pistons are equally exposed to hydraulic fluid under pressure from said
      source, the indexing piston will normally override the timing piston in
      moving in an indexing mode to index the associated distributor means
      between its positions of adjustment. The force translating means may
      include a one way drive ratchet mechanism for driving the distributor
      means in an incremental advance during the indexing mode of operation of
      the pistons. On a reversal of movement of the pistons, during a timing
      mode of operation, the distributor means is allowed to dwell in a
      stationary position during which the associated operated devices, then
      being operated, are maintained in a timed period of operation, the timing
      thereof being accomplished through the control of the length of time for
      the return of the pistons in a timing mode as summarized herein below.
PAR  As particularly contemplated within the present invention, means are
      associated with the fluid supplying means and drive means for adjustably
      controlling the time of operation of the drive means in its timing mode
      for each individual corresponding position of adjustment of the
      distributor means. The means for modifying the flow of fluid relative to
      the drive means during such timing mode, as more specifically stated,
      preferably includes reversing valve means associated with fluid flow line
      means to the pistons for alternately connecting the indexing mode cylinder
      to the source of hydraulic fluid or to an outlet line and valve reversing
      means associated with the movement of the pistons for operating the
      reversing valve to vent the cylinder associated with the larger diameter
      indexing piston at the end of an indexing mode movement. On venting of the
      indexing cylinder, the smaller diameter timing mode piston overrides the
      indexing piston. The speed of movement of the pistons during such timing
      mode is preferably controlled by restricting the flow of hydraulic fluid
      from the cylinder associated with the indexing piston. At the end of a
      timing mode movement of the pistons, the valve reversing means is reversed
      to close the indexing cylinder vent means and reconnect both indexing and
      timing cylinders equally to the source of hydraulic fluid, thus initiating
      an indexing mode operation.
PAR  The speed of movement of the pistons during a timing mode, and thus the
      interval of operation of the associated operated device, may be controlled
      by the provision of an adjustable restricting member associated with an
      orifice through which the vented fluid passes. A flow restricting member
      may be mounted to a shaft which is biased toward a valve open position
      wherein the restrictor is withdrawn relative to the orifice. This shaft
      may be rotated in unison with the camming means and have its own cam
      member mounted for interfering relation with a plurality of adjustable
      timing control members mounted to the controller in an array about the
      shaft. By adjusting the control members, different amounts of deflection
      of the shaft associated cam may be produced and thereby different
      restrictions provided to the venting means for each adjustment of the
      control members. An individual control member may be provided in
      correspondence to the individual positions of adjustment of the
      distributor means which correspond to the operation of the various control
      devices.
PAR  As will be seen from a consideration of the foregoing, as well as the
      following more detailed explanation of a preferred exemplary embodiment of
      controller in accordance with the present invention, the hydraulic
      controller of the present invention accomplishes the foregoing objects and
      provides for the control of a plurality of hydraulically operated devices
      in a predetermined sequence of individually adjustable timed intervals of
      operation for each device. Through adjustment of each individual control
      member associated with the device, the timing interval for each given
      position of the associated distributor means during its dwell condition
      may be controlled. These advantages as well as others and additional
      objects of the present invention will become more readily apparent to
      those skilled in the art from a thorough consideration of the following
      detailed description of a preferred exemplary embodiment of the controller
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a vertical cross-sectional view taken through the approximate
      middle of a prefered exemplary embodiment of the hydraulic controller of
      the present invention;
PAR  FIG. 2 is a horizontal cross-sectional view of the controller of FIG. 1
      taken therein along the plane II--II;
PAR  FIG. 3 is a vertical cross-sectional view of the controller of FIG. 1 taken
      therein along the plane III--III;
PAR  FIG. 4 is a vertical cross-sectional view of the controller of FIG. 1 taken
      therein along the plane IV--IV;
PAR  FIG. 5 is a horizontal cross-sectional view of the controller of FIG. 1
      taken therein along the plane V--V showing the illustrated portions
      thereof at the beginning of an indexing mode of operation thereof;
PAR  FIG. 6 is a detailed, partially sectional view of a portion of the
      controller illustrated in FIG. 5;
PAR  FIG. 7 is a view similar to that of FIG. 6 showing a ratchet member or
      release dog in released position;
PAR  FIG. 8 is a view similar to that of FIG. 5 showing the controller portions
      illustrated at the beginning of a timing mode;
PAR  FIG. 9 is a detailed view, partially in section, of a portion of the
      controller of FIG. 8;
PAR  FIG. 10 is a sectional view of the controller of FIG. 5 taken along the
      plane X--X; and
PAR  FIG. 11 is an elevational view of the controller of FIG. 5 taken therein
      along the plane XI--XI.
PAC  BRIEF DESCRIPTION OF OPERATION OF PREFERRED EMBODIMENT
PAR  Hydraulic fluid under generally constant pressure is supplied by inlet line
      140 (FIG. 2) into distributor chambers 51 and 52 where it is selectably
      distributed via valves 48 through the respective outlet lines 141 through
      146 to the controlled devices. Control of each of valves 48 is accomplised
      by the positioning of cam members 35, 36 and 37 (FIGS. 1 and 10) rotatably
      driven by shaft 33. Shaft 33 is incrementally driven by the hydraulic
      drive means, including opposed pistons 89 and 90, to open and close the
      respective valves 48 in a predeterminable sequence to operate the
      controlled hydraulic devices connected via lines 141 through 146.
PAR  A dwell period, while cam members 35, 36 and 37 and associated valves 48
      are stationary, determines the time of operation of any given controlled
      device whose respective valve 48 is in an open position allowing
      application of hydraulic fluid pressure to such hydraulically controlled
      device.
PAR  Timing piston 89 and indexing piston 90 are mounted in opposed relation
      (FIG. 8) with piston 89 normably connected to the source of pressure fluid
      and piston 90 being alternately connected to the source of hydraulic
      pressure and a vent 74 by the reversing valve 94, which is operated at the
      end of axial travel of the pistons in either direction. Since indexing
      piston 90 is provided with a larger diameter, it normally overcomes the
      timing piston (when both pistons are connected to the same source of
      hydraulic fluid) to cause the aforementioned incremental advancement of
      the cam members through the drive of ratchet member 63 operating upon
      wheel 60 which is connected to cam member drive shaft 33. At the end of an
      indexing mode (FIG. 8) the reversing valve 94 connects the indexing piston
      cylinder 84 to the vent 74. The time for the return of the opposed piston
      members from the position of FIG. 8 to that of FIG. 5, during which the
      cam members 35, 36 and 37 and valves 48 are stationary or dwell, is
      determined by the adjustment of the restrictor valve 70, including valve
      member 71, relative to the venting orifice 76.
PAR  The position of the restrictor flow member 71 is determined by the vertical
      adjustment of integral shafts 33 and 68, to which it is mounted, under the
      urgings of spring 59 and plate 21 provided at the upper end of shaft 33 as
      plate 21 is rotated under the respective adjustable control members 32. As
      seen in FIG. 1, the boss 41 on plate 21 is shown underlying a control
      member 32 which has been adjusted to cause depression of plate 21 and
      consequently shaft 33, against the bias of spring 59, to move the
      restrictor member 71 toward a closing position in orifice 76. Therefore,
      the venting of the indexing cylinder 84 is restricted and the timing mode
      return of pistons 89 and 90 from the position of FIG. 8 to that of FIG. 5
      is prolonged. Selective adjustment of the position of the control member
      thus controls the operating time for the particular hydraulic device being
      operated for the corresponding position of the cam members and valves.
PAR  On completion of the timing mode movement of the pistons 89 and 90, the
      reversing valve 94 reverses fluid communication back to the indexing
      piston cylinder 84, closing the vent connection, and the larger diameter
      indexing piston 90 over-runs the counter force of the timing piston 89 to
      quickly index shaft 33 and the associated cam members 35 through 37 to the
      next incrementally advanced position. The next radially positioned control
      member 32 may then control the time of dwell for the cam members and
      valves by the restriction of flow of fluid from the indexing cylinder
      through orifice 76 to provide a timing of the operation of the controlled
      devices then activated via lines 141-146 for that positioning of the
      valves 48.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred exemplary embodiment of hydraulic controller is intended for
      use in controlling the operation of a machine having a plurality of
      hydraulically operated devices as well as a source, or connection to a
      source, of hydraulic fluid under pressure. It is not unusual for some of
      the larger machines to require an operating fluid pressure of between 1200
      and 1500 pounds per square inch. The controller of the present preferred
      embodiment may be operated within a fairly wide range of pressures, i.e.,
      200 to 5,000 per square inch, by way of example. In any event, whether
      such source of hydraulic fluid is available from a machine to be
      controlled by the controller, or from some other source, it is desirable
      to provide a supply of hydraulic fluid under a generally constant pressure
      to the instant exemplary controller device. The assurance of such constant
      pressure supply of hydraulic fluid can be obtained through the use of
      otherwise conventionally known pressure regulators which may be connected
      into the fluid input line to the controller.
PAR  Referring now to FIGS. 1 through 4, particularly, the exemplary controller
      is indicated generally at 10. The controller includes a lower base plate
      12, an upper top plate 13 and a pair of interconnecting members or valve
      bodies 11 and 15. Suitable fastening means may be provided for securing
      members 11 and 15 to plates 12 and 13.
PAR  The controller is provided with means for connection to a source of
      hydraulic fluid under pressure. Such means, in the exemplary embodiment,
      include the provision of inlet line 140 see FIG. 2, which is adapted by
      associated end fitting 148 for connection into top plate 13 in fluid
      communication with inner line 149. A pair of fluid supply reservoirs or
      chambers 51 and 52 are provided within the inner members 11 and 15
      respectively, as best seen in FIGS. 1, 2 and 3. Each of these supply
      chambers 51 and 52 is connected to the inlet lines 140, 149 which in turn
      are to be connected to a source of hydraulic fluid under constant
      pressure. As seen in FIG. 1 and 2, fluid supply chamber 51 is connected
      via internal flow lines 151, 150 and 149 to inlet line 140.
PAR  As best seen in FIGS. 1 and 3, the fluid supply chamber or reservoir 52 is
      connected via lines 152, 153 and 149 to inlet 140. Therefore, the fluid
      supply chambers 51 and 52, according to the preferred exemplary
      embodiment, are provided with a supply of hydraulic fluid under constant
      pressure which, as noted above, may be maintained by a pressure regulator
      device from a source of hydraulic fluid presumably available for operating
      the machine with which the controller is to be utilized.
PAR  Distributor means are provided for distributing the flow of hydraulic fluid
      from the source thereof provided by supply chambers 51 and 52, and their
      connections to inlets 140 and 147 as hereinbefore explained, to a
      plurality of hydraulically operated devices in a predetermined manner in
      response to operation of the distributor means through a sequence of
      individual positions of adjustment thereof. In the exemplary embodiment,
      such distributor means includes the provision of such fluid supply
      chambers 51 and 52 in association with a plurality of fluid flow
      distributing valves, indicated generally at 47, for selectively
      distributing hydraulic fluid to outlet lines 141 through 146. Each of the
      outlet lines 141 through 146, connected to controller housing 11 by
      suitable end fittings 148, is adapted to be connected to a hydraulically
      controlled device of the associated machine which preferably is the
      hydraulic means performing machine operations, although it may be a pilot
      valve which in turn operates such machine operating device.
PAR  The plurality of fluid flow distributing valves, indicated generally at 47,
      each are provided with a bore, as bores 39 through 44, having inwardly
      directed ends of inlets opening to the associated fluid supply chambers 51
      and 52, respectively. The exemplary flow valves 47 are of the spool valve
      type wherein a main body portion 48 is slideably mounted in the respective
      bore, is provided with a valve opening or reduced diameter portion 49 and
      a valve closing or head portion 50. Each of the valve bores 39 through 44,
      as best seen with respect to bores 42 through 44 in FIG. 4, are provided
      with outlet means for connection of the respective bore to one of the
      outlet lines 141 though 146. Hydraulic fluid may therefore be selectively
      directed from the supply chambers 51 and 52, to the respective outlet
      lines via the outlet means as explained more fully hereinafter.
PAR  Referring now to FIGS. 1 and 4, it can be seen that the flow valve bore 42
      communicated with the outlet line 142 via the interconnecting flow lines
      or internal passageways 156 and 157. A suitable O-ring 158 may be disposed
      in a ring groove 159 at the junction of chamber 42 with passageway 156 to
      seal the passageway at that location. As seen in FIG. 1, the spool valve
      47 associated with bore 42 is shown in a position connecting outlet line
      142 (via interconnecting lines 156 and 157) to the supply chamber 52 as
      well as closing a vent or exhaust via the open enlarged outer bore portion
      46. Each of the bores 39 through 44 is provided with a larger diameter
      outlet portion 46 so that outward movement of the associated spool valve
      moves the valve head 50 out of the bore and communicates the associated
      flow lines to the exterior of the controller which is preferably provided
      over a suitable collecting reservoir for recirculation of the hydraulic
      fluid. Alternatively, inward movement of each spool valve 47, as more
      fully explained hereinafter, selectively connects the associated outlet
      line, such as line 142 to the associated fluid supply chamber, such as
      chamber 52.
PAR  As with the case of the valve 42 hereinabove explained, the other valve
      bores are connected to the respective fluid outlet lines for controlling
      respective operated devices. Again referring to FIGS. 2 and 4, bore 43 is
      connected to outlet line 141 via the interconnecting flow lines or
      passages 153 and 152. Bore 44 is connected to outlet line 143 via
      interconnecting flow lines 163 and 162.
PAR  The valve bores 39 through 41 are similarly connected to the outlet lines
      144 through 146. As seen in FIGS. 1 and 2, bore 39 is connected to outlet
      line 144 via flow lines 167 and 166. As seen in FIG. 2, (and similarly to
      the prior bores illustrated in FIG. 4) outlet line 145 is connected by
      flow lines 170 and 171 into valve bore 41. Outlet line 146 may be provided
      in fluid communication with the valve bore 40 via line 173 in similar
      manner. Suitable O-ring seals may be provided between members 14 and 15,
      and top plate 13 with regard to the lines to outlet lines 144 through 146
      as seen in FIG. 4, including O-rings 159 in groove 158, O-ring 160 in
      groove 161 and O-ring 164 in groove 165, with respect to the outlet lines
      141 through 143.
PAR  Cam means are associated with each of the fluid flow distributing valves 47
      for operating the associated valve members in a predetermined sequence of
      valve positions upon advancement of the cam means relative thereto. In the
      exemplary embodiment, such cam means include the provision of a plurality
      of double cam members 35, 36 and 37, as best seen in FIGS. 1 and 10, on
      shaft 33 for rotation therewith, although, as subsequently explainted,
      shaft 33 is axially slidable relative thereto. Cam members 35 through 37
      may be provided with conventional key way engagement with shaft 33 in
      order to be rotated thereby. Such key ways may be provided in each of the
      hub portions 38 of members 35 through 37 which encircle shaft portions 33
      and rotate therewith. As best seen in FIG. 1, the vertical array of cam
      members rest upon drive wheel 60 which is part of the drive means to be
      explained in detail hereinafter. The cam members 35 through 37 are driven
      by shaft 33 which in turn is driven by wheel 60. As seen in FIGS. 1 and 2,
      each of the cam members 35 through 37 is formed of a disc like body 55
      which extends radially outwardly from the associated hub portion 38.
      Oppositely directed peripheral lips or track members 57 and 58 are formed
      about the periphery of each disc 55. Lip or track entraining means are
      provided on the inner terminal ends of the spool valve bodies 48,
      including the terminal end arcuate flanges 54 for entraining the
      associated cam lip or tracks as seen in FIG. 1. Each of the upper and
      lower peripheral lips or tracks on each cam member are of non-circular
      configuration so that, as the cam means are rotated by drive means
      hereinafter explained, the associated spool valves are moved radially
      inwardly and outwardly of the controller to selectively connect the
      various outlet lines 141 through 146 to the fluid supply chambers 51 and
      52, block the flow of fluid in or out of the lines connected to said
      outlet lines to maintain pressure on the associated device, or move
      further radially outwardly to vent the outlet line associated internal
      flow lines to the exhaust vent openings 46 to allow discharge of hydraulic
      fluid from the associated operated means to the aforementioned fluid
      accumulating reservoir to be associated with the controller.
PAR  Hydraulically operated drive means are provided for operating the
      distributor means, including the flow valves 47 and associated cam means
      thus far described through their respective sequence of positions. As will
      be explained in detail, the preferred exemplary embodiment of hydraulic
      drive means is operable in an indexing mode to index the cam means and
      associated flow valves between positions of adjustment and is operable in
      a timing mode during which the camming means and associated flow valves
      are maintained in a stationary or dwell condition during which an
      associated hydraulically operated device may be maintained in an operating
      condition for a timed interval of operation. In the preferred exemplary
      embodiment, such hydraulically operated drive means includes the provision
      of a pair of opposed drive pistons including a timing piston or rod 89 and
      an indexing piston or rod 90. As will be explained more fully hereinafter,
      the operation of these two opposed pistons is utilized in the exemplary
      embodiment for driving the aforementioned cam means and associated spool
      valves for directing the flow of hydraulic fluid from the chambers 51 and
      52 to the various outlet lines connected to the operated devices in a
      predetermined sequence.
PAR  As seen in FIGS. 5 and 8, the timing mode piston 89 is mounted via a
      journal block 87 for reciprocal movement relative to a timing cylinder 83
      formed in a cylinder block 85 disposed between base plate 12 and inner
      member 11 as also seen in FIG. 1. The indexing piston or ram 90 is mounted
      via journal block 88 for sliding movement relative to its indexing
      cylinder 84 formed within cylinder block 86 which in turn is mounted
      between base plate 12 and inner member 15 as also seen in FIG. 1. The
      indexing mode piston 90 is provided with a larger effective diameter
      exposed to the fluid pressure to be introduced into its chamber or
      cylinder 84 than that of the timing piston or ram 89. Therefore, when each
      are connected to the same, or generally equal, fluid pressure, the
      indexing piston or ram 90 will normally override the timing piston and, as
      explained hereinafter move the two pistons and associated force
      transmitting means in an indexing motion to index the associated camming
      means between its positions of adjustment.
PAR  Hydraulic fluid flow system means are provided for connecting both of the
      timing and indexing cylinders 83 and 84 to a source of hydraulic fluid. In
      the exemplary embodiment, and as best seen in FIGS. 1, 5 and 8, the timing
      mode cylinders 83 of the hydraulic drive means is connected via internal
      flow lines 108 and 109 to the previously described hydraulic fluid supply
      chamber 51. An O-ring 110 may be provided in groove 111 at the juncture
      between member 14 and cylinder block 85 as seen in FIG. 1 to seal these
      passageways. The indexing cylinder 84 of the hydraulic drive means is
      connected to the other fluid chamber 52 via internal flow lines
      passageways 99, 93, 100 and 105 as best seen in FIGS. 1, 5 and 8. As noted
      hereinbefore, when the two hydraulic cylinders 83 and 84 are connected to
      the two respective supply chamber 51 and 52, indexing piston or ram 90
      overrides timing piston or ram 89 to drive the pistons and associated
      force transmitting means from the position of FIG. 5 to that of FIG. 8 in
      an indexing motion.
PAR  Force transmitting means are associated with the cam means 35 through 37
      and pistons 89 and 90 for translating the reciprocal motion of the pistons
      into an advancement or rotary drive motion for the cam means. In the
      exemplary embodiment such force transmitting means includes the provision
      of a ratchet or drive wheel 60, as best seen in FIGS. 1, 5, 8, 10 and 11.
      The drive ratchet wheel 60 is secured to shaft portion 33 in driving
      relation therewith. The periphery of wheel 60, as best seen in FIGS. 5 and
      8, includes a plurality of generally evenly spaced detent portions 61 and
      ratchet portions 62. Wheel 60 is driven in counter clockwise direction
      under the influence of the dog or ratchet member 63. Dog or ratchet 63,
      having an outer engaging end 64 is pivotally mounted on a shaft 65 which
      in turn is mounted in a bore 66 provided in lever arm 67. Lever arm 67 is
      rotatably mounted or journaled upon journal block 69, as seen in FIG. 1,
      for arcuate movement about the center of rotation of wheel 60. A tortion
      spring is provided for biasing dog 63 into the ratchet wheel engaging
      position of FIGS. 5, 6 and 8.
PAR  A block member 92 may be provided on the outer end of indexing ram or
      piston 90, as best seen in FIG. 9, which is adapted to be abutted by an
      end 91 of timing ram or piston 89. Under reciprocal movement of the
      pistons or rams 89 and 90, block 92 moves in a reciprocal manner as does
      the drive cam wheel 131 entrained in slot 130 in block 92. Wheel 131 is
      connected via shaft 65 to arm 67 to move the arm in an arcuate motion as
      aforementioned, the roller moving radially in the compensating slot 130 in
      order to translate the reciprocal linear motion of the pistons 89 and 90
      into a reciprocating arcuate movement for lever 67. During an indexing
      motion of the pistons from the position of FIG. 5 to that of FIG. 8, the
      drive ratchet wheel 60 will be rotated one incremental arcuate advance via
      lever arm 67 and associated dog 63. On a reversal of the piston members,
      as hereinafter explained, during a timing mode of operation therefor, the
      drive wheel 60 will be allowed to dwell in a stationary condition as the
      ratchet or dog 63 merely rides about the surface of the stationary wheel,
      the aforementioned spring biased upon the dog yielding in a generally lost
      motion operation between the return motion of the pistons and lever arm 67
      relative to wheel 60 from the position of FIG. 8 to that of FIG. 5.
PAR  Means are provided for holding the wheel 60 in an aligned or indexed
      position of adjustment corresponding to a desired position of adjustment
      of the associated flow valves 47 via the interconnecting cam means 35
      through 37. Such holding means in the exemplary embodiment comprise the
      provision of a spring biased detent or roller member 126, adapted to
      engage the respective detent or cut-off portions 61 of wheel 60 as seen in
      FIG. 5 and 8. Holding detent or wheel 126 is mounted via arm 124 which in
      turn is pivotally mounted by pin 125 to the cylinder block 86. A suitable
      spring 129 may be provided between cylinder block member 86 and a free end
      of lever 124, as seen in FIG. 5, to act about pivot pin 125 in biasing
      roller or wheel 126 into the respective detents 61 on the wheel. The
      provision of these holding means assures the precise orientation of the
      spool valves in the desired position of adjustment as well as to resist
      any slight reverse rotational movement otherwise imparted to wheel 60
      during retraction of ratchet or dog 63 from the position of FIG. 8 to that
      of FIG. 5.
PAR  Manually operable means are provided for holding the ratchet member or dog
      63 in an inoperable or released position in the event it is desired to
      manually interrupt the sequence of operations of the controller. As seen
      in FIGS. 6 and 7, the ratchet member or dog 63 as discussed hereinbefore
      as normally biased into a position of engagement between its projection 64
      and the ratchets 62 of wheel 60. A pin 127 may be provided on dog 63 to be
      engaged by a pivoted manually operable lever 134 in order to hold it in
      release position as seen in FIG. 7. The lever or cam arm 134 overlies dog
      63 and ratchet wheel 60, as seen in FIGS. 6 and 7, and is pivotal about a
      mounting pin 135 which is supported from cylinder block 86. A slot 136 may
      be formed in the member 15 for receiving the free end of a spring 137, the
      spring biasing cam lever 134 normally to a non-dog interferring position
      as seen in FIG. 6. A cam member 139, eccentrically mounted on pin 138 is
      adapted to be rotated from the position of FIG. 6 to that of FIG. 7 in
      order to cam the cam lever 134 against dog pin 127 to move the dog to the
      position of FIG. 7. As seen in FIGS. 2, 5, 8 and 11, pin 138 may be
      provided to extend through the upper plate 13 (FIG. 1) wherein associated
      manually moveable lever arm 176 may be provided. As can be seen from the
      foregoing, an operator of the hydraulic controller may manually move arm
      176 to selectably lock or hold the dog 63 in a release position to
      interrupt its otherwise indexing advancement of the drive wheel 60,
      associated cam means and flow valves 47 even though the hydraulic drive
      means, including pistons 89 and 90 continue to move in an indexing mode
      from the position of FIG. 5 to that of FIG. 8. The ability to disconnect
      the drive means from the distributor means is considered a safety feature
      in the event that prompt interruption of machine operations is required.
PAR  Fluid flow modifying means are provided in association with the
      hydraulically operated drive means for adjustably controlling the time of
      operation of the drive means in its timing mode for each individual
      corrresponding position of adjustment of the associated distributor means,
      including in the preferred embodiment the aforedescribed camming means and
      associated flow distributing valves. In the preferred exemplary
      embodiment, such flow modifying means include means for modifying the flow
      of hydraulic fluid from the supply chamber 52 relative to the indexing
      drive cylinder 84 during a timing mode of operation thereof. More
      specifically, such flow modifying means, in the exemplary embodiment,
      includes means for reversing the connection of the indexing cylinder 84
      from its supply chamber 52 to a venting outlet line and preferrably means
      for restricting the venting of the indexing cylinder in variable amounts
      in order to control the rate of advancement of the timing piston
      overriding the indexing piston, such overriding occurring during venting
      of the indexing cylinder 84 as hereinafter explained.
PAR  Referring to FIG. 5, it can be seen that when the larger diameter indexing
      piston 90 is in communication with its source of hydraulic fluid in
      chamber 52 via lines 99, 93, and 100 and 105, it will override the timing
      piston 89. However, as contemplated within the present invention and as
      illustrated in the preferred exemplary embodiment, means are provided for
      venting the indexing cylinder 84 to atmosphere or a collecting reservoir
      via outlet lines 99, 93, 98, and 81 to a restricting means, indicated
      generally at 70, as hereinafter explained. As seen in FIG. 5, a reversing
      valve, indicated generally at 94, of the spool valve type having a body
      97, reduced valve portion 96 and spool or head end 95 is provided for
      sliding movement in the bore 93. When reversing valve 94 is positioned to
      interconnect chamber 52 via lines 105, 100, and 93 past the reduced
      portion 96 and through line 99 to cylinder 84, an indexing mode of
      operation is produced. If the valve 94 is shifted to close off the lines
      leading to supply chamber 51 and interconnect line 99 to the vent lines 98
      and 81, then the hydraulic fluid pressure in hydraulic cylinder 84 is
      relieved and the continued application of hydraulic fluid pressure in
      timing cylinder 83 causes the timing piston 89 to override the indexing
      piston 90 in a timing mode of operation for the associated pistons and
      force transmitting means interconnecting them to the distributor means
      hereinbefore explained.
PAR  Means for reversing the position of valve 94 are provided to be operated in
      response to movement of the pistons 89 and 90. As seen in FIGS. 5, 8 and
      10 the valve body 97 is provided with a pin 112 to which is pivotally
      mounted a lever arm 113. A roller 114 is mounted to flanges 115 on the
      lever arm and is adapted to roll over and about a cam end 116 provided on
      the lever arm 67. Lever 113 is further provided with a hole 117, into
      which a free end 119 of spring 120 is fitted, the other end 122 of the
      spring being fitted into a suitable bore provided in a mounting bracket
      123 as best seen in FIGS. 5 and 8. Spring 120 is thereby adapted to bias
      the lever arm 113 in a clockwise direction of rotation about its pivot pin
      112 into rolling engagement with the associated cam surface 116. As can be
      seen from a comparison of FIGS. 5 and 8, the reversing valve 94 is axially
      moved within bore 93 to selectively connect cylinder 84 between the fluid
      supply of chamber 52 and the vent of line 81 in response to the rolling
      movement of roller 114 under the action of spring 120 either under or over
      the cam member 116. The appropriate reversing of the indexing and timing
      cylinders may thereby be accomplished.
PAR  Flow restricting means are provided for selectively controlling the venting
      or release of fluid from the indexing cylinder 84 to thereby control the
      rate of movement of the drive means in its timing mode return from the
      position of FIG. 8 to that of FIG. 5 while the associated camming means
      and flow valves, comprising the distributor means aforedescribed, are
      maintained in a dwell condition establishing the interval of operation for
      the associated operated devices. In the exemplary embodiment, such flow
      restricting means is indicated generally in FIG. 10 at 70 and includes an
      orifice restrictor member 71 for restricting fluid flow from vent line 81
      through a restricted orifice 76 communicating by line 77 with vent line 81
      and an associated outlet 74. Line 77, and inner valve chamber 78 above
      orifice 76, the orifice 76 and outlet 74 may all be formed integrally of a
      threaded, nut-like, member 75 which can be threaded into base plate 12
      beneath the hydraulic drive means as illustrated in FIGS. 1 and 10.
      Restrictor member 71 is illustrated in a full open position in FIG. 10,
      and fully closed position in FIG. 1.
PAR  Means are provided for mounting the flow restricting member 71 for vertical
      axially movement relative to orifice 76 between the full open and full
      closed positions of FIGS. 10 and 1 respectively. In the exemplary
      embodiment, such mounting means includes the provision of mounting shaft
      68 on the lower end of main shaft 33 which is vertically movable relative
      to the drive wheel 60 and associated cam members 35 through 37, but is
      driven by wheel 60 as aforenoted to drive the cam members. The shaft 33,
      and depending portion 68 mounting member 71 is biased upwardly in FIGS. 1
      and 10 via a spring 59 interposed between a plate 21 held to shaft 33 via
      lock nut 22. As seen in FIGS. 1 and 10, plate 21 is held down on a
      shoulder surrounding upper reduced, threaded portion 20 via lock nut 22.
      Spring means 59 normally biases shaft 33 and the associated restrictor
      member 71 into the valve open position of FIG. 10 wherein the restrictor
      member 71 is withdrawn relative to orifice 76. In this condition, a
      virtually free venting of the indexing cylinder is provided so that a very
      rapid timing mode return of the pistons would occur and a very short dwell
      for the cam means and associated valve members 47 would result. As member
      71 is moved downwardly against the bias of spring 59 by means hereinafter
      explained, the flow fluid from the hydraulic cylinder is restricted and
      the timing period of the aforementioned dwell is extended.
PAR  A plurality of adjustable timing control members are mounted on the
      controller in an array about shaft 33 in adjustable interfeering contact
      with a shaft associated cam to control the vertical disposition of the
      restrictor member relative to orifice 76. As seen in FIGS. 1, 2 and 10, a
      plurality of adjustable timing control members, indicated generally at 32,
      and having control knobs 25, are mounted in a generally circular array in
      top plate 13 about the shaft 33 to which member 71 is mounted. Each of
      these control members, indicated generally at 32, preferrably includes a
      knurled knob 25, suitable for easy manual adjustment, provided on the
      upper end of a threaded shaft 26 which extends downwardly through a tapped
      bore provided in top plate 13. A suitable lock nut 28 may be provided for
      maintaining each of the control members in a given position of adjustment
      once it has been turned into place. As will be apparent from an
      examination of FIGS. 1 and 10, each of the control members may be axially
      movable along the axis of its stem 26 to present a free end 30 in various
      vertical positions of adjustment for interfering contact with a cam or
      boss 24 associated with shaft 33 via the plate 21. As seen in FIG. 10, the
      illustrated control member 32 has been moved to a fully retracted position
      wherein the boss 24, thereshown slightly engaging free end 30, is not
      appreciably deflected to move the associated shaft 33 and restricting
      member 71 into restricting relation to orifice 76. However, as seen in
      FIG. 1, another such independently adjustable control member, above shaft
      33 in FIG. 1, is shown adjusted to a lower position wherein its free end
      30 causes deflection of shaft 30, against the bias of spring 59, as the
      boss 24 passes beneath the control member. Each of the control members may
      therefore be individually adjusted for moving the restricting member 71
      relative to orifice 76 to control the timing period or interval during
      which the drive means is operating in a timing mode, between indexing
      modes, and thus the time for operation of an associated hydraulically
      controlled device then connected via the aforedescribed flow distributing
      valves and outlet lines.
PAR  Manual adjustment of the position of the cam means, and thus the operation
      of the sequence of positions thereof, may be provided through the
      provision of a hand operated knob 17 having a stem portion 16 secured to
      the upper end 18 of shaft 33. The normal sequential operation of the flow
      control valves 47, and the associated hydraulically operated devices, can
      therefore be manually advanced through rotation of knob 17 beyond the
      drive normally imparted by the hydraulically operated drive means in an
      indexing operation. During such manual advance of the camming means and
      associated drive wheel 60, the wheel merely turns past the spring biased
      dog which would be moved concurrently to a fully indexed position
      preparatory to a timing mode operation.
PAR  Visually observable means are also provided for indicating visually the
      position of the opposed piston members of the hydraulic drive means. A
      vertical pin 132 is preferrably secured to block 92, as seen in FIGS. 5, 8
      and 9, extends vertically upwardly therefrom as seen in FIG. 1 and is
      visible through a slot 133 formed in top plate 13 as seen in FIG. 2. The
      visually observable movement of pin 132 can assist the operator in
      observing the speed of a timing mode operation of the pistons in addition
      to his observing any sound of operation of the mechanism during its
      indexing and timing mode operations. In addition, an indicator 177 may be
      provided upon the upper surface of hand knob 17 to indicate which of the
      associated control members is operating the associated shaft cam 24 to
      thus indicate which of the machine operations are then being controlled.
PAR  Having thus described a preferred exemplary embodiment of the hydraulic
      controller, in accordance with the present invention, it should be noted
      by those skilled in the art that various modifications, alterations and
      adaptations thereof may be made within the scope and spirit of the present
      invention which is defined within the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulic controller for controlling the operation of a plurality of
      hydraulically operated devices in a predetermined sequence of individually
      adjustable timed intervals of operation for each device, said controller
      being supplied from a source of hydraulic fluid under a  substantially
      constant pressure and comprising:
PA1  distributor means for distributing the flow of hydraulic fluid from said
      source individually to said operated devices in a predetermined manner in
      response to operation of said distributor means through a sequence of
      individual positions of adjustment thereof;
PA1  hydraulically operated drive means for operating said distributor means
      through the sequence of positions, said drive means being operable in an
      indexing mode to index said distributor means between positions of
      adjustment and in a timing mode between indexing modes to maintain said
      distributor means in a dwell at individual positions of adjustment;
PA1  means for supplying hydraulic fluid from said sources to said drive means;
      and
PA1  means for independently adjustably controlling the time of operation of
      said drive means in its timing mode for each individual position of
      adjustment of said distributor means relative to another position of
      adjustment of said distributor means, whereby each of said operated
      devices may be individually operated for an individually adjustable timed
      interval of operation.
NUM  2.
PAR  2. The hydraulic controller of claim 1 wherein said means for independently
      adjustably controlling the time of operation of said drive means includes
      means for modifying the flow of said fluid relative to said drive means
      during said timing modes of operation thereof and a plurality of
      individually adjustable members, each corresponding to one of the
      positions of adjustment of said distributor means, for individually and
      adjustably operating said modifying means as said distributor means moves
      through its sequence of positions of adjustment.
NUM  3.
PAR  3. The hydraulic controller of claim 2 wherein:
PA1  said drive means for operating said distributor means comprises first and
      second opposed hydraulically operated pistons in first and second
      associated cylinders, respectively, said first piston having an effective
      working diameter greater than that of said second piston, whereby said
      first piston normally overrides said second piston in said indexing mode;
      and
PA1  said means for modifying the supply of hydraulic fluid relative to said
      drive means comprises means for selectively controlling the release of
      fluid from said first cylinder to reverse the movement of said pistons
      and, by adjusting the rate of release of fluid from said first cylinder,
      control the speed of return of said pistons in the timing mode thereof.
NUM  4.
PAR  4. The hydraulic controller of claim 1 wherein said distributor means
      comprises:
PA1  a plurality of fluid flow distributing valves, each having inlet means for
      connection to said source, outlet means for connection to one of said
      operated devices and a moveable valve member for selectively
      interconnecting said inlet and outlet means; and
PA1  cam means associated with each of said fluid flow distributing valves for
      operating the associated valve member in a predetermined sequence of valve
      positions upon advancement of said cam means relative thereto by said
      drive means.
NUM  5.
PAR  5. The hydraulic controller of claim 4 wherein:
PA1  said hydraulically operated drive means includes a timing mode drive piston
      and cylinder, an indexing mode drive piston and cylinder, force
      translating means associated with said cam means for translating
      reciprocal motion of said pistons into advancement motion for said cam
      means and piston mounting means for mounting said pistons in opposed
      driving relation to said force translating means;
PA1  said hydraulic fluid flow system means includes fluid flow line means for
      connecting both said cylinders to said source of hydraulic fluid; and
PA1  said indexing piston is provided with a larger effective diameter of
      surface exposed to said hydraulic fluid than that of said timing piston,
      whereby said indexing piston overrides said timing piston when hydraulic
      fluid is equally supplied to said drive means cylinders from said source
      during said indexing mode.
NUM  6.
PAR  6. The hydraulic controller of claim 5 wherein said force translating means
      comprises:
PA1  a ratchet wheel associated with said cam means, a pivotable ratchet mounted
      on a pivoted lever arm driven by said pistons in a reciprocal arcuate
      movement to drive said wheel in a one direction advancement and manually
      adjustable means for holding said ratchet in an inactive position out of
      engagement with said wheel.
NUM  7.
PAR  7. The hydraulic controller of claim 5 wherein said hydraulic fluid flow
      system means comprises:
PA1  reversing valve means associated with said fluid flow line means and an
      outlet line for alternately connecting said indexing mode cylinder to said
      source of hydraulic fluid or to said outlet line;
PA1  means associated with said reversing valve means and pistons for operating
      said reversing valve to connect said indexing mode cylinder to said outlet
      line at the end of an indexing mode drive of said indexing piston, said
      timing piston then overriding said indexing piston in a timing mode drive
      of said timing piston, and for connecting said indexing mode cylinder to
      said source of hydraulic fluid at the end of said timing mode drive of
      said timing piston.
NUM  8.
PAR  8. The hydraulic controller of claim 5 wherein said hydraulic fluid flow
      system means comprises:
PA1  adjustable fluid flow restricting means associated with said outlet line
      for adjustably restricting the flow of hydraulic fluid from said indexing
      mode cylinder to thereby regulate the speed of said timing piston in its
      timing mode drive and thus determine the time of the interval for the
      operation of the devices operated by the associated fluid flow
      distributing valves.
NUM  9.
PAR  9. The hydraulic controller of claim 8 wherein said adjustable fluid flow
      restricting means includes a valve orifice, an orifice restrictor member
      and means for mounting said restrictor member for adjustable movement
      relative to the valve orifice.
NUM  10.
PAR  10. The hydraulic controller of claim 9 wherein said means for mounting
      said restrictor member comprise:
PA1  a mounting shaft and means for biasing said shaft to a valve open position
      wherein said restrictor member is withdrawn relative to said orifice;
PA1  connecting means between said shaft and said cam means for rotating said
      shaft in response to advancement of said cam means;
PA1  a shaft cam extending laterally of said shaft; and
PA1  a plurality of adjustable timing control members mounted to said controller
      in an array about said shaft in adjustable interfering contact with said
      shaft cam as it passes thereby to move said restrictor member toward said
      orifice, restricting fluid flow therethrough, due to deflection of said
      shaft against its bias as said shaft cam passes a given timer control
      member and in an amount adjustable by the adjustment of said control
      member.
NUM  11.
PAR  11. A hydraulic controller for controlling the operation of a plurality of
      hydraulically operated devices in a determinable sequence of adjustable
      timed intervals of operation of each such device, said controller being
      supplied with a source of hydraulic fluid under a substantially constant
      pressure and comprising:
PA1  a plurality of fluid flow distributing valves, each having inlet means for
      connection to said source, outlet means for connection to one of said
      operated devices and a movable valve member for selectively
      interconnecting said inlet and outlet means;
PA1  cam means associated with each of said fluid flow distributing valves for
      operating the associated valve member in a predetermined sequence of valve
      positions upon advancement of said cam means relative thereto; and
PA1  hydraulic drive means for advancing said cam means relative to said valves
      to index them between said sequence of positions and maintain them in
      timed dwell intervals, said drive means comprising:
PA1  venting means for selectively venting hydraulic fluid from said drive means
      to modify the drive of said drive means during a dwell mode;
PA1  fluid flow restrictor means for adjustably restricting the flow of fluid
      through said venting means to control the speed of operation of said drive
      means and thereby provide an adjustable interval of dwell of said cam
      means and
PA1  means for selectively adjusting said fluid flow restrictor means for
      varying the time of each of a plurality of said fluid flow distributing
      valves independently of each other in said positions thereof.
NUM  12.
PAR  12. The hydraulic controller of claim 11 wherein said cam means comprises a
      plurality of cam discs mounted on a cam shaft, each said disc including a
      laterally extending non-circular peripheral lip, and wherein said moveable
      valve member of each of said distributing valves includes a lip entraining
      means for entraining the associated cam lip and thereby cause movement of
      said valve member upon rotation of said cam shaft in a manner
      predetermined by the configuration of said non-circular lip.
NUM  13.
PAR  13. The hydraulic controller of claim 11 wherein said fluid flow restrictor
      means includes a valve orifice, an orifice restrictor member and means for
      mounting said restrictor member for adjustable movement relative to the
      valve orifice.
NUM  14.
PAR  14. The hydraulic controller of claim 13 wherein said means for mounting
      said restrictor member comprise:
PA1  a mounting shaft and means for biasing said shaft to a valve open position
      wherein said restrictor member is withdrawn relative to said orifice;
PA1  connecting means between said shaft and said drive means for rotating said
      shaft in response to advancement of said drive means;
PA1  a shaft mounted cam extending laterally of said shaft; and
PA1  a plurality of adjustable timing control members mounted to said controller
      in an array about said shaft in adjustable interfering contact with said
      shaft mounted cam to thereby move said restrictor member toward said
      orifice, restricting fluid flow therethrough, due to deflection of said
      shaft against its bias as said shaft cam passes a given timing control
      member.
NUM  15.
PAR  15. A hydraulic controller for controlling the operation of a plurality of
      hydraulically operated devices comprising:
PA1  fluid distributor means having a plurality of dwell positions for
      distributing hydraulic fluid from a source thereof to each of a plurality
      of said operated devices in a predetermined sequence corresponding to a
      sequence of positions of dwell of said distributor means;
PA1  hydraulically operated drive means for operating said distributor means
      through its sequence of positions to operate said devices in corresponding
      sequence;
PA1  means for supplying hydraulic fluid from said source to said drive means
      for operating said drive means in an indexing mode wherein said
      distributor means is indexed between its positions; and
PA1  means for providing a selected dwell of said distributor means at each of
      said individual positions independently of each other including means for
      modifying the flow of said fluid for said drive means between said
      indexing modes whereby an associated controlled device is operated for the
      period of said dwell.
NUM  16.
PAR  16. The hydraulic controller of claim 15 wherein said drive means for
      operating said distributor means comprises:
PA1  first and second opposed hydraulically operated pistons in first and second
      associated cylinders, respectively, said first piston having an effective
      working diameter greater than that of said second piston, whereby said
      first piston normally overrides said second piston in said indexing mode.
NUM  17.
PAR  17. The hydraulic controller of claim 16 wherein said means for modifying
      the supply of hydraulic fluid to said drive means comprises:
PA1  means for selectively controlling the release of fluid from said first
      cylinder to reverse the movement of said pistons and, by adjusting the
      rate of release of fluid from said first cylinder, control the speed of
      return of said pistons in a timing mode thereof.
NUM  18.
PAR  18. The hydraulic controller of claim 15 wherein said fluid distributor
      means comprises:
PA1  a plurality of fluid flow distributing valves, each having inlet means for
      connection to said source, outlet means for connection to one of said
      operated devices and a moveable valve member for selectively
      interconnecting said inlet and outlet means; and
PA1  cam means associated with each of said fluid flow distributing valves for
      operating the associated valve member in a predetermined sequence of valve
      positions upon advancement of said cam means relative thereto by said
      drive means.
NUM  19.
PAR  19. The hydraulic controller of claim 18 wherein:
PA1  said hydraulically operated drive means includes a timing mode drive piston
      and cylinder, an indexing mode drive piston and cylinder, force
      translating means associated with said cam means for translating
      reciprocal motion of said pistons into advancement motion for said cam
      means and piston mounting means for mounting said pistons in opposed
      driving relation to said force translating means;
PA1  said hydraulic fluid flow system means includes fluid flow line means for
      connecting both said cylinders to said source of hydraulic fluid; and
PA1  said indexing piston is provided with a larger effective diameter of
      surface exposed to said hydraulic fluid than that of said timing piston,
      whereby said indexing piston overrides said timing piston when hydraulic
      fluid is equally supplied to said drive means cylinders from said source
      during said indexing mode.
NUM  20.
PAR  20. The hydraulic controller of claim 19 wherein said force translating
      means comprises:
PA1  a ratchet wheel associated with said cam means, a pivotable ratchet mounted
      on a pivoted lever arm driven by said pistons in a reciprocal arcuate
      movement to drive said wheel in a one direction advancement and manually
      adjustable means for holding said ratchet in an inactive position out of
      engagement with said wheel.
NUM  21.
PAR  21. The hydraulic controller of claim 19 wherein said hydraulic fluid flow
      system means comprises:
PA1  reversing valve means associated with said fluid flow line means and an
      outlet line for alternately connecting said indexing mode cylinder to said
      source of hydraulic fluid or to said outlet line;
PA1  means associated with said reversing valve means and pistons for operating
      said reversing valve to connect said indexing mode cylinder to said outlet
      line at the end of and indexing mode drive of said indexing piston, said
      timing piston then overriding said indexing piston in a timing mode drive
      of said timing piston, and for connecting said indexing mode cylinder to
      said source of hydraulic fluid at the end of said timing mode drive of
      said timing piston.
NUM  22.
PAR  22. The hydraulic controller of claim 19 wherein said hydraulic fluid flow
      system means comprises:
PA1  adjustable fluid flow restricting means associated with said outlet line
      for adjustably restricting the flow of hydraulic fluid from said indexing
      mode cylinder to thereby regulate the speed of said timing piston in its
      timing mode drive and thus determine the time of the interval for the
      operation of the devices operated by the associated fluid flow
      distributing valves.
NUM  23.
PAR  23. The hydraulic controller of claim 22 wherein said adjustable fluid flow
      restricting means includes a valve orifice, an orifice restrictor member
      and means for mounting said restrictor member for adjustable movement
      relative to the valve orifice.
NUM  24.
PAR  24. The hydraulic controller of claim 23 wherein said means for mounting
      said restrictor member comprise:
PA1  a mounting shaft and means for biasing said shaft to a valve open position
      wherein said restrictor member is withdrawn relative to said orifice;
PA1  connecting means between said shaft and said cam means for rotating said
      shaft in response to advancement of said cam means;
PA1  a shaft cam extending laterally of said shaft; and
PA1  a plurality of adjustable timing control members mounted to said controller
      in an array about said shaft in adjustable interfering contact with said
      shaft cam as it passes thereby to move said restrictor member toward said
      orifice, restricting fluid flow therethtrough, due to deflection of said
      shaft against its bias as said shaft cam passes a given timer control
      member and in an amount adjustable by the adjustment of said control
      member.
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ABST
PAL  What follows is a description of a hydraulically powered actuator for
      producing a reciprocating output and a method which produces a
      reciprocating output in response to the controlled flow of a hydraulic
      fluid. The hydraulic actuator includes, in one embodiment, a cylinder
      within which a piston assembly is reciprocated, the cylinder being itself
      displaceably mounted within a housing so that it can periodically
      introduce a unique flow passage through which a rapid fluid flow occurs,
      the provision of the passage reduces the hydraulic power lost during
      reciprocating movement of the piston assembly and ensures a high energy
      output.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application discloses subject matter common to applicants'
      concurrently filed copending application, Ser. No. 363,879, entitled
      "MECHANICALLY ACTUATED HAMMER AND BIT ASSEMBLY THEREFOR."
PAC  BACKGROUND OF THE INVENTION
PAC  1. Field of the Invention
PAR  The present invention relates to hydraulically powered actuators, and more
      particularly to hydraulically powered actuators which produce a
      reciprocating high energy output, and to a method of producing a
      reciprocating energy output for hydraulically powered acutators.
PAC  2. Description of the Prior Art
PAR  Actuators of the general type under consideration are disclosed, for
      example, in U.S. Pat. No. 3,412,554 issued on Nov. 26, 1968 to B. V.
      Voitsekhovsky et al, and re-issued as U.S. Pat. No. Re. 27,244 on Dec. 14,
      1971, U.S. Pat. No. 3,593,524 issued on July 20, 1971 to G. P. Chermensky
      et al, U.S. Pat. No. 3,601,987 issued on Aug. 31, 1971 to G. P. Chermensky
      et al, and U.S. Pat. No. 3,601,988 issued on Aug. 31, 1971 to G. P.
      Chermensky et al. The devices disclosed in these patents are limited in
      their efficiency, inter alia, by the fact that liquid is throttled through
      narrow radial ports which causes the moving ram element of these actuators
      to be subjected to excessive liquid drag.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, a general object of the present invention to provide a
      hydraulically powered actuator which overcomes the stated disadvantages of
      the known art.
PAR  It is a more specific object of the present invention to provide a
      hydraulically powered actuator which is simple in construction and
      reliable in operation with less hydraulic resistance to motion of its ram
      element so that it can operate at higher efficiencies.
PAR  It is a related object of the present invention to provide a hydraulically
      powered actuator in which high output energies are achieved by a unique
      method and structure to permit decreased hydraulic resistance to motion of
      the ram element.
PAR  It is a more specific object of the present invention to provide a
      hydraulically powered actuator which has a displaceable member capable of
      periodically introducing a unique flow passage which aids in effecting a
      reciprocating movement of a piston assembly of the actuator thereby
      ensuring a high energy output.
PAR  These and other objects are accomplished according to one embodiment of the
      present invention by the provision of a hydraulically powered actuator
      which includes a piston assembly and a cylinder within which the piston
      assembly is reciprocated. The cylinder is itself displaceably mounted in
      order to provide a large passage for liquid to escape during firing of the
      piston assembly. The result is a high energy reciprocating output.
PAR  According to one method of the present invention, the cylinder is moved in
      a direction toward a closed position so that the piston assembly can be
      moved in a second direction toward a cocked position. Thereafter, the
      cylinder is moved in a second direction toward an open position, which
      establishes the large passage, and then the piston assembly is fired and
      caused to move in the first direction. This procedure is followed
      repeatedly as often as desired in order to produce the high energy
      reciprocating output.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view in cross section illustrating the hydraulically
      powered actuator according to the present invention and one embodiment of
      its associated control circuit;
PAR  FIG. 2 is a schematic view like FIG. 1, illustrating an alternate
      embodiment of the associated control circuit for the hydraulically powered
      actuator, and
PAR  FIG. 3 is a schematic view in cross section illustrating an alternate
      embodiment of the hydraulically powered actuator according to the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to a more detailed consideration of the present invention as
      illustrated in the exemplary embodiments of FIGS. 1 - 3, there is shown a
      hydraulic actuator which produces a high energy reciprocating output and
      which may be used with a percussion bit assembly (not shown) to form a
      hydraulic hammer.
PAR  Referring first to FIG. 1, there is illustrated a hydraulic actuator 10
      including a housing member 12 within which a working cylinder 14 is
      displaceably mounted. Mounted within the working cylinder 14 for
      reciprocating movement is a piston assembly 16. The piston assembly 16
      includes a piston 18 and a piston rod 20 which extends through a
      transverse end plate 22 of the housing member 12. The housing member 12 is
      connected to the transverse end plate 22 in any conventional manner, such
      as, for example, by welding. The piston rod 20 extends through a bore 24
      formed centrally within the end plate 22. Preferably the bore is lined
      with a bushing 26 which is retained within the bore 24 by an externally
      fastened retaining ring 28. At the opposite end of the bore 24 adjacent to
      the bushing 26 there is provided a fluid seal 30. The external end of the
      piston rod 20 can either form the ball of a ball-and-socket joint or it
      can terminate in an adapter block (not shown) for connecting the actuator
      10 to, for example, a percussion bit to form a hydraulic hammer. In this
      way, the reciprocating output of the actuator 10 is transmitted to the
      percussion bit.
PAR  The housing member 12 is preferably formed to include an upper portion 32
      and a lower portion 34. The two portions may be joined together by, for
      example, a plurality of circumferentially arranged bolted joints 36.
      Alternatively, the lower portion 34 may be formed integrally with the
      upper portion 32 if so desired. The free end of the upper portion 32 is
      closed by a transverse head plate 38.
PAR  The working cylinder 14 is closed at one end by a transverse end plate 40
      and retained opened at its opposite end. The open end of the working
      cylinder 14 engages a face seal 42 located within the inner transverse
      surface of the end plate 22. The free end of the working cylinder 14, when
      displaced within the housing member 12 away from the face seal 42, defines
      an annular passage 44. The importance of the passage 44 will be described
      hereinafter.
PAR  The assembled members of the actuator described above form a number of
      working chambers, which, for convenience, will be identified as the first,
      second, and third working chambers, and a sump. The first working chamber
      46 is defined by the upper portion 32 of the housing member 12, the
      transverse head plate 38 and the transverse end plate 40. The 48 is
      defined by the lower portion 34 of the housing member 12, the working
      cylinder 14 and the transverse end plate 22. The second working chamber 50
      is defined by the working cylinder 14, the transverse end plate 40 and the
      piston 18. Finally, the third working chamber 52 is defined by the working
      cylinder 14, the piston 18, the piston rod 20 and the transverse end plate
      22. As can be seen, the annular passage 44 provides access between the
      sump 48 and third working chamber 52.
PAR  The transverse end plate 40, as well as the piston 18, is provided with
      appropriate seals 54 and 56, respectively, to ensure a sufficient pressure
      seal between the first working chamber 46 and the sump 48, and between the
      second and third working chambers 50 and 52.
PAR  To provide a high energy reciprocating output through the piston rod 20, it
      is desirable according to the present invention to provide rapid escape of
      the piston cocking fluid during piston firing. To accomplish this purpose,
      it is proposed according to the present invention to provide a large
      annular passage in the form of the passage 44. With such a design it has
      been found that a reciprocating output energy level in excess of 3000
      FT-LBS is possible. It is only necessary to displace the working cylinder
      14 from the face seal 42 at an appropriate time in the cycle of operation
      of the piston assembly 16.
PAR  To accomplish this purpose, the following control circuit is employed. A
      control unit 58 sequentially controls the operation of a pump 60, and a
      return valve 64. The pump 60 is connected to the first working chamber 46,
      the sump 48, the third working chamber 52, and to a reservoir 62. Ports
      66, 72 and 76 in the transverse head plate 38, in the end plate 22, and in
      the lower portion 34 of the housing member 12, respectively, are provided
      for this purpose. Finally, the return valve 64 is connected between the
      first working chamber 46 and the sump 48. Ports 74 and 70 in the
      transverse head plate 38 and in the lower portion 34 of the housing member
      12 are provided for this purpose. According to the present invention the
      second working chamber 50 is supplied with compressed gas through a
      conventional gas fill port 68 provided in the piston assembly.
PAC  MODE OF OPERATION
PAR  The actuator 10 operates as follows: after pressurizing the second working
      chamber 50 through the gas fill port 68 in the piston assembly 16, pump 60
      is actuated and delivers pressurized liquid from the reservoir 62 to the
      first working chamber 46 through the port 66. Charging of the first
      working chamber 46 causes the working cylinder 14 to move in a first
      direction and seat itself against the face seal 42. Thereafter, the pump
      60 is caused to deliver pressurized liquid from the reservoir 62 through
      the port 72 to the third working chamber 52. Charging of the third working
      chamber 52 results in moving the piston assembly 16 in a second direction
      (cocking of the piston assembly), which in turn results in further
      compressing the gas within the second working chamber 50. After the piston
      assembly 16 is cocked, the return valve 64 is opened by the control unit
      58 permitting a rapid bleed-off from the first working chamber 46 through
      the port 74 and into the sump 48 through the port 70. As a result of the
      bleed-off, the working cylinder 14 is rapidly moved away from the face
      seal 42 in the second direction and defines an annular passage 44 which
      provides access between the third working chamber 52 and the sump 48. The
      pressurized gas in the second working chamber 50 then fires the piston
      assembly 16 (piston assembly moves in the first direction) thereby
      producing a working stroke of the actuator 10, for actuating, for example,
      a percussion bit of a hydraulic hammer. Because of the large annular
      passage 44, the pressurized liquid within the third working chamber 52 is
      provided with a means for rapidly escaping into the sump 48 and from there
      through the port 76 to the reservoir 62 under the influence of the pump
      60. Thereafter, the first working chamber 46 is once again charged by the
      pump 60 causing the working cylinder 14 to be seated against the face seal
      42, and the cycle repeated. It should be noted that the working chamber 46
      is subsequently charged preferably near the end of the stroke of the
      piston assembly 16 to effect dampening of the piston stroke.
PAR  Because of the principle of a movable working cylinder according to the
      present invention, it is possible to realize higher energy outputs than
      has been known heretofore.
PAR  Turning now to FIG. 2, there is illustrated an alternative embodiment of
      the control circuit for effecting operation of the actuator 10. According
      to this embodiment, a control sensor 78 is mounted in the wall of the
      working cylinder 14 and is connected to the return valve 64. A slot 80 in
      the upper portion 32 of the housing member 12 is provided to allow for the
      movement of the working cylinder 14. At a predetermined point in the
      cocking of the piston assembly 16, the piston 18 coacts with the control
      sensor 78 to actuate the return valve 64. Actuation of the return valve 64
      causes a rapid bleed-off from the first working chamber 46 with an effect
      described above. The operation of the pump 60 is similar to that described
      above. Because of the control sensor 78 it is possible to dispense with
      the control unit 58 and provide continuous operation of the pump 60
      without adversely affecting the high energy output of the actuator 10.
PAR  Turning now to FIG. 3, there is illustrated an alternative embodiment of
      the actuator according to the present invention. The actuator 100 includes
      a housing member 102 within which a servo valve 104 and a piston assembly
      106 are displaceably mounted as shown. The servo valve 104 is configured
      to include a body portion 108 and end flanges 110 and 112. The end flanges
      110 and 112 serve as pistons in a manner to be described hereinafter. The
      piston assembly 106 includes a piston 114 fixed to one end of a piston rod
      116. The piston rod 116 extends through a bore 118 of the housing member
      102. Preferably the bore 118 is lined with a bushing 120 which is retained
      within the bore 118 by an externally fastened retaining ring 122. At the
      opposite end of the bore 118 adjacent to the bushing 120 there is provided
      a fluid seal 124. The external end of the piston rod 116 can either form
      the ball of a ball-and-socket joint or it can terminate in an adapter
      block (not shown) for connecting the actuator 100 to, for example, a
      percussion bit to form a hydraulic hammer. In this way, the reciprocating
      output of the actuator 100 is transmitted to the percussion bit.
PAR  The housing member 102, the servo valve 104 and the piston assembly 106
      form a number of working chambers to be identified as the first, second,
      third and fourth working chambers. The first working chamber 126 is
      defined by the housing 102, the flange 112 and the piston rod 116. The
      second working chamber 128 is defined by the housing 102, the body portion
      108, and the flanges 110 and 112. The third working chamber 130 is defined
      by the housing 102 and the piston 114. The fourth working chamber 132 is
      defined by the housing 102, the piston 114, the piston rod 116 and the
      flange 110.
PAR  Appropriate seals 134, 136, 138 and 140 are provided to ensure a sufficient
      pressure seal between the various working chambers as can be clearly seen.
      The seal 136 is a face seal similar to seal 42 of the embodiment of FIGS.
      1 and 2.
PAR  The purpose in this embodiment is similar to the embodiment of FIGS. 1 and
      2, namely, to provide a large annular passage in the form of a passage
      142. According to this embodiment, it is only necessary to displace the
      flange 110 from the face seal 136 at an appropriate time in the cycle of
      operation of the piston assembly 106.
PAR  In this case, the control circuit includes a control unit 144, a pump 146,
      a return valve 162 and a reservoir 148. The pump 146 is connected to the
      first, second and fourth working chambers 126, 128 and 132. Ports 150, 152
      and 156 in the housing member 102 are provided for this purpose, and the
      return valve 162 is connected through a port 160 to the first working
      chamber 126 and to a sump (not shown).
PAC  MODE OF OPERATION
PAR  The actuator 100 operates as follows: first the third working chamber 130
      is charged through port 158 with, for example, high pressure nitrogen. It
      should be noted that the chamber 130 is only charged periodically and not
      for each cycle of operation of the piston assembly 106. With a charged
      chamber 130, the control unit 144 causes the pump 146 to be actuated and
      to thereby deliver pressurized liquid from the reservoir 148 through the
      port 150 to the first working chamber 126. The pressure exerted against
      the piston flange 112 causes the servo valve 104 to move in a first
      direction toward the left until the flange 110 seats itself against the
      face seal 136. Thereafter, the pump 146 causes pressurized liquid to be
      delivered from the reservoir 148 through the port 156 to the fourth
      working chamber 132. Charging of the fourth working chamber 132 results in
      moving of the piston assembly 106 also in the first direction (cocking of
      the piston assembly), which in turn results in a compression of the gas
      within the third working chamber 130. After the piston assembly 106 is
      cocked, the control unit actuates the return valve 162 causing the
      pressurized liquid in the first working chamber 126 to be dumped through
      the port 160 and the return valve 162 into a sump (not shown), and
      thereafter to the reservoir 148. As a result, the servo valve 104 is moved
      in a second direction toward the right away from the face seal 136 to
      define thereby the annular passage 142. The annular passage 142 provides
      access between the fourth working chamber 132 and the second working
      chamber 128. The pressurized gas in the third working chamber 130 then
      fires the piston assembly 106 (piston assembly moves in the second
      direction), thereby producing a working stroke of the actuator 100.
      Because of the relatively large annular passage 142, the pressurized
      liquid within the fourth working chamber 132 is provided with a means for
      rapidly escaping into the second working chamber 128 and from there
      through the port 152 to the reservoir 148 under the influence of the pump
      146. The cycle is thereafter repeated at will similarly to the embodiment
      of FIGS. 1 and 2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydraulically powered actuator for producing a reciprocating output,
      comprising in combination:
PA1  a a housing member including an upper and lower portion with a head plate
      extending transversely across an open extremity of said upper portion and
      an end plate extending transversely across an open extremity of said lower
      portion;
PA1  b a cylinder displaceably mounted within said housing member, said cylinder
      being open ended at one extremity and closed by a transverse end plate at
      the other extremity;
PA1  c a piston assembly slidably mounted through said housing member for
      reciprocal movement within said cylinder, said piston assembly including a
      piston and a piston rod, said piston rod being slidably mounted through
      the end plate of said housing member to extend outwardly therefrom to
      thereby serve as the reciprocating output;
PA1  d first means effecting movement of said cylinder in a first direction
      relative to said housing member and said piston assembly;
PA1  e second means effecting movement of said piston assembly in a second
      direction relative to said cylinder and said housing member;
PA1  f third means effecting movement of said cylinder and said piston assembly
      relative to each other and to said housing member so that said cylinder
      moves in the second direction and said piston assembly moves in the first
      direction; and
PA1  g control means for sequentially controlling the respective operation of
      said first, second and third means for effecting the reciprocating output,
      wherein said cylinder end plate, said head plate and said upper portion
      define a first working chamber, and said housing member end plate, said
      lower portion and said cylinder define a fluid working chamber.
NUM  2.
PAR  2. The hydraulically powered actuator as defined in claim 1, wherein said
      upper and lower portions are separate members, and wherein said actuator
      further comprises connecting means for connecting said separate upper and
      lower portions to form said housing member with open extremities which are
      closed by said head plate and said lower portion end plate.
NUM  3.
PAR  3. The hydraulically powered actuator as defined in claim 1, wherein said
      upper portion is cylindrical and said lower portion is frusto-conical.
NUM  4.
PAR  4. The hydraulically powered actuator as defined in claim 1, wherein said
      head plate is provided with first and second connecting means, with said
      first connecting means connecting said first means to said first working
      chamber, and said second connecting means connecting said third means to
      said first working chamber.
NUM  5.
PAR  5. The hydraulically powered actuator as defined in claim 1, wherein said
      lower portion is provided with third connecting means connecting said
      third means to said fluid sump.
NUM  6.
PAR  6. The hydraulically powered actuator as defined in claim 1, wherein said
      cylinder, said cylinder end plate and said piston define a second working
      chamber, and wherein said piston, said piston rod, said cylinder and said
      lower portion end plate define a third working chamber.
NUM  7.
PAR  7. The hydraulically powered actuator as defined in claim 6, wherein said
      piston assembly includes means through which said second chamber is
      charged.
NUM  8.
PAR  8. The hydraulically powered actuator as defined in claim 6, wherein said
      lower portion end plate is provided with a through bore, a face seal and
      fourth connecting means, and wherein said piston rod extends through said
      through bore and outwardly from said lower portion, said open ended
      extremity of said cylinder is engageable with said face seal, and said
      fourth connecting means connects said second means to said third working
      chamber.
NUM  9.
PAR  9. The hydraulically powered actuator as defined in claim 8, wherein said
      open ended extremity of said cylinder and said face seal define a variable
      opening passage between said fluid sump and said third working chamber.
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ABST
PAL  A servo device for steering gears for vehicles and ships is adapted to be
      coupled in a mechanical connection between said gear or the like and the
      steering rod or the like operated thereby. The device comprises a pair of
      opposed cylinder-and-piston units each having a working chamber, defined
      by the respective piston and adapted to be supplied pressurized fluid from
      a suitable source during control by valve means responsive to a movement
      of the output member of said gear and the resistance thereagainst of the
      steering rod operated thereby so as to amplify the power for overcoming
      said resistance by means of the pressure fluid in one of said pair of
      working chambers. The two pistons in the units are rigidly secured to each
      other and provided with an inlet passage for the pressure fluid to the
      working chambers and wherein the valve device of each of the units
      comprises a valve member, adapted normally to close a corresponding
      pressure fluid outlet from the working chamber to a return conduit to the
      pressure fluid source but to be actuated by movements of the output member
      of the gear under the intermediation of a transfer means for actuating in
      its turn a dampening element with a restricted fluid passage.
BSUM
PAR  The present invention refers to a servo device particularly for steering
      gears for vehicles and ships and adapted to be coupled in a mechanical
      connection between said gear or the like and the steering rod or the like
      operated thereby, said device comprising a pair of opposed
      cylinder-and-piston units preferably mutually aligned and each having a
      working chamber, defined by the respective piston and adapted to be
      supplied pressurized fluid from a suitable source during control by valve
      means responsive to a movement of the output member of said gear and the
      resistance thereagainst of the steering rod or the like operated thereby
      so as to amplify the power for overcoming said resistance by means of the
      pressure fluid in one of said pair of working chambers.
PAR  Generally servo devices are known for a number of purposes and particularly
      for facilitating various operations when making manoeuvres with vehicles.
      Servo devices of the kind stated for facilitating the steering of vehicles
      constitute one example of such devices and have in the last years been
      increasingly adopted in practice.
PAR  In connection therewith, the drawbacks of the known steering servo devices
      hitherto known have been found more and more troublesome. The kind of such
      steering servo devices which in practice most often has been applied has
      utilized slide valves and operated with a hydraulic oil pressure of about
      70 bar or less. Slide valves cannot, however, without great economic
      sacrifice and/or while accepting reduced service life, be brought to close
      completely at such pressures. Therefore leakage has been accepted and the
      oil has been continuously pumped in a circuit from the center of the valve
      and through the valve chambers to a return conduit, a so-called open
      center principle. The slide valves utilized therefore have had a
      controlling but not at all a closing function and the pumping circulation
      of oil implies a continuous, non-utilized oil flow as well as heat losses.
PAR  There have not either been any advantages of increasing the operating
      pressure in the known servo devices with slide valves, particularly
      dependent on the fact that the required pump will be very big and power
      consuming and that in the existent geometrical solutions high pressure
      shaft seals must be let to seal against non-drained spaces for reasons of
      cost. When increasing the pressure, the friction also increases and should
      a pressure drop occur said high friction must be manually overcome. Thus
      the known technique have a plurality of drawbacks, such as great oil
      consumption, high self-friction and great costs as well as a narrow
      pressure range.
PAR  As examples of such previously known servo devices, particularly for
      vehicle steering gears but thus having several drawbacks, can be mentioned
      the German Pat. No. 883,710 and the German Auslegeschrifts Nos. 1,050,671
      and 1,195,182. Recently some designs have been suggested, in which higher
      hydraulic oil pressures are adapted to be utilized and in which thus
      "closed" slide valves (closed center) are to be utilized. The French Pat.
      Nos. 1,108,056 and 1,364,591 constitute examples of this. Certainly, the
      high pressure provides the possibility of reducing the size of the pump,
      the oil sump and the conduits and as a consequence reduces the over all
      dimensions of the device, but the drawback achieved is that the structure
      will be very complicated and extremely expensive. Thus, said suggested
      structures for higher pressures do not constitute any practically
      advantageous solution; but there is a great demand for an improved
      construction which can be made simple and inexpensive in spite of the fact
      that it operates with high pressures.
PAR  The main object of the present invention thus is to suggest such an
      improved construction of a servo device of the kind stated above. Said
      object is achieved substantially in that the two pistons in the units are
      rigidly secured to each other and provided with an inlet passage for the
      pressure fluid, preferably hydraulic fluid, to the working chambers and
      wherein the valve device of each of the units comprises a valve member,
      adapted normally to close a corresponding pressure fluid outlet from the
      working chamber to a return conduit to the pressure fluid source but to be
      actuated by movements of the output member of the gear under the
      intermediation of a transfer means for actuating in its turn a dampening
      element with a restricted pressure fluid passage.
PAR  Owing to the invention, it is now possible to obtain a servo steering
      device which fills the modern requirements for driving characteristics of
      vehicles, primarily passenger cars and trucks and which in spite of low
      costs and simple construction will give a more direct steering with a
      convenient but sufficient steering resistance and sufficient steering
      assistance in heavy road conditions, parking manoeuvres and emergency
      situations following tire explosions etc. A very essential advantage of
      the invention is that it can provide a momentary servo assistance when the
      steering resistance in the steering wheel has reached a predetermined
      threshold value and it then can be provided that the steering wheel force
      either is maintained substantially constant or made to increase with the
      steering force demand along an arbitrary curve.
DRWD
PAR  By way of examples, the invention will be further described below with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal section through a principle embodiment of the
      device according to the invention;
PAR  FIG. 2 is a side elevational view, partially in longitudinal section of
      another embodiment of the device particularly advantageous for practical
      applications;
PAR  FIG. 3 illustrates a further embodiment for practical applications and
      constituting a technical inversion of the device according to FIG. 2; and
PAR  FIG. 4 finally is a schematic diagram illustrating the function of the
      device.
DETD
PAR  As already mentioned, FIG. 1 is a principle embodiment of the device
      according to the invention. Although the device also can be applied to a
      steering gear of worm-and-screw-type, it has been illustrated in FIG. 1 as
      applied to a steering gear of the rack type. Said gear has a stationary
      housing 1 with a pinion 2 journalled therein, said pinion being actuated
      by the steering wheel (not illustrated) of a vehicle and in its turn
      adapted to actuate a steering rack 3. Two mutually opposite piston rods
      and pistons 4 and 5 respectively, preferably located on the same axis are
      stationary mounted adjacent the rack, preferably in connection with the
      steering gear housing 1. A cylinder 6 is adapted to slide on each of said
      pistons 5, and the two cylinders are mutually connected by means of a
      support body 7. On said support body 7 are mounted one or more connection
      means 8 for connecting the support body with the steering rod or rods in
      the steering mechanism of the vehicle, which are to be actuated by the
      steering gear.
PAR  The pistons 5 define in the cylinders 6 a working chamber 10. Furthermore
      the pistons 5 are provided with an inlet passage 11 for letting in a
      pressure fluid, preferably hydraulic oil, from a suitable source (not
      illustrated) through an inlet conduit 12 to the respective working
      chambers 10.
PAR  As illustrated in FIG. 1 in the drawings, the rack 3 in the now described
      embodiment of the invention is suitably located parallel to the cylinders
      6 carried by the support body 7 and closely adjacent said cylinders. At
      its ends the rack 3 has angular levers 14 which embrace the remote outer
      ends of the cylinders 6. At said ends the cylinders have valve devices
      generally designated 15. More particularly said valve devices, which are
      mutually similar, include a valve body 16 adapted normally to close a
      pressure fluid outlet 17 from the working chamber 10. Between the
      respective rack arm 14 and valve body 16 is arranged a transmission or
      piston means 19, biased by a spring 18, for actuation of the valve body 16
      and opening of the pressure fluid outlet 17. An extension 19a from piston
      19 is attached to valve body 16 to open the valve upon movement of piston
      19. Adjacent the valve body 16 is furthermore movably mounted in the
      working chamber 10 a dampening means 20 with a restricted pressure fluid
      passages 21. Pressure fluid let out through the outlet 17 is adapted to be
      returned to the pressure source (not illustrated) through a
      non-pressurized return conduit 22.
PAR  The distance between the rack levers 14 is chosen slightly greater than the
      distance between the remote outer ends of the cylinders 6 with the valve
      devices 15 located therein. The spring-biased transmission means 19 are
      kept pressed against the levers 14 and do not act on the valve body 15
      while in position of rest, and therefore the pressure fluid outlet 17 is
      closed. Through the inlet conduit 12 and the pressure fluid passage 11 in
      the pistons 5 the working chambers 10 of the cylinders are maintained
      filled with pressure fluid, suitably with high pressure, preferably
      hydraulic oil with a pressure of about 150 bar. FIG. 1 illustrates the
      principle embodiment of the device in such a position of rest of both the
      valve devices 15.
PAR  As soon as the pinion 2 of the steering gear is rotated in either
      direction, say clockwise in FIG. 1, the rack is moved, in this case to the
      left. As long as the resistance against this steering movement from the
      steerable wheels through the steering rods and steering rod connection
      means 8 does not exceed the fluid pressure on the valve body 16 plus the
      biasing force of the spring 18 in the valve device 15 in question, thus
      the right one in the drawings, the servo device stays in rest and the
      steering occurs directly without servo assistance.
PAR  When the resistance against the steering movement through the connection
      means 8 raises to a value exceeding the fluid pressure on the valve body
      16 plus the biasing force of the spring 18, the transmission member 19
      will however be urged into the cylinder against the action of the spring
      18 and the valve body load and thus actuate the valve body 16 so as to
      open the pressure fluid outlet 17 in the right valve device 15. The left
      valve device 15 remains closed. When moving the valve body 16 by means of
      the transmission means 19 in the right valve device 15 however, the
      dampening means 20 in this working chamber is actuated, which dampening
      means in this case has been illustrated as a piston member 20, freely
      slidable in this working chamber and having a restricted pressure fluid
      passages 21. For obtaining the intended servo function, said pressure
      fluid passage 21 must be calibrated in their dimensions in relation to the
      inlet passage 11 in the respective piston 5. In a practical embodiment,
      the inlet passage 11 in the piston 5 thus has been made as a bore having a
      diameter of 0,75 millimeters, while the pressure fluid passage 21 in the
      dampening means has been made as two penetrating bores having a diameter
      of 1,2 millimeters.
PAR  The opening of the pressure fluid outlet 17 at the right valve device 15
      therefore implies that the right cylinder working chamber 10 is drained of
      pressure fluid, while the left cylinder working chamber 10 instead is
      filled by high pressure fluid and develops a force assisting the steering
      movement in the desired direction as a result of the movement of the
      interconnected pistons to the left which then moves the support body to
      the left as well. As soon as the resistance against the steering movement
      from the steering rods or the steering movement per se ceases, the
      transmission means returns to its position of rest and the outlet 17 is
      closed by the valve body 16, the servo function ceasing.
PAR  From the above-described principle embodiment of the invention, it is
      clearly evident the great possiblities which, exist for obtaining a servo
      operation, which on the one hand, does not until after overcoming an
      initial resistance of the steering, and which creates a comfortable sense
      to the driver of having good control over the steering, and which, when
      being put into action, can be calibrated to a smooth and pleasant course,
      which also is understood as advantageous by the car driver.
PAR  In FIG. 4 is illustrated a schematic diagram of the steering wheel force in
      relation to the steering rod force and how manual force and servo force
      can be adopted to each other by suitable adaptation of the spring bias and
      pressure fluid passage sizes in the device.
PAR  A further advantage of the device is that it provides complete steering
      safety under all conditions, even in a servo action loss by some possible
      malfunction of the pressure fluid system or the like. In a servo action
      loss furthermore the self-friction, which is to be overcome in the servo
      device in direct, completely manual steering, is extremely low due to the
      few seals which are present in the device.
PAR  From the description above of the principle embodiment of the device, it is
      also clearly evident the many advantages thereof. Thus, the device
      according to the invention provides a low total oil consumption due to
      momentary valve operation and all internal high-pressure liquid goes to
      drained spaces. The internal friction is low and the manufacturing costs
      also are low due to the low number of parts, which preferably can be made
      as rotational-symmetric parts suitable for mass production. Finally, it is
      possible to let the steering be completely manual for low steering
      resistance up to a predetermined desired value, so that only after
      exceeding said value does the servo action occur.
PAR  Another very essential advantage of the device according to the invention
      is the fact that it can be realized in a plurality of different ways in
      very compact designs, which are extremely advantageous for their practical
      application. One example of this is illustrated in FIG. 2. In FIG. 2 the
      parts corresponding to FIG. 1 have been provided with the same reference
      numerals and by this the principle similarity with the embodiment
      according to FIG. 1 can clearly be seen. For practical reasons, however,
      some detail alterations have been made and thus the cylinders 6 are made
      of a common tubular blank, which in its intermediary portion has been
      slotted to a suitable extent, and therefore the support body has been
      omitted. The steering rack 3 is formed on a member, which also is tubular
      and slightly slidably surrounds at least the end of each cylinder 6
      carrying the valve device 15. The levers of the rack element are formed by
      a pin 14 rigidly secured in the rack tube 3 and extending with required
      play through a corresponding aperture in the housing of the valve device
      15 so as to engage the transmission means 19, which also has the form of a
      ball. The relative sliding movement between the rack tube 3 and the
      housing of the valve device 15 located therein, with which device the
      connection means 8 is rigidly connected and which in its turn is rigidly
      secured to the end of the associated cylinder 6, occurs as previously
      against the action of a biasing spring 18. Furthermore, the dampening
      means is changed from a freely movable piston in the working chamber 10 of
      the cylinders 6 to a diaphragm 20 clamped between the housing of the valve
      device 15 and the end of the cylinder 6, said diaphragm being axially
      resilient when acting upon the valve body 15 by means of the ball-shaped
      transmission means 19. Furthermore, the whole assembly is kept in a
      capping tube 1a connected with the steering gear housing 1. As is seen
      therefrom, the servo device according to the invention can be given a very
      compact, and in all respects an advantageous form in its practical
      application.
PAR  In FIG. 3 is illustrated a technical inversion of the embodiment according
      to FIG. 2. In this last-mentioned embodiment, the pistons 5 thus have been
      turned towards each other with the piston rods 4 extending from each other
      and at their outer ends connected with a common capping tube 1a, connected
      with the steering gear housing 1. With this design, the two cylinders 6
      can be connected to a common twin-valve device 15 at their adjacent inner
      ends. In said embodiment, the same design of the dampening means 20 has
      been chosen as in the embodiment according to FIG. 2, but to obtain the
      required actuation of the valve device 15, the steering rack tube
      enclosing the cylinders has been divided in two portions 3a and 3b. One of
      these portions 3a, by means of a first biasing spring 18a, is made as a
      washer spring and is connected with one of the cylinders 6 to allow a
      small axial relative movement between them for actuation of the valve body
      16 associated with the pressure fluid outlet of said cylinder, while the
      other steering rack tube portion 3b is slidably guided on the
      first-mentioned portion 3a and rigidly secured to the other cylinder 6.
      Between the last-mentioned and the adjacent end of the first steering rack
      tube portion 3a there is arranged a second biasing spring 18b also in the
      form of a washer spring. The connection means 8 for connection with the
      respective steering rods are connected with the second steering rod
      portion 3b, as is evident from the drawings. Also with this inversed
      technical solution, a design is obtained, which is very compact and
      furthermore that the number of parts in the device can be further slightly
      reduced relative the embodiment according to FIG. 2.
PAR  Although the invention has been described above as applied to steering
      gears in vehicles it is also obvious that the same can be used in other
      apparatus and mechanisms in which a force transmission between two means
      is to be amplified in some way or other. Furthermore, the device according
      to the invention can be modified and varied by artisans for adaptation to
      occuring demands in a number of different ways within the scope of
      invention such as defined in the accompanying claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A servo device, comprising:
PA1  first and second cylinders connected for movement in essentially fixed
      relation to each other by a support body;
PA1  first and second pistons connected to each other and located within said
      cylinders, said pistons and cylinders defining first and second working
      chambers;
PA1  first means for pressurizing said working chambers with high pressure
      fluid;
PA1  second and third means respectively connected to each working chamber and
      normally closed for preventing flow of said high pressure fluid from each
      said working chamber;
PA1  fourth means for transmitting force to said support body to translate said
      cylinders relative to said pistons;
PA1  fifth means connected to said second and third means, for selectively
      opening said second or said third means to permit said high pressure fluid
      to exhaust from one of said first or said second working chambers when the
      force transmitted by said fourth means exceeds a predetermined value to
      produce pressure differential between said two cylinders which adds to the
      force transmitted by said fourth means to said support body; and
PA1  first and second damping members mounted respectively for axial movement in
      each of said hydraulic cylinders, each of said damping members having a
      restricted venting port therethrough for controlling depressurization of
      its respective working chamber.
NUM  2.
PAR  2. The servo device of claim 1 wherein said damping members each comprise a
      freely slidable piston in each said working chamber, said slidable piston
      having a through bore which forms said restricted venting port.
NUM  3.
PAR  3. The servo device of claim 1 wherein said damping members each comprise
      an axially resilient diaphragm secured to an end wall of said cylinder and
      having an axial bore therein which forms said restricted venting port.
NUM  4.
PAR  4. The servo device of claim 1, wherein said pistons are fixed.
NUM  5.
PAR  5. The servo device of claim 1, wherein said fourth means comprises first
      and second spring-biased pistons mounted for movement relative to said
      support body;
PA1  a first member movable in response to said force, said first member having
      at least one lever element located to contact at least one of said
      spring-biased pistons upon movement of said first member, whereby force is
      transmitted from said first member, via said at least one spring-biased
      piston, to said support body.
NUM  6.
PAR  6. The servo device of claim 5, wherein said fifth means comprises second
      and third members extending respectively from each of said spring-biased
      pistons for forcing said second and third means open in response to
      movement of said spring-biased pistons.
NUM  7.
PAR  7. The servo device of claim 1, wherein said pressurizing means comprises a
      passage into said working chambers through each of said pistons.
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ABST
PAL  The piston is formed with a piston head and a sleeve, fitted together such
      that the piston head has an outer end diameter matching the diameter of
      the cylinder, and then is formed with an offset inwardly extending
      shoulder, against which the piston sleeve can bear, to permit machining of
      the inner face of the piston head to form a bearing cup for a spherical
      head of a piston rod, and then assembly of the piston sleeve to bear
      against the abutment; drain line and oil connection lines may be formed in
      the piston to lead lubricating oil to the bearing cup. The piston head and
      sleeve can be connected by adhesives and, if necessary, tangentially
      located transverse pins.
BSUM
PAR  The present invention relates to a piston structure and more particularly
      to a piston structure for hydraulic machines, such as axial hydraulic
      machines, for example of the wobble plate type.
PAR  Hydraulic axial machines having a rotating drum which has an axis inclined
      with respect to the drive axis use pistons with comparatively long piston
      sleeves. A spherical bearing cup is formed in the interior of the piston
      head in which the spherical end of the piston rod is seated, to bear
      thereagainst. The other end of the piston rod may also be spherical, or at
      least part spherical, and bears in suitable spherical, or part spherical
      depressions of a drive flange connected to the drive shaft. The interior
      of the piston sleeve is so formed at the free end thereof that the piston
      rod may bear thereagainst, to carry along the rotating cylinder drum.
PAR  It has been customary to make the piston as a single element. This
      required, however, working the piston in such a manner that, at the
      interior thereof, a bearing cup has to be made which is recessed for a
      considerably distance from the outer end of the piston sleeve. If these
      pistons have any considerable dimension at all, it is difficult to reach
      the interior thereof with appropriate working tools, and thus the required
      accuracy of manufacture of the bearing cup could be maintained only with
      great difficulty, and frequently only by re-working after the bearing cup
      has been thermally treated, for example after hardening or nitriding
      thereof. It has been found from experience that, upon re-working of an
      already hardened bearing cup, the hard surface was removed to such an
      extent that the surface hardened portion was actually completely removed,
      thus interfering with free movement of the spherical head of the piston
      rod and free sliding thereof in the bearing cup, since the surface
      hardness was no longer uniform over the entire bearing cup surface. Thus,
      the piston rod no longer moved freely in all directions, even though the
      bearing cup itself was lubricated by oil under high pressure.
PAR  It has previously been tried to construct the piston in two parts, in order
      to eliminate the difficulty in manufacture of the piston with an
      interiorly located bearing cup. In one such construction, a piston head
      was made which also carried the bearing cup, into which a piston sleeve
      was screwed, and suitably retained. This arrangement had the disadvantage
      that the pressure of the hydraulic machine with which this piston was used
      acts on the end face of the piston and, further, on the ring surface of
      the piston sleeve. This pressure thus loads the threads which connect the
      piston head and the piston sleeve resulting in damage to the threads
      which, in comparatively short time, will loosen, requiring repair and
      down-time. The loading of the thread which connects the piston head with
      the piston sleeve is increased also by friction of the piston sleeve in
      the same direction as the pressure acting on the end of the ring surface
      of the piston sleeve. As a result, interconnecting a piston head and a
      piston sleeve by means of thread has not found wide acceptance; in modern
      highpressure axial piston machines single, unitary pistons are used almost
      entirely in spite of the difficulty in manufacture thereof.
PAR  It is an object of the present invention to provide a piston for
      high-pressure fluid, particularly hydraulic fluid machines which is so
      constructed that the disadvantages of known two-part pistons are avoided,
      which results in a secure connection, without play, and which permits
      manufacture thereof without difficulty.
PAR  Subject matter of the present invention: Briefly, the piston is formed of a
      piston head and a piston sleeve. The piston head has a diameter which is
      matched to that of the cylinder, in which it is to operate. It is formed
      with a shoulder extending, for example, circumferentially around the
      piston head to form a ring-stepped portion, from which an inner portion
      projects in which the bearing cup is actually made. The shoulder, and the
      outer circumference of the inner projection (on which the bearing cup is
      formed) additionally form a seat and an abutment for the cylinder sleeve.
      The cylinder sleeve has the same outer diameter as the cylinder head, and
      is pushed on the cylindrical portion, of reduced diameter, of the cylinder
      head up to the shoulder abutment, and then connected thereto, for example
      by means of an adhesive and, if desired, additionally by tangentially
      extending pins. Oil ducts may be formed in the piston head, where desired,
      to provide for lubrication, and drainage of pressurized fluid to prevent
      separation of the piston head and sleeve.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinal sectional view through a piston; and
PAR  FIG. 2 is a transverse sectional view along the line II--II of FIG. 1.
DETD
PAR  The piston has a piston head 1 and a piston sleeve 2. Piston head 1 has an
      end face 3, of the same diameter as the outer diameter of the piston
      sleeve 2. The diameter of the end face, and hence of the outer surface of
      the piston sleeve 2, is matched to that of the bore of the cylinder in
      which the piston is to operate; this fitting, or matching diameter may be
      defined to be the same as that of the cylinder, less such clearance as may
      be desired by the designer. The circumference of the end portion 3, as
      well as the circumference of the sleeve 2 is formed with grooves 13, 14,
      extending circumferentially around the piston. Sleeve 2 is further formed
      with recesses 15, 16. These grooves and recesses provide pressure
      equalization at the circumference of the piston if the piston is not
      exactly centered in the cylinder in which it is to operate, and further
      decreases the contact and engagement surfaces between piston and cylinder.
PAR  The end or face portion 3 of the cylinder head 1 is formed with an offset
      shoulder 4, extending circumferentially around the piston head. An inner
      end portion 5 then extends axially from the offset shoulder 4, the inner
      end portion 5 having a radius which is less than that of the face portion
      3 by the wall thickness of the piston sleeve 2. Piston sleeve 2 is pushed
      over the inner portion 5 of the piston head 1, to form a tight, centered
      connection. The interconnection between the piston head 1 and the piston
      sleeve 2 can be further improved by adhesives which, additionally, prevent
      pressure fluid, such as oil, from penetrating into the junction between
      the end of sleeve 2 where it fits against the abutment shoulder 4. The
      piston head 1 and the cylindrical sleeve 2 are further connected by means
      of pins 7, 8. The pins 7, 8 have axes 11 which are tangential to the inner
      portion 5 of the cylinder head 1. Four pins 7, 8 are provided, offset in
      different planes from each other (see FIG. 1 and section line II). Other
      connections may be used, for example a thread formed on the seat itself,
      or between the inner portion 5 of the piston head and the sleeve 2,
      together with, or without adhesives. It is important, however, that the
      piston head 1 and the cylinder 2 have the same outer diameter, so that
      pressure fluid cannot act at the end face of the piston sleeve 2. The
      connection between piston sleeve 2 and the piston head 1, at the shoulder
      4, should be tight.
PAR  The interior of the piston head 1 is formed with a bearing cup 6, against
      which the head of a piston rod 17 may bear. Piston rod 17 is not described
      further, and the interior of the piston sleeve 2 is also not further
      described since these features may be conventional and, in any event, have
      no bearing with respect to the inventive concept of the piston structure.
PAR  A radial bore 9 extends through, or at least to the center of the interior
      of the piston head 1, in the vicinity, but ahead of the shoulder 4. The
      radial bore 9 communicates with an axial bore 12, coinciding with the
      longitudinal axis 10 of the piston. Bore 12 connects the radial bore 9 to
      the interior of the bearing cup 6, and transmits pressure fluid, such as
      oil, which penetrates into the gap between the piston and the cylinder to
      the bearing cup 6. This oil may, also, be used for further lubrication of
      other friction surfaces located along the axis 10. A groove 18 is formed
      at the inner junction surface between the piston sleeve 2 and the piston
      head 1, that is, at the cylindrical inner extension 5, and extending from
      the abutment shoulder 4 to the interior of the piston. This groove, as
      well as the cross bore 9 communicating with bore 12 prevent pressurized
      fluid from accumulating circumferentially of the piston, and the build-up
      of pressure at the junction line between the piston head 1 and sleeve 2,
      at the abutment shoulder 4, which pressure may interfere with proper
      seating and connection between the sleeve 2 and head 1, and more
      particularly the inner portion 5 thereof. The connection between piston
      head 1 and sleeve 2 is thus placed under less stress, so that the
      connection need accept only the frictional forces of the sleeve 2 such
      inertia forces as may arise during operation of the machine.
PAR  The structure of the present invention has this important advantage:
      Pressure will not be exerted against the end of the piston sleeve 2. This
      is avoided by the shape of the piston head 1, and its diametrical size
      with respect to the diameter of the sleeve 2, the piston head 1 accepting
      the entire end pressure applied thereagainst by the pressure fluid.
      Connecting the piston head 1 and sleeve 2 by means of an adhesive, and
      further providing bore 9, 10, and groove 18 further decreases the danger
      that high pressure can build up in the connection between the piston head
      1 and sleeve 2, even though the oil reaching this connection must pass
      through narrow clearance gaps, thus is already throttled.
PAR  The piston head 1 is first manufactured separately; the bearing cup 6 can
      be manufactured easily, and while the entire piston head 1 is accessible
      from all sides. The size, as well as the shape of the piston head, and of
      the bearing cup can thus be accurately formed and controlled. Re-working,
      after thermal treatment is simple, and the bearing cup can be tested and,
      if necessary, re-worked for surface quality, and surface hardness so that
      the overall surface of the bearing cup will be uniform and thus permit
      uniform movement of the piston rod 17, in any direction, with respect to
      the head 1. After manufacture, testing and, if necessary, re-working of
      the head, and the bearing cup surface 6, the head is assembled to sleeve 2
      with, or without, an adhesive, the pins 7, 8 located and secured, for
      example by peening, some other deformation, by adhesives, or the like.
PAR  Various changes and modifications may be made within the scope of the
      inventive concept.
PAR  The groove 18 may be formed in either the inner surface of the sleeve (FIG.
      2), the outer surface of the inner portion 5 of the piston head 1, or in
      both the piston head 1, as well as the sleeve 2. More than one such groove
      may be provided.
CLMS
STM  I claim:
NUM  1.
PAR  1. Hydraulic piston construction comprising
PA1  a piston head (1) having
PA1  a face end portion (3) which has a diameter fitting in the cylinder in
      which the piston is to operate;
PA1  an inner end portion (5) of reduced diameter, the junction of said portions
      forming an abutment shoulder (4), the inner end face of said inner portion
      (5) being formed as a bearing cup (6);
PA1  a piston sleeve (2) having an inner surface closely fitting around the
      outer surface of the inner end portion (5), seating against said abutment
      shoulder (4) and having an outer diameter equal to that of the face end
      portion (3) of the piston head (1) fitting in the cylinder in which the
      piston is to operate, the piston sleeve being internally hollow and
      surrounding the inner end portion (5) of reduced diameter of the piston
      head a plurality of transversely extending grooves formed in the outer
      surface of said inner end portion, a plurality of transversely extending
      grooves formed in the inner surface of said piston sleeve with each groove
      extending at, at least one end thereof, to the outer surface of said
      sleeve, said grooves of said inner end portion and said piston sleeve
      being aligned with one another;
PA1  and solid connecting pins (7, 8) engaged in said aligned grooves and
      extending transversely to the axis (10) of the piston connecting the
      piston head (1) to the piston sleeve, the pins being located such that the
      axes thereof are tangential to the circumference of the inner end portion
      (5) of the piston head.
NUM  2.
PAR  2. Piston construction according to claim 1, including adhesive means
      connecting the piston head (1) and the piston sleeve (2).
NUM  3.
PAR  3. Piston construction according to claim 1, further comprising a radial
      bore (9) formed only in the piston head (1) and extending from the
      circumference of the face end portion (3) radially inwardly;
PA1  and an axial bore (12) extending from the bearing cup (6) to said radial
      bore (9).
NUM  4.
PAR  4. Piston construction according to claim 1, further comprising a fluid
      communication groove (18) formed in the interface between the outer
      surface of the inner end portion of the piston head (1) and the inner
      surface of the sleeve (2) and extending from the abutment shoulder (4) to
      the bearing cup (6) to provide for drainage of fluid compressed by the
      piston and leaking past the face end portion of the piston into the region
      of the junction of the abutment shoulder, and the end of the piston sleeve
      bearing thereagainst.
NUM  5.
PAR  5. Piston construction according to claim 1 including, a piston rod (17)
      having an at least partly spherical head bearing against said bearing cup
      (6).
NUM  6.
PAR  6. Piston construction according to claim 3 including, a piston rod (17)
      having an at least partly spherical head bearing against said bearing cup
      (6).
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ABST
PAL  The method of assembly of a partition with a box blank to form a
      combination partition box in collapsed condition for shipping and use and
      for making a double wall thickness box.
BSUM
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS AND BACKGROUND OF THE INVENTION
PAR  There is disclosed in the patent application, now U.S. Pat. No. 3,580,471,
      issued May 25, 1971, in copending U.S. application Ser. No. 143,391, filed
      May 14, 1971, now abandoned and in copending U.S. application Ser. No.
      433,978, filed Jan. 16, 1974, a collapsible cellular box partition and the
      method and apparatus for the continuous manufacture of such partition
      respectively. Copending U.S. application Ser. No. 293,941, filed Oct. 2,
      1972, now U.S. Pat. No. 3,813,999, issued June 4, 1974, discloses and
      claims the apparatus for combining such collapsible cellular partitions
      with a box blank to form a collapsed shipping container which can be set
      up into a partition box while the present application discloses and claims
      the method carried out by the apparatus of the copending application Ser.
      No. 293,941 and the new uses of such apparatus for combining other forms
      of partitions with a box blank and making a double wall thickness box.
PAC  NOTICE OF TERMINAL DISCLAIMER
PAR  The assignee of the present application disclaims all of that portion of
      the term of the patent issuing on the present application subsequent to
      the expiration date of copending application Ser. No. 293,941, filed Oct.
      2, 1972, granted on the above-identified application as U.S. Pat. No.
      3,813,999.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide the method for assembling a
      partition with a box blank to form a combination partition box by the
      apparatus claimed in copending application Ser. No. 293,941. In the
      present method box blanks are fed onto a conveyor for carrying the blanks
      through the various operations. Adhesive is applied to the blank to bond
      the partition to the blank. The blanks then pass beneath a turning drum
      section where the partitions are gripped on the drum and then placed on
      the blank in exact register. The panels of the box blank are then folded
      over the partition to complete the formation of the box blank around the
      partition.
PAR  The method for carrying out the old and new operations of the apparatus
      claimed in copending application Ser. No. 293, 941, filed Oct. 2, 1972,
      comprises a sequence of feeding, gripping, holding, advancing and drum
      rotating steps for adhesively inserting a single wall partitions, separate
      box shaped partitions having four walls and inverted U-shaped partitions
      having three walls within the box blank to provide a particular sequence
      of operating steps which could be carried out by hand if the drum and
      conveyor arrangements were not employed or if the adhesive pattern
      applying means were not employed. In short, the method of the present
      invention is that carried out by the machine claimed in the copending case
      and under this method new uses of the apparatus of the copending case Ser.
      No. 293,941 are provided for the production of partitioned boxes and for
      double wall thickness boxes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages will become apparent from the following
      description which is to be taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a perspective view showing how the partition is to be placed on
      top of a box blank on which lines of adhesive have been applied;
PAR  FIG. 2 is a perspective view showing the carton blank of FIG. 1 after the
      partition has been applied and the blank folded into a tube around the
      partition;
PAR  FIG. 3 is a side elevation of the machine of the present invention;
PAR  FIG. 4 is a top plan view of the machine of FIG. 3;
PAR  FIG. 5 is a perspective view of the hold down pusher affixed to the blank
      conveyors showing the pusher for moving the blank and a sword which
      prevents the blank from riding over the top of the pusher;
PAR  FIG. 6 is a perspective view showing the hold down pusher of FIG. 5 and the
      reference line blade which engages a slot on the box blank and holds it in
      lateral registration;
PAR  FIG. 7 is a side elevation of the separation and holding section of the
      machine for picking a single partition from the stream of overlapped
      partitions and advancing it to a receiving table over the machine;
PAR  FIG. 8 is a perspective view of the side registration finger mechanism to
      position the partition laterally on the receiving table;
PAR  FIG. 9 is a side elevation of the turning drum section showing the sucker
      mechanism for feeding a partition to the grippers on the drum;
PAR  FIG. 10 is a side elevation of one of the grippers on the drum of FIG. 9;
PAR  FIGS. 11 and 12 combined show an isometric view of the common drive system
      for the machine;
PAR  FIGS. 13a through 13g are diagrammatic transverse sectional views
      illustrating other forms of partitions or walls to be combined with the
      box blank.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The collapsible cellular box partition, referred to herein and covered by
      U.S. Pat. No. 3,580,471, is formed from a plurality of modules. A module
      is a structure made up of a plurality of cells running across the
      structure. A number of modules can be stacked in stepped registry to form
      a partition unit of any desired cell numbers in either dimension. In
      superimposing modules on top of each other it is necessary to offset each
      module one cell from the module below it. This is shown in FIG. 1 where
      the partition unit 20 is above the box blank 21. As the partition units
      come off the end of the machine, described and claimed in copending
      applications Ser. Nos. 143,391 and 433,978, they are on a conveyor section
      with the partition units in stepped or shingled registry. It is in this
      form that the partition units enter the separating and holding section of
      the present machine, as hereinafter described. The box blanks are received
      from the conventional printing and slotting operations in the box plant
      and fed into the kicker feed mechanism of the present machine, as
      hereinafter described.
PAC  NEW USE FOR MACHINE COVERED BY APPLICATION SER. NO. 293,941
PAR  It has been found that the machine covered by application Ser. No. 293,941
      can be used not only for combining collapsible cellular box partitions
      with box blanks, as heretofore described, but that such machine can also
      be effectively used for combining other forms of partitions or walls with
      box blanks. Such forms can be, for example, a single sheet divider, a
      tube, a U-shaped sheet or a double wall box.
PAR  The machine hereinafter described is used in the same manner for such other
      forms of partitions as for the cellular partitions. FIG. 13 shows such
      other forms and the adhesive patterns which would be used on the box blank
      for each form.
PAC  GENERAL DESCRIPTION
PAR  A side elevation of the machine of the present invention is shown in FIG.
      3. Box blanks 21 are fed by hand into a kicker feeder mechanism.
      Individual blanks are fed, one at a time, from this feeder onto a chain
      type, blank conveyor. This conveyor is equipped with a plurality of sets
      of lugs which engage the trailing edge of the blank and push it, in
      controlled registration, through the following operations. The blank is
      positioned so that the slots of the blanks are in line with the path of
      motion of the blank through the machine.
PAR  The blank first passes through an adhesive section which applies the
      adhesive to bond the partition and blank together. This adhesive is
      applied to the upper surface of the box blank, which is actually the
      inside surface of the box, as it is passing through the machine.
PAR  The blanks then pass beneath a turning drum section where the partition 20
      is placed on the blank, in exact register both laterally and vertically.
      The box partition combination then passes into a folder which completes
      the formation of the box around the partition.
PAR  FIG. 4 shows a plan view of the machine. The flow of box blanks through
      this mechanism was described above. Partitions enter the machine at right
      angles to the flow of the box blanks, as indicated in the figure.
PAR  Partitions arrive at the machine shingled one atop the other, as they are
      produced on the partition machine. As the leading edge of this shingled
      stream of partitions enters the machine, the first partition is separated
      from the stream and fed out onto a receiving table, above the path of the
      blank. It will be understood that the other forms of partitions can be fed
      from a hopper (not shown) onto the conveyor 35 one at a time rather than
      in a shingled stream.
PAR  Referring again to FIG. 3, the partition is then moved parallel to, but in
      the opposite direction, of blank flow. It comes to rest against a series
      of stops which register it in the machine direction, which is synonymous
      with the direction of box depth.
PAR  A finger mechanism indicated in FIG. 3 and shown in more detail in FIG. 8,
      then moves the partition laterally to bring it against a side stop, which
      registers it in the cross machine direction.
PAR  At the proper time in the cycle, the partition is advanced into grippers on
      the turning drum which carry it around and deposit it on the surface of
      the blank as the blank passes beneath the drum.
PAC  KICKER FEEDER
PAR  The kicker feeder 22 is a standard item which has been modified to some
      extent for this use. It includes a means of accurately positioning the
      blanks in the hopper so that the left hand slot 21a of each blank always
      falls in the same position relative to machine frame, regardless of blank
      size or design. This is accomplished by installing a narrow metal bar 23
      on the face of the left hand feed gate 23a, which is fixed in position.
      This bar protrudes so that it engages the slot in each box as they are
      placed in the hopper. In this manner the entire stack of blanks is in
      alignment and each blank will be positioned accurately as it is fed from
      the kicker feeder into the blank conveyor. There is also a right feed gate
      23b. These feed gates are positioned to permit only a single blank to feed
      from the bottom of the stack.
PAC  BLANK CONVEYOR
PAR  The blank conveyor (FIGS. 3 and 4) consists of a set of feed rollers 24 and
      25 adjacent to the kicker feeder and four runs of roller chain 26 spaced
      across the width of the machine. The roller chains ride in slotted
      recesses 25a in the feed roller 25. The upper feed roller 24 also has
      slotted recesses 24a to provide clearance for pushers 27 affixed to the
      roller chains 26 (FIGS. 5 and 6).
PAR  Each of the pushers 27 is made up of an L-shaped member 27a affixed to the
      roller chain and a sword 27b likewise secured to the chain. The sword 27b
      projects over the rear edge of the blank and prevents the blank from
      riding over the top of the pusher. In addition the left most conveyor
      chain, which is on the fixed reference line, also carries a slot blade 28
      affixed to the chain 26 just ahead of the pushers 27. This blade engages
      the slot 21b in the blank (FIG. 1) and holds the blank in lateral
      registration throughout its passage through the machine. The position of
      the slot blade 28 relative to the position of the pusher 27 must be varied
      for blanks with different flap configurations.
PAR  For blanks where the ends of the flaps are not in line the positions of the
      pushers 27 can be varied by shifting the roller chains 26 relative to each
      other.
PAC  ADHESIVE PRINTER
PAR  The general arrangement of this section is shown in FIG. 3. It consists of
      a large print roll 29 which carries a print mat for applying a pattern of
      adhesive 21c to the upper surface of the box blank. Controlled quantities
      of adhesive are applied to the print mat from the transfer roll 30.
      Adhesive is picked up by this roll from the pan 31 below it and excess
      adhesive doctored off by blade 32. This blade is easily adjustable so that
      the quantity of adhesive can be varied as desired.
PAR  The blank is held in position to contact the print mat by the backup plates
      33 situated directly below the print cylinder. These plates are adjustable
      in height to compensate for variation in box blank thickness and to
      provide a means of adjusting print pressure.
PAR  Hot melt adhesive may be utilized to ensure a fast bite between the
      partition and the box and prevent relative motion of the two during the
      box folding operations which follow the assembly operation. This adhesive
      is applied by nozzles 34 in two short beads 21d, one just inside the left
      hand score of the blank, the other just inside the right hand score.
      Application is by conventional equipment. It will be understood that any
      quick tack adhesive or a double face adhesive tape may be used instead of
      the hot melt adhesive.
PAR  Although the adhesive pattern shows the adhesive lines running in the
      machine direction, it will be understood that such lines can run in other
      directions or that other configurations can be used.
PAC  SEPARATING AND HOLDING SECTION
PAR  A side elevation of this section appears in FIG. 7. Partitions enter this
      section by the conveyor 35. At specific, controlled intervals the
      separating rolls 36 and 37 are moved together to engage the leading edge
      of the leading partition and pull it out. The single partition is advanced
      on the series of tape conveyors 38 to spaced stops 39 positioned across
      the section. Again, at the proper point in the cycle, these stops are
      lowered and the partition advanced by the tape conveyor and a set of feed
      rollers 40 and 41 onto the receiving table 42. The stops 39 are spring
      loaded and normally in an "up" position. The lowering of the stops 39 is
      synchronized with the operation of the rest of the machine.
PAR  In the normal situation, with a partition resting on the receiving table, a
      pneumatically operated pusher 43 actuated by an air cylinder 44, shown in
      FIGS. 3 and 4 advances the partition onto a conveyor 45. This conveyor
      carries the partition against a series of stops 46 which register the
      partition precisely in the machine direction as described previously.
PAR  FIG. 8 shows the concept of a finger mechanism used to position the
      partition in the cross machine direction. After the partition is firmly
      against the stops 46 and is registered in the machine direction, a finger
      47 reaches out over the partition, bringing a foot 48 into contact with
      its upper surface. This foot then serves to drag the partition laterally
      against a stop 49, which is the locator for the lateral position. The
      machine frame beneath where this finger mechanism operates is recessed, as
      shown in FIG. 8. The downward pressure of the finger deforms the partition
      into this recess, bending the paper in a way which gives the partition
      considerable stiffness thus preventing the partition from buckling or
      deforming when it comes against the stop. It will be noted that the finger
      is provided with horizontal and vertical motion to position the partition.
      This is accomplished by means of a rotatable cam 50 for horizontal motion
      and a pneumatic actuator 51 for vertical motion. The bar 52 for the finger
      is connected to the cam 50 and the actuator 51 through a roller mechanism
      to provide the desired motion.
PAC  TURNING DRUM SECTION
PAR  At the proper point in the machine cycle, after the partition has been
      registered in both machine and cross machine directions, the stops 46,
      shown in FIG. 6, drop out of the path of the partition and a series of
      suction cups 53 come up from beneath the partition and attach to its lower
      surface. This series of suction cups 53 is mounted on a frame 54 which
      moves the cups forward to advance the partition into the grippers 55 on
      the turning drum 56.
PAR  The turning drum is a rotating mechanism which carries a series of
      mechanically actuated jaws 55a and 55b which are in line across the face
      of the drum, parallel to the axis of rotation of the drum. As the jaws
      pass through the top position (FIG. 9) the suction cup mechanism mentioned
      previously overspeeds the partition so that it is driven into the jaws.
      Jaws and partition travel for a short distance at the same speed. During
      this interval, when there is no relative motion between the jaws and the
      partition, the jaws close, firmly gripping the partition. At this moment,
      the suction cups 53 release the partition and return to their original
      position ready to grip and move the next partition.
PAR  The turning drum grippers carry the partition 20 around and as they
      approach their lowest position, the partition is brought into contact with
      the surface of the box blank 21 and pressure is applied to hold the
      partition and blank in firm contact for a brief interval. In this
      interval, the gripper jaws open and tilt forward releasing the partition
      and moving out of the way of partition and blank.
PAR  The combined structure is then carried by the blank conveyor 26 into a
      folder which turns the outside panels of the blank through 180.degree.
      superimposes them on top of the partition 21. The adhesive pattern on the
      blank serves to secure the partition to all four panels of the blank.
PAR  As the box blank/partition assembly enters the folder section, adhesive is
      applied to the box blank for making the manufacturer's joint and
      completing the formation of the blank into a tube, as shown in FIG. 2.
PAC  DRIVE SYSTEM
PAR  Both the partition machine (applications Ser. Nos. 143,391 and 433,978) and
      the machine of the present invention operate from a common drive system or
      from synchronized multiple drives.
PAR  The operation of the machine for combining a partition with a box blank to
      form a combination partition box in collapsed condition should be apparent
      from the foregoing description. The apparatus provides the means for
      producing such structure in a simple, economical and effective manner.
PAC  NEW FORMS OF PARTITIONS SHOWN IN FIG. 13
PAR  FIG. 13a shows the simplest form of insert in which box blank 101 has
      applied within its interior surface lines of adhesive 102 and 103 on
      opposite faces of the single wall partition 110 whose flanges 111 and 112
      are adhered by the adhesive lines 102 and 103 to the opposite interior
      walls which are the longer walls of the rectangular box blank. The
      adhesive in all of the embodiments shown in FIG. 13 may be overall,
      continuous lines or spaced (spots, bars or dotted) and extend
      substantially the entire length dimension of the flanges 111 and 112 to
      provide the desired bonding.
PAR  In the embodiment shown in FIG. 13b the bottom flange 113 is turned
      inwardly so that it lies below flange 111 at the opposite long wall of the
      box 101 and the flanges are adhered on the same face of the single wall
      partition 110.
PAR  In the embodiment shown in FIG. 13c a three-sided generally rectangular
      partition 120, which itself is of U-shape, is illustrated and a series of
      adhesive lines [at the top of the partition] 121a and 121b are used on the
      closed wall of the partition to secure it to the inside long wall of the
      box while adhesive layers 122a and 122 b secure flanges 123 and 124 to the
      opposite wall. It should be understood that the flanges 123 and 124 can
      point in opposite directions instead of as shown.
PAR  In FIG. 13d a box shaped partition 130 is secured within the box 101 and a
      series of lines of adhesive 131a and 131b, 132a and 132b secure the
      respective upper and lower walls.
PAR  In the example shown in FIG. 13e box 140 having substantially the same
      outer wall dimensions as the inner wall dimensions of box 101 is
      positioned into the box blank in accordance with the method described
      hereinabove. There are lines of adhesive in each of the corners and also
      lines of adhesive at approximately the center portion of the inner walls.
      These lines are shown in FIG. 13e by reference numerals which start at the
      lower left hand corner at the bottom of the Figure and proceed in a
      clockwise direction, 142a, 142b, 143a, 143b, 144a, 144b, 145a and 145b to
      provide adhesive lines at the corners and 146 at the long wall center and
      147 at the opposite long wall center. The application of the adhesive in
      this pattern at the corners and at the center portion of the longer walls
      permits a new and very efficient manufacturing operation for the creation
      of a box having a double wall thickness.
PAR  FIGS. 13f and 13g show partitions similar to those of FIGS. 13a and 13c but
      with only one end secured to one wall of the box with the other end of the
      partition free to float in the box to accommodate different sizes of items
      to be packaged. In such cases the flange or end portion at one end of the
      partition may be omitted.
PAR  It will be apparent that some forms of partition, such as that shown in
      FIG. 13b will require some prefolding of the flanges before positioning
      the partition on the box blank. Since this is an extra step, the
      positioning of the flanges, such as for the partition of FIG. 13a, and the
      partition of FIG. 13c with the flanges pointing in the same direction,
      will simplify the operation.
PAR  Where the term "wall" is used herein it should be understood that a wall
      can be formed of single, double or triple-wall corrugated board,
      fibreboard, or other suitable material.
PAR  Thus, among others, the several aforementioned objects and advantages are
      most effectively attained. Although a somewhat preferred embodiment of the
      invention has been disclosed and described in detail herein, it should be
      understood that this invention is in no sense limited thereby and its
      scope is to be determined by that of the appended claims.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. A method for combining a divided partition having end portions for
      adhesive engagement with inner opposite wall surfaces of a box blank, the
      blank having a plurality of panels and adapted to be folded into a tube
      comprising:
PA1  feeding a partition onto a continuously rotating turning drum;
PA1  gripping said partition by gripping means on the said drum to hold said
      partition in a predetermined position during rotation of the drum;
PA1  feeding a box blank onto a movable blank conveyor;
PA1  holding the box blank on the conveyor in a predetermined transverse
      position;
NUM  2.
PAR  2. A method for combining a dividing partition having one end portion for
      adhesive engagement with a wall surface of a box blank, the blank having a
      plurality of panels and adapted to be folded into a tube comprising:
PA1  applying adhesive to the upper surface of the blank in a predetermined
      pattern to engage opposite end portions of the partition to the inner
      opposite walls of the box blank;
PA1  advancing the blank on the conveyor beneath said turning drum;
PA1  continuously rotating said drum while holding said partition and
      simultaneously advancing said blank and said conveyor to thereby place
      said partition on the blank in registration on a certain panel of said
      blank while said blank is so positioned on said conveyor; and,
PA1  while in said registration, folding the panels of the box blank over the
      partition to complete the formation of a tube around the partition.
PA1  feeding a partition onto a continuously rotating turning drum;
PA1  gripping said partition by gripping means on the said drum to hold said
      partition in a predetermined portion during rotation of the drum;
PA1  feeding a box blank onto a movable blank conveyor;
PA1  holding the box blank on the conveyor in a predetermined transverse
      position;
PA1  applying adhesive lines to the upper surface of the blank in a
      predetermined pattern to engage said end portion of the partition to an
      inner wall of the box blank;
PA1  advancing the blank on the conveyor beneath said turning drum;
PA1  continuously rotating said drum while holding said partition and
      simultaneously advancing said blank and said conveyor to thereby place
      said partition on the drum in registration on a certain panel of the blank
      while said blank is so positioned in said registration on the conveyor;
      and,
PA1  while in said registration, folding the panels of the box blank over the
      partition to complete the formation of a tube around the partition.
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ABST
PAL  Device for wrapping thin dough sheets around a mixture of minced vegetables
      and meat. The mixture is wrapped into the sheet by the reciprocal movement
      of a belt. One end of the belt is secured to a cradle and the other end to
      a slide plate. The latter is reciprocated by a cam mechanism connected to
      a main spindle.
BSUM
PAR  This invention relates to a device for wrapping a thin dough sheet around a
      mixture of minced vegetables and meat, and especially offers a device
      which wraps the sheet completely around the mixture.
PAR  In the past, the process of wrapping of thin sheets around the mixture was
      done by handcraft, and mass production of rolled foods was impossible
      because of the low productivity of the handcraft. In addition, the quality
      of the products varied due to the handcraft, and sanitary requirements
      were not always fulfilled. Today higher productivity, uniform quality and
      better sanitary production conditions are required.
PAR  The first object of this invention is therefore to provide a device which
      wraps a thin dough sheet around a mixture at high speed.
PAR  The second object of the invention is to provide a device which produces
      products with a uniform quality.
PAR  The third object is to provide a device which produces the products at good
      sanitary conditions, eliminating manual contact with the unifinished
      products.
PAR  The essential feature in the invention is embodied in a device which is
      moved reciprocally by a cam mechanism connected to a main rotating shaft
      to which a slide plate is connected, and one end of a belt is secured to
      the slide plate. This device produces rolled foods of uniform quality,
      sanitarily, and with high speed.
PAR  It should be added at this point that this invention is closely related to
      those of other applications, filed simultaneously herewith, namely one on
      a "Device for Wrapping Sheets around Food in Rolled Form" (incorporating
      devices for supplying a mixture to dough sheets, another for doubling the
      sheets, and one for bending them); another on a "Device for Conveying
      Rolled Food"; yet another on a "Device for Processing DOugh" (for forming
      and baking dough sheets); and finally one on a "Dough Processing Device"
      (preventing dough from sticking). These applications of the inventor were
      all filed on Mar. 12, 1974, respectively under Ser. Nos. 450,489, -90, -91
      and -92.
DRWD
PAR  Other objects and many of the attendant advantages of the invention will be
      readily appreciated as the same becomes better understood by reference to
      the following detailed description, when considered with the accompanying
      drawings, wherein
PAR  FIG. 1 is an elevation of a device for producing dough sheets and baking
      them, together with a device for pulling a dough sheet, incorporating
      further devices, in relation to the inventive device for wrapping sheets
      around food;
PAR  FIG. 2 is a plan view of a main portion of FIG. 1 with details of the
      inventive device and of the pulling device with which it is shown
      associated;
PAR  FIG. 3 is a perspective view of the device for wrapping the sheets around
      food;
PAR  FIG. 4 is a vertical sectional view of the device shown in FIG. 3; and
PAR  FIG. 5 is a sectional view similar to that of FIG. 4 for explaining the
      operation of the inventive wrapping device.
DETD
PAR  A device 10 for producing dough sheets as shown in FIG. 1 makes thin sheets
      from raw materials such as eggs and dough. The raw material is supplied by
      the operation of a gear pump 12 from a hopper 11 through a slit nozzle 13
      on an iron-plate surface of a rotating drum 14 where a continuous belt of
      a thin dough sheet 30 is made.
PAR  A device 51 for pulling the dough sheets includes the above-mentioned
      device 10, which pulls the sheets 30, a device 52 for cutting up the dough
      sheets, namely the continuous thin sheets into the desired size, a device
      53 for supplying a mixture of food or materials to the dough sheets in a
      constant amount, a device 54 for doubling the dough sheets 30 along the
      back of the mixture supplied, a device 55 for bending the dough sheets
      along both sides of the mixture, a device according to the present
      invention, numbered 56, for wrapping the sheets around the food, namely
      into a cylindrical shape, and also a device 57 for conveying or
      transferring the sheets 30 from each of the devices 52 to 56 to the next
      following device at predetermined intervals.
PAR  As shown in FIG. 3, a comb-shaped cradle 601 is secured horizontally to a
      bracket or support frame 602 fixed on a base 603, with gaps or cut-outs
      between its members, as shown. The cradle 601 has side members 604, 605 at
      both ends with concavities, so that it has the shape of a shallow dish.
      One of the thin dough sheets 30, bent and containing a mixture 29, is
      conveyed and put in the desired position on the shallow dish portion of
      the cradle 601. On the side members 604, 605 grooves 606, 607 are provided
      at the position where the front face of the mixture 29 in the sheet 30 is
      put on the cradle 601.
PAR  Numeral 608 is a mechanism for pressing the sheet, arranged symmetrically
      against the center of shaft direction of the cradle 601. The mechanism 608
      comprises an L-shaped pressing bar 609 attached horizontally to a cube
      member 610 attached to the upper end of a rotating shaft 611 so as to be
      able to move freely, shaft 611 being inserted vertically in brackets 612
      while the latter are attached to each side of the above-mentioned support
      frame 602. Each end of the bars 609 is extended on the cradle 601 through
      the grooves 606, 607 and reciprocates in the cradle 601 in accordance with
      the rotation of the shaft 611.
PAR  One end of a spring 613 is attached on the other end of the bar 609, and
      the other end of the spring is hooked to the base 603; the center of
      motion of the pressing bar is the member 610. The shaft 611 passes through
      the base 603 and a lever 614 is fixed to the shaft. The lever 614 has two
      portions facing each other, as shown, and the adjoining ends of the
      portions are interconnected by a pin 615, and a rod 616 is connected to
      one of the portions. The reciprocal movement of the rod 616 operates the
      lever portions at the same time.
PAR  A slide plate 617 is provided above the cradle 601 and moves parallel
      therewith. Two guide rods 618 are provided above the plate 617, and the
      rods are supported by a U-shaped bracket 619 in a way that they can slide
      freely. The bracket 619 is secured to the upper end of lift rods 620
      inserted into guide cylinders 621 fixed to the base 603. The lower ends of
      the rods 620 are connected by a rod 622 to each other, and a rod 623,
      reciprocating vertically, is connected to the rod 622.
PAR  A suitable clearance between the cradle 601 and the slide plate 617 can be
      obtained by the adjustment of the movement of the rod 623. The number of
      flexible belts 624 corresponds to that of the supporting members of the
      cradle 601, and one end of the belts is fixed to an end of the cradle 601
      and the other ends to the plate 617, respectively, so that the belts are
      bent. A rod 625 is connected to the other end of the plate 617, and this
      plate is moved horizontally by the operation of a crank 626 through the
      rod 625.
PAR  An auxiliary cradle 627 is provided parallel with and under the cradle 601.
      The number of the bars of the auxiliary cradle corresponds to that of the
      gaps between the members of the cradle, and the base portion of the cradle
      627 is fixed to a lift plate 628. The latter is inserted into a guide
      groove 629 provided vertically with the supporting frame 602 in a way that
      it can move freely vertically. A horizontal rod 630 is fixed to the lift
      plate 628 and moved vertically by a rod 631.
PAR  When the rod 631 lifts the rod 630 to its highest position, the plate 628
      goes into the gaps of the cradle 601, and the heights of the upper
      surfaces of the plate 628 and the cradle 601 become the same. Notches or
      serrations 632 are provided (see FIG. 4) on the upper surface of the
      auxiliary cradle 627 to prevent slippage of the sheet; furthermore,
      needles 633 (also shown in FIG. 4) are located on suitable places on the
      notches for the same purpose. The other end of the horizontal rod 630
      projects from the bracket or frame 602, passing through an aperture 634,
      to which a T-shaped rod 635 is fixed. As the rod 630 rises, the T-shaped
      rod 635 makes the end of the bar 609 rise, overcoming the tension of the
      spring 613. As the cradle 627 rises together with the rod 630, the bar 609
      rotates, centering about the member 610, and the end of the bar 609
      presses the sheet 30 with increased certainty.
PAR  The rod 616 which makes the pressing bar 609 open and close, the rod 623
      which makes the slide plate 617 go up and down, the crank 626 which makes
      the slide plate 617 go left and right, and finally the rod 631 which makes
      the auxiliary cradle 627 rise and descend, are connected to a cam
      mechanism connected to the main rotating shaft, and they repeat the cyclic
      movements in accordance with the following procedures, although these
      conventional details have not been shown in the figures.
PAR  With the status as shown in FIG. 4, when the sheet 30 bent on three sides
      and containing the mixture 29 in it is conveyed and put on the cradle 601,
      the rod 616 operates first, then the pressing bar 609 comes upon the sheet
      30 on the cradle 601. At the same time, the rod 631 operates and the
      auxiliary cradle 627 rises, the T-shaped rod 635 operates the pressing bar
      609, and the latter presses the sheet on the cradle without difficulty.
PAR  Then, as shown in FIG. 5, the rod 623 operates, then the plate 617 descends
      to the position corresponding to the thickness of the mixture contained in
      the sheet, and at the same time the crank 626 operates and the plate 617
      moves leftward. At this time, the mixture on the cradle 601 is shaped as a
      cylindrical body by the belts 624, being wrapped by the thin sheet.
PAR  The bar 609 presses the sheet until the plate 617 moves leftward and the
      belts 624 begin to wrap the sheet around the mixture; when the plate 617
      begins to move leftward, the rod 618 separates from the cradle 601, making
      a retrogressive motion. When the plate 617 moves leftward, the auxiliary
      cradle 627 is inserted into the gaps between the cradle 601, and the sheet
      containing the mixture is completely finished, without slipping on the
      belts 624.
PAR  When the sheet wraps the mixture, the slide plate 617 moves rightward,
      returning to the original position shown in FIG. 4. At the same time, the
      cradle 627 separates from the cradle 601 and returns to the downward,
      original position. Then, the finished products are moved from the cradle
      601, and other semi-finished products are conveyed and put onto the cradle
      601, and then the pressing bar 609, the slide plate 617 and the auxiliary
      cradle 627 repeat the movements mentioned in connection with FIGS. 4 and
      5, thus completing the products.
PAR  It should be understood, of course, that the foregoing disclosure relates
      only to a preferred embodiment and to preferred features of the invention,
      and that it is intended to cover all changes and modifications of the
      examples described which do not constitute departures from the spirit and
      scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A device for wrapping dough sheets around a mixture of minced
      vegetables, meat and the like, to make rolled food, comprising: a
      stationary comb-shaped first cradle having the shape of a shallow dish and
      a concavity therein for receiving the dough sheets having the mixture
      thereon, and at least one cut-out therein; a slide plate movable
      substantially parallel with said first cradle; means for performing a
      reciprocating movement of said slide plate in two perpendicular planes,
      one being substantially parallel to that of said first cradle; at least
      one lateral pressing bar, partly above said first cradle, and movable
      about an arcshaped path, for holding down the sheets to the surface of
      said first cradle; an auxiliary cradle underneath said first cradle,
      movable at least partly into said cut-out, and having a serrated upper
      engaging surface; and at least one belt, secured with one end to said
      first cradle and with the other to said slide plate.
NUM  2.
PAR  2. The device as defined in claim 1, wherein a pair of said pressing bars
      are provided flanking said first cradle.
NUM  3.
PAR  3. The device as defined in claim 2, further comprising means for imparting
      a combined arcuate and rectilinear movement to said pair of pressing bars.
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ABST
PAL  Device for conveying or transferring rolled food, namely semi-finished
      materials in a chain of procedural steps to the next step. A comb-shaped
      cradle is secured to each stage processing device, and travelling
      comb-shaped cradles pass the fixed cradles upwardly, thus the materials on
      the fixed cradles are moved to the travelling cradles. The latter move
      above the fixed cradles of the next stages and pass the fixed cradles
      downwardly, thus the semi-finished materials are put on the fixed cradles
      of the next stages.
BSUM
PAR  This invention provides a device for transferring rolled food by conveying
      unfinished materials of one process stage to the next stage
      simultaneously, and it finishes rolled food after completing a plurality
      of procedural steps.
PAR  In the past, in food manufacturing devices which finish the products after
      a plurality of stages, the conveyance of semi-finished materials from one
      stage to the next is usually independent, and accordingly the mechanism of
      the device of devices is rather complex and costly. In order to reduce the
      sizes of such devices, it is necessary to simplify the conveying devices.
      It is very difficult for the independent conveying devices to adjust and
      control the timing of the entire device.
PAR  Therefore, the object of this invention is to provide a simple, compact and
      reliable device for transferring rolled food.
PAR  A further object of the invention is to provide a conveying device for
      rolled food which can smoothen the whole process at high speed by
      conveying the semi-finished materials from one stage simultaneously to the
      next by means of the same action.
PAR  The primary object of this invention is to provide a device which moves
      slide frames horizontally and vertically, on which a plurality of
      comb-shaped cradles are fixed at equal intervals. This device moves all
      the materials in the plurality of the stages simultaneously to the
      subsequent stages.
PAR  It should be added at this point that this invention is closely related to
      those of other applications, filed simultaneously herewith, namely one on
      a "Device for Wrapping Sheets around Food in Rolled Form and other Food
      Processing Devices" (incorporating devices for supplying a mixture to
      dough sheets, another for doubling the sheets, and one for bending them);
      another on a "Device for Wrapping Sheets around Food"; yet another on a
      "Device for Processing Dough" (for forming and baking dough sheets); and
      finally one on a "Dough Processing Device" (preventing dough from
      sticking) the latter being now U.S Pat. No. 3,881,404 of May 6, 1975.
      These applications of the inventor were all filed on Mar. 12, 1974,
      respectively under Ser. Nos.  450,489,-93,-91 and 92.
DRWD
PAR  Other objects and many of the attendant advantages of the invention will be
      readily appreciated as the same becomes better understood by reference to
      the following detailed description, when considered with the accompanying
      drawings, wherein
PAR  FIG. 1 is an elevation of a device for producing dough sheets and baking
      them, together with a device for pulling a dough sheet, incorporating
      further devices, in relation to the inventive device for conveying rolled
      food;
PAR  FIG. 2 is a plan view of a main portion of FIG. 2 with details of the
      inventive device and the pulling device with which it is shown associated;
PAR  FIG. 3 is a top view of the various devices in which the inventive device
      is being used, namely for cutting up dough sheets, for supplying a mixture
      to the sheets, for doubling the sheets, for bending them, and for wrapping
      the sheets around the food;
PAR  FIG. 4 is a front view of the devices shown in FIG. 3; and
PAR  FIG. 5 is a front view similar to that of FIG. 4 for explaining the
      operation of the inventive conveying device.
DETD
PAR  A device 10 for producing dough sheets as shown in FIG. 1 makes thin sheets
      from raw materials such as eggs and dough. The raw material is supplied by
      the operation of a gear pump 12 from a hopper 11 through a slit nozzle 13
      on an iron-plate surface of a rotating drum 14 where a continuous belt of
      a thin dough sheet 30 is made.
PAR  A device 51 for pulling the dough sheets includes the above-mentioned
      device 10, which pulls the sheets 30, a device 52 for cutting up the dough
      sheets, namely the continuous thin sheets into the desired size, a device
      53 for supplying a mixture of food or materials to the dough sheets in a
      constant amount, a device 54 for doubling the dough sheets 30 along the
      back of the mixture supplied, a device 55 for bending the dough sheets
      along both sides of the mixture, a device 56 for wrapping the sheets
      around the food, namely into a cylindrical shape, and the inventive device
      57 for conveying or transferring the sheets 30 from each of the devices 52
      to 56 to the next following device at predetermined intervals.
PAR  Referring now to FIG. 3, cradles 701 to 705 are fixed to the cutting device
      52, the mixture supplying device 53, the doubling device 54, the bending
      device 55 and the wrapping device 56, respectively. These cradles 701 to
      705 have the shape of a comb, and they are distributed at equal intervals
      along their center lines. Travelling cradles 706 to 709 also have shapes
      like a comb, and they are fixed to a slide frame 710 at equal intervals on
      their center lines so that they are correspondingly engaged with the
      cradles 701 to 705.
PAR  Referring now to FIG. 5, two guide rods 711 are installed on the frame 710.
      The center 712 of a T-shaped main crank 713 is secured to a base 714 of
      the device, and the center 715 of an auxiliary L-shaped crank 716 is
      secured to the base 714, keeping a constant distance between them.
PAR  To one end of the main and the auxiliary cranks 713, 716, respectively,
      brackets 717, 718 are secured by means of pins so that they support the
      above-mentioned rods 711 in a way so that these rods can slide
      horizontally, and the cranks 713, 716 are linked by connecting rods 719.
PAR  One end of a rod 720 is secured to the main crank 713 by a pin and the
      other end to an action rod 721 moved up and down by the rotation of a cam
      722. A horizontally travelling rod 723 is secured by a pin to one end of
      the frame 710, located parallel with the rod 723, and the other end of the
      travelling rod is secured by a pin to a bell crank 724 moved horizontally
      left and right by another rotating cam 725.
PAR  Elements 726, 727 and 71 through 74 will be mentioned somewhat later.
PAR  The operation of the inventive device will now be described with reference
      to FIGS. 4 and 5. Referring now to the former, if the cam 722 rotates in
      the direction marked by an arrow, the rod 721 moves downwardly around a
      shaft 726 which serves as a fulcrum, and the rod 720 rotates the crank 713
      around the shaft 712. At this time, the crank 716 rotates in the same
      direction as the crank 713, around the shaft 712 which is the center of
      rotation, by means of the rod 719.
PAR  The guide rods 711 (viz. the slide frame 710) are pushed upwardly together
      with the brackets 717, 718 by the rotation of the two cranks. When the
      frame 710 is pushed upwardly, the travelling cradles 706 to 709 pass
      upwardly into the clearances of the cradles 701 to 704, fixed to each of
      the devices 52 to 55, and semi-finished materials identified by numerals
      71 to 74 are taken along by them.
PAR  Referring now to FIG. 5, if the cam 725 rotates in the direction marked by
      an arrow, the bell crank 724 rotates around a shaft 727 which serves as a
      fulcrum, and the frame 710 is moved rightward against the base 714 by the
      travelling rod 723. The construction in which the guide rods 711 can slide
      freely against the brackets 717, 718 makes this possible.
PAR  Each travelling cradle 706 to 709 comes above the cradles 702 to 705, fixed
      to the devices of the next process stages, identified by numerals 53 to
      56. Further rotation of the cam 722 returns the rod 721 to the original
      position, and the rod 720 rotates the main crank 713 reversely around the
      shaft 712, and the slide frame 710 moves downward accordingly.
PAR  At this moment, the travelling cradles 706 to 709 pass the fixed cradles
      702 to 705 downward, and the materials 71 to 74 are put on the fixed
      cradles. Further rotation of the cam 725 moves the frame 710 leftward and
      finally returns it to its original position. When the operations of the
      individual devices are finished, the next cycle is repeated, and finished
      products are produced from the semi-finished materials, cycle by cycle.
PAR  It should be understood, of course, that the foregoing disclosure relates
      only to a preferred embodiment and to preferred features of the invention,
      and that it is intended to cover all changes and modifications of the
      examples described which do not constitute departures from the spirit and
      scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A device for conveying rolled food, such as consisting of a mixture of
      minced vegetables, meat and the like, wrapped in a sheet of dough,
      prepared by at least two of consecutively disposed mechanisms, performing
      one of the plural steps of cutting up continuous dough sheets into
      predetermined sizes, supplying the mixture to the cut dough sheets,
      doubling the filled dough sheets, bending the filled and doubled dough
      sheets, and wrapping the latter around the mixture, the device comprising:
      at least two stationary cradles, each associated with one of the
      mechanisms; at least two movable cradles; said cradles being all uniformly
      spaced apart and comb-shaped, with respectively interleaved teeth that
      clear each other at all times during the movements of said movable
      cradles; means for reciprocating said movable cradles vertically with
      respect to said fixed cradles, up and to a level above them in a first
      phase, and down again to a level below them in a third phase, the latter
      movement with respect to a subsequent one of said fixed cradles; means for
      reciprocating said movable cradles longitudinally with respect to at least
      two subsequent ones of said fixed cradles, in one direction above them in
      a second phase, and in the opposite direction below them in a fourth
      phase; and a control mechanism for cyclically correlating the movements of
      said movable cradles with those of the mechanisms.
NUM  2.
PAR  2. The device as defined in claim 1, further comprising at least one slide
      frame movable with respect to stationary portions of the device for
      carrying said movable cradles during the longitudinal and vertical
      movements thereof; said stationary cradles being supported by the
      respective mechanisms on one ends thereof, while said movable cradles are
      carried by said slide frame at other ends thereof that are opposite to
      said one ends of the fixed cradles.
NUM  3.
PAR  3. The device as defined in claim 2, wherein said means for longitudinal
      reciprocation of the movable cradles includes a bell-crank mechanism
      controlled by a cam mechanism; and a travelling rod linking said
      bell-crank mechanism to said slide frame.
NUM  4.
PAR  4. The device as defined in claim 2, wherein said means for vertical
      reciprocation of the movable cradles includes a second bell-crank
      mechanism controlled by a second cam mechanism; and a guide mechanism
      linking said second bell-crank mechanism to said slide frame.
NUM  5.
PAR  5. The device as defined in claim 4, wherein said guide mechanism includes
      at least one guide rod fixed to said slide frame; brackets freely slidable
      on said rods; and at least one crank mechanism controlled by said second
      bell-crank mechanism.
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ABST
PAL  Device for processing dough, specifically one that forms dough sheets
      having a desired thickness and bakes them. Dough in a hopper is injected
      from a flat nozzle by a gear pump and stuck onto the rotating drum. The
      latter is heated and the dough sheet is baked on it. The sheet is released
      from the drum by a releasing plate contacted with the drum.
BSUM
PAR  This invention provides a device for processing dough, for forming and
      baking dough sheets, and which forms such sheets continuously and bakes
      them. The thickness of the sheets can be controlled.
PAR  In the past, raw dough sheets made by handcraft were used for the wrapping
      of certain Japanese foods, such as known under the names Gyoza and Syumai,
      which are sorts of rolled foods. Higher speeds of production and uniform
      quality of such products are strongly desirable today. In frying a product
      using a raw dough sheet containing much water, if the water is not
      sufficiently removed, the cooked food will not taste good. In addition,
      the water contained in a raw dough sheet causes bacteria to grow in the
      food, which is undesirable, and the food cannot be kept for long periods
      of time.
PAR  Therefore, the object of this invention is to provide a device for forming
      with high speed dough sheets for use with Gyoza and Syumai and similar
      food products.
PAR  A further object of the invention is to provide a device for baking
      continuously the above-mentioned dough sheets which contain little water.
      The primary points of the invention are materialized in a device having a
      flat nozzle which oscillates in the longitudinal direction, and moves
      toward and away from a rotating drum at intervals, when dough is injected
      from the flat nozzle on the outer circular surface of the drum which has a
      heater in it. Dough sheets containing little water and having uniform
      quality can be produced continuously with this device.
PAR  It should be added at this point that this invention is closely related to
      those of other applications, filed simultaneously herewith, namely one on
      a "Device for Wrapping Sheets around Food in Rolled Form and Other Food
      Processing Devices" (incorporating devices for supplying a mixture to
      dough sheets, another for doubling the sheets, and one for bending them);
      another on a "Device for Wrapping Sheets around Food"; yet another on a
      "Device for Conveying Rolled Food"; and finally one on a "Dough Processing
      Device" (preventing dough from sticking), the latter being now U.S. Pat.
      No. 3,881,404 of May 6, 1975. These applications of the inventor were all
      filed on Mar. 12, 1974, respectively under Ser. Nos. 450,489, - 93, - 90
      and - 92.
DRWD
PAR  Other objects and many of the attendant advantages of the invention will be
      readily appreciated as the same becomes better understood by reference to
      the following detailed description, when considered with the accompanying
      drawings, wherein
PAR  FIG. 1 is a front view of a device for producing dough sheets and baking
      them, in relation to the inventive device for processing dough, for
      forming dough sheets of a desired thickness;
PAR  FIG. 2 is a right-hand side view of the device of FIG. 1;
PAR  FIG. 3 is a partial, sectional, enlarged side view along line III -- III of
      FIG. 1;
PAR  FIG. 4 is a perspective view of the most important portions of the
      inventive device for processing dough;
PAR  FIG. 5 is a front view of a mechanism for vertical movement at intervals of
      a flat nozzle;
PAR  FIG. 6 is a sectional view of a mechanism for horizontally oscillating the
      flat nozzle; and
PAR  FIG. 7 is a side view of FIG. 6.
DETD
PAR  Referring now to FIGS. 1 to 3, a device 10 for producing dough sheets and
      baking them has a hopper 11, a gear pump 12, a flat, slit nozzle 13, a
      rotating drum 14 and a releasing plate 15. The pump 12 and the nozzle 13
      are connected by a flexible tube 22. A heater 16 is equipped in the inner
      circular surface of the drum 14 (see FIG. 3) and a large gear 19 is fixed
      to the back of the drum 14. An adiabatic insulating material 18 is
      inserted between the drum 14 and the gear 19.
PAR  The center of the back of the drum 14 is supported by a shaft 17 so that it
      can rotate freely. A motor 20 is provided above the device 10. A smaller
      gear or pinion 21, fixed to the shaft of the motor 20, is engaged with
      said large gear 19. The drum 14 is rotated by a reduction gear connected
      to the motor 20, actually constituted by gears 19 and 21.
PAR  The flat nozzle 13 is fixed to one end of a supporting arm 23 of the device
      10, leaving a clearance 24 (see FIG. 3) with the drum, so that an outlet
      orifice 25 of the nozzle faces the outer circular surface at the bottom of
      the drum 14. The arm 23 has a structure to be described later. The
      clearance 24 is adjustable by means of a mechanism to be explained.
PAR  A short shaft 34 is fixed to both upper sides of the nozzle 13
      horizontally, and eccentric roller 35 being connected with each shaft 34
      at a small distance, and a cylindrical member 36 being attached to each
      roller 35. The member 36 can rotate coaxially outside the roller 35. It
      should be noted that the latter is fixed to the shaft 34 by means of a
      screw 37 so that it cannot rotate; the member 36 which rotates in unison
      with the drum 14 is not fixed to the roller 35. The member 36 is contacted
      with the outer circular surface of the drum 14. An operating knob 35a
      having a large diameter is provided at the outside portion of the roller
      35, and the screw 37 is used in this knob 35a.
PAR  The clearance 24 is adjusted by the rotation of the roller 35. When the
      desired clearance is obtained, the roller 35 is fixed to the shaft 34 by
      tightening the screw 37 into or against the shaft 34. Referring now to
      FIG. 4, a connecting mechanism 38 is secured to the other end of the arm
      23 (the earlier-mentioned end has the flat nozzle 13 attached to it). As
      shown in FIG. 5, the mechanism 38 includes a vertical shaft 38a and a
      rotating member 38b into which latter the shaft 38a is inserted together
      with a bearing 38c.
PAR  the shaft 38a is fixed to the arm 23, and the rotating member 38b is fixed
      to a horizontal rod 40. The arm 23 is freely movable relative to the rod
      40 within a horizontal plane but they move together within a vertical
      plane. The rod 40 is inserted into a bearing 39 secured to the device 10.
      The other end of the rod 40 is connected with a vertical rod 41. The other
      end of the latter is pulled by a spring 42 to give an upward movement to
      the flat nozzle 13. The cylindrical member 36 is contacted with the drum
      14 by the tension of this spring.
PAR  A round projecting member 41a is attached by a shaft to the rod 41 at a
      location lower than the center of its length, and a rotating cam 43 is
      provided in a manner so that it contacts the member 41a. A projecting
      portion 43a of the cam 43 pushes the vertical rod 41 rightward when the
      cam rotates. At this moment, the horizontal rod 40, fixed to the vertical
      rod 41 and cooperating with the arm 23, moves the flat nozzle 13 downward
      from the drum 14.
PAR  One end of a connecting rod 44 is connected near the center of the arm 23
      by means of a ball joint 45, and the other end of the rod 44 is
      orthogonally connected with a drive shaft 46. As shown in FIGS. 6 and 7,
      the rod 44 is connected to the shaft 46 by an eccentric shaft 47 secured
      to the drive shaft with a ball joint 48 inserted between them. When the
      shaft 46 rotates, the eccentric shaft 47 gives a horizontal reciprocal
      movement to the connecting rod 44 and the supporting arm 23 connected to
      the rod 44. It will be understood that the connecting mechanism and parts
      38 through 43a described hereinabove constitute means for intermittently
      reciprocating the nozzle 13 toward and away from the periphery of the drum
      14, while the connecting mechanism with parts 44 through 48 constitute
      means for intermittently reciprocating the same nozzle 13 substantially
      parallel to the drum periphery, for the purposes explained in the
      introduction where primary points of the invention were explained.
PAR  A cooling-water tube 49 provided along and extending from the outlet
      orifice of the flat nozzle 13 prevents the dough from sticking fast to the
      flat nozzle heated by the drum 14 on account of the heater 16. In FIG. 1,
      a cooling-water tube 65 is shown, located along the rim of the outlet
      orifice of the nozzle 13, which is the counterpart of the tube 49 (shown
      in FIG. 4 only and not visible in FIG. 3). A water-supply tube 66 is also
      shown in FIG. 1.
PAR  The rotation of the gear pump 12 forces the dough from the hopper 11 into
      the nozzle 13 through the tube 22. The dough is then injected onto the
      outer circular surface of the drum 14. The thickness of the dough sheet
      thus obtained depends upon the clearance 24. If the latter increases for a
      moment, the dough sheet will be interrupted. Therefore, each downward
      movement of the nozzle 13 at appropriate intervals makes individual dough
      sheets having the same constant length, and this is done by the operation
      of the cam 43 which moves the rod 41 and the associated connecting
      mechanism at intervals.
PAR  The dough sheet discharged from the nozzle 13 sticks to the drum 14 and is
      baked by the heat, which ranges approximately between 70.degree. and
      230.degree.C. If the outer circular surface of the drum 14 is finished on
      a lathe, the dough sheet baked on it has numerous grooves, and they are
      easily broken. Uneven baking will be caused if the drum is heated
      unevenly.
PAR  In the inventive device for processing dough, the eccentric shaft 47 is
      fixed to the drive shaft 46, and the shaft 47 gives a horizontal
      reciprocal movement to the supporting arm 23 in a way that the dough sheet
      discharged from the nozzle is vibrated, so that no grooves are made on the
      sheet and no uneven baking occurs. The dough sheets consecutively baked
      are released from the drum 14 by the releasing plate 15, the end rim of
      which contacts the outer circular surface of the drum 14.
PAR  It should be understood, of course, that the foregoing disclosure relates
      only to a preferred embodiment and to preferred features of the invention,
      and that it is intended to cover all changes and modifications of the
      examples described which do not constitute departures from the spirit and
      scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A device for processing dough, for the preparation of rolled food
      consisting of a mixture of minced vegetables, meat and the like, wrapped
      in a sheet of dough of predetermined size, the device comprising a heated,
      rotatable drum having a substantially smooth outer circular surface; a
      flat nozzle adjacent said drum surface, to which dough is supplied and
      which deposits the dough through an outlet orifice of said nozzle onto
      said drum surface during the rotation of said drum, which orifice defines
      a controllable clearance with the periphery of said drum surface; a
      releasing plate having a stripping edge for removing individual sheets of
      dough as they are formed on said drum; and means for intermittently
      reciprocating said nozzle in at least one direction, selectively
      substantially parallel with said periphery of the drum surface, and toward
      and away therefrom.
NUM  2.
PAR  2. The device as defined in claim 1, further comprising a pair of shaft
      stubs flanking said nozzle; a pair of eccentric rollers supported at a
      small distance from said stubs; and a pair of cylindrical members secured
      about said rollers, the outer surfaces of portions of the latter being
      pivotable in said members; and wherein said means for intermittently
      reciprocating the nozzle includes cam means and a connecting mechanism,
      for producing the reciprocation of said nozzle with said shaft stubs
      between said cylindrical members substantially parallel with said
      periphery of the drum surface.
NUM  3.
PAR  3. The device as defined in claim 1, further comprising a supporting arm
      having one end fixed to said nozzle; and wherein said means for
      intermittently reciprocating the nozzle includes a connecting mechanism
      having therein a first rod connected with one end to the other end of said
      arm for free rotation; a second rod connected with one end to the other
      end of said first rod; means to bias said second rod into a predetermined
      position; and said reciprocating means also includes cam means for
      intermittently rotating said second rod by a certain angle, against the
      force of said biasing means, for producing the reciprocation of said
      nozzle toward and away from said periphery of the drum surface.
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ABST
PAL  Apparatus for tying packages in which a stretch of a tying strand is
      spanned across a transport path, the package is entrained along this path
      to draw the strand around it lateral side, and a tying arm is swung across
      the remaining side of the package and cooperates with fastening means to
      anchor the strand about the perimeters of the package.
BSUM
PAR  The present invention relates to a machine for the tying of packages or the
      like having a feed path for the package and a tying arm which guides the
      strand and conducts it to the fastening device.
PAR  Such machines, as is known, have a tying arm which swings around a central
      shaft. The size of the package to be tied is in this connection dependent
      on the length of the tying arm. This means that the packages must lie
      within the path of movement of the guide roller at the end of the tying
      arm. Large packages therefore require machines of large dimensions. This
      means that expensive drive devices and braking devices must be provided,
      since larger masses must be placed in movement and braked suddenly.
PAR  It is one object of the present invention, to provide a machine of this
      type which is of simple construction and of, a small size with respect to
      the size of the packages.
PAR  It is another object of the present invention, to provide a machine of this
      type, wherein the placing of the tying means around the package is
      effected in part by the bulging out of a strand which is freely stretched
      transverse to the feed path between the fastening device and the tying arm
      upon the feed movement of the package and by the tying arm only in the
      remaining part.
PAR  Preferably the tying arm is arranged on a carriage which permits a lateral
      movement of the tying arm for its swinging movement and which travels on
      rails lying transverse to the feed path and extending over its width.
PAR  One advantageous feature of the present invention resides in that the feed
      drum for the tying element is arranged on the carriage, coaxial with the
      axis of swing of the tying arm. In one advantageous embodiment in
      accordance with the present invention, the carriage rails and the
      fastening device are vertically adjustable on vertical columns.
PAR  It is favorable in accordance with the present invention that the drum be
      rotatable with braking action in the direction of removal of the tying
      element.
PAR  Another advantageous embodiment in accordance with the present invention
      results from the fact that the vertical columns form with the carriage
      rails an introduction gate for the package.
PAR  One advantage from the standpoint of packaging technique consists in
      accordance with the present invention in, that the swinging movements of
      the tying arm extend over the rear corner angles of the package In this
      connection, it is favorable for the lateral movement of the tying arm to
      occur between the two phases of swing.
PAR  This solution is provided by a machine of this type, in which the package
      itself also contributes to the tying, so that the wrapping of the tying
      means around the package is effected on the one hand by the package and on
      the other hand by the tying arm. Since the package strikes against the
      freely streched cord between the tying arm and the fastening device and
      thereby bulges the cord out upon its feed movement, the package may be of
      any desired length. During the feed movement, the tying arm remains
      stationary. Only when the package has partially placed the tying means a
      corresponding amount around itself is the rest of the wrapping around of
      the cord effected by the arm. It has been found to be advantageous to
      obtain the rest of the wrappping-around of the cord by a swinging motion
      and a lateral motion of the tying arm, with suitable construction of the
      machine. The division of the movement of the tying arm into a swinging
      movement and a lateral movement produces the advantage of a tying arm of
      short length. Accordingly it is necessary to provide the latter also only
      with a brake-drive device which operates with low power requirements. As a
      result of the small size of the tying arm, one then obtains the further
      advantage of an extremely compact construction of the machine as compared
      with the size of the packages. The brake-drive device for the arm can
      advantageously be arranged on the carriage which travels transversely to
      the feed path. The carriage carries the tying-means drum and permits the
      drum to be located close to the tying arm. The drum can preferably be
      arranged coaxially with the axis of swing of the arm in such a manner,
      that the swinging motion of the arm takes place in the direction of
      unwinding of the cord. The development in accordance with the present
      invention permits a horizontal tying plane to be used. The carriage
      traveling on the rails can be arranged in vertically adjustable manner on
      vertical columns. This construction is particularly recommended for the
      bringing together of box-like packages arranged alongside of each other
      such as, for instance, boxes of beverages stacked on a pallet. The tying
      plane should in this case be so selected by vertical displacement of the
      carriage that it lies approximately in the center of the upper layer of
      boxes. If a chain drive is provided for the vertical displacement, an
      infinitely variable vertical displacement of the carriage and thus of the
      tying plane is possible. The vertical columns form an introduction gate
      together with the carriage rails. This gate can be located at a
      predetermined point over a feed path, for instance, in the form of a feed
      belt. The rear edge of the package resting on this feed belt may suitably
      cooperate with a photoelectric light barrier, which stops the movement of
      the conveyor belt and thus stops the package in the position proper for
      tying. Starting from this tying position, the card is fed to the fastening
      device by the swinging of the arm over the corners of the package, so that
      the fastening of the ends of the cord is effected on the side surface of
      the package. The cord can in this connection be placed tightly around the
      package by suitable tensioning elements of the fastening device. As a
      result of the lateral movement of the tying arm between the two phases of
      swing thereof, a short additional tightening path can be obtained.
PAR  In order that, in a modified embodiment of the machine, a tying of the
      package in a vertical plane extending in the direction of conveyance of
      the package may be possible, the invention proposes that the freely
      stretched cord extend in vertical direction and perpendicular to the
      horizontal package feed table along a push device which acts on the rear
      surface of the package.
PAR  One advantageous feature of this variant in accordance with the present
      invention is that the push device strikes the package approximately on the
      centerline of its rear surface.
PAR  It is also advantageous in accordance with the present invention for the
      push device, to consist of an endless closed chain which has a chain
      section extending in a plane parallel to the package feed table and which
      is equipped, equally distributed along the periphery, with downward
      directed push bars which come against the rear surface of the package.
PAR  Finally, it is also favorable in accordance with the present invention for
      the ejection device to extend over an initial partial region of the
      package feed table in which conveyor belts, known per se, are additionally
      associated with the package feed table.
PAR  In accordance with the present invention, no horizontal feed path
      consisting of rollers or feed belts is required or even capable of use
      within the region of the tying station, in order to tie the package in the
      aforementioned plane. The feed movement of the package is effected by the
      same push device as acts on the rear surface. Depending on the size or
      weight of the package, one or more push devices can be provided. The push
      device brings the package up into the position proper for tying and from
      there, after completion, it is conveyed by the push device to the package
      removal station. The push device in no way interferes with the tying
      process. With normal packages it is sufficient - as it has surprisingly
      been found - to provide only a single push device. By the push device
      which lies directly alongside the tying plane, the package can be acted on
      at approximately the center of its rear surface, so that to a far-reaching
      extent the danger of canting upon the feeding of the package is avoided.
      The advantageous development of the push device permits an economical and
      nevertheless effective construction. Depending on the size of the package
      to be tied, the section of chain traveling in a parallel plane to the
      package feed table can be arranged at a corresponding distance from the
      package feed table. Naturally, in such a case, the tying radius of the arm
      must be made correspondingly large. The entrainment of the package by the
      chain is effected in synchronism by means of the downward directed push
      rods. The number of them corresponds to the number of steps of the
      operating cycle. As a result of the uniform spacing on the periphery after
      each operating step, each push rod comes into the correct starting
      position. The specific push rod associated with the package feed point
      assumes such a position with respect to the package feed table that the
      packages can be conveniently placed on the conveyor belts provided in the
      initial region of the package feed table. Only when the package lies
      completely on said table, does the corresponding push rod enter into
      motion. Since the package has already been placed in motion by the
      conveyor belt, the corresponding push rod need merely keep the package in
      movement. As a result, the traveling chain is relieved of load. This is
      advantageous since, upon every operating step, the package which has
      already been tied is conveyed to the place of removal by the push rod
      associated with it.
DRWD
PAR  The present invention will be more clearly understood from the following
      description, in connection with the accompanying drawings, in which
PAR  FIG. 1 is a diagrammatic elevation of a machine in accordance with a first
      embodiment of the present invention for the horizontal tying of packages,
      particularly cases of beverages;
PAR  FIG. 2 is a side elevation of the machine;
PAR  FIG. 3 is a top plan view of the machine with the freely stretched cord
      before insertion of the package into the machine;
PAR  FIG. 4 is a view corresponding to FIG. 3, but upon the completion of the
      feed movement of the package;
PAR  FIG. 5 is a showing corresponding to the two preceding Figures, with the
      strand placed completely around the package by the tying arm;
PAR  FIG. 6 is a diagrammatic showing of the path moved over by the tieing arm;
PAR  FIG. 7 is a side elevation of the machine in accordance with the second
      embodiment of the present invention;
PAR  FIG. 8 is a horizontal section through the machine below the rotating
      chain; and
PAR  FIGS. 9 to 12 disclose diagrammatically the cyclic operating steps of the
      machine.
DETD
PAR  FIGS. 1 - 6, the machine has vertical columns 3, 4 provided with feet 1, 2.
PAR  The colums 3, 4 of rectangular cross-section are so aligned that two
      opposite corner edges 3' and 4' lie in the direction of the feed movement
      of the feed path 5 disposed between the vertical columns 3, 4.
PAR  In the embodiment shown by way of example, the feed path 5 consists of
      rollers 6 forming a transport path. The rollers transport pallets 7, which
      in the embodiment shown, bear stacked cases of beverages 8.
PAR  On the corner edges 3', 4' of the vertical columns 3, 4 there are guided
      pairs of rollers 9 arranged one above the other. The shafts 10 of the
      pairs of rollers 9 extend from support plates 11 in such a manner that
      each vertical column 3, 4 has associated with it two support plates,
      between which the vertical column extends. The upper ends of the inner
      support plates 11 are connected together by two horizontally located cross
      members 12 which extend transverse to the direction of conveyance x, so
      that a support 13 is thereby formed.
PAR  In order to change the height of the support 13 there is provided a drive
      14 arranged on the top of the vertical column 3. By means of this drive,
      the upper sprocket wheels 15 of the vertical columns are placed in
      rotation. They transmit their rotary movement via the chain 16 to the
      sprocket wheels 17, which are supported in suitable manner on the lower
      end of the vertical columns 3, 4. A section of the chain 16 is connected
      with the outer support plates 11 at the point 18, so that an infinitely
      variable change in height of the support 13 is possible by means of the
      drive 14.
PAR  The cross members 12 in their end region carry bearing plates 19. These
      bearing plates 19 are connected together by rails 20. On these rails 20
      there moves a carriage 21 which receives the drive unit 22 for the tying
      arm 23. The said arm is supported for rotation around the arm swing axis
      24 and is of angular shape. The horizontal leg 23' of the angle serves for
      the supporting of the tying arm, while the vertical leg 23" of the angle
      has the guide roller 25 for the strand on its end.
PAR  Coaxially on the swing axis 24 there is supported the drum 26 carrying the
      tying strand with which is coordinated a brake device BD which brakes the
      drum 26 in the direction of removal of the strand. The tying means,
      removed from the drum 26, is guided over a roller 27, which is supported,
      in the vicinity of the drum 26, on the vertical angular leg 23" of the arm
      23.
PAR  The carriage 21 can be displaced laterally on the rails 20 via a drive
      device 28.
PAR  The outer support plate 11 of the vertical column 3 receives the drive
      motor 29 of the fastening device 30. The latter in its turn is arranged on
      the inner support plate 11 of the vertical column 3. This fastening device
      is preferably a heat-sealing or welding unit by means of which the ends of
      the tying means 31 consisting of a tape of synthetic material are
      connected together. The fastening device 30 extends into the interior of
      the introduction gate formed by the rails 20 and vertical columns 3, 4 and
      with its vertical outer surface facing the package forms a stop for the
      package.
PAR  In accordance with the embodiment, shown by way of example, the beverage
      cases 8 stacked on the pallet 7 are to be tied. For such tying it is
      merely necessary to tie the upper layer of cases 8'.
PAR  The corresponding adjustment of the tying plane is determined by the
      position of the guide roller 25 of the tying arm 23. In order to vary the
      position of the guide roller 25, the support 13 can be brought in
      infinitely variable manner by means of the drive 14 into the corresponding
      position.
PAR  The machine of the present invention operates as follows: the starting
      position is shown in FIG. 3. The tying means is held, on the one hand, by
      the fastening device 30 and, on the other hand, by the tying arm 23 which
      is in the starting position A, so that a tying chord 31' which is freely
      stretched transversely to the feed path 5 thereby results.
PAR  By feeding the package or cases of beverages 8, the freely stretched
      tying-means chord 31' is bulged into the position shown in FIG. 4. The
      bulging is limited in the manner, that the rear edge of the package 8'
      cooperates with a light barrier LB, which in its turn transmits the pulse
      to the drive device for the feed path 5. The braking device coordinated to
      the tying-means drum 26 prevents the tying-means drum from continuing to
      rotate.
PAR  The aforementioned light barrier at the same time actuates the drive unit
      22, which produces the swinging of the tying arm 23 in the direction for
      the unwinding of the tying means 31 from the tying-means drum 26. In this
      connection the tying arm swings over the one rear corner of the package
      into position II; (FIG. 6). Following this, the tying arm 23 carries out a
      lateral movement from point II to point III, caused by the drive device 28
      which displaces the carriage 21 on the rails 20. When the point III is
      reached, the lateral movement of the tying arm 23 is changed into a
      swinging movement up to point P. In this way the tying means has been
      wrapped completely around the package, so that the fastening device can
      connect the ends of the tying means with each other (FIG. 5). After the
      completion of the fastening, the tying arm swings through the remaining
      angle into position IV and then carries out a lateral movement up to point
      I and from there a slight swinging movement to the starting position A.
PAR  As can be noted from FIG. 5, the connecting of the ends of the tying means
      takes place on the side face of the package.
PAR  Due to the lateral and swinging movements of the tying arm 23, a small size
      of the machine relative to the packages can be obtained.
PAR  As shown particularly in FIG. 4, the length of the packages is unimportant,
      since the bulge can be as long as desired.
PAR  The machine in accordance with the second embodiment, shown in FIGS. 7 -
      12, has the box-shaped underframe 32. Columns 33 arranged in pairs
      opposite each other and directed vertically protrude beyond the underframe
      on its longitudinal sides. Each pair of these columns 33 is connected by a
      horizontal yoke 34. In this way the columns 33 together with the
      associated yokes 34 form a U which is open towards the underframe 32.
PAR  The top of the underframe serves as package feed table 35. Conveyor belts
      36 extend alongside each other in the initial portion of the package feed
      table. These belts are supported by rollers 37, 38, one of which is placed
      in rotation by a drive (not shown).
PAR  In a portion of the feed table, arranged behind the conveyor belts 36, a
      straightening station is provided. It consists of guide plates 39 arranged
      opposite each other. These guide plates can be suitably displaced in the
      direction indicated by the double-ended arrows. The discharge end of the
      guide plates 39 supports two flaps 39', which are swingable in the
      direction indicated by the arrow y.
PAR  Behind this straightening station there is a supplementary table 40, which
      lies on the same plane as the package feed table 35. This table 40 is
      borne by a vertically directed section 41 of the tying-arm swing shaft 34,
      but in such a manner, that the supplementary table 40 is non-rotatable.
PAR  On the swing shaft 24 of the tying arm there is supported the tying- means
      drum 26 which has a brake (not shown) coordinated thereto, which brakes
      the tying-means drum 26 in the direction of withdrawal of the tying means.
      The tying-means 31 which has been withdrawn from the tying-means drum 26
      is conducted over rollers (not shown) to the end guide roller 25 which is
      seated on the one angle leg of the tying arm 23a. The end of the tying
      means which is conducted around this guide roller 25 is held in this
      connection by the fastening device 30. This fastening device is preferably
      a heat-sealing unit by means of which the ends of the tying means 31 which
      consists of plastic tape are connected together. The fastening device 30
      is located below the feed table 35.
PAR  The supplementary table 40 and the feed table 35 leave a U-shaped slot 42
      between them, so that the tying arm 23a can carry out a complete rotation.
PAR  The tying means drum 26 as well as swing arm 23a, supplementary table 40
      and fastening device 30 are seated in a swingable part 43 of the
      underframe 32. This part 43 can be supported on the hinge shaft 44, in
      order to be able conveniently to effect any repairs or adjustment work.
PAR  The tying plane is designated z--z (FIG. 8). This means, that it lies in a
      vertical plane extending vertical to the direction x of the package feed.
PAR  The push device 45 extends alongside the tying plane z--z. It consists of
      an endless closed chain 46, which rotates in a plane parallel to the
      package feed table 35. The chain 46 is place over sprocket wheels 47
      supported by the columns 33 in such a manner, that the chain 46 forms a
      rectangle extending over the length of the feed table 35. In the initial
      portion of the package feed table, the chain 46 extends beyond the table.
      Push rods 48, which are directed downward and terminate just in front of
      the feed table 35 are arranged spaced equally apart over the chain. In the
      embodiment, shown by way of example, three push rods 48 are provided. This
      means, that one working-cycle step of the chain corresponds to one-third
      of its circumferential length.
PAR  The following manner of operation results: the starting position of the
      machine is shown in FIGS. 7 to 9. The push rod 48 which extends in the
      initial region of the package feed table 35 lies on the side of the feed
      table. The package 49 can thus be placed on the conveyor belts 36. When
      the package is placed on the belts, a feeler finger 50 adjacent the roller
      38 is swung away. As soon as the package 49, transported by the conveyor
      belts 36, releases the feeler finger 50, so that it can swing back, the
      tying arm 23 travels into the position shown in FIG. 10. As a result, a
      freely stretched tying-means chord 31' is present between the fastening
      device 30 and the guide roller 25. The chain 46 enters into motion
      simultaneously with the upward swinging of the tying arm 23.
PAR  The push rod 48 lying on the entrance side of the feed table carries the
      package 49, which has already been conveyed by the conveyor belts 36 along
      with it and brings it to the straightening station. Since the package 49
      is acted on by the push rod 48 on the center line of its rear surface, a
      further conveying of the package without canting results. The push rod 48
      then carries the package along into the position shown in FIG. 11, the
      package 49 partially bulging the freely stretched tying-means chord 31'.
      Upon reaching the position shown in FIG. 11, the tying arm enters into
      operation, conducts the tying means completely around the package 49 but
      remains with the guide roller 25 below the feed table 35. In this position
      of the tying arm 23, the fastening device 30 connects the ends of the
      tying means together. During this process, another package can already be
      placed on the conveyor belts 36. Upon the following step of the working
      cycle of the chain, the completely tied pack 49 is thus simultaneously
      brought to the point of discharge from the machine, while the newly
      introduced package is brought to the tying-means station.
PAR  Instead of the horizontally rotating chain 46, a vertical direction thereof
      could also be selected. This means that in such case the push rods 48
      would rotate in a vertical plane.
PAR  While I have disclosed several embodiments of the present invention, it is
      to be understood that these embodiments are given by example only and not
      in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for tying packages comprising:
PA1  means defining a feed path for a package;
PA1  rails extending transversely to said feed path and extending over its
      width;
PA1  a carriage displaceable on said rails across said feed path;
PA1  a tying arm mounted on said carriage for placing an elongated tying element
      around said package by forming a bulge in said element freely stretching
      transversely to said feed path for engagement by the package upon the
      feeding thereof along said path, said arm thereafter displacing said
      element around the remainder of the package; and
PA1  a fastening device for tying said element after it has been passed around
      said package by said arm.
NUM  2.
PAR  2. The machine defined in claim 1, further comprising a supply drum on said
      carriage for delivering said element to said arm.
NUM  3.
PAR  3. The machine defined in claim 2 wherein said arm is swingable on said
      carriage about an axis and said drum has an axis of swing centered on the
      axis of said arm.
NUM  4.
PAR  4. The machine defined in claim 2, further comprising vertical columns
      supporting said rails and said fastening device for adjustment in a
      vertical direction.
NUM  5.
PAR  5. The machine defined in claim 2, further comprising means for rotating
      said drum in a sense to enable withdrawal of said element therefrom, and
      means for braking the rotation of said drum in said sense.
NUM  6.
PAR  6. The machine defined in claim 2, further comprising vertical columns
      carrying said rails and said fastening device, said columns defining with
      said rails a gate through which said package is passed.
NUM  7.
PAR  7. The machine defined in claim 2 wherein said arm has a swing adapted to
      extend over the rear corners of said package.
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ABST
PAL  A method for the application of data to a workpiece wherein the
      determination of the data occurs at a testing machine, and the data is
      transmitted to a marking device and applied by such marking device to the
      workpiece. According to the invention for the application of the data to
      the workpiece the workpiece is removed from the testing location of the
      testing machine and mounted at the marking device and the determined data
      remains stored after removal of the workpiece from the testing machine.
      The apparatus for the performance of the aforesaid method aspects is
      manifested by the features that the marking device is arranged externally
      of the testing location of the testing machine and a storage stores the
      data which has been determined at the testing machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved method of applying data
      to a workpiece, especially to a bevel gear, wherein determination of the
      data occurs at a testing machine, especially a contact reflection testing
      machine, and the data is further transmitted to a marking or designation
      device and by means of such marking or designation device is applied to
      the workpiece. Furthermore, the invention is concerned with a new and
      improved construction of apparatus for the performance of the aforesaid
      method.
PAR  It is known for the application of data or other significant information to
      workpieces to imprint such workpieces with the data at the testing machine
      where such data has been ascertained, ink being used as the printing
      agent. A drawback of this technique is that the marking unit or device
      must be mounted at the testing machine, rendering more difficult actuation
      and supervising of the testing machine. A further drawback resides in the
      fact that the function of the marking unit is impaired. Additionally, when
      ink is used as the printing agent such does not furnish any really
      resistant labeling or marking, and a durable printing agent, such as for
      instance an etching agent a cannot be employed because of the danger of
      corrosion when the marking unit is mounted at the testing machine, e.g.
      the contact reflection testing machine. Finally, the testing machine is
      occupied for a much longer period of time by a workpiece, for instance the
      pair of bevel gears, when the marking operation occurs at the testing
      location.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to provide an
      improved method of, and apparatus for the application of data to a
      workpiece which is not associated with the aforementioned drawbacks and
      limitations of the prior art proposals discussed above.
PAR  Another and more specific object of the present invention relates to an
      improved method of, and apparatus for, marking or labeling workpieces,
      especially bevel gears, by means of which data can be durably applied to
      the workpieces, and wherein the accessibility of the testing machine is
      not hindered and there does not occur any danger of contamination of the
      workpiece marking or designation unit.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      method aspects of this development are manifested by the features that for
      the application of the data to the workpiece the workpiece is removed from
      the testing location of the testing machine and is introduced into a
      marking or designation device, the determined data being stored after the
      removal of the workpiece from the testing location.
PAR  Apart from the aforementioned method aspects the invention is also
      concerned with a new and improved construction of apparatus for the
      performance thereof which comprises a marking device which is arranged
      externally of the testing location of the testing machine and a storage
      which stores the data which has been ascertained at the testing machine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 schematically illustrates an exemplary embodiment of apparatus for
      the performance of the method aspects of this development;
PAR  FIG. 2 is a sectional view through a housing with switching wheels and
      printing wheels;
PAR  FIG. 3 is a sectional view through a printing agent container and a dosing
      mechanism; and
PAR  FIGS. 4, 5 and 6 respectively show different phases of the wetting or
      imbuing of the printing type with the printing agent.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, according to the showing of FIG. 1 there are
      located at the testing location, generally indicated by reference
      character 1a, of a conventional testing machine 1, such as known from U.S.
      Pat. Nos. 2,947,120 and 2,904,934, which therefore need not be further
      described, two bevel gears 2, 3 of a pair of bevel gears. At the testing
      machine 1 there is determined, for instance according to acoustical or
      optical criteria, at which mutual position the bevel gears 2 and 3 are
      located in optimum meshing engagement. Owing to small irregularities in
      the course of production of the gears their meshing action generally is
      not always then optimum when both of the bevel gears assume their
      theoretically determinable proper mutual position, rather then when, for
      instance, the gear 3 is shifted along its shaft or axle 4 through a small
      distance out of its theoretically correct position. The magnitude of such
      displacement path is determined at the testing machine 1 with the aid of a
      scanner or feeler 5. The value determined by the scanner 5 is transformed
      at a measurement value transducer 6 into an electrical voltage signal. The
      measured deviation also can be rendered visible by means of a digital
      measurement value indicator 7. At the same time the data is fed into a
      storage or store 8. Now the bevel gears 2 and 3 can be removed out of the
      testing machine 1 and the gear 3 can be introduced into the marking or
      labeling device 9 without the thus ascertained data becoming lost. The
      testing location 1a of the testing machine 1 is therefore now free to
      receive the next pair of bevel gears. By means of the stored data or
      information there is now adjusted at the marking device 9 the printing
      information and the data is then applied to the bevel gear 3, the data
      preferably being applied to the end face of the workpiece i.e. gear 3. The
      printing data can be simultaneously rendered digitally visible at an
      indicator panel 10 or can be imprinted upon a paper strip or tape by means
      of a recording or writing device 11.
PAR  The marking device 9 possesses a housing 21 with switching wheels or gears
      22 and printing wheels 25 at which there are secured printing type 26.
      Furthermore, the device 9 possesses an etching agent container 31 (FIG. 3)
      and an apparatus for dosing the etching agent as well as for imbuing the
      printing type with such etching agent, all as now to be considered more
      fully.
PAR  FIG. 2 illustrates details of the housing 21 in which there are mounted
      three switching or indexing wheels 22 which are independently electrically
      adjustable. The wheels are located at concentric hollow shafts 23 which
      are mounted for instance in TEFLON bearings 24. Hence, data or information
      consisting for instance of a sign character and two numbers can be
      printed. The switching wheels 22 cannot be simultaneously employed as
      printing wheels 25 since for constructional reasons they must possess a
      certain mutual spacing. If the printing type 26 were located at the
      switching wheels 22 then there would be produced at the bevel gear 3
      printed data having printed characters or information symbols which are
      widely spread apart, something which in any case would be very difficult
      to read and in the case of small bevel gears could not even be applied
      because of insufficient space. Furthermore, it is not desirable to arrange
      the electrical switching device in a space in which there also can arrive
      etching agent residues at the printing type 26. The switching or indexing
      wheels 22 therefore are located in housings or casings protected against
      the vapors of the etching agent and which housings are sealed with respect
      to the printing compartment 27. Each printing wheel 25 is coupled with an
      associated switching or indexing wheel 22 by means of which it can be
      selectively adjusted. The printing wheels 25 carry as the printing type
      either the signs plus (+) and minus (-) or the numbers from 0 to 9. The
      printing types 26 consist of an elastic material resistant to the etching
      agent.
PAR  FIG. 3 illustrates the etching agent container 31 within which there is
      located the etching agent 32, for instance a liquid formed on the basis of
      a mineral acid. At the floor or bottom 33 of such etching agent container
      31 there is located a layer of resilient etching agent-resistant rock wool
      34. A porous absorbent or suction block 35 consisting of ceramic bound
      carborundum and serving as dosing means for the etching agent, bears
      against the rock wool 34 and partially extends out of the etching agent 32
      and through an opening 37 of a cover 36 of the etching agent container 31
      into the surroundings. The absorbent block 35 possesses for instance a
      rectangular cross-sectional configuration, and two lateral webs 38 thereof
      are higher than the central portion 39 of such block. A sealing O-ring 40
      formed of etching agent-resistant elastic material is arranged about the
      opening 37 of the etching agent container 31, as shown.
PAR  FIG. 3 additionally depicts an imbuing or wetting block 41 defining a
      porous disk which is mounted in a wetting block carrier 42. In the
      depicted position the wetting block carrier 42 bears against the O-ring
      40, so that the etching agent container 31 is tightly sealed.
PAR  The wetting block 41 and the wetting block carrier 42 serve for imbuing or
      wetting the printing type with etching agent. The wetting block 41 only
      bears upon the webs 38 of the absorbent block 35 in order to prevent too
      much etching agent reaching the wetting or imbuing block 41. Wettting
      block 41 and wetting block carrier 42 are of substantially disk-shaped
      configuration. They are pivotably mounted and in a rest position assume
      the position depicted in FIG. 3, whereas in the work or effectual position
      the wetting block 41 bears with its circular surface against the printing
      type 26. The wetting block 41 contacts the printing type 26 only by means
      of its central portion which has not been in contact with the absorbent
      block 35. In this way there is prevented that too much etching agent 32
      will reach the printing type 26.
PAR  The function of the marking device or unit will be readily apparent from
      the construction and will be easily understood with respect to FIGS. 4 to
      6:
PAR  The switching or indexing wheels 22 are adjusted in accordance with the
      data or information determined at the testing machine 1. Consequently, the
      printing wheels 25 are also brought into the proper position. During this
      phase the wetting block 41, according to the showing of FIG. 4, is located
      at the absorbent block 35 of the etching agent container 31 and sucks-up
      etching agent 32. Thereafter the wetting block 41, according to the
      showing of FIG. 5, is pivoted and reaches the type imbuing or wetting
      position depicted in FIG. 6. During the pivoting operation and the wetting
      or imbuing operation the etching agent container 31 is open. After the
      wetting block 41 has again been pivoted back into its original position
      there occurs the printing operation. To this end the printing type 26 are
      pneumatically moved with the housing 21 along a non-illustrated carriage
      against the bevel gear 3 which is to be marked or labeled. The carriage
      can travel within its stroke in each position as a stop against the bevel
      gear end face. The marking or labeling is thus likewise applied to the end
      face of the bevel gear 3.
PAR  Another possibility for marking the bevel gear is the use of an
      electro-recording device of known construction which operates on the
      principle of arcing. In order to be able to use an electro-recording
      device for the automatic marking it is not sufficient to only arrange one
      recording or writing pen. It is however possible to assemble together a
      certain number of recording pens, -- for instance 15 pens in five lines,
      each of which have three pens -- into a needle matrix. With appropriate
      electrically controlled circuitry for the required recording pens the
      necessary printed characters then can be composed of points or dots.
PAR  A further possibility for marking or labeling the bevel gears is the use of
      anodic or oxide coating techniques. In order to carry out an automatic
      marking with such eloxal process the desired lines and numbers are
      arranged in succession at a band and there stamped or punched-out. This
      band (stencil) for marking must then be brought into the momentarily
      desired position. The marking then occurs by infeeding an electrolyte
      (etching agent) while applying voltage.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. ACCORDINGLY,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for etching data on the metallic surfaces of a workpiece
      comprising, a housing, printing wheels having printing type secured
      thereon and mounted within said housing, an etching agent container
      disposed adjacent to said housing for containing an etching liquid, an
      absorbent block extending partially into the etching liquid through an
      opening in said container, said absorbent block having a surface extending
      out of the etching liquid, a wetting block mounted between said housing
      and said container for movement into first and second positions, said
      wetting block having a contact surface, a first portion of which engages
      the surface of said absorbent block extending out of the etching liquid
      when said wetting block is moved into said first position and a second
      portion of which engages said printing type when said wetting block is
      moved into said second position, the size of said absorbent block surface
      which engages the first portion of the contact surface of said wetting
      block being chosen so as to prevent excessive wetting of the wetting block
      with said etching liquid.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said printing wheels are mounted
      in a printing wheel compartment within said housing on shafts disposed in
      said housing, and including an electrically adjustable switching wheel
      associated with each printing wheel and mounted on the shaft of its
      respective printing wheel, said switching wheels being sealingly separated
      from said printing wheel compartment whereby said switching wheels are
      protected from the vapors of the etching liquid in said printing wheel
      compartment.
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ABST
PAL  A printing device for imprinting selected characters from a plurality of
      type wheels on a record medium is described. Control means are provided
      for selectively adjusting each of the type wheels to bring selected
      characters of each of said type wheels into registry with printing
      positions on the record medium. The control means includes adjusting or
      typesetting means for each of said type wheels which are conjointly driven
      by a common drive means. Means are provided for selectively disengaging
      the drive means and the adjusting means of any type wheels which have
      selected characters in registry with the printing position on said record
      medium. The drive means continues to drive other adjusting means
      notwithstanding the prior disengagement of other adjusting means from the
      drive means.
BSUM
PAR  The present invention relates to a printing apparatus for imprinting
      selected characters on a movable record medium. More specifically the
      present invention relates to a printing mechanism having a set of
      juxtaposed type wheels with a plurality of characters thereon and
      typesetting control means for selectively adjusting said type wheels to
      bring selected characters thereon into registry with printing positions on
      the record medium.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Printing devices of the general class described above are already known in
      varied designs. However, all of these designs reveal a complicated control
      mechanism for the adjustment of the type wheels so that the production
      costs of such printing devices are correspondingly high.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to create a printing device which
      is distinguished, in terms of design, by its particular simplicity and
      which can be produced at a correspondingly low cost.
PAR  It is another object of the present invention to provide a printing device
      suitable for use with a computer unit of an electrical cash register for
      the print-out of sales slips, credit slips, or coupons which displays the
      printed information in a manner that can be documented.
PAR  It is still another object of the present invention to provide a printing
      device for use in combination with electronic scales or any other output
      instruments which require an information to be printed out on a record
      medium.
PAR  It is a further object of the present invention to provide a printing
      mechanism which can be used as an independent subsystem having its own
      drive means.
PAR  The objects of the present invention are fulfilled by providing an
      adjusting or typesetting means for each of said type wheels which can be
      interrupted independently of the drive motion of the drive members of a
      control mechanism which drives them. The motion of the drive means remains
      the same for any adjustments of the type wheels. However, the adjusting
      means for each type wheel are selectively disengaged from the drive means
      as selected characters of the associated type wheels reach a printing
      position. In this design, the adjustment of the type wheels is no longer
      achieved through a corresponding control of separate control mechanisms
      bringing about the drive of those wheels but rather by the control device
      according to the invention which, for this purpose, merely brings about a
      separation of the mutually cooperating adjusting and drive members,
      something which can be achieved advantageously in various ways in terms of
      design.
PAR  In a preferred embodiment, the adjusting members comprise toothed racks and
      the toothed wheels, which serve for the adjustment of the type wheels, and
      which can selectively be stopped by means of an electrical control device.
PAR  The selective separation of the toothed racks and drive members for the
      selective adjustment of the type wheels can be accomplished in a
      particularly simple manner by the use of a releasable coupling comprising,
      which is attached to the toothed rack and which can be pivoted or bent
      downwardly under the action of traction or pressure, and a pick-up means
      which is attached to the drive means and releasably engages the coupling
      means. In a preferred embodiment the stop means comprises an angular
      spring, such as a wire spring, which has a first leg arranged
      substantially parallel to the longitudinal axis of the tooth rack to which
      it is attached and a second leg at an angle to said first leg in the plane
      of the toothed rack. The pick-up means comprises a laterally movable rod
      for the purpose of driving all toothed racks which engages between them
      and their stops. If, upon the action of the control device, corresponding
      toothed wheels driven by the toothed racks which turn the type wheels are
      brought to a standstill, this also interrupts the movement of the toothed
      racks so that a relative motion takes place between the stop means and the
      rod-shaped pick-up means. This causes the wire spring to pivot or bend
      down for the purpose of releasing the rod-shaped pick-up means. In order
      to enable the pick-up means to again grip behind the stop in the original
      manner on the return stroke of the pick-up means a further improvement of
      this releasable coupling provides a stop-leg, or second leg, cooperating
      with the rod-shaped pick-up means, which is bent downwardly at an acute
      angle for the formation of a third leg, a diagonal run-up curve, at its
      free end in the plane of the toothed rack which extends away from the
      stop-leg into the movement plane of the pick-up. As a result of this
      diagonal run-up curve, a camming effect is achieved when the pick-up rod
      encounters said third leg on its return stroke. This camming effect causes
      the stop means and the stop-leg to pivot or bend downwardly so that the
      pick-up means can move beyond that leg and so that the stop-leg can snap
      back into its normal position. The toothed wheel means, which cooperate
      with the toothed racks and which are associated with the individual type
      wheels, can be arranged coaxially with respect to the type wheels. In that
      case, the toothed racks would engage between the type wheels and it would
      accordingly be necessary to accept a comparatively broad interval between
      the individual type wheels. In order to be able to arrange the type wheels
      as closely together as possible, the toothed wheels in a preferred
      embodiment of the present invention are positioned on axes which are
      substantially parallel to the axes of the type wheels, and preferably
      below them. The type wheels can be adjusted by an adjusting wheel which
      can be driven by the toothed wheel means which meshes with the toothed
      racks. The characters of the type wheels are tip-stretched on the front
      side of each of a plurality of teeth provided along the circumference of
      the type wheels. The adjusting wheels mesh with the teeth of the type
      wheels. This design makes it possible to guide the toothed racks in an
      area below the type wheels.
PAR  The interruption of the adjusting movement of the toothed racks by the
      electrical control device can advantageously be accomplished by
      selectively actuated stop-members which engage in the teeth of the
      particular adjusting wheel. In a preferred design the stop-member is
      arranged on a magnetically actuated swing lever. Each adjusting wheel has
      such a swing lever, equipped with a stop-member associated therewith, and
      the type wheels are arranged closely to each other and the drive and
      control mechanisms. Accordingly, a plurality of very small electromagnets
      having coil widths of just a few millimeters are used to drive the stop
      members. In order now to make sure that there will be a comparatively
      large starting torque available in spite of such small magnets, at least
      two or preferably three magnets are provided and arranged in a common
      plane located perpendicularly with respect to the axis of the swing lever
      and staggered at angular intervals from each other. Each of the magnets
      cooperates with a separate arm of the swing lever. According to the
      invention, the electrical control device for the control of the toothed
      rack movements includes at least one electric terminal board on which,
      next to each other, there are arranged a number of contacts, which can be
      selected by the adjusting device and which correspond to the number of
      characters present on the type wheels. Associated with this electrical
      terminal bar there is provided a contact spring which is secured to the
      toothed racks and which is electrically connected with the magnets of all
      swing levers. This contact spring picks off the contacts of the contact
      carrier. The design can be such that a stationary electrical terminal bar
      is associated with each toothed rack and that accordingly there is also
      arranged, on each toothed rack, a contact spring which engages the
      contacts on the electrical terminal board.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects of the present invention and the attendant advantages thereof
      will become more readily apparent by reference to the following drawings
      wherein:
PAR  FIG. 1 is a side elevational diagrammatic view of a first embodiment of the
      printing apparatus of the present invention;
PAR  FIG. 2 is a side elevational diagrammatic view of a second embodiment of
      the printing apparatus of the present invention; and
PAR  FIGS. 3-5 are detailed views illustrating the operation of the resilient
      coupling means for connecting the pick-up means with the toothed rack.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 there is illustrated, for example, a printing device
      which can be connected to a cash register or some other piece of
      equipment. That is to say, the printing mechanism is controlled and driven
      directly by such a piece of equipment.
PAR  The printing device of FIG. 1 includes a printing mechanism generally
      indicated 10 and a control mechanism generally indicated 12 arranged
      between two side support plates 14 which are arranged substantially
      parallel to each other. The printing mechanism includes a plurality of
      juxtaposed type wheels 17 which are rotatably arranged at closely spaced
      intervals on a common bearing axle 16 journaled in side plates 14. Along
      their circumference, type wheels 17 have a plurality of teeth 18 spaced at
      uniform angular intervals. On their front side, these teeth in each case
      have printing characters thereon. These characters may consist of letters
      as well as numbers.
PAR  In one example, we might assume that billing amounts, which are put into a
      cash register with the help of the printing mechanism, are to be printed
      upon tickets. Accordingly, the type wheels 17 are equipped with a total of
      ten teeth 18, each of which carries one number. The bearing axle 16 of the
      type wheel is journaled in an upper plane of the plates 14, whereby the
      type wheels are covered by a typewriter ribbon which is guided on movable
      rollers 20, 22. Above that typewriter ribbon and essentially parallel to
      it there is provided a record medium designated 26 having individual
      sections. The record medium may be a paper strip drawn from a supply spool
      28 which can be wound up on a wind-up spool 30. The paper strip according
      to FIG. 1 is guided to the right of the type wheels, around a scrape-off
      edge 32 substantially perpendicularly upward and then around a diversion
      roller 34 and is thus pressed by two pressure rollers 36, 38 against a
      part of the circumference of a rotatable transport roller 40. The strip is
      gradually drawn off from the spool 28 in such a manner that, in each case,
      an unprinted section of the record medium is fed between the type wheels
      17 and a printing hammer 42 which, in turn, for the purpose of pressing
      the record medium against the typewriter ribbon or against the numbers
      which are in the printing position, performs a striking motion in the
      known manner.
PAR  To adjust the printing mechanism 10, each type wheel 17 has associated with
      it an adjusting or typesetting wheel 46. These adjusting wheels sit on a
      common bearing axle 48 which, according to FIG. 1, is rotatably arranged
      under the type wheel set and preferably in the plane of bearing axle 16.
      The adjusting wheels 46 which are made in the form of toothed wheels, are,
      with their teeth, in form-locking engagement with the tooth gaps of the
      type wheels 17. The adjusting wheels 46 are for the purpose of their being
      driven, connected in a torsion-proof fashion with a coaxially arranged
      drive pinion 50 which, in turn, meshes with a toothed rack 52. The
      adjusting wheels 46, the pinions 50, and the toothed rack 52 constitute a
      part of the general control mechanism 12. Individual toothed racks 52 are
      equipped with a guide slit 54 which extends in the longitudinal direction
      of said racks and which, for the purpose of toothed rack guidance,
      cooperates with a guide rod 56 held between side support plates 14. The
      longitudinal adjustment of the individual toothed racks for the adjustment
      of the type wheels is accomplished by means of a common pick-up rod 58
      which is linearly movable laterally of itself with its ends in the
      corresponding guide slits 60 of the two plates 14. There is further
      provided a pair of pick-up arms 62 for each adjusting means, which in each
      case are articulated swingably at the free end of an adjusting lever 66
      which sits on a swing axle 64 and which can be swung back and forth by a
      suitable drive means (not shown).
PAR  To form a drive connection for pick-up rod 58 with the individual toothed
      racks 52 a resilient coupling 67 (FIG. 3) is provided which can be pivoted
      or bent between a first and second position under the effect of tension or
      pressure. Said coupling means is formed by an angular wire spring which is
      attached at the rear end of the toothed rack 52 and which so to speak
      forms a stop portion 68 pointing upwardly. The wire spring is bent with a
      first leg portion 70 around a bracing member 72 which is arranged on the
      toothed rack at a distance spaced from the rear end of said toothed rack
      52 defining a second leg portion 74. This second leg portion 74 extends
      substantially parallel to the first leg portion 70 in the direction of the
      toothed rack end and is attached to the tooth rack at 76. As a result of
      the comparatively long distance between the bracing member 72 and stop leg
      portion 68, the first leg portion 70 can be bent over a comparatively long
      distance so that it has a relatively small spring resistance in this area
      and so that it will give way downwardly at a relatively small pressure
      exerted by the pick-up rod 58 upon the stop leg portion 68. Therefore,
      pick-up rod 58 will run over stop leg portion 68 when the associated
      toothed rack 52 is stopped. Thus toothed rack 52 becomes disconnected and
      driveless.
PAR  The free end of stop leg portion 68 is bent off at an acute angle to form a
      diagonal run-up curve 77. This spring leg portion extends away from stop
      leg 68 into the movement plane of the pick-up rod 58. Parts 58, 68 thus
      create a separable hangon coupling between the drive member 62 and the
      toothed racks which is disengaged when the type wheels, in the course of
      their rotation movement brought about by the toothed racks, assume a
      position in which a selected character is in the printing position.
PAR  The movement of the toothed rack must thus be interrupted at a very
      specific moment in the course of the drive movement of the pick-up rod 58.
      For this purpose, there is associated with each adjusting wheel 46 a
      locking lever 78, positioned on a common swing axle 80 arranged parallel
      to the bearing axle 48 of the adjusting wheels 46. The locking lever 78 on
      its free end, has a pin-like stop member 82 which engages between a tooth
      pair of the adjusting wheel and thus brings about the locking or stopping
      of the same or of the particular type wheel and the corresponding toothed
      rack. The swinging of the locking lever 78 is facilitated by magnetic
      force generated by three electro-magnets 84, 86, 88, arranged in a common
      plane but at angular intervals from each other. With small magnetic coil
      diameters, said magnets in each case cooperate with an arm 90 of the
      locking lever 78.
PAR  The selection of the magnets is accomplished by means of an electrical
      control device which, in a preferred embodiment includes for each toothed
      rack 52, a stationary electrical terminal bar 92 upon which there is
      arranged a number of contacts 94 which can be selected by the adjusting
      device and said number corresponds to the number of the characters or
      numerals present on the type wheels. Associated with this electrical
      terminal bar there is a contact spring 96 secured to the toothed rack.
      This contact spring is electrically connected with the magnets of the
      particular locking lever 78 and selectively engages the contacts 94 during
      the longitudinal movement of the toothed rack.
PAC  DESCRIPTION OF OPERATION
PAR  Let us assume that the printing device is not in operation. The control
      mechanism 12 in this case remains in the position shown in FIG. 1 in
      which, for example, the number 0 of the individual type wheels 17 is in
      the printing position opposite the printing hammer 42. Now, if in the
      connected instrument, for example, an electrical cash register, a certain
      numerical value is put in, then that same value is directly coded in the
      control device by virtue of the fact that, on the individual electrical
      terminal bars 92, voltage is applied to the contact switch in each case
      corresponding to a number of the numerical value. In order to print the
      numerical value on a section of the record strip 26, it is necessary to
      set the control mechanism 12 in motion whereby, due to the swinging of the
      adjusting levers 66, the pick-up rod 58 simultaneously tries to set all
      toothed racks in motion through cooperation with their stop leg portions
      68. The contact springs 96, attached to the toothed racks respectively,
      now sweep contacts 94 as the toothed racks are driven and the particular
      contact to which voltage has been applied. As a result the magnets are
      selectively energized which leads to the engagement of the locking lever
      in the associated adjusting wheel 46 and thus the stopping of the type
      wheels 17 and the corresponding toothed rack 52 (see FIG. 2).
PAR  On the basis however of the fact that the pick-up rod 58 performs an
      equally large adjusting movement for each imprint, the spring leg portion
      70 is swung out downward (FIG. 4) by the pressure created between rod 58
      and stop leg portion 68 and the toothed rack drive is thus interrupted
      decoupled whereby the pickup rod 58 moves into a terminal position shown
      in FIG. 2.
PAR  Before the pick-up rod 58 is again steered in the opposite direction, the
      printing hammer 42 is actuated for the imprint to be made.
PAR  At this point in time the individual electrical terminal bars to which
      voltage has been applied through the adjusting device are rendered
      currentless, so that the locking levers 78, under the action of a return
      spring not shown in greater detail, will return to their release position.
      After that, the pick-up rod 58, in the course of its return stroke runs
      into the run-up curve 77 of the stop leg portion. As a result stop leg
      portion 68 is again swung out and the pick-up rod 58 can return into its
      pick-up position between the stop leg portion 68 and toothed racks 52 and
      can thus guide the toothed racks into the common starting position
      according to FIG. 1 for the purpose of adjusting the type wheels 17.
PAR  The example shown in FIG. 2 differs from the one shown in FIG. 1 inasmuch
      as each adjusting wheel 46 meshes not only with a type wheel 17 but also
      with another identical type wheel 98 which, for example, is arranged at a
      distance of 90.degree. from type wheel 17 to which is likewise associated
      a printing hammer 100. This additional type wheel 98 facilitates the
      continuous imprinting of a band-like record medium, such as a daily
      reference record strip, not shown in any further detail here.
PAR  In order to print on a separate paper strip with the printing device of the
      present invention scrape-off edge 32 may be replaced by a cutting knife
      for forming separate imprinted strip segments. The design according to the
      present invention facilitates the use of any desired large number of type
      wheels and any selected adjustment of any desired number of type wheels,
      whereby the input process takes place in parallel and the input in the
      case of numbers can be accomplished selectively according to a Scheme 1
      from 10 or the BCD code. OCRA printing is also possible.
PAR  The invention described herein may be modified as would occur to one of
      ordinary skill in the art without departing from the spirit and scope of
      the present invention.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. In a printing apparatus of the type including a plurality of rotatable
      type wheels (18), typesetting means (52, 50, 46) for rotating each of said
      type wheels, a cyclically-operable common drive means (58), resilient
      coupling means (67) releasably connecting said typesetting means with said
      common drive means, and locking means (78) for locking said type wheels in
      desired printing positions, thereby to decouple the typesetting means
      associated with the locked type wheels from said common drive means,
      thereby allowing the common drive means to complete its cycle, the
      improvement wherein
PA1  a. said typesetting means includes a plurality of parallel longitudinally
      displaceable racks (52) associated with said type wheels, respectively;
PA1  b. wherein said drive means comprises a pick-up rod (58) arranged normal to
      said racks adjacent and spaced from one end thereof, said pick-up rod
      being alternately laterally displaceable in a direction longitudinally of
      said rod toward and away from said rack; and
PA1  c. further wherein said resilient coupling means comprises spring members
      (67) connected at one end with said racks, respectively, said spring
      members having at their other ends projection means (68) for extending in
      coupling engagement behind said rod, said other ends of said spring
      members being laterally deflectable for decoupling an associated rack from
      said rod when said locking means is actuated.
NUM  2.
PAR  2. Apparatus as defined in claim 1, wherein each of said spring members
      comprises a wire spring member having a first portion (70) extending
      longitudinally of and connected at one end with the rack member with which
      it is associated, said spring member including a stop projection portion
      (68) arranged at the other end of said first portion, said stop projection
      portion terminating in an angularly arranged ramp portion (77) which
      causes said stop projection portion to be laterally deflected when said
      pick-up rod is displaced toward said wire spring member and said rack.
NUM  3.
PAR  3. Apparatus as defined in claim 2, and further wherein said wire spring
      member includes a second portion (74) connecting said first spring portion
      with said rack, said second portion extending around a lateral abutment
      (72) on said rack and being secured at its free end to said rack.
NUM  4.
PAR  4. Apparatus as defined in claim 3, and further including rack guide means
      (54, 56) guiding said racks for longitudinal movement relative to each
      other.
NUM  5.
PAR  5. Apparatus as defined in claim 3, and further including rod guide means
      (60) guiding the ends of said pick-up rod to assure lateral movement of
      said pick-up rod longitudinally of said racks.
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ABST
PAL  A squeegee assembly for use on a screen printing machine which includes a
      squeegee holder and associated squeegee blade having a liquid filled
      tubular member for exerting a liquid or hydraulic pressure on the squeegee
      blade in a manner whereby the pressure exerted by the squeegee blade is
      equalized along the entire length thereof and to provide the squeegee
      blade with the flexibility necessary to conform to a printing surface. The
      assembly may also include a piston and cylinder assembly to vary the
      liquid pressure exerted on the squeegee blade and/or a contour bar through
      which the liquid pressure is transmitted to the squeegee blade.
BSUM
PAC  PROBLEM
PAR  In high speed rotary screen printing machines, a metal squeegee blade is
      frequently utilized to force the ink or color through a rotating screen
      during a printing operation. However, some difficulty has been encountered
      in maintaining the pressure exerted by the squeegee blade equalized
      throughout the length thereof during a printing operation, and at the same
      time to impart to the squeegee blade the requisite flexibility to conform
      to any irregularities of the printing bed or surface. Unless the pressure
      exerted by the squeegee blade is equalized across the length thereof, a
      non-uniform print results therefrom.
PAC  OBJECTS
PAR  It is an object of this invention to provide an improved squeegee assembly
      in which a liquid pressure is exerted along the length of the squeegee
      blade to equalize the pressure exerted thereby.
PAR  Another object is to provide a squeegee assembly in which the liquid
      pressure is exerted along the length of the squeegee blade in a manner
      whereby the squeegee blade is provided with the flexibility necessary to
      conform to the printing surface.
PAR  Another object is to provide a squeegee assembly which is subjected to a
      liquid pressure in which the amount of applied liquid pressure can be
      readily adjusted.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The foregoing object and other features and advantages are attained by a
      squeegee assembly comprising a squeegee holder and an associated squeegee
      blade. Supported on the squeegee holder for exerting a liquid or hydraulic
      pressure is a tubular member containing a supply of liquid. The
      arrangement is such that the liquid filled tubular member maintains a
      liquid pressure in the squeegee blade along the length thereof. The
      tubular member may be formed to contain a confined amount of liquid, or
      alternatively may be connected to a reservoir in the form of a piston and
      cylinder whereby the pressure exerted by the tubular member can be
      adjusted within predetermined limits. In another embodiment of the
      invention a contour bar may be interposed between the liquid filled
      tubular member and the squeegee blade whereby the liquid pressure is
      transmitted through the contour bar to the squeegee blade. The contour bar
      is formed with a tapered edge to engage the squeegee blade along a line
      contact so that by reversing the contour bar the squeegee blade can be
      made hard or soft accordingly. Also, the contour bar is provided with a
      plurality of spaced slots to impart the contour bar with the requisite
      flexibility to conform to a printing bed or surface during a printing
      operation.
PAC  FEATURES
PAR  A feature of this invention resides in the provision of a squeegee assembly
      having a liquid filled tubular member for exerting a liquid pressure on
      the end of a squeegee blade so that the pressure exerted by the squeegee
      blade is equalized throughout the length thereof.
PAR  Another feature of this invention resides in the provision of interposing a
      contour bar between a liquid filled tubular member and the squeegee blade
      whereby the liquid pressure is transmitted through the contour bar to the
      squeegee blade.
PAR  Another feature of this invention resides in the provision of a contour bar
      for equalizing the fluid pressure transmitted to a squeegee blade which is
      slotted so as to provide the requisite flexibility to permit the squeegee
      blade to conform to the contour of a printing surface or bed.
PAR  Another feature resides in the provision of a squeegee assembly which is
      subjected to a liquid pressure which can be readily varied so as to adjust
      the pressure the squeegee blade exerts on the printing screen.
PAR  Another feature of this invention resides in the provision of a squeegee
      holder formed to accommodate a liquid filled tubular member for exerting
      liquid pressure onto a squeegee blade to equalize the pressure exerted
      thereby along the length of the squeegee blade.
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PAR  Other features and advantages will become more readily apparent when
      considering in view of the drawings in which:
PAR  FIG. 1 illustrates a diagramatic elevation view of a squeegee assembly
      embodying the present invention as applied to a rotary screen printing
      machine. FIG. 2 is a fragmentary elevation view of a squeegee assembly
      embodying the present invention.
PAR  FIG. 3 is a sectional view taken along line 3--3 on FIG. 2.
PAR  FIG. 4 is a fragmentary elevation view similar to that of FIG. 2, but
      illustrating a modified embodiment thereof.
PAR  FIG. 5 is a fragmentary elevation view of another embodiment of the
      invention having portions thereof broken away.
PAR  FIG. 6 is a sectional perspective view taken along line 6--6 on FIG. 5
      drawn to an enlarged scale.
PAR  FIG. 7 is a detailed perspective view of a contour bar utilized in the
      embodiment of the invention shown by FIGS. 5 and 6.
PAR  FIG. 8 is a perspective sectional view of another modified form of the
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, there is shown in FIG. 1, a squeegee assembly 10
      embodying the present invention as applied to a rotary screen printing
      apparatus 11. As shown, squeegee assembly 10 is axially disposed to extend
      through a rotary printing screen 12. In such screen printing apparatus 12,
      e.g., as described in patent application Ser. No. 268,522 filed July 3,
      1972, means are provided for raising and lowering the screen and
      associated squeegee assembly between a printing and non-printing position.
      As shown, diagramatically, the squeegee assembly is also provided with
      adjusting means 13 whereby the force which the squeegee assembly exerts on
      a printing screen can be varied. Such adjusting means may comprise either
      a mechanical and/or hydraulically operated means, e.g., a piston and
      cylinder assembly. Such means 13--13 initially locate the squeegee
      assembly 10 relative to the printing screen 12 during a printing
      operation.
PAR  In accordance with this invention, there is provided an additional means
      whereby the pressure exerted by the squeegee blade on the screen can be
      uniformally applied or distributed across the entire length of the
      squeegee blade from selvage to selvage edge of the material being printed.
      The squeegee assembly 10 comprises a squeegee holder 14 which is suitably
      supported on a support bar 15 extending axially of a rotary printing
      screen 12. The squeegee holder 14, as illustrated, comprises a casting,
      extrusion or other suitable formed member having opposed depending side
      walls portions 14A -- 14B to define an inverted channelway 16. Connected
      to one of the side wall portions, e.g., 14B, is a bracket 17 for securing
      a squeegee blade 18 to the holder 14. The squeegee blade 18 may be formed
      of a thin flexible metal sheet, as for example, copper, whereby the free
      end 18A of the blade underlies the channelway 16 defined by the opposed
      side wall portions 14A, 14B of the squeegee holder 14.
PAR  Interposed and arranged to extend within the channelway 16 defined by the
      opposed side wall portions 14A, 14B of the squeegee holder 14 is a
      flexible tubular member 19. In the embodiment illustrated in FIGS. 2 and
      3, the tubular member is filled with a liquid, e.g., water or other
      suitable hydraulic fluid 20 and which tubular member is sealed at both
      ends, as indicated at 21. Thus, the water or other suitable hydraulic
      liquid 20 is confined within the sealed tubular member 19 in a manner
      whereby a liquid pressure is applied onto the end of the squeegee blade 18
      when the squeegee blade 18 is disposed in printing position.
PAR  As best seen in FIGS. 2 and 3, the tubular member filled with the hydraulic
      liquid is retained within the channelway 16 by a cradle 22 formed of a
      flexible material, e.g., Teflon or other suitable material. The cradle
      material is arranged to conform to the shape of the tubular member 19 and
      the sides 22A, 22A are supported between the side wall portions 14A, 14B
      of the holder by transversely extending pins 23 located at each end of the
      cradle 22. As best seen in FIG. 2, the sides 22A of the cradle are
      provided with an elongated hole 24 through with the support pin 23
      extends. The slotted hole 24 permits some limited lost motion of the
      Teflon cradle so as to permit it to adapt to the tubular member 19 when
      the latter is exerting pressure on the squeegee blade 18.
PAR  The arrangement is such that when the squeegee assembly 10 is initially
      lowered to the printing screen, that the deflection of the squeegee blade
      18 against the liquid filled tubular member 19 is such that a hydraulic or
      liquid pressure is exerted along flexible end 18A of the squeegee blade 18
      during a printing operation. In this manner, the pressure exerted by the
      squeegee along its entire width against the printing screen is equalized.
      The liquid filled tubular member 19 also enables the squeegee blade to
      achieve the desired flexibility so as to maintain contact with the
      printing screen throughout the entire length thereof during a printing
      operation thereby resulting in a uniform print.
PAR  FIG. 4 illustrates a modified embodiment of the invention. In this form of
      the invention, the squeegee assembly 10A is identical to squeegee assembly
      10 described with respect to FIGS. 2 and 3, with the exception that the
      tubular member 19A is connected in fluid communication with a reservoir
      means 30 whereby the liquid pressure exerted by the liquid filled tubular
      member can be adjusted or varied. In the illustrated embodiment, the
      reservoir comprises a cylinder assembly 31 having a piston 32 moveably
      mounted therein. Thus the piston 32 defines with the end wall of the
      cylinder 31 a reservoir for containing a supply of liquid 33. A connecting
      conduit 34 connects the liquid chamber of the cylinder in fluid
      communication with the tubular member 19A. It will be understood that the
      piston 32 which is moveably mounted within the cylinder is provided with
      suitable sealing means to prohibit any leakage of the liquid thereby. An
      adjusting stem 35 is connected to the piston 32; the adjusting stem 35
      being threaded to an end nut 36 so that rotation of the adjusting stem 35
      in one direction or another causes the piston 32 to be moveably displaced
      within the cylinder. By rotating the adjusting stem in one direction or
      the other, the piston 32 is moved relative to the cylinder 31 to adjust
      the fluid pressure exerted upon the walls of the tubular member 19A.
PAR  FIGS. 5, 6, and 7 are directed to another embodiment of the invention. In
      this form of the invention, the squeegee holder 40 comprises a casting,
      extrusion or similar formed member having depending opposed side wall
      portions 40A, 40B defining a channelway 41 extending therealong. As best
      seen in FIG. 6, a pair of spaced apart longitudinally extended ribs 42 and
      43 are formed along the opposed side wall portions 40A, 40B to define an
      upper channelway 41A and a lower channelway 41B. In this form of the
      invention, a liquid filled tube 44 is confined within the upper channelway
      portion 41A. As previously described, with respect to FIG. 4, the liquid
      filled tube comprises a flexible tubular member 44 filled with suitable
      liquid. The member 44 is connected in fluid communication with a reservoir
      in the form of a piston and cylinder assembly 45, by means of a connecting
      conduit 39. Thus, the liquid pressure exerted on the walls of the tubular
      member 44 can be varied by effecting adjustment of a piston 45A relative
      to a cylinder 45B, in a manner similar to that described with respect to
      FIG. 4. However, in this form of the invention, a contour bar 46 is
      interposed between the liquid filled tubular member 44 and the squeegee
      blade 47, the latter being secured upon a bracket 48 which is in turn
      connected to the holder 40.
PAR  As best seen in FIGS. 6 and 7, the contour bar 46 may be formed of any
      suitable semi-rigid material, e.g., flexible plastic, Teflon and the like.
      The contour bar is formed with a generally T-shaped cross section in which
      the cross arm portion 46A is disposed within the upper channelway 41A to
      engage the liquid filled tubular member 44. The blade portion 46B extends
      between the longitudinally extending ribs 42, 43 so that the lower end of
      the contour bar engages the free end of the squeegee blade 47. It will be
      apparent that the pressure exerted by the liquid confined within the
      flexible tube 44 is transmitted through the contour bar 46 to the free end
      of the squeegee blade 47.
PAR  As shown in FIGS. 6 and 7, the lower or tip end portion 46C of the contour
      bar is tapered so as to define a sharp edge for defining a line contact
      with the squeegee blade 47. The arrangement is such that by reversing the
      contour bar, the tip end of the squeegee blade can be made hard or soft,
      i.e., the bearing line at which the contour bar engages the squeegee blade
      can be changed by reversing the blade as indicated by the dotted line
      showing in FIG. 6.
PAR  The contour bar 46 is also provided with a plurality of longitudinally
      spaced slots 49 which extend along the blade portion. The slots 49 enable
      the contour bar 46 to be longitudinally flexed so that during a printing
      operation, the pressure is equalized along the length of the squeegee
      blade and at the same time enables the squeegee blade 47 to conform to the
      printing surface to result in a uniform screen print.
PAR  In all other respects the operation of the squeegee assembly illustrated in
      FIGS. 5 and 6 is similar to that described with respect to the squeegee
      assembly of FIG. 4.
PAR  FIG. 8 illustrates another embodiment of the invention. In this form, the
      squeegee holder 50 comprises a casting, extrusion or otherwise formed
      member having depending side wall portions 50A, 50B which terminate in an
      inturned flange 51 defining a channelway 52. A flexible tubular member 53
      is partially disposed in the channelway. The tubular member 53 may be
      formed of plastic, rubber or the like, and its wall structure is formed
      with opposed longitudinally extending grooves 54 which are adapted to
      receive the inturned flanges 51 to support the tubular member 53 on the
      holder 50.
PAR  As seen in FIG. 8, the tubular member 53 is provided with a chamber portion
      53A for containing the confined liquid which exerts the fluid pressure
      upon the associated squeegee blade 56. In all other respects the operation
      of the squeegee assembly 50 of FIG. 8 is similar to that described with
      respect to FIGS. 1 and 2.
PAR  From the foregoing it will be apparent that the liquid filled tubular
      members 19, 19A, 44 and 53 of the respective described embodiments
      function to maintain an equalized pressure on the squeegee blade along the
      entire length thereof. Also, the arrangement enables the squeegee blade to
      conform to any irregularities of the printing surface while at the same
      time maintaining equalized pressure across the squeegee blade. The
      utilization of the contour bar of FIGS. 5 to 7 enables the pressure to be
      maintained along the length of the squeegee blade without placing the
      tubular member in contact with the squeegee blade. Thus, the liquid filled
      tube of FIGS. 5 to 7 is spaced from the printing ink. Also with the
      construction of FIGS. 5 to 7, the flaccidity of the squeegee blade can be
      adjusted by reversing the contour bar so as to shift the line contact
      thereof with the squeegee blade.
PAR  While the instant invention has been described with respect to several
      embodiments thereof, it will be readily understood and appreciated that
      variations and modifications may be formed without departing from the
      spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A squeegee assembly for use on a screen printing machine comprising
PA1  means for holding a squeegee,
PA1  a squeegee blade supported on said squeegee holding means,
PA1  means for maintaining a hydraulic pressure on said squeegee blade,
PA1  means for adjusting the hydraulic pressure created on said squeegee blade,
PA1  said means for maintaining hydraulic pressure including a flexible tube
      sealed at one end,
PA1  a supply of liquid contained within said tube,
PA1  a reversibly positionable contour bar interposed between said squeegee
      blade and said tube,
PA1  said contour bar having an inclined bottom surface terminating in a sharp
      bearing edge for engaging the free end of said squeegee blade, and
PA1  said contour bar having a plurality of spaced apart slots formed therein,
PA1  said slots opening toward the bearing edge of said contour bar so as to
      equalize the pressure applied through said contour bar on said squeegee
      blade,
PA1  whereby the flaccidity of said squeegee blade can be adjusted by an
      end-for-end reversing of said contour bar.
NUM  2.
PAR  2.  A squeegee assembly for use on a screen printing machine comprising:
PA1  means for holding a squeegee having opposed side wall portions defining a
      channelway therethrough,
PA1  a squeegee blade connected to said holding means,
PA1  said squeegee blade having its free end extending under said channelway,
PA1  a flexible tubular member disposed in said channelway,
PA1  said tubular member being sealed at one end,
PA1  a cylinder assembly,
PA1  a conduit connecting said cylinder assembly in communication with said
      tubular member,
PA1  a piston disposed within said cylinder assembly,
PA1  means for adjusting said piston relative to said cylinder assembly,
PA1  a liquid supply confined to said tubular member, cylinder assembly and
      connecting conduit whereby the adjustment of said piston varies the
      pressure of said liquid supply acting on said tubular member, and
PA1  a reversibly positionable contour bar interposed between said tubular
      member and said squeegee blade whereby the liquid pressure within said
      tubular member is transmitted through said contour bar to said squeegee
      blade,
PA1  said contour bar having a tapering end portion to define a sharp edge
      forming a line contact with said squeegee blade whereby the distance of
      said line contact from the edge of the free end of the squeegee blade can
      be varied by end-for-end reversing of said contour bar to thereby adjust
      the flaccidity of said squeegee blade.
NUM  3.
PAR  3. The invention as defined in claim 2, wherein said contour bar has a
      plurality of spaced slots formed therein, and
PA1  said slots opening to the squeegee engaging edge portion.
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ABST
PAL  A duplicating method and apparatus in which information is transferred onto
      a copy web from a master web and a repeat printing roll and in which a
      common impression cylinder carries the copy web past a pressure roll which
      cooperates with the impression cylinder for bringing the master web in
      printing contact with the copy web to print equally spaced indicia from
      the master web on the copy web and the repeat printing roll cooperates
      with the impression cylinder for printing repeat indicia on the copy web,
      and including a sheeter for separating the copy web at spaced lengths,
      each length including an impression from the master web and an impression
      from the repeat printing roll.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to improvements in duplicating apparatus of
      the type described in U.S. Pat. No. 3,241,484 to Robert J. Crissy and,
      more particularly, to a continuous duplicator for printing repeat and
      variable information onto a plurality of duplicated sheets or forms.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a continuous duplicating
      method and apparatus capable of producing multi-copies of variable
      information from a master web, such as a web printout of a computer or any
      other impact printout device, onto a repeat printed form in which the
      entire printing-duplication operation takes place while a copy web, which
      is separated into the individual forms, is in contact with a common
      impression cylinder.
PAR  The method and apparatus of the present invention are carried out by
      feeding a copy web to an impression cylinder, bringing the master web
      having variable information thereon into pressure contact with the
      impression cylinder to print the variable information onto the copy web as
      the webs are fed between a pressure roll and the impression cylinder,
      printing the form by a repeat printing roll while the copy web is still in
      contact with the impression and then separating the copy web into
      individual forms.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a further understanding of the present invention, reference may be had
      to the accompanying drawings, in which:
PAR  FIG. 1 is a sectional side elevation of the apparatus embodying the present
      invention;
PAR  FIG. 2 is a fragmentary sectional view of part of FIG. 1 showing the feed
      of the master web and the copy web between the impression cylinder and the
      pressure roll;
PAR  FIG. 3 is a view similar to FIG. 2 showing how proper registration is
      maintained by a pressure relief feature of the present invention;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 1 looking in
      the direction of the arrows;
PAR  FIG. 5 is a sectional view taken along the line 5--5 looking in the
      direction of the arrows; and
PAR  FIG. 6 is a fragmentary enlarged sectional view of FIG. 1 showing the
      repeat printing roll in a shifted position.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The continuous duplicator-printer of the present invention, as shown in the
      drawings, includes a common impression cylinder 10 for carrying a copy web
      12 through at least two printing impressions, a pressure roll 14 for
      bringing a master web 16 in printing contact with the copy web 12 to print
      or duplicate variable indicia from the master web 16 onto the copy web 12,
      a repeat printing roll 18 for printing complementary repeat indicia on the
      copy web 12 seriatim on spaced lengths in register with the duplicated
      variable indicia printed by the master web 16, and a sheeter 20 for
      separating the copy web 12 at spaced lengths such that each separated
      length of the copy web 12 has printed thereon the variable indicia from
      the master web 16 and the repeat indicia from the repeat printing roll 18.
PAR  The master web 16 may be a computer printout having a series of names and
      addresses printed thereon in mirror image in a conventional ink capable of
      dry printing the variable information onto the copy web 12. The master web
      16 is stored in zig-zag fashion in a magazine 22, and the feed holes 24
      (see FIG. 4) spaced along both edges of the master web permit it to be fed
      in proper register with the system by a pin feed unit 25. The master web
      16 is fed from the magazine and around a tension roller 26 by the pin feed
      unit which includes a pair of endless chains 28 and 28' (see FIG. 4)
      having pins 30 and 30', respectively, which mate with the pin holes 24 in
      the master copy 16. The endless chains 28 and 28' are driven by pairs of
      sprocket wheels 32 and 32', respectively.
PAR  The misalignment of the feed pins 30 and 30' with pin holes 24 results in
      the elongation and/or mutilization of the pin holes, thereby rendering the
      master web useless for subsequent runs through the apparatus. To avoid
      such misalignment, the pin feed advances the master web slightly faster
      than the feed of the master web and copy web by the impression cylinder
      and pressure roll, thereby tending to produce a bulge in the master web 16
      immediately prior to its being fed between the common impression cylinder
      10 and the pressure roll 14 (see FIG. 2). To eliminate this bulge in the
      master web, pressure reliefs 68 (to be described hereinbelow) are employed
      to relieve the pressure on the master web and thereby insure that the pin
      feed does maintain the proper registration of the master web.
PAR  Registry and alignment of the master web and the copy web are preserved by
      making each length of the master web between folds slightly longer than
      each cut length of the copy web by the amount of overfeed of the master
      web.
PAR  The master web passes under a guide 33 as it leaves the pin feed unit, and
      the variable information contained on the master web is transferred onto
      the copy web as they come into pressure contact with one another while
      passing between the pressure roll 14 and the larger impression cylinder
      10. After the duplicating operation, the master web 16 is fed over a
      tension roller 34 and stacked in zig-zag fashion in a magazine 36.
PAR  The copy web 12 is supplied from a roll 38 and is carried in engagement
      with the impression cylinder into pressure contact with the master web and
      then into printing contact with the printing roll 18 which prints the
      repeat information on the copy web 12 in proper register with the
      information printed thereon by the master web.
PAR  The printing roll 18 carries a printing plate 48 which is supplied with ink
      40 from a reservoir 42 by an inking roller 44 partially submerged in the
      ink and an ink transfer roller 46 which is interposed between the inking
      roller 44 and the printing roller.
PAR  After receiving the impression from the repeat printing roll, the copy web
      12 is fed in a taut condition across a substantially horizontal platform
      52 to the sheeter 20 by means of a pair of pull rolls 54 and 56. The
      sheeter includes a rotatable roll 57 having a cutting blade 58 extending
      radially outward therefrom which cooperates with roller 60 to cut the copy
      web 12 at spaced lengths into separate forms, each form having printed
      thereon the information from one of the master webs and the information
      from the repeat printing roll. The individual forms are then transferred
      by means of ejector rolls 62 and 64 to a conveyor 66 which transfers the
      forms to a suitable stacking or shingling device.
PAR  As mentioned hereinabove, the necessary pressure (approximately 2000 lbs.
      per square inch) to effect the proper dry transfer of data from the master
      web 16 to the copy web 12, as well as the increased feeding rate of the
      master web, causes the impression cylinder 10 and pressure roll 14 to have
      a far greater influence over the feed of the master web than the pin feed
      25, as illustrated in FIG. 2, and this pressure would normally prevent the
      pin feed from maintaining the proper register of the master web with the
      other operating units of the duplicator. To prevent this, one or more
      pressure reliefs 68 are formed longitudinally in the outer resilient
      surface of the impression cylinder 10, as shown in FIG. 3, or in the
      pressure roller 14 to relieve the pressure on the master web and thereby
      insure that the pin feed does maintain the proper registration of the
      master web.
PAR  To permit the duplicator to accommodate different widths of master web, the
      sprockets 32' for the pin carrying chain 28' are mounted for adjustment
      toward or away from the sprockets 32 for the pin carrying chain 28. As
      shown in FIG. 4, the sprocket wheels 32, which transport pin carrying
      chain 28, are fixed on the rotatable shafts 70 and 71. However, the
      sprocket wheels 32', which transport the pin carrying chain 28' on the
      other side of the carriage, are adjustable along the length of the shafts
      70 and 71, as indicated by phantom line position shown in FIG. 4. Lock
      nuts 72 lock the sprocket wheels 32' in their adjusted positions.
PAR  The supporting shaft 76 for the repeat printing roll 18 is mounted at
      opposite ends in eccentrics 78 operated by control handles 80 which permit
      the roll 18 to be moved out of engagement with the ink transfer roll 46 to
      the position shown in FIG. 6 for cleaning the plate 48 on the copy paper
      fed by the impression cylinder. The eccentrics 78 can also be mounted
      within other eccentrics to permit the roll 18 to be moved out of
      engagement with both the ink transfer roll and the impression cylinder. A
      similar eccentric mounting controlled by handles 81 is provided to
      separate the pressure roll 14 from the impression cylinder.
PAR  The impression cylinder is driven by a ratio control drive and all of the
      driven shafts are gear driven from the impression cylinder. The upper pull
      roll 54 and ejector roll 62 are idler rolls which can be lifted from the
      respective lower rolls 56 and 64 by the operation of control levers 82 and
      83, respectively.
PAR  The supporting shaft 84 for the copy web roll rests at each end on a pair
      of lower bearings 85 and each end is retained in place by an upper
      adjustable bearing 86. The bearing 86 is carried by an adjustable support
      87 which permits the upper bearing to be moved out of position for
      changing the copy web roll.
PAR  To insure that the forms are printed and cut in proper registry, the
      circumferences of the repeat printing roll 18 and the path of travel of
      the cutting blade 58 of the sheeter should be equal. Of course, if more
      than one printing plate is carried by the roll 18 or more than one cutting
      blade is carried by the roller 57, the respective circumferences thereof
      could be multiplied by the number of plates or blades carried. Moreover,
      the circumferential spacing between the reliefs 68 formed in the
      impression cylinder preferably is equal to the arc distance between the
      points of tangency of the repeat printing roll 18 and the pressure roll 14
      with the impression cylinder 10 to insure that the relief is presented
      between and not during printing operations. This, in turn, suggests that
      the circumference of the impression cylinder should be a multiple of that
      circumferential spacing between reliefs, preferably double with two
      diametrically opposite reliefs formed in the impression cylinder.
PAR  The invention has been shown in a single, preferred form by way of example
      only, and many modifications and variations can be made therein within the
      spirit of the invention. The invention, therefore, should not be limited
      to any specified form or embodiment, but should be viewed as covering the
      subject matter of the claims and equivalents thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for producing individual sheets containing variable
      information from a master web and repeat information comprising a common
      impression cylinder for carrying a copy web through at least two printing
      impressions, a printing cylinder for printing the repeat information on
      the copy web while the latter is carried on the common impression
      cylinder, means for separating the copy web at spaced lengths into
      individual sheets containing printed information from the master web and
      repeat printed information, positive feed means for feeding the master web
      toward the copy web while the latter is carried on said common impression
      cylinder and for feeding the master web at a speed slightly faster than
      the copy web on said common impression cylinder, a pressure roll for
      pressing the master web against the copy web while the latter is in
      contact with the common impression cylinder to transfer information from
      the master web to the copy web without relative movement between the webs,
      thereby developing slack in the master web between the pressure roll and
      the positive feed means, and means automatically relieving the pressure
      between the common impression cylinder and the pressure roll after each
      impression to remove the slack developed in the master web.
NUM  2.
PAR  2. An apparatus as set forth in claim 1 in which the master web is a
      plurality of individual cards connected by fold lines and having feed
      holes provided therein and in which the positive feed means includes a pin
      carrying chain, the pins engaging the holes to provide a positive feed for
      the master web, and including means for driving the pin carrying chain to
      achieve proper synchronism between the impression received by the copy web
      from the master web, the impression received by the copy web from the
      printing cylinder and the separation of the copy web at spaced intervals.
NUM  3.
PAR  3. An apparatus as set forth in claim 2 in which the master web has feed
      holes provided along the edges thereof and including a pair of pin
      carrying chains and means for adjusting the spacing between the pin
      carrying chains to accommodate different widths of master webs.
NUM  4.
PAR  4. An apparatus as set forth in claim 1 in which the means automatically
      relieving the pressure between the common impression cylinder and the
      pressure roll is a longitudinally extending recess in the outer surface of
      the impression cylinder to relieve the pressure between the impression
      cylinder and the pressure roll intermediate the transfer of impressions
      from the master web to the copy web.
NUM  5.
PAR  5. An apparatus as set forth in claim 1, including a pair of rollers for
      supporting the copy web and maintaining it in a taut condition after the
      copy web has left the common impression cylinder and before its advance to
      the separating means.
NUM  6.
PAR  6. A method of producing individual sheets containing variable information
      from a master web and repeat information from a rotating printing cylinder
      comprising the steps of feeding a copy web onto a common impression
      cylinder which carries the copy web through at least two printing
      impressions, printing the repeat information on the copy web while the
      latter is carried on the common impression cylinder, separating the copy
      web at spaced lengths into individual sheets containing printed
      information from the master web and repeat printed information from the
      printing cylinder, positively feeding the master web toward the copy web
      while the latter is carried on said common impression cylinder and at a
      speed slightly faster than the copy web on said common impression
      cylinder, bringing the master web in pressure contact with the copy web
      while the latter is in contact with the common impression cylinder to
      transfer information from the master web to the copy web without relative
      movement between the webs, thereby developing slack in the master web
      between the pressure applying and positive feeding steps, and
      automatically relieving the pressure between the common impression
      cylinder and the pressure roll after each printing impression to remove
      the slack developed in the master web.
NUM  7.
PAR  7. A method as set forth in claim 6, including the step of supporting the
      copy web and maintaining it in taut condition after it has left the common
      impression cylinder and before it is separated.
NUM  8.
PAR  8. A method as set forth in claim 6 in which the master is positively fed
      by means of moving pins which engage holes in the master web, and driving
      the pin carrying chain to achieve proper synchronism between the
      impression received by the copy web from the master web, the impression
      received by the copy web from the printing cylinder and the separation of
      the copy web at spaced intervals.
NUM  9.
PAR  9. A method as set forth in claim 6 in which the pressure is automatically
      relieved by a longitudinal recess formed in the impression cylinder.
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ABST
PAL  A display apparatus for facilitating adjustment of a printing press
      displays several quantities related to the inking of the printing press in
      a display that is arranged to show a functional relationship between the
      quantities. The settings of a plurality of ink adjustment devices are
      shown in a linear array of setting displays that are arranged in the same
      order as the adjustment devices are arranged across the width of the
      press. Each setting display comprises a column of equally-spaced dots with
      an interpolation dot at the end of the column. In vertical alignment with
      and in appropriate lateral relationship with that display of settings, a
      further display is provided showing deviations of the printed ink density
      from set points representing proper ink density. Each deviation display
      corresponds to a lateral portion of the press whose printed ink density is
      controlled by the settings of those of the adjustment devices with whose
      setting display it is aligned.
BSUM
PAC   BACKGROUND OF THE INVENTION
PAR  The present invention relates to printing presses, e.g. a lithographic
      printing press having an ink fountain, and relates in particular to
      apparatus for displaying the performance of a printing press to an
      operator for purposes, for example, of adjusting the press. In the prior
      art, printing presses commonly have been made employing a plurality of ink
      rate adjustment devices, such as ink keys distributed laterally across the
      width of the press, to adjust the rate at which ink is supplied to various
      lateral portions of the rolls of the press, and therefore to the paper
      being printed. One such system displays simultaneously the settings of all
      of the ink control devices of a printing unit, with the settings displayed
      side by side in the same order as the ink control devices themselves are
      arranged across the width of the printing press, and with an interpolating
      dot at the end of each setting display when appropriate, but not in
      combination with a density deviation display as herein.
PAR  Printing presses have been equipped in the past with optical densitometers
      that measure the reflection density of printed areas on the paper to
      monitor the ink density. A densitometer of this type is disclosed in U.S.
      Pat. No. 3,756,725 issued Sept. 4, 1973, made a part hereof by reference,
      in which presettable reference levels are provided for automatic
      comparison with reflection density readings that are made by the
      densitometer. In still other equipment of the prior art, analog strip
      chart recorders have been connected with the printing presses to record
      traces of deviations of densitometer measurements from predetermined set
      points; these charts give the user a visual indication of a number of
      recent measurements of reflection density.
PAC   SUMMARY OF THE INVENTION
PAR  In one aspect of the present invention the ink supply of a printing press
      is controlled by ink rate control devices such as ink keys, which are
      distributed laterally across the width of the press, and the press is
      equipped with display apparatus. The ink rate control devices are
      adjustable and their settings are sensed by feedback devices which
      transmit signals to the display apparatus, where the settings are
      displayed side by side in the same order as the ink rate control devices
      are distributed across the press. The printing press also has at least one
      system for measuring the optical reflection density of ink printed by the
      press. The amount by which the measured ink density deviates from a
      predetermined reference level is displayed. This display of density
      deviation is geometrically aligned with respect to the display of settings
      of the ink rate control devices, in such a way that its lateral position
      indicates which ones of the ink rate control devices affect the ink
      density that is being measured.
PAR  For example, in a specific embodiment of the invention, a printing press,
      which has several printing units operated in series for printing different
      colors successively on the same paper, has a dual purpose display which,
      by switching, can be employed to display the performance of one at a time
      of the printing units. The settings of the ink adjustment keys of the
      selected printing unit are displayed on an upper portion of the face of a
      cathode-ray tube (CRT). A lower portion of the face of the CRT displays
      the deviations of the readings of several ink densitometer channels from
      their respective pre-established density reference levels. Each density
      deviation is displayed in a horizontally aligned position on the CRT face
      beneath the setting displays for the particular ink keys which control the
      ink that is measured respectively by each of the densitometers.
PAR  Each of the key setting displays comprises a column of uniformly spaced
      dots and, when appropriate, and interpolation dot at the end of the
      column.
PAR  Other aspects of the invention are apparent hereinbelow and in the figures.
DRWD
PAC   BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a two-unit printing press equipped with a dual purpose display in
      accordance with the present invention;
PAR  FIG. 2 is a schematic block diagram of some portions of the printing press
      that are related to the present invention;
PAR  FIG. 2A is schematic block diagram of a portion of a densitometer head for
      positioning the densitometer head;
PAR  FIG. 3 shows the dual purpose display and some controls for a preferred
      embodiment of the invention, for use by the operator principally while the
      press is running;
PAR  FIG. 4 is a block diagram of electronic equipment for producing an ink key
      setting display on the upper portion of a CRT face;
PAR  FIG. 5 shows a route of a cathode ray beam position in producing an ink
      density deviation display on the lower portion of the CRT face;
PAR  FIG. 6 is a block diagram of electronic equipment for producing the ink
      density deviation display; and
PAR  FIG. 7 is a setup panel for such purposes as pre-setting data into the
      system prior to running of the printing press.
DETD
PAC   DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A printing press 10 equipped with a preferred embodiment of the invention
      has two printing units 12, 14 for printing two colors of ink on paper 16
      or other stock that passes through the press, FIG. 1. Each of the printing
      units 12, 14 has an ink fountain 18, 20 respectively, which supplies
      printing ink at controlled rates to rolls of the press.
PAR  For the convenience of the operator in examining the printed paper 16, an
      inspection table 22 is provided. The inspection table 22 has a run and
      display panel 24, a computer 26, a set-up panel 28, and a tape input
      device 29, which are described further hereinbelow. Several densitometer
      heads 30 are arranged across the press near a press cylinder 27 to measure
      the optical reflection density of the printed product 16 at the output of
      the second printing unit 14.
PAR  Each ink fountain, for example, fountain 20, is at least as wide
      horizontally as the width of the paper 16 being printed, and is equipped
      with a great number of ink supply rate control devices, e.g. conventional
      screwthreaded ink keys 32, deployed at various lateral positions across
      the conventional fountain 20 as shown schematically in FIG. 2. Each of the
      ink keys 32 is adjustable by remote control, by a respective remote
      adjustment switch 34, a control circuit 36, and a bi-directional motor 38.
      When one of the switches 34 is operated, its control circuit 36 energizes
      the motor 38 to rotate the respective ink key 32 and thereby adjust the
      thickness of ink film that is being delivered by the ink fountain 20, in
      the neighborhood of that particular ink key, to a respective lateral
      portion of the printing unit 14. Any conventional manner of moving the ink
      keys can be used; the particular manner of moving the keys is not part of
      this invention.
PAR  The setting of each ink key 32 is sensed by a potentiometer 40 whose
      transfer arm tracks the position of the associated key 32 so as to provide
      an electrical position signal. A printing press with remotely controlled
      ink keys and potentiometer feedback to a display is disclosed in U.S. Pat.
      No. 3,057,294, K. Jameson, "Inking System for Printing Machines," issued
      Oct. 9, 1962. The position signal from the ink key is conducted on a cable
      42 to the computer 26, as shown in FIG. 2, and from there is transmitted
      to the run and display panel 24, which provides visual displays of the
      settings of all of the ink keys 32 simultaneously. As shown in FIG. 3,
      displays 44 of the ink key settings are ordered from left to right on an
      upper portion of the face of a CRT 45 in this embodiment. For each of the
      horizontally arrayed key position displays 44, for example a display 43, a
      vertical distance from a highest dot 43a at the top of the display,
      measured downward to the lowest dot 43b of a series of vertically aligned
      dots, represents the approximate ink film thickness established by the
      forty-third ink key.
PAR  In the embodiment being described, four densitometer heads 30 are located
      at laterally adjustable positions across the width of the paper, as shown
      in FIG. 2. Each head 30 can be moved to desired lateral positions by a
      respective bi-directional gearhead motor 33. The positioning portion of
      equipment in a densitometer head 30 is shown in FIG. 2A. A stationery rack
      gear 35 is engaged by a pinion 37 that is driven by the motor 33. The
      computer 26 transmits position command data on conductors of a
      multi-purpose cable 39 to a data storage register 41, and the data is
      converted to a analog signal by a digital-to-analog converter 47. A
      comparator 49 receives this resulting analog signal and compares it with a
      signal indicating the actual position of the densitometer head 30, the
      actual position signal being obtained from the armature of a potentiometer
      51 that is driven through appropriate gearing by the motor 33. A
      difference between commanded position and actual position produces a
      signal from the comparator 49 to the motor 33 that moves the densitometer
      head 30 to a correct lateral position.
PAR  Each densitometer head 30 may include several densitometer channels 31;
      i.e., equipment for several density measurement channels 31 can be located
      together in one head 30. The different channels 31 of one head 30 can be
      equipped with different color filters for measuring the ink printed by
      different printing units 12, 14. The channels 31 behave substantially as
      independent densitometers. FIG. 2 shows only one measurement channel 31 at
      each of the densitometer heads 30. A suitable densitometer for this
      purpose is fully described in U.S. Pat. No. 3,756,725.
PAR  Each densitometer channel 31 reads the optical reflection density of the
      printed paper 16 by measuring a flash of light reflected from two areas of
      the paper onto two photosensitive transducers, and by processing the
      resulting electical signals. The processed electrical signal of density
      from each densitometer channel 31 is conducted to the computer 26. The
      computer in the illustrated embodiment is a model PDP-8/M manufactured by
      Digital Equipment Corporation of Maynard, Massachusetts, but other
      computers are also suitable.
PAR  A digital density reference signal is stored in advance in a memory unit 50
      in the computer 26. This signal is subtracted in the computer from the
      densitometer signal. The subtraction operation is indicated symbolically
      by a subtraction block 53 of FIG. 6. The resulting difference signal
      represents the deviation of the density signal from the reference, which
      is ordinarily of the nature of an error signal. The sign and magnitude of
      the deviation signal are then transmitted from the computer 26 to the run
      and display panel 24, where the deviation forms a display 54 on a lower
      portion of the CRT 45, FIG. 3. The use of a computer to process data
      gathered by densitometers on a printing press is shown in copending patent
      application Ser. No. 324,113, filed Jan. 16, 1973, A. J. Krygeris, "Ink
      Density Control System."
PAR  A positive deviation of a densitometer reading with respect to the
      reference is displayed as a bright dot (such as a dot 58) displaced
      vertically above a horizontal base line 56 on the CRT, the distance by
      which the dot 58 is above the base line 56 being proportional to the
      magnitude of the density deviation. Conversely, negative deviations are
      displayed as dots below the base line 56, as illustrated by a display dot
      60, which is produced by a different densitometer head 30 than the
      densitometer head producing the display dot 58.
PAR  The display dot 58 is aligned directly below the ink key setting display 43
      for the forty-third ink key, as shown in  FIG. 3. The optical density
      deviation indicated by the display dot 58 is affected principally by the
      settings of the forty-third ink key and several neighboring ink keys on
      both sides of it. Similarly, the settings, as displayed by the display 44,
      of perhaps eleventh through the sixteenth ink keys, have the greatest
      influence on the density deviation displayed by the dot 60 on the
      deviation display 54. As a result of the alignment of the upper and lower
      portions 44, 54 of the dual display, it is very convenient for an operator
      of the printing press to make such ink rate corrections as may be
      necessary, by remotely controlling the readily identified ink keys that
      most significantly affect the density deviations that are displayed. Upper
      and lower horizontal calibration lines 62, 64 are also produced by the
      cathode ray beam of the CRT 45 to provide a quantitative scale of vertical
      deflections.
PAC   DISPLAY CIRCUITS
PAR  All of the displays on the CRT are produced under the control of three
      electrical signals that are connected to a cathode ray oscilloscope 66,
      FIG. 4, which is a part of the run and display panel 24. The oscilloscope
      circuits include the CRT 45, a horizontal deflection amplifier, a vertical
      deflection amplifier, and miscellaneous circuits such as power supplies.
      The three controlling signals for the oscilloscope 66 are an X deflection
      signal, which is applied to an X deflection terminal 68, a Y deflection
      signal, which is applied to a Y deflection terminal 70, and a beam
      intensity modulation signal, which is applied to a terminal 72 of the
      oscilloscope. The X and Y deflection signals control the X and Y
      coordinates respectively of the CRT beam. As used herein the term beam
      position refers to the intersection of a path that would be followed by
      the CRT electron beam with the face of the CRT, regardless of whether the
      beam is currently turned on or off.
PAR  To produce the key position display 44 a horizontal counter 74, FIG. 4,
      drives a horizontal digital-to-analog converter (D/A) 76, whose output is
      a staircase voltage connected to the X deflection terminal 68. Each count
      status of the horizontal counter 74 corresponds to one ink key and to one
      discrete horizontal position of the beam for the upper display 44. The
      horizontal counter 74 is incremented by unit pulses that are produced upon
      each completion of a key display for one key in a manner to be described
      hereinbelow.
PAR  For each key display the CRT beam is swept vertically downward from a
      uniform base postion at the top of the display 44. To accomplish this a
      free-running clock 78 produces a train of pulses that are counted in a
      vertical counter 80, whose output is converted by a vertical
      digital-to-analog converter 82 into a staircase analog signal for the Y
      deflection terminal 70. During the vertical sweep the beam is turned on
      and off momentarily at the base position and upon every fourth count
      thereafter of the vertical counter 80 as determined by a divide-by-four
      counter 84, which applies every fourth count through an OR gate 86 to the
      intensity modulation terminal 72 of the oscilloscope. A divide-by-five
      counter 87 counts the output pulses of the divide-by-four counter 84 and
      produces and output signal that is summed with the output of the OR gate
      86 to make each fifth display dot of a column brighter then the other
      dots.
PAR  Each vertical trace is terminated when the amount of vertical deflection
      reaches the value of a feedback signal from the potentiometer 32 that
      corresponds to the key whose setting is being displayed. The feedback
      signals from the potentiometers 32 are all connected to an analog
      multiplexer 88, whose addressing is under the control of the horizontal
      counter 74. The currently selected analog feedback signal from the
      multiplexer 88 is connected to one input of a comparator 90, which
      produces an output pulse when the feedback signal equals the Y deflection
      signal received at its other input terminal.
PAR  Each output pulse from the comparator 90 increments the horizontal counter
      74 to the next key position and also turns on the CRT beam through a
      second input of the OR gate 86 to provide an interpolation dot, for
      example dot 43b of FIG. 3, at the end of the vertical sweep, for key
      settings that do not happen to coincide with one of the dots from the
      divide-by-four circuit 84. The multiplexer 88 receives an input signal
      also from a unit selector switch to select the printing unit whose key
      position feedback signals are to be examined. To summarize the key setting
      display, a feedback signal from a key potentiometer 32 is compared in the
      analog comparator 90 with a progressively increasingly digitally generated
      vertical staircase deflection voltage. Every fourth count of the counter
      for the staircase produces a spot of beam intensity during vertical
      sweeping of the CRT beam. When the vertical staircase signal first exceeds
      the feedback signal from the pot 32, an extra CRT dot, e.g. dot 43b is
      produced for interpolation at the end of the vertical sweep. The
      horizontal counter 74 is then incremented to step the CRT beam
      horizontally rightward to the next key position.
PAR  At the left end of the key setting display, which represents the gear side
      of the press, a press dampener setting is displayed in the same way as the
      key settings. At the right end of the key display 44 a press ratchet
      setting is displayed in the same way as the key settings. After the last
      dot of the ratchet setting display has been produced, the upper display 44
      is complete and the lower display is started. Dampener and ratchet
      displays are optional.
PAR  The lower display consists of two successively generated portions, namely
      the three horizontal calibration lines, and the density deviation dots. To
      produce the calibration line display the vertical D/A 82 is switched to a
      first constant input voltage of a voltage supply 91, this first voltage
      corresponding to the vertical position of the line 62 as shown on FIGS. 3
      and 5, and a decreasing staircase voltage is applied to the horizontal D/A
      76 by a preset clock counter 93 through a switch 95. The beam is gated on
      and is swept horizontally from right to left along the line 62 as seen in
      FIG. 5. By routine electronic techniques the beam is momentarily blanked
      and a different voltage is then switched to a vertical D/A 82, after which
      the restored beam is deflected horizontally to the right to produce the
      zero line or base line 56. At the right end of the line 56 the beam is
      again gated off long enough to switch its Y position to the negative
      calibration horizontal line 64, and the beam is again turned on to produce
      the line 64 in a trace from right to left. This completes the calibration
      line portion of the lower display 54.
PAR  The density deviation dot portion of the lower display 54 is produced with
      the aid of equipment shown in the block diagram of FIG. 6. Briefly stated,
      this display is accomplished by directing the beam horizontally to a
      position on the CRT corresponding to the first test patch location, and
      sweeping the beam downward with the beam blanked off, starting at a
      position somewhat above the upper calibration line 62, until the vertical
      position of the beam corresponds with a measured deviation for the patch
      in question. Thereupon, the beam is gated on to produce a spot, after
      which the beam is moved horizontally to the second patch location and the
      process is repeated for that patch. This display process will now be
      described in greater detail.
PAR  In advance of operating the printing press, setup information is entered
      into the memory 50 of the computer 26, including the following: (a)
      assignment of test patch locations to a printing unit, (b) a density set
      point for each test patch, (c) alarm level of density deviation for each
      test patch, (d) lateral location of each densitometer head 30, and (e)
      circumferential flash point location for each densitometer head 30. The
      manner in which the data are entered is described in more detail
      hereinbelow in connection with the description of the setup panel 28.
PAR  The computer 26 employs a programmed data transfer mode in order to load
      data from the computer memory 50 into certain registers shown on FIG. 6.
      Signals are transmitted from input/output transfer (IOT) terminals 92 and
      from buffered accumulator (BAC) terminals 94 to load two registers 96 and
      98, in a programmed data transfer mode. The register 96 stores the number
      of test patches that are printed by the printing unit which has been
      selected for display, i.e., how many density deviation displays are
      associated with the selected printing unit. The register 98 is a data
      starting address register which indicates where the information relating
      to the selected printing press unit is located in the computer's memory
      50. The computer 26 contains a table having the information that is
      necessary for the density deviation display. After the programmed
      transfer, the density deviation data display is initiated by a signal on a
      terminal 99 from a CRT display field control circuit 100. This signal
      represents a vertical trace transfer signal from the CRT display field
      control circuit 100, which merely multiplexes the oscilloscope in a
      repeating sequence to the key display, the calibration lines display and
      the data density deviation display. The signal on the terminal 99 is
      received by a data break control circuit 101 to indicate that the vertical
      trace is to be transferred from its second display function, which
      displays the horizontal calibration lines, to the third display function,
      namely the density deviation dot display.
PAR  Before each density deviation dot is produced on the CRT, it is necessary
      for the circuits of FIG. 6 to extract from the computer's memory
      information giving the proper coordinates on the CRT face of that
      particular dot. For purposes of extracting this information the computer
      is stopped for about 4 microseconds in a "cycle stealing" routine prior to
      production of each of the density deviation dots. The data break control
      circuit 101 initiates a data break request in a manner which is well known
      in the computer art, and transmits the request to the computer 26 on a
      break request line 104. The line 104 is connected to the direct memory
      access (DMA) portion 106 of the computer 26.
PAR  Information regarding the data starting address for the selected printing
      unit is transmitted from the data starting address register 98 to a data
      address control and bus driver circuit 108, and from there to the DMA on a
      data address line 110. The data address counter 108 is incremented by the
      data break control circuit 101 on a control conductor 111 once for each
      patch display, to access the appropriate patch data in the computer 26.
      When the address data has been accepted by the computer 26, the computer
      transmits a signal indicating the acceptance on a line 114, which connects
      to the data break control circuit 101. Timing signals are also transmitted
      from the computer to the data break control circuit 101, by means of lines
      116.
PAR  A group of data associated in the memory 50 with each test patch contains
      two words of data that were previously calculated by the computer. The
      first word is the horizontal location of the test patch and the second is
      the density deviation. Load commands are produced on output lines 118, 120
      of the data break control circuit 101 for loading the density deviation
      data and the patch horizontal location data into a density deviation
      register 122 and a patch horizontal location register 124 respectively. An
      appropriately timed signal on a buffered memory buffer (BMB) terminal 126
      of the computer 26 assists in loading the data.
PAR  The contents of the patch horizontal location register 124 are connected on
      a line 127 via the static multiplexer 95 to the horizontal D/A 76, whose
      output signal places the CRT beam at a horizontal postion representing the
      patch's lateral location, directly below the key setting display for keys
      which affect that patch, (FIG. 4).
PAR  The data break control circuit 101 produces a data break transfer signal to
      start the counting of a vertical trace counter 128, whose output on a line
      129 has been statically multiplexed into the vertical D/A 82 of FIG. 4 to
      control the Y coordinate deflections of the CRT beam for the first patch.
      The vertical trace counter 128 is driven by clock pulses so as to produce
      a downward sweep of the CRT beam from a predetermined starting point above
      the highest of the three horizontal calibration lines. The beam path scans
      downward but does not produce a trace on the CRT because the beam is
      blanked off at this time.
PAR  The vertical trace counter portion 128 of the vertical scanning apparatus
      just described has its output connected also to a density deviation
      comparator 130, FIG. 6, whereby the density deviation comparator is
      informed of the vertical address of the blanked CRT beam path. A second
      input 132 to the density deviation comparator 130 receives a density
      deviation signal from the density deviation register 122, this signal
      having been derived by the computer 26 from a recent data reading in
      combination the stored data set point for the patch. When the comparator
      130 senses equality of its two input signals, namely the density deviation
      and the vertical sweeping staircase, it transmits a pulse to an input
      terminal 134 of a vertical trace control circuit 136, which is a logic
      gate circuit. One output of the vertical trace control circuit 136
      connects with a third input of the OR circuit 86 of FIG. 4 so that the CRT
      beam is turned on to produce a bright spot 137 on the CRT face, FIG. 5, at
      the current address of the CRT beam. The vertical location of the spot 137
      with respect to the zero deviation line 56 indicates the density deviation
      of that patch from its stored set point. Production of the spot 137
      completes the display routine for the corresponding test patch. Data for
      the next test patch are then accessed from the computer 26, and the
      foregoing steps are repeated at a new horizontal location on the CRT for
      the next patch to produce the next dot 60.
PAR  The display of density deviation dots continues until a data break word
      counter 140, which is responsive to the data break control circuit 101 to
      count all words and produce only one output pulse per patch, has
      incremented a data break patch counter 142 sufficiently to match the
      number of patches stored in the number-of-patches register 96. Following
      the display of the data density deviation dot for the last of the patches
      that are associated with the selected printing unit, a patch count
      comparator 144 senses coincidence of the contents of the data break patch
      counter 142 and the number-of-patches register 96, and produces an "end of
      field three" signal at a conductor 146, which is connected to the vertical
      trace control circuit 136. This action initiates a signal on an output
      line 148 from the vertical trace control circuit 136 which signifies to
      the CRT display field control circuit 100 that the data deviation display,
      i.e. field three, has been completed so that the CRT beam may be
      transferred from those duties to the upper key setting display again.
PAR  Commonplace design details that are very well known, such as counter resets
      and presets and sequence timing, are omitted from this description for
      clarity.
PAC   EQUIPMENT OPERATION
PAR  Although the design of equipment for entering set point data and other
      information into the computer and methods of operating the equipment as a
      whole require only ordinary skill in the electronic arts, they are
      described briefly hereinbelow. To operate the system the operator first
      inserts information at the setup panel 28, FIG. 7. Thereafter he performs
      most of the necessary operations at the run and display panel 26 of FIG. 3
      while the press is running.
PAR  A typical sequence of operation of the apparatus starts with placing a
      key-operated switch 152 in a "Setup Enable" position 152a receive input
      information. A column 154 of pushbutton switches is provided for selecting
      a setup function. Left hand and right hand keyboards 156, 158 respectively
      and their respective display windows 160, 162 are for entering and
      indicating corresponding pairs of numbers that are related to the various
      setup functions, as will be illustrated hereinbelow. These keyboards and a
      load pushbutton switch 164 for transferring entered data into the computer
      26 are used in common for all of the setup functions.
PAR  To illustrate the setup routine, a "Head, Position" switch 166 is selected,
      an identifying number for a particular one of the densitometer heads 30 is
      entered into the left hand keyboard 156 and the desired lateral location
      of that densitometer head is entered into the right hand keyboard 158;
      this information is transferred to the computer by the load switch 164.
PAR  A "Channel, Unit" switch 168 is actuated when the operator wishes to enter
      data assigning densitometer channels to printing units of the press.
      Density set points are entered in the left hand keyboard, after a
      "Channel, Density" switch 170 has been actuated. Density alarm limits
      representing density deviations beyond which density alarm indicator
      lights start to blink are entered after actuating a "Channel, Alarm"
      pushbutton switch 172.
PAR  Alternatively, the setup data can be entered from a punched paper tape or
      other such storage file by depressing a "Read In Setup Data" pushbutton
      176, FIG. 7, after which density set points, etc. may be entered from the
      tape 29.
PAR  To operate the equipment after the setup has been completed the operator
      places the key switch 152 in a Run position 152b to disable the setup
      panel 28 and enable the run and display panel 24, FIG. 3. To operate the
      Run and Display panel 26 the operator selects a printing unit whose
      variables he wishes to display by depressing one of five pushbutton
      switches 178. The particular printing unit that is thus selected is
      connected to the display CRT 45, to most of the control switches of the
      run and display panel 24, and to the individual ink key adjustment
      switches 34 on the inspection table 22.
PAR  A column 180 of rocker switches on the right side of the panel 24 are for
      performing various functions for the selected unit. For example, a "Key
      Display" switch 184 is placed in one of its two positions to establish the
      range and gain of the key position display 44 such that each minor dot of
      each vertical key display represents 0.2 milli-inch and each heavy dot
      represents 1 milli-inch of ductor blade opening. In the other position of
      the switch 184 each minor dot represents 0.5 milli-inch of ductor blade
      opening and each heavy dot represents 2.5 milli-inch. In a similar way a
      "Density Display" switch 186 adjusts the density deviation display range
      and gain for the lower display 54. In one position of the switch 186 the
      upper and lower calibration lines 62, 64 represent deviations of .+-.0.1
      density units from the set point values of the center line 56. In its
      other position the lines 62, 64 represent deviations of .+-.0.5 density
      units from the set points.
PAR  A "Density Set Point" register 188 displays the density set point of the
      density channel that is currently selected by a Patch Selector switch 189,
      and a rocker switch 190 is provided for decreasing and increasing the set
      point of the selected channel. In a similar manner alarm limits are
      displayed and adjusted by a register 192 and a switch 194.
PAR  A dual purpose display has been described in which for a selected printing
      unit the settings of all of the ink keys 32 are displayed as a vertical
      row of dots and a final interpolation dot, on an upper display 44 of a CRT
      43, and the density deviations of densitometer channel readings that were
      assigned to that particular printing unit are simultaneously displayed on
      a second display 54 on a lower portion of the same CRT, with the density
      deviation displays being laterally aligned directly below displays for the
      ink keys that most effectively contribute to their density readings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Display apparatus for a printing press having a plurality of ink rate
      control devices distributed laterally across the press and having
      equipment for producing indicating signals having values in accordance
      with the settings of respectively associated said ink control devices and
      having at least one ink density measurement system for making a
      measurement of printed ink density as established by at least some of said
      devices comprising display means including means responsive to said
      indicating signals for displaying visual representations as to the values
      of respectively associated said signals in a linear array of visual
      displays of the settings in the order in which the ink control devices are
      laterally distributed across the press, reference means operable for
      setting an ink density reference level, comparator means responsive to
      said ink density measurement and said ink density reference level for
      producing a density deviation signal in accordance with the difference
      between them, and said display means including means for displaying a
      visual representation of said deviation signal in geometrical alignment
      with and for visual association with those ones of said array of displays
      of ink control device settings by which said ink density is established.
NUM  2.
PAR  2. Display apparatus for a printing press as defined in claim 1 and wherein
      said means for displaying said settings of said ink control device and
      said deviation display means comprise cathode ray tube display means, and
      said visual displays of settings are arrayed horizontally, and said
      deviation signals are displayed in vertical alignment with the display of
      the device settings that are associated therewith.
NUM  3.
PAR  3. Display apparatus for a printing press as defined in claim 1 and wherein
      said press comprises a plurality of said ink density measurement systems,
      and comprises a like plurality of said reference means and of said
      comparator means, and wherein said deviation display means comprises means
      for displaying a plurality of deviation signals each corresponding
      respectively to one of said density measurement systems, each of said
      deviation signal display being in geometrical alignment for visual
      association with those ones of said array of displays of ink control
      device settings by which the respective ink density is established.
NUM  4.
PAR  4. Display apparatus for a printing press as defined in claim 1 and wherein
      said printing press has a plurality of printing units and wherein said ink
      density measurement system is provided for use by a plurality of the
      printing units, and further comprising switching means for selectively
      connecting said means for displaying settings and said deviation display
      means for use by one at a time of said printing units.
NUM  5.
PAR  5. Display apparatus for a printing press as defined in claim 1 and wherein
      said means for displaying each of said visual displays of ink control
      device settings comprises means for displaying indicators at equally
      spaced positions extending in a vertical column from a predetermined
      starting point, whose last indicator position of said column is
      proportional to said setting except when said setting corresponds to a
      vertical postion intermediate said equally spaced positions, and further
      comprises means for producing an interpolation indicator as the last
      indicator in said column to indicate said setting when said setting
      corresponds to a vertical postion intermediate said equally spaced
      positions.
NUM  6.
PAR  6. Display apparatus for a printing press having a plurality of ink rate
      control devices distributed laterally across the press and having
      equipment for producing indicating signals having values in accordance
      with the settings of respectively associated said ink control devices and
      having at least one ink density measurement system for making a
      measurement of printed ink density as established by at least some of said
      devices comprising display means including means responsive to said
      indicating signals for displaying visual representations as to the values
      of associated said indicating signals in a linear array of visual displays
      of the settings in the order in which the ink control devices are
      laterally distributed across the press, said display means including means
      for displaying said plurality of visual representations as a plurality of
      vertical columns of equally spaced apart indicators with each said column
      being associated with one of said ink control devices, said indicators of
      each column extending from a horizontal base line and extending in a first
      direction therefrom with the number of said indicators in a given column
      being dependent on the value of the indicator signals for the ink setting
      of an associated said ink control device, reference means operable for
      setting an ink density reference level, comparator means responsive to
      said ink density measurement and said ink density reference level for
      producing a density deviation signal in accordance with the difference
      between them, and said display means including means for displaying a
      visual representation of said density deviation signal in geometrical
      alignment with and for visual association with those ones of said array of
      displays of ink control device settings by which said ink density is
      established.
NUM  7.
PAR  7. Display apparatus for a printing press having a plurality of ink control
      devices distributed laterally across the press and having means for
      producing a like plurality of indicating signals having values in
      accordance with settings of respectively associated said ink control
      devices and having a plurality of ink density measurement systems each for
      making a measurement of printed ink density as established by at least
      some of said devices comprising display means including means responsive
      to said indicating signals for displaying visual representations as to the
      values of associated said indicating signals and including means for
      displaying said plurality of visual representations as a plurality of
      vertical columns of equally spaced apart indicators with each said column
      being associated with one of said ink control devices, said indicators of
      each column extending from a horizontal base line and extending in a first
      direction therefrom with the number of said indicators in a given column
      being dependent on the value of the indicator signal for the ink setting
      of an associated said ink control device so that the last indicator of
      said column is spaced from said base line by a distance proportional to
      the setting of the associated ink control device except when the setting
      thereof corresponds to a vertical position intermediate said equal
      spacings, means for producing an interpolation indicator as to the last
      indicator in a said column to indicate said setting when said setting
      corresponds to a vertical position intermediate said equal spacings,
      reference means for setting an ink density reference level, comparator
      means responsive to said ink density measurement and said ink density
      reference level for producing a density deviation signal in accordance
      with the difference between them, and said display means including means
      for displaying a visual representation of said density deviation signal in
      geometric alignment with and for visual association with those ones of
      said array of displays of ink control device settings by which said ink
      density is established.
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ABST
PAL  A portable, rocket-deployed signaling system for deploying a pin-point
       loion marker including a tractor rocket propulsion unit and attached
      payload container launched from a hand-held tube. The payload comprises an
      inflatable marker balloon, a gas generator for inflating the balloon and a
      tether line connecting the balloon to the launcher tube. A coupling pin,
      secured to the tether line at a predetermined length from the end attached
      to the launcher tube and removably supported on the payload container, is
      pulled subsequent to launch to permit the container to separate and deploy
      the balloon. A percussion igniter then actuates the gas generator to
      inflate the balloon with the generator separating after inflation.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 265,931
      filed Jun. 23, 1972, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to site markers, distress signals,
      rescue beacons and the like, and more particularly, to a rocket-deployed,
      tethered signal balloon as a pin-point location marker.
PAR  At present, no reliable system exists to deploy a long duration rescue
      signal, such as a balloon, under extreme conditions. The need for such a
      signaling device becomes evident when one considers the problems of
      locating a pilot downed, for example, in a hostile environment or dense
      jungle terrain. Existing systems include smoke bombs, parachute flares
      shot from a pistol, radio beacons, xenon flashers and the like, but these
      are not effective in all situations. Smoke bombs and parachute flares are
      not particularly of long duration and, therefore, must be employed when a
      rescue craft is in sight. Radio beacons and xenon flashers are longer
      lasting, but may be employed only in open areas to be effective. Present
      balloons are unsatisfactory since they are inflated at ground level and
      must be deployed manually to a height that can be seen by rescue craft,
      thus precluding their use in densely overgrown locations since the
      inflated balloon will probably be snagged or snarled by the vegetation
      before an effective deployment height can be achieved. Automatic balloon
      deployment systems have the additional disadvantages of not permitting the
      user the flexibility of when and where to deploy the marker, an important
      consideration if the user is under hostile surveillance at the distress
      location.
PAR  The instant invention obviates the disadvantages of existing signaling
      systems by providing a long-duration, balloon marker packaged into a
      self-contained, compact, portable system which is deployed from a tube by
      a hand-fired rocket to a considerable height before inflation is
      automatically initiated and remains tethered to the tube. This permits
      marker deployment when and where desired by the user, and the rocket
      deployment of the packaged balloon ensures clearance of all obstacles
      before inflation.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the present invention is to provide a pin-point
      position marker of long duration.
PAR  Another object of the present invention is to provide a position marker
      that may be deployed readily under extreme and densely overgrown
      situations.
PAR  Another object of the instant invention is to provide a tethered,
      balloon-type marker signal.
PAR  Still another object of the instant invention is to provide a
      rocket-deployed, tethered balloon position marker.
PAR  Yet another object of the invention is to provide a rocket-deployed,
      tethered balloon marker that inflates at the deployment altitude.
PAR  A further object of the instant invention is to provide a rocket-deployed,
      tethered balloon position marker that is compact, light-weight, and
      readily usable in extreme situations.
PAR  Briefly, these and other objects of the present invention are attained by a
      tethered marker balloon of high visibility that is deployed from a
      hand-held rocket launcher and inflated at a substantial elevation. A
      solid-fuel, tractor rocket propels to a substantial height a payload
      casing containing a balloon, tether line and gas generator, paying out the
      tether line attached to a pin holding together the sections of the casing.
      After a predetermined length of cord, the pin is pulled, releasing the
      casing to deploy the balloon. The rocket separates from and activates the
      inflating gas generator which detaches from the balloon after inflation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention and the many attendant
      advantages thereof will be readily appreciated as the same becomes better
      understood by reference to the following detailed description, when
      considered in connection with the accompanying drawings wherein:
PAR  FIG. 1 is a view of the rocket-deployed balloon marker system;
PAR  FIGS. 2a - 2c are exploded views of the rocket and the payload container;
PAR  FIGS. 3a - 3c show details of the rocket;
PAR  FIG. 4 is a view along line 4--4 of FIG. 2 showing the percussion actuator
      of the gas generator;
PAR  FIG. 5 is a detailed view of the slide-release ignition actuator; and
PAR  FIGS. 6a, b, c are pictorial showings of the balloon marker system in
      operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein like reference numerals designate
      corresponding parts throughout the several views, there is shown in FIG. 1
      an embodiment of the rocket-deployed balloon marker system 10 of the
      present invention, partially disassembled for greater clarity of viewing.
      The balloon marker system 10 includes a launcher/container tube 12, a
      payload case 14 attached to a tractor-type rocket motor 16 which fits
      within the tube 12, and a cap 18 for closing the tube. Tube 12, of a
      durable fiberglass material or the like, serves as the storage container
      for the marker balloon and as the launcher during balloon deployment. Cap
      18 is threaded onto the tube 12 and removed just prior to deployment of
      the marker. Approximate the open end of the tube 12 is a slide-release
      ignition actuator 20, shown in more detail in FIG. 5, which resembles the
      slide switch on a flashlight and used to fire the rocket 16. A tether line
      22 attaches the marker balloon to the launcher tube 12.
PAR  FIGS. 2 show in greater detail the components of the balloon marker system
      packaged within the payload case 14, a hollow cylinder of
      fiberglass-reinforced phenolic or similar material, split longitudinally
      to form similar half shells, or clamshells 24, one of which is shown
      removed in FIG. 2a. Each of the clamshells 24 has thereon an upstanding,
      semi-circular circumferential retaining ring 26 approximate the aft end, a
      perforated half disk 28 a short distance from the retaining ring 26, and
      an upstanding, rocket positioning ring 30 adjacent the forward edge. See
      FIG. 2b. Ring 30 has a receiving groove 32 and an adjacent, projecting
      tongue 35 provided thereon along with a pair of longitudinally-extending
      pins 33, one each at the ends of the ring. Each half disk 28 has a center
      portion 34 with a hole 36 therein, the purpose of which will be considered
      more fully below. A ball 38 of the tether line 22, made of braided nylon,
      dacron, or similar material, and approximately 450 feet in length,
      specially wound to pay out easily from the center thereof, is received in
      the space between the retaining ring 26 and the half disk 28. See FIG. 2a.
      One end of the line 22 is attached to the closed end of tube 12 to tether
      the balloon after inflation and the other end is passed through the
      perforation in the half disk 28 and attached to the marker balloon. At a
      predetermined distance from the tethered end of the line, for example 400
      feet, a pin 40, similar to a cotter pin, is attached to the line 22. The
      pin 40 is passed through the hole 36 in each of the half disk 28 to fasten
      the clamshells 24 together during marker system deployment and is forcibly
      removed by the tether line 22 to permit the clamshells to separate, as
      will be discussed more fully below.
PAR  Forward of the tether line ball 38 is the marker balloon 42 (not visible in
      FIG. 2a), completely deflated and folded surrounded by a protective sheath
      44 comprised of two, semi-circular half shells, similar in construction
      and material as the clamshells 24. A disk 46 closes the aft end of the
      assembled sheath, the disk 46 having central aperture 49 to permit passage
      of the tether line 22 to the balloon 42. See FIG. 2c. Additional
      protection for the balloon may be provided by encasing it within a
      flexible covering, such as plastic or cellophane, prior to enclosure by
      the protective sheath 44, such flexible covering separating from the
      balloon upon its inflation. The aerodynamically-shaped marker balloon may
      have the shape of a dirigible with a small parachute at the aft end. See
      FIG. 6c. This parachute aids in deceleration during inflation and improves
      the flight stability of the inflated marker. Generally, a sphere provides
      a maximum volume-to-surface and therefore a maximum lift-to-weight ratio,
      as well as uniform visibility from all angles, but it tends to become
      unstable and to lay over at winds in excess of 10 knots. A dirigible of
      the same volume, however, meets aerodynamic stability requirements,
      although its lift-to-weight ratio is smaller.
PAR  The marker may be manufactured from 1/2 mil Kapton, coated with 1/2-mil
      flame-orange pigment for a highly-reflective surface to achieve maximum
      contrast against a jungle background, with a maximum diameter (close to
      the forward end) of 38 cm., tapering off to a point aft, and a total
      length of 180 cm. About 120 liters of gas are required to inflate it. The
      total weight of this marker and rigging material, including the inflation
      valve and the tether line, is 123 grams resulting in a positive lift of
      21.6 grams.
PAR  Attached to the marker balloon 42 by way of the nozzle 48 threaded onto the
      nipple 50 is the hydrogen gas generator 52 (FIG. 2c). Nozzle 48 has a
      tapered end 54 for insertion into the balloon and an intermediate,
      reduced-diameter portion 56 to receive a securing band (not shown) for
      releasably attaching the balloon to the nozzle. Upon full inflation,
      internal pressure of the balloon forces the securing band off the nozzle
      to permit the spent gas generator 52 to fall away, with the inflation
      valve in the balloon maintaining the pressure. The solid-state hydrogen
      gas generator 52 utilizes a reaction between metal hydrides and ammonium
      halides. The chemical reaction is initiated with a percussion primer which
      in turn ignites a small booster charge (not shown) within the generator
      52. The hydrogen gas generator presently manufactured at the Naval
      Ordinance Station for the balloon marker generates 130 liters of hydrogen
      gas within 12 seconds, weighs 294 grams, and is disclosed more fully in
      the pending application Ser. No. 453,662, filed Mar. 21, 1974. The igniter
      end cap of the generator 52 may be seen more fully in FIG. 4, a view along
      line 4--4 of FIG. 2. The spring-loaded striker 55 includes a spring 57
      wound about a shaft 58 mounted between upstanding support pieces 59 and
      supporting the firing pin 60. As shown the firing pin 60 is in the cocked
      position and held in this position by the assembled abutting arrangement
      of the generator 52 against the rocket 16. Upon separation of the rocket
      from the clamshells 24, the firing pin 60 strikes the head of the
      percussion primer 62, igniting the booster charge to initiate the
      hydrogen-generating chemical reaction within the generator 52.
PAR  The tractor rocket propulsion unit delivers sufficient thrust to penetrate
      dense jungle growth 150 to 200 feet in height, and then proceed to an
      altitude of 200 to 250 feet above the top of the growth to permit
      deployment of the payload. The rocket motor 16 is mass, line and spin
      stabilized, revolving at about 25 rps., by the gas flow through the canted
      exhaust ports 64 provided adjacent the head of the rocket. The rocket
      motor 16, shown in greater detail in FIGS. 3 a-c, contains a standard,
      double base propellant 68 which is ignited by the spring-actuated striker
      90 in the launcher tube 12 to strike a percussion primer 66 inbedded in
      the rocket motor 16. With reference to FIG. 3a showing of cross section of
      the rocket motor 16, the structure of the assembly can be more clearly
      seen. At the front of the rocket is a circular nozzle element 98 having a
      plurality of canted, exhaust outlets 64 to vent the combustion gases from
      the exhaust chamber 100 within the nozzle element. Attached to the nozzle
      element 98 is the forwardlytapered motor case 102 providing a cylindrical
      inner volume to receive the propellant grain 68 in the form of a cylinder
      wrapped with an inhibitor 101, and having an axial bore 104 to provide the
      burning surface. The after surface of the nozzle element 98 is perforated
      to provide gas communication between the bore 104 and the exhaust chamber
      100, the perforation being sealed by plug 99 of laminated foil and plastic
      which is ruptured upon ignition of the propellant 68. Motor case 102 has
      an annular, recessed, threaded portion at each end; at the forward end to
      mate with the nozzle element 98 and at the aft end to receive the circular
      bulkhead 106 which houses the primer 66 and igniter, and provides the
      tongue-and-groove-like elements which fit with the groove 32 in the
      positioning ring 30 on the clamshells 24. The interfaces between the motor
      case 102, the nozzle element 98 and the bulkhead 106 are suitably sealed
      with sealant 107.
PAR  Bulkhead 106 has a circumferential collar on the forward face in the form
      of a truncated cone, internally threaded to mate the motor case 102, and a
      cylindrical aft portion. On the forward surface of this aft portion,
      directly inline with the axial bore 104 of the propellant grain 68, is a
      central recess 110 to receive an ignition charge 112, the charge being
      maintained in the recess 110 by a charge retainer 114. The primer 66 is
      contained within the primer holder 108 which, in turn, is received within
      a bore 109 provided in the bulkhead 106 and secured in position by a roll
      pin 118. A drilled hole 116 in the primer holder 108 aligns with a similar
      passage 117 in the bulkhead 106 to provide communication between the
      primer 66 and the igniter charge 112.
PAR  The positioning elements on the aft surface of the cylindrical portion of
      the bulkhead 106 can be more clearly seen in FIGS. 3b and 3c. Parallel
      with a centerline through the primer holder 108 are a pair of recessed
      grooves 120, cut along a chord at the lateral extremities to leave an
      extending tongue 122 on each side (FIG. 3c). A pair of shallow grooves 124
      extend across the aft surface of the bulkhead 106 and two pairs of
      upstanding lugs 126 are provided between and at the ends of the grooves
      124. In assembling the clamshells to the rocket motor, the groove 120 and
      tongue 122 on the bulkhead mate with the tongue 35 and groove 32 on the
      positioning ring 30; the pins 33 on ring 30 extend into the shallow
      grooves 124 on the aft surface of the bulkhead 106; and lugs 126 serve to
      support the lateral edge of the clamshells 24. Thusly assembled, the
      clamshells are capable of a slight pivotal motion about the mating
      tongue-and-groove elements.
PAR  The ignition actuator, shown in greater detail in FIG. 5, is similar to a
      flashlight slide and is designed so that the rocket can be launched with
      the use of only one hand. The surface of the launcher tube 12 has a
      shallow groove 72 approximate the open, forward end to receive a slide 74
      having an upstanding inverted hollow receptacle 76 with a hole 78 through
      the sides thereof. At the forward end of the tube 12, just aft of the
      threads 80 is a pair of upstanding ears 82 between which the receptacle 76
      may slide. Holes 84 in ears 82 align with holes 78 in the "safe" position
      of the ignition actuator 20. Mounted on a pin 86, transversely supported
      on the upstanding ears 82 is a spring 88 which biases the striker 90
      toward the release position shown in FIG. 5. A cutout 92 in the open end
      of launcher tube 12 permits the percussion primer 66 on the rocket 16 to
      extend through. In the armed position, striker 90 is folded down between
      the ears 82 and maintained in this position by the receptacle 76, with the
      slide 74 pushed fully forward so that the receptacle 76 overlies the
      striker 90. A safing pin 94 is inserted through the aligned holes 78 and
      84 to prevent accidental release of the striker. It should be noted that
      with the launcher tube cap 78 in place, the percussion primer 66 is
      covered, thus adding an additional degree of safety since it prevents
      contact between strikes 90 and primer 66 in the event of accidental
      release of the slide actuator 20.
PAR  The gas generator 52, marker balloon 42 within the protective sheath 44 and
      the tether line ball 38 form the payload which is held together by the two
      clamshells 24 (see FIG. 2a). The clamshells are hinged at the base of the
      rocket motor 16, as previously described, and then pinioned close to their
      opposite end with the pin 40 inserted through the holes 36 in each of the
      half disk 28. The rocket motor 16/payload 14 is inserted as a unit into
      the launcher tube 12 (see FIG. 1) and the cap screwed on. The
      rocket-deployed balloon marker system 10 is now fully assembled and ready
      for use.
PAR  FIGS. 6 a-c illustrates the sequences in the operation of the marker system
      10. Cap 18 is removed to expose primer 66 in rocket 16 and the launcher
      tube 12 is directed toward a clearing or opening in the vegetation.
      Ignition of the rocket motor is achieved by pulling the safing pin 94 and
      displacing the slide 74, permitting the striker 90 to actuate the primer
      66 which ignites the rocket motor 16 by setting off the ignition charge
      112. The rocket motor lifts the payload to altitude through the
      vegetation, paying out the tether line 22 attached to the launcher tube 12
      (FIG. 6a). At approximately 450 feet, the tether line becomes taut and
      pulls the pin 40 which releases the clamshells 24 (FIG. 6b). When the
      clamshells open, the rocket motor 16 disengages from the gas generator 52
      and releases the striker 55 which, then, actuates the generator and
      inflation of the marker balloon 42 begins. Commencement of balloon
      inflation and air resistance causes the split protective sheath 44 to
      separate, completely freeing the balloon. As soon as the marker balloon 42
      has reached a slight positive pressure, the gas generator 52 separates
      from the marker, thus allowing it to float above the launch position at an
      altitude determined by the length of the tether line (FIG. 6c).
PAR  The high-contrast surface of the marker balloon can easily be spotted by a
      search aircraft. The exact launch position can be determined by following
      the tether line, which may be made more visible by attaching streamers to
      it.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in the light of the above teachings. For example, other
      sources of lighter-than-air gas can be used for balloon inflation other
      than the hydrogen generator, such as pressurized hydrogen or helium which
      would be released by suitable spring-actuated plunger means known in the
      art. Also the visibility of the balloon may be further enhanced by
      fabricating it from retroreflective material. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A portable, rocket-deployed, tethered position marker system comprising:
PA1  an inflatable marker assembly including an inflatable balloon, and a source
      of gas for inflating said balloon;
PA1  a rocket for launching said marker assembly to a predetermined altitude;
PA1  a separable casing attached to said rocket for containing said marker
      assembly;
PA1  a portable, hand-held launch tube for containing and for launching said
      rocket and said attached casing; and
PA1  a tether line stored within said casing for attaching said balloon to said
      launch tube,
PA1  whereupon actuation said rocket is launched from said launch tube, said
      tether line is removed from said casing, said casing separates from said
      rocket at a predetermined altitude, and said balloon is permitted to be
      inflated and to remain tethered to said launch tube.
NUM  2.
PAR  2. The position marker system of claim 1 wherein said separable casing is a
      cylinder split to form half shell segments when separated.
NUM  3.
PAR  3. The position marker system of claim 2 wherein said separable casing is
      secured together and attached to said rocket by a removable pin tied to
      said tether cord at a selected length from the end secured to said launch
      tube,
PA1  whereby deployment of said length of cord removes said pin permitting said
      casing to separate.
NUM  4.
PAR  4. The position marker system of claim 3 wherein said rocket is of the
      tractor type having:
PA1  solid fuel grains;
PA1  a plurality of propulsion nozzles canted to provide spin stability during
      flight; and
PA1  a percussion-activated fuel ignition means.
NUM  5.
PAR  5. The position marker system of claim 4 further comprising a
      manually-operable rocket propellant ignition control means positioned on
      said launch tube for actuating said rocket.
NUM  6.
PAR  6. The position marker system of claim 5 wherein said ignition control
      means comprises a displaceable slide release and a spring-loaded striker
      held in the cocked position by said slide release, whereby displacement of
      said slide release permits said striker to impact on said
      percussion-activated fuel ignition means on said rocket.
NUM  7.
PAR  7. The position marker system of claim 6 wherein said source of gas is a
      solid fuel hydrogen generator.
NUM  8.
PAR  8. The position marker system of claim 7 wherein said hydrogen generator
      includes a percussion-activated primer to initiate the hydrogen-generation
      chemical reaction in said solid fuel.
NUM  9.
PAR  9. The position marker system of claim 8 wherein said hydrogen generator
      primer is spring-loaded and is released by separation of said separable
      casing from said rocket.
NUM  10.
PAR  10. The position marker system of claim 8 further comprising means for
      releasing said hydrogen generator after inflation of said balloon.
NUM  11.
PAR  11. The position marker system of claim 10 further comprising separable
      protective sheaths enclosing said balloon.
NUM  12.
PAR  12. The position marker system of claim 11 wherein said protective sheaths
      comprise a pair of separable half shells discarded after balloon
      inflation.
NUM  13.
PAR  13. The position marker system of claim 12 further comprising a removable
      closure cap threadably positioned on said launch tube.
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ABST
PAL  A self-contained, accurately timed ignitor system for igniting a rocket
       mr within a preselected time interval. The timing period is initiated by
      an electrical input signal. A self-contained, spring wound timer and power
      source package, carried within the motor nozzle and used in igniting the
      rocket motor, is activated by the input signal.
GOVT
PAC  DEDICATORY CLAUSE
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for governmental purposes without the payment to me
      of any royalties thereon.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  A self-contained, time delay igniter system provides for rocket motor
      ignition within a preselected adjustable time interval. Start of the time
      period is by an electrical signal which may be generated just prior to
      launching a rocket or separation of the activated stage from a preceeding
      rocket stage after launch. After physical connection to the electrical
      triggering source is broken, the timed ignition system activates the
      rocket motor. When the ignition system is activated dormant thermal
      batteries are energized simultaneously with a mechanical, spring wound
      timer. The delay time of the timer allows the thermal batteries output
      potentials to rise to or above the desired output voltage level before
      switching the batteries across pyrotechnic squibs to activate the motor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified electrical circuit diagram of the time delay
      initiator.
PAR  FIG. 2 is a diagrammatical drawing of a typical timing circuit with
      extraneous support structure omitted.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein like numbers represent like parts in
      the separate figures, FIG. 1 discloses an electrical circuit embodying the
      inventive concept. First and second thermal batteries 10 and 20 provide
      parallel systems for actuating respective pyrotechnic squibs 30 and 40 of
      the rocket motor. A timing circuit 50 is disposed between the batteries
      and the firing squibs for delaying application of the squib firing voltage
      a preselected time interval.
PAR  An input triggering voltage B+ is coupled through leads connected to input
      terminals 2 and 4 of batteries 10 and 20 which have inputs connected in
      parallel. Within each battery, electric matches 12 have the electric leads
      thereof coupled across terminals 2 and 4. Output terminals 1 and 3 of
      battery 10 are coupled to a Micro Switch 52 within timer circuit 50, with
      terminal 1 being coupled to a normally closed contact and terminal 3 being
      coupled to a normally open contact of the switch. The switching contact is
      coupled to one lead of firing squib 30. The other lead of squib 30 is
      coupled in common with one lead of squib 40, terminal 1 of battery 10, and
      terminal 3 of battery 20. Battery 20 has the opposite switching
      arrangement for the output terminals, terminal 3 being coupled through the
      normally closed contact of switch 54 to the other terminal squib 40 and
      terminal 1 being coupled to the normally open contact of switch 54.
PAR  Obviously several types of switches may be connected to provide this
      coupling arrangement between the batteries and the firing squibs. A
      single-pole double-throw switch is shown in the drawings. With the
      switches as shown, squibs 30 and 40 have all of their input terminals tied
      in common so that no spurious or unwanted signals can be coupled across
      the squibs. The outputs of batteries 10 and 20 are coupled to an open
      circuit.
PAR  The input terminals 2 and 4 of battery 10 are also coupled across parallel
      dimple motors or actuators 56 for coupling the input B+ signal thereto.
      Actuators 56 are disposed adjacent a spring loaded timer 58 for activating
      the timer when B+ is momentarily applied to the system. The timer 58 has a
      cammed shaft for contact with Micro Switches 52 and 54 after a selectable
      period of shaft rotation to activate the switches.
PAR  The dimple motor is a self-contained, pyrotechnic actuator wherein an
      electrical impulse activates explosives within a sealed container. When
      fired, one end of the container changes from a dimpled or concave surface
      to a nippled surface, Thus, dimple motor 56 uses an electrical input and
      pyrotechnic reaction to provide a mechanical output which releases the
      latch or other holding means of timer 58, allowing rotation of the shaft
      thereof.
PAR  Spring wound timer 58 functions as a mechanical clock. When wound up, it is
      prevented from running down or timing out by a clutch mechanism, latch or
      other similar engaging member which engages the balance staff or otherwise
      prevents shaft rotation as is well established in the art. Typically, a
      bar engaging a groove in the timer shaft can prevent rotation until
      removed from the groove as by pivoting around a pivot point when pressure
      is applied to a free end of the bar. Cams on the shaft are positioned to
      mechanically control and thereby activate the Micro Switches 52 and 54
      positioned adjacent the shaft after an adjustable time interval of shaft
      rotation.
PAR  This typical arrangement of a timing circuit which can provide the
      mechanical coupling of the system is shown in FIG. 2. Timer 58 is shown to
      have a shaft 70 on which a cam 72 is mounted. A lever 74 pivots on a fixed
      pin 75 and engages the shaft at notch 76 to prevent rotation. Dimple motor
      56 lies adjacent lever 74 and when activated, contacts the lever, causing
      the lever to pivot and release shaft 70 for rotation. Cam 72 then rotates
      into contact with switches 52 and 54.
PAR  The thermal battery includes a solid state electrolyte therein which is
      non-conductive until it is heated to a relatively high temperature when it
      becomes fluid. Heat generating paper is disposed in layers between or
      adjacent solid electroyte layers. The heat paper is ignited with an
      electric match within the battery and quickly elevates the electrolyte
      temperature to the melting point, thereby activating the battery. The
      electric match is a highly reliable pyrotechnic device wherein burning is
      initiated by application of an electric current.
PAR  In operation, when a voltage pulse (B+) is supplied, the dimple motors 56
      are activated simultaneously with the electric matches 12. As the dimple
      motors initiate timing by allowing the spring wound timer 58 to operate,
      the electric matches activate the electrolyte in thermal batteries 10 and
      20. The batteries output voltage rapidly establish, timer 58 times out and
      the Micro Switches are activated, switching the rocket motor firing squibs
      across their respective batteries 10 and 20.
PAR  Either dimple motor may activate the timer and either one of the matches
      may activate the battery. Thus, redundant system are provided providing
      increased reliability and also allowing the two squibs 10 and 20 in the
      motor igniter basket to be short-circuited when the timer is in the wound
      position and connected to their respective batteries at time out.
PAR  Obviously various modifications and variations of the present invention are
      possible in light of the above disclosure. For example, the spring-wound
      timer may be cammed to throw selected switches sequentially. Annunciation
      or telemetering signals may be activated through the timer switching to
      provide a monitor for the system. Therefore, within the scope of the
      appended claims, it is to be understood that, the invention can be
      practiced otherwise than as specifically disclosed herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A time delay initiator comprising: a timing circuit having a trigger
      input, plural power inputs, and plural outputs for coupling to load
      circuitry; said timing circuit comprises a spring wound timer having a
      rotatable shaft and disposed for activation by said trigger input, and
      plural switches coupled between said power inputs and outputs for coupling
      power therebetween, said switches being disposed adjacent the shaft of
      said timer for activation during shaft rotation; a first thermal battery
      having an input and having an output coupled to a first of said plural
      power inputs; and means coupled to said battery input for activating said
      battery.
NUM  2.
PAR  2. A time delay initiator as set forth in claim 1 wherein said timing
      circuit further comprises actuator means coupled between said trigger
      input and said timer for activating said timer in response to an
      electrical trigger input.
NUM  3.
PAR  3. A time delay initiator as set forth in claim 2 wherein said thermal
      battery further comprises an electric match coupled across said input
      terminals for initiating battery charging in response to a momentary
      electrical impulse.
NUM  4.
PAR  4. A time delay initiator as set forth in claim 3 and further comprising a
      second thermal battery having the input thereof in parallel with the first
      battery input and having the output coupled to a second of said timing
      circuit power inputs.
NUM  5.
PAR  5. A time delay initiator as set forth in claim 4 wherein said load
      circuitry includes first and second squib initiators for activating a
      rocket motor, and said plural switches are first and second singlepole
      double-throw switches having normally closed contacts coupled across said
      squib initiators for maintaining a short-circuit thereacross prior to
      activation of said switches, said switches being coupled to said batteries
      for individually placing the output of said batteries across respective
      squibs when said switches are activated.
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ABST
PAL  A boat ride system for an amusement park, which includes a main channel and
      an auxiliary channel extending under the main channel and isolated from it
      except along a narrow slot. A boat for carrying people includes a hull
      floating in the main channel, a pair of paddles lying in the auxiliary
      channel, and a pair of supports extending through the slot and connecting
      the paddles to the hull. Pumps are utilized to pump water along the
      auxiliary channel so that the moving water pushes the paddles and
      therefore moves the hull along the main channel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to systems for moving vehicles along predetermined
      paths.
PAR  Amusement parks often have "dark rides" in which people are seated in boats
      that float along a channel that carries them past animated displays. The
      boats are typically moved along the channel by pumping water along the
      channel. The cross-sectional area of a boat is typically only a small
      fraction of the cross-sectional area of the water-filled portion of the
      channel, so that a large amount of water normally must be pumped through
      the channel. While this transport system provides a smooth and
      vibration-free ride, it has several disadvantages. The propulsion system
      is inefficient, and it is difficult to provide sharp turns along the
      waterway inasmuch as at such turns the water swirls so that it tends to
      tip the boat rather than propel it and the water also tends to ride up the
      outer side of an open channel.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a boat ride apparatus is provided
      which enables boat propulsion with a minimum of power and along tightly
      curved paths. The system includes a shallow main channel and an auxiliary
      channel lying beneath the main channel and isolated from it except along a
      slot that connects the channels. A boat for carrying people includes a
      hull floating in the main channel, a pair of paddles lying in the
      auxiliary channel, and a pair of supports extending through the slot and
      joining the paddles to the hull. Pumps are provided that move water only
      along the auxiliary channel, to push the paddles and thereby propel the
      boat.
PAR  The novel features that are considered characteristic of this invention are
      set forth with particularity in the appended claims. The invention will be
      best understood from the following description when read in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a rear sectional view of a boat ride apparatus constructed in
      accordance with one embodiment of the present invention;
PAR  FIG. 2 is a sectional side view of the apparatus of FIG. 1;
PAR  FIG. 3 is a plan view of a portion of the apparatus of FIG. 1, showing a
      sharp turn portion thereof;
PAR  FIG. 4 is a rear sectional view of another embodiment of the invention
      which employs a water channel for propelling a wheeled vehicle;
PAR  FIG. 5 is a sectional side view of the apparatus of FIG. 4; and
PAR  FIG. 6 is a sectional rear view of still another embodiment of the
      invention wherein the drive effectiveness of a paddle is varied according
      to the load on the vehicle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1-3 illustrate a boat ride system 10 of a type suitable for an
      amusement park to carry passengers P in a quiet and vibration-free manner
      past displays. The system includes walls 12 forming an elongated main
      channel 14 that is partially filled with water and an auxiliary enclosed
      channel 16 that is completely filled with water. The two channels 14 16
      are isolated from one another except along a slot 18 in a wall 19 that
      forms the top of the auxiliary channel 16 and a portion of the bottom of
      the main channel. A boat 20 for carrying the passengers includes a hull 22
      that floats in the main channel 14, a pair of buckets or paddles 24, 26
      that lie in the auxiliary channel 16, and a pair of supports 28, 30 that
      extend through the slot 18 and that connect the paddles to the hull. A
      series of pumps 32 is arranged along the length of the boatway formed by
      walls 12, with outlets 34 of the pumps opening into the auxiliary channel
      16 to move water therealong. Water is pumped only along the auxiliary
      channel 16, while water in the main channel 14 is allowed to remain
      substantially stationary, the water in the main channel being moved only
      by the action of boats moving therealong and by the interaction of the
      waters in the two channels through the slot 18.
PAR  The water moving through the auxiliary channel 16 pushes against the
      paddles 24, 26 to propel them and thereby move the boat along the boatway.
      The boatway formed by the walls 12 may be part of a "dark ride" that is
      enclosed in a building. In order to minimize the size of the building
      while providing a boat ride of considerable distance, the boatway is
      provided with several sharply curved regions such as that shown in FIG. 3
      to form a compact sinuous path. The boat 20 is guided along the path by
      the two supports 28, 30 which extend through the slot 18. The supports 28,
      30 can be constructed of tubular members with smooth outer surfaces that
      form bearings, while the walls of the slot 18 are also made smooth to
      minimize friction. The supports are only slightly narrower than the slot,
      with the clearance between each support and the slot walls being
      preferably less than the width of the support.
PAR  The use of an auxiliary channel 16 provides several advantages over the use
      of only a main channel through which water moves. One important advantage
      is that turns of small radius can be utilized along the boatway, to permit
      the boatway to be contained in a building of minimum size. If water were
      moved only along the open main channel 14, then the water would tend to
      swirl and ride up along the outer sides of turns, which would tend to
      cause sideward tipping of the boat. With the rapidly flowing water moving
      only through the substantially enclosed auxiliary channel 16, the water is
      largely contained along curves, and sharp curves can be utilized. The use
      of two support members 28, 30 to extend through the slot 18, enables the
      boat to execute even sharp turns of a type shown in FIG. 3.
PAR  The use of the auxiliary channel 16 enables the use of a relatively shallow
      main channel 14. Although the height above the ground 36 of water in the
      main channel 14 is still considerable, a large dry area is available at 38
      and 40 under the main channel 14 and on either side of the auxiliary
      channel 16, to provide space for holding and easily servicing the pumps 32
      as well as animation mechanisms utilized with the ride. The relatively
      shallow main channel 14 also makes emergency movements along the channel
      safer, inasmuch as the height H of water in the main channel may be only
      about one and one-half to two feet, as compared to the typical 3 to 4 feet
      of water utilized in conventional boat rides. Conventional boat rides
      utilize a deep channel to accommodate tracks that guide the boats, and to
      contain submerged pumps that lie deep in the water to minimize
      unattractive turbulance at the surface.
PAR  The pumping of water only along the auxiliary channel 16 results in more
      efficient utilization of pumping energy than if water were pumped along
      the main channel. This is because the paddles occupy a large proportion of
      the cross-sectional area of the auxiliary channel 16, so that a high
      proportion of the water energy can be utilized to propel the boat rather
      than being merely dissipated as friction on the walls of the channel. The
      fact that water moves only along a relatively small auxiliary channel
      means that dynamic responses of the boats can be accurately tested at the
      factory, rather than requiring testing only at the actual dark ride
      installation. This is because the dynamic response of the boat is largely
      determined by the interaction of the paddles with water moving through the
      auxiliary channel, the effects of water in the main channel on the boat
      being less variable because water in the main channel has only a
      relatively slow motion.
PAR  The paddles 24, 26 are of a largely bucket shape, with a substantially
      vertical base wall 40' and with rearwardly extending side walls 42
      extending all around the base wall. This counteracts the tendency of water
      to flow around the paddle rather than to push it, and therefore allows the
      water to exert a large propulsive force on the paddle. the rearward paddle
      26 is made smaller than the forward paddle 24 in order to avoid a tendency
      towards instability which can arise when a vehicle is pushed from the rear
      instead of being pulled from the front. The use of a smaller rearward
      paddle 26 also tends to compensate for the fact that the rearward paddle
      tends to slow the flow of water so that a larger forward paddle would be
      required just to equalize the forces applied by the water to the paddles.
      Even the forward paddle 24 is provided with a smaller height and width
      than the auxiliary channel 16, in order to account for some vertical
      movement of the boat as it is loaded and unloaded and to allow for some
      tipping. It is generally desirable that the paddles occupy only a portion
      of the cross-sectional area of the auxiliary channel, preferably less than
      80% thereof, in order to provide a relatively even flow all along the
      channel even as the paddles pass a pump outlet.
PAR  The hull 22 can tip sidewardly as passengers shift position or at sharp
      turns. However, the paddles 24, 26 and the guiding and support members 28,
      30 do not undergo a corresponding tipping movement because the upper ends
      28E, 30E of the guiding members are pivotally mounted about a horizontal
      and longitudinal axis 50 on the hull 22.
PAR  In an amusement park ride, it is generally desirable to propel all boats at
      about the same speed so that they do not "bunch up" if boats are released
      from the loading dock at small spacings. However, heavily loaded boats
      displace more water in the main channel and therefore have more resistance
      to movement through the nearly stationary water in the main channel. In
      the present system, the greater resistance is compensated for by the fact
      that the paddles 24, 26 of a heavily loaded boat lie deeper in the
      auxiliary channel, and by the fact that water velocity is greater near the
      bottom of the auxiliary channel. The outlets 34 and inlets 35 of the pumps
      are located near the bottom of the auxiliary channel. This creates a
      velocity gradient along the height of the channel of the type indicated by
      the velocity arrows at 54. Thus, when a boat settles deeper in the water,
      the paddles lie in regions of greater water velocity, and the speed of all
      boats is more nearly the same.
PAR  The movement of a boat along a sharp curve can be difficult because the
      water in a channel tends to swirl at a curve and because it is necessary
      to turn the boat as well as propel it. As shown in FIG. 3, movement around
      a sharp curve is facilitated by pumping the water faster along the outside
      of the curve than along the inside. This is accomplished by utilizing only
      pump outlets 34c near the outside of the curve along the curved portion of
      the waterway. This not only can minimize swirling of the water, but the
      higher velocity near the outside of the curve produces a torque on the
      paddles 24, 26 tending to turn them and the boat, to follow the curve.
PAR  The boatway and boats can be constructed in a wide variety of
      configurations. Although two paddles 24, 26 may be utilized, it is only
      necessary to use a single paddle in the auxiliary channel to drive a boat.
      However, it is generally desirable to provide two members 28, 30 extending
      through the slot 18 in order to guide the boat. The auxiliary channel 16
      may be utilized under or at the side of an elongated main channel. The use
      of an auxiliary channel through which water moves, even may be utilized to
      propel boats where there is no definite main channel, as where the boat
      floats in a small lake, or to propel other types of vehicles.
PAR  FIGS. 4 and 5 illustrate a portion of a vehicle way 60 for a wheeled
      vehicle 62, wherein the vehicle is propelled by paddles 64, 66 lying in an
      enclosed channel 68 through which water is pumped by pump 70. The vehicle
      is supported on wheels 72 that run along a substantially dry floor or
      ground surface 74 above the level of the channel. This vehicle system has
      the same advantage as systems that utilize chains running in a slot under
      the floor to slowly propel vehicles, of eliminating the need for an engine
      for each vehicle. The present system has the added advantage of providing
      a "soft" connection between the vehicle and propulsion system, so that
      jerking motions are virtually eliminated during starting and stopping and
      even constant speed operation is smoother. In order to minimize the
      overflow of water through the slot 76 onto the ground surface 74,
      deflectors 78 are provided at the top of the paddles. The deflectors 78
      extend across the slot 76 near the paddles to minimize the overflow of
      water due to the resistance to water flow caused by the presence of the
      paddles. The vehicle 62 is steered along the ground by guide and support
      members 80, 82 that extend through the slot 76. If necessary, the wheels
      72 can be mounted in the manner of furniture casters so they do not
      interfere with guidance of the vehicles by the members 80, 82.
PAR  For a typical wheeled vehicle suspension, the body 84 of the vehicle moves
      up and down only a small amount as the passenger load varies. FIG. 6
      illustrates a paddle assembly 90 which greatly varies the drive capacity
      of a paddle 92 thereof as the load varies in the cab 94 of a vehicle 96.
      The paddle has a pair of holes 106 that can be closed and opened by a pair
      of covers 108 that are pivotally mounted at 110 on the paddle, with the
      pivoting of the covers controlled by loading of the vehicle. The vehicle
      cab 94 is supported by leaf springs 98 on a truck 100 that has wheels 102
      for supporting it on the ground. A guide and paddle support member 104 has
      an upper end fixed to the vehicle cab 94 and a lower end fixed to the
      vehicle cab 94 and a lower end fixed to the paddle 92. An activating rod
      112 slideable along the paddle 92, has an upper end mounted on the truck
      100 and a lower end pivotally connected to the covers 108. When the
      vehicle cab 94 is heavily loaded, the support member 104 and paddle 90
      move down a small but appreciable amount, but the rod 112 hardly moves at
      all. As a result, the covers 108 pivot in a direction to move over the
      holes 106 and increase the effective drive capacity of the paddle.
      Conversely, when the load is removed from the vehicle cab, the paddle 92
      moves up and the rod 112 pivots the covers away from the holes 106, which
      allows water to pass therethrough to decrease the drive capacity of the
      paddle. Of course, a variety of mechanisms can be utilized to sense
      loading and to increase or decrease the drive capacity of a paddle as the
      load respectively increases or decreases.
PAR  Thus, the invention provides a vehicle drive apparatus and especially a
      boatride apparatus, which has the advantage of typical boatrides wherein
      moving water propels a boat, but which provides a more efficient, compact,
      and more easily tested system. This is accomplished by utilizing an
      auxiliary channel largely isolated from a waterway or other path in which
      the passenger-carrying portion of a vehicle moves, by pumping water
      rapidly only along the auxiliary channel, and by connecting paddle means
      in the auxiliary channel to the vehicle body to propel it.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and equivalents
      may readily occur to those skilled in the art and consequently, it is
      intended that the claims be interpreted to cover such modifications and
      equivalents.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A vehicle system comprising:
PA1  walls forming a vehicle pathway including an elongated channel with a wall
      thereof which has an open slot narrower than the channel and extending
      along the top of the channel;
PA1  a vehicle having a body lying above said slot, at least one support member
      coupled to said body and extending through said slot into said channel,
      and paddle means lying in said channel and attached to said support for
      receiving forces from water moving along the channel; and
PA1  means positioned along said channel for pumping and directing the flow of
      the water along the channel.
NUM  2.
PAR  2. The system described in claim 1 wherein:
PA1  said vehicle, including said paddle thereof, moves down and up in
      accordance with the load in said body respectively increasing and
      decreasing; and
PA1  said pumping means moves water at a greater velocity near the bottom of the
      channel than near the top thereof, whereby to increase the propulsion
      force as the vehicle is increasingly loaded.
NUM  3.
PAR  3. The apparatus described in claim 1 including:
PA1  load compensating means responsive to the load in said body for increasing
      or decreasing the drive capacity of said paddle means as the load
      respectively increases and decreases.
NUM  4.
PAR  4. The system described in claim 1, wherein:
PA1  said pathway and channel include a curved portion; and
PA1  said pumping means comprises means for moving water faster around the
      outside of said curved channel portion than along the inside thereof,
      including a water outlet positioned along said curved portion of said
      channel near the outside of the turn.
NUM  5.
PAR  5. The system described in claim 1, including:
PA1  deflector means coupled to said paddle means to move with it, for covering
      portions of said slot near said paddle means, whereby to minimize the flow
      of water out of said channel through said slot as the vehicle moves by.
NUM  6.
PAR  6. The system described in claim 1, wherein:
PA1  said walls form a main channel lying above said first named channel, said
      main channel containing water, and said body of said vehicle comprising a
      hull floating in the water of said main channel.
NUM  7.
PAR  7. The system described in claim 1, wherein:
PA1  said vehicle includes wheels lying above the level of said channel and
      rollably supporting said body.
NUM  8.
PAR  8. A boat ride apparatus comprising:
PA1  walls forming an elongated main channel for holding water to carry a boat,
      said walls also forming an auxiliary water-holding channel extending
      parallel to said main channel and substantially isolated from it except
      along a slot that connects said channels, said slot being narrower than
      said auxiliary channel to minimize the interaction of waters in the two
      channels; and means for directing the flow and moving the water so that
      the water moves at least along the bottom of said auxiliary channel while
      allowing water to move at a slower speed along said main channel, whereby
      to enable propulsion of a boat along said main channel by a paddle or the
      like that extend from the boat into the auxiliary channel.
NUM  9.
PAR  9. The apparatus described in claim 8 including:
PA1  a boat having a hull floating in said main channel, paddle means wider than
      said slot and lying in said auxiliary channel, and a support extending
      through said slot and connecting said hull to said paddle means.
NUM  10.
PAR  10. The apparatus described in claim 9, wherein:
PA1  said paddle means includes forward and rearward paddles with the forward
      paddle positioned forward of the rearward paddle, said rearward paddle
      having a smaller effective area then said forward paddle.
NUM  11.
PAR  11. The apparatus described in claim 9, wherein:
PA1  said paddle means includes a bucket-shaped member with a substantially
      vertical base wall and with substantially rearwardly extending side walls
      extending all around said base wall.
NUM  12.
PAR  12. A compact amusement ride comprising:
PA1  a boatway including a portion curved at a small radius of curvature, said
      boatway including a shallow main channel and an auxiliary channel lying
      beneath the main channel and including a separating wall at the top of
      said auxiliary channel separating said channels, said separating wall
      including a slot;
PA1  a boat having a hull floating in said main channel, two members having
      upper ends coupled to the hull and extending through said slot, said
      members spaced from one another along the length of said guideway and each
      member having bearing means thereon for engaging the walls of said slot,
      and at least one paddle means coupled to one of said members and lying in
      said auxiliary channel; and means positioned along said auxiliary channel
      for moving water generally along the length direction of said auxiliary
      channel.
NUM  13.
PAR  13. The ride described in claim 12, wherein:
PA1  said water moving means moves water at a greater velocity along the outside
      than the inside of the auxiliary channel of said curved boatway portion.
NUM  14.
PAR  14. Boat ride apparatus comprising:
PA1  means defining a bottom wall and side walls for holding water, and defining
      an auxiliary channel extending under said bottom wall, said bottom wall
      having a slot extending over said auxiliary channel in a direction along
      the length of the channel;
PA1  water completely filling said auxiliary channel and lying over said bottom
      wall at a depth less than the height of said side walls;
PA1  a boat having a hull floating in the water above said bottom wall, a pair
      of members spaced from one another along the length of said slot and
      having upper ends mounted on said hull and lower portions extending
      through said slot into said auxiliary channel, and at least one paddle
      means lying in said auxiliary channel and mounted on one of said members;
      and
PA1  pump means for moving water generally along the length direction of said
      auxiliary channel.
NUM  15.
PAR  15. The apparatus described in claim 14, wherein:
PA1  the upper end of each of said members is pivotally connected to said hull
      to permit pivoting about a substantially horizontally and longitudinally
      extending axis, whereby the members and paddle means are able to resist
      tilting when the boat rocks.
NUM  16.
PAR  16. The apparatus described in claim 14, wherein:
PA1  said pump means includes outlets near the bottom of said auxiliary channel
      for moving water near the bottom of the auxiliary channel faster than
      water near the top of the auxiliary channel.
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ABST
PAL  A roadway for rapid transit railways comprises concrete or reinforced
      concrete piers supporting an all steel support or suspension structure for
      the support and/or suspension as well as guiding of the vehicles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to roadways for high performance rapid transit
      railways for overhung and/or underhung suspension vehicles including a
      suspension or supporting structure with means for carrying and guiding of
      the vehicles.
PAR  Conventional constructions of such roadways utilize reinforced concrete
      supporting or suspension structures, and the various rails and lines
      needed to sustain railway operations are attached to the suspension or
      supporting structures. In order to maintain the close tolerances needed to
      ensure the operability of overhung or underhung suspension vehicles, in
      the relative arrangement of the individual rails as well as in the
      absolute geometry of the track, these structures necessitate separately
      operable adjusting devices for the concrete main beams as well as for the
      rails attached thereto by means of supporting elements. Such structures
      thus require rather large expenditures and are hence expensive.
PAR  Due to the particular load capacity of main beams of reinforced concrete
      construction, these beams, if reasonably sized, may not exceed
      approximately 30 m in span. This poses special problems when track
      sections require a span length in excess of 30 m, as may be the case for
      bridges and overcrossings.
PAR  When the track section involves bends in the roadway or differences in
      elevation, conventional structures necessarily use traverse or polyonal
      courses in the section to approximate such bends in the suspension beams.
PAR  A further disadvantage of prior art structures utilizing concrete
      suspension structures, is seen in that these cannot be manufactured by
      shop production, but must be manufactured at the site. This entails
      relatively high labor costs. Another disadvantage is seen in that these
      reinforced concrete structures are hard to disassemble for re-use, for
      example, when the system is to be relocated. This is important in the case
      of experimental tracks. A still further disadvantage of conventional
      structures is due to the fact that the necessary high resonance frequency
      can be achieved only at high extra costs for respective structural
      features.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide roadways for rapid
      transit railways for overhung or underhung suspension vehicles which
      eliminate the above cited disadvantages while satisfying to maximum
      advantage the requirements imposed on modern rapid transit roadways.
PAR  A particular object of this invention is to achieve these advantages by
      providing a suspension structure which, except for the piers, is a steel
      construction.
PAC  SUMMARY OF THE INVENTION
PAR  For achieving the above objects there is provided in accordance with the
      invention a roadway for high performance rapid transit railways comprising
      an all-steel suspension structure for the suspension and guidance of the
      vehicles. The piers supporting the all-steel suspension structure may be,
      for example, of either concrete or steel or reinforced concrete.
PAR  In a further embodiment of this invention the main beam, or beams, is
      either solid-walled or trussed.
PAR  In a still further embodiment of this invention the suspension structure
      comprises two oppositely arranged main beams of box section which are
      interconnected by cross-ties in the area of the piers or columns only. In
      this arrangement the torsional moments caused by lateral forces are
      directly absorbed by the box-section main beams. It will therefore be
      sufficient if the two main beams are interconnected by cross-ties to
      absorb lateral forces only in each pier or column area. By "piers" the
      substantially vertically extending supporting columns are ment.
PAR  In yet another embodiment of this invention the steel construction of the
      suspension structure is of the open cross-section type where two
      oppositely disposed main beams are interconnected by cross-bracing means
      at their lower or downwardly facing sides. By this construction the
      torsional moments produced by lateral forces are no longer taken up solely
      by the cross-sections of the main beams, but rather by the entire
      suspension structure. This will greatly economize material consumption and
      thus reduces costs.
PAR  In still another embodiment of this invention the armature reaction rails
      of steel, which are needed when the suspension and guide means are
      electromagnetic, are integrated into the steelwork of the suspension
      structure as load-bearing components, by rigidly attaching them to the
      main beams. This feature again saves material and reduces costs
      accordingly, it also lessens the total number of parts requires for the
      suspension structure. The same advantages result when, in a further aspect
      of this invention, the steel portion of the reaction rails needed, where
      propulsion is by unilaterally acting electrical linear motor, is
      integrated into the steelwork of the suspension structure by rigidly
      attaching the reaction rails to the main beams. The attachment may be by a
      welded, bolted and/or riveted connection.
PAR  In a further embodiment of this invention the non-steel parts of the linear
      motor reaction rails simultaneously serve as conductors for the electrical
      power supply. This eliminates the need for installing separate power lines
      in the suspension structure, and again affords savings in material, cost
      and weight.
PAR  In a still further embodiment of this invention, pipe line systems for
      transmitting liquids, gases, fluidized solids, transport containers and
      electrical superconducting long-distance lines are incorporated into the
      suspension structure as load-bearing components. This provides an
      opportunity to incorporate, to best advantage, load-bearing components
      into the suspension structure which in the shape of tubing systems
      concurrently serve for conveying or similar functions.
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PAC  BRIEF FIGURE DESCRIPTION
PAR  In order that the invention may be clearly understood it will now be
      described, by way of example, with reference to the accompanying drawings,
      wherein:
PAR  FIGS. 1a and 1b are sectional views illustrating two embodiments of a
      roadway in conformance with the prior art;
PAR  FIGS. 2a and 2b are sectional views illustrating two embodiments of a
      roadway in accordance with this invention;
PAR  FIG. 3 is a lateral elevational view of an alternative embodiment of a
      roadway in accordance with this invention;
PAR  FIG. 4 is an enlarged cross sectional view of one portion of an embodiment
      of a suspension structure in accordance with the present invention that
      may be employed in the structures of FIGS. 2a and/or 2b;
PAR  FIG. 5 is an enlarged cross sectional view of another embodiment of a
      suspension structure in accordance with the invention that may be employed
      in the structures of FIG. 2a and/or 2b;
PAR  FIG. 6 is a cross sectional view of a suspension structure in accordance
      with a further embodiment of the invention, in which tubular elements are
      employed as the load-bearing elements.
DETD
PAC  DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
PAR  FIGS. 1a and 1b illustrate different conventional, reinforced concrete
      suspension structures, where concrete piers 1 resting on foundation 10
      carry reinforced-concrete main beams 2 on bearings 9. The bearings 9 take
      up horizontal and vertical forces. The main beams 2 carry intermediate
      supporting members 3.
PAR  These intermediate supporting members 3 serve for attaching and supporting
      suspension and guide means which in FIGS. 1 to 6, for example, are
      electromagnetic for the vehicular propulsion by means of an electrical
      linear motor. In FIGS. 1a and 1b the intermediate supporting members 3
      carry steel armature reaction rails 4 for the suspension and guidance,
      linear motor reaction rails 5, and power lines 6. The shape of the
      reaction rails 4 may differ as shown in FIGS. 1a and 1b.
PAR  Adjusting means 7, such as nuts and bolts located between the main beams 2
      and the intermediate supporting members 3 and similar means 8 located
      between the piers 1 and the main beams 2 permit the accurate adjustment of
      the rails relative to each other and an absolutely geometrical course of
      the roadway.
PAR  The fact that conventional roadways for high performance rapid transit
      railways utilize reinforced concrete suspension structures to the
      exclusion of others can be attributed to the conclusion, drawn from
      evidence in bridge construction, that in the absence of excessive
      suspension spans the use of reinforced concrete as a main beam material
      would be the one and only economically tenable and reasonable approach.
      From this it was then inferred that main beams of reinforced concrete
      would be the only practicable approach. This bias is amply demonstrated by
      the view that the use of steel constructions would, right from the start
      and in each and every case be too costly. A factor which entirely escapes
      attention in these considerations is, however, that sections of high
      performance rapid transit railways for overhung or underhung suspension
      vehicles impose inherently specific requirements which are by no means
      identical with those in bridge construction e.g., very moderate deflection
      of the beams under load, particularly high natural frequency, great
      accuracy of roadway shape, minimization of adjusting problems and
      absorption of large lateral forces. The present invention overcomes this
      bias, and the roadways of this invention not only eliminate the current
      disadvantages but even afford additional new benefits.
PAR  Owing to the superior load capacity of steel compared to reinforced
      concrete, especially under tensile stresses, this invention permits the
      use of beams having substantially longer suspension spans than
      heretobefore. Due to the great allowable tensile stresses for steel, the
      use of continuous beams extending across several piers at an approximate
      length of 500 m is a practical and helpful advantage of the invention. For
      this reason, suspension structures of steel lend themselves admirably to
      use for roadway sections involving bridges, crossovers or similar
      obstacles.
PAR  FIGS. 2a and 2b illustrate two embodiments of this invention, in which
      concrete or steel piers 1 rest in concrete foundations 10 and carry main
      beams 2 of an all steel construction on intermediate bearings 9. These all
      steel beams may be in the form of open, trussed sections incorporating
      intermediate supporting ribs 14 as shown in FIG. 2a. FIG. 2b illustrates a
      main beam of the box section type. The suspension and guide rails here
      exemplified by a U-shaped rail 4 are rigidly connected to these main beams
      without the necessity of adjusting means. The beams also carry linear
      motor reaction rails 5 and power supply lines 6. At their lower ends the
      two oppositely disposed main beams are interconnected by means of
      cross-ties 13. When the main beams are of the box section construction the
      cross ties 13 are used only in the pier area (FIG. 2b). When the main
      beams have an open cross-section, the cross ties form a connection
      extending over the entire length of the main beams (FIG. 2a).
PAR  FIG. 3 is a lateral view illustrating an entire span of a suspension
      structure between a pair of piers 1, in accordance with this invention.
      FIG. 3 corresponds to a side view of the arrangement shown in FIG. 2a, in
      which the main beams are open shapes incorporating cross-ties 13 at their
      downwardly facing side. The longitudinal beam shape is braced by evenly
      spaced stiffening plates 14.
PAR  FIGS. 4 and 5 are sectional detail views of embodiments in accordance with
      this invention, where the reaction rails needed when the suspension and
      guide means are electromagnetic and propulsion is by means of a
      unilaterally acting electrical linear motor, are integrated into the
      suspension structure as load-bearing components. The U-shaped armature
      reaction rail 4, which here serves as an electromagnetic suspension and
      guide rail, is rigidly attached, for example, by welding to its associated
      main beam 2. Stiffening plates 11 are arranged for additional bracing
      between the armature reaction rail 4 and the main beam 2. The linear motor
      reaction rails 5.1 and 5.2 are likewise connected to the main beam shape.
      In FIG. 5 the steel portion 5.2 of these linear motor reaction rails is
      incorporated into the main beam 2 while in FIG. 4 it is an additional part
      5.2 which is rigidly attached to the main beam. The aluminum portion 5.1
      of this linear motor reaction rail can simultaneously serve a power supply
      function and so obviates the need for the power supply lines 6 of FIG. 1
      or FIG. 2.
PAR  FIG. 6 is a cross-sectional detailed view of a structural embodiment of a
      steel suspension structure in accordance with the present invention, in
      which tubing systems 12 are additionally integrated into the suspension
      structure as load-bearing elements. The tubing systems are suitably
      combined with the suspension structure for additionally conveying liquids,
      gases or the like or for routing electrical superconducting lines
      alongside the track of the roadway.
PAR  The structures according to the invention are less bulky than reinforced
      concrete and hence the present structures are less visible in the country
      side than prior art structures. The appearance is less ponderous and
      awkward and its effect on the landscape is thus less disruptive.
PAR  The use of steelwork for the main beams also affords advantages with
      respect to the dimensional accuracy of the track structure and also of the
      course of the track. By means of current steel construction practice the
      various track components may be manufactured with rather high precision
      involving tolerances of only .+-.2 mm. It is further possible to
      pre-design into the entire suspension structure, bends or differences in
      elevation of the course of a track in any desirable shape. The need for
      approximation of the course or bend by polygonal approximations which is
      unavoidable in the case of concrete beams, is thus eliminated.
PAR  The simple handling as well as the possibilities of combining and varying
      structural features where the main beams are of an all-steel construction,
      provides further benefits for rapid transit railways. Thus, additional
      parts, such as suspension rails, guide rails and conductor rails, may be
      installed with a maximum of accuracy and simplicity. Due to the great
      dimensional accuracy the need for a second, independent adjusting means is
      eliminated, which in turn is accompanied by a substantial reduction in
      cost. Also, and this is an important point, the various track components
      can be manufactured in the shop, including the drilling of holes, cutting
      of threads, etc., needed for the attachment of additional or stiffening
      elements. Compared with on-site manufacture, which in the case of
      reinforced concrete beams is unavoidable, the cost of labor can be
      appreciably reduced. A still further advantage resides in the resulting
      ease of disassembly and in the re-usability of steel railways, which is a
      very important consideration in experimental systems or systems built for
      temporary use, for example, for large fairs and the like.
PAR  In addition to the foregoing advantages, a roadway assembled in accordance
      with this invention provides still another important advantage over
      conventional constructions by its lower structural weight. The
      transportation of track components is thus simpler and cheaper.
      Additionally, when steelwork is used, the necessary high natural frequency
      can be achieved much more readily and at less expense than with reinforced
      concrete constructions.
PAR  The cost of steel, pound by pound, is admittedly higher than reinforced
      concrete. However, the economies attending steel constructions in terms of
      labor, especially when the roadway is constructed with due regard to steel
      construction rather than reinforced concrete, makes roadway construction
      of steel quite competitive with concrete construction when cost is a
      consideration. On top of this, an all-steel construction eliminates the
      disadvantages of reinforced concrete and has additional advantages of its
      own as set forth above.
PAR  Although the invention has been described with reference to specific
      example embodiments, it is to be understood that it is intended to cover
      all modifications and equivalents within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a railroad track for a high performance rapid transit railway
      employing overhang and underhang suspension vehicles of the type
      comprising a support structure including supporting means and guide
      devices, whereby said support structure is either formed as a solid
      girder, or as a framework or truss work, the improvement wherein the
      support structure further comprises two longitudinally extending main
      girders arranged opposite each other, and at least one reaction rail
      rigidly mounted with respect to said main girders and positioned for
      receiving an electro-magnetic effect, said reaction rail being mounted to
      constitute a supporting element of the supporting structure, wherein said
      two main girders have open cross sections, and wherein said supporting
      means comprise supporting columns as well as cross struts interconnecting
      said main girders and arranged adjacent the bottoms of the main girders in
      the area of said supporting columns.
NUM  2.
PAR  2. The railroad track of claim 1, wherein said main girders have hollow
      box-shaped open cross sections.
NUM  3.
PAR  3. The railroad track of claim 1, wherein said reaction rail is made of
      steel.
NUM  4.
PAR  4. The railroad track of claim 1, wherein said reaction rail is made of a
      non-ferrous metal.
NUM  5.
PAR  5. The railroad track according to claim 1, wherein the reaction rail is a
      current conductor.
NUM  6.
PAR  6. The railroad track according to claim 1 for use with a vehicle carrying
      the moving portion of a linear motor, wherein said reaction rail
      constitutes the stator of said linear motor.
NUM  7.
PAR  7. The railroad track according to claim 1, wherein said support structure
      is positioned to rest on said supporting columns.
NUM  8.
PAR  8. The railroad track according to claim 1, wherein said support structure
      further comprises conduit piping as a supporting means.
NUM  9.
PAR  9. The railroad track according to claim 8, wherein the conduit pipes serve
      for the transport of containers.
NUM  10.
PAR  10. The railroad track of claim 8, wherein at least some of the conduit
      pipes serve for containing electrical long distance super conductors.
NUM  11.
PAR  11. A railroad track for a high performance rapid transit railway for
      supporting a vehicle of the type carrying the moving portion of a linear
      motor, comprising a pair of horizontally, spaced apart structural steel
      beams, first reaction rail means rigidly affixed to at least one of said
      beams to form a load bearing element of the respective beam, whereby said
      beams and first rail means together constitute the support structure of
      said tracks, said reaction rail means being positioned to receive
      electromagnetic effects from a linear motor of a vehicle on said track,
      and further comprising second U-shaped armature reaction rail means also
      rigidly secured to at least one of said beams for electro-magnetic
      suspension and guiding of said vehicle, whereby both of said reaction rail
      means constitute load bearing components of the track.
NUM  12.
PAR  12. The railroad track of claim 11, wherein said beams have substantially
      flat tops, said first reaction rail means being affixed to the top of at
      least one of said beams.
NUM  13.
PAR  13. The railroad track of claim 12, wherein said first reaction rail means
      comprises an aluminum plate secured in a flat position to said one beam,
      whereby said first reaction rail means becomes part of said one beam.
NUM  14.
PAR  14. The railroad track of claim 12, wherein said reaction rail comprises a
      steel plate lying flat on said one beam, and an aluminum plate lying flat
      on said steel plate.
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ABST
PAL  An impact resistant panel composed of a group of at least three sheets of
      vitreous material bonded together via intervening layers of plastic
      material. According to one form of construction, the group includes a set
      of consecutive vitreous sheets of at least three different thicknesses
      which are arranged in order of thickness, and at least the first sheet,
      taken in the direction from the highest sheet thickness end of the set, is
      tempered. According to a second form of construction, the group includes a
      set of consecutive sheets of at least two different thicknesses arranged
      in order of thickness and at least two of the plastic layers are of
      different thicknesses and are arranged so that one of the layers having
      the smallest thickness is nearer the first sheet, taken in the direction
      from the thickest sheet, than is any other layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an impact resistant panel composed of a group of
      at least three sheets of vitreous material bonded together via intervening
      layers of plastic material.
PAR  The term "vitreous material" as here used comprehends glasses and
      vitrocrystalline materials, the latter being glasses which have been
      treated in such a way as to cause the formation of one or more crystalline
      phases therein.
PAR  Such panels are resistant to the impact of stones, bullets and other
      similar projectiles. Such panels are therefore often used to form part of
      a bulletproof screen in banks and post offices, or to form windows,
      especially windshields, of aircraft and high speed locomotives. The panels
      are also resistant to breakage by vandals and may be used in display cases
      in museums, or to provide transparent barriers in prisons.
PAR  Hitherto, such panels have needed to be very thick in order to provide
      adequate impact resistance.
PAR  This has resulted in a very heavy and therefore expensive panel. Heavy
      panels suffer from the further disadvantage that they require heavy
      supporting structures or frames, and heavy panels are clearly unsuitable
      for use in aircraft.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an impact resistant panel which
      is of reduced thickness, compared to prior art panels, and is of
      relatively high efficiency.
PAR  The object of the present invention is achieved by the provision of an
      impact resistant panel composed of a group of at least three sheets of
      vitreous material bonded together via intervening layers of plastic
      material, wherein the group of vitreous sheets includes a set of
      consecutive vitreous sheets of at least three different thicknesses which
      are arranged in order of thickness, and at least the first sheet of this
      set, in the direction from the highest sheet thickness end of the set has
      been tempered.
PAR  The definition of a "a set of consecutive vitreous sheets of at least three
      different thicknesses which are arranged in order of thickness" does not
      preclude the use within the set of two sheets of the same thickness,
      provided that these vitreous sheets are adjacent vitreous sheets, and
      provided also that vitreous sheets of at least two other thicknesses are
      also present in the set. Thus for example, a panel according to the
      invention might be composed of a set of four sheets of glass arranged in
      order of thickness, their thicknesses being respectively 9 mm, 5 mm, 5 mm
      and 2 mm.
PAR  It will be appreciated that the thicknesses of sheets of vitreous material
      referred to are nominal thicknesses and may vary within manufacturing
      tolerances. The differences in thickness referred to however are
      considerably greater than anything which could come within the scope of
      normal tolerances encountered in the manufacture of sheets of vitreous
      material of a given thickness.
PAR  The expression "intervening layers" as used herein denotes layers which are
      each bonded to two vitreous sheets. It is not essential that such an
      intervening layer be of homogeneous composition. On the contrary, any such
      intervening layer may be of composite form composed of for example two or
      more sub-strata.
PAR  The sheets of vitreous material constituting the panel may be flat or
      curved, and one or more of the sheets may be of colored material, for
      example when intended for use as a tinted windshield.
PAR  We have found that a panel according to the present invention may be
      considerably thinner than a panel of the previously known type while
      presenting the same impact resistance. In particular, when a bullet is
      shot against the first sheet of such a set, it is heavily deformed and its
      trajectory modified, so that its penetrating power is reduced. This
      happens to a greater extent than with a panel of the known type where
      there is no tempered sheet and which includes a number of sheets each of
      the same thickness, and of the same total thickness as a panel according
      to this invention.
PAR  In preferred embodiments of the invention, at least two of the intervening
      layers of plastic material which bond the sheets of the set together are
      of different thicknesses and are arranged so that the thinner or the
      thinnest of them is nearer to the first sheet than is the other such layer
      or layers.
PAR  By disposing the layers of different materials in the panel in this way the
      materials are used at their optimum. While it is recognized that a layer
      of plastic material will not afford high impact resistance for a
      projectile such as a bullet, nor will a sheet of glass, unless it is given
      a very great thickness, we have found that a structure according to the
      invention insures that a maximum energy of the projectile is absorbed at
      the very beginning of its trajectory through the panel, while the
      remaining energy is best absorbed in the plastic material by deformation
      in both the elastic and plastic modes. The result is that the distance
      along which the energy is absorbed can be made relatively short, which
      reduces the required thickness of the panel.
PAR  This results in an extremely efficient impact resistant panel having low
      penetrability, combined with lower thickness and lighter weight than has
      hitherto been possible.
PAR  Indeed, the advantages afforded by this feature are so great that in some
      cases it is not necessary to temper a sheet of the panel, and, for the
      same total thickness, it is not necessary to have a panel composed of a
      set of sheets of three different thicknesses, since two such different
      thicknesses of sheet are adequate for a panel of similar penetrability.
PAR  Accordingly, in a second aspect thereof, the present invention provides an
      impact resistant panel composed of a group of at least three sheets of
      vitreous material bonded together via intervening layers of plastic
      material, wherein the group of vitreous sheets includes aa set of
      consecutive vitreous sheets of at least two different thicknesses which
      are arranged in order of thickness and at least two of the layers of
      plastic material which bond the sheets of the set together are of
      different thicknesses and are arranged so that the thinnest layer is
      nearer the first sheet of the set, in the direction from the higher sheet
      thickness end thereof, than is any other such layer.
PAR  Another advantage afforded by this second aspect of the invention is that
      the need for sheets of a third different thickness of vitreous sheet is
      eliminated, and this simplifies manufacture.
PAR  Advantageously a panel according to the second aspect of the invention is
      further characterized in that at least the first sheet of the set has been
      tempered, since this further increases the efficiency of such an impact
      resistant panel.
PAR  In addition to the fact that a tempered sheet is more difficult to break
      than a similar but untempered sheet because of the surface compressive
      stresses induced therein by the tempering treatment, when such a sheet is
      broken, it will shatter into a large number of small fragments. Further,
      shattering of a tempered sheet absorbs large quantities of energy. Because
      of this shattering, the panel will become opaque, and this feature is also
      of considerable importance when the panel is used as part of a bulletproof
      partition, and is equally applicable to embodiments constructed in
      accordance with the first aspect of the invention. Once a criminal has
      fired a shot at such a panel, if the thick, tempered sheet is broken, the
      panel becomes opaque, and any person sheltered by the panel can summon aid
      or escape without his actions being visible to the attacker.
PAR  Preferably at least one intervening layer of plastic material is composed
      of at least one self-supporting membrane of plastic material. This
      provides a relatively inexpensive and extremely efficient way of
      assembling a laminated panel.
PAR  In preferred embodiments of the invention, there is a set composed of at
      least four vitreous sheets and the intervening layers of plastic material
      adherent to these sheets are of at least three different thicknesses
      arranged in order of thickness with the or a thinnest of them adherent to
      the first sheet. This feature further increases the degree of impact
      resistance which can be achieved by the panel.
PAR  In preferred embodiments of the invention, the set includes four vitreous
      sheets each having a different thickness. The total thickness of the
      panel, and therefore its weight and the weight of an associated frame, may
      thereby be reduced as compared with another panel of the same impact
      resistance which does not have this feature.
PAR  Advantageously, the thinnest sheet of the set has a thickness of less than
      6 mm, to give optimum safety and weight to the panel. A thickness of
      between 1.5 mm and 3.2 mm is especially advantageous in this respect.
PAR  Advantageously, at least the first sheet of the set has been chemically
      tempered. Chemical tempering enables greater toughening to be achieved
      than is possible by thermal tempering, and the weight of the panel may
      therefore be reduced as compared with a panel of which at least the first
      sheet has been thermally tempered.
PAR  It is especially preferred that each sheet of the set be chemically
      tempered, so as to further enhance the impact resistance of the panel. In
      addition, chemical tempering can be performed on thinner sheets than is
      possible with thermal tempering.
PAR  Preferably, the or a thinnest vitreous sheet of the set forms an exterior
      face of the panel. The thinnest sheet of the set will, in use, be closest
      to the space to be protected. If this sheet breaks, then fragments thereof
      may be hurled into the protected space, and it is desirable that any such
      fragments should be as thin as possible so that they will be more likely
      to be retained by remaining adherent to the adjacent intervening layer of
      plastic material. Also should any fragments break away from the panel, it
      is clear that the lighter they are, the less damage they will do.
PAR  Advantageously, the first sheet of the set forms an exterior face of the
      panel, so that a projectile will first strike the strongest sheet of the
      set and thus undergo maximum deformation and retardation at its initial
      impact on the panel.
PAR  In some preferred embodiments of the invention however, an exterior face of
      the panel is formed by a thin vitreous sheet bonded to the first sheet of
      the set. Such a thin sheet may have a thickness of 1 to 2 mm, and may be
      tinted, and/or serve to carry electrical resistance heating means in order
      to keep an aircraft or locomotive windshield free from ice.
PAR  Advantageously, an exterior face of the panel is formed by a glazing
      element held in spaced relation from the last sheet of the set, in the
      direction sheet thickness end thereof. By this means, should the set of
      sheets be broken, all the fragments resulting therefrom will be contained.
      If the projectile breaks the glazing element as well, then substantially
      all the fragments from the broken set will still be contained, and the
      only fragments to be hurled into the protected area will be fragments of
      the glazing element. The glazing element may readily be treated in such a
      way that fragments resulting from its breakage will be small and blunt.
PAR  The glazing element may be entirely of vitreous material, but is preferably
      a laminated structure composed of at least one vitreous sheet. This
      feature gives added strength to the glazing element, making it more
      difficult to break, and also, when it is broken, the element tends to
      crack or craze, rather than shatter and hurl fragments in various
      directions.
PAR  Preferably, the glazing element is spaced from the last sheet of the set of
      vitreous sheets by a distance of at least 10 mm, since this has been found
      to give optimum results.
PAR  Preferably, at least one exterior face of the panel is formed by a vitreous
      sheet which has been chemically tempered. Adoption of this feature
      improves the weight/impact resistance ratio of the panel.
PAR  The intervening layers may be formed of polyvinyl butyral. This material is
      widely available, and has the great advantage that it does not deteriorate
      to any marked extent due to aging, particularly when sandwiched between
      sheets of glass which are opaque to ultra-violet light. The polyvinyl
      butyral may be of a grade having a moisture content of between 0.1 and
      0.6% by weight. This grade of polyvinyl butyral can readily be produced
      industrially and is therefore relatively cheap; furthermore, it gives
      satisfactory adhesion to the vitreous sheets, and this increases the
      impact resistance of the panel.
PAR  Preferably, the thickness of each intervening layer of plastic material
      lies between 0.2 mm and 5.0 mm. Layers of this range of thickness,
      particularly if of polyvinyl butyral, enable sufficient impact resistance
      to be achieved without unnecessarily increasing the cost of the panel.
PAR  A panel according to the invention should be installed so that the sheets
      of the set decrease in thickness from the side of the panel more prone to
      damage, i.e., so that the or a thickest sheet of the set is located on
      that side of the set at which impact is most likely to be directed so that
      the initial impact of a projectile on the set will be on the thickest and
      strongest sheet thereof.
PAR  A panel according to the invention is very suitable for use as part of a
      wall of a teller enclosure. For example, such a panel might be used as a
      transparent partition above a bank or post office counter, or as part of a
      cage for a teller in a shop or hotel.
PAR  Panels according to the invention are also very suitable for use as vehicle
      windows, for example aircraft and locomotive windshields. Such panels may
      also be used as windows in security vans of the type used for transporting
      large sums of money.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of an impact resistant panel according to
      the first aspect of the invention.
PAR  FIG. 2 is a similar view of another embodiment of impact resistant panel
      according to the invention.
PAR  FIG. 3 is a similar view of a panel according to the first aspect of the
      invention and incorporating a glazing element spaced from the set of
      vitreous sheets of different thicknesses.
PAR  FIG. 4 is a similar view of one embodiment of a panel according to the
      second aspect of the invention.
PAR  FIG. 5 is a similar view of a second embodiment according to this second
      aspect.
PAR  FIG. 6 is a similar view of a third embodiment according to this second
      aspect.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The embodiments to be described are ones which have been fabricated and
      which were subjected to a series of tests employing firearms to verify
      their ability to resist impacts.
PAR  In these tests on impact resistant panels, use was made of three types of
      weapon:
PAC  Weapon I (9 mm GP)
PAR  This weapon was a "GP pistol" having a barrel length of 125 mm. The bullets
      used had a calibre of 9 mm.
PAC  Weapon II (.357 magnum)
PAR  This weapon is sold under the Trademark "Colt Python"  and has four inch
      (100 mm) barrel. The bullets used were of calibre 0.357 inch (9 mm).
PAR  Weapon III (.44 magnum)
PAR  This weapon is sold under the Trademark "Ruger Super Blackhawk" and has a 6
      inch (150 mm) barrel. The bullets used were of calibre .44 inch (10.6 mm).
PAR  The impact resistant panels used as targets in the tests were 30 cm .times.
      30 cm in size.
PAR  For each of the samples tested, three shots were fired so that their points
      of impact were spaced apart by a distance of approximately 10 cm and
      defined respective apices of an equilateral triangle. Each bullet was
      fired at a distance of 5 meters from the target panel. The firing angle
      was 90.degree. to the panel surface.
PAR  The quality of each panel tested was assessed on the basis of the number
      and dispersion of the fragments of the rear sheet of the panel, if broken.
      To this end, paper 500 mm .times. 450 mm in size was stretched over a
      wooden frame fixed 45 cm behind the glazing. Two well-stretched chamois
      skins were held behind the paper to enable the impact energy and cutting
      power of any fragments passing through the paper to be assessed by the
      number and depth of cuts in the skins.
PAR  In practice it can be said that a panel has satisfactory impact resistance,
      for a particular type of weapon if, in the test conditions set forth
      above, and for the type of weapon envisaged, no fragments of glass pass
      through the paper as a result of the impact of the bullets on three
      samples of the panel.
PAC  EXAMPLE 1
PAR  The panel illustrated in FIG. 1 is an impact resistant panel made up of a
      set of four sheets 1, 2, 3 and 4 of transparent glass bonded to one
      another by intervening layers 5, 6 and 7 of polyvinyl butyral.
PAR  The transparent sheets 1, 2, 3 and 4 are each made of soda-lime glass of
      ordinary composition (72 % SiO.sub.2 ; 12.5 % Na.sub.2 O; 0.09 % K.sub.2
      O; 9.4 % CaO; 3 % MgO; 3 % Al.sub.2 O.sub.3 ; 0.01 % Fe.sub.2 O.sub.3, by
      weight) and have thicknesses of 9, 5, 5 and 2 mm, respectively. The first
      vitreous sheet 1 of the set, taken in the direction from the highest sheet
      thickness end thereof, is thermally tempered.
PAR  The polyvinyl butyral intervening layers 5, 6 and 7 each have a thickness
      of 0.76 mm and the polyvinyl butyral has a moisture content 0.4%, by
      weight.
PAR  A comparison was made between the panel shown in FIG. 1 and another,
      reference, panel (not shown) of symmetrical structure and made up of three
      sheets of glass of ordinary composition, such as that set forth above. The
      sheets were each 7 millimeters thick and were glued together via
      intervening layers each 0.76 mm in thickness of polyvinyl butyral having a
      moisture content of 0.4% by weight. The panel according to the invention
      and the reference panel therefore had equal total thicknesses of glass.
PAR  To assess the quality of the two panels, use was made of weapon I, the 9 mm
      calibre GP weapon, under the conditions set forth above. The first sheet 1
      of the panel according to the invention was fired upon. It was found that
      the first chamois skin disposed behind the panel according to the
      invention was neither notched nor cut. In contrast, it was found that
      after the test in the case of the reference panel the two skins were
      considerably cut. The panel according to the invention, which was of
      asymmetrical structure, therefore clearly offered greater safety than the
      reference panel of symmetrical structure.
PAR  Moreover an examination of the paper sheets disposed behind the tested
      panels showed that the dispersion of the fragments of glass, i.e., the
      area affected thereby, was twice as large in the case of the reference
      panel as in the case the panel according to the invention.
PAC  EXAMPLE 2
PAR  The panel illustrated in FIG. 2 is a panel made up of five sheets of glass
      8, 9, 10, 11 and 12 of ordinary composition such as that disclosed in
      Example 1, and bonded to one another by polyvinyl butyral intervening
      layers 13, 14, 15 and 16.
PAR  The sheets 8, 9, 10, 11 and 12 have thicknesses of 10, 5, 4, 3 and 2 mm,
      respectively, while the intervening polyvinyl butyral layers 13, 14, 15
      and 16 have thicknesses of 0.38 mm, 0.76 mm, 1.52 mm and 2.28 mm,
      respectively.
PAR  In this Example a chemical tempering treatment was performed by immersing
      each of the vitreous sheets in a bath of molten potassium nitrate at
      480.degree.C. During the treatment sodium ions contained in the surface
      layers of the sheet were replaced by potassium ion contained in the bath
      of molten potassium nitrate. Since the ionic diameter of potassium is
      greater than the ionic diameter of sodium, the result of the treatment was
      to produce compressive stresses in the surface layers of each sheet in
      equilibrium with tensile stresses set up in the center of the sheet.
PAR  To assess the quality of the panel, use was made of weapon II, the 9 mm.
      357 magnum weapon, under the conditions set forth above. The sheet 8 was
      fired upon.
PAR  The last sheet 12 of the set of sheets remained intact after the firing
      tests.
PAC  EXAMPLE 3
PAR  The panel illustrated in FIG. 3 is another type of impact resistant panel
      according to the invention and is composed of a set 17 made up of sheets
      18, 19, 20, 21 and 22 of glass of ordinary composition, such as that set
      forth above, and bonded to one another by means of intervening layers 23,
      24, 25 and 26 of polyvinyl butyral.
PAR  The sheets of glass 18, 19, 20, 21 and 22 were each thermally tempered by a
      conventional process and have thicknesses of 10, 5, 5, 4 and 3 mm,
      respectively, while the intervening layers 23, 24, 25 and 26 each have a
      thickness of 0.38 mm, the polyvinyl butyral having an approximate moisture
      content of 0.3%.
PAR  A glazing element 27 composed of two sheets 28 and 29 of ordinary glass,
      each 11/2 millimeters in thickness and connected to one another by a
      polyvinyl butyral layer 30 having a thickness of 0.2 mm is held spaced 10
      mm away from the set 17 of sheets 18 - 22 by an aluminum spacer member 31
      glued by adhesive layers 32.
PAR  The intermediate space 33 is filled with dehydrated air so as to prevent
      any subsequent condensation. The sheets of glass 28 and 29 of the glazing
      element 27 were chemically tempered before assembly by the process
      described in Example 2.
PAR  In this Example, a set 17 of sheets 18 - 22 on its own was compared with
      the bulletproof glazing illustrated in FIG. 3, the sheet 18 being fired
      upon in each case.
PAR  To assess the quality of the set 17 of sheets, by itself, in comparison
      with that of the complete panel as illustrated in FIG. 3 and described
      above, use was made of weapon III, the 10.6 mm calibre 0.44 magnum weapon.
PAR  It was found that in the case of the set 17 on its own, all the sheets of
      glass were broken and the last sheet 22 was deformed. Fragments of glass
      which were hurled from this last sheet caused a number of tears in sheets
      of paper stretched behind the assembly tested.
PAR  In contrast, in the case of the completed panel unit of the type shown in
      FIG. 3, it was found that although the set 17 of sheets had also been
      broken by the bullets, and the last sheet 22 was deformed as before, the
      glazing element 27 remained unbroken and retained all the fragments of the
      glass.
PAC  EXAMPLE 4
PAR  An impact resistant panel as illustrated in FIG. 1 and in every way similar
      to that described in Example 1 was produced, except that sheets of
      vitrocrystalline material were substituted for the sheets 1, 2, 3 4. The
      sheets of vitrocrystalline material had the following composition by
      weight: SiO.sub.2 = 48%; Al.sub.2 O.sub.3 = 32%; Na.sub.2 O = 10%; CaO =
      2%; TiO.sub.2 = 8%.
PAR  This impact resistant panel had a very high efficiency and resistance to
      scratching.
PAC  EXAMPLE 5
PAR  An impact resistant panel as shown in FIG. 1 was made. The sheets 1, 2, 3
      and 4 were of colored glass. The colored glass was a soda-lime glass of
      ordinary composition into which 0.15% of Fe.sub.2 O.sub.3 had been
      introduced.
PAR  The panel had a very high efficiency and resistance to scratching.
PAC  EXAMPLE 6
PAR  FIG. 4 shows an impact resistant panel according to the second aspect of
      the invention suitable for use as a flat locomotive windshield.
PAR  The windshield is composed of three sheets 34, 35 and 36, having
      thicknesses of 7 mm, 7 mm and 3 mm, respectively, of ordinary soda-lime
      glass whose composition is set forth in Example 1. Each sheet was given a
      chemical tempering treatment as described in Example 2.
PAR  The sheet 34 is coated with a thin electrically conductive coating 37 to
      allow heating and defrosting of the windshield. This coating was formed by
      a deposit of gold obtained by the well-known vacuum evaporation technique.
      The coating 37 is heated by Joule effect. Electrodes supplying electric
      current to the coating 37 are not shown.
PAR  The three glass sheets are bonded to one another via intervening polyvinyl
      butyral layers 38 and 39 having thicknesses of 1.52 mm and 2.28 mm,
      respectively.
PAR  The locomotive windshield was not tested by firing bullets at it, but by
      orienting it as though the sheet 34 formed the outer sheet of a locomotive
      windshield and was at an angle of 30.degree. to the vertical. For the
      tests, use was made of a steel cube weighing two kilograms. It was found
      that the cube could be hurled horizontally at the windshield at a speed of
      250 kilometers per hour without passing through the windshield.
PAC  EXAMPLE 7
PAR  FIG. 5 shows an impact resistant panel suitable for use as an aircraft
      windshield.
PAR  The windshield is composed of three vitreous sheets 40, 41 and 42, having
      thicknesses of 7 mm, 7 mm and 3 mm, respectively, of ordinary soda-lime
      glass whose composition is set forth in Example 1. The sheets were given a
      chemical tempering treatment as described in Example 2.
PAR  In order to allow defrosting of the windshield, the first sheet 40 is
      covered with a thin electrically conductive coating 43 of gold deposited
      by the well-known vacuum evaporation technique. The coating 43 is heated
      by Joule effect. FIG. 5 does not show the electrodes supplying electric
      current to the coating 43.
PAR  The three sheets 40, 41 and 42 were bonded to one another via intervening
      polyvinyl butyral layers 44 and 45 having thicknesses of 1.52 mm and 2.28
      mm, respectively.
PAR  To protect the coating of gold 43, a sheet 46 of polycarbonate 3 mm in
      thickness was bonded to the layer 43 via a polyvinyl butyral layer 47
      having a thickness of 0.76 mm.
PAR  The aircraft windshield was tested by holding it at an angle of 30.degree.
      to the vertical and hurling, at the polycarbonate sheet 46, a brick of
      alumina-based refractory material 1 kg in weight.
PAR  It was determined that the brick could be hurled horizontally at the
      windshield at a speed of 350 km per hour without passing through the
      windshield.
PAC  EXAMPLE 8
PAR  An aircraft windshield similar to that described in Example 7 was made.
PAR  The special feature of the windshield of this Example was that the
      conductive coating 43 was not deposited on the first sheet 40 of the set,
      but on a sheet of polycarbonate 1 mm in thickness. The sheet of
      polycarbonate, with its conductive coating was bonded to the first sheet
      40 of the set via the conductive coating and a layer of polyvinyl butyral.
      In other words, this coated polycarbonate sheet took place of the sheet 46
      in the preceding Example and the coating deposited on the polycarbonate
      sheet was protected thereby.
PAC  EXAMPLE 9
PAR  Another aircraft windshield was made as illustrated in FIG. 6. In Example
      9, parts identical to those of Example 7 have identical reference
      numerals.
PAR  The windshield illustrated in FIG. 6 is characterized in that there is
      bonded to the first sheet 40, which is on the outside of the aircraft, a
      sheet 48 of ordinary glass 1.2 mm in thickness which has been given a
      chemical tempering treatment as described in Example 2. The sheet 48 is
      coated with an electrically conductive coating 49 adapted to defrost the
      windshield. This coating is protected by the sheet 48.
PAR  The invention is not limited to the Examples given above. It would not be
      departing from the scope of the invention to select other compositions for
      the sheets of glass or vitrocrystalline material. Such other compositions
      of glass include, inter alia, aluminosilicates and borosilicates. Other
      compositions of vitrocrystalline material include, inter alia, lithium
      glasses or glasses containing nucleating cores, such as gold or selenium,
      which have been given a thermal treatment adapted to lead to the formation
      of one or more crystalline phases in the glass.
PAR  As described above, the vitreous sheets of different thicknesses are
      connected to one another by intervening layers of plastic material so as
      to form a laminated structure. The intervening layers can be composed of a
      material such as polyvinyl butyral. However, the invention is not limited
      to the use of polyvinyl butyral, and other materials, including, inter
      alia, polyurethanes, can be used to form such intervening layers.
PAR  Other chemical tempering treatments can be used to reinforce one or more of
      the sheets of vitreous material of a panel according to the invention.
PAR  Such other treatments include the exchange of akali ions contained in the
      surface zones of the sheets for other alkali ions which may be of larger
      or smaller diameter, for example, under suitable temperature conditions,
      potassium ions in the vitreous material may be replaced by lithium ions
      from a treatment medium.
PAR  Lastly, the thicknesses of the vitreous sheets and intervening layers of
      plastic material producing the laminated panel structure can be modified.
      Such modification can of course only be made on condition that the
      required order of thickness of the sheets is maintained in conformity with
      the invention.
PAR  When the impact-resistant panels are intended to be used in special cases,
      they can be given other properties, for instance anti-heating properties,
      in which case one or more thin coatings adapted to reflect or absorb
      infrared radiation are incorporated therein. The panels can also be
      heating and/or anti-misting panels, can include an anti-theft alarm
      system, incorporate an aerial, be of variable visible light transmission
      or reflection, etc.
PAR  Lastly, an increased number of vitreous sheets can be used in the impact
      resistant panel without exceeding the scope of the invention in cases in
      which there is a risk that objects may be hurled at the panels with very
      high energy.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an impact resistant panel composed of a group of at least three
      sheets of vitreous material bonded together via intervening layers of
      plastic material, the improvement wherein said group of vitreous sheets
      comprises a set of consecutive vitreous sheets of at least three different
      thicknesses which are arranged in order of thickness, and at least the
      first sheet of said set, taken in the direction from the highest sheet
      thickness end of said set, is tempered, and at least two of said
      intervening layers of plastic material are of respectively different
      thicknesses and are arranged so that the thinner of said layers is nearer
      to said first sheet than is any other one of said layers.
NUM  2.
PAR  2. A panel as defined in claim 1 wherein at least one said intervening
      layer of plastic material comprises at least one self-sustaining membrane
      of plastic material.
NUM  3.
PAR  3. A panel as defined in claim 1 wherein there are at least four of said
      vitreous sheets and said intervening layers of plastic material adherent
      to said sheets are of at least three different thicknesses arranged in
      order of thickness, with a layer of least thickness being adherent to said
      first sheet.
NUM  4.
PAR  4. A panel as defined in claim 1 wherein there are four of said vitreous
      sheets each having a respectively different thickness.
NUM  5.
PAR  5. A panel as defined in claim 1 wherein the thinnest sheet of said set has
      a thickness of less than 6 mm.
NUM  6.
PAR  6. A panel as defined in claim 5 wherein said thinnest sheet has a
      thickness of between 1.5 and 3.2 mm.
NUM  7.
PAR  7. A panel as defined in claim 1 wherein at least said first sheet of the
      set is chemically tempered.
NUM  8.
PAR  8. A panel as defined in claim 7 wherein each said sheet is chemically
      tempered.
NUM  9.
PAR  9. A panel as defined in claim 1 wherein a said sheet having the least
      thickness forms an exterior face of said panel.
NUM  10.
PAR  10. A panel as defined in claim 1 wherein said first sheet of said set
      forms an exterior face of the panel.
NUM  11.
PAR  11. A panel as defined in claim 1 further comprising a glazing element held
      in spaced relation from the last sheet of said set taken in the direction
      from the highest sheet thickness end thereof and constituting an exterior
      face of said panel.
NUM  12.
PAR  12. A panel as defined in claim 11 where said glazing element is a
      laminated structure comprising at least one vitreous sheet.
NUM  13.
PAR  13. A panel as defined in claim 11 wherein said glazing element is spaced
      from said last sheet of the set of vitreous sheets by a distance of at
      least 10 mm.
NUM  14.
PAR  14. A panel as defined in claim 1 wherein at least one exterior face of the
      panel is formed by a vitreous sheet which is chemically tempered.
NUM  15.
PAR  15. A panel as defined in claim 1 wherein the thickness of each said
      intervening layer of plastic material lies between 0.2 and 5.0 mm.
NUM  16.
PAR  16. A panel as defined in claim 1 and installed so that said sheet of
      greatest thickness is located on that side of said set against which
      impact is most likely to be directed.
NUM  17.
PAR  17. A panel as defined in claim 16 forming part of a wall of a teller
      enclosure.
NUM  18.
PAR  18. A panel as defined in claim 16 constituted as a vehicle window.
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ABST
PAL  Arrangement for producing piped openings in cut blanks of garments,
      comprising a displaceable supporting plate and a folding device including
      a folding slide for piping strips defined by movable folding tools and a
      working blank clamp displaceable relative to the needles of a double
      needle sewing machine having a separating cutter working centrally between
      the needles and adapted to be lowered upon the cut blank, two folding and
      clamping rails defining a folding shaft between them supported for
      vertical movement and pivotally supported at their upper ends for rocking
      movement toward and away from one another and relative to said folding
      slide, means for raising and lowering said folding and clamping rails
      together by an adjustable distance relative to a cut blank in said folding
      shaft.
BSUM
PAR  The invention relates to an arrangement for producing piping openings in
      blanks for garments comprising a displaceable supporting plate and a
      folding means consisting of movable folding tools for the piping strip as
      well as a displaceable cutting knife operating centrally between the
      needles relative to a double needle machine and a work blank clamp that
      can be lowered upon the work blank.
PAR  Devices for producing piping openings are already known that have a movable
      metal retaining sheet with a clamping plate for the piping strip called a
      clamping last that are movable in a plane that is inclined relative to the
      vertical direction. The retaining plate which is provided with abutments
      for aligning the piping strip moves the piping strip to the upper side of
      the working blank and there is disposed below one part of a folding clamp
      consisting of two partial members of .perp. -shaped cross section. The two
      partial members of the folding clamp are arranged one behind the other in
      the direction of feed approximately at the distance of the length of a
      work blank in order to obtain an overlapping manner of operation.
PAR  The piping strip resting on the top side of the clamp is folded into a
      folding shaft of the work blank substantially in U-shape through one
      partial member of the folding clamp and is pressed against the blank part
      resting on the work blank. The upwardly extending legs of the piping strip
      folded in U-shape are pressed by means of forming strips movable relative
      to one another that are arranged on the work blank clamp against the
      upwardly extending bridge of the .perp. -shaped part member of the folding
      clamp. The piping strip thereby has imparted to it the .perp.  -shape
      required for the blank being sewed on.
PAR  When being shifted to the stitch forming locations of the sewing machine
      the piping strip so folded must be pushed from the one stationary partial
      member of the folding clamp to the other stationary partial member which
      is also .perp. -shaped. In order to make it possible at all to carry along
      the piping strip with the blank portion both partial members of the
      folding clamp may not rest firmly on the blank part, respectively the
      piping strip must not be pressed too strongly against the blank part. As a
      result the carrying along of the piping strip as the blank part is
      displaced by means of the work blank clamp merely as a result of the
      friction between the contacting surfaces of the folded piping strips and
      the blank portion on the one hand and the front edges of the forming
      blanks and the piping strip on the other hand. In this connection the
      friction between the piping strip and the stationary partial pieces of
      .perp. -shaped cross section of the folding clamps must be overcome.
PAR  An undesirable displacement of the position of the piping strip with
      respect to the main material cannot be avoided under these circumstances
      especially where the stretch between the folding station disposed at a
      distance of a work blank length from the needles for the piping strip and
      the needles is to be bridged during rapid operation and accordingly the
      starting jolt of the undesirable displacement effect is additionally
      amplified.
PAR  It is an object of the invention to provide an arrangement of the above
      type where the folding tools for the piping strip are smooth and
      constructed at the same time as clamping and displacement tools for piping
      strips and garment cuts.
PAR  In accordance with the invention, this problem is solved by two folding and
      clamping rails, cooperating with a folding slide that is vertically
      movable, which for pulling tight the piping strip that is slid in between
      the folding and clamping rails in a folding shaft can be raised together
      by an adjustable distance and adapted to be lowered onto the cut blank for
      outwardly directed bulging of the tightened parts of the piping strip so
      that they may be lowered upon the material cut on both sides of the
      folding slide.
PAR  The folding and clamping rails are disposed on supports so that they may be
      readily exchanged which supports are slidably guided on standing bolts
      secured to the working blank clamp. For producing the movement in opposite
      direction, the folding and clamping rails are connected with one another
      with pivotable bearings provided with a toothed segment that is journalled
      on the supports.
PAR  The movement of the folding and clamping rails which is composed of upward
      movement and downward movement the magnitudes of which differ from one
      another, and which are to take place in a continuous working stroke of
      pneumatic or some other servo arrangement is in accordance with a further
      proposal of the invention produced by means of a knee joint arranged for
      movement out of a buckled position through the stretched position into
      another buckled positon between the working piece clamp and the supports
      of the folding and clamping rails.
PAR  If the downward movement of the folding and clamping rails is to be reduced
      without changing in this connection, the uninterrupted thrust of the drive
      means that extends in one direction, then it is desirable to construct the
      guide of the knee joint telescopically and equip it with an intermediate
      spring member.
PAR  In order to limit and adjust the upward thrust of the folding and clamping
      rails, one suitably uses an adjustable abutment.
PAR  For the passage of the needle, the folding and clamping rails each have a
      slot extending in the direction of forward movement.
PAR  The folding shaft into which the folding slide folds the piping strip
      consists advantageously of support sheet metal elements movable against
      one another along the work element clamp, the drive of which is by way of
      standing bolts which are fastened on a displaceable frame on the working
      blank clamp and extend in guiding slots in the supporting elements
      directed obliquely to the displacement direction of the frame.
PAR  In order to be able to prepare a further piping strip for the next work
      blank already during the course of the sewing operation, the supporting
      plate provided with the abutments for the piping strip is pivotable out of
      an initial position that is inclined relative to the horizontal about a
      horizontal axis and can be entered between the folding and clamping rails
      and the supporting blades arranged upon the working blank clamp. The
      supporting plate is furthermore provided with a recess permitting a
      relative movement between itself and the folding slide in two planes that
      are perpendicular to one another. It can furthermore be returned into its
      initial position while the folding slide is in its lowered position upon
      the work blank portion.
PAR  The existing angular adjustment of the supporting plate, which in the
      initial setting must be in an oblique position for securing the contact of
      the piping strip on the one limiting abutment and for introducing the
      piping strip in the folding station parallel to the top side of the work
      blank clamp, is determined in a simple manner by abutments which are
      provided in the range of movement of the parts of the supporting plate
      that are at a distance from the bearing axis.
PAR  For supporting the forming of the piping strip the folding slide has a
      compressed air channel, which on both sides of the folding edge leads into
      laterally directed compressed air outlet nozzles through which compressed
      air emerges during the forming operation of the piping strip.
PAR  An embodiment of the arrangement in accordance with the invention is
      illustrated in the accompanying drawings, which is explained more in
      detail hereinafter.
DRWD
PAR  Shown are in
PAR  FIG. 1, to a reduced scale a side view of the arrangement with a sewing
      machine having only a partly illustrated working blank clamp and a folding
      slide in the starting position,
PAR  FIG. 2, a plan view of the working blank clamp illustrated in FIG. 1 and
      the supporting plate for the piping strip with its driving means,
PAR  FIG. 3, a section along line III--III of FIG. 2 in normal size,
PAR  FIG. 4, a view taken in the direction of arrow A in FIG. 2,
PAR  FIG. 5, a perspective illustration of the supporting plate for the piping
      strip and its guide means,
PAR  FIG. 6, a section along line VI--VI of FIG. 2, the supporting plate in its
      starting position and the setting of the folding slide, the folding and
      clamping rails and the supporting members after the insertion of the
      piping strip into the folding shaft defined by the supporting elements,
PAR  FIGS. 7, 8 and 9, illustrate the manner of operation of the folding tools
      during forming of the piping strip by the illustration of the parts in
      three different phases during the forming operation, and
PAR  FIG. 10 shows a folding slide provided with compressed air exit nozzle.
DETD
PAR  The entire apparatus is arranged upon the table plate 1 of a frame 2.
PAR  A known two-needle sewing machine 3 serves as the unit for forming two
      independent seams with needles 6 arranged in needle holder 5 secured
      centrally on the needle bar 4 for forming two independent seams with a
      separating knife 7 for cutting open the engagement slot of the piping
      opening. The sewing machine 3 is also equipped with an arrangement for
      cutting off the threads and is driven by an electromotor that is not
      shown. It is adapted to be stopped in a selectable position by means of a
      needle positioning device. The initiation and ending of the sewing
      operation and the control of the other working operations is effected by a
      known programmed control using pneumatic electromagnetic valves.
PAR  The work blank clamp 8 has a base plate 9 in which there is a recess 10
      that extends in the pushing direction V into which the piping strip P is
      folded.
PAR  In the base plate 9 of the work blank clamp 8 a standing bolt 12 is
      fastened to each end. On each standing bolt 12 a support 13 for a pair of
      folding and clamping rails 14, 15 is slidably guided. The distance between
      the two rails 14, 15 in their working or clamping position is adjustable
      by means of a spacing screw 11 in the folding and clamping rail 14.
PAR  The clamping rail 14 is screwed at both ends by means of screws 16 onto a
      pivot bearing 18 provided with a toothed segment 17, and the clamping rail
      15 is likewise screwed at both ends by means of screws 16 to one each
      pivot bearing 20 provided with a toothed segment 19. The pivot bearings 18
      and 20 are each pivotable about a collar screw 21 on the supports 13. The
      toothed segments 17 and 19 of the pivot bearings 18 and 20 are in meshing
      engagement, so that the clamping rails 14, 15 are connected with one
      another for movement in opposite directions by means of the pivot bearings
      18, 20 that are provided with the toothed segments 17, 19.
PAR  The folding and clamping rails 14, 15 each have a longitudinal slot 22 for
      the passage of the needles 6. To provide a free space into which the
      needle holder 5 enters during sewing they are recessed as shown in FIGS. 7
      to 10, and besides they are offset into the recess 10 in the base plate 9
      at the outer sides. The oppositely disposed surfaces of the folding and
      clamping rails 14 and 15 may be provided with a rubber-like coating in
      order to obtain better gripping.
PAR  For pivoting and folding clamping rails 14, 15 two double acting pressure
      air cylinders 23 are provided, one of each of which is arranged on the
      clamping rails 14, 15 at the outer sides, and this on each opposed end of
      the two folding and clamping rails 14, 15. Since the two air pressure
      cylinders 23 and the parts serving for their arrangement and securing are
      equal to one another, they are provided with uniform reference numerals.
PAR  Each compressed air cylinder 23 has two connections 24 and 25 each of which
      is connected with a compressed air duct. The piston bar 26 of one
      compressed air cylinder 23 is linked by means of a pin 27 to the folding
      and clamping rail 14, and that of the other compressed air cylinder 23 by
      means of a pin 27 to the folding and clamping rail 15. Each compressed air
      cylinder 23 is received in a retainer 28 which is rotatably supported
      about a shaft 30 that is fastened to an angular member 29 on a support 13.
PAR  For displacement of the folding and clamping rails 14, 15 arranged on the
      supports 13 upon the standing bolts 12, two double acting compressed air
      cylinders 31 are provided, one of which is arranged laterally alongside of
      one support 13 on the one side of the folding and clamping rail 14 and the
      other laterally alongside the other support 13 on the side of the folding
      and clamping rail 15, each on an angular member 32 secured to the base
      plate 9 pivotable about a collar screw 33.
PAR  At the outer end of each support 13 a knee joint (FIG. 4) is arranged
      consisting of two links 34 and 35. One link 34 is rigid and the other 35
      is telescopically shaped. The link 35 consists of a partial member 36
      having a longitudinal bore and a partial member 37 provided with a stud.
      The stud of this partial member 37 is slidably received in the
      longitudinal bore of the partial member 36.
PAR  To limit the sliding path a pin 38 is secured in the partial member 36
      which extends through a longitudinal slot 39 in the stud of the partial
      member 37. Between the two partial members 36 and 37 a pressure spring is
      interposed that is arranged upon the stud of the partial member 37, which
      tends to separate the two partial members 36 and 37.
PAR  The rigid link 34 is pivotable at one end about a stud 41 on the end of
      base plate 9, and the partial member 36 of the link 35 pivots about a stud
      42 on the support 13. In the pivot point of the two links 34 and 35 the
      connecting member 45 is joined that is fastened by means of a stud 43 on
      the piston bar 44 of the compressed air cylinders 31. The compressed air
      cylinders 31 each have connections 46 and 47, each of which is connected
      to a compressed air supply.
PAR  For limiting the upward movement of the folding and clamping rails 14, 15
      that are provided on the supports 13, two abutments 48 in the form of
      knurled nuts are arranged on the folding and clamping rails 14, 15, which
      are screwed onto the outer threads of the bolts 12 that are threaded at
      their free ends.
PAR  The piping strip P is to be supported on both sides as it is slid into the
      recess 10 of the base plate 9 where it assumes a generally U-shaped form.
      For this purpose two supporting members 49, 50 that are slidable relative
      to one another are provided in a recess of the base plate 9, which are
      covered at both ends by guide plates 51 screwed onto the plate 9.
PAR  The displacement of the supporting members 49, 50 transversely of the
      forward movement of the work blank clamp 8 is effected by a double acting
      compressed air cylinder 52 which has connections 53 and 54 and which
      furthermore has an angular member 55 arranged upon the base plate 9, and
      whose piston bar 56 is connected by way of an intermediate element 57 and
      a pin 57a with a frame 58 displaceably disposed on the outer sides of the
      base plate 9. The frame 58 is provided with several longitudinal slots 59
      for guidance, through which collar screws 60 are extended that are screwed
      into the base plate 9. In the frame 58 there are four standing bolts 61
      which extend upwardly into guiding slots 62, 63 in the supporting plates
      49, 50 obliquely to the direction of feed V. The guiding slots 62, 63
      extend obliquely in opposite directions in order to make it possible to
      move the supporting members 49, 50 toward or away from one another as the
      frame 58 is moved.
PAR  In order to slide the piping strip P into the recess 10 of the base plate 9
      or into the folding shaft defined by the supporting members 49, 50 of
      generally U-shape, a folding slide 64 is provided above the folding and
      clamping rails 14, 15 which is journalled for pivotal movement on a
      support 69 secured to a compressed air cylinder 68 that has two
      connections 66, 67 and is double acting. The connections 66 and 67 of the
      compressed air cylinder 68 are each connected to a compressed air conduit.
PAR  The compressed air cylinder 68 is secured to a supporting angular member 70
      that is fastened to the housing of the machine. For straight guidance of
      the folding slide 64 a guiding bar 71 is fastened to the support 69 and
      slidably guided in bores of the supporting angle 70.
PAR  In the range of movement of one end of the folding slide 64 an abutment
      angle 72 secured to the machine housing is arranged which is contacted by
      the left end of the folding slide 64 during upward movement, whereupon the
      folding slide 64 is pivotally moved during the further course of the
      upward movement of the piston bar 65 about its pivot connection on the
      support 69 into an oblique position (FIG. 1).
PAR  On the abutment angle 72 is a separating plate 73 for the borders of the
      piping strip 11 that extend upwardly after folding between the folding and
      clamping rails 14, 15, which is disposed directly in front of the
      separating cutter 7. The separating plate 73 has a guiding groove 74 for
      the separating cutter 7 at its end facing the separating cutter 7.
PAR  In order to provide the driving gear for the work blank clamp 8 two frames
      75, 76 made of flat iron are provided on the base plate 9, each of which
      is drilled at one end by 90.degree. and is screwed with the drilled end
      onto the top side of the base plate 9 and at the other end to the reduced
      and small outside of the base plate 9 that is offset relative to the base
      plate 9.
PAR  The work blank clamp 8 is pivotably arranged by means of two head screws 77
      on two latches 78, 79 screwed into the straps 75, 76. The longitudinal
      axes of the head screws 77 coincide with an axis extending through the
      center of gravity of the work blank clamp 8 of the head screws 77. The
      pivotal movement of the work blank clamp 8 is limited by a pin 80 secured
      at a lateral distance from the head screws 77 in the latches 78, 79 which
      extends into a longitudinal slot 81 in the straps 75, 76.
PAR  The latches 78, 79 extend at an angle upwardly and are pivotally connected
      by two parallel pairs of links 82, 83 with a support plate 84 that is
      fastened to two guiding bars 85 which are guided in a bearing block 86 for
      sliding movement in the advancing direction V.
PAR  For displacement on the working blank clamp 8 in advancing direction V
      arranged in a parllelogrammic manner on the supporting plate 84 a
      hydro-pneumatic advancing unit 89 known per se, having two connections 87,
      88 is arranged, the piston bar 90 of which is connected to the support
      plate 84.
PAR  The raising and lowering of the work blank clamp 8 is effected by a
      compressed air cylinder 93 provided with two connections 91, 92 which is
      received at one end on an angular member 94 welded to the support plate 84
      and whose piston bar 95 supports a piston 96 which is disposed with its
      transversely bored end on a bar 97 connecting the lower pair of links 83.
PAR  The piping strip P is in this arrangement brought under the folding slides
      64 constituting the folding shaft defined by the flat supporting 49, 50 to
      be described hereinafter. For this purpose serves the supporting plate 98,
      FIGS. 2, 5 on which there are two rectangularly disposed abutment strips
      99, 100 for the piping strip P which are adjustable and disposed at a
      right angle.
PAR  In the supporting plate 98 there is a longitudinal slot 101 directed
      parallel to the direction of feed V for the passage of the folding slide
      64 through which the folding slide 64 pushes the piping strip P in
      U-shaped folded form into the recess 10 in the base plate 9 or into the
      folding shaft defined by the supporting members 49, 50 under the folding
      clamping rails 14, 15. A transverse slot 102 follows the longitudinal slot
      101 which is somewhat wider than the securing bridge of the folding slot
      64. The longitudinal slot 101 and the transverse slot 102 define a recess
      103 which permits displacement of the supporting plate 98 in a horizontal
      direction toward one side onto a cut-out part W as the folding slide 64 is
      in lowered position. The supporting plate 98 is provided with two offset
      projections 106 for mounting bearing members 105 by means of which the
      bearing members 105 are fixedly connected, for example by hard soldering.
PAR  The supporting plate 98 is pivotally journalled on one horizontal bearing
      axis 107 by means of bearing member 105 fastened by means of screws 109 in
      a sliding guide 108. The sliding guide 108 is slidably guided on two
      parallel bars 111 secured in a frame 110. The frame 110 is soldered to an
      angular member 112, FIGS. 2, 5 fastened to the table plate 1. The sliding
      guide 108 and, therefore, the supporting plate 98 is slidable by means of
      a double acting compressed air cylinder 113 on the guiding bars 111. The
      compressed air cylinder 113 has connections 114, 115. The piston bar 116
      of the compressed air cylinder 113 is connected to a strip 117 of the
      sliding guide 108.
PAR  For determining the starting position of the supporting plate 98 in which
      the piping strip P is to be placed with two edges disposed at right angles
      to one another against the abutment strips 99, 100 during the current
      sewing operation on the supporting plate 98 and in which the supporting
      plate 98 is to assume an oblique position (FIGS. 5, 6) to simplify the
      joining and insure the joining of the piping strip P at the abutment
      strips 99, 100 two angular members 118 are screwed onto the table plate 1.
      The upper ends of these angular members are in the form of approach cams
      119 with an oblique surface that determines the oblique position of the
      supporting plate 98, against which the bearing members 105 place
      themselves in the starting position of the support plate 98.
PAR  The horizontal position illustrated in dot and dash lines in FIG. 6 of the
      supporting plate 98 is determined by two abutments 120 that are secured to
      the bearing axis 107.
PAR  In FIG. 10 a folding slide 121 is illustrated which can be disposed on the
      support 69 instead of the folding slide 64. The folding slide 121 has a
      compressed air channel 122 on the inside, which on both sides leads into
      obliquely downwardly directed compressed air exit nozzles 124. On the
      securing bridge of the folding slide 121 a connection 125 for a compressed
      air conduit is provided.
PAR  Starting with the arrangement that the parts of the installation are in the
      standstill condition of the sewing machine with the needle in the upward
      position, furthermore that a pipe strip P had been placed upon the
      obliquely disposed supporting plate 98 with two abutment slabs 99, 100 in
      engagement at right angles with their side edges with one another, that
      the working blank clamp 8 is lowered by supply of compressed air by way of
      connection 92 from the compressed air cylinder 93 of a cut-out part W
      disposed on the table plate, and finally that the folding and clamping
      rails 14, 15 are in the open position illustrated in FIG. 6. Starting with
      this condition, the arrangement operates as follows:
PAR  By supplying compressed air by way of connection 115, FIG. 2, of the
      compressed air cylinder 113, the sliding guide 108 with the bearing axis
      107 secured thereto and the supporting plate 98 mounted thereon is
      displaced on the guiding bars 111 relative to the working blank chamber 8.
      At the start of the displacement movement the supporting plate 98 pivots
      about the bearing axis 107 into its horizontal position under the effect
      of the inherent gravity which position is determined by the abutments 120
      disposed in its pivoting area. During the further course of the
      displacement movement the supporting plate 98 is moved between the folding
      and clamping rails 14, 15 disposed in the open position, FIG. 6, and the
      supporting members 49, 50 on the base plate 9 into the end position
      illustrated in dot and dash lines in FIG. 6 in which the longitudinal slot
      101 of the supporting plate 98 is located by way of the recess 10 of the
      base plate 9.
PAR  At the same time as the compressed air cylinder 113 is actuated, also the
      compressed air cylinder 52 is supplied with compressed air by way of
      connection 53. Thus, the frame 58 is displaced in a direction opposite to
      the feed direction V, FIG. 2.
PAR  During this displacement movement the supporting members 49, 50 are
      displaced as a result of the cooperation of the standing bowl 61 in the
      frame 58 with the oblique slots 62, 63 in the support members 49, 50 into
      a position in accordance with FIG. 6 where for sliding in the piping strip
      P into the recess 10 a slot serving as folding slot for passage remains
      free.
PAR  The piping strip P placed upon the supporting plate 98 is thereupon moved
      downwardly through the folding slide 64 by supply of compressed air by way
      of connection 67 to compressed air cylinder 68, through the longitudinal
      slot 101 in the supporting plate 98 and the slot between the two
      supporting plates 49, 50 into the recess 10 of the base plate 9 of the
      work blank clamp 8 is pressed on as shown in FIG. 6 folded in U-shape
      against the cut member W.
PAR  The supporting plate 98 is then moved back onto the cut member W into its
      initial position by supply of compressed air by way of connection 114 of
      the compressed air cylinder 113 for the sliding guide 108. This is
      possible in that the supporting plate 98 is provided with the transverse
      slot 102 in the area of the fastening bridge of the folding slide 64 that
      begins at the longitudinal slot 101.
PAR  Shortly before reaching the initial position the bearing members 105 of the
      supporting plate 98 encounter the engagement knuckles 119. Accordingly,
      the supporting plate 98 is swung in the final phase of the return movement
      about the bearing axis 107 into its oblique position illustrated in FIGS.
      5 and 6. Beginning already at this point where the supporting latch 98 has
      reached its starting position, a new piping strip P can be placed onto the
      supporting plate 98.
PAR  By supplying compressed air by way of connections 25 of the compressed air
      cylinder, FIGS. 3, 4, the folding and clamping rails 14, 15 are pivotally
      moved about their collar screws 21 that serve as their bearing axes due to
      their mutual connection by means of toothed segments 17, 19 into their
      clamping position, FIGS. 3 and 7-10. In this position they press the
      raised free legs of the U-shaped piping strip P that is slid in a
      plier-like manner into the recess 10 of the folding slide 64. The clamping
      position of the folding and clamping rails 14, 15 can be adapted by
      adjusting the spacing screw 11, FIG. 3, to the different material
      thicknesses of the piping strip P.
PAR  The supporting members 49, 50 can now be returned to their initial
      position. For this purpose compressed air is supplied by the compressed
      air cylinder 51 by way of connection 54 whose piston bar 56 displaces the
      frame 58 in the feeding direction V, FIG. 5, by way of the intermediate
      member 57 and the pin 57a on the frame 58. As a result the supporting
      members 49, 50 are displaced into their starting position in accordance
      with FIGS. 2 and 7-9 by the cooperation of the standing bolts 61 with the
      oblique slots 62, 63 transversely to the feeding direction V.
PAR  For tightening the raised borders that is folded into U-shape on both sides
      of the folding slide 64 and for the following folding down of the
      tightened nut part clamp of the piping strip P in such a manner that the
      piping strip P has imparted to it the .perp. in accordance with FIG. 9
      required by the cut portion compressed air is supplied to both compressed
      air cylinders 31 by way of their connection 47.
PAR  In a continuous working operation the two knee joints 34, 35 that engage
      the connecting members 45 are by way of the piston rods 44 and the two
      knee joints 34, 35 pressed out of their initial position the buckle
      position I through the stretched position II into a further buckling
      position III. Thereby the supports 13 that are displaceable upon the bolts
      12 and thus the folding and clamping rails 14, 15 are first raised by the
      stretch indicated at "H" in FIG. 4.
PAR  Due to the friction between the raised borders of the piping strip P and
      the clamping surfaces of the folding and clamping rails 14, 15 which touch
      the raised borders, the raised borders of the piping strip P are
      tightened.
PAR  The magnitude of the upward movement of the folding and clamping rails 14,
      15 which depends on the width of the parts of the piping strip P that are
      visible on the finished garment can be limited by adjusting the setting
      screws 48 on the standing bolt 12. It is variable within the limits
      determined by the length of the longitudinal slot 13 in the part member 37
      of the links 35. In this connection the telescopically constructed links
      35 make possible the through-movement of the knee joints 34/35 through the
      stretch position II.
PAR  During the downward movement that follows the upward movement of the
      folding and clamping rails 14, 15 by the stretch "S," FIG. 4, when guiding
      the knee joints 34/35 from the stretched position II into the collapsed
      position III, the non-clamped parts of the piping strip P are bent
      outwardly away from the folding slide 64. They are then pressed against
      the cut portion W in double layers as shown in FIG. 9. In this position
      the folding and clamping rails 14, 15 remain until the end of the sewing
      operation. An inintentional relative displacement between the cut portion
      W and the piping strip P does not have to be effected.
PAR  For supporting the bending operation of the tightened non-clamped part of
      the piping strip P, the folding slide 64 can be exchanged against the
      folding slide 121 illustrated in FIG. 10 by way of its connection 125
      while during the downward movement of the folding and clamping rails 14,
      15 compressed air is discharged through the nozzles 124.
PAR  The folding slide 64 or 121 is moved back at the end of the forming
      operation of the piping strip P into its initial position in accordance
      with FIG. 1. This is effected by the supply of compressed air by way of
      connection 66 of the compressed air cylinder 68.
PAR  The movements of the working blank clamp 8 for sewing on the piping strip P
      with two independent seams and for cutting open the entrance slot
      extending centrally between the two seams are subsequently so controlled
      by the hydraulic pneumatic feeding unit 89, FIG. 1, as the sewing machine
      operates preferably at the rhythm of the stitch formation by suitable
      supply of pressure material by way of connection 87, that first the
      beginning of the two seams, for example by condensation of stitches is
      latched, then the seams are formed by suitable connecting and
      disconnecting of the separating cutter 7, and the conventional insert slot
      is cut open and at the end of the seam, the seams are likewise latched by
      condensation of the stitches.
PAR  The raised edges of the piping strip P are thereby kept separated by the
      separating blade 73 so that the separating cutter 7 arrives safely between
      the two raised borders of the piping strip P.
PAR  Upon reaching the ends of the seam, the threads are cut off at the last
      upward movement of the needle bar and the sewing machine is stopped as the
      needle is in raised position. The supply of pressure means by the feeding
      unit 89 is interrupted. By supply of compressed air by way of connection
      91 of the compressed air cylinder 93, FIG. 1, the working blank clamp 8 is
      lifted off from the cut portion W by means of the piston bar 95 that
      engages the connecting bar 97 of the parallel pair of linkers 83 and can
      be moved to a stacking location by a moving device. Meanwhile the
      seamstress places the next cut portion W onto the table plate 1, and in
      this connection aligns it in accordance with certain optical markings.
PAR  By supplying compressed air by way of connections 46 of the compressed air
      cylinders 31 and connections 24 of the compressed air cylinders 23, the
      folding and clamping rails 14, 15, are then guided back out of their
      clamping and operating position illustrated in FIG. 9 into the starting
      position in accordance with FIG. 6. The working blank clamp 8 is then
      moved back by supplying pressure means by way of the connection 88 of the
      feed unit 89 into its starting position in accordance with FIGS. 1 and 2
      over the newly placed cut portion W. Since a new piping strip P could
      already be placed after the insertion of the piping strip P into the
      recess 10 and the returning of the supporting plate 98 into its starting
      position in accordance with FIGS. 2, 5 and 6, the course described can
      begin anew.
PAR  Having now described our invention with reference to the embodiment
      illustrated in the drawings, what we desire to protect by letters patent
      of the United States is set forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Arrangement for producing piped openings in cut blanks of garments,
      comprising a displaceable supporting plate and a folding device including
      a folding slide for piping strips defined by movable folding tools and a
      working blank clamp displaceable relative to the needles of a double
      needle sewing machine having a separating cutter working centrally between
      the needles and adapted to be lowered upon the cut blank, two folding and
      clamping rails defining a folding shaft between them supported for
      vertical movement and pivotally supported at their upper ends for rocking
      movement toward and away from one another and relative to said folding
      slide for clamping a piping strip disposed around said folding slide,
      means for raising and lowering said folding and clamping rails together by
      an adjustable distance relative to a cut blank in said folding shaft
      whereby outwardly directed bulges of the tightened parts of the piping
      strip are formed on both sides of said folding slide.
NUM  2.
PAR  2. Arrangement in accordance with claim 1, comprising standing bolts
      secured in the working blank clamp on supports displaceably supporting
      folding and clamping rails.
NUM  3.
PAR  3. Arrangement in accordance with claim 2, where the folding and clamping
      rails are connected with one another by way of pivot bearings provided
      with a tooth segment journalled above the supports.
NUM  4.
PAR  4. Arrangement in accordance with claim 3, where for producing the vertical
      movements of the folding and clamping rails a knee joint is provided that
      is movable out of its collapsed position through a stretched position into
      a further collapsed position between the working blank clamp and the
      supports of the folding and clamping rails, and where one line of the knee
      joint is telescopically formed and equipped with an intermediate spring
      member.
NUM  5.
PAR  5. Arrangement in accordance with claim 4, comprising an adjustable
      abutment for limiting the upwardly directed displacement movement of the
      folding and clamping rails by a standing bolt.
NUM  6.
PAR  6. Arrangement in accordance with claim 5 comprising a passage slot for a
      needle in the folding and clamping rails.
NUM  7.
PAR  7. Arrangement in accordance with claim 6, comprising supporting members on
      the work blank clamp that are displaceable relative to one another for
      defining the folding shaft, which are driven by way of standing bolts
      fastened in a frame displaceably mounted on the work blank clamp, said
      bolts extending through slotted guides in the supporting plates directed
      obliquely to the displacement direction of the frame.
NUM  8.
PAR  8. Arrangement in accordance with claim 1, comprising a supporting plate
      for the piping strip that is provided with abutments movable out of a
      horizontally inclinded initial position about a horizontal axis and
      between the folding and clamping rails and the supporting plates disposed
      between the work blank clamp and has a recess permitting a relative
      movement between itself and the folding slide in two planes perpendicular
      to one another and can be returned to the starting position while the
      folding slide is in its lower position on the cut blank.
NUM  9.
PAR  9. Arrangement in accordance with claim 1, including abutments in the range
      of movement of the parts of the supporting plate disposed at a distance
      from the bearing axis for determining the angular settings of the
      supporting plate relative to the horizontal.
NUM  10.
PAR  10. Arrangement in accordance with claim 1, where the folding slide is
      provided with a compressed air channel which leads on both sides of the
      folding edge to laterally directed compressed air outlet nozzles.
NUM  11.
PAR  11. Arrangement in accordance with claim 1 including bolts secured to the
      working blank clamp for guiding the folding and clamping rails, said rails
      being pivotally mounted for movement about the bolt and means permitting
      displacement of the bolts and means for pivotally moving the folding and
      clamping rails in opposite directions.
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ABST
PAL  A vise for sewing machines for sewing pockets on articles of clothing
      including a device for automatically folding edges of the material of the
      pocket and a plate for pressing the pocket material on the garment during
      the sewing operation. The plate consists of a central element shaped
      substantially like the pocket and three thin plates, two lateral and one
      on the bottom of what constitutes the pocket running parallel along the
      edges of the central element and capable of moving to the inside and
      outside of the central element parallel to its edges.
BSUM
PAR  The present invention relates to a small cloth vise in a sewing machine.
      The sewing machine is of the type described in U.S. Pat. No. 3,667,411 and
      has been studied for sewing small pockets on the front of shirts or on the
      rear of blue jeans. In this type of machine, a small working vise holds
      the material of the pocket on the garment after the edges have been folded
      over and is then moved by a suitable cam device to a position under the
      needle of the sewing machine along a trajectory corresponding to the
      course of the seam that is to be sewn.
PAR  The seam is made close to the outer edge of a plate of the small vise that
      is holding the pocket on top of the garment.
PAR  In the case of a single seam, there is no difficulty in holding the
      material in question since the seam is made very close to the outer edge
      of the holding plate keeping the pocket on the main piece of material.
      When two parallel seams are to be made to attach the pocket, the outermost
      seam is very difficult to sew, especially in the case of light materials,
      as the distance of the outer edge of the holding plate is too great to
      assure a good hold on the material, which during the sewing of the seam is
      stretched and deformed, thus compromising the perfect quality of the seam.
      The object of the present invention is to eliminate the problems mentioned
      above.
PAR  The technical problem to be solved is that of creating a holding plate for
      the pockets that will have an outer edge that is flexible, so that the two
      parallel seams can be sewn under identical and the most suitable
      conditions.
PAR  The solution to the technical problem is characterized by the fact that the
      plate consists of a central element substantially shaped like the pocket,
      and three thin plates, two lateral ones and one on the bottom, running
      parallel along the edges of the element and capable of deviating toward
      the inside and outside of this element, parallel to the edges.
DRWD
PAR  Other advantages and characteristics of the invention will appear by
      reference to the accompanying drawings in which:
PAR  FIGS. 1 and 2 are the two symmetrical halves of the plate of the vise of
      the present invention in two different operating conditions, and
PAR  FIG. 3 shows the course of the two parallel holding seams of the pocket on
      top of the garment.
DETD
PAR  In FIGS. 1 and 2, 10 represents the upper plate holding the pocket on the
      garment, which is hinged at 11 to two arms 12 of a support element, not
      shown, which controls the raising and lowering of the plate 10. The plate
      10 consists of a central element 9, on which a pneumatic cylinder 13 is
      placed, on the end of the stem 14 of which a small block 15 is supported.
PAR  A platelet 17 is placed movably on the element 9 and is attached at one of
      its ends to the block 15 by means of a hinge 16. At the opposite end, it
      has a screw or buttonhole 18 intended to cooperate with the hinge 19 in
      the manner described in the following. On the plate 17, by means of the
      hinges 16 and 20, the levers 21 and 22 are supported, and are hinged at
      the other end to the hinges 23 and 24, which can run through the
      respective holes 25 and 26 formed in the central element 9 of the holding
      plate 10.
PAR  At the lower end of the hinges 23 and 24 are attached plates 27, placed
      symmetrically below the central element, along its lateral sections. A
      plate 28 placed below the central element 9 along its under side is
      guided, when necessary, onto this element and connected to the platelet 17
      by means of a hinge 19 attached to it and coupled to a hole 18 formed
      longitudinally on the platelet 17.
PAR  The pocket that is to be sewn onto the garment after the edges are folded
      is brought into contact with the material onto which it is to be sewn and
      held in that position by the plate 10, by means of its sideplates 27 and
      28, which are in the position illustrated in FIG. 1, very close to the
      metal plate 29 which, as illustrated in the patent, supports the elements
      for folding the edges of the pocket. In this position of the plates 27 and
      28 the outermost seam is executed.
PAR  At the end of this seam 31, the pneumatic cylinder 13 is automatically
      activated, and its stem, from the position illustrated in FIG. 1 moves a
      certain distance to the position illustrated in FIG. 2. This movement of
      the stem 14 is transmitted to the platelet 17, which is also supported on
      it, and which moves the levers 21 and 22 and consequently the hinges 23
      and 24 along the respective holes 25 and 26 toward the interior of the
      element 9.
PAR  The thin plates 27 are thus caused to move toward the inside of the
      element. At the same time, by its movement, the platelet 17 brings one end
      of its hole 18 into contact with the hinge 19 and thus pulls it along and
      the other thin plate 28 toward the inside of the element 9 in such a way
      that the plate 10 assumes the position illustrated in FIG. 2.
PAR  The outer edge of the plate 10 is now reduced in such a way that the seam
      32 can be executed on the pocket under the same operating conditions under
      which the outer seam 31 was executed.
PAR  The needle of the sewing machine thus works on the material, in the case of
      both seams, in close proximity to the holding elements, i.e., the thin
      plates 27 and 28, which assure the conditions necessary for a good seam.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for holding the folded edge of a pocket against a garment
      during the sewing of two parallel seams along each of the folded edges of
      the pocket comprising a bottom plate for supporting the garment, a
      pivotable top assembly for pressing the pocket material on the garment
      during the sewing operation, said assembly consisting of a pivotal central
      plate taking the shape of the pocket and having slots therein, two movable
      side plates and a movable bottom plate positioned below the central plate
      and attached thereto, through said slots, said movable plates being
      capable of movement beyond and within the edges of the central plate, and
      means to move said movable plates, said means comprising a pneumatic motor
      positioned on said central plate, a movable platelet positioned above said
      central plate and attached to said bottom plate through one of said slots
      and to said motor, and pivotal levers each attached at one end to said
      platelet and at the other end to said side plates whereby said movable
      plates are moved inwardly toward said central plate after sewing the first
      seam and before securing the parallel second seam.
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ABST
PAL  A boat hull construction having a bottom formed with a central longitudinal
      surface and side surfaces spaced on either side of the central surface.
      Both the central surface and the side surfaces are flat in a cross
      sectional direction, and the side surfaces are separated from the central
      surface by upwardly arched channels. The three parallel flat surfaces
      enable the boat to plane at lower speeds and provide improved lateral
      stability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Flat bottomed hulls are considered to have good planing characteristics due
      to the fact that there is a minimum amount of wetted surface and as a
      result there is a minimum drag as the speed is increased. However, flat
      bottomed hulls lack stability on turning and also have a tendency to
      produce a rough ride in choppy water.
PAR  V-bottom hulls are generally formed with a relative deep V at the bow which
      flattens out toward the stern. The V-hull has the advantage of being able
      to cut into heavy seas, although as the V cuts down into the water the
      water is displaced upwardly along the V and has a tendency to slap against
      the bottom of the hull. Furthermore, the V-bottom hull lacks lateral
      stability particularly in the forward areas.
PAR  More recently the tri-hull has become more popular in smaller boats. The
      tri-hull consists of a central V along with V's of lesser depth along the
      side edges of the hull. The tri-hull provides a substantial increase in
      lateral stability, particularly in the forward areas, but acts to increase
      the amount of wetted surface so that the planing characteristics of the
      tri-hull are adversely effected.
PAR  Various other types of modified V-hulls or tri-hulls have been used in the
      past in an attempt to obtain better planing characteristics or to increase
      the stability of the hull.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to an improved boat hull construction which provides
      better planing characteristics as well as greater stability. In accordance
      with the invention, the bottom of the hull is formed with a central
      longitudinally extending flat surface which extends from the stern toward
      the bow. The central surface is flat in a lateral or cross sectional
      direction, through its length. In addition, the bottom is provided with a
      pair of side surfaces which are parallel to the central surface and are
      separated from the central surface by upwardly arched channels. Each side
      surface is flat in a lateral or cross sectional direction throughout its
      length, and at any cross sectional location, the side surfaces lie in a
      common plane.
PAR  The portion of the central surface located adjacent the stern is slightly
      concave in a longitudinal direction, while the side surfaces are slightly
      convex in a longitudinal direction.
PAR  The three parallel surfaces act in a manner similar to water skis and
      provide improved planing characteristics enabling the boat to plane at
      substantially lower speeds.
PAR  In addition, the side surfaces on the bottom of the hull provide excellent
      lateral stability for the hull, resisting tipping even when a substantial
      weight is applied to the gunwale.
PAR  The hull construction also provides improved turning characteristics which
      minimizes skidding during high speed turns and eliminates the problem of
      cavitation of the propeller which frequently occurs during high speed
      skids.
PAR  Other objects and advantages will appear in the course of the following
      description.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The drawings illustrate the best mode presently contemplated of carrying
      out the invention.
PAR  In the drawings:
PAR  FIG. 1 is a bottom view of the boat hull construction of the invention;
PAR  FIG. 2 is a side elevation of the boat hull;
PAR  FIG. 3 is an end view of the bow of the hull;
PAR  FIG. 4 is an end view of the stern of the hull;
PAR  FIG. 5 is a section taken along line 5--5 of FIG. 2; and
PAR  FIG. 6 is a section taken along line 6--6 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The drawings illustrate a boat hull 1, which can be preferably formed as a
      hollow shell by molding reinforced plastic material, such as a mixture of
      a thermosetting resin and glass fibers. In general, the hull is provided
      with a curved bow 2, and a generally squared off stern 3. Tapered sides 4
      and a bottom 5 are connected to the stern and merge into the bow. The
      drawings illustrate the side surfaces 4 being relatively straight in a
      fore-and-aft direction, but it is contemplated that the sides 4 can be
      bowed or convex.
PAR  In accordance with the invention, the bottom 5 is formed with a central,
      longitudinally extending surface 6 which extends from the stern toward the
      bow. The surface 6 is generally flat in a lateral or cross sectional
      direction, as best illustrated in FIGS. 3-6, and the surface 6 has a
      substantially constant width from the stern of the boat to a location at
      the bow. As shown in FIG. 1, the forward portion 7 of surface 6 at the bow
      is tapered inwardly to provide a lesser width, although the taper is not
      necessary to the invention. However, it is important that the portion of
      the surface 6 extending from the stern 3 to the bow 2 have a substantially
      constant width throughout its length so that it will function in the
      manner similar to that of a water ski.
PAR  In addition, to the central surface 6, the bottom 5 is provided with a pair
      of side surfaces 8 which are parallel to the central surface 6. As in the
      case of the central surface, the side surfaces 8 are generally flat in a
      lateral or cross-sectional direction and have a substantially constant
      width from the stern to a location adjacent the bow. The surface 6 has a
      substantially greater width than the width of the side surfaces 8.
PAR  Separating the central surface 6 from the side surfaces 8 are the upwardly
      arched channels 9. The channels 9 have a greater depth in the area toward
      the bow as shown in FIG. 3, and have a lesser depth in the area adjacent
      the stern as shown in FIG. 4. The central surface 6 is bordered by the
      relatively sharp, parallel side edges 10, and similarly the side surfaces
      8 are bordered by the relatively sharp side edges 11 and 12.
PAR  The channels 9 have a substantially constant lateral width from the stern
      to the bow and thus a vertical plane passing through the edges 10 is
      parallel to a vertical plane passing through the edges 11 of the side
      surfaces.
PAR  While the central surface 6 is generally flat in a lateral direction, the
      stern portion of the central surface 6 is provided with a slight concavity
      in a longitudinal direction, as indicated by 13. On the other hand, the
      side surfaces 8 are generally convex in a longitudinal direction as best
      illustrated in FIG. 2.
PAR  The three flat parallel surfaces 6 and 8 act to combine the best
      characteristics of a flat bottom full, a V-hull and a tri-hull. The three
      surfaces 6 and 8 act similar to water skis and minimize the amount of
      wetted surface, thereby reducing the drag and enabling the boat to plane
      at substantially lower speeds. In addition, the upwardly arched channels 9
      provide a lift effect, which in combination with the flat surfaces 6 and
      8, provides the improved planing characteristics. As the hull moves into
      the water, the surfaces 6 and 8 being flat will displace the water
      laterally outward from the respective surface in a generally horizontal
      direction and this water flow along with the air moving through the
      channels will provide a lifting effect to improve the planing
      characteristics of the hull.
PAR  The hull has improved turning capabilities because the relatively sharp
      edges 10 and 11 will act to dig into the water during a turn and prevent
      the hull from skidding. Thus, the hull provides a greater number of
      digging edges during a turn than either the normal V-hull or tri-hull,
      with the result that the stability is increased and the turning
      characteristics are improved.
PAR  The hull construction also has improved lateral stability due to the flat
      side surfaces 8 which extend from the stern forwardly toward the bow,
      enabling the hull to resist tipping even when a substantial weight is
      applied in the gunwale area. This feature also improves the buoyancy of
      the hull, permitting the hull to carry greater loads.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A modified deep V boat hull construction, comprising a bottom having a
      central surface extending longitudinally from the stern toward the bow,
      said central surface being generally flat in a cross sectional direction,
      said bottom having longitudinally extending side surfaces spaced laterally
      on either side of said central surface, said side surfaces being generally
      flat in a cross sectional direction, at any cross sectional plane through
      the hull the line of intersection of each of said side surfaces and said
      plane being horizontal and the line of intersection of said central
      surface and said plane being horizontal and at a lower level than said
      first named lines of intersection, and said hull having longitudinally
      extending upwardly arched curved channels connecting said central surface
      with each side surface, said channels having a substantially uniform
      lateral width from the stern of the hull toward the bow.
NUM  2.
PAR  2. The boat hull construction of claim 1, wherein the central surface has a
      substantially uniform lateral width from the stern to a location adjacent
      the bow and said side surfaces each have a substantially uniform lateral
      width from the stern to a location adjacent the bow.
NUM  3.
PAR  3. The boat hull construction of claim 1, wherein the portion of the
      central surface disposed adjacent the stern has a slightly concave
      configuration in a stern-to-bow direction and the side surfaces have a
      slightly convex configuration in a stern-to-bow direction.
NUM  4.
PAR  4. The boat hull construction of claim 1, wherein the central surface has a
      greater lateral width than the side surfaces.
NUM  5.
PAR  5. A modified deep V boat hull construction comprising a bottom having a
      central longitudinally extending generally V-shaped keel with the bottom
      of the keel terminating in a laterally flat central surface, said bottom
      having longitudinally downwardly extending generally V-shaped side ridges
      spaced laterally on both sides of the central keel, said side edges
      terminating in laterally flat side surfaces, at any vertical cross
      sectional plane through the hull said side surfaces being generally
      parallel to each other and generally parallel to said central surface and
      said central surface being at a lower level than said side surfaces, and
      said hull having longitudinally extending upwardly arched continuously
      curved channels connecting said keel with said side ridges, each of said
      channels having a greater lateral width than said central surface and
      having a greater lateral width than the individual side surfaces.
NUM  6.
PAR  6. The boat hull construction of claim 5, wherein said central surface has
      a substantially uniform width in a lateral direction and said side
      surfaces each having a substantially uniform width in a lateral direction,
      said central surface having a greater width than said side surfaces.
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ABST
PAL  With ships fitted with more than one propeller, it has been found that a
      remarkable increase in a ratio speed/power can be obtained especially in
      full-form ships, if the under-water portion of the ship's afterbody, at a
      level corresponding to the top clearance of the propellers, is divided
      into an upper, full body portion and a lower, narrow body part, with the
      transient part between said body portions being designed to form a
      substantially horizontal hull surface at each hull side.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The development during recent years towards increased size of full-form
      (relatively slow) ships having afterbodies of conventional design has
      brought forward grave problems concerning cavitation and vibrations, as
      well as a decreased propulsion efficiency. Very simply expressed, the
      difficulties will occur when the water closes in behind a large,
      full-bodied ship's hull and the propeller has to operate in a turbulent
      stream of water.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to design the afterbody in such a
      manner that the unfavorable flow will be moved from the propeller and
      rudder space to a space behind the ship. This is, according to the
      invention, attained by dividing the underwater part of the afterbody, at a
      level corresponding to the top clearance of the propellers, into an upper,
      full body portion and a lower, narrow body portion, with the transient
      part between said body portions being designed to form a substantially
      horizontal hull surface at each hull side.
PAR  In ferry-boats and similar vessels, the afterbody has, on occasions, been
      provided with a broad, flat stern, and the frames have been considerably
      flared to provide the largest possible deck area. This broadened portion
      is, however, located above, or level with the waterline and has thus no
      influence upon the flow of water along the underwater body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the afterbody of a twin screw vessel, as
      seen from behind,
PAR  FIG. 2 is an elevation of the same afterbody, and
PAR  FIG. 3 is a perspective view of the afterbody according to FIGS. 1 and 2,
      as seen from below.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The afterbody shown in the drawings is intended for full-form or relatively
      slow ships. In order better to define the shape of the afterbody, the
      frames have been indicated also on the perspective views. The spacing
      between the frames indicated by 0, 1, 2, 3, and 4 corresponds in
      conventional manner to one-twentieth of the length of the ship. The
      afterbody is, according to the invention, composed of an upper body
      portion 5 and a lower body portion 6. These body portions are defined by
      abruptly turned, inwardly directed portions 7, and a substantially
      horizontal roof portion 8 located intermediate the inwardly turned
      portions, with said portions together forming a roof above the rudder and
      propeller space as well as above the lower body portion 6.
PAR  The transient part between the upper and the lower body portions 5 and 6,
      respectively, is, in the drawings, shown as a marked edge 9. The edge 9
      and the portions 7 are arranged to follow the flow line, i.e., the edge 9
      mainly extends horizontally.
PAR  The inwardly turned portions 7 and the intermediate roof portion 8 form a
      roof above the rudder and propeller space at a distance from the
      propellers, corresponding to the top clearance, i.e., the free distance
      between the tip of an upwardly directed propeller blade and the portion of
      the hull located vertically thereabove.
PAR  The portions 7 of the surface, outside rudders 11, are substantially
      horizontal, while the portion 8 intermediate the rudders is inclined
      downwards in the forward direction at an acute angle to a base line 14 of
      the ship. If the portion 8 between propeller bosses 10 is considerably
      extended towards the base line 14, it may be advantageous to provide a
      centrally located dock keel 13.
PAR  The afterbody may be terminated by a flat stern, which may be plane,
      vaulted, or divided, and which may be arranged vertically or slightly
      inclined.
PAR  The proportions between the full, upper body portion and the lower, narrow
      body portion is chosen in such a manner that the excess in displacement
      (as compared with a hull form of a conventional ship) in the upper body
      portion is compensated by a corresponding decrease in displacement in the
      lower body portion. The volume of the lower body portion is reduced as
      much as possible with due consideration to the requirement for machinery
      space. Thus, the most advantageous waterline angles are obtained in the
      space forward of the propellers, which increases the propulsion
      efficienty.
PAR  As an example may be mentioned, that tests with a twin screw tanker model
      designed according to the present invention have shown that the ratio
      speed/power was increased by 20% as compared to tests with a model
      belonging to a 300,000 TDW tanker series tested by the Swedish Ship
      Research Foundation and the Swedish State Ship building Experimental Tank.
      Measurements of the wake distribution within the propeller field show
      fully satisfactory values, which is of considerable importance with
      respect to the grave cavitation and vibration problems mentioned in the
      introduction to the specification.
PAR  The invention is not limited to the embodiments shown and described, and a
      number of variations are possible within the scope of the claims. The
      after body may thus be provided with a peak portion differing from the
      flat stern shown.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a full form ship including a hull having sides, an after body, a
      middle part, and a transom stern, at least two propellers at the stern, a
      boss for each propeller and a rudder, a horizontal bottom portion of the
      middle part being inclined upwardly and extending to a level corresponding
      to propeller clearance providing a substantially horizontal hull surface
      above the rudder and propellers, the hull surface at the stern having a
      width greater than the distance between the bosses for the propellers,
      said after body having an underwater part, the underwater part being
      divided into an upper full body portion and a lower narrow body portion,
      and a transition portion between the upper full body portion and the lower
      narrow body portion comprising substantially horizontal hull surfaces
      which successively change over into the sides of the middle part.
NUM  2.
PAR  2. The hull as claimed in claim 1 in which the upper full body portion
      terminates in a transom stern, said stern having a lower edge, said lower
      edge being located substantially at the level of the transition portion.
NUM  3.
PAR  3. The hull as claimed in claim 2 in which the upper full body portion is
      provided with a lower surface located above the rudder and propeller, the
      lower surface extending to the lower edge of the transom stern.
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ABST
PAL  A conduit vent-and-valve combination especially adapted for tank ships
      employing gas-inerting of cargo tanks. It includes location of the vent
      and valve adjacent to one another in the conduit, and employs mechanical
      interlock between the valve hatch cover and an extension of the valve stem
      in order to prevent closing the hatch unless the valve is fully open.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention concerns tank-ship construction in general, and more
      particularly relates to certain elements of the structure employed for
      supplying an inert gas to a plurality of tanks in a tank ship.
      Specifically, it concerns the combination of a valve located in a conduit
      for supplying the inert gas, along with a vent hatch located in the same
      conduit adjacent to the valve.
PAR  2. Description of the Prior Art
PAR  In tank ships that are designed for carrying petroleum products, it has
      been found (particularly in the large-sized tankers now generally being
      constructed) that the danger of explosive atmospheres developing in empty
      or partially empty cargo tanks becomes extremely great. In order to
      overcome this situation, one of the most universally acceptable procedures
      is that of introducing an inert gas to the empty tank space involved. Such
      introduction of inert gas involves the use of a main conduit for supplying
      the inert gas, along with branch conduits to individual tanks. Heretofore,
      such systems have relied upon the use of so-called pressurevacuum valves
      for avoiding excess over- or under-pressure in the tanks. However, these
      pressures involved are quite low, and the use of such breather valves
      entails expensive mounting. Also, because such low pressure safety-valve
      instruments are relatively delicate, they are more subject to fouling, and
      consequently the safety factor might be lost.
PAR  Consequently, it is an object of this invention to provide a simple yet
      effective combination that is particularly applicable to petroleum tank
      ship structures.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, this invention concerns a combination that applies to the
      combination with a tank ship that has a common conduit for supplying an
      inert gas to a plurality of tanks. Each of the said tanks has a branch
      conduit from said common conduit, and each of said branch conduits has
      valve means for isolating that tank from said common conduit. The
      combination of this invention also comprises a hatch on said branch
      conduit located between the tank and said valve means, and interlock means
      cooperating with said valve means and said hatch for maintaining said
      hatch open unless said valve means is fully opened.
PAR  Again, briefly, the invention relates to apparatus that is in combination
      with a tank ship having a common conduit for supplying an inert gas to a
      plurality of cargo tanks. Each of the said tanks has a branch conduit from
      said common conduit, and each of said branch conduits has a butterfly
      valve mounted therein for isolating that tank from said common conduit.
      The said butterfly valve has an operating shaft extending outside of said
      branch conduit. The apparatus combination comprises a hatch on said branch
      conduit located between said tank and said butterfly valve for venting
      said tank to prevent excess pressure therein, and a cover for said hatch
      having a hinge at the edge away from said butterfly valve. It also
      comprises an arm extending radially from said cover and fixed rigidly
      thereto for hinging movement therewith, and a solid disc fixedly attached
      to said operating shaft and having a peripherally located notch sized to
      fit said arm therein. It also comprises the relative location of said
      hatch and said valve, and the dimensions of said arm being such that said
      cover cannot be closed unless said arm is in said notch, and the said
      notch is substantially located in the plane of the closure member of said
      valve.
PAR  Again briefly, the invention concerns apparatus in combination including a
      tank ship having a plurality of cargo tanks and a common conduit for
      supplying an inert gas to said tanks. It also comprises a plurality of
      branch conduits for connecting said common conduit to said tanks, and each
      of said branch conduits has a hatch with a hinged cover for venting the
      tank when said cover is open. It also comprises valve means adjacent to
      said hatch, and means for interlocking said hinge cover and said valve
      means for preventing said cover from being closed unless said valve means
      is fully open.
PAR  Again briefly, the invention concerns in combination a tank ship that has a
      plurality of cargo tanks and a common conduit for supplying an inert gas
      to said tanks. It also comprises a plurality of branch conduits for
      connecting said common conduit to said tanks, each of said branch conduits
      having a hatch with a hinged cover for venting the tank when the cover is
      open. The said hinge is located on the side towards said tank. A butterfly
      valve is adjacent to said hatch and located in said branch conduit on the
      side of said hatch toward said common conduit. The said valve has a valve
      disc mounted on a diametrically disposed shaft, and said shaft extends
      outside of said branch conduit. A solid disc is fixed to said shaft near
      the end that extends outside of the conduit. and a radial notch is
      peripherally located in said solid disc and substantially in the plane of
      said valve disc. There is an integrally attached arm extending radially
      from said hinged cover on the other side from said hinge, and it is sized
      to fit into said notch. The said arm and said solid disc have relative
      dimensions such that said arm will contact the disc and prevent the hatch
      cover from being closed unless said notch is aligned with the arm.
PAR  Again briefly, the invention is in a combination with a conduit that has
      valve means therein. It concerns a vent hatch in said conduit located
      adjacent to said valve means, and it also concerns interlock means for
      preventing closure of said hatch unless said valve means is fully open.
PAR  Once more briefly, the invention is in a combination with a conduit having
      a butterfly valve mounted therein and a vent hatch located downstream and
      adjacent to said valve. The said valve has a stem extending outside of
      said conduit for actuating the valve, and said stem has a solid disc
      mounted on the end thereof for rotation therewith. The said vent hatch has
      a cover mounted with a hinge on the side of the hatch away from said
      valve. There is an integrally attached arm on said cover extending into
      overlapping relation with said solid disc in order to prevent closing of
      the cover unless said valve stem is rotated into an open position of the
      valve. It also comprises a notch in said solid disc for receiving said arm
      when said valve is in said open position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and benefits of the invention will be more
      fully set forth below in connection with the best mode contemplated by the
      inventors of carrying out the invention, and in connection with which
      there are illustrations provided in the drawings, wherein:
PAR  FIG. 1 is a view in perspective, showing a preferred combination of valve
      and vent-hatch in a conduit;
PAR  FIG. 2 is a schematic that indicates a plan view, showing a tank ship with
      cargo tanks and gas-inerting conduits;
PAR  FIG. 3 is a view in perspective, showing another modification of a
      valve-and-vent-hatch combination, and
PAR  FIG. 4 is still another perspective, showing a third modification of a
      valve-and-vent-hatch combination.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Some of the more comprehensive aspects of the invention relate to a
      combination as it applies to tankship structures, and particularly those
      carrying petroleum product cargos. The construction of such tank ships is
      such that the maximum amount of pressure (either positive or negative)
      that the cargo tanks can withstand is quite limited, e.g., about 8 pounds
      per square inch. Consequently, it is imperative that some kind of pressure
      relief or safety arrangement be provided in order to avoid costly spills
      of cargo.
PAR  FIG. 2 is a schematic showing of a tank ship 11 that has a plurality of
      cargo tanks 12. It will be appreciated that these tanks may be arranged in
      different ways that include a large number of tanks located on both sides
      of the hull of the ship, as well as some central tanks (not shown) along
      the center line, if desired. It will also be understood that the FIG. 2
      schematic indicates the forward portion of the tank ship 11, and the
      engine room (not shown) plus other structure may be located further aft.
PAR  In order to apply an inert gas to the various cargo tanks of the ship 11 as
      they are emptied or partially emptied, in accordance with the above
      indications, there is provided a main (common) inert-gas conduit 16. A
      valve 17 is located near the supply end of the conduit 16, and there is a
      deck seal unit 20. Such a seal unit for the inert gas is necessary,
      because the inert gas is supplied from the engine room. It is combustion
      products from the engine room that are supplied via a pipe 21 to be
      delivered from the engine room to the conduit 16 via the deck seal 20 and
      the valve 17.
PAR  The common, or main conduit 16 has branching conduits 24 that are connected
      thereto. These branch conduits 24 go to each of the plural cargo tanks 12.
      Incorporated into each of the branch conduits 24, there is a combined
      valve-and-vent hatch 25, which combination may take various forms such as
      those illustrated in FIGS. 1, 3, and 4.
PAR  It will be appreciated from the foregoing indications that as each of the
      cargo tanks becomes empty or is partially emptied, the current safety
      procedures involve introduction of an inert gas to fill the space above
      the cargo in the tank. This is carried out with the inert gas being
      supplied at a safe pressure, e.g., 3 pounds per square inch.
PAR  Each of the tanks 12 has the indicated branch conduit 24 that leads from
      the main, or common conduit 16 to an inlet 28 for each. In order to have
      individual control of the inert-gas application to the tanks 12, there is
      in each of the branched conduits 24 one of the above-indicated valve-vent
      hatch combinations 25. Such combined structures might take various forms,
      as already indicated. However, the preferred arrangement is like that
      illustrated in FIG. 1.
PAR  FIG. 1 illustrates a valve 31 and a vent hatch 32 located downstream in the
      conduit 24 and adjacent to the valve 31. It will be appreciated that the
      valve 31 is schematically indicated, and it is a butterfly valve having a
      valve disc 35 mounted on a diametrically disposed shaft, or stem 36. The
      shaft 36 extends outside of the conduit 24 and has fixed to its outer end
      37 a solid disc 39. The disc 39 rotates with the shaft 36 (and end 37) at
      all times, and there is a notch 40 in the edge of the disc 39. The center
      of the notch 40 is located in the plane of the valve disc 35. This notch
      40 is sized to fit the end of an arm 43 that is integrally attached onto
      the body of a cover 44 for the vent hatch 32.
PAR  It may be noted that the valve 31 has conventional gears (not shown) that
      are located in a gear box 47. They are driven by an ordinary hand wheel 48
      that is on a shaft 49 which extends out from the gear box 47.
PAR  It may be noted that in FIG. 1 the parts are illustrated in the positions
      such that the valve 31 is held locked fully opened. This is because of the
      presence of the arm 43 in the notch 40 of the disc 39, the disc 39 being
      attached to the end of the stem, or shaft 36 of the valve.
PAR  The hatch cover 44 has a hinge which includes a pair of hinge brackets 51
      that are located on the other side of the hatch from the valve 31.
      Consequently, when the cover 44 is opened by being pivoted about the hinge
      (not shown) that supports the brackets 51, it will raise the arm 43 upward
      out of the notch 40 in the disc 39. When the hatch cover 44 is closed it
      may be held tightly shut by means of conventional hold-down fixtures,
      e.g., a plurality of pivoted bolt and wing nuts 52 that cooperate with
      U-shaped wings 53 which are located at several places around the periphery
      of the cover 44. I
PAR  It will be appreciated that when the gas-inerting process is underway, the
      valve 31 will be fully open and the hatch 32 will be shut so that the
      inert gas may flow into and fill the particular tank 12. This is
      accomplished with the inert gas at relatively low pressure, as indicated
      above, for example, about 3 pounds per square inch. However, since the
      structure of tank ships is such that each tank is only designed to
      withstand about 8 pounds per square inch, maximum pressure, it is
      important that no high pressure (either positive or negative) be applied
      to any tank either during cargo-filling or emptying procedure, or the
      like. Consequently, when a given cargo tank is to be isolated from the
      gas-inerting system, it is important that the vent hatch 32 not be closed
      when the valve 31 is closed also.
PAR  It will be understood that the danger of excessive pressure in a tank 12
      exists whenever the valve 31 associated with that tank is closed. But such
      danger is avoided by the interlocking arrangement illustrated which makes
      sure that the valve 31 is fully opened whenever the hatch cover 44 is
      closed. Under all other positions of the valve 31, the hatch which must
      have been opened, will have its arm 43 extending in an overlapping manner
      relative to the solid disc 39 so that the hatch cover 44 cannot be closed.
      It will be appreciated that this insures that there is a vent opening for
      the tank 12 at the hatch 32 under all conditions, except when it is
      desired to introduce the inerting gas, and the latter is accomplished with
      the valve 31 fully opened.
PAR  FIGS. 3 and 4 illustrate two other modifications of combined structures for
      the valve-and-vent hatch combination. In FIG. 3, there is shown a
      butterfly-type valve 55 that has a valve disc 56 that is mounted on a
      shaft, or stem 57. The shaft 57 is rotated for controlling the opening and
      closing of the valve, by means of gearing (not shown) in a gear box 60.
      Such gearing is driven by a hand wheel 61.
PAR  An end 62 of the shaft 57 has a radially extending bracket 64 riveted
      thereon. Consequently, the shaft 57 may be rotated positively by the
      bracket 64 at all times.
PAR  There is a slot 65 in the bracket 64 that receives a short vertical
      cylindrical rod 68 which is attached to a transverse bar 69. The bar 69 is
      slidably supported with respect to the conduit 24, in a pair of vertical
      brackets 72. However, there is a hole 76 in the bar 69 which hole receives
      a rod 73 that is supported by a sleeve 75 secured in a bracket 77.
PAR  The rod 73 is slidable longitudinally in the sleeve 75 for disengaging the
      bar 69 by withdrawal from the hole 76.
PAR  It will be appreciated that movement of the valve disc 56 by means of its
      shaft 57 will rotate the bracket 64, along with the end 62 of the shaft
      57. Consequently, by means of the rod 68, it will slide the bar 69 along
      in its support 72 unless the presence of the rod 73 in the hole 76
      prevents such movement.
PAR  In this modification, there is a hatch 79 that has a hatch cover 80 with a
      plurality of conventional hold-down brackets 83 having U-shaped openings
      at the ends thereof for receiving conventional pivoted bolt-and-wing nut
      combinations 84. The cover 80 is hinged at a pair of hinge brackets 87 and
      88, and there is attached to the cover 80 an arm 91 that extends radially
      out from the cover 80. At the outer end of the arm 91, there is a
      downward-extending portion 92 that has a vertical slot 93 therein. This
      slot 93 accommodates a roller on the other end of the bar 73 which bends
      at right angles to the part supported by the sleeve 75, in the manner
      illustrated. It will be understood that the arrangement permits closing of
      the hatch cover 80 only when the bar 73 is in the illustrated position so
      that it extends through the hole 76 in the transverse bar 69. At all other
      times, i.e., whenever the valve 55 is not fully open, the bar 73 will hold
      the hatch cover 80 open because it will be prevented from sliding toward
      the valve 55 by the flat bar 69.
PAR  Another modification is illustrated in FIG. 4. and in this case the
      particular type of valve is one that is descriptively known as a "line
      blind." Thus, a valve 96 is constructed in a conventional manner for that
      type. It includes a blank flange 97 that is situated opposite an open
      flange 100. These two flanges pivot about a central point, or shaft 101,
      so that when the valve is closed, the blank flange 97 will be rotated into
      the position occupied by the open flange 100 in the illustration. However,
      it will be noted that these two flanges are constructed with a pair of
      extending wing portions 104 and 105 which are designed to extend radially
      from the pivot 101 far enough to overlap the axis of a rod 108. In the
      wing 104, there is a hole 109 through which the end of the rod 108 may
      pass when the valve is in its open position, as illustrated in FIG. 4.
PAR  There is a bracket 112 with a sleeve 113 for supporting the rod 108 in such
      a manner as to permit sliding and rotating movement of the rod 108. There
      is a right-angle bend at the other end thereof, and there is a roller, as
      illustrated, which engages a slot 115 that is located in a
      downward-extending portion of an arm 116. The arm 116 is integrally
      attached to a hatch cover 119 of a vent hatch 120. The cover 119 is hinged
      as illustrated, and this includes brackets 123, shown, which have hinge
      pins as indicated that pass through wing lugs 125 which extend from the
      edge of the hatch cover 119. As before, it will be appreciated that there
      are conventional fasten-down fixtures 128 at a number of locations around
      the periphery of cover 119.
PAR  The action of the FIG. 4 structure is such that when the valve cover 119 is
      hinged open, it will withdraw the rod 108 from the hole 109 in the wing
      104 of the valve flanges 97 and 100. Thereafter, the valve 96 may be
      shifted from its open to its closed position; but when closed, the hatch
      cover 119 will be held open because the rod 108 cannot then slide far
      enough to allow it to close since there is no hole in the wing 105.
PAR  While particular embodiments of the invention have been shown and described
      in considerable detail in accordance with the applicable statutes, this is
      not to be taken as in any way limiting the invention but merely as being
      descriptive thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a tank ship having a common conduit for supplying an
      inert gas to a plurality of tanks, each of said tanks having a branch
      conduit from said common conduit, and each of said branch conduits having
      valve means for isolating that tank from said common conduit, the
      combination comprising
PA1  a hatch on said branch conduit located between the tank and said valve
      means, and
PA1  interlock means cooperating with said valve means and said hatch for
      maintaining said hatch open unless said valve means is fully open.
NUM  2.
PAR  2. In combination with a tank ship in accordance with claim 1, the
      combination further comprising
PA1  a hinged cover on said hatch, and
PA1  said interlock means including means integrally attached to said hinged
      cover.
NUM  3.
PAR  3. In combination with a tank ship in accordance with claim 2, wherein
PA1  said means integrally attached to said hinged cover comprises an arm
      extending radially from said hinged cover.
NUM  4.
PAR  4. In combination with a tank ship in accordance with claim 3, wherein
PA1  said interlock means also comprises means actuated by said valve means for
      cooperating with said arm to maintain said hatch open unless said valve
      means is fully open.
NUM  5.
PAR  5. In combination with a tank ship in accordance with claim 4, wherein
PA1  said valve means is a butterfly type having a shaft and said valve-actuated
      means comprises radial means fixed on an extension of said shaft.
NUM  6.
PAR  6. In combination with a tank ship in accordance with claim 5, wherein
PA1  said radial means comprises a solid disc having a notch for receiving said
      arm.
NUM  7.
PAR  7. In combination with a tank ship having a common conduit for supplying an
      inert gas to a plurality of cargo tanks, each of said tanks having a
      branch conduit from said common conduit, and each of said branch conduits
      having a butterfly valve mounted therein for isolating that tank from said
      common conduit, said butterfly valve having a closure member actuated by
      an operating shaft extending outside of said branch conduit, the
      combination comprising
PA1  a hatch on said branch conduit located between said tank and said butterfly
      valve for venting said tank to prevent excess pressure therein,
PA1  a cover for said hatch having a hinge at the edge away from said butterfly
      valve,
PA1  an arm extending radially from said cover and fixed rigidly thereto for
      hinging movement therewith,
PA1  a solid disc fixedly attached to said operating shaft and having a
      peripherally located notch sized to fit said arm therein,
PA1  the relative locations of said hatch and said valve, and the dimensions of
      said arm being such that said cover cannot be closed unless said arm is in
      said notch,
PA1  said notch being substantially located in the plane of the closure member
      of said valve.
NUM  8.
PAR  8. In combination, a tank ship having a plurality of cargo tanks and a
      common conduit for supplying an inert gas to said tanks,
PA1  a plurality of branch conduits for connecting said common conduit to said
      tanks,
PA1  each of said branch conduits having a hatch with a hinged cover for venting
      the tank when said cover is open,
PA1  valve means adjacent to said hatch, and
PA1  means for interlocking said hinged cover and said valve means for
      preventing said cover from being closed unless said valve means is fully
      open.
NUM  9.
PAR  9. In a combination according to claim 8, wherein
PA1  said valve means is located between said hatch and said common conduit, and
PA1  said interlocking means comprises an integrally attached arm extending
      radially from said hinged hatch cover.
NUM  10.
PAR  10. In a combination according to claim 9, wherein
PA1  said valve means comprises a butterfly-type valve including a valve disc
      with diametrically disposed shaft extending radially outside of said
      branch conduit, and means fixed to said valve shaft outside of said branch
      conduit for rotation with said valve disc, and
PA1  said interlocking means further comprises means associated with said arm
      and said fixed means for preventing said cover from being closed unless
      said valve disc  is in the fully open position.
NUM  11.
PAR  11. In a combination according to claim 10, wherein
PA1  said fixed means comprises a solid disc, and
PA1  said associated means comprises a radial notch in said disc,
PA1  said arm engaging said notch when said valve disc is fully open to permit
      said hatch to be closed but contacting said solid disc when said valve
      disc is not fully open to prevent closing said hatch.
NUM  12.
PAR  12. In combination, a tank ship having a plurality of cargo tanks and a
      common conduit for supplying an inert gas to said tanks,
PA1  a plurality of branch conduits for connecting said common conduit to said
      tanks,
PA1  each of said branch conduits having a hatch with a hinged cover for venting
      the tank when the cover is open,
PA1  said hinge being located on the side toward said tank,
PA1  a butterfly valve adjacent to said hatch and located in said branch conduit
      on the side of said hatch toward said common conduit,
PA1  said valve having a valve disc mounted on a diametrically disposed shaft,
PA1  said shaft extending outside of said branch conduit,
PA1  a solid disc fixed to said shaft near the end that extends outside of the
      conduit,
PA1  a radial notch peripherally located in said solid disc and substantially in
      the plane of said valve disc,
PA1  an integrally attached arm extending radially from said hinged cover on the
      other side from said hinge and being sized to fit into said notch,
PA1  said arm and said solid disc having relative dimensions such that said arm
      will contact the disc and prevent the hatch cover from being closed unless
      said notch is aligned with the arm.
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ABST
PAL  An amphibious vehicle, normally of tracked land drive, having outboard
      drive device tiltable for removal from drive position when not in use.
      There is provided a self-contained water drive device comprising a motor
      and propeller unit which is tiltably mounted at the stern of the vehicle,
      the tilting being either longitudinally or transversely as desired. Power
      and latch devices are provided for tilting and holding the water drive
      device out of operating position. Other latch structure is provided
      including automatic control if desired, for holding the water drive device
      in operating position.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to an amphibious vehicle having drive means for
      traveling on land.
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is intended for cross-country vehicles which are to be
      capable of traversing waters of such depth that the undercarriage provided
      for use on land can no longer be used. Such a vehicle may also be a
      movable construction machine, a dredge or the like. In a narrow sense, the
      basic purpose of the invention is to provide such a vehicle with a drive
      for traveling on water. Nevertheless, the vehicle is so constructed that
      during a longer period of operation on land, wherein travel through deep
      waters does not take place, it is not hindered by a drive for the water
      travel. On the other hand, the water drive will provide the vehicle with a
      high maneuverability.
PAR  The basic purpose of the invention is attained by providing at least one
      power-driven steerable propeller which at least in its operating position
      is pivotable about an approximately vertical pivot axis through
      approximately 180.degree. or more and is tiltable about an approximately
      horizontal tilting axis and which is driven by a motor in addition to the
      drive of the land vehicle. The pivotability provides the vehicle during
      travel in water with a high maneuverability and by means of the
      tiltability the steerable propeller can be adjusted during travel on land
      in such a manner that it is not damaged during cross-country travel, such
      as during travel over pathless grounds or over slopes.
PAR  The invention has particular importance for tracked vehicles, or stated in
      other words, since tracked vehicles are particularly suitable for
      cross-country travel, a water drive according to the invention is
      particularly important for them.
PAR  In consideration of the above-described purpose, the water drive forms a
      unit which is as self-contained as possible. Thus, the steerable propeller
      consists substantially of a first portion which is nonpivotable about the
      pivot axis and of a second portion which is pivotable about the pivot axis
      and carries the propeller and the motor is arranged on the nonpivotable
      portion. In particular, it is advantageous if the steerable propeller is
      releasably connected to the vehicle, this being particularly advantageous
      because the water drive can be removed entirely if it is to be expected
      that it will not be needed for a long period of time.
PAR  Various embodiments can be used to carry out the invention. In one
      embodiment the tilting axis is arranged transversely to the direction of
      travel through which the steerable propeller can be tilted outwardly in an
      astern direction. In a different embodiment, the tilting axis is arranged
      parallel to the direction of travel, which can be particularly
      advantageous inasmuch as the upwardly tilted steerable propeller does not
      project astern and thus possibly interfere during turning or travel over
      slopes. It is also possible to continue the driving of the steerable
      propeller during the tilting process so that it can produce a forward
      movement during the tilting or in partially upwardly tilted condition. In
      other embodiments, the tilting axis is arranged three-dimensionally
      between the stated positions so that the steerable propeller can be
      tilted, for example, both laterally and rearwardly.
PAR  The steerable propeller is particularly simple to mount if a pivot pin is
      provided in the tilting axis, which pin connects the land vehicle and the
      first portion of the steerable propeller and which can be dismounted or
      secured in installed condition as desired.
PAR  Further, for good maneuverability a desirable construction provides a
      remotely operable motor for the pivoting movement of the second portion of
      the steerable propeller.
PAR  In order to carry out the tilting movement quickly and safely, a preferred
      embodiment provides a mechanical, electrical, hydraulic or pneumatic drive
      mechanism for effecting the tilting movement. The electric drive can
      consist of an electric motor which cooperates with a suitable screw. The
      hydraulic or pneumatic drive consists advantageously of at least one
      cylinder-piston unit. A crank can be provided for the mechanical drive.
PAR  A simple and strong drive for the tilting movement is obtained by hinging
      to the first portion suitable pulling means, for example a chain or cable,
      and by supporting a drum or the like on the land vehicle, on which drum
      the pulling means can be wound.
PAR  It is advantageous particularly also during land drive if an involuntary
      backward driving is prevented by a releasable latch. Furthermore it is
      advantageous if in place of the crank there is provided a lever which acts
      through a one-way coupling, thus for example through a latch, onto the
      drum, which lever also acts as a catch for the drum. This type of manual
      operation is particularly simple and sturdy.
PAR  A bracket or the like provides further safety of operation if said bracket
      connects the steerable propeller additionally to the vehicle in operating
      position. In order that the steerable propeller can be both secured and
      released quickly, the new device is advantageously provided with a latch
      lock on the mounting.
PAR  Particularly advantageous in this connection is also a remotely operable
      motor for the latch lock, which can be driven, for example, hydraulically
      or pneumatically.
PAR  In order to relieve the tilting movement drive from the load while in rest
      position, and to secure the steerable propeller in upwardly tilted
      condition, the new device is advantageously provided with a locking device
      which connects the steerable propeller, when same is tilted from the
      operating position, releasably to the vehicle.
PAR  It is desirable for the best economy to fit the apparatus into the vehicle
      so that the energy supply for the blower or the blowers of the vehicle is
      switched over to the drive for the propeller. It is also possible to use
      this energy for driving the tilting procedure and for pivoting the
      steerable propeller for the purpose of the steering.
PAR  Further advantages and characteristics of the invention can be taken from
      the following description. The description in general refers only to a
      single steerable propeller but the invention also includes the use of
      multiple steerable propellers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is discussed in connection with some exemplary embodiments
      which are illustrated in FIGS. 1 to 5, in which:
PAR  FIG. 1 schematically illustrates an exemplary embodiment with a steerable
      propeller which can be tilted in astern direction;
PAR  FIG. 2 illustrates a detail of FIG. 1;
PAR  FIG. 3 schematically illustrates an exemplary embodiment with a laterally
      upwardly tiltable steerable propeller;
PAR  FIG. 4 perspectively illustrates a detail of FIG. 3;
PAR  FIG. 5 is a cross-sectional view along the line V-V of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 schematically illustrates from the side the rear portion of an
      amphibious vehicle, which vehicle is carried and moved by a tread drive G
      driven by the main motor 47. In deep water this vehicle is driven by a
      steerable propeller 12 which can be pivoted about a pivot axis 13 for the
      purpose of controlling the vehicle. The steerable propeller consists
      substantially of a first portion 14, which can be secured nonpivotably on
      the machine embodying the invention and of a pivotable second portion 15
      which carries the propeller 16. The propeller is driven by a motor 17
      which is arranged on the nonpivotable first portion and which transmits
      its torque to the propeller through known and therefore not illustrated
      gear elements. For the pivoting for the purpose of steering, the second
      portion can be driven by the conventionally driven and controlled
      servomotor 18. The servomotor is also arranged on the first portion.
PAR  The first portion is provided with a pair of flanges 19, 20 which are
      connected by a sleeve 21 (FIG. 2). Two bearing blocks 22, 23 are secured
      at the rear of the vehicle and horizontally spaced so that they can
      receive the flanges with the sleeve therebetween. The bearing blocks, the
      flanges and the sleeve are provided with coaxial openings for reception of
      a pivot pin 24. The pivot pin is provided with a head 25 on one side and
      on the other side with a transverse bore 26 through which a cotter pin or
      other fastening can be placed. By this pivot pin the steerable propeller
      is releasably connected to the vehicle. When the steerable propeller is
      mounted, the pin can be secured with the fastening means, such as the
      cotter pin above mentioned. The steerable propeller can be tilted upwardly
      in astern direction about the axis 27 of the pin 24, so that thereby, for
      example, a tilt angle of 90.degree. is obtained and the steerable
      propeller assumes an approximately horizontal position, as is illustrated
      with dashed lines in FIG. 1 and identified with 28. The entire axis 27 is
      therefore hereinafter called tilting axis.
PAR  In order to additionally secure the steerable propeller in the
      approximately vertical operating position, a clamp-like bracket 29 is
      secured at the stern of the vehicle, which bracket can for example receive
      the first portion 14 of the steerable propeller. The bracket is therefore
      semicircularly constructed so that the steerable propeller can descend
      from the upwardly tilted position into the bracket (compare also FIG. 5).
      In order to be able to hold the steerable propeller in the bracket, at
      least one catch 30 is secured in the first portion, behind which catch a
      latch 31 can be placed, which latch is supported on the bracket by means
      of a pivot pin 32. If the steerable propeller is present in the bracket
      and is there clamped with the latch, a backward driving is possible.
      Without such latch the steerable propeller would tilt when reversely
      driven.
PAR  For effecting the tilting movement, a pin 52 is provided at least on one
      flange 19, on which pin a hinged element 33 is supported. A pulling means
      34, for example a chain or a rope, is secured on said hinged element,
      which pulling means can be wound onto a drum 35. The drum is supported on
      the vehicle by bearing blocks 36. A ratchet wheel 37 is secured on the
      drum, into which ratchet wheel a pawl 39 loaded by a spring 38, can fall.
      Backward or downward movement in response to the weight of the steerable
      propeller can be prevented by this ratchet wheel and the pawl. The drum is
      driven by a manual lever 40 which can be coupled with the drum by a not
      illustrated one-way coupling, for example also with pawl and ratchet
      wheel.
PAR  If the latch of the bracket 29 is released, the steerable propeller can be
      moved from the vertical operating position into the horizontal upwardly
      tilted position through the drum 35 and the pulling means 34 by
      reciprocating the handle 40.
PAR  In order to relieve the driving means when the propeller unit is in
      upwardly tilted condition, at least one further latch 41 can be provided
      on the vehicle, which latch is loaded with a spring 42. This latch can in
      the horizontal position of the steerable propeller be placed behind at
      least one tooth 43 which for this purpose is mounted to at least one
      flange 19.
PAR  If the steerable propeller is to be moved from the horizontal upwardly
      tilted position into the operating position, then the pawl and latch must
      be released and the steerable propeller can then be lowered.
PAR  For this purpose a known, hence not illustrated, brake can be provided
      which can be combined with the manual lever 40.
PAR  An important characteristic of the invention is that the motor 17 for
      rotating the propeller is fed by the same energy as the blower or blowers
      44 of the vehicle. It is assumed hereinafter that only one blower is
      provided. The same is driven for example by a hydraulic motor 45 which is
      fed by a pump 46 which in turn is for example driven by the main motor 47
      of the vehicle. Pump and hydraulic motor are connected by conduits 48, 49.
      The storage container, filter, relief valve and all other elements common
      for a hydraulic mechanism are conventional and hence not illustrated. A
      known switch-over valve 50 is provided in the conduits 48, 49, to which
      valve a further conduit 51 is connected which leads to the motor 17 of the
      propeller. The conduits consist in a conventional manner of inlet and
      outlet lines. The energy which is used during travel on land for the
      blower can be directed by the switch-over valve to the motor 17 for
      rotating the propeller.
PAR  FIG. 3 illustrates schematically a view of the rear of the vehicle on
      which, as a further exemplary embodiment of the invention, a steerable
      propeller 60 is supported so that it can tilt transversely to the
      direction of travel of the vehicle from the vertical operating position
      into the horizontal position. The steerable propeller consists
      substantially of the same parts as have been described in connection with
      FIG. 1. A pivot pin 61 is provided for the tilting movement, the axis 62
      of which pin (FIG. 4) lies approximately parallel to the direction of
      travel. A hinge plate 63 is secured at the rear of the vehicle, which
      hinge plate fits between two bearing blocks 64, 65 which are secured on
      the nonpivotable first portion of the steerable propeller. Axial bores
      extend through the hinge plate and the bearing blocks. Pivot pin 61 is
      inserted into said bores and in mounted condition can be secured for
      example by a cotter pin or other means, as has been described in
      connection with FIG. 2.
PAR  Axially with the bores for the bolt 61 a rope sheave 66 is nonrotatably
      connected to at least one of the bearing blocks (for example 64). A
      pulling means, for example a rope 67, is secured on the rope sheave. Said
      rope is guided over a rope sheave 68 which is supported on the vehicle by
      means of bearing blocks 69, 70. A drive is provided on the free end of the
      rope, for example as it is described in connection with FIG. 1.
PAR  In order to additionally hold the steerable propeller in the vertical
      operating position, a clamp-like bracket 72 is secured at the rear of the
      vehicle by means of braces 71 (FIG. 5). The bracket is recessed
      semi-circularly so that the steerable propeller is receivable thereinto
      upon the movement from the horizontal position into the vertical operating
      position. For fastening into the bracket, the steerable propeller is
      provided with at least one catch 74, 75 behind which latches 76, 77 can be
      placed which are rotatably supported on the bracket by pins 78, 73. To
      operate the latches a cylinder 79 is secured on the bracket, in which
      cylinder two not illustrated pistons are guided which in a conventional
      manner are provided with piston rods 80, 81. The piston rods are hinged in
      a suitable and conventional manner to the latches. The pistons and the
      cylinder form two outer chambers into which conduits 82, 83 lead.
      Furthermore a central chamber is provided between the two pistons, into
      which central chamber a conduit 84 leads. The mentioned chambers can be
      fed with pressure means by a not illustrated pump by a switch-over valve
      85, namely interchangeably so that the pistons approach one another and
      thereby open the latches, or so that the pistons are moved apart and close
      the latches.
PAR  Similar remote control power means may be provided for the latch lock 31
      shown in FIG. 1 if desired.
PAR  The hydraulic operation of the latches is an example. An electrical or
      mechanical operation is also possible.
PAR  The motor 17 and the servomotor 18 can also be driven pneumatically or
      electrically or can be prime movers. Instead of a manual drive for the
      upward tilting of the steerable propeller it is also possible to use a
      suitable electrical, pneumatical or hydraulic drive.
PAR  Only one steerable propeller is mentioned in the description of the
      exemplary embodiments. However, it is also possible according to the
      invention to provide multiple steerable propellers.
PAR  In constructing the amphibious vehicle with treads or chains, the forward
      drive is accomplished mainly by tread or chain drive; the additional
      floating drive (steerable propeller) serves then to improve the maneuver
      characteristics.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In an amphibious vehicle having an engine and drivable ground engaging
      and supporting means and first drive means connected between said engine
      and said ground engaging and supporting means for effecting a driving
      movement of said ground engaging and supporting means and, consequently,
      of said vehicle relative to the ground and drivable propeller means and
      second drive means therefor for effecting a movement of said vehicle
      through the water, the improvement comprising wherein said drivable
      propeller means comprises an upper support means pivotally secured to said
      vehicle for movement about a substantially horizontal axis and lower
      support means mounted on said upper support means for movement 360.degree.
      about a substantially vertical axis thereby defining a steering axis, said
      lower support means having a propeller rotatably secured thereto for
      rotation about a substantially horizontal axis, said second drive means
      including a fluid driven drive motor mounted on said upper support means
      and coupling means for drivingly coupling the output of said fluid driven
      drive motor to said propeller, a second drive motor mounted on said upper
      support means for effecting a selective rotation of said lower support
      means about said substantially vertical axis through 360.degree. relative
      to said upper support means, third drive means for driving said upper
      support means for movement about said substantially horizontal axis to
      effect a movement of said steering axis between positions of vertical
      alignment and a raised position, and selective control means comprising
      blower means for venting the interior of said vehicle and fluid driven
      drive means therefor, a fluid pump driven by said engine and supplying
      fluid to said fluid driven drive means and two position valve means for
      directing fluid from said fluid pump either to said fluid driven drive
      means or to said fluid driven drive motor.
NUM  2.
PAR  2. The improved amphibious vehicle according to claim 1, wherein said upper
      support means comprises an upper support member having flange means
      thereon having means defining a first hole therethrough, and bearing block
      means mounted on said vehicle and having means defining a second opening
      therethrough aligned with said axially aligned first opening in said
      flange means and bolt means received in said first and second openings
      thereby defining said pivot axis.
NUM  3.
PAR  3. The improved amphibious vehicle according to claim 2, wherein the axis
      of said first and second holes extends transversely of the longitudinal
      axis of said vehicle.
NUM  4.
PAR  4. The improved amphibious vehicle according to claim 2, wherein the axis
      of said first and second holes extends parallel to the longitudinal axis
      of said vehicle.
NUM  5.
PAR  5. The improved amphibious vehicle according to claim 1, wherein said third
      drive means comprises cable means connected to said upper support means
      and includes drum means mounted on said vehicle connected to said cable
      means for winding and unwinding said cable means thereonto to effect a
      movement of said upper support means about said substantially horizontal
      axis.
NUM  6.
PAR  6. The improved amphibious vehicle according to claim 5, wherein said drum
      means is manually driven to wind and unwind said cable means therefrom and
      includes a rachet and pawl mechanism.
NUM  7.
PAR  7. The improved amphibious vehicle according to claim 1, wherein said
      vehicle is a tracked vehicle.
NUM  8.
PAR  8. The improved amphibious vehicle according to claim 1, wherein said first
      motor means is a fluid driven motor.
NUM  9.
PAR  9. The improved amphibious vehicle according to claim 1, wherein said
      second motor means is a fluid driven motor.
NUM  10.
PAR  10. The improved amphibious vehicle according to claim 1, including first
      locking means for locking said upper support means to said vehicle so that
      said steering axis is in said vertical alignment and second locking means
      for locking said upper means so that said steering axis is in said raised
      position.
NUM  11.
PAR  11. The improved amphibious vehicle according to claim 10, wherein said
      first locking means includes a movable latch pivotally secured to said
      vehicle and a catch mounted on said upper support means releasably
      engaging said latch.
NUM  12.
PAR  12. The improved amphibious vehicle according to claim 10, wherein said
      first locking means includes a further movable latch pivotally secured to
      said vehicle and a further catch mounted on said upper support means
      releasably engaging said latch.
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ABST
PAL  A combined speedometer and tachograph assembly has speedometer and
      tachograph indicia respectively arranged at one and the other side of a
      translucent plate and respectively adapted to be illuminated by separate
      light sources at opposite sides of said plate, the light transmission
      capability of the plate being such that the speedometer indicia when
      viewed from said one side of the plate are visible by the reflection from
      the indicia of artificial or natural light incident from said one side,
      but the tachograph indicia are only rendered clearly visible by the
      transmission through the plate of light incident on the tachograph indicia
      from an artificial light source at the other side of the plate.
BSUM
PAR  This invention relates to indicator instrument assemblies and more
      particularly to an instrument assembly for indicating a plurality of
      conditions. The invention has a particular application to instruments for
      motor vehicles in which it may be desirably to indicate, for example, not
      only the speed at which the vehicle is travelling, but a record of the
      distances travelled during different periods of operation of the vehicle
      and the speeds at which the vehicle was travelling during such periods. An
      indicating and recording instrument for such latter purpose is known as a
      tachograph and the present invention enables a tachograph and a
      speedometer to be housed in a common casing and the indications given by
      the speedometer and tachograph indicia to be observed without one set of
      indicia creating confusion or strain in the observer when he observes the
      other.
PAR  In an instrument assembly for indicating a plurality of conditions,
      according to one aspect of the present invention, the indicia for at least
      one condition and the indicia for the other of the conditions are
      respectively arranged at one and the other side of a translucent plate and
      are respectively adapted to be illuminated by separate light sources at
      opposite sides of said plate, the light transmission capability of the
      plate being such that the indicia of said one condition, when viewed from
      said one side of the plate, are visible by the reflection from the indicia
      of artificial or natural light incident from said one side, but the
      indicia of said other conditions are only rendered clearly visible by the
      transmission through said plate of light incident on said indicia from an
      artificial light source at the other side of the plate.
PAR  From another aspect, the present invention is a combined speedometer and
      tachometer assembly in which the speedometer and tachograph indicia are
      respectively arranged at one and the other side of a translucent plate and
      are respectively adapted to be illuminated by separate light sources at
      opposite sides of said plate, the light transmission capability of the
      plate being such that the speedometer indicia when viewed from said one
      side of the plate are visible by the reflection from the indicia of
      artificial or natural light incident from said one side, but the
      tachograph indicia are only rendered clearly visible by the transmission
      through the plate of light incident on the tachograph indicia from an
      artificial light source at the other side of the plate.
PAR  The said translucent plate may be of translucent plastics material or glass
      which is treated, as by tinting or by the deposition of a film vapour
      coating of metal, such as aluminium thereon, so as to substantially
      reflective of light incident thereon from the side at which the plate is
      viewed, but which appears substantially transparent to a viewer when the
      plate is illuminated from the opposite side from which it is viewed. Such
      materials are commercially available, for example for use in the windows
      of ambulances, for so-called "one-way mirrors," and for use in windows in
      which it is desirable to exclude a substantial proportion of light from
      one side thereof without preventing viewing through the windows from the
      other side.
DRWD
PAR  The scope of the invention is defined by the appended claims; and the
      invention and the method by which it is to be performed are hereinafter
      particularly described with reference to the acompanying drawings in which
      the single FIGURE is a part sectional elevation of a combined speedometer
      and tachograph according to the invention.
DETD
PAR  The drawing shows a combined speedometer and tachograph in which a
      tachograph mechanism and a speedometer mechanism are both arranged in the
      lower portion of a generally cup-shaped housing 1, from the base of which
      there extends a drive connection, conveniently a flexible drive cable 2,
      by which, in known manner, a drive can be taken from the engine of a motor
      vehicle to the tachograph and speedometer mechanisms in the housing 1.
PAR  Extending longitudinally of the housing 1 from the tachograph mechanism is
      a hollow shaft 3 carrying one or more styli 4, of which only one is shown
      on the drawing for the sake of simplicity. The sahft 3 extends through a
      support plate 5 which is secured in the housing 1 and is spaced from the
      base thereof, and a tachograph record card 6 is carried on the support
      plate, the card having a central opening (not shown) by which the card 6
      can be placed on or removed from the support plate 5, the opening enabling
      the card to be passed over the shaft 3 and stylus 4.
PAR  The tachograph mechanism and the stylus 4 incorporate in known manner means
      for making an indelible record on the tachograph, such means not being
      illustrated as they will be well understood by those skilled in the art.
PAR  The speedometer mechanism includes a speedometer needle 7 mounted on a
      spindle 8 which may, as shown in the drawing, extend coaxially through the
      tachograph shaft 3 or may extend to one side thereof. The speedometer
      spindle 8 and the needle 7 are detachable from the speedometer mechanism,
      for a purpose hereinafter described.
PAR  Arranged below the speedometer needle 7 and above the tachograph record
      card 6 and stylus 4 is a translucent plate 9 which is secured on a
      shoulder 10 formed in the wall of the housing 1, the plate having an
      opening 13 through which the speedometer spindle 8 extends. On its upper
      side the periphery of the translucent plate bears indicia 11 for the
      speedometer; alternatively, the shoulder 10 could be wider than that shown
      and the speedometer indicia could be arranged on a member mounted on said
      shoulder adjacent the periphery of the plate 9.
PAR  Above the translucent plate 9 and spaced therefrom is a cover glass 12
      mounted in a ring 14 which screws on to a threaded rim portion 21 of the
      cup-shaped housing 1.
PAR  Extending through an opening in the wall of the housing 1 between the cover
      glass 12 and the translucent plate 9 is a bulb holder 15 in which is
      mounted a light bulb 16; and between the translucent plate 9 and the
      support plate 5 the wall of the housing 1 is formed with a further opening
      in which is mounted a further bulb holder 17 in which is fitted a further
      light bulb 18. Cables 19, 20 respectively connected to the bulb holders
      15, 17 are adapted to be connected to the electrical power supply of the
      vehicle in which the combined speedometer-tachograph is mounted and are
      also connected to switches (not shown) by which the bulbs 16 and 18 may be
      separately energized.
PAR  The housing 1 is made in two parts detachably connected together, as by a
      screw threaded connection 22 adjacent the shoulder 9, or in any other
      convenient manner, to permit the removal of the upper portion of the
      housing together with the cover glass 12, translucent plate 9 and
      speedometer needle 7 and spindle 8, the latter being detachable from the
      speedometer mechanism, as mentioned above. With the upper housing part
      removed, the tachograph record card 6 can be removed and replaced by a
      fresh card, the housing parts, speedometer needle and spindle then being
      re-fitted.
PAR  The speedometer indicia 11 are arranged so as to be visible under normal
      daylight conditions but are adapted to be illuminated by the bulb 16
      which, as shown, is arranged so that, when energized, the light therefrom
      is incident on the translucent plate 9 and on the speedometer indicia 11
      at an angle such that the light will be predominately reflected therefrom
      rather than transmitted through the translucent plate 9.
PAR  The bulb 18, when energized illuminates the tachograph record card 6 and is
      arranged so that light reflected from the indicia marked on the record
      card 6 is transmitted through the translucent plate 9. The light
      transmission capability of the plate 9 is selected so that, when the bulb
      18 providing the illumination for the tachograph record card is not
      energized the indicia on the tachograph record card are not visible or are
      only slightly visible through the translucent plate 9 and do not therefore
      interfere with the view of the indicia 11 of the speedometer, but, when
      the bulb 18 is energized, the indicia on the tachograph record card are
      clearly visible by light transmitted through the translucent plate 9 to
      the observer.
PAR  The indicia on the tachograph record card 6 are normally required to be
      read only when the vehicle carrying the tachograph is at rest, as for
      example during inspection by the police or other authorised persons, and
      there will be little or no danger of confusion between the two sets of
      records. On the other hand, when the vehicle is in motion, the arrangement
      according to the invention ensures that the driver's observation of the
      speedometer indicia 11 will not be distracted or confused by the indicia
      on the tachograph record card, as these indicia will then not be visible,
      or will not be visible to an extent which will give rise to confusion with
      the speedometer indicia.
PAR  The bulb 18 for illuminating the tachograph record card is preferably made
      of higher wattage than the bulb 16 in order that the readings on the
      tachograph record card may be visible upon energization of the bulb 18
      when the bulb 16 is also energized, as during night-time or bad daylight
      conditions, necessitating artificial illumination of the speedometer dial.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combined speedometer and tachograph instrument assembly for indicating
      a plurality of conditions, comprising: a generally cup-shaped housing with
      a light opening at one end formed by a surrounding rim portion of the
      housing; a translucent plate supported by said housing at a peripheral
      edge portion and in a plane substantially normal to the line of sight
      through said opening by an external observer; a first set of indicia for
      at least one condition, including speed, to be indicated; means including
      said translucent plate supporting said first set of indicia in a plane
      parallel to said translucent plate and to one side of said translucent
      plate nearest said housing rim portion; another plate supported at its
      peripheral edge by said housing in a plane substantially parallel to the
      plane of said translucent plate and located to the side of said
      translucent plate furthest from said housing rim; a second set of indicia
      for indicating a condition, such as maximum speed supported by said other
      plate; said light opening in the housing providing a substantially
      unobstructed view from an external position of said first set of indicia
      by the illumination thereof by natural light striking said first indicia;
      a first light source located in said housing between said housing rim and
      said translucent plate characterized by the emission of light toward said
      one side of said translucent plate at an acute angle with respect to the
      plane of said translucent plate; a second light source located in said
      housing at a location permitting light to strike said second set of
      indicia and also said other side of said translucent plate; a speedometer
      spindle extending through an opening in said translucent plate and
      rotatable therein; speed-indicating means attached to said speedometer
      spindle for movement generally parallel to the plane of said translucent
      plate and with respect to said first indicia to indicate speed; a
      tachograph indicator member located on the other side of said translucent
      plate and movable relative to said second set of indicia to indicate the
      other of said conditions; a speedometer and tachograph drive cable
      extending through said housing and adapted to be connected to a drive
      mechanism of a motor vehicle, the speed and other conditions of which are
      to be indicated, by movement of said speedometer spindle and needle and
      said tachograph indicator member in response to changes in said condition,
      whereby the light from said first light source and natural illumination
      passing through the light opening permits viewing of the speedometer
      indicia by the reflection of said light from said first set of indicia and
      the light from said second light source permits viewing of said tachograph
      indicator indicia by the transmission of light through said translucent
      plate in a direction extending from said other side to said one side.
NUM  2.
PAR  2. A combined speedometer and tachograph instrument assembly according to
      claim 1, in which said translucent plate is of tinted transparent sheet
      material.
NUM  3.
PAR  3. A combined speedometer and tachograph instrument assembly according to
      claim 1, in which said translucent plate is of transparent sheet material
      and on which is deposited a film vapor coating of metal so that said plate
      is substantially reflective of light incident thereof from said one side
      from which the plate is viewed from an external direction but appears to
      be substantially transparent to an external viewer when the plate is
      illuminated from said other side.
NUM  4.
PAR  4. A combined speedometer and tachograph instrument assembly according to
      claim 1, in which said second set of indicia are arranged on a tachograph
      record card supported on said other plate which extends across said
      housing to the other side of said translucent plate and through which said
      speedometer spindle and tachograph indicator members extend; said
      tachograph indicator member including at least one stylus for recording on
      said tachograph record card a condition indicated.
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ABST
PAL  An arrangement for securing a braided rope to the ski tow rope handle by
      passing the rope through a transverse hole in the handle, passing the rope
      around the periphery of the handle and then inserting a portion of the end
      of the rope into the braided rope so that it passes back through the
      transverse hole in the handle. The braided rope acts in the manner of the
      well known Chinese finger, in that the higher the stress placed on the
      rope, the tighter it grasps the end of the rope that is inserted into it
      to prevent its detachment from the handle. To insure that the braided rope
      always retains some grip on the portion of rope inserted into it and to
      provide protection for the hands of the skier, a rubber sleeve is placed
      over the rope directly adjacent to the handle. In order to prevent the
      rubber sleeve from being displaced, a length of heat shrinkable tubing is
      applied to the rubber tubing and extends beyond the tubing to overlap onto
      the braided rope itself. The inner surface of this heat shrinkable tubing
      is provided with a heat sensitive adhesive to increase its hold on the
      rubber sleeve and the braided rope.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The fastening of the rope portion of a water ski tow rope to the handle of
      the tow rope presents a particular problem because it is imperative that
      the rope does not detach from the handle during use or injury may result.
      Moreover, the fastening to the handle must be accomplished in such a
      manner so as not to interfere with the hands of the skier as he grips the
      handle. The area around the handle must be relatively smooth to avoid
      chafing the hands of the skier. It is also desirable to stiffen the rope
      directly adjacent to the handle to prevent it from accidentally winding
      about the fingers of the skier.
PAR  For example U.S. Pat. No. 3,092,068 illustrates a hand grip for a ski tow
      rope in which a knot is tied on the end of the rope and the knot is held
      within the inner diameter of the tubular handle. This manner of tieing a
      rope to the handle is not entirely foolproof, particularly if the knot is
      carelessly tied and the rope becomes slippery when wet. Furthermore no
      protection is provided for the hands of the skier against chafing from the
      rope or from winding about the finger of the skier.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a braided rope is used for towing the
      skier behind a boat. The handle which the skier grips is provided with a
      transverse hole at each end, the two holes being parallel to each other. A
      strand of the braided rope is passed through each of the transverse holes,
      is then extended about the periphery of the handle. At the transverse hole
      the braids of one wall of the rope are separated to enable the extending
      end of the rope pass through the opening and into the core of the braided
      rope so that a portion of the end of the rope extends into the central
      core of the same rope of which it is a part.
PAR  With this arrangement the braided rope tightens diametrically whenever any
      longitudinal stress is placed upon it to firmly grip the end portion of
      the rope within it to prevent its escape. The greater the stress, the
      tighter the grip on the rope. Thus, the braided rope is analogous to the
      well known Chinese finger which tightens its grip on a person's finger
      whenever an axial force is applied to pull it off of the finger.
PAR  WHEN THE STRESS IS REMOVED FROM THE ROPE AND IT IS FULLY RELAXED THE
      BRAIDED ROPE CAN EXPAND AN APPRECIABLE AMOUNT TO COMPLETELY RELEASE ITS
      HOLD ON THE END OF THE ROPE WITHIN IT. In order to avoid such complete
      relaxation and always maintain some gripping on the rope inside it, a
      rubber sleeve is placed on the braided rope directly adjacent to the
      handle. This rubber sleeve serves the twofold purpose of preventing
      excessive relaxation of the braided rope so that some grip is always
      maintained on the end of the rope within the core. The rubber sleeve
      serves the further purpose of protecting the hands of the skier from
      chafing on the relatively rough surface of the braided rope when high
      stresses occur during the water skiing.
PAR  It has been found that when a skier is being towed at high speeds behind a
      boat, the splashing water curls up the ends of the rubber sleeve off of
      the rope and onto itself. This causes undue wear on the rubber sleeve to
      render it ineffective after prolonged use. In order to avoid this, the
      present invention provides for the placement of heat shrinkable tubing on
      the rubber sleeve and extending over its end onto the braided rope. The
      interior surface of the heat shrinkable tubing is coated with a heat
      sensitive adhesion. Therefore, after the heat shrinkable tubing is placed
      on the rubber sleeve and the adjacent braided rope, heat is applied to it
      to cause it to shrink onto the rubber sleeve and onto the braided rope.
      The heat not only causes the tube to shrink but also activates the
      adhesive so that the adhesive combines with the shrinking to securely
      fasten the tubing in place. It has been found that this arrangement will
      withstand all of the forces that are developed during the water skiing
      operation so that the rubber sleeve is not displaced.
PAR  It is therefore a general object of the present invention to provide a
      novel means of securely fastening the rope to the handle of a water ski
      tow rope while at the same time providing protection for the hands of the
      skier against chafing from contact with the rope.
PAR  It is also an object of the invention to reduce the flexibility of the tow
      rope directly adjacent to the handle to minimize the possibility of the
      rope curling about the finger of the skier and thereby avoid an injury.
PAR  It is a further object of the present invention to provide an improved
      arrangement for securing a rubber sleeve in position on the line of the
      tow rope to prevent the rubber sleeve from being displaced and worn by the
      action of the water during a water skiing operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary view showing the handle of a water ski tow rope
      with a portion of the two strands of rope extending from the handle, a
      portion of the rope and handle being broken away to show how the rope is
      fastened to the handle;
PAR  FIG. 2 is a perspective view of a rubber sleeve that is applied over the
      rope directly adjacent to the handle;
PAR  FIG. 3 is a perspective view of a length of heat shrinkable tubing with a
      heat sensitive adhesive on its inner surface and which is applied over the
      rubber sleeve shown in FIG. 2 and extends beyond the rubber sleeve onto
      the adjacent exposed rope;
PAR  FIG. 4 is a detail view substantially in elevation with portions broken
      away to better illustrate the path of the rope about the handle and into
      its core for securing the rope to the handle; and
PAR  FIG. 5 is a sectional view taken along the plane represented by the line
      5--5 in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made more particularly to the drawing and specifically to
      FIG. 1 thereof which illustrates a water ski tow rope generally identified
      by the reference numeral 10 attached to each side of a handle generally
      identified by the reference numeral 11. In water skiing, the skier grips
      the handle 11 with both hands and a tow line 10 is attached to each side
      of the handle 11 to extend therefrom a substantial distance with its
      opposite end being secured to the boat that is towing the skier about the
      water.
PAR  The present invention is directed to the novel arrangement for attaching
      the tow rope 10 to the handle 11 and therefore only that portion of the
      tow rope 10 adjacent to the handle 11 is illustrated in the drawing. The
      attachment to the boat (not shown) is not a part of the present invention
      but can be accomplished in any conventional manner.
PAR  The handle 11 is formed of an elongated cylinder 12 that may be formed of
      plastic or other suitable material having enlarged ends 14 to form an
      annular shoulder 15 at each end of the cylinder 12. Thus, a shoulder 15 is
      provided at each end of the handle 11 and a relatively soft rubber sleeve
      16 is in firm engagement with the cylinder 12 between the two shoulders 15
      so that the ends of the sleeve 16 abut the two shoulders 15 to prevent any
      axial movement of the sleeve 16 and firmly attach it to the cylinder 12.
      The sleeve 16 provides a high co-efficient of friction to enable the skier
      to obtain a good grip on the handle 11 and is also spongy and soft so that
      it is comfortable to hold.
PAR  The rope 10 is preferably made of a strong plastic such as nylon that is
      formed into strips that are braided to form the line 10. The braided
      plastic actually forms a long tubing with flexible braided walls having a
      hollow core. The braiding can be forced together axially to in effect
      shorten the line, but then the diameter of the hollow core is increased
      substantially. On the other hand, the line can be stretched axially and
      this causes a reduction in the diameter of the hollow core to the extent
      that it disappears because the walls of the braided tubing are in contact
      with each other. This is identical to the well known Chinese finger which
      is a braided tubing that can be relaxed to be placed on the finger but
      when tension is placed to pull it off, the tubing contracts about the
      finger and grips it tightly to prevent its removal. The same principle is
      applied in attaching the tow rope 10 to the handle 11.
PAR  Thus, the tow line 10 is formed of the braided cylindrical wall 20 and in
      order to secure the rope 10 to the handle 11 the rope 10 is passed through
      a bore 21 that is formed transversely at each end of the handle 11 for
      receiving the two ropes. Inasmuch as both ropes 10 are attached to the
      handle 11 in exactly the same manner, reference will be made to only one
      of the structures and it is to be understood that the same description
      likewise applies for attaching the other rope to the handle 11. A
      substantial portion of the line 10 is passed through the bore 21 and it is
      then looped about the periphery of the enlarged end 14 to form an annular
      loop 22. An extending end 25 of the rope 10 is then passed through the
      rope 10 into its core as clearly shown in the top portion of FIG. 1. As a
      result, when tension is placed upon the rope 10 its braided wall 20
      contracts about the extending end 25 within its core to firmly grip the
      extending end 25 and prevent its escape.
PAR  The actual path of the rope 10 is best shown in FIGS. 4 and 5 where the
      cylinder 12 of the handle 11 has been eliminated and only the rope 10 is
      illustrated. As there shown, the braiding of the wall 20 has been
      separated at the point identified by the reference numeral 26 so that the
      tow line 10 passes through the separation 26 upwardly through the bore 21
      of the handle 11 and is then looped clockwise as shown in FIG. 4 to form
      the loop 22. The braiding is again separated at the portion identified by
      the reference numeral 27 in FIG. 4 and the extending end 25 extends from
      the loop 22 and is passed through the separation 27 into the hollow core
      of the rope 10 so that the extending end 25 occupies the central bore
      formed by the cylindrical braided walls 20. The length of the extending
      end 25 within the braided wall 20 of the rope 10 is not critical but it
      has been found that seven to eight inches of length is fully adequate.
PAR  The secure attachment of the tow rope 10 to the handle 11 in this manner
      can be readily understood but in order to prevent any possibility of the
      extending end 25 from escaping from within the interior of the braided
      wall 20 when the line is relaxed, a rubber sleeve 30 is tightly fitted
      over the rope 20 at the portion immediately adjacent the handle 11 and
      extending outwardly therefrom to encompass that portion of the tow rope 10
      which includes the extending end 25.
PAR  The sleeve 30 serves two very important functions. First, it tightly
      engages the braided wall 20 of the rope 10 to prevent its expansion when
      the line is relaxed and thereby maintains tight engagement with the
      extending end 25 that is disposed within the braided wall 20. In addition,
      the braided rope 20 is rather abrasive and the rubber sleeve 30 protects
      the hands of the skier when the hands rub into engagement with the tow
      rope 10 while gripping the handle 11.
PAR  As clearly shown in FIG. 1, the rubber sleeve 30 has one end in abutment
      with the enlarged end 14 of the handle 11 but the opposite end would
      normally be exposed upon the periphery of the rope 10. It has been found
      that during a skiing operation, the water applies substantial forces to
      the exposed elastic end of the rubber sleeve 30 causing it to curl and
      fray so that it rapidly wears. Replacing such rubber sleeve 30 on an
      assembled tow rope is cumbersome and difficult and it has been found that
      this can be readily avoided by applying a length of heat shrinkable tubing
      35 to overlap the exposed end of the rubber sleeve 30. Thus, a perspective
      view of the heat shrinkable tubing 35 is illustrated in FIG. 3 showing
      that it is of uniform diameter when applied to the rope 10. Approximately
      one half of this heat shrinkable tubing 35 is placed over the extending
      end of the sleeve 30 and the other half overlies the exposed rope 10. Heat
      is then applied to the tubing 35 to cause it to tightly shrink about the
      rubber sleeve 30 as well as about the rope 10 as shown in FIG. 1.
PAR  Shrinkable tubing of the type suitable for the present invention is
      commercially available, as for example, ALPHLEX FIT shrinkable tubing
      produces. Such shrinkable tubing is formed of a polymer such as polyolefin
      or polyvinylchloride. In a heated state, the tubing is expanded by
      mechanical means. If the mechanical form is removed while the tubing is
      still heated, the tubing would return to its original diameter. Instead,
      the expanded tubing, immediately following heat treatment, is quenched
      while still in its enlarged state. As a result of this process, the
      polymer crystalizes and remains stable in the enlarged state until in
      actual usage it is reheated, releasing the crystalization and returning
      the material to its original diameter.
PAR  Thus, a diameter of heat shrinkable tubing 35 suitable to pass over the
      rubber sleeve 30 is provided and heat is applied, as for example, by a hot
      air gun. However, even the flame of a match will cause the tubing 35 to
      shrink and other methods of applying the heat can be employed. Once the
      heat is employed, the tubing 35 shrinks tightly about both the rubber
      sleeve 30 and the rope 10.
PAR  To provide an additional resistance to slippage, the interior of the
      shrinkable tubing 35 is coated with a heat sensitive adhesive so that when
      the heat is applied to shrink the tubing 35, the adhesive is likewise
      activated and it tightly grips the tubing 35 about the periphery of the
      rubber sleeve 30 and the rope 10. This length of heat shrinkable tubing 35
      functioning in combination with the adhesive applied to its interior
      firmly grips the rope 10 as well as the sleeve 30 and this withstands the
      forces of the water during the skiing operation and prevents the fraying
      of the rubber sleeve 30.
PAR  The rubber sleeve 30 and the heat shrinkable tubing 35 directly adjacent to
      the handle 11 of the tow rope 10 serve the further purpose of appreciably
      reducing the flexibility of the rope directly adjacent to the handle 11.
      This practically eliminates the possibility of the rope winding about a
      finger or part of the hand of the skier which could cause an injury if it
      happened while water skiing.
PAR  From the foregoing detailed description of the illustrative embodiment of
      the invention set forth herein it will be apparent that there has been
      provided an approved water ski tow rope with an improved arrangement for
      firmly securing the end of the tow rope to the handle which is gripped by
      the skier.
PAR  Although the illustrative embodiment of the invention has been described in
      considerable detail for the purpose of disclosing a practical operative
      structure whereby the invention may be practised advantageously, it is to
      be understood that the particular water ski tow rope is intended to be
      illustrative only and that the various novel characteristics of the
      invention may be incorporated in other structural forms without departing
      from the spirit and scope of the invention as defined in the subjoined
      claims.
CLMS
STM  The principles of this invention having now been fully explained in
      connection with the foregoing description, I hereby claim as my invention:
NUM  1.
PAR  1. In a water ski tow rope having a handle that is gripped by the skier and
      at least one tow line attached to the handle and extending therefrom for
      securement to the boat which is towing the skier, said tow line being
      formed of a braided material that is one continuous braided tubular wall
      having a central hollow core and one end of the tow line is passed into
      the hollow core of the braided two line to form a loop on the end of the
      tow line for attachment to said handle; an elastic sleeve gripping said
      line directly adjacent to said handle and extending therefrom a distance
      along said rope to protect the skiers hands from chafing and means
      overlapping said sleeve and said line to secure said elastic sleeve to
      said line against displacement by water pressures developed during skiing.
NUM  2.
PAR  2. A water ski tow rope according to claim 1 wherein said securing means is
      a length of heat shrinkable tubing that is shrunk onto said elastic sleeve
      and the rope in overlapping relationship.
NUM  3.
PAR  3. A water ski tow rope according to claim 2 including a heat sensitive
      adhesive coated on the interior surface of said heat shrinkable tubing so
      that it is activated by the heat that is applied to said tubing to shrink
      it to thereby create a strong bond between said heat shrinkable tubing and
      the elastic sleeve and rope with which it is in contact.
NUM  4.
PAR  4. A water ski rope according to claim 1 wherein said securing means is a
      plastic tubing that encompasses the end of said elastic sleeve and a
      portion of the tow line adjacent to it so that said plastic tubing
      overlaps said elastic sleeve and a portion of the tow line; and including
      an adhesive between said plastic tubing and the elastic sleeve and the tow
      line with which it is in contact to form a tight bond therebetween.
NUM  5.
PAR  5. A water ski tow rope according to claim 1 wherein said tow line passes
      through a transverse hole in the handle and then about the periphery of
      the handle with an extending end of the tow line passing back through the
      transverse hole in the handle and through the hollow core of the braided
      tow line so that the braided wall of the tow line encompasses the
      extending end of the same tow line whereby as increasing longitudinal
      tension is applied to the tow line the braided wall of the tow line
      contracts diametrically to increasingly tighten about the extending end of
      the line within said braided wall to prevent the escape of the extending
      end; said elastic sleeve gripping said braided tow line directly adjacent
      to the handle to prevent excess relaxation of the braided tow line and
      thereby prevent inadvertent displacement of said extending end from the
      interior of the braided tow line, said elastic sleeve also protecting the
      hands of the skier from chafing due to contact with the tow line.
NUM  6.
PAR  6. A water ski tow rope according to claim 5 wherein said securing means is
      a length of heat shrinkable tubing that is shrunk onto said elastic sleeve
      and onto the rope in overlapping relationship.
NUM  7.
PAR  7. A water ski tow rope according to claim 6 including a heat sensitive
      adhesive coated on the interior surface of said heat shrinkable tubing so
      that it is activated by the heat that is applied to said tubing to shrink
      it and thereby creates a strong bond between said heat shrinkable tubing
      and the elastic sleeve and rope with which it is in contact.
NUM  8.
PAR  8. A water ski rope according to claim 5 wherein said securing means is a
      plastic tubing that encompasses the end of said elastic sleeve and a
      portion of the line extending from said sleeve so that said plastic tubing
      overlaps said elastic sleeve and a portion of the tow line; and including
      an adhesive between said plastic tubing and the elastic sleeve and the tow
      line with which it is in contact to form a tight bond therebetween.
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ABST
PAL  An apparatus for pivotally mounting an outboard fishing motor, such as a
      shaft-mounted submersible electric motor, on the bow of a fishing boat or
      the like for pivotal movement between an operative position wherein the
      motor is held in the water and a non-operative raised position. The
      apparatus comprises a pivotally mounted bracket for supporting the shaft
      of the motor, a semi-circular guide member fixedly positioned adjacent the
      bracket, a follower interconnecting the bracket and guide member, and a
      power control system including a reversible electric motor and cable
      arrangement for automatically and positively pivoting the fishing motor in
      either direction between its operative and non-operative positions by
      translating the follower along the guide member.
BSUM
PAR  The present invention relates to a powered apparatus for automatically
      pivoting an outboard fishing motor between a lowered operative position
      wherein the motor is held in the water, and a raised non-operative
      position wherein the motor is removed from the water.
PAR  It is known to mount a small auxiliary motor on the bow of a fishing boat
      for use while trolling. Typically, the motor is a shaft-mounted electric
      motor, and comprises an elongated shaft having a submersible electric
      motor and propeller mounted at the lower end thereof, and a steering
      handle or the like mounted at the upper end of the shaft. The motor is
      powered by a suitable battery carried in the boat, and a speed control
      rheostat may also be provided for controlling the speed of the motor and
      thus the speed of the boat through the water.
PAR  It has also been proposed to pivotally mount a motor of the described type
      on the bow to permit the motor to be retracted from the water in the event
      the fishing lines become snagged, or if it is desired to move the boat
      under full power from the main motor. In this regard, various pivotal
      mounting brackets have been developed and marketed, and wherein the boat
      operator manually raises and lowers the motor between its operative and
      non-operative positions, note for example the patent to Ibbs, U.S. Pat.
      No. 3,245,640.
PAR  The above manual raising and lowering operations can easily become tiring
      and aggravating, particularly when it is realized that the boat operator
      normally is positioned in the middle or at the stern of the boat while
      fishing, and he must therefore move to the front of the boat each time the
      motor is to be raised or lowered. In this regard, various rope
      arrangements have been proposed for permitting the operator to raise or
      lower the motor while he is located at the middle or stern of the boat,
      but such ropes tend to become snagged in the fishing lines and other boat
      equipment, and thus they have not been entirely satisfactory. Further, the
      electric outboard motor is often of considerable size and weight, making
      the lifting and lowering operations physically difficult.
PAR  It is accordingly an object of the present invention to provide an
      apparatus for pivoting a relatively large and heavy outboard fishing motor
      between its operative and non-operative positions and which avoids the
      above noted problems associated with the presently known devices.
PAR  It is another object of the present invention to provide a powered
      apparatus for selectively pivoting an outboard fishing motor, such as a
      shaft-mounted submersible electric motor, between a lowered position
      wherein the motor is operatively held in the water and a raised position
      wherein the motor is removed from the water, and wherein the power
      required to pivot the motor is minimized.
PAR  It is a further object of the present invention to provide an apparatus of
      the described type which may be remotely controlled by the boat operator,
      and which automatically terminates its operation upon the motor reaching
      either the operative or the non-operative position.
PAR  It is still another object of the present invention to provide an apparatus
      of the described type which pivots the motor under controlled conditions
      in both directions, and which is essentially locked in its operative
      position to thereby preclude the motor from lifting from the water during
      operation.
PAR  These and other objects and advantages of the present invention are
      achieved in the embodiment illustrated herein by the provision of an
      apparatus which comprises a mounting frame adapted to be fixedly attached
      to the bow of the boat, a bracket pivotally carried by the mounting frame
      and being pivotable between a forward position wherein the bracket
      horizontally overlies the outer end of the frame and a retracted position,
      means carried at the remote free end of the bracket for attaching the
      shaft of an outboard motor thereto, a semi-circular guide member fixedly
      positioned adjacent the bracket, a follower carried by the bracket and
      positioned to contact the guide member, and power means for selectively
      and positively translating the follower in either direction along the
      guide member to thereby pivot the bracket between its forward and
      retracted positions. In the illustrated embodiment, this power means takes
      the form of a drive wheel rotatably carried by the frame, an electric
      motor for selectively rotating the drive wheel in either direction, and a
      cable wound about the drive wheel and guided for movement along the guide
      member and operatively connected to the follower such that operation of
      the motor in one direction serves to translate the follower in a
      predetermined direction to pivot the bracket toward its retracted position
      and operation of the motor in the opposite direction serves to translate
      the follower in the opposite direction and pivot the bracket toward its
      forward position. A manually operable switch may be provided for
      selectively operating the motor in either direction, and limit switches
      may also be provided for terminating operation of the motor upon reaching
      either its operative or non-operative position.
PAR  As will be understood, the force acting through the cable to translate the
      follower acts directly perpendicular to the bracket through its full
      pivotal movement, and the power requirement for pivoting the bracket and
      motor is thereby minimized.
DRWD
PAR  Some of the objects and advantages of the invention having been stated,
      others will appear as the description proceeds when taken in connection
      with the accompanying drawings, in which
PAR  FIG. 1 is a perspective environmental view illustrating an apparatus
      embodying the features of the present invention and the manner in which
      the apparatus may be mounted on a conventional fishing boat;
PAR  FIG. 2 is an enlarged perspective view, partly broken away, of the
      apparatus shown in FIG. 1, and which illustrates the bracket in its
      forward position;
PAR  FIG. 3 is a fragmentary side elevation view, and illustrating the
      semi-circular guide member and cable arrangement for pivoting the bracket;
PAR  FIG. 4 is a perspective view of the apparatus and supported motor in its
      retracted position and further showing, in dashed lines, the apparatus and
      motor in an intermediate and a forward position;
PAR  FIG. 5 is a fragmentary plan view taken substantially along the line 5--5
      of FIG. 3; and
PAR  FIG. 6 is a schematic wiring diagram of the power control system for the
      apparatus of the present invention.
DETD
PAR  Referring more particularly to the drawings, an apparatus embodying the
      features of the present invention is indicated generally at 10, and is
      shown as being attached to the bow of a conventional fishing boat 12. The
      boat 12 also includes a conventional internal combustion outboard motor 14
      mounted at the stern for powering the boat at relatively high speeds in
      the normal manner. Also, a battery 15, such as a twelve volt automotive
      battery, may be positioned in the boat for the purposes described below.
PAR  In accordance with the present invention, the apparatus 10 is adapted to
      pivotally mount an auxiliary outboard motor 16 for movement between the
      operative position shown in FIGS. 1 and 2, and the non-operative position
      shown in solid lines in FIG. 4. The illustrated motor 16 is conventional,
      and comprises an elongated shaft 18 having a submersible electric motor 20
      and propeller 21 carried at the lower end thereof. An automatic steering
      control system is also provided which comprises a housing 22 carried at
      the upper end of the shaft and a foot pedal 23 positioned within the boat
      and adjacent the operator. The housing and foot pedal are interconnected
      by a suitable cable arrangement 24 such that movement of the pedal is
      adapted to pivot the motor in either direction about the axis of the shaft
      18 to effect steering thereof.
PAR  The shaft 18 comprises an inner tubular member 18a and a coaxial outer
      sleeve 18b which are relatively rotatable about their common axis. The
      inner tubular member 18a is directly connected between the steering
      control system in the housing 22 and the motor 20 to permit steering of
      the motor in the manner described above, and with the sleeve 18b being
      held stationary. An electric cord (not shown) extends upwardly through the
      shaft 18 and along the cable 24, and is operatively connected to the
      battery 15 for powering the motor 20. Also, a suitable switch and rheostat
      (not shown) may be positioned adjacent the foot pedal for selectively
      controlling the operation and speed for the motor 20.
PAR  The apparatus 10 comprises a mounting frame 30 which includes a generally
      flat plate 31 which defines an inner end 32 facing the interior of the
      boat and an outer end 33 which extends to a point immediately adjacent the
      bow of the boat. The plate 31 is secured to the bow by any suitable
      arrangement, such as by screws 34, and it assumes a generally horizontal
      orientation.
PAR  The mounting frame 30 further includes a generally flat support plate 35
      overlying and secured, as by welding, to the outer end portion of the
      plate 31. The overlying plate 35 includes a pair of integral, spaced apart
      angle braces 36, 37, and a forward end 38 which is adapted to extend
      somewhat beyond the outer end 33 of the plate 31 and beyond the bow of the
      boat. A resilient support pad 39 of rubber or the like is positioned to
      rest upon the forward end 38 of the plate 35 for the purposes to become
      apparent.
PAR  The angle braces 36, 37 are aligned with the longitudinal axis of the boat
      12, and together pivotally mount a bracket 40 to the mounting frame 30.
      More particularly, the bracket comprises two spaced parallel arms 40a,
      40b, each of which includes one end 41 mounted for pivotal movement about
      the pin 42, and a remote free end 43. The pin 42 extends transversely
      between the braces 36, 37 to define a first horizontal axis which is
      positioned at a medial point between the ends of the mounting plate 31.
PAR  The bracket 40 is accordingly pivotable between a forward position (FIGS. 1
      and 2) wherein the bracket horizontally overlies the outer end portion of
      the mounting plate 31, and a retracted position (FIG. 4) wherein the
      bracket is disposed substantially 180.degree.  from its forward position
      and overlies the inner end portion of the plate 31. In this regard, it
      will be noted that the bracket 40 is of a length such that the remote free
      end 43 of each arm extends well beyond the forward end 38 of the plate 35
      when the bracket is positioned in its forward position.
PAR  The bracket 40 also carries means generally indicated at 45 for releasably
      attaching the shaft 18 of the outboard motor 16 thereto. More
      particularly, the shaft attaching means 45 comprises a split, tubular
      clamping member 47 adapted to receive the shaft 18 and be releasably
      secured to the sleeve 18b by means of a hand operated set screw 48. The
      clamping member 47 is pivotally connected to each of the arms of the
      bracket 40 at the free ends 43 so as to be pivotal about a transverse
      horizontal axis which is parallel to the axis of pin 42.
PAR  The orientation of the clamping member during the pivotal movement of the
      bracket is controlled by means of a lever arm 49 which has one end
      pivotally connected between the angle brackets of the frame at 51, and an
      opposite end pivotally connected to the clamping member at 52. The pivotal
      axes defined at 51 and 52 are each parallel to the axis of the pin 42, and
      by design, the clamping member 47 is held substantially perpendicular to
      the bracket 40 when the bracket occupies its forward position, and it is
      pivoted through about 90 degrees during movement of the bracket between
      its forward and retracted positions, note FIG. 4. Thus the shaft 18 of the
      motor 16 is held substantially vertically in front of the bow when the
      bracket is in its forward position, and it is held substantially
      horizontally when the bracket is in its retracted position. Also, it will
      be noted that the motor 20 is adapted to rest upon the pad 39 in the
      retracted position to thereby relieve the stress in the shaft 18 and to
      prevent damage to the motor 20 during movement of the boat.
PAR  The depth to which the motor 20 is disposed in the water may be controlled
      by releasing the set screw 48 to open the clamping member 47, and then
      sliding the shaft 18 axially to its desired position. Upon tightening of
      the set screw, the clamping member is fixedly secured to the outer sleeve
      18b of the shaft, but steering is permitted in view of the relative
      rotation between the outer sleeve and inner tubular member 18a of the
      shaft as described above.
PAR  The above described bracket 40, lever arm 49, and clamping member 47 are
      similar to the presently known manually operable pivoting devices, and
      thus do not per se form a part of the present invention.
PAR  In order to positively pivot the bracket between its forward and retracted
      positions, there is provided an arcuately curved, semi-circular guide
      member 55 which is fixedly carried by the frame immediately adjacent the
      bracket 40. The guide member 55 defines a segment of a circle having its
      center located along the pivotal horizontal axis defined by the pin 42.
      Also, the guide member is disposed in a plane which lies parallel to the
      plane defined by the pivotal movement of the bracket 40, and it extends
      along substantially the full length of the arc defined by the pivotal
      movement of the bracket between its forward and retracted positions.
PAR  As best seen in FIGS. 2 and 3, the guide member 55 is of U-shaped cross
      sectional configuration to define a bottom wall 56 and upstanding spaced
      side walls 57, 58. In addition, a pair of guide pulleys 60, 61 are
      rotatably carried by the frame 30, with each pulley being mounted adjacent
      one end of the guide member, note FIG. 3.
PAR  A transversely directed linkage 64 is connected between the two arms of the
      bracket 40 and at a medial point along the length of the bracket, the
      linkage extending transversely beyond the arm 40b to a point immediately
      adjacent the guide member 55. A follower 65 is rotatably carried at the
      end of the linkage 64, and is positioned to contact and follow the guide
      member 55 during the pivotal movement of the bracket, note FIG. 5. In this
      regard, the follower 65 comprises a pair of spaced rollers 66, 67 with a
      mounting tab 68 positioned therebetween. Each of the rollers has a
      channeled circumferential trackway, and is positioned to overlie one of
      the side walls 57, 58 of the guide member such that each side wall is
      partially received in the associated trackway to thereby substantially
      preclude relative transverse movement between the follower 65 and guide
      member 55.
PAR  A power system is provided for selectively translating the follower 65 in
      either direction along the guide member 55 to thereby pivot the bracket
      between its forward and retracted positions. More particularly, the power
      system comprises a drive wheel 70 carried by the frame 30 for rotation
      about a fixed axis which is disposed parallel to the horizontal axis of
      the pin 42 and generally within the arc defined by the guide member 55. A
      reversible electric motor 71 is also mounted to the frame 30 by means of
      the support plate 72, and acts through a gear reduction box 73 to rotate
      the drive wheel 70 in either direction. The motor 71 is operatively
      connected to and powered by the battery 15 in the manner further described
      below.
PAR  In accordance with the illustrated embodiment of the present invention, a
      pair of cable segments 75, 76 operatively interconnect the drive wheel 70
      and the mounting tab 68 of the follower 65, whereby the bracket 40 may be
      pivoted from its forward position to its retracted position upon rotation
      of the drive wheel in a first direction, and the bracket may be reversely
      pivoted upon rotation of the drive wheel in the opposite direction. More
      particularly, a first cable segment 75 has one end thereof fixed to the
      drive wheel 70 and wound thereabout in a clockwise direction as seen in
      FIGS. 2 and 3. The other end of the segment 75 is entrained about the
      guide pulley 60, and extends along the guide member 55 and is attached to
      the tab 68 of the follower 65.
PAR  The second cable segment 76 has one end fixed to the drive wheel 70 and is
      wound thereabout in a counterclockwise direction as seen in FIGS. 2 and 3.
      The other end of the segment 76 is entrained about the pulley 61, and
      extends along the guide member 55 and is attached to the tab 68 from the
      opposite direction. Thus rotation of the drive wheel 70 in a clockwise
      direction acts to cause the follower to be drawn along the arcuate
      curvature of the guide member and positively pivot the bracket from its
      forward to its retracted position. Counterclockwise rotation of the drive
      wheel acts to draw the follower in the opposite direction and positively
      pivot the bracket from its retracted to its forward position. In this
      regard, it will be noted that the force acting upon the follower 65 from
      the cable segments during the pivotal movement extends in a direction
      perpendicular to the bracket through the full movement of the bracket
      between its forward and retracted positions, to thereby minimize the power
      requirement of the electric motor 71.
PAR  A pair of limit switches 78, 79 are carried by the plate 31, with the
      switch 78 being positioned adjacent the inner end 32, and the switch 79
      being positioned adjacent the outer end 33. The switch 78 is engaged by
      the bracket 40 upon reaching its retracted position, and the switch 79 is
      engaged by the bracket upon reaching its forward position, to terminate
      operation of the motor 71, note FIG. 6. Also, a manually operable control
      switch 80 is provided for selectively operating the motor 71 in either
      direction. Typically, the switch 80 is positioned adjacent the foot pedal
      23 so as to be conveniently controlled by the operator of the boat.
PAR  As will be apparent from the above description, the reduction gear box 73
      serves to resist inadvertent rotation of the drive wheel 70 caused by
      tension in the cable segments, and thus it resists inadvertent movement of
      the bracket and thereby serves to effectively retain the bracket 40 and
      motor 16 in a desired position and in particular, to preclude the motor 16
      from lifting from the water during operation. Also, while the means for
      interconnecting the drive wheel 70 and follower 65 has been described
      above as comprising two cable segments each having an end secured to the
      circumference of the drive wheel, it will be understood that the cable
      segments could comprise a unitary cable which is wound about the drive
      wheel a number of times without being fixedly connected thereto. This
      latter arrangement has the advantage of serving as a slip-clutch between
      the drive wheel and follower in the event an obstruction is encountered in
      the pivotal movement of the bracket and motor.
PAR  In use, the operator initially mounts the motor 16 at the free end of the
      bracket 40 by locking the clamping member 47 about the sleeve 18b of the
      shaft 18 in the manner described above. Assuming the bracket is in its
      retracted position as seen in solid lines in FIG. 4, the motor 16 may be
      brought into its operative position by the boat operator closing the
      switch 80 into its "down" position. The motor 71 is thereby energized to
      rotate the drive wheel 70 counterclockwise as seen in FIGS. 2 and 3 and
      such that the first cable segment 75 pulls forwardly and upwardly upon the
      follower 65 and in a direction perpendicular to the bracket to thereby
      draw the follower along the guide member and pivot the bracket 40 in a
      counterclockwise direction about the axis defined by the pin 42. As will
      be understood, the counterclockwise rotation of the drive wheel 70 also
      unwinds a sufficient length of the second cable segment 76 to permit the
      described pivotal movement of the bracket and motor 16 to proceed under
      controlled movement. In other words, the second cable segment 76 serves to
      prevent the sudden dropping of the bracket and motor after the center of
      gravity passes over the axis of the pin 42. Upon the bracket 40 reaching
      its fully lowered or forward position as seen in FIGS. 2 and 6, the
      bracket 40 engages and opens the limit switch 79 to automatically
      terminate operation of the motor 71.
PAR  When it is desired to retract the motor 16, the operator closes the switch
      80 into its "up" position, thereby causing the motor 71 and drive wheel 70
      to rotate clockwise as seen in FIGS. 2 and 3. The second cable segment 76
      thus pulls upwardly and inwardly on the follower 65, causing the bracket
      to pivot rearwardly about the axis of the pin 42. Such rotation continues
      until the bracket contacts and opens the limit switch 78, which is
      predetermined to occur when the bracket reaches its retracted position.
PAR  In the drawings and specification, there has been set forth a preferred
      embodiment of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. An apparatus for pivotally mounting an outboard motor, such as a
      shaft-mounted submersible electric motor, on a fishing boat or the like
      and such that the motor may be selectively pivoted between a vertically
      disposed operative position in the water and a horizontally disposed
      raised position removed from the water, said apparatus comprising,
PA1  a mounting frame adapted to be fixedly attached to a boat so as to extend
      in a generally horizontal direction,
PA1  a bracket having one end thereof pivotally connected to said frame for
      rotation about a pivotal horizontal axis, and a remote free end, said
      bracket being pivotable between a forward position wherein said bracket
      horizontally overlies said outer end of said frame and a retracted
      position, and said bracket being of a length such that said remote free
      end extends beyond said outer end of said frame when said bracket is
      positioned in said forward position,
PA1  means carried at said remote free end of said bracket for attaching the
      shaft of an outboard motor thereto,
PA1  an arcuately curved guide member fixedly carried by said frame immediately
      adjacent said bracket and defining a segment of a circle having its center
      located along said pivotal horizontal axis, said segment having an arcuate
      length which at least corresponds to the arc defined by the pivotal
      movement of said bracket between said forward and retracted positions,
PA1  a follower fixedly carried by said bracket intermediate the ends thereof
      and being positioned to contact said guide member during the pivotal
      movement of said bracket, and
PA1  power means for selectively translating said follower in either direction
      along said guide member to thereby pivot said bracket between said forward
      position and said retracted position.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said power means comprises
PA1  a reversible electric motor,
PA1  a cable operatively connected to said electric motor,
PA1  means for guiding said cable for movement along said curved guide member,
      and
PA1  means for interconnecting said cable and follower, whereby the force acting
      upon said follower extends in a direction perpendicular to said bracket
      through full movement of said bracket between said forward and retracted
      positions to thereby minimize the power requirement of said electric
      motor.
NUM  3.
PAR  3. The apparatus as defined in claim 2 wherein said retracted position of
      said bracket is disposed about 180.degree. from said forward position, and
      wherein said guide member is curved through an arc of about 180 degrees.
NUM  4.
PAR  4. The apparatus as defined in claim 3 wherein said shaft attaching means
      comprises a releasable clamp, and said apparatus further comprises means
      for automatically pivoting said shaft attaching means through about
      90.degree. during movement of said bracket between said forward and
      retracted positions.
NUM  5.
PAR  5. An apparatus for pivotally mounting an outboard motor, such as a
      shaft-mounted submersible electric motor, on a fishing boat or the like
      and such that the motor may be selectively and remotely pivoted between a
      vertically disposed operative position in the water and a horizontally
      disposed raised position removed from the water, said apparatus
      comprising,
PA1  a mounting frame adapted to be fixedly attached to a boat so as to extend
      in a generally horizontal direction, and defining an inner end and an
      outer end,
PA1  a bracket having one end thereof pivotally connected to said frame for
      rotation about a pivotal horizontal axis positioned at a point
      intermediate the ends of said frame, and a remote free end, said bracket
      being pivotable between a forward position wherein said bracket
      horizontally overlies said outer end of said frame and a retracted
      position disposed about 180.degree. from said forward position and wherein
      said bracket overlies said inner end of said frame, and said bracket being
      of a length such that said remote free end extends beyond said outer end
      of said frame when said bracket is positioned in said forward position,
PA1  means carried at said remote free end of said bracket for attaching the
      shaft of an outboard motor thereto,
PA1  an arcuately curved guide member fixedly carried by said frame immediately
      adjacent said bracket and defining a semi-circle having its center located
      along said horizontal bracket pivot,
PA1  a follower fixedly carried by said bracket intermediate the ends thereof
      and being positioned to contact said guide member during the pivotal
      movement of said bracket,
PA1  power means for selectively and positively pivoting said bracket in either
      direction between said forward and retracted positions, and including
PA2  a. a reversible electric motor,
PA2  b. cable means entrained for movement along said guide member, said cable
      means being fixedly attached to said follower,
PA2  c. means operatively interconnecting said electric motor and said cable
      means whereby operation of said motor in one direction moves said cable
      means and follower in a first direction along said guide member to pivot
      said bracket from said forward position to said retracted position, and
      operation of said motor in the opposite direction serves to move said
      cable means and follower in the opposite direction along said guide member
      to pivot said bracket from said retracted position to said forward
      position, and
PA2  d. manually operable switch means for selectively operating said motor in
      either direction.
NUM  6.
PAR  6. The apparatus as defined in claim 5 wherein said shaft attaching means
      includes a releasable clamp, said clamp being pivotally connected to said
      bracket, and said apparatus further includes a lever arm having one end
      pivotally connected to said frame and an opposite end pivotally connected
      to said clamp and such that said clamp is rotated through about 90 degrees
      during pivotal movement of said bracket between said forward and retracted
      positions and the shaft of the motor is mounted in a vertically disposed
      position when said bracket is in said forward position and in a
      horizontally disposed position when said bracket is in said retracted
      position.
NUM  7.
PAR  7. The apparatus as defined in claim 6 wherein said means operatively
      interconnecting said electric motor and cable means comprises a drive
      wheel carried by said frame for rotation about a fixed axis disposed
      parallel to said horizontal axis of said bracket and generally within the
      arc defined by said guide member, said cable means being operatively
      entrained about said drive wheel.
NUM  8.
PAR  8. The apparatus as defined in claim 7 wherein said guide member is of a
      U-shaped cross sectional configuration to define a bottom wall and spaced
      side walls, and further comprises a guide pulley adjacent each end thereof
      and such that said cable means is entrained about each of said guide
      pulleys and along said bottom wall of said guide member.
NUM  9.
PAR  9. The apparatus as defined in claim 8 wherein said power means further
      comprises a limit switch positioned adjacent each end of said mounting
      frame for terminating operation of said electric motor, and wherein one
      switch is engaged by said bracket upon reaching said forward position and
      the other switch is engaged by said frame upon reaching said retracted
      position.
NUM  10.
PAR  10. The apparatus as defined in claim 9 wherein said follower comprises a
      pair of spaced rollers, with one of said rollers overlying each of said
      side walls of said guide member and each of said rollers having a
      channeled circumferential trackway for partially receiving the associated
      side wall therein to thereby substantially preclude lateral movement
      between said follower and guide member.
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PAL  An enclosure designed to maintain the purity and physical characteristics
      of a slurry within a preferred range during the manufacture of shell molds
      is disclosed. The tank is in the form of a trough with flat side walls and
      a curved member forming the front, bottom and back of the trough. The
      entire trough is water cooled and a cover along the top completes the
      enclosure. The enclosure is fitted with means for circulating the slurry
      and a liner having an airfoil member. Various sensing and control means
      are interconnected through a feedback system which continuously monitors
      and controls the conditions of the slurry.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a tank assembly and more particularly to a
      slurry tank into which patterns are dipped in the formation of shell
      molds.
PAR  2. Description of the Prior Art
PAR  In the making of shell molds for investment castings, particularly by
      processes in which the shell consists of many layers formed by alternately
      dipping the pattern in a slurry and dusting with a granulate mixture,
      various characteristics and conditions of the slurry must be monitored to
      control the quality of the shell. For example, the slurry must be mixed
      continuously to prevent its heavier elements from settling. The typical
      dip tank in present foundry service is essentially an open drum mounted on
      a vertical shaft which is rotatable. A scraper paddle is positioned
      internal of the drum adjacent to the vertical wall and extends along the
      bottom of the drum. As the drum is rotated, the paddle provides continual
      mixing of the contained material and also avoids the buildup of an
      excessively thick layer along either the wall or bottom of the drum. As a
      practical matter, the consistency of a slurry maintained in such a device
      is not always as uniform as desired. Another consideration affecting
      control of the quality of molds made with such equipment is the buildup of
      slurry on the inside surfaces of the rotating drum. Slurry material
      adheres to the drum and forms a coating having a thickness equal to the
      clearance between the scraper bar and the drum. Any additional buildup is
      removed from the coating by the scraper paddle by the mixing action
      producing hardened particles which find their way into the final shell
      mold thereby weakening the mold and causing imperfections on the surface
      of the casting.
PAR  Another significant consideration in the quality control of shell molds is
      the viscosity of the slurry. If the viscosity is allowed to deviate from a
      predetermined range of values, the thickness of the shell mold formed in
      each dip process can become either too thick or too thin. At present, the
      viscosity is measured with a manual technique using a Zaun cup in which an
      operator fills the cup with the slurry mixture to be tested and observes
      the time required for the Zaun cup to empty. This time is correlated to
      viscosity. The technique is subject to human judgment and can be
      inaccurate.
PAR  Control of the temperature of the slurry throughout the dipping process is
      also important. The temperature of the slurry itself is usually not
      critical, however, the temperature to which the pattern is exposed can be
      very critical. If the temperature of a wax pattern is allowed to vary to
      any substantial extent, the dimensional control of the cast item can be
      compromised. Thus, by maintaining the temperature of the slurry within a
      prescribed range this source of dimensional error can be eliminated.
PAR  Another significant variable in the slurry composition is density. In a
      slurry dip operation using rotating drum apparatus, the slurry density is
      typically controlled manually with the Zaun cup apparatus mentioned
      previously; both viscosity and density can be measured simultaneously. One
      of the principal shortcomings of this technique is the inaccuracy in the
      observed readings which require a human operator. In some processes such
      as the preparation of shell molds for fine investment castings, density
      control by Zaun cup measurement is not sufficiently accurate. Also since
      this control is done manually, the tendency is to take sample readings at
      rather lengthy intervals and adverse changes in the density characteristic
      can occur during such intervals, resulting in poor quality molds. The
      effect on a mold made from a slurry having an improper density can be
      considerable. For example, since the smaller mesh particulate in a slurry
      tends to be consumed before the large mesh material, the density of the
      slurry tends to increase with usage. This type of change can be adverse to
      the surface quality of the cast part. Also, an increase in the average
      mesh size of the particles forming the slurry has been found to decrease
      the strength of the mold.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of the present invention is to improve the quality of
      shell molds made with dipping techniques in a tank assembly which
      thoroughly mixes a slurry and accommodates automated sampling, testing and
      compositional regulation of the slurry as well as recording of data from
      the testing.
PAR  According to the present invention a tank assembly is formed with a tank
      having a curved internal contour, a tank liner having a shape matched to
      the internal contour of the tank and including an airfoil shape extending
      across the width of the tank and means for circulating a flowable
      substance around the airfoil shape. In some embodiments the assembly
      includes automatic sensing and control means to monitor and adjust the
      physical characteristics of the substance contained in the liner.
PAR  A feature of the tank assembly is the shape of the tank component which in
      side elevation has a generally semicircular cross section. The assembly
      also includes a tank liner of resilient material and having an airfoil
      member to control the flow of slurry within the tank; a plurality of
      mixing impellers forces the slurry to flow in a circulating pattern around
      the airfoil. The impellers are mounted on a shaft and rotated at a
      suitable speed from outside the tank with a stationary sleeve surrounding
      the shaft in the vicinity of the slurry surface level. The side walls of
      the tank are cooled and a temperature responsive feedback circuit control
      regulates the coolant flow rate. The viscosity of the slurry is monitored
      and a feedback control circuit regulates a water feed source which is
      sprayed into the tank as required. A fill pipe extending to below the
      surface of the liquid level in the tank allows additional slurry material
      to be added just adjacent to the impellers to assure immediate mixing and
      preclude the entrapment of air during filling. The tank includes manometer
      type gauges and level alarms. For the time period during which a pattern
      is being dipped into the slurry, the stirring is stopped and the sampling
      measurements are taken.
PAR  Some of the primary advantages of the present invention include the close
      control of the temperature, viscosity and density of the slurry throughout
      its period of residence in the tank. The operation of the tank can be
      completely automated and shell molds can be produced at a relatively high
      rate with a relatively low probability of rejection. The tank liner
      reduces wear and minimizes the cleanup procedures normally associated with
      the operation of a slurry tank. The rate of evaporation of moisture from
      the slurry is substantially reduced and when additional water is required,
      the injection is performed without manual intervention. Sensing of various
      critical parameters describing the condition of the slurry is automated
      thereby avoiding manual intervention while increasing the reliability and
      accuracy of such sensing; automation also permits remote storage or
      display of this data. The shape of the tank and the positioning of the
      various auxiliary equipment introduces very little disturbance on the
      surface of the slurry and results in a substantial reduction in the amount
      of entrained air in the slurry. The liner contour and the airfoil shape
      are combined to reduce the formation of settlement in all regions in the
      tank, increase the life of the tank, and as long as the stirring agitation
      of the slurry is not discontinued for any significant length of time, to
      prevent adhesion of the slurry to the liner. The invention is able to
      accommodate slurries of various compositions so that the circulation
      through the tank always covers substantially the entire wetted surface
      internal of the liner. The particular dipping conditions which exist
      throughout the shell mold dipping process can be recorded and the dipping
      history of the mold reconstructed if necessary. The pattern is exposed to
      slurries having a much better control temperature variation than was
      possible previously, a consideration especially significant for wax
      patterns. The system responds to excursions of any of the parameters being
      monitored instantaneously thereby avoiding sustained dip operations under
      undesired conditions.
PAR  The foregoing and other objects, features and advantages of the present
      invention will become more apparent in the light of the following detailed
      description of preferred embodiments thereof as illustrated in the
      accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a simplified sketch showing the general contour of the main
      elements forming a dip tank assembly in accordance with the present
      invention;
PAR  FIG. 2 is a cross sectional view through the tank along the line 2--2 of
      FIG. 1;
PAR  FIG. 3 is a simplified sketch of the top of the tank;
PAR  FIG. 4 is a simplified sketch of the tank cover;
PAR  FIG. 5 is a simplified top view of the tank liner;
PAR  FIG. 6 is a simplified sketch showing the side contour of the tank liner;
      and
PAR  FIG. 7 is an overall schematic showing the dip tank with the principal
      sensing and control elements.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A main tank assembly 10 is shown in a simplified sketch in FIG. 1. The
      assembly includes a tank 12 which is held off the floor by end supports
      14, a tank liner 16 as shown in FIGS. 5 and 6 which fits inside the tank
      and is described in greater detail hereinafter and a circulator 18 which
      includes a drive motor 20 cantilevered from the back of the tank assembly
      by an arm support 22, a drive shaft 24 and an impeller 26. The tank
      assembly also includes a fill tube 28 and an instrumentation package 30.
PAR  FIG. 2 is a simplified cross sectional view through the tank or trough
      along the line 2--2. The trough is of double wall construction having an
      outer wall 32 and an inner wall 34, the inner and outer walls being joined
      by strong back members 36 which serve as stiffeners. The space between the
      inner and outer walls forms a water jacket around the entire trough. FIG.
      3 is a simplified top view of the trough showing water inlet means 38,
      water outlet means 40, and a horizontal lip 41 which extends around the
      full circumference. A cover 42 which is shown in simplified form in FIG. 4
      extends horizontally across the top of the trough. The back edge of the
      cover contains two cutouts 44 which allow drive shafts to penetrate the
      cover. In addition, a fill tube hole 46, a viscosity indicator hole 48, a
      level and density indicator hole 50 and a temperature indicator hole 52
      penetrate the cover. A pair of doors 54 hinged along the side of the cover
      allow access to the trough when the cover is in place.
PAR  The tank liner 16 which is shown in a simplified top view in FIG. 5 and in
      side elevation in FIG. 6 includes an airfoil member 56 which extends
      across the width of the liner. The liner is formed of a resilient material
      such as polyethylene and the use of such a liner effectively extends the
      life of the tank assembly indefinitely. The thickness of the liner is
      sufficient so that its resiliency allows the liner to yield under the
      impact of the particulate material in the slurry which is being
      circulated. This resilience allows the liner to accept the impact of the
      slurry without the sharp edges of the particulate matter penetrating into
      the surface of the liner thereby essentially eliminating all wear in the
      tank due to abrasions by the slurry. A concomitant effect which is no less
      important is the elimination of contamination in the slurry by the foreign
      grit which would otherwise be warn off the tank. Also, since the liner is
      readily separable from the trough, it can be removed to facilitate rapid
      and thorough cleaning of the trough. The liner has a tendency to collapse
      on itself when in place in the tank even when it is filled with slurry.
      This problem is corrected by various means such as fixedly attaching the
      liner to the side walls of the trough by mechanical means or providing
      bracket extensions from the cover extending downwardly into the trough to
      hold the liner between the brackets and the side walls.
PAR  A slurry must be constantly circulated throughout its useful life when
      pattern assemblies are being dipped to form shell molds. Circulation is
      maintained in the present invention by the circulator 18 which pushes the
      slurry along a flow path 58 in the liner. This path results from the
      interaction of the pumping action of the circulator, the overall contour
      of the trough, and the presence of the airfoil member 56. The airfoil
      member extends across the entire width of the trough and presents a flat
      surface 60 to the upper tip of the impeller 26. The trough has essentially
      a flat vertical side, as shown in FIG. 2, and a curved surface 61 which
      extends from the top front of the tank to the bottom center and then to
      the top rear of the tank as shown in FIG. 1. The profile of this curved
      surface is often semicircular.
PAR  The cover 42 is shown in FIG. 4 with four circular holes, two elongated
      cutouts and two doors. This cover rests on the horizontal lip 41 of the
      tank and allows the slurry in the tank to be completely enclosed. The
      enclosure function of the cover contributes significantly to the quality
      control of the shell molds made from slurry kept in the tank for several
      reasons. The cover is kept in place with the doors closed except when a
      pattern is actually being dipped into the slurry thereby substantially
      reducing air-slurry interaction. Also, the cover minimizes contamination
      of the slurry by bacteria in the air and other foreign materials which
      might otherwise enter the slurry if it were not enclosed. The cover also
      reduces the evaporation of moisture from the slurry during circulation
      through the tank. The fill tube hole 46 accommodates the fill tube 28
      which extends from above the cover to a location which is below the normal
      slurry level in the tank and just above the impellers. This permits the
      addition of slurry to the tank without introducing air or other foreign
      matter to the slurry at a point where the newly added slurry can be
      uniformly distributed through the slurry already present in the tank. The
      viscosity, level density and temperature indicator holes accommodate
      various suitable instrumentation which extends into the slurry and
      provides suitable data with respect to viscosity, level, density and
      temperature of the slurry. Each of the cutouts 44 allows a drive shaft 24
      to pass through the cover and into the slurry. When the circulator is
      operative there is a tendency for the slurry to whirlpool on the surface
      in the vicinity of the drive shaft and draw in air. Thus, a boot is fitted
      around each shaft, extending from below the slurry level in the tank up
      through the cutout in the cover and closes off another possible entry
      point for air.
PAR  The water jacket which covers both sides of the tank as well as the curved
      surface 61 is provided with inlet and outlet means which permit a
      continuous flow of water through the jacket. Various baffle plates are
      located within the water jacket to cause the water to flow over the entire
      surface of the inner wall 34. The cooling water can be supplied from any
      convenient source and is typically at approximately fifty degrees
      Farenheit. The jacket is maintained under a positive pressure with
      suitable valving and the water flow through the jacket is sufficient to
      keep the slurry in one embodiment at approximately seventy-five degrees
      with essentially no temperature variation throughout the slurry in the
      tank.
PAR  In one preferred embodiment of the present invention, two impellers are
      engaged on each of two separate drive shafts to provide the required
      driving force to the slurry. The impellers essentially fill the entire
      area between the flat surface 60 of the airfoil member and the surface 61.
      The rotation of these drive shafts is carefully controlled with respect to
      both direction and speed of rotation to accommodate the rotational
      requirements of the impellers. Also, the drive motor 20 is capable of
      rotating over a range of speeds in order to provide the required
      circulating forces as alternate slurry compositions with various density
      characteristics are used.
PAR  The tank assembly described above can be operated in a semiautomatic or
      automatic mode. A sketch of the tank assembly and many of the interacting
      components is shown schematically in FIG. 7. The tank 12 is fitted with a
      temperature indicator 62, a viscosity indicator 64, a density indicator 66
      and a level indicator 68, each of which senses the slurry in the tank and
      provides a corresponding signal to a data response and control unit 70
      which is frequently set up to produce continuous printouts of data on the
      density, temperature, viscosity and level of slurry in the tank. The
      control unit in turn operates a cooling water source 72 such that a
      coolant is passed through the water jacket at a sufficient rate to
      maintain the temperature of the slurry in the tank within a preselected
      range which is provided as a reference in the control system. In a similar
      manner, the viscosity indicator provides data describing the viscosity of
      the slurry in the tank to the control system. Should the viscosity go
      below a preselected range built into the control unit, a signal is sent to
      a water sprayer 74 which injects a dose of water into the slurry where it
      is quickly distributed throughout the slurry by the circulating action in
      the slurry. The density and level indicators provide suitable signals to
      the control unit and if the density of the slurry becomes too high or the
      level in the tank becomes either too high or too low, the control unit
      sets off an alarm such that corrective action may be taken. In automated
      operation of the system the control unit is programmed to energize a door
      activator 76 which opens the doors 54 in the cover to allow a pattern to
      be dipped in the slurry. The pattern is raised above the slurry level and
      allowed to drip momentarily and then removed from the area while the doors
      are closed. Coordinated with the door actuation is a signal to the
      circulator 18. The slurry is a relatively heavy material containing dense
      particulate matter which tends to quickly precipitate to the bottom of the
      slurry unless the slurry is constantly agitated. Thus, the circulator is
      energized almost constantly although during the dipping operation it is
      preferred that the motion of the slurry be minimized. Therefore, the
      circulator is deactivated for short periods while a pattern is dipped in
      the slurry.
PAR  Although this invention has been shown and described with respect to
      preferred embodiments thereof, it should be understood by those skilled in
      the art that various changes and omissions in the form and detail thereof
      may be made without departing from the spirit and the scope of the
      invention.
CLMS
STM  Having thus described a typical embodiment of my invention, that which I
      claim as new and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. A tank assembly for maintaining a slurry used in the formation of a
      shell mold over a pattern comprising:
PA1  a tank;
PA1  a removable, resilient liner which conforms to the general internal contour
      of the tank and fits into the tank;
PA1  pump means which extend into the tank for circulating slurry contained by
      the liner; and
PA1  said liner including a wing type airfoil member extending across the liner,
      at an intermediate vertical position thereof and spaced from the bottom,
      whereby to enhance said circulation.
NUM  2.
PAR  2. The invention according to claim 1 wherein the tank is in the shape of a
      trough comprising a first and a second flat vertical side and a curved
      member which extends between the sides along its entire length from the
      front to the back of the trough.
NUM  3.
PAR  3. The invention according to claim 2 including further a cover which fits
      across the top of the trough.
NUM  4.
PAR  4. The invention according to claim 2 wherein the side profile of the
      curved member is an arc of constant radius.
NUM  5.
PAR  5. The invention according to claim 1 including further means for cooling
      the trough.
NUM  6.
PAR  6. The invention according to claim 5 including further means for injecting
      water into the slurry.
NUM  7.
PAR  7. The invention according to claim 6 including further means for sensing
      the temperature of slurry in the trough and providing a slurry temperature
      signal.
NUM  8.
PAR  8. The invention according to claim 6 including further means for sensing
      the density of the slurry in the trough and providing a slurry density
      signal.
NUM  9.
PAR  9. The invention according to claim 6 including further means for sensing
      the viscosity of the slurry in the trough and providing a slurry viscosity
      signal.
NUM  10.
PAR  10. The invention according to claim 6 including further means for sensing
      the level of the slurry in the trough and providing a slurry level signal.
NUM  11.
PAR  11. The invention according to claim 1 including further a data response
      and control unit adapted to receive at least one signal from temperature,
      density, viscosity and level sensing means associated with said tank and
      slurry, to compare said at least one signal with a preselected range of
      values and, responsive to a signal of said comparater, to actuate a
      control means for maintaining said slurry control signals.
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ABST
PAL  The evaporation of metal for the production of alloys by the deposition of
      the components from the vapour phase is carried out in a controllably
      heated source comprising a melting compartment, in which in operation the
      metal is melted; a mixing compartment, a constriction in the passage from
      the melting to the mixing compartment to minimise back mixing of the
      molten metal, and an evaporation compartment, the supply of metal from the
      mixing compartment to the evaporation compartment being below the surface
      of the molten metal. Heating is preferably by electron beam heating.
BSUM
PAR  The present invention is concerned with apparatus for the production of
      bulk alloys by deposition of the components from the vapour phase.
PAR  Processes for the production of bulk alloys by the deposition of the
      components from the vapour phase are known, see for example British Patent
      Specification Nos. 1,206,586 and 1,265,965, and a typical apparatus for
      such a process includes one or more controllably heated source means from
      which, in operation, the components of the alloy are evaporated, a
      temperature controllable collector upon which the metal is deposited, a
      removable shutter provided so that the metal impinges upon the collector
      only when desired, all enclosed in a controllable vacuum or low pressure
      system.
PAR  In accordance with the present invention a method of evaporating metal for
      a process as disclosed above includes melting the metal feed stock and
      providing for a substantial degree of mixing before the molten feed stock
      enters an evaporation compartment, the metal feed stock entering the
      evaporating compartment by a channel below the molten metal level, and
      being arranged so that the minimum of splats of metal which might impinge
      upon the deposit is produced. The evaporation compartment is heated by
      electron beam heating and preferably the metal feed stock is also melted
      by this means.
PAR  In accordance with an aspect of the present invention controllably heated
      source means for apparatus of the type disclosed above includes a melting
      compartment, in which in operation the metal is melted; a mixing
      compartment; a constriction between the melting and the mixing
      compartments to minimise back-mixing of the molten metal; and an
      evaporation compartment from which the metal is evaporated, the supply of
      molten metal from the mixing compartment to the evaporation compartment
      being below the surface of the molten metal in the evaporation
      compartment; at least the evaporation compartment and optionally the
      melting compartment is heated by electron beam heaters. Preferably the
      three compartments are enclosed in a cooled jacket.
PAR  The controllably heated source means of the present invention may be used
      when the alloy constituents may be co-evaporated from the same melt but it
      must be noted that the composition of vapour above the melt will in most
      instances differ from the composition of the melt. The composition of the
      vapour, and therefore of the deposit is determined by the composition and
      temperature of the melt. The composition of the feed metal must be same as
      the evaporated material otherwise a non-steady state will occur and the
      composition of the deposit will vary with time. The mixing compartment is
      provided to allow a substantial amount of mixing before the molten metal
      reaches the evaporating compartment. This purpose is aided by the
      constriction between the melting and mixing compartments. The constriction
      may be in the forming of a narrowing of the passageway or it may be a
      screen across the passage between the melting and mixing compartments
      having a slit through which the molten metal passes.
PAR  Where the composition of the vapour above a melt is not greatly different
      from a melt the need for mixing is not so important and the mixing
      compartment may be dispensed with.
PAR  In accordance with a further aspect of the present invention a single
      compartment is provided in which melting and mixing take place.
PAR  Preferably the melting compartment is also heated by electron beam heating
      and the mixing compartment may also be heated in like manner if necessary.
PAR  If the collector is small a single heated source means as disclosed may be
      sufficient but the number, extent and arrangement of evaporation
      compartments is selected to ensure adequate cover of the surface of the
      collector and two or more evaporation compartments may be provided with
      molten metal by a single pair of melting and mixing compartments, or by a
      single melting compartment and two or more mixing compartments. A single
      evaporation compartment may be served by two or more mixing compartments.
PAR  In accordance with a further aspect of the present invention a process of
      producing metals by deposition of the components from the vapour phase
      employs a controllably heated source means as above disclosed. Preferably
      the feed material to the melting compartment is in discrete quantities of
      substantially the desired constitution because as molten alloys or
      mixtures of metals solidify there is a tendency for one or more
      constituents to segregate to that portion of the ingot which solidified
      first. This can result in undesirable variations of the composition of the
      feed. The feed material may be a single ingot which has been cast may be
      minimised and the preferred method is to use as feed material an ingot as
      illustrated in FIG. 3. Such an ingot may be cast in such a manner that
      necks solidify first and early in the solidification so that each of the
      pieces between the necks have substantially the nominal composition of the
      original material. Preferably the feed material in a process of this
      aspect of the invention is an ingot which has been cast in such a manner
      that it comprises necks having between them positions of ingot having
      substantially the desired composition.
DRWD
PAR  Apparatus of the present invention will now be described by way of example
      only and with reference to the accompanying drawings in which:
PAR  FIG. 1 is a schematic cross-sectional representation;
PAR  FIG. 2 is a perspective view of a controllably heated source means;
PAR  FIG. 3 is a shaped ingot of feed metal.
DETD
PAR  Referring now to FIG. 1, which is a schematic representation, a vacuum or
      low pressure vessel 10 is evacuated by a conventional vacuum pump 11 and a
      pressure gauge 12 is provided to monitor the pressure.
PAR  A heated source means 13 is provided with metal by a metal supply 14 and a
      temperature controllable collector 15 is provided upon which metal
      evaporated from the heated source means 13 may be deposited. A removable
      shutter 16 is provided operated by a handle 17 outside the vacuum vessel
      10.
PAR  The temperature controllable collector may be of any known type and may be
      stationary or substantially stationary as disclosed in copending U.S. Ser.
      No. 377,658 filed July 9, 1973 now U.S. Pat. No. 3,887,001 or may be a
      rotary collector as disclosed in U.K. Patent Specification No. 1,279,975.
PAR  The metal supply means 14 is preferably provided with a vacuum lock so that
      it can be charged without breaking the vacuum in the vacuum vessel 10 and
      in duplicate so that one may be charged while the other is in operation
      and continuous operation achieved.
PAR  FIG. 2 illustrates a heated source means of the present invention and is
      shown empty so that the internal structure may be seen.
PAR  A melting compartment 20, heated by an electron gun 21 connects with a
      mixing compartment 22 through a channel 23 which contains a partition 24
      with a slit 25 therein. The mixing compartment 22 connects through a
      channel 26 with an evaporation compartment 27 heated by an electron gun
      28.
PAR  The compartments are enclosed in a copper cooling jacket 29 provided with
      copper pipes 30 for the circulation of cold water, the entrance and exit
      of which is not shown.
PAR  The material of the compartments is heat and corrosion resistant ceramic
      chosen to resist the particular molten metal intended to be used, and may
      be cast in a single piece. However it may be advantageous to make the
      compartments from separate pieces. For example if the compositions in the
      melting and mixing compartments differ sufficiently to have different
      corrosion characteristics. In addition each compartment may be made from a
      plurality of individual pieces of ceramic.
PAR  The fit of the various parts of the components need not be exact because as
      the molten metal passes along cracks between such parts it will solidify
      as it approaches the cooling jacket and seal the crack. The same mechanism
      will tend to seal up any cracks which form in the ceramic material during
      operation.
PAR  Well known means are available by which metal may be supplied to the heated
      source means but they all tend to have the disadvantage that as molten
      alloys or mixtures of metals solidify there is a tendency for one or more
      constituents to segregate to that portion of the ingot which solidifies
      first. This can result in undesirable variations of the composition of the
      feed. However this problem may be minimised and the preferred method is to
      use as feed material an ingot as illustrated in FIG. 3. Such an ingot may
      be cast in such a manner that the necks 80 solidify first and early in the
      solidification so that each of the pieces 81 has substantially the nominal
      composition of the original material. Such an ingot can be lowered
      vertically into the melting vessel in such a manner that each of the
      pieces 81 melts evenly at the surface of the melt and the minimum of
      gasification and splatting occurs. Once an entire portion 81 is melted the
      ingot is generally withdrawn until the next addition is required. By
      controlling the frequency at which pieces 81 are melted the material may
      be supplied to the heated source means at any desired rate.
PAR  The ingot may be lowered down a shaft which constitutes a vacuum lock so
      that once the ingot is consumed the shaft may be opened up to insert a new
      ingot without breaking the vacuum in the main vessel. The provision of two
      such ingot feed means permits continuous operation.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An apparatus for evaporating metal and depositing the evaporated metal
      on a surface which comprises a housing enclosing a container for molten
      metal and a space above the container, means for evacuating the said
      space, said container being divided into three compartments which are
      laterally associated in series, a first said compartment associated with
      heating means for melting metal and a second said compartment for mixing
      molten metal and a third said compartment associated with means for
      heating metal to evaporate it, a constricted opening in the common wall
      between said first and second compartments for flow of molten metal from
      the first compartment to the second compartment which is adapted to
      minimize back flow from the second to the first compartment, and an
      opening limited to the base of the common wall between said second and
      third compartments whereby flow of metal from the second compartment to
      the third compartment occurs only under the surface of molten metal in the
      third compartment, and a substrate means for condensing evaporated metal
      disposed above the third compartment in said space.
NUM  2.
PAR  2. A heated source as claimed in claim 1 wherein the heating means is
      electron beam heating.
NUM  3.
PAR  3. A heated source as claimed in claim 1 wherein a plurality of evaporation
      compartments is served by single melting and mixing compartments.
NUM  4.
PAR  4. A heated source as claimed in claim 1 wherein a single evaporation
      compartment is served by a plurality of melting and mixing compartments.
NUM  5.
PAR  5. A heated source as claimed in claim 1 wherein the compartments of the
      heated source are composed of ceramic resistant to the molten metal and
      the whole source means is enclosed in a cooling jacket.
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ABST
PAL  A method and apparatus for applying a coating composition onto a web, in
      which the coating composition is subjected to a first general smoothing
      during the passage of the web between relatively stiff surfaces of a
      primary coating member and the final smoothing of the coating is effected
      in a nip formed between relatively flexible flat surfaces of a secondary
      coating member. Said coating members being spaced from each other in the
      running direction of the web. The web is both stabilised and pre-coated by
      the primary coating member, whereas the coating is finalised by the
      secondary coating member.
PARN
PAR  This is a continuation of application Ser. No. 220,897 filed Jan. 26, 1972,
      now abandoned.
BSUM
PAR  The present invention relates to a means for applying a coating composition
      onto a web by means of at least two coating members spaced from each other
      in the direction of movement of the web, i.e. a primary coating member and
      a secondary coating member each having two flat surfaces, the web being
      moved substantially from below and upwards and hereby, prior to or in
      connection with the passage of the primary coating member, being coated at
      least on one side with an excess of a coating composition.
PAR  It is already known that smoothing out the coating composition when coating
      paper, for example, with flexible steel blades gives a satisfactory
      result. Nowadays there exist a considerable number of so-called blade
      coating methods and these are usually characterised by the flexible steel
      blade smoothing out the coating composition over the paper web in such a
      way that the web is at the same time supported from the opposite side by a
      rotating roll, often covered with rubber. According to these methods,
      therefore, the paper web is coated on one side and, if the paper is
      required to be coated on both sides, two such coating stations are used
      with an intermediate drying zone in such a way that each station only
      coats one side of the paper web.
PAR  There are certain advantages with the use of such blade coating methods in
      permitting a roll or the like to apply the coating composition before the
      blade, this pre-coating supplying a considerable excess of coating
      composition, after which the blade scrapes off the excess at the same time
      as it spreads the coating evenly. Alternatively, the coating composition
      may be supplied directly to the nip formed between the paper web and the
      blade.
PAR  It is also known to place two blades at acute angles to each other one of
      each side of a paper web in such a way that the blade edges meet each
      other and can effect simultaneous blade action on both sides of the paper
      web if the coating composition is supplied in the nip between the paper
      web and respective blade edge. However, such a method is in practice not
      very suitable, partly because the flexible blades cannot be made to assume
      a stable position in relation to each other. This is mainly because the
      blade coating method is best suited to be used with very thin steel
      blades, usually having a thickness of 0.3 - 0.5 mm.
PAR  According to an another known solution of the present problem a coating
      composition is applied on both sides of a paper web moving in a downward
      direction, by means of two flat surfaces arranged symmetrically against
      the web, converging on it and having a scraping action. The distance
      between the edges near the web and the web itself can be adjusted so that
      the coating composition introduced from above in the spaces, funnel-shaped
      in profile, formed between the web and the flat surfaces is pressed
      against the edges of the web and is then smoothed out on both sides of the
      web by means of further flat surfaces in abutment with the web.
PAR  This known device has at least two important drawbacks, however. First of
      all, coarse particles of the coating composition become attached to the
      pointed edges of the flat surfaces abutting the web, with the result that
      scratches or other irregularities occur in the coating. Secondly, it is
      difficult to collect the excess composition scraped off and possibly
      return it for circulation once again. Thus, this method has not found any
      practical use either.
PAR  It is therefore an object of this invention to provide an apparatus for
      applying a layer of substantially uniform thickness to one or both sides
      of a moving web, thereby eliminating the above-mentioned drawbacks of
      previously known methods.
PAR  substantially characteristic of the apparatus proposed according to the
      invention is that the coating composition applied onto the web is
      subjected to a first general smoothing during its passage of the flat
      surfaces of the primary coating member and that the final smoothing of the
      coating on the web is effected in a nip formed bewteen the relatively
      flexible flat surfaces of the secondary coating member, the gap formed
      between the flexible flat surfaces and respective sides of the sheet of
      material being continuously washed with the coating composition.
PAR  The method proposed according to the invention can be used for both single
      and double sided coating of webs. Also, if desired, the two sides of the
      web may be coated with different coating compositions.
PAR  According to a suitable embodiment of the invention, the excess coating
      composition scraped off by the secondary flat surfaces is recirculated in
      the system.
PAR  An apparatus is suitably used having at least two coating assemblies
      arranged one after the other in the running direction of the web, i.e. a
      primary coating assembly and a secondary coating assembly, each having two
      flat surfaces and that the primary coating assembly is adjustably arranged
      spaced from the web and that the second coating assembly having flexible
      flat surfaces is arranged spaced from the first assembly in the running
      direction of the web.
PAR  According to a suitable embodiment of the invention said apparatus can be
      designed from a reliability point of view in a more complete manner. For
      example so that accurate adjustment and regulation of the thickness of the
      layer applied can be ensured and also, for instance, the necessary
      cleaning of the apparatus can be considerably facilitated.
PAR  The required adjustment of the flat surfaces of the coating assembly is
      substantially achieved by making the coating members adjustable
      independently of each other, the two holders for each coating member being
      in mechanically guided engagement with each other in order to produce
      synchronous movement of respective flat surfaces in relation to the web.
      This mechanically guided engagement is suitably achieved by the two holder
      pairs being in toothed engagement.
PAR  In order to achieve a further precisely adjustment during the coating
      operation of the distance between respectively flat surfaces, it is
      suitable to use fine-adjustment means on both sides of the respective
      coating members, the fine-adjustment means consisting of shaft pins
      arranged each in its own housing on respective holders, said shaft pins
      cooperating with each other, one of the shaft pins being fixed in its
      housing and the other shaft pin being axially movably journalled in its
      housing.
PAR  According to the invention a considerable advantage can be achieved when
      the apparatus is being cleaned. For this purpose collecting pans are
      arranged to be pushed against one another or overlapping each other at the
      same time as the flat surfaces are moved towards each other. This provides
      a closed space limited at the top by the flat surfaces of the secondary
      member which are in abutment with each other and at the bottom by the
      collecting pans. This space can be internally rinsed with suitable means
      without the risk of splashing other parts in the vicinity. The rinsing
      water can then be removed from the collecting pans.
PAR  Furthermore, by means of the design proposed according to the invention the
      advantage is also gained that it is very simple to protect the side edges
      of the web from application of coating composition. This may be extremely
      important, for example, if the two sides of the paper web are to be coated
      with different coating compositions. If the different coating compositions
      are sprayed onto the paper web along its entire width, some of the
      composition might be sprayed beyond the side edges and thus mixed with the
      coating composition on the other side. This is prevented according to the
      invention since the outlets of the supply members for the coating
      composition, are positioned below the flat surfaces of the primary coating
      member, and are provided with protecting members arranged to leave a free
      edge zone along the two edges of the web.
PAR  Alternatively, this may be achieved by using a paper web wider than the
      active coating width of the supply members so that a free edge zone is
      provided along the two side edges of the web.
PAR  According to the invention, the distance between the flat surfaces of the
      primary member and the flat surfaces of the secondary member may also be
      adjustable. This distance, by means of its length at a constant speed of
      the web, provides a certain so-called impregnation time and this time can
      be varied by decreasing or increasing the speed of the web, as well as by
      increasing or decreasing the distance between the members.
DRWD
PAR  Further objects and the full scope of the invention will become apparent
      from the drawings and the following detailed description, in which
PAR  FIG. 1 is a schematic view of a first embodiment of an apparatus according
      to the invention,
PAR  FIG. 2 is a schematic view of another embodiment of the apparatus,
PAR  FIG. 3 is a schematic view of an apparatus used within a paper or coating
      machine,
PAR  FIG. 4 is a schematic perspective view of a further embodiment of the
      invention.
PAR  FIG. 5 is a side view of the apparatus shown in FIG. 4,
PAR  FIG. 6 is a principle view of another embodiment for use in two-sided
      coating with different coating compositions on each side,
PAR  FIG. 7 is a section along the line A-A in FIG. 6 through a means for
      limiting the extent to which the coating composition is spread laterally,
      and
PAR  FIG. 8 is a section along the line B-B in FIG. 6.
DETD
PAR  In the drawings (see FIG. 1) 1 designates a web to be coated. In the
      example described in the following a paper web is used, but the invention
      is of course not limited to the use of a paper web and may be used for
      webs of other types of material with the same satisfactory results. The
      paper web 1 is moved vertically upwards through the device and thus
      (according to FIGS. 1 and 2) passes a primary coating assembly 34
      consisting of two flat surfaces 2, 3, one on each side of the web. Between
      the backward extensions of the flat surfaces 2, 3 and the respective sides
      of the web are arranged tubes 4, 5 to spray the sides of the paper with a
      coating composition. Above the primary coating assembly -- seen in the
      running direction of the web 1 -- is arranged a secondary coating assembly
      37, consisting of two spreader blades 6, 7 converging on the web, which
      are attached in pivotable holders 8, 9, respectively. Finally, collecting
      pans 10, 11 are located below the apparatus, which operates as follows:
PAR  The coating composition is applied on both sides of the paper web 1 either
      by means of the spray pipes 4, 5 (FIG. 1) or as shown in FIG. 2 through
      channels arranged in the backward extensions of the flat surfaces 2, 3,
      these channels being connected to the pipes 4, 5. The coating composition
      applied on one or both sides of the web 1 is spread out and distributed
      over the paper web 1 by means of the adjustable, relatively stiff flat
      surfaces 2, 3 of the primary coating assembly 34. Immediately after
      passage of the flat surfaces 2, 3, therefore, the paper web 1 has a
      substantially uniform coating. By adjusting the distance between the flat
      surfaces 2, 3 a certain amount of excess coating composition is obtained
      on the web. When the paper web 1 afterwards passes between the nip of the
      flexible flat surfaces 6, 7 of the secondary coating assembly 37 the
      coating acquires its final uniformity and thickness. The excess coating
      composition scraped off then returns as indicated in the drawings and is
      collected in the pans 10, 11 for re-use.
PAR  The primary coating member has in principle two objects. First of all, the
      flat surfaces 2, 3 of said primary coating assembly stabilise the paper
      web 1 so that it does not flutter and thus unfavourably influence the
      levelling in the subsequent nip between the thin and flexible blades 6, 7
      of the secondary coating assembly 37. The stabilising effect is achieved
      by the relatively stiff flat surfaces 2, 3 of the primary assembly 34 and
      by the influence of the dynamic liquid pressure of the coating composition
      on the paper web 1 as it is pressed between the flat surfaces 2, 3 of the
      primary coating assembly 34. Furthermore, as has already been mentioned,
      the primary coating assembly 34 has the task of pre-coating the paper web
      1 with a suitable quantity of coating composition, the quantity being
      partly influenced by the distance between the members 2 and 3. The
      advantages of both the pre-coating and the stabilising of the paper web by
      means of the primary assembly 34 are no doubt obvious. The pre-coating
      permits a suitable degree of impregnation before the secondary smoothing
      process and since there is such an excess of coating composition at the
      primary coating there is no risk of particles of this composition adhering
      to the blade edges 6a and 7a and thereby causing scratches in the coating.
      Instead, the space in front of the blade edges 6 and 7 is continuously
      rinsed, that is the space between each blade and the corresponding side of
      the web, which greatly reduces this risk.
PAR  As mentioned above, the flat surfaces 2, 3 of the primary coating assembly
      should be relatively stiff to contribute to a stabilising of the paper web
      1. The distance between the surfaces 2 and 3 may of course be adjusted in
      various ways, either by mechanical means or with the help of spring
      loading, for example. Examples of this will be described below. In the
      latter case a balance will prevail between the dynamic liquid pressure
      caused by the coating composition and the spring pressure. The use of a
      spring-loaded adjustment on at least one of the flat surfaces offers the
      advantage that there is a certain yield in case there are any defects in
      the paper web, for example lumps, which are forced to pass the flat
      surfaces. This yielding reduces the risk of interruptions in operation.
      Another adjustment means may consist of at least one of the flat surfaces
      being spring-loaded, but resting against an adjustable stop so that the
      distance between the flat surfaces can be adjusted while retaining a
      certain degree of yield. Irrespective of how such yielding primary coating
      assembly 34 is used, it is important that the members, relatively stiff in
      themselves, are very solid in relation to the paper web, so that the
      desired stabilizing effect is achieved.
PAR  The quantity of coating composition may be regulated partly by regulating
      the quantity applied at the flat surfaces 2 and 3 and partly by variation
      of the blade pressure in the nip between the flexible flat surfaces 6 and
      7. A suitable distribution of the coating quantity on each side of the web
      may also be set by distributing the coating composition in various ways
      through the pipes 4 and 5. The means may also be used for coating
      different compositions on each side of the paper web and, of course, the
      coating may be applied on only one side of the web, if disired.
PAR  FIG. 3 shows an example of how the coating means proposed according to the
      invention can be arranged in a paper machine or a coating machine. The
      paper web 1 leaves the last cylinder 18 in the pre-dryer and is led
      through guide rollers 19, 20 in an upward vertical direction. The web 1
      passes the actual coating means first and then continues through a primary
      drying means 21, 22 after which it is guided by a paper guide roller 23
      into a final drying system, not shown. The coating means comprises a
      primary coating assembly with the flat surfaces 12, 13. Above this in the
      direction of movement of the web is a secondary coating member, consisting
      of two flexible, blade-shaped flat surfaces 14, 15 attached in pivotable
      holders 16, 17 respectively. Fresh coating composition, for example in the
      form of a water-dispersed clay with a binder, is fed by a pump 24 through
      a screen 25 to a collecting tank 26.
PAR  The excess coating composition from the coating means is led through
      collecting means 27 to the collecting tank 26. A pump 28 pumps the coating
      composition from the tank 26 through a suitable pressure screen 29 back to
      the primary coating members 12, 13. Thereby the coating composition passes
      through two parallel conduits 30, having valves 31, 31.
PAR  In the means shown in FIG. 3 the total quantity of coating composition
      circulated can be regulated by the pump 28 and/or the valves 31. The
      quantity of coating composition to be applied on the paper web can easily
      be regulated in relation to the quantity to be recirculated by blade
      pressure on the blades 14, 15 which can be achieved by pivoting the blade
      holders 16, 17. The distance between the two flat surfaces 12 and 13 can
      be adjusted to achieve a dynamic liquid pressure to stabilise the paper
      web by making these flat surfaces pivotable. If the thickness of the
      coating is to be different on the two sides of the paper web, this can be
      achieved by regulating the quantity of coating composition fed by means of
      the valves 31.
PAR  In the embodiment shown in FIGS. 4 and 5 there is also a secondary coating
      assembly 37 above the coating assembly 34, this secondary coating assembly
      comprising two flexible flat surfaces, for example two coating blades 6, 7
      which are attached to pivotably journalled holders 8 and 9, respectively.
      Collecting pans 10, 11 are arranged under the means itself to collect the
      coating compound for re-use.
PAR  The holders 8 and 9 are fixed on pivotably journalled shafts 39 and 40,
      respectively, on the stand 38, one end, 39a and 40a, respectively, of
      these shafts projecting out of the stand and being fixed to curved
      segments 41, 42, respectively, the parts of these facing each other being
      in engagement with each other by means of toothed segments 43, 44. A
      member 45 for transmitting motion is fixed to the curved segment 41, this
      being in the form of a piston rod 46 pivotably journalled about a pin 48
      and joined to a piston, displaceable in a cylinder 47. The cylinder 47 may
      comprise a hydraulic cylinder or it may be activated pneumatically.
      Alternatively the member 45 for transmitting movement may consist of a
      toothed rack or the like.
PAR  In the same way the holders 35, 36 for the flat surfaces 2, 3 of the
      primary coating assembly 34 are fixed to shafts 49, 50 pivotably
      journalled on the stand 38, the ends 49a, 50a projecting from the stand
      carrying curved segments 51, 52 located opposite each other, which via
      toothed segments 53, 54 are in meshing engagement with each other. A
      member 55 for transmitting motion is fixed to the curved segment 51, this
      being in the form of a piston rod 57 pivotably journalled about a pin 56
      and joined to a piston displaceable in a cylinder 58. This
      movement-transmitting mechanism can be constructed in the same manner as
      described above for the movement-transmitting mechanism 45 intended for
      the holders 8, 9.
PAR  The collecting pans 10, 11 are pivotably journalled about individual shafts
      59, 60, the pivoting movement being achieved via movement-transmitting
      members in the form of hydraulic cylinders 63, 64 acting on an
      intermediate piece connected to the shafts 59, 60. Instead of these
      hydraulic cylinders it is also possible to use pneumatically operated
      cylinders or other movement-transmitting members in the form of toothed
      racks or the like. In order to produce a certain movement of the front
      edge 10a of the collecting pan 10 to a position indicated by point 10b
      which, as will be explained in further detail below, is practical for
      cleaning the apparatus, there is an additional movement-transmitting
      mechanism 65 which deals with the lower part of the intermediate piece 61.
      The reflux of coating compound collected in the collecting pans 10, 11
      runs down into larger storage tanks 66, 67.
PAR  In order to precisely adjust the distance between the blades 6, 7 of the
      secondary member, fine-adjustment members 69, 68 are provided,
      respectively consisting of shaft pins 72, 73, each arranged in its own
      housing 70, 71 on respective holders 8, 9, one shaft pin 73 being fixed in
      its housing and the other shaft pin 72 being axially movably journalled in
      the housing 70 so that it can be adjusted manually, for example,
      projecting a predetermined length from the housing. It is suitable to
      arrange a fine-adjustment member on each side of the holders 8, 9.
PAR  Corresponding fine-adjustment members, only one of which is shown in FIGS.
      4 and 5, however, are provided to precisely determine the distance between
      the flat surfaces 2, 3 of the primary member. These fine-adjustment
      members thus also consist of shaft pins 76, 77 co-operating with each
      other and each arranged in its own housing 74, 75, one of the shaft pins,
      77, being fixed in its housing 75 while the other shaft pin 76 is axially
      movably journalled in its housing 74, for example by means of an external
      thread 78 which cooperates with a corresponding internal thread in the
      housing 74.
PAR  To clean the whole device, the holders 35, 36 of the primary coating
      assembly 34 can be parted from their coating position shown in FIG. 4 to
      an open position (for example to a completely open position, i.e. from
      point C to point D). An opening is thus obtained in the device, through
      which cleansing liquid can be sprayed, for example. At the same time the
      flat surfaces 6, 7 of the secondary member remain in contact with each
      other and the front point 10a of the collecting pan 10 is moved to the
      point 10b (see FIG. 5) so that the gap between the pans 10 and 11, through
      which the web passes during the coating process, is eliminated. In this
      way, the upper part of the device is closed off and the pans 10, 11
      completely cover the lower part of the device so that the cleansing liquid
      is continuously collected in the pans 10, 11, without spilling, for
      further transport to the tanks 66, 67. By means of the toothed engagement
      between the curved segments 51, 52 cooperating with the holders 35, 36 of
      the coating assembly 34, shown in FIGS. 4 and 5, a mechanically guided
      synchronous movement of the flat surfaces 2, 3 in relation to each other
      is achieved, which is important for the adjustment of the distance between
      the flat surfaces. This distance can then be still more precisely adjusted
      by means of the fine-adjustment members (only one of which is shown for
      the primary coating member) at the sides of the holders 35, 36.
PAR  The same adjustment possibility and synchronous movement of the flat
      surfaces 6, 7 of the secondary coating member 37 is achieved by means of
      the toothed engagement between the toothed segments 41, 42 and
      fine-adjustment members 68, 69.
PAR  FIG. 6 shows a means for two-sided coating of a paper web with different
      coating compositions on respective sides of the web. Here the supply
      members for the compositions are designed so that a free edge zone is
      obtained at both sides of the web material. The paper web 1 which, for
      example, leaves the last cylinder 18 in a pre-dryer, is led over guide
      rolls 19, 20 in an upward, vertical direction. The web 1 then passes
      through the coating apparatus and then continues through a primary drying
      means 21, 22, after which it is guided by a paper guide roll 23 into a
      final drying system, not shown. The coating means comprises a primary
      coating assembly 34 having flat surfaces 2, 3. Above this - seen in the
      running direction of the web 13  is the secondary coating assembly 37 with
      its flat surfaces 6, 7.
PAR  If the two sides of the web 1 have been coated with two different coating
      compositions, two separate supply and collecting systems must be used,
      i.e. a system serving the side of the paper web 1 facing the holder 35 and
      a corresponding system serving the side of the paper web facing the holder
      36.
PAR  The fresh coating composition is fed into each of these systems by means of
      pumps 24 and 24a, through screens 25 and 25a to storage tanks 26 and 26a
      and from there through pipes 30 and 30a each provided with pumps 28 and
      28a, subsequent pressure screens 29 and 29a and valves 31 and 31a, to
      supply members 32, 33 arranged close to the respective holders 35, 36. The
      supply member 32 located in the holder 35 consists of a spray pipe 83
      provided with jet outlets 82 facing the paper web 1 (see FIG. 8), whereas
      the supply member 33 located in the holder 36 opens out in a slot opening
      81 facing the paper web 1 (see FIG. 7). The return flow of respective
      coating compositions is collected in respective pans 10 and 11 and
      returned from these pans through the screens 25 and 25a and then to their
      respective storage tanks 26 and 26a.
PAR  FIGS. 7 and 8 show different designs of the means for limiting the spread
      of the coating composition laterally, which is of particular importance
      when coating media of different compositions are applied on the two sides
      of the web.
PAR  In FIG. 7, the slot opening for the supply of coating composition in the
      flat surface 3 is indicated by broken lines 81. The length of the slot
      opening 81 has been limited by a protecting device consisting of two
      covering plates 79, 80 laterally displaceable, which are arranged to be
      displaced towards the centre of the paper web 1 to cover the slot opening
      81 as predetermined.
PAR  FIG. 8 shows an alternative embodiment of such a covering means where the
      coating composition is supplied through spray tubes 83 provided with
      outlets 82 facing the paper web 1 and opening out below the flat surface 2
      of the primary member 34. The required covering at the sides can then be
      achieved by means of sleeves 84 displaceably journalled on the ends of the
      spray tubes 83 so that the coating of the paper web 1 laterally can be
      limited along the line 85.
PAR  In the examples shown in the drawings, the primary coating member has flat
      surfaces which substantially converge on the web. However, this is only
      one suitable embodiment and many other embodiments are also feasible, for
      example any angle from the position converging in the running direction of
      the web as shown here to positions converging in the opposite direction.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for applying a coating composition to a paper web comprising:
PA1  means for guiding the web to move in an upward direction through the
      coating apparatus which includes:
PA1  a first pair of rigid, elongated, upwardly converging opposed members
      positioned on opposite sides of the upwardly moving web, and each having
      stationary contact surfaces;
PA1  means connected to said first pair of members for adjusting the coating
      contact surfaces of each of said first pair of members in adjustably
      spaced fashion, said first members converging upwardly and inwardly from
      said adjusting means towards said web whereby their contact surfaces form
      predetermined gaps each being defined by the surfaces of said web and the
      adjacent contact surfaces of said members, said gaps, once adjusted, being
      maintained in substantially constant alignment throughout a coating
      operation;
PA1  coating dispensing means positioned adjacent to said gaps and being spaced
      from the web for continuously directing a quantity of the coating
      composition in liquid form toward the surfaces of said web as the web
      moves upwardly and before the web leaves the gap region between the
      contact surfaces of said first members;
PA1  the width of said gaps being selected to uniformly spread an excess amount
      of the coating composition upon the surface of the web, said members
      cooperating with the coating composition, as the web passes between said
      members, to substantially reduce lateral movement of and thereby stabilize
      the web during the smoothing operation; and
PA1  upwardly converging flexible means positioned adjacent and above said
      opposed members and forming a nip engaging the opposite surfaces of the
      web for removing the excess coating composition from said web and
      uniformly regulating the final thickness of the coating.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said flexible means comprises a pair of
      upwardly converging flexible members having their adjacent edges arranged
      to form a nip through which said web passes;
PA1  means for urging said flexible members toward one another to control the
      amount of excess coating composition to be removed from said web by the
      secondary smoothing means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the spacing between said gaps and said
      nip are adjusted to control the amount of coating composition which
      impregnates the web.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said flexible members are flexible
      blades arranged in upwardly converging alignment by pivotally mounted
      holders and having substantially straight free edges opposing one another
      to form said nip.
NUM  5.
PAR  5. The apparatus of claim 4 further comprising means for moving the
      pivotally mounted holders in unison to effect simultaneous adjustment of
      the positioning of said free edges.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said coating dispensing means comprises
      means for spraying the coating composition upon said web as the web is
      passing said members.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said spraying means is positioned
      between said pair of members and immediately below said gaps.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said primary members are rigid and the
      gaps formed between the members and the web are adjusted to provide an
      excess of the coating composition uniformly distributed over the web so as
      to provide a rinsing effect upon the flexible means whereby the coating
      composition is carried upwardly with the web and excess coating removed in
      said nip is moved downwardly along the surface of the flexible means which
      engages the side of the web being coated to rinse and hence cleanse the
      flexible means of any solid matter contained in the coating composition.
NUM  9.
PAR  9. The apparatus of claim 8 further comprising collection means positioned
      beneath said members and said flexible means for collecting excess coating
      composition removed from said web;
PA1  said flexible means including means for directing the excess coating
      composition removed by said flexible means toward said collection means.
NUM  10.
PAR  10. The apparatus of claim 9 further comprising means for supplying fresh
      coating composition to said coating dispensing means;
PA1  means for directing excess coating composition collected by said collection
      means into said supply means.
NUM  11.
PAR  11. The apparatus of claim 1 wherein said coating dispensing means
      comprises first and second coating depositing means positioned on opposite
      sides of said web for directing different coating compositions on opposing
      sides of said web.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said first and second coating
      depositing means each comprises means for preventing the coating
      composition from being deposited along the marginal edges of the web.
NUM  13.
PAR  13. The apparatus of claim 1 further comprising means for pivotally
      mounting said first pair of members;
PA1  means for moving said first pair of members in unison about their pivots to
      adjust said gaps.
NUM  14.
PAR  14. The apparatus of claim 1 wherein at least one of said rigid members is
      provided with an internal supply means coupled to said coating dispensing
      means, said coating dispensing means including a slot positioned adjacent
      to one of said gaps for directing coating composition upon said web as it
      enters said one gap.
NUM  15.
PAR  15. Apparatus for applying a coating composition to a paper web comprising:
PA1  means for guiding the web to move in an upward direction through the
      coating apparatus which includes:
PA1  a first pair of rigid elongated upwardly converging opposed members
      positioned on opposite sides of the upwardly moving web and each having a
      stationary contact surface;
PA1  means for adjusting the coating contact surfaces of said first pair of
      members, which extend upwardly and inwardly from said adjusting means, in
      adjustably spaced fashion to form predetermined gaps each being defined by
      the surfaces of said web and the adjacent contact surfaces of said
      members, said gaps, once adjusted, being maintained in substantially
      constant alignment throughout a coating operation;
PA1  coating dispensing means for continuously directing a controlled quantity
      of the coating composition in liquid form toward the surfaces of said web
      as the web enters the gap region between said members and before the web
      leaves the region between the contact surfaces;
PA1  the width of each gap being selected to uniformly spread an excess amount
      of the coating composition upon the surfaces of the web to create a
      dynamic liquid pressure of the coating composition in order to
      substantially reduce lateral movement of the web and thereby stabilize the
      web to prevent fluttering during the coating operation; and
PA1  secondary coating means comprising a pair of upwardly converging thin
      flexible members having their adjacent edges arranged to form a nip
      through which said web passes for removing the excess coating composition
      from said web and thereby uniformly regulating the final thickness of the
      coating.
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ABST
PAL  An apparatus for applying a thin liquid film to a continuously moving web
      of large width comprises a liquid supply chamber adapted to be fed by a
      pump. A smoothly tensioned foil, arranged to receive liquid from the
      supply chamber, constitutes a guide surface to form a liquid film, and has
      a lower edge arranged to discharge the film onto the web of material.
      Means arranged ahead of the foil is provided for calming the liquid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an apparatus for applying a thin liquid film of
      large width to a continuously moving web of material, comprising a liquid
      supply chamber which is fed by a pump and a guide surface which is
      supplied from the liquid supply chamber and from the edge of which a
      liquid film runs onto the web of material.
PAR  For applying a thin liquid film to a continuously moving web of material,
      it is known to convey a liquid film by means of a roll from a liquor
      trough and to remove said film from the roll by means of a doctor, the
      film then passing from said doctor to the web of material. However, this
      generally requires a thickening agent to obtain satisfactory film
      formation on the roll. This then requires subsequent washing of the web of
      material to remove the thickening agent.
PAR  It is further known to immerse a roll in a liquid supply container which is
      fed from a pump with the liquor and comprises an overflow weir, said roll
      being disposed adjacent the overflow weir and serving primarily to break
      the waves caused by the liquor supply. In this construction a relatively
      large volume is required for the liquid supply container so that the
      conveying impulses originating from the pump have the least possible
      effect at the guide surface following the overflow weir. A large volume of
      the liquid supply container involves however considerable practical
      disadvantages, as should be readily obvious (for example, the losses when
      changing the colour).
PAC  SUMMARY OF THE INVENTION
PAR  The invention is thus directed to the problem of constructing an apparatus
      of the class described in such a way as to eliminate the defects of the
      prior devices, so that without a particularly large liquid supply chamber,
      the application of a thin liquid film that is completely uniform over the
      entire width of the material web is ensured.
PAR  According to the invention this problem is solved by providing a guide
      surface in the form of a smoothly tensioned foil, and also providing means
      for calming the liquid in front of the foil.
PAR  As extensive tests have shown, such a smoothly tensioned foil set at an
      exactly uniform slope (for example a metal foil having a thickness of 0.1
      mm) guarantees the supply of a completely uniform thin liquid film to the
      web of material if it is ensured that pump impulses or surges do not have
      any effect on the liquid disposed on the foil. For this purpose, according
      to the invention means for calming the liquid are provided in front of the
      foil.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic vertical section of a first embodiment of the
      invention;
PAR  FIG. 2 is a fragmentary end view of the overflow weir of the apparatus
      according to FIG. 1;
PAR  FIGS. 3 and 4 are schematic vertical sections of two further embodiments.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus illustrated in FIGS. 1 and 2 for applying a thin liquid film
      (for example a dye liquor) to a continuously moving material web 1 of
      large width (for example a polyamide fibre carpet) comprises a liquid
      entrance chamber 3 fed by a pump via a conduit 2 and comprising a
      discharge opening 4 for foam exit and an overflow weir 5. Said overflow
      weir 5 comprises, as particularly apparent from FIG. 2, a plurality of
      triangular cut-outs 6a, 6b at its overflow edge which are uniformly
      distributed over the entire width of the overflow weir 5. In addition, the
      overflow weir 5 may be provided with circular openings (not illustrated)
      which are arranged at the same or different levels. Also disposed in the
      liquid entrance chamber 3 is an inclined wall 7 which shields the region
      surrounding the conduit 2 from the overflow weir 5 and thus contributes to
      effecting that the conveying impulses originating from the pump reach the
      overflow weir 5 only to a weakened degree.
PAR  The apparatus also comprises a flat container 8 which is only slightly
      inclined (having for example an angle of inclination between 2.degree. and
      10.degree. but in no case more than 40.degree.). Said flat container 8 is
      closed at its discharge end by a small damming wall 9 and bears in the
      vicinity of said wall 9 on a very solid support beam 10. The upper edge 9a
      of the damming wall 9 is adjustable into an exactly horizontal position by
      screws 11.
PAR  In the embodiment illustrated in FIGS. 1 and 2 the shallow container
      comprises two triangularly bent perforated barriers 12, 13, the diameters
      of the perforations in said barriers 12, 13 decreasing in the direction of
      flow of the liquid (arrow 14). These barriers 12, 13 provide a further
      calming of the liquid.
PAR  Following the small damming wall 9 on the discharge side is an inclined
      metal sheet 15, followed by a resilient foil 16 which is clamped on the
      one hand by means of two clamping members 17, 18 to the support beam 10
      and on the other hand bears with adjustable tension on the lower run-off
      edge of the inclined sheet 15. In this manner the foil 16 is tensioned so
      that it is completely smooth over the entire width of the apparatus (for
      example 5 m) and extends with an exactly uniform slope. Thus a thin liquid
      film passes from the foil 16 to the web of material 1, which in the region
      beneath the run-off edge of the foil 16 is led over a highly curved
      support 19 so that for example in the case of a web of carpet material the
      nap is widely opened.
PAR  In the further embodiment of the invention illustrated in FIG. 3
      corresponding parts are denoted by the same reference numerals as in FIGS.
      1 and 2 (with an apostrophe added). In this case no overflow weir is
      provided between the liquid entrance chamber 3' and the shallow container
      8'. The barriers 12', 12'a and 12'b are arranged at a distance above the
      bottom of the shallow container 8' so that the liquid can pass beneath
      said barriers (which in this case are not perforated). In this case as
      well the foam can flow out from the entrance chamber 3' through the
      opening 4'.
PAR  In the embodiment according to FIG. 4 parts corresponding to those in the
      previous figures of the drawings are given the same reference numerals but
      with a double apostrophe. The unperforated barriers 12", 12"a and 12"b are
      arranged in the manner shown in FIG. 3, spaced above the bottom of the
      shallow container 8". The liquid leaves the entrance chamber 3" via the
      overflow weir 5" and enters the container 8".
PAR  In contrast to the embodiment of FIG. 1, according to FIG. 4 the shallow
      container 8" is suspended on the support beam 10", which from the
      constructional point of view has the advantage that the space beneath the
      shallow container 8" remains free for guiding the material web 1" or for
      accommodating other parts. With this arrangement it has been found
      advantageous for the members 10"a serving to suspend the container 8" on
      the support beam 10" to be disposed between two barriers so that the
      liquid after passing said members 10"a must still pass at least one
      further barrier (12"b) before it reaches the damming wall 9" and flows as
      a uniform liquid film over the foil 16" onto the material web 1".
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for applying a thin liquid film to a continuously moving web
      of large width, comprising a liquid supply chamber in the form of a
      slightly inclined shallow container which is adapted to be fed with a
      liquid at its higher end and is defined at its lower end by a damming wall
      over which the liquid is discharged, a plurality of barrier means for
      calming the liquid, disposed in the shallow container in the path of
      liquid flowing from the higher end to the lower end, and a flexible foil
      of thin, resilient metal which is adjustably clamped along one edge and
      has its opposite edge arranged to receive liquid flowing over said damming
      wall and to discharge a film of the liquid onto the moving web.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein a plurality of perforated
      barriers in series are provided extending across the container, and the
      size of the perforations in the barriers decreases in the direction of
      flow of the liquid.
NUM  3.
PAR  3. Apparatus according to claim 1 comprising at least one barrier which
      dips into the liquid and is spaced from the bottom of the container.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein the shallow container is
      preceded by a liquid entrance chamber which is defined on the side toward
      such container by an overflow weir having a plurality of triangular
      cut-outs over the width of its overflow edge.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein the shallow container is mounted
      on a solid support beam by means of screws for leveling the container.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein the shallow container is
      suspended from the support beam.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein at least one member for
      suspending the shallow container from the support beam is secured to the
      bottom of the container, and at least one barrier for calming the liquid
      extends across the container between such member and the damming wall
      which defines the container at its lower end.
NUM  8.
PAR  8. Apparatus according to claim 4, wherein the entrance chamber has a
      liquid inlet and contains a partition that shields the overflow weir from
      the region surrounding such inlet.
NUM  9.
PAR  9. Apparatus according to claim 4, wherein the entrance chamber is provided
      with an opening for removing liquid foam.
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ABST
PAL  An apparatus is provided which limits the amount of developer that is
      presented to an electrostatic latent image to a width corresponding to the
      length of copy paper used. This particular apparatus and method apply to a
      development system which has a developer sump communicated to a magnetic
      transport means through a developer outlet at the lower end of the sump.
      During development functions, magnetic developer flows from the sump
      through the outlet to the magnetic transport means to be presented to the
      latent image. A plurality of magnetic gates are provided, each of which;
      may be swung into closed position adjacent the outlet to magnetically
      block flow of developer through that portion of the outlet corresponding
      to the length of the magnetic gate adjacent thereto. Each magnetic gate
      may also be swung into an open position which allows developer to flow
      through the outlet corresponding to the length of the magnetic gate
      adjacent thereto. Certain of the magnetic gates may be selectively located
      in open or closed position to allow developer to flow through the outlet
      over a length corresponding to the length of a copy sheet being utilized.
      All of the gates may be located in closed position when it is desired to
      stop all of developer flow through the outlet to puurge the developer
      systems.
PARN
PAR  This application is related to U.S. application Ser. No. 464,862, filed
      Apr. 29, 1974, and U.S. application Ser. No. 464,863, filed Apr. 29, 1974,
      each of which are copending and commonly assigned.
BSUM
PAC  DESCRIPTION OF INVENTION
PAR  In an electrostatic copier system, it has been found that developer
      (carrier and toner particles) life is related to the function of the
      number of times the developer is cycled through the development system;
      the more times cycled, the shorter the life.
PAR  In known systems, it is the custom to present developer to a
      photoconductive surface carrying a latent image over the same width
      regardless of the size of the final image desired. For instance, developer
      may be presented to a surface carrying a latent image over a 14-inch
      bandwidth for copying an image onto either an 11 .times. 14-inch paper or
      an 81/2  .times. 11-inch paper. The bandwidth coincides with the length of
      the paper as the paper is fed through the machine. For the latter size
      paper, developer is presented to a latent image over an extra 3-inch
      bandwidth and is therefore needlessly circulated with resultant shortening
      of developer life.
PAR  It is therefore an object of this invention to stop needless circulation of
      excess developer and thus improve developer life.
PAR  It is a further object of this invention to limit developer presentation to
      a surface carrying a latent image over a bandwidth equal to the length of
      paper on which the developed image is to be transferred.
DRWD
PAR  Other objects of the invention will become apparent from the following
      description with reference to the drawing wherein:
PAR  FIG. 1 is a cross-sectional view of a development system illustrating a
      magnetic gate in open position;
PAR  FIG. 2 is a partial view of FIG. 1 showing a portion of the magnetic gate
      in closed position; and
PAR  FIG. 3 is a rear view of the magnetic gate in the same position as in FIG.
      2.
DETD
PAR  Referring to FIG. 1, there is illustrated a rotatable drum 10 having a
      photoconductive surface thereon and a developer housing 12 located
      adjacent to the drum. The photoconductive surface is adapted to receive an
      electrostatic latent image thereon. The developer housing includes a
      developer sump 13 having a quantity of developer 14 therein. The developer
      14 comprises toner particles and ferromagnetic carrier particles. Assuming
      a positive development system, the triboelectric characteristics of these
      particles are such that the toner particles will be triboelectrically
      attracted to the carrier particles and the charge on the toner particles
      will be opposite to the charge of the latent image. A plurality of
      "magnetic brush" rollers 15 are rotatably mounted on the side walls of the
      developer housing 12 and are located contiguous to the photoconductive
      surface 10. The rollers 15 are constructed of non-magnetic material and
      each surround a stationary permanent magnet 16. The magnets 16 are
      arranged to effect a magnetic field for attracting the developer onto the
      rollers 15 and to present toner particles to a latent image carried by the
      photoconductive surface. A pair of "magnetic transport" rollers 18,
      constructed of non-magnetic material, are rotatably mounted to the side
      walls of the developer housing below the magnetic brush rollers 15. A
      plurality of magnets 20 are located within each roller 18 and are so
      positioned to set up a magnetic field for attracting the magnetic
      developer onto the transport rollers to transport the same to the magnetic
      brush rollers.
PAR  The developer sump 13 comprises a front wall 24 separating the sump from
      the rollers 15 and 18, a rear sloping wall 26 and upper wall 28, each of
      which are of non-magnetic material. A developer outlet 32 is located at
      the lowermost portion of the developer sump 13 for allowing developer to
      flow from the sump to the transport rollers 18. Affixed to the upper wall
      28 is a toner dispenser 34 having toner particles 36 therein which are
      periodically dispensed into the developer sump 13 by a rotatable foam
      roller 38. A pair of spaced brackets 40 and 42 extend from the rear wall
      26 of the sump 13.
PAR  A pair of telescoping shafts 44 and 46 are rotatably supported by the
      brackets 40 and 42. The shaft 44 is tubular and receives the shaft 46,
      which is solid, therein. One end of the shaft 44 extends through an
      opening in the bracket 42 to be rotatably supported thereby and one end of
      the shaft 46 extends through the bracket 40 to be rotatably supported
      thereby. The other or free ends of each shaft take support on the opposite
      shaft. Two magnetic end gates 51 are provided, each comprising a plate 52
      secured at one end to the shaft 44 at a respective end thereof and a
      permanent magnet 54 secured to the other end of each plate. A magnetic
      center gate 55 is located between the end gates 51 and comprises a plate
      56 secured to the inner shaft 46 at one end thereof and has secured
      thereto a magnetic bar 58 at the other end thereof. An opening 60 is
      formed in a portion of the hollow shaft 44 to allow the plate 56 to extend
      from the shaft 46 through the tubular shaft 44 and to permit a given
      rotation of the center gate 55.
PAR  The shaft 44 is connected through a mechanical linkage 62 to a hand lever
      64 which is located on the machine at a location readily accessible to an
      operator. The shaft 46 is connected through a mechanical linkage 66 to a
      hand lever 68 which is also at a location on the machine which is readily
      accessible to the operator and adjacent to the lever 64. Upon moving the
      lever 64 in one direction, the shaft 44 will be rotated by the linkage 62
      in a clockwise direction (FIG. 2) to move the end magnetic gates 55 into
      closed position with magnets 54 engaging the rear wall 26 of the sump 13
      adjacent the developer sump outlet 32. Upon moving the lever 68 in one
      direction, the shaft 46 will be rotated by the linkage 66 in a clockwise
      direction (FIG. 2) to move the center magnetic gate 55 into closed
      position with magnet 58 engaging the rear wall 26 of the sump 13 adjacent
      the developer sump outlet 32. Movement of the levers 64 and 68 in the
      opposite direction will result in moving the magnetic gates away from the
      sump outlet 32 into open position.
PAR  The axial width of the photoconductor drum is about 14 inches which
      accommodates copying onto a 14-inch long or a shorter sheet of paper. The
      center gate 55 is approximately 11 inches in axial length and the two end
      gates are each approximately 11/2  inches long bringing the combined
      length of the gates 51 and 55 to 14 inches. When all of the magnetic gates
      51 and 55 are in open position, developer 14 is free to flow from the sump
      through the entire axial length of outlet 32 to the transport rollers 18.
      When the magnetic gates 51 are in closed position, the ferromagnetic
      developer particles 14 are trapped within the magnetic field of the
      magnets 54 thus blocking flow thereof through the outlet 32 in the region
      corresponding to the length of the magnets 54. Thus developer will flow
      only through the outlet gate 55. Normally, the lever 68 is in a center
      gate 55 open position. If an 11-inch copy sheet is desired, the lever 64
      may be operated to close the magnetic gates 51 whereby developer will be
      transported to the magnetic brush rolls 15 only across an 11-inch width.
      This is very desirous since developer life is a function of developer
      circulation through the development system with the life increasing upon a
      decrease in the number of times circulated. Obviously, if a 14-inch band
      of developer is presented to an 11-inch image, a 3-inch bandwidth of
      developer is circulated needlessly thereby decreasing the developer life.
      If a 14-inch copy sheet is desired, the lever 64 may be operated to open
      the magnetic gates 51 allowing the developer to be transported to the
      magnetic brush rolls 15 across a 14-inch width. If it is desired to purge
      the development system, the levers 64 and 68 are moved to gate closed
      position thereby closing the gates 51 and 55 across the entire length of
      the outlet 32 to magnetically block the flow of developer from the sump 13
      to the transport rolls 18.
PAR  A chute 70 is located between the uppermost magnetic brush roller 15 and a
      residual developer opening 72 in the upper wall 28 of the developer sump
      13 to direct residual developer material from the uppermost roll 15 into
      the sump 13. A passive cross mixer 74 is located immediately below the
      residual developer opening 72 and the toner dispenser 34 to receive the
      residual developer and fresh toner theron and effect mixing thereof prior
      to discharging the same into the lower end of the developer sump 13.
PAR  In operation, an electrostatic latent image is formed on the
      photoconductive surface 10 in the customary manner as the drum rotates
      past an imaging station (not shown). For a 14-inch copy, the magnetic
      gates 51 and 55 are in the open position as shown in FIG. 1 which allows
      the developer to flow from the sump 13 through the outlet 32 to the
      magnetic transport rollers 18. The developer is carried by the magnetic
      transport rollers 18 to the magnetic brush rollers 15 whereby the toner
      particles in the developer material are presented to the latent image over
      a 14-inch bandwidth to develop the same as the latent image on the
      photoconductive surface is brought therepast. The developed image is then
      transferred to a copy sheet by well-known methods. Residual developer is
      carried to the uppermost magnetic brush roller 15 whereby upon movement of
      the developer out of the magnetic field of the magnet surrounded by such
      roller the developer is allowed to drop by gravity down the chute 70 to
      the residual developer opening 72 onto the cross mixer 74. Fresh toner 36
      is dispensed onto the cross mixer 74 by the foam roller 38 to be mixed
      with the residual developer and the developer is discharged from the cross
      mixer to the lower end of the sump 13. This process continues through each
      development function. When it is desired to use an 11-inch copy sheet, the
      lever 64 is actuated to close the gates 51 thus limiting developer flow
      through the outlet 32 to an 11-inch band whereby the toner particles in
      the developer material are presented to the latent image over an 11-inch
      bandwidth preventing needless circulation of excess developer.
PAR  It is customary to move the developer housing 12 away from the
      photoconductor drum 10 in order to repair elements on the developer
      housing or for replacing the photoconductor drum. Before doing this, it is
      most desirable to purge the system of developer to prevent developer from
      contaminating the rest of the machine. To do this, the levers 64 and 68
      are moved to close the gates 51 and 55. The ferromagnetic developer
      particles are trapped within the magnetic field of the magnets 54 and 58
      and thereby block further flow of the developer material through the
      outlet 32 from the sump to the transport rollers 18. Continued rotation of
      the transport rollers 18 and the magnetic brush rollers 15 delivers the
      developer within that portion of the developer housing to the uppermost
      roller 15 whereby it is discharged from the uppermost roller 15 onto the
      chute 70 and back into the developer sump 13 thereby purging the system of
      developer. After the system is purged, the developer housing 12 may be
      moved away from the photoconductor 10 with little chance of developer
      material contaminating the machine.
PAR  It is obvious that the end gates 51 could be connected to shaft 46 and the
      center gate 55 could be connected to shaft 44 with suitable modifications.
      Also it is obvious that the above embodiment could be modified by
      providing more magnetic gates and split shafts to accommodate various copy
      paper sizes. Furthermore the levers 64 and 68 could be remotely controlled
      by a copy paper size sensing mechanism.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a development system: a surface capable of having a developable image
      thereon; a developer sump; said sump having ferromagnetic developer
      therein; magnetic means for presenting said developer to said surface; a
      developer outlet at the lowermost portion of said sump; said developer
      flowing through said outlet to said means for presenting said developer to
      said surface; magnetic gate means comprising at least two gates, each
      having a permanent magnet; means for selectively moving each said magnetic
      gate independently of each other into a closed position adjacent said
      outlet to block the flow of developer through a portion of said outlet
      corresponding to the gate thereadjacent and for selectively moving each
      said magnetic gate independently of each other away from said outlet to an
      open position to allow flow of developer through said portion of said
      outlet corresponding to a respective said gate.
NUM  2.
PAR  2. The structure as recited in claim 1 further comprising means mounting
      each of said magnetic gates for pivotal movement between said open and
      closed positions.
NUM  3.
PAR  3. The structure as recited in claim 2 wherein said surface is a
      photoconductive surface and said developer comprises toner particles and
      ferromagnetic carrier particles.
NUM  4.
PAR  4. The structure as recited in claim 3 wherein said magnetic means for
      presenting developer comprises rotatable rollers of non-magnetic material,
      each surrounding a magnetic member.
NUM  5.
PAR  5. The structure as recited in claim 1 wherein remote control means are
      operatively connected to said means for selectively moving each said
      magnetic gate independently of each other.
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PAL  A stackable poultry coop formed of complementary upper and lower sections
      and a door. The upper section has an upper wall with a central opening
      bounded by a plurality of upwardly extending flanges. The lower section
      has a lower wall formed of a flexible grid and a plurality of downwardly
      extending ribs adapted to engage and nest with the flanges of another coop
      when in stacking relation thereto. The lower wall ribs are positioned
      around the periphery of the lower wall to allow at least its central
      portion to flex and each of the upper and lower walls have a marginal wall
      extending generally at right angles from their periphery. The upper, lower
      and marginal walls are provided with a plurality of openings to provide
      ventilation as well as to facilitate cleaning.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Reusable and stackable containers for poultry shipping and the like are
      known to the prior art. Typical of such prior art poultry coops are those
      assembled from upper and lower sections and a door all molded from
      plastic, polyethylene, for example. With the exception of the door
      opening, the upper and lower sections are of generally identical
      construction with the top and bottom walls often being ribbed or
      corrugated for strength. The side or marginal walls are often constructed
      to provide ventilation with additional ventilation being provided by holes
      in the top and bottom walls.
PAR  In U.S. Pat. No. 3,330,434 there is described a molded plastic shipping
      container for live foul consisting essentially of upper and lower sections
      and a door. Each of the upper and lower sections have a generally
      rectangular wall with a side or marginal wall extending from its
      periphery. The marginal wall is directed slightly outward and is provided
      with a rim at its end for the attachment of one section to another. The
      section intended as the upper section is provided with an opening which
      may be covered by a door hingedly attached to the wall of the upper
      section. The side or marginal walls of the upper and lower sections have
      spaced openings for ventilation and the main walls of the upper and lower
      sections are also provided with holes to enhance ventilation.
PAR  Among the difficulties encountered with prior art poultry coops such as
      that illustrated in U.S. Pat. No. 3,330,434 is the inflexibility of the
      floor (i.e., the main wall of the lower section). The poultry which are
      transported in poultry coops with such rigid floors frequently develop
      breast blisters. Also, the screw connection between the door hinge and the
      main wall of the upper section often results in the failure of that
      connection after repeated openings of the door. Further, the outward
      extention of the marginal or side walls reduces their weight carrying
      ability which restricts the stackability of the poultry coops.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a poultry coop assembled from upper and
      lower sections and a door. The marginal or side walls of the upper and
      lower sections are generally perpendicular to the main wall of these
      sections. The main wall of the upper section is reinforced by a plurality
      of upwardly extending flanges which are positioned around a door opening.
      A plurality of ribs extend downwardly from the main wall of the lower
      section to engage the flanges of an upper section to prevent horizontal
      motion between stacked poultry coops. However, the main wall of the lower
      section is flexible and the ribs are positioned around its periphery so as
      to maintain its flexibility at least within the central region. In this
      manner, the incidence of breast blisters is significantly reduced.
PAR  Ventilation of the poultry coop of the present invention is enhanced by
      forming the flanges of the upper section into closed figures with
      generally open centers. The open center provides a significantly increased
      ventilation opening size over that illustrated in U.S. Pat. No. 3,330,434
      while a lattice in the open center prevents poultry egress. Also, the side
      or marginal walls of the upper and lower sections are formed of spaced
      pillars for better ventilation.
PAR  For additional supporting strength, one of the marginal wall pillars is
      positioned at each corner of the upper and lower section main wall and the
      space between it and the immediately adjacent pillars is closed. For
      greater reliability, the door is hingedly attached to the main wall of the
      upper section by means of bosses molded within that main wall. The pillar
      spacing and grid configuration of the main wall of the lower section
      greatly facilitate cleaning of the poultry coop.
PAR  The many objects, advantages and novel features of the present invention
      will become apparent from the following detailed description when
      considered in conjunction with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of the poultry coop of the present invention.
PAR  FIG. 2 is a bottom view of the poultry coop of the present invention.
PAR  FIG. 3 is a cross-section taken along the line 3--3 in FIG. 1.
PAR  FIG. 4 is a cross-section and partial breakaway taken along the line 4--4
      in FIG. 1.
PAR  FIG. 5 is a cross-section taken along the line 5--5 in FIG. 1.
PAR  FIG. 6 is a cross-section taken along the line 6--6 in FIG. 1.
PAR  FIG. 7 is a cross-section taken along the line 7--7 in FIG. 2.
PAR  FIG. 8 is a perspective view showing a marginal or side wall construction
      of both the upper and lower section of the present invention.
PAR  FIG. 9 is a bottom view of a preferred embodiment of a door suitable for
      use in conjunction with the preferred embodiment of FIGS. 1-8.
PAR  FIG. 10 is a cross-section taken along the line 10--10 in FIG. 9.
PAR  FIG. 11 is a cross-section taken along the line 11--11 in FIG. 9.
PAR  FIG. 12 is a bottom view of another preferred embodiment of a door suitable
      for use in the preferred embodiment of FIGS. 1-8.
PAR  FIG. 13 is a cross-section taken along the line 13--13 in FIG. 12.
PAR  FIG. 14 is a cross-section taken along the line 14--14 in FIG. 12.
PAR  FIG. 15 is a cross-section taken along the line 15--15 in FIG. 12.
PAR  FIG. 16 is a cross-section taken along the line 16--16 in FIG. 1.
PAR  FIG. 17 is a cross-section taken along the line 17--17 in FIG. 1.
PAR  FIG. 18 illustrates a preferred embodiment of a portion of the present
      invention.
PAR  FIG. 19 is an illustration of a portion of the preferred embodiment of FIG.
      12 as seen along the line 19--19 in FIG. 12.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The poultry coop of the present invention is formed of upper and lower
      sections each having marginal or side walls. The marginal walls are
      connected at their ends to form a poultry coop having an opening on its
      upper surface which is the main wall of the upper section. FIG. 1 shows a
      top view of the poultry coop of the present invention.
PAR  In FIG. 1, there is illustrated an upper wall 20 having a central opening
      21. Surrounding the central opening 21 are a plurality of flanges 22 which
      form closed figures with themselves or the edges of the upper wall 20. The
      closed figures formed by the flanges 22 have open centers for ventilation,
      the openings being provided with lattices 24 to prevent poultry egress.
      The upper wall 20 is generally polygonal, rectangular in FIG. 1, and is
      provided with rounded corners as at 25.
PAR  The central opening 21 in the upper wall 20 is provided with a radius 26
      and rounded corners 27. The radius 26 protects the poultry as it is being
      loaded into the poultry coop and is illustrated, along with the flanges
      22, in FIG. 3 which is a cross-section along the line 3--3 in FIG. 1.
PAR  The flanges 22, and particularly the flanges which form closed figures with
      the edge of the upper wall 20, are further illustrated in FIG. 16 which is
      a cross-section along the line 16-16 in FIG. 1. The edge flanges
      illustrated in FIG. 16 have a first portion 70 and a second portion of
      reduced height 71. The reduced height portion 71 is adjacent the edge of
      the upper wall 20 and is reduced to substantially approximate the height
      of the latticees 24. The lattices are illustrated in FIG. 17 which is a
      cross-section along the line 17--17 in FIG. 1. The reduced height portion
      71 and the lattices 24 are adapted to accept and support on edge
      protecting member. With the edges protected, the poultry coop of the
      present invention may be secured, as by a chain, without damage to the
      edge. An example of an appropriate edge protecting member is the "angle"
      73 illustrated in FIG. 18. In edge protecting position, a leg 74 of angle
      73 sits atop and is supported by the reduced height portion 71 and that
      portion of the lattices 24 adjacent the upper wall edge. A second leg 75
      of the angle 73 extends down the side or marginal wall of the upper
      section. A plurality of pins 73 extend from the the underside of leg 74
      for engagement with apertures 77 (see FIGS. 1 and 16) to hold the edge
      protecting angle in position. Alternatively, the angle, or other edge
      protecting member, may be permanently secured to the edge. Of course, no
      matter what attachment system is employed each of the four edges may be
      provided with a protecting member.
PAR  Referring now to FIG. 2, there is shown the main or lower wall 29 of the
      lower section. The lower wall section 29 is complementary to the upper
      wall 20 and is generally polygonal, rectangular in FIG. 2, with rounded
      corners 30. The lower wall 29 is flexible having a thin, generally uniform
      cross-section and is provided with grid forming openings 31. Around the
      periphery of the lower wall 29, there is positioned a plurality of
      downwardly extending ribs 32 which form closed figures with themselves or
      the edges of the lower wall 29. The use of the term downwardly extending
      is intended to mean that the ribs 32 extend away from the poultry coop,
      that direction being down when the lower wall 29 is in its usual relation
      to the upper wall 20. The rib closed figures are positioned around the
      lower wall to engage the flange closed figures of the upper wall and are
      configured to nest with the flange closed figures when the upper and lower
      sections of different poultry coops are in stacking relation to each
      other. Also, the rib closed figures are spaced from each other to accept a
      supporting structure between themselves and to prevent horizontal motion
      between the poultry coop and supporting structure. The supporting
      structure may be spaced planks, a pallet or other similar structure. The
      openings 31 and ribs 32 in the lower wall 29 are further illustrated in
      FIG. 7 which is a cross-section along the line 7--7 in FIG. 2.
PAR  As stated above, the poultry coop of the present invention consists in
      major part of an upper section and a lower section. Each of these sections
      consist of a main wall which is upper wall 20 for the upper section and
      lower wall 29 for the lower section, and marginal or side walls which
      extend from their main walls along their periphery generally at right
      angles. The marginal walls for each section are generally identical and
      one is illustrated in FIG. 8 along with a main wall 35 which is shown as
      lower wall 29 but may be either of the upper or lower walls 20-29. As
      illustrated in FIG. 8, the marginal wall consists of a plurality of spaced
      pillars 36 around the periphery of the main wall 35. Generally at each
      corner of the main wall 35 there is positioned a pillar 37. The space
      between the pillars 36 is open for ventilation while the space between the
      pillar 37 and the immediately adjacent pillars 36 is closed. In this way,
      adequate ventilation is maintained for the poultry within the poultry coop
      while the strength of the poultry coop is enhanced by the closed space
      between the pillar 37 and those adjacent to it. In essence, the closed
      space contiguous to the pillar 37 acts as a column at the corners of the
      poultry coop.
PAR  Each of the pillars 36 and 37 terminate at a rim 38 through which a
      plurality of apertures 39 extend. When an upper and lower section are
      positioned with their respective rims 38 together, they may be connected
      through opposing apertures such as that illustrated at 39. For example, a
      bolt extending through the aperture 39 of the upper section and the
      aperture 39 of the lower section may be employed to hold the upper and
      lower section together as by a nut. Of course, any other known means of
      fastening contiguous rims may be employed with or without the utilization
      of the apertures 39.
PAR  Referring again to FIG. 1, the central aperture 21 of the upper section
      upper wall 20 is intended to be covered with a door. A preferred
      embodiment of such a door is illustrated in a bottom view at 40 in FIG. 9.
      The door 40 has an inner perimeter 41 which generally corresponds to the
      size and shape of the central opening 21. A lip 42 extends from the inner
      perimeter 41 and is intended to overlie the radius 26 surrounding the
      central opening 21. A plurality of flanges (not shown) form closed figures
      with themselves or the perimeter 41 of the door 40 in a manner similar to
      that of the flanges 22 of the upper wall 20. Similarly, lattices 44 close
      the otherwise open central portion of the closed figures formed by the
      door flanges to allow ventilation while preventing poultry egress.
      Extending from the door 40 are hinge members 45 and 46. Each of the
      members 45 and 46 are provided with an elongated bore 47 (see FIG. 10)
      whose function will be more fully described below. On the opposite end of
      hinge members 45 and 46, the door 40 is provided with a handle 48 for
      raising and lowering the door 40. Extending from the same opposing end of
      the door 40 are members 49 which are spaced from the lip 42 to engage the
      underside of the radius 26 and provide a positive closure of the door.
PAR  Referring again to FIG. 1, there is shown the remainder of the hinge
      mechanism. The lip 26 is provided with two interruptions 50 and 51 which
      accept the hinge members 46 and 45, respectively. The interruptions 50 and
      51 are provided with a curved portion 58 (see FIG. 4) which allows for a
      pivotal motion of the members 45 and 46. Intermediate and adjacent to the
      interruptions 50 and 51 are three bosses 52-54. The bosses 52-54 provide
      an upper guide for a pin 55 (shown in FIGS. 4-6 only) with the main
      surface of the upper wall 20 itself providing the lower guide.
PAR  With the door 40 in position and covering the central opening 21 of the
      upper wall 20, the hinge members 45 and 46 will lie within the radius
      interruptions 50 and 51 with their bores 47 in alignment to receive a pin
      55 extending through the bosses 52-54. Because of the configuration of
      bores 47 and with a proper allowance in the size of the inner perimeter
      41, the door 40 may be slid perpendicularly to the axis of the pin 55 such
      that the member 49 will engage and disengage the lower portion of the
      radius 26 providing a positive closure of the door 40 when engaged and
      allowing a pivotal movement of the door into an open position when not
      engaged.
PAR  Referring now to FIG. 12 there is shown a bottom view of a second preferred
      door embodiment 56 to cover the central opening 21 in the upper wall 20.
      In FIG. 12, like reference numerals indicate elements which function
      similarly to those shown in FIG. 9. In the embodiment of FIG. 12 the hinge
      members 45 and 46 are provided with a generally circular bore 57, bore 57
      being configured to accept the pin 55. On the opposite end of the door 56
      from the hinge members 45 and 46 is a spring loaded latch 60. The latch 60
      is generally U-shaped (see FIG. 19) having extending portions 61 and 62
      and a handle member 64. The handle 64 spans an open portion in the door 56
      and extends into channels 63 within the door (see FIG. 15). The extending
      portions 61 and 62 also lie within the channels 63 and are slideable with
      the handle 64 along a guide 86 within the channels. The extending portions
      61 and 62 have a catch 65 spaced from the lip 42 which is adapted to
      engage the underside of the radius 26. The lower wall forming the channel
      63 is recessed to allow the catch 65 to be withdrawn enough to disengage
      the radius 26. The lower channel wall is also slotted at 80 to cooperate
      with a pin 81 (one shown) on the extending portions 61 and 62 to provide
      stops on the movement of the latch 60. Two springs 82 (one shown)
      resiliently urge the latch 60 into a position where the catches 65 will
      engage the radius 26 to provide a positive closure of the door while
      allowing its withdrawal from engagement so that the door may be pivoted
      about the pin 55. A camming surface 66 on the catch 65 will cause the
      latch to withdraw against its spring biasing upon contact with the radius
      26 until the upper surface of the catch 65 has cleared the radius, in
      known manner.
PAR  With a poultry coop assembled from upper and lower sections and one of the
      preferred door embodiments described above, there is provided an efficient
      coop for the gathering, transportation and temporary storage of poultry.
      It has been found convenient to produce poultry coops of a size which will
      accommodate approximately twelve chickens. Of course, for a given size the
      number of chickens or other poultry which may be placed within the coop is
      dependent upon such things as temperature, humidity, etc. With those
      factors taken into consideration, a poultry coop built in accordance with
      the present invention will provide a system which significantly reduces
      the incidence of breast blisters and bruising, particularly during the
      transportation of poultry from one location to another. This is
      accomplished primarily through the provision of a poultry coop having a
      flexible floor (lower wall). The present invention also provides means by
      which two or more poultry coops may be placed within stacking relation
      without destroying the inherent flexibility of the lower wall. This is
      accomplished through the flange formed closed figures of the upper wall
      and the rib formed closed figures of the lower wall which are positioned
      and configured to nest with each other. The nesting of the upper and lower
      wall closed figures act to limit horizontal movement between one stacked
      coop and another and their placement around the periphery of the upper and
      lower walls does not defeat the flexing of the lower wall, at least in its
      central portion. While maintaining lower wall flexibility, the flange and
      rib closed figures also spread the force imposed on the lower coops during
      stacking through sufficient area to minimize breakage. This coupled with
      the column-like construction accomplished through closing the space
      between the corner pillars and the immediately adjacent pillars allows a
      stacking of the poultry coops of the present invention to a greater height
      without breakage. Also, by providing the column-like structures at the
      corners, a poultry coop built according to the present invention is able
      to provide greater ventilation within its marginal walls through the
      reduced support requirement within its marginal wall pillars. In the
      embodiment shown, this takes the form of a greater spacing between pillars
      than that shown by the prior art.
PAR  Along with its enhanced strength in stacking and increased ventilation, the
      present invention also provides a poultry coop which may be easily
      cleaned. This is accomplished particularly through the construction of the
      lower wall whose internal surface has no ribs, corrugations, or other
      protuberances. Of course, the greater size of the ventilation openings
      also provides larger openings through which cleaning sprays, etc. may be
      directed thus, also enhancing the cleanability of the present invention.
      Also, the molded hinge bosses within the upper wall of the present
      invention greatly ameliorate the hinge breakage problem attending all
      known prior art devices.
PAR  Many modifications and variations of the illustrated preferred embodiments
      are possible in light of the above teachings. For example, drain holes
      such as that illustrated at 85 may be provided within the upper wall and
      door to facilitate fluid runoff. It is therefore to be understood that,
      within the scope of the appended claims, the invention may be practiced
      otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stackable poultry coop which comprises:
PA1  complimentary upper and lower sections having an upper and lower wall,
      respectively, and marginal side walls extending generally at right angles
      from the periphery of each of said upper and lower walls and terminating
      at means for attaching their termini to each other, said upper wall having
      a central opening;
PA1  a plurality of reinforcing flanges extending upwardly from said upper wall,
      each of said flanges being spaced from the others of said flanges and
      forming a closed figure with itself or the edges of said upper wall with
      said flange formed closed figures generally surrounding said central
      opening thereby distributing the force imposed on said upper wall during
      stacking, said flange formed closed figures having open centers and
      lattice means within said open centers for preventing poultry egress while
      providing ventilation and cleaning access with at least some of the
      flanges, including some of the flanges forming closed figures with the
      edge of said upper wall, having reduced height portions adjacent said
      edge;
PA1  a plurality of rib means extending downwardly from said lower wall, each of
      said rib means being spaced from the others of said rib means and forming
      a closed figure with itself or the edges of said lower wall for nesting
      engagement with a flange formed closed figure of said upper wall when in
      stacking relation thereto, said lower wall being formed of a flexible
      material of generally uniform cross-section having a plurality of grid
      forming apertures and said rib means closed figures being positioned
      around the periphery of said lower wall to allow at least its central
      portion to flex;
PA1  said upper and lower section marginal walls being formed by a plurality of
      spaced pillars, said upper and lower walls being generally polygonal with
      one of said pillars being positioned generally at each corner of said
      upper and lower walls and the interstices between said corner pillars and
      the immediately adjacent pillars being closed;
PA1  means for providing positive closure of said upper wall central opening
      including door means hingedly connected to said upper wall by boss means
      molded into said upper wall; and
PA1  means overlying said reduced height flange portions and said edge for
      protecting said edge during securement of said poultry coop.
NUM  2.
PAR  2. The poultry coop of claim 1 wherein said flange formed closed figures
      generally surround said central opening thereby distributing the force
      imposed on said upper wall during stacking.
NUM  3.
PAR  3. The poultry coop of claim 1 wherein the closed figures on the lower wall
      are spaced sufficiently from each other for engaging a supporting
      structure within said spaces and preventing horizontal movement between
      the supporting structure and the poultry coop.
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ABST
PAL  In a rotary piston type engine comprising a rotor housing having exhaust
      port means, exhaust gas cleaning means comprising an auxiliary exhaust
      passage in the form of a cutout portion, and a secondary air port opening
      in a casing at the cutout portion. The cutout portion extends from the
      exhaust port means into a working chamber which is in the final part of
      expansion stroke.
BSUM
PAR  The present invention relates to a rotary piston type internal combustion
      engine and more particularly to exhaust gas cleaning means therefor. More
      specifically, the present invention relates to exhaust gas cleaning means
      of such a type in which secondary air is introduced into a working chamber
      of a rotary piston engine so as to facilitate combustion of residual
      combustible components therein.
PAR  It has been a conventional practice for cleaning engine exhaust gas to
      supply secondary air into the gas so that noxious components such as
      carbon monoxide and hydrocarbon are completely burnt. In this instance, an
      increased cleaning efficiency is obtained under a higher exhaust gas
      temperature. Thus, in a rotary piston type engine including a casing which
      comprises a rotor housing having a trochoidal inner peripheral wall and a
      pair of side housings secured to the opposite sides of the rotor housing,
      and a polygonal rotor disposed in the rotor housing with apices sealingly
      contacting with the inner peripheral wall of the rotor housing so as to
      define working chambers which are variable in volume as the rotor rotates
      to effect intake, compression, combustion, expansion and exhaust strokes
      of the engine, it has been proposed to supply secondary air through an air
      port directly into the working chamber which is in the exhaust stroke. In
      this arrangement, however, the secondary air port is often clogged by
      deposits of residual fuel or lubricating oil. The secondary air may be,
      therefore, supplied to the working chamber which is in the final part of
      the expansion stroke at a position upstream side of the exhaust port.
      However, in this arrangement, since the pressure of the combustion gas is
      still high in the working chamber, it is very difficult to supply a
      sufficient amount of secondary air.
PAR  The present invention has an object to provide exhaust gas cleaning means
      for a rotary piston type engine which can eliminate the aforementioned
      diadvantages of prior art.
PAR  According to the present invention, the above object can be accomplished by
      auxiliary exhaust passage means in the form of a cutout portion or
      extending from the exhaust port provided on the rotor housing into the
      working chamber which is in the final part of the expansion stroke, and a
      secondary air port opening in the casing at the auxiliary exhaust passage.
      Thus, as one of the apices of the rotor passes through the auxiliary
      exhaust passage, a portion of high temperature combustion gas is allowed
      to flow at a high speed from the working chamber which is in the final
      part of the expansion stroke through the auxiliary exhaust passage. Thus,
      any deposits around the secondary air port is blown off by the combustion
      gas flow. At the same time, suction pressure is produced around the
      secondary air port so that a sufficient amount of secondary air is drawn
      into the casing.
DRWD
PAR  The above and other objects and features of the present invention will
      become apparent from the following descriptions of preferred embodiments
      of the invention taking reference to the accompanying drawings; in which
PAR  FIG. 1 is a sectional view of a rotary piston engine having exhaust gas
      cleaning means in accordance with one embodiment of the present invention;
PAR  FIG. 2 is a fragmentary enlarged view of the engine shown in FIG. 1;
PAR  FIG. 3 is an enlarged plan view as seen substantially along the line
      III--III in FIG. 2;
PAR  FIGS. 4 and 5 show modifications of secondary air port arrangement.
DETD
PAR  Referring to the drawings, particularly to FIGS. 1 through 3, there is
      shown a rotary piston engine having a casing which comprises a rotor
      housing 1 and a pair of side housings 2 secured to the opposite sides of
      the rotor housing 1. The rotor housing 1 has a trochoidal inner peripheral
      wall 1a and a substantially triangular rotor 4 is disposed in the rotor
      housing 1 with the apex seals 5 thereon in sliding contact with the inner
      wall 1a. As is well known in the art, an output shaft 3 is eccentrically
      disposed in the rotor 4 and engage therewith to be driven by the rotor.
      Thus, working chambers 10 are defined between the inner wall 1a of the
      rotor housing 1 and the rotor 4.
PAR  In the illustrated embodiment, an exhaust port 6 is provided in the rotor
      housing 1 and has a leading side 6a from which an auxiliary exhaust
      passage 7 extends toward the upstream side as shown in FIGS. 1 through 3.
      A secondary air supply passage 9 opens in the auxiliary exhaust passage 7
      through a secondary air discharge port 8 and supplies secondary air from
      an air pump 12 to the auxiliary exhaust passage 7. In an altenative
      arrangement, a plurality of auxiliary exhaust passages 7 and secondary air
      discharge ports 8 may be provided as shown in FIG. 4. Further, the
      auxiliary exhaust passage may be of an increased width as shown by 17 in
      FIG. 5. In FIG. 1, the reference numeral 11 designates an intake port
      provided in the rotor housing 1 and 13 side seals provided on the rotor 4
      in the manner as is well known in the art.
PAR  In operation, fuel-air mixture is introduced through the intake port 11
      into the working chamber 10 which is in the intake stroke. As the rotor 4
      rotates, the volume of the working chamber 10 is reduced so as to compress
      the mixture therein and thereafter combustion, expansion and exhaust
      strokes take place in the casing. According to the illustrated embodiment
      of the present invention, since the auxiliary exhaust passage or passages
      7 are provided in the inner wall of the rotor housing 1 as described
      before, combustion gas in the working chamber 10 which is in the expansion
      stroke is allowed to flow at a high speed into the exhaust port 6 at the
      final part of the expansion stroke. The air pump 12 supplies on the other
      hand secondary air through the passage 9 and the port 8 to the cutout
      portion 7. Since the combustion gas passes at a high speed through the
      auxiliary exhaust passage 7 during the final part of the expansion stroke
      and the beginning part of the exhaust stroke, suction pressure is produced
      around the secondary air port 8 so that a sufficient amount of secondary
      air is introduced into the working chamber in the vicinity of the exhaust
      port 6 even when the gas pressure in the working chamber is still high.
      Thus, it is possible to burn combustible components in the exhaust gas
      under the existence of fresh secondary air.
PAR  The present invention has thus been shown and described with respect to
      preferred embodiments, however, it should be noted that the invention
      shall in no way limited to the details of the illustrated structures but
      modifications and changes may be made without departing from the scope of
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a rotary piston type internal combustion engine including a casing
      which comprises a rotor housing having a trochoidal inner peripheral wall
      and a pair of side housings secured to the opposite sides of the rotor
      housing, said rotor housing being provided with exhaust port means, a
      polygonal rotor disposed in the rotor housing with apices sealingly
      contacting with the inner peripheral wall of the rotor housing so as to
      define working chambers which are variable in volume as the rotor rotates
      to effect intake, compression, combustion, expansion and exhaust strokes
      of the engine, and exhaust gas cleaning means for introducing secondary
      air into the working chamber which is in the exhaust stroke, characterized
      by the fact that said exhaust gas cleaning means comprises: a cutout
      portion provided on the trochoidal inner peripheral wall of the rotor
      housing extending from said exhaust port means in the direction
      substantially opposite to the direction of rotation of said rotor and
      directly communicating the exhaust port means with the working chamber
      during the final part of the expansion stroke when the apex seal at the
      leading edge of the working chamber during the final stage of the
      expansion stroke intersects said cutout portion and before said apex seal
      is aligned with the leading edge of said exhaust port means to expose said
      exhaust port to said working chamber, and a secondary air supply passage
      for introducing secondary air into said working chamber having a secondary
      air discharge port defined by the intersection of said supply passage and
      said cutout portion so that a portion of the gas in the working chamber
      which is in the final stage of the expansion stroke can flow directly into
      said exhaust port means through said cutout portion and past said
      secondary air discharge port from said working chamber to prevent any
      material from adhering to said discharge port and to create a suction
      pressure at that port for facilitating the supply of secondary air to said
      working chamber in the vicinity of said exhaust port.
NUM  2.
PAR  2. A rotary piston engine in accordance with claim 1 in which said cutout
      portion is provided with a single secondary air port.
NUM  3.
PAR  3. A rotary piston engine in accordance with claim 1 in which said cutout
      portion is provided with a plurality of secondary air ports.
NUM  4.
PAR  4. A rotary piston engine in accordance with claim 1 in which said exhaust
      gas cleaning means includes a plurality of cutout portions each of which
      has a secondary air port.
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ABST
PAL  A rotary combustion engine arrangement having a prechamber rotary engine
      section in which a rich air-fuel mixture is spark ignited with the hot
      combustion gases thereof directed into a lean air-fuel mixture for
      ignition thereof in a main chamber rotary engine section.
BSUM
PAR  This invention relates to a carbureted prechamber rotary combustion engine
      and more particularly to a rotary engine arrangement having a spark
      ignited rich air-fuel rotary engine section and a hot combustion gas
      ignited lean air-fuel rotary engine section.
PAR  In rotary combustion engines as in reciprocating piston combustion engines,
      the fuel charge may be stratified in an effort to meet emission standards
      with maximum fuel economy. Of the various stratified charge arrangements
      that have been proposed for use in rotary engines of the presently
      commercial type, it is believed that a carbureted prechamber type of
      stratified charge arrangement presents a substantial amount of promise in
      meeting the designated task.
PAR  According to the present invention there is provided a carbureted
      prechamber rotary combustion engine for reducing undesirable emissions
      while maximizing fuel economy comprising a main chamber section and a
      prechamber section, each having a rotor with a plurality of chambers
      thereabout that expand and contract while moving with the rotor as the
      rotor rotates. A lean air-fuel mixture is fed to the main chambers while a
      rich air-fuel mixture is supplied to the chambers in the prechamber
      section. The rich air-fuel mixture is spark ignited in the prechamber
      section and the resulting hot combustion gases are directed by a gas
      transfer port into the chambers in the main chamber section where they
      efficiently ignite the lean air-fuel mixture. This engine arrangement thus
      provides many advantages. For example, the chambers in the prechamber
      section are scavenged, the prechamber section has no valves, the
      prechamber section also produces power to increase the overall efficiency
      of the engine, and the exhaust from the prechamber section is proportional
      to speed and load and therefor can be used for exhaust gas recirculation
      without complicated controls. Furthermore, the hydrocarbon and carbon
      monoxide emissions are low due to an overall lean mixture ratio and the
      nitric oxides are low due to the rich combustion in the prechamber section
      and subsequently lean combustion in the main chamber section.
PAR  An object of the present invention is to provide a new and improved
      carbureted prechamber rotary combustion engine.
PAR  Another object is to provide in a carbureted prechamber rotary combustion
      engine a prechamber rotary engine section in which a rich air-fuel mixture
      is spark ignited and the hot combustion gases that result are directed
      into a lean air-fuel mixture in a main chamber rotary engine section for
      efficient combustion of the lean air-fuel mixture.
PAR  Another object is to provide a carbureted prechamber rotary combustion
      engine having phased prechambers and main chambers in different rotary
      engine sections that simultaneously expand and contract wherein a rich
      air-fuel mixture is spark ignited in the prechambers and delivered by a
      single gas transfer port to a lean air-fuel mixture in the main chambers
      to effect efficient combustion thereof.
DRWD
PAR  These and other objects of the present invention will be more apparent from
      the following description and drawing in which:
PAR  FIG. 1 is a front elevational view with parts in section of a carbureted
      prechamber rotary combustion engine according to the present invention.
PAR  FIG. 2 is a view taken along the line 2--2 in FIG. 1.
PAR  FIGS. 3 - 6 illustrate different operating phases of the engine.
DETD
PAR  As shown in FIGS. 1 and 2, the rotary engine according to the present
      invention comprises a stationary body having a rotor housing 10 clamped
      between a pair of end housings 12 and 14 by a plurality of bolts 16 that
      are circumferentially spaced about the housings. The housings
      cooperatively provide the main stationary structure of a main chamber
      rotary engine section 18 and also a prechamber rotary engine section 20.
      In the main chamber rotary engine section, the rotor housing 10 has an
      inwardly facing peripheral wall 22 and the end housings 12 and 14 have
      oppositely facing internal end walls 24 and 26 which cooperatively provide
      a cavity in which a main chamber rotor 28 is located. The rotor 28 is
      rotatably mounted on an eccentric 30 of a crankshaft 32 which is mounted
      on opposite sides of the eccentrics in sleeve bearings 34 and 36. The
      sleeve bearings 34 and 36 are held in collars 38 and 40 that are bolted to
      the respective end housings 12 and 14. The collar 40 on its inboard end
      has a phasing gear 42 formed thereon which meshes with an internal tooth
      rotary phasing gear 44 formed on one side of the rotor 28 concentric with
      the rotor's hub. The rotary phasing gear 44 has one and one-half times the
      number of teeth as the stationary phasing gear 42 and the inner peripheral
      wall 22 is a two-lobe epitrochoid or a curve parallel thereto and the
      rotor 28 has three lobes which face this peripheral wall to provide three
      main chambers 46 which are spaced about and move with the rotor while
      expanding and contracting in a fixed phase relationship to the engine
      housing twice during each rotor revolution while the rotor revolves once
      for every three revolutions of the main crankshaft 32.
PAR  The chambers 46 are sealed by apex seals 48, side seals 50 and corner seals
      52. Each of the apex seals 48 is mounted on the rotor at each rotor apex
      and extends the width thereof and is biased to sealingly contact the
      peripheral wall 22 while the side seals 50 are mounted on the sides of the
      rotor and extend between the rotor apexes and are biased to sealingly
      contact the oppositely facing end wall. The corner seals 52 are each
      mounted in a rotor side near an apex and are biased to engage the
      oppositely facing end wall and provide a sealing link between adjacent
      ends of the side seals and one end of the adjacent apex seal. In addition,
      there is provided an oil seal 54 mounted in each rotor side that is biased
      to sealingly engage the oppositely facing end wall to prevent oil used for
      lubrication from reaching radially outward to the working chambers.
PAR  Similarly, in the prechamber rotary engine section 20, the rotor housing 10
      has an inner peripheral wall 56 and the end housings 12 and 14 have
      oppositely facing inner end walls 58 and 60 which cooperate to define a
      cavity in which a prechamber rotor 62 is located. The rotor 62 is
      rotatably mounted on an eccentric 64 of a crankshaft 66 which in turn is
      rotatably mounted on opposite sides of the eccentric in sleeve bearings 68
      and 70 that are held in collars 72 and 74 which are bolted to the
      respective end housings 12 and 14. A stationary phasing gear 76 formed on
      the inboard end of collar 74 meshes with an internal tooth rotary phasing
      gear 78 formed on one side of rotor 62. The gear ratio of the prechamber
      phasing gears 76 and 78 is the same as that of the main chamber phasing
      gears 42 and 44 while the prechamber peripheral wall 56 and flanks of
      prechamber rotor 62 have similar shapes but smaller dimensions than the
      corresponding main chamber peripheral wall 22 and flanks of main chamber
      rotor 28 to provide three prechambers 80 smaller than the main chambers 46
      which are spaced about and move with the rotor 62 while expanding and
      contracting as this rotor is forced to rotate at one-third the speed of
      the crankshaft 62 in fixed phase relation to the stationary engine body.
      Also like on the main chamber rotor 28, there are provided apex seals 82,
      side seals 84, corner seals 86, and oil seals 88 on the prechamber rotor
      62 to provide sealing for the prechambers 80.
PAR  Describing now the fuel induction and atmospheric exhaust arrangement of
      the engine, there are provided two separate carburetors 90 and 92 which
      are simultaneously controlled through linkage, not shown, by the operator
      and deliver relatively lean and rich air-fuel mixtures to the main chamber
      and prechamber rotary engine sections 18 and 20, respectively. In the main
      chamber rotary engine section 18, the lean mixture carburetor 90 is
      mounted on an intake manifold 94 which is bolted to the engine housing.
      The intake manifold 94 communicates with a pair of intake passages 96 in
      the end housings 12 and 14 that terminate with oppositely facing side
      intake ports 98 in the end walls 24 and 26, only one intake passage and
      intake port being shown. The intake ports 98 are located so as to be
      opened past the rotor sides to the large main chambers 46 as they are
      expanding in an intake phase and then be closed to these chambers by the
      rotor sides as they are contracting during a compression phase as rotor 28
      rotates in the direction indicated by the arrow in FIG. 1. Similarly, in
      the prechamber rotary engine section 20, the rich mixture carburetor 92 is
      mounted on an intake manifold 100 which is bolted to the engine housing
      and communicates with a pair of intake passages 102 in the end housings 12
      and 14 that terminate with oppositely facing side intake ports 104 in the
      end walls 58 and 60, only one such intake passage and intake port being
      shown. The intake ports 104 are located so that they are open past the
      rotor sides to the small prechambers 80 as they are expanding in an intake
      phase and are then closed to these chambers by the rotor sides as they are
      contracting in a compression phase as rotor 62 rotates in the direction
      indicated by the arrow in FIG. 1 which is the same as the turning
      direction of the main chamber rotor 28.
PAR  Each rotary engine section also has a separate atmospheric exhaust
      arrangement, the main chamber rotary engine section 18 having an exhaust
      port 106 in the peripheral wall 22 which is opened by passage of the apex
      seals 48 to connect the trailing main chambers during an exhaust phase to
      an exhaust passage 108 in the rotor housing which communicates with an
      exhaust pipe 110 that is bolted to the engine housing. Similarly, in the
      prechamber rotary engine section 20, there is provided an exhaust port 112
      in the peripheral wall 56 that is opened by the passing apex seals 82 to
      connect the trailing prechambers 80 to an exhaust passage 114 in the rotor
      housing which communicates with an exhaust pipe 116 that is bolted to the
      rotor housing.
PAR  The main chamber and prechamber sections 18 and 20 have thus far been
      described as to their separate details. Describing now their cooperative
      association, there is provided a fixed phase relationship between the two
      rotary engine sections by sprockets 118 and 120 which are secured to one
      end of the respective crankshafts 32 and 66 and engage a chain 122. The
      sprockets 118 and 120 have the same pitch diameter and the crankshafts are
      indexed relative to each other to phase the two rotors 28 and 62 so that
      the main chambers 46 and prechambers 80 are phased in pairs that
      simultaneously expand and contract in the intake, compression, expansion
      and exhaust phases of their cycle at the same time as the two rotors
      rotate in opposite directions. In addition, there is provided a gas
      transfer port 126 through the partition 128 in the rotor housing 10 that
      separates the two peripheral walls 22 and 56. The gas transfer port 126
      has an opening 130 on the leading side of the cusp 131 in the prechamber
      peripheral wall 56 and another opening 132 on the leading side of the cusp
      133 in the main chamber peripheral wall 22 which are located opposite the
      respective intake and exhaust porting in these engine sections and
      relative to each other so that each prechamber 80 is connected by gas
      transfer port 126 to the main chamber 56 with which it is in phase
      commencing near the end of their compression phases and extending into and
      concluding during their expansion or power phases of the engine cycle as
      will be described in more detail later. In addition, there is provided a
      spark plug 134 which is mounted in the prechamber rotary engine section 20
      in the end housing 12 with its electrodes located in a hole in the end
      wall 58 so as to be exposed to the prechambers 80 just upstream of the
      opening 130 to the gas transfer port 126. The spark plug 134 is fired at
      the proper time by an ignition circuit 136 of any suitable conventional
      type as will be described in more detail later.
PAR  Describing now a typical operation of the carbureted prechamber rotary
      combustion engine structure described above, reference will be made to
      FIGS. 3, 4, 5 and 6, wherein the engine is shown schematically during
      different phases of its operation. First considering the induction or
      intake process with reference to FIG. 3, a carbureted lean air-fuel
      mixture from the carburetor 90 is inducted into the singularly designated
      large main chamber 46 through the intake port 98 while a rich fuel mixture
      from the carburetor 92 is inducted into the singularly designated small
      prechamber 80 through the intake port 104. The rotors 28 and 62 rotate in
      the same direction and the charges in the main chamber 46 and prechamber
      80 which are in phase with each other are then compressed to the point of
      ignition shown in FIG. 4. During the compression a minimal amount of lean
      air-fuel mixture is forced through the transfer port 126 into the rich
      air-fuel mixture in the leading portion of prechamber 80 because of the
      similar compression ratios of the main chamber section and the prechamber
      section and when both chambers are near their minimum volumes, the spark
      plug 134 is fired so that ignition originates in the prechamber 80.
      Because the prechamber mixture is rich, the combustion is regular and the
      flame speed is fast causing a higher pressure in the prechamber 80 than in
      the main chamber 46. This pressure differential forces the flow of hot
      burned gases through the transfer port 126 into the large main chamber 46
      where most of the lean air-fuel mixture has passed by the opening 132
      after the combustion in the small prechamber 80. These hot combustion
      gases then serve as a high intensity ignition source that causes the lean
      air-fuel mixture in the main chamber 46 to undergo reliable, complete
      combustion. FIG. 5 shows the expansion or power phase wherein both the
      main chamber 46 with the lean fuel mixture and the prechamber 80 with the
      rich mixture undergo expansion with the combustion occurring therein and
      produce power to drive their respective crankshafts 32 and 66. Engine
      power can thus be taken from either or both the crankshafts. Following the
      expansion phase, the chambers 46 and 80 are exhausted as shown in FIG. 6
      with the prechamber being scavenged in the same manner as the main
      chamber.
PAR  Other emission control operations are also possible with such an engine
      arrangement. For example, if the size of the prechambers 80 is very small
      in comparison with the main chambers 46, for example 5-20% of the main
      chamber volume, some of the exhaust gas from the prechamber exhaust
      manifold can be exhausted into the main chamber intake manifold for
      exhaust gas recirculation. Since the exhaust gas being circulated would
      then already be proportional to engine speed and load, the need for a
      complicated control system for gas exhaust circulation according to these
      parameters could be avoided.
PAR  Thus, it is seen that there is provided a fully carbureted prechamber
      rotary combustion engine wherein in the prechamber rotary engine section
      of the engine, the precombustion chambers have no valves and are scavenged
      and the prechamber rotor produces power and is therefor more efficient.
      Furthermore, the exhaust from the rich burning precombustion chambers can
      be used for exhaust gas recirculation without the need for a control
      system that would control the gas recirculation in proportion to engine
      speed and load since the gas flow being recirculated is already
      proportional thereto. Furthermore, the hydrocarbon and carbon monoxide
      emissions are low because of the lean overall mixture ratio while the
      nitric oxides are low because of the spark initiated combustion of the
      rich mixture in the small prechambers and the subsequent hot gas initiated
      combustion in the large main chambers of most of the separately inducted
      lean air-fuel mixture.
PAR  The above described embodiment is illustrative of the invention which may
      be modified within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary combustion engine comprising a main chamber section and a
      prechamber section, each said section having a rotatably supported rotor
      with a plurality of chambers thereabout that expand and contract while
      moving with said rotor as said rotor rotates, each said section also
      having an intake port that opens to the chambers in this section as they
      expand during an intake phase, each said section also having an exhaust
      port that opens to the chambers in this section as they contract during an
      exhaust phase, the chambers in said prechamber section being substantially
      smaller than the chambers in said main chamber section, means drivingly
      connecting said rotors so that the chambers in said sections are phased in
      pairs that simultaneously expand and contract, a gas transfer port that
      connects the phased pairs of the chambers in said sections only as they
      contract and then expand in a compression phase and a power phase
      respectively, lean air-fuel supply means for supplying a lean air-fuel
      mixture to the intake port of said main chamber section, rich air-fuel
      supply means for supplying a rich air-fuel mixture to the intake port of
      said prechamber section, and spark ignition means in said prechamber
      section for first igniting the rich air-fuel mixture in the chambers in
      said prechamber section whereby ignition originates in the chambers in
      said prechamber section and there is effected a pressure differential
      causing hot combustion gases in the chambers in said prechamber section to
      flow through said gas transfer port and ignite the lean air-fuel mixture
      in the associated chambers in said main chamber section.
NUM  2.
PAR  2. A rotary combustion engine comprising a main chamber section and a
      prechamber section, each said section having a multi-lobe internal
      peripheral wall and a rotatably supported multi-lobe rotor with a
      plurality of chambers thereabout that expand and contract while moving
      with said rotor as said rotor rotates, each said section also having an
      intake port that opens to the chambers in this section as they expand
      during an intake phase, each said section also having an exhaust port that
      opens to the chambers in this section as they contract during an exhaust
      phase, the chambers in said prechamber section being substantially smaller
      in volume than the chambers in said main chamber section, means drivingly
      connecting said rotors so that the chambers in said sections are phased in
      pairs that simultaneously expand and contract, a gas transfer port that
      connects the phased pairs of the chambers in said sections only as they
      contract and then expand in a compression phase and a power phase
      respectively, lean air-fuel supply means for supplying a lean air-fuel
      mixture to the intake port of said main chamber section, rich air-fuel
      supply means for supplying a rich air-fuel mixture to the intake port of
      said prechamber section, and spark ignition means in said prechamber
      section for first igniting the rich air-fuel mixture in the chambers in
      said prechamber section whereby ignition originates in the chambers in
      said prechamber section and there is effected a pressure differential
      causing hot combustion gases in the chambers in said prechamber section to
      flow through said combustion gas transfer port and ignite the lean
      air-fuel mixture in the associated chambers in said main chamber section.
NUM  3.
PAR  3. A rotary combustion engine comprising a main chamber section and a
      prechamber section, each said section having a two-lobe internal
      peripheral wall, each said section also having a rotatably supported
      crankshaft with an eccentric, each said section also having a rotor
      rotatably mounted on said eccentric and cooperating with the associated
      peripheral wall to provide three chambers about the rotor that expand and
      contract while moving with said rotor as said rotor rotates, each said
      section also having a stationary phasing gear meshing with a rotary
      phasing gear on the rotor in this section so that the rotor rotates at
      one-third the speed of the crankshaft in this section and in fixed
      relationship to the peripheral wall in this section, each said section
      also having an intake port that opens to the chambers in this section as
      they expand during an intake phase, each said section also having an
      exhaust port that opens to the chambers in this section as they contract
      during an exhaust phase, the chambers in said prechamber section being
      substantially smaller in volume than the chambers in said main chamber
      section, means drivingly connecting with crankshafts with a one-to-one
      speed ratio so that the chambers in said sections are phased in pairs that
      simultaneously expand and contract, a gas transfer port that connects the
      phased pairs of the chambers in said sections only as they contract and
      then expand in a compression phase and a power phase respectively, lean
      air-fuel supply means for supplying a lean air-fuel mixture to the intake
      port of said main chamber section, rich air-fuel supply means for
      supplying a rich air-fuel mixture to the intake port of said prechamber
      section, and spark ignition means in said prechamber section for first
      igniting the rich air-fuel mixture in the chambers in said prechamber
      section whereby ignition originates in the chambers in said prechamber
      section and there is effected a pressure differential causing hot
      combustion gases in the chambers in said prechamber section to flow
      through said gas transfer port and ignite the lean air-fuel mixture in the
      associated chambers in said main chamber section.
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ABST
PAL  A vapor injection system for an internal combustion engine including a mist
      chamber having a perforated section communicating with the inlet to the
      carburetor and a water tube and an air tube discharging jets of water and
      air, respectively, in convergent paths within the mist chamber to create
      an atomized water spray. The perforated section of the mist chamber
      assures the complete atomization of all water particles passing into the
      carburetor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an internal combustion engine, and more
      particularly to a vapor injection system for an internal combustion
      engine.
PAR  Water vapor injection of internal combustion engines is old, as evidenced
      by the applicant's prior U.S. Pat. No. 1,373,603 issued Apr. 5, 1921.
PAR  However, in the injection of water vapor into the carburetors of internal
      combustion engines, water droplets of excessive size too often pass into
      the carburetor, thereby decreasing the efficiency of the engine. The
      smaller the droplets, the more readily the water will flash into
      superheated steam when the water vapor is introduced into the engine
      cylinders.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a water vapor
      injection system for an internal combustion engine in which the water is
      completely vaporized into a fine mist before entering the carburetor.
PAR  The water vapor injection system made in accordance with this invention
      includes a completely closed mist chamber, at least a portion of which
      constitutes a perforated or screened wall having apertures of small enough
      size to permit passage only of water particles in a mist or vapor form.
PAR  Water and compressed air are introduced into the mist chamber through
      corresponding tubes which discharge in intercepting paths in order to
      break up the water particles into a spray or mist. The water may be fed
      through the water tube under pressure by gravity feed or by a driven water
      pump. The air may be fed through the air tube by a scoop or funnel member
      facing forward of the motor vehicle incorporating the vapor injection
      system. The forward movement of the vehicle will force the air into the
      funnel member, where the air is compressed by the decreasing
      cross-sectional area of the funnel member. The compressed air may also be
      supplied by a driven air compressor.
PAR  Where a driven water pump and a driven air compressor are employed, the
      pump and the compressor may be driven in timed relation with the engine by
      mechanical connection to the cam shaft, the crankshaft or to any of the
      other moving parts of the engine, including one of the rotating fan belts.
PAR  In a preferred form of the invention, a baffle having a roughened or
      corrugated face is mounted at an angle opposing the stream of water
      discharging from the water tube into the mist chamber, not only to further
      break up the water particles, but also to direct the stream through the
      perforated section of the mist chamber into the carburetor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side elevation of an internal combustion engine of
      a motor vehicle disclosing one form of the vapor injection system;
PAR  FIG. 2 is a top plan view of the engine and vapor injection system
      disclosed in FIG. 1, in which modified means are disclosed for supplying
      the water and air;
PAR  FIG. 3 is an enlarged fragmentary sectional elevation of the air cleaner of
      the engine with parts of the vapor injection system mounted therein;
PAR  FIG. 4 is a fragmentary plan section taken through the mist chamber;
PAR  FIG. 5 is a fragmentary end view of the discharge end portions of the water
      tube and air tube; and
PAR  FIG. 6 is a fragmentary sectional elevation of a modified form of air tube
      and water tube.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in more detail, FIGS. 1 and 2 disclose an
      internal combustion engine 10 of a motor vehicle including a carburetor
      11, an air cleaner 12, a radiator 13 and a fan 14. The air cleaner 12 is
      connected to the carburetor 11 through an air inlet conduit 15.
PAR  The above-described parts are, of course, conventional in internal
      combustion engines for motor vehicles.
PAR  The vapor injection system made in accordance with this invention includes
      a mist chamber 17 having a complete enclosure wall 18, disclosed in a
      globular or spherical shape.
PAR  As disclosed in FIG. 3, the upper hemispherical portion of the wall 18 is
      solid, preferably a solid metal, while the lower hemispherical portion 20
      is a perforated section or screen section including a plurality of small
      apertures or fine mesh 21. The mist chamber 17 is preferably mounted in a
      fixed position within the air cleaner 12, by means, such as brackets, not
      shown, so that water vapor generated within the mist chamber 17 will pass
      through the perforated section 20 into the inlet conduit 15, and
      subsequently into the carburetor 16.
PAR  Projecting through an opening 23 in the wall 18 of the mist chamber 17 is a
      water tube 24 having an open discharge end or orifice 25 within the mist
      chamber 17. Mounted to project through another opening 27 in the wall 18
      of the mist chamber 17 is an air tube 28 having an open discharge end or
      orifice 29 also within the mist chamber 17 but terminating in a position
      proximate to the discharge end 25 of the water tube 24. The discharge
      orifice 29 should be so positioned that it discharges a jet of compressed
      air across or intercepting the stream of water discharging from the
      orifice 25, so that the water stream is broken up, or atomized, to fine
      water particles, mist or vapor.
PAR  In a preferred form of the invention, a baffle member 30 is mounted by any
      convenient means such as bracket 31 to the air tube 28 so that the baffle
      member 30 constitutes a barrier opposing the discharging stream of
      atomized water from the discharge orifice 25, as illustrated in FIG. 3.
      The baffle member is preferably roughened or corrugated to have a rough or
      undulating surface 32, which further breaks up or atomizes any water
      droplets which are too large, or which have not been properly atomized by
      the air jet from the discharge orifice 29. The baffle member 30 is also
      disposed at an angle to the direction of the water stream so that the
      atomized particles of water are deflected, preferably downward, through
      the perforated section 20. The upper hemispherical solid wall section 19
      also functions as a deflector for the water particles to force all the
      water particles down through the perforated section 20.
PAR  Each of the discharge orifices 25 and 29 is preferably of smaller
      cross-section than the remaining cross-section of the corresponding water
      tube 24 and air tube 28, in order to create a venturi effect at each
      discharge orifice to accelerate the speed of the discharging water stream
      and air jet.
PAR  As disclosed in FIGS. 3, 4 and 5, the orifices 25 and 29 are made smaller
      by pinching to provide elongated flat discharge ends. The discharge
      orifices 25 and 29 may be further corrugated to provide even stronger
      multiple jets of water and air, which will create greater force for
      breaking up the particles of water in the stream discharging from the
      orifice 25. Also, the flattened discharge ends 25 and 29 are preferably
      parallel and in widthwise registry with each other so that the air jet
      will impinge upon the entire width of the water stream.
PAR  FIG. 6 discloses a modified form of water tube 24' of smaller diameter than
      the air tube 28', with the water tube 24' being mounted concentrically
      within the air tube 28', leaving sufficient annular space within the air
      tube 28' around the exterior water tube 24' to permit adequate and rapid
      axial flow of the compressed air. Furthermore, the air tube 28' is
      constricted at its discharge end 29' not only to increase the speed of the
      discharging air jet, but also to provide a frustoconical deflector for
      forcing the air stream into the discharging water stream. In this
      connection, it will be noted that the discharge end 25' of the water tube
      24' is spaced axially behind, or within, the air discharge end 29'.
PAR  In the form of the invention disclosed in FIG. 1, water is supplied to the
      water tube 24 by gravity feed from a water tank 35 which may be mounted in
      any convenient position above the water discharge end 25 to provide a
      sufficient water head, and therefore sufficient water pressure, to force
      the water through the tube 24 and through the constricted discharge
      orifice 25.
PAR  The air tube 28, in the modification disclosed in FIG. 1 is provided with a
      funnel member or air scoop 36, having a frusto-conical shape diverging
      forward of the motor vehicle. As the motor vehicle moves forward, air
      trapped in the funnel member 36 is compressed and forced rapidly through
      the much smaller air tube 28, and then discharged with even greater
      velocity through the constricted discharge orifice 29. Preferably, the
      funnel member 36 is mounted immediately behind the fan 14 in order to
      further increase both the volume and velocity of the air fed to the funnel
      member 36. Although a portion of the funnel member 36 is disclosed in FIG.
      1 as elevated above the fan 14, preferably the upper portion of the path
      of the blade tips of the fan 14 should be above the upper portion of the
      funnel member 36. Thus, all of the air stream entering the funnel member
      36 will be forced into the funnel member 36 by the fan 14, so that the air
      supply through the air tube 28 is proportional to the speed of the fan 14,
      and therefore to the speed of the engine 10.
PAR  It is also desirable for the funnel member 36 to be mounted upon the front
      end of the air tube 28 by a telescoping section, for longitudinal
      adjustment of the funnel member 36 relative to the fan 36.
PAR  In FIG. 2, the water vapor injection system includes the same elements as
      those disclosed in FIGS. 1 and 3-5, with the exception of the means for
      supplying water to the water tube 24 and compressed air to the air tube
      28. In FIG. 2, the water tube 24 is connected to a water tank or reservoir
      39. Although the water pump 38 may be driven by a motor of any convenient
      type, preferably it is driven in synchronism with the engine 10. In FIG. 2
      a belt 40 connects the pump 38 to some rotary element associated with the
      engine 10, such as a pulley 41 mounted on the crankshaft, not shown. The
      belt 40 could also be connected to the cam shaft, if desired.
PAR  In a similar manner, the air tube 28 is connected to a rotary air
      compressor 43, which may also be driven by a motor of any convenient type,
      but is disclosed as being driven by the belt 44 connected to the same
      pulley or sheave 41 on the crankshaft. The air compressor 43 could also be
      driven from the cam shaft or any other rotary element of the engine 10.
      The advantage of driving the pump 38 and air compressor 43 from rotary
      elements of the engine 10 is that the pump 38 and compressor 43 will be
      synchronized with the movement of the engine 10, and therefore will supply
      water under pressure and compressed air in proportion to the speed of the
      engine, and therefore in proportion to the fuel needs of the engine.
PAR  Thus, as water is supplied to the water tube 24 under pressure and
      compressed air is supplied to the air tube 28, the high velocity of both
      the water stream and the air jet discharging from the respective orifices
      25 and 29, plus the intersection of the air jet and the water stream, will
      produce a high degree of atomization of the water particles within the
      mist chamber 17.
PAR  The water particles are further exposed to a second stage of atomization by
      impinging against the rough surface 32 of the baffle member 30.
      Furthermore, after this two-stage atomization, the water particles must be
      sufficiently minute to pass through the apertures 21 of the screen member
      or perforated section 20. Accordingly, the water particles are subjected
      to three stages of atomization, the last stage of which will not permit
      the passage of any excessively large water particles into the carburetor
      11.
PAR  Some of the advantages of a water vapor injection system have been
      previously stated in my U.S. Pat. No. 1,373,603. Such advantages include a
      material saving in fuel consumption, increased power, and therefore
      increased efficiency of the internal combustion engine, a cooler operating
      engine, and more complete combustion, with a consequent reduction in
      pollutants in the exhaust gases. These advantages also apply to the water
      vapor injection system made in accordance with this invention.
PAR  The vapor injection system also has the advantage of a smaller number of
      elements of smaller size which are more compact and more easily installed
      than the elements of previous water vapor injection systems.
PAR  It will be further observed that there are no moving parts in the device
      except where the system is modified to include the water pump 38 and air
      compressor 43 of FIG. 2.
PAR  The system made in accordance with this invention has actually been
      operated and tested and produces a fuel saving of up to 35%. In operating
      upon a 1968 model of a Cutlass Oldsmobile at highway speeds, the vapor
      injection system made in accordance with this invention has produced
      economies in gasoline consumption of up to 25.8 miles per gallon of
      regular gasoline. The test Oldsmobile operated under a load and without
      special tune-up, and had been driven over 76,500 miles.
PAR  It is believed that the above advantages result from several causes. An
      increase in power and efficiency of the engine seems to result from the
      increased density of fuel mixture, that is the denser water mixed with the
      less dense air and gasoline vapors. Because of the denser mixture, it is
      also believed that there is greater efficiency in the sealing of the
      valves to the cylinders.
PAR  It is also believed that the addition of the water into the cylinders
      causes the mixture to burn slower, and therefore more completely, thereby
      reducing the pollutants in the exhaust, increasing the torque of the
      engine, and making the operation of the engine more continuous and
      smoother.
PAR  The improved efficiency of the engine 10 is further ascribed to the
      generation of superheated steam from the water mist or vapor introduced
      into the extremely hot cylinders. The increased power of superheated steam
      is, of course, well-known.
PAR  The water vapor injection system of this invention is a substantial
      improvement over previous water vapor injection systems because of its
      ability to efficiently atomize the water by employing at least a two-stage
      atomization process, and to control the size of the vapor or mist entering
      the carburetor to a maximum uniform fine particle size.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vapor injection system in combination with an internal combustion
      engine having a carburetor and an air inlet to the carburetor having a
      flow axis toward the carburetor, comprising:
PA1  a. a mist chamber having an enclosure wall,
PA1  b. at least a portion of said wall comprising a perforated section having a
      plurality of apertures small enough to permit the passage only of water
      mist particles of a predetermined size,
PA1  c. means mounting said perforated section in fluid communication with the
      air inlet to said carburetor,
PA1  d. a water tube having a first discharge end projecting through said
      enclosure wall so that said first discharge end is within said mist
      chamber,
PA1  e. an air tube having a second discharge end projecting through said
      enclosure wall so that said second discharge end is within said mist
      chamber,
PA1  f. said second discharge end being proximate to said first discharge end
      and positioned to force a stream of air to intercept at an acute angle a
      stream of water discharged from said first discharge end in the same
      general direction as said air stream,
PA1  g. means for supplying water under pressure through said water tube,
PA1  h. means for supplying compressed air through said air tube with sufficient
      pressure to atomize the intercepted stream of water from said first
      discharge end and to force said atomized water particles in a path at a
      substantial angle to the flow axis of said carburetor air inlet,
PA1  i. a baffle member,
PA1  j. means mounting said baffle member within said mist chamber opposing said
      first discharge end at an angle to, and in, the path of said atomized
      water particles to further atomize said water particles and to deflect
      said water particles at an angle to said path, through said perforated
      section and into said carburetor air inlet.
NUM  2.
PAR  2. The invention according to claim 1 in which the surface of said baffle
      member opposing said first discharge end is rough.
NUM  3.
PAR  3. The invention according to claim 1 in which the portion of the enclosure
      wall of said mist chamber opposite said perforated section is solid.
NUM  4.
PAR  4. The invention according to claim 3 in which said solid enclosure wall
      portion is concave toward said carburetor air inlet for deflecting
      additional water particles through said perforated section into said air
      inlet.
NUM  5.
PAR  5. The invention according to claim 1 in which said mist chamber is mounted
      above said air inlet, said perforated section forming the bottom of said
      mist chamber, and said barrier member is mounted above said perforated
      section for deflecting atomized water particles down through said
      perforated section.
PATN
WKU  039304710
SRC  5
APN  4340604
APT  1
ART  342
APD  19740117
TTL  Internal combustion engine
ISD  19760106
NCL  7
ECL  1
EXA  Cox; Ronald B.
EXP  Myhre; Charles J.
NDR  3
NFG  4
INVT
NAM  Leonard; Henry J.
CTY  Birmingham
STA  MI
INVT
NAM  Mitchell; Boris J.
CTY  Birmingham
STA  MI
INVT
NAM  Turner; Charles H.
CTY  Pleasant Ridge
STA  MI
ASSG
NAM  General Motors Corporation
CTY  Detroit
STA  MI
COD  02
CLAS
OCL  123 32SP
XCL  123 75B
XCL  123188AF
XCL  123 904
XCL  123 32SA
XCL  123 32ST
XCL  123191SP
EDF  2
ICL  F02B 1910
ICL  F02B 1916
FSC  123
FSS  75 B;32 SP;32 SA;32 ST;191 S;122 H;143 B;32 SJ;90.4;90.22;188 AF;191 SP
UREF
PNO  1438937
ISD  19221200
NAM  Arnold
OCL  123 90.4
UREF
PNO  1568638
ISD  19260100
NAM  Summers
OCL  123 32SP
UREF
PNO  1647849
ISD  19271100
NAM  Woolson
OCL  123 90.22
UREF
PNO  2930367
ISD  19600300
NAM  Kolbe
OCL  123122H
UREF
PNO  3092088
ISD  19630600
NAM  Goossak
OCL  123 75B
UREF
PNO  3213839
ISD  19651000
NAM  Gitlin
OCL  123 75B
UREF
PNO  3853097
ISD  19741200
NAM  Kume
OCL  123 32SP
LREP
FR2  Outland; Robert J.
ABST
PAL  A torch ignition engine of reduced complexity and including novel
      arrangements of the cylinder heads and manifolds. Specific features of a
      preferred embodiment include auxiliary ignition chambers formed by cup
      shaped inserts retained in place by the spark plugs, auxiliary intake
      valves actuated directly by tappets mounted on the spring seats of the
      main intake valves, and auxiliary induction passages extending internally
      of the intake manifold, cylinder heads and exhaust manifolds where they
      extend in heat exchange relation with various exhaust gas passages.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to internal combustion engines and, more
      particularly, to spark ignition engines of the type having separate
      ignition chambers adjacent the main combustion chambers and supplied with
      separate fuel mixture charges for ignition and formation of a flame jet or
      torch to ignite and burn the charge in the main chambers. In its more
      particular aspects, the invention relates to advantageous arrangements and
      configurations of related engine components to provide the desired
      features in a construction of relatively low complexity and adaptable for
      manufacture in commercial quantities.
PAC  BACKGROUND OF THE INVENTION
PAR  Internal combustion engines of the so called jet-ignition or torch-ignition
      type generally provide a small ignition chamber adjacent the main
      combustion chamber for each cylinder and connected therewith by a small
      orifice. The main combustion chambers are supplied with air-fuel mixture
      chosen for economy, emissions reduction, etc. which may not be easily
      ignitable. The auxiliary chambers are supplied through separate induction
      means with a small volume of easily ignitable air-fuel mixture which is
      then ignited by a spark plug. Burning the mixture in the auxiliary chamber
      causes expansion through the orifice, resulting in a jet or flame
      extending into the main chamber which causes ignition and burning of the
      main charge.
PAR  While torch ignition engines have been known in the art for many years,
      they have not achieved wide commercial usage. In previous designs, the
      complexities caused by dual induction systems, intake valves, valve
      actuating mechanisms, and exhaust or other mixture heating devices have
      resulted in relatively complex engine constructions, adding to the cost of
      manufacture as well as requiring careful attention to manufacturing
      details to obtain the desired operating characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides torch or jet-ignition engines having
      advantageously arranged auxiliary ignition chambers, intake valves, and
      induction means integrated with modified conventional engine components so
      as to minimize the complexities and cost inherent in the production of
      such engines.
PAR  The arrangements include provision of auxiliary chambers formed by thin
      metal cup shaped inserts applied through the spark plug openings and
      preferably retained in place by insertion of their respective spark plugs.
      Cylinder heads include provision for auxiliary intake valve openings into
      each auxiliary chamber, as well as the usual main intake and exhaust
      valves. The auxiliary intake valves are located adjacent the main intake
      valves and operated by adjustable tappet arrangements provided on one side
      of the respective spring seat members attached to the ends of the main
      intake valves so that both main and auxiliary intake valves are actuated
      together by the intake valve actuating mechanism.
PAR  The intake and exhaust passages are conventionally routed through intake
      and exhaust manifolds and connecting ports in the engine cylinder heads.
      Auxiliary intake passages which receive air-fuel mixture from the smaller
      bore of a multiple throat carburetor are routed through the intake
      manifold to the cylinder heads and, thence, to the exhaust manifolds from
      which they extend at each cylinder location into auxiliary inlet passages
      in the cylinder heads at each cylinder location.
PAR  Exhaust heat passages are provided in the intake manifold and cylinder head
      for directing exhaust gases to heat the main mixture passages,
      particularly during engine warm up. Additional heat is supplied to the
      auxiliary mixture passages which extend in heat exchange relation with the
      exhaust heat passages in the intake manifold and cylinder heads, as well
      as with certain of the exhaust passages in the cylinder heads and exhaust
      manifolds.
PAR  These and other features and advantages of the present invention will be
      more clearly understood from the following description of a preferred
      embodiment of the invention, taken together with the accompanying drawings
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings,
PAR  FIG. 1 is a cross sectional view of a "V" type internal combustion engine
      constructed in accordance with the present invention and showing
      construction details thereof;
PAR  FIG. 2 is an enlarged cross sectional view of a portion of the engine of
      FIG. 1 showing additional detail with respect to the combustion chambers
      and valve mechanism;
PAR  FIG. 3 is a view looking downward on one of the cylinder heads from the
      plane indicated by the line 3-3 of FIG. 2 and showing certain details of
      the valve actuating mechanism; and
PAR  FIG. 4 is a side view of a portion of the exhaust manifold as viewed from
      the plane indicated by the line 4-4 of FIG. 2, with portions broken away
      to show the internal construction of the exhaust and auxiliary intake
      passages.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail, numeral 10 generally indicates an
      internal combustion engine according to the present invention and having a
      conventionally constructed cylinder block 11. Block 11 includes a pair of
      cylinder banks 12 and 14 arranged in V fashion, and each containing a
      plurality of cylinders 15 longitudinally aligned in conventional fashion.
      The cylinders are provided with reciprocating pistons 16 movable therein
      and respectively connected by means of connecting rods 18 with the crank
      throws of a crankshaft 19 mounted in the cylinder block and enclosed by
      the usual oil pan 20. A camshaft 22 driven from the crankshaft by
      conventional means, not shown, is provided in the center of the block with
      cams to actuate a plurality of valve lifters 23 that connect through push
      rods 24 with other portions of the valve mechanism to be subsequently
      described.
PAR  Mounted upon the cylinder block are a pair of cylinder heads 26 and 27,
      which in turn support exhaust manifolds 28 and 30, an intake manifold 31
      and a carburetor 32. Each of these components includes modifications in
      accordance with the present invention to provide the novel features of the
      torch ignition engine arrangement herein described.
PAR  The cylinder heads 26, 27 are mounted on the ends of the cylinder banks 12,
      14, respectively, closing the ends of the cylinders in their respective
      banks. At each cylinder location the cylinder heads include a wedge shaped
      recess 34 which cooperates with its respective cylinder and piston to
      define and enclose an expansible working and combustion chamber 35. When
      the pistons are at their respective top dead center positions, the
      majority of the clearance volume is located within the wedge shaped
      recesses 34 which then comprise the main combustion chambers 35.
PAR  Each cylinder head includes intake ports 36 extending from each combustion
      chamber recess 34 through an inner side wall 38 of the cylinder head. The
      intake manifold 31 is mounted on these inner side walls 38 and, in turn,
      supports the carburetor 32. The carburetor is provided with separate main
      and auxiliary throats 39 and 40, each having their own throttle valves 42,
      43, preferably connected by suitable linkage 44. Main intake passages
      extend from the main carburetor throat 39 through passages 46 in the
      intake manifold and the respective intake ports 36 of the cylinder heads
      to the main combustion chambers 35 of each cylinder.
PAR  Cylinder heads 26, 27 each include an exhaust port 47 for each cylinder
      location which extends from its respective combustion chamber recess 34
      through an outer side wall 48 of its cylinder head. Wall 48 is located
      generally opposite to the inner side wall 38 on which the intake manifold
      is mounted. Exhaust manifolds 28, 30 are mounted on the outer side walls
      48 in conventional fashion for a V type engine. The exhaust manifolds
      define exhaust gas passages 50, which connect with the various exhaust
      ports of the cylinder heads to which the manifolds are attached to form
      exhaust passages leading from the respective combustion chambers 35 to
      atmosphere.
PAR  Toward the longitudinal center of the engine, the cylinder heads are
      provided with inwardly extending exhaust heat ports 51 connecting with the
      central exhaust ports 47 and extending through the inner side walls 38 of
      the respective cylinder heads. Ports 51 connect with a crossover passage
      52 in the intake manifold which passes in heat exchange relation with the
      central or plenum portion of the intake passages 46 in the intake
      manifold. Passages 51, 52 thus cooperate to define exhaust heat passages
      which provide a path for exhaust gases to heat the intake mixture,
      particularly during engine warm up, although some heat may be supplied
      under all conditions of operation. Conventional means (not shown) such as
      a manifold heat valve may be used in the exhaust system to control the
      flow of exhaust gas in the crossover passage and thus the amount of heat
      supplied to the mixture thereby.
PAR  In the upper corner of the wedge shaped recess of each engine combustion
      chamber there is provided a small ignition chamber 54, preferably formed
      by a thin wall cup shaped insert member 55. The insert 55 preferably has a
      flanged portion 56 and is installed through a threaded opening 58 in the
      outer wall 48 of the respective cylinder heads. The insert is then
      retained in place by a spark plug 59 received in the threaded opening 58.
      Spark plug 59 includes electrodes 60 extending within the ignition chamber
      54. The cup insert 55 has a restricted orifice 62 connecting the ignition
      chamber with its respective main combustion chamber 35. An opening 63 is
      also provided in the wall of the insert member to permit the induction of
      a separately supplied air-fuel mixture into the ignition chamber.
PAR  Supply of ignitable air-fuel mixtures to the auxiliary ignition chambers is
      provided for by means of auxiliary intake passages which comprise a
      laterally extending passage 64 in the intake manifold 31 which connects
      with the small throat 40 of the carburetor, transversely extending
      passages 66 in the cylinder heads 26, 27, generally longitudinally
      extending passages 67 in the exhaust manifolds, and auxiliary intake port
      means 68 formed preferably by drilled passages in the cylinder head and
      connecting with the opening 63 in the ignition chamber wall. Passage 64 in
      the intake manifold extends in heat exchange relation with the crossover
      passage 52 in order to provide for heating of the intake mixture.
      Additional heating is provided for by the location of the passages 66 in
      the cylinder heads in heat exchange relation with the inwardly extending
      exhaust heat passages 51 as well as with the central exhaust ports 47.
      Additionally, the passages 67 in the exhaust manifolds extend at their
      inner ends in heat exchange relation with the exhaust passages 50 of the
      exhaust manifolds. Accordingly, exhaust heat is applied to the air-fuel
      mixture supplied to the auxiliary chambers under all engine operating
      conditions, the amount of heat being controllable by the control of
      exhaust gas flow through the manifold crossover passages, but being
      supplemented by passage of the auxiliary intake passages in heat exchange
      relation with the exhaust ports and exhaust manifold passages.
PAR  The main inlet and exhaust ports of each combustion chamber are controlled
      in conventional fashion by inlet and exhaust poppet valves 70, 71,
      respectively. These valves are seated conventionally by coil springs 72
      which bear against cup shaped seat members 74, 75, respectively. Rocker
      arms 76 are provided which are engaged by the push rods 24 to actuate the
      valves in their opening directions during predetermined portions of the
      engine cycle, as determined by operation of the camshaft 22.
PAR  The auxiliary intake ports 68 are controlled at each cylinder by an
      auxiliary intake poppet valve 77 which is reciprocably mounted in the
      cylinder head and is seated by a coil spring 78 bearing upon a seat member
      80 retained on the end of the valve stem. The auxiliary poppet valves are
      opened by tappet means 81 provided on the edges of the spring seat cup 74
      of the inlet valves. Tappets 81 include threaded actuators 82 extending
      through openings in their respective seat members 74 and retained in
      position by pairs of lock nuts 84, 85. S shaped sheet metal guide members
      86 are also retained in position on the spring seats 74 by the nuts 84, 85
      and extend downwardly below the threaded actuators 82 to straddle the ends
      of the stems of their respective auxiliary intake valves 77 with
      bifurcated portions 88. The guide members 86, in straddling the valves 77,
      prevent rotation of the spring seats 74 and thus maintain the tappets 81
      in position, engaging the ends of the valves 77. Proper clearance for the
      valve actuating mechanism is obtained by adjustment of the nuts 84, 85 to
      preset the actuating members 82 to the desired positions.
PAR  The arrangement of the wedge shaped combustion chamber recesses 34 in the
      cylinder heads 26, 27 and their relation with the positions of the
      auxiliary intake valves 77 permit these valves to be installed in the
      bores 89 in which they are reciprocably carried in the cylinder heads by
      insertion of the valves through the combustion chambers in conventional
      fashion. This, of course, must be accomplished before installation of the
      cup shaped insert members 55 that define the ignition chambers, since the
      installation of these insert members walls off portions of the combustion
      chambers adjacent the auxiliary intake valves.
PAR  Alternatively, if desired, removable valve seat and guide assemblies could
      be provided for the auxiliary intake valves and could be assembled into
      the heads from the upper surfaces thereof. In such a case, the size of the
      openings in the recesses 34 between the main combustion chambers 35 and
      the auxiliary ignition chambers 54 could be reduced to about the size of
      the orifices 62, since insertion of the auxiliary intake valves 77 through
      these openings would not be required.
PAR  It should be apparent that numerous additional variations might be made in
      the form and construction of the auxiliary induction passages, and in
      other features of the invention without departing from the inventive
      concepts disclosed herein. Accordingly, the invention is intended to be
      limited only by the language of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An internal combustion engine of the type having a cylinder block with a
      bank of cylinders spaced longitudinally of the engine, a cylinder head
      mounted on said block and closing the ends of said cylinders, pistons
      reciprocably disposed in said cylinders and connected with a rotatable
      crank, the cylinders, pistons and head together defining enclosed
      expansible working and combustion chambers, a plurality of intake ports in
      said cylinder head connecting with each of said combustion chambers and
      with an intake manifold mounted on one side of said head, a plurality of
      exhaust ports in said cylinder head connecting with each of said
      combustion chambers and with an exhaust manifold mounted on a side of said
      cylinder head opposite from said one side, spark plug receiving means
      opening to said combustion chambers through said opposite side adjacent
      said exhaust manifold, spark plugs in said plug receiving openings and
      having inwardly protruding electrodes, wall means in said combustion
      chambers and defining small ignition chambers on one side of and
      connecting with each combustion chamber, said wall means enclosing the
      spark plug electrodes of their respective combustion chambers, main intake
      passages extending through said intake manifold and cylinder head intake
      ports to said combustion chambers, exhaust passages extending from said
      combustion chambers through said exhaust ports and said exhaust manifold,
      auxiliary intake passages joined to and extending along said intake
      manifold, through said cylinder head, along said exhaust manifold and back
      into said cylinder head to said ignition chambers, said auxiliary intake
      passages extending in heat exchange relation with one of said cylinder
      head exhaust ports and exhaust passages in said exhaust manifold,
      carburetor means on said intake manifold and having separate individually
      throttled throats connecting with said main and auxiliary intake passages,
      respectively, and engine driven valve mechanism including a main intake
      valve, an auxiliary intake valve and an exhaust valve for each combustion
      chamber, said valves respectively controlling the admission of air-fuel
      mixtures to the combustion and ignition chambers from the main and
      auxiliary intake passages and the exhaust of burned gases from the
      combustion chamber through the exhaust passages.
NUM  2.
PAR  2. An internal combustion engine of the type having a cylinder block with a
      bank of cylinders spaced longitudinally of the engine, a cylinder head
      mounted on said block and closing the ends of said cylinders, pistons
      reciprocably disposed in said cylinders and connected with a rotatable
      crank, the cylinders, pistons and head together defining enclosed
      expansible working and combustion chambers, a plurality of intake ports in
      said cylinder head connecting with each of said combustion chambers and
      with an intake manifold mounted on one side of said head, a plurality of
      exhaust ports in said cylinder head connecting with each of said
      combustion chambers and with an exhaust manifold mounted on a side of said
      cylinder head opposite from said one side, spark plug receiving means
      opening to said combustion chambers through said opposite side adjacent
      said exhaust manifold, spark plugs in said plug receiving openings and
      having inwardly protruding electrodes, wall means in said combustion
      chambers and defining small ignition chambes on one side of and connecting
      with each combustion chamber, said wall means enclosing the spark plug
      electrodes of their respective combustion chambers, main intake passages
      extending through said intake manifold and cylinder head intake ports to
      said combustion chambers, exhaust passages extending from said combustion
      chambers through said exhaust ports and said exhaust manifold, auxiliary
      intake passages joined to and extending along said intake manifold,
      through said cylinder head, along said exhaust manifold and back into said
      cylinder head to said ignition chambers, said auxiliary intake passages
      extending in heat exchange relation with one of said cylinder head exhaust
      ports and exhaust passages in said exhaust manifolds, an exhaust heat
      passage extending from one of said cylinder head exhaust ports into said
      intake manifold an in heat exchange relation with portions of said main
      intake passages in said intake manifold, said auxiliary intake passages
      also being in heat exchange relation with said exhaust heat passage in
      said cylinder head and intake manifold, carburetor means on said intake
      manifold and having separate individually throttled throats connecting
      with said main and auxiliary intake passages, respectively, and engine
      driven valve mechanism including a main intake valve, an auxiliary intake
      valve and an exhaust valve for each combustion chamber, said valves
      respectively controlling the admission of air-fuel mixtures to the
      combustion and ignition chambers from the main and auxiliary intake
      passages and the exhaust of burned gases from the combustion chamer
      through the exhaust passages.
NUM  3.
PAR  3. The engine of claim 2 wherein said ignition chamber defining wall means
      comprise thin-walled metal cups received in said spark plug openings and
      retained therein by flanged portions thereof engaged by said spark plugs,
      said cups having openings to connect said ignition chambers with said
      combustion chambers and said auxiliary intake passages.
NUM  4.
PAR  4. The engine of claim 2 wherein said valve mechanism further comprises
      means mechanically engaging the end of each said main intake valve to
      actuate it in an opening direction, a spring seat member retained adjacent
      each said main intake valve end, a valve spring between each said seat
      member and said cylinder head and urging its respective main intake valve
      in a closing direction, auxiliary actuating means carried on each said
      spring seat member and operatively engaging the end of the auxiliary
      intake valve for its respective cylinder to move said auxiliary valve in
      an opening direction upon opening movement of said main intake valve, said
      auxiliary actuating means including means straddling the upper end of said
      auxiliary intake valve to maintain its auxiliary actuating means in
      alignment with said auxiliary valve upper end, and a valve spring acting
      between each said auxiliary intake valve and said head and urging its
      respective valve in a closing direction.
NUM  5.
PAR  5. An internal combustion engine of the type having a cylinder block
      including two banks of longitudinally spaced cylinders, a cylinder head
      mounted on each of said banks and closing the ends of the cylinders
      therein, said heads having inwardly and outwardly facing side walls,
      pistons reciprocably disposed in said cylinders and connected with a
      rotatable crank, the cylinders, pistons and heads together defining
      enclosed expansible working and combustion chambers, a plurality of intake
      ports in said cylinder heads connecting with each of said combustion
      chambers and opening through the inwardly facing side walls of said heads,
      an intake manifold mounted on said inwardly facing side walls, a plurality
      of exhaust ports in said cylinder heads connecting with each of said
      combustion chambers and opening through the outwardly fcing side walls of
      said heads, an exhaust manifold mounted on said outwardly facing side wall
      of each head, spark plug receiving means opening to said combustion
      chambers through said outwardly facing side walls adjacent said exhaust
      manifolds, spark plugs in said plug receiving openings and having inwardly
      protruding electrodes, wall means in said combustion chambers and defining
      small ignition chambers therein connected with said combustion chambers
      and enclosing the spark plug electrodes thereof, main intake passages
      extending through said intake manifold and cylinder head intake ports to
      said combustion chambers, exhaust passages extending from said combustion
      chambers through said exhaust ports and exhaust manifolds, auxiliary
      intake passages joined to and extending sequentially along said intake
      manifold, through said cylinder heads, along said exhaust manifolds and
      back into said cylinder heads to said ignition chambers, said auxiliary
      intake passages being in heat exchange relation with one of said cylinder
      head exhaust ports and exhaust manifold exhaust passages, and engine
      driven valve mechanism including a main intake valve, an auxiliary intake
      valve and an exhaust valve for each combustion chamber and respectively
      controlling the admission of air-fuel mixtures to the combustion and
      ignition chambers from the main and auxiliary intake passages and the
      exhaust of burned gases from the combustion chambers through the exhaust
      passages.
NUM  6.
PAR  6. An internal combustion engine of the type having a cylinder block
      including two banks of longitudinally spaced cylinders, a cylinder head
      mounted on each of said banks and closing the ends of the cylinder
      therein, said heads having inwardly and outwardly facing side walls
      pistons reciprocably disposed in said cylinders and connected with a
      rotatable crank, the cylinders, pistons and heads together defining
      enclosed expansible working and combustion chambers, a plurality of intake
      ports in said cylinder heads connecting with each of said combustion
      chambers and opening through the inwardly facing side walls of said heads,
      an intake manifold mounted on said inwardly facing side walls, a plurality
      of exhaust ports in said cylinder heads connecting with each of said
      combustion chambers and opening through the outwardly facing side walls of
      said heads, an exhaust manifold mounted on said outwardly facing side wall
      of each head, spark plug receiving means opening to said combustion
      chambers through said outwardly facing side walls adjacent said exhaust
      manifolds, spark plugs in said plug receiving openings and having inwardly
      protruding electrodes, wall means in said combustion chambers and defining
      small ignition chambers therein connected with said combustion chambers
      and enclosing the spark plug electrodes thereof, said ignition chamber
      defining wall means comprising thin-walled metal cups received in said
      spark plug openings and retained therein by flanged portions thereof, said
      cups having openings to connect said ignition chambers with said
      combustion chambers and with auxiliary intake ports, main intake passages
      extending through said intake manifold and cylinder head intake ports to
      said combustion chambers, exhaust passages extending from said combustion
      chambers through said exhaust ports and exhaust manifold, auxiliary intake
      passages joined to and extending sequentially along said intake manifold,
      through said cylinder heads, along said exhaust manifolds and back into
      said cylinder head auxiliary intake ports to said ignition chambers, said
      auxiliary intake passages being in heat exchange relation with a plurality
      of said cylinder head exhaust ports and exhaust manifold exhaust passages,
      exhaust heat passages in said cylinder heads and said intake manifold and
      extending between exhaust ports of the separate heads into heat exchange
      relation with portions of said main intake passages in said intake
      manifold, said auxiliary intake passages also being in heat exchange
      relation with said exhaust heat passages in the cylinder heads and intake
      manifold, and engine driven valve mechanism including a main intake valve,
      an auxiliary intake valve and an exhaust valve for each combustion chamber
      and respectively controlling the admission of air-fuel mixtures to the
      combustion and ignition chambers from the main and auxiliary intake
      passages and the exhaust of burned gases from the combustion chambers
      through the exhaust passages, said valve mechanism further comprising
      means mechanically engaging the end of each said main intake valve to
      actuate it in an opening direction, a spring seat member retained adjacent
      each said main intake valve end, a valve spring between each said seat
      member and said cylinder head and urging its respective main intake valve
      in a closing direction, auxiliary actuating means carried on each said
      spring seat member and operatively engaging the end of the auxiliary
      intake valve for its respective cylinder, to move said auxiliary valve in
      an opening direction upon opening movement of said main intake valve, said
      auxiliary actuating means including means straddling the upper end of said
      auxiliary intake valve to maintain its auxiliary actuating means in
      alignment with said auxiliary valve upper end, and a valve spring acting
      between each said auxiliary intake valve and said head and urging its
      respective valve in a closing direction.
NUM  7.
PAR  7. The combination of valve means with an internal combustion engine of the
      type having a main combustion chamber, an ignition chamber adjacent said
      main chamber and connected therewith, and main and auxiliary intake port
      means connected with said main and ignition chambers respectively, said
      valve means comprising:
PA1  a main intake poppet valve in said engine and positioned to control
      communication of said main intake port with said main chamber,
PA1  an auxiliary intake poppet valve adjacent said main valve in said engine
      and positioned to control communication of said auxiliary intake port with
      said ignition chamber,
PA1  first and second spring seat members on said main and auxiliary valves,
      respectively.
PA1  first and second valve springs engaging said first and second seat members
      respectively and biasing said valves in their closing directions,
PA1  engine driven actuating means operatively engaging the end of said main
      intake valve to actuate it in an opening direction during predetermined
      portions of engine operation,
PA1  said first spring seat member including and solely supporting auxiliary
      actuating means on one side thereof and opertively engaging the end of
      said auxiliary intake valve to move it in an opening direction upon
      opening movement of said main intake valve,
PA1  said auxiliary actuating means including guide means straddling the upper
      end of said auxiliary intake valve to maintain said auxiliary actuating
      means in alignment with said auxiliary valve end.
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ABST
PAL  The piston head is hollowed for a central coolant cavity and for an outer
      annular coolant cavity separated by a ridge by which the head is supported
      on the piston body. An outer shoulder also supports the skirt part of the
      head on the piston body. The piston body has an upper part hollowed in the
      center to form part of the central coolant cavity and a lower part having
      a wrist pin bearing with coolant recesses in the bearing, which are
      connected by coolant channels leading to the annular cavity in the head.
      The wrist pin in the bearing has channels connecting a coolant supply
      channel in the piston rod to the center of the wrist pin and thence to the
      bearing recesses.
BSUM
PAR  This invention relates to an oil-cooled composite piston for an internal
      combustion engine, particularly a large diesel motor. Such composite
      pistons have a piston head comprising a piston face and a piston skirt
      portion on which the piston rings are seated, and also a piston body
      fastened to the piston head and having a bearing for the piston wrist pin
      which is fastened to the piston rod. The piston body carries sliding
      surfaces to slide on the cylinder walls to maintain the piston axis
      aligned with the cylinder axis.
PAR  It is the object of the present invention to provide such a composite
      piston for an engine such as a large diesel motor which will be light in
      construction and nevertheless have a long useful life by virtue of taking
      up the stresses of thermal and mechanical loading in the most favorable
      manner.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, the piston head is provided with an annular support ridge on its
      underside separated from the piston skirt that carries the piston rings by
      an annular cooling cavity. Inside the support ridge is a central cooling
      cavity. The piston body on which the piston head is carried has an upper
      part of approximately hollow cone shape with an upper surface on which the
      annular ridge of the piston head is supported directly and the central
      hollow contributes to the size of the aforesaid central cooling cavity.
      The lower part of the carrier body has a wrist pin bearing including a
      load bearing surface and coolant recesses in or adjacent to the load
      bearing surface. Various kinds of sliding members may be attached to,
      pivoted on or formed integral with the carrier body. The piston wrist pin
      is fastened to the piston rod on its surface farthest from the load
      surface of the bearing. The oil coolant is provided through a supply
      channel in the piston rod, then through a channel in the wrist pin
      distributing oil to the recesses in the bearing, as well as to some other
      parts of the wrist pin for cooling the same. Coolant channels through the
      piston body extend from the recesses to the annular cooling cavity and the
      coolant flows from there to the central cavity through a connecting
      channel and finally from the central cavity to the exterior of the piston
      through an outlet. The coolant channel leading from the piston rod to the
      recesses is made up of channel portions lying in a plane through the
      piston axis and directed at an angle of 30.degree. to 60.degree. to the
      piston axis. These include a channel from the channel in the rod to the
      central part of the wrist pin and channels from the central part of the
      wrist pin to the recesses.
PAR  The channels for the coolant leading from the recesses to the annular
      cavity are preferably straight and inclined at an angle between 0.degree.
      and 25.degree. to the piston axis. Such a form of piston construction has
      the advantage that the coolant is dispatched in the shortest path to the
      thermally highly loaded region of the piston and is delivered directly to
      the cooling spaces in the edge portion of the piston head. It is
      particularly advantageous to provide a connecting channel between the
      annular cooling space in the piston head edge zone and a central cavity
      and then to complete the path of the coolant by an outlet to the piston
      exterior from the central cavity. In this manner the coolant can be evenly
      distributed over the entire piston head and the lubricating oil which
      serves as the coolant can provide a quick heat exchange operation when it
      flows back into the crank case.
PAR  According to a further development of the invention, a form of piston is
      provided in which the sliding surfaces below the ring bearing portion of
      the piston head are provided on a pivoted skirt frame bored for fitting
      over the ends of the wrist pin. With this construction, the result is
      obtained that when the sliding surfaces become impaired, as ultimately
      from piston wear, an easy and economic enlargement of this skirt structure
      can be made. Moreover, this type of sliding structure can accommodate
      itself better to the cylinder barrel, since it can seek its best running
      position. By the construction of the sliding skirt members as separate
      units, the possibility is offered to make the sliding surfaces of a
      material particularly selected for its good running properties. Such a
      material, for example, is Aluminium.
PAR  It is also particularly advantageous for the piston wrist pin to be seated
      directly in the material of which the carrier body of the piston is made.
      Since aluminum and aluminum alloys are the preferred materials for the
      piston body and these materials have very good running qualities, the
      possibility is thus presented by the invention to do away with the
      previously provided bearing layers and to have the wrist pin bear directly
      against the carrier body.
DRWD
PAR  The invention is further described by way of example with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal section of a piston in accordance with the
      invention, the sections on the two sides of the center line A--A being
      taken at right angles to each other;
PAR  FIG. 2 is a view partly in longitudinal section and partly in elevation of
      another example of a piston in accordance with the invention, the
      elevation view being partly broken away;
PAR  FIG. 3 is a cross-section along the line III--III of FIG. 2, and
PAR  FIG. 4 is a view of a portion of the piston in the direction of the arrow Z
      of FIG. 2.
DETD
PAR  The piston shown in FIG. 1 comprises a piston head 1 and a piston body 2.
      The piston head 1 is made of steel and may, if desired, be made of cast
      steel. It has a piston face member 3 connected to an upper piston skirt
      portion 4. Several grooves 5 for seating piston rings (not shown) are
      provided on the periphery of the piston skirt portion 4. On the underside
      of the piston face member 3 is a ring shaped projection 6 concentric with
      the longitudinal axis A-A of the piston and ending in the horizontally
      disposed mounting surface 7 at its lower extremity.
PAR  The piston body member 2, made of aluminum or an aluminum alloy, comprises
      a carrier portion 8, the lower part 9 of which provides the bearing seat
      10 for a piston pivot pin 11. On the lower section 9 of the carrier
      portion 8 of the piston body, there is formed an annular upper section 12
      of the carrier portion 8 spreading upward in the shape of a hollow cone
      concentric with the longitudinal axis A--A of the piston. On this
      conically spreading upper section 12 of the carrier portion 8 of the
      piston body is supported the piston head 1 resting on the support surface
      7 of the annular ridge 6. The piston head 1 is fitted and centered at and
      near its skirt portion 4 by an outer annular projection 13 at the edge of
      the upper section 12 of the carrier portion 8. The piston head also rests
      on the annular projection 13 with a shoulder 14 provided for the purpose.
      Sliding members 15 are provided on the carrier portion 8 of the piston
      body and their sliding surfaces 16 are separated by a gap from the upper
      skirt portion of the piston forming part of the piston head, which provide
      the structure for the sliding seal between the piston and the cylinder.
      The sliding surfaces 16 may be coated with a material having good
      antifriction properties. The sliding members 15 which together form a sort
      of lower piston skirt, can if desired be removably connected to the
      carrier portion 8 of the piston body by screws constituted as expansion
      bolts.
PAR  As may be seen from FIG. 1, the bearing 10 for the wrist pin 11 has an end
      support bearing shell surface 18 running through at the side opposite the
      place of connection of a piston rod 17. The piston rod 17 is connected to
      the wrist pin 11 by means of two screws 19 of the expansion bolt type. The
      screws 19 extend through cavities 20 and bores 21 in the piston rod 17 and
      engage threads 22 in the wrist pin 11 of the piston. The heads of the
      screws 19 bear against guide bushings 55 provided in the cavities 20 of
      the piston rod 17. The piston pivot pin 11 is seated directly in the
      material of the carrier portion 8 of the piston body 2 and, for the
      purpose of weight saving, has inwardly extending cavities 24 at its ends
      23.
PAR  For cooling the piston, which is accomplished in this example with
      circulation of oil, an outer annular cooling space 26 and a central
      cooling medium chamber 27 are provided by the manner in which the piston
      head 1 and the piston body 2 fit together. The outer annular cooling
      channel 26 is close to the edge zone 25 of the piston head 1. FIG. 4 shows
      that the cavities 29 in the piston body 2, as distinguished from the
      cavities 28 in the piston head 1, do not go completely around the piston
      but rather a little short of halfway round.
PAR  The central coolant reservoir 27 is formed of the cavities 30 in the piston
      head and the cavities 31 in the piston body. Coolant passages 32 run from
      the outer annular cooling space 26 to the bearing 10. The mouths of these
      coolant passages 32 facing the piston head are provided in between the
      ends of the semicircular cavities 29, as shown in FIG. 4. The passages 32
      are straight and have axes at an angle of 25.degree. to the longitudinal
      axis of the piston, so that they pass completely through the carrier
      portion 8 of the piston body 2. Alternatively, smaller angles than
      25.degree. may also be used, down to 0.degree. (i.e. passages parallel to
      the piston axis).
PAR  The coolant passages 32 at their lower ends open into the pockets 33
      provided in the bearing 10. Passages 34 bored in the wrist pin 11 of the
      piston at an angle of between about 30.degree. and 60.degree. to the
      piston axis also open into the recesses 33. Just as in the case of the
      passages 32, there are two passages 34 in the same longitudinal plane of
      the piston. In the central portion of the wrist pin, the passages 34
      connect with a passage 36 which has a somewhat larger diameter in the
      vicinity of the connection with the passages 34, narrowing down somewhat
      therefrom. The passage 36 runs diagonally from the middle of the wrist pin
      with its axis in the same plane 35 that contains the axes of the passages
      34 and connects with the feed passage 37. Distribution capillaries 39 and
      40 are provided internally of the wrist pin 11 for the oil serving as
      coolant. The distribution channels 39 and 40 do not extend into the walls
      of the wrist pin lying opposite the bearing surface 18.
PAR  The outer annular cooling space 26 connects with the central coolant
      reservoir 27 through a coolant channel 41. Still another channel 42, which
      is the coolant outlet matched with the inlet 37, connects the cooling
      spaces of the piston with the space lying outside the piston.
PAR  A piston of the type described, built out of several parts, provides a
      great deal of freedom in the choice of the material to be used in its
      construction, which can be selected from the standpoint of a favorably
      lightweight and a high of degree of sturdiness. The construction of the
      wrist pin 11, connected to the piston rod 17, is such that the driving
      forces can be transmitted without significant deflection from the
      combustion chamber 43, through the piston body 2 to the wrist pin 11 and
      then to the piston rod 17. Consequently, the wrist pin 11 is not subjected
      to a bending stress. A balanced distribution of the hydrostatic bearing
      pressure results and, accordingly, there is a favorable loading of the
      bearing. Since the piston is subdivided into a sealed portion and a
      guiding portion, the latter having sliding members, the piston also is
      distinguished by having a relatively low weight. This subdivision of the
      piston, moreover, reduces the heating of the sliding members 15 from the
      heat of the combustion chamber 43 to a very small amount. No great
      temperature differences therefore appear on the sliding surfaces 16.
      Cylinder wall distortions and uneven wear of the cylinder walls, as well
      as uneven thermal expansion, can be compensated for by the flexible
      construction of the sliding members 15. In addition, it is possible to
      keep the amount of play of the sliding members in the cylinder quite
      small. As the result of the small play of the sliding members 15, the
      cavitation distortion on the water side of the cylinder wall is reduced.
PAR  Sufficient cooling and lubrication are dominant factors in lengthening the
      useful life of a piston. Accordingly, the oil is supplied from the crank
      case by an oil pump, not shown in the drawings, through a hollow
      crankshaft, likewise not shown, through the feed passage 37 in the piston
      rod 17 and through the wrist pin 11 and the passages 36 and 34 there
      provided, as well as the distribution channels 39 and 40, to the recesses
      33 and 38 in the bearing 10. The oil then reaches the outer annular
      cooling space 26 by passing through the coolant passages 32 and from
      there, finally reaches the coolant reservoir 27. An outlet passage 42
      assures that cooling or lubricating oil flows back into the power
      transmission space. Rapid heat exchange is obtained by the flowing back of
      the cooling oil. Lubrication of the sliding surfaces 16 is obtained by the
      oil sprayed at high velocity by the crankshaft. Lubrication of the wrist
      pin 11 is accomplished through the distribution channels 39 and 40 and the
      recesses 33 and 38.
PAR  FIG. 2 shows a different embodiment of the invention in the form of an
      alternative construction of a piston that may be used instead of the
      piston described in FIG. 1. In basic construction and in function, the
      piston of FIG. 2 is constituted the same way as that of FIG. 1. The
      difference is merely that the sliding surfaces, here designated 44, are
      provided in the form of a single boxlike sliding body, designated 45. This
      sliding body 45 can be made of a different material than the carrier
      portion 8 of the piston body. It is provided with reinforcing ribs 46
      located internally behind the sliding surfaces 44. These reinforcing ribs
      46 are useful because the sliding body 45 is made as light as possible and
      tends to be too yielding at the surfaces 44. This problem can of course
      also be solved by making the part of the body that carries the surfaces 44
      thicker and stronger. The sliding frame body 45 is mounted movably on the
      carrier portion 8 of the piston. For this purpose, as shown in FIG. 3, the
      sliding frame body 45 is provided with bores 47 in the neighborhood of the
      piston's wrist pin, here designated 56, into which the wrist pin 56
      protrudes with its outer ends 23 (FIG. 1).
PAR  As may also be seen from FIG. 3, the carrier portion 8 of the piston body
      has a cross-sectional shape somewhat in the form of a maltese cross.
      Screws 49 (FIG. 2) are provided in the cavities 48 (FIG. 3) that are
      formed in this construction of the carrier portion 8 of the piston body.
      As shown in FIG. 2, the screws 49 fasten the piston head 1 and the carrier
      portion 8 of the piston body together at a level above the plane of the
      cross-section shown in FIG. 3, so that the heads of the screws can be
      reached through the cavities 48 in that cross-section. This arrangement of
      screws and of securing the piston head in place is the same in both forms
      of piston heads illustrated herein.
PAR  The screws 49, as shown in FIG. 2, are provided in the form of stud bolts
      and pass through bores 50 in the carrier portion 8 of the piston body to
      engage threads 51 tapped in the piston head 1. For tightening these two
      parts together, a castellated nut 52 is fitted on the screw 49 secured in
      place by a splint pin 53.
PAR  FIG. 2 also shows that a shell 54 is provided for fastening the wrist pin
      11 to the piston rod 17.
PAR  In contrast to the fixed sliding members 15 described in FIG. 1, the
      movable sliding frame 45 has certain additional significant advantages
      that are still to be mentioned. Since this sliding-surface frame 45 is
      movable, it can seek its best running position in the cylinder. When the
      cylinder ultimately suffers some wear, since the sliding body is
      removable, only the sliding body frame 45 needs to be built up. Since in
      the case of the movable sliding frame body 45 the piston head 1 is
      centered by oil forces in the gap between the piston ring seats and the
      cylinder, and its position is hardly changed at all by replacement of the
      framelike sliding body 45, the piston ring groove wear and the wear of the
      piston rings themselves, is very low.
PAR  Although the invention has been described by reference to particular
      illustrative embodiments, it will be understood that modifications and
      variations are possible within the inventive concept.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composite oil-cooled piston for an internal combustion engine,
      comprising:
PA1  a piston head (1) having a piston face and a piston skirt with seating
      means for piston rings, said piston head having an annular support ridge
      (6) on its underside separated from said piston skirt by an annular
      cooling cavity (29) and surrounding a central cooling cavity (27);
PA1  a piston carrier body (8) having an upper part (12) of approximately hollow
      cone shape having an upper surface (7) on which said annular ridge (6) of
      said piston head is directly supported, the hollow center of said upper
      part forming said central cooling cavity (27) with said piston head, said
      carrier body (8) further having a lower part (9) having a wrist pin
      bearing (10) therein including a load bearing surface (18) and providing
      coolant recesses (33,38), said carrier body having coolant channels
      respectively connecting said recesses with said annular cavity, and
PA1  a piston wrist pin (11,56) in said bearing and a piston rod (17) fastened
      to said wrist pin on a surface opposite the load surface (18) of said
      bearing (10), said piston rod having an interior coolant supply channel
      (37) and said wrist pin (11,56) having channels therein (34,36) with axes
      in a plane (35) passing through the piston axis (A--A), said channels all
      being oblique to said axis at angles between 30.degree. and 60.degree.,
      and providing coolant paths from said supply channel in said piston rod to
      said recesses.
NUM  2.
PAR  2. A composite piston as defined in claim 1 in which said wrist pin (11,56)
      is provided with coolant distribution channels (39,40) for cooling said
      wrist pin which do not penetrate into the layer of said wrist pin bearing
      against said bearing surface (18).
NUM  3.
PAR  3. A composite piston as defined in claim 1 in which said piston head is
      provided with an annular shoulder (13) adjacent to said piston skirt for
      supporting said piston head on the edge of said carrier body (8).
NUM  4.
PAR  4. A composite piston as defined in claim 1 in which said coolant channels
      (32) between said recesses (33,38) and said annular cavity (26) are
      straight and run at an angle between 0.degree. and 25.degree. to the axis
      of said piston.
NUM  5.
PAR  5. A composite piston as defined in claim 1 in which connection channel
      means (41) are provided for circulation of coolant between said annular
      cavity (26) and said central cavity (27) and in which said central cavity
      (27) is provided with at least one outlet channel (42) to the exterior of
      the piston.
NUM  6.
PAR  6. A composite piston as defined in claim 1 in which said carrier body (8)
      is provided with integral sliding members (15) on its periphery.
NUM  7.
PAR  7. A composite piston as defined in claim 1 in which sliding members (15)
      are removably fastened to said carrier body (8) by expansion screws.
NUM  8.
PAR  8. A composite piston as defined in claim 1 in which a sliding skirt member
      in frame form (45) is pivotally mounted on the outer ends of said wrist
      pin (56).
NUM  9.
PAR  9. A composite piston as defined in claim 1 in which said wrist pin (11,
      56) and said piston rod (17) are fastened together with expansion screws.
NUM  10.
PAR  10. A composite piston as defined in claim 1 in which said piston head is
      made of steel.
NUM  11.
PAR  11. A composite piston as defined in claim 1 in which said carrier body (8)
      is made of a metal consisting principally of aluminum.
NUM  12.
PAR  12. A composite piston as defined in claim 1 in which said wrist pin
      (11,56) bears directly against the material of which said carrier (8) is
      made.
NUM  13.
PAR  13. A composite piston as defined in claim 1 in which said piston head (1)
      and said carrier body (8) are demountably fastened together by screws
      (49).
NUM  14.
PAR  14. A composite piston as defined in claim 8 in which said sliding skirt
      body (45) is provided with reinforcing ribs (46) on its interior opposite
      the sliding surfaces (44) thereof.
NUM  15.
PAR  15. A composite piston as defined in claim 1 in which tapered and inwardly
      extending cavities (24) are provided on both ends (23) of said wrist pin
      (11,56).
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PAL  A plurality of steps in each runner of a manifold from the exit of the
      runners towards a plenum of the manifold are located where mixture
      velocity is relatively low with respect to mixture velocity elsewhere in
      the runner in the same velocity profile. The steps control reverse mixture
      flow and increase the amount of mixture entering the engine's cylinders.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to intake manifolds for internal
      combustion engines. More in particular, it relates to manifolds having
      means for preventing reverse flow of fuel and air mixture in the runners
      of the manifold and for increasing the amount of fuel and air mixture
      delivered to an engine.
PAR  A carbureted internal combustion engine employs an intake manifold to
      distribute a fuel and an air mixture produced by a carburetor to the
      cylinders of the engine.
PAR  An intake manifold typically has a plenum chamber below the carburetor to
      receive a mixture of fuel and air from the carburetor. From the plenum the
      mixture is directed to the cylinders through ducts called runners. The
      runners exit from the manifold at inlet ports to the engine. These ports
      lead to the cylinders through inlet valves. When each cylinder has an
      associated runner not shared with another cylinder, the manifold may be
      called an independent runner manifold.
PAR  A fuel and air mixture is drawn into each cylinder of an engine by a vacuum
      created there by downward piston movement during the intake stroke of the
      cylinder. Inlet and exhaust valves into each cylinder provide for the
      admission of the fuel-air mixture into the cylinder and the exhaustion of
      products of combustion from the cylinder. In modern internal combustion
      engines, both the inlet and exhaust valves are open at the same time
      during a portion of a cycle. Some of this overlap occurs while the
      cylinder's piston is ascending. At this time the inlet valve is just
      opening and the exhaust valve is finally closing. A reason for the overlap
      is to give a fuel-air charge in a runner of a manifold the opportunity to
      see a large inlet valve opening when the piston begins to descend in the
      cylinder and produce a vacuum. However, during the overlap the pressure
      within a cylinder is greater than that in the manifold and this
      differential is compounded by the ascending piston. Consequently, exhaust
      products pass through the inlet valves from the cylinders they serve and
      into the runners of the manifold. These exhaust products tend to produce
      reverse fuel and air mixture flow towards the carburetor by "pushing" the
      mixture.
PAR  An engine acts as a pump when it produces the vacuum that constitutes the
      driving force acting on a fuel-air charge to force the charge into the
      cylinders. This pumping requires power and the more power required to get
      a given mass of charge into the cylinders the lower the engine's
      efficiency. Power loss attends reverse mixture flow. To the extent that
      the flow of exhaust gases into a manifold requires the admission from the
      manifold of these exhaust gases back into the cylinder, work is required
      and efficiency is lost. The engine simply has to pump more to get both the
      fuel-air mixture and exhaust charge into its cylinders.
PAR  U.S. Pat. No. 3,744,463 to James McFarland, Jr. describes an improved
      independent runner intake manifold which has a step or sudden enlargement
      proximate the exit of each runner into an associated inlet port of an
      engine. The step is located where mixture stream velocity is relatively
      low in comparison with mixture stream velocity elsewhere in the same
      velocity profile. Mixture stream velocity profile simply means the curve
      across a cross section of a runner defined by the total of the velocity
      magnitude vectors at the large cross section. The patent observes that
      this sudden enlargement acts as a dam or block in preventing reverse flow
      of exhause gases up a runner towards a carburetor. The patent states that
      the sudden enlargement or step can dissipate the energy of a pressure
      pulse traveling up a runner as well as directing it back towards the inlet
      port.
PAR  Today internal combustion engine design is very sensitive to the amount of
      exhaust gas emissions of the pollutants of unburned hydrocarbons, carbon
      monoxide and the oxides of nitrogen. In addition, modern engine design is
      becoming more sensitive to problems of fuel economy. In recent years, the
      problem of fuel economy has been aggravated because of emission control
      standards which have had a tendency to reduce economy.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved manifold for distributing the
      fuel-air mixture from a carburetor into the cylinders of an internal
      combustion engine which is characterized in having a plurality of steps in
      runners of the manifold proximate the exit of the runners into associated
      inlet ports of the engine and where mixture stream velocity is low
      relative to mixture stream velocity elsewhere in the same velocity
      profile. It has been observed that this plurality of steps improves an
      engine's emission performance and fuel economy.
PAR  It is thought that the steps provide barriers and energy dissipaters for
      reverse fuel-air flow from the exit of a runner towards a carburetor. In
      addition it is thought that the steps dissipate pressure pulse moving in
      the direction of the carburetor. It is also thought that the steps help to
      reintroduce fuel previously separated out of a mixture of fuel and air
      back into the fuel-air mixture stream.
PAR  The presently preferred particular embodiment of the present invention
      provides an improved manifold of the single plane type having independent
      runners for each of an engine's cylinders. The manifold has a single
      plenum adapted to mount a single carburetor. This plenum is located in
      about the middle of the manifold. The runners extend for registration with
      inlet ports from the plenum. As viewed from the plenum towards a runner,
      each runner has an inside and an outside wall. The inside wall is closer
      to the viewer than the outside wall. From the same perspective, each
      runner also has a roof and a floor. The cross section through the runner
      is approximately quadrilateral. Again as viewed towards a runner from the
      plenum, each runner curves slightly towards the lateral outside of the
      manifold and away from the longitudinal centerline of the manifold.
PAR  In the manifold just described and for a so-called small block Chevrolet
      V-8 engine, it has also been observed that flow of fuel and air proximate
      the outlet of each runner and close to the outside wall is more quiescent
      than flow in the same cross section but closer to the inside wall. In
      terms of velocity vectors, the flow of mixture close to the outside wall
      of each runner near its exit has a velocity which is relatively low with
      respect to mixture velocity elsewhere in the same velocity profile. It is
      thought that when there is reverse exhaust gas flow (reversion flow) it
      occurs at least in part in the region quiescent in the primary flow of
      fuel and air towards the engine. It is also thought that at least a
      significant amount of the energy of any pressure pulses from the cylinder
      traveling up a runner do so in the same region. The provision of steps
      along the outer wall, the region or zone of relative quiescense during
      primary flow, and in the path of significant reversion flow and pulses,
      acts as the barrier and energy dissipater for reversion flow and pressure
      pulses without substantially affecting the flow of fuel and air in the
      desired direction. The steps result in better emission performance and
      fuel economy. It is theorized that one of the reasons for this, in
      addition to the barrier qualities of the steps, is that the steps
      "energize" a boundary layer to bring into the primary stream fuel which
      had previously separated out of the stream.
PAR  It has been found that a plurality of steps is beneficial but that too many
      steps can adversely comprise primary flow towards the cylinder. The number
      of steps and their exact location depends on the particular manifold. The
      steps should be in areas of a runner experiencing relatively quiescent
      primary flow. It is preferred to have a face of each step facing an inlet
      port and reversion flow and at least at right angles to such reversion
      flow. A side of the step extending from the face to meet the wall of the
      runner proper preferably extends approximately parallel to the expected
      path of reversion flow. It is not desired to have this side face reversion
      flow or to have the face oriented such that reversion flow striking either
      the face or the side would tend to bounce into the area of primary flow.
      It is also thought that having the included angle between the face and the
      side of each step less than 90.degree. would adversely affect primary
      stream flow by creating excessive eddying.
PAR  It is preferred because of mold core pulling not to have any undercut
      surfaces. This is another reason for having the side of the step
      approximately parallel with the direction of primary flow. To effect
      improved damping and blocking it may be necessary to orient the steps such
      that reversion flow is reflected from the face of the steps to an area
      away from the primary flow. In one embodiment of the present invention
      this is accomplished by fanning the steps of floor to roof with the fan
      opening in the direction of the roof. In this particular embodiment,
      primary flow activity in cross sections of the runners in the region of
      the steps is nearer the floor than the roof. Because of mold core pulling
      purposes, however, it may not be possible to fan the steps as much as
      would otherwise be desired.
PAR  These and other features, aspects and advantages of the present invention
      will become more apparent from the following description, appended claims
      and drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a preferred embodiment of the manifold of the
      present invention;
PAR  FIG. 2 is a side elevational view of the manifold of FIG. 1;
PAR  FIG. 3 is an end elevational view of the manifold of FIG. 1;
PAR  FIG. 4 is a fragmentary view in section taken at a slight angle to the
      horizontal plane of the manifold along lines 4--4 of FIG. 2 showing a pair
      of adjoining runners and step placement; and
PAR  FIG. 5 is a fragmentary, sectional view of a runner taken generally in a
      plane at a slight angle to a vertical of the manifold taken along lines
      5--5 of FIG. 1 illustrating the steps.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIGS. 1 through 3, an intake manifold 10 for an internal
      combustion engine is illustrated. This manifold is of the single plane
      type. It is designed for use with a V-8 engine. A V-8 engine has eight
      cylinders and eight inlet ports. The manifold has a plenum 12 bounded at
      its top by a carburetor mounting base 14. The carburetor mounting base
      mounts a four-throat carburetor. Communication between the plenum and each
      inlet port of the engine is effected through an independent runner. That
      is, there are eight runners from the plenum to the inlet ports of an
      engine. These runners are indicated by even reference numerals 16 through
      30. The runners are ducts through which a mixture of fuel and air travels
      from the carburetor into the cylinders of an engine. On its lateral sides,
      manifold 10 has a pair of angled mounting flanges 32 and 34 for securing
      the manifold between cylinder banks 36 and 38 (FIG. 3) of an engine. The
      included angle between the flanges corresponds with the included angle
      between cylinder banks. Means for mounting the manifold to the engine is
      typically by bolts through holes 40 in the flanges. The manifold has a
      water crossover duct 42 and an outlet 44 for communication with a
      radiator. It also has a distributor mounting base 46 for the engine's
      distributor. These are incidental features to the manifold and do not
      contribute to the invention.
PAR  The runners exit through mounting flanges 32 and 34 as is shown for runners
      24 through 30 in FIG. 2 by even numbers at 48 through 54.
PAR  The runners are oriented in runner pairs. The runners of a given runner
      pair are divided by an intermediate wall. Thus runners 16 and 18 are
      divided by an intermediate wall 56. Intermediate walls 58, 60 and 62
      divide runners 20 and 22, 24 and 26, and 28 and 30, respectively.
PAR  Manifold design is sensitive to several problems.
PAR  One of these problems is that the fluid transported through the manifold is
      a mixture of combustion air and fuel. The fuel exists in two states, one
      gaseous and the other atomized liquid particles. The latter constitutes a
      large percentage of the fuel charge. Because of the heterogeneity of the
      fuel and air charge passing through runners, there is a problem of
      separation of the fuel from the air of the charge.
PAR  If the velocity of the charges going through the runners is not
      sufficiently high, fuel will separate from its transporting air stream and
      deposit on the walls of the runners even in straight sections of the
      runners. Once on the wall it is difficult for the fuel particle to get
      back into the stream because there is not much energy in the boundary
      layer on the wall and there is a retaining force on the particles exerted
      by the wall. Another cause of separation is centrifugal force acting on
      fuel particles going around corners which tends to deposit the particles
      on the wall of the runner towards which the force is directed. Separated
      fuel no longer has the characteristic of fine fuel particle size but
      instead is characterized by relatively larger globules of fuel which
      ultimately find their way into a combustion chamber. Separation is not
      desirable by not it adversely affects combustion events by presenting in
      combustion chambers finely divided particles of fuel with a large
      surface-to-volume ratio. Additionally, separation can adversely affect the
      fuel-air ratio of a charge delivered to the engine's cylinders by making
      the fuel-air ratio different between cylinders. Accordingly, manifolds are
      designed to avoid fuel separation and the illustrated manifold does this.
PAR  By providing a relatively constricted runner cross section and a relatively
      straight path from the plenum to the combustion chamber, fuel separation
      problems are avoided to a large extent. The straight path tends to
      eliminate the problem of separation occasioned by centrifugal force. A
      relatively constricted cross-sectional area for mixture flow transports
      the charge rapidly and imparts to the fuel particles a relatively high
      kinetic energy which tends to keep the particles suspended in the carrying
      air stream.
PAR  Another problem with manifold design is occasioned by reversion. Reversion
      is a phenomenon which occurs because of inlet and exhaust valve overlap in
      an internal combustion engine. At the beginning of an inlet stroke the
      inlet and exhaust valves of an internal combustion engine are typically
      both open. The inlet valve is just opening and the exhaust valve is just
      closing. At the same time the piston is ascending in the cylinder. Also at
      this time the pressure within the cylinder is considerably greater than
      that existing in the intake manifold because of the presence of exhaust
      products and the ascending piston. When the piston begins to descend in
      the cylinder it creates the vacuum which constitutes the driving force
      between atmosphere and the cylinder for transporting the fuel-air mixture
      from a carburetor into the cylinder. With an adverse pressure condition
      existing at the time that the inlet valve opens, products of combustion
      will tend to flow from the cylinder and into the runners towards the
      plenum. When the inlet valves open, there can also be an adverse pressure
      pulse which travels up to the runners. There are several disadvantages
      arising from this reversion phenomenon. To the extent that combustion
      gases occupy manifold volume they must again be pushed through the
      manifold and into the combustion chambers ahead of a fuel-air charge. This
      requires work and reduces the efficiency of the engine. In addition,
      reversion can lower the amount of fuel-air charge in the combustion
      chambers and consequently reduce an engine's efficiency and performance.
      The reduction in the mass of charge is by occupation of combustion chamber
      space by combustion gases. In aggravated cases, reversion can force a
      fuel-air mixture backup through a carburetor to create a condition called
      standoff. This condition is evidenced by a cloud of vapor above the
      carburetor. Reversion can also adversely affect the fuel-air ration. As
      exhaust gases push mixture gases back up through the carburetor and past
      the carburetor's venturis, it draws gasoline into the reverse flowing
      stream. When flow is again reversed so that gases are flowing from the
      plenum into the cylinders, the already carbureted mixture is drawn again
      through the venturis to draw more fuel. Pressure pulses can also hurt
      engine efficiency by producing inter-runner interference and flow
      resistance. An example of inter-runner interference is when a pressure
      pulse causes a rarification in one runner which draws fuel and air from
      another runner just when the mixture in the latter should be going towards
      the cylinder served by it.
PAR  It is known that to the extent an engine can be made more efficient, the
      engine will be more economical to run. That is, its gas mileage increases.
      Accordingly, if a manifold is efficient, the pumping losses of an engine
      are reduced and the engine is more economical. Economy also can reduce
      emissions.
PAR  There is a considerable stress in modern engine design to reduce as much as
      possible the pernicious emissions from an engine. To date the worst of
      these pernicious emissions are considered to be the oxides of nitrogen,
      unburned hydrocarbons and carbon monoxide. The problem of emission
      generation is indeed extremely complex. In an effort to reduce emissions,
      economy sometimes suffers. Oftentimes the reduction of the emissions of
      one pollutant results in the increase of another. At one time engines were
      carbureted relatively lean from maximum power and economy to reduce the
      emissions of unburned hydrocarbons. This produced a condition where these
      particular emissions were reduced but the emissions of the oxides of
      nitrogen increased.
PAR  An efficiently distributed fuel-air charge having a minimum amount of large
      globules of raw fuel generally decreases emissions. Emissions are also
      decreased when inter-cylinder fuel-to-air ratios are constant and
      optimized. Everything else being the same, the more efficient an engine,
      the lower the bad emissions.
PAR  The present invention provides in a manifold means for improving its flow
      characteristics which has resulted in improved economy and emission
      performance in a four-cycle, reciprocating internal combustuion engine.
PAR  U.S. Pat. No. 3,744,462 recognizes that the velocity of a mixture in a
      runner of a manifold is not usually uniform throughout the cross-sectional
      area of the runner. The velocity profile in any given cross section for
      primary flow might show areas of high velocity or activity and areas of
      relatively low velocity or activity. In areas of low velocity exhaust
      reversion flow is significant if not preferential. It has been found that
      by providing a plurality of steps or blocks in runner zones where primary
      stream activity is low, relative to activity elsewhere in the same
      cross-sectional area, that manifold performance is improved. It is thought
      that these blocks or steps prevent reversion exhaust gases from taking
      full effect by preventing longer distance traveling up a runner and
      thereby occupying less volume in the runner. It is also thought that the
      blocks or steps dissipate energy of the reverse flowing gases and pressure
      pulses. It is also thought that the steps might create a condition of
      turbulence whereby particled fuel leaving the primary stream can reenter
      the stream in vortexes created by the steps.
PAR  With reference to FIGS. 2, 4 and 5, the steps are shown for the illustrated
      manifold. Again these steps are located in an area where the primary
      stream velocity profile shows low flow activity. In other words, the steps
      are provided where mixture velocity is relatively low with respect to
      mixture velocity elsewhere in the same velocity profile. The zones in plan
      and elevation of high stream activity are indicated by the dashed lines
      and the legend "Major Flow Path" in FIGS. 4 and 5. Illustrative of what
      the figures show, proximate the outlet of the runner, the area of dominant
      primary flow activity is toward the floor and inside wall of the runner.
      Quiescent zones are along the outer wall and roof. Thus, a velocity
      profile reflecting the illustrated embodiment would be in three
      dimensions. In plan, the profile would be weighted toward the inner wall
      with the slope of the velocity curve from the inner wall to maximum
      velocity being much greater than the slope of the curve from the outer
      wall to the maximum velocity (disregarding signs indicating reversal of
      slope). Similarly, the velocity profile in elevation would be weighted
      toward the floor and the curve slope would be greatest from the floor to
      the maximum velocity. Again the quiescent zones close to the runner's
      outlet would be close to the outer wall and roof because in these zones
      velocity is relatively low over relatively wide bands. The number of steps
      illustrated is six for each runner and they are serially placed on the
      outside wall of each runner. By outside wall, it is meant that wall,
      viewed along the longitudinal axis of the manifold, which is furthest from
      the center of the plenum. Accordingly, and from the same perspective, the
      inside wall would be closer to the center of the plenum. Thus for runner
      30 shown in FIGS. 4 and 5, an outer wall 70 has steps 72 in it. For runner
      28, steps 74 are in intermediate wall 62, which is the outer wall for this
      runner. The steps extend from the exits of the runners up the runners a
      predetermined distance and then terminate. It has been found that if the
      steps extend too far up a runner towards the plenum that primary stream
      flow is adversely affected. In short, the predetermined distance is that
      distance where the step benefits to primary flow stream activity prevail
      over detriments to primary flow activity.
PAR  Each step preferably has a leading face which is more or less perpendicular
      to the direction of stream flow. Thus a typical step 78 of the series of
      steps 72 has a perpendicular face 80. Reverse flowing gases striking this
      face will dissipate a portion of their energy and to some extent will have
      a tendency to reverse themselves and flow in the primary flow direction.
      The same applies to pressure pulses striking the face. The number of steps
      increases the area of the steps available to arrest, dissipate, and
      reflect reverse flowing gases and pressure pulses.
PAR  To the extent that the face of a step is angled so that reverse flowing
      gases striking them reflect away from the wall on which the steps are
      placed and towards the zone of primary stream activity (reflecting towards
      the center of the runner), there is an adverse effect. This is because the
      reverse flowing gases will then tend to occupy areas where dominant stream
      activity naturally occurs. While it would appear that changing the
      angularity of the face so that it defines a pocket for trapping reverse
      flowing gases would be beneficial to reduce reversion effects, in at least
      one practical embodiment of the present invention it is thought that such
      a pocket would create undue turbulence in the primary stream direction
      which would adversely affect primary stream flow.
PAR  Each step also has a trailing side wall. Thus step 78 has a trailing side
      wall 82 extending from the free end of each step face. This side wall is
      oriented more or less parallel to primary stream flow direction occurring
      in the zone where the trailing side is located. The reason for this is the
      practical one of pulling mold cores. If there were a negative angle the
      pulling of mold cores would be complicated. In addition, if the trailing
      edge of the step were angled such that the angle it defines with the
      leading face were less than 90.degree., with the face in its original
      perpendicular orientation, a condition would be created where primary
      stream activity would be partially blocked.
PAR  As seen in both FIGS. 4 and 5, the steps are uniformly spaced. However, in
      FIG. 5 there is a slight fanning or divergence of the steps from a runner
      floor 84 to a runner ceiling 86. This fanning is thought to direct
      reversion towards the ceiling which happens to be in this particular
      manifold a zone or region of low stream activity. In addition, the fanning
      creates a larger leading facial area for the dissipation of reversion flow
      energy.
PAR  The particular manifold illustrated here is for a 351 cubic inch Chevrolet
      V-8 engine. The manifold has a step-to-step spacing measured from the same
      points in the steps, say from the edge between the step leading faces and
      trailing sides at the roof of 0.375 inches and at the floor 0.3125 inches.
      A preferred construction for optimum performance has the corresponding
      spacing at the roof 0.75 inches and at the floor 0.3125 inches. The former
      spacing is preferred because it facilitates mold core pulling. The width
      of the leading face is approximately 0.080 inches. If the face extends too
      far into the runner, it restricts primary flow and can separate fuel from
      primary flow.
PAR  At the exit of the runner the first step is not placed at the interface
      between the runner and the head of an engine equipped with the manifold
      but instead is moved up the runner slightly, say about 0.070 to about
      0.080 inches. This spacing of the first step from the interface wall,
      illustrated at 88, provides material for machining and molding tolerances
      and avoids incomplete steps which would result if these tolerances were
      particularly deep.
PAR  Because the manifold is designed to optimize performance in the so-called
      mid-range engine speeds, which correspond to usual street driving
      conditions, the cross-sectional area of the runners is made smaller than
      would be the case if the manifold were designed for optimum high engine
      speed applications.
PAR  The following is a Table illustrating several results using manifolds
      constructed in accordance with the present invention, similar manifolds
      without steps, and original equipment manifolds. The results are
      Environmental Protection Agency mass test results for the California --
      Federal Test Cycle applicable for 1973 vehicles. The originally supplied
      manifold was a two-plane, over and under manifold, and the engine was a
      1973 Chevrolet Impala with a displacement of 350 cubic inches. The
      carburetor used was a "Rochester Quadrijet". The other manifolds were
      single plane. An antipollution exhaust gas recirculation valve was used
      for all tests. The tests are grouped as A and B because the A tests were
      conducted with a vehicle having a relatively greater mileage on it than
      the one conducted for B. Test C is on the same vehicle as Test B but with
      a manifold differing from the manifold designated TM-1 in that the
      cross-sectional area of the runners was smaller.
TBL                                    TABLE I                                 

     __________________________________________________________________________

             mi/gal                                                            

                  HC(gm/mi)                                                    

                         CO(gm/mi)                                             

                                 NO(gm/mi)                                     

                                       CO.sub.2 (gm/mi)                        

                                              ExVol                            

     __________________________________________________________________________

        O.E.M.                                                                 

             10.84                                                             

                  1.31   35.00  2.39   763    947.5                            

     A  TM-1 11.04                                                             

                  1.05   31.03  2.30   756    906.8                            

        TM-1S                                                                  

             11.44                                                             

                  0.71   21.68  2.19   743    890.1                            

        O.E.M.                                                                 

             13.7 1.078  15.69  2.251  622.4  792.7                            

     B  TM-1 13.32                                                             

                  1.213  11.97  1.792  646.2  830.8                            

        TM-1S                                                                  

             13.84                                                             

                  2.038  11.73  1.615  619.1  819.4                            

        TORK 13.47                                                             

                  1.079  13.47  1.947  637.2  825.7                            

        TORK-S                                                                 

             14.57                                                             

                  1.051  19.09  1.558  578.7  741.5                            

     In the table:                                                             

              mi/gal  means miles per gallon                                   

              HC      means unburned hydrocarbons                              

              gm/mi   means grams per mile                                     

              CO      means carbon monoxide                                    

              NO      means oxides of nitrogen                                 

              CO.sub.2                                                         

                      means carbon dioxide                                     

              ExVol   means exhaust gas volume at standard                     

                      temperature and pressure                                 

     __________________________________________________________________________

PAR  O.E.M. means the original equipment manifold. TM-1 designates a manifold
      quite similar in construction to the one of the present invention except
      that it does not have steps.
PAR  TM-1S designates a manifold constructed in accordance with the present
      invention.
PAR  A second manifold quite similar to the TM-1 manifold but with a more
      constricted runner cross-sectional area is indicated in Test B as "TORK".
PAR  A manifold designated "TORK-S" is essentially the same as the "TORK"
      manifold except that it has steps constructed in accordance with the
      present invention.
PAR  It should be noted that the fuel economy between corresponding types of
      manifolds is improved with the steps. In all cases, the manifolds with the
      steps got better fuel economy than the O.E.M. manifolds. Hydrocarbon
      emissions improved with Tests A and C but show a detrimental increase with
      Test B. Tests A and B show a similar improvement in carbon monoxide. Test
      C shows increase in carbon monoxide. Note, however, that in all three
      tests the oxides of nitrogen improve and that the carbon dioxide emissions
      were also lower in the manifolds having the steps. Significantly, there is
      relatively low exhaust gas volume for manifolds with the steps with the
      exception of Test B.
PAR  The second table produced below was taken through the California -- Federal
      Test Cycle applicable for 1973 vehicles. The carburetor in each instance
      was the Rochester Quadrijet. The tests and conditions were the same as in
      the previous table. The last column compares the TM-1 and TM-1S manifolds.
TBL                                    TABLE II                                

     __________________________________________________________________________

     AIR/FUEL (A/F) RATIO COMPARISON                                           

                                  DIFFERENCE                                   

                                  A/F RATIO                                    

                                  WITHOUT AND                                  

     O.E.M MANIFOLD                                                            

                TM-1 MANIFOLD                                                  

                         TM-1S MANIFOLD                                        

                                  WITH STEPS                                   

     A/F RATIO  A/F RATIO                                                      

                         A/F RATIO                                             

                                  -=Lean, +=Rich                               

     __________________________________________________________________________

     A 17.2     15.7     16.1     -2.5                                         

     C 16.4     16.0     16.8     -5.0                                         

     D 16.0     16.3     17.8     -9.2                                         

     I 15.9     16.1     16.9     -4.9                                         

     A 15.4     15.0     14.9     +0.6                                         

     C 16.8     16.8     16.8     --                                           

     D 17.8     18.7     18.7     --                                           

     I 16.1     16.6     17.3     -4.2                                         

     A 17.1     15.6     16.2     -2.5                                         

     C 16.6     16.6     17.1     -3.0                                         

     D 17.1     17.4     18.0     -3.4                                         

     I 15.7     16.4     17.2     -4.9                                         

     A 17.2     15.1     15.4     -1.9                                         

     D 16.0     15.9     17.2     -9.9                                         

     I 15.9     16.3     17.1     -9.7                                         

     A 16.8     15.0     15.4     -2.7                                         

     C 17.1     17.3     17.3     --                                           

     D 17.1     17.6     18.3     -4.0                                         

     In the table:                                                             

              I          means Idle                                            

              A          means Acceleration                                    

              C          means Cruise                                          

              D          means Deceleration                                    

     __________________________________________________________________________

PAR  The tests show that for the deceleration and idle modes, the air-to-fuel
      ratio is generally leaner than for the other modes with the manifold
      having the steps. It is thought that this confirms one of the theories
      behind the present invention. During deceleration and idle, manifold
      vacuum is relatively high. Reversion pulses under these conditions meet
      less resistance from fuel and air in the manifold. If there is a reduction
      in reversion pulses, there will be a reduction in mixture backflow through
      the carburetor. It will be recalled that this backflow produces an
      enrichened charge because the charge passes through the carburetor twice.
      With a reduction in reversion flow one would expect an increase in leaness
      and this is what the table shows.
PAR  In summary, the steps reduce the effect of reversion flow and thereby
      increase engine efficiency and reduce undesirable emissions. The
      improvements result from less fuel and air burned for a given power
      output, greater retention of fuel in the fuel and air stream, and more
      even inter-cylinder fuel and air distribution. The reduction in reversion
      was noted by the relative absence of carbon traces in manifolds with the
      steps over similar manifolds without the steps. The disruptive and too
      often efficiency reducing, economy losing, and pollution increasing
      upstream traveling pressure pulses are also dampened by the steps.
PAR  The present invention has been described with reference to a certain
      preferred embodiment. The spirit and scope of the appended claims should
      not, however, necessarily be limited to the description.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved manifold for a reciprocating internal combustion engine of
      the type having runners for communicating a fuel-air mixture from a source
      thereof to the engine, the runners having curved walls proximate the exit
      thereof to the engine, the improvement comprising:
PA1  a plurality of serially spaced steps in each of the runners on a curved
      wall thereof from the exit of the runner to a predetermined point between
      the exit and the entrance to the runner, the steps being in a zone where
      mixture stream velocity is relatively low with respect to mixture stream
      velocity elsewhere in the same velocity profile and where the steps are in
      line of sight communication with the exit.
NUM  2.
PAR  2. The improved manifold claimed in claim 1 wherein;
PA1  each step has a face substantially perpendicular to the flow of mixture in
      the cross section of the runner proximate the face, each step face facing
      the exit of the runner in which the step is disposed.
NUM  3.
PAR  3. The improved manifold claimed in claim 2 wherein:
PA1  each step has a trailing side which joins the face at the latter's terminus
      toward the center of the runner in which the step is disposed.
NUM  4.
PAR  4. The improvement claimed in claim 3 wherein the step-to-step spacing in
      each runner is substantially equal.
NUM  5.
PAR  5. The improvement claimed in claim 1 wherein each step has a face
      substantially perpendicular to the path of expected reversion flow from an
      engine having the manifold.
NUM  6.
PAR  6. The improvement claimed in claim 5 wherein each step has a trailing side
      extending from the free end of the step to the wall of the runner
      substantially parallel with the expected path of reversion flow.
NUM  7.
PAR  7. The improvement claimed in claim 1 wherein:
PA1  the steps diverge towards a zone where mixture stream velocity is
      relatively low with respect to mixture stream velocity in the same
      velocity profile and where the steps converge.
NUM  8.
PAR  8. The improvement claimed in claim 7 wherein:
PA1  each step is defined by a face and a trailing side, the face being
      substantially perpendicular to the path of expected reversion flow from an
      engine using the manifold, and the trailing side extending from the free
      end of the step to the wall of the runner in which the step is disposed
      substantially parallel with the path of expected reversion flow.
NUM  9.
PAR  9. The improvement claimed in claim 8 wherein: in each runner, the
      step-to-step distance is substantially equal.
NUM  10.
PAR  10. The improvement claimed in claim 9 in combination with a four-cycle,
      reciprocating internal combustion engine.
NUM  11.
PAR  11. The improvement claimed in claim 1 in combination with a four-cycle,
      reciprocating internal combustion engine.
NUM  12.
PAR  12. The improvement claimed in claim 11 wherein each step has a face
      substantially perpendicular to the path of expected reversion flow from
      the engine.
NUM  13.
PAR  13. The improvement claimed in claim 12 wherein each step has a trailing
      side extending from the free end of the step to the wall of the runner in
      which the step is disposed substantially parallel to the expected path of
      reversion flow from the engine.
NUM  14.
PAR  14. An improved manifold for a four-cycle, multiple cylinder, reciprocating
      internal combustion engine, the manifold being of the single plane type
      and which has a plurality of runners for communicating a fuel-air mixture
      from a source thereof to the cylinders of the engine corresponding in
      number to the number of cylinders in the engine, the improvement
      comprising:
PA1  a plurality of steps in each runner on a curved wall thereof extending from
      the exit of the runner towards the source a predetermined distance, the
      steps being in zones of the runner where mixture stream velocity is
      relatively low with respect to stream velocity elsewhere in the same
      velocity profile, and the steps being in line-of-sight communication with
      the exit.
NUM  15.
PAR  15. The improvement claimed in claim 14 wherein:
PA1  a. each step has a face approximately perpendicular to the direction of
      fuel-air mixture flow and extending a predetermined distance from the
      wall; and
PA1  b. each step has a trailing side approximately parallel with the direction
      of fuel-air mixture flow and extending from an intersection with the face
      of the step to the runner wall.
NUM  16.
PAR  16. The improvement claimed in claim 14 wherein:
PA1  a. each step has a face approximately perpendicular to the direction of
      expected reversion flow extending a predetermined distance from the wall;
      and
PA1  b. each step has a trailing side approximately parallel to the direction of
      exptected reversion flow and extending from an intersection with the face
      of the step to the runner wall.
NUM  17.
PAR  17. The improvement claimed in claim 16 wherein the step-to-step distance
      is substantially constant.
NUM  18.
PAR  18. The improvement claimed in claim 14 wherein:
PA1  each step has a face approximately perpendicular to the runner wall on
      which the step is disposed and the steps diverge with respect to adjacent
      steps towards a zone where the mixture stream velocity in the same
      velocity profiles are relatively low with respect to the mixture stream
      velocity towards the converging ends of the steps.
NUM  19.
PAR  19. The improvement claimed in claim 18 wherein:
PA1  each step has a trailing side approximately parallel with the direction of
      expected reversion flow and extending from an intersection with the face
      of the step to the runner wall.
NUM  20.
PAR  20. The improvement claimed in claim 14 in combination with the engine.
NUM  21.
PAR  21. An improvement in a single plane, independent runner intake manifold
      for idstributing a fuel and air mixture from a source thereof to the
      cylinders of a V-8 four-cycle, reciprocating, internal combustio engine
      having its cylinders arrayed in two parallel banks of four cylinders each,
      the manifold having a lingitudinal axis midway between the banks of
      cylinders, a central plenum for receiving the mixture, and an independent
      runner for each of the cylinders extending longitudinally and laterally to
      the inlet port of its associated cylinder from the plenum, each runner
      curving towards the lateral direction it takes and having a generally
      quadrilateral cross section for mixture flow, and each runner having an
      outside and an inside wall as viewed longitudinally from the plenum, the
      improvement comprising:
PA1  a plurality of serially spaced steps in each of the runners beginning near
      the exit thereof into the inlet port and extending towards the plenum a
      predetermined distance, the steps being in zones where mixture stream
      velocity is relatively low with respect to mixture stream velocity
      elsewhere in the same velocity profile, on a curved wall of the runner and
      in lines-of-sight from the exit.
NUM  22.
PAR  22. The improvement claimed in claim 21 wherein the steps for each runner
      are on the outside wall thereof.
NUM  23.
PAR  23. The improvement claimed in claim 22 wherein each step has a face
      extending from the wall to a free end which is substantially perpendicular
      to the direction of mixture flow through the runner and which faces the
      inlet port for the runner.
NUM  24.
PAR  24. The improvement claimed in claim 23 wherein each step has a side
      extending from the free end of the face substantially parallel to mixture
      flow to the outside wall.
NUM  25.
PAR  25. The improvement claimed in claim 24 wherein the steps of each runner
      diverge from the floor thereof to the roof.
NUM  26.
PAR  26. The improvement claimed in claim 25 wherein the step-to-step distance
      in each runner is substantially equal.
NUM  27.
PAR  27. The improvement claimed in claim 26 in conbination with the engine.
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PAL  An ignition system for a spark-ignition type internal combustion engine
      comprising an ignition device capable of performing the spark timing
      control function, wherein in order to improve the engine torque, a
      temperature detecting element for detecting the temperature having an
      effect on the engine torque efficiency is provided in addition to the
      ingition device, so that the ignition device is actuated to advance the
      timing of the spark at a lower temperature as compared with that employed
      at a higher temperature in accordance with the temperature detected by the
      temperature detecting element.
PARN
PAR  This is a continuation of application Ser. No. 116,343, filed Feb. 18, 1971
     .
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an ignition system which also controls the
      spark timing of a spark-ignition type internal combustion engine according
      to temperatures to thereby distribute a high-voltage surge to the spark
      plug at the correct instant.
PAR  2. Description of the Prior Art
PAR  In the past, two types of ignition devices have been incorporated in the
      conventional ignition systems: these are a centrifugal spark advance
      mechanism for controlling the ignition timing of the engine according to
      the engine speed and a vacuum spark advance mechanism which advances or
      retards the timing of the spark according to the engine intake manifold
      vacuum. These mechanisms have primarily had their origin in the conception
      that the correct ignition timing of an engine could be satisfactorily
      determined according to two controlling factors, that is, the engine speed
      and the engine intake manifold vacuum.
PAR  In actual operation of an engine, however, a driver frequently experiences
      such trouble that while there was no difficulty with the hot engine (with
      the engine temperature in terms of the cooling water temperature higher
      than about 40.degree.C), there was an inconvenience with the cold engine
      in that not only the engine ran unsatisfactorily, but also the engine
      lacked acceleration or other transient performance and this was
      particularly true in the winter months.
PAR  Of course, it has been known in the art that the engine torque efficiency
      could vary with different engine temperatures. In order to look into the
      cause of such variations, the inventors have conducted various experiments
      and much research and discovered that even with the same load and the same
      number of revolutions the range of the spark timing which would ensure
      stable operation of the engine differed depending on whether the engine
      was cold or hot and that the lower the engine temperature the greater the
      spark advance would be required.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has been made on the basis of the aforesaid new
      discovery and the primary object of the invention is therefore to provide
      an ignition system which comprises an engine temperature detecting element
      for detecting the temperature of an engine, and an ignition device for
      advancing the timing of the spark of the cold engine compared with that
      set for the hot engine according to the temperature detected by the engine
      temperature detecting element, whereby when the engine is cold, a spark
      advance (of the order of 5.degree. to 15.degree.) may be provided to
      ensure that the desired optimum ignition timing is set to obtain improved
      engine power.
PAR  Another object of the present invention is to provide various embodiments
      of an ignition device adapted to achieve the aforesaid primary object of
      the invention.
PAR  According to the present invention, there is a remarkable effect in that
      since the ignition system of the invention comprises a temperature
      detecting element for detecting temperatures which affect the engine
      torque efficiency, and an ignition device for advancing the spark timing
      at a low temperature relative to that which is set for use at a higher
      temperature according to the temperature detected by the temperature
      detecting element, the spark timing may be advanced when the engine is
      cold compared to when it is hot, thereby improving the power of the cold
      engine as well as the stability of the acceleration performance.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an engine torque efficiency curve which is effective for
      explaining the process of the mental concept which resulted in the present
      invention.
PAR  FIG. 2 is a schematic diagram showing an ignition system for internal
      combustion engines of the present invention illustrated in FIG. 3.
PAR  FIG. 3 is a schematic diagram showing an embodiment of the system of the
      present invention.
PAR  FIG. 4 is a plan view of another embodiment of the system of the present
      invention showing a part in section.
PAR  FIG. 5 is a perspective view of a third embodiment of the system of the
      present invention showing the principal part in section.
PAR  FIG. 6 is a plan view of a fourth embodiment of the system of the present
      invention showing the principal part in section.
PAR  FIG. 7 is a plan view of a fifth embodiment of the system of the present
      invention showing the principal part in section.
PAR  FIG. 8 is an electrical wiring diagram of a sixth embodiment of the system
      of the present invention.
PAR  FIG. 9 is a spark advance characteristic diagram for explaining the
      operation of the sixth embodiment of the system of the present invention.
PAR  FIG. 10 is a diagram for explaining the operation of a modification of the
      sixth embodiment of the system of the present invention.
PAR  FIG. 11 is an electrical wiring diagram of a seventh embodiment of the
      system of the present invention.
PAR  FIG. 12 is a diagram showing a specific construction of the temperature
      change-over valve employed in the fourth and fifth embodiments of the
      system of the present invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Before proceeding with the explanation of the preferred embodiments of the
      present invention, it will be necessary to discuss the results of the
      experiments and researches conducted by the inventors with a view to
      investigating the influence of the engine temperatures on the engine
      torque efficiency.
PAR  FIG. 1 illustrates, by way of an example, the results of the tests
      conducted to measure how the shaft torque T would vary in relation with
      the spark timing according to changes in the engine temperature when it
      was run at a speed of 1200 rpm. In the figure, "knock" represents the
      limit at which knocking may take place thus indicating that the curved
      portion on its right side cannot be employed, while "not good" represents
      the limit of the stable operation of an engine thus indicating that the
      curved portion on its left side cannot be employed. Accordingly, that
      portion of each curve represented by a thick line between the two limits
      indicates the range of the preferred spark timing.
PAR  As is apparent from FIG. 1, the torque curves with a hot engine (in terms
      of cooling water temperature above 80.degree.C and oil temperature of over
      60.degree.C) are as shown by solid lines, while the torque curves with a
      cold engine (in terms of both cooling water and oil temperatures between
      20.degree. and 25.degree.C) are represented by two-dot chain lines, thus
      indicating that as the engine temperature decreases, the preferred region
      of the spark timing that ensures stable operation of the engine will be
      moved to such a position that the spark occurs at a correspondingly
      earlier time than at the previous position and in this case the spark
      timing which ensures the maximum torque will also be advanced. With the
      conventional systems, the standard ignition time S is normally set at a
      point in the thickened portion of the solid torque curves in consideration
      of such factors as the variation in the manufacture and the like in order
      to obtain the maximum possible torque without allowing any knocking, and
      thus the time at which the spark occurs is fixed to the said standard
      ignition time S irrespective of changes in the engine temperature when the
      engine speed and load are constant. Consequently, as discovered by the
      inventors, the spark timing with a cold engine would practically move to
      that portion of torque curve where the engine could not run
      satisfactorily, thereby giving rise to the deficiencies as previously
      described.
PAR  The present invention contemplates the elimination of these deficiencies
      and for this purpose it provides, when the engine is cold, a spark advance
      (of the order of 5.degree. to 15.degree.) to set the ignition timing at
      the desired position shown in FIG. 1 so as to improve the engine output
      torque. In the discussion to follow, a first embodiment of the present
      invention will be explained with reference to the accompanying drawings in
      which those elements or parts as designated by the identical reference
      numerals indicate the identical or corresponding elements or parts.
PAR  Referring now to FIG. 2, numeral 1 designates an ignition coil, 1a a coil
      primary winding, 1b a coil secondary winding, 2 a distributor for
      distributing high-voltage surges induced in the secondary winding 1b to
      spark plugs 3, 4 an ignition device which interrupts the power supply
      circuit to the primary winding 1a which also performs the spark timing
      control function, 5 a DC power source. Numeral 6 designates a temperature
      detecting element for detecting the temperature which has an effect on the
      engine torque efficiency (e.g., the temperature of the cooling water,
      cyclinder block, intake manifold, etc.), 7 a spark timing control unit for
      advancing the timing of the spark by the ignition device 4 so that in
      accordance with the temperature detected by the temperature detecting
      element 6 the spark timing at a lower temperature may be advanced over
      that used at a higher temperature. The temperature detecting element 6 and
      the spark timing control unit 7 are illustrated in detail in FIG. 3 by way
      of example.
PAR  In FIG. 3, the DC power source 5 may consist of the storage battery
      installed in the car. Numeral 60 designates a switch which is operatively
      associated with an engine starting switch so that it is turned on while
      the engine is operating. Numeral 61 designates a thermistor for detecting
      the temperature that has an effect on the engine torque efficiency, such
      as, the temperature of water in the radiator, the engine oil temperature
      and the temperature of air in the rear of the fan (hereinafter simply
      referred to as the engine temperature); 62, 63, 65 and 66, resistors; 64,
      67 and 68, power amplifying transistors; 69 a relay having normally-open
      contacts 69a. When the thermistor 61 detects a temperature lower than a
      predetermined value so that the resistance value of the thermistor 61
      itself increases, the voltage between the base and emitter of the
      transistor 64 increases to conduct the transistor 64, whereupon the
      transistor 67 is cut off and the transistor 68 conducts to establish a
      power supply circuit to the relay 69. The spark timing control unit 7
      comprises a solenoid 71 and a rod 72 connected to a housing 11 of the
      ignition device 4, whereby as the solenoid 71 is energized upon the
      closing of the contacts 69a of the relay 69, the rod 72 is attracted to
      cause the housing 11 to rotate through a predetermined angle thereby
      advancing the timing of the ignition of an engine by a predetermined
      degree.
PAR  With the construction described above, when the ignition device 4 is
      closed, a current is supplied to the primary winding 1a of the ignition
      coil 1 from the power source 5 and a contact breaker in the ignition
      device 4 opens, so that the power supply circuit to the primary winding 1a
      is interrupted, inducing a high voltage in the secondary winding 1b of the
      ignition coil 1. This high voltage is then delivered to the correct spark
      plug 3 by the action of the distributor 2.
PAR  Then, the engine temperature is always detected by the temperature
      detecting element 6 so that in response to the temperature detected by the
      temperature detecting element 6 the spark timing control unit 7 advances
      the spark timing at a low temperature (e.g., below 40.degree.C) relative
      to that used when it is high (e.g., above 40.degree.C), that is, the time
      when the power supply circuit to the primary winding 1a is interrupted by
      the action of the ignition device 4 is advanced.
PAR  While the means for advancing the spark timing of the cold engine relative
      to that of the hot engine has been explained in connection with the
      situation wherein the spark advance characteristics set for higher engine
      temperatures are moved in a direction to provide any given degree of spark
      advance at low engine temperatures, there is no doubt that the spark
      advance characteristics may be preselected to suit the ignition timing
      characteristics required at low engine temperatures so that by moving
      these spark advance characteristics in a direction to retard the spark
      timing at higher engine temperatures, the spark timing may be advanced at
      the lower temperatures as compared to that set for the higher
      temperatures.
PAR  Another embodiment of the ignition system according to the present
      invention will now be explained. Referring to FIG. 4 illustrating the
      second embodiment of the ignition system of the present invention, numeral
      11 designates a housing of the ignition device, 12 a cam linked to the
      engine and adapted to rotate in the direction shown by an arrow P, 13 a
      movable breaker plate mounted in the housing of the ignition device 11
      rotatable about the cam 12, 14 a contact breaker mounted on the breaker
      plate 13 and adapted to be operated by the cam 12 to interrupt the primary
      circuit of the ignition coil (not shown). Numeral 7 designates a vacuum
      spark advance mechanism adapted so that in response to a vacuum admitted
      into a vacuum chamber 36, a diaphragm 31 is caused to move against a
      spring 40b thereby actuating a spark advance rod 9. The spark advance rod
      9 is provided at its forward end with a chamber 9a containing a material
      which is responsive to a temperature so as to expand or contract, such as,
      a wax 10, and the rod 9 is connected by way of the wax 10 to an auxiliary
      rod 22 rotatable about a pin 15 mounted on the movable breaker plate 13.
      Numeral 23 designates a spring for causing the auxiliary rod 22 to respond
      to a change in the volume of the wax 10.
PAR  In operation, the cam 12 is rotated according to the engine speed in the
      direction shown by the arrow P by means of a centrifugal spark advance
      mechanism (not shown), so that the breaker plate 13 is rotated according
      to the engine load in the direction shown by an arrow Q by the vacuum
      spark advance mechanism 7, thereby determining the spark advance
      characteristic. In this case, the spark advance characteristic obtainable
      when the wax 10 has expanded its volume to the fullest extent will be the
      one set for a high engine temperature condition.
PAR  With the system constructed as described above, when the engine temperature
      is higher than a predetermined value, the temperature within the housing
      of the ignition device 11 is also increased so that the wax 10 disposed
      between the auxiliary rod 22 and the spark advance rod 9 exhibits the
      maximum cubical expansion. The spark advance characteristic obtained under
      this condition is the one set for the higher engine temperature condition.
PAR  On the other hand, when the engine temperature is below a predetermined
      value, the wax 10 contracts in response to this temperature so that the
      auxiliary rod 22 is caused, under the action of the spring 23, to reduce
      the distance between it and the spark advance rod 9 in response to the
      change in the volume of the wax 10. The breaker plate 13 is then rotated
      in the spark advancing direction Q by way of the pin 15 in accordance with
      the amount of movement of the auxiliary rod 22, so that the time that the
      contact breaker 14 is opened by the cam 12 (i.e., the ignition timing) is
      advanced with respect to the spark timing previously set for the higher
      engine temperature. It should be noted here that since the degree of spark
      advance as determined by a change in the volume of the wax 10 will be
      gradually automatically increased as the engine temperature decreases,
      proper spark timing, suitable for any given temperature, can always be
      ensured throughout the range of lower engine temperatures.
PAR  While, in the second embodiment described above, the breaker plate 13 is
      rotated in accordance with a change in the volume of the wax 10 so that
      the contact breaker 14 is moved in the spark advancing direction Q with
      respect to the cam 12, a modification such as a third embodiment shown in
      FIG. 5 is also possible, wherein a chamber 24 containing a wax 10 is
      mounted on a portion 25 such as the cylinder block from which the engine
      temperature may be detected, and the forward end of a rod 22' adapted to
      respond to a change in the volume of the wax 10 by virtue of a spring 23
      mounted in the chamber 24 is rotatably attached to an arm 16 radially
      secured to a housing of the ignition device 11, so that the housing of the
      ignition device 11 may be rotated in response to a change in the volume of
      the wax 10 to thereby move a contact breaker 14 in a direction which
      provides a spark advance with respect to a cam 12. As the
      temperature-sensitive material whose volume changes with temperature,
      bimetal elements or the like may also be used in addition to the
      above-mentioned wax.
PAR  Referring now to FIG. 6, there is shown a fourth embodiment of the ignition
      system of the present invention, in which a first control rod 26 of a
      vacuum spark timing control unit 7 is rotatably mounted on a pin 15
      secured on a movable breaker plate 13.
PAR  The vacuum spark timing control unit 7 comprises first, second and third
      diaphragms 29, 30 and 31 which are housed within a casing 8. The first
      control rod 26 is secured at the central portion of the first diaphragm
      29, while a second control rod 32 is secured at the central portions of
      the second and third diaphragms 30 and 31. The first and second control
      rods 26 and 32 are slidable and a compression spring 40a is disposed
      therebetween. Chambers 33, 34, 35 and 36 are defined between the casing 8
      and the first diaphragm 29, the first and second diaphragms 29 and 30, the
      second and third diaphragms 30 and 31, and the third diaphragm 31 and the
      casing 8, respectively. The chamber 33 is connected to the atmosphere and
      a vacuum inlet port 37 is formed in the chamber 34, while the chamber 35
      is provided with an air inlet port 38 and the chamber 36 includes a vacuum
      inlet port 39. A compression spring 40b is also mounted in the chamber 36.
PAR  Numeral 41 designates a carburetor, 42 a throttle valve, 43 an inlet pipe,
      and an arrow a designates the direction in which fuel and air enter.
      Numeral 44 designates a conventional vacuum intake port provided at a
      point slightly upstream of the throttle valve 42 in its fully closed
      position and communicating with the vacuum inlet port 39 of the chamber 36
      by way of a line 46 shown by a dotted line. Numeral 45 designates a vacuum
      intake port formed in the inlet pipe 43, which is led to the vacuum inlet
      port 37 of the chamber 34 by way of a temperature change-over valve 48
      through lines 47 and 49 shown by dotted lines. The temperature change-over
      valve 48 is sensitive to the cooling water temperature so that when the
      temperature of the cooling water is low (e.g., the cooling water is at a
      temperature below 40.degree.C), it causes the lines 47 and 49 to
      communicate with each other, while it closes the line 47 and opens the
      line 49 to the air when the temperature of the cooling water is high
      (e.g., above 40.degree.C).
PAR  When a vacuum corresponding to the opening of the throttle valve 42 or the
      engine load is admitted into the chamber 36 by way of the vacuum intake
      port 44, line 46 and vacuum inlet port 39, the second diaphragm 31 is
      moved to the right as shown by an arrow b against the spring 40b and this
      movement is then transmitted to the movable breaker plate 13 by way of the
      second control rod 32, first control rod 26 and pin 15, thereby rotating
      the breaker plate 13 in a direction to provide a spark advance (i.e., the
      direction shown by an arrow c). In other words, a vacuum advance of the
      kind known in the art is obtained.
PAR  On the other hand, when the engine temperature is low, the temperature
      change-over valve 48 communicates the lines 47 and 49 with each other so
      that the engine inlet pipe vacuum downstream of the throttle valve is
      admitted into the chamber 34 by way of the lines 47 and 49 and through the
      vacuum inlet port 37. This vacuum causes the first diaphragm 29 to move in
      the direction shown by an arrow b against the spring 40a so that the
      movable breaker plate 13 is rotated in the spark advancing direction C by
      means of the first control rod 26. In other words, there results a spark
      advancing action due to the vacuum admitted into the chamber 36 plus an
      additional spark advancing action due to the vacuum admitted into the
      chamber 34, thereby advancing the spark timing at a low engine temperature
      relative to that set for a higher engine temperature condition.
PAR  While the engine intake manifold vacuum applied to the vacuum intake port
      45 will be decreased rapidly upon the opening of the throttle valve 42,
      the spark timing may be advanced under any important operating conditions
      of the cold engine as compared with that set for the hot engine, if the
      response characteristic of the first diaphragm 29 in the chamber 34 into
      which said vacuum is introduced is sufficiently improved by suitably
      selecting the spring constant, compression load and the like of the spring
      40a.
PAR  In the fourth embodiment described above, the first vacuum chamber 36 for
      providing a spark advancing action when the engine is hot and the second
      vacuum chamber 34 for providing a spark advancing action with the engine
      cold are both housed within the single casing 8. However, as will be seen
      from a fifth embodiment of the present invention shown in FIG. 7, the
      first and second vacuum chambers 36 and 34 may be oppositely disposed with
      the ignition device housing 11, so that the diaphragms 31 and 29 in the
      chambers 34 and 36, respectively, are connected with each other by way of
      a connecting rod 28 with a casing 8b of the first vacuum chamber 36 being
      secured to the ignition device housing 11 and a casing 8a of the second
      vacuum chamber 34 being fit on the pin 15 of the movable breaker plate 13.
      Of course, the means for causing the first and second vacuum chambers 36
      and 34 to rotate the movable breaker plate 13 in the direction to provide
      a spark advance may take various other forms than the above-mentioned
      constructions, and it is also possible to construct so that instead of
      directly rotating the movable breaker plate 13, the housing of the
      ignition device 11 is rotated to thereby move the breaker plate 13 in a
      direction which provides a spark advance. The detailed construction of the
      temperature change-over valve 48 is illustrated in FIG. 12 by way of
      example.
PAR  While the fourth and fifth embodiments as described above are effective in
      improving the engine output under low engine temperature conditions
      because of the fact that not only the conventional spark advancing action
      of vacuum type is obtainable with the hot engine, but also the spark
      timing with the cold engine can be advanced relative to that set for the
      hot engine, the present invention is especially effective in that since a
      spark advance at low engine temperatures is obtained by means of the
      engine intake manifold vacuum, no spark advancing action will be provided
      when starting the engine with the result that the temperature of the
      engine at the start thereof has nothing to do with the present invention
      and thus the present invention can be incorporated without making any
      special arrangements in those engines requiring conventional ignition
      timing.
PAR  Next, a sixth embodiment of the ignition system of the present invention
      will be explained. Referring to FIG. 8, numerals 14a and 14b designate
      first and second contact breakers actuated by a breaker cam 12 to close
      and open the circuits, 13 a movable breaker plate. Each of the contact
      breakers 14a and 14b comprises either one of movable contacts 53 and 54,
      movable arms 57 and 58 respectively provided with lifters 55 and 56
      directly engageable with the cam 12, and stationary contacts 51 and 52,
      and the contact breakers 14a and 14b are mounted on the movable breaker
      plate 13 in such a relation that the first contact breaker 14a always
      opens at a point which leads the second contact breaker 14b by
      .alpha..degree. .
PAR  Numeral 59 designates a thermal switch having a movable contact 59a and
      stationary contacts 59b and 59c and adapted to detect the engine
      temperature such as the temperature of the cooling water, whereby the
      movable contact 59a engages the lower stationary contact 59b when the
      engine temperature is below a predetermined value (e.g., the cooling water
      temperature below about 40.degree.C), while the movable contact 59a
      engages the upper stationary contact 59c when the engine temperature is
      higher than a predetermined value. The thermal switch 59 has its movable
      contact 59a electrically connected to a primary wiring 1a of an ignition
      coil 1, lower stationary contact 59b to the movable contact 53 of the
      first contact breaker 14a and upper stationary contact 59c to the movable
      contact 54 of the second contact breaker 14b.
PAR  The breaker cam 12 is adapted to rotate clockwise as shown by the arrow in
      synchronism with the engine and it is also rotated in the direction of the
      arrow by a centrifugal spark advance mechanism (not shown) in accordance
      with the engine speed, while the movable breaker plate 13 is rotated
      counterclockwise by a vacuum spark advance mechanism (not shown) in
      accordance with the engine load.
PAR  With the construction described above, when the engine temperature exceeds
      a predetermined value, the movable contact 59a of the thermal switch 59
      engages the upper contact 59c so that the primary circuit of the ignition
      coil 1 is interrupted by the second contact breaker 14b. In other words,
      when the cam lobe of the breaker cam 12 and the lifter 56 of the movable
      arm 58 engages with each other at the time as determined by the
      centrifugal and vacuum spark advance mechanisms, the contacts 54 and 52
      open so that the energization of the primary winding 1a of the ignition
      coil 1 is interrupted thus inducing a high voltage in the secondary
      winding 1b and the ignition spark is jumped to a spark plug 3. In this
      case, the spark advance characteristic will be as shown by a solid line
      curve ABCDE in FIG. 9 according to the variations of the engine speed and
      load.
PAR  On the other hand, under low temperature conditions with the engine
      temperature being below a predetermined value, the movable contact 59a of
      the thermal switch 59 touches the lower contact 59b so that the primary
      circuit of the ignition coil 1 is interrupted by the first contact breaker
      14a. The first contact breaker 14a always opens and closes at a point
      which leads the second contact breaker 14b by .alpha..degree. (about
      5.degree. to 15.degree.). Therefore, the spark advance characteristic
      under low engine temperature conditions will be as shown by a broken line
      curve abcde in FIG. 9.
PAR  With the embodiment described above, if the second contact breaker 14b is
      employed to interrupt the primary circuit of the ignition coil 1, as
      previously explained, the time that the spark occurs is delayed by
      .alpha..degree. as compared with the case when the primary circuit is
      interrupted by the first contact breaker 14a and hence the second contact
      breaker 14b stays closed even when the first contact breaker 14a is
      opened, so that the ignition spark always jumps to the spark plug 3 by the
      action of the second contact breaker 14b despite the first contact breaker
      14a being inserted in the primary circuit. Accordingly, the thermal switch
      59 may be constructed to function to always connect the first contact
      breaker 14a to the primary winding 1a of the ignition coil 1 as is the
      case with a seventh embodiment shown in FIG. 11.
PAR  While the engine generally has a margin with respect to the proper ignition
      timing when starting under high engine temperature conditions and thus the
      engine can be started even if the ignition of the engine is timed at a
      point past the top dead center, in some designs the ignition timing
      required for starting the cold engine is primarily set (for example, about
      8.degree. before the top dead center). In this case, in order that no
      spark advance may be allowed while starting the engine under low
      temperature conditions, but the spark timing may be advanced after the
      engine has been started, the application of such designs as will be
      explained hereunder may prove to be effective.
PAR  In one design, with the circuit shown in FIG. 8 a normally open switch
      which is operatively associated with the engine starting switch to stay
      closed only while the starter motor is in operation, is connected in
      parallel with the contacts 59a and 59c of the thermal switch 59, so that
      during the starting of the engine the ignition spark can always be
      delivered by the action of the second contact breaker 14b.
PAR  In another design, as shown in FIG. 10, the usual spark advance
      characteristic with respect to the engine speed which is shown by the
      one-dot chain line ABCDE is replaced with the spark advance characteristic
      shown by the solid line curve A'B'CDE starting at a point A' past the top
      dead center and having a spark advance area as early as under idling
      conditions, that is, when the engine has been started, so that if an
      .alpha..degree. spark advance is provided (as shown by the broken line
      curve a'b'cde) under low engine temperature conditions, the spark timing
      employed when starting the engine becomes the proper timing (about
      8.degree. before the top dead center, for example).
PAR  According to the system of the sixth embodiment of the present invention
      described above, the spark timing under low engine temperature conditions
      can be advantageously be advanced as compared with that set for the hot
      engine, so that the combustion in the engine cylinder is improved, more
      power is produced and an improved acceleration stability is obtained.
      Moreover, in the system of the sixth embodiment of the invention one of
      the contact breakers may consist of the existing contact breaker and
      therefore the above-mentioned spark advance under low engine temperature
      conditions can be obtained with a simple construction in which a single
      contact breaker and a thermal switch are added to the conventional system.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved ignition system for use in a spark-ignition type internal
      combustion engine having at least one spark plug to advance the spark at a
      selected engine temperature corresponding to a coolant temperature less
      than about 40.degree.C and to retard the spark above that temperature
      including
PA1  an ignition coil having a primary winding and a secondary winding
      connectable in circuit with said spark plug,
PA1  a power source connected in circuit with said primary winding for supplying
      power to said primary winding, and
PA1  breaker means connected in series with the circuit including said primary
      winding and said power source to interrupt power supplied from said power
      source to said primary winding so as to induce a high voltage in said
      secondary winding, wherein the improvement comprises,
PA1  first and second current interrupting means connected in parallel with each
      other and each connected in series circuit with said primary winding and
      said power source, said first current interrupting means being positioned
      in advance of said second current interrupting means by a selected
      rotational angle for interrupting power supplied to said primary winding
      from said power source,
PA1  a temperature detecting element for detecting engine temperature having an
      effect on engine torque efficiency to produce respective output signals
      below and above said selected level of said engine temperature, and
PA1  spark timing change means connected between said temperature detecting
      element and said breaker means for changing spark timing to selected
      discrete levels to interrupt power supplied from said power source to said
      primary winding in response to the output of said temperature detecting
      element,
PA1  said spark timing change means including switch means for switching on said
      first current interrupting means in response to said below output signal
      from said temperature detecting element for advancing said spark timing
      from a normal pre-TDC level to a selected discrete level that is more
      advanced by about 5.degree. to 15.degree. when the engine temperature is
      lower than said selected engine temperature for improving the power of
      said engine by generally optimizing engine shaft torque regardless of
      engine load and increasing the stability at idling and during acceleration
      and running speeds of said engine at temperatures thereof below said
      selected engine temperature,
PA1  said switch means being operative in response to the said above temperature
      output signal to switch off said first current interrupting means and to
      make said second current interrupting means operative for retarding said
      spark timing to said normal level when said engine temperature is above
      said selected temperature,
PA1  said switch means having a single pole and two contacts for double throw
      action, said single pole being connected directly to said primary winding
      and said two contacts being respectively connected to said first and
      second current interrupting means.
NUM  2.
PAR  2. An improved ignition system for use in a spark-ignition type internal
      combustion engine having at least one spark plug to advance the spark at a
      selected engine temperature corresponding to a coolant temperature less
      than about 40.degree.C and to retard the spark above that temperature
      including
PA1  an ignition coil having a primary winding and a secondary winding
      connectable in circuit with said spark plug,
PA1  a power source connected in circuit with said primary winding for supplying
      power to said primary winding, and
PA1  breaker means connected in series with the circuit including said primary
      winding and said power source to interrupt power supplied from said power
      source to said primary winding so as to induce a high voltage in said
      secondary winding, wherein the improvement comprises,
PA1  first and second current interrupting means connected in parallel with each
      other and each connected in series circuit with said primary winding and
      said power source, said first current interrupting means being positioned
      in advance of said second current interrupting means by a selected
      rotational angle for interrupting power supplied to said primary winding
      from said power source,
PA1  a temperature detecting element for detecting engine temperature having an
      effect on engine torque efficiency to produce respective output signals
      below and above said selected level of said engine temperature,
PA1  spark timing change means connected between said temperature detecting
      element and said breaker means for changing spark timing to selected
      discrete levels to interrupt power supplied from said power source to said
      primary winding in response to the output of said temperature detecting
      element,
PA1  said spark timing change means including switch means for switching on said
      second current interrupting means in response to said below output signal
      from said temperature detecting element for advancing said spark timing
      from a normal pre-TDC level to a selected discrete level when the engine
      temperature is lower than said selected engine temperature for improving
      the power of said engine by generally optimizing engine shaft torque
      regardless of engine load and increasing the stability at idling and
      during acceleration and running speeds of said engine at temperatures
      thereof below said selected engine temperature,
PA1  said switch means being operative in response to the said above temperature
      output signal to switch off said second current interrupting means and to
      make said first current interrupting means operative for retarding said
      spark timing to said normal level when said engine temperature is above
      said selected temperature,
PA1  said switch means having a single pole and two contacts for double throw
      action, said single pole being connected directly to said primary winding
      and said two contacts being respectively connected to said first and
      second current interrupting means,
PA1  a switch connected across said pole and the one of said contacts that is
      connected with said second current interrupting means, and
PA1  means for closing said switch only while the starter motor for said engine
      is in operation so that during the starting of the engine the ignition
      spark is always delivered by the action of said second current
      interruption means regardless of the engine temperature but then the spark
      is advanced immediately after engine start if the said engine temperature
      is below the said selected value thereof corresponding to a coolant
      temperature less than about 40.degree.C.
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ABST
PAL  The engine has a duct connecting the gases in the exhaust gas crossover
      passage to the intake manifold, the duct normally being closed by a valve
      that is opened by manifold vacuum that is modulated as a function of
      carburetor throttle blade opening and connected to the duct past an
      air-bleed device that normally is open and closed against a spring force
      by unmodulated manifold vacuum below a predetermined level so that the gas
      recirculating valve opening signal force varies directly with manifold
      vacuum decreases to prevent recirculation during engine idle and cruising
      and wide-open throttle operations while providing controlled operation in
      the engine accelerating range between.
BSUM
PAR  This invention relates, in general, to an internal combustion engine. More
      particularly, it relates to a system for controlling the recirculation of
      exhaust gases back into the engine through the intake manifold.
PAR  Devices are known for recirculating a portion of the engine exhaust gases
      back through the engine to control the emission of unburned hydrocarbons
      and lower the output of oxides of nitrogen. These devices have included
      valving to prevent recirculation of the exhaust gases at undesired times
      and generally are controlled by movement of the carburetor throttle valve
      so that recirculation is prevented during engine idle and wide-open
      throttle operations. This is desirable because at engine idle, exhaust gas
      scavenging is inefficient, while at wide-open throttle position, maximum
      power is limited by the availability of oxygen.
PAR  It is an object of this invention to provide an exhaust gas recirculating
      system that affords a finer control of the recirculation of gases back
      into the engine by means of a pilot valve type operation rather than by
      the single control valve known in the prior art.
PAR  Another object of the invention is to provide selective control of exhaust
      gas recirculating flow of an engine in responses to changes in intake
      manifold vacuum level modulated as a function of engine load indicated by
      throttle valve position.
PAR  It is a still further object of the invention to provide a valve for
      opening and closing a duct containing exhaust gases for recirculation into
      an engine, the valve being moved to open the duct by a force that is
      determined by manifold vacuum level and is proportional to changes in
      manifold vacuum modulated by the carburetor throttle valve.
DRWD
PAR  Other objects, features and advantages of the invention would become more
      apparent upon reference to the succeeding detailed description thereof,
      and to the drawings illustrating a preferred embodiment thereof, wherein;
PAR  FIG. 1 is a cross-sectional view of a portion of an internal combustion
      engine and associated carburetor embodying the invention; and,
PAR  FIG. 2 is a cross-sectional view taken on a plane indicated by and viewed
      in the direction of the arrows 2--2 of FIG. 1.
DETD
PAR  FIG. 1 illustrates a portion 10 of one-half of a four-barrel carburetor of
      a known downdraft type. It has an air horn section 12, a main body portion
      14, and a throttle body 16, joined by suitable means not shown. The
      carburetor has the usual air/fuel induction passages 18 open at their
      upper ends 20 to fresh air from the conventional air cleaner, not shown.
      The passages 18 have the usual fixed area venturies 22 cooperating with
      booster venturies 24 through which the main supply of fuel is induced, by
      means not shown.
PAR  Flow of air and fuel through induction passages 18 is controlled by a pair
      of throttle valve plates 26 each fixed on a shaft 28 rotatably mounted in
      the side walls of the carburetor body.
PAR  The throttle body 16 is flanged as indicated for bolting to the top of the
      engine intake manifold 30, with a spacer element 32 located between.
      Manifold 30 has a number of vertical risers or bores 34 that are aligned
      for cooperation with the discharge end of the carburetor induction
      passages 18. The risers 34 extend at right angles at their lower ends 36
      for passage of the mixture out of the plane of the figure to the intake
      valves of the engine.
PAR  The exhaust manifolding part of the engine cylinder head is indicated
      partially at 38, and includes an exhaust gas crossover passage 40. The
      latter passes from the exhaust manifold, not shown, on one side of the
      engine to the opposite side beneath the manifold trunks 36 to provide the
      usual "hot spot" beneath the carburetor to better vaporize the air/fuel
      mixture.
PAR  As best seen in FIG. 2, the spacer 32 is provided with a worm-like recess
      42 that is connected directly to crossover passage 40 by a bore 44. Also
      connected to passage 42 is a passage 46 alternately blocked or connected
      to a central bore or passage 48 communicating with the risers 34 through a
      pair of ports 50. Mounted to one side of the spacer is a cup shaped boss
      52 forming a chamber 54 through which passages 46 and 48 are
      interconnected.
PAR  As described above, it is necessary and desirable to provide some sort of
      control to prevent the recirculation of exhaust gases at undesirable
      times. For this purpose, passage 46 normally is closed by a valve 56 that
      is moved to an open position by a servo 58. The servo includes a hollow
      outer shell 64 containing an annular flexible diaphragm 66. The latter
      divides the interior into an air chamber 68 and a signal vacuum chamber
      70. Chamber 68 is connected to atmospheric pressure through a vent 72,
      while chamber 70 is connected to a vacuum signal force through a line 74.
      The stem 75 of valve 56 is fixed to a pair of retainers 76 secured to
      diaphragm 66. They serve as a seat for a compression spring 77 normally
      biasing the valve to its closed position. The stem slidably and sealingly
      projects through a plate 78 closing chamber 54.
PAR  As shown in FIG. 1, the carburetor contains a manifold vacuum sensing port
      80 connected by a line 82 and an air-bleed device 84 to the vacuum signal
      line 74. The carburetor also contains an exhaust gas recirculating (EGR)
      port 86 that is located above the port 80 and above the closed position of
      throttle valve 26 to be traversed by the edge of the throttle valve as it
      moves open. The pressure in port 86 thereby varies from atmospheric to the
      manifold vacuum level as a function of the opening of throttle valve 28.
      Port 86 is connected to a passage 88.
PAR  Device 84 in this case is manifold vacuum controlled to control the flow of
      EGR vacuum to servo 58. More specifically, device 84 includes a lower
      valve body portion 90 having a pair of opposite valve seats 92 and 94.
      Alternately seated against each valve seat is a reciprocatable spool type
      valve 96 having valve closure lands 98 and 100. The valve is slidably
      mounted on a shaft or plunger 102 between a pair of stops or locaters 104
      and 106. A light positioning spring 108 biases the valve upwardly against
      stop 106. The valve body 90 has three ports 110, 112 and 114. Port 110 is
      connected by passage 88 to the EGR port 86. Port 112 is connected by
      passage 74 to servo 58. Port 114 is an air bleed port and is connected to
      atmosphere through an opening 118 in the valve body.
PAR  The lower valve body portion 90 has a press fit within a cup-shaped servo
      housing 120. The housing is closed by a flexible annular diaphragm 122
      edge mounted to the body by a cap 124. The plunger 102 is riveted to the
      diaphragm through a pair of retainers 126.
PAR  Plunger 102 projects sealingly through body 120 through a rubber seal 128
      and a rubber boot 130. A spring 132 normally biases the plunger and valve
      96 downwardly to air bleed position blocking EGR vacuum communication
      between passages 88 and 74.
PAR  The diaphragm 122 defines on opposite sides a vacuum chamber 134 and a
      reservoir chamber 136. Chamber 134 is connected by a side port 138 and
      passage 82 to manifold vacuum port 80. Chamber 136 communicates with
      chamber 134 through a flow restricting orifice 140 and a one-way check
      valve 142 in diaphragm 122. Lower pressure in chamber 134 than chamber 136
      will unseat check valve 142 to immediately equalize the pressures in the
      two chambers, whereas a lower pressure in chamber 136 than in chamber 134
      will permit slow equalization only through orifice 140.
PAR   Before proceeding to a description of the operation of the invention, it
      should be noted that the force of spring 132 is chosen such that below a
      vacuum force of say seven inches hg., for example, the spring will
      maintain the bleed valve 96 in a bleed position. Servo spring 77 normally
      would be a light spring, although it will be clear its force can be varied
      to vary operation of servo 58.
PAR  In operation, therefore, it is desirous that exhaust gas be recirculated
      essentially only during the heavier engine acceleration modes. The
      invention accomplishes this by providing an EGR vacuum signal force to
      servo 58 to open valve 56 that varies directly in proportion to the
      increase in vacuum in port 86 as sensed by the opening of the throttle
      valve 26.
PAR  After the engine is started, with the throttle valves 26 positioned as
      shown for idle speed operation, the manifold vacuum level in port 80 will
      be high and above seven inches hg. Accordingly, manifold vacuum acting in
      chamber 134 will immediately open check valve 142 and reduce the pressure
      in chamber 136 to that of chamber 134. The spring 132 maintains bleed
      valve 96 in the position shown. EGR passage 88 contains air at atmospheric
      pressure.
PAR  If now the vehicle is only lightly accelerated, rotation of throttle valve
      26 will cause a slight level of vacuum in the EGR port 86, but also only a
      slight decay in manifold vacuum in port 80. This will not be sufficient to
      move bleed valve 96 if the manifold vacuum level remains above 7 inches
      hg. Assume now that the throttle valve is depressed for a rapid
      acceleration sufficient to decay manifold vacuum to a level where the
      increased pressure in chamber 134 is sufficient to overcome the force of
      spring 132. This will move diaphragm 122 upwardly since check valve 142
      remains seated and bleed of air occurs only through orifice 140. The valve
      96, therefore will move up and open to a degree dependent upon the force
      of spring 132 and the decay in the level of manifold vacuum to communicate
      the increased EGR vacuum in line 88 to the EGR servo 58. If the vacuum
      level is sufficient to overcome the force of spring 77, then valve 56 will
      open and recirculate the exhaust gases.
PAR  When the vehicle has reached its cruising condition, the throttle valves
      will be operating at slightly off idle position or slightly opened from
      the positions shown. The manifold vacuum, however, will be essentially at
      a maximum value and again cause a complete opening of air bleed valve 96.
      Check valve 142 will pop open to equalize the pressures in chambers 134
      and 136, and spring 132 will again move valve 96 to the position shown
      cutting off EGR vacuum in line 88. This will provide essentially
      atmospheric pressure in the servo chamber 70 and maintain valve 56 closing
      passage 46.
PAR  Similarly, during a wide-open throttle condition of operation, a rapid
      opening of the throttle valves to their wide-open position indicating
      demand for maximum torque, will drop the manifold vacuum level essentially
      to zero. Even though diaphragm 122 may move upwardly and move valve 96 to
      close the air vent, the servo 58 will maintain valve 56 closed because EGR
      vacuum also is essentially zero. Thus, no recirculation of exhaust gases
      will occur until the vacuum level again builds up.
PAR  From the foregoing, it will be seen that the invention provides a selective
      control of exhaust gas recirculation through the use of a pilot valve
      controlled by manifold vacuum changes to modulate the level of manifold
      vacuum to the EGR valve. While the invention has been described and
      illustrated in its preferred embodiment, it will be clear to those skilled
      in the arts to which it pertains that many changes and modifications may
      be made thereto without departing from the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An exhaust gas recirculating system for an internal combustion engine,
      having a throttle valve controlling flow through a carburetor induction
      passage, comprising, a duct connecting the exhaust gases to the engine
      intake manifold, a second valve normally closing the duct to prevent
      recirculation and movable to an open position by a signal vacuum connected
      thereto, and control means responsive to changes in engine manifold vacuum
      action on the control means to communicate a signal force to the second
      valve that varies from an ambient essentially atmospheric pressure level
      at closed throttle positions to manifold vacuum levels at wide open
      throttle positions.
NUM  2.
PAR  2. A system as in claim 1, including a vacuum servo connected to the second
      valve having spring means biasing the second valve to a position closing
      the duct.
NUM  3.
PAR  3. A system as in claim 1, the control means including a line connecting
      modulated manifold vacuum to a signal force passage connected to the
      second valve, and a normally open air bleed valve connected to the passage
      movable by decay of manifold vacuum to a value below a predetermined
      manifold vacuum level to variably block the bleed of air into the line as
      a function of manifold vacuum decreases.
NUM  4.
PAR  4. A system as in claim 1, the control means including a line connecting
      manifold vacuum modulated as a function of throttle valve position to a
      signal force passage connected to the second valve, and an air bleed
      device in the line movable between positions bleeding and not bleeding air
      into the line to vary the signal force in the manner indicated in claim 1,
      the air bleed device including an air bleed opening in the line, a valve
      movable in response to intake manifold vacuum changes to block the air
      bleed opening, and spring means biasing the air bleed valve open above a
      predetermined intake manifold vacuum level.
NUM  5.
PAR  5. A system as in claim 2, including a first manifold vacuum port and a
      second signal vacuum port in the induction passage located respectively
      below and above the closed position of the throttle valve so as to subject
      the first port to manifold vacuum at all times and the second signal port
      to atmospheric pressure at closed throttle position and progressively to
      manifold vacuum as the throttle valve traverses the signal port, the
      manifold vacuum responsive means including a second valve spring moved in
      one direction and having a movement in the opposite direction triggered by
      manifold vacuum changes, the second valve movement controlling the flow of
      signal vacuum to the first mentioned valve.
NUM  6.
PAR  6. A system as in claim 5, including a normally open air bleed associated
      with the signal vacuum port and closed by movement of the second valve in
      the opposite direction, movement of the second valve in the opposite
      direction connecting the signal vacuum to the first valve.
NUM  7.
PAR  7. A system as in claim 5, the second valve comprising a shuttle valve, a
      normally open air bleed preventing application of signal vacuum to the
      first valve, the shuttle valve in one position maintaining the air bleed
      open while blocking connection of signal vacuum to the first valve,
      movement of the second valve to a second position in response to
      predetermined manifold vacuum changes blocking the air bleed while
      connecting the signal vacuum to the first valve to open the latter.
NUM  8.
PAR  8. An exhaust gas recirculating system for an internal combustion engine
      having intake and exhaust manifolding and a carburetor with an induction
      passage connected to the intake manifold and having a throttle valve
      movable across the passage to open and close the passage to control the
      flow therethrough, a duct connecting the intake and exhaust manifolding
      for recirculating the exhaust gases back into the engine, a second valve
      movable between alternate positions to open and close the duct, a servo
      connected to the second valve and having spring means biasing the second
      valve to a closed position, a vacuum signal line connected to the second
      valve for moving the same to an open position, means connecting the vacuum
      signal line to a port in the induction passage located above the closed
      position of the throttle valve, and air bleed means in the signal line
      controlling the vacuum signal force in the signal line, the air bleed
      means including a normally open vent, an air bleed control valve movable
      to close or open the vent to control the level of transfer of manifold
      vacuum in the port to the signal line, spring means biasing the air bleed
      valve opened, and manifold vacuum operated servo means connected to the
      bleed valve for moving it to a closed vent position so that the vacuum
      signal force in the signal line varies with changes in intake manifold
      vacuum modulated by movement of the throttle valve whereby the exhaust
      gases are recirculated only during predetermined engine accelerative modes
      of operation.
NUM  9.
PAR  9. A system as in claim 8, the servo means including a housing having a
      flexible diaphragm dividing the housing into a pair of chambers, means
      connecting maniford vacuum to one chamber, means connecting the air bleed
      valve to the diaphragm, spring means biasing the diaphragm and bleed valve
      to an open bleed position, orifice flow restriction means in the diaphragm
      permitting slow communication between the chambers, and one-way check
      valve means in the diaphragm permitting a rapid equalization of pressures
      at times between the chambers.
NUM  10.
PAR  10. A system as in claim 9, the vacuum in the port being blocked from
      communication with the first mentioned valve when the bleed valve is in an
      open bleed position.
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ABST
PAL  An internal combustion engine system, particularly as used for automotive
      vehicle propulsion, includes the engine with a muffler for reducing engine
      exhaust noise and fuelled by gas produced by a miniaturized gas reformer
      requiring heating and a supply of vaporized liquid hydrocarbon and
      oxygen-containing gas, the reformer usually being enclosed by a larger
      enclosure to form a space through which the engine exhaust is passed for
      supplying heat to the reformer, and having an exhaust heated
      heat-exchanger for its intake. By positioning the reformer inside of the
      engine's muffler so that the exhaust heat there is used to supply heat to
      the reformer, the need for the bulk-increasing larger enclosure is
      eliminated, and by arranging the intake heat-exchanger in the muffler so
      that the exhaust flow through the muffler is deflected both when entering
      and leaving the exchanger, a multi-deflected and therefore exhaust noise
      attenuation exhaust flow results.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  An internal combustion engine system ordinarily involves the engine, an
      exhaust muffler which, through an exhaust pipe, receives the engine's
      exhaust and discharges it to the atmosphere, and means for supplying the
      engine with a suitable fuel mixed with adequate air to support combustion
      in the engine.
PAR  Such a system is commonly used to power automobiles, trucks and automotive
      vehicles in general. The fuel normally used today is gasoline containing
      lead and/or aromatic hydrocarbons to provide an octane number high enough
      to prevent pre-ignition in the engine. The resulting engine exhaust is
      blamed for the current atmosphere pollution problem.
PAR  Miniaturized apparatus has been developed which produces an engine fuel in
      the form of gas containing carbon monoxide, methane and/or hydrogen and
      having a more than adequate high octane number, when the reformer is
      supplied with low octane fuel as exemplified by aliphatic, straight-chain
      hydrocarbons of short chain length, such as C.sub.7 H.sub.16, for example.
      Normal anti-knocking agents, such as lead and/or aromatic hydrocarbons,
      need not be used with their attendant harmful atmosphere polluting
      effects. The use of the gas effects a substantial reduction in the engine
      exhaust content of nitrogen/oxide compounds which are today considered
      particularly objectionable as atmospheric pollutants. If the liquid fuel
      does contain aromatic hydrocarbons, these are decomposed into harmless
      components by such apparatus. The use of gasolines low in atmospherically
      harmful substances are generally available from existing networks of
      gasoline filling stations.
PAR  Such a miniaturized apparatus is hereinafter called a gas reformer. Very
      briefly stated, it comprises one or a series of small porous catalytic
      carriers which are heated and fed with a mixture of liquid hydrocarbon,
      such as gasoline, in vaporized form and mixed with oxygen-containing gas,
      such as the engine's exhaust and/or air, or a mixture of both, the output
      of the reformer being the gas containing carbon monoxide, methane, and/or
      hydrogen, which, with the addition of air, is fed to the internal
      combustion engine. This resulting gas is hereinafter called a reformed
      gas.
PAR  Each catalyst carrier is in the form of a highly porous body made of
      sintered particles and through which is formed a multiplicity of small
      holes through which the vaporized liquid fuel and oxygen containing gas
      mixture passes, the body containing a suitable catalyst in its pores which
      at elevated temperatures results in changing the liquid fuel to the gas
      fuel. Usually a series of such carriers are used.
PAR  Such a reformer may be compactly encased with miniaturized transverse
      dimensions and length, even when including possible accessory equipment.
      The overall dimensions permit the encased reformer to be positioned beside
      the engine such as under the engine hood, in normal automotive
      applications, as an example of its miniaturized size.
PAR  However, to heat the reformer to its elevated operating temperature, it has
      been enclosed by a larger heat enclosure forming a space around the
      reformer through which the engine exhaust is passed in heat-exchanging
      relation to the reformer for the latter's heating. This has the
      disadvantage that although the reformer is miniaturized the larger
      surrounding enclosure increases its overall size or bulk to an undesirable
      degree. This is particularly true in automotive installations where there
      is a large amount of already existing equipment in the engine space
      available. Furthermore, the reformer's intake heating, heat exchange
      requires piping to pass the exhaust through and from this device.
PAR  Examples of the type of reformer referred to are shown by German Pat.
      application Nos. P 21 03 008.0 and P 21 35 650.3 (Henkel et al., U.S. Ser.
      No. 270,923, filed July 12, 1972).
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an internal combustion
      engine system of the type referred to and using such a miniaturized gas
      reformer in a simplified form, particularly with respect to eliminating
      its need to be enclosed by a larger enclosure to provide a heating chamber
      for heating by the engine's exhaust, eliminating the need for the intake
      heat exchanger's piping and avoiding the need for installing the reformer
      within the engine space.
PAR  According to the present invention, this object is attained by positioning
      the gas reformer inside of the engine's exhaust muffler. The muffler may
      have substantially its normal dimensions so that it can be mounted in the
      normal manner used in automotive vehicle applications. The reformer no
      longer needs to be enclosed by a bulk increasing enclosure to form a
      heating chamber, because the muffler itself provides such a chamber for
      heating via the exhaust gas which passes through the muffler. According to
      the invention the muffler may be of the multi-deflecting type to reduce
      the exhaust noise; this may be done by installing the gas reformer in the
      muffler so that from the muffler's front end the exhaust passes through
      the muffler in contact with one side of the reformer substantially to the
      muffler's end where it is deflected transversely and passes reversely over
      the reformer in contact with its opposite side to an exhaust outlet
      adjacent to the muffler's front end. It is possible to provide a heat
      exchanger which deflects the exhaust flow by heat input passages through
      which the exhaust flows transversely to connect its two passes, with this
      heat exchanger having heat output passages extending longitudinally with
      respect to the muffler and through which the vaporized liquid fuel and
      oxygen-containing air may be passed via the back end of the muffler to the
      inlet end of the reformer where the mixture arrives in a heated condition.
      The reformer is compactly encased to separate it from the exhaust, but its
      encasement is contacted by the multi-deflected exhaust flow for heat
      conduction to the reformer active elements.
PAR  With this invention it becomes possible to further miniaturize the already
      miniaturized gas reformer because of the elimination of any need for a
      larger enclosure to form a heating chamber, this further miniaturization
      at the same time making it practical to install the reformer in the
      muffler. Furthermore, since the reformer absorbs heat from the engine's
      exhaust, the muffler is less stressed than normally and consequently has a
      longer than normal service life. Furthermore a more uniform heating of the
      reformer is made possible with a consequent improvement of the catalyst's
      efficiency.
PAR  Because the muffler is, in effect, divided by the reformer so that the
      exhaust flows along one side of the reformer, then transversely, and then
      reversely along the other side of the reformer to the muffler's exhaust
      port, the exhaust is multi-deflected so that effective exhaust noise
      attenuation is obtained. When the heat exchanger is used for this
      transverse exhaust flow, even better noise reduction is effected. For the
      present invention to have its maximum effectiveness, the muffler should be
      connected to the engine with an exhaust pipe that is as short as is
      permissible.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the present invention is schematically
      illustrated by the accompanying drawings in which:
PAR  FIG. 1 is a longitudinally extending section on a vertical plane taken
      through the muffler installation showing the connections with the engine;
      and
PA1  Fig. 2 is a cross section taken on the line 2--2 in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The illustrated internal combustion engine system comprises the internal
      combustion engine 10 and the gas reformer 11 positioned in the muffler 12
      with the latter positioned as close as possible to the engine 10 and
      connected with the latter by an exhaust pipe 13 leading from the exhaust
      valves (not shown) of the engine 10.
PAR  The gas reformer 11 is encased by a transversely rectangular metal casing
      11a which extends from the front wall of the muffler to its back wall and
      which is positioned inside of the muffler 12 by horizontal side walls 11b,
      so the muffler is divided into a lower chamber 12a and an upper chamber
      12b, the latter connecting with an exhaust pipe 15 through which the
      exhaust finally passes to the atmosphere. A heat exchanger 16 is
      positioned between the reformer 11 and the back wall of the muffler 12.
      This heat exchanger is of the plate type providing transverse passages 16a
      so that the exhaust from the exhaust pipe 13 enters the front end of the
      muffler, flows through the chamber 12a to the heat exchanger, upwardly
      through the latter's passages 16a and into the upper chamber 12b and
      forwardly through the latter to be ejected through the exhaust pipe 15
      into the atmosphere. Thus, it can be seen that the muffler provides a
      multi-deflected passageway 14 providing for good exhaust noise attenuation
      while at the same time surrounding the metal casing of the reformer 11
      with hot exhaust gas.
PAR  The vaporized liquid hydrocarbon fuel and oxygen-containing gas enter the
      muffler via its back wall through an inlet 17, goes through longitudinally
      extending heat output passages 16b of the heat exchanger 16 and so to the
      right hand or input end of the reformer 11. The reformer gas leaves the
      left hand or output end of the reformer 11 and goes to and through the
      intake 18 feeding the intake valves (not shown) of the engine 10, the
      required amount of air for combustion being mixed with the gas fuel by way
      of a pipe 19. In this way the vaporized liquid fuel and oxygen-containing
      gas mixture is fed to the input end of the reformer 11, heated by the
      exhaust heat exchanged via the heat exchanger 16.
PAR  It is conceivable that the liquid fuel vapor might be introduced or formed
      between the heat exchanger 16 and the back end of the muffler, such as via
      a vaporizer heated by the exhaust within the muffler, in which case only
      the oxygen-containing gas would enter through the inlet 17. As previously
      indicated, such gas may be in the form of a portion of the engine exhaust,
      or air, or a mixture of both.
PAR  The gas reformer comprises a series of blocks 20 heated by the exhaust as
      previously described and made of porous material and carrying a catalytic
      agent, these blocks having a multiplicity of relatively small holes 21
      extending longitudinally with respect to the muffler, parallel to each
      other, and through which the heated vaporized liquid fuel and
      oxygen-containing gas pass, the output of the reformer fed to the engine's
      intake pipe 18 being the reformed gas containing carbon monoxide, methane
      and/or hydrogen.
PAR  The possible miniaturization of the gas reformer is illustrated by the fact
      that, for example, its catalytic chamber portion may have inside
      dimensions of only about 80 mm .times. 80 mm .times. 215 mm, or a volume
      of only about 1.4 liter. The catalytic elements comprise in this instance
      four of the blocks 20 which are each 50 mm thick, so they may be
      considered as plates, interspaced from each other 5 mm. The plates are
      made of a highly porous material such as sintered particles of aluminum
      oxide or magnesium-aluminum silicate. The pore volume of these sintered
      plates is from 20 to 60% preferably from 40 to 50%; the holes 21, or
      passages, may have diameters in the range of 0.1 to 2 mm, these passages
      not only serving to pass the fluid flow, but also to transport it to the
      catalytic active centers which are located in the pores of the sintered
      plates. The number of the holes 21 per cm.sup.2 of the plate surface area
      depends on their diameter; for example, for a hole diameter of 1 mm, each
      one cm.sup.2 of the plate area has about 40 holes for an area 80 mm
      .times. 80 mm.
PAR  The reformer can accommodate fuels such as aliphatic, straight-chain
      hydrocarbons of short chain length and, therefore, low-octane number; an
      example is C.sub.7 H.sub.16. The fuel does not need to contain
      anti-knocking agents, such as a lead and aromatic hydrocarbons, which in
      conventional engine operation cause serious atmospheric pollution
      problems. Gasoline low in such substances may be used. However, if the
      gasoline contains aromatic hydrocarbons, the latter are decomposed to
      harmless components by the action of the reformer. Because of the reformer
      the engine operates on the reformed gas containing carbon monoxide,
      methane and/or hydrogen, this effecting a substantial reduction of
      nitrogen-oxide compounds which are considered very harmful as an
      atmospheric pollutant. Since fuels low in harmful substances can be used
      and no anti-knock components need be added to the fuel, the costs of
      producing the fuel at the refinery are reduced.
PAR  The catalyst in the pores of the porous plates 20 can be a nickel catalyst,
      a platinum catalyst or nickel-platinum mixed catalyst. In each case the
      catalyst makes the change of the vaporized liquid fuel and
      oxygen-containing gas into the reformed gas containing monoxide, methane
      and/or hydrogen possible when adequately elevated temperatures are
      maintained. Nickel sponge can be used to advantage, i.e., nickel with a
      large active surface which does not sinter together at the operating
      temperatures of the catalyst. The gas produced from gasoline of low octane
      value, has a high number of over a 100, approximately in the range of 110.
      Therefore, the gas produced by the reformer can be used to operate even a
      high compression automotive engine without knocking problems.
PAR  To preserve the active centers of the catalyst in the porous plates of the
      reformer, the catalyst may be doped with uranium. Highly suitable
      catalysts are disclosed in the German Pat. applications Nos. P 22 10 365.7
      and P 22 10 401.4.
PAR  Such catalysts are active at operating temperatures of from 300.degree. to
      500.degree.C. For example, when the plates 20 are sintered from aluminum
      oxide particles to provide the porosity previously referred to, with the
      pores containing platinum as the catalyst, using about 5 mg of platinum
      per cm.sup.3 of the plate material, a starting temperature for the
      catalyst action is about 120.degree.C, the reforming temperature for
      producing the reformed gas being about 420.degree. to 480.degree. under
      continuing operating conditions.*) To attain the starting temperature,
      igniting means may be included as a part of the reformer equipment.
FNT  *) The upper temperature limit may be about 800.degree. without decreasing
      the life time of the catalyst.
PAR  The casing 11a is shown as extending for the full length of the muffler,
      from its front to its back walls. Therefore, the heat exchanger 16 is made
      with the same transverse dimensions, height and width, as the bodies or
      plates 20. Although not shown, the exchanger's heat input passages 16a, of
      course, open through the casing's bottom and top walls to pass the exhaust
      from chamber 12a to chamber 12b. At the muffler's back end portion the
      casing separates the mixture introduced through the inlet 17 from the
      engine exhaust in the muffler, and performs the same function from the
      outlet side of the heat exchanger onto the muffler's front end to the
      engine fuel intake conduit 18.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An internal combustion engine system including an internal combustion
      engine having a single muffler used for reducing engine noise through
      which the engine's exhaust passes and a reformer having an intake end fed
      by vaporized liquid hydrocarbon fuel mixed with an oxygen-containing gas
      and an output end from which the reformer's gas output is fed to the
      engine intake wherein the improvement comprises the reformer positioned
      inside the muffler and wherein the inside of said muffler is divided into
      an upper and lower chamber and further including a heat exchanger of the
      plate type having a plurality of transverse passages connecting said lower
      and upper chambers forming heat input flow passages and having a plurality
      of longitudinal heat output flow passages, means for conducting said
      exhaust into one of said upper and lower chambers and out of the other of
      said chambers after it flows through said heat input flow passages and
      means for conducting at least the oxygen containing gas from outside the
      muffler through said heat output flow passages to the reformer intake end
      while separated from the exhaust in the muffler, whereby said plurality of
      transverse heat input flow passages through which said exhaust flows will
      act to both transfer large amounts of heat and at the same time provide
      for good exhaust noise attenuation.
NUM  2.
PAR  2. The system of claim 1 in which the muffler is connected to the engine by
      an exhaust pipe short enough to prevent the exhaust from cooling therein
      to a degree preventing effective heating of the reformer.
NUM  3.
PAR  3. The system of claim 1 in which said muffler is of the size of a
      conventional automobile engine muffler and in which said reformer is of
      the type comprising an encased series of porous plates carrying a
      catalytic agent and having passages through which the vaporized fuel and
      oxygen containing gas is passed, permitting the reformer to be
      miniaturized to a degree permitting it to be mounted in the muffler, and
      the dimensions of the heat exchanger being of substantially the same
      cross-sectional size as the reformers cross sectional size.
NUM  4.
PAR  4. The system of claim 3 in which the reformer is encased by a metal casing
      over which the exhaust flows while in the muffler.
NUM  5.
PAR  5. The system of claim 4 in which the muffler contains means for
      multi-deflecting the exhaust flowing therethrough.
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ABST
PAL  Electric heating means for fuel vaporization in internal combustion engines
      to improve the efficiency, performance and starting thereof, an optimum
      amount of electrical power being supplied to the heating means during
      operation of the engine. An important feature relates to the use of
      heating units mounted in an intake manifold preferably with there being
      one heating unit for each engine cylinder, mounted adjacent the intake
      valve. In an engine having fuel injection, a heating unit is mounted on
      the downstream side of each fuel injector. Another important feature
      relates to the provision of means controlled by ambient temperature
      sensing means for automatically adjusting the optimum amount of electrical
      power supplied to electric heating and vaporizing means.
PARN
PAR  This application is a division of my copending application Ser. No.
      171,110, filed Aug. 12, 1971, now U.S. Pat. No. 3,760,780, issued Sept.
      25, 1973.
BSUM
PAR  This invention relates to electric heating means and for fuel vaporization
      in internal combustion engines and more particularly to improvements upon
      the electric heating means disclosed and claimed in my U.S. Pat. No.
      3,556,065, issued Jan. 19, 1971.
PAR  As disclosed in my aforesaid U.S. Pat. No. 3,556,065, a very substantial
      increase in the efficiency and performance of internal combustion engines
      can be obtained by installing electric heating means to radiate heat into
      an air-fuel mixture, with the amount of electrical power supplied to the
      heater means being effective to cause radiation of an optimum amount of
      heat into the mixture.
PAR  In accordance with the disclosure of my aforesaid U.S. Pat. No. 3,556,065,
      electric heater means may be disposed within or below a carburetor and my
      aforesaid application Ser. No. 171,110 discloses a highly advantageous
      arrangement wherein one or more electric heater units are installed in a
      plate which is installed in a carburetor and the intake manifold of an
      engine. Such arrangements are highly satisfactory, especially when applied
      to existing engines of conventional design, the electric heater units
      being readily installed in or below the carburetor.
PAR  I have conceived, however, that the heating of an air-fuel mixture in
      accordance with my U.S. Pat. No. 3,556,065 can be accomplished in other
      ways and can be applied to engines having different designs such as, for
      example, engines utilizing fuel injectors. I have also conceived of
      refinements operative for insuring application of an optimum amount of
      heat and improving engine performance over a wide range of operating
      conditions.
PAR  In accordance with an important feature of the invention, the principles of
      my U.S. Pat. No. 3,556,065 are applied to an arrangement wherein heating
      units are mounted in an intake manifold, preferably with one heating unit
      for each cylinder mounted closely adjacent the intake valve thereof. With
      this arrangement, the time between vaporization of the fuel and entry into
      the engine cylinder is minimized and proper vaporization of the fuel as it
      enters the cylinder is insured.
PAR  In accordance with a specific feature, the heater units are mounted in an
      engine having fuel injection, a heater unit being disposed on the
      downstream side of each fuel injector, between the fuel injector and the
      intake valve.
PAR  Another important feature relates to control of the amount of heat in
      accordance with ambient temperature, to extend the range of operation in
      which optimum results are obtained. Tests performed indicate that this
      arrangement is particularly desirable in combination with the mounting of
      heating units in the intake manifold which is more sensitive to changes in
      ambient temperature, but this arrangement can be applied to arrangements
      in which heating units are mounted in or below a conventional carburetor.
DRWD
PAR  This invention contemplates other objects, advantages and features which
      will become more fully apparent from the following detailed description
      taken in conjunction with the accompanying drawings which illustrate
      preferred embodiments and in which:
PAR  FIG. 1 is a sectional view showing the mounting of an electric heating unit
      adjacent one intake valve of an internal combustion engine; and
PAR  FIG. 2 is a schematic electrical diagram for showing a circuit for
      energizing heating units according to FIG. 1.
DETD
PAR  Reference numeral 10 generally designates an arrangement according to the
      invention in which a heating element 11 is mounted in the intake manifold
      12 of an engine by support means 13. Element 11 preferably has a
      construction similar to that of the element illustrated in FIG. 4 of my
      aforesaid copending application Ser. No. 171,110, now U.S. Pat. No.
      3,760,780, with the resistance wire being in a terminal end portion of the
      element. A terminal end 14 of the element 11 is preferably positioned in
      spaced relation to an adjacent portion of a flow passage 15, to prevent
      direct conduction of heat to the wall of the intake manifold.
PAR  The element 11 is positioned in the intake manifold 12 adjacent an intake
      valve 16, operative to admit the fuel-air mixture into a cylinder 17 for
      combustion therein, and in the case of a multiple cylinder engine, an
      individual heating element is similarly mounted with respect to the intake
      valve for each cylinder.
PAR  In the illustrated arrangement, a fuel injector 18 is provided for
      injecting a controlled amount of fuel into the passage 15 at an
      appropriate time during each cycle of operation of the engine, and the
      heating element 11 is positioned between the fuel injector 18 and the
      intake valve 16. Preferably, the heating element 11 is positioned as shown
      with the terminal end portion being generally aligned with the fuel
      injector 18, so that fuel injected by the injector 18 is immediately
      exposed to the radiant heat from the element 11 to be vaporized.
PAR  Although illustrated in combination with the fuel injector 18, the
      arrangement can be used with an engine having the more conventional type
      of throttle valve means in which fuel is supplied into a carburetor. In
      either case, the amount of electrical power supplied to the heating
      element should be within the range as disclosed in my U.S. Pat. No.
      3,556,065.
PAR  FIG. 2 shows a circuit for energizing the units 11 which are connected in
      parallel and through a resistor 20, shunted by a bimetal switch 21, and
      through a switch 22, which may be the accessory switch, to the ungrounded
      terminal of a battery 23. The bimetal switch 21 is exposed to ambient air
      and may, for example, be located in front of the radiator in a
      conventional automobile. It is arranged to close when the ambient
      temperature drops below a predetermined temperature and to open when the
      ambient temperature rises above that predetermined temperature. Tests
      performed thus far indicate that the arrangement of FIG. 1, with an
      individual heating element for each cylinder, is more sensitive to changes
      in ambient temperature and that the automatic adjustment provided by the
      circuit is desirable. The switch 21 may, for example, be arranged to close
      when the ambient temperature drops below approximately 35.degree. and the
      value of the resistor 20 may be such in relation to the values of the
      resistance elements of the heating elements 11 as to increase the power by
      ten percent when the switch 21 is closed.
PAR  It is noted that additional bimetal or other temperature responsive
      elements may be employed to obtain more refined adjustment of power in
      accordance with changes in ambient temperature and a similar type of
      circuit may be employed in conjunction with heating elements mounted in or
      in close proximity to a conventional carburetor. In all cases, regardless
      of where the heating means is located in the air-fuel flow path, the
      amount of electrical power supplied within each range of ambient
      temperature should be within the optimum range for obtaining maximum
      performance, according to my aforesaid patent.
PAR  It will be understood that modifications and variations may be effected
      without departing from the spirit and scope of the novel concepts of this
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for improving the performance of an internal combustion
      engine operable under certain normal ranges of load, speed and ambient
      temperature conditions, said engine including a plurality of cylinders,
      flow path means for flow of air into said cylinders, an intake valve for
      each cylinder for flow from said flow path means thereinto, fuel injection
      means positioned in spaced relation to each intake valve for injecting
      fuel into said flow path means to mix with the air flowing through the
      associated intake valve into an associated cylinder, and throttle valve
      means for controlling the flow of air into said flow path means, said
      engine having characteristics such that an optimum amount of radiant heat
      applied to enhance vaporization of fuel within said flow path means
      between said fuel injector means and said intake valves is effective to
      cause said engine to develop maximum average torque and acceleration while
      operating within said normal ranges of load, speed and ambient temperature
      conditions and with said throttle valve means fully open, average torque
      and acceleration being reduced in proportion to a reduction in the amount
      of radiant heat below said optimum amount and being also reduced in
      proportion to an increase in the amount of radiant heat above said optimum
      amount, electric heating means for each cylinder, means arranging said
      electrical heating means for installation in said flow path means between
      said fuel injection means and the associated intake valve, and electrical
      connection means arranged for continuously supplying an optimum amount of
      electrical power to all of said heating means at all times during
      operation of said engine, said optimum amount of electrical power being
      predetermined in accordance with said characteristics of said engine and
      being effective to cause radiation of said optimum amount of radiant heat
      from said heating means into the air-fuel mixture in said flow path means.
NUM  2.
PAR  2. In apparatus as defined in claim 1, each of said electrical heating
      means comprising an elongated electrical heating unit having an outer
      metallic housing and an electric resistance element positioned within said
      housing, a portion of said outer metallic housing being positioned
      directly in the path of fuel injected by the associated fuel injection
      means.
NUM  3.
PAR  3. In apparatus as defined in claim 2, said portion of said outer metallic
      housing being a terminal end portion thereof and said electric resistance
      element being positioned only within said terminal end portion.
NUM  4.
PAR  4. In apparatus as defined in claim 3, wherein said engine includes an
      intake manifold having walls defining said flow path means, said terminal
      end portion of said outer metallic housing having a terminal end spaced a
      short distance from one of said walls and the opposite end of said housing
      means being fixedly supported from an opposite wall of said manifold.
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ABST
PAL  An exhaust gas-detoxicating system for an externally ignited internal
      combustion engine having at least one air intake suction tube wherein a
      fuel/air mixture is produced by metering into said tube fuel from a fuel
      metering device, and wherein the fuel air mixture, before its entry into a
      cylinder of the engine, can be deviated through a heated-up bypass of at
      least one suction tube by means of a flap valve being disposed in said
      suction tube and being controllable in dependence on characteristic engine
      data, is improved by providing, in combination, measuring means for
      detecting the amount of air flowing through the said suction tube and
      means for controlling the flap valve in dependence on the detected air
      amount. Preferably, the measuring means comprise a Venturi constriction in
      the suction tube, a pneumatic-mechanical converter, and means actuating
      the converter in dependence on the pressure difference between the air
      pressure upstream, and the air pressure in the Venturi constriction at the
      narrowest cross sectional area of the latter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an exhaust gas-detoxicating system for externally
      ignited internal combustion engines wherein the fuel/air mixture can be
      conducted, before entering the engine cylinder, through a heated-up bypass
      of the suction pipe for air-intake of the engine by means of a flap valve
      controlled as a function of an engine characteristic, which flap valve is
      arranged in the suction pipe and circumvented by the bypass.
PAR  In a known exhaust gas-detoxicating system of this type a flap valve
      directing the air/fuel mixture through the bypass is controlled in
      dependence on the position of the throttle valve and/or of the accelerator
      pedal of the engine. Thereby, the control depends on the load. However, in
      order to obtain a favorable exhaust gas composition, it is important,
      that, in the entire low speed range, a heating-up of the fuel/air-mixture
      takes place substantially independently of the load. Indeed, especially
      for low rpm's and higher load, a heating-up is desirable in order to
      attain favorable exhaust gas values as well as a true running of the
      engine.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a system for detoxicating
      exhaust gases of the type described initially, which is free from the
      above-described drawbacks.
PAR  This object is attained according to the invention, by a system of the type
      initially described comprising a flap valve which is controlled in
      dependence on the amount of air flowing through the suction pipe. In this
      manner the valve can be adjusted in accordance with fuel consumption only
      when the desired rpm is attained.
PAR  According to an advantageous embodiment of the invention, the air amount
      passing through the suction pipe is measured by means of a Venturi tube
      mounted in the suction pipe; the pressure difference in the Venturi tube
      preferably actuates a pneumatic-mechanical converter, whereby the
      resulting mechanical control output adjusts the position of the flap valve
      directly or via electrical actuating means; and, in a preferred embodiment
      the narrowest diameter of the Venturi is variable.
PAR  According to another advantageous embodiment of the invention, the
      measuring of the air amounts by a fuel-metering system is used for
      controlling the flap valve; preferably, an air measuring system is used
      which operates on the basis of a constant pressure gradient, whereby the
      regulating distance of the measuring device, e.g. a carburetor piston, or
      a deflecting plate, is a control value for adjusting the flap valve.
PAR  According to a supplementary embodiment of the invention several suction
      pipes acting in parallel, as in a V-engine, have a common heatable bypass.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood and further objects and advantages
      will become apparent from the ensuing detailed specification of a
      preferred but merely exemplary embodiment taken in conjunction with the
      drawing, according to which a schematic illustration of an improved system
      according to the present invention is shown.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In a suction pipe 1 of an internal combustion engine, a Venturi 2, an air
      measuring and fuel metering system 3 in the form of a carburetor operating
      at constant pressure and an arbitrarily operable throttle valve 4 are
      arranged in series. Downstream of the throttle valve 4 a bypass 5 branches
      from a main section 8 of suction pipe 1. Through a segment of the bypass 5
      extends a heating tube 6 for the flow of hot exhaust gases therethrough,
      which tube 6 is equipped with heat-transfer ribs 7. In the main section 8
      of suction pipe 1 which section runs parallel to the bypass 5, there is
      arranged a valve 9 which controls the flow of the fuel/air mixture through
      this section 8; when valve 9 is closed the entire fuel/air mixture must
      flow through the heated bypass 5.
PAR  Valve 9 is controlled in dependence on the amount of air flowing through
      the suction pipe 1, by means of a pneumatic converter 10 which is
      connected via conduits 11 and 12 with the zone of the suction pipe 1
      upstream of the Venturi zone 2 and with the narrowest passage of the
      Venturi, respectively. Converter 10 thus adjusts the position of valve
      flap 9, as a function of the Venturi pressure difference detected via
      conduits 11 and 12. The pressure increase caused in Venturi 2 depends
      directly on the amount of air flowing through suction pipe 1. Valve 9 is
      therefore adjusted as soon as this pressure difference rises above a
      certain threshold, which depends on the particular cross sectional area to
      which the narrowest passage of the Venturi has been adjusted as well as on
      the air volume flowing therethrough. In order to change the pressure
      ratio, between these magnitudes, i.e., in order to attain that valve 9
      will begin to be operative at another limit air volume, a part 13 of the
      tube wall constituting the Venturi is movable as indicated by arrow 14,
      whereby the cross-sectional area of the narrowest passage of Venturi 2 as
      well as the above-mentioned pressure ratio is varied.
PAR  However, the amount of air flowing through the suction tube 1 can also be
      measured directly at the carburetor 3. When a constant pressure carburetor
      is used, the amount of air passing through suction tube 1 can be measured
      by the movement of the carburetor piston 15 responsive to that air amount,
      which movement is detected by an inductive motion pickup 16, whose output
      signal is fed via a variable-gain amplifier 17 to the servo-motor 18 which
      controls the valve 9.
PAR  As has been indicated in dashed lines in the drawing, systems having, for
      instance, two carburetors and two parallel suction tubes, may be provided
      with a joint bypass 5'.
PAR  The term "converter" used in this application means a "control valve means"
      which convert pneumatic to mechanical energy.
PAR  Further structural details of the fuel metering system 3 are disclosed in
      British Patent No. 594,494, issued Nov. 12, 1947, while further structural
      details of the means for moving the part 13 of the tube wall constituting
      the Venturi are disclosed in German Offenlegungsschrift 2,038,644 laid
      open for public inspection on Feb. 10, 1972, and assigned to the assignee
      of the present application. Both the British Patent and the German
      Offenlegungsschrift are herein incorporated by reference.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an exhaust gas-detoxicating system for an externally ignited internal
      combustion engine having at least one air intake suction tube in which a
      fuel/air mixture is produced by metering into said suction tube fuel from
      a fuel metering device, and wherein the fuel/air mixture, before its entry
      into a cylinder of said engine, can be deviated through a heated-up bypass
      of at least one such suction tube by means of a flap valve being disposed
      in said suction tube and being controllable in dependence on
      characteristic engine data,
PA1  the improvement comprising, in combination measuring means for detecting
      the amount of air flowing through said suction tube and a
      pneumatic-mechanical converter for controlling said flap valve in
      dependence on the detected air amount and independently of engine load,
      wherein said measuring means comprise a Venturi constriction provided in
      said suction tube, and means for actuating said pneumatic-mechanical
      converter in dependence on the pressure difference between the air
      pressure in the narrowest cross-sectional area of said Venturi
      constriction and the air pressure upstream of said measuring means, and
      wherein said pneumatic-mechanical converter is connected directly to the
      flap valve.
NUM  2.
PAR  2. The improvement as described in claim 1, further comprising means for
      passing hot exhaust gas from said engine through said bypass, thereby
      heating the latter.
NUM  3.
PAR  3. The improvement as described in claim 1, wherein said heatable bypass is
      common to at least two suction tubes acting in parallel in said engine.
NUM  4.
PAR  4. In an exhaust gas-detoxicating system for an externally ignited internal
      combustion engine having at least one air intake suction tube in which a
      fuel/air mixture is produced by metering into said suction tube fuel from
      a fuel metering device, and wherein the fuel/air mixture, before its entry
      into a cylinder of said engine, can be deviated through a heated-up bypass
      of at least one such suction tube by means of a flap valve being disposed
      in said suction tube and being controllable in dependence on
      characteristic engine data,
PA1  the improvement comprising, in combination measuring means for detecting
      the amount of air flowing through said suction tube independently of
      engine load, and control means connected between the measuring means and
      the flap valve for controlling said flap valve in dependence on the
      detected air amount, wherein said measuring means is adapted for emitting
      a mechanical regulating signal and said control means comprises a
      converter connected to the flap valve, and electrical means for detecting
      the mechanical signal, generating a comparable electrical signal and
      applying said electrical signal to said converter which controls thereby
      the relative position of the flap valve.
NUM  5.
PAR  5. The improvement as described in claim 4, further comprising means for
      passing hot exhaust gas from said enging through said bypass, thereby
      heating the latter.
NUM  6.
PAR  6. The improvement as described in claim 4, wherein said heatable bypass is
      common to at least two suction tubes acting in parallel in said engine.
NUM  7.
PAR  7. The improvement as described in claim 4, wherein said converter
      comprises a servo-motor, and wherein said electrical means comprises an
      inductive motion pickup and an amplifier, said pickup serving to detect
      the mechanical signal and generating the electrical signal which is
      amplified by the amplifier and delivered to the servo-motor to actuate
      said servo-motor in controlling the position of the flap valve.
NUM  8.
PAR  8. The improvement as described in claim 1, wherein said suction tube
      comprises means for varying the narrowest cross sectional area of said
      Venturi constriction.
NUM  9.
PAR  9. The improvement as described in claim 4, wherein said measuring means is
      associated with said fuel metering device.
NUM  10.
PAR  10. The improvement as described in claim 4, wherein said measuring means
      comprises a carburetor piston and wherein the displacement of said piston
      in response to the detected amount of air serves as a regulating distance
      which is proportional to the mechanical signal.
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ABST
PAL  In a fuel metering device for an externally ignited internal combustion
      engine with compression of the air-fuel mixture, which system comprises a
      suction tube for the intake of air in which an air-measuring device and a
      randomly adjustable throttle valve having a flap are arranged in sequence,
      and in which an essentially proportionate amount of fuel is metered into
      the amount of air flowing therethrough, and wherein the proportionality of
      the fuel amount is adjustable by means of controlling a bypass
      circumventing the air-measuring device in dependence on engine data, there
      is described an improvement which comprises a valve arranged in the
      bypass, the said valve being controllable by the pressure prevailing in
      the suction tube in the vicinity of the throttle valve, a pneumatically
      actuated valve means adapted for controlling the valve in the bypass, and
      conduit means connecting the pneumatically actuated valve means with the
      suction tube and having an orifice in the latter which orifice is located
      upstream of the throttle valve, taken in the direction of air flow through
      the suction tube, and also upstream of the part of the flap of the
      throttle valve moving against the flow of air during the release of the
      air supply, yet still in the immediate vicinity of the said flap part.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fuel-metering system for externally ignited
      internal combustion engines with compression of the air-fuel mixture,
      which system comprises a suction tube for the intake of air in which an
      air-measuring device and a randomly adjustable throttle valve are arranged
      in sequence, and in which an essentially proportionate amount of fuel is
      metered into the amount of air flowing therethrough, the proportionality
      of the fuel amount being adjustable by means of controlling a bypass
      circumventing the air-measuring device in dependence on engine data.
PAR  Fuel-metering systems are already known in which this proportionality
      between fuel amount and air amount is adjustable in dependence on engine
      data, in which however, an optimal ratio in the mixture cannot be
      attained, even though the same rate of air flow prevails at several
      operating levels in the engine performance graph, as the requirements with
      regard to the air-fuel mixture are different ones for these levels.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the invention to improve the aforesaid fuel-metering
      system so as to achieve an improved adaptation of the air-fuel mixture to
      these differing requirements by means of a simple device.
PAR  This object is attained according to the invention by providing in the
      initially described fuel-metering system a valve which is arranged in the
      aforesaid bypass, being controllable by the pressure prevailing in the
      suction tube in the vicinity of the throttle valve and by providing the
      orifice of the control conduit of a pneumatically actuated valve means
      which controls the aforesaid valve in the bypass, in the suction tube
      upstream of the throttle valve, in the direction of air flow, so as to
      monitor the pressure during a position of the throttle valve corresponding
      to idling and also upstream of the part of the throttle valve flap when
      the latter is moved against the flow of air during the release of the air
      supply, yet still in the immediate vicinity of the said flap part of the
      throttle valve, so that the pressure prevailing downstream of the throttle
      valve also prevails at the orifice when the throttle is opened more
      widely.
PAR  Thereby the bypass is closed during full load, i.e., at high air pressure
      in the suction tube, and an enriched mixture as desired for highest
      performance is obtained. During partial load, however, when there is a low
      air pressure in the suction tube, the bypass is open, whereby a desired
      mixture of lower fuel content is obtained. In the position of the throttle
      valve at idling, the orifice is located upstream of the throttle valve;
      the bypass is therefore closed, and the enriched mixture necessary for a
      smooth running of the engine is obtained.
PAR  When starting the engine, a high suction tube air pressure again prevails
      regardless of the position of the throttle valve. The bypass is therefore
      closed and the mixture is enriched as required.
PAR  In an advantageous embodiment of the invention there is disposed in the
      bypass a control element which can be adjusted arbitrarily, independently
      of engine data, to control the cross-sectional area of the bypass; this
      control member can be devised as a throttle member, and may be arranged at
      the opening of the bypass in the suction tube. In the latter arrangement,
      the throttle member acts in the same manner as the throttle valve of the
      engine, and causes with increasing rpm a multiplicative decrease of the
      fuel content in the air-fuel mixture.
PAR  In an advantageous embodiment of the invention, the one opening of the
      bypass is also arranged upstream of the closed throttle valve and upstream
      of the part of the flap of the throttle valve member moving against the
      flow of air during the release of the air supply, but still in the
      immediate range of the said part of the throttle valve flap. Thereby, an
      excessive decrease of fuel in the mixture in the case of a small throttle
      valve opening is avoided; moreover, the sealing problems are avoided which
      would otherwise arise in the valve when in the idling position. Also, when
      the position of the throttle valve flap is constant, a greater dilution of
      the mixture is attained with rising rpm.
PAR  In a corresponding embodiment, the orifice of the control conduit and/or of
      the bypass, which orifice is exposed to the pressure prevailing upstream
      of the throttle valve when the latter is closed, is influenced, in
      continuously increasing degree, by the pressure drop produced in the
      internal combustion engine during the course of the opening movement of
      the throttle valve. Thereby, an advantageous refinement in the adaptation
      of the air-fuel mixture to operating conditions is achieved.
PAR  This adaptation of the air-fuel mixture can be further refined by having
      the valve in the bypass control two independent air flowpaths, and the
      pneumatically actuated valve means is provided with two control lines for
      controlling these two air flowpaths, which lines open into the suction
      tube, one downstream of the other in the flow direction.
PAR  According to yet another embodiment of the invention, a variable throttle
      means is arranged in at least one of these control lines. Thereby, it is
      possible for the valve in the bypass to open slowly during sudden
      acceleration, so that the air-fuel mixture is enriched during the
      transitional phase from lower to higher engine speed. However, if the
      throttle valve is closed at high rpm, then the valve will close the bypass
      slowly, thus effecting, for a short time, an impoverishment of the mixture
      which is otherwise too enriched due to the sudden closing of the throttle
      valve. The rpm is thus adjusted more safely to the idling of the engine.
PAR  In order to give more weight to the load on the engine data, a
      cross-section-controlling device is arranged in the bypass, in addition to
      the valve, which device can be actuated regardless of the position of the
      throttle valve flap in the suction tube.
PAR  The invention will be better understood and further objects and advantages
      will become apparent from the following detailed specification of
      preferred but merely exemplary embodiments taken in conjunction with the
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows in a schematical view a first embodiment of the fuel metering
      device according to the invention;
PAR  FIG. 2 is a partial view of a similar embodiment as shown in FIG. 1 but
      having a somewhat different arrangement of the pneumatically actuated
      valve means therein;
PAR  FIG. 3 shows in a partial view a somewhat different connection of the
      last-mentioned valve to the suction tube in an arrangement as shown in
      FIG. 2; and
PAR  FIG. 4 shows in partial view yet another arrangement of the pneumatically
      actuated valve means in the fuel metering device according to the
      invention.
DETD
PAC  DESCRIPTION AND OPERATION OF THE EMBODIMENTS
PAR  As shown in FIG. 1, an air-measuring device 2 and a throttle valve 3 are
      arranged in a suction tube 1 successively in the direction of air flow
      therethrough (as indicated by arrows). The air-measuring device 2 is, for
      example, designed as a plate 4 which is disposed to extend transversely to
      the direction of air flow, and which is attached to a lever 5 in such a
      manner as to penetrate during its measuring motion into a frustoconical
      zone 6 of the suction tube, in accordance with an approximately linear
      function of the amount of air flowing through the suction tube 1. Lever 5,
      being supported in a bearing with the least possible friction, actuates
      during its swivelling motion the movable valve member 7 of a fuel-metering
      valve. The fuel which is supplied under constant pressure through a fuel
      line 9 and which is fed into the metering valve 8 via a branchline 10,
      acts upon the frontal face (not shown) of the movable valve member 7, at
      the end thereof opposite the contact end with lever 5, and thus serves to
      reset the plate 4 always with a constant resetting force.
PAR  The supply of fuel takes place via an electrically operated fuel pump 11
      which aspirates the fuel from a reservoir 12 and conveys it via line 9 to
      the metering valve 8. A line 13 having a pressure-regulating valve 14
      interposed therein branches off from line 9. The quantitatively metered
      fuel is distributed by metering valve 8 to individual lines 15 which lead
      each to an injection valve (not shown). A carburetor of a hot-wire
      measuring device may also serve as the air-measuring device 2.
PAR  The zones of the suction tube upstream and downstream of the air-measuring
      device 2 are connected with one another by means of a bypass 16 which is
      controlled by means of a pneumatically actuated control valve 17. The
      cross-sectional area of bypass 16 may moreover be randomly changed and may
      be preset by means of a throttle passage 18 which is preferably provided
      in an exchangeable throttle member, which may be replaced by others having
      passages of various widths. The pneumatically actuated valve 17 is
      actuated by displacing a valve plate 19 which is suspended from a membrane
      20 and is urged onto a valve seat 22 by means of a valve closing spring
      21. Valve seat 22 is constituted by the rim of a tube extension 16a which
      opens into the interior of valve housing 17a. The chamber of valve 17
      which houses spring 21 communicates with suction tube 1 by way of control
      conduit 23. An obstruction in the form of screw 24 causing a throttling
      effect is disposed in control conduit 23 whose cross-section is thereby
      randomly adjustable, and which attenuates the movements of valve plate 19.
      Control conduit 23 opens into the suction tube 1 through an orifice 25
      just upstream of throttle valve 3 when the flap of the latter is in a
      closed position. The wider throttle valve 3 is opened, the more the air
      pressure prevailing downstream of throttle valve 3 also influences the air
      pressure in orifice 25. However, it must be taken into account that the
      said influence is so small as to be neglected when the flap of throttle
      valve 3 is in the idling position indicated at 3a, while, when the flap of
      throttle valve 3 is in the full load position indicated at 3b, the
      pressure prevailing downstream of the throttle valve 3 will fully
      influence the pressure in orifice 25. Correspondingly, the influence of
      the pressure prevailing downstream of the throttle valve 3 varies during
      the different positions of the flap of the latter.
PAR  In the embodiment shown in FIG. 2, bypass 23' opens through orifice 25'
      into suction tube 1' at a point which is still within the
      pressure-influencing reach of the flap of throttle valve 3'. Thereby,
      pressure in orifice 26' is influenced by the position of the flap of
      throttle valve 3' in a manner similar to that described above for orifice
      25 of control conduit 23. On the other hand, conduit 18' opens through
      orifice 26' much closer to orifice 25', upstream of the latter, than in
      the embodiment of FIG. 1. Control of valve 17' occurs in the same manner
      as in the case of the embodiment shown in FIG. 1. FIG. 3 shows a variation
      of the embodiment shown in FIG. 2, wherein the free cross-sectional area
      of the aperture 27" of bypass 16" is controlled by means of a cam disc 28"
      whose rim is profiled and which is mounted on the shaft 29" of throttle
      valve 3" in a plane at a right angle to the flap thereof so that the disc
      28" can be turned together with the flap of throttle valve 3".
PAR  A control valve 17'" is shown in FIG. 4, which operates by means of two
      membranes 20'", each controlling a valve seat 22'". The chambers upstream
      and downstream of these seats 22'" communicate with the suction tube by
      way of bypass 16'". Control conduits 23'" and 30'" open in sequence into
      suction tube 1'", orifice 31'" being upstream in flow direction relative
      to orifice 25'", and thereby being only exposed to the pressure changes
      caused by throttle valve 3'" when the flap of the latter is opened more
      widely. Thereby, a further refinement in the adjustment of the air-fuel
      mixture is possible.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a fuel metering device for an externally ignited internal combustion
      engine with compression of the air-fuel mixture, which system comprises a
      suction tube for the intake of air in which an air-measuring device and a
      randomly adjustable throttle valve having a flap are arranged in sequence,
      and in which an essentially proportionate amount of fuel is metered into
      the amount of air flowing therethrough and wherein the proportionality of
      the fuel amount is adjustable by means of controlling a bypass
      circumventing the air-measuring device in dependence on engine data,
PA1  the improvement conprising:
PA1  a. a valve arranged in said bypass, and controllable by the pressure
      prevailing in said suction tube in the vicinity of said throttle valve,
      said valve including a pneumatically actuated valve means mounted for
      controlling said valve in said bypass; and
PA1  b. conduit means connecting said pneumatically actuated valve means with
      said suction tube, said conduit means having an orifice located upstream
      of said throttle valve, taken in the direction of air flow through said
      suction tube, and also upstream of the part of the flap of said throttle
      valve moving against the flow of air during the release of the air supply,
      yet still in the immediate vicinity of said flap part.
NUM  2.
PAR  2. The improvement as described in claim 1, further comprising means having
      a passage therethrough and being adapted for having the cross-sectional
      area of said passage randomly varied independently of engine data.
NUM  3.
PAR  3. The improvement as described in claim 2, wherein said means having a
      passage therethrough are throttle means disposed at the mouth of said
      bypass in said suction tube.
NUM  4.
PAR  4. The improvement as described in claim 3, wherein said mouth of said
      bypass is located upstream of said throttle valve flap when the latter is
      closed, and also upstream of the part of said throttle valve flap which
      moves against the air flow through said suction tube when the air supply
      is released, but still within the immediate reach of said part of said
      flap.
NUM  5.
PAR  5. The improvement as described in claim 4, wherein said mouth of said
      bypass or said orifice of said control conduit or both said mouth and said
      conduit are so located in said suction tube relative to said throttle
      valve flap that the pressure drop produced in the engine will prevail
      therein in continuously increasing degree during an opening movement of
      said flap of said throttle valve.
NUM  6.
PAR  6. The improvement as described in claim 1, wherein said valve in said
      bypass comprises two flow paths being independent of one another, and
      wherein said pneumatically actuated valve means comprise two control
      conduits opening into said suction tube through orifices disposed in said
      suction tube in series, said control conduits being associated with said
      flowpaths for controlling the flow of air therethrough.
NUM  7.
PAR  7. The improvement as described in claim 6, wherein at least one of said
      control conduits comprises throttle means therein, which throttle means
      comprise means for varying the cross-sectional throttling passage
      therethrough.
NUM  8.
PAR  8. The improvement as described in claim 1, wherein said pneumatically
      actuated valve means comprise a membrane, a chamber housing said membrane,
      and spring means for urging said membrane into closed position, said
      chamber being in communication with said suction tube by way of said
      control conduit.
NUM  9.
PAR  9. The improvement as described in claim 1, wherein said throttle valve
      comprises means for controlling the cross-sectional area of said mouth of
      said bypass in said suction tube, in dependence on the position of said
      flap of said throttle valve in said suction tube.
NUM  10.
PAR  10. The improvement as defined in claim 1, wherein the conduit means
      comprises throttle means therein which serve for varying the
      cross-sectional throttling passage therethrough.
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PAL  A fuel injection pump for an internal combustion engine wherein a plunger
      is mounted in a barrel for sliding axial movement and rotation about its
      own axis, and the barrel is formed therein with a suction port and an
      outlet port. A metering groove is formed in the plunger and maintained in
      communication with a top of the plunger through a bore formed in the
      plunger, so that a desired amount of metered fuel can be delivered to the
      engine according to the load applied to the engine by varying the area and
      the time at which the metering groove is brought into communication with
      the outlet port, thereby varying the amount of fuel outflow. A pulsation
      control chamber of a greater sectional area is formed in the fuel
      passageway between a discharge valve of the pump and a fuel valve so as to
      intensify and prolong the duration of throbs of a pulsating current of
      fuel moved through the pulsation control chamber as it is delivered by
      pumping.
BSUM
PAR  This invention relates to a fuel-injection pump for an internal combustion
      engine.
PAR  There are two principal types of fuel-injection pumps for internal
      combustion engines now being in use. They are of the Bosch type and Deckel
      type. In the former, a cutout is formed in the plunger so as to vary the
      termination of compression of fuel according to the load applied to the
      engine. The latter is of a construction such that a metering valve for
      adjusting the fuel outflow by means of the engine governor is mounted in
      the fuel delivery passageway while the plunger delivers a constant amount
      of fuel at all times, whereby the desired amount of fuel can be metered
      and delivered.
PAR  Some disadvantages are associated with these two fuel injection systems. In
      the Bosch type, a fuel supply port in the barrel is opened and closed by
      the cutout formed in the plunger, so that compression of the fuel is
      initiated and terminated suddenly. In the Deckel type, the metering valve
      for varying the degree of throttling is complex in construction, and
      difficulty is experienced as the engine speed is increased to throttle and
      meter a proper amount of fuel fit for the load applied to the engine.
PAR  This invention obviates the aforementioned disadvantages of the prior art
      while retaining the features of fuel-injection pumps of the Bosch and
      Deckel types.
PAR  Accordingly, an object of the invention is to provide a fuel-injection pump
      for an internal combustion engine which permits control of the fuel
      delivery to be effected by varying the outflow of fuel when fuel is
      compressed depending on the engine speed and the load applied to the
      engine.
PAR  Another object of the invention is to increase the fuel atomizing force by
      providing a pulsation control chamber of a larger sectional area in the
      fuel passageway from the discharge valve to the fuel valve so as to
      increase the pressure under which fuel is delivered when the engine is at
      low speeds.
PAR  Another object of the invention is to improve the performance of the engine
      by varying the rate of fuel injection (the change in the amount of fuel
      delivered per unit time during the injection period) according to the load
      applied to the engine.
PAR  Another object of the invention is to vary the time of injection of fuel by
      varying the termination and/or initiation of compression of fuel depending
      on the engine speed.
PAR  The outstanding characteristics of the invention will be summarized. A
      metering groove is formed at one side of the plunger of the fuel-injection
      pump for an internal combustion engine mounted in the barrel for axial
      sliding movement and rotation about its own axis so as to deliver fuel to
      the engine when the plunger moves in sliding movement. The metering groove
      is maintained in communication with a top of the plunger through an axial
      center bore formed in the plunger. The barrel is formed therein with an
      outlet port and a suction port. A desired amount of metered fuel can be
      delivered to the engine by varying the area and the time at which the
      metering groove or port is brought into communication with the outlet
      port, thereby varying the amount of fuel outflow. A pulsation control
      chamber of a greater sectional area is formed in the fuel passageway
      between the discharge valve of the pump and the fuel valve so as to
      intensify and prolong the duration of throbs of a pulsating current of
      fuel moved through the pulsation control chamber as it is delivered by
      pumping.
DRWD
PAR  Other and additional objects and features of the invention will become
      evident from the description set forth hereinafter when considered in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a vertical sectional view of the fuel-injection pump for an
      internal combustion engine comprising one embodiment of the invention;
PAR  FIG. 2 is a sectional view on the line II--II of FIG. 1;
PAR  FIG. 3A to FIG. 3C are plan views in explanation of the operation of the
      pump;
PAR  FIG. 4 is a vertical sectional view, on an enlarged scale, of essential
      portions of the pump shown in FIG. 1;
PAR  FIG. 5 is a plan view, on an enlarged scale, in explanation of the
      operation of the pump;
PAR  FIG. 6 is a graph showing pulsation of the fuel charge flowing through the
      fuel passageway by the pumping action;
PAR  FIG. 7 is a graph showing the fuel atomizing forces; FIG. 7a showing data
      for the prior art, FIG. 7b showing data for the present invention, and
      FIG. 7c showing a comparison of the fuel atomizing force of the pump of
      this invention with that of the prior art;
PAR  FIG. 8 is a graph showing the rates of fuel injection;
PAR  FIG. 9 is a view showing the outlet port divided into a plurality of
      sections.
DETD
PAR  A first embodiment of the invention shown in FIG. 1 to FIG. 9 will first be
      described. A barrel 2 mounting a plunger 3 therein for axial sliding
      movement and rotation about its own axis is disposed in a pump body 1.
      Disposed above the barrel 2 and connected to the pump body 1 through a
      pipe joint 6 is a discharge valve guide 5 having a discharge valve 4
      mounted therein.
PAR  The barrel 2 is formed therein with a suction port 8 and a circular outlet
      port 9 maintained in communication with a fuel reservoir 7. An orifice 9'
      of the outlet port 9 is elliptic in form as seen in plan view as shown in
      FIG. 3. The plunger 3 is formed therein with a bore 11 which extends
      therethrough from a top 10 of the plunger 3 and opens at its outer
      peripheral surface and through which communication can be maintained
      between the top 10 and a metering groove 12 formed in the plunger 3 and
      disposed at right angles to the center axis 0 of the plunger 3. A spring
      14 is mounted between a spring seat 13 and the discharge valve 4 so as to
      bias the latter.
PAR  A pulsation control chamber 15 is formed between fuel passages 16 and 17
      and has a sectional area which is greater than that of the passages 16, 17
      and a high pressure line 19 connected to a fuel valve 18. 20 designates a
      fuel compression chamber. The plunger 3 can be moved in reciprocatory
      sliding movement by a cam mechanism or other suitable known means and also
      rotated by a rack and pinion arrangement or other suitable known means.
PAR  FIG. 3A shows the plunger 3 in a zero ejection position in which the
      metering groove 12 is maintained in communication with the orifice 9' at
      all times during the whole stroke of the plunger 3, so that no fuel is
      compressed. If the plunger 3 is rotated to a position shown in FIG. 3B in
      which the engine is at intermediate loads, fuel will be compressed and
      discharged during a portion l of the plunger stroke before the metering
      groove 12 is brought into communication with the orifice 9' and will not
      be compressed during the rest of the portion L of the plunger stroke.
      During the rest of the portion L of the stroke, the area of the metering
      groove 12 in communication with the orifice 9' gradually increases as the
      upward movement of the plunger 3 brings the metering groove 12 and the
      orifice 9' into overlapping relation. Thus, liberation of fuel pressure is
      gradually effected. If the plunger is rotated to a position shown in FIG.
      3C at heavy loads, the area of the metering groove 12 brought into
      communication with the orifice 9' will be reduced, so that fuel will be
      compressed and discharged during the major portion of the stroke of the
      plunger 3. By rotating the plunger 3 in this way according to the load
      applied to the engine, it is possible to vary the rate of the outflow of
      fuel and the desired amount of fuel is metered, so that a proper amount of
      fuel can be injected through an injection valve.
PAR  FIG. 4 and FIG. 5 show that the metering groove 12 is in communication with
      the outlet port 9 at least when compression of fuel is initiated, with the
      plunger 3 in its zero injection position. By this arrangement, it is
      possible to eliminate a lag of the fuel outflow in a pump of the type in
      which the fuel outflow is throttled, even if the rate of movement of the
      plunger becomes high, thereby permitting a zero injection operation to be
      performed. That is, the metering groove 12 is brought into communication
      with the outlet port 9 to prevent compression of fuel at the beginning of
      fuel compression when the suction port 8 is closed by the upper end of the
      plunger 3 disposed at the zero injection position. This provides
      improvements in pumps of this type so that the discharge of a small amount
      of fuel due to a lag of the fuel outflow can be prevented even when the
      plunger moves in sliding movement at high rates. If the plunger 3 is
      rotated into a heavy load position, fuel will be compressed till the
      metering groove 12 is brought into communication with the outlet port 9.
      It should be understood that, as the plunger speed becomes higher, a lag
      of the fuel outflow occurs, and the position in which fuel begins to flow
      out shifts higher from the edge of the outlet port 9 to a position P as
      shown in FIG. 5, so that the fuel outflow actually starts at the position
      P.
PAR  Another feature of the invention which is the provision of the pulsation
      control chamber 15 will now be described with reference to FIG. 6 and FIG.
      7. At the time the engine is started, the plunger speed is very low. At
      such time, the charge of fuel delivered through the discharge valve to the
      fuel passageway of the prior art which has no pulsation control chamber
      formed therein so that the fuel passageway has a constant sectional area
      is under a pressure such that throbs of the pulsating stream of fuel are
      weak and short in duration as shown in broken lines in FIG. 6. Since the
      pulsation of the fuel delivery to the fuel valve is as aforementioned, the
      fuel atomizing force (the force with which fuel is atomized when passed
      through the fuel valve) is low, and the engine thus has a poor starting
      characteristic.
PAR  This disadvantage can be eliminated and the starting characteristic of the
      engine can be improved by providing the pulsation control chamber 15 which
      enables throbs of the pulsating stream of fuel to be intensified and
      prolonged in duration as shown in solid lines in FIG. 6. Thus, the fuel
      deliverty to the fuel valve is under a higher pressure than in the prior
      art, thereby increasing the force with which fuel is atomized when passed
      through the fuel valve.
PAR  FIG. 7a is a graph showing the fuel valve lift, the fuel atomizing force
      and the internal pressure of the fuel passageway of the prior art, while
      FIG. 7b is a graph showing the corresponding data obtained with the pump
      according to the invention. FIG. 7c shows a comparison of the fuel
      atomizing force of the pump according to the invention with that of the
      prior art. By increasing the fuel atomizing force in this way, the fuel
      injected into the engine by the pump according to the invention mixes well
      with the suctioned air, thereby facilitating starting of the engine. The
      provision of the pulsation control chamber 15 is also effective to damp
      the pressure waves which might otherwise be returned from the fuel valve
      to the pump side, so that secondary injection which might otherwise be
      caused by the action of such pressure waves on the fuel valve can be
      prevented.
PAR  FIG. 8 shows that changes can be caused to occur in the rate of fuel
      injection when the pump according to the invention is employed. In a
      conventional pump of the Bosch type, the rate of injection is, as shown in
      a broken line, constant at all times regardless of the load applied to the
      engine, because the fuel delivered during the compression period is not
      metered by outflow. The pump whose fuel injection rate is such as
      aforementioned does not possess the capability of reducing the maximum
      pressure in the cylinders of the engine for which there has in recent
      years been an increasing demand. Combustion starts instantaneously in such
      engine, with a result that the service life of the engine will be
      shortened.
PAR  On the other hand, by providing means for effecting metering of fuel by
      outflow while fuel is delivered to the engine, the fuel injection rate can
      be varied according to the invention as shown in solid lines in the
      figure, with the lines (A), (B) and (C) representing fuel injection rates
      at light, intermediate and heavy loads respectively. It will be seen that
      the rate of fuel injection is lower in the initial stages of injection and
      higher in the terminal stages thereof at all loads. The fuel injection
      rate of the pump of this type can be varied as desired by changing the
      position in which the metering groove 12 is brought into communication
      with the outlet port 9. It is possible to provide any engine with a pump
      of the type which best fits it merely by varying the relative positions of
      the barrel 2 and plunger 3. The invention is thus conductive to a
      reduction of the highest pressure in the engine, prolonged service life of
      the engine, and increased degree of efficiency with which combustion can
      be accomplished.
PAR  FIG. 9 shows that the relative positions of the plunger 3 and the barrel 2
      can be varied. As shown, the outlet port 9 is divided into a plurality of
      sections W, X, Y and Z, and any section may be used as desired for
      effecting metering. In this embodiment, the W and X sections are used for
      effecting metering by outflow of fuel at the end of compression and Y and
      Z sections are used for the same purpose at the beginning of compression.
      These sections may be used one at a time or more than one of them at the
      same time. By this arrangement, it is possible to reduce the stroke of the
      plunger and increase its speed, and at the same time to render the time of
      initiation of the fuel delivery or termination thereof fit for the use to
      which the engine is put.
PAR  The present invention enables fuel to be delivered while letting part of
      the fuel to flow out. This feature is effective to prevent a sudden rise
      in the pressure of fuel in the fuel passageway which occurs when a pump of
      the Bosch type is employed, so that the need to suck back fuel from the
      fuel passageway can be eliminated. This is conductive to reduced cost,
      because a valve of the simple construction, such as a check valve, can be
      employed in place of a valve of the complex construction, such as a
      suck-back valve provided with a collar.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fuel-injection pump for an internal combustion engine, said pump
      comprising a barrel member defining a cylindrical bore and formed with a
      suction port and an outlet port at the periphery of said port, a plunger
      fitted in the cylindrical bore to reciprocate axially therein and having
      one end disposed within the bore and bounding a fuel compression chamber
      which is also bounded by the periphery of the bore, and a discharge valve
      controlling egress of fuel from said fuel compression chamber, the plunger
      being formed with a narrow metering slit disposed substantially at right
      angles to the central axis of the plunger and with a passageway which
      maintains communication between said slit and said fuel compression
      chamber, the plunger being rotatable within said bore about said central
      axis to bring said metering slit and said outlet port into overlapping
      relationship and to vary the proportion of, and the position within, the
      reciprocating movement range of the plunger in the bore for which the
      metering slit and the outlet port remain in overlapping relationship.
NUM  2.
PAR  2. A fuel-injection pump as claimed in claim 1, further comprising a
      fuel-injection valve and duct means defining a passage connecting the
      outlet valve to said fuel-injection valve, said passage including a
      pulsation control chamber of larger cross-sectional area than the rest of
      said passage.
NUM  3.
PAR  3. A fuel-injection pump as claimed in claim 1, wherein the plunger has a
      rotational position in which said metering slit and the outlet port are in
      overlapping relationship at the start of axial movement of the plunger in
      the direction to compress fuel in the fuel compression chamber.
NUM  4.
PAR  4. A fuel-injection pump as claimed in claim 1, wherein said outlet port is
      divided into a plurality of sections by a plane through the central axis
      of the plunger and a plane perpendicular to said central axis, the plunger
      being arranged in such manner that at least one of said plurality of
      sections is employed for effecting metering of fuel delivery by fuel
      outflow through said section or sections.
NUM  5.
PAR  5. A fuel-injection pump for an internal combustion engine, said pump
      comprising a barrel member formed with a suction port and an outlet port
      at the periphery of said bore and communicating with a fuel reservoir, a
      plunger fitted in the cylindrical bore with one end disposed within the
      bore and bounding a fuel compression chamber which is also bounded by the
      periphery of the bore, and a discharge valve for controlling egress of
      fuel from said fuel compression chamber, the plunger being reciprocable
      axially in the cylindrical bore between a first end position in which the
      suction port is closed off by the plunger and a second end position in
      which the suction port communicates with the fuel compression chamber, at
      least part of the periphery of the outlet port being oblique to the common
      central axis of the plunger and the bore, and the plunger being formed
      with a narrow metering slit disposed substantially at right angles to said
      central axis and with a passageway which maintains communication between
      said slit and said fuel compression chamber, the plunger being rotatable
      within said bore about said central axis so that at a given axial position
      of the plunger in its range of reciprocating movement with respect to the
      bore, the metering slit partially overlaps the outlet port at said oblique
      part of the periphery thereof.
NUM  6.
PAR  6. A fuel injection pump as claimed in claim 5, wherein the periphery of
      the outlet port is elliptical.
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ABST
PAL  A fuel injection system for an internal combustion engine in which the
      intake air flow is measured and a corresponding electrical signal is
      generated which governs a pressure control unit so as to modify the fluid
      pressure acting on a fuel-metering slide-valve piston, displacing it
      against restoring forces. The axial displacement of the slide-valve piston
      changes the flow aperture in adjacent metering slits and thus governs the
      rate of fuel flow to the injection valves of the internal combustion
      engine and maintains a desired fuel-air ratio.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates, in particular, to a fuel metering and injection
      system for mixture compressing, externally ignited internal combustion
      engines. The system includes a fuel line and a metering valve in the fuel
      line, the valve having a movable valve member which, especially when the
      movable valve member is embodied as a slide-valve piston, meters out to
      the air quantity streaming through a suction tube a quantity of fuel in a
      desired proportion, and where the movable valve member (slide-valve
      piston) can be actuated by a fluid of changeable pressure to influence the
      metering process. It is the purpose of such fuel metering and injection
      systems to create automatically a favorable fuel-air mixture for an
      internal combustion engine, in order to burn the fuel as completely as
      possible and, therefore, to avoid or to reduce greatly the formation of
      toxic exhaust gases while maintaining the highest possible performance or
      the lowest possible fuel consumption of the internal combustion engine.
      For this purpose, the desired ratio between air quantity and fuel quantity
      must be changeable in dependence on engine parameters, such as rpm, load,
      temperature and exhaust gas composition. Such an adjustment should be
      possible by the simplest means, i.e. by a simple intercession in the
      control loop mechanism of the fuel injection system.
PAR  In a known fuel injection system of the above-described kind, the
      slide-valve piston is actuated by a mechanical air measuring element via a
      lever against a nominally constant return force (pressure fluid). This
      known fuel injection system is limited with respect to the intercession in
      the control loop mechanism.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a fuel metering and injection
      system of the kind described above, taking into account the
      above-mentioned requirements to be made on such a fuel injection system.
PAR  The foregoing object, as well as others which are to be made clear from the
      text below, is achieved, according to the present invention, by a movable
      valve member (slide-valve piston) which is actuated by a fluid, against a
      return force, for the alteration of the metered fuel quantity. The
      pressure of the control fluid is changeable by means of a pressure control
      unit, whose control variable is determined by an instrument which measures
      the air quantity in the suction tube, at least mediately, and where the
      return force can be provided by a spring having as gentle a characteristic
      curve as possible. Since it is relatively simple to change the pressure of
      a fluid, and then to hold the pressure at a particular level, it is also
      relatively simple to measure the air quantity streaming through the
      suction tube by any means whatever and then to translate this measured
      value into some particular determined pressure of the control fluid.
      Furthermore, it is relatively simple to intercede in this control circuit
      by influencing the pressure control in dependence on other engine
      parameters.
PAR  According to an advantageous embodiment of the invention, the movable valve
      member is a slide-valve piston, which is part of a metering valve
      structure belonging to the distribution system, in which fuel is delivered
      by a fuel pump through an annular groove of the slide-valve piston to each
      of several control valves, there being as many control valves as the
      engine has injection nozzles, the flow aperture cross section of a control
      valve being variable by means of a resilient member (membrane) that
      separates two chambers and where, in the first chamber, the pressure
      prevailing downstream of the metering valve seat acts on the resilient
      member in the sense of opening the control valve; whereas the second
      chamber contains the pressure prevailing upstream of the metering valve
      seat and where the flow aperture cross section of the metering valve is
      changeable linearly by the axial sliding of the slide-valve piston in that
      the slide-valve piston uncovers, depending on its axial position, smaller
      or larger portions of, in particular, metering slits assigned to each
      injection valve and disposed in a guide bushing parallel to the axis of
      the slide-valve piston.
PAR  According to a supplementary development of the invention, the control
      fluid is engine fuel which is supplied to the movable valve member
      (slide-valve piston) through a conduit within which the pressure control
      unit is interposed. The pressure control unit can advantageously be a
      nearly hysteresis-free solenoid valve, whose magnetic field strength is
      variable in dependence on the air quantity streaming through the suction
      tube, as well as in dependence on engine parameters, such as load,
      temperature, and exhaust gas contaminants or poisons.
PAR  It is advantageous if the instrumentality measuring the air in the suction
      tube operates with electrical means which create an electrical parameter
      value corresponding to the air quantity and serving to determine the value
      of the control variable of the pressure control unit, and where it is also
      advantageous to measure the metered fuel quantity using electrical means
      and where this measured datum can be compared with the air quantity datum,
      in particular by means of a circuit which corresponds in its action to a
      bridge circuit and where the differential value deriving from the
      comparison determines the magnitude of the control variable of the
      pressure control unit. In this way, it is possible to gain access to the
      control loop easily with electrical means.
PAR  A further advantage consists in that the location for the air quantity
      measurement in the suction tube and the location for the fuel metering, as
      well as the pressure control unit, can be disposed at any desired place
      within the engine compartment and need only be connected via cables.
PAR  Two exemplary embodiments of the present invention are shown, in simplified
      form, in the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of a first exemplary embodiment of a
      fuel metering and injection system according to the present invention in
      which electrical position indicators are used for the air quantity
      measurement and the fuel quantity measurement.
PAR  FIG. 2 is a diagrammatic illustration of a second exemplary embodiment of a
      fuel metering and injection system according to the present invention in
      which temperature-dependent resistors are used for the air quantity
      measurement and the fuel quantity measurement.
DETD
PAC  DESCRIPTION AND OPERATION OF THE EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, the illustrated fuel metering and injection
      systems, according to the present invention, include a conventional air
      intake suction tube 1. Inside the suction tube 1 there is disposed an air
      measuring element 2, associated with an electrical circuit, and followed
      by a throttle flap 3 positioned downstream from the air measuring element
      2. The air measuring element 2 produces, in its associated electrical
      circuit, a variable electrical output signal which is compared, in an
      electrical control unit 4, with the magnitude of an electrical output
      signal from a further electrical circuit operatively associated with a
      fuel measuring element. This further electrical circuit operates in
      conjunction with a fuel metering and distribution unit, generally
      designated by the numeral 5. The comparison with the electrical control
      unit 4 results in the formation of an electrical control signal which
      controls the pressure of a fluid that determines the quantity of fuel
      injected.
PAR  The details of the electrical control unit 4 are not necessary for purposes
      of the present invention, although it may be stated that the circuit
      disclosed in U.S. Pat. No. 3,796,199, issued to Heinrich Knapp and
      assigned to the assignee of the present application, could be adapted for
      use as the control unit 4. It would only be necessary to utilize the
      potentiometer 8 of the air measuring element 2 in place of the temperature
      sensing means in the intake tube 43, and the potentiometer 22 for the
      temperature sensing means in the chamber 17. The operational amplifier 67
      would then compare the signals from the potentiometers 8 and 22 and
      adjusts the pressure control unit 6 accordingly.
PAR  In the embodiment shown in FIG. 1, an air flap 7, hinged at one of its
      edges, serves as the measuring element 2; it actuates a potentiometer 8
      and pivots in opposition to the force of a weak return spring 9. A
      membrane 12 is tensioned between a housing 10 and a cover 11 of the
      metering and distribution unit 5; this membrane separates chambers 13 and
      14 from one another. There are as many chambers 14 and 13 in the
      distribution unit 5 as there are injection nozzles leading to the
      combustion engine and they are preferably disposed symmetrically about the
      mean axis of the distribution unit 5. (For the sake of clarity, each of
      the figures shows only two pairs of such chambers.)
PAR  In a central bore 15, which penetrates the cover 11 and nearly penetrates
      the housing 10, there is disposed an axially slidable slide-valve piston
      16 having an annular groove 17 in its exterior surface. The upper control
      edge of this annular groove 17 cooperates with metering slits 18 disposed
      in housing 10 to form a fuel metering valve aperture; the metering slits
      communicate with the chambers 13 through bores 19. The motion of the
      slide-valve piston 16 is transferred to a lever 21 and hence to a
      potentiometer 22 whose variable electrical output signal is fed to the
      electrical control unit 4. The lever 21 is biased by a very weak spring 23
      which also provides a return force for the slide-valve piston 16.
PAR  The fuel is pumped from a fuel container 25 by an electric supply pump 26
      and is carried through a conduit 27 to the metering and distribution unit
      5. A conduit 28 branches off from the conduit 27 and leads back to the
      container 25; a pressure sustaining valve 29 is disposed in the conduit
      28. Fuel from the conduit 27 flows to a channel 30 in the distribution
      unit 5; this channel is in constant communication with the annular groove
      17 of the slide-valve piston 16. Fuel flows from this annular groove
      through the metering slits 18, through the bore 19 into the chambers 13
      and thence through conduits 31 to the individual injection valves (not
      shown). The conduits 31 extend into the chambers 13 and cooperate with the
      membrane 12 to form a valve which also includes a spring 32 whose purpose
      is to ensure that this valve is normally open. A portion of the supplied
      fuel, in particular a largely constant amount, flows from the annular
      groove 17 through a channel 33 into the chambers 14 which are connected
      with one another in series by the openings 34, so that the fuel can flow
      from the last chamber 14 of the series through a channel 35 and a conduit
      36 back to the container 25. A pressure sustaining valve 37 is disposed in
      the conduit 36.
PAR  Air bubbles which may have accumulated on the membrane 12 are swept away by
      the fuel streaming through the chambers 14. The stiffness of the membrane
      12 and the strength of the springs 32 are chosen so that during a change
      of the intended pressure difference between the two chambers 13 and 14,
      the flow aperture cross section obtaining between the membrane 12 and the
      conduit 31 changes until the intended pressure difference has been
      attained again.
PAR  A conduit 38 branches off from the conduit 36 and a pressure reducing valve
      or a throttle 39 is disposed in the conduit 38 so as to uncouple the
      hydraulic system following this throttle 39 from the system already
      described above. Fuel is supplied through the conduit 38 to a pressure
      control unit 6 which is developed as a membrane valve actuated by a moving
      coil. A membrane 40 separates two chambers 41 and 42 which communicate
      through apertures 43 in the membrane 40. A moving coil armature 44
      carrying an exciter coil 45 is attached to the membrane 40 and is supplied
      with the electrical control signal coming from the control unit 4. The
      armature 44 and the coil 45 cooperate with a magnet 46. The conduit 38
      terminates a short distance in front of the membrane 40, forming a valve
      seat 47 so that during an appropriate excursion of the membrane 40, the
      conduit 38 can be closed off. On the other side of the membrane 40 and
      opposite the valve seat 47 there is provided a valve seat 48 associated
      with a drainage line 49 which leads back to the container 25. In addition,
      the membrane 40 is loaded by a spring 50 acting in the direction toward
      the valve seat 47. From the chamber 41 a conduit 51 leads to the metering
      and distribution unit 5 and terminates at the front surface of the
      slide-valve piston 16 facing away from the lever 21. The quantity of fuel
      which is admitted through the conduit 38 or which drains through the
      drainage line 49 and which depends on the position of the moving coil 45
      associated with the magnet 46, causes the slide-valve piston 16 to be
      displaced a smaller or greater distance and this displacement changes the
      quantity of fuel to be injected. The control of the valve seats 47 and 48
      by the membrane 40 can occur intermittently but it can also occur by slow
      continuous displacement, depending on whether an integral or a
      proportional characteristic of the regulation is desired.
PAR  The operation of the fuel metering and injection system illustrated in FIG.
      1 should be clearly evident from the above detailed description. By way of
      summary, the signal produced by the potentiometer 8 due to the deflection
      of the air flap 7 is compared with the signal produced by the
      potentiometer 22 of the fuel metering and distribution unit 5 due to the
      pivotal movement of the lever 21. The result is a signal to the pressure
      control unit 6 and specifically to the coil 45 of the coil armature 44 to
      thereby attract the membrane 40 toward either one of the two valve seats
      47,48 shown in FIG. 1. For example, the greater the deflection of the air
      flap 7 the greater should be the displacement of the slide valve piston 16
      in the upward direction when viewing FIG. 1 to thereby produce a greater
      fuel quantity. To achieve this, the coil 45 is excited causing the
      armature 44 to be displaced upwardly thereby moving the membrane 40 toward
      the valve seat 48. This tends to increase the pressure in the line 51 and
      consequently to the bottom side of the slide valve piston 16 causing it to
      move upwardly.
PAR  In the second exemplary embodiment of FIG. 2, the air measuring element 2
      is a temperature-dependent resistor 53 and instead of employing a
      potentiometer to measure the fuel quantity metered in the metering and
      distribution unit 5, it is also measured by a temperature-dependent
      resistor 54, which is disposed in a correspondingly enlarged bore 55
      connecting the slits 18 with the chambers 13. In conformance with the
      layout of the entire metering and distribution unit 5, the measurement in
      a single bore 55 suffices in most cases because all of these bores carry
      the same quantity of fuel. A hot wire can preferably serve as the
      temperature-dependent resistor. However, the metered fuel can also be
      determined as the difference between the measured quantities of supply and
      drainage in the annular groove 17.
PAR  It is to be appreciated that the above-described and illustrated exemplary
      embodiments of fuel metering and injection systems constructed in
      accordance with the present invention have been provided as non-limiting
      examples. Numerous changes may be made in the illustrated embodiments and
      other embodiments constructed without departing from the spirit and scope
      of the invention, as defined in the appended claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A fuel metering and injection system for regulating fuel flow so as to
      maintain a desired fuel-air mixture in an internal combustion engine, the
      system comprising, in combination:
PA1  a. an air intake suction tube of the internal combustion engine;
PA1  b. electro-mechanical means for measuring the quantity of air passing
      through said air intake suction tube;
PA1  c. pressure control means, responsive to the output from said
      electro-mechanical means for measuring, for generating a variable pressure
      head;
PA1  d. means for establishing a given force;
PA1  e. fuel distribution means in fluid communication with said control means
      and including at least one fuel metering valve having a movable member
      which can be actuated, against a restoring force provided by said means
      for establishing the given force, by the fluid pressure head; whereby the
      fuel quantity is metered.
NUM  2.
PAR  2. A system according to claim 1, wherein said means for establishing a
      given force comprises a spring having a small spring constant.
NUM  3.
PAR  3. A system according to claim 1, further comprising a fuel pump, a
      plurality of control valves with control slits, and wherein said movable
      valve member is a slide-valve piston which has an axis and is part of said
      fuel distribution means and includes an annular groove in which fuel is
      passed from said fuel pump through said annular groove of said sliding
      valve piston to each control valve of said plurality of control valves for
      changing their effective flow cross section, each of said control valves
      including a resilient member separating first and second chambers where
      pressure prevailing downstream of said distribution means is present in
      said first chamber and acts upon said resilient member, and wherein said
      second chamber is provided with pressure prevailing upstream of said
      distribution means, said effective flow cross section of said
      sliding-valve piston being changeable linearly by axial sliding of said
      slide-valve piston, its annular groove exposing, depending on its axial
      position, to variable extent said slits assigned to each said control
      valve, these slits being parallel to substantially said axis of said
      sliding-valve piston.
NUM  4.
PAR  4. A system according to claim 3, wherein at least a part of fuel provided
      by said fuel pump flows continually and sequentially through said second
      chambers.
NUM  5.
PAR  5. A system according to claim 1, further comprising a conduit and a
      pressure control means, and wherein control fluid is fuel supplied to said
      movable valve member through said conduit in which is disposed said
      pressure control means.
NUM  6.
PAR  6. A system according to claim 5, wherein said pressure control means is
      formed by a valve having at least two control positions, and whose outlet
      end experiences virtually no hydraulic counterpressure.
NUM  7.
PAR  7. A system according to claim 5, wherein said pressure control means
      comprises a pressure control valve which operates intermittently.
NUM  8.
PAR  8. A system according to claim 5, further including means responsive to at
      least one additional engine operating parameter and wherein said pressure
      control means comprises a nearly hysteresis-free electric solenoid valve,
      whose magnetic field is changeable in dependence on air quantity streaming
      through said suction tube and on said means responsive to at least one
      additional engine parameter (load, temperature and/or exhaust
      contaminants).
NUM  9.
PAR  9. A system according to claim 8, wherein said solenoid operates via a coil
      armature associated with a permanent magnet or a magnet having constant
      external excitation.
NUM  10.
PAR  10. A system according to claim 8, wherein said pressure control means
      includes a movable valve member in the form of a membrane.
NUM  11.
PAR  11. A system according to claim 1, wherein said electro-mechanical means
      measuring the quantity of air in said suction tube is coupled to
      electrical circuit means which generate an electrical signal corresponding
      to air quantity and which determines the magnitude of the control variable
      of said pressure control means.
NUM  12.
PAR  12. A system according to claim 11, including additional electrical circuit
      means and a comparator, and wherein the amount of fuel metered is measured
      by said additional electrical circuit means to produce a measured signal
      and this measured signal is compared in said comparator with the
      electrical signal corresponding to the quantity of air to produce a
      difference control signal which determines the magnitude of the control
      provided by said pressure control means.
NUM  13.
PAR  13. A system according to claim 11, including a position indicator, and
      wherein said movable member of said fuel metering valve and thus the
      metered fuel quantity is measured by said position indicator.
NUM  14.
PAR  14. A system according to claim 13, wherein said position indicator is a
      potentiometer, whose movable part is activated at least mediately by said
      movable member of said fuel metering valve.
NUM  15.
PAR  15. A system according to claim 13, wherein said position indicator is
      inductive in nature.
NUM  16.
PAR  16. A system according to claim 13, further comprising a roller and a lever
      moving a first end and a bearing end, and wherein said movable member of
      said fuel metering valve transfers its motion via said roller to said
      lever mounted eccentrically, whose first end opposite to its said bearing
      end carries a pick-up portion forming said position indicator.
NUM  17.
PAR  17. A system according to claim 11, further including a position indicator,
      and wherein said electro-mechanical means for measuring the quantity of
      air comprises a static plate operatively associated with said position
      indicator.
NUM  18.
PAR  18. A system according to claim 11, including a pressure control unit and a
      temperature dependent resistor, said temperature dependent resistor being
      disposed within said pressure control unit.
NUM  19.
PAR  19. A system according to claim 11, wherein said electro-mechanical means
      for measuring the quantity of air includes at least one
      temperature-dependent resistor disposed within said suction tube and
      responsive to the air stream therein.
NUM  20.
PAR  20. A system according to claim 11, further including a bridge circuit
      measuring fuel quantity, and wherein said electro-mechanical means for
      measuring the quantity of air includes at least one temperature-dependent
      resistor disposed within said suction tube and serving as one resistor of
      a further bridge circuit, whose characteristic curve approximates that of
      said bridge circuit measuring fuel quantity.
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ABST
PAL  A piston for a fuel injection pump for use in internal combustion engines
      and its method of manufacture is described. The piston is reciprocated and
      rotated within a cylinder having a fuel supply opening. The piston has an
      upper control edge determining initiation of fuel injection and a lower
      control edge determining initiation of fuel injection and a lower control
      edge determining termination of fuel injection as the edges move past the
      fuel supply opening. In its improvement the piston is manufactured to
      provide a notch in its upper end surface which, at the intersection of the
      notch with the circumferential surface of the piston, forms at least two
      upper control sections serving at least as a part of the upper control
      edge. The two control edge sections have relatively different inclinations
      with respect to the upper end surface of the piston which effects the fuel
      injection.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to fuel injection systems, and more
      particularly to the pistons used in fuel injection systems to inject fuel
      to internal combustion engines. Such pistons must provide accurate timing
      of fuel injection, and must accurately control the amount of fuel being
      injected.
PAR  Pistons of the type to which the invention relates are axially movable over
      a predetermined distance within their cylinder housings in order to
      develop an injection pressure. In addition, these pistons are also
      rotatable within their cylinder housings. The pistons are formed with
      control surfaces which, together with other surfaces of the piston,
      provide defined control edges. The control edges, upon coincidence with
      the limits of fuel supply or upon coincidence with fuel passages in the
      cylinder, determine the timing of supply of fuel, and, consequently, the
      quantity of fuel being supplied to the piston and ultimately to the
      internal combustion engine. Hence, by rotating and axially displacing the
      piston within the cylinder not only results in developing an injection
      pressure, but additionally provides for a control function of the fuel
      quantity being injected.
PAR  Known pistons of the type under consideration have previously been
      manufactured by surface-working the surface of revolution of the piston,
      usually by milling and grinding.
PAR  Minimum toxic exhaust emission from internal combustion engines requires
      accurate control of the amount of fuel being injected with respect to the
      amount of air being introduced into the engine, so that the exhaust gases
      will have a predetermined composition, and typically small noxious
      components. Accuracy of control of the injection period, and of the
      injection quantity, with respect to engine operation is demanded by the
      increasing requirements placed on the operation of the engine, in order to
      reduce emission of noxious gases. It is, therefore, no longer feasible to
      provide a straight, or helical control edge on the injection piston to
      control the admission of fuel to the engine cylinder. The usually used
      methods of manufacturing such pistons for use in fuel injection systems
      could not provide control edges which are accurately located with respect
      to fuel inlet positions in the cylinder within which the piston operates,
      that is, which have sharp, clearly defined control edges, of changeable
      direction with respect to the piston inlet openings. Manufacture of such
      control edges is particularly difficult if the control edges are to have
      an angle which is less than 180.degree. with respect to each other, that
      is, if they are to present a convexly curved shape.
PAR  Pistons customarily used in fuel injection systems usually have control
      edges of rather simple shape or direction. Accurate manufacture of a
      control edge with accurately predetermined relative position with respect
      to a given point in the piston has previously not been required since the
      complicated fuel injection timing characteristics are more recent
      requirements, due to the more recent emphasis on reduced exhaust emissions
      and, more importantly, it has not been found possible to manufacture
      control edges of complicated shape or direction on a piston by using the
      customarily utilized tools and working the circumferential surface of the
      piston.
PAR  In order to work the piston to form a control edge, it has previously been
      proposed to first form the control edge, and then to subject the piston to
      a circumferential grinding or polishing process. A second control edge is
      then cut into the piston which determines the end of the fuel injection
      sequence or cycle. Thereafter, a longitudinal bore is formed in the
      piston, or a groove is formed in the circumference thereof which forms a
      fluid communication channel or duct in order to provide a drain opening
      from the second control edge. Typically, the drain opening, that is, the
      fuel duct connects the space beneath the lower control edge with the space
      above the end face of the piston, that is, the effective pumping or
      working chamber. It was necessary to first form the upper control edge,
      and then grind the circumference of the piston. In order to then hold this
      accurately ground and polished piston for further working thereon, that
      is, to form the lower edge, it was necessary to hold or secure the piston
      at the end faces or edges thereof in order not to damage the highly
      polished and ground outer surface thereof. This, then, required working of
      the piston such that the upper control edge could be made only at the
      outer edge of the upper end face of the piston.
PAC  OBJECTS AND SUMMARY OF THE PRESENT INVENTION
PAR  It is, therefore, an object of the present invention to provide a novel
      method of making a piston, and to a novel resulting piston construction in
      which complicated fuel injection relationships, with respect to rotary
      position of the piston (and, hence with respect to control timing) can be
      maintained and even improved, and which is simple, results in a piston
      which is easily made, yet accurate and meets requirements of even the most
      sophisticated fuel supply system.
PAR  This and other objects are achieved according to the present invention by
      the provision of a piston which is formed in its upper end surface with a
      groove, or notch, the groove or notch having lateral surfaces of different
      inclination with respect to the end face of the piston. In accordance with
      a feature of the present invention, the groove or notch is simply cut by
      moving a cutting tool transverse to the axis of the piston. After
      formation of the groove or notch with the differentially inclined
      surfaces, the piston can then be held, for example, in a centering bolt
      which engages in a bore formed axially in the piston. The bore preferably
      extends inwardly of the piston from the outer end surface thereof, which
      is already cut with the groove or notch. This centering bore is preferably
      a blind cylindrical bore, of such depth and diameter that at least a
      portion thereof can serve as the communication duct between the upper
      control edge and a groove formed in the circumference of the piston, the
      intersection of the groove with the circumference forming a lower control
      edge.
PAR  Various, especially linear, relationships of quantity of fuel being
      injected by the piston with respect to the rotary position of the piston
      in a cylinder can be obtained by controlling the termination of the
      injection, as determined by the lower control edge formed by the
      transverse groove in the piston. This lower control edge can have a bent,
      or angled direction, formed of various portions of a single continuous
      groove.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of a piston in accordance with the present
      invention, shown within a cylinder which is represented in double
      chain-dotted lines;
PAR  FIG. 2 is a diagram of the control edges of the piston of FIG. 1 in
      developed view;
PAR  FIG. 3 is a diagram illustrating the injection timing characteristics of
      the piston of FIGS. 1 and 2;
PAR  FIG. 4 is a perspective view of another embodiment of a piston;
PAR  FIG. 5 is a perspective view of a third embodiment of a piston;
PAR  FIG. 6 is a developed diagram of the control edges of the piston of FIG. 5;
PAR  FIG. 7 is an injection timing diagram of the piston of FIG. 5 and having
      the developed control edges of FIG. 6;
PAR  FIGS. 8 and 9 are schematic illustrations showing sequential steps in the
      manufacture of the piston, in which FIG. 8 illustrates cutting of the
      upper end face of the piston to form the upper control edge, and FIG. 9 is
      a schematic illustration of holding the piston for surface grinding and
      polishing; and
PAR  FIG. 10 is a schematic fragmentary side view of another embodiment of the
      piston having the control surfaces of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The piston of FIG. 1 is fitted into a cylinder, shown in double
      chain-dotted lines, and adapted to be reciprocated in a cylinder c by
      reciprocating drive elements (not shown), known in the art. In addition to
      reciprocating the piston 1 to provide the operating injection stroke, the
      piston 1 can also be rotated within the cylinder c in order to control the
      amount of fuel, or the fuel injection timing, with respect to the piston
      stroke. The cylinder c has a bore c' formed therein in order to supply
      fuel to the interior of the cylinder. The bore c', which is connected to a
      fuel supply, simultaneously forms the suction as well as the return flow
      bore. Fuel is sucked in by the piston 1 and conducted to an injection
      nozzle (not shown) under pressure.
PAR  The piston 1 has an upper end surface 6, in which a V-shaped notch is cut
      in the radial direction from the outer surface towards the central axis of
      the piston. The notch, generally indicated at 2, defines two upper control
      edges 2a and 2b at the intersection of the notch 2 with the surface of the
      piston 1. The first control edge portion 2a is inclined downwardly from
      the upper end surface 6, while the second control edge portion 2b extends
      upwardly, in the opposite direction from the bottom apex of the notch to
      the upper end surface 6.
PAR  The piston 1 is further provided with a circumferential groove 3, which is
      cut into the circumference surface of the piston. The upper edge of the
      groove 3, at its intersection with the outer circumferential surface of
      the piston 1, forms the lower control edge. The shape of the lower control
      edge is so selected that it is angled, that is, it is formed by two
      control edges 3a, 3b which form an angle with each other. The control
      edges 3a, 3b lie beneath and correspond to the control edges 2a, 2b. A
      central bore 4 extends axially from the upper end surface 6 into the
      piston 1 to form a blind bore therein. The bore 4 is in communication with
      the groove 3, so that the space beneath the control edges 3a, 3b is in
      fluid communication with the upper end surface 6. A centering bore 5 is
      drilled into the piston 1 to extend the bore 4. The bore 5 serves to
      center the piston 1 during manufacture thereof, as will be described in
      greater detail below.
PAR  The operation of the piston 1 shown in FIG. 1 can be better understood by
      the following description viewed in conjunction with FIGS. 2 and 3. The
      piston 1 is reciprocated within the cylinder c by a known reciprocating
      mechanism as stated above. Additionally, a controller (not shown)
      connected to the piston rod (also not shown) can rotate the piston 1 about
      its central axis. Rotation of the piston 1 changes the relative position
      of the upper end surface 6, and hence the relative position of the notches
      in the upper end surface 6 and the inlet opening c' in the cylinder c, and
      also the relative position of the inlet opening c' with respect to the
      groove 3 and hence the lower control edges 3a, 3b. Rotating the piston 1
      thus changes the timing or period of the fuel injection by changing the
      relative position at which the piston notch, or groove edges pass the
      opening c'. Additionally, the quantity of fuel being injected is likewise
      determined or controlled by the rotary position of the piston 1 with
      respect to the cylinder c, that is, with respect to the opening c' within
      the cylinder. The initiation of fuel injection, that is, the instant of
      fuel injection is determined by the time when the respective upper control
      edge portion 2a or 2b closes off the opening c' upon upward movement of
      the piston 1. Fuel injection is terminated when the respective lower
      control edge portions 3a or 3b reach the opening c', that is, when the
      lower edge portions 3a or 3b again open the connection to the fuel supply
      bore c'. FIG. 2 illustrates, in developed form, the curves of the various
      portions of the control edges 2a, 2b and 3a, 3b with respect to the
      opening c'. The positions of the piston with respect to the opening are
      indicated at Rw1, Rw2 and Rw3, with respect to the external circumference
      of the piston 1.
PAR  The diagram of FIG. 3 illustrates the fuel injection timing instant
      .theta.. This characteristic is ascending to a peak and then descending as
      a function of piston rotation. The injection instant .theta. is indicated
      along the ordinate, with respect to the rotary path of control (in
      developed form), and Rw is indicated along the abscissa. As can be seen
      from FIGS. 2 and 3, the control edge portion 2a controls the fuel
      injection timing. Upon changing of the rotary position of the piston 1
      from Rw1 to Rw2 about the timing .theta.1, injection will be delayed, or
      retarded to a later injection timing. Upon further rotation of the piston
      1 to the position Rw3, the injection is again advanced by the same amount
      .theta.1.
PAR  In the embodiment of FIG. 4, the piston 1' differs from the piston 1 of
      FIG. 1 by a different shape of the notch or groove formed in the upper end
      surface 6 of the piston. The notch 2' is inclined forwardly from a central
      axial point of the piston 1'. The two control edge portions 2'a and 2'b of
      FIG. 4 correspond essentially to the control edge portions 2a and 2b of
      FIG. 1. The machining of the cut or notch 2' in this exemplary embodiment
      is effected by advancing the cutting tool obliquely with respect to the
      central axis of the piston 1'. The control edges 2'a and 2'b will have the
      same edge relationships with respect to the operation as the edges 2a, 2b
      of FIG. 1, so that the developed diagram of FIG. 2 and the injection
      timing diagram of FIG. 3 are equally applicable to the embodiment of FIG.
      4.
PAR  In the embodiment of FIG. 5, the notch or groove 2" formed in piston 1" has
      the form of an inverted trapezoid. Three control edges will thus be
      formed, 2"a, 2"b and 2"c. The control edges 2"a and 2"b have a similar
      degree of inclination as the control edges 2a and 2b of FIG. 1, or 2'a and
      2'b of FIG. 4. These control edges are connected by a third control edge
      2"c which is essentially parallel to the upper end surface 6 of the piston
      1". It may be inclined, however, for example just slightly inclined. The
      lower control edge of the piston 1" is formed by three portions of a
      groove 3' worked into the circumferential surface of the piston 1", to
      form three portions 3'a, 3'b and 3'c. These three portions have an extent
      and direction which is angled similar to the direction of inclination of
      the upper control edges, but with a different degree of inclination, or at
      a different angle. This difference in angle, or degree of inclination,
      provides for changing the quantity of fuel being supplied upon changing
      the rotary position of the piston 1" with respect to the inlet opening c'
      of the cylinder. The relationship of the change in fuel quantity, and
      injection timing, with respect to the rotary position of the piston is
      essentially linear in all three embodiments, although the upper control
      edge formed by the notch 2, 2', 2", respectively, has inclined portions.
PAR  The shape of the notches or grooves 2, 2' or 2", and the direction of the
      grooves 3, 3' need not be straight, but can be bent or bowed, or bulged.
      The tool which makes the grooves or cuts can be given a suitable shape to
      provide this shape of the notch or groove cut in the upper end surface of
      the piston, to form the control edges in the desired shape.
PAR  If the groove 3 or 3' is of insufficient depth to be intersected by the
      bore 4, a communication duct can be drilled from the groove 3 to
      communicate with the bore 4 or an outer groove can be cut into the piston
      to form a fluid communication duct between the groove 3 and the upper end
      surface 6. The inner elongated bore 4 then need not be formed, and only a
      centering bore may suffice.
PAR  FIGS. 6 and 7 illustrate the timing of the ignition instant, similar to
      FIGS. 2 and 3, with respect to the piston of FIG. 5. Same elements have
      been given the same reference numerals, with single and double prime
      notation where appropriate. The position Rw'4 corresponds to the end
      position of the right side cut of the notch 2", or the groove 3',
      respectively, as clearly apparent from FIGS. 6 and 7.
PAR  The manufacturing method of the piston is characterized by forming the
      notch or groove in the upper end surface of the piston by a suitable tool
      having a circumferential shape similar to the cut to be made. This tool
      may be a milling cutter, a grinding disc, or the like, and the upper end
      surface of the piston is worked in a single working step (which may
      encompass a few passes of the tool). Further, a centering bore is formed
      in the upper part of the piston to serve as a holding bore for a mandrel,
      or other holding element when the outer circumference of the piston is to
      be ground, lapped, or polished.
PAR  The working steps to make the pistons of the embodiments of FIGS. 1, 4 or 5
      are all similar, and will be explained in detail in connection with a
      piston of FIG. 1: As seen in FIG. 8, the cut 2 in the upper end surface 6
      of the piston 1 is formed by a suitable cutting tool A passing
      transversely across the upper end surface. This cutting tool, which is a
      shaped milling cutter, a shaped grinding disc, or the like, forms the two
      control edge portions 2a, 2b in one manufacturing step. The outer edge of
      the cutting tool has an inverted V-shape. A preferably rotary cutting tool
      A is fed in a direction vertical to the plane of the paper, as indicated
      by the arrow T (taken in perspective). A large number of pistons may be
      aligned in a row, one behind the other, and pistons, or cutting tool are
      fed vertically with respect to each other with a suitable feeding speed.
      This permits inexpensive serial mass production. The longitudinal bore 4,
      and the centering bore 5, can be made in the piston before, or after the
      cut 2 is made by means of the tool A. The cut forming the groove 3 is made
      in a known manner and may be made in the piston before or after the cut 2
      is made. Final working includes an outer grinding or polishing step of the
      outer circumference of the piston 1 for finishing the surface thereof. For
      grinding the circumference, the piston is held by a centering bolt S (FIG.
      9) engaging the centering bore 5 of the piston. A circumferential grinding
      wheel B engages the surface of the piston.
PAR  The centering bore need not be formed in the base of the longitudinal bore
      4 drilled into the piston to form a fuel communication channel or duct; it
      can be worked into the upper end surface 6, as schematically seen in FIG.
      10, where a wider centering area 5' is bored. This embodiment is
      particularly suitable for pistons 1'" of slightly larger diameter and
      where sufficient room is available to provide an accurately centered bore
      leaving sufficient material in view of strength requirements.
PAR  By suitably shaping the outer circumference of the cutting tool A (FIG. 8),
      the shape of the notch or groove 2 cut into the upper end surface 6 can be
      easily changed, and thus any desired profile of the control edge 2a, 2b
      can be readily obtained. In addition, the cut or groove 2 need not occur
      in a continuous process but can consist of an approach of the cutting tool
      from the exterior in the direction of the piston axis by some
      predetermined amount or again, by an obliquely upward advance of the tool
      with the result of achieving a form of the cut as shown, for example, by
      the cut 2' in FIG. 4.
PAR  Various changes and modifications may be made within the scope of the
      inventive concept, and embodiments described in connection with any one of
      the figures of the drawings may be used, suitably, with any other
      embodiment described.
PAR  Further, with regard to the third embodiment shown in FIG. 5, FIG. 6 and
      FIG. 7, a set of example values will be desclosed below to make it more
      concretely. The diameter of the piston 1" is 9 mm, the diameter of the
      bore 4 is 4 mm, the diameter of the bore c' shown in FIG. 1 is 3.5 mm, the
      angle formed by the edge 2"a with the surface 6 is 23.degree., the angle
      formed by the edge 2"b with the surface 6 is 29.degree. 30', the angle
      formed by the edge 3'a with the vertical axis of the piston is 47.degree.
      30', the angle formed by the edge 3'c with the same axis is 30.degree.
      10', the angle formed by the edge 3'b with the same axis is 8.degree. 20',
      the length of the control edge 2"c is 0.25 mm, the distance x is 1.05 mm,
      the distance y is 1.2 mm, the distance z is 2.8 mm and the distance 01' is
      1.25 mm.
PAR  Furthermore, the additional explanation will be made below as to FIG. 1. 9
      designates a residual portion which remain after the edges 3a and 3b are
      formed. The groove 3 is connected with the interior of the bore 4 through
      two slots 7 and 8.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In a fuel injection piston of a fuel injection pump for use in internal
      combustion engines, the piston being axially reciprocated, as well as
      rotated within a pump cylinder, with the pump cylinder being formed with a
      fuel supply opening therein, and said piston being formed with an upper
      end surface and with relieved portions defining an upper control edge
      determining initiation of fuel injection and a lower control edge
      determining termination of fuel injection as the edges move past said fuel
      supply opening, and with rotation of said piston determining the relative
      timing of movement of the control edges past said opening the improvement
      wherein:
PA1  i. the piston is further formed with fluid communication means between said
      relieved portions;
PA1  ii. the upper end surface of said piston is provided with a notch which
      forms at the intersection of the notch with the circumferential surface of
      the piston at least two upper control edge sections serving at least as a
      part of said upper control edge;
PA1  iii. said two control edge sections have relatively different inclinations
      with respect to the lower control edge, and
PA1  iv. one of said edge sections extends downwardly at an inclination from the
      upper end surface of the piston, and the other of said edge sections
      extends upwardly from the bottom of said one edge section in a direction
      opposite the direction of inclination of said one edge section and towards
      the upper end surface of the piston.
NUM  2.
PAR  2. The piston according to claim 1, wherein the two edge sections have
      relatively different inclinations from the lowest point thereof to the
      upper end surface of the piston to form inclined surfaces which are
      non-symmetrical with respect to the axis of the piston and provide said
      relatively differently inclined edge sections.
NUM  3.
PAR  3. The piston according to claim 1, wherein the notch has a first control
      edge section extending downwardly at an inclination from the upper end
      surface of the piston;
PA1  a second control edge section extending upwardly from the base of the notch
      in a direction opposite to the inclination of said first control edge
      section, and towards the upper end surface of the piston; and
PA1  a third control edge section extending at the base of the notch and
      essentially parallel to the upper end surface of the piston and connecting
      the first and second control edge sections.
NUM  4.
PAR  4. The piston according to claim 1, wherein the piston is formed with a
      lower notch formed in the circumference of the piston, and wherein the
      intersection of said lower notch with the circumferential surface of the
      piston forms the lower control edge.
NUM  5.
PAR  5. The piston according to claim 4, wherein the lower notch is inclined
      with respect to the axis of the piston and formed with at least two
      different zones of inclination.
NUM  6.
PAR  6. The piston according to claim 5, wherein the inclined sections of the
      lower notch have directions of inclination corresponding to those of the
      inclination of the sections of the notch extending from the upper end
      surface of the piston.
NUM  7.
PAR  7. The piston according to claim 1, wherein the notch extends across the
      face of the piston.
NUM  8.
PAR  8. The piston according to claim 1, wherein the notch is cut into a portion
      of the upper end surface of the piston.
NUM  9.
PAR  9. The piston according to claim 1, wherein the piston is further formed
      with means within said fluid communication means for use in securing said
      piston during manufacture thereof.
NUM  10.
PAR  10. In a fuel injection piston of a fuel injection pump for use in internal
      combustion engines, the piston being axially reciprocated, as well as
      rotated within a pump cylinder, with the pump cylinder being formed with a
      fuel supply opening therein, and said piston being formed with an upper
      end surface and with relieved portions defining an upper control edge
      determining initiation of fuel injection and a lower control edge
      determining termination of fuel injection as the edges move past said fuel
      supply opening, and with rotation of said piston determining the relative
      timing of movement of the control edges past said opening, the improvement
      wherein:
PA1  i. the piston is further formed with fluid communication means between said
      relieved portions;
PA1  ii. the upper end surface of said piston is provided with a notch which
      forms at the intersection of the notch with the circumferential surface of
      the piston at least two upper control edge sections serving at least as a
      part of said upper control edge;
PA1  iii. said two control edge sections have relatively different inclinations
      with respect to the lower control edge;
PA1  iv. wherein the notch has a first control edge section extending downwardly
      at an inclination from the upper end surface of the piston;
PA1  v. a second control edge section extending upwardly from the base of the
      notch in a direction opposite to the inclination of said first control
      edge section, and towards the upper end surface of the piston; and
PA1  vi. a third control edge section extending at the base of the notch and
      essentially parallel to the upper end surface of the piston and connecting
      the first and second control edge sections.
NUM  11.
PAR  11. In a fuel injection piston of a fuel injection pump for use in internal
      combustion engines, the piston being axially reciprocated, as well as
      rotated within a pump cylinder, with the pump cylinder being formed with a
      fuel supply opening therein, and said piston being formed with an upper
      end surface and with relieved portions defining an upper control edge
      determining initiation of fuel injection and a lower control edge
      determining termination of fuel injection as the edges move past said fuel
      supply opening, and with rotation of said piston determining the relative
      timing of movement of the control edges past said opening, the improvement
      wherein:
PA1  i. the piston is further formed with fluid communication means between said
      relieved portions;
PA1  ii. the upper end surface of said piston is provided with a notch which
      forms at the intersection of the notch with the circumferential surface of
      the piston at least two upper control edge sections serving at least as a
      part of said upper control edge;
PA1  iii. said two control edge sections have relatively different inclinations
      with respect to the lower control edge;
PA1  iv. wherein the piston is formed with a lower notch formed in the
      circumference of the piston, and wherein the intersection of said lower
      notch with the circumferential surface of the piston forms the lower
      control edge;
PA1  v. wherein the lower notch is inclined with respect to the axis of the
      piston and formed with at least two different zones of inclination; and
PA1  vi. wherein the inclined sections of the lower notch have directions of
      inclination corresponding to those of the inclination of the sections of
      the notch extending from the upper end surface of the piston.
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ABST
PAL  Improved apparatus for supplying fuel to one or more fuel injectors used to
      inject fuel into a combustion engine. In the preferred form, each of the
      fuel injectors has its discharge port positioned in the engine intake
      manifold and a clamp retains the injector in position thereon. The clamp
      has a first portion that has a passage for receiving the inlet conduit to
      the fuel injector. Also, this portion of the clamp has inlet and outlet
      passages in communication with the passage receiving the injector inlet
      conduit so that fuel supplied to the inlet passage flows into the inlet
      conduit of the fuel injector and also flows out of the outlet passage. A
      second portion of the clamp is used for securing the clamp to the engine
      intake manifold. The fuel injector is located between the first portion of
      the clamp and the intake manifold. Flexible conduit may be used to connect
      the outlet passage of one clamp with the inlet passage to another clamp. A
      pressure regulator may be provided for regulating the pressure of the fuel
      flowing through the various clamps and flexible tubing.
BSUM
PAC  BACKGROUND
PAR  This invention relates to improved apparatus for supplying fuel to one or
      more fuel injectors used to inject fuel into a combustion engine. More
      particularly, it relates to the use of a clamp with each of these
      injectors not only to position the fuel injectors but also to supply fuel
      to them. Also, the invention relates to the use of flexible conduit to
      interconnect the inlets and outlets of the various clamps supplying fuel
      to the fuel injectors.
PAR  Prior art U.S. Patents which may be of interest are as follows: Parsons
      2,687,123; Haefner 2,893,365; Humber et al. 2,989,044; Armstrong et al.
      3,006,329; Phillips et al. 3,026,928; Long 3,500,802 and 3,500,803; and
      Bloomfield 3,596,640. Of these patents, perhaps the first three are most
      pertinent to the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide improved apparatus for
      supplying fuel to fuel injectors for a combustion engine.
PAR  Another object of the invention is to provide apparatus for positioning and
      retaining fuel injectors on an engine and to use such positioning and
      retaining apparatus also to supply the fuel to the individual injectors.
PAR  A further object of the invention is to reduce the magnitude of transient
      pressure fluctuations in the fuel supply apparatus.
PAR  A still further object of the invention is to provide improved fuel supply
      apparatus which permits the removal of a single fuel injector to permit
      its repair or replacement.
PAR  Another object of the invention is to reduce the degree of heat transfer
      from the engine to the fuel supply system and to provide improved
      vapor-purging capability.
PAR  A more specific object is to provide an improved fuel supply system capable
      of delivery of fuel at an average pressure of 39 Psi to engine-mounted
      fuel injectors.
PAR  These and other objects of the invention are accomplished with an improved
      fuel supply system which utilizes clamps that not only have means for
      retaining and positioning an individual fuel injector on the combustion
      engine, but which also have a portion which receives the fuel inlet
      conduit of such fuel injector. This portion of the clamp has inlet and
      outlet passages. Fuel is supplied to the inlet passages which communicates
      with the inlet conduit to the fuel injector to permit fuel to be supplied
      to it. Preferably, the outlet of one fuel injector is connected to the
      inlet of an adjacent fuel injector by a flexible conduit, such as a rubber
      hose. In engines having a plurality of fuel injectors, the clamps
      supplying fuel to the individual injectors may have their inlet and outlet
      openings connected in parallel or in series. One group of series-connected
      fuel-supplying clamps may be connected in parallel with a second group of
      series-connected fuel-supplying clamps.
PAR  The invention may be better understood by reference to the detailed
      description which follows and to the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of improved apparatus in accordance with the
      invention for supplying fuel to fuel injectors mounted on the intake
      manifold of an internal combustion engine;
PAR  FIG. 2 is an exploded pictorial view of a fuel injector and clamp assembly;
PAR  FIG. 3 is an elevational view of the fuel injector clamp assembly mounted
      on the intake manifold of an internal combustion engine;
PAR  FIG. 4 is a plan view of the fuel injector clamp assembly shown in FIG. 3;
PAR  FIG. 5 is a partial sectional view taken along the line 5--5 in FIG. 4;
PAR  FIG. 6 is a partial sectional view taken along the line 6--6 in FIG. 4; and
PAR  FIG. 7 is a partial sectional view taken along the line 7--7 in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference now to the drawings, wherein like numerals refer to like
      parts in the several views, there is shown an improved fuel supply
      apparatus, generally designated by the numeral 10, mounted on the intake
      manifold 12 of an internal combustion engine. Air enters the engine
      through intake openings 13 in the intake manifold.
PAR  The apparatus of FIG. 1 includes eight fuel injector and clamp assemblies
      14. Each of these assemblies includes a clamp 16, an electromagnetic fuel
      injector 18 and a bolt 23 used to secure the clamp 16 and fuel injector 18
      to the intake manifold 12.
PAR  With particular reference to FIGS. 2 through 7, it may be seen that the
      clamp 16 has a first portion 56 and a second portion 52. The second
      portion 52 is formed from a tubular member having a central passage 53
      therethrough through which the bolt 23 passes. The bolt is threaded into
      the intake manifold 12. A flange 58 extends outwardly from one end of the
      tubular portion 52 of the clamp and has a locating pin 60 which is
      received and cooperates with an opening in the intake manifold 12 to
      prevent rotation of the clamp 16 when it is secured to the intake manifold
      12 by the bolt 23. At the upper portion or opposite end of the tubular
      portion 52, a member 54 connects the first portion 56 of the clamp with
      the second portion 52. The second portion of the clamp maintaining its
      first portion in spaced relation to the engine.
PAR  The first portion 56 of the clamp 16 has a passage 62 for receiving the
      inlet conduit 66 of the electromagnetic fuel injector 18. Also, the
      portion 56 has a fuel inlet passage 80 and a fuel outlet passage 82, both
      of which passages are in communication with the passage 62 that receives
      the fuel injector inlet conduit 66. A preferably resilient ring 64
      surrounds a collar 70 on the fuel injector 18 and forms a liquid-tight
      seal with the end of the passage 62 in the clamp portion 56.
PAR  The electromagnetic fuel injector 18 is generally elongated in shape and
      has an electrical connector 68 for receiving a male member for
      electrically connecting the injector solenoid coil to its control
      circuitry (not shown). The fuel inlet conduit 66 is coaxial with the
      nozzle 72 at the opposite end of the fuel injector. The nozzle 72 has a
      discharge port 74 to permit fuel to be injected into the intake manifold
      of the engine. A resilient ring 76 is positioned at the upper portion of
      the nozzle 72 to provide a liquid-tight seal between the fuel injector 18
      and the intake manifold 12.
PAR  The first portion 56 of the clamp 16 has hose fittings 20 and 22 extending
      from it. The fitting 20 permits the flow of fuel into the inlet passage 80
      in the clamp. Fuel exits from the clamp portion 56 through the outlet
      passage 82 and the hose fitting 22 in communication with this passage. To
      avoid confusion in the drawings and to clearly illustrate the
      intercommunication of the passages 62, 80 and 82 in the clamp 16, FIGS. 3
      through 7 are shown without the hose fittings 20 and 22.
PAR  From the above, it is clear that the clamp 16 positions and retains the
      fuel injector 18 on the intake manifold 12. The fuel injector 18 is
      located or clamped between the upper or first portion 56 of the clamp and
      the intake manifold 12 with the discharge nozzle and port of the fuel
      injector located or received by the intake manifold 12. The inlet conduit
      66 of the fuel injector is received in the passage 62 in the first portion
      56 of the clamp 16. The clamp not only positions and retains the fuel
      injector 18, but also supplies fuel to the inlet conduit 66 through the
      internal passages in the first portion 56 of the clamp.
PAR  With particular reference not to FIG. 1, it may be seen that fuel enters
      the improved fuel supply apparatus through a coupling 24 having a fitting
      26 to which the output from a fuel pump or the like may be connected. In
      the coupling 24, the fuel flow divides as shown by the arrows. The fuel
      flows through flexible conduits or rubber hoses 26 and 28. The fuel
      flowing through the flexible conduit 26 enters the inlet opening to a
      clamp 30 to supply fuel to the inlet conduit of its associated fuel
      injector. Fuel flows from the outlet passage of this clamp 30, through a
      flexible conduit or rubber hose 90, into the clamp 32 associated with
      another fuel injector. The fuel flow continues from the outlet of the
      clamp 32 to the inlet of a clamp 34, and from the outlet of the clamp 34
      to the inlet of a clamp 36. Thus, clamps 30, 32, 34 and 36 are connected
      in series. The fuel flowing from the outlet of the clamp 36 passes through
      the flexible conduit 38 and into a pressure regulator 40.
PAR  The fuel which flows through the flexible conduit 28 enters the inlet
      passage of the clamp 42 and exits from its outlet passage to flow through
      series-connected clamps 18, 44 and 46. Fuel discharged from the outlet of
      the clamp 46 passes through a flexible conduit 48 and into the pressure
      regulator 40. The fuel discharged from the fitting 50 on the pressure
      regulator is returned to the fuel supply reservoir.
PAR  The series-connected fuel supply clamps 30, 32, 34 and 36 are as a group
      connected in parallel with the series-connected fuel supply clamps 42, 18,
      44 and 46. Of course, the various clamps supplying fuel to the fuel
      injectors may be interconnected in any manner desired. The use of flexible
      conduits interconnecting these clamps, preferably rubber hose, limits the
      heat transfer from the engine to the fuel and provides improved
      vapor-purging capability. Moreover, they permit the easy removal of a
      single fuel injector for repair or replacement and aid in reducing the
      magnitude of transient pressure fluctuations in the fuel supply system.
      Also, the assembly of the pressure regulator, clamps, fuel injectors,
      coupling and interconnecting flexible conduits may be installed as a unit
      on the intake manifold 12. The locating pins 60 cooperate with the
      openings 78 in the intake manifold to provide rapid installation of this
      assembly on the intake manifold, it being necessary only to secure the
      injectors and clamps to the manifold with the bolts 23.
CLMS
STM  Based upon the foregoing description of the invention, what is claimed is:
NUM  1.
PAR  1. An improved apparatus for supplying fuel to a combustion engine having
      an intake manifold and a plurality of fuel injectors, said fuel injectors
      being elongated in shape and having first and second opposite ends on a
      common axis, said first end being located in an opening in said intake
      manifold and having a discharge port through which fuel may be discharged
      into said intake manifold, and said second end having an inlet conduit for
      receiving fuel to be discharged from said discharge port, wherein the
      improvement comprises: a separate clamp for each of said fuel injectors,
      each of said clamps retaining one of said fuel injectors on said intake
      manifold and supplying fuel to such fuel injector, each of said clamps
      further having an opening in which said second end of said fuel injector
      is positioned and having inlet and outlet passages in communication with
      said inlet conduit in said second end of said fuel injector, said clamp
      being secured to said intake manifold; a pressure regulator for regulating
      the pressure of fuel supplied to said apparatus, and a plurality of pieces
      of flexible conduit interconnecting said pressure regulator and said inlet
      and outlet passages of said clamps.
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ABST
PAL  A fuel injection pumping apparatus includes an injection pump to which fuel
      is supplied by means of an axially movable shuttle which is contained
      within a cylinder. Fuel is supplied to one end of the cylinder through a
      metering valve from a first source of fuel under pressure. The fuel
      contained in said one end of the cylinder is displaced to the injection
      pump by applying fuel under pressure to the other end of the cylinder
      containing the shuttle from a further source of fuel under pressure. The
      pressure of the further source of fuel is higher than that of the first
      mentioned source.
BSUM
PAR  This invention relates to liquid fuel injection pumping apparatus for
      supplying fuel to internal combustion engines, and of the kind comprising
      an injection pump driven in timed relationship with an associated engine,
      a bore, a shuttle slidable in the bore, first valve means through which
      one end of the bore can be placed in communication with the injection pump
      during the filling strokes thereof, and whereby at other times it can be
      placed in communication with the source of fuel under pressure, an
      adjustable throttle member for determining the amount of fuel which can
      flow to said one end of the bore, thereby to vary the amount of fuel which
      is displaced to the injection pump during a filling stroke thereof, and
      means for effecting movement of the shuttle towards said one end of the
      bore thereby to displace fuel to the injection pump.
PAR  The object of the invention is to provide such an apparatus in a simple and
      conveninet form.
PAR  According to the invention, said means comprises a second valve means
      operable to place the other end of the bore in communication with a
      further source of fuel under pressure to effect movement of the shuttle
      towards said one end of the bore during the filling periods of the
      injection pump, and with a drain to permit the shuttle to move away from
      said one end of the bore, the pressure of the further source being higher
      than that of the first mentioned source.
PAR  According to a further feature of the invention, the apparatus includes a
      fluid pressure operable means for effecting adjustment of a component of
      the injection pump, the pressure applied to said fluid pressure operable
      means being obtained by means of a fluid potentiometer, including a pair
      of restrictors, one of said restrictors having a size which is varied in
      accordance with the setting of said throttle member.
DRWD
PAR  Examples of fuel pumping apparatus in accordance with the invention will
      now be described with reference to the accompanying drawings in which:
PAR  FIG. 1 is a diagramatic representation of one example of an apparatus in
      accordance with the invention,
PAR  FIG. 2 shows how two of the components shown in FIG. 1 can be combined into
      a single body,
PAR  FIG. 3 shows a fluid circuit diagram of a portion of the apparatus seen in
      FIG. 1, and
PAR  FIG. 4 shows an alternative fluid circuit diagram.
DETD
PAR  Referring to FIG. 1 of the drawings, the apparatus comprises a body part in
      which is journalled a rotary cylindrical distributor member 10 which is
      shown divided into seven parts. The distributor member is adapted to be
      driven in timed relationship with the engine with which the apparatus is
      associated. At one point, in the distributor member there is formed a
      transversely extending bore 11 in which is mounted a pair of reciprocable
      pumping plungers 12. Surrounding the distributor member at this point is
      an annular cam ring 13 having on its internal periphery, a plurality of
      pairs of diametrically disposed cam lobes. The cam lobes through the
      intermediary of rollers respectively, act upon rotation of the distributor
      member, to move the pumping plungers 12 inwardly thereby to expel fuel
      contained within the transverse bore 11. The pumping plungers 12, together
      with the cam lobes constitute an injection pump.
PAR  The transverse bore 11 communicates with a passage 16 extending within the
      distributor member, and at one point this passage communicates with an
      outwardly extending delivery passage 14 which is adapted to register in
      turn, and as the distributor member rotates, with a plurality of outlet
      ports 15 formed in the body part. The outlet ports in use, are connected
      to the injection nozzles respectively of the associated engine.
PAR  The passage 16 is in communication by way of a check valve 17 with a
      passage 18, and this passage can be brought into communication with one
      end of a bore containing a slidable shuttle 19, by means of a rotary valve
      20. The aforesaid one end of the bore at other times, as will be
      explained, can be placed in communication with a feed passage 21 by means
      of a rotary valve 22, the valves 20 and 22 constitute a first valve means.
PAR  The other end of the bore containing the shuttle can be placed in
      communication with a source of fuel at a high pressure by means of a
      rotary valve 23 or with a source of fuel at low pressure by means of a
      rotary valve 24, the valves 23 and 24 constituting a second valve means.
      The valves 20, 22, 23 and 24 are formed in or on the distributor member 10
      and are driven in timed relationship with the engine. In addition, also
      mounted on the distributor member is a feed pump 25 of the rotary vane
      type and having an inlet 26 and an outlet 27. The inlet 26 is in
      communication with a supply of fuel 27a by way of a pair of filter units
      28, 29 and a lift pump 30 is provided to ensure the supply of fuel to the
      feed pump. The output pressure of the feed pump 25 is controlled by a
      relief valve 31, the function of which will be described later in the
      specification. The outlet 27 of the feed pump communicates by way of a
      passage 34a with the valve 23 the purpose of which has already been
      explained.
PAR  The operation of the apparatus thus far described is as follows. With the
      parts of the apparatus in the position shown in FIG. 1, fuel is flowing
      from the outlet of the feed pump by way of the valve 23 to said other end
      of the bore containing the shuttle 19 and the shuttle is being moved
      towards said one end of the bore. Fuel is therefore displaced from this
      end of the bore, and flows by way of the rotary valve 20 and the check
      valve 17 to the passage 16 and particularly to the bore 11. The plungers
      12 are therefore moved outwardly by an amount dependent upon the quantity
      of fuel displaced by the shuttle 19.
PAR  During continued rotation of the distributor member, the passage 14 is
      brought into register with an outlet port 15, and during this time the
      plungers 12 are moved inwardly, and fuel is displaced from the bore 11 to
      the appropriate engine cylinder. Also during this time, the rotary valves
      20 and 23 are closed and valves 22 and 24 are open so that fuel now flows
      to said one end of the bore containing the shuttle 19, and the shuttle is
      therefore moved towards the other end of the bore. The quantity of fuel
      which is supplied to the bore containing the shuttle is controlled by a
      metering valve 33, which will be described later and this therefore
      determines the quantity of fuel which is supplied to the injection pump
      during a filling stroke, and thereby, the amount of fuel which is supplied
      to the associated engine at each injection stroke. During continued
      rotation of the distributor member, the process described is repeated, and
      fuel is supplied to the engine cylinders in turn.
PAR  It will be appreciated that the shuttle 19 determines the maximum quantity
      of fuel which can be supplied by the apparatus at each injection stroke.
      The maximum quantity of fuel which is supplied to an engine is varied in
      accordance with the speed of the engine to provide shaping of the maximum
      fuel characteristic so that the maximum excursion of the shuttle must be
      made to vary in accordance with the speed of the engine. For this purpose,
      the shuttle 19 is provided with an extended end portion which can
      co-operate with a cam surface 34 formed on a spring loaded piston 35. The
      piston is movable against the action of its spring, by means of fuel
      supplied under pressure to one end of the cylinder by way of a passage 36.
      The pressure of the fuel which is supplied to the passage is dependent
      upon the speed at which the apparatus is driven, and the way in which it
      is derived will be explained later. The effect is that the axial setting
      of the piston 35 will be dependent upon the speed of the associated
      engine, and thereby the allowed excursion of the shuttle 19 will also be
      dependent upon the engine speed.
PAR  There is also provided a fluid pressure operable member in the form of a
      servo-piston 39, and this is connected to the cam ring 13 by means of a
      peg. The piston 39 is provided with a bore in which is mounted a spring
      loaded servo-valve 38. The servo-valve controls the admission or escape of
      fuel under pressure to and from one end of the cylinder containing the
      piston 39. The fuel under pressure supplied to the cylinder is derived
      from the outlet 27 of the feed pump, and the servo-valve 38 is subjected
      to a pressure existing in a branch conduit 45. As this pressure increases,
      the servo-valve 38 will be moved against the action of its spring towards
      the left as seen in FIG. 1, and the servo-piston 37 will follow this
      movement, thereby moving the cam ring 13 angularly and altering the timing
      of injection of fuel to the engine.
PAR  Considering now the metering valve 33. This comprises a sleeve 40 which is
      fixed within the body of the apparatus. Within the sleeve there is mounted
      an axially slidable rod member 41, which at one end is provided with a
      head against which bear the toe portions of as illustrated, a pair of
      governor weights 43. The weights are mounted within a cage not shown, and
      the latter is driven by gearing from the distributor member 10 so that the
      speed of rotation of the weights is directly proportional to the speed at
      which the engine is driven. Extending axially within the rod member is a
      bore 46 which at its end adjacent the weights is closed by a plug.
      Moreover, intermediate its ends, the bore is provided with a restrictor
      47. At its opposite end, the bore 46 is obturated by a valve member 48,
      the latter being loaded by means of a coiled compression spring 49. The
      opposite end of the coiled compression spring is engaged by a movable
      abutment 50, the axial position of which and thereby the force exerted by
      the spring 49, can be adjusted by means of a cam 51 connected to an
      operator adjustable member. The portion of the bore 46 which is closed by
      the plug, is in constant communication with the branch conduit, 45, this
      being achieved by a circumferential groove 52 on the rod member which is
      constant communication with a port in the sleeve member 40, and
      communicating with the branch conduit 45. The other end of the passage 46
      is in communication by way of a restrictor 53, with a further
      circumferential groove 54 formed on the rod member. Moreover, formed in
      the sleeve is a port 55 which is in communication with the passage 21. The
      port 55 is positioned so that the groove 54 can have partial registration
      therewith for the purpose to be explained. Furthermore, the
      circumferential groove 54 is in constant communication with the outlet 27
      of the feed pump by way of a further port 55a formed in the sleeve and a
      device 64 the purpose of which will be explained.
PAR  The right hand portion of the bore 46 is in constant and unrestricted
      communication by way of a further circumferential groove and a port 56,
      with the passage 36 which communicates with one end of the cylinder
      containing the piston 35. In addition, the port 56 is in constant and
      unrestricted communication with the chamber which contains the spring 57
      which loads the valve member 58 of the relief valve. The spring 57 urges
      the valve member 58 towards the closed position in which no fuel is
      spilled from the outlet of the feed pump. Finally there is formed in the
      sleeve, a port 60. The port 60 is in constant communication with the
      outlet 27 of the feed pump and the port 60 can register to a varying
      amount depending upon the axial position of the rod member 41, with the
      circumferential groove 52. The port 60 and circumferential groove 52
      constitute the variable restrictor 61 seen in FIG. 3. Also seen in FIG. 3
      is the throttle valve 62, the latter being constituted by the port 55 and
      the circumferential groove 54, and also shown in FIG. 3 is a block 63
      which represents the rod member 41, the weights 43 and the valve member
      48.
PAR  In operation, the axial setting of the rod 41 is dependent upon the speed
      at which the engine is driven, and as the engine speed increases, the
      weights 43 will be moved outwardly thereby imparting as shown in FIG. 1,
      movement towards the right against the action of the spring 49. As
      explained, the force exerted by the spring 49 can be varied, and if the
      spring force is increased, then for a given engine speed, the rod member
      will move towards the left against the action of the weights. The fuel
      pressure existing in the right hand end of the bore 46 is by virtue of the
      restrictor 53 and the valve member 48 proportional to the square of the
      speed at which the engine is driven. In fact the valve member 48 will be
      lifted slightly from the end of the passage 46 so that flow of fuel will
      occur through the restrictor 53. If for any reason there is a tendency for
      the pressure to increase at a given speed, then the valve member will lift
      further to allow an increased flow of fuel.
PAR  The pressure in the right hand end of the passage 46 is allowed to act upon
      the valve member 58 of the relief valve 31 and in so doing it enhances the
      force exerted by the spring 57. The outlet pressure of the feed pump
      therefore will have a value which is higher than the pressure existing in
      the right hand end of the passage 46 by an amount dependent upon the
      spring force. In other words the pressure is dependent upon the square of
      the engine speed plus a constant determined by the spring force.
PAR  The axial position of the rod member 41 determines the amount of fuel which
      flows to the injection pump during the filling strokes thereof. This of
      course is controlled by the throttle valve 62, which as previously stated,
      is represented by the port 55 and the circumferential groove 54. As the
      engine speed decreases for a given setting of the abutment 50, the groove
      54 will move further into register with the port 55 thereby allowing an
      increased flow of fuel to the engine. Conversely if the engine speed
      should increase, the amount of fuel flowing will be reduced. It will be
      seen therefore that a governor action is obtained. If the abutment 50 is
      moved by the operator, then movement of the rod 41 will occur until a new
      equilibrium position is established, and if for example the abutment 50 is
      moved towards the left, more fuel will be supplied to the engine so that
      the engine speed will increase. Conversely, if the abutment is moved
      towards the right, the amount of fuel supplied to the engine will decrease
      and therefore the engine speed will decrease.
PAR  The device 64 is a pressure regulating valve one construction of which will
      be described. The duty of the device or valve is to act as a source of
      fuel under pressure for supply through the throttle valve, to the bore
      containing the shuttle. It should be noted however that the fuel from the
      device 64 only flows to said one end of the bore, the other end of the
      bore being supplied with fuel from the outlet of the feed pump. The device
      64 also acts as a source of fuel by way of the restrictor 53 for the
      device 63.
PAR  The pressure of fuel supplied by the device 64 is lower than that existing
      at the outlet of the feed pump and the pressure/speed characteristic is
      tailored so that for a constant load on the engine the setting of the
      metering valve or in other words the axial position of the rod 41 varies
      little with variation in engine speed. In this way the axial setting of
      the rod 41 provides a true indication of the load on the engine. The
      device 64 therefore is designed to provide a pressure which varies in
      accordance with a constant multiplied by the square of the speed.
PAR  The pressure which is applied through the branch conduit 45 will also be
      dependent upon the setting of the rod member 41. As the rod moves towards
      the left, then the size of the restrictor 61 will be reduced so that the
      pressure supplied by way of the branch conduit will more nearly approach
      the pressure existing in the right hand end of the passage 46, that is to
      say it will approach the pressure which is proportional to the square of
      the speed. Conversely, as the rod member is moved towards the right, the
      size of the restrictor 61 will be increased and the pressure will more
      nearly approach the outlet pressure of the feed pump. In other words
      whilst the pressure supplied through the branch conduit is dependent upon
      the speed at which the engine is driven. It is also dependent upon the
      axial setting of the rod 41 which is representative of the load on the
      engine.
PAR  With reference now to FIG. 2 there is illustrated a practical arrangement
      of the valve 31 and device 64. The valve 31 is as shown in FIG. 1 but
      formed in the same body as the valve 31 is a bore 65 which at one end
      communicates with a passage 66 communicating with the port 55a. At the
      other end the bore 65 is englarged and accommodates a piston 67 which is
      urged towards the narrower end of the bore by pressure derived by way of a
      damping restrictor 68, from the right hand end of the bore 46 in the rod
      41. The portion of the bore lying between the step therein and the piston
      67 communicates with the inlet of the feed pump.
PAR  Slidable within the narrower portion of the bore 65 is a valve element 69.
      The element 69 has an extension bearing upon the piston 67 and a central
      drilling 70 extending from the end of element at said one end of the bore.
      The drilling terminates in opposed ports 71 on the periphery of the
      element and these are positioned below a circumferential groove 72 formed
      in the wall of the bore 65. The groove communicates with the outlet of the
      feed pump and in use, the valve element moves to control the pressure of
      fuel supplied to the passage 66 in a manner depending upon the ratio of
      the areas of the piston 67 and valve element and the square of the speed
      at which the engine is driven. In the particular example the area ratio is
      1.7.
PAR  A spring 73 may be provided intermediate the piston 67 and valve element 69
      and this will provide a minimum value of pressure at low engine speeds.
      Furthermore, a spring 74 may be provided to act on the piston, the effect
      of the spring being to introduce a constant spring force component into
      the pressure characteristic.
PAR  In the example described, restrictor 53 is permanently in the fluid circuit
      with restrictors 61 and 47 connected in series and effectively in parallel
      with restrictor 53. It is possible to eliminate the restrictor 53, and the
      connection through it between the outlet of the feed pump and the device
      63. In this case, the restrictors 61 and 47 provide the flow of fuel
      necessary so that the device 63 can regulate the pressure, but it will be
      appreciated that in no circumstances can the restrictor 61 be closed,
      otherwise there would be no flow of fuel for control by the device 63.
PAR  In the example described the fluid potentiometer defined by the restrictors
      47 and 61 is disposed intermediate the outlet of the feed pump and the
      device 63. The lowest level of pressure which can be applied to the
      servo-piston is therefore the pressure which is dependent upon the square
      of the speed in other words the pressure determined by the device 63. In
      some instances it is desirable that the pressure should be that which is
      determined by the device 64. This is achieved by connecting the conduit
      containing the restrictor 47 to a point intermediate the device 64 and the
      restrictor 53.
PAR  Moreover, in the arrangements described above the restrictor 53 is
      connected to the outlet of the feed pump by way of the device 64. This is
      not essential and the conduit containing the restrictor 53 may be
      connected directly to the outlet 27 of the feed pump.
PAR  The arrangement shown in FIG. 4 is a modification of the arrangement shown
      in FIG. 3 and includes a switch valve 75. This valve controls a by-pass
      passage which when open, by-passes the restrictor 61. The valve 75
      includes a valve element 76 urged towards an open position by fuel under
      pressure from the outlet of the feed pump and urged in the opposite
      direction by a piston 77 which is subjected to the pressure determined by
      the device 64. The area of the piston 77 is greater than that of the valve
      element and at low engine speeds the valve is open so that the pressure of
      fuel supplied to the conduit 45 is the outlet pressure of the feed pump
      irrespective of the load. As the engine speed increases, the valve will
      close and the pressure of fuel supplied to the conduit will again be
      controlled by the potentiometer comprising restrictions 47 and 61. The
      switch valve operates owing to the fact that the curves of the output
      pressure of the feed pump and the pressure determined by the device 64
      converge with increasing speeds.
PAR  In an alternative arrangement the piston 77 is omitted and the valve
      element is biased by a spring. The porting arrangement is also altered so
      that as in the previous example the valve closes when a predetermined
      speed is attained. In the case, however, the closure is progressive.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid fuel injection pumping apparatus for supplying fuel to internal
      combustion engines, and of the kind comprising an injection pump driven in
      timed relationship with an associated engine, a bore, a shuttle slidable
      in the bore, first valve means through which one end of the bore can be
      placed in communication with the injection pump during the filling strokes
      thereof, and means whereby at other times it can be placed in
      communication with a source of fuel under pressure, an adjustable throttle
      member for determining the amount of fuel which can flow to said one end
      of the bore, thereby to vary the amount of fuel which is displaced to the
      injection pump during a filling stroke thereof, means for effecting
      movement of the shuttle towards said one end of the bore thereby to
      displace fuel to the injection pump, said means comprising a second valve
      means operable to place the other end of the bore in communication with a
      further source of fuel under pressure to effect movement of the shuttle
      towards said one end of the bore during the filling periods of the
      injection pump, and with a drain to permit the shuttle to move away from
      said one end of the bore, the pressure of the further source being higher
      than that of the first mentioned source.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 including a feed pump for delivering
      fuel under pressure, third valve means operable to derive from the outlet
      pressure of the feed pump a pressure which varies in accordance with the
      square of the speed at which the apparatus is driven.
NUM  3.
PAR  3. An apparatus as claimed in claim 2 in which said further source of fuel
      is the feed pump, said first mentioned source of fuel comprising a fourth
      valve means connected between the outlet of the feed pump and said
      throttle member, said fourth valve means being constructed so as to
      provide at the upstream side of the throttle member a pressure
      substantially proportional to RN.sup.2.
NUM  4.
PAR  4. An apparatus as claimed in claim 3 in which said fourth valve means
      includes a valve element movable to vary the flow of fuel between an inlet
      and an outlet of the valve means, the outlet of the valve means being
      connected to the upstream side of the throttle member, said valve element
      being subject to the pressure of fuel in the outlet, said pressure acting
      to move the valve element to restrict the flow of fuel through the valve
      means, the valve element being urged in the opposite direction by a piston
      subject to the pressure which varies as the square of the speed at which
      the apparatus is driven, the area of the piston being larger than that of
      the valve element, the ratio of the areas being the constant R.
NUM  5.
PAR  5. An apparatus as claimed in claim 4 including a spring interposed between
      the piston and the valve element.
NUM  6.
PAR  6. An apparatus as claimed in claim 4 including a spring acting on the
      piston.
NUM  7.
PAR  7. An apparatus as claimed in claim 3 in which said third valve means
      communicates with the outlet of the feed pump through a first restrictor.
NUM  8.
PAR  8. An apparatus as claimed in claim 7 including a fluid pressure operable
      means for effecting adjustment of a component of the injection pump, the
      pressure applied to said fluid pressure operable means being obtained by
      means of a fluid potentiometer including a pair of restrictors one of said
      restrictors having a size which is varied in accordance with the setting
      of said throttle member.
NUM  9.
PAR  9. An apparatus as claimed in claim 8 in which said one of said pair of
      restrictors communicates with the outlet of the feed pump the other of
      said pair of restrictors being defined by said first restrictor.
NUM  10.
PAR  10. An apparatus as claimed in claim 8 in which said pair of restrictors
      are connected in series in said potentiometer chain, one end of said chain
      being subject to the outlet pressure of the feed pump and the other end of
      the chain being subject to the pressure which varies as the square of the
      speed, a point intermediate said pair of restrictors being connected to
      said fluid pressure operable means.
NUM  11.
PAR  11. An apparatus as claimed in claim 10 in which the restrictor of said
      pair of restrictors intermediate said point and the outlet of the feed
      pump is the restrictor which is adjustable.
NUM  12.
PAR  12. An apparatus as claimed in claim 7 in which said first restrictor
      communicates directly with the outlet of the feed pump.
NUM  13.
PAR  13. An apparatus as claimed in claim 7 in which said first restrictor
      communicates with the outlet of the feed pump through said fourth valve
      means.
NUM  14.
PAR  14. An apparatus as claimed in claim 11 including a by-pass passage for the
      adjustable one of said pair of restrictors and a switch valve in said
      by-pass passage, said switch valve including a valve element subject to
      the outlet pressure of the feed pump and operable with increasing speed of
      operation of the apparatus to close said by-pass passage.
NUM  15.
PAR  15. An apparatus as claimed in claim 14 including a piston subjected to the
      pressure of fuel delivered by said first mentioned source, said piston
      acting against the valve element in opposition to the force exerted on the
      valve element by the outlet pressure of the feed pump.
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ABST
PAL  Apparatus comprising a tubular housing connected to the suction pipe of a
      multi-cylinder internal combustion engine at one end and the intake
      manifold thereof at the other end, and a plurality of twisted blades
      positioned in the tubular housing along the axis thereof. The blades are
      adapted to impart a whirling motion to a mixture of fuel and air or of
      fuel, air and a recyclic portion of exhaust gas flowing through the
      tubular housing and reform it into a homogeneous mixture, without creating
      any appreciable resistance to the flow of the mixture.
BSUM
PAR  This invention relates to an apparatus associated with a multi-cylinder
      internal combustion engine to produce a homogeneous mixture of fuel and
      air or fuel, air and a recyclic portion of exhaust gas for uniform
      distribution of fuel to all the cylinders.
PAR  Various devices are known in the prior art to produce a homogeneous mixture
      of fuel and air or of fuel, air and a recyclic portion of exhaust gases
      which is returned into the combustion chamber for reduction of harmful
      components in the exhaust gases. These prior art devices include, among
      others, a premix tube provided in the suction pipe of an engine, and a
      throat or throttle formed in the suction pipe. But the premix tube has
      been unacceptable as failing to provide a fuel-air mixture having a
      practically acceptable homogeneity. The throat or throttle has presented a
      disadvantage of undesirably increasing resistance to the flow of a
      fuel-air mixture through the suction pipe with a resultant lowering of
      engine performance.
PAR  It is, therefore, an object of this invention to provide an apparatus
      associated with a multi-cylinder internal combustion engine which can
      produce a homogeneous fuel-air mixture with a minimum resistance to the
      flow of the mixture and without appreciably impairing the engine
      performance.
PAR  It is another object of this invention to provide means having various
      configurations capable of mixing fuel and air very efficiently, while
      minimizing the resistance which they impart to the flow of a fuel-air
      mixture.
PAR  It is a further object of this invention to provide most effective
      arrangements of means for mixing fuel and air.
PAR  According to this invention, there is provided an apparatus comprising a
      tubular housing provided between the suction pipe of a multi-cylinder
      internal combustion engine for a motor vehicle or the like and the intake
      manifold thereof and a plurality of blade means having the same or
      different twisted configurations arranged within the tubular housing along
      the length thereof and adapted to impart a whirling motion to a mixture of
      fuel and air or fuel, air and a recyclic portion of exhaust gas flowing
      through the tubular housing into the intake manifold. The apparatus of
      this invention provides the following advantages, among others:
PA0  1. A mixture of fuel and air or fuel, air and a recyclic portion of exhaust
      gas can be reformed into a homogeneous one as it flows through the tubular
      housing and is given a whirling motion by the blade means. Therefore, fuel
      can be uniformly distributed to all the cylinders of an engine with which
      the apparatus is associated, so that combustion can be stabilized
      throughout the engine and the operating efficiency of a vehicle on which
      the engine is installed can be remarkably improved. Moreover, the
      homogeneous mixture of fuel and air produced by the apparatus reduces the
      carbon monoxide and hydrocarbon which are generated as fuel is burned, and
      also permits a satisfactory degree of combustion to take place at a
      smaller fuel-air ratio than has hitherto been necessary, so that
      considerable reduction in the consumption of fuel can be achieved.
PA0  2. Because of their unique twisted configurations, the blade means can
      impart a very smooth whirling motion to a fuel-air mixture, so that as it
      flows past the blade means, the fuel-air mixture is subjected to only an
      extremely smaller resistance than a baffle in a prior art device is known
      to create. Therefore, a homogeneous fuel-air mixture can be obtained
      without impairing the engine performance even during its operation at full
      load.
PA0  3. The apparatus of this invention can also provide a homogeneous mixture
      of fuel, air and a recyclic portion of engine exhaust gases. Therefore,
      combustion can be stabilized in an engine operating with a portion of its
      exhaust gases being recirculated thereinto, so that an improved operating
      efficiency of the vehicle can be obtained with a resultant reduction in
      the quantity of nitrogen oxide in the exhaust gases.
DRWD
PAR  Other objects and advantages of this invention will become apparent from
      the following detailed description, and the accompanying drawings, in
      which:
PAR  FIG. 1 is a front elevational view generally showing apparatus according to
      this invention associated with an intake and exhaust system for a
      vehicular engine;
PAR  FIG. 2 is a top plan view of the arrangement shown in FIG. 1;
PAR  FIG. 3 is a front elevational view generally showing the apparatus of this
      invention associated with a different type of intake and exhaust system
      for a vehicular engine;
PAR  FIG. 4 is a top plan view of the arrangement shown in FIG. 3;
PAR  FIG. 5 is a top plan view of one form of blade means employed in the
      apparatus of this invention;
PAR  FIG. 6 is a front elevational view of the blade means shown in FIG. 5;
PAR  FIG. 7 is a top plan view of another form of blade means;
PAR  FIG. 8 is a front elevational view of the blade means shown in FIG. 7;
PAR  FIG. 9 is a top plan view of still another form of blade means;
PAR  FIG. 10 is a front elevational view of the blade means shown in FIG. 9;
PAR  FIG. 11 is a top plan view of a further different form of blade means;
PAR  FIG. 12 is a front elevational view of the blade means shown in FIG. 11;
PAR  FIG. 13 is a fragmentary top plan view in longitudinal section of a tubular
      housing in which a plurality of blades shown in FIGs. 6 and 8 are arranged
      alternately; and
PAR  FIGS. 14, 15 and 16 illustrate progressively in a simplified pattern how a
      fuel-air mixture is whirled by the blade arrangement shown in FIG. 13 and
      reformed into a homogeneous one.
DETD
PAR  Referring now more particularly to FIGS. 1 to 4 of the drawings, there is
      rather schematically shown a cylinder block 1 associated with a plurality
      of cylinder heads 2, an air cleaner 3, a carburetor 4, a suction pipe 5,
      an intake manifold 7, an exhaust manifold 8 and an exhaust pipe 9 in a
      well known manner. The apparatus of this invention comprises a tubular
      housing 6 connected to the suction pipe 5 at one end and the intake
      manifold 7 at the other end. In one engine arrangement as shown in FIGS. 1
      and 2, the tubular housing 6 extends between two adjacent cylinder heads 2
      substantially along the transverse centerline of the cylinder block 1,
      while in another arrangement as shown in FIGS. 3 and 4, the tubular
      housing 6 is positioned aside from the cylinder heads 2 and extends in
      substantially parallel relation to the length of the cylinder block 1. The
      tubular housing 6 encases a plurality of twisted blades arranged in
      succession along the length of the tubular housing 6. The blades may have
      various twisted configurations for the purpose of imparting a whirling
      motion to a mixture of fuel and air (and a recyclic portion of exhaust
      gas) flowing through the tubular housing 6 toward the intake manifold 7 to
      thereby reform it into a homogeneous mixture.
PAR  Various preferred forms of blades having different twisted shapes will be
      described with reference to FIGS. 7 through 12. Each of the various blades
      as described below is formed from a generally rectangular steel plate P
      having a predetermined length L and a width of 2r, in which r represents
      the radius of the bore of the tubular housing 6. The plate P has a front
      edge F, a rear edge R and a pair of side edges S, S. The side edges S, S
      are not straight, but are slightly curved outwardly for the reason which
      will become apparent from the following description.
PAR  FIGS. 5 and 6 show one form of blade 10 which is formed by twisting the
      rear edge R of a plate P at right angles to the front edge F thereof.
      Referring to FIG. 6, the breadth of the blade 10 as measured between a
      pair of side edges S', S' is indicated as b at a distance d from the frong
      edge F, and referring to FIG. 5, the angle of twist of the blade 10 is
      indicated as .theta.. The ratio of the distance d to the angle .theta. is
      constant, and the following relationship exists:
EQU  b = 2r cos.theta. in which .theta. is an angle between 0.degree. and
      90.degree.. The opposite side edges S', S' of the blade 10 are shaped in
      the form of an arc having a radius equal to the radius r of the tubular
      housing bore as viewed in top plan (FIG. 5), so that the side edges S', S'
      of the blade 10 may be brought into close contact with the inner
      peripheral surface of the housing 6 when the blade 10 is positioned in the
      housing 6.
PAR  FIGS. 7 and 8 show a different form of blade 20 formed by twisting a plate
      P so that the following relationship may be established:
EQU  b = 2r(1 + cos.theta.)
PAL  in which .theta. is an angle between 90.degree. and 180.degree.. The
      opposite side edges S', S' of the blade 20 are each shaped in the form of
      an arc curved on the radius r of the tubular housing bore as viewed in top
      plan (FIG. 7), and may be brought into close contact with the inner
      surface of the housing 6 when the blade 20 is positioned in the housing 6.
PAR  FIGS. 9 and 10 show still another form of blade 30. The blade 30 has a pair
      of opposite side edges S', S' each shaped in the form of an arc curved on
      the radius r of the tubular housing bore as viewed in top plan (FIG. 9). A
      salient feature of the blade 30 lies in the contour of each side edge S'
      as viewed in front elevation. As shown in FIG. 10, each side edge S' has a
      contour composed of two successively connected arcs curved in the opposite
      directions on the radius r. The side edges S', S' of the blade 30 may also
      be brought into close contact with the inner surface of the tubular
      housing 6 when the blade 30 is fitted in the housing 6.
PAR  Referring to FIGS. 11 and 12, a further different form of blade 40 is
      formed by twisting the rear edge R of a similar, generally rectangular
      plate by 180.degree. relative to the front edge F thereof in such a manner
      that the ratio of the distance d to the angle .theta. may be constant,
      with the following relationship:
EQU  b = 2r cos .theta. in which .theta. is an angle between 0.degree. and
      180.degree.. The side edges S', S' of the blade 40 form a circle as viewed
      in top plan (FIG. 11), the circle having a radius equal to the radius r of
      the tubular housing bore. As viewed in front elevation (FIG. 12), the side
      edges S', S' are each composed of two successively connected arcs and
      intersect each other. The side dges S', S' of the blade 40 may also be
      brought into close contact with the inner surface of the tubular housing 6
      when the blade 40 is fitted in the housing 6.
PAR  Referring to FIG. 13, a plurality of blades 10 and 20 (blades of FIGS. 5-6
      and 7-8) are arranged in the tubular housing 6 in alternate, closely
      adjacent relation. Each blade is welded to the inner surface of the
      housing 6 along its opposite side edges S', S'. One blade 10 and an
      adjoining blade 20 are arranged so that the rear edge R of the blade 10 is
      positioned at right angles to the front edge F of the adjoining blade 20,
      but any other angular relationship may equally be employed in positioning
      the blades 10 and 20 in the housing 6. Blades 30 (FIGS. 9-10) and blades
      40 (FIGS. 11-12) may be arranged and secured in the housing 6 in a similar
      manner, but when blades 30 or 40 are used, no blade of any other shape may
      need to be used in combination with blades 30 or 40.
PAR  In operation, air is sucked through the air cleaner 3 into the carburetor 4
      and mixed with fuel. When the fuel is mixed with the air in the carburetor
      4, a portion of the fuel is vaporized, but the remaining portion thereof
      is still in the state of liquid, so that fuel distribution in the fuel-air
      mixture obtained in the carburetor 4 is not uniform. In the arrangement
      shown in FIGS. 1 and 2, the fuel-air mixture is then preheated as it flows
      through the suction pipe 5 having a riser portion heated by the exhaust
      gas in the exhaust manifold 8, and is further heated as it enters the
      tubular housing 6 which is heated by the hot cooling water recirculating
      around the cylinder heads 2, so that the unvaporized fuel in the mixture
      is fully vaporized. The fully vaporized fuel is homogeneously mixed with
      air as it flows through the blades in the housing 6, and the homogeneous
      fuel-air mixture is uniformly distributed to all the cylinders through the
      intake manifold 7. In the arrangement shown in FIGS. 3 and 4, no such
      preheating of a fuel-air mixture takes place prior to its entrance to the
      tubular housing 6, but nevertheless, fuel is fully vaporized and
      homogeneously mixed with air by means of uniquely constructed blades as it
      flows through the tubular housing 6.
PAR  Referring to FIGS. 14 to 16, description will be made in further detail
      with respect to the function of the apparatus arranged as shown in FIG.
      13. FIGS. 14 to 16 illustrate progressively in a simplified pattern a
      typical mode in which a fuel-air mixture is whirled and reformed into a
      homogeneous one as it flows through the blades 10 and 20 arranged in the
      housing 6 in alternating, closely adjacent relation. When it enters the
      housing 6 at position A in FIG. 13, the fuel-air mixture is divided into
      two portions, i.e., a lower portion 11 and an upper portion 12 by the
      front edge F of the first blade 10. As the mixture flows through the blade
      10 in the direction of the arrow in FIG. 13, its lower and upper portions
      11 and 12 are caused to flow clockwise (as viewed in FIG. 5) along the
      curved surfaces of the blade 10. For further discussion of the flow of the
      mixture in a most simplified pattern, let the lower and upper portions 11
      and 12 be each subdivided into two smaller portions 111 and 114, and 122
      and 123, respectively. As one of the smaller portions 114 flows clockwise
      (in FIG. 5 or 14) along an adjacent curved surface of the lower (in FIF.
      5) portion of the blade 10, it urges an adjacent or second portion 111 to
      flow clockwise along an adjacent curved surface of the upper (in FIG. 5)
      portion of the blade 10 on the rear side thereof. Likewise, a third
      smaller portion 122 of the fuel-air mixture flows clockwise along the
      front side of the upper portion of the blade 10 and urges an adjacent or
      fourth portion 123 to flow clockwise, too, along the rear side of the
      lower portion of the blade 10. Thus, when the mixture leaves the rear edge
      R of the first blade 10 and enters the second blade 20 at position B in
      FIG. 13, the smaller portions 111, 114, 122 and 123 of the fuel-air
      mixture are envisaged to be arranged in an intermixed pattern
      substantially as shown in FIG. 15. As shown in FIG. 15, the portions 122
      and 123 initially constituting the upper portion 12 of the mixture are
      arranged alternately with the portions 111 and 114 which initially
      constituted the lower portion 11 of the mixture, so that an initial
      intermixture of fuel and air is accomplished in the vicinity of position B
      in FIG. 13. The mixture thus obtained then flows through the blade 20 in a
      similar curved pattern, and when it leaves the second blade 20 and enters
      the third blade 10 at position C in FIG. 13, it is envisaged that the
      mixture is further subdivided into twice as many smaller portions as
      illustrated in FIG. 16 in a simplified pattern. In this way, further
      subdivision of the fuel-air mixture may continue through a series of
      blades until the mixture reaches the rear end of the housing 6, so that a
      homogeneous mixture of fuel and air is obtained at the rear end of the
      housing 6. It will be observed that the fuel-air mixture is subjected to
      subdivision and intermixing many times successively as it flows through
      the housing 6.
PAR  It is theoretically envisaged that the mixture which may be divided into
      only two portions at the entrance of the housing 6 may finally be
      subdivided into 2.sup.11 or 2,048 fractional portions at the exit of the
      housing 6 when the apparatus is provided with 10 blades, 2.sup.21 or
      approximately 2.1 .times. 10.sup.6 fractional portions in case of a
      20-blade apparatus and 2.sup.31 or approximately 2.15 .times. 10.sup.9
      fractional portions in case of 30 blades. Although these numbers are based
      on theoretical calculation and in practice there may be more or less
      deviation from the mixing patterns herein envisaged, the foregoing
      explanation based on theoretical data and patterns is believed to serve to
      describe how well the apparatus of this invention may intermix fuel and
      air to supply a homogeneous fuel-air mixture into the intake manifold.
      Because the ratio of the distance d to the angle .theta. is constant with
      each blade 10 and 20, the initial upper and lower portions of the mixture
      entering each blade at its front edge are directed in opposite directions
      at an angle of approximately 45.degree. relative to the front edge of the
      blade, and leave the blade. Since the blades 10 and 20 are arranged
      alternately with their curved portions directed in the opposite directions
      as shown in FIGS. 5 and 7, the flow of the mixture is directed in opposite
      directions through any two adjoining blades 10 and 20, so that the mixture
      may flow in a twisting course through the housing 6 and homogeneous
      intermixing of fuel and air may easily be achieved. Nevertheless, the
      curved surfaces of the blades 10 and 20 define such a smooth and
      continuous path for the twisting flow of the mixture that the blades do
      not create any appreciable amount of resistance to the flow of the
      mixture.
PAR  Referring to FIGS. 9 and 10, the blades 30 may create a somewhat greater
      resistance to the flow of the mixture than the combination of the blades
      10 and 20 as hereinabove described. It should, however, be noted that
      insofar as the blades 30 are intended for use independently and not for
      use in combination with blades of any other shape, it is easier to
      manufacture the apparatus of this invention with blades 30 than with a
      combination of blades 10 and 20. The blade 30 is so shaped as to direct
      the flow of a fuel-air mixture substantially at right angles to the front
      of edge F thereof. It will be observed that since the blade 30 turns the
      flow of a fuel-air mixture at an angle about twice as large as the blade
      10 or 20 does, it would be necessary to make it a little larger in depth
      than the blade 10 or 20 in order to maintain its resistance to the flow of
      the mixture at a reasonably small level.
PAR  The blade 40 shown in FIGS. 11 and 12 having its front and rear edges F and
      R in a common plane turns the flow of a fuel-air mixture substantially at
      an angle of 180.degree. relative to the front edge F thereof without
      creating any appreciable resistance thereto.
PAR  It will be readily understood that the apparatus of this invention may
      equally be applied to an engine in which a portion of exhaust gas is
      recirculated for mixing with a fresh supply of fuel and air, and no
      detailed description of the apparatus for use in that particular situation
      would be necessary to those skilled in the art.
PAR  While the invention has been described in a few preferred forms, it should
      be understood that further modifications or variations may be made by
      those skilled in the art without departing from the scope of the invention
      which is defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a multi-cylinder internal combustion engine of the
      type having a carburetor, a suction pipe connected at one end to said
      carburetor, and an intake manifold, apparatus for supplying a homogeneous
      mixture of fuel and air into said intake manifold, said apparatus
      comprising:
PA1  a tubular housing, one end of said tubular housing being connected to the
      other end of said suction pipe and the other end of said tubular housing
      being connected to said intake manifold;
PA1  a plurality of first twisted blades positioned within said tubular housing
      along the length thereof; and
PA1  a plurality of second twisted blades positioned within said tubular housing
      along the length thereof in an alternating, closely adjacent relationship
      to said first blades;
PA1  each of said first and second blades being formed from a generally
      rectangular plate of a predetermined length, and having a front edge and a
      rear edge the length of each of which is substantially equal to the inner
      diameter of said tubular housing, and having a pair of curved side edges
      secured to the inner surface of said tubular housing in close contact
      therewith;
PA1  the rear edge of each of said first blades being twisted at substantially a
      right angle to the front edge thereof in such a manner that the ratio of a
      distance between said front edge and an intermediate portion along the
      length of said plate as measured in front elevation to the angle of twist
      at said distance as measured in top plan is substantially constant
      throughout the length of said plate; and
PA1  the rear edge of each of said second blades being twisted at substantially
      a right angle to the front edge thereof in such a manner that the relation
      between the breadth of said second blade as measured in front elevation at
      a distance between said front edge and an intermediate portion along said
      length of said plate and the angle of twist as measured in top plan at
      said distance may be expressed by the following formula:
EQU  b = 2r(1 + cos .theta. )
PA1  in which b represents said breadth, .theta. represents the angle of twist
      and ranges between 90.degree. and 180.degree., and r represents one half
      the length of said front edge.
NUM  2.
PAR  2. Apparatus as defined in claim 1, wherein each of said first and second
      blades is so positioned relative to another blade positioned immediately
      after said each blade and closer to said intake manifold that said rear
      edge of said each blade, except the last blade positioned closest to said
      intake manifold, is perpendicular to said front edge of said other blade.
NUM  3.
PAR  3. In combination with a multi-cylinder internal combustion engine of the
      type having a carburetor, a suction pipe connected at one end to said
      carburetor, and an intake manifold, apparatus for supplying a homogeneous
      mixture of fuel and air into said intake manifold, said apparatus
      comprising:
PA1  a tubular housing, one end of said tubular housing being connected to the
      other end of said suction pipe and the other end of said tubular housing
      being connected to said intake manifold;
PA1  a plurality of twisted blades positioned within said housing in a closely
      adjacent relationship to one another;
PA1  each of said blades being formed from a generally rectangular plate, and
      having a front edge and a rear edge the length of each of which is
      substantially equal to the inner diameter of said tubular housing, and
      having a pair of curved side edges secured to the inner surface of said
      housing in close contact therewith;
PA1  the rear edge of each of said blades being twisted at substantially a right
      angle to the front edge thereof;
PA1  each of said side edges having a curved contour which includes two
      successively connected arcs curved in opposite directions on the inner
      radius of said housing; and
PA1  each of said blades being so positioned relative to another blade
      positioned immediately after said each blade and closer to said intake
      manifold that said rear edge of said each blade, except the last blade
      positioned closest to said intake manifold, is connected to said front
      edge of said other blade in a substantially perpendicular relationship.
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ABST
PAL  An improved compressed fluid ball projecting machine convertable for
      baseball and tennis practice. Improvements are in maneuverability,
      oscillation of the tennis barrel and immobility of the baseball barrel,
      remote control power for coaching options, replaceable and interchangeable
      barrels, variable timer speed control and a reliable hopper and feed
      system to enable firing of up to two hundred tennis balls unattended and
      without malfunction. Regarding the oscillation or lack of oscillation of
      the barrel, an actuator rod mounted on a rotatable disc causes such
      oscillation. When this rod is removed and the barrel clamped, this
      oscillation is eliminated. Concerning the variable timer control, such
      control is varied by two relatively movable rotatable notched discs. These
      dics contact a valve actuating mechanism and permit opening of a valve
      operated thereby only when the notches of the pair of discs are aligned
      and in contact with the valve actuating mechanism.
PARN
PAR  This application is a continuation-in-part of co-pending application Ser.
      No. 293,020 filed Sept. 28, 1972. and now Pat. No. 3,838,676.
BSUM
PAC  RELATED INVENTIONS
PAR  The present invention is an improvement over the apparatus shown and
      described as a Baseball Pitching and Fielding Practice Device in Pat. No.
      3,018,769 which issued Jan. 30, 1962, to F. L. Parsoneault. The details of
      that patent are hereby incorporated herein as if fully set forth and
      reference is made to that patent for an understanding of the present
      invention and its advantages over the prior art. Both the Parsoneault
      patent and the present invention are presently owned by K-Lin Specialties,
      Inc., 812 Fifth Street, Manhattan Beach, Calif. 90266, and apparatus
      currently marketed by them will incorporate the improvements set forth in
      the present application.
PAR  An improvement to the Parsoneault machine is set forth in applicant's
      co-pending application Ser. No. 293,020 filed Sept. 28, 1972 for Ball
      Throwing Machine, now U.S. Pat. NO. 3,838,676. In that application
      improvements were made in the basic machine, feed mechanism and in a
      plurality of barrel extensions for high and low velocity baseball ejection
      and for throwing tennis balls. In that application, applicant elected the
      invention most suitable to Little League use and in particular a barrel
      extension for that purpose. Reference is made to that application for an
      understanding of common subject matter.
PAC  BACKGROUND OF THE PRESENT INVENTION
PAR  Tennis and baseball are seasonal activities. A tennis ball throwing machine
      and a baseball throwing machine may have many features and structural
      parts in common as well as features and parts unique with each activity.
      To have separate machines for each activity requires additional storage
      and greater investment than a single machine with quickly and easily
      converted attachments for adapting the machine for multiple uses.
PAR  A convertable baseball and tennis practice machine has a market in all
      baseball activities from Little League, up through high school, college
      and professional ranks. Additionally, private clubs and public parks with
      tennis courts have a use for such a machine. Commercial operators can now
      convert seasonally from one activity to the other and keep their
      commercial facilities open for longer seasonal periods. This, of course,
      enhances their profit potential.
PAR  In making a machine convertable many problems arise because of the basic
      differences between tennis balls and baseballs and between the various
      baseballs themselves and between the various tennis balls. The barrels
      must accommodate these differences and still eject the balls accurately
      and reliably. Also a feed mechanism must accommodate up to 200 tennis
      balls, without jamming or malfunctioning and feed any kind of baseball or
      tennis ball into the ejection barrel without operator assistance.
PAR  Whereas baseballs should be pitched accurately and consistently for batting
      practice, tennis balls should be hurled both accurately for beginners and
      randomly over a net to give the experienced player practice in specific
      shots and in following a ball as an opponent might return it. Also the
      velocity of the ball should vary.
PAR  Still another problem is in transporting the machine and moving it onto and
      off a tennis court or baseball batting area, making it quickly dismantable
      or assembled for use, and still have a machine that will stay stable when
      in use.
PAC  SUMMARY OF PRESENT INVENTION
PAR  In accordance with the present invention improvements and modifications
      have been made to the Parsoneault machine and to the machine shown and
      described in my co-pending application Ser. No. 293,020 of which this is a
      continuation-in-part. In particular, modifications have been made in at
      least six areas. Wheels have been added to two legs of the tripod support
      and a detachable tote bar with wheel supports the third leg in a manner
      that the machine may be moved about easily yet remain in position when in
      use. The machine may have the barrel pointed in a fixed direction and
      attitude or it may be converted quickly to oscillate sideways to fire
      tennis balls into different areas of the tennis court. A variable timer
      will cause consistent rhythmatical firing at uniform firing pressure and
      ball ejection speed or in the alternative will cause firing at
      non-uniformly spaced time intervals and firing pressures. A remote control
      is provided so that a coach may initiate ball ejection as desired.
      Replaceable barrel extensions are used in converting from Little League to
      professional baseball and to tennis practice, and, finally a hopper and
      feed mechanism is used that will permit up to two hundred tennis balls to
      be stored and ejected without operator assistance.
PAR  The detachable tote bar has a handle, wheel and a pivotal connecting rod
      that is insertable into the hollow end of the rear tripod leg. When the
      handle is moved downwardly, the wheel acts as a fulcrum and the rear leg
      raises off the ground. The machine is then on three wheels and is easily
      moved with the handle which also may be used for steering the machine into
      desired position since the tote bar wheel is pivotal on the rear leg.
PAR  A timing motor initiates the opening of a valve to release compressed air
      behind the ball in the barrel for ejection. This same timing motor rotates
      a timing disc under the barrel so the baseball batter can judge the timing
      of his swing at the ejected ball in a manner similar to observing the body
      position of a pitcher when he releases the ball. To cause sideways
      oscillation of the machine for tennis use a rod is pivotally mounted on
      the rotating disc spaced from its center so that the upper end of the rod
      moves in a vertical circle. The lower end of the rod fits between a pair
      of fingers on a bracket between the front two legs of the tripod support.
      The rod moves up and down but not sideways between these fingers. The
      firing barrel fits onto a pivotal post at the apex of the tripod. The
      firing barrel also has an eye bolt fastened below it through which the rod
      passes. The sideways movement of the upper part of the rod and the
      non-movement sideways of the lower end forces lateral movement of the eye
      bolt and hence the firing barrel oscillates sideways. By moving the eye of
      the eye bolt up or down the lateral range of oscillation can be varied.
      With the rod removed, the firing barrel will not oscillate and a clamping
      bracket with adjusting screws retains the barrel in a fixed firing
      position. An adjustable brace from the apex of the tripod to the rear of
      the machine is used to set the pitch attitude of the barrel.
PAR  A pneumatic valve controls the firing of the ball as the timing motor
      rotates the timing disc. Mounted on the timing motor shaft is a pair of
      timing plates with notches. The pneumatic valve has a roller that rides on
      the edges of the two timing plates and depresses when the notches of both
      plates are rotatable relative to each other and then held together with a
      pin to vary the arrangement of the aligned notches and hence the time of
      firing of the balls. The notches on the plates are so arranged that firing
      occurs rhythmatically once every 360.degree., once every 180.degree., or
      at 150.degree. and 360.degree. spacing as desired. This provides for
      alternate firing in relatively faster sequence and slower sequence. When
      used with the oscillator tennis balls are ejected along different
      positions across the tennis court. This non-uniform firing also varies the
      speed since the pressure in the ball ejection tank is less when rapid
      firing occurs and is greater for the slower firing sequence.
PAR  Normally, a continuous supply of air is present at the inlet of the
      pneumatic timer valve. Remote control is achieved by inserting another
      pneumatic valve in front of the timer valve. This additional pneumatic
      valve is coach operated by means of controlling the static pressure in a
      single length of air hose attached at one end to the pneumatic valve and
      with a normally closed bleed valve at the coach's end of the hose.
      Wherever static pressure is allowed to build up in the hose, the remote
      control pneumatic valve remains open and allows pressure to reach the
      pneumatic timer valve without interruption, thus allowing the machine to
      fire as the rotating discs permit. Conversely whenever the pressure in the
      static hose is released by means of the bleed valve at the coach's
      position, the remote control pneumatic valve closes and does not allow
      pressurized air to reach the pneumatic timer valve. This prevents further
      firing of the machine until the coach elects to release the bleed vent,
      thus allowing the hose to pressurize and permitting pressurized air to
      reach the pneumatic timer and subsequent firing occurs when the
      appropriate timer discs dictate.
PAR  The tennis barrel extension is of smaller diameter and fits into the
      machine barrel. It has slots to permit air escape for a reduction in speed
      of ejected tennis balls. On the outer end of the extension are other slots
      into which may be inserted strips having bristles, rubber fingers, rollers
      or other ball influencing elements. These strips may be placed at the top,
      bottom or either side and are held in place by resilient bands or loops
      which permit slight outward movement as the ball passes the strips.
PAR  The hopper and feed mechanism to accommodate up to two hundred tennis balls
      without jamming or malfunction and without operator assistance includes an
      endless chain with scoops to carry balls from the lower rear end of the
      hopper up to the upper forward end where the balls roll down a ramp and
      into a hole with a chute under it conveying the balls down to the opening
      in the barrel. When the chute is full, the balls recycle into the top of
      the hopper. Anti-clogging and jamming features and apparatus within the
      hopper assures a reliable flow of balls to the machine. In order to feed
      tennis balls to the chute at a faster desired rate (baseballs fire once
      per revolution of the timing discs and tennis balls fire twice per
      revolution) the endless chain in conveying tennis balls must travel at
      twice the speed as in conveying baseballs. This is accomplished by having
      two different sized drive sprockets interchangeable for the desired
      operational mode.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a view taken in perspective of the convertable baseball and
      tennis practice machine,
PAR  FIG. 2 is an enlarged fragmentary perspective view with parts broken away
      to illustrate better certain features,
PAR  FIG. 3 is a sectional view of the variable timer taken along the line 3--3
      in FIG. 2,
PAR  FIG. 4 is a side view taken along the line 4--4 in FIG. 3,
PAR  FIG. 5 and FIG. 6 are sectional views taken respectively along lines 5--5
      and 6--6 of FIG. 4,
PAR  FIG. 7 is a side view of a tennis ball extension barrel, and
PAR  FIG. 8 is a perspective view of the hopper taken along line 8--8 in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENT
PAR  Referring now to FIG. 1 there is shown a compressed air supply tank 10,
      ejection barrel 12 with barrel extension 14, hopper and feed mechanism 16,
      variable timer speed control 18, and coach's remote power control 20
      mounted on a tripod support 22. A gas engine powered air compressor 24 is
      removably attached to supply tank 10.
PAR  Tripod support 22 has a pair of wheels 26,28 fixedly mounted on its front
      legs 30,32 and a tote bar 34 removably connected to the rear leg 36. This
      tote bar consists of a wheel 38 rotatably mounted on a lever 40 for which
      it serves as the fulcrum. Lever 40 has a first lever arm 42 having a leg
      holder 44 pivotally mounted at its end. This leg holder 44 includes a pin
      (not shown) insertable in the hollow end of tubular leg 36. The weight on
      leg 36 causes the end of lever arm 42 to rest on the ground to stabilize
      the tripod. The other end of lever 40 is a lever arm 46 having a shaft 48
      affixed thereto. A handle 50 at the top of shaft 48 is used, when tilted
      down, to raise the end of lever arm 42 off the ground and push or pull the
      machine as desired. The tote bar may be detached from the machine by
      simply tilting the machine forwardly and letting the pin on the end of leg
      holder 44 drop out from within the hollow end of leg 36.
PAR  Since some of the oscillator structure has not been shown in FIG. 1,
      reference is made to FIG. 2 for an understanding of its construction and
      operation. Rigidly mounted on top of tripod 22 is a vertical hollow
      mounting tube 52 on which is fastened a U-bracket 54. A Y-mounting support
      56 consists of arms 58,60 and a downwardly extending leg, not shown, that
      rotatably fits within mounting tube 52. A stop lug 62 fits between ears
      64,66 of clamping bracket 54. Adjusting screws 68,70 are threadedly
      mounted on ears 64,66 and may have their ends closed against lug 62 to
      prevent lug 62, and therefore, support 56, from rotating. Ball firing
      barrel 12 is thus fixed in its angular rotation, as desired in the firing
      of baseballs. However, by opening up bracket 54, by spacing apart the ends
      of bolts 68,70, lug 62 may be rotated between the bolt ends. This permits,
      but does not cause, rotation or oscillation of Y-support 56 and hence
      barrel 12. This feature is desired in firing tennis balls.
PAR  The oscillation of barrel 12 to simulate an opponent returning tennis balls
      is done with a timer motor 72 which is connected to a rotating timing disc
      74 through a variable timer switch valve 76. This disc 74 has an offset
      pin 78. An actuator rod 80 is rotatably mounted on pin 78 and extends
      downwardly through an eye-bolt 82 mounted on Y-support 56 and its lower
      end fits between a pair of fingers 84,86 on bracket 88 mounted between
      front legs 30,32 of tripod support 22. The upper end of rod 80 moves in a
      vertical circle as pin 78 rotates with disc 74 and the lower end of rod 80
      moves up and down but not sideways between these fingers. This action of
      rod 80 causes lateral movement of eye bolt 82 and hence the ball firing
      barrel 12 oscillates sideways. Since eye bolt 82 is pivotally mounted on
      support 56, the eye of the eye bolt may be moved up or down to vary the
      lateral range of oscillation of barrel 12. With rod 80 removed, the firing
      barrel 12 will not oscillate and the clamping bracket 54 with adjusting
      screws 68,70 retain the barrel in fixed position. An adjustable brace 90
      extending from the support 56 to the rear of air supply tank 10 is used to
      set the pitch or elevation attitude of the barrel.
PAR  Referring back to FIG. 1, a continuous supply of air normally passes from
      compressor 24, through lines 92,94 and 96 to air supply tank 10. Remote
      control is achieved by inserting pneumatic valve 98 in line 94. This valve
      is coach operated by means of a single length of air hose 100 attached at
      one end to valve 98. A normally closed bleed valve at the other end
      becomes the coach's remote power control 20. Whenever pressure builds up
      in hose 100, pneumatic valve 98 remains open and allows pressure to reach
      the timer valve without interruption, thus allowing the machine to fire as
      the rotating timing discs (to be described) permit. Conversely, whenever
      the coach depresses control 20 to release pressure in static hose 100,
      remote control valve 98 closes and does not allow pressurized air to reach
      the pneumatic timer valve. This prevents further firing of the machine
      until the coach elects to release control 20, allowing hose 100 to
      pressurize and permitting air to reach the pneumatic timer. Subsequent
      firing then occurs when the appropriate timer discs dictate.
PAR  Also shown in FIG. 1, is a barrel extension 14 which may be any of those
      shown and described in my earlier application. It also may be another
      tennis ball version, as shown in FIG. 7, having a plurality of air bleed
      slots 102 along the ball path. In one of the slots is a strip 104
      resiliently held in place by elastic bands 106. On the inner edge of strip
      104 and extending into the path of the ball may be bristles, rubber teeth
      or other friction aides to impart a spin on a ball passing through the
      extension. The strip may be placed in a selected slot for side, up or down
      spin as desired. The elastic bands 106 expand and let strip 104 move
      outwardly as the ball passes under it. In this manner precise inward
      adjustment of strip 104 to compensate for old or slick balls or balls of
      slightly different diameter is unnecessary, since each ball passing
      through urges strip 104 outwardly sufficiently to permit its passage while
      imparting the desired spin action upon it. As can be seen in FIG. 7, the
      barrel extension 14 not only extends forwardly of barrel 12, but it also
      has a section of reduced diameter (for tennis ball passage) that fits down
      into the barrel.
PAR  FIGS. 2, 3, 4, 5 and 6 show how the adjustable and variable timer and speed
      control is constructed and operates. In FIG. 2 the timer motor 72 and
      switch valve 76 are shown mounted below barrel 12 and forwardly of air
      supply tank 10. The motor rotates disc 74 to initiate lateral oscillation
      of the barrel when actuator rod 80 is engaged. On the rotating shaft 108
      is mounted a pair of rotatably adjustable timing discs 110,112 which, when
      they are in radial alignment, permit movement of an actuating lever 114 on
      pneumatic valve 116 which controls passage of air between lines 94 and 96,
      as shown in FIG. 3. Lever 114 has a roller 118 on the end which is as wide
      as both discs 110,112 as shown in FIG. 4. Only when notches on both discs
      are in alignment will the roller 118 fit into them and permit the lever
      114 to move, as shown in FIG. 3. Set screws or detents permit desired
      rotation and fastening of the discs on shaft 108.
PAR  Each disc 110,112 has radially opposed wide and narrow notches 120, 122,
      124 and 126, as shown in FIGS. 5 and 6. Thus, by proper rotation of the
      discs 110,112, ball firing, i.e., valve actuation, occurs rhythmatically
      once every 360.degree., once every 180.degree., or at 150.degree. and
      360.degree. spacing and also rotation of disc 74, as desired. This
      provides for alternate firing in relatively faster and slower sequence to
      eject tennis balls along different positions across the tennis court. This
      non-uniform firing also varies the speed of the ball since the pressure in
      the ball ejection tank is less when rapid firing occurs and is greater for
      the slower firing sequence.
PAR  The hopper and feed mechanism 16 will accommodate up to 200 tennis balls
      without jamming or malfunction and without operator assistance. This is
      shown in FIGS. 1, 2 and 8. This includes a hopper 128 with a bottom 130
      sloping downwardly to the rear and one side 132. An endless chain 134 with
      scoops 136 carries balls from the lower rear end of the hopper, between
      side 132 and wall 138 to the upper forward end 140 where the balls are
      deflected by deflector 142 and roll down a ramp 144 and into a hole 146 in
      bottom 130. The scoop and chain arrangement and hopper configuration is
      such that balls are fed to the hole when the barrel is tilted through a
      variety of pitch attitudes. A chute 148 under hole 146 conveys the balls
      down to opening 150 in barrel 12. (The firing of the balls through barrel
      12 under air pressure is the same as in my earlier mentioned co-pending
      application and need not be further discussed here as it is not part of
      the present invention except in combination therewith). When chute 148 is
      full, hole 146 is full and the balls simply roll back down bottom 130 for
      recycling. In order to feed tennis balls to the chute 148 at a faster
      desired rate (baseballs fire once per revolution of the timing discs and
      tennis balls fire twice per revolution), the endless chain 134 in
      conveying tennis balls must travel at twice its speed in conveying
      baseballs. This may be done with a variable speed motor 152, which drives
      a chain sprocket in housing 154 or by having two different sized drive
      sprockets interchangeable for the desired operational mode. When different
      sprockets are used, flexible drive coupling 156 permits and compensates
      for the resulting sprocket axle misalignment with the drive motor.
PAR  Anti-clogging and anti-jamming features and apparatus within the hopper 128
      assure a reliable flow of balls to the conveyor chain 134 and thus to the
      chute 148 and firing barrel 12. These include a plurality of laterally
      spaced pins 158 alternately protruding up through the bottom 130, a
      pivotal vertically moving anti-jamming plate 162 adjacent side 132 and
      having a plurality of holes 164 therein, and a nudging bar 166 which
      rotates on an axis along the back wall 168, all as shown in FIG. 8. Both
      plate 162 and nudging bar 166 are actuated by a crank 170 that is moved by
      a scoop 136 on the endless chain 134 as it moves along.
PAR  In FIG. 2 it can be seen that the hopper and feed mechanism 16 is tripod
      mounted. Downwardly extending brackets 174,176 attach to arms 58,60 of
      mounting support 56, along with air supply tank 10. A support bracket 178
      under chute 148 rests on firing barrel 12. Rocker arm 172 is pivotally
      connected to bracket 176. A portion 180 of arm 172 extends forwardly of
      this pivot to correspond with arm 182 which is pivotally mounted on
      bracket 174. Between portion 180 and arm 182 is a pin mounting bar 184 on
      which pins 158 extend upwardly through holes in the bottom 130 of hopper
      128. Pins 160 extend upwardly on rocker arm 172 and through holes in
      bottom 130 also. It can be seen that as bar 184 moves down to withdraw
      pins 158, rocker arm 172 moves up along with its pins 160. Conversely,
      when bar 184 moves up, pins 158 protrude and pins 160 are withdrawn.
      Although not shown, crank 170 is also pivotally mounted to rocker arm 172.
      A tension spring 186 tends to keep pin mounting bar 184 down and rocker
      arm 172 up except when actuation occurs. Bar 184 has an actuating bar 188
      extending down in front of the path of travel of pin 190 on barrel closure
      192. Just prior to firing, barrel closure 192 moves forwardly (as
      explained in my co-pending application), and pin 190 moves actuating bar
      188 forwardly and upwardly against the force of spring 186. Thus it can be
      seen that with every ball firing the anti-clogging and anti-jamming
      structure is actuated to insure a steady flow of balls to the scoops 136
      on endless chain 134 and hence to firing barrel 12.
PAR  Having described an illustrative embodiment of my invention, other versions
      and modifications will occur to those skilled in the art, and it is to be
      understood that these variations are part of my invention as claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compressed air ball projecting machine having an ejection barrel to
      receive and eject balls, an air supply tank for subjecting a ball in said
      barrel to compressed air to eject said ball from said barrel,
PA1  moving means for moving said barrel through lateral oscillations as balls
      of one type are cyclically ejected from said barrel to vary the direction
      of ejection of said balls,
PA1  an air line through which compressed air is pumped into said air supply
      tank,
PA1  valve means in said air line to regulate the flow of air therethrough,
PA1  said valve means having an actuating lever the position of which determines
      the passage and non-passage of air through said valve means,
PA1  a pair of notched discs engageable with said actuating lever,
PA1  a timing motor for rotating said notched discs past said actuating lever to
      change the position thereof in accordance with the rotational position of
      the notches on said discs,
PA1  said lever having an end with a thickness approximately equal to the
      thickness of said pair of discs whereby said actuating lever is moved only
      upon axial alignment of notched portions of both discs moving past said
      actuating lever,
PA1  said discs being further selectively rotatable relative to each other to
      vary the axial alignment of said notched portions.
NUM  2.
PAR  2. A compressed air ball projecting machine as set forth in claim 1, and
PA1  stabilizing means for stabilizing the direction of said barrel for ball
      ejection when balls of another type are used.
NUM  3.
PAR  3. A compressed air ball projecting machine as in claim 1 wherein said
      discs have notches adjustably positioned to move said actuating lever
      selectively once every 360.degree. of rotation of said discs, once every
      180.degree., and once at 150.degree. and 360.degree. spacing.
NUM  4.
PAR  4. A compressed air ball projecting machine having an ejection barrel to
      receive and eject balls, an air supply tank for subjecting a ball in said
      barrel to compressed air to eject said ball from said barrel,
PA1  moving means for moving said barrel through lateral oscillations as balls
      of one type are cyclically ejected from said barrel to vary the direction
      of ejection of said balls,
PA1  said moving means comprising a rotating disc,
PA1  an acutator rod pivotally mounted on said disc at a pivot point spaced from
      the center thereof for circular movement of said rod,
PA1  a pair of fingers having said rod positioned therebetween for vertical
      movement, and
PA1  an eye bolt positioned between said disc and said fingers and having said
      rod extending therethrough,
PA1  said machine being pivotally mounted and having said eye bolt connected
      thereto whereby rotation of said disc causes lateral movement of said eye
      bolt and thus oscillation of said machine.
NUM  5.
PAR  5. A compressed air ball projecting machine as set forth in claim 4, and
PA1  stabilizing means for stabilizing the direction of said barrel for ball
      ejection when balls of another type are used.
NUM  6.
PAR  6. A compressed air ball projecting machine as set forth in claim 4 wherein
      the eye of said eye bolt is vertically moveable to adjust the range of
      oscillation of said machine as desired.
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ABST
PAL  Certain types of heat-exchangers have tubes opening through a tube sheet to
      a manifold having an access opening offset from alignment with the tube
      ends. A tool for inserting a device, such as for inspection or repair, is
      provided for use in such instances. The tool is formed by a flexible guide
      tube insertable through the access opening and having an inner end
      provided with a connector for connection with the opening of the tube in
      which the device is to be inserted, and an outer end which remains outside
      of the chamber, the guide tube having adequate length for this
      arrangement. A flexible transport hose for internally transporting the
      device slides inside of the guide tube. This hose is long enough to slide
      through the guide tube, into the heat-exchanger tube, and through the
      latter to the extent required for the use of the device. The guide tube
      must be bent to reach the end of the heat-exchanger tube and the latter
      may be constructed with a bend, the hose carrying anti-friction elements
      at interspaced locations along its length to make it possible for the hose
      to negotiate such bends while sliding to the location where the use of the
      device is required.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A pressurized-water reactor power plant facility includes steam generators
      each having a housing having a lower end closed by a tube sheet in which
      an inverted U-shaped tube bundle, made of many tubes, has its inlet and
      outlet legs mounted. Inlet and outlet manifold chambers are positioned
      below the tube sheet for the tube bundle's inlet and outlet legs,
      respectively, and these chambers are connected in circuit with the
      pressurized-water coolant pipe line connected with the reactor and
      provided with a pump so that the coolant continuously circulates through
      all of these parts, the tube bundle forming, of course, a heat-exchanger.
      There is a constant supply of feed water to the steam generator's housing
      and the latter has a stream output outlet for the steam produced and which
      represents useable power from the reactor.
PAR  The manifold chambers are ordinarily formed by an inverted hemispherical
      wall having a dividing partition to form the inlet and outlet manifold
      chambers. Each chamber is provided with a suitably closed manhole or
      access opening. After the facility has been in operation for a time, the
      water coolant circulating through the chambers develops a radiation
      activity which is transmitted to the inside of the chambers and the tubes
      of the tube bundle.
PAR  When considered necessary, the coolant flow through the steam generator is
      stopped and via the access openings the heat-exchanger's tubes are
      internally inspected and possibly repaired, this requiring the insertion
      of a device in one or more of the tube bundle's tubes. Such a device may
      comprise a miniaturized camera, a fiber-optics rod, and for repair, an
      explosively expandable plug for putting a faulty tube safely out of
      service.
PAR  Because of the access opening of such a chamber being offset from alignment
      with the heat-exchanger tube's ends, the insertion of such a device in any
      one of the tubes has involved an undesirably prolonged exposure of the
      workman to the radiation activity existing in the chamber, thus presenting
      a problem requiring a solution.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide the above solution.
PAR  With this in mind, the invention is a tool for inserting a device into a
      heat-exchanger tube having an end opening into the chamber having an
      access opening offset from alignment with the tube's end, the tool being
      particularly intended for use in connection with a steam generator of the
      kind described hereinabove, but plainly being useful whenever a
      corresponding access difficulty is encountered.
PAR  The tool is an assembly formed by a flexible guide tube insertable through
      the access to the heat-exchanger tube's end and having an inner end
      provided with means for connecting it quickly and easily with the
      heat-exchanger tube's end, the tube having an outer end and being long
      enough to permit this outer end to remain safely outside of the chamber
      when the tube's inner end is connected with the heat-exchanger tube's end.
      Suitable connecting means are known to the prior art and preferably one of
      the quick connect and disconnect type is used.
PAR  The exposure time of a workman within the chamber is only that necessary
      for him to move the guide tube into the manifold chamber, bend the tube as
      necessary, make the quick connection with the end of the tube to be
      inspected or repaired, and get out of the chamber.
PAR  With the guide tube connected, the invention provides a flexible transport
      hose sliding inside of the guide tube for internally transporting the
      device to be used, and having a length substantially longer than the
      length of the guide tube and an outside diameter substantially smaller
      than the latter's inside diameter. This provides for a circumferential
      space between the transport tube and the guide tube on the inside of the
      latter. The flexible transport hose throughout its length has mounts fixed
      to this outside with each mount forming a plurality of radially extending
      arms which are interspaced circumferentially with respect to the transport
      hose, these arms journaling rollers within the space between the tube and
      hose and which run on the inside of the guide tube whenever necessary to
      hold the flexible hose spaced from this inside. The mounts are interspaced
      a distance ranging from one to five times the inside diameter of the guide
      tube, this interspacing permitting the entire tool to have the flexibility
      required to negotiate the bends leading to the heat-exchanger tube.
      Because of the long length of the transport hose it may be pushed through
      both the guide tube and the heat-exchanger tube, easily negotiating all
      bends involved and with the anti-friction rolling elements effectively
      reducing the sliding friction involved by the inner end of the transport
      hose reaching the location within the heat-exchanger tube where inspection
      or repair may be required.
PAR  At the outer end of the guide tube means powered either manually or by a
      motor is provided for pushing and pulling the transport hose into and from
      the guide tube and the heat-exchanger tube. The force required is
      effectively reduced by the anti-friction elements. Also, the previously
      mentioned roller mounts may have smooth surfaces formed between the
      radiating arms, for engagement by rollers or other guiding arrangements
      such as may extend backwardly to conveniently position the relatively long
      length of the transport hoses having the interspaced mounts and which must
      extend a substantial distance away from the outer end of the guide tube.
PAR  Both the guide tube and transport hose may be made of any suitable flexible
      material or construction, and to strengthen the guide tube without making
      it excessively rigid, its inside wall may be formed with an inwardly
      extending helical rib throughout its length so that the anti-friction
      rolling elements can run freely by providing each of the previously
      referred to mounts with tandem rollers interspaced a distance different
      from the interspacing between adjacent convolutions of the inner helical
      rib when this guide tube form is used. With this arrangement at least one
      of the tandem rollers always can roll on one of the rib convolutions while
      the other of the tandem rollers spans the space between the convolutions.
PAR  The roller mounting arms may comprise only two diametrical arms extending
      radially from the mount in each instance, but normally at least three arms
      are provided so that the rollers provide radial anti-friction support for
      the flexible hose within the guide tube, in all directions. More arms can
      be used.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is schematically illustrated by the accompanying drawings in
      which:
PAR  FIG. 1 in vertical section shows the bottom portion of a steam generator
      for a pressurized-water reactor facility, with the tool in use;
PAR  FIG. 2 is a longitudinal section showing the guide tube and transport hose
      with the anti-friction elements each journaling only a single roller on
      each of its arms;
PAR  FIG. 3 is a cross section taken through the line 3--3 in FIG. 2; and
PAR  FIG. 4 is a view similar to FIG. 2 but showing the guide tube with the
      helical internal rib and the tandem roller arrangement for each arm of
      each mount.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Having reference to the above drawings, FIG. 1 shows the bottom portion of
      the vertical housing 1 of a steam generator of the type previously
      described, the outer contour of the tube bundle being indicated by the
      broken lines 2, the bottom tube ends being mounted in the horizontal tube
      sheet 3 which closes off the bottom of the housing 1. The inverted
      hemispherical wall is shown at 4 which forms one of the manifold chambers
      5. The manhole or access opening 4a is located in the position offset from
      the tube ends of the tube bundle, and one of these tubes is indicated at 6
      by broken lines and it is to be assumed that this tube is the one to be
      inspected and/or repaired.
PAR  The new tool is shown with its flexible guide tube 10 containing the
      flexible transport tube 11, as being inserted through the access opening
      4a with its inner end having the connection 12 which is connected to the
      bottom end of the heat-exchanger tube 6. The outer end of the guide tube
      10 is shown as being provided with a device 14 which, although not shown,
      may have an internal mechanism, hand or motor powered, for pushing and
      pulling on the transport hose 11 inside of the guide tube 10.
PAR  On an enlarged scale, FIG. 2 shows the guide tube 10 containing the
      transport hose 11 with the anti-friction rollers 18 which are journaled by
      the mounts 19 interspaced along the length of the transport hose 11 as
      previously described.
PAR  Reference to FIG. 3 shows that each of the mounts 19 comprises a hub fixed
      to the transport hose 11 by inwardly pointed set screws 20 with this hub
      having four radially extending arms 19a which are bifurcated with the
      rollers 18 journaled between the bifurcated parts.
PAR  The inside diameter of the guide tube 10 is made substantially the same as
      the inside diameter of the heat-exchanger tube into which a device is to
      be inserted, in this case the tube 6. The outside diameter of the
      transport hose 11 is substantially smaller than these inside diameters,
      leaving the radial space available for positioning of the mounts 19 and
      rollers 18. The described interspacing of the mounts 19, which may be made
      of rigid material, prevents them from materially interfering with the
      flexibility of the guide tube 10 and transport hose 11. This space or
      inside diameter is indicated at 15. The driving device 14 may internally
      have rollers 14a for guiding the internal parts of the tool, and FIG. 3
      shows the smooth running surfaces 22 on which such rollers 14a may run,
      these surfaces being shown at 22, located between the arms 19a as to each
      of the mounts 19.
PAR  FIG. 4 shows the guide tube 10a with the helical internal rib 25 on its
      inside, the mounts 19a' in this case having the tandem rollers 18a. For
      the reason previously described, the tandem rollers 18a, as to each set,
      are interspaced a distance different from that between adjacent
      convolutions of the rib 25, assuring that one or another of the tandem
      rollers 18a of each set ride on one or another of the inner surfaces of
      these convolutions. Excepting for the use of sets of tandem rollers, the
      construction of FIG. 4 may correspond to that illustrated by FIG. 3.
PAR  The use of the tool and its advantages have already been described
      hereinabove. However, as amplification, the flexible tube 11 has an inside
      diameter adequate to transport various devides projecting from the inner
      end of the tube 11 to the desired location. The length of the transport
      hose 11 is adequate to carry the device to any position within the tube 6,
      which, although not shown, has the typical top return bend characteristic
      of the inverted U-shaped tube bundle type of heat-exchanger. The inside of
      the transport hose 11 has adequate room for carrying a fiber-optic rod
      bottom, control wires for a miniature camera mounted on the inner end of
      the transport hose 11, the electrical ignition wires for an explosively
      expandable tube plug carried on the inner end of the transport hose 11,
      and the like.
PAR  The cross sectioning of the transport hose 11, shown by the drawings,
      indicates that it may be made of non-metallic material, such as artificial
      rubber. This permits it to be made with a thick enough wall to transmit
      both compressive and tensile forces adequate tor the insertion and removal
      of the transport hose 11 and its mounts and anti-friction elements, to the
      desired location in the heat-exchanger tube 6. The guide tube 10 may be
      made of maleable metal, such as lead, it normally being possible to bend
      the guide tube substantially to the shape required prior to its insertion
      to the access opening 4a. If made of helically coiled metal strip having
      interlocking edges which form an internally projecting helical rib, the
      advantage of the FIG. 4 construction become apparent. If non-metallic
      material is used for the guide tube 10, there is no restriction on the
      wall thickness providing the inside diameter is substantially the same as
      the inside diameter of the heat-exchanger tube, thus permitting a sturdy
      guide tube, the flexibility of which may be enhanced by the tube wall
      contour shown by FIG. 4.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tool for inserting a device into a pressurized-water reactor
      steam-generator heat-exchanger tube having an end opening into a chamber
      having an access opening offset from alignment with said tube's end, said
      tool comprising a flexible guide tube removably inserted through said
      access opening and bending to said heat-exchanger tube's end and having an
      inner end provided with means releasably connecting it with the
      heat-exchanger tube's end and the guide tube having an outer end, said
      guide tube having a length such that said outer end remains outside of
      said chamber, said guide tube having substantially the same inside
      diameter as said heat-exchanger tube's inside diameter, a flexible
      transport hose sliding inside of said guide tube for transporting said
      device and having a length substantially longer than the length of said
      guide tube and an outside diameter substantially smaller than the latter's
      inside diameter, and a plurality of anti-friction rolling elements fixed
      to said transport hose at interspaced positions therealong for bearing on
      the inside of this guide tube.
NUM  2.
PAR  2. The tool of claim 1 having means at said guide tube's outer end for
      driving said transport hose forwardly and backwardly in said guide tube.
NUM  3.
PAR  3. The tool of claim 1 in which said anti-friction rolling elements are
      formed by mounts fixed to the outside of said transport hose with each
      mount forming a plurality of radially extending arms which are interspaced
      circumferentially with respect to the transport hose and rollers
      transversely journaled by said arms.
NUM  4.
PAR  4. The tool of claim 3 in which said arms each journals a plurality of said
      rollers positioned in tandem.
NUM  5.
PAR  5. The tool of claim 3 in which said mounts are interspaced a distance
      ranging from one to five times the inside diameter of said guide tube.
NUM  6.
PAR  6. The tool of claim 3 in which each of said mounts between its said radial
      arms forms longitudinally extending smooth running surfaces.
NUM  7.
PAR  7. The tool of claim 4 in which said guide tube internally has a helically
      ribbed shape and the interspacing of said tandem rollers is different from
      the interspacing of mutually adjacent convolutions of said ribs.
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ABST
PAL  A heating panel for use in explosion-prone furnaces comprises a heating
      element on the inner side thereof, and on the outer side of the heating
      element a series of spaced parallel sheets of aluminum foil which, in the
      case of an explosion, simply blow out and are easily replaceable. The
      panel is rectangular and bordered with insulating material and it is
      contemplated that a plurality of the panels can be assembled in
      side-by-side relationship. The heating element may be electrical or run on
      gas or oil.
BSUM
PAR  The present invention relates to a heating panel, especially to a heating
      panel for furnaces with explosion-prone inner chambers.
PAR  Furnaces of various purposes and various structures are widely known. These
      furnaces consist generally of a frame structure, of double-walled sheeting
      as well as of heating bodies, e.g. elements emitting infrared rays mounted
      thereon. The double wall of the sheeting is filled with heat-insulating
      material. As experience proves, a furnace of given dimensions can be
      economically used for the treatment (e.g. for drying) of products within
      certain dimension limits only. In the case of parts produced in smaller
      quantities, however, if no furnace of suitable dimensions is available,
      the production of new equipment is uneconomical, but the sale of the old
      equipment is difficult, just due to the individual size thereof. If the
      size of the workpiece to be treated is smaller than required, the
      possibility of a more profitable comprises arises to operate unnecessarily
      large equipment, that is to reduce the utilization factor. If, however,
      the size of the workpiece is too large, obviously new equipment is
      required. With the present rapid technical development, the products have
      even shorter time to be on the market, therefore constantly new furnaces
      are required. The establishment of furnaces with the conventional
      engineering is an expensive and lengthy procedure. Also the transport in
      full or in part of the conventional furnaces is difficult and can be often
      carried out with particular vehicles only.
PAR  A further significant drawback of the known furnaces with closed chambers
      consists in that when treating explosive materials, an explosion may cause
      both casualties and damages.
PAR  Moreover with furnaces of large height the uniform temperature of the inner
      chamber cannot be provided for, although this would be in most cases
      necessary or advantageous.
PAR  The inner sides of the furnace walls are covered with bright reflecting
      sheets in order to achieve a heating of higher efficiency. These sheets
      will be obscured after a constant operation for 6 to 8 months. Their
      regular cleaning is practically impossible, their repolishing is expensive
      and lengthy, whereas their replacement can generally be effected only by
      removing the furnace wall.
PAR  The aim of the invention is the elimination of the above drawbacks of
      furnaces.
PAR  Another object of the invention is the production of heating panels, which
      are fully closed, but which open in case of explosion and which enable
      furnaces of optional dimensions and shape to be quickly assembled and
      disassembled, in which the reflecting elements can be easily, quickly and
      inexpensively replaced and in which after an explosion, the furnace can be
      restored in a short while.
PAR  In the solution of these problems according to the invention the heating
      panel consists of one or more frames, of one or more heating bodies
      fastened to the frames, of connecting elements joining the heating bodies
      with the power source, as well as of external over plates, and it is
      provided with heat insulation, further it has outer and inner boxes in one
      of which one or more foils closing the inner chamber of the furnace are
      extended and the heating panel has an open orifice or one closed by a foil
      in the part beyond the outermost foil.
PAR  The side towards the inner chamber of the furnace of the innermost foil has
      expediently a bright surface. The foils are made advantageously of
      aluminum. The heating bodies are expediently infrared radiating elements.
      In the case of a radiating furnace the side towards the inner chamber of
      the furnace of the heating panel is advantageously open, the foils are
      extended in the inner box and the heating bodies are arranged inwardly
      from the innermost foil.
PAR  In case of a furnace of air circulation system, the side towards the inner
      chamber of the furnace of the heating panel is expediently closed with a
      sheet, the heating bodies are arranged in the inner box, whereas the foils
      are in the outer box, the innermost foil being expediently spanned between
      two wire meshes and the inner box having orifices communicating with the
      adjacent heating panels. The frames are advantageously made of channel
      sections bent to rectangular shape.
DRWD
PAR  The invention now will be described on the basis of embodiments shown in
      the enclosed drawings, wherein
PA1  Fig. 1 is a somewhat schematic cross-sectional view of a heating panel for
      furnaces of the radiating type provided with vertically arranged heating
      bodies;
PA1  Fig. 2 is the same, provided with a heating body in a slant position;
PA1  Fig. 3 is the same, provided with a horizontally arranged heating body;
PA1  Fig. 4 shows a heating panel for furnaces having an air-circulation system.
DETD
PAR  The heating panels shown as examples consist of two frames 1 each made of
      channel sections bent to rectangular shape. The frames 1 are secured
      together side by side (e.g. by screws). In the position according to the
      figures, the inner chamber of the furnace is arranged to the right and the
      exterior to the left of the heating panel. The two frames 1 determine
      outer 6 and inner 6' boxes.
PAR  With heating panels of the radiating type shown in FIGS. 1 to 3 the inner
      box 6' is provided with encircling heat insulation 5 and on its side
      towards the inner chamber of the furnace (further on: inner side) heating
      body 3 is arranged which is e.g. an element emitting infrared rays,
      operating with power which maybe gas, oil or electric power. The heating
      bodies 3 can be arranged, as circumstances require, vertically (FIG. 1),
      obliquely (FIG. 2) and horizontally (FIG. 3) and are connected to the
      suitable power source by means of junction element 7. The outer box 6 is
      closed by a cover plate 2, provided with orifices 11. On the entire
      surface not covered with heat insulation 5 foils 4 are extended made
      expediently of aluminum. The innermost foil 4 constitutes partly a
      reflecting surface behind the heating body 3 and partly it insulates --
      together with the other foils 4 and the enclosed air layers. At the same
      time, the foils 4 operate in case of an explosion as safety closing
      elements, since under the effect of an overpressure, they quickly spring
      and ensure an oriented blowing through the outer box and the orifice 11.
      The foils 4 can be easily and quickly replaced when obscured due to the
      use for a longer time or when sprung due to an explosion and the furnace
      assembled of heating panels is again ready for service.
PAR  At the connection point of the two frames 1 a round running channel 13 is
      developed in which a seal (not shown) can be arranged. After the fitting
      of the adjacent heating panels and the drawing of the joint element
      combining the panels, respectively, the seal provides for the gas
      tightness of the joint.
PAR  The heating panel of the air-circulation system according to FIG. 4 differs
      from those described above in that the inner side of the inner box 6' is
      covered with a sheet 9, the heating bodies are arranged in the inner box
      6', on the frame 1 of which orifices 12 communicating with the adjacent
      heating panels are provided. The heat insulation 5, as well as the foils 4
      are arranged in the outer box 6 and the orifice 11 on the cover plate 2 is
      similarly covered with foil 4. The innermost foil 4 is fixed between two
      wires meshes 8 in order to avoid its being sprung under the effect of the
      overpressure (which insignificant, of course, as compared to that of an
      explosion) produced by means of a fan (not shown) in order to ensure air
      circulation. In case of an explosion, the foils 4 release the overpressure
      in the above described manner.
PAR  Furnaces of optional dimension and shape can be developed with the heating
      panels according to the invention. The size and weight of the panels may
      be relatively low, facilitating their delivery and the assembly. The used
      foils -- in addition to their ability of preventing catastrophe in case of
      an explosion -- provide for excellent reflecting surfaces and good heat
      insulation. The foil itself is cheap, and it can be easily and quickly
      replaced, if necessary. Since individual heating bodies are provided for
      each heating panel (which can be mounted in advance in the workshop and
      nothing but their connection to the power source is required on the site),
      they can be individually controlled, thus uniform temperature can be
      achieved in the entire furnace.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A heating panel, particularly for explosion-prone furnaces, comprising a
      frame of substantially rectangular shape, at least one heating element
      secured to the frame on the inner side thereof, means to supply power to
      said heating element, and at least one rectangular sheet of aluminum foil
      having edges and extending across and surrounded edgewise by the frame on
      the outer side of the heating element, whereby said foil blows out under
      the effect of substantial overpressure, said foil having a shiny
      reflective surface on its side adjacent said heating element there being a
      plurality of said foils in parallel spaced apart relationship in said
      frame.
NUM  2.
PAR  2. A heating panel as claimed in claim 1, and heat insulation disposed
      about the periphery of said frame.
NUM  3.
PAR  3. A heating panel as claimed in claim 1, said heating element being of the
      infra-red type. 9
NUM  4.
PAR  4. A heating panel as claimed in claim 1, and a cover plate on the outer
      side of said panel, said cover plate having at least one orifice therein.
NUM  5.
PAR  5. A heating panel as claimed in claim 4, said at least one orifice being
      closed by a sheet of aluminum foil.
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ABST
PAL  A system for utilizing furnace waste stack pipe heat which comprises
      elongating the waste stack pipe so that it defines a substantially
      rectangular shape and, when a blower is used in conjunction with the
      furnace, so that it extends over the blower in order that air drawn into
      the blower is preheated, the system further including placing a cover or
      hood over the elongated waste stack pipe and a baffle plate thereunder,
      each in close proximity thereto, for forcing the currents of air to move
      in close proximity to the hot waste stack pipe to readily absorb the heat
      therefrom.
PARN
PAR  This is a continuation-in-part of my copending application, Ser. No.
      457,550, filed Apr. 3, 1974, now abandoned.
BSUM
PAR  A primary purpose of the invention is to provide a system for recovering
      and utilizing a great percentage of waste stack pipe heat, thereby
      providing large savings in heating costs.
PAR  The system of the invention may be utilized with furnaces of the hot air or
      other types, such as steam or hot water, and may be easily installed as an
      inexpensive addition to existing heating systems.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a view in top plan of a heating system incorporating a preferred
      form of the invention;
PAR  FIG. 2 is a view in top plan of the heating system of FIG. 1, with the hood
      removed;
PAR  FIG. 3 is a view in end elevation of the heating system of the invention,
      as seen from the right of FIG. 1;
PAR  FIG. 4 is an enlarged somewhat diagrammatic, transverse cross-sectional
      view of the heating system of the invention.
DETD
PAR  In the typical prior art heating system, air is fed to a furnace by a
      blower through an inlet stack, with exhaust gases passing directly from
      the furnace through a short waste stack pipe to a chimney, and with heated
      air passing from the furnace through heating pipes to areas in the
      building to be heated.
PAR  In such a prior art system, the air which is drawn from the cellar or other
      area surrounding the furnace is unheated, and the exhaust gases are not
      utilized, being passed in a direct path from the furnace to the chimney.
PAR  In the heating system of the invention, as with the prior art, air is fed
      to a furnace F by a blower B through an inlet stack S, with heated air
      passing from the furnace through heating pipes P.
PAR  Herein, however, the short waste stack pipe of the prior art is replaced by
      an elongated waste stack pipe 10 which is somewhat rectangular in plan,
      with exhaust gases passing from the furnace through the waste stack pipe
      to a chimney C.
PAR  Waste stack pipe 10 includes a first end portion 12 joined at one end to a
      furnace connector portion 14 which leads from furnace F and at its
      opposite end to one end of a first side portion 16 which passes
      horizontally over one side of blower B. First side portion 16 is joined at
      its opposite end to one end of a second end portion 18 which is joined at
      its opposite end to one end of a second side portion 20 which is parallel
      to first side portion 16 and passes over the other side of blower B.
      Second side portion 20 is joined at its opposite end to a chimney
      connector portion 22 which leads to chimney C.
PAR  By use of the described rectangular shape, employing sharp right angle
      bends, the hot exhaust gases are kept in a constant state of turbulence as
      they move along, constantly forcing fresh heat to the inner wall of every
      square inch of the waste stack pipe.
PAR  It is not mandatory that the blower be placed in the position shown in the
      drawing. For instance it could be placed on top of the furnace or
      elsewhere, the only requirement being that the blower be appropriately
      ducted so as to pull air through the unit hereof.
PAR  A flat metal baffle plate 24 is disposed in the space between the side
      portions 16 and 20 of waste stack pipe 10 substantially on a plane with
      the lower surfaces of said side portions, the baffle plate preferable
      being disposed within approximately 1/2 to 1 inch of the side and end
      portions of the waste stack pipe, thereby forcing air to pass in close
      proximity to the hot waste stack pipe.
PAR  In that section of the baffle plate 24 which is disposed between the blower
      B and end portion 18 of the waste stack pipe, arcuate deflectors 26 are
      fixed to the side edges of the baffle plate as by rivets 28 or the like.
      Similar deflectors 26' are fixed to the end edges of the baffle plate as
      by rivets 28' adjacent the waste stack end portions 12 and 18.
PAR  The deflectors extend partially above and partially below the plane of the
      baffle plate and are slightly spaced from the circumference of the
      respective adjacent portions 12, 16, 18, and 20 of the waste stack pipe so
      as to define curvilinear conduits 30 between the deflectors and the waste
      stack pipe portions, which conduits insure that air passes in close
      proximity to the waste stack pipe.
PAR  In order to increase the effectiveness of the waste stack pipe 10, it is
      partially enclosed in such as a cover or hood 32 fabricated from metal or
      other suitable material and including an upper wall 34 which overlies the
      waste stack pipe, side walls 36 and end walls 38 depending from upper wall
      34 outboard of but in close proximity, (i.e., in the area of 1 to 1 1/2
      inches), to the adjacent portions of the waste stack pipe, the side walls
      curving at their upper ends where they merge with the upper wall so as to
      follow the contour of the waste stack pipe.
PAR  By use of the cover or hood in conjunction with baffle plate 24 and
      deflectors 26, curculating air is forced to move in close adjacency to the
      side and end portions of the waste stack pipe.
PAR  When the system of the invention, incorporating a cover or hood, a baffle
      plate deflector, and a waste stack pipe is utilized, warm air is directed
      to the furnace, the air being forced to move in close adjacency to the hot
      waste stack pipe for maximum heat absorption, with the turbulent hot air
      within the waste stack pipe being met by a constant stream of fresh cold
      air pressed against and running, circumferentially, by every square inch
      of the outer stack surface. This obviously results in maximum heat
      absorption.
PAR  When the burner and forced air blower stop, and furnace is hot, and
      convection currents continue to pull air through the system still
      pre-heating it with heat escaping from the inner furnace.
PAR  With the system hereof, all of the air going to the furnace must pass
      within approximately 1 inch of the waste stack pipe. The entire surface of
      the waste stack pipe is utilized with exterior air flowing within one inch
      thereof with the interior hot gases being continuously mixed at each bend.
PAR  The heating system of the invention is simple and inexpensive to construct
      and it does not send exhaust fumes down against the natural flow. Nor does
      it require a blower to get rid of the fumes. The system of the invention
      captures waste stack heat with the aid of a blower and can readily be
      adapted to an existing blower.
PAR  The system is far less dangerous than many of those of the prior art
      because of its simplicity. All one has to do is to lift off the hood to
      inspect for leaks. Cleaning out soot can be done by dividing the stack
      into two sections and washing with a garden hose.
PAR  Every inch of the waste stack pipe, both in length and circumference, has
      air moving therepast in very close proximity thereto, an average of one
      inch away. The design incorporates five right angle turns, each one
      remixing the hot gases so that new heat is always against the pipe
      surface.
PAR  The waste stack pipe preferably is fabricated from rust and corrosion
      resistant material using as few joints as are needed for practical
      fabrication. Only those joints which must be flexible for fitting purposes
      should be left free. All others should be permanently sealed. Upon
      installation, those joints which have been left free should also be well
      sealed but in such a way they can be unsealed for cleaning purposes.
PAR  By observing these precautions, the possibility of the blower sucking
      exhaust fumes out of the stack is obviated.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a heating system located in a furnace room and including a furnace
      and an air blower for delivering air to the furnace via an inlet stack and
      heating pipes for the delivery of heated air from the furnace to the areas
      to be heated, the improvement in means for utilizing the heat passing
      through from the furnace to the chimney by preheating furnace room air
      wiped therepast preliminary to passage thereof through the air blower and
      inlet stack to the furnace comprising:
PA1  an elongated horizontally disposed waste stack of generally rectangular
      plan for the through flow of exhaust gases from the furnace to the chimney
      and including,
PA1  a first end portion connected at its inboard end to the furnace and having
      an outboard end and a first side portion connected at its inboard end to
      the outboard end of the first end portion and having an outboard end and a
      second end portion connected at its inboard end to the outboard end of the
      first side portion and having an outboard end and a second side portion
      connected at its inboard end to the outboard end of the second end portion
      and having an outboard end connected to the chimney,
PA1  a first pair of arcuate deflectors disposed in close spaced relationship
      and circumadjacent the oppositely facing sections of the spaced first and
      second side portions of the waste stack and defining primary curvilinear
      air passages therebetween,
PA1  a horizontally disposed baffle connecting between the arcuate deflectors of
      the first pair thereof,
PA1  an opened bottom hood including a horizontally disposed top wall section
      and spaced opposite end and side wall sections depending therefrom in
      curving relationship therewith,
PA1  the respective top and end and side wall sections of the hood being
      disposed in uniform spaced relationship and in close proximity to the
      adjacent portions of the waste stack and defining secondary curvilinear
      air passages therebetween,
PA1  with air from the furnace room being captured and circulated first within
      the secondary air passages and second within the primary air passages for
      wiping relationship relative to the side and end portions of the waste
      stack.
NUM  2.
PAR  2. In the heating system as set forth in claim 1, including,
PA1  a second pair of arcuate deflectors disposed in spaced relationships
      circumadjacent the oppositely facing sections of the first and second end
      portions of the waste stack and defining tertiary air passages
      therebetween.
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ABST
PAL  A heat exchange device installed in a fireplace without any modification
      thereto completely encircling the fire, sides, top, back and bottom but
      without having the heating tubes and ducts exposed to the destructive
      concentrated heat that occurs at the fire bed level of grate or andiron
      and including twin cold air ducts extending from front to rear of the
      fireplace at one lower corner thereof, twin hot air ducts extending from
      front to rear of the fireplace at the other lower corner thereof with the
      twin ducts interconnected by a plurality of heat exchange tubes which
      extend upwardly along the side walls of the fireplace and then
      horizontally in overlying relation to the fire in the fireplace an
      additional tubes extending horizontally across the bottom of the
      fireplace. A motor driven fan is provided in the bottom cold air duct to
      circulate air through the device. The twin ducts, having interconnecting
      apertures to the rear, include baffle arrangements to guide the flow of
      air through the heat exchange tubes for most efficient utilization of the
      heat from the fire in the fireplace. A forced draft device is incorporated
      into the cold air duct for selective discharge of air at the base of the
      fire in the fireplace to facilitate the initial burning of the fuel and to
      provide a forced draft for proper combustion of the fuel whenever desired.
      When the fire is first lit, the resulting flames hitting and passing in
      between and around the overhead heating tubes encircling the fire provide
      heat almost instantly and as the fire progressively burns, the entire
      length of the heating tubes, both overhead and encircling the fire on both
      sides and to the back, become heated providing a continuous expanded
      volume of hot air which is forced out into the room, away from the
      fireplace, this air is then circulated and again re-enters the cold air
      tubes by being forcibly drawn from the floor level and ejected as heated
      air on the opposite side of the fireplace. This results in an even room
      temperature, even at floor level. As the fire progressively burns, coals
      and ashes falling through the apertures in the conventional grate cover
      the heating tubes extending across the floor of the firepplace thereby
      extracting heat from this area of the fireplace which becomes heated last,
      but which also retains heat the longest, long after the fire itself has
      burned out.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to a heater installed in a
      fireplace for heating air circulated through the heater and discharging
      said heated air into a living space or spaces, thereby utilizing heat
      which is normally discharged up the chimney and rendering the fireplace
      substantially more effective for heating purposes.
PAR  2. Description of the Prior Art
PAR  Fireplaces are utilized in present day homes primarily for ornamental
      purposes and for the satisfaction derived from an open fire rather than
      for their capability of heating. However, in emergency situations,
      fireplaces frequently are relied upon for heating purposes. For example,
      if electrical power is interrupted or if fuel supply to the central
      heating system becomes depleted, a home owner must frequently rely upon
      the fireplace for heating purposes even though the inefficiency of a
      fireplace for heating is well known.
PAR  Various efforts have been made to render a fireplace more efficient for
      heating purposes. Such efforts include permanently installed heat exchange
      devices with air circulation means incorporated therein which are rather
      expensive in their initial cost and either must be installed when the
      fireplace is built or require substantial modification of the fireplace.
      In addition, efforts have been made to place a heat exchange device in the
      fireplace and circulate air through it for heating the air. Some devices
      of this nature combine the heat exchange device with the fuel supporting
      grate by constructing the grate of tubular pipe and circulating air
      therethrough. Such devices are not only inefficient heat exchangers but
      also have a very short useful life in view of the intense heat occurring
      at the grate especially when live coals are positioned on or under the
      grate, thus resulting in deterioration and burn-through of the pipes which
      then permit the air passing through the pipes to pickup sparks and
      products of combustion and discharge the same into the living space.
      Examples of heating devices associated with fireplaces in the prior art
      are found in the following U.S. patents:
TBL  1,112,521       October 6, 1914                                           

     1,297,964       March 18, 1919                                            

     1,783,140       November 25, 1930                                         

     2,828,078       March 25, 1958                                            

     3,001,521       September 26, 1961                                        

     3,240,206       March 15, 1966                                            

     3,635,211       January 18, 1972                                          

     3,685,506       August 22, 1972.                                          

PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a fireplace heater in
      which the heat exchange tubes are oriented along both sides, across the
      top, back and bottom of the fireplace for most efficient heat exchange
      with the fire and products of combustion, with the heat exchange tubes
      being oriented in such a manner that they will not have any adverse effect
      upon the draft characteristics of the fireplace.
PAR  Another object of the invention is to provide a fireplace heater in which
      the heat exchange tubes have their lower ends connected respectively to
      cold air ducts at their inlet ends and hot air ducts at their discharge
      ends, with the cold air ducts having a powered fan associated therewith
      for circulating air with the fan being powered by an electric motor of the
      AC/DC type for connection with a conventional household electric power
      source or a battery, such as an automobile battery in the event electric
      power is interrupted.
PAR  A further object of the invention is to provide a fireplace heater in
      accordance with the preceding objects in which the cold air ducts and the
      hot air ducts include openings and a baffle arrangement, respectively, to
      guide the air therethrough and to direct the air to those tubes
      communicated with the cold air ducts for most efficient heat exchange and
      to guide the air in the hot air ducts in a manner so that most efficient
      heat exchange between the heater and the fire in the fireplace will be
      obtained.
PAR  Still another object of the invention is to provide a fireplace heater
      including a draft structure in the cold air ducts to enable discharge of
      air into the fireplace at the level of the grate or below the grate to
      provide a forced draft for the fireplace when desired.
PAR  Yet another significant object of the invention is to provide a fireplace
      heater in accordance with the preceding objects in which the heat exchange
      tubes extending across the upper end rear portion of the fireplace are
      arranged in a staggered relationship and are of oval-shaped configuration
      to more efficiently direct the hot combustion products into heat exchange
      relation to the external surfaces of the tubes.
PAR  Still another feature of the invention is the provision of a fireplace
      heater in accordance with the preceding objects in which the hot air ducts
      are provided with spark arresters to preclude the possibility of sparks
      being discharged from the fireplace heater even in the event a heat
      exchange tube rusts out due to condensation after prolonged use.
PAR  Yet another object of this invention is to provide a fireplace heater which
      can be installed in a fireplace without modification thereof with the
      usual grate, andirons and protective screen, glass door, or the like,
      being used in combination with the fireplace heater, thus enabling the
      benefits derived from an open fire to be obtained, while at the same time
      making efficient use of the heat produced by the fire in the fireplace
      rather than loosing such heat up the chimney to the atmosphere.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a fireplace illustrating the
      fireplace heater of the present invention incorporated therein.
PAR  FIG. 2 is a perspective view of the fireplace heater.
PAR  FIG. 3 is a vertical, sectional view of the fireplace heater and fireplace
      illustrating the association of the components of the heater and the
      fireplace.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now specifically to the drawings, the fireplace heater of the
      present invention is generally designated by reference numeral 10 and is
      illustrated in combination with a conventional fireplace 12 having the
      usual facing 14, hearth 16, and opening 18. The top of the fireplace is
      communicated with a chimney having a passage 20 therein. The interior of
      the fireplace is lined with appropriate firebrick, or the like, and the
      rear wall 22 includes a forwardly inclined portion 24 which is provided to
      reflect heat downwardly and forwardly from the fireplace in a well known
      manner. As illustrated, the fireplace 12 is provided with the usual grate
      26 for supporting wood 28 while it is burning and other conventional
      components may be provided in association with a fireplace, such as a
      damper in passage 20, andirons and a protective screen or transparent door
      across the open front 18 of the fireplace with these components not being
      illustrated. The fireplace heater 10 may be installed in the fireplace
      opening 18 with no modification whatsoever of the fireplace and with no
      changes in the normally provided grate and other associated structure. If
      a protective screen or door is employed, the lower corners thereof may be
      modified to receive the components of the fireplace heater which extend
      therethrough.
PAR  The fireplace heater 10 includes cold air ducts 30 and 31 which extend from
      front to rear at one lower corner of the fireplace and hot air ducts 32
      and 33 generally parallel thereto and extending from front to rear at the
      other lower corner of the fireplace. The ducts 30, 31, 32 and 33 are
      rectangular with the twin tubes 30 and 31 and the twin tubes 32 and 33
      being placed one above the other for maximizing the heat exchange
      efficiency. The upper ducts 31 and 33 catch or receive heat reflected from
      or radiated from the grate since they are generally aligned with the
      grate. The two upper ducts 31 and 33 are connected by a plurality of
      generally inverted U-shaped heat exchange tubes generally designated by
      numeral 34 with each of the heat exchange tubes including an upwardly
      extending leg 36 communicated with the cold air duct 31 and an upwardly
      extending leg 38 communicating with the hot air duct 33 and a horizontally
      disposed portion 40 communicating the upper ends of the legs 36 and 38 and
      disposed above the grate and fire thereon and extending generally across
      and parallel to the top surface of the fireplace.
PAR  The number of heat exchange tubes 34 may vary and the dimensions thereof
      also may vary depending upon the dimensional characteristics of the
      fireplace. As illustrated in FIG. 3, the horizontal portions 40 are
      oriented in vertically staggered relationship, that is, adjacent
      horizontal portions being vertically spaced in relation to each other.
      Also, at least the centrally oriented horizontal portions 40 are flattened
      into an oval-shaped configuration so that the heated gases or combustion
      products which pass upwardly toward the chimney passage 20 will impinge
      upon the surfaces of the horizontal portions 40 and the oval-shaped
      configuration of the horizontal portions 40 will deflect the gases and
      products of combustion laterally to engage the adjacent horizontal
      portions 40 as illustrated by the directional arrows in FIG. 3. All of the
      horizontal portions 40 may be flattened, if desired, or only the central
      horizontal portions may be flattened where the hottest combustion products
      pass. The rearmost horizontal portions 40 are located below the horizontal
      portions 40 adjacent the front end of the fireplace heater as illustrated
      in FIG. 3 so that they will generally conform with the forwardly inclined
      portion 24 of the fireplace and the elevational position of the rear
      horizontal portions 40 may be varied depending upon the shape and
      configuration of the rear wall of the fireplace. A plurality of bottom
      heating tubes 41 extend between and communicate with the lower ducts 30
      and 32 and are disposed adjacent the floor of the fireplace so that these
      tubes will be in heat exchange relation with live coals, or the like, even
      after a fire has died down, thus enabling air to be heated substantially
      after a fire has died down but yet live coals remain on the grate or in
      the bottom of the fireplace.
PAR  The forward end of the lower cold air duct 30 curves laterally outwardly at
      42 and is in communication with a fan assembly 44 schematically
      illustrated which includes a housing provided with sound deadening
      material and a fan powered by an AC/DC motor with the housing having an
      air inlet which may be provided with a screen or filter, if desired, or
      the fan may be connected with any suitable duct work rather than being
      directly communicated with the room in which the fireplace is installed.
      The AC/DC motor enables the fan to be operated even if normal electrical
      power is interrupted by using a conventional 6 or 12 volt automobile
      battery or any other suitable battery. Also, the cold air ducts 30 and 31
      are communicated with each other through a plurality of openings 46 in the
      contacting walls 47 (see FIG. 3) in which the walls 47 define a baffle for
      the cold air which guides the cold air rearwardly up through the openings
      46 into the upper cold air duct 31 and then upwardly through the heat
      exchange tubes 34 with the rearward heat exchange tubes 34 receiving the
      cold air first inasmuch as the rearward heat exchange tubes are hotter
      than the forward heat exchange tubes thereby increasing the efficiency of
      heat transfer to the cold air passing through the heat exchange tubes
      since the coldest air will pass through the hottest heat exchange tubes
      thereby increasing the heat exchange efficiency of the heater.
PAR  The upper hot air duct 33 is provided with a centrally disposed baffle 48
      so that air being discharged from the forwardmost heat exchange tubes 34
      will pass rearwardly along the top of the baffle 48 and around the rear
      edge thereof with all of the air from all of the heat exchange tubes being
      mixed and intermingled. The hot air passing rearwardly and then forwardly
      in the upper hot air duct 33 will continue to receive heat since the upper
      hot air duct 33 itself is a heat exchange tube thereby further increasing
      the efficiency of heat exchange and providing mixed hot air so that all of
      the air will be at the same temperature. The contacting walls of the hot
      air ducts 32 and 33 have holes 49 therein, at the rear, so that a portion
      of the hot air from duct 33 enters the rear portion of duct 32 and moves
      forwardly therein. The lower duct 32 is also a heat exchange tube and will
      further heat the air as it passes therethrough. Also, the forward portion
      of each of the hot air ducts 32 and 33 is provided with a spark arrester
      50 in the form of a screen, or the like, to prevent the possibility of any
      sparks being discharged from the hot air ducts even if one of the heat
      exchange tubes rusts our due to condensation after prolonged use. The
      forward end of the hot air ducts 32 and 33 extend laterally and include
      outlets 52 or they may be connected with any suitable type of duct work or
      the like to convey the hot air to any desired location, such as into
      another room or into a duct work in the house, or the like. Thus, the fan
      and cold air duct 30 forcibly bring in air at a desired rate, such as from
      150-160 cfm, to feed air to the heating tubes. As the air is heated, it
      expands, thus requiring a larger outlet for quick dispersal which is
      obtained by using discharge outlets in both hot air ducts 33 and 32.
PAR  To provide a forced draft for the fireplace to facilitate the starting of a
      fire and to facilitate burning of wet or uncured wood, or the like, the
      lower cold air duct 30 is provided with a sliding damper 54 having a
      plurality of holes therein for alignment with and misalignment with holes
      in the cold air duct 30. The sliding damper 54 is received in suitable
      horizontal tracks 56 and may be actuated by a poker or other tool so that
      it may be moved to an open position for discharging air from the cold air
      duct 30 into the fireplace at a level below the grate thereby providing
      for easy starting of a fire and instant draft thus helping to eliminate
      the buildup of smoke and gases which sometimes occurs when the fire is
      first started. Also, the forced draft makes possible the burning of wood
      that may be partially wet or uncured and assist in getting a fire burning
      rapidly in a short period of time and also boosting a fire so that it will
      burn brightly when desired.
PAR  The heater is constructed of suitable metal material with the components
      thereof being secured together in a suitable manner with the thickness and
      strength of the materials being commensurate with the requirements of the
      installation. The heater extracts cold air from the floor off to the side
      of the fireplace, heats the air and expels the hot air out at the bottom
      of the fireplace either directly into the room or the heated air may be
      ducted to any portion of a house through relatively inexpensive ducting or
      by use of an existing duct system. It is possible that all of the intakes
      and outlets outside of the screen may be hidden from view by building air
      passages into the raised hearth of a fireplace. The positioning of the
      heating tubes and their configuration are such that the greatest amount of
      heat will be extracted from the fireplace without diminishing the draft up
      the chimney, thereby retaining the operational characteristics of the
      fireplace insofar as smoke and gas discharge is concerned. The blower and
      motor are positioned away from the fireplace to eliminate any adverse
      effects upon the blower and motor by the heat of the fireplace and enables
      even a minimum size fire to effectively heat a room or the like with all
      of the pleasures derived from an open fire in the fireplace being retained
      and with the attractive appearance characteristics of the fireplace also
      being retained inasmuch as the fireplace heater is generally substantially
      concealed especially if a protective screen, door or the like is used
      across the opening in the fireplace as is conventional.
PAR  This fireplace heater has been proven to be a most efficient means of
      heating, not to replace a conventional heating system, but a most
      efficient supplement, reducing drastically the fuel consumption ordinarily
      needed, while at the same time, providing the enjoyment and relaxation
      that an open fire in a fireplace provides, making a fireplace very
      beneficial in every day life and truly a life saver in an emergency,
      giving a definite measure of security and peace of mind as a safeguard in
      time of emergency caused by electrical failure or blackout or because
      regular fuel supplies are not obtainable. Design readily makes possible
      larger models for lodges and circular type fireplaces, as well. Our
      invention envisions using the same idea on encircling large fireplaces of
      a round design used in large rooms or areas, as lodges. The heating tubes
      would surround the fire, all but the front, and be of a configuration to
      match the fireplace. In a very large fireplace, two or three units, each
      with a cold air intake and each with a hot air outlet, could be used,
      again catching the heat before it disappears out the chimney flue. In this
      way a large lodge could very well get by with this means of heating
      entirely. This same idea can be used for efficient hot water heating,
      substituting the air ducts and tubes with pipes suitable for containing
      water with circulating water pump replacing the air blower, pipes
      connected to radiators or piped into existing hot water heating systems.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A heater for installation in a fireplace comprising cold air duct means
      adapted to be oriented adjacent one lower corner of the fireplace, hot air
      duct means adapted to be oriented adjacent the other lower corner of the
      fireplace and adapted to extend from front to rear of the fireplace, a
      plurality of heat exchange tubes interconnecting the cold air duct means
      and the hot air duct means and extending upwardly and transversely and
      adapted to be disposed in overlying relation to a fire in the fireplace so
      that heat from the fire and the products of combustion of the fire will
      pass over and around the heat exchange tubes for heating air passing
      therethrough from the cold air duct means to the hot air duct means, and
      means moving air through the heater from the cold air duct means, through
      the heat exchange tubes to the hot air duct means for discharge of hot air
      therefrom, said cold air duct means including twin ducts disposed in
      superimposed relation with communicating apertures at the rear thereof for
      guiding cold air rearwardly in the bottom duct, up through the apertures
      into the top duct, said heat exchange tubes being connected to the top
      duct for discharge of coldest air from the cold air duct means into the
      heat exchange tubes that are the hottest, thereby increasing the heat
      exchange efficiency of the heat exchange tubes.
NUM  2.
PAR  2. The structure as defined in claim 1 wherein each of said heat exchange
      tubes includes a generally horizontally disposed portion adapted to be
      disposed adjacent to and generally parallel with the interior surface of
      the fireplace above and in parallel relation to a fireplace grate on which
      a fire may burn, said horizontal portions of the heat exchange tubes being
      in alternating vertically staggered position for more efficient
      impingement of hot gases and combustion products thereon from a fire and
      for more efficient heat exchange between the air passing through the heat
      exchange tubes and the hot gases and combustion products passing over the
      exterior surfaces thereof.
NUM  3.
PAR  3. The structure as defined in claim 2 wherein said horizontal portions of
      the heat exchange tubes are of generally oval-shaped configuration with
      the major dimension of the oval-shaped configuration adapted to extend
      from front to rear of the fireplace for deflecting hot gases from the
      horizontal portions of the lower heat exchange tubes toward the horizontal
      portions of the upper heat exchange tubes.
NUM  4.
PAR  4. The structure as defined in claim 1 wherein said means for circulating
      air through the heater includes a fan assembly associated with the cold
      air duct means, said fan assembly including a fan and AC/DC motor for
      powering the fan from household electric current or an automobile battery
      when electrical power is interrupted.
NUM  5.
PAR  5. The structure as defined in claim 1 wherein said cold air duct means
      includes a damper means adapted to selectively discharge a forced draft of
      air into the fireplace adjacent the grate to facilitate the starting of a
      fire and to facilitate burning of wet or uncured wood, or the like.
NUM  6.
PAR  6. The structure as defined in claim 1 together with heat exchange tubes
      extending horizontally between the duct means and adapted to be disposed
      adjacent the bottom of a fireplace whereby air passing therethrough will
      be heated by live coals thereon and adjacent thereto for a substantial
      period of time after the fire in the fireplace has died down.
NUM  7.
PAR  7. A heater for installation in a fireplace comprising cold air duct means
      adapted to be oriented adjacent one lower corner of the fireplace, hot air
      duct means adapted to be oriented adjacent the other lower corner of the
      fireplace and adapted to extend from front to rear of the fireplace, a
      plurality of heat exchange tubes interconnecting the cold air duct means
      and the hot air duct means and extending upwardly and transversely and
      adapted to be disposed in overlying relation to a fire in the fireplace so
      that heat from the fire and the products of combustion of the fire will
      pass over and around the heat exchange tubes for heating air passing
      therethrough from the cold air duct means to the hot air duct means, and
      means moving air through the heater from the cold air duct means, through
      the heat exchange tubes to the hot air duct means for discharge of hot air
      therefrom, said hot air duct means including twin ducts disposed in
      superimposed relation with communicating apertures at the rear thereof and
      an outlet at the forward end of each duct, a spark arrester in each duct
      adjacent the forward outlet end thereof, the top hot air duct also
      including a baffle whereby air discharged from the heat exchange tubes
      must pass rearwardly around the baffle with a portion of the hot air then
      passing forwardly to the outlet therein and the remainder of the hot air
      passing through the apertures into the bottom air duct and out the outlet.
NUM  8.
PAR  8. In combination with a fireplace having a generally horizontal bottom
      with a supporting grate means thereon for supporting combustible material
      above the bottom, upwardly extending side and rear walls, an open front by
      which the combustible material may be placed in position on the grate
      means for burning and an upwardly extending exhaust chimney means for
      combustion products, a heat exchange assembly independent from the
      fireplace and grate means comprising a cold air duct means positioned
      along the bottom of the fireplace adjacent one sidewall thereof and
      extending from the open front to a point adjacent the rear wall alongside
      said grate means, a hot air duct means paralleling said cold air duct
      means adjacent the other side wall of the fireplace and positioned along
      the bottom of the fireplace alongside the grate means, a plurality of heat
      exchange tubes extending generally horizontally above the combustible
      material on the grate means and below the chimney means, each end of each
      tube having a depending portion disposed adjacent the side walls of the
      fireplace and having their lower ends anchored to and communicated with
      the cold and hot air duct means respectively and disposed adjacent the
      grate means, means circulating air through the duct means and the heat
      exchange tubes, said means including cold air inlet means in the cold air
      duct means adjacent a lower end portion of the open front of the fireplace
      and hot air outlet means in the hot air duct means adjacent the other
      lower end portion of the open front of the fireplace, said grate means
      being removable from the fireplace independently of the cold and hot air
      duct means and independently of the heat exchange tubes, said heat
      exchange tubes being spaced from each other and disposed substantially
      throughout the top and side walls of the fireplace from the open front
      thereof to the rear wall, said hot air outlet means being of a larger
      volume than the cold air inlet means thereby enabling air to expand in the
      duct means and heat exchange tubes and to be discharged at a higher
      volume, each of said air duct means having a substantial portion below the
      grate means, one of said duct means including a damper controlled
      discharge means on the inner surface thereof below the grate means for
      discharging combustion supporting air under the grate means, said cold air
      inlet means including fan means associated therewith for providing a
      positive pressure for operating the heat exchange assembly, each of said
      air duct means including baffle means to provide a tortuous air path
      therethrough, and a plurality of transversely extending tubes
      interconnecting the rearmost ends of the cold and hot air duct means
      respectively with such tubes being oriented below the grate means for heat
      exchange association with coals and hot ashes deposited on the bottom of
      the fireplace from the grate means.
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ABST
PAL  A conventional fireplace with a mantel, a hearth and a chimney has an air
      intake port and an air exhaust port disposed in the mantel. An air intake
      fan also disposed in the mantel is connected in series with copper pipe,
      and the fan is connected to the intake port while the remote end of the
      pipe feeds the exhaust port. The pipe is routed over the hearth and below
      the chimney. When a fire is lit in the fireplace, and the fan is turned
      on, the air passed through the pipe is heated by the fire and blown
      throughout the room.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed towards more efficiently utilizing the heat
      produced in a conventional fireplace with a hearth for containing the
      fire, a mantel and a chimney.
PAR  In this invention, an air intake port and an air exhaust port are placed in
      the mantel of the fireplace. An intake fan sucks air into the intake port,
      and routes it through a pipe to the exhaust port. The pipe is routed over
      the hearth of the fireplace and below the chimney and is heated by any
      fire that is set in the hearth, thus heating any air blown through the
      pipe by the fan.
PAR  Thus, a space heater is formed that heats the room in which the invention
      is disposed. In conventional fireplaces, most of the heat produced leaves
      the room to be heated via the chimney, and in the present device, this
      heat is used to heat the room, resulting in an increase in heating
      efficiency.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of the invention in use.
PAR  FIG. 2 is a top view of the invention.
PAR  FIG. 3 is a side cross-section of the invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A conventional fireplace has a brick front 10 that surrounds the back and
      sides of a hearth 20 in which a fire 30 may be lit. The hearth has an open
      front, and is surmounted by a chimney 40 into which hot gases and ashes
      can rise when a fire is lit. Disposed above and forward of the brick front
      is a hollow mantel 50 taking the form of an elongated rectangular
      parallelepiped. At opposite end of the front surface 60 of the mantel are
      disposed an air intake port 70 and a like air exhaust port 80. An intake
      fan 90 disposed in the mantel blocks off the interior of the mantel into
      two sections, one for each port, and sucks air into the intake port when
      energized. The air is then directed into copper pipe 100, which extends
      downwardly and rearwardly from the fan, out of the mantel, and is then
      looped backwardly and forwardly in a horizontal plane between the hearth
      and the chimney. After passing between the hearth and the chimney, the
      pipe rises upwardly and forwardly to feed into the section of the mantel
      behind the exhaust port.
PAR  Thus, the fan can suck cool air into the intake port and can direct it into
      the pipe, where the air can be heated by the fire. The heated air will
      then pass out the exhaust port to heat the room in which the fireplace is
      disposed. The heated air is not contaminated by waste gases and partially
      burned particles produced by the fire.
PAR  While the invention has been described with detailed reference to the
      drawings, the protection sought is to be limited only by the terms of the
      claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combination fireplace and space heater comprising:
PA1  A fireplace having a top disposed elongated horizontal hollow mantel, a
      hearth disposed below and to the rear of said mantel, said hearth having
      an open front with closed bottom, closed sides and top, and a chimney
      communicating with the hearth and rising upwards from the top, said mantel
      having a front disposed vertical air intake port at one end and a front
      disposed vertical air exhaust port at the other end;
PA1  an air intake fan disposed in the mantel to block off the interior of the
      mantel into one section communicating with the air intake port and a
      second section communicating with the air exhaust port, said fan drawing
      air inward through the intake port and discharging air;
PA1  a thermally conductive hollow pipe secured at one end to said fan and
      receiving said discharged air, said pipe extending rearwardly from the fan
      and downwardly from the mantel into the hearth, then looping backwardly
      and forwardly in a horizontal plane below the top of the hearth, then
      rising upwardly and forwardly into the second section of the mantel to
      convey the discharged air via the opposite open end of the pipe into the
      second section and out of the exhaust port, said air being heated while in
      the pipe when a fire burns in the hearth.
NUM  2.
PAR  2. The device of claim 1 wherein said pipe is made of copper.
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ABST
PAL  An air-noncontact type blood sampling assembly has a blood sampling
      container consisting of a tubular body having at one end an elastomeric
      stopper sealed by a sealing member and opened at the other end and a
      columnar gasket having a plunger at the rear portion and slidable within
      said tubular body, and a cylindrical transparent holder having a piercing
      needle at the forward end adapted to have said sampling container inserted
      thereinto. Said blood sampling container is previously charged with a
      larger amount of blood anticoagulant than required.
BSUM
PAR  This invention relates to a blood sampling assembly for sampling blood
      without contact with air.
PAR  For the purpose of having the knowledge of the condition of the pneumatic
      function and electrolyte metabolism of a human body, measurement is made
      of the respective amounts of oxygen and carbon dioxide contained in the
      arterial blood, or of oxygen saturation or pH of the arterial blood, or
      quantitative analysis is made of electrolyte components (Na.sup.+ ,
      K.sup.+ , Cl.sup.- , HCO.sub.3.sup.- and the like) in blood. In such a
      blood test, contact of a blood sample to be tested with the air or
      incorporation of the air with the blood sample has an undesirable effect
      upon a measured value, failing to obtain exact information of such blood
      sample. It is when blood sampling is carried out that there is
      particularly a great possibility of air-contact or -incorporation
      affecting the measurement results.
PAR  A customarily prevailing blood sampling method is based on the utilization
      of an injection syringe. That is to say, liquid paraffin is sucked into a
      sterilized injection syringe, thereby introducing the liquid paraffin into
      the contacting section of the plunger of the syringe with the inner wall
      of the syringe body, and the introduced liquid paraffin is exhausted,
      thereby extruding the interior air. Then, after sucking of a necessary
      amount of blood anticoagulant, for example, heparin into the syringe, the
      syringe needle is pierced into the arterial blood vessel of a patient for
      performing blood sampling. It is said that where blood sampling is carried
      out while the piston of the syringe is being pulled, air-cell introduction
      or hemolysis is likely to take place. Accordingly, blood sampling is
      conducted by causing blood to be entered into the syringe by blood
      pressure. After sampling of blood, mercury is further sucked into the
      syringe, which is fully shaken for mixing the sampled blood with the
      heparin or for mixing plasma with hematocyte in a separated state. After
      completion of such series of operations, the sampled blood is subjected to
      testing. However, the above-mentioned blood sampling method requires many
      steps and is troublesome. Therefore, there is a great possibility of the
      air being incorporated with the blood sample unless much attention is
      paid. Further, the extrusion of the interior air using the liquid paraffin
      often is not carried out as desired. Furthermore, after sampling of blood,
      the plunger of the syringe is often carelessly pulled to cause the air to
      enter the interior of the syringe. Accordingly, the results of one blood
      test are low in reliability.
PAR  A blood collecting assembly using an evacuated tube is also known, which
      however is unsuitable to sample blood for intrablood gas analysis. The
      reason is that it never happens that no air is present within the
      evacuated tube, or that entry of blood into said tube gives rise to the
      separation of intrablood gases or the hemolysis because the tube interior
      is in a pressure-reduced state.
PAR  Accordingly, an object of the invention is to provide a blood sampling
      assembly capable of simplifying the blood sampling operations and
      effecting blood sampling without contact with air.
PAR  Another object of the invention is to provide a blood sampling assembly
      capable of preventing air from being incorporated with the sampled blood
      even if freely carried after blood is sampled.
PAR  These and other objects have been attained by an air-noncontact type blood
      sampling assembly comprising the combination of: a sampling container
      including a tubular body opened at both ends and having a circumferential
      rib in the proximity of its forward end, a needle-pierceable elastomeric
      stopper sealing the forward end opening section of said tubular body, a
      columnar gasket having two projections one of which is formed on the outer
      circumference of its forward end and the other of which is formed on the
      outer circumference spaced therefrom and slidable within said tubular body
      due to the action of the arterial blood pressure, and a plunger extending
      beyond the tubular body from the rearward end portion of the gasket, the
      outer diameter of said two projections being slightly larger than the
      inner diameter of said tubular body and said elastomeric stopper being
      hermetically inserted into the forward end opening section of the tubular
      body with the partial circumference of the stopper and the forward end
      opening section of the tubular body including said rib entirely covered
      with a sealing member, and when said plunger is sufficiently forced into
      the tubular body, a space having a capacity equivalent to a necessary
      amount of blood anticoagulant being defined by the forward end plane of
      the gasket, the inner wall of the tubular body and the rear end plane of
      the elastomeric stopper; a cylindrical transparent holder having an open
      end and a restricted end having a threaded hole, for allowing said
      sampling container to be inserted thereinto, the inner diameter of said
      holder being slightly larger than the outer diameter of said tubular body;
      and a needle having a hub at its intermediate portion and two piercing
      ends, screwed into said threaded hole via said hub, wherein said sampling
      container is previously charged with a larger amount of blood
      anticoagulant than required; and when the holder is fitted over the
      sampling container, at least the blade plane of the rearward piercing end
      of said needle is protruded from the rear end of said stopper so as to
      exhaust the air within the sampling container therefrom.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawing, in
      which:
PAR  FIG. 1 is a longitudinal sectional view of the blood sampling container of
      a blood sampling assembly according to the invention;
PAR  FIG. 2 is a longitudinal sectional view of the blood sampling assembly
      according to the invention which is kept in a state wherein the sampling
      container of FIG. 1 is inserted into a holder;
PAR  FIG. 3 is a partial cross-sectional view of the gasket; and
PAR  FIG. 4 is a partial cross-sectional view of the rubber plug.
DETD
PAR  An embodiment of the invention will hereinafter be described with reference
      to the accompanying drawing. Throughout the drawing the same parts and
      sections are denoted by the same reference numerals. FIG. 1 shows the
      blood sampling container 1 of a blood sampling assembly according to the
      invention, previously charged with a slightly larger amount of liquid
      anticoagulant H (for example, heparin) than required. Said sampling
      container 1 includes a tubular body 2 and a columnar gasket 3 slidable
      within said tubular body 2. The tubular body 2 has a forward end opening
      section whose inner diameter is smaller than that of its main body, and
      the main body is tapered toward the opening section. On the rear end of
      the tubular body 2 is integrally formed a flange 4 outwardly projecting
      perpendicularly to the axis of the tubular body 2. In the proximity of the
      forward end of the tubular body is formed a circumferential annular rib 5.
PAR  A pierceable elastomeric stopper, for example, a rubber plug 6 is
      hermetically fitted into the forward end opening section of the tubular
      body. In FIG. 1, the rubber plug 6 has an enlarged head at the forward
      end, and when the piercing needle is pierced into the rubber plug, said
      enlarged head prevents the rubber plug from being forcibly inserted into
      the interior of the tubular body any further. The inner wall 6a of the
      rubber plug 6 is formed at its center into a shape conically hollowed
      toward the interior thereof so as to enable, when the sampling container
      has been made vertical, air bubbles to be collected into said hollowed
      section. Further, the inner wall 6a is formed at its center with a concave
      section 6b so as to enable said air bubbles to be further collected
      thereinto and simultaneously to receive therein the blade end of the
      piercing needle 14 pierceable into the rubber plug 6 (see FIG. 4). The
      enlarged head of the rubber plug and the opening section of the tubular
      body are entirely covered from outside with a sealing member 7 such as an
      aluminum sheet or heat-shrinkable plastic tube so as to cause the sealing
      member to cover the rib 5 of the tubular body, thereby sealing the opening
      section so as to permit it to be kept in an air-tight condition. The blood
      sampling container is previously charged with the anticoagulant H and
      optionally with a ball 8. The ball may be useful for mixing together said
      anticoagulant and the sample blood, and be of any quality if it is
      relatively high in density and is incorrodable by the contents (blood and
      anticoagulant) of the sampling container.
PAR  A columnar gasket 3 is integrally formed with two circumferential
      projections 9 and 10 whose outer diameters are slightly larger than the
      inner diameter of the tubular body 2, on the outer circumference of its
      forward end and on the outer circumference spaced therefrom, respectively,
      thereby keeping the sampling container in an air-tight condition and
      simultaneously reducing the friction between the inner wall of the tubular
      body and the gasket, resultantly to render the gasket slidable within the
      tubular body due to the action of the arterial blood pressure. To explain
      a concrete example illustrated in the drawing, as shown in FIG. 3, the
      projection 9 on the forward end side is so formed as to have a
      semicircular cross section, and the projection 10 on the rearward end side
      is formed such that the wall plane thereof at the rearward end side is
      formed vertical and simultaneously the wall plane at the forward end side
      is formed oblique in a circularly expanded manner. Formation of the
      projection 10 in such manner enables the projection 10 to be prevented to
      a maximum extent from being bent when the gasket is moved in a rearwardly
      direction while slidably contacting the inner wall of the tubular body 2.
      That is, movement of the gasket due to the action of the arterial blood
      pressure and yet maintenance of the adherence of the gasket to the inner
      wall of the tubular body 2 are possible. However, the foregoing is only an
      example, and this invention can be practiced even when the wall plane of
      the projection 10 is formed vertical on the forward end side and oblique
      on the rearward end side.
PAR  For the purpose of making the gasket 3 within the tubular body 2 smoothly
      slidable, a lubricant, for example, a silicone having a relatively high
      viscosity is coated on the inner wall of the tubular body 2. The viscosity
      of a silicone used is, for example, 30,000 c.s. Application of a silicone
      having such relatively high viscosity facilitates commencement of the
      gasket movement. It is to be noted that if coating of said silicone is
      performed excluding the inner wall of the tubular body portion filled with
      heparin, adherence of air bubbles to said inner wall will be prevented to
      a maximum extent even when such air bubbles have entered the sampling
      container 1.
PAR  Detachably attached to the rear portion of the gasket is a plunger 11, on
      the outer circumference of which is integrally formed, according to FIG.
      1, a stopper 12 engageable with the flange 4 of the tubular body. The
      position of said stopper is determined so as to prevent the gasket from
      being repelled by the tapered section of the tubular body due to the
      excessive insertion of the plunger into said body. If the positioning of
      the stopper 12 is effected as such, it will prevent the air from entering
      into the interior of the blood sampling container via the piercing needle
      due to said repulsion.
PAR  When the plunger 11 has been fully inserted into the tubular body, a space,
      i.e., the dead space 22 (see FIG. 2) of the sampling container 1 is
      defined by the forward end plane of the gasket 3, the inner wall of the
      tubular body and the rear end plane of the rubber plug 6. Said dead space
      and the interior of the piercing needle 14 have a capacity equivalent to a
      necessary amount of anticoagulant. The capacity of the dead space 22 is
      determined depending upon the necessary amount of said anticoagulant
      considering the interior volume of the piercing needle 14.
PAR  FIG. 2 shows the blood sampling assembly of the invention in which a
      transparent cylindrical holder 13 is fitted over the above-mentioned
      sampling container 1 and the plunger 11 is pushed so as to extrude the air
      which may be present within the sampling container together with the
      charged anticoagulant via the needle 14, namely the blood sampling
      assembly immediately before the sampling of blood. The holder 13 has an
      open end and a restricted end having a threaded hole. According to FIG. 2,
      the holder 13 consists of a rearward part 15 whose inner diameter is
      slightly larger than the outer diameter of the tubular body 2 of the
      sampling container and a forward part 16 whose inner diameter is smaller
      than that of said rearward part and slightly larger than the outer
      diameter of the enlarged head of the rubber plug 6, and a tapered section
      is formed which begins from said rearward part and ends at said forward
      part. When the holder has been fitted over the tubular body, the
      terminating point 17 of said tapered section engages the tapered plane of
      the tubular body. In this case, the tapered plane of the holder may
      hermetically be contacted with that of the tubular body.
PAR  The forward part 16 of the holder has a cylindrical head 18 whose diameter
      is smaller than that of said forward part. Into said head 18 is screwed
      via a hub 19 the needle 14 having its piercing ends 20 and 21. The length
      of the needle which falls within the tubular body is so determined that
      when the holder has been fitted over the sampling container, the piercing
      end 21 of the needle is thrust into the rubber plug 6 and at least the
      blade plane of the needle protruds from the rear end plane of the rubber
      plug. An excessive protrusion of said protruded portion of the needle
      renders it difficult to extrude the air from the interiors of the needle
      and sampling container.
PAR  When the holder 13 is fitted over the sampling container 1 and the plunger
      11 is pushed to extrude the anticoagulant via the needle, the air within
      the sampling container is extruded to cause the dead space 22 to be filled
      with a necessary amount of the anticoagulant. In FIG. 2 this condition is
      shown.
PAR  When the blood sampling assembly maintained in this condition is thrust
      into a patient's arterial blood vessel, the blood is gradually introduced
      into the interior of the tubular body due to the action of the blood
      pressure. After completion of sampling a desired amount of blood, the
      needle is drawn out and thereafter the sampling container is dismembered
      from the holder and then is sufficiently shaken for mixing the sampled
      blood with the heparin previously charged as the anticoagulant. At this
      time, the ball contributes to the promotion of said mixing. The hole
      created by thrusting the needle into the rubber plug of the sampling
      container is closed by the elasticity of rubber to cause the charged mass
      to be fully shielded from the ambient air, enabling the sampling container
      to be freely carried over to any desired place with no room for entry of
      the air into the sampling container left.
PAR  Where the intrablood gas analysis is performed, a piercing needle provided
      with an adaptor adapted for the sample inlet of a gas analysis device is
      screwed into the holder, and the plunger is pushed to introduce the
      sampled blood into the gas analysis device.
PAR  As above described, the blood sampling assembly of the invention enables
      the sampling operations to be readily carried out and the blood sampling
      to be effected without any possibility of the air being incorporated with
      the sampled blood, and eliminates the necessity of using the mercury
      harmful to a human body for mixing the sampled blood with the
      anticoagulant, said mercury having been used in conventionally effecting
      blood sampling by a syringe. Further, the maintenance or conveyance of the
      sampled blood can be readily effected without any possibility of the air
      being incorporated with the sampled blood. Thus, the blood sampling
      assembly of the invention is extremely practical from the medical point of
      view.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An air-noncontact type blood sampling assembly for collecting arterial
      blood directly from an arterial blood vessel through a needle without
      entrainment of ambient air which comprises in combination:
PA1  A. a sampling container for containing arterial blood including:
PA2  a. a tubular body having forward and rearward open ends and having a small
      circumferential rib adjacent the forward end,
PA2  b. a needle-pierceable elastomeric stopper hermetically inserted into and
      sealing the forward end opening section of said tubular body, the partial
      circumferences of the stopper and the forward end section of said tubular
      body including said rib being covered with a sealing member hermetically
      sealing the stopper to said tubular body,
PA2  c. a columnar gasket disposed within said tubular body and having means for
      slidable, air tight movement in said tubular body due to arterial blood
      pressure, wherein said means includes a first circumferential projection
      near its forward end and a second circumferential projection spaced apart
      therefrom, the outer diameter of the two projections being slightly larger
      than the inner diameter of said tubular body thereby the gasket may
      slidably air-tightly move in said tubular body due to arterial blood
      pressure, the forward end plane of the gasket in its most forward position
      within the tubular body, the inner wall of said tubular body and rear end
      plane of said stopper defining a space having a capacity equivalent to a
      predetermined amount of blood anticoagulant,
PA2  d. blood anticoagulant in an amount slightly larger than said predetermined
      amount contained in said tubular body between said stopper and said
      gasket; and
PA2  e. a plunger fixedly secured to said gasket;
PA1  B. a cylindrical transparent holder having an open rear end and a
      restricted forward end comprising a threaded hole, embracing said sampling
      container, the inner diameter of said holder being slightly larger than
      the outer diameter of said tubular body of said sampling container, and;
PA1  C. a needle having a forward end portion and a rearward end portion
      integrally joined by an intermediate portion, piercing ends on said
      forward and rearward portions, a hub on said intermediate portion, said
      hub being screwed into said threaded hole in said holder, said rearward
      portion being of such length that at least the blade plane of the piercing
      end of said rearward portion will protrude from the rear end of said
      stopper when the sampling container is moved to its most forward position
      within said holder.
NUM  2.
PAR  2. A blood sampling assembly according to claim 1 wherein a ball suitable
      for mixing arterial blood with the blood anticoagulant is contained in
      said tubular body between said stopper and said gasket.
NUM  3.
PAR  3. A blood sampling assembly according to claim 1, wherein said stopper in
      the sampling container has its rear end plane concaved.
NUM  4.
PAR  4. A blood sampling assembly according to claim 1 wherein said first
      circumferential projection on said gasket is formed with a semicircular
      cross section and said second circumferential projection is formed with a
      rearward end side square to the longitudinal axis of said gasket and with
      a forward end side that is oblique to said axis in a circularly expanded
      manner.
NUM  5.
PAR  5. A blood sampling assembly according to claim 1, wherein the inner
      surface of said tubular body has a coating of silicone lubricant thereon
      to assist the movement of said gasket under influence of arterial blood
      pressure.
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ABST
PAL  The linear flow rate of a liquid containing dissolved oxygen, such as
      blood, can be determined by means of an electrode assembly having exposed
      to the liquid a relatively large polarographically active cathode and
      spaced therefrom a reference anode. With an applied energizing voltage of
      about 0.4-0.9 volts a current plateau is reached which is proportional to
      fluid flow rate. As the device is also sensitive to oxygen content,
      compensation can be measured by providing on the assembly an oxygen
      sensing membrane covered polarographic electrode pair of the Clark type.
PARN
PAR  This is a continuation of application Ser. No. 435,638, filed Jan. 23,
      1974, now abandoned; which is a continuation of application Ser. No.
      228,918 filed Feb. 24, 1972, now abandoned.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to the measurement of liquid linear flow rates and
      provides an electrode assembly useful for instance for measuring the flow
      rate of blood within the cardiovascular system.
PAC  BACKGROUND OF THE INVENTION
PAR  It is known that the oxygen content of liquids and gases can be determined
      by polarographic measurements in which oxygen is reduced at a
      polarographically active cathode. Measurement of the cathode current
      provides means for determining the partial pressure of oxygen(pO.sub.2) in
      the fluid. Ordinarily the measurement requires a cathode area small enough
      that the current is unaffected by the linear flow rate of the liquid. With
      large cathodes spurious results occur at low flow velocity because the
      liquid adjacent to the cathode surface becomes so depleted of oxygen that
      the reduction current does not depend entirely on the oxygen
      concentration, but also on the rate at which the liquid moves to and from
      the surface. As the flow velocity increases the current also increases to
      a plateau level, which is a function of the pO.sub.2.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  It has now been ascertained that flow rate of the liquid can be determined
      with the use of a large polarographic cathode by measuring the current at
      certain voltage conditions.
PAR  The cathode current will increase as the voltage is increased, reach a
      brief plateau where no further increase occurs with incremental voltage
      rise, and then continue to increase beyond the plateau. The measurement of
      the current at or near the plateau can be correlated to and utilized to
      determine the linear flow rate of the liquid.
PAR  A criterion for the measurement of intravascular blood flow is a cathode
      having a surface area larger than 8 sq. mm. Accordingly the invention in
      its preferred embodiment comprises a tubular body, e.g., an intravascular
      cathode, of insulating material, on which is mounted a polarographic
      cathode, of, e.g., gold or platinum, having a surface area in excess of 8
      sq. mm. Spaced from the cathode on the catheter body is a reference anode
      for instance silver/silver chloride. Separate conductors make connections
      with the two electrodes and extend through the lumen of the catheter so
      that appropriate electrical contact can be made at the proximal end
      outside of the subject body.
PAR  In a preferred embodiment, which provides for compensation of the pO.sub.2
      of the fluid, a separate membrane covered (Clark) polarographic couple is
      also provided. Conveniently this is located at the distal tip of the
      catheter body and comprises a small polarographic cathode surrounded by
      the reference anode, e.g., silver/silver chloride. A membrane of
      polyethylene or Teflon surrounds both cathode and anode and retains a thin
      film of aqueous electrolyte in contact with the electrodes.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  The invention is described below with reference to a presently preferred
      embodiment illustrated in the drawings in which:
PAR  FIG. 1 is a longitudinal cross-sectional view of a flow rate assembly
      embodying this invention, and
PAR  FIG. 2 is a schematic circuit diagram illustrating the measuring circuits
      by which flow rate and pO.sub.2  may be measured with the latter
      measurement compensating the former.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment illustrated in FIG. 1 utilizes a catheter body 10,
      which may be of conventional construction, preferrably of an insulating
      material such as an elastomeric polyurethane or polyethelyne. The distal
      tip of the catheter carries the pO.sub.2  sensing electrode arrangement,
      namely a cathode 12 of, for instance, 0.001 inch diameter platinum wire,
      mounted in a bead 14 of an insulating material such as epoxy resin glass
      or the like. The cathode 12 extends through the bead and is exposed at the
      outside face. An anode 16 surrounds the cathode; it is conveniently
      mounted as a band surrounding the tip of the catheter body 10. The anode
      16 and cathode 12 are covered by an oxygen permeable membrane 17, which
      also retains a thin film of electrolyte 18. Typically the membrane will be
      Teflon or polyethelene and the electrolyte will be isotonic aqueous
      potassium chloride. The membrane with the contained electrolyte is
      conveniently held in place by an elastic ring 20 against the catheter
      body.
PAR  Flow rate sensing is accomplished by a separate polarographic cathode-anode
      arrangement. The cathode 22 is in the form of a platinum ring surrounding
      the cathode body and presenting a surface area about 8-10 sq. mm. or more.
      Adjacent to the cathode 22 is an anode 24, of for instance silver/silver
      chloride also in the form of a band surrounding the cathode body. Separate
      conductor leads, four in number connect with the several electrodes and
      they extend the length of the catheter body, emerging at its proximal end.
PAR  In medical applications the catheter will be inserted into the blood stream
      and appropriate sensing voltages applied to the various electrodes
      typically 0.4-0.9 volts will be applied to the flow rate sensing
      cathode-anode pair 22, 24 and 0.6 volts to the pO.sub.2  sensing
      cathode-anode pair 12, 16 and their respective currents measured. The
      current measured for the pO.sub.2  sensing cathode-anode pair 12, 16 will
      indicate the oxygen content of the blood while the current measured for
      the flow rate sensing cathode-anode pair 22, 24 will indicate the flow
      rate.
PAR  A schematic showing of a measuring circuit arrangement is illustrated in
      FIG. 2. The pO.sub.2  measuring circuit includes means for generating a
      voltage proportional to the pO.sub.2 content and applying that voltage to
      the flow measuring circuit in a manner that varies the gain of the sensing
      amplifier so as to compensate for variations in the pO.sub.2  value.
PAR  Tests have shown that as a voltage across the flow rate electrodes is
      increased the current increases up to a point at which a plateau
      developes, that is to say further increase in voltage produces no
      corresponding increase in current. The plateau current varies
      proportionally to the linear flow rate. From these measurements an
      empirical, graphical, correlation between flow velocity and plateau
      current can be developed. Experiments thus far indicate that the plateau
      current to be at about 0.4-0.9 volts.
PAR  Although this invention has been described with specific reference to
      oxygen sensing and flow measuring electrodes which are respectively
      platinum and silver/silver chloride, it will be understood that the
      cathode may be of any noble metal, as is well-known in the field of
      polarography, and the anode may be of any of a number of metals, including
      some giving a positive battery action. Specifically any metal that may be
      readily oxidized is suitable provided that for medical applications it is
      not toxic, and provided that it does not form a metal oxide coating that
      will passivate the anode surface. Preferably the anode will either be
      silver/silver chloride or a light metal having a high valence such as
      aluminum. It is also contemplated that anodes of inert metals such as
      platinum although requiring higher voltages, may be desirable in that they
      will not release metal ions into the blood stream.
PAR  The basis for flow rate measurements by the use of a polarographic
      cathode-anode is the provision of conditions by which the supply of oxygen
      to the cathode is made dependant upon the linear flow rate rather than
      upon the oxygen diffusion as is characteristic of classical polarography.
      The Clark type electrode which is optionally incorporated to sense the
      pO.sub.2  of the medium operates accordingly to well known polarographic
      principles. With the small cathode surfaces and relatively large
      surrounding membrane, the cathode current is dependant almost entirely on
      the oxygen diffusion rate which in turn is proportional to the pO.sub.2
      of the fluid, even at very low flow rates. Diffusion of oxygen from the
      medium to the cathode has no appreciable affect in altering the pO.sub.2
      concentration in the vicinity of the membrane. The very small cathode
      simply does not remove sufficient oxygen to make much difference.
PAR  On the other hand the large exposed cathode used for flow rate measurements
      rapidly depletes the fluid near it of pO.sub.2 . The current plateau that
      is reached at these voltages represents the current necessary to deplete
      the medium of oxygen and establishes operating conditions wherein the
      plateau current is controlled by the rate at which fresh oxygen is
      provided at the cathode surface through the physical flow of the fluid.
      Practical flow rate sensing accordingly requires a cathode of relatively
      large area, e.g., in excess of 8 sq. mm., at an applied voltage sufficient
      to establish plateau current conditions. In a given system on which
      experiments were made at flow rates of 0. 9.9, 47 and 77 cm per second;
      the following measurements were made:
TBL                   Current Plateau                                          

     Flow Rate        Microamperes                                             

     ______________________________________                                    

     0                10                                                       

     9.9              80                                                       

     47               220                                                      

     77               280                                                      

     ______________________________________                                    

CLMS
STM  Having thus described my invention I claim and desire to secure by Letters
      Patent:
NUM  1.
PAR  1. The method of measuring the flow rate of an intravascular aqueous liquid
      containing dissolved oxygen comprising contacting said liquid with a
      polarographic cathode having a surface area greater than 8 square
      millimeters and with a reference anode, applying between said cathode and
      said anode a fixed, predetermined d.c. voltage corresponding to the
      characteristic plateau current of said liquid, said voltage being in the
      order of 0.4-0.9 volts and, while maintaining said predetermined voltage,
      measuring the current passing between said anode and said cathode, said
      current being variable as a function of the rate of flow of said liquid
      over a substantial range due to the substantial electrode area available
      to produce depletion in the adjacent volume of said liquid.
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ABST
PAL  A method and apparatus for automatically detecting the blood pressure of a
      person by auscultation in which a standard blood pressure cuff is
      connected to a pressure transducer for providing a pressure signal and a
      microphone is used for providing an electrical signal from the Korotkoff
      sounds detected. The Korotkoff sound electrical signal is amplified and
      passed through a bandpass filter which has a flat response between
      approximately 50 and 160 Hz and a sharp cutoff below 50 Hz. The resultant
      signal is then summed with the pressure signal to provide an output which
      indicates the pressures at which the five phases associated with the
      Korotkoff sounds occur.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In many instances it is highly desirable from an economic and convenience
      standpoint to be able to accurately measure the blood pressure of an
      individual without the use of a doctor or nurse. To this end, automatic
      blood pressure measuring devices have been developed, some of which
      involve detection of Korotkoff sounds. However, the degree of correlation
      between blood pressure readings taken automatically by these prior art
      devices and similar readings taken by a doctor is not as high as is
      desirable. It is well known that a blood pressure reading for an
      individual may vary depending on the method used to measure the blood
      pressure. For example, measurement of blood pressure by the use of a
      catheter inserted in a blood vessel may result in a significantly
      different reading than blood pressure measured by the standard
      auscultation technique. Since most diagnosis using blood pressure
      measurement is based on a doctor's knowledge and experience and reference
      material regarding blood pressure measurements taken by the standard
      auscultation technique, it is highly desirable to have readings from an
      automatic blood pressure measuring device come as close as possible to
      readings made by a doctor using the standard auscultation technique. Also,
      it is desirable to have blood pressure measurements include all
      information which might be needed by a doctor including indication of
      Phase IV as well as Phase V Korotkoff sounds. Particularly, controversy
      centers over whether the Phase IV of the Korotkoff sounds (the period
      marked by the distinct, abrupt muffling of sound) or Phase V (the point at
      which sounds disappear) should be utilized to determine the diastolic
      pressure. The American Heart Association in its 1967 report recommends
      that whenever possible both the Phase IV and Phase V pressures should be
      recorded. Therefore, it is highly desirable to have blood pressure
      measuring apparatus which indicates both the Phase IV and Phase V
      pressures, where possible.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, it is an object of the subject invention to provide a process and
      apparatus for measuring the blood pressure of an individual which closely
      correlates with measurements made using the standard auscultation
      technique.
PAR  Another object of the subject invention is to provide a process and
      apparatus for automatically measuring blood pressure which will provide
      readily discernible indications of both phase IV and phase V pressures,
      where possible.
PAR  The above-mentioned objects are realized in the subject invention by
      providing a process, and apparatus for performing the process, comprised
      of the steps of inflating a blood pressure cuff to a pressure above the
      point at which the radial pulse disappears; releasing the pressure at a
      substantially linear rate of 2-3 mm Hg/sec; sensing the pressure exerted
      by the cuff and converting this to a first electrical signal; sensing the
      Korotkoff sounds and converting this to an amplified, second electrical
      signal; filtering the second signal to allow a bandpass having a sharp low
      frequency cutoff of no less than 45 Hz; and, in the preferred embodiment,
      summing the filtered, second signal with the first signal to produce a
      composite signal indicating the pressures at which the phases associated
      with the Korotkoff sounds occur. It is critical that the cutoff of
      frequencies below the low frequency cutoff be sharp to promote accurate
      indication of the phases associated with Korotkoff sounds.
PAR  The subject matter which is regarded as the present invention is
      particularly pointed out and distinctly claimed including portions of this
      specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention, however, both as to organization and method of
      operation, together with further objects and advantages thereof, may best
      be understood by reference to the following description taken in
      connection with the accompanying drawing in which:
PAR  FIG. 1 is a block diagram of the apparatus of the subject invention;
PAR  FIG. 2 is a graph showing the frequency characteristics of the preferred
      embodiment of bandpass filter utilized in the subject invention;
PAR  FIG. 3 is a reproduction of a strip chart recording of a blood pressure
      analysis of individual utilizing the process and apparatus of the subject
      invention; and
PAR  FIG. 4 is a circuit diagram of one embodiment of electrical circuits
      forming part of the subject invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The most commonly accepted blood pressure measurement method is the
      auscultation technique recommended by the American Heart Association. In
      this technique a stethoscope is placed on the skin adjacent a blood
      pressure cuff and the pressure is raised in the cuff approximately 30 mm
      Hg above the point at which the radial pulse disappears and then released
      at a rate of from 2-3 mm Hg/sec. As the pressure falls, the Korotkoff
      sounds becomes audible and pass through four audible phases as the
      pressure declines. Phase I is the period marked by the first appearance of
      faint, clear tapping sounds which gradually increase in intensity. Phase
      II is the period during which a murmur of swishing quality is heard. Phase
      III is the period during which sounds are crisper and increase in
      intensity. Phase IV is the period marked by the distinct, abrupt muffling
      of sound so that a soft, blowing quality is heard. Phase V is the point at
      which the sounds disappear. It is generally accepted that the systolic
      pressure is read as the pressure at which the first sound (Phase I) is
      heard. There is presently some controversy as to whether the muffling
      sound (Phase IV) or the disappearence of sound (Phase V) should be used as
      the index of diastolic pressure. Generally, however, it recommended that
      both Phase IV and Phase V pressures be recorded.
PAR  The subject invention, as shown in FIG. 1, is a process and apparatus for
      automatically measuring the blood pressure of an individual which has been
      demonstrated to give readings of high correlation with measurements taken
      by a trained operator using the standard auscultation technique. In
      general, the apparatus 10 of the subject invention in its preferred
      embodiment includes a standard blood pressure cuff 12; means 14 for
      sensing the pressure in the cuff and converting this to the first
      electrical signal; means 16, such as a microphone, for sensing the
      Korotkoff sounds and converting this to a second electrical signal; an
      amplifier 18 for amplifying the second electrical signal (possibly
      including a gain control 20); a bandpass filter 22 for filtering out all
      but a desired range of frequencies in the amplified second signal; a pulse
      shaping circuit 24 for enhancing certain characteristics of the filtered,
      second signal, a summing amplifier for combining the first and second
      electrical signals so as to superimpose the signal indicating the
      Korotkoff sounds on the signal indicating the pressure; and means 28 for
      indicating and preferably recording the combined signal.
PAR  The blood pressure cuff 12 can be any standard, inflatable blood pressure
      cuff which is normally used in the measurement of blood pressure by
      auscultation. Any suitable means may be used to inflate and deflate the
      cuff such as a standard squeeze bulb with valve. If desired, the cuff can
      be inflated automatically by means of a pressurized air supply and
      deflated by a linear bleed valve which permits the pressure to decrease
      substantially linearly at a rate of 2-3 mm Hg/sec.
PAR  Pressure measuring means 14 may conveniently be comprised of a tube 14a
      connecting the inflatable portion of cuff 12 to a standard pressure
      transducer 14b which converts the pressure signal into the first
      electrical signal. Alternatively, any other type of state-of-the-art
      pressure transducer, such as a piezo-electric crystal placed within cuff
      12, may be utilized.
PAR  Korotkoff sound sensing means 16 is preferably a commercially available,
      audio, contact microphone having a reasonably flat frequency response at
      least in the frequency range of 45-200 Hz. The microphone is preferably
      placed between the cuff and the biceps of the individual, assuming, of
      course, that the blood pressure is being taken on the arm of the
      individual. The output of the microphone, i.e. the second electrical
      signal, is connected to audio amplifier 18 which may be any
      state-of-the-art audio amplifier having a reasonably flat frequency
      response in the frequency range of 45-200 Hz. Preferably, gain selector 20
      for amplifier 18 is provided to permit greater amplification where the
      Korotkoff sounds are weak. The gain selector may be continuously variable
      or have two or more preselected gains.
PAR  Of critical importance is the bandpass characteristics of filter 22. In the
      preferred embodiment, the output of filter 22 is substantially flat from
      50-160 Hz with a slope of no less than 42 db/octave below 50 Hz and 6
      db/octave above 160 Hz, as shown in FIG. 2. Of primary importance is the
      sharp cutoff of frequencies below the low frequency cutoff which aids in
      the proper detection of the Phase I, Phase IV and Phase V sounds. The
      great majority of Korotkoff sound energy lies below 45-55 Hz. It has been
      found experimentally that significant subaudible Korotkoff sounds
      consisting almost exclusively of frequency components less than 45-55 Hz
      occur before Phase I Korotkoff sounds can be detected by trained personnel
      using a stethoscope in the standard auscultation technique. These low
      frequencies are not detected using the standard technique probably because
      of the limited frequency response of stethoscopes and because the ear is
      relatively insensitive to flow frequency sounds. Since the peak for phase
      I sounds extends only to about 60 Hz and falls off rapidly, it is
      necessary for the filter to pass, substantially unattenuated, some
      frequencies below 60 Hz. Phase III Korotkoff sounds have substantial
      components below 45-55 Hz and between 60 and 180 Hz. The muffling, which
      is characteristic of phase IV sounds, results from a relatively small
      percentage change of energy in the frequencies from 60 to 180 Hz.
      Therefore, the elimination of almost all the low frequency energy below
      45-55 Hz by the steep slope of the filter below 45-55 Hz allows the sudden
      decrease of energy in the range of 60 to 180 Hz to account for a greater
      percentage of the total energy decrease than if the low frequency sounds
      were not attenuated, thereby helping to emphasize Phase IV indication.
      Post-diastolic pulses which tend to consist of pulses having frequency
      components less than 45-55 Hz are also eliminated by providing a sharp
      cutoff below 45-55 Hz.
PAR  Thus, it has been found that in order to provide results which provide very
      high correlation with blood pressure measurements taken by the standard
      auscultation technique and to provide enhancement of the detection of
      Phases I, IV and V, and bandpass filter having a substantially flat output
      from 50-160 Hz with a sharp cutoff below 50 Hz and a gradual cutoff above
      160 Hz is needed. While 50 Hz has been found to be the most preferable low
      frequency cutoff, a low frequency cutoff of between 45 and 55 Hz may
      alternatively be utilized. Of course, a steep slope cutoff would also be
      necessary. The lower the low frequency cutoff deviates from the 50 Hz, the
      greater the possibility of error in detecting Phase I, IV and V sounds.
      The higher the low frequency cutoff is above 50 Hz, the greater is the
      possibility of loss of detection of phase I sounds. The upper limit of the
      bandpass filter is not as critical as the low frequency cutoff. The
      bandwidth passed by the filter should include substantial frequency
      components of the Phase I and Phase III sounds. Particularly, the high
      frequency components of the Phase III sounds, i.e. those greater than 60
      Hz, must be passed as it is the decrease in amplitude of these frequency
      components which accounts for the muffled sound indicative of Phase IV. As
      the particular frequency components of Phase III sounds vary from
      individual to individual and from time to time, a minimum high frequency
      cutoff is about 100 although approximately 160 Hz is preferable. The
      gradual roll-off of about 6 db/octave is provided to make sure that the
      muffling of the Phase III sounds can be detected and to eliminate any
      inteference due to spurious signals having frequency components much in
      excess of 160 Hz.
PAR  Pulse shaping circuit 24 is primarily used to aid in discrimination of
      Phase IV sounds by allowing small signals to pass when the Phase I, II and
      III sounds are detected, but not allowing a small signal to pass after the
      Phase III sounds have been detected. This circuitry is explained in
      greater detail in the discussion below regarding FIG. 4.
PAR  Amplifier 26 is a conventional state-of-the-art summing amplifier which
      permits superposition of the second electrical signal (indicative of the
      Korotkoff sounds) onto the first electrical signal (indicative of the
      pressure in the cuff).
PAR  The resultant combined signal may be displayed on a suitable recorder, such
      as a conventional strip chart recorder or might be recorded or displayed
      using any suitable conventional state-of-the-art apparatus. Although not
      preferred, alternatively the two signals may be recorded or displayed
      separately, such as on a two channel strip recorder.
PAR  The operation of the preferred process and apparatus of the subject
      invention begins with inflating blood pressure cuff 12 which is located on
      an extremity of the individual to be tested, to a pressure approximately
      30 mm Hg above the point at which the radial pulse disappears, i.e.
      significantly above the approximate expected systolic pressure. The
      pressure is then released at a substantially linear rate of from 2-3 mm
      Hg/sec with the pressure in the cuff being measured by means 14 and
      Korotkoff sounds being detected by means 16. The second electrical signal,
      i.e. the Korotkoff sound signal coming from the microphone, goes to
      amplifier 18 and passes through bandpass filter 22. This filtered signal
      is then passed through pulse shaping circuit 24 and is summed with the
      first signal from pressure measuring means 14 to provide a combined signal
      which can be recorded or displayed. FIG. 3 shows an actual record of a
      test of the preferred embodiment apparatus in accordance with subject
      invention. The characteristics of Phases I, IV and V, as indicated in FIG.
      3, can readily be detected. For this case the blood pressure is read as
      104/66/60.
PAR  FIG. 4 is a diagram of the preferred embodiment of electrical circuits that
      may be used in the apparatus in the subject invention. The general
      operation of the circuits is discussed below.
PAR  The second electrical signal coming from microphone 16 is amplified by
      amplifier 18. Gain selector 20 including transistor 30 provides a gain
      increase, preferably about 3:1 to provide high sensitivity for subjects
      with quiet Korotkoff sounds. The amplified Korotkoff sounds are then
      passed through bandpass filter 22 whose output characteristics are
      discussed above. The low frequency cutoff and slope is provided by active
      filter 34, and the high frequency cutoff and slope is set by a bandpass
      filter amplifier 36. The output of bandpass filter 22 is fed to pulse
      shaping circuit 24 which includes a full wave detector comprised of
      amplifiers 38 and 39 and capacitor 40 which aid in the discrimination of
      Phase IV sounds as described above in regard to the pulse shaping circuit
      24. The change is voltage on capacitor 40 and hence the output of
      amplifier 42, is the difference between the voltage present on capacitor
      40 and the output of amplifier 39. Before the first sound occurs (Phase
      I), the voltage on capacitor 40 is near zero, at the system noise level,
      so that occurrence of a small signal can be detected. Before a muffled
      sound occurs (Phase IV), capacitor 40 is charged to a relatively high
      voltage so that a small signal would not be detected. The muffled pulse is
      small because of the action of bandpass filter 22. Amplifier 42 is a
      differentiator that produces only positive output pulses for the summing
      amplifier 26 and the monostable multivibrator 44 which drives an indicator
      light 46 to provide the operator with a visual indication of the presence
      of Korotkoff sounds.
PAR  It should be noted that the apparatus and process of the subject invention
      provide blood pressure measurements which very closely correlate with
      those obtained by trained operators utilizing the standard auscultation
      technique. This is of great importance as the standard auscultation
      technique is the one most widely used. Diagnosis using blood pressure
      measurements is based on clinical and personal experience of doctors over
      many years using the standard auscultation technique. This is true even
      though measurements made by the standard auscultation technique may vary
      considerably from those obtained by other methods such as the direct
      method using a catheter inserted into the blood vessel. Additionally, the
      apparatus and process of the subject invention provide for enhancement of
      detection of the Phase I, IV and V sounds which improves the accuracy with
      which the blood pressure measurement can be read.
PAR  It is obvious that many modifications may be made within the true scope and
      spirit of the subject invention.
PAR  It is intended that the subject invention be limited only by the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for automatically measuring the blood pressure of a person
      comprised of inflating a blood pressure cuff to a pressure above the point
      in which the radial pulse disappears; releasing the pressure at a
      substantially linear rate of from 2-3 mm Hg/sec.; sensing the pressure
      exerted by the cuff and converting this to a first electrical signal; and
      sensing the Korotkoff sounds and converting this to an amplified second
      electrical signal, wherein the improvement comprises:
PA1  filtering the second signal to provide a passband with a low frequency
      cutoff of no less than 45 Hz with a sharp cutoff slope and a high
      frequency cutoff of no less than 100 Hz with a gradual slope; and
PA1  indicating said first and second signals.
NUM  2.
PAR  2. A process as in claim 1 wherein the low frequency cutoff is of no less
      than 50 Hz with a sharp slope.
NUM  3.
PAR  3. A process as in claim 2 wherein the slope of the low frequency cutoff is
      no less than 42 db/octave.
NUM  4.
PAR  4. A process as in claim 3 wherein the high frequency cutoff of the
      filtering step is 160 Hz with a slope of at least 6 db/octave.
NUM  5.
PAR  5. A process as in claim 1 wherein the high frequency cutoff is no less
      than 160 Hz with a gradual cutoff slope.
NUM  6.
PAR  6. A process as in claim 1 including the step of summing said first and
      second signals to form a composite signal before providing indication
      thereof.
NUM  7.
PAR  7. An apparatus for automatically measuring the blood pressure of a person
      comprised of an inflatable blood pressure cuff, means for measuring the
      pressure in the cuff and converting it to a first electrical signal, and
      means for sensing the Korotkoff sounds and converting it to a second
      electrical signal, the improvement comprising:
PA1  means for filtering said second signal, said means have a low frequency
      cutoff of no less than 45 Hz with a sharp cutoff slope and have a high
      frequency cutoff of no less than 100 Hz with a gradual cutoff slope; and
PA1  means for providing indication of said first signal and said filtered
      second signal.
NUM  8.
PAR  8. An apparatus for automatically measuring the blood pressure of a person
      comprised of an inflatable blood pressure cuff, means for measuring the
      pressure in the cuff and converting it to a first electrical signal, and
      means for sensing the Korotkoff sounds and converting it to a second
      electrical signal, the improvement comprising:
PA1  means for filtering said second signal, said means have a low frequency
      cutoff of 50 Hz with a cutoff slope of no less than 42 db/octave and have
PA1  means for providing indication of said first signal and said filtered
      second signal.
NUM  9.
PAR  9. An apparatus for automatically measuring the blood pressure of a person
      comprised of an inflatable blood pressure cuff, means for measuring one
      pressure in the cuff and converting it to a first electrical signal, and
      means for sensing the Korotkoff sounds and converting it to a second
      electrical signal, the improvement comprising:
PA1  means for filtering said second signal, said means have a low frequency
      cutoff of no less than 45 Hz with a sharp cutoff slope
PA1  means for providing indication of said first signal and said filtered
      second signal and
PA1  pulse shaping means connected to the output of said filtering means for
      emphasizing the change in signal strength due to the muffling of said
      second signal associated with Phase IV of the Korotkoff sounds.
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ABST
PAL  A bicycle type of exercising device for paraplegic invalids comprising an
      elongated structure having one end adapted to rest upon the floor and its
      other end adapted to rest upon the end of a conventional bed. Handle bar
      means and seat support means are mounted upon the end resting upon the
      floor to provide a manual operator station. The latter end is also
      provided with a first bicycle sprocket which is operably connected by a
      link chain to a second sprocket operably connected to the other end of the
      elongated structure. The second sprocket means is provided with pedal
      means adapted to receive and retain the feet of a paraplegic who is
      horizontally disposed in the bed on which the present device is operably
      mounted whereby the invalid can pedal the present device alone, or
      preferably, his legs can be exercised by an operator pedaling at the other
      end provided with the manual station.
PAR  A preferred embodiment further comprises an auxiliary electric power source
      operably connected to the link chain for actuating the present device in
      the absence of manual operation by an operator.
PAL  An especially preferred embodiment is directed to an electric power driven
      only device having a supporting bicycle structure adapted for mounting
      solely upon the bedstead.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention broadly relates to therapeutic exercising devices.
      More particularly, the instant invention provides a bicycle type of
      exercising device which is especially designed for use by paraplegic
      invalids who are essentially unable to exercise themselves.
PAR  A paralyzed person is one who has experienced a total loss or impairment of
      voluntary muscular power, whether from an organic disease, including
      injuries, or from psychiatric causes. The handicapped person who has
      experienced paralysis of both legs, paraplegia, whether due to organic
      causes such as a lesion below the cervical segments of the spinal cord, or
      from psychiatric causes, that is, a psychoneurosis, evidencing itself in
      the form of a motor symptom of paralysis of the legs, requires that the
      paralyzed limbs be manipulated. In the absence of physical therapy
      involving the progressive stretching and exercise of the legs, contracture
      of the tendons and muscles of the legs occur whereby atrophy sets in.
PAR  It is common practice in the treatment of paraplegics to manipulate their
      legs manually, however, the services of a masseuse is expensive where an
      invalid requires a considerable amount of attention. Consequently,
      countless types of mechanical exercising devices have been perfected in
      the art over the years for use by paraplegics, for example see U.S. Pat.
      Nos. 964,898 and 3,661,149. Needless to say, many of these devices are
      expensive to manufacture and/or are somewhat difficult to employ. Care
      must be exercised in preventing serious forms of injury to the invalid,
      for example, by the patient's legs or feet becoming displaced on the
      machine which is generally equipped with sufficient power actuated means
      to inflict serious injury to the feet or legs of the patient. Another
      distinct disadvantage of many of these prior art devices is the fact that
      they are also not very portable.
PAR  Among the unique advantages and features of the present invention is the
      provision of a bicycle type of exercising device which is very simple in
      construction and inexpensive to manufacture, very portable, and simple to
      employ by an operator in its initial setup and adjustment, as well as in
      its mode of operation to manipulate the legs of the paraplegic patient.
PAR  The above together with other features and advantages of the instant
      invention will be apparent to one skilled in the art in light of the
      details of construction and operation of the present bicycle type of
      exercising device as shown in the drawings and described in the ensuing
      detailed disclosure of its preferred embodiments which are particularly
      pointed out in the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the two sheets of drawings illustrating the preferred embodiments of the
      present invention, synonymous reference numerals are employed throughout
      in the various views to refer to identical components.
PAR  FIG. 1 in the drawings illustrates a side elevation view of the present
      bicycle type of paraplegic exercising device with the left hand side chain
      guard cover removed to reveal the internal mechanism.
PAR  FIG. 2 depicts a vertical section view taken along the line 2--2 of FIG. 1
      showing the details of the lower sprocket assembly at the operator
      station.
PAR  FIG. 3 depicts a sectional view taken along the line 3--3 of FIG. 1 with
      respect to the longitudinal axis of the drive mechanism of the present
      device.
PAR  FIG. 4 of the drawings depicts a partial cutaway isometric view of yet
      another preferred embodiment of the present invention.
PAR  FIG. 5 of the drawings depicts a side elevational view of yet another
      preferred embodiment of the present invention designed for solely
      exercising a paraplegic by use of an electrically driven power plant.
PAR  FIG. 6 of the drawings represents an isometric view of a preferred shoe and
      leg brace assembly for use on the instant device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
PAR  Referring specifically to FIG. 1 of the drawings, the reference numeral 10
      generally designates the bicycle type of exercising device of the present
      invention which comprises the tubular main frame assembly 11 which in turn
      comprises the elongated hair pin or U-shaped portion 12. The U-shaped
      portion 12 is provided at its lower end with the perpendicular split bar
      support member 14 as shown in greater detail in FIG. 2 of the drawings.
PAR  The top or upper end of the U-shaped frame support 12 is provided with the
      extended U-shaped or channel shaped support member 14, having the general
      configuration and length of the similar component as shown in FIG. 4 which
      is described in detail hereinafter. The channel member 14 can be of any
      suitable length, just so long as it is of sufficient length to stabilize
      and prevent the main frame assembly from rocking on the bedstead 15.
      Generally, the member 14 need only be approximately 1 foot in length. The
      channel 14 is provided with the resilient material 16 to prevent marring
      of the end board 15. The channel member 14 is suitably bored and threaded
      to receive the hand wheels or cranks 17, generally two being provided. The
      hand cranks are backed off sufficient to allow the channel member to
      bayonet over the top edge of the bedstead 15, after which they are
      tightened up to rigidly attach the top part of the frame assembly 11 to
      the bedstead, the bottom end of the elongated frame portion 12 resting
      upon the floor 18, thus allowing the present device to accomodate an
      evenness in the floor, as well as pivot about the bedstead 15 which
      minimizes the effects of vibrations and the like.
PAR  The present bicycle type of exerciser is provided with the conventional
      bicycle seat assembly 20 which is adjustably fixed to the location where
      the vertical upright frame member 21 and the horizontal member 22 are
      joined. The bolt assembly 23 is provided for tightening the top collar
      portion of the upright member 21 on the support shaft 24 of the seat 20.
PAR  The frame assembly 11 is also provided with the conventional bicycle
      handlebar assembly 25 which is adjustably fixed to the yoke 26 which in
      turn bayonets within the handlebar upright portion 27 of the frame 11,
      being secured therein by virtue of the lock nut 28 in the manner well
      known in the art. The handle bar assembly 25 is adjustable relative to the
      yoke member 26 by virtue of the lock nut 29 as is also conventional in the
      art.
PAR  The elongated frame assembly 12 is adapted to receive the first or lower
      sprocket assembly 30, which referring together to FIG. 2, is shown in
      greater detail therein. The sprocket assembly 30 further comprises the
      bearing support hub 31 which rotatably supports the pedal and sprocket
      assembly 32. This is accomplished in the manner well known in the bicycle
      arts whereby the pedal assembly 32 is rotatably mounted within the hub 31
      by virtue of a pair of opposing ball bearings (not shown). However, a
      conventional sleeve assembly relationship could be employed, in short, any
      manner of rotatably suspending the pedal assembly 32 within the hub 31 can
      be employed. The pedals 33 and 34 are rotatably connected to the sprocket
      pedal member 32 by virtue of ball bearing assemblies (not shown) rotatably
      mounted within each of the pedals 33 and 34 which thereby rotate about the
      support shafts 35 and 36 respectively, thus assuming the plane established
      along the bottom of the operator's foot at all times, as is also
      conventional in the bicycle and related arts.
PAR  The pedal assembly 32 further comprises the sprocket member 37 which is
      centrally rigidly affixed to the shaft member 32. The hub portion 31 in
      turn is rigidly affixed, such as by welding, to the top member of the
      elongated frame portion 12 and the rib support 37 which spans the top and
      bottom portions of the frame 12.
PAR  Operably affixed to the top U-shaped portion of the hair pin frame assembly
      12 in the upper or second sprocket assembly means 40. Referring together
      to FIG. 3, the top sprocket assembly 40 is essentially identical to the
      lower sprocket assembly 30 with minor differences.
PAR  The top sprocket assembly 40 further comprises the mounting hub portion 41
      which is rigidly affixed to the inside curved portion of the U-shaped end
      of the elongated frame assembly 12 in any conventional manner, such as
      welding. The pedal and sprocket assembly 42 is rotatably mounted within
      the hub portion 41 by virtue of ball bearing means or the like as is
      conventional in the bicycle arts as discussed above with regard to the
      similar sprocket assembly 30. The sprocket assembly 40 further comprises
      the pedal members 42 and 44 which are rotatably affixed upon the pedal
      shaft 42. The foot retaining members 45 and 46, which are rigidly affixed
      to the respective pedals 43 and 44, are provided for retaining and
      supporting the feet of the paraplegic patient who is undergoing treatment
      by way of the present device. The assemblies 45 and 46 are similar to the
      top portion of a conventional skate, being provided with the heel rest
      portions 47 and 48 wherein the heel of the paraplegic's shoe is placed and
      secured, in part, by virtue of the adjustable clamp assemblies 49 and 50
      which are screwed together by a key (not shown) which operably connects to
      the threaded members 51 and 52 respectively. The latter are provided with
      opposing threaded portions whereby rotation thereof will cause their
      mating clamp or jaw portions to simultaneously move inwards or outwards
      relative to each other upon rotation of said threaded shafts. The
      paraplegic's foot is further retained within the respected shoe support
      assemblies 45 and 46 by virtue of the strap assembly 53 as shown in FIG. 1
      (only one strap shown).
PAR  The top pedal assembly 42 further comprises the sprocket portion 49 which
      is centrally mounted thereon in longitudinal alignment with the sprocket
      portion 37 of the lower or first sprocket assembly 30. The sprocket
      assemblies 30 and 40 are operably connected to each by virtue of the link
      chain 50 which is of sufficient length to pass over the peripheral spokes
      of each of the sprocket members 37 and 49. The link chain 50 further
      serpentines over the sprocket member 51 which is operably connected to the
      electric motor means 52. The electric motor means 52 provides an auxiliary
      source of power so that the present paraplegic exercising device can be
      employed by a paraplegic patient in the absence of the assistance of the
      human operator to perform the physical therapy. The electric motor 52 is
      rigidly fastened to the hair pin frame assembly 12 by the bracket 33 such
      that the sprocket 51 is also in alignment with the sprockets 37 and 49.
      The sprocket and link chain assembly is operable encased within a chain
      guard comprising the right hand portion 54 and the left hand portion 55
      (shown only by dashed lines in FIGS. 2 and 3).
PAR  By way of operation, the present paraplegic bicycle type of exercising
      device, being extremely portable whereby it can be readily moved from one
      location to another, is placed at one end of the bed and the clamp
      assembly 14 is attached to the bedstead or foot board 15 of the bed. The
      paraplegic patient to undergo physical therapy is then placed on his back
      in the bed in a position such that the pedals 45 and 46 are in easy reach
      of the patient's feet. The shoes on the patient's feet are clamped to the
      appropriate skate mounts 45 and 46 by virtue of the clamping members 49
      and 50, respectively, which retain the toe portion of the shoe and by
      virtue of the strap means 52 which wrap around the patient's ankle to
      thereby fully secure the patient's feet in the mounts. The patient is
      arranged such that his knees will have a slight bend in them when either
      of the pedals 45 and 46 are furthest from the patient.
PAR  After securing the paraplegic patient's feet within the pedal assemblies 45
      and 46, the human operator then assumes the position upon the seat 20 in
      the conventional manner that one would operate a bicycle. The operator
      sits upon the seat 20, holding on to the handle bar assembly 25 for
      stability, and then initiates rotation of the lower sprocket assembly 30
      by placing his feet upon the pedals 33 and 34 and pumping them in a
      conventional bicycle riding technique. Rotation of the first sprocket
      assembly 30 will in turn rotate the upper sprocket assembly 40 by virtue
      of the connecting link chain 50. In such manner, the paraplegic patient's
      feet are then caused to rotate with the upper sprocket assembly 40 in a
      pattern of motion identical to that as if the patient was pumping or
      driving a bicycle. Such operation contracts the tendons and muscles of the
      legs, and to some extent the patient's related musculature, such as those
      extending into the patient's hips and back.
PAR  The present bicycle type of exercising device is preferably employed in
      connection with a human operator to render the physical therapy for a
      number of advantageous reasons. For one, the personal care and attention
      by another human gives the paraplegic patient an assurance that others are
      interested in him and that this particular form of exercise is desirable
      and necessary. Generally, it elicits his cooperation much more. Even more
      important is the fact that the exercise can be more readily tailored to
      fit the paraplegic patient's needs over any interval of time whether it be
      for a matter of seconds or minutes. That is, a particular paraplegic
      patient may find it more desirable to vary the speed of his exercise from
      moment to moment and accordingly, the human operator can readily sense the
      needs of the patient and therefore be able to work much closer with him.
PAR  On the other hand, when either a human operator is not available, or should
      the operator desire to temporarily interrupt his assistance, for example,
      to attend to another patient, then the present exerciser can be placed on
      automatic operation by operably connecting the electric motor means 62 to
      a source of electric power, e.g, by a conventional electrical connecting
      cord (not shown), whereby the motor 52 will drive the sprocket 51 which in
      turn will cause the link chain 50 to serpentine over the sprocket
      assemblies 37 and 49 thereby rotating the upper sprocket assembly 40.
PAR  FIG. 4 in the drawings depicts another preferred embodiment of the present
      invention wherein the main frame assembly 60 further comprises the tubular
      extended portion 61, the upright bedstead portion 62, the upright seat
      support portion 63, and the upright floor support portion 64. The support
      portion 64 further comprises the extended floor legs 64 which form a
      tripod stucture upon which the present device is mainly supported. The
      ribs 66 and 67 are provided for strengthening the structure, the tubular
      frame assembly 60 being fabricated similar to the techniques employed in
      the construction of a conventional bicycle. The top portion of the present
      exerciser device is in turn operably connected to and supported upon the
      top edge of the bedstead or footboard 68 by virtue of the U-shaped
      clamping device 69. The clamp 69 further comprises the pair of hand clamps
      70 and 71 which operates in the conventional manner, for example as the
      screw incorporated in a common vice. The resilient means 72 are provided
      within the inside surface of the U-shaped clamp 69 so as to prevent
      marring of the bedstead 68. The clamping member 69 is rigidly connected to
      the upright member 62, for example by welding, since these members are
      some times subjected to a considerable moment.
PAR  The seat means 73, whereon a human operator positions himself, is
      adjustably connected to the upright members 63 of the frame assembly 60,
      the seat 73 being a conventional bicycle seat connected to the tubular
      portions 63 in the normal manner as employed in the bicycle arts, that is,
      by bayoneting the shaft portions 74 into the top sleeve portion of the
      member 63, that portion being slotted at the top whereby it may be
      contracted by virtue of the clamping action of the bolt 75 upon it being
      tightened. The seat 73 is also adjustable in the horizontal plane in the
      conventional manner.
PAR  The frame assembly 60 is provided with the lower sprocket hub bushing 76 as
      well as the upper sprocket hub portion 77. These portions are bored to
      rotatably receive the lower sprocket assembly 80 and the upper sprocket
      assembly 90, respectively.
PAR  The lower sprocket assembly 80 further comprises the member 81 which is
      rotatably mounted within the hub 76, preferably in the manner well known
      in the bicycle arts utilizing a pair of opposing ball bearing assemblies
      to thereby minimize friction and require less work input by the operator.
      The pedal assemblies 82 and 83 are rotatably mounted to the opposing end
      terminals of the pedal bar 81 in the same manner as that of the embodiment
      of FIG. 1 discussed in detail above, especially with reference to FIG. 2.
      The lower sprocket assembly 80 is also provided with the sprocket portion
      84 which is centrally mounted thereon. The upper sprocket assembly 90 is
      essentially identical to that of the embodiment of FIG. 1 as shown and
      described in detail with regards to FIG. 3. The sprocket assembly 90
      further comprises the pedal shaft 91 which is similarly rotatably mounted
      within the hub portions 77 of the frame assembly 60. The pedal members 92
      and 93 are rotatably mounted on the terminal ends of the pedal bar 91 in
      an identical manner as that described supra with regard to the embodiment
      of FIG. 1. Likewise, the foot rests or skate mounts 94 and 95 are rigidly
      attached to the respective pedal members 92 and 93. The clamping devices
      96 (only one shown), together with the strap means 97 and 98 form the
      identical function as described above. The link chain assembly 99 operably
      connects the sprocket assemblies 80 and 90 together. The auxiliary
      electric motor drive assembly 100 is interconnected in the chain link
      assembly to provide an auxiliary source of power where it is desired to
      administer physical therapy to a paraplegic patient in the absence of a
      human operator. The electric motor drive assembly 1 further comprises the
      sprocket member 101 which is rotatably mounted and connected to the
      elongated frame portion 61 by virtue of the support or gudgeon 102 via the
      mounting pin or shaft 103, the former being bored to recieve the latter.
      The gudgeon 102 is in turn welded to or operably connected in some
      suitable form or fashion to the elongated frame member 61. The electric
      motor 104 is in turn operably connected to and suspended upon the support
      member 102, being operably connected to the sprocket 101 by any well known
      gearing means designed to transmit power through a 90.degree. angle, for
      example, by mitre bevel gears mounted on 90.degree. intersecting axes,
      spiral bevel gears mounted on 90.degree. intersecting axes (not shown).
      The auxiliary drive assembly 100 further comprises the idler gear 105
      which is rotatably suspended upon and affixed to the frame portion 61 by
      virtue of the support clamp 106 to which the gear member 105 is rotatably
      affixed. The purpose of the gear 105 is to provide a minimum degree of
      wrap around of the link chain 99 over the peripheral teeth of the electric
      motor drive sprocket 101. Additionally, the idler gear 105 and clamp 106
      also provides a means of adjusting the link chain 99 to insure its proper
      operation as it serpentines over the sprocket gears 84 and 99.
PAR  The auxiliary motor drive assembly 100, sprockets 84 and 99, together with
      the link chain 95 are housed in the chain guard assembly 107 (right hand
      side shown only).
PAR  Referring to FIG. 5 of the drawings, the exerciser 110 shown represents
      another preferred embodiment of the present invention. In that embodiment,
      the sprocket assembly 111 is operably affixed to the adjustable stand
      assembly 112 through its central hub portion which in turn is affixed to
      the block member 113 that is in turn bolted to the bar member 114 by
      virtue of the nut 115. The bar member 114 is in turn rigidly affixed to
      the support block 115 which is bored to receive the upright tubular
      support post 116, the screw clamp assembly 117 which is rigidly affixed to
      the member 115 being provided to allow the vertical adjustment or
      elevation of the exerciser device 110 to be set depending upon the
      patient's needs.
PAR  The gear reducer assembly 118 which is rigidly affixed to the bar member
      114 by virtue of the pedestal and bolt assembly 119, is provided for
      rotating the second sprocket assembly 120 at a later movement which would
      be commensurate with the patient's needs, generally at the speeds
      encountered in motivating a bicycle at slow speed. Needless to say, the
      device 110 should not be operated at high speeds since the average
      paraplegic lacks coordination in his legs and considerable injury may
      result to the patient if he is not able to syncronize or be allowed to
      attempt to follow the movement of the present device. In fact, one of the
      purposes of the present device is to give the patient some incentive to
      exercise his own motor functions and accordingly, if the present device is
      allowed to exceed in speed the patient's capability to respond, then part
      of its usefulness will be impaired. Of course, the patient being a
      paraplegic, by definition is incapable of performing such a bicycle
      pumping motion, however, any slight assistance that could be mustered in
      the patient would be beneficial and of therapeudic value.
PAR  The gear reducer 118 is operably driven by virtue of the electric gear
      motor 121 which is operably connected thereto in some suitable form or
      fashion, such as described hereinabove. The sprocket assemblies 111 and
      120 are operably connected to each other by virtue of the interconnecting
      link chain member 122 which in essence is a conventional bicycle sprocket
      chain. By such an arrangement, power imparted by the electric motor 121 to
      the gear box 118 is in turn rotatably transmitted to the sprocket assembly
      120 which is rotatably connected to the gear box 118, which rotation in
      turn is imparted to the sprocket assembly 111 by virtue of the
      interconnecting sprocket chain 122. This in turn causes the lower sprocket
      111 to rotate whereby the patient's legs 123 and 124 which are operably
      positioned in the foot supporter assemblies 125 and 126 are thereby caused
      to move in unison with the rotational motion of the sprocket assembly 111.
PAR  Electrical power is fed to the electric motor 121 by virtue of the
      electrical extension cord 127 which extends through the support block 113
      and support bar 114. The electrical on-off switch 128 is provided for
      convenient operation by the patient as well as anybody in attendance of
      the patient. The electrical lead 127 is plugged into the conventional wall
      receptical 129 in the conventional fashion.
PAR  The upright support bar 116 is operably attached to the adjustable lock
      assemblies 130 and 131 which in turn are designed as described in detail
      below so as to be readily mounted upon the bedstead 132 forming part of
      the bed assembly 133.
PAR  The adjustable block assembly 130 further comprises the horizontal screwed
      member 134 which is acutated by virtue of the handle member 135 whereby
      the jaw portion 136 can be laterally displaced into contact with the
      headboard 132. The jaw portion 136 is provided with the soft resilient
      material 137 in order to prevent marring of the head board 132. The
      horizontal third portion 130 is in turn rigidly affixed to the vertical
      sleeve member 138 which is bored to receive the support bar 116 whereby
      the assembly 130 can be vertically displaced along the length of the bar
      116. The sleeve portion 138 in turn is provided with the L-shaped bracket
      portion 139 which in combination with the jaw member 136 forms a locking
      structure when affixed upon the headboard 132.
PAR  The lower adjustable support 131 in turn further comprises the horizontally
      adjustable member 140 which bayonets within the sleeve portion 141 upon
      manipulation of the handle 142 which is mounted upon the stem 143 that in
      turn is threaded into the horizontal member 140. The member 140 is
      provided with the upright jaw portion 144 which is likewise provided with
      the soft resilient material 145 to prevent marring of the headboard 132.
      The horizontal sleeve portion 141 is provided with the vertical sleeve
      portion 146 which is bored to receive the vertical support bar 116, being
      retained therein by virtue of the bolt 147 whereby the support bar 116 and
      the adjustable support assembly 131 are affixed to each other. By virtue
      of the lateral jaw adjustments of the assemblies 130 and 131, coupled with
      the vertical adjustability of the assembly 130, the present device can be
      readily fitted on most common sizes and designs of hospital bed endboards.
PAR  FIG. 6 of the drawings illustrates the preferred foot support members
      referred to in FIG. 5 by reference numerals 125 and 126. For example, the
      assembly 125 further comprises the sprocket pedal 150 to which is rigidly
      affixed the foot support member or skate body 151 wherein the patient's
      foot is placed, being restrained therein by virtue of the heel support
      member 152 in combination with the ankle strap 153. The strap 154 is
      adapted to fit over the outer portion of the patient's foot to thereby
      restrain his foot in the manner depicted in FIG. 5 of the drawings. The
      upright members 155 and 156 in combination with the upper strap assembly
      157 are provided for giving some side support to the patient's leg,
      primarily due to weakness in the ankle region of the patient since as is
      well known in the case of a paraplegic, their legs sometimes are
      exceptionally unstable or wobbly. This structure prevents damage to the
      patient's bones and/or musculature where they are not able to physically
      assist in any manner whatsoever the therapy being administered to them by
      way of the present exercising device.
PAR  In any of the above embodiments of the present invention, the conventional
      skate assembly utilizing a heel support and related straps can be readily
      replaced with an enclosed plastic shoe assembly wherein the patient's feet
      can be inserted and the shoe laced up in the conventional fashion, or
      strapped.
PAR  It will be apparent to one skilled in the art that various changes and
      modifications can be made in the above device as well as in its mode of
      operation without departing from the true scope and spirit of the present
      invention. For example, the particular types of structural materials
      employed in the fabrication of the frame assemblies can be varied, that
      is, angle iron, channel iron, or similar structural shaped members could
      be utilized. Moreover, the particular shapes or configurations of the
      frame assemblies could be varied, as well as the sprocket assemblies and
      components thereof. Additionally, the materials of construction could vary
      widely. In light of the above, it is thus apparent to one skilled in the
      art that many modifications can be made in the instant invention and that
      what I intend to encompass within the ambit of my invention is that as set
      forth and particularly pointed out in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A paraplegic exercising device comprising:
PA1  a. frame means having hub portions at both of its ends adapted to receive
      rotating sprocket means;
PA1  b. first sprocket means rotatably mounted in one of the hub portions of
      said frame means;
PA1  c. second sprocket means rotatably mounted in the opposite hub portion of
      said frame means and adapted to receive the feet of a paraplegic to be
      administered physical therapy;
PA1  d. sprocket connecting means operably connecting said first and second
      sprocket means together whereby rotation of one sprocket causes the other
      sprocket to rotate; and
PA1  e. clamping means operably attached to the end of said frame means provided
      with said second sprocket means adapted for connection to the feet of a
      paraplegic to receive physical therapy, said clamping means being further
      defined in that it is adapted to fit and rest upon the edge of a bed in
      which the paraplegic is positioned in alignment with said second sprocket
      means.
NUM  2.
PAR  2. The paraplegic exercising device of claim 1 further characterized as
      comprising:
PA1  f. auxiliary power means operably connected to said sprocket connecting
      means.
NUM  3.
PAR  3. the paraplegic exercising means of claim 2 further characterized as
      comprising:
PA1  g. seat means operably affixed to said frame means in upper alignment with
      said lower sprocket means.
NUM  4.
PAR  4. The paraplegic exercising device of claim 3 further characterized as
      comprising:
PA1  h. hand grip means operably attached to said frame means and extending in
      close proximity to said seat means whereby an operator seated upon said
      seat means in position for rotation of said first sprocket means by his
      feet can hold onto said hand grip means to stabilize his position.
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ABST
PAL  A cast for broken limbs and related method, the cast comprising a
      cylindrical, double wall sleeve fabricated of a thin polymeric or
      elastomeric material and containing a cylindrical batt of fiberglas or
      like reinforcement impregnated with a polymeric catalyst. The opposed ends
      of the cast are constructed so that the spaced sleeves are sealed one to
      another and also to the cylindrical batt of the fiberglas or the like,
      which is concentrically disposed within the cast intermediate the spaced
      sleeves. Spacers may be used to maintain said concentric relationship. The
      cast comprises a plurality of breather ports, the edges of which are
      sealed as are the ends of the cast. When it is desired to use the cast, a
      suitable polymeric material is injected through a filler port into the
      interior of the cast between the two spaced concentric sleeves. The
      physician manually kneads the resin within the cast causing the catalyst
      initially contained within the central reinforcement to become mixed into
      the polymer thereby initiating polymerization. The filling vessel is
      detached and the cast is placed upon the injured limb of the patient. A
      conventional wrapping, such as an elastic roll bandage, is placed on the
      cast to exert pressure causing the same to conform precisely to the
      exterior surface of the injured limb. The wrapping is removed once the
      resin has set and adequately cured.
PAC  BACKGROUND
PAR  1. Field of Invention
PAR  The present invention relates broadly to the art of placing a cast on an
      injured limb and more particularly to a novel cast comprising a pair of
      concentric sleeves sealed at the ends and containing therebetween a
      cylindrical batt of reinforcement impregnated with a resin activating
      substance which initiates polymerization when comingled with a suitable
      polymer, and a related method.
PAR  2. Prior Art
PAR  Heretofore, the use of a cast comprising plastic interior and exterior
      walls have most frequently utilized a polymeric foam in the interior
      between the sleeves. This has created a number of problems because it is
      difficult to control the foam and often the cast becomes a
      pressure-applying device rather than an instrument which restrains
      undesired movement of the limb. Also, such an approach prevents adequate
      breathing of the skin in the vicinity of the cast. As a consequence, the
      medical profession has used only to a limited extent such an approach.
PAC  BRIEF SUMMARY AND OBJECTS OF THE PRESENT INVENTION
PAR  With the foregoing in mind, it is a primary object of the present invention
      to provide a novel cast for injured limbs and related methods.
PAR  Another paramount object of the present invention is the provision of a
      novel cast wherein the cast comprises spaced concentric sleeves sealed one
      to the other at opposed ends and containing therein a cylindrical batt of
      reinforcement impregnated with a catalyst wherein a polymeric material is
      injected between the sleeves into contiguous relation with the
      reinforcement and is caused to be polymerized when mixed with the
      catalyst.
PAR  It is a further object of the present invention to provide a novel cast
      comprising a plurality of breather holes intermediate spaced cylindrical
      walls of the cast.
PAR  These and other objects and features of the present invention will be
      apparent from the following detailed description, taken with reference to
      the accompanying drawing(s).
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective representation of one presently preferred cast
      embodiment in accordance with the present invention;
PAR  FIG. 2 is a cross section taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary cross section taken along lines 3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary cross section taken along lines 4--4 of FIG. 1;
PAR  FIGS. 5-7 are line drawings illustrating the manner in which the cast of
      FIG. 1 is utilized.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Reference is now made to the drawings wherein like numerals are used to
      designate like parts throughout. FIG. 1 in particular illustrates a
      presently preferred embodiment in accordance with the present invention
      comprising a cast, generally designated 10, which consists of an interior
      elastomeric sleeve 12, preferrably in the nature of a thin wall membrane
      of pliant synthetic resinous material, and an exterior sleeve 14 also
      preferably of a thin walled membrane of resinous material. Said sleeves 12
      and 14 are generally concentric one within the other and together define a
      space 16 therebetween. Disposed in said space 16 in generally concentric
      relation intermediate sleeves 12 and 14 is a cylindrical batt 18 of porous
      reinforcing material which is impregnated with a suitable catalyst (resin
      activating substance) the function of which is to cause polymerization of
      a synthetic resin when the resin is inserted into the space 16 through 1
      or more filler ports 20 formed in the exterior sleeve 14. A plurality of
      spacer studs 22 may be utilized to maintain the generally concentric
      relationship of the sleeves 12 and 14 and the cylindrical reinforcing batt
      18. The spacer studs 22 are each preferably integral with the adjacent
      sleeve 12 or 14. It is preferred that the material of the batt 18 be
      fiberglas, although other types of reinforcement may be utilized.
PAR  The opposed ends 24 and 26 of the cast 10 are sealed, i.e. the inside and
      outside membrane walls 12 and 14 are heat sealed or resin bonded together
      along a lip 28 (FIG. 3) with the porous cylindrical batt 18 also being
      secured to said opposed sleeve ends at location 30 adjacent the seam 28.
      Thus, the interior 16 between the sleeves 12 and 14 is entirely sealed to
      the exterior atmosphere except at each filler port 20.
PAR  The cast 10 is provided with a plurality of breather ports 32, one of which
      is illustrated in FIG. 4. Each filler port 32 is sealed as is each end 24
      and 26.
PAR  In the use, a suitable instrument such as a syringe 33 containing a
      satisfactory resinous material is united with a filler port 20 and the
      resinous material injected through the filler port 20 into the space 16
      between the sleeves 12 and 14 (See FIG. 5). Air contained within the space
      16 is preferably evacuated during injection of the resin through a second
      filler port 20. Once a suitable quantity of desired resin has been
      injected into the space 16, the resin is kneaded by the physician, nurse
      or the like through the exterior sleeve 14 (FIG. 6). Once the resinous
      material has been adequately kneaded so as to mix in a reasonably
      homogenous manner the resin with the catalyst or activator, the cast,
      while still pliable is placed upon the injured limb of the patient and is
      wrapped with a suitable wrapping 34, which may be an elastic roll bandage.
      This step causes the cast to conform to the exterior surface of the
      injured limb without applying unneeded and undesired exterior pressure.
      Once the resin has set and adequately cured, the wrapping 34 is removed. A
      very strong, somewhat resilient cast results which is ideally suited for
      injured limbs.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiment is therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by United States Letters Patent
      is:
NUM  1.
PAR  1. A cast for injured limbs comprising:
PA1  spaced generally concentric elongated sleeves, the axis of which is
      parallel to the limb of the patient upon which it is to be used, of pliant
      impervious resinous material defining a hollow space between the sleeves;
PA1  porous reinforcing material disposed within said space and comprising the
      only substance between the sleeves, said reinforcing material carrying a
      resin activating substance;
PA1  at least one resin ingress port in the outer sleeve whereby inactive resin
      is injected into said space and caused to be activated and polymerized by
      intermingling the inactive resin with said activating substance to
      ultimately form a resilient shape-retaining cast the exterior of which
      comprises said sleeve and the interior of which consists of polymerized
      resin and said reinforcing material.
NUM  2.
PAR  2. A cast according to claim 1 further comprising means sealing opposed
      ends of the cast intermediate the concentric sleeves.
NUM  3.
PAR  3. A cast according to claim 1 wherein said porous reinforcing material
      comprises a batt of fibers initially cylindrically generally
      concentrically disposed within the space between said sleeves.
NUM  4.
PAR  4. A cast according to claim 3 wherein the initial generally concentric
      relationship between the sleeves and the batt of reinforcement is achieved
      by spacers.
NUM  5.
PAR  5. A cast according to claim 1 further comprising skin breather ports for
      aerating the skin of the patient disposed between the ends of said cast
      and spanning transversely through and between both sleeves and means
      sealing said sleeves one to another at each said skin breather port.
NUM  6.
PAR  6. A method of placing a cast upon an injured limb comprising the steps of:
PA1  providing a pair of generally concentric elongated sleeves secured one to
      the other at opposed ends, the sleeves comprising pliant impervious
      resinous material whereby a space is defined between the concentric
      sleeves the axis of which is essentially coextensive with the limb of the
      patient upon which it is placed, the space having porous reinforcing
      material only disposed therein which carries a resin activating substance;
PA1  displacing inactive resin through an ingress port in the outer sleeve and a
      portion thereof across the porous reinforcing material into contiguous
      relation with the inside sleeve to substantially fill the space between
      said sleeves;
PA1  manually causing intermingling between said displaced inactive resin and
      said activating substance to cause activation and initiate polymerization
      of the resin within the space between said sleeves;
PA1  axial displacing the resin filled sleeves upon the injured limb during
      polymerization before the resin has set;
PA1  thereafter applying external pressure to the resin filled sleeves upon the
      injured limb to bring the cast into contiguous conformity with the
      exterior of the injured limb and retaining said pressure until the resin
      within the sleeve has adequately set and cured so as to constitute a
      resilient shape retaining cast; and
PA1  removing said pressure.
NUM  7.
PAR  7. A method according to claim 6 wherein said resin displacing step
      comprises injecting the resin through a filler port in the outer sleeve.
NUM  8.
PAR  8. A method according to claim 6 wherein said external pressure is applied
      by wrapping the cast with a yieldable bandage to cause said contiguous
      conformity.
NUM  9.
PAR  9. A method according to claim 6 wherein said intermingling step comprises
      manually kneading the cast through the outer sleeve.
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ABST
PAL  A drape for use in surgical procedures having a base sheet of a
      liquid-repellent material and including a generally U-shaped fenestration
      with a layer of adhesive surrounding the fenestration and providing for
      varying the dimensions of the fenestration. The adhesive is protected by a
      plurality of cover strips which permit the drape to be applied in a folded
      condition to the patient and unfolded with reduced danger of
      contamination. In a preferred embodiment the drape also includes a
      foam-film laminate layer on the top surface thereof around the
      fenestration for placement of instruments, increased protection against
      liquid strike-through, reduced glare, and controlled absorbency. In use,
      the drape of the invention may be combined with other drapes, and an
      application is described including a stocking and a bar sheet for complete
      protection in complicated procedures such as knee or hip surgery. An
      improved method of folding the drape of the invention for increased safety
      and convenience is also described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to surgical drapes especially adapted for use
      in highly complex surgical procedures such as hip, knee or leg surgery. In
      particular, it is directed to such surgical drapes including a generally
      U-shaped fenestration and adhesive means for attachment to the patient.
      Further, the invention is concerned with methods for folding such drapes
      so as to provide a compact package that may be quickly unfolded and
      applied with reduced danger of contamination.
PAR  2. Description of the Prior Art
PAR  Historically, the preparation of a patient for surgery has involved
      covering all exposed portions except the area of the incision with
      rectangular sheets of muslin. Disadvantages of this procedure include the
      tendency of muslin to lint and the accompanying danger of lint entering
      the incision, the ability of most liquids to wet through muslin thus
      breaking the sterile barrier, and the high cost of the laundering/reuse
      cycle.
PAR  With the advent of nonwovens, surgical drapes designed for single use have
      been produced at a cost which makes their use practical. Further,
      disposable drapes can be manufactured from relatively non-linting,
      liquid-repellent materials that reduce the risk to the patient. In
      addition to the convenience of disposability, some of these drapes have
      been provided with adhesive attachment means to resist displacement of the
      drape once it is firmly fixed in position. A wide variety of disposable
      surgical drapes have been produced for varying surgical procedures
      including non-fenestrated drapes, fenestrated drapes, and split sheets or
      sheets having a U-shaped fenestration in one end. Examples of such are
      included in U.S. Pat. NO. 3,494,356 to Melges issued Feb. 10, 1970; U.S.
      Pat. 3,669,106 to Schrading and Winters issued June 13, 1972; U.S. Pat.
      No. 3,693,618 to Madden issued Sept. 26, 1972; and U.S. Pat. No. 3,668,050
      to Donnelly issued June 6, 1972.
PAR  While disposable surgical drapes have met with success in solving many of
      the problems relating to the use of muslin sheets, in more complicated
      limb surgery disposable drapes heretofore have not been entirely
      satisfactory. For example, in hip surgery, an operation being performed in
      ever-increasing numbers, it is necessary to cover the patient completely
      including legs and other body members, except in the specific area of the
      incision. This surgical procedure often takes a number of hours and may
      involve movement of the patient's leg or legs. Thus, the demands placed on
      the surgical drape to completely seal off the area of the incision in a
      manner that will last for hours and withstand physical movement are most
      difficult to meet. Prior art methods such as those described in the
      patents to Melges and Madden mentioned above involving the use of ties
      and/or multiple adhesive strips have proven to be largely unsatisfactory
      when applied to long, complicated surgical procedures. Even the split
      sheet as illustrated, for example, in FIG. 4 of the Schrading and Winters
      patent recited above has not proven readily adaptable to such procedures
      because of the lack of a complete seal around the fenestration and the
      difficulty in applying the drape by means of two adhesive strips while
      simultaneously unfolding it over a large area without contamination.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a disposable surgical drape that can be used
      for complicated limb surgery without the drawbacks of the surgical drapes
      of the prior art as discussed above. The drape of the present invention
      includes a base sheet of liquid repellent material having a U-shaped
      fenestration with a layer of normally tacky pressure-sensitive adhesive
      surrounding the closed end and at least a portion of the sides of the
      fenestration. Prior to use, the adhesive is protected by separate release
      sheets for the adhesive around the closed end of the fenestration and one
      or more release sheets for the remainder of the adhesive. The drape is
      folded in a manner that provides for the adhesive layer at the closed end
      with its release sheet to be exposed so that this adhesive area may be
      placed in contact with the patient prior to unfolding the drape. After
      this attachment is made, the drape may be unfolded in a convenient and
      safe manner in position over the patient. Subsequent to removal of the
      remaining release sheet or sheets, the tails formed by the fenestration
      may be placed in position so as to produce a fenestration in the desired
      area and of a size convenient for the particular surgery to be performed.
      Thus, the improved drape of the present invention provides an extremely
      convenient and versatile cover that results in a substantially complete
      seal around the operative site for increased protection against
      contamination.
PAR  Additional embodiments include the combination of this drape with other
      drapes such as leggings and bar sheets, for example, to form a system
      designed for a particular operative procedure. Further, it is preferred to
      provide the drape of the invention with a foam-film laminate on its upper
      surface to provide protection against liquid strike-through and a
      non-glare, absorbent, slip-resistant surface to receive instruments or the
      like in the immediate area of the incision.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a bottom partial plan view of the drape of the present invention
      showing the fenestration area of the surface to contact the patient;
PAR  FIG. 2 is a plan view of the opposite top surface of the fenestration area
      of the drape of FIG. 1;
PAR  FIG. 3 is a cross-section of the drape of FIG. 1 taken along lines 3--3;
PAR  FIGS. 4-7 illustrate the method of folding the drape of the present
      invention;
PAR  FIG. 8 illustrates variations in fenestration size and configuration
      obtainable with the drape of the present invention; and
PAR  FIG. 9 illustrates the drape of the present invention in use.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  While the invention will be described in connection with preferred
      embodiments, it will be understood that it is not intended to limit the
      invention to those embodiments. On the contrary, it is intended to cover
      all alternatives, modifications, and equivalents as may be included within
      the spirit and scope of the invention as defined by the appended claims.
PAR  Turning to FIGS. 1-3, the embodiment illustrated therein will now be
      described in detail. As shown, the drape of the invention includes a base
      sheet 10 which is formed from a liquid-repellent material, and, for
      reasons of economy, preferably a nonwoven fabric. An example is a sheet
      formed by combining outer layers of wadding and inner layers of
      highly-drafted fibers disposed angularly to each other. A spaced pattern
      of adhesive is disposed between each fiber layer and its adjacent wadding
      layer with the fibers in each fiber layer partially embedded in and held
      by the adhesive of its adjacent adhesive layer and partially embedded in
      and held by the adhesive in the other adhesive layer where it extends
      between the fibers of its adjacent fiber layer and with a portion of the
      adhesive in both adhesive layers joined where the adhesive patterns are
      superimposed. This material is described in more detail in Sokolowski et
      al U.S. Pat. No. 3,484,330, issued Dec. 16, 1969, assigned to the assignee
      of the present invention. Other nonwoven materials, of course, may be used
      including scrim reinforced tissue products available under the trademark
      KAYCEL from Kimberly-Clark Corporation as well as random fiber reinforced
      tissue laminates.
PAR  At one end of base sheet 10 a portion is cut out forming U-shaped
      fenestration 12. The size and configuration of the fenestration will
      depend upon the surgical procedures for which the drape is designed, but,
      generally, it should be at least large enough to provide for an opening of
      a size to accomodate the incision when the drape is in a sealed condition.
      For most procedures this size will be, illustratively, within the range of
      from about 2 inches to 6 inches in width and 20 inches to 60 inches in
      length. Surrounding the fenestration 12 for at least a portion of its
      length and at its closed end is adhesive layer 14 which may be T-shaped
      and preferably is continuous for increased strength in the fenestration
      area. It is important that this adhesive layer surround the closed end of
      the fenestration and extend at least about 10 inches and preferably half
      the distance to the open end of the fenestration. The amount of adhesive
      required will depend to some extent upon the particular adhesive chosen.
      However, to maintain the desired sealed condition during a prolonged or
      complicated operative procedure, it is preferred that the adhesive layer
      extend about 1/2 to 1 inch on either side of the fenestration and that the
      adhesive running orthogonal to the closed end of the fenestration cover an
      area of about 12 square inches disposed symmetrically at the closed end of
      the fenestration since this area is frequently subjected to increased
      stress.
PAR  Normally tacky and pressure-sensitive adhesives for use herewith may be any
      of the biologically acceptable pressure-sensitive adhesives available.
      Adhesives of this class are generally composed of a film-forming
      elastomeric material, typically a natural or synthetic rubber, and some
      type of resin or other material to impart the desired degree of tack,
      wetting power, and specific adhesion. Typical resins include the rosin
      derivatives such as hydrogenated or dehydrogenated rosin or their esters.
      Various fillers, plasticizers, sterilizing agents, or other modifiers may
      also be used. For further description of such adhesives, see Kirk/Othmer,
      "Encyclopedia of Chemical Technology", Second Edition, Volume I, Page 382
      (Interscience 1963).
PAR  Covering the adhesive layer 14 and shown partially removed for purposes of
      illustration only, are release strips 16. Although the release covering
      for the adhesive portions along the sides of fenestration 12 may be formed
      from either a single or multiple strips, it is essential that the adhesive
      portion extending from the end of the fenestration by covered by a
      separate release strip or portion thereof that may be removed without
      removing the remaining release cover portions. Preferably the release
      strips 16 are slightly larger than the adhesive areas being covered so as
      to provide a portion thereof which may be easily gripped for quick
      removal. The release strips 16 are, illustratively, a plastic, heavy paper
      or nonwoven fabric having a release coating to which the adhesive only
      lightly adheres. Coatings suitable for this purpose include natural or
      synthetic waxes, metal salts of fatty acids, polymeric materials such as
      polyethylene or silicone polymers, for example. Release coatings are
      discussed in Kirk/Othmer's "Encyclopedia", Second Edition, Vol. I, Page 1,
      et seq.
PAR  As illustrated, the drape of the present invention preferably includes
      layer 18 of a film-foam laminate on its upper surface surrounding the
      fenestration. The foam-film laminate is desirably of the type described in
      U.S. Pat. No. 3,669,106 to Schrading and Winters, issued June 13, 1972,
      and assigned to the assignee of the present invention. Briefly, it may
      include a film such as two mil anti-static polyethylene manufactures by
      Clopay Film Corp., anti-static polypropylene, for example "EXTREL II"
      available from Extrudo Film Corp., polyethylene methyl acrylate copolymer
      film manufactured by Edison Plastics Company, and vinyl chloride films
      bonded to the fibrous base sheet 10 by any suitable means such as by means
      of an adhesive or by extruding the film directly on the base sheet 10. The
      film 20 provides a fluid-impervious barrier on the top of the operative
      area of the base sheet 10 so that any fluids which contact this area
      cannot strike through the sheet. It also prevents the transfer of bacteria
      through the sheet to help insure sterile conditions in the operative area.
      The film must be capable of remaining stable under the conditions
      encountered in the particular treatment to which the drape is subjected to
      render it sterile, for example, temperatures of about 270.degree.F for
      steam sterilization or about 160.degree.F for sterilization by means of
      ethylene oxide or the like.
PAR  To provide a fluid-absorbent outer surface on the drape while at the same
      time providing a high frictional coefficient, a sheet of fluid-absorbent
      flexible plastic foam material 18 is desirably laminated to the outer
      surface of the fluid-impervious film 20. The foam material 18 may be
      bonded to the film 20 by any suitable means such as by means of an
      adhesive, by fusing, or by extruding the film 20 directly on the foam
      material 12. Examples of suitable foams are 40 mil polyester polyurethane
      foam available from Reeves Bros. Tenneco Chemicals, Inc. having a density
      of 1.75 pounds per cubic foot and polyether polyurethane foams. The foam
      thickness should be generally in the range of from about 25 mils to about
      100 mils. It is preferred that the adhesive layer and the foam-film
      laminates be coextensive on opposite surfaces of the base sheet. Further,
      the adhesive layer and the release liner preferably do not extend by any
      amount into the fenestration area, but are separated from the fenestration
      edge by up to about 1/16 inch.
PAR  Turning to FIGS. 4-7, the preferred folding method for the drape of the
      invention will be described. As illustrated, the drape is first fan-folded
      starting at the fenestration end. In order to reduce the risk of
      contamination from the patient's skin when unfolding, each fold is made
      slightly larger than the preceding fold so that the smallest fold is on
      the top and each successive fold extends laterally by about 1 to 2 inches.
      Next, the opposite end is brought over the top of the fan-folded portion
      and itself fan-folded so as to present three fan-folded portions in
      vertical cross-section, the uppermost being shortened to provide a
      gripping edge. Then this folded drape is fan-folded laterally depending
      upon the length of the stack as shown in FIG. 6 so as to provide equal
      fan-folded edges on a base of 12-18 inches, for example. Finally, as shown
      in FIG. 7, one corner is "dog-eared" or folded over so that the center of
      the folded drape may be quickly located, and the fold folded in half with
      descriptive information stamped so as to be immediately legible when the
      drape is unwrapped.
PAR  FIG. 8 illustrates in fragmentary views the variable fenestration
      dimensions obtainable with the drape of the invention. By adjusting the
      position of tails 24 an open or nearly closed fenestration may be
      obtained. FIG. 8a shows the drape in a flat, open fenestration
      configuration as it would be normally unfolded. FIG. 8b demonstrates a
      closed fenestration of reduced size obtained by crossing tails 24 and
      attaching them by the underside adhesive layer. FIG. 8c depicts a larger
      fenestration provided by spreading tails 24 apart, and FIG. 8d depicts a
      narrow fenestration resulting from placing tails 24 closer together. In
      all cases a substantially complete seal around the fenestration can be
      maintained when used in combination with an adhesive bar sheet, or, in the
      case of FIG. 8b, without the need for an additional sheet.
PAR  Turning to FIG. 9, the drape of the present invention in use in a complex
      operative procedure involving a patient's hip will be described. In use
      the last fold of the above-mentioned folding procedure is unfolded so that
      the closed end of the fenestration with its adhesive and release liner are
      exposed. The liner is then removed by peeling away from the body to avoid
      contact, and that adhesive portion positioned in the perineal area and
      sealed against the patient. Thus positioned, the drape may be easily
      unfolded and will maintain its correct position. When this is done, the
      two tails of the fenestration may then be brought alongside the patient's
      torso, the release sheets removed by peeling away from the body, and the
      tails positioned so as to seal off the sides of the operative field.
      Alternatively, the tails 24 may be crossed at the level of the patient's
      waist and sealed forming an operative field as in FIG. 8b that completely
      seals off the patient's hip from the remainder of his body. As
      illustrated, bar sheet 26 having a film-foam laminate area 28 may be
      utilized in combination with the drape of the present invention to cover
      exposed patient areas and stocking 30 may also be provided for complete
      draping. In the manner shown, stocking 30 preferably has underside
      adhesive portions 32 which combines with the drape and bar sheet 26 to
      seal completely around the fenestration. As illustrated and described, the
      drape of the present invention provides an integral part of a total
      draping system and allows for increased speed in draping and security in
      the draping and operative procedures.
PAR  Thus it is apparent that there has been provided in accordance with the
      invention a surgical drape that fully satisfies the objects, aims, and
      advantages set forth above. While the invention has been described in
      conjunction with specific embodiments thereof, it is evident that many
      alternatives, modifications, and variations will be apparent to those
      skilled in the art in light of the foregoing description. Accordingly, it
      is intended to embrace all such alternatives, modifications, and
      variations as fall within the spirit and broad scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Surgical drape comprising
PA1  a. a base sheet formed of liquid repellent nonwoven fabric material, said
      base sheet having a top surface and a bottom surface for contacting a
      patient and having a generally U-shaped fenestration along a portion
      thereof to form tails;
PA1  b. a continuous layer of normally tacky pressure-sensitive adhesive on the
      bottom of said base sheet adjacent the closed end of said U-shaped
      fenestration; and extending adjacent the fenestration sides at least half
      way to the opened end of said fenestration;
PA1  c. releasable cover means protecting said adhesive adjacent the sides of
      said fenestration; and
PA1  d. separate releasable cover means protecting said adhesive at the closed
      end of said fenestration,
PA2  said drape being folded so that said separate releasable cover means
      protecting the adhesive at the closed of said fenestration is exposed.
NUM  2.
PAR  2. The drape of claim 1 further including a foam-film laminate bonded to
      the top surface of said base sheet and providing an absorbent, low glare,
      frictional surface having increased resistance to liquid strike-through.
NUM  3.
PAR  3. The drape of claim 1 in combination with a stocking drape and a bar
      drape forming a draping system for complicated limb surgery.
NUM  4.
PAR  4. The drape of claim 1 wherein said adhesive layer covers an area of at
      least about 12 square inches disposed symmetrically at the closed end of
      the fenestration.
NUM  5.
PAR  5. The drape of claim 1 wherein said base sheet is a nonwoven laminate of
      wadding and highly drafted fibers bonded by a spaced pattern of adhesive.
NUM  6.
PAR  6. The drape of claim 1 wherein said base sheet is a random fiber
      reinforced tissue laminate.
NUM  7.
PAR  7. The drape of claim 1 wherein said base sheet is a scrim reinforced
      tissue material.
NUM  8.
PAR  8. The drape of claim 1 wherein said releasable cover means are larger than
      the area of said adhesive so as to provide for quick cover removal.
NUM  9.
PAR  9. The drape of claim 2 wherein the areas of adhesive and foam-film
      laminate are coextensive on opposite sides of said base sheet.
NUM  10.
PAR  10. The drape of claim 1 wherein said adhesive layer and releasable cover
      means do not extend into the fenestration and are separated from the
      fenestration edge by up to about 1/16 inch.
PATN
WKU  039304981
SRC  5
APN  3406679
APT  1
ART  335
APD  19730313
TTL  Anti-adherent medical dressings and the like
ISD  19760106
NCL  5
ECL  1
EXP  Trapp; Lawrence W.
NDR  1
NFG  4
INVT
NAM  Monnet; Andre
CTY  Lyon
CNT  FR
INVT
NAM  Cessiecq; Maurice
CTY  Vernaison
CNT  FR
ASSG
NAM  Products Chimiques Ugine Kuhlmann
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19720314
APN  72.08787
CLAS
OCL  128149
XCL  128156
EDF  2
ICL  A61B 1900
ICL  A61L 1500
FSC  128
FSS  156;155;157;149
UREF
PNO  2477403
ISD  19490700
NAM  Brady
OCL  128156
UREF
PNO  3426754
ISD  19690200
NAM  Bierenbaum
OCL  128156
UREF
PNO  3686725
ISD  19720800
NAM  Nisbet et al.
OCL  128156
UREF
PNO  3709221
ISD  19730100
NAM  Riely
OCL  128156
LREP
FRM  Pennie & Edmonds
ABST
PAL  Anti-adherent material for coming into contact with the epidermis such as
      sheets, surgical dressings, various kinds of bandages and the like are
      disclosed which comprise a homopolymer or copolymer of tetrafluoroethylene
      containing at least about 50% tetrafluoroethylene deposited upon a support
      material which is resistant to the fritting temperature of the homopolymer
      or copolymer, the support material containing from about 25 to 90%
      homopolymer or copolymer and from 10 to 75% support material and
      possessing regularly disposed perforations for from about 0.1 to 10% of
      the surface thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  This invention relates to the field of anti-adherent, i.e., non-sticking,
      materials for coming into contact with the epidermis such as medical
      dressings, hospital linens, surgical dressings, various types of bandages
      and so forth.
PAR  The anti-adherent materials made in accordance with this invention are
      especially useful for placement beneath the bodies of hospital patients
      due for prolonged bed-confinement. Patients suffering from serious
      injuries, in particular, widespread burns or wounds which heal only with
      considerable difficulty can benefit greatly from the application of the
      dressings of this invention.
PAR  II. Description of the Prior Art
PAR  It is known that cutaneous wounds covering a large body surface area are
      particularly difficult to heal and are highly subject to infection. The
      dressings or sheets coming into contact with such wounds often cause
      partial destruction of the epidermis resulting from removing the patient
      from the sheets or changing the patient's dressings. The risk of
      septicemia is particularly increased since the dressings are maintained
      about the would in a warm and wet condition due to the suppuration of the
      wound. Moreover, contact of long duration of sheets and patient's healthy
      epidermis can lead to the formation of scabs. It is also known that all of
      these phenomena are the source of pains which at times are very severe for
      the hospitalized.
PAR  In order to remedy the disadvantage resulting from the suppuration of
      wounds, exposure of the latter to air at ambient temperature is generally
      recognized as favorable but it is not always possible to do this with the
      materials now in existence due to their abrasive action against the
      epidermis during healing.
PAR  Various materials have been proposed to remedy these disadvantages and are
      presently being used in hospitals as materials for coming into contact
      with patients' body surfaces, as for example, non-woven sheets of
      absorbant fibers having a surface coating of a permeable resin such as
      polypropylene or a surface which has been aluminized by the deposition of
      a layer of aluminum powder.
PAR  These materials represent a significant improvement over the previously
      employed sheets and dressings made of natural or synthetic textiles,
      however, they possess the major disadvantage of not being sufficiently
      anti-adherent. As a result such materials still have a tendency to stick
      to injured epedermis, either during renewal of the skin by grafting or in
      the natural manner, and cause deterioration of the epidermis as a result
      of its being unavoidably torn away.
PAR  Moreover, these materials can be used only once since they are not washable
      or capable of being sterilized and thus their use is economically
      undesirable.
PAC  SUMMARY OF THE INVENTION
PAR  As a result of studies carried out in connection with hospitals
      specializing in the treatment of serious burns, the antiadherent materials
      of this invention were developed.
PAR  The anti-adherent medical dressings, sheets, bandages and the like of this
      invention comprise a homopolymer or copolymer of tetrafluoroethylene
      containing at least about 50% tetrafluoroethylene (hereinafter designated
      PTFE) deposited upon any suitable support material which is resistant to
      the fritting temperature of the PTFE, about 380.degree.C, in such a way
      that the finished material will contain from about 25 to 90% of PTFE for
      about 10 to 75% of the support material by weight and from about 0.1 to
      10% of the useful surface of the support material will be perforated thus
      permitting evacuation of the liquids tending to be secreted from patients'
      wounds.
PAR  The materials of this invention possess excellent antiadherent properties
      and show themselves to be very interesting for clinical use. Moreover,
      they are readily washable and capable of being sterilized and so can be
      used numerous times rendering them economical.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 to 4 each illustrate a sectional view of an antiadherent medical
      dressing according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to one particularly interesting embodiment of this invention, a
      material comprising glass fiber having a surface area of 400 gm/m.sup.2 is
      charged through impregnation with a dispersion of PTFE and then dried and
      heated in such a manner as to provide a product having a smooth and
      uniform surface containing from about 50 to 80% PTFE and from about 20 to
      50% glass fiber and perforated with circular holes of about 1 to 6 mm
      diameter regularly disposed throughout the surface of the material so that
      the ratio of perforated surface area to material surface area is from
      about 1:1000 to 1:10.
PAR  This material can be used as such to provide articles supporting the sick
      or certain injured members, as for example, various hammocks or suspension
      devices, or they can be placed upon absorbtive layers such as sheets or
      blankets of the conventional type, or upon sheets made of non-woven
      cellulosic material. After use, the material can be washed and sterilized
      using any appropriate means. For example, sterilization can be carried out
      by heating or by passage through a sterilizing bath followed by drying.
      The article thus treated is ready for another use and is therefore stored
      in a sterile location.
PAR  It is especially advantageous to utilize a support material comprising two
      superimposed layers of a material such as recited above in such a way that
      the perforations are disposed in a regular manner so as to avoid contact
      of the epidermis with the absorptive layer placed beneath the support
      material. One interesting embodiment comprises using as the bottom layer
      an article having a somewhat rough or irregular surface. This will permit
      channeling of the liquids accumulating between the two superimposed
      layers. This can be accomplished by employing a bottom layer of glass
      fiber which is relatively coarse and contains less PTFE.
PAR  One embodiment of this invention, besides use in hospitals, is especially
      advantageous for use in transporting the injured by ambulance or for use
      in home-treating of the sick and injured. Articles conforming to this
      particular embodiment comprise one or two layers of an anti-adherent
      material according to the invention removably fastened employing any
      appropriate means to an absorptive substrate, for example, cellulosic
      fiber or non-woven cellulosic cloth. The assembly is placed in a sterile
      package following sterilization for convenient transport. Articles of this
      kind can therefore constitute part of the first-aid materials carried by
      ambulances and can also be used for home-treatment.
PAR  More specifically, the support materials according to this invention can
      be:
PA1  light materials of a weight in the range of about 50 gm/m.sup.2 to 400
      gm/m.sup.2 for use in the preparation of sheets and various dressings
      applied to an absorptive layer which is places upon a support material
      such as padding or cushioning.
PA1  heavy materials of a weight in the range of about 400 gm/m.sup.2 to 1000
      gm/m.sup.2 for use in the manufacture of articles employed only as
      hammocks and suspension devices.
PAR  The selection of a specific support material, homopolymer or copolymer and
      the amount to be applied to the support material and the extent of the
      perforations on the surface of the support material depend upon the nature
      of the end-use of the final product as is clearly evident to one skilled
      in the art.
PAR  The woven and non-woven materials which are resistant to the fritting
      temperature of PTFE, generally about 380.degree.C, can be employed for the
      manufacture of the medical dressings herein. The use of glass fibers has
      been found to be of particular interest by virtue of their excellent
      comparability under actual conditions of use with PTFE and because of the
      wide range of commercially available products of this type. However,
      asbestos fibers or thermostable fibers such as fibers made from the
      aromatic polyamides, the imide polyamides and the imide polyesters are
      also useful.
PAR  All of the known and conventional dispersions of PTFE are useful for
      preparing these contacting materials but the most interesting results have
      been obtained with dispersions in which the particle size is less than
      about 1 micron. Dispersions of PTFE charged with such appropriate mineral
      charges as graphite and aluminum are especially advantageously used to
      improve certain characteristics of the contacting material, for example,
      they impart a certain degree of conductivity which will avoid the
      accumulation of static electricity. One can also impart to the materials
      any appropriate coloration by pigmenting the PTFE with pigments which are
      resistant to the fritting temperature of the polymer.
PAR  Instead of using a homopolymer of PTFE as the starting material, one can
      also use dispersions of TFE copolymers with copolymerizable monomers such
      as ethylene and hexafluoropropylene with a level of at least 50% of
      tetrafluoroethylene in the copolymer.
PAR  The following examples are illustrative of the medical dressings according
      to this invention.
PAC  EXAMPLE 1
PAR  A glass fiber cloth weighing 90 gm/m.sup.2 and having a thickness of 0.06
      mm was coated with an aqueous dispersion of PTFE supplied by the Societe
      des Produits Chimiques Ugine Kuhlmann under the trade name Soreflon 60 and
      containing 60% by weight of solid polymer in the form of fine spherical
      particles of 0.2 to 0.3 .mu. diameter and 3% nonionic dispersing agent.
PAR  This dispersion was diluted to provide 50% solids and the glass fiber was
      continuously coated by passage through an emulsion bath followed by drying
      at 100.degree. to 120.degree.C, vaporization of the wetting agent at
      300.degree.C and finally, fritting of the PTFE at 380.degree. to
      400.degree.C. This operation was repeated four times to provide a
      thickness of 0.09 mm thus corresponding to a charge of 75% PTFE based on
      the total weight of coated fiber.
PAR  A coated material was then perforated with holes of 4 mm diameter disposed
      in staggered arrangement and spaced 45 mm in the transversal direction and
      30 mm in the longitudinal direction.
PAR  The material was coated in the form of a rectangle having dimensions
      appropriate to the size of a conventional hospital bed. The four corners
      of this rectangle were provided with metal eyelets for attachment of the
      rectangle by means of straps. This article, sterilized and then placed
      upon a bed above a layer of absorptive cotton provide an excellent support
      for the injured having cutaneous injuries over a wide area. This support
      can also be employed as a sheet for surgical operations and results in the
      avoidance of scabs on the sick who will be subjected to long
      bed-confinement.
PAC  EXAMPLE 2
PAR  A material identical to that utilized in EXAMPLE 1 was coated with three
      layers of PTFE and was perforated according to the procedure indicated in
      EXAMPLE 1. A fourth layer was then applied in such a way that the
      deposition of polymer would moderate the sharp angles produced on the
      periphery of the perforations due to cutting.
PAR  This material was utilized as described in EXAMPLE 1 but provided superior
      comfort to especially sensitive epidermal tissue.
PAC  EXAMPLE 3
PAR  A sufficient surface of the material described in EXAMPLE 1 was cut in
      order to cover a surface of grafted skin. After sterilization the material
      was coated with PTFE and was applied directly to the epidermis and to
      cover the usual dressing. The interposition of the material coated with
      PTFE avoids the partial tearing away of the skin upon change of the
      dressing due to its anti-adherency.
PAC  EXAMPLE 4
PAR  Two layers of glass material coated with PTFE according to EXAMPLE 1 are
      superimposed, as shown in FIG. 1, in such a way that the holes do not
      correspond. The assembly constitutes a hospital sheet utilized upon an
      absorptive layer but permits drainage of liquids and the drying up of
      wounds without the skin being in contact with the absorptive material
      lying beneath the perforations in the material.
PAC  EXAMPLE 5
PAR  Following the procedure of EXAMPLE 4 but using as a lower support material
      a heavier glass cloth, weighing 320 gm/m.sup.2 and 0.05 mm thickness, the
      cloth was coated with two layers of Soreflon 60 in such a way as not to
      destroy its surface irregularities. In this manner according to the
      diagram in FIG. 2, a material was obtained wherein the upper layer
      possessed a smooth surface and the lower layer possessed a rough surface
      thereby providing improved ability for drainage of the liquids which can
      thus pass more easily from an orifice to the other side despite their
      nonjuxtaposition.
PAC  EXAMPLE 6
PAR  Following the procedure set forth in EXAMPLE 1, glass fiber cloth weighing
      400 gm/m.sup.2 was coated with a dispersion of Soreflon 60 containing PTFE
      particles having a diameter between 0.1 and 0.3.mu. and containing 60% by
      weight of solid polymer in such a way as to provide a six-passage coating
      of PTFE equivalent to 68% by weight of the total amount of the finished
      material. This cloth which had a thickness of about 0.4 mm was perforated
      in its central portion with holes of 2 mm diameter spaced 10 mm in two
      directions so as to provide on its side a margin of 10 cm which was not
      perforated.
PAR  A length of the material sufficient for application by one who has been
      injured was cut from this material and its margin provided with eyelets of
      stainless steel spaced 10 cm apart. This material was then stretched in a
      metallic frame 2 while using elastic straps 3. The assembly constitutes a
      fixed or mobile support for the rest or transportation of the sick and
      injured as shown in FIG. 3.
PAC  EXAMPLE 7
PAR  A supportive assembly was prepared as shown in FIG. 4 by superimposing two
      layers of glass cloth coated with PTFE prepared according to EXAMPLE 4 and
      a layer of absorptive cellulose.
PAR  The cellulose was maintained in permanent contact with the supportive
      layers by means of a glass fiber thread coated with PTFE 4. The asembly
      was joined together with a series of rivets 5 and studs 6 made of
      stainless steel in such a manner that the coated glass fiber cloth can be
      detached from the cellulosic part for the purposes of cleaning and
      reusing.
PAR  This assembly was sterilized and placed in a sterile container in such a
      way that it could be used in any place for the support of the injured or
      for their transportation by any appropriate means.
CLMS
STM  We claim:
NUM  1.
PAR  1. Anti-adherent materials for coming into contact with the epidermis such
      as sheets, surgical dressings, various kinds of bandages and the like
      which comprise a homopolymer or copolymer of tetrafluoroethylene
      containing at least about 50% tetrafluoroethylene deposited upon a support
      material which is resistant to the fritting temperature of the homopolymer
      or copolymer, said anti-adherent materials containing from about 25 to 90%
      homopolymer or copolymer and from 10 to 75% support material and
      possessing regularly disposed perforations comprising about 0.1 to 10% of
      the surface.
NUM  2.
PAR  2. Anti-adherent medical dressings according to claim 1 wherein the support
      material is made of glass fiber.
NUM  3.
PAR  3. Anti-adherent medical dressings according to claim 1 made up of two
      layers of superimposed support material such that the perforations are
      interposed in a regular manner.
NUM  4.
PAR  4. Anti-adherent medical dressings according to claim 1 disposed upon an
      absorptive substrate.
NUM  5.
PAR  5. A method for contacting epidermis with anti-adherent materials such as
      sheets, surgical dressings, various kinds of bandages and the like which
      comprises contacting epidermis with a homopolymer or copolymer of
      tetrafluoroethylene containing at least about 50% tetrafluoroethylene
      deposited upon a support material which is resistant to the fritting
      temperature of the homopolymer or copolymer, said anti-adherent material
      containing from about 25 to 90% homopolymer or copolymer and from 10 to
      75% support material and possessing regularly disposed perforations
      comprising about 0.1 to 10% of the surface.
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ABST
PAL  A hypodermic syringe comprising a head, a rod slidingly mounted in the head
      and gripping elements fixed to the head and to the exterior free end of
      the rod. The gripping element fixed to the body is mounted on the latter
      adjustably in the longitudinal direction with respect to the gripping
      element fixed to the exterior end of the rod.
PARN
PAC  CROSS-RELATED APPLICATION
PAR  This Application is a division of copending Application Ser. No. 308,844,
      filed Nov. 22, 1972 now U.S. Pat. No. 3,878,846.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to hypodermic syringes and in particular to
      adjustable gripping elements therefor.
PAR  2. Description of the Prior Art and Objects of the Invention
PAR  Syringes, particularly those used by dentists, are known which comprise a
      syringe head having fixed gripping elements by which the syringe is held
      and anaesthetic is operatively supplied therefrom for the purpose of an
      injection.
PAR  An object of the present invention is to provide a syringe comprising a
      head which is suitable for all users irrespective of the size of their
      hand.
PAR  A particular object of the invention is to provide a syringe having
      adjustable gripping means to accommodate hands of different size.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a hypodermic syringe
      comprising a syringe head, a rod slidingly mounted in the head for axial
      movement therein and gripping elements fixed to the head and to the
      exterior free end of the rod, the gripping element fixed to the head being
      mounted on the latter adjustably in the longitudinal direction with
      respect to the gripping element fixed to the exterior end of the rod.
PAR  Suitably the head comprises a sleeve in which the rod slides, rings stacked
      on the said sleeve, locking means for locking the rings in the axial
      direction fitted at one end of the sleeve, the gripping element associated
      with the head being constituted by a disc interposed between two rings of
      the set of rings, the locking means being demountable to enable the disc
      to be interposed between any two other rings.
PAR  In another embodiment, a second disc is interposed between the rings at a
      point remote from the first disc. The two discs each may have a
      frustoconical profile, one being flared in the opposite direction.
PAR  Alternatively, the gripping element may comprise two spaced double lugs
      interposed between the stacked rings and clamped along a sleeve in which
      the rod slides. As a further alternative the gripping elements may
      comprise two spaced double lugs each fitted with a locking screw and
      mounted slidably in the axial direction along a sleeve in which the rod
      slides.
PAR  The head is preferably fitted with a screwthread for attachment to the
      body, the body suitably being of moulded material and in the form of a
      hollow tube having an open end provided with a screwthread complementary
      to that of the head.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical cross-section through a syringe fitted with a syringe
      body containing an anaesthetic cartridge and shielded by a protective
      case;
PAR  FIG. 2 is a vertical cross-section through a syringe body containing a
      cartridge prior to its assembly with the head of a syringe;
PAR  FIG. 3 is a section similar to FIG. 2, the case being arrange in a
      protective support;
PAR  FIG. 4 is a section along the line IV--IV of FIG. 1;
PAR  FIG. 5 is a cross-section through a support with multiple cells for cases
      containing a syringe body and a cartridge with a syringe and a cartridge
      disposed in one cell;
PAR  FIGS. 6 and 7 are cross-section elevations showing a cartridge according to
      the invention and a conventional cartridge each arranged on an individual
      support; and
PAR  FIG. 8 is a cross-sectional elevation of a support with multiple cells for
      cartridges with a conventional cartridge provided with a piston with
      screwthread shown part in section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, FIG. 1 shows a hypodermic syringe with a syringe
      head designated by the reference 1, and a syringe body designated by the
      reference 2.
PAR  Only the head 1 is the permanent element, made of metal, which does not
      require to be sterilized and which the user may retain. The head comprises
      a tip 3 having at one end an internal screwthread and prolonged at the
      opposite end by a sleeve 4 in which a rod 5 slides.
PAR  Upon the sleeve 4 there are stacked rings 6 clamped by a nut 7 which is
      screwed to the extreme terminal part of the sleeve.
PAR  Between the rings there are interposed two spaced discs 8 and 9 which have
      overall a frustoconcial profile, one being flared towards the free end of
      the rod and the other in the opposite direction.
PAR  The rod 5 is provided at its end with a ring 10 large enough for the
      passage of a thumb.
PAR  The disc 9 and the ring 10 constitute a set of gripping elements which are
      used to give an injection, the index and second fingers being braced
      against the disc 9 while the thumb is engaged in the ring 10.
PAR  The gripping element fixed to the tip, i.e. the disc 9, can easily be moved
      along the sleeve 4 in order to regulate the distance of said elements as a
      function of the size of the operator's hand.
PAR  The disc 8, likewise adjustable in position, enables the syringe to be
      grasped more easily between the index and second fingers which may be slid
      between the two discs 8 and 9.
PAR  The syringe body 2 may be fabricated of moulded material, for example, of
      injection moulded plastics. It is supplied in sterile condition and
      intended to be disposable after use. It is constituted by a hollow tube
      having an open end fitted with a screwthread 11 complementary to that of
      the tip 3. The opposite end is closed by a transverse blocking wall 12
      pierced with a rather small off-center hole 13.
PAR  In the wall 12, which is provided with a central reinforcement for this
      purpose, there is anchored a double needle which has an internally
      protruding part 14 and an externally protruding part 15.
PAR  The body 2 is protected for its delivery and its storage inside a case 16.
      The latter is a hollow tubular element moulded of plastic material,
      preferably of polyethylene, which fits snugly and air-tight upon the
      external face of the body. One end of the element is blocked by a solid
      wall 17. Its length is such that when the body is introduced into it, the
      screwthread 11 remains free whereas the entire remainder of the body
      including the needle 15 is shielded fluid tightly.
PAR  In the region of the reinforcement which retains the double needle, the
      body 2 is fitted externally with at least one stop 18. In this example, as
      FIG. 4 shows, there are four stops 18. The case 16 is fitted internally
      with four stops 19 situate in the same sectional plane as the stops 18.
PAR  The stops 18 and 19 come into contact as a result of a relative movement in
      rotation of the case and of the body. It is therefore possible to screw
      the body 2 onto the tip 3 by holding only the case 16, without having to
      disengage the body from it.
PAR  The same fixation in rotation could be achieved by giving to the body 2 and
      to the case 16, or to a portion of these parts, a cross-sectional profile
      which is not of revolution about their common axis.
PAR  Referring to FIGS. 2 and 3, these show in detail cartridges containing an
      anaesthetic, which are generally supplied in sterile condition, arranged
      inside the body 2.
PAR  The cartridge of the invention, designated by the reference numeral 20,
      comprises a tube 21 of constant section fitted at one end with a fluid
      piston 22 displaceable inside the tube and provided at its opposite end
      with a plug 23 of elastic material, for example of rubber.
PAR  The plug 23 comprises a first part 24 fitted in the interior of the tube 21
      and a second part 25 exterior to the tube 21. Said second part 25 covers
      the extreme portion of the tube 21 and it has externally a dimension, for
      example a diameter, which is greater than the interior dimension of the
      body of the syringe.
PAR  A blind cavity 26 is provided in the plug 23; it opens into the exterior
      extreme face of the second part 25 and extends inside the first part 24 of
      the said plug. Thus, the walls of the first part 24 are reduced in
      thickness and they are capable of being crushed elastically upon
      themselves. With a plug fabricated of a sufficiently flexible elastomer,
      it would not be necessary to reduce in thickness the walls of the first
      part 24 to obtain an elastic crushing of this part of the plug.
PAR  When a cartridge 20 is introduced into the interior of the body 2, the plug
      23 leading, by virtue of the friction of the latter against the internal
      face of the body, the said cartridge remains in the position in which it
      is placed.
PAR  Before the syringe body is assembled upon the syringe head, the
      case-body-cartridge assembly is in the state visible in FIG. 2. The
      cartridge 20 is anchored in the body 2 by virtue of the friction of the
      plug 23, at such a depth that the latter is not perforated by the interior
      part 14 of the needle.
PAR  In order to supply and maintain the said assembly in sterile condition,
      according to the invention a support 27 is provided for use individually
      (FIG. 3) or grouped with others so as to constitute a multiple celled
      support (FIG. 5).
PAR  Each support 28 comprises a base 27 upon which it rests and a wall (FIG. 3)
      or a plurality of mutually adjacent walls (FIG. 5) which rise from the
      base and limit one or more cells. The latter are adapted to receive with
      friction and air-tightly an extreme part of a case containing a body and a
      cartridge or a body alone.
PAR  It is possible to provide supports of smaller size adapted to receive in
      the same fluid tight manner an extreme part of a cartridge according to
      the invention (FIG. 6) or a conventional cartridge (FIGS. 7 and 8) either
      individually or in a group.
PAR  The cartridges 20 of the invention and the conventional cartridges are
      introduced into their supports by their plug or by their crimped joint
      which must be pierced by the interior needle 14 of the syringe body.
PAR  An internal shoulder or stop limits to an appropriate value the insertion
      of the cartridges into their supports; the same may apply to the cases.
PAR  When the cases are fabricated of polyethylene, the supports are preferably
      made of polystyrene, since the contact of these two materials achieves a
      better fluid tight seal than the contact of identical materials.
      Furthermore, polyethylene is permeable to ethylene oxide whereas
      polystyrene is not. Therefore the interior of a complete block like those
      in FIG. 3 or in FIG. 5 can be sterilized before their assembly, by placing
      them in an atmosphere of ethylene oxide under pressure. The gas passes
      through the wall of the case 16, spreads in the support 27 and in the body
      2 through the lower aperture and through the upper aperture 13.
PAR  The supports and the blocks of supports of the invention ensure durably and
      with certainty the sterility on the one hand of the syringe body and the
      cartridge, and on the other hand of the plug which will be pierced by the
      needle.
PAR  A single movement of the hand is sufficient to take a case-body-cartridge
      assembly or a cartridge alone without having to undertake an additional
      sterilization.
PAR  When an assembly in the state visible in FIG. 2 has been grasped and
      withdrawn from its support, the body 2 is screwed into the tip 3 as stated
      hereinbefore.
PAR  During the screwing, the cartridge 20 is constrained to descend into the
      body of the syringe and the plug 23 is pierced by the internal needle 14.
PAR  At the end of stroke of the screwing, the extreme portion of the tube 21
      crushes the external part 25 of the plug against the internal face of the
      wall 12. Said crushing ensures fluid tightness at the end of the cartridge
      and of the body.
PAR  The case is then withdrawn by a simple sliding movement along the body 2,
      and the syringe is ready for use.
PAR  When a force is exerted upon the rod 5, the piston 22 is thrust into the
      cartridge; the liquid which it contains is placed under pressure and the
      interior part 24 of the plug which receives the said pressure is
      elastically compressed, diminishing in height. If at this moment the force
      exerted upon the rod 5 is relaxed, then the interior part 24 of the plug
      expands, repels the liquid of the cartridge and thus produces a suction.
      The latter is weak but it is sufficient to verify whether the tip of the
      needle 15 has stopped in a blood vessel.
PAR  To perform a second injection with the same syringe body, the case 16 is
      taken once more, the body 2 is unscrewed, the empty cartridge is thrown
      away and is replaced by a full cartridge which is extracted from its
      support and which is introduced into the body 2, as in FIG. 2, without
      having to grasp it by the plug which must remain sterile.
PAR  In order to dispose of the body of the syringe when it has been unscrewed
      from the tip by means of the case 16, the latter is not withdrawn. In this
      manner the point 15 which could wound or contaminate remains enclosed in
      the case.
PAR  The invention permits the use of a conventional cartridge 29 which has, at
      its end opposite to the piston 30, a shrinkage 31; the latter serves to
      fit a crimping capsule 32 with a central orifice which maintains in
      position a fluid tight seal 33. Some pistons 30 have a screwthreaded blind
      hole 34.
PAR  In this case the free end of the rod 5 is screwthreaded like the hole 34
      and the rod itself is anchored in rotation inside the sleeve 4 by virtue
      of a groove and of a lug (not shown). The internal face of the syringe
      body is equipped with longitudinal lamellae (not shown) which oppose the
      rotation of the cartridge 29 and which also brake its translation inside
      the body.
PAR  During the screwing of the tip 3 and of the body 2, the rod 5 is screwed in
      the plug 30. This permits the verifying suction discussed hereinbefore to
      be effected by a traction applied to the rod 5.
PAR  The present invention also embraces those modifications and variants which
      do not depart from its ambit or from its spirit. The syringe illustrated
      and described is adapted for use by dentists, but it will be apparent that
      it is also suitable for other uses.
PAR  For example, the use of a double claw or of a double lug equipped with a
      locking screw will be considered an equivalent means to the discs 8, 9 and
      to the rings 6. The said screws serve to anchor the lug at the desired
      point along the sleeve 4.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A syringe comprising a syringe body delivered sterile ready for use to
      be discarded after a single usage, said syringe body having one extremity
      with connection means thereat for attachment to a syringe head, a needle
      mounted at the opposite extremity of said body, said needle extending
      partially into the interior of the body and partially externally thereof,
      said syringe body being delivered in combination with a cartridge of
      injectible fluid frictionally held in said body and including at one
      extremity thereof a closure non-slidably fitted in said cartridge and
      placed in facing relation with the part of the needle extending into the
      interior of the body, said cartridge including, at the other extremity
      thereof, a piston which is slidable in the cartridge, a removable case
      mounted on the body and covering a portion thereof and the externally
      extending portion of the needle while leaving said connection means
      exposed, means coupling said case and body for common rotation, and a
      detachable support mounted on the case and covering the rest of said body,
      said support being separable from the case and thus disengaged from the
      connection means.
NUM  2.
PAR  2. The combination as claimed in claim 1 wherein said opposite extremity of
      said syringe body is provided with an aperture separate from said needle.
NUM  3.
PAR  3. The combination as claimed in claim 1 wherein said cartridge comprises a
      tube of constant section fitted with said piston in fluid-tight relation,
      said closure at the opposite end comprising a plug of elastic material
      including a first part fitting into the interior of the tube and a second
      part external to the tube and having an external dimension greater than
      the internal dimension of the syringe body so that the plug exerts a
      frictional force against the internal face of the syringe body and opposes
      free sliding of the cartridge in the body.
NUM  4.
PAR  4. The combination as claimed in claim 3 wherein said first part of the
      plug fitted into the interior of the tube of the cartridge has thin walls
      such that said first part is deformed elastically by the pressure of the
      liquid in the course of injection.
NUM  5.
PAR  5. The combination as claimed in claim 4 wherein said plug has a blind
      cavity which opens at the exterior extreme face of said second part of
      said plug and which extends inside said first part of the plug.
NUM  6.
PAR  6. The combination comprising
PA1  a syringe head adapted to be retained by the user for permanent use without
      sterilization,
PA1  a syringe body delivered in sterile state to the user said syringe head
      including at one extremity thereof connection means for attachment to said
      syringe body, said syringe body having at one extremity thereof means for
      complementary connection to the connection means of the syringe head, said
      syringe body being furnished to the user for attachment to the syringe
      head and comprising before its fixation to said syringe head, an injection
      needle situated at the extremity opposite to that of the complimentary
      connection means, said needle extending partially into the interior of the
      body and partially externally thereof, a cartridge of injectible fluid
      frictionally mounted in said body and having at one extremity thereof a
      closure non-slidably fitted in said cartridge and placed in facing
      relation with the part of the needle extending into the interior of the
      body, said cartridge including, at the other extremity thereof, a piston
      slidably mounted in the cartridge,
PA1  a removable case mounted on the body and covering one portion thereof and
      the externally extending portion of the needle while leaving said
      complimentary connection means exposed,
PA1  means coupling said body and case and permitting manual manipulation of the
      case, without contact of the fingers of the user with said body, said
      cartridge and said needle, for assembly of the complimentary connection
      means of said syringe body with the connection means of said syringe head,
PA1  and a detachable support mounted on the case and covering the rest of said
      syringe body, said support being separable from the case thus exposing the
      complimentary connection means for successive attachment of sterile
      syringe bodies with the same syringe head.
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ABST
PAL  A pharmaceutical single-dose container consisting essentially of an
      elongate flexible closure member extending through the wall of the
      container and sealed therein with part of said closure member extending
      outwardly of the container, said part being engageable by hand to permit
      the closure member to be pulled out of the container wall thereby to
      provide a discharge opening through which the contents of the container
      can be discharged.
BSUM
PAR  This invention relates to expendible sealed containers whose contents, such
      as solutions, ointments, emulsions, syrups, powders and other like
      products capable of fluid flow, may be discharged preferably as a single
      dose when the container is opened. Such containers will hereinafter be
      referred to as "containers of the kind described."
PAC  THE PRIOR ART
PAR  Some known containers of the kind described have a discharge channel,
      through which the contents may be discharged, the channel being covered by
      a nipple of, for example, ball or vaned shaped. The nipple can be torn
      from the container to expose the discharge channel by twisting it relative
      to the rest of the container. There is a risk, however, of projecting
      burrs remaining around the discharge channel when the nipple is removed;
      this may be dangerous where, for example, the contents are to be
      discharged into an eye. There is also a risk that material broken off when
      the nipple is removed may block the channel.
PAR  Other known containers of the kind described, formed by joining together
      container walls along their edges by means of welded or adherent seams,
      may be opened by cutting through the seam with a suitable instrument, such
      as scissors or a knife. The instrument used for cutting may, however,
      contaminate the contents of the container. Further, a cutting instrument
      may not always be readily available when it is desired to open a
      container.
PAC  THE INVENTION
PAR  The present invention provides a container of the kind described having an
      elongate flexible closure member extending through the wall of the
      container and sealed therein with part of said closure member extending
      outwardly of the container, said part being engageable by hand to permit
      the closure member to be pulled out of the container wall, thereby to
      provide a discharge opening through which the contents of the container
      can be discharged.
PAR  Since said closure member can be removed by hand, it is not necessary to
      use a cutting instrument to provide a discharge opening; and since it is
      not necessary to tear off a nipple or any part of the container wall to
      provide a discharge opening, there is less danger of projecting burrs
      being left around the discharge opening or of the discharge opening being
      blocked.
PAR  Said closure member can be sealed in the discharge opening in any suitable
      manner, for example, by welding it to the container walls, by heat-sealing
      or by adhesive. As suitable elongate closure members we may mention, for
      example, a thread, string, fiber, strip, tape, wire, rod or the like. The
      closure member is preferably formed as a thread of plastic material or of
      metal foil, although cellulose glass or glass threads, or threads of
      cotton or silk which have been impregnated or coated with a plastic
      compound, may be employed.
PAR  In a preferred embodiment, the container of the present invention comprises
      two plastic or plastic-coated metal foils forming the container wall and
      sealed together at their edges by a welded, heat-sealed or adherent seam.
      In the formation of such a container a closure member is positioned
      between the foils prior to the seaming operation so that when seaming
      takes place, the seam serves to secure and seal the closure member in the
      container wall. When it is desired to open the container, the member may
      be pulled and removed from the seam, thereby providing an opening in the
      seam through which the contents of the container can be discharged. The
      foils may then be squeezed together so as to force the contents through
      the discharge opening.
PAR  If the container is relatively small, the foils are preferably deep-drawn
      before the contents are introduced to the container.
PAR  Containers with a rigid wall may, if desired, be employed, a prefabricated
      discharge opening being provided which is sealed, for example, with a
      suitably shaped aluminum wire.
PAR  In order to facilitate the pulling of said closure member from the
      container wall, the outer part of said member may be provided with
      gripping means, for example by looping it or connecting a suitable
      gripping member, so that the closure member may be the more easily
      gripped. The surface of the gripping member may be ridged, for example by
      embossing, as may surface or flats provided on the container wall to
      facilitate the holding of the container wall during the opening procedure.
      Such surfaces or flats may be provided at the edge of the container walls
      so as to ensure that the contents of the container are not discharged
      prematurely by squeezing the container walls while said closure member is
      being removed.
PAR  Preferably, the part of the closure member extending outwardly of the
      container is welded, heat-sealed or otherwise embedded in a portion of the
      container wall covering the discharge opening. In addition to preventing
      the closure member from being accidentally pulled, this portion also
      serves as a hand grip to facilitate opening of the container. If the grip
      portion is torn from the container by a rotary or shearing movement, then
      said closure member is simultaneously removed so as to provide a discharge
      opening. The grip portion can be torn from the container more easily if at
      the point of connection between it and the rest of the container a
      predetermined fracture region, provided for example by a line of
      indentations or perforation, is provided.
PAR  As a sharp-edged or burred fracture can easily result when the grip portion
      is torn from the rest of the container which during application for
      example to the eye can cause injury, it is preferable to provide an
      adaptor member in the form of a collar of a soft material, such as wax or
      a soft plastic, surrounding the fracture region. The adaptor member
      surrounds the fracture region in such a way as to project outwardly from
      the discharge opening, thereby to ensure that sharp-edged or burred
      fracture points cannot contact sensitive parts of a body during
      application of the contents. The adaptor member is preferably sealed to
      the container walls to ensure that the contents cannot leak from between
      the container walls and the adaptor member during discharge of the
      contents.
PAR  In a further preferred embodiment, wherein no grip portion is provided, an
      adaptor member formed as a cap covering and surrounding the discharge
      opening has a central discharge channel communicating with the discharge
      opening and in which the part of the closure member extending from the
      container wall is disposed and projects therefrom. The adaptor member is
      preferably of conical shape, tapering from its base around the discharge
      opening to its tip remote from the container wall. In use, the closure
      member may be pulled from the discharge channel and opening. If the
      discharge channel is sufficiently narrow, the contents may be emitted from
      the container as a spray. The adaptor member is preferably made of
      plastic, so that the adaptor can advantageously be heated and sealed on to
      the container in the desired position after the sealing of the container.
      Wax may also be suitable for simple designs of the adaptor member. To
      ensure that the adaptor member is securely located, ribs, lugs or teeth
      may be provided on the container wall beneath the discharge opening, which
      project into the adaptor member and thus rigidly anchor the adaptor member
      to the container wall.
DRWD
PAR  Preferred embodiments of the invention will hereinafter be described merely
      by way of example with reference to the accompanying drawings in which:
PAR  FIG. 1 is a sectional view of a first embodiment of a container of the
      present invention;
PAR  FIG. 2 is a further sectional view of the first embodiment at right angles
      to the sectional view of FIG. 1;
PAR  FIG. 3 is a sectional view of a second embodiment having a gripping member
      connected to the part of the closure member extending from the container
      wall;
PAR  FIG. 4 is a sectional view of a third embodiment having a loop formed in
      the projecting part of the closure member;
PAR  FIG. 5 is a sectional view of a fourth embodiment having its discharge
      opening covered by a hand grip portion;
PAR  FIG. 6 is a sectional view of a fifth embodiment, generally similar to the
      embodiment of FIG. 5;
PAR  FIG. 7 is a sectional view of a sixth embodiment having an adaptor member
      surrounding the hand grip portion;
PAR  FIG. 8 is a sectional view of a seventh embodiment adapted for use in
      applying medicaments to the eye;
PAR  FIG. 9 is a sectional view of an eighth embodiment, also adapted for use in
      applying medicaments to the eye;
PAR  FIG. 10A is a sectional view of a ninth embodiment having a hand grip
      portion which covers and an adaptor member which surrounds the discharge
      opening;
PAR  FIG. 10B is a sectional view of the ninth embodiment at right angles to the
      view of FIG. 10A;
PAR  FIG. 10C is a sectional view along line C-D of FIG. 10A;
PAR  FIG. 11A is a sectional view of the ninth embodiment corresponding to FIG.
      10A, showing the container open;
PAR  FIG. 11B is a sectional view of the ninth embodiment at right angles to the
      view of FIG. 11A;
PAR  FIGS. 12A, B and C are enlargements of the parts of the ninth embodiment
      adjacent the discharge opening, and correspond to the views of FIGS. 10A,
      B and C, respectively;
PAR  FIG. 13A is a sectional view of part of a tenth embodiment adjacent the
      discharge opening, this embodiment having no hand grip portion, but having
      a conically shaped adaptor member in the form of a cap; and
PAR  FIG. 13B is a sectional view along line A-B of FIG. 13A.
DETD
PAR  Referring to FIGS. 1 and 2, the first embodiment shown consists of a
      container formed from two foils 1 forming the container walls made of
      plastic or plastic-coated metal, joined together at their edges by a
      welded, or adhesive seam 2. In the formation of the container, the
      contents 3 of the container (e.g. liquid or other substance capable of
      fluid flow) are introduced, and an elongate flexible closure member
      comprising a thread 4, preferably made of plastic or metal foil, is
      positioned between the foils 1 so that part of the thread 4 projects into
      and part projects outwardly from the foils. When the seam is formed,
      thread 4 is also secured and sealed in the seam as at 5. A flat grip
      member 6 is secured to thread 4.
PAR  When it is desired to discharge the contents 3, the grip member 6 is
      gripped between the fingers of one hand and part of seam 2 is gripped
      between the fingers of the other. Thread 4 is then pulled and removed from
      seam 2. The aperture thus formed at 5 in seam 2 serves as a discharge
      opening, and by squeezing the container walls together, contents 3 may be
      discharged as a single dose.
PAR  In subsequent embodiments, parts corresponding to parts of the first
      embodiment will be denoted by the same reference numeral.
PAR  The second and third embodiments shown in FIGS. 3 and 4 are generally
      similar to the first embodiment, although the shapes of the container are
      different. The major difference, however, of the second embodiment shown
      in FIG. 3 relative to the first embodiment is that thread 4 is provided at
      its outer end with an integral enlarged portion 6 which serves as a grip
      member; and in the third embodiment of FIG. 4 the outer end of the thread
      4 is looped at 6 to facilitate gripping of the thread.
PAR  Referring to the fourth embodiment shown in FIG. 5, the container is formed
      in a generally similar manner to the first embodiment shown in FIGS. 1 and
      2. Foils 1 are, however, provided with integral projecting lobes 7 which
      are joined together face-to-face during the seaming operation to serve as
      a hand grip portion enclosing the outer end of a thread 4 and covering a
      discharge opening at 5. The lower end of seam 2 remote from opening 5 is
      widened as at 8 to facilitate gripping when the container is opened.
PAR  When the container is opened, the hand grip portion is gripped between the
      fingers and is torn from the rest of the container at a neck portion 9;
      the neck portion 9 may be indented or perforated to facilitate tearing. As
      the grip portion is torn from the container, thread 4 is removed from the
      container wall. A discharge opening is thus provided at 5 and the contents
      3 may be discharged.
PAR  The fifth embodiment shown in FIG. 6 is generally similar to the fourth
      embodiment; the widened portion at 8 of seam 2 is, however, shaped
      differently, being rounded.
PAR  The sixth embodiment shown in FIG. 7 is similar to the fifth embodiment,
      but incorporates a wax collar or adaptor member 10 surrounding the neck 9
      at which grip portion 7 is torn. The collar 10 projects outwardly from
      neck 9 so as to ensure that sharp edges or burrs, arising when the grip
      portion 7 is torn, are not exposed.
PAR  The seventh embodiment shown in FIG. 8 is designed specifically for
      treating the eye, and the contents 3 may be, for example, an eye lotion.
      The embodiment is similar to those shown in FIGS. 5 and 6 in that it
      incorporates a hand grip portion. It differs however in that the foils 1
      are each provided with projecting parts 11 on either side of thread 4, the
      parts of the foils on the same side of thread 4 being joined together
      face-to-face when the foils 1 are seamed together. The extremities of
      parts 11 are so spaced that each extremity may be located in the corner of
      an eye when the contents 3 are discharged into the eye. The extremities
      are provided with a protective plastic or wax layer 12 to prevent damage
      to the eye. The bases of the projecting parts 11 also serve as finger
      grips when the container is opened.
PAR  In the eighth embodiment shown in FIG. 9 the foils 1 are provided with loop
      portions 13 extending from one side of the thread 4 to the other side of
      thread 4. Although positioned face-to-face, these looped portions 13 are
      not joined together during the seaming operation so that they can
      subsequently be bent away from each other. The loop portions 13 are
      dimensioned so that when they are bent away from each other about their
      points of connection at 14 to seam 2, they can serve as a supporting frame
      surrounding an eye to provide support and location for the container when
      the contents are discharged into an eye. Each loop portion 13 is
      preferably embossed to provide a central ridge as at 15 to provide a
      certain amount of rigidity to the loop portions.
PAR  Referring now to the ninth embodiments shown in FIGS. 10A to 12C, the
      embodiment is generally similar to the sixth embodiment shown in FIG. 7,
      and in particular has a hand grip portion 7 whose neck 9 is surrounded by
      an adaptor member in the form of a wax or plastic collar 10. The collar is
      formed as a split member comprising two identical halves 10a and 10b.
PAR  The shape of parts 10a and 10b is best shown in FIG. 12B. It can be seen
      that the upper portions of the inner surface of parts 10a and 10b define
      an annular opening 16, as shown in FIG. 12C, which serves to increase the
      accuracy of application of the contents of the container. The lower
      portions of parts 10a and 10b are tapered to accomodate the shape of the
      container. The parts 10a and 10b are welded together in situ after the
      seaming of foils 1, and the tapered lower portions of 10a and 10b are
      sealed, by welding, pressing or adhesion, to foils 1 to prevent the
      contents from seeping between the adaptor member and the container wall
      when the contents are discharged. Projecting teeth 17 integral with the
      foil edges are located in the inner wall of collar 10 during the
      interconnection of parts 10a and 10b, and teeth 17 serve to secure the
      adaptor member 10 to the container wall.
PAR  The adaptor member projects from the container wall above neck 9 of the
      hand grip portion 7, neck 9 being perforated as at 18 to define a
      predetermined fracture region in which the hand portion can be torn from
      the rest of the container. Hence, resultant burrs and sharp edges will not
      be exposed when the hand grip portion 7 and closure member 4 are removed,
      as shown in FIGS. 11A and 11B. When the hand grip portion 7 is torn, the
      collar 10 can serve as a means for gripping the container.
PAR  The tenth embodiment shown in FIGS. 13A and 13B is formed in a similar
      manner to that of the first embodiment. Foils 1 are, however, shaped to
      provide a tapered portion 20, the thread 4 being secured and sealed in the
      seam 2 at the apex of the tapered portion. A wax or plastic adaptor member
      21 of generally conical shape is located on the tapered portion 20 by
      means of retaining teeth 22 projecting from the edges of foils 1 and
      engaging the inner surface of member 21. Member 21 is formed as a split
      member comprising two identical halves 21a and 21b which are welded,
      heatsealed or adhesively joined together in situ in the manner of the
      adaptor member of the first embodiment. The inner surface of the base of
      member 21 is sealed to the container wall and is tapered to accommodate
      the shape of the container wall.
PAR  The adaptor member 21 is formed to provide a discharge channel 23
      communicating with the discharge opening at 5 and in which thread 4 is
      disposed. The end of thread 4 extends from outlet 24 of channel 23 which
      is widerend, as shown. When thread 4 is pulled from the discharge channel,
      the contents of the container may be discharged through the channel. As a
      result of the narrowness of the channel, the contents may be emitted as a
      spray if they are of suitable liquidity. The shape of adaptor member 21
      facilitates the accurate application of the spray.
PAR  While the present invention has been illustrated with the aid of certain
      specific embodiments thereof, it will be readily apparent to others
      skilled in the art that the invention is not limited to these particular
      embodiments, and that various changes and modifications may be made
      without departing from the spirit of the invention or the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pharmaceutical single-dose container adapted for applying the contents
      thereof to an eye, said container having been formed by placing two foils
      face-to-face, positioning an elongate flexible closure member there
      between, and joining and sealing together the edges of said foils by a
      seam to form a container wall, said seam serving to secure and seal said
      closure member in the container wall, said closure member extending
      through the wall of the container and sealed therein with part of said
      closure member extending outwardly of the container, said part being
      engageable by hand to permit the closure member to be pulled out of the
      container wall to provide a discharge opening through which the contents
      of the container can be discharged, said seam being widened to seal said
      outwardly extending part of said closure member therein, said foils being
      each provided with looped portions extending from one side of said closure
      member to the opposite side, the looped portions being bendable to
      positions in which they define a supporting frame for positioning around
      an eye.
NUM  2.
PAR  2. A container of claim 1 adapted for applying said contents to an eye,
      wherein said looped portions are dimensioned so that they are bent away
      from each other about their points of connection at said seam.
NUM  3.
PAR  3. A container of claim 1 adapted for applying said contents to an eye,
      wherein each looped portion is embossed to provide a central ridge for
      providing rigidity to said looped portions.
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ABST
PAL  A disposable diaper having an absorbent pad, a fluid impervious backing
      sheet defining a back surface of the diaper, a front surface, and a
      plurality of longitudinally extending folds defining a box-pleat
      configuration of the diaper. An end flap of the box-pleat diaper is folded
      over the front surface of the diaper, and means is provided for retaining
      at least a portion of the front surface of the flap against the underlying
      front surface of the box-pleat diaper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to disposable diapers for infants, and more
      particularly to diapers which prevent leakage.
PAR  During recent years diapers of the disposable type have come into
      widespread use. Such diapers are generally constructed having a fluid
      impervious backing sheet, a fluid pervious top sheet, and an absorbent pad
      located between the top and backing sheets. Although disposable diapers
      have attained a high degree of popularity with parents due to convenience,
      many unfavorable comments have been made about recurrent leakage of the
      diapers during use. In particular, the ends of the diapers are normally
      susceptible to leakage due to wicking of urine from the ends of the
      absorbent pad or a loose fit of the diaper about the infant.
PAR  This problem of leakage at the ends of the diaper is compounded by the
      structure of the diaper itself. Many of the present disposable diapers
      have tape strips located adjacent one end of the diapers. The diapers are
      normally placed on the infant by laying the infant on the diaper with the
      strip bearing part of the diaper being located beneath the back waistline
      of the infant. After removal of the tape strips from release sheets,
      attachment portions of the strips are brought around the infant's legs,
      and anchored to the front portion of the diaper. However, in order to
      obtain a tight fit of the diaper and prevent leakage about the infant's
      legs, the attachment portions of the strips are frequently secured at a
      location on the front portion of the diaper which is spaced somewhat from
      the front end edge or waistline of the diaper.
PAR  Since the permanently anchored portions of the strips are located adjacent
      the back end edge of the diaper, after placement of the diaper these strip
      portions apply tension to the back waistline of the diaper and thus
      maintain a close fit of the diaper against the back waistline of the
      infant. In contrast, the attachment portions of the strips are often
      spaced from the front waistline of the diaper, and significant tension is
      not applied by the strips against the diaper front waistline. The front
      waistline of the diaper is thus permitted to gap away from the infant,
      increasing the possibility of urine leakage in this area of the diaper.
      However, the front waistline of the diaper is normally more susceptible to
      urine leakage than the back waistline, since it is closer to the site of
      urine deposition on the diaper. Also, infants are generally inclined to
      spend more time lying on their stomachs than their backs, causing gravity
      to drive urine in the diaper with greater frequency toward the front
      waistline. Thus, the diaper ends are normally susceptible to leakage where
      it should most be prevented.
PAC  SUMMARY OF THE INVENTION
PAR  A principle feature of the present invention i THE PROVISION OF A
      DISPOSABLE DIAPER OF SIMPLIFIED CONSTRUCTION WHICH PREVENTS LEAKAGE AT AN
      END EDGE OF THE DIAPER.
PAR  The diaper of the present invention has an absorbent pad, a fluid
      impervious backing sheet, a pair of side edges, a pair of end edges
      connecting the side edges, with the backing sheet extending to at least
      one end edge of the diaper, and a front surface. The diaper includes a
      box-pleat fold which defines a longitudinally extending central panel, a
      pair of first pleat panels extending from and overlying the central panel,
      and a pair of second pleat panels extending from and overlying the first
      pleat panels. The diaper has flap means adjacent the one end edge of the
      diaper which has its front surface folded against the front surface of an
      inner adjacent portion of the diaper relative the one end edge. Means is
      provided for securing the front surface of the flap means to the front
      surface of the adjacent portion of the diaper.
PAR  A feature of the invention is that when the end of the box-pleat diaper
      adjacent the flap means is unfolded for placement of the diaper on an
      infant, the securing means retains the front surface of the flap means
      against the front surface of the adjacent portion of the diaper.
PAR  Another feature of the invention is that the flap means includes a portion
      of the fluid impervious backing sheet, and the folded over flap means
      prevents leakage from the diaper end during use.
PAR  A further feature of the invention is that the folded over flap means may
      cover an end of the absorbent pad and prevent leakage due to wicking from
      the pad during use.
PAR  Still another feature of the invention is that the securing means in the
      unfolded diaper may be spaced apart to permit the flap means to engage
      against and form a gasket with the infant's skin to prevent leakage.
PAR  Another feature of the invention is the provision of a method for making
      disposable diapers of the invention in a simplified manner.
PAR  Further features will become more fully apparent in the following
      description of the embodiments of this invention and from the appended
      claims.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a plan view of a flat disposable diaper;
PAR  FIG. 2 is a fragmentary perspective view of the diaper of FIG. 1 after
      having been folded into a box-pleat configuration;
PAR  FIG. 3 is a sectional view taken substantially as indicated along the line
      3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary perspective view illustrating the formation of a
      diaper of the present invention;
PAR  FIG. 5 is a fragmentary plan view of a diaper of the present invention;
PAR  FIG. 6 is a fragmentary plan view of another embodiment of the diaper of
      the present invention;
PAR  FIG. 7 is a fragmentary plan view of another embodiment of the diaper of
      the present invention;
PAR  FIGS. 8-10b are fragmentary plan views illustrating configurations of the
      diapers of FIG. 7 as the diaper is unfolded for placement on an infant;
PAR  FIG. 11 is a fragmentary plan view of another embodiment of the diaper of
      the present invention;
PAR  FIG. 11a is a fragmentary sectional view taken substantially as indicated
      along the line 11a--11a of FIG. 11;
PAR  FIG. 11b is a fragmentary sectional view taken substantially as indicated
      along the line 11b--11b of FIG. 11;
PAR  FIGS. 12 and 12a are fragmentary plan views illustrating another embodiment
      of the diaper of the present invention;
PAR  FIGS. 13 and 13a are fragmentary plan views of another embodiment of the
      diaper of the present invention;
PAR  FIG. 14 is a fragmentary perspective view of another embodiment of the
      diaper of the present invention;
PAR  FIG. 15 is a plan view of the back side of another embodiment of the diaper
      of the present invention;
PAR  FIG. 16 is a fragmentary sectional view taken substantially as indicated
      along the line 16--16 of FIG. 15;
PAR  FIG. 17 is a fragmentary perspective view of the partially unfolded diaper
      of FIG. 15 during placement;
PAR  FIG. 18 is a top diagrammatic view of a device for making diapers according
      to a method of the present invention; and
PAR  FIG. 19 is an elevational diagrammatic view of the device of FIG. 18.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 3, there is shown a flat diaper designated
      generally 26 having a fluid impervious backing sheet 28 defining a back
      surface 30 of the diaper, a fluid pervious top sheet 32 defining a
      substantial portion of a front surface 34 of the diaper, and an absorbent
      pad 36 positioned intermediate the backing sheet 28 and cover sheet 32.
      The diaper 26 has a pair of side edges 38a and 38b, and a pair of end
      edges 40a and 40b connecting the side edges 38a and b. The diaper 26 may
      also have a pair of conventional tape fasteners 42 adjacent one end edge
      40b of the diaper for securing the diaper about an infant during
      placement. As best shown in FIG. 3, the top and backing sheets 32 and 28,
      respectively, may extend to the end edges of the diaper.
PAR  The flat diaper 26 of FIG. 1 has a plurality of longitudinally extending
      folds about fold lines 44a, 44b, 44c, and 44d, defining a box-pleat
      configuration of the diaper, as shown in FIG. 2. As illustrated in FIGS. 1
      and 2, the box-pleat diaper 26 has a longitudinally extending central
      panel C, a pair of first pleat panels B and D extending from and overlying
      the central panel C, and a pair of second pleat panels or outermost pleat
      sections A and E extending from and overlying the first pleat panels B and
      D. The pleats 46 of the box-pleat diaper may be spaced apart in a lateral
      central portion of the diaper, as shown in FIG. 2, for a purpose which
      will be described below.
PAR  As illustrated in FIGS. 2-4, the box-pleat diaper 26 has an end section or
      flap 48 adjacent the end edge 40a, which is folded about a lateral fold
      line 50 over the front surface 34 of the diaper, such that the front
      surface 34 of the end section or flap means 48 engages against the front
      surface 34 of the diaper adjacent the end section 48. Preferably, the end
      edge 52 of the absorbent pad 36 most adjacent the end edge 40a of the
      diaper is spaced from the end edge 40a, and the fold line 50 of the end
      section 48 is located adjacent the end edge 52 of the absorbent pad 36, in
      order that the backing sheet 28 in the end section 48 overlies an end
      portion of the absorbent pad when the end section is folded into place on
      top of the diaper.
PAR  As illustrated in FIG. 2, the diaper 26 has securing or retaining means
      generally designated 54, such as adhesive, adjacent the fold line 50 to
      retain at least a portion of the front surface 34 of the end section 48
      against the underlying front surface 34 of the box-pleat diaper. Although
      for convenience the securing means 54 is described in connection with the
      use of adhesive, it will be understood that other suitable securing means
      may be utilized to retain the front surface of the end section to the
      underlying front surface of the diaper, such as by heat sealing or tape
      strips. It is also understood that the adhesive may be totally or
      partially deposited upon the end section 48 itself, if desired. After the
      end section 48 has been folded over the top of the diaper, the end section
      48 may be pressed against the underlying portion of the diaper to obtain a
      good set of the adhesive and retain the end section 48 in place.
PAR  In the embodiment of the diaper 26 illustrated in FIGS. 2 and 7, the
      securing means 54 comprises a spot of adhesive 56 intermediate the pleats
      46 on the front surface 34 of the central panel C adjacent the fold line
      50, and a pair of adhesive lines 58 on the front surface of the second
      pleat panels A and E adjacent the fold line 50. The adhesive spot 56
      retains the front surface 34 of the central panel C in the end section 48
      against the underlying front surface 34 of the central panel C of the
      diaper. Similarly, the adhesive lines 58 retain the front surface 34 of
      the second pleat panels A and E in the end section 48 against the front
      surface 34 of the underlying portions of the second pleat panels in the
      diaper. In the embodiment of the diaper illustrated in FIG. 6, the
      securing means 54 comprises lines of adhesive 58 which retain the front
      surface of the second pleat panels A and E to the front surface 34 of the
      underlying second pleat panels. In the embodiment of the diaper
      illustrated in FIG. 5, the securing means 54 comprises the spot of
      adhesive 56 which retains the front surface 34 of the central panel C in
      the end section 48 to the underlying front surface 34 of the diaper
      central panel. The diaper of FIG. 5 also illustrates that the diaper may
      have a second end section 60 adjacent the other end of the diaper which is
      folded over the top of the diaper and retained in place by securing means
      54, if desired. Preferably, the adhesive lines or spots 58 of the
      embodiments of the diaper shown in FIGS. 2 and 7 and FIG. 6 extend to
      adjacent the side edges 38a and b of the diaper. It is apparent that the
      end section 48 in the diaper embodiments of FIGS. 2 and 7 and FIG. 6, as
      well as in additional embodiments described below, releasably retain the
      end of the diaper adjacent the end section in its box-pleat configuration
      prior to unfolding the end during placement of the diaper on an infant.
PAR  The use of the folded over end section 48 to prevent leakage of urine from
      diaper is described in connection with the diaper embodiment of FIGS. 2
      and 7, as illustrated in FIGS. 8-10. As the end of box-pleat diaper 26
      adjacent the end section 48 is unfolded during placement of the diaper on
      an infant, the spots of adhesive 56 and 58 or securing means 54 maintain
      front surface portions of the end section 48 against the underlying front
      surface 34 of the diaper. Thus, as shown in FIGS. 8 and 9, as the second
      pleat panels A and E of the diaper are spread outwardly, the second pleat
      panels of the end section 48 are unfolded from under the central panel C
      of the end section. When the end of the diaper is completely unfolded, as
      shown in FIG. 10, the securing means 54 retains the entire length of the
      end section 48 in an overlying relationship with the portion of the diaper
      adjacent the end section 48. In this configuration of the diaper, the
      adhesive spot 56 retains the central panel C of the end section 48 against
      the underlying portion of the diaper central panel, while the adhesive
      lines 58 retain the second pleat panels of the end section 48 against the
      underlying second pleat panels of the diaper. It is apparent that the
      securing means 54 of the diapers of FIGS. 5 and 6 operate in the same
      manner to retain the end section 48 in an overlying relationship with the
      adjacent portion of the diaper when the box-pleat diaper is unfolded for
      placement.
PAR  Accordingly, when the box-pleat diaper is completely unfolded, the folded
      over portion of the fluid impervious backing sheet 28 serves to form a
      waterproof sealing barrier to prevent leakage at the end of the diaper.
      Moreover, since the folded over backing sheet in the end section
      preferably overlies an end portion of the absorbent pad, the backing sheet
      forms a waterproof pocket to capture urine which may wick from the end
      edge of the absorbent pad, and thus prevent leakage. It is also noted that
      the securing means 54 of the unfolded diaper of FIG. 10 retains only
      spaced areas of the end section against the diaper. Thus, the regions of
      the backing sheet in the end section 48 intermediate the adhesive spots 56
      and 58 are permitted to gap away from the underlying front surface of the
      diaper and engage against the infant's skin. These free regions of the end
      section serve to form a gasket against the infant's skin and thus aid in
      preventing leakage of urine from the diaper.
PAR  Alternate embodiments of the securing means 54 are illustrated on an
      unfolded diaper in FIGS. 10a and 10b. In both embodiments, the tape
      fastener 42 itself secures the end section 48 against the underlying front
      surface 34 of the diaper. The tape fastener 42 of FIG. 10a comprises a
      tape strip 61 having an inner end portion 63 with adhesive on its
      underlying surface, which is utilized to secure the front surface of the
      second pleat panels in the end section 48 to the underlying front surface
      of the diaper. The tape strip 61 also includes an outer end portion 65
      having adhesive on its upper surface which is covered by a release sheet
      67. The release sheet 67 is removed from the outer end portion 65 of the
      tape strip 61 to expose the adhesive thereon for use in placement of the
      diaper on the infant.
PAR  The tape fastener of FIG. 10b comprises a release sheet 69 having adhesive
      on its underlying surface. The release sheet 69 retains the front surface
      of the second pleat panels in the end section 48 to the underlying front
      surface of the diaper. The fastener also comprises a tape strip 71
      extending from the backside of the diaper and having adhesive 73 on one
      surface of an end section 75 which faces the release sheet 69. The end
      section 75 of the tape strip 71 is retained against the release sheet 69
      by the adhesive 73 prior to use of the diaper, and is peeled from the
      release sheet for placement of the diaper on the infant. It is understood
      that the diapers of FIGS. 10a and b may have the spot of adhesive 56
      described in connection with FIG. 7, or may omit such adhesive spot, as
      desired.
PAR  Another embodiment of the diaper is illustrated in FIGS. 11, 11a, and 11b,
      in which like reference numerals designate like parts. In this embodiment
      of the diapers, the front surfaces of the various panels in the end
      section 48 are folded directly against the front surfaces of the
      corresponding diaper panels adjacent the end section. To be more specific,
      the central panel C of the end section 48 has its front surface folded
      against the front surface of the central panel C adjacent the end section.
      The first pleat panels B and D of the end section 48 have their front
      surfaces folded against the front surfaces of the first pleat panels of
      the diaper adjacent the end section beneath the pleats 46. The second
      pleat panels A and E of the end section 48 have their front surfaces
      folded against the front surface of the second pleat panels of the diaper
      adjacent the end section 48 above the pleats 46. Thus, the central panel
      and first pleat panels of the end section are tucked under the pleats 46
      of the diaper. It is apparent that the end section 48 may be readily
      folded in this manner by folding the end section over the flat diaper of
      FIG. 1 prior to folding the diaper into the box-pleat configuration of
      FIG. 2. It is apparent that the pleats of the box-pleat diaper retain the
      end section 48 in place. However, if desired, securing means 54, such as
      adhesive, may be utilized at selected positions laterally along the end
      section 48 to retain the end section in place on top of the diaper when
      the diaper is unfolded for use. The end section of this embodiment of the
      diaper serves to prevent urine leakage in the same manner as previously
      discussed in connection with the diapers of FIGS. 1-10.
PAR  Another embodiment of the diaper is illustrated in FIGS. 12 and 12a in
      which the central panel C of the end section 48 is tucked under the pleats
      46 and is secured to the underlying portion of the central panel of the
      diaper by securing means 54, such as adhesive. A similar embodiment is
      shown in FIGS. 13 and 13a in which the first pleat panels B and D in the
      end section 48 are tucked under the pleats 46 and retained by adhering
      means 54, such as adhesive, to the respective first pleat panels of the
      diaper adjacent the end section 48. It is apparent that the diapers of
      FIGS. 12 and 13 operate in the same fashion as the diaper previously
      discussed to retain the end section 48 in place when the box-pleat diaper
      is unfolded for placement on an infant.
PAR  In FIG. 14 there is illustrated another embodiment of the diaper of the
      present invention in which the end section 48 includes an end portion of
      the absorbent pad 36. The end section 48, which is folded over the top of
      the diaper, may be secured in place by securing means 54 in a manner as
      previously described in connection with the diapers of FIGS. 2-7. Since
      the end section 48 of the diaper of FIG. 14 includes an end portion of the
      absorbent pad, the end section 48 has more bulk and rigidity when the
      box-pleat diaper is unfolded for placement. The end section thus serves to
      reinforce this waistband portion of the diaper.
PAR  Another embodiment of the diaper of the present invention is illustrated in
      FIGS. 15-17, in which like reference numerals designate like parts. In
      this embodiment, the diaper 26 has a covering sheet 64 which overlies the
      back surface 30 of the backing sheet 28. The covering sheet 64 may be
      secured to the backing sheet 28 along a line 66 following the side edges
      38a and b and end edge 40b by securing means, such as adhesive or heat
      sealing. Thus the covering sheet 64 and backing sheet 28 define a pocket
      68 intermediate the sheets which is closed along the side edges 38a and b
      and end edge 40b, while it is open along at least a substantial portion of
      the end edge 40a. When the diaper 26 is folded into its box-pleat
      configuration, the end section 48 is folded over the top of the diaper,
      and the diaper is subsequently unfolded for placement on an infant, the
      end section 48 of the diaper serves to retain the pocket in a somewhat
      closed configuration, as illustrated in FIG. 17. After use of the diaper
      and removal from the infant, the parent may place his hand within the
      pocket 68 and grasp the diaper adjacent the end edge 40b of the diaper.
      The parent then may pull on this end of the diaper to invert the diaper
      and cover the front soiled surface 34 with the covering sheet 64 for
      disposal of the diaper.
PAR  A device 70 for folding diapers of the present invention is illustrated in
      FIGS. 18 and 19. In the device 70, a continuous sheet 69 of flat diapers
      26 having a continuous fluid impervious backing sheet 28 is fed into an
      apparatus 72 which folds the sheet of flat diapers into a box-pleat
      configuration and cuts the diapers at their appropriate lengths. The
      diapers 26 are then fed from the apparatus 72 onto a pair of spaced
      endless conveyor belts 74 supported and driven by rollers 76. As the
      box-pleat diapers 26 move along the conveyor belts 74, i.e., to the right
      as viewed in FIGS. 18 and 19, in one embodiment of the device 70, means 78
      deposits adhesive on a front surface 34 of the diapers adjacent end
      sections 48 of the diapers.
PAR  A pair of endless belts 82a and 82b are supported and driven by a plurality
      of rollers 84a and 84b, respectively, on opposite sides of the conveyor
      belts 74. A plurality of fingers 80 are secured to and extend inwardly
      from both of the belts 82a and b toward the belts 74. The upstream
      portions of the belts 82a and b are located adjacent side edges of the
      belts 74, and the lower courses of the belts 82a and b are located
      slightly above the belts 74, in order to bring the ends of the fingers 80
      into position engaging the sides of the diapers adjacent the inner areas
      of the end sections 48 relative the longitudinal center of the diapers.
      The rollers 84a and b at the downstream portions of the belts 82a and b
      are spaced away at an incline from the belts 74 to remove the fingers 80
      from the diapers for a purpose which will be described below.
PAR  The speed of travel of the belts 82a and b and the belts 74 is
      approximately the same, such that the fingers 80 move with and hold down
      the end sections 48 of the diapers as the diapers are conveyed along the
      belts 74. The diapers 26 travel along the belts 74 until they reach a cam
      86 which moves upwardly through a spacing 87 between the belts 74, in
      order to deflect the end sections 48 away from the belts 74. The cam 86 is
      then withdrawn away from the upwardly deflected end sections of the
      diapers, while the end sections strike a rod 88 which extends laterally
      across the belts 74. As the diapers 26 pass under the rod 88, the end
      sections 48 are folded over the fingers 80 and the top of the diaper by
      the rod 88. If the means 78 has been utilized to deposit adhesive adjacent
      the end sections 48, the adhesive then engages between the front surface
      of the end sections and the front surface of the diaper adjacent the end
      sections. Alternatively, heat sealing means 90 may be located adjacent the
      rod 88 to secure the end sections 48 to the underlying front surface of
      the diapers. In either event, at this stage the fingers 80 are removed
      from the diapers by the spaced away downstream portions of the belts 82a
      and b to permit continued movement of the diapers.
PAR  The diapers 26 then pass under an endless belt 92 supported and driven by
      rollers 94 above the belts 74. The belt 92 is spaced slightly from the
      belts 74 in order to compress the end sections 48 of the diapers. The
      belts 92 and 74 thus form the folded over and end sections 48 along fold
      lines 50, and provide a set to the adhesive if the depositing means 78 has
      been utilized to secure the end sections 48. The diapers then pass from
      the belts 74 and 92 into an apparatus 96 which may further fold the
      diapers along lateral central fold lines and package the folded diapers
      for use.
PAR  Thus, the device 70 first folds a flat diaper into a box-pleat
      configuration. Next, the device folds an end section of the box-pleat
      diaper including a portion of the backing sheet over the top of the diaper
      with a front surface of the end section facing the front surface of the
      diaper adjacent the end section. In addition, the device secures at least
      a portion of the front surface of the end section to the front surface of
      the diaper adjacent the end section. The end section may be secured in
      place either by adhesive deposited by the means 78 or by heat sealing the
      end section through use of the heat sealing means 90.
PAR  The foregoing detailed description is given for clearness of understanding
      only, and no unnecessary limitations should be understood therefrom, as
      modifications will be obvious to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A disposable diaper, comprising: an absorbent pad, a fluid impervious
      backing sheet defining a back surface of the diaper, a front surface, a
      plurality of longitudinally extending folds defining a box-pleat
      configuration of the diaper, a pleated end flap of the box-pleat diaper
      adjacent one end of the diaper, said pleated flap being folded over the
      front surface of the diaper, and means for retaining at least a portion of
      the flap against the underlying front surface of the box-pleat diaper.
NUM  2.
PAR  2. The diaper of claim 1 wherein said end flap includes a portion of said
      backing sheet.
NUM  3.
PAR  3. The diaper of claim 2 wherein said backing sheet extends to an end edge
      of the diaper in said end flap.
NUM  4.
PAR  4. The diaper of claim 2 wherein the backing sheet in the folded over end
      flap overlies a portion of the absorbent pad.
NUM  5.
PAR  5. The diaper of claim 1 wherein said end flap includes a portion of the
      absorbent pad.
NUM  6.
PAR  6. The diaper of claim 1 wherein the box-pleat diaper has a pair of pleats
      being spaced apart in the lateral central portion of the diaper, a portion
      of said end flap is spaced from the underlying front surface of the diaper
      prior to laterally unfolding the associated end of the pleated diaper, and
      the retaining means comprises means for securing a central portion of the
      end flap to the underlying front surface of the diaper intermediate said
      pleats.
NUM  7.
PAR  7. The diaper of claim 6 wherein the retaining means further comprises
      means for securing an outermost section of said pleats in said end flap to
      the underlying front surface of said pleats.
NUM  8.
PAR  8. The diaper of claim 1 wherein the box-pleat diaper has a pair of pleats,
      a portion of said end flap is spaced from the underlying front surface of
      the diaper prior to laterally unfolding the associated end of the pleated
      diaper, and the retaining means comprises means for securing the outermost
      section of the pleats in said end flap to the underlying front surface of
      said pleats.
NUM  9.
PAR  9. The diaper of claim 8 wherein the securing means comprises a pair of
      tape fasteners for use in placing the diaper on an infant, said fasteners
      securing the outermost section of the pleats in the end flap to the
      underlying front surface of the pleats.
NUM  10.
PAR  10. The diaper of claim 1 wherein said retaining means comprises adhesive
      intermediate the front surface of the flap and the underlying front
      surface of the diaper.
NUM  11.
PAR  11. The diaper of claim 1 wherein said retaining means comprises a heat
      seal securing the front surface of the end flap to the underlying front
      surface of the diaper.
NUM  12.
PAR  12. The diaper of claim 1 including a second end flap of the box-pleat
      diaper adjacent the other end of the diaper, said second end flap being
      folded over the front surface of the diaper, and means for retaining at
      least a portion of the second end flap against the underlying front
      surface of the diaper.
NUM  13.
PAR  13. A disposable diaper, comprising: an absorbent pad, a fluid impervious
      backing sheet, a pair of side edges, a pair of end edges connecting the
      side edges, with said backing sheet extending to at least one end edge of
      the diaper, a front surface, a box-pleat fold of the diaper defining a
      longitudinally extending central panel, a pair of first pleat panels
      extending from and overlying the central panel, and a pair of second pleat
      panels extending from and overlying the first pleat panels, and end
      section of the diaper including flap means adjacent said one end edge of
      the diaper having its front surface folded against the front surface of an
      inner adjacent portion of the diaper relative said one end edge, and means
      for securing a lateral region of the flap means to the front surface of
      said adjacent portion of the diaper, with a second lateral region of the
      end section being free of attachment from the diaper.
NUM  14.
PAR  14. The diaper of claim 13 wherein said absorbent pad is spaced from said
      one end edge of the diaper, and said flap means covers at least a portion
      of said pad.
NUM  15.
PAR  15. The diaper of claim 13 wherein said flap means includes a portion of
      said absorbent pad.
NUM  16.
PAR  16. The diaper of claim 13 including a fluid impervious top sheet defining
      a substantial portion of the front surface of the diaper.
NUM  17.
PAR  17. The diaper of claim 16 wherein said top sheet extends to said one end
      edge.
NUM  18.
PAR  18. The diaper of claim 13, including a covering sheet overlying the
      backing sheet and defining a pocket between the covering and backing
      sheets, said pocket being open along a substantial portion of said one end
      edge and closed along said side edges and the other of said end edges.
NUM  19.
PAR  19. The diaper of claim 13 wherein said flap means comprises an end portion
      of said central panel having its front surface folded against the front
      surface of a portion of the central panel adjacent said end portion.
NUM  20.
PAR  20. The diaper of claim 13 wherein said flap means comprises end portions
      of said first pleat panels having their front surfaces folded against
      front surface portions of the respective first pleat panels adjacent said
      end portions.
NUM  21.
PAR  21. The diaper of claim 13 wherein said flap means comprises end portions
      of said central, first pleat, and second pleat panels, said panels having
      their front surfaces folded against portions of the respective central,
      first pleat, and second pleat panels adjacent said end portions.
NUM  22.
PAR  22. The diaper of claim 21 wherein the securing means comprises the pleats
      of the box-pleat diaper.
NUM  23.
PAR  23. The diaper of claim 13 wherein said flap means comprises an end section
      of the box-pleat diaper adjacent said one end edge defined by a lateral
      fold line in the diaper, said end section having its front surface folded
      against the front surface of the box-pleat diaper adjacent the end
      section.
NUM  24.
PAR  24. The diaper of claim 23 wherein said lateral fold line is located
      adjacent an end edge of the absorbent pad.
NUM  25.
PAR  25. The diaper of claim 23 wherein said securing means secures the second
      pleat panels in said end section to the underlying front surface of said
      second pleat panels.
NUM  26.
PAR  26. The diaper of claim 25 wherein said securing means is located at least
      adjacent the side edges of said diaper.
NUM  27.
PAR  27. The diaper of claim 25 wherein the securing means comprises a pair of
      tape fasteners adjacent the side edges of the diaper for use in placing
      the diaper on an infant.
NUM  28.
PAR  28. The diaper of claim 27 wherein each of said tape fasteners include a
      release sheet retaining the front surface of the second pleat panels in
      the end section to the underlying front surface of the second pleat
      panels.
NUM  29.
PAR  29. The diaper of claim 27 wherein each of said tape fasteners include a
      tape strip retaining the front surface of the second pleat panels in the
      end section to the underlying front surface of the second pleat panels.
NUM  30.
PAR  30. The diaper of claim 23 wherein the pleats in the diaper are spaced
      apart above said central panel, a portion of said end section is spaced
      from the underlying front surface of the diaper prior to laterally
      unfolding the pleated diaper, and said securing means secures the central
      panel in said end section to the front surface of the underlying central
      panel intermediate said pleats.
NUM  31.
PAR  31. The diaper of claim 30 wherein said securing means further secures the
      second pleat panels in the end section to the underlying front surface of
      said second pleat panels.
NUM  32.
PAR  32. The diaper of claim 23 wherein said securing means comprises adhesive
      intermediate the front surface of the end section and the underlying front
      surface of the diaper.
NUM  33.
PAR  33. A disposable diaper, comprising: an absorbent pad having a pair of end
      edges, a backing sheet having a portion extending past at least one end
      edge of said absorbent pad, a front surface, a plurality of folds defining
      a pleated configuration of the diaper, an end section of the extending
      portion of said backing sheet, said end section having at least a portion
      of its front surface folded against the front surface of the diaper
      adjacent the end section after formation of the pleat with said end
      section overlying at least a portion of the pleat, and means for retaining
      a portion of the end section against the front surface of the diaper
      underlying the end section.
NUM  34.
PAR  34. The diaper of claim 33 wherein said end section is folded along a
      lateral fold line adjacent said one end edge of the absorbent pad.
NUM  35.
PAR  35. A method of making a disposable diaper, comprising the steps of:
PA1  folding a flat diaper having a fluid impervious backing sheet into a
      box-pleat configuration;
PA1  folding an end section of the box-pleat diaper including a portion of the
      backing sheet over the top of the diaper with a front surface of the end
      section facing the front surface of the diaper adjacent the end section;
      and
PA1  securing at least a portion of the end section to the front surface of the
      diaper adjacent said end section.
NUM  36.
PAR  36. The method of claim 35 wherein said securing step includes the step of
      applying adhesive to the front surface of the diaper adjacent a fold line
      for the end section before the end section folding step.
NUM  37.
PAR  37. The method of claim 36 wherein said securing step includes the step of
      pressing the folded end section against the diaper adjacent said end
      section.
NUM  38.
PAR  38. The method of claim 35 wherein said securing step comprises heat
      sealing a portion of the front surface of the end section to the front
      surface of the diaper adjacent the end section.
NUM  39.
PAR  39. A disposable diaper, comprising: absorbent pad means, a front surface,
      a back surface, a plurality of longitudinally extending folds defining a
      box-pleat configuration of the diaper, and means for releasably retaining
      an end of the diaper in its box-pleat configuration prior to unfolding the
      end during placement of the diaper on an infant, the retaining means
      comprising a folded end flap of the box-pleat diaper adjacent said end of
      the diaper restraining and connecting the pleats.
NUM  40.
PAR  40. The diaper of claim 39 wherein said flap is transversely folded over
      the front surface of the diaper, and including means for securing at least
      a portion of the flap against the underlying front surface of the
      box-pleat diaper.
NUM  41.
PAR  41. The diaper of claim 40 wherein the box-pleat diaper has a pair of
      pleats, and the securing means secures an outermost section of said pleats
      in said end flap to the underlying front surface of said pleats.
NUM  42.
PAR  42. A disposable diaper, comprising: an absorbent pad assembly having a
      backing sheet defining a back surface of the pad assembly and extending to
      an end edge of the assembly, a longitudinally extending central panel
      opposed laterally movable longitudinally extending panel means overlying
      the central panel, and an end section of the pad assembly, including the
      backing sheet adjacent said end edge, having a fold defining a portion
      overlying said diaper, with a first lateral region of the end section
      being secured to the diaper, and with a second lateral region of the end
      section being free of attachment from the diaper.
NUM  43.
PAR  43. The diaper of claim 42 wherein said end section overlies said flap
      means, and including means for securing a portion of the surfaces
      intermediate the end section and flap means together.
NUM  44.
PAR  44. A disposable diaper, comprising: absorbent pad means having front and
      back waistline portions and pleat means adjacent opposed lateral sides of
      the diaper, fastening means on one of said waistline portions for securing
      said one waistline portion to the other waistline portion during placement
      of the diaper, and means for releasably retaining the pleat means in the
      other waistline portion in a pleated configuration while passing the other
      waistline portion between the infant's legs during placement of the
      diaper.
NUM  45.
PAR  45. The diaper of claim 44 wherein said fastening means comprises a pair of
      tape fasteners having one end fixedly attached only to said back waistline
      portion.
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ABST
PAL  A disposable diaper is provided with an improved adhesive tab having a
      relatively long free end. The tab comprises a fixed end secured to a
      diaper backing sheet on the outside surface of the diaper and at a
      marginal location thereof, and a free end having a tacky surface covered
      with a release strip which extends beyond the tacky surface. The release
      strip and the free end together form a creasable laminate which is folded
      back over the fixed tab end and further folded over on itself.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to disposable diapers. More particularly, this
      invention relates to disposable diapers adapted to be secured in place by
      adhesive tabs.
PAR  Disposable diapers provide substantial advantages in convenience over
      conventional diapers and commonly have a generally quadrilateral
      configuration with straight or curvilinear longitudinal edges. Disposable
      diapers are conveniently secured about an infant by means of adhesive tape
      tabs which are affixed to the diaper along a longitudinal edge thereof,
      thus eliminating the need for extraneous fasteners, such as pins. In order
      to protect the adhesive surfaces of the tape tabs, usually a release sheet
      is applied over these adhesive surfaces for subsequent removal when the
      diaper is about to be used. However, such tabs usually project beyond the
      confines of the diaper to a considerable extent and interfere with the
      efficient manufacture and packaging of the diaper.
PAR  In an attempt to solve the foregoing problems, U.S. Pat. No. 3,776,234 to
      Hoey proposes to fold the tab over on itself at the diaper's edge and to
      adhesively attach a portion of the folded-over tab segment to the inside
      surface of the diaper in order to keep the tab from interfering with the
      manufacturing machinery and with the folding and packaging operations.
      This requires that the edge of the diaper backing sheet be folded over to
      present an attachment surface at the front or inside face of the diaper
      and a relatively involved tab design is necessary for this purpose. Also,
      undesirable tearing of the diaper facing fabric may result if such a tab
      is adhesively attached to the facing fabric of the diaper.
PAR  U.S. Pat. No. 3,646,937 to Gellert shows a fastening tab which is provided
      with a release surface which is permanently bonded to the inside surface
      of the diaper; however, such an arrangement is disadvantageous because the
      release surface may be placed in contact with the infant's skin when the
      diaper is used.
PAR  Additionally, for ease of application of the diaper about an infant, a
      relatively long free end for the adhesive pad is desirable, yet the longer
      the free end the more severe are the manufacturing and packaging problems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a disposable diaper provided with an
      improved adhesive tab fastener having a relatively longer free end. The
      disposable diaper embodying the present invention comprises a thin,
      moisture-impervious backing sheet, a moisture-retaining layer which
      includes a pad of absorbent material superposed on the backing sheet and
      attached thereto, and an adhesive tab having a fixed end secured to the
      backing sheet on the outside surface of the diaper and at a marginal
      location thereof and a free end longer than the fixed end and provided
      with a tacky surface which faces in the same direction as the inside
      surface of the diaper. A cover strip provided with a release coating on
      one surface thereof is releasably attached to and covers the tacky
      surface. Moreover, the cover strip extends longitudinally beyond the tacky
      surface, and the free end together with the cover strip forms a creasable
      laminate which is folded back over the fixed end and further folded over
      on itself.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing,
PAR  FIG. 1 is a fragmentary view of a disposable diaper showing an adhesive tab
      attached thereto;
PAR  FIG. 2 is a fragmentary perspective view of a diaper embodying the present
      invention;
PAR  FIG. 3 is a fragmentary elevational view, on an enlarged scale, taken along
      plane 3--3 in FIG. 2; and
PAR  FIG. 4 is a fragmentary elevational view similar to that of FIG. 3 and
      showing a further embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, disposable diaper 10, having a substantially
      quadrilateral configuration is provided with moisture-impermeable backing
      sheet 11 which forms an outside surface for direction away from an infant
      and with an absorbent pad means 12 situated on backing sheet 11 and
      attached thereto. Moisture-pervious facing sheet 13, forming an inside
      surface for direction toward the infant, overlies absorbent pad 12 and is
      substantially coextensive with backing sheet 11. Adhesive tab 14 comprises
      fixed end 15 attached to the outer surface of backing sheet 11 at a
      marginal location of diaper 10 and free end 16 which extends beyond the
      longitudinal margin of diaper 10. Free end 16 is longer than attached or
      fixed end 15. Crease lines 26 and 27 traverse free end 16.
PAR  Referring to FIG. 3, free end 16 is provided with pressure-sensitive
      adhesive layer 17 which presents a tacky surface facing in the same
      direction as the diaper inside surface defined by facing sheet 13 when
      adhesive tab 14 is extended preparatory to use. Cover sheet 18 is provided
      with a suitable release coating and is releasably adhered to adhesive
      layer 17 carried by free end 16 and shielding adhesive layer 17. While the
      major portion of cover strip 18 is coextensive with free end 16, portion
      19 of cover strip 18 extends longitudinally beyond the tacky surface
      provided by adhesive layer 17 and provides a convenient grip tab means for
      ultimately separating cover strip 18 from free tab end 16. The resulting
      laminate comprising free end 16 and cover strip 18 is then folded along
      crease lines 26 and 27 (FIG. 1) so that adhesive tab 14 assumes a
      S-configuration. Portion 19 of cover strip 18 projects outwardly from the
      produced S-fold and is folded back over the distal portion of free end 16.
      To produce the aforesaid S-fold, the laminate is initially folded back
      over fixed end 15 and thereafter folded over on itself.
PAR  Another embodiment is illustrated in FIG. 4. Adhesive tab 28 having fixed
      end 20 and free end 21 is provided with release-coated cover strip 24
      which overlies pressure-sensitive adhesive layer 22 provided on free end
      21. Adhesive layer 22 is again positioned on free end 21 so that a tacky
      surface is presented in the same direction as the diaper inside surface
      when tab 28 is extended. Cover strip 24 is provided with grippable portion
      25 which extends beyond adhesive layer 22 and is folded back on itself.
      Adhesive tab 28 together with major portion of cover strip 24 is folded in
      a collapsed spiral configuration so that the distal portion of free end 21
      is situated between the rest of free end 21 and fixed end 20. The
      attachment of fixed end 20 to backing sheet 11 can be effected by means of
      a further pressure sensitive adhesive layer provided on the surface
      thereof facing backing sheet 11, by heat-sealing or fusion in the case of
      thermoplastic materials, or in any other convenient manner.
PAR  The adhesive tab suitable for the purposes of the present invention can be
      made from a wide variety of materials, provided that such materials are
      sufficiently pliant to be creasable. Particularly preferred materials for
      this purpose are polyalkylene webs such as high density polyethylene
      sheet, polypropylene sheet, and the like, suitably modified with an
      appropriate filler if necessary. Adhesive-coated paper as well as woven or
      non-woven fabrics provided with an adhesive layer are also suitable
      materials for the adhesive tabs.
PAR  The pressure-sensitive adhesive layers such as layer 17 and layer 22 are
      provided by applying a coating of pressure-sensitive adhesive composition
      known in the art to the appropriate surfaces of respective free ends 16
      and 21. The applied adhesive shall have good tack, good cohesive strength,
      good resistance to moisture and good resistance to aging. Illustrative of
      such adhesive compositions are mixtures of natural or synthetic rubber,
      zinc oxide, and various resins, also latices of natural or synthetic
      rubber, or water dispersions of acrylic tacky polymers or copolymers.
PAR  Cover strips 18 and 24 can be made from smooth plastic film having a
      relatively non-adhering surface, from paper coated with a silicone
      compound, or similar materials.
PAR  Several different types of facing materials may be used for diaper facing
      sheet 13. For example, facing sheet 13 may be made up of a mixture of
      fibers consisting predominantly of inexpensive short cellulosic fibers
      such as wood pulp fibers or cotton linters, in amounts of about 75 to
      about 98 percent, the balance being textile length fibers such as rayon as
      described in U.S. Pat. No. 3,663,348 to Liloia et al.
PAR  Facing sheet materials suitable for use in this invention can have fabric
      weights in the range of about 1 to 5 oz/yd.sup.2 and densities of less
      than 0.15 g/cc, generally in the range between 0.05 and 0.1 g/cc. The dry
      strength of the facing sheet for a fabric having a weight of about 1.5
      oz/yd.sup.2 is at least 0.15 lbs/in of width in the machine direction and
      at least 0.1 lbs/in of width in the cross direction. Such fabrics have
      unusually good elongation, loft, softness, and drape characteristics in
      comparison to prior products incorporating any substantial amount of short
      fibers.
PAR  Facing sheet 13 may also be made of an apertured, non-woven fabric which is
      formed, for example, in accordance with the teachings of commonly assigned
      U.S. Pat. Nos. 2,862,251; 3,081,514; and 3,081,515. Briefly, such fabrics
      are foraminous structures wherein groups or groupings of fibers have been
      rearranged from a fibrous nonwoven starting web into positions surrounding
      less dense fabric portions by passage of a fluid through the starting
      material. The fibers within the groupings are mechanically interlocked,
      and may be arranged into various patterns, as is well known by those
      skilled in the art. A suitable binder may be utilized to help retain the
      fibers in their rearranged locations, as is also well known by those
      skilled in the art. The fabric can be made of naturally occurring fibers,
      synthetic fibers, or blends thereof. Typical facing sheets made of a
      polyester type material can have a weight of about 0.75 oz./yd..sup.2.
PAR  In addition, facing sheet 13 can be formed of a nonapertured material, such
      as a nonwoven isotropic web, or the like. In all of the aforementioned
      facing materials, the material should be relatively hydrophobic so as to
      retard wicking within the facing layer.
PAR  Highly moisture-absorbent fibrous pad or batt 12, which usually is
      substantially rectangular in shape but smaller than the facing sheet and
      the backing sheet, is centrally disposed between facing sheet 13 and
      backing sheet 11. Pad 12 is usually anchored to backing sheet 11 by means
      of an adhesive bead, heat sealing, or similar expedients. Pad 12 can be
      formed in accordance with the teachings of U.S. Pat. No. 3,612,055 to
      Mesek et al. If desired, a highly moisture-absorbent layer can be provided
      substantially coextensive with backing sheet 11 and facing sheet 13.
PAR  A suitable backing sheet material for the diapers embodying the present
      invention can be an opaque polyethylene web about 0.001 inch thick.
      Another suitable material for this purpose is a polyethylene terephthalate
      web having a thickness of about 0.0005 inch. Typical disposable diapers
      which can be fitted with tab-type adhesive fasteners described hereinabove
      are shown in U.S. Pat. No. 3,612,055 to Mesek et al. and in U.S. Pat. No.
      3,683,916 to Mesek et al. Other suitable disposable diaper structures
      which can be improved by the present tab-type fasteners are shown in U.S.
      Pat. No. Re. 26,151 to Duncan et al.
PAR  In use, a diaper equipped with the adhesive fasteners of the present
      invention is applied to the infant by laying out the diaper on a suitable
      flat surface and placing the infant thereon so that the waist-underlying
      end of the diaper is that having the fastener means. The other end of the
      diaper then extends downwardly between the infant's legs. Next, the
      downwardly-extending end of the diaper is brought up between the infant's
      legs to a position contiguous with the front of the infant's waist. The
      diaper is thereafter secured to the infant by placing the corners of the
      waist portion of the abdomen-covering end as far around the infant's waist
      as they will go and by bringing the corners of the underlying end of the
      diaper into an overlapping relationship with the aforementioned corners so
      that the diaper snugly encircles the infant's waist and provides a custom
      fit. The adhesive fasteners are then prepared for use by grasping cover
      strip terminal portions such as portion 19 or portion 25 and pulling the
      cover strip away from the adhesive surface on the free end of the adhesive
      tab. The tabs are then used to secure the diaper in the desired position
      by simply urging the pressure-sensitive adhesive surfaces in contact with
      the adjacent outer surface of the diaper.
PAR  The foregoing description and the drawing are illustrative but are not to
      be taken as limiting. Still other variations and modifications are
      possible without departing from the spirit and scope of the present
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a disposable diaper having an inside surface for
      direction toward an infant when the diaper is worn by that infant and an
      outside surface for direction away from said infant and provided with a
      moisture-retaining layer and a moisture-impervious backing sheet, an
      improved adhesive tab having a fixed end secured to said backing sheet on
      said outside surface of the diaper and at a marginal location thereof, and
      a means for providing a shielding and gripping portion including a free
      end longer than the fixed end and provided with a tacky surface facing in
      the same direction as said inside surface, and a cover strip provided with
      a release coating on one surface thereof, releasably attached to, and
      covering said tacky surface from its outer end toward said marginal
      location;
PA1  said cover strip extending free of and longitudinally beyond said tacky
      surface to provide a grip tab means; said free end together with said
      cover strip forming a creasable laminate; and
PA1  said laminate being folded back over said fixed end and being further
      folded over on itself.
NUM  2.
PAR  2. The combination in accordance with claim 1 wherein the adhesive tab is
      folded in an S-fold, and wherein the cover strip extends beyond said tacky
      surface towards said fixed end of the tab and is folded back over the
      distal portion of said free end.
NUM  3.
PAR  3. The combination in accordance with claim 1 wherein the adhesive tab is
      folded in a collapsed spiral configuration, and wherein the cover strip
      extends beyond said tacky surface towards said fixed end of the tab and is
      folded back on itself.
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ABST
PAL  A disposable diaper having a moisture-impermeable backing sheet and an
      absorbent pad superposed on the backing sheet is provided with tab-type
      fasteners which do not require a release sheet for protecting adhesive
      surfaces thereof. Each fastener is secured to the backing sheet and
      comprises a pair of terminal portions and a flexible central segment which
      connects the terminal portions. One of the terminal portions is attached
      to the backing sheet and the other, free terminal portion is releasably
      attached to a release surface provided on the terminal portion which is
      attached to the backing sheet. The flexible central segment is longer than
      the free terminal portion and forms a finger-receiving loop when the free
      terminal portion is removably attached to the release surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to disposable diapers. More particularly, this
      invention relates to disposable diapers adapted to be secured in place by
      adhesive tabs.
PAR  Disposable diapers provide substantial advantages in convenience over
      conventional diapers and commonly have a generally quadrilateral
      configuration with straight or curvilinear longitudinal edges. Disposable
      diapers are conveniently secured about an infant by means of adhesive tape
      tabs which are affixed to the diaper along a longitudinal edge thereof,
      thus eliminating the need for extraneous fasteners, such as pins. In order
      to protect the adhesive surfaces of the tape tabs, usually a release sheet
      is applied over these adhesive surfaces for subsequent removal when the
      diaper is about to be used. However, such tabs usually project beyond the
      confines of the diaper to a considerable extent and interfere with the
      efficient manufacture and packaging of the diaper.
PAR  In an attempt to solve the foregoing problems, U.S. Pat. No. 3,776,234 to
      Hoey proposes to fold the tab over on itself at the diaper's edge and to
      adhesively attach a portion of the folded-over tab segment to the inside
      surface of the diaper in order to keep the tab from interfering with the
      manufacturing machinery and with the folding and packaging operations.
      This requires that the edge of the diaper backing sheet be folded over to
      present an attachment surface at the front or inside face of the diaper
      and a relatively involved tab design is necessary for this purpose. Also,
      undesirable tearing of the diaper facing fabric may result if such a tab
      is adhesively attached to the facing fabric of the diaper.
PAR  One of the most convenient adhesive systems that has been developed to date
      is one in which adhesive tabs are adhered to the backing sheet extending
      outwardly from opposite sides of the diaper at one end thereof, and in
      which the exposed tacky areas of the adhesive strips are provided with
      readily separable cover strips which protect the exposed areas until ready
      for use. However, disposable diapers using an adhesive closure system of
      this general type have the disadvantage that the consumer has to dispose
      of the cover strips when they are separated from the adhesive tabs. This
      is an inconvenience to the consumer who is placing the diaper on a baby at
      about the same time.
PAR  U.S. Pat. No. 3,646,937 to Gellert shows a fastening tab which is provided
      with a release surface which is permanently bonded to the inside surface
      of the diaper; however, such an arrangement is disadvantageous because the
      release surface may be placed in contact with the infant's skin when the
      diaper is used.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a diaper having an adhesive tab-type
      fastener which does not require a release sheet to protect the adhesive
      surface thereof and in which the exposed tacky surface of the fastener is
      removably attached to the tab itself. The disposable diaper embodying the
      present invention comprises a thin, flexible backing sheet of
      substantially moisture-impermeable material, a moisture-retaining layer
      including a pad of absorbent material which is superposed on the backing
      sheet and attached thereto, and a fastening tab means of substantially
      uniform width which is secured to the backing sheet and includes a pair of
      terminal portions and a flexible central segment which connects the
      terminal portions. One of the terminal portions is attached to the backing
      sheet and is provided with an outwardly-facing release surface, and the
      other, free terminal portion bears a layer of pressure-sensitive adhesive
      for attachment to the diaper when the diaper is applied to the infant. The
      free terminal portion is removably attached to the aforesaid release
      surface on the terminal portion which is attached to the diaper backing
      sheet. The central segment is longer than the free terminal portion and
      forms a finger-receiving loop when the free terminal portion is attached
      to the release surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing,
PAR  FIG. 1 is a perspective view of a disposable diaper embodying the present
      invention, partially broken away to show interior construction;
PAR  FIG. 2 is a partial sectional elevation on an enlarged scale taken along
      plane 2--2 in FIG. 1;
PAR  FIG. 3 is a sectional elevation similar to that of FIG. 2 but showing the
      tab-type fastener before it is extended prior to use; and
PAR  FIG. 4 is a perspective view of a disposable diaper embodying this
      invention in a configuration assumed by the diaper when placed about an
      infant.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 4, disposable diaper 10, having a substantially
      quadrilateral configuration and presenting inside surface 11 for direction
      toward an infant and outside surface 12 for direction away from the infant
      is provided with adhesive tabs 13 and 14 of substantially uniform width
      and which can be made of polyethylene sheet, polypropylene sheet, or
      similar materials. As illustrated in FIG. 2 by tab 13, the fastening means
      comprises free terminal portion 15 and fixed terminal portion 16. These
      terminal portions are connected by central segment 17 which is longer than
      free terminal portion 15. Similarly, tab 14 is provided with a fixed
      terminal portion (not shown), free terminal portion 18 and central segment
      19 connecting portion 18 with the corresponding terminal portion. Tabs 13
      and 14 are attached to diaper 10 by securing the terminal portion, such as
      portion 16, to backing sheet 21 (FIG. 1) which forms outside surface 12 of
      the diaper. Preferably, central segment 17 is at least about 1.5 times as
      long as terminal portion 15.
PAR  Referring to FIG. 2, tab 13 is attached to backing sheet 21 by means of
      adhesive layer 24. In the case of thermoplastic tab material, attachment
      can also be effected by heatsealing, or similar means. The
      moisture-retaining layer of diaper 10, superposed on backing sheet 21,
      comprises absorbent pad means 20 covered by facing sheet 23. Both
      absorbent pad means 20 and facing sheet 23 can be secured to backing sheet
      21 by means of adhesive beads 27, by heat sealing, or in any other
      convenient manner. Release surface 25 is provided on terminal portion 16
      and faces in the same direction as the outer surface of backing sheet 21.
      Pressure-sensitive adhesive layer 26 is provided on free terminal portion
      15 and faces in the opposite direction from release surface 25.
PAR  Before diaper 10 is prepared for use, adhesive layer 26 is protected by
      removable attachment to release surface 25 as shown in FIG. 3. This can be
      readily accomplished by simply folding central segment 17 back against
      diaper outside surface 11 and then folding free terminal portion 15 back
      against central segment 17 so that adhesive layer 26 is in juxtaposition
      and contacts release surface 25. Folded central segment 17 forms a
      finger-receiving loop, and when diaper 10 is prepared for use, terminal
      portion 15, bearing adhesive layer 26, is pulled free from release surface
      25 of attached terminal portion 16 by inserting a finger into the formed
      loop and pulling toward the marginal edge of the diaper. Upon release,
      adhesive layer 26 faces in the same direction as diaper inside surface 11
      formed by facing sheet 23 and is ready for securing the diaper in the
      configuration shown in FIG. 4.
PAR  In yet another embodiment of the present invention the flexible central
      segments such as segment 17 can be formed of an extensible elastic
      material, for example, rubber, a polyurethane elastomer, a
      butadiene-styrene block polymer elastomer, or the like. While the
      disposable diaper usually is relatively inelastic, the elasticity of the
      central segment in this particular embodiment permits the applied diaper
      to expand and contract about the waist of the infant, thereby
      accommodating the infant's movements as well as breathing action and thus
      contributing to comfort. The desired relative elasticity for the central
      segment can also be achieved by selecting an elastomeric material for the
      entire fastener tab means and applying relatively inelastic release and
      adhesive coatings on the respective terminal portions of the fastener
      means. The presence of such surface coatings on the terminal portions will
      render the terminal portions of an elastomeric material relatively less
      stretchable than the central segment so that the central segment will be
      relatively more stretchable. Also, a scrim or similar backing material can
      be provided for the terminal portions to render these portions less
      elastic than the central segment.
PAR  A suitable backing sheet for the diaper embodying the present invention can
      be an opaque polyethylene web about 0.001 inch thick. Another suitable
      sheet material for this purpose is a polyethylene terephthalate web having
      a thickness of about 0.0005 inch.
PAR  Several different types of facing materials may be used for diaper facing
      sheet 23. For example, facing sheet 23 may be made up of a mixture of
      fibers consisting predominantly of inexpensive short cellulosic fibers,
      such as wood pulp fibers or cotton linters in amounts of about 75 to about
      98 percent, the balance being textile length fibers such as rayon as
      described in U.S. Pat. No. 3,663,348 to Liloia et al.
PAR  Facing sheet materials suitable for use in this invention have fabric
      weights in the range of about 1 to 5 oz./yd..sup.2 and densities of less
      than 0.15 g./cc., generally in the range between 0.05 and 0.1 g./cc. The
      dry strength of the facing sheet for a fabric having a weight of about 1.5
      oz./yd..sup.2, is at least 0.15 lbs./in. of width in the machine direction
      and at least 0.1 lbs./in. of width in the cross direction. Such fabrics
      have unusually good elongation, loft, softness, drape characteristics in
      comparison to prior products incorporating any substantial amount of short
      fibers.
PAR  Facing sheet 23 may also be made of an apertured, nonwoven fabric which is
      formed, for example, in accordance with the teachings in commonly assigned
      U.S. Pat. Nos. 2,862,251; 3,081,514; and 3,081,515. Briefly, such fabrics
      are foraminous structures wherein groups or groupings of fibers have been
      rearranged from a fibrous nonwoven starting web into positions surrounding
      less dense fabric portions by passage of a fluid through the starting
      material. The fibers within the groupings are mechanically interlocked,
      and may be arranged into various patterns, as is well known by those
      skilled in the art. A suitable binder may be utilized to help retain the
      fibers in their rearranged locations, as is also well known by those
      skilled in the art. The fabric can be made of naturally occurring fibers,
      synthetic fibers or blends thereof. Typical facing sheets made of a
      polyester-type material can have a weight of 3/4 oz./yd..sup.2.
PAR  Highly moisture-absorbent fibrous pad or batt 20, which is substantially
      rectangular in shape, but smaller than the facing and backing sheet, is
      centrally disposed therebetween. Pad 20 can be formed in accordance with
      the teachings of U.S. Pat. No. 3,612,055 to Mesek et al. Alternatively, a
      highly moisture-absorbent layer can be provided substantially coextensive
      with backing sheet 21 if desired.
PAR  Typical disposable diapers which can be fitted with a tab-type fastener
      described hereinabove are shown in U.S. Pat. No. 3,612,055 to Mesek et al.
      and in U.S. Pat. No. 3,683,916 to Mesek et al. Other suitable disposable
      diaper structures are shown in U.S. Pat. No. Re. 26,151 to Duncan et al.
PAR  Release properties to attached terminal portion 16 and 18 can be imparted
      to the outer surfaces thereof by coating these surfaces with a silicon
      compound, or the like, or by affixing a sheet of suitable release paper
      thereto.
PAR  The pressure-sensitive adhesive layers such as layer 26 and layer 28 are
      provided by applying a pressure-sensitive adhesive known in the art. The
      applied adhesive shall have good tack, good cohesive strength, good
      resistance to moisture and good resistance to aging. Illustrative of such
      adhesives are mixtures of synthetic rubber, zinc oxide, and various
      resins, also latices of natural or synthetic rubber, or water dispersions
      of acrylic tacky polymers or copolymers.
PAR  In use, a diaper equipped with the fasteners of this invention is applied
      to the infant by laying out the diaper on a suitable flat surface and
      placing the infant thereon so that the waist-underlying end of the diaper
      is that having the fastener means. The other end of the diaper then
      extends downwardly between the infant's legs. Next, the
      downwardly-extending end of the diaper is brought up between the infant's
      legs to a position contiguous with the front of the infant's waist. The
      diaper is thereafter secured to the infant by placing the corners of the
      waist portion of the abdomen-covering end as far around the infant's waist
      as they will go and by bringing the corners of the underlying end of the
      diaper into an overlapping relationship with the aforementioned corners so
      that the diaper snugly encircles the infant's waist. The removably
      attached terminal portions of the fastener means are then lifted from the
      corresponding release surfaces thereof by inserting a finger in the loops
      formed by the central segments of the adhesive tabs and pulling. The tabs
      are adhesively fixed in a desired position on the backing sheet of the
      abdomen-covering end by simply continuing the finger motion so as to urge
      the pressure-sensitive adhesive surfaces in contact with an underlying
      backing sheet region.
PAR  The foregoing description and the drawing are illustrative but are not to
      be taken as limiting. Still other variations and modifications are
      possible without departing from the spirit and scope of the present
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a disposable diaper of substantially quadrilateral
      configuration, having an inside surface for direction toward an infant
      when the diaper is worn by that infant and an outside surface for
      direction away from said infant and including a thin, flexible backing
      sheet of substantially moisture-impermeable material and a moisture
      retaining layer having a pad of absorbent material superposed on said
      backing sheet and attached thereto, a fastening tab means of substantially
      uniform width and comprising a pair of terminal portions and a flexible
      central segment connecting the terminal portions; one of said terminal
      portions being attached to said backing sheet and having an
      outwardly-facing release surface, the other free terminal portion bearing
      a layer of pressure-sensitive adhesive for attachment to the outside
      surface of the diaper when the diaper is applied to the infant and being
      adapted for removable attachment to said release surface by means of the
      adhesive layer thereon, and said central segment being longer than said
      free terminal portion and forming a finger-receiving loop when said free
      terminal portion is removably attached to said release surface; said
      release surface on the attached terminal portion and said adhesive layer
      on the free terminal portion being situated on opposite sides of said
      fastening tab means.
NUM  2.
PAR  2. The combination in accordance with claim 1 wherein said central segment
      is at least about 1.5 times as long as said free terminal portion.
NUM  3.
PAR  3. The combination in accordance with claim 1 wherein said terminal portion
      is adhesively attached to said backing sheet.
NUM  4.
PAR  4. The combination in accordance with claim 1 wherein said central segment
      is folded back against the diaper outside surface and wherein said free
      terminal portion is folded back against the central segment so that the
      adhesive layer on said free terminal portion is in juxtaposition with and
      releasably attached to said release surface.
NUM  5.
PAR  5. The combination in accordance with claim 1 wherein said central segment
      is an extensible elastic material which is more stretchable than said
      terminal portions.
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PAL  A light coagulator for treatment of eye disorders is provided, utilizing a
      converging light beam, a collimated lens system and a mirror to deliver a
      high powered beam of light to the eye for use as a surgical tool. The
      light coagulator of the invention is of simplified design and portable.
PARN
PAR  The following is a continuation-in-part of applicant's co-pending
      continuation application Ser. No. 426,668 filed Dec. 12, 1973, which is a
      continuation of applicant's then co-pending application Ser. No. 177,949
      filed Sept. 7, 1971 which co-pending applications are now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a light coagulation system, particularly a light
      coagulating system for treatment of eye disorders.
PAC  THE PRIOR ART
PAR  Light coagulation, a method developed by medical and optical scientists for
      treating certain eye disorders, is gaining increasingly wide acceptance by
      the medical profession. In this treatment, an intense beam of light is
      focused on the eye, e.g. iris or retina, for a preselected time, to burn,
      weld, cauterize, i.e. coagulate the target area, usually a few milimeters
      in diameter. Through this method, various eye diseases, such as vascular
      diseases, retinal detachment, tumors, diabetic retinopathy and others can
      be treated without the need for conventional surgery.
PAR  Specifically, in diabetic retinopathy there is caused a proliferation of
      new blood vessels in the eye which lead to retina detachment and
      blindness. In diabetic retinopathy the blood vessels are cauterized by
      light coagulation before they overspread. Light coagulation treats this
      condition by cauterizing these vessels and checking the proliferation
      thereof.
PAR  In conventional light coagulation, a high intensity lamp, usually a Xenon
      arc lamp, is positioned in line with a series of lenses, e.g. five or
      more, called a condenser, which receives a portion of the light emitted
      and converts it to a beam which converges to a focal point and thereafter
      diverges.
PAR  Another lens, the objective, is positioned to receive the diverging beam
      and converts it to a parallel beam. The beam then passes to a mirror where
      it is reflected to the desired target area, e.g. the pupil of a patient's
      eye. The lens of the eye behind the pupil then focuses the entering beam
      to a point of convergence on the retina. The retina is thus treated,
      usually for a fraction of a second, then the light beam is cut off. The
      operator of the equipment, an M.D. eye specialist, observes and controls
      the treatment of the retina by observation through an aperture on the
      mirror. See, for example, FIG. 1 herein.
PAR  The above treatment, while successful, has in the past required a light
      coagulator that is both large and expensive. Some models are as wide as an
      office desk and higher and moveable only on wheels. Moreover, the lamps
      used in the light coagulators heretofore available have had high power
      requirements because, as indicated in FIG. 1, only a fraction of the light
      emitted is used, the remainder being wasted.
PAR  Because of their power requirements, size, and especially cost, light
      coagulators are usually found only in the larger hospitals. Often these
      hospitals are many miles from the patient and his doctor's office. The
      inconvenience and expense of transferring a patient to a remote hospital
      often leads to a delay in the patient receiving needed treatment.
PAR  A simplified light coagulator has heretofore not been available and there
      is a need and a market for a system that substantially overcomes these
      shortcomings. In particular, there is a need for a low cost light
      coagulator that is readily available in the office of the local
      opthamologist.
PAR  There has now been developed a light coagulator that is simpler in
      construction, portable, and considerably lower in cost than the above
      described system. At the same time, the light coagulator of the invention
      is at least as effective as its predecessors.
PAC  SUMMARY
PAR  Broadly, the present invention provides a light coagulator comprising a
      converging light beam source which directs high intensity light to a focal
      point and then diverges, an adjustable aperture diaphragm situated at said
      focal point for permitting adjustment of the size of the image field in
      the desired target area, a lens situated in the path of the diverging
      light beam for directing said diverging beam into a parallel light beam,
      means for directing said beam to a target area and means for observation
      of said target area.
PAR  By collimated optical system, as used herein, is meant an optical system
      that transforms a beam of light of a certain diameter or size to a
      parallel beam of another diameter or size.
PAC  DESCRIPTION
PAR  The invention will become more apparent from the following detailed
      description in which:
PAR  FIG. 1 is a schematic view of a light coagulating unit exemplifying the
      prior art;
PAR  FIG. 2 is a schematic view of a light coagulating unit embodying the
      present invention;
PAR  FIG. 3 is a block diagram of the power system suitable for powering the
      embodiment of FIG. 2.
PAR  FIG. 4 is a schematic view of a portion of another embodiment of the light
      coagulating unit of the invention;
PAR  FIG. 5 is a schematic view of a portion of yet another embodiment of the
      light coagulating unit of the invention;
PAR  FIG. 6 is a schematic view of a portion of still another embodiment of the
      light coagulating unit of the invention;
PAR  FIG. 7 is a schematic view of a beam splitter employed in the present
      invention; and
PAR  FIG. 8 is a schematic view of another beam splitter employed in the present
      invention.
DETD
PAR  Referring now to the drawings, light coagulator 10 has Xenon arc lamp 12
      which emits light ray 16 through lenses 20, 22, 24, 26 and 28, i.e. the
      condenser, as shown in FIG. 1. At lens 26 at point 30 the ray 16 is
      converted to converging beam 32 which is reduced by pupil diaphragm 36 to
      convergent beam 34 which has focal point 40 as shown in FIG. 1. Situated
      at the focal point 40 is image field diaphragm 38 which permits adjustment
      of the size of the image field in the desired target area. From the focal
      point 40 the beam 34 inverts and diverges until contacting objective lens
      46 which converts beam 34 to parallel beam 44 as illustrated in FIG. 1.
      Beam 44 is then reflected to a desired target area by rotatable mirror 48
      which has aperture 50 therein for observation of the target area, e.g. the
      patient's retina, by the operator and a filter 52 which covers the
      aperture 48 and shields the operator's eye from the beam 44 as shown in
      FIG. 1. As further shown in FIG. 1, only a fraction of the emitted light
      is used by light coagulator 10, that light within the angle .alpha. .
PAR  In a considerably more compact unit, light coagulator 54 has lamp unit 56
      which includes Xenon arc lamp 58 and paraboloid reflector 60 which is
      shaped to direct the major portion of the light emitted therefrom forward
      as parallel beam 62, as shown in FIG. 2. Beam 62 passes through pupil
      diaphragm 64 and lens 66 where beam 62 is converted to convergent beam 68
      having focal point 70 which is surmounted by image field diaphragm 72 as
      shown in FIG. 2. At focal point 70, beam 68 inverts and diverges until it
      contacts objective lens 74 which converts beam 68 to parallel beam 75 as
      shown in FIG. 2. Parallel beam 75 is then reflected off rotatable mirror
      76 to the desired target area, the patient's eye 82, having lens 85 and
      retina 86. The reflected beam 75 is converted by the lens 85 to convergent
      beam 88 which focuses to a small area or point 90 on retina 86. The retina
      86 is treated by exposure for a fraction of a second to beam 88, which
      quickly heats and coagulates the area 90.
PAR  The treatment is observed and controlled by the operator who watches the
      treatment of the retina 86 through aperture 78 of mirror 76, filter 80
      serving as a shield for the operator's eye 92 as shown in FIG. 2. Lenses
      66, diaphragm 72 and lens 74 are referred to herein as the collimated
      system of the unit wherein the emitted light beam 62 is reduced in
      diameter and considerably intensified. The beam 75 is cut off by pivotably
      mounted shutter 63 which when activated quickly swings into position
      blocking light beam 62.
PAR  Light coagulator 54 is powered as shown in FIG. 3, wherein the input
      voltage enters on line 114, is subject to rectification at rectifier and
      power control 100, then is passed to filter 102, ignition, system 104 and
      thence to the Xenon arc lamp 106. The circuit trigger 110 controls the
      timer 96 which is connected via power control driver 98 to rectifier and
      power control 100 as shown in FIG. 3. The intensity of the lamp 106 is
      controlled and adjusted by the power control 98 shown in FIG. 3.
PAR  In addition to the paraboloid reflector described above, other rotationally
      symetric concave reflectors can be employed. Thus, in another embodiment
      of the invention, lamp 116 is backed by elipsoid reflector 118 which
      directs a light beam 120 to a focal point 122, without the need of an
      intervening lens, as shown in FIG. 4.
PAR  In a further embodiment of the invention, lamp 124 is backed by conoid
      reflector 126 which directs beam 128 through first lens 130 which focuses
      said beam to focal point 132 as shown in FIG. 5. Shown in phantom in FIG.
      5 are other possible light beams 134 and 136 from said lamp reflector and
      lens to the prospective focal points 138 and 140. The inner beam 134,
      being already convergent, can, of course, dispense with the lens 130 if
      desired.
PAR  In yet another embodiment of the invention, where the light beam is first
      expanded, then reduced, lamp 142 is fronted by convex reflector 144 which
      reflects the light back to rotationally symetric concave reflector 146
      which directs the light beam 148 forward to lens and/or focal point (not
      shown) as shown in FIG. 6.
PAR  In addition to apertured rotational mirror 76, other means can be employed
      to direct the intensified light beam to the target area, while permitting
      observation thereof. Thus, other rotational reflectors can be employed
      such as partially transparent beam splitter 150 which directs the greater
      portion of the collimated light beam 152 to the patient's eye 154, the
      operator 156 observing the treatment through the beam splitter 150 as
      shown in FIG. 7. A small portion 158 of the collimated light beam is lost
      through the beam splitter 150 as shown in FIG. 7.
PAR  In another embodiment partially transparent beam splitter 160 permits the
      greater portion of the collimated light 162 to pass therethrough to the
      patient's eye 164, the reflected portion of the beam 166 being lost, with
      the operator 168 observing the treatment as reflected off the beam
      splitter 160 as shown in FIG. 8.
PAR  From the above, it can readily be seen that the present invention provides
      a novel, efficient, simplified and compact light coagulating unit. More
      specifically, the invention provides a novel combination of a convergent
      light beam source, a collimated optical system and a rotatable mirror to
      direct the resultant light beam to the target area. The invention is
      particularly effective for treatment of eye disorders, e.g. iris, retina,
      by photo-coagulation of the treated area.
PAR  Although other types of lamps can be employed, e.g. the carbon-arc lamp,
      such lamp would be overly large and have undesirable spectrum
      characteristics compared to the Xenon arc lamps available. The Xenon arc
      lamps are of compact size and deliver a light beam of high intensity and
      have desirable spectrum characteristics, i.e. have a spectrum more closely
      approximating that of the sun. Accordingly, the Xenon arc lamp is
      preferred in the practice of the present invention.
PAR  As indicated above, various rotationally symetric concave reflectors
      backing the lamp can be employed within the present invention including
      conoid, elipsoid and paraboloid and optical deformations of conoid by
      means known in the art. A convex frontal reflector can be employed as
      shown in FIG. 6.
PAR  With certain conoid reflectors backing a lamp, e.g. elipsoid, a convergent
      beam is projected therefrom and the first lens is dispensed with. With
      other conoid reflectors backing a lamp, e.g. as shown in FIGS. 2 and 5,
      such first lens renders the beams convergent. Both types of lens systems
      are defined herein as a "convergent light beam source".
PAR  Of these reflectors preferred are the conoid shapes, particularly elipsoid
      and paraboloid. Particularly preferred is a Xenon arc lamp that emits a
      parallel beam of light. As indicated in FIG. 2, a lamp having a built-in
      paraboloid reflector emits such a parallel beam and utilizes about 80
      percent of the light generated by the lamp. Alternatively, a paraboloid
      reflector can be separately added to a Xenon arc lamp or other high
      intensity lamp to provide a parallel beam of light within the scope of the
      present invention.
PAR  The addition of a concave reflector to a lamp, whether built-in or
      separate, permits the lamp to project a beam and utilizes for light
      coagulation more than 80 percent of the light generated by the lamp.
      Without such a reflector, only aobut 20 percent of the light generated is
      utilized for light coagulation. This is why, in the prior art, extra high
      powered lamps have been required to offset the considerable light losses
      inherent in the prior systems. Lamps of 1600 watts have been required,
      whereas the light coagulator of the present invention can employ a lamp of
      150 watts or less, for a reduction ratio of more than 10 to 1.
PAR  Because of the reduction of the power requirement, the size and weight of
      the light coagulator of the present invention is reduced over the prior
      art by a factor of about 5 times.
PAR  Moreover, the light coagulator of the present invention can be plugged into
      the conventional 110 or 220 volt outlet, where the prior art instruments
      have required costly three-phase electrical installation in addition to
      its high purchase price.
PAR  The purchase price of the light coagulation of the present invention is
      reduced over the prior art by a factor of 3 to 5 times. Accordingly, the
      light coagulator of the invention is accessible to widespread distribution
      in local opthamologists' offices allowing for greater number of patients
      to be treated earlier for eye disorders.
PAR  The lamp employed can have any power rating sufficient to provide a beam of
      the desired intensity. A suitable Xenon arc lamp employed in the present
      invention is one rated at 150 watts or less, up to 500 watts or more.
PAR  A suitable first lens for the present invention, where required, is a lens
      which can direct a beam of light to a focal point or near focal point
      (focal zone). Preferred is a lens which can bend a beam of light to a
      focal point or near point. Particularly preferred is a lens that can bend
      a beam of light to a focal point or zone including the rays at the
      infrared end of the spectrum, i.e. a lens that can correct up to the
      infrared rays, e.g. the coated achromat lens, which corrects for various
      wavelengths so as to focus all colors at the same point or zone, including
      the infrared (up to 1000 nanometers).
PAR  The objective lens, that lens situated beyond the above described focal
      point, is a lens similar to the first, specifically it is a coated
      achromat lens. It is preferably positioned so that its focal point
      coincides with that of the first lens and it is structured to convert the
      rays diverging from the focal point into the resultant parallel beam of
      light.
PAR  In sum, both lenses are coated to minimize spherical aberrations and
      achromatic to correct for chromatic aberrations as discussed above.
PAR  The diaphragms are standard available diaphragms in the optical field
      having adjustable apertures therein to regulate the light beam sizes as
      discussed above. The first diaphragm adjusts the beam size reaching the
      patient's pupil. The recommended maximum beam diameter is 8.5 mm to fit
      safely inside a fully dilated pupil.
PAR  The second diaphragm is positioned at the lenses' focal point and by
      adjustment of the aperture thereof, one can adjust the size of the treated
      area on the patient's retina at angles, for example of 2.degree. through
      3.degree., 4.5.degree. and 6.degree.. This angle is measured at the nodal
      point of the eye.
PAR  The resultant light beam is aimed to the target area directly as shown in
      FIG. 8 or by a rotational reflector including a mirror or partially
      transparent beam splitter as described above. The beam splitter can be
      constructed of plastic (mylar), glass and preferably coated glass. The
      rotatable mirror can be constructed of various reflective materials
      including glass and is preferably constructed of 100 percent high
      reflectance aluminum for high reflective efficiency.
PAR  In the mirror, usually at the center thereof, is a small aperture, about 2
      mm, to permit the operator, e.g. an M.D. eye specialist, to observe and
      control the treatment of the retina.
PAR  The filter is adapted to be positioned over the observation aperture to
      protect the observor's eye. The filter can be of tinted glass or plastic,
      and preferably is of black glass. The preferred rotational reflector is an
      apertured aluminum mirror.
PAR  As indicated in FIG. 3, an automatic timer controls the length of treatment
      of the beam on the retina. Recommended for most treatments are times of
      0.5 seconds or less. However, greater time periods up to 3.0 seconds or
      more can be employed where desired.
PAR  The following example is presented to illustrate the invention and should
      not be construed in limitation thereof.
PAC  EXAMPLE I
PAR  Portable light coagulators according to the present invention have been
      built, tested and used by opthamologists in their offices. The units weigh
      only about 50 lbs., operate off the readily available 110 v/220v systems,
      and require only a 150 watt Xenon arc lamp. These lamps have successfully
      treated eye disorders, including diabetic retinopathy, tumors and have
      successfully welded detached retinas back to the choriod of the eye.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A light coagulator comprising in combination an arc-lamp parallel light
      beam source, a first lens for focusing at least a portion of the light
      into a beam of light converging toward a focal point and then diverging,
      an adjustable aperture diaphragm situated at said focal point for
      permitting adjustment of the size of the image field in the desired target
      area, a second lens situated in the path of the diverging light beam for
      directing said diverging beam into a parallel light beam and a rotatable
      mirror positioned in the path of said parallel beam, for reflecting said
      beam to a target area, said mirror having an aperture therethrough for
      observation of the target area wherein said light source is a lamp backed
      by a rotationally symetric concave reflector which directs the light
      forward in a parallel beam toward said first lens, and wherein an aperture
      diaphragm is positioned between said light source and said first lens to
      control the size of the light passing through siad first and second
      lenses.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said rotationally symetric concave
      reflector is a paraboloid reflector.
NUM  3.
PAR  3. The system of claim 1 wherein said light source is a Xenon arc lamp at a
      rated power of at least 150 watts backed by a paraboloid reflector.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said focal point is situated between
      said first and second lenses, the lenses being situated so that their
      focal points coincide.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said mirror is situated to direct said
      parallel light beam to a portion of an eye.
NUM  6.
PAR  6. The aperture of claim 1 wherein said mirror has an observation aperture
      therethrough and a light filter positionable over said aperture to protect
      the eye of the observer.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said aperture diaphram is an adjustable
      aperture diaphragm.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said second lens is of smaller radius
      of curvature than said first lens to form a resultant parallel light beam
      that is increased in intensity and reduced in diameter to pass through the
      pupil of the eye.
NUM  9.
PAR  9. The apparatus of claim 1 wherein means are provided to adjust the light
      output intensity of said light source and said light source has a shutter
      to cut off said light beam.
NUM  10.
PAR  10. The apparatus of claim 1 wherein said focal point is situated between
      said first and second lenses, said mirror has an observation aperture
      therethrough, a first light diaphragm is positioned between said light
      source and said first lens and a second light diaphragm is positioned
      proximate said focal point.
NUM  11.
PAR  11. The apparatus of claim 1 wherein said first and second lenses are
      coated achromat lenses and said apparatus is portable.
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ABST
PAL  Defective or unwanted tissue is removed such as from the lens of an eye by
      directing a pulsating high velocity liquid jet onto the defecting tissue
      to disintegrate the tissue and sucking the liquid entraining the
      disintegrated tissue from the area adjacent the tissue by a suction
      conduit. A control system is provided to insure the proper amount of
      suction. The control system also monitors the suction conduit and in
      response to a sudden change in pressure resulting from a clogging
      condition, the sucking action is reversed causing pressure to be forced
      through the conduit. Salt crystals can be added into the liquid stream of
      the pulsating liquid to improve the cutting action.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of application Ser. No. 481,952
      filed on June 24, 1974 and now abandoned, which in turn was a
      continuation-in-part of application Ser. No. 285,002 filed Aug. 30, 1972
      now U.S. Pat. No. 3,818,913.
BSUM
PAR  The present invention relates generally to improvements in surgical
      procedures and apparatus and it relates more particularly to an improved
      method and apparatus for the disintegration and removal of selected
      sections of animal tissue.
PAR  These are numerous surgical procedures which require the removal of
      selected protions of tissue of an extremely delicate nature with a minimum
      or no interference with or damage to the surrounding or otherwise healthy
      tissue. Such procedures are frequently required in surgical operations
      connected with the eye, such as in the removal of cateracts and similar
      surgical procedures. The methods and equipment heretofore employed and
      proposed are awkward and highly time consuming in their use, require an
      extremely high degree of skill, are often accompanied by damage to
      adjoining healthy tissue and frequent failure and otherwise leave much to
      be desired.
PAR  Instruments having a vibrating element such as a chisel, or emitting pulses
      have been used for cutting of material for some time for various uses. For
      example, a vibrating element using a slurry for cutting has been used for
      dental work and industrial applications with limited success in limited
      work areas. As is apparent, when used in inaccessible areas, a small
      inadvertent movement of the chisel can damage tissue adjoining the tissue
      desired to be removed.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide an improved
      surgical method and apparatus.
PAR  Another object of the present invention is to provide an improved method
      and apparatus for disintegrating or fragmenting animal tissue in a
      preselected area and removing such disintegrated tissue from said area.
PAR  Still another object of the present invention is to provide an improved
      method and apparatus for disintegrating and removing animal tissue from a
      predetermined area without adversely affecting the surrounding tissue and
      which prevents excessive suction build-up.
PAR  A further object of the present invention is to provide an improved method
      and apparatus for disintegrating and removing tissue from inaccessible
      areas with a minimum of adverse effect of the surrounding and masking
      tissue.
PAR  Still a further object of the present invention is to provide a method and
      apparatus of the above nature characterized by their reliability,
      simplicity, fine areas of operation, great versatility and adaptability
      and case of application even in delicate and highly hazardous
      environments.
PAR  Yet another object of the present invention is to provide a control system
      for regulating the proper amount of suction within the suction conduit and
      automatically turning off the source of suction when the amount of suction
      exceeds predetermined limits.
PAR  Still another object of the present invention is to provide an automatic
      detection control system which detects a change in pressure in the suction
      conduit resulting from a clogging condition and automatically causes a
      reversal of the directional flow of fluid within the conduit.
PAR  A further object of the present invention is to provide a control system
      which regulates the speed of operation of the suction source to control
      the flow in the suction conduit.
PAR  Yet another object of the present invention is to provide a method and
      apparatus for introducing salt crystals into the liquid stream ejected
      from the nozzle.
PAR  The above and other objects of the present invention will become apparent
      from a reading of the following description taken in conjunction with the
      accompanying drawings which illustrate preferred forms of the improved
      apparatus.
PAR  In a sense the present invention is predicated on the discovery that
      hardened animal tissue in a closely confined and restricted area can be
      disintegrated or finely fragmented by directing a fine pulsating high
      velocity jet onto the desired area and sucking the liquid of the impinging
      jet which has entrained or emulsified therein the disintegrated tissue.
      The area of treatment can be very precisely delineated and obviates the
      need for any alteration, severance and significant penetration of any
      adjacent or overlying tissue. Also, the incision can be kept very small as
      contracted to standard surgical techniques. The jet is produced by a very
      fine nozzle and the tissue entraining liquid is likewise withdrawn by a
      very fine conduit. Advantageously, any clogging of the suction conduit by
      the tissue is eliminated by reversing the liquid flow in the suction
      conduit in response to a sharp pressure drop therein. Excessive suction
      build-up can damage an organ of the body, such as an eyeball by collapsing
      the cornea. Also, the jet quickly dissipates its energy when it impinges
      onto a yielding surface. This is critical especially when the present
      suction is used in connection with eye surgery such as removing a hardened
      lens of the eye, with the tissue surrounding the lens being resilient.
PAR  The liquid jet may contain no abrasive material and is advantageously an
      isotonic solution of slight alkalinity, for example, of a pH of about 7.4,
      but could be any liquid containing desired additives, such as
      anti-infection/coagulants. The pulse frequency of the jet is
      advantageously widely variable, depending on the specific organ with which
      it is used, and can vary from one pulse every few seconds, up to 333
      pulses per second (20,000 ppm.). Further, for some applications a
      continuous fine steam of liquid can be used. The pressure is variable
      between about 15 and about 3500 pounds per square inch, preferably between
      125 to 1800 p.s.i., and its velocity at the point of impingement between
      about 50 and about 500 feet per second. The liquid jet diameter at the
      point of impingement is advantageously of a diameter between about 0.001
      and about 0.010 of an inch and may be formed of a single jet stream or a
      plurality of converging jet streams. The volume of the discharge pulse is
      20.0 lambda to 0.25  lambda.
PAR  The inlet port to the suction conduit may be annular and surround the
      liquid jet or it may be at the center of converging jets or adjacent to a
      jet either parallel or perpendicular to the jet.
PAR  The improved method and apparatus may be employed in very delicate and
      confined areas of little accessibility with a minimum of secondary
      surgery, and separates organs and tissues without damage, and is very
      versatile, adaptable and easy and convenient to operate with a minimum of
      side effects and hazards.
PAR  A control aparatus permits the presetting of a limit on the amount of
      suction, and also measures the pressure in the suction conduit such that
      when the suction pressure gets below the preset limit the suction pump
      will automatically shut off. The control system also includes a
      presettable sensitivity limit such that when the pressure in the suction
      conduit gets above the sensitivity limit, indicating a clog in the
      conduit, the suction pump will stop operating and instead liquid will
      automatically be supplied at above atmospheric pressure to the suction
      line thereby removing the clogged condition. A speed control is also
      included, whereby the speed of operation of a motor driving the suction
      pump can be preset. An irrigation tube which is used to provide a constant
      flow of irrigation fluid to the tissue, is interconnected to the control
      system such that when the suction pump is reversed to provide a positive
      pressure, the irrigation flow will temporarily stop. A duration system is
      included which can be used in conjunction with the suction pump to select
      the volume of evacuation required. Additionally, the duration system can
      be used to determine the duration of the positive pressure applied to
      release a clogged condition in the suction conduit.
PAR  An additional auxiliary conduit can be used in conjunction with a source of
      crystal salt which can be added into the pulsating liquid stream to
      provide a saline solution which aids in increasing the cutting speed of
      the apparatus. The auxiliary conduit supplying the salt crystals can be
      interconnected with the pulse generator controlling the pulsating liquid
      so that a corresponding packet of salt crystals will be provided for each
      pulse of liquid.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an apparatus embodying the present
      invention;
PAR  FIG. 2 is a fragmentary sectional view illustrating the application of the
      apparatus of FIG. 1 to the treatment of eye lens tissue;
PAR  FIG. 3 is an enlarged fragmentary view partially in section of one form of
      nozzle and suction tip of the apparatus of FIG. 1;
PAR  FIG. 4 is a view similar to FIG. 3 of another tip structure;
PAR  FIG. 5 is a sectional view taken along line 5--5 in FIG. 4;
PAR  FIG. 6 is a view similar to FIG. 3 of still another form of tip;
PAR  FIG. 7 is a view similar to FIG. 3 showing a further tip structure;
PAR  FIG. 8 is an enlarged sectional view illustrating the addition of the salt
      crystals to the apparatus;
PAR  FIG. 9 is a schematic block diagram of the control system for controlling
      the suction operation;
PAR  FIG. 10 is a perspective view of the control system including the features
      of the present invention;
PAR  FIG. 11 is a schematic block diagram of an auxiliary conduit for supplying
      the salt crystals;
PAR  FIG. 12 is an enlarged view of the ends of the tubes shown in FIG. 11; and
PAR  FIG. 13 is a schematic block diagram of a Y- configuration of the suction
      conduit in accordance with another embodiment of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and particularly FIGS. 1 and 3 thereof which
      illustrate a preferred embodiment of the present invention, the reference
      numeral 10 generally designates the improved apparatus which is employed
      to great advantage in practicing the present improved process in the
      removal of unwanted tissue from the lens of a human eye, such as a
      cataract or the like. The apparatus comprises a fine hand implement 11
      which is manipulated by the surgeon and includes three fine tubes joined
      along their lengths as an integral unit, a nozzle tube 12, a suction tube
      13 and a drainage or bathing tube 14. The maximum transverse dimension of
      the assembled tubes advantageously does not exceed one hundred fifty
      thousandths of an inch (0.150 inch), each tube having an inside diameter
      of between about ten and sixty-five thousandths of an inch (0.0101 to
      0.065 inch and an outside diameter of between about twenty and
      seventy-seven thousandths of an inch (0.020 to 0.077), the length of the
      working tip of the assembly advantageously being about three-quarters of
      an inch (3/4 inch) for optical applications. Tube length can vary for
      other surgical applications.
PAR  The distal end of tube 12 is curved and closed and it is arranged side by
      side with suction tube 13 whose distal end is open and shortly rearwardly
      of the distal end of tube 12. A nozzle defining circular port 16 is formed
      in the joined adjacent walls of tubes 12 and 13 and is directed parallel
      to the suction or inlet port 17 of suction tube 13. The drainage liquid
      tube 14 extends somewhat less than the full lengths of tubes 12 and 13 and
      is provided along its distal length with small outlet ports 18. It should
      be noted that the diameter of the nozzle port 16 is advantageously between
      0.001 and 0.010 of an inch.
PAR  The proximate end of the nozzle tube 12 is connected by a high pressure
      highly flexible tube 19 to the outlet of an adjustable pulsing liquid feed
      device 20 whose inlet is connected to an elevated tank 21 containing an
      isotonic solution of the composition previously described. The pulsing
      device 20 may be of any conventional construction in which the pulse
      frequency, pulse duration, pressure and liquid volume velocity output are
      continuously adjustable by knobs or by corresponding foot operated
      controls. For example, the device 20 may include a positively displacement
      pressure pump, such as a piston pump whose stroke is adjustable and which
      is driven by a variable speed electric motor and is provided with an
      adjustable pressure relief or bypass valve so that the above variable and
      adjustable parameters are easily and conveniently achievable. Of course
      other systems serving the same functions may be employed.
PAR  The proximate end of the suction tube 13 is connected by a flexible tube 23
      to a vacuum or suction pump 26 to withdraw any liquid and entrained tissue
      from the area of the suction port 17. Advantageously, a vacuum of between
      76 and 304 mm. of mercury has been found satisfactory for eye surgery
      applications for the suction. However, it can vary according to the
      surgical application. A pressure sensing element 24 communicates with the
      tube 23 and is so adjusted that when the suction in tube 23 rises above or
      conversely when the pressure falls below a predetermined level consequent
      to the clogging of tube 13 or 23 by tissue sucked up by the tube, it
      reverses the suction pump 26 to reverse the flow in tubes 13 and 23 a
      predetermined amount to eject the clogging tissue. Following the ejection
      of the clogging material the suction pump 36 returns to its normal
      functioning. The reverse flow in pipe 13 and 23 may be for successive
      predetermined intervals until they are unclogged as evidenced by the
      proper pressure sensed by element 24.
PAR  The irrigating pipe 14 is connected by a flexible tube 27 to an elevated
      tank 28 by way of a valve 29 the tank 28 containing any suitable washing
      solution, for example of the composition of the liquid contained in tank
      21. This irrigating fluid helps maintain the pressure in the eye and
      prevents the cornea from collapsing. It should be noted that the flexible
      tubes 19, 23 and 27 are joined side by side as a highly flexible assembly
      thereby greatly facilitating the convenient handling and manipulation of
      the instrument 11.
PAR  In employing the apparatus 10 in operating on the eye, for example in the
      removal of a cataract, the usual precautions are observed and a small
      incision i.e., about one hundred seventy-five thousandths of an inch
      (0.175 inch) is made in the masking tissue, for example in the sclera, to
      provide access for entry of the instrument 11 into optimum engagement with
      the unwanted tissue. The lens L to be treated may be in its normal
      position, but advantageously is prolapsed into the anterior chamber.
PAR  The instrument 11 is inserted through the performed incision into
      confronting engagement with the unwanted tissue and the pulser 20, and
      vacuum unit 26 is actuated and the valve 29 is opened, the various
      parameters being adjusted to optimum conditions as dictated by experience
      and an specified above.
PAR  A pulsating high velocity fine liquid jet is directed through the nozzle
      port 16 onto the area of unwanted tissue of lens L to fragment,
      disintegrate and emulsify the jet-subject tissue, and the jet liquid
      containing the entrained and emulsified tissue is sucked up by suction
      unit 26. The liquid from the tube 14 keeps the eye bathed in the desired
      manner. The instrument 11 is then manipulated until all the unwanted
      tissue is fragmented and removed and the instrument 11 is then retracted
      and the usual post operative procedures followed. It should be noted that
      in the event that a large tissue fragment is detached and lodges in tube
      13 to clog the tube 13 the action of the vacuum unit 26 is reversed in
      response to the pressure sensing device 24 to eject the clogging tissue,
      which is further fragmented by the jet so that it may be properly
      withdrawn by the suction tube 13. Also, since the tissue surrounding the
      lens is soft and yielding, the jet energy is absorbed by the wall if the
      jet stream happens to miss the target tissue.
PAR  The apparatus illustrated in FIGS. 4 and 5 differs from the apparatus 10
      primarily in the construction of the instrument 32 which corresponds to
      the instrument 11. Specifically the instrument 32 includes a pair of
      coaxial inner and outer tubes 33 and 34 respectively which delineate an
      annular outer conduit 36 and an inner axial conduit 37. The distal end of
      outer conduit 36 is closed by an annular end wall 38 provided with
      circumferentially spaced nozzle defining ports 39 which are directed
      toward a common central point coaxial with the conduits 36 and 37 and
      forwardly thereof.
PAR  The outer conduit 36 is connected by a flexible tube to a liquid pulsing
      device corresponding to the pulsing device 20 and the central conduit 37
      is connected to a suction pump corresponding to vacuum unit 26, likewise
      by a flexible hose.
PAR  The operation of the apparatus employing the instrument 32 is similar to
      that using the instrument 10. A plurality of pulsating high velocity jets
      40 from nozzle 39 converge on a point located on the unwanted tissue in
      lens L to disintegrate the jet subjected tissue which is entrained in the
      jet liquid and sucked into and withdrawn through the central suction tube
      37.
PAR  The instrument 41 illustrated in FIG. 6 differs from that last described
      primarily in that the pulsating jet emanates from the axial tube and the
      tissue entraining liquid withdrawn by the surrounding outer annular tube.
      The instrument 41 includes an outer suction tube 42 open at its distal end
      and connected by a flexible hose to a suction device corresponding to
      device 26 and a coaxial tube 43 closed at its distal end and provided with
      a nozzle defining port 44. The tube 43 is connected by a flexible hose to
      a liquid pulsing device corresponding to device 20 and the apparatus is
      employed in the manner earlier described.
PAR  In FIG. 7 of the drawings there is shown another form of tissue removing
      instrument differing from those first described primarily in that the
      pulsating liquid jet is directed at an angle to the tissue approaching
      tangency and the liquid section port extends beyond the nozzle for an
      extended distance. Specifically the improved instruments 46 include three
      interconnected rigid side by side longitudinal tubes 47, 48 and 49
      respectively. The tube 47 is closed at its distal end and has a nozzle
      defining centrally located port 50 formed in the front thereof and is
      connected by a flexible tube to a pulsating liquid source corresponding to
      the device 20. The second tube 48 is disposed alongside the tube 47 and
      projects beyond the front end of tube 47 and is closed at its front end.
      An elongated suction opening 51 is formed in the side wall of tube 48 on
      the side of tube 47 and extends from a point forward of the distal end of
      tube 47 to substantially the distal end of tube 48. The tube 49 is a
      bathing liquid tube and is secured to the outer face of tube 48 and is
      provided with a plurality of longitudinally spaced outlet ports. The tubes
      48 and 49 are connected by corresponding flexible tubes to a vacuum unit
      corresponding to unit 26 and to a bathing liquid tank corresponding to
      tank 28 respectively.
PAR  The instrument is employed in the manner similar to those earlier described
      except that the pulsating jet emerging from the nozzle 50 is at an obtuse
      angle to the treated tissue and directs the tissue entraining liquid
      toward the large suction opening 51.
PAR  Referring now to FIG. 10, there is shown a perspective view of the control
      system for the suction conduit. The control system includes an instrument
      box 60 which has four presetable dials, namely a sensitivity dial 62, a
      limit dial 64, a kickback duration dial 66, and a speed dial 68.
      Electrically coupled to the instrument box is a motor 70 which drives a
      suction pump 72. Fluid is drawn by the suction pump 72 into the suction
      conduit 74 at its distal end 76 and discharged into a collection vessel
      78. A transducer 80, such as a pressure sensing device, is interconnected
      to the control box 60 and provides an electrical output indicating the
      pressure in the suction conduit.
PAR  FIG. 9 shows a schematic block diagram of the control system and would be
      included in the instrument box of FIG. 10. The control system has a limit
      section, shown generally at 82, which includes an input device, such as
      keyboard 84. The input device could also be a dial or other similar
      device, which can be preset in accordance with a desired value. The value
      preset is stored in a memory 86, and simutaneously displayed on display
      88, such as a meter or an alphanumeric display. If the value preset is in
      a digital format, the value is converted to an analog value by a digital
      to analog converter 90. The output analog value then serves as one input
      to analog comparator 92. A transducer 94, which could include the pressure
      sensing device connected to the suction conduit, provides an output which
      is first amplified and filtered by circuit 96, and then serves as the
      other input to analog comparator 92. When the transducer voltage exceeds
      the preselected limit set on the keyboard 84, analog comparator 92
      provides an output control signal which acts upon the control lead of
      oscillator 98. The output of oscillator 98 is amplified by amplifier 100,
      and then passes through the forward-reverse switch 102, and the motor
      control card 104, to drive motor 106 which in turn operates suction pump
      108. Thus, the output from analog comparator 92 acts to stop oscillator
      98, and thereby stop the operation of the suction pump 108. The limit
      section 82, therefore serves to provide an upper limit for the amount of
      suction in the suction conduit and prevents an excessive amount of suction
      from the tissue area being removed. This provides a safety feature which
      prevent damage to the tissue or nerves which might otherwise be accidently
      aspirated as a result of an excessive amount of suction. The keyboard can
      be calibrated in inches of mercury to represents the actual value of
      suction desired.
PAR  Frequently, the suction conduit gets clogged as a result of a large piece
      of tissue getting stuck in the conduit, whereby a drop in pressure
      suddenly occurs. The control system can automatically detect such sudden
      drops in pressure, and in response terminate the suction. Also, it can
      then provide a positive pressure flow through the suction conduit in a
      opposite direction, to thereby remove the clog. The control system which
      carries out this operation is included in the sensitivity section 110,
      which contains a keyboard 112, on which there can be preset a limit of
      pressure. The keyboard, or other type of input device, can be calibrated
      in inches of mercury. The value preset is stored in memory 114 and
      simultaneously displayed on display 116. If a digital input is utilized,
      the digital signal is converted by the digital to analog converter 118,
      whose output is applied as one input to the analog comparator 120. The
      other input to comparator 120 comes from the amplified and filtered output
      of transducer 94. The actual amount of suction in the suction conduit will
      thereby be compared to the preset sensitivity limit. When the actual
      transducer level exceeds the preset sensitivity level analog comparator
      120 produces an output which acts upon the forward reverse switch 102 to
      change from a forward state to a reverse state. The reverse output from
      switch 102 is applied to the motor control card 104 which reverses the
      operation of motor 106 so that the pump 108 will provide a positive
      atmospheric pressure to the suction conduit rather than a suction
      pressure.
PAR  The length of time during which pump 108 will operate in a reverse state
      can also be preset using the kickback duration section 122. This section
      includes keyboard 124, wherein there can be preset the duration of time
      during which the pump operates in reverse. The keyboard could alternately
      be any other type of input device as has heretofore been described. The
      duration time which is preset, is stored in memory 126 and at the same
      time displayed on display device 128. The value stored in memory 126 is
      applied as one input to a digital comparator 128. A counter 130 is
      connected to the reverse input to the motor control card 104, whereby the
      counter receives the pulses from the oscillator during reverse operation
      of the motor. The number of pulses during the reverse operation is counted
      and compared with the preset time in the comparator 128. When the
      comparator detects an equality, it signals the forward reverse switch 102
      along line 132, which changes the state of the switch back to its forward
      direction, whereby the oscillator pulses will now drive the motor and the
      pump in a forward direction so that the pump again serves as an evacuation
      pump for the suction conduit.
PAR  The combination of the sensitivity section 110 and the kickback duration
      section 122 together operate to automatically respond to any clogging
      condition and can operate in an exceedingly fast response time.
      Additionally, a manual switch 134 can be connected to the forward-reverse
      switch, whereby the motor can manually be reversed thereby changing the
      operation of the pump from an evacuation pump to a pressure pump. This
      manual switch 134 can be utilized at the discretion of the operator to
      provide a forward pressure through suction conduit.
PAR  To enable the operator to choose a preselective volume of evacuation, it is
      possible to preset the control system for a giving duration of pulse,
      whereby only a predetermined amount of volume would be evacuated. To
      accomplish this, the kickback duration section 122 is utilized for the
      forward operation of the motor which drives the pump as an evacuation
      pump. A converter circuit 136 is included, and can typically be a simple
      switch that interconnects the counter 130 to the forward line of the motor
      control cord 104 to receive the forward pulses from the oscillator to the
      motor. The number of forward pulses can initially be preset on keyboard
      124 and the preset number would then be compared in digital comparator 130
      with the actual number of forward pulses coming from the oscillator. When
      the digital comparator recognizes an equality, a signal is sent on line
      138 to a main on-off switch 140 which is included along the electric line
      interconnecting the oscillator 98 with the motor 106.
PAR  The keyboard 124 can be calibrated directly in volume, wherein the number
      of pulses represent a prefixed amount of volume of evacuation. The on-off
      switch 140 could be a simple control gate which disconnects the oscillator
      from the motor when the predetermined amount of evacuation volume is
      reached.
PAR  The speed of operation of the oscillator producing the pulses which drive
      the motor and pump, can also be preset in the speed section 142. Keyboard
      144 is utilized to preset the amount of speed. This value is stored in
      memory 146 and at the same time displayed on display device 148. If a
      digital input is utilized, the value is converter by digital to analog
      converted 150 to an analog value which serves as the input to the
      oscillator 98.
PAR  As has heretofore been explained, in addition to the main tube which
      provides the pulsating liquid, and the suction tube which removes the
      liquid, there can also be included a drainage tube which provides an
      irrigation fluid to keep the tissue in a constant bath of irrigating
      liquid. When the suction tube is being operated in reverse, whereby a
      positive pressure is sent through the suction conduit, it would be
      preferable to halt the flow of the irrigating fluid to build up excessive
      fluid around the tissue being removed. The control system can therefore
      also include an interlock section 152 which interconnects the operation of
      the forward-reverse switch 102 with a pump 154 sending the irrigation
      fluid through the irrigation conduit. The irrigation pump 154 would be
      driven by a motor 156 controlled by an oscillator 158. The oscillator 158
      can be directly interconnected with the forward-reverse switch 102,
      whereby as the forward-reverse switch is changed to a reverse state, a
      control signal is sent to the irrigation oscillator 158 to stop its
      oscillations, which thereby stops the irrigation pump 154 to temporarily
      halt the flow of the irrigation fluid. When the forward-reverse switch is
      set back to its forward state, the control signal is removed, and the
      irrigation oscillator again commences operation to drive the irrigation
      fluid through the drainage tube. A speed control 160 can also be included
      with the irrigation oscillator 158. This speed control 160 can resemble
      the speed section 152, heretofore described.
PAR  Each of the various switches which have been previously identified could
      either be hand switches or alternately foot switches which could simplify
      their manipulation during the course of a surgical procedure. Thus, the
      manual switch 134, as well as the switch of the convertor 136 could be
      foot control switches, or any other type of well known switch.
PAR  Also, it has been found to increase the cutting speed and scope of
      apparatus 10 shown in FIG. 1, grains of salt can be introduced into the
      liquid jet stream leaving nozzle tube 12. The salt crystals aid in the
      cutting action and readily dissolve in the jet liquid in the body cavity
      to form a saline solution. The rate of dissolving of the salt crystals is
      slow enough so that they perform their cutting action before they are
      fully dissolved. The salt crystals may be added by various means,
      including suction resulting from the jet stream flow through the nozzle,
      by a vibrating feed, not shown or other controlled feed means.
PAR  Referring now to FIG. 8 there is shown one embodiment for providing the
      crystal salt, including a conical shaped container 162 which is coaxial
      with the main liquid flow tube 164. The conical container includes an
      input end 166 which permits the insertion of the crystal salt. The output
      end 168 of the conical container is spaced from the output end 170 of the
      flow tube 164 along an axial direction of flow shown as along line 172. As
      the pulsing liquid flows out of tube 164, it will draw with it some
      crystal salt from the container 162 to form a saline solution. The conical
      shape of the container provides an additional benefit in permitting a
      constant flow of the crystal salt toward its output end without the
      possibility of collecting in a mass along the way. Furthermore, the
      reduced section at the neck of the conical container permits a control of
      the volume of crystal salt to be drawn into the pulsing liquid.
PAR  Referring to FIG. 11 there is shown another apparatus for introducing the
      crystal salt, wherein a separate auxiliary conduit 174 is utilized. A pump
      176 is located at the inlet end of the auxiliary conduit 174 and pumps
      salt crystals from a source of salt 178 into the conduit 174. The main
      liquid flow conduit 180 also includes a pump 182 and a source of liquid
      184, as heretofore explained. A pulse generator 186, which could typically
      be an oscillator, is coupled to drive the pump 182 providing the flow of
      the pulsating liquid. The pulse generator 186 is also interconnected to
      the pump 176 providing the crystal salt, whereby a unit of crystal salt
      will be pumped in conjunction with each pulse of liquid.
PAR  Referring now to FIG. 12 there is shown an enlarged view of the output ends
      of the auxiliary conduit 174 and the main conduit 180, having the output
      axes of the two conduits perpendicular to each other whereby the unit of
      crystal salt 187 perpendicularly enters into the pulse of liquid 188 to
      form pulses of a saline solution 190.
PAR  While a suction pump was disclosed which was reversed in response to a
      sensing element to unplug the suction tube, two pumps can be used
      connected by a "Y" joint. The suction pump can be stopped when the suction
      line or nozzle becomes plugged and a separate pump immediately begins
      operation forcing fluid out through the suction line to unplug the suction
      tube or port and then the sequence is reversed to continue the suction.
      This two-motor step reduces the return of tissue and other debris.
PAR  Referring now to FIG. 13 the Y joint is shown, and includes the suction
      tube 192 having a suction conduit 196 which includes the suction pump 198
      at the end. Connected at a Y joint shown generally at 200, is an auxiliary
      conduit 202 having a pump 204 coupled at the end thereof. A transducer
      206, which could include a pressure sensing device, is placed along the
      tube 192 to sense the reversal of pressure resulting from a clogged
      condition. When such a change in pressure is sensed, the transducer sends
      a signal to stop the suction pump 198, and instead to start the pressure
      pump 204. Optionally, valves 208 and 210 could be placed within the
      respective conduits 196 and 202 so that when the suction pump 198 is
      stopped, the valve 208 will be closed, and alternatively, when the pump
      204 is stopped, the valve 210 will be closed. The valves will therefore
      prevent the flow of liquid through the wrong conduit.
PAR  The suction level of the suction tube as used herein can be controlled by
      the control system described above that it can be used as a manipulator to
      lift or hold organs during an operation or experiment. The suction can be
      so controlled that it converts the suction tube into a delicate holding
      tool, which can release the organ by a slight amount of pressure through
      the tube. Similarly, the suction can be preprogrammed to remove a
      preselected volume in small increments. For example, 40 lambda of fluid
      from the inner ear can be removed in four steps of 10 lambda each.
PAR  While separate liquid sources are shown, a single source may be used. Also,
      instead of a pump to produce the pressure for the jet, the source of
      liquid can be pressurized, such as by a pressurized tank, and a pulser
      only used. Also, while the jet stream from the tip is shown generally
      cylindrical, it may expand slightly to a conical shape; however, the area
      of contact should be kept as small as possible. Further, while the jet
      openings in the various embodiments above were illustrated as circular,
      other shapes can be used.
PAR  While there have been described and illustrated preferring embodiments of
      the present invention, it is apparent that numerous alterations, omissions
      and additions may be made without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for disintegrating and removing animal tissue from a
      preselected enclosed area comprising a hand manipulatable first tube
      having a distally disposed outlet port, a liquid pulsating pump having an
      inlet and an outlet, a source of liquid connected to said pump inlet,
      means including a flexible conduit connecting said first tube to said pump
      outlet, a suction conduit including an outlet port disposed proximate said
      first tube outlet port, a source of suction, and means including a
      flexible conduit connecting said suction conduit to said source of
      suction, said pump providing a stream of pulsating liquid through said
      first tube outlet port at a frequency between 1/4 to 333 pulses per
      second, at a pressure about atmospheric pressure of about 15 to about
      3,500 p.s.i. and having a velocity of between 50 and 500 feet per second.
NUM  2.
PAR  2. The apparatus of claim 1 including control means for supplying liquid at
      above atmospheric pressure to the suction line in response to the suction
      source being removed from the suction line.
NUM  3.
PAR  3. The apparatus of claim 2 and wherein said control means includes
      sensitivity input means for selecting a predetermined level of suction,
      transducer means providing an output responsive to the pressure in said
      suction conduit, level comparison means for comparing the transducer
      output with said predetermined level of suction and producing a control
      signal when said transducer output falls below said predetermined level,
      and motor control means coupled to said source of suction and responsive
      to said control signal for stopping said source of suction and
      introducting a pressure flow into said suction conduit.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said motor control means includes motor
      means for driving said source of suction, and a reversing switch means
      coupled between said motor means and said level comparison means for
      reversing the operation of said motor means in response to said control
      signal, whereby said source of suction provides a pressure flow into said
      suction conduit.
NUM  5.
PAR  5. The apparatus of claim 4 and wherein said control means further includes
      duration input means for selecting a predetermined interval during which
      said motor means is operated, counter means controlled by said reversing
      switch means and coupled to said motor means for counting the interval
      during which said motor means operates in reverse, and interval comparison
      means for producing a duration output signal when the interval counted by
      said counter means reaches said predetermined interval, said duration
      output signal being coupled to said reversing switch means for returning
      said motor means to forward operation.
NUM  6.
PAR  6. The apparatus of claim 4 and including manual switch means coupled to
      said reversing switch means for manually reversing the operation of said
      motor means.
NUM  7.
PAR  7. The apparatus of claim 4 including an irrigation tube having at least
      one outlet port disposed proximate said first tube outlet port, a source
      of drainage fluid and interconnecting means including a flexible conduit
      connecting said irrigating tube to said source of drainage fluid.
NUM  8.
PAR  8. The apparatus of claim 7 and wherein said irrigation tube extends
      somewhat less than the full length of said first tube.
NUM  9.
PAR  9. The apparatus of claim 7 and wherein said interconnecting means includes
      an irrigation pump means for pumping said drainage fluid from said source
      of drainage fluid through said drainage tube, and wherein said control
      means includes interlocking means interconnecting said irrigation pump
      means with said reversing switch means whereby when said reversing switch
      means respond to said control signal said irrigating pump means is
      stopped.
NUM  10.
PAR  10. The apparatus as in claim 2 and wherein said control means includes
      limit input means for selecting a limit level of suction, transducer means
      providing an output responsive to the pressure in said suction conduit,
      limit level comparison means for comparing the transducer output with said
      predetermined limit level and producing a control signal when said
      transducer output gets above said limit level and motor control means
      coupled to said source of suction and responsive to said control signal
      for stopping said source of suction.
NUM  11.
PAR  11. The apparatus of claim 1 and wherein said source of suction includes an
      evacuation pump, a motor controlling said evacuation pump, an oscillator
      supplying said motor, and speed control means coupled to said oscillator
      and capable of being preset in accordance with a desired speed of motor
      operation.
NUM  12.
PAR  12. The apparatus of claim 5 including evacuation control means coupled
      between said counter means and said motor means permitting said counter to
      count the interval during which said motor means operates in a forward
      direction, said predetermined interval preset on said duration input means
      representing a forward interval, and further including turn-off switch
      means interconnecting said interval comparison means with said motor means
      for turning off said motor means when said forward interval counted equals
      said predetermined interval.
NUM  13.
PAR  13. The apparatus of claim 1 and including auxiliary means for introducing
      salt crystals into the pulsating liquid flowing out of the first tube
      outlet port.
NUM  14.
PAR  14. The apparatus of claim 13 and wherein said auxiliary means includes a
      container having an input end for inserting therein salt crystals, and an
      output port, said container being in a coaxial position with respect to
      said first tube, the output port of said container being spaced from the
      output port of said first tube in the direction of flow of the pulsating
      liquid, whereby as liquid is pumped from said first tube outlet port, salt
      crystals will be drawn into said liquid.
NUM  15.
PAR  15. The apparatus of claim 14 and wherein the shape of said container is
      conical with its narrow end being adjacent the output port thereof.
NUM  16.
PAR  16. The apparatus of claim 13 and wherein said auxiliary means includes an
      auxiliary tube having an outlet port disposed proximate said first tube
      outlet port, the axis of said auxiliary tube lying in a plane generally
      perpendicular to the axis of said first tube outlet port, said auxiliary
      means further including a source of crystal salt, and interconnecting
      means including a flexible conduit conecting said auxiliary tube to said
      source crystal of salt.
NUM  17.
PAR  17. The apparatus of claim 16 and wherein said interconnecting means
      further includes valve means coupled to said flexible conduit to regulate
      the passage of salt therethrough, said valve means being electrical
      interconnected with said liquid pulsating pump, whereby a unit of salt is
      emitted from said auxiliary tube corresponding to each pulse of liquid
      flowing from said first tube.
NUM  18.
PAR  18. The apparatus of claim 2 and including a second pump, an auxiliary
      flexible conduit connected to said second pump, joining means forming a Y
      joint which interconnects said suction conduit with its respective
      flexible conduit and with said auxiliary flexible conduit, and wherein
      said control means includes means responsive to a change in pressure in
      said suction conduit for stopping operation of said source of suction and
      commencing operation of said second pump.
NUM  19.
PAR  19. The apparatus of claim 18 and wherein said control means includes valve
      means for blocking the auxiliary flexible conduit when said source of
      suction is operating and blocking the flexible conduit connected to said
      source of suction when said second pump is operating.
NUM  20.
PAR  20. The method of disintegrating and removing animal tissue from a
      preselected enclosed area with a nozzle having a working tip comprising
      the steps of:
PA1  a. generating a stream of liquid pulses leaving the nozzle having a
      frequency of about 1/4 to about 333 pulses per second;
PA1  b. adjusting the rate of velocity of said stream of liquid from about 50 to
      about 500 feet per second;
PA1  c. simultaneously directing the pulsating liquid jet onto a confined area
      of said tissue to disintegrate said tissue into small particles to form a
      suspension of particles in said liquid and sucking the suspension of
      particles of said tissue from said preselected area at a suction of
      between 76 and 304 mm. of mercury.
NUM  21.
PAR  21. The method of claim 20 including the step of removing said suction and
      introducing a pressure flow of liquid responsive to the clogging of the
      flow of said sucked liquid.
NUM  22.
PAR  22. The method of claim 20 including the step of introducing salt crystals
      into the stream of liquid pulses.
NUM  23.
PAR  23. The method of claim 22 and wherein said step of introducing salt
      crystals includes the step of providing a unit of salt crystals for each
      pulse of liquid.
NUM  24.
PAR  24. The method of claim 21 and wherein said step of removing said suction
      includes the step of reversing the operation of a suction pump to provide
      a positive pressure flow.
PATN
WKU  039305066
SRC  5
APN  4754522
APT  1
ART  335
APD  19740603
TTL  Disposable phlebotomist's tourniquet
ISD  19760106
NCL  7
ECL  1
EXA  Opitz; Rick
EXP  Michell; Robert W.
NDR  1
NFG  5
INVT
NAM  Overend; Thomas F.
STR  4379 Dart Ave.
CTY  Minneapolis
STA  MN
ZIP  55424
CLAS
OCL  128327
EDF  2
ICL  A61B 1712
FSC  128
FSS  325-327;155-157;165;169;170-171;168;76 R
FSC   24
FSS  16 R;16 PB;17 R;17 A;DIG. 11;DIG. 18
UREF
PNO  1885007
ISD  19321000
NAM  Rosenblatt
XCL  128327
UREF
PNO  2703083
ISD  19550300
NAM  Gross
OCL  128156
UREF
PNO  3086529
ISD  19630400
NAM  Munz et al.
OCL  128327
UREF
PNO  3233608
ISD  19660200
NAM  Scaler, Jr.
OCL  128169
UREF
PNO  3504675
ISD  19700400
NAM  Bishop, Jr.
OCL  128327
UREF
PNO  3587584
ISD  19710600
NAM  Keller
OCL  128327
LREP
FR2  Haller; James R.
FR2  Palmatier; H. Dale
ABST
PAL  A disposable phlebotomist's tourniquet comprising a flat solid, elastic
      band of a length sufficient, when stretched, to encircle the human upper
      arm and including adjacent one end a relatively non-stretchable
      pressure-sensitive adhesive strip protectively covered for storage by a
      protective liner of treated paper or the like having one end projecting
      beyond the end of the adhesive strip as a graspable pull tab so that the
      liner may be pulled away.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In hospitals and doctors' offices, blood samples are often taken from a
      person's arm so that various blood tests can be performed. To obtain a
      blood sample, the medical technician ("phlebotomist" herein) will
      ordinarily wrap a tourniquet about the patient's upper arm to cause veins
      in the distal portion of the arm to stand out, whereupon blood can be
      removed by means of a needle and syringe. The tourniquet which has long
      been used for this purpose is a length of stretchy rubber tubing which is
      passed about the upper arm and then knotted in place. This currently most
      popular tourniquet has a number of drawbacks, among which may be listed
      the possibility of disease transmission by reuse of the tourniquet near
      the sites of vein punctures, painful distortion of the skin by the
      knotting procedure, and injury by the inserted needle resulting from the
      jerk given to the tubing by a phlebotomist in attempting to release the
      knot after the needle has been inserted in a vein. Various other forms of
      tourniquets have been proposed in an effort to overcome at least the
      knotting problem, such tourniquets being reuseable and relatively
      expensive in terms of manufacturing costs. For example, in one such
      tourniquet, shown in U.S. Pat. No. 3,086,529, a pair of mating Velcro
      strips are sewn to respective ends of an elastic band. I am aware of no
      phlebotomist's tourniquet, other then the inexpensive length of flexible
      rubber tubing, which have enjoyed any significant measure of success or
      wide useage. The rubber tubing tourniquet remains to the present the most
      popular phlebotomist's tourniquet. A very inexpensive, throw-away or
      disposable tourniquet which can be easily used and which would avoid
      problems of disease transmission and trauma associated with the rubber
      tubing tourniquet is much to be desired.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a disposable phlebotomist's tourniquet
      which comprises a supple, flat, elastic band which has bonded to one flat
      surface adjacent one end a non-stretchable pressure sensitive adhesive
      strip with a protective liner covering the adhesive strip during storage,
      the liner having a pull tab to facilitate peeling the liner away from the
      adhesive strip. The peel strength of the liner to the adhesive strip is
      less than the peel strength of the adhesive strip to the band so that when
      the liner is peeled away, the adhesive strip remains bonded to the band
      surface. The band is of a length permitting it, when stretched about the
      human upper arm, to have its ends well overlapped with a portion of the
      flat other surface of the stretched band coming into confronting
      relationship with the exposed adhesive surface of the adhesive strip and
      being bonded thereto to anchor the band in place about the arm. The
      non-stretchable adhesive strip and the surface of the band to which it is
      attached provide an adhesive surface of constant dimensions for receiving
      the confronting surface of the stretched band as the latter is wrapped
      around the arm.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a human arm showing the disposable
      tourniquet of the invention in place;
PAR  FIG. 2 is a perspective view of the disposable tourniquet of the invention
      with protective liner attached;
PAR  FIG. 3 is a partially broken away side view of the tourniquet of FIG. 2;
PAR  FIG. 4 is a cross sectional view taken along line 4--4 of FIG. 3; and
PAR  FIG. 5 is a partially broken away perspective view showing a portion of the
      tourniquet of the invention in stretched condition.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 2, the tourniquet of the invention is designated
      generally as 10, and includes a flat, elongated elastic band 12 having
      bonded adjacent one end 12.1 a substantially non-stretchable
      pressure-sensitive adhesive strip 14. The adhesive strip has its exposed
      adhesive surface covered with an easily removable liner 16 which may be a
      strip of plastic film or the like. One end 16.1 of the liner, desirably
      adjacent the end 12.1 of the band, protrudes beyond the adhesive strip to
      serve as a pull tab, the adhesive strip and liner being spaced inwardly
      slightly from the end 12.1 of the band so that the latter end can be
      gripped with fingers of one hand and the tab 16.1 may be gripped with the
      fingers of the other hand to permit the liner to be peeled away from the
      adhesive strip.
PAR  The band 12 is desirably a single length of inexpensive material such as
      latex rubber, plastic film, and the like. By "elastic" as used herein,
      reference is made to a material which may be stretched to a length greater
      than its original length and which also has the tendancy to return, at
      least slightly, toward its original length when stretching force is
      removed. Although only very slightly stretchable materials may be used for
      the band 12, it is desired that the band material be stretchable to a
      length of at least about 120 percent of its original length, and
      preferably 150 percent of its original length without breaking. It is the
      elasticity, as this term is used herein, of the band 12 which causes the
      tourniquet of the invention to be snuggly held about a human limb to cause
      veins distal of the tourniquet to stand out, and hence completely
      inextensible materials are not desirable for use as the band material.
      Bias-cut woven cloth, knit cloth, and fabric having elastic strings
      therethrough are other examples of materials suitable for use as the band
      12. Desirably, however, the band is made from a non-woven material such as
      rubber or plastic. The length of the band in its unstretched state is such
      that when the band is stretched around the upper arm, the other end 12.5
      of the band will completely overlap the adhesive strip 14, leaving the
      terminal portion of the other end 12.5 of the band hanging loosely as
      shown in FIG. 1. If an easily stretchable material, such as thin latex
      rubber sheeting, is employed as the band material, then the minimum length
      of the band can be relatively short; eg., 8 or 9 inches. If the band is of
      a material or thickness such that relatively great force is required to
      stretch the band, the minimum length of the band must be somewhat longer,
      eg., 15-20 inches. A band of latex rubber 14 inches in length with width
      and thickness dimensions of 1 inch and 0.020 inches, respectively, has
      yielded excellent results. Preferably, the length of the band is in the
      range of about 12 to about 16 inches. The band should additionally be of
      sufficient width so that when it is stretched and wrapped about the arm,
      the band has a sufficient area of surface-to-surface contact with the skin
      to avoid cutting into or otherwise bruising the flesh of the arm. A width
      of approximately 1 inch is desired, although slightly greater or lesser
      widths may also be employed. The thickness of the band, and the band
      material, should be such that the band itself is limp and drapable, rather
      than relatively stiff. When the band is stretchingly wrapped about the arm
      during use, the band should "cup" slightly so that a cross section of the
      band taken transversely of its length shows the band to be concave
      outwardly. The longitudinal edges of the band are thus prevented from
      digging into the flesh. The limpness, or drapability, associated with a
      latex rubber sheet 0.020 inches in thickness, or a highly plasticized
      polyvinylchloride film 0.002 inches in thickness, is appropriate for band
      materials of the present invention.
PAR  The adhesive strip 14 is desirably slightly narrower than the band 12 so
      that contact of the adhesive with the skin is avoided. In the embodiment
      referred to above in which a latex rubber band one inch in width was
      employed, an adhesive strip three-fourths of an inch wide and 21/2 inches
      long provided very good results, the adhesive strip being centered
      adjacent the end 12.1 of the band so as to provide 1/8 inch margins
      between the longitudinal edges of the adhesive strip and the adjacent
      edges of the band. The adhesive strip is spaced slightly inwardly, eg. 3/4
      inches-1 inch, from the one end 12.1 of the band so that this end of the
      band may be grasped between the fingers without contacting adhesive. The
      adhesive strip is relatively non-stretchy, and may include an internal
      reinforcement such as a length of relatively inextensible plastic film. In
      the embodiment depicted in FIG. 4, the adhesive strip is of the
      construction designated collectively as 14 and includes an inner,
      non-extensible plastic film 14.2 sandwiched between two layers of pressure
      sensitive adhesive. The plastic film 14.2 may be polyester, cellophane,
      strong paper, or other material. Of importance is the fact that the
      stretchability, that is, the ease of stretching, of the adhesive strip
      must be less than that of the band 12. This feature permits the end of the
      tourniquet bearing the adhesive strip to assume the configuration shown in
      FIG. 5 when the tourniquet is stretched, the adhesive strip 14 and that
      section of the band to which the adhesive strip is bonded retaining
      constant dimensions whereas the band material itself has a tendancy to
      neck down as shown at 12.3 in FIG. 5.
PAR  The adhesive which is employed in the adhesive strip is of the pressure
      sensitive variety known to the adhesive art and employed in adhesive tapes
      such as surgical tapes. The adhesive should be readily adherent to the
      opposed flat surface of the band, and the adhesive bond which is formed
      during use of the tourniquet should have relatively high shear strength.
      Although hypoallergenic adhesives are desired, such adhesives are not
      critical to the invention since the adhesive itself does not touch the
      skin when the tourniquet of the present invention is correctly used. It is
      desired, however, that the adhesive be nontoxic and nonirritating to
      normal skin.
PAR  Over the outer, or exposed, layer of adhesive 14.3 is positioned a
      peel-away liner 16. The purpose of the liner is to protect the outer
      surface of the adhesive layer 14.3 during packaging and storage, and the
      liner 16 is stripped away and discarded just before the tourniquet of the
      invention is to be applied to the arm. The surface of the liner which
      contacts the adhesive layer 14.3 should adhere poorly to this adhesive
      layer so that when the liner is peeled away, the adhesive strip 14 in its
      entirety remains with the band 12. Silicone treated release paper has
      given excellent results, and other materials which may be used include
      various low-adhesion plastic films such as films of polyethylene,
      polytetrafluoroethylene (Teflon TFE, a product of the DuPont Company),
      etc. The force required to peel the liner from the adhesive strip 14 must
      be less than the force required for cohesive failure of the adhesive strip
      and must also be less than the force required to peel the adhesive strip
      from the band 12. Use may be made of various known coatings on the liner
      to decrease the adhesion between liner and adhesive, and various materials
      may be employed to increase adhesion between the adhesive strip and the
      band 12. Thus, a wide variety of adhesives and liners may be employed, and
      those skilled in the adhesive art will be able to readily select an
      appropriate adhesive and liner for use in the present invention.
PAR  A tourniquet of the invention may be made by hand, as by providing a length
      of latex rubber sheeting, applying to one end thereof the adhesive strip
      14, and thereover applying the liner 16. The manufacture of tourniquets of
      the invention may readily be automated; for example, a roll of adhesive
      strip material approximately 21/2 inches wide and having the construction
      shown in FIG. 4 may be provided with a continuous length of liner 16 along
      one adhesive surface with the edge of the liner protruding slightly from
      the side of the adhesive strip, the adhesive material thereafter being
      laminated to and along one edge of a length of band material having a
      width of approximately 14 inches. The resulting laminate may then be
      transversely cut into one inch lengths. Various other manufacturing
      methods will be apparent to the skill artisan.
PAR  In use, the pull tab 16.1 of the liner of a tourniquet of the invention is
      grasped between the fingers of one hand, with the terminal end 12.1 of the
      band being held by the other hand, and the pull tab is pulled backward to
      peel away the liner 16. The end 12.1 of the band is then pressed against
      the skin of the bared upper arm with one hand, while with the other hand
      the operator stretches the other end 12.5 of the band around the arm, the
      adhesive strip 14 being on the outside. When the band is stretched fully
      about the upper arm with the desired tightness, that portion of the
      surface of the band which comes into confronting relationship with the
      adhesive strip 14 is pressed against the strip, and the tourniquet is thus
      held in place. The end 12.5 of the tourniquet extends beyond the adhesive
      bond thus formed, and hangs loose as shown in FIG. 1. When a needle has
      been inserted into a vein distally of the tourniquet so that blood may be
      removed, then the tourniquet may be gently removed from the arm without
      jarring by simply pulling the end 12.5 of the band away from the arm
      gently, peeling apart the adhesive bond and permitting the tourniquet to
      fall loosely away from the arm. In this manner, little if any twisting or
      jerking motion is imparted to the arm which would result in injury to arm
      tissues by the needle. The tourniquet, being of very inexpensive material,
      can thereafter be discarded. If desired, the tourniquets of the invention
      may be rendered sterile before use by treatment with heat or a sterilizing
      gas.
PAR  Manifestly, I have provided a disposable tourniquet of inexpensive
      manufacture which reduces the possibility of disease transmission and
      which may be employed with minimal, if any, tissue damage of the type
      associated with the use of popular rubber tubing tourniquets.
PAR  While I have described a preferred embodiment of the present invention, it
      should be understood that various changes, adaptations, and modifications
      may be made therein without departing from the spirit of the invention and
      the scope of the appended claims.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A disposable phlebotomist's tourniquet, comprising a single, flat, solid
      elastic band 8-20 inches in length, a non-stretchable, pressure-sensitive
      adhesive strip bonded to only one flat surface of the band adjacent but
      spaced from one end of the latter and having a pressure-sensitive adhesive
      surface, the adhesive strip including a non-extensible strip of sheeting
      therein to impart non-stretchability to the adhesive strip, the
      non-extensible strip and the surface of the band to which the strip is
      bonded coacting to resist deformation of the adhesive strip when the band
      is stretched, a removable protective liner covering the pressure-sensitive
      adhesive surface and having a peel strength to the adhesive strip less
      than the peel strength of the strip to the band, the liner having at one
      end a projecting tab to facilitate easy removal of the liner from the
      adhesive strip.
NUM  2.
PAR  2. The tourniquet according to claim 1 in which the band is of latex rubber
      sheeting.
NUM  3.
PAR  3. The tourniquet of claim 1 in which the band is of plasticized
      polyvinylchloride film.
NUM  4.
PAR  4. The tourniquet of claim 1 in which the adhesive strip is spaced
      approximately three-fourths inches from one end of the band and extends
      longitudinally of the band for a distance of at least 21/2 inches.
NUM  5.
PAR  5. The tourniquet according to claim 1 in which the band is sufficiently
      supple to cup concavely outwardly when applied to and stretched about the
      flesh of the upper arm to apply gentle, non-cutting pressure to the flesh.
NUM  6.
PAR  6. A disposable phlebotomist's tourniquet, comprising a single, flat,
      solid, supple, drapable elastic band approximately 1 inch in width and of
      8-20 inches in length, a pressure-sensitive, relatively non-stretchable
      adhesive strip bonded to one flat surface of the band adjacent to but
      spaced from the edges of and from one end of the band and providing a
      pressure-sensitive adhesive surface readily adhereable to the opposed flat
      surface of the band, the adhesive strip including a strip of substantially
      non-stretchable sheet material sandwiched between layers of
      pressure-sensitive adhesive, one of the adhesive layers providing the bond
      between the adhesive strip and the band adjacent one end of the latter, a
      protective liner adhered to and protectively covering the other
      pressure-sensitive adhesive surface of the adhesive strip and having a
      peel strength to the adhesive strip less than the peel strength of the
      adhesive strip to the band to which it is bonded, the liner projecting
      beyond that end of the adhesive strip nearest the adjacent band end to
      define a graspable pull tab for peeling the liner from the adhesive strip,
      the non-stretchable adhesive strip coacting with that section of the band
      to which it is bonded to maintain substantially constant the dimensions of
      the pressure-sensitive adhesive surface to which a portion of the opposed
      flat surface of the band may be adhered when the band is stretched to
      encircle the arm.
NUM  7.
PAR  7. The tourniquet of claim 6 in which the band is approximately 14 inches
      in length and in which the adhesive strip is approximately 21/2 inches in
      length and is spaced approximately three-fourths of an inch from the one
      end of the band.
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PAL  An adjustable oral airway comprising a superior section and inferior
      section joined at their inner ends by a hinge member, and slidably secured
      relative to each other at the mouthpiece end, as by a tongue and groove
      slidable joint. The superior and inferior sections may be spaced a greater
      or a lesser distance from each other by means of sliding the upper and
      lower sections of the mouthpiece to improve ease of insertion and removal
      and to expand or reduce the pharynx, lifting the epiglottis and improving
      the breathing ability of an unconscious patient.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is now well-known to utilize an airway for the purpose of aiding the
      breathing of unconscious patients. Reference may be had to U.S. Pat. No.
      2,599,521, which issued June 3, 1952 to the present inventor, for a
      description of a conventional airway now known in medical practice as the
      Berman Oral Airway. The Berman Oral Airway, and later devices modelled
      after it, is employed in the practice of surgery and medicine by insertion
      in the mouth and pharynx of a patient to provide a channel for respiratory
      purposes, particularly in unconscious patients. It is the purpose of the
      airway to prevent respiratory difficulty by preventing collapse of the
      pharynx walls or obstruction of the pharynx by the tongue.
PAR  The Berman Oral Airway and later such devices are available to the medical
      profession in a number of different sizes for use in infants, small
      children, children, medium adults and large adults. However, each size
      constitutes a unitary member which may not itself be adjusted in size,
      shape, or contour. Thus, conventional airways are substantially rigid
      structures which may not be altered in use to fit particular patients,
      particular problems or particular changes in patient condition or
      position.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention provides an oral airway which is
      flexible, adjustable in contour, and which is adapted for use in a wide
      variety of situations, including situations which may change.
PAR  The present invention provides an airway which may be made smaller in
      cross-sectional area for case of insertion and removal and which may be
      made larger in cross-sectional area when in position.
PAR  The present invention provides an oral airway which adjusts the
      cross-sectional area of the pharynx so as to provide the maximum air flow
      possible consistent with a patient's anatomy. Moreover, the present
      invention provides an oral airway which may be adjusted during use to
      improve breathing characteristics, to improve access for removal of
      foreign matter such as mucous, and to prevent the build up of such foreign
      matter.
PAR  Briefly, but not by way of limitation, the present invention provides an
      adjustable oral airway having a superior section and an inferior section.
      Each section is provided with a curved flexible leaf member joined at the
      inner end by a hinge member. Each section is provided with a mouthpiece
      end, and a sliding joint section is provided between the leaf sections and
      the mouthpiece sections of the superior and inferior members. The sliding
      section may be a tongue and groove. The inferior leaf is provided with a
      longitudinal rib which improves rigidity of the lower leaf and provides
      improved air flow characteristics.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view of the adjustable oral airway of the present
      invention, showing the superior section in the withdrawn position, thereby
      reducing the cross-sectional size of the leaf section of the airway for
      ease of insertion and removal.
PAR  FIG. 2 is a top view of the adjustable oral airway shown in FIG. 1.
PAR  FIG. 3 is a bottom view of the adjustable oral airway shown in FIG. 1.
PAR  FIG. 4 is a front view of the adjustable oral airway shown in FIG. 1.
PAR  FIG. 5 is a cross-sectional view taken across line 5--5 of FIG. 2, showing
      the opposite side of the mouthpiece shown in FIG. 4.
PAR  FIG. 6 is a cross-sectional view taken across line 6--6 of FIG. 1.
PAR  FIG. 7 is a view similar to that of FIG. 1 but showing the upper mouthpiece
      slid to its inward position. The original position as shown in FIG. 1 is
      noted in FIG. 7 in phantom. The slight downward and rightward movement of
      the inner end and hinge of the adjustable oral airway is slightly
      exaggerated for clarity.
PAR  FIG. 8 is a cross-sectional view taken across line 8--8 of FIG. 7. In
      comparison with FIG. 6, this figure shows the cross-sectional expansion of
      the airway upon inward sliding of the superior section.
PAR  FIG. 9 is a cross-sectional view taken across line 9--9 of FIG. 2.
PAR  FIG. 10 is a sagittal section through the mouth, tongue, larynx, pharynx
      and nasal cavity of a patient showing the adjustable oral airway of the
      present invention inserted in the mouth and pharynx with the inner end
      located in the valeqular. The superior member has been slid to its
      innermost position.
PAR  FIG. 11 is a view similar to that of FIG. 5 but showing a modified
      embodiment wherein there are a pair of parallel tongue and groove sliding
      members.
PAR  FIG. 12 is a view similar to that of FIG. 4 but showing the embodiment of
      FIG. 11.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  With reference to the drawing, the adjustable oral airway 10 of the present
      invention comprises a mouthpiece section 12 at one end, a leaf section 14
      at the opposite end, and a slide section 16 between mouthpiece section 12
      and leaf section 14. Adjustable oral airway 10 comprises a superior member
      18 and an inferior member 20, superior member 18 lying above inferior
      member 20 when in the position shown in FIG. 1. This is the position of
      use for an upright patient such as is shown in FIG. 10. All directions
      hereinafter discussed in the description and referred to in the appended
      claims are with reference to the FIG. 1 orientation of adjustable oral
      airway 10. In addition, inward as used in the description and in the
      appended claims refers to a direction inwardly of the mouth and pharynx of
      the patient, being to the left in the FIG. 1-FIG. 10 orientation. Outward
      would be in the reverse direction, that is, to the right in the FIG.
      1-FIG. 10 orientation.
PAR  The mouthpiece section 22 of superior section 18 comprises an upturned
      flange 22 and the mouthpiece section 24 of inferior section 20 comprises a
      downturned flange 24 corresponding generally in size and shape, although
      inverted, with upturned flange 22.
PAR  Slide section 16 of superior section 18 comprises a relatively planar upper
      base 26 and slide section 16 of inferior section 20 comprises a relatively
      planar lower base 28. Secured to upper base 26 is a tongue section 30 and
      secured to lower base 28 is a groove section 32 adapted to engage tongue
      30 for linear motion with respect thereto. That linear motion is in a
      direction from mouthpiece section 12 toward leaf section 14 and back. When
      tongue 30 and groove 32 are engaged, upper base 26 and lower base 28 are
      substantially parallel. The tongue and groove members are between the
      upper base and the lower base.
PAR  Leaf section 14 of superior section 18 comprises a relatively flat curved
      band hereinafter referred to as upper leaf 34. Upper leaf 34 is arcuate,
      extending first above and then below the plane of upper base 26, in a
      direction inwardly of upper base 26. Upper leaf 34 terminates at inner end
      36 of leaf section 14. Leaf section 14 of inferior section 20 comprises a
      substantially flat curved band, hereinafter referred to as lower leaf 38,
      with a longitudinally extending raised center rib 40. Lower leaf 38 is
      arcuate and follows substantially the same path as does upper leaf 34,
      first rising above and then falling below the plane of lower base 28 in a
      direction inwardly of adjustable oral airway 10. Lower leaf 38 is provided
      with a smaller radius of curvature than upper leaf 34, whereby lower leaf
      38 curves more sharply beneath upper leaf 34. From a spaced distance apart
      at the juncture of upper leaf 34 to upper base 26 and the juncture between
      lower leaf 38 and lower base 28, the upper and lower leaves maintain a
      spaced relationship until reaching inner end 36, whereat both leaves are
      connected. Inner end 36 comprises a hinge.
PAR  Use and operation of the adjustable oral airway 10 of the present invention
      is now clear. With airway 10 in the position shown in FIG. 1, that is,
      with superior section 18 withdrawn, being drawn outwardly of the patient,
      to the right as shown in FIG. 1, and to the right with respect to inferior
      section 20, the distance between upper leaf 34 and lower leaf 38 as shown
      in FIG. 6 is at a minimum. Airway 10 may be inserted into the patient's
      mouth and pharynx with inner end 36 resting against the epiglottis. In
      this position, airway 10 acts much like a conventional airway in that it
      restrains collapse of the pharynx and restrains the tongue against sliding
      rearwardly to close off the pharynx.
PAR  Superior section 18 is now slid inwardly a desired amount, that is toward
      the patient's mouth in a direction to the left of FIG. 1 and to the left
      with respect to inferior section 20. by virtue of the linear motion
      controlled by tongue 30 and groove 32 at slide section 16, by virtue of
      inner end 36 and the hinging action provided between upper leaf 34 and
      lower leaf 38, and by virtue of the flexibility of upper leaf 34, the
      distance between upper leaf 34 and lower leaf 38 is increased as may be
      seen in FIGS. 7 and 8. The increase in distance between upper leaf 34 and
      lower leaf 38 corresponds to an increase in the cross-sectional area of
      leaf section 14 which accordingly provides an increased cross-sectional
      area of the patient's pharynx yielding markably superior air-flow
      characteristics and breathing capability for the patient. Moreover, there
      is less chance of a mucous build-up blocking off the pharynx, there is a
      greater opportunity to insert surgical applicances, and the size of the
      pharynx may be controlled within the limits of the sliding ability of
      superior section 18 relative to inferior section 20. Moreover, the
      increased cross-sectional area of airway 10 occurs at leaf section 14, in
      the pharynx, and not at slide section 16, in the mouth and accordingly,
      there is less chance for airway 10 to become dislodged while in use. Of
      course, intentional removal of airway 10 is easily accomplished by sliding
      superior section 18 outwardly, that is, out of the patient's mouth to the
      right as shown in FIG. 1 and to the right with respect to inferior section
      20, thereby reducing the distance between upper leaf 34 and lower leaf 38,
      reducing the cross-sectional area of leaf section 14, and making removal
      easily accomplished.
PAR  It is, of course, entirely possible to have more than one tongue and groove
      slide member, as shown in FIGS. 11 and 12. In the embodiment shown in
      FIGS. 11 and 12 there are a pair of parallel tongue and groove members 30a
      and 32a, respectively. Such a pair of tongue and groove members prevents
      twisting of the mouthpiece in the event the patient is bitting hard.
PAR  Further modification may, of course, be had within the scope of the
      invention. For example, raised rib 40 in lower leaf 38 imparts rigidity to
      that leaf as compared with the more flexible upper leaf 34. Moreover, rib
      40, being an open channel on its bottom edge as may be seen in FIG. 6,
      provides an additional air-flow cavity which aids in patient breathing.
      Reduction in the size of the raised rib, or the placement of an additional
      rib on upper leaf 34, will alter the relative flexibility characteristics
      of each leaf such that longitudinal sliding of slide section 16 will
      result in different expansion characteristics of leaf section 14.
PAR  Adjustable oral airway 10 may be made from any suitably strong, relatively
      soft resilient material such as polyethylene.
PAR  For ease of understanding FIG. 10, the following reference numerals have
      been applied: lips 70, tongue 72, teeth 74, nose 76, chin 78, pharynx 80,
      epiglottis 82, vallecular 84 and trachea 86.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adjustable oral airway comprising:
PA1  a. a narrow, elongated superior section and a narrow, elongated inferior
      section, said superior and inferior sections being attached to each other
      at one end and being adapted for relative linear motion at their opposite
      end,
PA1  b. said superior section and said inferior section each being provided with
      a mouthpiece section, a leaf section, and a sliding section between said
      mouthpiece section and said leaf section.
NUM  2.
PAR  2. An adjustable oral airway in accordance with claim 1, wherein;
PA1  a. said leaf section of said superior section is arcuate,
PA1  b. said leaf section of said inferior section is arcuate, the radius of
      curvature of said inferior section leaf section being less than the radius
      of curvature of said leaf section of said superior section,
PA1  c. said leaf sections being connected at said one end by means of a hinge.
NUM  3.
PAR  3. An adjustable oral airway in connection with claim 2, wherein:
PA1  a. said slide section comprises at least one tongue and groove slide,
PA1  b. whereby said superior section may slide linearly with respect to said
      inferior section.
NUM  4.
PAR  4. An adjustable oral airway in accordance with claim 3, wherein:
PA1  a. said leaf section of said inferior section has a raised rib between its
      ends,
PA1  b. whereby said leaf section of said inferior section is less flexible than
      said leaf section of said superior section.
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ABST
PAL  A pneumatic-electric, or a pneumatic sensing and control system is used in
      a cigar making machine to prevent a wrapper or binder paster from
      operating and a formed tobacco member from being delivered to the roller
      nest when a tobacco strip is not transferred to the carrier while
      permitting the machine to continue to run without interruption.
BSUM
PAR  This invention relates generally to cigar machines and more particularly to
      machinery for applying binders and wrappers when manufacturing cigars.
PAR  One of the problems in making cigars is securely fixing a tobacco binder to
      a rolled tobacco filler to form a cigar bunch from which the binder will
      not unravel and, thereafter, securely fixing a tobacco wrapper to the
      cigar bunch from which the wrapper will not unravel. This problem
      apparently is becoming progressively more pronounced with more and more
      use of reconstituted tobacco sheet in place of natural leaf for binders
      and wrappers.
PAR  As is well known in the cigar industry, although machinery of individual
      types are employed for the two operations, tobacco binders are applied to
      fillers and tobacco wrappers are applied to bunches in a spiral rolling
      operation. A long relatively narrow tobacco strip or leaf is coiled
      spirally around the compacted filler cylinder to form the bunch. Later
      another tobacco strip or leaf is coiled spirally around the bunch to form
      the cigar. The rolling starts at one end and progress at a uniform spiral
      pitch toward the other end until the filler or the bunch is completely
      enveloped in the tobacco binder or wrapper.
PAR  As rolling proceeds in each operation, the rear edge of each convolution of
      the spiral tobacco coil is superposed over the front edge of the last
      succeeding convolution, with the objective of preventing unwinding. With
      such an arrangement it is theoretically possible to hold all of the binder
      in position tightly coiled around the filler in a bunch, and all of the
      wrapper tightly coiled around the bunch, by applying paste to a small area
      of the end of the final convolution of the binder and wrapper
      respectively. However, as is generally well known, in subsequently smoking
      or otherwise handling of cigars, the head ends of the binder and wrapper
      at times become loosened and tend to unravel. It is true that
      percentagewise this occurrence is infrequent. However, the happening,
      however infrequent, tends to affect the attitude of the smoker toward the
      product, which is an important consideration in merchandising any product,
      including cigars, particularly when sold under a brand name.
PAR  In order to reduce the incidence of unraveling, new methods of pasting
      binders and wrappers have been recently introduecd in the industry to a
      limited extent, particularly in the machine manufacture of cigars. One of
      these methods involves the application of paste to an entire surface area
      on the single enveloping tobacco element of a machine made Toscani cigar.
      In machine manufacture of such a cigar, paste is applied over the whole
      area of the inner surface of the tobacco strip or leaf which forms the
      cigar envelope. As such a cigar is rolled, not only are the adjacent
      superposed edges of the spiral convolution pasted together but the
      envelope is pasted directly to the underlying filler.
PAR  In another arrangement, paste is applied by a mechanism along one entire
      edge and to the head end of a tobacco strip or leaf which has been shaped
      to form a binder or a wrapper of a cigar. As the binder or wrapper is
      thereafter rolled into a cigar bunch or into the cigar the superposed
      adjacent edges of the coiled convolution of the binder or wrapper are
      pasted one to another.
PAR  Regardless of which arrangement is actually used, paste is applied after
      the binder or wrapper has been trimmed to shape and transferred to the
      carrier where it is held on the carrier plate by suction and transported
      to the rolling station to be spirally wound on the filler or bunch. If in
      the course of normal events a binder or wrapper is not transferred to the
      carrier, paste would be applied to the rolling surface or carrier plate
      which would tend to clog the machinery and an unwrapped tobacco filler or
      cigar bunch, would result.
PAR  From the foregoing it should be apparent that the present invention is
      applicable to machinery for applying binders or wrappers either of natural
      leaf or reconstituted tobacco to formed fillers or cigar bunches. To
      obviate the necessity of duplicate description, hereinafter binders and
      wrappers will be called tobacco strips, and tobacco fillers and cigar
      bunches will be called formed tobacco members.
PAR  Accordingly, an object of the present invention is to provide means to
      permit a cigar machine to operate without interruption or deleterious
      effects when a tobacco strip to be wound on a tobacco form is not
      transferred to the carrier therefor.
PAR  Another object of the present invention is to provide the foregoing means
      which is responsive to fluid pressure for detecting the absence of a
      tobacco strip from the carrier therefor.
PAR  And another object of the present invention is to provide the foregoing
      means which uncouples the paster from its operating linkage and blocks
      delivery of a tobacco form to the wrapping station in response to
      detection of the absence of a tobacco strip from the carrier while
      permitting the machine to continue to operate without interruption.
PAR  The foregoing and other objects and advantages of the invention will appear
      more fully hereinafter from a consideration of the detailed description
      which follows, taken together with the accompanying drawings wherein
      several embodiments of the invention are illustrated by way of example. It
      is to be expressly understood, however, that the drawings are for
      illustration purposes only and are not to be construed as defining the
      limits of the invention.
DRWD
PAR  FIG. 1 diagrammatically illustrates a pneumatic-electrical tobacco strip
      absence detector and control responsive to positive fluid pressure in
      accordance with the present invention.
PAR  FIG. 2 diagrammatically illustrates the detector and control of FIG. 1
      which is modified to respond to suction.
PAR  FIG. 3 diagrammatically illustrates a vacuum type of detector and control
      in accordance with the present invention.
DETD
PAR  One type of a typical machine which would be enhanced by an absence
      detector and control made in accordance with the present invention is
      disclosed in U.S. Pat. No. 3,139,091 granted June 30, 1964 to Godfrey et
      al and assigned to the same assignee as the present application. As shown
      in this patent a tobacco strip, in this instance a wrapper W, is fed to a
      die D of a turret T where it is trimmed to a desired size and shape. The
      trimmed wrapper W is transferred to a carrier C where it is held by
      suction and rotated into alignment with a pastor P. Rotation of the
      carrier C is momentarily interrupted to permit a plate 20 of the paster P
      to apply paste to the wrapper W. The carrier C then continues to rotate to
      bring the wrapper W into position at a wrapping station or roller nest R.
      Simultaneously, jaws 232 and 233 deliver a formed tobacco member, in this
      instance a cigar bunch G, to the roller nest R. The wrapper W is stripped
      form the carrier G and spirally wound on the cigar bunch G being rolled by
      the roller nest R. Upon completion the carrier C rotates back to its
      original position to receive another trimmed wrapper W and simultaneously
      the wrapped bunch G is removed from the roller nest R.
PAR  Referring now to FIG. 1 of the drawings, the carrier C is electrically
      connected to ground by a conventionally grounded machine frame and to a
      source of suction for holding a tobacco strip on the usual carrier plate
      in the face of the carrier. A jet tube 10 is provided just in advance of
      the paster (not shown) for providing a timed blast of pressure fluid
      toward the face of carrier C as the carrier plate approaches the paster.
      An electrically conductive probe 11 made of conventional switch type
      contact spring material is fixed or mounted at one end by dielectric
      material 13 to the machine frame 12 and is free at its other end which is
      spaced between the face of the carrier C in alignment with the path of the
      carrier plate, and the discharge end of the jet 10. The fixed or mounted
      end of the probe 11 is connected to a source of positive current through
      the coil 15 of a delay on release type of relay 14 such as a CDD38 relay
      made by the Potter and Brumfield Division of AMF Incorporated. The coils
      18 and 21 of a pair of solenoids 17 and 20, respectively, are connected in
      parallel in a D.C. circuit normally kept open by the normally open switch
      portion 16 of the relay 14.
PAR  In normal operating sequence, as the carrier plate of carrier C approaches
      the pastor, the jet 10 would emit a timed blast of pressure fluid against
      the free end of probe 11 causing the free end to move to contact the face
      of the carrier C. If a tobacco strip was properly transferred to and is
      being held by the carrier plate, the tobacco strip acts as insulation and
      the sensing circuit from the positive current source through the relay
      coil 15, probe 11 and carrier C to ground remains open and the relay 14 is
      not energized. The sensing circuit having sensed the presence of a tobacco
      strip, the pastor will apply paste to the strip and a formed tobacco
      member will appropriately be delivered to the roller nest (not shown) to
      be wrapped in the tobacco strip.
PAR  If, on the other hand, a tobacco strip had not been transferred to the
      carrier C, its absence would be sensed by the free end of the probe 11
      contacting the carrier plate in the face of the carrier C which closes or
      completes the sensing circuit and causes current to flow in coil 15 thus
      energizing or actuating the relay 14 which closes its switch portion 16
      completing the control circuit including the solenoids 17 and 20.
PAR  Any suitable disabling means to prevent pasting and transferring a formed
      tobacco member to the roller nest which does not require machine stoppage
      may be used. A typical example is diagrammatically shown by providing the
      paster operating linkage with a laterally movable or reciprocal member 24
      connected by a pin or a similar connector 25 to a longitudinally movable
      link 26. The member 24 is moved by the usual cam timing means (not shown)
      of the machine for driving the link 26 which appropriately moves the
      paster bar or plate to the tobacco strip for applying paste thereto and
      then returns the bar or plate to its original position. The link 26 is
      provided with an elongated longitudinal slot 27 with a lateral offset or
      detent at one end in which the pin 25 is normally disposed. Thus, lateral
      movement of the member 24 normally will longitudinally move the link 26
      and operate the paster. With the control circuit closed by the switch
      portion 16 of the relay 14, current flows through the coil 18 of the
      solenoid 17 driving the plunger 19 thereof toward the link 26 causing the
      end of the link to move laterally. Lateral movement of the link 26 moves
      the elongated slot 27 into alignment with the pin 25. At this time, normal
      sequenced lateral movement of the member 24 will cause the pin 25 to
      travel along the slot 27 and the link 26 will not be driven. A pair of
      jaws 29 are provided to grip the first formed tobacco member G at the end
      of an infeed chute 28 and to deliver the gripped member to the roller nest
      (not shown). With the control circuit closed by the switch portion 16 of
      the relay 14, current flows through the coil 21 of the solenoid 20 driving
      the plunger 22 thereof outwardly toward the infeed chute 28 preventing or
      blocking the first formed tobacco member G from assuming a position at the
      head of the chute where it can be gripped by the jaws 29. The jaws 29,
      although empty, move to the roller nest and open in the normal manner as
      the machine continues its uninterrupted operation.
PAR  The blast from the jet 10 is momentary or of limited duration and
      terminates before the carrier plate of the carrier C rotates into
      alignment with the paster. When the blast of pressure fluid terminates,
      the free end of the probe 11 returns to its normal position opening the
      sensing circuit and de-energizing or releasing relay 14. De-energizing the
      relay 14 normally would cause its contacts or switch portion 16 to open
      which would open the control circuit and de-energize solenoids 17 and 20.
      It is for this reason that the relay 14 is provided with a delay on
      release. The delay on release is of a duration to keep the contacts or
      switch portion 16 closed until the paster linkage has completed its
      operating cycle and the jaws 29 have completed its travel to pick-up a
      formed tobacco member and has started on its path to the roller nest.
PAR  Upon termination of the delay on release, the contacts or switch portion 16
      of the relay 14 opens which opens or breaks the control circuit and
      de-energizes the solenoids 17 and 20 causing the plungers 19 and 22
      thereof to reassume their normal retracted positions. Conventional spring
      means will move the end of the link 26 laterally so the pin 25 will again
      be disposed in the offset at the end of the slot 27. Accordingly, the
      paster and the means for transferring a formed tobacco member to the
      roller nest are in condition for normal operation during the next
      operating cycle of the machine.
PAR  The sensing and control circuit of FIG. 1 can be modified to respond to the
      vacuum or suction provided for retaining a tobacco strip on the carrier
      plate. Before describing the modified circuit, it should be understood
      that it is standard practice, as shown in U.S. Pat. No. 2,287,004 granted
      June 16, 1942 to H. H. Wheeler, to provide a carrier with valve means
      which cuts off the carrier plate from suction from the time a tobacco
      strip is removed at the roller nest until the plate arrives at a position
      to receive another tobacco strip
PAR  Referring now to FIG. 2, the carrier C is connected to a vacuum or a source
      of suction by a conduit S. As the carrier C rotates to its transfer
      position, the valving therein will open the carrier plate to suction and
      the plate will receive a tobacco strip held by the suction. The carrier C
      continues to rotate, stopping momentarily at the paster on its way to
      deliver the tobacco strip on the carrier plate to the roller nest. At this
      time the valving gradually cuts suction off from the carrier plate as the
      tobacco strip is removed and wrapped on to the formed tobacco member being
      rolled. The valving remains closed as the carrier C continues to rotate to
      its transfer position. Thus, the negative fluid pressure in the conduit S
      remains substantially constant during the complete cycle of the carrier C
      under normal operating conditions.
PAR  In lieu of the probe 11 and relay 14 with delay on release of the sensing
      and control means of FIG. 1, a pressure responsive switch 31 and a relay
      32 without a delay is provided. Under normal operating conditions, the
      constant negative pressure of suction in the conduit S keeps the switch 31
      open. Therefore, as with relay 14, the relay 32 is not energized and its
      switch portion remains open. The solenoids 17 and 20, of course, remain
      de-energized.
PAR  If a tobacco strip is not transferred to the carrier C, air will be drawn
      through the carrier plate by the suction and the negative pressure will
      drop causing the actual pressure present in the conduit S to rise. This
      change in pressure will close the switch 31 thereby energizing the relay
      32 whose contacts or switch portion then closes and completes the control
      circuit. With the control circuit complete, the solenoids 17 and 20 are
      energized and prevent operation of the paster and transfer of a formed
      tobacco member to the roller nest as previously described. Since the
      higher pressure in the conduit S will be present until the carrier plate
      arrives at the roller nest and the valving in the carrier C closes, the
      relay 32 does not require a delay on release.
PAR  When the valving in the carrier C closes, the negative pressure will rise
      causing the actual pressure in the conduit S to drop to its original level
      and open the switch 31. The opening of switch 31 de-energizes the relay 32
      which breaks the control circuit and the solenoids 17 and 20 are again
      de-energized.
PAR  The novel sensing and control means may be made as a pressure fluid system
      as shown in FIG. 3. Conduit or tube means 33 is provided to connect the
      suction conduit S to a pair of bellows 34 and 36 corresponding to
      solenoids 17 and 20, respectively. The bellows 34 and 36 are provided with
      respective plunger means 35 and 37 which correspond to solenoid plungers
      19 and 22, respectively. During normal operation, the constant negative
      pressure present in the conduit S keeps the bellows 34 and 36 in their
      collapsed positions. When a tobacco strip has not been transferred to the
      carrier C, the pressure then present in the conduit S permits the bellows
      34 and 36 to expand moving their respective plunger members 35 and 37 to
      interrupt paster operation and the transfer of a formed tobacco member to
      the roller nest.
PAR  Although several embodiments of the invention have been illustrated and
      described in detail, it is to be expressly understood that the invention
      is not limited thereto. Various changes in the design and arrangement of
      parts may be made without departing from the spirit and scope of the
      invention as the same will now be understood by those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a cigar machine having a roller nest, a rotatable carrier for
      delivering a tobacco strip to the roller nest, a paster and means for
      delivering formed tobacco members to the roller nest, a control for
      preventing particular operations of the machine while permitting the
      machine to continue to run, comprising
PA1  a source of pressure fluid,
PA1  first means operatively associated with said carrier and responsive to
      fluid pressure from said source for detecting the absence of a tobacco
      strip from the carrier immediately prior to the operation of the paster
      and
PA1  second means for preventing operation of the paster and for preventing the
      delivery means from delivering a formed tobacco member to the roller nest
      only when the absence of a tobacco strip from the carrier has been
      detected by said first means.
NUM  2.
PAR  2. A control in accordance with claim 1 and
PA1  said first means comprising a normally open electrical sensing circuit
      having a switch means closing said circuit in response to the fluid
      pressure in the absence of a tobacco strip from said carrier and a relay
      means with a normally open switch portion which closes when said relay
      means is energized by said sensing circuit when said sensing circuit is
      closed,
PA1  said second means comprising a normally open electrical control circuit
      having means for operatively uncoupling the paster from its operating
      linkage and for preventing the delivery means from receiving a formed
      tobacco member only when said control circuit is closed, and
PA1  said control circuit being connected to the switch portion of said relay
      means and opened and closed thereby.
NUM  3.
PAR  3. A control in accordance with claim 2, and
PA1  the carrier and a spring contact arm having a free end spaced from the
      carrier providing said switch means of said sensing circuit,
PA1  a tube having its discharge end spaced from said free end of said arm on
      the opposite side thereof from said carrier providing a blast of fluid
      pressure urging said free end of said arm towards said carrier, and
PA1  said blast of fluid pressure being timed so said free end of said arm
      contacts and is insulated from said carrier by a tobacco on said carrier
      approaching the paster and contacting the carrier thereby closing said
      sensing circuit in the absence of a tobacco strip from the carrier.
NUM  4.
PAR  4. A control in accordance with claim 3, wherein
PA1  said blast of fluid pressure is momentary, and
PA1  said relay means including means for holding the switch portion closed for
      a predetermined period of time after said relay means is de-energized.
NUM  5.
PAR  5. A control in accordance with claim 2, and
PA1  the carrier being connected to a controlled source of suction valved to
      hold a tobacco strip on the carrier and cause said carrier to deliver the
      tobacco strip to the roller nest,
PA1  said sensing circuit including a pressure switch responsive to negative
      fluid pressure of the suction when a tobacco strip is held on the carrier
      for maintaining said sensing circuit open and closing said sensing circuit
      in response to the lower negative fluid pressure in the absence of a
      tobacco strip from the carrier.
NUM  6.
PAR  6. A control in accordance with claim 1, and
PA1  said source of pressure fluid being suction connected to the carrier and
      valved to hold a tobacco strip on the carrier from a point of pick-up of
      the tobacco strip to the roller nest,
PA1  said first means comprising conduit means connected to said suction, and
PA1  said second means being expansible means retained in a contracted condition
      by the negative fluid pressure of said suction when a tobacco strip is
      held on the carrier and expanding to prevent paster operation and delivery
      of a formed tobacco member in response to lower negative pressure fluid in
      the absence of a tobacco strip from the carrier.
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ABST
PAL  A smokers' pipe reamer comprises a hollow body, a forward portion of which
      has three longitudinally extending radial grooves and bearing slots, each
      extending radially from a respective one of the grooves to the interior.
      In each of the grooves a reamer blade is guided, this blade having a
      U-shaped appendage protruding into the interior. Three pins held in the
      forward portion of the body extend through the openings of respective ones
      of the appendages to permit radial and swiveling motion of the respective
      reamer blades. Radial movement of the blades may be adjusted by a pin
      having a conical tip adapted to bear against the radially innermost
      portions of the blade appendages. The pin is adjustable along the
      longitudinal axis of the reamer body by means of screw threads and a
      guiding slot, thereby limiting radially inward movement of the appendages
      and the blades while permitting the blades to swivel about each of the
      three pins.
BSUM
PAR  This invention relates to a smokers' pipe reamer comprising a hollow body
      having a front portion with an interior space and a rear portion with a
      rearward end, three radial grooves or slots having parallel axes and being
      disposed within the front portion at regular intervals from one another,
      three blades, each guided in a respective groove or slot and having a
      bearing opening, three bearing parts secured to the body and each passing
      through a middle portion of the length of a groove or slot and through a
      bearing opening, and a mechanism accommodated in the body for the bearing
      adjustment of the blades.
PAR  Whenever a tobacco pipe is smoked, charred matter is produced in the pipe
      bowl. The volume of the bowl is thus decreased. Hence the charred matter
      must be scraped out from time to time, which is usually done by means of a
      blade. It often happens that the bowl is then scraped down to the bare
      wood; this is harmful to the pipe, for if there is not always a thin layer
      of char on the inside of the bowl, smoking is not so pleasant.
PAR  There are a number of reaming tools on the market which are adjustable in
      diameter. However, they are equipped with only two blades positioned
      opposite one another, and therefore there is no provision for guiding them
      within the bowl of the pipe. Accurate guidance of the blades is necessary,
      however, because otherwise the charred matter cannot be uniformly removed.
PAR  British Pat. No. 1,095,976 teaches a pipe reamer in which the blades are
      mounted rather far towards the front on the hollow body, which is provided
      with guide slots for them, by means of a circlip passing through a hole in
      each of them. The conical outside surface or nose near the bottom of a
      plunger constantly acted upon by a spring presses upon inclines surfaces
      on the inner edges of the blades in order to pivot the blades away from
      each other from the back.
PAR  The play in the holes of the circlip serving to support the blades has no
      operational significance, and the inclined surfaces upon which the
      adjusting part acts are situated at a considerable distance from those
      holes; the result is a purely pivotal adjustment of the blades about a
      bearing point which is invariable as regards its distance from the central
      axis.
PAR  In the case of a pipe reamer shown in U.S. Pat. No. 3,079,932, the blades
      are first mounted at their rearward ends, by means of a notch in each one,
      on a plug screwed into the reamer housing. A ball cooperating with the
      adjusting mechanism is provided at a considerable longitudinal distance
      from that bearing point for each blade. Thus in the case of this known
      reamer as well, the result is a purely pivotal adjustment of the blades
      about a bearing which is not adjustable as far as its distance from the
      central axis of the reamer is concerned.
PAR  However, there exists a further necessity, namely, that the blades should
      be able to adapt their mutual inclination to the conicity of the pipe bowl
      interior; this conicity is always present but differs in degree from pipe
      to pipe
PAR  The point of departure for the present invention was a known pipe reamer
      such as is disclosed, for example, in the afore-mentioned British Pat. No.
      1,095,976 and its object is to provide an improved reamer meeting the
      requirements set forth above.
PAR  To this end, in the smokers' pipe reamer according to the present
      invention, each blade comprises a U-shaped appendage projecting into the
      interior space of the body front portion, the adjustment mechanism
      comprises a part which is longitudinally displaceable within that interior
      space and which includes a conical surface, each bearing opening takes the
      form of an elongated hole partially delimited by such a U-shaped appendage
      and disposed substantially at right angles to the longitudinal axis of the
      body, and the conical surface is adapted to act upon the mentioned
      appendages.
PAR  Because each bearing opening is an elongated hole, each blade can be
      adjusted in the region of its bearing opening in a direction perpendicular
      to the longitudinal axis of the reamer body. Furthermore, since the
      longitudinally displaceable part of the adjustment mechanism acts upon a
      U-shaped blade appendage which partially delimits that elongated hole,
PA1  a. the radial adjustment of the blades takes place in the region of the
      bearing, and
PA1  b. free pivotability of each blade is ensured in every position of
      adjustment.
PAR  In other words, once the reamer diameter has been set, each blade is still
      free to adjust its angle of inclination to whatever the conicity of the
      particular pipe bowl interior may be.
PAR  Inasmuch as both prior disclosures (a) provide a purely pivotal adjustment
      of the blades about a bearing point situated at a fixed distance from the
      longitudinal axis of the reamer, and since (b) no possibility of setting
      the reaming diameter and (c) no possibility of free pivoting of the blades
      at any setting of the reamer diameter are afforded, or even alluded to, by
      either of these prior disclosures, the pipe reamer according to the
      present invention clearly represents an advance in the art.
PAR  Moreover, since the prior art in no way suggests a design like that of the
      invention for which protection is claimed here, neither as regards the
      object of the invention or the solution provided, and since the
      characterizing features are by no means simply structural differences but
      rather--as indicated-- form the basis for a considerable advance in the
      art, they were not obvious to one skilled in the art either.
PAR  In a preferred embodiment, the adjusting mechanism is a screw-type adusting
      mechanism comprising an adjusting knob mounted rotatably and axially
      immovably on the rearward end of the reamer body and a sliding sleeve
      non-rotatably guided for longitudinal displacement within the rear portion
      of that body, and a pin guided in the fromt portion of the body and having
      a front end exhibiting the previously-mentioned conical surface is secured
      to the sleeve. The advantage of this design is that a certain reaming
      diameter can be set and maintained. Hence this design differs clearly and
      advantageously from those of the prior art, where the (pivotal) adjustment
      mechanism comprises a spring which continuously urges an adjustment in the
      one direction. Moreover, neither is this design obvious in view of either
      of the aforementioned prior disclosures, considered individually or in
      combination.
DRWD
PAR  Such a preferred embodiment of the invention will now be described in
      detail with reference to the accompanying drawing, in which:
PAR  FIG. 1 is a longitudinal section through the pipe reamer, and
PAR  FIG. 2 is an end view of the same reamer with the cap removed.
DETD
PAR  The smokers' pipe reamer illustrated comprises a one-piece body 1,
      consisting of a front portion 1a having the three-armed polygonal contour
      visible in FIG. 2, transverse partition 1b, and a hollow, cylindrical rear
      portion 1c which is coaxial with and about the same length as the front
      portion 1a.
PAR  The front portion 1a comprises three radial grooves 2 which have parallel
      axes and are disposed at regular intervals from one another, each in one
      of the three arms of the front portion 1a. A bearing pin 3 passes through
      a portion of each groove 2 about midway along its length, at which
      location each groove 2 communicates via an opening 4 with an interior
      space 5, for the most part cylindrical, within the front portion 1a.
PAR  Guided in each of the grooves 2 is a blade 6 having an elongated hole 7
      through which one of the bearing pins 3 passes. Each hole 7 is partially
      delimited by a U-shaped blade appendage 6a which projects through the
      respective opening 4 into the interior space 5 without preventing the
      blades 6 from pivoting about their bearing pins 3.
PAR  The reamer further comprises a mechanism, accommodated for the most part in
      the rear poriotn 1c, for adjusting the blades 6. This adjusting mechanism
      in turn comprises a pin 8, longitudinally displaceable within the interior
      space 5 and having a conically tapering front end 8a which can be caused
      to act upon the U-shaped blade appendages 6a for the purpose of adjusting
      the blades 6 radially while at the same time leaving them free to pivot
      about the bearing pins 3.
PAR  The adjusting mechanism is a screw-type mechanism of a well-known kind in
      which an adjusting knob 9 with its collar 9a is held in place rotatably
      but not axially dispalceably inside the rearward end of the rear portion
      1c by a ring 10. A portion 9b of knob 9 has an external thread (not shown)
      and can be screwed into a sliding sleeve 11 having an internal thread (not
      shown). The sleeve 11 has a wedge-shaped appendage 11a which engages in an
      inside groove 12 of the rear portion 1c, the axes of the sleeve 11, the
      appendage 11a, and the groove 12 being parallel to one another. Thus the
      sleeve 11 is guided for longitudinal displacement but cannot be rotated;
      it also has a hollow cylindrical front appendage in which the rearward end
      portion of the pin 8 is secured.
PAR  Next to its transverse partition 1b, the body 1 has a short, cylindrical
      seat for the rearward end of a removable cap 13.
PAR  It will be obvious that when the cap 13 is removed, the pin 8 can be
      displaced by turning the knob 9 towards the left (FIG. 1); thus the
      conically tapering end portion 8a of the pin 8 comes to act upon the
      U-shaped appendages 6a of the three blades 6 and adjusts them radially
      towards the outside in the opening 4 while fully maintaining their ability
      to pivot about their respective bearing pins 3. Thus as the reaming out of
      carbon deposits in the pipe bowl progresses, the blades 6 may easily be
      adjusted towards the outside as required, and they will always adapt to
      the conicity of the pipe bowl interior because they can still pivot
      freely. Since three blades 6 are provided, the reamer automatically
      centers itself in the pipe bowl when in use. Thanks to all these
      properties, charred matter may be scraped out quickly and effortlessly;
      damage to the pipe bowl may easily be prevented by suitable adjustment of
      the blades 6.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A smokers's pipe reamer comprising a hollow body having a front portion
      with means providing an interior space and a rear portion with a rearward
      end, means providing three radial grooves having parallel axes and bearing
      disposed within said front portion and spaced at regular angular
      intervals, three blades, each guided in a respective groove means and
      having means providing a bearing opening, three blade bearing parts
      secured to said body and each passing through a middle portion of the
      length of a said groove means and through a said bearing opening means,
      and a mechanism accommodated in said body for the bearing adjustment of
      said blades, wherein each said blade comprises a U-shaped appendage
      projecting into said interior space means, said mechanism comprises a part
      which is longitudinally displaceable within said interior space means and
      which includes a conical surface, each said bearing opening means takes
      the form of an elongated hole partially delimited by a said appendage and
      disposed substanially at right angles to the longitudinal axis of said
      body, and said conical surface being adapted to act upon said appendages.
NUM  2.
PAR  2. A reamer in accordance with claim 1, wherein said mechanism is a
      screw-type adjusting mechanism comprising an adjusting knob mounted
      rotatably and axially immovably on said rearward end and a sliding sleeve
      non-rotatably guided for longitudinal displacement within said rear
      portion, and a pin guided in said front portion and having a front end
      comprising said conical surface, said pin being secured to said sleeve.
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ABST
PAL  A cigarette holder ring consisting of a resiliently contractible ring band
      operable to fit snugly on any portion of the wearer's finger, and a
      cigarette holding clip adapted normally to be folded extremely
      inconspicuously into the crown portion of the ring band, but to be
      extended therefrom to hold a cigarette, the clip being universally movably
      relative to the ring band to hold the cigarette in any position relative
      to his finger most suitable to any individual user.
BSUM
PAR  This invention relates to new and useful improvements in cigarette holders
      for holding cigarettes in position for smoking, and has particular
      reference to a cigarette holder of this class in which the actual
      cigarette gripping member is mounted on and forms a portion of a finger
      ring.
PAR  The desirability of a cigarette holder which holds the cigarette on the
      smoker's hand for easy and convenient accessibility while smoking, and
      which at the same time does not occupy the fingers nor require conscious
      use thereof to hold the cigarette, is readily apparent. Many persons of
      course smoke while engaged in other occupations, laying the cigarette down
      momentarily on any available surface or support while their hands must be
      otherwise occupied, and sometimes never retrieving the cigarette if the
      other occupation diverts their attention for too long a time. Not only
      does this practice represent a danger of burn marring or damage to the
      support or surface on which they lay the cigarette, but also represents a
      fire hazard. Also, the practice of laying down and retrieving cigarettes
      while smoking reduces the efficiency of the smoker in performing other
      jobs.
PAR  The general idea of mounting a cigarette holder on a finger ring, whereby
      to secure the cigarette to the finger in a position convenient for
      smoking, while at the same time leaving the hand and fingers free for
      performing other functions, is not in itself new. However, all cigarette
      holder rings within my knowledge have been subject to certain
      disadvantages and shortcomings. For example, most have been capable of
      holding a cigarette in substantially only one position relative to the
      ring itself, and this single position might very well not be comfortable
      or convenient to a given individual smoker. Also, in most prior devices of
      this type the ring is necessarily worn at or adjacent the base of the
      finger, which also disposes the cigarette in a rather artificial position
      which may not be convenient or comfortable for some smokers. Also, in most
      prior devices of this type the actual cigarette holding clip or other
      cigarette gripping member has usually constituted a permanent and fixed
      projection from the ring band, which renders the ring completely
      unsuitable for general or continuous wear, and necessitates that it be
      retrieved from a pocket or other keeping place and placed on the finger
      whenever its use is desired. This necessity does much to reduce the
      utility which is the original object of such a ring.
PAR  Accordingly, the object of the present invention is the provision of a
      cigarette holder ring which largely obviates the above enumerated
      disadvantages and shortcomings of prior devices, in that it can hold the
      cigarette in virtually any desired attitude relative to the ring band
      itself, in that the ring band can be worn on any portion of a finger,
      usually the forefinger, from the base to the tip thereof, and in that it
      is well adapted for continuous wear even when the wearer is not smoking.
      Generally, these characteristics are obtained by the provision of a ring
      including a finger band which is resiliently expandable and contractible
      to fit snugly on any portion of a finger from its base to its tip, and
      having a crown portion including a cigarette holding clip, the clip
      normally being foldable into the crown member so as to conform closely to
      the contour thereof, but being extendable to a use position, and being
      substantially universally adjustable relative to the band to adjust the
      position of the cigarette relative to the band.
PAR  Other objects are simplicity and economy of construction, efficiency,
      dependability and convenience of operation, and adaptability for
      production either as a low-priced strictly utilitarian item, or as a
      highly attractive item of fine jewelry.
DRWD
PAR  With these objects in view, as well as other objects which will appear in
      the course of the specification, reference will be had to the accompanying
      drawing, wherein:
PAR  FIG. 1 is a side elevational view of a cigarette holder ring embodying the
      present invention, showing a cigarette operatively mounted therein,
PAR  FIG. 2 is an enlarged, fragmentary top plan view of the crown portion of
      the ring, showing the cigarette holder clip folded in its non-use
      position,
PAR  FIG. 3 is an enlarged, fragmentary sectional view taken on line III--III of
      FIG. 2, showing the clip extended to a use position,
PAR  FIG. 4 is an enlarged, fragmentary sectional view taken on line IV--IV of
      FIG. 2, and
PAR  FIG. 5 is an enlarged sectional view taken on line V--V of FIG. 2 left
      partially in elevation.
DETD
PAR  Like reference numerals apply to similar parts throughout the several
      views, and the numeral 2 applies generally to the band of the ring,
      constituting an elongated strip formed in a circular configuration, with
      its end portions 4 disposed in overlapping relation as shown in FIG. 1.
      Said band is formed of a material, preferably metal, which in the radially
      thin section thereof constituting the major portion of its length is
      resiliently expandable and contractible. Therefore it can be applied to
      any portion of the wearer's finger from the base to the tip thereof, and
      will fit snugly at any such point. The overlapping of its end portions 4
      prevents pinching of the wearer's skin.
PAR  Generally midway of the length of band 2, said band is both radially
      thickened and transversely widened to form a post portion 6, this post
      being rendered substantially rigid by its greater bulk as compared to the
      rest of the band. This post portion is of course adapted to be worn at the
      outside of the wearer's finger, and as best shown in FIG. 2 is generally
      circular about an axis radial to band 2 and to the wearer's finger. Formed
      in the outer surface of said post, concentric with the same axis, is a
      shallow cylindrical socket 8, and a flat, disc-like crown member 10 is
      mounted rotatably in said socket, concentrically therewith. Said crown
      member is secured in socket 8 by a screw 12 inserted outwardly through
      post 6 at the axis thereof said screw being rotatable in the post and
      threaded into the crown. A shoulder 14 of said screw holds the inner
      surface of the crown in spaced relation from the base of socket. A rubber
      O-ring 16 is interposed between the crown and socket, concentrically with
      screw 12, said O-ring being contained in circular grooves 18 and 20 formed
      respectively in these members, and being resiliently compressed as screw
      12 is tightened, whereby to supply friction yieldably resisting rotation
      of the crown in the socket.
PAR  The thickness of crown 10 is substantially greater than the depth of socket
      8, so as to project outwardly from said socket. The outer end surface 22
      of said crown is substantially planar, and may be decoratively engraved if
      desired, or a suitable gem stone set therein. These are matters of
      decoration, not function, and are not shown.
PAR  A groove 24 is formed in the outer periphery of crown 10, extending around
      somewhat more than half the periphery thereof. Said groove opens both
      through to top surface 22 of the crown, and also through the cylindrical
      surface of the portion of said crown extending outwardly from socket 8.
      Said groove thus has a generally cylindrical surface 26 of greater than
      semi-circular extent, and a generally planar surface 28 normal to the
      crown axis. Surface 28 is planar except that at its mid-point, it is
      slightly raised to provide a pillow block 30 (see Fig. 3). Also, surface
      28 is of somewhat greater radial width at its midpoint than at its ends,
      thereby imparting to said surface a crescent shape in its own plane.
PAR  Normally disposed within groove 24 is a cigarette holding clip 32 of
      greater than semi-circular extent, and which is crescent-shaped in its own
      plane coinciding with the general contour of surface 28 of groove 24, and
      of the same thickness, transversely of its plane, as the width of surface
      26 of said groove. At its central portion, it is reduced to form a short
      cylindrical axle 34. Said axle rests on pillow block 30 as best shown in
      FIG. 3, and is secured in place by a tab 36 of crown 10 which initially
      projects radially outwardly from said crown at a spacing from pillow block
      30 equal to the diameter of axle 34, but which is then bent downwardly at
      right angles around said axle to engage pillow block 30 smoothly, also as
      shown in FIG. 3, after said axle has been properly positioned. Tab 36, as
      it is bent into place, presses axle 34 into compressing engagement with a
      rubber block 38 disposed between said axle and the corresponding portion
      of wall 26 of groove 24, whereby to provide frictional resistance to
      pivotal movement of the clip by the turning of axle 34 within said clip.
      Rubber block 38 may be longitudinally coextensive with the axle. It will
      be seen in FIG. 4 that adjacent each end of axle 34, the cross-sectional
      contour of the clip is generally square, therefore presenting corners 40
      and 42 which would interfere with surfaces 26 and 28 respectively of
      groove 24 and would prevent pivoting of the clip from the folded position
      of FIGS. 2, 4 and 5 to the extended position of FIGS. 1 and 3. To prevent
      this interference, groove surface 26 is relieved as shown at 44 in FIG. 4,
      and surface 28 is relieved as shown at 46 in FIGS. 4 and 5, to provide
      operating clearance. The relief is provided by grooving these surfaces,
      and these grooves need extend angularly of the crown from the axle only
      far enough to prevent the described interference. They do not open through
      any external surface of the crown. Thus when the clip 32 is folded into
      groove 24 as in FIGS. 2 4 and 5, the external configuration of the
      extended portion of crown 10 is completed by the clip, which fills groove
      24, so as to appear substantially undisturbed and the clip scarcely
      noticable. The clip may be provided at each end thereof with a rounded
      outward protuberance 48 (see FIG. 2) if desired, as an aid in grasping and
      pivoting the clip to an extended use position as shown in FIGS. 1 and 3,
      but they are not necessary if still better outward appearance is desired.
      The clip is held releasably in this folded position by the frictional
      resistance of rubber block 38.
PAR  When it is desired to use the device as a cigarette holder, the wearer
      simply grasps the clip, at protuberances 48 or elsewhere, and pivots it
      outwardly from the crown to an extended position such as in FIGS. 1 and 3,
      and presses a cigarette 50 into said clip as shown in FIG. 1. The internal
      diameter of the clip is slightly smaller than the generally standardized
      diameter of a cigarette, so that the cigarette is slightly compressed as
      it is inserted. The cigarette itself has a certain degree of resilience,
      so that the clip itself need not be appreciably yieldable. The clip may be
      pivoted outwardly to any desired degree, and will be retained at any
      setting by friction block 38, so that the cigarette may be disposed at any
      desired angle about an axis parallel to the user's finger, according to
      the preferences of each individual user. Usually the clip should be
      pivoted outwardly at least somewhat more than 90.degree.as shown, in order
      that if the cigarette should be smoked down quite close to the clip, the
      heat therefrom will be less likely to damage or mar the outer surface of
      the crown. Also, by grasping the extended clip, the entire crown can be
      turned as desired about the axis of screw 12, and will be held releasably
      at any such setting by friction provided by O-ring 16. Thus the cigarette
      may be disposed at any desired angle about an axis generally radial to the
      wearer's finger, also as dictated by the wearer's inclinations and
      preferences. Thus, axle 34 and screw 12 provide a generally universal
      adjustment of the cigarette relative to the wearer's finger. This
      provision, in conjunction with the previously described fact that the ring
      can be moved to and worn on any portion of the finger from its base to its
      tip, clearly provides for maximum flexibility and convenience in
      positioning the cigarette in any attitude the smoker may desire, or which
      might be dictated by such other activity in which he may be engaged.
PAR  While I have shown and described a specific embodiment of my invention, it
      will be readily apparent that many minor changes of structure and
      operation could be made without departing from the spirit of the invention
     .
CLMS
STM  What I claim as new and desire to protect by Letters Patent is:
NUM  1.
PAR  1. A cigarette holder finger ring comprising:
PA1  a. ring-shaped band portion adapted to encircle the finger of a wearer,
PA1  b. a crown member attached to said band portion by means permitting
      rotation of said crown member relative to said band portion about an axis
      generally radial to said band portion, and having a generally planar outer
      surface generally parallel to the axis of said band, and
PA1  c. a clip of generally planar shape pivotally connected to said crown
      member for movement between a folded position in which its plane is
      generally parallel to the axis of said band and it lies against the outer
      surface of said crown member, and an extended position in which its plane
      extends outwardly from said crown member, said clip being adapted to
      receive and hold a cigarette therein when in its extended position.
NUM  2.
PAR  2. The device as recited in claim 1 with the addition of means frictionally
      resisting rotation of said crown member relative to said band portion.
NUM  3.
PAR  3. The device as recited in claim 2 with the addition of means frictionally
      resisting pivotal movement of said clip relative to said crown member.
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ABST
PAL  A hair pin made from a continuous resilient band folded back on opposite
      sides forming a loop at each end to provide a pair of pincers having a
      common inner member, and disposed in substantially opposite directions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention lies within the field of hair pins.
PAR  Hair pins currently used, and more specifically bobby pins, generally
      comprise a continuous band of resilient metal folded substantially in half
      to form a loop at one end, and a pair of substantially co-terminal tines
      at the other end. An intermediate portion between the ends is partially
      crimped in compact relationship to provide a resilient pincer for a strand
      of hair which has been placed between the tines of the pin.
PAR  When a strand of hair is placed in the pin, the tines are spread. The
      resilient action of the pin combined with the spreading of the tines tends
      to work the strand of hair out of the open end of the pin. Furthermore,
      the pin is not anchored against movement with respect to the hair, so that
      relative movement of the pin may cause dislodgement of the hair from the
      pin. The foregoing deficiencies often cause wisps of hair to become
      unpinned.
PAR  Hair pins and particularly bobby pins are also used to hold a wig or hair
      piece to the natural hair of a wearer. Current bobby pins rely upon a
      single resilient pincer to concurrently hold the natural hair and the hair
      piece. This has not been satisfactory because the hair within the pin
      tends to slide out through the open end of the pin when the wig or hair
      piece is moved with respect to the natural hair of the wearer.
PAC  SUMMARY OF THE INVENTION
PAR  Basically, this invention comprises a hair pin made from a resilient band
      folded back on opposite sides to form a loop and an adjacent tine at each
      end providing a pair of pincers disposed in opposite directions. When hair
      is placed in the loops, an anchoring force at each end is provided to
      minimize movement of the pin with respect to the hair.
PAR  When the pin of this invention is used with a hair piece, one pincer holds
      a strand of the hair piece, while the opposite pincer grips a strand of
      natural hair on the wearer's head. The combined opposite holding forces by
      the pincers respectively on the hair piece, and the hair of the wearer,
      minimize accidental withdrawal of the hair piece from the wearer's head.
PAR  Another advantage of this invention is that when hair is inserted in the
      pin, the rounded portion of the loop is easily grasped and provides a more
      accessible entrance for the hair strand, thus facilitating a greater
      amount of hair being received by the pin, and less unpinned wisps of hair.
PAR  The invention enables the user to use less pins than are currently
      necessary because each pin substantially performs the function of two
      current pins and in a superior manner. Furthermore, when the pins of this
      invention are used they are less in view than current pins because the
      inner pincers of the pin are covered by the hair held in the exposed
      pincers.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the invention;
PAR  FIG. 2 is an elevation view of the invention;
PAR  FIG. 3 is a fragmented sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 shows the pin in a wearer's hair; and
PAR  FIG. 5 shows a partially fragmented view of the pin in a wearer's hair,
      with arrows representing forces on the pin.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention as seen in FIGS. 1 and 2 comprises a pin 10 made from a band
      of resilient material, such as a continuous band of metal. The band is
      folded back on opposite sides upon itself, thereby forming three portions.
      The folds provide a loop 12 at each end and two outer members 14 which
      overlie an inner member 16 formed from the intermediate portion of the
      band.
PAR  Thus, the outer members 14 in combination with the inner member 16 form a
      pair of oppositely disposed pincers having a common inner member.
PAR  The outer members 14 extend slightly beyond the outer extremeties of the
      loops 12, and terminate in outwardly flared tines 18. As seen more clearly
      in FIG. 3, the terminal end regions 20 of the tines 18 are preferably
      coated with a plastic material 22 to form a bulbous end region to minimize
      punctures and for ease of operation. The spaces between the adjacent loops
      12 and tines 18 at each end of the pin provide an easy entrance to a
      strand of hair which is inserted in the pin, by the loops forming a
      partially rounded entryway.
PAR  The intermediate longitudinal portion of the outer members 14 and the
      common inner member 16 of the pin 10 are crimped into compact relationship
      for substantially their entire length between the loops 12 to enhance the
      holding characteristics of the pin on strands of hair.
PAR  When the pin 10 is placed in the hair of a wearer as illustrated in FIGS. 4
      and 5, the strands within the loops 12 at each end anchor the pin, and
      Minimize movement. For example, when the pin 10 is moved in the direction
      of arrow A, as shown in FIG. 5, the hair strand 26 provides a holding
      force as shown by the arrows D. When the hair pin 10 is moved in the
      direction of arrow B, the hair strand 28 provides a holding force as shown
      by the arrows C. Thus, to remove the pin 10 without substantial wrenching,
      the strands of hair 26 and 28 must be slid out of the pincers of the pin,
      by sliding each strand in opposite directions relative to the pin.
PAR  The foregoing description of this invention is illustrative of the
      presently preferred embodiment of the invention, and is not meant to limit
      the invention to the specific apparatus disclosed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hair pin comprising:
PA1  a continuous band of resilient material folded back upon itself on opposite
      sides to form a loop at each end of said pin, each loop having a crimped
      outer leg which extends the length of said pin to form a flared tine which
      terminates adjacent the other loop, said loops further having a common
      crimped inner leg extending substantially the length of said pin
      intermediate said loops, which is in crimped compact mating relationship
      with the outer legs for substantially its entire length between said loops
      to provide a pair of oppositely disposed crimped pincers.
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ABST
PAL  An improved coin sorting and counting apparatus is disclosed. A rotary
      hopper feeds the coins one at a time to a downwardly inclined track
      assembly wherein sensing means detect the presence and determine the
      denomination of the coins as they move therepast. A signal is generated
      which is proportional to the denomination of each coin and then the
      signals are totaled.
PAL  The foregoing Abstract is neither intended to define the invention of the
      Application which, of course, is measured by the claims, nor is it
      intended to be limiting as to the scope of the invention in any way.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to coin receiving devices and more
      particularly to apparatus for sorting and counting coins of different
      denominations and for operating a toll booth mechanism upon the payment of
      the correct amount.
PAR  It is an object of the present invention to provide an improved coin
      counting apparatus.
PAR  It is another object of the present invention to provide an improved coin
      counting apparatus for use in conjunction with a toll booth.
PAR  A further object of the present invention is to provide an improved
      apparatus that can accurately count and total randomly inserted coins such
      as nickels, dimes, quarters, half-dollars and silver dollars.
PAR  These and other objects, features and advantages of the invention will, in
      part, be pointed out in particularity, and will, in part, become obvious
      from the following more detailed description of the invention, taken in
      conjunction with the accompanying drawing, which forms an integral part
      thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the various figures of the drawing, like reference characters designate
      like parts.
PAR  In the drawing:
PAR  FIG. 1 is a schematic elevational view illustrating an automobile
      positioned on a treadle adjacent a toll booth collecting station;
PAR  FIG. 2 is a front elevational view of one embodiment of the coin separating
      and counting apparatus comprising the present invention;
PAR  FIG. 3 is a fragmentary, sectional, elevational view taken along line 3--3
      of FIG. 2;
PAR  FIG. 4 is a fragmentary, sectional, elevational view taken along line 4--4
      of FIG. 2;
PAR  FIG. 5 is a fragmentary, sectional, elevational view taken along line 5--5
      of FIG. 2;
PAR  FIG. 6 is a fragmentary, sectional, elevational view taken along line 6--6
      of FIG. 2; and
PAR  FIG. 7 is a schematic diagram illustrating one embodiment of circuitry that
      may be used in conjunction with the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  As may be seen in FIG. 1, the present invention is used in conjunction with
      a toll booth B. As automobile A approaches the booth B it rides over a
      treadle T which is adjacent thereto. The driver then deposits the correct
      amount of coins in a collector C. The coins may be of any combination of
      nickels, dimes, quarters, half-dollars and silver dollars. Conventionally,
      pennies are not accepted in toll booth apparatus and means are provided
      for passing any pennies that are deposited, without counting them. The
      coins travel from the collector C into and through the coin sorting and
      counting apparatus 10 comprising the present invention and then are
      automatically dropped into a safe S upon indication that the correct
      amount of coins has been deposited. When such an indication of correct
      coins is made, the automobile A moves off the treadle T and past a gate G
      which has been pivoted out of the way of the automobile A. Should the
      automobile attempt to pass the treadle T, either without depositing any
      coins or where incorrect amount of coins has been deposited, an alarm will
      sound if the gate G is not in place.
PAR  The coin sorting and counting apparatus 10 comprising this invention may
      best be seen in FIGS. 2-6. Referring first to FIG. 2, it will be seen that
      the coin sorting and counting apparatus 10 comprising this invention
      includes a drive motor 12 having an output shaft 14 on which a worm gear
      16 is rigidly secured. The motor 12 is suitably secured to a support
      bracket 18 on which is further mounted a housing 20.
PAR  The housing 20 is comprised of a side wall 22 having a generally circular
      shape in transverse cross-section and an integral flange 24 which is used
      for mounting the housing 20 on support posts 26. Conventional fasteners
      are used to secure the support posts 26 to the bracket 18. The front of
      the housing 20 is comprised of a cover plate 28 that is secured to the
      side wall 22 by means of a hinge 30. A chute 32 having a magnet 34 therein
      provides communication between the exterior coin collector C and the
      interior of the housing 20.
PAR  The rear wall 36 of the housing 20 slopes rearwardly and upwardly with
      respect to a vertical plane, and is rotatably supported by means of a
      shaft 38 that is secured thereto by a nut 40. The shaft 38 also supports a
      worm wheel 42 that is in meshing engagement with the worm gear 16 so that,
      as the output shaft 14 of the motor 12 rotates, the rear wall 36 is
      rotatably driven and thereby defines conveyor means. The rear wall 36 is
      also provided with a raised, disc-like central portion 44 that defines an
      annular undercut 46 at the periphery thereof. A first plurality of pins 48
      are equally spaced on a common diameter intermediate the circumference of
      the disc-like portion 44 and the inside surface of the side wall 22. At
      least one other pin 49 is secured to the disc-like portion 44 at a
      position that is radially inward of the pins 48 for a purpose to be
      described hereinafter.
PAR  When the coins are deposited in the collector C, they fall through the
      chute 32 into the interior of the housing 20. The magnet 34 will attract
      any ferrous material that is deposited together with the coins. During
      rotation of the rear wall 36, the coins which normally fall to the bottom
      of the housing 20 as shown in FIG. 2 will be carried by the rear wall 36
      in a counter-clockwise direction. The relatively smaller coins such as
      nickels, dimes and quarters will eventually lodge themselves in the
      undercut 46 and against one of the pins 48. This mode of operation is
      shown, for example in FIG. 2, by the ten cent piece D and the five cent
      piece N. The relatively larger coins such as the half-dollar and silver
      dollar will be picked up by a combination of the pin 49 and one of the
      pins 48. Flexible deflector means, for example a brush 50, is secured to
      the inside surface of the cover plate 28 and is positioned to intercept
      and deflect any coin that is not properly positioned on the pins 48 and
      49.
PAR  As the coins reach the twelve o'clock position as shown in FIG. 2, they
      will enter a track assembly which is generally designated by the reference
      character 51. The lower, right hand edge of the track assembly 51 is
      tangent to the circumference of the disc-like member 44. The entrance to
      the track assembly 51 is at the highest point of the disc-like member 44
      and is contiguous with the radial dimension between the undercut 46 to the
      inside surface of the wall 22. The track assembly 51 slopes downwardly to
      the left as shown in FIG. 2.
PAR  In the direction of travel downwardly along the track assembly 51 there is
      provided a first photoelectric cell 52 and a cooperating lamp 54 which are
      used to sense the passage of a half-dollar H. Immediately downstream
      thereof, there is a second photoelectric cell 56 and a lamp 58 associated
      therewith which are used for detecting the passage of a twenty-five cent
      piece Q. It should be noted at this time that a half-dollar H will cover
      both photoelectric cells 52 and 56 as well as their respective lamps 54
      and 58 whereas a twenty-five cent piece will cover only the photoelectric
      cell 56 and its associated lamp 58.
PAR  After passing the photoelectric cell 52 and its associated lamp 54, the
      half-dollar H will strike a deflector 60 which is shown in FIG. 3 so that
      the coin will be ejected forwardly as viewed in FIG. 2 and to the right as
      shown in FIG. 3. Conversely, a twenty-five cent piece Q will bypass the
      deflector 60 and will travel down the length of the track assembly 51
      until it is adjacent a slot 62 in the bottom surface thereof. The
      twenty-five cent piece Q will then fall through the end slot 62 in a
      downward direction as shown in FIG. 2. As shown in FIG. 2, the five and
      ten cent pieces N and D will also travel down the track assembly 51 past
      the third and fourth photoelectric cells 64 and 68 which have associated
      therewith lamps 66 and 70, respectively. As shown typically in FIG. 2 the
      nickels N and dimes D will fall rearwardly through openings 72 and 72a,
      respectively, which are formed in the track assembly 51.
PAR  A feature of this invention is that the nickels N and dimes D are detected
      by the photocells as they tumble past the photocells 64 and 68
      interrupting the light beam from the lamps 66 and 70. It will be
      appreciated by a comparison of FIGS. 3, 4 and 5 that the axes of the light
      beams from the lamps 54 and 58 are perpendicular to the plane of the track
      assembly 51 and the path of the coins moving therealong while the axes of
      the light beams from the second pair of lamps 66 and 70 are parallel to
      the plane of the track assembly and the coins moving therealong. It will
      also be appreciated that while the presence of the quarters Q and the
      half-dollars H are sensed first near the entrance of the track assembly 51
      the half-dollars are immediately shunted off by tapered member 60 while
      the quarters are discharged near the end thereof. Conversely the nickels N
      and dimes D are discharged closer to the entrance of the track assembly 51
      and their presence is sensed after they are discharged therefrom.
PAR  After the coins leave the track assembly 51 they drop into a container 76,
      the bottom end of which is selectively closed by means of a butterfly
      valve 78. A solenoid 80 operates the butterfly valve 78 through a linkage
      system 82. The solenoid 80 is electrically coupled to the treadle T so
      that as the vehicle A crosses the treadle T the solenoid 80 is actuated.
PAR  Referring now to FIG. 7, as the fifty cent piece passes between lamp 54 and
      photocell 52 the lamp 58 and photocell 56, pulses are generated. If AND
      gate 69 receives the two pulses, a pulse generator 73 is gated on to
      release ten pulses, representing a fifty cent count to a totalizer 83. The
      pulse from the photocell 52 causes a gate 71 to generate a negative pulse
      to inhibit AND gate 74.
PAR  On the other hand a quarter Q will generate a pulse from photocell 56 and
      will turn on AND gate 74 in the absence of a signal from the photocell 52.
      The gate 74 will turn on a pulse generator 75 which will release a train
      of five pulses equivalent to twenty-five cents.
PAR  Likewise a coin tumbling past the light beam from the lamp 66 to photocell
      68 will turn on a gate 77a which triggers a pulse generator 77 to release
      two pulses for a count of ten cents. A coin interrupting the light from
      the lamp 64 to the photocell 65 will gate on pulse generator 79 through a
      gate 79a to pass a single pulse to the totalizer 83.
PAR  When an appropriate number of counts are made by the totalizer 83 a signal
      is sent to an optional visual display 84 and/or the control means 81
      actuating the barrier gate G.
PAR  For simplicity each pulse has been represented as a value of five cents. It
      will be understood however that a greater number of pulses can be employed
      to represent a particular numerical value by the use of an appropriate
      count down circuit.
PAR  Pennies drop out in opening 72a. While no provision has been shown in the
      drawing for counting of the pennies, it would be understood that a
      photocell and lamp may be provided to count them. In this case, each count
      would provide a pulse to the totalizer and the pulse generators 73, 75, 77
      and 79 would be arranged to provide N equal to five pulses and the
      totalizer arranged to provide a corresponding total. Since pennies tend to
      fly a deflector 72' is provided extending behind the opening 72a to
      prevent pennies from passing in front of photocell 65.
PAR  There has been disclosed heretofore the best embodiment of the invention
      presently contemplated. However, it is to be understood that various
      changes and modifications may be made thereto without departing from the
      spirit of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent are:
NUM  1.
PAR  1. A coin sorting and counting apparatus for a toll booth or the like, said
      apparatus comprising:
PA1  a. a housing including hopper means for receiving a plurality of coins of
      different denominations;
PA1  b. rotatable conveyor means in said housing for moving the coins along an
      arcuate path and in a single line;
PA1  c. means for driving said conveyor means;
PA1  d. an elongated track assembly for successively receiving the coins from
      said conveyor means and further including means for selectively
      discharging the coins at different locations depending upon the
      denomination of the coin;
PA1  e. sensing means comprising a plurality of pairs of photoelectric cells and
      associated lamps, there being one of said pairs of cells and lamps for
      each coin denomination, said pairs of sensing means being spaced along the
      length of said track assembly for detecting the denomination of the coins
      prior to the discharge thereof;
PA1  f. means responsive to said sensing means for generating a plurality of
      signals proportional to the denomination of each sensed coin and for
      totaling the said signals;
PA1  g. said first two pairs of sensing means being positioned such that a
      signal will be generated only when said first two of said pairs of sensing
      means simultaneously detect the passage of a half-dollar therepast in said
      track assembly and another signal will be generated indicating the
      presence of a quarter in said track assembly only when second one of said
      pairs of sensing means detects the passage of a quarter therepast; and
PA1  h. means responsive to said total of said generated signals for indicating
      that the amount of the coins deposited is either correct or incorrect.
NUM  2.
PAR  2. The apparatus according to claim 1 further including a container for
      receiving the coins after their discharge from said track assembly, said
      container including valve means responsive to said signal generating means
      for opening said container when the amount of coins deposited is correct
      whereby the coins may be directed to a remote location for safe keeping.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein said conveyor means comprises
      a base wall including an integral central disc having a groove around the
      perimeter thereof and a plurality of first pins extending away from said
      base wall, said first pins being angularly spaced apart on a common
      diameter that is radially outward of said groove whereby the edge of a
      coin is adapted to be positioned in said groove and concurrently in
      abutment with one of said first pins so that the coin may be moved along
      said arcuate path and into said track assembly.
NUM  4.
PAR  4. The apparatus according to claim 3 wherein there is also included at
      least one second pin extending away from said base wall, said second pin
      being positioned radially inward of said groove so that a relatively large
      coin may be moved along said arcuate path thereby in combination with one
      of said first pins.
NUM  5.
PAR  5. The apparatus according to claim 1 wherein there is further included
      flexible means for intercepting and displacing from said conveyor means
      any coin that is improperly placed prior to the time said improperly
      placed coin reaches said track assembly.
NUM  6.
PAR  6. The apparatus according to claim 1 wherein said track assembly includes
      a plurality of discharge openings of different sizes corresponding to the
      diameters of a nickel, a dime, a quarter, a half-dollar and a silver
      dollar.
NUM  7.
PAR  7. The apparatus according to claim 6 wherein said track assembly includes
      at least one deflecting means for guiding a coin into and through said
      discharge opening therefor.
NUM  8.
PAR  8. The apparatus according to claim 7 wherein said deflecting means is
      positioned proximate said discharge opening for a half-dollar.
NUM  9.
PAR  9. The apparatus according to claim 1 wherein said conveying means is a
      disc positioned at an angle with respect to a vertical plane and wherein
      said track assembly is angled downwardly with the inlet thereof being
      positioned proximate the maximum elevation of said disc whereby the coins
      move downwardly along said track assembly by gravity.
NUM  10.
PAR  10. The apparatus according to claim 1 wherein said third and fourth pairs
      of sensing means are positioned such that a signal will be generated after
      coins of different denominations pass through the respective discharge
      means thereof.
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PAL  The apparatus serves to clean surfaces of articles by spraying a liquid
      cleaning fluid on said articles. A support is provided for carrying an
      article to be cleaned, also a nozzle system for spraying said cleaning
      fluid, and mechanism for moving said support and nozzle system relative to
      each other. The nozzle system comprises an upright nozzle tube disposed
      laterally of the support and above the same, an upper horizontal nozzle
      tube extending over the support, and a lower horizontal nozzle tube
      extending under the support. Each of said upright, upper and lower nozzle
      tubes have nozzles which are arranged in a longitudinal row and directed
      toward said support. Said upright and upper nozzle tubes and said support
      define a cleaning zone between them. Said nozzle system comprises an
      additional nozzle tube extending into said cleaning zone and having at
      least one longitudinal row of nozzles which extend laterally from the axis
      of said additional nozzle tube.
BSUM
PAR  This invention relates to apparatus for cleaning and degreasing machine
      elements and the like, comprising a support for the articles to be cleaned
      and a nozzle system for spraying a liquid cleaning fluid, which nozzle
      system comprises at least one laterally disposed, upright nozzle tube and
      two horizontal nozzle tubes which are respectively disposed above and
      below the support, each nozzle tube comprising a row of nozzles which are
      directed toward the support, and the support and the nozzle system being
      movable relative to each other.
PAR  For a rapid, good, and complete cleaning, the spray jets must reach all
      surface portions of the article to be cleaned. The main difficulty
      regarding the arrangement of the nozzle system is due to the requirement
      to avoid dead spaces into which the cleaning fluid cannot be sprayed. In
      previously disclosed apparatus in which the article to be cleaned while
      resting on a rotary grate is moved through a plurality of spray curtains
      which are disposed one behind or beside the other, this problem is solved
      satisfactorily as far as closed-surface bodies are concerned but these
      apparatus cannot clean hollow bodies, such as tubes, connecting pipes,
      brake drums, bearings, bearing elements and the like as thoroughly as is
      desired because the jets of sprayed cleaning fluid do not uniformly reach
      the inside surfaces of the hollow body and in part do not reach them at
      all.
PAR  It is an object of the invention to eliminate this disadvantage and to
      provide apparatus which is of the kind defined first hereinbefore and
      enables a complete cleaning not only of closed-surface bodies but also of
      hollow bodies of virtually any desired shape and size.
PAR  This object is accomplished according to the invention substantially by the
      provision of at least one additional nozzle tube, which protrudes into the
      cleaning zone receiving the support and defined by the other tubes of the
      nozzle system. During the cleaning of a hollow body this additional nozzle
      tube protrudes into the cavity of the body. Owing to the relative movement
      between the support and the nozzle system the use of the additional nozzle
      tube enables a uniform spraying of cleaning fluid throughout the inside
      and outside surfaces so that dead spaces can no longer arise and an
      excellent cleaning effect is achieved.
PAR  To improve the action of the additional nozzle tube, the same comprises two
      mutually opposite rows of nozzles and the nozzles of said rows are
      staggered. Particularly in the intricate cavities of hollow bodies, this
      arrangement results in a more intense spraying of the surface with
      cleaning fluid.
DRWD
PAR  Some embodiments of the invention are shown by way of example on the
      accompanying drawings, in which
PAR  FIG. 1 is a top plan view showing the nozzle tube system according to the
      invention,
PAR  FIG. 2 is a side elevation showing the system as viewed in a direction
      perpendicular to the upper and lower nozzle tubes.
PAR  FIG. 3 is an enlarged, partly sectional view showing the pivotal connection
      between the additional nozzle tube and a supply conduit.
PAR  FIGS. 4 and 5 are, respectively, side and end elevations showing on a
      different scale a shut-off valve for one of the two rows of nozzles of the
      additional nozzle tube.
PAR  FIGS. 6 and 7 are a top plan view and an elevation showing another
      embodiment of the apparatus according to the invention.
PAR  FIG. 8 shows drive means for rotating the additional nozzle tube.
PAR  FIG. 9 is a side elevation showing cleaning apparatus which embodies the
      invention and comprises a replaceable combined nozzle tube.
PAR  FIG. 10 is a partly sectional view showing a quick-connecting coupling
      between two nozzle tubes.
DETD
PAR  According to FIGS. 1 and 2 the apparatus according to the invention for
      cleaning and degreasing machine elements and the like comprises a housing
      1, which is only diagrammatically indicated in the drawing and contains a
      rotatable support 2 for the parts to be cleaned and a nozzle system for
      spraying the liquid cleaning fluid. The nozzle system comprises a
      laterally disposed, upright nozzle tube 3, two horizontal nozzle tubes 4,
      5 which are respectively disposed above and below the support, and a
      central additional nozzle tube 6, which is connected to the upper nozzle
      tube 4. This additional nozzle tube 6 depends approximately in the axis of
      rotation of the support and it free lower end can be telescopically
      retracted and extended. The lateral, upper and lower nozzle tubes 4, 3, 5
      are formed each with a longitudinal row 7, 8, or 9 of nozzles which are
      directed transversely toward the support 2. The additional nozzle tube 6,
      which is used for spraying into the cavities of hollow bodies, has two
      opposite rows 10 of nozzles which are longitudinally offset so that the
      cleaning fluid is more intensely sprayed in the cavities. By means of a
      rope-and-pulley mechanism 11, the additional nozzle tube 6 is biased by a
      counterweight 12 toward the retracted condition. When the supply of liquid
      is shut off, the counterweight 12 automatically retracts the additional
      nozzle tube to its uppermost position, and in which the tube is held. It
      will be understood that a spring rather than the counterweight may be used
      to bias the additional nozzle tube 6 and will be arranged inside the
      telescopic part.
PAR  The pressure of cleaning fluid flowing into the additional nozzle tube 6
      overcomes the weight bias so that the nozzle tube is automatically
      extended. The additional nozzle tube can be extended to any of a plurality
      of positions, which are selected in view of the nature and size of the
      hollow body to be cleaned.
PAR  The additional nozzle tube 6 is not required when closed-surface bodies are
      to be cleaned and the tube 6 can then be shut off by a valve 13.
PAR  To prevent a rotation of the sections 6', 6", 6'" of the additional nozzle
      tube relative to each other, these tube sections are square in
      cross-section so that the rows 10 of nozzles cannot be shut off by an
      unintended rotation of individual tube sections.
PAR  The additional nozzle tube 6 is pivoted about a horizontal axis and can be
      locked in any of several angular positions. As is shown in FIG. 3 the
      horizontal connecting portion fitting 15 of the additional nozzle tube is
      non-rotatably held in a housing 14 by a sleeve 16. The housing rotatably
      surrounds a supply conduit 17 and bears on a collar 20 of the conduit 17
      by antifriction bearing 18 under the pressure of a spring 19, interposed
      between the housing 14 and the bearing 18. Two parallel arms are connected
      to the housing 14 and are parallel to its pivot axis. One arm 21 engages a
      lever 22 for operating a valve 13 in the supply tube 17. The other arm 23
      serves to lock the housing 14 and additional nozzle tube 6 in a desired
      angular position. The arm 21 is eccentrically mounted so that its distance
      from the operating lever 22 can be changed. At its end near a stationary
      plate 24, the arm 23 carries a ball member 26, which by a spring disposed
      inside the arm 23 is biased to enter recesses 25 of the plate 24 so as to
      lock the additional nozzle tube. The stress of the spring which biases the
      ball member 26 can be adjusted by a screw 27. The additional nozzle tube
      can be pivoted from the cleaning zone receiving the support 2 between the
      tubes 3, 4, 5 so that the zone can receive even very large articles. When
      the additional nozzle tube is raised, the arm 21 automatically closes the
      valve 13 in the supply conduit.
PAR  FIGS. 4 and 5 show means for automatically operating a valve plate 42 for
      one row of nozzles in the tube 6. The non-extensible part of the
      additional nozzle tube 6 is provided with a locking lever 43, which has an
      aperture 44 which when the lever is in locking position receives a pin 45,
      fixed to the valve plate 42. The valve plate is longitudinally slidably
      mounted on the lowermost telescopic section 6'" of the additional nozzle
      tube and is biased by a spring 46 against a stop 47 fixed to the tube. As
      a result, the valve plate is held in its open position, in which holes 48
      in the nozzle plate 42 expose the nozzles 10' in one row (FIG. 4). When it
      is desired to spray cleaning fluid from an inclined tube 6, the telescopic
      part of the nozzle tube is extended until the locking lever 43 snaps on
      the pin 45 (FIG. 5). The length of the locking lever will be selected to
      provide optimum spraying conditions. When the cleaning fluid is supplied,
      the liquid pressure built up in the telescopic section 6'" will extend
      this section relative to the locked valve plate 42 against the pressure of
      the spring 46 until the section 6'" engages the stop 49 whereby the
      nozzles 10' which are directed away from the support 2 are closed. At the
      same time, the nozzle holes of the inner and outer telescopic sections 6",
      6'" are in register so that the nozzles directed toward the support are
      opened. As soon as the supply of liquid is interrupted, the spring 46
      contracts the telescopic tube until the valve plate 42 engages the stop 47
      to expose the previously closed nozzles. When the locking lever 43 has
      been disengaged from the pin 45, the additional nozzle tube may be used in
      the usual manner.
PAR  To avoid an excessive shock after the retracting of the tube 6, resilient
      stops are provided for the telescopic part of the additional nozzle tube
      and for the counterweight as is best seen in FIG. 2. These stops comprise
      coil springs 28, which are held and prestressed by screws 29. and the
      counterweight are provided with forklike projections 30, which by means of
      the screws 29 can bear on the springs 28. The rope-and pulley mechanism 11
      which connects the telescopic section 6'" of the additional nozzle tube 6
      to the counterweight 12 can be adjusted by a threaded joint 31. Brackets
      32 and cross-members 33 connect the nozzle tubes 4 and 6 to strengthen the
      tube system. Each nozzle tube is connected to a blind tube 34 or 35, in
      which the foreign matter is trapped. When it is desired to clean the
      nozzle system, the closures 36 of these blind tubes 34 and 35 are opened
      and the entire tube system is flushed through to remove the foreign
      matter.
PAR  The apparatus according to the invention shown in FIGS. 6 and 7 comprises
      the nozzle tubes 3, 4, 5 and an additional nozzle tube 6a, which extends
      into the cleaning zone upwardly through the center of the support 2 and
      can also be telescopically retracted and extended. The additional nozzle
      tube 6a is directly connected to the lower nozzle tube 5 and its free end
      extends into downwardly open cavities of machine elements which are to be
      cleaned.
PAR  When it is desired to clean articles having lateral apertures and cavities,
      an additional nozzle tube 6b may extend horizontally into cleaning zone
      from a separate supply conduit 50. This is indicated in dash-dot lines in
      FIGS. 6 and 7.
PAR  To enable a uniform spraying throughout the surface of articles to be
      cleaned, the nozzle system and the support must move relative to each
      other. For this purpose the support 2 consists normally of a rotary grate
      and is rotated about a vertical axis. If it is impossible or difficult to
      rotate articles the additional nozzle tube is moved and the article and
      the support remain stationary. Such an arrangement is shown in FIG. 8,
      where the additional nozzle tube 6 is rotated about its longitudinal axis
      by a motor 37 and, a belt drive 38. The tube is rotatably mounted in the
      housing 1 and in rotary coupling 39. The supply conduit 40 for the
      cleaning fluid leads into the rotary coupling in which the additional
      nozzle tube 6 has a radial bore 41.
PAR  FIG. 9 shows another apparatus according to the invention in which the
      upper nozzle tube 4 of the nozzle system may to be replaced by a tube 6c
      having a horizontal section 6c', which extends approximately to a point
      above over the center of the support 2, and a depending section 6c". The
      section 6c' has a row of nozzles 8' which are directed toward the support
      2. The section 6c" has nozzles 10", which are staggered in two opposite
      rows. The upper nozzle tube 4 or the tube 6c is connected to the lateral
      upright nozzle tube 3 by a quick-connecting coupling.
PAR  The coupling is shown in FIG. 10. The upright nozzle tube 3 and the tube 6c
      are connected by a bell-and spigot joint 51. A locking pin 52 is secured
      to the nozzle tube 3 and enters an eye 53 on the tube 6c. The pin 52 is
      locked in said eye by a spring-loaded detent 54. The quick-acting coupling
      may be used alternatively to connect the upper nozzle tube 4 to the
      lateral upright nozzle tube 3 so that the apparatus can be set up quickly
      for cleaning either closed-surface bodies or hollow bodies.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for cleaning surfaces of articles by means of a liquid sprayed
      on said surfaces which comprises:
PA1  a. a support for an article to be cleaned;
PA1  b. a nozzle system;
PA1  c. means for supplying cleaning liquid to said nozzle system, said nozzle
      system including:
PA2  1. an elongated upright tube disposed laterally of said support and
      upwardly extending beyond said support,
PA2  2. an upper, horizontally extending, elongated tube upwardly spaced from
      said support,
PA2  3. a lower horizontally extending, elongated tube downwardly spaced from
      said support, and
PA2  4. an additional elongated tube,
PA3  i. said upright, upper, and lower tubes each carrying a longitudinal row of
      nozzles directed toward said support and defining a cleaning zone
      receiving said support,
PA3  ii. said additional tube carrying at least one longitudinal row of
      transversely directed nozzles and having a free longitudinal end in said
      zone, and
PA3  iii. said additional tube having two telescopically engaged parts, one of
      said parts being movable relative to the other part between a retracted
      and an extended condition;
PA1  d. biasing means for biasing said one part toward the retracted condition,
      said biasing means including a counterweight operatively connected to said
      one part for simultaneous movement;
PA1  e. first resilient stop means engaging said counterweight when said one
      part reaches said retracted condition; and
PA1  f. second resilient stop means engaging said one part in the retracted
      condition thereof,
PA2  1. said one part carrying angularly spaced lateral projections,
PA2  2. said second resilient stop means including respective coil springs in
      register with said projections in the direction of movement of said one
      part, and screws engaging said coil springs and holding the engaged coil
      springs under initial stress, said projections engaging said screws in
      said retracted condition.
NUM  2.
PAR  2. Apparatus for cleaning surfaces of articles by means of a liquid sprayed
      on said surfaces which comprises:
PA1  a. a support for an article to be cleaned;
PA1  b. a nozzle system;
PA1  c. means for supplying cleaning liquid to said nozzle system, said nozzle
      system including:
PAR  1. an elongated upright tube disposed laterally of said support and
      upwardly extending beyond said support,
PA2  2. an upper, horizontally extending, elongated tube upwardly spaced from
      said support,
PA2  3. a lower horizontally extending, elongated tube downwardly spaced from
      said support, and
PA2  4. an additional elongated tube,
PA3  i. said upright, upper, and lower tubes each carrying a longitudinal row of
      nozzles directed toward said support and defining a cleaning zone
      receiving said support,
PA3  ii. said additional tube carrying at least one longitudinal row of
      transversely directed nozzles and having a free longitudinal end in said
      zone, and
PA1  d. a quick-connecting coupling detachably connecting said upper tube to
      said upright tube,
PA2  1. said upper tube and said upright tube having respective bell and spigot
      portions engaged when said upper and upright tubes are connected,
PA2  2. said coupling including a locking pin fixed to one of said upper and
      upright tubes, an eye fixed to the other one of said upper and upright
      tubes and receiving said pin, and spring-loaded locking means holding said
      pin in said eye,
PA2  3. said additional tube being permanently connected to said upper tube and
      depending vertically from said upper tube toward the center of said
      support,
PA2  4. said upper tube when connected to said upright tube extending from said
      upright tube horizontally approximately to a point above said center.
NUM  3.
PAR  3. Apparatus for cleaning surfaces of articles by means of a liquid sprayed
      on said surfaces which comprises:
PA1  a. a support for an article to be cleaned;
PA1  b. a nozzle system;
PA1  c. means for supplying cleaning liquid to said nozzle system, said nozzle
      system including:
PA2  1. an elongated upright tube disposed laterally of said support and
      upwardly extending beyond said support,
PA2  2. an upper, horizontally extending, elongated tube upwardly spaced from
      said support,
PA2  3. a lower horizontally extending, elongated tube downwardly spaced from
      said support, and
PA2  4. an additional elongated tube,
PA3  i. said upright, upper, and lower tubes each carrying a longitudinal row of
      nozzles directed toward said support and defining a cleaning zone
      receiving said support,
PA3  ii. said additional tube carrying nozzles arranged in two opposite
      longitudinal rows, and having a free longitudinal end in said zone,
PA3  iii. said additional tube depending toward said support and being centered
      relative thereto,
PA3  iv. said additional tube being pivoted about a horizontal axis;
PA1  d. locking means for locking said additional tubes in each of several
      angular positions relative to said axis, the nozzles of one of said two
      rows being directed away from said support in one of said angular
      positions; and
PA1  e. nozzle closing means closing the nozzles of said one row when said
      additional tube is in said one angular position.
NUM  4.
PAR  4. Apparatus for cleaning surfaces of articles by means of a liquid sprayed
      on said surfaces which comprises:
PA1  a. a support for an article to be cleaned;
PA1  b. a nozzle system;
PA1  c. means for supplying cleaning liquid to said nozzle system, said nozzle
      system including:
PA2  1. an elongated upright tube disposed laterally of said support and
      upwardly extending beyond said support,
PA2  2. an upper, horizontally extending, elongated tube upwardly spaced from
      said support,
PA2  3. a lower horizontally extending, elongated tube downwardly spaced from
      said support, and
PA2  4. an additional elongated tube,
PA3  i. said upright, upper, and lower tubes each carrying a longitudinal row of
      nozzles directed toward said support and defining a cleaning zone
      receiving said support,
PA3  ii. said additional tube carrying at least one longitudinal row of
      transversely directed nozzles and having a free longitudinal end in said
      zone;
PA1  d. a supply conduit for supplying said liquid;
PA1  e. a collar carried by said supply conduit;
PA1  f. a housing rotatably surrounding said supply conduit;
PA1  g. a bearing mounted on said conduit and interposed between said housing
      and said collar;
PA1  h. compression spring means interposed between said bearing and one of the
      two parts constituted by said collar and said housing;
PA1  i. a fitting connecting said additional tube to said housings, said
      additional tube being pivoted for angular movement about a horizontal
      axis, depending toward said support, and being centered relative to said
      support; and
PA1  j. locking means for locking said additional tube in each of several
      angular positions relative to said axis.
NUM  5.
PAR  5. Apparatus as set forth in claim 4, in which
PA1  said additional tube is connected to a shut-off valve,
PA1  valve-operating means are provided, for closing said shut-off valve in
      response to an upward pivotal movement of said additional tube to a
      predetermined position, and
PA1  said valve-operating means comprise a valve-operating lever, a stationary
      plate formed with recesses, first and second arms carried by said housing
      and extending approximately parallel to its axis, and a ball member which
      is carried by said second arm and biased to enter said recesses,
PA1  said first arm extending adjacent to said valve-operating lever and the
      distance of said first arm from said lever being adjustable.
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PAL  A conventional umbrella has three hooks mounted upon each of its downwardly
      extending ribs. The first hook is located at the bottom of the rib. The
      second hook is located at the connection point of the rib and one of the
      elongated struts used to open and close the umbrella. The third hook is
      located on the same rib intermediate the first and second hooks. A
      flexible cable is attached to the first hook, passes or extends through
      the second and third hooks and is then attached to the center pole of the
      umbrella.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional umbrellas, when opened for use, can be turned inside out and
      broken by gusts of wind with relative ease whereby such umbrellas exhibit
      a relatively low resistance to attack by wind.
PAR  In contradistinction, in this invention a conventional umbrella is modified
      to exhibit a much higher resistance to attack by wind.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, flexible cables cooperate with the ribs
      and center pole of the umbrella. The umbrella has a collar slidable along
      the pole between a highest point (when the umbrella is open for use) and a
      lowest point (when the umbrella is closed or collapsed). The cables are
      strung along each rib and are secured to the pole above the highest point
      of the collar. Hooks are used to secure and guide the cables. The cables
      then act as two dimensional braces to sharply increase the resistance of
      the umbrella to attach by wind whereby the object of the invention is
      attained.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side cross-sectional view of the invention.
PAR  FIG. 2 is a detail view of a portion of the invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  A conventional umbrella structure includes a plurality of downwardly
      extending ribs 10 located circumaxially around an elongated center pole
      20. Slidibly attached to the pole, and shown in FIG. 1 in its highest
      position, is a collar 30. Between the collar and each rib is connected an
      elongated strut 40 that is pivotally secured to the rib at one point 50
      and likewise pivotally secured to the collar at point 60.
PAR  On each rib is located a first hook 70, a second hook 80, and a third hook
      90. The first hook is located near the bottom of the rib. The second hook
      is located at the pivotal connection point of one of the struts and the
      rib. The third hook is attached to the rib intermediate the first and
      second hooks. As can be seen, the first and third hooks face concave down,
      and the second hook faces concave upward.
PAR  A flexible cable 100 is strung between the center pole and each set of
      three hooks. Each cable is attached to the first hook, strung over the
      other two hooks in numerical sequence, and finally attached to a circular
      ring 110 surrounding the pole at a point above the highest position of the
      collar.
PAR  When the umbrella is opened as shown, each cable is stretched tight. When
      wind blows against the underside of the umbrella, the cables are pulled
      tighter, and force is exerted not only from hook 90 inwardly, but also
      from hook 70 towards hook 80 and from hook 80 to hook 90. Thus force is
      not only applied purely inwardly, but also along the direction of each
      rib, to keep the rib portions below point 50 from bending below hook 90.
PAR  The cables thus hold the umbrella in proper open position despite wind
      attack, each cable acting as a two dimensional brace.
PAR  Although the invention has been described with particular reference to the
      drawings, the protection sought is to be limited only by the terms of the
      claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A wind resistant umbrella frame, comprising:
PA1  a frame having a plurality of like downwardly extending ribs located
      circumaxially around an elongated center pole and a collar slidably up and
      down on the pole, the collar being connected to each rib by an elongated
      strut that is pivotally connected at one end to the collar and pivotally
      connected at the other end to the rib, and flexible covering secured to
      the top of the pole and to the outside of the ribs;
PA1  a like plurality of first hooks, each first hook being secured to a
      corresponding rib adjacent the bottom thereof;
PA1  a like plurality of second hooks, each second hook being secured at the
      pivotal connection point of the corresponding rib and its associated
      strut;
PA1  a like plurality of third hooks, each third hook being secured to the
      corresponding rib between the corresponding first hook and the
      corresponding second hook; and
PA1  a like plurality of flexible cables, each cable being secured at one end to
      one of said associated first hooks, and being looped over one of said
      corresponding second and third hooks, and being secured to the center pole
      at a point above the maximum position of upward travel of the collar.
NUM  2.
PAR  2. The device of claim 1 wherein a circular ring is secured to the pole and
      the cables are secured to the ring.
NUM  3.
PAR  3. The device of claim 2 wherein the first and third hooks face concave
      downward.
NUM  4.
PAR  4. The device of claim 3 wherein the second hooks face concave upwards.
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PAL  A pneumatic control system having a source of pneumatic fluid and a
      pneumatically operated device to be operated by the source when
      interconnected thereto by a valve construction when the same is in one
      operating condition thereof. The valve construction interconnects the
      atmosphere to the device when in another operating condition thereof. The
      valve construction has a housing provided with a chamber and three spaced
      ports leading to the chamber, one of the ports being interconnected to the
      source of fluid, another of the ports being interconnected to the device
      and the remaining port being interconnected to the atmosphere. A valve
      seat separates the one port from the other port and the remaining port. A
      movable valve member controls the valve seat, the valve member closing the
      valve seat when the valve construction is in the other condition thereof
      and opening the valve seat when the valve construction is in the one
      condition thereof. A pneumatically operated actuator moves the valve
      member relative to the valve seat, the actuator being controlled by the
      source of fluid through the one port of the housing.
BSUM
PAR  This invention relates to an improved pneumatic control system as well as
      to an improved valve construction for such a control system or the like.
PAR  It is well known that a pneumatically operated valve construction has been
      provided for interconnecting a source of fluid to a control device when
      the pneumatically operated valve construction is in one operating
      condition thereof and to disconnect the pneumatic source from the control
      device when the valve construction is in another operating condition
      thereof, the valve construction being pneumatically controlled to provide
      for the various operating conditions thereof.
PAR  Accordingly, it is a feature of this invention to provide an improved valve
      construction of the above type wherein the valve construction is also
      adapted to interconnect the atmosphere to the control device when the
      valve construction disconnects the pneumatic source from such control
      device.
PAR  Another feature of this invention is to provide an improved pneumatic
      control system utilizing such a valve construction or the like.
PAR  In particular, one embodiment of the pneumatically operated control system
      of this invention comprises a source of pneumatic fluid and a
      pneumatically operated device that is interconnected to the source of
      fluid by a valve construction of this invention when the valve
      construction is in one operating condition thereof. When the valve
      construction is in another operating condition thereof, the same
      interconnects the atmosphere to the device while disconnecting the fluid
      source therefrom. The valve construction has a housing means provided with
      a chamber therein and with three spaced port means leading to the chamber,
      one of the port means being interconnected to the source of fluid, another
      of the port means being interconnected to the device and the remaining
      port means being interconnected to the atmosphere. The housing has a valve
      seat separating the one port means from the other port means and the
      remaining port means. The housing has a movable valve member controlling
      the valve seat, the valve member closing the valve seat when the valve
      construction is in the other operating condition thereof and the valve
      member opening the valve seat when the valve construction is in the one
      operating condition thereof. The valve construction has a pneumatically
      operated actuator for moving the valve member between its positions, the
      actuator being controlled by the source of fluid being interconnected
      threreto through the one port means of the housing.
PAR  Accordingly, it is an object of this invention to provide an improved
      pneumatic control system having one or more of the novel features set
      forth above or hereinafter shown or described.
PAR  Another object of this invention is to provide an improved valve
      construction having one or more of the novel features set forth above or
      hereinafter shown or described.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description which proceeds with reference to the
      accompanying drawings forming a part thereof and wherein:
PAR  FIG. 1 is a perspective view of the improved valve construction of this
      invention;
PAR  FIG. 2 is an enlarged, cross-sectional view of the valve construction of
      FIG. 1 taken on line 2--2 thereof and schematically illustrating the
      improved pneumatic control system of this invention.
PAR  FIG. 3 is a view similar to FIG. 2 and illustrates the valve construction
      in another operating condition thereof.
PAR  FIG. 4 is an exploded perspective view of the various parts of the valve
      construction of FIGS. 1-3.
PAR  FIG. 5 is a view similar to FIG. 2 and illustrates another embodiment of
      the valve construction of this invention.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted to provide a vacuum operated
      valve construction, it is to be understood that the various features of
      this invention can be utilized singularly or in any combination thereof to
      provide a valve construction that can be operated by other pneumatic
      fluids as desired.
PAR  Therefore, this invention is not to be limited to only the embodiments
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety of uses of this invention.
PAR  Referring now to FIGS. 1 and 2, the improved valve construction of this
      invention is generally indicated by the reference numeral 10 and is
      utilized in the improved pneumatic control system of this invention that
      is generally indicated by the reference numeral 11 in FIGS. 2 and 3.
PAR  The valve construction 10 comprises a housing means 12 formed from a
      plurality of housing parts 14, 15 and 16 suitably secured together to
      define a chamber 17 in the housing means 12 that is interconnected to the
      exterior thereof by three port means 18, 19 and 20 which are disposed in
      axially spaced relation along the longitudinal axis of the housing member
      14 and can comprise nipple extensions thereof for fluidly interconnecting
      the same in the system 11 of this invention.
PAR  In particular, the port means 18 is adapted to be interconnected by
      suitable conduit means 21 to a vacuum source 22, the conduit means 21
      having a selector valve means 23 therein that is opened either manually,
      automatically or by condition responsive means a certain amount to cause
      the valve construction 10 to change its operating condition from the
      condition illustrated in FIG. 2 to the condition illustrated in FIG. 3 for
      a purpose hereinafter described.
PAR  The port 19 of the valve construction 10 is adapted to be interconnected to
      the atmosphere either by merely remaining open as illustrated or being
      interconnected to an atmospheric source by suitable conduit means
      interconnected thereto, the port means 19 having a restrictor means 24
      disposed therein for a purpose hereinafter described.
PAR  The port means 20 is adapted to be interconnected by a conduit means 25 to
      a pneumatically operated device 26 for a purpose hereinafter described.
PAR  A valve seat member 27 is disposed in the chamber 17 intermediate the port
      means 18 and 19 and has a valve seat 28 adapted to be opened and closed by
      a ball valve member 29 normally urged to its closed position by a
      compression spring 30 having one end 31 bearing against an end wall 32 of
      the housing member 14 and another end 33 bearing against the valve member
      29.
PAR  The housing members 15 and 16 cooperate together to hold an outer
      peripheral means 34 of a flexible diaphragm 35 therebetween whereby the
      flexible diaphragm 35 closes off the right hand end of the chamber 17 as
      the side 36 thereof faces the chamber 17 while the other side 37 thereof
      is exposed to the atmosphere by suitable openings 38 formed in the end cap
      housing member 16 as illustrated. In this manner, the diaphragm 35 forms
      part of a pneumatic actuator of the valve construction that is generally
      indicated by the reference numeral 46.
PAR  A valve stem member 39 is disposed in the chamber 17 of the housing means
      12 and has one end 40 bearing against the side 36 of the flexible
      diaphragm 35 to follow movement thereof as a compression spring 41 acts on
      the same to tend to urge the stem 39 in a direction against the side 36 of
      the flexible diaphragm 35. In particular, one end 42 of the compression
      spring 41 bears against the valve seat member 27 while the other end 43
      thereof bears against the enlarged end 40 of the stem member 39 whereby
      the force of the compression spring 41 urges the end 40 of the stem member
      39 into engagement with the flexible diaphragm 35.
PAR  The other end 44 of the stem member 39 projects into the valve seat 28 and
      is normally spaced from the valve member 29 in the manner illustrated in
      FIG. 2 when the diaphragm 35 of a pneumatically operated actuator 46 of
      the valve construction 10 is in the unactuated condition illustrated in
      FIG. 2. However, when the pneumatically operated actuator 46 is in the
      acuated condition illustrated in FIG. 3, it can be seen that the diaphragm
      35 has been moved to the left in FIG. 3 and causes the end 44 of the valve
      stem 39 to engage against the valve member 29 and move the same away from
      the valve seat 28 in opposition to the force of the compression spring 30
      to thereby interconnect the ports 19 and 20 through the now open valve
      seat 28 for a purpose hereinafter described.
PAR  Therefore, it can be seen that the valve construction 10 of this invention
      can be formed from a plurality of inexpensive parts formed in the
      configurations illustrated in FIG. 4 and be readily assembled together in
      the manner illustrated in FIGS. 2 and 3 to operate in the control system
      11 of this invention in a manner now to be described.
PAR  Assuming that the selector means 23 is either in an "off" condition thereof
      or it is in such an open condition thereof that insufficient vacuum is
      being provided in the chamber 17 to the right of the valve seat 28 to
      permit the resulting pressure differential acting across the diaphragm 35
      to overcome the force of the compression spring 41 as well as the force of
      the compression spring 30 should the valve stem 39 be moved to the left to
      contact the valve member 29, it can be seen that the valve member 29 will
      be in a closed position against the valve seat 28 as illustrated in FIG. 2
      so that the atmosphere is interconnected by the port means 19 through the
      restrictor 24 thereof to the pneumatically operated device 26 which will
      be in a particular operating condition thereof.
PAR  However, when the selector means 23 is opened sufficiently to cause the
      resulting pressure differential acting across the diaphragm 35 to move the
      diaphragm 35 to the left as illustrated in FIG. 3 to overcome the combined
      forces of the compression springs 41 and 30, the valve member 29 is moved
      away from the valve seat 28 and permits the vacuum source 22 at the port
      means 18 to be interconnected through the open valve seat 28 to the port
      means 20 leading to the pneumatically operated device 26 to cause the same
      to be in another operating condition thereof in a manner well known in the
      art, the restriction means 24 in the port means 19 preventing the
      atmosphere from entering into the chamber 17 at a sufficient rate to
      prevent the source 22 from changing the operating condition of the
      pneumatically operated device 26 in the manner previously described.
PAR  Thus, as long as the vacuum in the chamber 17 is sufficient to hold the
      diaphragm 35 to the left as illustrated in FIG. 3, the vacuum source 22
      will be interconnected to the pneumatically operated device 26. However,
      when the force of the vacuum in the chamber 17 falls below the combined
      force of the compression springs 30 and 41 acting to move the valve member
      29 and stem 39 to the right, the same will move to the right and thereby
      permit the valve member 29 to close against the valve seat 29 and thereby
      disconnect the vacuum source 22 from the pneumatically operated device 26
      which will return to atmospheric condition as the atmosphere bleeds
      through the restriction means 24 of the port means 19 to cause the device
      26 to return to its atmospheric condition.
PAR  Should it be desired to adjust the force of the spring 30 acting on the
      valve member 29 to close the same and, thus, vary the amount of vacuum
      force required to cause the valve member 29 to initially crack open, the
      end wall 32 of the housing member 14 can be deformed either by forming
      dimples in the outer side 45 thereof to increase the force of the
      compression spring 30 or by providing dimples in the annular part 46'
      thereof to decrease the force of the compression spring 30.
PAR  Therefore, it can be seen that the valve construction 10 operates in a
      simple manner to effectively either interconnect the vacuum source 22 to
      the pneumatically operated device 26 or to disconnect the vacuum source 22
      therefrom while interconnecting the atmosphere thereto as previously
      described.
PAR  Another valve construction of this invention is generally indicated by the
      reference numeral 10A in FIG. 5 and is utilized in another pneumatic
      control system of this invention that is generally indicated by the
      reference numeral 11A in FIG. 5, the parts of the system 11A and valve
      construction 10A similar to the system 11 and valve construction 10
      previously described are indicated by like reference numerals followed by
      the reference letter "A".
PAR  As illustrated in FIG. 5, the control device 10A is substantially identical
      to the valve construction 10 previously described except that the housing
      member 14A has another valve seat 47 formed in the chamber 17A spaced from
      the first valve seat 28A to also be opened and closed by the valve member
      29A in a manner hereinafter described.
PAR  In addition, the port means 19A and 20A of the valve construction 10A are
      reversed from the port means 19 and 20 of the valve construction 10
      previously described so that the port means 20A is disposed intermediate
      the two valve seats 28A and 47 of the valve construction 10A as well as
      intermediate the port means 19A and 18A for a purpose hereinafter
      described.
PAR  The port means 20A is interconnected by the conduit means 25A to the
      pneumatically operated device 26A while the port means 18A is
      interconnected by the conduit means 21A to the vacuum source 22A with the
      conduit means 21A having the selector means 23A disposed therein.
PAR  The operation of the valve construction 10A in the pneumatic control system
      11A of this invention will now be described.
PAR  As previously stated, should the vacuum force in the chamber 17A be
      insufficient to move the diaphragm 35A to the left from the position
      illustrated in FIG. 5, the compression spring 30A maintains the valve
      member 29A in its closed position against the valve seat 28A whereby the
      valve member 29A is away from the valve seat 47 so that the valve seat 47
      is open and permits atmosphere from the port means 19A to be
      interconnected to the port means 20A, and, thus, to the pneumatically
      operated device 26A while the vacuum source 22A is prevented from being
      interconnected to the pneumatically operated device 26A by the closed
      valve seat 28A.
PAR  However, when the force of the vacuum in the chamber 17A increases
      sufficiently so that the resulting pressure differential acting across the
      diaphragm 35A is sufficient to move the diaphragm 35A to the left in FIG.
      5 and overcome the force of the compression springs 30A and 41A, the valve
      member 29A is moved away from the valve seat 28A and into engagement with
      the valve seat 47 to close the same whereby the vacuum source 22A is now
      interconnected through the open valve seat 28A to the pneumatically
      operated device 26A to operate the same in the manner previously described
      while the atmospheric source from the port means 19A is completely
      disconnected from the device 26A by the closed valve seat 47.
PAR  Subsequently, should the force of the vacuum in the chamber 17A drop so
      that the compression springs 30A and 41A permit the ball valve member 29A
      to move back to the full line position illustrated in FIG. 5 to close the
      valve seat 28A, it can be seen that the valve member 29A opens the valve
      seat 47 to interconnect the atmosphere at the port 19A through the
      restrictor means 24A thereof to the control device 26A to deactuate the
      same as the vacuum source 22A is disconnected therefrom by the now closed
      valve seat 28A.
PAR  Therefore, it can be seen that this invention not only provides improved
      valve constructions, but also this invention provides an improved
      pneumatic control system utilizing such valve constructions or the like.
PAR  While the forms and methods of this invention have been described and
      illustrated as required by the Patent Statute, it is to be understood that
      other forms and method steps can be utilized and still come within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pneumatic control system comprising a source of vacuum that is
      sub-atmospheric, a vacuum operated device, and a valve construction for
      interconnecting said source of vacuum to said device when in one operating
      condition thereof and for interconnecting the atmosphere to said device
      when in another operating condition thereof, said valve construction
      having a housing means provided with a chamber therein and with three
      spaced port means leading to said chamber, one of said port means being
      interconnected to said source of vacuum, another of said port means being
      interconnected to said device, the remaining port means being
      interconnected to the atmosphere, said housing having a valve seat
      separating said one port means from said other port means and said
      remaining port means, said housing having a movable valve member for
      controlling said valve seat, said valve member closing said valve seat
      when said valve construction is in said other condition thereof and said
      valve member opening said valve seat when said valve construction is in
      said one condition thereof, said valve construction having a vacuum
      operated actuator for moving said valve member, said actuator being
      controlled by said source of vacuum through said one port means of said
      housing, said remaining port means having a restrictor means therein
      between said chamber of said housing and said atmosphere to bleed
      atmosphere therethrough at a rate slower than the evacuation rate of said
      source so that said source can operate said device when all of said ports
      are interconnected together.
NUM  2.
PAR  2. A pneumatic control system as set forth in claim 1 wherein said housing
      has another valve seat disposed between said remaining port means and said
      other port means to be opened and closed by said valve member.
NUM  3.
PAR  3. A pneumatic control system as set forth in claim 2 wherein said other
      port means is disposed intermediate said one port means and said remaining
      port means as well as intermediate said valve seats.
NUM  4.
PAR  4. A pneumatic control system as set forth in claim 3 wherein said valve
      member when in said one condition thereof closes said other valve seat and
      when in said other condition thereof opens said other valve seat.
NUM  5.
PAR  5. A pneumatic control system as set forth in claim 1 wherein said actuator
      comprises a flexible diaphragm carried by said housing and having one side
      exposed to said chamber and the other side exposed to the atmosphere.
NUM  6.
PAR  6. A pneumatic control system as set forth in claim 5 wherein said actuator
      includes a stem having one end engageable with said one side of said
      diaphragm and another end for engaging said valve member to move the same
      relative to said valve seat.
NUM  7.
PAR  7. A pneumatic control system as set forth in claim 6 wherein said other
      end of said stem is adapted to project through said valve seat to engage
      said valve member.
NUM  8.
PAR  8. A pneumatic control system as set forth in claim 6 wherein a spring is
      carried by said housing and acts on said valve member in direction to tend
      to move said valve member to close said valve seat.
NUM  9.
PAR  9. A pneumatic control system as set forth in claim 8 wherein another
      spring is carried by said housing and acts on said stem in a direction to
      tend to maintain said one end of said stem in engagement with said
      diaphragm.
NUM  10.
PAR  10. A valve construction for interconnecting a source of vacuum that is
      sub-atmospheric to a vacuum operated device when in one operating
      condition thereof, and for interconnecting the atmosphere to said device
      when in another operating condition thereof, said valve construction
      comprising a housing means provided with a chamber therein and with three
      spaced port means leading to said chamber, one of said port means being
      adapted to be interconnected to said source of vacuum, another of said
      port means being adapted to be interconnected to said device, the
      remaining port means being adapted to be interconnected to the atmosphere,
      said housing having a valve seat separating said one port means from said
      other port means and said remaining port means, said housing having a
      movable valve member for controlling said valve seat, said valve member
      closing said valve seat when said valve construction is in said other
      condition thereof and said valve member opening said valve seat when said
      valve construction is in said one condition thereof, said valve
      construction having a vacuum operated actuator for moving said valve
      member, said actuator being adapted to be controlled by said source of
      vacuum through said one port means of said housing, said remaining port
      means having a restrictor means therein between said chamber of said
      housing and said atmosphere to bleed atmosphere therethrough at a rate
      slower than the evacuation rate of said source so that said source can
      operate said device when all of said ports are interconnected together.
NUM  11.
PAR  11. A valve construction as set forth in claim 10 wherein said housing has
      another valve seat disposed between said remaining port means and said
      other port means to be opened and closed by said valve member.
NUM  12.
PAR  12. A valve construction as set forth in claim 11 wherein said other port
      means is disposed intermediate said one port means and said remaining port
      means as well as intermediate said valve seats.
NUM  13.
PAR  13. A valve construction as set forth in claim 12 wherein said valve member
      when in said one condition thereof closes said other valve seat and when
      in said other condition thereof opens said other valve seat.
NUM  14.
PAR  14. A valve construction as set forth in claim 10 wherein said actuator
      comprises a flexible diaphragm carried by said housing and having one side
      exposed to said chamber and the other side exposed to the atmosphere.
NUM  15.
PAR  15. A valve construction as set forth in claim 14 wherein said actuator
      includes a stem having one end engageable with said one side of said
      diaphragm and another end for engaging said valve member to move the same
      relative to said valve seat.
NUM  16.
PAR  16. A valve construction as set forth in claim 15 wherein said other end of
      said stem is adapted to project through said valve seat to engage said
      valve member.
NUM  17.
PAR  17. A valve construction as set forth in claim 15 wherein a spring is
      carried by said housing and acts on said valve member in a direction to
      tend to move said valve member to close said valve seat.
NUM  18.
PAR  18. A valve construction as set forth in claim 17 wherein another spring is
      carried by said housing and acts on said stem in a direction to tend to
      maintain said one end of said stem in engagement with said diaphragm.
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ABST
PAL  A ballcock assembly in which a sheath extends upwardly through the fluid
      within a reservoir tank to support a valve mechanism above the normal
      level to which fluid will rise in the reservoir tank. An inlet tube which
      connects a fluid supply line to the valve mechanism extends through the
      sheath and is wholly isolated from the fluid within the reservoir tank by
      the sheath. The outermost lateral dimension of the inlet tube and the
      innermost lateral dimension of the sheath are such that the inlet tube is
      completely circumscribed by an air space comprising a passageway that
      extends the full axial extent of the inlet tube between its effective
      connection to the valve mechanism and its effective connection to a fluid
      supply line. The passageway is required to communicate with atmosphere at
      a level beneath the fluid in the reservoir tank and may also communicate
      with atmosphere at a level above the normal level to which fluid will rise
      within the reservoir tank.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to ballcock assemblies for controlling the
      admission of flush fluid, normally water, into the reservoir tank used in
      connection with toilet bowls, and more particularly, to an improved
      construction which precludes backflow and/or siphoning of the flush fluid
      from the reservoir tank into the supply line.
PAR  Conventional ballcock assemblies generally consist of a metal inlet tube
      terminating at its lower end with a threaded mounting shank that extends,
      in sealed relation, through the bottom wall of a reservoir tank for
      connection to a water supply line. A ballcock valve mechanism is mounted
      at the upper end of the inlet tube to be actuated by a lever arm and ball
      float.
PAR  Connections between the several parts of a ballcock assembly, irrespective
      of the particular material from which they are fabricated, give rise to
      difficulties in assembly and often result in leakage due to corrosion
      and/or relative movement between the parts. Moreover, leaks can occur
      along the span of the various parts so that even if the ballcock is of
      unitary construction it is not necessarily immune from leakage.
PAR  Any leakage which permits the flush fluid to flow into the reservoir tank
      will, upon the occasion of a drop in the pressure within the supply line,
      allow the flush fluid stored in the reservoir tank to backflow, or to be
      siphoned, into the supply line.
PAR  Some prior art ballcock assemblies are constructed so that the water level
      in the reservoir tank can rise above the level of the ballcock valve.
      Here, too, the fluid source can be contaminated by backflow or siphoning
      in response to a reduction in the pressure of the fluid within the supply
      line.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary object of the present invention to provide an
      improved ballcock assembly in which backflow, or siphoning, of flush fluid
      from the reservoir tank through any leaks along the span of, and at the
      connections between, the various components of the assembly and into the
      fluid supply line is precluded.
PAR  It is another object of the present invention to provide an improved
      ballcock assembly, as above, which does not allow the level of the fluid
      in the reservoir tank to rise above the level of the valve mechanism
      therein, thereby precluding backflow, or siphoning, of flush fluid from
      the reservoir tank into the fluid supply line through the ballcock valve
      mechanism.
PAR  It is a further object of the present invention to provide an improved
      ballcock assembly, as above, which affords a visual indication when a leak
      occurs upstream of the ballcock valve mechanism therein.
PAR  It is a still further object of the present invention to provide an
      improved ballcock assembly, as above, which may be readily adapted to
      afford a visual indication when the fluid within the reservoir tank
      attempts to rise above a predetermined level.
PAR  These and other objects, together with the advantages thereof over existing
      and prior art forms which will become apparent from the following
      specification, are accomplished by means hereinafter described and
      claimed.
PAR  In general, a ballcock assembly embodying the concept of the present
      invention incorporates a mounting shank which extends through, and is
      sealingly secured to, the base wall of a reservoir tank. A sheath is
      secured to the mounting shank and extends upwardly through the fluid
      within the reservoir tank. The body portion of the ballcock assembly is
      secured to, and supported by, the uppermost end of the sheath. The body
      portion houses a ballcock valve mechanism that is float operated and which
      has an intake and an exhaust. The exhaust feeds into the reservoir tank,
      and the intake is connected to an inlet tube.
PAR  The inlet tube extends downwardly through the sheath and into the mounting
      shank to be connected to a fluid supply line. The inlet tube is positioned
      within the sheath and mounting shank so, that a passageway which
      circumscribes the inlet tube is provided. The passageway communicates with
      atmosphere beneath the reservoir tank, and as a result any leakage within
      the ballcock assembly and upstream with respect to the valve mechanism
      will flow downwardly through the passageway and escape to atmosphere.
      Should the pressure within the fluid supply line drop, the sheath which
      forms the outer wall of the passageway provides a barrier that precludes
      any backflow, or siphoning, of the fluid within the reservoir tank back
      into the fluid supply line.
PAR  The sheath of the improved ballcock assembly may also be provided with an
      overflow aperture to provide a communication between the passageway and
      atmosphere at a level above the normal level to which fluid will rise
      within the reservoir tank but below the level of the valve mechanism so
      that in the event that fluid attempts to rise above a predetermined level
      -- that of the overflow aperture -- it will not inundate the valve
      mechanism but will flow through the aperture, down the passageway and into
      the atmosphere beneath the reservoir tank.
PAR  One preferred embodiment of a ballcock assembly incorporating the concept
      of the present invention is shown by way of example in the accompanying
      drawings and described in detail without attempting to show all of the
      various forms and modifications in which the invention might be embodied;
      the invention being measured by the appended claims and not by the details
      of the specification.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a ballcock assembly embodying the concept of
      the present invention;
PAR  FIG. 2 is a vertical cross section through the ballcock assembly
      represented in FIG. 1 and further depicting the ballcock assembly
      operatively mounted through the base wall of a reservoir tank; and,
PAR  FIG. 3 is an enlarged horizontal cross section taken substantially on line
      3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings, an improved ballcock assembly
      embodying the concept of the present invention is designated by the
      numeral 10. The ballcock assembly 10 is secured within a reservoir tank 11
      such as the typical flush tank used in combination with toilet bowls. As
      shown, the preferred embodiment of the ballcock assembly 10 employs a
      mounting shank 12 for securing it to the reservoir tank 11.
PAR  The mounting shank 12 has a tubular body portion 13 that extends downwardly
      from a radially directed stop flange 14. The tubular body portion 13
      extends through an opening 15 provided in the base wall 16 of the
      reservoir tank 11, and an annular shank gasket 18, which embraces the body
      portion 13, is interposed between the stop flange 14 and the base wall 16.
      To facilitate a liquid tight seal between the body portion 13 and the
      opening 15, the gasket 18 presents a downwardly and outwardly directed
      conical engaging surface 19.
PAR  A mounting nut 21 is received on threads 20 provided along the exterior
      surface of the tubular body portion 13 beneath the gasket 18. Tightening
      the mounting nut 21 compresses the gasket 18 between the base wall 16 and
      the stop flange 14 sealingly to secure the ballcock assembly 10 in
      operative position with respect to the reservoir tank 11.
PAR  The mounting shank 12 has a preferably cylindrical bore 22 extending
      axially therethrough but preferably interrupted in proximity to the
      lowermost end to provide a radially inwardly directed, annular locating
      flange 23, the purpose for which will be more fully hereinafter explained.
      That portion 22a of the bore 22 located axially below the flange 23 is
      preferably of such an internal diameter that one may, if the shank 12 were
      to be fabricated of metal, effect a sweat connection to a supply line. On
      the other hand, the threads 20 may also receive a coupling nut 25 by which
      sealingly to compress a gasket 26 between the lower end 27 of the mounting
      shank 12 and a flange 28 on the fluid supply line 29, as is well known to
      the art.
PAR  Secured to, and extending upwardly from, the mounting shank 12 is a hollow
      sheath 30. The sheath 30 may be an integral part of the mounting shank 12
      or, as shown, the sheath 30 may comprise a separate element that is
      secured to the mounting shank by a liquid impervious connection. In this
      regard, the upper portion of the bore 22 may be counterbored and
      internally threaded, as at 31, to receive the corresponding threads 32 on
      the lower extremity of the sheath 30. To assure a liquid tight seal, a
      cove 33 may be provided at the upper end of the threads 31 to seat an
      O-ring 34 that can be sealingly compressed thereagainst by a radially
      outwardly directed shoulder 35 on the sheath 30.
PAR  The upper extremity of the sheath 30 is attached to, and supports, the body
      portion 36 of the ballcock assembly 10. One purpose of the sheath 30 is to
      support the body portion 36 -- and the valve mechanism 38 contained
      therein -- not only at a level above that to which fluid will normally
      rise in the reservoir tank 11 but also at a level above that to which the
      fluid can ever rise in the reservoir tank. The normal level is indicated
      by the numeral 39 in the drawings and the highest level will be
      hereinafter more fully explained. By simply locating the connection
      between the sheath 30 and the body portion 36 above the highest level to
      which the fluid will rise in the reservoir tank 11 a relatively simply
      connection may be effected therebetween. In the preferred embodiment
      depicted, the upper end of the cylindrical sheath 30 is received within a
      corresponding annular recess 40. Polyvinyl chloride or any other suitable
      plastic having sufficient strength and durability, is an excellent
      material from which both the sheath 30 and body portion 36 may be molded,
      and when such material is used a suitable adhesive may be employed to
      secure the sheath 30 within the recess 40.
PAR  A cap 41 is removably mounted on the body portion 36 of the ballcock 10 --
      as by engagement of the thread 42 on cap nut 43 with corresponding threads
      44 on the body portion 36 -- and secures a resilient diaphragm disc 45
      across a valve seat 46 presented at the top of an intake duct 48 formed
      within the body portion 36. The diaphragm disc 45 is selectively sealed
      againt the valve seat 46 by the convex, engaging surface 49 on the lower
      end of a plunger 50 that is vertically slidable within the dome-shaped cap
      41.
PAR  The upper end surface 51 of the plunger 50 is engageable by one end 52 of a
      lever arm 53 pivotally mounted on the cap 41 by a fulcrum pin 54. A
      conventional ball float (not shown) is secured to the outermost end of the
      lever arm 53 by a connecting rod 55.
PAR  The inlet duct 48 extends upwardly through an annular well comprising a
      distributing chamber 59 from which the fluid discharges through an exhaust
      port 60 formed in the body portion 36. To reduce the noise attendant upon
      filling of the reservoir tank 11, the outlet port 60 may communicate with
      the tank 11 through a hush tube 61 which may be conveniently formed
      integrally with, and extend longitudinally along, the outer surface of the
      cylindrical sheath 30.
PAR  An inlet tube 65 may be integrally formed with the intake duct 48, or the
      uppermost end of the inlet tube may be sealingly secured to the body
      portion 36 so as to communicate solely with the intake duct 48.
PAR  The inlet tube 65 extends downwardly from the intake duct 48 concentrically
      through the sheath 30 and into the bore 22 through the mounting shank 12.
      The lowermost extremity of the inlet tube 65 communciates solely with the
      fluid supply line 29, and this may be accomplished by a cooperative
      interaction between the inlet tube 65 and the mounting shank 12.
PAR  As depicted, the tip of the inlet tube 65 may be of a diameter such that it
      comprises a pilot 66 which is insertably received within the inner
      diameter of the annular, locating flange 23. Axially upwardly of the pilot
      66 the inlet tube presents a rim portion 68 that closely fits within the
      bore 22. The rim portion is recessed at 69 to accommodate an annular
      gasket 70 that is sealingly compressed between the rim portion 68 and the
      locating flange 23 and is also recessed at 71 to accommodate an O-ring 72
      that sealingly engages the bore 22.
PAR  With the construction heretofore described fluid from the pressurized
      supply line 29 will flow through portion 22a of bore 22, past the annular
      locating flange 23, along the inlet tube 65 and into the intake duct 48.
      Flow between the intake duct 48 and the distributing chamber 59 is
      regulated by the diaphragm disc 45, as controlled by the plunger 50 in
      response to the vertical disposition of the ball float presented from
      connecting arm 55.
PAR  An annular body seal 75 underlies the diaphgram disc 45 and is also
      supported along its outer periphery between the body portion 36 and the
      cap 41 by the clamping action of the cap mounting nut 43. Body seal 75 has
      a central aperture 76 which surrounds the inlet duct 48, but the seal 75
      is sufficiently flexible that the pressure of the fluid entering beneath
      the diaphragm disc 45 freely distorts the body seal 75 to permit the fluid
      to flow into the distributing chamber 59. Distortion of the body seal 75
      seals it against the annular seat 78 to preclude the flow exiting from the
      distributing chamber 59 through the siphon breaking slots 79 in the body
      portion 36, and yet the body seal 75 is sufficiently resilient that it
      will readily disengage from the seat 78 should any subatmospheric pressure
      occur in the supply line 28, thereby effecting a siphon break by the
      admission of air through slots 79 to preclude backflow.
PAR  The spaced relationship between the inlet tube 65 and the sheath 30
      continues into the mounting shank 12 and comprises a passageway 80 that
      circumscribes the inlet tube 65 and extends therealong for the full axial
      extent between its effective connection to the inlet of the valve
      mechanism 38 -- i.e., the sealed juncture of the inlet tube 65 to the body
      portion 36 -- and its effective connection to the supply line 28 -- i.e.,
      the sealed juncture of the inlet tube 65 to the mounting shank 12.
PAR  To effect at least one purpose of the subject invention the passageway 80
      must communicate with atmosphere below the reservoir tank 11. As shown in
      the drawings, at least one aperture 81 opens from the passageway 80
      radially through the tubular body portion 13 of mounting shank 12 below
      the mounting nut 21 as it is positioned sealingly to secure the mounting
      shank 12 to the base wall 16 of the reservoir tank (FIG. 2). Therefore,
      should any leak develop in the inlet tube 65, or the connections between
      either the inlet tube 65 and mounting shank 12 or the inlet tube 65 and
      the body portion 36, this fact will be signalled by spillage of fluid out
      through the aperture 81 and onto the floor. By the same token, should the
      pressure within the supply line 29 drop below that available from the
      fluid within the reservoir tank 11, the sheath 30 prevents access between
      the fluid within the reservoir tank 11 and any such leak. Moreover, the
      constant communication of the passageway 80 with atmosphere precludes any
      siphoning effect that might occur as a result of a pressure drop within
      the supply line.
PAR  A second, or overflow, aperture 82 may also open from the passageway 80
      radially through the ballcock assembly 10, but the second aperture 82 is
      located above the normal level 39 of the fluid within the reservoir tank
      11. In fact, the overflow aperture 82 passes through the sheath 30 and
      thereby delineates the highest level to which fluid can rise within the
      reservoir tank 11 because, when the fluid reaches the level of aperture
      82, it will flow through that aperture, downwardly along the passageway 80
      and out the first, or escape, aperture 81. Thus, by placing the valve
      mechanism 38 at a level higher than the level of the overflow aperture 82
      inundation of the valve mechanism 38 by the fluid within the reservoir
      tank 11 will be foreclosed so that backflow through the valve mechanism
      will be precluded. It should, of course, be appreciated that many flush
      control valves incorporate an overflow. If a ballcock assembly provided
      with an overflow aperture 82 of the type disclosed in the present
      invention is used with a flush control valve having an independent
      overflow, the level of the overflow aperture 82 should be above the level
      of the flush valve overflow to serve as a backup rather than the primary
      fluid level control.
PAR  It should now be apparent that a ballcock assembly incorporating the
      concept of the present invention obviates siphoning, or backflow, of fluid
      from the reservoir tank in which the ballcock is mounted into the supply
      line connected to the ballcock, gives a visual indication of any leakage
      and otherwise accomplishes the objects of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination with a fluid reservoir tank having a base wall and a
      desired fluid level, a ballcock assembly, said ballcock assembly
      comprising; a mounting shank extending through said base wall, means
      sealingly to secure said shank to said base wall, said mounting shank
      having an annular locating flange below the tank base wall, a sheath
      secured to said mounting shank and extending upwardly through said
      reservoir tank, a body portion secured to said sheath upwardly of said
      desried fluid level, a valve having an intake and an exhaust, said exhaust
      communicating with the interior of said reservoir tank, an inlet tube
      connected to the intake of said valve and extending downwardly through
      said sheath and at least partially through said mounting shank, said inlet
      tube having a pilot to be insertably received within the inner diameter of
      said annular locating flange, said inlet tube having a rim portion axially
      upward of said pilot that closely fits within said mounting shank, said
      rim portion having means for sealing the connection between said inlet
      tube and said mounting shank, said inlet tube being positioned with
      respect to said sheath and said mounting shank to define a passageway that
      circumscribes said inlet tube, and a first aperture located below said
      means sealingly to secure said shank to said base wall by which said
      passageway communicates with atmosphere.
NUM  2.
PAR  2. A combination, as set forth in claim 1, further comprising a second
      aperture opening through said sheath at a level higher than the desired
      fluid level in said reservoir tank by which said passageway communicates
      with atmosphere.
NUM  3.
PAR  3. A combination, as set forth in claim 1, in which said inlet tube is
      connected to the fluid supply line in spaced relation below said means
      sealingly to secure said shank to said base wall and said first aperture
      penetrates said shank within the span of said spaced relation.
NUM  4.
PAR  4. A ballcock assembly comprisng; a mounting shank, a body portion, a valve
      mechanism housed in said body portion, said valve mechanism having an
      intake and an exahust, a sheath connecting between said mounting shank and
      said body portion, said mounting shank having an annular locating flange,
      an inlet tube having first and second, opposite ends, means effectively
      connecting said first end for communication with the intake of said valve
      mechanism, said inlet tube extending through said sheath and at least
      partially into said mounting shank, said inlet tube having a pilot to be
      insertably received within the inner diameter of said annular locating
      flange, said inlet tube having a rim portion axially upward of said pilot
      that closely fits within said mounting shank, said rim portion having
      means for sealing the connection between said inlet tube and said mounting
      shank, a passageway within said sheath and circumscribing said inlet tube
      along the extent thereof between its effective connections to said valve
      mechanism and said fluid supply source, an aperture through which said
      passageway communicates with atmosphere.
NUM  5.
PAR  5. A ballcock assembly, as set forth in claim 4, in which said aperture
      communicates with said passageway at substantially the lowest elevation
      thereof.
NUM  6.
PAR  6. A ballcock assembly, as set forth in claim 4, in which said aperture
      communicates with said passageway at substantially the highest elevation
      thereof.
NUM  7.
PAR  7. A ballcock assembly, as set forth in claim 4, in which said aperture
      communicates with said passageway at substantially the lowest elevation
      thereof and in which a second aperture communicates with said passageway
      at substantially the highest elevation thereof.
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ABST
PAL  A high pressure gas tank safety and service valve which comprises a body
      portion that sealingly engages a threaded opening of a high pressure gas
      tank. The valve has a flow passage that communicates the interior of the
      gas tank to an outlet port of the safety and service valve; the flow
      passage including first and second axially spaced valve seats which are,
      respectfully, engageable by first and second valve members interconnected
      by a safety rod. The first valve member is operable to open and close
      communications between the interior of the high pressure gas tank and the
      outlet port of the valve to permit selected exhausting of the gas tank.
      The second valve member is normally bias toward engagement with the second
      valve seat and in the event of a fracture resulting in the escape of gas,
      the second valve member will automatically close communications from the
      tanks. A third valve seat disposed between the interior of the tank and
      the second valve member is engagable by a third valve operable to close
      communication with the interior of the tank when the pressure therein
      drops to a predetermined minimum valve. The third valve member carries a
      valve element which facilitates repressurization of the tank while the
      third valve member is engaged with its associated valve seat.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation-in-part application of co-pending
      U.S. patent application Ser. No. 478,252 filed June 11, 1974 and now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  The present invention relates to safety and service valves for high
      pressure gas tanks and, in particular, for a new and improved valve for
      compressed gas tanks which is capable of releasing high pressure gas as
      desired, but which will shut off the flow of gas in the event of a rupture
      of the valve and which will maintain the pressure in the tank above a
      predetermined minimum value.
PAR  II. Description of the Prior Art
PAR  Compressed gases contain energy that is generally proportional to the
      pressure and volume of the compressed gas and such compressed gases are
      capable of performing tremendous amounts of work. Thus the sudden release
      of a compressed gas, such as during the rupture of the service valve on a
      high pressure tank, may be very hazardous. The equipment that is used to
      compress gases to a high pressure is expensive, and it is a common
      practice to compress the gas to a high pressure at a central location and
      transport the compressed gas in high pressure tanks. These tanks can be as
      destructive as a bomb should they rupture because of the high pressure at
      which thes tanks are maintained, and thus as a safety precaution, there is
      a common practice to have only one opening in the tanks for permitting
      access to the gas contained within the tank. These openings are generally
      small and are threaded to permit the connection of a closure valve or
      shut-off valve either of which are exceedingly rugged in their
      construction but nevertheless are weaker than the tank structure itself,
      and thus if the tanks are accidently dropped or the valve bodies otherwise
      hit, the valve body may crack off externally from the tank on which it is
      mounted. The violent release of gas which occurs when the valve bodies are
      broken produces a tremendous thrust capable of blowing a tank through a
      solid brick wall. The tremendous hazards which these bottles create has
      long been recognized, and to guard against this hazard cylinders are
      shipped with a protective cap; however, these protective caps provide
      protection only while the cap is on the tank and the tank is being
      transported. During use the cap must be removed to gain access to the
      connection of the valve for purposes of utilizing the gases within the
      tank.
PAR  It would therefore be desirable to provide a safety and service valve for
      high pressure gas tanks which eliminates the aforementioned hazard tha
      occurs when a tank shut-off valve is inadvertently knocked off the tank on
      which it is installed. Examples of safety and service valves for high
      pressure gas tanks are disclosed in U.S. Pat. Nos. 1,525,775, 1,698,616,
      2,563,244, 2,765,801, 3,480,183 and 3,648,893.
PAR  In certain applications it is necessary that a minimum amount of
      pressurized gas remain in the tank. This is especially desired in oxygen
      holding tanks. It would therefore be desirable to provide a safety and
      service valve for high pressure gas tanks which has all of the advantages
      described hereinbefore, and one which will prevent the pressure within a
      gas tank from falling below a predetermined amount.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, which will be described subsequently in greater
      detail, comprises a safety and service valve for high pressure tanks that
      functions to relieve high pressure gas from a high pressure tank, yet is
      adapted to shut off escaping gas in the event of a rupture of the service
      valve. Valve means are also provided for maintaining the pressure in the
      tanks at some predetermined minimum value while permitting
      repressurization of the tanks.
PAR  It is therefore an object of the present invention to provide a new and
      improved safety and service valve for high pressure gas tanks.
PAR  It is a further object of the present invention to provide such a safety
      and service valve for high pressure gas tanks which eliminates the hazard
      associated with a ruptured valve.
PAR  It is yet another object of the present invention to provide a means for
      maintaining a minimum amount of pressured gas within a tank during normal
      operation.
PAR  Other objects, advantages and applications of the present invention will
      become apparent to those skilled in the art of safety and service valves
      for high pressure gas tanks when the accompanying description of one
      example of the best mode contemplated for practicing the invention is
      read.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The description herein makes reference to the accompanying drawing wherein
      like reference numerals refer to like parts throughout the several views,
      and in which:
PAR  FIG. 1 is a perspective view of the high pressure gas tank having a safety
      and service valve constructed in accordance with the principles of the
      present invention;
PAR  FIG. 2 is a longitudinal cross-sectional view of the safety and service
      valve illustrated in FIG. 1 with the valve being shown in a position for
      maintaining the pressure within the tank at a predetermined minimum;
PAR  FIG. 3 is a fragmentary, enlarged view of the safety and service valve
      illustrated in FIG. 2 with the valve being shown in a position to permit
      the discharge of pressure fluid from within the tank.
PAR  FIG. 4 is a fragmentary, enlarged view of the safety and service valve
      illustrated in FIG. 2 with the valve being shown in a position to permit
      the repressurization of the tank; and
PAR  FIG. 5 is a cross-sectional view of the service and safety valve taken
      along line 5--5 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing and, in particular, to FIG. 1 wherein there is
      illustrated one example of the present invention in the form of a service
      and safety valve 10 which is utilized as a shut-off valve for a high
      pressure gas tank 12. The high pressure gas tank 12 is typical of the tank
      models that are commercially available and generally comprises an outer
      metal, hollow shell 14 which encloses the interior 16 within which a high
      pressure gas is stored. The upper end of the tank 12 has an opening 18
      which is threaded to receive the threaded end 20 of the safety valve 10.
      The tank 12 is also provided with an externally threaded section 22 which
      is adapted to receive a protective cap (not shown) that generally protects
      the valve 10 against lateral blows during transportation; however, the cap
      must be removed in order to remove the pressurized gas from within the
      tank 12 by means of the valve 10.
PAR  As aforementioned, the safety and service valve 10 generally comprises the
      tank sealing threaded portion 20 which is adapted to fit into and close
      off the threaded opening 18 of the high pressure tank 12 on which the
      valve 10 is installed. As can best be seen in FIG. 2, the valve 10 further
      comprises an axially extending passageway 24 which communicates with the
      internal chamber 16 of the tank 10 by means of a safety valve element 54.
      At the mid-section of the valve 10 the axially extending passage 24 opens
      into a transverse passage 26 that communicates with a rupture disc 28 that
      is held over the end of the transverse passage 26 by an annular hold down
      washer 29 and a threaded hold down nut 30. The rupture disc 28 is set to
      burst at some predetermined pressure and the gas exiting therefrom is
      vented through lateral opening 32 in the hold down nut 30. All of the
      aforementioned elements are conventional in construction and therefore a
      further description of the same is not necessary.
PAR  The upper end of the passage 24 terminates in a valve seat 34 which, in
      turn, communicates with a lateral extending passage 36 that forms the
      outlet port of the service valve 10. The port 36 has an outer threaded
      surface 40 to permit the connection of a suitable hose such that the high
      pressure gas within the tank 12 may be withdrawn as desired. Communication
      between the axial passage 24 and the outlet port 36 is controlled by means
      of a valve member 42. The valve member 42 is movable toward the valve seat
      34 and engagable therewith to close communication and movable away from
      the valve seat 34 to permit the flow of fluid from the axial passage 24 to
      the outlet port 36. Movement of the valve member 42 is accomplished by
      means of a handle 44 that is connected to the valve member 42.
PAR  The valve member 42 has an upper portion 46 which is threaded to engage a
      mating threaded section 47 formed in the interior of the valve 10. The
      section 46 is provided with a diametrically extending slot 48 which is the
      coupling means between the handle 44 toward and away from the valve seat
      34. The valve member 42 is rotated by a valve stem 50 having a tang end
      portion which fits into the slot 48 and a collar portion 51 which is
      received in an internal counter bore 53 of a element forming the inner end
      of the handle 44. It can thus be seen that as the handle 44 is rotated in
      one direction, the valve member 42 will be moved toward the valve seat 34
      to engage the same and fluidly seal the axial passage 24 from the outlet
      port 36 and the interior chamber 16 of the high pressure tank. When the
      handle 44 is rotated in an opposite direction the valve member 42 is moved
      off of the valve seat 34 and fluid communication between the outlet port
      36 and the interior chamber 16 of the tank is again open.
PAR  The lower end of the valve 10 is counter bored to form a threaded section
      52 which threadedly receives the safety valve element 54 that forms a
      portion of the flow passage 24 in that the axial flow passage 24
      communicates with the interior chamber 16 of the tank 12 by means of an
      axial bore 56 and the interior chamber 57 of the safety valve element 54.
      Within the chamber 57 the safety valve element 54 is provided with a main
      valve seat 60 which is engagable by a cylindrically shaped valve member 62
      that is, in turn, bias by coil spring 64 toward a sealing engagement with
      the seat 60 to prevent fluid communication between the chamber 16 and the
      outlet port 36 for a purpose to be described hereinafter. It should be
      noted that the opposite sides of the movable valve member 62 are in
      communication with the high pressure gas within the interior of the tank
      16; that is, the upper end of the valve member 62 which normally engages
      the valve seat 60 is in constant communication with the high pressure gas
      via axial passageways 66 (FIG. 5) in the form of grooves extending the
      full length of the valve member 62. The opposite end of the coil spring 64
      engages a secondary valve member 65 to bias the same into a sealing
      engagement with a valve seat 68 defined by a circular O-ring 69 affixed by
      an adhesive or the like, to a circular recess 71.
PAR  The movable valve member 62 is normally maintained in an open position by
      means of a safety rod 70; that is, the valve member 62 is normally spaced
      from the valve seat 60 so that the flow of gas from the tank interior 16
      to the outlet passage 36 is unrestricted. The safety rod 70 has its upper
      end affixed to the valve member 42 while its lower end is loosly seated
      within a bore 72 within the valve member 62. It can thus be seen that as
      the valve 42 is opened and closed it will exert a force on the safety rod
      70 which always maintains the valve member 62 in an open position. It can
      also be seen that if the valve 10 is fractured at a point above the
      threaded section 20, to the extent that the valve is completely broken
      off, the valve safety rod 70 will also be broken (or at a minimum removed
      from the slot 72); since there will be a sudden pressure drop across the
      valve member 62 because of the rupture of the valve 10, the pressure
      differential across the valve member 62 will be such as to immediately
      drive the valve member 62 upwardly into a sealing engagement with the
      valve seat 60. This movement of the valve member will be aided by means of
      the spring 64. Once closure of the flow passage 24 is obtained by means of
      the seating of the valve member 62 on the valve seat 60, the pressure
      within the tank 12 will maintain the valve member 62 in a closed position,
      and the aforementioned hazard of a propelled high pressure tank is
      avoided.
PAR  The spring 64 is designed to seat the valve member 65 against the valve
      seat 68 when the pressure of the fluid within the tank 12 drops to some
      predetermined value, say 25PSI. When the pressure drops to the
      predetermined value, the valve member 65 moves to the position illustrated
      in FIG. 2 and closes off further communication with the interior 16 and,
      thus, maintains some minimum amount of gas within the tank 12.
PAR  During normal operation, when the tank 12 is pressured to any value over
      the predetermined minimum amount, the pressure of the fluid within the
      tank 16 will exert a sufficient force against the valve member 65 to
      maintain the same open; that is, out of engagement with the valve seat 68
      (FIG. 3). In this mode of operation, fluid will flow through the bore 56
      and into the chamber 57 via valve seat 68. Fluid flows past the valve
      member 62 via axial passages 66 and into the outlet port 36 via passageway
      24.
PAR  As can best be seen in FIG. 4, the valve member 65 carries a by-pass valve
      80 that is circular in shape with a recess 82 that accommodates an O-ring
      84 adapted to seat into and sealingly engage a valve seat defined by a
      circular recess 86 formed at the inner end of an axial bore 88 extending
      through the central portion of the valve member 65. The valve member 80
      includes a post 90 that terminates in a circular retainer 92 that supports
      one end of a coil spring 94 sandwiched between the retainer 92 and the
      upper surface of the valve member 65 so as to normally urge the valve
      member 80 into a sealing engagement with seat 88 as shown in FIGS. 2 and
      3. The valve member 80 is lifted off of the seat 88 (FIG. 4) to provide
      communication with the interior 16 of the tank 12 for the purpose of
      recharging the tank 12. Since the spring 94 is of a relatively small size,
      any recharging pressure in excess of the aforementioned predetermined
      minimum will open the valve member 80.
PAR  A finger 96 (FIG. 3) on the lower end of the main valve 62 permits the
      manual opening of the valve 80.
PAR  It can thus be seen that the present invention has provided a new and
      improved safety valve which not only prevents the propelling of a high
      pressure tank when its shut-off valve has been ruptured, but provides a
      means for maintaining the pressure in a high pressure gas tank at some
      predetermined minimum valve.
PAR  It should be noted that applicant's reference to the rupture of the valve
      does not refer to the rupturing of the diaphragm 28 as the rupturing of
      the diaphragm 28 does not result in the operation of the safety valve 54.
PAR  It should also be noted that the present design of applicant's safety valve
      54 commits the simple modification of existing service valves so that the
      safety valve 54 may be simply incorporated therein by providing a threaded
      passage 52 in existing commercially available service valves.
PAR  It should also be noted that the present invention has advantages over the
      prior art atructure described hereinbefore, in that it functions to
      provide a total stoppage of the gas which is within the cotainer and,
      thus, prevent the possibility of a fire exploding or a person being
      overcome by a toxic gas that may be in the container. It may be also
      understood by those skilled in the art of such service and safety valves,
      that the present invention as disclosed may be fabricated with the safety
      valve 54 being of an integral construction with the upper portion of the
      safety valve, all of which will result in a single unit that is simpler to
      fabricate and, thus, less expensive to manufacture.
PAR  Although several forms of the present invention have been disclosed, it
      should be understood by those skilled in the art of safety and service
      valves, that other forms may be had, all coming within the spirit of the
      present invention and scope of the appended claims.
CLMS
STM  What is claimed is as follows:
NUM  1.
PAR  1. A combination safety and service valve for closing and opening a high
      pressure tank, said combination safety and service valve comprising:
PA1  a body having an outlet port and a sealing portion engaging and closing
      said tank opening, said body having a flow passage extending through said
      tank sealing portion for communicating the interior of said pressure tank
      through a valve inlet with said outlet port;
PA1  a valve seat formed in said flow passage between said sealing portion and
      said outlet port;
PA1  a first valve member removably engagable with said valve seat to close
      communication between said tank interior and said outlet port;
PA1  means for actuating said first valve member;
PA1  a second valve seat formed in said flow passage between said sealing
      portion and said tank interior;
PA1  a second valve member engagable with said second seat to close
      communication beyond said second seat;
PA1  biasing means urging said second valve member into engagement with said
      second valve seat;
PA1  means connecting said first valve member to said second valve member to
      maintain said second valve member open during normal operation of said
      first valve member and responsive to displacement of said first valve
      member from normal valving positions to permit seating of said second
      valve member;
PA1  first valve means operable to close communication between said tank
      interior and said valve outlet port when the pressure of the fluid within
      said tank interior falls below a predetermined minimum value; and
PA1  second valve means carried by said first valve means and operable to open
      communication between said valve inlet and said tank interior when said
      first valve means is closed and fluid under pressure is directed into said
      safety and service valve for pressurizing said tank interior.
NUM  2.
PAR  2. A combination safety and service valve for closing and opening a high
      pressure tank, said combination safety and service valve comprising:
PA1  a body having an outlet port and a sealing portion engaging and closing
      said tank opening, said body having a flow passage extending through said
      tank sealing portion for communicating the interior of said pressure tank
      through a valve inlet with said outlet port;
PA1  a valve seat formed in said flow passage between said sealing portion and
      said outlet port;
PA1  a first valve member removably engagable with said valve seat to close
      communication between said tank interior and said outlet port;
PA1  means for actuating said first valve member;
PA1  a second valve seat formed in said flow passage between said sealing
      portion and said tank interior;
PA1  a second valve member engagable with said second seat to close
      communication beyond said second seat;
PA1  biasing means urging said second valve member into engagement with said
      second valve seat;
PA1  means connecting said first valve member to said second valve member to
      maintain said second valve member open during normal operation of said
      first valve member and responsive to displacement of said first valve
      member from normal valving positions to permit seating of said second
      valve member; and
PA1  first valve means operable to close communication between said tank
      interior and said valve outlet port when the pressure of the fluid within
      said tank interior falls below a predetermined minimum value, said biasing
      means being a coil spring disposed between and in abuttment with said
      second valve member and said first valve means to provide a common bias
      for urging said first valve means to close communication between said
      inlet and said outlet and for urging said second valve member into
      engagement with said second valve seat.
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ABST
PAL  In a fluid system a valve is provided with a valve closing system and this
      system is operated by differential switch means which detect abnormal flow
      conditions through the valve. The valve is tapped preferably at two
      locations and each location is connected to a differential pressure switch
      which in turn operate the valve closing system.
BSUM
PAR  This invention relates to valves for controlling the flow of compressible
      and non-compressible fluids.
PAR  In particular, the present invention relates to such valves which are
      required to close when there is a significant increase in flow rate and
      wherein the closing force for the valves is provided either by a stored
      energy system external to the valve, or by the fluid passing through the
      valve. An example of such a valve is the main steam isolating valve of a
      light water nuclear reactor system operating under boiling water, or
      pressurised water or other principle.
PAR  It will be manifest that such a main steam isolating valve must close
      instantaneously in the event of a catastrophic failure of the piping
      system either upstream or downstream of the valve, and conventionally the
      signal to initiate such valve closure is provided by a device of any
      convenient form disposed in the piping system.
PAR  It is an object of the present invention to provide such a
      fluid-controlling valve which self-initiates its closure under abnormal
      flow conditions.
PAR  According to the present invention there is provided a valve for
      controlling the flow of compressible and non-compressible fluids and
      comprising, between the valve inlet and outlet, differential pressure
      switch means adapted to detect abnormal flow conditions through the valve
      and to actuate a valve-closing system.
PAR  The valve may have a Venturi-shaped passage between its inlet and outlet
      and the differential pressure switch means may be disposed between valve
      inlet and throat tappings and/or throat and valve outlet tappings.
PAR  The differential pressure switch means is, as aforesaid, capable of
      distinguishing between normal flow conditions through the valve, i.e.
      normal pressure drop across the valve, and abnormal flow conditions such,
      for example, as would be indicated by the pressure drop occuring when the
      fluid flowing through the control orifice attains critical velocity, i.e.
      the speed of sound for the fluid conditions pertaining in the valve.
DRWD
PAR  An embodiment of the present invention will now be described, by way of
      example, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic view of a parallel slide venturi-gate valve
      incorporating the self-initiating closure characteristic of the present
      invention;
PAR  FIGS. 2A and 2B show jointly a sectional view of the parallel slide
      venturi-gate valve;
PAR  FIG. 3 is a sectional view of a stop valve employed in the valve-closing
      system of the slide valve; and,
PAR  FIGS. 4 and 5 are alternative switching systems for use in the
      valve-closing system of the slide valve.
DETD
PAR  Referring firstly to FIG. 1, there is shown a parallel slide venturi-gate
      valve 10 capable of being employed as the main steam isolating valve in a
      light water nuclear reactor system.
PAR  The valve 10 is a well known design and is shown in open condition, the
      valve closure disc assembly 11 being in its lower position in the valve
      lid 12 with the aperture 13 of the belt eye 14 in register with the
      control orifice of the valve body 15. The passage through the valve is
      Venturi shaped as can clearly be seen.
PAR  The valve 10 is loaded by any convenient means (not shown) as is well known
      to those skilled in the art and its spindle 16 is coupled to a high speed
      hydraulic actuator (not shown) for normal opening and closing.
PAR  A steam cylinder 17 is provided for emergency closure. The steam cylinder
      17 is mounted on the valve body 15 and within the cylinder 17 is a piston
      18 fast on the valve spindle 16. The piston 18 is formed with a control
      orifice generally and diagrammatically indicated at 19 so that under
      normal conditions there is equal steam pressure at each side of the piston
      18.
PAR  A vent 20 is provided at the top of the cylinder 17 and exhaust piping 21
      extends from the vent 20 and incorporates a valve 22 which will be
      described in greater detail with reference to FIG. 3.
PAR  Briefly, however, the valve 22 has a pneumatic actuator 23 connected to a
      pneumatic supply via a continuously energised solenoid operated valve 24
      which constitutes part of an electric control system.
PAR  The valve 10 is shown diagrammatically as being tapped at locations A, B
      and C. A differential pressure switch 25 incorporating a limit switch is
      connected between tappings A and B and tappings B and C, which switches
      are electrically connected to the valve 24.
PAR  With the valve 10 open as shown and normal flow conditions prevailing steam
      flows through the valve body 15 (it is to be noted that the steam flow can
      be in either direction). The valve 22 is closed by its pneumatic actuator
      23.
PAR  Steam leaks past the belt 14 into the cylinder 17 underneath the piston 18
      and via control orifice 19 to provide equal steam pressure conditions
      above and below the piston 18 as aforesaid.
PAR  If now abnormal flow conditions prevail for whatever reason, such
      conditions are detected by one or both differential pressure switches 25
      which operate their limit switches which transmit a signal to reverse the
      valve 24 and consequently pneumatic flow therethrough so that the
      pneumatic actuator 23 opens valve 22 to allow venting of the upper side of
      the piston 18 through 20, and piping 21 and valve 22. The resultant
      unbalanced force on the piston 18 closes the valve 10.
PAR  The differential pressure switch may be of any convenient construction and
      a suitable proprietory unit which can be suitably employed is the "Barton
      differential pressure unit" produced and sold by GEC-Elliot Process
      Instruments Limited. Such unit which is well known to those skilled in the
      art comprises essentially a rupture proof bellows unit assembly enclosed
      in a pair of connected pressure housings.
PAR  The bellows unit comprises a pair of flexible metal bellows defining high
      and low pressure sides and mounted on opposite sides of a centre plate
      with the outer ends of the bellows sealed and rigidly interconnected
      internally by a stem passing through an annular hole in the centre plate.
      Opposed valves mounted on the stem seal against complementary valve seats
      on the centre plate at predetermined positions of the stem. The bellows
      interior and centre plate hole are completely filled with a noncorrosive
      low freezing point liquid, for example an ethylene glycol-water mixture. A
      temperature compensator in the form of an extra bellows attached to the
      high pressure side is provided in the bellows unit, which extra bellows
      acts as a surge unit, and range springs surrounding the stem are enclosed
      in the bellows.
PAR  A torque tube assembly is connected to the bellows unit so as to transmit
      the linear motion of the latter to a rotary motion.
PAR  The range springs act with both bellows and the torque unit assembly to
      balance differential pressures applied to the bellows unit.
PAR  In operation, the bellows move in proportion to the pressure applied across
      the bellows unit assembly and the bellows linear motion is mechanically
      transmitted as a rotary motion through the torque tube assembly.
PAR  It is the torque tube assembly which operates the limit switches of the
      switches 25.
PAR  Reference is now made to FIGS. 2A and 2B which show the parallel slide
      venturi gate valve 10 in greater detail and like parts to those referred
      to in FIG. 1 are referred to by the same reference numerals.
PAR  In FIGS. 2A and 2B the valve 10 is shown closed.
PAR  It is firstly to be noted that it is preferred that tapping B be in the
      region of the throat of the Venturi.
PAR  The control orifice 19 is provided by a drain tube 26 traversing the piston
      18.
PAR  In the lid 12, the customary disc guides 27 are provided.
PAR  Above the cylinder 17 is a yoke 28 mounting pillars 29 along which slide a
      stop plate 30 fast with the spindle 16.
PAR  Mounted above the yoke 28 is the hydraulic cylinder 31 which is used for
      normal opening and closing of the valve.
PAR  This form of parallel slide venturi gate valve is so well known to those
      skilled in the art that no further description will be given other than to
      say that tappings A, B and C are connected to the pressure housings of the
      differential pressure switches 25 by piping 32 (see FIG. 1).
PAR  Reference is now made to FIG. 3 which shows valve 22 and pneumatic actuator
      23 in greater detail.
PAR  The valve 22 has essentially parallel inlet and outlet passages 33 and 34
      which are in intercommunication via a vertical passage 35 providing a
      valve seat 36 for a valve head 37. The latter is connected by a spindle 38
      which traverses a gland 39 and is connected to a piston 40 in the
      pneumatic cylinder 41.
PAR  The cylinder 41 is supported above the body 42 of the valve 22 by pillars
      43.
PAR  An "open" and "closed" light indicating switch assembly 44 is mounted on
      one of the pillars 43.
PAR  Here again this form of valve is well known to those skilled in the art and
      will not be described further.
PAR  Turning now to FIGS. 4 and 5, there is shown two simple circuits which can
      be employed between the differential pressure switches 25 and the
      solenoid-operated valve 24.
PAR  FIG. 4 shows a system usable with light currents, the A.C. or D.C. supply
      being indicated at 45.
PAR  In FIG. 5, the system is usable with heavier currents and in this case
      electronic relays 46 are employed.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A control valve for regulating the flow of compressible and
      non-compressible fluids in a fluid system and comprising: a control valve
      body having in spatial relationship a fluid inlet and a fluid outlet; a
      movable control valve gate member between the inlet and outlet for
      controlling fluid flow through the control valve body; differential
      pressure switch means connected to spaced tappings in the control valve
      body for detecting abnormal fluid flow conditions therein; and means
      initiated by the differential pressure switch means for closing the
      movable gate member when abnormal fluid flow conditions prevail in said
      fluid system, the means including a piston-and-cylinder assembly provided
      with a vent to atmosphere and operatively connected to the valve gate
      member and adapted to be maintained in a balanced, position when the valve
      gate member is open by the fluid of the system under normal fluid flow
      conditions, a normally-closed venting valve operatively connected to said
      piston-and-cylinder assembly for controlling venting of said cylinder, a
      pneumatic supply source, a pneumatic actuator connected to said pneumatic
      supply source and said venting valve for operating the latter, and an
      electrically-operated valve disposed between the pneumatic actuator and
      the pneumatic supply source and operatively connected to the differential
      pressure switch means to effect venting of the piston-and-cylinder
      assembly when abnormal fluid conditions prevail via the pneumatic actuator
      and venting valve to create fluid imbalance in the assembly and resulting
      control valve closure.
NUM  2.
PAR  2. A control valve as claimed in claim 1, in which the control valve is a
      parallel slide venturi gate valve; the control valve body is tapped
      adjacent its inlet and outlet and at the venturi throat, the tappings
      being connected by piping to two differential pressure switches, one
      between inlet and throat tappings and the other between throat and outlet
      tappings.
NUM  3.
PAR  3. A control valve as claimed in claim 1 in which the electrically-operated
      valve is a continuously-energised solenoid operated valve.
NUM  4.
PAR  4. A control valve as claimed in claim 3, in which the solenoid-operated
      valve is connected to an electrical supply via adjustable snap-acting
      switches controlled by the differential pressure switches.
NUM  5.
PAR  5. A control valve as claimed in claim 4, in which each differential
      pressure switch comprises a fluid pressure operated bellows unit assembly
      adapted to actuate a torque tube assembly which, in turn, operates the
      snap-acting switches.
NUM  6.
PAR  6. A control valve as claimed in claim 3, in which the solenoid-operated
      valve is connected to an electrical supply via electronic relay means
      controlled by the differential pressure switches.
NUM  7.
PAR  7. A control valve as claimed in claim 6, in which each differential
      pressure switch comprises a fluid pressure operated bellows unit assembly
      adapted to actuate a torque tube assembly which, in turn, operates the
      electronic relay means.
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ABST
PAL  A fluid flow regulator including upstream and downstream members to secure
      pierced diaphragm in fluid tight engagement therebetween, a valve stem and
      seat repectively disposed on the diaphragm and upstream member, an O-ring
      enclosed therein and, a shoulder on the valve stem for engagement with the
      O-ring to form a fluid tight seal. The diaphragm is disposed for flexure
      to compress the O-ring for engagement of the stem and seat to discontinue
      fluid flow responsive to a predetermined value of downstream fluid
      pressure.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This regulator conbines a minimum of components including some with
      multiple functions such as the O-ring that seals and biases the valve stem
      and the valve stem that transmits pressure to the O-ring as well as
      engages the seat to discontinue flow in the conduit to combine structural
      simplicity with short valve stroke operation for overall compactness of
      the device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single view is a cross-section of sections of a conduit with the
      regulator secured therebetween.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A regulator 11 is provided with tubular members 13 and 15 respectively
      secured to upstream and downstream sections 17 and 19 of a conduit 21.
      Members 13 and 15 are disposed for engagement to secure a diaphragm 23 in
      fluid tight engagement therebetween. An axial valve 25 is provided with a
      seat 27 disposed on member 13 and a stem 29 secured to diaphragm 23. A
      fluid passage 31 extends through stem 29 and diaphragm 23. An O-ring 33 is
      circumferentially restrained in a cylindrical cavity 35 in member 13 for
      initial compression against cavity surface 39 by a shoulder 37 of stem 29
      to bias the stem from member 13 and provide a fluid tight seal
      therebetween. An air vent aperture 41 is provided in member 13.
PAR  Diaphragm 23 is disposed to flex for additional compression of O-ring 33
      and engagement of stem 29 with seat 27 to discontinue flow in conduit 21
      responsive to a predetermined value of fluid pressure in downstream
      section 19.
CLMS
STM  I claim:
NUM  1.
PAR  1. A regulator for control of fluid flow between upstream and downstream
      sections of a conduit comprising:
PA1  A circular diaphragm with an axial valve stem secured thereto including a
      passage for flow of fluid therethrough, a pair of tubular members disposed
      for respective engagement with said sections and for mutual engagement to
      conduct the flow between the sections and to secure said diaphragm
      therebetween in fluid tight engagement, an axial valve seat disposed on
      said upstream member and said upstream member including a cylindrical
      cavity; and
PA1  An O-ring circumferentially constrained in said cavity for initial
      compression by said stem to provide a fluid tight seal and bias said stem
      from said seat;
PA1  Said diaphragm being disposed to flex for additional compression of said
      O-ring and engagement of said stem with said seat to discontinue flow
      through said axial passage responsive to a predetermined value of fluid
      pressure in said downstream section.
NUM  2.
PAR  2. A regulator as in claim 1 with a shoulder provided on said stem for the
      compression of said O-ring and with said upstream member including an
      aperture to vent air therefrom.
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ABST
PAL  A control valve controls fluid to and from a motor or the like from a
      rotary shaft and it includes a pair of stationary valve members facing
      each other and having facing annular channels therein. The annular channel
      of one of said stationary valve members communicates with a motor passage
      leading to the motor. The annular channel of the other stationary valve
      member communicates with a source passage leading to the fluid source and
      with a vent passage leading to atmosphere. A pair of plugs secured in this
      latter annular channel provides an arcuate source channel and an arcuate
      vent channel. A rotatable valve disc driven by the rotary shaft and
      arranged between the stationary valve members has a port therethrough
      which alternately communicates the annular motor channel in said one
      stationary valve member with the arcuate source channel and the arcuate
      vent channel in the other stationary valve member for controlling the
      fluid to and from the motor or the like. The rotatable valve disc
      preferably includes a pair of discs and intermediate resiliently
      compressible means. The control valve also preferably includes a housing
      for receiving the stationary valve members and the rotatable valve disc.
      Lubricating means are also provided for lubricating the running contact
      between the rotatable valve disc and the stationary valve members.
BSUM
PAR  This invention relates to a control valve for timing and controlling the
      operation of a fluid motor or the like in accordance with the rotation of
      a rotary shaft. Such a control valve is particularly useful for timing and
      controlling servomotors and machinery or the like for performing desired
      work functions therein in timed relation with the operation of the
      machinery. The control valve of this invention is usable with a fluid,
      such as air, having a positive pressure source or a vacuum source and
      controls such fluid to and from the motor or the like from a rotary shaft.
PAR  The principal object of this invention is to provide a new and improved
      control valve for the aforementioned purposes which is accurate, efficient
      and foolproof in operation, which is simple and rugged in construction,
      and which may be inexpensively manufactured and assembled.
PAR  Briefly, in accordance with this invention, the control valve includes a
      pair of longitudinally spaced apart stationary valve members having
      aligned central holes therethrough for receiving the shaft and aligned
      facing annular channels. One of the stationary valve members has a motor
      passage communicating with the annular passage therein for connection to
      the motor. The other stationary valve member has a source passage
      communicating with the annular channel therein for connection to a source
      of fluid (whether it be a positive pressure or vacuum source) and a vent
      passage angularly spaced from the source passage and communicating with
      the annular channel therein for connection to atmosphere. A pair of plugs
      are removably secured in the annular passage of said other stationary
      valve member for isolating said source and vent passages from each other
      and for providing an arcuate source channel and an arcuate vent channel.
PAR  A rotatable valve disc is located between the pair of stationary valve
      members and engages the facing surfaces thereof. It also has a central
      hole therethrough for receiving the rotary shaft and an eccentrically
      located port therethrough for communicating the aligned facing channels in
      the stationary valve members. The rotatable valve disc is connected to the
      rotary shaft for rotation thereby for alternately communicating the
      annular channel and the motor passage in said one stationary valve member
      with the source channel and source passage and with the arcuate vent
      channel and vent passage in said other stationary valve member.
PAR  At least one of the plugs in said annular channel in said other stationary
      valve member is adjustably positionable therein for adjusting the relative
      times during which the motor passage in said one stationary valve member
      communicates with the source passage and vent passage in said other
      stationary valve member. The angular position of the rotatable valve disc
      with respect to the rotary shaft is also adjustable for adjusting the
      timing of the control valve.
PAR  Resilient means are also provided for applying running contact pressure
      between the rotatable valve disc and the facing surfaces of the stationary
      valve members. In this respect the rotatable valve disc preferably
      includes a pair of discs and intermediate resiliently compressible means,
      such as resiliently compressible washers, between the discs for applying
      the running contact pressure.
PAR  In addition to the foregoing, the control valve also preferably includes a
      housing having a central cavity receiving the stationary valve members and
      rotatable valve disc and radially arranged motor and source holes
      communicating respectively with the motor and source passages (which are
      also preferably radially arranged) in the stationary valve members. These
      holes in the housing provide means for connection to the motor and the
      fluid source. The vent passage leading to the atmosphere is preferably
      longitudinally arranged. The housing is preferably a two part housing,
      with one of the stationary valve members secured by force fit into one of
      the housing parts and the other stationary valve member secured by force
      fit into the other housing part. Preferably, the rotary valve disc is
      secured to a sleeve which receives the rotary shaft and which extends
      longitudinally through the control valve, the sleeve being externally
      adjustably secured to the rotary shaft. The control valve also includes
      lubricating means for lubricating the running parts of the control valve.
PAR  Further objects of this invention reside in the details of construction of
      the control valve and in the cooperative relationships between the
      component parts thereof.
DRWD
PAR  Other objects and advantages of this invention will become apparent to
      those skilled in the art upon reference to the accompanying specification,
      claims and drawings in which;
PAR  FIG. 1 is a top plan view of the control valve its relation to the rotary
      shaft.
PAR  FIG. 2 is a side elevational view of the control valve looking from the
      left of FIG. 1.
PAR  FIG. 3 is a side elevational view of the control valve looking from the
      right of FIG. 1.
PAR  FIG. 4 is a vertical sectional view through the control valve taken
      substantially along the line 4--4 of FIGS. 1, 2 and 3.
PAR  FIG. 5 is a vertical sectional view through the control valve taken
      substantially along the line 5--5 of FIG. 4.
PAR  FIG. 6 is a vertical sectional view of the control valve taken
      substantially along the line 6--6 of FIG. 4.
PAR  FIG. 7 is a vertical sectional view through the control valve taken
      substantially along the line 7--7 of FIG. 4.
PAR  FIG. 8 is a sectional view through the control valve taken substantially
      along the line 8--8 of FIG. 6.
DETD
PAR  The control valve of this invention is generally designated at 10 in the
      drawings. Referring first to FIGS. 4, 6 and 7 the control valve includes a
      pair of longitudinally spaced apart stationary valve members 11 and 12
      which face each other, which have aligned central holes therethrough and
      which have aligned facing annular channels 13 and 15 respectively. The
      stationary valve member 11 has a motor passage 14 which communicates with
      the annular channel 13. The other stationary valve member 12 has a source
      passage 16 communicating with the annular channel 15 and an angularly
      spaced vent passage 17 also communicating with the annular channel 15.
      Preferably, the motor passage 14 and the source passage 16 extend radially
      outwardly from the annular channels 13 and 15 while the vent passage 17
      extends longitudinally outwardly from the annular channel 15. The
      stationary valve members 11 and 12 may be made from any suitable material,
      cast iron being preferred.
PAR  A pair of plugs 19 and 21, which are preferably formed from cast iron, are
      removably secured by force fit in the annular channel 15 of the stationary
      valve member 12 for the purpose of isolating the source passage 16 and the
      vent passage 17 from each other and for providing an arcuate source
      channel 15A and an arcuate vent channel 15B. The plugs 19 and 21 are
      substantially cylindrical and when they are force fit into the annular
      channel the substantially cylindrical sides thereof forcefully engage the
      sides of the channel to hold them in place and to effectively seal the
      sides of the channel. Preferably, the inner ends of the plugs 19 and 21
      have resiliently compressible pads or washers 20, such as silicone rubber,
      bonded thereto for contacting and sealing the bottom of the channel 15.
      The plugs, also, are preferably provided with tapped holes 22 for
      receiving a suitable screw threaded tool to facilitate removal of the
      plugs from the channel 15.
PAR  A sleeve 25 formed of steel tubing is received in the aligned central holes
      through the stationary valve members 11 and 12 and this sleeve receives
      the rotary shaft 26 which operates the control valve. About the sleeve 25
      and arranged between the facing surfaces of the stationary valve members
      11 and 12 is a rotatable valve disc which is secured for rotation by keys
      29 to the sleeve 25. This rotatable valve disc preferably comprises a pair
      of discs 27 and intermediate resiliently compressible means in the form of
      a plurality of resiliently compressible washers 28. The discs 27 may be
      formed of bronze or, preferably, low carbon steel hardened and ground and
      the resiliently compressible washers 28 may be formed of silicon rubber
      (70 durometer) elastomeric material, the discs and washers being firmly
      bonded together. The resiliently compressible washers 28, as illustrated
      in FIG. 5, expose the inner facing surfaces of the discs 27 about the
      washers. The resiliently compressible washers 28 operate to apply a
      running contact pressure between the outer surfaces of the discs 27 and
      the facing surfaces of the stationary valve members 11 and 12. The
      rotatable valve disc, comprising the discs 27, and one of the washers 28,
      has an eccentrically located port 30 extending therethrough and
      communicating with the facing channels 13 and 15 in the stationary valve
      members. The low carbon steel or bronze discs 27 running against the
      facing surfaces of the cast iron stationary valve members 11 and 12 form a
      very effective and long-lasting running seal.
PAR  With the rotatable valve disc 27, 28 in the position illustrated in FIG. 5,
      the port 30 through the valve disc communicates the annular motor channel
      13 with the arcuate source channel 15A so as to connect the fluid source
      to the motor. As the valve disc is rotated in the clockwise direction as
      illustrated in FIGS. 5 and 6, this communication is maintained until the
      port 30 overlies the plug 19 whereupon this communication is interrupted.
      Upon further rotation of the valve disc in the clockwise direction, the
      port 30 in the valve disc communicates the annular motor channel 13 with
      the arcuate vent channel 15B so as to communicate the motor with the vent
      to atmosphere. This venting condition remains upon further rotation of the
      valve disc unitl the port 30 therein passes over the plug 21 so as to
      interrupt this communication. Continued rotation of the valve disc repeats
      the aforementioned cycle of operation. By positioning the plug 19 at
      various points in the annular channel 15, the relative lengths of the
      arcuate source channel 15A and the arcuate vent channel 15B may be
      adjusted as desired so as to adjust the relative times during which the
      motor passage 14 in the stationary valve member 11 communicates with the
      source passage 16 and vent passage 17 in the other stationary valve member
      12. Usually, the position of the plug 19 is determined during assembly in
      accordance with prescribed specifications for said relative times. If, in
      the field, different relative times are desired, the plug 19 may be
      removed and replaced in the desired different position.
PAR  The space between the valve discs 27 around the washers 28 is preferably
      supplied with a suitable lubricant, and the valve discs are each provided
      with a pair of lubricating holes 32 for supplying lubricant from between
      the valve discs 27 to the facing surfaces of the stationary valve members
      11 and 12 to lubricate the running surface of the valve discs 27 and the
      stationary valve members 11 and 12. The sleeve 25 is also provided with a
      lubricating groove 33 communicating with the space between the valve discs
      27 and extending along the sleeve 25 into the central holes in the
      stationary valve members 11 and 12 for supplying lubricant from between
      the valve discs to lubricate the running contact between the sleeve 25 and
      the central holes in the stationary valve members 11 and 12.
PAR  A knob 37 is received over the sleeve 25 where it extends from one end of
      the control valve. The sleeve 25 is provided with a hole through which a
      set screw 39 carried by the knob 37 extends. By rotating the knob 37 with
      respect to the rotary shaft 26, the position of the valve disc 27, 28 may
      be angularly adjusted as desired with respect to the shaft 26 and when the
      proper adjustment is obtained the set screw 39 is tightened against the
      shaft 26 to maintain this adjustment. By this arrangement the timing of
      the control valve with respect to the shaft 26 may be adjusted.
PAR  The control valve 10 also preferably includes a housing formed of two parts
      41 and 42, each having a central cavity therethrough. The stationary valve
      member 11 is secured by force fit in the cavity of the housing part 41 and
      the stationary valve member 12 is secured by force fit in the cavity of
      the housing part 42. In so securing the stationary valve members 11 and 12
      in the cavities in the housing parts 41 and 42 they are force fit inserted
      to a depth so as to properly space apart the facing surfaces of the
      stationary valve members 11 and 12 when the two housing parts 41 and 42
      are brought together in abutting relation. The housing part 41 has a
      radially arranged motor port 43 in alignment with the radially arranged
      motor passage 14 in the stationary valve member 11 and, likewise, the
      housing part 42 has a radially arranged source port 44 in radial alignment
      with the radially arranged source passage 15 in the stationary valve
      member 12. The motor passage 13 and the motor port 43 may be formed in one
      drilling operation at the same time after the stationary valve member 11
      is secured by force fit in the housing part 41. Likewise, the source
      passage 16 and the source port 44 may also be formed in the same drilling
      operation after the stationary valve member 12 is secured by force fit in
      the housing part 42. In any event, after the assembly of the stationary
      valve members 11 and 12 in the housing parts, 43 and 44, respectively the
      motor passage 14 and motor port 43 and the source passage 16 and source
      port 44 are tapped to receive a threaded conduit extending to the motor
      and a threaded conduit extending to the fluid source. Since the threaded
      conduits extend into the threaded passages 14 and 16 as well as through
      the threaded ports 43 and 44, no seals are required for sealing the motor
      passage 14 and the source passage 16.
PAR  After the assembly of the stationary valve members 11 and 12 in the housing
      parts 41 and 42 as described above the removable plugs 20 are inserted in
      the annular groove 15 of the stationary valve member 12 as described
      above. The valve disc 27, 28 is then keyed to the sleeve 25 and the
      assemblies of the housing parts 41, 42 and stationary valve members 11 and
      12 are inserted over the sleeve 25 with the valve disc 27, 28
      therebetween. The housing parts 41 and 42 are then brought together in
      abutting relation and the housing parts are secured in abutting relation
      by means of screws 46.
PAR  The housing part 41 is provided with indicia 48 and a flange 49 on the knob
      37 having a pointer 50 cooperates with the indicia 48 to indicate the
      rotative position of the port 30 in the valve disc 27, 28 with respect to
      the housing for indicating the time of the control valve.
PAR  Where the housing parts 41 and 42 abut each other they may be provided with
      a suitable tapped hole for receiving a threaded conduit 52 in those
      instances where the control valve utilizes a fluid source which is under
      positive pressure as distinguished from a vacuum source. This conduit 52
      may be connected to the source of positive pressure so as to apply
      positive pressure about the resiliently compressible washers 28 between
      the valve discs 27 so as to increase the running contact pressure between
      the valve discs 27 and the facing surfaces of the stationary valve members
      11 and 12. This positive pressure exerted on the inside of the valve discs
      27 about the washers 28 operates to counteract positive pressure in the
      annular channel 13 when the control valve operates to control fluid under
      positive pressure.
PAR  While for purposes of illustration one preferred form of this invention has
      been disclosed, other forms thereof may become apparent to those skilled
      in the art upon reference to this disclosure and, therefore, this
      invention is to be limited only by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control valve for controlling fluid to and from a motor or the like
      from a rotary shaft comprising a pair of longitudinally spaced apart
      stationary valve members facing each other and having aligned central
      holes therethrough receiving the rotary shaft and aligned facing annular
      channels, one of said stationary valve members having a motor passage
      communicating with the annular channel therein for connection to the
      motor, the other of said stationary valve members having a source passage
      communicating with the annular channel therein for connection to a source
      of fluid and a vent passage angularly spaced from the source passage and
      communicating with the annular channel therein for connection to
      atmosphere, a pair of plugs removably secured in the annular channel of
      said other stationary valve member isolating said source passage and said
      vent passage from each other and providing a arcuate source channel and an
      arcuate vent channel, a rotatable valve disc between the pair of
      stationary valve members and engaging the facing surfaces thereof and
      having a central hole therethrough receiving the rotary shaft and an
      eccentrically located port therethrough communicating the aligned facing
      annular channels in the stationary valve members, and means connecting the
      valve disc to the rotary shaft for rotation thereby for alternately
      communicating the annular channel and the motor passage in said one
      stationary valve member with the arcuate source channel and source passage
      and with the arcuate vent channel and vent passage in said other
      stationary valve member.
NUM  2.
PAR  2. A control valve as defined in claim 1 wherein at least one of said plugs
      in the annular channel in said other stationary valve member is adjustably
      positionable therein for adjusting the relative times during which the
      motor passage in said one stationary valve member communicates with the
      source passage and vent passage in said other stationary valve member.
NUM  3.
PAR  3. A control valve as defined in claim 1 including means adjusting the time
      of the control valve with respect to the rotary shaft.
NUM  4.
PAR  4. A control valve as defined in claim 1 including a rotatable sleeve
      received in the holes through the stationary valve members and the
      rotatable valve disc and receiving the rotary shaft, means securing the
      rotatable valve disc to the rotatable sleeve rotation therewith, and means
      for rotatably adjustably securing the rotatable sleeve to the rotary shaft
      for adjusting the timing of the control valve with respect to the rotary
      shaft.
NUM  5.
PAR  5. A control valve as defined in claim 1 including supplying lubricant to
      the running contact between the stationary valve members and the rotatable
      valve disc.
NUM  6.
PAR  6. A control valve as defined in claim 1 including resilient means applying
      running contact pressure between said rotatable valve disc and said facing
      surfaces of said stationary valve members.
NUM  7.
PAR  7. A control valve as defined in claim 6 including supplying lubricant to
      the running contact between the stationary valve members and the rotatable
      valve disc.
NUM  8.
PAR  8. A control valve as defined in claim 1 wherein said rotatable valve disc
      comprises a pair of spaced discs rotatably engageable with the facing
      surfaces of said stationary valve members, and intermediate resiliently
      compressible means between said discs and bonded thereto applying running
      contact pressure between said discs and said facing surfaces of said
      stationary valve members, said eccentrically located port of the valve
      disc extending through the pair of discs and the intermediate resiliently
      compressible means.
NUM  9.
PAR  9. A control valve as defined in claim 8 wherein said intermediate
      resiliently compressible means comprises a plurality of circumferentially
      spaced resiliently compressible washers bonded to the pair of discs with
      the eccentrically located port of the valve disc extending through the
      pair of discs and one of the washers.
NUM  10.
PAR  10. A control valve as defined in claim 8 wherein the space between the
      pair of discs of the rotatable valve disc contains a lubricant and wherein
      the pair of discs contain lubricating holes in longitudinal alignment with
      the facing surfaces of the stationary valve members for lubricating the
      running contact between the stationary valve members and the rotatable
      valve disc.
NUM  11.
PAR  11. A control valve as defined in claim 1 wherein said motor and source
      passages in said stationary valve members are radially arranged and
      including a housing having a central cavity receivings said stationary
      valve members and said rotatable valve disc therein and having radially
      arranged motor and source holes in radial alignment and communicating
      respectively with the motor and source passages in said stationary valve
      members.
NUM  12.
PAR  12. A control valve as defined in claim 11 wherein said vent passage is
      longitudinally arranged in said other stationary valve member.
NUM  13.
PAR  13. A control valve as defined in claim 1 including a two part housing, the
      two housing parts including aligned central cavities therethrough, said
      one stationary valve member being secured by force fit in the central
      cavity of one of the housing parts and said other stationary valve member
      being secured by force fit in the central cavity of the other housing
      part, and means securing together the two parts of the housing in abutting
      relation with the valve disc between and engaging the facing surfaces of
      the stationary valve members.
NUM  14.
PAR  14. A control valve as defined in claim 13 wherein said motor and source
      passages in said stationary valve members are radially arranged and
      wherein said two part housing has radially arranged motor and source holes
      in radial alignment and communicating respectively with the motor and
      source passages in said stationary valve members.
NUM  15.
PAR  15. A control valve as defined in claim 13 wherein said vent passage is
      longitudinally arranged in said other stationary valve member.
NUM  16.
PAR  16. A control valve as defined in claim 8 including a rotatable sleeve
      received in the holes through the stationary valve members and the pair of
      discs of the rotatable valve disc and receiving the rotary shaft, means
      securing the pair of discs of the rotatable valve disc to the rotatable
      sleeve for rotation therewith, and means rotatably adjustably securing the
      rotatable sleeve to the rotary shaft for adjusting the timing of the
      control valve with respect to the rotary shaft.
NUM  17.
PAR  17. A control valve as defined in claim 16 including indicating means
      rotatably positionable with the rotatable sleeve for indicating the timing
      of the control valve with respect to the rotary shaft.
NUM  18.
PAR  18. A control valve as defined in claim 4 including indicating means
      rotatably positionable with the rotatable sleeve for indicating the timing
      of the control valve with respect to the rotary shaft.
NUM  19.
PAR  19. A control valve as defined in claim 1 including a housing having a
      central cavity therein receiving said stationary valve members and said
      rotatable valve disc therein, a rotatable sleeve received in the holes
      through the stationary valve members and the rotatable valve disc and
      receiving the rotary shaft, means securing the rotatable valve disc to the
      rotatable sleeve for rotation therewith, means rotatably adjustably
      securing the rotatable sleeve to the rotary shaft for adjusting the timing
      of the control valve with respect to the rotary shaft, and cooperating
      indicating means carried by the housing and the rotatable sleeve for
      indicating the timing of the control valve with respect to the rotary
      shaft.
NUM  20.
PAR  20. A control valve as defined in claim 1 wherein the fluid from the source
      is under positive pressure and wherein said rotatable valve disc comprises
      a pair of discs rotatably engageable with the facing surfaces of said
      stationary valve members, and intermediate resiliently compressible means
      between said discs and bonded thereto for applying running contact
      pressure between said discs and said facing surfaces of said stationary
      valve members, said intermediate resiliently compressible means having a
      configuration to internally expose portions of said discs, and means to
      supply fluid under positive pressure from the fluid source to the
      internally exposed portions of the discs for increasing the running
      contact pressure between said discs and said facing surfaces of said
      stationary valve members.
NUM  21.
PAR  21. A control valve as defined in claim 1 wherein said pair of plugs are
      removably secured by force fit in the annular channel of said other
      stationary valve member.
NUM  22.
PAR  22. A control valve as defined in claim 21 wherein the plugs are tapped to
      receive a tool to facilitate removal thereof from the channel.
NUM  23.
PAR  23. A control valve as defined in claim 1 wherein said pair of plugs are
      substantially cylindrical in configuration and are removably secured by
      force fit in the annular channel of said stationary valve member with the
      cylindrical sides of the plugs engaging the sides of the channel.
NUM  24.
PAR  24. A control valve as defined in claim 23 wherein the ends of the
      substantially cylindrical plugs have resiliently compressible pads bonded
      thereto for resiliently engaging the bottom of the channel when the plugs
      are so secured in the channel.
NUM  25.
PAR  25. A control valve as defined in claim 23 wherein the substantially
      cylindrical plugs are centrally and longitudinally tapped to receive a
      tool to facilitate removal thereof from the channel.
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ABST
PAL  This invention relates to the art of pressure vessels and more particularly
      to a valve assembly for use in a pressure vessel of the type having a
      rigid container with a deformable bladder therein, dividing the container
      into two variable volume chambers, one adapted to receive gas under
      pressure and the other to receive liquid under pressure.
PAL  The valve assembly which is screwed into a port in communication with the
      gas chamber includes a slidably mounted stem having a resilient valve
      member at one end normally urged to seat on the beveled inner end of an
      axial bore in the valve assembly in a first seating position of the valve
      member, and urged further into said beveled inner end when the bladder is
      charged with gas under pressure in a second seating position of the valve
      member. The inward movement of the valve member is limited by a stop
      carried by the stem. When the liquid chamber is charged, if the bladder
      should abut against the resilient valve member, no extrusion of the
      bladder would occur.
BSUM
PAR  As conducive to an understanding of the invention, it is to be noted that
      where a pressure vessel of the above type is charged with gas under
      pressure through a conventional gas valve such as a Schrader valve, and
      the inner end of the bore in which the Schrader valve is positioned is
      exposed, when the liquid chamber is charged with fluid under pressure,
      causing the bladder to deform and extrude into said gas port, cutting of
      the bladder may occur with resultant failure of the unit.
PAR  It is accordingly among the objects of the invention to provide a gas
      charging valve assembly which may be incorporated into a single housing
      and which has relatively few parts which may readily be fabricated at low
      cost, and which will provide a resilient closure at the inner end of the
      gas charging bore against which the bladder may abut, thereby preventing
      extrusion of the bladder into the gas charging bore with resultant cutting
      of the bladder and failure of the unit.
PAR  According to the invention these objects are accomplished by the
      arrangement and combination of elements hereinafter described and more
      particularly recited in the claims.
DRWD
PAR  In the accompanying drawings in which are shown one of various possible
      embodiments of the several features of the invention:
PAR  FIG. 1 is a perspective view of a pressure vessel incorporating the
      invention;
PAR  FIG. 2 is a sectional longitudinal view on an enlarged scale taken along
      line 2--2 of FIG. 1, showing the valve member in closed but unstressed
      condition;
PAR  FIG. 3 is a transverse sectional view with parts broken away taken along
      line 3--3 of FIG. 4;
PAR  FIG. 4 is a transverse sectional view taken along the line 4--4 of FIG. 3
      showing the valve member in closed stressed condition;
PAR  FIG. 5 is a detail transverse sectional view taken along line 5--5 of FIG.
      4, and
PAR  FIG. 6 is a detail view of another embodiment of the invention.
DETD
PAR  Referring now to the drawings, the pressure vessel illustratively comprises
      a substantially cylindrical container 11 of rigid material, such as steel
      or aluminum, capable of withstanding the pressure to which it is to be
      subjected in use.
PAR  The container has one end closed as at 12 and such closed end has an axial
      port 13, the inner end 14 of which defines a valve seat.
PAR  The mouth 15 of the container is cylindrical as shown and the inner surface
      of the container adjacent the mouth 15 is threaded as at 16.
PAR  Positioned in container 11, is a deformable partition illustratively in the
      form of an elongated bladder 23 of rubber or similar material having like
      characteristics which divides the container 11 into a gas chamber C, and a
      liquid chamber C-1. The bladder 23 is closed at one end as at 24, and the
      mouth 25 of the bladder which is of greater thickness than the remaining
      portion of the bladder is secured as by molding to an annular supporting
      member 26 of rigid material, preferably of steel. By reason of the molding
      of the bladder 23 to the annular supporting member 26, the bladder 23 will
      be securely bonded to such supporting member 26.
PAR  It is to be noted that the transverse width of the annular supporting
      member is greater than that of the thickened rim 25 of the bladder, so
      that as clearly shown in FIG. 1, the outer periphery 32 of the annular
      supporting member 26 will extend laterally outwardly of the outer
      periphery 33 of the thickened rim 25.
PAR  As is clearly shown in FIG. 1 the inner diameter of the container is
      reduced to define an annular shoulder 34 which forms a seat for the outer
      periphery 32 of the annular supporting member 26 so that the bladder 23
      will be dependably retained in desired position in the container.
PAR  The annular supporting member 26 has an annular groove 35 in its outer
      periphery in which an O-ring 36 is positioned, the function of the O-ring
      being to provide a seal.
PAR  In order to retain the annular supporting member 26 and bladder 23 in
      position, a cylindrical cover member 38 is provided. As is clearly shown
      in the drawings, the cover member is substantially cup-shaped with its
      side wall or skirt 39 of outer diameter just slightly less than the
      diameter of the wall portion 40 of the container so that the side wall 39
      may be readily positioned in the container.
PAR  The cover member 38 adjacent its outer surface is of slightly enlarged
      diameter as at 41, and is externally threaded so that it may be screwed
      into threaded mouth 15 of the container by means of a spanner wrench (not
      shown) applied to conventional bores 42' in the top surface 42 of the
      cover member 38.
PAR  As is clearly shown in the drawings, when the cover member is screwed into
      the container, with the top surface 42 of the cover member flush with the
      outer end 15 of the container, the inner end 43 of the side wall 39 of the
      cover member will abut against the top surface 43' of the annular
      supporting member 26 to retain the latter on the annular shoulder 34.
PAR  The outer periphery of the side wall 39 of the cover member, has an annular
      groove 44 in which an O-ring 45 is positioned to define a seal between the
      side wall 39 and the inner surface of the container.
PAR  Mounted on the closed end 24 of the bladder 23 and axially positioned with
      respect thereto is a valve member 47 illustratively in the form of a
      button, preferably formed from steel or aluminum. The valve member is
      designed to abut against seat 14 to close the port 13 when the gas chamber
      C is charged with gas under pressure, as will be hereinafter described.
PAR  According to the invention the cover member 38 has an axial bore 51
      therethrough of reduced diameter at its inner end, as at 52, defining an
      annular shoulder 53.
PAR  Positioned in the axial bore 51 is a gas valve assembly 50. The gas valve
      assembly, as is clearly shown in FIG. 2 for example, comprises a rigid
      cylindrical member preferably of steel having a cylindrical portion 54 at
      its inner end depending from integrally formed hub configuration 55,
      illustratively hexagonal in shape. The inner surface 56 of hub 55 has an
      annular recess or groove 57 in which an O-ring 58 is positioned.
PAR  Rising from the top surface 59 of hub portion 55 is a cylindrical portion
      61 axially aligned with cylindrical portion 54 and illustratively of
      smaller diameter than the latter.
PAR  The cylindrical portion 54 is externally threaded as at 62 so that it may
      be screwed into the correspondingly internally threaded portion of the
      reduced diameter portion 52 in the manner hereinafter to be described.
PAR  As is clearly shown the valve assembly 50 has an axial bore 63 therethrough
      which is of reduced diameter as at 64 adjacent its lower end defining an
      annular shoulder 64' and then flares outwardly as at 65 to define a
      beveled seat.
PAR  Positioned in the bore 63 is a valve stem 66 which has a body portion 66a
      and a mounting portion 66b, the stem 66 being of a diameter substantially
      less than that of bore 63.
PAR  Secured to the outer end 67 of stem 66 is a transversely extending
      retaining bar 68 of length greater than the diameter of stem 66 so as to
      define a retaining shoulder 69. An actuating pin 71 extends axially
      outwardly from the center of cross bar 68.
PAR  The inner end of the body portion 66a of stem 66 has an axial recess 72
      therein which is internally threaded as shown. The mounting portion 66b
      comprises a pin having one end screwed into threaded recess 72. The outer
      cylindrical end 73 of mounting pin 66b is of enlarged diameter defining an
      annular stop shoulder 74 having a sharp periphery 74'. The end of enlarged
      diameter portion 73 has an enlarged diameter colar 75 integral therewith,
      and a valve member or disc 76 in the form of an annular bead of resilient
      material such as rubber is bonded to the end 73 of mounting pin 66b and
      the collar 75 which are completely embedded in the resilient valve disc
      76. It is to be noted that the outer plane 76a of valve member 76 is
      aligned with the plane of shoulder 74.
PAR  As is clearly shown in FIG. 2, the valve member 76 has a rounded periphery
      77 and is of diameter such that the periphery would normally be positioned
      slightly inwardly of the mouth or outer edge 78 of beveled seat 65 as
      shown in FIG. 2.
PAR  In order to retain the valve member 76 in its closed but relatively
      unstressed position shown in FIG. 2, which is the first seating position
      thereof, a coil spring 81 is provided encompassing the body portion 66a of
      stem 66 with one end of the coil spring abutting against the retaining
      shoulder 69 formed by cross bar 68 and the other end of the spring
      abutting against annular shoulder 64'.
PAR  As a result of the force exerted by such spring, the valve member 76 will
      be urged inwardly to the position shown in full lines in FIG. 2 which is
      the unstressed position of the valve member 76.
PAR  To complete the assembly, a cap 81 is provided which is internally threaded
      so that it may be screwed on the externally threaded end 61 of the valve
      assembly.
PAR  The valve assembly 50 according to the invention may readily be mounted in
      the cover member 38 and also readily removable therefrom.
PAR  To mount the valve assembly it is merely necessary to utilize a socket
      wrench (not shown), the lower edge of which would engage the recesses 82
      in the top surface 59 of the hub portion 55. When the socket wrench is
      rotated the end 54 would be screwed into threaded bore portion 52 until
      the inner surface 56 of the hub 55 abuts against shoulder 53 at which time
      the )-ring 58 would be compressed to define a seal.
PAR  To charge the pressure accumulator above described, the cap 81a is removed
      and a charging adaptor of conventional type (not shown) is screwed onto
      the outer end portion 61. The charging adaptor carries a conventional
      axial pin which presses against the pin 71, forcing the valve stem 66
      inwardly into the container. As a result the valve member 76 will be moved
      away from the beveled seat 65, to the position shown in broken lines in
      FIG. 2.
PAR  As a result gas under pressure will be forced through bore 63, reduced bore
      portion 64 and beveled bore portion 65 into the gas chamber C defined by
      the bladder 23.
PAR  After the bladder 23 is charged, the charging adaptor is removed and the
      cap 81a screwed in place. As a result of the forces exerted by the coil
      spring 81 and the compressed gas in bladder 23 which will react against
      the inner surface 75a of valve member 76, the resilient valve member 76
      will first move to the position shown in full lines in FIG. 2 and then
      will continue to move inwardly due to the force exerted by the gas under
      pressure in the charged bladder, to the position shown in FIG. 4. Due to
      the force exerted by the gas under pressure in the charged bladder 23, as
      is clearly shown in FIG. 4, the resilient valve member 76 will be deformed
      so that its outer periphery will substantially conform to the
      configuration of the beveled bore portion 65.
PAR  In addition it is to be noted that the valve stem 66 will move outwardly
      until the sharp periphery 74' of stop shoulder 74 abuts against the
      beveled wall portion 65, thus providing a metal to metal seal.
PAR  Due to the fact that the pressure in the bladder 23 reacting against the
      resilient valve member 76 is greater than the pressure in bore 63, the
      valve member 76 will define an O-ring seal at the junction between the
      edge 74'  and the beveled wall 65, ensuring a highly dependable gas seal.
PAR  It is to be noted that since the surface 75a of the valve member is
      substantially flush with the adjacent inner surface of cylindrical portion
      54 and the rubber material forming the valve member 76 is tightly pressed
      against the beveled seat 65 there will be no opening provided which would
      permit extrusion of the bladder 23 if the latter should fold across the
      inner end of the gas port when the liquid chamber C-1 is charged with oil
      under pressure.
PAR  In the embodiment shown in FIGS. 1-5, the valve assembly is part of a
      separate casing screwed into the gas port. In the embodiment shown in FIG.
      6, the valve assembly is located directly in the gas port.
PAR  In view of the similarity of the embodiment shown in FIG. 6 to the
      embodiment of FIGS. 1-5, corresponding parts have the same reference
      numerals primed.
PAR  Referring to FIG. 6, the cover member 38' has an axial bore 63'
      therethrough of enlarged diameter at its outer end 50a defining an annular
      shoulder 50'a and of reduced diameter at its inner end as at 64' defining
      an annular shoulder 64".
PAR  Positioned in bore 63' is a gas valve assembly 50' which comprises a valve
      stem 66' having a body portion 66'a and a mounting portion 66'b, the stem
      66' being of diameter substantially less than that of bore 63'.
PAR  Secured to the outer end 67' of stem 66' is a transversely extending
      retaining bar 68' of length greater than the diameter of stem 66' so as to
      define a retaining shoulder 69'. An actuating pin 71' extends axially
      outwardly from the center of cross bar 68'.
PAR  The inner end of the body portion 66'a of stem 66' has an axial recess 72'
      therein which is internally threaded as shown. The mounting portion 66'b
      comprises a pin having one end screwed into threaded recess 72'. The outer
      cylindrical end 73' of mounting pin 66'b is of enlarged diameter defining
      an annular stop shoulder 74 having a sharp periphery 74'. The end of
      enlarged diameter portion 73' has an enlarged diameter collar 75' integral
      therewith, and a valve member or disc 76' in the form of an annular bead
      of resilient material such as rubber is bonded to the end 73' of mounting
      pin 66'b and the collar 75' which are completely embedded in the resilient
      valve disc 76' .
PAR  As is clearly shown in FIG. 6, the valve member 76' has a rounded periphery
      77' and is of diameter such that the periphery would normally be
      positioned slightly inwardly of the mouth or outer edge 78' of beveled
      seat 65' as shown in FIG. 6.
PAR  In order to retain the valve member 78' in its closed but relatively
      unstressed position shown in FIG. 6, which is the first seating position
      thereof, a coil spring 81' is provided encompassing the body portion 66'a
      of stem 66' with one end of the coil spring abutting against the retaining
      shoulder 69' formed by cross bar 68' and the other end of the spring
      abutting against annular shoulder 64".
PAR  As a result of the force exerted by such spring, the valve member 76' will
      be urged inwardly to the position shown in full lines in FIG. 6 which is
      the unstressed position of the valve member 76'.
PAR  To complete the assembly, a plug 81'a is provided which is internally
      threaded so that it may be screwed into the internally threaded end 50a of
      the cover 38'.
PAR  Since the operation of the valve assembly of FIG. 6 is identical to that of
      the embodiment of FIGS. 1-5, no further description is believed necessary.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      secure by letters patent of the United States is:
NUM  1.
PAR  1. A pressure vessel comprising a container of rigid material having two
      ports, both axially aligned with said container, one of said ports
      defining a gas port and the other a liquid port, a partition intervening
      between said ports to define a variable volume gas chamber and a variable
      volume liquid chamber in communication with said gas port and liquid port,
      respectively, means to close said liquid port, means to charge said gas
      chamber with gas under pressure, said charging means comprising a valve
      assembly mounted in the gas port, said valve assembly comprising a bore
      having an inner end defining a valve seat, a valve stem slidably mounted
      in said bore, said stem being of dimensions such as to provide clearance
      for gas flow through said bore, said stem having an inner end, a valve
      disc of deformable resilient material mounted on said inner end of said
      stem, resilient means reacting against said stem to urge the latter
      outwardly to retain the outer surface of said valve disc against said seat
      in a first seating position, and means rigid with said stem adapted to
      abut against said valve seat when said valve disc is moved outwardly to a
      second seating position as a result of gas pressure in said gas chamber,
      to limit the outward movement of said valve disc.
NUM  2.
PAR  2. The combination set forth in claim 1 in which the inner end of said bore
      is beveled to define said valve seat, said bore being of larger diameter
      at its inner end, said valve disc is an annular bead having a periphery
      which engages said larger diameter inner end of said beveled valve seat in
      the first seating position of said valve disc.
NUM  3.
PAR  3. The combination set forth in claim 1 in which the inner end of said bore
      is beveled to define said valve seat, said valve seat being of larger
      diameter at its inner end and of smaller diameter at its outer end, the
      inner end of said valve stem extends into the valve seat and has a
      cylindrical portion of diameter greater than said smaller diameter outer
      end portion of said beveled seat, said stem having a cylindrical portion
      adjacent its inner end, said valve disc is an annular bead secured to said
      cylindrical portion of said stem, said bead having a periphery engaging
      said larger diameter portion of said beveled seat in the first seating
      position of said valve disc, said cylindrical portion of said stem
      engaging the smaller diameter outer end portion of said beveled seat in a
      second position of said valve disc, said bead being deformed into the
      beveled portion of said bore in the second seating position of said valve
      disc.
NUM  4.
PAR  4. The combination set forth in claim 1 in which said bore has a reduced
      diameter portion near its inner end defining a shoulder, said stem has an
      outer end having an abutment, a coil spring encompassing said stem and
      reacting against said abutment and said shoulder, normally urging said
      stem outwardly to move said valve disc to its first seating position.
NUM  5.
PAR  5. The combination set forth in claim 1 in which said gas port comprises an
      additional bore having an inner end of reduced diameter defining an
      annular shoulder, said reduced diameter end of said bore being internally
      threaded, said valve assembly comprises a casing of rigid material having
      said first named bore extending axially therethrough, said valve assembly
      having a transversely extending hub with externally threaded cylindrical
      portions extending axially from both sides thereof, one of said
      cylindrical portions being screwed into the reduced diameter bore portion,
      said first named bore extending through said cylindrical portions of said
      hub.
NUM  6.
PAR  6. The combination set forth in claim 5 in which said hub defines opposed
      surfaces, the surface of said hub adjacent the cylindrical portion screwed
      into the reduced diameter bore portion has an annular recess in which an
      O-ring is positioned, said O-ring being compressed against said annular
      shoulder when the cylindrical portion is tightened to define a seal.
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ABST
PAL  Sintered ceramic articles having a high surface area-to-weight ratio and
      containing a plurality of ducts that extend through the article to permit
      fluid flow therethrough are prepared by forming an extrudable admixture of
      pulverized ceramic material. The admixture is forced through a forming
      zone in which initial shearing forces form the admixture into a plurality
      of discrete ribbons, and the discrete ribbons are flowed into the upstream
      ends of a plurality of spaced, longitudinally-extending members to form a
      web member containing a plurality of longitudinally-extending ducts as the
      ribbons flow together about the members. Monolithic ceramic structures
      formed by the above-described process and including hexagonally-packed
      circular ducts, that is, circular ducts surrounded by six other circular
      ducts with each surrounding duct spaced an approximately equal distance
      from the axis of the circular duct it surrounds, exhibit a desirably high
      ratio of transverse compressive strength to longitudinal compressive
      strength.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to heat-resistant, thermally-rigidized structural
      articles, and to methods for producing such articles. More particularly,
      the invention is directed to rigid, sturdy, sintered ceramic, high
      surface-to-weight structural components having as an essential part
      thereof closely-spaced, longitudinally-extending ducts of small
      cross-section, and to methods of forming such articles.
PAR  While a presently preferred embodiment of the invention will be described
      as a catalyst support for use in automotive pollution control systems, the
      ceramic articles of this invention have other uses, such as catalyst
      supports in other systems, as heat exchange materials, as heat storage
      elements, and as heat insulating materials.
PAC  BACKGROUND OF THE INVENTION
PAR  The need for strong, thermally-stable catalyst supports for use in
      automobile exhaust pollution control systems has led to intensive research
      and development efforts by numerous companies. Pollution control reactors
      must withstand normal operating temperatures as high as 2000.degree.F. In
      addition, they must operate efficiently with gas temperatures, pressures,
      compositions, and velocities that fluctuate rapidly over wide ranges, and
      they must withstand the mechanical shocks and vibrations of vehicle
      operation.
PAR  The task of finding substrates that will stand up to these severe operating
      requirements has been formidable.
PAR  The size and weight criteria imposed by the auto industry require a
      catalyst support having a high surface area per unit of volume. While
      monolithic ceramic materials are a good choice for such catalyst supports
      based on costs, strength, and thermal stability, a major drawback to the
      use of ceramic materials has been the development of a suitable process
      for fabricating a high strength, high surface area monolithic product at a
      reasonable cost.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The invention provides a process of preparing ceramic articles having a
      honeycomb structure. Pulverized ceramic material is thoroughly admixed
      with a binder, and a plasticizing agent to form an extrudable admixture
      that is shape-retaining and self-supporting, and that will flow under
      pressure. A longitudinally continuous bar of admixture is then forced
      through a tranversely enclosed forming zone. Initial shearing forces are
      applied to the admixture in the forming zone to form the bar of admixture
      into a plurality of discrete ribbons. Duct-forming shearing forces are
      applied on each of the discrete ribbons within the forming zone by flowing
      outside portions of the ribbons at the upstream ends of a plurality of
      spaced, longitudinally-extending members positioned within the forming
      zone to divert outside portions of each of the ribbons and thus form a
      webbed member containing a plurality of longitudinally-extending ducts as
      the ribbons flow together about the spaced members. The webbed member is
      cut into articles of discrete length, and the duct-containing articles are
      subsequently dried and fired.
PAR  Preferably, the transverse cross-section of the admixture flowing through
      the forming zone is reduced during passage through the forming zone so
      that the cross-sectional area of the webs of the webbed member is about
      65%-99%, and optimally about 75%, of the sum of the cross-sectional area
      of the discrete ribbons in a plane perpendicular to the flow direction of
      the admixture in the forming zone.
PAR  It is also preferred that the forming zone be less than about 1 inch long
      and that the duct-forming shearing forces be exerted on the admixture
      during the last 0.090-0.15 in. of the passage of the admixture through the
      forming zone.
PAR  It is further preferred that the articles of discrete length be fired to
      their maturing temperature while shielded from direct radiant heat from
      the heating source at a rate of temperature increase of no more than about
      100.degree.C/hour, and that the rate of temperature increase during firing
      be no more than about 50.degree.C/hour as the articles are heated from
      about 1080.degree. to 1400.degree.C.
PAR  The invention also provides useful ceramic articles comprising a plurality
      of webs, with a plurality of parallel circular ducts that are separated by
      the webs extending across the article to provide for fluid flow through
      the article. A majority of the parallel circular ducts are surrounded by
      six other circular ducts with the axes of the six surrounding ducts being
      spaced an approximately equal distance from the axis of the circular duct
      they surround. The number of ducts per square inch of article surface in a
      plane transverse of the parallel axes of said ducts is at least 100 to
      provide a high surface area per weight ratio. Such an article has a
      transverse compressive strength of at least about 5% of its longitudinal
      compressive strength. For example, the article may contain circular ducts
      having a diameter of about 0.55 in., and about 255 circular ducts per
      square inch of article surface in a plane transverse of the axes of the
      ducts.
PAR  The process of this invention lends itself to the production of ceramic
      articles on a high volume low cost basis, and makes possible the
      production of catalyst supports that are attractive for use in automotive
      exhaust systems. The process can produce ceramic articles having a uniform
      cross-section and containing a large number of small, closely-spaced,
      longitudinally-extending ducts.
PAR  The raw materials used in making ceramic articles in accordance with the
      invention are relatively inexpensive, and are readily available in large
      quantities. Both of these factors are important considerations with
      respect to a high volume market, such as for use in automotive pollution
      control systems.
PAR  The presently preferred embodiment of the invention, in which
      longitudinally-extending circular ducts are hexagonally-packed, provides
      transverse compressive strengths that are significantly superior to that
      attained by any other known monolithic ceramic article of comparable
      surface area/volume ratio. Specifically, transverse compressive strengths
      of between about 400-700 psi are attained for cordierite articles. All
      prior art attempts at producing closely packed ducts in cordierite
      articles have produced articles that exhibit a transverse strength of
      about 50 psi along one transverse axis. Surprisingly, the fired,
      hexagonally-packed ceramic articles feel resilient to the touch when
      compressive force is applied to them.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Of the drawings:
PAR  FIG. 1 is a sectional view of an extrusion apparatus for practicing the
      process of this invention;
PAR  FIG. 2 is a plan view of the downstream face of a die plate member for
      forming a square celled ceramic article in accordance with the invention;
PAR  FIG. 3 is an elevation view of the die plate member of FIG. 2;
PAR  FIG. 4 is an enlarged fragmentary plan view of the downstream face of the
      die plate member illustrated in FIG. 1;
PAR  FIG. 5 is an enlarged fragmentary end view of one embodiment of the ceramic
      article of this invention;
PAR  FIG. 6 is a phase diagram illustrating the general types of ceramic
      material produced by various MgO . Al.sub.2 O.sub.3 . SiO.sub.2 raw
      material ratios;
PAR  FIG. 7 is an elevation of a hollow mill cutting tool used in forming the
      die member illustrated in FIGS. 1 and 4; and
PAR  FIG. 8 is a view of the hollow mill cutting tool of FIG. 7 in which the
      tool has been rotated 90.degree. in a clockwise direction about its axis
      with respect to its position in FIG. 7.
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PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  In accordance with the invention, a process for preparing monolithic
      ceramic articles having a honeycomb structure is provided in which
      pulverized ceramic material is thoroughly admixed with a binder and water
      to form an extrudable admixture that is shape-retaining and
      self-supporting, and will flow under pressure.
PAR  A variety of known sinterable ceramic materials that can be made plastic
      (i.e. that will flow under pressure upon the addition of a plasticizing
      agent) are suitable for use in the process of this invention.
PAR  The term "plasticizable ceramic composition" as used in the specification
      and claims means an inorganic substance or substances in the crystalline
      or amorphous state which can be caused to flow under pressure, but is not
      fluid, and that is shape-retaining and evidences substantially no flow
      characteristics when non-supported. For example, refractory compositions,
      such as magnesium silicates, magnesia, zirconia, zirconium silicate,
      cordierite, corundum, aluminum silicates, aluminum titanate, lithium
      aluminum silicate and silica or a combination of such materials are all
      suitable for the present purpose.
PAR  A refractory composition which consists of cordierite when sintered is
      particularly suitable for making catalyst support articles which require
      low thermal expansion and high thermal shock resistance. FIG. 6 is a
      triangular phase diagram that illustrates the well-known MgO . Al.sub.2
      O.sub.3 . SiO.sub.2 ratios which can be used to produce cordierite.
      However, the method of the invention is not dependent on the sinterable
      ceramic material selected, and hence the material which has the most
      suitable properties for the conditions of its use can be selected.
PAR  It is desirable that the ceramic material be pulverized to an average
      particle size sufficiently small to insure easy passage of the mix through
      the forming zone (the die plate of the extruder) used in accordance with
      the invention. Preferably, the ceramic material will all pass a 200 mesh
      screen and optimally it is all -325 mesh material.
PAR  In forming the ceramic composition, it is desirable to mix the dry
      ingredients thoroughly before addition of water or other liquid-containing
      materials to promote plasticity of the mixture. Generally, a mixing time
      of about 5 minutes for the dry materials is sufficient. However, if
      extremely fine particle materials are utilized, (all -325 mesh) longer
      mixing times of up to 10 minutes may be necessary to insure good
      dispersion.
PAR  After dry mixing, the required amount of water or other liquid to promote
      plasticity is added to the batch. Thorough blending of the liquid and
      solid ingredients is necessary to impart extrusion consistency to the
      batch and to insure a well-formed, cross-sectional shape for the article.
      The wet blending times generally range between 5 and 10 minutes and can be
      performed in less than 2 minutes. In general, when the ceramic material
      includes a clay of high plasticity, from 10 to 20 parts by weight of water
      per hundred parts by weight of clay are utilized.
PAR  Water, the preferred wetting media, should desirably be water at a constant
      pH, preferably 7.0. Differences in the pH of the water can affect the
      surface activity and workability of the clays and other ingredients used.
      Thus, the use of water of varying pH may introduce variables in the
      processing characteristics of the admixture.
PAR  Plasticizing agents which can be utilized include wax, gum, and colloidal
      magnesium aluminum silicate.
PAR  Desirably, a binder is included in the admixture to impart coherence and
      strength to the formed article. The binder can be an inorganic binder or
      an organic binder. Suitable inorganic binders include colloidal magnesium
      aluminum silicate and sodium silicate. Suitable organic binders include
      methylcellulose, polyvinyl alcohol, paraffin and gum arabic. The binder
      preferably comprises about 0.5 to 2.0% by weight of the total solids in
      the admixture.
PAR  A surface active agent, such as sodium ligno-sulfonate solution, or "Darvan
      C" solution, sold by R. T. Vanderbilt Co., is an optional ingredient. The
      purpose of the surface active agent, if used, is to aid in the dispersion
      of the ingredients in the extrusion mixture.
PAR  A longitudinally continuous bar of admixture prepared as described above is
      forced through a transversely enclosed forming zone, such as is provided
      by a conventional ram-type extruder. Initial shearing forces are applied
      to the admixture in the forming zone to form the bar of admixture into a
      plurality of discrete ribbons. Preferably, these initial shearing forces
      are applied by forcing the bar of admixture at a linear speed of between
      about 5 and 200 inches of product per minute through the upstream face of
      a forming die having the cross-section illustrated in FIGS. 1 and 4 to
      produce a plurality of ribbons having a circular cross-section.
PAR  Duct-forming shearing forces are exerted on each of the discrete ribbons
      within the forming zone by forcing outside portions (portions at the
      outside of the cross-section of each discrete ribbon) of the ribbons at
      the upstream ends of a plurality of spaced, longitudinally-extending
      members that are positioned within the forming zone. The
      longitudinally-extending members divert outside portions of each of the
      ribbons and thus form a webbed member containing a plurality of
      longitudinally-extending ducts as the ribbons flow together about the
      longitudinally-spaced members.
PAR  FIG. 1 illustrates an embodiment of an apparatus for carrying out the
      process of this invention. It is presently preferred to extrude
      horizontally, and to deposit the extrudate on a conveying means that moves
      away from the die plate at about the same rate of speed that the material
      passes through the die plate.
PAR  With reference to FIG. 1, a die plate member generally 10 is illustrated
      that includes a plurality of circular passages 12 on its upstream face and
      a plurality of cylindrical pins 14 on its downstream face. The relative
      alignment and spacing of passages 12 and pins 14 is illustrated in FIG. 4.
PAR  As illustrated in FIG. 1, the die plate member 10 is held by a retainer
      ring 18 against a nozzle member 20 that is welded to barrel member 22 of
      the extruder.
PAR  As illustrated in FIGS. 1 and 4, the plate member 10 has an upstream face
      comprising a plurality of closely spaced, longitudinally-extending
      passages 12 which permit flow of material through the upstream face of
      plate member 10 in the form of a plurality of discrete ribbons. The
      downstream face of plate member 10 is formed by a plurality of
      transversely spaced cylindrical pins 14. Each of the pins has a closed
      circular perimeter in a plane transverse of the direction of the material
      flow through plate member 10, and extends longitudinally of the flow
      direction. Each pin 14 is separated from other pins by an interconnected
      recessed area 26. The cross-section of recessed area 26 is selected to
      have the desired cross-section of the product being formed by extrusion
      through the die and is uniform throughout the length of pins 14.
PAR  Passages 12 terminate at the upstream end of recessed area 26 with the axes
      of passages 12 aligned generally parallel to the flow direction of
      material through plate member 10. This flow direction is preferably
      transverse of the upstream face of plate member 10. Passages 12 terminate
      at a plurality of spaced locations, with a pair of pins 14 blocking a
      portion of the cross-section of each of passages 12 to force the material
      being extruded to fill the entire volume of the recessed area 26 between
      the upstream end of the recessed area and the exit face of plate member
      10. As used in this specification and the claims, the term "exit face" or
      "downstream face" of the plate member refers to the plane extending
      through the downstream end of the spaced members (pins 14). The term
      "upstream face" or "inlet face" of plate member 10 refers to the plane of
      the other face of plate member 10, which was a flat planar surface prior
      to removal of material to form passages 12.
PAR  Preferably, and as illustrated in FIGS. 1 and 4, passages 12 are
      cylindrical, and pins 14 are cylinders. In the illustrated embodiment, a
      pair of cylindrical pins 14 extend into the flow path of the material out
      the exit end of all passages 12 except those at the perimeter of plate
      member 10 where only a single pin extends into the flow path of the
      peripheral passages. Thus, a pair of pins extends into the flow path of a
      majority of cylindrical passages 12.
PAR  As best illustrated in FIG. 4, spaced cylindrical passages 12 terminate at
      locations that are spaced about the periphery of the upstream end of each
      of pins 14. This spacing permits discharge of material from passages 12 at
      a plurality of locations about the periphery of each pin 14 and helps
      insure that the desired intricate cross section of the articles can be
      achieved during only a short length of flow through the downstream portion
      of the plate member.
PAR  Preferably, and as illustrated in the embodiment of FIGS. 1 and 4, any
      given cylindrical pin 14 is surrounded by six other cylindrical pins 14,
      except for pins located adjacent the perimeter of plate member 10. Each of
      the six cylindrical pins spaced about a given pin 14 has its axis spaced
      approximately an equal distance from the axis of the given cylindrical
      pin.
PAR  The resulting product formed by extruding past pins 14 spaced as above
      produces hexagonal packing of the longitudinally-extending ducts as
      illustrated in FIG. 5. This arrangement permits forming an extremely high
      number of small diameter ducts 15 per square inch of extruded article 17
      and enhances the strength properties of the extruded article and
      particularly the resistance to transversely applied compressive forces.
      The article 17 illustrated in FIG. 5 has a smooth cylindrical longitudinal
      wall surface 19 that is desirable for some applications, such as in
      automotive emission control systems.
PAR  It is possible to utilize over 100 pins per square inch of downstream face
      of plate member 10 and thus provide over 100 ducts per square inch.
      Indeed, dies having pin densities of over 190 per square inch have been
      made and used to successfully extrude uniform ceramic articles that have
      over 200 ducts per square inch after firing.
PAR  As illustrated in FIGS. 1 and 4, the passages 12 extend transversely of the
      upstream face of plate member 10 and are aligned with the direction of
      flow to permit flow of material through the upstream face with a minimum
      of pressure drop. It is also preferred that the ratio of the
      cross-sectional area of the recessed area 26 to the combined
      cross-sectional area of passages 12 be between 0.65 and 1.0, with optimum
      results for extruding ceramic mixes presently being achieved with a ratio
      of about 0.75.
PAR  In the extrusion of ceramic material, it has also been found desirable to
      make the length of pins 14 from about 0.090-0.15 inches. If the length of
      pins 14 is less than 0.090 in., it has been found that it is difficult to
      achieve finished articles having uniform cross sections. If the length of
      pins 14 is more than 0.15 in., excess extrusion pressures must be used to
      counteract the increased frictional resistance of a plastic ceramic mix in
      prolonged contact with pins 14.
PAR  The desirable length of passages 12 is similarly determined by (a) the need
      to achieve uniform flow across each passage before material reaches
      recessed area 22 and (b) the need to minimize frictional resistance of the
      die plate member to material flowing therethrough. Generally, the length
      of passages 12 can vary from 0.100 to 0.500 in. with about 0.250 in. being
      presently preferred.
PAR  The die plate 10 is desirably formed of hot rolled, low-carbon steel for
      ease of machining. The crystal direction of the steel should be aligned
      with the direction of milling so that it is not necessary to drill or mill
      across the crystallographic axis. Preferably, the die plate member is
      coated prior to use with electroless nickel to a thickness of 0.002 in.
      Equally satisfactory results have been obtained using dies machined from
      solid plastic.
PAR  As best illustrated in FIG. 4, a presently preferred alignment of the
      passages and pins for purposes of ease of fabrication, and for ensuring
      uniform distribution of the material about pins 14, is provided by
      aligning the axes of pins 14 and passages 12 in a plurality of parallel
      planes. The repeating sequence along a given plane, such as depicted by
      center line 28 in FIG. 4, comprises: (1) pin, (2) passage, (3) pin. The
      axis of a passage is spaced about midway along plane 28 between the
      adjacent axes of the pins. The axes of individual pins in plane 30
      adjacent to given plane 28, are (a) offset horizontally with respect to
      FIG. 4, from the position of the axes of the pins in plane 26, and (b) are
      approximately vertically aligned with the axes of passages 28 in plane 26.
PAR  FIGS. 2 and 3 disclose another embodiment of a die that can be used in
      accordance with the process of this invention. This embodiment is designed
      for extruding ceramic articles having a plurality of
      longitudinally-extending rectangular ducts.
PAR  The die of FIGS. 2 and 3 comprises an integral plate member, generally 40,
      having an upstream face comprising a plurality of spaced circular passages
      42 which permit flow of material through the upstream face of plate member
      40. The downstream face of plate member 40 is formed by a plurality of
      transversely spaced rectangular pins 44 preferably having a square
      cross-section. Each of the pins has a closed rectangular perimeter in a
      plane transverse of the direction of the material flow through plate
      member 40, and extends longitudinally of the flow direction. Each pin 44
      is separated from other pins by an interconnected recessed area 46 that
      has the desired cross-section of the product being formed by extrusion
      through the die.
PAR  Passages 42 terminate longitudinally at the upstream end 48 of recessed
      area 46 with the longitudinal axis of each passage 42 aligned generally
      parallel to the flow direction of material through plate member 10.
PAR  Passages 42 terminate at a plurality of laterally-spaced locations, with
      four of pins 44 blocking a portion of the cross-section of each of other
      than the peripheral passages 42. The presence of four pins 44 exerts
      duct-forming shearing forces on the material being extruded through each
      passage and causes the material to flow transversely to fill the entire
      volume of recessed area 46 between upstream end 48 and the exit face of
      plate member 40. Preferably, and as illustrated in FIGS. 2 and 3, pins 44
      are rectangular solids having a square cross-section in a plane transverse
      of the flow direction, hollow passages 42 having a circular cross-section,
      and pins 44 and passages 42 are of constant cross-section along their
      length.
PAR  As illustrated in the embodiments of FIGS. 1 and 4, and 2 and 3, it is
      preferred that the exit ends of the passage be in a common plane, and that
      the inlet end of the recessed area and the upstream end of the pins lie in
      the same common plane.
PAR  With reference to the process followed by the apparatus of FIG. 1, a batch
      of thoroughly mixed plastic, ceramic material is transferred to the
      interior of barrel member 22. Preferably, the interior of the extruder is
      exhausted by vacuum to remove all air from the admixture prior to
      beginning the extrusion operation. Ram 24 is used to force material
      through plate member 10 and form a length of material containing a
      plurality of longitudinally-extending ducts at closely spaced intervals
      across the cross-section of the extrudate.
PAR  Generally, the pressure at the upstream face of die plate 10 during
      extrusion will be from 100-3000 psi depending on the plasticity of the mix
      being extruded.
PAR  The webbed extrudate is cut into articles of discrete length, preferably by
      a very fine diameter wire, such as a steel or tungsten wire of about 0.002
      inch diameter. The use of a cutting wire has been found to be far superior
      to use of a knife as a cutting means, as a knife generally causes tearing
      of the duct walls, and thus blocks easy passage of fluid through the
      resulting article. Generally, it is desirable to use the finest wire
      available which will withstand the stress involved in the cutting
      operation.
PAR  The duct-containing web members cut to discrete lengths as described above
      are dried, preferably at room temperatures for a minimum of 8 hours. A
      slow drying step is necessary to avoid cracking. It is desirable to keep
      the ends of the articles open to access by a drying fluid, and to loosely
      cover the longitudinally-extending surface or surfaces of the article to
      promote drying of interior ducts of the article at about the same rate as
      the exterior surface of the article. Desirably, the cut lengths are
      allowed to air dry at room temperatures for a minimum of 8 hours. The
      articles can then be placed in a forced air oven and heated from room
      temperature to about 110.degree.C over a 4-hour period and held at
      110.degree.C for a minimum of 1 hour. The above-described drying procedure
      is desirable to avoid cracking of the cut length of ceramic article.
PAR  In accordance with the invention, the dried shapes are fired in either a
      gas or electrically-heated kiln. The shapes are desirably placed on their
      side and supported on a layer of high-purity silica sand. Care should be
      taken to insure that shapes are shielded from direct heat from the heating
      source. This can be accomplished by using muffle plates. In general, it is
      desirable to conduct the heating schedule with the following criteria in
      mind: (1) decomposition and dehydration of various clay, talc, and binder
      components; (2) formation of intermediate microstructural phases; and (3)
      formation of final microstructural phases. A typical heating schedule is
      described in the examples below.
PAR  In the embodiment of the ceramic article of this invention illustrated in
      FIG. 5, longitudinally-extending circular ducts 15 extend the length of
      cylindrical article 17. Such an article 17 formed of cordierite has a
      longitudinal compressive strength of about 5000 psi and a transverse
      compressive strength along any axis transverse of the longitudinal axis of
      the article of between about 400-700 psi. Generally, transverse
      compressive strength varies from about 8 to 14% of the longitudinal
      compressive strength of the fired ceramic articles.
PAR  The ratio of transverse compressive strength to longitudinal compressive
      strength is considerably higher than achieved by prior art high surface
      area ceramic articles. For example, a cordierite article containing
      rectangular, longitudinal ducts displays a low transverse compressive
      strength of about 50 psi along a transverse axis that splits the
      90.degree. intersection of a pair of duct walls.
PAR  The articles of the present invention can be fabricated to have a geometric
      surface area of over 50 sq. in. per cubic inch of space taken up by the
      exterior of the article. For example, for a cylindrical article, over 40
      sq. in. of internal duct surface can be provided per cubic inch of volume
      required to emplace the cylindrical article as measured by Volume =
      .pi.r.sup.2 1 where .pi. is 3.1417, r is the radius of the cylindrical
      article and 1 is the length of the cylindrical article.
PAC  EXAMPLES 1-10
PAR  The following examples illustrate compositions extruded successfully in
      operations in accordance with the disclosure of this invention. In the
      examples and throughout the specification, all parts and percentages of
      ingredients are calculated by weight unless otherwise specified. Unless
      otherwise stated, all screen sizes are U.S. Standard.
PAR  In these examples, ceramic articles are formed from ten different batches
      of ingredients as listed below. Each batch is blended by first mixing the
      dry ingredients about 5 minutes in a paddle mixer to uniformly disperse
      these ingredients. Subsequently, water, aqueous solution, or liquid
      binder, used singly or in combination is added to the batch to promote
      plasticity. Thorough blending imparts extrusion consistency to the batch
      and thus ensures a well-formed shape. Wet blending times in a paddle mixer
      vary from about 5 to about 10 minutes.
PAC  EXAMPLE 1
PAR  325 grams Georgia kaolin (-325 mesh)
PAR  175 grams prochlorite talc (-325 mesh)
PAR  100 ml of 3.8% sodium ligno-sulfonate solution
PAR  35 ml of 12.5% polyvinyl alcohol solution
PAC  EXAMPLE 2
PAR  325 grams Georgia kaolin (-325 mesh)
PAR  175 grams prochlorite talc (-325 mesh)
PAR  145 ml of 3.8% Darvan "C" solution (R. T. Vanderbilt Co.)
PAC  EXAMPLE 3
PAR  1925 grams Georgia kaolin (-325 mesh)
PAR  350 grams ball clay (-325 mesh)
PAR  1225 grams prochlorite talc (-325 mesh)
PAR  745 ml 3.8% sodium ligno-sulfonate solution
PAR  430 ml 9.1% polyvinyl alcohol solution
PAC  EXAMPLE 4
PAR  1925 grams Georgia kaolin (-325 mesh)
PAR  350 grams ball clay (-325 mesh)
PAR  1225 grams prochlorite talc (-325 mesh)
PAR  1350 ml of 2% methylcellulose solution
PAC  EXAMPLE 5
PAR  1736 grams Georgia kaolin (-325 mesh)
PAR  315 grams ball clay (-325 mesh)
PAR  1099 grams prochlorite talc (-325 mesh)
PAR  350 grams zirconium silicate (-200 mesh)
PAR  24.5 grams dry methylcellulose powder
PAR  1050 ml distilled water
PAC  EXAMPLE 6
PAR  1736 grams Georgia kaolin (-325 mesh)
PAR  315 grams ball clay (-325 mesh)
PAR  1099 grams prochlorite talc (-325 mesh)
PAR  350 grams calcined clay (-100 + 200 mesh)
PAR  24.5 grams dry methylcellulose powder
PAR  1100 ml distilled water
PAC  EXAMPLE 7
PAR  2625 grams Georgia kaolin (ground to -325 mesh)
PAR  350 grams ball clay (-325 mesh)
PAR  350 grams prochlorite talc (-325 mesh)
PAR  175 grams magnesium carbonate (-325 mesh Reagent Grade)
PAR  35 grams methylcellulose powder
PAR  1485 ml distilled water
PAC  EXAMPLE 8
PAR  1350 grams Georgia kaolin (-325 mesh)
PAR  600 grams ball clay (-325 mesh)
PAR  1050 grams prochlorite talc (-325 mesh)
PAR  900 grams zirconium silicate (-200 mesh)
PAR  68.25 grams colloidal magnesium aluminum silicate (R. T. Vanderbilt Co.)
PAR  900 ml distilled water
PAC  EXAMPLE 9
PAR  8925 grams zirconium silicate (-200 mesh)
PAR  1050 grams ball clay (-325 mesh)
PAR  525 grams Georgia kaolin (-325 mesh)
PAR  210 grams Vee Gum-T
PAR  1440 ml distilled water
PAC  EXAMPLE 10
PAR  850 grams -200 mesh Al.sub.2 O.sub.3 (Tabular)
PAR  130 grams -325 mesh ball clay
PAR  20 grams colloidal magnesium aluminum silicate
PAR  130 ml distilled water
PAR  The following materials used in the Examples have the following analysis:
TBL                  Prochlorite.sup.(1)                                       

                              Georgia.sup.(1)                                  

                                     Calcined.sup.(2)                          

                                             Ball Clay.sup.(1)                 

                                                     Ball Clay.sup.(1)         

                     Talc     Kaolin Clay    (Weldon)                          

                                                     (Victoria)                

     __________________________________________________________________________

             SiO.sub.2                                                         

                     30.70    45.45  54-55   52.01   57.17                     

             Al.sub.2 O.sub.3                                                  

                     22.0     38.26  42-43   30.34   28.45                     

             Fe.sub.2 O.sub.3                                                  

                     1.82     0.73   0.75    0.97    0.96                      

             TiO.sub.2                                                         

                     0.08     1.25   0.08    1.64    1.69                      

     CHEMICAL                                                                  

             MnO.sub.2                                                         

                     Trace    --     --      --      --                        

     ANALYSIS                                                                  

             CaO     0.20     0.21   0.10    0.35    0.26                      

             MgO     32.08    0.04   0.10    0.17    0.20                      

             Na.sub.2 O                                                        

                     0.25     0.11   0.10    0.20    0.31                      

             K.sub.2 O                                                         

                     1.20     0.21    1.5-2.0                                  

                                             0.38    0.21                      

             LOI     12.68    13.47  --      13.85   10.78                     

             TOTAL (%)                                                         

                     99.76    99.89  --      99.91   100.03                    

             % minus 30                                                        

                     85.6     --     --      --      --                        

             % minus 10                                                        

                     31.5     88.5   --      97.5    88.0                      

     PARTICLE                                                                  

             % minus 5                                                         

                     15.7     78.0   --      94.5    82.0                      

     SIZE    % minus 2                                                         

                     6.8      59.5   --      85.0    75.0                      

     IN MICRONS                                                                

             % minus 1                                                         

                     3.6      50.0   --      73.5    65.5                      

             % minus 0.5                                                       

                     1.9      32.0   --      58.0    52.0                      

             % minus 0.2                                                       

                     1.0      12.5   --      34.5    29.5                      

             % minus                                                           

              200 Mesh                                                         

                     99.5     --     99.9    --      --                        

     GRIND SPECS                                                               

             % minus                                                           

              325 Mesh                                                         

                     --       --     --      --      --                        

     __________________________________________________________________________

      .sup.(1) Products of United-Sierra Div., Cyprus Mines Corp.              

      .sup.(2) Product of English China Clays Sales Co. Ltd.                   

PAR  The thoroughly mixed batch is transferred to the material cylinder of an
      extruder as schematically illustrated in FIG. 1. The admixed compositions
      are subjected to a vacuum in the extruder to remove air therefrom and are
      extruded through a 3 in. diameter die having the arrangement of passages
      12 and pins 14 illustrated in FIGS. 1 and 4. Extrusion speed for the
      various batches is varied between about 10 and 100 inches of product per
      minute depending on the extrusion force required to force the material
      through the die and properly form a continuous web structure. The pressure
      at the upstream face of the die varies from 300-3000 psi depending on the
      plasticity of the mixture being extruded.
PAR  The extruded material is cut into the desired cylindrical lengths of about
      48 inches using a 0.002 inch diameter tungsten wire. The cut lengths are
      allowed to dry at room temperature for about 8 hours with the cylindrical
      surface loosely wrapped with porous paper or plastic film. The lengths are
      then unwrapped, cut into shorter lengths, and placed in a forced air oven
      and heated from room temperature to 110.degree.C over a four-hour period
      and held at 110.degree.C for a minimum of 1 hour.
PAR  The dried shapes are fired in a gas fired kiln. The shapes are first placed
      on their side and are supported on a layer of highpurity silica sand. Care
      is taken to ensure that the shapes are shielded from direct heat from the
      heating source. This is accomplished by using muffle plates. A typical
      heating schedule is as follows:
TBL  HEATING SCHEDULE                                                          

     ______________________________________                                    

     0 to 400.degree.C at       100.degree.C/Hr                                

     30 min.           at       400.degree.C                                   

     400.degree.C to 490.degree.C                                              

                       at       90.degree.C/Hr                                 

     1 Hr              at       490.degree.C                                   

     490 to 590.degree.C                                                       

                       at       90.degree.C/Hr                                 

     1 Hr              at       590.degree.C                                   

     590 to 620.degree.C                                                       

                       at       60.degree.C/Hr                                 

     1 Hr              at       620.degree.C                                   

     620 to 780.degree.C                                                       

                       at       90.degree.C/Hr                                 

     30 min.           at       780.degree.C                                   

     780 to 980.degree.C                                                       

                       at       100.degree.C/Hr                                

     30 min.           at       980.degree.C                                   

     980 to 1080.degree.C                                                      

                       at       100.degree.C/Hr                                

     1 Hr              at       1080.degree.C                                  

     1080 to 1180.degree.C                                                     

                       at       50.degree.C/Hr                                 

     30 min.           at       1180.degree.C                                  

     1180 to 1300.degree.C                                                     

                       at       50.degree.C/Hr                                 

     2 Hr              at       1300.degree.C                                  

     COOL                                                                      

     ______________________________________                                    

PAR  The fired articles have the hexagonally packed duct arrangement of FIG. 5.
      The cordierite articles of Examples 1-8, and 10, exhibit a longitudinal
      compressive strength of about 5000 psi and a transverse compressive
      strength that varies from about 400 to 700 psi, and exhibit about 15-18%
      water absorption after firing.
PAC  EXAMPLE 11
PAR  In this Example, 1400 grams Georgia kaolin; 400 grams of Victoria clay; and
      1400 grams talc, each having the original analysis listed above and then
      screened to remove +100 mesh material; and 800 grams of fused cordierite
      (-200 mesh) are dry blended in a paddle mixer for 5 minutes. Subsequently,
      60 grams of Vee Gum-T (a colloidal magnesium aluminum silicate, sold by R.
      T. Vanderbilt Co.), and 1040 ml of distilled water are added and the
      mixture is blended for 5 more minutes in a paddle mixer.
PAR  The thoroughly mixed batch is transferred to the barrel of an extruder as
      schematically illustrated in FIG. 1. The admixed composition is subjected
      to a vacuum in the extruder to remove air therefrom and is extruded
      through a 5 in. diameter die having the arrangement of passages 12 and
      pins 14 illustrated in FIGS. 1 and 4. The die has a thickness of about
      0.250 and the pins are about 0.125 in. long. The pins are densely packed,
      about 154 pins per square inch of downstream face of the die. Extrusion
      speed for the batch is about 36 inches of product per minute. The pressure
      at the upstream face of the die is about 200 psi.
PAR  The extruded material is cut into cylindrical shapes having a length of
      about 7 inches using a 0.002 inch diameter tungsten wire. The cylindrical
      shapes are allowed to dry at room temperature for about 8 hours with the
      cylindrical wall surface loosely wrapped with paper or plastic sheet. The
      lengths are then placed in a forced air oven and heated from room
      temperature to 110.degree.C over a four-hour period and held at
      110.degree.C for 1 hour.
PAR  The dried shapes are fired in a gas fired kiln. The shapes are first placed
      on their side and are supported on a layer of highpurity silica sand. Care
      is taken to ensure that the shapes are shielded from direct heat from the
      heating source. This is accomplished by using muffle plates. The heating
      schedule is the same as described in Examples 1-10.
PAR  The resulting fired cordierite articles have a longitudinal compressive
      strength of about 5000 psi and a transverse compressive strength of about
      500 psi. The article contains circular ducts with the axes of ducts
      aligned with the axis of the cylindrical article.
PAR  FIGS. 7 and 8 illustrate an embodiment of a hollow mill cutting tool that
      is particularly adapted for forming cylindrical pins, such as pins 14
      illustrated in FIGS. 1 and 4. In general, the cutting tool forms a
      cylindrical pin by removing material that lies adjacent the cylindrical
      surface of the pins.
PAR  The cutting tools of FIGS. 7 and 8 include a generally cylindrical member
      50 that terminates in a tip portion 52 that has a toroidal cross-section.
      The axis of tip portion 52 is aligned with the axis of cylindrical member
      generally 50.
PAR  Tip portion 52 includes a pair of forward helical surfaces 54 that each
      terminate at their forward end in a cutting edge 56. Cutting edges 56
      extend across the thickness of the toroidal cross-section of tip member
      52. Each forward helical surface extends rearwardly along a cylindrical
      path from cutting edge 56 at an angle as illustrated in FIG. 7 of from
      9.degree. to 11.degree. with a plane transverse of the longitudinal axis
      of cylindrical member, generally 50. The angle .alpha., as illustrated in
      FIG. 7 is important to obtaining good cutting action from the cutting
      tool, which as viewed in FIG. 7, is rotated in a clockwise direction
      during cutting operations. As illustrated in FIG. 7, the angle .alpha. is
      defined as the angle between a plane transverse of the longitudinal axis
      of cylindrical member generally 50, and the angle at which forward helical
      surface 54 extends rearwardly along a cylindrical path from cutting edge
      56. If the angle .alpha. is less than 9.degree., very little cutting
      action is obtained. If the angle .alpha. is over 11.degree., the strength
      of the cutting tool is reduced near the cutting edges. Preferably, the
      angle .alpha. is 10.degree..
PAR  A plurality of back helical surfaces 58 are provided with each back helical
      surface 58 connected to one forward helical surface 54 preferably with a
      smoothly-curved portion connecting these two helical surfaces. Each back
      helical surface adjacent its rearward end, and at approximately a
      longitudinal distance from cutting edge 56 that corresponds to the desired
      length of the cylindrical pin being machined, is inclined at an angle
      .beta. as illustrated in FIG. 8 of at least 55.degree. to a plane parallel
      to the axis of cylindrical member 50, with a presently preferred angle
      .beta. being 55.degree.. It is important that back helical surface be
      inclined at an angle of at least 55.degree. to insure the presence of
      clearance for discharge of displaced material away from the cutting tool
      during cutting operations.
PAR  A plurality of generally longitudinally-extending surfaces 60 are provided,
      with one of the longitudinally-extending surfaces connected at one end to
      one of the forward helical surfaces 54 to form a cutting edge 56. The
      other end of each longitudinally-extending surface 60 is connected to the
      rear end of an adjacent back helical surface 58.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ceramic article comprising:
PA1  a fired monolithic cordierite article having a plurality of parallel
      circular ducts separated by webs, said ducts extending across the article
      to provide for fluid flow through the article, a majority of said parallel
      circular ducts being surrounded by six other circular ducts with the axes
      of the six surrounding ducts being spaced an approximately equal distance
      from the axis of the circular duct they surround, the number of said ducts
      per square inch of article surface in a plane transverse of the parallel
      axes of said ducts being at least 100, said article having a transverse
      compressive strength of at least about 5% of its longitudinal compressive
      strength.
NUM  2.
PAR  2. The catalyst support of claim 1 in which said article has a longitudinal
      compressive strength of about 5000 psi and a transverse compressive
      strength along any axis transverse of the longitudinal axis of the article
      of between about 400-700 psi.
NUM  3.
PAR  3. The fired article of claim 1 in which the diameter of the circular ducts
      is about 0.055 in. and the number of circular ducts per square inch is
      about 225.
NUM  4.
PAR  4. The fired cordierite article of claim 3 which has a cylindrical shape,
      and in which the axes of the circular ducts are aligned with the axis of
      the cylindrical article.
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ABST
PAL  In a control mechanism for automatically operating a warp beam in a loom, a
      comparison regulator is associated with a thread guide roller over which
      the warp passes and the regulator, through a cam arrangement, operates
      micro-switches for controlling the operation of an electric motor. The
      electric motor drives the warp beam through the medium of a variator.
      Further, an automatic zero setting is associated with the warp beam and
      operates in cooperation with the variator.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  Attention is directed to Applicant's co-pending application Ser. No.
      416,058, filed Nov. 15, 1973.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a control mechanism for automatically
      operating a warp beam and, more particularly, it is directed to the
      arrangement of apparatus for detecting variations in the warp passing over
      a thread-guide roller and transforming such variations into signals which
      control the operation of the warp beam. The apparatus also includes a
      device associated with the warp beam for providing automatic zero setting
      and such device is in operative communication with the apparatus which
      controls the operation of the warp beam.
PAR  The present invention affords substantial improvements over similar
      mechanisms in use up until the present time.
PAR  In fact, among the known mechanisms, the one which enjoys the widest
      application is based on the regulation of the speed of a variator which
      regulates the operation of the warp beam, through the use of a device in
      association with a thread guide roller which compares the tension in the
      warp passing over the roller with a system of weights associated with the
      mechanism, so that any change in thread tension forces a shift in the
      mechanism and such shift is kinematically transformed into a greater or
      lesser opening of the disks within the variator.
PAR  Initially, such a mechanism has the disadvantage that the thread-guide
      roller must indicate variations in tension great enough to alter the
      position of the variator which variations are reflected in irregularities
      in the fabric. Another disadvantage is that to maintain the unwinding of
      the warp thread, the roller must be maintained in a determined position
      which causes changes in the median line of the shed from the beginning to
      the end of the beam with the result that the conditions in the formation
      of the fabric are changed.
PAR  Therefore, it is the primary object of the present invention to overcome
      the problems experienced in similar mechanisms in the past and also to
      afford additional advantages.
PAR  One of the advantages provided by the present invention is the automatic
      zero setting which, up to the present time, was carried out either
      manually or by purely mechanical means. The desired regulation was
      provided through the shape or profile of a lever and besides a lack of
      precision, a manual adjustment was necessary which is totally avoided by
      the present invention.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there are illustrated and described preferred embodiments of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a schematic perspective view of a part of the mechanism embodying
      the present invention;
PAR  FIG. 2 is a schematic side elevational view of another embodiment of the
      invention;
PAR  FIG. 3 is a schematic side elevational view, similar to FIG. 2, showing
      still another embodiment of the present invention; and
PAR  FIG. 4 is a schematic view of the automatic zero setting device of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 a portion of a loom is illustrated with the warp 2 passing over a
      compensating heck or thread-guide roller 1. The opposite ends of the
      roller 1 are supported by shock absorbers 3 and a lever 4 extends
      laterally from each end of the roller and a shaft 5 is connected to each
      lever and extends outwardly from it. A spring 6 is positioned about the
      shaft 5 and extends between the lever 4 and a pinion 7 located on the
      shaft. An endless screw or worm 8 engages the pinion 7 and moves it along
      the shaft for regulating the tension of the spring 6.
PAR  Positioned on the opposite end of the shaft 5 from the lever 4 is a set of
      cams with adjustable projections or stops 10. As can be seen in FIG. 1,
      there is one centrally located stop 10 and two other stops 10 spaced
      laterally from the central one and the stops are arranged to actuate
      micro-switches 11 spaced in alignment above the cams 9. These
      micro-switches are in operative communication with an electric motor 12
      for regulating the operation of the motor. The motor 12 is connected over
      a transmission arrangement 13 with the control mechanism of a variator 14
      (see Applicant's co-pending application, Ser. No. 416,058, filed Nov. 15,
      1973 for details of the structure of the variator 14.) and the variator,
      through a reducing assembly 15, drives a warp beam or unwinder 16 and
      regulates it for releasing more or less warp in accordance with the
      tension sensed as the warp travels over the thread-guide roller 1. By
      virtue of this control arrangement a greater sensitivity is obtained and
      damage is avoided to the threads which may be as fine as desired. In this
      arrangement the thread guide roller 1 is always returned to its ideal
      position and the warp is maintained so that regularity in the fabric is
      assured. Another advantage of the present arrangement is that it is
      independent and autonomous with respect to the warp unwinding assembly
      allowing for the optimum positioning for the weaving of each fiber without
      changing the proper functional principles of the mechanism.
PAR  In FIG. 3 another embodiment of the present invention is illustrated which
      uses an electromechanical arrangement with the micro-switches 11a each
      acting on a corresponding electromagnet 17, 17a which, in turn, control
      the position of pawls 18, 18a each of which is connected to a
      parallelogram structure articulated, for alternating movement, to a cam 19
      mounted on a synchronization shaft 20 of the loom to afford movement in
      the rightward or leftward direction, according to the impulse provided by
      the electromagnets, to corresponding ratchet wheels 21, 21a positioned on
      the transmission arrangement 13 for regulating the warp beam.
PAR  In still another embodiment, a mechanical connection is provided between
      the heck or thread-guide roller 1a and the warp beam. In this arrangement,
      a three-armed lever is connected to the heck 1a by means of one of its
      arms while the other two arms are connected by cables or pull rods 22, 22a
      to the pawls 18b, 18c incorporated into the parallelogram structure and
      arranged to engage the ratchet wheels 21b, 21c.
PAR  Either of the embodiments shown in FIGS. 2 and 3 may also be used in lieu
      of the means for checking variations in the warp tension shown in FIG. 1,
      represented by the spring 6, pinion 7, endless screw 8, cams 9, stops 10,
      and micro-switches 11, and in lieu of the means for controlling the
      operation of the warp beam shown in FIG. 1, represented by the motor 12.
PAR  In FIG. 4 the automatic zero setting device of the present invention is
      illustrated and includes the electric motor 12 which operates the variator
      14 over its transmission 13. The transmission 13 includes a driven shaft
      24 extending from the motor 12 and having two gear wheels 25, 26 mounted
      on the shaft and in meshed engagement with pinions 27, 28, respectively.
      The pinion 27 is connected over a reduction gear assembly 31, an anchor or
      brace member 32 and a clutch member 34 to the rotating shaft 29. The
      pinion 28 is mounted on one end of the control shaft 30. A fork member 33
      is connected at one end to the anchor 32 and extends transversely from the
      axis of the rotating shaft 29 and is secured at its other end to another
      anchor 35 on the driving shaft 36 of the variator 14. Another clutch
      member 37 is connected to the driving shaft 36 for selectively connecting
      it to another shaft 38 which, in turn, is connected to the rest of the
      synchronizing devices of the loom.
PAR  At its end opposite the pinion 28, the control shaft 30 terminates in
      another pinion 39 which meshes with a gear wheel 40 mounted on a shaft 41
      to which a plate bushing 42 is connected. A micro-switch 43 is mounted
      within the plate bushing and rotates with it and stops 44, 45 are
      positioned on the exterior of the plate bushing and act as safety
      mechanisms for the limits of the variator and in such operation cooperate
      with disconnectors 46, 47 to provide control similar to that afforded by
      the switch 43 on the motor 12.
PAR  The micro-switch 43 cooperates with an end stop 48 on a shaft 49 and a
      biasing spring 50 is positioned adjacent the opposite end of the shaft
      from the end stop 48. At the opposite end of the shaft 49 from the end
      stop 48 a diameter sensing arm 51 extends transversely outwardly and has a
      wheel 52 on its outer end which contacts the exterior of the warp beam 16.
      Based on this arrangement, the present invention operates in the following
      manner: As indicated in FIG. 4, the fork 33 is mounted on a block 53 and a
      biasing spring urges the block against a cam 56 mounted on a lever 55.
      When the fork 33 is moved from the position shown in FIG. 4, the clutch
      member 37 is connected and the other clutch member 34 is disconnected so
      that the movement provided by the loom passes through the variator to the
      warp beam by means of the pinion 15. Accordingly, the sensing arm 51
      becomes inoperative and only the microswitches 46, 47 are operative to
      limit the stroke of the variator 14. However, when the lever 55 is moved
      in the opposite direction, to the position shown in FIG. 4, the motor 12
      is connected to the rotating shaft 29 of the variator. It should be noted,
      however, that a safety micro-switch 57 prevents the starting of the loom,
      since it acts in cooperation with the position of the lever 55. Thus, when
      the empty warp beam is replaced by a full one, the sensing arm 51 and its
      associated stop 48 on the shaft 49, varies angularly to the new diameter
      of the warp beam. When the motor is started, the control shaft 30 and the
      rotating shaft 29 of the variator commence rotation and, as a result, the
      plate bushing 42 also rotates until the microswitch 43 contacts the stop
      48 and when this contact takes place, the motor stops because the zero
      setting of the variator has been accomplished. By again acting on the
      lever 55 the loom can be set in motion to commence its operational cycle.
PAR  Therefore, since the control of the mechanism is fully automatic, the
      fabric has, from the outset, the desired quality, and no specialized labor
      is required in weaving the fabric.
PAR  Although FIG. 4 shows the automatic zero setting device of the present
      invention in combination with the means for checking variations in the
      warp tension and the means for controlling the operation of the warp beam
      illustrated in the embodiment of FIG. 1, it is of course possible to use
      the embodiments of FIG. 2 or FIG. 3 in place of the embodiment of FIG. 1.
PAR  Regardless of which embodiment is used in combination with the automatic
      zero setting shown in FIG. 4, the automatic zero setting device of the
      present invention will operate in the same manner. That is, it will set up
      the control mechanism in its initial position in order to reflect the
      maximum diameter of the warp beam. This is required so that the variator
      14 will operate correctly. The zero setting is carried out when an empty
      warp beam is removed and a new one provided which has the initial maximum
      diameter.
PAR  The zero setting is a reference base for the variator to control the
      rotation of the warp beam in response to variations in tension sensed by
      the embodiments shown in either FIG. 1, 2, or 3. If the variator were not
      initially referenced, the roller 52 and lever 51 would be in a setting
      which corresponds to the minimum diameter of a warp beam, since the warp
      beam removed would have been empty. The zero setting sets up a base that
      is indicative of the maximum diameter of the warp beam which can vary
      according to load. The novelty of the present invention as regards to this
      zero setting is that the setting can be obtained automatically as opposed
      to the manual operations of the prior art.
PAR  The invention, in its essence, can be carried into effect in other forms
      which differ only in detail from that described above which has been
      provided only by way of example. The control mechanism for warp beams with
      automatic setting, can be realized with the most suitable means,
      components and accessories.
CLMS
STM  I claim:
NUM  1.
PAR  1. Control mechanism for automatically regulating warp beams with automatic
      zero setting, comprising means for checking variations in warp tension, a
      warp beam, means for controllably operating said warp beam, said means for
      controllably operating said warp beam comprising driving means for
      controlling said warp beam and means connected to said means for checking
      variations in warp tension for controlling said driving means, an
      automatic zero setting device comprising a transmission connected to said
      driving means, a variator operatively connected to said transmission, and
      sensing means contacting said warp beam for sensing the diameter thereof,
      and a reducing assembly connected to said variator for driving said warp
      beam.
NUM  2.
PAR  2. Control mechanism, as set forth in claim 1, wherein said means for
      checking variations in warp tension comprises a member in contact with
      said warp and over which the warp passes, a spring-biased comparison
      regulator connected to said member and arranged to transmit variable
      movement in respect to the tension in the warp passing over said member,
      said driving means comprises an electric motor, and said means for
      controlling said driving means comprises switch means connected to said
      electric motor and actuated by said comparison regulator for affording
      variable operation of electric motor.
NUM  3.
PAR  3. Control mechanism, as set forth in claim 2, wherein said comparison
      regulator comprises a lever connected to said member, a shaft connected at
      one end to said lever, and a plurality of stops mounted at the other end
      of said shaft, said stops rotating in response to said shaft rotation and
      controlling said switch means.
NUM  4.
PAR  4. Control mechanism, as set forth in claim 1, wherein said means for
      checking variations in warp tension comprises a member in contact with
      said warp and over which the warp passes, a three-armed lever, one arm of
      said three-armed lever connected to said member and pivotable in response
      thereto, and said means for controlling said driving means comprises a
      pulling member associated with each of the other two arms of said
      three-armed lever.
NUM  5.
PAR  5. Control mechanism, as set forth in claim 4, wherein said driving means
      of said means for controllably operating said warp beam comprises ratchet
      wheels mounted on said transmission means, a synchronization shaft for the
      loom, a cam mounted on said synchronization shaft, a parallelogram
      structure connected to said cam for transmitting alternating movement,
      pawls connected to said parallelogram structure and arranged to engage
      said ratchet wheels for regulating movement of said warp beam, and said
      pulling members connected to said pawls for selectively positioning said
      pawls in relation to the variations in warp tension.
NUM  6.
PAR  6. Control mechanism, as set forth in claim 1, wherein said means for
      checking variations in warp tension comprises a member in contact with
      said warp and which warp passes over said member, a spring-biased
      comparison regulator connected to said member and arranged to transmit
      variable movement in respect to the tension in the warp passing over said
      member, said driving means comprises ratchet wheels mounted on said
      transmission means, a synchronization shaft for the loom, a cam mounted on
      said synchronization shaft, a parallelogram structure connected to said
      cam for transmitting alternating movement, pawls connected to said
      parallelogram structure and arranged to engage said ratchet wheels for
      regulating movement of said warp beam, and an electromagnet associated
      with each of said pawls and connected to said means for controlling said
      driving means.
NUM  7.
PAR  7. Control mechanism, as set forth in claim 2, wherein said means for
      checking variation in said warp tension includes a thread-guide roller
      constituting said member arranged to support the warp, and said comparison
      regulator comprises shock absorbers supporting the ends of said
      thread-guide roller, a lever secured to each end of said thread-guide
      roller and extending laterally therefrom, a shaft connected to said lever
      at a position spaced laterally from the connection of said lever to said
      thread-guide roller, a pinion mounted on said shaft and displaceable
      axially thereon, a spring mounted on said shaft and in contact with said
      pinion, means for driving said pinion on said shaft for regulating the
      biasing action of said spring, a cam member mounted on said shaft for
      rotation therewith, a plurality of adjustable stops on said cam member,
      and said switch means comprises a plurality of micro-switches arranged to
      be operated by said adjustable stops on said cam member and to operate
      said electric motor.
NUM  8.
PAR  8. Control mechanism, as set forth in claim 7, wherein said sensing means
      arranged to sense the diameter of said warp beam comprises a first shaft,
      a diameter-sensing arm attached to and extending radially outwardly from
      one end of said first shaft, a wheel mounted on the end of said sensing
      arm spaced outwardly from said first shaft for contacting the exterior of
      said warp beam, an end stop secured to the opposite end of said first
      shaft from the end to which said sensing arm is attached, a pinion mounted
      on said control shaft of said variator spaced from the connection of said
      drive means to said control shaft, a gear wheel in meshed engagement with
      said pinion of said control shaft, a second shaft mounting said gear
      wheel, a plate bushing mounted on said second shaft at a position spaced
      from said gear wheel and said plate bushing extending outwardly from said
      second shaft over the end of said first shaft on which said end stop is
      located, a micro-switch mounted within said plate bushings, stops mounted
      on the exterior of said plate bushing, disconnectors mounted opposite said
      stops in the path of movement thereof, and said micro-switch in said plate
      bushing arranged to be contacted by said stops on the end of said first
      shaft for stopping the operation of said electric motor.
NUM  9.
PAR  9. Control mechanism for automatically regulated warp beams with automatic
      zero setting, comprising a warp beam, a zero setting device comprising an
      assembly arranged to sense the diameter of said warp beam, a variator
      arranged to control the operation of said warp beam, said variator
      including a control shaft, a rotating shaft, and a driving shaft, said
      driving shaft arranged and connected to the synchronization devices in the
      loom associated with said warp beam, an electric motor, drive means
      extending between said electric motor and said control shaft and rotating
      shaft, a master safety switch for the loom associated with said warp beam,
      a first coupling in said drive means selectively connecting said rotating
      shaft to said electric motor, a second coupling for selectively coupling
      said driving shaft to the synchronizing devices in the loom, a fork
      interconnecting said first coupling and second coupling, a control lever
      arranged to displace said fork for selectively connecting said first and
      second couplings and also arranged to act on said master safety switch.
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ABST
PAL  An apparatus for the orderly dispensing of wire to form a harness,
      comprising a strand pay out head which is moved by an automated control
      unit in two dimensions over a layout table having strategically positioned
      pegs and wire gripping elements thereon such that the wire is engaged in
      one of the gripping elements, entrained around certain of the pegs,
      secured in another of the gripping elements and cut, the entire process
      being performed repeatedly and automatically to lay all of the wires of
      the particular harness in the required configuration. The wire pay out
      head has a swivel mounted feed unit which receives wire from a continuous
      source and ordinarily the end of the wire projects slightly from the feed
      and is automatically retained by any of the gripping elements upon the
      passage therethrough of the feed unit, subsequent to which a knife on the
      pay out device cuts the wire if such is required for the harness being
      made.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to strand dispensing systems and particularly to
      systems designed to lay wires in a predetermined order for a wire harness.
PAR  Wiring harnesses are used in most electrical appliances and electronic
      equipment items, as well as vehicles, boats, and aircraft. Of the enormous
      number of harnesses made, the great majority are assembled completely or
      partially by hand. Automated machinery has been developed for this
      purpose, as exemplified by U.S. Pats. No. 3,699,630 and 3,804,130,
      although the number of machines of all types actually being used is
      minuscule. The units disclosed in the above referenced patents function
      adequately but are susceptible to several operational problems, the most
      important relating to the fact that the individual lengths of wire are cut
      at a point well away from the actual point of dispensation, which results
      in somewhat inexact lengths being produced due to wire curl, and a feed
      mechanism to introduce the new wire into the feed head is required.
PAC  SUMMARY OF THE INVENTION
PAR  The present harness making assembly utilizes a dispensing head which
      cooperates with wire gripping combs on a layout board such that the
      passage of the head through any one of the combs results in the secure
      capture of the wire comb without any special movement on the part of the
      dispensing head. Control of the unit is completely automated and a knife
      on the dispensing head is used to sever the wire on the layout board
      itself so that accuracy of length of each segment, in the harness
      environment, is assured regardless of wire curl. The dispensing head is
      also provided with a catch near the knife to prevent reverse travel of the
      wire in the head after each cut.
PAR  The specialized wire gripping combs which are used are resilient and
      provided with several parallel slots through which the dispensing head
      passes at different times in the process, and during a pass the comb grips
      the wire and retains it as the dispensing head moves on. Without relaxing
      their grip on the wires the combs may be removed from the layout board
      either to become a permanent part of the harness or to maintain the wires
      in the proper order until final installation.
PAR  To accomodate different wire sizes, a bank of dispensing heads is provided,
      each being supplied with a different size or type of wire, from which the
      translatory mechanism selects according to the control program so that
      numerous different wire types can be incorporated automatically in a
      single wiring harness without requiring an attendant to change heads.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of the wire pay out unit;
PAR  FIG. 2 is a view as taken from the left hand side of FIG. 2;
PAR  FIG. 3 is an enlarged sectional view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged sectional view taken on line 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged sectional view taken on line 5--5 of FIG. 3;
PAR  FIG. 6 is a top plan view of a typical X-Y table on which the device is
      used to lay out a wire harness;
PAR  FIG. 7 is an enlarged top plan view of a wire end holding unit;
PAR  FIG. 8 is a sectional view taken on line 8--8 of FIG. 7;
PAR  FIG. 9 is an end elevation view as taken from the right hand side of FIG.
      8;
PAR  FIG. 10 is a sectional view taken on line 10--10 of FIG. 7 showing how a
      wire is engaged in the unit;
PAR  FIG. 11 is an enlarged sectional view taken on line 11--11 of FIG. 10.
PAR  FIG. 12 is a top plan view of an alternative comb assembly;
PAR  FIG. 13 is a sectional view taken on line 13--13 of FIG. 12;
PAR  FIG. 14 is a side elevation view of an alternative wire feeding tip;
PAR  FIG. 15 is a front view of the tip as taken from the left hand side of FIG.
      14; and
PAR  FIG. 16 is a side elevation view, similar to FIG. 14, partially cut away to
      show the wire feed action.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The general arrangement of the harness making assembly is best illustrated
      in FIG. 6, wherein a layout board 20 is provided with pegs 22 at the
      branching positions of individual wires 24 of the wiring harness, and
      various locations on the board representing terminal stations of the wires
      have comb-like wire gripping elements 26 mounted thereto. The apparatus
      for dispensing the wire comprises a dispensing head 28 which receives wire
      30 from a continuous supply, which is not shown, and a translatory device
      32 which rides on rails 34 and 36 and carries the dispensing head over the
      entire board according to intelligence input received from a control unit.
      The details of the translatory device are artitrary, within certain limits
      discussed hereinafter, and the device is illustrated very
      diagrammatically. In general terms, the dispensing head is moved from a
      wire-gripping comb in which the wire is secured, around one or more pegs
      (or no pegs at all) and through another comb which engages the wire,
      subsequent to which the wire may be cut by a mechanism on the dispensing
      head or left intact, and another sweep is made to lay another wire segment
      and so forth until the entire harness is laid and can be tied and removed.
PAR  The wire dispensing head 28 comprises two basic parts, a base member 38 and
      a guide member 40 which is mounted on the base member and rotatable
      thereon about the vertical axis. The larger upper portion of the base
      member is provided with a conical depression 42 in the top and has a
      depending hollow shaft 44 mounted thereto immediately below the concial
      section such that a continuous vertical passageway is provided for the
      wire 30 from the supply spool.
PAR  It is intended that a number of dispensing heads be used in a single
      harness making apparatus, each being threaded with a different type or
      size of wire. To this end each of the dispensing heads is mounted in a
      pallet, diagrammatically illustrated at 45, and the individual pallets and
      their dispensing heads would be kept in a rack or other structure, not
      shown, on a side of the layout table or otherwise accessible by the
      translatory device, also not shown, would engage a selected pallet in
      which a head 28 is carried without interfering with the wire supply, which
      would be a spool of wire supported directly on the pallet rather than the
      remote wire supply indicated by FIG. 6. After the appropriate wires of
      that size are laid, the pallet is automatically exchanged for an assembly
      threaded with a different type of wire.
PAR  The guide member of the head comprises a vertical elongated rider which is
      journalled on the shaft 44 and retained by a clip 46. A portion of the
      guide member extends beneath the shaft and a strand or wire feed means,
      which actually dispenses wire onto the layout table, is mounted to this
      extended portion. Two different embodiments of the feed means are shown,
      both of which have a wire outlet which is disposed eccentrically of the
      rotational axis of the guide member, and a wire passageway defined between
      the hollow shaft 44 and the outlet.
PAR  The first of these feed means, best illustrated in FIGS. 1-3, is simply a
      curved tube 48 having an outlet 49, and the second, variant form is a
      roller feed as is illustrated in FIGS. 14-16, comprising a pair of
      parallel walls 52 angled together at the front to form a bow-like leading
      edge 59 and having a roller 56 journalled between the trailing edges of
      the walls to define a wire outlet 55. The roller feed is slightly more
      suitable for dispensing heavier gauge wires than the tube feed.
PAR  As will be understood hereinafter, it is desirable for the proper
      functioning of the wire gripping combs that a catch means be provided to
      prevent loss of the protruding "tail" of wire due to reverse travel of the
      wire in the dispensing head, and the closer the catch is to the wire
      outlet the less significant will be the undesireable backlash caused by
      wire curl. Two catch means are shown, the first, best illustrated in FIGS.
      1-3, comprising a resilient blade 58 secured to an upper portion of the
      guide means at 60 by any suitable means and having an inwardly bent tongue
      62 biased toward a flat surface 64 of the guide across the path of the
      supply wire 30 so that upon tensioning of the wire, as would normally be
      the case when the dispensing head is traveling between combs, the tongue
      is ineffective as shown in FIG. 1, but upon the wire becoming slack, the
      tongue pinches the wire against the surface 64 and arrests is reverse
      travel.
PAR  The second catch is illustrated in FIGS. 14-16 and comprises a bearing
      element 66 which rides in slots 68 in the walls 52 such that the bearing
      path assumes an inclined angle relative to the planar face of a ramp
      element 70 which is part of the guide means. The bearing is biased into
      proximity with the ramp by means of springs 72 such that a wedging action
      occurs to prevent reverse wire travel as will be readily understood by
      reference to the drawings.
PAR  The trailing edge of the guide member 40 has attached thereto a vertically
      slideable knife 74 which is restrained in place between side walls 76 of
      the guide by pins 78 and is upwardly urged by a small coil spring 80 into
      an inoperative position, as best seen in FIG. 3. The cutting edge 82 of
      the knife is suspended just above the wire outlet and is lowered to sever
      the wire against an anvil surface, described hereinafter, by an annular
      hammer 84. The hammer is provided with a collar 86 which is upwardly
      biased by a coil spring 88 retained by a clip 90, and the downstroke is
      accomplished by an automatically controlled yoke or fork, not shown, which
      is operatively mounted on the translating device 32.
PAR  Turning now to the gripping elements 26, it can be seen that each of these
      members comprises a basic comb-like block 92 which is provided with
      open-topped parallel slots 94 through which the feed means is drawn. The
      slots are dimensioned to be slightly narrower than the width of the feed
      and the wire dispensed thereby, and the block 92 is of resilient material
      so that as the dispensing head passes through a slot the extending tip of
      wire is gripped by the slot walls and wire is drawn from the head as it
      moves away from the comb block. The slots 94 are preferably expanded into
      V-shaped notches 116 at their ends to guide the wire feed means into the
      slots.
PAR  Two somewhat different versions of the comb are shown, the first, being
      illustrated in FIGS. 9-11, having parallel upcut slots 96 interdigitated
      with the slots 94, the purpose of which is to permit expansion of the
      lower reaches of the walls of each individual one of the slots 94 without
      upsetting the precise lateral positioning of adjacent slots. The resilient
      comb blocks are removably retained in rigid nests 98 as best shown in FIG.
      8, each nest having horizontal bores therethrough which are aligned with
      the bottoms of the slots 94, and a series of prongs 100 attached at one
      end to a bar 102 are inserted through these bores to retain the block. For
      further securement, parallel ribs 106 upstanding from the nest 98 loosely
      engage the upcut slots 96 to deter lateral displacement of the slots. It
      will be noted that the comb blocks 92 are removeable simply by sidewise
      withdrawal of the pronged bar 102.
PAR  In the second embodiment of the comb, illustrated in FIGS. 12 and 13, a
      mounting block 108 is secured to the layout board beneath each comb
      station and the comb block 92 is secured by a plurality of pegs 110
      upstanding from the block and engaging mating bores in the comb. The pins
      are preferably staggered laterally of the slots as shown in FIG. 12 so
      that a length of wire captured in a slot will assume a slightly serpentine
      configuration as illustrated at 112 to increase the purchase of the wire
      by the comb.
PAR  It is desireable that the combs be removable so that they may be retained
      on the harness after it is complete to preserve the order of wire
      terminals and thus reduce or eliminate the necessity of color coding or
      otherwise identifying the wires. The combs may be retained with the
      harness until final installation is complete, or even left on the harness
      permanently, perhaps doubling as mounting blocks. To provide easy removal
      of the combs from the layout board assembly, a small rectangular panel 114
      is disposed between each comb block and the accompanying mounting block
      and is of area dimension greater than the latter so that the edges thereof
      may be easily gripped by the fingers to snap the comb block free from the
      assembly. The panel is also of larger area dimension than the comb block
      so that it may be used as an anvil or chopping block for knife 74 when the
      wires are cut.
PAR  After a wire is cut, or prior to the initiation of a harness run, the feed
      means of the dispensing head will not necessarily be properly oriented for
      making a pass through a comb slot because there will be no tension on the
      wire. To properly orient the feed, patches of material 118 having
      resilient fingerlike projections 120 as best shown in FIG. 10, may be
      attached to the layout board behind each comb so that by entering the comb
      from the patch side, the feed means will be drawn through the projections
      and aligned parallel with the slot to be entered. Astroturf or similar
      artificial grass material has been found quite suitable for this purpose.
PAR  An alternative and perhaps preferable means of aligning the feed, which is
      not illustrated, would be to provide the translating device with
      electromagnets adjacent the yoke used to grip the dispensing head.
      Complimenting these magnets on the base 38 of the head would be soft iron
      induction bars which would coact in an attractive or repulsive manner with
      permanent magents mounted on the guide means so that the feed orientation
      could be controlled from the translating device by controlling the
      polarity of the electromagnets with no physical power linkage required
      between the dispensing head and the gripping structure on the translatory
      device.
CLMS
STM  I claim:
NUM  1.
PAR  1. A harness making assembly comprising:
PA1  a strand dispensing head having a base and a guide member rotatably mounted
      on the base;
PA1  a strand feed means mounted on said guide member and defining a strand
      passageway having a strand outlet disposed eccentrically of the rotational
      axis of said guide member;
PA1  means of supplying a strand to said guide member;
PA1  means for translating said dispensing head sequentially to a plurality of
      spaced stations;
PA1  a plurality of strand retaining elements supported at a plurality of said
      stations; and
PA1  said strand retaining elements each comprise a block of resilient material
      having at least one strand receiving slot therethrough structured to
      permit the passage therethrough of said feed means and grip a strand
      projecting from said outlet.
NUM  2.
PAR  2. Structure according to claim 1 and including cutting means mounted on
      said dispensing head and extendable across said outlet in spaced relation
      thereto to cut a strand extending therefrom, and retractable clear of said
      outlet subsequent to cutting to leave an extended strand end free to be
      engaged by a strand-receiving slot.
NUM  3.
PAR  3. Structure according to claim 2 wherein said cutting means comprises a
      knife slideably mounted on said guide member such that the edge thereof is
      displaceable across the path of a wire extending from said strand
      passageway and including a plurality of hard surfaced elements supported
      adjacent said retaining elements to serve as anvils for said knife.
NUM  4.
PAR  4. Structure according to claim 1 and including a catch mounted on said
      dispensing head for gripping a reverse-traveling strand to prevent the
      reverse travel thereof in said passageway, and permitting a strand being
      dispensed to pass substantially unhindered in the dispensing direction.
NUM  5.
PAR  5. Structure according to claim 4 wherein said catch comprises a resilient
      blade mounted on said guide member and biased against a surface thereof to
      permit the travel of a strand threaded between said blade and said surface
      upon the tensioning of such a threaded strand and gripping same upon the
      slackening thereof.
NUM  6.
PAR  6. Structure according to claim 4 wherein said catch comprises a ramp
      member mounted in said guide member and having a planar surface, and a
      bearing element mounted in said guide member and displaceable therein
      along a path which is inclined relative to said planar surface, and
      including means biasing said bearing element along said path into the
      position nearest to said planar surface, whereby a strand threaded between
      said ramp member and said bearing is freely displaceable in one axial
      direction and subject to pinching action of said bearing and said ramp
      member upon being displaced in the other axial direction.
NUM  7.
PAR  7. Structure according to claim 1 wherein said feed means includes wall
      members defining a corridor and a guide roller adjacent said outlet and
      having an annular groove in the perimeter thereof, whereby a strand can be
      threaded through said corridor and outlet in contact with said grooved
      roller.
NUM  8.
PAR  8. Structure according to claim 1 wherein said block has a plurality of
      upwardly open, parallel strand-receiving slots therein and including a
      second plurality of downwardly open slots interdigitated with said strand
      receiving slots to permit the expansion of said strand-receiving slots.
NUM  9.
PAR  9. Structure according to claim 1 and including a layout board, said blocks
      being mounted to said layout board, and including a plurality of clusters
      of upwardly extended resilient finger-like projections mounted on said
      board adjacent said blocks of utility in properly orienting said guide
      member on said base relative to the adjacent slotted block.
NUM  10.
PAR  10. Structure according to claim 1 wherein each of said resilient blocks is
      provided with a plurality of parallel bores between said slots, said bores
      being staggered laterally of the slots, and including a rigid member for
      each block having a plurality of posts extending therefrom into said bores
      on the side of the block remote from the slot openings to restrain said
      block from movement.
NUM  11.
PAR  11. Structure according to claim 10 and including a layout board, said
      rigid members being blocks and including a panel for each rigid block and
      separating same from the respective resilient block, each of said panels
      being apertured to loosely receive said posts and having portions thereof
      overlapping said rigid blocks to permit easy removal of said resilient
      blocks.
NUM  12.
PAR  12. Structure according to claim 1 wherein said strand dispensing head is
      one of a plurality of strand dispensing heads selectively engageable for
      translatory motion by said translating means, whereby a plurality of wire
      types can be dispensed without requiring re-threading of a strand
      dispensing head.
PATN
WKU  039305252
SRC  5
APN  5468078
APT  1
ART  323
APD  19750203
TTL  Soft nose hammer and manufacture thereof
ISD  19760106
NCL  7
ECL  1
EXA  Zatarga; J. T.
EXP  Smith; Al Lawrence
NDR  2
NFG  9
INVT
NAM  Stoneburner; Alva E.
STR  124 Postoak Road
CTY  Wichita
STA  KS
ZIP  67206
CLAS
OCL  145 36
EDF  2
ICL  B25D  100
FSC  145
FSS  36;29 R;29 B
UREF
PNO  1095866
ISD  19140500
NAM  Horat
UCL  145 36
FREF
PNO  1,098,742
ISD  19551000
CNT  FR
OCL  145 36
OREF
PAL  American Machinist, "Safe Soft Metal Hammer," W. D. Creider, p. 634, Oct.
      16, 1930.
LREP
FR2  Briedenthal; Robert E.
ABST
PAL  A soft head hammer made by splaying or radially spreading an end of a
      length of water pipe previously given a plurality of diametrically opposed
      endwise cuts, and thereafter molding the head of the hammer constituted of
      a relatively soft and lower melting point material about and into such end
      of the pipe so as to intimately interlock therewith to oppose separation
      from the pipe which constitutes the handle.
BSUM
PAR  The present invention relates to new and useful improvements in soft head
      hammers and in the methods and apparatus for making the same. More
      specifically, the invention has to do with a hammer of the type wherein
      the handle of the hammer has molded thereon a relatively soft material and
      having a relatively lower melting point, with the molded material being
      interlocked with the handle in a manner to optimize both the area of
      contact therebetween and the resistance afforded separation during use of
      the hammer.
PAR  The need for and the advantages of soft head hammers have long been known
      and the following U.S. Pats. will serve to inform the uninitiated of some
      of the prior art proposals:
     2,692,626    Martin       Oct. 26, 1954                                   

     1,707,534    Nightingale  Apr.  2, 1929                                   

      156,014     Coburn       Oct. 20, 1874                                   

     3,386,334    Clay         May  28, 1968                                   

     1,298,382    Packer       Mar. 25, 1919                                   

     1,029,739    Bausmith     June 18, 1912                                   

PAR  Unfortunately, soft head hammers normally have a relatively short useful
      life as a consequence of their very nature in that their impact surfaces
      become excessively marred, or the bodies thereof suffer having portions
      cut or broken away, or become so grossly deformed as to be of no further
      use. The relatively short life of such type hammers makes it especially
      important that the cost be held to a minimum, which brings up another
      unfortunate fact, namely, low cost hammers of this type are often subject
      to another type of failure by way of the hammer head becoming loose on or
      separating entirely from the handle. The result is that by and large the
      user has the choice of purchasing an expensive hammer or an initially low
      cost hammer that will prove to be not only potentially dangerous in use
      but also expensive by reason of accelerated deterioration.
PAR  A broad aspect of the invention involves the method of making a hammer
      comprising the steps of providing a plurality of lengthwise slits in one
      end of a tubular member, splaying the slitted end of the tubular member by
      forcing a tapered tool into said slitted end of the member, removing the
      tool, providing a mold establishing the boundaries of a hammer head
      configuration, pouring a molten hammer head material into the mold while
      holding the tubular member with the splayed end lowermost and within the
      mold in spaced relation to the boundaries of the latter in an arrangement
      such that the poured material surrounds the splayed end of the tubular
      member and rises within the latter above the slits therein, said material
      having a lower melting point than that of the tubular member, and removing
      the mold from the tubular member and the hammer head material after the
      latter has cooled sufficiently to harden.
PAR  Another broad aspect of the invention has to do with a hammer of the type
      including a metallic handle having a head mounted on one end portion
      thereof that is of a relatively soft and deformable material, an improved
      means for securing the head to the handle comprising the handle being
      tubular in addition to being slitted lengthwise and splayed at said one
      end portion thereof, said one end portion of the handle being embedded
      entirely within and spaced from the external surface of the hammer head,
      said material of the hammer head extending as a continuous mass about said
      one end portion of the tubular member in uninterrupted contact with all
      surfaces of said one end portion of the tubular member, whereby head
      material within and without coacts to interlock with the configuration of
      said one end of the tubular member to oppose any relative movement of the
      hammer head on the handle.
PAR  Yet another broad aspect of the invention involves in a mold for molding
      lead about the splayed end of a tubular steel handle to form a hammer head
      within the hollow of the mold, the improvement comprising the mold having
      an opening therein that is adapted to receive the handle therethrough,
      said mold being comprised of two hingedly connected sections that jointly
      define said opening when the mold is closed, and resilient means mounted
      on the exterior of one of the sections adapted to engage the handle to
      oppose endwise movement of the latter when the mold is closed, whereby the
      handle can be held so that the splayed end thereof is spaced within the
      hollow of the mold and so that molten lead can enter the interior of the
      splayed end of the handle.
DRWD
PAR  Numerous other aspects of, features of and objectives of the invention will
      become manifest upon consideration of the following description of
      preferred embodiments of the various aspects of the same, such description
      being presented in conjunction with the accompanying drawings illustrative
      thereof, wherein:
PAR  FIG. 1 is an isometric view of the mold used in molding the hammer head on
      the handle, such mold being shown in closed position with the handle being
      partially shown in dashed outline;
PAR  FIG. 2 shows and end elevation of the mold of FIG. 1 in opened position
      with fastening means removed, the mold being shown in closed position in
      dashed outline in association with the handle also shown in dashed
      outline;
PAR  FIG. 3 is a vertical sectional view of the mold taken upon the plane of the
      section line 1--1 of FIG. 1;
PAR  FIG. 4 is an isometric view of the hammer taken upon a reduced scale;
PAR  FIG. 5 is a broken view of the step of slitting one end of the pipe by use
      of a hacksaw preparatory to the splaying of such pipe end;
PAR  FIG. 6 shows the positioning of the ball end of a ball peen hammer at the
      slitted end of the pipe preparatory to splaying of such pipe end;
PAR  FIG. 7 illustrates the striking of the ball peen hammer positioned as in
      FIG. 6 with another ball peen hammer to force the ball of the positioned
      hammer into the pipe end to splay the latter;
PAR  FIG. 8 shows the pipe positioned in the mold preparatory to closing the
      latter to secure the splayed end of the pipe within and above the bottom
      of the hollow of the mold; and,
PAR  FIG. 9 shows the step of pouring the molten hammer head material into the
      mold, a portion of the latter being broken away to illustrate a part of
      the interior thereof.
DETD
PAR  Referring now to the drawings, wherein like numerals designate like parts
      throughout the various views, the numeral 10 designates the improved
      hammer generally; 12 the handle and 14 the head thereof respectively.
PAR  Details of the structure of the hammer 10 will be best understood in the
      light of a description of the tools used and the method of making or
      manufacturing the same.
PAR  In the preferred practice of the invention, the handle 10 is primarily made
      of common one-half inch steel water pipe 16, which is an inexpensive and
      readily available material. Indeed, the pipe 16 need not be new and can be
      such as recovered from houses being torn down or from projects wherein
      steel water pipe is being replaced by copper or plastic pipe. Significant
      quantities of useful handle material can be cut from lengths of water pipe
      that is of no further use for its initial purpose by reason of corrosion,
      etc.
PAR  The head 14 is made of lead which does not need to be of high purity and
      indeed the material for the hammer head can be conveniently obtained
      economically as scrap lead and various alloys or mixtures thereof. As a
      matter of fact, it has been found preferable that the lead not be pure or
      excessively malleable as such purity shortens the life of the head 14 by
      deformation and can contribute to separation of the head 14 from the
      handle 12. Accordingly, alloys of lead of considerably greater hardness
      than pure lead are deemed preferable. Excellent results have been obtained
      on using scrap lead and scrap babbitt bearing metal such as may be
      obtained from non-ferrous scrap metal dealers and the like, such metals
      being mixed in the ratio of about four pounds of the former to one pound
      of the latter. Another desirable mixture is obtained on mixing one-half
      ounce of arsenic of lead with 8 pounds of scrap lead, and to this can be
      added a small quantity of babbitt (say, one-half pound) if desired.
PAR  The pipe 16 to constitute the handle 12 can conveniently be about 10 inches
      in length and is conveniently one-half inch water pipe that is
      approximately 7/8 inch outside diameter. Initial preparation of the pipe
      16 comprises endwise slitting of the same for about 3/8 inch. As shown in
      FIG. 5 a hacksaw 20 affords a convenient manner of providing two pairs of
      slits or slots 22 and 24. The blade 26 of the saw is shown in position
      completing the pair diametrically opposed slots 24, the diametrically
      opposed slots 22 having been previously cut with the blade 26 having been
      disposed 90.degree. from the position shown thereof. It is deemed manifest
      that the slitting step requires only two sawing operations, each of which
      cuts one of the pairs of diametrically opposed slots.
PAR  After the end of the pipe 16 has been slitted, the ball-like end 30 of a
      ball peen hammer 32 (a one to one-and-one-half pound hammer having been
      found well sized for use with one-half inch water pipe) is positioned as
      shown in FIG. 6 to protrude, as a tapered tool, partially into the slitted
      end 34 of the pipe 16.
PAR  The tapered tool constituted of the hammer is then forced further into the
      slitted end 34 of the pipe 16 to splay, spread or radially flare out such
      end of the pipe 16 to arrive at the splayed configuration shown best at 36
      in FIG. 8. The forcing of the tapered tool is conveniently effected by
      striking the flat end 38 of the hammer 32 with another hammer 40 as shown
      in FIG. 7. Though shown about the same size as the hammer 32, the hammer
      40 can be much larger as will be appreciated.
PAR  After the pipe 16 has been slitted and splayed as described above, the pipe
      is ready for the molding of the head 14 thereabout.
PAR  The molding operation is performed through the use of a metallic mold 42
      comprised of a pair of sections 44 and 46 hinged together by a hinge pin
      48 extending through pairs of ears 50 and 52 respectively integral with
      the sections 44 and 46. The sections 44 and 46 are provided with cavities
      such that when the sections 44 and 46 are swung into closed position shown
      thereof in FIG. 1, such cavities define a hollow 60 that is generally
      cylindrical and complementary to the shape of the head 14.
PAR  The sections 44 and 46 are releasably retained in closed position by a
      threaded bolt 62 that freely extends through an opening 64 in the section
      46 and is threaded into an opening 66 in the section 44.
PAR  The sections 44 and 46 jointly define at their parting plane or juncture 68
      when closed a pair of openings 70 and 72 disposed on opposite sides of the
      threaded fastener 62, the opening 70 being tapered or funnel-like to
      facilitate the pouring of molten material into the hollow 60 of the mold
      42. The opening 72 is cylindrical and has a diameter slightly larger than
      the diameter of the pipe 16.
PAR  After the pipe 16 has been prepared as previously described, the same is
      positioned relative to the mold 42 as shown in FIG. 3 with the splayed end
      36 of the pipe 16 disposed within and spaced from the confines of the
      hollow 60. The splayed end 36 of the pipe is positioned as shown prior to
      closure of the mold 42 for the obvious reason that the dimensions of the
      opening 72 would not permit insertion after the mold 42 is closed.
PAR  While the dimensions of the opening 72 approximate the diameter of the pipe
      16, the mold 42 includes means for preventing inadvertent dislodgment of
      the pipe 16 from the position thereof described above, such means being
      especially desired as the mold 42 is disposed during the pouring operation
      with the axes of the openings 70 and 72 vertical and with the pipe 16
      extending vertically above the mold 42.
PAR  The means for retaining the pipe 16 in its desired position in the mold 42
      when the latter is closed is comprised of an L-shaped steel leaf spring 76
      having the free end of one leg thereof fastened at 78 to the exterior of
      the mold section 44 so that the free end of the other leg 80 projects in
      repose into the external projection of the opening 72. The free end 82 of
      the spring leg 80 is concaved to be complementary to the pipe 16 as shown.
      The arrangement is such that the free end 82 of the spring 76 resiliently
      bears against the side of the pipe 16 when the mold 42 is closed to
      prevent endwise movement of the pipe 16.
PAR  With the pipe 16 positioned relative to the closed mold 42 as described,
      the molten material 92 can be poured into the hollow 60 of the mold 42
      through the opening 70 from a ladle 94. The material 92 is poured in
      sufficient quantity to fill entirely the hollow 60 and possibly rise a
      slight bit in the opening 72. The molten material 92 will during such
      operation entirely surround and make intimate contact with all (internal
      and external) exposed surfaces of the pipe 16 that are within the hollow
      60. It is to be noted that the molten material will flow into and fill the
      spaces of the divergent slots 96 in the splayed end of the pipe and as a
      continuous mass extend about the splayed end 36 of the pipe and extend up
      into the hollow pipe to about the level indicated at 98.
PAR  The mold 42, which can be conveniently made of bronze, can be held in any
      convenient manner during the pouring operation and the period required for
      cooling sufficient for solidification of the material 92, such as by
      partially embedding the mold 42 in a bed of sand (not shown).
PAR  After the material 92 has solidified, the mold 42 is opened and the pipe 16
      and the solidified material 92 are removed therefrom, the latter now being
      in the configuration of and constituting the hammer head 14. Of course,
      any material 92 (not shown) on the hammer head 14 conforming to the
      opening 70 or any cleavage of the mold at the parting plane 68 can be
      readily removed in any suitable manner by breaking or cutting off or by
      filling or grinding off.
PAR  Though not a necessary component of the hammer 10, it is preferred that the
      same be provided with a handgrip 100 in the general nature of grips
      customarily provided on the handle bars of bicycles, and the like.
      Preferably, the grip 100 is of the type that is of a conventional
      self-locking and resilient type that must be driven onto the free end of
      the pipe 16 that has internal protrusions (not shown) that effectively
      oppose inadvertent dislodgment. The grip 100 has an external surface that
      is conformable to the hand of the user and constitutes means greatly
      lessening any likelihood of the handle 12 slipping from the user's grasp.
PAR  The intimate interlocking of the material 92 as a continuous integral body
      entirely about and within the splayed end 34 of the pipe 16 makes the
      hammer 10 extraordinarily durable while obviously being very simple and
      inexpensive to fabricate.
PAR  Laboratory tests performed by the Engineering Department of Wichita State
      University have shown that a hammer 10 made as described above and
      employing a five pound head withstood a maximum load force of 6,080 pounds
      applied to pull the head 14 from the pipe 16 (the force being applied in
      alignment with the pipe 16). A similar hammer of smaller size (three-pound
      head) sustained a maximum force of 4442 pounds.
PAR  The material 92 need not be comprised largely of lead or even metallic for
      that matter, and indeed thermoplastic synthetic resins such as nylon can
      be employed with notable success. The pipe 16 need not be of steel and if
      a lighter hammer or a center of gravity closer to the head is desired, the
      handle 12 can be made of tubular aluminum stock.
PAR  Since further elaboration need not be given for those of even very modest
      familiarity of the art, attention is now directed to the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of making a hammer comprising the steps of providing a
      plurality of lengthwise slits in one end of a tubular member, splaying the
      slitted end of the tubular member by forcing a tapered tool into said
      slitted end of the member, removing the tool, providing a mold
      establishing the boundaries of a hammer head configuration, pouring a
      molten hammer head material into the mole while holding the tubular member
      with the splayed end lowermost and within the mold in spaced relation to
      the boundaries of the latter in an arrangement such that the poured
      material surrounds the splayed end of the tubular member and rises within
      the latter above the slits therein, said material having a lower melting
      point than that of the tubular member, and removing the mold from the
      tubular member and the hammer head material after the latter has cooled
      sufficiently to harden.
NUM  2.
PAR  2. The method of claim 1, wherein the tool is forced into the slitted end
      of the tubular member by striking the same with an impact tool.
NUM  3.
PAR  3. The method of claim 1, wherein the tubular member is steel pipe and
      wherein said one end is slitted by sawing to produce at least one pair of
      diametrically opposed slits.
NUM  4.
PAR  4. The method of claim 3, wherein the hammer head material is comprised of
      lead.
NUM  5.
PAR  5. The method of claim 4, wherein the tool is forced into the slitted end
      of the tubular member by striking the same with an impact tool.
NUM  6.
PAR  6. In a hammer of the type including a metallic handle having a head
      mounted on one end portion thereof that is of a relatively soft and
      deformable material, an improved means for securing the head to the handle
      comprising the handle being tubular and having one end portion thereof
      slitted lengthwise and flared outwardly at its extremities, said one end
      portion of the handle being embedded entirely within and spaced from the
      external surface of the hammer head, said material of the hammer head
      extending as a continuous mass about said one end portion of the tubular
      member in uninterrupted contact with all interior and exterior surfaces of
      said one end portion of the tubular member, whereby head material within
      and without coacts to interlock with the configuration of said one end of
      the tubular member to oppose any relative movement of the hammer head on
      the handle.
NUM  7.
PAR  7. The combination of claim 6, wherein the handle is comprised of steel
      pipe, and wherein the hammer head material comprises lead.
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ABST
PAL  A pneumatic tire and wheel assembly comprises an enclosing means for a
      lubricating material which releases the lubricating material into the tire
      when the tire becomes deflated. A counterbalancing mass counterbalances
      the mass of the enclosing means and the lubricating material so that when
      the lubricating material is released the assembly becomes out-of-balance,
      of which the following is a specification.
BSUM
PAR  This invention relates to pneumatic tires and wheel assemblies and is an
      improvement in or modification of the invention described in the
      assignee's co-pending application 150,627 of June 7, 1971, the disclosure
      of which is hereby incorporated by reference. That application is directed
      to a tire and wheel combination which will operate successfully in a
      deflated condition, having a wheel rim with no well into which the tire
      bead can drop to dislodge the wheel when running deflated. To prevent
      overheating when running deflated, due to friction between contacting
      interior surfaces the prior application utilizes a lubricant which is held
      until needed in an enclosing means which preferably extends around the
      entire circumference of the tire or wheel. This combination works so
      successfully that it is sometimes difficult for a driver to realize he has
      a flat tire. A disadvantage of the prior construction is the difficulty in
      installing a new tire on the well-less wheel.
PAR  The present invention overcomes these disadvantages by locating the
      lubricant enclosing means in one circumferential sector of the tire and a
      counterweight in an opposite sector so that when the lubricant is released
      from the enclosing means and distributed around the interior of the tire
      due to centrifugal force, the counterweight will then throw the tire out
      of balance. A wheel rim with a well is preferably used to facilitate tire
      changes but a means is provided to prevent the tire beads from falling
      into the well when driving deflated. The well conveniently provides a
      location for the lubricant means.
PAR  According to the present invention a pneumatic tire and wheel assembly
      comprises a tire mounted on a wheel to define therewith an inflation
      chamber, an enclosing means for a lubricating material for the interior
      surface of the tire, the lubricating material being releasable from the
      enclosing means into the inflation chamber upon substantial loss of
      inflation pressure or deflation of the tire, the mass of the enclosing
      means and lubricating material being counterbalanced in the assembly by a
      counterbalancing mass whereby on release of the lubricating material the
      assembly becomes out-of-balance.
PAR  As described in application 150,627 the enclosing means may have a
      frangible closure member which is ruptured to effect release of the
      lubricating material, for example a frangible diaphragm or projection
      adapted to be ruptured by collapse of a tire on the wheel rim upon
      deflation. Alternatively the enclosing means may have a pressure sensitive
      valve responsive to a decrease in pressure within the inflation chamber
      below a predetermined value to effect release of the lubricating material.
PAR  Generally, the rim of the wheel has a well in which the enclosing means is
      located. The enclosing means preferably comprises at least one container
      having an arcuate form in longitudinal section and dimensioned in
      cross-section to fit into the well. The radially inner curvature of the or
      each container preferably matches the external curvature of the base of
      the well of the wheel rim for which the container is designed.
PAR  The container may be wholly or partly rigid, e.g. of plastics material or
      metal, and is generally provided with a rigid base which preferably
      extends radially outwardly beyond the well of the wheel rim to act as a
      spacer to prevent the tire beads from being displaced axially inwardly
      into the well.
PAR  The container may be formed integrally with the well of the wheel rim and
      provided with a replaceable lubricant release means or may be detachable
      and simply located in the wheel, for example, by means of a bolt attached
      to the container base passing through a hole in the rim well and a nut and
      sealing rim to sealingly fix the container on the rim.
PAR  Preferably the or all the containers are located within an arc of the
      circumference of the wheel less than one third of the total circumference
      of the wheel. Provided that the container or containers do not occupy an
      arc of more than about one third of the rim well, depending upon the
      radial height of the container ends, a tire may be mounted on the wheel
      rim with the container in position.
PAR  If desired, one or more tire bead retaining members may then be provided
      elsewhere on the wheel rim to prevent axial displacement of a tire bead
      into the well of the wheel rim after the tire has been mounted on the
      wheel rim. The tire bead retaining member may take the form of a movable
      projection on the wheel rim or a movable plate on the side of the well
      which may be raised to prevent displacement of the bead after the tire has
      been mounted on the wheel rim. One or more tire bead retaining members may
      be provided only for the outboard bead seat on the wheel rim or for
      outboard and inboard bead seats. It is preferred to locate at least one
      tire bead retaining member diametrically opposite the enclosing means to
      prevent axial displacement of at least the laterally outer bead into the
      well of the wheel rim.
PAR  The invention also provides a wheel suitable for use in a pneumatic tire
      and wheel assembly comprising a wellbase rim having positioned in said
      well a container for lubricating material provided with means for
      releasing the lubricating material, the container being located within an
      arc on the circumference of the wheel no greater than 1/3 of the total
      circumference.
PAR  The invention also provides a container for lubricating material for the
      interior surfaces of a tire comprising means for releasing the lubricating
      material into the interior of a pneumatic tire and wheel assembly in which
      the container is located when in use, upon substantial loss of inflation
      pressure from said assembly, the container having an arcuate form in
      longitudinal section and being dimensioned in cross section to fit into
      the well of a well-based wheel rim.
DRWD
PAR  The invention will now be described, by way of example only, with reference
      to the accompanying drawings in which:
PAR  FIG. 1 is a section through the center of the well of a wheel rim and tire
      showing a lubricant container and bead lock in position. The tire center
      of the wheel are omitted for clarity.
PAR  FIG. 2 is a transverse cross section through part of the wheel rim and tire
      on line 2--2 of FIG. 1 showing the bead region of a tire on the rim and
      the bead lock and inflation valve in more detail with the lock in the
      raised position,
PAR  FIG. 3 is a similar view to FIG. 2 except that the bead lock is in the tire
      fitting position,
PAR  FIG. 4 is a transverse cross section through part of the wheel rim on line
      4--4 on FIG. 1 showing the sectional profile of the lubricant container.
PAR  FIG. 5 is a sectional view similar to FIG. 1 showing a plurality of
      containers for lubricant.
DETD
PAR  As shown in FIG. 1 the wheel rim comprises a well 10, bead seat 11 and rim
      flange 12. A lubricant container 13 is located in the well 10 of the rim,
      the container 13 having an arcuate form, occupying less than 1/3 of the
      well 10 of the rim, and being made of sheet metal or rigid plastics
      material.
PAR  A frangible projection 14 is provided on the container means to permit
      release of the contents on deflation of a tire mounted on the rim.
PAR  It will be appreciated that this may readily be replaced by a valve or
      plunger arrangement to serve the same purpose.
PAR  The lubricant container 13 and lubricant 15 therein are counterbalanced on
      the wheel by a suitable weight 16 shown in FIG. 1 on the radially inward
      side of the rim well diametrically opposite the container 13. Thus, in
      use, when the lubricant 15 is released from the container 13 and dispersed
      around the tire the wheel becomes out of balance by an amount
      approximately equal to the mass of the lubricant. Vibrations will thus be
      produced in running which will warn the driver of the vehicle on which the
      assembly is being used that one or more of the tires is in an abnormal
      condition and the lubricant has been released.
PAR  In sectional profile (see FIG. 4) the lubricant container 13 is shaped to
      fit the rim well and extend radially outwardly beyond, for example 1/4"
      beyond, the level of the bead seats 11 to prevent the beads 17 of a tire
      mounted on the rim being displaced into the rim well.
PAR  The bead locking nature of the container may not be sufficient to prevent
      the beads from being displaced from their seats around the whole rim
      circumference.
PAR  The inflation valve 18 mounted in the wall 19 of the rim well 10 is
      therefore attached to a short metal or plastics tongue which lies parallel
      to the wall 19 and is movable between a raised position (FIG. 2) and a
      tire fitting position (FIG. 3) by rotating the inflation valve through
      90.degree.. The inflation valve 18 is held in position by a nut 21 on the
      stem of the valve tightened against the base of the valve and the tongue
      20 to trap sealing washers 22 and the wall 19 in an airtight joint. The
      inflation valve 18 may thus be rotated simply by slackening the nut 21 and
      the nut is then retightened to re-make the airtight joint. It will be
      appreciated that in this case apart from the container 13 a single bead
      lock is provided for the outboard bead seat. Similar bead locks may be
      provided for both bead seats and more than one may be provided for each
      seat, the further bead locks not being associated with an inflation valve
      stem, the latter being replaced by a simple bolt.
PAR  The invention is not restricted to the details of the foregoing examples.
      For instance the wheel rims may be formed without a well and the lubricant
      container mounted on the rim. In such a case the wheel may have a split
      rim to permit removal of the tire or, alternatively, the tire and wheel
      may form a permanent assembly in which the rim is swaged over the tire
      beads after the tire has been mounted on the rim.
PAR  The lubricant within the enclosing means may be of liquid form, as
      described in the assignee's U.S. Patent No. 3,738,829 issued June 19, 1973
      or, in some cases a solid lubricant such as powdered graphite or French
      Chalk may be used.
PAR  The present invention may be used in conjunction with the inventions of the
      assignee's U.S. patent Applications Nos. 150,562 now abandoned; 150,628
      now abandoned; 150,628 now abandoned; 150,561 now abandoned; and 150,564
      now U.S. Pat. No. 3,814,161 all of June 7, 1971 and which relates to
      pneumatic tire and wheel assemblies intended to be run with the tire in a
      deflated condition.
CLMS
STM  Having now described my invention, what I claim is:
NUM  1.
PAR  1. A wheel comprising a well-base rim having positioned in said well at
      least one container for lubricating material provided with means for
      releasing the lubricating material, the container being located within an
      arc of the circumference of the wheel no greater than one third of the
      total circumference, the remainder of the well being sufficient to allow
      an associated tire to be fitted with said at least one container in
      position within the well and at least one tire bead retaining member for
      maintaining an associated tire bead in position against the flange of the
      wheel rim.
NUM  2.
PAR  2. A wheel as claimed in claim 1 in which the container is formed
      integrally with the wheel and provided with replaceable means for
      releasing the lubricating material.
NUM  3.
PAR  3. A wheel as claimed in claim 1 in which the means for releasing the
      lubricating material includes a frangible closure member in the container
      which is ruptured to release the lubricating material.
NUM  4.
PAR  4. A wheel as claimed in claim 1 in which the container has an arcuate form
      in longitudinal section.
NUM  5.
PAR  5. A wheel as claimed in claim 4 in which the inner curvature of the
      container matches the external curvature of the base of the well.
NUM  6.
PAR  6. A wheel as claimed in claim 1 comprising a plurality of containers
      located within an arc of the circumference of the wheel less than one
      third of the total circumference of the wheel.
NUM  7.
PAR  7. A wheel as claimed in claim 1 including a counterbalancing mass for the
      mass of the container and the lubricating material.
NUM  8.
PAR  8. A wheel as claimed in claim 1 in which the tire bead retaining member is
      located diametrically opposite the enclosing means to maintain at least
      the laterally outer bead in position against a flange of the wheel rim.
NUM  9.
PAR  9. A wheel as claimed in claim 1 in which the tire bead retaining member
      comprising a tongue movable between a tire fitting position which permits
      mounting of a tire on the wheel and a tire bead engaging position in which
      it maintains the tire bead in position against a flange of the wheel rim
      after the tire has been mounted on the wheel.
NUM  10.
PAR  10. A pneumatic tire and wheel assembly capable of being run in a deflated
      condition comprising a wheel rim, a tire mounted on the wheel rim to
      define an inflation chamber, means for preventing the tire from being
      dislodged from the wheel rim when being run deflated, an enclosing means
      for lubricating material for the interior surfaces of the tire located in
      one circumferential sector of the tire, said enclosing means releasing
      lubricating material onto the interior surfaces of the tire when the
      assembly is used with the tire deflated to facilitate relative movement
      between contacting interior surfaces of the tire, and a counter-balancing
      mass located in an opposing circumferential sector which counter-balances
      the mass of the enclosing means and lubricating material in the assembly
      whereby on release of the lubricating material from the enclosing means
      the assembly becomes out of balance.
NUM  11.
PAR  11. A pneumatic tire and wheel rim assembly as claimed in claim 10 in which
      the enclosing means has a frangible closure member which is ruptured to
      effect release of the lubricating material.
NUM  12.
PAR  12. A pneumatic tire and wheel assembly as claimed in claim 10 in which the
      rim of the wheel has a well in which the enclosing means is located.
NUM  13.
PAR  13. A pneumatic tire and wheel assembly as claimed in claim 12 in which the
      enclosing means comprises at least one container having an arcuate form in
      longitudinal section and dimensioned in cross section to fit into the
      well.
NUM  14.
PAR  14. A pneumatic tire and wheel assembly as claimed in claim 13 in which the
      radially inner curvature of the container matches the external curvature
      of the base of the well.
NUM  15.
PAR  15. A pneumatic tire and wheel assembly as claimed in claim 13 comprising a
      single container whose length is less than one third of the circumference
      of a circle having a radius corresponding to the radius of curvature of
      the radially inner arcuate surface of the container.
NUM  16.
PAR  16. A pneumatic tire and wheel rim assembly as claimed in claim 13
      comprising a plurality of containers located within an arc of the
      circumference of the wheel less than one third of the total circumference
      of the wheel.
NUM  17.
PAR  17. A pneumatic tire and wheel rim assembly as claimed in claim 13 in which
      at least one container is formed integrally with the well of the wheel rim
      and provided with a replaceable lubricant release means.
NUM  18.
PAR  18. A pneumatic tire and wheel rim assembly as claimed in claim 13 in which
      the means for preventing the tire from being dislodged from the wheel rim
      comprises a portion of at least one container extending radially outwardly
      beyond the well of the wheel rim to act as a spacer to prevent the tire
      beads from being displaced axially inwardly into the well.
NUM  19.
PAR  19. A pneumatic tire and wheel rim assembly as claimed in claim 10 in which
      the means for preventing the tire from being dislodged from the wheel rim
      when being run deflated comprises at least one tire bead retaining member
      for maintaining a tire bead in position against a flange of the wheel rim.
NUM  20.
PAR  20. A pneumatic tire and wheel rim assembly as claimed in claim 19 in which
      the tire bead retaining member is located diametrically opposite the
      enclosing means to maintain at least the laterally outer bead in position
      against a flange of the wheel rim.
NUM  21.
PAR  21. A pneumatic tire and wheel rim assembly as claimed in claim 19 in which
      the tire bead retaining member comprises a tongue movable between a tire
      fitting position which permits mounting of a tire on the wheel rim and a
      tire bead engaging position in which it maintains the tire bead in
      position against a flange of the wheel rim after the tire has been mounted
      on the wheel rim.
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ABST
PAL  A wheel having a pair of spaced-apart seats for tire beads and annular,
      axially extending rim portions extending from adjacent the bead seats and
      forming faces against which a sidewall of a tire can be deflected and
      supported when the tire is deflated.
PARN
PAR  This application is a continuation of copending application Ser. No.
      150,628, filed June 7, 1971, now abandoned.
BSUM
PAR  When a pneumatic tire is punctured, loss of air can occur to the extent
      that opposite interior walls of the tire come into contact with high
      localized pressure caused by the vehicle load passing through the radially
      outward edges of the radial flanges of the wheel rim.
PAR  Physical damage is caused to the tire by the high localized pressure and
      considerable heat is generated by the rubbing action between the interior
      walls of the tire, the coefficient of friction of dry rubber upon dry
      rubber being high. The damage and heat generation can rapidly cause tire
      failure. Moreover, relative slippage between tire beads and the bead seats
      on the wheel rim can occur causing damage and further heat generation.
PAR  According to the present invention there is provided a wheel having a rim
      with a pair of spaced-apart seats for the reception of tire beads,
      annular, substantially axially-outwardly-extending rim portions of the
      wheel being provided one adjacent to each bead-seat and forming faces
      against which a sidewall of a tire can be deflected and supported.
PAR  The pair of annular, substantially axially-extending rim portions of the
      wheel may be of such a width that the wheel rim has an overall width
      between opposite extremities not greater than, and it can be substantially
      equal to, the overall width of the tread of a tire fitted to or to be
      fitted to the wheel. The spacing of the bead seats, which governs the
      width of each individual axially-extending rim portion, is such as to
      provide a tire beadspacing resulting in a tire having substantial
      stability against laterally-applied forces.
PAR  An example of the bead-seat spacing for a wheel of overall section width 6
      inches is 3.5 inches.
PAR  Each of the annular rim portions to sidewall support may be provided on its
      supporting surface with a coating of a low friction material e.g.
      polytetrafluoroethylene or the rim may be polished to reduce heat
      generation and abrasion when the lower sidewall region of the tire, which
      is of greater diameter than the annular rim portions, is collapsed on said
      portions of the rim.
PAR  In addition, lower regions of the tire sidewalls may be similarly treated
      or a low friction rubber compound may be used in the tire sidewall e.g. a
      rubber compound including a poly-butadiene or natural rubber. The rubber
      of at least the lower sidewall region is preferably highly abrasion
      resistant.
PAR  The invention includes a wheel rim and tire assembly, the tire having a
      sidewall constructed in accordance with the preceding paragraph.
PAR  The rim may be provided with a portion between the bead seats which
      projects radially outwards thereof to form a saddle upon which the
      interior surface of the tread portion of a tire can be supported upon
      partial or complete tire deflation.
PAR  Preferably the wheel rim is a flat-base rim i.e. a rim having no well into
      which the tire beads are able to fall. If desired the wheel rim may be
      provided with movable studs or projections which prevent at least the
      laterally outer bead of a tire mounted on the rim from moving away from
      its seat.
PAR  The wheel rimmy, if desired, be an axially compressed ("crimped") rim, or
      may be a rim which is split to facilitate mounting and removal of a tire.
PAR  The present invention may be used in conjunction with our U.S. patent
      application Ser. Nos. 154,326, filed June 18, 1971, now U.S. Pat. No.
      3,739,829, 150,558, now abandoned in favor of continuation application
      Ser. No. 443,530 of Feb. 19, 1974, 150,627, 150,562 (now abandoned),
      150,561 (now abandoned), 150,564, now U.S. Pat. No. 3,814,161, all filed
      June 7, 1971.
PAR  The invention applies to tire and wheel assemblies in which the tire can be
      removed from the rim or alternatively when the tire is not removable
      therefrom, the two forming a permanent assembly, for example, when the rim
      is swaged over the tire beads after assembly of the tire and rim.
DRWD
PAR  FIG. 1 is a sectional view through the wheel of this invention showing a
      tire mounted thereon;
PAR  FIG. 2 is a view similar to FIG. 1 but showing the tire in a deflated
      condition;
PAR  FIG. 3 is a view similar to FIG. 1 showing a saddle projecting from the
      wheel into the interior of the tire and an axially compressed or split rim
      on the wheel;
PAR  FIG. 4 is a view similar to FIG. 1 showing movable studs or projections on
      the wheel rim extending radially outwardly to prevent the beads of the
      tire from moving away from their seats.
DETD
PAR  The wheel rim consists of a substantially flat base 1 shown schematically
      in FIG. 1 since the rim would preferably be split or have an axially
      compressed portion in order to facilitate mounting of the tire. This is
      done in the case of an axially compressed rim by axially compressing and
      thus closing up a well in the rim after mounting the tire thereon.
PAR  The rim base 1 is provided with flanges 2 and 3 which have axially
      outwardly extending annular portions 4 and 5 extending therefrom.
PAR  A tire 6 is mounted on the rim with its beads 7 and 8 seated against the
      flanges 2 and 3 the width T--T of the tread of the tire being greater than
      the overall width R--R of wheel rim.
PAR  It should be noted that for a tire with a given tread width the proportion
      of the width of the rim base 1 to the width of the annular rim portions 4
      and 5 is chosen to retain satisfactory lateral stability of the tire while
      providing a broad support surface for the collapsed sidewalls.
PAR  Preferably a low friction coating 10 e.g. polytetrafluoroethylene is
      provided on the radially outer surface of the annular portions 4 and 5.
      The rim may be provided with a portion between the bead seats which
      projects radially outwards thereof to form a saddle 11 (FIG. 3) upon which
      the interior surface of the tread portion of a tire can be supported upon
      partial or complete deflation.
PAR  If desired the wheel rim may be provided with movable studs or projections
      12 (FIG. 4) which prevent at least the laterally outer bead of a tire
      mounted on the rim from moving away from its seat.
CLMS
STM  Having now described my invention what I claim is:
NUM  1.
PAR  1. A wheel for a single chamber pneumatic tire capable of being run in a
      deflated condition comprising a wheel rim having a pair of spaced apart
      seats for receiving the tire beads and a pair of annular flanges for
      preventing axial outward movement of the tire beads when the tire is
      inflated, each flange having a circumferentially extending substantially
      axially outwardly projecting portion defining a surface against which the
      sidewall of a tire can be supported when the tire is run deflated, each
      axially outwardly projecting portion having on its sidewall supporting
      surface a coating of a low friction material.
NUM  2.
PAR  2. A wheel according to claim 1 in which the low friction material is
      polytetrafluoroethylene.
NUM  3.
PAR  3. The wheel of claim 1 including a tire having a tread width greater than
      the overall width between extremities of the wheel rim.
NUM  4.
PAR  4. The wheel of claim 1 further including means between the spaced apart
      bead seats to prevent a bead of a tire mounted thereon from becoming
      dislodged from its bead seat when running in a deflated condition.
NUM  5.
PAR  5. A wheel according to claim 4 in which the means for preventing a bead of
      a tire mounted thereon from becoming dislodged when running in a deflated
      condition comprises a portion on the wheel between the spaced apart seats
      projecting radially outwards thereof to form a saddle on which the
      interior surface of the tread of a tire mounted on the rim can be
      supported upon deflation.
NUM  6.
PAR  6. A wheel according to claim 4 in which the means for preventing a bead of
      a tire mounted thereon from becoming dislodged when running in a deflated
      condition comprises movable projections on the wheel rim extending
      radially outwardly to prevent at least the laterally outer bead of the
      tire from moving away from its seat.
NUM  7.
PAR  7. A wheel according to claim 4 in which the means for preventing a bead of
      a tire mounted thereon from becoming dislodged when running in a deflated
      condition comprises a nondecreasing diameter of the wheel rim between the
      flanges.
NUM  8.
PAR  8. A wheel according to claim 7 in which the wheel rim is split to permit a
      tire to be mounted thereon.
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ABST
PAL  A pneumatic tire comprises at least one pocket integrally formed within the
      tire structure. The pocket is positioned in the tire in the region of or
      adjacent a portion of the interior surface which contacts a second portion
      of the interior surface on deflation or under-inflation of the tire during
      use.
BSUM
PAR  This invention relates to pneumatic tires and methods of manufacture
      thereof.
PAR  Upon partial or complete deflation of a pneumatic tire mounted upon a wheel
      during running of a vehicle opposite surfaces in the interior of the tire
      and wheel assembly come into contact with one another under more or less
      load according to whether or not the deflation is complete; the regions of
      the interior surfaces which normally come into contact are the interior
      surfaces of the tire close to but radially outwardly of the rim flanges
      and the interior surfaces of the tire close to but laterally inwardly of
      the tread edge.
PAR  When the surfaces come into contact considerable heat is generated within
      the rubber and textile components of the tire and very rapid structural
      failure ensues. It has been discovered that the major source of the heat
      generated is caused by the relative movement of the surfaces in contact
      and under load and the temperature rise is particularly marked because of
      the high coefficient of friction of dry rubber to dry rubber.
PAR  This disadvantage may be reduced or obviated by the use of lubricant in
      enclosing means which are rupturable on deflation of the tire as described
      in our U.S. Pat. application No. 150,627 filed June 7, 1971.
PAR  It is an object of the present invention to provide a tire with improved
      means for retaining lubricant or lubricant sachets in a desired position
      on the interior of the tire under normal operating conditions.
PAR  It is also an object of the present invention to provide a method of
      manufacturing a tire having an improved means for retaining lubricant or
      lubricant sachets in a desired position on the interior of the tire under
      normal operating conditions.
PAR  According to the invention, a pneumatic tire comprises at least one pocket
      integrally formed within the tire structure, the pocket being positioned
      in the tire in the region of or adjacent to a portion of the interior
      surface of the tire which contacts a second portion of the interior
      surface of the tire upon substantial underinflation or deflation of the
      tire during use thereof on a wheel.
PAR  Preferably a wall of the pocket that is adjacent to said interior surface
      is the thinnest wall of the pocket. In addition, when the tire has a
      carcass reinforcement the pocket is preferably disposed between said
      carcass reinforcement and the interior surface of the tire.
PAR  The pocket may be positioned adjacent to a bead region of the tire, or may
      be positioned adjacent to but laterally inwardly of a tread edge of the
      tire. Preferably two pockets are provided either one adjacent to each bead
      region or one adjacent to but laterally inwardly each tread edge whereby
      unbalance of the tire is substantially obviated.
PAR  The pocket preferably extends around the whole circumference of the tire
      and may either be a substantially continuous annulus or an interrupted
      annulus, e.g. divided up into circumferentially spaced-apart compartments.
      When the pocket is in the form of a substantially continuous annulus, the
      pocket is preferably provided with one restricted portion whereby an open
      flow path round the annulus is prevented, the restricted portion having a
      greater rupture strength than a wall of the pocket whereby the wall
      ruptures preferentially to the restricted portion by peristaltic action.
PAR  The pocket may be filled with a lubricant composition whereby, during use
      of the tire on a wheel, upon substantial underinflation or deflation of
      the tire the thin wall adjacent to the interior surface preferentially
      ruptures due to impact or abrasion in the contact area. This preferably
      occurs after several rotations of the tire thereby reducing accidental
      rupture due to one or two severe deflections of the tire. Alternatively,
      the heat generated by the rotation may cause or assist the wall to
      rupture. The lubricant is thereby released onto the interior surface of
      the tire to reduce friction and substantially prevent overheating in the
      contact areas. When the pocket comprises an interrupted annulus, different
      ingredients or mixtures of ingredients of a lubricant composition, e.g. as
      disclosed in our U.S. Pat. Application No. 353,937 filed Apr. 24, 1973,
      now U.S. Pat. No. 3,850,217 and our U.S. Pat. application No. 353,938
      filed Apr. 24, 1973, can each be located in a separate compartment.
PAR  Preferably in order to minimize damage to the tire on deflation, the pocket
      can be provided with at least one permanent opening between the interior
      of the pocket and the interior of the tire. A sachet, containing a
      lubricant composition, of elongated form can be inserted through the
      opening to be positioned in the pocket. Thus, when deflation occurs during
      use of the tire on a wheel the sachet is ruptured in a manner similar to
      that described in connection with the pocket and the lubricant composition
      released through the opening. It is to be preferred that a plurality of
      openings and sachets are used, the sachets being of sufficient length such
      that each end thereof is positioned adjacent to an opening. The sachets
      are preferably constructed to be stronger at their center than at their
      ends, e.g. by being thicker and/or cord reinforced at the center thereof,
      whereby on deflation of the tire during use, at least one end of a sachet
      ruptures releasing the lubricant composition via the opening adjacent the
      ruptured end to the interior surface of the tire. Use of a plurality of
      sachets enables separate storage of the ingredients of a lubricant
      composition such as described in our U.S. patent application No. 353,937
      filed Apr. 24, 1973 and U.S. patent application No. 353,938 filed Apr. 24,
      1973.
PAR  The pocket may be positioned in a bead region of the pocket and the opening
      in this case may comprise a slot extending over the circumferential length
      of the pocket in the radially-outermost part of the pocket whereby at
      least one lubricant composition container having a means for retaining it
      in the pocket can be located in the pocket.
PAR  According to a further aspect of the invention, a method of manufacturing a
      pneumatic tire comprises locating on a tire building former at least two
      layers of material, at least one band of anti-adhesive material being
      provided between said two layers and extending in a circumferential
      direction in a position such that on substantial underinflation or
      deflation of the complete tire, during use thereof on a wheel, the portion
      of the interior surface of the tire adjacent to the band contacts a second
      portion of the interior surface of the tire, applying tire components to
      the two layers to complete the tire and shaping, moulding and vulcanising
      the tire so completed, whereby the band of anti-adhesive material
      substantially prevents the material of the two layers adhering together in
      the region of the band to form a pocket within the tire structure.
PAR  The position of the band of anti-adhesive material on a surface of a layer
      may be adjacent the position of a bead region of the tire being built on
      the former or adjacent to but axially inwardly of the position of a tread
      edge on the former. Preferably two bands of anti-adhesive material are
      applied to a surface of a layer substantially symmetrically with respect
      to the mid-circumferential plane of the layer, and positioned either
      adjacent the bead region positions or adjacent the tread edge positions
      whereby unbalance of the tire is substantially obviated.
PAR  Either of the two layers, i.e., the first and/or the second layer, may
      comprise an air-impervious rubber inner liner of the tire as is known in
      the art especially in so-called tubeless tires.
PAR  The first layer may comprise at least one strip of material, the width of
      the band of anti-adhesive material being such that at least one lateral
      edge of the strip is devoid of anti-adhesive material, the second layer
      comprising an air-impervious inner liner.
PAR  Alternatively, the second layer may comprise at least one strip of
      material, the width of the band of adhesive material being such that the
      edges of the strip are devoid of anti-adhesive material, both of said
      layers comprising air-impervious material.
PAR  In a further alternative, either of the at least two layers may comprise at
      least one strip of material, the band of anti-adhesive material being
      applied to substantially the whole surface of one side of the strip, the
      adhering of the strip to the other layer to form a pocket being achieved
      by folding the edges of the strip towards the surface covered with
      anti-adhesive material, the reverse surface of the strip, at each edge of
      the strip, being contacted to the other layer and adhering thereto.
PAR  The band of anti-adhesive material may be applied substantially
      continuously around the circumference of the tire. Preferably one portion
      of the surface of a layer is, around the circumference where the
      anti-adhesive material is applied, substantially devoid of anti-adhesive
      material whereby the pocket is formed with a restricted portion thereby
      preventing an open flow path round the pocket, said restricted portion
      having a greater rupture strength than a wall of the pocket.
      Alternatively, the band may be applied at spaced-apart intervals around
      the circumference of the tire whereby in the finished tire the pocket
      comprises at least two compartments.
PAR  Examples of suitable anti-adhesive materials are silicone preparations,
      e.g. mould release liquids; butyl rubber (solution or strip form); nylon
      strip; wax-like materials or combinations of materials which produce a
      non-compatible compound in relation to the compounds used in the tire and
      to which the material is applied; and resins or solutions thereof.
PAR  The band of anti-adhesive material may be applied to a layer of material on
      the former or, alternatively, may be applied to a layer prior to location
      thereof on the former. It may be applied by brushing or when in solution
      form or it may be applied in the form of a strip of material. When the
      anti-adhesive material is in the form of a strip, preferably the strip has
      some degree of elasticity to allow for movement during the shaping of the
      tire after completion of the building thereof on the former.
PAR  In further alternative forms, the band of anti-adhesive material may
      comprise a preformed tube of material whereby the interior of the tube
      forms the pocket; or may comprise a strip of foamed material or material
      capable of foaming, e.g. during vulcanization, whereby the pocket when
      formed is filled with foam into which the lubricant may be introduced.
PAR  The method also includes the step of providing at least one permanent
      opening in the pocket whereby the interior of the pocket and the interior
      of the tire communicate one with another. Such openings may be provided by
      cutting them in a first layer either before or after location of the layer
      on the building former or preferably after the tire has been moulded. The
      method may include the step of providing a moulding diaphragm with at
      least one protrusion in a position such that during moulding of the tire
      the protrusion is adjacent the interior of the tire where the opening is
      or is to be cut in the first layer and thus causes the material of the
      layer adjacent that point to remain out of the opening or to have a
      depression and be thinner than the material surrounding the depression
      allowing easier cutting of the opening in the layer. Where such an opening
      is provided in the pocket it is necessary for either the second layer to
      comprise the air-impervious inner liner or, if the first layer is
      air-impervious for the second layer at least in the region where the
      pocket is formed to be of air-impervious material.
PAR  The method also includes the step of inserting a cord within the band of
      anti-adhesive material to assist in threading sachets into the pocket.
PAR  The cross-sectional area of the pocket may be increased by providing the
      diaphragm with a circumferential protrusion which during moulding causes a
      depression on the interior surface of the tire which the first layer
      covers. An alternative means of increasing the cross-sectional area of the
      pocket is to use a first layer comprising a cord reinforced strip, the
      lateral edges of which are positioned such that the distance between them
      is less than the width of the strip thereby forming the pocket with an
      increased cross-sectional area.
PAR  The method of the invention also provides the step of injecting a lubricant
      composition into the pocket or when at least one opening is formed
      inserting a lubricant sachet of elongated form into the opening.
DRWD
PAR  The invention will now be described by way of example only with reference
      to the accompanying drawings, of which:
PAR  FIG. 1 shows a diagrammatic sectional view of part of a first example of a
      tire in accordance with the invention;
PAR  FIG. 2 shows a diagrammatic sectional view of part of a tire as it would
      appear when positioned on a building former of a second example of a tire;
PAR  FIG. 3 shows a view similar to FIG. 2 of the first example of a tire;
PAR  FIG. 4 shows a view similar to FIG. 2 of a third example of a tire, the
      pockets being positioned adjacent the tread edges;
PAR  FIG. 5 shows a view similar to FIG. 4 of a fourth example of a tire;
PAR  FIG. 6 shows a view similar to FIG. 1 of a variation of a tire in
      accordance with the invention;
PAR  FIG. 7 shows a perspective longitudinal cross-sectional view of a sachet
      suitable for insertion in a pocket provided with holes; and
PAR  FIG. 8 shows a diagrammatic sectional view of a tire bead region of a fifth
      example of a tire.
DETD
PAR  In FIG. 1, the tire 1 has a tread 2, sidewalls 3 and bead regions 4. The
      bead regions 4 are each provided with a bead core 5 and a chafer strip 6.
      The carcass reinforcement 7 is of rubberized parallel cord fabric the
      cords of which are preferably disposed radially of the tire 1.
PAR  An air-impervious inner liner 8 is provided on the interior surface of the
      tire 1 which together with a strip 9 of material forms a pocket 10. In
      this particular tire 1, openings 11 are provided so that the interior of
      the pocket 10 and of the tire 1 are in communication. Sachets 21
      containing a lubricant composition, an example of which is shown in FIG.
      7, are inserted in the pocket 10 so that each end 23 of a sachet 21 is
      adjacent to opening 11.
PAR  In FIG. 2, part of a tire 1 is shown in the position it would occupy on a
      building former (not shown). In this example a first layer of rubber
      composition 12 extending from bead to bead is positioned on the former and
      a band of anti-adhesive material is applied thereto in the region 13 shown
      in dotted lines adjacent to each bead region 4 (only one of which is
      shown). An air-impervious layer 8 is then positioned over the layer 12 and
      the various other tire components are built-up around the layer 8.
PAR  In FIG. 3, in which the flat built tire 1 is partially shown, a strip 14 of
      material is used in each bead region 4, the band of anti-adhesive material
      shown again in dotted line 13. The lateral edges 14a and 14b of the strip
      14 are devoid of the anti-adhesive material. The strip 14 is shown in FIG.
      1 as strip 9 in the finished tire.
PAR  In the third example shown in FIG. 4, strips 15 of material are used. The
      inner liner 8 is positioned on the former and two bands of anti-adhesive
      material (as shown by dotted lines 13) are applied thereto. The widths of
      the bands is such that on application of the strips 15 adjacent to but
      laterally inwardly of the tread edges 16 the lateral edges thereof do not
      contact the bands. In this example, if openings similar to the holes 11
      shown in FIG. 1, are made in the inner liner the strips 15 will have to be
      made from air-impervious material.
PAR  In the fourth example shown in FIG. 5, strips of material 17 are provided
      on surfaces 18 thereof with anti-adhesive material (shown in dotted
      lines). The edges 17a and 17b of the strips 17 are then folded towards the
      surfaces 18 and located on the layer 8 adjacent the position of the tread
      edges 16. The reverse surface 19 causes the strips 17 to be adhered in
      position on vulcanization. This is one method of increasing the
      cross-sectional area of the pocket 10.
PAR  Referring to FIG. 6, the overall tire construction is similar to that
      described in FIG. 1. However, the band of anti-adhesive material was,
      during manufacture of the tire, only applied at intervals around the
      circumference thereof resulting in the pocket 10 being divided into
      compartments 20. The openings 11, shown in FIG. 1, have not been applied
      to the tire shown in FIG. 6. The compartments can each contain an
      ingredient of a lubricant composition as hereinbefore described.
PAR  In FIG. 7 is shown an example of a sachet 21 that could be used with a tire
      of the invention. As can be seen from the cross-section the center
      portions 22 are thicker than the ends 23 whereby on deflation of a tire
      during use thereof, the ends 23 would rupture in preference to the center
      22 of the sachet 21. Thus the lubricant composition contained in the
      sachets 21 would be released adjacent to holes 11. In an alternative
      construction (not shown) sachets 21 may be cord reinforced at their
      centers 22 and not at their ends 23.
PAR  The fifth example as shown in FIG. 8 comprises a bead region 4 of
      construction similar to that hereinbefore described. However, a strip 24
      is provided on the interior surface of the bead region 4, only one lateral
      edge 24a of the strip 24 being devoid of anti-adhesive material during
      building thereof on the building former. The other lateral edge 24b of the
      strip 24 is, in the finished tire, free of the interior surface and allows
      free access to the pocket 10. In this example, in order that sachets 21
      are retained in the pocket 10 against centrifugal force during use of the
      tire 1, it is preferred that a number of sachets 21 form an endless chain,
      each joined to an adjacent sachet 10 by their ends 23. It may also be
      preferred that one circumferential edge of such an endless chain may be
      attached to an inextensible retaining means, for example, a wire hoop
      fitted in the pocket.
CLMS
STM  Having now described my invention, what I claim is:
NUM  1.
PAR  1. A pneumatic tire comprising a carcass, a tread portion, two sidewall
      portions each terminating in a bead region, and at least one of said
      sidewall portions comprising two transversely spaced layers of material
      which define therebetween at least one pocket integrally entirely within
      the tire structure, a lubricant composition in said pocket, the pocket
      being positioned in the tire in the region of a portion of the interior
      surface of the tire which contacts a second portion of the interior
      surface of the tire upon substantial underinflation or deflation of the
      tire during use thereof on a wheel such that the lubricant composition in
      said pocket is releasable therefrom onto the interior surface of the tire.
NUM  2.
PAR  2. A pneumatic tire according to claim 1 wherein a wall of the pocket that
      is adjacent to said interior surface is the thinnest wall of the pocket.
NUM  3.
PAR  3. A pneumatic tire according to claim 1 wherein the pocket is positioned
      adjacent to one of the bead regions of the tire.
NUM  4.
PAR  4. A pneumatic tire according to claim 3 wherein two pockets are defined
      within the tire structure, one being disposed adjacent to each bead region
      of the tire.
NUM  5.
PAR  5. A pneumatic tire according to claim 1 wherein the pocket is filled
      directly with the lubricant composition.
NUM  6.
PAR  6. A pneumatic tire according to claim 1 wherein the pocket is rupturable
      during use thereof on a wheel, upon substantial underinflation or
      deflation of the tire, by impact or abrasion in the portions of the
      interior surface of the tire which come into contact.
NUM  7.
PAR  7. A pneumatic tire according to claim 1 wherein the pocket is rupturable
      during use thereof on a wheel, upon substantial underinflation or
      deflation of the tire, by heat generated between the portions of the
      interior surface of the tire which come into contact, upon rotation of the
      tire and wheel.
NUM  8.
PAR  8. A pneumatic tire according to claim 1 wherein said means defines at
      least two pockets, at least one ingredient of the lubricant composition
      being located in a separate pocket from a second ingredient.
NUM  9.
PAR  9. A pneumatic tire comprising a carcass, a tread portion, two sidewall
      portions each terminating in a bead region, and at least one of said
      sidewall portions comprising two transversely spaced layers of material
      which define therebetween at least one pocket integrally within the tire
      structure, a lubricant composition in said pocket, the pocket being
      positioned in the tire in the region of a portion of the interior surface
      of the tire which contacts a second portion of said surface upon
      substantial underinflation or deflation of the tire during use thereof on
      a wheel such that the lubricant composition in said pocket is releasable
      therefrom onto said surface, at least one permanent opening being provided
      between the pocket interior and the tire interior, the lubricant
      composition being in said pocket in separate containing means.
NUM  10.
PAR  10. A pneumatic tire according to claim 9 wherein the separate containing
      means is rupturable during use thereof on a wheel, upon substantial
      underinflation or deflation of the tire, by impact or abrasion in the
      portions of the interior surface of the tire which come into contact.
NUM  11.
PAR  11. A pneumatic tire according to claim 9 wherein the separate containing
      means is rupturable during use thereof on a wheel, upon substantial
      underinflation or deflation of the tire, by heat generated between the
      portions of the interior surface of the tire which come into contact, upon
      rotation of the tire and wheel.
NUM  12.
PAR  12. A pneumatic tire according to claim 9 wherein at least two separate
      containing means are located in said pocket, at least one ingredient of
      the lubricant composition being located in a separate containing means
      from a second ingredient.
NUM  13.
PAR  13. A pneumatic tire according to claim 9 wherein the separate containing
      means comprises at least one sachet of elongated form located in the
      pocket by insertion through said opening.
NUM  14.
PAR  14. A pneumatic tire according to claim 9 wherein a plurality of openings
      are provided in the pocket, the separate containing means comprising a
      plurality of sachets in the pocket, the sachets being of a length such
      that each end of each sachet is adjacent an opening in the pocket.
NUM  15.
PAR  15. A pneumatic tire according to claim 13 wherein the sachet is rupturable
      by peristaltic action.
NUM  16.
PAR  16. A pneumatic tire comprising a carcass, a tread portion, two sidewall
      portions each terminating in a bead region, said tread portion comprising
      two radially spaced layers of material which define therebetween at least
      one pocket integrally entirely within the tire structure, said pocket
      being positioned adjacent to but laterally inwardly of an edge of the
      tread, a lubricant composition in said pocket, the pocket being positioned
      in the tire in the region of a portion of the interior surface of the tire
      which contacts a second portion of the interior surface of the tire upon
      substantial underinflation or deflation of the tire during use thereof on
      a wheel such that the lubricant composition in said pocket is releasable
      therefrom onto the interior surface of the tire.
NUM  17.
PAR  17. A pneumatic tire according to claim 16 wherein two pockets are defined
      within the tire structure, one being disposed adjacent to but laterally
      inwardly of each tread edge of the tire.
NUM  18.
PAR  18. A pneumatic tire comprising a carcass, a tread portion, two sidewall
      portions each terminating in a bead region, and at least one pocket
      integrally formed within the tire structure and in which a lubricant
      composition can be located, the pocket being positioned in the tire in the
      region of a portion of the interior surface of the tire which contacts a
      second portion of said surface upon substantial underinflation or
      deflation of the tire during use thereof on a wheel such that a lubricant
      composition located in said pocket is releasable therefrom onto said
      surface, at least one permanent opening being provided between the pocket
      interior and the tire interior, the lubricant composition being locatable
      in said pocket in separate containing means, said separate containing
      means comprises at least one sachet of elongated form located in the
      pocket by insertion through said opening, and said sachet is stronger at
      the center than at the ends thereof whereby said sachet can be
      preferentially ruptured at at least one end, the lubricant composition
      thereby being released adjacent an opening in the pocket.
NUM  19.
PAR  19. A pneumatic tire according to claim 18 wherein said sachet is thicker
      at the center than at the ends thereof.
NUM  20.
PAR  20. A pneumatic tire according to claim 18 wherein said sachet is cord
      reinforced at the center thereof.
NUM  21.
PAR  21. A pneumatic tire comprising a carcass, a tread portion and two sidewall
      portions each terminating in a bead region, the tire forming a single
      inflation chamber with a wheel when mounted thereon during use, at least
      one of said sidewall portions comprises two transversely spaced layers of
      material which define therebetween at least one pocket integrally entirely
      within the tire structure, a lubricant composition in said pocket, the
      pocket being positioned in the tire in the region of a portion of the
      interior surface of the tire which contacts a second portion of the
      interior surface of the tire upon substantial underinflation or deflation
      of the tire during use thereof on the wheel such that the lubricant
      composition in said pocket is releasable therefrom onto the interior
      surface of the tire.
NUM  22.
PAR  22. A pneumatic tire comprising a carcass having at least one carcass
      reinforcement, a tread portion and two sidewall portions each terminating
      in a bead region, at least one of said sidewall portions comprises two
      transversely spaced layers of material which define therebetween at least
      one pocket integrally entirely within the tire structure, a lubricant
      composition in said pocket, the pocket being positioned in the tire
      between the interior surface of the tire and said carcass reinforcement
      and in the region of a portion of said surface which contacts a second
      portion of the said surface upon substantial underinflation or deflation
      of the tire during use thereof on a wheel such that the lubricant
      composition in said pocket is releasable therefrom onto the interior
      surface of the tire.
NUM  23.
PAR  23. A pneumatic tire according to claim 22 wherein the tire forms a single
      inflation chamber with a wheel when mounted thereon during use.
NUM  24.
PAR  24. A pneumatic tire comprising a carcass, a tread portion and two sidewall
      portions each terminating in a bead region, the tire forming a single
      inflation chamber with a wheel when mounted thereon during use, at least
      one of said sidewall portions comprises two transversely spaced layers of
      material which define therebetween at least one pocket integrally entirely
      within the tire structure, a lubricant composition in said pocket, the
      pocket being positioned in the tire in the region of a portion of the
      interior surface of the tire which contacts a second portion of the
      interior surface of the tire upon substantial underinflation or deflation
      of the tire during use thereof on a wheel such that the lubricant
      composition in said pocket is releasable therefrom onto the interior
      surface of the tire, the pocket being provided with at least one permanent
      opening between the interior of the pocket and the interior of the tire,
      the lubricant composition being locatable therein in separate containing
      means.
NUM  25.
PAR  25. A pneumatic tire according to claim 24 wherein the carcass comprises at
      least one carcass reinforcement, the pocket being disposed between the
      reinforcement and the interior surface of the tire.
NUM  26.
PAR  26. A pneumatic tire comprising a carcass, a tread portion, two sidewall
      portions each terminating in a bead region, and at least one of said
      sidewall portions comprising two transversely spaced layers of material
      which define therebetween at least one pocket integrally within the tire
      structure, a lubricant composition in said pocket, the pocket being
      positioned in the tire in the region of a portion of the interior surface
      of the tire which contacts a second portion of said surface upon
      substantial underinflation or deflation of the tire during use thereof on
      a wheel such that the lubricant composition in said pocket is releasable
      therefrom onto said surface, said pocket being substantially annular and
      extending around the circumference of the tire, and having a restricted
      portion of greater rupture strength than a wall of the pocket whereby the
      wall ruptures preferentially to the restricted portion.
NUM  27.
PAR  27. A pneumatic tire according to claim 26 wherein a plurality of
      restricted portions are provided in said pocket to form circumferentially
      spaced-apart compartments.
NUM  28.
PAR  28. A pneumatic tire according to claim 27 wherein at least on ingredient
      of the lubricant composition is located in a compartment separate from
      that in which a second ingredient is located.
NUM  29.
PAR  29. A pneumatic tire comprising a carcass, a tread portion, two sidewall
      portions each terminating in a bead region, means defining at least one
      pocket integrally within the tire structure in a bead region of the tire,
      a lubricant composition in said pocket, the pocket being positioned in the
      tire in a region of a portion of the interior surface of the tire which
      contacts a second portion of said surface upon substantial underinflation
      or deflation of the tire during use thereof on a wheel such that the
      lubricant composition in said pocket is releasable therefrom onto said
      surface, at least one permanent opening being provided between the pocket
      interior and the tire interior, the lubricant composition being in said
      pocket in at least one lubricant composition container in the pocket, said
      opening comprising a slot extending over the circumferential length of the
      pocket in the radially-outermost part of the pocket, and means for
      retaining said at least one lubricant composition container in the pocket.
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ABST
PAL  A method and apparatus for removing tread from tires preparatory to
      retreading of the tires in which a tire is mounted on a support and
      inflated and rotated on the axis of the tire. The tread is removed from
      the tire by a cutter disc which has cutting elements mounted thereon in an
      annular path with the annular path being presented to the periphery of the
      tire. The cutter disc and tire are moved relatively to cause the annular
      path of the cutter disc in which the cutting elements are mounted to
      traverse the tire from side to side and in a single pass across the tire
      the tread is removed therefrom. The relative movements between the tire
      and the cutter disc are under the control of a cam so that the proper
      contour is imparted to the periphery of the tire. The cutting elements
      mounted in the aforesaid annular path of the cutter disc are in the from
      of sharp edged discs of hard material which take clean chips from the
      tread of the tire thereby avoiding heating of the tire or the cutting
      elements and, likewise, eliminating smoke and dust that normally
      accompanies the removal of tread material by the use of a cutting device
      employing rasp elements therein.
BSUM
PAR  The present invention relates to a method and apparatus for removing tread
      material from pneumatic tires preparatory to retreading thereof and is
      particularly concerned with such a method and apparatus in which the tread
      material can be removed extremely rapidly and in the absence of dust and
      smoke and without creating heat in the tread material of the tire or in
      the cutting elements.
PAR  The removal of tread material from tires preparatory to retreading the
      tires is known and is generally accomplished by engaging the periphery of
      the tire with what is known as a rasp and moving the tire and rasp
      relatively to cause the tread material to be removed from the tire.
PAR  The rasp referred to is a member having a plurality of sharp points
      projecting therefrom so that the tread material is removed in extremely
      fine form with simultaneous development of heat which results in the
      heating of the tire and in the generation of smoke. Furthermore, the fine
      tread material removed from the tire creates a dusty condition.
PAR  Still further, the rasps have a limited cutting depth and a substantial
      amount of time is required completely to remove tread material from a tire
      to the proper depth.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to the present invention, instead of using rasp-like elements as
      cutters, sharp edged cutting elements are employed. The sharp edged
      cutting elements in the form of discs are employed, and when cutting
      elements of this nature are moved relative to the tire, each cutting
      element will take a clean cut and will remove a chip of tread material of
      substantial size from the vehicle tire being treated.
PAR  With the cutting elements disposed at a certain angle to the tread surface,
      and with the cutting edge of the cutting element formed to a sharp edge,
      it has been found that the cutting of the tire tread is clean and that
      heat is not developed in the cutting elements or in the tire while, at the
      same time, the tread material is removed more rapidly than is possible
      when using a rasp element.
PAR  The generation of fine particles of tread material is eliminated, and since
      there is no substantial amount of heat in the process, there is also no
      smoke. It is also the case that the chips of substantial size which the
      cutting elements remove from the tread material can be employed for making
      mats and the like whereby an economy is realized in respect of the
      material removed from the tire tread and which, heretofore, has presented
      a disposal problem.
PAR  The tire to have the tread removed therefrom is mounted on a wheel and is
      inflated to about 30 pounds and is then rotated on the axis thereof. The
      cutter disc according to the present invention is mounted on an axis
      extending substantially perpendicular to the axis of rotation of the tire
      and is offset in a direction perpendicular to the axis of the tire so that
      an annular region of the cutter disc is presented on the periphery of the
      tire.
PAR  Mounted on the cutter disc in the aforementioned annular region are support
      blocks in substantially end to end relation and also having the sides
      facing the tire coplanar. Each block advantageously has two sockets formed
      therein and a cutting element holder arrangement is disposed in each
      socket for holding a respective cutting element. The cutting elements
      about the annular area are staggered so that each cutting element engages
      a substantial body of tread material as it passes by the tire thereby
      establishing the cutting conditions which enable each cutting element to
      remove a chip of substantial size from the tread of the tire.
PAR  Each cutting element is disposed substantially radially with respect to the
      cutter disc and has a portion thereof protruding axially from the cutter
      disc toward the tire. Each cutting element is inclined in the direction of
      rotation of the cutter disc at the axially outer end so as to have a
      relatively large positive rake angle with respect to the tire tread. The
      periphery of each cutting element is bevelled so as to converge toward the
      rearward side of the cutting element and at such an angle as to provide a
      small clearance immediately rearwardly of the cutting edge of the cutting
      element.
PAR  The cutting elements, or inserts, are advantageously circular and are
      located in the respective holding device by a pin engaging a center hole
      in the insert so that the insert can be indexed about the center thereof
      thereby permitting the entire peripheral region of the insert to be
      employed in cutting the tire tread.
PAR  During a cutting operation, the tire and cutter disc rotate on the
      respective axes thereof while the cutter disc and tire are moved
      relatively to cause the annular path of the cutter disc in which the
      cutting elements are mounted to traverse the tire from side to side. This
      relative movement is under the control of a cam which causes the tire to
      be cut to the proper shape and depth.
PAR  A primary object of the present invention is the provision of a method and
      apparatus for removing tread material from vehicle tires preparatory to
      retreading thereof in which the tread removing operation is accomplished
      without the development of any substantial amount of heat and without the
      production of fines and dust and smoke and at higher speeds than have been
      possible when employing conventional rasp elements.
PAR  Another object is the provision of a method and apparatus of the nature
      referred to above in which the cutting of the tread material is
      accomplished by individual cutting elements or inserts which are indexable
      and easily replaceable.
DRWD
PAR  The foregoing objects as well as still other objects and advantages of the
      present invention will become more apparent upon reference to the
      following detailed specification taken in connection with the accompanying
      drawings in which:
PAR  FIG. 1 is a schematic view of an apparatus for removing tread material from
      tires.
PAR  FIG. 2 is a fragmentary front elevational view of the cutter disc of FIG. 1
      looking in in the direction of line II--II of FIG. 1.
PAR  FIG. 3 is an elevational view looking in at the back of one of the blocks
      detachably connected to the cutter disc and forming the support for the
      cutting inserts.
PAR  FIG. 4 is an end view of the block of FIG. 3 looking in from the right end
      thereof.
PAR  FIG. 5 is a front view of the block of FIG. 3.
PAR  FIG. 6 is a sectional view indicated by line VI--VI in FIG. 2.
PAR  FIG. 7 is a view showing a typical insert for use with the cutter device
      according to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings somewhat more in detail, FIG. 1 schematically
      illustrates a machine with which the cutter device according to the
      present invention is adapted for use.
PAR  The machine of FIG. 1 comprises a base portion 10 and mounted thereon near
      one end is a pedestal 12 on the top of which is slidably mounted a support
      14 which rotatably carries a spindle on which the tire 16 to be worked is
      mounted. A drive motor 18 is provided for driving the spindle and,
      accordingly, tire 16 is rotated, preferably, in the direction of the arrow
      20 marked on the tire.
PAR  Base 10 also supports a frame 22 which is rotatable on an axis 24. The
      frame 22 carries a tool spindle, the end of which is indicated at 26 and
      on which is supported a large disc cutter 28. A motor 30 is provided for
      driving the spindle 26 in rotation. The spindle 26 is also moveable
      axially and such axial movements of the spindle are under the control of a
      feeler 32 which engages the periphery of a replaceable cam 34 nonrotatably
      connected to base 10.
PAR  In practice, the frame 22 is motor driven by an arrangement not shown in
      the drawings and this causes feeler 32 to traverse cam 34 from side to
      side. Reciprocal movements of feeler 32 in frame 22 are conveyed via a
      connection 36 schematically illustrated in FIG. 1 thereby to cause axial
      movement of spindle 26 in support 22. In this manner, the cutter 28
      produces the desired contour on the tire 16 being operated.
PAR  FIG. 2 shows a representative portion of rotary cutter 28. Cutter 28
      comprises a disc-like back plate 38 having a circumferential upstanding
      axial flange 40 within which are nested individual cutter devices.
      Disc-like plate 38 has a central bore 42 for receiving the spindle and to
      which the plate is keyed while being bolted to a flange on the spindle by
      bolts passing through bolt holes 44.
PAR  The cutter illustrated at 28, and which is typical, is adapted for
      receiving up to 12 tool devices in circumferentially distributed relation
      with cutting elements in each of the devices. In FIG. 2, a group of four
      of the cutting devices are illustrated and these form a sequence with the
      cutting elements being distributed radially within the sequence so that
      each insert takes an individual cut on the tire as it moves past the tire.
PAR  Each of the cutting devices in FIG. 2 comprises a block 46 resting flat on
      the plate 38 and at the outer edge having a sector shaped filler plate 48
      interposed between the respective block and the inside of flange 40. Dowel
      pins 50 are provided on the blocks and these extend through the filler
      plates and into corresponding holes provided in flange 40.
PAR  On the radially inner side, each of the blocks is provided with a notch 52
      and pivotally mounted on plate 38 adjacent the radially inner side of each
      block is a cam 54 having a projecting lip 56 for engagement with a notch
      of the respective block. A clamp screw 58 extends through each of the cams
      and is employed for tightening the cam up on plate 38 after the cam has
      been adjusted into clamping engagement with the respective block. Spanner
      wrench holes 60 in the cam may be provided for forcibly moving the cam
      into clamping position.
PAR  Between each two adjacent ones of the blocks 46 and advantageously disposed
      near the radially outer edges thereof are bolts 62 which are threaded into
      plate 38 and which have heads thereon which clampingly engage the blocks
      on either side thereof.
PAR  The desired arrangement permits easy insertion and removal of the
      individual cutting devices, merely by releasing the respective cam at the
      radially inner side and removing the bolts 62, whereupon a block can
      easily be replaced with another.
PAR  FIGS. 4, 5 and 6 show details in connection with the individual blocks 46
      and wherein it will be seen that each block 46 has a pair of counterbored
      recesses 64 extending therein with the larger diameter portion 66 opening
      toward the rear of the block and the smaller diameter portion 68 opening
      toward the front of the block.
PAR  In FIG. 5, which is a front view of the block, it will be seen that there
      is provided extending substantially radially across the leading side of
      each of the recesses 64, a groove 70 which cooperates in guiding the chips
      away from the respective cutter elements.
PAR  FIG. 6 is a sectional view showing the manner in which the recesses 64 are
      availed of for providing supports for cutting inserts mounted in the
      several blocks.
PAR  In FIG. 6, it will be seen that a recess 64 is adapted for receiving a
      sleeve 72 having a flange 74 seated in the counterbore which forms the
      larger diameter portion 66 of the respective recess. The remainder of the
      sleeve 72 extends through the smaller diameter portion 68 of the
      respective recess.
PAR  At one peripheral point about the recess 64, there is provided a drilled
      hole 78 disposed in overlapping relation with flange 74 and mounted in the
      drilled hole in a locating pin 80 which, as will be seen in FIG. 6,
      engages the flange 74 of the sleeve and locates the flange angularly
      within the respective block 46.
PAR  Each recess has mounted therein from the open side a block 82 having an
      inclined wall 84 facing in a direction opposite to the direction of
      rotation of the cutter. The direction of rotation of the cutter is
      indicated by arrow 86 on FIGS. 1, 2 and 6.
PAR  The block 82 is located angularly in sleeve 72 as by dowel pin 88 and bears
      directly on the closed bottom wall of sleeve 72 as shown in FIG. 6.
PAR  Also, mounted in sleeve 72 is a clamp block 90 which, on the leading side,
      has a wall 92 parallel to wall 84 of the block member 82. Block 90 also
      carries a pin 94 upstanding from wall 92.
PAR  A clamp screw therefrom is provided having one end threadedly engaging the
      bottom wall of sleeve 72 and the other end engaging block 90 with the
      opposite ends of the screw being oppositely threaded so that upon rotation
      of the screw, block 90 will be rapidly drawn into sleeve 72 or it will be
      rapidly pushed outwardly threrefrom while the threads on the opposite ends
      of the screw still remain single pitch and, thus, will clamp the block 90
      tightly in position.
PAR  A cutting insert 98 is provided having parallel top and bottom faces with
      top face 100 engaging inclined wall 84 and with the bottom face 102
      engaging inclined wall 92. The insert has a central hole 104 which is
      engaged by pin 94, and it will be evident that the insert, when mounted on
      pin 94, will be clamped firmly in position between blocks 82 and 90 upon
      tightening of screw 96. Furthermore, the insert will be precisely located
      in the radial and circumferential directions of plate 38 and will be held
      at a predetermined angle to the axial direction of plate 38.
PAR  More specifically, the insert makes an included angle of about 30.degree.
      with a line parallel to the axis of the plate and passing through the
      outer leading tip of the insert. This angle is advantageously within the
      range of about 25.degree. to 35.degree. in order to provide good cutting
      conditions when the insert engages the rubber-like tread material which is
      to be cut thereby.
PAR  The peripheral wall of the insert 98 tapers inwardly from the top face 100
      to the bottom face 102 of the insert at such an angle as to provide
      clearance behind the cutting edge of the insert which is formed where the
      peripheral wall intersects the top face.
PAR  As will be seen in FIG. 7, the peripheral wall of the insert comprises a
      first relatively narrow portion 106 adjacent cutting edge 108 of the
      insert which makes a larger included angle with top face 100 of the insert
      and a second and somewhat longer portion 110 making a smaller included
      angle with top face 100 and extending to bottom face 102. The angle of the
      portion 106 of the peripheral wall is selected so that when the insert is
      tilted relative to the work as shown in FIG. 6, a clearance angle, which
      may be on the order of from about 2.degree. to about 6.degree. or
      8.degree.  is provided behind cutting edge 108.
PAR  For example, if the angle of forward inclination of the insert 98 is such
      as to provide a forward rake angle of 30.degree. as indicated by dot-dash
      line 112 on FIG. 7, the portion 106 would be formed at such an angle as to
      make an included angle of from about 2.degree. to 6.degree. with a line
      perpendicular to line 112, the last mentioned line being indicated at 114
      in FIG. 7. Portion 110 will make an included angle with the plane of top
      face 100 of the insert which is about 6.degree. to 8.degree. greater than
      the angle made by portion 106.
PAR  It has been found that an insert, such as an insert formed of a hard
      refractory material, tungsten carbide, for example, will thereby have a
      cutting edge imparted thereto which is solidly supported rearwardly from
      the cutting edge and which insert will have relatively long life.
PAR  It will be evident that the inserts 98 are advantageously circular whereby,
      when a circumferential region thereof becomes worn or dull or becomes
      chipped, the insert can readily be indexed about the axis of the center
      hole 104 to present a fresh cutting edge to the tire being cut.
PAR  It will also be evident, upon reference to FIG. 2, that each of the several
      cutting inserts illustrated in a sequence of the cutting devices as
      represented by the blocks 46, will cut in a respective area or respective
      circumferential region of the tire being operated and that, accordingly,
      each insert will encounter a substantial body of tread material.
PAR  It is important that each insert encounter a substantial body of tread
      material because the tread material in every case is somewhat resilient
      and can yield under pressure. It has been found that if each insert
      engages a substantial body of rubber, the insert will take a clean cut on
      the tread of the tire and expose a clean, smooth surface for receiving
      recap material.
PAR  If it is attempted to take extremely fine cuts from the tire but cutting
      elements as disclosed herein, the tread tends to yield radially and a
      rubbing action of the inserts on the tire takes place. This can lead to
      heating up of the tire being operated and it can also lead to heating up
      of the inserts and wear of the inserts can also take place, in addition to
      the objectionable heating referred to.
PAR  If, on the other hand, each insert engages a substantial body of tread
      material as it is driven past the tire, the insert will take a clean cut
      and a minimum amount of heat will be developed in both the tire being
      operated and in the cutting inserts.
PAR  It has been found that relatively high velocities are of merit in cutting a
      tire with a cutting device according to the present invention and a
      suitable relative speed between the tire and the cutter has been
      determined to be about 9,000 to 11,000 feet per minute. For example, the
      disc may rotate at a speed to cause the cutting elements to move at up to
      about 10,000 feet per minute while the tire rotates at a speed such that
      the periphery of the tread moves at up to about 1,000 feet per minute.
PAR  Under these conditions, it has been found that the cutting device according
      to the present invention cuts clearly and can prepare a tire for recapping
      with a single pass across the tire. During a single pass across a tire to
      remove the tread therefrom, the frame 22 carrying the cutting device
      pivots on the axis 24, as indicated by double arrow 25, while being under
      the control of cam 34 and feeler 32 so that the desired contour is
      imparted to the tread of the tire being operated. Cutting of the tire
      occurs only in one direction of pivotal movement of frame 22 with the
      frame making an idle return traverse prior to taking another cut.
PAR  A surprising result obtained by cutting tires according to the present
      invention is that recap material vulcanized to the tread has greater
      resistance to separation from the tread than is the case when a tire tread
      is removed from a tire by buffing or rasping. It has been thought in the
      past that the rough surface left on a tire tread by buffing or rasping was
      important for giving the tire casing a surface to which the recap material
      would adhere tightly.
PAR  Surprisingly, however, it has been found that the clean, smooth surface
      resulting from cutting the tread away on a tire by a cutter device of the
      present invention provides for superior adherence, up to 50 percent
      greater, of the recap material than can be obtained when corresponding
      tire carcasses are buffed or abraded off by some sort of rasping or
      abrading device.
PAR  It has already been mentioned that the tire and the cutter stay cool during
      an operation, and it is also the case that the chips taken by the cutter
      device are in the form of discrete chips of substantial size as opposed to
      the dust and fines and small fragments that are removed from a tire
      carcass when it is treated with a rasp element.
PAR  Thus, there is substantially less smoke and dust and fines so that the
      working of a tire by a device according to the present invention presents
      less environmental hazards to workers and other personnel than is the case
      with machines in which rasps are employed.
PAR  An advantage of removing the tread material from the tire in the form of
      discrete cleanly cut chips of substantial size, with an attendant
      reduction in generated heat, is that there is substantially less fire
      hazard in connection with the tread removal operation. The cutter
      according to the present invention does not develop extremely fine
      particles of rubber-like material which have to be gathered by a dust
      collecting system and, therefore, there is no accumulation of fine
      rubber-like particles which could create a dangerous fire hazard.
PAR  It might further be mentioned that the arrangement of insert locating pin
      94 on the wedge member 90 is of particular merit because, with the pin on
      the wedge, the pin advances the insert into the proper position as the
      wedge is drawn up tight in the recess provided therefor while, at the same
      time, retraction of the wedge from clamping position will also draw the
      insert outwardly so that it can easily be removed, or indexed to a new
      position, or so that a new insert can readily be inserted into the nest
      formed therefor by block 84 and clamping wedge 90.
PAR  It will further be appreciated that the pin 94 positively holds the insert
      in the rotating cutter disc so that even if the wedge member 90 were to
      become loose for any reason, the insert would not be thrown out of the
      cutter disc or become displaced therein far enough to create a dangerous
      situation or one which would bring about damage to the tire being
      operated.
PAR  The arrangement of the pin 94 on the wedge member 90 thus forms both a
      convenience in respect of assembling and disassembling the inserts with
      the cutter disc but also forms a safety feature.
PAR  Modifications may be made within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Cutting means for a machine for removing a tread from a tire in which
      the machine comprises a tool spindle rotatable in a predetermined
      direction on a first axis and a work spindle defining a second axis on
      which a tire is rotatable with the tread opposed to an annular region of a
      tool disc on said tool spindle, said axes being relatively pivotal about a
      third axis to present a lateral range of the tire tread to the tool disc,
      said cutting means comprising; a tool disc on said tool spindle, an axial
      flange at the periphery of said tool disc, blocks detachably mounted and
      arranged in end to end relation radially inside said flange and forming an
      annular region on said disc, pocket means distributed circumferentially in
      said annular region of the disc, and circular cutting inserts of hard wear
      resistant material detachably and indexably mounted in said pocket means
      in predetermined axial and radial positions relative to the tool disc,
      each insert having a peripheral portion protruding axially and angularly
      from the tool disc for cutting engagement with a tire on said work
      spindle, each insert having the diameter thereof which is parallel to the
      plane of said tool disc extending substantially radially of the disc and
      each insert being inclined in the direction of rotation of said disc to
      provide an effective positive radial rake angle of not less than about
      20.degree..
NUM  2.
PAR  2. Cutting means according to claim 1 in which each said insert has
      parallel top and bottom faces with the top face on the leading side and
      the bottom face on the trailing side, the peripheral wall of said insert
      being bevelled off rearwardly from said top face to form a sharp cutting
      edge on the insert at the juncture of the peripheral wall of the insert
      with leading side of the insert.
NUM  3.
PAR  3. Cutting means according to claim 2 in which the bevel on the peripheral
      wall of the insert comprises a first region adjacent the top face making a
      larger included acute angle with said top face and a second region
      extending from said bottom face to the first region and forming a smaller
      included acute angle with said top face.
NUM  4.
PAR  4. Cutting means according to claim 1 in which said inserts are distributed
      radially in said annular region of the disc.
NUM  5.
PAR  5. Cutting means according to claim 2 in which each pocket means includes a
      cylindrical axial recess in a respective block, a plug element fixed in
      the recess and having an inclined support wall for engagement with the top
      face of a respective insert, a clamp element receivable in the recess and
      having an inclined clamping wall parallel to said support wall and
      engageable with the bottom face of the insert, and means for clamping said
      clamp element in said recess to clamp the insert between the plug element
      and the clamp element.
NUM  6.
PAR  6. Cutting means according to claim 5 in which the insert has a central
      axial hole and said clamp element includes a pin upstanding therefrom and
      engageable with the hole in the insert.
NUM  7.
PAR  7. Cutting means according to claim 5 in which each block has at least one
      axial bore extending therethrough and counterbored from the end nearest
      said disc, and a cup-shaped sleeve element receivable in said bore from
      the counterbore and open toward the other end and forming a said recess
      for receiving an insert.
NUM  8.
PAR  8. Cutting means according to claim 5 which includes a relieved region
      adjacent the top face of each insert for the flow of chips taken from a
      tire tread.
NUM  9.
PAR  9. A method of removing tread material from a pneumatic tire preparatory to
      recapping thereof which comprises; rotating the tire on the axis thereof,
      arranging sharp edged cutting inserts on an annular surface in annularly
      and radially differing spaced relation and arranging said surface such
      that said inserts are at a positive radial rake angle of at least about
      20.degree. relative to the tire tread when adjacent thereto, moving the
      inserts relative to the tire while maintaining said rake angle, and
      feeding the tire and cutting inserts toward each other to cause each
      insert to take a discrete chip which is relatively narrow but of
      substantial length from the tread of the tire each time the respective
      insert moves past the tread of the tire.
NUM  10.
PAR  10. A method according to claim 9 in which the tire and inserts are fed
      toward each other at a feed rate such that each insert encounters a
      substantial body of tread material each time an insert engages the tire.
NUM  11.
PAR  11. A method according to claim 9 in which the tire is rotated on the axis
      thereof during cutting while the inserts are mounted in a rotary tool
      holder, and said tire and holder are moved relatively during cutting of
      the tread to cause the region of the tread cut by the inserts to progress
      laterally across the tire tread and partway along the side wall portions
      of the tire.
NUM  12.
PAR  12. A method according to claim 9 in which the tire is rotated on the axis
      thereof during cutting while said inserts move in a circular path about an
      axis substantially perpendicular to the axis of the tire.
NUM  13.
PAR  13. A method according to claim 9 in which the chips taken by the
      respective inserts are closely adjacent one another whereby the tire when
      fully operated is relatively smooth.
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ABST
PAL  A clamping device for a workpiece, in particular a wheel during a tire
      changing operation, comprising a supporting base, an upright post wich
      protrudes through the workpiece e.g. the central hole of a wheel and a
      securing member e.g. a tube or a plate, which may be non-rotatably
      positioned on the post. A projection on the member engages with the
      workpiece e.g. a bolt hole of the wheel, whereby on application of a force
      tending to rotate the workpiece the engagement of the workpiece with
      projection and member with post prevents rotation of the workpiece.
BSUM
PAR  This invention relates to a clamping device particularly for preventing
      rotation of a workpiece while an operation is being carried out on it. In
      particular it relates to a device for clamping a wheel in a required
      position during a tire changing operation.
PAR  In accordance with the invention a clamping device for a workpiece having a
      hole extending therethrough comprises a base, a post of non-circular
      cross-section non-rotatably secured to the base and extending outwardly
      therefrom, the workpiece being capable of being supported against the base
      with the post extending through the hole of the workpiece, a securing
      member having an internal cross-sectional shape corresponding sufficiently
      to the non-circular cross-section of the post to enable the securing
      member to be non-rotatably positioned on the post, the securing member
      having a projection extending outwardly therefrom for abutment with an
      edge of the workpiece inwardly of the workpiece periphery and extending
      radially from the post whereby on application of a force tending to rotate
      the workpiece about the post the abutment of the projection with the edge
      and the non-rotational engagement of the securing member with the post
      prevents rotation of the workpiece.
PAR  In accordance with a more limited aspect of the invention a clamping device
      comprises a base on which a workpiece having a hole extending therethrough
      may be supported in a substantially horizontal plane, an upright post of
      non-circular cross-section non-rotatably secured to the base and extending
      upwardly therefrom, the workpiece being capable of being positioned with
      the post extending through the hole of the workpiece, a securing member
      comprising an external surface for engagement with the edge of the hole
      and having an internal cross-sectional shape corresponding to the
      non-circular cross-section of the post to enable the securing member to be
      non-rotatably positioned on the post with the surface in engagement with
      the edge of the hole of the workpiece, the securing member having a
      projection extending outwardly therefrom for secure engagement with a
      radially extending edge of the workpiece radially inwards of the workpiece
      periphery whereby on application of a force tending to rotate the
      workpiece about the post the abutment of the projection with the edge and
      the non-rotational engagement of the securing member with the post
      prevents rotation of the workpiece.
PAR  When the device is used for clamping a wheel the hole through which the
      post protrudes is the central hole of the wheel and the radially extending
      edge is an edge of a bolt hole provided radially outwards of the central
      hole. The projection may include a peg capable of being positioned in the
      bolt hole to engage the edge thereof.
DRWD
PAR  The invention will be better understood from the following description of
      the three embodiments of the invention, all devices for clamping a wheel,
      by way of example only, with reference to the accompanying drawings of
      which:
PAR  FIG. 1 shows a front elevation of a first embodiment of the device in
      accordance with the invention with a wheel (shown in dotted lines in
      cross-section) in position for a tire to be fitted thereto;
PAR  FIG. 2 shows a side elevation of the device shown in FIG. 1;
PAR  FIG. 3 shows a side elevation of an alternative arrangement of part of the
      device shown in FIG. 2;
PAR  FIG. 4 shows a plan view of the top portion of the device shown in FIGS. 1
      and 2 but with certain parts omitted for clarity;
PAR  FIG. 5 shows an alternative form of securing member which is part of the
      device shown in FIG. 1;
PAR  FIG. 6 shows a fragmentary cross-section on lines 6--6 of FIG. 5;
PAR  FIG. 7 shows a cross-section through a device in accordance with the second
      embodiment of the invention in use during a tire changing operation;
PAR  FIG. 8 shows a plan view of part of the device, the securing member, shown
      in FIG. 7;
PAR  FIG. 9 shows a cross-section through a third embodiment of the device;
PAR  FIG. 10 shows a perspective view of part of the device of the third
      embodiment, the securing member, shown in FIG. 9.
DETD
PAR  The device of the first embodiment 101 comprises a tire changing apparatus
      and comprises a vertical post 102 of hexagonal cross-section secured to a
      stand 103 comprising several pieces of angle iron welded together. The
      stand comprises three legs 104 and has a triangular top frame 105 as can
      be seen in FIG. 4. Immediately beneath the top frame are welded two
      parallel spaced-apart members 106 of L-shaped cross-sectional form and
      these members are welded to a U-shaped piece of metal 107 having a hole
      108 formed at its lowest point. The post is welded to a small rectangular
      plate 109 so as to have a portion of its length on each side of the plate.
      This plate is secured by means of bolts to the top faces of the two
      L-shaped members 106 of the stand 103. The lowest portion of the post 102
      protrudes through the hole 108 in the U-shaped piece of metal and is
      maintained in position by a detachable peg 110 which fits into a hole 111
      at the lower extremity of the post.
PAR  The device further comprises a securing member 112 in the form of an
      elongated cylindrical tube formed at one end 113 into the form of a box
      wrench having a hexagonal internal cross-sectional configuration
      corresponding to the external shape of the post. The tube may be slidably
      positioned on the post but cannot be rotated in relation thereto.
PAR  Adjacent one end of the tube a short rectangular section bar 114 is welded
      to the outer surface thereof. Towards the end of this bar remote from the
      tube there is provided a peg 115 aligned substantially parallel to the
      axis of the tube.
PAR  The stand also comprises a mechanism 116 (see FIG. 2) whereby the seal
      between the bead of a tire mounted on a wheel rim can be broken even in
      some instances when the tire is in a fully inflated condition. The
      mechanism comprises a sloping platform 117 formed of two side pieces 118
      of angle iron and a cross-piece 119 of square section tubing welded
      together. Welded to the lower side of the cross-piece is a short square
      section bar 120 which seats within a further short square section tube 121
      welded to the base of the stand 122 so as to locate the platform. The
      upper surface of the platform is provided with a projection 123 of
      crescent-shaped form when viewed in plan against which a wheel rim can be
      located, the curved shape of the projection corresponding substantially to
      the radially inner surface of the wheel rim flange.
PAR  If the wheel is of the type which has a hole immediately radially inwards
      of the rim, the platform may be replaced by the arrangement shown in FIG.
      3, which comprises a short square section bar 150, having at one end a
      short peg 151. The bar fits inside the square section tube 121 so that the
      peg projects upwardly in a near-vertical direction. In use, the hole near
      the rim in a wheel is located on the peg so that the wheel is tilted at a
      small angle to the horizontal.
PAR  The bead breaking mechanism further comprises a socket member 124 for
      receiving a lever 125 e.g. a tire fitting and removal lever and a spade
      member 126 of adjustable length for engaging the tire sidewall immediately
      radially outwards of the tire bead and the wheel rim flange.
PAR  The socket member is mounted at one end to rotate about a horizontal axis
      on a pivot 127 on the stand and comprises two spaced-apart side members
      128 between which are welded a piece of square section tubing 129 having a
      hole 130 therein for receiving the extremity of the lever 125 (as shown in
      dotted outline in FIG. 2) and a plate 131 also having a hole 132 therein
      also for receiving the lever.
PAR  Two triangular brackets 133 each welded to one of the side members carries
      a pivot 134 for the spade member which comprises a curved plate 135 at the
      end of a shank 126 pivotally mounted at its end remote from the plate on
      the brackets 133. The shaft comprises two lengths 137 and 138 of square
      cross-section one piece 137 telescoping inside the other piece 138 to
      enable the shank length to be adjusted for different tire and wheel sizes.
      A peg member 139 is pivotally mounted on the pivot on the brackets to
      locate in one of a plurality of spaced-apart holes 140 in the outer piece
      138 of shank tubing and a single hole 141 in the inner piece 137 of shank
      tubing to maintain the required shank length.
PAR  In use of this device to change a tire on a rim the wheel is first located
      on the platform 117 with the projection 123 radially inwards of the rim.
      The shank length of the spade member 126 is adjusted so that the lower
      extremity of the tip engages the tire sidewall immediately radially
      outwards of the wheel rim flange when the socket member 124 is in a
      substantially vertical position. A tire lever 125 is inserted in the
      socket member and by pulling on this lever an operator can apply downwards
      pressure via the spade member 126 to the tire to break the seal between
      the bead and the rim and move the bead axially inwards from its seat.
      Since the horizontal distance between the pivot 134 between the spade
      member 126 and the socket member 124 and the pivot 127 between the socket
      member 124 and the stand 103 is shorter when the socket member is in a
      vertical position than in a horizontal position considerable mechanical
      advantage is obtained and considerable pressure can be applied to the
      tire. This operation can be repeated several times around the
      circumference of the wheel rim to completely free the bead from its seat
      and then the wheel is turned over and the operation repeated for the other
      tire bead.
PAR  The wheel 143 with the tire (not shown) attached loosely to the rim is then
      positioned on the upper surface of the stand with the post 102 protruding
      through the central hole 142 of the wheel 143. The tube 112 is then
      slidably positioned on the post 102 with the lower edge of the bar 114
      engaging the wheel. The peg 115 is positioned in a bolt hole 144 of the
      wheel or against another radially-extending edge of the wheel. The wheel
      143 is now unable to rotate when a tire lever (not shown in FIG. 1) is
      inserted between the wheel rim 145 and the tire bead and levered against
      the tube 112 by the operator walking around the stand. Any tendency of the
      wheel to rotate is prevented by the peg 115 attached to the tube 112 which
      is itself preevented from rotation about the post 102 by its non-circular
      shape. The tube protects the post during the tire changing operation
      during which torque is placed on the wheel and this torque is transmitted
      through the peg to the tubular member and to the post. The load between
      the tube and the post is such that it prevents the tube sliding up the
      post. The wheel is therefore firmly located all the time the torque is
      applied to it. The wheel does not have to be positioned with the post
      accurately at its center and so long as the peg is positioned in the bolt
      hole the clamping effect will be obtained. The device is thus suitable for
      a range of wheel center hole sizes and bolt hole pitch center diameters.
PAR  An alternative form of securing member for use with the device of the first
      embodiment is shown in FIGS. 5 and 6. The member comprises a tube 160
      which is cylindrical over the major part of its length but a portion 161
      adjacent one end is of hexagonal cross-section, having the form of a
      box-wrench. The portion of the tube of hexagonal cross-section is longer
      than the corresponding part of the tube 112 shown in FIG. 1.
PAR  Welded to the cylindrical part of the tube, adjacent the junction between
      the cylindrical and hexagonal parts is a rectangular bar 162 welded to
      which is a solid cylindrical rod 163. The rod is provided with a hole 164
      on its axis into which is forced a high strength steel roll-pin to form a
      short peg 165. The axis of the peg is parallel to but spaced-apart from
      the axis of the tube 160.
PAR  The increased length of the hexagonal portion of the tube and the different
      peg arrangement enables wheels having bolt holes which are axially off-set
      by a considerable amount from the edge of the central wheel hole to be
      clamped, such wheels not being securable by the securing member of the
      first embodiment.
PAR  The alternative form of securing member is also provided with a short
      slideable handle or tommy-bar 166 positioned adjacent the end further from
      the hexagonal portion. The tommy-bar extends at right angles to the tube
      axis and is slidable in two holes 167 in the tube. The ends 168 of the
      tommy-bar are flattened and widened so as to prevent its separation from
      the tube 160.
PAR  The provision of a tommy-bar for the securing member enables an operator to
      put a torque on the member by pressing on the tommy-bar and hence clamp
      the wheel when required, for example during removal of an inner tube from
      within a tire or during the initial positioning of the tire lever between
      the wheel rim flange and the tire bead. It will be appreciated that when
      no torque is applied to the securing member the wheel can easily be moved
      small amounts on the top surface of the stand so means for clamping a
      wheel when performing operations such as exemplified above is desirable.
      The small torque obtainable by pressing on the tommy-bar is sufficient to
      clamp the wheel during such operations.
PAR  The device 200 of the second embodiment illustrated in FIGS. 7 and 8
      comprises a vertical post 201 of hexagonal cross-section welded to a base
      plate 202. This base plate may be a continuous lamina or of open structure
      e.g. several elongated members such as pieces of square section tubing
      welded together. The post 201 is securely welded to the base plate 202
      which itself is mounted on a stand (not shown in FIG. 7 but may be as
      shown in FIG. 1) the base plate being at any convenient working height.
PAR  The device further comprises a securing member in the the form of an
      elongated cylindrical tube 203 formed at one end 204 into the form of a
      box wrench having a hexagonal internal cross-sectional configuration
      corresponding to the external shape of the post. The tube may be slidably
      positioned on the post but cannot be rotated in relation thereto.
      Externally of that end of the member formed into a box wrench shape there
      is welded a cone 205 having a cone angle of 45.degree.. The size of the
      cone is such that its maximum diameter is greater than the central hole
      formed in the majority of standard size wheels and the conical surface
      thereof may engage against the edge of this central hole. The conical
      shape enables a variety of wheels having different size central holes to
      be engaged securely by the conical surface.
PAR  Adjacent the cone a short rectangular section bar 206 is welded to both the
      cone 205 and the outer surface of the tube 203. Towards the end of this
      bar remote from the tube there is provided an elongated slot 207 enabling
      a peg 208 to be positioned in the slot substantially parallel to the axis
      of the tube. This peg can conveniently be a bolt having a nut 211 welded
      to its shank. The peg is therefore a loose fit in the slot but cannot be
      removed from it.
PAR  In use of the device a wheel 212 having a tire 213 to be changed is
      positioned on the base plate with the hexagonal post 201 protruding
      through the central hole 209 of the wheel. The tube 203 is then slidably
      positioned on the central post 201 with the conical surface 210 of the
      cone 205 engaging the edge of the central hole 209 in the wheel. The peg
      208 is then positioned in a bolt hole 214 of the wheel or against another
      radially extending edge of the wheel. The wheel is now unable to rotate
      during the tire changing operation when a tire lever 215 is inserted
      between the wheel rim 216 and the tire bead 217 and levered against the
      tube 203 the operator walking around the tire. Any tendency of the wheel
      to rotate is prevented by the peg attached to the tube which itself
      prevented from rotation about the post by its non-circular shape. The tube
      protects the post during the tire changing operation during which torque
      is placed on the wheel and this torque is transmitted through the peg to
      the tubular member and to the post. The load between the tube and the post
      is such that it prevents the tube sliding up the post. The wheel is
      therefore firmly located all the time the torque is applied to it.
PAR  The cone at the end of the tube can be made suitable for a range of wheel
      center holes and the tube easily positioned vertically to be suitable for
      the differing positions of wheel naves of different wheel designs.
PAR  As an alternative to the hexagonal shape at the end of the post and the
      corresponding internal shape of the end of the tube a circular post with a
      keyway for a tube having a circular cross-section and radially inwardly
      extending key would fill the same function.
PAR  The device 300 of the third embodiment illustrated in FIGS. 9 and 10 is
      similar to that of the first embodiment except that the vertical post 301
      is hollow. A spindle 302 inside the post is rotatably driven by means of a
      piston and cylinder assembly 303 acting through a rack 304 and pinion 305
      positioned beneath the working surface 306 of the stand to a tire removal
      lever (not shown) connected to the spindle which protrudes from the top of
      the hollow post. The spindle may alternatively be driven by a motor. The
      securing member 307 comprises a flat plate as shown in detail in FIG. 10
      provided with a square hole 308 the distance opposite sides of which is
      slightly larger than the distance between opposite flat faces of the
      hexagonal post 301. The plate is therefore a sliding fit on the post but
      is non-rotatable relative thereto. The plate also carries a short peg 309
      which is capable of engaging in a bolt of the wheel.
PAR  To use the device as shown in FIGS. 9 and 10 the wheel and tire assembly is
      placed on the top surface of the stand with the hollow post protruding
      through the central hole of the wheel. The plate 307 is slid down the
      spindle 302 and hollow post 301 so that two sides of the square hole 308
      engage with the hexagonal outer surface of the post and the peg engages
      with a bolt hole in the wheel. The tire removal (or fitting) lever (not
      shown), is then fitted to the top of the spindle so as to engage with the
      wheel rim and tire so that on rotation of the spindle the tire is removed
      (or fitted) to the wheel. During this operation a force is applied via the
      lever tending to rotate the wheel but this is prevented by the abutment of
      the peg with the edge of a bolt hole and the plate with the hollow post
      thereby clamping the wheel.
PAR  While hexagonal cross-sectional posts have been described in all three
      embodiments it will be understood that there are many other
      cross-sectional shapes which can be utilized e.g. square, in order to
      fulfil the same function. Additionally there are many other possible
      internal cross-sectional shapes for the securing member, corresponding
      sufficiently or wholly to the shape of the post.
CLMS
STM  I claim:
NUM  1.
PAR  1. A clamping device for a workpiece having a hole extending therethrough
      comprising a base, a post of non-circular cross-section non-rotatably
      secured to the base and extending outwardly therefrom, the workpiece being
      capable of being supported against the base with the post extending
      through the hole of the workpiece, a securing member having an internal
      cross-sectional shape corresonding sufficiently to the non-circular
      cross-section of the post to enable the securing member to be
      non-rotatably positioned on the post, the securing member having a
      projection extending outwardly therefrom for abutment with an edge of the
      workpiece inwardly of the workpiece periphery and extending radially from
      the post, said internal cross-section and post having friction engaging
      surfaces therebetween whereby on application of a force tending to rotate
      the workpiece about the post the abutment of the projection with the edge
      and the non-rotational engagement of the securing member with the post
      prevents rotation and axial movement of the workpiece away from the base
      along the post without any separate locking means between the securing
      member and the post.
NUM  2.
PAR  2. A clamping device according to claim 1 wherein the base is horizontal
      and the post extends upwardly from the base.
NUM  3.
PAR  3. A clamping device according to claim 1 wherein the securing member
      comprises an internal surface which corresponds to the external surface of
      the post.
NUM  4.
PAR  4. A clamping device according to claim 1 wherein the securing member
      comprises a flat plate.
NUM  5.
PAR  5. A clamping device according to claim 4 wherein the flat plate is formed
      with a square hole and the post is formed with at least two flat faces
      which are parallel to one another and spaced-apart by a distance which is
      slightly less than that between opposite sides of the square hole.
NUM  6.
PAR  6. A clamping device according to claim 1 wherein the securing member
      comprises a tube.
NUM  7.
PAR  7. A clamping device according to claim 6 wherein part of the internal
      surface of the tube is hexagonal in cross-section and the external surface
      of the post is hexagonal in cross-section, the tube being a sliding fit on
      the post.
NUM  8.
PAR  8. A clamping device according to claim 6 wherein the tube is provided with
      a slideable bar extending radially thereof.
NUM  9.
PAR  9. A clamping device comprising a base on which a workpiece having a hole
      extending therethrough may be supported in a substantially horizontal
      plane, an upright post of non-circular cross-section non-rotatably secured
      to the base and extending upwardly therefrom, the workpiece being capable
      of being positioned with the post extending through the hole of the
      workpiece, a securing member comprising an external surface for engagement
      with the edge of the hole and having an internal cross-sectional shape
      corresponding to the non-circular cross-section of the post to enable the
      securing member to be non-rotatably positioned on the post with the
      surface in engagement with the edge of the hole of the workpiece, the
      securing member having a projection extending outwardly therefrom for
      secure engagement with a radially extending edge of the workpiece radially
      inwards of the workpiece periphery, said internal cross-section and post
      having friction engaging surfaces therebetween whereby on application of a
      force tending to rotate the workpiece about the post the abutment of the
      projection with the edge and the non-rotational engagement of the securing
      member with the post prevents rotation and axial movement of the workpiece
      away from the base along the post without any separate locking means
      between the securing member and the post.
NUM  10.
PAR  10. A clamping device according to claim 9 wherein the surface for engaging
      the edge of the hole in the workpiece is conical.
NUM  11.
PAR  11. A tire changing apparatus including a clamping device according to
      claim 1.
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ABST
PAL  Ingots of high-melting ferroalloys and metal alloys with good forming
      properties are obtained by melting a consumable electrode in a slag bath
      in an ingot mold while cooling the ingot mold and providing a high
      pressure gas inert to the slag above the slag bath. The apparatus is a
      trisectional pressure chamber including an ingot mold which may be
      surrounded by a pressure container, a bell-type distributing device
      surrounding and extending above the mold, a cap for the distributing
      device through which a guide rod for a consumable electrode is introduced
      into the mold and a gland mounted in the cap for sealing the pressure
      chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The instant invention concerns a method for manufacturing ingots with good
      forming properties comprising high-melting ferroalloys and metal alloys,
      especially high-alloyed steels such as austenitic chromium-nickel-steels
      or nickel-cobalt-base alloys. These alloys produced by conventional
      processes are very difficult to form due to their very coarse
      solidification texture and due to unavoidable segregations in their
      ingots. The forming difficulties make it necessary to first form the
      ingots by means of extrusion namely, by means of a pure compression
      strain.
PAR  In order to prevent a coarse solidification texture, it is desirable that
      the respective solidified area of the ingot be maintained as small as
      possible and kept under high pressure during the solidification phase.
      Segregations in the ingot may also be extensively excluded by utilizing
      the electroslag remelting method.
PAC  SUMMARY OF THE INVENTION
PAR  Extensive tests have proven that a combination of the electroslag remelting
      method and the melting under high pressure, which is suitably bulit up
      over a slag layer with the help of a gas, requires the utilization of a
      slag which does not react with the gas. In the presence of nitrogen the
      slag should have no or only very little nitrogen solubility in order to
      prevent unavoidable nitrogen transitions from the slag into the steel
      bath, since such nitrogen transitions could lead to local defects. It is
      furthermore necessary that intensive cooling of the ingot mold be
      provided, since it is desired that the purest possible grains be obtained
      in the area of the external zone (case) which is extremely important for
      the initial forming phases. To increase the cooling, a water coolant may
      be replaced with a liquid metal such as liquid sodium, the temperature of
      which may be between 350.degree. and 650.degree.C. This type of cooling is
      recommended especially for an ingot mold with a large diameter in order to
      avoid excessively large cooling spaces in the ingot mold, namely, spaces
      for receiving the quantitative flow of the coolant. The degree of cooling
      should be measured so that the slag in the area of the immersed electrode
      is liquid and in the area of the ingot wall in contrast thereto is in
      solid form. This solid slag area should measure not more than 1/10 of the
      diameter of the ingot mold, or should be of a comparable measurement of
      the ingot. In general, however, 1/100 of the diameter of the ingot mold is
      sufficient for this slag area.
PAR  It is the object of the instant invention to provide a method of
      manufacturing ingots of high-melting ferroalloys and metal alloys which
      have good forming properties and a fine-grained solidification texture by
      melting at least one consumable electrode according to the principle of
      the growing block in a liquid-cooled ingot. The instant invention
      comprises melting the electrode in a slag layer, above which is located a
      gas under high pressure, which gas does not react with the slag. By
      controlling the cooling of the ingot in the area of the immersed
      electrode, the liquid condition of the slag is retained, and in the area
      of the ingot wall the solidified condition of the slag is retained, both
      conditions being retained during the entire melting process.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be better understood by referring to the
      drawings in which:
PAR  FIG. 1 is a schematic illustration of an apparatus for performing the
      method of the invention and
PAR  FIG. 2 is a schematic illustration of an apparatus similar to the apparatus
      of FIG. 1 for producing small ingots.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The method of the instant invention may be performed in an apparatus such
      as that which is schematically illustrated in FIG. 1. The apparatus
      comprises essentially a trisectional pressure chamber, whereby the three
      sections are a pressure-container 3, a bell-type distributing device 2,
      and a cap (or roof) 1. Through the cap a guide rod 7 for a consumable
      electrode 6 is guided, which extends into an ingot mold 5. The mold 5 is
      surrounded by a jacket 14 with an inlet 15 and an outlet 16 through which
      a liquid coolant can travel. The sealing between the guide rod 7 and the
      pressure chamber is made by means of a gland 8 which is mounted in the cap
      (or roof) 1. After the melting of electrode 6 and the complete
      solidification of the block built up in the ingot mold, this block can
      then be removed from the apparatus with the aid of an ingot-conveying
      device 4. The guiding of the consumable electrode, namely, the respective
      adjustment of its elevation, is made by means of an electrode buggie 10
      (or carrier) which moves up and down along a column sleeve 9. The cloumn
      sleeve 9 is also utilized for a lift device 11 of the bell-type
      distributing device 2. Electrical devices are operated from area 13; at 12
      is indicated a gearing platform which enables the movement of the
      electrode buggie 10 and the lift device 11. A liquid slag area 17 and a
      solid slag area 18 are both present in the mold 5 during the melting
      phase.
PAR  For manufacturing small ingots such as round blocks with up to 500 mm
      diameter, a simply constructed apparatus such as illustrated in FIG. 2 can
      be utilized. The essential difference in this apparatus in comparison with
      the installation shown in FIG. 1 is that the ingot mold 5 is itself a part
      of the trisectional pressure chamber. This pressure chamber comprises, in
      addition to the ingot mold 5, the bell-type distribution device 2 and the
      cap (or roof) 1.
PAR  The necessary gas pressure above the slag layer, which, for example, may be
      produced by means of argon, in austenitic chromium-nickel-steels or in
      nickel-base alloys should not be below 20 atmospheres in order to obtain
      essential and intensive effects on the solidification texture. The inert
      gas is supplied through means 19 in the bell-type distribution device 2.
PAC  EXAMPLE OF OPERATION
PAR  For manufacturing an ingot weighing 500 kg and comprising a practically
      non-deformable cobalt-base alloy of 1.2% C, 1.0% Si, 0.15% Mn, 25.0% Cr,
      4.5% W, the remainder being cobalt, a consumable electrode having a
      diameter of 110 mm, was melted in a slag comprising 50% CaF.sub.2, 20%
      SiO.sub.2, 15% CaO and 15% MgO in an apparatus according to FIG. 2. A
      pressure of 35 atmospheres was maintained over the slag with argon during
      the melting phase up to the solidification of the ingot in a water-cooled
      copper-ingot mold.
PAR  The final analysis of the ingot produced was 1.19% C, 0.84% Si, 0.19% Mn,
      25.74% Cr, 4.37% W, 3.33% Fe and 63.28% Co. This ingot, having a diameter
      of 200 mm, was first forged to 90 mm and thereafter rolled to 8 mm.
PAR  The formability of this barely formable alloy could thus be improved in a
      decisive manner by utilizing the inventive melting under pressure.
PAR  The method according to the instant invention may also be utilized in a
      manner whereby simultaneously with the continuous melting of at least one
      electrode rod or band-electrode in the slag bath, a material compound is
      added thereto in powder-, granulate- or particle-form, which can serve
      various purposes. The insertion of such admixtures can be made
      continuously with the aid of a base gas which is preferably the same gas
      which produces the necessary gas pressure above the slag. The additives,
      however, may also be inserted in partial quantities during the melting
      process with the aid of apportioning devices. For adding material to the
      apparatus, there may be provided lead-ins in the cap (or roof) 1 of the
      trisectional pressure chamber. It is however also possible to arrange
      suitable lead-ins at other points of the pressure chamber, for example a
      line-in 20 in the area of the bell-type distributing device 2.
PAR  The inventive method may also be utilized for manufacturing steels and
      alloys with high nitrogen contents, whereby the required gas pressure can
      be produced with an inert gas such as argon, or when utilizing a slag
      which is practically free of carbon without interferring nitrogen
      solubility such as a slag with 35% CaF.sub.2, 35% CaO, 30% Al.sub.2
      O.sub.3, and also with nitrogen. The nitrogen solubility of the slag can
      be further reduced by means of adding SiO.sub.2.
PAR  Increasing nitrogen contents, because of the increase of the solidity of
      the steels, have increased forming difficulties. However, these forming
      difficulties can be advantageously met with the method of the instant
      invention.
PAR  The utilization of the method for manufacturing steels with high nitrogen
      contents has already been proposed. In this prior art method, one works
      with high nitrogen pressures over the slag bath, which, however, must
      possess a high solubility for nitrogen in order to enable the
      nitrogenization of the steel ingot. The main difficulty in tis method is
      that unexpectantly only relatively small amounts of nitrogen are accepted
      by the steel bath, and that additionally the distribution of the same over
      the ingot crosscut as well as over the ingot length can be very uneven.
      This will result not only in additional forming difficulties but also in
      very uneven mechanical characteristics in dependency of the respective
      local nitrogen content.
PAR  The adding of nitrogen to the steel ingot is inventively made during the
      melting phase, exclusively by adding nitrogen-containing substances to the
      slag. Metal nitrides and mixtures of the same are utilized as the
      nitrogen-containing substances. The addition of these substances may be
      made in a continuous manner or in several steps. The additions must
      however be in such dosages so that a homogeneous block builds up during
      the melting phase.
PAC  EXAMPLE OF OPERATION
PAR  For manufacturing a round ingot weighing 1420 kg and having a diameter of
      400 mm comprising a steel alloy with a high nitrogen content and with
      approximately 18% Mn, 12% Cr, 2% Ni, and 0.5% Mo, a consumable electrode
      having a composition of 0.029% C, 0.44% Si, 18.66% Mn, 5.98% Cr, 2.03% Ni,
      0.5% Mo, 0.19% N, the remainder being iron and unavoidable steel
      impurities, with a 260 mm diameter, was melted in a slag comprising 29.1%
      CaO, 30.8% Al.sub.2 O.sub.3, 31.5% CaF.sub.2 and 5.9% SiO.sub.2 in an
      apparatus as seen in FIG. 1. A pressure of 21 atmospheres was maintained
      over the slag with nitrogen during the melting phase up to the
      solidification of the ingot.
PAR  To add nitrogen to the steel ingot, 140 kg nitride ferrochromium with a
      grain size of about 3 mm in equal proportions were added. The additions
      were made at intervals of 20 seconds. The total melting time inclusive of
      the top heating amounted to 284 minutes.
PAR  The final analysis of the ingot produced was 0.034% C, 0.37% Si, 16.70% Mn,
      11.76% Cr, 1.97% Ni, 0.44% Mo and 0.8% N.
PAR  The ingot was forged into a capping ring and in spite of the high nitrogen
      content of 0.8% was satisfactorily formed.
PAR  The nitrogen may, however, be added to the slag during the melting phase,
      and may be of other nitrogen-containing substances or mixtures of the
      same. Preferably, these will however always be nitrides, especially Cr--
      or Mn-nitrides. In steels which contain chromium and manganese there may
      be utilized a mixture of Cr-- and Mn-nitride in which are present chromium
      and manganese in the same ratio as in the consumable electrode. In place
      of the additives for the alloying with nitrogen, there may also be added
      other substances for other reasons during the melting phase in powder-,
      granulate- or particle-form. For example, material comprising the same
      composition as the consumable electrode, or a mixture which in the molten
      condition produces the composition of the block may be added. Also,
      additions for alloying the ingot with chromium, nickel, molybdenum,
      tungsten, vanadium, etc. are possible by utilizing the respective
      ferro-alloys.
PAR  Deoxidation processes may also be performed by means of additives during
      the melting phase, especially an additional deoxidation for influencing
      the composition of the deoxidation products remaining in the ingot. For
      example, by utilizing alkaline earth metals in the form of deoxidation
      alloys, deoxidation can also be performed in order to influence in this
      manner certain material characteristics such as the amendability of the
      ingot to receive polish or to be machined.
PAR  In performing such measures, it is however to be considered that the
      admixtures have a grain size of not more than 6 mm, preferably not more
      than 3 mm, in order to be able to melt in the slag layer. For this reason,
      there should only be utlizied additions which have a melting point of at
      least 50.degree.C below the temperature of the slag bath. When larger
      quantities of additions are used, it will then be suitable to add
      admixtures (alloys) to the apparatus in the above-described condition.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of manufacturing ingots of high-melting ferroalloys and metal
      alloys having favorable formability and a fine grain solidification
      texture comprising: melting at least one consumable electrode in a slag
      bath in an ingot mold; cooling the ingot mold wall with a liquid metal;
      providing a gas inert to the slag under a pressure of at least 20
      atmospheres above the slag; and adjusting the cooling of the ingot mold in
      the area of the immersed electrode to retain the liquid condition of the
      slag, and in the area of the ingot mold wall to retain the solid condition
      of the slag, both conditions being retained during the melting phase to
      obtain an area of solid slag between the ingot mold wall and liquid slag
      area of a dimension of between 1/100 and 1/10 of the ingot mold diameter.
NUM  2.
PAR  2. The method according to claim 1, wherein the liquid metal used to cool
      the ingot mold is sodium having a temperature of between 350.degree.C and
      650.degree.C.
NUM  3.
PAR  3. The method according to claim 1, wherein the electrode is continuously
      melted in the slag bath.
NUM  4.
PAR  4. The method according to claim 1, further comprising adding a
      nitrogen-containing substance in finely divided form with a maximum grain
      size of 6 mm to the slag bath during the melting phase.
NUM  5.
PAR  5. The method according to claim 4, wherein the nitrogen-containing
      substance is added in a pre-heated condition.
NUM  6.
PAR  6. The method according to claim 4, wherein the nitrogen-containing
      substance has a melting point at least 50.degree.C lower than the
      temperature of the slag bath.
NUM  7.
PAR  7. The method according to claim 4, wherein the nitrogen-containing
      substance is a mixture of chromium nitride and manganese nitride and
      wherein chromium and manganese are present in the same ratio as in the
      consumable electrode.
NUM  8.
PAR  8. The method according to claim 1, further comprising adding a ferroalloy
      in a finely divided form with a maximum grain size of 6 mm to the slag
      bath during the melting phase.
NUM  9.
PAR  9. The method according to claim 1, further comprising adding a substance
      which when melted produces the ingot composition in a finely divided form
      with a maximum grain size of 6 mm to the slag bath during the melting
      phase.
NUM  10.
PAR  10. The method according to claim 1, further comprising adding an alkaline
      earth metal in a finely divided form with a maximum grain size of 6 mm to
      the slag bath during the melting phase.
NUM  11.
PAR  11. The method according to claim 1, further comprising adding a material
      having the same composition as the consumable electrode in a finely
      divided form with a maximum grain size of 6 mm to the slag bath during the
      melting phase.
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ABST
PAL  The invention pertains to the continuous centrifugal casting of metallic
      and non-metallic tube onto the I.D. surface of a rotating hollow cylinder
      which acts as the initial mold of the tube forming operation. Molten
      material, to be cast to tube, is continually introduced into the entrance
      end of the centrifuge and the solidified centrifugally cast tube is
      continuously extracted from the exit end. The process is greatly enhanced
      as to casting rates and ease of extraction of the solid cast tube by the
      techniques of utilizing a vacuum on the interior of the tube, in its
      molten and solid state, and/or a positive pressure (above ambient)
      external to the solidified or partially solidified tube at the exit end of
      the centrifugal casting machine.
BSUM
PAC  GRAVITY SEGREGATION
PAR  One of the limitations encountered in centrifugal casting concerns the
      centrifuging of denser constituents towards the outside surface (and,
      conversely, lighter constituents towards the interior surface) by the high
      "G" centrifugal forces. Under normal, fairly rapid, solidification this is
      no problem but it is sufficiently severe in some alloy systems as to
      obviate or limit the use of centrifugal casting. The variation of
      composition from the interior to the exterior surface of a centrifugal
      casting is termed gravity segregation and has been considered as either a
      limitation or a nuisance by centrifugal casters.
PAR  It is a purpose of this invention, and one of the teachings disclosed
      herein, to enhance and utilize gravity segregation to a useful purpose.
PAR  The specific method of accomplishing or enhancing gravity segregation to
      effect a useful purpose is to introduce an extended-hot-zone at the
      starting end of the continuous centrifugal casting system herein
      disclosed. The Maxim process has a hot zone at the starting end of the
      caster for the purpose of preventing a knobby surface (to enhance the
      leveling or smoothing action) and another invention, U.S. Pat. No.
      2,754,559 issued to Fromson in 1956, utilizes an initial hot zone to
      enhance layering of smooth spreading out of the molten metal to be
      solidified on top of a flat liquid mold of lead. In the process disclosed
      herein, the hot zone is appreciably extended (where desired to enhance
      gravity segregation and only in this instance is the hot zone so extended
      beyond that required for effective leveling or layering of the molten
      steel) so that segregation will be emphasized and can be utilized usefully
      as will be explained in detail later on.
PAR  Automotive sheet steel (used for the exterior body covering), is normally
      made from rimmed-steel ingots even though it would be considerably
      cheaper, if the desired properties were present, to utilize continuously
      cast slabs or billets instead of remaining with the old ingot process. The
      reason for this is that rimming-steel exhibits a vigorous boiling action
      on pouring into the ingot mold and this creates a scrubbing action at the
      solidifying surface of the ingot. The result is that rimmed-steel ingots
      have a fine grained exterior layer of fairly low carbon content. When such
      ingots are rolled, the surface of the sheet is smoother and takes a better
      polish than steel made by other processes. It also has better deep drawing
      qualities. The spattering (which creates a rim on the ingot mold and is
      the basis for the term rimmed-steel) caused by the release of gases, with
      resultant vigorous boiling action, is the main reason that rimmed steel
      cannot be effectively cast by current continuous casting processes.
PAR  Rimming-steel can be cast in the centrifugal process using a mold having a
      fairly large diameter (as 3 feet) since any spattering merely ends up on
      the opposite interior surface of the tube and is not oxidized due to the
      internal inert vacuum. The scrubbing action is absent, however, since the
      released gases are directed inwardly by the centrifugal forces.
      Centrifugally cast steel does, however, have the required density since it
      is pressure cast under optimum conditions.
PAR  If, however, an extended-hot-zone is used, either with rimming steel or
      with semi- or fully- killed low carbon steel, the delta ferrite
      (essentially pure iron) solidifys first and, being solid and denser than
      the balance of the molten metal, centrifuges to the exterior surface. The
      resultant centrifugally cast tube is characterized by having an exterior
      layer of dense, fine grained, low-carbon steel. Such a tube can be
      collapsed to a plate and roll-welded on its interior contiguous surfaces
      to yield a product capable of being rolled to sheet stock which exhibits
      all of the properties (smooth surface, high polish-ability, and deep
      drawing characteristics) required of automotive sheet stock. Such a tube
      can also be slit longitudinally and flattened to plate stock, by prior art
      processes, and rolled to sheet having the desired properties on one (the
      tubes exterior) surface.
PAR  It can be appreciated that such automotive sheet stock can also be produced
      from batch-type centrifugally cast cylinders of steel by the expedient of
      an extended (slow) cooling action using pre-heated or low heat
      conductivity molds of a solid wall nature.
PAR  The extended-hot-zone is basically a means of slowing the solidification
      rate over a specific temperature range. With low-carbon steel this range
      coincides with the delta-ferrite region of the iron-carbon phase diagram
      which encompasses the temperature range of about 1500.degree. to
      1475.degree.C.
PAR  The extended-hot-zone (slowed solidification range) can, by intentionally
      varying the length of the hot-zone or utilizing higher G forces, create a
      wide variation of surface properties in collapse-formed sheet products
      made from such tube. Ordinarily, the extended-hot-zone is used only where
      an end product of uniquely advantageous properties is created (as
      automotive sheet stock). The hot zone is restricted to that necessary for
      leveling or smoothing of the molten steel or other material layer under
      all other conditions. This is especially true where the tube is to be
      longitudinally collapsed-formed to a structural item (as I-beam or
      railroad rails) where a lower carbon surface could result in a loss of
      fatigue resistance.
PAR  Other alloys can be advantageously processed by the technique of using an
      extended-hot-zone. Cast iron pipe continuously centrifugally cast from
      gray or nodular irons can be produced with a gradient metallurgical
      structure (from the exterior to interior surface of the pipe) of varying
      carbon content which exhibit advantageous properties under certain
      conditions of use. Silicon steels can be so treated to produce a
      high-silicon interior surface on the centrifugally cast tube.
PAR  FIG. 1 is a graphical representation of the change in specific volume of a
      solidifying and cooling steel;
PAR  FIG. 2 is a geometrical sketch of a truncated wedge section hypothetically
      removed from the cast tube for illustrative purposes;
PAR  FIG. 3 is a partial axial sectional view of a horizontal centrifugal
      solid-wall continuous tube casting machine with seal means at the entrance
      and exit ends thereof;
PAR  FIG. 4 is an axial sectional view of an embodiment of the exit end of a
      solid-wall centrifugal tube casting machine which depicts means of
      enclosure thereat to effect a positive pressure (above ambient) external
      to the exiting tube as per Method 5;
PAR  FIG. 5 is a partial axial sectional view of a vertical centrifugal
      solid-wall continuous tube casting machine with seal means at the entrance
      end thereof;
PAR  FIG. 6 is a partial axial sectional view of a plasma torch arrangement,
      utilizing a bellows vacuum seal, in the retracted position;
PAR  FIG. 6 A is a similar view of the plasma arrangement in the extended
      position.
DETD
PAC  DETAILED DESCRIPTION -- THE PROCESS
PAR  Referring now to the drawing in detail, and in particular to FIG. 1
      (redrawn from Wulff's "Metallurgy for Engineers") it can be seen that a
      centrifugally cast mild steel tube will experience a volume shrinkage of
      about 6% or a diametrical shrinkage of 2% in cooling from the
      solidification temperature of about 1500.degree.C to a temperature of
      about 330.degree.C under centrifugal casting conditions. It can also be
      derived that the diametrical shrinkage of a centrifugally cast mild steel
      tube in cooling from 1500.degree.C down to 700.degree.C is about 1.5%. The
      specific volume contraction curve of FIG. 1, illustrates the amount of
      shrinkage attendant to the cooling of a mild steel casting under normal or
      static conditions and is reproduced herein for information purposes.
PAR  FIG. 2 is illustrative of a solid geometrical configuration wherein a sq.
      in. area on the periphery of a 10 in. diameter tube, having a 1 in. wall
      thickness, is radially projected inwardly onto the axis of the tube to
      form a truncated wedge within the confines of the radial projection lines
      and the exterior and interior surfaces of the tube wall. The projection of
      the 1 in. sq. area on the exterior surface of the tube onto the tube's
      axis cuts out a rectangular area on the interior surface of the tube that
      is 1 in. long and has a circular length of 0.8 in. on the adjacent side.
      The inner rectangle has an area of 0.8 .times. 1 or 0.8 sq. in. The volume
      of the truncated wedge is, therefore, 0.9 cu. in. and this volume bears on
      the 1 sq. in. of exterior tube surface under the influence of the
      centrifugal action. The geometrical configuration is used to illustrate
      the decrease of volume bearing on the O.D. surface of a tube as the
      diameter becomes smaller and the corresponding decrease in bearing
      pressure (psi).
PAR  In the following drawings pertaining to continuous centrifugal casting
      machines and devices, such means as cooling of the mold, tube withdrawal
      techniques, trunnions, bearings, rotational mechanisms, and the like which
      are well known to the prior art, are not shown and have been omitted for
      the sake of brevity.
PAR  Reference is now made to FIG. 3 which is an axial cross-sectional view of a
      horizontal solid-wall continuous centrifugal casting machine which rotates
      about its axis 1. The molten material 2 to be cast to tube, is
      continuously introduced into the entrance end 3 via the conduit 4 and
      pours into the annular distributing trough 5 of the refractory part 6. The
      refractory part 6 is encased in a structural metal housing 7 which extends
      towards the exit end 8 of the centrifuge as the solid mold wall 9 the
      exterior surface of which is cooled by a multiplicity of peripherally
      spaced jets of cooling liquid (not shown). The molten material 2 overflows
      the ledge 10 which is lined with an annular ring 11, of axially aligned
      pyrolytic material for rapid axial heat conduction and radial insulation
      and constitutes a hot zone 16) and forms an axially flowing ring of molten
      material 12 which freezes to a solid tube 13 by heat conduction to the
      mold wall 9 in area 14 and by radiation to the blackened mold wall
      interior in area 15. At the entrance end 3 of the centrifuge and axially
      external to the refractory part 6 is an annular trough 20 which is
      partially filled with a centrifuged heavy liquid 21 of a high boiling
      nature (as Wood's metal, molten tin or lead, etc.). A non-rotating end
      plate (disc) 22 has its outer periphery 23 immersed in the annular trough
      fluid 21 and constitutes a vacuum seal for the casting machine at its
      entrance end 3. The end seal disc 22 has circumferential gutters 24 which
      collect any cascading fluid 21 and return it to the trough 20 at the
      bottom side. The molten material conduit 4 as well as an inert gas purge
      tube 25 and a vacuum suction line 26 extend through the end plate 22 and
      are attached thereto by leak-proof seals. By means of the purge tube 25,
      the cavity 30 of the tube's interior is purged with an inert gas and a
      vacuum is then drawn on the interior cavity 30 via vacuum tube 26. The
      diameter of the trough 20 is considerably greater than the diameter of the
      centrifuge and the diameter of the liquid level of the sealing material is
      also quite large. By this means, greater access area (via sealed but
      removable port holes) is available in the end plate 22 for insertion of
      required mechanisms such as plasma torches, rotary skimming devices, etc.,
      as needed. The trough 20 is deep enough to contain all of the seal fluid
      21, without overflow, when rotation is stopped.
PAR  Exterior to the exit end of the centrifugal casting machine is a set of
      opposed forging rolls 34 and 35 which travel axially and in synchronizm
      with exiting tube 13. At the same axial location and at right angles to
      the plane between the axis of the forging rolls (34 and 35) are two
      opposed banks of burners such as plasma torches (not shown) which maintain
      the heat of the exiting tube 13, or bring it to a desired forge-welding
      temperature. These forging rolls 34 and 35 move synchronously and axially
      along with the hot tube and gradually come together with sufficient force
      to collapse a small portion of the tube (as a 2 ft. length) to a solid
      round having a forge welded interior joint 36 which is vacuum-tight. Such
      collapsed sections of the tube can be as far apart as desired (e.g., every
      300 ft. of tube length) and comprise the vacuum seal to the tube at the
      exit end of the centrifugal caster. Further on, and after another seal has
      been so forge-closed, the solid section 36 can be cut off at its
      mid-length for removal of the discrete length of vacuum sealed
      sausage-like tube lengths, for use as previously described. It can be
      appreciated that other conventional means, such as swaging, flat-crimping,
      etc. can be used to form the discrete collapsed section for vacuum closure
      at point 37 of the hot tube. Also, axial travel of the sealing rolls (34
      and 35) can be extended (as to 300 plus feet) so that they act as powered
      pull-out grips for the tube so cast. The tube can also be sealed at the
      exit end by continuous collapse-deformation thereof to longitudinal items
      of structure in accordance with the teachings of my prior patent
      application Ser. No. 538,506.
PAR  By means of the forged tube closure 36 and the end plate seal 22, a vacuum
      can be drawn (via conduit 26) on the tube cavity 30 to an extent that it
      partially or completely counterbalances the side-wall force and resulting
      friction of the tube being cast in accordance with Method 4.
PAR  It should be noted that the hot zone 11 can be lengthened beyond that
      necessary for ring layering 12 so as to create an extended-hot zone 16 so
      that slow cooling of the molten tube can be accomplished. In this manner,
      when desired, accentuated gravity segregation results (e.g., delta ferrite
      being centrifuged towards the outside surface of a mild steel tube which
      is later to be converted to automotive sheet steel).
PAR  FIG. 4 is an axial sectional view of the exit end 8 of another horizontal
      solid mold centrifugal tube castor and is illustrative of the annular end
      closure 40 utilized in the application of Method 5.
PAR  In FIG. 4, the collapsing and forge welding rolls 34 and 35 have already
      been described as a means for sealing the tube 13. Whereas the tube 13 and
      the mold 9 are rotating, the annular end closure 40 is stationary. An
      inert or reducing gas 41 (inert is a relative term since a gas such as
      carbon dioxide, which is oxidizing to hot steel, is practically inert to
      hot aluminum and can be so used in the casting of aluminum tube) is
      introduced into the end closure 40 via the high pressure gas tube 42 and
      the pressurized gas 41 acts on the outer surface of the tube (both
      exterior to the exit end and in the shrinkage gap between the tube and the
      mold wall of the centrifuge) and supports it (counteracts the centrifugal
      weight of the tube wall) to a desired extent. The end closure 40 is sealed
      at the annular area 43 (on the O.D. of the centrifugal caster of its exit
      end 8) by means of an iris ring 45 of carbon, graphite, or boron nitride
      leaves 46 which overlap each other (as camera iris blades do) to form an
      annular ring 45 of such blocks (leaves) in friction contact with the O.D.
      of the mold wall at area 43. The iris ring 45 is contained within an
      annular groove 47, the opening of which faces inwardly, and this groove
      encompasses a pressure chamber 48 (radially exterior to the iris ring 45)
      which is pressurized by an inert gas 49 introduced via conduit 50. A
      multiplicity of iris leaves 46 make up the iris ring 45 and these leaves
      are each attached at one end to the groove 47 by means of pivot pins 51.
PAR  At the other side of the pressurized enclosure 40 and at area 53 on the
      O.D. of the tube 13 is another similar iris ring 55 which seals the
      enclosure 40 at the surface of the exiting tube 13. Such iris rings as
      described, are not the preferred means of sealing the enclosure 40 since
      they exert a considerable wiping force and wear at a fairly high rate. The
      preferred means is to utilize an annular iris seal ring 45A which is much
      the same as that of 45 except for a multiplicity of small radial holes 56
      which exist over the entire iris ring 45A and conduct a high pressure
      inert gas 49A onto the outer surface of the mold wall 9 at area 43A. In
      this manner, the iris ring 45A acts as a gas bearing and does not actually
      contact the rotating surface of the mold. Due to this, wear of the iris
      ring 45A face areas is eliminated and the escaping gas of the bearing face
      maintains the desired pressure of the enclosure 40. The iris ring 55A
      which seals against the rotating tube's O.D. surface at area 53A can also
      utilize the gas bearing technique; however, it is sometines preferred to
      use a liquid bearing at the area 53A for the following listed purposes:
PAR  1. A heat extractive coolant of a non-oxidizing nature (as a mixture of
      water and methyl alcohol). Such liquid bearings can also be used to cool
      the exterior surface of the mold wall 9.
PAR  2. As a quenchant (as a brine plus a suitable reductant) for the purpose of
      hardening the tube for use as heat-treated pipe. In this instance, the
      forge welded closures at point 37 would be normalized and subsequently
      removed from the pipe. The balance of the quench hardened pipe would be
      tempered to a desired hardness and strength level prior to removal of the
      forge welded ends and breaking of the internal vacuum.
PAR  3. A liquid bearing of lead, tin, zinc, aluminum, etc., or desired alloys
      thereof (as lead-tin) would be used (in the molten state) where an
      exterior coating of such metals is desired for corrosion protection of the
      pipe. Coincidentally, a steel tube could be heat-treated by austempering
      with such molten metal liquid bearings.
PAR  Where liquid or gas bearing irises 43A or 53A are used for sealing the end
      closure 40 and centering the exiting tube 13, the iris blocks (leaves) 45A
      and 55A can be made of other materials such as copper, steel, alumina, or
      other non-metallic materials, etc. since they do not have a friction
      contact with the outer surfaces of the mold 9 or the tube 13.
PAR  FIG. 5 is a representation of a starting end 3 vacuum end seal for a
      vertical continuous centrifugal tube casting machine (as of the type
      depicted in British Pat. No. 984,053 or other) and is presented as a
      partial axial cross-sectional view.
PAR  In FIG. 5, the axis 1 of the centrifuge is vertical and the molten
      material, to be cast to tube 13, is introduced into an annular
      distributing trough 5 via conduit 4. The molten material 2 is sluiced
      horizontally so that its direction of flow has tangential coincidence with
      the rotational motion of the molten material 12 in the distributing trough
      5. The cavity of the molten and solidified tube 13 contains a partial
      vacuum (Method 4) of inert gas by virtue of being sealed beyond its exit
      end (not shown) by the inward collapse and forge welding of a discrete
      section of the exiting tube 13 and, at its entrance end 3, by a
      non-rotating seal plate (dish) 22 which has its periphery 23 immersed in a
      dense high-boiling liquid 21 (as Wood's metal, cadmium, lead, tin and
      alloys thereof) contained in an annular trough 20. The convex side of the
      seal plate (dish) 22 has an annular gutter 24 which inhibits access of air
      to the molten metal 21 of the seal and, also, prevents any inadvertent
      escape of fluid from the trough. Under non-rotating (stop periods)
      conditions, the liquid levels of the fluid 21 are as shown by dotted lines
      27 while, under the centrifugal forces of casting, the liquid levels of
      the fluid 21 assume the positions shown by the vertical lines 28. It can
      be appreciated that the periphery 23 of the dished end plate 22 is always
      immersed in the fluid 21, whether the centrifugal caster is operating or
      not, to form an effective vacuum seal. Such orifices in the end plate 22
      as the purge tube 25 and the suction tube 26 are the same as in FIG. 3 and
      the other numbered points (not discussed herein) are the same as in FIG. 3
      except for the vertical attitude. The molten material 2 enters the conduit
      4 by way of a conventional trap 29 as a means of maintaining the vacuum
      within the internal cavity 30.
PAR  The central area 70 of the end plate 22 is reserved for other entrance
      ports as required in such a system (as the vertical water-cooled shaft,
      which is an extension of the rotary mandrel used in the vertical
      centrifugal tube casting machine disclosed in British Pat. No. 984,053;
      or, the bellows encased plasma torch of the following FIGS. 6 and 6A).
PAR  The exit end 8 end closure 40 as shown in FIG. 4 is also used in the
      application of Method 5 to the vertical system although not shown since it
      would vary but slightly from that already disclosed.
PAR  It can be realized that the straight sausage-like links of vacuum sealed
      tube, or item of longitudinal structure formed by the continuous collapse
      of such exiting tube, would have to be of fairly limited length due to
      height restrictions. Due to height restrictions, the vertical systems are
      not preferred over the horizontal continuous centrifugal tube casting
      machines herein disclosed.
PAR  The vacuum seal means of FIG. 5 can also be used in conventional,
      non-centrifugal, vertical continuous casting of solid billets and can be
      used as means of applying Method 4 (a vacuum above the pool of molten
      metal being cast to billet) to this older continuous casting means. By
      application of such a vacuum, the hydrostatic forces on the mold side-wall
      can be reduced and the extraction rate speeded up.
PAR  The great advantage of the continuous centrifugal casting process disclosed
      herein concerns the rapid continuous casting of thinner tubular walls of
      high density material that has optimum integrity with a minimum of
      cross-sectional reduction by subsequent working (as rolling to structure).
PAR  FIG. 6 is a partial axial sectional view of a retractable plasma torch 71
      confined within a vacuum sealing bellows 72 and located at the area 70 of
      the end plate seal 22. The purpose of the torch or torches is to preheat
      the refractory part 6 (of FIGS. 3 and 5) prior to start-up of the tube
      casting machine; and the bellows 72 is merely a means of maintaining the
      vacuum within the tube cavity 30 during extension for use and subsequent
      withdrawal (as shown in FIG. 6) out of the hot area of the cavity 30.
PAR  In FIG. 6, the annular flange 73 seats against the orifice lip 74 of the
      end plate 22 and acts as a heat-shield to prevent overheating of the
      bellows 72.
PAR  FIG. 6A shows the plasma torch 71 in the extended or use position and, in
      this case, the annular flange 75 seats against the orifice lip 74 and acts
      as the heat barrier. The plasma torch is encased in a refractory material
      76 such as alumina.
PAR  Whereas the mechanism is shown in connection with the vertical casting
      system, it is also applicable to the horizontal systems of this
      disclosure.
PAC  STOPPING AND STARTING PROCEDURE
PAR  In stopping the machine, the axial travel of the tube extraction device (as
      gripped forging rolls 34 and 35 of FIGS. 3 and 4) is stopped by a suitable
      clutch mechanism (not shown) and the tube is allowed to rotate along with
      the centrifugal caster. Coincidental with the extraction stoppage, the
      input of molten material 2 is terminated and the tube 13 is allowed to
      solidify within the bore of the casting machine. Normally, the machine is
      kept rotating in any normal interval between stopping and starting of the
      tube casting. Once the tube extraction is stopped and the tube has
      solidified overall (including the heavy material section filling the
      annular trough 5), the positive pressure of inert gas (from the exit end 8
      enclosure 40) will seep into the tube cavity 30 (as in FIGS. 3 and 4) via
      the crevice between the contracted tube wall O.D. and the mold wall I.D.
      Alternately and preferrably, once the seepage begins, the vacuum can be
      gradually broken by an inert gas purge via purge tube 25, the suction via
      tube 26 being stopped.
PAR  In starting up, from a normal rotating interim stop, the plasma torch 71 is
      inserted into the cavity 30 to its predetermined full extension and turned
      on so that its flame melts the solidified tube material in the annular
      trough 5. Once this has been accomplished, a desired vacuum is drawn on
      the cavity 30, a desired positive pressure is created in the end closure
      40, the axial extraction is recommenced, and the appropriate amount of
      molten material 2 is continually introduced to the system. The plasma
      torch is then turned off and withdrawn as shown in FIG. 6.
PAR  If the centrifugal casting machine requires repairs in areas not covered by
      the tube 13, the rotation of the centrifuge may be stopped once the tube
      material within the bore of the centrifuge has completely solidified.
      After repairs have been made the start-up sequence is as previously noted.
PAR  In the instance where repairs or replacements have to be made to the mold 9
      or the components of the refractory part 6, the cast tube is allowed to
      completely solidify in the bore of the machine while rotating, but without
      extracting the tube or adding molten material 2. See FIGS. 5-6A. Once
      solidification has been completed and the vacuum broken, the plasma torch
      71 is inserted into the cavity 30 and turned on to quickly remelt the
      surface material 2 in the annular trough 5 and the torch is then turned
      off and withdrawn. The tube extracting mechanism is then brought into
      action and solidified tube is pulled out of the bore of the casting
      machine for subsequent use as a starter-blank. Once the tube blank is
      clear of the bore of the machine, rotation is stopped and the necessary
      repairs are made.
PAR  On start-up, the cast starting-blank is moved back into the bore of the
      caster (by any suitable reversing mechanism), an inert gas purge is made
      in the cavity 30, rotation is started up, the material in the trough 5 and
      part of the inserted end of the starting-blank is melted down with the
      plasma-torch, a vacuum is drawn on the cavity, a positive inert gas
      pressure is created in the enclosure 40, the plasma-torch is shut off and
      withdrawn, molten material 2 is continuously introduced via spout 4 and
      extraction is simultaneously commenced.
PAC  GRAIN REFINEMENT
PAR  In general, centrifugally cast metal tube is characterized by columnar
      grains extending radially inwards from the exterior surface. Such grain
      type is an advantage where the tube is used at elevated temperatures and
      pressures since a coarse-grained structure inhibits creep deformation.
      However, for most purposes, a fine grained material is desired due to its
      more favorable mechanical properties. Where the tube is collapsed and
      roll-sized to structure, such grain refinement can be accomplished due to
      the hot-working recrystallization. In the instance where the tube is to be
      used, as such (as for oil pipe, etc.), grain refinement can be
      accomplished either during the continuous centrifugal casting process or
      subsequent to its cooling to room temperature.
PAR  In the first instance (grain refinement coincident with tube casting), a
      shearing action can be set-up between the external shell of already
      solidified metal and the interior layer of still molten metal (as in area
      14 of FIG. 3). This can be done by mechanical or magentic means and the
      layer of still molten metal can be either slowed-down or speeded-up
      rotationally so that the still molten metal has a circumferential speed
      that is different from that of the already solidified exterior shell
      metal. In this manner, the shearing action at the solid-liquid interface
      destroys the columnar grain growth and creates an equiaxed fine grained
      structure in the solid tube metal.
PAR  Such differential rotational speed between the solid exterior shell and the
      inner still molten layer of metal can be caused by an interior refractory
      drum (of light, hollow construction and having an O.D. which is less-than
      the I.D. of the molten metal wall 12) which rotates either faster or
      slower than than the centrifuge and is driven by a cooled shaft extending
      through the stationary end seal plate 22. Such differential solid-liquid
      interface shear can also be created by a rotating magnetic flux internal
      to the centrifuged tube by an adaption of the method of Pestel as
      disclosed in U.S. Pat. No. 2,963,758 of 1960 when metal tube is being
      produced.
PAR  Grain refinement of the tube metal once it has exited from the casting
      machine can be accomplished by pulling the hot exiting tube through a
      rotating sizing bell or by drawing the tube, in the cold state, through
      non-rotating internal and/or external sizing dies which cold-work the tube
      metal while sizing it. Where discrete lengths of tube, having the ends
      sealed by forged closures, are made, a high pressure aperture can be made
      in one end and the tube length can be hydroforged as taught in U.S. Pat.
      No. 2,931,744. In both cases, where cold working is done on the tube
      metal, grain refinement is accomplished by subsequent reheating to its
      recrystallization temperature.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for continuous centrifugal casting of tube, comprising:
PA1  a generally tubular mold having an inlet end portion and an outlet end
      portion;
PA1  an exit orifice in said outlet end portion;
PA1  means for rotating said mold about is axis;
PA1  means for introducing molten casting material into said inlet end portion;
PA1  means for controlling the rate of exit of the cast tube from said exit
      orifice; and
PA1  pressure means for maintaining a differential gas pressure lower in the
      interior of said tube than exterior thereto,
PA1  said pressure means acting to decrease the expansion of said tube by
      rotational centrifugal forces and permits normal thermal shrinkage to
      decrease its diameter to facilitate its exit from said exit orifice.
NUM  2.
PAR  2. Apparatus as in claim 1, further comprising the following inlet end
      portion sealing means:
PA1  a rotating sealing member attached to said inlet end portion of said mold
      and having a peripheral portion in the general shape of an annular trough
      with the open portion of said trough facing inwardly;
PA1  a liquid sealant in said trough maintained therein in the shape of an
      annular liquid sealing ring by rotational centrifugal force; and
PA1  a stationary sealing wall member having a generally circular rim portion
      immersed in said annular liquid sealing ring,
PA1  both said sealing members cooperating with said ring to form a
      substantially gas-tight seal between the interior and exterior of said
      mold.
NUM  3.
PAR  3. Apparatus as in claim 2, wherein:
PA1  said stationary sealing wall member is generally disc-shaped, and is
      provided with apertures for access to the interior of said mold.
NUM  4.
PAR  4. Apparatus as in claim 1, further comprising:
PA1  an annular enclosure encompassing said outlet end portion of said mold and
      the periphery of said tube outside said exit orifice;
PA1  enclosure seal means rotatably sealing said enclosure to the peripheries of
      said mold and said tube; and
PA1  means for introducing a gas into said enclosure at a predetermined
      pressure,
PA1  whereby said pressure acts on the exterior of said tube to at least
      partially counteract its expansion by the rotational centrifugal forces.
NUM  5.
PAR  5. Apparatus as in claim 4, wherein:
PA1  said enclosure seal means comprises a plurality of individually movable
      refractory members disposed generally in the manner of an iris diaphragm
      to maintain sealing contact over a range of inner diameters.
NUM  6.
PAR  6. Apparatus as in claim 4, wherein:
PA1  said enclosure seal means comprises a gas bearing to reduce friction
      between the rotating parts and the seal faces,
PA1  the gas pressure in said gas bearing aiding substantially in maintaining
      the pressure in said enclosure.
NUM  7.
PAR  7. Apparatus as in claim 4, wherein:
PA1  said enclosure seal means comprises a liquid bearing.
NUM  8.
PAR  8. Apparatus as in claim 1, further comprising:
PA1  means for collapsing a portion of said tube after its exit from said mold
      to seal it and maintain said gas pressure.
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ABST
PAL  A flexible elongated strand-starting member curved lengthwise in a vertical
      plane has one end formed for temporarily plugging the bottom of a
      flow-through continuous casting mold. Extending from the opposite end of
      the starting member along one of its curved sides is a row of rack teeth.
      Spaced laterally from the mold and at about the same level is a storage
      housing that has a substantially vertical passage through it for the
      starting member, while a pair of reversible pinch rolls located about
      halfway between the mold and storage housing but at a lower level are in a
      position to grip the lower end portion of the starting member while its
      upper end is plugging the mold. The rolls withdraw the starting member and
      a metal strand attached to it from the mold and feed the starting member
      up into the storage housing passage where a vertical gear engages the rack
      teeth. An overrunning clutch operatively connected with the gear permits
      the gear to free wheel while the starting member is being pushed up
      through the housing by the pinch rolls until the lower end of the strand
      is past those rolls. The lower end of the strand then is bent down to
      separate it from the starting member and to straighten it while the
      starting member is supported by the gear, which is prevented by the clutch
      from turning in the reverse direction. After the strand has left the pinch
      rolls, the clutch is driven at a controlled speed in the direction that
      will allow the lower end of the stored starting member to return by
      gravity to those rolls so that it can be fed by them back to the mold.
BSUM
PAR  In U.S. Pat. No. 3,344,844 continuous casting apparatus of the general type
      that will be disclosed in this application is shown. In that patent one
      end of a longitudinally curved rigid starting bar plugs the lower end of a
      vertical flowthrough casting mold until the mold is filled with molten
      metal to the desired height. The metal is in the mold solidifies about the
      adjoining end of the starting bar, which then is moved downwardly away
      from the mold by pinch rolls, with the solidifying metal forming a
      continuous metal strand. On emergence from the mold, the metal strand has
      a thin skin that thickens inwardly by cooling as its distance from the
      mold increases. To speed up solidification, the strand passes through a
      water spray area adjacent the mold. The leading end of the moving starting
      bar is connected to a cable that passes up over a sheave and then down to
      a power driven drum. The starting bar is supported and guided by a series
      of opposed rollers. After the rear end of the strand passes between the
      pinch rolls it then passes between a pair of rolls of a straightener at a
      higher level. When the strand reaches this point the starting bar is
      stopped and while it is held in its upper position by the cable the
      straightening rolls are lowered to break the strand away from the starting
      bar and to provide a straight portion of the strand that can then be fed
      by the rolls horizontally along a table, after which the strand can be cut
      into billets.
PAR  One of the objections to the apparatus shown in the patent is that due to
      the length of the curved starting bar a large number of guide rollers are
      required to guide it, a number of which are directly below the mold where
      they will be fouled by molten metal in case there is a break-out at the
      mold. Another objection is that not only must the rotation of the pinch
      rolls be controlled in accordance with the rate at which the strand can
      safely be withdrawn from the mold, but also the rotation of the cable drum
      must be synchronized with the pinch rolls and that is difficult to do.
PAR  It is among the objects of this invention to provide continuous casting
      apparatus of the general type just discussed, which is simpler and less
      expensive in construction, in which less damage will occur in case of a
      break-out at the mold, in which the storing apparatus for the starting
      member operates automatically during the storing operation, and in which
      the operation of the storing apparatus does not have to be synchronized
      with anything.
DRWD
PAR  The preferred embodiment of the invention is illustrated in the
      accompanying drawings, in which
PAR  FIG. 1 is a side view of our apparatus, showing the strand about to be
      disconnected from the starting bar;
PAR  FIG. 2 is an enlarged side view of the pinch rolls and straightener;
PAR  FIG. 3 is an enlarged fragmentary plan view of the connection between the
      strand and starting bar;
PAR  FIGS. 4 and 5 are cross sections taken on the lines IV--IV and V--V of FIG.
      3;
PAR  FIG. 6 is a cross section taken on the line VI--VI of FIG. 1;
PAR  FIG. 7 is an enlarged side view, partly in section, of the storage housing;
      and
PAR  FIG. 8 is a horizontal section taken on line VIII--VIII of FIG. 7.
DETD
PAR  Referring to FIG. 1 of the drawings, a portion of a continuous casting
      apparatus includes a plurality of vertical columns 1, which are seated on
      a working floor and support a plurality of vertically spaced horizontal
      girders 2, 3, 4 and 5 forming working support levels above the floor. The
      upper horizontal girders 4 support a conventional movable tundish 6, which
      is suspended from a suitable support carriage 7 that rolls on the girders.
      A conventional ladle 8 is shown suspended in operative position directly
      above the tundish. A conventional spill-over box 9 below the level of the
      tundish is mounted on horizontal girders 3.
PAR  Below the tundish 6 there is a vertical flow-through continuous casting
      mold 11 that is attached to conventional oscillating mechanism 12. Beneath
      the mold, but at one side of it, there is an inclined trough 13 mounted on
      a horizontal girder 5 at different levels. The trough extends downwardly
      and laterally away from the mold. It contains two longitudinally spaced
      guide rollers 14 and 15 for supporting a metal strand 16 leaving the mold,
      and also collects the water sprayed onto the strand by a typical spray
      cooling arrangement, not shown.
PAR  Mounted on the floor at the same side of the mold as the trough there is
      strand-withdrawal apparatus containing a pair of pinch rolls 17 and 18
      driven in either direction by reversing motors 19 and 20, respectively.
      The upper roll 17 is mounted between a pair of arms 22 that are pivoted at
      one end on the ends of a horizontal shaft 23. At their opposite end the
      arms are connected to a suitable fluid pressure ram 24 for opening and
      closing the roll pass. The roll pass is at the bottom of a semicircle
      extending from the mold down through the roll pass and back up to girders
      3. Beside the withdrawal apparatus, at the side opposite trough 13, there
      is a strand-straightening device consisting of a straightener roll 26 that
      is supported by a pair of arms 27 also pivotally mounted at one end on
      shaft 23 between arms 22. At the opposite end of arms 27 there is a
      suitable ram 28 for swinging the straightener roll up and down.
PAR  Just beyond the straightener there is a starting member support bracket 30,
      which is mounted rigidly on the base 31 of the withdrawal and
      straightening apparatus. Also a short distance beyond the straightener
      there is a conventional strand take-off apparatus or conveyor 32, on which
      the straightened strand is supported as it is driven forward by the pinch
      rolls toward a conventional billet cut-off mechanism, not shown. Above the
      conveyor there is an arcuate starting member guide structure supported by
      a horizontal girder 5. This structure includes an inclined open end hollow
      guide housing 33 containing in any suitable manner a plurality of guide
      rollers 34 that are conveniently disposed in spaced apart relation, about
      as shown in FIG. 1. Encircling the lower end of the passage through this
      housing there is a downwardly flaring guide ring 35 for the leading end of
      a strand-starting member.
PAR  The longitudinally curved starting member is not a rigid bar as intended in
      the above-mentioned patent, but has some flexibility in a vertical plane
      so that it can easily be directed along the desired path and into the
      apparatus along that path. Preferably, as shown in FIG. 1, the starting
      material is a flexible bar formed from a plurality of substantially rigid,
      longitudinally curved links 37, 38 and 39 that are connected end to end in
      such a manner that they can pivot a limited amount relative to one another
      in a vertical plane. One way of connecting them is to provide them with
      laterally overlapping end portions that have a group of registering holes
      extending through them, in which undersized bolts 40 are disposed as shown
      in FIG. 6. The bolts connect the links end to end, but, because the bolts
      do not fill the holes, they permit some pivotal movement of the links on a
      pivot pin 41 also extending through the overlapping ends of each pair of
      links. However, bolts 40 maintain the starting bar in a configuration that
      is curved lengthwise in a vertical plane. Bolted to the end of starting
      bar link 37 that is closer to the mold is an end member 42 that is
      provided with a tongue 43 as shown in FIGS. 2 and 3.
PAR  As shown in FIGS. 2 to 4, a head or mold plug 45 that is disposable has a
      bifurcated inner end that straddles tongue 43. The outer or free end of
      the plug supports a projecting starting pin 46, around which the molten
      metal in the lower part of the mold congeals. The plug is attached to the
      tongue by a shear pin 47 that extends through them. Since this pin is
      relatively weak, the pull of the starting bar on the plug is taken through
      an enlarged pin 48 projecting from opposite sides of the tongue into
      recesses 49 in the inner end of the plug. These recesses open toward the
      concave side of the starting bar for a purpose that will be explained
      later. In other words, the inner end of the plug is hooked under pin 48.
PAR  When the pinch rolls pull the plug end of the starting bar downwardly away
      from the mold, the opposite or leading end of the bar is fed upwardly
      across support bracket 30 and through guide housing 33, into which it is
      guided by tapered ring 35. As the bar continues to travel upwardly, it
      enters apparatus for holding the bar while the strand is being
      disconnected from it and for storing the bar until needed again. As shown
      in FIGS. 1, 7 and 8, this storing apparatus includes a vertical housing 51
      provided with a vertical passage through it for the bar. Inside this
      passage at top and bottom there are guide rollers 52 for engaging the
      convex side of the bar, and other guide rollers 53 for engaging the two
      flat sides of the bar. Another roller 54 about midway of the passage is
      positioned for engaging the concave side of the bar. A tapered ring 55
      guides the bar into housing 51.
PAR  End link 39 of the starting bar is provided in its convex side with a slot
      56 that extends lengthwise along it as shown in FIGS. 7 and 8. Rigidly
      mounted in this slot is a long row of rack teeth, most of which can be
      formed on a long bar 57 that is secured in any suitable manner to the
      curved inner wall of the slot. These teeth are designed to mesh with a
      vertical gear 58 rotatable around a horizontal clutch shaft 59 that is
      rotatably mounted in such a position that the gear projects into the guide
      housing passage opposite the central guide roller 54. This gear is bolted
      to one side of the outer race 61 of an overrunning clutch mounted on shaft
      59, which in turn is driven from an electric motor 62 through a worm gear
      in the housing 63 of a speed reducer. The inner race 64 of the clutch is
      keyed to the shaft. Between the two clutch races there are suitable
      conventional means 65, such as wedges, that permit the outer race of the
      clutch to turn the inner race only when the outer race is turned by the
      gear in a counterclockwise direction as viewed in FIG. 7. While the
      starting bar is being moved upwardly past the gear by means of the pinch
      rolls, shaft 59 does not need to be driven because the outer race of the
      clutch will simply overrun the stationary inner race. Consequently, while
      the strand is being separated from the starting bar and afterwards, the
      bar cannot move downwardly through the storage housing because the bar
      will be supported by the gear, which is stationary because the outer race
      of the clutch is unable to turn in the reverse or counterclockwise
      direction relative to the inner race that is held stationary by the worm
      gear reducer. As a result of this construction, the motor 62 does not have
      to be, and is not, operated while the pinch rolls are moving the starting
      bar up through the storage housing at a speed determined by the pinch
      rolls.
PAR  After the lower or trailing end of the starting bar has passed the
      straightener roll 26, the pinch rolls are stopped and the straightener
      roll is pulled downwardly by its ram 28 to cause shear pin 47 in the mold
      plug to break. The plug can be moved downwardly relative to the rest of
      the starting bar at this time because the recesses 49 in the inner end of
      the plug allow it to move down away from the large pin 48. In this way,
      the strand is separated from the starting bar and is bent down to a
      horizontal position, shown in dotted lines in FIG. 2, that is in line with
      the conveyor, along which the strand then can be driven by the pinch
      rolls. The starting bar remains suspended in its elevated storage position
      supported by gear 58, because the clutch shaft 59 cannot turn until its
      driving motor is operated.
PAR  After the rear end of the metal strand has left the straightener, the pinch
      rolls are opened by ram 24 and the clutch is driven by motor 61 in the
      direction that will allow the starting bar to descend by gravity at a
      controlled speed until its lower end is once again between the pinch
      rolls. They are then closed upon the bar and reversed so that they will
      drive the bar back up to the mold. The pinch rolls are driven more slowly
      than clutch shaft 50 so that there will be no danger of the rolls pulling
      against gear 58. In other words, the speed of motor 62 does not need to be
      synchronized with the pinch rolls. Of course, before the starting bar is
      fed back to the mold, a new plug is attached to the tongue of end member
      42 by means of a new shear pin.
PAR  Since it was found that when the starting bar was fed up into the storage
      housing the leading rack teeth sometimes jammed against the gear teeth
      instead of registering with them, means have been provided for preventing
      this and assuring that the two sets of teeth will always mesh. This is
      done by placing in link slot 56 a separate short rack bar 67 at the upper
      end of the long rack bar 57. This short bar is spaced from the inner wall
      of the slot and its lower end is pivotally connected to the starting bar
      by a transverse pin 68. Also, the upper or free end of the short rack bar
      normally is held in alignment with the long rack bar by means of a strong
      coil spring 69 seated in a socket 70 in the starting bar behind the short
      rack bar. With this arrangement, if the leading tooth of the rack does not
      enter between two teeth of the gear but tends to jam against one of them,
      the pressure of the upward movement of the starting bar will cause the
      pivoted rack bar to swing inwardly against the compression of the spring
      so that the leading rack tooth can slip by the interfering tooth of the
      gear and then snap back between two gear teeth where it belongs. The rack
      teeth then are in proper engagement with the gear and will move upwardly
      past it without interference from it. This is an important feature of this
      invention.
PAR  If the starting bar were a one-piece, so-called "rigid" bar its ends still
      would tend to spread apart, due to its weight and length. To prevent that,
      many guide rollers are needed as shown in U.S. Pat. No. 3,344,844, and
      they add considerably to the cost of the apparatus. Furthermore, some of
      them have to be located directly below the mold where they are in the path
      of molten metal in case the metal breaks out of the mold. With our
      flexible starting bar, on the other hand, only a few guide rollers are
      required because it is easy for them to swing the bar links on their
      pivots to direct the links into their proper path. For the same reason it
      is unnecessary to locate guide rollers close to the mold and in the path
      of break-out metal.
PAR  According to the provisions of the patent statutes, we have explained the
      principle of our invention and have illustrated and described what we now
      consider to represent its best embodiment. However, we desire to have it
      understood that, within the scope of the appended claims, the invention
      may be practiced otherwise than as specifically illustrated and described.
CLMS
STM  We claim:
NUM  1.
PAR  1. Continuous casting apparatus, comprising a flow-through casting mold, an
      elongated strand-starting member curved lengthwise in a vertical plane and
      having one end formed for temporarily plugging the bottom of the mold
      while molten metal therein adheres to said member, said member being
      provided with a row of rack teeth extending along one side from its
      opposite end, a storage housing spaced laterally from the mold and having
      a substantially vertical passage therethrough for said member, a pair of
      reversible driven pinch rolls located about half way between the mold and
      storage housing and at a lower level in a position to grip the lower end
      portion of said starting member while its upper end is plugging the mold,
      said rolls being rotatable in a direction to withdraw the starting member
      and an attached metal strand from the mold and feed said member up into
      said housing passage, a vertical gear projecting into one side of said
      housing for engagement by said rack teeth, an overrunning clutch
      operatively connected with the gear and permitting it to free wheel in one
      direction as said rack teeth move upwardly across the gear until the lower
      end of the metal strand has passed said pinch rolls, driving means for
      controlling rotation of the clutch in the opposite direction by the
      starting member when said member is disconnected from the strand, the
      driving means including means for preventing rotation of the clutch in
      said opposite direction by said gear while the driving means is not
      operating, and means for bending the lower end of the strand down to
      separate it from the starting member and straighten the portion of the
      strand between said member and rolls while said member is supported by
      said gear, said clutch being rotatable by said driving means at a
      controlled speed in said opposite direction to allow the lower end of the
      stored starting member to return by gravity to said pinch rolls after the
      strand has left said rolls, whereupon the starting member can be fed by
      the pinch rolls back up to the mold.
NUM  2.
PAR  2. Continuous casting apparatus according to claim 1, in which said clutch
      includes inner and outer races with clutching means between them, and
      means rigidly connecting the outer race to one side of said gear, said
      driving means including a shaft rigidly connected to said inner race, and
      means for rotating the shaft only in said opposite direction.
NUM  3.
PAR  3. Continuous casting apparatus according to claim 1, in which said bending
      means include an arm pivoted at one end on a horizontal axis above the
      path of movement of said starting member, and means for swinging the
      opposite end of the arm down to push the lower end of the strand
      downwardly.
NUM  4.
PAR  4. Continuous casting apparatus according to claim 1, in which the strand
      end of said starting member is provided with a disposable mold plug having
      an inner end laterally overlapping the adjoining portion of said member,
      and a shear pin extending through said plug end and overlapped portion of
      the starting member and adapted to be sheared off by downward pressure of
      said bending means against the plug.
NUM  5.
PAR  5. Continuous casting apparatus according to claim 4, in which said
      overlapped portion of the starting member has a lateral projection, and
      the inner end of said plug is provided with a recess receiving said
      projection, said recess opening upwardly when the plug is in position to
      be forced down by said bending means.
NUM  6.
PAR  6. Continuous casting apparatus according to claim 1, including a roller in
      said storage housing passage opposite said gear for holding the teeth of
      the starting member against the gear.
NUM  7.
PAR  7. Continuous casting apparatus according to claim 1, in which several of
      said rack teeth nearest said opposite end of the starting member project
      from the side of a bar that is pivoted at its inner end to said member on
      a transverse axis, and a spring is disposed between said bar and the
      portion of the starting member behind it, whereby said gear can swing the
      outer end of said bar backward against the resistance of said spring until
      the rack teeth mesh with the gear teeth.
NUM  8.
PAR  8. Continuous casting apparatus according to claim 1, in which said
      starting member includes a plurality of substantially rigid curved links
      pivoted together end to end on parallel horizontal axes for limited
      pivoted movement relative to one another.
NUM  9.
PAR  9. Continuous casting apparatus according to claim 1, in which said
      controlled speed of said clutch is faster than said pinch rolls are driven
      in feeding the starting member toward the mold.
NUM  10.
PAR  10. Continuous casting apparatus according to claim 1, in which said
      starting member is formed from a plurality of curved links pivoted end to
      end for limited swinging in a vertical plane relative to one another.
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ABST
PAL  A mold for continuous casting of slab ingots is constructed to have wide
      sides which extend lower than the narrow sides leaving gaps below the
      bottom edges of the narrow mold sides in which rolls are placed for
      engaging the emerging narrow side of the ingot held in the same level
      still by the wide sides of the mold. The force exerted by these rolls upon
      the ingot is related to the thickness thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a liquid cooled mold for continuous
      casting of slab ingots, having wide sides and narrow sides, wherein the
      wide sides of the mold project beyond the narrow sides in direction of
      casting.
PAR  Continuous casting of slab ingots requires that the ingot be well
      supported, particularly where the still liquidous core exerts ferrostatic
      pressure onto the growing skin. Support is more critical the higher a
      casting speed has been chosen. The usual arrangement for this purpose
      includes solid wall molds, particularly in the surface level of steel in
      the mold. Such a mold is about 500 to 1200 mm long (about 20 to about 50
      inches). A frame with support rolls is usually provided under the mold to
      support the withdrawn ingot. It is also known to use adjustable rolls
      under the narrow sides of the mold for additionally supporting the ingot
      (see e.g. U.S. Pat. No. 2,284,503).
PAR  A solid wall for a mold provides primarily for positive shaping of the
      ingot-to-be, right in the casting and surface level of the mold. The ingot
      is supported until the skin is sufficiently thick and capable of load
      bearing while being self supporting at least to some extent. It should be
      noted, that too long a mold while seemingly advantageous from the
      standpoint of providing support, produces considerable friction for the
      extraction and withdrawal of the ingot from the mold, which friction
      increases down with distance from the surface level. Eventually friction
      may become so great that the skin may be damaged and ruptures. Moreover,
      one has to consider that some shrinkage of the ingot occurs in the lower
      portion of the mold which, on the one hand, may lead to separation of the
      ingot skin from the narrow sides of the mold while, on the other hand, the
      ingot may expand on the wide sides due to creepage of the skin on the
      narrow sides by operation of the ferrostatic pressure.
PAR  Ingot shrinkage is usually compensated by, in a general way, conicity of
      the mold, i.e. by having the narrow sides slightly inclined towards each
      other. That, however, may result in a disadvantage; the expansion as
      produced under ferrostatic pressure may wear the narrow mold sides to an
      increasing extent in the lower portion of the mold. Furthermore any
      forcing of the narrow sides of the ingot against the mold sides occurs
      more or less at random so that heat is transferred from the ingot into the
      mold sides in a rather nonuniform, even outright inaffectual manner.
PAC  DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to construct a mold for continuous
      casting of slab ingots to obtain effective cooling on the narrow mold
      sides while any bulging of the ingot is prevented. It is another object of
      the invention to provide a mold for continuous casting of slab ingots
      wherein the narrow mold sides will wear less than usual in known molds
      while the skin should not be damaged.
PAR  It is a specific object of the present invention to improve molds for
      continuous casting of slab ingots having longer wide sides than narrow
      sides.
PAR  These and other objects are to be attained under observance of adequate
      support for the ingot generally, as well as specifically for avoiding
      development of cracks and fissures on the broad sides due to shrinkage.
PAR  In accordance with the preferred embodiment of the invention it is
      suggested to provide at least one supporting roll adjacent each of the
      narrow sides of the emerging ingot for support thereof and inbetween the
      extensions of the wide sides of the mold, directly underneath the bottom
      edges of narrow sides of the mold. These rolls should preferably be
      disposed in yielding relation and urged against the ingot at a pressure
      force which is between 0.2 to 1 fold the value of the square of the ingot
      thickness at that point (force measured in kilogram weight, thickness in
      cm). If the dimensions and forces are stated in inches and pounds
      respectively the relations are such that the force stated in pounds should
      be from about 0.014 to 0.07 of the value for the square of the ingot
      thickness stated in inches. Spray nozzles for coolant water should be
      disposed adjacent these rolls for spraying water at such a rate
      commensurate with the mold bottom dimensions. One should use a ratedensity
      of 200 to 800 litres water per square meter and minute.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages thereof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a side elevation of a mold for continuous casting as seen towards
      a wide side and improved in accordance with the preferred embodiment of
      the invention; and
PAR  FIG. 2 is a side elevation of the same mold but seen towards one of the
      narrow sides.
DETD
PAR  Proceeding now to the detailed description of the drawings, the Figures
      show a mold with wide mold sides 1 and narrow sides 2. It is assumed that
      the mold sides are liquid cooled as is conventional, and for purposes of
      explaining the best mode of practicing the invention it may be assumed by
      way of example, that a slab ingot of 300 mm thickness (about 12 inches) is
      to be cast.
PAR  The narrow sides 2 are shorter than the wide sides 1 so that the latter
      project beyond the former in the bottom portion of the mold which, of
      course is open at the bottom, but the bottom opening is not established in
      a horizontal plane. Such molds are usually from 500 to 1200 mm long. In
      the present example, the wide mold sides 1 are 700 mm long (about 28
      inches) while the narrow and short sides 2 are 500 mm (about 20 inches)
      long.
PAR  The 200 mm long extensions of the wide sides 1 define two zones or gaps,
      where the narrow sides of the emerging ingot are already exposed, while
      the wide sides are still covered and supported by the mold. A pair of
      rolls 3 is disposed in each of these zones or gaps, one above the other as
      to each pair and with an axial spacing of 100 mm (about 4 inches). These
      rolls engage and support the emerging ingot at its narrow sides for
      completing the support of the ingot otherwise still provided by the wide
      sides 1.
PAR  A frame 4 is provided for journalling these rolls, whereby the frame 4 is
      actually constituted by water tanks at the narrow mold sides. The
      resiliently yielding and adjustable mounting of rolls is shown, for
      example, in U.S. Pat. Nos. 2,804,663 and 3,263,284. The rolls as so
      journalled are adjusted and held so as to exert a force of 300 kilogram
      weight onto the ingot. The ingot is assumed to be 300 mm thick (about 12
      inches). Please note that 300mm = 30cm, and 900 cm.sup.2 gives an
      equivalent of 900 kilogram weight maximum force, 180 kg minimum force as
      per rule above. The 300 kilogram weight pressure force as defined is well
      in that range.
PAR  As is schematically indicated, pipes or ducts 5 between and above the rolls
      lead to nozzles 6 which are spaced apart from but disposed rather close to
      the ingot for immediate spray cooling the ingot. Since it was assumed that
      the ingot is about 300 mm thick (about 12 inches), one needs about 10
      liters of water per side and minute.
PAR  The invention is not limited to the embodiments described above but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a mold for continuous casting of slab ingots and having wide and
      narrow sides accordingly, the wide sides extending lower than the narrow
      sides to establish two gaps below the bottom lines of the narrow sides,
      the improvement comprising:
PA1  at least one roll respectively in each of said gaps, directly underneath
      the bottom edge of the respective narrow side and being journalled for
      engagement with and exertion of controlled pressure upon narrow ingot
      sides as emerging from the mold.
NUM  2.
PAR  2. In a mold as in claim 1, wherein the rolls are mounted resiliently and
      adjustable.
NUM  3.
PAR  3. In a mold as in claim 1, there being spray nozzles disposed adjacent the
      rolls for spraying coolant onto the ingot surface as exposed in the gap.
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ABST
PAL  An apparatus for the preparation and dispensing of portions of soft ice
      cream comprises a storage tank and a freezing cylinder disposed below the
      tank and connected thereto by a replenishing duct. The freezing cylinder
      having a heating device and an agitator in its interior. The heating
      device being adapted to cause the contents of the freezing cylinder to be
      partially evaporated and the steam flowing therefrom into the storage tank
      heats the contents of the tank to a sterilization temperature.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to an apparatus for the preparation and dispensing of
      portions of soft ice cream, consisting of a storage tank and having a
      freezing cylinder disposed below it and connected with it by a supply
      duct, the freezing cylinder being provided with a heating arrangement and
      having an internal agitator.
PAC  BACKGROUND OF THE INVENTION
PAR  The problem underlying the invention is that of improving an ice-cream
      maker of this type in such a way that the mixture in the storage tank and
      in the freezing cylinder can be pasteurized satisfactorily without any
      risk of the mixture getting burnt during the heating process.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided an apparatus for the
      preparation and dispensing of portions of soft ice cream comprising a
      storage tank and a freezing cylinder disposed below the tank and connected
      thereto by a replenishing duct, the freezing cylinder being provided with
      a heating arrangement and having an agitator in its interior, wherein the
      heating device of the freezing cylinder is adapted to cause the contents
      of the freezing cylinder to be partially evaporated and the steam flowing
      therefrom into the storage tank heats the contents of the tank to a
      sterilization temperature.
PAR  The ice-cream mixture in the freezing cylinder is thus heated to a
      temperature in the region of 100.degree.C or slightly above, as a
      consequence of which part of its water content evaporates as steam. This
      steam rises into the storage tank located above the freezing cylinder and
      rapidly gives up its heat of evaporation to the ice-cream mixture stored
      therein. There is no need for any additional local heating of the storage
      tank and it is undesirable for this purpose. The rising steam also flows
      round the exposed parts of the storage tank such as its cover, for
      example, at least at the end of the heating process, and sterilizes these
      parts as well. Because the ice-cream mixture in the storage tank, and of
      course in the supply duct also, is heated by means of the steam, that is
      to say not by heating which acts from outside, which would produce a
      temperature liable to cause burning, at least in its area of contact,
      there is no possibility at all of the mixture getting burnt and thus
      spoiling the taste of the ice cream.
PAR  In a particularly advantageous manner, the freezing cylinder consists of a
      thick-walled tube in the wall of which there is provided a helical cooling
      channel which is closed off externally by a shrunk-on tube resting tightly
      on the web coil part which remains. The heating system is fixed on to this
      outer tube. This construction of the freezing cylinder gives it a high
      coefficient of heat transmission so that the contents of the freezing
      cylinder can be heated extremely quickly since the heat is transmitted
      directly through the outer tube and the web coil part to the remaining
      inner portion of the tube wall and from there to the ice-cream mixture in
      the freezing cylinder. Thus heat transmission is effected substantially by
      means of thermal conduction by metal. However, this good transmission is
      an important pre-condition for the rapid heating of the contents of the
      freezing cylinder up to evaporation temperature.
PAR  With this construction according to the invention the inner portion of the
      tube wall remaining in the range of the cooling channel is advantageously
      thin in relation to the total wall thickness of the tube. Consequently, it
      is possible at the same time, after heating, i.e., after sterilization of
      the contents of the freezing cylinder and storage tank, to cool the
      contents of the freezing cylinder extremely quickly to the region of the
      freezing temperature, e.g., to 2.degree.C. This is important so that the
      temperature range between 50.degree. and 40.degree.C is passed through
      rapidly because within this range any germs which are still living might
      be able to propagate themselves. Experience has shown, furthermore, that
      germs which have already been severely damaged by heat can be killed off
      by cold shock. This cooling efficiency is made possible, again, through
      the fact that very good transmission of heat or cold is possible for the
      cooling agent also, owing to the thinness of the inner part of the tube
      wall. In this way also, therefore, the sterilizing effect is improved.
PAR  Finally, in spite of the thinness of the inner part of the tube wall but on
      account of the web coil part which is left standing, the tube is extremely
      stable. The effect of this is that the inner surface of this tube, i.e.,
      the inner cylinder surface of the freezing cylinder, can be produced with
      extremely precise dimensions and great dimensional stability. This, in
      turn, means that the agitating mechanism which is constructed in the form
      of an agitating and scraping unit always makes exact contact with the
      cylinder surface and scrapes off any ice mixture which is pressed on to
      the wall by the agitator, thus entirely eliminating the risk of the ice
      mixture getting burnt. This effect is also present in the cooling of the
      ice mixture to freezing temperature, whereby the formation of undesirably
      large ice crystals is avoided which would likewise spoil the flavor. The
      great stability of the freezing cylinder is thus a further advantageous
      precondition for the fact that the contents of the freezing cylinder can
      be heated to evaporation temperature at all.
PAR  It is advantageous, furthermore, if an electrically acting heating
      arrangement is fitted only in that region of the outer surface of the
      freezing cylinder which is being acted upon from within by the agitating
      and scraping mechanism. This ensures that heat is not introduced at a
      point in the freezing cylinder where there is no continuous scraping of
      ice-cream mixture off the inner wall of the tube.
PAR  In accordance with a further advantageous feature of the invention a
      thermostat is connected into the circuit of the heating arrangement to
      prevent the temperature of the freezing cylinder exceeding a temperature
      lying above the temperature of evaporation, the sensor of this thermostat
      being fitted to the freezing cylinder, while a further thermostat is
      provided which finally breaks the circuit when a temperature is reached
      which is adequate for the sterilization of the contents of the storage
      tank and which has its temperature sensor fitted to the storage tank.
PAR  The effect of this is on the one hand to prevent over-heating of the
      contents of the freezing cylinder, but on the other hand to ensure that
      the contents of the storage tank are brought to a temperature adequate for
      pasteurization, e.g., 80.degree.C. Only when this temperature has been
      reached is the heating process finally terminated. The thermostat
      associated with the freezing cylinder is designed for example for a
      temperature of between 110.degree. and 120.degree.C. This automation of
      the heating process is achieved in a simple manner by the fact that the
      further thermostat, that is to say the one associated with the storage
      tank, is used for the locking of a relay connected in the heating circuit,
      and a driving motor for the agitating and scraping unit can be switched on
      and off by way of one of its switching contacts. This ensures that the
      agitator and scraper is in operation throughout the whole heating process
      and continues to scrape off any ice-cream mixture which has settled on the
      inner wall of the freezing cylinder and mix it again with the rest of the
      mixture.
PAR  To prevent the refrigerating system of the machine from being set in
      operation when the heating is switched on and, on the other hand to see
      that when the heating process is ended the refrigeration is switched on
      immediately, the relay advantageously has a switching contact which is
      closed in the rest position of the relay and which is connected in the
      circuit of a refrigerating machine. It is particularly advantageous if two
      thermostats are connected in the circuit of the refrigerating machine, the
      temperature sensor of one being fitted to the freezing cylinder and that
      of the other to the storage tank, and if the storage tank and the freezing
      cylinder have refrigerating circuits separate from one another and not
      capable of being switched on simultaneously, the refrigerating circuit of
      the freezing cylinder being connected for priority over that of the
      storage tank. The effect of this, for the actual pasteurization process,
      is that when a temperature is reached in the storage tank which is
      adequate for pasteurization of the contents of the storage tank, at first
      only the freezing cylinder is cooled, so that the temperature of about
      75.degree. to 80.degree.C in the storage tank is maintained for a period
      of 6 to 10 minutes so that the sterilization process remains active there
      for a further period.
PAR  This circuit further ensures, during normal operation, that as portions of
      ice cream are taken out, the freezing cylinder is cooled rapidly and
      preferentially. This is justified by the fact that in this case, of
      course, the length of time spent in the storage tank by the ice mixture is
      so brief that no germ development can occur.
PAR  An embodiment of the invention will now be described by way of an example
      and with reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical longitudinal section through a soft ice-cream maker
      taken along the line I--I of FIG. 2, the freezing container being
      partially cut away.
PAR  FIG. 1a shows the right-hand portion of FIG. 1 on a larger scale.
PAR  FIG. 2 is a cross-section through the soft ice-cream maker taken along the
      line II--II in FIG. 1.
PAR  FIG. 3 is a circuit diagram of the automatic pasteurization and
      refrigeration circuit.
DETD
PAC  DETAILED DESCRIPTION
PAR  A soft ice-cream maker according to the invention consists essentially of a
      storage tank 1 and a freezing cylinder 2. The storage tank is
      substantially cuboid in shape with rounded edges and corners. It is
      manufactured from two identical moulded parts for example of stainless
      steel which are placed together and joined by a welded seam 3 (FIG. 2).
      The storage tank has a filler hole 4 in its top wall to the edge of which
      a short, peripheral filling nozzle 5 is welded to the storage tank. This
      filling nozzle, which is in the form of a short, cylindrical ring, is
      closed by a double-walled cover 6, the outer shell 7 of which consists,
      like the storage tank 1, of stainless steel, whereas the inner shell 8 may
      be of a synthetic plastics material.
PAR  In the cavity formed between the two shells 7 and 8 of the cover it is
      possible to put insulating material. The outer edge 9 of the cover is bent
      over downwardly so that a peripheral groove is formed between the inner
      shell and this outer edge 9, which groove receives a seal 10 of
      corresponding cross-section which is fitted on the filling nozzle 5, so
      that a germ-tight and pressure-tight closure of the storage tank 1 can be
      obtained. The cover is connected to the filling nozzle 5 by a hinge 11 on
      the other hand it is provided, on the side opposite the hinge 11, with a
      projecting closing pin 12. When the cover 6 is closed a locking layer 13
      can be pushed over this closing pin 12, which locking lever has fitted to
      its handle 14 an eccentric cam 16 which is pivoted round an axle 15 and
      which, by depression of the handle 14 from a vertical position into a
      horizontal position as shown in the drawing, forces the closing pin 12 and
      with it the cover 6 downwards, i.e., on to the seal 10. This guarantees a
      totally dependable closure of the cover 6.
PAR  Disposed in the vicinity of the bottom of the storage tank 1 is an agitator
      17 with a horizontal axis of rotation. The agitating implement of this
      agitator consists of an oblong, flat, substantially rectangular sheet
      metal strip or blade 18, the longer sides 19 of which are bent over in
      opposition to the direction of rotation 20 (FIG. 2).
PAR  The agitating implement formed by the sheet metal blade 18 is connected as
      shown in FIG. 1a by two pins 21 with a ring bearing 22 which is rotatably
      mounted on an axle 23. This axle 23 is taken outwards through a bore in
      the side wall of the storage tank 1 and is held in this side wall by means
      of an inner collar 24, a washer 25 pushed on to the pin from outside and a
      nut 26 screwed up against it, so as to be incapable of turning in the tank
      wall. Mounted on the portion of the axle 23 outside the storage tank 1 by
      ball bearings 27 is a rotatable sleeve 28 which can be driven by a motor
      (not shown). Fixed in the sleeve 28 at an adequate distance from the axis
      of the axle 23, on its side facing the storage tank 1, is a permanent
      magnet 29.
PAR  Also disposed in the ring bearing 22 of the agitator 17, on the side facing
      the wall of the storage tank and at the same distance from the axis of the
      axle 23, is an identical permanent magnet 30. Because of the magnetic
      field developing between these two permanent magnets 29, 30, the agitator
      17 is caused to rotate when the sleeve 28 rotates. This type of
      construction of the agitator 17 has the effect that no rotating parts pass
      through the wall of the storage tank, which parts could only have been
      sealed at considerable cost and even then not in a completely germ-tight
      and pressure-tight manner.
PAR  The function of the agitator 17 is to stir the ice mixture in the storage
      tank continuously, i.e., the viscous basic mass from which a soft ice
      cream is made, in order that the whole contents of the storage tank shall
      always be at the same temperature. In addition, this prevents any possible
      separation of the individual ingredients of the ice-cream mixture.
PAR  A cooling coil is disposed round the side walls of the storage tank 1, the
      cooling coil 31 consisting of a continuous pipe which is wound spirally on
      the wall of the storage tank 1. This cooling coil 31 is soldered to the
      outer wall of the storage tank 1 by means of soft solder 32, that is to
      say by tin solder, in order to obtain a good transmission of heat between
      the cooling coil 31 and the walls of the storage tank 1.
PAR  The freezing cylinder 2 consists essentially of a thick-walled tube 35 of
      high-grade alloy, corrosion-proof steel, for example a high-grade alloy
      chromium-nickel steel. Turned in this tube 35 over most of its length is a
      helical channel 36 which is cut so deeply into the wall of the tube 35
      that the closed, inner part of the tube wall which remains is only 1.5 to
      2.5 mm thick. This provides an extremely good transmission of heat through
      this portion of the tube wall 37. Since, on the other hand, the helical
      web 38 which remains standing is relatively high, for example 7 mm, the
      tube 35 has an extraordinarily high degree of stability.
PAR  An outer tube 39 is shrunk on to the part of the tube 35 provided with the
      helical channel 36 and welded to the tube 35 at both ends with a
      peripheral welded seam 40. The fact that the outer tube 39 is shrunk on to
      the tube 35 guarantees that the inside of the outer tube 39 is a
      continuous tight fit on the web 38 which traverses it so that a
      refrigerant pumped through the helical channel cannot flow in short
      circuit between the web 38 and the outer tube 39 but only along the path
      determined by the channel 36.
PAR  Fixed at one end (shown on the left in FIG. 1) of the helical channel 36 is
      a pipe union 41, which is attached to the outer tube 39, through which
      pipe union a refrigerant is supplied to the helical channel 36, from a
      known commercial refrigerating machine, for example "Freon" (Registered
      Trade Mark). After flowing through the channel 36 and so cooling the
      contents of the freezing cylinder 2, this refrigerant leaves the helical
      channel at the other end, through an outlet pipe union fitted there, and
      is conducted back to the refrigerating machine.
PAR  The tube 35 is closed at one end (the right hand end in FIG. 1) by a
      closing part 43 which has a relatively short part 44 in the form of a
      cylindrical ring which engages in a centering edge 45 at the end of the
      tube 35, so that this closing part 43 is located radially with respect to
      the tube 35. This closing part 43 is pressed against the end of the tube
      35 by way of a flanged ring 46, which rests externally by a ring land 47
      against the closing part 43, by means of bolts 48, these bolts 48 engaging
      in corresponding tapped holes 49 of a flange 50 which is fixed axially on
      the tube 35 by means of a retaining ring 51.
PAR  Fitting in the closing part 43 coaxially with the tube 35, i.e., coaxially
      with the freezing cylinder 2, is a bearing bush 52 in which a shaft 53 of
      an agitating and scraping unit 54 is mounted at one end. Seals 55 are also
      fitted on the bearing bush 52, making contact with the shaft 53,
      preventing any ice-cream mixture in the freezing cylinder 2 from passing
      through to the outside. The shaft 53 which likewise passes through the
      flanged ring 46 can be driven by an electric motor (not shown), for
      example by way of a V-belt drive.
PAR  Leading down out of the chamber formed between the closing part 43, the
      ring land 47 and the flanged ring 46 is a drainage pipe 56 to allow any
      ice-cream mixture to run off which may possibly have leaked through
      between the bearing bush 52 and the shaft 53 in spite of the seals 55.
      Leading obliquely upwards out of this chamber, which has already been
      mentioned, there is also an observation tube or sight glass 57 through
      which an operator can look into said chamber to check whether the seal 55
      on the shaft 53 is in perfect order. Opening into the cylindrical part 44
      of the closing part 43 is a compressed air inlet 58 through which
      compressed air is forced into the interior of the freezing cylinder 2 at
      periodic intervals. A lip valve 59 ensures that the compressed air forced
      into the freezing cylinder 2, or any ice mixture in the freezing cylinder,
      is unable to return into the compressed air pipe. The compressed air
      supply is obtained from a commercial compressor or from a compressed air
      cylinder.
PAR  Mounted on the shaft 53 at some distance from the closing part 43 is a disc
      60 acting as a partition wall which defines only a very narrow gap 61 with
      the inner wall of the tube 35, so that a local restriction is created.
PAR  Opening into the antechamber 62 formed by the partition wall 60 and the
      closing part 43 is a pipe 63 which connects the storage tank 1 to the
      freezing vessel 2. The ice mixture flows through this pipe, which has a
      relatively large cross-section of 10 cm.sup.2 for example, out of the
      storage tank 1 into the freezing cylinder 2. The upper edge of this curved
      pipe 63 opens into the tube 35 in the upper quarter, somewhat below the
      upper edge of the tube 35. The antechamber 62 is not cooled, that is, the
      disc 60 acting as a partition is located approximately at the point where
      the helical cooling channel 36 ends.
PAR  In the disc 60 acting as a partition is a substantially rectangular cutout
      64 (FIG. 2) through which the ice-cream mixture can pass into the actual
      freezing chamber 65 surrounded by the helical cooling chamber 36 which
      lies on the other side of the partition 60. In this freezing chamber a
      helical agitating helix 66 is fixed to the shaft 53 by means of spacing
      bolts 67. The compressed air which is forced by way of the compressed air
      inlet 58 into the antechamber 62 and from there through the gap 61 into
      the freezing chamber 65 is beaten into the ice mixture by the agitating
      helix giving the ice cream its creamy, light consistency. At the same time
      this agitating helix 66 of the agitating and scraping unit 54 forces the
      ice-cream mixture towards the outlet end of the freezing cylinder 2. Also
      mounted on the shaft 53 are two scraper blades 68 which rest against the
      inner wall of the tube 35 and which scrape the ice-cream mixture
      continuously off the inner wall of the freezing cylinder 2.
PAR  Since, in spite of the thinness of the inner tube wall part 37 but on
      account of the relatively great height of the helical web 38, the tube 35
      has such great stability of shape, the tube 35 can be constructed
      internally with a very precise and dimensionally stable cylindrical
      cross-section so that the scraper blades 68 always run precisely on the
      wall of the tube thereby preventing even very small amounts of ice from
      sticking to the wall of the tube.
PAR  Adjoining the agitator helix 66 on the shaft 53 there is also a worm 69
      with a short helical thread which exerts a certain resistance to the
      agitator helix 66. At the end of the freezing cylinder 2 opposite the
      closing part 43 is fitted a so-called tap gate 70; this tap gate 70 has a
      closing plate 71 shutting off the tube 35, which closing plate is sealed
      with respect to the tube 35. This closing plate 71 has a recess 73 coaxial
      with the tube 35 in which the other end of the shaft 53 is rotatably
      mounted. Fixed to the closing plate 71 is a valve body 74 which has a
      cylindrical internal cross-section. A piston valve 76 can be moved up and
      down in this cylindrical bore 75 by means of a piston valve rod 77. Fitted
      in the closing plate 71 at the lowest point of the tube 35, i.e., of the
      freezing cylinder 2, is an outlet orifice 78 through which, after the
      piston valve 76 has lifted, soft ice cream can flow out, passing through a
      lower tap opening, from which it can be collected in a receptacle such as
      a cone, a cup or a wafer, or the like.
PAR  Since in its cylindrical portion the piston valve 76 rests against the wall
      of the cylindrical bore 75 by means of seals 80 and in addition is
      constructed in its lower part in the form of a truncated cone and engages
      in a corresponding valve seat, its complete tightness is ensured when the
      gap gate 70 is closed.
PAR  The storage tank 1 and the freezing cylinder 2 are surrounded completely,
      except for the cover 6 and the tap gate 70, by a thick-walled jacekt 82 of
      some suitable insulating material such as glass wool, rock wool, or
      styrene foam. Fixed to the outer tube 39 so as to give good thermal
      conductivity, for example by hard soldering with brass solder, are two or
      more copper tubes 83 extending over the length of the tube, into which
      copper tubes rod-shaped electrical heating devices can be pushed. Heat
      transmission from these heating devices is effected by way of the outer
      tube 39, the web coil part 38, and the inner tube wall 37 of the tube 35,
      to the ice-cream mixture in the freezing cylinder 2. Since the outer tube
      39 is shrunk on to the web coil part 38, good thermal transmission is
      guaranteed here also.
PAR  The manner of operation of the soft ice-cream maker according to the
      invention is explained below with the assistance of the circuit diagram
      represented in FIG. 3.
PAR  It is assumed that the storage tank 1 is at least partly filled with
      ice-cream mixture which has also run through the pipe 63 into the freezing
      cylinder 2. For normal operation compressed air is forced at periodic
      intervals through the compressed air inlet 58 into the freezing cylinder 2
      and beaten into the ice mixture by the agitating and scraping unit 54, the
      ice mixture being simultaneously cooled down to the requisite temperature
      of -2.degree. to -6.degree.C by the refrigerant flowing through the
      helical cooling channel 36. The portions of ice cream when ready can be
      dispensed by opening the tap gate 70. Ice mixture then flows into the
      freezing cylinder from the storage tank 1 to replenish it in conformity
      with the amount of soft ice cream which is removed.
PAR  When there is to be a break in the dispensing of the prepared soft ice for
      any considerable time, for example overnight, the ice mixture in the
      freezing cylinder 2 and in the storage tank 1 is pasteurized. This
      process, which takes place completely automatically, is explained with
      reference to the circuit diagram reproduced in FIG. 3, in which single
      continuous lines represent electric leads and pipes for refrigerant are
      represented by double lines. All electric switching devices are shown in
      the currentless or "off" state in the drawing.
PAR  Closing of a master switch 101 connects the circuit arrangement described
      below to an electric main. Operation of a push-button switch 102 for a
      short time excites a relay R1. This closes two switching contacts r1.sub.1
      and r1.sub.2, while a third switching contact r1.sub.3 of the relay R1 is
      opened. The closing switching contact r1.sub.1 and a thermostat 103
      maintain the relay R1 in a locking position, even after release, i.e., the
      opening of the push-button switch 102, as long as the thermostat 103 is
      closed. This thermostat 103 is fitted with its thermosensor 103' on the
      storage tank 1. It is adjusted so that it opens at a temperature of
      80.degree.C and is closed at temperatures below this.
PAR  The rod-shaped heating devices 104 already mentioned, which are situated in
      the copper tubes 83 on the freezing cylinder 2, are connected to the main
      way of the closing contact r1.sub.2, whereby another thermostat 105 is
      connected into the current path, its sensor 105' being fitted on the
      freezing cylinder 2. This thermostat is adjusted so that it is closed
      below a temperature of 115.degree.C and opens when this temperature is
      reached. Furthermore, the driving motor 106 for the agitating and scraping
      unit 54 is switched on by way of the closing contact r1.sub.2.
PAR  Thus the contents of the freezing cylinder 2 are heated to boiling
      temperature by the above-described switching elements and switching
      processes. The resultant steam flows through the antechamber 62 and the
      pipe 63 into the storage tank 1 and heats its contents with the
      simultaneous condensation of the vapor to 80.degree.C. At the same time
      the agitating and scraping unit 54 is rotating in the freezing cylinder 2
      so that any risk of the ice mixture getting burnt on the inner wall of the
      tube 35 is eliminated.
PAR  The fact that the contents of the storage tank 1, the pipe 63 and the
      antechamber 62 are heated by steam alone also completely precludes any
      burning of the ice mixture here. This guarantees that all the mixture is
      heated to 80.degree.C at least so that perfect pasteurization is ensured.
      At the same time the steam generated in the freezing cylinder 2 flows
      round all the parts which in any way come into contact with the ice
      mixture, including the cover 6 of the storage tank and so here, too, all
      bacteria are killed.
PAR  When a temperature of 80.degree.C is reached in the storage tank 1, the
      thermostat 103 opens so that the relay R1 releases and the switching
      contacts r1.sub.1, r1.sub.2 and r1.sub.3 return to the switching position
      represented in FIG. 3. If a temperature of 115.degree.C should already be
      reached in the tube wall of the freezing cylinder 2 before the temperature
      of 80.degree.C has been reached in the storage tank 1, the thermostat 105
      switches off for a short time and on again after the wall of the freezing
      cylinder has cooled down sufficiently, but the agitator motor 106 remains
      switched on continuously. When the temperature of 80.degree.C has been
      reached in the storage tank and the relay R1 has accordingly released, the
      heated process of the pasteurization is ended.
PAR  The cooling of the ice mixture then immediately takes place automatically,
      first in the freezing cylinder 2 and then in the storage tank 1. By way of
      the switching contact r1.sub.3, which is closed in the resting state of
      the relay R1, and a thermostat 107, a relay R2 and a solenoid valve 108
      are switched into the circuit. The thermo-sensor 107' of the thermostat
      107 is fitted on the freezing cylinder 2. The thermostat 107 is so
      designed that it is closed at temperatures above 2.degree.C and opens at
      or below this temperature. So long as the heating process is proceeding in
      the freezing cylinder 2 and in the storage tank 1, the relay R2 is in the
      rest position shown in the drawing and the solenoid valve 108 is closed.
      When the relay R1 releases, the relay R2 pulls up so that the two
      switching contacts r2.sub.1 and r2.sub.2 are closed and the switching
      contact r2.sub.3 is opened.
PAR  The compressor of the refrigerating machine 109 is switched on by way of
      the switching contact r2.sub.2 and it pumps refrigerant through the
      cooling channel 37 of the freezing cylinder 2 by way of the solenoid valve
      108 which is simultaneously opened. Because of the good thermal
      conductivity due to the construction of the freezing cylinder 2 in
      accordance with the invention, its contents are cooled down very rapidly
      to 2.degree.C. The agitator motor 106 is connected to the main again by
      way of the other closing switching contact r2.sub.1 so that even while it
      is being cooled down the ice mixture in the freezing cylinder 2 is being
      continuously circulated and scraped off the wall of the freezing cylinder.
PAR  A solenoid valve 111 connected in the cooling circuit of the storage tank 1
      is closed by the opening contact r2.sub.3 of the relay R2 so that no
      refrigerant can flow through the cooling pipe 31 of the storage tank 1.
PAR  When a temperature of 2.degree.C is reached in the freezing cylinder, the
      thermostat 107 opens so that the relay R2 releases, whereby on the one
      hand the compressor of the refrigerating machine 109 is switched off again
      and furthermore the agitator motor 106 is switched off. The contact
      r2.sub.3 is closed simultaneously so that by way of a thermostat 110 the
      solenoid valve 111 connected in the cooling circuit of the storage tank 1
      is opened and a relay R3 pulls up. The thermosensor 110' of the thermostat
      110 is fitted on the storage tank. This thermostat 110 is designed to be
      closed at temperatures above 2.degree.C and opened at temperatures of
      2.degree.C and below. When the relay R3 pulls up and its switching contact
      r3.sub.1 closes the agitator motor is switched on and when its switching
      contact r3.sub.2 closes the compressor of the refrigerating machine 109 is
      switched on, so that refrigerant is pumped through the cooling pipe 31 of
      the storage tank 1 by way of the solenoid valve 111 until its contents
      have reached a temperature of 2.degree.C. When this temperature is reached
      the thermostat 110 opens, with the result that the relay R3 releases into
      the rest position shown in the drawing and the solenoid valve 111 is
      closed.
PAR  As a result of this switching operation the ice mixture in the freezing
      cylinder 2 and in the storage tank 1 is then held automatically at the
      temperature adjusted on the thermostats 107 and 110, priority always being
      given to the freezing cylinder 2, since with the closing of the thermostat
      107 and the associated opening of the switching contact r2.sub.3 of the
      relay R2, the solenoid valve 111 of the refrigerating circuit of the
      storage tank 1 is closed.
PAR  Since, owing to the construction of the freezing cylinder 2 in accordance
      with the invention, the ice mixture contained therein can be cooled down
      very rapidly, it is ensured that any germs and bacteria which may still be
      present after the pasteurizing process cannot propagate themselves afresh
      and that furthermore any germs which are not quite dead will be killed off
      by the low-temperature shock.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for the preparation and dispensing of portions of soft ice
      cream comprising:
PA1  a storage tank;
PA1  a freezing cylinder disposed below said storage tank;
PA1  an agitator located in the interior of said freezing cylinder;
PA1  a replenishing duct connecting said storage tank to said freezing cylinder;
      and
PA1  a heating means in said freezing cylinder and connected to said storage
      tank for heating said freezing cylinder and said storage tank, said
      heating means including a first thermostat means for preventing the
      exceeding of a temperature lying above the evaporation temperature of the
      contents of said freezing cylinder, said first thermostat means including
      a first temperature sensor fitted on said freezing cylinder, said heating
      means further including a second thermostat means for switching said
      heating means off when a temperature is reached sufficient for the
      pasteurization of the contents of said storage tank, said second
      thermostat means including a second temperature sensor fitted on said
      storage tank;
PA1  wherein said heating device causes the contents of said freezing cylinder
      to be partially evaporated and the steam flowing therefrom into said
      storage tank heats the contents of said tank to a sterilization
      temperature.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said helical cooling channel cuts
      into the interior wall of said thick-walled tube to such degree that the
      width of the wall in the region of the cooling channel is minimal in
      comparison with the overall thickness of the wall of the tube.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein the freezing cylinder is formed
      by a thick-walled tube in which a helical cooling channel is formed and
      which is closed outwardly by a shrunk-on tube which rests tightly on a
      helical web forming the wall of said channel.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said heating means of the
      freezing cylinder is an electrically acting heating device which is fitted
      to the outer surface of the freezing cylinder only in that region which is
      acted upon from within by the agitator.
NUM  5.
PAR  5. Apparatus according to claim 1, further including a relay wherein said
      second thermostat is used to latch said relay connected in the circuit of
      the heating arrangement.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein a driving motor for the agitator
      and scraping unit is connected in the circuit for the heating device
      by-passing said first thermostat.
NUM  7.
PAR  7. Apparatus according to claim 1, further including a relay having a
      switching contact which is closed in the rest state of the relay and which
      is connected in the circuit of a refrigerating installation.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein third and fourth thermostats are
      connected in the circuit of the refrigerating installation, the
      temperature sensor of one thermostat being fitted on the freezing cylinder
      and the temperature sensor of the other thermostat being provided on the
      storage tank, and the storage tank and the freezing cylinder have cooling
      circuits, separate from one another and not capable of being switched on
      together, the cooling circuit of the freezing cylinder being connected for
      priority over the cooling circuit of the storage tank.
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PAL  A sludge heat treat system wherein a tube in the tube heat exchanger
      consists of multiple set of small tubes spaced inside of larger tubes. At
      the end of each run there is a return bend that conveys the fluid on the
      inner tube around to the next tube in the tube exchanger and also conveys
      the outer tube fluid to the next tube system. The inner tube system is
      carrying sludges that are obtained in a sewage treatment plant or an
      industrial waste treatment plant or any other type of treatment plant
      where sludges are produced and it is desired to heat treat these in order
      to release the bound waters and thereby effect a dewatering of the sludge
      cake which is not possible without sludge heat treat systems. The outer
      tube conveys a liquid which is usually water which has been treated. The
      outer tube conveys a liquid which is usually treated water which gives up
      the heat from an outside source to the sludge on the inner tube in a
      consistent manner. The inner tube takes the heat from the sludge and
      transfers it to the water to preheat the water. The return bend is
      designed so that the sludge on the inner tube is conveyed through the
      outside portion of the return bend and the water from the outer tube is
      channeled through a channel on the inner side of the return bend. Built
      into the return bend is a heating surface where there can continue to be a
      transfer of heat between the water and sludge within the return bend.
PARN
PAR  This is a continuation, division, of application Serial No. 286,332 now
      abandoned, filed Sept. 5, 1972.
BSUM
PAC  REFERENCE TO PRIOR ART
PAR  A heat exchanger having concentric tubes and return flow heating exchange
      units is shown in U.S. Pat. Nos. 3,171,478 and 3,593,782. However, these
      patents do not show the improved return bend member with the clean out
      plugs as claimed in the present application.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide an improved heat exchange
      device.
PAR  Another object of the invention is to provide an improved return bend in
      combination with the heat exchange device.
PAR  Yet another object of the invention is to provide a heat exchange device
      that is simple in construction, economical to manufacture, and simple and
      efficient to use.
PAR  Another object of the invention is to provide a heat exchange device having
      concentric sinuous tubes with an improved return bend at the ends of the
      tubes.
PAR  Another object is to provide a structure wherein sludge can be removed from
      the inside of tubes without disconnecting the water flow path.
PAR  With the above and other objects in view, the present invention consists of
      the combination and arrangement of parts hereinafter more fully described,
      illustrated in the accompanying drawing and more particularly pointed out
      in the appended claims, it being understood that changes may be made in
      the form, size, proportions, and minor details of construction without
      departing from the spirit or sacrificing any of the advantages of the
      invention.
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PAC  GENERAL DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of the heat exchanger according to the invention.
PAR  FIG. 2 is a side view of the heat exchanger.
PAR  FIG. 3 is an end view of the heat exchanger.
PAR  FIG. 4 is an enlarged cross sectional view of the return bend.
PAR  FIG. 5 is a cross sectional view taken at line 5--5 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Now with more particular reference to the drawings, the heat exchanger
      shown generally at 10 has a frame 11 which could be made of structural
      steel, having top frame members 12, bottom frame members 13, braces 14,
      and side members 15. The heat exchange elements indicated are made up of
      inner tubes 16 and outer tubes 17 supported concentrically around the
      inner tubes. The heat exchange elements are laid in parallel rows in a
      stack supported in the frame with suitable insulation 30 around the
      outside thereof.
PAR  The details of the return bends 20 are best shown in FIGS. 4 and 5. Adaptor
      flange 25 has two holes 33 and 34 around which the outer tubes 17 are
      welded at 26. Holes 33 and 34 in adaptor flange 25 are aligned with holes
      33' and 34' in return bend 20. The area around the holes on adaptor flange
      25 has a surface 35 which engages a flat surface 36 on the return bend 20
      and O-rings 37 and 38 are disposed in a suitable groove 41 and form seals
      therebetween. The adaptor flange 25 is held to the return bend 20 by means
      of bolts 28 which threadably engage the flange at 39 and hold the return
      bend 20 and the adaptor flange 25 together. The return bend 20 has an
      internal partition 22 with two spaced bores 32 that are aligned with holes
      33' and 34'. The ends of the inner tubes 16 are received in bores 32 in
      partition 22 of the return bend 20. The O-rings 23 and 24 form a seal
      between the outside of the tubes 16 and the inside of holes 32 and also
      provide a sliding fit for thermal expansion.
PAR  Pipe plugs 29 are inserted in openings 43 in the return bend through which
      a cleaning instrument can be inserted. The inner tubes 16 are hold in
      spaced relation to the outer tubes 17 be the spacer members 21.
PAR  This invention relates to heat exchangers and more particularly to heat
      exchangers for use in the heat treatment of sewage sludge and other
      liquids. In the sludge heat treatment system disclosed herein, sludge is
      fed through a tube in tube heat exchanger in which the influent sludge is
      heated from a low temperature to a heat treatment temperature by the
      transfer of heat from high temperature hot water to sludge. Similarly,
      after the heated sludge is detained at the heat treatment temperature for
      the specified time, the sludge is fed through a tube in tube heat
      exchanger in which the sludge is cooled by transferring its heat to water,
      this water being an integral part of the total closed water circuit
      providing both the heating and cooling medium and obtain a high percentage
      of heat recovery.
PAR  The tube in the tube heat exchanger (heater or cooler), consists of a
      sinuous configuration of small tubes or pipe centrally located within a
      larger tube or pipe. The inner tube system is the conduit through which
      the sludges flow while the annular space between the inner and outer tubes
      or pipes is the conduit through which water flows.
PAR  In the case of the heater, heat is transferred from the hot water media
      through the wall of the inner tube or pipe to the sludge flowing through
      the inner tube or pipe. In the case of the cooler, heat is transferred
      from the hot sludge flowing through the inner tube 16 through the wall of
      the inner tube to the heat absorbing media (water) flowing in the annular
      space 18.
PAR  At the end of each run which conveys both fluids, that is, the fluid on the
      inside of the inner tube 16 as well as the fluid in the annular space 18,
      to the next successive tube in the heat exchanger, is a return bend 20.
PAR  The design of the return bend 20 is such that although both fluids are
      conveyed through it, either parallel or counter current flow, the two
      streams are separated from each other by mechanical joints which prevent
      direct contact and therefore intermixing with each other. This design does
      provide additional heat transfer surface within the return bend 20 to
      permit an exchange of heat from one fluid to the other.
PAR  Because the metal temperatures of the inner tube 16 and outer tube 17 are
      of different magnitudes, provision must be made for relative thermal
      expansion between the two without causing any deleterious stresses in
      either of these tubes. This provision is incorporated in the design of the
      return bend by utilizing O-ring seals 23 and 24 between the inner tubes 16
      and the body of the return bend 20. The O-ring seals 23 and 24 isolate the
      sludge from the water side while at the same time permitting thermal
      growth or contraction of the inner pipe without imposing any deleterious
      stresses to the outer tube 17.
PAR  The return bend 20 may be removed from the flanged member 19 by removing
      the bolts 28. Thus the return bend can be lifted off the ends of the inner
      tubes and the ends of the inner tubes will project from the ends of the
      flanged member 19.
PAR  It will be noted that the partition 22 divides the return bend member 20
      into two separate chambers indicated at 31 and 44.
PAR  When the phenomenon of scale-like material occurs, as previously discussed,
      further deposition of the solids in the sludge on the cake also occurs,
      leading to a blockage of flow within the conduit. The usual method of
      existing heat exchangers is to try to scour this buildup out by increasing
      flow through the unit, utilizing higher velocities and/or cleaning agents
      and, if this us unsuccessful, the removal of the return bends to expose
      the inner or sludge carrying conduit. This exposure would then permit
      mechanical cleaning of the sludge carrying conduit. At the same time the
      exposure of the ends of the tubes under existing designs opens both sides
      of the heat exchanger to the atmosphere thus producing a loss of the fluid
      and pressure on the annular side.
PAR  The design of the return bend covered by this application incorporates
      access openings closed by plugs 29 which permit the insertion of
      mechanical or fluid cleaning devices to the inner sludge carrying tube 16.
      This feature, coupled with the O-ring seals 23 and 24, described
      previously, permits the mechanical cleaning of the inner sludge carrying
      conduit without disturbing (causing a loss of or drop in pressure of) the
      fluid in the annular space 18. The provision of these access openings
      permits inspection as well as cleaning of the inner sludge carrying tube.
PAR  A further advantage of this return bend design is the ease of determining
      the erosion effect of sludge flow within the return bend while the heat
      exchanger is operating. This can be done by means of an ultrasonic
      measuring device. Erosion of the metal on the sludge side is common where
      there is a change in direction as is the case in a return bend. Sludge
      contains eroding materials and it is therefore possible, with this return
      bend design, to predict when return bends are approaching a failure
      condition without interfering with the system operation such as shutting
      down, draining fluid from both sides of the exchanger, physically removing
      the return bend and then mechanically measuring the extent of erosion. In
      this return bend design, sludge flows through the outside channel where
      access with an ultrasonic tester is simple.
PAR  Further, the return bends are equipped with connections which permit the
      application of pressure and temperature sensing devices to both the sludge
      and water sides to permit measurement of pressure loss or of the
      temperature gradient through individual tubes, through combinations of
      tubes or through the entire exchanger.
PAR  With the design of the present return bend and system with the fact that
      the sludge is conveyed to the outside of the return bend, the operator is
      able to put and build bosses which are openings tapped and plugged in
      direct line with each of the inner tubes. At any time that it is desired
      that the inner tube be either inspected or rodded or cleaned, the sludge
      can be taken out of the inner tube by draining it, opening up the
      corresponding return bend plugs on each end and putting a cleaning device
      in it and spinning it down through or running it down through the inner
      tube, thus cleaning it. After this is cleaned or inspected, the plugs can
      be put back in and it can be filled back up with sludge and be back in
      operation. This is a simple task.
PAR  Further advantages of the present return bend are that, by using a sonic
      tester, the operator can determine the erosion or the wearing away of the
      metal in the return bend and thereby calculate the effect of grits and
      other eroding materials in the sludge and predict when return bends or
      erosion is going to get into a failure position through being able to put
      this tester on the outside of the return bend and measure the thickness
      without disturbing the system's operation.
PAR  Further, by putting either pressure sensing devices or temperature sensing
      devices in the plug in the return bend, it is possible to measure either
      the pressure loss through this system or through any individual pipes and
      also the temperature gradient between points of measurement.
PAR  The same temperature and pressure measurement on the water side can be done
      through a top hole that is located on the water side of the return bend.
PAR  The present system utilizes one heat exchanger to transfer the heat from
      the water to the sludge thereby ending up with the desired sludge
      temperature, and after a discreet holding time, it can be put through
      another heat exchanger which is, in effect, a cooler in which the water,
      which is colder than the sludge, takes the heat out of the sludge
      conserving the heat and thereby cooling it down to the desired temperature
      for further thickening or treatment. The advantages of the return bend and
      the present system design is also applicable to both the heater and the
      cooler.
PAR  The foregoing specification sets forth the invention in its preferred
      practical forms but the structure shown is capable of modification within
      a range of equivalents without departing from the invention which is to be
      understood is broadly novel as is commensurate with the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A heat exchanger for heating sludge comprising a plurality of stacked
      parallel heat exchange elements,
PA1  each said heat exchange element comprising an outer tube and an inner tube,
PA1  return bends connecting each said inner tube in fluid flow relation with
      the inner tube of an adjacent said element and connecting each said outer
      tube in fluid flow relation with a said outer tube of said adjacent
      element,
PA1  each said outer tube providing a flow path for hot liquid to an outer tube
      of a said adjacent element,
PA1  each said return bend comprising a hollow body having a first flat external
      and surface and a second generally flat external and surface disposed
      generally parallel to each other,
PA1  an internal partition in said hollow body generally parallel to said flat
      and surfaces and dividing said hollow body into a first chamber and a
      second chamber,
PA1  two first holes formed in said first end surface of said body and two
      spaced second holes in said second end surface of said body,
PA1  two spaced bores in said partition,
PA1  each said spaced bore being disposed in alignment with a said hole in said
      first end and a said hole in said second end surface,
PA1  each said inner tube having a peripherial surface adjacent an end slidably
      received in a said bore in said partition and having sealing means between
      said ends of said inner tubes and the inside of said bore,
PA1  a flanged member having a flat surface resting on said first end surface of
      said body and sealing means between said flat surface of said body and
      said flat surface of said flanged member,
PA1  two spaced openings in said flanged member align with said first holes in
      said first end surface of said return bend,
PA1  each said outer tube being fixed to said flanged member and forming a
      continuation of a flow path through said flanged member, through said
      second openings in said first end of said body and through said second
      chamber to another said outer tube and first bolt means clamping said
      flanged member to said return bend,
PA1  each of said bodies being adapted to be removed from said flanged member
      and from said outer tubes and said inner tubes by removing said bolt means
      from said flanged member and sliding said inner tubes out of said spaced
      bores in said partition and from said holes in said first end of said
      body,
PA1  and threaded plug means in said openings in said second ends of said body
      whereby access to said inner tubes may be obtained by removing said plugs,
PA1  said second openings being substantially smaller than said inner tubes,
PA1  said second end of said body having an inner end surface curved about a
      relatively large radius and providing a contoured path for sludge flowing
      through said inner tubes from said inner tube to another said inner tube
      and defining an end of said first chamber providing a relatively low head
      loss and sludge flowing from one said inner tube to another,
PA1  said first chamber having a relatively large cross sectional area as
      compared to the cross sectional area of said inner tubes whereby plugging
      of said chamber by said sludge is inhibited.
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ABST
PAL  A heat exchanger of the straight tube type in which different rates of
      thermal expansion between the straight tubes and the supply pipes
      furnishing fluid to those tubes do not result in tube failures. The supply
      pipes each contain a section which is of helical configuration.
GOVT
PAC  SOURCE OF THE INVENTION
PAR  This invention was made or conceived in the course of or under a contract,
      sub-contract or arrangement entered into with or for the benefit of the
      Atomic Energy Commission.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Of the several types apparatus used in industry to indirectly exchange
      between fluids there are many situations where the straight tube type is
      the most desirable. In the straight tube type of heat exchanger one fluid
      passes through a straight tube of heat conductive metal having a wall
      thickness thin enough to permit the efficient exchange of heat between the
      fluid within the tube and the fluid flowing over it.
PAR  A straight tube heat exchanger can be cleaned and inspected more easily
      than one in which the heat exchange tubes are of configuration where the
      tubes are not straight. An eddy current device, for example, can be passed
      down a straight tube to allow for examination. Cleaning devices which
      could never be passed through a bent tube can quite easily be passed
      through a straight tube when it is desired to clean out the tubes during a
      major maintenance procedure. Moreover, in case a tube should fail, a
      straight tube can be plugged, by internal welding devices or explosive
      plugs.
PAR  Often the heat exchange fluid which is flowed through the heat exchange
      tubes is passed longitudinally to the lower portion of the heat exchanger
      through a centrally located supply conduit within the heat exchanger and
      then allowed to reverse direction and come back through the heat exchange
      tubes. For example, in heat exchangers where the fluid which supplies heat
      to the heat exchanger, that is the primary fluid is liquid sodium, the
      sodium preferably passes downward over the tubes and it is often required
      that the secondary fluid passes longitudinally of the tubes in the
      direction of the primary sodium through a centrally located supply pipe
      into a chamber below a tube sheet where the secondary fluid reverses its
      direction to flow back through the heat exchange tubes. Sudden changes in
      temperature of either the secondary or primary fluids can cause the supply
      pipe and tubes to contract or expand at different rates thus overstressing
      the tubes. The rate of expansion or contraction due to a sudden change in
      the temperature of the fluids passing through the supply pipe and heat
      exchange tubes will cause the heat exchange tubes to change in length
      faster than the supply pipe because of the thin walls of the heat exchange
      tubes. This causes the supply pipe to exert a force on the tubes which
      could lead to tube failures.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to overcome drawbacks found in the
      prior art such as those discussed above. Accordingly, a straight tube heat
      exchanger is provided with supply pipes of a configuration which allows
      them to expand or contract without exerting an appreciable force on the
      heat exchange tubes.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a front view, partly in section, showing a heat exchanger
      made in accordance with the present invention. The drawing shows a heat
      exchanger indicated generally as 10 having an outer shell 12 which
      comprises a longitudinal cylindrical section 14 and a bottom 16 closed
      except for an exhaust opening 44 and which has at its top an upper flange
      18. The flange 18 is annular and projects outward from the top of the
      cylindrical section 14. The top of the heat exchanger 10 has a head
      section 20 which has three walls, 22, 24 and 26 which extend generally
      upward and inward. The wall 22 is outward of the walls 24 and 26 and
      includes a lower cylindrical section 28 which at its top merges with a
      curved inwardly flared upper section 30. The wall 24 is inside of and
      generally concentric with the wall 22. At their inner edges the walls 22
      and 24 are joined to an annular spoolpiece 32 which has substantially
      restricted walls. An annular plate 34 bridges the walls 22 and 24 at a
      location in the middle of the lower cylindrical section 28. The walls 22
      and 24 along with the spoolpiece 32 and annular plate 34 define an annular
      inlet chamber 36. An inlet 38 through the wall 22 can be connected to a
      conduit not shown for admitting a heat exchange fluid into the inlet. In
      the preferred embodiment the fluid coming through the inlet 38 is a
      secondary fluid such as liquid sodium. The secondary fluid in the inlet
      chamber 36 flows downward through supply pipes 40 which extend down
      through the annular plate 34. An intake 42 permits primary fluid such as
      liquid sodium to come into the heat exchanger. The primary fluid
      eventually exits through the exhaust 44 to be recycled to the heat source
      which is not shown.
PAR  The supply pipes 40 each have portions 45 which are generally straight and
      portions 46 which are helical in configuration. The helical portions 46
      extend downward adjacent to the cylindrical section 14 of the shell 12 to
      a level adjacent to the bottom of the cylindrical section 14. Here they
      merge with straight portions 48, which at their bottoms, curve inward at
      50. The curved bottoms 50 project through a dish shaped plate 52 which at
      its top merges with a lower tube sheet 54.
PAR  Extending upward from the lower tube sheet 54 is a plurality of straight
      heat exchange tubes 60 which extend up to an upper tube sheet 62 which is
      above the intake 42. The secondary fluid flowing down through the supply
      pipes 40 including the helical portions 46 and the straight portions 48
      flow into a lower chamber 64 which is defined by the plate 52 and the
      lower tube sheet 54. Thereafter, the secondary fluid flows upward through
      the straight heat exchange tubes 60 and through the upper tube sheet 62
      and into an upper chamber 66 which is defined by the lower tube sheet 62
      and the wall 26. The secondary fluid then leaves the heat exchanger 10
      through an outlet 68 which passes through the wall 26 and through the
      spoolpiece 32 to apparatus not shown which makes use of the secondary
      sodium.
PAR  A shroud 70 which is generally cylindrical and extends from the lower tube
      sheet 54 to a top circular plate 72 just below the upper tube sheet 62
      separates the straight heat exchange tubes 60 from the supply pipes 40.
      The top plate 72 and lower support plate 76 are of a greater diameter than
      is the shroud 70 and extend laterally beyound the secondary supply pipes
      40. These define along with the upper portion of the outer shroud 70 and
      the cylindrical section 14 of the shell 12 a distribution chamber 78.
      Distribution openings 80 are provided in the shroud 70 between the plates
      72 and 76 to allow the primary fluid to enter into the shroud 70 below the
      plate 72.
PAR  The straight heat exchange tubes 60 extend through openings in a series of
      horizontal tube support plates 82 which are supported from the upper tube
      sheet 62 by the rods (not shown). The openings in the support plates are
      provided to allow the primary fluid to flow down through the support
      plates 82.
PAR  At the lower portion of the shroud 70 above the lower tube sheet 54 are a
      series of exit openings 84 which allow the primary fluid which has passed
      down over the heat exchange tubes 60 to pass outward over the lower tube
      sheet 54 and down through a space 86 between the plate 52 and the bottom
      16 of the outer shell 12 to the exhaust 44.
PAR  In operation primary fluid coming in at the intake 42 passes into the
      distribution chamber 78 through which pass a series of sleeves 90 which
      encircle the straight portions 45 of the supply pipes 40 between the
      plates 76 and 72 and thereby protect them from the hot primary fluid.
      Thereafter the fluid passes through the openings 80 and down through the
      tube support plates 82 and over the heat exchange tubes 60 to leave the
      space within the shroud 70 through the exit openings 84. Thereafter the
      primary fluid flows downward through the space 86 and out through the
      exhaust 44. Secondary fluid coming in through the inlet 38 and into the
      inlet chamber 36 passes down through the supply pipes 40, and around the
      heat exchange tubes 60 through the helical sections 46 to the lower
      straight portions 48 and then inward through the curved portions 50 into
      the lower chambers 64 to reverse direction and flow up through the heat
      exchange tube 60 which extend between the lower tube sheet 54 and the
      upper tube sheet 62. The secondary fluid is collected in the upper chamber
      66 to leave the heat exchanger 10 through the outlet 68.
PAR  The present heat exchanger 10 is especially advantageous in that a sudden
      change in temperature in either the primary or secondary fluid which would
      cause a different rate of thermal expansion or contraction in the supply
      pipes 40 and the heat exchange tubes 60 will not result in a large force
      causing a rupture of either the supply pipe or the heat exchange tubes.
      Since the supply pipes 40 have helical sections 46, the change in length
      of either the supply pipe 40 or the heat exchange tubes 60 can be
      accommodated by flexure of the supply pipes 40 at the helical sections 46.
PAR  The foregoing describes the one preferred embodiment of the present
      invention, other embodiments being possible without exceeding the scope as
      defined in the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A heat exchanger comprising: a shell;
PA1  an upper tube sheet within said shell;
PA1  a lower sheet within said shell;
PA1  plate means below said lower tube sheet, said plate means joining with said
      lower tube sheet to define a chamber below said lower tube sheet;
PA1  a plurality of straight heat exchange tubes extending between said first
      tube sheet and said second tube sheet;
PA1  a shroud within said shell and surrounding said heat exchange tubes;
PA1  an intake in said shell for flowing a first heat exchange fluid down
      through said shroud, between said tube sheets and over said heat exchange
      tubes;
PA1  an exhaust in said shell for allowing said first heat exchange fluid to
      leave said shell;
PA1  an inlet in said shell for admitting a second heat exchange fluid into said
      shell;
PA1  an outlet in said shell for permitting said second heat exchange fluid to
      leave said heat exchanger;
PA1  a supply pipe connected between said inlet and said chamber, said supply
      pipe extending generally longitudinally, and laterally of said heat
      exchange tubes, said supply pipe having a helical portion encircling said
      shroud;
PA1  whereby differences in thermal expansion between said supply pipe and said
      heat exchange tubes will not result in structural failure because said
      helical portion will flex to accommodate the difference in thermal
      expansion.
NUM  2.
PAR  2. The heat exchanger defined in claim 1 wherein both of said tube sheets
      are horizontal and wherein said heat exchange tubes extend vertically.
NUM  3.
PAR  3. The heat exchanger defined in claim 2 wherein said intake is above said
      exhaust.
NUM  4.
PAR  4. The heat exchanger defined in claim 3 wherein said supply pipe is one of
      a plurality of supply pipes.
NUM  5.
PAR  5. The heat exchanger defined in claim 4 wherein said helical portions
      define a series of helices with a common axis.
NUM  6.
PAR  6. The heat exchanger defined in claim 5 wherein said helices have equal
      radii of curvature.
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ABST
PAL  A wellpoint having an outer screen pipe, and an inner intake pipe connected
      to a vacuum source. A positionable valve is mounted between the screen
      pipe and the intake pipe to regulate the amount of screen pipe surface
      subject to vacuum by the intake pipe.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to wellpoints for tapping subterranean
      liquid levels. More specifically, the invention pertains to a wellpoint
      employing an outer screen pipe and an inner, vacuum producing intake pipe.
PAR  This particular wellpoint configuration has proven highly advantageous.
      However, the output of such a configuration has been adversely affected
      when the input of liquid from the screen pipe to the intake pipe has
      fallen below the capacity of the intake pipe. The intake pipe then draws
      in free air as well as liquid, resulting in reduced pumping efficiency.
PAR  It is, therefore, an object of this invention to provide an improved
      wellpoint.
PAR  It is an additional object of the invention to provide a wellpoint wherein
      the introduction of free air into the intake pipe is prevented.
PAR  It is another object of the invention to improve the pumping efficiency of
      a wellpoint having an intake pipe and outer screen pipe.
PAR  It is another object of the invention to provide a wellpoint including
      means for selectively reducing the area of screen pipe subjected to vacuum
      by an intake pipe.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects and advantages of the invention are accomplished in
      a wellpoint including a slotted outer screen pipe and an inner vacuum
      producing intake pipe by slidably mounting a valve member on the intake
      pipe. The valve member is positionable along the inner pipe and shaped to
      conform to the space between the inner and outer screen pipes. In use, the
      position of the valve member is adjusted to subject as much of the slotted
      screen to the intake pipe vaccum as possible.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view of the wellpoint of the preferred embodiment of the
      invention taken on a cross section along its length.
PAR  FIG. 2 is a detailed view of the valve means of the preferred embodiment of
      the invention.
PAR  FIG. 3 is a cross section along a plane parallel to the circumference of
      the wellpoint of the preferred embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  As seen in FIG. 1, the preferred embodiment of the wellpoint of the
      invention includes an outer cylindrical screen pipe 11, an intake pipe 13,
      which is concentric with the screen 11, and a slidable valve assembly 17.
      The screen 11 has successive rows 19 of slots 21 along its entire length.
      When set into a well hole, the screen 11 is thus capable of admitting
      liquid through the slots 21 into the interior of the wellpoint for intake
      at the mouth 23 of the intake pipe 13. The screen 11 additionally is
      sealed at one end preferably by a welded plug 27. The intake pipe 13 has a
      bushing 29 welded thereon, which sets into the top 30 of the screen pipe
      13. The intake pipe bushing 29 positions the intake pipe 13 while
      permitting its removal from the screen pipe 11. Beyond the bushing 29, the
      intake pipe 13 is connected to a pumping means 32, which creates a vacuum
      in the intake pipe 13, as known in the prior art.
PAR  The wellpoint as thus far described, without the slidable valve assembly
      17, has proven highly advantageous, particularly as a result of the long,
      continuously slotted screen pipe 11, which enables maximum access to
      surrounding liquids. However, when the water yield of the screen pipe 11
      becomes less than the capacity of the intake pipe 13, free air enters the
      intake pipe 13. The result is a lower vacuum in the pumping system and a
      lower pressure differential forcing the ground fluid through the screen
      pipe 11. Hence, the yield of the wellpoint is adversely affected.
PAR  To remedy this adverse effect, the valve assembly 17 is slidably mounted on
      the intake pipe 13. As shown in FIG. 2, the valve assembly 17 includes a
      cylindrical plastic or metal ring 31 having chamfered inner edges 33, 35
      for retaining two O-rings 37, 39. As shown in FIG. 3, small grooves 41, 43
      are provided at the outer diameter of the cylindrical ring 31 for
      providing drainage from the slots 21 located above the valve assembly 17.
      The O-rings 37, 39 and chamfered edges 33, 35 prevent movement of the
      valve in response to differential pressures set up by the vacuum created
      through the intake pipe 13.
PAR  In the preferred embodiment, the valve is positioned out of the ground by
      hand. Initially the wellpoint screen pipe 11, intake pipe 13 and valve
      assembly 17 are inserted into the ground to the desired depth. The valve
      assembly 17 is initially positioned according to an estimate of where it
      will function best, based upon known soil characteristics. After pumping
      has established that it would be best to raise or lower the valve assembly
      17, the intake pipe 13 and valve assembly 17 are removed from the screen
      pipe 11, which remains in the ground. The valve is repositioned up or down
      the intake pipe 13, and the intake pipe 13 is then reinserted into screen
      pipe 11. The removal of the intake pipe 13 and adjustment of the slidable
      valve assembly 17 is a simple and hence economical procedure. While
      adjustment of the valve without removal of the intake pipe 13 by "down the
      hole" tools is possible, such adjustment is economically undesirable and
      avoided in the preferred embodiment of the invention. With the valve
      assembly 17 properly in place the advantage of a long slotted screen pipe
      11 is maintained while avoiding the deleterious passage of free air into
      the intake pipe 11.
PAR  Although this invention has been described with references to illustrative
      embodiments thereof, it will be apparent to those skilled in the art that
      the principles of this invention can be embodied in other forms but within
      the scope of the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A wellpoint comprising:
PA1  pipe means for the intake of liquid from the well and connection to vacuum
      producing means;
PA1  screen means spaced apart from and surrounding said pipe means for
      admitting and maintaining a liquid supply for said pipe means; and
PA1  slidably adjustable valve means located between said pipe means and said
      screen means for adjusting the amount of surface area of said screen pipe
      subjected to said vacuum.
NUM  2.
PAR  2. The wellpoint of claim 1 wherein said valve means comprises:
PA1  a valve member slidably mounted on said pipe means and shaped to conform to
      the space between said screen means and said pipe means; and
PA1  means for maintaining said valve members in a selected position on said
      screen pipe.
NUM  3.
PAR  3. The wellpoint of claim 1 wherein said screen means is a cylindrical,
      intermittently slotted pipe and said pipe means is cylindrical and
      concentric within said screen means and removable therefrom and wherein
      said valve means comprises:
PA1  an annular valve member slidably mounted on said pipe means and shaped to
      conform to the space between said pipe and screen means, said valve member
      having first and second chamfered edges abutting said pipe means;
PA1  a first O-ring mounted on said pipe means and against said first chamfered
      edge; and
PA1  a second O-ring member mounted on said pipe means and against said second
      chamfered edge.
NUM  4.
PAR  4. The wellpoint of claim 1 further including means for positioning said
      pipe means within said screen means and enabling manual removal of said
      pipe means from said screen means.
NUM  5.
PAR  5. A wellpoint comprising:
PA1  a cylindrical screen pipe having a closed end for insertion into a well, an
      open end and openings formed intermittently on its length;
PA1  a cylindrical pipe member removably mounted on one end concentrically
      within said open end of said screen pipe and adapted to be connected with
      vacuum producing means on its other end;
PA1  an annular valve member slidably mounted on said pipe member and shaped to
      conform to the space between said screen and pipe member and having first
      and second chamfered edges abutting said pipe member;
PA1  a first O-ring mounted on said pipe member and against said first edge; and
PA1  a second O-ring mounted on said pipe member and against said second edge.
NUM  6.
PAR  6. In a wellpoint having an outer screen pipe for admitting and maintaining
      a supply of liquid and an inner vacuum producing pipe, the improvement
      comprising:
PA1  slidably adjustable valve means located between the outer screen pipe and
      the vacuum producing pipe for adjusting the amount of surface of said
      screen pipe subjected to said vacuum.
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ABST
PAL  In order to increase the productivity of oil and gas wells, hydrochloric
      acid and phosphoric acid are pumped into the well. Thereafter, aqueous
      ammonia is forced into the bottom of the well by nitrogen under pressure.
      This produces a violent exothermic reaction in the formation around the
      bottom of the well which emulsifies the paraffin and disintegrates the
      limestone, so as to open the formation by forming large passages and
      cavities over large areas and distances, permitting the oil or gas to flow
      freely through the formation to the well bore.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  Various methods have been used to obtain increased production in oil and
      gas fields, particularly in connection with older wells. These have
      included the introduction of water or oil under pressure, and the use of
      acids. All of them however are relatively expensive, and it is often
      uneconomical to treat a well because of the increase in production is not
      sufficient to pay for the treatment.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a substantial increase in the
      productivity of oil and gas wells is produced by introducing a mixture of
      strong acids which do not react vigorously with each other under normal
      conditions, into the formation at the bottom of the well, and thereafter
      introducing into the bottom of the well an accelerator which with the two
      acids enters into a strong exothermic reaction, producing heat of the
      order of 300.degree.F and creating passages and cavities of considerable
      size in the formation, while at the same time paraffin which may be
      present is emulsified. The preferred acids are hydrochloric acid and
      phosphoric acid, and the accelerator is aqueous ammonia which is pumped in
      under substantial pressure by nitrogen under pressure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing shows diagrammatically an arrangement for carrying out the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The drawing shows an oil well which may for instance be an existing casing
      2, or may be a pipe which is entered into an existing hole. From a
      suitable source of supply, such as a tank truck 4, hydrochloric and
      phosphoric acids are pumped out by a pump 6 into the top of the casing 2
      and flow down either admixed or successively by gravity to the bottom of
      the well. A flexible steel pipe 8 is introduced into the well extending to
      the bottom of the casing 2. This pipe is fed from a reel 10, to the hub of
      which a pipe 12 supplies aqueous ammonia from a tank 14. The top of the
      tank 14 is connected by a line 16 to a tank 18 into which liquid nitrogen
      flows. The nitrogen thus entering the top of the tank 14 forces the
      aqueous ammonia down through the pipe 8 to the bottom of the well.
PAR  When the aqueous ammonia comes in contact with the mixture of hydrochloric
      and phosphoric acids, a violent exothermic reaction occurs, raising the
      temperature to as much as 300.degree.F. The ammonia is pumped in in a
      quantity at least substantially sufficient to neutralize the two acids. By
      the time that this is done, the formation will have been freed to a
      considerable degree of paraffin which has gone into emulsion and the
      limestone will have been eroded to produce large cavities and passages
      extending for a substantial distance away from the well.
PAR  If it is desired to open up a still larger area, the same procedure may be
      repeated a number of times.
PAR  As an example, in a 6,000 foot well with a 6 inch casing, there are
      introduced 1,000 gal. of about 30% concentration hydrochloric acid, 1,000
      gal. of about 30% concentration commercial phosphoric acid and 1,000 gal.
      of about 30% concentration aqueous ammonia at a pressure of 1,000 psi.
      Higher or lower pressures, for example between 300 and 2,000 psi, can be
      used.
PAR  The two acids are preferably used in substantially equal proportions, but
      the proportions may vary considerably, for example between 25 and 75% of
      each. The ammonia is used in substantially the same quantities as one of
      the acids, but ordinarily enough is pumped in to neutralize or expend the
      acids.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process of treating oil or gas wells to increase the productivity
      thereof which comprises introducing into the bottom of the well a mixture
      of two acids which alone do not react vigorously with each other at normal
      temperatures and pressures and pumping into the bottom of the well an
      accelerator which produces in conjunction with the mixture of acids a
      violent exothermic reaction, thereby producing an expansion force and
      disintegrating the formation to form large cavities and passages therein.
NUM  2.
PAR  2. A process as claimed in claim 1, in which the acids are hydrochloric and
      phosphoric acids and the accelerator is aqueous ammonia.
NUM  3.
PAR  3. A process as claimed in claim 2, in which the accelerator is forced into
      the well by nitrogen under pressure.
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ABST
PAL  A wellbore circulating valve especially useful in a string of testing tools
      utilizes a sequentially ratcheted inner mandrel which covers a series of
      flow ports and is opened by a predetermined sequence of operations which
      move the mandrel away from the flow ports thereby communicating the
      annulus with the inner bore of the tool.
PARN
PAR  This is a division of application Ser. No. 288,287, filed Sept. 11, 1972,
      now U.S. Pat. No. 3,850,250, issued Nov. 26, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  After an oil well has been encased and cemented it usually becomes
      desirable to test the formations penetrated by the wellbore for possible
      production rates and general productivity of the well. In doing so, a test
      string containing several different types of tools is utilized to indicate
      the productivity of the well. These tools may include a pressure recorder,
      a sample chamber, a closed-in pressure tester, hydraulic jar, one or more
      packers, and several other tools. In addition, it is preferable to include
      one or more circulating valves in the string.
PAR  The testing procedure requires the opening of a section of the wellbore to
      atmospheric or reduced pressure. This is accomplished by lowering the test
      string into the hole on drill pipe with the tester valves and sample
      chambers closed to prevent entry of well fluid into the drill pipe. With
      the string in place in the formation, packers are expanded to seal against
      the wellbore or casing and isolate the formation to be tested. Above the
      formation the hydrostatic pressure of the well fluid is supported by the
      upper packer. The well fluid in the isolated formation area is allowed to
      flow into the drill string by opening the tester valve. Fluid is allowed
      to continue flowing from the formation to measure the ability of the
      formation to produce. The formation may then be "closed in" to measure the
      rate of pressure buildup.
PAR  After the flow measurements and pressure buildup curves have been obtained,
      one or more samples can be caught and then the test string will be removed
      from the well.
PAR  At this point the importance of the circulating valve becomes important.
      Since it is not desirable to pull the testing string while it may still be
      full of formation fluids and/or high pressure gas due to the danger of
      explosion and fire at the surface, plus the resulting contamination of the
      rig and rig floor with the crude oil and other formation fluids which
      leads to dangerous and slippery footing, it is almost mandatory that the
      formation fluids be reversed out under controlled conditions and bled-off
      away from the rig floor.
PAR  To accomplish this reversing out, the inner bore of the test string and
      drill pipe must be opened near the test tools so that displacement fluid
      (usually drilling mud) from the annulus can flow into the string to force
      out the formation fluids at the top where they can be piped away from the
      rig. The hydrostatic pressure from the displacement fluid is usually
      considerably higher than the formation pressure due to the high density of
      the mud and the height of the mud column in the well, therefore
      displacement from the annulus into the string and up to the surface
      usually occurs without the need for pumping. All that is required is that
      the annulus be placed in fluid communication with the bore of the test
      string at the proper time. During testing and sampling operations the
      hydrostatic fluids in the annulus must be isolated from the formation
      fluids to prevent contamination of the tests and samples.
PAR  Thus, it is only after the testing and sampling is completed that it is
      desirable to reverse out the remaining formation fluids in the tubing.
PAR  Several methods of accomplishing this are currently in use. One of these
      methods involves covering the ports through the tubing wall with an inner
      sleeve which is shear pinned to the tubing wall. When the sleeve is to be
      opened a weighted bar is dropped through the tubing to strike the sleeve
      and shear the pins, moving the sleeve downward to uncover the ports and
      communicate the annulus with the tubing bore. The disadvantages of this
      device are obvious; a deviated hole may casue the bar to bind in the
      tubing thereby blocking the tubing and preventing opening of the
      circulating valve sleeve and removing any chance of reversing out. Also
      slant holes may reduce the speed of the bar moving down the tubing because
      of friction between the bar and the tubing wall. A reduction in speed
      could lower the striking force of the bar to the point where the shear
      pins will not break and reversing out will not be possible. Also when some
      of the extremely heavy formation fluids are being recovered the bar may
      not be heavy enough in these fluids to shear the pins in the circulating
      valve, or there may be enough trash collected in the valve sleeve to
      cushion the impact of the bar and prevent shearing of the pins.
PAR  Other types of circulating valves utilize reciprocal or rotational movement
      to operate the valve sleeve. The rotationally operated circulating valve
      suffers from the disadvantage that often the string may bind in the well
      bore so that the string has enough flexibility to allow rotation by
      twisting above the circulating valve. The operator at the surface may have
      no way of knowing that the rotation is not accomplishing the desired
      effect, or if he knows he may have no way of correcting it. The same
      defect occurs in the reciprocating tools, they may become lodged in a
      deviated well and the circulating valve becomes inoperable.
PAR  In addition, the above described circulating valves are unsatisfactory in
      offshore wells because the blowout preventers must be opened in order to
      manipulate the drill string or drop the opening bar into the pipe in order
      to open the circulating valve. This becomes extremely dangerous because
      well blowout, explosion, and fire become a possibility when the blowout
      preventers are released and this remains a constant threat until the
      preventers are closed.
PAR  The apparatus of this invention overcomes these difficulties by opening in
      response to controlled fluctuations in annulus pressure, requiring no
      manipulation nor actuating members inserted onto the tubing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a through 1f, joined along the illustrated connecting lines
      illustrate a partial cross-sectional view of the apparatus of this
      invention.
PAR  FIG. 2 is an elevational view of the latch mandrel showing the orientation
      of the latch blocks.
PAR  FIG. 3 is a blown-up cross sectional view of the threads on the latch
      mandrel and pull mandrel.
PAR  FIG. 4 schematically illustrates a testing tool string, including the FIGS.
      1a-1f apparatus, installed in a wellbore.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1a-1f depicts the preferred embodiment of the circulating valve
      apparatus 1 in which a tubular latch mandrel 2 is concentrically and
      slidably located inside a segmented tubular housing 3. Mandrel 2 has an
      external beveled shoulder 20 for engaging an internal beveled shoulder 30
      in housing 3. This limits downward movement of mandrel 2 in housing 3.
      Housing 3 has one or more ports 31 through the wall thereof which
      communicate from the inner bore 32 of housing 3 to the annular area 33
      between the tool 1 and the well casing.
PAR  In its lowermost position, skirt 21 of latch mandrel 2 covers ports 31 and
      prevents fluid communication therethrough. Circular seals 34 located in
      internal grooves 35 of housing 3 provide fluid-tight seals between housing
      3 and mandrel skirt 21 above and below ports 31.
PAR  Valve sleeve 4 is a tubular sleeve having an upper skirt 40 and a lower
      flanged end 41, with the skirt 40 being slidably located coaxially inside
      the latch mandrel skirt 21 and having a circular seal 42 located in
      annular groove 43 for providing a fluid-tight seal between skirt 21 and
      skirt 40. Flanged end 41 extends out of mandrel skirt 21 and is enlarged
      greater than the OD of skirt 21 to prevent skirt 21 from sliding over the
      flanged end. Abutment of skirt 21 on flanged end 41 limits downward
      movement of mandrel 2. Flanged end 41 is further extended into an inner
      annular recessed groove 36 in housing 3 which prevents upward or downward
      movement of valve sleeve 4 in housing 3. A circular seal 44 is located
      annularly around flange 41 to provide fluid-tight sealing contact with
      housing 3.
PAR  Latch mandrel 2 has one or more windows 22 through the wall thereof near
      the upper end 23 of the mandrel. Located in windows 22 are curved latch
      blocks 24 having curved internal threaded surfaces 25 located on their
      inward faces. Retainer pins 26 are fixedly attached to the edges of latch
      blocks 24 and arranged to abut recessed shoulders 27 of windows 22 to
      limit inward movement of blocks 24 in windows 22.
PAR  Latch blocks 24 are arranged to move outwardly from windows 22 in response
      to wedging forces pushing them outward. Spring elements 28 encircle blocks
      24 in grooves 29 and latch mandrel 2 and provide a spring force tending to
      press blocks 24 inwardly in windows 22 thereby providing a constant but
      yieldable restraining force thereon.
PAR  Pull mandrel 5 is a tubular cylindrical sleeve located concentrically
      within the latch mandrel 2, having a helical thread 50 which engages and
      matches the helical thread 25 inside latch blocks 24. Alternatively,
      instead of threads at 25 and 50, circular parallel grooves could be used
      in the latch blocks and on mandrel 5. Referring now to FIG. 3, threads 50
      have a sloped face 62 on their lower leading edge and a slightly sloped
      face 63 on their upper trailing edge. Threads 25 have a slightly sloped
      face 64 on their lower edge and a sloped face 65 on their upper edge. This
      allows downward longitudinal movement of pull mandrel 5 through latch
      mandrel 2 by means of wedging action of the sloping face of threads 50 on
      the sloping face of threads 25, which wedging action forces latch blocks
      24 outward and allows telescopic movement of mandrel 5 into mandrel 2. The
      wedging forces required to move latch blocks 24 outward and allow mandrel
      5 to telescope into mandrel 2 must necessarily be less than those holding
      mandrel skirt 21 in position in housing 3, which are the friction forces
      of seal rings 34 and 42.
PAR  Upward movement of pull mandrel 5 results in abutment of the backwardly
      sloped faces 63 and 64 of threads 50 and 25 which results in likewise
      upper movement of latch mandrel 2. A subsequent downward movement of pull
      mandrel 5 into latch mandrel 2 achieves another wedging outward of latch
      blocks 24 and allows the pull mandrel to take another "bite" on the latch
      mandrel, and through this ratcheting type of action, will allow a
      sequential train of upward and downward movements of the pull mandrel to
      result in a complete extension of the latch mandrel and skirt out of the
      annular area between the valve sleeve 4 and housing 3.
PAR  Faces 63 and 64 of threads 50 and 25 respectively are illustrated having a
      slight back slope of around 2.degree. to 10.degree., with a preferable
      angle of about 5.degree.. This provides a positive locking engagement of
      threads 50 and 25 when they are moving in such a relationship, one to the
      other, that faces 64 are abutted with faces 63. It is contemplated that
      the back angle of faces 63 and 64 with the vertical in FIG. 3 may be
      anywhere from 0.degree. to 60.degree. and the forward angle of faces 62
      and 65 may be from about 10.degree. to about 75.degree. with the vertical.
PAR  A preferred angle for faces 62 and 65 for optimum strength and good wedging
      action appears to be around 45.degree..
PAR  Upward travel of the latch mandrel about the pull mandrel will be limited
      by abutment of the upper mandrel end 23 with exterior annular shoulder 51
      attached to the pull mandrel. Shoulder 51 may be an integrally formed
      shoulder or can be a threaded collar fixedly attached to the upper end of
      mandrel 5.
PAR  Threadedly attached to the upper end of housing 3 is adapter 6 which has an
      internally projecting shoulder 61. This shoulder may be formed by
      machining adapter 6 with a smaller ID than that of the housing at the
      point where they are threadedly attached. Spacer 7 is slidably located
      within housing 3 and around the upper extension mandrel 8 so that upward
      travel of the pull mandrel is limited by abutment of shoulder 51, spacer
      7, and shoulder 61.
PAR  Referring to FIGS. 1d to 1f which are continuations of FIG. 1 and show the
      apparatus broken in order to more easily locate the drawings on the page
      in as large a detail as possible, adapter 6 is shown threadedly engaged in
      the intermediate housing 9 which, in conjunction with upper housing 10,
      contains the power section 11 for actuating the valve section 1.
PAR  Extension mandrel 8 extends upwardly through adapter 6 and intermediate
      housing 9 and is threadedly engaged in the cylindrical orifice mandrel 12.
      A cylindrical piston mandrel 13 is fixedly attached to the upper end of
      orifice mandrel 12 via lower section 14 and has an extended upper skirt
      section 15.
PAR  Adapter collar 16, having a narrowed ID, is threadedly secured to upper
      housing 10 and has an exterior tubular extension 17 threadedly attached to
      its upper end, and concentric inner extension 18 fixedly attached
      interiorly thereto.
PAR  Thus, it can be seen in FIGS. 1d and 1e that the power section generally
      consists of a stationary outer casing and a slidable inner member, with
      the outer casing consisting substantially of adapter 6, intermediate
      housing 9, upper housing 10, adapter collar 16, tubular extension 17, and
      inner extension 18. The slidable inner member consists of extension
      mandrel 8, orifice mandrel 12, piston mandrel 13, lower section 14, and
      upper skirt 15.
PAR  A differential piston arrangement is provided by differential piston area
      19 on the upper end of piston mandrel 13. This area works in conjunction
      with piston chamber 37 to provide a power actuating source for the power
      section 11. Piston chamber 37 is formed by the relatively large inner
      diameter of housing 10 and the narrow inner diameters of adapter collar 16
      and housing 10. A gas-tight seal is provided by circular seals 38 located
      in exterior annular grooves 39 on piston mandrel 13. Power fluid access to
      the differential piston area 19 is achieved through one or more ports 45
      through the wall of upper housing 10, communicating with annular space 46
      between the enlarged upper section of piston mandrel 13 and housing 10.
      Piston chamber 37 is shown in broken construction to reduce the length of
      the drawing. In actuality, it is considerably longer than pictured and can
      be made of any variable length which results in sufficient volume to
      provide the desired spring effect. In one embodiment, this chamber
      comprises approximately one-half of the length of the power section and
      contains an inert gas under pressure to provide a return force on face 47
      of piston mandrel 13 so that after the pressure is removed from the
      actuating fluid in area 46 the compressed gas in chamber 37 forces piston
      mandrel 13 back down to its initial lower position.
PAR  A mechanical spring can be used in place of or in conjunction with the
      inert gas in chamber 37 to vary the restoring force on piston 14. This
      variance can also be obtained by either varying the initial pressure of
      inert gas in chamber 37 or by varying the volume of chamber 37, or by both
      means.
PAR  Actuating force can be varied by increasing or decreasing the differential
      area 19 of piston 13 by reducing the OD of piston 13 below face 19, or by
      increasing the ID of housing 10 and the OD of piston face 19, or by both
      methods.
PAR  Sharp upward movement of the inner member within the outer members is
      prevented by the reaction of the orifice mandrel in the dampener chamber
      48. The orifice mandrel 12 has an integral orifice collar 49 which moves
      slidably in annular chamber 48 formed between housing 9 and the narrowed
      section 52 of mandrel 12. Chamber 48 is filled with some durable
      non-corrosive fluid such as hydraulic oil and is a fluid-tight sealed
      chamber. As mandrel 12 moves upward in housing 9, collar 49 must traverse
      sealed chamber 48 which is filled with fluid. To do so, the fluid above
      the collar must traverse through orifice channel 53 to below the collar.
      Circular seals 54 located in grooves 55 in collar 49 seal against the
      inside of housing 9 and prevent leakage of fluid around collar 49. The
      effect of moving collar 49 through chamber 48 and allowing fluid to flow
      only through the restricted orifice channel is that movement of the inner
      mandrels in the outer housing is dampened to prevent sudden large
      movements therein. As the movement actuating force increases, the
      dampening force of the orifice arrangement increases correspondingly.
PAR  When the actuating force on piston face 19 is removed, it is desirable that
      the mandrels 12 and 13 be allowed to move downward relatively unrestricted
      so a bypass check valve arrangement is provided at 56 to allow fluid to
      flow from the lower side of collar 49 through channel 57 to the upper side
      in chamber 48 relatively unhindered, thereby bypassing orifice channel 53.
      This is provided since the spring constant of the gas spring in chamber 37
      is preset at a non-excessive level to prevent damage to the apparatus
      through sudden sharp return of the piston mandrel to its initial position.
      Channels 53 and 57 are in continuous fluidic communication with the lower
      side of collar 49 through chamber 58 which is an annular chamber passing
      completely around the exterior circumference of the extension mandrel 8.
      Likewise, chamber 48 is an annular chamber completely surrounding mandrel
      8. There may be one or more orifice channels 53, and one or more bypass
      channels 57.
PAR  In operation the entire apparatus is connected into a testing string, for
      instance, by threading the upper ends of extensions 17 and 18, and the
      threaded lower end 59 of the valve section 1 into the test string.
PAR  The string can then be lowered into the hole and the formation tested. The
      use of this apparatus is particularly advantageous in conjunction with the
      annulus pressure operated sampler disclosed in U.S. Pat. No. 3,664,415.
      Thus, as is implicit in the foregoing discussion, and as is schematically
      shown in FIG. 4 in conformance with the foregoing discussion, a well
      testing string 100 is inserted into a wellbore 101 for the purpose of
      testing a formation 102, as disclosed in U.S. Pat. No. 3,664,415. With
      circulating valve 1 incorporated in this test string 100, the open
      interior of the test string, including flow passage 32, is operable to
      communicate with well formation fluid under the control of the tester
      valve means featured in U.S. Pat. No. 3,664,415. The tester valve means
      featured in this patent controls the opening and closing of the tool flow
      passage, including flow passage 32, in response to changes in pressure of
      fluid in the well annulus 33. The circulating valve 1, of course, is
      operable in response to annulus pressure changes, to communicate a portion
      32 of the open interior of the testing tool string 100 with the well
      annulus 33 itself. The advantages of pressure operated tools are
      particularly felt when operating in an offshore well where it is highly
      preferable to maintain the blowout preventer rams closed at all times
      which naturally prevents any type of manipulation of the test string to
      operate the various tools in the well. The types of manipulations commonly
      used are rotation and reciprocation or combinations of the two, all of
      which cannot be performed with the blowout preventers in place.
PAR  Therefore, the tool of this invention is extremely safe and advantageous
      for use in offshore wells and unpredictable high pressure inland wells.
      When the tool string is in place in the well and the blowout preventers
      are closed in on the testing tools the sampler can be activated by
      applying hydraulic pressure to the annulus between the tool string and the
      casing.
PAR  The increase in annulus pressure reacts through ports 45 and against
      differential area 19, forcing piston mandrel 13 upward against the spring
      means in chamber 37. As the piston mandrel moves upward it simultaneously
      pulls orifice mandrel 12, extension mandrel 8, pull mandrel 5, latch
      mandrel 2 and skirt 21 upward until shoulder 51 contacts spacer 7, thereby
      preventing any further upward movement of the inner mandrel section. After
      the testing or other operations in the various parts of the string have
      been completed, the annulus pressure is removed and the spring means in
      chamber 37 forces the inner mandrel system back down to its initial
      position by working against piston face 47. Upon this downward return
      movement, pull mandrel 5 is extended into latch mandrel 2, thereby
      accomplishing the ratcheting action described beforehand. Then when
      another testing operation is required and the annulus pressure is again
      increased, the mandrels are moved upward another increment. The number of
      sequential pressure variations in the annulus fluid required to open the
      circulating valve 1 can be determined by the total length upward the latch
      mandrel must move to expose ports 31, divided by the incremental amount
      the mandrel moves during each individual pressurization of the annulus
      fluid. For instance in one embodiment, the latch mandrel must move 10
      inches to expose the circulating valve port 31 and each incremental
      advance is limited to 1 inch, therefore to actuate the circulating valve
      the annulus must be pressured 10 times. This allows the annulus to be
      pressurized nine times to perform other testing operations through the
      other tools in the string without actuating the circulating valve, which
      preferably is opened after the completion of all testing and sampling,
      immediately prior to removing the test string from the well.
PAR  The number of pressure variations required to open the circulating valve
      can easily be varied by several methods. For instance, lengthening spacer
      7 will reduce the length of the increments and require more increments to
      accomplish the opening. Should it be desirable to reduce the number of
      increments the spacer 7 could be shortened to increase the incremental
      travel of latch mandrel 2 upward.
PAR  The number of increments could also be varied by varying the distance
      between ports 31 and the lower end of skirt 21 by either moving the
      position of ports 31 up or down in the housing 3 and/or varying the length
      of the skirt 21 extending below ports 31.
PAR  Another feature of the circulating valve of this invention is the immediate
      responsive opening. When the final upward increment of the skirt 21 is
      achieved to open ports 31, the lower end of skirt mandrel 21 is pulled out
      of contact with the lowermost seal 34 allowing high pressure annulus fluid
      to flow almost instantaneously into the space below skirt 21 between
      housing 3 and valve sleeve 4. This fluid is prevented from entering the
      bore by contact of skirt 21 with upper seal 34 and seal 42. Thus, the high
      pressure fluid reacts against the bottom face 60 of thee lower end of
      skirt 21, which face 60 acts as a differential pressure area between the
      high pressure annulus fluid and the relatively low pressure in the inner
      bore 32. This results in a "slamming" upward of the latch mandrel which
      assures a fully opened immediately responsive circulating valve.
PAR  It should be reemphasized that for proper operation of the circulating
      valve, springs 28 should not be any stronger than what is required to
      maintain latch blocks 24 in threaded engagement with pull mandrel 5 when
      it is moving upward. Thus, downward movement of pull mandrel 5 into latch
      mandrel 2 will be possible without sliding the latch mandrel downward
      because the frictional retaining force of seals 34 and 42 is substantially
      larger than the force required to push mandrel 5 through the latch blocks
      in mandrel 2.
PAR  Althoush a specific preferred embodiment of the present invention has been
      described in the detailed description above, the description is not
      intended to limit the invention to the particular forms or embodiments
      disclosed herein, since they are to be recognized as illustrative rather
      than restrictive and it will be obvious to those skilled in the art that
      the invention is not so limited. For example, while the circulating valve
      is described in combination with pressure operated actuating means, it is
      clear that other actuating means could be employed without need for
      modifying the circulating valve. For instance, a reciprocating actuator
      could replace the power section 11 and be attached to pull mandrel 5.
      Vertical reciprocation of the test string from the surface would serve to
      move the pull mandrel up and down in the latch mandrel just as the power
      section does with the same resulting ratcheting action which moves the
      mandrel out of its covering position over ports 31.
PAR  Likewise, a rotational actuating means could be utilized in conjunction
      with the circulating valve to move mandrel 2 upward in the housing 3.
      Since the mating threads in the latch blocks 24 and on pull mandrel 5 are
      preferably formed as normal helical threads, it is clear that rotating the
      pull mandrel by any normal means of rotation, such as for instance
      rotating the test string at the surface, would result in the latch mandrel
      being threaded upward or downward onto the pull mandrel. The only
      modification required for this type of operation would be to spline or pin
      the latch mandrel in housing 3 against rotational movement with respect to
      housing 3. This limiting means would serve only to prevent rotational
      movement and not longitudinal axial movement of the latch mandrel. Thus,
      the invention is declared to cover all changes and modifications of the
      specific example of the invention herein disclosed for purposes of
      illustration, which do not constitute departures from the spirit and scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a well testing apparatus to be used in conjunction with a testing
      tool string having open interior means including flow passage means
      operable to communicate will well formation fluid under the control of
      valve means for opening and closing said flow passage means in response to
      changes in pressure of fluid in a well annulus surrounding said apparatus,
      the improvement comprising:
PA1  normally closed, well annulus pressure change responsive, circulating valve
      means adapted to communicate a portion of said open interior means of said
      string with said well annulus; and
PA1  opening means responsive to at least a predetermined minimum number of said
      pressure changes for opening said circulating valve means to enable fluid
      to be removed from said open interior means of said testing tool string by
      circulation of fluid between said well annulus and said open interior;
PA1  said opening means being operable to prevent said opening of said
      circulating valve means until after said predetermined minimum number of
      said pressure changes has occurred; and
PA1  said circulating valve means, prior to said opening thereof, being operable
      to prevent fluid communication between fluid in said well annulus and
      fluid in said open interior means of said tool string, through said
      opening means.
NUM  2.
PAR  2. The improvement in the well testing apparatus of claim 1 wherein
PA1  said open interior means has a normally closed port in communication
      therewith, and
PA1  said circulating valve means includes a slidable sleeve arranged to span
      said port in one position and is movable to another position to open said
      port.
NUM  3.
PAR  3. The improvement in the well testing apparatus of claim 2 wherein said
      opening means includes piston means within said apparatus having
PA1  a transverse surface area subject to the pressure of fluid in the well
      annulus surrounding said apparatus so that fluid pressure can act to shift
      said piston means in one longitudinal direction, and
PA1  means for urging said piston means in the other longitudinal direction.
NUM  4.
PAR  4. In a method of well testing to be used in conjunction with a testing
      tool string having open interior means including flow passage means
      operable to communicate with well formation fluid under the control of
      valve means for opening and closing said flow passage means in response to
      changes in the pressure of fluid in a well annulus surrounding said
      apparatus, the improvement comprising:
PA1  providing in said testing tool string normally closed, well annulus
      pressure change responsive circulating valve means adapted to communicate
      a portion of said open interior means of said tool string with said well
      annulus;
PA1  responsive to at least a predetermined minimum number of said pressure
      changes for opening said circulating valve means, opening said circulating
      valve means to enable fluid to be removed from said open interior means of
      said testing tool string by circulation of fluid between said well annulus
      and said open interior;
PA1  preventing said opening of said circulating valve means until after said
      predetermined minimum number of said pressure changes has occurred; and
PA1  prior to said opening of said circulating valve means, maintaining said
      circulating valve means closed to prevent fluid communication between
      fluid in said well annulus and fluid in said open interior means of said
      tool string, through said opening means.
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ABST
PAL  A device is needed to rapidly suppress gasoline fuel fires which are
       star as a result of the rupture of military vehicle fuel tanks by
      armor-piercing projectiles. The present invention contemplates a fuel fire
      suppressing device in the form of two hollow panels pressurized with a
      fire suppressant substance, such as Halon 1301; the panels are located in
      the path that an enemy projectile would take during passage through the
      fuel tank. The opening formed in each panel by the projectile permits
      automatic discharge of the pressurized suppressant onto the fuel escaping
      from the tank.
GOVT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for governmental purposes without payment to us of
      any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various devices and systems have been designed to suppress fires started by
      rupture of fuel tanks by armor-piercing shells. These have been
      principally based on methods whereby a device which detects the flame
      automatically releases a suppressant, such as freon. Infra-red and
      ultra-violet optical detectors and thermocouple heat detectors have been
      the most common devices for this purpose, although wire grids have also
      been used to detect the passage of the shell. Electrically-operated and
      squib-operated valves have been tried as means of release of the
      suppressant from a more or less remote storage cylinder through the nozzle
      to the point of flame.
PAR  Conventional detection and triggering devices require a lapse of time after
      fuel tank rupture and flame start, and consequently, may allow a fire to
      get too much of a start or to produce hot spots which can ignite secondary
      fires, even though the original fire was extinguished. Extremely rapid
      suppression is especially important in gasoline fires. All optical and
      thermal flame detection and triggering devices exhibit finite even though
      short delay times. Further time is required for valving and travel of the
      suppressant from the cylinder through the nozzle to the seat of the flame.
      As examples of the times involved: the electronic amplifier requires about
      6 milliseconds, a squib-operated valve 5 ms or less, an electronically
      actuated valve approximately 50 ms, and flow through the nozzle after
      release uses from 88 to 200 ms, depending on the distance to the flame.
      Thus, the over-all delay time is between 100 and 300 milliseconds. Added
      to this is the time for the fireball to develop to the point where the
      detector is activated. This latter can only be eliminated by the use of
      grid detector placed on the fuel tank.
PAC  THE PRESENT INVENTION
PAR  The present invention causes the actual rupture of the tank to release the
      suppressant gas at the point of rupture. In this plan, the suppressant
      becomes mixed with the fuel upon its release from the fuel tank. The time
      lag between rupture and suppressant action is reduced to the ultimate
      minimum, with the almost immediate elimination of flame and consequent
      reduction of hot spots which might ignite a secondary fire. The fuel tank
      is at least partially surrounded by a casing containing the suppressant
      material. Thus, if a shell pierces the tank, it will also rupture the
      casing and release suppressant gas into and round the escaping fuel, thus
      quenching any fire which is started by the hot shell.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a sectional view taken through a rectangular fuel tank partially
      enclosed by fire-suppressant panels or casings as contemplated under the
      invention.
PAR  FIG. 2 is an elevational view of a fire-suppressant panel embodying the
      invention.
PAR  FIG. 3 is a fragmentary view illustrating a structural detail.
PAR  FIG. 4 is a sectional view taken through a cylindrical fuel tank having a
      fire-suppressant panel associated therewith.
PAR  FIG. 5 is a fragmentary view taken on line 5--5 in FIG. 4.
DETD
PAC  FIGS. 1 and 2
PAR  FIG. 1 shows an upright rectangular fuel tank 10 having two major side
      walls 12 and 14, and a bottom wall 16. FIG. 2 shows the tank end walls 18
      and 20. The top wall of the tank is provided with a filler opening 22. The
      fuel tank structure is conventional.
PAR  Associated with fuel tank 10 are two hollow fire-suppressant panels or
      containers 24 and 26, each panel having substantially the same face area
      as the adjacent tank wall 12 or 14. Each panel comprises two embossed
      metal sheets 28 and 30 bonded together at their peripheral edge areas and
      at other areas to define connected hollow spaces adapted to contain
      pressurized fire-suppressant material, such as Freon or Halon 1301. The
      hollow panels can be positioned in close proximity to the tank side walls
      18 and 20 by any suitable mounting means, such as the four bracket arms 32
      shown in the illustrative drawings.
PAR  As seen in FIG. 2, the embossed areas 36 of the bonded sheets are of
      serpentine shape to form a single hollow interior space. The contacting
      surfaces 34 of the sheets are bonded together to rigidify the panel
      against the internal pressure of the fire-suppressant material.
PAR  A thick-walled cylinder or bottle 38 may be connected to the interior
      hollow space within the panel to provide a reserve or additional supply of
      pressurized suppressant. As shown in FIGS. 2 and 3, the bottle-panel
      connection comprises a right angle tube 40 inserted into the embossed
      portions 36 of the panel. Any suitable method of connection that provides
      sufficient flow cross section can be used. A second connector tube 42 may
      be inserted into the other (lower) end of the embossed portion 36 to
      operatively connect panel 24 to panel 26. Tube 42 extends from panel 24
      along the tank end wall 18 to a suitable connection with the embossed
      sheet areas of panel 26.
PAR  The FIG. 1 assembly may be assembled into the vehicle in an upright
      position, with panel 26 facing the outer side area of the vehicle, and
      with panel 24 facing the inner passenger compartment area of the vehicle.
      Enemy projectiles moving in the arrow 42 direction (FIG. 1) will
      successively pass through panel 26, the the tank walls 14 and 12, and
      panel 24, thereby rupturing the embossed areas of the panels and
      permitting the pressurized fire-suppressant to automatically discharge
      into the ambient atmosphere to quench any flames tending to develop from
      the fuel tank leakage caused by the projectile.
PAR  In general, panel 26 will suppress fires initiated at the outer side areas
      of the vehicle, and panel 24 will suppress fires initiated in or near the
      passenger compartment area. If the first-mentioned fires are considered to
      be of minor importance, then panel 26 can be omitted.
PAR  Bottle 38 and connector 42 are considered to be auxiliary "reserve flow"
      devices for maintaining flow of suppressant for added time intervals
      beyond which the flow would otherwise stop. Thus bottle 37 acts to
      continue the flow through any openings the projectile might form in panel
      24. Connector 42 feeds suppressant to panel 26 after its capacity has been
      exhausted. Bottle 38 and connector 42 may be omitted if the "reserve flow"
      feature is considered unnecessary.
PAR  Differently shaped fuel tanks will dictate differently shaped
      fire-suppressant panels. FIGS. 4 and 5 illustrate the invention applied to
      a cylindrical fuel tank 10a. In this case, a single curved
      fire-suppressant panel 24a is located on the passenger compartment side of
      the tank to intercept projectiles passing transversely through the tank
      walls in the direction denoted by numeral 42a. The panel(s) would, in
      practice, span or extend wholly or partially around the fuel tank in
      accordance with the fuel tank configuration, the tank area exposed to
      enemy fire, the location of the passemger compartment in relation to the
      fuel tank, and the protection level desired.
PAR  The invention is believed advantageous in that it places the suppressant at
      or very close to the ignition point; additionally, the suppressant is
      applied to the point of ignition almost instantaneously before the flame
      has had an opportunity to develop. Also, the suppressant has an
      opportunity to intimately mix with the fuel as it spills out of the
      ruptured tank area, thereby tending to prevent secondary ignition of the
      spilled fuel after it has flowed away from the tank.
PAR  We wish it to be understood that we do not desire to be limited to the
      exact details of construction shown and described for obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a military vehicle, equipped with a rectangular fuel tank having two
      generally parallel major walls: the improvement comprising means to
      suppress fuel fires initiated as a result of fuel tank rupture by
      armor-piercing projectiles; said fire suppressing means comprising two
      hollow panels located in near adjacency to the major walls of the fuel
      tank in the path that an enemy projectile would take during transverse
      passage through the tank walls, and pressurized suppressant within the
      panels for automatic discharge to the ambient atmosphere through openings
      formed in the panel by the projectile.
NUM  2.
PAR  2. In a military vehicle having the improvement of claim 1: the combination
      further comprising a tubular connector joining the hollow spaces within
      the panels, and a suppressant-charged bottle communicating with the hollow
      space within one of the panels.
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ABST
PAL  A cultivator has an elongated frame and a plurality of rotary soil working
      members mounted side-by-side in a row that extends transverse to the
      direction of travel. The soil working members have depending tines that
      rotate about upwardly extending shafts which are connected to horizontal
      supports for the tines. A screening element extends along the front of the
      frame and is displaceable relative to the frame via a pivoted arm and
      spring arrangement that biases the element to a position closely adjacent
      to the connections between the tines and their supports. The elements are
      connected to arms that are jack-knifed and pivoted to turn about an axis
      located above the frame. A rotary soil compressing member may be attached
      to the rear of the frame.
PARN
PAR  This application is a divisional application of Ser. No. 283,338 filed Aug.
      24, 1972, now U.S. Pat. No. 3,821,989 and related to Ser. No. 208,687
      filed Dec. 16, 1971.
DRWD
PAR  FIG. 1 is a plan view of a cultivating implement or rotary harrow in
      accordance with the invention mounted at the rear of an agricultural
      tractor,
PAR  FIG. 2 is a side elevation, to an enlarged scale, as seen in the direction
      indicated by an arrow II in FIG. 1, and,
PAR  FIG. 3 is a section, to an enlarged scale, taken on the line III--III of
      FIG. 1.
DETD
PAR  Referring to the drawings, the soil cultivating implement or rotary harrow
      includes a main frame part 1 of hollow box-like configuration that extends
      substantially horizontally perpendicular to the intended direction of
      operative travel of the harrow which is indicated by an arrow A in each
      Figure of the drawings. The bottom of the main frame part 1 is provided
      with a plurality of regularly spaced apart substantially vertical bearings
      2 of which there are 16. Each bearing 2 receives a corresponding
      substantially vertical rotary shaft 3 which is provided, at its lower end,
      with a corresponding soil working member that is generally indicated by
      the reference 4. The rotary shafts are arranged in a single row that
      extends substantially perpendicular to the direction A and it is preferred
      that the axis of rotation of each shaft 3 should be spaced from that of
      its neighbor, or each of its neighbors, by a distance of substantially 25
      centimeters.
PAR  Each shaft 3 is provided, inside the hollow main frame part 1, with a
      corresponding spur-toothed pinion 5, the 16 pinions 5 being arranged in
      inter-meshing engagement in the manner which can be seen in outline in
      FIG. 1 of the drawings. A substantially horizontal plate 6 affords the top
      of the main frame part 1 and is releasably secured to the remainder of
      said part 1 by bolts with the provision of an intervening gasket so as
      substantially completely to close off the interior of said part 1 and
      prevent contamination of the lubricant contained therein by external dirt.
      The plate 6 is provided with sixteen substantially vertical bearings 7
      that are mounted in openings in the plate in substantially vertical
      alignment with corresponding bearings 2. The upper ends of the sixteen
      shafts 3 are rotatably received in the bearings 7. Each soil working
      member 4 comprises a corresponding substantially horizontal support 8
      secured centrally to the lowermost end of the corresponding shaft 3 that
      projects from beneath the corresponding bearing 2. the opposite ends of
      each support 8 carry substantially vertical tine holders 9 whose axes
      extend parallel to the axes of rotation of the shafts 3. Each holder 9
      receives an upper fastening portion 10 of a corresponding rigid tine 11.
      In order to prevent the tines 11 from turning in their holders 9, the
      fastening portions 10 thereof are provided with at least one laterally
      projecting lug or rib 12 that is lodged in a corresponding groove or
      recess at the foot of the tine holder 9 concerned. The upper end of the
      fastening portion 10 of each tine 11 is screw-threaded and receives a nut
      14 by which the tine can be clamped securely, but releasably, in its
      holder 9. It is preferred that the nuts 14 whould incorporate nylon or
      other thread-gripping inserts designed to prevent them from being worked
      loose by vibration during the use of the harrow.
PAR  In addition to its fastening portion 10, each tine 11 has a lower straight
      soil working portion 15 which is inclined upwardly and forwardly from its
      lowermost free end or tip to its junction with the fastening portion 10
      with respect to the intended direction of rotation of the soil working
      member 4 concerned which is indicated by an arrow B in FIG. 3 of the
      drawings and also by further arrows B in FIG. 1. The soil working portions
      15 normally trail somewhat with respect to the direction B but the form of
      co-operation between the soil working portions 10 and the holders 9 is
      preferably such that each tine 11 can be turned through 180.degree. in its
      holder 9 and be resecured in an alternative position in which its soil
      working portion 15 leads, rather than trails, with respect to the
      direction B. The angular junctions between the fastening portions 10 and
      soil working portions 15 of the tines 11 are all of equal magnitude and
      are preferably such that an angle of substantially 8.degree. is enclosed
      between the longitudinal axes of the two portions of each tine (FIG. 2).
PAR  A plate 16 is provided at the top of each tine holder 9 and is inclined to
      the vertical in an upward and forward direction with respect to the
      intended direction of rotation B. The plates 16 which are slightly bent
      shield the tine fastening nuts 14 from being struck by sharp flying stones
      and the like during the operation of the harrow and their disposition is
      such that any stone or the like which strikes the leading surface of one
      of them is urged in a generally downward direction towards the ground
      surface. Four supports 17 that extend substantially parallel to the
      direction A are provided on top of the main frame part 1 at equal
      distances apart from one another across the width of the harrow with the
      central pair of the two supports spaced at opposite lateral sides from the
      midpoint of the main frame part 1. Each support 17 includes two vertically
      disposed and laterally spaced plates 18 that are formed at both their
      leading and rear ends, with respect to the direction A, with angular
      recesses in which fit matchingly profiled beams 19 of angular
      cross-section. The two beams 19 both extend substantially horizontally
      perpendicular to the direction A. Transverse members 22 of angular
      cross-section extend between the recesses in the plates 18 at the front
      and at the rear of those plates and the detachable beams 19 are urged into
      the recesses and against the transverse members 22 by clamps 20 that are
      retained in their clamping positions by bolts 21. Each beam 19 is parallel
      to a substantially horizontal line that interconnects the axes of rotation
      of all of the shafts 3 and has a length in a horizontal direction
      perpendicular to the direction A which is as great as the total working
      width of the harrow.
PAR  The beams 19 and supports 17 form a supporting structure 23 and leading
      beams 19 have lugs 24 connected by horizontal pivot pins. The pins define
      an axis extending substantially perpendicular to the direction A to the
      leading ends of corresponding arms 25 that are inclined downwardly from
      the lugs 24 and rearwardly with respect to the direction A. The rearmost
      end of each arm 25 carries a horizontal bearing 26 and the two bearings 26
      receive stub shafts 27 at the opposite ends of a rotary soil compressing
      member in the form of a roller 26A. The stub shafts 27 project from the
      opposite ends of a central tube 27A of the roller 26A, said tube 27A being
      provided at its opposite ends and at regular intervals along its length
      with a plurality, such as ten, of substantially vertically disposed plates
      28 whose shapes can be seen best in FIG. 2 of the drawings. Each plate 28
      has its plane disposed perpendicular to the axis of rotation defined by
      the two stub shafts 27.
PAR  The plates 28 are formed, adjacent their peripheries, with a plurality of
      holes, such as eight, through which elongated tubular elements 29 are
      entered, said elements 29 being retained against appreciable longitudinal
      displacement with respect to the plates 28 by quickly releasable
      transverse pins 30 but it will be noted that the holes in the plates 28
      receive the elements 29 with some degree of play so that the elements 29
      can turn in those holes. As can be seen in FIG. 2 of the drawings, each
      plate 28 is formed with generally V-shaped recesses 31 between the
      portions thereof that are formed with the holes receiving the elongated
      tubular elements 29.
PAR  Each of the two arms 25 carries a corresponding upwardly directed bracket
      32 whose upper end carries a transverse bolt 33 that passes through an
      arcuate slot 34 in a substantially vertical plate 35 fastened to the
      corresponding end of the main frame part 1. The two bolts 33 are both
      provided with nuts and the arcuate slots 34 have their centers of
      curvature in register with the pivotal connections between the arms 25 and
      the lugs 24. The nuts and bolts 33 constitute locking devices for the
      level of the roller 26A relative to the remainder of the harrow in
      combination with the arcuate slots 34 in the plates 35. Immediately to the
      rear of each bracket 32, each arm 25 is connected by a corresponding
      horizontal pivot pin to the lowermost end of the housing of a
      screw-threaded cranked spindle 36 which has a plain portion of its shank
      rotatably but substantially axially immovably received in a block 37 that
      is turnably mounted by trunnion pins 38 between two supports 39 and 39A
      that project upwardly and forwardly with respect to the direction A from
      opposite end regions of the rearmost of the two beams 19 of the supporting
      structure 23.
PAR  The front of the leading beam 19 of the supporting structure 23 is provided
      with coupling means 40 intended for connection to the lower lifting links
      41 of a three-point lifting device or hitch at the rear of an agricultural
      tractor of other operating vehicle. The coupling means 40 include vertical
      plates 42 flanked on opposite sides by further vertical plates 43 and 44.
      Each of the plates 42, 43 and 44 is formed with a substantially vertically
      extending slot 45 and horizontal pins 46 can be retained in positions in
      which they extend through the respective sets of slots 45 to establish the
      necessary pivotal connections with the lifting links 41. The plates 42, 43
      and 44 are mounted at the foot of a generally triangular coupling member
      or tripod 47 whose apex carries coupling means 48 in the form of a pair of
      vertically disposed but horizontally spaced apart plates formed with holes
      of different sizes to receive a transverse pin establishing a pivotal
      connection with the adjustable upper lifting link 49A of the three-point
      lifting device or hitch.
PAR  The coupling member or tripod 47 is of the previously mentioned
      conventional generally triangular shape and its apex is connected by tie
      rods 49 with brackets 50 fastened to the leading one of the two beams 19
      with respect to the direction A. A further generally V-shaped
      strengthening support 51 is arranged between lugs 52 that project
      rearwardly from the coupling means 48 and brackets 53 secured to the
      rearmost beam 19 of the supporting structure 23 with respect to the
      direction A, the generally V-shaped support 51 being entered through
      openings in the lugs 52 at locations adjacent the point of the V. The
      coupling member or tripod 47, the tie rods 49 and the strengthening
      support 51 are all mounted in their operative positions with the aid of
      nuts and bolts.
PAR  The shaft 3 of one of the central pair of soil working members 4 of the
      single row of 16 such members has an upward extension, beyond the
      corresponding bearing 7, into a gear box 54. The shaft extension, which is
      not visible in the drawings, is in driven connection with a forwardly
      projecting splined or otherwise keyed rotary input shaft 55 by way of a
      change-speed gear assembly 56 that is mounted at the rear of the gear box
      54 with respect to the direction A.
PAR  Pairs of lugs 57 which are inclined upwardly and forwardly with respect to
      the direction A are provided at the front of the main frame part 1, said
      pairs of lugs 57 being spaced inwardly from the opposite ends of the main
      frame part 1 by distances which are preferably equal to the working widths
      of two of the soil working members 4. Each pair of lugs 57 has a
      corresponding arm 59 pivotally connected to its leading upper end by a pin
      58 that lies above the frame part 1 and extends substantially horizontally
      perpendicular to the direction A. The arms 59 extend generally downwards
      from the pins 58 and their lower ends have a single screening element 60
      welded or otherwise rigidly secured to them. The screening element 60
      extends substantially horizontally perpendicular to the direction A and
      its lowermost edge is located at a horizontal level below that of the
      bottoms of the tine holders 9. The element 60 is of angular cross-section
      and includes a lower portion 61 that extends upwardly and forwardly with
      respect to the direction A from its lower edge, said portion 61 merging by
      way of a bend of substantially 90.degree. into an upper portion 62 that is
      inclined upwardly and rearwardly with respect to the direction A away from
      said bend towards its upper edge. A substantially vertically disposed
      strip 63 interconnects the rear surfaces of the two portions 61 and 62 of
      the screening element 60 and has its opposite lateral ends bent over
      rearwardly in the manner which can be seen in FIGS. 2 and 3 of the
      drawings. Helical tension springs 64 have their leading ends connected to
      the arms 59 at locations approximately midway between the pivot pins 58
      and the screening element 60 to which both arms are secured. The springs
      64 are disposed above the main frame part 1 so as to extend substantially
      parallel to the direction A and their rearmost ends are connected by hooks
      to adjusters 65 having nuts which bear against brackets 66 bolted to the
      top and rear of the main frame part 1. It will be evident from FIGS. 1 and
      3 of the drawings that the nuts forming parts of the adjusters 65 can be
      tightened or loosened to increase or decrease the degree of tension of the
      corresponding springs 64.
PAR  The screening element 60 which is arranged in front of the soil working
      members 4 with respect to the direction A and which has the front surface
      of its lower portion 61 inclined downwardly and rearwardly with respect to
      said direction shields the bottom of the main frame part 1, the bearings
      2, the supports 8 and the tine holders 9 from encountering any large
      stones which the tines 15 may meet during their passage through the soil
      so that damage from this cause is reduced to a minimum. The screening
      element 60 is pivotable about the axis defined by the pins 58 in a
      clockwise direction as seen in FIGS. 2 and 3 of the drawings against the
      action of the strong tension springs 64. Thus, should any smaller stones
      find their way between the tops of the soil working members 4 and the
      screening elemment 60, said screening element can deflect forwardly,
      without damage, until the obstacle has been pushed away whereupon the
      element 60 will snap back into the illustrated position in which its
      supporting arms 59 bear against stops 71 (FIG. 3) carried at the front of
      the main frame part 1.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cultivator having an elongated frame and a plurality of rotatable soil
      working members mounted side-by-side in a transverse row, said soil
      working members being rotatable about upwardly extending shafts and
      comprising substantially horizontally extending supports having downwardly
      extending tines, driving means being in driving engagement with said
      shafts to rotate said members during operation, screening means pivotably
      connected to said cultivator and extending horizontally along the front of
      said frame relative to the direction of travel, a lower portion of said
      screening means being normally located directly in front of the
      connections of said tines to their corresponding supports, an upper
      portion of said screening means being pivotally connected to said
      elongated frame and displaceable about an axis located above said
      elongated frame, spring means being connected to bias said screening means
      to an operative protective position, whereby the front of said frame and
      the connections of said tines with their corresponding supports are
      protected from debris encountered during operation of the cultivator.
NUM  2.
PAR  2. A cultivator as claimed in claim 1 wherein said screening means is
      connected to said frame through upwardly extending arms and said arms
      being pivotally interconnected with said frame by support means on said
      frame.
NUM  3.
PAR  3. A cultivator as claimed in claim 2 wherein said support means extends
      upwardly and forwardly and pivots connect said support means and said
      arms.
NUM  4.
PAR  4. A cultivator as claimed in claim 3 wherein at least one of said arms is
      connected to one end of a helical tension spring of said spring means
      which extends substantially parallel to the upperside of said frame.
NUM  5.
PAR  5. A cultivator as claimed in claim 4 wherein said spring is connected to
      said arm at a point which is located between the ends of said arm.
NUM  6.
PAR  6. A cultivator as claimed in claim 5 wherein said point is adjacent the
      center of said arm.
NUM  7.
PAR  7. A cultivator as claimed in claim 4 wherein said spring is connected to a
      bracket support at the rear of said frame.
PATN
WKU  039305430
SRC  5
APN  4539915
APT  1
ART  337
APD  19740322
TTL  Tractor attachment
ISD  19760106
NCL  10
ECL  1
EXP  Pellegrino; Stephen C.
NDR  3
NFG  8
INVT
NAM  Maurer; Richard G.
STR  6520 W. Freeland Road
CTY  Freeland
STA  MI
ZIP  48623
CLAS
OCL  172273
XCL  172274
XCL  172298
XCL  172776
ICL  A01b 5100
ICL  A01b 59044
FSC  172
FSS  297;298;303;300-308;273;274;307;308;439;776
FSC   56
FSS  6;7
FSC  171
FSS  62
UREF
PNO  1870740
ISD  19320800
NAM  Leiter
XCL  172273
UREF
PNO  2005440
ISD  19350600
NAM  Sciarini
OCL  172307
UREF
PNO  2424372
ISD  19470700
NAM  Silver
OCL  172298
UREF
PNO  2426530
ISD  19470800
NAM  Silver
XCL  172300
UREF
PNO  2754740
ISD  19560700
NAM  Kirby
OCL  172297
UREF
PNO  2936561
ISD  19600500
NAM  Grimes
OCL   56  7
LREP
FRM  Learman & McCulloch
ABST
PAL  A tractor attachment adapted for removable mounting on a tractor to provide
      support for agricultural implements comprises a substantially U-shaped
      structure having a pair of spaced, substantially parallel arms joined at
      corresponding ends by a transverse framework having mounting elements
      adapted to be connected to a tractor's conventional three-point hitch. At
      the forward ends of the arms are mounted implements such as bean puller
      units and the length of the arms is such that the implements occupy a
      position between the front and rear wheels of the tractor. The arms are
      hinged between their ends to facilitate the mounting and demounting of the
      attachment to and from the tractor.
BSUM
PAR  The invention disclosed herein relates to a tractor attachment of the kind
      that is adapted to support agricultural implements such as bean puller
      units, cultivator units, and the like, the attachment and its associated
      implements being capable of being mounted on and demounted from the
      conventional vertically adjustable, three-point hitch carried at the rear
      end of the tractor. By adapting the attachment for coupling to the
      tractor's three-point hitch, the coupling and uncoupling of the attachment
      is considerably faster and easier to accomplish than is the case with
      conventional implement-supporting attachments. In addition, such mounting
      of the attachment permits the latter to be raised and lowered by the
      tractor's hitch mechanism.
PAR  It is conventional practice to provide attachments adapted to support
      harvesting or cultivating implements and to construct the attachments in
      such manner that they removably may be mounted on a tractor. In most
      instances an attachment of this kind is adapted for use with a particular
      manufacturer's tractor with the result that the attachment is not capable
      of being used on all tractors. Since tractor designs and sizes change from
      time to time it frequently occurs that an attachment which was usable on
      an earlier tractor cannot be used on a later model tractor without
      substantial modification of the attachment, the tractor and attachment
      mounting devices, or both.
PAR  Conventional implement-supporting attachments for tractors have recognized
      the desirability of positioning the implements between the front and rear
      wheels of a tractor so as to minimize the concentration of weight at the
      forward wheels and reduce the tendency of such wheels to become embedded
      in soft ground. However, in those instances in which a tractor attachment
      supports implements that are adapted to span several rows of crops,
      positioning of the implements between the front and rear wheels of the
      tractor has complicated considerably the mounting of such an attachment on
      a tractor. That is, it is not uncommon for the attachment and the
      implements to be composed of a number of individual pieces which first
      must be laid along the ground between the tractor's front and rear wheels
      and then coupled to one another and to the tractor.
PAR  A principal object of the invention is to overcome the problems associated
      with conventional attachments of the kind referred to and this object is
      achieved by the provision of an attachment which is adapted for connection
      to the three-point hitch that is found on virtually every modern tractor
      and by incorporating in the attachment a pair of arms on which implements
      may be mounted, the arms being hinged between their ends so as to enable
      the implements to be swung to and from positions in which they extend
      transversely of the tractor and are located between the front and rear
      wheels thereof.
DRWD
PAR  Other objects and advantages of the invention will be pointed out
      specifically or will become apparent from the following description when
      it is considered in conjunction with the appended claims and the
      accompanying drawings, in which:
PAR  FIG. 1 is a side elevational view of a tractor fitted with an attachment
      constructed in accordance with the invention, the attachment supporting
      implements in condition for use;
PAR  FIG. 2 is a front elevational view;
PAR  FIG. 3 is a fragmentary, rear elevational view;
PAR  FIG. 4 is an enlarged view of a portion of the apparatus as viewed in the
      direction of the arrows 4--4 in FIG. 1;
PAR  FIG. 5 is a sectional view taken on the line 5--5 of FIG. 1;
PAR  FIG. 6 is an enlarged, sectional view taken on the line 6--6 of FIG. 2;
PAR  FIG. 7 is an enlarged, sectional view taken on the line 7--7 of FIG. 2; and
PAR  FIG. 8 is a fragmentary, isometric view illustrating a typical tractor's
      three-point rear hitch.
DETD
PAR  Apparatus constructed in accordance with the invention is adapted for use
      in conjunction with a conventional tractor 1 having a chassis 2 on which
      are mounted spaced apart front and rear wheels 3 and 4, respectively. At
      the rear end of the tractor is a conventional, vertically adjustable,
      three-point hitch assembly 5 comprising a pair of parallel links 6 and 7
      pivoted to the chassis 1 as at 8 for rocking movements in a substantially
      vertical plane. Hydraulic rams 9, forming part of the tractor's
      conventional equipment, are connected to the links 6 and 7 so as to swing
      the latter. The hitch assembly 5 also includes a turnbuckle 10 that is
      pivoted at one end to a fixture 11 on the chassis 1 and terminates at its
      other end in an eye 12. A rearwardly extending drawbar 13 is fixed to the
      chassis 1, as is conventional.
PAR  An attachment constructed according to the invention comprises a generally
      U-shaped structure 15 having a pair of substantially parallel, spaced
      apart arms 16 and 17 joined at corresponding ends by a transverse
      framework 18.
PAR  The framework 18 comprises a truss-like structure having parallel upper and
      lower members 19 and 20 between which extends a plurality of reinforcing
      bars 21. Fixed on the lower bar 20 is a pair of attaching lugs or bars 22
      which are adapted to be coupled by removable pins 23 to the links 6 and 7.
      Fixed to the upper member 19 is a pair of attaching ears 24 between which
      the eye 12 may be accommodated and removably secured by means of a pin 25.
      The arrangement and spacing of the members 22 and 24 are such that they
      are compatible with the elements of the three-point hitch 5 so as to
      assure the quick and easy assembly and disassembly of the framework 18
      with and from the hitch 5.
PAR  The arm 16 of the attachment is composed of a number of individual members.
      The rearmost arm member 26 is secured to a sleeve 27 which rotatably
      receives the adjacent end of the frame member 20 so as to provide a
      rotatable coupling of the arm 16 with the framework 18 for a purpose
      presently to be explained. At its forward end the arm member 26 carries a
      fitting 28 having a pair of hinged knuckles 29 between which is
      accommodated a hinge lug 30 that is carried by an elongate, cylindrical
      member 31 forming part of the arm 16. A hinge pin 32 extends through the
      knuckles 29 and the lug 30 so as to enable the intermediate arm member 31
      to rock about a substantially vertical axis between the positions shown in
      full and dotted lines in FIG. 4. That end of the forward arm member 31
      which is adjacent the arm member 26 carries a fitting 33 which is adapted
      to overlie a similar fitting 34 carried by the arm member 26, and each of
      the fittings 33 and 34 is provided with openings for the removable
      accommodation of a locking pin 35 by means of which the arm members 26 and
      31 may be fixed against hinging movement.
PAR  The forward arm member 31 accommodates the rearward end of an elongate
      mounting member 36 which extends in prolongation of the arm 16. That end
      of the member 36 which telescopes into the arm member 31 preferably has a
      circumferential slot 37 of about 180.degree. in length so as to
      accommodate a pin 38 that is carried by the arm member 31. The pin 38 fits
      loosely within the slot 37 so as to permit limited relative rotation
      between the arm members 31 and 36.
PAR  The forward end of the member 36 pivotally mounts, as at 37 (FIG. 6), a
      link 38 in which is fixed a transversely extending, elongate support bar
      39. A turnbuckle 40 extends between the upper end of the link 38 and a
      bracket 41 on the member 36 so as to permit the link 38 to be rocked about
      the axis of the pivot 37 for a purpose to be explained.
PAR  The bar 39 is adapted to support any one or more of a number of different
      agricultural implements. In the disclosed embodiment, the bar 39 supports
      three implements 42 known as bean pullers each of which comprises a
      substantially vertical leg 43 secured at its upper end to the support bar
      39 by a clamp 44 and each of which terminates at its lower end in a
      cutting blade 45. At intervals along its length each leg 43 is provided
      with obliquely extending windrowing fingers 46 as is conventional. The
      support bar 39 also is disclosed as supporting implements 47 such as vine
      separators each of which includes a frame 48 fixed to the support bar 39
      by clamps 49 and to which is pivoted a forwardly and downwardly inclined
      bar 50 to which is affixed obliquely extending windrowing fingers 51. An
      adjusting rod 52 extends between the bar 50 and the frame 48 and
      cooperates with a link 53 pivoted to the members 48 and 50 so as to enable
      the inclination of the bar 50 to be adjusted.
PAR  Adjacent opposite ends of the support bar 39 are wheeled units 54 each of
      which comprises an upstanding leg 55 that is secured by clamps 56 to the
      bar 39 and which, at its lower end, has a wheel 57 journaled thereon. An
      adjusting screw 58 enables the height of the wheel 57 to be adjusted
      relatively to the ground.
PAR  The arm 17 corresponds exactly to the arm 16. Accordingly, those parts of
      the arm 17, together with its associated parts, which are illustrated in
      the drawings are identified by corresponding reference characters followed
      by the suffix a.
PAR  Except in those instances in which the attachment 15 is to be used, it is
      not mounted on the tractor. Instead, it is stored in a convenient place.
      When it is desired to make use of the attachment, it is laid upon the
      ground and the locking pin 35 removed from the fittings 33 and 34 so that
      the arm member 31, together with the associated implements 42, may be
      swung to a position substantially normal to the arm member 26. The hinged
      portion of the arm 17 is manipulated similarly. The tractor 1 then may be
      driven to a position from which it may be backed toward the framework 18
      and between the arms 16 and 17 until such time as the three-point hitch 5
      is adjacent the framework 18. In this position of the tractor the hinged
      portions of the arms 16 and 17 may be swung back to their original
      positions and locked by means of the locking pin 35 and the corresponding
      pin for the arm 17. The overall length of each arm 16 and 17 is such that,
      when the tractor's rear wheels 4 are adjacent the framework 18, there is
      sufficient clearance between the front and rear wheels of the tractor to
      permit the implements to occupy a position between the front and rear
      wheels and extend transversely of the longitudinal axis of the tractor.
PAR  The hydraulic rams 9 of the tractor may be operated so as to enable the
      links 6 and 7 of the hitch 5 to be joined to the mounting elements 22 of
      the framework 18, following which the eye 12 may be joined to the ears 24
      of the framework. The attachment 15 then is mounted on the tractor.
PAR  To facilitate movement of the tractor and the attachment between a barn or
      the like and a field, the attachment preferably includes a hydraulic
      operating ram 59 associated with the arm 16 and a similar ram 59a
      associated with the arm 17. The ram 59 extends between a mounting bracket
      60 supported by the framework 15 and an ear 61 carried by the arm member
      26, and similar elements are provided for the arm 17. Upon contraction of
      the rams 59, 59a, the arms 16 and 17 will be rocked upwardly in a vertical
      plane via the rotatable couplings 27, 27a so as to elevate the forward
      ends of the arms and the implements supported thereon. Conversely,
      extension of the rams 59, 59a will lower the arms and the implements
      supported thereon. Hydraulic fluid for operating the rams 59, 59a may be
      carried in a reservoir (not shown) forming part of the attachment 15 and,
      similarly, the attachment may include a hand-operated pump (not shown).
      Alternatively, the rams 59, 59a may be coupled by hydraulic lines (not
      shown) to the hydraulic system of the tractor.
PAR  The clamps by means of which the implements 42 and 47 and the wheel units
      54 are secured to the support bars 39 are adjustable so as to enable the
      implements and wheel units to be adjusted transversely according to the
      spacing between rows of crops or the like in a field. In the disclosed
      embodiment, the implements 42 are adapted to harvest beans which are
      attached to plants P arranged in rows that are substantially uniformly
      spaced apart. Thus, the implements 42 should be so adjusted that their
      blades 45 are adapted to be aligned with the rows of plants P, whereas the
      wheels 57 should be adjusted so that they pass between adjacent rows.
PAR  In the harvesting of beans, the plants P preferably are severed from their
      roots at a point slightly below ground level. Accordingly, the blades 45
      should be so adjusted that, as the tractor traverses a field, the blades
      45 will pass slightly beneath the surface of the ground. Blade adjustment
      is effected by the rams 59, 59a, and the vertical adjustment of the wheels
      57. Such adjustment of the blades may change their inclination. The
      inclination of the blades 45, 45a may be adjusted to that desired,
      however, by manipulation of the turnbuckles 40, 40a to effect rocking of
      the lever 38 and of the rod 39 about its own longitudinal axis.
PAR  In the embodiment disclosed there are sufficient implements 42 to harvest
      six rows of beans simultaneously. It will be understood that either fewer
      or more implements 42 may be mounted on the supports 39, 39a.
PAR  Not all fields are perfectly level. Accordingly, as the tractor traverses
      the field the individual wheel units 57 may encounter low or high zones.
      It is to enable the several implements supported on each support 39, 39a
      to compensate for high and low zones that the forward arm members of the
      arms 16 and 17 are relatively rotatable. For example, if the left-hand
      outboard wheel 57, as viewed in FIG. 2, encounters a low zone, the arm
      member 36 may rotate counterclockwise about the longitudinal axes of the
      arm members 31 and 36.
PAR  The rearmost arm members 26, 26a are inclined upwardly so that, when the
      tractor and attachment are utilized to harvest beans or the like, the
      framework 15 is supported at a level sufficiently above the tractor
      drawbar 13 to enable a windrower (not shown) to be coupled to the drawbar.
PAR  To demount the attachment from the tractor it is necessary only to reverse
      the steps hereinbefore described for mounting the attachment on the
      tractor.
PAR  The disclosed embodiment is representative of a presently preferred form of
      the invention, but is intended to be illustrative rather than definitive
      thereof. The invention is described in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tractor attachment adapted for removable connection to hitch apparatus
      at the rear end of a tractor, said attachment comprising frame means
      adapted to extend transversely of a tractor; a pair of elongate, spaced
      apart, parallel arms having forward and rearward ends, each of said arms
      being hinged between its ends; releasable locking means for selectively
      enabling and disabling hinging movement of said arms; means rotatably
      coupling said arms at their rearward ends to said frame means and adjacent
      opposite ends thereof whereby said arms extend in the same direction from
      said frame means and are rotatable relative to said frame means in a
      substantially vertical plane; implement support means for each of said
      arms; means mounting said support means on the forward ends of the
      associated arms and transversely thereof; attaching means carried by said
      frame means between its ends for removably mounting said frame means on
      the hitch apparatus of a tractor; and operating means connecting each of
      said arms to said frame means for swinging said arms vertically
      independently of the hitch apparatus.
NUM  2.
PAR  2. An attachment according to claim 1 wherein each of said support means is
      mounted by its mounting means for rocking movement about the longitudinal
      axis of its associated arm.
NUM  3.
PAR  3. An attachment according to claim 2 including means acting between the
      mounting means of each of said support means and the associated arm for
      limiting rocking movement of said support means.
NUM  4.
PAR  4. An attachment according to claim 3 wherein the means for limiting
      rocking movement comprises a slot in one of said members and a pin carried
      by the other of said members and accommodated in said slot.
NUM  5.
PAR  5. An attachment according to claim 1 wherein each of said support means is
      mounted by its mounting means for rocking movement about its own
      longitudinal axis.
NUM  6.
PAR  6. An attachment according to claim 5 including means connected to each of
      said support means for rocking the latter about its longitudinal axis.
NUM  7.
PAR  7. An attachment according to claim 1 wherein said attaching means
      comprises means forming three anchor points.
NUM  8.
PAR  8. An attachment according to claim 1 wherein each of said arms includes a
      cylindrical portion and wherein the associated mounting means includes a
      member in telescoping relation with said cylindrical portion.
NUM  9.
PAR  9. An attachment according to claim 1 including means acting between said
      support means and said mounting means for rocking said support means about
      its longitudinal axis.
NUM  10.
PAR  10. A tractor attachment adapted for removable connection to vertically
      adjustable hitch apparatus at the rear of a tractor having a drawbar at
      the rear thereof, said attachment comprising frame means adapted to extend
      transversely of a tractor; a pair or elongate, spaced apart, parallel arms
      having front and rear ends, each of said arms having a substantially
      horizontal portion from which extends an upwardly and rearwardly inclined
      rearward portion; means rotatably coupling the rear ends of said arms to
      said frame means adjacent opposite ends thereof whereby said arms extend
      in the same direction from said frame means and are rotatable relative to
      said frame means in a substantially vertical plane; implement support
      means for each of said arms; means mounting said support means on the
      front ends of the associated arms; attaching means carried by said frame
      means between its ends for removably mounting the latter on the hitch
      apparatus of a tractor and for upward movement adjustment in response to
      vertically upward adjustment of the hitch apparatus to a position in which
      said attaching means is at a level above that of the drawbar; and
      operating means connecting each of said arms to said frame means for
      swinging said arms vertically independently of the hitch apparatus.
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ABST
PAL  A garden cultivation implement equipped with a plurality of cutting edges
      for cutting and removing weeds or other undesired growth in the
      cultivation of a garden. Tines are also provided from the body of the
      cutter for use as a rake or cultivator and the outer edges of the
      implement are useful for hilling.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Garden implements such as rakes or hoes are designed primarily for stirring
      and turning the soil to prevent weed growth or leveling hills or mounds
      but do not have adequate cutting edges for the severance of weeds or other
      growth in the garden. The Gatti U.S. Pat. No. 1,666,374 represents an
      approach in this direction, but is not a practical tool.
PAC  SUMMARY OF THE INVENTION
PAR  A garden implement, the body of which is equipped with cutting edges at
      various locations along its length or at its ends, so that in the active
      use of the implement, weeds will be cut or the edges may be used for
      cutting the weeds by the use of the tines or the like with which the
      implement is equipped.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the garden implement equipped with tines
      such as used for a rake;
PAR  FIGS. 2, 3 and 4 are sections on line 2--2, 3--3 and 4--4 of FIG. 1;
PAR  FIG. 5 is a bottom view of the structure shown in FIG. 1 illustrating the
      out-of-line position of the tines which extend from the body;
PAR  FIG. 6 is a perspective view of a modified form of implement with an
      attachment secured thereto; and
PAR  FIGS. 7 and 8 are sections on lines 7--7 and 8--8 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawings 10 designates the rigid bar-like body of the
      implement which is of elongated length, substantially rectangular in cross
      section, the two shorter sides providing opposed upper and lower edges as
      at 11 and 12 which are beveled to cutting edges 13 and 14. The ends of
      this body terminate in wing-like portions 15 which rise above the upper
      cutting edge 13 and are generally flat. The wing portions 15 serve a
      two-fold purpose. Firstly, they will act as hillers. When the implement is
      drawn through the soil, the soil tends to bunch-up along the body 10, and
      proceeds to the outer edge to fall off the wings 15 and provide a hill of
      soil. Secondly, these wings are also provided with cutting edges such as
      upper edge 16, outer edge 17, inner edge 18 and lower edge 19, all of
      which are sufficiently sharp so as to cut a weed or small stock of growth
      if desired by manipulation of a handle 20 or tang which extends from the
      body 10. This handle may, of course, be provided with a longer pole-like
      portion for use while standing.
PAR  A plurality of tines extend from the lower edge of the body 10, there being
      shown in FIGS. 1 and 5 four intermediate tines 25 extending in one plane,
      while the end tines 26 are located in a plane offset to the rear of the
      tines 25 and are set further toward the handle or tang member 20 as shown
      in FIG. 5. In addition, the end tines are slanted inwardly toward the
      intermediate tines. This provides an arrangement of the tines so that the
      end tines 26 break out the soil as it is manipulated ahead of the main
      tines 25 and make it easier to pull the rake through the soil. Further,
      the slant on the end tines permit the implement to work close to plants
      without disturbing their root system. Preferably, the tines 26 are of
      heavier cross-section and have rounded edges to alleviate back pressure.
      All tines are tapered to a point at the end thereof to make it easier to
      move the implement through the soil. It is desirable to make the effective
      length of the center tines longer than the next outer and so forth, to
      improve the ability of the tool to be moved through the soil.
PAR  In some cases the cutting edge on the upper portion of the body may be
      spaced outwardly from the body as in FIG. 6. In this form the body is a
      generally rectangular frame-like member 30 having side arm portions 31 and
      bridging portions 32 between the arms forming upper and lower horizontal
      sides. The upper side portion 32 is beveled and sharpened as at 33 along
      its edge (see FIG. 8) and the center 34 is left open. The edges of the
      arms 31 are also beveled to provide a cutting edge 35 as seen more
      particularly in FIG. 7. In this form the arm portions 31 will serve a
      hilling function, the soil bunching up behind the body and falling off the
      edge 35 as the implement is drawn through the soil. When the implement of
      this form is used in reverse position with the portion 32 in the soil, it
      provides an elongated knife portion for engagement with weeds. So that
      furrows are not created, the center 34 will permit soil to easily pass
      through.
PAR  In some cases an attachment 40 may be provided with a plurality of
      furrowing projections 42 which are located in alignment with the tines.
      Each projection has a sharp leading edge 44 so that when the handle is
      held in a vertical attitude, the implement may be drawn through the soil
      in the direction of the tines, and create small ridges in the soil which
      will inhibit erosion during rainfall. This is also desirable to expose
      more soil particles and inhibit weed growth.
CLMS
STM  I claim:
NUM  1.
PAR  1. A garden implement comprising: a rigid elongated body of generally
      rectangular cross section, the shorter sides thereof providing a pair of
      opposed upper and lower edges, and a tang connection (20) to a handle
      extending away from a longer side of said body, tapered tines (25)
      extending in a common plane from the lower edge of said backbone body at
      horizontally spaced locations from each other along the length of said
      body, said body beveled to a cutting edge (14) in the spaces separating
      said tines, the horizontal opposite upper edge of said backbone body
      beveled to a cutting edge (13), tines (26) adjacent each end of the body
      located in a plane offset to the rear of the tines (25) toward the tang
      and slanted inward with the tapered tip of each tine (26) directed toward
      the other tines, the ends of said body terminating in wing portions (16),
      (18) rising above and from the upper horizontal cutting edge (13) near
      each end of said body and outer end portions (17) and (19), each wing
      comprising upper sharp edge (16), an inner inclined sharp edge (18)
      connecting edge (16) and edge (13) of the body, and an outer end portion
      having a sharp edge (17) and lower sharp edge (19).
NUM  2.
PAR  2. A garden implement comprising: a rigid elongated generally vertical
      rectangular body (30) having an opening (34) defined within, said opening
      defining separate opposite side arms and longer horizontal upper and lower
      sides, and outer edges associated with each horizontal side and each
      opposite side arm; tapered tines (25) extending in a common plane from the
      lower outer edge of said lower horizontal side at horizontally spaced
      locations from each other, a tang connection (20) to a handle extending
      substantially perpendicular with respect to tines (25) from said lower
      horizontal side; said lower and upper horizontal outer edges beveled to
      cutting edges; tines (26) adjacent each side arm extending from the lower
      outer edge of said lower horizontal side located in a plane to the rear of
      the other tines (25) toward the tang and slanted inward with the tapered
      tip of each tine (26) directed inward toward the other tines (25); the
      outer edges (35) of the side arms beveled to sharp cutting edges; said
      opening (34) extending substantially the distance between tines (26) to
      reduce resistance when pulling the implement through soil; and said
      implement including a plurality of substantially horizontally spaced
      projections (42) extending substantially perpendicular with respect to the
      tines (25) from a surface of said lower horizontal side opposite the tang
      connection (20).
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PAL  A tiltable coupling has one end thereof connected to a down-hole drill and
      has the other end thereof connected to a section of drill rod. By using
      that tiltable coupling, it is possible to cause a down-hole drill to drill
      curved holes in subterranean formations. That tiltable coupling serves to
      connect the section of drill rod to the down-hole drill, and also serves
      as a conduit for the compressed air which must be supplied to that
      down-hole drill.
PAL  One preferred embodiment of the tiltable coupling has a fulcrum at one side
      thereof and has a piston at the opposite side thereof; and that piston
      will be left inactive whenever a straight section of the hole is to be
      drilled, but that piston will be actuated whenever a curved section of
      that hole is to be drilled. Sensors are incorporated into the tiltable
      coupling to indicate the attitude of the down-hole drill, and some of them
      lie in a plane at right angles to the plane in which the axis of the
      piston lies; and hence those sensors can indicate the attitude of the
      plane in which the curved section of the hole will lie.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my application Ser. No.
      219,813 filed Jan. 21, 1972 and granted June 18, 1974 as U.S. Pat. No.
      3,817,336 which, in turn, is a continuation-in-part of my application Ser.
      No. 25,885, filed Apr. 6, 1970 but abandoned June 10, 1972 which was a
      division of my application Ser. No. 685,671 filed Nov. 24, 1967 and
      granted Mar. 23, 1971 as U.S. Pat. No. 3,571,937.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a tiltable coupling which can connect a section
      of drill rod to a down-hole drill to permit that down-hole drill to drill
      curved holes in subterranean formations.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It frequently is desirable to drill curved holes rather than straight holes
      in subterranean formations; and whipstocks and steel wedges have been used
      to cause drills to form curved holes. However, the use of whipstocks and
      of steel wedges is objectionable because of the time and labor which their
      use entails and also because whipstocks and steel wedges cannot cause
      drills to form curved holes having radii of 600 feet or less.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a tiltable coupling which has one end
      thereof connected to a down-hole drill and which has the other end thereof
      connected to a section of drill rod. By using that tiltable coupling, it
      is possible to cause a down-hole drill to drill curved holes in
      subterranean formations. That tiltable coupling serves to connect the
      section of drill rod to the down-hole drill, and also serves as a conduit
      for the compressed air which must be supplied to that down-hole drill. It
      is, therefore, an object of the present invention to provide a tiltable
      coupling which connects a down-hole drill to a section of drill rod, which
      causes that down-hole drill to drill curved holes in subterranean
      formations, and which serves as a conduit for the compressed air which
      must be supplied to that down-hole drill.
PAR  One preferred embodiment of the tiltable coupling has a fulcrum at one side
      thereof and has a piston at the opposite side thereof; and that piston
      will be left inactive whenever a straight section of the hole is to be
      drilled, but that piston will be actuated whenever a curved section of
      that hole is to be drilled. It is, therefore, an object of the present
      invention to provide a tiltable coupling which has a fulcrum at one side
      thereof and which has a piston at the opposite side thereof and which can
      cause a down-hole drill to drill a curved section of a hole in a plane
      that includes the axis of that piston.
PAR  Sensors are incorporated into the tiltable coupling of the present
      invention to indicate the attitude of the down-hole drill; and some of
      them lie in a plane at right angles to the plane in which the axis of the
      piston lies. As a result, those sensors can indicate the attitude of the
      plane in which the curved section of the hole will lie. It is, therefore,
      an object of the present invention to provide a tiltable coupling with
      sensors which indicate the attitude of the down-hole drill and which lie
      in a plane at right angles to the plane in which the axis of the piston
      lies.
PAR  Other and further objects and advantages of the present invention should
      become apparent from an examination of the drawing and accompanying
      description.
PAR  In the drawing and accompanying description, two preferred embodiments of
      the present invention are shown and described, but it is to be understood
      that the drawing and accompanying description are for the purpose of
      illustration only and do not limit the invention and that the invention
      will be defined by the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing, FIG. 1 is a longitudinal section through one preferred
      embodiment of tiltable coupling that is made in accordance with the
      principles and teachings of the present invention,
PAR  FIG. 2 is a sectional view through the tiltable coupling of FIG. 1, and it
      is taken along the plane indicated by the line 2--2 of FIG. 1,
PAR  FIG. 3 is a vertical section, on a smaller scale, through a curved prospect
      boring in a subterranean formation which is being formed by a down-hole
      drill that is coupled to a drill rod by the tiltable coupling of FIG. 1,
PAR  FIG. 4 is a perspective view which shows another preferred embodiment of
      tiltable coupling that is made in accordance with the principles and
      teachings of the present invention, and it shows that tiltable coupling
      holding a further down-hole drill within a drilled hole, and it also shows
      the equipment which controls the operation and advancement of that
      down-hole drill,
PAR  FIG. 5A is a longitudinal section through the forward end of the tiltable
      coupling shown in FIG. 4,
PAR  FIG. 5B is a longitudinal section through the rear end of that tiltable
      coupling,
PAR  FIG. 6 is a sectional view through a vein which inclines downwardly through
      a subterranean formation, and it shows the elongated straight section of a
      hole which has been drilled to the right of that vein and it also shows
      the bottom of that hole plus fingers which extend downwardly from that
      bottom into that vein,
PAR  FIG. 7 is a perspective view which shows a number of curved holes that have
      been drilled from a working within a vein to points that are displaced
      forwardly, upwardly and downwardly from that working,
PAR  FIG. 8 is a sectional view through the rear end of the tiltable coupling of
      FIG. 4, and it is taken along the plane indicated by the line 8--8 in FIG.
      5B,
PAR  FIG. 9 is another sectional view through the rear end of the tiltable
      coupling of FIG. 4, and it is taken along the plane indicated by the line
      9--9 in FIG. 5B,
PAR  FIG. 10 is a further sectional view through the rear end of the tiltable
      coupling of FIG. 4, and it is taken along the plane indicated by the line
      10--10 in FIG. 5B,
PAR  FIG. 11 is a still further sectional view through the rear end of the
      tiltable coupling of FIG. 4, and it is taken along the plane indicated by
      the line 11--11 in FIG. 5B,
PAR  FIG. 12 is yet another sectional view through the tiltable coupling of FIG.
      4, and it is taken along the plane indicated by the line 12--12 in FIG.
      5B,
PAR  FIG. 13 is a sectional view through the front end of the tiltable coupling
      of FIG. 4, and it is taken along the plane indicated by the line 13--13 in
      FIG. 5A,
PAR  FIg. 14 is another sectional view through the front end of the tiltable
      coupling of FIG. 4, and it is taken along the plane indicated by the line
      14--14 in FIG. 5A.
PAR  FIG. 15 is an end elevational view of an annular support and of four
      sensors which are mounted on that support,
PAR  FIG. 16 is a side elevational view of the support and sensors of FIG. 15,
PAR  FIG. 17 is a perspective view, on a larger scale, of one of the sensors
      shown in FIGS. 15 and 16, and
PAR  FIG. 18 is a perspective view of a hole which is straight in part, which is
      curved in part, and which has several horizontally-directed branches.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring particularly to FIGS. 1-3, the numeral 156 generally denotes one
      preferred embodiment of tiltable coupling that is made in accordance with
      the principles and teachings of the present invention. That tiltable
      coupling includes a tube 140 which has a radially-extending flange 142 at
      the right-hand thereof, which has axially-extending splines 143 spaced a
      short distance to the left of that radially-extending flange, and which
      has a thin, annular, axially-directed projection 144 at the right-hand
      face thereof. The flexible coupling 156 also includes a socket 145 which
      has an internal thread 146 at the right-hand end thereof, which has an
      external thread 147 at the left-hand end thereof, which has a shoulder 139
      at the right-hand end of the external thread 147, and which has a thin,
      annular, axially-directed projection 149 at the left-hand face thereof.
      The thin, annular, axially-directed projection 149 on the socket 145 is in
      register with and extends toward, but stops short of, the thin, annular,
      axially-directed projection 144 on the tube 140. An annulus 161, of a
      resilient material such as rubber, is disposed between the confronting
      faces of the tube 140 and of the socket 145; and the thin, annular,
      axially-directed projections 144 and 149 hold that annulus in position
      between those confronting faces.
PAR  The flexible coupling 156 additionally includes a sleeve 151 which has an
      internal thread 153 at the right-hand end thereof that can mate with the
      external thread 147 on the socket 145. Also, that sleeve has a shoulder
      155 which can abut the left-hand face of the radially-extending flange 142
      on the tube 140, and can thereby hold the right-hand face of that tube in
      engagement with the resilient annulus 161. Further, the sleeve 151 has a
      number of axially-extending grooves 157 therein which accommodate the
      axially-extending splines 143 on the tube 140; and, as shown particularly
      by FIG. 1, those grooves extend through to the shoulder 155. The numeral
      159 denotes the inner surface of the portion of the sleeve 151 in which
      the grooves 157 are formed.
PAR  The internal thread 146 on the socket 145 will mate with the external
      thread on the left-hand end of the section 158 of the drill rod string
      shown in FIG. 3. The external thread 141 on the left-hand end of the tube
      140 will mate with an internal thread in the right-hand end of a down-hole
      drill 154. Although different down-hole drills could be used, a down-hole
      drill of the type shown in U.S. Pat. No. 3,084,683 or U.S. Pat. No.
      3,361,219 would be quite useful. The internal thread 153 of the sleeve 151
      will mate with the external thread 147 on the socket 145 to hold the
      right-hand end of that sleeve in engagement with the shoulder 139 on the
      socket 145, and to hold the shoulder 155 in engagement with the
      radially-extending flange 142. At such time, the tube 140 and the socket
      145 will be in end-to-end relation, the resilient annulus 161 will be held
      by the thin, annular, axially-directed projections 144 and 149, and the
      splines 143 on that tube will be disposed within the grooves 157 of the
      sleeve 151. Those splines will coact with the side walls of those grooves
      to rotate the tube 140 -- and thereby rotate the down-hole drill 154.
PAR  The inner surface 159 of the grooved portion of the sleeve 151 is machined
      to provide a predetermined annular gap between it and those portions of
      the outer surface of the tube 140 which are located between the splines
      143. That annular gap determines the extent to which the axis of the tube
      140 can tilt relative to the axis of the socket 145; and thereby controls
      the maximum angle of deflection 381 the axis of the down-hole drill 154
      and the axis of the section 158 of drill rod string in FIG. 3. In doing
      so, that annular gap determines the radius of curvature of the prospect
      boring holes drilled by the down-hole drill 154 whenever the flexible
      coupling 156 is interposed between the down-hole coact and that drill rod
      section. An annular gap having a thickness in the range of forty-eight to
      sixty thousandths of an inch has been found to provide a radius of
      curvature of about 125 feet for the curved prospect boring 152. By
      decreasing the thickness of that annular gap, it is possible to increase
      the radius of curvature for that curved prospect boring. While it is
      theoretically possible to decrease the radius of curvature for that curved
      prospect boring below 125 feet, by increasing the thickness of that
      annular gap, frictional resistance and abrasion problems increase
      excessively when that radius of curvature is so decreased. The numeral 160
      denotes a bushing which is generally elliptical in side elevation; and
      that bushing is mounted on the section 158 of drill rod. If desired, that
      bushing could be pressed onto that section of drill rod; but that bushing
      will perferably be mounted on that section of drill rod so it can not
      shift axially of, but can rotate relative to, that section of drill rod.
      The numeral 166 denotes a driving section of drill rod which has one end
      thereof extending into the curved prospect boring 152, and which has the
      other end thereof disposed outwardly of that curved prospect boring.
PAR  A collar 168 encircles the driving section 166 of drill rod; and that
      collar has its inner end wedged into the portion of the curved prospect
      boring 152 which communicates with the working 148. The collar 168 has a
      downwardly-directed arm 170; and a large diameter hose 236 extends from
      that arm to a dust sample collector, not shown. The collar 168 has
      perforated ears 172; and a generally-square gasket, not shown, a flexible
      material is shaped to abut the outer face of the collar 168 and to fit
      between the openings in the perforated ears 172. A gland 176, which has
      openings therein that can be set in register with the openings in the
      perforated ears 172 of the collar 168, has a large central opening
      therein. That large central opening in that gasket is made just large
      enough to snugly receive the cross section of a section of drill rod.
      Although the gasket could be made from different materials, it preferably
      is made from a length of rubber belt; because the material of which rubber
      belts are made is tough and has good wear-resisting qualities. The numeral
      182 denotes wing bolts which can extend through the openings in the gland
      176 to seat in the threaded openings of the perforated ears 172 of the
      collar 168. Tightening of the wing nuts 182 will tend to force the gasket
      into sealing engagement with any section of drill rod that extends through
      the large opening in that gasket.
PAR  In using the tiltable coupling 156 of FIGs. 1-3, the workman will use the
      down-hole drill 154 or another drill to form the initial portion of the
      curved prospect boring 152. Although the axis of that initial portion of
      that boring can be set at different angles relative to the axis of the
      vein 249, which extends outwardly beyond the end face 150 of the working
      148 as shown by FIG. 3, the axis of that initial portion will preferably
      be set at an angle of from 20.degree. to 60.degree. relative to the axis
      of that vein. Once the initial portion of the curved prospect boring 152
      is deep enough to fully accommodate the down-hole drill 154, the tiltable
      coupling 156 and the bushing 160, the workman will telescope that bushing
      over the section 158 of drill rod; and that down-hole drill, that tiltable
      coupling, and that section of drill rod will be moved into the position
      indicated by FIG. 3.
PAR  At such time, the forward end of the collar 168 will be tightly wedged into
      position within the initial portion of the curved prospect boring 152. Air
      then will flow through section 166 of drill rod, drill rod section 158,
      and flexible coupling 156 to the down-hole drill 154; all as pointed out
      in detail in said application Ser. No. 219,813.
PAR  The air which passes to the down-hole drill 154 will cause the end face of
      that drill to repeatedly strike the inner end of the curved prospect
      boring 152 -- in the manner in which the bit of a pneumatic drill
      repeatedly strikes the surface against which it is held. Air pressure will
      cause the various sections of drill rod to apply a steady force to the
      down-hole drill 154 which will continuously urge the cutting face of that
      down-hole drill into drilling engagement with the inner end of the curved
      prospect boring 152. Additional air will cause a drill head, not shown, to
      rotate the various sections of drill rod with consequent rotation of the
      down-hole drill 154. As a result, that drill will form an essentially
      cylindrical prospecting boring.
PAR  The air which exhausts from the down-hole drill 154 will pass through the
      curved prospect boring 152 toward the collar 168. Because the inner end of
      that collar is wedged tightly into the initial portion of that curved
      prospect opening, little or no air can escape through the joint between
      that collar and that initial portion. Because the gasket, not shown,
      tightly encircles the last section of drill rod, little or no air can
      escape along the surface of that drill rod. Consequently, the air which is
      exhausted from the down-hole drill 154 will pass through the collar 168,
      will pass downwardly through the arm 170 of that collar, and then will
      pass through the hose 236 into the dust sample collector.
PAR  The down-hole drill 154 is relatively heavy; and it will respond to the
      force of gravity to tilt its axis and the axis of the tube 140 of the
      flexible coupling 156 downwardly relative to the axis of the socket 145 of
      that flexible coupling and relative to the axis of the drill rod section
      158, as shown by FIG. 3. Also, the down-hole drill will apply a
      downwardly-directed force to the forward end of the first section of drill
      rod; and that downwardly-directed force will tend to bend the first
      section of drill rod downwardly toward the lower surface of the curved
      prospect boring 152. If the bushing 160 were not present, some portion of
      the first section of drill rod would engage that lower surface; and the
      distance, between the down-hole drill 154 and the portion of the first
      section of drill rod which engaged the lower surface of the curved
      prospect boring 152, would tend to vary from time to time. Any variations
      in that distance could be objectionable, because they could change the
      radius of the arc defined by the curved prospect boring 152, and they
      could expose long portions of the first section of drill rod to severe
      bending forces. However, when the bushing 160 is present, it acts as a
      fulcrum; and thereby keeps all or substantially all portions of the first
      section of drill rod from engaging the lower surface of the curved
      prospect boring 152. Importantly, that bushing holds the tiltable coupling
      156 and the rear end of the down-hole drill 154 up out of engagement with
      the lower surface of that curved prospect boring 152, and thereby enables
      that down-hole drill to assume an inclination which is fixed by the
      thickness of the annular gap between the inner surface 159 of the grooved
      portion of the sleeve 151 and those portions of the outer surface of the
      tube 140 which are located between the splines 143. In addition, that
      bushing fixes the distance between the down-hole drill 154 and the first
      point along the lower surface of the curved prospect boring 152 where the
      drill rod string receives support from that lower surface.
PAR  The flexible coupling 156 will transmit rotational forces from the adjacent
      section 158 of drill rod to the down-hole drill 154, while permitting that
      down-hole drill to dispose its forward end below the level of its rear
      end. As a result, the down-hole drill 154 will automatically bore the
      prospect hole 152 so that prospect hole is curved. By providing various
      thicknesses for the annular gap between the inner surface 159 of the
      grooved portion of the sleeve 151 and those portions of the outer surface
      of the tube 140 which are located between the splines 143, it is
      theoretically possible to drill holes having various radii of curvature or
      at various rates of change of inclination, and thus to vary the minimum
      distance at which it is possible to intersect an extension of the vein
      249. However, the smallest practical and economical radius of curvature
      attainable with the down-hole drill 156 is about 125 feet.
PAR  In teaching how curved prospect borings, which have radii of curvature of
      600 feet or less, can be drilled in a practical manner, the present
      invention makes it possible, for the first time, to drill curved prospect
      borings from points that are located wholly in the subsurface. Not only
      does the present invention make the drilling of such curved prospect
      borings possible from points that are located wholly in the subsurface,
      but it makes it possible to drill such curved prospect borings quickly,
      inexpensively and with acceptably low levels of wear and abrasion on the
      drilling equipment
PAR  The system of sampling an ore body, which is provided by the present
      invention, is most useful in providing mining officials with information
      regarding the thickness and grade of ore which may be encountered if
      workings are extended. However, that system of sampling an ore body also
      is useful in determining the location, dimensions and grades of related or
      nearby ore bodies.
PAR  While various radii could be provided for the curved prospect borings of
      the present invention, those radii will preferably be between 100 and 600
      feet. Also, the preferred angle which is subtended between the final
      portion of a prospect boring and the projection of a vein will be between
      20.degree. and 60.degree. -- encompassing a total reversal of direction of
      40.degree. to 120.degree.. While it would be possible to use a down-hole
      drill as large as four or more inches in diameter to drill a curved
      prospect boring, a smaller diameter down-hole drill is more economical.
      Preferably, a down-hole drill in the range of three inches in diameter
      will be used; and such a drill would form a boring less than 1 inch larger
      in diameter than its own diameter.
PAR  Referring particularly to FIGS. 4-5B, the numeral 251 denotes a down-hole
      drill which preferably will be of the type shown in U.S. Pat. No.
      3,084,683 or in U.S. Pat. No. 3,361,219. That down-hole drill has a recess
      in the right-hand end thereof which serves as an inlet port; and the
      numeral 262 denotes an internal thread in that right-hand end. That
      internal thread is intended to mate, and is shown in FIG. 5A as mating,
      with an external thread 268 on a tubular rotatable element 264 which has a
      central pasage 266 of circular cross-section therein. That rotatably
      element is part of a tiltable coupling 260. The numeral 270 denotes an
      annular groove of semi-circular cross section which is intermediate the
      external thread 268 and the longitudinal center of the rotatable element
      264. The numeral 272 denotes a similar annular groove which is displaced
      to the right of the annular groove 270. The numeral 274 denotes an annular
      groove of rectangular cross-section which is spaced a short distance to
      the left of the right-hand end of the rotatable element 264 and which
      contains needle bearings. Thos needle bearings will act to support and
      align the right-hand end of the rotatable element 264 with the sleeve 280.
      That rotatable element has a semi-cylindrical right-hand end 276, as shown
      particularly by FIGS. 5A and 13. A flat surface or jaw 278 is formed on
      the semi-cylindrical right-hand end 276; and a further flat surface 279 is
      formed on that end. As shown particularly by FIG. 13, that flat surfaces
      278 and 279 define a plane which is spaced a short distance outwardly of
      the geometric center of the rotatable element 264.
PAR  The numeral 280 denotes a sleeve which telescopes over the right-hand end
      and the middle of the rotatable element 264, as shown particularly by FIG.
      5A. Longitudintally-extending ribs 281 are provided at the exterior of
      that sleeve to enable that sleeve to be gripped and rotated by a suitable
      spanner-type wrench. A reduced diameter section of the sleeve 280 defines
      an internal shoulder 282 immediately adjacent the right-hand end of the
      rotatable element 264; and a small tolerance is provided between that
      internal shoulder and the semi-cylindrical right-hand end 276 of the
      rotatable element 264. The numberal 284 denotes an external annular groove
      in the left-hand end of the sleeve 280; and that groove is arcuate in
      cross-section. The numeral 286 denotes a number of radially-directed,
      circumferentially-spaced, sockets which are formed adjacent the left-hand
      end of the sleeve 280. The numeral 280 denotes an annular groove of
      semi-circular cross-section at the inner surface of the sleeve 280; and,
      as shown particularly by FIG. 5A, that groove is in register with the
      groove 272 in the exterior of the rotatable element 264. The annular
      groove 288 coacts with the annular groove 272 to define an annular space
      of circular cross section; and number of balls 290 are disposed within
      that space to help form a self-locking, anti-friction bearing. A passage
      293 is formed in the wall of the sleeve 280 to facilitate the introduction
      of the balls 290 into that annular space; and a plug 292 will be inserted
      in that passage after those balls have been set in position. That plug
      will act to prevent accidental removal of those balls from that annular
      space. The numeral 294 in FIG. 5B denotes a further internal shoulder
      which is defined by the reduced diameter section of the sleeve 280; and
      the numeral 296 denotes an internal thread which is provided in the
      right-hand end of that sleeve.
PAR  The numeral 298 denotes the stator of a vane-type air motor; and the
      numeral 300 denotes an external thread on the left-hand end of that stator
      which can mate with the internal thread 296 in the right-hand end of the
      sleeve 280. The numeral 302 denotes a shoulder which projects outwardly
      beyond the outer surface of the external thread 300; and that shoulder
      will serve as a stop for the right-hand end of the sleeve 280. The numeral
      304 denotes an external thread on the right-hand end of the stator 298;
      and the numeral 306 denotes a shoulder which extends outwardly beyond the
      external thread 304, as shown particularly by FIG. 5B. As shown
      particularly by FIG. 10, the stator 298 of the vane-type air motor has
      flat surfaces at the top and bottom thereof intermediate the shoulders 302
      and 306 to accommodate a wrench.
PAR  The numeral 308 denotes a housing which has a tubular projection 307 at the
      right-end thereof; and that tubular projection is displaced a short
      distance upwardly from the lower surface of that housing to provide a
      bearing point 309 which is shown by FIGS. 5B and 8. The numeral 311
      denotes a protuberance which extends upwardly from the upper surface of
      the housing 308, as shown particularly by FIGS. 5B, 8 and 9; and a surface
      313 inclines downwardly and to the right from the right-hand end of that
      protuberance to the upper surface of the tubular projection 307. A
      threaded socket 344 is formed in the housing 308; and that socket extends
      inwardly from the inclined surface 313, as shown particularly by FIG. 5B.
      A similar threaded socket, not shown, also extends inwardly from that
      inclined surface.
PAR  The numeral 310 in FIG. 5B denotes an internal thread in the left-hand end
      of the housing 308; and that internal thread will mate with the external
      thread 304 on the right-hand end of the stator 298 of the vane-type air
      motor. An internal shoulder 312 is displaced to the right from the inner
      end of the internal thread 310; and a generally-cylindrical recess 314
      extends inwardly from the shoulder 312. The numeral 316 denotes a
      cylindrical chamber which is located within, and which extends radially
      of, the housing 308. A cup-shaped valve 318 is slidably mounted within the
      chamber 316; and a helical compression spring 320 has the lower end
      thereof extending into the recess defined by that cup-shaped valve. A
      closure 322, which has a central stem, closes the upper end of the chamber
      316; and that closure is held in position by a pin 323. The stem of that
      closure extends into the helical compression spring 320; and, as that
      closure is set in position, that helical compression spring will be
      compressed. As a result, the helical compression spring 320 will urge the
      cup-shaped valve 318 towards the inner end of the chamber 316. The numeral
      315 denotes an inlet port for the chamber 316, the numeral 317 denotes an
      outlet port for that chamber, and the numeral 319 denotes a bypass which
      extends from that inlet port to the inner end of that chamber.
PAR  The numeral 324 denotes a further cylindrical chamber which is located
      within, and which extends radially of, the housing 308; and that further
      chamber is parallel to, but is disposed to the right of, the chamber 316,
      as shown particularly by FIG. 5B. The numeral 326 denotes a piston which
      is slidably mounted within the chamber 324; and that piston has a flat
      surface 325 adjacent the outer end thereof. That flat surface will coast
      with a roll pin 342, which is mounted within the upper end of the chamber
      324, to prevent rotation of the piston 326 within the chamber. As shown
      particularly by FIGS. 5B and 9, the piston 326 has an axially-extending
      bore 327 therein, and also has axially-extending slots 329 which extend
      laterally from that bore through the wall of that piston. In addition, the
      outer end of that piston has a slot in which a roller 328 is rotatably
      supported by a pivot 333. The periphery of that roller is arcuate in axial
      section, and that periphery is defined by a continuous thread 330. The
      transverse curvature of the periphery of the roller 328 is the same as the
      transverse curvature of the hole which will be formed by the down-hole
      drill 251. As a result, when that roller is moved into engagement with the
      inner surface of that hole, at least one portion of each turn of the
      thread 330 will be able to engage the interior of that hole.
PAR  The numeral 331 denotes another chamber which is located within, and which
      extends radially of, the housing 308; and that chamber is coaxial with the
      chamber 324. As shown by FIGS. 5B and 9, the cross section of the chamber
      331 is smaller than the cross section of chamber 324; and those chambers
      are in communication with each other. Consequently, the chambers 324 and
      331 coact to define a composite chamber which extends completely through
      the housing 308.
PAR  The numeral 332 denotes a piston which is slidably mounted within the
      chamber 331; and the inner end of that piston is generally T-shaped in
      configuration. The ends of the cross-arm of that T-shaped inner end extend
      into the slots 329 in the piston 326; and those ends will coact with the
      walls of those slots to prevent rotation of the piston 322 relative to the
      piston 326. The outer end of the piston 332 has a slot therein; and a
      roller 334 is rotatably mounted within that slot by a pivot 335. The
      periphery of the roller 334 is arcuate in axial section, and that
      periphery is defined by a continuous thread 336. The transverse curvature
      of the periphery of the roller 334 is the same as the transverse curvature
      of the hole which will be formed by the down-hole drill 251. As a result,
      when that roller is moved into engagement with the inner surface of that
      hole, at least one portion of each turn of the thread 336 will be able to
      engage the inner surface of that hole.
PAR  The numeral 338 denotes a snap ring which is disposed within an annular
      recess in the inner face of the bore 327 in the piston 326. The numeral
      340 denotes a helical compression sprng; and one spring; of that helical
      compression spring bears against the crossarm of the T-shaped inner end of
      the piston 332, while the other end of that helical compression spring
      bears against the snap ring 338. That helical compression spring biases
      the pistons 326 and 332 for movement toward each other, but it can yield
      to permit those pistons to be moved outwardly relative to each other and
      outwardly relative to the housing 308. The roll pin 342 not only prevents
      rotation of the piston 326, and hence also of the piston 332, relative to
      the housing 308, but also serves to limit radial movement of the piston
      326 outwardly relative to the chamber 324.
PAR  The numeral 346 denotes a pipe fitting which has one end thereof threaded
      into the threaded socket 344 in the housing 308, as shown by FIG. 5B. A
      swivel nut 348 connects a length 341 of air pressure hose to the other end
      of the pipe fitting 346; and an electrical connector 349 is sealed in
      position within that pipe fitting. A complementary electrical connector,
      not shown is mounted within the swivel nut 348; and that swivel nut will
      hold that complementary electrical connector in assembled relation with
      the electrical connector 349.
PAR  The numeral 438 denotes a pipe fitting which is comparable to the pipe
      fitting 346; and the inner end of the former pipe fitting is mounted
      within a threaded socket, not shown, in the housing 308 that is comparable
      to the threaded socket 344 in that housing. The numeral 436 denotes a
      swivel nut which connects a length 437 of air pressure hose to the other
      end of the pipe fitting 438.
PAR  the numeral 343 denotes a passage which is located within, and which
      extends longitudinally through, the housing 308; and that passage
      accommodates and protects the various electrical conductors which are
      connected to the various pins of the electrical connector 349. That
      passage and those conductors are shown particularly by FIG. 9. The
      numerals 345 and 347 denote additional passages which are located within,
      and which extend longitudinally through, the housing 308; and, as shown
      particularly by FIG. 9, those passages are disposed on opposite sides of
      the chamber 331 in that housing. The passages 345 and 347 are connected to
      the tubular projection 307 at the right-hand end of the housing 308; and
      the numeral 350 denotes an internal thread in that tubular projection.
PAR  The numeral 352 denotes a section of drill rod; and the numeral 354 denotes
      an external thread on the left-hand end of that section of drill rod. That
      external thread will mate with the internal thread 350 of the tubular
      projection 307, as shown by FIG. 5B. The inner diameter of the drill rod
      352 is reduced adjacent the ends of that drill rod, as shown particularly
      by FIG. 5B; and the sum of the cross sections of the passages 345 and 347
      preferably is at least equal to the internal cross section of either of
      the reduced-diameter ends of that drill rod.
PAR  The numeral 356 in FIG. 5A generally denotes a sleevelike fulcrum; and that
      fulcrum has protuberances 358, 360, 362 and 364 spaced circumferentially
      thereof. As shown particularly by FIG. 14, the center-to-center spacings
      of those protuberances are 90.degree.. The surfaces of 358 and 360
      protuberances are hardened to make them highly resistant to wear and
      abrasion. The right-hand end of the fulcrum 356 has an enlarged inner
      diameter to enable that right-hand end to telescope over the left-hand end
      of the sleeve 280, as shown particularly by FIG. 5A. An O-ring 359 is
      disposed within the groove 284 in the left-hand end of the sleeve 280; and
      that O-ring will coact with the inner surface of the enlarged inner
      diameter of the right-hand end of the fulcrum 356 to provide a seal. The
      numeral 366 denotes an annular groove of semi-circular cross section in
      the inner surface of the fulcrum 356; and that annular groove is in
      register with the annular groove 270 of semi-circular cross section in the
      outer surface of the rotatable element 264. Those annular grooves will
      coact to define an annular space of circular cross section; and balls 368
      are disposed within that annular space to help form a self-locking
      anti-friction bearing. The numeral 363 in FIG. 14 denotes a passage in the
      protuberance 364; and the numeral 365 denotes a grease fitting which is
      threaded into that passage. The numeral 374 denotes a radially-directed
      passage in the protuberance 362 of the fulcrum 356; and that passage
      permits the balls 368 to be introduced into the annular space defined by
      the annular grooves 270 and 366. A headed plug 376 is held within the
      passage 374 by a pin 377; and that pin will prevent accidental separation
      of that plug from that passage. The numeral 378 denotes a stop which is
      disposed within a radially-directed recess 379 in the right-hand end of
      the fulcrum 356; and that stop can have the inner end thereof set in any
      one of the radially-directed, circumferentially-spaced sockets 286 in the
      left-hand end of the sleeve 280. A pin 281 will prevent accidental
      separation of that stop from the recess 379. The numeral 370 denotes an
      annular groove at the interior of the fulcrum 356; and that groove is
      disposed to the left of the annular groove 366. An annular seal 372 is
      disposed within the annular groove 370; and that seal can coast with the
      outer surface of the rotatable element 264 to permit relative rotation of
      that rotatable element and of the sleeve 280 while maintaining a tight
      seal therebetween.
PAR  The numeral 380 denotes an eccentric sleeve which is shown in FIGS. 5A and
      5B; and the left-hand end of that eccentric sleeve extends into a bushing
      384 which is located within the right-hand end of the rotatable element
      264. That bushing performs the dual functions of a bearing and of a seal.
      The left-hand end of the eccentric sleeve 380 is concentric with the
      bushing 384, with the tubular rotatable element 264, and with the sleeve
      280, as shown particularly by FIG. 5A. The numeral 382 denotes needles
      which coact with the outer surface of part of the eccentric intermediate
      portion of the eccentric sleeve 380 and with the left-hand end of the
      inner surface of a hollow gear 388 to constitute a needle bearing. As
      indicated particularly by FIG. 13, that part of the eccentric intermediate
      portion of the eccentric sleeve 380 is eccentric of the tubular rotatable
      element 264 and of the sleeve 280. Further, as shown particularly by FIG.
      13, approximately one-half of the teeth at the left-hand end of that
      hollow gear have been machined away to define flat surfaces 383 and 385
      and to provide an intervening gear segment with an angular extent of about
      180.degree.. Further needles 396 coact with the outer surface of a further
      part of the accentric intermediate portion of the eccentric sleeve 380 and
      with the right-hand end of the inner surface of the hollow gear 388 to
      constitute a further needle bearing. As shown particularly by FIG. 12,
      that further part of the eccentric intermediate portion of the eccentric
      sleeve 380 is eccentric of the tubular rotatable member 264 and of the
      sleeve 280. That right-hand end of that hollow gear has teeth 392
      extending all the way around the periphery thereof, as shown particularly
      by FIG. 12. The flat surface 385 at the left-hand end of the hollow gear
      388 is in register with the flat surface 278 on the right-hand end of the
      rotatable element 264; and a roller 386, of the type used in roller
      bearings, is interposed between those flat surfaces. Approximately
      one-half of the teeth 292 extend all the way to the left-hand end of the
      hollow gear 388; and the rest of those teeth terminate about midway
      between the needles 382 and 386 -- where about one-half of the teeth 392
      have been machined away to define that flat surfaces 383 and 385. Where
      machining practices and equipment permit, the portion of the left-hand end
      of the hollow gear 388 which is not machined away can be left smooth and
      not provided with teeth 392. In one preferred embodiment of the present
      invention, there are 29 teeth 392 at the right-hand end of the hollow gear
      388.
PAR  The numeral 394 denotes internal teeth in the sleeve 280; and, in the said
      preferred embodiment of the present invention, there are 30 of those
      teeth. As indicated particularly by FIG. 12, the pitch diameter of the
      hollow gear 388 is smaller than the pitch diameter of the teeth 394 at the
      interior of the sleeve 280. Further, as indicated particularly by FIG. 12,
      rotation of the eccentric sleeve 380 relative to the hollow gear 388 can
      cause that hollow gear to move laterally with respect to the teeth 394 at
      the interior of the sleeve 280. The resulting wobbling action of that
      hollow gear will enable clockwise rotation of the eccentric sleeve 380 in
      FIG. 12 to cause that hollow gear to act through the flat surfaces 385 and
      278 and through the roller 386 to rotate the rotatable element 264 in that
      same direction. Each revolution of the eccentric sleeve 380 will advance
      the rotatable element 264 a distance equal to the width of a tooth 392;
      and hence a 30-to-1 reduction in speed and a 30-to-1 increase in torque
      are provided.
PAR  The numeral 398 denotes a bushing which is telescoped within the right-hand
      end of the sleeve 280; and the inner diameter of that bushing is just
      slightly greater than the outer diameter of a flange at the right-hand end
      of the eccentric sleeve 380. That flange is concentric with that bushing
      and with the sleeve 280, as shown particularly in FIG. 5B. The bushing 398
      has a reduced-diameter portion 400 at the left-hand end thereof, as shown
      particularly by FIG. 5B; and that reduced-diameter portion accomodates a
      wave-type washer 401. One face of that wave-type washer bears against the
      shoulder 294 at the interior of the sleeve 280, while the other face of
      that wave-type washer bears against the full-diameter portion of the
      bushing 398; and that wave-type washer urges that bushing to the right in
      FIG. 5B. The numeral 402 denotes an annular closure for the left-hand end
      of the stator 298 of the vane-type air motor; and that closure is disposed
      within the sleeve 280, as shown particularly by FIG. 5B. A
      reduced-diameter portion 404 is provided at the left-hand end of the
      closure 402; and that reduced-diameter portion defines an annular passage
      which is in register with an outlet port 407 in the sleeve 280. The
      numeral 405 denotes an axially-extending passage which is located within
      the closure 402 and which connects the reduced-diameter portion 404 with
      an axially-extending passage 417 in the left-hand end of the rotor 416 of
      the vane-type air motor.
PAR  Grease forced into the grease fitting 365 will spread, in the annular
      tolerances between sleeve 280 and rotatable element 264 and eccentric
      sleeve 380, to lubricate the balls 290 in their races, the needle bearings
      in the annular groove 274, the needle bearings 382 and 396, the gear teeth
      394 and 392, the surface 385, the hollow gear 388, and the bushings 384
      and 398 which support the eccentric sleeve 380. The gears and bearing thus
      are encased in a sealed, lubricant-filled area and are cooled by the air
      which passes through the bore of the eccentric sleeve 380.
PAR  The numeral 406 denotes a diametrical diametral in the flange at the
      right-hand end of the eccentric sleeve 380; and that passage is shown
      particularly by FIGS. 5B and 11. Resilient washers 408 and 410 are
      disposed adjacent the upper and lower ends of that passage, respectively;
      and snap rings 412 and 414 are disposed radially outwardly of those
      resilient washers. The reduced-diameter left-hand end of the rotor 416
      underlies those resilient washers and will keep those resilient washers
      from moving radially inwardly in that passage; and those snap rings will
      keep centrifugal forces from moving those resilient washers radially
      outwardly in that passage.
PAR  A roll pin 422 extends through aligned openings in the reduced-diameter
      left-hand end 418 of the rotor 416 and extends into the resilient washers
      408 and 410. The frictional forces between that roll pin and those aligned
      openings will prevent any radial movement between that pin and those
      washers. However, the resilient nature of those washers will enable those
      washers to compensate for any possible axial misalignments of the rotor
      416 with the eccentric sleeve 380.
PAR  The intermediate portion of the rotor 416 has elongated axially-extending
      slots 423 therein which accommodate radially-movable elongated vanes 424.
      Radially-directed air passages 425 extend between the hollow center of the
      rotor 416 and the inner ends of the elongated axially-extending slots 423;
      and, as a result, air within the hollow center of that rotor will urge the
      outer faces of those elongated vanes into sealing engagement with the
      inner surface of the stator 298. That inner surface is eccentric of the
      axis of the rotor 416, as shown by FIG. 10.
PAR  The reduced-diameter left-hand end 418 of the rotor 416 coacts with the
      intermediate portion of that rotor to define a shoulder; and the
      right-hand face of the closure 402 abuts that shoulder to effectively
      close the left-hand ends of the slots 423 in the rotor 416. The sides of
      that reduced-diameter left-hand end are cut away, as indicated by the
      numeral 420 in FIGS. 5B and 11, to keep the pin 422 from reducing the
      effective cross section of the path for the air which will flow through
      the hollow center of the rotor 416. That rotor has a reduced-diameter
      right-hand end 426 which extends into a closure 428 that is disposed
      within the housing 308. That reduced-diameter end coacts with the
      intermediate portion of the rotor 416 to define a shoulder; and the
      left-hand face of the closure 428 abuts that shoulder to effectively close
      the right-hand ends of the slots 423 in that rotor. A Belleville washer
      429 has the outer periphery thereof bearing against the shoulder 312 at
      the inner surface of the housing 308, and has the inner periphery thereof
      bearing against the right-hand face of the closure 428. That Belleville
      washer will coact with the wave-type washer 401 to hold the closures 402
      and 428 in intimate engagement with the shoulders at the left-hand and
      right-hand ends, respectively, of the rotor 416. The numeral 430 denotes
      an axially-extending passage in the closure 428 which connects a passage
      431 in the interior of the stator 298 with the recess 314 in the housing
      308.
PAR  The numerals 100, 102, 104 and 106 denoted sensors which are mounted on an
      annular support 446 by resilient clips 444; and that annular support is
      disposed within the recess 314 in the housing 308. If desired, a press fit
      could be provided between the outer periphery of the annular support 446
      and the inner surface of that recess; or, if desired, screws or other
      fasteners could be used to hold that annular support in position within
      that recess. The sensors 100, 102, 104 and 106 are hermetically-sealed
      electrolytic potentiometers of standard and usual design; and each of
      those sensors has three parallel electrodes and an electrolyte. The
      conductors which extend through the pipe fitting 346 connect those
      electrodes to a sensing circuit; and one sensing circuit to which those
      electrodes could be connected would be an A.C. version of the sensing
      circuit shown in U.S. Pat. No. 3,571,937. In fact, when that sensing
      circuit has had an inverter added to it, to avoid the electolytic action
      which would occur if the sensors 100, 102, 104 and 106 were supplied with
      D.C., those sensors can be directly substituted for the
      identically-numbered potentiometers in that patent.
PAR  The sensors 100 and 104 are mounted on the annular support 446 so the axes
      thereof are parallel to each other and are at right angles to the axis of
      the housing 308; but the pointed end of the sensor 100 is directed to the
      left in FIG. 15 whereas the pointed end of the sensor 104 is directed to
      the right. The sensors 100 and 104 are oriented so the three electrodes of
      each of them lie in a plane which is parallel to the plane defined by the
      annular support 446, as shown by FIGS. 15 and 16. The sensors 102 and 106
      are mounted on the annular support 446 so the axes thereof are parallel to
      each other and so the pointed ends thereof extend in the same direction;
      but the axes of those sensors are displaced about 55.degree. from the axis
      of the housing 308, as indicated by FIGS. 15 and 16. Furthermore, the
      sensor 106 is mounted on the annular support 446 so the three electrodes
      thereof define a plane which is at right angles to the plane defined by
      that annular support; and the sensor 102 is mounted on that annular
      support so the three electrodes thereof define a plane which is at right
      angles to the plane defined by the three electrodes of the sensor 106.
PAR  The sensitivity curve of each of the sensors 100, 102, 104 and 106 shows
      that the output voltage of that sensor varies as the axis of that sensor
      deviates from true vertical; and also shows that the rate of change in the
      output voltage per degree of deviation is least when the axis of that
      sensor is vertical and is greatest when that axis is displaced about
      35.degree. from true vertical. To enable the sensor 106 to indicate, with
      a high degree of sensitivity, any tilting of the longitudinal axis of the
      tiltable coupling 253 from true horizontal, that sensor has the axis
      thereof lying in a plane which is coplanar with a vertical plane through
      that longitudinal axis and also has its axis lying in a plane which is
      diplaced about 35.degree. from the plane of the annular support 446.
PAR  Whenever any one of the sensors 100, 102, 104 and 106 is disposed so
      gravity causes the electrolyte therein to immerse equal lengths of the
      electrodes of that sensor, the electrical resistances of the paths, which
      that electrolyte provides between the center-most electrode and each of
      the side-most electrodes, will be exactly the same. Such a condition can
      exist only when the axis of that sensor is precisely vertical. However,
      when the extent of immersion of the center electrode of a sensor is less
      than the extent of immersion of one of the outermost electrodes, but is
      greater than the extent of immersion of the other of those outermost
      electrodes, the resistances of the electrical oaths between that center
      electrode and the outer electrodes will be unequal. Consequently, the
      sensors 100, 102, 104 and 106 are able to sense deviations of the axes
      thereof from true vertical.
PAR  It should be noted that the clips 444 which secure the sensors 100 and 104
      to the annular support 446 define a line that is parallel to the axis of
      the piston 326; and that when the housing 308 is in the position of FIG.
      5B that annular support will be in the position shown by FIGS. 15 and 16.
      This means that when the tiltable coupling 253 is oriented to have the
      axis of the piston 326 truly vertical and to have that piston at the top
      thereof, the sensors 102 and 106 will have the electrodes therein directed
      upwardly and will have the conductors connected to those electrodes
      directed downwardly. At such time, the electrolyte within the sensor 102
      will be immersing the same lengths of all of the electrodes in that
      sensor; and hence the sensing circuit, to which the sensors 100, 102, 104
      and 106 are connected could respond the that sensor to indicate a null
      condition. Such an indication would signify that the axis of the piston
      326 was lying in a vertical plane which passed through the axis of the
      tiltable coupling 253, and that the housing 308 of that tiltable coupling
      was oriented to have that piston at the top thereof. Also at such time,
      the electrolyte within the sensor 106 will be immersing more of the length
      of one of the electrodes of that sensor than it will be immersing of the
      length of the other of the electrodes of that sensor; and hence the
      sensing circuit, to which the sensors 100, 102, 104 and 106 are connected,
      could respond to that sensor to indicate an out-of-balance condition. If
      that indication signified that the axis of the piston 326 was lying in a
      vertical plane which passed through the axis of the tiltable coupling 253,
      and that the axis of that sensor was displaced from true vertical by
      35.degree., that indication would signify that the axis of that tiltable
      coupling was horizontal.
PAR  If the tiltable couplong 253 is oriented to have the axis of the piston 326
      truly horizontal and to dispose the piston 326 at the left-hand side of
      the housing 308 in FIG. 9, and if the axis of that tiltable coupling is
      truly horizontal, the axis of the sensor 100 will be truly vertical and
      the electrodes of that sensor will be directed upwardly. At such time, the
      electrolyte within that sensor will be immersing the same lengths of all
      of the electrodes in that sensor, and hence the sensing circuit, to which
      the sensors 100, 102, 104 and 106 are connected, could respond to that
      sensor to indicate a null condition. Such an indication would signify that
      the axis of the piston 326 was lying in a horizontal plane and that the
      said piston was at the left-hand side of the housing 308 in FIG. 9. On the
      other hand, if the tiltable coupling 253 is oriented to have the axis of
      the piston 326 truly horizontal and to dispose the piston 326 at the
      right-hand side of the housing 308 in FIG. 9, and if the axis of that
      tiltable coupling is truly horizontal, the axis of the sensor 104 will be
      truly vertical and the electrodes of that sensor will be directed
      downwardly. At such time, the electrolyte within that sensor will be
      immersing the same lengths of all of the electrodes in that sensor; and
      hence the sensing circuit, to which the sensors 100, 102, 104 and 106 are
      connected could respond to that sensor to indicate a null condition. Such
      an indication would signify that the axis of the piston 326 was lying in a
      horizontal plane and that the said piston was at the right-hand side of
      the housing 308. It thus should be apparent that the sensors 100, 102, 104
      and 106 can supply signals to the sensing circuit, to which those sensors
      are connected, which can signify when the tiltable coupling 253 has the
      axis thereof lying in a horizontal plane and has the piston 326 at the top
      of the housing 308, which can signify when the tiltable coupling has the
      piston 326 at the left-hand side of the housing 308 with its axis truly
      horizontal, and which can signify when that tiltable coupling has the
      piston 326 at the right-hand side of the housing 308 with its axis truly
      horizontal.
PAR  The sensor 100 can supply signals to the sensing circuit to which it is
      connected even if the axis of the sensor is caused to deviate from true
      vertical as much as 45.degree. in either direction, and hence that sensor
      can be used to supply signals which will indicate circumferential rotation
      of the tiltable coupling 253 of as much as 45.degree. in either direction
      from a position which is displaced 90.degree. in the clockwise direction
      from the position shown by FIGS. 8-16. Similarly, the sensor 104 can
      supply signals to the sensing circuit to which it is connected even if the
      axis of that sensor is caused to deviate from true vertical as must as
      45.degree. in either direction, and hence that sensor can be used to
      supply signals which will indicate circumferential rotation of the
      tiltable coupling 253 of as must as 45.degree. in either direction from a
      position which is displaced 90.degree.  in the counter clockwise direction
      from the position shown by FIGS. 8-16. As a result, the sensor 104 can be
      used to indicate the orientation of the tiltable coupling 253 prior to,
      and during, the time that tiltable coupling is used to cause the down-hole
      drill 251 to drill a curved section of a hole which curves to the right in
      a plane that inclines upwardly from true horizontal at an angle of
      45.degree., that inclines downwardly from true horizontal at an angle of
      45.degree., or that has any desired inclination between the inclinations
      of those two planes. Similarly, the sensor 100 can be used to indicate the
      orientation of the tiltable coupling 253 prior to, and during, the time
      that tiltable coupling is used to cause the down-hole drill 251 to drill a
      curved section of a hole which curves to the left in a plane that inclines
      upwardly from true horizontal at an angle of 45.degree., that inclines
      downardly from true horizontal at an angle of 45.degree., or that has any
      desired inclination between the inclinations of those two planes.
PAR  The sensor 102 can supply signals to the sensing circuit to which it is
      connected even if the tiltable coupling 253 is rotated 45.degree. in
      either direction from the position shown by FIGS. 8-16; and hence that
      sensor can be used to supply signals which will indicate circumferential
      rotation of the tiltable coupling 253 of as much as 45.degree. in either
      direction from that position. The sensor 106 can supply signals to the
      sensing circuit to which is is connected even if the longitudinal axis of
      the tiltable coupling is rotated as much as 10.degree. in the clockwise
      direction from the position shown in FIGS. 5A and 5B or is rotated as much
      as 80.degree. in the counter clockwise direction from that position. As a
      result, that sensor can be used to supply signals which will indicate,
      with a high degree of precision, any clockwise or counter clockwise
      rotation of the longitudinal axis of the tiltable coupling 253 of as much
      as 10.degree. from the position shown by FIGS. 5A and 5B; and that sensor
      also can be used to supply signals which will indicate any counter
      clockwise rotation of the longitudinal axis of that tiltable coupling of
      between 10.degree. and 80.degree. from that position.
PAR  If desired, the clip 444 for the sensor 106 could be set so the axis of
      that sensor inclined away from the plane of the annular support 446 at an
      angle of 125.degree.. In that event, that sensor could be used to supply
      signals to the sensing circuit to which it was connected even if the
      longitudinal axis of the tiltable coupling 253 was rotated as much as ten
      degrees in the counter clockwise direction from the position shown in
      FIGS. 5A and 5B or was rotated as much as 80.degree. in the clockwise
      direction from that position. As a result, that sensor could, if so
      mounted on the annular support 446, be used to supply signals which would
      indicate, with a high degree of precision, any clockwise or counter
      clockwise rotation of the longitudinal axis of the tiltable coupling 253
      of as much as 10.degree. from the position shown by FIGS. 5A and 5B; and
      that sensor also could be used to supply signals which would indicate any
      clockwise rotation of the longtudinal axis of that tiltable coupling of
      between 10 and 80.degree. from that position.
PAR  In the readout 468 for the preferred embodiment of the present invention,
      the needle of the meter will respond to a voltage of 10 volts to move past
      digits representing a count of 500. This is desirable, because it means
      that each digit represents two hundredths of a volt.
PAR  Although just four sensors have been shown in the tiltable coupling 253,
      more sensors could be added if it ever became desirable to do so. However,
      because most users of drilling equipment customarily drill in, or in
      search of, desired material which has the same general orientation within
      subterranean formations, it will usually be sufficient to equip any given
      tiltable coupling with four sensors that are mounted on the annular
      support 446 in such a way as to provide the orientation information for
      one general type of orientation of desired material in a subterranean
      formation. Thus, one tiltable coupling 253 might be equipped with sensors
      100, 102, 104 and 106 which were mounted on the annular support 446 so
      they could guide the orientation of the piston 326 when "underhand" curved
      sections were to be drilled, and another tiltable coupling might be
      equipped with sensors which were mounted on that annular support so they
      could guide the orientation of that piston when "overhand" curved sections
      were to be drilled. Further a third tiltable coupling might be equipped
      with sensors which were mounted on that annular support so they could
      guide the orientation of that piston when upwardly-directed vertical
      sections were to be drilled, and a fourth tiltable coupling might be
      equipped with sensors which were mounted on that annular support so they
      could guide the orientation of that piston when downwardly-directed
      vertical sections were to be drilled. In each of those tiltable couplings,
      at least one of the sensors should be mounted to indicate any deviations
      of the axis of the section of hole from true vertical.
PAR  A pipe Tee 448 and a 90.degree. pipe ell 450 connect the other end of the
      length 341 of air pressure hose to the length 437 of medium pressure hose,
      as shown by FIG. 4. That pipe Tee and that pipe ell coact with the length
      341 of air pressure hose, with the swivel nut 348, and with the pipe
      fitting 346 to enable the conductors for the sensors 100, 102, 104 and 106
      to extend into a long air pressure hose 452 while maintaining the
      air-tight integrity of that long air pressure hose and of the length 437
      of air pressure hose. The air pressure hose 452 extends from the pipe Tee
      448 to and through a collar 454 which is disposed within the outer end of
      the hole 456 that is being formed by the down-hole drill 251. The outer
      end of the long air pressure hose 452 is wound upon a reel 460 and is
      connected to a further pipe Tee 462. A pipe fitting 464 is connected to
      the pipe Tee 462; and the cable 466, which includes the conductors for the
      sensors 100, 102, 104 and 106, extends outwardly through, but is
      hermetically sealed to, that pipe fitting. That cable extends to the
      readout 468, as indicated by FIG. 4; and that readout can include an A.C.
      version of the circuitry shown in U.S. Pat. No. 3,571,937. The pipe
      fitting 464 and the pipe Tee 462 coact with the pipe Tee 448, with the
      pipe fitting 450, with the length 341 of medium pressure hose, with the
      swivel nut 348, with the pipe fitting 346, with the pipe fitting 438, with
      the swivel nut 436, with the length 437 of air pressure hose, and with the
      long medium pressure hose 452 to permit the calbe 466 to enter the long
      medium pressure hose, to remain within that long air pressure hose, and to
      exit from that long medium pressure hose while maintaining the air-tight
      integrity of that long air pressure hose and of those lengths of air
      pressure hose. The numeral 470 denotes a manually-operable stop and waste
      valve which is connected to the outer end of the long air pressure hose
      452; and that valve is connected to a source of compressed air, not shown,
      by a hose 472. In its open position, that valve will connect the source of
      compressed air to the pipe Tee 462; and in its closed position, that valve
      will disconnect that source of compressed air from that pipe Tee and will
      vent the compressed air within the long air pressure hose 452.
PAR  The numeral 455 denotes an arm which extends downwardly from the collar
      454; and a large diameter hose 474 extends downwardly from that arm to a
      dust sample collector 234 which can be identified to the
      identically-numbered dust sample collector which is shown in said
      application Ser. No. 219,813. The numeral 185 in FIG. 4 denotes a standard
      and usual clamp which can grip the section 458 of drill rod; and that
      clamp can hold that section of drill rod against undesired rotation. The
      numeral 186 denotes a jack which is disposed within a working, not shown,
      and which has the upper end thereof abutting the ceiling of that working
      and which has the lower end thereof abutting a plate 189 that rests on the
      floor of that working. That jack will be lengthened until the upper end
      thereof bears so solidly against the ceiling of the working that it is
      fixedly held against shifting relative to that working.
PAR  The numeral 190 denotes a mounting frame which is secured to the jack 186
      adjacent the upper end of that jack. A pneumatic cylinder 192 is supported
      by the mounting frame 190; and a piston rod 194 has one end thereof
      secured to the piston within that cylinder, and has the other end thereof
      extending outwardly of that cylinder and is secured to the clamp 185 so
      that clamp and that piston rod will reciprocate as a unit. The pneumatic
      cylinder 192 is a double-acting cylinder; and thus can cause the piston
      rod 194 to force the clamp 185 to move toward and away from the hole 456.
      The numeral 196 denotes an air distributor which has a handle 198; and
      that handle can be adjusted to control the flow of compressed air to the
      pneumatic cylinder 192 via a hose 233. The nummeral 202 denotes a further
      handle which can be adjusted to control the flow of compressed air to the
      section 458 of drill rod via hose 203. A hose 205 connects the air
      distributor 196 to the source, not shown, of compressed air to which the
      hose 472 is connected. A pressure regulating valve, not shown, will be
      interposed between the hose 472 and that source of compressed air; and a
      further pressure regulating valve, not shown, will be interposed between
      the hose 205 and that source of compressed air. The pressures on the
      compressed air supplied to the hoses 205 and 472 should be set so the
      pressure on the air which passes through the passages 345 and 347 to enter
      the recess 314 in the housing 308 is essentially the same as the pressure
      on the air which is supplied to the inlet port 315. A pressure of about
      100 pounds per square inch should be a usable pressure on the air which
      enters the recess 314.
PAR  The numeral 204 denotes a supporting bracket which is mounted on the jack
      186 below the level of the mounting frame 190. That supporting bracket
      slidably holds the drill rod section 458 while acting to confine that
      drill rod section against radially-directed movement; and, as shown by
      FIG. 4, that drill rod section passes through the clamp 185. The outer end
      of the drill rod section 458 is connected to the hose 203 by a connector
      211 which can permit rotation of that drill rod section with a
      corresponding rotation of that hose.
PAR  A line oiler, not shown, will be connected to the house 205; and a water
      pump, not shown, also will be connected to that hose. That line oiler and
      that water pump could be essentially the same -- in structure and
      operation -- as the line oiler and water pump in said application Ser. No.
      219,813.
PAR  In using the tiltable coupling 253 of FIGS. 5A and 5B, the protuberance 358
      or the protuberance 360 on the fulcrum 346 will be set so it is displaced
      180.degree. from the roller 328 which is supported by the piston 326. To
      move the protuberance 358 from the position of FIG. 5A to the desired
      position, the operator of the drilling equipment will remove the pin 381,
      will remove the stop 378, will rotate the fulcrum 356 180.degree., will
      re-insert that stop, and will re-insert that pin. At such time, the
      protuberance 358 on that fulcrum will be displaced 180.degree. from the
      roller 328; and the protuberance 360 will be displaced 90.degree.  in the
      clockwise direction from that roller, as the latter protuberance is viewed
      in FIG. 14. To move the protuberance 360 from the position of FIG. 14 to a
      position which is displaced 180.degree. from the roller 328, the operator
      of the drilling equipment will remove the pin 381, will remove the stop
      378, will rotate the fulcrum 356 90.degree. in the counter clockwise
      direction in FIG. 14, will re-insert that stop, and will re-insert that
      pin. At such time, the protuberance 360 on that fulcrum will be displaced
      180.degree. from the roller 328; and the protuberance 358 will be
      displaced 90.degree. in the counter clockwise direction from that roller,
      as the latter protuberance is viewed in FIG. 14. The protuberance 358 will
      be displaced 180.degree. from the roller 328 whenever the tiltable
      coupling 253 is to be used to cause the down-hole drill 251 to drill a
      curved section which curves to the left; whereas the protuberance 360 will
      be displaced 180.degree. from the roller 328 whenever the tiltable
      coupling 253 is to be used to cause the down-hole drill 251 to drill a
      curved section which curves to the right.
PAR  The external thread 268 on the left-hand end of the rotatable element 264
      will be threaded into the internal thread 262 in the right-hand end of the
      down-hole drill 251, the tubular projection 307 at the right-hand end of
      the housing 308 will be threaded onto the section 352 of drill rod, and
      the electrical connector 349 will be connected to the complementary
      connector which is held by the swivel nut 358. That swivel nut will be
      tightened on the pipe fitting 346, the swivel nut 436 will be tightened on
      the pipe fitting 438, the left-hand end of the long medium pressure hose
      452 will be passed through the collar 454 and securely fastened to the
      pipe Tee 448, and the lengths 341 and 437 of medium pressure hose will be
      securely fastened to that pipe Tee; and then the down-hole drill 251, the
      tiltable coupling 253, and the section 352 of drill rod will be introduced
      into a previously-drilled, short length hole 456. The collar 454 will be
      telescoped over the rear end of the section 352 of drill rod and will then
      be forced into the outer end of the hole 456 to effectively seal that
      outer end. The hose 474 will be connected to the arm 455 and also the dust
      sample collector 234.
PAR  If the initial portion of the hole 456 is to be straight, the valve 470
      will be left in closed position; and hence the spring 320 in FIG. 5B will
      hold the cup-shaped valve 318 in position to block the outlet port 317 of
      the chamber 316. As a result, the compressed air which passes through hose
      205, air distributor 196, hose 203, connector 211, section 458 and section
      352 of drill rod, tubular projection 307 of housing 308, and passages 345
      and 347 in that housing to reach the recess 314 will be unable to enter
      and to pass through the chamber 316. This means that no air pressure will
      be applied to the pistons 326 and 332; and hence those pistons will be
      urged toward each other by the spring 340. The roller 334 will be in the
      position shown by FIG. 5B; but the roller 328 will project outwardly from
      the protuberance 311 a distance which is close to the value of the radius
      of that roller. The operator of the drilling equipment will set those
      pistons in those positions before the tiltable coupling 253 is telescoped
      into the hole 456; and those pistons will remain in those positions until
      the valve 470 is opened. The down-hole drill 251 and the tiltable coupling
      253 will be urged inwardly of the hole 456 by the piston rod 194 and the
      clamp 185; and the air which is supplied to the recess 314 will, in part,
      pass through the passages 430 and 431 to enter the vane-type air motor and
      will, in part, pass through the hollow rotor 416 of that air motor,
      through the center of the eccentric sleeve 380, and through the center of
      the rotatable element 264 to the inlet port of that down-hole drill. The
      air which enters the vane-type air motor will act upon the vanes 424 to
      cause those vanes to rotate the rotor 416 in the counter clockwise
      direction in FIG. 10. The pin 422 and the resilient washers 408 and 410
      will cause the hollow gear 388 to respond to that rotation to cause the
      roller 386 to rotate the rotatable element 264 in the clockwise direction
      in FIG. 13 at one-thirtieth the rate at which the rotor 416 rotates. That
      rotatable element will rotate the down-hole drill 251 at the one-thirtieth
      rate; and the 30-to-1 reduction in the speed of that rotatable element 264
      relative to the speed of the rotor 416 provides a 30-to-1 increase in
      torque. As a result, the vane-type air motor is able to force the
      down-hole drill 251 to slowly rotate within the hole 456. The air which
      enters the inlet port of the down-hole drill 251 will cause that down-hole
      drill to act against the inner end of the hole 456 in the manner in which
      the pneumatic hammer drives its bit against a surface; and hence that
      down-hole drill will progressively deepen that hole. As long as the valve
      470 is left closed, neither the roller 328 nor the protuberance 358 will
      be forced into solid engagement with the inner surface of the hole 456;
      and, similarly, the bearing point 309 will not be forced into solid
      engagement with the inner surface of that hole. Consequently, as long as
      the valve 470 is left closed, the down-hole drill 251 will deepen the hole
      456 along a substantially straight axis.
PAR  Whenever it is desirable to drill a curved section of a hole -- whether
      that section is to be the initial, an intermediate, or the final section
      of that hole -- the tiltable coupling 253 will be set so the axis of the
      piston 326 lies in the plane in which the curved section will lie, so the
      roller 328 will face the geometric center of the desired curve while the
      protuberance 358 or the protuberance 360 will face away from that
      geometric center, and so the protuberances 358 and 360 will be in
      positions wherein they will bear the horizontal and vertical components of
      force which will be applied to the front end of that tiltable coupling. To
      give the tiltable coupling 253 the desired circumferential positioning, a
      suitable wrench will be used to apply circumferentially-directed forces to
      the section of drill rod which is held by the clamp 185 and the bracket
      204. The meter and switches of the readout 468 will be used to check the
      attitudes and orientations of the appropriate sensors; and that meter,
      those switches and those sensors will make it possible to fix the desired
      circumferential position of the tiltable coupling 253 within 4 minutes of
      a degree. That meter and those switches will correspond to the meter and
      switches in U.S. Pat. No. 3, 3,571,937.
PAR  Once the tiltable coupling has been given the desired orientation, the
      valve 470 will be opened; and, thereupon, compressed air will flow into
      the chamber 324 and into the bypass 319. The compressed air in the chamber
      324 will act upon the pistons 326 and 332 and will tend to force those
      pistons to move outwardly relative to the housing 308; and, almost
      immediately, the spring 340 will yield sufficiently to permit the rollers
      328 and 334 to move outwardly relative to that housing. The roller 328
      will move outwardly toward the position shown by FIG. 5B, and the roller
      332 will move outwardly from the position shown by FIG. 5B; and, very
      promptly, those rollers will move into engagement with the inner surface
      of the hole 456. The forces of which those rollers apply to that inner
      surface will be great enough to prevent undesired rotation of the tiltable
      coupling 253 relative to that hole.
PAR  Then, when air is introduced into the drull rod string and the air motor
      starts to rotate and the down-hole drill begins drilling, the orientation
      of the selected plane of curvature indicated by the sensors will be
      maintained.
PAR  The piston 326 has a larger cross-sectional area than does the piston 332,
      and hence the total force which the compressed air applies to the piston
      326 will be greater than the total force which that compressed air applies
      to the piston 332. The piston 326 will respond to that greater total force
      to tend to move outwardly toward the pin 342 -- even though such movement
      may require the piston 332 to move back inwardly toward the position shown
      by FIG. 5B. The piston 326 will continue to move outwardly toward the pin
      342 until the bearing point 309 is solidly in engagement with one side of
      the hole 456, until the protuberance 358 or 360 on the fulcrum 356 also is
      solidly in engagement with that side of that hole, and until the roller
      328 is solidly in engagement with the opposite side of that hole. Those
      solid engagements should be attained before the down-hole drill 251 has
      deepened the hole by another 20 feet; and those solid engagement will
      effectively establish a three-point engagement between the tiltable
      coupling 253 and the inner surface of the hole 456. That three-point
      engagement will force the axis of the tiltable coupling, and hence the
      axis of the down-hole drill 251, to shift relative to the axis of that
      portion of that hole in which that tiltable coupling is located.
PAR  Because the protuberance 358 or 360 will project a finite distance radially
      outwardly beyond the bearing point 309, the axis of the tiltable coupling
      253 will incline from lower right to upper left in FIGS. 5A and 5B.
      Consequently, the down-hole drill 251 will start to form a curved section
      of the hole 456 which will curve upwardly from lower right to upper left.
      The radius of curvature of that curved section of that hole will be a
      function of the relative radial positions of the bearing point 309 and of
      the protuberance 358 or 360. The tiltable coupling 253 will not
      immediately assume the fully-inclined position which is determined by the
      difference between the radial positions of the bearing point 309 and of
      the protuberance 358 or 360; because of the inner end of the hole 456 will
      prevent immediate lateral shifting of the front end of the down-hole drill
      251. However, that down-hole drill will apply a substantial lateral, as
      well as a substantial axial, cutting force to the inner end of the hole
      456; and hence the radius of the curved section of that hole will decrease
      progressively from the time the down-hole drill 251 starts drilling at an
      angle to the portion of the hole in which the tiltable coupling 253 is
      located until the roller 328, the bearing point 309 and the protuberance
      358 or 360 move into solid engagement with the inner surface of the hole
      456. Thereafter, as long as the valve 470 is left open, the curvature of
      that curved section of the hole 456 will be constant.
PAR  As the pressure on the compressed air which enters the bypass 319 builds
      up, that compressed air will apply sufficient force to the closed end of
      the cup-shaped valve 318 to overcome the force which is exerted by the
      spring 320. Thereupon, that cup-shaped valve will move toward the closure
      322; and, thereupon, that valve will open the inlet and outlet ports 315
      and 317, respectively. The air which flows through those ports will
      combine with the air that flows through the passages 345 and 347 to cause
      the down-hole drill 251 to continue to deepen the hole 456 and to cause
      the air motor to continue to rotate that down-hole drill.
PAR  To change the radius of the curved section of the hole, it is only
      necessary to withdraw the various sections of drill rod, the tiltable
      coupling 253 and the down-hole drill 251 from the hole 456, to remove the
      fulcrum 256, and to substitute a fulcrum which has a different radial
      dimension for the protuberances 358 and 360. If a fulcrum was selected
      which had radial dimensions for the protuberances 358 and 360 that were
      smaller than the radial dimensions of the protuberances 358 and 360 on the
      fulcrum 356, the down-hole drill 251 would form a curved section for the
      hole 456 which had a larger radius than would any curved section that was
      formed when the fulcrum 356 was used. On the other hand, if a fulcrum was
      selected which had radial dimensions for the protuberances 358 and 360
      that were larger than the radial dimensions of the protuberances 358 and
      360 on the fulcrum 356, the down-hole drill 251 would form a curved
      section for the hole 456 which had a smaller radius than any curved
      section that was formed when the fulcrum 356 was used. The practical
      minimum radius of a curved section of a hole, which can be drilled by the
      combination of the down-hole drill 251 and of the tiltable coupling 253,
      probably is between 100 and 125 feet.
PAR  As the vane-type air motor rotates the eccentric sleeve 380, and thus
      causes rotation of the rotatable element 264 in the clockwise direction in
      FIG. 13, the down-hole drill 251 will rotate with that rotatable element.
      However, that down-hole drill will apply reaction forces to the tiltable
      coupling 253 which will tend to rotate that tiltable coupling in the
      counterclockwise direction in FIG. 13. Any unscheduled rotation of that
      tiltable coupling would be objectionable, because it would cause the
      sensors to indicate a change of direction of the hole 456 which had not,
      in fact, occurred; and hence it is important to keep the reaction forces
      which are developed by the down-hole drill 251 from rotating the tiltable
      coupling 253. The present invention prevents such rotation of that
      tiltable coupling by forcing the rollers 328 and 332 into extremely tight
      engagement with the inner surface of the hole 456. In addition, the
      present invention provides pitches for the turns of the threads 330 and
      336 on the rollers 328 and 334 which will enable those rollers to apply
      balancing clockwise forces to that tiltable coupling. Specifically, the
      pitches of the threads 330 and 336 incline the turns of those threads at
      angles to the longitudinal axis of the tiltable coupling 253 which enable
      those threads to respond to their engagements with the inner surface of
      the hole 456, as that tiltable coupling moves ever deeper into that hole,
      to apply clockwise forces to that tiltable coupling which tend to balance
      the reaction forces that the down-hole drill 251 applies to that tiltable
      coupling. This means that the rollers 328 and 334 not only keep the
      tiltable coupling 253 properly oriented relative to the hole 456 but also
      progressively compensate for the continued reaction forces which are
      developed by the down-hole drill 251. If desired, the slot in the outer
      end of each of the pistons 326 and 332 could be set at an angle to the
      longitudinal axis of the tiltable coupling 253 so the rollers 328 and 334
      would respond to movement of that tiltable coupling inwardly of the hole
      to tend to apply counter clockwise forces to that tiltable coupling. In
      such event, annular ribs or ridges, rather than threads, could be provided
      on the peripheries of those rollers.
PAR  As the down-hole drill 251 progressively deepens the hole 456, it will form
      a dust; and, whether that dust will consist of the desired material, of
      the material of the subterranean formation, or a mixture of those
      materials, that dust will be carried back through that hole to the collar
      454 by the air which is released by that down-hole drill at the end of
      each stroke. The air which escapes from the outlet port 407 of the air
      motor also will help carry that dust to that collar; and, as that dust
      reaches that collar, it will be forced to pass downwardly through arm 455
      and hose 474 in to the dust sample separation 234. That dust will be held
      by that dust sample separator, but the air will be released into the
      working.
PAR  Referring particularly to FIG. 6, the numeral 120 denotes a vein of desired
      material which inclines downwardly and to the left through a subterranean
      formation at an angle of approximately 60.degree.; and an elongated hole
      extends parallel to that vein. That hole is shown with a straight section
      122 of about 380 feet in length; and that straight section is shown
      approximately 20 feet to the right of that vein. That vein is shown as
      being 40 feet wide; and it continues downwardly beyond the lower end of
      the hole. The lower end of that hole has a curved section 123 and a curved
      section 126; and the curved section 123 is shown as having a length of
      approximately 65 feet, while the curved section 126 is shown as having a
      length of approximately 76 feet. Both curved sections have a radius of
      approximately 125 feet; and the curved section 123 curves toward the vain
      120; and the curved section 126 passes through that vein at an angle of
      approximately 45.degree.. The numeral 124 denotes a number of short
      "fingers " that are drilled at an angle to the curved section 126 of the
      hole; and each of those fingers will preferably be about 8 feet long. The
      fingers 124 preferably will be formed by a diamond-equipped core-type
      drill.
PAR  The straight section 122, the curved section 123, and the curved section
      126 of the hole in FIG. 6 preferably will be drilled by the down-hole
      drill 251 in FIG. 4; and that down-hole drill can be the type shown in
      U.S. Pat. No. 3,084,683 or U.S. Pat. No. 3,361,219. The rear end of that
      down-hole drill will be supported by the tiltable coupling 253 which is
      shown in perspective in FIG. 4 and which is shown in section in FIGS. 5A
      and 5B. The short fingers 124 preferably will be drilled by a
      diamond-equipped core-type drill which is designed to use compressed air
      as the rotating force, and as the dust-removing medium, therefor. The
      fingers 124 will not be drilled until after the straight section 122 and
      substantially all of the curved section 123 have been drilled by the
      down-hole drill 251. Specifically, the straight section 122, and the major
      portion of the length of the curved section 123 will be drilled by the
      down-hold drill 251; and then the drill rod string, the tiltable coupling
      253 and that down-hole drill will be removed from the hole. The tiltable
      coupling 253 will be disconnected from the drill rod string, and then a
      substitute tiltable coupling will be connected to that drill and string;
      and that tiltable coupling can be identical to the tiltable coupling 253
      except that it will have an external thread 268 on the rotatable element
      264 thereof which can mate with the internal head of a diamond-equipped
      core-type drill, and it will have a perforated disc mounted within the
      reduced-diameter right-hand end 426 of the rotor 416 of the vane-type air
      motor. That disc will serve as an expansion orifice for the compressed
      air, and thus will permit the resulting expanded air to be relatively cool
      by the time it has passed through that rotor, through the rotatable
      element 264, and through the full length of the diamond-equipped core-type
      drill. A diamond-equipped core-type drill will be connected to the
      substitute tiltable coupling and then that diamond-equipped core-type
      drill and its tiltable coupling will be telescoped downwardly through the
      sections 122 and 123 of the hole. The axis of that diamond-equipped
      core-type drill will be kept essentially coaxial with the axis if the
      straight section 122 by leaving the valve 470 closed while that
      diamond-equipped core-type drill is being moved downwardly through that
      straight section. The axis of that diamond-equipped core-type drill will
      be kept essentially coaxial with the axis of the curved section 123 by
      disposing the roller 328 so it confronts the smaller radius surface of
      that curved section, by disposing the protuberance 358 or 360 so it
      confronts the larger radius surface of that curved section, and by opening
      the valve 470. By keeping the axis of that diamond-equipped, core-type
      drill essentially coaxial with the axes of the straight and curved
      sections 122 and 123, respectively, it is possible to virtually eliminate
      any possibility of the tip of that diamond-equipped, core-type drill
      engaging, and jamming against, the inner surface of either of those
      sections as that diamond-equipped, core-type drill is moved downwardly
      through these sections.
PAR  At the time the tip of the diamond-equipped, core-type drill approaches the
      inner end of the curved section 123 of the hole, the valve 470 can be
      closed; and, thereupon, the compressed air, which forced the roller 328
      into engagement with the smaller radius surface of that curved section and
      which forced the protuberance 358 or 360 into engagement with the larger
      radius surface of that curved section, will be vented into the working.
      The weight of the diamond-equipped, core-type drill will cause the tip of
      that drill to move downwardly into the apex of the angle defined by the
      inner end and the larger radius surface of the curved section 123; and the
      application of compressed air to the hose 205 in FIG. 4 will cause the
      vane-type air motor within the substitute tiltable coupling to rotate the
      diamond-equipped, core-type drill, and will cause the piston rod 194 and
      clamp 185 to press the tip of that diamond-equipped, core-type drill into
      that apex of that angle.
PAR  After the right-handmost finger 124 has been drilled, the drill rod string,
      the diamond-equipped, core-type drill, and the substitute tiltable
      coupling will be removed from the hole; and that tiltable coupling will be
      disconnected from that drill rod string. The down-hole drill 251 and its
      tiltable coupling 253 will be re-connected to the drill rod string; and
      that down-hole drill and that tiltable coupling will be re-inserted within
      the hole. That down-hole drill will then be used to drill the portion of
      the hole which lies between the upper end of the right-handmost finger 124
      and the point where the second right-handmost finger 124 is to be drilled.
      Thereupon, that down-hole drill and its tiltable coupling and the drill
      rod string will again be removed from the hole; and that down-hole drill
      and its tiltable tiltable coupling will again be replaced by the
      diamond-equipped core-type drill and the substitute tiltable coupling. At
      such time, that diamond-equipped, core-type drill and that substitute
      tiltable coupling will again be inserted in the hole and that
      diamond-equipped core-type drill will be used to drill the second
      right-handmost finger 124. The alternate uses of the down-hole drill 251
      and of the diamond-equipped core-type drill will permit the rest of the
      curved section 126 of the hole and the rest of the fingers 124 to be
      drilled. In each instance, the finger 124 will be drilled by the
      diamond-equipped core-type drill before the portion of the curved section
      126 which is in register with that finger will be drilled by the down-hole
      drill 251. Because the down-hole drill 251 will be used to drill the
      straight section 122, the curved section 123, and the curved section 126
      of the hole, the diamond-equipped core-type drill will be relieved of the
      need of doing that drilling. Consequently, that diamond-equipped core-type
      drill will experience minimum wear; and that diamond-equipped, core-type
      drill can be operated without requiring a liquid to cool it. If desired,
      the section 126 of the hole could be straight, and that section could be
      given any desired inclination.
PAR  The substitute tiltable coupling preferably will have a hollow gear 388
      which has 28, rather than 29, teeth 392 thereon. Such a hollow gear will
      provide only a 15-to-1 reduction in speed, and thus will cause the
      diamond-equipped core-type drill to rotate at twice the speed at which the
      down-hole drill 251 is rotated. The resulting doubling of the speed of
      rotation of the diamond-equipped core-type drill is desirable; because
      such a drill is a rotary-type, rather than a percussive-type, of drill.
      The resulting halving of the torque multiplication is acceptable; because
      the diameter of the diamond-equipped, core-type drill is considerably less
      than the 4 inch diameter of the down-hole drill 251.
PAR  Each of the fingers 124 will have the axis thereof lying very close to the
      axis of the adjacent portion of section 123 or 126. Specifically, the axis
      of each finger 124 will be displaced from the axis of the adjacent portion
      of that hole by an angle of only 11/2.degree.. Consequently, it should be
      recognized that the angles indicated by FIG. 6 are not representative of
      the actual angular displacement between the axes of the fingers 124 and of
      the adjacent portions of the hole. Those angles had to be grossly
      exaggerated in FIG. 6, because angles of 11/2.degree. could not have been
      shown on the small scale used in making FIG. 6.
PAR  Referring to FIG. 7, the numeral 254 denotes a working within a vein 255
      which is vertically directed within a subterranean formation. The numeral
      256 denotes a curved hole which extends outwardly and upwardly from the
      working 254 into the surrounding subterranean formation and then curves
      back into the vein 255. The numeral 257 denotes a further curved hole
      which extends outwardly from the working 254 into the surrounding
      subterranean formation and then curves back into the vein 255. The numeral
      259 denotes a further curved hole which extends outwardly and downwardly
      from the working 254 into the surrounding subterranean formation and then
      curves back into the vein 255. The curved holes 256 and 259 are shown as
      lying in the same vertical plane; but those holes could be drilled in
      different planes, and those planes could be inclined at different angles
      to the vertical. The curved hole 257 is shown as lying in a horizontal
      plane, but that hole could be drilled in different planes, and those
      planes could be inclined at different angles to the horizontal. The holes
      256, 257 and 259 can be formed by the down-hole drill 251 and the tiltable
      coupling 253 shown in FIG. 4 -- when that tiltable coupling is provided
      with appropriately-mounted sensors 100, 102, 104 and 106. The curved hole
      257 and the curved hole 256 could be drilled while the down-hole drill 251
      was connected to a tiltable coupling 253 which had those sensors mounted
      on the annular support 446 in the manner shown by FIGS. 15 and 16. The
      curved hole 259 could be drilled while the down-hole drill 251 was
      connected to a tiltable coupling which had the sensor 106 thereof oriented
      so its axis was parallel to the axis of that tiltable coupling and so its
      pointed end was directed away from the down-hole drill 251.
PAR  To drill the curved hole 256 in FIG. 7, the tiltable coupling 253 will be
      set so the roller 328 will engage the smaller-radius side of that hole and
      so the protuberance 358 and the bearing point 309 will engage the opposite
      side of that hole. When the hole 257 in FIG. 7 is to be drilled, the
      tiltable coupling 253 will be set so the roller 328 engages the
      smaller-radius side of that hole, so the protuberance 360 and the bearing
      point 309 engage the larger-radius side of that hole, and so the
      protuberance 358 rests on the bottom of that hole. When the hole 259 in
      FIG. 7 is to be drilled, the tiltable coupling 253 will be set so the
      roller 328 engages the smaller-radius side of that hole, so the
      protuberance 358 and the bearing point 309 engage the larger-radius side
      of that hole, and so the down-hole drill 251 is directed downwardly rather
      than upwardly.
PAR  It should be noted that whenever the tiltable coupling 253 is being used to
      cause the down-hole drill 251 to drill a curved section of a hole, the
      long air pressure hose 452 will not only supply the air which is needed to
      move the pistons 326 and 332 outwardly relative to the housing 308, but
      also will supply an appreciable portion of the air which is needed to
      operate the vane-type air motor and to cause the down-hole drill 251 to
      deepen that hole.
PAR  By using an auxiliary air pressure hose to help the drill rod string supply
      air to operate the vane-type air motor and to actuate the down-hole drill
      251, the present invention provides an increased air-conducting
      cross-section which minimizes frictional air pressure losses while
      utilizing a relatively flexible rod string which can easily bend in the
      curved portions of the hole.
PAR  Because compressed air will flow through the long air pressure hose 452
      only when the tiltable coupling 253 is being used to cause the down-hole
      drill 251 to form a curved section of a hole, the pressure on the air
      which is applied to the drill rod string must be increased whenever that
      down-hole drill is being used to drill a straight section of a hole.
      However, the reductions in frictional losses, which can be attained when
      the tiltable coupling 253 is causing the down-hole drill 251 to form
      curved sections of the hole, are important enough to make it worthwhile to
      be able to use the long air pressure hose 452 to supply part of the air
      which is required by the vane-type air motor and by that down-hole drill.
PAR  Referring particularly to FIG. 18, the numeral 480 generally denoted a
      drilling rig which will be equipped with a mounting frame 190, a cylinder
      192, a piston rod 194, a clamp 185, an air distributor 196, handles 198
      and 202, a hose 203, a connector 211, a reel 460, a collar 454, an arm
      455, a dust separator 234, a hose 472, and a readout 468 or the
      equivalents of those various elements. That drilling rig preferably will
      be made so it can be operated at ground level, and thus preferably will be
      made so it can withstand wind, rain, snow, and the other elements of the
      weather.
PAR  The numeral 482 denotes a straight, downwardly-inclined section of a hole,
      the numeral 484 denotes a curved section which is contiguous with the
      lower end of the straight section 482, the numeral 486 denotes an
      elongated, horizontally-extending straight section which is contiguous
      with the lower end of the curved section 484, the numeral 488 denotes a
      further horizontally-directed straight section which branches off from the
      horizontally-directed straight section 486 at a curved section 487, and
      the numeral 490 denotes a still further horizontally-directed straight
      section which branches off from the horizontally-directed straight section
      486 at a curved section 489. These various sections can be drilled by
      using the tiltable coupling 253 to orient and guide the down-hole drill
      251.
PAR  Specifically, the straight section 482 will be drilled while the valve 470
      is closed; and the curved section 484 will be drilled while the valve 470
      is open and while the roller 328 is abutting the smaller-radius face of
      that curved section and the protuberance 358 and the bearing point 309 are
      engaging the larger-radius face of that curved section. The
      horizontally-directed straight sections 486, 488 and 490 will be drilled
      while the valve 470 is closed, the curved section 487 will be drilled
      while the valve 470 is open, while the roller 328 is abutting the
      smaller-radius face of that curved section, while the protuberance 358 and
      the bearing point 309 are engaging the larger-radius face of that curved
      section, and while the protuberance 360 is resting on the bottom of that
      curved section, and the curved section 489 will be drilled while the valve
      470 is open, while the roller 328 is abutting the smaller-radius side of
      that curved section, while the protuberance 360 and the bearing point 309
      are engaging the large-radius side of that curved section, and while the
      protuberance 358 is resting on the bottom of that curved section.
PAR  It is important to note that the sensors 100, 102, 104 and 106 are directly
      incorporated into the tiltable coupling 253, and that those sensors are
      rugged enought to withstand the vibration and shock to which that tiltable
      coupling is subjected while the down-hole drill 251 is lengthening the
      hole 456. Those sensors and the resilient clips 444 which hold those
      sensors are embedded within a "potting" material that can withstand
      vibration and shock without appreciable degradation. All of this means
      that the down-hole drill 251 and the tiltable coupling 253 need not be
      removed from the hole 456 when it becomes desirable to check the
      orientation of that tiltable coupling -- and hence the orientation of the
      plunger 326. All that need be done is to halt the supplying of compressed
      air to the hoses 205 and 452 so the down-hole drill 251 will stop drilling
      and so the electrolyte within the various sensors 100, 102, 104 and 106
      can come to rest. At such time, the readings obtained from the readout 468
      will indicate the orientation of the tiltable coupling 253, and hence of
      the piston 326.
PAR  If desired, the left-hand end of the hollow gear 388 could have the teeth
      392 extend all of the way around the periphery thereof, and the right-hand
      end of the rotatable element 264 could be continuous and could have
      internal teeth that corresponded to the internal teeth 394 in the sleeve
      280. However, the use of the flat surfaces 278 and 385 and of the
      intervening roller 386 is preferred; because those surfaces and that
      roller minimize the frictional losses between the wobbling hollow gear 388
      and the rotatable element 264.
PAR  The tiltable coupling 253 makes it possible to drill down into the ground
      to form a hole that is almost precisely vertical; and such a hole could be
      used as a "pilot" hole for an "up ream" hole or shaft. Specifically, the
      sensor 106 and its clip 444 could be set so the electrodes of that sensor
      would continue to lie in the plane which those electrodes define in FIG.
      15 and which is parallel to the axis of the tiltable coupling 253, but
      those electrodes would be inclined at an angle of just 35.degree., rather
      than 55.degree. relative to that axis; and the sensor 102 and its clip 444
      could be set so the electrodes of that sensor would define a plane which
      passed through the axis of the tiltable coupling 253 and which was at
      right angles to the plane of the paper in FIG. 15, and those electrodes
      would extend to the right in FIG. 16 but would incline inwardly toward
      that axis at an angle of 35.degree.. When so set, those sensors would
      sense, and would enable the readout 468 to indicate, a departure from a
      precisely-vertical axis of as small as four minutes of a degree. Further,
      the piston 326, the protuberance 358 and the bearing point 309 could be
      selectively used to force the down-hole drill 251 to promptly compensate
      for any departure from the precisely-vertical axis by forcing the hole to
      move back to that axis. By making it possible to sense a departure from a
      precisely-vertical axis of as small as 4 minutes of a degree, and by
      making it possible to promptly compensate for any departure from the
      precisely-vertical axis, the re-set sensors 102 and 106 and the piston
      326, the protuberance 358 and the bearing point 309 make it possible to
      limit departures from a precisely vertical axis to as little as one and
      four-tenths inches per 100 feet of hole depth.
PAR  In those instances where the drilled hole is dry, a water pump, not shown,
      will be used to add about a gallon of soapy water to the air passing to
      and through the hose 203. However, where water tends to accumulate within
      the drilling hole, that soapy water may not be needed.
PAR  If desired, the pin 342 which serves as a stop for the piston 326 could be
      set further inwardly of the chamber 324. In that event, the roller 334
      rather than the bearing point 309 would constitute the third point of
      engagement between the tiltable coupling 253 and the inner surface of the
      hole 456. Such an arrangement would minimize the frictional forces between
      that tiltable coupling and that hole.
PAR  In one preferred embodiment of the present invention, the diameter of the
      sleeve 280 of the tiltable coupling 253 is approximately 3 inches, and the
      protuberance 358 projects four-tenths of an inch radially outwardly beyond
      the periphery of that sleeve. The protuberance 360 will project radially
      outwardly beyond that periphery by that same amount. The overall length of
      that tiltable coupling is slightly longer than 2 feet.
PAR  The sensors 100, 102, 104 and 106 differ from the potentiometers in U.S.
      Pat. No. 3,571,937 by being usable to help the tiltable coupling 253 guide
      the down-hole drill 251, whereas those potentiometers merely help indicate
      the orientation and curvature of the hole after it has been drilled.
      Moreover, the sensors 100, 102, 104 and 106 can be given various desired
      orientations relative to the axis of the tiltable coupling to enable those
      sensors to indicate even small departures of that axis from a desired
      straight or curved line. Where the tiltable coupling 253 is used to guide
      a down-hole drill during the forming of a hole in an esentially-vertical
      plate, the appropriate sensor or sensors in that tiltable coupling
      preferably will be set to assume an attitude or attitudes of high
      sensitivity during the forming of that hole. Thus, in the forming of the
      hole in FIG. 6, the sensor 106 should be set so the electrodes thereof are
      parallel to the axis of and are directed toward the rear of, the tiltable
      coupling 253 during the forming of that hole. In such event, those
      electrodes would be displaced 30.degree. from true vertical during the
      forming of the straight section 122, and thus would enable that sensor to
      provide a high degree of sensitivity to the inclination of that straight
      section. Subsequently, during the forming of the curved section 126 of the
      hole in FIG. 6, the electrodes of the sensor 106 would be displaced
      45.degree.  from true vertical and would tend to provide a high degree of
      sensitivity to the inclination of that curved section. In the forming of
      the hole 259 in FIG. 7, the sensor 106 again should be parallel to the
      axis of, and should again be directed toward the rear of, the tiltable
      coupling 253. In such event, those electrodes would be displaced about
      30.degree. to the right of true vertical during the forming of the initial
      portions of that hole, and thus would cause that sensor to provide a high
      degree of sensitivity to the inclination of that initial portion; and
      those electrodes would be displaced about 30.degree. to the left of true
      vertical during the forming of the final portions of that hole, and thus
      would cause that sensor to provide a high degree of sensitivity to the
      inclination of that final portion. In the forming of the hole 256 in FIG.
      7, the sensor 106 should be parallel to the axis of, but should be
      directed toward the front of the tiltable coupling 253. In such event,
      those electrodes would be displaced about 30.degree. to the left of true
      vertical during the forming of the initial portions of that hole, and thus
      would cause that sensor to provide a high degree of sensitivity to the
      inclination of that initial portion; and those electrodes would be
      displaced about 30.degree. to the right of true vertical during the
      forming of the final portions of that hole, and thus would cause that
      sensor to provide a high degree of sensitivity to the inclination of that
      final portion. In this way, the present invention makes it possible to
      control the orientation of a drilled hole with a high degree of precision,
      whereas the potentiometers of the said patent merely help make a record of
      an already-drilled hole.
PAR  The fulcrum 356 preferably will be located about half-way between the front
      end of the down-hole drill 251 and the rear end of the tiltable coupling
      253. Where that is done, and where that tiltable coupling is being used to
      cause that down-hole drill to drill a section of a hole in a
      generally-horizontal plane, the weight of that down-hole drill will come
      close to balancing the weight of that tiltable coupling. This is desirable
      because it will keep the weight of that down-hole drill from tending to
      incline the section of hole downwardly relative to the horizontal; and it
      also is desirable because it will keep the weight of that tiltable
      coupling from tending to incline the section of hole upwardly relative to
      the horizontal.
PAR  Whereas the drawing and accompanying description have shown and described
      two preferred embodiments of the present invention, it should be apparent
      to those skilled in the art that various changes may be made in the form
      of the invention without affecting the scope thereof.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A tiltable coupling, which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill, which comprises means adjacent
      one end of said coupling that is selectively engageable with one side of a
      hole in which said tiltable coupling is disposed, further means adjacent
      the opposite end of said coupling that is selectively engageable with an
      angularly-displaced side of said hole, the first said means being at one
      side of said tiltable coupling and said further means being at an
      angularly-displaced side of said tiltable coupling, said first said means
      and said further means coacting, whenever said first said means is in
      engagement with said one side of said hole and said further means is in
      engagement with said angularly-displaced side of said hole, to force the
      axis of said down-hole drill to be inclined to the axis of the section of
      said hole in which said tiltable coupling is disposed to cause said
      down-hole drill to drill a curved section of said hole, said first said
      means being selectively disposable out of engagement with all sides of
      said hole while said further means also is disposable out of engagement
      with all sides of said hole to permit said axis of said down-hole drill to
      be essentially parallel to said axis of said section of said hole in which
      said tiltable coupling is disposed, and thereby enable said down-hole
      drill to drill an undeflected section of said hole, at least one of said
      means being movable into engagement with the adjacent side of said hole by
      fluid under pressure, said drill rod string and said tiltable coupling
      supplying fluid to said down-hole drill to actuate said down-hole drill,
      and a fluid-supplying means which selectively supplies said fluid under
      pressure to said tiltable coupling to selectively cause said one of said
      means to move into engagement with said adjacent side of said hole, and
      said fluid-supplying means isolating said fluid under pressure from said
      fluid in said drill rod string until after said fluid under pressure has
      issued from said fluid-supplying means.
NUM  2.
PAR  2. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill, which comprises means adjacent
      one end of said coupling that is selectively engageable with one side of a
      hole in which said tiltable coupling is disposed, further means adjacent
      the opposite end of said coupling that is selectively engageable with an
      angularly-displaced side of said hole, the first said means being at one
      side of said tiltable coupling and said further means being at an
      angularly-displaced side of said tiltable coupling, said first said means
      and said further means coacting, whenever said first means is in
      engagement with said one side of said hole and said further means is in
      engagement with said angularly-displaced side of said hole, to force the
      axis of said down-hole drill to be inclined to the axis of the section of
      said hole in which said tiltable coupling is disposed to cause said
      down-hole drill to drill a curved section of said hole, said first said
      means being selectively disposable out of engagement with all sides of
      said hole while said further means also is disposable out of engagement
      with all sides of said hole to permit said axis of said down-hole drill to
      be essentially parallel to said axis of said section of said hole in which
      said tiltable coupling is disposed, and thereby enable said down-hole
      drill to drill an undeflected section of said hole, said drill rod string
      and said tiltable coupling supplying fluid to said down-hole drill to
      actuate said down-hole drill, one of said means comprising a piston that
      is movable laterally of said tiltable coupling to apply a force to the
      adjacent side of said section of said hole which will force the opposite
      side of said down-hole drill away from said adjacent side of said section
      of said hole and thereby incline said axis of said tiltable coupling
      relative to said axis of said section of said hole, and isolating means to
      isolate said piston from said fluid which said drill rod string and said
      tiltable coupling supply to said down-hole drill.
NUM  3.
PAR  3. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill, which comprises means adjacent
      one end of said coupling that is selectively engageable with one side of a
      hole in which said tiltable coupling is disposed, further means adjacent
      the opposite end of said coupling that is selectively engageable with an
      angularly-displaced side of said hole, the first said means being at one
      side of said tiltable coupling and said further means being at an
      angularly-displaced side of said tiltable coupling, said first said means
      and said further means coacting, whenever said first said means is in
      engagement with said one side of said hole and said further means is in
      engagement with said angularly-displaced side of said hole to force the
      axis of said down-hole drill to be inclined to the axis of the section of
      said hole in which said tiltable coupling is disposed to cause said
      down-hole drill to drill a curved section of said hole, said first said
      means being selectively disposable out of engagement with all sides of
      said hole while said further means also is disposable out of engagement
      with all sides of said hole to permit said axis of said down-hole drill to
      be essentially parallel to said axis of said section of said hole in which
      said tiltable coupling is disposed, and thereby enable said down-hole
      drill to drill an undeflected section of said hole, one of said means
      comprising a fixed protuberance at one side of said tiltable coupling,
      said fixed protuberance having the outermost portion thereof displaced
      from the axis of said tiltable coupling a distance less than the radius of
      said hole, whereby said fixed protuberance can permit the axis of the
      adjacent end of said tiltable coupling to be coaxial with said hole, said
      fixed protuberance having the outermost portion thereof displaced radially
      outwardly beyond the other end of said one side of said tiltable coupling
      a distance which essentially determines the inclination of said axis of
      said tiltable coupling relative to said axis of said section of said hole
      when said outermost portion of said fixed protuberance and said other end
      of said one side of said tiltable coupling simultaneously engage the
      adjacent side of said section of said hole, the other of said means
      comprising a piston that is movable laterally of said tiltable coupling to
      apply a force to said angularly-displaced side of said section of said
      hole, and said fixed protuberance and said laterally-movable piston
      coacting whenever said fixed protuberance and said other end of said one
      side of said tiltable coupling engage said adjacent side of said section
      of said hole and said piston simultaneously engages said
      angularly-displaced side of said section of said hole to incline said axis
      of said tiltable coupling relative to said axis of said section of said
      hole at a fixed and predetermined angle, said laterally-movable piston
      being selectively disposable in engagement with or out of engagement with
      said angularly-displaced side of said section of said hole while said
      down-hole drill is deepening said hole.
NUM  4.
PAR  4. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill, which comprises means adjacent
      one end of said coupling that is selectively engageable with one side of a
      hole in which said tiltable coupling is disposed, further means adjacent
      the opposite end of said coupling that is selectively engageable with an
      angularly-displaced side of said hole, the first said means being at one
      side of said tiltable coupling and said further means being at an
      angularly-displaced side of said tiltable coupling, said first said means
      and said further means coacting, whenever said first said means is in
      engagement with said one side of said hole and said further means is in
      engagement with said angularly-displaced side of said hole to force the
      axis of said down-hole drill to be inclined to the axis of the section of
      said hole in which said tiltable coupling is disposed to cause-said
      down-hole drill to drill a curved section of said hole, said first said
      means being selectively disposable out of engagement with all sides of
      said hole while said further means also is disposable out of engagement
      with all sides of said hole to permit said axis of said down-hole drill to
      be essentially parallel to said axis of said section of said hole in which
      said tiltable coupling is disposed, and thereby enable said down-hole
      drill to drill an undeflected section of said hole, one of said means
      comprising a piston that has a roller at the outer end thereof, said
      piston being movable laterally of said tiltable coupling to cause said
      roller to apply a force to the adjacent side of said section of said hole
      which will incline said axis of said tiltable coupling relative to said
      axis of said section of said hole, and means to selectively hold said
      laterally-movable piston radially inwardly of said adjacent side of said
      hole while said down-hole drill is deepening said hole.
NUM  5.
PAR  5. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill, which comprises means adjacent
      one end of said coupling that is selectively engageable with one side of a
      hole in which said tiltable coupling is disposed, further means adjacent
      the opposite end of said coupling that is selectively engageable with an
      angularly-displaced side of said hole, the first said means being at one
      side of said tiltable coupling and said further means being at an
      angularly-displaced side of said tiltable coupling, said first said means
      and said further means coacting, whenever said first said means is in
      engagement with said one side of said hole and said further means is in
      engagement with said angularly-displaced side of said hole, to force the
      axis of said down-hole drill to be inclined to the axis of the section of
      said hole in which said tiltable coupling is disposed to cause said
      down-hole drill to drill a curved section of said hole, said first said
      means being selectively disposable out of engagement with all sides of
      said hole while said further means also is disposable out of engagement
      with all sides of said hole to permit said axis of said down-hole drill to
      be essentially parallel to said axis of said section of said hole in which
      said tiltable coupling is disposed, and thereby enable said down-hole
      drill to drill an undeflected section of said hole, drill rod string and
      said tiltable coupling supplying fluid to said down-hole drill to actuate
      said down-hole drill, one of said means comprising a piston that has a
      roller at the outer end thereof, said piston being movable laterally of
      said tiltable coupling to cause said roller to apply a force to the
      adjacent side of said section of said hole which will incline said axis of
      said tiltable coupling relative to said axis of said section of said hole,
      and said roller coacting with said adjacent side of said section of said
      hole, as said down-hole drill moves deeper into said hole, to apply a
      circumferentially-directed component of reactive force to said tiltable
      coupling.
NUM  6.
PAR  6. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill and which comprises means that
      can permit the axis of said down-hole drill to be inclined to the axis of
      the section of a hole in which said tiltable coupling is disposed to cause
      said down-hole drill to drill a curved section of said hole, said means
      comprising a piston that is movable laterally relative to a given portion
      of the length of said tiltable coupling to apply a force to said section
      of said hole and to apply a laterally-directed reaction force to said
      given portion of said length of said tiltable coupling, a second piston
      that is movable laterally relative to said given portion of said length of
      said tiltable coupling to apply an oppositely-directed second force to
      said section of said hole and to apply an oppositely-directed reaction
      force to said given portion of said length of said tiltable coupling, the
      first said piston having a recess therein, said second piston being
      positioned within and being movable axially relative to said recess, and
      the first said and said second forces resisting circumferential movement
      of said tiltable coupling relative to said section of said hole.
NUM  7.
PAR  7. A tiltable coupling which can connect a percussion-type down-hole drill
      to a section of drill rod string for said down-hole drill and which
      comprises means adjacent one end of said coupling that is selectively
      engageable with one side of a hole in which said tiltable coupling is
      disposed, further means adjacent the opposite end of said coupling that is
      selectively engageable with an angularly-displaced side of said hole, the
      first said means being at one side of said tiltable coupling and said
      further means being at an angularly-displaced side of said tiltable
      coupling, said first said means and said further means coacting, whenever
      said first said means is in engagement with said one side of said hole and
      said further means is in engagement with said angularly-displaced side of
      said hole to force the axis of said down-hole drill to be inclined to the
      axis of the section of said hole in which said tiltable coupling is
      disposed to cause said down-hole drill to drill a curved section of said
      hole, an air motor that is located within said tiltable coupling, a torque
      multiplier that is connected between said air motor and said down-hole
      drill to enable said air motor to apply strong rotative forces to said
      down-hole drill, said torque multiplier including a pair of confronting
      faces and an intermediate roller, said torque multiplier including a means
      to wobble one of said confronting faces and thereby cause said roller to
      rotate the other of said confronting faces, and said air motor responding
      to compressed air passing through said drill rod string to cause said
      torque multiplier to rotate said down-hole drill.
NUM  8.
PAR  8. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill and which comprises means
      adjacent one end of said coupling that is selectively engageable with one
      side of a hole in which said tiltable coupling is disposed, further means
      adjacent the opposite end of said coupling that is selectively engageable
      with an angularly-displaced side of said hole, the first said means being
      at one side of said tiltable coupling and said further means being at an
      angularly-displaced side of said tiltable coupling, said first said means
      and said further means coacting, whenever said first said means is in
      engagement with said one side of said hole and said further means is in
      engagement with said angularly-displaced side of said hole, to force the
      axis of said down-hole drill to be inclined to the axis of the section of
      said hole in which said tiltable coupling is disposed to cause said
      down-hole drill to drill a curved section of said hole, said drill rod
      string acting as a conduit to supply fluid under pressure to said tiltable
      coupling and thus to said down-hole drill, and an elongated hose that
      extends through said hole in parallel relation with said drill rod string
      and that is connected to said tiltable coupling to selectively supply
      further fluid under pressure to said tiltable coupling, said drill rod
      string being held against rotation whenever said down-hole drill is
      deepening said hole.
NUM  9.
PAR  9. A tiltable coupling as claimed in claim 8 wherein a sensor is disposed
      within said tiltable coupling to sense the attitude of said tiltable
      coupling, and wherein the major portions of the lengths of the leads for
      said sensor are located within and are protected by said elongated hose.
NUM  10.
PAR  10. A tiltable coupling which can connect a percussion-type down-hole drill
      to a section of drill rod string for said down-hole drill and which
      comprises means adjacent one end of said coupling that is selectively
      engageable with one side of a hole in which sad tiltable coupling is
      disposed, further means adjacent the opposite end of said coupling that is
      selectively engageable with an angularly-displaced side of said hole, the
      first said means being at one side of said tiltable coupling and said
      further means being at an angularly-displaced side of said tiltable
      coupling, said first said means and said further means coacting, whenever
      said first said means is in engagement with said one side of said hole and
      said further means is in engagement with said angularly-displaced side of
      said hole, to force the axis of said down-hole drill to be inclined to the
      axis of the section of said hole in which said tiltable coupling is
      disposed to cause said down-hole drill to drill a curved section of said
      hole, an air motor that is located within said tiltable coupling and that
      can respond to fluid under pressure passing through said drill rod string
      to rotate said down-hole drill, said air motor having a hollow rotor that
      is connected to a rotatable member to rotate said rotatable member and to
      supply fluid under pressure to said rotatable member, a pin that extends
      through said hollow rotor to connnect said hollow rotor to said rotatable
      member, and portions of the wall of said hollow rotor which are adjacent
      said pin being cut away to keep the presence of said pin from decreasing
      the effective fluid-transmitting cross section of said hollow rotor, said
      air motor rotating said down-hole drill at such a slow rate that said
      down-hole drill effectively deepens said hole by percussive action rather
      than by rotary action.
NUM  11.
PAR  11. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill, said tiltable coupling having
      longitudinally-spaced and angularly-displaced surfaces that are
      selectively engageable with longitudinally-spaced and angularly-displaced
      portions of the surface of a hole in which said tiltable coupling is
      disposed, said longitudinally-spaced and angularly-displaced surfaces
      being simultaneously engageable with said longitudinally-spaced and
      angularly-displaced portions of the surface of said hole to incline the
      axis of said down-hole drill to the axis of the section of said hole in
      which said tiltable coupling is disposed, a sensor that is disposed within
      said tiltable coupling, said sensor being usable, during periods when said
      down-hole drill is attached to said tiltable coupling but said down-hole
      drill is inactive and hence is not deepening said hole, to help indicate
      the orientation of said tiltable coupling within said hole, said sensor
      having a movable portion which moves readily and with minimal friction to
      indicate changes in the attitude of said tiltable coupling but which is
      not degraded by fatigue or impact.
NUM  12.
PAR  12. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill, said tiltable coupling having
      longitudinally-spaced and angularly-displaced surfaces that are
      selectively engageable with longitudinally-spaced and angularly-displaced
      portions of the surface of a hole in which said tiltable coupling is
      disposed, said longitudinally-spaced and angularly-displaced surfaces
      being simultaneously engageable with said longitudinally-spaced and
      angularly-displaced portions of the surface of said hole to incline the
      axis of said down-hole drill to the axis of the section of said hole in
      which said tiltable coupling is disposed, a sensor that is disposed within
      said tiltable coupling, said sensor including a plurality of electrodes
      and an electrolyte, the axis of said sensor being inclined relative to the
      axis of said tiltable coupling to cause said electrolyte to occupy a
      position of great sensitivity whenever said tiltable coupling is in a
      predetermined attitude, said electrolyte and said electrodes being
      resistant to, and not degradable by, fatigue or impact.
NUM  13.
PAR  13. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill, said tiltable coupling having
      longitudinally-spaced and angularly-displaced surfaces that are
      selectively engageable with longitudinally-spaced and angularly-displaced
      portions of the surface of a hole in which said tiltable coupling is
      disposed, said longitudinally-spaced and angularly-displaced surfaces
      being simultaneously engageable with said longitudinally-spaced and
      angularly-displaced portions of the surface of said hole to incline the
      axis of said down-hole drill to the axis of the section of said hole in
      which said tiltable coupling is disposed, a sensor that is disposed within
      said tiltable coupling, a second sensor that is disposed within said
      tiltable coupling, each of said sensors including a plurality of
      electrodes and an electrolyte, the electrodes of the first said sensor
      defining a plane, the electrodes of said second sensor defining a second
      plane which is at right angles to the first said plane, said electrolyte
      and said electrodes of said first said sensor being resistant to and not
      degradable by, fatigue or impact, and said electrolyte and said electrodes
      of said second sensor being resistant to, and not degradable by, fatigue
      or impact.
NUM  14.
PAR  14. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill, said tiltable coupling having
      longitudinally-spaced and angularly-displaced surfaces that are
      selectively engageable with longitudinally-spaced and angularly-displaced
      portions of the surface of a hole in which said tiltable coupling is
      disposed, said longitudinally-spaced and angularly-displaced surfaces
      being simultaneously engageable with said longitudinally-spaced and
      angularly-displaced portions of the surface of said hole to incline the
      axis of said down-hole drill to the axis of the section of said hole in
      which said tiltable coupling is disposed, a sensor that is disposed within
      said tiltable coupling, said one of said longitudinally-spaced and
      angularly-displaced surfaces being on a piston that is movable laterally
      of said tiltable coupling, and the axis of said sensor having a fixed
      relation to the direction of movement of said piston, said sensor having a
      movable portion which moves readily and which is resistant to, and not
      degradable by, fatigue or impact.
NUM  15.
PAR  15. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill, said tiltable coupling having
      longitudinally-spaced and angularly-displaced surfaces that are
      selectively engageable with longitudinally-spaced and angularly-displaced
      portions of the surface of a hole in which said tiltable coupling is
      disposed, said longitudinally-spaced and angularly-displaced surfaces
      being simultaneously engageable with said longitudinally-spaced and
      angularly-displaced portions of the surface of said hole to incline the
      axis of said down-hole drill to the axis of the section of said hole in
      which said tiltable coupling is disposed, a sensor that is disposed within
      said tiltable coupling, said drill rod string acting as a conduit to
      supply fluid under pressure to said tiltable coupling and thus to said
      down-hole drill, an elongated hose that extends through said hole in
      parallel relation with said drill rod string and that is connected to said
      tiltable coupling to selectively supply fluid under pressure to said
      tiltable coupling, conductors that are electrically connectable to said
      sensor and that are disposed within said elongated hose, a short length of
      hose that extends from a point on said elongated hose to said tiltable
      coupling to conduct said conductors from said point on said elongated hose
      to said tiltable coupling, and coupling means that provide fluid-type
      connections between said short length of hose and said point on said
      elongated hose and also between said short length of hose and said
      tiltable coupling, said sensor having a movable portion which moves
      readily and being resistant to, and not degradable by, fatigue or impact.
NUM  16.
PAR  16. A tiltable coupling, which can connect a down-hole drill to a section
      of drill rod string for said down-hole drill, which comprises a first
      member that is securable to said down-hole drill, a second member that is
      securable to said section of drill rod string, confronting surfaces on
      said first and second members that can selectively abut each other, said
      confronting surfaces having a predetermined maximum amount of clearance
      therebetween to fix the maximum tilt angle between the axes of said first
      and second members, and thereby fix the maximum tilt angle between the
      axis of said down-hole drill and the axis of said section of said drill
      rod string, a bushing that is mounted on said section of drill rod string
      at a point which is displaced from said second member, the spacing between
      said bushing and said second member being long enough to enable
      simultaneous engagement of said bushing and of said second member with
      spaced points on the surface of a hole, being drilled by said down-hole
      drill, to hole a substantial portion of the length of that section of said
      drill rod string which is secured to said second member out of engagement
      with said surface of said hole, and said bushing acting as a fulcrum to
      enable said section of said drill rod string which is secured to said
      second member to urge said second member against said surface of said
      hole.
NUM  17.
PAR  17. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill, said tiltable coupling having
      longitudinally-spaced and angularly-displaced surfaces that are
      selectively engageable with longitudinally-spaced and angularly-displaced
      portions of the surface of a hole in which said tiltable coupling is
      disposed, said longitudinally-spaced and angularly-displaced surfaces
      being simultaneously engageable with said longitudinally-spaced and
      angularly-displaced portions of the surface of said hole to incline the
      axis of said down-hole drill to the axis of the section of said hole in
      which said tiltable coupling is disposed, said drill rod string acting as
      a conduit to supply fluid under pressure to said tiltable coupling and
      thus to said down-hole drill, an elongated hose that extends through said
      hole externally of and in parallel relation with said drill rod string and
      that is connected to said tiltable coupling to selectively supply fluid
      under pressure to said tiltable coupling, one of said
      longitudinally-spaced and angularly-displaced surfaces being on a piston
      that is movable laterally of said tiltable coupling, and said piston
      moving laterally of said tiltable coupling whenever said elongated hose
      supplies fluid under pressure to said tiltable coupling.
NUM  18.
PAR  18. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill, said tiltable coupling having
      longitudinally-spaced and angularly-displaced surfaces that are
      selectively engageable with longitudinally-spaced and angularly-displaced
      portions of the surface of a hole in which said tiltable coupling is
      disposed, said longitudinally-spaced and angularly-displaced surfaces
      being simultaneously engageable with said longitudinally-spaced and
      angularly-displaced portions of the surface of said hole to incline the
      axis of said down-hole drill to the axis of the section of said hole in
      which said tiltable coupling is disposed, one of said
      longitudinally-spaced and angularly-displaced surfaces being on a piston
      that is movable laterally of said tiltable coupling,  means to conduct
      fluid under pressure to said tiltable coupling and said piston being
      movable, laterally of said tiltable coupling by said fluid under pressure,
      a valve that is mounted on said tiltable coupling and that initially
      causes said fluid under pressure to move said piston laterally of said
      tiltable coupling, and said valve subsequently moving to permit said fluid
      under pressure to pass to said down-hole drill.
NUM  19.
PAR  19. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill, said tiltable coupling having
      longitudinally-spaced and angularly-displaced surfaces that are
      selectively engageable with longitudinally-spaced and angularly-displaced
      portions of the surface of a hole in which said tiltable coupling is
      disposed, said longitudinally-spaced and angularly-displaced surfaces
      being simultaneously engageable with said longitudinally-spaced and
      angularly-displaced portions of the surface of said hole to incline the
      axis of said down-hole drill to the axis of the section of said hole in
      which said tiltable coupling is disposed, one of said
      longitudinally-spaced and angularly-displaced surfaces being on a fulcrum,
      said fulcrum being on a portion of said tiltable coupling which is
      selectively disposable at different positions circumferentially relative
      to the other end of said tiltable coupling, and locking means which
      selectively permits circumferential adjustment of the position of said
      fulcrum relative to said other end of said tiltable coupling but which
      prevents accidental shifting of said fulcrum circumferentially of said
      other end of said tiltable coupling.
NUM  20.
PAR  20. A tiltable coupling which can connect a down-hole drill to a section of
      drill rod string for said down-hole drill, said tiltable coupling having
      longitudinally-spaced and angularly-displaced surfaces that are
      selectively engageable with longitudinally-spaced and angularly-displaced
      portions of the surface of a hole in which said tiltable coupling is
      disposed, said longitudinally-spaced and angularly-displaced surfaces
      being simultaneously engageable with said longitudinally-spaced and
      angularly-displaced portions of the surface of said hole to incline the
      axis of said down-hole drill to the axis of the section of said hole in
      which said tiltable coupling is disposed, one of said
      longitudinally-spaced and angularly-displaced surfaces being movable
      outwardly relative to said tiltable coupling in response to fluid under
      pressure, said drill rod string and said tiltable coupling selectively
      supplying fluid to said down-hole drill to selectively actuate said
      down-hole drill, and a fluid-supplying means which supplies fluid under
      pressure to said tiltable coupling to move said one of said
      longitudinally-spaced and angularly-displaced surfaces being movable
      outwardly relative to said tiltable coupling, said fluid-supplying means
      being able to supply said fluid under pressure to said tiltable coupling
      even when said drill rod string and said tiltable coupling are not
      supplying to said down-hole drill.
NUM  21.
PAR  21. A tiltable coupling as claimed in claim 20 wherein said drill rod
      string is non-rotating when said down-hole drill is actuated, and wherein
      said fluid-supplying means includes an elongated conduit which is located
      between said drill rod string and said hole.
NUM  22.
PAR  22. A tiltable coupling as claimed in claim 20 wherein said fluid-supplying
      means isolates said fluid under pressure from said fluid in said drill rod
      string until after said fluid under pressure has issued from said
      fluid-supplying means.
NUM  23.
PAR  23. A tiltable coupling as claimed in claim 20 wherein said tiltable
      coupling supplies some of said fluid under pressure to said down-hole
      drill to help actuate said down-hole drill.
NUM  24.
PAR  24. A tiltable coupling as claimed in claim 20 wherein said drill rod
      string is non-rotating when said down-hole drill is actuaged, wherein an
      electric attitude sensor is disposed within said tiltable coupling to
      sense the attitude of said tiltable coupling, wherein said fluid-supplying
      means includes an elongated conduit which is located between said drill
      rod string and said hole, and wherein the major portions of the lengths of
      the leads for said electric attitude sensor are located within and are
      protected by said elongated conduit.
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ABST
PAL  A weight grading apparatus with self-compensating adjustment means to
      maintain accurate grading over a wide range of ambient temperatures. The
      apparatus comprises a scale beam, a fulcrum, a weight sensing surface on
      the scale beam on one side of the fulcrum and a spring engaged at one end
      with a point on the scale beam on the other side of the fulcrum and with
      the opposite end of the spring engaged with an adjustment head. The
      adjustment head is adjustable along a path parallel to the axis of the
      spring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF INVENTION
PAR  This invention relates to a weight grading apparatus which is particularly
      though not solely adapted for use in fruit grading machines.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  Apparatus is currently available for weight grading of fruit but the
      accuracy of the apparatus is not consistent over a period of time,
      particularly when changes in ambient temperatures are likely to be
      experienced in operating conditions. Also, the apparatus is comparatively
      complex and this tends to increase manufacturing costs.
PAR  It is an object of the present invention to provide weight grading
      apparatus which will minimize the difficulties mentioned above or which
      will at least provide apparatus offering a useful alternative to apparatus
      currently available.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, in one aspect the invention may broadly be said to consist in
      weight grading apparatus including a scale assembly comprising: a fulcrum;
      a scale beam supported upon said fulcrum for pivotal movement about the
      fulcrum axis; first point on said scale beam arranged to sense the weight
      of an article being graded; a biasing spring having one end connected to a
      second point on said beam to exert a force tending to counteract the force
      exerted by the weight of said article being graded, the other end of said
      spring being connected to an adjustment head; said adjustment head being
      movable along an adjustment shaft, said adjustment shaft extending in a
      direction parallel to and along at least a substantial part of the axis of
      said spring.
PAR  Preferably said first point on said scale beam is on one side of said
      fulcrum and said second point is on the opposite side of said fulcrum.
PAR  Preferably said scale beam is a frame, said first point comprises an
      upstanding frame end which in use is arranged to provide a surface upon
      which an article being graded or means associated therewith may bear to
      exert a component of weight upon the scale beam and said second point
      comprises the other end of said scale beam which projects beyond the
      fulcrum and which is folded down substantially at right angles to the main
      part of the frame whereby said second point on said scale beam is located
      almost immediately below said fulcrum.
PAR  Preferably the scale beam is a horizontally arranged substantially right
      angled Z-shape with said fulcrum towards the down turned end of said "Z"
      and with said biasing spring and adjustment means parallel or
      substantially parallel to the main or centre part of said scale beam.
PAR  Preferably in a multi-lane grader the adjustment head is capable of
      independent adjustment for each spring and ganged adjustment for the
      connected scale assembly across the multi-laned machine.
PAR  Preferably the material selected for the biasing spring and the adjustment
      shaft is such that thermal expansion in the shaft will compensate for the
      change of characteristics in the spring at varying ambient temperatures
      likely to be experienced in operation, thereby providing a
      self-compensating arrangement which will not move significantly out of
      adjustment due to changes in normal operating conditions.
PAR  The weight grading apparatus of this invention may be used in a multi-laned
      fruit sorting machine such as that described in New Zealand Patent
      specification 124,415.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One preferred form of the invention will now be described with reference to
      the drawings in which:
PAR  FIG. 1 is a partly diagrammatic sectional side elevation of the scale
      assembly according to the present invention, and
PAR  FIG. 2 is a perspective sketch of a two-lane assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In its simplest form the scale assembly 1 comprises a scale beam 2, for
      example a wire frame substantially rectangular in overall outline or in
      plan view, having one end 3 upstanding and the opposite end 4 turned down
      in the opposite direction. The scale beam is pivotally supported on a
      fulcrum 5 which has the ends pivotally located in slots in the frame
      supporting the assembly. The top 6 of the upturned end 3 provides the
      bearing surface upon which a pin associated with a cup carrying a piece of
      fruit or other article to be weight graded may be engaged. A component of
      weight is thus exerted on the surface 6. A compensating adjustable spring
      7 has one end connected to the mid-point of the transverse bar 8 on the
      downturned section 4. The point of connection at 8 is preferably located
      below the fulcrum 5 and as close to the fulcrum as can reasonably be
      achieved. The opposite end of the spring 7 is connected to a pillar 9
      fixed to a nut 10 movable along a threaded shaft 11 controlled by a
      control knob 12. Thus, by rotating the control knob 12 the tension in the
      spring 7 may be varied, setting the device to achieve the desired grading
      when the component of weight exerted on 6 reaches the predetermined value.
PAR  The depression of the member 6 when the load thereon exceeds a
      predetermined weight limit causes the cup carrying the fruit to be
      directed down a guided path so that the fruit therein will be discharged
      and conveyed to collecting bins in a manner similar to that achieved with
      existing apparatus such as that described in New Zealand Patent
      specification 124,415.
PAR  The arrangement of the present invention has the adjustment shaft 11
      parallel to and immediately below the spring 7. Thus, changes in ambient
      temperature causing the characteristic of the spring to alter will also
      cause the length of the member 11 to alter between the abutment face 13
      and the nut 10. In this way, the device has a self-compensating factor
      incorporated therein which will ensure operation over a range of
      conditions normally experienced during use. This self-compensating
      phenomenon is achieved using ordinary material but can be improved if the
      material selected has characteristics which will more closely match one
      another in the range of temperatures which will be experienced during use.
PAR  The preferred embodiment of the invention has initially been described in
      its simplest form but it will be appreciated that modifications, even from
      this simple form, can be achieved without departing from the main
      principle of the invention. For example, the simple lever arrangement
      could be changed with the spring acting on a compound lever system. This
      would not have the same advantage from a manufacturing point of view but
      could still allow the invention to be employed. Also, while there is merit
      in providing the point of contact between the spring and the scale beam
      immediately below the fulcrum this is not necessarily an essential
      requirement. An arrangement could be provided whereby the point of contact
      was in line with the main body of the scale beam and the spring and
      adjustment shaft inclined at an angle. Once again, from a manufacturing
      point of view construction is not as attractive as the preferred
      embodiment illustrated in FIG. 1.
PAR  The scale assembly as above described would be incorporated in a sub-frame
      of a grading machine in its simplest form in the arrangement illustrated
      in FIG. 2. This would provide a two-lane grader with units as described in
      FIG. 1 adjustable from either side of the machine.
PAR  This simple arrangement will require modification where more than two lanes
      are employed and in fact even with a two-lane grader the same type of
      adjustment as will be described herein below is possible.
PAR  The primary adjustment cog is deliberately made large so that it is readily
      accessible from the top and enables the easy individual adjustment as
      above referred to. A relatively small cog is used on the adjustment shaft
      and because of the gearing ratio so achieved it is possible to have a
      comparatively fine calibration in the adjustment. In the multi-lane
      assembly the stop for the adjustment head or nut 10 projects downwardly
      and by virtue of a bifurcated end spans the common adjustment shaft.
      Because of this means of connection it is possible to avoid any binding
      which might be occasioned if the adjustable head were restrained by
      rotation by a pin or other means engagable through a slot in the frame.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A weight grading apparatus including a scale assembly comprising: a
      fulcrum; a scale beam supported upon said fulcrum for pivotal movement
      about the fulcrum axis; a first point on said scale beam on one side of
      said fulcrum arranged to sense the weight of an article being graded; a
      biasing spring having one end connected to a second point on said scale
      beam on the opposite side of said fulcrum to exert a force tending to
      counteract the force exerted by the weight of said article being graded,
      the other end of said spring being connected to an adjustment head; said
      adjustment head being movable along an adjustment shaft, said adjustment
      shaft extending in a direction parallel to and at least along a
      substantial part of the axis of said spring.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the materials selected for said
      biasing spring and said adjustment shaft are such that thermal expansion
      in said shaft will compensate for any change of characteristics in said
      spring at varying ambient temperatures likely to be experienced in
      operation, thereby providing a self compensating arrangement which will
      not move significantly out of adjustment due to changes in normal
      operating conditions.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein said scale beam is a frame,
      said first point comprises an upstanding frame end which in use is
      arranged to provide a surface upon which an article being graded or means
      associated therewith may bear to exert a component of weight upon the
      scale beam and said second point comprises the other end of said scale
      beam which projects beyond the fulcrum and is folded down substantially at
      right angles to the main part of the frame whereby said second point on
      said scale beam is located almost immediately below said fulcrum.
NUM  4.
PAR  4. The apparatus according to claim 3 wherein said scale beam has a
      horizontally arranged substantially right angled Z-shape, said fulcrum
      being towards the down turned end of said "Z" and the axis of said biasing
      spring and the shaft of said adjustment means being substantially parallel
      to the main or central part of said scale beam.
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ABST
PAL  A suspension system for snow vehicles of the type comprising a pair of
      steerable skis which are attached to the forward end of the vehicle by
      means of leaf springs, the suspension system including a pair of direct
      acting, telescopic shock absorbers cooperable with the leaf spring
      assemblies and operatively connected thereto by pairs of adaptor or
      attachment bracket assemblies that permit the shock absorbers to be
      conveniently surmounted directly above the respective leaf spring
      assemblies without interfering with either the mounting means therefor or
      the steering shafts of the vehicle, whereby the shock absorbers may
      cooperate with the leaf spring assemblies in damping impact forces and
      providing for better steering and a more safe, stable and controlled ride
      as the vehicle traverses relatively irregular or rough terrain.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has become conventional to provide snow vehicles, of the type commonly
      referred to as snowmobiles, with a pair of parallel, laterally spaced,
      steerable skis which are mounted at the forward end of the vehicles. Skis
      have conventionally been provided with longitudinally extending leaf
      springs that function in a ride cushioning capacity as the vehicles
      traverse irregular terrain. The relative stiffness of the leaf springs and
      their rate of deflection directly affects and determines the ride
      characteristics of the vehicle, and the manner in which the springs
      undergo compression and rebound from shock loads affects not only the ride
      but also the steerability and control of the vehicles in use. By virtue of
      the fact that snowmobiles are designed and intended to travel cross
      country over relatively rough terrain, frequently at high speeds, it has
      been the practice to employ relatively stiff, high rate springs in order
      to absorb large impact stresses and prevent overstressing the springs
      under high shock loads. Unfortunately, the use of such relatively stiff
      springs does not enhance the riding characteristics of snowmobiles and, in
      fact, has been known to be a factor in occasional loss of control thereof.
      An additional undesirable characteristic of such leaf springs is that
      under certain conditions of use, harmonic vibrations develop which result
      in a rhythmic, pulsating up and down movement of the skis, a phenomena
      that usually produces a hard, jolting ride and substantially reduces the
      speed of the vehicles.
PAR  In order to overcome the aforementioned undesirable characteristics
      resulting from the use of leaf springs in snowmobile suspensions, it has
      heretofore been proposed to provide such leaf springs with direct acting
      telescopic shock absorbers that function to dampen impact forces against
      the skis, as well as the resultant rebound, so that there is less tendency
      for an obstruction to "throw" the vehicle or for harmonic vibrations or
      motions to develop. As a result, better steering and more controlled ride
      has been achieved. One objection, however, has arisen from the use of such
      shock absorbers and this resides primarily in the fact that in order to
      mount the shock absorbers on the leaf springs, it has been necessary to
      design specialized mounting brackets which are frequently difficult to
      install and, to some extent, result in a duplication of manufactured parts
      since certain shock absorber attachment brackets may be combined with the
      conventional mounting or saddle brackets of the leaf spring, while in
      other instances, completely different type brackets or other mounting or
      attachment means must be employed in order to operatively secure the shock
      absorbers in place.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is intended to overcome the aforementioned problems
      in connection with the use of direct acting telescopic shock absorbers in
      snowmobile suspension systems through the provision of a new and improved
      arrangement wherein the shock absorbers are intended to be operatively
      secured to their associated leaf springs by means of adaptor mounting
      brackets which are designed to cooperate with the mounting and attachment
      means by which the leaf springs are secured to the vehicle skis and
      steering shafts therefor. More particularly, the adaptor brackets are
      designed to be surmounted directly on the leaf spring attachment clevises
      and saddle brackets so as to not in any way interfere with these
      components, with the result that the shock absorbers may be added or
      removed after complete assembly of the snow vehicle. The adaptor brackets
      are designed so as to be of a relatively simple construction so that shock
      absorbers may be conveniently mounted and dismounted at the option of the
      snow vehicle operator. With this arrangement, the shock absorbers may be
      supplied as an "after-market" accessory and may be conveniently mounted at
      any desired time after manufacture of the snow vehicle. Additionally, due
      to the fact that the adaptor mounting brackets utilized in the suspension
      system of the present invention in no way interfere with the existing
      mounting and attachment means of the snow vehicle skis, a minimum amount
      of time and effort is required to equip an existing snow vehicle with
      shock absorbers in order to optimize the riding characteristics thereof.
PAR  It is, accordingly, a general object of the present invention to provide a
      new and improved suspension system for snow vehicles and the like.
PAR  It is a more particular object of the present invention to provide a new
      and improved suspension system for snow vehicles which utilizes telescopic
      direct acting shock absorbers in conjunction with the standard leaf
      springs employed on snow vehicles.
PAR  It is yet a more particular object of the present invention to provide a
      new and improved suspension system of the above character wherein the
      shock absorbers may be operatively secured without interfering in any way
      with the securing or attachment means by which the leaf springs are
      secured to the vehicle skis and/or steering mechanism of the snow vehicle.
PAR  It is another object of the present invention to provide a new and improved
      snow vehicle suspension system of the above-described character wherein
      the telescopic direct acting shock absorbers may be conveniently added and
      removed, when desired, in an extremely convenient manner.
PAR  It is still a further object of the present invention to provide a new and
      improved shock absorber suspension system of an extremely simple design,
      which is easy to assemble and economical to commercially manufacture.
PAR  It is still a further object of the present invention to provide a new and
      improved shock absorber suspension system of the above-described type that
      will find universality of application on various types of snow vehicles.
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description taken in conjunction with the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary side elevational view of a conventional snow
      vehicle or snowmobile having the new and improved suspension system of the
      present invention in operative association therewith;
PAR  FIG. 2 is an enlarged side elevational view of the snow vehicle suspension
      system of the present invention;
PAR  FIG. 3 is an enlarged fragmentary cross-sectional view taken substantially
      along the line 3--3 of FIG. 2;
PAR  FIG. 4 is an exploded assembly view of the snow vehicle suspension system
      of the present invention; and
PAR  FIG. 5 is an exploded assembly view similar to FIG. 4 and illustrates a
      slightly modified embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in detail to the drawing and in particular to FIG. 1 thereof,
      a snow vehicle is generally designated by the numeral 10 and is shown as
      comprising an exterior body 12 mounted over a power driven endless belt
      type of traction drive 14. The vehicle 10 is provided with the usual
      steering mechanism which includes manually engageable handle bars or the
      like 16 connected via a suitable steering mechanism (not shown) to a pair
      of laterally spaced steering spindles 18 that extend downwardly from the
      body 12 and are connected to a pair of conventional front runners or skis
      20. The snow vehicle 10 is provided with a suspension system, generally
      designated 22, which includes a pair of longitudinally extending leaf
      springs 24 that are disposed one above each of the skis 20 and are
      connected one to each of the steering spindles 18, as will hereinafter be
      described. Although only one steering spindle 18, ski 20 and leaf spring
      24 is shown in the drawing, it will be understood that the vehicle 10
      normally is provided with two of each of these members which are disposed
      in side-by-side laterally spaced relation under the front or forward end
      of the body 12. Additionally, it will be appreciated that the steering
      spindles 18 are operable in response to movement of the handle bars 16 to
      effect concomitant steering or pivotal movement of the skis 20 for
      effecting directional control of the vehicle 10, as is well known in the
      art.
PAR  The leaf spring 24 is shown as comprising a plurality of adjacently
      oriented overlapping leaf elements 26 which are arranged in a generally
      arcuate, convex upwardly configuration with the opposite ends of the
      springs 24 being secured to the associated of the skis 20 by means of
      forward and rearward mounting clevises, generally designated 28 and 30. It
      may be noted that in certain type vehicles, the spring 24 may comprise a
      single spring leaf, as opposed to a plurality thereof. As best seen in
      FIG. 3, the mounting clevis 28 is shown as being of a generally U-shaped
      configuration in transverse cross section and comprises a pair of
      laterally spaced, upwardly projecting side sections 32 and 34 which are
      interconnected by means of a generally horizontally disposed intermediate
      or bight portion 36. The rearward mounting clevis 30 may be similar in
      construction to the forward bracket 28 and, like the bracket 28, is
      adapted to be fixedly secured to the upper surface 38 of the associated of
      the skis 20 by means of welding or the like, as indicated at 39. The side
      sections 32, 34 of the bracket 28 and the corresponding side sections of
      the rearward bracket 30 are formed with a pair of laterally aligned
      apertures through which suitable screws, bolts, pins or similar connecting
      elements 40 extend, the elements 40 being fixedly secured to the brackets
      28, 30 by means of suitable fastening means, such as cotter keys or the
      like, or by conventional nuts or the like 42 in the event the elements 40
      are in the form of bolts, as shown herein. The rearward end of each of the
      longest of the leaf elements 26 is formed with a suitable loop through
      which the rearward connecting element 40 extends to secure the rearward
      ends of each of the springs 24 to the associated skis 20. The forward ends
      of the aforesaid largest spring elements 26 are adapted to be inserted
      interjacent the lower sides of the forward elements 40 and the upper sides
      of the bight sections 36 of the clevises 28, with suitable anti-friction
      slide means being provided on the upper sides of the bight sections 36 to
      permit relative movement between the springs 24 and clevises 28 during
      impact loading, as is well known in the art.
PAR  The uppermost or intermediate portions of the springs 24 are adapted to be
      operatively secured to the lower ends of the steering spindles 18, as best
      seen in FIG. 1. Toward this end, each of the springs 24 is provided with a
      mounting saddle bracket, generally designated 44. The brackets 44 are
      generally U-shaped in transverse cross section and comprise laterally
      spaced upwardly projecting side sections 46 and integral intermediate
      horizontally disposed bight sections 48 that are adapted to be secured by
      means of suitable screws, bolts or the like 49 and nuts 50 to the upper
      sides of the associated springs 24, as is best seen in FIG. 2. As is
      conventional in the art, the side sections 46 of the saddle brackets 44
      are provided with laterally aligned apertures through which a suitable
      laterally extending bolt or pin 51 extends which is adapted for pivotal
      connection to the lower end of the associated of the steering spindles 18,
      thereby operatively securing the associated of the springs 24 and the skis
      20 to the respective steering spindles 18.
PAR  In accordance with the principles of the present invention, each of the
      springs 24 is provided with a direct acting, telescopic shock absorber,
      generally designated by the numeral 52, of the type having a generally
      elongated cylindrical body 54 that houses a hydraulic piston (not shown)
      which is attached to one end of a reciprocal piston rod 56 that extends
      longitudinally from one end of the body 54, as best seen in FIG. 2. It
      will be appreciated, of course, that various types of shock absorbers may
      be utilized and that virtually any type that is suitably valved for the
      purpose at hand may be incorporated. By way of example, a typical shock
      absorber which will find particularly useful and satisfactory application
      is shown and described in U.S. Reissue Letters Patent No. 23,421. Further
      in accordance with the principle of the invention, the shock absorbers 52
      are adapted to be operatively secured to the skis 20 and springs 24 in a
      manner which permits extremely convenient and rapid attachment thereof
      without requiring disassociation of the mounting clevises 28, 30 or saddle
      brackets 44 from the springs 24, whereby the shock absorbers 52 may be
      operatively mounted after assembly of the vehicle 10 and, consequently,
      may be provided as an after-market accessory "kit." Toward this end, the
      shock absorbers 52 are operatively attached by means of a pair of adaptor
      bracket assemblies, generally designated by the numerals 58 and 60, which,
      as hereinafter will be described, function to operatively secure one end
      of each of the shock absorbers 52 to the associated forward mounting
      clevis 28 and the opposite ends of the shock absorbers 52 at a position
      adjacent the saddle brackets 44.
PAR  Referring now in detail to the construction of the bracket assemblies 58,
      as best seen in FIGS. 2, 3 and 4, each of the assemblies 58 comprises a
      pair of laterally spaced adaptor plates, generally designated by the
      numeral 62. The adaptor plates 62 comprise upwardly extending, generally
      flat or planar sections 64 and lower sections 66 which are offset or
      displaced laterally outwardly slightly from the plane of the upper
      sections 64, as best seen in FIG. 3. In operation, the adaptor plates 62
      are disposed directly adjacent the laterally outer sides of the side
      sections 32, 34 of the associated forward mounting clevis 28. The
      laterally outwardly offset lower sections 66 of the plates permit
      contiguous engagement of the laterally inner sides of the plates 62 with
      the laterally outer sides of the clevis 28 since the sections 68 assure
      against any interference with the "bead" of weld material 39 by which the
      clevises 28 are fixedly secured to the upper sides of the associated skis
      20.
PAR  The upper sections 64 of the adaptor plates 62 are formed with aligned
      laterally disposed apertures 68 through which a suitable laterally
      extending attachment bolt, screw, pin or the like, generally designated by
      the numeral 70, extends. The member 70 is preferably provided in the form
      of a suitable bolt and is provided with a lock nut or the like 72
      threadably received on the one end thereof for securing the member 70 in
      the operative position shown in FIG. 3. The member 70 is adapted to
      function in operatively securing one end of the associated of the shock
      absorbers 52 to the assembly 58, and in particular, secure one
      longitudinal end of the body 54 at a position centrally of the plates 62.
      More particularly and as best seen in FIG. 2, the shock absorbers 52 are
      provided with fixedly secured mounting bushings or rings 74 that define
      central laterally extending apertures (not shown) through which
      intermediate portions of the members 70 extend, thereby pivotably
      connecting the adjacent end of the associated of the shock absorbers 52 at
      a position interjacent the adaptor plates 62. In practice, the lateral
      widths of the bushings 74 may be so as to extend the entire lateral
      distance between the laterally inner sides of the adaptor plates 62 when
      the same are operatively mounted along the sides of the forward mounting
      clevises 28; however, in certain instances, the lateral widths of the
      bushings 74 may be somewhat less than the lateral spacing between the
      plates 62, in which case, suitable annular spacing elements 76 may be
      provided interjacent the opposite sides of the bushings 74 and the adaptor
      plates 62. While the particular size of the elements 66 may vary in
      accordance with the type of shock absorber 52 employed and the lateral
      width of the forward mounting clevises 28, the elements 76 are selected so
      as to maintain the bushings 74 and hence the forward end of the associated
      of the shock absorbers 52 at a position centrally disposed between the
      adaptor plates 62, as will be apparent.
PAR  As best seen in FIGS. 2 and 4, the adaptor plates 62 are formed with a
      second pair of laterally aligned apertures or bores 78 which, upon
      orientation of the plates 62 along the opposite sides of the forward
      mounting clevis 28, are disposed in alignment with the associated element
      40 and are adapted to have the element 40 extend laterally therethrough in
      order to operatively secure the plates 62 in place. It will be noted that
      for certain applications, the element 40 may serve the sole means of
      operatively securing the bracket assembly 58 to the forward clevis 28,
      while in other applications, it may be desirable to utilize ancillary
      fastening means in the form of suitable screws, bolts or the like 80,
      which extend through suitable openings 81 in the adaptor plates 62 and are
      threadably received within suitable bores within the side sections 32, 34
      of the clevis 28, whereby to enhance the stability of the assembly 58.
      Additionally, due to the provision of the laterally offset portions 66 of
      the plates 62, a central portion of the lower end of each of the plates 62
      is preferably notched or cut away, as seen at 82, so that when the
      elements 40 consist of bolts and associated nuts, the bolts, heads and
      nuts associated therewith may seat against relatively flat or planar
      surfaces along the outer sides of the plates 62.
PAR  It will be noted that in a preferred form of the present invention, the
      apertures 78 are of a general oval or elongated shape, with the result
      that the vertical length thereof is somewhat larger than the horizontal
      width thereof. The reason for this is that in order to optimize stability
      of the assemblies 58, it is very desirable to have the lower ends of the
      plates 62 bear directly against the upper sides of the skis 20. By having
      the apertures 78 elongated in a vertical direction, the plates 62 may be
      oriented so as to assure the lower ends thereof are engaged with the upper
      surfaces of the skis 20, regardless of any variation in the spacing
      between the skis 20 and the associated connecting element 40.
PAR  FIG. 5 illustrates a slightly modified form of the present invention
      wherein a pair of adaptor plates 62' are depicted for serving the same
      general function as the aforedescribed plates 62 of the assembly 58. In
      the embodiment shown in FIG. 5, however, instead of the plate 62' being
      operatively secured directly to the forward mounting clevis 28 by means of
      the same element 40 by which the forward end of the associated spring 24
      is secured, the plates 62' are each formed with a pair of laterally
      outwardly extending, generally horizontally disposed, flange or tab
      sections 83 that are suitably apertured, as seen at 84, to receive
      mounting screws, bolts or the like (not shown) adapted to be threadably
      secured to the associated of the skis 20. With the exception of this
      difference in operatively mounting the plates 62', said plates are
      intended to function identically to the aforedescribed plates 62 in
      securing the forward end of the associated shock absorber 52 at a position
      adjacent the mounting clevis 28. As will be apparent, the plates 62' may
      or may not be provided with suitable spacers 76, depending upon the
      particular size and configuration of the bushing 74 operatively associated
      therewith.
PAR  Referring now to the adaptor bracket assemblies 60, as best illustrated in
      FIGS. 2 and 4, the assemblies 60 are each of generally U-shaped
      configuration in transverse section and comprise a pair of laterally
      spaced upwardly projecting side sections 86 and 88 and a generally flat
      horizontal intermediate or bight section 90 that is integrally connected
      to the lower ends of the side sections 86, 88. The lateral spacing of the
      side sections 86, 88 is such that the bracket assemblies 60 may be
      surmounted beneath the underside of the intermediate portion of the
      associated springs 24, whereupon assembly of the brackets 60, the side
      sections 86, 88 thereof are disposed in close proximate relation with the
      laterally outward sides of the associated springs 24, with the bottom or
      bight sections 90 thereof being contiguously engaged with the underside of
      the lower leaf elements 26, as illustrated. The bight sections 90 are each
      formed with a pair of longitudinally spaced centrally located apertures 92
      which are adapted to be aligned with the bolts 49 functioning to
      operatively secure the saddle brackets 44 to the upper sides of the
      associated springs 24, with the bolts 49 being adapted to extend
      downwardly through the apertures 92 and being cooperable with the
      aforementioned nuts 50 to operatively secure the bracket assemblies 60 in
      place, as best seen in FIG. 2.
PAR  The side sections 86, 88 of the assemblies 60 are formed with upwardly
      projecting ear portions 94 which extend upwardly from the forward ends
      thereof and are formed with pairs of laterally aligned apertures 96. The
      apertures 96 are adapted to receive laterally extending screws, bolts or
      the like 98 which extend laterally therethrough and also through annular
      bushing members 100 that are fixedly secured to the rearward ends of the
      piston rods 56 of the shock absorbers 52, whereby the bushings 100, and
      hence the rearward ends of the shock absorbers are operatively secured
      interjacent to ear portions 94, as best seen in FIG. 2. In the event the
      lateral width of bushings 100 is substantially less than the lateral
      spacing between the side sections 86, 88 of the brackets 60, suitable
      spacer elements, such as the elements 76, may be utilized in centrally
      orienting the members 100 within the brackets 60, as will be apparent.
PAR  As the skis 20 move across the ground or terrain under the forward end of
      the vehicle 10 upon operation of the drive track 14 thereof, the shock or
      impact loads on either of the skis 20 due to the latter passing over an
      obstruction are absorbed by the joint action of the springs 24 and shock
      absorbers 52. The shock absorbers 52 thereby act in concert with the
      springs 24 to dampen action of the springs 24 so as to prevent the
      occurrence of critical frequency vibrations which, upon occasion, cause
      the skis 20 to beat against and to imbed in the snow covering the terrain.
      An important contributing factor of the shock absorbers resides in the
      fact that if desired, springs with a lower rate spring can be used without
      being overstressed. Additionally, of course, is the advantage that the
      snow vehicle 10 is considerably more easy to control when traveling over
      relatively rough terrain by virtue of damping characteristics of the shock
      absorbers 52.
PAR  A particularly important feature of the present invention resides in the
      fact that shock absorbers 52 and adaptor bracket assemblies 58 and 60
      associated therewith may be merchandised in the form of a "kit" so that
      the shock absorbers 52 may be sold as an after-market accessory. The
      primary reason for this resides in the fact that the adaptor bracket
      assemblies 58, 60 may be conveniently mounted upon the skis 20 and springs
      24 without requiring disassociation of these components and, in fact,
      requiring only temporary removal of the elements 40 associated with the
      forward mounting clevises 28 and temporary removal of the nuts 50 on the
      associated saddle brackets 44. Thus, the present invention provides a
      novel arrangement by which the shock absorbers 52 may be easily installed
      or removed from the associated snow vehicle in a minimum amount of time
      and with a minimum expenditure of effort. Furthermore, by virtue of the
      particular design of the adaptor brackets 58 and 60, said components may
      be operatively associated with various available styles and models of snow
      vehicles, whereby to provide for universality of application; thus, a
      single shock absorber "adaptor kit" may be utilized on a large number and
      variety of different types of snow vehicles. Additionally, it will be
      appreciated that the adaptor bracket assemblies 58, 60, by virtue of their
      relatively simple design, will minimize manufacturing expenses to the
      extreme and assure for a long and durable operational life.
PAR  While it will be apparent that the preferred embodiments illustrated herein
      are well calculated to fulfill the objects above stated, it will be
      appreciated that the present invention is susceptible to modification,
      variation and change without departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an adaptor kit for mounting a telescopic, direct acting shock
      absorber having attachment bushings at the opposite ends thereof to the
      suspension system of a snow vehicle including at least one ski-like
      element and a leaf spring secured at one portion thereof to the ski by a
      mounting clevis and secured to another portion thereof by a mounting
      saddle to the steering system of the vehicle,
PA1  a first adaptor bracket assembly comprising a pair of plate-like members
      connecting one of said attachment bushings of the shock absorber at a
      position adjacent said mounting clevis,
PA1  a second adaptor bracket assembly for connecting the other of said
      attachment bushings of the shock absorber at a position adjacent said
      mounting saddle, and
PA1  first fastening means securing one end of said shock absorber to said
      mounting clevis and second fastening means securing said first adaptor
      bracket to said mounting clevis.
NUM  2.
PAR  2. The invention as set forth in claim 1 wherein said mounting clevis
      comprises a pair of side sections and wherein said plate-like members are
      positionable adjacent the laterally outer sides of said side sections.
NUM  3.
PAR  3. The invention as set forth in claim 2 wherein said mounting clevis is
      secured as by welding to the upper surface of said ski, and wherein said
      plate-like members include laterally offset portions permitting said
      members to be contiguously engaged with said side sections of said
      mounting clevis without interference with the weld connection of said
      mounting clevis to said ski.
NUM  4.
PAR  4. In an adaptor kit for mounting a telescopic, direct acting shock
      absorber having attachment bushings at the opposite ends thereof to the
      suspension system of a snow vehicle including at least one ski-like
      element and a leaf spring secured at one portion thereof to the ski by a
      mounting clevis and secured at another portion thereof by a mounting
      saddle to the steering system of the vehicle,
PA1  a first adaptor bracket assembly connecting one of said attachment bushings
      of the shock absorber at a position adjacent said mounting clevis, and
PA1  a second adaptor bracket assembly for connecting the other of said
      attachment bushings of the shock absorber at a position adjacent said
      mounting saddle,
PA1  said second adaptor bracket assembly comprising a generally U-shaped member
      including laterally spaced apart side sections and a bight portion
      extending between said side sections and cooperating therewith to
      nestingly engage an intermediate portion of said spring, and which
      includes fastening means securing said mounting saddle adjacent said
      spring.
NUM  5.
PAR  5. The invention as set forth in claim 4 wherein said fastening means is
      operable to secure said mounting saddle to said spring.
NUM  6.
PAR  6. The invention as set forth in claim 4 which includes a fastening member
      extending laterally between said side sections and through one of said
      attachment bushings whereby to secure the said attachment bushing at a
      position interjacent said side sections.
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ABST
PAL  A small portable motorized attachment for propelling portable scaffolds
      from place to place is provided comprising a pair of electrically operated
      propulsion units adapted to detachably replace the front caster wheels of
      a scaffold and a control means for operating the units, each unit
      comprising a base having a propulsion wheel operatively connected to a
      friction drive means and a motor swingably cantilevered from the base with
      the weight of the cantilevered assembly pressing a gear driven friction
      drive wheel into engagement with the propulsion wheel so that the units
      when stably connected with one another in place on the scaffold act in
      unison to brake, clutch and propel the scaffold.
BSUM
PAR  This invention relates to a motorized wheeled scaffold and more
      particularly relates to a motorized attachment for portable scaffolds of
      the type adapted to be supported by caster wheels for movement from place
      to place and to the individual motorized propulsion units comprising the
      attachment.
PAR  While not in any way restricted thereto, the present invention is
      particularly adapted for the self-propulsion of light duty platform
      supporting scaffold towers of the type generally used for overhead
      finishing work in the installation of wiring and lighting fixtures, duct
      work, ceilings and ceiling finishing operations and the like, which towers
      ordinarily have supporting caster wheels detachably mounted on the four
      corners thereof so they may be rolled from place to place. A working
      platform, which usually consists of planks, surfaces the upper reaches of
      the scaffold tower. To move the tower from place to place, a workman
      dismounts from the tower and pushes it or a workman at the ground or floor
      level is summoned to push the tower to the next work area. The economic
      disadvantages of this system are immediately apparent.
PAR  While the concept of self-propelled scaffolds is quite an old one, and many
      self-propelling scaffolding structures have been patented, to my knowledge
      no one has heretofore devised a safe, portable, easily-attached and
      detached self-propulsion attachment for standard wheeled scaffolding.
PAR  With my invention I believe I have provided a unique extremely practical
      easily attached and detached, small and readily stored, safe and versatile
      self-propelling attachment for wheeled platform supporting scaffold
      towers.
PAR  Essentially, the attachment comprising my invention comprises a pair of
      small electrically operated motorized wheeled propulsion units and control
      means for individually and cooperatively operating the units. Each
      propulsion unit comprises a base including means thereon for detachably
      attaching the base to the foot of a tower in place of the normal caster
      wheel, wheel mounting means depend downwardly from the base and have a
      propulsion wheel freely rotatably mounted thereon. A motor and drive means
      operatively interconnecting said motor and said propulsion wheel are
      carried by said base, the drive means including a drive wheel frictionally
      engaging said propulsion wheel, and means mounting said motor and drive
      means on said base so that effective disengagement of said drive wheel
      from said propulsion wheel occurs upon engagement of the propulsion wheel
      with an obstacle in its path.
DRWD
PAR  The invention will be described in more detail in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of a scaffold tower equipped with the
      self-propelling attachment of the present invention;
PAR  FIG. 2 is a front view of the self-propelling attachment equipped scaffold
      tower to FIG. 1;
PAR  FIG. 3 is a top view of the motorized propulsion units comprising the
      attachment mounted on the front feet of the scaffold tower taken
      substantially along the plane of section line 3--3 of FIG. 1;
PAR  FIG. 4 is a side view of one of the motorized wheeled propulsion units of
      the attachment taken substantially along the plane of section line 4--4 of
      FIG. 3;
PAR  FIG. 5 is a rear view of one of the motorized wheeled units; and
PAR  FIG. 6 is a wiring diagram for the operation of the electric motors of the
      units comprising the attachment.
DETD
PAR  Turning now to FIGS. 1 and 2, there is illustrated a conventional portable
      scaffolding tower 10 formed generally of tubular front and rear corner
      posts 12 and 14, respectively, with X-bracing 16 connecting the front and
      rear corner posts to one another and horizontal bracing elements 18
      connecting the corner posts to one another at the front and back of the
      tower. A working platform 20 is provided toward the top of the tower
      bridging the space between the topmost front and rear bracing elements 18
      of the tower for supporting workmen and their tools. Detachably mounted on
      the feet of the rear corner posts 14 of the scaffold are conventional
      caster wheels 22. Detachably mounted on the feet of the front corner posts
      12 of the scaffolding tower are a pair of motorized wheeled propulsion
      units 24, which in conjunction with the operating means including control
      panel 26 attached to a railing 28 at the top of the tower comprise the
      attachment of my invention.
PAR  Turning now to FIGS. 3 through 5, wherein the construction of each of the
      propulsion units 24 is illustrated, the practical simplicity of the
      propulsion unit becomes immediately apparent. Each unit 24 comprises a
      base 30 from which depends a freely-rotatable propulsion wheel 32.
      Parallel legs depend from the side edges of the base plate 30 and the
      propulsion wheel 32 is carried on the axle 36 extending between the legs
      and attached at its ends to these legs as at 38. Extending upwardly from
      the top of the base plate is means for attaching the base plate 30 to the
      foot of the scaffold post 12, the means illustrated being essentially a
      projection 40 which seats within the lower end portion of the foot of the
      tubular post 12. As is illustrated in FIG. 4, the lower end portion of the
      post 12 may be provided with diametrically opposed holes 42 therein which
      line up with corresponding holes through the scaffold attaching pin 40 and
      a key 44 suspended from a chain 46 attached to the post may be inserted
      through these holes to prevent rotation of the base plate 30 and
      propulsion wheel 32.
PAR  Pivotally attached to the rear edge of the base plate 30 is a frame 48
      which carries thereon and in fixed relation thereto an electric motor 50
      and drive means 52.
PAR  In the embodiment shown the frame 48 comprises a pair of spaced horizontal
      parallel elements 53, which are in the form of angle irons as shown, the
      forward ends of which are connected by a shaft 55 extending therebetween
      which is in turn attached to the rear edge portion of the plate 30 so that
      the frame 48, and the motor 50 and drive means 52 carried by the frame,
      extend rearwardly from the plate for free swinging movement toward and
      away from the propulsion wheel 32. To the rear portion of the frame
      elements 53 the gear box 54 of the motor is fixedly secured. From one side
      of the gear box extends a drive shaft 56 having toothed gear sprocket 58
      secured to the free end thereof.
PAR  To the undersurface of the forward end portion of each of the frame members
      53 there is secured a pillow block 60 in which an end portion of driven
      shaft 62 extending between the frame members 53 is journaled. On one end
      of the shaft 62 is fixedly secured a toothed gear sprocket 64. An endless
      chain 66 interconnects the sprockets of the drive shaft 58 and the driven
      shaft 62. A safety chain guard 67 may be provided as shown in dotted
      outline. Friction drive wheel 68 is fixed to the central portion of the
      driven shaft 62 and normally frictionally seats against the propulsion
      wheel 32 on the unit, being maintained thereagainst by the weight of the
      motor, frame, and drive means.
PAR  Fixedly secured to the rear end of the frame elements 53 in flanking
      relation to the motor 50 and forming part of the frame 48 are vertical
      standards 70 connected to one another at their upper ends above the motor
      50 by means of a cross-member 72 which constitutes a handle for carrying
      the unit 24 and at their lower ends by another cross-member 74 (see
      particularly FIG. 5). Standards 70, and cross-members 72 and 74 form a
      vertically disposed carrying means and supporting stand to enable ready
      transport and storage of each unit 24 when detached from the scaffold
      tower 10.
PAR  To assure stability for the propulsion units 24 when in place on the front
      corners of the tower 10, the units are rigidly interconnected by
      stabilizer means comprising stabilizer bar 76 illustrated as an elongated
      pipe (FIG. 3) extending between stub elements 77 which in turn fit into
      horizontally aligned sleeves 78 welded or otherwise securely attached to
      the forward end portions of the plates 30. By using pipe sections of
      different lengths as stabilizer bars 76, the units can accommodate
      scaffolds of different widths.
PAR  In order to disengage the friction wheels 68 from the propulsion wheels 32
      a hook 80 is attached to each carrying handle 72 (FIG. 1) so that as the
      frame 48 of each unit 24 is swung upwardly about the shaft pivot 55, the
      hook can be attached to one of the end braces 18 thereby maintaining the
      friction wheel 68 of each unit out of engagement with its propulsion wheel
      32.
PAR  For convenience of illustration, the electrical wiring forming the
      operating means controlling movement of the motorized propulsion units 24
      has not been shown in FIGS. 1 through 5. However, a simplified wiring
      diagram is illustrated in FIG. 6 showing the leads from the motors 24
      (marked "M" in FIG. 6) to the control box 26 which in the form shown has
      two toggle switches marked "A" and "B" for independent operation of each
      of the motors in the forward, reverse and neutral positions. If desired,
      other electrical connections such as that marked "C" can be provided from
      the control box for the operation of electrically powered tools from the
      towers.
PAR  Operation of the attachment when the propulsion units 24 thereof are
      attached to the front feet of a scaffold tower 10 is safe and simple. To
      move the scaffold forward, both units are driven forward by moving
      switches A and B to the forward (F) position. To move the scaffold
      rearward, both units are driven in the reverse direction by moving
      switches A and B to the reverse (R) position. To turn in a wide arc, one
      of the units is not powered and the other is. To turn in a narrow arc, one
      of the switches A and B is moved to the forward position and the other is
      moved to the reverse position.
PAR  Should the scaffold hit an obstacle while the units 24 are moving the
      scaffold, the free swinging action of the frames 48 cause the friction
      wheels 68 to disengage--the force required to raise the scaffold over the
      obstacle being much greater than the weight of the cantilevered frame and
      associated motor and drive means pressing the friction wheels against
      propulsion wheels 32. Further, by virtue of the chain drive when the units
      are at rest with switches A anb B in the neutral (N) position, the
      friction wheels 68 act as brakes and aid in preventing inadvertent
      movement of the scaffold.
PAR  The attachment shown is ideal for conventional tower scaffolds such as
      those ordinarily made up of sections about 4 feet in width by 7 feet in
      length and from 2 to 5 feet in height. The tower can be raised to any
      height desired by stacking the sections one on top of the other.
      Ordinarily they are raised so that the platform may be placed at the
      required height from floor level. For this type of scaffolding power for
      each unit may be supplied by a 1/3 horsepower electric motor so that the
      total weight of each propulsion unit 24 is no more than about 50 pounds.
      The units are thus readily transported and stored, being small enough to
      be readily stored and locked in construction gang boxes to avoid theft.
      However, it should be understood that the sizes and dimensions, weights
      and horsepowers, etc., given here are not restrictive of the invention but
      are rather indicative of typical use situations for the attachment of this
      invention.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A self-propelling attachment for light duty platform supporting scaffold
      towers of the type generally used for overhead finishing work in the
      installation of wiring and lighting fixtures, duct work ceilings and
      ceiling finishing operations and the like, which towers have supporting
      caster wheels detachably mounted on the feet thereof so they may be rolled
      from place to place, said attachment comprising at least two propulsion
      units and operating means interconnected therewith for independent
      operation of said units, each propulsion unit comprising a base including
      means thereon for detachably attaching said base to the foot of a tower in
      place of the normal caster wheel, wheel mounting means depending
      downwardly from said base and having a propulsion wheel freely rotatably
      mounted thereon, a motor, and drive means operatively interconnecting said
      motor and said propulsion wheel, means attaching said motor and drive
      means to said base, said drive means including a drive wheel frictionally
      engaging said propulsion wheel, said means attaching said motor and drive
      means to said base including means causing effective disengagement of said
      drive wheel from said propulsion wheel upon engagement of the propulsion
      wheel with an obstacle in its path.
NUM  2.
PAR  2. A self-propelling attachment for light duty platform supporting scaffold
      towers of the type generally used for overhead finishing work in the
      installation of wiring and lighting fixtures, duct work ceilings and
      ceiling finishing operations and the like, which towers have supporting
      caster wheels detachably mounted on the feet thereof so they may be rolled
      from place to place, said attachment comprising at least two propulsion
      units and operating means interconnected therewith for independent
      operation of said units, each propulsion unit comprising a base including
      means thereon for detachably attaching said base to the foot of a tower in
      place of the normal caster wheel, wheel mounting means depending
      downwardly from said base and having a propulsion wheel freely rotatably
      mounted thereon, frame means swingably attached to said base for swinging
      movement toward and away from said propulsion wheel, a motor and a drive
      means affixed to said frame means, said drive means including a drive
      wheel frictionally engaging said propulsion wheel and limiting movement of
      said frame means toward said propulsion wheel.
NUM  3.
PAR  3. The attachment of claim 2 wherein said frame means includes a supporting
      stand and carrying means for said unit when not in use.
NUM  4.
PAR  4. The attachment of claim 2 wherein said frame means includes a supporting
      stand and carrying means for said unit when not attached, and means
      operatively connected to said frame adapted to maintain said frame in a
      position such that said friction wheel remains disengaged from said
      propulsion wheel when said propulsion unit is attached to a scaffold.
NUM  5.
PAR  5. The attachment of claim 2 including stabilizer means rigidly
      interconnecting said propulsion units to one another.
NUM  6.
PAR  6. The attachment of claim 2 including means on each propulsion unit for
      attaching the drive means to a tower for maintaing the drive wheel
      disengaged from the propulsion wheel when it is desired to roll the
      scaffold by other means.
NUM  7.
PAR  7. The attachment of claim 2 wherein said control means includes control
      switches remote from said drive means and flexibly interconnected
      therewith.
NUM  8.
PAR  8. The attachment of claim 2 wherein said attachment includes means rigidly
      interconnecting said propulsion units with one another.
NUM  9.
PAR  9. A portable propulsion means for scaffolding towers of the type having
      caster wheels on the feet thereof for rolling the tower from place to
      place, said propulsion means comprising a motorized wheeled propulsion
      unit having a base, means on the base for attaching the same to the foot
      of a scaffold tower, a freely rotatable propulsion wheel carried by said
      base, a motor pivotally mounted on said base for free swinging movement
      toward and away from said propulsion wheel, drive means rigidly attached
      to said motor and interconnecting said motor and said propulsion wheel,
      said drive means including a driven wheel frictionally engaging said
      propulsion wheel to propel the unit, and control means operably connected
      to said propulsion unit for operation remote therefrom.
NUM  10.
PAR  10. The propulsion unit of claim 9 including a frame carrying said motor
      and drive means, said frame being pivotally mounted at its forward end to
      said base for swinging movement toward and away from said propulsion wheel
      on an axis parallel to the propulsion wheel axis.
NUM  11.
PAR  11. The propulsion unit of claim 9 including a frame carrying said motor
      and drive means, said frame being pivotally mounted at its forward end to
      said base for swinging movement toward and away from said propulsion wheel
      on an axis parallel to the propulsion wheel axis and including at its
      rearward end a combination carrying means and supporting stand.
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ABST
PAL  A track-type vehicle comprises a pair of laterally spaced track assemblies
      adjustably mounted on a frame of the vehicle for movement between maximum
      and minimum gauge widths thereof. A guard assembly is mounted on the frame
      to fully cover and protect the motors when the track assemblies are
      positioned at each such gauge width. The guard assembly is preferably
      attached to the frame by three laterally spaced pin connections which
      further function to transmit towing forces to the frame directly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Hydraulically powered track-type vehicles, such as hydraulic excavators,
      comprise a pair of track assemblies each driven by a separate drive motor.
      Each drive motor is secured to a respective track roller frame to extend
      inboard thereof and conduits are connected to the drive motors to
      selectively communicate hydraulic operating fluid thereto. U.S. Pat. No.
      3,797,598, assigned to the assignee of this application, discloses a guard
      assembly for protecting the drive motors and conduits against any
      potential damage by their impact with rocks, stumps or the like.
PAR  Such a guard assembly must be dismantled when the vehicle is transported to
      a remote job site, requiring a narrowing of the gauge width between the
      track assemblies for transportation purposes. In particular, a hydraulic
      excavator normally requires a substantial gauge width to increase its
      overall stability during earthworking operations and a narrower gauge
      width, as dictated by various governmental regulations, when such
      transportation occurs. Such requirements are enumerated in U.S. Patent
      application Ser. No. 474,976 for "Gauge Width Adjustment Means for
      Track-Type Vehicles," filed on May 31, 1974 by Bobby D. Griffith and
      assigned to the assignee of this application.
PAC  SUMMARY OF THIS INVENTION
PAR  An object of this invention is to provide a tracktype vehicle with an
      improved guard assembly for fully protecting drive motors, drivingly
      connected to laterally spaced track assemblies thereof, when the track
      assemblies are at both their maximum and minimum gauge widths. Each drive
      motor is mounted on a sub-frame of a respective track assembly and the
      guard assembly is detachably mounted on a main frame of the vehicle to at
      least substantially enclose the motors. In the preferred embodiment of
      this invention, the guard assembly is detachably connected to the main
      frame by a plurality of pin connections which further function to transmit
      towing forces to the main frame directly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects of this invention will become apparent from the following
      description and accompanying drawings wherein:
PAR  FIG. 1 is a rear elevational view of a hydraulic excavator having a
      protective guard assembly of this invention attached thereon to
      substantially enclose and protect a pair of drive motors and attendant
      structures;
PAR  FIG. 2 is an enlarged top plan view of the guard assembly and protected
      motors, taken in the direction of arrows II--II in FIG. 1;
PAR  FIGS. 3-5 are enlarged cross sectional views through the guard assembly,
      taken in the direction of arrows III--III, IV--IV and V--V, respectively,
      in FIG. 2;
PAR  FIG. 6 is a sectional view of a portion of the guard assembly, taken in the
      direction of arrows VI--VI in FIG. 3; and
PAR  FIG. 7 is a partial top plan view of a gauge width adjustment means for the
      excavator, taken generally in the direction of arrows VII--VII in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates a back side of a hydraulic excavator 10 comprising an
      upper unit 11 rotatably mounted on a car body or undercarriage 12 in a
      conventional manner. The car body comprises a main frame 13 (FIGS. 2 and
      3) having a pair of laterally spaced and substantially parallel endless
      track assemblies 14 disposed on either side thereof. The main frame is
      attached to each of the track assemblies by adjustment means, such as the
      type disclosed in above-referenced U.S. Patent application Ser. No.
      474,976.
PAR  FIG. 7 illustrates each such an adjustment means as comprising a pair of
      elongated slots 15 formed through a lateral extension of main frame 13,
      and cap screws 16 attaching a pair of plates 17 and the main frame to an
      underlying track roller or sub-frame 18 of a respective track assembly. A
      pair of second parallel plates 19 are also attached to the sub-frame and
      cooperate with plates 17 to guide the track roller frame during the
      selective changing of gauge width W between its illustrated maximum
      setting and a narrowed minimum setting. Although it is preferred to have
      such an adjustment means operatively connected between main frame 13 and
      each of the track assemblies, it should be understood that such adjustment
      means could be employed to connect the main frame to only one of the track
      assemblies, depending on the degree of adjustment required.
PAR  Referring to FIGS. 1-3, a final drive assembly 20 is attached to each track
      roller or sub-frame 18 by means, not shown, and is adapted to drive an
      endless track 21 of the track assembly in a conventional manner. The power
      input to final drive assembly comprises a standard reversible hydraulic
      motor 22 operatively connected thereto and to conduit means comprising a
      pair of conduits 23 (one shown) for selectively communicating pressurized
      hydraulic fluid to the motor via a conventional operator control means
      (not shown). As will be hereinafter more fully understood, a protective
      guard assembly 24 is connected to main frame 13 to at least substantially
      enclose motors 22 and portions of the conduits when the track assemblies
      are positioned at each of their maximum and minimum gauge widths.
PAR  The guard assembly is detachably mounted on the main frame by three
      laterally spaced releasable pin connections 25, 26, and 27. As shown in
      FIG. 2, the guard assembly comprises three upper cover members 28, 29 and
      30 and a pair of lower cover plates 31 and 32, all suitably integrated in
      a manner hereinafter described to form a unitary structure. Since the
      guard assembly is substantially symmetrical on each side of a longitudinal
      axis X of the vehicle (FIG. 2), only one side of the guard assembly and
      attendant structures will be described in detail hereinafter.
PAR  Referring to FIG. 3, centrally disposed pin connection 26 is disposed
      vertically above outboard pin connections 25 and 27 and comprises a
      vertically disposed pin 33 extending through a bifurcated bracket 34
      formed centrally on the guard assembly and mounted on a rearwardly
      extending upper plate 35, forming an integral part of main frame 13. Pin
      connection 27, for example, comprises a vertically disposed pin 36
      extending through a bifurcated bracket 37 which is mounted by the pin on a
      lower plate 38, also forming an integral part of the main frame. Pull
      hooks 39 and 40 are secured at a rearward, lower end of the guard assembly
      and plate 28, respectively, to provide tow-line attachment means adapted
      for towing other vehicles.
PAR  During such towing with pull hook 39, it should be noted that towing forces
      are transmitted through pin connections 25, 26 and 27 to main frame 13
      directly. In addition, the staggered three point pin connection will
      afford multi-directional stability to guard assembly 24 during such
      towing. Pull hook 40 may be utilized when the guard assembly is removed
      from the vehicle.
PAR  As best shown in FIGS. 3 and 4, the guard assembly further comprises a
      horizontally disposed heavy duty lower plate 41 disposed therebelow to
      extend the full lateral width thereof. The rearward end of the plate is
      welded to an upstanding plate 42, also extending the full lateral width of
      the guard assembly. Plate 32 forms an integrated structure underlying a
      respective drive motor 22, along with a plurality of curved reinforcing
      plates 43 and vertically disposed plates 44 and 45 (FIG. 6), when the
      drive motor is disposed at its operating position dictated by the widest
      gauge width between the track roller frames.
PAR  The forward ends of plates 32 and 41 are welded to bracket 37, as shown in
      FIG. 3. Intermediate cover member 29 comprises a pair of curved plates 44
      and 45 welded to bracket 34 (FIG. 5). The lower ends of plates 44 and 45
      are welded to plates 41 and 42, respectively.
PAR  FIG. 2 illustrates the relative positions of drive motors 22 when the
      rightward endless track assembly is disposed at its extreme inboard
      position, relative to main frame 13, and the leftward track assembly is
      disposed at its extreme outboard position relative thereto. It can be seen
      that guard assembly 24 functions to at least substantially enclose the
      drive motors when the track assemblies are positioned at each of their
      maximum and minimum gauge widths. In particular, the left hand motor is
      shown at an outboard position occurring during vehicle operation whereas
      the right hand drive motor is shown at an inboard position for narrowing
      the gauge width during shipping of the vehicle.
CLMS
STM  I claim:
NUM  1.
PAR  1. A track-type vehicle disposed for movement along a longitudinal axis
      thereof comprising
PA1  a main frame,
PA1  a pair of laterally spaced and parallel track assemblies, each comprising a
      sub-frame and an endless track entrained therearound, mounted on said main
      frame and separated laterally at a predetermined maximum gauge width,
PA1  adjustment means operatively connected between said main frame and at least
      one of said sub-frames for permitting selective narrowing of said maximum
      gauge width to a minimum gauge width,
PA1  laterally spaced drive motors each mounted on a respective sub-frame and
      operatively connected to a respective one of said tracks, and
PA1  a guard assembly detachably mounted on said main frame to at least
      substantially enclose said motors when said track assemblies are
      positioned at each of their maximum and minimum gauge widths said guard
      assembly comprising a plurality of upper cover members overlying said
      motors and a horizontally disposed lower plate underlying said drive
      motors and secured to said upper cover members.
NUM  2.
PAR  2. The vehicle of claim 1 further comprising conduit means operatively
      connected to each of said drive motors for communicating operating fluid
      thereto and having portions thereof at least substantially enclosed by
      said guard assembly.
NUM  3.
PAR  3. The vehicle of claim 1 wherein said guard assembly is detachably mounted
      on said main frame by a plurality of releasable pin connections.
NUM  4.
PAR  4. The vehicle of claim 3 wherein three laterally spaced pin connections
      detachably mount said guard assembly on said main frame.
NUM  5.
PAR  5. The vehicle of claim 4 wherein a centrally disposed one of said pin
      connections is positioned vertically above an outboard pair of said pin
      connections.
NUM  6.
PAR  6. The vehicle of claim 3 wherein each of said pin connections comprise a
      bifurcated bracket secured on said guard assembly and detachably mounted
      on a respective plate of said main frame by a vertically disposed pin
      extending through each bracket and a respective plate.
NUM  7.
PAR  7. The vehicle of claim 1 wherein said lower plate extends to full lateral
      width of said guard assembly.
NUM  8.
PAR  8. The vehicle of claim 7 further comprising a plurality of reinforcing
      plates secured on said lower plate to underlie each of said motors.
NUM  9.
PAR  9. The vehicle of claim 1 further comprising a pull hook secured on a
      rearward end of said guard assembly.
NUM  10.
PAR  10. The vehicle of claim 9 further comprising a second pull hook secured on
      a rearward end of said main frame.
NUM  11.
PAR  11. A unitary guard assembly detachably mounted on a frame of a vehicle by
      a three laterally spaced releasable pin connections, said guard assembly
      comprising a plurality of upper cover members and a horizontally disposed
      lower plate and a rearward plate each extending the full lateral width of
      said guard assembly and each secured to said upper cover members.
NUM  12.
PAR  12. The guard assembly of claim 11 further comprising a plurality of
      reinforcing plates secured on said lower plate on each outboard side
      thereof.
NUM  13.
PAR  13. The guard assembly of claim 11 further comprising a pull hook secured
      on a rearward end of said guard assembly.
NUM  14.
PAR  14. The guard assembly of claim 13 further comprising a second pull hook
      secured on a rearward end of said frame.
NUM  15.
PAR  15. The guard assembly of claim 11 wherein a centrally disposed one of said
      pin connections is positioned vertically above an outboard pair of said
      pin connections.
NUM  16.
PAR  16. The guard assembly of claim 11 wherein each of said pin connections
      comprises a bifurcated bracket secured on said guard assembly and
      detachably mounted on a respective plate of said frame by a vertically
      disposed pin extending through each bracket and a respective plate.
NUM  17.
PAR  17. A unitary guard assembly detachably mounted on a frame of a vehicle by
      a plurality of releasable pin connections, said guard assembly comprising
      a plurality of upper cover members and a horizontally disposed lower plate
      and a rearward plate each extending the full lateral width of said guard
      assembly and each secured to said upper cover member, a first pull hook
      secured on a rearward end of said guard assembly and a second pull hook
      secured on a rearward end of said frame.
NUM  18.
PAR  18. A unitary guard assembly detachably mounted on a frame of a vehicle by
      a plurality of releasable pin connections, said guard assembly comprising
      a plurality of upper cover members and a horizontally disposed lower plate
      and a rearward plate each extending the full lateral width of said guard
      assembly and each secured to said upper cover members and wherein each of
      said pin connections comprises a bifurcated bracket secured on said guard
      assembly and detachably mounted on a respective plate of said frame by a
      vertically disposed pin extending through each bracket and a respective
      plate.
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ABST
PAL  Disclosed is a novel vehicle suspension and drive means, comprising a drive
     haft extending parallel to the longitudinal axis of the vehicle, and a
      torsion-transmitting suspension rod extending from a wheel road arm across
      the drive shaft axis. The suspension rod is specially formed with a
      clearance opening that accommodates the drive shaft in a non-obstructing
      relationship. The drive shaft transmits driving force to a drive sleeve
      that encircles the torsion transmitting rod. A special anti-friction
      bearing is provided for the drive sleeve.
GOVT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for governmental purposes without payment to me of
      any royalty thereon.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  Drive arrangements are known wherein drive forces are transmitted to four
      of the vehicle wheels. Suspension systems are known wherein each road
      wheel is carried by a support arm having extensive travel for improved
      cushioning of the vehicle; the support arm is swingably attached to the
      vehicle hull. In such systems an elastic force-absorption means may be
      associated with each road wheel support arm to cushionably support the
      sprung weight of the hull.
PAR  The present invention involves the incorporation of a vehicle drive means
      within four or more of the swingable suspension arms, thereby obtaining
      the combined advantages of multi-wheel drive and long travel suspension.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 schematically shows in top plan a vehicle incorporating the
      invention.
PAR  FIG. 2 is a side elevational view of the FIG. 1 vehicle.
PAR  FIG. 3 is an enlarged sectional view taken through a suspension-drive unit
      employed in the FIG. 1 vehicle.
PAR  FIG. 4 is a fragmentary sectional view taken on line 4--4 in FIG. 3.
DETD
PAC  FIGS. 1 AND 2 (GENERAL ARRANGEMENT)
PAR  FIGS. 1 and 2 schematically show a vehicle comprising a hull 10 having a
      front wall 12, rear wall 14, side walls 16 and bottom wall 18.
PAR  An internal combustion engine 28 is connected to a conventional
      transmission 30 for rotating the propeller shaft 32. Connected to the rear
      end of shaft 32 is a manually-controlled steering unit 34 having
      laterally-directed shafts 36 and 38 selectively or simultaneously
      rotatable according to the positions of manual control arms 40. Steering
      unit 34 is a commercially available item, for example the steer unit
      marketed by the Glen L. Bowen Co. of Detroit, Michigan under its
      designation DS-50. Other steer units are shown in U.S. Pat. Nos. 2,525,190
      and 3,353,616 and 3,760,896.
PAR  Shafts 36 and 38 are connected to coventional direction-changing gear units
      42 that transmit rotational power to the longitudinal shafts 17 and 19. As
      seen in FIG. 1, each shaft 17 or 19 is comprised of a number of flanged
      shaft sections 17a, 17b or 19a, 19b connected together. The sectional
      character of each shaft is merely for installation and service purposes;
      operationally each shaft 17 or 19 may be considered a single shaft. Each
      sectional shaft runs through four shaft housings 44 containing mechanisms
      for transmitting power to gear train units located in wheel support arms
      13.
PAC  FIG. 3
PAR  FIG. 3 is an enlarged sectional view taken on line 3--3 in FIG. 2, i.e., a
      sectional view taken on a horizontal plane at the centerline of the power
      shaft 19 (or 17). The shaft support housing 44 comprises a main casting 46
      suitably bolted at various points 48 to the hull side wall 16. The housing
      is located on or directly above the hull bottom wall 18; additional bolts
      (not shown) run through housing flange 49 into the hull bottom wall.
PAR  The illustrated shaft section 19a (FIG. 3) is supported at spaced points in
      anti-friction bearings 50, 52 and 54. Bearings 52 and 54 are carried in a
      cage 56 suitably bolted onto casting 46. The shaft carries a bevel gear 58
      that meshes with a bevel gear 60 carried by a drive sleeve 62, whose outer
      end carries a spur gear 64 located within road wheel support arm 13.
PAR  Arm 13 comprises a main casting 66 that defines a barrel 68 centered on
      swing axis 15, spaced walls 70 and 72 extending normal to the swing axis,
      and a tubular support wall 74 for wheel axle 71. Cover plates 76, 78 and
      80 are bolted onto casting 66 to facilitate access to the various gears.
      Plate 76 serves also to mount a plug element 89 that is splined to a
      hollow rod 94.
PAR  Barrel portion 68 of the support arm is machined on its outer peripheral
      surface to form a semi-circular cross sectioned groove 82. A mating groove
      84 is machined in the inner surface of casting 46. Anti-friction ball
      elements 86 are introduced into the raceway formed by the mating grooves.
      To facilitate introduction of the balls, the casting is formed with a
      ball-loader opening 88 that is subsequently closed by a plug 90. Groove 84
      is machined in the casting with the plug in place; the inner end of the
      plug thereby constitutes part of the raceway surface. The plug is
      temporarily removed to load balls 86. This method of manufacture minimizes
      the radial thickness of barrel 68 and casting 46, thereby reducing the
      outside diameter of housing 44 while still having adequate space within
      the barrel for accommodation of drive sleeve 62. A relatively small
      housing O.D. is desirable to minimize the unusable vertical space within
      the hull. In an illustrative vehicle such unusable space is only about 9
      inches.
PAR  Swinging movement of each road arm 13 about axis 15 is resiliently resisted
      by an elastic force-absorption means 21 comprised of an elastomeric
      annulus 92 bonded to sleeves 93 and 95. Sleeve 93 is keyed to a torque rod
      94 that extends crosswise of shaft 19a to a connection at 89 with road arm
      13. Sleeve 95 is keyed or otherwise anchored to a casing 101 that bolts
      onto housing 44, as at 97. Therefore swinging movement of road arm 13
      about axis 15 places shearing loads on elastomeric annulus 92.
PAR  Interior space 98 is oil-filled (through a filler opening 99). To isolate
      elastomeric annulus 92 from the oil-filled space, there may be provided a
      removable end wall 96.
PAR  Wall 96 carries a sleeve bearing 87 which centers and locates torque rod 94
      on swing axis 15. Torque rod 94 intersects and crosses the axis defined by
      shaft section 19a. However the rod and shaft do not interfere with one
      another because the rod is formed with a transverse clearance opening 91.
      Shaft section 19a can rotate freely on its axis; rod 94 can rotate to a
      limited extent, e.g. 66.degree., in the swing plane defined by axis 15.
      Rod 94 is designed to transmit torsion force from road wheel arm 13 to
      elastomeric annulus 92. The elastic annulus constitutes a torsional
      force-absorption element between the road arm and the hull.
PAR  Wheel-driving forces are transmitted from shaft section 19a through bevel
      gears 58 and 60 to a sleeve 62 that is rotatably mounted within barrel 68
      by means of anti-friction bearings 83 and 85. Sleeve 62 drives gear 64
      that meshes with an idler gear 81 carried on a pin 79 fixed within road
      arm 13; needle bearings 77 permit free rotation of gear 81 around the axis
      of pin 79. Gear 81 transmits rotation to another gear 73 carried on the
      road wheel axle 71.
PAR  In summary, each drive shaft 19a (or 17a) transmits rotation to the road
      wheel through a drive system consisting of gears 58 and 60, sleeve 62,
      gears 64, 81, and 73, and axle 71. The drive system functions
      independently of swinging motions of road arm 13 generated by terrain
      irregularities or vehicle speed changes. Thus, each wheel 11 is capable of
      movement in a vertical arc about swing axis 15 without interferring with
      the power transmission from shaft section 19a (or 17a) to axle 71.
      Swinging movement of the road wheel about swing axis 15 produces a
      torsional loading or unloading of elastomeric annulus 92. Each of the
      eight road wheels is provided with a drive-suspension unit of the type
      shown in FIG. 3.
PAR  If desired, selected ones of the road wheels can be made or converted into
      non-powered wheels, i.e., by removing or omitting one or more of the gears
      in the gear train (58, 60, 64, 81 and 73). Normally at least the two front
      wheels and the two rear wheels would be powered; the intermediate wheels
      might or might not be powered, as deemed necessary.
PAC  FEATURES OF THE INVENTION
PAR  The location of each annulus 92 inboard from the drive shaft 17 or 19 is
      considered unique. In such a location the annulus can be adequately sized
      with the proper diameters for its intended purpose. Preferably the annulus
      O.D. is relatively large, e.g. approximately 6 inches, for satisfactory
      deflection and low unit stress; the annulus I.D. may be approximately 21/2
       inches, sufficient to accommodate rod 94 without restricting annulus 92
      deflection or imposing abnormal stress on the annulus.
PAR  The dimensional restraints imposed on the elastomeric annulus tend to
      preclude location of the annulus in close proximity to road arm 13, since
      drive sleeve 62 and gearing 58, 60 would interfere in the radial
      direction. Annulus 92 has approximately the same diameter as barrel 68.
      Location of each elastomeric annulus inboard from shafts 17 or 19 permits
      the annulus to have the proper diameters and axial length for satisfactory
      force-absorption. Each shaft 17 or 19 is located relatively close to the
      hull side wall in proper alignment with the respective gear box 42. Gear
      boxes 42 and steer unit 34 require lateral space; by keeping drive shafts
      17 and 19 as far outboard as possible the take offs from the drive unit
      are somewhat simplified, i.e., the number of directional changes is
      minimized. Location of shafts 17 and 19 outboard from the vehicle
      centerline also provides vacant areas near the vehicle centerline for
      accommodation of such items as fuel tanks and batteries.
PAR  Preferably each shaft housing 44 and associated shaft devices 17, 19, 32,
      etc. define a drive line or plane located relatively close to the hull
      bottom wall, thereby lowering the vehicle silhouette and contributing to
      weight reduction. A low silhouette is particularly desirable when the
      vehicle is a military vehicle employed for scouting purposes.
PAR  The above advantages are obtained without sacrificing the strength or size
      of such components as annulus 92, torque rod 94, drive sleeve 62, barrel
      68 or main bearing 86. Bearing 86 adequately handles both radial and axial
      loads. The load-carrying ability is due at least partly to the fact that
      the bearing has a relatively large diameter, e.g. in excess of six inches.
      The large diameter is made possible because the raceway surfaces are
      machined directly in the barrel and housing walls, i.e., there is no
      separate anti-friction assembly that would require radial wall thickness
      for attachment of the bearing assembly to the barrel and housing.
PAR  The construction of bearing 86 provides sufficient internal radial space
      for accommodation of drive sleeve 62 and torque 94. Due to its apertured
      nature (FIG. 4) the torque rod is enabled to function as a connection
      between annulus 92 and road arm 13. The thickened section of rod 94 (FIG.
      4) is accommodated in a zone or space provided by the bevel gears 58 and
      60. The rod uses otherwise vacant space.
PAR  Rod 94 can turn a considerable distance about its axis without interferring
      with the associated drive shaft 17 or 19. The road arm is thus capable of
      considerable travel, which is reflected in a smooth ride; the elastic
      annulus is chosen in accordance with permissible road arm travel and
      vehicle weight.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a wheeled vehicle having a hull; hull suspension means comprising a
      road wheel support arm connected to the hull on a swing axis; elastic
      force-absorption means centered on the swing axis inboard from the road
      wheel support arm; a torque rod interconnecting the road arm and the
      force-absorption means; said torque rod extending along the aforementioned
      swing axis so that it transmits road wheel forces to the force-absorption
      means; a rotary drive shaft disposed within the hull on an axis that
      intersects and crosses the aforementioned swing axis; and transmission
      means operatively interconnecting the drive shaft and road wheel; said
      torque rod having a clearance opening therethrough; said drive shaft
      extending through the clearance opening without interferring with
      rotational movement of the torque rod around the swing axis.
NUM  2.
PAR  2. In the wheeled vehicle of claim 1 said road wheel support arm including
      a barrel extending into the hull on the swing axis; the force-absorption
      means comprising an elastomeric annulus whose outer diameter is
      substantially the same as that of the barrel.
NUM  3.
PAR  3. In the wheeled vehicle of claim 2 the drive shaft having its axis
      located approximately midway between the barrel and the elastomeric
      annulus.
NUM  4.
PAR  4. In the wheeled vehicle of claim 1 a housing carried by the hull for
      supporting the aforementioned drive shaft; said road wheel support arm
      comprising a barrel extending into the shaft support housing on the
      aforementioned swing axis; and a single anti-friction bearing means
      disposed within the shaft support housing to absorb both radial and thrust
      loads imposed on the barrel.
NUM  5.
PAR  5. In the wheeled vehicle of claim 4 said anti-friction bearing means
      consisting of a single set of balls disposed within a raceway defined by
      grooves machined in opposed surfaces of the barrel and housing.
NUM  6.
PAR  6. In the wheeled vehicle of claim 5 the shaft support housing having a
      ball loader opening communicating with the raceway.
NUM  7.
PAR  7. In the wheeled vehicle of claim 1 the aforementioned transmission means
      comprising a sleeve surrounding the torque rod.
NUM  8.
PAR  8. In the wheeled vehicle of claim 1 a housing carried by the hull for
      supporting the aforementioned drive shaft; said road wheel support arm
      including a rotary barrel extending into the shaft support housing on the
      aforementioned swing axis; the aforementioned transmission means
      comprising a drive sleeve arranged within the barrel in surrounding
      relation to the torque rod.
NUM  9.
PAR  9. In a wheeled vehicle having a hull; road wheel support arms swingably
      connected to the right and left sides of the hull on individual swing
      axis; a separate elastic force-absorption means associated with each road
      wheel support arm; left and right drive shafts extending parallel to the
      vehicle longitudinal axis; each drive shaft being disposed within the hull
      on an axis that intersects and crosses the associated road wheel arm swing
      axis; drive trains in selected ones of the road wheel support arms; means
      for transmitting drive forces from the left drive shaft to individual
      drive trains in selected ones of the left road wheel support arms; means
      for transmitting drive forces from the right drive shaft to individual
      drive trains in selected ones of the right road wheel support arms; each
      drive-transmitting means comprising a drive sleeve concentric with the
      swing axis for the associated road wheel support arm; each
      force-absorption means comprising an elastomeric annulus located inboard
      of the associated drive shaft, and a torque rod extending along the swing
      axis from the elastomeric annulus to the associated road wheel support
      arm; each torque rod having a clearance opening therethrough, the
      associated drive shaft extending through the various clearance openings
      without interferring with rotational movements of the individual torque
      rods around the individual swing axis.
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ABST
PAL  In a wheelchair, battery operated electric driving means for driving two
      wheels each mounted on a wheel plate connected to the wheelchair frame.
      For each driven wheel a motor is carried on the wheel plate and drive is
      transmitted to a pinion fixed on the wheel through a pivotal gear carrier
      carrying one or two idler gears in constant mesh with the fixed pinion,
      but movable into or out of mesh with a motor driven pinion on controlled
      pivotal movement of the gear carrier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is concerned with improvements in or relating to
      wheelchairs. In particular, this invention is concerned with electric
      driving means suitable for a wheelchair, as well as a wheelchair embodying
      electric driving means.
PAR  It is already known to use electric driving means for wheelchairs, but the
      known constructions have certain disadvantages some of which lead to the
      wheelchair being unacceptable to the user or to disapproval by controlling
      or regulating authorities in certain countries. For example, a belt drive
      to the wheels from an electric motor is generally regarded as dangerous
      and unsatisfactory; a direct drive from an electric motor to one or two
      wheels is unsatisfactory unless the drive includes a clutch because on
      power failure the manual propulsion power to advance the wheelchair also
      has to rotate the motor, additionally on mechanical failure even with a
      clutch, manual propulsion may not be possible. The electric motor with a
      direct drive may not have a power output range sufficient to meet the
      range of speeds and loading encountered in the everyday use of a
      wheelchair such as from indoors with very low speeds on substantially flat
      floors to road use at higher speeds say 4 miles per hour on gradients of
      up to 1 in 4.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide improved electric driving means
      for a wheelchair which seeks to overcome the foregoing disadvantages, and
      which provides a simple, versatile construction suitable for use with
      wheelchairs of different design.
PAR  Accordingly this invention consists in electric driving means for a
      wheelchair comprising an electric motor operable by a battery through
      control means, drive transmitting means coupled to the electric motor and
      including an output shaft carrying a driven pinion, a wheel plate
      supporting a rotatable wheel carrying a fixed pinion, mounting means for
      mounting said wheel plate on a frame member of the wheelchair, and a gear
      carrier mounted for pivotal movement relative to the fixed and driven
      pinions between a first extreme position and a neutral position, the gear
      carrier including first idler gear means for transmitting drive from the
      driven pinion to the fixed pinion when the gear carrier is in said first
      extreme position.
PAR  With this arrangement both the motor and wheel plate are fixed relative to
      each other but the drive may be engaged or disengaged by pivotting the
      gear carrier as appropriate.
PAR  The gear carrier is preferably pivotable by means of a cam carried on a
      rotatable shaft extending through the wheel plate and engageable with the
      carrier.
PAR  The first idler gear means conveniently may comprise a single gear which
      allows a neat compact arrangement.
PAR  In accordance with another preferred feature, the gear carrier also
      includes second idler gear means having a drive transmission ratio
      different to that of the first idler gear means, and the gear carrier is
      mounted for pivotal movement between said first position and a second
      extreme position in which said first and second idler gear means are
      respectively engaged with the driven and fixed pinions.
PAR  With this other preferred feature, the neutral or disengaged position
      intermediate the two extreme positions and the pivotal movement of the
      gear carrier may be achieved by the cam and shaft arrangement as
      aforementioned.
PAR  As will now be further understood, with the first and second idler gear
      means a two-speed drive may be achieved in a simple manner whilst still
      including disengagement without an intermediate clutch.
PAR  Conveniently, the second idler gear means may comprise a double stacked
      gear train of which one gear is engageable with the driven pinion, the
      other gear having a different number of teeth to said one gear and
      engageable with the fixed pinion.
PAR  The gear carrier conveniently is pivotable about the axis of the fixed
      pinion, and may be mounted for the pivotal movement on the wheel spindle
      or on the stub axle thereof.
PAR  The gear carrier may simply comprise a plate and a cover assembly with the
      first and second idler gear means supported therebetween, and an opening
      in the carrier through which the driven pinion extends for engagement by
      either the first or second idler gear means.
PAR  Additionally, the gear carrier plate includes a cam bush arranged for
      engagement with the cam to displace the gear carrier relative to its pivot
      axis.
PAR  In order that this invention be understood clearly, an exemplary embodiment
      of a wheelchair including electric driving means in accordance with this
      invention is depicted in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a rear elevational view of the wheelchair according to the
      present invention;
PAR  FIG. 2 is a side elevational view of the wheelchair of FIG. 1 with the
      nearside wheel and associated driving means being omitted for clarity;
PAR  FIG. 3 is an enlarged detail part-sectional view of the driving means
      depicted in FIG. 2 with certain parts omitted for clarity;
PAR  FIG. 4 is an enlarged sectional view taken along line A--A of FIG. 3 with
      certain parts omitted for clarity;
PAR  FIG. 5 is an enlarged sectional view taken along line B--B of FIG. 4 and
      including gear means not shown in FIG. 4;
PAR  FIG. 6 is a sectional view taken along line C--C of FIG. 3; and
PAR  FIG. 7 is a detail sectional view taken along line D--D of FIG. 5 depicting
      the gear means omitted from FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the accompanying drawings the wheelchair comprises a
      tubular, foldable frame made principally of a light alloy supported on a
      pair of front castor wheels 1 and a pair of rear wheels 2 driven by the
      electric driving means according to this invention.
PAR  The frame comprises two main members 3 each of substantially L-shape having
      a rearwardly inclined upper handle portion 4 covered by a hand-grip 5 by
      means of which the wheelchair may be propelled manually. The lower end
      portion 6 of each main member is rigidly connected to the lower end of one
      of two front members 7 extending substantially vertical and carrying one
      of the castor wheels 1. Each front member 7 detachably carries a foot-rest
      8 which is mounted on a stem 9 adjustable received within one end of a
      footrest hanger 10, the other end of the hanger being connected to a
      channel-shaped bracket 11 which embraces the front member 7 and is
      releasably locked thereto.
PAR  One of two seat support members 13 is fixed to the upper end of one of the
      front members 7 and the upstanding part 14 of the associated main member
      so that the seat support members extend substantially slightly downwardly
      and rearwardly inclined to the horizontal. Each seat support member 13 is
      also connected to the upstanding part 14 of the associated main member by
      a strut or link 15 and one of a pair of detachable arm rests 16 releasably
      engages with the strut 15 and a fixing such as a socket provided on the
      upper end of the associated front member 7. The arm rest 16 comprises a
      tubular L-shape element 17 carrying an elongated cushion 18 and a modesty
      panel 19.
PAR  A seat panel 20 of a flexible material extends between the two seat support
      members 13 and a similar back-rest panel 21 extends between the upstanding
      parts 14 of the two main members.
PAR  A carrier 22 supporting two 12 volt batteries 24 extends between the lower
      parts 6 of the two main members and is detachably mounted thereon so that
      the carrier 22 may be lifted for removal when the wheelchair is to be
      folded.
PAR  The upstanding parts 14 of the two main members are connected together by
      upper and lower hinged links 26,27 and the two front members 7 are also
      connected by a hinged assembly including two pairs of links (not shown).
      When the battery carrier 22 is removed these links enable the wheelchair
      to be folded with the two main members 3 being disposed side-by-side.
      Preferably, at least one of the links is arranged to maintain the
      wheelchair in the operative position (as shown) and to retain it against
      such folding movement when in use. This may be provided by a double link
      assembly in which the hinges permit the links being pivotted to an
      over-center locked position; alternatively an interlocking or manual
      fastening may be provided.
PAR  Each rear wheel 2 comprises a wheel center body 28 having axially spaced
      annular flanges 29,30 supporting respective spokes 31,32 carrying an
      annular rim 33 supporting a pneumatic tire 34. The body 28 has an internal
      bore seating a pair of flanged bushings 35,36. A wheel spindle 37 extends
      through the bushings 35,36 and the outer end of the spindle 37 is located
      by a clip 38 and covered by a dust cap 39. The wheel center body 28
      carries a fixed drive pinion 40 concentric with the wheel spindle 37.
PAR  Each rear wheel 2 is carried from the associated main frame member 3 by a
      wheel plate 41 of pear section shape as best seen in FIG. 3. The inner end
      of the wheel spindle 37 is threaded and extends through a piercing in the
      wheel plate 41, a spacer 42 extends on the wheel spindle between the fixed
      pinion 40 and the wheel plate 41 and two nuts 43 secure and lock the
      assembly together.
PAR  The narrow end of the wheel plate 41 has a further piercing through which
      one threaded end 44 of a resiliently mounted suspension pin 45 extends
      with a nut 46 securing the wheel plate 41 and suspension pin 45 together
      against relative movement. The suspension pin 45 is carried by a
      rubber-bonded bushing 47, such as sold under the Trade Mark METALASTIK,
      and this is seated in a bore in a bracket body 48. The bracket body 48 has
      a part cylindrical seating extending transverse to the bore and the elbow
      of the main frame member 3 is received in the seating and is clamped
      therein by a complementary bracket part 49 secured to the bracket body by
      bolts 50.
PAR  As will be understood, the resiliently mounted suspension pin 45 provides a
      support carrying the wheel plate 41 and wheel 2 whilst permitting limited
      resilient springing movement of the wheel 2 relative to the wheelchair
      frame. As each rear wheel 2 is independently mounted, the rear of the
      wheelchair has a resilient suspension which improves ride and handling
      characteristics.
PAR  The wheel plate 41 also mounts an electric motor 51 having a drive shaft 52
      carrying a worm 53. As shown in FIG. 3, the drive shaft 52 is rotatably
      supported in a reduction gear box casing 54 by axially spaced bushings 55
      and thrust bearings 56 between which the worm 53 is located. The reduction
      gear box casing further houses an output shaft 57 carrying a worm wheel 58
      engaging the worm 53. The worm wheel 58 is fixed to the output shaft 57
      for rotation therewith by a transverse key 59 and is supported between
      thrust bearings 60. The reduction gear box casing 54 is rigidly connected
      to the wheel plate 41 by bolts and the motor end plate 61 is rigidly
      bolted to the reduction gear box casing 54.
PAR  With reference to FIG. 4, the wheel plate 41 has a clearance opening 41a
      through which one end of the output shaft 57 extends carrying a driven
      pinion 62 fixed to the output shaft by a key 63. The output shaft 57 is
      rotatably supported in the reduction gear box casing by a bushing 64
      seated in a bore in the casing through which the output shaft 57 extends.
      Drive from the output shaft 57 with the driven pinion 62 is transmitted to
      the fixed pinion 40 through an arrangement now to be described with
      reference also to FIGS. 5 and 7.
PAR  The driven pinion 62 and fixed pinion 40 are enclosed in a gear carrier
      comprising a circular back plate 65 extending adjacent the wheel plate 41
      and mounted centrally for limited pivotal movement on the spacer 42
      carried by the wheel spindle 37, and cup shaped cover 66 of which the rim
      is attached to the peripheral rim of the back plate. The main portion of
      the cover 66 has a central clearance opening to permit
      withdrawal/insertion of the fixed pinion 40 and wheel spindle assembly,
      and this opening is closed by an annular sealing element 67 attached to
      the cover by screws 68.
PAR  The main portion of the cover 66 extends in spaced parallel relationship to
      the back plate 65. A first idler gear 70 is supported for rotation between
      the plate 65 and cover 66 on a first axle 71 of which the ends are located
      in the plate and the cover. A second idler gear 72 is supported between
      the plate and the cover on a second axle 73 of which the ends are also
      located in the plate and the cover. The first idler gear comprises a
      single gear of which the teeth are in constant meshing engagement with the
      fixed pinion 40 of the wheel. The second idler gear 72 comprises a double
      stacked gear train having a bottom or low gear 74 with more teeth than an
      upper or high gear 75, the high gear 75 being in constant meshing
      engagement with the fixed pinion 40. This assembly comprises a gear
      carrier, and is shown in the drawings in the neutral position.
PAR  The gear carrier is caused to pivot by a rotatable eccentric cam 76 carried
      on a control shaft 77 extending through the back plate 65 and wheel plate
      41 and rotatable by a manually operable control arm 78. The back plate
      carries a cam bush 79 having a cam-engaging face arranged so that when the
      control arm 78 is turned in a clockwise direction in the view of FIG. 5,
      the gear carrier is moved about its pivot in a clockwise direction to
      engage the first idler gear 70 with the driven pinion 62. Additionally,
      when the control arm 78 is moved in a counter-clockwise direction, the
      gear carrier is moved to engage the low gear 75 of the second idler gear
      with the driven pinion 62. Accordingly due to the different numbers of
      teeth on the first idler gear and the low gear of the second idler gear,
      on such movement of the gear carrier one of fast or slow speeds may be
      selected. In neutral, no drive transmission occurs even if the driven
      pinion is rotating and this has the advantage that in neutral the wheel
      may rotate freely without a reversing drive through the driven pinion to
      the motor.
PAR  The control arm 78, as depicted in FIG. 6, is formed with mounting boss 80
      and a transverse bore in the boss mounts a spring-loaded locking lever 81
      carrying a detent 82 arranged to seat in one of three recesses 83
      corresponding to high, neutral and low gear, formed at appropriate
      positions in a mounting plate 84 connected to the reduction gear box
      casing 54 carried on the outer face of the wheel plate 41. As will be
      appreciated the locking lever 81 may be pulled outwardly from the boss 80
      against the spring-loading to release the detent 82 prior to rotating the
      control arm 78. A small pin and slot device is embodied in the lever to
      hold same in the released position. In the two extreme positions of
      movement of the control arm 78, the boss 80 bears against a clamping face
      85 on the mounting plate 84 which is relieved intermediate the top extreme
      positions as can be seen in FIGS. 3 and 6. The engagement of the boss 80
      with either of the clamping faces further ensures that the pivotal gear
      carrier is clamped against the wheel plate in the selected driving
      position.
PAR  The electric motors 51 are each independently connected to the batteries 24
      through a manually operable progressive control unit 86. Such control unit
      may be of any suitable known kind whereby a control handle 87 may be
      manipulated from a neutral control step position to a forward or rearward
      position with the distance of the movement of the handle being
      proportional to the power output to the motor to control the speed
      thereof. The control handle 87 also may be moved from one side or the
      other to control turning movement. As the electric motors are independent,
      the movement of the control handle 87 to one side is arranged to provide
      forward driving to one motor and reverse driving to the other motor so
      that very small turning circles or arcs may be achieved. However, any
      similar form of control unit could be utilised. Of course the control unit
      includes an on/off switch and the wiring harness (not shown) includes any
      suitable means for electrically connecting the batteries to a charging
      unit of suitable type.
PAR  The electric driving means of this invention is employed by selecting the
      desired driving ratio, that is high or low. Initially, the locking lever
      81 is pulled outwardly and held there whilst the control arm 78 is
      pivotted into the selected position. The locking lever is then released to
      engage the detent 82 in the correct hole 83. Accordingly, the gear carrier
      is pivotted so that either the first or second idler gears engage and mesh
      with the driven pinion. When the motors 51 are activated through the
      control handle and control means, the driven pinions drive their
      associated wheels through the selected idler gears.
PAR  It is envisaged that although the aforedescribed embodiment relates to
      two-speed driving, a single speed could be provided by omitting one of the
      idler gears, and appropriately modifying the control arm and locking lever
      arrangement.
PAR  It is also envisaged that this invention could be utilised with wheelchairs
      having alternative forms and constructions of frames, and the wheelchair
      does not have to be foldable or collapsible.
PAR  It is also envisaged that the electric driving means may comprise an
      assembly of a wheel complete with motor, gear assembly and suspension
      mounting and other associated parts which could be fitted to an existing
      wheelchair frame instead of one of the original rear wheels. It is also
      feasible that the electric driving means may be embodied in a front wheel
      of a wheelchair.
PAR  Other alternatives and modifications for special applications will be
      apparent to those skilled in this field, but the advantages of this
      invention will be obvious especially in view of the compactness,
      versatility and simplicity of the invented driving means.
CLMS
STM  I claim:
NUM  1.
PAR  1. Electric driving means for a wheelchair comprising a wheel plate, an
      electric motor mounted on said wheel plate and operable by a battery
      through control means, drive transmitting means on said wheel plate
      coupled to the electric motor and including an output shaft carrying a
      driven pinion, a rotatable wheel supported on said wheel plate and
      carrying a fixed pinion, mounting means for mounting said wheel plate on a
      frame member of the wheelchair, and a gear carrier mounted for pivotal
      movement relative to said fixed and driven pinions between a first extreme
      position, a neutral position, and a second extreme position, the gear
      carrier including first idler gear means for transmitting drive from the
      driven pinion to the fixed pinion when the gear carrier is in said first
      extreme position and second idler gear means having a drive transmission
      ratio different to that of said first idler gear means for transmitting
      drive from the driven pinion to the fixed pinion when the gear carrier is
      in said second extreme position.
NUM  2.
PAR  2. Electric driving means according to claim 1 wherein the gear carrier is
      pivotal by means of an eccentric carried on a rotatable shaft extending
      through the wheel plate and engageable with a cam bush on the gear
      carrier.
NUM  3.
PAR  3. Electric driving means according to claim 2 further including means
      responsive to movement of said eccentric for locking the position of said
      gear carrier with respect to said wheel plate.
NUM  4.
PAR  4. Electric driving means according to claim 3 wherein said locking means
      comprises a camming surface on said wheel plate and a boss on the
      rotatable shaft of said eccentric for cooperation with said camming
      surface.
NUM  5.
PAR  5. Electric driving means according to claim 1 wherein said first idler
      gear comprises a single gear.
NUM  6.
PAR  6. Electric driving means according to claim 1 wherein said second idler
      gear means comprises a double stacked gear assembly of which one gear is
      engageable with the driven pinion, the other gear having a different
      number of teeth from said one gear and engaging the fixed pinion.
NUM  7.
PAR  7. Electric driving means according to claim 1 wherein said wheel is
      rotatably supported on a spindle; and wherein said gear carrier is mounted
      for pivotal movement on the wheel spindle.
NUM  8.
PAR  8. Electric driving means according to claim 7 wherein said gear carrier
      comprises a plate and a cover assembly supporting said idler gears
      therebetween.
NUM  9.
PAR  9. Electric driving means according to claim 8 wherein said gear carrier is
      movable between said first extreme position and said second extreme
      position by a rotatable cam.
NUM  10.
PAR  10. Electric driving means according to claim 9 wherein said cam is an
      eccentric engageable with a cam bush carried by said gear carrier.
NUM  11.
PAR  11. Electric driving means according to claim 10 wherein said cam is
      carried on a shaft rotatable by a control shaft and said control shaft is
      arranged for locking in a selected position by a releasible locking arm.
NUM  12.
PAR  12. Electric driving means according to claim 1 wherein said drive
      transmitting means includes a reduction gear box carried by said wheel
      plate, said reduction gear box comprising said output shaft coupled to
      said electric motor by a worm wheel carried on said output shaft and
      engaging with a worm driven by said electric motor.
NUM  13.
PAR  13. Electric driving means according to claim 1 wherein said wheel plate is
      resiliently carried by a mounting bracket for connection to the frame
      member, said mounting bracket including a bushing having a suspension
      medium arranged to permit limited resilient movement of the wheel plate
      relative to the bracket.
NUM  14.
PAR  14. Electric driving meams according to claim 1 further including means for
      locking said gear carrier in said first extreme position, said second
      extreme position and said neutral position.
NUM  15.
PAR  15. In a wheelchair having a frame supporting a pair of castor wheels, a
      paid of drive wheel assemblies, and a battery, the improvement wherein
      each of said drive wheel assemblies comprises
PA1  a support,
PA1  an electric motor on said support and operable by said battery through a
      control means,
PA1  drive transmitting means coupled to the electric motor and having an output
      shaft carrying a drive pinion,
PA1  a drive wheel rotatably mounted on said support and carrying a fixed
      pinion, and
PA1  gear transmission means on said support for coupling said drive pinion to
      said fixed pinion, said gear transmission means including a gear carrier
      mounted for pivotal movement relative to said fixed and drive pinions
      between a first extreme position and a neutral position, the gear carrier
      including at least one idler gear means for transmitting drive torque from
      the drive pinion to the fixed pinion when the gear carrier is in said
      first extreme position, and said carrier being moved by a rotatable
      eccentric engaging a cam bush on said gear carrier.
NUM  16.
PAR  16. The invention as recited in claim 15 wherein said gear carrier includes
      second idler gear means having a drive transmission ratio different from
      that of said first idler gear means for transmitting drive torque from the
      drive pinion to the fixed pinion when the gear carrier is in a second
      extreme position.
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ABST
PAL  A motor vehicle has an enclosed battery storage compartment with a door
      separating the compartment from an adjacent support surface that has been
      roughened to reduce slippage of persons stepping thereon. A battery holder
      has a mounting base in the compartment and a battery cell support tray
      mounted on wheels for rolling between a position on top of the mounting
      base, where the battery cells are housed, and a position on the surface,
      where the battery cells are inspected and serviced. Mounted to the tray is
      a handle having a horizontally extending grip portion for grasping to move
      the handle or tray and a vertical projecting lock portion for engaging a
      keeper, mounted on the mounting base, to lock the tray in a stationary
      position. When the handle is in a tray locking position, the grip portion
      of the handle extends adjacent the tray and the compartment door can be
      closed, retaining the handle in its locked position. When the door is
      opened and the handle unlocked, the grip portion of the handle extends
      outwardly from the tray for moving the tray. Stops limit the outward
      movement of the tray from the compartment onto the adjacent support
      surface and guides are provided to restrain tray movement laterally of the
      normal direction of movement between the compartment and the support
      surface. Wheel retainers are provided to limit upward movement of the tray
      above the base.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to motor vehicle battery mountings and holders. More
      specifically, the invention pertains to a battery holder that supports
      battery cells for housing in an enclosed battery storage compartment on a
      motor vehicle and for readily moving the battery cells between the
      compartment and an adjacent support surface for inspection and servicing.
PAR  2. Description of the Prior Art
PAR  Movable tray assemblies with extensible slides that include steel ball
      bearings for supporting the tray, in a manner similar to a drawer of an
      office file cabinet, have been used for supporting battery cells in motor
      vehicles, such as fire trucks. A problem with such extensible slides has
      been that dirt or other foreign matter lodges in the ball bearing guides
      and makes the tray extremely difficult to move. Commercially available
      slide components are expensive and not particularly suitable for
      applications such as supporting battery trays because they are adversely
      affected by water, dirt, battery acids, and other foreign material.
PAR  Movable battery tray assemblies with extensible slides have included a
      small diameter roller assembly which supports the outer end of a battery
      tray upon an adjacent support surface when the battery tray is withdrawn
      from the battery storage compartment. Since the running boards of fire
      trucks have a roughened surface with a tread pattern to reduce the
      tendency for slipping of persons stepping thereon, it is difficult to move
      the small diameter roller assembly across the roughened surface of the
      running board because the roller drops into the valleys between the tread
      ridges. Thus, the outer end of the battery tray must be lifted upward
      until the roller is out of engagement with the tread ridges before the
      battery tray can be moved inward or outward by the extensible slides.
PAR  When extensible slides have been used, the door of the battery compartment
      has been attached to the tray like a door is attached to a file cabinet
      drawer. The heavy load of the batteries tends to bend the tray and the
      slides. Such bending results in misalignment of the door and prevents
      proper closure of the door within the door frame of the battery storage
      compartment.
PAR  Stationary battery holders have been mounted within the engine compartment
      of a motor vehicle but in such locations, the batteries are not readily
      accessible for inspection and servicing. Furthermore, it has been found
      that sometimes there is insufficient space within the engine compartment
      for the batteries. This is particularly true in the case of fire engines
      where a dual battery system is desired with auxiliary battery cells to
      insure against starting failures. Stationary battery holders have also
      been mounted upon the running boards of motor vehicles and provided with
      removable covers but it is often desirable to conserve such running board
      space for other purposes.
PAR  Problems encountered with known battery holders include the battery holder
      occupying space needed for other purposes; the battery cells are not
      readily accessible for inspection and servicing; the battery tray is
      difficult to move between a battery storage position and a battery
      inspection position; anti-friction devices enabling movement of the
      battery tray are adversely affected by water, battery acids, dirt and
      other foreign material; the anti-friction devices do not operate properly
      upon a roughened support surface; suitable anti-friction components are
      expensive; the battery tray can move in an undesired manner; and the
      storage compartment door does not close properly.
PAC  SUMMARY OF THE INVENTION
PAR  Space on a motor vehicle, having a battery storage compartment and an
      adjacent support surface, is effectively utilized by a battery cell
      support tray mounted on wheels to roll with minimal frictional resistance
      between a position on a base within the compartment where the battery
      cells are housed and a position on an adjacent support surface where the
      battery cells are inspected and serviced. The tray can be locked in a
      stationary position on the base to prevent undesired movement of the tray.
PAR  In a preferred form of the invention, a handle, for both locking and moving
      the tray, has a lock portion that engages a stationary keeper within the
      battery compartment to prevent undesired tray movement and a grip portion
      that extends adjacent the tray when locked but extends outwardly from the
      tray when unlocked for grasping and moving the handle or tray. The
      compartment has a door that can be closed only when the grip portion of
      the handle extends adjacent the tray in a locked position. This prevents
      inadvertently closing the door without locking the tray in a stationary
      position on the base and it also prevents an accidental unlocking of the
      tray by bouncing within the compartment with the door closed. The wheels
      have a diameter and a width large enough to roll on top of ridges without
      dropping into intermediate valleys in a tread pattern on the support
      surface adjacent the battery storage compartment. Guides are provided to
      restrain the tray from moving laterally of the direction of movement
      between the compartment and the support surface and stops are provided to
      limit the outward movement of the tray onto the support surface. Wheel
      retainers restrain upward movement of the tray from the base to prevent
      overriding the stops or unlocking the tray.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a portion of a motor vehicle having a
      battery storage compartment located adjacent a support surface and a
      battery cell support tray mounted on wheels to roll between the
      compartment and the support surface. The tray is shown in a position
      extending outwardly from the compartment onto the support surface.
PAR  FIG. 2 is a perspective view similar to FIG. 1 but with the battery cell
      support tray locked in a stationary position within the compartment.
PAR  FIG. 3 is a perspective view of a portion of a motor vehicle having a
      battery storage compartment, as shown in FIG. 2, but with the compartment
      door closed.
PAR  FIG. 4 is a plan view of the battery holder shown in FIG. 1.
PAR  FIG. 5 is a front elevation of the battery holder shown in FIG. 4.
PAR  FIG. 6 is a side elevation of the battery holder shown in FIG. 4.
PAR  FIG. 7 is a side elevation of the battery holder but with the battery cell
      support tray in a locked position on the mounting base.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, a motor vehicle 10, such as a fire truck, has a
      battery storage compartment 12 located adjacent a support surface 14. The
      support surface is defined by a running board that has a typical diamond
      tread pattern of ridges 16 and intermediate valleys 18 to prevent the
      slipping of persons stepping thereon. A door 20, shown in an open position
      in FIG. 1, can be closed, as shown in FIG. 3, to separate the compartment
      from the support surface. A latch 21 is provided for locking the door in
      the closed position from the outside of the compartment.
PAR  A battery holder 22, mounted within the compartment 12, has a battery cell
      support tray 24 that is mounted on wheels 26 to roll between the support
      surface 14 and the compartment. A pair of handles 27 and 28 are mounted to
      the tray for both locking the tray in a stationary position within the
      compartment and moving the tray when unlocked between the compartment and
      the support surface.
PAR  Looking now at FIGS. 4, 5 and 6, the battery holder 22 has a mounting base
      30 that includes a vertical back panel 32 and a horizontal bottom panel
      34. Three stud bolts 36 are welded at equal spaces along one side of the
      bottom panel to project upwardly therefrom and three corresponding stud
      bolts 37 are welded along the opposite side of the bottom panel. A wheel
      retainer 38 has a horizontal bottom flange 39, as shown in FIG. 5, with
      holes therein to fit about the stud bolts 37 and the flange is fastened to
      the bottom panel by stop nuts 40 that are threadably fitted upon the stud
      bolts. A web 42 projects upward vertically from the bottom flange of the
      wheel retainer to support a top flange 44 that extends outward from the
      web over the wheels 26. Mounted to the opposite side of the bottom panel
      is a corresponding wheel retainer 46 that fits about stud bolts 36 and
      extends over the wheel 26 on the opposite side of the battery cell support
      tray 24. The wheel retainers limit movement of the wheels upward from the
      bottom panel of the base and thereby restrain upward movement of the tray.
PAR  A pair of stops 47 and 48, formed by angles, are welded to the bottom panel
      34 of the mounting base 30 in positions near the wheel retainers 46 and
      38, respectively. The stops are located at the bottom panel end that is
      opposite from the back panel 32 and adjacent the support surface 14. A
      guide 50, in the form of an inverted channel, is also welded to the bottom
      panel and extends along the central portion thereof from the back panel to
      the end of the bottom panel adjacent the support surface. A pair of holes
      52 and 54, shown in FIG. 4, are provided in the guide for receiving the
      handles 27 and 28 and thus, the guide 50 serves as a keeper for the
      handles 27 and 28 when the tray is locked in a stationary position  on the
      base, as shown in FIG. 7.
PAR  The battery cell support tray 24 has a rectangular bottom panel 55 with
      bayonet slots 56, 57, 58 and 59 located therein. The bayonet slots receive
      and retain connecting bolts 60, shown in FIG. 1, that are attached to a
      hold-down frame 62, positioned about the perimeter of a group of battery
      cells 64. The tray has a front panel 66, a rear panel 67 (FIG. 4), a right
      side panel 68, and a left side panel 69 that form a wall extending upward
      from the perimeter of the bottom panel. A support 72 having a pair of
      axles 73 and 74 that project outwardly therefrom is welded to the right
      side panel 68 and a similar support 75 having axles 76 and 77 that project
      outwardly therefrom is welded to the left side panel 69. A wheel 26 is
      rotatably mounted upon each axle and is held in place thereon by a flat
      washer 78 and a cotter pin 79, as shown in FIGS. 6 and 7.
PAR  A stop 81, shown in FIGS. 4 and 5, is welded to the rear panel 67 of the
      tray 24 and to the support 72 in a position to project downwardly
      therefrom and engage the stop 47 on the mounting base 34, thereby limiting
      movement of the tray outwardly from the battery compartment 12 onto the
      support surface 14. A similar stop 82 is welded to the tray and to support
      75 in a position to engage the stop 48 on the mounting base. A pair of
      guides 84 and 85, formed by angles, are welded to the tray bottom panel 55
      and extend downwardly on opposite sides of the guide 50 to restrain the
      tray from moving laterally of the direction of movement between the
      compartment 12 and the support surface 14.
PAR  Sleeves 87 and 88 are welded to the tray front panel 66 with the central
      axes of the sleeves aligned vertically. Slidably fitted within the sleeve
      87 is the handle 27 and the handle 28 is slidably fitted in the sleeve 88.
      Since the handles 27 and 28 are similar, only handle 28 will be described
      in detail but it will be understood that the handle 27 has a corresponding
      structure. The handle 28 has a grip portion 90 extending outward
      horizontally above the sleeve 88 and downward vertically at a distance
      offset from the sleeve by the horizontally projecting portion. A lock
      portion 92 of the handle projects downward vertically from the grip
      portion through the sleeve to a position therebelow. The lowermost end of
      the lock portion fits within the hole 54 in the guide 50, as shown in FIG.
      7, and the guide serves as a keeper for the handle.
PAR  A pin 93 extends horizontally through the lock portion 92 of the handle 28
      and projects outwardly therefrom on each side thereof in a vertical plane
      perpendicular to the horizontally extending grip portion 90. The pin is
      positioned to extend under the bottom panel 55 of the tray 24 when the
      grip portion of the handle extends adjacent the tray, thereby preventing
      the lock portion 92 of the handle from being elevated out of the hole 54
      in the keeper or guide 50 without rotating the handle to where the grip
      portion extends outwardly from the tray. A flat washer 94 is welded to the
      lock portion of the handle above the sleeve 88 to form an outwardly
      extending radial flange and a compression spring 95 is positioned around
      the lock portion of the handle between the radial flange and the top of
      the sleeve to urge the handle upward. This spring must be compressed
      before locking the tray 24 in a stationary position on the mounting base
      30.
PAR  When the handle 28 is rotated to an unlocked position but the locking
      portion 92 is still within the hole 54, the spring 95 will elevate the
      handle to a level where the pin 93 contacts the underside of the sleeve 88
      and is positioned opposite the front panel 66 of the tray 24. The
      outwardly projecting ends of the pin limit rotational movement of the
      handle, as indicated by the solid line and phantom line positions of
      handle 27 in FIG. 4, to maintain the grip portion of the handle in a
      position extending outwardly from the tray. When the grip portion of
      either handle 27 or 28 extends outwardly from the tray 24, the door 20 to
      the battery storage compartment 12 cannot be closed. When the grip portion
      of the handle is positioned adjacent the tray and the door to the battery
      storage compartment is closed, the lock portion 92 of the handle 28 cannot
      be removed from the hole 54 in the keeper or guide 50.
PAR  The battery holder 22 is assembled by positioning the support tray 24 upon
      the mounting base 30 with the tray stops 81 and 82 located between the
      back panel 32 and the base stops 47 and 48. The wheel retainers 38 and 46
      are then fitted about the stud bolts 37 and 36, respectively, and secured
      in place by the stop nuts 40. The support tray can be readily removed from
      the mounting base by removing the stop nuts and wheel retainers. The
      battery holder can be inserted into the battery storage compartment 12 and
      the mounting base can be fastened therein by bolts, not shown.
PAR  The battery cells 64 are placed upon the support tray 24 and are held in
      place by the hold-down frame 62 that is coupled with the tray by
      connecting bolts 60. The battery cells are connected by appropriate cables
      to the electrical circuitry of the motor vehicle 10. Sufficient slack is
      provided in these cables to permit the support tray to move freely from
      the battery storage compartment 12 to a position on the adjacent support
      surface 14 where the battery cells can be inspected and serviced.
PAR  During normal operation, the battery cells 64 are mounted on the battery
      holder 22 and both the battery cells and holder are housed within the
      battery storage compartment 12. When it is necessary to inspect or service
      the battery cells, the latch 21 is unlocked and the door 20 is opened. The
      handles 27 and 28 are rotated about ninety degrees to where the grip
      portions 90 extend outwardly from the battery cell support tray 24. The
      compression springs 95 elevate the handles to disengage the lock portions
      92 from the guide or keeper 50 and by pulling outward on the handles, the
      support tray will roll onto the adjacent support surface 14. After
      inspection and servicing of the battery cells, the support tray is pushed
      by the handles back into the storage compartment. The handles are then
      pushed downward with the lock portions thereof fitting into the holes 52
      and 54 in the guide or keeper 50. The grip portions of the handles are
      rotated about 90.degree. to extend adjacent the support tray and the door
      20 is locked in a closed position.
PAR  An efficient utilization of space on the motor vehicle 10 is achieved by
      the battery support tray 24 being mounted on wheels 26 for movement
      between a battery storage position in the compartment 12 and a battery
      inspection position on the support surface 14. The tray wheels 26, as
      shown in FIGS. 4 and 6, have a diameter and a width large enough to roll
      on top of the tread surface ridges 16 without dropping into the
      intermediate valleys 18. Thus, the tray can be moved with minimal
      frictional resistance and the tray wheels are not adversely affected by
      water, battery acids, dirt or other foreign material. Undesired movement
      of the tray is prevented by the stops 81, 82, 47 and 48, the guides 50,
      84, and 85, and the locking handles 27 and 28. The door 20 is not affected
      by the load on the battery support tray, but as a safety feature cannot be
      closed unless the tray is properly locked within the compartment. This
      door, when in a closed position, prevents the tray from inadvertently
      becoming unlocked within the compartment.
PAR  Although the best mode contemplated for carrying out the present invention
      has been herein shown and described, it will be understood that
      modification and variation may be made without departing from what is
      regarded to be the subject matter of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a motor vehicle having a battery storage compartment and a support
      surface located adjacent the compartment, an improved battery holder
      comprising a mounting base in said compartment, a battery cell support
      tray mounted on wheels for rolling between a position on the base where
      battery cells are housed and a position on the support surface where
      battery cells are serviced and inspected, and means for locking the tray
      in the position on the base to prevent undesired movement of the tray,
      said tray having a front panel and a bottom panel, said tray locking means
      including a vertical sleeve fixed to the front panel, a handle slidably
      fitted axially within the sleeve and pivotally supported therein for
      rotation through a horizontal angle, said handle having a grip portion
      extending outward horizontally above the sleeve and a lock portion
      projecting downward vertically below the sleeve, a pin extending
      horizontally from the lock portion of the handle in a vertical plane
      perpendicular to the grip portion, a keeper mounted on the base for
      receiving and retaining the lock portion of the handle, said pin extending
      under the bottom panel of the tray when the grip portion of the handle
      extends adjacent the tray and thereby preventing the lock portion of the
      handle from being elevated out of the keeper without rotating the handle
      to a position where the grip portion extends outwardly from the tray.
NUM  2.
PAR  2. An improved battery holder as described in claim 1 wherein said tray
      locking means further includes a radial flange projecting outwardly from
      the handle above the sleeve, and a compression spring positioned around
      the handle between the radial flange and the top of the sleeve to urge the
      handle upward and to require compression before locking the tray.
NUM  3.
PAR  3. An improved battery holder as described in claim 1 wherein said pin
      extends outwardly from each side of the lock portion of the handle whereby
      each end of the pin limits rotational movement of the handle in an
      elevated position by contact with the front panel to maintain the grip
      portion of the handle extending outwardly from the tray.
NUM  4.
PAR  4. An improved battery holder as described in claim 3 which further
      includes wheel retainers mounted to the base and extending over the tray
      wheels to limit upward movement of the tray and thereby prevent accidental
      removal of the lock portion of the handle from the keeper.
NUM  5.
PAR  5. An improved battery holder as described in claim 1 which further
      includes at least one stop projecting upward from the end of said mounting
      base adjacent the support surface, and at least one stop projecting
      downward from the end of said tray opposite from the support surface to
      engage the corresponding mounting base stop, thereby limiting movement of
      the tray outwardly from the battery compartment onto the support surface.
NUM  6.
PAR  6. An improved battery holder as described in claim 5 which further
      includes means for restraining upward movement of the tray to maintain the
      tray stop at a level to engage the mounting base stop.
NUM  7.
PAR  7. An improved battery holder as described in claim 1 which further
      includes a guide projecting upward from said mounting base and extending
      in a direction along the base corresponding with the direction of movement
      of the tray between the battery storage compartment and the support
      surface, and a pair of guides projecting downward from the tray on
      opposite sides of the base guide to restrain the tray from moving
      laterally of the direction of movement between the compartment and the
      support surface.
NUM  8.
PAR  8. In a motor vehicle having a battery storage compartment, a support
      surface located adjacent the compartment, and a door separating the
      compartment from the support surface, an improved battery holder
      comprising a mounting base in said battery compartment, a battery cell
      support tray mounted on wheels for rolling between a position on the base
      where battery cells are housed and a position on the support surface where
      battery cells are serviced and inspected, and means for locking the tray
      in the position on the base to prevent undesired movement of the tray,
      said tray locking means including a handle that must be in a locked
      position before the door can be closed.
NUM  9.
PAR  9. An improved battery holder as described in claim 8 wherein said handle
      has a horizontally extending grip portion that must be rotated to a
      position projecting outwardly from the tray to unlock the tray for
      movement from the position on the mounting base, said door in a closed
      position being located to limit rotational movement of the handle and
      thereby prevent the tray locking means from becoming unlocked.
NUM  10.
PAR  10. In a motor vehicle having a battery storage compartment and a support
      surface located adjacent the compartment, said surface having ridges and
      intermediate valleys in a tread pattern to reduce slippage of persons
      stepping thereon, an improved battery holder comprising a mounting base in
      said battery compartment, a battery cell support tray mounted on wheels
      for rolling between a position on the base where the battery cells are
      housed and a position on the support surface where the battery cells are
      serviced and inspected, said tray having wheels of a diameter and a width
      large enough to roll on top of the surface ridges without dropping into
      the intermediate valleys, and means for locking the tray in the position
      on the base to prevent undesired movement of the tray.
NUM  11.
PAR  11. In a motor vehicle having a battery storage compartment and a support
      surface located adjacent the compartment, an improved battery holder
      comprising a mounting base in said compartment, a battery cell support
      tray mounted on wheels for rolling between a position on the base where
      battery cells are housed and a position on the support surface where
      battery cells are serviced and inspected, a handle mounted upon the tray
      for pivotal movement in a horizontal plane and for slidable movement
      vertically along its pivotal axis, said handle having a grip portion
      extending outward horizontally from its pivotal axis adjacent the tray and
      a lock portion depending downward vertically below the tray, a pin
      extending horizontally from the lock portion of the handle in a vertical
      plane perpendicular to the grip portion, a keeper mounted on the base for
      receiving and retaining the lock portion of the handle to prevent
      undesired tray movement, said pin extending under the tray above the
      keeper when the grip portion of the handle extends adjacent the tray and
      thereby preventing the lock portion of the handle from being elevated out
      of the keeper without turning the handle to a position where the grip
      portion extends outwardly from the tray.
NUM  12.
PAR  12. An improved battery holder as described in claim 11 wherein said tray
      locking means includes resilient means for urging the handle vertically
      along its pivotal axis, said resilient means requiring compression to move
      the handle downward for inserting the lock portion of the handle into the
      keeper.
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ABST
PAL  A known vehicle normally operating on independently suspended trailing arms
     nd pneumatic tires can be converted to a tracked vehicle by wrapping
      endless tracks around the tire tread areas in multiples of two. An
      expansible wheel-connector device is provided for causing the trailing
      arms and wheels to deflect in unison, thereby maintaining track tension
      and tire-track interengagement, minimizing uneven final drive torque
      loadings, and relieving the wheel bearing loads brought on by the addition
      of the track.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  An existing off-road vehicle is equipped with eight road wheels carried on
      swingable suspension arms (four on each side of the vehicle); each road
      wheel can be driven by a chain or gear drive contained within the
      associated suspension trailing arm. It was thought that the vehicle could
      have improved mobility in soft terrain by providing endless treads or
      tracks around selected ones of the wheels, in the manner shown for example
      in U.S. Pat. No. 3,299,978 issued to W. B. Sponsler (see FIG. 6). However,
      problems in maintaining a degree of suspension and also track tension
      arose because the existing vehicle design provided for independent
      swinging movement of each suspension arm in accordance with momentary
      changes in the terrain; under certain conditions the wheel centerline
      spacing could be shortened sufficiently to produce track slack, possible
      untracking, and possible spinning of the wheels within the track.
PAR  The present invention is intended to provide an extensible connector
      between the wheels for maintaining wheel centerline spacing equal to the
      centerline spacing of the upper pivot points of the trailing arms, thereby
      creating a parallelogram arrangement that maintains a degree of suspension
      while preventing excessive looseness or play in the track. At the same
      time the connector accepts the compressive loads created by the track,
      thereby relieving loads on the wheel bearings.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a vehicle suited for conversion from a
      wheel mode to a tracked mode. The vehicle is shown prior to installation
      of certain wheel-connector devices proposed under the present invention.
PAR  FIGS. 2 and 3 schematically compare two different wheel-track arrangements,
      one without the proposed wheel connector, and one with the proposed
      connector.
PAR  FIG. 4 is a schematic representation of a parallelogram linkage used in the
      FIG. 3 device.
PAR  FIGS. 5 and 6 fragmentarily show one form of wheel connector contemplated
      under the invention.
DETD
PAC  FIG. 1
PAR  FIG. 1 shows in side elevation a vehicle comprising a hull 10 having four
      pneumatic tires 12 at each of its sides. Each tire is mounted on a wheel
      disc 14 that is supported for rotary movement around an axis 18 on a
      suspension trailing arm 16. Each arm 16 is arranged to swing in a vertical
      arc around a swing axis 20 located on hull 10. Torsion spring means (not
      shown) is interposed between each suspension arm pivot 20 and the hull to
      support and cushion the hull spring weight while permitting the associated
      wheels to deflect in accordance with terrain irregularities. The details
      of the torsion spring means are shown in copending U.S. Patent application
      Ser. No. 497,772 filed on Aug. 15, 1974 in the names of Harold T. Rose and
      Clarence D. Gilreath. Said copending application also discloses drive
      means extending within each suspension arm for powering the associated
      road wheel.
PAR  As seen in attached FIG. 1, the two frontmost tires 12 are encircled by an
      endless track 22, and the two rearmost tires 12 are encircled by an
      endless track 24. Similar endless tracks are provided at the non-visible
      side of the vehicle. The tracks may be constructed generally as shown in
      U.S. Pat. No. 2,739,017 issued on Mar. 20, 1956 to B. F. Arps. The tracks
      are installed on the wheels (tires) in anticipation of soft terrain
      conditions (snow, sand, mud etc.); under normal conditions the tracks are
      not used.
PAC  FIGS. 2 AND 3
PAR  FIG. 2 diagrammatically shows the potential effect that terrain
      irregularities have on the wheel centerline spacing. The normal run
      position is shown in full lines; the position after the frontmost wheel
      has encountered an obstruction is shown in dashed lines. As the front
      wheel deflects upwardly the front wheel rotational axis 18 moves to
      position 18a; in so doing the front wheel rotational axis moves closer to
      the rear wheel rotational axis by approximately the distance A. Distance
      2A represents the potential slack generated in track 22 due to the
      particular terrain irregularity.
PAR  FIG. 3 diagrammatically illustrates the FIG. 2 wheel-track structure
      modified to include a telescoping connector mechanism 26 between the two
      wheel axles. As shown, mechanism 26 comprises a rod or relatively small
      diameter tube 28 swivably connected to the front axle, and a larger
      diameter tube 30 swivably connected to the rear axle; tube 30 is
      telescoped over tube 28 so that the tubes form a tying mechanism between
      the wheels. The free end of element 28 abuts against a stop 32 carried
      within tube 30. The position of stop 32 is adjusted so that the spacing
      between the wheel centerlines 18, 18 cannot be less than a predetermined
      distance. In practice the stop 32 is adjusted or located so that the wheel
      centerline spacing corresponds to the spacing between the two suspension
      arm swing axes 20, 20. With such an arrangement the two suspension arms
      swing in unison in the manner of the parallel bar linkage shown in FIG. 4.
PAR  Referring to FIG. 3, as the front wheel encounters an obstruction (to move
      the wheel centerline to position 18a) the wheel connector device 26
      transmits a similar movement to the rear wheel axis (axle), thereby
      causing the rear wheel axis to approach position 18b. The original wheel
      centerline spacing is substantially maintained to thus prevent looseness
      or slack in track 22. The track tension prevents elements 28 and 30 from
      sliding apart.
PAR  Should the front tire encounter a depression in the terrain the front
      suspension arm 16 will tend to be rotated downward and forward in the
      clockwise direction about swing axis 20 (by the action of its torsion
      spring). The compressive forces generated by the track will prevent the
      track from expanding, and will at the same time draw the rear tire and its
      suspension arm downward and forward along the same line as the front tire,
      thereby maintaining a relatively constant tension on the endless track.
PAR  It is believed that connector 26 may have some beneficial action as regards
      level ride characteristic. When the front tire encounters an obstruction
      connector 26 transmits a corrective movement to the rear tire before the
      rear tire actually sees the obstruction; this apparently improves overall
      response time for the suspension system. When the front tire encounters a
      depression in the terrain the tensioned track tends to transfer the load
      onto the rear tire, thus minimizing the effect of the depression on
      vehicle attitude. Slight terrain irregularities may perhaps be
      accommodated by expansive-contractive action of the tires, without
      significant movement of the suspension arms; the tires exert some of the
      same cushioning effects that occur when the vehicle is operating in the
      wheeled mode (tracks removed).
PAC  FIGS. 5 AND 6
PAR  FIGS. 5 and 6 structurally illustrate one form of the connector device 26
      schematically depicted in FIG. 3. As shown in FIG. 5, device 26 is
      associated with a road wheel or tire 12 having a wheel disc 14 connected
      to an axle 19 located on axis 18 within the barrel portion 21 of a
      suspension arm 16. Disc 14 is provided with studs 33 which accept nuts 35.
      When the vehicle is in the wheel mode nuts 35 lock the rim 14a to wheel
      disc 14. When the vehicle is in the track mode nuts 35 are used to lock
      the rim 14a on disc 14 and also to fasten a base plate 34 that constitutes
      part of the wheel connector 26. Plate 34 constitutes a base for a shaft 36
      located on axis 18. During vehicle movement each wheel 12 rotates on its
      axis 18; each plate 34 and shaft 36 rotate with the wheel.
PAR  Each of the aforementioned tubular elements 30 or 28 is maintained in place
      by means of an attached barrel 38 that telescopes over shaft 36; suitable
      bearings 40 enable each shaft 36 to rotate wihout transmitting rotation to
      tube 30 (or tube 28). The wheel is designed so that bearings 40 are near
      the mid-plane of the tire; bearings 40 are thereby better able to handle
      radial loads created by the endless track. During wheel rotation elements
      tying 28 and 30 maintain the FIG. 6 position passing through the wheel
      centerlines 18, 18. Elements 28 and 30 cooperatively transmit wheel
      deflection forces from one wheel to another so that the wheels and
      trailing arms move in unison to prevent slack in the track.
PAR  Elements 28 and 30 are constructed as an extensible telescoping assembly to
      allow adjustment of distance CD (FIG. 4) to coincide with distance AB; an
      aim is to compensate for manufacturing tolerances, and also to facilitate
      installation and removal of the wheel-connector device. A stop screw 32 is
      threaded into a plug 37 carried within tube 30, whereby the end of the
      screw normally abuts the blunt end 28e of tube 28. During the process of
      installing connector device 26 on the wheels screw 32 may be adjusted from
      its final operating position to permit tubes 30 and 28 to have limited
      axial play, sufficient to enable the mounting plates 34 to align with
      studs 33 for securement of the plates by nuts 35. The track would usually
      be installed or wrapped on the tires after connector 26 has been attached
      to the two wheels. Normal procedure would be to drive the vehicle onto the
      tracks and then connect the free ends of the tracks together.
PAR  In use, the FIG. 5 device operates in the same fashion as the device of
      FIG. 3. Tubes 28 and 30 are maintained in a contracted condition by the
      forces generated by the endless track 22 or 24. Each shaft 36 (FIG. 5)
      rotates with the wheel; each sleeve 38 floats with the attached element 30
      or 28.
PAR  FIGS. 5 and 6 illustrate one form of wheel-connector. It will be
      appreciated that minor variations in structure may be employed while still
      utilizing the inventive concept described in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a vehicle comprising a hull; at least two road wheels located at each
      side of the hull; a suspension arm for each road wheel; each suspension
      arm being independently swingably connected to the hull for movement about
      an individual swing axis; each road wheel being rotatably connected to the
      associated suspension arm for movement around an axis remote from the
      aforementioned swing axis; each wheel axis being spaced approximately the
      same distance from the associated swing axis; and an endless track
      encircling two adjacent wheels at each side of the hull to convert the
      vehicle to the tracked mode: the improvement comprising a rigid connector
      means extending between the wheels in each track-wheel unit, each
      connector means being compressively positioned between the associated
      wheels to keep said wheels operatively engaged with the encircling track;
      each connector means being effective to maintain the wheel axes spacing
      substantially equal to the swing axes spacing, whereby the suspension arms
      in each track-wheel unit move in the fashion of a parallel bar linkage
      when the vehicle is in the tracked mode.
NUM  2.
PAR  2. In the vehicle of claim 1: each wheel connector means comprising
      telescoped elements connected to different ones of the wheels.
NUM  3.
PAR  3. In the vehicle of claim 1: each wheel connector means comprising an
      outwardly projecting shaft carried by each wheel on the wheel axis, and a
      tie mechanism having rotary connections with the shafts so that the
      individual wheels can turn without restraint from the tie mechanism.
NUM  4.
PAR  4. In the vehicle of claim 3: each wheel connector means further comprising
      a mounting plate for each shaft; each plate being removably attached to
      one of the vehicle road wheels by means of the existing wheel studs and
      nuts.
NUM  5.
PAR  5. In the vehicle of claim 3: each wheel connector means further comprising
      a mounting plate 34 for each shaft; each plate being removably attached to
      one of the road wheels by means of the existing wheel studs and nuts; each
      tie mechanism comprising a sleeve 38 surrounding one of the aforementioned
      shafts, and anti-friction bearings 40 interposed between each shaft and
      the associated sleeve; said bearings being located within the associated
      wheel between its side edges.
NUM  6.
PAR  6. In the vehicle of claim 1: each connector means comprising inner and
      outer tubes telescoped onto each other, each tube having a swivel
      connection with a different wheel in the respective track-wheel unit,
      whereby the individual wheels can turn without restraint from the
      telescoped tubes; the outer tube in each connector means having an
      internal stop 32 cooperating with an end of the inner tube to limit
      contractive movement of the tubes.
NUM  7.
PAR  7. In the vehicle of claim 6: each stop 32 being adjustable along the axis
      of the associated outer tube.
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ABST
PAL  A power-assisted steering gear for a road vehicle and of the kind having a
      fluid-pressure actuated device which is controlled by a valve that is
      itself actuable in use by the driver of a vehicle in which the steering
      gear is mounted, the valve incorporating a pair of relatively movable
      valve members, wherein there are provided means responsive in use to
      vehicle road speed and means offering resistance to such relative movement
      of the valve members, with the road speed responsive means being
      operatively connected to the resistance offering means and being arranged
      so that in use as the vehicle road speed increases, or at a predetermined
      vehicle road speed the resistance offered by the resistance offering means
      to relative movement between the valve members is increased.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to power-assisted steering gear which is intended
      for use in road vehicles and which is of the kind including a
      fluid-pressure actuated device which is controlled by a valve that is
      itself actuable in use by the driver of a vehicle in which the steering
      gear is mounted.
PAR  The resistance felt by the driver of a road vehicle having a manually
      operable steering gear as the steering wheel of the vehicle is turned
      varies from a relatively large resistance when the vehicle is parked or
      travelling at a very low speed to a relatively small resistance when the
      vehicle is travelling at high speeds. It is therefore desirable to
      arrange, if possible, when power-operated assistance is used, that the
      assistance given to manual operation of the steering gear should similarly
      vary from a maximum when the vehicle is stationary or travelling at low
      speeds to a minimum when the vehicle is travelling at high speeds. This
      desideratum could be achieved for example in an hydraulically actuated
      steering gear having a hydraulic pump by arranging that the hydraulic
      pressure available to operate the gear shall decrease as the vehicle road
      speed increases. Such an arrangement would however result in the
      disadvantage that at high road speeds the steering would develop, so far
      as the driver is concerned, a considerable amount of "sloppiness" and in
      the last resort when the hydraulic pressure had reached a very low or zero
      value, steering control would be exercised or substantially exercised by a
      direct mechanical connection through inter-engaging dogs which are
      normally provided, for safety reaons in the event of loss of hydraulic
      fluid, on two relatively movable valve members, such dogs however
      providing a substantial amount of "lost motion" in operating the steering
      gear.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide an improved form of
      power-assisted steering gear which possesses the above-mentioned
      desideratum but without having the disadvantage referred to.
PAR  In accordance with the invention there is provided a power-assisted
      steering gear of the kind including a fluid-pressure actuated device which
      is controlled by a valve that is itself actuable in use by the driver of a
      vehicle in which the steering gear is mounted, said valve incorporating a
      pair of relatively movable valve members, wherein there are provided means
      responsive in use to vehicle road speed and means offering resistance to
      such relative movement of the valve members, said road speed responsive
      means being operatively connected to said resistance offering means and
      being arranged so that in use as the vehicle road speed increases or at a
      pre-determined vehicle road speed the resistance offered by said
      resistance offering means to relative movement between said valve members
      is increased.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be more particularly described with reference to the
      accompanying drawings wherein
PAR  FIG. 1 is a longitudinal sectional view showing one example of a
      power-assisted steering gear in accordance with the invention, and
PAR  FIG. 2 is a longitudinal sectional view showing another embodiment of a
      power-assisted steering gear in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  Referring firstly to FIG. 1, there is shown therein a power-assisted
      steering gear which is intended for use in a road vehicle and which
      incorporates a pinion 10 and a rack 11 which is connectible to steerable
      road wheels R of the vehicle and which is also connected to or forms part
      of an hydraulic piston and cylinder unit (not shown) arranged to be
      actuated by pressurized hydraulic fluid which would be supplied, in use,
      from a pump driven by the engine of the vehicle in which the steering gear
      is mounted.
PAR  For the purpose of directing pressurized fluid into one end or the other of
      said piston and cylinder unit when it is required to turn the vehicle from
      a straight course the steering gear is provided with a valve having a pair
      of relatively movable valve members. The valve members are concentrically
      arranged and comprise an inner member 12 which is connectible at its outer
      end 13 to a driver-rotatable shaft having a steering wheel denoted
      generally S and a sleeve member 14 which forms an extension of said pinion
      10. Such relative movement of the valve members consists in the example
      now described of relative angular movement. Thus, angular movement of the
      vehicle steering wheel by the driver of the vehicle will result in the
      associated valve inner member 12 being initially turned relative to the
      sleeve member 14. The valve members are interconnected by a torsion bar 15
      which is pinned at its ends as shown at 15a to the two valve members
      respectively and which thus provides resistance to the turning movement of
      said valve inner member 12 connected to the vehicle steering wheel. Such
      resistance is of course related to the stiffness of said torsion bar 15
      and such stiffness depends, inter alia, on the length of said torsion bar.
PAR  The torsion bar 15 is provided at some convenient position intermediate its
      ends, for example, at a position mid-way between its ends, with a recess
      16 which extends into the interior of the torsion bar from the exterior
      thereof, with said recess being of inwardly tapering configuration so as
      to comprise for example a slot of v-shaped cross-section. Associated with
      said recess 16 and disposed at a position which is directly opposed to the
      recess is a plunger 17 having a head 18 and an inner end 19 which is also
      of tapered configuration, with said plunger being mounted in a housing 20
      formed in the valve sleeve member 14 to which a supply of pressurized
      hydraulic fluid can be conducted (by a port not shown) whereby such fluid
      can act on the outer side of the head 18 of the plunger to force it
      inwardly against the pressure exerted by a spring 21 so that its inner end
      19 will project into the aforesaid recess 16 formed in the torsion bar.
      This hydraulic fluid is arranged to be supplied by a further hydraulic
      pump (not shown) arranged so that the pressure of fluid delivered is
      dependent upon the road speed of the vehicle. For example, said further
      pump can be disposed so that it is driven by the output of the gearbox of
      the vehicle concerned and the arrangement can be such that the hydraulic
      pressure applied to said plunger 17 gradually increases with vehicle road
      speed so that the plunger is moved gradually inwardly into the recess 16
      in the torsion bar or alternatively the plunger can be moved relatively
      quickly into said recess when the hydraulic pressure reaches a
      predetermined value (corresponding to a predetermined road speed) through
      the operation for example of a suitable pressure lift-off valve which
      prevents hydraulic pressure being applied to the plunger until a
      predetermined pressure is reached.
PAR  When the inner end of the plunger however does enter fully into the recess
      16 in the torsion bar 15 the effect will be that the torsion bar is pinned
      by said plunger at a position mid-way along its length so that the
      effective length of the torsion bar will be halved and therefore its
      stiffness will be substantially increased. Obviously, considerably greater
      resistance will now be offered to relative movement between the two valve
      members 12 and 14, with such increased resistance becoming effective at
      relatively high vehicle road speeds.
PAR  In the alternative example seen in FIG. 2, the power-assisted steering gear
      shown therein comprises a worm 22 and nut 23 together with a plurality of
      re-circulating balls 24. One end of the nut 23 is connected to a piston 25
      movable in a cylinder 26 so that the piston and cylinder form a hydraulic
      unit in which pressurized fluid can be supplied by an engine driven pump
      provides the required power assistance. Admission of fluid in the cylinder
      26 is controlled by a valve having two relatively movable valve members 27
      and 28 which are so connected that relative angular movement between the
      two members also results in a small relative axial movement between the
      two members. Thus valve member 27 comprises a sleeve like extension of the
      worm 22 and into said extension projects the inner end of the other valve
      member 28 which at its outer end 29 is connectible to a driver-rotatable
      shaft. The valve members 27 and 28 are interconnected by a roller 30
      mounted on a pin 31 which is secured to the sleeve like outer member 27 so
      as to extend across the interior thereof while the roller 30 is disposed
      within a transverse bore 32 formed in the inner member 28. The bore 32 has
      a larger diameter than the maximum diameter of the roller 30 and thus
      relative angular movement between the member 27 and 28 on either side of a
      neutral position will be accompanied by relative axial movement between
      said two members 27 and 28. Such relative axial movement will effect the
      opening and closing of ports (not shown) in the valve which controls the
      flow of fluid into and out of the piston and cylinder unit 25 and 26. Such
      axial movement is opposed, inter alia, by a spring 33 which thus offers
      some resistance to relative rotational movement as well. There is also
      provided a supply of hydraulic fluid which is delivered under pressure by
      a further pump (not shown) whose speed is related to the road speed of the
      vehicle as before, with such fluid being arranged to act on said valve
      member 27 in order to augment the force exerted by said spring 33. Thus
      said hydraulic fluid can be arranged to exert a gradually increasing axial
      pressure on the valve member 27 in order to provide gradually increasing
      resistance to relative axial and rotational movement between the two valve
      members or, alternatively, as before, the hydraulic pressure can be
      arranged to come into operation at a predetermined road speed. In either
      event, however, the effect will be that at relatively high road speeds
      there will be an increased resistance to rotational movement between the
      two valve members 27 and 28 so that minimum power assistance will be given
      when the vehicle concerned is travelling at relatively high speeds. On the
      other hand at low or zero speeds the resistance to rotational movement
      between the two valve members is relatively low and thus maximum power
      assistance will be provided when the steering wheel is turned.
PAR  In either of the above-described examples the pressurized fluid supplied by
      the hydraulic pump whose output is related to road speed provides of
      course a means responsive to road speed. However, such means may be
      provided if desired in other ways such as for example by means of an
      electric current which can be supplied by means of a generator whose
      output again depends on road speed, with such current being arranged to
      actuate for example a solenoid valve which can in turn operate the plunger
      in the first case above-described or which could apply hydraulic pressure
      to one axial end of one valve member in the second case described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A power assisted steering gear for a road vehicle having steerable
      wheels and a driver rotatable shaft, including a pressure operated device,
      valve means controlling said pressure operated device comprising two
      relatively angularly movable valve members, a torsion bar having opposite
      ends, means connecting said two valve members to respective opposite ends
      of said torsion bar, means operably connecting one of such valve members
      to the driver rotatable shaft, means operably connecting the other of said
      valve members to the steerable wheels, said torsion bar offering
      resistance to relative movement of the valve members, said torsion bar
      having a recess therein intermediate the opposite ends thereof, and a
      plunger having an inner end, means mounting said plunger on one of said
      valve members to be normal to the torsion bar and being movable by
      pressurized fluid, the pressure of which is dependent upon road speed of
      the vehicle, in a radially inward direction to bring the inner end of the
      plunger into engagement with the recess in the torsion bar for increasing
      the stiffness of the torsion bar with increasing road speed of the
      vehicle.
NUM  2.
PAR  2. The power assisted steering gear as claimed in claim 1 wherein said
      recess is formed at the center of the length of the torsion bar.
NUM  3.
PAR  3. The power assisted steering gear as claimed in claim 1 wherein said
      recess and the inner end of said plunger have similar tapered
      configurations.
NUM  4.
PAR  4. A power assisted steering gear for a road vehicle having steerable
      wheels and a driver rotatable shaft, including a pressure operated device,
      valve means controlling said pressure operated device comprising
      relatively angularly movable inner and sleeve members, a torsion bar
      having opposite ends, means connecting said inner and sleeve members to
      respective opposite ends of said torsion bar, means operably connecting
      said inner member to the driver rotatable shaft, means operably connecting
      the sleeve member to the steerable wheels, said torsion bar offering
      resistance to relative movement of the inner and sleeve members, said
      torsion bar having a recess therein intermediate the opposite ends
      thereof, said sleeve member having a housing located normal to the torsion
      bar, and a plunger having an inner end mounted in said housing and being
      movable by pressurized fluid, the pressure of which is dependent upon road
      speed of the vehicle, in a radially inward direction to bring the inner
      end of the plunger into engagement with the recess in the torsion bar for
      increasing the stiffness of the torsion bar with increasing road speed of
      the vehicle.
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PAL  A bistable memory circuit is set by a first output signal produced when the
      driver is absent from his seat of the vehicle to produce an output signal
      and is reset by a second output signal produced when the driver sits down
      on his seat but fails to carry out a precautionary safety procedure to
      protect him to cease to produce the output signal. An AND gate circuit
      produces an output signal only when an output signal produced when the
      driver sits down on his seat and the output signal of the bistable memory
      circuit are concurrently present. An OR gate circuit produces an output
      signal when at least one of the second output signal and the output signal
      of the AND gate circuit is present to energize a solenoid to render
      shifting of the transmission from a parking or neutral position into a
      driving gear impossible.
BSUM
PAR  The present invention relates generally to a motor vehicle transmission
      shifting control system and particularly to a system for rendering
      shifting of a motor vehicle transmission from a parking or neutral
      position into a driving gear impossible if the driver fails to carry out a
      precautionary safety procedure to protect himself such as fastening his
      seat belt to compel the driver to carry out the precautionary procedure
      before being able to drive the vehicle.
PAR  Motor vehicles are at present required by law in many countries to be
      equipped with seat belts. The purpose of this is to prevent the driver and
      occupant of the vehicle from being thrown forward from his seat in the
      event of a collision of the vehicle to protect the driver and occupant
      from injury in a collision with structural parts of the vehicle which is
      called the "second collision". However, many drivers and occupants fail to
      fasten the seat belts because of the troublesome steps or procedures
      required for fastening the seat belts and uncomfortable pressure on bodies
      of the occupants after fastening them. As a result, in fact seat belts are
      merely provided for use in motor vehicles but the vehicles are started and
      driven with the seat belts being unfastened by the occupants. Accordingly,
      it is necessary to inhibit starting of a motor vehicle if the driver fails
      to fasten his seat belt to compel the driver to fasten the seat belt
      before starting of the vehicle. In this instance, it is important to
      permit starting of an engine of the vehicle even if the driver does not
      fasten the seat belt. The purpose of this is to avoid the inconvenience
      that otherwise the seat belt fastened by the driver restrains movements
      required of him for performing manipulation and inspection of the engine
      and the vehicle for starting the engine.
PAR  It is, therefore, an object of the invention to provide a system for
      rendering shifting of a transmission of a motor vehicle from a parking or
      neutral position into a driving gear impossible if the driver fails to
      carry out a precautionary safety procedure or steps to protect him such as
      fastening the seat belt to compel the driver to carry out the
      precautionary safety procedure of steps before starting of the vehicle but
      in which system starting of an engine of the vehicle is possible without
      carrying out the precautionary safety procedure or steps.
PAR  It is a further object of the invention to provide a system for rendering
      shifting of a transmission of a motor vehicle from a parking or neutral
      position into a driving gear impossible even when the seat belt is in a
      condition in which members of the seat belt are engaged with each other
      although the driver fails to fasten the seat belt about himself.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1 is a schematic view, partly in cross section, of a part of a
      preferred embodiment of a transmission shifting control system according
      to the invention;
PAR  FIG. 2 is a schematic side view of the transmission shifting control system
      shown in FIG. 1;
PAR  FIG. 3 is a circuit diagram of a first preferred embodiment of an electric
      control circuit forming a part of a transmission shifting control system
      according to the invention;
PAR  FIG. 4 is a circuit diagram of a second preferred embodiment of a
      transmission shifting control circuit forming a part of the electric
      control circuit shown in FIG. 3; and
PAR  FIG. 5 is a circuit diagram of a third preferred embodiment of a
      transmission shifting control circuit forming a part of the electric
      control circuit shown in FIG. 3.
DETD
PAR  Referring to FIGS. 1 and 2, a part of an automatic power transmission of a
      motor vehicle is shown to include a manually operated gear selector lever
      10 which has a hand grip 12 at its upper end and a clevis 14 at its lower
      end. First and second brackets 16 and 18 spaced apart from each other are
      fixedly mounted on the floor 20 of the vehicle and rotatable support a
      shaft 22 to which the clevis 14 is fixedly secured. The selector lever 10
      is swingable around the axis of the shaft 22 by manipulating the hand grip
      12 and has its angular positions P (parking), R (reverse), N (neutral), D
      (automatically shifting forward driving gear ratios), 2 (two-way 2nd gear)
      and 1 (two-way 1st gear). The selector lever 10 serves as one portion of a
      shift linkage of the transmission. A linking lever 24 is pivotably mounted
      on the shaft 22 and extends to a manual selector valve of a hydraulic
      control system (not shown) of the transmission. The linking lever 24
      serves as the other portion of the shift linkage. The linking lever 24 is
      formed therein with a recess 26 such as an aperture or hole. A solenoid 28
      is fixedly mounted on an inner surface of the wall 30 of the clevis 14 and
      has a projection 32 which extends from a core (not shown) of the solenoid
      28 and which is engageable with the recess 26 of the linking lever 24. The
      projection 32 is in a protruded position shown in FIG. 1 in which it
      engages the recess 26 when the solenoid 28 is deenergized, and is
      retracted disengaging the recess 26 when the solenoid 28 is energized.
      When the projection 32 engages the recess 26, the selector lever 20 is
      connected with the linking lever 24 so that swinging movement of the
      selector lever 10 causes shifting of the transmission. When the projection
      32 disengages the recess 26, the selector lever 10 is disconnected from
      the linking lever 24 to render shifting of the transmission impossible.
PAR  Referring to FIG. 3, an electric control circuit 50 forming a part of the
      transmission shifting control system according to the invention is shown
      to comprise a d.c. power source such as a battery 52 of the vehicle the
      negative terminal of which is grounded through a line 54. The electric
      control circuit 50 comprises also an engine starting control circuit 56
      which controls starting of an engine (not shown) of the vehicle and a
      transmission shifting control circuit 57 which controls the solenoid 28.
      The engine starting control circuit 56 comprises an ignition switch 58
      which is connected with the positive terminal of the power source 52. The
      ignition switch 58 is normally open and is closed for producing a spark in
      a combustion chamber (not shown) of the engine. The ignition switch 58 is
      connected in series with a parallel connection or section 62 of a parking
      switch 64 and a neutral switch 66. The parking switch 64 is normally open
      and closed when the manual selector lever 10 is in its parking position P.
      The neutral switch 66 is normally open and closed when the manual selector
      lever 10 is in its neutral position N. The parallel section 62 of the
      parking and neutral switches 64 and 66 is connected with starter relay
      coil 70 of a starter relay 72 through a starter switch 74. The starter
      switch 74 is normally open and manually closed for starting the engine.
      One terminal of the relay coil 70 is grounded. The relay coil 70 is
      energized when the switch 58, one of the switches 64 and 66, and the
      switch 74 are closed. The switch 58, parallel section 62, switch 74 and
      relay coil 70 form a starter motor control circuit 76. The engine starting
      control circuit 56 also comprises a starter relay switch 78 of the starter
      relay 72. The relay switch 78 is connected with the positive terminal of
      the power source 52 and with a starter motor 80. The relay switch 78 is
      normally open and closed when the relay coil 70 is energized to operate
      the starter motor 80 to start the engine. One terminal of the coil (not
      shown) of the starter motor 80 is grounded. The switch 78 and starter
      motor 80 form a starter motor circuit 81. It will be understood that the
      engine can be started only when the selector lever 10 and accordingly also
      the transmission are in the parking or neutral position P or N.
PAR  The transmission shifting control circuit 57 comprises a switch 82 which is
      connected with the positive terminal of the power source 52. The switch 82
      is normally open and closed to produce an output signal A when the driver
      (not shown) of the vehicle sits down on his seat 84. The switch 82 is
      connected in series with a switch 86 which is closed when the driver fails
      to carry out a precautionary safety procedure or steps for protecting the
      driver such as fastening a seat belt 90 which is equipped in the vehicle
      to encircle the driver to restrain him for his protection and safety, or
      rendering or maintaining a driver restraining device of the passive or
      automatic type operative or effective which type is automatically fastened
      to the driver when the driver sits down on his seat and concurrently when
      the device is operative. The switch 86 produces an output signal B when
      closed with the switch 82 closed. The switch 86 is opened when the driver
      carries out the precautionary safety procedure or steps. The switches 82
      and 86 are connected with a failure detecting circuit which is generally
      designated by the reference numeral 92. The failure detecting circuit 92
      comprises a NOT circuit 100 to which the output signal A of the switch 82
      is applied. The NOT circuit 100 produces no output signal when the output
      signal A of the switch 82 is present and produces an output signal C when
      the output signal A of the switch 82 is absent. The output signal C of the
      NOT circuit 100 is applied to a bistable memory circuit 102 to which the
      output signal B of the switch 86 is also applied. The bistable memory
      circuit 102 is set by the output signal C of the NOT circuit 100 to
      produce an output signal D and is reset by the output signal B of the
      switch 86 to cease to produce the output signal D. The output signal D of
      the bistable memory circuit 102 is applied to an AND gate logic circuit
      104 to which the output signal A of the switch 82 is also applied. The AND
      gate circuit 104 produces an output signal E only when the output signal A
      of the switch 82 and the output signal D of the bistable memory circuit
      102 are concurrently present. The output signal E of the AND gate circuit
      104 is applied to an OR gate logic circuit 106 to which the output signal
      B of the switch 86 is also applied. The OR gate circuit 106 produces an
      output signal F when only one of the output signal B of the switch 86 and
      the output signal E of the AND gate circuit 104 is present. The output
      signal F of the OR gate circuit 106 is applied to an AND gate logic
      circuit 107 which is connected with the solenoid 28. A sensor 108 is
      provided which is responsive to operation of the engine to produce an
      output signal G. The sensor 108 may, for example, be an engine speed
      sensor which generates an output signal representing the engine speed. One
      terminal of the sensor 108 is grounded. The output signal G of the sensor
      108 is applied to the AND gate circuit 107. The AND gate circuit 107
      produces an output signal H only when the output signal F of the OR gate
      circuit 106 and the output signal G of the sensor 108 are concurrently
      present. The output signal H of the AND gate circuit 107 is applied to the
      solenoid 28 to energize the same to disconnect the selector lever 10 from
      the linking lever 24 to render shifting of the transmission from the
      parking or neutral position P or N into a driving gear impossible.
PAR  The operation of the transmission shifting control system according to the
      invention thus arranged is as follows.
PAR  When the driver does not enter the vehicle, the switch 82 is open and the
      switch 86 is closed so that no output signals A and B are produced and the
      NOT circuit 100 produces the output signal C. The bistable memory circuit
      102 is set by the output signal C to provide the output signal D which is
      applied to the AND gate circuit 104. Since the output signal A is absent,
      the AND gate circuit 104 produces no output signal E. Since the output
      signals B and E are absent, the OR gate circuit 106 produces no output
      signal F. Thus, the solenoid 28 is de-energized so that the manual
      selector lever 10 is connected with the linking lever 24 and accordingly
      the transmission is shiftable from the parking or neutral position P or N
      to a driving gear.
PAR  When the driver sits down on his seat 84 but fails to carry out the
      precautionary safety procedure or steps, the switch 82 is closed so that
      the output signals A and B are produced and the NOT circuit 100 produces
      no output signal C. The bistable memory circuit 102 is reset by the output
      signal B of the switch 86 to cease to produce the output signal D. As a
      result, the AND gate circuit 104 produces no output signal E. Since the
      output signal B of the switch 86 is present, the OR gate circuit 106
      produces the output signal F which is applied to the AND gate circuit 107.
      On the other hand, when the ignition and starter switches 58 and 74 are
      closed with the selector lever 10 being in the parking or neutral position
      P or N, the relay coil 70 is energized to close the relay switch 78 so
      that the starter motor 80 is operated to start the engine. Starting of the
      engine causes the sensor 108 to produce the output signal G which is
      applied to the AND gate circuit 107. Thus, the AND gate circuit 107
      produces the output signal H so that the solenoid 28 is energized to
      disconnect the manual selector lever 10 from the linking lever 24 to
      render shifting of the transmission from its parking or neutral position P
      or N into a driving gear impossible. Accordingly, it is impossible to
      start the vehicle. At this time, if the selector lever 10 has been
      previously in one of the positions R, D, 2 and 1, the engine is prevented
      from being started and therefore starting of the vehicle is impossible.
PAR  In this condition, when the driver carries out the precautionary safety
      procedure or steps, the switch 86 is opened so that no output signal B is
      produced. Since the output signals B and E are absent, the OR gate circuit
      106 produces no output signal F. Thus, the solenoid 28 is de-energized so
      that the selector lever 10 is connected with the linking lever 24 to allow
      the transmission to be shifted from the parking or neutral position P or N
      to a driving gear. In this state, if the driver ceases to carry out the
      precautionary safety procedure or steps, the switch 86 is closed so that
      the output signal B is produced. As a result, the OR gate circuit 106
      produces the output signal F and then the AND gate circuit 107 produces
      the output signal H which is applied to the solenoid 28. Thus, the
      solenoid 28 is energized to disconnect the selector lever 10 from the
      linking lever 24 to render shifting of the transmission from the parking
      or neutral position P or N into a driving gear impossible.
PAR  When the driver does not take his seat in the vehicle and the seat belt 90
      is in a condition in which component elements of the seat belt 90 are
      engaged with each other as if the driver fastens the seat belt 90, the
      switches 82 and 86 are opened so that no output signals A and B are
      produced. As a result, since the NOT circuit 100 produces the output
      signal C, the bistable memory circuit 102 is set by the output signal C to
      produce the output signal D. However, since the output signal A is absent,
      the AND gate circuit 104 produces no output signal E. Since the output
      signals B and E are absent, the OR gate circuit 106 produces no output
      signal F. Thus, the solenoid 28 is de-energized.
PAR  In this state, when the driver sits down on his seat, the switch 82 is
      closed with the switch 86 open so that the output signal A is produced and
      the output signal B remains absent. As a result, the NOT circuit 100
      produces no output signal C and the bistable memory circuit 102 continues
      to produce the output signal D. Since the output signals A and D are
      present, the AND gate circuit 104 produces the output signal E.
      Accordingly, the OR gate circuit 106 produces the output signal F and then
      the AND gate circuit 107 produces the output signal H. Thus, the solenoid
      28 is energized so that the selector lever 10 is disconnected from the
      linking lever 24 to render shifting of the transmission from the parking
      or neutral position P or N into a driving gear impossible.
PAR  In this state, when the drive disengages the component elements of the seat
      belt 90 from each other, the switch 86 is closed so that the output signal
      B is produced. The bistable memory circuit 102 is reset by the output
      signal B to cease to produce the output signal D. Therefore, the AND gate
      circuit 104 produces no output signal E. Since the output signal B is
      present, the OR gate circuit 106 produces the output signal F.
      Accordingly, the AND gate circuit 107 produces the output signal H. Thus,
      the solenoid 28 remains energized.
PAR  In this state, when the driver fastens the seat belt 90, the switch 86 is
      opened so that no output signal B is produced. As a result, the OR gate
      circuit 106 produces no output signal F. Accordingly, the AND gate circuit
      107 does not produce the output signal H. Thus, the solenoid 28 is
      de-energized to allow shifting of the transmission from the parking or
      neutral position P or N into a driving gear.
PAR  When the driver unseats from his seat 84 and continues to carry out the
      precautionary safety procedure or steps, the switch 82 is opened so that
      no output signal A is produced. Accordingly, the NOT circuit 100 produces
      the output signal C. The bistable memory circuit 102 is set by the output
      signal C to provide the output signal D.
PAR  In this state, when the driver sits down on his seat 84, the switch 82 is
      closed so that the output signal A is produced. Therefore, the NOT circuit
      100 produces no output signal C and the bistable memory circuit 102
      continues to produce the output signal D. Since the output signals A and D
      are present, the AND gate circuit 104 produces the output signal E.
      Accordingly, the OR gate circuit 106 produces the output signal F. As a
      result, the AND gate circuit 107 produces the output signal H to energize
      the solenoid 28.
PAR  In this state, when the driver ceases to carry out the precautionary safety
      procedure or steps, the switch 86 is closed so that the output signal B is
      poduced. The bistable memory circuit 102 is reset by the output signal B
      to cease to produce the output signal D and the OR gate circuit 106
      produces the output signal F. Thus, the solenoid 28 remains energized.
PAR  In this state, when the driver carries out the precautional safety
      procedure or steps, the switch 86 is opened so that no output signal B is
      produced. Accordingly, the OR gate circuit 106 produces no output signal
      F. Thus, the solenoid 28 is de-energized to allow shifting of the
      transmission from the parking or neutral position P or N into a driving
      gear.
PAR  FIG. 4 illustrates a second embodiment of a transmissioon shifting control
      circuit forming a part of a transmission shifting control system according
      to the invention. As shown in FIG. 4, the transmission shifting control
      circuit 110 is different from the transmission shifting control circuit 57
      shown in FIG. 3 in that it additionally comprises the parallel section or
      connection 62 of the parking and neutral switches 64 and 66 which have
      been described above with reference to and shown in FIG. 3 in addition to
      the switches 82 and 86, the failure detecting circuit 92 and the sensor
      108 which have been described above with reference to and shown in FIG. 3
      and an AND gate logic circuit 112 in lieu of the AND gate circuit 107
      shown in FIG. 3. The parallel section 62 produces an output signal I when
      one of the parking and neutral switches 64 and 66 is closed. The output
      signal I of the parallel section 62 is applied to the ANd gate circuit
      112. The AND gate circuit 112 produces an output signal J only when the
      output signal F of the OR gate circuit 106 of the failure detecting
      circuit 92, the output signal G of the sensor 108 and the output signal I
      of the parallel section 62 are concurrently present. The output signal J
      of the AND gate circuit 112 is applied to the solenoid 28 to energize the
      same to disconnect the selector lever 10 from the linking lever 24. Thus,
      the danger is avoided that the selector lever 10 is disconnected from the
      linking lever 24 when the transmission is in a driving gear such as the
      position R, D, 2 or 1, in other words, that the vehicle is started when
      shifting of the transmission is rendered impossible.
PAR  The transmission shifting control circuit 110 may comprise a sensor 114
      which senses the vehicle speed to produce an output signal K and a NOT
      circuit 116 to which the output signal K of the sensor 114 is applied as
      shown by the broken lines in FIG. 4. One terminal of the sensor 114 is
      grounded. The NOT circuit 116 produces no output signal when the output
      signal K of the sensor 114 is present, that is, when the vehicle runs and
      which produces an output signal L when the output signal K of the sensor
      114 is absent, that is, when the vehicle stops. The output signal L of the
      NOT circuit 116 is applied to an AND gate logic circuit designated by the
      reference numeral 118 which is parenthesized. The AND gate circuit 118
      produces an output signal M which is parenthesized only when the output
      signals F, G, I and L are concurrently present. The output signal M of the
      AND gate circuit 118 is applied to the solenoid 28 to energize the same.
      Thus, even if the drivers erroneously or unintentionally ce ceases to
      carry out the precautionary safety procedure or steps and shifts the
      selector lever 10 into the parking or neutral position P or N during
      running of the vehicle, the danger is avoided that the selector lever 10
      is disconnected from the linking lever 24 to render shifting of the
      selector lever 10 from the parking or neutral position P or N into a
      driving gear impossible.
PAR  FIG. 5 illustrates a third embodiment of a transmission shifting control
      circuit forming a part of a transmission shifting control system according
      to the invention. As shown in FIG. 5, the transmission shifting control
      circuit 120 comprises the transmission shifting control circuit 110 as
      described above with reference to and shown in FIG. 3. The output signal H
      of the AND gate circuit 107 is applied to an AND gate logic circuit 122
      which is connected with the solenoid 28. The output signal H of the AND
      gate circuit 107 is also applied to a NOT circuit 124. The NOT circuit 124
      produces no output signal when the output signal H is present but produces
      an output signal Q when the output signal H is absent. The output signal Q
      of the NOT circuit 124 is applied to a differentiation circuit 126. The
      output signal Q received by the differentiation circuit 126 is converted
      thereby into an output signal R which represents the differentiation of
      the output signal Q. If desired, the differentiation circuit 126 can be
      omitted. The output signal R of the differentiation circuit 126 is applied
      to a bistable memory circuit 128. The ignition switch 58 which forms a
      part of the engine starting control circuit 56 are described above with
      reference to and shown in FIG. 3 is connected with a differentiation
      circuit 130 and applies an output signal S thereto when closed. The output
      signal S received by the differentiation circuit 130 is converted thereby
      into an output signal T which represents the differentiation of the output
      signal S. If desired, the differentiation circuit 130 can be omitted. The
      output signal T of the differentiation circuit 130 is applied to the
      bistable memory circuit 128. The bistable memory circuit 128 is set by the
      output signal T of the ignition switch 58 to produce an output signal U
      and is reset by the output signal R of the differentiation circuit 130 to
      cease to produce the output signal U. The output signal U is applied to
      the AND gate circuit 122 which produces an output signal V only when the
      output signal F of the failure detecting circuit 92 and the output signal
      U of the bistable memory circuit 128 are concurrently present. The output
      signal V of the AND gate circuit 122 is applied to the solenoid 28 to
      energize the same.
PAR  The operation of a transmission shifting control system comprising the
      transmission shifting control circuit 120 thus constructed is as follows:
PAR  When the driver sits down on his seat 84 but fails to carry out the
      precautionary safety procedure or steps, the failure detecting circuit 92
      produces the output signal F as described hereinbefore. The output signal
      F is applied to the AND gate circuit 122 and concurrently to the NOT
      circuit 124. Therefore, the NOT circuit 124 produces no output signal Q.
      In this state, when the ignition switch 58 is closed, the output signal S
      is produced. The differentiation circuit 130 receives the output signal S
      and converts it into the output signal T which is applied to the bistable
      memory circuit 128. The bistable memory circuit 128 is set by the output
      signal T to produce the output signal U which is applied to the AND gate
      circuit 122. Accordingly, the AND gate circuit 122 produces the output
      signal V. Thus, the solenoid 28 is energized to disconnect the selector
      lever 10 from the linking lever 24 to render shifting of the transmission
      from the parking or neutral position P or N into a driving gear
      impossible.
PAR  In this state, when the driver carries out the precautionary safety
      procedure or steps, the failure detecting circuit 92 produces no output
      signal F as described hereinbefore. As a result, the AND gate circuit 122
      produces no output signal V. Thus, the solenoid 28 is de-energized to
      allow shifting of the transmission from the parking or neutral position P
      or N into a driving gear. In this instance, since the output signal F of
      the failure detecting circuit 92 is absent, the NOT circuit 124 produces
      the output signal Q. The differentiation circuit 126 receives the output
      signal Q and produces the output signal R. The bistable memory circuit 128
      is reset by the output signal R to cease to produce the output signal U.
      As a result, even if the driver ceases to carry out the precautionary
      safety procedure or steps so that the failure detecting circuit 92
      produces the output signal F, since the bistable memory circuit 128
      produces no output signal U, the solenoid 28 remains de-energized. This
      means that when the ignition switch 58 is closed but the driver fails to
      carry out the precautionary safety procedure or steps, the selector lever
      10 is disconnected from the linking 24 to render shifting of the
      transmission from the parking or neutral position P or N into a driving
      gear impossible. As a result, the driver inevitably carries out the
      precautionary safety procedure or steps. However, when the driver ceases
      to carry out the precautionary safety procedure or steps with the ignition
      switch 58 closed, the selector lever 10 is prevented from being
      disconnected from the linking lever 24. In other words, the possibility or
      danger is avoided that the selector lever 10 is disconnected from the
      linking lever 24 to render shifting of the transmission impossible, even
      if the driver ceases to carry out the precautionary safety procedure or
      steps during running of the vehicle.
PAR  It will be appreciated that electrically operated means disconnects two
      portions of a shift linkage of a transmission of a motor vehicle from each
      other to render shifting of the transmission from a parking or neutral
      position into a driving gear impossible if the driver fails to carry out a
      precautionary safety procedure to protect him such as fastening the seat
      belt to force him to carry out the precautionary safety procedure before
      driving of the vehicle, by employing two switches, a NOT circuit, a
      bistable memory circuit, an AND gate circuit, an OR gate circuit and a
      solenoid.
PAR  It will be appreciated that the two sections of the shift linkage are
      disconnected from each other to render shifting of the transmission from a
      parking or neutral position into a driving gear impossible even when the
      seat belt is in a condition in which members of the seat belt are engaged
      with each other although the driver fails to fasten the seat belt around
      himself.
PAR  It will be appreciated that manipulation and inspection of the motor
      vehicle for starting the engine thereof is possible without carrying out
      the precautionary safety procedure.
PAR  Although the invention has been described as being applied to a
      transmission of an automatic shift type, the invention can also be applied
      to a transmission of a manual shift type.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transmission shifting control system for a motor vehicle, comprising
      electrically operated means movable between a first position to connect
      two sections of a shift linkage of a transmission of the vehicle to allow
      shifting of said transmission and a second position to disconnect said two
      sections of said shift linkage from each other to inhibit shifting of said
      transmission, first sensing means sensing that the driver sits down on his
      seat of the vehicle to produce a first output signal and sensing that the
      driver is absent from his seat to produce a second output signal, second
      sensing means sensing that the driver fails to carry out a precautionary
      procedure for his safety and protection when said first sensing means
      produces said first output signal to produce an output signal, and an
      electric control circuit connect to said first and second sensing means
      and to said electric operated means and responsive to said output signal
      of said second sensing means to produce an output signal to move said
      electrically operated means from said first position into said second
      position to inhibit shifting of said transmission.
NUM  2.
PAR  2. A transmission shifting control system as claimed in claim 1, in which
      said electric control circuit comprises a failure detecting circuit
      comprising a first bistable memory circuit which is set by said second
      output signal of said first sensing means to produce an output signal and
      which is reset by said output signal of said second sensing means to cease
      to produce said output signal, a first AND gate circuit for producing an
      output signal only when said first output signal of said first sensing
      means and said output signal of said bistable memory circuit are
      concurrently present, and an OR gate circuit for producing an output
      signal when only one of said output signal of said second sensing means
      and said output signal of said AND gate circuit is present, said
      electrically operated means being moved from said first position into said
      second position to disconnect said two sections of said shift linkage from
      each other to inhibit shifting of said transmission when said output
      signal of said OR gate circuit is present.
NUM  3.
PAR  3. A transmission shifting control system as claimed in claim 2, in which
      said first sensing means comprises a switch which is normally open and
      closed to produce said first output signal when the driver sits down on
      his seat, and a NOT circuit which produces said second output signal when
      said first output signal is absent and said second sensing means comprises
      a switch which is normally closed to produce said output signal and opened
      when the driver carries out said precautionary procedure.
NUM  4.
PAR  4. A transmission shifting control system as claimed in claim 2, in which
      said electric control circuit further comprises a sensor responsive to
      vehicle engine speed to produce an output signal and a second AND gate
      circuit for producing an output signal only when said output signal of
      said OR gate circuit and said output signal of said sensor are
      concurrently present, said electrically operated means being moved from
      said first position to said second position to disconnect said two
      sections of said shift linkage from each other when said output signal of
      said second AND gate circuit is present.
NUM  5.
PAR  5. A transmission shifting control system as claimed in claim 2, in which
      said electric control circuit further comprises a sensor responsive to
      vehicle engine speed to produce an output signal, a parallel connection of
      a parking switch and a neutral switch, said parking switch being closed to
      produce an output signal only when a gear selector lever of said
      transmission is in a parking position, said neutral switch being closed to
      produce an output signal only when said gear selector lever is in a
      neutral position, and a second AND gate circuit for producing an output
      signal only when said output signal of said OR gate circuit, said output
      signal of said sensor and said output signal of said parallel connection
      are concurrently present, said electrically operated means being moved
      from said first position to said second position to disconnect said two
      sections of said shift linkage from each other to inhibit shifting of said
      transmission when said output signal of said second AND gate circuit is
      present.
NUM  6.
PAR  6. A transmission shifting control system as claimed in claim 2, in which
      said electric control circuit further comprises a first sensor responsive
      to the vehicle engine speed to produce an output signal, a parallel
      connection of a parking switch and a neutral switch, said parking switch
      being closed to produce an output signal only when a gear selector lever
      of said transmission is in a parking position, said neutral switch being
      closed to produce an output signal only when said gear selector lever is
      in a neutral position, a second sensor responsive to vehicle speed to
      produce an output signal, a NOT circuit for producing an output signal
      only when said output signal of said second sensor is absent, and a second
      AND gate circuit for producing an output signal only when said output
      signal of said OR gate circuit, said output signal of said first sensor,
      said output signal of said parallel connection and said output signal of
      said NOT circuit are concurrently present, said electrically operated
      means being moved from said first position to said second position to
      disconnect said two sections of said shift linkage from each other to
      inhibit shifting of said transmission when said output signal of said
      second AND gate circuit is present.
NUM  7.
PAR  7. A transmission shifting control system as claimed in claim 4, in which
      said electric control circuit further comprises a NOT circuit for
      producing an output signal when said output signal of said second AND gate
      circuit is absent, and a second bistable memory circuit which is set by an
      output signal produced by closing of an ignition switch of the vehicle to
      produce an output signal and which is reset by said output signal of said
      NOT circuit to cease to produce said output signal, and a third AND gate
      circuit for producing an output signal only when said output signal of
      said second AND gate circuit and said output signal of said second
      bistable memory circuit are concurrently present, said electrically
      operated means being moved from said first position into said second
      position to disconnect said two sections of said shift linkage from each
      other to inhibit shifting of said transmission when said output signal of
      said third AND gate circuit is present.
NUM  8.
PAR  8. A transmission shifting control system as claimed in claim 2, in which
      said electrically operated means comprises a solenoid which is fixedly
      mounted on a gear selected lever forming one of said two sections of said
      shift linkage and which has a projection extending from a core of said
      solenoid, and a linking lever which forms the other of said two sections
      of said shift linkage and which is formed therein with a recess, said
      projection engaging said recess to connect said gear selector lever and
      said linking lever to allow shifting of said transmission when it is in
      said first position, said solenoid being energized to move said projection
      from said first position into said second position to disconnect said gear
      selector lever from said linking lever to inhibit shifting of said
      transmission when said output signal of said OR gate circuit is present.
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ABST
PAL  A system for systematical detecting a leak of fluid from a long pipe
      comprising a plurality of apparatuses like microphones set at relatively
      large intervals within a relatively long limited space, formed by
      utilizing the wall of the pipe like a space within the pipe and extending
      longitudinally of the pipe. The apparatuses intercept sonic waves caused
      by the leak of fluid from the pipe propagated in the limited space. The
      system further includes an apparatus for detecting that at least one
      first-mentioned apparatus has intercepted the sonic wave caused by the
      fluid leak.
PARN
PAR  This is a division of application Ser. No. 247,474, filed Apr. 25, 1972,
      now U.S. Pat. No. 3,814,207.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a system for detecting a leak of fluid
      from a long pipeline for transporting fluid such as town gas, natural gas,
      oil or the like.
PAR  In recent years, pipelines have been used extensively for long distance
      transport of fluid. The longer the pipeline, the more difficult it is to
      detect a leak of fluid from the pipe and generally a long period of time
      elapses before a fluid leak is found. Particularly in the case where the
      fluid transported by the pipeline is inflammable, explosive or toxic, the
      delay in the detection of the leak is liable to cause a serious accident.
      Accordingly, there is a need to provide a system for detecting a leak
      which is practically applicable to industries and which enables the
      operator from his place such as a monitoring station to promptly reliably
      detect any leak no matter where it may occur in a long pipeline. It is
      further desired to provide a system by which the operator from his place
      such as a monitoring station can locate the leak, namely a system capable
      of pinpoint detection.
PAR  Various means for detecting a leak of fluid from the pipe have heretofore
      been used, but none of the conventional means fulfilled the
      above-mentioned needs. More specifically, already known is a detecting
      apparatus such as an ultrasonic gas leak detector and a water leak
      detector which detects the leak of fluid from the pipe by utilizing an
      elastic wave caused by the fluid leakage. However, such apparatus fails to
      achieve a reliable leak detection unless the elastic wave utilized has a
      considerable intensity and is distinct from other elastic waves. In fact,
      the conventional apparatus of this type can not detect the leak if it is
      not within the reach of several meters, so that the apparatus has to be
      carried about by the operator for the detection of the leak. Thus a leak
      detection for a long pipeline has heretofore required much labor and time,
      and even at the expense of much labor, it has been practically impossible
      to detect the leak immediately after the occurrence of the leak.
PAR  Another apparatus has also been proposed which, like an inflammable gas
      detector, detects a leak of fluid by utilizing chemical and physical
      properties of the fluid. With the apparatus of this type, however, there
      is a need to intercept the leaked fluid by the apparatus per se, with the
      result that such apparatus is generally capable of local detection only,
      is less reliable in detecting leaks, takes a long period of time to detect
      the leak and is limited with respect to objects for which it is
      serviceable for detection.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a leak detecting system by which any leak of
      fluid from the pipe of a long pipeline can be detected from a remote
      location almost simultaneously when the fluid leak occurs and which
      assures detection of the leak throughout the entire length of the pipeline
      only with a smaller number of detecting elements relative to the length of
      the pipeline, the system thus being very economical in its entirety for
      practical application.
PAR  The present invention is fundamentally characterized in comprising forming
      a long hollow space being a relatively elongated space extending
      longitudinally along the pipeline and defined at least one side by the
      wall of the pipe such as a space within the pipe or a space between the
      pipe and a wall surrounding the pipe, intercepting sonic waves propagated
      through the hollow space by first means such as microphones from among
      sonic waves caused by a fluid leak from the pipe of a pipeline, the
      information of detection of the sonic waves by the first means being given
      to second means at a monitoring station or the like so that the operator
      can quickly and reliably detect the leak by the second means at a remote
      location no matter where the leak may occur in the long pipeline.
PAR  The present inventors have carried out extensive researches, noting that
      sonic waves propagated through the above-mentioned hollow space among
      those produced by the leak will be transmitted over a very long distance
      as in a speaking tube and that the hollow space will be free of other
      outside sonic waves and inside sonic waves indistinguishable from the
      sonic wave caused by the leak. As a result, it has been discovered that
      the sonic wave caused by the leak can be intercepted by the first means
      which is positioned very remote from the leak point, by intercepting the
      sonic wave propagated through the hollow space. Thus it has become
      possible to monitor a leak throughout the whole length of a pipeline by a
      smaller number of the first means relative to the length of the pipeline.
PAR  As already described, the intensity of background noise is much lower than
      that of a sonic wave caused by a leak within the hollow space, so that the
      leak of fluid from the pipe can be detected with extreme ease if it is
      possible to detect that the intensity of a sonic wave intercepted by the
      first means is in excess of a predetermined value. This value is
      determined in consideration of the frequency characteristics and intensity
      characteristics of the sonic wave caused by a leak and a background noise.
      The detection of intensity of the sonic wave exceeding the predetermined
      value may be conducted by the first means, the second means or some other
      means. Detection by the first means will assure convenience of
      communication to the second means, while in the case of the latter the
      sonic wave caught by the first means is converted to a wave signal such as
      an electric current, an electric wave or a pulse signal, which is then
      sent to the second means.
PAR  In the case where a sonic wave caused by a leak is masked by a background
      noise because the leak is infinitesimal or the first means are set apart
      by too great a distance, a method or apparatus may be employed wherein the
      sonic wave intercepted by the first means is subjected to self-correlation
      analysis by a self-correlator, preferably real time correlator, to
      selectively take out the sonic wave caused by the leak from the sonic wave
      intercepted by the first means. Alternatively, adjacent two first means
      may be set in such arrangement that the two first means can respectively
      intercept a sonic wave caused by a leak which occurred between the two
      first means. Thus at least two first means intercept a sonic wave
      propagated through the hollow space. At least two sonic waves thus
      intercepted by the plurality of first means respectively are then
      subjected to cross-correlation analysis by a crosscorrelator, preferably a
      real time correlator, to thereby select a sonic wave caused by the leak
      from among the sonic waves intercepted by the first means. The selection
      of the sonic wave from among the sonic waves intercepted by the first
      means is conducted by a self or cross correlator through improvement of
      S/N ratio according to smoothing method or averaging method. In other
      words, the sonic wave caused by a leak is taken out by lowering the
      intensity level of the background noise. It is preferable to conduct the
      above-mentioned self-correlation analysis prior to the detection of
      intensity of the sonic wave which is in excess of the predetermined value,
      since the leak detection will then be achieved free of errors. Accurate
      detection of a leak of fluid can also be made by taking out, in the form
      of a pattern, changes with lapse of time in the frequency and intensity of
      a sonic wave intercepted by the first means and comparing the pattern with
      a standard pattern showing changes with lapse of time in the frequency and
      intensity of a sonic wave when a leak of fluid from the pipe is present.
      Such pattern may be obtained, for example, by utilizing sound
      spectrograph. For instance, the intensity is indicated with varying
      density on a graph, with time plotted as abscissa vs. frequency as
      ordinate.
PAR  Since the information that the first means has intercepted the sonic wave
      caused by a leak is sent to the second means, which then the monitor
      detects the presence of the leak, the monitor can detect any leak in a
      long pipeline from his place, with the result that a continuous leak
      monitoring operation for a long pipeline can be easily conducted by a few
      persons or by one person. Because the leak can be detected by utilizing
      the sonic wave resulting from a leak as described above, the leak can be
      detected almost simultaneously with the occurrence thereof.
PAR  Another feature of this invention is that the interior space of the pipe is
      found serviceable as the hollow space as already described, which renders
      the leak monitoring system more economical in construction and readily
      applicable to practical use. More specifically, whereas it was generally
      considered that the sonic wave produced by the leak is released outside
      with greater intensity than toward the interior of the pipe, the present
      inventors have unexpectedly found that the incidence into the interior of
      pipe of the sonic wave caused by the leak is only slightly weaker than
      that released outward from the pipe. Based upon this finding, the very
      economical leak monitoring system described above has been completed.
PAR  The present invention is further characterized in that not only the
      presence of a leak can be detected, but the position of the leak can be
      pinpointed throughout a long pipeline with a smaller number of the first
      means relative to the length of the pipeline by the monitor from his
      place.
PAR  Thus, sonic waves caused by a leak are intercepted by a plurality of the
      first means which sonic waves are converted to wasve signals respectively.
      The wave signals are then fed to third means for indicating the relative
      relation between the wave signals. Based upon the signal supplied to the
      third means, the relative relation between the sonic waves intercepted by
      the first means is analyzed to pinpoint the leak.
PAR  More specifically, by utilizing the fact that the intensity of the sonic
      waves caused by a leak attenuates in relation with the distance of
      propagation through the hollow space, the ratio between the intensities of
      the sonic waves intercepted by a plurality of the first means is
      determined and a leak point can be pinpointed from the intensity ratio
      using the positions of the pertinent first means as a parameter. Further
      by utilizing the fact that the time required for the sonic wave caused by
      a leak to reach the first means varies in proportion to the distance from
      the leak point to the first means, it is possible to pinpoint the leak
      point from the difference in the time required for the sonic wave caused
      by a leak to reach each of a plurality of first means, using the positions
      of the first means as a parameter.
PAR  For pinpoint detection of a leak from the intensity ratio, each of the wave
      signals may be subjected to the self correlation analysis prior to the
      comparison of intensity, to selectively take out a wave signal resulting
      from a leak among the wave signals, whereby pinpoint detection can be
      achieved even when sonic wave caused by a leak is masked by a background
      noise. To pinpoint the leak based on the difference in time required for
      the sonic wave caused by the leak to be propagated from the leak point to
      the respective first means, the time difference can be determined by
      subjecting to crosscorrelation the plurality of sonic waves intercepted by
      the first means respectively. In this case, the pinpoint detection can be
      achieved even when a sonic wave caused by a leak is masked by a background
      noise through improvement of S/N ratio according to averaging method.
PAR  An object of this invention is to provide a system which enables the
      monitor from his place to quickly and reliably detect the presence of a
      leak of fluid from the pipe of a long pipeline by intercepting sonic waves
      caused by the leak.
PAR  Another object of this invention is to provide a system which enables the
      monitor from his place to pinpoint the position of a leak from the pipe of
      a long pipeline by utilizing sonic waves produced by the leak.
PAR  Another object of this invention is to provide a system which is capable of
      detecting a leak from the pipe of a long pipeline and pinpointing the same
      economically with respect to construction and labor and which is therefore
      readily applicable to practical use.
PAR  Still another object of this invention is to provide a system facilitating
      a continuous monitoring operation for a leak in a long pipeline.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are schematic diagrams for illustrating a system for
      detecting the presence of a fluid leak from a pipe;
PAR  FIGS. 3 to 6 are graphs showing the results of experiments;
PAR  FIG. 7 is a schematic diagram illustrating a system for pinpointing the
      position of a fluid leak from a pipe; and
PAR  FIGS. 8 and 9 are block diagrams showing the construction of the foregoing
      third means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a pipe 1 for transporting fluid, valves 2 for closing the pipe
      1, first means 3 for intercepting sonic waves propagated in the pipe 1
      from among those produced by a leak of fluid from the pipe 1, second means
      4 for receiving a signal .alpha. from the first means 3 for notifying that
      the first means 3 has intercepted the sonic wave caused by the leak, a
      control unit 5 for giving a signal .gamma. for shutting a suitable valve 2
      to a valve closing unit 6 in response to a signal .beta. from the second
      means 4, and an alarm unit 7 included in the second means 4 for indicating
      the leak.
PAR  Suppose a fluid leak from the pipe 1 at point A, a sonic wave caused by the
      leak is intercepted by at least one first means 3 which is nearest to the
      leak point A, upon which the first means 3 gives a signal .alpha. to the
      second means 4, whose alarm unit 7 indicates the presence of the leak. At
      the same time, the second means 4 emits a signal .beta. to the control
      unit 5, causing the valve closing unit 6 to close a suitable valve 2 to
      stop the flow of the fluid to the leak point A.
PAR  A plurality of the first means 3 are set substantially within the pipe 1
      and spaced apart by a suitable distance so as to intercept a sonic wave
      propagated through the pipe 1 from among those produced by the leak.
      Adjacent two first means 3 are spaced apart by such distance that at least
      one of the first means 3 is capable of intercepting the sonic wave caused
      by a leak occurred at any point A at least between the two first means 3.
      Thus wherever a leak may take place in the long pipeline, the monitor from
      his place such as monitoring station can detect the leak by the alarm unit
      7. Moreover, since the sonic wave is utilized, the alarm unit 7 operates
      almost simultaneously with occurrence of the leak to indicate the same.
PAR  As shown in FIG. 2, the first means 3 may be set at such position as to
      intercept the sonic wave caused by a leak which is propagated through a
      hollow space formed between the pipe 1 and a wall 8 surrounding the pipe
      1, the arrangement being such that the first means 3 is capable of
      intercepting the sonic wave propagated through a relatively long hollow
      space extending longitudinally along the pipe 1 and defined at least one
      side thereof by the wall of the pipe 1. Indicated at 9 in FIG. 2 are
      partition walls.
PAR  According to experiments conducted by the present inventors, it has been
      found that the adjacent first means 3 may be spaced apart by as long a
      distance as several kilometers. The results of the inventors' researches
      are given below.
PAR  FIG. 3 shows the attenuation of intensity of the sonic wave produced by a
      leak and propagated within the pipe 1 as determined by experiment. It is
      seen that the sonic wave was propagated over a very long distance relative
      to the inner diameter of the pipe 1.
PAR  Further FIG. 4 shows the difference, between the inside and outside of the
      pipe 1, in the intensity of the sonic wave caused by a fluid leak from the
      pipe 1 as determined by actual experiment. The results indicate that the
      sonic wave propagated within the pipe 1 is only slightly weaker than that
      emitted outward from the pipe 1. From the foregoing results, it will be
      understood that by utilizing the sonic wave propagated within the pipe 1,
      the adjacent first means 3 can be spaced apart by a very long distance and
      the sonic wave caused by a leak can be intercepted with high reliability.
PAR  FIG. 5 shows the attenuation of intensity of the sonic wave propagated
      through the hollow space as shown in FIG. 2 defined by the pipe 1 and the
      wall 8 surrounding the pipe 1 as determined by actual measurement. The
      results also indicate that the sonic wave was propagated over a very long
      distance.
PAR  FIG. 6 shows the results of actual measurement for the comparison of
      intensity of sonic wave caused by a leak in the hollow space defined by
      the pipe 1 and the wall 8 surrounding the pipe 1 as seen in FIG. 2 and the
      intensity of a different sonic wave. The sonic wave caused by the leak was
      readily distinguishable from a background noise. In the figure, V
      indicates the amount of leak fluid.
PAR  The first means 3 may specifically be a microphone or strain gauge. As the
      first means 3, it is most preferable to use means which intercepts the
      sonic wave caused by the leak and having a suitable frequency band with a
      desired sensitivity, depending upon the actual state of elastic waves
      other than the sonic wave caused by the leak within the hollow space, the
      distance between the first means 3, intensity characteristics of the sonic
      wave caused by the leak to be intercepted, propagation characteristics of
      the sonic wave caused by the leak and etc.
PAR  The signal .alpha. given by the first means 3 to the second means 4
      includes an electrical wave signal converted from the sonic wave caused by
      a leak and intercepted by the first means 3, and a signal such as a direct
      current for merely notifying the fact that the first means 3 has
      intercepted the sonic wave caused by the leak.
PAR  A greater saving in labor is ensured by installing at one place a plurality
      of second means 4 for a plurality of the first means 3 respectively.
PAR  A system for pinpointing the position of the leak point A will be
      described.
PAR  FIG. 7 shows third means 10 for receiving at least two signals .alpha. from
      first means 3 to indicate the relative relation between the signals
      .alpha. and including alarm means 7 for indicating the presence of a leak,
      the third means 10 including the function of the second means 4 and
      adapted to give an instruction signal .beta. to the control unit 5; and a
      measuring unit 11 for measuring the velocity of the fluid within the
      hollow space and informing the third means 10 of the measured value.
PAR  In the system shown in FIG. 7, the signal is a wave signal converted from
      the sonic wave intercepted by the first means 3 and is obtained for
      example by a combination of microphone and amplifier. The adjacent first
      means 3 are spaced apart by such a distance that the sonic wave caused by
      the leak within the coverage of both first means 3 can be intercepted by
      both first means 3 and are so constructed as to perform such function.
PAR  Put in detail, suppose a fluid leak from the pipe 1 at a point A, at least
      two first means 3 on the opposite sides of the leak point A intercept the
      sonic waves caused by the leak, whereupon the first means 3 feed signals
      .alpha. to the third means 10, which indicates the relative relation
      between the signals .alpha.. At the same time the alarm unit 7 gives an
      alarm giving notice to the occurrence of the leak. Further a suitable
      valve 2 is automatically closed to stop the supply of fluid to the leak
      point A. The relative relation between the wave signals .alpha. is
      analyzed to pinpoint the position of the leak point A. The analysis may be
      conducted manually, but a greater convenience will be assured by
      incorporating a computing unit and an indicating unit in the third means
      10 so as to give the indication of the leak point A.
PAR  Two types of means for detecting the position of the leak and the principle
      thereof will now be described which employ the third means 10 including
      the computing unit and the indicating unit.
PAC  EXAMPLE 1
PAR  As shown in FIG. 8, the third means 10 comprises units 12 for detecting the
      intensity levels of the signals .alpha. from the first means 3
      respectively, a unit 13 for computing the ratio of intensity level between
      two sonic waves caused by a leak and intercepted by the first means 3
      based upon the signals from the units 12, a unit 14 for computing the
      position of leak point A from the ratio of intensity level given by the
      unit 13, using the positions of the first means 3 as a parameter which
      means have intercepted the sonic waves caused by the leak, and a unit 15
      for indicating the value determined by the unit 14.
PAR  Assuming that the distances between the leak point A and the first means 3
      on the opposite sides thereof are la and lb respectively as shown in FIG.
      7, the position of the leak point A can be given by
      ##EQU1##
      wherein: v is the propagation velocity of the sonic wave caused by a leak
      in the air when the velocity of air stream is zero, the propagation
      velocity being memorized by the unit 14,
PA1  v is the velocity of fluid within the hollow space when a leak occurs,
      which is given by the measuring unit 11 to the unit 14,
PA1  ab is the distance between adjacent two of the first means 3 to be
      memorized by the unit 14,
PA1  .alpha. is a coefficient of intensity attenuation of the sonic wave caused
      by a leak as it is propagated within the hollow space, the coefficient
      .alpha. being memorized by the unit 14, and
PA1  Ia and Ib are the intensities of sonic waves caused by a leak and
      intercepted by the first means 3 respectively and are given to the unit 13
      by the signals from the first means 3, Ia/Ib being computed by the unit
      13, which gives the resulting value to the unit 14.
PAR  Thus, if the distance between the leak point A and the first means 3 at the
      upstream side with respect to the fluid flow within the limited space is
      la, effective distances La and Lb over which the sonic wave caused by the
      leak are to be propagated from the leak point A to the first means 3
      respectively will be, in consideration of V and v,
      ##EQU2##
PAR  Further the intensity of the sonic wave caused by the leak at point A as it
      is released into the hollow space is Io,
EQU  Ia = Io e .sup.-.sup..alpha. .sup.La                       (4)
EQU  Ib = Io e .sup.- .sup.Lb                                   (5)
PAR  Equations (4) and (5) give
EQU  Ia/Ib = e .sup.-.sup..alpha..sup.(La .sup.- Lb)            (6)
PAR  From equations (2), (3) and (6), Equation (1) will be obtained.
PAR  Preferably, the third means may comprise a selfcorrelator and a signal
      derived from a sonic wave caused by a leak and taken out from among the
      sonic waves intercepted is fed to the unit 13. To improve the accuracy of
      pinpoint detection of the leak point A by the third means 10, the first
      means 3 may preferably be such as is highly sensitive to a sonic wave
      having a frequency which will undergo suitable attenuation, in view of the
      relation between the frequency and the propagation attenuation of the
      sonic wave caused by the leak shown in FIGS. 3 and 5, and use the unit 12
      for detecting the intensity level of the signal from the first means 3,
      which is capable of selectively detecting a sonic wave having the highest
      possible frequency band. Further since the coefficient of attenuation of
      the sonic wave caused by the leak varies in accordance with the frequency
      band selected, it is desired from the viewpoint of accuracy that the width
      of the frequency band be as small as possible. Conveniently, the results
      obtained from the respective frequency bands may be judged from an overall
      viewpoint, whereby the position of the leak point A can be pinpointed with
      greater accuracy.
PAR  If the value to be given as the propagation velocity V of the sonic wave
      caused by the leak is varied in accordance with the temperature and
      pressure within the hollow space, more accurate pinpoint detection of the
      leak point A will be achieved, hence convenient.
PAR  The measuring unit 11 may be omitted, in which case an estimated value will
      be memorized in said unit 14 as the value v. Even if the estimated value
      should include a small error, the resulting difference between the
      position of the leak point detected and the actual position of the leak
      will be substantially slight, inasmuch as v is generally very small as
      compared with V.
PAC  EXAMPLE 2
PAR  As shown in FIG. 9, the third means 10 in this example comprises amplifiers
      16 for amplifying a signal from the first means 3 respectively, units 17
      for selecting and detecting a signal of required frequency band from among
      those from the amplifiers 16 respectively, a cross-correlator 18 for
      analyzing the cross-correlation between the signals from the two units 17
      for determining the difference between the times required for the sonic
      wave caused by a leak to be propagated from the leak point A to the
      respective first means 3, a unit 19 for computing the position of the leak
      point A based on the information from the cross-correlator 18 and a unit
      20 for indicating the value computed by the unit 19.
PAR  Supposing, as shown in FIG. 7, that la is the distance between the leak
      point A and the first means 3 at the upstream side relative to the flow of
      fluid in the hollow space, lb is the distance between the leak point A and
      the first means 3 at the downstream side of said fluid and lab is the
      distance between both first means 3, the position of the leak point A is
      determined by
      ##EQU3##
      wherein: V and v are propagation velocity of the sonic wave and the
      velocity of fluid in the hollow space as described in Example 1
      respectively, and .DELTA. tab is the difference between the times required
      for the sonic waves caused by the leak to be propagated from the leak
      point A to the respective first means 3, which is determined by the
      cross-correlator 18.
PAR  Thus, if ta and tb are the times required for the sonic waves caused by the
      leak to be propagated from the leak point A to the respective first means
      3,
      ##EQU4##
PAR  Equations (8) and (9) give
      ##EQU5##
PAR  Further
EQU  la = lab - lb                                              (11) From
      Equations (10) and (11)
      ##EQU6##
PAR  By simplifying this equation, Equation (7) is obtained.
PAR  In Example 2, the .DELTA. tab is obtained by utilizing the distribution
      pattern of frequency of the sonic waves caused by the leak or a variation
      in intensity of the sonic wave with the lapse of time. Accordingly, the
      frequency band to be selected by the unit 17 which detects a signal of the
      required frequency band may preferably be such that the propagation
      attenuation is low, in view of the relation between the frequency of the
      sonic wave caused by the leak and propagation attenuation thereof as shown
      in FIGS. 3 and 5. Further in consideration of the intensity
      characteristics and frequency characteristics of the sonic wave caused by
      the leak as shown in FIGS. 4 and 6, the width of the frequency band to be
      selected may preferably be great or small depending on the case.
PAR  The leak monitoring system of this invention may be also applicable to
      monitoring operation for a leak of fluid from a fluid storage tank such as
      a high pressure gas tank, crude oil tank etc. More specifically, the
      presence of a fluid leak from the tank can be detected by positioning a
      suitable number of the first means 3 substantially within the interior
      space of the tank so that at least one of the first means 3 will intercept
      the sonic wave propagated through the space from among those produced by a
      leak, no matter where the leak may occur in the tank. Further the position
      of a leak point can be pinpointed, wherever it may occur in the tank, by
      causing at least three first means 3 disposed out of alignment to
      intercept sonic waves caused by a leak, analyzing the relative relation
      between the three sonic waves caused by the leak as in the foregoing
      Examples 1 and 2 and determining the position from the results of analysis
      using the position of each first means as a parameter.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of detecting a leak of fluid from a pipe of a long pipeline for
      transporting fluid comprising, in combination:
PA1  a. forming a long hollow space defined at least on its one side in cross
      section by a wall of said pipe for the transport of fluid, said hollow
      space extending longitudinally along said pipe;
PA1  b. providing a plurality of stationary first means for intercepting sonic
      walve propagated within said hollow space, individual ones of said first
      means being in longitudinally spaced apart relationship to each other
      along said pipe over a long distance, any two of said individual ones of
      said first means which are adjacent to one another being capable of
      separate interception of a sonic wave inside of said pipe caused by a leak
      which may occur between them;
PA1  c. providing second means for detecting signals from said plurality of
      first means indicating the interception of a sonic wave by said first
      means;
PA1  d. causing at least any two of said first means which are adjacent to one
      another to intercept a sonic wave propagated within said hollow space;
PA1  e. causing said second means to detect the signals from said plurality of
      first means indicating that a sonic wave caused by a leak has been
      intercepted by at least said two adjacent ones of said first means; and
PA1  f. analyzing the relative relation between the signals;
PA1  whereby the presence and position of a fluid leak from the pipe is
      detected.
NUM  2.
PAR  2. A method as set forth in claim 1, including providing a plurality of
      said second means, corresponding on a one-to-one basis to said first
      means, and positioning all of said second means at one place.
NUM  3.
PAR  3. A method as set forth in claim 2, wherein the step of forming said
      hollow space is the step of forming this space from interior space of said
      pipe.
NUM  4.
PAR  4. A method as set forth in claim 2, wherein the step of forming said
      hollow space is the step of forming this space from space formed between
      said pipe and a wall surrounding said pipe.
NUM  5.
PAR  5. A method as set forth in claim 2, including determining when intensity
      of a sonic wave intercepted by at least one of said first means exceeds a
      predetermined value as an indication of a leak.
NUM  6.
PAR  6. A method as set forth in claim 5, wherein the determining step is
      effected by at least one of said first means which detect that the
      intensity of an intercepted sonic wave has exceeded the predetermined
      value.
NUM  7.
PAR  7. A method as set forth in claim 5, including sending from said first
      means to said second means a wave signal converted from a sonic wave
      intercepted by said first means, and determining with said second means
      that the intensity of the wave signal has exceeded a predetermined value
      thus indicating that the intensity of the sonic wave has exceeded the
      predetermined value.
NUM  8.
PAR  8. A method as set forth in claim 2, including selecting a sonic wave
      caused by a leak of fluid from said pipe by self-correlation analysis from
      among sonic waves intercepted by said first means, thus determining
      presence of the leak.
NUM  9.
PAR  9. A method as set forth in claim 2, including intercepting by at least two
      of said first means a sonic wave propagated through said hollow space,
      subjecting a plurality of sonic waves intercepted by a plurality of said
      first means respectively to cross-correlation analysis. selecting a sonic
      wave caused by a leak by cross-correlation analysis from among the sonic
      waves thus intercepted, thus determining the presence of a leak.
NUM  10.
PAR  10. A method as set forth in claim 1, including forming a pattern from
      frequency and intensity changes in the sonic wave intercepted by said
      first means during a time period, and comparing the pattern thus obtained
      with a standard pattern showing known changes over a period of time in
      frequency and intensity of a sonic wave upon the occurence of a leak of
      fluid from said pipe, thus determining the presence of a leak of fluid
      from said pipe.
NUM  11.
PAR  11. A method as set forth in claim 2, further comprising causing at least a
      number of said plurality of said first means to produce a plurality of
      respective signals indicating that said first means have intercepted the
      sonic wave; providing third means which include said second means at one
      place; sending the signals produced by said first means to said third
      means, these signals being a plurality of wave signals converted from the
      sonic waves intercepted by each one of said first means; and analyzing the
      relative relation between the wave signals sent to said third means so as
      to pinpoint the position of a leak point.
NUM  12.
PAR  12. A method as set forth in claim 11, wherein the analyzing step is
      effected by comparison of relative intensity among a plurality of the wave
      signals produced by at least a number of said plurality of said first
      means.
NUM  13.
PAR  13. A method as set forth in claim 12, including subjecting each of the
      wave signals to self-correlation analysis prior to the comparison step to
      select from among the wave signals a wave signal caused by a leak.
NUM  14.
PAR  14. A method as set forth in claim 11, wherein the step of analyzing is
      effected by determining difference between times required for the sonic
      waves to be propagated respectively from the leak point to at least a
      number of said plurality of said first means respectively by a
      crosscorrelation analysis among the wave signals.
NUM  15.
PAR  15. A method as set forth in claim 11, wherein the analyzing step includes
      automatically analyzing the relative relation among said signals; and
      further comprising automatically computing the position of the leak point
      based on the analysis of the relative relation, and indicating the
      resulting value.
NUM  16.
PAR  16. A method as set forth in claim 15, further comprising automatically
      stopping supply of the fluid to the leak point by closing means.
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ABST
PAL  The purpose of the machine noise reduction kit is to provide a noise
      attenuating apparatus for closing machines used for seaming end covers on
      metal, cardboard, paper or seamable type cans or containers. The reason
      for developing the noise reduction kit was to protect the machine operator
      from excessive noise levels as defined by the Occupational Safety and
      Health Administration better known as OSHA. The kit has been detail
      designed, fabricated and installed on a can closing machine with a
      reduction in noise at the operator's position from 98 dBA to 86 dBA.
PAL  In addition to being a noise attenuating device, the use of the kit
      eliminates the splashing and drainage of spilled product onto the floor
      around the machine, thereby improving sanitary conditions in the plants.
PARN
PAR  This application is a divisional of our copending application Ser. No.
      398,263, filed Sept. 17, 1973, now U.S. Pat. No. 3,851,725.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the past closing machines were relatively slow (200 units per minute)
      and therefore noise levels at the operator's position were generally below
      90 dBA. Due to advances in technology and the demands for higher
      production speeds, new closing machines are currently operating at 1200
      units per minute with near future projected goals up to 2000 units per
      minute. With these increases in production speed, operators are exposed to
      noise levels approaching 102 dBA or more. According to present guidelines
      established by the Occupational Safety and Health Administration, the
      operator cannot legally operate machines at this noise level for more than
      11/2 hours of an eight hour working day. Investigations to locate noise
      reduction kits for closing machines have failed to turn up applicable
      solutions.
PAC  SUMMARY OF THE INVENTION
PAR  The invention consists of three primary components:
PAR  1. Lower base enclosure.
PAR  2. Center walls and doors enclosure.
PAR  3. Upper electric drive motor enclosure.
PAR  The lower base enclosure 1 is secured to the underside of the lower frame
      of the machine. The center walls and doors enclosure 2 is secured to the
      side walls of the upper frame 3 of the machine as seen in FIG. 2. The
      center enclosure 2 extends between a seal built into the lower enclosure 1
      so that the two enclosures 1 and 2 can move in a telescoping fashion when
      the upper frame is raised or lowered to accommodate changes in can
      heights. The lower enclosure 1 overlaps the center enclosure 2 by about 4
      inches. The telescoping effect allows an infinite number of can height
      settings between 33/8 inches and 61/4 inches. This also eliminates
      breaking the seal between the lower base enclosure and the center
      enclosure while making height adjustments. The benefit of this telescoping
      seal system is that it reduces the chance of seal damage and it eliminates
      the chance of installing the seal incorrectly after each adjustment. Thus,
      the seal system improves the life of the noise kit by minimizing the
      growth of noise leaks over the years of operation. Past experience has
      shown that the effectiveness of noise enclosure is directly related to the
      durability of seals. The upper electric drive motor enclosure 3 is
      independent of the lower base enclosure and the center enclosure to the
      extent that it is not attached to them. The upper electric drive motor
      enclosure is required to achieve the 84 dBA level; without it the noise
      level would be 86 dBA at the operator's station.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further details of the invention will appear from the following description
      of several embodiments of the invention with reference to the accompanying
      drawings in which:
PAR  FIG. 1 shows a closing machine with the noise reduction kit installed;
PAR  FIG. 2 shows a closing machine with the noise reduction kit installed and
      with the doors and panels in opened position;
PAR  FIG. 3 shows a cross-section view of the telescoping action between the
      lower base enclosure and the center wall enclosure;
PAR  FIG. 4 shows a cross-section view of the seals used on the side and top
      edges of the hinged doors;
PAR  FIG. 5 shows a cross-section view of the seals used on the bottom edge of
      the hinged doors;
PAR  FIG. 6 shows a top view of the end unit tunnel and guides;
PAR  FIG. 7 shows a cross-section view 7--7 of a part of the end unit tunnel and
      tunnel seals of FIG. 6;
PAR  FIG. 8 shows a view of the closing machine having a noise reduction kit
      installed and showing container passage openings;
PAR  FIG. 9 shows an end view of the electric drive motor noise enclosure; and
PAR  FIG. 10 shows a cross-section view taken along the line 10--10 of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As seen in FIG. 1, the lower base enclosure 1 approximates the general
      configuration of the lower machine frame. The lower machine frame itself
      stands on three legs about 18 inches above the floor (FIG. 1). Frame 4
      (FIG. 3) is somewhat like an inverted cup inside of which is a series of
      gear systems 5 transmitting power to various drive shafts 6 extending
      through its top surface. Originally the bottom area of the frame was
      completely open exposing the gears 7, 8 and thus allowing noise generated
      by the gears to escape from under the machine.
PAR  As seen in FIG. 2, the center side walls 9 and door portion 11 of the
      center enclosure 2 have the same lower shape as lower enclosure 1. A table
      type ledge 12 is located at the operator's side of the machine so that the
      original feed stacks 14, 15 for end units 13 can still be used to feed the
      machine. The center enclosure 2 is directly fastened to the side walls of
      the top machine frame 10 (FIGS. 1 and 2). The table ledge 12 has frame
      supports which mount on the machine feed table (not shown) which in turn
      is an integral part of the top machine frame.
PAR  The side walls 9 are made up of 16 gauge sheet metal. For ease of cleaning,
      a material such as stainless steel may be used as the sheet metal
      throughout. The inside of the enclosures 1 and 2 is bare sheet metal and
      is not lined with a noise absorbing material. Therefore, due to noise
      build-up inside, the seams 16 between doors 11 and walls 9 and between
      enclosures 1 and 2 must have effective seals to stop noise leaks. The
      reason that no absorbing materials can be used inside is because such
      materials are porous in nature and would be a breeding environment for
      bacteria due to the constant spillage of liquid inside of the machine.
PAR  Large access doors 11 are placed on four lateral walls of the enclosure.
      These doors are made of 16 gauge sheet metal. They are provided to give
      maximum access to the inside of the machine in order that operators or
      maintenance personnel can perform required work on the machine with speed
      and efficiency. If these doors were not large enough, panels would have to
      be removed each time access is required to enclosed parts of the machine.
      It has been learned that frequent removal of noise enclosure parts
      accelerates the deterioration of the enclosure's effectiveness. This is a
      result of improper reassembly, wearing out of fasteners and seals and the
      loss of parts which cause noise leaks. Therefore, the provision of large
      access doors saves production time and increases the useful life of the
      enclosure by minimizing maintenance work on the enclosure itself.
PAR  The large access side doors 11 were designed to prevent liquid leaks as
      well as noise leaks.
PAR  The top of the table type ledge 12 (FIG. 2) can be removed by flipping four
      suitcase type latches. Quick removal of this cover is required because of
      frequent adjustments to the cover feeding system.
PAR  The underside of the machine frame is closed off by two steel plates 18
      mounted edge to edge, see FIG. 3. These plates 18 enclose frame 4 trapping
      the gear noise inside the frame compartment 19. Plates 18 are fastened to
      the bottom edge of the frame side walls 20 and a neoprene rubber like
      material is used to provide a watertight seal 21 between the frame 20 and
      plate 18. Seal 21 also acts to reduce the transmission of vibration energy
      from the machine frame 4 into the relatively flexible plate 18. Plate 18
      extends past the outer edge of the frame to form the lower surface of
      enclosure 1.
PAR  Fasteneed to the top surface 22 of steel plate 18 (FIG. 3) is the outer
      side wall 23 and pressure plates 17 which form the guide system for the
      telescoping walls 25 of the center enclosure 2. A rubber-like gasket 26 is
      used to form a watertight seal between surface 22 and the base of side
      wall 23. The outer edge side wall 23 is continuous and extends around the
      entire machine. Each pressure plate 17 is two inches wide and one is
      located every seven inches behind side wall 23. Plate 17 is welded to the
      base of wall 23 to maintain a set distance for sealing purposes between
      the continuous outer side wall 23 and the series of pressure plates 17.
      Mounted on the top of side wall 23 is an extruded elongated resilient seal
      27 with a metal angle protection strip 28. Seal 27 may also be resilient
      material such as sponge or foam. Angle strip 28 is used as a spacer to
      prevent excessive wear of the seal 27 and to prevent seal 27 from slipping
      out of position when enclosure 2 is withdrawn. Pressure plate 17 is
      designed to exert sufficient force on the enclosure wall 25 to ensure
      proper contact with seal 27. Connected to drain port 29 is a pipe or base
      used to remove liquids from enclosure 1. These liquids may come from
      material in the cans which drain from the machine lower frame 4 and from
      the walls of enclosure 2.
PAR  Lower enclosure 1 serves the following functions:
PAR  First, the lower enclosing plate 18 traps gear noise inside the lower
      machine frame cavity.
PAR  Second, the side wall 23 and lower plate 18 form the outer walls of the
      lower enclosure 1 which with enclosure 2 traps noise of end units and cans
      inside the machine.
PAR  Third, the seal system using items 23, 17, 27 and 28 forms a noise seal
      which allows enclosure 2 to telescope up and down without disturbing the
      seal.
PAR  Fourth, the lower enclosure 1 not only serves as part of the total noise
      enclosure but also catches spilled liquids which drain from the machine
      frame itself and from the walls 25 of enclosure 2.
PAR  Fifth, the lower enclosure 1 enables the collection of all spilled liquids
      to be drained through port 29 into pipe 24 directly to a central drain.
      This eliminates drainage directly onto the floor around the machine and
      therefore improves sanitary conditions and provides safer working
      conditions for operators and maintainers.
PAR  Seals for the two vertical and the top seams 16 of the side doors 11 are
      shown in FIGS. 4 and 5. The seal 30 (FIG. 4) is mounted in an elongated
      channel 31 attached to the walls 25 of the center enclosure 2. Channel 31
      acts as a shield to prevent splashing of liquid directly against the seal
      30 to reduce the chance of liquid leaks. The seal 30 and channel 31 also
      provide a labyrinth of passages that noise must travel through in order to
      leak out of the door seams 16. The labyrinth effect increases the noise
      reduction of the door seals. A ledge 32 extends around the top and side
      edge of each door 11 to stiffen the door and to increase the labyrinth
      effect formed with seal 30 and channel 31 and to force liquids seeping by
      seal 30 to drain down door 11.
PAR  The lower edge of the door 11 has a lip 33, shown in FIG. 5, that extends
      over the lower edge sill 34 of the door entrance. This ensures that
      liquids running down the inner door surface 35 will drop off lip 33 and
      into the basin 36 (FIG. 3) formed by enclosure 1. An elastomeric strip 37
      is fastened to the bottom edge of lip 33 to seal against noise and liquid
      leaks through seam 16 (FIG 5).
PAR  The center enclosure 2 has four passages. Two passages 38 (FIGS. 1 and 2)
      are used for feeding end units or container tops 13 into the enclosure. A
      third passage 39 (FIG. 8) is for bringing unseamed or topless containers
      into the enclosure. The fourth passage 40 (FIG. 8) is for bringing seamed
      containers with tops fastened in place out of the enclosure.
PAR  The passages 38 for feeding end units 13 into the enclosure are specially
      designed noise trap and friction sealing tunnels 41 as shown in FIG. 6.
      The purpose of tunnel 41 is to provide a seal against noise leakage
      between stacks 14, 15 of end units 13 which are fed into the enclosure 2
      through the table ledge panel 12. The second purpose is to stop the bounce
      of an entire stack 14, 15 of end units 13 which results each time an end
      unit is pulled from the bottom of end feed stack 14, 15. The bouncing can
      be a significant noise source if a large number of end units 13 is not
      kept in the end feed stacks 14 and 15. Each end unit stack 14, 15 is held
      in place by three guides 42-44 forming a conveyor frame.
PAR  The friction sealing tunnel 41 is better shown in FIG. 7. The tunnel
      sealing function operates to stop noise leaks from the enclosure in two
      ways. First, a seal between the table top 12 and the tunnel circumference
      45 is achieved by sandwiching the table top 12 between the annular rings
      46-48. Second, the seal between the end units 13 and tunnel 41 is achieved
      by passing the stack 14 of end units through a series of two elastomeric
      friction annular ring seals 49 and 50. The spacing of the two seals is set
      such that one end unit is always in contact with either seal while the
      remaining seal has just released an end unit. Ring 47 is about an integral
      number of end units plus one-half thick. The same seal effect could be
      achieved by using just one seal. The seal in this case would have to be
      twice the thickness of one end; in this way one end unit is always in the
      seal passage. The circular hole in the seal is cut to be the same or
      smaller diameter as the end unit. This allows zero clearance, therefore
      eliminating a path for noise to leak out when an end unit is in the seal.
      Since one end unit is always in contact with a seal, there is never a
      direct path that will allow noise to leak out of the enclosure through
      tunnel 41.
PAR  The reason for using two elastomeric seals 49 and 50 instead of one thick
      seal is to eliminate bounce of the stack of end units 14 above the tunnel
      41. Cover feed screws (not shown) which remove one end unit 13 from the
      bottom of the stack 14 of units has a 0.040 inch separation lip that
      causes the end unit above the unit being fed to be lifted 0.040 inches.
      Since all the end units in the stack are in contact, the entire stack of
      units is lifted 0.040 inches. Because the screw is pulling 600 end units
      per minute from the bottom of the stack 41, stack 14 in turn bounces 600
      times per minute or tries to bounce this fast. As a result, sufficient
      load or force must be maintained on top of the stack to keep end units on
      top of the stack from separating and rattling as they bounce. This bounce
      can result in a noise source as high as 90 dBA. By passing the end units
      13 through seals 49 and 50, sufficient drag is imposed to induce 0.040
      inch clearance between the end units trapped between seals 49 and 50. This
      causes the end units above tunnel 41 not to bounce while the covers below
      tunnel 41 still bounce but do no harm since the noise is trapped inside
      the tunnel and enclosure 2.
PAR  The passageway for bringing unseamed or topless containers into the
      enclosure is a tunnel 51 as shown in FIG. 8. Tunnel 51 extends one foot
      inside the machine from the outer wall up to the point where the covers
      are placed on top of the containers. Tunnel 51 acts as a baffle or shield
      to reflect noise back into enclosure 2 and limits the area that noise can
      enter and thus reduces noise that can escape out of the enclosure.
PAR  The passage for removing containers from the enclosure is an opening 52 cut
      in the wall of enclosure 2 as shown in FIG. 8. There is no tunnel required
      because the amount of noise that radiates out does not increase the noise
      levels significantly. This is because the primary noise source is on the
      opposite side of the machine at the operator's station. Thus, the passage
      is shielded or baffled off by the presence of the machinery inside the
      enclosure.
PAR  The center enclosure 2 serves the following functions:
PAR  First, the side walls, doors and passages, along with the lower enclosure
      1, form a noise-tight enclosure around the primary noise sources of a
      closing machine to give a significant noise reduction of 12 dBA at the
      operator's position.
PAR  Second, lower enclosure 1, along with enclosure 2, serves as a liquid-tight
      enclosure of the machine to prevent drainage of spilled liquids onto the
      floor, thus improving sanitary conditions as well as safety conditions.
PAR  Third, the provision for large access doors saves considerable time for
      maintenance and does not reduce production. Large access doors also
      improve the life of the noise enclosure by reducing the development of
      noise leaks which are known to form with panels when frequently removed.
PAR  Fourth, unique shields 31, 33 for access doors prevent direct contact of
      splashed liquid on seals and creates a labyrinth effect to improve the
      noise reduction of the seals.
PAR  Fifth, the friction sealing tunnel 41 is a multipurpose noise reduction
      means in that it:
PA1  a. Seals against noise leaks between the enclosure and tunnel.
PA1  b. Seals against noise leaks between the tunnel and end units.
PA1  c. Eliminates noise source of the stack of covers bouncing outside of the
      enclosure.
PAR  This apparatus may be used in a variety of infeed situations.
PAR  The main electric drive motor 53 mounted on top of the top frame is
      enclosed in a specially designed noise enclosure 3 as seen in FIG. 1.
      Enclosure 3 is made of four pieces as shown by parting lines 54. The
      enclosure can be removed from the motor 53 in a matter of seconds by
      releasing six suitcase latches. The enclosure has special passages 55, 56
      to allow ambient air to be supplied to the motor coolant fan and
      discharges through separate discharge passages 57, 58. The end view of
      FIG. 9 shows the motor as located in the bottom of the enclosure 3 and
      shows the air ducts 55 above the enclosure.
PAR  A cross-section view of the motor 53 and enclosure 3 is shown in FIG. 10.
      The enclosure is simple and inexpensive. The coolant fan (not shown) is
      built into the self-cooling electric motor as a standard part of the
      motor. The enclosure is divided into two compartments by a partition 61
      that is sealed around the outer circumference of the fan housing 62 and
      extends to the sides 63, 64; top 65 and bottom 66 of the enclosure. This
      partition prevents air that has passed through the fan and heated up from
      recirculating back into the cooling compartment 56. The inside areas of
      the passageways 55, 56, 57 and 58 are lined with one-inch thick sound
      absorbing polyurethane foam. The foam absorbs noise created by the fan and
      from the electric motor. A second partition 67 extends beside the motor
      almost to the ends of the enclosure. The passageways 55 and 58 were made
      as long as possible so that a maximum amount of noise could be absorbed
      before the noise exists from the intake and exhaust ducts 59, 60. To make
      these passages a maximum length for noise absorption requires that both
      ports be next to each other. To prevent warm exhaust air from passage 58
      from being drawn into the coolant air intake passage 55, the partition 61
      was extended from the top of the enclosure to form ducts 59 and 60.
PAR  The upper electric drive motor enclosure serves the following functions:
PAR  First, the enclosure gives a 2dBA noise reduction from 86 to 84 dBA for the
      closing machine.
PAR  Second, the enclosure design is simple and uses the electric motor coolant
      fan to ventilate the enclosure.
PAR  Third, the enclosure can be disassembled in seconds for inspection or
      maintenance work.
PAR  Fourth, the enclosure is a unique noise reduction design for self-cooling
      electric motors or for any type of motor or device which can force draw
      air for use in an energy conversion device such as to burn with fuel and
      then exhaust combustion products or heated air away from the energy
      conversion device. This design can be used to enclose any type motor as
      long as the air supply source is kept separate from the exhaust or heated
      air and the primary engine is used to draw air in and force it out through
      noise lined passages.
PAR  The total enclosure has at least the following advantages: sound abatement,
      liquid waste collection and elimination, long-wearing noise abatement
      seals, easy accessibility to original or enclosed machine and provides
      sound abatement without use of noise absorbing materials inside which
      could not meet sanitary requirements.
PAR  Although the present invention has been described in connection with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention as those skilled in the art will readily understand. Such
      modifications and variations are considered to be within the purview and
      scope of the invention and the appended claims.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. A soundproof enclosure having at least one noise trap and vibration
      eliminator tunnel for feeding can end units or similar disc-shaped objects
      into the interior of the enclosure and also incorporating a noise seal
      between the tunnel and the enclosure wall comprising:
PA1  a first rigid annular support ring mounted on an enclosure for said end
      units and having an opening in said ring such that said end units pass
      freely through a center hole of said ring;
PA1  a first flexible and resilient annular ring seal mounted underneath said
      first rigid ring and having an outer size the same as said first rigid
      ring and an inner size slightly smaller than said first rigid ring and
      equal or smaller in size to said end units such that said first flexible
      ring seal imposes a retarding sliding frictional force on the periphery of
      each end unit that passes through said ring seal and at the same time
      creates an airtight seal about the periphery of the end unit as said end
      unit travels past said first flexible ring seal;
PA1  a second rigid annular ring having the same inner and outer size as said
      first rigid ring and mounted on and under said enclosure and forming with
      said first rigid annular support and said enclosure an annular hollow for
      said first flexible annular ring seal between the bottom surface of said
      first rigid ring and the top surface of said second rigid ring and acting
      as a spacer for a second flexible and resilient annular ring seal which is
      mounted on the bottom surface of said second rigid ring, said second rigid
      annular ring having a thickness equal to about several thicknesses of the
      end unit plus one-half thickness whereby when an end unit is in engagement
      with said first ring seal two or more said end units lie within the
      thickness of said second rigid ring and said second flexible ring seal is
      not in engagement with said periphery of said end unit lying on top of
      said end units in said length of said second rigid ring;
PA1  a second flexible and resilient annular ring seal mounted on the bottom of
      said second rigid annular ring; and
PA1  a third rigid annular ring having the same inner and outer size as said
      first and second rigid rings and mounted on a conveyor frame and
      sandwiching said second ring seal between the bottom surface of said
      second rigid ring and the top surface of said third rigid ring whereby
      said can end units are prevented from bouncing and noise from within said
      enclosure does not leak out.
NUM  2.
PAR  2. A soundproof enclosure having at least one noise trap and vibration
      eliminator tunnel for feeding end units or similar disc-shaped objects
      into the interior of said enclosure as set forth in claim 1 in which said
      second annular ring comprises:
PA1  an annular ring having a thickness equal to an integral number of end unit
      plus one-half an end unit and an interior diameter of slightly greater
      than the diameter of said can end units.
NUM  3.
PAR  3. A soundproof enclosure having at least one noise trap and vibration
      eliminator tunnel for feeding can end units or similar disc-shaped objects
      into the interior of the enclosure and which includes a noise seal between
      the tunnel and the enclosure wall which comprises an opening in the
      enclosure wall sized such that said end units pass freely therethrough,
      first and second resilient annular ring seals mounted at the opening, each
      ring seal having an opening aligning with the enclosure wall opening but
      sized smaller and equal to or smaller than said end units such that a
      retarding frictional force is applied to the periphery of each end unit as
      it passes through the openings of the ring seals to create an airtight
      seal about the periphery of each end unit and said ring seals being spaced
      apart such that at least one end unit in a stack placed in the enclosure
      wall opening tightly seals at its periphery with one of the ring seals
      whereby said can end units are prevented from bouncing and noise from
      within said enclosure does not leak out.
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ABST
PAL  The purpose of the machine noise reduction kit is to provide a noise
      attenuating apparatus for closing machines used for seaming end covers on
      metal, cardboard, paper or seamable type cans or containers. The reason
      for developing the noise reduction kit was to protect the machine operator
      from excessive noise levels as defined by the Occupational Safety and
      Health Administration, better known as OSHA. The kit has been detail
      designed, fabricated and installed on a can closing machine with a
      reduction in noise at the operator's position from 98 dBA to 86 dBA.
PAL  In addition to being a noise attenuating device, the use of the kit
      eliminates the splashing and drainage of spilled product onto the floor
      around the machine, thereby improving sanitary conditions in the plants.
PARN
PAR  This application is a divisional of our copending application Ser. No.
      398,263, filed Sept. 17, 1973, now U.S. Pat. No. 3,851,725.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the past closing machines were relatively slow (200 units per minute)
      and therefore noise levels at the operator's position were generally below
      90 dBA. Due to advances in technology and the demands for higher
      production speeds, new closing machines are currently operating at 1200
      units per minute with near future projected goals up to 2000 units per
      minute. With these increases in production speed, operators are exposed to
      noise levels approaching 102 dBA or more. According to present guidelines
      established by the Occupational Safety and Health Administration, the
      operator cannot legally operate machines at this noise level for more than
      11/2 hours of an eight hour working day. Investigations to locate noise
      reduction kits for closing machines have failed to turn up applicable
      solutions.
PAC  SUMMARY OF THE INVENTION
PAR  The invention consists of three primary components:
PAR  1. Lower base enclosure.
PAR  2. Center walls and doors enclosure.
PAR  3. Upper electric drive motor enclosure.
PAR  The lower base enclosure 1 is secured to the underside of the lower frame
      of the machine. The center walls and doors enclosure 2 is secured to the
      side walls of the upper frame 3 of the machine as seen in FIG. 2. The
      center enclosure 2 extends between a seal built into the lower enclosure 1
      so that the two enclosures 1 and 2 can move in a telescoping fashion when
      the upper frame is raised or lowered to accommodate changes in can
      heights. The lower enclosure 1 overlaps the center enclosure 2 by about 4
      inches. The telescoping effect allows an infinite number of can height
      settings between 33/8 inches and 61/4 inches. This also eliminates
      breaking the seal between the lower base enclosure and the center
      enclosure while making height adjustments. The benefit of this telescoping
      seal system is that it reduces the chance of seal damage and it eliminates
      the chance of installing the seal incorrectly after each adjustment. Thus,
      the seal system improves the life of the noise kit by minimizing the
      growth of noise leaks over the years of operation. Past experience has
      shown that the effectiveness of noise enclosure is directly related to the
      durability of seals. The upper electric drive motor enclosure 3 is
      independent of the lower base enclosure and the center enclosure to the
      extent that it is not attached to them. The upper electric drive motor
      enclosure is required to achieve the 84 dBA level; without it the noise
      level would be 86 dBA at the operator's station.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further details of the invention will appear from the following description
      of several embodiments of the invention with reference to the accompanying
      drawings in which:
PAR  FIG. 1 shows a closing machine with the noise reduction kit installed;
PAR  FIG. 2 shows a closing machine with the noise reduction kit installed and
      with the doors and panels in opened position;
PAR  FIG. 3 shows a cross-section view of the telescoping action between the
      lower base enclosure and the center wall enclosure;
PAR  FIG. 4 shows a cross-section view of the seals used on the side and top
      edges of the hinged doors;
PAR  FIG. 5 shows a cross-section view of the seals used on the bottom edge of
      the hinged doors;
PAR  FIG. 6 shows a top view of the end unit tunnel and guides;
PAR  FIG. 7 shows a cross-section view 7--7 of a part of the end unit tunnel and
      tunnel seals of FIG. 6;
PAR  FIG. 8 shows a view of the closing machine having a noise reduction kit
      installed and showing container passage openings;
PAR  FIG. 9 shows an end view of the electric drive motor noise enclosure; and
PAR  FIG. 10 shows a cross-section view taken along the line 10--10 of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As seen in FIG. 1, the lower base enclosure 1 approximates the general
      configuration of the lower machine frame. The lower machine frame itself
      stands on three legs about 18 inches above the floor (FIG. 1). Frame 4
      (FIG. 3) is somewhat like an inverted cup inside of which is a series of
      gear systems 5 transmitting power to various drive shafts 6 extending
      through its top surface. Originally the bottom area of the frame was
      completely open exposing the gears 7, 8 and thus allowing noise generated
      by the gears to escape from under the machine.
PAR  As seen in FIG. 2, the center side walls 9 and door portion 11 of the
      center enclosure 2 have the same lower shape as lower enclosure 1. A table
      type ledge 12 is located at the operator's side of the machine so that the
      original feed stacks 14, 15 for end units 13 can still be used to feed the
      machine. The center enclosure 2 is directly fastened to the side walls of
      the top machine frame 10 (FIGS. 1 and 2). The table ledge 12 has frame
      supports which mount on the machine feed table (not shown) which in turn
      is an integral part of the top machine frame.
PAR  The side walls 9 are made up of 16 gauge sheet metal. For ease of cleaning,
      a material such as stainless steel may be used as the sheet metal
      throughout. The inside of the enclosures 1 and 2 is bare sheet metal and
      is not lined with a noise absorbing material. Therefore, due to noise
      build-up inside, the seams 16 between doors 11 and walls 9 and between
      enclosures 1 and 2 must have effective seals to stop noise leaks. The
      reason that no absorbing materials can be used inside is because such
      materials are porous in nature and would be a breeding environment for
      bacteria due to the constant spillage of liquid inside of the machine.
PAR  Large access doors 11 are placed on four lateral walls of the enclosure.
      These doors are made of 16 gauge sheet metal. They are provided to give
      maximum access to the inside of the machine in order that operators or
      maintenance personnel can perform required work on the machine with speed
      and efficiency. If these doors were not large enough, panels would have to
      be removed each time access is required to enclosed parts of the machine.
      It has been learned that frequent removal of noise enclosure parts
      accelerates the deterioration of the enclosure's effectiveness. This is a
      result of improper reassembly, wearing out of fasteners and seals and the
      loss of parts which cause noise leaks. Therefore, the provision of large
      access doors saves production time and increases the useful life of the
      enclosure by minimizing maintenance work on the enclosure itself.
PAR  The large access side doors 11 were designed to prevent liquid leaks as
      well as noise leaks.
PAR  The top of the table type ledge 12 (FIG. 2) can be removed by flipping four
      suitcase type latches. Quick removal of this cover is required because of
      frequent adjustments to the cover feeding system.
PAR  The underside of the machine frame is closed off by two steel plates 18
      mounted edge to edge, see FIG. 3. These plates 18 enclose frame 4 trapping
      the gear noise inside the frame compartment 19. Plates 18 are fastened to
      the bottom edge of the frame side walls 20 and a neoprene rubber like
      material is used to provide a watertight seal 21 between the frame 20 and
      plate 18. Seal 21 also acts to reduce the transmission of vibration energy
      from the machine frame 4 into the relatively flexible plate 18. Plate 18
      extends past the outer edge of the frame to form the lower surface of
      enclosure 1.
PAR  Fastened to the top surface 22 of steel plate 18 (FIG. 3) is the outer side
      wall 23 and pressure plates 17 which form the guide system for the
      telescoping walls 25 of the center enclosure 2. A rubber-like gasket 26 is
      used to form a watertight seal between surface 22 and the base of side
      wall 23. The outer side wall 23 is continuous and extends around the
      entire machine. Each pressure plate 17 is two inches wide and one is
      located every seven inches behind side wall 23. Plate 17 is welded to the
      base of wall 23 to maintain a set distance for sealing purposes between
      the continuous outer side wall 23 and the series of pressure plates 17.
      Mounted on the top of side wall 23 is an extruded elongated resilient seal
      27 with a metal angle protection strip 28. Seal 27 may also be resilient
      material such as sponge or foam. Angle strip 28 is used as a spacer to
      prevent excessive wear of the seal 27 and to prevent seal 27 from slipping
      out of position when enclosure 2 is withdrawn. Pressure plate 17 is
      designed to exert sufficient force on the enclosure wall 25 to ensure
      proper contact with seal 27. Connected to drain port 29 is a pipe or base
      used to remove liquids from enclosure 1. These liquids may come from
      material in the cans which drain from the machine lower frame 4 and from
      the walls of enclosure 2.
PAR  Lower enclosure 1 serves the following functions:
PAR  First, the lower enclosing plate 18 traps gear noise inside the lower
      machine frame cavity.
PAR  Second, the side wall 23 and lower plate 18 form the outer walls of the
      lower enclosure 1 which with enclosure 2 traps noise of end units and cans
      inside the machine.
PAR  Third, the seal system using items 23, 17, 27 and 28 forms a noise seal
      which allows enclosure 2 to telescope up and down without disturbing the
      seal.
PAR  Fourth, the lower enclosure 1 not only serves as part of the total noise
      enclosure but also catches spilled liquids which drain from the machine
      frame itself and from the walls 25 of enclosure 2.
PAR  Fifth, the lower enclosure 1 enables the collection of all spilled liquids
      to be drained through port 29 into pipe 24 directly to a central drain.
      This eliminates drainage directly onto the floor around the machine and
      therefore improves sanitary conditions and provides safer working
      conditions for operators and maintainers.
PAR  Seals for the two vertical and the top seams 16 of the side doors 11 are
      shown in FIGS. 4 and 5. The seal 30 (FIG. 4) is mounted in an elongated
      channel 31 attached to the walls 25 of the center enclosure 2. Channel 31
      acts as a shield to prevent splashing of liquid directly against the seal
      30 to reduce the chance of liquid leaks. The seal 30 and channel 31 also
      provide a labyrinth of passages that noise must travel through in order to
      leak out of the door seams 16. The labyrinth effect increases the noise
      reduction of the door seals. A ledge 32 extends around the top and side
      edge of each door 11 to stiffen the door and to increase the labyrinth
      effect formed with seal 30 and channel 31 and to force liquids seeping by
      seal 30 to drain down door 11.
PAR  The lower edge of the door 11 has a lip 33, shown in FIG. 5, that extends
      over the lower edge sill 34 of the door entrance. This ensures that
      liquids running down the inner door surface 35 will drop off lip 33 and
      into the basin 36 (FIG. 3) formed by enclosure 1. An elastomeric strip 37
      is fastened to the bottom edge of lip 33 to seal against noise and liquid
      leaks through seam 16 (FIG. 5).
PAR  The center enclosure 2 has four passages. Two passages 38 (FIGS. 1 and 2)
      are used for feeding end units or container tops 13 into the enclosure. A
      third passage 39 (FIG. 8) 9) is for bringing unseamed or topless
      containers into the enclosure. The fourth passage 40 (FIG. 8) is for
      bringing seamed containers with tops fastened in place out of the
      enclosure.
PAR  The passages 38 for feeding end units 13 into the enclosure are specially
      designed noise trap and friction sealing tunnels 41 as shown in FIG. 6.
      The purpose of tunnel 41 is to provide a seal against noise leakage
      between stacks 14, 15 of end units 13 which are fed into the enclosure 2
      through the table ledge panel 12. The second purpose is to stop the bounce
      of an entire stack 14, 15 of end units 13 which results each time an end
      unit is pulled from the bottom of end feed stack 14, 15. The bouncing can
      be a significant noise source if a large number of end units 13 is not
      kept in the end feed stacks 14 and 15. Each end unit stack 14, 15 is held
      in place by three guides 42-44 forming a conveyor frame.
PAR  The friction sealing tunnel 41 is better shown in FIG. 7. The tunnel
      sealing function operates to stop noise leaks from the enclosure in two
      ways. First, a seal between the table top 12 and the tunnel circumference
      45 is achieved by sandwiching the table top 12 between the annular rings
      46-48. Second, the seal between the end units 13 and tunnel 41 is achieved
      by passing the stack 14 of end units through a series of two elastomeric
      friction annular ring seals 49 and 50. The spacing of the two seals is set
      such that one end unit is always in contact with either seal while the
      remaining seal has just released an end unit. Ring 47 is about an integral
      number of end units plus one-half thick. The same seal effect could be
      achieved by using just one seal. The seal in this case would have to be
      twice the thickness of one end unit; in this way one end unit is always in
      the seal passage. The circular hole in the seal is cut to be the same or
      smaller diameter as the end unit. This allows zero clearance, therefore
      eliminating a path for noise to leak out when an end unit is in the seal.
      Since one end unit is always in contact with a seal, there is never a
      direct path that will allow noise to leak out of the enclosure through
      tunnel 41.
PAR  The reason for using two elastomeric seals 49 and 50 instead of one thick
      seal is to eliminate bounce of the stack of end units 14 above the tunnel
      41. Cover feed screws (not shown) which remove one end unit 13 from the
      bottom of the stack 14 of units has a 0.040 inch separation lip that
      causes the end unit above the unit being fed to be lifted 0.040 inches.
      Since all the end units in the stack are in contact, the entire stack of
      units is lifted 0.040 inches. Because the screw is pulling 600 end units
      per minute from the bottom of the stack 14, stack 14 in turn bounces 600
      times per minute or tries to bounce this fast. As a result, sufficient
      load or force must be maintained on top of the stack to keep end units on
      top of the stack from separating and rattling as they bounce. This bounce
      can result in a noise source as high as 90 dBA. By passing the end units
      13 through seals 49 and 50, sufficient drag is imposed to induce 0.040
      inch clearance between the end units trapped between seals 49 and 50. This
      causes the end units above tunnel 41 not to bounce while the covers below
      tunnel 41 still bounce but do no harm since the noise is trapped inside
      the tunnel and enclosure 2.
PAR  The passageway for bringing unseamed or topless containers into the
      enclosure is a tunnel 51 as shown in FIG. 8. Tunnel 51 extends one foot
      inside the machine from the outer wall up to the point where the covers
      are placed on top of the containers. Tunnel 51 acts as a baffle or shield
      to reflect noise back into enclosure 2 and limits the area that noise can
      enter and thus reduces noise that can escape out of the enclosure.
PAR  The passage for removing containers from the enclosure is an opening 52 cut
      in the wall of enclosure 2 as shown in FIG. 8. There is no tunnel required
      because the amount of noise that radiates out does not increase the noise
      levels significantly. This is because the primary noise source is on the
      opposite side of the machine at the operator's station. Thus, the passage
      is shielded or baffled off by the presence of the machinery inside the
      enclosure.
PAR  The center enclosure 2 serves the following functions:
PAR  First, the side walls, doors and passages, along with the lower enclosure
      1, form a noise-tight enclosure around the primary noise sources of a
      closing machine to give a significant noise reduction of 12 dBA at the
      operator's position.
PAR  Second, lower enclosure 1, along with enclosure 2, serves as a liquid-tight
      enclosure of the machine to prevent drainage of spilled liquids onto the
      floor, thus improving sanitary conditions as well as safety conditions.
PAR  Third, the provision for large access doors saves considerable time for
      maintenance and does not reduce production. Large access doors also
      improve the life of the noise enclosure by reducing the development of
      noise leaks which are known to form with panels when frequently removed.
PAR  Fourth, unique shields 31, 33 for access doors prevent direct contact of
      splashed liquid on seals and creates a labyrinth effect to improve the
      noise reduction of the seals.
PAR  Fifth, the friction sealing tunnel 41 is a multipurpose noise reduction
      means in that it:
PA1  a. Seals against noise leaks between the enclosure and tunnel.
PA1  b. Seals against noise leaks between the tunnel and end units.
PA1  c. Eliminates noise source of the stack of covers bouncing outside of the
      enclosure.
PAR  This apparatus may be used in a variety of infeed situations.
PAR  The main electric drive motor 53 mounted on top of the top frame is
      enclosed in a specially designed noise enclosure 3 as seen in FIG. 1.
      Enclosure 3 is made of four pieces as shown by parting lines 54 in FIG. 8.
      The enclosure can be removed from the motor 53 in a matter of seconds by
      releasing six suitcase latches. The enclosure has intake air passageways
      55, 56 to allow ambient air to be supplied to the motor coolant fan and
      separate discharge air passageways 57, 58 through which warm air is
      discharged from the enclosure. The end view of FIG. 9 shows the motor as
      located in the bottom of the enclosure 3 and shows the air passageways 55,
      58 above the enclosure.
PAR  A cross-section view of the enclosure showing the motor therein 3 is shown
      in FIG. 10. The enclosure is simple and inexpensive. The coolant fan (not
      shown) is built into the self-cooling electric motor as a standard part of
      the motor. The enclosure is divided into two compartments by a partition
      61 that is sealed around the outer circumference of the fan housing 62 and
      extends to the sides 63, 64; top 65 and bottom 66 of the enclosure. This
      partition prevents air that has passed through the fan and heated up from
      recirculating back into the air passageway 56. The inside areas of the air
      passageways 55, 56, 57 and 58 are lined with one-inch thick sound
      absorbing polyurethane foam. The foam absorbs noise created by the fan and
      from the electric motor. A second partition 67 extends beside the motor
      and parallel to its longitudinal axis almost to the ends of the enclosure.
      The passageways 55 and 58 were made as long as possible so that a maximum
      amount of noise could be absorbed before the noise exits from the intake
      and exhaust ports 59, 60. To make these passages a maximum length for
      noise absorption requires that both ports be next to each other and to
      prevent warm exhaust air in passageway 58 from being drawn into the
      coolant air intake passageway 55, the partition 61 was extended from the
      top of the enclosure to form ports 59 and 60.
PAR  The upper electric drive motor enclosure serves the following functions:
PAR  First, the enclosure gives a 2dBA noise reduction from 86 to 84 dBA for the
      closing machine.
PAR  Second, the enclosure design is simple and uses the electric motor coolant
      fan to ventilate the enclosure.
PAR  Third, the enclosure can be disassembled in seconds for inspection or
      maintenance work.
PAR  Fourth, the enclosure is a unique noise reduction design for self-cooling
      electric motors or for any type of motor or device which can force raw air
      for use in an energy conversion device such as to burn with fuel and then
      exhaust combustion products or heated air away from the energy conversion
      device. This design can be used to enclose any type motor as long as the
      air supply source is kept separate from the exhaust or heated air and the
      primary engine is used to draw air in and force it out through noise
      absorbing passages.
PAR  The total enclosure has at least the following advantages: sound abatement,
      liquid waste collection and elimination, long-wearing noise abatement
      seals, easy accessibility to original or enclosed machine and provides
      sound abatement without use of noise absorbing materials inside which
      could not meet sanitary requirements.
PAR  Although the present invention has been described in connection with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention as those skilled in the art will readily understand. Such
      modifications and variations are considered to be within the purview and
      scope of the invention and the appended claim.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. A noise enclosure for a self-cooling motor having a self-cooling fan for
      circulating cooling air along its longitudinal axis comprising: side and
      end walls, said motor being mounted within the enclosure so that the
      longitudinal axis of the motor generally parallels the side walls, a first
      partition in the enclosure extending generally perpendicular to the
      longitudinal axis of the motor and snugly surrounding the motor to coact
      with the motor and side walls for separating air coming to said motor from
      warmer air leaving the motor, an air intake opening on one side of the
      partition and an air discharge opening on the other side of the partition,
      said openings being directly adjacent the opposite sides of the partition,
      a second partition in the enclosure extending generally parallel to the
      longitudinal axis of the motor and perpendicular to said first partition,
      said second partition coacting with the side and end walls and said first
      partition to define on the side facing the motor first and second chambers
      and on the opposite side and between the ends thereof and the end walls
      passageway means communicating between the openings and the chambers,
      means on the exterior of the enclosure coacting with the openings to
      direct air flow from the discharge opening in a direction directly
      opposite to the air flow entering the air intake opening, and sound
      absorbing material on the inner surfaces of the side and end walls and on
      the sides of said partitions.
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ABST
PAL  A sound insulating hood or cover for a noise emitting apparatus such as
      teleprinter having a bottom portion, two side walls, a front wall, a back
      wall and an upper portion. The inner dimension of the hood slightly
      exceeds the dimension of the apparatus. At least the front wall being
      constructed to co-act with rest of the hood via a hinged joint, enabling
      the front wall to pivot to a position exposing and to a position enclosing
      the apparatus. In exposed position the apparatus can be withdrawn from the
      hood to a position suitable for servicing, inspection and the like.
PARN
     This is a continuation, of application Ser. No. 416,425 filed Nov. 16,
      1973, and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to sound insulating hoods, and especially to
      such a sound insulating hood designed to envelope noisy apparatus i.e. an
      apparatus causing or emitting noise.
PAR  Although the invention is applicable to any noise emitting apparatus for
      reducing the noise produced thereby, the following exemplification of the
      application of the invention will be described in connection with a
      teleprinter.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is previously known to construct sound insulating hoods consisting of a
      bottom portion, from which extend two side walls, a front wall, a rear
      wall and an upper portion, the inside dimension of the hood barely
      exceeding the dimension of the sound generating apparatus. On the inside,
      the hood is covered with one or more sound insulating layers, thus
      effectively lowering the audible sound level from the noise emitting
      apparatus.
PAR  In the practical application of such sound insulating hoods, it has been
      found that it is difficult to arrange for service, inspection and the
      like, of the noise emitting apparatus by service personnel. It has also
      been difficult to design the hood so that the apparatus can easily be used
      by the operating staff, i.e. the apparatus must be easily accessable
      inspite of the hood.
PAC  OBJECT OF THE PRESENT INVENTION
PAR  Attempts to form the sound insulating hood in order to facilitate service,
      inspection and the like have been found to result in reduced sound
      insulation and in most cases only a very slight degree of sound
      insulation. Even if in an odd case it has been possible to impart a sound
      insulating effect to the hood, it has as a rule been necessary to lift up
      the whole hood to enable the service personnel to carry out the necessary
      inspections. Such a procedure requires space, not least on the upper side
      of the hood, which makes it impossible to place two hoods above each other
      and to maneuver the one while sitting down and the other while standing
      up.
PAR  The present invention contemplates a sound insulating hood in which the
      above-mentioned disadvantages have been eliminated, which at the same time
      imparts a high sound insulating level to the hood construction in a simple
      and efficient manner.
PAR  What may be regarded as the principal distinguishing features of the sound
      insulating hood according to the present invention resides in the fact
      that at least the front wall is constructed to coact with the rest of the
      hood via a hinged joint thus enabling the front wall to pivot to a
      position exposing the noise emitting apparatus and to a position enclosing
      the same. In the exposed position the apparatus can be withdrawn from the
      hood to a position suitable for servicing, inspection and the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevation of a sound insulated hood constructed according
      to the invention,
PAR  FIG. 2 shows the hood in FIG. 1 in a position where the noise emitting
      apparatus in the form of a teleprinter has been withdrawn from the hood to
      a position for service, inspection and the like,
PAR  FIG. 3 is a side view of a stand designed for two sound insulating hoods
      placed above each other, while
PAR  FIG. 4 is a front view of a stand for six hoods.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A side view of a sound insulating hood designed to enclose a noise emitting
      apparatus is shown in FIG. 1. In the following description the application
      of the invention is related to a teleprinter, the sound insulating hood 1
      enclosing a teleprinter 2. The sound insulating hood 1 has a bottom
      portion 1a from which extend two side walls 1b, 1c, a front wall 1d, a
      rear wall 1e and an upper portion 1f. The inside dimensions of hood 1 are
      proportioned so as to only slightly exceed the dimensions of the apparatus
      2. The sound insulating hood on its inside is further provided with one or
      more sound insulating layers designed to lower the sound level outside the
      hood in relation to the sound level inside the hood.
PAR  In FIG. 1 the hood 1 is shown mainly in an unopened position, thereby
      illustrating that the front wall 1d is formed with a number of hatches
      providing access to the apparatus 2. Door 10 is designed to be lifted up
      to obtain access to the key-board of the teleprinter 2. In FIG. 1 the
      hatch 10 is shown in raised position. Hatch 10 is raised via hinged joint
      11, for access to an automatic sender. Hatch 10 is provided with a hinged
      joint 11 which connects it to the front wall 1d so that with the help of a
      rail 10 the inner surface of the door 10 can serve as a support for
      manuscripts and the like. There is also a door 10b which via a hinged
      joint 11b is also capable of being raised to allow the removal of a
      collecting bowl or the like for waste from punched tapes. A plurality of
      push buttons 12 are provided for operating the contact means on
      teleprinter 2. A window 12a is inserted into the hood in the vicinity of
      the push buttons to allow checking the introduction of tape into the tape
      punching device.
PAR  It will be understood that the whole of the front portion can be let down
      via a hinged joint 13 in the bottom portion 1a. It will also be noted that
      when the front portion 1d is let down, a part of the side wall 1b' and a
      part of the upper portion 1f' will follow the movement of the front
      portion 1d. In a similar manner a portion of the side wall 1c will also
      follow the movement of the front portion 1d.
PAR  It will also be noted that the front portion carries an inner flap 10c,
      which extends from the keys towards the inner surface of the front portion
      1d. The flap 10c is situated behind the keys in the closed position of the
      hood. A hinged joint 11c firmly unites the flap 10c with the front portion
      1d. With the help of spring means not shown in the figure, the flap 10c is
      pressed in towards the hood so that when the front portion 1d is closed
      against the remainder of hood 1, the free end of flap 10c will pass over
      the keys and creep down behind the keys with the help of guiding means not
      shown in the figure.
PAR  The upper portion 1f is also formed as a hatch, which by means of a hinged
      joint at the upper portion of the rear wall may be opened up to the
      position shown in FIG. 2. The upper portion 1f is provided with a window
      14 through which messages from the teleprinter 2 can be read. The
      configuration of the upper portion in the opened position is most easily
      seen from the position shown in FIG. 2.
PAR  The invention includes a bottom plate 15 being arranged inside the hood 1
      and at a slightly spaced distance from the bottom portion 1a, the distance
      obviously being calculated from the surface of the bottom portion facing
      the inside of the hood. The bottom plate 15 is designed to carry the noise
      emitting apparatus 2, in this case a teleprinter, the outer casing or
      cover of which has been removed. For the sake of clarification the
      teleprinter 2 has only been outlined in phantom in FIG. 2.
PAR  The invention is based on the concept that least the front wall 1d is
      designed to cooperate with the other parts of hood 1 by means of a hinged
      joint 13, thereby to allow the front wall 1d to be swung to a position
      exposing the noise emitting apparatus 2 as illustrated in FIG. 2, and
      alternately to a position enclosing the noise emitting apparatus which in
      general is shown in FIG. 1.
PAR  The invention also includes the feature that the noise emitting apparatus 2
      can be withdrawn from the hood 1 to the exposed position, as in FIG. 2,
      for service, inspection and the like. For practical reasons, the hinged
      joint 13 should be located in the bottom portion 1a. The noise emitting
      apparatus 2 thus cooperates with the hood so that it may be pulled out a
      distance corresponding to the length of the apparatus.
PAR  The bottom plate 15 is displaceable relative to hood 1 by means of guide
      means. It is advantageous to arrange the guide means and the bottom plate
      parallel to the bottom portion 1a. A portion of each guide is placed on
      plate 15 and has been given the designation 16a. This portion cooperates
      with a portion not shown in FIG. 2 which is located in the hood and
      attached to the side wall 1b. The plate 15 carries two guide members and
      the portion 16a cooperates with a portion 16b attached to the sidewall 1c.
      Guides 16a and 16b are provided with holes at their upper portions, said
      holes being capable of cooperating with stop means 17, thereby preventing
      too great an extension of the bottom plate from hood 1. By placing the
      holes at different distances the displacement of plate 15 can be locked at
      previously determined distances from the hood.
PAR  The upper portion 1f cooperates with hood 1 by means of a hinged joint not
      shown in FIG. 2, but which is located on the upper portion of the rear
      wall. Via means 18, the upper portion 1f carries a roll 19 of paper which
      is fed through the teleprinter 2 for printing messages thereon. Attached
      to the upper portion 1f is a holder 20 for a roll 22 of tape 23, said tape
      being used for the reception of information by code punching. The tape 23
      is fed to a punching device known per se connected to the teleprinter 2 in
      a manner known per se. It should be noted that both the holders 18, which
      are two in number, for retaining the roll 19, and the holder 20 are
      fixedly attached to the hinged upper portion 1f. The advantage hereby
      obtained results from the fact that both the roll 19 and the roll 20 are
      elevated from the interior of the hood when portion 1f is swung open,
      thereby simplifying and improving their handling when the rollers are to
      be exchanged or adjusted. Furthermore, the rolls do not create any
      obstruction during inspection or when the apparatus 2 assumes the position
      shown in FIG. 2.
PAR  The invention also includes a stand to facilitate the mounting of hoods
      having the nature described above. The stand is formed by a pair of
      vertical posts 31, of which only one is shown in FIG. 3, since the stand
      is shown in a side view. At right angles from posts 31 there are two
      carrying rails 32 for a first hood 33, and at an acute angle to the posts
      31 there are two carrying rails 34 for a second hood 33. Hood 33 is
      provided with a forward portion 33a and an upper portion 33b which can
      assume the position shown by dotted lines in FIG. 3, while the teleprinter
      33c can be drawn out to the position shown by dotted lines in FIG. 3.
PAR  The carrying rails 32 attached at right angles to posts 31 are each
      supported by a leg 36 placed at a distance from posts 31. The carrying
      rails 34 attached at an acute angle to posts 31 are placed above the
      carrying rails 32 attached at right angles to the posts. A connecting unit
      36, for the noise emitting apparatus inside hood 35 and/or 33 is placed
      adjacent a plane through the posts 31 and adjacent a plane through the
      carrying rails 34 attached at an acute angle to the posts. This
      construction allows a person sitting on a chair to operate the apparatus
      within the hood 33, while the apparatus enclosed in hood 35 can be
      operated by a person standing up.
PAR  In FIG. 4 is shown a front view of a stand construction on which six sound
      insulating hoods can be supported. Four posts 31, placed side by side, are
      required for this purpose, a carrying rail 32 and a carrying rail 34
      extending from each post. It will be apparent from FIG. 4 that the hoods
      33 or hoods 35 can be swung open in the way shown in FIG. 3, and that the
      noise emitting apparatus can be withdrawn from the hoods to a position
      suitable for service, inspection and the like, without obstruction from
      the remaining hoods.
PAR  The invention is not limited to the embodiment described as an example
      above, but can be the subject of modifications within the framework for
      the following patent claims.
PAR  It may be mentioned that while exemplified the embodiment includes a bottom
      portion for the hood and a separate plate 15 for the apparatus 2, it is
      also possible to construct the plate 15 and the bottom portion as a single
      unit, this making the bottom portion withdrawable from the hood, the
      remaining portions being held together by a support or the like. It is
      also possible to exchange plate 15 for transverse struts, against which
      the supporting means for apparatus 2 are allowed to rest.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sound-insulating hood for snugly housing a key-operated noise-emitting
      apparatus such as a teleprinter and the like, said hood comprising:
PA1  a. a fixed bottom portion;
PA1  b. a pair of oppositely-disposed side walls and a back wall extending from
      said bottom portion;
PA1  c. a front wall hinged to said bottom portion and being movable between a
      closed position against the front edges of said side walls and a lowered
      position exposing said teleprinter and the like;
PA1  d. a top cover hinged to said back wall and being movable between a closed
      position overlying said side walls and a raised position to permit access
      to the interior of said hood from above;
PA1  e. a plate member supporting said apparatus slidably engaging said bottom
      portion to permit withdrawal thereof from the hood to make it available
      for service when said front wall in its lowered position;
PA1  f. said top cover having means for carrying a roll of fresh paper for
      receiving teletype messages and a roll of fresh paper for sending teletype
      messages, said rolls being raised to an elevated position together with
      said top cover to make them easily available for service and inspection;
PA1  g. said front wall and said top cover extending towards each other in such
      a manner that the front wall in its lowered position and the top cover in
      its raised position exposes said teleprinter and the like.
NUM  2.
PAR  2. A hood according to claim 1, having portions of the side walls, a
      portion of the bottom and a portion of the top cover forming a part of the
      front wall.
NUM  3.
PAR  3. A hood according to claim 1, said front wall having a hatch pivotally
      mounted thereon and a flap pivotally supported on the inner surface of
      said front wall and positioned such that said flap is located behind the
      keys of said apparatus when the front wall is in a closed position.
NUM  4.
PAR  4. The combination of a stand for supporting a plurality of superposed
      hoods as defined in claim 1, said stand comprising:
PA1  a. first support means for supporting a first hood for the first lowermost
      teleprinter and the like at a proper working height above a floor for an
      operator in a sitting position;
PA1  b. second support means for supporting a second hood for the second
      teleprinter above said lowermost first hood at a height proper for an
      operator in a standing position;
PA1  c. said first and second hoods comprising guide means for slidably engaging
      said plate member to permit withdrawal of the teleprinter from the hoods;
PA1  d. said guide means in the second hood extending downwardly at an angle
      proper for the standing operator to facilitate the opening and closing of
      the hood and the withdrawal therefrom of the teleprinter.
NUM  5.
PAR  5. The combination according to claim 4 having the first supporting means
      extending perpendicular to posts forming the stand and the second support
      means extending with an acute angle from said posts.
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ABST
PAL  A damping element comprising fiberous fuseable material shaped to form a
      cup-like member which may be inserted in the sound openings of an acoustic
      transducer to provide a selected acoustic resistance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Acoustic resistances made of woven or etched mesh or screen are well known
      in the art. In such materials, the apertures can be made small, a
      condition necessary to produce acoustic impedances in which dissipative,
      resistance parameter substantially exceeds the reactive inertance
      parameter. Common in the prior art, the etched mesh or screen is cemented
      or clamped over an aperture to obtain an acoustic impedance having a
      relatively pre-determined value.
PAR  When metal screens or perforate mesh are used, it is relatively simple and
      inexpensive to form and shape such materials into useful devices or plugs
      for insertion into acoustic apparatus. Such devices are relatively sturdy
      but if once distorted, it is difficult to restore the devices to their
      original shape.
PAR  Accordingly, it is a feature and purpose of this invention to provide
      acoustic devices that are durable and can be conveniently handled and
      cleaned, inserted and removed from their operational locations without
      damage to the device.
PAR  Other types of acoustic plugs comprise plastic or metal bushings having a
      hole of selected size to provide a desired degree of closure to modify the
      frequency response in accordance with the wearer's requirements.
PAR  However, it has been found that when a single hole, or even a few holes
      formed in a concentrated area, are used to obtain the resistance, the
      sound, in order to pass through these holes, must converge to this small
      area. This action contributes an inertance component to the impedance
      limiting the quality of the acoustic element as a resistive element. If
      holes are produced in a less concentrated area, such as over the surface
      of the mesh, the movement of air in the sound is not forced to store as
      much energy in inertia to converge to the holes that produce the
      frictional component of impedance, thereby providing the result that the
      inertance component of the impedance is lower and the acoustic element
      provides a better resistance.
PAR  Also, if high intensity sound such as would occur at the outlet of a
      receiver is channeled through a single hole, or even through a few holes,
      there is a tendency for unwanted turbulence to develop.
PAR  Accordingly, it is another feature and purpose of the present invention to
      provide an acoustic plug which provides a selected acoustic impedance
      while developing no disruptive turbulence.
PAR  The foregoing and other features and advantages of the invention will be
      apparent from the following more particular description as illustrated in
      the accompanying drawings wherein:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of a microphone transducer mounted in an
      eye-glass type of hearing aid and showing an acoustic element in
      accordance with the invention mounted in an inlet opening to the
      microphone;
PAR  FIG. 2 is an isometric view of a behind-the-ear type of hearing aid showing
      a receiver transducer mounted in the hearing air and showing an acoustic
      resistance element mounted in the receiver output port leading through the
      acoustic channel to the ear cavity;
PAR  FIG. 3 is a relatively enlarged view of the inlet opening portion of FIG. 1
      to better show the positioning of the acoustic element in accordance with
      the invention;
PAR  FIG. 4 is a view in cross section of an acoustic element in accordance with
      the invention which element has a mounting rim;
PAR  FIGS. 5A, 5B and 5C show an enlarged view of an acoustic element in
      accordance with the invention; more particularly FIG. 5A shows a mesh or
      screen in sheet form; FIG. 5B shows the acoustic element partially formed
      into its cylindrical construction; and FIG. 5C shows the acoustic element
      fully formed for insertion in an associated opening;
PAR  FIG. 6 shows another embodiment of the present invention wherein the
      acoustic element is formed in a cylindrical shape with the closed end of
      the cylinder having a portion of the material doubled back to form a
      reinforced rim around the acoustical aperture area;
PAR  FIG. 7 shows an embodiment of the invention wherein the center portion of
      the mesh or screen is fused together to thereby provide a selected
      acoustic resistance to sound passing through the screen; and,
PAR  FIG. 8 is another embodiment of the invention showing a fused pattern on
      the mesh screen which pattern is formed to provide an exact desired
      acoustic resistance.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention is directed to a damping element formed essentially
      in a cup-like or closed cylindrical form having the end of the cylinder
      formed as a mesh or matrix material which allows sound to pass
      therethrough. The acoustic resistance provided by said mesh to sound
      passing therethrough is selectively controlled to provide a desired
      dissipative resistance parameter. Because of the flexible nature of the
      materials used, the inventive acoustic element, if deformed, may be easily
      restored to its original shape such as by inserting the element over a
      mandrel. Thus, the inventive acoustic element may be shipped, inserted,
      removed, handled and cleaned without impairing its performance when it is
      reinserted in its operating position.
PAR  FIG. 1 shows one example wherein the inventive acoustic element 31 may be
      used. In FIG. 1 an eyeglass type of hearing aid assembly 10 includes a
      microphone 11, suitably mounted as by isolator mountings 13 and 15 within
      a chamber 17 formed in the temple piece 19 of the eyeglass. A sound
      opening 21 in the wall of the chamber 17 couples sound to a sound duct 23
      of microphone 11.
PAR  An acoustic resistance element or plug 31 in accordance with the invention,
      may be located or positioned in the sound duct 23. As is known, acoustic
      element 31 provides a selected acoustic resistance to sound passing
      through duct 23.
PAR  Another example of a usuage of the present invention is shown in FIG. 2
      which depicts a behing-the-ear type of hearing aid assembly 33 including a
      receiver 37 mounted within a housing 35. As is known, sound is conveyed
      from the output of the receiver 37 through a sound channel or duct 39. A
      flexible tubing 40 and a suitable ear mold 41 couple the sound duct 39 to
      the ear cavity of the user. An acoustic element 31 in accordance with the
      invention, may, for example, be mounted at the outlet of the receiver 37
      at the point which receiver connects to a channel 39, or at the end of
      channel 39 where it connects to the flexible tubing 40.
PAR  FIG. 3 is a relatively enlarged view showing the acoustic resistance
      element 31 positioned in sound duct 23. Note also that acoustic element 31
      could be mounted in a relatively reverse orientation in FIG. 3. FIG. 4
      shows an embodiment of the acoustic element 31 having an end rim or
      shoulder 32 which can abut the end of the sound duct 23 for positioning
      element 31 therein.
PAR  Refer now to FIGS. 5A, 5B and 5C for purposes of describing the structure
      of the acoustic resistance element 31 in accordance with the invention.
      The acoustic resistance element 31 comprises a woven mesh or matrix having
      fibers 53 of appropriate diameter and spacing. FIG. 5A shows sheet 31C
      from which the acoustic resistance element is formed. Sheet 31C may be of
      a thermoplastic material such as nylon or polyester, or a disolvable
      material such as acetate or rayon. As shown in FIG. 5B, the sheet 31C is
      folded into a cup-like member 31B having one end 31E capped or covered.
      Next, the sides or walls 31D of the cup-like member 31B are fused to form
      a less pervious sound wall or barrier, as shown in FIG. 5C. The end or
      aperture area 31E of the cup-like member comprises the effective acoustic
      resistance.
PAR  FIG. 6 shows an embodiment of the acoustic resistance element 31 in
      accordance with the invention wherein the material around the end 31E of
      the cup is doubled back to form a reinforced rim 31F; and, also to provide
      a better definition of the aperture area through which sound is to pass.
      The rim 31F can be formed by fusing the outside wall sections by heat, or
      by a solvent, while protecting or properly shielding the aperture area.
PAR  FIG. 7 shows another useful embodiment of the invention which will now be
      described.
PAR  Since it is not always feasible to obtain fiber materials having the exact
      fiber diameter and spacing to achieve the desired acoustic resistance, the
      structure of FIG. 7 is a means of increasing the effective acoustic
      resistance of the acoustic element 31. The overall impedance to sound
      passing through the mesh or matrix can be increased by fusing portions of
      the aperture area 31E such as at 31G. In FIG. 7, the size or area of the
      fused portion 31G determines the increase in acoustical resistance. By
      fusing the central portion of the area, the total area of the aperture
      available for passage of sound is effectively decreased thereby increasing
      the impedance of the acoustical element while yet obtaining a minimum
      addition to the inertance component of the impedance as the sound is
      refracted around the sealed-off area.
PAR  FIG. 8 shows another embodiment of the invention in which the aperture
      portion 31E has a pattern 31G1 formed thereon in accordance with a
      selected acoustical resistance required. More specifically, a fusing
      action is provided to the mesh or matrix 31E concurrently or alternatively
      as the acoustic resistance of the mesh 31E is being monitored. When the
      monitored acoustic resistance equals a desired total resistance, the
      fusing action is terminated.
PAR  In various prior art devices, in order to obtain an increased acoustic
      resistance, sound was caused to pass through a narrow hole or
      constriction. A principle feature of the present invention is that maximum
      use is made of the entire aperture area for sound flow. As mentioned
      above, the use of the entire aperture area for sound flow provides an
      acoustic impedance element wherein the inertance component of the
      impedance is lower and the acoustic element provides a better resistance;
      and also, for sound of high intensity the acoustic turbulence and noise is
      thereby minimized.
PAR  The inventive acoustic resistance element 31 can be crushed or collapsed
      without serious damage, and it can easily be restored to its original
      shape by unfolding the collapsed element, or by inserting the collapsed
      element over a mandrel and reforming it to its initial cup-like shape. The
      acoustic resistance element of the invention thus provides a removable,
      crush proof element which provides a selected acoustic resistance.
PAR  The invention has been particularly shown and described with reference to
      preferred embodiments and the claims define the scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An acoustic cup-like plug for positioning in an acoustical port; said
      plug being of a resilient material of fiber mesh or screen, the sides of
      the cup-like plug being fused to obtain a cylindrical wall, said wall
      being substantially acoustically impervious for cooperating with the sides
      of the associated port to form an acoustical seal therebetween, the screen
      end of said cup-like plug positioned substantially parallel to the plane
      of the port opening for providing a maximum area for the passage of sound
      while effecting a selected acoustical resistance, the fibers in the end of
      the plug being fused in discrete sections for selectively determining the
      acoustical resistance provided by the screen end of said cup to sound
      passing therethrough, and the plug being readily restorable to its initial
      shape if distorted whereby the member may be conveniently handled, shipped
      and cleaned.
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ABST
PAL  A loudspeaker horn has a conical section adapted to receive the driver
      assembly of a speaker system at the small cone end. An exponential section
      secured to the large cone end, concentrically with the cone longitudinal
      axis, flares outwardly to terminate in a square cross-section horn mouth.
      A raised lip secured around the periphery of the horn mouth diffracts
      sound symmetrically through a dispersion angle of about 120.degree. with a
      drop of about six decibels or less.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The apparatus of this invention relates to speaker systems, and more
      specifically to a combined conical and exponential horn for use in such
      speaker systems.
PAR  Horns may be classified as conical, exponential and diffraction. The
      conical type horn, such as a megaphone, produces very little sound
      distortion but it is also very inefficient. Exponential horns, on the
      other hand, can provide very high efficiency, but as efficiency increases
      exponential horns also appear to produce correspondingly greater amounts
      of distortion. Diffraction horns are constructed to diffract sound around
      the edges of the horn mouth, thus providing a large angle or degree of
      sound dispersion. To date, however, it has not been practical to produce
      diffraction horns which provide the desired degree of dispersion in more
      than one plane. For example, a diffraction horn might provide adequate
      dispersion, such as 90.degree., in the horizontal plane but relatively
      limited dispersion, such as 50.degree., in the vertical plane.
PAR  All of these previous horns are unable to provide a smooth response when
      high frequencies are produced at high intensities or decibel levels.
PAR  This invention overcomes the deficiencies of the prior art horns by
      employing a conical section for efficiently coupling the speaker driver to
      the horn without substantial distortion. An exponential section, secured
      concentrically to the large end of the conical section, continues the
      outward flare of the conical section but at an exponential rate to provide
      the necessary gain in coupling sound to air. The exponential section ends
      in a square-shaped horn mouth and a raised sound diffraction lip secured
      around the periphery of the mouth provides a square edge to diffract sound
      in the shape of a broad-based pyramid around the horn mouth, thereby
      creating extremely wide sound dispersion in both the horizontal and
      vertical planes. A typical dispersion angle attained by the horn of this
      invention is 120.degree. .times. 120.degree..
PAC  SUMMARY OF THE INVENTION
PAR  A loudspeaker horn includes a conical section flaring outwardly from the
      small cone end and having an exponential section secured to the large cone
      end concentrically about the longitudinal axis of the conical section. The
      exponential section flares outwardly to form the horn mouth and means are
      provided around the horn mouth to diffract sound around the end of the
      exponential section.
PAR  In one embodiment of the invention, the exponential section terminates in
      the form of a square horn mouth. A raised lip secured around the periphery
      of the horn mouth is of sufficient height to provide a drop of about six
      decibels or less as the horn is rotated in a polar dispersion test through
      60.degree. in any direction from alignment of its central longitudinal
      axis with a microphone.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may best be understood when considered in light of the
      following detailed description in conjunction with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a front elevational view of the horn of this invention;
PAR  FIG. 2 is a rear elevational view of the horn shown in FIG. 3;
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 1; and,
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  The horn employed in describing the invention hereinafter is designed
      specifically for use in the 2,400-15,000 hertz range. It will be
      understood that by varying the horn dimensions, as will be apparent
      hereinafter to one skilled in the art, the embodiment described herein may
      be modified for use in other frequency ranges and to provide other gains.
PAR  In the embodiment of this invention shown in FIGS. 1-4, the horn is an
      integrally molded unit 10 composed of a glass-filled polyester compound,
      styrene, styrene foam, or the like. A mating section 12 is formed in any
      desired shape to receive the appropriate speaker driver to be used with
      the particular speaker system for which the horn is designed. In this
      particular embodiment, the driver consists of a conical phasing plug over
      a diaphragm so that the mating or driver receiving section 12 is molded in
      the shape of a cone to receive the phasing plug.
PAR  A cone-shaped driver coupling section 14 couples the horn to the driver
      with maximum efficiency and minimum distortion. The driver receiving
      section 12 is secured to the small end 16 of the driver coupling section
      14 which flares outwardly towards the mouth of the horn and terminates at
      the large cone end 18.
PAR  In this embodiment of the invention, the conical or driver coupling section
      14 has a circular conical cross-section throughout and is about 0.6 inches
      in diameter at the small end 16 and about 0.8 inches in diameter at the
      large end 18. The driver coupling section ideally has a minimum length
      between its ends 16 and 18 equal to about one wave length of the lowest
      expected frequency. In this embodiment of the invention, however, the
      conical section 14 is about 2.25 inches long and the exponential section
      20, to be described hereinafter, is about 1.7 inches long.
PAR  A sound-to-air coupling section 20 is secured to the outer end 18 of the
      conical section 14 to provide the remainder of the gain required in
      coupling sound to air. The sound-to-air coupling section 20 may assume
      various exponential rates of flare, such as parabolic, hyperbolic or the
      like, depending upon the desired gain to be achieved by the entire horn.
      In this embodiment, a gain of 14 decibels was selected in the 2,400-15,000
      hertz range of pink noise as measured between the small cone end 16 and
      the mouth of the horn. In order to provide such a gain, a complicated
      flare is employed in this embodiment of the invention extending from a
      circle of about three-quarters inches in diameter to a square of about one
      one-half inches on a side to form the exponential section 20.
PAR  The horn mouth has a square cross-section in order to provide a symmetrical
      sound dispersion, thus requiring the cross-section of the exponential
      section to also be approximately square throughout. In turn, the radius at
      each corner 24 of the exponential section 20 must be less than the radius
      along the center line 22 of the exponential section walls. In this
      embodiment of the invention, the radius at each corner 24 is about 1.7
      inches while the radius at 22 midway between the corners is about 2.8
      inches.
PAR  A raised dispersion lip 26 around the outer periphery of the exponential
      section 20 provides a sound diffraction corner for the horn mouth. The
      inner lip walls 28 are parallel to the longitudinal axis of the horn and
      the distance between the inner walls on opposite sides of the mouth is
      equal to or less than one wave length of the highest frequency expected to
      be reproduced by the horn. In order to produce a sharp corner for sound
      dispersion, the inner walls 28 and the top walls 30 of the dispersion lip
      form a 90.degree. square corner and the height of the inner walls 28 is
      sufficient, when taken in conjunction with the flare of the exponential
      section, to provide a six decibel or less drop in a polar dispersion test
      when the horn is rotated through an angle of 60.degree. or less from
      alignment of its central longitudinal axis with a microphone. The height
      of the lip will, of course, vary with the construction of the remainder of
      the horn, but in this embodiment of the invention a drop of about five
      decibels is attained where the height of the inner walls 28 is about 0.1
      inches and a five and one-half decibel drop is attained where the
      dispersion lip is eliminated entirely. Thus, the dispersion lip may be
      unnecessary given the proper flare of the exponential section.
PAR  The horn walls are thick enough to prevent resonance of the horn at the
      anticipated frequencies. In order to make the horn aperiodic, the wall
      thicknesses must be more than would be required for mere rigidity. This
      thickness will depend upon the other horn dimensions, the construction
      material employed, and the anticipated power delivered to the driver. In
      the described embodiment, the thinnest portion of any wall of the conical
      and exponential sections is about 0.45 inches.
PAR  A flange 32 formed integrally around the outer end of the exponential
      section, but recessed from the lip 26, provides holes 34 for receiving
      screws, bolts or the like used to secure the horn to the speaker system.
PAR  This invention thus provides an apparatus for efficiently reproducing high
      frequency sound at high intensities with minimum distortion and maximum
      dispersion. While this invention is especially useful at high frequencies,
      it is also capable of modification and use at mid-range and low
      frequencies.
PAR  It will be understood that various modifications may be made in the
      described embodiment without departing from the scope of the invention.
      For example, the length or shape of the conical section or the height of
      the dispersion lip may be varied. In addition, the flare of the conical or
      exponential sections may be changed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A loudspeaker horn adapted to be driven by a speaker driver assembly,
      said horn comprising:
PA1  a conical section having a small cone end compatible with said speaker
      driver assembly, said conical section flaring outwardly to provide
      substantially distortion-free coupling of the driver to the horn;
PA1  an exponential section secured to the large cone end, said exponential
      section flaring exponentially outward to form a horn mouth, said horn
      mouth having a square cross-section;
PA1  a raised diffraction lip secured around the periphery of said horn mouth;
      and
PA1  means preventing any substantial vibration of the horn at the expected
      frequencies.
NUM  2.
PAR  2. A loudspeaker horn as defined in claim 1 wherein said exponential
      section is symmetrical about the longitudinal axis of said cone.
NUM  3.
PAR  3. A loudspeaker horn as defined in claim 2 wherein the inner wall of said
      diffraction lip is parallel to the longitudinal axis of said horn.
NUM  4.
PAR  4. A horn as defined in claim 3 wherein said lip has a height sufficient to
      create a drop of about six decibels or less as the horn is rotated in a
      polar dispersion test through at least 60.degree. in any direction from
      alignment of its central longitudinal axis with a microphone.
NUM  5.
PAR  5. A horn as defined in claim 4 wherein said conical section is a circular
      cone.
NUM  6.
PAR  6. A horn as defined in claim 5 wherein:
PA1  the inner wall of said diffraction lip is about 0.1 inches high and forms
      an angle of about 90.degree. with the lip outer surface; and,
PA1  said vibration preventing means includes walls of said conical and
      exponential sections sufficiently thick to provide an aperiodic horn in
      the expected frequency range.
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ABST
PAL  A removable step climbing assembly that includes a number of longitudinally
      separated, confined space defining pairs of brackets alternately located
      on opposite side of a vertically extending rigid member, such as a mast of
      a ship or the like. A pair of step defining units are provided each of
      which units includes a pair of longitudinally spaced flanges that may
      removably and concurrently engage the confined spaces of two of the pairs
      of brackets on opposite sides of the elongate member. As a person climbs
      up or down the elongate member, the step defining units are sequentially
      removed from the brackets in which they are supported and moved to
      adjacent free bracket to permit the person to use the units as steps in
      ascending or descending the elongate member. Resilient triggers are
      provided that automatically interlock with the bracket to prevent
      inadvertent disengagement of the step defining unit therefrom. The
      resilient triggers may be manually disengaged from the bracket by the user
      as the step defining units are moved upwardly or downwardly on the
      elongate member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Removable step climbing assembly.
PAR  2. Description of the Prior Art
PAR  Periodically the masts on sailing vessels must be climbed to repair or
      adjust the rigging associated therewith. In the past it has been common
      practice to permanently secure longitudinally spaced steps to the mast to
      permit the latter to be climbed for such repair or adjustment purposes.
      However, although such steps provide convenient means of climbing the
      mast, they have the operational disadvantage that they increase the
      resistance of the vessel when the ladder is driven by the wind, and also
      due to their outwardly projecting configuration become easily entangled
      with the rigging and lines that form a part of a sailing boat structure.
PAR  A primary purpose of devising the present invention is to supply a
      removable step climbing assembly that may be so operatively associated
      with a mast that the latter may be climbed with a minimum of
      inconvenience, and due to the removable nature of the assembly, a
      substantial protion of the ladder may be removed from the mast when not in
      use for climbing purposes, and the resistance of the vessel lowered.
PAR  Another object of the invention is to supply a removable step climbing
      assembly that has a simple mechanical structure, is easy to install on a
      vertical member such as a mast or the like, is compact and easy to use,
      can be fabricated from standard commercially available materials, and
      retailed at a sufficiently low pride as to encourage the widespread use
      thereof on the masts of sailing vessels or other elongate members where
      such an assembly is desirable.
PAR  A still further object of the invention is to supply a removable step
      climbing assembly that includes brackets secured in spaced relationship to
      a mast or other upwardly extending rigid member, and a pair of step
      defining units that are removably securable to the brackets, and the units
      being automatically interlocked with the brackets when disposed in a
      person supporting position thereon.
PAC  SUMMARY OF THE INVENTION
PAR  A number of confined space defining brackets are sequentially arranged in
      pairs in longitudinal relationship on opposite sides of a mast or other
      substantially vertical member, and permanently secured thereto. A pair of
      stepdefining units are provided, with each of the units including a pair
      of aligned flanges that are capable of concurrently and slidably engaging
      the confined spaces in a pair of the brackets to removably support the
      unit therefrom. Resilient means are preferably mounted on each of the
      units, with the resilient means of such structure as to automatically
      interlock with a bracket when one of the units is disposed in a supported
      position thereon. The resilient means may be manually actuated by a user,
      and moved to a position where it is disengaged from the bracket to permit
      the user to remove a step defining unit from a bracket.
PAR  In use, the pairs of step defining units are removably mounted on brackets
      on opposite sides of the mast, and engaged by the feet of the user. The
      step defining units are sequentially moved upwardly or downwardly,
      depending on whether the user is ascending or descending the mast, to
      removably engage one of the pairs of brackets most adjacent to those that
      recently supported the unit. By using the step defining units in the above
      described manner, a person climbing upwardly or downwardly on the mast,
      sequentially moves the unit to provide step supports for his climbing
      activities.
PAR  The invention permits the ascent or descent of a person on an upright
      member such as a mast, and has the operational advantage that the step
      defining units are in position on the mast only when in use, and as a
      result the resistance of the mast through the air is considerably
      decreased. Due to the step defining units remaining in a supported
      position on the brackets only when they are in use for climbing purposes,
      the possibility of the rigging or lines on the vessel becomming entangled
      with the pair of step defining units supported from the mast is held to a
      minimum.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a portion of a sailing vessel having a mast
      included as a part thereof, and the mast having longitudinally spaced
      pairs of brackets thereon that may be removably and sequentially engaged
      by movable step defining units as a person either climbs upwardly or
      downwardly on the mast;
PAR  FIG. 2 is a side elevational view of the mast shown in FIG. 1, with a pair
      of the step defining units being removably secured to opposite sides of
      the lower portion of the mast by pairs of brackets that are permanently
      secured thereto;
PAR  FIG. 3 is a perspective view of a section of the mast shown in FIG. 1, with
      one of the step defining units being illustrated as supported from the
      mast by engaging a pair of spaced brackets secured to the latter;
PAR  FIG. 4 is a longitudinal cross-sectional view of the mast a step defining
      assembly taken on the line 4--4 of FIG. 3;
PAR  FIG. 5 is a perspective view of a second form of bracket that is secured to
      the mast to engage a flange on one of the step defining units; and
PAR  FIG. 6 is a fragmentary longitudinal cross-sectional view of the mast, and
      lower part of one of the step defining units, and illustrating a resilient
      means supported from the unit that automatically engages the bracket when
      the unit is placed in a supporting position thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 a portion of a boat A is shown that has a mast B extending
      upwardly therefrom. The mast B supports a number of longitudinally spaced
      pairs of brackets C, with the pairs of brackets being alternately secured
      to opposite sides of the mast. A pair of step defining units D are
      provided, one of which is shown in FIG. 3, with each of the step defining
      units including first and second flanges 10 and 12 that may slidably and
      removably engage confined spaces provided by one of the pairs of brackets
      C as shown in FIG. 3.
PAR  The first form of bracket C shown in FIG. 3 are formed from elongate strips
      14 of a rigid material, with the strip having first and second ends 16 and
      18 respectively. Each strip 14 intermediate the first and second ends 16
      and 18 thereof is bent or otherwise formed to define a U-shaped portion
      20, which portion 20 cooperates with the exterior surface 22 of the mast B
      to provide a longitudinally extending confined space 24. A second form of
      bracket C-1 is shown in FIG. 5 that includes a rigid plate 26 that has a
      strip 14', which is identical to the strip 14 previously described,
      secured by welding beads or other conventional fastening means 28 to the
      exterior surface thereof. The strip 14 and the plate 26 in the second form
      C-1 of the bracket cooperate to provide the longitudinally extending
      confined space 24. Each of the step defining units D is capable of being
      removably secured to the mast by use of either the first form C of the
      brackets or the second form C-1 shown in FIG. 5.
PAR  Each of the step defining units D as may be seen in FIG. 3 is formed from
      an elongate strip of rigid material that is bent or otherwise formed to
      provide a horizontal shoe-supporting section 28 and an angular section 30
      extending upwardly therefrom, with the free end portion of the section 30
      being formed to extend downwardly to define the first flange 10, with the
      free end of the shoe supporting section 28 likewise being bent downwardly
      to define the second flange 12. In FIG. 3 it will be noted that the first
      flange 10 is of somewhat greater length than the second flange 12. The
      strip 14 defining the first form of bracket C is permanently secured to
      the mast B by a number of screws 32 that extend through openings in the
      strip and engage the mast. In the second form C-1 of the bracket, screws
      34 are provided that extend through openings formed in the plates 26 and
      engage the mast B.
PAR  In use, the pair of step defining units D are caused to engage pairs of
      brackets C on opposite sides of the mast B as shown in FIG. 2, and the
      user (not shown) then being supported on the mast by his shoes (not shown)
      resting on the section 28. The user when so supported sequentially moes
      the step defining units D upwardly on the mast one at a time to engage the
      next pair of free brackets C, and after the brackets are so engaged he
      places one of his feet therein and removes the other step defining unit
      from its supporting bracket and moves it to the next free pair of
      brackets.
PAR  In this manner, the user sequentially moves the pairs of step defining
      units D upwardly or downwardly on the mast as the case may be, and
      utilizes the steps defining units one at a time to permit the other unit
      to be raised or lowered for his next support in ascending or descending
      the mast. It will particularly be noted that when the step defining units
      D are used as above described, both the flanges 10 and 12 are in
      engagement with a pair of brackets, and as a result the possibility of the
      units being inadvertently displaced from the brackets is minimal.
PAR  However, to completely eliminate the possibility of inadvertent
      displacement of one of the step defining units from a pair of supporting
      brackets, a resilient trigger 34 may be provided as shown in FIG. 6, which
      has a first leg 36 thereof secured to the lower surface of the shoe
      supporting section 28 by a rivet 38 or other conventional fastening means.
      The resilient trigger 34 on the lower end thereof as shown in FIG. 6 has a
      leg 40 projecting outwardly therefrom that automatically extends under a
      bracket C or C-1 when one of the step defining units is removable
      positioned on the pair of brackets. The leg 40 that extends under the
      bracket as can be seen in FIG. 6 has a handle 42 extending outwardly
      therefrom, which handle may be grasped by the finger of a user, to pivot
      the resilient trigger 34 from a first position where it is in engagement
      with one of the brackets C or C-1 to a second position where it is
      disengaged from the brackets. When the trigger 34 is so disengaged from
      the bracket C, the step defining unit D may be removed from the pair of
      supporting brackets by being moved upwardly relative thereto, and the step
      defining unit then being disposed in an upper or lower pair of supporting
      brackets depending upon whether the user (not shown) is ascending or
      descending the mast.
PAR  The use and operation of the invention has been described previously in
      detail and need not be repeated.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with an upwardly extending, substantially vertical member
      of sufficient strength to support a person thereon, a step climbing
      assembly, said assembly including:
PA1  a. a plurality of longitudinally spaced pairs of brackets that are
      alternately situated as on opposite sides of said member, with the
      brackets in each of said pairs longitudinally spaced from one another, and
      the two brackets in each of said pairs defining two coaxially aligned,
      longitudinally extending confined spaces;
PA1  b. first means for rigidly securing said brackets to said elongate member;
      and
PA1  c. a pair of step defining units, with each of said units including two
      longitudinally spaced coaxially aligned first and second flanges that
      extend in the same direction and may be removably inserted in said
      confined spaces of two of said pairs of brackets on opposite sides of said
      member that are adjacently disposed to support the feet of said person
      climbing said member, with said step defining units as said person climbs
      up or down said member being sequentially disengaged one by one from said
      pair of brackets and caused to removably engage the next unengaged pair of
      said brackets in the direction in which said person is climbing to support
      said person on said member, with each of said step defining units having
      an elongate rigid metallic strap that has first and second end portions,
      with the part of said strap intermediate said first and second end
      portions being bent to define a shoe supporting section and an angular
      section, with said first and second flanges being defined by said first
      and second end portions that are bent relative to the free ends of said
      first receiving section and said angular section.
NUM  2.
PAR  2. An assembly as defined in claim 1 in which each of said brackets
      includes:
PA1  d. a rigid metallic plate;
PA1  e. an elongate strap having first and second end portions, and an
      intermediate U-shaped portion between said first and second end portions;
      and
PA1  f. second means for rigidly securing said first and second end portions to
      said plate, with said intermediate U-shaped portion cooperating with said
      plate to define one of said confined spaces.
NUM  3.
PAR  3. An assembly as defined in claim 2 in which said second means are welds.
NUM  4.
PAR  4. An assembly as defined in claim 2 in which said first means are a
      plurality of screws that extend through openings in said plates to engage
      said elongate member.
NUM  5.
PAR  5. An assembly as defined in claim 1 which in addition includes:
PA1  d. manually operable resilient means that removably locks said step
      defining units on said brackets on which they are supported.
NUM  6.
PAR  6. An assembly as defined in claim 5 in which said resilient means are
      triggers secured to said pair of step defining units, said triggers
      capable of occupying first positions in which they interlock with said
      brackets on which they are supported and second positions where they are
      disengaged from said brackets.
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ABST
PAL  A lift assembly for an industrial vehicle, e.g. a fork-lift truck,
      comprises a pair of transversely spaced uprights mounted upon a common
      tiltable frame formed with cylinders for plunger-type pistons carried by
      the vertically displaceable members of the lift device. The latter members
      surround the uprights and preferably are in the form of one-piece tubes of
      cylindrical configuration. A lift carriage (fork) is shiftable upon these
      members and is engaged by the end of a chain passing over a pulley or
      sprocket wheel carried by the vertically shiftable members for relative
      displacement of the carriage and the latter members.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a lift assembly for an industrial vehicle
      and, more particularly, to the lifting device of a fork-lift truck or the
      like.
PAC  BACKGROUND OF THE INVENTION
PAR  Fork-lift vehicles and like industrial trucks are commonly provided with an
      upright structure or mast, tower or pylon carried by the front of the
      vehicle and, in turn, provided with a lifting fork designed to engage
      beneath the supporting surface of a power to enable lifting of a load
      carried thereby. Various systems have been provided for elevating the fork
      and these include rack-and-pinion, hydraulic, nut-and-spindle and similar
      arrangements.
PAR  However, difficulties have been encountered with conventional lifting
      devices because they must satisfy a number of prerequisites. For example,
      the lifting device must not obscure the field of view of the vehicle
      operator and, on the other hand, must be sufficiently stable as to
      withstand the load forces and vibration disturbances which arise as the
      vehicle carries a load from one location to another. Furthermore,
      considerable structural strength is a prerequisite since the center of
      gravity of the load is frequently located ahead of the center of gravity
      of the lifting rack so that considerable bending stress is applied at
      least when large loads are carried.
PAR  Various solutions to the problem have been proposed and some review of the
      state of the art in this regard is imperative.
PAR  There are, for example, lifting racks for fork-lift and like industrial
      vehicles which comprise a pair of profiled uprights, i.e. uprights of
      U-cross-section, T-section and double T-section or more complicated
      profiles. Such profiles have been throught to be necessary to resist the
      considerable bending stresses which must be absorbed by the rack. A
      carriage is vertically shiftable on these uprights and they may cooperate
      with vertically displaceable beams of similar or more complicated profile
      which slidably interfit with the stationary profiles. While these racks do
      not materially limit the field of view of the operator and thus are
      advantageous in this regard, they are expensive and complicated to
      manufacture, are heavy and thus require increased structure in the vehicle
      upon which the rack is mounted, and when increased in size to withstand
      particularly massive loads, must be made so wide as to interfere with the
      operator's view of the work area ahead of the vehicle. With such racks,
      moreover, vibration and relative lateral movement of the interfitting
      parts is observed during motion of the vehicle and, indeed, the vehicle
      has relatively poor lateral stability. The vibration, chattering and like
      deficiencies arise in part because the bending movement in the plans of
      the uprights may not be sufficiently resisted by the profile members.
PAR  Moreover, when a loaded vehicle negotiates a turn or curve, momentum or
      inertia of the load applies lateral stresses to the structure which
      results in an impact of the movable parts of the frame and the stationary
      parts thereof since the latter invariably cooperate with considerable play
      therebetween.
PAR  The difficulty encountered with such arrangements is one of continuing
      compromises since the width of the uprights should be minimal to provide
      the fullest possible view for the operator, but a reduced width also
      involves reduced lateral stiffness and resistance to bending with
      increased instability in the overall structure.
PAR  The problem is multiplied by the fact that the system must be designed to
      carry heavy loads with centers of gravity offset from the plane of the
      uprights at distances well above the top of the stationary portion of the
      rack and even during motion of the vehicle. Hence, any elasticity in the
      coupling between the interfitting vertical members or uprights or within
      these members or uprights or within these members themselves can only lead
      to bending-type oscillations when the stability of the uprights, whether
      movable or stationary, is reduced to afford greater visibility.
PAR  There is also known a lift mechanism for a fork-lift truck or the like
      which comprises a single central mast having two telescopically
      interfitting parts, the mechanism being of the type known as a "MONO-MAST"
      in which the lifting system is simplified although stability is reduced
      and a serious impediment to proper viewing of the working zone is imposed
      by the central arrangement of the mast.
PAR  A single mast arrangement, moreover, is sensitive to bending stresses both
      in the plane transverse to the direction of displacement of the vehicle
      and parallel to this direction, sustains flexure-type oscillations of the
      system and generally limits the handling characteristics of the vehicle.
PAC  OBJECTS OF THE INVENTION
PAR  It is the principal object of the present invention, therefore, to provide
      a lifting mechanism for a lift vehicle or the like in which the
      aforedescribed disadvantages are avoided and, especially, a satisfactory
      field of view can be provided for the vehicle operator, the mechanism or
      device has low-manufacturing cost, and the device has an optimum
      stiffness.
PAR  It is another object of the invention to provide a lifting device for a
      fork-lift or similar industrial vehicle which is less sensitive to
      vibration or operational instability than prior mechanisms and which, for
      low cost and little weight, can be used to manipulate relatively large
      loads.
PAC  SUMMARY OF THE INVENTION
PAR  These objects and others which will become apparent hereinafter are
      attained, in accordance with the present invention, in a lifting rack or
      structure which comprises two laterally offset coplanar uprights each of
      which is provided with a movable mast member peripherally enclosing or
      surrounding the stationary uprights over a major portion of the periphery
      thereof. The term "lift rack" is used herein to define a frame or like
      structure, generally composed of steel, which comprises a support member
      to which the so-called "stationary" uprights are affixed and by means of
      which the rack is mounted upon the vehicle, a pair of movable uprights
      which are telescopically interfitted with the stationary or lower uprights
      and which are joined together at the upper ends of the movable uprights,
      and a lift member mounted upon these movable uprights for engagement with
      a load. This assembly, whether provided upon a vehicle of the
      self-propelled type or upon a carriage which must be moved by manpower is
      the rack of the present invention. Preferably, the elevatable or movable
      uprights, hereinafter also identified as mast members, receive the
      stationary or lower uprights or mast members and extend all around the
      latter. Advantageously, the vertically displaceable uprights are tubular
      and completely surround the lower uprights when the movable uprights are
      lowered thereover. The telescopically interfitted uprights on each side of
      the rack thus define a vertically elongatable column which supports the
      load-engaging means, preferably a lifting fork.
PAR  Advantageously, each of the upper column members, which are elevatable as
      stated earlier, is of unitary construction, i.e. is undivided and unslit
      so that they are continuous tubular structures simply slipped over the
      lower column members. In the lowermost position of the movable column
      portions, they may completely enclose the inner column members.
PAR  Surprisingly, this structure provided advantages not obtainable with either
      of the previously described mast systems. Firstly, by comparison to
      complex profile uprights, the columns of the present system have increased
      strength and reduced weight and also can be made with great precision,
      more inexpensively than open profiles of the same stiffness and precision.
      Thus for the same cost, play can be materially reduced or for given
      manufacturing tolerances, the cost of the columns is substantially reduced
      together with a reduction of the column weight.
PAR  Furthermore, because the cross-section of the columns of the present rack
      can be smaller for the reason already noted, they obstruct to a
      significant smaller extent, the field of view of the operator and can
      increase a load-carrying capacity of the vehicle because of their
      lightness.
PAR  According to the present invention, at least the upper movable member of
      each column is a tube or pipe of circular cross-section. However, where it
      is desired to increase the stiffness of the columns against bending
      stresses by the load in respective vertical planes perpendicular to the
      common column plane, the tube may have an oval cross-section with the
      major axis of the oval lying at right angles to the common column plane
      and the broad sides of the columns confronting one another. This
      arrangement is particularly desirable because of the increased field of
      view provided thereby. A figure-eight profile, wherein the center of the
      oval is pinched inwardly, is also advantageous for this reason.
PAR  According to another feature of the invention, the load-engaging device
      comprises a carriage which is vertically shiftable on the tubular movable
      column members and preferably has a pair of sleeves which surround the
      movable column members and are axially shiftable therealong. The tubular
      column members may be secured together by a plate bridging their ends
      above the last-mentioned sleeves. The sleeves preferably completely
      surround the peripheries of the movable column members upon which they are
      axially shiftable.
PAR  According to still another feature of the invention, the lifting mechanism
      comprises piston-and-cylinder means in (or constituted by) the two columns
      for hydraulic pressurization to raise the upper column members. Most
      advantageously, the stationary or lower column members of each column is
      constituted as an upwardly open cylinder into which reaches a plunger-type
      piston depending from the movable assembly and coaxially received in each
      of the upper column members. This system has been found to be particularly
      desirable since the fluid under pressure in the interior of the lower
      column members increases the stiffness of the entire rack.
PAR  According to another feature of the invention, the cylinders or lower
      column members are formed at their upper ends with seals which
      peripherally engage the plunger-type piston and are readily accessible
      (e.g. for replacement) when the movable structure is removed.
PAR  In addition, I prefer to provide between the outer surface of the inner or
      stationary column member and the inner surface of the outer column member
      a guiding system (linear slide bearings) which coacts with the
      aforementioned seal so that the seal and the guide bearings bridge narrow
      spaces between the plunger-piston and the cylinder and between the
      cylinder and the outer tubular column member. The seal and guide ring are
      thus not exposed to substantial transverse forces.
PAR  At the lower end of the plunger-piston, moreover, I provide a guide member
      in sliding engagement with the walls of the cylinder to further stabilize
      the system and prevent canting of the upper column member relative to the
      lower column member when the columns are fully extended or in any other
      relative position of the two column members. The formation at the lower
      end of the plunger-piston can, of course, also act as a holder engageable
      with the inner seal of the cylinder to act as a stop preventing excursion
      of the piston out of the cylinder and undesired release of the upper
      movable member. Of course, a stop formation of this type can also be
      provided independently of a guide structure and vice versa.
PAR  Alternatively, the upper column member of each column may be constituted as
      a cylinder, whereupon the lower column member may be formed as a plunger
      piston. In this case, a duct in the stationary column member may
      communicate hydraulic fluid under pressure to the cylinder formed by the
      upper column member above the seal of the latter hugging the lower column
      member.
PAR  According to another feature of the invention, the load-bearing carriage is
      actuatable independently of the vertically displaceable column members
      upon which it is slidably mounted or is displaceable thereon with a free
      stroke prior to movement of the upper column members.
PAR  A chain (elongated flexible element) is, according to this aspect of the
      invention, anchored at one end to the carriage and is passed over at least
      one idler roll or sprocket wheel prior to being anchored to another
      location to the rack structure. Where only relative displacement of the
      carriage and the upper column members is desired, the other end may be
      anchored to the upper column member or to a hydraulic cylinder arrangement
      for displacing the chain and the carriage to which it is affixed.
      Alternatively, a fixed anchorage may be provided for this other end of the
      chain on the vertically displaceable column members while the roll or
      sprocket may be formed with a hydraulic cylinder arrangement for
      displacing the chain and the carriage to which it is affixed relative to
      the movable column members. Furthermore, where an automatic elevation of
      the carriage relative to the upper column members is desired as the latter
      are extended, the other end of the chain may be anchored to the support
      upon which the stationary or lower column members are affixed.
PAR  In all cases, it is desirable to provide the chain arrangement so that the
      load-carrying member has its fork lying upon the ground prior to elevation
      and can be elevated independently of or relative to the upper column
      members before the latter are displaced.
PAR  More specifically, the load-bearing carriage is connected to one end of the
      chain whose outer end is affixed to one of the mast sections (i.e. the
      movable or stationary mast sections) and is engaged or deflected around a
      wheel whose axis is vertically displaceable by a piston-and-cylinder
      arrangement. Where free displacement of the carriage is desired prior to
      displacement of the movable mast section, the latter cylinder arrangement
      is disposed between the chain-deflecting wheel and the movable mast
      section.
PAR  It has been found to be advantageous in some cases to connect the hydraulic
      cylinders of the movable mast section and the chain-displacing cylinder
      hydraulically in parallel. In this construction, the hydraulic cylinder
      for the chain-deflecting wheel is formed with a larger effective piston
      surface area than the total piston surface area for the mast-lifting
      cylinders and is preferably more than twice this total area. Consequently,
      the force applied to the chain-deflecting roll will be greater and will
      increase at a more rapid rate than the total lifting force upon the
      movable mast section even though all of the cylinders are charged with
      fluid simultaneously.
PAR  Where the cylinder arrangement for the independent displacement of the
      load-supporting carriage or slide is connected to the movable mast
      section, the carriage and slide can only be displaced relative to the
      movable mast section until the connecting element comes to rest upon this
      cylinder or, where the connecting element is provided with cutouts (e.g.
      where the sleeves are slit at corresponding locations), to a distance
      beyond that to which the stroke of the slide would otherwise be limited.
PAR  The hydraulic medium supplied to the chain-wheel cylinder by a duct
      connected at one end to the cylinder and at the other end to the rack or
      frame, the duct being coiled helically around the cylinder so that it can
      be drawn off axially as the upper mast section elevates without
      significantly obstructing the operator's field of view.
PAR  Preferably, the sleeves of the slide or carriage are provided with rollers
      which engage the movable mast section with low friction. Where the upper
      column members are cylindrical, as described above, it suffices that each
      column member can be engaged by a lower forward roller and an upper
      rearward roller, the rollers having a profile complementary to that of the
      upper column member engaged thereby to resist lateral forces.
      Alternatively, the relatively slidable parts of the guide sleeves and the
      upper column members can be provided of a self-lubricating material (e.g.
      steel impregnated with or containing molybdenum sulfide or
      polytetrafluoroethylene sleeves) so that long-tem lubrication, without
      deposition of a contaminant-retaining film is ensured.
PAR  According to another feature of the invention, the lower column members or
      stationary column members are mounted upon a common transverse support and
      the latter forms a frame receiving the upper column member between itself
      and the lower column member, thereby imparting greater stability to the
      mast.
PAR  The support is provided with means for pivotally mounting the frame and the
      mast of which it forms part upon a portion of the vehicle chassis,
      hydraulic means being provided to tilt the mast about the pivot defined
      between the support and the chassis. A single tilting cylinder may be used
      for this purpose and, where provided, is disposed centrally between the
      two columns. Where space is not available for the tilting cylinder
      location, two such cylinders may be provided symmetrically (with respect
      to a median plane through the frame parallel to the direction of
      displacement of the vehicle) to either side. The frame may be received
      within and project beyond the chassis.
PAR  The spacing between the frame members and the stationary column members can
      be designed to be only slightly greater than the sum of the wall
      thicknesses of the movable column members and the sleeves for the
      load-carrying carriage whereby the sleeves and the upper column member are
      received between the frame and the lower column member with a minimum of
      play.
PAR  While the pivots for the support can be located in a plane in which the
      upper and lower column members lie, it is also contemplated, where
      necessary, to offset the columns with respect to the pivot or to have the
      columns provided with a setback within which the pivot is located. In this
      way, the center of gravity of the mast can be disposed at any desired
      location with respect to the pivot so that, for example, the center of
      gravity of the mast may be located on one side of the pivot while the load
      center of gravity is located on the other.
PAR  Outriggers can be provided parallel to the vehicle path so that the tilting
      cylinders may be approximately vertical and engage the frame.
PAR  According to another feature of the invention, the frame members at the
      base of the mast are provided with stiffening portions which bridge the
      two frame members straddling the lower column members and which themselves
      may be traverses or the like. In addition, stiffening members in the form
      of webs may be provided between a base plate and vertical members of the
      frame assembly. Such stiffening members are designed to provide an
      increased steel cross-section in the regions of the largest bending
      moment.
PAR  To minimize interference with the field of view of the vehicle operator,
      especially when displacement of the carriage via a chain and displacement
      of the chain by a hydraulic cylinder arrangement supplied with fluid
      through a duct is contemplated. I dispose the chain and the fluid-supply
      duct in a common vertical plane along the longitudinal axis of the
      vehicle, the deflection wheel for the chain being likewise included in
      this plane and being disposed at an upper portion of the mast.
PAR  For guiding the movable mast members, I provide at the upper end of each
      stationary post or column and at the lower end of each movable post or
      column a slide surface or member, preferably of a self-lubricating or
      low-friction material, e.g. polytetrafluoroethylene or polyethylene
      impregnated with molybdenum sulfide, for long-term lubrication and freedom
      from contamination.
PAR  In addition, it should be noted that the movable mast section may comprise
      a plurality of upper column members which telescopically interfit in one
      another so that the total height to which the load may be elevated may be
      twice or three times or more greater than the height of the stationary
      column members. In this case, the construction is facilitated by making
      the hydraulic cylinder for the extension of the assembly in the upper
      column member and providing the lower column member as a plunger-piston.
      The upper column member can comprise two or more telescopingly interfitted
      tubes, the innermost of which hugs the plunger-piston formed by the lower
      mast member. Since the cross-section of the outer tube of the upper column
      member is larger, the introduction of hydraulic fluid under pressure will
      initially cause the outer tubes (with all of the inner tubes nested
      therein) to rise along the stationary column members and, when the outer
      tube reaches its maximum height as defined by engagement of the innermost
      movable tube with the abutment on the plunger-piston of the inner column
      member, the mast will continue to rise with the inner tube held stationary
      as each tube progressively reaches its maximum extension, whereupon the
      vertical displacement of the carriage on the outer tubes is permitted.
PAR  The chain for the carriage may thus have an S-configuration, passing over
      two or more deflecting rolls as described in French Patent No. 1,096,296.
      The telescoping upper section arrangement, when combined with the use of
      an S-configuration chain as set forth above, has been found to give rise
      to a particularly good field of view for the vehicle operator because the
      carriage lies below his line of sight.
PAR  A particularly advantageous construction of the lifting assembly according
      to the present invention provides a vertically shiftable upper mast
      section which consists, in turn, of two or more mutually telescoping
      portions and, in turn, telescopingly receiving the lower mast section, a
      fork carriage being vertically displaceable on the outermost column member
      of telescopingly interconnected column members.
PAR  According to the principles of this invention, the inner or lower column
      member of the two telescopingly interfitted column members at each side of
      the mast and forming the vertically displaceable member, has a piston
      which, in turn, forms a cylinder or another piston axially shiftable
      therein and anchored to the outer member of the telescopingly connected
      pair. Consequently, when fluid is fed under pressure to the stationary
      column member at the bottom thereof, axial forces applied to the
      plunger-piston attached to the outermost column member to lift the latter
      and to the tubular plunger-piston attached to the intermediate member to
      effect extension of the telescoping mast. The piston surface of the piston
      associated with the inner vertically displaceable column members is at
      least twice as great, preferably more than twice as great, as the
      effective piston area of the piston associated with the outermost and
      uppermost vertically shiftable column member. This ensures that, without
      relative displacement, the two telescoped column members will rise
      together when hydraulic fluid is fed into the system and only when the
      column member has reacheed its uppermost axial position will the outer
      column member begin its upward movement.
PAR  It has been found advantageous to provide the carriage with means for
      elevating it during the common upward movement of the telescoped movable
      column members and to retain the carriage in its upper position during
      vertical displacement of the upper outer column member with the carriage.
      To this end, a chain has one extremity anchored to the carriage while the
      other is passed over a wheel journaled on the outer common members,
      preferably upon a cross-beam connecting same. The other end is divided
      with a releasable coupling for selectively anchoring the same to the
      stationary part of the mast or to a vertically movable part thereof so
      that, in the first position, vertical moevement of the wheel raises the
      carriage and in the second position, the end of the chain shifts with the
      wheel so that the carriage is retained in its upper position. Preferably,
      a self-locking arrangement is provided for this purpose although
      frictional engagement or the like may also be used.
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PAC  DESCRIPTION OF THE DRAWING
PAR  In the Drawing:
PAR  FIG. 1 is a cross-sectional view through the columns of both mast sections
      as seen from the rear, of a lift according to the present invention, the
      bottomportion being seen in part from the front;
PAR  FIG. 2 is a cross-sectional view through one of the columns of FIG. 1 as
      seen in a view rotated through 90.degree. about the axis of this column;
PAR  FIG. 3 is a section similar to FIG. 1 in which the upper half section has
      been lowered to fully receive the column members of the lower mast
      section;
PAR  FIG. 4 is a detail of the hydraulic-fluid conduit arrangement for a lifting
      device of this type;
PAR  FIG. 5 is a rear elevational view of a lift provided with a free stroke
      (independent of elevation of the upper mast section) for the load-carrying
      fork;
PAR  FIG. 6 is a side elevational view partly in diagrammatic form taken at
      right angles to the view of FIG. 5 showing the vertically extended lifting
      device;
PAR  FIG. 7 is a view similar to view 5 but showing the assembly in its lowered
      position;
PAR  FIG. 8 is a detail of a fork carriage according to the invention, with
      parts broken away and parts in section;
PAR  FIG. 9 is a view similar to FIG. 8 of an alternative thereto;
PAR  FIG. 10 is a vertical section through another mast in its lower position;
PAR  FIG. 11 is a section through a portion thereof in an elevated position;
PAR  FIG. 12 is a similar view showing the upper mast section still further
      elevated;
PAR  FIGS. 13-15 are views showing a coupling device for the chain in different
      operating positions; and
PAR  FIG. 16 is a side-elevational view of a fork lift truck embodying the
      invention.
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PAC  SPECIFIC DESCRIPTION
PAR  Referring first to FIG. 16, it will be apparent that a fork lift truck
      according to the invention may comprise a vehicle body 100 having wheels
      101 and a chassis 102. The mast assembly 103, as shown in detail in FIGS.
      1 through 15, comprises a lower frame portion 104 pivoted at 105 to the
      chassis and swingable about the pivot 105 by a hydraulic cylinder
      arrangement 106 (tilting cylinder). A fork 107 is mounted on a carriage
      108 slideable upon the upper mast section 109, here shown to be telescoped
      over the columns of the lower mast section. As described in connection
      with FIGS. 1 through 9, means is provided (as controlled by a lever 110)
      for raising the fork 197 and its carriage 108 shown at upper mast section
      109 and for lifting this section relative to the tiltable frame on support
      104.
PAR  As can be seen from FIGS. 1 through 3, each of the cylindrical tubular
      lower column members 1 of the lower mast section is mounted upon a
      transverse base plate 2 so that the two lower or stationary column members
      are held together by this plate 2 which, in turn, forms a limb of a frame
      3 having an upper cross-bar and a pair of lateral uprights reinforced by
      triangular webs as shown in FIG. 2. The uprights of the frame 3 are spaced
      from the outer walls of the lower column members 1 by a distance
      sufficient to allow the upper column members and the carriage slide,
      described in greater detail below, to be received between the frame
      uprights and the lower column members 1.
PAR  The frame 3 is provided with a connecting eye or lugs 5 to which the
      tilting hydraulic seal arrangement is pivotally connected when the frame 3
      and the assembly carried thereby is pivotally mounted upon the chassis via
      the laterally projecting horizontal stub shafts 4. The mast may be mounted
      at the front end of a vehicle as described in connection with FIG. 16.
PAR  The lower portion of each of the stationary column members 1 is reinforced
      by a stationary plug 6 which augments the bending stiffness of the lower
      column members and serves to feed hydraulic fluid to the interior of the
      lower column members 1 which constitute cylinders for raising and lowering
      the upper mast section. To this end, each stiffening plug 6 is provided
      with an axial bore 7, the bores 7 being connected in parallel to a valve
      operated by the control member 110 and communicating with a pump for
      generating a hydraulic pressure.
PAR  At the upper end of the stiffener column member 1 there is provided a seal
      8 in which a plunger-piston 9 is axially guided, the plunger piston 9
      having at its lower end a guiding shoulder 10 which slides along the inner
      wall of the lower column member 1 but is provided with passages so that
      hydraulic fluid can pass this shoulder.
PAR  At their upper ends, the plunger pistons 9 are connected to a horizontal
      beam 11 to which, in addition, the vertically displaceable upper column
      members 12 are affixed. The upper column members 12 are telescoped over
      the lower column members 1 as a comparison of FIGS. 1 and 3 will show.
PAR  At the upper end 9 of the lower column members 1, there is provided an
      external slide bearing and guide ring 13 upon which the inner wall of the
      associated upper column member 12 is slideable. At the lower end of each
      upper member 12 a similar guide ring and slide bearing 14 is formed for
      slideable engagement with the outer surface of the lower column member 1.
      This double guide and slide bearing arrangement ensures that the two upper
      column members are slideably guided on the two lower column members in two
      vertically spaced horizontal plane for maximum stability. Since the seal 8
      lies in the same plane as the guide ring 13, it remains free for
      transverse and bending stresses release of the degree of excursion of the
      upper mast section.
PAR  Each vertically displaceable mast section is provided with a guide portion
      15 in the form of a sleeve via two slides 16 and lateral rollers 17, 18,
      lower rollers 19 and upper rollers 20. The sleeve 15 formed together with
      the fork carrier 21 is the load-engaging carriage of the assembly.
PAR  The upper cross-beam 11 is provided with a pedestal 22 in which a wheel 23
      is journaled in a vertical plane through the longitudinal axis of the
      vehicle so that the axis of this wheel lies perpendicular to this vertical
      median plane. The wheel 23 may be provided with teeth or seats in the
      manner of a sprocket wheel and serves to deflect a chain 24 thereof. The
      chain having its lower end affixed at 25 to the lower traverse of beam 2
      and its upper end tied at 26 to the form carriage 21.
PAR  If a hydraulic cylinder arrangement is provided upon the carriage to
      displace the latter relative to the chain or upon a movable member of the
      system, or at an upper location, the pedastal 22 is formed with support
      rollers 27 over which the hydraulic duct or conduit 28 is guided. The duct
      thus lies in the vertical median plane through the vehicle parallel to its
      direction of displacement and has a minimal effect upon the field of view
      of the vehicle operator.
PAR  The operation of the device is best seen from FIGS. 1 and 3, the latter
      representing the mast in its lower position. In this embodiment as well,
      the fork carriage is not capable of executing free vertical displacement,
      i.e. vertical displacement independently of the upper mast section.
PAR  With the upper mast section in its lower position and the carriage lowered
      fully (FIG. 3) the vehicle (FIG. 16) can be advanced to insert the tines
      of the fork into the slots of a pallet. The cylinder (106 in FIG. 16) can
      be operated to tilt the assembly and allow transport of the load or its
      pallet. Since the sleeves 15 of the carriage and the outer column members
      12 are disposed, in the lower position (FIG. 3) between the stiffening
      plug 6, the wall of lower column member 1 and the outer members of frame 3
      with a minimum of play, lateral forces are transmitted directly to the
      support 3 and thus to the vehicle shaft without coversion into bending
      stresses.
PAR  Hydraulic fluid under pressure is admitted via bores 7 to the interior of
      the lower column members 1 and flows past the shoulders 10. Since a seal
      is provided at 8, a force equal to the product of the hydraulic pressure
      and the cross-sectional area of the plunger-piston 9 behind the shoulder
      10 will be exerted in the upward direction to elevate the column members
      12.
PAR  The carriage 21, of course, is drawn upwardly at twice the speed because of
      an upward entrainment of the pedestal 22 and the wheel 23 with the
      carriage 21.
PAR  In FIGS. 5 through 7, the lifting apparatus has elements 1 through 5 in
      common with the similarly numbered elements of FIGS. 1 through 3 and the
      vertically shiftable column members 12 are the same although between the
      two upper column members 12 a traverse 29 is provided. The traverse 29
      carries a hydraulic cylinder 30 whose piston rod 31 is provided at its
      upper end with a wheel 32 engaging a chain 33. One end of this chain is
      fixed at 34 to the cylinder 30 while the other end is anchored to the
      carriage 35. The guide sleeve 36 of the latter are slit to permit passage
      of fastening members 37 whereby the transverse 29 is anchored to the
      vertically displaceable column members 12.
PAR  The cylinder 30 is supplied with hydraulic fluid via a duct 38 which is
      helically coiled around the seal and communicates at 39 with a hydraulic
      line connected in parallel to the hydraulic seal formed by the lower
      column members 1.
PAR  FIG. 8 shows the arrangement of sleeve 15 and the various guide and support
      rolls in greater detail.
PAR  In the system of FIGS. 5 through 7, the upper mast section is elevated in
      the manner previously described except that the hydraulic fluid supply to
      the cylinder 30 preferably causes vertical displacement of the carriage 35
      ahead of the displacement of the upper column members 12 or concurrently
      therewith along the lines stated earlier. The coiled arrangement of the
      duct prevents excessive obstruction of the field of view of the operator.
      In FIG. 9 I have shown an embodiment of the invention wherein, in place of
      the rollers 17, 18, 19 and 20 but at the sleeve 15, guided upon the upper
      column members 12, slide rings 42 of a self-lubricating type are employed.
PAR  The lifting assembly of FIGS. 10 through 12 comprises a lower support beam
      2 forming part of a frame 35 laterally projecting stub shaft 4 by means of
      which the assembly can be pivotally mounted on the chassis of a form-lift
      truck or like vehicle. In general, these parts are functionally and
      structurally identical to those described in connection with FIGS. 1
      through 9. Similarly, the fork carriage 21 and stiffening plug 6 with its
      axial bore 7 are the same as the correspondingly numbered elements of
      FIGS. 1 through 9.
PAR  In this embodiment is however, the vertical stationary column members
      comprises tubes 43 upon which an intermediate tube 44 is slideable, the
      latter tube forming the inner member of a compound vertically shiftable
      mast section. The intermediate tube 44 is coaxially telescopingly received
      in the tube 45 which constitutes the outer member of the upper column
      portion.
PAR  The tubes 44 are provided at their lower ends with slide rings 46 of a
      self-lubricating synthetic resin (e.g. polytetrafluorethylene) and are
      shiftable along the stationary tubes 43 while being connected with a
      cross-beam 47. At its upper ends, the stationary tubes 43 are provided
      with low-friction guide rings 48 upon which the inner surface of the
      corresponding tube 44 slides.
PAR  The tubes 45 of the upper mast section are provided at their lower end with
      low-friction slide rings 49 which engage the outer peripheries of the
      corresponding tubes 44 which, in turn, has at its upper end, a
      low-friction slide ring 51 engaging the inner surface of the outer tube
      45. The outer tubes are connected at their upper ends by a cross-beam 50
      and at their lower ends by a cross-beam 50 and at their lower ends by a
      cross-beam 73, the upper beam 59 serving as a support for a chain wheel
      74.
PAR  The upper ends of tubes 44 of the lower portion of the vertically shiftable
      mast section are provided with cross-bars 56 upon which the plunger piston
      52 is mounted, the latter extending coaxially into the tubes 43 and being
      formed at their lower end with guide rings 54. Packings 53 seal the
      plunger pistons 52 with respect to their tubes 43. The plunger piston 52,
      moreover, forms a seal which is sealed at its upper end by a packing 57
      (FIG. 12) through which the plunger piston 58 slideably extends at its
      upper end, the plunger 58 is connected to the cross-beam 50 and at its
      lower end as a guide ring 59. Thus in this embodiment, three telescoping
      tubes form an elevatable column which is stabilized by the use of two
      plunger pistons depending in each of the vertically displaceable tubes and
      fitting into each other the columns collapse.
PAR  A chain 60 is guided over the wheel 74 and is connected at one end with the
      fork carriage 21. The other end of chain 60 is tied via a connector 61 to
      a clutch arrangement in a housing 62 to the upper part 63 to which the
      corrector 61 is anchored.
PAR  The housing 62 is provided with a pair of beams 64 and a pair of pins 65
      all extending parallel to one another and perpendicular to the plane of
      the column but parallel to the longitudinal median plane through the lift
      in the direction of vehicle travel. Each of the pins 64 carries a
      swingable locking member 66 which cooperates with a locking member 67
      swingably mounted on the proximal pin 65.
PAR  The lower cross-beam 2 is formed with an upstanding shaft 68 at the upper
      end of which is provided a pair of studs 69 which are engageable in
      notches 71 of the locking pawl 67. Outwardly turned notches 70 of the
      locking pawls 66 are engageable with respective studs 70 carried by the
      cross-beam 73.
PAR  FIGS. 13 shows the clutch in its position in which the movable mast section
      collectively has not yet reached its maximum vertical position. In this
      case, the cross-bar 73 lies below the clutch so that the studs 70 are not
      yet engaged in the notches 72. However, the studs 69 on the shaft 68
      remain engaged with the notches 71 of the locking pawls 67. The pawls 67
      cannot be released since they remain blocked by the pawls 66. The chain 60
      thus remains rigidly connected to the upper bar 68.
PAR  As the two telescoping parts of the upper mast section are forced higher,
      the lower cross-beams 73 approaches the housing 62 and it studs 70 engage
      the notches 72 to draw down the lower portion of the locking pawls 66 and
      release the locking pawls 67. The notches 71 of the locking pawls 67
      thereupon swing downwardly (FIG. 15) to release the studs 69 and disengage
      the clutch 62 from the member 68. The connection between chain 60 and rod
      68 is thereupon broken although the clutch housing 62 is now coupled to
      the cross-bar 73 via the studs 70 and the carriage is retained in its
      raised position. Of course, the carriage remains raised until, with
      lowering of the assembly, the clutch housing 72 again engages the upright
      68 to release the stud 70 and restore the position shown in FIG. 13.
CLMS
STM  I claim:
NUM  1.
PAR  1. A load-lifting assembly for a fork lift truck or the like, comprising:
PAR  a support;
PA1  a pair of transversely spaced upright first column members rigidly mounted
      on said support;
PA1  a movable mast section comprising at least one pair of second column
      members telescopingly engaged with and in sliding contact with the
      exterior of said first column members and vertically shiftable relatively
      thereto;
PA1  a load-engaging carriage vertically shiftable on said section and
      displaceable relatively to said second column members; and
PA1  a flexible elongated element connected to said carriage for controlling the
      displacement thereof, said second column members substantially
      peripherally surrounding said first column members and being slideably
      guided thereon, each of said first column members forming directly part of
      a hydraulic cylinder arrangement for raising said section and chargeable
      with hydraulic fluid under pressure, said movable mast section comprising
      a respective plunger piston receivable in each cylinder formed by the
      respective first column member, said plunger pistons depending from said
      section and being formed at their lower ends with respective guide
      shoulders engageable with an inner wall of the respective first column
      members, said cylinders being sealed with respect to said plunger piston
      only at the upper ends of each cylinder whereby the first column members
      are the sole support and structure between the lowermost portion of the
      movable mast section and the said support.
NUM  2.
PAR  2. The assembly defined in claim 1, further comprising a hydraulic cylinder
      arrangement on said section and engageable with said flexible elongated
      element for displacing said carriage independently of said section.
NUM  3.
PAR  3. The assembly defined in claim 2 wherein said column members are formed
      with hydraulic cylinders connected in parallel with said arrangement and
      chargeable with hydraulic fluid for raising said section said hydraulic
      cylinders of said column members having a total surface area effective to
      lift said section at most equal to the effective surface area of said
      arrangement timing to lift said carriage.
NUM  4.
PAR  4. The assembly defined in claim 3 wherein said element passes over a guide
      wheel and is a chain, said guide wheel being vertically displaceable by
      said arrangement.
NUM  5.
PAR  5. The assembly defined in claim 1, further comprising a pair of tubular
      sleeves on said carriage vertically guiding same on second column members.
NUM  6.
PAR  6. The assembly defined in claim 1 wherein said support comprises a
      cross-beam and said first column members are provided with stiffening
      insert at their lower end anchored to said support beam.
NUM  7.
PAR  7. The assembly defined in claim 1 wherein the upper ends of said first
      column members are provided with guide members slideably engaging the
      inner wall of said second column members and the lower end of second
      column members are formed with guide members slideably engaged at outer
      wall of said first column members.
NUM  8.
PAR  8. The assembly defined in claim 7 wherein said guide members are composed
      of self-lubricating material.
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ABST
PAL  A disc brake for use on automotive vehicles comprising a hydraulic cylinder
      housing located on one side of a rotatable brake disc, wherein a rigid
      stationary member has at each side a torque taking arm for absorbing the
      brake torque created on friction pads during brake application, said
      torque taking arm being extended above and across the brake disc as
      straight as a rail at the other side of the disc.
PARN
PAR  This is a continuation of application Ser. No. 143,031, filed May 13, 1971
      and now abandoned.
BSUM
PAR  This invention relates to hydraulic spot disc brakes for vehicles, more
      particularly to the disc brakes of the kind in which friction pads are
      adapted to be urged by hydraulic means into engagement with opposite faces
      of a rotatable disc.
PAR  It is required to detach the brake disc from the wheel assembly, for
      instance upon examination of the front wheel axle on which the brake disc
      is mounted. However, in the conventional disc brakes it is difficult to
      meet the above requirement. In addition, it is desired that the friction
      pads are allowed to cool as soon as the brake application is released, the
      said friction pads being heated by frictional engagement with the rotating
      disc during the brake application.
PAR  Therefore, an object of this invention is to provide a disc brake in which
      a brake disc can be readily detached from the wheel assembly.
PAR  Another object of this invention is to provide a disc brake in which the
      friction pads are allowed to cool soon after the brake application.
PAR  A further object of this invention is to provide a disc brake in which a
      reaction transfer member which will transmit the reaction on one friction
      pad to the other friction pad is reliably guided.
PAR  A still further object of this invention is to provide a disc brake which
      is simple in structure and economical in manufacture.
DRWD
PAR  Other objects and features of the invention will become apparent from a
      consideration of the following description which proceeds with reference
      to the accompanying drawings, wherein:
PAR  FIG. 1 is a plan view of a disc brake according to the invention;
PAR  FIG. 2 is a front elevational view of FIG. 1;
PAR  FIG. 3 is a back elevational view of FIG. 1;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 2;
PAR  FIG. 5 is a sectional view taken along the line 5--5 of FIG. 1;
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 1;
PAR  FIG. 7 is a view similar to FIG. 4 but showing a first modification of
      guiding means for a clamping member;
PAR  FIG. 8 is a view similar to FIG. 1 but showing a second modification of
      guiding means for a clamping member;
PAR  FIG. 9 is a front elevational view of FIG. 8; and
PAR  FIG. 10 is a fragmentary section taken along the line 10--10 of FIG. 8.
DETD
PAR  In the brake illustrated in FIGS. 1 to 6, the numeral 10 denotes a disc
      secured to a rotatable hub (not shown) adapted to carry a road wheel (not
      shown). A torque taking member 11 comprising offset limbs 12 and 13
      confronting one surface of the disc 10 is fixed to a stationary member 14
      of the vehicle by fixing bolts 15 and 16. A clamping or reaction transfer
      member 17 of a U-shaped casting or forging is received at one limb 18 in a
      radial recess 19 formed between the offset limbs 12 and 13 and straddles
      the outer periphery of the disc 10, and the other limb 20 is disposed in a
      substantially parallel relation with the other surface of the disc 10. An
      elongated through hole 41 (FIGS. 1 and 5) is formed on the caliper member
      17 at its head portion. A hydraulic cylinder housing 21 opened at end is
      formed in the limb 18 and is slidably supported on the torque taking
      member 11 by guiding bolts 22 and 23, each bolt being fixed to the torque
      taking member at one end and loosely mounted on the cylinder housing at
      the other end. A piston 24 is slidingly and sealingly fitted within the
      bore of the cylinder housing 21 to constitute a fluid chamber 25 to which
      fluid under pressure is supplied upon brake applications.
PAR  A first friction pad 26 bonded to a rigid backing plate 27 is located at
      one side of the disc 10 and engaged with the piston 24, while a second
      friction pad 28 bonded to a rigid backing plate 29 is located at the other
      side of the disc 10 and engaged with the other limb 20 of the clamping
      member 17, the limb 20 being provided with a pair of elongated slots 30
      and 31 in which a pair of projections 32 and 33 of the backing plate 29 is
      received, respectively, thereby preventing outward movement of the
      clamping member 17 relative to the backing plate 29. The clamping member
      17 is free to move axially, so that when fluid under pressure is forced
      into the fluid chamber 25 the piston 24 applies the first pad 26 to one
      face of the disc 10 and the reaction on the clamping member 17 moves it
      axially to bring the second pad 28 into engagement with the other face of
      the disc 10.
PAR  The torque taking member 11 includes a pair of parallel arms 34 and 35
      which extend above and across the outer periphery of the disc 10 from the
      offset limbs 12 and 13 integral therewith, respectively, the said clamping
      member 17 and the friction pads 26 and 28 being positioned between the
      spaced arms 34 and 35. It will be seen that the torque taking arms 34 and
      35 include inner protuberances 36 and 37, respectively, for sliding
      engagement with the first friction pad 26 on one side of the disc, and
      that the arms extend in a straddling manner over the disc 10 in a straight
      line and have no downward projections at the other side of the disc, the
      side edge of the backing plate 29 being in sliding engagement with the
      inner parallel surfaces of the arms 34 and 35.
PAR  A pair of substantially J-shaped guide pins 38 and 39 is provided in
      parallel relation to each other for preventing the radial movement of the
      friction pads 26 and 28 together with the backing plates 27 and 29. Each
      of the guide pins passes through holes 40 provided on the backing plates
      27 and 29 and is secured at each end thereof to the respective torque
      taking arms.
PAR  When the brake is applied, the rotating disc 10 is squeezed by the opposite
      pads 26 and 28 as described above. The torque created on the pads is taken
      by each of the parallel arms 34 and 35 mounted on the stationary member 14
      of the vehicle so that no brake torque will be transmitted to the clamping
      member 17. When necessary, the disc 10 may be readily detached from the
      wheel assembly after the parallel pins 38 and 39, the second pad 28, and
      the caliper member 17 have been removed since the torque taking arms 34
      and 35 have no downward projections which will obstruct the axial movement
      of the disc. In addition, according to this structure the heat generated
      on the friction pads will be more dissipated.
PAR  In FIG. 7, there is illustrated a modified form of the guiding bolts for
      the clamping member 17. According to this embodiment, a pair of resilient
      straps 42 and 43 are used for guiding the clamping member 17 in place of
      the guiding bolts 22 and 23 of the previous embodiment. Each strap of
      substantially S-shape is pivotally mounted at its ends to the torque
      taking member 11 and the cylinder member 21 thereby permitting the latter
      member to move relative to the former member in the axial direction of the
      brake disc 10. The non-elastical deformation of the straps 42 and 43 will
      compensate for wear on the opposite friction pads 26 and 28.
PAR  In FIGS. 8 to 10, a second modification of the guiding bolts is shown in
      which a pair of guide pins 38 and 39 for the friction pads 26 and 28 will
      function as guiding means for the clamping member 17. The one limb 18 of
      the clamping member 17 includes a pair of radially offset flanges 44
      provided with holes 45, each hole 45 being formed coaxially with a through
      hole 46 of each torque taking arm and the hole 40 of each backing plate.
      Each of the parallel pins 38 and 39 is axially slidably fitted in the hole
      45 of the flange 44 through a rubber bush 47 securely inserted within the
      hole 45 and formed into a cap shape.
PAR  The other arrangements of this embodiment is substantially the same as
      those of the foregoing embodiments so that the detailed explanation
      thereof will be omitted.
PAR  When hydraulic pressure is supplied into the fluid chamber (not shown), the
      first friction pad 26 is engaged with the brake disc 10. At the same time,
      the clamping member 17 is moved to the left in FIG. 8 to permit the
      frictional engagement of the second pad 28 with the disc, said clamping
      member being axially guided by the parallel pins 38 and 39.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A disc brake comprising: in combination:
PA1  a rotatable disc;
PA1  a rigid stationary member comprising a pair of torque taking arms extending
      above and across the periphery of said rotatable disc and forming an
      opening therebetween, the extended portions of the torque taking arms
      being entirely disposed outside of the periphery of said rotatable disc,
      and the inner portions of the torque taking arms having protuberances
      disposed inside the periphry of said rotatable disc;
PA1  a cylinder housing located on one side of said disc;
PA1  piston means slidably fitted in said cylinder housing;
PA1  a pair of backing plates having friction pads fixed thereto and disposed on
      opposite sides of said disc;
PA1  one of said backing plates and friction pads located on one side of said
      disc slidably engaging the protuberances of the inner portion of said pair
      of torque taking arms at opposite sides thereof, whereby the brake torque
      on said friction pad is absorbed by said torque taking arms only inside
      the periphery of said disc during braking;
PA1  the other of said backing plates and friction pad being located on the
      other side of said disc, over which side the said extended portions of
      said torque taking arms are disposed;
PA1  the said other backing plate having at its opposite sides integrally
      projecting edges slidably engaging inside surfaces of the extended
      portions of said torque taking arms, whereby the brake torque on the
      friction pad fixed to said other backing plate, during braking, is
      directly absorbed by said torque taking arms only outside the periphery of
      said rotatable disc;
PA1  a reaction transfer member fixed to said cylinder housing and extended over
      and across the periphery of said disc for bringing the said other friction
      pad into frictional engagement with said disc upon brake application and;
PA1  a pair of parallel pins for guiding and supporting said backing plates and
      friction pads, both ends of said pins being fixed to the torque taking
      arms.
NUM  2.
PAR  2. A disc braking according to claim 1 wherein said cylinder housing is
      formed on said reaction transfer member which is formed into a
      substantially U-shape.
NUM  3.
PAR  3. A disc brake according to claim 2 wherein one end of each of said
      parallel pins is secured to said torque taking arm and its other end is
      loosely mounted on said reaction transfer member thereby permitting said
      reaction transfer member to slide axially thereon upon the brake
      application.
NUM  4.
PAR  4. A disc brake according to claim 2 wherein there is provided a pair of
      guiding bolts at radially each side of said cylinder housing, each bolt
      being fixed to said stationary member at its one end and being loosely
      mounted on said cylinder housing at its other end.
NUM  5.
PAR  5. A disc brake according to claim 2 wherein there is provided a pair of
      substantially S-shape resilient straps, each strap being mounted on said
      stationary member and said reaction transfer member at the radially each
      side of said cylinder housing.
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ABST
PAL  In a column of telescopically adjustable height, the two coaxial
      telescoping members may be adjusted axially after a control button in an
      axial bore of one member is depressed. A bracket, longitudinally split
      into two members, passes into the bore through a radial opening of the one
      column member and is anchored axially and radially by conforming
      engagement with the column member. The operating lever for the control
      button is pivoted between the bracket members outside the column bore so
      that a small angular movement of the exposed lever part causes the
      terminal part of the lever in the bore abuttingly to engage the control
      button and to depress the same.
PARN
PAR  This application is a continuation-in-part of the copending application
      Ser. No. 343,400, filed Mar. 21, 1973, now abandoned.
BSUM
PAR  This invention relates to columns of adjustable height, and particularly to
      a column having an improved operating arrangement for releasing the two
      telescopically engaged, coaxial parts of the column for relative
      length-adjusting movement.
PAR  It is known to support chair seats and the like on single adjustable
      columns essentially consisting of two coaxial, telescopically engaged
      members held in their relative axial position by a fluid filling two
      compartments in the column normally sealed from each other by a valve.
      When the valve is opened by means of a control element accessible outside
      the column, fluid may flow between the compartments, and the effective
      length of the column may be changed by axially shifting the column members
      relative to each other.
PAR  In a known column of the afore-described type (see German Pat. No.
      1,208,557 and published German Patent Application No. 1,958,874), the
      control element projects axially from the upper column element and is
      depressed to open the valve in the column. If a chair seat is mounted on
      the upper column member, the control element is not conveniently available
      for direct manual operation, and it has been proposed to mount a bracket
      on the column, and to pivot a lever on the bracket in such a manner that
      one conveniently accessible lever arm may be pivoted upward for the other
      lever arm to depress the control button.
PAR  The known operating arrangement is effective, but it is ethetically less
      than satisfactory because of the relatively bulky bracket on the outside
      of the column. The known bracket is welded to the column, an operation
      which is relatively costly and must be performed before the column is
      finished by electroplating or the like.
PAR  An object of the invention is the provision of a column of adjustable
      height equipped with as inconspicuous an operating arrangement as
      possible. Another object is the provision of an operating arrangement
      which may be assembled with the otherwise finished column without marring
      the column.
PAR  With these and other objects in view, as will presently become apparent,
      the column of the invention includes two column members elongated in the
      direction of a common axis and movable relative to each other in this
      direction in telescoping engagement. One of the members is formed with an
      axial bore and an axially closed, radial opening communicating with the
      bore. A control element is mounted on the one column member in the bore of
      the latter for axial movement between a locking position in which relative
      axial movement of the column members is substantially prevented, and a
      releasing position in which the members are free to move relative to each
      other.
PAR  An elongated bracket has a first longitudinal portion which abuttingly
      engages the one column member in the radial opening of the same and
      thereby prevents movement of the bracket in an axial direction. A second
      longitudinal portion abuttingly engages the one column member in its bore
      and thereby prevents radial movement of the bracket outward of the
      opening. Respective terminal parts of an operating member are in the bore
      and outside the same, the operating member passing through the
      aforementioned opening. The operating member is secured to the bracket in
      such a manner that the terminal part of the operating member in the bore
      may move axially in abutting engagement with the control element and
      thereby move the latter between its locking and releasing positions.
DRWD
PAR  Other features and many of the attendant advantages of this invention will
      readily be appreciated as the same becomes better understood by reference
      to the following detailed description of preferred embodiments when
      considered in connection with the appended drawing in which:
PAR  FIG. 1 is a fragmentary and partially sectional front elevation of a chair
      including an adjustable column of the invention;
PAR  FIG. 2 shows the apparatus of FIG. 1 in fragmentary section of the line
      II--II;
PAR  FIG. 3 illustrates a portion of the apparatus of FIG. 1 on a larger scale;
PAR  FIGS. 4, 5, 7, 9, and 10 illustrate modifications of the apparatus of FIG.
      1 in views corresponding to that of FIG. 2; and
PAR  FIGS. 6, 8, and 11 respectively show the devices of FIGS. 5, 7, and 9 in
      views corresponding to that of FIG. 3.
DETD
PAR  Referring now to the drawing in detail, and initially to to FIG. 1, there
      is shown as much of a chair equipped with a support column of the
      invention as is needed for an understanding of the latter. Four legs 29
      equiangularly spaced about an upright tubular base 30 rest on a supporting
      floor, as is conventional and has not been shown. A cylinder 16 and a
      piston rod 28 constitute the basic members of the column of the invention.
      The cylinder is coaxially guided in the base 30 and projects from the base
      upward over a distance that may be adjusted. The piston rod 28 is
      coaxially fastened in the base 30, is received in the lower end wall of
      the cylinder 6 in telescoping engagement, and is fixedly fastened to a
      piston 35 in the cylinder. A valve connects the two cylinder compartments
      above and below the piston 35 in a known manner, not shown, when a control
      button 15 projecting axially from the upper closure of the cylinder 16 is
      depressed. A filling opening in the cylinder 16, normally closed by a plug
      34, permits the cylinder 16 to be filled with air at a pressure
      substantially greater than atmospheric pressure.
PAR  A coaxial tube 5 is threadedly fastened to the top of the cylinder 16 and
      normally constitutes a fixed portion of the cylinder 16. Its axially
      terminal top end carries the partly illustrated, load bearing seat 21 of
      the chair, and the back of the chair may in turn be fastened to the seat
      21 in a manner not directly relevant to this invention. An opening 18 and
      a smaller aperture 17 are formed on the same axial level in the tube 5 and
      diametrically opposite each other below the seat 21. A bracket 14 is
      partly received in the aperture 17 and passes outward of the bore of the
      tube 5 through the opening 18. A pivot pin 3 fastens an operating lever 4
      to the bracket 14 outside the tube bore, and an inner terminal portion of
      the lower 4 moves axially up and down when the lever 4 pivots on the pin
      3, and opens the valve 36 by abutting engagement with the control button
      15 when it pivots counterclockwise, as viewed in FIG. 1.
PAR  As long as the button 15 is not pressed, the length of the column
      constituted by the cylinder 16 and the piston rod 28 is substantially
      fixed, varying to a minor extent only as the seat 21 is loaded and the gas
      in the cylinder is compressed. When the button 15 is pressed, gas can flow
      between the two compartments of the cylinder, and the piston rod 28 and
      cylinder 16 can be moved freely relative to each other in the direction of
      the common axis, normally tending to increase the length of the column by
      expansion of the compressed gas, but also permitting the column to be
      shortened by pressure applied to the seat 21.
PAR  This invention is more specifically concerned with the operating mechanism
      for depressing the button 15 against the restraint of the non-illustrated
      spring which biases the button 15 outward of the cylinder 16.
PAR  As is better seen in FIGS. 2 and 3, the bracket 14 is elongated at right
      angles to the column axis and longitudinally split into two identical
      bracket members 1, 2 which are strips of heavy, resilient sheet metal
      assembled in such a manner that they are symmetrical relative to the
      vertical plane in which the bracket 14 is split. The bracket, taken as a
      whole, has a first portion 10 which is received in the opening 18 with
      minimal circumferential, but substantial axial clearance so that its axial
      movement is prevented in a downward direction only by abutting engagement
      with the tube 5. The bracket 14 has a second portion 11 in the bore of the
      tube 5, and the ends 6, 7 of the portion 11 near the opening 18 and the
      aperture 17 respectively provide arcuate shoulders in conforming abutting
      engagement with the inner face 32 of the tube 5 so as to secure the
      bracket 14 against radial movement outward of the opening 18 and the
      aperture 17. A third bracket portion 13 projects radially outward of the
      opening 18, and a fourth bracket portion 9 is received in the aperture 17
      and conformingly fills the aperture.
PAR  The bracket members 1, 2 are contiguously juxtaposed in the aperture 17 and
      held in contact by the confining walls of the aperture. They are spaced
      from each other otherwise a distance sufficient to receive the lever 4
      therebetween. The pivot pin 3 passes through a bore 33 of the lever and is
      axially secured in the aligned bores of the bracket members 1, 2 and of
      the lever 4 by locking washers 8. The bracket 14 is firmly anchored in the
      tube 5 by the immovably secured fourth portion 9, and by multiple
      frictional engagement of other parts with the tube.
PAR  The bracket members in the second bracket portion 11 are spaced apart to
      bound an axial passage 12 aligned with the control button 15 for movement
      of the inner terminal portion of the lever 4. The outer terminal portion
      of the lever 4 has been illustrated only in part, and the omitted part
      carries a handle, as is known in this type of chair. When the handle is
      moved upward, the valve in the cylinder 16 is opened, and the height of
      the seat 21 may be adjusted.
PAR  As is evident from FIGS. 1 to 3, only the small third portion 13 of the
      bracket 14 is visible outside the column, and not conspicuous. The
      operating mechanism for the button 15 may be assembled and installed
      without tools from the bracket members 1, 2, the pivot pin 3, the lever 4
      and the washers 8. The two bracket members 1, 2 are inserted one after the
      other through the opening 18 into the aperture 17 until the shoulders 7 of
      the portion 11 abut against the inner tube face 32. The outwardly
      projecting parts of the bracket members 1, 2 are then moved apart to
      permit insertion of the lever 4 and ultimate fastening of the lever
      between the bracket members 1, 2 by the pin 3 and the washers 8. The
      operation is simple, can be performed on the otherwise fully assembled
      chair, if so desired, and does not require any tools.
PAR  FIGS. 4 to 11 illustrate modifications of the operating mechanism described
      above with particular reference to FIGS. 2 and 3, and these modifications
      will be described as to their structure only, the operation and mode of
      assembly not being different from what has been stated above.
      Corresponding elements are designated by reference numerals differing from
      those of FIGS. 1 to 3 by 100, 200, 300, or 400.
PAR  The column partly shown in FIG. 4 differs from the first-described
      embodiment of the invention by an aperture 117 in the tube 105 which is
      equal in circumferential width to the opening 118. The lever 104 is
      fastened between bracket members 101, 102 by means of a pivot pin 103 in
      the same manner as described above, and the bracket 114 is anchored in the
      opening 118 by a bracket portion 110. The end portion 109 of the bracket
      member 101 corresponds closely to the fourth portion of the bracket
      members 1, 2, but the terminal part of the bracket member 102 in the
      aperture 117 is bent into the shape of a scroll 122. The steel of the
      members 101, 102 is resilient, and the compressed scroll 122 permits the
      two bracket members 101, 102 to be held very firmly in the aperture 117.
PAR  The tube 205 shown in FIGS. 5 and 6 has only one radial opening 218 in the
      radial plane of FIG. 5. The two sheet metal strips 201, 202 which jointly
      constitute the bracket 214 have respective portions 210 received in the
      opening 218 jointly with the lever 214 with minimal circumferential
      clearance, and their free end portions 220 within the bore of the tube 205
      diverge in conforming, arcuate engagement with the inner face of the tube
      205 to prevent radially outward withdrawal of the assembled bracket 214.
      Radially inward movement is prevented by bulges 220' in the portions of
      the members 201, 202 outside the tube 205 which are fastened to each other
      and to the lever 204 by the pivot pin 203, as described with reference to
      FIGS. 1 to 3.
PAR  The arcuate end portions 220 and the bulges 220' thus bound bights at the
      bracket portion 210, and the bights receive respective edge portions of
      the tube 205 which bound the opening 218 in a circumferential direction.
      As is evident from FIG. 6, the cooperation of the lever 204 with the
      control button 215 on the cylinder 216 is not affected by the modified
      contour of the bracket members 201, 202.
PAR  The tube 305 shown in FIGS. 7 and 8 is provided with an opening 318 and a
      diametrically opposite aperture 317, a lever 304 mounted on a pivot pin
      303, and a control button 315 on a cylinder 316 substantially as described
      with reference to FIGS. 1 to 3.
PAR  The two sheet metal strips 301, 302 which jointly constitute the bracket
      314 are of identical shape and symmetrically arranged relative to the
      plane in which the bracket 314 is split. The bracket members 301, 302
      diverge at respective shoulders 307 near the aperture 3l7 and the straight
      end portions 309 of the bracket members which project radially outward of
      the aperture 317. The bracket members 30l, 302 are straight from their
      shoulders 307 to their ends near the pivot pin 303. The bracket 314 is
      radially secured in the tube 305 by the shoulders 307 and by a split
      tubular sleeve 323 of resilient metal which passes transversely through
      the projecting parts of the end portions 309.
PAR  The bracket 414 illustrated in FIGS. 9 and 11 is a round bar of resilient
      steel bent into a U-shape. the two legs 413 of the U pass through an
      opening 418 and an aperture 417 in the tube 405 which are located in a
      common radial plane. The bight portion 426 of the U which connects the
      legs 413 passes through an opening 433 of the lever 404. The opening 433
      flares toward its ends to permit free pivoting movement of the lever 404
      on the bight portion 426. The resilient tension in the bight portion 426
      is such as to press the legs 413 firmly in a circumferential direction
      against the edges of the tube 405 which bound the opening 418 and the
      aperture 417. The free end portions 409 of the legs 413 are provided with
      notches 424 in which the edges bounding the aperture 417 are received,
      thereby preventing radial movement of the installed bracket 414. The axial
      width of the aperture 417 is about equal to the corresponding dimensions
      of the end portions 409 so as axially to secure the bracket 414.
PAR  The lever 404 acts on the control button 415 on the cylinder 416 as
      described with reference to the other embodiments of the invention, and
      the mode of installing the bracket 414 after assembly with the lever 404
      will be obvious from the described structure. The chair may be finished
      otherwise prior to manual insertion of the bracket 414 and the lever 404.
PAR  The milling of the recesses 424 into the bracket 414 is avoided in the
      otherwise identical operating mechanism shown in FIG. 10 in which the legs
      of the bracket 414' are partly offset laterally to form bulges 425 and
      corresponding recesses for engagement by the edges of the tube 405 which
      bound the aperture 417.
PAR  It is generally preferred and more convenient to make the tube 5 a separate
      element which is attached to the seat 21 and thereafter threadedly
      fastened to the cylinder 16. However, the connection between the cylinder
      16 and the seat 21 may be brought about in any other convenient manner,
      and the tube 5 integrally connected with the cylinder 6 without otherwise
      changing the structure, operation, and mode of assembly of the operating
      mechanism.
PAR  Other changes and modifications of the disclosed apparatus will readily
      suggest themselves to those skilled in the art, and it should be
      understood that, within the scope of the appended claims, the invention
      may be practiced otherwise than as specifically disclosed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A column of adjustable length comprising, in combination:
PA1  a. two column members elongated in the direction of a common axis and
      movable relative to each other in said direction in telescoping
      engagement,
PA2  1. one of said members being tubular, an inner axial wall of said one
      member defining an axial bore,
PA2  2. said one member being formed with an axially closed radial opening
      communicating with said bore;
PA1  b. a control element mounted on said one member in said bore for axial
      movement between a locking position in which relative axial movement of
      said members is substantially prevented, and a releasing position in which
      said members are free to move relative to each other;
PA1  c. an elongated bracket having a first longitudinal portion abuttingly
      engaging said one member in said opening and thereby preventing movement
      of said bracket in an axial direction, and a second longitudinal portion
      abuttingly engaging said inner axial wall and thereby preventing
      longitudinal movement of said bracket in a direction radial relative to
      said axis;
PA1  d. an operating member having respective terminal parts in said bore and
      outside said bore and passing through said opening; and
PA1  e. securing means securing said operating member to said bracket for axial
      movement of the terminal part of said operating member in said bore in
      abutting engagement with said control element, whereby said control
      element is moved between said positions thereof by movement of said
      operating member.
NUM  2.
PAR  2. A column as set forth in claim 1, wherein said bracket has a third
      portion projecting radially outward from said opening, and said securing
      means include a pivot member pivotally securing one of said terminal parts
      of said operating member to said third portion of said bracket.
NUM  3.
PAR  3. A column as set forth in claim 2, wherein said one member is formed with
      an axially closed aperture substantially on a common axial level with said
      opening, said bracket having a fourth portion received in said aperture.
NUM  4.
PAR  4. A column as set forth in claim 3, wherein said fourth portion abuttingly
      engages said one member in said aperture for further securing said bracket
      against movement relative to said one member.
NUM  5.
PAR  5. A column as set forth in claim 2, wherein said bracket is longitudinally
      split into two bracket members, and said one terminal part is secured
      between said two bracket members.
NUM  6.
PAR  6. A column as set forth in claim 5, wherein said one member is formed with
      an axially closed aperture substantially on a common axial level with said
      opening, said bracket having a fourth portion conformingly received in
      said aperture, said bracket members in said fourth portion abuttingly
      engaging each other, and being spaced apart in said first, second, and
      third portions of said bracket for passage of said operating member during
      the pivoting movement of the latter.
NUM  7.
PAR  7. A column as set forth in claim 6, wherein one of said bracket members in
      said fourth portion is scroll-shaped.
NUM  8.
PAR  8. A column as set forth in claim 6, wherein said bracket members diverge
      in said second portion of the bracket from said opening and said aperture
      in respective radially inward directions for engagement with said inner
      axial wall in said one bore adjacent said opening and said aperture.
NUM  9.
PAR  9. A column as set forth in claim 6, wherein said bracket members diverge
      in a part of said second portion of the bracket contiguously adjacent said
      fourth portion, and are straight and parallel in the remainder of said
      second portion and in said first and third portions, said fourth portion
      projecting radially outward from said aperture, and said bracket members
      being secured to each other in the projecting part of said fourth portion.
NUM  10.
PAR  10. A column as set forth in claim 6, wherein said pivot member integrally
      connects said bracket members, said bracket being substantially U-shaped,
      said bracket members constituting the leg parts of said U-shape, and said
      pivot member bounding the bight of the U-shape.
NUM  11.
PAR  11. A column as set forth in claim 10, wherein said bracket members are
      formed with respective recesses directed away from each other, said one
      member having two edge portions oppositely bounding said aperture and
      respectively received in said recesses.
NUM  12.
PAR  12. A column as set forth in claim 5, wherein said bracket members are each
      of arcuate configuration in said first portion of the bracket and define
      respective bights, said opening being bounded by edge portions of said one
      member respectively received in said bights.
NUM  13.
PAR  13. A column as set forth in claim 1, further comprising means for
      fastening a load-bearing member to a portion of said one column member
      spaced from said opening in an axial direction away from the other column
      member.
NUM  14.
PAR  14. A column as set forth in claim 1, further comprising a load-bearing
      member fastened to a portion of said one column member spaced from said
      opening in an axial direction away from the other column member.
NUM  15.
PAR  15. A column as set forth in claim 1, further comprising a load-bearing
      member fastened to an axially terminal portion of said one column member
      remote from the other column member, said opening being axially
      intermediate said axially terminal portion and said other column member.
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ABST
PAL  A device for preventing the reversal of a power window motor, wherein when
      the motor is normally actuated, a coiled spring loosely fitted on a core
      coupled with a worm gearing is contracted by the core, and the friction
      between the outer periphery of the coiled spring and the inner periphery
      of a drum is weakened, so that an output piece is rotated to open or close
      window glass, while when it is intended to manually push down or pull up
      the window glass, the coiled spring is expanded by a dog of the output
      piece, and the friction is strengthened, so that the turning of the dog is
      checked to brake the output piece.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for preventing the reversal of a
      power window motor, which makes it impossible to manually operate the
      window glass of an automobile as it is driven by the power window motor.
PAR  Prior-art means for preventing the reversal of a power window motor makes
      use of self-locking which is attained by suitably combining the shapes of
      and the friction between a worm and a worm wheel drivingly coupled with a
      rotor. With such reversal preventing means, however, the power window
      motor can become incapable of starting, so that a powerful power window
      motor is required. On the other hand, the reversal of the power window
      motor cannot be reliably prevented.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to reliably prevent a turning force
      in the reverse direction as is exerted on a power window motor, that is, a
      turning force which intends to rotate the power window motor from the
      window glass side, and to accomplish the reversal preventing function with
      a small number of components and a simple structure.
PAR  Another object of the present invention is to prevent the reversal of a
      power window motor independently of the tooth profiles of a worm and a
      worm wheel, thereby to remarkably enhance the efficiency of the lead angle
      of the worm.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a reversal preventing device for a power window
      motor according to the present invention;
PAR  FIG. 2 is a sectional view taken along a line II-- II in FIG. 1;
PAR  FIG. 3 is a sectional view taken along a line III--III in FIG. 2;
PAR  FIG. 4 is an exploded perspective view of the essential portions of the
      present invention; and
PAR  FIG. 5 is a view similar to FIG. 3, for explaining the operation of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  On the side of the stator 1 of a power window motor, a gear housing 2 is
      fixed. A casing 3 having a drum 4 is integrally secured to the gear
      housing 2. At the central part of the drum 4 and at the part of the gear
      housing 2 having the same center line, bearings 5 and 6 are respectively
      provided. A shaft 7 is fixedly supported in the bearings 5 and 6. At the
      outer periphery of the shaft 7, a rotary shaft 8 is rotatingly fitted and
      supported.
PAR  The rotary shaft 8 is provided at the end part on the bearing 6 side with a
      pinion 9 adapted to mesh with the sector gear 9A of a door window
      regulator, and is formed at the end part on the bearing 5 side with
      splines 10. The splines 10 fit with spline grooves 23 which are formed in
      the inside of an output piece 21 to be described later.
PAR  A worm 11 drivingly coupled with the rotor of the power window motor, not
      shown, is extended into the gear housing 2. A worm wheel 12 rotatingly
      fitted with the rotary shaft 8 meshes with the worm 11.
PAR  The worm wheel 12 is formed with a double cylinder portion 13 on the end
      face on the drum 4 side. The interior of the double cylinder portion 13 is
      divided into small compartments 131, by partition plates 130. In the
      respective small compartments 131, buffer members 14 are closely fitted
      which are molded of a material having elasticity, such as rubber. A core
      16 is engagedly fastened to the buffer members 14.
PAR  The core 16 has a flange portion 17 which faces commonly to the shock
      absorbing members 14, and a cylinder portion 18 which is provided in a
      manner to be joined with the flange portion 17. At the outer periphery of
      the cylinder portion 18, there is a cut-away portion 19 which is formed by
      cutting away the range of a central angle of .gamma.. The core 16 is
      rotatingly fitted with the rotary shaft 18, and engagedly fastened to the
      buffer members 14. It is drivingly coupled with the worm wheel 12 through
      the buffer members 14.
PAR  In the embodiment shown in FIGS. 2 and 4, the engaged fastening between the
      buffer members 14 and the core 16 is performed through the fitting between
      inserting holes 15 formed in the respective buffer members 14 and pins 20
      provided on the flange portion 17 of the core 16.
PAR  On the outer peripheral surface of the cylinder portion 18 of the core 16,
      a coiled spring 26 is loosely fitted. The output piece 21 is coupled with
      the core 16.
PAR  The output piece 21 has a boss 22 which has the spline grooves 23 in the
      inner part, and a dog 24 which is formed on an end face of the boss 22.
      The dog 24 is shaped at a central angle .delta. smaller than the central
      angle .gamma. of the out-away portion 19 of the core 16 so that it can be
      inserted into the cut-away portion 19. The output piece 21 is coupled with
      the rotary shaft 8 through the fitting between the spline grooves 23 and
      the splines 10 of the rotary shaft 8. Further, clearances 25a and 25b for
      receiving the bent portions 27a and 27b  of the coiled spring 26 to be
      described later are defined between the end faces of the cut-away portion
      19 of the core 16 and the end faces of the dog 24 of the output piece 21,
      the dog being inserted into the cut-away portion.
PAR  As shown in FIGS. 2 and 3, the coiled spring 26 is disposed in the drum 4
      in a state wherein its outer peripheral part is normally held in contact
      with the inner peripheral surface 4a of the drum 4 at some extent of
      frictional force. In addition, a peripheral clearance 28 is defined
      between the inner peripheral part of the coiled spring 26 and the outer
      peripheral surface of the core 18. As seen in FIGS. 3 and 4, the coiled
      spring 26 is provided with the bent portions 27a and 27b which are formed
      by bending both the end parts radially inwards. The bent portions 27a and
      27b are respectively placed in the clearances 25a and 25b. Through the
      bent portions 27a and 27b, the coiled spring 26 is engaged with the core
      16 and the output piece 21.
PAR  The drum 4, the core 16, the output piece 21 and the coiled spring 26
      constitute a reversal preventing device which, when a turning force in the
      reverse direction is received from the window glass side, prevents the
      reversal of the motor attributed to the turning force.
PAR  The reversal preventing device of the above construction operates in
      association with the power window motor as will be stated below.
PAR  At the normal rotation of the power window motor, that is, when the power
      window motor is started for the opening or closing operation of window
      glass, a turning force is transmitted along the rotor -- the worm 11 --
      the worm wheel 12. Therewith, the rotation has the speed reduced by the
      worm gearing 11 and 12, and the turning force is transmitted through the
      buffer members 14 to the core 16.
PAR  At this time, the core 16 pushes the bent portion 27a or 27b of the coiled
      spring 26 by one end face or the other end face of the cut-away portion 19
      thereof, the spring being contacted with the inner peripheral surface 4a
      of the drum at some extent of frictional force. As shown in FIG. 3, the
      core 16 thus turns the coiled spring 26 at a turning force (P) so as to
      roll it in. The diameter of the coiled spring 26 is therefore reduced, so
      that the frictional force between the outer peripheral part of the coiled
      spring 26 and the inner peripheral surface 4a of the drum 4 is lessened.
      The core 16 initiates rotation smoothly.
PAR  As a result, the dog 24 of the output piece 21 as is inserted in the
      cut-away portion 19 of the core 16 is pushed. Then, the output piece 21 is
      rotated. The rotation is transmitted along the rotary shaft 8 -- the
      output pinion 9 -- the sector gear of the door window regulator. The
      window glass is opened or closed.
PAR  At the reversal of the power window motor, that is, when the power window
      motor is going to be rotated by directly pushing down or pulling up the
      window glass, a turning force is transmitted along the output pinion 9 --
      the rotary shaft 8 -- the output piece 21. As shown in FIG. 5, one end
      face or the other end face of the dog 24 of the output piece 21 pushes the
      bent portions 27a or 27b of the coiled spring 26 at a turning force (P1).
PAR  In consequence, the coiled spring 26 has its diameter enlarged and has its
      outer peripheral part strongly pressed and contacted by the inner
      peripheral surface 4a of the drum 4. Accordingly, the frictional force is
      increased, and the turning of the dog 24 is checked. For this reason, the
      output piece 21 is braked. No turning force is transmitted to the core 16,
      the worm gearing 11 and 12 and the rotor, and the rotation of these rotary
      members in the reverse direction is prevented.
PAR  Whether the output pinion 9 receives a clockwise or anticlockwise turning
      force from the window glass side, the reversal preventing action is
      similarly effected.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for driving a power window comprising:
PA1  a motor,
PA1  a gear housing which is fixed to a stator of said motor having an open
      side,
PA1  a casing having a drum shaped portion for covering said open side of said
      gear housing;
PA1  a fixed shaft penetrating through a central portion of said gear housing
      and said casing for securing said casing to said gear housing and
PA1  a rotary shaft rotatably fitted on an outer periphery of said fixed shaft
      and which has splines at one end and an output pinion at the other end;
PA1  a worm gear driven by said motor which extends into said gear housing;
PA1  a worm wheel rotatably fitted on the outer periphery of said rotary shaft
      near the output pinion end thereof and which meshes with said worm;
PA1  said worm wheel having a first cylinder portion at an inner side wall along
      the periphery of said rotary shaft and a second cylinder portion spaced
      radially away from said first cylinder portion, the space between said
      first and second cylinder portions being divided into a plurality of small
      compartments by partition plates;
PA1  buffer members which are closely fitted in said small compartments, each of
      which has an inserting hole and which are made of an elastic material,
PA1  a core which is held in close contact with said first cylinder portion and
      which is rotatably fitted on said outer periphery of said rotary shaft;
PA1  pins provided at one side wall of said core and which are snugly inserted
      in said inserting holes of said buffer members;
PA1  a third cylinder portion which is provided at the other side wall of said
      core along the periphery of said rotary shaft;
PA1  a cut-away portion which is formed in a part of said third cylinder
      portion;
PA1  a coil spring which is loosely fitted on the outer periphery of said third
      cylinder portion and having bent portions at the ends thereof for
      retaining said end parts in said cut-away portion;
PA1  an output piece fitted in said spline of said rotary shaft adjacent said
      third cylinder portion; and
PA1  a dog which is formed at a peripheral edge end of one side wall of said
      output piece in a manner to be slightly less wide than said cut-away
      portion;
PA1  said output piece being coupled to said core by insertion of said dog
      between both the ends of said coiled spring in said cut-away portion, an
      inner peripheral surface of said drum portion and an outer peripheral
      surface of said coiled spring being normally held in frictional contact,
PA1  rotational motion of said worm wheel being conveyed to said core via said
      buffer members and causing frictional engagement of said coiled spring
      with said inner peripheral surface of said drum portion to inhibit
      rotation by expansion of the diameter of said coil spring for one
      direction of rotation, and causing a decrease in the diameter of said
      coiled spring for the other direction of rotation for allowing rotation of
      said core, rotation of said core causing engagement of said core with said
      dog at said cut away section and causing rotation of said output piece and
      the output pinion gear of said rotary shaft.
NUM  2.
PAR  2. The reversal preventing device for a power window motor according to
      claim 1, wherein splines formed at an end of said rotary shaft are fitted
      with spline grooves formed inside a central part of said output piece.
NUM  3.
PAR  3. The reversal preventing device for a power window motor according to
      claim 1, wherein said worm wheel has a double cylinder portion, the
      interior of said double cylinder portion being divided into small
      compartments by partition plates, and wherein said buffer members are
      formed of an elastic material such as rubber, said members being closely
      fitted in respective small compartments.
NUM  4.
PAR  4. An apparatus for transmitting motive power for raising and lowering a
      window comprising:
PA1  a housing adapted to be attached to a motor,
PA1  a drum shaped cover fitted to said housing,
PA1  a fixed shaft secured within said housing for securing said cover to said
      housing,
PA1  a rotatable shaft rotatably and concentrically disposed about said fixed
      shaft, said rotatable shaft having a pinion gear at one end thereof for
      motive power output and a plurality of splines at the other end thereof,
PA1  a gear wheel rotatably and concentrically disposed about said rotatable
      shaft adapted to receive motive power from a motor,
PA1  a core rotatably and concentrically fitted to said rotatable shaft and
      having a cylindrical portion, said cylindrical portion having a cut away
      radial section,
PA1  buffer means resiliently coupling said gear wheel and said core,
PA1  a coil spring concentric with said cylindrical portion fitted between said
      cylindrical portion and the inner surface of said drum shaped cover, said
      coil spring being bent at the ends thereof, said bent ends being fitted in
      and engageable with the cylindrical portion in said cut away section, and
PA1  an output piece engageably fitted with the splines on the end of said
      rotatable shaft and having a dog inserted in said cut away section between
      the bent ends of said coil spring,
PA1  rotational motion of said gear wheel being conveyed to said core via said
      buffer means and causing frictional engagement of said coil spring with
      said inner surface of said cover to inhibit rotation by expansion of the
      diameter of said coil spring for one direction of rotation, and causing a
      decrease in the diameter of said coil spring for the other direction of
      rotation for allowing rotation of said core, rotation of said core causing
      engagement of said core with said dog at said cut away section and causing
      rotation of said output piece and the pinion gear of said rotatable shaft.
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ABST
PAL  A fluid motor actuator, including a hydraulic cylinder, includes a cam
      which is extended to become engagable with a cam follower of an extension
      chute section which is hinged and folded within a first chute section
      during transport. When the cam engages the follower of the retracted
      extension chute section, the cam causes the extension section to pivot out
      of its retracted position so that both chute sections form a unitary
      elongated chute adapted for receiving and directing the flow of concrete
      from the bowl of the mixer to the construction site. The extension chute
      section is retracted when the pour is completed and the cam is moved to
      non-interfering relation with the chute against the yieldable resistance
      of a spring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the Willard patent, U.S. Pat. No. 2,859,949 issued Nov. 11, 1958, there
      is disclosed a forward discharging transit concrete mixer which embodies
      the general advantage of making a pour within the direct view of the
      operator located in the cab. The advantages of this type of system have
      been proved in many hundreds of units which are now in operation
      throughout the U.S. What is needed, however, is a means for retracting the
      chute during transit between mixer station and job site so that the chute
      will not obstruct the view of the driver. But at the time the pour is
      made, there is needed a ready and convenient means whereby the chute can
      be extended and controlled angularly so that the site of the pour can be
      accurately determined by controls available to the operator within the
      cab. Thus, when the operator reaches the point where the pour is to be
      made, he has available to him various controls within the cab which will
      extend the chute, position the chute and he can then proceed by moving
      both the truck and the chute to accurately pinpoint where the discharging
      concrete should be laid.
PAR  It is therefore an object of the present invention to provide a new and
      different control mechanism whereby the hinged extension chute can be
      remotely extended from a retracted, out-of-the-way position which is not
      obstructive to the view of the driver in the cab and which at the same
      time is susceptible to easy and reliable operation whereby the chute can
      be extended and retracted.
PAR  It is another object of the present invention to provide a chute control
      consisting of a relatively few number of parts which are rugged (it being
      understood that these component parts of the chute are exposed to rough
      handling at job sites where parts are exposed to damage) and which can
      function to remotely position the chute.
PAR  It is another object of the present invention to provide a simple actuating
      mechanism whereby the chute can be moved from retracted to fully extended
      position and permit the chute to be swung both in an arc and in both a
      vertical and horizontal sense to maximize the controlability and
      positioning of the chute to a precise discharge location.
PAR  An overall object of the present invention is to provide a cam and cam
      follower combination which is actuated by a fluid motor actuator so that
      the cam will be extended from the hydraulic cylinder into engagement with
      the cam follower portion on the chute to effect its 180.degree. movement
      about a hinge from a first position wherein it is folded against the one
      chute section, to a second position wherein it becomes joined end to end
      with the first chute section and is held in such extended position by a
      lock formed between the two chute sections.
PAR  Other objects and features of the present invention will become apparent
      from a consideration of the following description which proceeds with
      reference to the accompanying drawings.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is an isometric detail view of the front end of the concrete mixer
      truck showing the chute fully extended;
PAR  FIG. 2 is an enlarged isometric detail view of the cam portion of the
      extending mechanism shown in FIG. 1;
PAR  FIG. 3 is an enlarged isometric detail view of the follower which biases
      the chute to its extended or operative position;
PAR  FIG. 4 is a side elevation view showing in progressive view the chute first
      in full line position, and then progressively extended in the dotted line
      views, the intermediate dotted line views showing the chute partially
      extended and the lowermost dotted view illustrating the chute fully
      extended; and
PAR  FIG. 5 is a detail view of the spring mechanism allowing the chute to be
      retracted for storage.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the front end discharge concrete mixer designated
      generally by reference numeral 10 includes a cab 12 and a bowl 14 which is
      mounted so that the concrete discharges from the forward end 16 of the
      bowl 14, passes through a vertical section 18 and then into a chute
      designated generally by reference numeral 20.
PAR  The chute 20 includes a first section 22 which is pivotally mounted at end
      24 on a mounting bracket 26 and a second section 28 which is hingedly
      mounted to section 22 through a pin 30 which is secured at ends 32 and 34
      in trunnions 36 and 38 which form a part of the chute section 22. During
      transport, chute section 28 is swung backwardly on hinge pin 30 to the
      full line position shown in FIG. 4. A power cylinder 44 having a pivot pin
      connection 46 to the base 48 of the truck includes a piston (not shown)
      with a piston rod 50 secured at end 52 to the projecting portion 54 of
      chute section 22. As the piston moves in its retractile stroke piston rod
      50 is drawn into the cylinder 44 thus pivoting chute 22 downwardly about
      its pin connection 60 with bracket 26 adjacent the cab 12.
PAR  Mounted on cylinder 44 is cam rod 66 having an offset portion 68 and an
      inclined face 70 which engages a cam follower 72 secured by weld, bolts,
      or the like 74 to the chute section 28 so that, as indicated in FIG. 4, as
      the piston rod 50 is successively retracted the chute section 22 is
      pivoted in a clockwise direction, progressively in the manner indicated by
      the dashed lines (FIG. 4). The downward arcuate movement of chute section
      22 causes chute 28 and the cam follower 72, by its engagement with face 70
      of cam rod 66, to move clockwise about pivot 80 and such movement
      continues until the chute section 28 comes to an over-center position
      relatively to the pin mounting 80. The chute section 28 then moves under
      its own weight until the edge 82 engages a stop 84 at the end 54 of chute
      section 22, at which time the two chute sections form a single
      complementary chute for directing the flow of concrete discharging from
      the end 16 of the bowl and descending through the chute section 18 and
      dropping into the chute for final discharge at the location determined by
      the angular position of the chute. There can be provided additional
      extension chutes (not shown).
PAR  The chute is controlled angularly, that is, it can be turned to the right
      and to the left by the driver from his cab position and the chute can also
      be raised and lowered. Those two controls together with the control
      exerted by the driver from the steering wheel and the back and forth
      movement of the truck unit as a whole, enables the driver to accurately
      position where the discharging concrete shall be located. After the chute
      section 28 is positioned as indicated in FIG. 1 (in lowest position in
      FIG. 4), a resilient spring 86 which is hooked at one end 88 (not shown)
      to a fixed structure 98 and at the other end 90 to edge 92 of a cam arm 68
      will cause the arm to pivot about its pivot bolt 94 until the bottom edge
      96 engages a stop 98. The stop and its associated structure is mounted
      through a clamp 100, washers and a pair of nuts 102, 104 onto a bracket
      106 as indicated in FIG. 2.
PAR  Referring to FIG. 5, spring 86 urges the cam 68 to a position enabling the
      chute section 28 to be pivoted counterclockwise about pivot mounting 52
      because end 70 is in line to engage the section 72. But when tipping the
      chute section 28 back again, engagement of 72 with end 70 enables the arm
      to pivot counterclockwise against the action of spring 86 enabling the
      section 72 to move past 70 as the chute moves from dotted to full line
      position (FIG. 4).
PAC  OPERATION
PAR  In operation, the driver of the unit by a combination of steering and
      driving the unit 10 brings the chute into at least approximate position
      where the pour is to be made. The chute is then positionable angularly and
      vertically by fluid motor actuation, the vertical position of the chute
      being determined by power cylinder 44 wherein a piston (not shown) is
      moved reciprocably therein to control the position of piston rod 50 which
      is secured through pivot 52 to chute section 22 raising and lowering such
      chute section on pivot 60 (FIG. 4). When the piston (not shown) within the
      cylinder 44 is moved on its retractile stroke and draws the piston rod 50
      into the cylinder, the chute section 22 is pivoted clockwise about 60 and
      the inclined end 70 of cam 68 is brought into engagement with a cam
      follower 72 secured to chute section 28 causing the chute section 28 to
      progressively turn about pivot 80 in a clockwise direction and eventually
      the chute section 28 is over-balanced and by its own weight continues to
      rotate about 80 until edge 82 engages stop 84 on the chute section 22 and
      is then fully extended and locked by the engagement of edge 82 and stop 84
      in the full line position shown in FIG. 1.
PAR  In the full line extended position, chute section 28 and chute section 22
      are complementary extensions of each other enabling the discharging
      concrete from the bowl 14 to exit through opening 16 and into vertical
      section 18 where it then drops into chute 22 slides to section 28 and then
      to the end 90 and discharges at the building site if desired through
      extension chutes.
PAR  As previously mentioned, the point of discharge is accurately controllable
      by the operator within the cab of the truck, by a combination of steering
      and driving the unit together with controlling the position and extension
      of the chute to accurately emplace the point of discharge within full view
      of the driver and without his leaving the cab. This is a substantial
      advantage over conventional concrete mixers which require the driver to
      maneuver the truck blindly since the point of discharge is at the rear of
      the truck and this greatly hampers the accurate placement of both the
      truck and the chute. Both these described obstacles are inherent in a rear
      discharge truck and are obviated by the present invention.
PAR  When it is time to retract the chute section 28, the spring 86 has biased
      the cam about its pivot connection 94 so that the end 70 engages the
      follower 72 but is movable against the spring force to enable the two
      parts to disengage from each other substantially to enable the driver to
      manually pivot the chute section 28 about 30 so that it is retracted from
      the full line position of FIG. 1 counterclockwise about 80 through the
      dotted line position shown in FIG. 4 to the full line position shown in
      FIG. 4 at which point the interfitted chute sections are then pivoted
      angularly to the right or to the left and out of the view of the driver so
      that the unit can be driven with a clear view during transit between job
      sites and mixing plant.
PAR  Although the present invention has been illustrated and described in
      connection with a single example embodiment, it will be understood that
      this is illustrative of the invention and is by no means restrictive
      thereof. It is reasonably to be expected that those skilled in the art can
      make numerous revisions and adaptations of the invention and it is
      intended that such revisions and adaptations will be included within the
      scope of the following claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a self propelled front end discharge concrete mixer unit having a
      bowl adapted for discharging concrete at the forward end of the unit, a
      movable chute including a pivot mounting between said movable chute and
      said mixer unit, a first power cylinder adapted for swinging the movable
      chute about its pivot at the forward end of the concrete mixer unit, said
      chute having two complementary sections consisting of a mounted section
      and an extendable section, and a hinged connection therebetween whereby
      said extension section is movable from a retracted doubled over position
      relatively to said mounted section to a second position wherein the
      extension section forms an elongated continuation of the mounted section,
      a fluid motor actuator including a cam, a cam follower forming a part of
      said extendable section and operatively engagable by said cam which biases
      the cam follower and extendable section about said hinged connection to
      displace said section from its retracted position to its extended
      position, locking means for defining the fully extended position of said
      extendable section wherein said first and second sections form
      complementary extensions of each other, and spring means biasing said cam
      to a position whereby said cam is disengagable with said cam follower when
      the retracted section of said chute is swung downwardly with the mounted
      chute section and providing for retractile movement of said cam as the
      extension chute is swung from extended to retracted position.
NUM  2.
PAR  2. The chute construction in accordance with claim 1 wherein said power
      cylinder includes a cylinder, an expandable fluid chamber and an elongated
      piston rod, said piston rod being operatively connected to said extension
      chute, said cam being operatively mounted by said cylinder and engagable
      by said cam follower as the piston rod moves the chute section in a
      pivoting manner within a vertical plane.
NUM  3.
PAR  3. The chute control in accordance with claim 1 including means for
      directing the flow of concrete as it discharges from the mixer bowl into
      the end of said chute adjacent the unit.
NUM  4.
PAR  4. The chute construction in accordance with claim 1 including means for
      clamping the cam follower means onto its associated chute section.
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ABST
PAL  There is provided an improved bar stock feed tube characterized by its
      ability to reduce noise level. The tube structure is composed of inner and
      outer tubes defining an annular space therebetween, the annular space
      being sealed at each end and being filled with a particulate material,
      particularly metallic shot, e.g. lead.
PARN
PAR  This is a continuation-in-part application of my patent application Ser.
      No. 364,727, filed May 29, 1973, and now abandoned for BAR STOCK SILENCER
      TUBE.
BSUM
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  With the advent of the Occupational Safety and Health Act (29 USC 651 et
      seq.), the National Institute of Occupational Safety and Health (NIOSH)
      has recently proposed noise standards for various industries. The proposal
      for machines retains the 90-decibel noise limit for equipment already in
      use but limits any new machines to an 85-decibel level. For comparative
      purposes, normal vocal effort at 6 inches from the ear is interfered with
      by a noise level of 72 decibels. Shouting at 6 inches from the ear is
      interfered with by a noise level of the order of 89-90 decibels. It has
      been determined that noise levels of 90 or above for prolonged periods can
      be hazardous to workers. Because of the logarithmic nature of sound
      intensity, a relatively small change in decibel rating represents a large
      change in the sound intensity.
PAR  A principal source of noise in industries utilizing machine tools is in
      connection with single and multiple spindle machines utilizing bar stock
      including rods of circular or polygonal cross section, e.g. hexagonal
      cross section. These rods are normally provided in lengths of from 12 to
      21 feet. The workpiece end is generally inserted into a spindle sleeve
      having a collet member for gripping the workpiece adjacent the tooling.
      The free extremity of the bar stock is generally supported in a tubular
      member. Feeding may be effected either from the distal extremity of the
      supporting tube as shown in U.S. Pat. No. 2,608,746 to Harney or at the
      machine extremity in known manners. The bar stock in the course of the
      operations performed thereon at the collet extremity may be rotated at
      relatively high speed. Various forces working on the bar stock length
      cause the material to whip or oscillate within the supporting tube. The
      resulting noise level or intensity may be sufficient to cause injury to
      the ears of workers unless means are provided for reducing such noise
      level.
PAR  Prior art workers, notably Tessky in his U.S. Pat. Nos. 1,786,876,
      1,891,290, and 1,935,999, Corlett U.S. Pat. No. 2,534,811, and Lakins U.S.
      Pat. No. 2,933,173, have shown structures which have sought to achieve
      reduction in the noise level for bar stock feed tubes to single or
      multiple spindle machines. In general, these structures have comprised a
      tubular body having disposed in concentric relation therewith spring
      materials (see the Tessky patents) or coiled sheaths wrapped with fabric,
      felt cloth, or material of such sort as a cushion between the OD of the
      coiled material and the ID of the supporting tube (see the Corlett
      patent). Lakins has shown a pair of concentrically disposed tubes defining
      an annular space therebetween which is filled with a viscous material of a
      putty-like nature consisting essentially of a mixture of metallic salts
      and oil.
PAR  The present invention is an improvement on these prior art structures and
      is capable of effecting reductions in decibel intensity ratings of from 2
      to 6 or more decibels. These reductions are sufficient to bring the
      performance levels of the improved devices to or below the standards set
      by NIOSH.
PAC  BRIEF STATEMENT OF THE INVENTION
PAR  Briefly stated, the present invention is an improvement in the structure
      which is shown in the patent to Lakins U.S. Pat. No. 2,933,173 wherein the
      space between the inner and outer tubes is filled with a particulate
      material, particularly a shot metal and preferably lead. Improved results
      are also found if the outside surfaces of the inner and outer tubes,
      respectively, are coated with an elastomeric material, e.g. a vinyl halide
      coating or rubber coating. Still further, both the internal surface and
      the external surface of the outer tube may be coated along with the outer
      surface of the inner tube in still other embodiments. A preferred
      alternative embodiment exhibiting relatively high sound-absorbing
      performance and efficiency for a given total wall thickness comprises an
      assembly in which a fabric layer of predetermined thickness is wrapped in
      contact with the outer surface of the inner tube and the limited remaining
      space between the tubes is filled with lead shot. Also, the internal
      surface of the inner tube may be coated optionally for ground and finished
      bar stock with a coating such as nylon, Teflon, brass, or any softer
      metal. Such coating may also be hardened steel for heat-treated bar stock.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention may be better understood by having reference to the annexed
      drawings wherein:
PAR  FIG. 1 is a cross-sectional view of a bar stock feed tube in accordance
      with the present invention.
PAR  FIG. 2 is a transverse cross-sectional view of the bar stock feed tube
      shown in FIG. 1 as it appears in the plane indicated by the line 2--2.
PAR  FIG. 3 is a fragmentary cross-sectional view, on an enlarged scale, of an
      alternative preferred embodiment of a bar stock feed tube in accordance
      with the invention.
PAR  FIG. 4 is a cross-sectional view of one end of a bar stock feed tube,
      employing the structure of FIG. 3, concentrically mounted within a master
      tube.
PAR  FIG. 5 is a view similar to FIG. 4 showing the preferred bar stock feed
      tube with an intermediate size stock capacity.
PAR  FIG. 6 is a view similar to FIG. 4 showing the preferred bar stock feed
      tube with a relatively small size stock capacity.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now more particularly to the annexed drawings, there is shown in
      FIGS. 1 and 2 an outer tube 10 and an inner tube 12 preferably although
      not essentially of equal length disposed in concentric relation and
      defining therebetween an annular space 14. The extremities of the tube are
      closed with annular closure members 16 and 18 suitably secured as, for
      example, by welding as at 20 and 22. In order to provide access to the
      closed annular space 14, there is conveniently provided a drilled port 24
      having a removable flush plug 26 threadedly engaged therewith. Although
      only one port 24 and plug 26 is shown in FIG. 1, a second port and plug
      may be provided at the other end. The plug (or plugs) 26 is desirably
      flush with the surface of the outer tube to facilitate nesting of multiple
      sets of silencer tubes for a variety of sizes and to enable easy changing
      from one tube size to another. The annular space 14 is conveniently filled
      with a particulate material 15, preferably one having a relatively high
      density and being relatively soft. In other embodiments, the annular space
      may be filled before emplacement of the second annular closure member (16
      or 18) and the port 24 and the plug 26 omitted. To this end, metallic shot
      particles are especially useful and, of those materials thus available for
      use, lead is the most satisfactory. Other soft metals such as zinc, soft
      iron (iron filings), brass, bronze, tin, etc., may be used. Nonmetallic
      particulate materials, e.g. Fuller's earth, dolomite, carbon, sand, clay
      (Attapulgus clay), or the like may be used. For best results, these
      particulate materials should have a substantially uniform particle size in
      the range of from 10 mesh to 30 mesh U.S. Standard Screen size. Best
      results have been secured with lead shot also known as number 12 lead shot
      having a particle size in the range of from 0.030 to 0.050 inch. While
      improved results may be obtained with the basic structure thus described
      above, still better results in respect of noise reduction are secured when
      the external surfaces of each of the tubes 10 and 12 and the internal
      surface of outer tube 10 are provided with an elastomeric coating, e.g. a
      vinyl halide coating. Thus the inner tube 12 is conveniently provided with
      a 3-20 mil coating 28 of poly(vinyl chloride) which may be deposited by
      any convenient method, e.g. dipping in plastisol and heating or applying
      granular vinyl chloride to the surface of the tube 12 heated to a
      temperature above the melting point of the resin. Rubber, e.g.
      poly(butadienestyrene) may also be used as a coating material and is
      conveniently applied in the latex form. In like manner, a coating 30 is
      also provided on the outer surface of outer tube 10. Also, it is desirable
      and convenient to coat similarly the inner surface of tube 10 as with
      coating 31. The tubes 10 and 12 and the closures 16 and 18 are
      conveniently formed of steel, the same material heretofore used in the
      fabrication of devices shown by Lakins.
PAR  As indicated above, the inner surface of the inner tube 12 may also be
      coated with a relatively softer material such as nylon, e.g. Nylon 66,
      Teflon (polytetrafluoroethylene), polyethylene, polypropylene, brass,
      bronze, zinc, especially where ground and finished bar stock is the
      material being fed to the spindle of the machine tool. This coating will
      serve to protect the bar stock from damage by the supporting tube. This
      coating 32 is shown in FIG. 1 in phantom since it is an optional feature.
      Also as indicated above, the inner surface may be provided with a hardened
      steel liner of one or multiple pieces for heat-treated stock.
PAR  Further noise reduction may be experienced in the machine tools themselves
      wherein the spindle portion extending through the head stock of the
      machine is formed from tubular members having generally the same structure
      as the bar stock feed tubes of the present invention. These tubes,
      particularly those without projecting plugs 26, lend themselves quite
      readily to telescopic relationship with larger diameter tubes and, thus,
      the machine may be rendered more able to accommodate a family of tube
      sizes built up in the manner described above and nested one within the
      other in the spindle portion of the machine.
PAR  For comparative purposes, a prior art structure with various sizes of bar
      stock has been compared with a corresponding size structure in accordance
      with the present invention and the sound level determined in decibels for
      each. It will be observed that in the case of the present structure, lower
      decibel readings are obtained throughout most of the range of speeds, the
      difference being of the magnitude mentioned above.
TBL                TABLE I                                                     

     ______________________________________                                    

     Decibel Readings at Different Speeds                                      

     Tube Size                                                                 

              23/4 .times. 21/8                                                

                        23/4 .times. 21/8                                      

                                  23/4 .times. 21/8                            

                                          23/4 .times. 21/8                    

     Rod Size 2"        2"        17/8    17/8                                 

     ______________________________________                                    

     Clutch   Prior Art Invention Prior Art                                    

                                          Invention                            

     Setting  Structure Structure Structure                                    

                                          Structure                            

     ______________________________________                                    

     00       77        76.5      77      77                                   

     02       77        76        78      75.5                                 

     04       78        76        78.5    75.5                                 

     06       79        79        79      76                                   

     08       78.5      77        79.5    77                                   

     10       77.5      77.5      80      77.5                                 

     12       79        77.5      79      77                                   

     14       80        79        83      80                                   

     16       81        78.5      82      78.5                                 

     18       81        84        82.5    80.5                                 

     20       82.5      84        83.5    79                                   

     22       83        82.5      82      80                                   

     24       84.5      83        83.5    80                                   

     26       87        81.5      84      81                                   

     28       85.5      83.5      88.5    82.5                                 

     30       84.5      83        88.5    85.5                                 

     32       87.5      83.5      88.5    85.5                                 

     34       86.5      86        89.5    86                                   

     36       89        86.5      87.5    88                                   

     38       89.5      89        89      89.5                                 

     40       89.5      91        89.5    86                                   

     42       90        88.5      86      83                                   

     44       93        89.5      88      85                                   

     46       86        89        82      84.5                                 

     48       88.5      90        82.5    84                                   

     ______________________________________                                    

PAR  In the foregoing table, the tube sizes indicate the inner and outer I.D.'s,
      and the rod size indicates the diameter of the workpiece rod being tested.
      The clutch setting is for high speed. The characteristics of the machine
      determine the speed in rpm at each clutch setting. For comparative
      purposes, a high clutch setting of 00 is equivalent to 261 rpm, 12 equals
      434 rpm, 24 is 726 rpm, 36 is 1208 rpm, and 48 is 2014 rpm. It will be
      noted that the second and fourth columns which represent embodiments of
      the present invention are generally less in decibel reading than the
      results shown in the first and third columns which represent prior art
      embodiments. As one proceeds down the scale toward higher speeds and hence
      higher decibel readings, there will be a point where the prior art device
      will show readings slightly less than the readings for the present
      structure. The reason for this is that at this point a harmonic of the
      entire system has been reached, and maximum noise is experienced. In the
      same manner, the prior art structures also experience harmonics at
      different points, however. These points correspond to those points where
      the maximum difference between the present structure and the prior art
      structure is experienced.
PAR  Referring now to a preferred embodiment illustrated in FIGS. 3-6, a sound
      attenuating bar stock feed tube 40 includes an elongated cylindrical inner
      tube 41, preferably of steel, and an outer cylindrical tube 42, also
      preferably of steel, concentrically disposed about the inner tube. The
      inside diameter of the outer tube 42 is somewhat larger than the outside
      diameter of the inner tube 41 so that an annular space 43 is formed
      between these elements. The tubes 41 and 42 are held in their concentric
      relation and the annular space 43 is closed at its ends by means of an
      annular weld bead, for example, extending radially between the end faces
      of the tubes.
PAR  A layer of fabric 46 is wrapped in contact with substantially the entire
      outer surface, designated 47, of the inner tube 41. A fabric material
      which has been found to be particularly suited for this application is
      woven cotton webbing in the form of a 2-inch wide strip spirally wound
      about the inner tube and taped or glued thereto at its ends. The portion
      of the annular space 43 not occupied by the fabric layer 46 is filled with
      lead shot 48 forming a layer 49.
PAR  Preferably, in assembly of the tube 40, the inner tube 41 is cut to a
      desired length and wrapped with the fabric layer 46 of suitable thickness.
      The inner tube with this fabric wrapping is then inserted within the outer
      tube 42 of substantially the same length and while these elements are held
      in concentric relation by suitable fixtures, a weld bead 44 is formed at
      each end of the tube 40. Subsequent to this tube closure operation, the
      lead shot 48 is poured or otherwise directed into the annular space 43
      through a hole (not shown) equivalent to the flush plug 26 of the
      embodiment of FIGS. 1 and 2. Movement of the lead shot 48 into the annular
      space 43 may be assisted by a mechanical vibrator in contact with the
      outer tube 42.
PAR  Tests of various arrangements have revealed a critical range of thickness
      of the layer 49 of lead shot 48 for a relatively high degree of sound
      attenuation to be in the area of approximately 0.090 to 0.120 inches. Use
      of a lesser volume of lead leads to a proportionate loss in sound
      attenuation performance while a greater volume has a diminishing sound
      attenuating effect for a unit increase in volume. Besides having lessened
      sound attenuating effectiveness, additional volume of lead shot 48 greatly
      adds to the weight of a given tube assembly 40 making it more difficult
      and less feasible to handle and at the same time significantly increases
      its cost.
PAR  It has been found that number 12 lead shot having a nominal diameter of
      approximately 0.040 inch is ideal for this application being of
      satisfactory size for handling and loading into the annular space 43 and
      providing a satisfactory density in a radial clearance of between 0.090
      and 0.120, giving roughly between 2 to 3 courses of shot balls in such a
      radial clearance space. With the assembly shown in FIG. 3 wherein the
      inner tube 41 is covered directly by the cloth layer 44 and where a
      particulate lead layer of 0.090 to 0.120 inch is provided, sound
      attenuation is even greater than that achieved with the embodiments
      disclosed in connection with FIGS. 1 and 2 with the reduction being from
      85 db in connection with the embodiments of FIGS. 1 and 2 to 83 db for the
      embodiment of FIGS. 3 through 6.
PAR  FIGS. 4-6 illustrate the tube assembly 40 in various diameter sizes, each
      mounted in a common size of master tube 51 which normally may be provided
      as original equipment in a bar stock loading device for feeding single or
      multiple spindle machines. As illustrated in these FIGS. 4-6, suitably
      dimensioned collars 51 through 53 are provided to support tubes 40a, b,
      and c of varying diameters concentrically within the master tube 51. Study
      of FIGS. 4-6 reveals that the sound control stock feed tubes 40a-c,
      although of various size capacity, i.e. the inside diameter of the inner
      tube 41, may all be conveniently made with a common nominal one-quarter
      inch wall. With this relatively thin wall thickness, not only may the
      critical range of lead layer thickness at 49 be employed but the
      assemblies 4a through c lend themselves to ready nesting within one
      another, and within most standard master tubes of existing equipment and
      most standard adaptor tubes, the latter being adapted to be removably
      positioned within master tubes to reduce their size capacity. This nesting
      capability follows from the dimensional unit in the English system of
      one-fourth inch as a common standard used by machine tool manufacturers.
PAR  To produce this desired total quarter inch wall thickness, it has been
      found to be particularly convenient to use nominal 0.0625 inch wall
      thicknesses for the inner and outer tubes 41 and 42 and to wrap the inner
      tube with one ply of 0.020 inch woven cotton webbing such as the webbing
      used for commercial safety belts and harnesses worn by personnel. The
      difference between these wall thicknesses and the total 1/4 inch wall
      thickness is taken up by the lead layer 49. This construction results in
      the use of a lead layer within the limits of the critical range presented
      above. Of course, various other wall thicknesses for the inner and outer
      tubes may be employed and various thicknesses and plies of the fabric
      layer 46 may be used in combination to provide the critical range of the
      lead layer dimension. The term fabric is used here to denote a nonmetallic
      material which is knitted, woven, felted, or otherwise formed into a
      discontinuous mass capable of damping sound energy.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sound attenuating bar stock feed tube comprising in combination an
      elongated inner tube, the inner tube including on its exterior a covering
      of non-metallic sound-absorbing material, a concentrically disposed
      elongated outer tube having an internal diameter greater than the external
      diameter of the inner tube to thereby define with the inner tube an
      annular space, closure means for said annular space at each end, a layer
      of lead shot in said annular space, said lead layer having a thickness of
      between approximately 0.090 to 0.120 inches, said layer of lead shot being
      formed of a particle size in the range of approximately 0.030 to 0.050
      inch whereby it forms a loose layer of between 2 and 3 courses of
      particles.
NUM  2.
PAR  2. A sound attenuating bar stock feed tube comprising in combination an
      elongated inner cylindrical feed tube, an outer cylindrical tube
      concentric about and of substantially the same length as said inner tube,
      said outer tube having an inner diameter greater than the diameter of an
      outer surface of the inner tube whereby an annular space is formed between
      the inner and outer tubes, closure means at each end of said annular
      space, at least one layer of woven fabric in contact with and wrapped
      about said outer surface of said inner tube, the thickness of said woven
      fabric layer being selected in relation to the outside diameter of said
      inner tube and the inside diameter of said outer tube to leave a radial
      clearance zone in said annular space of about 0.090 to 0.120 inch between
      said fabric layer and the inside surface of said outer tube, a layer of
      lead shot in said annular space, said shot being provided with a particle
      size in a range of about 0.030 to 0.050 inch whereby it forms a
      sound-absorbing layer of approximately 2 to 3 courses of loose particles.
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ABST
PAL  A power driven typewriter comprising a shiftable carrier supporting a
      rotatable and axially movable flexible type drum having a plurality of
      circumferentially extending rows of type characters thereon. Type keys,
      when depressed, each condition one each of two groups of actuators and
      cause operation of a power driven cyclically operable clutch which drives
      a power bail to operate the two conditioned actuators, one of which is
      effective to rotate the type drum from any position it may be in to a new
      position and the other actuator being effective to raise or lower the type
      drum from any position it may be in to a new position to thus align a type
      character corresponding to the key depressed at the printing position.
      Upon alignment of a selected type character, the type drum is flexed
      radially to cause an imprint. Means are provided to dampen torsional
      oscillation, wobble, etc. of the drum prior to imprinting.
PARN
PAR  This is a division of application Ser. No. 69,542, filed Sept. 4, 1970, now
      U.S. Pat. No. 3,780,845.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to typewriters and has particular reference to a
      power driven typewriter having a single type element such as a type drum
      including a plurality of circumferential rows of type characters thereon,
      which drum is movable coordinately under control of different type keys to
      locate a selected type character at a printing point.
PAR  In my co-pending application Ser. No. 773,145, filed on Nov. 4, 1968, I
      disclosed a typewriter of the above type.
PAR  It is the principal object of the present invention to reduce the number of
      operating parts in a typewriter of the above type.
PAR  Another object is to reduce the inertia and momentum of a rotatable and
      axially movable type drum and entrained mechanism.
PAR  Another object is to provide a typewriter having a rotatable and axially
      movable type drum in which the amount of travel of the drum in response to
      depression of different type keys is reduced to a minimum.
PAR  Another object is to simplify the construction of the type drum and
      printing means of a typewriter of the above type.
PAR  Another object is to provide a type drum which is flexed radially to print
      and in which means are provided to effect consistent printing impression
      from all type characters on the drum.
PAR  Another object is to dampen any oscillations or vibrations of a movable
      type drum prior to imprinting.
PAR  Another object is to provide a simple and inexpensive device for effecting
      partial letter spacing of a type drum.
PAR  Another object is to provide a simple and infinitely variable device for
      controlling the printing impression of a type member.
PAR  A further object is to provide power driven means for both rotatably and
      axially moving a type drum from any character printing position thereof to
      any other position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The manner in which the above and other objects of the invention are
      accomplished will be readily understood on reference to the following
      specification when read in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a longitudinal sectional view through a typewriter embodying a
      preferred form of the present invention and illustrating mainly the type
      drum rotating mechanism.
PAR  FIG. 2 is a sectional view similar to FIG. 1 but illustrating mainly the
      type drum raising and lowering mechanism.
PAR  FIG. 3 is a sectional view illustrating the case shift mechanism.
PAR  FIG. 4 is a sectional plan view illustrating the partial letter space
      mechanism.
PAR  FIG. 5 is a sectional view illustrating the case shift clutch controls.
PAR  FIG. 6 is a sectional plan view illustrating the case shift clutch and is
      taken substantially along the line 6--6 of FIG. 5.
PAR  FIG. 7 is a sectional view illustrating the print impression control
      mechanism.
PAR  FIG. 8 is a side view, partially in section, illustrating the type drum and
      type drum carrier.
PAR  FIG. 9 is a sectional plan view taken substantially along the line 9--9 of
      FIG. 8.
PAR  FIG. 10 is a fragmentary plan view of the keyboard and associated
      mechanism.
PAR  FIG. 11 is a fragmentary plan view illustrating the bell mechanism.
PAR  FIG. 12 is a sectional view taken substantially along the line 12--12 of
      FIG. 11.
PAR  FIG. 13 is a fragmentary sectional view of the actuator interlock and is
      taken along line 13--13 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, the typewriter, in general, comprises a keyboard
      partially indicated at 11 (FIGS. 1 and 10) which includes 44 depressible
      type keys, a type drum carrier 12 (FIGS. 1, 8 and 9) shiftable
      transversely of the typewriter, and a type drum 13 carried by the carrier
      12, the drum being rotatable and axially movable different amounts by
      power under control of different ones of the keys to locate any one of a
      series of 88 type characters at a printing point P on a non-shiftable
      platen 14. There are four circumferentially extending rows 15,16, 17, and
      18 of type characters 20 formed on the drum, each row containing 22
      equally spaced characters. A font of 44 lower case type characters extends
      throughout a zone of 180.degree. on one side of the drum and a font of 44
      upper case type characters extends throughout the remaining zone of
      180.degree..
PAR  As shown in FIGS. 8 and 9, the type drum 13 is preferably formed of
      one-piece molded plastic. In order to make the drum as light as possible
      and highly flexible in a radial direction but not in an axial direction,
      the outer shell thereof is in the form of a cylindrical lattice in which
      each type character 20 is formed on the outer surface of a radially
      extending slug 21, such slugs being interconnected by thin flexible
      bridging connectors 22. The shell terminates at its upper end in flexible
      spokes 23 which curve inwardly to a thin sleeve portion 24, the latter
      terminating in a hub 25 which is slidably keyed for axial movement on a
      tubular drive element 26 rotatably mounted on a hollow bearing post 27
      attached to the carrier 12. The drive element 26 is secured to the upper
      end of a shaft 28 which is journaled in the post 27 and is attached at its
      lower end to a bevel gear 30 (FIG. 1) meshing with a second bevel gear 31.
      The latter is slidably keyed on a shaft 32 which is effective both to
      partly slidably support the carrier 12 and to rotate the type drum to
      present different type characters to the printing point P. Brackets, one
      of which is shown at 331, depending from the carrier 12 on opposite sides
      of the gear 31 maintain the gears 30 and 31 in mesh in all positions of
      the carrier along the platen.
PAR  The shaft 32 is rotatably mounted at its opposite ends in bearings (not
      shown) carried by the framework of the typewriter and is angularly
      adjusted to rotate the type drum to different positions by a setting shaft
      33 (FIGS. 1 and 3) through a case shift control mechanism generally
      indicated at 34. The latter is effective upon depression of a case shift
      key (not shown) carried by a case shift lever 35 (FIGS. 5 and 6) to
      initially rotate the shaft 32 relative to shaft 33 an amount sufficient to
      rotate the type drum 180.degree. so as to present the upper case font in
      printing relation to the platen. Upon release of the case shift key, the
      type drum is returned 180.degree. so as to present the lower case font in
      printing relation to the platen.
PAR  The case shift control mechanism comprises a gear sector 36 fixed on shaft
      32 and meshing with a gear sector 37 rotatably mounted on shaft 33. An arm
      38 is fixed on shaft 33 and is pivotally connected at 40 to a link 41
      carrying a pin 42 which engages in a curved slot 43 in the sector 37 and
      also loosely extends in a somewhat curved slot 44 formed in an arm 45
      which is pivotally supported at 46. The arm 45 has an elongated slot 47
      embracing an eccentric 48 fastened to a shaft 50 (see also FIGS. 5 and 6).
      The eccentric is normally in its position shown in FIG. 3 to cause the
      type drum to present the lower case font in printing relation to the
      platen. However, upon depression of the case shift key, the shaft 50 is
      rotated 180.degree. by means of a cyclically operable case shift clutch
      generally indicated at 51 and upon release of the case shift key it is
      again rotated 180.degree..
PAR  The clutch 51 comprises a helically wound spring 52 surrounding the hub of
      a gear 53 meshing with the drive pinion 54 of a continuously rotating
      motor 55. One end of the spring 52 is attached to a disc 56 fastened to
      the shaft 50 and its opposite end 57 extends radially to engage either of
      two ears 58 and 60 formed on a clutch control lever 61 which is fulcrummed
      at 62 and pivotally connected at 63 to the case shift control lever 35.
PAR  Normally, when the case shift key is in its raised position, tension
      springs 163 and 64 hold the clutch control lever 61 in its illustrated
      position wherein the spring end 57 engages the clutch lever ear 58 and the
      gear 53 rotates freely within the spring 52 and the eccentric 48 holds the
      arm 45 in its upper position, permitting an over center tension spring 65,
      tensioned, between the pin 42 and an ear 66 on the arm 38, to hold the pin
      at the upper extremity of the slot 43. In this condition, differential
      rocking of the shaft 33 under control of different type keys, as will
      appear later, will transmit movement through the arm 38, link 41 and
      sector 37 to cause a corresponding rocking of the shaft 32 and rotation of
      the type drum to align a selected lower case type character with the
      printing point P.
PAR  Upon depression of the case shift key, the clutch control lever 61 is
      rocked clockwise, enabling the spring 52 to grip the hub of gear 53 to
      rotate the shaft 50 and eccentric 48 180.degree. to lower the arm 45,
      causing the upper edge of the slot 44 to lower the pin 42 along slot 43
      and thus cam the sector 37 clockwise relative to the shaft 33 to rotate
      the type drum 180.degree.. The over center spring 65 now passes below the
      pivot 40 causing the pin 42 to engage the lower extremity of slot 43 while
      permitting rocking movement of the shaft 33 to be transmitted to shaft 32
      to align a selected upper case type character with the printing point P.
PAR  Describing now the means for selectively positioning the type drum by power
      under control of the various type keys to present any of the 44 type
      characters in either font in printing position relative to the platen,
      each of the type keys is mounted on a respective lever 71 (FIGS. 1 and 10)
      pivotally supported on a stationary shaft 72 and pivotally supporting an
      interponent 74 at 73. The latter has a primary shoulder 75 normally
      engaging an ear 76 on an associated lever 77 also pivoted on the shaft 72.
PAR  Each interponent 74 is engaged by a respective leaf spring 78 anchored at
      80, which spring urges the interponent clockwise relative to its key lever
      71 and thereby also urges the key lever itselff clockwise into its
      illustrated raised position.
PAR  Each lever 77 has a camming surface 81 on the lower edge thereof which
      engages an ear 82 on an actuator bail 83 pivotally supported on a
      stationary shaft 84 and carrying a camming roller 85 operable within a
      respective box cam 86 fixed on the setting shaft 33.
PAR  There are 11 actuators 83, one for each group of four type keys, and thus
      the four levers 77 associated with each such group of keys all engage the
      same ear 82 of one of the actuators.
PAR  The various box cams 86 are similar to each other and are fixed in a
      helical series about the shaft 33. Each cam comprises converging cam walls
      86a and 86b held in rigid relation to each other by an end wall 87. Such
      end wall, however, terminates below the relatively thin adjacent tips 88
      of the cam walls and thus such tips are relatively flexible. Also, the
      tips 88 are formed into semi-circular formations into which the respective
      cam roller 85 may seat.
PAR  As will be described later, when a type key is depressed and the actuator
      83 associated with the group in which such key lies is rocked counter
      clockwise under power, its roller 85 will engage one or the other of the
      cam walls of its cam 86 (depending upon the current position of the type
      drum) and will thus rotate the shaft 33 until the roller 85 seats against
      the tips 88, thus rotating the type drum into a position wherein a type
      character 20 corresponding to the key depressed is vertically aligned with
      the printing point P. During such action, the actuator 83 will be
      overdriven slightly in a counter clockwise direction as it reaches the
      upper extremity of its travel, causing the tips 88 of the cam walls to
      yield slightly. This not only absorbs some of the shock incurred in
      abruptly arresting the type drum in its new position but also insures that
      the camming roller 85 will always properly seat against the tips 88.
PAR  As disclosed in my above noted co-pending application, two cyclically
      operable power clutches are provided, i.e. a space clutch (not shown
      herein) for character spacing, backspacing, and returning the carrier 12
      to an initial position, and an action clutch 90, FIG. 2, for rotating and
      axially positioning the type drum to locate an appropriate one of the rows
      of type characters on the type drum at the printing point P, to cause
      operation of the space clutch, and to effect printing.
PAR  The action clutch 90 is of conventional construction and reference may be
      had to my aforementioned application for a description thereof. The latter
      is controlled by a clutch dog 91 fixed on a rock shaft 92 to which is
      fastened an arm 93 connected by a link 94 to an arm of bail 95 pivotally
      supported by the shaft 72. The bail lies in engagement with the arms of a
      series of four nested code bails 96 to 99, all independently pivotally
      supported by the shaft 72 and all extending behind all of the various key
      operated levers 77 (see also FIGS. 1 and 10). Such code bails are normally
      held in their illustrated clockwise rocked positions against a stationary
      member 100 by the bail 95 under the urge of a tension spring 101, thereby
      normally maintaining the clutch 90 disengaged.
PAR  Each of the code bails 96 to 99 has spaced tabs 102 thereon extending in
      engagement with certain of the levers 77.
PAR  Upon depression of a type key its lever 71, through its interponent 74,
      rocks the associated lever 77, camming the associated actuator 83 slightly
      counter clockwise to position a sharp shoulder 103 directly in front of a
      power bail 104 which is pivoted at 105 and extends across all of the
      actuators 83. At the same time, the actuated lever 77 rocks one of the
      code bails 96 to 99, depending upon which bail has a tab 102 in engagement
      with such lever, thereby rocking the clutch control bail 95 to cause
      engagement of the clutch 90. The latter, which is driven by the motor 55
      (FIG. 6) through means not shown, drives a shaft 106, to which is fastened
      a cam 107, through one complete revolution during each cycle of the
      clutch.
PAR  A cam follower 108, pivotally supported on a shaft 110, is connected by a
      link 111 to the power bail 104 and is held in engagement with the cam 107
      by a relatively strong tension spring 112 connected to the bail.
PAR  When the clutch 90 is engaged, the cam 107 will allow the spring 112 to
      rock the power bail 104 clockwise, causing it to cam along a camming
      surface 113 on the partly raised actuator 83, thereby forcing the latter
      counter clockwise to rotate its respective box cam 86, and thus the type
      drum, into an appropriate new setting.
PAR  It should be noted at this time that the type characters 20 on the type
      drum are so arranged in the different rows 15-18 that the four type
      characters representing the group of keys associated with the raised
      actuator will be vertically aligned with the printing point P.
PAR  During rocking of the power bail 104 it will sweep over curved surfaces 114
      on the remaining actuators 83, preventing such actuators from being raised
      at this time by their associated keys.
PAR  During counter clockwise rocking of an actuator 83 by the power bail 104 an
      ear 115 thereon will raise the associated interponent 74 a short distance,
      thereby releasing its shoulder 75 from engagement with the ear 76 of its
      lever 77, thus permitting disengagement of the clutch 90 at the end of its
      initial cycle. However, if the corresponding key is held below its normal
      depressed position, a secondary shoulder 116 on its interponent 74 will
      now engage the ear 76, thereby holding the clutch engaged throughout two
      or more successive cycles to cause successive printing by the same type
      character, as will appear later.
PAR  It should be noted that the ear 115 of each actuator spans the interponents
      74 of all of the four keys in the associated group.
PAR  During the latter part of the cycle of clutch 90, the cam 107 will return
      the power bail 104 clockwise to its illustrated home position, permitting
      a new key to be depressed to type the next character.
PAR  Means are provided under control of the different type keys to
      differentially raise or lower the type drum to align different ones of the
      rows of type characters 15 to 18 with the printing point P concurrently
      with rotation of the type drum so as to directly align a type character
      corresponding to a depressed type key with such printing point. For this
      purpose, a set of four actuators 83a (FIGS. 2 and 13) similar to actuators
      83, are provided. Such actuators 83a are pivotally supported on the shaft
      84 and carry cam rollers 85a which cooperate with box cams 86a, similar to
      cams 86, and all arranged in a helical series on a setting shaft 120,
      which is independent of, but co-axial with, the setting shaft 33. Suitable
      bearings (not shown) support the shaft 120 for rocking movement
      independently of shaft 33. Attached to shaft 120 is an arm 121 connected
      by a link 122 to an arm 123 fastened to the shaft 110 (see also FIG. 8)
      which also partly supports the carrier 12. A yoke 124 is mounted
      intermediate brackets 129 on the carrier and is slidably keyed on shaft
      110. Its arms are slotted at 125 to embrace trunnion pins 126 (see also
      FIG. 9) carried by a ring 127 seated within a groove in the hub 25 of the
      type drum. The ring 127 also carries a stud 128 which is guided in a
      vertical slot formed in an equalizing post 130 fixed to the carrier 12,
      the purpose of which will be described in detail later. The ring 127 is
      effective to move the yoke along the shaft 110 as the carrier 12 moves.
PAR  For visibility purposes, the type drum is normally held in its lower
      position shown in FIG. 8 wherein the upper row 15 of type characters lies
      below the level of the printing point P by a tension spring 119 attached
      to an arm 129 fastened to the shaft 120.
PAR  Each of the code bails 96 to 99 (FIG. 2) carries a camming foot 131 which
      engages an ear 82a of a respective one of the actuators 83a. Accordingly,
      when a type key is depressed, one of the code bails 96 to 99, depending
      upon the location of the tabs 102, will be actuated to rock the associated
      actuator 83a slightly counter clockwise, placing its camming surface 113a
      in the path of the power bail 104 so that the actuator will be operated in
      the same manner as described in connection with the actuators 83 to engage
      its box cam 86a and thus, through shaft 110, appropriately position the
      type drum in an axial direction while it is being rotated.
PAR  It should be noted at this time that the tabs 102 and the actuators 83 are
      preferably arranged in a particular manner depending on the manner in
      which the type keys are depressed by a typist using the well-known "Touch"
      typing system wherein each finger is assigned to depress only a certain
      pattern of keys. For example, one finger might be assigned to depress only
      the keys I, Q, A and Z (see FIG. 10). Now, since the typist can
      sequentially depress two keys assigned to two different fingers more
      rapidly than she can sequentially depress two keys assigned to the same
      finger, each of the actuators 83 is preferably arranged to be operated by
      a group of four keys assigned to be depressed by the same finger. This
      will insure that sufficient time is allowed to sequentially depress two
      different keys in the same group so that the actuators 83 and 83a
      controlled by one key can be brought back to their initial positions
      before the actuators controlled by the next key are operated.
PAR  Normally, when typing at a relatively slow rate, the spring 119 might be
      effective to return the type drum on its lower position after each cycle
      but in the event a new key is depressed prior to such movement by spring
      119, the newly operated actuator 83a will move the type drum from any
      axial position it is currently in to a new position.
PAR  It will be noted from the above that upon depression of any type key, one
      of the actuators 83 for causing rotation of the type drum to a new
      position and one of the actuators 83a for causing axial movement of the
      drum to a new position will be concurrently operated.
PAR  In addition to the interlocking feature comprising the power bail 104 for
      preventing concurrent operation of two or more actuators 83 or two or more
      actuators 83a, a ball type interlock device generally indicated at 190
      (FIGS. 1, 2, and 13) is provided to prevent simultaneous depression of two
      keys in different ones of the above mentioned groups. Such device
      comprises a series of balls 191 movable along a channel shaped track 192
      extending across all of the actuators 83 and 83a. End stops, i.e. 193, at
      opposite ends of the series of balls are spaced to permit only two of the
      actuators, that is, any one of actuators 83 and any one of the actuators
      83a, to be swung through their respective strokes at any one time.
PAR  Print control means are provided under control of the clutch 90 to imprint
      a selected type character at the printing point P on the platen shortly
      after the type drum has been properly positioned. For this purpose, a
      shaft 132 (FIGS. 1, 7, and 8) is rotatably mounted at its ends in bearings
      carried by the typewriter framework and has slidably keyed thereon a
      printing impression member in the form of a combined printing hammer and
      centralizer arm 133 located between two brackets, i.e. 134, on the carrier
      12 so as to constrain the arm to move with the carrier. The arm has an
      indented head portion 135 adapted to engage a pyramidal formation 136 on a
      generally aligned one of the type slugs 21 to accurately center the
      aligned type character just prior to printing. The shaft 132 is actuated
      to cause an imprint through an impression control mechanism shown in FIG.
      7. For this purpose, a pair of cams 137 and 138 FIG. 7) are suitably
      driven by the clutch 90 through one complete revolution during each cycle
      of the clutch. The cam 137 has a dwell portion 140 which is normally
      engaged by a roller 141 carried by an arm 142 fixed on the shaft 132 and
      urged against the dwell portion 140 by a tension spring 143 whereby to
      normally hold the printing arm 133 in its full line position of FIG. 8.
PAR  At a mid-portion of a cycle of clutch 90, the cam 137 allows the spring 143
      to rock the shaft 132 counter clockwise, causing the arm 133 to
      frictionally engage the sleeve portion 24 of the type drum and thereby
      dampen any torsional oscillations of the type drum occasioned by the
      abrupt arresting of the same. Shortly thereafter, the cam 138 engages a
      roller 144 on an arm 145 pivoted on shaft 132, causing the latter to rock
      the arm 142 through a wedging member 146 which engages between a roller
      147 on the arm 145 and a roller 148 on the arm 142. Thus, the shaft 132 is
      rocked clockwise to swing the printing arm 133 out of engagement with the
      sleeve portion 24 into engagement with a generally aligned slug 21,
      precisely aligning the same and causing a radial flexing of the type drum
      to effect printing through a printing ribbon 150 which is moved opposite
      the printing point P just prior to the printing operation as is described
      in my above-noted application.
PAR  It will be noted that when the printing arm 133 strikes a slug 21 the type
      drum will flex radially mainly about a horizontal axis extending across
      the spokes 23, although the drum may also deform slightly into an
      out-of-round condition. Since the different rows 15-18 are located
      different distances from the spokes the printing arm 133 would normally
      tend to cause a greater printing impression to occur when striking a slug
      in a lower row, i.e. 18, for example, than when striking a slug in an
      upper row. Impression control means are provided for equalizing such
      uneven impression tendency and for this purpose, the post 130 (FIGS. 5 and
      9) inclines outward slightly as it extends upwardly away from the carrier
      and is adapted to be engaged by an inwardly extending annular skirt or
      flange 200 formed on the bottom of the type drum when the print arm 133
      engages a slug 21. Thus, as the drum is raised the space between the post
      130 and the skirt 200 becomes smaller to reduce the amount of radial
      swinging of the drum about the upper end thereof.
PAR  Two oscillation dampening posts 201 and 202 are also attached to the
      carrier 12 and extend upwardly into the typpe drum in close proximity to
      the inner periphery of the skirt 200. Such posts extend parallel to shaft
      28. Any radical oscillations or wobble of the type drum will result in the
      skirt engaging the posts 201 and 202 and thus damping such oscillations.
PAR  Means are provided to adjust the amount of printing impression by the
      printing arm 133 depending, for example, on the number of carbon copies to
      be printed or the desired intensity of the print. For this purpose, the
      wedging member 146 is pivotally connected at 150 to a lever 151 pivotally
      supported at 152 and provided with a knob 153 which may be manually
      adjusted to raise and lower the wedging member any desired amount so as to
      change the angular relationship between the arms 142 and 145. Suitable
      means (not shown) maintains the lever 151 in any adjusted position.
PAR  As described in my forementioned application, the carrier 12 is movable in
      either direction along the length of the platen 14 by a screw threaded
      shaft 160 (FIGS. 1 and 4). Such shaft is screw threaded through a bracket
      161 depending from the carrier and is rotated by the spring clutch (not
      shown herein). Such clutch is cyclically operable and is effective to
      cause the shaft 160 to advance the carrier one letter space during each
      cycle.
PAR  Means are provided herein to effect a partial letter spacing of the
      carriage. For this purpose, the shaft 160 is both rotatably and endwise
      movable at one end thereof in a bearing formed in a frame plate 162 (FIG.
      4) and at its opposite end it has a reduced bearing section 163 rotatably
      mounted in a block 164 retained thereon by a suitable clip 165. The block
      164 is slidable endwise in a bearing formed in a second frame plate 166.
PAR  A spring lever 171 is secured at one end thereof to the plate 166 by screws
      168 and engages in a groove 172 in the block 164. The lever 171 terminates
      at its free end in a knob 173 which may be manually moved to flex the
      lever 171 about a curved portion 174 thereof and thus move the shaft 160,
      and consequently the carrier 12, any desired amount which a letter space.
PAR  Referring to FIGS. 11 and 12, a bell 175 is supported by the carrier 12 to
      sound an audible alarm when the carrier 12 approaches the righthand end of
      its travel. The bell is mounted on a post 176 secured to the carrier and
      is adapted to be struck by a weighted striker 177 formed partly of a
      spring wire 178 anchored at 180 on the carrier. An actuating lever 181 is
      pivoted at 182 on the carrier and is normally held in its illustrated
      position by a leaf spring 183. Lever 181 has a camming nose 184 engagable
      with an arm 185 adjustable along a tab shaft 186. Normally the arm 185 is
      stationary. When the carrier 12 moves past the arm 185 in the direction of
      the arrow A, the arm will rock the lever 181 counter clockwise without
      deflecting the striker 178. However, when the carrier moves past the arm
      185 in the direction of the arrow B the arm will rock the lever 181
      clockwise thus deflecting the striker 178 so that when the nose 184 passes
      the arm the striker 178 will be released and will swing into engagement
      with the bell.
CLMS
STM  I claim:
NUM  1.
PAR  1. A typewriter comprising:
PA1  a. a rotatable drive member;
PA1  b. a type drum mounted on said drive member for movement therewith, said
      drum having a plurality of type characters on the outer surface thereof,
      each of said type characters being movable relative to the remainder of
      said drum member;
PA1  c. selectively operable character selecting elements;
PA1  d. means controlled by said selecting elements for effecting alignment of
      the type character corresponding to the particular selecting element
      operated with a predetermined printing position;
PA1  e. print control means for causing each of said type characters to move
      from a normal position spaced from said printing position to accurately
      arrive at said printing position and to consistently apply a predetermined
      pressure on a record medium, said print control means including
PA2  i. a printing impression member;
PA2  ii. means responsive to operation of each of said selecting elements for
      causing said impression member to move a predetermined distance along a
      predetermined path to effect imprint of the type character corresponding
      to the selecting element operated at said printing position against a
      record medium, said distance and path being the same for all of said
      selecting elements, and
PA2  iii. impression control means restricting movement of said drum toward said
      printing position, the extent of said restricted movement being a function
      of the location of the selected type character on said drum, to ensure
      that each of said type characters applies equal pressure on said record
      medium.
NUM  2.
PAR  2. A typewriter as defined in claim 1 wherein said impression member
      sequentially moves along said path from a first position where said
      impression member is out of contact with said drum to a second position in
      contact with said drum.
NUM  3.
PAR  3. A typewriter as defined in claim 1 wherein said impression member
      sequentially moves along said path from
PA1  a. a first position wherein said impression member is out of contact with
      said drum to permit free movement of said drum during alignment of a
      selected type character with said printing position;
PA1  b. to a second position wherein said impression member contacts a portion
      of said drum to dampen any torsional oscillation of the drum occasioned by
      stopping movement of the drum when the selected type character is aligned
      with said printing position and then
PA1  c. to a third position wherein said impression member contacts the portion
      of said drum immediately behind the selected type character to precisely
      align the type character and cause the type character to contact the
      record medium.
NUM  4.
PAR  4. A typewriter as defined in claim 1 wherein:
PA1  a. said drum has a cylindrical section;
PA1  b. said type characters are aligned in a plurality of equally axially
      spaced rows, each row including a plurality of equally spaced type
      characters around the periphery of said cylindrical section; and
PA1  c. said drum is axially movable by the means controlled by said selecting
      elements from a first position prior to operation of said selecting
      elements wherein said type characters are spaced axially below said
      impression member to a second position effected by operation of each of
      said selecting elements wherein a type character corresponding to the
      selecting element operated is axially aligned with said impression member.
NUM  5.
PAR  5. A typewriter as defined in claim 1 wherein said type drum includes a hub
      mounted on said drive member and an outer shell spaced from said hub,
      support means for supporting said shell from said hub, said type
      characters being mounted on the exterior surface of said shell and said
      printing impression member being mounted between said hub and said shell.
NUM  6.
PAR  6. A typewriter as defined in claim 1 wherein said drum includes a
      plurality of slugs spaced axially and circumferentially about said drum,
      each slug having a type character on the outer surface thereof, the inner
      surface of each of said slugs having the same configuration, said
      impression member including a portion having a configuration complimentary
      to the slug inner surface configuration to effect a mating
      interrelationship when said impression member contacts each of said slugs.
NUM  7.
PAR  7. A typewriter as defined in claim 1 wherein the means responsive to
      operation of the selecting elements includes a rotary cam and an
      oscillating cam follower responsive to said cam, the cam follower being
      operatively connected to said impression member to effect movement of said
      impression member said predetermined distance.
NUM  8.
PAR  8. A typewriter comprising:
PA1  a. a type drum having a plurality of type characters on the outer surface
      thereof;
PA1  b. a rotatable screw threaded shaft;
PA1  c. a carrier mounted in driving engagement with said shaft; said type drum
      being mounted on said carrier;
PA1  d. slectively operable character selecting elements;
PA1  e. a printing impression member;
PA1  f. a motor continuously operating when said typewriter is in an "on" mode;
PA1  g. an action cyclical clutch driven by said motor and responsive to
      operation of said selecting elements;
PA1  h. a space cylical clutch driven by said motor and responsive to operation
      of said selecting elements;
PA1  i. first means for effecting alignment of a type character corresponding to
      the particular selecting element operated with a predetermined printing
      position, said first means being actuated by said action clutch;
PA1  j. second means driven by said action clutch for causing said impression
      member to imprint the type character corresponding to said particular
      selecting element at said printing position against a record medium; and
PA1  k. third means for actuating said space clutch to effect rotation of said
      screw threaded shaft by said motor and movement of said carrier relative
      to said record medium.
NUM  9.
PAR  9. A typewriter as defined in claim 8 including means for effecting
      continuous operation of said space clutch throughout at least two
      successive cycles effecting continuous rotation of said screw threaded
      shaft and continuous movement of said carrier relative to said record
      medium.
NUM  10.
PAR  10. A typewriter as defined in claim 8 wherein:
PA1  a. said drum has a cylindrical section;
PA1  b. said type characters are aligned in a plurality of equally axially
      spaced rows, each row including a plurality of equally spaced type
      characters around the periphery of said cylindrical section; and
PA1  c. said drum is axially movable by said first means from a first position
      prior to operation of said selecting elements wherein said type characters
      are spaced axially below said impression member to a second position
      effected by operation of each of said selecting elements wherein a type
      character corresponding to the selected element operated is axially
      aligned with said impression member.
NUM  11.
PAR  11. A typewriter as defined in claim 8 wherein said second means includes a
      cam and a cam follower responsive to said cam, said cam being driven by
      said action clutch and said cam follower being operatively connected to
      said impression member to effect consistently accurate movement of said
      impression member a fixed preselected distance.
NUM  12.
PAR  12. A typewriter as defined in claim 8 including means for effecting
      continuous operation of said action clutch throughout at least two
      successive cycles effecting successive cyclical operation of said space
      clutch and successive intermittent rotation of said screw threaded shaft.
NUM  13.
PAR  13. A typewriter as defined in claim 8 including means for effecting
      operation of said action clutch for a single cycle upon depression of any
      of said character selecting elements a first distance, said action clutch
      effecting operation of:
PA1  a. said first means to properly position said type drum;
PA1  b. said second means to actuate said impression member; and
PA1  c. the space clutch to move said carrier one letter space, movement of any
      of said character selecting elements a second distance greater than said
      first distance effecting continuous operation of said action clutch
      throughout at least two successive cycles effecting successive operation
      of said first means, said second means and said space clutch to cause
      multiple, spaced printing of the type character corresponding to the
      depressed character selecting element.
NUM  14.
PAR  14. A typewriter comprising:
PA1  a. a type drum having a plurality of type characters on the outer surface
      thereof;
PA1  b. a rotatable screw threaded shaft;
PA1  c. a carrier in driving engagement with said shaft; said type drum being
      mounted on said carrier;
PA1  d. a selectively operable character selecting keys;
PA1  e. a motor;
PA1  f. clutch means driven by said motor in response to operation of said keys;
PA1  g. first means actuated by said clutch means for effecting printing of a
      type character against a record medium and for effecting motor driven
      rotation of said shaft and movement of said carrier relative to said
      record medium;
PA1  h. a plurality of interponents each of which is operable by depressing at
      least one of said keys;
PA1  i. a clutch control member engagable by said interponents upon depression
      of said key for causing actuation of said clutch means;
PA1  j. a spring engagable with each of said interponents for normally
      maintaining said interponents in engagement with said control member, the
      spring also being effective to hold the keys in a raised position.
NUM  15.
PAR  15. A typewriter as defined in claim 14 wherein each of said interponents
      has a primary surface and a secondary surface, depression of one of said
      keys a predetermined amount causing said primary surface to operate said
      control member to effect actuation of said clutch means for a single cycle
      and depression of one of said keys beyond said predetermined amount
      causing said secondary surface to contact and operate said control member
      to effect actuation of said clutch means for at least two cycles.
NUM  16.
PAR  16. A typewriter comprising:
PA1  a. a type drum having a plurality of type characters on the outer surface
      thereof;
PA1  b. a screw threaded shaft mounted for rotational and axial movement;
PA1  c. a carrier in driving engagement with said shaft; said type drum being
      mounted on said carrier;
PA1  d. selectively operable character selecting elements;
PA1  e. means for effecting imprint of a selected type character against a
      record medium;
PA1  f. first means for moving said type drum to effect alignment of the type
      character corresponding to the particular selecting element operated with
      a predetermined printing position;
PA1  g. second means for effecting rotation of said screw threaded shaft and
      movement of said carrier axially relative to said shaft and record medium,
      said carrier being moved at least one letter space for each action of said
      second means;
PA1  h. yieldable means for normally preventing axial movement of said shaft;
      and
PA1  i. manually operable means for moving said shaft axially relative to said
      record medium to move said carrier through any part of said letter space.
NUM  17.
PAR  17. A typewriter comprising:
PA1  a. a platen;
PA1  b. a type drum having a plurality of spaced rows of type characters on the
      outer surface thereof;
PA1  c. a carrier mounted for longitudinal movement relative to said platen,
      said type drum being mounted on said carrier;
PA1  d. a keyboard having
PA2  i. a plurality of substantially parallel rows of selectively operable
      character selecting elements, the number of rows of character selecting
      elements being equal to the number of rows of type characters and being
      generally parallel to said platen and
PA2  ii. a plurality of columns of character selecting elements, said columns
      being transverse to said rows of selecting elements;
PA1  e. a motor;
PA1  f. clutch means driven by said motor for moving said carrier relative to
      said platen for positioning said drum relative to a printing position and
      for effecting printing of a selected type character; and
PA1  g. first means including a plurality of actuators responsive to said
      character selecting elements for actuating said clutch means to effect
      alignment of a type character corresponding to the particular selecting
      elements operated with said printing position, the number of actuators
      being equal to the number of character selecting elements evenly divided
      by a whole number greater than one and not greater than the number of rows
      of character selecting elements, each actuator being responsive to at
      least two keys aligned within the same column.
NUM  18.
PAR  18. A typewriter as defined in claim 17 wherein the number of actuators is
      equal to the number of character selecting elements divided by the number
      of rows of character selecting elements.
NUM  19.
PAR  19. A typewriter as defined in claim 18 wherein the number of character
      selecting elements is 88 and the number of actuators is 11.
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ABST
PAL  An automatic line finder and line counter apparatus is provided for use
      with an automatic typewriter system of the type including a typewriter and
      a magnetic record unit. The line finder and line counter comprises
      thumbwheel switches, a counter, and logic circuit means responsive to
      signals from the counter and the automatic typewriter system for
      controlling the line spacing or indexing mechanism of the typewriter. When
      the typewriter system is not in the automatic playback mode in the line
      finder and line counter apparatus performs normal line finding and normal
      line counting. When the system is in the automatic playback mode the line
      find and line counter apparatus performs automatic line finding and
      automatic line counting. Automatic line finding permits unattended
      continuous playback of variable length messages on constant length
      continuous forms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in automatic typewriter
      systems of the type comprising a typewriter and a magnetic record unit.
      These systems include a typewriter for typing characters on a form or
      sheet of paper held in the typewriter line spacing or indexing mechanism,
      and a magnetic card or tape unit for recording or storing signals
      representing the character keys actuated by an operator. The sytem may be
      operated in a LOCAL mode whereby it functions as a conventional
      typewriter, a RECORD mode wherein signals representing the actuated keys
      are recorded on a magnetic record, or in a PLAYBACK mode wherein signals
      stored on the magnetic record are played back to control the typing
      mechanism. When operated in the PLAYBACK mode, the sytem may play back the
      signals representing either one character, one word, one line, or one
      paragraph, depending on which one of several actions keys is depressed by
      the operator. On the other hand, if the operator depresses an automatic
      action key while the system is in the PLAYBACK mode the system
      automatically plays out and types the recorded data until a STOP code is
      sensed.
PAR  Conventionally, a STOP code has been employed to terminate automatic
      playback at the end of a message that is less than one page in length, or
      at the end of each page and at the end of the message when the message
      extends over one page. When the STOP code is sensed the system stops and
      the operator inserts a new sheet of paper or, if continous forms are being
      used, manually advances the index mechanism to bring the first typing line
      of the next sheet into the typing position. Thus, the attention of the
      operator is required at least once for each page typed.
PAR  In the prior art, the line finding and line counting (pagination) functions
      have conventionally been performed by separate mechanisms. The pagination
      function has been performed by a counter which has been incremented or
      decremented as each line is typed. When the count reaches a predetermined
      value the counter emits a signal to indicate that the last line to be
      typed on that page has been typed. The line finding mechanisms of the
      prior art have comprised overhead tractor feeds with or without a special
      motor, or coded tapes, beaded chains, or cams. These mechanisms for
      finding the first line of the next sheet of a continuous form are not only
      bulky and expensive, but frequently require repair.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide means for controlling an
      automatic typewriter system whereby continuous playback of variable length
      messages on constant length continuous forms is accomplished without
      requiring the attention of the operator.
PAR  An object of the invention is to provide for an automatic line finding and
      automatic pagination when the system is operating in the automatic
      playback mode.
PAR  An object of the invention is to provide means for performing normal line
      finding and normal pagination when the system is not operating in the
      automatic playback mode.
PAR  A further object of the invention is to provide apparatus wherein a single
      counter is utilized to accomplish both the line finding and the line
      counting functions.
PAR  The above stated and other objects of the invention are accomplished by the
      provision of manually operated switch means, a counter, logic circuit
      means responsive to signals from the counter and the automatic typewriter
      system for controlling the counter and generating index signals, a means
      responsive to the index signals for advancing a form and index means
      associated with the automatic typewriter system. The switch means is
      manually set to a predetermined count which may be either the maximum
      number of lines to be typed on a page if pagination is to be performed, or
      the number of lines between the first typing lines of two adjacent sheets
      of a continuous form if line finding is to be performed. The logic circuit
      means includes means responsive to signals from the automatic typewriter
      system and the counter for producing signals to decrement the counter,
      transfer the value set into the switch means into the counter, advance the
      paper index mechanism of the typewriter, and control the automatic
      typewriter system, the particular signals produced varying according to
      the count in the counter and the typewriter system operating mode.
PAR  Other objects of the invention and its mode of operation will become
      apparent upon consideration of the following description and the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the invention showing its relationship to an
      automatic typewriter system of the prior art;
PAR  FIG. 2 is a table showing the code employed by the thumbwheel switches and
      the counter;
PAR  FIG. 3 is a logic diagram of the counter; and,
PAR  FIGS. 4 and 5 are logic diagrams of the control circuits of the invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAC  The system -- FIG. 1
PAR  FIG. 1 shows a typical automatic typewriter sytem 8 comprising a typewriter
      10 and a magnetic record and a data processor unit 12. The automatic
      typewriter system 8 may, for example, be one of the word processing
      systems such as the magnetic tape or magnetic card systems currently
      marketed by the Sperry Rand Corporation. The typewriter 10 includes
      keyboard circuits 10a for generating various signals in response to
      depression of keys on the typewriter keyboard, and an index mechanism 10b
      for vertically indexing or line spacing either sheet-type forms or
      continuous forms which are initially inserted into the typwriter 10 by an
      operator. The typewriter 10 may be constructed as disclosed in U.S. Pat.
      No. 3,757,920.
PAR  The magnetic record and data processor unit 12 is responsive to operation
      of the various keys on the typewriter keyboard to record data on a
      magnetic tape or card. In addition, the unit 12 is also responsive to
      operation of various keys on the typewriter keyboard to read information
      recorded on the tape or card and supply it to the typewriter 10 where it
      is printed on the form held by the index mechanism 10b.
PAR  Since the word processing system 8 is a commercially available system well
      known in the art, and since the system 8 requires no modification for use
      with the present invention, its operation will not be described in detail.
      However, actuation of some of the keys on the typewriter keyboard produces
      signals which are used by the circuits of the present invention hence a
      brief explanation of the opeations performed in response to actuating of
      these keys will aid in understanding the operation and utility of the
      present invention.
PAR  The typewriter keyboard includes the normal complement of keys representing
      numeric and alphabetic characters. In addition, the keyboard includes a
      plurality of mode keys and action keys including RECORD, PLAY, ADJUST,
      SKIP and EDIT mode keys and CHARACTER, WORD, LINE, PARAGRAPH, AUTO and
      FIND MARK action keys.
PAR  When the RECORD mode key is depressed it places the system 8 in condition
      to record on a magnetic record signals representing text material that is
      entered into the system 8 by subsequently actuating the various numeric
      and alphabetic keys on the keyboard. After the RECORD mode key is
      depressed, the usual procedure is to record a reference mark. Reference
      marks are used to define the starting point of lines, pages, or
      paragraphs, depending on the particular job being performed, and enable
      the system to locate specific passages of material when it is subsequently
      desired to play back and automatically type this material. A reference
      mark is recorded by depressing a CODE key on the keyboard while at the
      same time depressing the EQUAL key. After the reference mark is recorded,
      a required carrier return signal is recorded on the record by depressing
      the CODE key while at the same time depressing the carrier return key.
      After this has been done, the text material can be recorded by actuating
      the alphabetic and numeric keys in the conventional manner. After the text
      material has been recorded, a STOP code must be recorded. The purpose of
      the STOP code is to indicate to the system 8 wherein it should stop
      playback when the material recorded on the record is subsequently played
      back and typed by the typewriter 10.
PAR  When the PLAY mode key is depressed it places the system 8 in condition to
      playback and type information previously recorded on the magnetic record.
      The text is typed exactly as it was recorded, line for line. The action of
      the system when it is in PLAYBACK mode is determined by which of the
      action keys is depressed. Each time the CHARACTER key is depressed the
      system 8 will play back and type one character and stop. When the WORD key
      is depressed the sytem 8 plays back and types one word before stopping.
      Each actuation of the LINE key causes one complete line of text to be
      typed and a carrier return operation to take place. The carrier return
      operation moves the typing head of the typewriter 10 back to the left
      margin. Each depression of the PARAGRAPH key causes the system 8 to play
      back and type one paragraph of text after which a carrier operation takes
      place and the machine stops.
PAR  When the AUTO key is depressed while the system 8 is in the PLAYBACK mode,
      it initiates a playback operation and text is typed out until a STOP code
      is sensed on the magnetic record. When the FIND MARK key is depressed text
      material is played back from the record and typed by the typewriter 10
      until a reference mark is sensed on the record.
PAR  The ADJUST mode key is used in a manner similar to the PLAYBACK mode key
      described above. However, in the ADJUST mode the right margin of the
      printed text is adjusted to within seven characters of the margin set on
      the typewriter 10 so that the text is not typed line for line as is done
      in the PLAYBACK mode.
PAR  Depression of the EDIT mode key conditions the system 8 to both playback
      and record. Playback takes place from one magnetic record and the playback
      information is recorded on a second magnetic record. As the text is
      transferred it is printed by the typewriter 10. Additional text material
      may be recorded on the second magnetic record by operating the keys on the
      keyboard. The action keys are utilized to control the length of the text
      transferred from the first to the second magnetic record. For example, one
      depression of the WORD key will cause one word to be transferred from the
      first to the second magnetic record if the system 8 is in the EDIT mode.
PAR  The SKIP key is used in conjunction with the action keys to skip portions
      of the recorded text when operating in the EDIT mode. For example,
      depression of the SKIP and WORD keys will cause the system to skip over
      the next word recorded on the magnetic record. The skipped word is not
      typed by the typewriter 10 nor is it rerecorded on the second magnetic
      record.
PAR  In accordance with the present invention the signals representing the
      status of the mode and action keys are made available at a connector
      terminal and are connected by way of a cable 14 to a line finder/line
      counter control logic circuit 16. Also included in the cable 14 are leads
      for carrying three further signals designated XCR, BSYTIN and IKBLK. The
      signal XCR is available from the typewriter keyboard circuits 10a anytime
      a carrier return operation takes place. The carrier return may be
      initiated by depression of the CARRIER RETURN key on the keyboard, or by
      sensing a CARRIER RETURN code played back from the magnetic record after
      having been recorded thereon at the end of each line of recorded text.
PAR  The IKBLK is a keyboard interlock signal available from the keyboard
      circuits 10a and indicates when the keyboard is locked. The keyboard is
      locked under several conditions such as when data is being transferred
      from magnetic record unit 12 to the typewriter 10. The keyboard is also
      locked when the system 8 is in a SKIP mode, when a keyboard-initiated
      carrier return takes place, and when an error situation occurs as a result
      of system malfunction or operator error. When the system is operating in
      the output mode, the keyboard is also locked during the time each
      character is being processed, and at other times such as when a carrier
      return operation occurs. The keyboard is continuously locked when the
      typewriter system 8 is in the automatic playback mode.
PAR  The signal BYSTIN occurs anytime the typewriter 10 is performing a
      character print cycle or a function cycle such as a carrier return or tab.
PAR  In addition to cable 14 and control logic 16, the present invention
      comtemplates the provision of a counter 18, thumbwheel switches 20, an
      ENTER key 22, an INDEX key 24, an amplifier 26, and a solenoid 28.
PAR  When the invention is used as a line counter thumbwheel switches 20 are
      used to manually enter into the system of FIG. 1 an indication of the
      maximum number of lines that should be typed on each form inserted into
      the index mechanism 10b. When used as an automatic line finder, the value
      entered into the thumbwheel switches 20 is equal to the number of printing
      lines between the first printing lines on two consecutive sheets of a
      continuous form. Two thumbwheel switches 20 are provided, one for the
      units order and one for the tens order. Each switch 20 provides a coded
      output on four output lines to indicate the number that has been set into
      the switch 20. The switches 20 may be of the type manufactured by Amp,
      Inc. (Manufacturer's part number SC2-406-1) but wired to produce an output
      code in accordance with the table shown in FIG. 2.
PAR  The coded output from the units order thumbwheel switch 20 is applied to
      the units order of counter 18 while the coded output from the tens order
      thumbwheel switch 20 is applied to the tens order of the counter 18. The
      counter 18 receives the signals PRESET and CA over leads 30 and 31 from
      the control logic 16 and in response to these signals assumes a count
      corresponding to the value set into the thumbwheel switches 20. The
      counter 18 also receives the signal DECREMENT over a lead 32 and in
      response to this signal the value in the counter 18 is decreased by one.
      The counter 18 provides two output signals over leads 34 and 36 to
      indicate to the control logic 16 when the count in the counter 18 has been
      decremented to 01 and 00, respectively.
PAR  The ENTER key 22 acts through control logic 16 to generate the PRESET and
      CA signals on leads 30 and 31. Thus, an operator may set a value on the
      thumbwheel switches 20 and then depress the ENTER key 22 to cause the
      value to be entered into the counter 18.
PAR  The INDEX key 24 if provided to permit line finding under control of the
      operator. When key key 24 is depressed the control logic 16 issues a
      sequence of DECREMENT signals on lead 32 and for each of these DECREMENT
      signals it issues a INDEX signal on a lead 38 which is applied to the
      amplifier 26. When the counter 18 has been decremented to zero, the INDEX
      pulses are terminated. The INDEX pulses are applied through amplifier 26
      to the solenoid 28 which actuates a mechanical linkage 40. Mechanical
      linkage 40 is connected to the typewriter index mechanism 10b whereby each
      of the pulses on the lead 38 causes the index mechanism 10b to operate
      thereby line spacing the paper in the index mechanism 10b upwardly one
      line.
PAR  As is apparent from FIG. 1, the present invention may be added to the
      existing automatic typewritier system 8 with only a minimum of
      modification to the system 8. All that is required is the mechanical
      linkage 40 for operating the index mechanism 10b, and a connector by means
      of which the cable 14 may be connected to the typewriter keyboard circuits
      10a.
PAC  THE COUNTER -- FIG. 3
PAR  FIG. 3 shows the details of the counter 18. Referring to the units
      denominational order, each order of the counter 18 includes a four bit
      binary shift register 50, a plurality of NANDS 52, 54, 56 and 58, a pair
      of inverters 60 and 62, a monostable multivibrator 64, and a NOR 66.
PAR  The shift register 50 may be a Fairchild Model 9300 universal shift
      register comprising four binary stages Q00-Q03 having input terminals P0,
      P1, P2, and P3 and output terminals Q0, Q1, Q2 and Q3. The input terminals
      P0, P1, P2 and P3 of shift register 50 are connected by way of leads UB1,
      UB2, UB4, and UB8 to the output terminals of the units order of thumbwheel
      switches 20. Signals representing the value set on the units order of
      thumbwheel switch 20 are entered in parallel into the shift register 50 if
      the signal applied to input terminal PE is at the low level at the time
      there is a transition of the voltage at the input terminal CP from the
      high level to the low level. As subsequently explained, this is
      accomplished by applying a high level signal CA over the lead 31 to NOR 66
      while the signal PRESET on lead 30 is at a low level.
PAR  In order to provide the counting function, the NANDS 52, 54, 56 and 58
      logically combine the signals from the four stages of the shift register
      50, and the output of NAND 52 controls the state to which shift register
      stage Q00 is set upon occurrence of the next low-going transition of the
      voltage at input terminal CP. The output of shift register stage Q00 is
      applied to NAND 54 and through inverter 60 to NAND 58. The output of shift
      register stage Q01 is applied to NAND 56. The output of shift register
      stage Q3 is applied to NANDS 54, and 56, and through inverter 62 to NAND
      58. The output of the active low side (Q3) of the fourth stage of the
      shift register 50 is connected to NANDS 54 and 58. The outputs of NANDS
      54, 56 and 58 are applied as inputs to NAND 52 and the output of NAND 52
      is applied to the J and K inputs of the first stage of the shift register
      50.
PAR  The count standing in shift register 50 is decremented by one each time a
      positive-going DECREMENT signal appears on lead 32. This signal triggers
      the monostable multivibrator 64 and the resulting positive-going output
      from the multivibrator 64 drives the output of NOR 66 toward the low
      level. Assume for example that the value 9 has been entered into shift
      register 50 from the thumbwheel switch 20. From FIG. 2 it is seen that the
      signals appearing at terminals Q0 and Q2 will be at the high level while
      the signals appearing at terminals Q1 and Q3 will be at the low level. The
      signal appearing at terminal Q3 blocks NANDS 54 and 58 while the signals
      appearing at terminal Q1 blocks NAND 56. With the ouptut of NANDS 54, 56
      and 58 all at the high level NAND 52 produces a low level output signal
      that is applied to the J and K input terminals of stage Q00. Nothing
      happens until a DECREMENT signal on lead 32 causes the voltage at input
      terminal CP to drop from the high to the low level. When this occurs the
      content of each stage of the shift register 50 is shifted one stage to the
      right and, because of the low level input to terminals J and K, the
      leftmost stage is set so that the signal appearing at terminal Q0 is at
      the low level. The counter 18 now contains a count of 8.
PAR  Since shift register counters are well known in the art, a detailed
      description of the successive decrementations of the counter 18 is
      believed unnecessary. It is sufficient to state that the counter 18 counts
      and produces output signals in accordance with the code shown in FIG. 2.
PAR  The tens order of the counter 18 is identical to the units order described
      above. However, the four input terminals P0, P1, P2, and P3 of the tens
      order are connected to the coded outputs of the tens order thumbwheel
      switch 20. Furthermore, the tens order counter is not decremented by a
      signal from an external source but is instead decremented each time the
      units order changes from 0 to 9. As shown in FIG. 2, the signals appearing
      at terminals Q1 and Q2 are both at the high level when the units order of
      the counter 18 contains a count of zero. As a result, the output of NAND
      56 is at the low level. When the count changes from 0 to 9, the signal
      sppearing at terminal Q1 drops to the low level thus producing a
      positive-going signal at the output of NAND 56. This signal is applied
      over a lead 70 to trigger the monostable multivibrator 64'. The output of
      multivibrator 64' drives the output of NOR 66' toward the low level thus
      decrementing by one the count in shift register 50'.
PAR  As previously stated, the output of NAND 56 in the units order is at the
      low level anytime the units order of the count is zero. The output of NAND
      56 is applied to one input of a NOR NAND 72. In like manner, the output of
      NAND 56' in the tens order of the counter 18 is at the low level when the
      tens order digit is zero. The output of NAND 56' is applied to a second
      input of NOR NAND 72. Therefore, when the count in the counter 18 has
      reached a value of zero NOR 72 produce a high level signal on lead 36.
PAR  A NAND 74 is provided for sensing when the count in the units order of the
      counter 18 has a value of one. The inputs of NAND 74 are connected to
      output terminals Q0 and Q1 of the register 50 and the output of the NAND
      74 is connected to one input of a NOR 76. The second input of NOR 76 is
      connected to the output of NAND 56'. Therefore, when the count in counter
      18 has reached a value of 01 NOR 76 produces a high level signal on lead
      34.
PAC  DECREMENTING THE COUNTER - NORMAL
PAR  The circuits for decrementing the counter 18 are shown in the upper portion
      of FIG. 4 and include two monostable multivibrators 80 and 82, which may
      be Fairchild type 74123 multivibrators, and two NANDS 88 and 90. Generally
      speaking, these circuits generate a DECREMENT signal on lead 32 to
      decrement to counter 18 each time a carrier return operation is executed
      by the typewriter 10. The carrier return signal XCR is applied to FIG. 4
      from the typewriter 10 over a lead 92. The lead 92 is connected to an
      interface or level shifting circuit 93 including a pair of face to face
      diodes 94 and 98, the cathodes of the diodes 94 and 98 being connected
      through a first resistor to a negative voltage source and the anode of
      diode 98 being connected through a second resistor to a positive voltage
      source. The resistor and voltage source values are chosen such that the
      anode of diode 98 is at a low level when XCR is low, but rises to the
      value of the positive voltage source when XCR rises to the high level to
      block diode 98.
PAR  The anode of diode 98 is connected by a lead 100 to the B input of
      monostable multivibrator 80 and one input of NAND 88. The Q output from
      multivibrator 80 is connected by a lead 102 to the A input of
      multivibrator 82, and the Q output from multivibrator 82 is connected by a
      lead 104 to a second input of NAND 88.
PAR  Normally the XCR signal on lead 92 is at the logic zero or low level but
      upon occurrence of a carrier return operation the signal on lead 92 rises
      to the logic one or high voltage level. The resulting high level signal on
      lead 100 conditions one input of NAND 88 and triggers monostable
      multivibrator 80. When the multivibrator 80 is triggered, its Q output
      rises to the high level and remains for 8 milliseconds. At the end of the
      8 millisecond interval the multivibrator 80 returns to its initial state
      and the negative-going signal on lead 102 triggers multivibrator 82. When
      multivibrator 82 is triggered the signal on lead 104 rises to the high
      level for a period of 800 nanoseconds thereby conditioning the second
      input of NAND 88. If the voltage level on lead 100 is still at a high
      level when multivibrator 82 is triggered, the output of NAND 88 drops to
      the low level thereby blocking one input to NAND 90. As will be evident
      subsequently, the signal on lead 106 is positive at this time, hence, when
      NAND 90 is blocked by the output from NAND 88, the signal on lead 32 rises
      to the high level. This signal is applied to monostable multivibrator 64
      in FIG. 3 thus triggering the units order of the counter 18 to decrement
      in the manner described above.
PAR  Since the signal XCR results from operation of contacts on the keyboard,
      the purpose of multivibrators 80 and 82 is to permit the signal XCR to
      stabilize before it is sampled. Multivibrator 80 provides an 8 millisecond
      delay interval during which the stabiliztion may take place, and
      multivibrator 82 produces an 800 manosecond signal to sample the XCR
      signal at NAND 88.
PAC  DECREMENTING THE COUNTER-THE INDEX SEQUENCE
PAR  Under certain conditions which are subsequently explained in detail, it is
      necessary to generate a sequence of one or more decrement pulses on the
      lead 32 and, for each of these pulses, to send a pulse to the index
      mechanism 10b which causes the index mechanism 10b to space the form
      therein one line. Monostable multivibrators 84 and 86 comprise the means
      for generating these pulses. The index sequence occurs when the signal
      FIND on lead 108 drops to the low level. Lead 108 is connected to one
      input of a NOR circuit 110 which has a second input 112 connected to the Q
      output of multivibrator 86. The Q output of multivibrator 86 is normally
      at the low level hence when the FIND signal drops to the low level NOR 110
      produces a positive-going signal on lead 114 to trigger multivibrator 84.
PAR  When multivibrator 84 is triggered its Q output drops to the low level thus
      generating the signal INDEX on lead 38. As shown in FIG. 1, the INDEX
      signal is applied through an amplifiier 26 to a solenoid 28. The solenoid
      28 acts through a mechanical linkage 40 to operate the index mechanism 10b
      thereby spacing the form in the index mechanism 10b upwardly one line.
PAR  When multivibrator 84 is triggered its Q output appearing on lead 116 rises
      to the high level. At the end of an 80 millisecond interval multivibrator
      84 returns to its initial state and the voltage on lead 116 returns to the
      low level. The negative-going signal triggers multivibrator 86 causing the
      signal on lead 106 to drop to the low level while the signal on lead 112
      rises to the high level. The low level signal on lead 106 blocks NAND 90
      thereby producing a positive-going DECREMENT pulse on lead 32. This pulse
      decrements the counter 18 as previously described.
PAR  Multivibrator 86 provides an 80 millisecond delay interval during which the
      solenoid 28 (FIG. 1) is deenergized and returned to its initial condition.
      As the end of the 80 millisecond interval the multivibrator 86 returns to
      its initial condition and the signal on lead 112 returns to the low level.
      If the FIND signal on lead 108 is still at the low level at the time the
      signal on lead 112 drops to the low level, NOR 110 produces another
      positive-going pulse to again trigger multivibrator 84. This initiates
      another cycle of operation of multivibrators 84 and 86 as described above
      and during this cycle another signal INDEX and another DECREMENT signal
      are generated. The index sequence continues until the FIND signal on lead
      108 rises to the high level. When this occurs the low level signal on lead
      112 cannot retrigger multivibrator 84 so the sequence stops. The manner in
      which the FIND signal is generated is described subsequently.
PAC  THE RESET AND TRANSFER ROUTINE
PAR  The logic circuits 16 are initialized or reset and the line count set into
      the thumbwheel switches 20 is transferred to the counter 18 by a Reset and
      Transfer Routine. This routine is initiated when the power is turned on,
      when the ENTER key 22 is depressed, or when the count in the counter 18 is
      decremented to zero.
PAR  In the lower portion of FIG. 4, two monostable multivibrators 120 and 122
      have their B inputs connected to a lead 124. Lead 124 is connected through
      a resistor 126 and the lead 23 to the ENTER key contacts, through a
      resistor 128 to a source of positive voltage, through a capacitor 130 to
      ground and to the R input of a bistable flipflop 132. Flipflop 132 is a
      D-type flipflop and may, for example, be a Fairchild type 7474.
PAR  The lead 34, which carries a signal indicating when the count in counter 18
      has reached 01, is connected to the D input of a D-type flipflop 134, the
      C input of a D-type flipflop 136, and the A inputs of multivibrators 120
      and 122. The Q output of multivibrator 120 is connected to a NOR 138. The
      lead 36, which carries a signal indicating when the counter 18 contains a
      count of 00, is connected to a second input of NOR 138. The output of NOR
      138 is the signal PRESET. It is applied over a lead 140 to the C input of
      flipflop 132 and over the lead 30 to the PE terminals of the universal
      shift registers 50 and 50' (FIG. 3). The lead 30 is also connected to one
      input of a NAND 142 (FIG. 5) and is further connected by a lead 144 to the
      R input of a D-type flipflop 146.
PAR  The Q output of flipflop 132 is the signal ENTER. This signal is applied
      over a lead 148 to the S input of a D-type flipflop 150 (FIG. 5). The Q
      output of flipflop 132 is the signal ENTER. It is applied to one input of
      a NOR 152, the output of the NOR 152 being connected by a lead 154 to the
      R input of flipflop 134. The signal ENTER is also applied over a lead 156
      to the inputs of two NORS 158 and 160 (FIG. 5). The output of NOR 158 is
      connected to the R input of a D-type flipflop 162 and the output of NOR
      160 is connected to one input of a NAND 164. NAND 164 is cross coupled
      with a further NAND 166 to form a flipflop 168. The output of NAND 166 is
      the signal LSTA which is applied over a lead 170 to the D input of
      flipflop 136 (FIG. 4).
PAR  As previously stated, depression of the ENTER key 22 resets the logic
      circuits and causes the transfer of the count in the thumbwheel switiches
      20 to the counter 18. When the ENTER key 22 is depressed the signal XENTER
      (FIG. 4) momentarily drops to the low level. The resulting low level
      signal on lead 124 resets the flipflop 132 thereby driving the signal
      ENTER on lead 148 to the low level. This low level signal sets flipflop
      150 (FIG. 5). As flipflop 132 is reset the positive-going signal ENTER is
      inverted by NOR 152 and the output of the NOR 152 resets flipflop 134. The
      ENTER signal is also applied over the lead 156 to FIG. 5 where it is
      inverted by NOR 158 to become a reset signal for flipflop 162. The ENTER
      signal on lead 156 is also inverted by NOR 160 to become a reset signal
      for the flipflop 168.
PAR  The signal XENTER remains at the low level only momentarily and then
      returns to the high level. The resulting positive-going signal on lead 124
      triggers both of the multivibrators 120 and 122, provided the signal on
      lead 34 is at the low level.
PAR  When multivibrator 120 is triggered its Q output goes to the high level for
      a period of 80 milliseconds. This signal is inverted by NOR 138 and the
      resulting low level PRESET signal on lead 30 is applied to the PE
      terminals of the shift registers 50 and 50'. When multivibrator 122 is
      triggered its Q output rises to the high level and the signal CA is
      applied over lead 31 to the NORS 66 and 66' (FIG. 3). The NORS 66 and 66'
      produce negative-going output signals that are applied to the CP input
      terminals of the shift registers 50 and 50'. The negative-going signals at
      the input terminals CP, in combination with the low level PRESET signal
      being applied to the input terminals PE, condition the shift registers 50
      and 50' to receive combinations of signals representing the value set into
      the thumbwheel switches 20.
PAR  In addition to conditioning the shift registers 50 and 50', the low level
      signal PRESET performs certain circuit resetting functions. In FIG. 5, it
      blocks NAND 142 which is cross coupled with a NAND 172 to form a flipflop
      174. NAND 172 is further connected to receive the signal XINDEX from the
      index key 24. The signal XINDEX is normally at a high level so when NAND
      142 is blocked by the PRESET signal NAND 172 produces a low level output
      signal on lead 176. The lead 176 is connected to one input of a NOR 178.
      The PRESET signal on lead 30 also passes over lead 144 to reset the
      flipflop 146. When the flipflop 146 is reset the low level signal at its Q
      output is applied over lead 180 to a second input of NOR 178. The NOR 178
      produces a high level FIND signal on lead 108 that is applied to NOR 110
      (FIG. 4). NOR 110 produces a negative-going signal on lead 114 but this
      signal has no effect on multivibrator 84 since it takes a positive-going
      signal to the B input to trigger the multivibrator 84. Furthermore, since
      multivibrator 120 is still active a low level signal is being applied over
      lead 182 to the R input of multivibrator 84. This low level signal
      overrides any input to the B input terminal of the multivibrator 84 and
      also holds flipflop 136 reset.
PAR  When flipflop 146 is reset it applies a low level signal to one input of a
      NOR 184. NOR 184 is already receiving a low level signal over lead 186
      from the flipflop 150 which has been previously set. NOR 184 therefore
      produces a positive-going output signal which would normally set flipflop
      162. However, flipflop 162 is still receiving a low level signal at its R
      input terminal which overrides any triggering signal applied to the C
      input terminal.
PAR  About 80 milliseconds after the ENTER key 22 is depressed multivibrator 120
      returns to its initial state and its Q output drops to the low level. The
      output of NOR 138 rises to the high level so long as lead 36 is at the low
      level and this positive-going signal is applied over lead 140 to trigger
      flipflop 132 into the set condition so that its Q output goes high and its
      Q output goes low. This terminates the overriding set signal applied to
      flipflop 150 and the overriding reset signals applied to flipflops 134,
      162 and 168. The overriding reset signal applied to flipflop 146
      terminates when the output of NOR 138 (i.e. PRESET) rises to the high
      level. This completes the reset and transfer routine.
PAR  The reset and transfer routine just described is also performed when the
      power is turned on. The turning on of the power causes a rise in voltage
      on the lead 124 (FIG. 4) in the same manner as the operation of the ENTER
      key 22. Therefore, the sequence of operations for loading the counter 18
      and resetting the logic circuits 16 is exactly the same when the power is
      turned on as when the ENTER key 22 is depressed. It may be noted that the
      capacitor 130 is tied to lead 124 to delay the rise in voltage on the lead
      124 when the power is turned on. This enables other voltage conditions in
      the circuits to stabilize before the positive-going signal on lead 124
      triggers the multivibrators 120 and 122.
PAR  A modified reset and transfer routine takes place when the count in counter
      18 is decremented to 00. During the modified reset and transfer routine,
      the value set on the thumbwheel switches 20 is entered into the counter 18
      as described above, but certain flipflops in the control circuits 16 are
      not initialized as is done in a complete reset and transfer routine.
PAR  In FIG. 4, the signal 01 on lead 34 drops to the low level as the count in
      counter 18 changes from 01 to 00. The signal 01 triggers multivibrators
      120 and 122 to initiate the modified reset and transfer routine. However,
      flipflop 132 is not reset before multivibrators 120 and 122 are triggered.
      Since flipflop 132 is normally set, it will not change state during the
      modified reset and transfer routine. Therefore, the ENTER signal will not
      set flipflop 150 and the ENTER signal will not reset flipflops 134, 162
      and 168. Except for these differences, the modified routine is the same as
      the basic reset and transfer routine.
PAC  MODE DETERMINATION
PAR  Since the present invention performs automatic pagination or automatic line
      finding when the typewriter system 8 is in the automatic playback mode,
      and performs normal pagination and normal line finding when the typewriter
      system 8 is not in the automatic playback mode, it is necessary to provide
      to the logic circuits of FIGS. 4 and 5 signals indicating what mode the
      automatic typewriter system 8 is in. Furthermore, since the action keys
      MARK, WORD, LINE, PARAGRAPH, CHARACTER and AUTO are momentary contact
      switches, some means must be provided for storing an indication of whether
      the AUTO action or some other action key was the last one depressed.
      Flipflop 168 is provided for this purpose.
PAR  The output of the AUTO key switch is the signal XAUTO. It is connected
      through an interface circuit 186 and an inverter 188 to one input of NAND
      166. The signal XAUTO is normally at the low level but upon depression of
      the AUTO key the signal rises to the high level. Inverter 188 inverts the
      high level signal so that a low level signal is produced to block NAND
      166. This sets the flipflop 168 so that a high level signal LSTA appears
      on lead 170 and a low level signal appears on lead 190.
PAR  The signals XMARK, XWORD, XLINE, XPARA, and XCHAR are derived from the
      switches associated with the FIND MARK, WORD, LINE, PARAGRAPH, and
      CHARACTER action keys, respectively. Each of these signals is connected
      through a diode and an interface circuit 192 to one input of NOR 160. The
      signals XMARK, XWORD, XLINE, XPARA, and XCHAR are normally at the low
      level so that the junction 194 is held at the low level. When one of the
      keys MARK, WORD, LINE, PARA or CHAR is depressed, the signal from that key
      rises to the high level thereby raising the voltage at junction 194. This
      blocks diode 196 so that the signal on lead 198 rises to the high level.
      This signal is inverted by NOR 160 and applied to one input of NAND 164 to
      reset the flipflop 168. This causes output lead 170 from the flipflop 168
      to drop to the low level while the output of lead 190 rises to the high
      level. Thus, if the AUTO key is the least action key depressed the
      flipflop 168 is in the set condition, but if the MARK, WORD, LINE, PARA of
      CHAR action key was the last key depressed then the flipflop 168 is in the
      reset condition.
PAR  In order to place the automatic typewriter system 8 in the AUTO playback
      mode it is not only necessary that the AUTO action key be the last action
      key depressed, but the PLAYBACK mode key must also be depressed. The mode
      keys are not momentary keys as are the action keys but instead produce a
      continuous signal when they are depressed.
PAR  The output of the PLAYBACK key is the signal XPLAY. This signal is applied
      through the interface circuit 202 to one input of NOR 200. The output of
      NOR 200 is connected to one input of a NAND 204. The output of the EDIT
      mode key is the signal XEDIT. This signal is applied through an interface
      circuit 206 to a junction point 208. The output of the SKIP mode key is
      the signal XSKIP. This signal is applied through an interface circuit 210
      to the junction point 208. The junction point 208 is connected by lead 212
      to an input of NAND 204.
PAR  As long as the EDIT mode and SKIP mode keys are not depressed, the signals
      XEDIT and XSKIP are both at a high level thus holding the junction point
      208 and one input of NAND 204 at the high level.
PAR  NAND 204 is connected by lead 214 to the D input of flipflop 150. The lead
      214 is at a high level when the automatic typewriter system 8 is not in
      the automatic playback mode and is at the low level when the typewriter
      system 8 is in the automatic playback mode. When the operator depresses
      the PLAYBACK mode key it drives one input of NOR 200 to the low level.
      When the operator subsequently depresses the AUTO key the XAUTO signal
      sets flipflop 168 so that a low level signal is applied over lead 190 to
      the second input of NOR 200. NOR 200 produces a high level output to NAND
      204 which is also receiving a high level signal over input lead 212.
      Therefore, the output of NAND 204 drops to the low level.
PAR  If either the EDIT mode key or the SKIP mode key is depressed, the
      corresponding signal XEDIT or XSKIP drops to the low level thereby driving
      junction point 208 to the low level. This low level signal passes over
      lead 212 to block NAND 204 thereby driving the voltage on lead 214 to the
      high level.
PAR  From the foregoing description it is seen that when the typewriter system 8
      is in the AUTO PLAYBACK mode flipflop 168 produces the high level signal
      LSTA and controls the application of a low level signal over lead 214 to
      the D input of flipflop 150. On the other hand, when the typewriter system
      8 is not in the AUTO PLAYBACK mode, LSTA is at the low level and the input
      to flipflop 150 over lead 214 is at the high level. The signal LSTA on
      lead 170 and the signal on lead 214 together define the AUTO playback
      mode.
PAC  NORMAL PAGINATION
PAR  If the system 8 is not operating in the automatic playback mode, it may be
      used to provide the operator with a positive end of page indication. This
      is accomplished as follows. The operator positions a form in the
      typewriter index mechanism 10b to the first line on which typing is to
      occur. The operator sets into the thumbwheel switches 20 an indication of
      the maximum number of lines to be typed on the form. The operator then
      depresses the ENTER key 22 so that the value set into the thumbwheel
      switches 20 is entered into the counter 18 of FIG. 3. The reset and
      transfer routine also initializes the logic circuits 16 so that the
      flipflop 168 (FIG. 5) is reset and the flipflop 150 is set. With flipflop
      168 reset a positive signal is applied over lead 190 and through NOR 200
      and NAND 204 to the D input of flipflop 150. As long as this input is held
      at the high level the flipflop 150 cannot be triggered to the reset state
      so it remains in the set state. With flipflop 168 reset, the signal LSTA
      is at a low level and thus conditions flipflop 136 (FIG. 4) so that
      flipflop 136 cannot be subsequently set when its C input rises to the high
      level.
PAR  After the ENTER key 22 has been depressed the operator may begin normal
      typing. At the end of each line the operator depresses the CARRIER RETURN
      key on the typewriter keyboard so that the index mechanism 10b spaces the
      form upwardly one line while the type carrier mechanism is being returned
      to the left margin. Each depression of the CARRIER RETURN key generates
      the signal XCR (FIG. 4) and each XCR signal causes one decrement signal to
      appear on lead 32 as previously described. This decrement signal reduces
      by one the count in the counter 18.
PAR  Each XCR signal also tests the flipflop 134 (FIG. 4) to determine if the
      count standing in counter 18 has been decremented to 01. Each XCR signal
      produces a low level output from NAND 88 that is inverted by an inverter
      216 and applied to the C input of flipflop 134. The D input of flipflop
      134 receives the signal 01 which is at a low level as long as the count in
      counter 18 is at 01. Since the flipflop 134 was reset during the transfer
      and reset routine the positive-going pulses at its C input have no effect
      on the flipflop 134 as long as the D input remains at the low level.
PAR  For purposes of illustration, assume that the operator initially entered
      the value 10 into the thumbwheel switches before depressing the ENTER key
      22. After nine lines have been typed the ninth CARRIER RETURN key
      depression reduces the count in counter 18 to 01 and returns the carrier
      mechanism to the left margin so that the tenth line may be typed. After
      the tenth line is typed, and when the operator hits the CARRIER RETURN KEY
      for the tenth time, the signal XCR on lead 92 again causes a decrement
      signal to appear on lead 32 and a further high level pulse on lead 218.
PAR  The high level signal on lead 218 sets flipflop 134 since the count in the
      counter 18 is 01 and the D input to the flipflop 134 is at the high level.
      The flipflop 134 produces a high level output signal on lead 220 that is
      applied to the base of a transistor 222. The emitter of transistor 222 is
      connected to ground through a resistor and the collector is connected to
      the base of a further transistor 224. The emitter of transistor 24 is
      connected to a positive voltage source and the collector is connected by
      way of a lead 226 back to the lead 92.
PAR  The transistor 224 is effectively connected in parallel with the carrier
      return switch in the typewriter 10. Therefore, when flipflop 134 is set to
      turn on transistor 222, the transistor 224 is in turn turned on to apply a
      continuous carrier return signal to the carrier return mechanism. Since
      the typewriter keyboard normally locks up during carrier returns, this
      effectively locks up the typewriter 10 so that no further typing can be
      done, and provides the operator with a positive indication that the end of
      a page has been reached.
PAR  Immediately after flipflop 134 is set, the tenth decrement signal reduces
      the count in counter 18 to zero. At this time the signal 00 on lead 36
      rises to the high level while the signal 01 on lead 34 drops to the low
      level. The signal 01 triggers multivibrators 120 and 122 initiating a
      modified reset and transfer routing as previously described to again
      transfer the count from the thumbwheel switches 20 to the counter 18.
      During this modified reset and transfer routine the Q output of flipflop
      132 and the Q output of flipflop 136 both remain at the low level so that
      the flipflop 134 is not reset. Therefore, the transistor 224 remains in
      the conducting state and locks up the typewriter 10 by continuously
      energizing the carrier return mechanism.
PAR  The system of FIG. 1 may be returned to normal activity merely by
      depressing the ENTER key 22 at which time the system of FIG. 1 goes
      through a normal reset and transfer routine as previously described to
      initialize the logic circuits 16 and transfer the count from the
      thumbwheel switches 20 to the counter 18.
PAC  AUTOMATIC PAGINATION
PAR  When the typewriter system 8 is operating in the automatic playback mode
      the present invention automatically stops playback after a predetermined
      number of lines have been printed on a page. The number of lines to be
      typed is set into the thumbwheel switches 20 by the operator who then
      depresses the ENTER key 22. Actuation of the ENTER key 22 causes the
      previously described reset and transfer routine to take place during which
      the value set into the thumbwheel switches 20 is transferred to the
      counter 18 and the logic circuits 16 are reset. Next, the operator
      depresses the PLAYBACK mode key at which time the signal XPLAY (FIG. 5)
      drops to the low level. Since the flipflop 168 was reset during the reset
      and transfer routine the signal on lead 190 is at a high level hence the
      signal XPLAY causes no change in the output of NOR 200.
PAR  Next, the operator depresses the AUTO playback key. This locks up the
      typewriter keyboard and causes the keyboard circuits to emit a high level
      signal XAUTO and a low level signal IKBLK. The low-going signal IKBLK is
      applied over lead 230 (FIG. 5) to the C input of flipflop 150 but has no
      effect on the state of the flipflop 150. The XAUTO signal is inverted by
      amplifier 188 and applied to flipflop 168 thereby setting the flipflop
      168. Lead 190 from the flipflop drops to the low level and this signal is
      transmitted through NOR 200 and NAND 204 to the D input of flipflop 150.
      Again, this signal has no effect on the flipflop 150. The high level
      output of flipflop 168 appearing on lead 170 is applied to the D input of
      flipflop 136 (FIG. 4).
PAR  When the operator depresses the AUTO key the typewriter system 8 begins to
      playback and type out the message recorded on the magnetic record. At the
      end of each typing line a CARRIER RETURN code recorded on the record
      causes the carrier return mechanism to return to the left margin. As this
      occurs a signal XCR appears on lead 92 (FIG. 4) thereby causing
      multivibrators 80 and 82 to generate a decrement signal on lead 32 to
      decrement the counter 18. The typewriter system 8 continues typing out the
      message line for line and executing a carrier return at the end of each
      line until the count in counter 18 is decremented to 01. At this time the
      output signal 01 from the counter 18 rises to the high level and is
      applied over lead 34 to the C input of flipflop 136. Since the signal LSTA
      is at the high level, the positive-going signal 01 sets flipflop 136 so
      that the lead 232 rises to the high level. The high level signal is
      applied through NOR 152 to hold flipflop 134 in the reset state. The lead
      132 is also connected to the base of a transistor 234. The emitter of
      transistor 234 is connected through a resistor to ground and the collector
      is connected directly to the base of a further transistor 236. The emitter
      of transistor 236 is connected to a source of positive voltage and the
      collector is connected by a lead 238 back to the XLINE input lead of FIG.
      5.
PAR  The transistor 236 is connected in parallel with the LINE action key of the
      typewriter keyboard. Therefore, when the transistor 236 is rendered
      conductive it causes one line of the message to be typed out and a carrier
      return to be executed.
PAR  When flipflop 136 is set as the signal 01 rises to the high level, the
      output from the flipflop 136 turns on transistor 234 and this turns a
      transistor 236 thereby generating the signal LINE on lead 238. This signal
      is applied back over the XLINE input lead to the typewriter keyboard
      circuits 10a to cause the typewriter 10 to type out the last line of the
      message. The signal also takes the automatic typewriter system 8 out of
      the AUTO mode and the signal IKBLK rises to the high level. However, since
      the D input of the flipflop 150 is at the high level, the state of the
      flipflop 150 is not changed by the IKBLK signal.
PAR  In FIG. 5, the signal LINE on lead 238 is inverted by NOR 160 and resets
      the flipflop 168 so that the signal on lead 190 rises to the high level
      while the signal on lead 170 drops to the low level. The signal on lead
      190 causes a high level input to flipflop 150 over lead 214 while the low
      level signal on lead 170 is applied directly to flipflop 136 (FIG. 4).
PAR  At the end of the last line of typing the typewriter 10 again executes a
      carrier return and the signal XCR on lead 92 again causes a signal to be
      generated on lead 32 to decrement the counter 18 to zero. At the same
      time, a signal is generated on lead 218 but this signal cannot affect the
      flipflop 134 which is being held in the reset state at this time by the
      output from the flipflop 136.
PAR  As the counter 18 is decremented to zero the signal 01 from the counter 18
      drops to the low level. In FIG. 4, this signal is applied over lead 34 to
      the A inputs of multivibrators 120 and 122 and, since the B inputs of
      multivibrators 120 and 122 are at the high level the negative-going signal
      on lead 34 triggers both multivibrators 120 and 122.
PAR  This initiates a modified reset and transfer routine as previously
      described. During this routine the value set into the thumbwheel switches
      20 is again entered into the counter 18 and the logic circuits 16
      including flipflop 136 are reset. The operator may now insert a new sheet
      of paper into the typewriter indexing mechanism 10b so that it is ready
      for typing on the first line, and depress the AUTO action key again. This
      causes the typewriter system 8 to again operate in the automatic playback
      mode so that another page is automatically played back and typed. At the
      end of each line a carrier return operation takes place and the counter 18
      is decremented. When the counter 18 again reaches a count of 01 another
      LINE signal is generated to take the typewriter system 10 out of the AUTO
      action and place it in LINE action. At the end of the line a carrier
      return signal causes the counter 18 to be decremented to zero and this
      causes another modified reset and transfer routine during which the count
      in the thumbwheel switches 20 is again set in the counter 18 and the logic
      circuits 16 are reset.
PAR  From the above description it is seen that in the automatic pagination mode
      the operator merely places a sheet of paper in position for the first line
      of typing and hits the playback mode and AUTO action keys. The typing of
      the page then takes place automatically until the last line of the page
      has been typed at which time the typewriter 10 stops. The operator may
      then remove the typed page, insert a new page and depress the AUTO key to
      repeat the operation.
PAC  NORMAL LINE FINDING
PAR  Use of the line finding feature requires the use of continuous forms in the
      typewriter indexing mechanism 10b. The operator loads the form into the
      indexing mechanism 10b so that the first line of the first sheet of the
      form is in typing position. The operator then sets into the thumbwheel
      switches 20 a value corresponding to the number of lines between the first
      typing line on the first sheet of the form and the first typing line of
      the next consecutive sheet. The operator then depresses the ENTER key 22
      to initiate a transfer and reset operation. This resets the logic circuits
      16 and loads into counter 18 the value that has been set into the
      thumbwheel switches 20. Since it is assumed that this is a normal line
      finding operation, the operator may now operate the typewriter system 8 in
      any mode other than the AUTOMATIC PLAYBACK mode. At the end of each line
      of typing a carrier return operation is executed and the signal XCR on
      lead 92 causes a decrement signal to be produced on lead 32 and applied to
      the counter 18.
PAR  Any time before the counter 18 has been decremented to 00, the operator may
      terminate typing and cause the continuous form to be indexed to the first
      line of the next page. When the operator depress the INDEX key 24 the
      signal XINDEX sets flipflop 174 (FIG. 5) thus producing a high level
      signal on lead 176. This signal is applied through NOR 178 and NOR 110
      (FIG. 4) to the B input of multivibrator 84. As previously explained, when
      multivibrator 84 is triggered it produces the signal INDEX on lead 38 to
      advance the typewriter index mechanism 10b by one line, and after an
      interval of 80 milliseconds triggers multivibrator 86. Multivibrator 86
      produces a signal that passes through NAND 190 and over lead 132 to
      decrement the counter 18. At the end of 80 milliseconds the Q output from
      multivibrator 86 again triggers multivibrator 84 if the signal on lead 108
      is at the low level, that is, if the flipflop 174 is still set. Thus, as
      long as flipflop 174 is set multivibrator 84 continues producing INDEX
      pulses and for each of these pulses multivibrator 86 produces an output
      signal to decrement the counter 18.
PAR  The indexing operation stops when the count in the counter 18 has been
      reduced to zero. As the counter in the counter 18 changes from 01 to 00,
      the signal 01 on lead 34 at the output of the counter 18 drops to the low
      level and in FIG. 4 triggers multivibrators 120 and 122. This initiates
      the modified transfer and reset routing during which the count in the
      thumbwheel switches 20 is again set into the counter 18 and the logic
      circuits 16 are reset. During this routine the output from multivibrator
      120 over lead 182 holds multivibrator 84 reset. Also during this interval,
      the preset signal on lead 30 is applied to NAND 142 (FIG. 5) to reset the
      flipflop 174.
PAR  The continuous form is now positioned for typing on the first line of the
      next page and the operator may resume typing.
PAC  AUTOMATIC LINE FINDING
PAR  Automatic line finding is defined as that operation whereby, after the
      automatic typing of the text on a first sheet of a continuous form is
      completed, the continuous form is indexed to the first typing line of the
      next consecutive sheet, and automatic playback is resumed. Automatic line
      finding occurs when the typewriter system 8 is in the AUTOMATIC PLAYBACK
      mode and the keyboard is unlocked before the count in the counter 18 has
      been decremented to 01.
PAR  Assume for purposes of illustration that an operator has a set of
      continuous forms and that each sheet of the form is to have the name of a
      different individual typed thereon. Assume further that the list of names
      has previously been recorded on a magnetic record. In preparing the record
      the operator has recorded a carriage return and then a stop code following
      each name.
PAR  The operator sets into the thumbwheel switches 20 a number corresponding to
      the number of printing lines between the first printing lines of two
      consecutive forms. Next, the operator depressed the ENTER key 22 thereby
      initiating the transfer and reset routine during which the valve set into
      the thumbwheel switches 20 is transferred into counter 18 and the logic
      circuits 16 are reset. The operator then depresses the PLAY mode key and,
      although the signal XPLAY (FIG. 5) drops to the low level nothing happens
      because flipflop 168 has been reset and is applying a high level signal to
      NOR 200 over lead 190.
PAR  Automatic playback of the first name on the first sheet of the continuous
      form begins when the operator depresses the AUTO action key. At the same
      time, the signal XAUTO (FIG. 5) rises to the high level and sets flipflop
      168. The high level output signal LSTA from the flipflop 168 is applied to
      the D input of flipflop 136. The low level output from flipflop 168
      appearing on lead 190, in combination with the signal XPLAY which is also
      low at this time, causes NOR 200 to produce a high level output signal.
      Since the signals XEDIT and XSKIP are also high at this time NAND 204
      produces a low level output signal on lead 214 that is applied to the D
      input of flipflop 150. Since the keyboard is locked up as soon as the
      system 8 enters the AUTOMATIC PLAYBACK mode, the signal IKBLK is at a low
      level.
PAR  As the first name is automatically played back from the record and typed on
      the first sheet of the continuous form, nothing further happens in the
      line finding and line counter circuits of FIGS. 4 and 5. At the end of the
      first name the typewriter system 8 executes a carrier return and the
      signal XCR (FIG. 4) causes a DECREMENT signal on lead 32 to decrement
      counter 18. Next, the typewriter system 8 senses the recorded STOP code.
      This terminates the AUTO PLAYBACK mode in the typewriter system 8 and
      unlocks the keyboard 10 so that the signal IKBLK (FIG. 5) rises to the
      high level. The positive-going signal IKBLK resets flipflop 150 since the
      D input of the flipflop 150 is receiving a low level input signal.
PAR  The Q output of flipflop 150 is connected to the base of a transistor 250.
      The emitter of the transistor 250 is connected to ground through a
      resistor and the collector is connected to the base of a further
      transistor 252. The emitter of transistor 252 is connected to a source of
      positive voltage and the collector is connected by way of lead 254 to the
      XCHAR input lead.
PAR  The transistor 252 is effectively connected in parallel with the
      CHARACTER/STOP action key on the typewriter keyboard and when the
      transistor 252 is turned on it causes the same action as if the
      CHARACTER/STOP key were depressed. Therefore, when flipflop 150 is reset
      to turn on transistors 250 and 252, the signal on lead 254 passes through
      NOR 160 to reset the flipflop 168. The signal on lead 254 also flows back
      into the typewriter keyboard circuits 10a where it initiates action to
      play back the next character.
PAR  While the character following the STOP code is being processed by the
      typewriter system 8, the keyboard is again locked and the signal IKBLK
      drops to the low level. Also, while the character following the STOP code
      is being processed in index sequence is initiated. The index sequence is
      initiated by the Q output of flipflop 150 at the time this output turns on
      the transistors 250 and 252. The positive-going output of flipflop 150
      triggers flipflop 146 into the set state so that a positive-going signal
      appears on lead 180. This signal is inverted by NOR 178 and applied over
      lead 108 to FIG. 4 where it drives one input of NOR 110 to the low level.
      The second input of NOR 110 is already at the low level so NOR 110
      produces a positive-going output signal to trigger multivibrator 84 and
      initiate the index sequence. During the index sequence multivibrators 84
      and 86 repeatedly cycle to produce a sequence of INDEX pulses for
      advancing the typwriter index mechanism 10b and a sequence of DECREMENT
      pulses for decrementing the counter 18. While the index sequence is being
      carried out, the automatic typewriter system 8 completes processing of the
      character following the STOP code and the keyboard is unlocked so that the
      signal IKBLK returns to the high level. Since flipflop 168 has been reset
      so that the signal on lead 214 is at the high level, the positive going
      signal IKBLK again sets flipflop 150 thereby turning off transistors 250
      and 252. The negative going Q output of flipflop 150 does not trigger
      flipflop 146 but it does apply a low level signal to one input of NOR 184.
PAR  The index sequence continues until the count in the counter 18 has been
      decremented to 00. At this time the continuous form has been advanced so
      that the first typing line of the second sheet is in the typing position.
      As the counter 18 goes from a count of 0l to a count of 00, the signal 01
      on lead 34 drops to the low level. This negative-going signal triggers
      multivibrators 120 and 122 to initiate a modified reset and transfer
      routine. As multivibrator 120 is triggered its Q output goes high and is
      inverted by NOR 138 to produce the low level PRESET signal. In FIG. 5, the
      PRESET signal is applied over lead 144 to the R input of flipflop 146.
      This resets flipflop 146 and its Q output drops to the low level. The
      signal on lead 180 drops to the low level and since the signal on lead 176
      is also at the low level the FIND signal on lead 108 rises to the high
      level. This signal is applied to NOR 110 in FIG. 4 and drives the output
      of NOR 110 to the low level thereby terminating the index sequence.
PAR  When flipflop 146 is reset it applies a low level input signal to NOR 184
      which is further receiving a low level signal from flipflop 150. NOR 184
      produces a positive-going output signal to set flipflop 162. The Q output
      of flipflop 162 is connected to the base of a transistor 260. The emitter
      of transistor 260 is connected to ground through a resistor and the
      collector is connected to the base of a further transistor 262. The
      emitter of transistor 262 is connected to a source of positive voltage and
      its collector is connected by lead 264 to the XAUTO input lead.
PAR  The transistor 262 is effectively connected in parallel with the AUTO
      action kay on the typewriter keyboard. Therefore, when flipflop 162 is set
      to thereby turn on transistors 260 and 262, the signal on lead 264 is
      applied back over the XAUTO input lead to the typewriter keyboard circuits
      10a to again place the system in the AUTOMATIC PLAYBACK mode. The signal
      on lead 164 is also inverted by inverter 188 and applied to flipflop 168
      thereby again setting the flipflop 168. This drives lead 170 to the high
      level while the signal on lead 214 drops to the low level.
PAR  The system 8 is again in the AUTOMATIC PLAYBACK mode and automatically
      begins typing the second name on the first line of the second sheet of the
      continuous form. As the first character is being processed the signal
      BSYTIN goes high and NOR 158 produces a low level output signal to reset
      flipflop 162. This turns off transistors 260 and 262 once the AUTOMATIC
      PLAYBACK mode had been restarted.
PAR  It should be noted that at the same time the index sequence is terminated
      the count set into the thumbwheel switches 20 is transferred to the
      counter 18. The preset signal is applied to the PE input terminal of the
      shift registers 50 and 50' thereby enabling this input. The output of
      multivibrator 122 is applied over lead 31 to the CP inputs of the shift
      registers 50 and 50' thereby accomplishing the parallel transfer from the
      thumbwheel switches 20 to the counter 18.
PAR  Once the AUTOMATIC PLAYBACK mode has been resumed, the system 8 will type
      the second name on the first line of the second sheet of the form and then
      initiate another indexing operation to bring the first line of the third
      sheet into the typing position. This cycle of operation continues until
      the system has automatically typed one name on the first line of each
      sheet.
PAR  It will be understood that the preceding example represents a very simple
      application of the present invention and is chosen to illustrate the
      operation of the automatic line finding circuits. Obviously, more than one
      line may be typed on each sheet and/or the number of lines types on each
      sheet need not be the same. On the other hand, the same message, recorded
      only once on a magnetic record, may be repeated on each sheet of the
      continuous form without operator intervention. This may be accomplished by
      recording a REPEAT code as the character following the STOP code when the
      magnetic record is being prepared. Thus, while the indexing operation is
      taking place the REPEAT character is being processed and the automatic
      typewriter system 8 searches the magnetic record for the beginning of the
      message. Since all of the circuits for executing the REPEAT code are part
      of the prior art typewriter system 8 the repeat operation will not be
      explained in detail.
PAR  Some models of the Sperry Rand Word Processing System employ two magnetic
      media and permit alternate playback from first one and then the other of
      the magnetic media. An ALTERNATE code is recorded at the end of a message
      segment on one medium when playback is to switch back to the other medium.
      In accordance with the present invention the ALTERNATE code may be
      recorded after the STOP code so that line finding operations may be
      performed in an operation where a portion of the message is recorded on
      one magnetic medium or another portion is recorded on another medium.
PAR  If the character following the STOP code is not a REPEAT code or an
      ALTERNATE code, it should be a LINK code. This LINK code permits continued
      typing without carriage return. Again, since the operation of the
      typewriter system 8 in response to the ALTERNATE codes and LINK codes is
      well known, it is not explained here.
PAC  AUTOMATIC OVERRIDE
PAR  The automatic pagination and line finding features of the present invention
      may be rendered inactive by the operator. This is accomplished by setting
      the value 00 into the thumbwheel switches 20 and depressing the ENTER key
      22. Depression of the ENTER key 22 initiates a transfer and reset routine
      during which the logic circuits of FIGS. 4 and 5 are reset and the value
      00 is entered into the counter 18. With the counter 18 set at 00, the
      signal 00 on lead 36 is at the high level. This signal is inverted by NOR
      138 (FIG. 4) and applied over lead 30 to FIG. 5 where it resets the
      flipflop 174. The flipflop 174 produces a low level signal on lead 176 to
      one input of NOR 178. The PRESET signal on lead 30 is also applied over
      lead 144 to reset flipflop 146 and the Q output of flopflop 146 drops to
      the low level. With both inputs at the low level, NOR 178 produces a high
      level output signal that is applied over lead 108 to FIG. 4 where it
      inhibits cycling of the index multivibrators 84 and 86.
PAR  When the count in counter 18 is standing at 00, depression of the INDEX key
      24 causes the index mechanism 10b of the typewriter 10 to be spaced one
      line. As the INDEX key 24 is depressed the signal XINDEX (FIG. 5)
      momentarily drops to the low level and then returns to the high level.
      This signal is inverted by NAND 172 and inverted again by NOR 178 so as to
      momentarily drive the lead 108 to the low level. In FIG. 4, with the lead
      108 at the low level NOR 110 produces a positive-going signal to trigger
      multivibrator 84. The multivibrator 84 produces one INDEX pulse on lead 38
      to advance the typewriter indexing mechanism 10b. Subsequently,
      multivibrator 84 triggers multivibrator 86 to produce a decrement pulse.
      When multivibrator 86 returns to its initial state and the signal on lead
      112 drops to the low level, the FIND signal on lead 108 has already
      returned to the high level hence a second indexing cannot take place.
PAR  While a specific preferred embodiment of the invention has been described
      in detail, it will be understood that various modifications and
      substitutions may be made therein without departing from the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege are claimed are defined as follows:
NUM  1.
PAR  1. In an automatic typewriter system having a typewriter with a continuous
      forms indexing means and a playback/record means for recording typed data
      or playing back recorded data, said system being selectively operable in a
      plurality of modes including an automatic playback mode in which recorded
      data is played back and typed one character at a time, said system also
      producing mode signals and carrier return signals, the improvement
      comprising:
PA1  switch means settable to represent a line count;
PA1  counter means;
PA1  means for transferring said line count from said switch means to said
      counter means;
PA1  first circuit means responsive to each said carrier return signal for
      decrementing the line count in said counter means;
PA1  means for producing an index signal;
PA1  second circuit means responsive to said index signal, said counter means,
      and said mode signals for generating a find signal;
PA1  third circuit means responsive to a fine signal for generating first and
      second sequences of pulses;
PA1  means responsive to said first sequence pulses for advancing the continous
      forms indexing means of said typewriter; and,
PA1  means for applying said second sequence of pulses to said counter means to
      decrement the line count therein.
NUM  2.
PAR  2. The improvement as claimed in claim 1 wherein:
PA1  said second circuit means includes means responsive to said indexsignal, a
      signal indicating the count in said counter means is greater than a
      predetermined value, and a signal indicating said system is not in the
      automatic playback mode for generating said find signal over an interval
      of time sufficient to permit said second sequence of pulses to decrement
      the count in said counter means to zero and permit said first sequence of
      pulses to advance said continuous forms indexing means to bring the first
      line of a next sheet of the continuous form into typing position; and,
PA1  said switch means is set to a value representing the number of lines
      between the first typing lines on consecutive sheets of continuous form.
NUM  3.
PAR  3. The improvement as claimed in claim 2 wherein said means for producing
      said index signal includes a manual key means and storage means for
      storing an indication that said key means has been actuated.
NUM  4.
PAR  4. The improvement as claimed in claim 3 including means responsive to a
      zero count in said counter means for resetting said storage means and
      transferring the line count from said switch means to said counter means.
NUM  5.
PAR  5. The improvement as claimed in claim 2 wherein said predetermined value
      is one.
NUM  6.
PAR  6. In an automatic typewriter system having a typewriter with a continuous
      forms indexing means and a playback/record means for recording typed data
      or playing back recorded data, said system being selectively operable in a
      plurality of modes including an automatic playback mode in which recorded
      data is played back and typed one character at a time, said system also
      producing mode signals and carrier return signals, the improvement
      comprising:
PA1  switch means settable to a line count representing the number of lines
      between the first typing lines of two consecutive sheets of a continuous
      form;
PA1  counter means;
PA1  means for transferring the line count in said switch means to said counter
      means;
PA1  first circuit means responsive to each carrier return signal for
      decrementing the count in said counter means; and,
PA1  second circuit means responsive to said counter means and a signal from
      said typewriter indicating termination of said automatic playback mode for
      generating a find signal;
PA1  third circuit means responsive to said find signal for generating pulses to
      index said continuous forms indexing means and decrement said counter
      means; and,
PA1  fourth circuit means responsive to a zero count in said counter means for
      activating said means transferring the line count in said switch means,
      terminating said find signal, and applying a signal to said typewriter to
      restart operation in said automatic playback mode.
NUM  7.
PAR  7. The improvement as claimed in claim 6 wherein said system includes means
      responsive to a recorded stop code for generating said signal indicating
      termination of said automatic playback mode, said improvement further
      comprising:
PA1  means for generating a character signal in response to said signal
      indicating termination of said automatic playback mode; and,
PA1  means for applying said character signal to said typewriter whereby the
      recorded character following said stop code is processed by said system
      while said continuous forms indexing means is being indexed.
NUM  8.
PAR  8. The improvement as claimed in claim 7 wherein said second circuit means
      comprises means for generating said find signal if the count in said
      counter means is greater than one when the signal indicating termination
      of the automatic playback mode occurs.
NUM  9.
PAR  9. The improvement as claimed in claim 8 wherein said third circuit means
      comprises means for generating sequences of indexing and decrement signals
      as long as said third circuit means receives said find signal.
NUM  10.
PAR  10. In an automatic typewriter system having a typewriter with a form
      indexing means and a playback/record means for recording typed data or
      playing back recorded data, said system being selectively operable in a
      plurality of modes including an automatic playback mode in which up to a
      page of recorded data is played back and typed without operator
      intervention, said system also having means for producing mode signals and
      carrier return signals, the improvement comprising:
PA1  switch means settable to represent a line count;
PA1  counter means;
PA1  means for transferring said line count from said switch means to said
      counter means;
PA1  first circuit means responsive to each said carrier return signal for
      decrementing the line count in said counter means;
PA1  second circuit means responsive to said counter means and said mode signals
      for producing a line signal for terminating the automatic playback mode of
      said system when said system is in the automatic playback mode and the
      count in said counter means is decremented to a predetermined count; and
PA1  said line signal changing said system to a line mode wherein said system
      plays back and types one further line of data, executes a carrier return,
      and stops.
NUM  11.
PAR  11. The improvement as claimed in claim 10 and further including means
      responsive to said counter means as said counter means is decremented to a
      second predetermined count for activating said means for transferring the
      line count from said switch means to said counter means.
NUM  12.
PAR  12. The improvement as claimed in claim 10 wherein said line count set into
      said switch means has a value equal to the maximum number of lines to be
      typed on a form.
NUM  13.
PAR  13. The improvement as claimed in claim 10 and further comprising:
PA1  third circuit means responsive to said counter means and said mode signals
      for producing a further signal when the line count in said counter means
      is decremented to a second predetermined count and said system is not in
      the automatic playback mode, said system including means responsive to
      said further signal for locking said typewriter.
NUM  14.
PAR  14. The improvement as claim in claim 13 wherein the value set into said
      switch means has a value equal to the maximum number of lines to be typed
      on a form, said first predetermined count is one and said second
      predetermined count is zero.
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ABST
PAL  In apparatus for aligning a stream of elongate articles, such as chocolate
      bars, delivered in a randomly ordered arrangement to a turntable, the
      apparatus including a stationary guide rail disposed above the turntable
      and extending along a path which spirals outwardly away from the axis of
      turntable rotation, the speed and reliability of the aligning operation
      are improved by forming the guide rail to have a series of breaks in the
      guide path which it defines and by disposing the rail so that articles
      come to abut only against the surface thereof which faces away from the
      turntable axis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for aligning elongate
      articles, for example chocolate bars, which are furnished in a random
      arrangement, the apparatus being of the type including an input path via
      which the randomly arranged articles are furnished to a turntable above
      which a spiral guide rail is disposed which is part of a stationary frame
      and at which the articles carried along by the turntable abut so as to be
      aligned, and an outlet path over which the aligned articles are
      transported away once they are pushed off the edge of the turntable by the
      guide rail.
PAR  In a known apparatus of this type, as disclosed, for example, in U.S. Pat.
      No. 3,640,373, a plurality of such guide rails are provided and are
      arranged so that the articles alternately contact the outer wall and the
      inner wall of successive guide rails. Each spiral guide rail follows a
      smooth curve, i.e. one which is free of sharp changes in direction, which
      is concave toward the axis of the turntable, and the rail guide surfaces
      are also inclined with respect to the plane and the rail of the turntable.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to increase the output of such
      known device, i.e. to better align a larger number of articles per unit of
      time without increasing the diameter of the turntable.
PAR  The invention results from the surprising discovery that such improvement
      can be achieved by forming the guide rail to present breaks, or sharp
      changes in direction, along its guide surface and by disposing the rail so
      that the articles always come to rest against its outer surface, i.e. the
      surface remote from the turntable axis.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a schematic plan view of one preferred embodiment of
      the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The alignment apparatus illustrated in the FIGURE includes a turntable 1
      which is driven to rotate at a constant speed in the direction of the
      arrow. A spiral guide rail 2 fastened to the machine frame to be held
      stationary is disposed above the turntable 1 so that the lower edge of the
      rail is a small distance above the turntable surface. The speed of the
      turntable 1 is set so that the centrifugal force acting on the articles to
      be aligned will not impede the function of the guide rail. The spacing
      between the lower edge of guide rail 2 and turntable 1 may be, for
      example, about 1 mm, the guide rail 2 being supported along its upper edge
      by frame portions which are not illustrated. The height of the guide rail,
      whose side surfaces are perpendicular to the turntable 1, is greater than
      the thickness, or height, of the articles 3 to be aligned, e.g. chocolate
      bars.
PAR  The bars 3 are transported to the turntable 1 by means of an endless input
      conveyor 4 on which they arrive in a randomly ordered fashion, turntable 1
      as well as guide rail 2 being disposed somewhat below this conveyor 4. The
      bars 3, which drop randomly onto turntable 1 from the end of conveyor 4,
      are carried along in rotation by the turntable so that each bar eventually
      comes to abut against the outer surface of guide rail 2.
PAR  Guide rail 2 consists essentially of linear sections 5 which succeed one
      another and meet at break points 6. The beginning 7 of guide rail 2 is on
      a radius 8 which emanates from the axis of turntable 1 and above which, of
      course to the outside of guide rail 2, is disposed the discharge edge 9 of
      the input conveyor 4. The last section 5' of the rail 2 includes a
      circular arc section 10 tangential with a leading section and followed
      tangentially by a linear end section 11 extending beyond the edge of
      turntable 1 and intersecting that edge at a small angle .alpha..
PAR  The chocolate bars 3, which are pushed along this section 11 by turntable 1
      are thus finally pushed beyond the edge of the turntable so that they
      reach an endless outlet conveyor 12 disposed just below the turntable. The
      outer edge of the turntable is advantageously designed as a conical jacket
      surface which slopes downwardly and outwardly so that during transfer the
      articles will not drop abruptly onto the outlet conveyor 12 but slide over
      onto it. The chocolate bars 3 are then aligned on conveyor 12 in a single
      line so that they can be transported, for example, to a packaging machine
      which requires such alignment.
PAR  Such alignment is achieved in that the chocolate bars 3, which initially
      arrive in close profusion and abut against the first section 5 of the
      guide bar 2 or against one another, are pulled apart by the advancement
      along the guide bar and are subjected to rotation, particularly at the
      break points 6, which causes one of their longitudinal sides to eventually
      come to rest against guide rail 2. The aligning effect of the guide rail 2
      is substantially greater, as a result of these break points 6, than that
      of the known spiral guide rails having a continuous curvature. Of course,
      the chocolate bars 3 are shown in the drawing in a purely schematic
      manner.
PAR  In quite rare cases it may happen that a chocolate bar 3' will reach the
      end section 11 of guide rail 2 not completely aligned so that it contacts
      the rail with its one frontal, or narrow, face. As a result the unaligned
      bar 3' drops off the turntable 1 much earlier than the aligned bars 3 so
      that it can be collected in a vessel 13 provided in front of the outlet
      conveyor 12 in order to be then reintroduced to the inlet conveyor 4 at
      some later time.
PAR  In the present case the first four break points 6 are disposed on a
      logarithmic spiral 14 shown in dashed lines and having its start at point
      7. The first four sections 5 subtend sector angles .beta. about the axis
      of turntable 1, of 45.degree. each. Each section 5 is perpendicular to the
      radius r from the turntable axis to its starting point and has a length a
      which is equal to its associated radius r. The subsequent sections 5 are
      also perpendicular to the radii r of their starting points, but each
      having a constant length b, however, so that their sector angles .gamma.
      decrease from one section to the next in the direction toward the end of
      the guide rail. With such a shape of the guide rail, an excellent
      alignment effect has been realized in practice with, for example, a
      turntable diameter of about 1m and chocolate bars of about 5cm length and
      1.5cm width. Suitable values of a arc in the range of 50-180 mm, and of
      .gamma. in the range of 25.degree.-30.degree., while b may have a value of
      about 200 mm.
PAR  The sections 5 of the guide rail disposed between break points 6 need not
      necessarily be linear since satisfactory results can also be expected with
      a slightly convex or concave curvature. The break points 6 which are
      necessary in order to obtain the above-mentioned increase in efficiency
      could also be slightly rounded. Such rounding may be advantageous
      depending on the shape and surface structure of the articles. Moreover,
      particularly delicate articles, for example chocolate coated and/or nut
      sliver covered articles, can best be handled with such a rail in order to
      avoid damage to the articles and excess soiling of the apparatus. The
      radius of curvature of the break points 6 may be of 20-40 mm.
PAR  In the illustrated embodiment the inlet and outlet paths are parallel to
      one another. Of course any desired angles between the two path directions
      are conceivable. In this way, the apparatus can easily be adapted to the
      arrangement conditions between the machines involved.
PAR  The apparatus illustrated in the drawing is provided with but one spiral
      guide rail above the turntable. In special cases it may however be
      advantageous to provide two or more successively acting guide rails. The
      innermost rails are then not brought to the outer edge of the turntable
      but only to the region of an also stationary deflection member. This
      deflection member takes over the articles discharged by the guide rail and
      guides them back to the center region of the turntable. Here the articles
      come into engagement with a second guide rail designed as described above
      so that they finally are pushed beyond the edge of the turntable onto the
      outlet conveyor.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In apparatus for aligning randomly arriving elongate articles and
      including a substantially horizontally disposed turntable mounted for
      rotation, at least one stationary spiral guide rail disposed above the
      turntable and lying generally along a spiral path which extends, in the
      direction of turntable rotation, from a point in the vicinity of the
      turntable axis to the turntable periphery, means for delivering randomly
      ordered articles to the turntable in a region near the starting point of
      the spiral and spaced radially outwardly from such starting point, and
      means, adjacent the periphery of the turntable in the region where such
      articles are pushed off of the turntable by the guide rail, for conveying
      aligned articles away from the turntable, the improvement wherein said
      guide rail is formed to be constituted by a plurality of sections which
      succeed one another along the spiral path, with each section being at a
      greater distance from the turntable axis of rotation than its immediately
      preceding section, said sections being oriented relative to one another in
      such a manner as to present a sharp change in direction between adjacent
      sections, and said guide rail is disposed for causing articles on the
      turntable to engage only the surface thereof which is directed away from
      the axis of turntable rotation.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said breaks are constituted by
      slightly rounded portions of said rail.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein said guide rail comprises linear
      sections between said changes in direction.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein each said linear section of said
      guide rail is perpendicular to the radial line extending from the axis of
      rotation of the turntable to the end of that section which is nearer such
      axis.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein a plurality of adjacent sections
      of said guide rail extending along the portion of said spiral path nearest
      the turntable axis of rotation subtend identical sector angles about such
      axis and the successive sections following such plurality of adjacent
      sections subtend sector angles of progressively decreasing size.
NUM  6.
PAR  6. Apparatus as defined in claim 1 wherein the surface of said guide rail
      which is directed away from the turntable axis is perpendicular to the
      plane of the turntable.
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ABST
PAL  Apparatus for conveying a continuous series of flat items along a path
      while in an upright position and in contact with one another and for
      dividing the series of items into successive separate groups at the end of
      the conveying path by insertion of a separator member behind the last item
      of the group then being separated, with the separation into groups being
      facilitated by causing the end portion of the conveying path, which
      carries the items being separated into a group, to be pivotal about an
      axis transverse to the conveying direction and lying in the plane of
      insertion movement of the separator member, and by constituting the
      separator member of a first component movable only perpendicularly to the
      fixed portion of the conveying path for retaining the items upstream of
      the group being formed, and a second component movable perpendicularly to
      the end portion of the conveying path and pivotal therewith for engaging
      the last item of the group being formed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for separating, into
      individual groups, a series of upright flat contacting items arriving in a
      continuous line on the conveyor of a processing machine, particularly a
      packaging machine, by means of a separating pusher inserted between the
      items.
PAR  Various forms of apparatus of this type are known. When the movable
      separator of such a known system is guided in a rigid or unyielding
      manner, it can happen that a flat item, which may be a cookie, for
      example, will be contacted by the descending separator precisely in the
      center of its upper side and could thus be damaged even if this upper side
      has a rounded configuration.
PAR  In order to avoid this drawback, it has been proposed to mount the
      separator on a movable carriage to be pivotal in the direction of
      advancement of the items and to provide spring means which hold the
      separator in its centered position. This type of apparatus has been found
      to be satisfactory if the item has a well rounded upper side. If the upper
      side of such an item is flat, however, it may occasionally be damaged in
      spite of the possibility for the lower edge of the separator to be
      deflected.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to improve apparatus of the
      above-mentioned type to dependably permit entrance of the separator
      between two flat objects of a series of objects, regardless of whether
      their upper edges are rounded or flat.
PAR  The apparatus according to the invention is distinguished in that one end
      portion of the path, whose useful length corresponds to the length of the
      groups of items to be separated, is designed to be pivotal at least
      approximately in the plane of insertion movement of the separator about an
      axis which is transverse to the longitudinal direction of the path, and in
      that the separator is disposed above this axis and is composed of two
      parts, one part of the separator being movable, as a retaining member,
      only perpendicularly to the stationary path portion while the other part
      of the separator is movable perpendicularly to, and pivots with, the
      pivotal path portion.
PAR  This causes a wedge-shaped gap to appear between the objects disposed
      directly adjacent the pivot axis of the path when this path portion is
      being pivoted, with the separator entering into this gap.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a preferred embodiment of apparatus
      according to the invention for separating cookies arriving in a contiguous
      relationship into individual groups.
PAR  FIG. 2 is a cross-sectional view, to an enlarged scale, taken along line
      II--II of FIG. 1.
PAR  FIG. 3 and FIG. 4 are detail side views, to an enlarged scale, of a portion
      of the apparatus of FIG. 1 in different operating positions.
PAR  FIG. 5 is a side detail view of a modified form of a portion of the
      apparatus of FIG. 1.
PAR  FIG. 6 is a horizontal projection of a portion of the apparatus.
PAR  FIG. 7 is a view in the direction A of FIG. 6.
PAR  FIG. 8 is a cross-sectional view taken along line VIII--VIII of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown generally in FIG. 1, a succession of cookies 1 arrive in an
      upright position and in a continuous line on a conveyor belt 2. They enter
      a path formed by two parallel series of rods 3, 3a, 3b, 3c and lateral
      guide walls 4, as shown in FIG. 2, which path goes obliquely upward. The
      path portions 3 and 3b are stationary. The path portions 3a and 3c,
      however, can pivot from their oblique position into a horizontal position
      about axes 5 and 6, respectively.
PAR  The pivotal path portion 3a does not relate to the present invention. It
      merely serves as a switch point to divert, in case of a malfunction in the
      subsequent path portion 3b or 3c, the continuously arriving cookies 1 to a
      further conveyor belt 2a, where they are deposited into a store or a
      receptacle. Retaining plates 7 and 8 are attached to path portion 3a in a
      known manner to prevent cookies which have already passed portion 3a from
      falling back onto the pivotal path portion 3a when the latter is being
      pivoted downwardly.
PAR  The second pivotal path portion, 3c, serves to separate the groups of
      cookies disposed thereon. Path portion 3c is pivotal from the oblique
      position shown in solid lines in FIG. 1 about the axis 6 into the
      horizontal position shown in dot-dash lines. When portion 3c reaches the
      horizontal position, the cookies thereon are transferred to a pusher 9
      disposed therebelow and displaceable in a vertical direction. For this
      purpose the two rods 3c  are moved away from one another on their pivotal
      support until the cookies are no longer being supported thereby and drop
      to the pusher 9. This pusher 9 then is lowered to such an extent that the
      cookies come under the control of a conveying system composed of rods 55
      which are fastened between two rotating chains 54 and which advance the
      cookies to the next-following processing machine. Pusher 9 and the
      conveying device 54, 55 are known per se and are not directly related to
      the invention, and are therefore shown only schematically. FIG. 4 shows
      the path portion 3c in its lowered, or horizontal, position.
PAR  The separation of the cookies on path portion 3c from the immediately
      following cookies on path portion 3b is effected by a separator 10 which
      is shown schematically in FIG. 1 and in greater detail in FIGS. 2, 3 and
      4. The pusher portions 10a and 10b entering between the cookies 1 are
      designed so that they can mesh completely in their basic position, shown
      in FIG. 2. The inner separator portion 10a is movable only at right angles
      to the path portion 3b, when the latter is in its oblique position, in a
      plane containing the pivot axis 6. This separator part 10a is pivotally
      linked by means of two parallel pivot arms 11 and 12 to a holder 13
      disposed to one side of path portion 3b.
PAR  Path portion 3b is supported by a base 14 which carries a cam plate 15
      connected with the drive for the entire apparatus (not shown). This cam
      plate 15 acts on the cam follower of a lever 17, which lever is pivotal
      about a stationary pin 16 and is connected via a rod 18, an intermediate
      lever 19, a sleeve 20a and a rod 20 with a two-armed lever 21a, 21b
      mounted to pivot about axis 6. Lever 17 is biassed to normally urge rod 18
      upwardly. Rod 20 is mounted to be longitudinally displaceable in sleeve
      20a and serves as a guide rod for a compression spring 20b which extends
      along substantially the entire length of rod 20. Rod 18 and sleeve 20a are
      pivotally connected to intermediate lever 19 and the pivotal movement of
      the intermediate lever 19 is thus transferred in a force-transmitting
      manner to the lever arm 21a by spring 20b.
PAR  If, as will be explained later, path portion 3c is blocked against
      pivoting, rotation of cam plate 15 to permit counterclockwise pivoting of
      lever 17 merely serves to compress spring 20b. Arm 21b is connected to
      pivotal path portion 3c in such a manner that the two members will rotate
      together. Arm 21a is connected with a lever 23 via a rod 22 and lever 23
      is rigidly connected with pin 12a and thus with pivot arm 12. The path
      portion 3c is composed of two parallel rods which are rotatably connected
      to the levers 3e; the latter being pivotally linked by means of the axes
      3f to a traverse 21e.
PAR  The traverse 21e is part of the arm 21b (FIGS. 6, 7). A control rod 60
      serves to cause the levers 3e and thus the path portion 3c to pivot by
      means of rollers 21a.
PAR  As shown in FIG. 2, separator portion 10a is operatively connected with a
      lever 10d via a transverse arm 10c, lever 10d being disposed to one side
      of path portion 3c. Separator portion 10b is connected in a similar manner
      with a lever 10f via a transverse arm 10e. The two levers 10d and 10f are
      connected together by a pivot pin 26. Lever 10f is also provided with an
      extension 25 which points obliquely upwardly and away from the direction
      of conveyance of items 1. At the upper end of arm 21a there is disposed a
      roller 24 which cooperates with extension 25.
PAR  During one revolution of cam plate 15, which is indicated only
      schematically, path portion 3c will pivot into its horizontal position. At
      the same time, pivot arms 11 and 12 are moved to cause separator portion
      10a, arm 10c and lever 10d to descend so that separator portions 10a and
      10b move perpendicularly to the line of cookies and enter between the two
      adjacent cookies then located adjacent the boundary between path portions
      3b and 3c. Separator part 10b with parts 10e, 10f and 25 is simultaneously
      pivoted about pin 26 by roller 24 so that separator part 10b will always
      remain perpendicular to the path portion 3c. The end positions of
      separator portions 10a and 10b are shown in FIG. 4, in which it can also
      be seen that part 25 is urged against roller 24 by a tension spring 27.
PAR  At the downstream end of the pivotal path portion 3c there is provided, as
      shown in detail in FIGS. 3 and 4, a stationary crank 30 provided with a
      cutout defining a curved path 31. A holder 32 (FIG. 1) in which a pin 33
      is seated is connected to the pivotal path portion 3c. On this pin 33 an
      eye 34 is pivotally mounted and a sensor 35, a lever 36 and a latch 37 are
      fastened to eye 34. A further pin 38 is also mounted on holder 32 and an
      eye 39 is pivotally mounted on pin 38. Eye 39 carries three arms 40, 41
      and 42.
PAR  The holder 32 is connected to the arm 21b as shown in FIG. 7, the
      connection between the arm 21b and the path portion 3c having been
      previously described.
PAR  Arm 42, which cooperates with an abutment 46, is fastened to a tension
      spring 45 whose other end is connected to latch 37. Arm 40 cooperates with
      an abutment 43 on the stationary crank 30. Arm 41 cooperates with latch 37
      and with an abutment 44. The abutments 44 and 46 are fastened to holder 32
      and to crank 30, respectively.
PAR  The apparatus operates as follows:
PAR  When path portion 3c is directed obliquely upward, latch 37 is latched into
      arm 41 and arm 40 is supported at abutment 43 so that path portion 3c is
      thus secured against pivoting.  It remains thus secured until path portion
      3c has been filled with cookies to the extent that the foremost cookie
      abuts at sensor 35 and displaces it to the position shown in dot-dash
      lines in FIG. 1. Thus latch 37 is pivoted and arm 41 is released. Spring
      45 pivots the three-armed lever 40, 41, 42 until arm 41 rests against
      abutment 44 so that the contact between arm 40 and abutment 43 is released
      and path portion 3c can pivot downwardly.
PAR  At the end of lever 36 there is provided a roller 47 which is located in
      the cutout in crank 30 to move along the curved path 31. Sensor 35 is thus
      guided during pivoting of path portion 3c by lever 36 and its roller 47 so
      that the cookies are held between lever 36 and separator portion 10b. Only
      shortly before path portion 3c reaches the horizontal position, sensor 35
      is moved somewhat toward the left by a bend 31a in the curved path 31.
      Thus the cookies are released so that during the subsequent spreading
      movement of the two rods 3c the cookies drop onto pusher 9, and are
      lowered to be thus transferred to the upper reach of the conveyor 54, 55.
      There they are engaged by the rods 55 connected between the two chains 54
      and are pushed aside by pusher 9 shown in FIG. 4.
PAR  Path portion 3c then pivots back to its oblique position and near the end
      of this return movement, arm 42 of the three-armed lever engages abutment
      46. The three-armed lever 40, 41, 42 could also be pivoted
      counterclockwise.
PAR  The arm 41 then comes into engagement with the head of the latch portion
      and slides therepast until during the further course of the rotation,
      latch 37 locks arm 41 under the influence of spring 45. After path portion
      3c then drops back down by a few degrees, arm 40 will then again engage,
      and be supported on, abutment 43 so that a new operating cycle can begin.
PAR  Referring specifically to FIG. 3, a plunger 51 which is axially
      displaceable in a sleeve 50 can be arranged at separator portion 10b and
      pressed downwardly by a weak compression spring 52. Depending on the type
      and consistency of the objects 1, plunger 51 may be provided at the bottom
      with a pointed tip 53 or with a rubber cushion. The plunger serves to hold
      the last object of the group to be separated once the downward pivoting of
      path portion 3c begins. The spring path of plunger 51 must of course be
      greater than the penetration depth of separator part 10 so that insertion
      of the latter will not be impeded.
PAR  FIG. 5 shows sensor 35 together with an additional device for raising into
      an upright position those objects 1 which have been conveyed in a prone
      position on path portion 3c toward sensor 35. Two levers 56 and 57 are
      pivotally mounted on a pin 65 which is fastened at mount 32. Lever 56 has
      a concave curvature shaped to cause objects which arrive in a prone
      position to be righted. Lever 57 is provided with a counterweight 58 which
      pushes lever 56 into the position shown in solid lines. Lever 56 is a
      forked member designed so that it can pivot backwards past, and adjacent
      both sides of, sensor 35 in order for the incoming line of objects to
      actuate the sensor 35 if the objects are upright. When sensor 35 is moved
      backward, by the foremost incoming object to the position shown in
      dot-dash lines, lever 56 is also moved back to the position shown in
      dot-dash lines.
PAR  In the illustrated embodiment actuation of the sensor 35 causes mechanical
      translation means to release the blocking of the pivotal path portion 3c.
      Instead of a mechanical translation it would of course also be possible to
      consider some other type of translation. Thus, for example, instead of the
      sensor lever 35 a position switch could be provided which influences a
      magnetic circuit. The arrangement would then have to be such that
      actuation of the position switch would cause the magnet to become active.
      The armature of the latter would then release arm 41 of the three-armed
      lever 40, 41, 42 so that spring 45 can pivot the lever and release the
      blocking engagement with abutment 43.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In apparatus for conveying a continuous series of flat items along a
      path while in an upright position and in contact with one another and for
      dividing the series of items into successive separate groups at the end
      portion of the conveying path by insertion of a separator member between
      the last item of the group being separated and the next succeeding item of
      the series, the improvement wherein said apparatus comprises: first
      conveying path means defining the end portion of said conveying path and
      having an effective length corresponding to the length of each group to be
      separated; second conveying path means disposed adjacent said first
      conveying path means and defining the portion of said conveying path
      immediately upstream of said end portion, said second conveying path means
      being fixed in position; means supporting said first conveying path means
      for pivotal movement about an axis transverse to the direction in which
      items are conveyed along said conveying path, the axis being at least
      approximately in the plane of insertion movement of the separator member;
      and wherein said separator member comprises: first separator means
      constituting a retaining member for the item next succeeding the last item
      of the group being separated and arranged for movement only in a direction
      perpendicular to the portion of said conveying path defined by said second
      conveying path means; and second separator means arranged for movement in
      a direction perpendicular to the portion of said conveying path defined by
      said first conveying path means and arranged to pivot together with said
      first conveying path means.
NUM  2.
PAR  2. An arrangement as defined in claim 1 wherein said second conveying path
      means are obtained in an upwardly inclined manner and said first conveying
      path means are pivotal between such upwardly inclined orientation and a
      horizontal orientation.
NUM  3.
PAR  3. An arrangement as defined in claim 1 wherein said second separator means
      is formed to present an opening in which said second separator means is
      disposed at least at the start of insertion movement of said separator
      member.
NUM  4.
PAR  4. An arrangement as defined in claim 1 further comprising: sensor means
      disposed at the end of the path portion defined by said first conveying
      path means for sensing the arrival of an item at the end of that path
      portion; and latch means connected to said first conveying path means for
      normally preventing pivotal movement thereof and operatively associated
      with said sensor means to permit pivotal movement of said first conveying
      path means when said sensor means senses the arrival of an item.
NUM  5.
PAR  5. An arrangement as defined in claim 4 wherein said sensor means comprise:
      a position switch disposed to be actuated by an item arriving at the end
      of the path portion defined by said first conveying path means; and a
      magnet having a movable armature, said magnet being operatively connected
      to move said armature when said position switch is actuated and said
      armature being connected to cause said latch means to release said first
      conveying path means when said armature is moved by said magnet.
NUM  6.
PAR  6. An arrangement as defined in claim 4 further comprising: a concave,
      forked lever disposed in front of said sensor means and mounted to pivot
      away from the direction of movement of items on said conveying path, said
      forked lever being arranged to place upright an item arriving in a prone
      position at the end of said conveying path.
NUM  7.
PAR  7. An arrangement as defined in claim 1 further comprising: a plunger
      mounted on said second separator means for pivotal movement with said
      second separator means and for movement relative thereto parallel to the
      direction of insertion movement of said separator member and located for
      holding the last item of the group being separated; and spring means
      arranged for urging said plunger toward such item.
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ABST
PAL  An accumulating conveyor for pallets which maintains the pallets in a
      predetermined spaced relation along the conveyor. A pallet on the
      discharge end of the conveyor will cause the subsequent pallets to stop
      along the conveyor at predetermined intervals. This separation is
      maintained for the pallets. The drive of the conveying mechanism comprises
      a single chain and individual spaced wear strips which are each raised to
      drive the pallet and are controlled by spaced controls engageable with the
      pallets such that the pallets control the operation of the conveyor drive.
PARN
PAR  This is a continuation of application Ser. No. 455,993 filed Mar. 29, 1974,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a pallet conveyor, and in one aspect to an
      improved accumulating conveyor and method of controlling the movement and
      separation of articles on the conveyor.
PAR  2. Description of the Prior Art
PAR  Conveyors for pallets wherein the pallets are moved along a plurality of
      parallel rollers and the pallets are moved by a chain engaging the center
      of the pallet to pull it along on the rollers is not new per se. U.S. Pat.
      No. 2,932,380 discloses a conveyor to drive articles from a single chain.
      The chain is moved vertically to engage the articles on the conveyor and
      the conveyor will continually crowd the articles such that as a unit is
      moved off of the conveyor the next item on the conveyor is moved forward
      to the unloading position and when it is unloaded, the next element is
      advanced forward to the unloading position. In this prior device with the
      pallets crowded on the conveyor, the operation of the conveyor requires
      more power as the chain is constantly frictionally contacting the pallets
      and the movement of the pallets less orderly than is desirable.
PAR  The present invention provides a solution to the prior difficulties
      encountered in handling the pallets on the accumulating conveyors. An
      advantage of the present invention is that the conveyor maintains the
      pallets separated along the conveyor. Further, the present invention
      provides a control means for the accumulating conveyor such that
      individual pallets will operate the controls, the drive on a pallet is
      discontinued when it is stopped and, removal of one pallet from the
      discharge end of the conveyor serves to energize the driving mechanisms to
      advance all of the pallets on the conveyor by one step.
PAC  SUMMARY OF THE INVENTION
PAR  The accumulating conveyor of the present invention comprises means for
      advancing pallets along a conveyor. Along the conveyor are separately
      operated members for discontinuing the friction drive to the pallets at
      predetermined areas along the conveyor, and control means are provided for
      stopping individual pallets in spaced relation along the conveyor at the
      predetermined positions of the operating members such that the pallets do
      not become crowded. The conveyor provides for the orderly advance of the
      pallets upon discharge of the end pallet off the conveyor. The controls
      will advance all of the other pallets on the conveyor forward by a single
      step from their previous position. The conveyor chain is moved through
      individual channel-shaped wear members which can be raised to lift the
      chain into frictional driving engagement with a pallet. The wear members
      or conveyor operators are raised by motors joined in a fluid circuit,
      preferably air, such that all of the operators are initially in an
      operating position and a pallet on the conveyor will move the length
      thereof, will be sensed by the series of sensing members operating
      successive valve mechanisms but failing to discontinue the operation of
      any of the operators until the end valve mechanism has been operated. The
      end sensing member then stops the first pallet by lowering the conveyor
      operator discontinuing the drive to the pallet thereabove. This operator
      is now disconnected from the power line and the operator function is
      discontinued. A line in the fluid circuit is now open and the subsequent
      operation of the second sensing member from the end will cause it to drop
      its associated conveyor operator, stopping a pallet at the second
      position. This action is progressive on down the line until all of the
      operators have been tripped because of the existence of pallets at each of
      the positions along the conveyor or until the first pallet on the
      discharge end has been removed. Removal of the pallet at the discharge end
      is afforded by an additional valve member to be operated under the control
      of an operator or a sensing member for temporarily overriding the position
      of the sensing member to actuate the pallet drive operator. This will
      later result in the operation of all of the drive members as they are now
      all energized.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above advantages and novel features of the present invention and a
      better understanding of the operation of the invention will be had after a
      careful reading of the following detailed description which refers to the
      accompanying drawing wherein:
PAR  FIG. 1 is a fragmentary side elevational view of the conveyor constructed
      according to the present invention showing one operator and a portion of
      another;
PAR  FIG. 2 is a transverse sectional view of the conveyor of FIG. 1 taken along
      lines 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary plan view of the conveyor showing a control member;
      and
PAR  FIG. 4 is a schematic diagram of the conveyor and the control means.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The conveyor of the present invention is adapted for accumulating and
      spacing pallets or pallet loads. The conveyor comprises a frame which is
      generally rectangular including spaced cross members 5 supported from
      posts 6 at each end thereof and connected by gusset plates 7. Support
      members for carrying pallets or the like extend longitudinally of the
      frame. Positioned between the transverse members 5 are spaced frame
      members 10, 11, 12 and 13. The frame members 10 and 11 comprise supports
      for one roller set along which the pallet moves, which set comprises a
      plurality of rollers 15, and the frame members 12 and 13 support a second
      roller set comprising a plurality of rollers 16. The rollers in each
      roller set are separately journalled on parallel axis along a straight
      conveyor stretch, and the rollers are spaced to engage the pallets along
      their respective opposed bottom edges or skids. Positioned between the
      frame members 11 and 12 is a frame for supporting an endless roller chain
      20 which serves to propel the pallets along the roller sets. The endless
      chain 20 is supported along the upper stretch of its path by a plurality
      of spaced channel members 21, each channel 21 being in spaced position to
      define a position for a pallet spaced from the others as the same are
      accumulated on the conveyor.
PAR  The channels 21 are supported for vertical reciprocation on spaced fluid
      operated reciprocating piston-cylinder motors 22 and 24, which cylinders
      are supported in a fixed position by a frame 25 which is rigidly supported
      between the transverse frame members 5 and between the frame members 11
      and 12.
PAR  Energization of the cylinders 22 and 24 beneath each of the channels 21
      causes the same to lift the channel 21 and chain 20 such that the chain 20
      would engage the bottom surface of a pallet positioned on the rollers 15
      and 16 of the respective roller sets. As the cylinder is charged with
      fluid the drive rod thereof lifts the channel 21 and drive chain 20 to
      engage the pallet advancing it along the rollers.
PAR  The endless chain 20 is suitably driven by a drive wheel 26 at one end of
      the conveyor, driven from motor M as illustrated in FIG. 3, and an idle
      sprocket 28 supports the chain 20 at the load end. The drive wheel 26 and
      idle sprocket are suitably journalled on axes 27 supported in brackets 29.
PAR  Adjacent the trailing end of each channel 21 is a control member of the
      control circuit. The control member illustrated in FIGS. 1 and 2 comprises
      a wide sensing arm 30 formed of sheet material extending across the path
      of a pallet moving along the conveyor set 16. The arm 30 is mounted on a
      rotatable shaft 31 which shaft is baised by spring means to maintain the
      arm 30 over the path of the conveyor to be engaged by the pallets moving
      therealong. Connected to the arm 30 is a cam or actuating slide arm 32 of
      a valve member 33, which is a three-way valve member of the sliding type.
      Engagement of the arm 30 by a pallet moving along the rollers 15 and 16
      under the driving force of the chain 20 operates the slide arm 32 of the
      valve 33, and as the pallet passes, the sensing arm 30 returns to its
      initial position and the valve operator 32 returns to its initial
      position.
PAR  Referring now to FIG. 4 there is shown in schematic form the single endless
      conveyor chain 20 and a plurality of, preferably 4 ft. long channels 21
      supported on the cylinders 22 and 24. The discharge end of the conveyor is
      located to the left of FIG. 4. Each of the channels 21 has a sensing
      member including the sensing arm 30 positioned adjacent the trailing end
      of the channel. These operators or sensing arms drive respectively valves
      40, 41, 42, 43, 44 etc. as illustrated in the drawing.
PAR  The control circuit for the conveyor comprises a compressor 45 which places
      fluid under pressure, i.e. preferably compressed air, into a line 46
      connected by branch lines 50, 51, 52, 53, and 54 to each of the valves 40,
      41, 42, 43 and 44 respectively. From the line 46 is also connected a
      branch line 55 directed to a valve 56 which is interposed in the circuit
      to bypass the control valve 40 and affords operation of the cylinders 22
      and 24 of the end control unit or channel 61 to move or discharge the end
      pallet from the conveyor as desired. Valve 56 is operated by a motor 57,
      such as a solenoid, controlled by a push button or by an electric eye or
      other automatic sensing device. In the position shown in FIG. 4 the valve
      56 is blocking the pressure of the fluid in the branch line 55 and is
      positioned to exhaust fluid from the cylinders 22 and 24, through the line
      63 leading to the control valve 40 and an exhaust line 62, which is
      connected to the control valve 40 and to the valve 56. Valve 40 is moved
      from a normal charging position to the sensing or exhaust position
      illustrated upon operation of the arm 30 by a pallet 60 positioned on the
      operator channel 61. The line 63 is also connected by a line 65 to the
      valve 56 which line 65, through the valve 56, is connected to the
      cylinders 22 and 24 of the operator channel 66 by the lines 67 and 68. The
      line 68 is connected to the valve 42 controlled by an arm 30 which has
      been engaged by a pallet 69 setting on the operator channel 70. The
      cylinders 22 and 24 for positioning the channel 70 are connected by the
      line 71 to a branch line 72 connecting valve 42 and valve 43. Valve 43 is
      connected through line 76 to the cylinders 22 and 24 for operating channel
      75 by a branch line 73 and line 76 is connected to the valve 44 which is
      positioned to control the channel 77 at the load end of the conveyor
      through a branch line 78.
PAR  Movement of the valves 41 through 44 to their exhaust positions prior to
      the movement of the valve 40 to the exhaust position, exhausting fluid
      from the cylinders 22 and 24 supporting channel 61, produces no change in
      the position of the respective channels 66, 70, 75, or 77 since they are
      connected to the power line 46 through line 50, 63 and 65. Upon movement
      of the valve 40 to the exhaust position the valves 41 through 44 will
      successively move to the exhaust position terminating the operation of
      their respective operating mechanisms 66, 70, 75, and 77 in succession to
      stop the pallets positioned thereabove when valve 56 is in the normal rest
      position shown in FIG. 4. The motors 22 and 24 for the channels 66, 70, 75
      and 77 will exhaust through the preceding valve as well as the valve
      associated therewith, through line 64, valve 56, line 65, valve 40, line
      62 and out through an exhaust port in valve 56 connected to an exhaust
      line 80.
PAR  To activate the conveyor under pallet 60 by raising the chain 20 into
      frictional engagement therewith, a switch must be operated to energize the
      solenoid 57 and move the valve 56 to its alternate or active position. In
      this position valve 56 connects the branch line 55 to exhaust line 62, and
      to line 63 to charge the motors 22 and 24. The bypass line 65 is blocked
      at valve 56, and line 64 through which the other motors exhaust their
      pressure is connected directly to exhaust line 80. When pallet 60 clears
      the sensor controlling valve 40, valve 40 shifts and it is connected to
      branch line 50 to charge the cylinders 22 and 24 through line 63 and to
      charge line 65. A further electric eye or sensing switch, or again an
      operator, will open the electric circuit to the solenoid 57 and valve 56
      will return to its rest position. Since valve 40 is positioned to connect
      line 65 to a source of fluid pressure, i.e. line 50, the valve 56 will
      connect line 65 to line 64 and all cylinders 22 and 24, previously
      connected to the exhaust line 80 will be charged and pallets on the
      conveyor will be advanced from the load end until valve 40 again shifts to
      exhaust its cylinders 22 and 24.
PAR  Having thus described the present invention with reference to a preferred
      embodiment thereof, it will be appreciated that minor changes may be made
      without departing from the spirit of the invention as set forth in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An accumulating conveyor comprising
PA1  support members defining a conveyor stretch along which material may be
      moved, said conveyor stretch having a load end and a discharge end,
PA1  drive means for moving material along said support members,
PA1  operator means positioned along said conveyor stretch for positioning said
      drive means in position to engage said material including operator means
      at the discharge end of said conveyor,
PA1  control means for said operator means for positioning said operator means
      in an operative position to drive said material along said conveyor until
      material is positioned over said operator means at said discharge end of
      said conveyor and for moving said operator means successively to an
      inoperative position as material is moved thereover stopping material and
      filling the conveyor from the discharge end toward the load end.
NUM  2.
PAR  2. A conveyor according to claim 1 wherein said drive means comprises an
      endless member and said operator means comprises a wear member for
      supporting said endless member for vertical movement and guiding it along
      said conveyor stretch and fluid motors for moving said wear members
      vertically.
NUM  3.
PAR  3. A conveyor according to claim 1 wherein said operator means comprise a
      length of material for supporting said drive means and motor means for
      positioning said length of material and said drive means at different
      vertical positions, and said control means comprise a plurality of spaced
      operator valves operated by material moving along said conveyor stretch,
      each operator valve having a normal position connecting said motor means
      to pressurized fluid and a sensing position connecting said motor means of
      a said operator means to the motor means of the preceding operator means.
NUM  4.
PAR  4. A conveyor according to claim 3 wherein said operator means at the
      discharge end of the conveyor has its operator valve movable to connect
      its said motor means to a fluid pressure source or to an exhaust line and
      a bypass valve intermediate said operator valve and said exhaust line for
      connecting said motor means to a pressure line operating said motor means
      on command to move material therefrom.
NUM  5.
PAR  5. A conveyor according to claim 4 wherein said operator valves are two-way
      valves to connect all motor means to said exhaust line when said operator
      valves are all in said sensing position and separately to a pressure fluid
      line when in their normal position.
NUM  6.
PAR  6. A conveyor according to claim 3 wherein said length of material is a
      channel-shaped wear member extending along said conveyor stretch, said
      drive means is an endless chain riding in the channel-shaped wear member,
      and said motor means are fluid cylinders to raise and lower each said wear
      member to lift said chain into frictional contact with material on said
      support members.
NUM  7.
PAR  7. A conveyor according to claim 3 wherein said operator valves are
      operated by a pivoted sensing arm positioned in the path of material
      moving along said conveyor stretch.
NUM  8.
PAR  8. A conveyor according to claim 4 wherein said control means includes
      means to connect all motor means previously connected to said exhaust line
      to pressurized fluid when said operator means at the discharge end of the
      conveyor has its operator valve in said normal position whereby all
      material on said conveyor spaced from said discharge end will be advanced
      simultaneously when material is removed from said discharge end.
NUM  9.
PAR  9. A conveyor according to claim 1 wherein said drive means comprises an
      endless member moved along the conveyor stretch, said operator means
      comprise a plurality of spaced wear members for supporting said endless
      member and fluid motors for moving said wear members from said inoperative
      position with said endless member in a position spaced from contact with
      said material to said operative position with said endless member moved to
      a position engaging said material to be moved, and said control means
      includes means for simultaneously charging all said fluid motors of said
      operator means in said inoperative position upon movement of material from
      said discharge end whereby all material on said conveyor will be
      simultaneously advanced toward said discharge end rapidly affording space
      at said load end.
NUM  10.
PAR  10. An accumulating conveyor for pallets or containers which will maintain
      the pallets or containers thereon in spaced positions along its length,
      said conveyor comprising
PA1  roller support members extending along a path to support pallets and define
      a conveyor stretch having a loading and discharge end,
PA1  an endless chain extending along said path and supported at each end of
      said path for engaging a pallet on said support members,
PA1  means for driving said chain along said path,
PA1  support members spaced along said chain between the ends of said path for
      supporting said chain along said path, said support members being spaced
      less than the length of a pallet or container to be moved along the
      conveyor stretch,
PA1  motor means supporting said support members to move the same vertically to
      raise and lower said chain supported thereby into and out of engagement
      with the pallets or containers,
PA1  a source of fluid pressure,
PA1  a valve associated with each said support member and associated motor
      means, said valve being connected to said source of fluid pressure,
      connected to adjacent valves, and to said associated motor means by a
      branch line connected to said line connecting adjacent valves,
PA1  a sensing arm, positioned to be engaged by a pallet or container moving
      along said conveyor stretch, connected to each said valve for moving said
      valve from a normal position connecting said associated motor means to
      said source of fluid pressure to a sensing position to exhaust said
      associated motor means and lower said support member, and
PA1  control valve means for sequentially exhausting pressure from each said
      valve associated with each support member upon the valve at the discharge
      end of the conveyor stretch being moved to a sensing position whereby the
      support members sequentially lower the chain from contact with a pallet or
      container upon operation of the valves sequentially from the discharge end
      toward the loading end after a pallet or container actuates the valve at
      the discharge end.
NUM  11.
PAR  11. An accumulating conveyor according to claim 10 wherein said control
      valve means includes means for simultaneously connecting said motor means
      previously connected to be exhausted to said source of fluid pressure upon
      said valve at the discharge end of the conveyor stretch being returned to
      a normal position from said sensing position whereby the pallets on said
      conveyor stretch will simultaneously move toward the discharge end of said
      conveyor upon a pallet being removed therefrom.
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ABST
PAL  An apparatus for transporting and accumulating containers, specifically
      oval containers. A pair of opposed side guides are mounted adjacent a
      conveyer and define a transporting passage therebetween having a width
      only slightly greater than the small diameter of the containers so that
      the containers are transported therethrough in a direction substantially
      parallel with their long diameters. The conveyer has a further pair of
      side guides associated therewith spaced downstream from the
      first-mentioned side guides and spaced apart by distance substantially
      equal to the long diameter of the containers for permitting the containers
      to be accumulated substantially adjacent one another with the containers
      disposed with the long diameters thereof extending substantially
      transverse to the direction of conveyer travel. The first and second sets
      of side guides are connected by a set of inclined side guides which
      gradually taper outwardly from the first set to the second set for
      enabling the individual containers to be gradually turned through
      approximately 90.degree. relative to the conveyer as they are transported
      from the transporting zone into the accumulating zone.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 350,172
      filed Apr. 11, 1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an apparatus for orienting and accumulating
      containers, and specifically relates to a conveyer device which permits
      oval or eliptical containers or bottles to be accumulated in a row to
      facilitate subsequent packing thereof into cartons or the like.
PAC  BACKGROUND OF THE INVENTION
PAR  When containers or bottles having oval or eliptical cross-sections are
      transported on a conveyer, such as an endless belt-type conveyer, the
      direction of movement of the containers is substantially parallel with the
      direction of the long diameter of the containers to prevent overturning or
      tipping of the containers during transporting thereof. When it is desired
      to accumulate these containers to facilitate their packaging in a
      cardboard box or the like, the containers are normally continuously
      introduced by the conveyer into a substantially closed area which is
      surrounded by walls, which area thus stops and collects the containers to
      permit the containers to be placed into boxes or the like. However, when
      utilizing an accumulating structure of this type, since the containers are
      fed into the accumulation area by being moved in a direction parallel to
      their long diameter, the subsequent containers tend to wedge in around the
      stopped frontmost container, thus causing a chain-like reaction back along
      the conveyer so that the following containers are likewise wedged together
      due to their direction of orientation relative to the conveyer. This thus
      results in a stoppage of the containers on the conveyer. These known
      structures thus have not successfully permitted an efficient and desirable
      accumulation of the bottles or containers.
PAR  Accordingly, it is an object of the present invention to provide an
      apparatus for accumulating substantially flat bottomed vessels, bottles,
      containers or the like, which apparatus specifically overcomes the
      above-mentioned disadvantage. More particularly, it is an object of the
      present invention to provide an apparatus which includes a zone for
      transporting the bottles or containers in a direction so that their long
      diameters are substantially parallel to the direction of travel, the
      conveyer also including an orienting zone for causing the containers to be
      rotated approximately 90.degree. relative to the plane of the conveying
      surface so that the long diameters of the containers are substantially
      perpendicular to the transporting direction, the turned containers then
      being fed into an accumulation zone so that the containers are accumulated
      in side-by-side relation so as to form an elongated row of substantially
      stationary containers disposed with their small diameters substantially
      aligned.
PAR  More particularly, the present invention has for its object the provision
      of an apparatus for facilitating the accumulation of containers, bottles
      or the like. The present device is characterized by the provision of a
      pair of side quides which define an elongated orientation passage
      therebetween, which side guides are inclined relative to one another so
      that the passage tapers outwardly in the direction of travel, the narrow
      end of the orientation passage being in communication with a transporting
      passage formed on a conveyer, and the wide end of the orientation passage
      being in communication with an accumulation zone formed on the conveyer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 in the drawing is a plan view of a conveying and accumulating device
      constructed according to one exemplary embodiment of the present
      invention, the device being illustrated with a succession of bottles or
      containers supported thereon so as to illustrate the manner in which the
      bottles are transported, oriented and accumulated.
PAR  In the following description, the word "forward" and derivatives thereof
      will refer to the normal direction of travel of the containers along the
      conveyer, which forward direction of travel occurs rightwardly in FIG. 1.
PAR  FIG. 2A is a plan view of a shampoo container packaging apparatus in which
      the device illustrated in FIG. 1 has been incorporated, the apparatus
      being illustrated with the stopped and accumulated containers in an
      accumulation zone on the conveyer and FIG. 2B is a vertical sectional view
      thereof;
PAR  FIG. 3A is a plan view of the packaging apparatus shown in FIG. 2, the
      apparatus being illustrated with the containers removed from the
      accumulation zone by a pusher plate to be packed into a carton and FIG. 3B
      is a vertical sectional view thereof.
DETD
PAC  DETAILED DESCRIPTION
PAR  As illustrated in the embodiment shown in the attached drawing, the present
      invention comprises an apparatus 10 for transporting and accumulating
      articles 11, such as hollow containers, bottles or the like which are used
      for containing liquid soap and other suitable products. The articles 11,
      which generally have an oval or eliptical cross-section, have a relatively
      flat bottom or supporting surface to permit their support and transporting
      by a conventional conveyer 12. Conveyer 12 in the illustrated embodiment
      may comprise a conventional movable endless belt, the upper reach of which
      is illustrated in the drawings.
PAR  The conveyer 12 has a pair of spaced-apart, substantially parallel side
      guides 13 associated therewith for defining therebetween an elongated
      transporting passage or zone 14 through which a succession of said
      containers 11 are moved. The side guides 13 are spaced apart by a distance
      which is preferably only slightly greater than the small diameter (that
      is, the width) of the containers 11 so that the containers 11 are thus
      successively moved through the zone and are disposed so that the large
      diameter (that is, the length) of each container 11 extends substantially
      parallel to the direction of movement of the conveyer, which direction of
      movement of the conveyer is indicated by the arrow 15.
PAR  The transporting and accumulating apparatus of the present invention is
      also provided with a further pair of spaced and substantially parallel
      side guides 16 associated therewith, which side guides are substantially
      parallel to the side guides 13 but are spaced a substantial distance
      downstream from the side guides 13. The side guides 16 define therebetween
      an elongated passage 17 which will hereinafter be referred to as the
      accumulation zone. The accumulation zone 17 has a width as defined between
      the opposed guides 16 which is preferably only slightly greater than the
      maximum diameter of the containers 11 so as to permit the containers to be
      accumulated within the zone 17 in adjacent side-by-side position, the
      vessels thus being disposed substantially within a row as illustrated in
      the drawing. The individual vessels within said row being disposed with
      their short diameters substantially aligned and extending substantially
      parallel to the direction of travel of the conveyer 12.
PAR  A still further pair of intermediate side guides 18 are associated with the
      conveyer 11, which side guides extend between and have their opposite ends
      positioned directly adjacent the free ends of the side guides 13 and 16.
      The side guides 18 are inclined at an angle relative to one another so as
      to define an orienting passageway or zone 19 therebetween which passageway
      increases in width from the input end to the output end thereof. The input
      end of the orienting zone 19 is disposed directly adjacent and in
      alignment with the output end of the transporting zone 14, whereupon the
      width of the orienting zone 19 then progressively increases until it
      reaches the output end thereof, which outward end is disposed directly
      adjacent the input end of the accumulation zone 17 and has a width
      substantially equal to the width of the accumulation zone. The orienting
      zone 19 thus results in a gradual and substantially uniform increase in
      the width of the zone confining the containers 11 as they are transported
      from the transporting zone 14 into the accumulation zone 17.
PAR  In the apparatus of the present invention, the preferable angle of
      inclination of the intermediate side quides 18 varies depending upon the
      cross-sectional configuration of the articles 11, the rate of movement of
      the conveyer 12, and other operational parameters. However, the angle of
      inclination of the side guides 18 is preferably selected so that the
      length of the side guide 18 is from about three to about ten times as long
      as the long diameter (that is, the length) of the container 11.
PAR  In the operation of the apparatus 10 of the present invention, the conveyer
      12 is normally provided with a large quantity of containers 11 positioned
      thereon, which containers 11 are disposed within an elongated row on the
      conveyer 12 and are disposed closely adjacent and in substantial contact
      with one another so that the vessels are moved successively one at a time
      along the conveyer (rightwardly in the drawing). When the containers are
      being moved through the transporting zone 14, the close confinement of the
      containers by the side guides 13 causes the individual containers to be
      substantially aligned in succession and in substantial contact with one
      another, the individual containers being disposed so that the large
      diameter extends at least approximately in the direction of movement of
      the conveyer, such as illustrated by the container designated A in the
      drawing. Since the articles 11 are continuously supplied to and
      transported along the conveyer 11, the accumulation zone 17 contains
      therein a plurality of containers 11 which are disposed so that their long
      diameters extend substantially perpendicular to the direction of travel of
      the conveyer 12, as illustrated by the container designated B in the
      drawing. These containers 11 as disposed within the accumulation zone 17
      are thus disposed in aligned and adjacent contact with one another so as
      to form a row of said containers. The individual containers disposed
      within the row defined by the storage zone 17 are positioned so that the
      short diameters of the containers are substantially aligned and are
      substantially parallel to the direction of travel of the conveyer. This
      orientation of the containers 11 as contained in the accumulation zone 17
      thus facilitates the removal of the containers from the conveyer so as to
      permit their storing or packing within boxes or the like. However, even
      though containers 11 are continuously being removed from the accumulation
      zone, the continuous supply of containers 11 from the transporting zone 14
      through the orienting zone 19 into the accumulation zone 17 always results
      in a row of containers 11 being disposed within the accumulation zone 17,
      substantially as illustrated on the right side of the drawing.
PAR  Considering now the movement of the containers 11 from the transporting
      zone 14 to the accumulation zone 17, the individual containers 11 as they
      leave the transporting zone 14 and enter the orienting zone 19 begin to
      undergo an angular turning movement relative to the supporting surface of
      the conveyer 12, which angular turning movement of the individual
      containers 11 progressively continues as the containers move along the
      zone 19 due to the progressively increasing width of the zone. This
      progressive angular turning of the containers 11 continues as they move
      through the zone 19 and continues until the containers 11 reach the outlet
      end of the zone 19. At this point, the zone 19 has a width substantially
      equal to the accumulation zone 17, whereupon the individual containers 11
      in passing through the orienting zone 19 have thus been turned, either to
      the right or to the left, through an angle of approximately 90.degree. so
      that the long diameter of each container 11, which was substantially
      parallel to the direction of travel upon entering the zone 19, is now
      substantially perpendicular to the direction of travel upon leaving the
      zone 19.
PAR  The desirable turning of the individual containers 11 as they progressively
      move through the orienting zone 19 occurs due to the fact that the row of
      containers, as it extends from the transporting zone 14 through the
      orienting zone 19 into the accumulation zone 17, is continuous with the
      successive containers being substantially in contact with one another.
      Thus, due to this contacting relationship between the successive
      containers, each trailing container tends to exert a pushing force on the
      next adjacent leading container, which pushing force due to the oval
      configuration of the container tends to swing or pivot the containers
      sidewardly as permitted by the ever-increasing width of the zone 19 as the
      containers travel therethrough. This pushing force of the trailing
      container on the next adjacent leading container is due to the fact that
      the containers within the accumulation zone 17 are either stopped or their
      motion suitably impeded by a stop or restriction device 20 so as to enable
      the containers, which are more widely spaced when located within the
      transporting zone 14, to be moved more closely together when in the
      accumulation zone 17. Further, due to the manner in which the adjacent
      pair of containers coact with one another so as to pivotally swing same as
      they move through the orienting zone 19, it is substantially impossible
      for two or more containers to become positioned directly adjacent one
      another in substantially side-by-side relationship as they move through
      the zone 19. Since the articles are thus positively prevented from moving
      into a side-by-side relationship, the articles thus cannot choke and block
      the guide passages as defined between the opposed side guides 16 and 18.
PAR  With respect to the stop or restriction device 20, such devices for causing
      stoppage and accumulation of a plurality of articles on a conveyer are
      well known. In an apparatus for transporting and accumulating containers
      of this kind, the containers transported to the accumulation zone are
      stopped and collected for packing thereof into cartons or the like.
PAR  As the restriction device for this purpose, a suitable stopper will be used
      and the containers thus stopped and accumulated will be usually removed
      from the accumulation zone by pushing out a predetermined number of
      containers to the direction perpendicular to the direction of the
      transportation movement. This method of stopping and collecting the
      transported containers is conventional in the art, and typical such stops
      or restriction devices are illustrated in Japanese Utility Model
      Publications Nos. 28504/1964, 28509/1964 and 16518/1968. Accoringly, it
      will be recognized by those of ordinary skill in this art that any
      suitable stop or restriction device of conventional construction could be
      utilized in conjunction with the transport apparatus of the present
      invention.
PAR  Thus, as described above, the present invention provides a device which
      permits articles or containers having a substantially flat supporting
      surface, which articles preferably have an oval or eliptical
      cross-section, to be accumulated in a very precise and uniform manner by
      the utilization of an extremely simple and inexpensive apparatus.
PAR  The present invention will be further described with reference to FIGS. 2A,
      2B and 3A, 3B, which show a shampoo container packaging apparatus
      incorporating the conveying and accumulating device 10 of the present
      invention therein. In FIGS. 2A and 2B, the containers B are shown as
      contained in the accumulation zone 17 on the conveyor 12, while, in FIGS.
      3A and 3B, the containers are shown as removed from the accumulation zone
      17 by a pusher plate 21 to a position above the cartons 22 into which the
      containers are to be packed.
PAR  In the packaging apparatus shown in the drawings, twelve shampoo containers
      are to be packed in one carton. When the containers or bottles B
      transported by the conveyor 12 are stopped by the stopper 20 in the
      accumulation zone 17, they are pushed out of the conveyor 12 by a pusher
      plate 21 to the direction (shown by the arrow 24) perpendicular to the
      direction of the transportation movement (shown by the arrow 15) and
      placed on a rotatable falling-down plate 23. As shown in FIGS. 3A and 3B,
      the respective bottles are then grasped by the corresponding bottle
      holders 25, as illustrated by the container designated C in the drawing,
      the falling-down plate 23 is then rotated and, at the same time, the
      bottle holders 25 are descended to place the bottles in the carton 22, as
      illustrated by the container designated D in the drawing. Then, the bottle
      holders 25 are detached from the containers, ascended and stopped at their
      original positions. After the holders 25 are lifted, the falling-down
      plate 23 is rotated and returned to its original position.
PAR  In the drawing, 26 indicates a vertically movable guide plate, which
      descends when the pusher plate 21 push the containers onto the falling
      down plate 23 and which ascends when the pusher plate 21 is returned to
      its original position, thus performing its role as a guide. 27 is a center
      guide, which is fixed. 28 is a carton transfer plate, on which the carton
      22 are placed and transferred, and 29 is a chain, by which the plate 28 is
      moved.
CLMS
STM  The embodiments of the invention in which we claim an exclusive property or
      privilege are defined as follows:
NUM  1.
PAR  1. An apparatus for transporting, orienting and accumulating articles
      having at least a portion of oval cross-section defined by substantially
      perpendicular short and long diameters, said apparatus comprising:
PA1  conveyor means including an elongated movable conveying member traveling in
      a selected direction and having an upwardly facing support surface for
      supporting said articles thereon;
PA1  first guide means for confining therebetween the oval portion of said
      articles, said first guide means including a first pair of spaced side
      guide members disposed adjacent said support surface and defining
      therebetween a transporting zone, said first pair of side guide members
      being spaced apart by a distance which is smaller than the long diameter
      of said articles so as to confine therebetween the oval portion of said
      articles and to facilitate the movement of said articles through said
      transporting zone by said conveying member, said articles when in said
      transporting zone being disposed with the short diameters thereof
      substantially transverse to said selected direction;
PA1  second guide means for confining therebetween the oval portion of said
      articles, said second guide means including a second pair of spaced side
      guide members disposed adjacent said support surface and defining an
      accumulation zone therebetween, said second pair of guide members being
      spaced downstream a substantial distance from said first pair of side
      guide members, said second pair of side guide members being spaced apart
      by a distance which is substantially equal to or slightly greater than the
      long diameter of said articles to permit alignment of said articles in the
      direction of the short diameters thereof;
PA1  restricting means coacting with said articles within said accumulation zone
      for causing said articles within said accumulation zone to accumulate
      within a row extending in said selected direction, the individual articles
      in said row being maintained in contact with one another and being
      oriented so that the long diameter thereof is substantially perpendicular
      to said selected direction; and
PA1  third guide means extending between the first and second pairs of side
      guide members and coacting with the oval portion of said articles for
      permitting the individual articles to be turned as they are being supplied
      from said transporting zone to said accumulation zone so that their long
      diameters are disposed substantially perpendicular to said selected
      direction when said articles reach said accumulation zone;
PA1  said third guide means including a third pair of spaced elongated side
      guide members disposed adjacent said conveying member and extending
      between said first and second pairs of side guide members, the side guide
      members defining said third pair being inclined relative to one another
      and defining an elongated orienting passage therebetween which diverges in
      said selected direction, said third guide means permitting the articles to
      be turned as they pass therethrough only when the articles in the
      accumulation zone are oriented with their long diameters substantially
      perpendicular to said selected direction and are disposed within a row
      which extends back into said orienting passage.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein the side guide members of
      said third pair are each substantially straight and are each slightly
      inclined at a small angle relative to said selected direction of movement
      of said conveying member, said third pair of side guide members defining
      an elongated passage therebetween which progressively increases in width
      from the inlet end thereof to the outlet end thereof, the inlet end of
      said orienting passage having a width substantially equal to the width
      between said first pair of side guide members, and the outlet end of said
      orienting passage having a width substantially equal to the width between
      said second pair of side guide members.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein said first pair of side guide
      members are spaced apart by a width which is only slightly greater than
      the small diameter of said articles for causing said articles when being
      transported along said transporting zone to be disposed on said conveying
      member with their long diameters extending approximately parallel to said
      selected direction.
NUM  4.
PAR  4. An apparatus according to claim 1, wherein each of the inclined side
      guide members defining said third pair comprises a single elongated and
      substantially straight rail member having a length of between about three
      to about ten times the long diameter of said articles.
NUM  5.
PAR  5. An apparatus according to claim 1, wherein the individual side guide
      members of said second pair are parallel with respect to one another and
      are parallel with the side guide members of said first pair, the
      respective side guide members of said second pair each being spaced
      outwardly relative to the respective side guide members of said first pair
      relative to the width of said conveying member, whereby the longitudinally
      extending centerline of the transporting zone is substantially aligned
      with the longitudinally extending centerline of said accumulation zone.
NUM  6.
PAR  6. An apparatus according to claim 1, wherein the side guide members of
      said first, second and third pairs each comprise a substantially straight
      and elongated rail member, each rail member having a length substantially
      greater than the long diameter of said article, and the rail members
      defining said third pair each having a length which is at least three
      times greater than the long diameter of said articles.
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ABST
PAL  A method for a surface treatment to form a hard layer including a IV-b
      group element of the Periodic Table on the surface of an iron, ferrous
      alloy or cemented carbide article in a molten bath, comprising preparing
      the molten bath composed of boron oxide and a IV-b group element,
      immersing the article in the molten bath and applying an electric current
      to the molten bath through said article, said article being used as the
      cathode, thereby forming a very hard layer comprising the carbide of said
      IV-b group element on the surface of said article. The method of this
      invention can quickly form a uniform and dense hard layer on the surface
      of the article and can be carried out in the open air.
BSUM
PAR  This invention relates to a method for forming a hard layer comprising the
      carbide of a IV-b group element of the periodic table or a complex layer
      composed of a carbide layer and a boride layer of said element on the
      surface of an iron, ferrous alloy or cemented carbide article, and more
      particularly, it relates to the formation of said layer on the surface of
      the article immersed in a molten bath. The iron, ferrous alloy or cemented
      carbide article with said layers formed thereon has a greatly improved
      hardness, wear resistance and machinability.
PAR  The carbide and boride of a IV-b group element have been known to have a
      very high hardness ranging from Hv (Vicker's hardness scale) 2000 to Hv
      3000 and to exhibit superior resistance to wear, corrosion and oxidation.
      Therefore it is very useful in the field of surface treatment to easily
      form in a simple process a layer of said carbide and/or boride on the
      surface of a structual part to be used at a high temperature or of a part
      to be subjected to severe wear.
PAR  Further, the carbide and boride of a IV-b group element are much harder and
      less reactive with iron or steel at a high temperature than the tungsten
      carbide forming cemented carbide is. The tungsten carbide tool coated with
      the carbide or boride layer of a IV-b group element is protected against
      crater wear. Therefore, the durability of the tool is greatly improved in
      addition to the improvement based on the hardness of the carbide layer and
      boride layer.
PAR  There have been reported several kinds of methods for coating or forming a
      hard layer such as a titanium carbide layer or titanium boride layer on
      the surface of metallic articles. However, the conventional methods have
      many difficulties in practical use. For example, the methods necessitate
      complex apparatus, non-oxidative atmospheres or complicated treating steps
      so that the productivity of these methods are insufficient.
PAR  Therefore, it is the principal object of the present invention to provide
      an improved method for forming a carbide and/or boride layer of a IV-b
      group element on the surface of an iron, ferrous alloy or cemented carbide
      article, which is safe and simple in practice and less expensive.
PAR  It is another object of this invention to provide a method for quickly
      forming a metallic carbide and/or carbide layer with denseness and
      uniformity on the surface of the article.
PAR  It is still another object of this invention to provide a method for
      forming a layer comprising a metallic carbide on the surface of the
      article treated in a molten bath.
PAR  It is a still further object of this invention to provide a method for
      forming a layer comprising a carbide on the surface of the article by
      applying an electric current to the article.
PAR  Other objects of this invention will appear hereinafter.
DRWD
PAR  The novel features that are considered characteristic of the invention are
      set forth with particularity in the appended claims. The invention itself,
      as to its method of operation, together with additional objects and
      advantages therefore, will best be understood from the following
      description of specific embodiments when read in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a photomicrograph showing the layer formed on carbon tool steel
      according to Example 1;
PAR  FIG. 2 is a photomicrograph showing the layer formed on carbon tool steel
      according to Example 2;
PAR  FIGS. 3 and 4 are photomicrographs showing the layer formed on carbon tool
      steel according to Example 4;
PAR  FIGS. 5 and 6 are photomicrographs showing the layers formed on carbon tool
      steel according to Example 5;
PAR  FIG. 7 is a photomicrograph showing the layer formed on carbon tool steel
      according to Example 6;
PAR  FIG. 8 is a photomicrograph showing the layer formed on carbon tool steel
      according to Example 7;
PAR  FIG. 9 is a photomicrograph showing the layer formed on carbon tool steel
      according to Example 10;
PAR  FIG. 10 is a photomicrograph showing the layers formed on cemented carbide
      according to Example 11;
PAR  FIG. 11 is an X-ray diffraction chart of the layer formed on cemented
      carbide according to Example 13.
DETD
PAR  Broadly, the present invention is directed to an improvement of the method
      for forming a very hard layer on an iron, ferrous alloy or cemented
      carbide article in a molten treating bath and is characterized in that the
      treating bath is composed of a boron oxide and a IV-b group element of the
      Periodic Table dissolved therein and in that an electrical current is
      applied to an article immersed in the molten treating bath to deposit the
      IV-b group element on the surface of the article. The element deposited
      reacts with the carbon contained within the article and forms the carbide
      layer of the IV-b group element on the surface of the article. Namely, the
      method of the present invention comprises preparing a molten bath
      containing a molten boron oxide and a IV-b group element, immersing an
      iron, ferrous alloy or cemented carbide article in the molten bath,
      applying an electric current to the molten bath through the article being
      used as the cathode, to form the carbide layer of the IV-b group element
      on the surface of the article.
PAR  The electric current activates the deposition of the IV-b group element
      dissolved in the treating molten bath on the surface of the article and
      accelerates the formation of the carbide layer of the IV-b group element
      on the surface of the article. The voltage of the electric current is
      relatively low. It is not necessary for said voltage to be high enough for
      electrolysis of the molten boron oxide in the treating molten bath. In
      order to accelerate the formation of the carbide layer of a IV-b group
      element on the surface of the article, a relatively high voltage (in other
      words, a relatively large current density at the cathode) may be employed.
      In that case, large current density deposits the reduced boron on the
      surface of the article together with a IV-b group element. Therefore, the
      carbide layer of the IV-b group element includes a small amount of a
      boride of a IV-b group element such as titanium boride (TiB.sub.2),
      zirconium boride (ZrB.sub.2) and hafnium boride (HfB.sub.2), and in some
      cases, the boride layer of a IV-b group element is formed on the carbide
      layer of a IV-b group element. Said boride of a IV-b group element has
      been known to have a much higher hardness than that of the carbide of a
      IV-b group element. Also said boride has good wear resistance and
      corrosion resistance against chemical reagents and molten metal.
      Therefore, the boride layer of a IV-b group element formed and the carbide
      layer containing the boride work as well as the carbide layer of a IV-b
      group element. However, with too large a current density, the deposition
      of boron is excessive and prevents the IV-b group element from depositing
      on the surface of the article. Also, said deposited boron forms borides
      such as iron boride and cobalt boride with metals of the mother material
      of the article. Therefore, too large a current density at the anode is
      undesirable.
PAR  The effective current density of the cathode, which is the article to be
      treated, depends on the substance including a IV-b group element in the
      molten treating bath and on the material forming the article to be
      treated.
PAR  The molten bath used in the present invention is composed of a molten boron
      oxide and a substance containing a IV-b group element.
PAR  As the said boron oxide, boric acid (B.sub.2 O.sub.3), borate such as
      sodium borate (borax) (Na.sub.2 B.sub.4 O.sub.7), potassium borate
      (K.sub.2 B.sub.4 O.sub.7), lithium borate (Li.sub.2 B.sub.4 O.sub.7) and
      the like and mixtures thereof can be used. The boric acid and borate have
      the function of dissolving the metallic oxide and keeping the surface of
      the article to be treated clean, and also the boric acid and borate are
      not poisonous and hardly vaporize. Therefore, the method of the present
      invention can be carried out in the open air.
PAR  As the said group IV-b substance, the metals of a IV-b group element,
      alloys containing a IV-b group element, the oxides and halides of a IV-b
      group element such as TiO.sub.2, K.sub.2 TiO.sub.3, Na.sub.2 TiO.sub.3,
      Li.sub.2 TiO.sub.3, ZrO.sub.2, ZrOCl.sub.2, TiCl.sub.3, TiF.sub.6,
      Na.sub.2 TiF.sub.6, Na.sub.2 ZrF.sub.6, HfF.sub.4, HfCl.sub.4,
      (NH.sub.4).sub.2 TiF.sub.6, TiI.sub.4 can be used. In order to prepare the
      molten bath, the powder of said substance is introduced into the molten
      boron oxide, or the powder of said substance and the powder of said boron
      oxide are mixed together and then the mixture is heated up to its fused
      state. By another method, a block of said metals or alloys immersed in the
      bath is anodically dissolved in the molten boron oxide for preparing the
      molten treating bath.
PAR  When the metal of a IV-b group element or the alloy containing the IV-b
      group element is used as the source of a IV-b group element and is
      dissolved in the molten bath, the powders or thin plates of said metal or
      alloy may be added to molten boron oxide and kept therein for a time
      sufficient to dissolve said powder or plates into said molten boron oxide.
      The speed of the dissolution of said metal or alloy into the molten boron
      oxide is relatively slow so that the powders or plates of said metal or
      alloy should be fine. Preferably the powder is of under 20 mesh. Preparing
      the molten bath by said method is easily done, however, undissolved
      powders remain in the bath, and happen to be attached to the surface of an
      article being treated and roughen the surface of the article.
PAR  As the quantity of the metal or alloys of a IV-b group element dissolved in
      the molten bath, 1% by weight of said metal or alloy may be sufficient
      (hereinafter % means % by weight). In practice, however, the metal or
      alloy may be dissolved into the treating molten bath in a quantity between
      1 and 40%. With use of a lower quantity of the metal or alloy than 1%, the
      speed of formation of the surface layer would be too slow to be acceptable
      for practical purposes. Too great an addition of the metal or alloy than
      40% will increase the viscosity of the molten bath that the resultant
      surface layer will become too uneven to be acceptable.
PAR  As the source of a IV-b group element dissolved in the molten bath, the
      powders of said oxides or halides may be introduced in a molten boron
      oxide, or said powders may be mixed with the powders of the boron oxide
      and heated to their molten state. The powders of the oxides and halides of
      a IV-b group element are dissolved easily into the molten boron oxide
      without leaving undissolved powders. The quantity of the oxides or halides
      of a IV-b group element dissolved in the treating molten bath is in a
      range of from 1 to 40%. More preferably, the quantity may be selected
      between 5 and 25%.
PAR  The molten bath is also prepared by dipping the block of said metal or
      alloy in molten boron oxide and applying an electric current to said
      molten boron oxide, said block being used as the anode for anoidically
      dissolving said block in said molten boron oxide. The current applied for
      dissolving the block is to accelerate the dissolution of the block.
      Although the speed of the dissolution increases according to increase of
      the current density of the anode, the current density does not necessarily
      have to be large. In practice, the current density is within a range from
      0.1 to 10 A/cm.sup.2. By said method, a molten bath without undissolved
      powders can be obtained.
PAR  An iron, ferrous alloy or cemented carbide article is immersed in the
      molten bath prepared by said means, and an electric current is applied to
      the molten bath through the article being used as the cathode, to form the
      surface layer including the IV-b group element on the surface of the
      article.
PAR  With use of the molten bath composed of molten boron oxide and the metal or
      alloy of a IV-a group element dissolved therein, the article made of iron
      or ferrous alloy is treated at a current density at the cathode (article
      to be treated) of between 0.005 and 1.5 A/cm.sup.2, more preferably
      between 0.01 and 0.3 A/cm.sup.2, and the article made of cemented carbide
      is treated at a current density at the cathode of between 0.01 and 15
      A/cm.sup.2.
PAR  With use of the molten bath composed of molten boron oxide and the oxide of
      a IV-b group element, the article made of iron or ferrous alloy is treated
      at a current density at the cathode of between 0.01 and 3 A/cm.sup.2, more
      preferably between 0.02 and 0.5 A/cm.sup.2, and the article made of
      cemented carbide is treated at a current density at the cathode of between
      0.01 and 15 A/cm.sup.2.
PAR  With use of the molten bath composed of molten boron oxide and the halide
      of a IV-b group element, the article made of iron or ferrous alloy is
      treated at a current density at the cathode of between 0.01 and 5
      A/cm.sup.2, more preferably between 0.1 and 1 A/cm.sup.2, and the article
      made of cemented carbide is treated at a current density at the cathode of
      between 0.01 and 15 A/cm.sup.2.
PAR  The surface layer formed has a tendency to be a carbide layer of a IV-b
      group element or to be a carbide layer having a thin boride layer of said
      element thereon when the current density of the cathode is relatively low
      within said range of the current density of the cathode. With an increase
      of the current density of the cathode, the thickness of the boride layer
      of a IV-b group element on the carbide layer of said element increases,
      and boride of the material of the article to be treated, such as FeB,
      Fe.sub.2 B, W.sub.2 B.sub.5 or Co.sub.3 B, is formed when the current
      density of the cathode is over said upper limits of said range.
PAR  The iron, ferrous alloy or cemented carbide to be treated must contain at
      least 0.05% carbon, preferably 0.1% carbon or higher. The carbon in the
      article becomes the carbide during the treatment. Namely it is assumed
      that the carbon in the article diffuses to the surface thereof and reacts
      with the metal from the treating molten bath to form the carbide on the
      surface of the article. Higher content of the carbon in the article is
      preferable for forming the carbide layer. Iron, ferrous alloy or cemented
      carbide articles containing less than 0.05% of carbon may not be formed
      with a uniform and thick carbide layer by the treatment. Also, articles
      containing at least 0.05% of carbon only in the surface portion thereof
      can be treated to form a carbide layer on the surface of the article. For
      example, a pure iron article, which is case-hardened to increase the
      carbon content in the surface portion thereof, can be used as the article
      of the present invention.
PAR  Here, iron means iron containing carbon and casehardened iron, ferrous
      alloy means carbon steel and alloy steel, and cemented carbide means a
      sintered tungsten carbide containing cobalt. Said cemented carbide may
      include a small amount of titanium carbide, niobium carbide, tantalum
      carbide and the like. Also, the article to be treated includes the cast
      products formed, products by hot or cold working, and sintered products.
PAR  In some cases, the carbon contained in the molten bath can be used as the
      source of the carbon for forming the carbide layer on the surface of the
      article. However, the formation of the carbide layer is not stable and the
      use of the carbon in the molten bath is not practical.
PAR  Before the treatment, it is important to purify the surface of the article
      to form a good carbide and/or carbide layer by removing rust and oil from
      the surface of the article with acidic aqueous solution or another
      suitable liquid.
PAR  The treatment temperature may be selected within the wide range from the
      melting point of boric acid or borate to the melting point of the article
      to be treated. Preferably, the treatment temperature may be selected
      within the range of 800.degree. to 1100.degree.C. With lowering of the
      treatment temperature, the viscosity of the treating molten bath increases
      gradually and the thickness of the carbide layer formed decreases.
      However, at a relatively high treatment temperature, the molten bath
      deteriorates rapidly. Also the quality of the material forming the article
      deteriorates from an increase of the crystal grain size thereof.
PAR  The treatment time depends upon the thickness of the surface layer to be
      formed, treatment temperature, and the current density of the anode.
      Heating shorter than 2 minutes will, however, provide no practically
      acceptable formation of said layer. With the increase of the treatment
      time, the thickness of the surface layer will be increased
      correspondingly. In practice, an acceptable thickness of the layer can be
      realized within 5 hours or less. The preferred range of the treating time
      will be from 2 minutes to 5 hours.
PAR  The vessel for keeping the molten bath of the present invention can be made
      of graphite or heat resistant steel.
PAR  It is not necessary to carry out the method of the present invention in an
      atmosphere of non-oxidative gas, but the method can be carried out into
      effect either under an air or inert gas atmosphere.
PAC  EXAMPLE 1
PAR  1000 grams of borax were introduced into a graphite crucible having a 65 mm
      inner diameter and heated to 900.degree.C in an air atmosphere in an
      electric furnace to melt the borax. Then, 110 grams of thin titanium
      plates (10 .times. 10 .times. 0.5 cm) were placed in the crucible and
      kept, with mixing, for 5 hours to dissolve the thin plates in the molten
      borax. Thus, the molten bath was prepared. Next, each of specimens 1--1 to
      1-9 having a 7mm diameter and made of carbon tool steel (JIS SK4 :
      containing 0.8% carbon) was immersed in the molten bath and treated under
      the respective conditions shown in Table 1 by using the specimen as a
      cathode and the crucible as an anode.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Specimen No.                                                              

              1-1  1-2  1-3  1-4  1-5  1-6 1-7 1-8 1-9                         

     __________________________________________________________________________

     Current  0.01 0.03 0.05 0.1  0.5   1   2   3   5                          

     Density of                                                                

     Cathode(A/cm.sup.2)                                                       

     Treating 2    2    2    2    2    7/60                                    

                                           7/60                                

                                               5/60                            

                                                   5/60                        

     Time (hr.)                                                                

     Thickness of                                                              

              7    10   20   18   22    5  20  23  40                          

     the formed                                                                

     layer or                                                                  

     layers(.mu.)                                                              

     __________________________________________________________________________

      After the treatment, each of the specimens was taken out of the molten
      bath, cooled in the air, and washed with hot water to remove the treating
      material adhered onto the specimen. All specimens were cut vertically and
      the cross sections were polished and microscopically observed. Also,
      specimens were examined by X-ray micro analyzer and by an X-ray
      diffraction method.
PAR  All of the treated specimens had a layer or layers having the respective
      thickness shown in Table 1 formed thereon. The layers formed on each of
      specimens 1--1 to 1-6 were observed to consist of three layers. The three
      layers were identified to be a titanium boride (TiB.sub.2) layer forming
      its upper most layer, a titanium carbide (TiC) layer forming its middle
      layer and an iron boride (Fe.sub.2 B) layer forming its lowest layer. As
      an example of the layers, a photomicrograph taken from Specimens 1-6 is
      shown in FIG. 1. The layers formed on each of Specimens 1-7 to 1-9 were
      identified to be composed of mostly iron boride (FeB and Fe.sub.2 B).
      Titanium carbide was not detected in the layers.
PAC  EXAMPLE 2
PAR  1000 grams of borax was introduced into a graphite crucible having a 65mm
      inner diameter and heated to 900.degree.C for melting the borax in an
      electric furnace under the air. Then, 430 grams of ferro-titanium powder
      of less than 100 mesh were introduced in the molten borax bath and mixed
      together. The bath was kept for 1 hour to dissolve the powder into the
      molten borax. Thus, the molten bath was prepared. Next, each of specimens
      2-1 to 2-3 having a 7mm diameter and made of carbon tool steel was treated
      in the molten bath under the respective conditions shown in Table 2 in the
      same manner as described in Example 1. After the treatment, Specimens 2-1
      to 2-3 were examined in the same way described in Example 1. All the
      treated specimens with a layer or layers having the respective thickness
      shown in Table 2 were formed.
TBL                Table 2                                                     

     ______________________________________                                    

     Specimen No.   2-1       2-2       2-3                                    

     ______________________________________                                    

     Current Density of                                                        

                    0.1       0.25      1.0                                    

     Cathode (A/cm.sup.2)                                                      

     Treating Time (hr.)                                                       

     Thickness of the                                                          

                    10        20        30                                     

     formed layer or                                                           

     layers (.mu.)                                                             

     ______________________________________                                    

PAR  The layer formed on Sample 2-1 was identified as a titanium carbide (TiC)
      layer. The layers formed on Sample 2--2 were identified as composed of two
      layers, a titanium carbide (TiC) layer forming the upper layer and an iron
      boride (Fe.sub.2 B) layer forming the lower layer. The layers formed on
      Specimen 2-3 were identified as composed of three layers, a titanium oride
      (TiB.sub.2) layer forming the upper most layer, a titanium carbide (TiC)
      layer forming the middle layer, and an iron boride (Fe.sub.2 B) layer
      forming the lowest layer. The layers formed on specimen 2-3 are shown in
      the photomicrograph shown in FIG. 2.
PAC  EXAMPLE 3
PAR  1000 grams of borax were introduced into a graphite crucible having a 65mm
      inner diameter and heated to 900.degree.C in an electric furnace under an
      argon gas atmosphere to melt the borax. Then, a metallic titanium rod
      having a diameter of 10mm and a length of 50mm was immersed into the
      molten borax and anodically dissolved in the molten borax for 2 hours at
      an anodic current density of 6 A/cm.sup.2 by using the rod as anode and
      the crucible as cathode. By this anodic dissolution, a molten bath
      containing 8.3% of titanium was prepared.
PAR  Next, each of specimens 3-1 to 3-3 having a 7mm diameter and made of carbon
      tool steel was treated in the treating molten bath under the respective
      conditions shown in Table 3 in the same manner as described in Example 1.
TBL                Table 3                                                     

     ______________________________________                                    

     Specimen No.    3-1       3-2      3-3                                    

     ______________________________________                                    

     Current Density of                                                        

                     0.05      0.1      1.0                                    

     Cathode (A/cm.sup.2)                                                      

     Treating Time (hr.)                                                       

                     2         2        10/60                                  

     Thickness of the formed                                                   

                     11        9        2                                      

     layer or layers (.mu.)                                                    

     ______________________________________                                    

PAR  After the treatment, specimens 3-1 to 3--3 were examined in the same way
      described in Example 1. All the treated specimens had a layer or layers
      having the respective thickness shown in Table 3 formed thereon. The
      layers formed on each of specimens 3-1 to 3--3 were identified as
      consisting of the upper-most layer composed of titanium boride
      (TiB.sub.2), the middle layer composed of titanium carbide (TiC) and the
      lowest layer composed of iron boride (Fe.sub.2 B).
PAC  EXAMPLE 4
PAR  500 grams of borax were introduced into a graphite crucible having a 65mm
      inner diameter and heated up to 900.degree.C in an electric furnace under
      air to melt the borax. Then, 125 grams of titanium oxide (TiO.sub.2)
      powder were introduced in the molten borax and mixed together. Thus, the
      molten bath was prepared.
PAR  Next, each of specimens 4-1 to 4-11 having a 7mm diameter and made of
      carbon tool steel was treated in the molten bath under the respective
      conditions shown in Table 4 in the same manner as described in Example 1.
      After the treatment, specimens 4-1 to 4-11 were examined in the same way
      described in Example 1. All of the treated specimens had a layer or layers
      having the respective thickness shown in Table 4 formed thereon. The
      construction and composition of each of the formed layers are also listed
      in Table 4.
PAR  As examples of the formed layers, each of the layers formed on specimens
      4-3 and 4-6 are respectively shown in the photomicrographs of FIGS. 3 and
      4.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Specimen No.      4-1  4-2 4-3 4-4 4-5 4-6 4-7 4-8 4-9 4-10               

                                                                4-11           

     __________________________________________________________________________

     Treating                                                                  

            Current    0.01 0.03                                               

                                0.07                                           

                                    0.10                                       

                                        0.20                                   

                                            0.30                               

                                                0.50                           

                                                    1.00                       

                                                        3.00                   

                                                            4.00               

                                                                5.00           

     Condition                                                                 

            Density (A/cm.sup.2)                                               

            Treating Time                                                      

                       14   14  14  14   4   4   4   4   4   4  5/60           

            (hr.)                                                              

     Formed Thickness (.mu.)                                                   

                       12   15  30  45   7  10  13  20  20  60  22             

     Layer  Uppermost  TiB.sub.2                                               

                            TiB.sub.2                                          

                                TiB.sub.2                                      

                                    TiB.sub.2                                  

                                        TiB.sub.2                              

                                            TiB.sub.2                          

                                                TiB.sub.2                      

                                                    TiB.sub.2                  

                                                        TiB.sub.2              

                                                            Fe.sub.2 B         

                                                                Fe.sub.2 B     

            Layer                                                              

            Middle Layer                                                       

                       TiC  TiC TiC TiC TiC TiC TiC TiC TiC --  --             

            Lowest Layer                                                       

                       Fe.sub.2 B                                              

                            Fe.sub.2 B                                         

                                Fe.sub.2 B                                     

                                    Fe.sub.2 B                                 

                                        Fe.sub.2 B                             

                                            Fe.sub.2 B                         

                                                Fe.sub.2 B                     

                                                    Fe.sub.2 B                 

                                                        Fe.sub.2 B             

                                                            --  --             

     __________________________________________________________________________

PAL  The layers formed on Specimens 4-8 and 4-9 were composed mainly of their
      lowest, iron boride layer, and their uppermost layers composed of titanium
      boride and middle layers composed of titanium carbide were very thin. The
      layers formed on Specimens 4-10 and 4-11 are iron boride, which is not
      desired as the uppermost layer in the present invention.
PAC  EXAMPLE 5
PAR  500 grams of borax were introduced into a graphite crucible having a 65mm
      inner diameter and heated up to 900.degree.C in an electric furnace under
      air to melt the borax. Then, 56 grams of titanium oxide (TiO.sub.2) powder
      were introduced in the molten borax and mixed together. Thus, the molten
      bath was prepared.
PAR  Next, each of specimens 5-1 to 5-3 having a 7mm diameter and made of carbon
      tool steel was treated in the molten bath under the respective conditions
      shown in Table 5 in the same manner as described in Example 1. After the
      treatment, specimens 5-1 to 5-3 were examined in the same way as described
      in Example 1. All of the treated specimens were formed with a layer or
      layers having the respective thickness shown in Table 5. The construction
      and composition of each of the formed layers are also listed in Table 5.
TBL                Table 5                                                     

     ______________________________________                                    

     Specimen No.      5-1      5-2      5-3                                   

     ______________________________________                                    

     Treating                                                                  

            Current Density                                                    

                           0.1      0.25   1                                   

     Condi- (A/cm.sup.2)                                                       

     tion   Treating Time  4        8      4                                   

            (hr.)                                                              

     Formed Thickness (.mu.)                                                   

                           8        11     32                                  

     Layer  Uppermost Layer                                                    

                           TiC      TiC    TiB.sub.2                           

            Middle Layer   --       Fe.sub.2 B                                 

                                           TiC                                 

            Lowest Layer   --       --     Fe.sub.2 B                          

     ______________________________________                                    

PAR  The microphotographs shown in FIGS. 5 and 6 show respectively the layers
      formed on specimens 5-1 and 5-2.
PAR  As known from the results of Examples 1 and 2, a layer composed of titanium
      carbide or layers composed of titanium carbide and titanium boride may be
      formed on a specimen by the treatment using the molten bath containing a
      relatively small amount of titanium oxide and a relatively low current
      density at the cathode.
PAC  EXAMPLE 6
PAR  80 grams of borax were introduced into a graphite crucible having a 35mm
      inner diameter and heated to 1000.degree.C in an electric furnace under
      air to melt the borax. Then 25 grams of potassium titanate (K.sub.2
      TiO.sub.3) block were introduced into the molten borax and mixed together.
      Thus, the molten bath was prepared.
PAR  Next, each of specimens 6-1 to 6-7 having a 7mm diameter and made of carbon
      tool steel was treated in the molten bath under the respective conditions
      shown in Table 6 in the same manner as described in Example 1. After the
      treatment, specimens 6-1 to 6-7 were examined in the same way as described
      in Example 1. All of the treated specimens were formed with a layer or
      layers having the respective thickness shown in Table 6. The construction
      and composition of each of the formed layers are also listed in Table 6.
TBL                                    Table 6                                 

     __________________________________________________________________________

     Specimen No.  6-1 6-2 6-3 6-4 6-5  6-6 6-7                                

     __________________________________________________________________________

     Treating                                                                  

           Current 0.01                                                        

                       0.05                                                    

                           0.1 0.5 1.0  3.0 5.0                                

     Condition                                                                 

           Density                                                             

           (A/cm.sup.2)                                                        

           Treating                                                            

                    2   2   2   2  10/60                                       

                                        5/60                                   

                                            3/60                               

           Time(hr.)                                                           

     Formed                                                                    

           Thickness                                                           

                   18  20  26  33  6    8   20                                 

     Layer (.mu.)                                                              

           Uppermost                                                           

                   TiB.sub.2                                                   

                       TiB.sub.2                                               

                           TiB.sub.2                                           

                               TiB.sub.2                                       

                                   TiC  TiC Fe.sub.2 B                         

           Layer                                                               

           Middle Layer                                                        

                   TiC TiC TiC TiC Fe.sub.2 B                                  

                                        Fe.sub.2 B                             

                                            --                                 

           Lowest  Fe.sub.2 B                                                  

                       Fe.sub.2 B                                              

                           Fe.sub.2 B                                          

                               Fe.sub.2 B                                      

                                   --   --  --                                 

           Layer                                                               

     __________________________________________________________________________

      The layer formed on Specimen 6-7 is an iron boride (Fe.sub.2 B) layer
      which is not desired as the uppermost layer in the present invention.
PAR  The photomicrograph shown in FIG. 7 shows the layer formed on Specimen 6-4.
PAC  EXAMPLE 7
PAR  500 grams of borax were introduced into a graphite crucible having a 65mm
      inner diameter and heated to 1000.degree.C in an electric furnace under
      air to melt the borax. Then 240 grams of Na.sub.2 TiF.sub.6 powder were
      introduced into the molten borax and mixed together. Thus, the molten bath
      was prepared.
PAR  Next, each of specimens 7-1 to 7-6 having a 7mm diameter and a 40mm length
      and made of carbon tool steel was treated in the molten bath under the
      respective conditions shown in Table 7 in the same manner as described in
      Example 1. After the treatment, specimens 7-1 to 7-6 were examined in the
      same way as described in Example 1. All the treated specimens had a layer
      or layers having the respective thickness shown in Table 7 formed thereon.
      The construction and composition of each of the formed layers are also
      listed in Table 7.
PAR  The layers formed on each of specimens 7-1 to 7-3 were identified as
      composed of two layers, a titanium carbide layer and an iron boride layer.
      Each of the titanium carbide layers was about 3 microns. The layers formed
      on Specimen 7-4 were identified as consisting of the uppermost layer
      composed of titanium boride and having a 14 micron thickness, the middle
      layers composed of titanium carbide and having a 3 micron thickness, and
      the lowest layer composed of an iron boride layer. The layers formed on
      specimen 7-5 were identified as consisting of the uppermost layer composed
      of titanium boride and having a 14 micron thickness, the middle layer
      composed of titanium carbide and having a 5 micron thickness, and the
      lowest layer composed of iron boride. The layers formed on specimen 7-6
      were identified as consisting of the thin uppermost and middle layers
      composed respectively of titanium boride and titanium carbide and the
      relatively thick lowest layer composed of iron boride. The total thickness
      of the uppermost and middle layers was about several microns.
TBL                                    Table 7                                 

     __________________________________________________________________________

     Specimen No.  7-1 7-2 7-3 7-4 7-5 7-6                                     

     __________________________________________________________________________

     Treating                                                                  

     Condition                                                                 

          Current  0.01                                                        

                       0.05                                                    

                           0.1 0.5 1.0  5                                      

          Density                                                              

          (A/cm.sup.2)                                                         

          Treating Time                                                        

                    2   2   2   2  10/60                                       

                                       5/60                                    

          (hr.)                                                                

     Formed                                                                    

          Thickness (.mu.)                                                     

                   10  12  21  &gt;17 &gt;19 &gt;several                                

     Layer                             microns                                 

          Uppermost                                                            

                   TiC TiC TiC TiB.sub.2                                       

                                   TiB.sub.2                                   

                                       TiB.sub.2                               

          Layer                                                                

          Middle Layer                                                         

                   Fe.sub.2 B                                                  

                       Fe.sub.2 B                                              

                           Fe.sub.2 B                                          

                               TiC TiC TiC                                     

          Lowest Layer                                                         

                    --  --  -- Fe.sub.2 B                                      

                                   Fe.sub.2 B                                  

                                       Fe.sub.2 B                              

     __________________________________________________________________________

PAR  The photomicrograph shown in FIG. 8 shows the layers formed on Specimen
      7-5.
PAC  EXAMPLE 8
PAR  The molten bath made of 500 grams of borax and 230 grams of
      (NH.sub.4).sub.2 TiF.sub.6 powder was prepared in the same manner as
      described in Example 7. Next, each of specimens 8-1 to 8-7 having a 7mm
      diameter and a 40mm length and made of carbon tool steel was treated in
      the molten bath maintained at 1000.degree.C under the respective condition
      shown in Table 8 in the same manner as described in Example 1.
TBL                                    Table 8                                 

     __________________________________________________________________________

     Specimen No.                                                              

              8-1 8-2 8-3 8-4 8-5  8-6  8-7                                    

     __________________________________________________________________________

         Current                                                               

     Treat-                                                                    

         Density                                                               

              0.01                                                             

                  0.05                                                         

                      0.1 0.5 1    3    5                                      

     ing (A/cm.sup.2)                                                          

     Condi-                                                                    

     tion                                                                      

         Treating                                                              

         Time 2   2   2   2   10/60                                            

                                   10/60                                       

                                        3/60                                   

         (hr.)                                                                 

     __________________________________________________________________________

PAL  After the treatment, specimens 8-1 to 8-7 were examined in the same way as
      described in Example 1. All the treated specimens 8-1 to 8-7 were formed
      respectively with the layers consisting of the uppermost layer composed of
      titanium boride (Ti.sub.2 B), the middle layer composed of titanium
      carbide (TiC) and the lowest layer composed of iron boride (Fe.sub.2 B).
      The respective total thickness of each of the layers formed on each of
      specimens 8-1 to 8-4 was 23, 25, 42 and 51 microns. The thickness of the
      uppermost layer formed on specimens 8-1 to 8-4 was 13, 10, 8 and 7 microns
      respectively and the thickness of the middle layer was 5, 5, 3 and 3
      microns respectively. Both the uppermost and middle layers have a tendency
      to decrease with increase of the current density of the cathode in the
      treatment. The layers formed on each specimens 8-5 to 8-6 were identified
      as consisting of a relatively thin uppermost and middle layer having a
      thickness of several microns and the relatively thick lowest layers.
PAC  EXAMPLE 9
PAR  In the same manner as described in Example 7, the molten bath composed of
      70 grams of borax and 43 grams of titanium iodide (TiI.sub.4) was prepared
      in a graphite crucible having a 35mm inner diameter and maintained at
      1000.degree.C.
PAR  Next, specimens 9-1 and 9-2 having a 7mm diameter and a 40mm length and
      made of carbon tool steel were treated respectively with a current density
      of 0.03 A/cm.sup.2 for 3 hours and with a current density of 0.3
      A/cm.sup.2 for 3 hours in the same manner, as described in Example 1.
      After the treatment, specimens 9-1 and 9-2 were examined in the same
      manner as described in Example 1. Sample 9-1 was formed with layers
      consisting of the uppermost and middle layers composed respectively of
      titanium boride (Ti.sub.2 B) and titanium carbide (TiC) and having a 5
      micron thickness and the lowest layer composed of iron boride (Fe.sub.2
      B). The total thickness of the layers was 32 microns. Sample 9-2 was
      formed with layers consisting of the uppermost and middle layers composed
      respectively of titanium boride (Ti.sub.2 B) and titanium carbide (TiC)
      and having an 8 micron thickness and the lowest layer composed of iron
      boride (Fe.sub.2 B). The total thickness of the layers was 45 microns.
PAC  EXAMPLE 10
PAR  In the same manner as described in Example 7, the molten bath composed of
      70 grams of borax and 25 grams of titanium chloride (TiCl.sub.3) was
      prepared and maintained at 1000.degree.C.
PAR  Next, specimens 10-1 to 10-3 having a 7 mm diameter and a 40mm length and
      made of carbon tool steel were treated respectively with a current density
      of 0.03 A/cm.sup.2 for 3 hours, with a current density of 0.3 A/cm.sup.2
      for 3 hours and with a current density of 3 A/cm.sup.2 for 5 minutes in
      the same manner as described in Example 1. After the treatment, specimens
      10-1 to 10-3 were examined in the same manner as described in Example 1.
      Each specimen 10-1 to 10-3 was formed with layers consisting of the
      uppermost layer composed of titanium boride (Ti.sub.2 B), the middle layer
      composed of titanium carbide (TiC) and the lowest layer composed of iron
      boride (Fe.sub.2 B). The total thickness of layers formed on specimens
      10-1 to 10-3 was 28, 35 and 55 microns respectively, and the thickness of
      the titanium boride and titanium carbide layers formed on Specimens 10-1
      to 10-3 was 10, 13 and 4 microns respectively.
PAR  The photomicrograph of FIG. 9 shows the layers formed on Specimen 10-1.
PAC  EXAMPLE 11
PAR  500 grams of borax were introduced into a graphite crucible having a 65mm
      inner diameter and heated up to 1000.degree.C in an electric furnace under
      air to melt the borax. Then, into the crucible was introduced 56 grams of
      tiny titanium plates having a 0.5mm thickness and kept for a time
      sufficient to dissolve the titanium plates into the molten borax. Thus,
      the molten bath was prepared.
PAR  Next, each of specimens 11-1 to 11-7 having a size of 40 .times. 5.5
      .times. 1.0mm and made of cemented carbide composed of 91% of tungsten
      carbide and 9% of cobalt were treated under the respective conditions
      shown in Table 9 in the same manner as described in Example 1. After the
      treatment, specimens 11-1 to 11-7 were examined in the same way as
      described in Example 1. All the treated specimens 11-1 to 11-7 were formed
      respectively with the dense layers having a respectivee thickness shown in
      Table 9.
PAR  Each of the layers formed on specimens 11-1 to 11-6 was identified as
      consisting of two layers, the upper layer composed of titanium boride
      (TiB.sub.2) and the lower layer composed of titanium carbide (TiC). The
      layers formed on specimen 11-7 were identified as consisting of two
      layers, the upper layer composed of titanium boride (TiB.sub.2) and the
      lower layer composed of cobalt boride (Co.sub.3 B).
TBL                                    Table 9                                 

     __________________________________________________________________________

     Specimen No.                                                              

                11-1                                                           

                    11-2                                                       

                        11-3                                                   

                            11-4                                               

                                11-5                                           

                                    11-6                                       

                                        11-7                                   

     __________________________________________________________________________

     Current Density                                                           

                0.01                                                           

                    0.05                                                       

                        0.1 0.5 1.0 5.0 10                                     

     of Cathode(A/cm.sup.2)                                                    

     Treating Time                                                             

                15  15  5    8   1  1   10/60                                  

     (hr.)                                                                     

     Thickness of the                                                          

     formed Layer or                                                           

                10  12  5   12  10  6   15                                     

     Layers (.mu.)                                                             

     __________________________________________________________________________

PAR  In order to test the oxidation resistance and corrosion resistance of the
      specimens treated according to this Example, many specimens, treated under
      the same conditions as that of specimen 11-3, and non-treated specimens
      were subjected to either an oxidation test or a corrosion test. The
      oxidation test involved heating a specimen in the open air at 800.degree.C
      for 1 hour and then measuring the weight gain of the specimen due to the
      oxidation of the specimen. The corrosion test involved dipping a specimen
      into an aqueous solution containing 10% of nitric acid (HNO.sub.3) for 5
      hours at 20.degree.C and then measuring the weight loss of the specimen
      due to the dissolution of the specimen. The oxidation gain of the specimen
      treated under the same condition as that of specimen 11-3 was 8.96
      mg/cm.sup.2. In comparison, the oxidation gain of the non-treated specimen
      was 61.87 mg/cm.sup.2. The dissolved weight loss of the specimen treated
      under the same condition as that of specimen 11-3 was 5.39 mg/cm.sup. 2.
      In comparison, the dissolved weight loss of the non treated specimen was
      23.07 mg/cm.sup.2.
PAR  It is apparent from the results that the cemented carbide articles with the
      layers formed according to this Example have a great oxidation and
      corrosion resistance.
PAC  EXAMPLE 12
PAR  500 grams of borax were introduced into a graphite crucible having a 65mm
      inner diameter and heated to 1000.degree.C in an electric furnace under
      air to melt the borax. Then a metallic titanium rod having a 10mm diameter
      was immersed into the molten borax and anodically dissolved in the molten
      borax for 2 hours at an anodic current density of 1 A/cm.sup.2 by using
      the rod as anode and the crucible as cathode. By this anodic dissolution,
      a molten bath containing about 8.3% of titanium was prepared.
PAR  Next, each of specimens 12-1 to 12-5 having a size of 40 .times. 5.5
      .times. 1.0mm and made of cemented carbide composed of 91% of tungsten
      carbide and 9% of cobalt was treated under the respective condition shown
      in Table 10 in the same manner as described in Example 1. After the
      treatment, specimens 12-1 to 12-5 were examined in the same way as
      described in Example 1. All the treated specimens 12-1 to 12-5 were formed
      respectively with the layers having a respective thickness shown in Table
      10. Each of the layers formed on specimens 12-1 to 12-3 was identified as
      consisting of two layers, the upper layer composed of titanium boride
      (TiB.sub.2) and the lower layer composed of titanium carbide (TiC). The
      layers formed on each Specimens 12-4 and 12-5 were found to consist of
      three layers, the uppermost layer composed of titanium boride, the middle
      layer composed of titanium carbide and the lowest layer composed of cobalt
      boride (Co.sub.3 B).
TBL                Table 10                                                    

     ______________________________________                                    

     Specimen No. 12-1    12-2    12-3  12-4  12-5                             

     ______________________________________                                    

     Current Density of                                                        

     Cathode (A/cm.sup.2)                                                      

                  0.05    0.5     1.0   5.0   10                               

     Treating Time                                                             

                  15      10      5      1    10/60                            

      (hr.)                                                                    

     Thickness of the                                                          

     formed Layer or                                                           

                  10      10      6     15     5                               

     Layers (.mu.)                                                             

     ______________________________________                                    

PAC  EXAMPLE 13
PAR  500 grams of borax were introduced into a graphite crucible having a 65mm
      inner diameter and heated up to 1000.degree.C in an electric furnace under
      air to melt the borax. Then, 240 grams of Na.sub.2 TiF.sub.6 powder were
      introduced into the molten borax and mixed together. Thus, the molten bath
      was prepared.
PAR  Next, each of specimens 13-1 to 13-9 having a size of 40 .times. 5.5
      .times. 1.0mm and made of cemented carbide composed of 91% of tungsten
      carbide and 9% of cobalt was treated under the respective conditions shown
      in Table 11 in the same manner as described in Example 1.
TBL                                    Table 11                                

     __________________________________________________________________________

     Specimen No.                                                              

              13-1                                                             

                  13-2                                                         

                      13-3                                                     

                          13-4                                                 

                              13-5                                             

                                  13-6                                         

                                      13-7 13-8                                

                                               13-9                            

     __________________________________________________________________________

     Current                                                                   

     Density of                                                                

              0.01                                                             

                  0.05                                                         

                      0.1 0.5 1.0 5.0 10   15  20                              

     Cathode(A/cm.sup.2)                                                       

     Treating Time                                                             

     (hr.)    16  5   14  10   4   2  10/60                                    

                                           5/60                                

                                               1/8                             

     Thickness of                                                              

     the formed                                                                

               7  5   10  10  15  20  10   12   8                              

     Layer or                                                                  

     Layers (.mu.)                                                             

     __________________________________________________________________________

PAR  After the treatment, Specimens 13-1 to 13-9 were examined in the same way
      as described in Example 1. All the treated specimens 13-1 to 13-9 were
      formed respectively with the layers having a respective thickness shown in
      Table 11. Each of the layers formed on specimens 13-1 to 13-4 was
      identified as consisting of a titanium carbide layer. Specimens 13-5 to
      13-8 were formed respectively with the layers consisting of three layers,
      the uppermost layer composed of titanium boride (TiB.sub.2), the middle
      layer composed of titanium carbide (TiC) and the lowest layer composed of
      cobalt boride (Co.sub.3 B). The thickness of the lowest layer, the cobalt
      boride layer, has a tendency to increase according to the increase of the
      current density of the cathode. The layer formed on specimen 13-9 was
      identified to be a cobalt boride (Co.sub.3 B) layer, from which a small
      amount of titanium was detected but titanium carbide was not detected.
PAR  As one example of the results by X-ray diffraction, the X-ray diffraction
      chart taken from the layers formed on specimen 13-6 is shown in FIG. 11.
PAR  Specimens treated under one of the same conditions as those of specimens
      13-3 and 13-7 were subjected to either the oxidation test or the corrosion
      test which were described in Example 11 for estimating the oxidation and
      corrosion resistances of the specimens having a titanium carbide layer or
      the layers composed of a titanium boride layer and a titanium carbide
      layer which were formed according to this Example.
PAR  The weight gain (being used as an index of the oxidation resistance) and
      weight loss (being used as an index of the corrosion resistance) of the
      specimens treated under the same conditions as that of Specimen 13-3 were
      15.33 mg/cm.sup.2 and 6.85 mg/cm.sup.2 respectively. The weight gain and
      weight loss of the specimens treated under the same condition as that of
      Specimen 13-7 were 5.10 mg/cm.sup.2 and 5.16 mg/cm.sup.2 respectively.
PAC  EXAMPLE 14
PAR  500 grams of borax were introduced into a graphite crucible having a 65 mm
      innerdiameter and heated up to 1000.degree.C in an electric furnace under
      the air to melt the borax. Then, 75 grams of ZrO.sub.2 powder were
      introduced into the molten borax and mixed together. Thus, the molten bath
      was prepared.
PAR  Next, each of specimens 14-1 to 14-6, 40 .times. 5.5 .times. 1.0mm and made
      of cemented carbide composed of 91% tungsten carbide and 9% cobalt was
      treated under the respective conditions shown in Table 12 in the same
      manner as described in Example 1.
TBL                Table 12                                                    

     ______________________________________                                    

     Specimen No.                                                              

                 14-1   14-2   14-3 14-4  14-5  14-6                           

     ______________________________________                                    

     Current Density                                                           

     of Cathode  0.01   0.05   0.5  1.0   5.0   10                             

      (A/cm.sup.2)                                                             

     Treating Time                                                             

                 16     12     13   3      1    10/60                          

      (hr.)                                                                    

     Thickness of the                                                          

     formed Layer or                                                           

                 10     12     15   6     15     5                             

     Layers (.mu.)                                                             

     ______________________________________                                    

PAR  After the treatment, specimens 14-1 to 14-6 were examined by the same way
      as described in Example 1. All the treated specimens 14-1 and 14-6 were
      formed with the layers having the respective thickness shown in Table 12.
      Each of the layers formed on specimens 14-1 to 14-4 was identified as
      consisting of two layers, the upper layer composed of zirconium boride
      (ZrB.sub.2) and the lower layer composed of zirconium carbide (ZrC). The
      layers formed on Specimens 14-5 and 14-6 were identified as consisting of
      two layers, the upper layer composed of zirconium boride and the lower
      layer composed of tungsten boride (W.sub.2 B.sub.2). Zirconium carbide was
      not detected in the layers.
PAC  EXAMPLE 15
PAR  90 grams of borax were introduced into a graphite crucible having a 35mm
      inner diameter and heated up to 1000.degree.C in an electric furnace to
      melt the borax. Then, 25 grams of ZrCl.sub.4 powder were introduced
      gradually into the molten borax and mixed together. Thus, the treating
      molten bath was prepared.
PAR  Next, each of specimens 15-1 to 15-9, 40 .times. 5.5 .times. 1.0mm and made
      of cemented carbide composed of 91% tungsten carbide and 9% cobalt was
      treated under the respective conditions shown in Table 13 in the same
      manner as described in Example 1.
TBL                                    Table 13                                

     __________________________________________________________________________

     Specimen No.                                                              

            15-1                                                               

                15-2                                                           

                    15-3                                                       

                        15-4                                                   

                            15-5                                               

                                15-6                                           

                                    15-6                                       

                                        15-8                                   

                                            15-9                               

     __________________________________________________________________________

     Current                                                                   

     Density of                                                                

            0.01                                                               

                0.05                                                           

                    0.1 0.5 1.0 5.0 10  15  20                                 

     Cathode                                                                   

     (A/cm.sup.2)                                                              

     Treating                                                                  

            16  15  16   6   3   1  5/60                                       

                                        3/60                                   

                                            1/60                               

     Time (hr.)                                                                

     Thickness of                                                              

     the formed                                                                

            13  20  23  18  13  10   5   9  10                                 

     Layer or                                                                  

     Layers(.mu.)                                                              

     __________________________________________________________________________

PAR  After the treatment, specimens 15-1 to 15-9 were examined in the same way
      as described in Example 1. All of the treated specimens 15-1 to 15-9 were
      formed with the layers having a respective thickness shown in Table 13.
      Each of the layers formed on specimen 15-1 to 15-4 was identified as
      consisting of two layers, the upper layer composed of zirconium boride
      (ZrB.sub.2) and the lower layer composed of zirconium carbide (ZrC). The
      layers formed on specimens 15-5 to 15-8 were identified as consisting of
      two layers, the upper layer composed of zirconium boride (ZrB.sub.2) and
      the lower layer composed of tungsten boride (W.sub.2 B.sub.5). The layer
      formed on specimen 15-9 was identified as being a tungsten boride layer.
      specimen 15-9 was not formed with the desired layer such as zirconium
      boride or zirconium carbide layer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for forming a hard coating comprising the carbide of a IV-b
      group element of the Periodic Table on the surface of a cemented carbide
      article containing at least 0.05% by weight of carbon, comprising the
      steps of
PA1  preparing a molten bath composed of molten boron oxide and a substance
      containing a IV-b group element in a vessel,
PA1  immersing the article in the molten bath,
PA1  connecting the article as a cathode and applying an electric current to
      said cathode with a current density within the range of 0.01 to 15
      A/cm.sup.2 in order to form a hard layer comprising the carbide of the
      IV-b group element on the surface of said article, and
PA1  removing said article from said molten bath.
NUM  2.
PAR  2. A method according to claim 1, wherein said boron oxide is selected from
      the group consisting of boric acid and borate.
NUM  3.
PAR  3. A method according to claim 2, wherein said borate is selected from the
      group consisting of sodium borate, potassium borate and lithium borate.
NUM  4.
PAR  4. A method according to claim 1, wherein said molten bath is composed of
      60 to 99% by weight of said molten boron oxide and 1 to 40% by weight of
      said substance dissolved in said molten boron oxide.
NUM  5.
PAR  5. A method according to claim 4, wherein said substance is a pure metal or
      an alloy of a IV-b group element.
NUM  6.
PAR  6. A method according to claim 5, wherein said metal or alloy is in the
      form of a powder or a thin plate.
NUM  7.
PAR  7. A method according to claim 4, wherein said metal or alloy is in the
      form of a block and said block is anodically dissolved in the molten boron
      oxide.
NUM  8.
PAR  8. A method according to claim 1, wherein said substance is an oxide of a
      IV-b group element.
NUM  9.
PAR  9. A method according to claim 1, wherein said substance is a halide of a
      IV-b group element.
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ABST
PAL  A jewelry display and packaging box has a bottom and a cover connected
      together by a hinge for swinging to open and closed positions. The bottom
      has an upwardly facing display panel on which a piece of jewelry is
      detachably supported in a display position. The cover has a large
      concavity therein which faces toward the box bottom in the closed position
      of the cover. A jewelry support is mounted on the box and has one or more
      jewelry supporting portions which are disposed in spaced relation to the
      walls of the concavity, and above the level of the panel. The portions are
      arranged to suspend one or more articles of jewelry in spaced relation
      above, and in overhanging relation to, that portion of the display panel
      which is adjacent the hinge, and so that the articles extend partway into
      the concavity and hang in spaced relation to the concavity walls and can
      dangle and swing freely, whereby rays of light reflected and refracted
      from each dangling article continuously shift directions. Closure of the
      cover moves the support and each article supported thereby to a position
      in which the articles are fully enclosed in the box in spaced relation to
      the article of jewelry on the panel.
PARN
PAR  This is a continuation of application Ser. No. 304,723 filed Nov. 8, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Jewelry boxes.
PAR  2. Description of Prior Art
PAR  Heretofore in displaying articles of jewelry, particularly in sets such as
      a finger ring and earrings to match, or cuff-links and a tie stud, the
      conventional practice has been to detachably mount the articles in fixed
      position on an upwardly exposed felt or like decorative display panel, in
      the bottom of a box so that the articles, when the box is open, are
      disposed in a position in which the decorative portions are fully
      displayed. The box, when closed, serves as a package for the articles. In
      other instances, the parts of a set are mounted on a display standard from
      which they are removed and packaged in a conventional jewelry box when
      sold to the customer.
PAR  In accordance with the present invention, a combined display and packaging
      box is provided in which provision is made for displaying one of the
      articles of the jewelry on the display panel in the bottom of the box in
      the customary manner, and for suspending one or more matching articles
      near the upper edge of the open cover of the box in a manner such that
      they can dangle and swing freely in overhanging relation to the panel when
      the box is open. When two matching articles are thus suspended and the
      cover closed, they can accommodate therebetween the article mounted on the
      panel.
PAC  SUMMARY OF THE INVENTION
PAR  The combined display and packaging box, when placed in open position on a
      counter or shelf, displays the contained articles of jewelry in a mobile
      relation to each other such that rays of light falling thereon are
      reflected and refracted in continuously shifting directions during the
      mobility and thereby attract attention to, and enhance the appearance of,
      the articles. Further, the articles are well packaged and prevented from
      contact with each other by closing the box.
PAR  Various other specific objects and advantages will become apparent from the
      following description, wherein reference is made to the drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front elevation of the display and packaging box embodying the
      principles of the present invention, the cover being shown in the open
      position with the box resting on a horizontal surface and with articles of
      jewelry displayed therein;
PAR  FIG. 2 is a left side elevation of the box illustrated in FIG. 1;
PAR  FIG. 3 is a top plan view of the box illustrated in FIG. 1;
PAR  FIG. 4 is an enlarged fragmentary cross sectional view of the box, taken on
      line 4--4 in FIG. 1, showing the preferred mechanical connections among
      various parts;
PAR  FIG. 5 is a left side elevation of the box illustrated in FIG. 1 with the
      cover in closed position, a portion of the cover being broken away to show
      the relation of the displayed jewelry elements therein to each other; and
PAR  FIG. 6 is a left side elevation of the box with the cover closed, part of
      the cover being broken away showing the self-adjusting position of the
      articles of jewelry when the box is closed and in a position to rest on a
      horizontal surface.
DETD
PAR  Referring to the drawings, the combined display and packaging box of the
      present invention comprises a box bottom 1 and a cover 2 which is
      connected along one of its edges to an upper edge of the bottom 1 by a
      hinge 3 for swinging to open and closed positions relative to the bottom
      1. As illustrated in FIGS. 1 through 4, when the box bottom is resting on
      a horizontal surface, the cover is in an upright open position. The bottom
      1 has secured therein a display member, indicated generally at 4 and
      comprising an upwardly open boxlike liner 5 in which is mounted a display
      panel 6 having its upper or display face covered with velvet or like
      decorative material, and having the usual slot 7 by which a ring may be
      detachably connected to the panel with its decorative setting superposed
      above the display face. When other types of jewelry are to be displayed on
      the panel 6, the velvet covering acts as a holding means in which the
      piece of jewelry can be pinned or otherwise fastened.
PAR  The cover of the box is provided with a liner 9, similar to the liner 5,
      being in the form of a downwardly open box which preferably has a
      peripheral side wall 9a which can receive the upper margin of the
      peripheral side wall of the liner 5 telescopically. Thus the cover is
      provided with an enlarged concavity which opens in the direction facing
      the panel 6 when the box bottom and cover are in closed position and the
      box bottom is resting horizontally on a counter.
PAR  The box such as above described is one commonly used for displaying a ring
      or a single piece of jewelry and of which the cover is upright when in one
      open position with the bottom horizontal, as illustrated in FIGS. 1-4.
      However, the present box is for displaying and packaging not only a ring
      or single article of jewelry, but articles of a matched set of jewelry.
PAR  For purposes of illustration, the invention is shown as used for displaying
      a finger ring R and matching earrings E. For this purpose, the ring R is
      supported in the conventional manner on the panel 6, as above described. A
      suspending support is provided which supports the pair of earrings E in a
      position spaced above a portion of the panel 6 which is near the hinge
      axis and in such spaced relation to the back wall and peripheral wall of
      the cover that the earrings E hang partly within and partly without the
      concavity in the cover 2, in spaced relation to the back wall of the liner
      of the cover. The earrings E are suspended in said spaced relation to the
      back wall and peripheral wall of the liner 9 so that they can dangle and
      swing freely both forwardly and rearwardly of the open cover 2 and
      laterally thereof. They are supported preferably so that they are disposed
      laterally of the cover 2 so as to be in symmetrical balance or relation at
      opposite sides of the displayed portion of the ring R.
PAR  Since the box is to be used both as a display box and a package, it is
      desirable that the support for the earrings be such that it folds or lies
      within the peripheral limits of the box bottom 1 and cover 2 in the closed
      position of the cover, and that it be in position to suspend the earrings
      as above described in the open position of the cover.
PAR  For this purpose, it is necessary that the support be carried either by the
      box bottom 1, the box cover 2, or the hinge 3. For purposes of
      illustration it is shown in its preferred form wherein it is mounted
      directly on the cover. A relatively inexpensive and attractive support is
      shown and is indicated at 10. In this form, the support 10 comprises a
      planar base 11 and tabs 12 lying in a plane extending at substantially
      right angles to the plane of the base. The base 11 is inserted between the
      peripheral wall 9a of the cover liner 9 and the peripheral wall of the
      cover at the side of the cover opposite from the axis of the hinge 3 so
      that it will be at the top edge of the cover when the cover is in the open
      position. The tabs 12, in the open position of the cover 2, depend from
      the upper edge of the cover 2 a substantial, but usually short, distance,
      so that the earrings can be fastened, one to each tab, at a location on
      the tabs in spaced relation below the upper wall 9a of the liner 9. For
      this purpose, an aperture 13 is provided in each tab, the aperture being
      sufficiently large so that the gripping parts of the associated earring
      can come together in contact therethrough for holding the earrings
      thereon. The aperture is sufficiently below the top portion of the wall 9a
      and sufficiently far above the panel 6 so that the earring will clear both
      by a substantial distance.
PAR  The depth of the concavity provided by the inner liner 9, from its open
      face to its back wall, indicated at 9b, is sufficient so that an earring
      connected to a tab 12, regardless of its rotated position about a vertical
      axis, can extend partway into the concavity of the cover and partway
      outwardly, in a direction away from the back wall of the concavity, beyond
      the open face of the cover 2. The spaced relation of each tab 12 is such
      that the earring suspended therefrom is free to swing toward and away from
      the back wall 9b a substantial distance when the cover is in the upright
      position shown in FIG. 2.
PAR  Of course, if the cover is not upright, but slightly overhangs the bottom
      1, the earring can still remain suspended in upright position and overhang
      the panel 6 nearer to its midportion in a direction transversely of the
      hinge axis.
PAR  The tabs 12 are also spaced transversely of the cover so that the earrings
      E do not touch the lateral portions of the peripheral wall 9a of the liner
      9.
PAR  In the case two earrings or two companion articles are to be displayed, and
      two such tabs 12 are provided, they may be on separate base portions 11 or
      on a common base as desired.
PAR  In the former case, since the base portions are frictionally held, or
      cemented, in fixed position, and since the cover and liner are rigid, the
      two base portions 11 along with the cover and liner provide in effect a
      common base for the tabs.
PAR  The tabs 12 are spaced apart laterally of the box so that the earrings are
      disposed at opposite sides of the lateral midportion of the cover and are
      in symmetrical relation to the ring R which is exposed at the lateral
      midportion of the panel 6.
PAR  The support 10 may be secured in position by inserting the base 11 between
      the wall 9a of the liner 9 and peripheral wall of the cover adjacent
      thereto, cementing the base in place, if desired, though generally
      frictional engagement is enough to hold the support 10 in position, and
      has the advantage of lateral adjustment to accommodate the support to the
      particular articles of jewelry to be displayed. The support 10 is movable
      to a position between the box bottom 1 and cover 2 in the closed position
      thereof by movement of the box and cover themselves into a relative closed
      position.
PAR  Preferably, the tabs 12 are made limp or readily flexible, especially in a
      direction toward and away from the back wall of the liner 9. For example,
      they may be soft fabric, or paper, or thin soft foam plastic. Their
      flexibility is such that, in any event, they assume a depending vertical
      position from the base 11 under the weight of the supported earring or
      other jewelry article, usually independently of the degree to which the
      cover is open. They can themselves be flexed forwardly and rearwardly of
      the open cover 2 by the weight of the article of jewelry itself.
PAR  Thus the earrings are supported in spaced relation to the peripheral and
      back wall of the concavity in the cover and are free to dangle and swing
      freely without interference by any portion of the cover. As a result, when
      the box is moved and set on the counter to show a customer, the earrings
      are thereby set in motion, swinging freely. As a result, refracted and
      reflected light rays from the jewelry provide a pleasing and ever changing
      scintillating appearance. If the box is left exposed in open condition in
      rooms where drafts occur, the earrings are caused to move continuously by
      the air drafts sufficiently so that they are in a continuous state of
      mobility dispensing light rays in unlimited patterns. The ever changing
      direction of the rays catch the eye of the passerby.
PAR  The support described is such that upon closure of the cover, after tilting
      it and the box bottom rearwardly, the earrings are moved back into the
      concavity of the cover on opposite sides of the ring displayed on the
      display panel 6, so that all of the articles nest within the cover without
      interferring with each other and are lightly held from contacting each
      other.
PAR  The connected tops of the earrings are below the rim of the box cover, and
      normally at or forwardly from the plane of the open face of the concavity.
      The holes are low enough, or the tabs are flexible enough, so that the
      earrings can hang pendent naturally under their own weight, and, in the
      case of flexible tabs, the tabs will assume their vertical positions under
      the weight of the earrings. Holes are not needed with flexible foam tabs.
PAR  As mentioned, in some instances, it is desirable to make the support
      extremely flexible, and for this purpose the two tabs may be of soft foam
      rubber or plastic. Such tabs have an advantage for mounting pieces of
      jewelry which might otherwise not dangle freely. For example, suppose that
      the jewelry to be displayed is a ring and matching cuff-links or the like
      which latter are rigid. In the normal condition of mounting, they would
      not dangle and swing about. Such soft and easily flexible tabs, however,
      can support any piece of jewelry to swing readily not only forwardly and
      rearwardly of the open cover, but also laterally thereof.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A jewelry display and packaging box comprising:
PA1  a bottom member adapted to rest in a horizontal position on a horizontal
      supporting surface, a display panel carried by said bottom member and
      having a face positioned to be exposed upwardly when said bottom member is
      in a horizontal position;
PA1  said bottom member having a front edge and a rear edge;
PA1  a cover member for the bottom member and having a top wall and peripheral
      wall depending from the top wall and defining therewith an open face
      unobstructed concavity which, in the closed position of the cover member,
      is open toward said face of the panel;
PA1  said peripheral wall including a front wall, and a rear wall positioned to
      lie at the front and rear edges, respectively, of said bottom member in
      the closed position of the cover member and side walls extending from the
      front wall to the rear wall;
PA1  said front, rear, and side walls having free edges, respectively, which, in
      said closed position of the cover member, engage said bottom member;
PA1  a hinge member connecting the cover member to the bottom member at the rear
      of the members so that the cover member can be swung about the hinge axis
      in a direction upwardly and rearwardly relative to the bottom member, in
      said horizontal position of the bottom member, to an open position in
      which the cover member is generally upright and the open face of the
      concavity thereof is exposed forwardly of the bottom member;
PA0  characterized in that:
PA1  an article support is carried by the cover and has a jewelry holding
      portion to which articles of jewelry can be detachably connected, and
      which portion, in said upright open position of the cover member, with the
      bottom member horizontal, swingably depends from a location which is at
      least close to said free edge of the front wall, downwardly toward the
      face of the panel, is spaced forwardly from said top wall, and is spaced
      laterally from said side peripheral walls of the cover member and of which
      portion the lower end is spaced upwardly away from said face of the panel,
      and is substantially directly beneath the free edge of said front
      peripheral wall in said upright position of the cover member, so that an
      article of jewelry can be connected to the holding portion and suspended
      therefrom so as to be swingable both toward and away from said top wall in
      spaced relation to said top wall and to said panel face in said upright
      open position of the cover member; and
PA1  said support is arranged to be confined in the concavity between said top
      wall and said face of the panel in the closed position of the cover
      member.
NUM  2.
PAR  2. The structure according to claim 1 wherein said support is connected to
      the cover member at said free edge of said front wall of the cover member.
NUM  3.
PAR  3. The structure according to claim 2 wherein said article support extends
      from its point of connection with the cover member a short distance, in a
      direction toward the face of the panel, and in its entirety is in spaced
      relation above said face of the panel and above said bottom member, when
      the cover is in said upright open position with said face of the panel of
      the bottom member facing upwardly.
NUM  4.
PAR  4. The structure according to claim 1 wherein said holding portion is
      relatively limp, at least in a direction toward and away from said top
      wall.
NUM  5.
PAR  5. The structure according to claim 1 wherein said cover member comprises a
      hollow outer concavo-convex element and inner hollow concavo-convex
      element, each element having a top wall and a peripheral wall, and said
      inner element fitting into the outer element with the peripheral walls of
      the elements at a location opposite from the hinge axis in snug nesting
      relation; and
PA1  said support has a connecting part disposed between said nesting portions
      of said peripheral walls at said location.
NUM  6.
PAR  6. The structure according to claim 1 wherein the jewelry engaging and
      holding portion includes two holding fingers, each of which is a
      relatively limp strip of material of a width several times its thickness,
      said strips are symmetrically arranged in laterally spaced edgewise
      relation from each other in a direction parallel to said hinge axis, and
      disposed at opposite sides of the lateral midportion of said cover member,
      so that each holding portion is readily flexible toward and away from the
      top wall of the cover independently of the other.
NUM  7.
PAR  7. The structure according to claim 6 wherein means are provided on the
      display panel for holding an article of jewelry on the bottom member with
      a decorative portion of the article exposed in superposed relation to said
      face of the display panel and, transversely of the bottom member, between
      the holding portions.
NUM  8.
PAR  8. The structure according to claim 1 wherein the holding portion has a
      passage therethrough extending in a direction forwardly and rearwardly, of
      the box and adapted to receive a connecting part of a piece of jewelry to
      be supported by the holding portion.
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ABST
PAL  A display container comprising a molded plastic base having spaced
      elongated oval sides tapering to a open curved front end and a larger
      curved rear end. A bottom wall extends integrally from the periphery of
      the sides in a continuous length from a point on the top adjacent the
      front, around the front end, along the bottom, around the rear end, and on
      to the top. The opening extends from the front to the rear edge of this
      wall. The sides have opposed grooves extending adjacent the edges. A
      plastic flexible cover is slidably mounted in the grooves so that when it
      is pulled forwardly against the front edge of the wall, the container is
      closed, and when it is pushed rearwardly, the container is opened. An
      elongated bar is pivotally mounted adjacent the front end. A support
      extends from the bar designed to hold an article, such as a travel clock,
      or a watch, for display. The grooves are curved forwardly and upwardly to
      direct the rear edge of the cover against the support adjacent the pivot
      bar when the cover is pushed rearwardly to opne the container. This will
      tilt the bar and support upwardly to display the contents in a tilted
      position. When the cover is moved toward closed position the support drops
      back into the container.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  The present application constitutes a continuation in part of applicant's
      application Ser. No. 133,852, filed Apr. 14, 1971, and entitled Display
      Container, now abandoned.
BSUM
PAR  Shipping and display containers are conventionally made in a variety of
      materials such as paper, cardboard, wood, plastic, etc. They usually
      provide for the removal of the cover and some means of tilting the base to
      display the goods. Where such types of containers are used for holding the
      goods, as for travel, manual means are provided for displaying the
      contents or removing it from the container.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is designed to provide a container in which the cover
      is used to push the contents into a display position. A molded plastic
      case comprises spaced oval sides and a wall extending from the front,
      around the bottom, to the rear, defining an opening at the top. The sides
      are provided with opposed grooves adjacent the edges and a flexible
      plastic cover slides in the grooves. A pivot member is mounted in the
      container adjacent the front end, the member carrying a support for
      holding the contents in horizontal position. When the cover is pushed
      rearwardly to open the container, the rear edge of the cover is directed
      forwardly and upwardly by curves in the grooves to contact and tilt the
      support into a display position. This action of the cover occurs after
      additional movement following the opening of the container. When the cover
      is closed, the support is released and the contents drops back into the
      container in horizontal position.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAC  In the drawings
PAR  FIG. 1 is a perspective view of a display container embodying my present
      invention;
PAR  FIG. 2 is a perspective view of the container in open position with a
      travel clock held in tilted position;
PAR  FIG. 3 is a view identical to FIG. 2 with the travel clock removed;
PAR  FIG. 4 is a longitudinal section of the container, without the travel
      clock, in closed position;
PAR  FIG. 5 is a view similar to FIG. 4 with a watch holding support;
PAR  FIG. 6 is a view similar to FIG. 5 with the cover in open position and the
      support in display position;
PAR  FIG. 7 is a perspective view of the container as shown in FIG. 6;
PAR  FIG. 8 is a perspective view of another type of support for the display
      container;
PAR  FIG. 9 is a section taken on line 9-9 on FIG. 8;
PAR  FIG. 10 is a perspective view of still another type of support for the
      container;
PAR  FIG. 11 is a section taken on line 11-11 on FIG. 10; and
PAR  FIG. 12 is a longitudinal section of an alternative display form for the
      container.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring more in detail to the drawings illustrating my invention, FIGS. 1
      to 4, inclusive, show a basic container with one method of displaying the
      goods. This form illustrates the container with a travel clock. The
      container 10 comprises a molded plastic housing integrally formed with
      spaced oval sides 12 connected by the integral wall 14. The container 10
      tapers toward the front end 16 in a narrow curve and sweeps upwardly
      toward the rear to a larger curved rear end 18. The container opening
      extends from the front edge 20 of the wall 14 to the rear edge 22 of the
      wall 14.
PAR  The sides 12 are provided with opposed grooves 24 extending around the
      opposed faces of the sides adjacent the perimeters, see FIG. 4. The cover
      26 comprises a rectangular flexible strip of plastic material having
      spaced grooves 28 extending transversely to provide a thin flexible web
      portion between thicker portions. This gives a reticulated effect and
      allows the cover to swing around the rear curved end 18. The cover 26 is
      slidably mounted in the grooves 24 and is provided with an integral
      vertical front end 30 which is manually engageable to slide the cover. The
      end 30 also serves as a stop to limit the movement of the cover 26. In
      FIG. 4 the cover 26 is in closed position and the portion 30 abuts the
      front edge 20 of the wall 14. In open position, the portion 30 abuts the
      rear edge 22 of the wall 14. As can be seen in FIG. 4, the grooves 24
      extend adjacent the edges of the sides 12 around the rear end 18, along
      the bottom toward the front end, then curving forwardly and upwardly at 32
      to terminate short of the pivot bar hereinafter described. The cover 26
      slides along these grooves into open and closed position.
PAR  Adjacent the front end, the opposed side walls 12 are provided with
      sector-shaped recesses 34. A flat elongated rectangular bar 36 is loosely
      mounted in the recesses 34 so that it can pivot from the vertical position
      shown in FIG. 4 to a slanted position against the front walls of the
      recesses 34. A short supporting plate 38 extends horizontally from the
      bottom edge of the bar 36 toward the rear. A rectangular frame 40 is
      mounted on the plate 38 and extends longitudinally into the container. In
      closed position, the bottom of the support plate 38 is provided with a
      vertical block 38a which rests on the bottom to hold the plate 38 and
      frame 40 in horizontal position. A rectangular travel clock 42 is
      frictionally mounted in the frame 40, the plate 38 acting as a stop to
      prevent the clock from being pushed through the frame.
PAR  Now when the cover 26 is pushed rearwardly, the container is opened and the
      clock 42 is visible. The cover 26 slides in the grooves 24 until it
      reaches the upturned end 32 of the grooves. At this point the container is
      open but the cover 26 has room to move rearwardly against the edge 22 of
      the wall 14. This last short movement causes the rear end of the cover 26
      to engage the bottom of the plate 38 and pivot it upwardly until the pivot
      bar 36 swings against the forward walls of the recesses 34. FIGS. 2 and 3
      show the tilted position which displays the travel clock 42 for convenient
      viewing on a night table or stand. When the edge member 30 of the cover is
      moved forwardly, the initial movement will allow the clock and support to
      swing back into the container in horizontal position. This clears the path
      of the cover which can now be pulled into closed position. The weight of
      the clock 42 may tend to force the cover back from the tilted position. To
      prevent this, the edge of the sides 12 may be notched at 30a to releasably
      retain the member 30, and the cover 26, in open position.
PAR  The above construction illustrates the basic principles of the present
      invention as applied, for illustrative purposes, to a travel clock. Any
      other desired article can readily be mounted on the frame 40, and the
      container can be used for a shipping and display container for displaying
      goods on the counter.
PAR  For example, FIGS. 5, 6 and 7 illustrate another way of displaying a
      flexible bracelet or watch and band in the basic container. This form is
      similar to the one shown in FIG. 1. It has oval sides 44, the integral
      wall 46, and flexible cover 48. As in the previous form, a pair of opposed
      sector-shaped recesses 50 are positioned adjacent the front of the sides
      44. The pivot bar 52 is mounted in the recesses, and the support plate 54
      extends horizontally from the bottom edge of the bar 52. In this form, an
      annular holder 56, having a gap for spring flexibility in the conventional
      manner, extends into the container from the support plate 54. The plate 54
      has a vertical block 58 to keep the parts in horizontal position, FIG. 5.
PAR  Now, when the cover is pushed open, the contents will become visible, such
      as a watch band shown in dotted lines. The final movement of the cover 48
      will cause it to engage the plate 54, FIG. 6, to tilt the support and
      watch into display position, FIGS. 6 and 7. In both forms, the initial
      closing movement of the cover allows the support to resume its horizontal
      position in the container and leaves the opening clear for the closing
      movement of the cover.
PAR  Thus the function and utility of the container can be altered by the
      character of the support. In the form shown in FIGS. 8 and 9, a pivot bar
      62 is provided with an integral horizontal portion 64 extending from its
      top edge. A flat rectangular housing 66 extends integrally from the
      portion 64 and is provided on its top face with an annular socket portion
      68 into which an annular travel clock or similar article may be mounted.
      Beneath the portion 68, the spaced side walls are provided with opposed
      grooves 70 in which one or more supports 72 may be inserted. The supports
      72 may carry snapshots, etc., for viewing when the clock has been tilted
      into view. In the form shown in FIGS. 10 and 11, the clock has been
      eliminated. Here the pivot bar 74 has the integral horizontal support 76
      extending from the top edge. Spaced integral arms 78 extend from the
      support 76 and are provided with opposed grooves 80. A rectangular
      supporting plate 82 is slidably mounted in the grooves 80. With this
      construction, any desired item of merchandise can be mounted on the plate
      82 and displayed in tilted position and even removed by sliding the plate
      82 out of the grooves 80.
PAR  Finally, the container can be used with a travel clock or the like where
      the tilting action is manually performed directly on the support. FIG. 12
      illustrates a construction in which the container is formed with the sides
      84, wall 86, grooves 88 and cover 90. In this form the grooves 88 extend
      straight along the bottom without a curvature so that there is no contact
      with the supporting plate. The supporting plate 92 is pivoted at 94. The
      edges of the sides 84, spaced from the front end, are provided with
      notches 96 for releasably holding the support 92 in raised position,
      (dotted lines). By allowing the support 92 to frictionally engage the
      edges of the sides 84, a frictional locking action is created. The travel
      clock can be positioned on the support plate 92 and manually raised and
      lowered when needed.
PAR  I have thus provided a novel display container having a self contained
      cover which can be used to tilt the contents of the container into display
      position. Manufacturing is simple because the basic container can readily
      be altered by changing the supports only. Other advantages of the present
      invention will be readily apparent to a person skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A display container comprising a rigid plastic housing having spaced
      parallel elongated oval sides and a wall portion extending along the
      bottom perimeter of said sides, the front end of said wall portion
      extending around the front of said oval sides and partially along the top,
      the rear end of said wall portion extending upwardly at the rear of said
      oval sides, the space between the front and rear ends of said wall portion
      forming the container top opening, opposed grooves extending around the
      inside of said sides adjacent the perimeter, a plastic cover slidable in
      said grooves and having transverse grooves forming thin web portions to
      impart flexibility to said cover, said cover being slidable rearwardly to
      open said container and being slidable forwardly to close said container,
      and an article display means pivotally mounted in said container, said
      pivotal mounting being between said side walls adjacent the front end of
      said container, the inner ends of said grooves curving forwardly and
      upwardly adjacent and rearwardly of the pivotal mounting of said display
      means, said cover being of such length that the rear end of said cover
      will engage said display means adjacent said pivotal mounting only after
      said cover has been slid rearwardly to open position with the front edge
      of said cover spaced forwardly from the rear edge of said wall portion,
      whereby final movement of the front edge of said cover rearwardly toward
      the rear edge of said wall portion will cause the rear end of said cover
      to pivot said display means into raised position.
NUM  2.
PAR  2. A display container as in claim 1, wherein said display means is
      provided with a vertical support extending downwardly to rest on the
      bottom of said housing for maintaining said said display means in
      horizontal position.
NUM  3.
PAR  3. A display container as in claim 1, wherein said pivotal mountings are
      opposed sector-shaped recesses adjacent the front end, the apex of each
      sector-shaped recess being pointed toward the bottom of the container, a
      flat bar loosely mounted in said recesses for pivotal movement from one
      straight side to the other straight side of each recess, and said display
      means extending at right angles from said flat bar.
NUM  4.
PAR  4. A display container as in claim 3, wherein said display means includes a
      frame member extending from said flat bar, whereby a travel clock may be
      frictionally held in said frame member.
NUM  5.
PAR  5. A display container as in claim 4, wherein said display means includes
      an annular watch band holder mounted on said display means, whereby a
      wrist watch may be mounted on said holder.
NUM  6.
PAR  6. A display container as in claim 4, wherein said display means includes a
      rectangular base extending from said flat bar, means for frictionally
      mounting a travel clock on the upper face of said base, and means for
      slidably mounting photographs or the like on the under side of said base.
NUM  7.
PAR  7. A display container as in claim 4, wherein said display means includes a
      pair of spaced arms extending from said flat bar, opposed grooves on said
      arms, and an article supporting plate slidable in said grooves.
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ABST
PAL  Packaging in the form of a carrier for holding and carrying a plurality of
      containers such as cans, bottles, jars and the like is disclosed. The
      carrier comprises at least one packaging band which completely encloses a
      plurality of containers arranged in at least one row while incompletely
      enclosing the periphery of any individual container. At least one carrying
      band is associated with the at least one packaging band to provide means
      for grasping and lifting the container package. Several combinations of
      enclosed rows, each containing a plurality of containers, are disclosed
      along with appropriate carrying bands.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to packaging for a plurality of containers such as
      cans, bottles, jars and the like. More particularly, this invention
      relates to carriers more commonly known as multipacks.
PAR  2. Description of the Prior Art
PAR  A package for holding and carrying a plurality of containers is commonly
      referred to as a multipack, or, when used for holding and carrying six
      containers, a six-pack. Many known carriers or multipacks so enclose the
      individual containers that they are either fully or partially obscured,
      thereby reducing whatever consumer eye appeal the containers themselves
      presented. Also, known carriers require considerable material and labor to
      manufacture and to insert the containers. In many known carrier packages,
      especially in those where the carrier material completely encircles or
      encloses the periphery of each individual container, considerable material
      is required; and where the complete encirclement or enclosure of each
      individual container periphery is accomplished by stamping holes in a
      sheet of carrier material, considerable material is wasted.
PAR  In known carrier packages, the arrangement for grasping and carrying the
      package usually comprises a plurality of holes in the top of the carrier
      package into which one's fingers are inserted. In each case of a basket
      type carrier, finger grips or holes in the rigid center board are
      required. All of these aforementioned carrying arrangements are awkward
      and uncomfortable and usually prevent carrying of more than one package in
      a hand at one time.
PAR  The present invention eliminates all of the aforesaid drawbacks and
      disadvantages; the unit cost and quantity of material required are
      minimized as well as the labor required to fabricate the carrier and
      container package. The minimum amount of material used permits maximum
      exposure of the individual containers to the consumer to thereby provide
      eye appeal required in selling.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied in and carried out by a carrier
      comprising holding or packaging band means that encloses a plurality of
      containers arranged in at least one row, the holding means incompletely
      enclosing the periphery of any individual container in any given plane
      through the container, and carrying means associated with the holding
      means to permit lifting of the enclosed plurality of containers as a
      package. Preferably, the carrying means is so associated with the holding
      means that at least two of the individual containers are drawn together
      when the package is lifted and carried by the carrying means. In this way,
      the relative forces involved when a package is lifted and being carried
      cooperate to advantageously assist in holding the carrier package
      together. It is not necessary that the individual containers in the
      package have the same size or shape or be made of the same material. In a
      preferred embodiment a packaging or holding band is drawn taut around the
      containers and if desired the packaging band may be attached to individual
      containers or adjacent packaging bands may be attached to each other.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further details of the invention may be readily understood by reference to
      the drawing which illustrates the preferred embodiments and in which:
PAR  FIG. 1 is a perspective view of two containers packaged according to the
      invention;
PAR  FIGS. 2a and 2b are sectional views of the two container package shown in
      FIG. 1 also showing alternate embodiments of carrying means;
PAR  FIG. 3 is a perspective view of a row of three containers showing holding
      and carrying means according to the invention;
PAR  FIGS. 4 and 6 are perspective views of pluralities of rows of containers
      showing holding and carrying means according to the invention;
PAR  FIGS. 5 and 7 are sectional views of pluralities of rows of containers
      showing holding and carrying means according to the invention;
PAR  FIGS. 8-13 are plan views of different arrangements and configurations of
      containers and carrying and holding means according to the invention; and
PAR  FIGS. 14-15 are sectional views of still other arrangements of pluralities
      of containers showing carrying and holding means according to the
      invention.
DETD
PAC  DESCRIPTION OF SOME PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, two containers 10 are shown arranged upright in
      a row and held together by one or more packaging bands or films or straps
      or the like 12 which tightly enclose the containers 10 as a group along a
      direction generally perpendicular to the upright direction while only
      partially enclosing the periphery of any individual container. Although
      two bands 12 are shown, one is sufficient to hold the containers 10
      together. One or more carrier bands 14 or films or strips or handles or
      the like is associated with one of the packaging bands 12, preferably the
      upper one. The carrier band may be an integral loop as shown at 14 in FIG.
      1 which loosely encircles opposite portions of band 12 between the
      containers 10 or it may be in the form of an open ended loop 16 attached
      as by welding at opposite ends 18 to opposite portions of band 12 between
      containers 10, as shown in FIG. 2a. Alternatively, the open ended carrier
      band 20 may be provided with rigid attachment clips 22 at opposite ends
      thereof which hook under opposite portions of band 12 between the
      containers 10, as shown in FIG. 2b. If desired, the integral loop 14 may
      be attached to band 12 and the attachment clips 22 may be crimped or
      otherwise attached to band 12. The open ended loop may additionally have
      the opposite ends thereof attached to one of the containers 10 at opposite
      sides thereof (not shown) to form an operative association with the
      packaging band for lifting the packaged containers although this
      arrangement is not preferred in most applications. Where the containers
      are arranged in more than one row, the open ended loop 16 may have the
      opposite ends thereof attached to the outermost surfaces of the two
      outermost containers to form the said operative association with the
      packaging band. Hereinafter the exact manner of connection of the carrier
      bands will not be described in detail since it will be in one of the
      aforementioned manners or equivalents thereof. When so associated, the
      carrier band 14, when urged upwards, as, for example, when lifting the
      package, tends to urge band portions 19 upwardly thereby camming band
      portions 24 inwardly. Thus, when the package is lifted, the containers are
      drawn together to enhance and reinforce the holding effect of band 12.
PAR  Referring now to FIG. 3, where three containers 10 are shown, it may be
      desirable to use a plurality of carrying bands 14 so that the packaged
      containers remain level when lifted by the bands 14. Thus, a number of
      carrier bands 14 positioned at different locations may be desired
      depending on the package content and arrangement.
PAR  Referring to FIGS. 4-5 different package contents and arrangements of
      containers are shown. In each, the containers are enclosed by packaging
      bands and the carrying bands are arranged so that the containers are drawn
      together when the package is lifted by the carrying bands as described
      hereinabove.
PAR  In FIGS. 4 and 5 a plurality of rows each having a plurality of containers
      are shown enclosed by a single packaging band 12. For the four container
      package of FIG. 4, a single carrying band is loosely looped to surround
      the packaging band between the two rows similar to the carrying band shown
      in FIG. 1. In FIG. 5, two carrying bands 14 are arranged in a manner
      similar to that shown in FIG. 3, with each carrying band being loosely
      looped to surround the packaging band at opposite sides of the center row
      of containers.
PAR  In FIGS. 6 and 7 a plurality of containers are arranged in a plurality of
      rows and each individual row is enclosed by an individual packaging band.
      The bands are preferably run around the individual rows in the direction
      of the shortest package dimension. The individual rows are then arranged
      in juxtaposition and a carrying band 14 is looped around or is otherwise
      affixed as described hereinabove to at least one side of each individual
      packaging band. In the four container package shown in FIG. 6, the carrier
      band 14 is looped around opposite portions of each packaging band 12a, 12b
      running between the containers. Additionally, another holding band 12 may
      enclose the exterior of the entire package. Alternatively, a single
      continuous packaging band may be employed to enclose the individual rows
      of containers in place of the individual packaging bands for individual
      rows. In the six-pack of FIG. 7, the carrier band 14 is shown looped
      around opposite portions of the packaging band 12a enclosing the innermost
      row and looped around only the inner portions of the packaging bands 12b
      and 12c enclosing the two outermost rows.
PAR  FIG. 8 is a plan view of the package of FIG. 7 except also showing that one
      of the rows, preferably an outermost row, may contain more containers than
      other rows. Thus, an odd number of containers, for example 7, may be
      provided in a single package. The carrying band 14 may be looped to
      surround opposite portions of all of the packaging bands for all of the
      individual rows having an even number of containers as shown in FIG. 6 or
      extended to surround only the inner portion of the packaging bands
      enclosing the outermost rows as shown in FIGS. 7 and 8.
PAR  In FIG. 9 the plurality of containers which are arranged in individual rows
      are enclosed by bands 12 running along the longest dimension of the
      package. Two carrier bands 14 are shown loosely surrounding opposite
      portions of the upper packaging bands 12. However, as shown in FIGS. 7 and
      8, the carrier bands may surround only the inner portion of the packaging
      bands.
PAR  In FIG. 10 the containers are enclosed as shown in FIG. 5. Carrying band 14
      is a closed loop with its sides 30 running beneath packaging band 12 on
      opposite sides of the innermost pair of containers with the ends of the
      loop 32 extending upward to form a pair of handles. The loop ends 32 are
      preferably joined.
PAR  In FIG. 11 the package is shown with a packaging band 12d that surrounds
      the exterior of the stack of containers and a second separate or integral
      packaging band 12e that encloses an individual row of containers,
      preferably the innermost pair. The band 12d and the band 12e may be
      affixed together at points 40 and may be a single continuous band.
      Carrying band 14 is loosely looped to surround opposite portions of all
      the packaging bands or alternatively the carrying band as shown in FIG. 10
      may advantageously be used.
PAR  In FIG. 12, a package is shown with packaging bands 12f and 12g enclosing
      four and two containers respectively. Thus, all enclosed groups of
      containers need not contain the same number of containers.
PAR  FIG. 13 shows rows of containers individually joined similar to those in
      FIGS. 6 and 7. Carrying band 14 forms a handle at 50 with both handle ends
      52 running downwards between the containers of the innermost row and
      continuing under at least one of each of the sides of the packaging bands
      12 for each of the individual rows and back over on top of the same bands
      and joined at 54 to form a second handle. Preferably, the two handles are
      joined.
PAR  FIG. 14 shows a package similar to the one shown in FIG. 5 except that
      bands 60 are tightly fastened so that there is no excess to form a handle.
      An additional band 14 is then run under the bands 60 to form the handle
      loop.
PAR  Referring to FIG. 15, a package is shown in which a plurality of rows 70 of
      containers 10 are stacked in vertical direction on top of each other. Each
      of the rows may consist of separate packages held together as described
      hereinabove or the several levels and rows may be held together by a
      single carrying band 72. Each of the levels may be provided with a
      carrying band 14 if desired in addition to carrying band 72 for the entire
      package. Alternatively, only a single carrying band 72 for the entire
      package could be provided. Where it is desired that the individual levels
      be capable of separation from the package for individual carrying,
      carrying bands 14 are provided for each level and carrying band 72 is
      detachable. The ends of carrying band 72 may be connected to the upper
      band 12 at 74 and then looped down around the exterior of lower band 12
      and brought up through the spaces between the innermost containers 10
      forming a carrying loop 76. When lifting the entire package by loop 76,
      both the upper and lower bands 12 will be drawn inwardly to force the
      outermost containers 10 inwardly to aid in holding the package together.
PAR  Different materials may be used for the holding means and carrying means.
      The materials will vary according to the size, shape, weight, contents and
      handling of the individual containers and the environment to which the
      package will be exposed. The carrying means or band or handle or strap may
      be made of a rather rigid material such as corrugated board, paper board,
      wood or rigid plastic, or preferably, a flexible material such as paper,
      rubber or textile may be used and for best results a plastic film is used.
      The selected material may be used alone or combined with one or more other
      materials. The plastic film or other selected material may be adhesively
      or cohesively sealed, or heat-sealed, or stapled, or stitched to form the
      packaging loop that encloses the containers. By tightly enclosing the
      containers thereby, the package requires nothing further insofar as
      holding the individual containers together in a package is concerned. For
      increased performance, the film may be adhesively or cohesively affixed to
      the individual containers or adjacent packaging bands may be attached to
      each other. It is not necessary that there be adhesive contact between the
      film and an individual container, although such an arrangement is
      preferred in some applications. Heat shrinking the plastic film to tightly
      enclose the plurality of containers is also preferred. An adhesive
      arrangement may be desired to maintain remaining containers in a package
      after one or more have been removed.
PAR  In the preferred embodiments illustrated in the drawings, the packaging
      band is a flat planar strip of material which for best results is not more
      in width than about half the height of the container and in general will
      be about 2 or less in width. The planar face of the packaging band is in
      physical contact with the wall of the container and friction between the
      two contacting surfaces is great enough to lift and maintain the
      containers in the package as formed by the packaging band.
PAR  The advantages of the present invention, as well as certain changes and
      modifications of the disclosed embodiments thereof, will be readily
      apparent to those skilled in the art.
PAR  For example, different materials may be used for the holding means and
      carrying means without departing from the spirit and scope of this
      invention. Similarly, the holding bands may be joined and drawn taut by
      other ways then those specifically disclosed. In like manner, the carrying
      band may be affixed to the holding means or positioned with respect to the
      holding means in configurations other than those specifically disclosed.
      For example, where the carrying bands run generally transverse to the
      longer dimension of the carrier package, it would be acceptable to run the
      carrying bands parallel to the said longer dimension. In similar fashion,
      where two distinct bands are disclosed, they may be replaced by a single
      continuous band. The exact location of the packaging band with respect to
      the height of the containers will depend upon container shape. However, in
      the preferred structure for cans, the carrying band is arranged
      transversely to the packaging band and for best results the packaging band
      is located at or near the center of the vertical height of the cans in the
      package; and in the preferred structure for bottles having necks, the
      packaging band is located at or below the center of the vertical height of
      the bottles in the package. Where a container has a waist portion, of
      course, the preferred location for the packaging band may be at the
      container waist.
PAR  The combination and arrangement of containers, and the running of the
      respective bands as disclosed herein are intended to be illustrative and
      not exhaustive. Other configurations and arrangements of the containers
      and the bands will readily be apparent to those skilled in the art.
PAR  For example, the packaging band may be affixed at one end to a first
      container in the package and looped around the exterior of the containers
      and affixed at the second end to the said first container in order to
      enclose the packaged containers. Additional bands or strips may be added
      running parallel to those disclosed or running in a different plane to
      those disclosed.
PAR  Additionally, in order to increase the strength of the package or to better
      protect the containers, for stacking purposes a cover and/or base may be
      added. A cover may also be desirable for dust protection.
PAR  An adhesive or cohesive material may be attached to adjacent containers so
      that the containers are adhesively joined in addition to being joined by
      the packaging band.
PAR  The carrying bands may be made in the form of separators to separate
      individual containers for additional container protection and stability.
PAR  It is the Applicant's intention to cover all those changes and
      modifications which could be made to the embodiments of the invention
      herein chosen for the purposes of the disclosure without departing from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container package comprising at least one packaging band that encloses
      a plurality of containers arranged in at least one row, said packaging
      band incompletely enclosing the periphery of each individual container
      while completely enclosing the said at least one row of containers, said
      packaging band having portions at opposite sides thereof which are not in
      physical contact with said containers, and at least one carrying band of
      flexible materials operatively associated with said at least one packaging
      band at the said opposite portions thereof to lift and draw said opposite
      portions of the packaging band inwardly and to draw the containers
      together when said at least one carrying band is lifted to lift the
      enclosed plurality of containers as a package.
NUM  2.
PAR  2. The container carrier according to claim 1 wherein the packaging band is
      in position spaced downwardly away from the periphery of the top of the
      container.
NUM  3.
PAR  3. The container carrier according to claim 1 wherein said at least one
      packaging band encloses said containers in a direction substantially
      perpendicular to the upright direction of the containers
NUM  4.
PAR  4. The container carrier according to claim 3 wherein said at least one
      flexible carrying band is an integral loop positioned to loosely enclose
      the said opposite portions of said at least one packaging band.
NUM  5.
PAR  5. The container carrier according to claim 3 wherein said at least one
      flexible carrying band is an open-ended loop connected at opposite ends
      thereof to said at least one packaging band at said opposite portions
      thereof.
NUM  6.
PAR  6. The container carrier according to claim 5 wherein said at least one
      flexible carrier band has rigid hooked end portions operative to engage
      said packaging band at said opposite portions thereof.
NUM  7.
PAR  7. The container carrier according to claim 1 wherein:
PA1  a. said plurality of containers number at least four arranged in at least
      two rows of at least two; and
PA1  b. said at least one packaging band is positioned to enclose said at least
      two rows running in a direction substantially perpendicular to the upright
      direction of the containers.
NUM  8.
PAR  8. The container carrier according to claim 7 wherein the number of rows is
      even and said at least one flexible carrying band comprises an integral
      loop positioned to loosely enclose said at least one packaging band
      between the two innermost rows of containers at said opposite portions
      thereto.
NUM  9.
PAR  9. The container carrier according to claim 7 wherein the number of rows is
      odd and said at least one flexible carrying band comprises two integral
      loops positioned to loosely enclose said at least one packaging band
      between the innermost and one adjacent rows of containers and between the
      innermost and another adjacent rows of containers at said opposite
      portions thereof.
NUM  10.
PAR  10. The container carrier according to claim 1 wherein:
PA1  a. said plurality of containers number at least four arranged in at least
      two rows of at least two;
PA1  b. said at least one packaging band is positioned to enclose each of the
      container rows individually, running in a direction substantially
      perpendicular to the upright direction of the containers; and
PA1  c. said at least one flexible carrying band comprises at least one integral
      loop positioned to loosely enclose at least a portion of said at least one
      packaging band at at least one location for each of said rows at the said
      opposite portions thereof.
NUM  11.
PAR  11. The container carrier according to claim 10 further comprising a second
      packaging band tightly enclosing said at least two rows in a direction
      substantially perpendicular to the upright direction of the containers.
NUM  12.
PAR  12. The container carrier according to claim 1 wherein:
PA1  a. said plurality of containers number at least six arranged in at least
      three rows of at least two;
PA1  b. said packaging band is positioned to enclose said at least three rows
      running in a direction substantially perpendicular to the upright
      direction of the containers; and
PA1  c. said at least one flexible carrying band comprises an integral loop
      having side portions running between the innermost and one adjacent rows
      and between said innermost another adjacent rows beneath said at least one
      packaging band at the said opposite portions thereof and having end
      portions extending beyond opposite ends of the containers of the innermost
      row operative to be pulled upwards above the containers to form carrying
      handles.
NUM  13.
PAR  13. A container carrier according to claim 7 further comprising an
      identical second level of containers stacked thereon and further
      comprising at least one flexible carrying band for the two levels of
      containers operative, when lifted, to lift the two levels as a package.
NUM  14.
PAR  14. The container carrier according to claim 1 wherein:
PA1  a. said plurality of containers number at least six arranged in at least
      three rows of at least two;
PA1  b. said at least one packaging band is positioned to enclose said at least
      three rows running in a direction substantially perpendicular to the
      upright direction of the containers; and
PA1  c. said at least one flexible carrying band comprises two integral loops
      tightly enclosing said packaging band at said opposite portions thereof
      between the innermost and one adjacent rows of containers and between the
      innermost and another adjacent row of containers and another integral loop
      loosely enclosing at least a portion of said two integral loops.
NUM  15.
PAR  15. The container carrier according to claim 1 wherein:
PA1  a. said plurality of containers number at least six arranged in at least
      three rows of at least two; and
PA1  b. said at least one packaging band comprises at least one first packaging
      band positioned to enclose said at least three rows running in a direction
      substantially perpendicular to the upright direction of the containers and
      an at least one second packaging band positioned to enclose another row.
NUM  16.
PAR  16. The container carrier according to claim 15 wherein said at least one
      carrying band is an integral loop loosely enclosing at least a portion of
      said at least one first and second packaging bands at the said opposite
      portions thereof.
NUM  17.
PAR  17. The container carrier according to claim 15 wherein said at least one
      carrying band comprises an integral loop having side portions running
      between the innermost and one adjacent rows and between said innermost
      another adjacent rows beneath said at least one first packaging band at
      the said opposite portions thereof, said flexible carrying band having end
      portions extending beyond opposite ends of the containers of the innermost
      row operative to be pulled upwards above the containers to form carrying
      handles.
NUM  18.
PAR  18. The container carrier according to claim 17 wherein said carrying
      handles are joined.
NUM  19.
PAR  19. The container carrier according to claim 15 wherein said at least one
      first and second packaging bands comprise a continuous band.
NUM  20.
PAR  20. The container carrier according to claim 3 wherein said at least one
      packaging band is joined about said containers adhesively.
NUM  21.
PAR  21. The container carrier according to claim 3 wherein said at least one
      packaging band is heat shrinkable and tightly drawn about said containers
      by the application of heat.
NUM  22.
PAR  22. The container carrier according to claim 3 wherein said at least one
      packaging band is adhesively coated on a surface thereof, said surface
      contacting at least a portion of each outer container.
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ABST
PAL  An improved multipack container is provided for accommodating a plurality
      of cathode ray tubes during transportation and storage. The altered
      construction includes basic top and bottom rigid closure members formed of
      flame retardant plastic material. Positioned peripherally therebetween are
      two substantially U-shaped edge-oriented areal support members, such being
      opposingly located between the superjacently related ledges of the
      respective closure members. Since the forward portions of the U-shaped
      supports do not meet, a beneficial window opening is provided on either
      side of the multipack structure. Internal supportive and protective
      structural means are predeterminately located between the closures in a
      manner spaced from the peripheral support members. Upon assembly of the
      multipack container and placement of the tubes therein, a tight covering
      of plastic material is applied to contiguously encompass the complete
      multipack to provide a unitized assemblage. The reinforced construction
      effects a firmly secured multipack having flame retardative features,
      improved structural rigidity and enhanced protective characteristics.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application contains matter disclosed but not claimed in a related
      United States patent application filed concurrently herewith and assigned
      to the assignee of the present invention. This related application is Ser.
      No. 568,520.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the accommodation of cathode ray tubes and more
      particularly to improved means for protectively packaging a plurality of
      tubes for transportation and storage. In general, cathode ray tubes by the
      nature of their usual glass construction are inherently fragile
      structures. Therefore, in storing and transporting quantities of tubes,
      careful consideration must be directed to achieving appropriate packaging
      means. For some time, it has been conventional practice to transport and
      store pluralities of tubes in packaging means commonly referred to as
      multipacks or multipack containers. Depending upon the size of the tubes
      concerned, such containers are normally designed to accommodate six or
      more tubes per unit. In the fabrication of this type of multiple tube
      packaging, it has been a common practice to utilize a combination of
      substantially combustible corrugated paperboard components, such being
      individually cut, formed and interlocked to produce an integrated
      container means. Such construction requires a number of expensive die-cut
      pieces to provide the container shell, along with several necessary
      internal structural components which are folded and assembled thereinto,
      to fabricate a container having the requisite strength to sufficiently
      support the plurality of tubes and adequately protect them against damage
      during storage and transportation. When loaded with tubes, such multipack
      containers are usually additionally reinforced by two or more tautly drawn
      encircling metallic bands. While these bands are beneficial for
      maintaining the integrated structure, especially when pelletized, they
      sometimes become ensnared in forklift handling operations, whereupon the
      container and tubes therein may be damaged. Additionally, multipacks
      fabricated entirely of corrugated paperboard have an inherent shortcoming
      in that the material is prone to readily absorb ambient humidity,
      whereupon the structural rigidity of the container becomes weakened
      thereby diminishing the supportive protection of the contents therein.
      This becomes an important factor when considering stacked storage
      arrangements.
PAR  While multipack storage and transportation facilities are constituted to
      minimize the hazards of combustibility, an important consideration under
      constant surveillance is the probable inflammable nature of the packing
      materials utilized.
PAR  A recent development in multipack construction involves a container whereof
      the top and bottom closure members are formed of expanded plastic material
      in place of the usual paperboard closure components. But, the continued
      usage of a continuous perimetrical sidewall of corrugated paperboard and
      the contiguous internal bridging supportive means manifest the previously
      mentioned disadvantages.
PAR  From a convenience consideration, another shortcoming evidenced in
      conventional multipack packaging is the inherent opacity of the completely
      enclosed construction of the container. Unless the reinforcing bands are
      removed and the multipack opened, there is no convenient way of assessing
      the completeness or condition of the physical contents accommodated
      therein.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the invention to reduce the aforementioned disadvantages
      by providing an improved cathode ray tube multipack structure having flame
      retardative features and improved structural rigidity. Another object is
      to provide a cathode ray tube multipack container having window means
      therein.
PAR  The foregoing and other objects and advantages are achieved in one aspect
      of the invention by the provision of an improvement in multipack
      construction which imparts structural rigidity, window means and flame
      retardant properties to the container. The improved construction includes
      two similar, spaced-apart and inversely superposed tray-like members
      fabricated of substantially rigid flame retardant plastic material,
      conjunctively serving as top and bottom closure members. Each of these
      tray-like structures has a plurality of configurated cavities formed
      therein to accommodate the placement and retention of a portion of the
      contourial surface of each of the tubes placed therein. Two substantially
      U-shaped edge-positioned support members are peripherally located in
      opposed orientation between the related ledges of the top and bottom
      closure members. Each of these edge support members is formed of
      substantially rigid-board material symmetrically folded in a predetermined
      vertical manner to provide a square-cornered structure of substantially
      U-shaping. The two extremital wing portions extend along the ledges of
      opposed sides of each closure member for a distance less than one-half of
      the longitudinal dimension of that side. A forward section of each wing
      portion is folded inwardly to provide four reinforcing edge folds which
      are separated from one another to effect a window opening therebetween on
      both sides of the multipack structure. Internal supportive and protective
      structural means are predeterminately spaced from the two peripherally
      oriented support members. A tight covering of plastic material encompasses
      the assembled multipack structure including the tubes and the internal
      members positioned therein. This ambient covering beneficially utilizes
      and reinforces the multipack structure having window means therein,
      thereby providing improved structural rigidity and protection for the
      flame retardative integration and contents as a whole.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective of the improved plastic-covered multipack structure
      of the invention;
PAR  FIG. 2 is an exploded view of the improved multipack construction
      delineating the respective parts thereof; and
PAR  FIG. 3 is a plan view of the tray-like bottom closure member illustrating
      the positioning of the opposingly oriented U-shaped edge-support members
      and the spatially related internal supportive and protective structural
      means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages, and capabilities thereof, reference is
      made to the following specification and appended claims in connection with
      the aforedescribed drawings.
PAR  While the ensuing description is primarily directed to an exemplary
      multipack structure for accommodating six cathode ray tubes, the concept
      of the improved packaging structure is likewise applicable for the
      handling of larger or smaller numbers of tubes.
PAR  With reference to the drawings, FIG. 1 illustrates a single multipack
      container 11 fabricated in accordance with the invention and having a taut
      covering of plastic film 13 applied thereover to provide an encompassing
      binding to the whole integrated structure. The two spaced-apart and
      inversely superposed tray-like top and bottom closure members, 17 and 19,
      have two substantially similar U-shaped edge-positioned areal support
      members, 21 and 23, opposingly oriented in a peripheral manner between the
      respective ledges, 25 and 27, thereof. Opposing extremital wing portions
      29 and 31' of the respective U-shaped support members 21 and 23 are
      separated in a manner to define a window means 33 therebetween, through
      which the internal contents of the multipack container 11 can be viewed.
PAR  Additional attention is directed to FIGS. 2 and 3 wherein the cooperating
      structural components of the multipack container 11 are further
      delineated.
PAR  The top and bottom closures 17 and 19 are similar, inversely superposed
      tray-like members formed of substantially rigid plastic material. Each of
      these closure members has a structural thickness t, t' defined by
      spatially related interior 35, 35' and exterior 37, 37' parallel planes
      which are bounded by four walls therearound. While each of the closure
      trays is similarly formed, for descriptive purposes reference is directed
      to the bottom closure member 19, wherein a plurality of configurated
      cavities 39 are formed internally of the interior plane 35, to accommodate
      the placement and retention of approximately 20 percent of the contourial
      surface of each of the respective tubes positioned therein. Thus, within
      the subsequently closed multipack structure, approximately 40 percent of
      each tube is retentively accommodated by the opposingly oriented and
      conjunctively related closure members. Additionally, a plurality of
      recesses, 41-41', 43-43', 45-45', and 47-47' are likewise formed in the
      closure members to receive discrete tabular elements associated with the
      respective componental members comprising the improved multiplex container
      11. The exterior plane 35, 35' of each tray-like structure has a related
      peripheral ledge portion 49, 49' outstanding from the walls 51, 51'
      therearound.
PAR  The upstanding sides of the multipack construction are formed of two
      similar substantially U-shaped edge-positioned areal support members, 21
      and 23, opposingly oriented peripherally between the related ledges 49,
      49' of the top and bottom closures. These side support members have major
      and minor dimensioning a and b of which the minor dimensioning b equals
      the distance between the respective opposed ledges 25 and 27.
      Structurally, the side support members 21, 23 are formed of substantially
      rigid-board material which is symmetrically folded in a predetermined
      vertical manner along score lines 53-53' and 55-55' which are parallel to
      the minor dimensioning b to provide a square cornered structure of
      substantially U-shaping. Each of these structures defines an areal central
      portion 57-57' from which an extremital wing portion 29-29', 31-31'
      projects from either side thereof. The central portion 57 has a major
      dimension a which coincides with the longitudinal dimension x of the
      associated two superposed walls of the opposed closure members 17, 19. The
      aforementioned projecting wings 29, 31 are seated on and extended in a
      contiguous manner along the ledges of the opposed walls of the closure
      members for a distance less than one-half the longitudinal dimension y
      therealong. Thus, the opposing wing portions 29-31', and 29'-31 are
      separated from one another to effect a window opening 33, 33' therebetween
      on both sides of the multipack structure. Each wing portion has a forward
      section 65, 65', 67, 67' which is folded inwardly along a vertical score
      line to provide four reinforcing edge folds 69, 69', 71, 71'  that are
      spacedly oriented vertically between the superposed closure members.
      Individually, these forward sections have top and bottom protruding
      tabular 73-73', 75-75', 77-77', and 79-79' means which are shaped for
      insertion into compatible recesses formed in each of the closure members,
      wherein tabular means 73, 75, 77 and 79 seat in recesses 45, 45', 47 and
      47', to improve the rigidity of the multipack container. Each of the
      square corners, 81, 81', 83, 83' of the two opposed U-shaped support
      members 21 and 23 has two spaced-apart inset formations 85-85', 87-87',
      89-89', and 91-91' reversely folded in a manner to provide inwardly
      projecting seating stops for the respective corners of the top and bottom
      closure members 17 and 19.
PAR  Interiorly within the multipack enclosure 11 are exemplary internal
      supportive and protective structural means 93 for accommodating two
      opposingly positioned carthode ray tubes 95 whereof their longitudinal
      axes 97, 97' are substantially parallel with the planes of the closure
      members 17 and 19. As per example, the internal structure 93, as
      referenced in FIGS. 2 and 3, includes first and second tube protective
      compartments 99 and 101 which are individually adapted for substantially
      encompassing the panel and funnel portions of the respective tubes
      positioned therein. This chambered construction is formed, for example,
      from a unitary sheet of substantially rigid material which is folded along
      a series of pre-defined score lines to provide a plurality of upstanding
      opposingly oriented sidewalls 103-103' and a related plurality of
      upstanding opposingly oriented end walls 105-105'. The primary end walls
      105 of each compartment are positioned in back-to-back alignment thereby
      defining a dual wall terminally joined member 107 which separates the
      first and second compartments 99, 101. Each of the opposed secondary
      upstanding end walls 105' of the respective compartments has a cutout
      region 109 therein for substantially accommodating the neck portions 111,
      111' of the respective tubes. A plurality of tabular elements 113, 113'
      extend from the lower edges of the dual-wall separation member 107 and the
      opposingly oriented secondary end walls 105' of the compartments. These
      tabular elements 113, and 113' are placed in the respective recesses
      41-41' and 43-43' formed within the bottom closure member to effect
      positional attachment of the internal supporting structural means 93 upon
      the bottom closure member 19. It is to be noted that no portions of the
      internal support member 93 are in contact with any portions of the
      respective U-shaped side support members 21 and 23.
PAR  Upon assembling the individual internal supportive member 93 and the
      opposingly positioned side support members 21 and 23 upon the bottom
      closure 19, the respective plurality of cathode ray tubes 95 are
      positioned therein and the top closure member 17 seated thereupon in a
      manner resting upon the internal supportive member 93 to provide an
      integrated multipack means 11. At this stage, a plastic material is
      applied to the multipack as a tight covering 13 contiguously encompassing
      the assemblage, which may or may not be supported upon a pallet 117, as
      phantomed in FIG. 1. This plastic covering may be in the form of a heat
      shrinkable plastic bag, as shown in FIG. 1, which is suitably dimensioned
      to fit over the assemblage, or the encompassment may be accomplished by a
      stretch wrap operation; both means being well known in the packaging art.
      While, by way of example, the plastic covering of a single multipack unit
      has been shown and described, it has been found expeditious practice to
      symmetrically stack two or more multipack containers and encapsulate the
      plurality into a single integral unit. The vertical integration of
      multipack containers is facilitated by a plurality of placement-retention
      projections 119 and compatible recesses 121 formed in substantially the
      corner regions of the exterior surface of each closure member. These
      projections and recesses are oriented to effect interlocking when the
      closure members are positioned back-to-back as they are in a stacking
      arrangement.
PAR  To fully appreciate the improvement realized by the invention, several
      contributing aspects will be considered in greater detail. The
      substantially rigid tray-like closure members 17 and 19 are formed of, for
      example, expanded polystyrene material. By its very nature, this material
      provides the necessary rigidity required of the closure members and
      exhibits excellent cushioning and insulation characteristics for the tubes
      positioned therein. The tray is fabricated from a bead material formulated
      to produce an expanded foam that exhibits flame-retardant properties. An
      example of such material, is bead No. 4486, as supplied by Foster Grant
      Company, Inc., Leominster, Mass. The material content of the molded tray
      has a density in the order of 1.75 to 2.00 pounds per cubic foot.
PAR  The two edge-positioned side support members 21 and 23 and the internal
      supportive member 93 are fabricated of substantially rigid-board material
      that lends itself to defined folding along predetermined score lines.
      Suitable materials for this utilization are for example, plastic
      corrugated board or corrugated paperboard. While these materials may be
      inflammable, they can be formulated to exhibit flame-retardative
      properties. Nevertheless, the three cooperating support members 21, 23 and
      93 are oriented in the multipack construction in a manner that no two
      members touch one another. Thus, if they are formed of combustible
      material, the isolation of the respective members, and their discrete
      orientation between flame-retardative closure members, provide an
      advantageous multipack structure which exhibits improved flame retardative
      characteristics as a whole.
PAR  As previously mentioned, the contiguous external covering of plastic
      material 13 may be, for example, a bag or shroud fitted over one or more
      multipack containers in stacked arrangement. A number of known heat
      shrinkable plastic materials are suitable for this application, one of
      which is polyethylene of 0.003 to 0.005 of an inch thickness, such being
      structurally preferentially oriented during material fabrication to have
      substantially greater primary shrinkage in the vertical direction. The
      encompassing bag 13 is made to have an added depth or length of at least 6
      inches to provide an overhang or extra length which is shrunk to the
      bottom of the bottom closure or to the bottom of the deck board of a
      pallet, if such is used. A suitable oven known to the art is utilized to
      effect uniform shrinkage of the bag thereby tightly wrapping the multipack
      integration 11.
PAR  The external plastic covering may also be applied by utilizing a stretch
      plastic film that is formulated to have cling characteristics. This type
      of film is applied at a substantially continuous spiral wrapping which is
      disposed in two directions to provide a complete wrapping.
PAR  The improved multipack structure of this invention, provides several
      outstanding features and advantages not evidenced in the contemporary
      cathode ray tube packaging art. The separated and discretely formed
      support members in the multipack integration are discretely folded to add
      beneficial rigidity to the structure. In addition, the individual support
      members are isolated from one another to create fire barrier spacings
      therebetween. The separation of the side support elements produces a
      window on either side of the multipack container which facilitates visual
      inspection of the contents therein. The external plastic film forms a
      durable exterior coating which provides additional surface protection for
      the closures and the side supporting members therebetween, and produces a
      tight unitization of the integrated package.
PAR  While there has been shown and described what are at present considered the
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improvement in multipack container for accommodating a plurality of
      cathode ray tubes wherein the tubes and related internal supportive and
      protective structural members are oriented between two spaced-apart and
      inversely superposed tray members of substantially rigid material
      conjunctively serving as top and bottom closure members of the multipack
      container, each of the tray-like closure members evidences a structural
      thickness defined by spatially related interior and exterior parallel
      planes bounded by four walls therearound, a plurality of configurated
      cavities are formed in each of the tray structures internally of the
      interior plane to accommodate the placement and retention of a portion of
      the contourial surface of the respective tubes, the exterior plane of each
      closure member has a related peripheral ledge portion outstanding from the
      walls therearound, said improvement providing structural rigidity and
      flame retardant properties to said multipack comprising:
PA1  two substantially U-shaped peripherally edge-positioned areal support
      members having major and minor dimensionings located in opposed
      orientation between the ledges of said top and bottom closure members,
      whereof said minor dimensioning equals the distance between said ledges,
      said closure members being fabricated of flame retardant material, each of
      said edge support members being formed of a substantially rigid-board
      material symmetrically folded in a predetermined vertical manner along
      score lines parallel to said minor dimensioning to provide a
      square-cornered structure of substantially U-shaping defining an areal
      central portion with two extremital wing portions projecting thereform,
      said central portion having a major dimension coinciding with the
      longitudinal dimensions of the two superposed walls of said top and bottom
      closure members, said projecting wings being seated on and contiguously
      extended along the ledges of opposed walls of each closure member for a
      distance less than one-half the longitudinal dimension therealong, the
      forward section of each wing portion being folded inwardly to provide four
      reinforcing edge folds oriented vertically between the superposed closure
      members, said folds of the opposed forward sections being separated from
      one another to effect a window opening therebetween on both sides of said
      multipack structure, said internal supportive and protective structural
      means being predeterminately spaced from said peripheral support members;
      and
PA1  a tight covering of plastic material contiguously encompassing the
      assembled multipack means including the tubes and the internal members
      positioned therein, said ambient covering effecting a beneficially
      utilized and reinforced multipack structure thereby providing improved
      structural rigidity and enhanced protection for the flame retardative
      integration and contents as a whole.
NUM  2.
PAR  2. The improved multipack container according to claim 1 wherein each of
      the square corners of said two opposed support members has two
      spaced-apart inset formations reversely folded to provide inwardly
      projecting seating stops for the corners of said superposed top and bottom
      closure members.
NUM  3.
PAR  3. The improved multipack container according to claim 1 wherein each of
      said forward sections related to the respective vertical folds in the
      projecting wing portions has a top and bottom protruding tabular member
      individually shaped for insertion into a compatible recess formed in each
      of said closure members to improve the rigidity of the multipack
      container.
NUM  4.
PAR  4. The improved multipack container according to claim 1 wherein said
      multipack assembly is positioned on a pallet member in a manner that said
      plastic wrapping includes said pallet member to provide a multipack-pallet
      assembly.
NUM  5.
PAR  5. The improved multipack container according to claim 1 wherein said
      substantially rigid board material is of corrugated fabrication, and
      wherein said rigid closure members are constituted of a substantially
      rigid plastic foam material.
NUM  6.
PAR  6. The improved packaging means for cathode ray tubes according to claim 1
      wherein a plurality of size-related multipacks are vertically stacked and
      incorporated within a common wrapping of plastic to provide a plurally
      integrated multipack assemblage.
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ABST
PAL  A sterilizable, peelable pouch or tray for medical and surgical equipment.
      The pouch comprises two superimposed sheets, preferably of autoclavable
      plastic, interconnected by an edge-strip of folded-over plastic affixed to
      the exterior surfaces of the sheet. The strip extends around at least a
      portion of the perimeter of the sheet edges and serves to provide a
      readily separable interconnection between the sheets. The sheets are
      separated by merely peeling one sheet back, thereby ripping the
      folded-over strip at the juncture between the two sheets. The tray
      assembly is similar with an upper plastic sheet removably, peelably
      affixed to a lower formed plastic cardboard or metal tray by the perimeter
      strips.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to pouches and trays, particularly pouches or trays
      for medical and surgical equipment which must be sterilized before use.
PAR  In hospitals, clinics and doctors' offices, pouch-contained surgical
      instruments are sterilized by placing the pouch containing the desired
      piece of equipment, e.g., catheters, suture sets, etc., in an autoclave.
      The instruments or equipment can then be handed, after sterilization in
      the autoclave, to the user in a sterile condition in the pouch. The pouch
      is then ripped open and the desired instrument removed.
PAR  The sterilization pouches that are commonly used now comprise a sheet of
      transparent plastic bonded on its edges to a paper sheet. Instruments are
      removed by peeling the plastic sheet away from the paper sheet.
      Transparency is desirable since this allows easy identification of the
      desired instrument contained in the pouch.
PAR  One of the problems with these prior art pouches is that they cannot
      consistently withstand the rigors of autoclaving. For example, the paper
      is adversely affected by excessive humidity and moisture droplets. This
      leads to rupture of the pouch as it expands in the autoclave, or
      separation of the paper and plastic sheets. Further, the paper generates
      loose fibers and pulp when the plastic sheet is removed. This frequently
      results in instrument and surgical site contamination, leading to retarded
      healing, infection, and the like.
PAR  Further, incomplete separation, or separation along lines other than those
      intended, causes instruments to get hung up in the present-day pouches.
      The instruments must then be handed to remove them from the pouch. This
      may delay in-progress operations or result in impairing the sterility of
      the instrument.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a sterilizable pouch or tray
      that can withstand the rigors of sterilization in an autoclave.
PAR  It is another object of the invention to provide a sterilizable pouch or
      tray that eliminates the presence of loose fibers and pulp when opened and
      does not present non-sterile edges or areas to its contents.
PAR  It is another object of this invention to provide a sterilizable pouch of
      tray that peels open easily after sterilization in an autoclave.
PAR  It is another object of this invention to provide a sterilizable pouch or
      tray that will not transmit water as a liquid but will allow the
      transmission of steam or other sterilizing vapor.
PAR  It is another object of this invention to provide a sterilizable pouch or
      tray that is strong enough to resist rupture during autoclaving.
PAR  It is another object of this invention to provide a sterilizable pouch that
      can be inexpensively manufactured as a continuous tube.
PAR  Still other objects will be evident from the description which follows.
PAR  In an embodiment of this invention, therefore, there is provided a
      sterilizable, peelable pouch or tray assembly for medical and surgical
      equipment. The pouch embodiment of this invention comprises two
      superimposed plastic sheets interconnected by a continuous plastic strip
      folded over and attached to the exterior surfaces of the superimposed
      sheets at the edges thereof. This folded-over strip extends around at
      least a portion of the perimeter of the sheet edges. Any remaining,
      unclosed portions are sealed together such as by heat sealing the sheets
      together to form an enclosed pouch. The folded-over perimetric edge strips
      define a readily separable interconnection between the sheets wherein the
      strips are readily ripped apart at the interconnnection of the two sheets
      when one of the sheets is peeled back. The plastic sheets are preferably
      of sufficient strength to withstand the temperatures and pressures
      encountered in an autoclave and should not transmit liquid water. The
      sheets may, however, transmit sterilizing vapor, e.g. steam, ethylene
      oxide and the like.
PAR  In a preferred embodiment the sheets are elongated, generally rectangular
      sheets wherein a pair of strips are positioned over and attached to the
      side edges of the sheets. The ends are then heat-sealed to provide an
      enclosed pouch.
PAR  Relability of the pouch can be enhanced by providing an appropriately
      placed scoring on the exterior of one of the sheets whereby an initial
      peel point can be established. Preferably, a free tab is positioned
      adjacent to the score to provide a surface to pull and start the peel.
PAR  The tray embodiment of this invention comprises an upper plastic sheet
      superimposed over the top of a formed surgical tray wherein the plastic
      sheet is bonded to the tray by the perimeter strips as set forth in the
      pouch embodiment.
PAR  Other objects and embodiments may be found in the following, more detailed
      description of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a preferred embodiment of a peelable pouch
      according to this invention showing a catheter therein;
PAR  FIG. 2 is a detailed, cross-sectional end view taken along section line
      2--2 of FIG. 1, upon removal of the catheter, illustrating the
      interconnection of the face sheets and the folded-over side strips;
PAR  FIG. 3 is a cross-sectional end view as in FIG. 2 illustrating the pouch
      when expanded due to pressure differentials that develop during
      autoclaving;
PAR  FIG. 4 is a schematic diagram illustrating a preferred method of
      manufacturing the peelable pouch illustrated in FIG. 1;
PAR  FIG. 5 is a perspective view of a tray manufactured according to the
      present invention; and
PAR  FIG. 6 is a cross-sectional view of a pouch as illustrated in FIG. 1
      showing a catheter therein and an inner paper lining.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIGS. 1 and 2, there is illustrated a sterilizable,
      peelable pouch 1 according to a preferred embodiment of this invention.
      Pouch 1 comprises a top sheet 2 and a bottom sheet 3 interconnected by
      folded-over side edge strips 4 and 5. Preferably, side strips 4 and 5 are
      heat-sealed to the exterior surfaces of top sheet 2 and bottom sheet 3.
      Both ends of pouch 1 are heat-sealed shut at 13, 13' to provide a closed
      pouch.
PAR  As more clearly illustrated in FIG. 2, side edge strips 4 and 5 are
      elongated strips of plastic, preferably of the same composition as sheets
      2 and 3, that are folded over 180.degree. at approximately the center of
      the strip. These strips are characterized as having strength under tension
      but which can be torn by shear. When sheets 2 and 3 are placed in the fold
      of strips 4 and 5 and sealed thereto, there is formed peel zones or strips
      14, 14' defined by a single thickness of plastic. When top sheet 2 is
      peeled back, sheet 2 separates from bottom sheet 3 by tearing the single
      thickness of plastic along peel zone 14. This results in a uniform removal
      of one sheet from the other without the exposure of unsterilized edges,
      etc., to the contents of the pouch. The pouch is peeled back strictly
      along the area defined by peel zones 14, 14' because of the double
      thickness of plastic (the edge strip laminated to top and/or bottom
      sheets) on either side of zones 14, 14'.
PAR  A score or series of scores 6 can be placed diagonally with respect to the
      juncture of the top and bottom sheets near one end of pouch 1 to
      facilitate opening. These scores provide an access area that allows a user
      to start the peel. This score can be formed by means well known to those
      trained in the art such as embossing or partial cutting (scoring) with a
      suitable press. In an alternative embodiment, score 6' can be positioned
      diagonally across one of the corners of the pouch (see FIG. 5). In this
      embodiment, a corner can be simply torn off and the top sheet peeled back.
      In any event, tab 7, heat-sealed to top sheet 2 adjacent to score 6,
      provides a convenient method for starting the peel. By pulling tab 7, top
      sheet 2 is separated at score 6 can be peeled from bottom sheet 3 along
      peel zone 14.
PAR  A distinct advantage of the present invention is that pouch 1 is strong
      enough to resist blowouts or rupture during autoclaving. In a typical
      autoclave sterilization operation, the pouch is placed in the autoclave
      and the inner, pressure chamber is allowed to reach a temperature of at
      least 250.degree.F. with a steam pressure of about 15-17 psig. After about
      30 minutes, the pressure in the pressure chamber is suddenly relieved and
      all of the steam pressure, which has by now permeated pouch 1 because of
      its porosity, is retained in the bag, thereby causing the bag to expand as
      illustrated in FIG. 3. This expansion occurs particularly in autoclaves
      that go through a drying cycle wherein the pressure in the pressure
      chamber drops to about 23-27 inches of mercury.
PAR  The prior art pouches frequently break because of the pressure developed in
      the pouch during the autoclaving cycle. This is not a problem with the
      pouches or trays of the present invention. Referring to FIG. 3, when the
      pouches of the present invention are inflated, they distend like a
      balloon. When so inflated, peel zones 14 and 14' in edge strips 4 and 5
      are under pure tension and will not tear or separate. The heat-sealed
      interconnections 15, 16, 17 and 18 of strips 4 and 5 are under shear
      stresses and are of sufficient strength to prevent sheets 2 and 3 from
      separating from each other. Further, scores 6 are also under primarily
      tension forces and will not lead to rupture of the pouch. However, peel
      zones 14 and 14', when sheet 2 is pulled back, are placed under shear
      forces which readily allow the single plastic thickness to tear open along
      zones 14 and 14' with minimum effort.
PAR  Pouch 1 should be manufactured from a plastic material that will not allow
      a liquid such as water to pass therethrough. Preferably, however, at least
      one of the sheets is manufactured from a plastic that is capable of
      passing a sterilizable vapor, e.g. steam under pressure, ethylene oxide or
      the like. Although at least one of the sheets is preferably transparent to
      allow a user to ascertain the contents of the pouch, as seen in FIG. 6,
      the interior faces of one of the sheets can be laminated with a sheet of
      paper 19 for reinforcement or to provide a printable surface or the like.
      Since the side strips are laminated to the exterior of the pouch and are
      not in contact with the paper when the pouch is peeled open, no loose
      fibers, etc., will be formed that can contact the enclosed instrument.
PAR  Plastics which possess the enumerated properties are well known to those
      trained in the art and include polyolefins, such as ethylene and
      propylene, polyaromatics, such as styrenes, polyvinylhalides, such as
      polyvinylchlorides, etc. A preferred plastic is spun nylon or spun
      polypropylene since it is stable under the temperatures encountered in an
      autoclave. A spun polyethylene such as TYVEK sold by duPont can also be
      used but it is not as good a material for use in an autoclave as spun
      nylon.
PAR  A pouch as illustrated in FIG. 1 can be quickly and inexpensively
      manufactured according to the process schematically illustrated in FIG. 4.
      According to this process, top sheet 2 and bottom sheet 3 are spaced on
      either side of a spacer 8, such as Teflon-coated steel or the like. Side
      strips 4 and 5 are folded over the edges of sheets 2 and 3 and are then
      heat-sealed together by the action of heated contact pressure rollers 9,
      10, 11 and 12 as these rollers heat and press the sheets and strips
      together. This produces a continuous "tube" that can be subsequently cut
      into desired lengths and heat-sealed to produce the pouch.
PAR  Illustrated in FIG. 5 is a tray 20 covered with a plastic sheet 22
      according to a further embodiment of this invention. Tray 20 has a flat
      substantially horizontal edge 21 extending around the perimeter of the top
      of tray 20. Sheet 22 is connected to the side edges of tray 20 by folded
      over side strips 23 and 24 which are suitably bonded to the top of sheet
      20 and the bottom of edge 21 in a manner similar to the pouch embodiment
      illustrated in FIG. 1, etc. The front and back edges of sheet 22 are
      sealed directly to edge 21 to provide a complete seal for the tray. A
      score 6' diagonally positioned across a corner of sheet 22 facilitates
      removal of sheet 22 in the same manner as described in relationship to the
      pouch embodiment. Similarly, side strips 23 and 24 can be attached to tray
      20 and sheet 22 in the manner shown in FIG. 4 for the pouch by passing the
      folded over side strips and edges through an opposed heated roller
      assembly.
PAR  It should be understood that various modifications within the scope of this
      invention can be made by one of ordinary skill in the art without
      departing from the spirit thereof. I, therefore, wish my invention to be
      defined by the scope of the appended claims as broadly as the prior art
      will permit, and in view of this specification if need be.
CLMS
STM  We claim:
NUM  1.
PAR  1. A sterilizable, peelable, medical and surgical equipment-containing
      assembly which comprises:
PA1  a bottom member;
PA1  a plastic face sheet superimposed over the bottom member;
PA1  a continuous plastic strip folded over and sealed to the exterior surfaces
      of the bottom member and the plastic sheet on at least a portion of the
      perimetric edges of said sheet and said member to define a readily
      separable interconnection between the sheets separable solely at the
      juncture of the bottom member and the plastic face sheet, said strip
      having the properties of strength under tension and partability under
      shear;
PA1  means for initiating peeling of said face sheet from said bottom member
      solely at said juncture, positioned diagonally to the juncture of the top
      sheet and the bottom member; and
PA1  means for sealing the remaining perimeter of the sheets, said plastic sheet
      comprising a plastic that is resistant to transmission of liquid water,
      wherein the plastic sheet is separated from the first member by peeling
      said sheet from said member.
NUM  2.
PAR  2. An assembly as in claim 1 wherein said bottom member is a plastic sheet.
NUM  3.
PAR  3. An assembly according to claim 2 wherein at least one of said plastic
      sheets is transparent.
NUM  4.
PAR  4. An assembly according to claim 2 wherein said sheets are elongated
      rectangular sheet and a pair of said continuous strips is positioned over
      and attached to both sides of the sheet.
NUM  5.
PAR  5. An assembly according to claim 4 wherein the strips are heat-sealed to
      the sheets and the ends of the pouch are sealed by heat sealing.
NUM  6.
PAR  6. An assembly according to claim 2 wherein the interior surface of one of
      said sheets has paper bonded thereto.
NUM  7.
PAR  7. An assembly according to claim 2 wherein at least one of said sheets is
      porous to sterilizing vapors.
NUM  8.
PAR  8. An assembly according to claim 1 wherein the interior surface of said
      first member has paper bonded thereto.
NUM  9.
PAR  9. An assembly according to claim 1 wherein at least one of said sheet or
      said first member is porous to sterilizing vapors.
NUM  10.
PAR  10. An assembly according to claim 1 wherein said means for initiating peel
      includes a score on the exterior of said sheet to facilitate opening of
      the sealed assembly.
NUM  11.
PAR  11. An assembly according to claim 10 wherein a tab is positioned on the
      exterior of said scored sheet adjacent to the score.
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ABST
PAL  A sheet feeding mechanism is described in which the sheets in a batch of
      sheets are sorted into different output stackers. The sheet feeding
      mechanism includes a buffer store for receiving and temporarily holding a
      batch of sheets while a predetermined batch value is verified, and a batch
      verifier responsive to the passage of each sheet along a given path for
      comparing a measured batch value with a reference value to derive an error
      signal. The sheets are extracted from the store one by one and a sheet
      sorting mechanism sorts the sheets into different output stackers. The
      sorting mechanism includes means responsive to the output of the verifier
      for segregating the sheets of the batch extracted from the store whenever
      the error exceeds a predetermined value.
BSUM
PAR  Used banknotes received by a depositing bank are generally made up into
      batches and each batch is bundled with an identifying band. The bundles
      are often then passed to a central bank which confirms certain batch
      values, such as the number of notes in each bundle or the total monetary
      value of a batch having notes of mixed denomination, and sorts out forged
      or incorrect notes before notifying the depositing bank of any errors in
      the batch values. At the same time it may sort out damaged notes which are
      unfit for recirculation.
PAR  Machines for mechanising the process of counting and sorting have already
      been proposed in which the notes from each batch are sorted into different
      output stackers at the same time as they are counted. This means that if
      there is an error in the number of notes in a particular batch, these
      notes must be identified and retrieved from the output stackers. This is
      undesirable because it means that in the output stackers the notes of a
      particular batch must be kept separable from the notes of the preceding
      batch at least until the input count has been verified. There is also a
      loss in throughput unless a very complicated design is used which enables
      the machine to continue feeding notes while the notes of the defective
      batch are retrieved from the output stackers. A further disadvantage is
      that such a system requires access to the output stackers and this is
      generally undesirable for banking security. The notes in each output
      stacker should preferably be wrapped in bundles of, say, one hundred
      before access to the notes is permitted.
PAR  In accordance with the present invention a sheet feeding mechanism in which
      the sheets in a batch of sheets are to be sorted into different output
      stackers, includes: means for advancing the sheets along a given path, a
      buffer store for receiving and temporarily holding the sheets fed along
      the path while a predetermined batch value is verified, a batch verifier
      responsive to the passage of each sheet along the path for comparing a
      measured batch value with a reference value to derive an error signal,
      means for extracting the sheets one by one from the store, and a sheet
      sorting mechanism for sorting the sheets extracted from the store into
      different output stackers, the sorting mechanism including means
      responsive to the output of the verifier for segregating the sheets of a
      batch extracted from the store whenever the error exceeds a predetermined
      value.
PAR  Thus, where the batch value represents the number of sheets in a batch, and
      the number of sheets in a batch differs from the fixed reference value,
      there is an error output from the verifier which ensures that the sheets
      of the deficient batch are out-stacked in a separate stacker without
      disturbing the general flow of sheets to the output stackers.
PAR  The sheets, or at least the leading edges of the sheets, are preferably
      maintained apart from one another while being progressively advanced
      through the store during the verification. Thus the sheets can be
      withdrawn from the store one by one without having to separate the sheets
      from a stack, and this is particularly advantageous when the sheets
      comprise banknotes which are subsequently advanced longitudinally, i.e.,
      with their short edges leading, to facilitate machine reading of the
      serial numbers on the notes.
PAR  The batches may be fed separately so that the verifier is reset manually
      after each batch value has been verified, or the movement of the first and
      last sheets of each batch into the store may be signalled to the verifier
      automatically, for example using feedable header and/or trailer sheets.
      Thus the capacity of the store must always be at least equal to the number
      of sheets in a batch and should preferably include additional capacity to
      accommodate header and/or trailer sheets.
PAR  In one embodiment of the invention the buffer store comprises a drum having
      radially extending pockets into which the sheets are inserted one by one
      as the pockets move through an input station. The sheets are then held in
      the pockets while being transferred from the input station to an output
      station by rotation of the drum. The number of pockets and the speed of
      rotation are chosen so that the first sheet of a batch will not have
      reached the output station before the last sheet of the batch has been
      inserted into the store (or has at least passed a sensing point associated
      with the batch verifier).
PAR  In another embodiment the sheets are superimposed on one another in a
      partially overlapping formation during their passage through the store.
      The leading edge of each sheet is then extracted from the store at a speed
      greater than the speed at which the sheets are advanced through the store
      so that extraction of the first sheet does not interfere with extraction
      of the second sheet, and so on.
PAR  For sheets where the two faces of each sheet carry different markings, such
      as bank notes, the sheets fed out from the buffer store may be
      automatically arranged so that they face in the same direction before they
      are fed to the sorting mechanism. This is known as "facing" the sheets,
      and in accordance with a further aspect of the invention, a facer for
      facing the sheets fed out from the buffer store includes first and second
      sheet advancing means which, when energised, move a sheet along first and
      second paths respectively, the first path but not the second path
      reversing the direction in which the sheet is facing and the two paths
      subsequently reuniting with one another, means for bringing each sheet in
      turn into a position where one end of the sheet is in engagement with the
      first sheet advancing means and the opposite end of the sheet is in
      engagement with the second sheet advancing means, and means responsive to
      a signal indicating the direction in which the sheet is facing for
      energising either the first or the second sheet advancing means such that
      only those sheets facing in the wrong direction are fed along the first
      path.
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PAR  In order that the invention may be more clearly understood, some examples
      of a sheet feeding mechanism embodying the invention will now be described
      with reference to the accompanying drawings in which:
PAR  FIG. 1 is a flow diagram of a sheet feeding mechanism for counting and
      sorting batches of banknotes;
PA1  Fig. 2 is a schematic side elevational view illustrating one form of moving
      buffer store for use in the system of FIG. 1;
PAR  FIG. 3 is a schematic side elevational view of an alternative store for use
      in the system of FIG. 1;
PAR  FIG. 4 is a diagrammatic side elevational view illustrating an alternative
      method of extracting sheets from a store similar to that shown in FIG. 3;
      and
PAR  FIG. 5 is a plan view of a facing mechanism for use in the system of FIG. 1
     .
DETD
PAR  Referring first to FIG. 1, notes from a stack 30 of banknotes are fed
      individually long edge foremost into a moving buffer store 32. The sheet
      feeder 10 may be, for example, of the type described in our British Pat.
      No. 938,212.
PAR  Before entering the buffer store the notes move past one or more sensor
      heads 11. The head 11a merely detects each note and feeds a corresponding
      pulse to a counter 12. The head 11b reads information from the note (such
      as its monetary value) and the resulting pulses are fed to a decoder 13.
      The head 11c detects particular markings on the face of the note and feeds
      a signal indicating the direction in which the note is facing to a shift
      register 31.
PAR  After a complete batch of notes has been fed to the store 32, a comparator
      19 compares the measured batch values (that is the number of notes in each
      batch represented by the output from counter 12 and the total monetary
      value of each batch represented by the output of detector 13) with
      predetermined reference values. The resulting error signal is fed to a
      batch sorter 13, while the notes fed out from the buffer store are passed
      through a facer 33 (illustrated in FIG. 5) before being fed to the sorter
      13 which directs each batch either along a path 14 to a sheet sorter 15 or
      along a path 16 to an outstacker 17. A batch is fed along path 16 only in
      response to an error signal from comparator 19 indicating that the number
      of notes in a given batch and/or the monetary value for that batch has or
      have fallen below or exceeded the predetermined reference value. Other
      batch values may be verified in a similar manner.
PAR  A major advantage of this arrangement is that the notes of a deficient
      batch are automatically segregated from the notes of the acceptable
      batches before the notes are subsequently distributed into different
      stackers and without disturbing the flow of notes through the store 13.
PAR  Before passing into the sheet sorter 15 the notes pass further detector and
      read heads which determine the general condition and authenticity of each
      note. The output signals from these heads 20, 21 control the sorter 15 so
      that the notes are distributed into the appropriate output stackers 24.
PAR  The sorters 13 and 15, the output stackers 24 and 17, and the heads 20 and
      21 may form part of a conventional sheet sorting/transport mechanism such
      as the Crosfield 9300. In this machine document transportation is by means
      of vacuum through rotating drums and the routing of documents is achieved
      by selectively switching the vacuum from one drum to another until the
      document finally arrives at its destination. The selective switching is
      controlled by electronic logic and, in the present example, the electronic
      logic would include means responsive to the output signal from the
      comparator 19 for routing notes of a deficient batch along the path 16 so
      that the notes would be segregated in the output stacker 17. Basically,
      each stacker assembly consists of a stop plate and a vertical, stainless
      steel, receiving plate which is attached to a horizontal, spring loaded,
      stacker rod, and is held against a stripper bar, whilst the stacker is
      vacant. As documents arrive, they are stripped off the stacker drum and
      are guided between the receiving plate and stripper to be stacked against
      the stop plate.
PAR  The buffer store illustrated in FIG. 2 consists essentially of a rotatable
      drum 50 having 125 radially extending pockets 51. Each pocket can store a
      single banknote which is retained by a light spring 52. The drum 50 is
      rotated at a speed which matches the frequency with which notes are
      delivered to the drum so that each successive pocket receives one note
      until the complete batch has been fed into the store.
PAR  The notes are fed into the store one by one by means of a drum 53 and an
      endless belt 54 which passes around pulleys 55 and 56 are bears against a
      portion of the drum 53. The drum 53 rotates in the direction shown by the
      arrow and the notes are stripped from the surface of the drum by a
      stripper device 90. The notes emerge tangentially to the drum 53 with
      their short edges leading, and are then delivered into one of the pockets.
      Each of the opposing pocket walls 49 is divided into two equal portions.
      An adjustable stop 57 is aligned with the gap between these two portions
      and limits the extent to which each note is allowed to enter into the
      pocket so that the top of each note is positioned just below the top of
      each pocket. A vacuum brake 80 prevents the notes striking the stop 57
      with too great a force.
PAR  When the pocket containing the first note of a given batch reaches the
      position P1, the central portion of the note is picked up by a vacuum belt
      56 which passes around pulleys 57 and 58. The belt 56 is moving at a speed
      which ensures that the trailing edge of the first note will have passed
      out of the pocket before the second note moves into engagement with the
      belt 56. The first note is thus advanced into the nip between the belt 56
      and a vacuum drum 98 rotating at the same speed as the input drum 53, and
      the drum 98 then continues to transport the note around its periphery. The
      drum 98 includes a pair of raised nudging fingers 96 separated by
      vacuum-applying portions 95. Each note is released from drum 98 when it
      reaches a stop plate 99 and one of the nudging fingers 96 then urges the
      note against a vacuum pad 74 (FIG. 5) of the facer 33 (FIG. 1).
PAR  In the alternative buffer store illustrated in FIG. 3, the notes are passed
      around a vacuum drum 60 and fed between the surface of an endless belt 61
      and the periphery of a drum 62. The notes are layered on the drum one
      behind the other and partially overlapping one another.
PAR  The surface of the drum 60 includes a pair of raised nudging fingers 63
      which are positioned between the two vacuum portions of the drum. As each
      note enters the nip between the belt 61 and the surface of drum 62,
      further rotation of drum 60 brings one of the nudging fingers into
      engagement with the trailing edge of the note to ensure that the trailing
      edge is urged out of the path of the leading edge of the next note to
      enter the nip.
PAR  The layered notes then travel almost the full circumference of the drum 62
      held between the facing surfaces of the drum and the belt. The belt 61
      then passes around a further drum 65 so that the notes are fed out from
      the point B where the surface of the drum 62 and the belt 61 diverge from
      one another. The drum 65 is rotating at a speed so that the linear
      velocity at its surface matches the linear velocity at the surface of drum
      62. Thus, at the point B, the notes are travelling at this predetermined
      linear velocity and they are retained against the surface of the drum 65
      after passing the point B by means of a curved guide 66.
PAR  When the leading edge of the first note reaches the point C it is
      positively urged against the surface of the drum 65 by means of a pressure
      roller 67. The distance B C is less than the length of each note. A
      further pressure roller 69 engages drum 65 at the point D and the distance
      C D is again less than the length of a note. Finally the notes are picked
      up by a vacuum drum 68 spaced from drum 65 and rotating at a much higher
      speed. The distance DE is slightly greater than the length of a note so
      that the trailing edge of each note will just have moved out of engagement
      with pressure roller 69 when the note is picked up by drum 68. Moreover,
      the higher speed of drum 68 ensures that the trailing edge of the first
      note will have passed the point E before the leading edge of the second
      note reaches the point E, and so on. Each note is thereby extracted from
      the store without interfering with the following notes.
PAR  One alternative method of extracting notes from a buffer store in which the
      notes are layered one upon the other is illustrated in FIG. 4. In this
      arrangement the notes are sandwiched between a pair of perforated endless
      vacuum belts 40 and 41. A vacuum feed wheel 43 and a vacuum pad 44 combine
      to lift each sheet successively away from the vacuum belt 40 while a
      stripper plate 45 strips the trailing edge of the note away from the
      vacuum belt 41.
PAR  The wheel 43 rotates at a speed which moves the note n1 out of the store at
      about 10 times the speed at which the notes are being advanced by the
      belts 40 and 41. Thus as note n1 moves out, note n2 is initially picked-up
      by the pad 44 and then fed out by the wheel 43. The vacuum shoe behind
      belt 40 terminates at a position which enables the note n2 to move freely
      across to the feed-out position at the right time, the trailing edge of
      the note having already passed beyond the end of the vacuum shoe behind
      the belt 41.
PAR  Once the notes have been fed out from any one of the stores shown in FIGS.
      2 - 4, they are faced by the facer illustrated in FIG. 5 before being fed
      to the batch sorter 13 (FIG. 1). Referring now to FIG. 5, the notes are
      brought in turn to a position in which they lie adjacent a vacuum pad 74.
      A pair of vacuum drums 76 and 77 are positioned one on either side of the
      vacuum pad 74 and the two drums, when energised, rotate in opposite
      directions so that a note is transferred either to the vacuum feed drum 78
      or to the vacuum feed drum 79. The two alternative feed paths then reunite
      at the point F where the drums 78 and 79 bear against one another. After
      passing the point E the notes are fed around the surface of the drum 79 to
      the batch sorter.
PAR  It can be seen that if a note is transferred to the drum 79 by means of the
      drum 76 the surface of the note which was resting against the vacuum pad
      74 will now face outwardly from the drum 79 whereas if a note is
      transferred by means of the drum 77 the same surface will now face
      inwardly. The energisation of the drums 76, 77 is controlled by a signal
      from the shift register 31 (FIG. 1) which receives the signal indicating
      the direction in which the note is facing when it enters the buffer store
      32. The signal fed into the register 31 is clocked through the register at
      the same rate as the corresponding note is advanced through the store 32
      so that the signal representing the facing of the note arrives at the
      facer 33 at the same time as the note itself reaches the vacuum pad 74. If
      it is required to reverse the direction in which the note is facing, the
      signal from the register 31 will energise the vacuum supply for drum 76
      while if the note is already facing in the correct direction the signal
      will energise the vacuum supply for drum 77. Thus the notes fed out from
      the facer around the periphery of the drum 79 are all facing in the same
      direction.
CLMS
STM  We claim:
NUM  1.
PAR  1. A sheet feeding mechanism in which the sheets in a batch of sheets are
      to be sorted into different output stackers, comprising means for
      advancing the sheets along a given path, a buffer store for receiving and
      temporarily holding a batch of sheets fed along the path while a
      predetermined batch value is verified, a batch verifier responsive to the
      passage of each sheet along the path for comparing a measured batch value
      with a reference value to derive an error signal, means for extracting the
      sheets one by one from the store, and a sheet sorting mechanism for
      sorting the sheets extracted from the store into different output
      stackers, the sorting mechanism including means responsive to the output
      of the verifier for segregating the sheets of a batch extracted from the
      store whenever the error exceeds a predetermined value.
NUM  2.
PAR  2. A sheet feeding mechanism according to claim 1 in which the buffer store
      includes an input station and an output station, a sheet conveying
      mechanism for conveying the sheets between the input station and the
      output station, means located at the input station for continuously
      loading the sheets one by one into the sheet conveying mechanism in such a
      manner that at least the leading edges of the sheets are separated from
      one another, the sheet extraction means being located at the output
      station and the sheets being conveyed continuously between the two
      stations in such a manner that the first sheet of a batch reaches the
      output station only after the last sheet of the batch has passed through
      the input station.
NUM  3.
PAR  3. A sheet feeding mechanism according to claim 2 in which the sheet
      extraction means is operative at a speed exceeding the speed at which the
      sheets are conveyed between the input station and the output station
      whereby each sheet vacates the output station before the next succeeding
      sheet moves into the output station.
NUM  4.
PAR  4. A sheet feeding mechanism according to claim 3 in which the sheet
      conveying mechanism includes a predetermined number of storage units each
      capable of retaining a single sheet, and in which the loading means
      located at the input station is so arranged that the sheets are loaded one
      by one into successive units as the units move through the input station.
NUM  5.
PAR  5. A sheet feeding mechanism according to claim 4 in which the sheet
      conveying mechanism includes a drum rotatable about a fixed axis, each
      storage unit comprising a pocket extending radially from the drum and each
      pocket including means for releasably retaining a sheet in the pocket
      during rotation of the drum about the fixed axis.
NUM  6.
PAR  6. A sheet feeding mechanism according to claim 2 in which the sheet
      loading means includes means for superimposing the sheets one behind the
      other in a partially overlapping formation, and the sheet conveying
      mechanism includes means for retaining the sheets in the partially
      overlapping formation during their passage between the input station and
      the output station.
NUM  7.
PAR  7. A sheet feeding mechanism according to claim 2 in which the sheet
      extraction means includes means for engaging the leading edge of each
      sheet when the sheet is located at the output station and means for
      advancing the engaged sheet at a speed exceeding the speed at which the
      sheets are conveyed through the store, the excess speed of the engaged
      sheet being such that the trailing edge of the sheet will have passed
      beyond the point at which the sheet is initially engaged by the engaging
      means before the leading edge of the next succeeding sheet reaches the
      engagement means.
NUM  8.
PAR  8. A sheet feeding mechanism according to claim 1 further comprising a
      facer for facing the sheets extracted from the buffer store, the facer
      including first and second sheet advancing means which, when energised,
      move a sheet along first and second paths respectively, the first path but
      not the second path reversing the direction in which the sheet is facing
      and the two paths subsequently uniting with one another, means for
      bringing each sheet in turn into a position where one end of the sheet is
      in engagement with the first sheet advancing means and the opposite end of
      the sheet is in engagement with the second sheet advancing means, and
      means responsive to a signal indicating the direction in which the sheet
      is facing for energising either the first or the second sheet advancing
      means such that only those sheets facing in the wrong direction are fed
      along the first path.
NUM  9.
PAR  9. A sheet feeding mechanism in which the sheets in a batch of sheets are
      to be sorted into different output stackers, comprising means for
      advancing the sheets along a given path, a buffer store for receiving and
      temporarily holding a batch of sheets fed along the path while the number
      of sheets in each batch is verified, means for sensing the passage of each
      sheet along the path to derive a signal representing the number of sheets
      in each batch, a batch verifier for comparing the measured number of
      sheets in each batch with a reference value to derive an error signal,
      means for extracting the sheets one by one from the store, and a sheet
      sorting mechanism for sorting the sheets extracted from the store into
      different output stackers, the sorting mechanism including means
      responsive to the output of the verifier for segregating the sheets of a
      batch extracted from the store whenever the measured number of sheets in
      the batch differs from the reference value.
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ABST
PAL  To test the genuineness and/or condition of dollar bills or other
      substantially identical papers, one or more thickness gauges are
      positioned in the path of these papers and determine the deviations, if
      any, of the thickness of a passing specimen from a predetermined value or
      from the thickness of a reference specimen scanned concurrently therewith.
      The measured deviations are fed into a processor which counts positive or
      negative deviations within a multiplicity of incremental periods and
      determines the nature of any irregularity from the count of deviations of
      either sign. With three gauges measuring thickness along as many parallel
      tracks, the system may discriminate among such irregularities as gaps,
      overlappings, adhesive tape and dog-eared corners.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to a method of and means for testing
      specimens of sheet material, such as folding money or documents, against a
      standard to determine their genuineness and/or their condition.
PAC  BACKGROUND OF THE INVENTION
PAR  In money-changing machines, for example, it is important to distinguish
      between genuine and counterfeit bills or notes as well as between normal
      specimens and defective ones. Thus, it is frequently desirable to return a
      heavily damaged note to the customer but to retain a presumably
      counterfeit note in the machine without giving change. Such a sorting of
      bills or notes is also required in banks, in order to remove defective or
      suspect specimens from circulation.
PAR  Systems have become known in which folding money or other substantially
      identical papers can be classified by comparing their thickness at certain
      points with a reference value. Such systems, however, can be rather easily
      deceived inasmuch as practical considerations limit the number of test
      points. Thus, for example, adhesive tape may be used to splice nonmatching
      bill portions together along lines remote from these test points. Such
      tapes could also be used to mask a gap or tear, with approximation of the
      standard thickness.
PAC  OBJECTS OF THE INVENTION
PAR  The general object of our invention is to provide a method of and means for
      more effectively testing specimens of folding money or the like in a
      manner avoiding the aforestated drawbacks.
PAR  A more particular object is to provide a system of this character enabling
      discrimination among such defects as off-size (frequently a mark of
      counterfeit papers), gaps or adhesive tapes, on the one hand, and such
      minor irregularities as dog-eared corners or overlapping specimens which
      do not require elimination from circulation.
PAC  SUMMARY OF THE INVENTION
PAR  We realize these objects, in conformity with our present invention, by
      successively measuring the thickness of a test specimen at closely spaced
      locations along one or more scanning lines between opposite edges thereof,
      namely a leading edge and a trailing edge of the specimen moving
      relatively to one or more thickness gauges, and classifying the test
      specimen according to the distribution of positive and negative deviations
      of its measured thickness from a reference value.
PAR  According to a more specific feature of our invention, the test specimen is
      classified according to the number of positive and/or negative deviations
      along the scanning line or lines. We prefer for this purpose to correlate
      the deviations measured along different, parallel scanning lines since
      this enables us, in a manner more fuly described hereinafter, to
      distinguish between the various types of irregularities mentioned above.
PAR  The reference value may have a constant magnitude, with an upper and a
      lower tolerance limit, or may vary according to a predetermined law. In
      particular, this reference value may be derived from a standard specimen
      scanned concurrently with the test specimen.
PAR  According to a further feature of our invention, the closely spaced test
      points are determined by timing means establishing a succession of
      incremental periods during a traverse of the thickness gauge or gauges
      from the leading to the trailing edge of the specimen; the timing means
      may comprise an emitter of equispaced gating pulses whose count at any
      instant during a traverse indicates the length of a specimen section
      already scanned.
PAR  According to a more specific feature of our invention, each pressure gauge
      comprises an electromechanical sensor such as a leaf spring with a clamped
      end and a free end bearing through a raised formation upon the test
      specimen, the latter being preferably supported at the point of contact by
      a rotatable cylinder forming part of a transport mechanism for the
      specimens which also includes one or more pairs of endless bands
      sandwiching a narrow zone of the specimen between them. The leaf spring is
      operatively coupled with a transducer which translates its deflection from
      a normal position into a bipolar electrical signal. Such a transducer may
      comprise a piezoelectric element forming one of two abutments which bear
      upon opposite faces of the leaf spring in the vicinity of its clamped end,
      the spacing of these abutments in the longitudinal direction of the spring
      being preferably adjustable. Alternatively, the transducer may include a
      mirror carried on the leaf spring, an emitter of luminous radiation such
      as a laser trained upon the mirror, and receiving means such as an
      interferometer for the radiation reflected by the mirror.
PAR  With such a system it is possible to detect not only the attainment or
      surpassing of certain thresholds but also, if desired, the actual
      magnitude of the measured thickness between its upper and lower tolerance
      limits. This latter feature is of particular interest where, for example,
      a standard specimen is not of uniform thickness but has certain parts
      (e.g. because of a watermark) which are thinner or heavier than the rest.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a somewhat diagrammatic elevational view of a system embodying
      our invention;
PAR  FIG. 2 is a top plan view of part of the system of FIG. 1;
PAR  FIG. 3 is a fragmentary view similar to FIG. 2, illustrating a
      modification;
PAR  FIG. 4 is an elevational view of the system of FIG. 3, with additional
      elements shown diagrammatically;
PAR  FIG. 5 is an elevational view of a carrier for a standard specimen, adapted
      to be used with the systems of the preceding FIGURES;
PAR  FIG. 6 is a top view of the carrier of FIG. 5; and
PAR  FIG. 7 is a detailed circuit diagram of a logic matrix shown in block form
      in FIG. 1.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The system shown in FIG. 1 is designed for the testing of paper specimens,
      such as a dollar bill 6, moving from right to left past a set of three
      electromechanical pressure gauges represented by respective leaf springs
      10A, 10B, 10C collectively designated 10 in FIG. 2, these leaf springs
      extending parallel to one another in the direction of advancement of bill
      6 to scan respective zones of the bill adjacent its longitudinal edges and
      at its center. The bill is transported between pairs of endless bands or
      belts 7 which are wound about rollers 7', some or all of these rollers
      being driven by a nonillustrated electric motor. These bands also engage
      part of the periphery of a cylinder or drum 18 forming a counterbearing
      for a bill-contacting tip 10' on the free end of each leaf spring 10, the
      opposite end of the spring being clamped at 5 in a stationary mounting 9.
      The mounting supports two abutments 1 and 2 spaced in the longitudinal
      direction of the spring, their separation d being preferably adjustable as
      indicated for the abutment 2. Abutment 1, in the embodiment shown in FIG.
      2, is a piezoelectric pressure sensor working via an amplifier 11 into an
      analog/digital converter 12 whose output is delivered to a processor 13,
      this processor including either a computer or a permanently wired logic
      matrix; in the latter instance, and as shown in FIG. 1, the converter 12
      may be omitted. The counterparts of sensor 1 and amplifier 11,
      respectively associated with spring 10A, 10B, 10C, have been designated
      1A, 1B, 1C and 11A, 11B, 11C in FIG. 1.
PAR  The processor 13 shown in FIG. 1 comprises three threshold sensors 15A,
      15B, 15C receiving the output signals of amplifiers 11A, 11B, 11C and
      comparing them with two fixed voltages V' and V" respectively representing
      the lower and the upper tolerance limit of a reference value which
      corresponds to the nominal thickness of the specimen 6. Sensor 15A emits a
      first output signal A' if the measured thickness of test specimen 6
      adjacent its upper edge equals or exceeds the lower tolerance limit; it
      emits a second signal A" if that measured thickness surpasses the upper
      tolerance limit. In an analogous manner, sensors 15B and 15C emit
      respective signals B', B" and C', C" according to the thicknesses measured
      along the centerline and the lower edge of the specimen.
PAR  A pulse generator 19, mounted on the shaft of cylinder 18 and driven in
      synchronism therewith by the same motor which drives some or all of the
      rollers 7', produces a continuous train of equispaced gating pulses Z
      which measure successive incremental advances of specimen 6 past the tips
      10' of the leaf springs 10. (Alternatively, though somewhat less
      conveniently, the specimen 6 could be stationary and the pressure gauges
      represented by the springs 10 could be advanced therealong.) These gating
      pulses Z effectively subdivide the scanning lines traced by springs 10A,
      10B, 10C into a multiplicity of closely juxtaposed locations giving
      discrete thickness readings. As will be readily understood, the absence of
      signal A', B', C' or the presence of a signal A", B", C" in the outputs of
      threshold sensors 15A, 15B, 15C represents a deviation from standard
      thickness beyond the admissible tolerance, the distribution of these
      deviations being evaluated in a logic network 16 which classifies
      successive specimens 6 according to the distribution of their deviations
      (if any) indicating various types of irregularities. Thus, for example,
      the absence of signal A', B' or C' indicates a weak spot or, more
      frequently, a gap in the specimen; the presence of signal A", B" or C"
      shows excess thickness and may indicate a double layer of paper which
      could be due to a folded-over portion of the bill (e.g. a dog's-ear) or to
      an overlap between adjoining specimens. Logic network 16 controls, via
      respective output leads 17.sub.I, 17.sub.II and 17.sub.III, the operation
      of a set of routing switches 17 which separate normal specimens from
      overlapping, off-size or heavily damaged ones. A preferred construction of
      logic network 16 will be described hereinafter with reference to FIG. 7.
PAR  As shown in FIG. 3, a modified leaf spring 110 mounted on a fixed block 109
      carries a mirror 23 at its free end contacting the test specimen 6
      opposite the drum 18, this specimen being again transported by pairs of
      bands or equivalent means marginally engaging same as described above with
      reference to FIGS. 1 and 2. An emitter of coherent, monochromatic luminous
      radiation, specifically a laser 31 within an enclosure 29, trains its beam
      through a semitransparent reflector 27 and through a window 24 of
      enclosure 29 onto the mirror 23 which reflects that beam back upon itself.
      The beam thus reflected is superimposed upon the radiation which traverses
      the semitransparent reflector 27, is returned by a stationary mirror 28
      and is once more reflected by element 27 in the direction of the beam
      returning from mirror 23, i.e., to the right as viewed in FIG. 3, to
      strike a pair of closely juxtaposed photocells 26. If the relative
      distances of elements 23, 27 and 28 are such that the reference beam
      reflected by mirror 28 is in quadrature with the beam returned by mirror
      23, the illumination of photocells 26 has an average intensity; if,
      however, that thickness changes, the reflected beam is superimposed either
      additively or subtractively upon the reference beam from mirror 28 so that
      the radiation impinging on photocells 26 is either intensified or dimmed.
      Thus, the magnitude of the output voltage of photocells 26 is a measure of
      the thickness of the specimen within a range determined by the wavelength
      of the monochromatic beam energy. With an He/Ne laser, for example, this
      wavelength is 632.8 m.mu. corresponding to a power of resolution of
      0.315.mu.; thus, a thickness increment of about 0.01 mm yields 32 signal
      peaks.
PAR  FIG. 4 shows four interferometers of the type illustrated in FIG. 3
      associated with respective leaf springs carrying mirrors or prisms 23A,
      23B, 23C, 23D, aligned with respective windows 24A, 24B, 24C, 24D, these
      interferometers including individual semitransparent reflectors 27A, 27B,
      27C, 27D and a common fixed mirror 28. The associated photocell pairs have
      been designated 26A, 26B, 26C, 26D. The four leaf springs scan respective
      lines of specimen 6; the two lowermost interferometers 23C etc. and 23D
      etc. are used alternatively with specimens of different height. The
      several pairs of photocells work into respective forward/backward counters
      30A, 30B, 30C, 30D which accumulate their emitted pulses as a digital
      reading of the measured thickness deviations. These counters may be
      controlled by sign detectors responding to changes in the relative
      illumination of the two photocells of each pair for ascertaining the sense
      of the deviation increment, i.e., determining whether the measured
      thickness of the specimen increases or decreases, to cause the
      corresponding counters to work either in the forward or in the backward
      mode. This change in relative illumination indicates whether the small
      angle included between the reflected beam and the axis of the photocell
      (unless the specimen happens to be of exactly the prescribed thickness)
      varies in one sense or the other. Reference in this connection may be made
      to an article by E. A. Hilton and D. M. Cross, Laser Brightens the Picture
      for IC Mask Making Camera, ELECTRONICS, Vol. 40, No. 16, Aug. 7, 1967,
      page 119. The counters 30A - 30D are read periodically, under the control
      of gating pulses Z, to deliver their readings to the processor 13.
PAR  In the system just described, the output of the pressure gauges is directly
      available in digital form so that no converter 12 (FIG. 2) is needed even
      if the processor 13 includes a computer rather than a logic network of the
      type shown in FIGS. 1 and 7.
PAR  The digital readings fed into processor 13 by the counters 30A - 30D may be
      compared with predetermined numerical values or with similar readings
      obtained by an analogous arrangement from the scanning of a standard
      specimen 20 as shown in FIGS. 5 and 6. This standard specimen is shown
      mounted on a drum 21 rotating in synchronism with drum 18 of FIG. 1 and
      coacting with respective leaf springs 22A, 22B, 22C tracing lines A, B and
      C corresponding to the scanning lines so designated on specimen 6 in FIG.
      1. Thus, a digital comparator within the processor 13 may determine during
      each scanning interval, i.e., upon the occurrence of each gating pulse Z,
      the difference (if any) between the readings of counters 30A - 30C and
      corresponding counters controlled by springs 22A - 22C which have been
      generically indicated by 22 in FIG. 6.
PAR  FIG. 7 shows details of the logic network 16 with its inputs carrying the
      signals A', A", B', B", C', C" and the gating pulses Z. This network
      comprises a number of bistable multivibrators or flip-flops F.sub.1 -
      F.sub.4, F.sub.7 and F.sub.10 - F.sub.13, several monostable
      multivibrators or monoflops F.sub.5, F.sub.6, F.sub.8, F.sub.9, binary
      pulse counters PC.sub.1 - PC.sub.4, AND or coincidence gates AG.sub.1 -
      AG.sub.19 and AG.sub.I - AG.sub.III, and OR gates OG.sub.1 - OG.sub.11,
      gates OG.sub.4 - OG.sub.6 being of the anticoincidence or Exclusive-OR
      type. AND gates AG.sub.16 and AG.sub.17, working into setting inputs of
      flip-flops F.sub.10 and F.sub.11, have inputs connected to respective
      stage outputs of pulse counter PC.sub.1 via a selector circuit SE enabling
      these connections to be changed at will.
PAR  The several multivibrators F.sub.1 - F.sub.13 have outputs respectively
      designated Q.sub.1 - Q.sub.13, the presence of a bar (e.g. Q.sub.11)
      conventionally indicating a signal which has the binary value "1" in the
      reset rather than in the set condition of the unit. The output signals of
      OR gate OG.sub.1, AND gate AG.sub.2 and OR gates OG.sub.9, OG.sub.3 have
      been respectively designated L (for "length"), D (for "doubling" or
      "overlapping"), H (for "hole"), and T (for "tape" or "extra thickness").
PAR  AND gates AG.sub.5 and AG.sub.7 have output signals E.sub.a and E.sub.c as
      a possible indication of dog's-ears along the upper edge (scanning line A)
      or the lower edge (scanning line C), respectively. Capacitors CA.sub.1 and
      CA.sub.2 serve for the temporary storage of signals H and T, respectively.
      A signal L.sub.1 in the output of the first stage of counter PC.sub.1
      marks the beginning of a test cycle.
PAR  The following logical equations can be established for binary signals L, D,
      T and H:
EQU  L = A' + B' + C'                                           (1)
EQU  D = B"(A" + C")                                            (2)
EQU  T = A" + B" C"                                             (3)
EQU  H = A'B' + A'B' + A'C' + A'C' + B'C' +B'C'                 (4)
PAR  According to equation (1), the length of the test specimen is measured as
      long as paper of at least the requisite minimum thickness is present in
      zone A, B and/or C. Thus, signals A', B' and C' are logically added in OR
      gate OG.sub.1 ; the coincidence of signal L with a gating pulse Z opens
      the AND gate AG.sub.1 to step the pulse counter PC.sub.1. The length
      increments measured by pulses Z may equal, for example, 0.5 mm. With a
      counting capacity on the order of 1,000 pulses, counter PC.sub.1 may
      measure lengths up to about 50 cm.
PAR  The setting of flip-flop F.sub.10 by the output of AND gate AG.sub.16
      indicates, by the appearance of the signal Q.sub.10, that the specimen is
      longer than the standard. Unless flip-flop F.sub.11 is set after having
      been reset by signal L.sub.1 at the beginning of a cycle, signal Q.sub.11
      remains in existence to the end of the cycle to indicate an undersized
      bill.
PAR  Equation (2) is satisfied by logically adding the signals A" and C" in OR
      gate OG.sub.2 and feeding the output thereof to AND gate AG.sub.2 along
      with signal B". Thus, signal D in the output of the latter gate signifies
      double thicknesses in at least two adjoining scanning zones A, B or B, C,
      i.e., over the major part of the width of the specimen; this is taken as
      an indication of overlap. In the presence of a gating pulse Z, signal D
      passes the AND gate AG.sub.3 to step the counter PC.sub.2 ; if the overlap
      is confirmed by a sufficient number of measurements as determined by that
      counter, AND gate AG.sub.18 conducts to set the flip-flop F.sub.1 with
      generation of output signal Q.sub.1.
PAR  An excess thickness or adhesive tape is detected, according to equation
      (3), by the output of OR gate OG.sub.3 receiving the signals A", B" and
      C". Signal T steps the counter PC.sub.3 in the presence of any gating
      pulse Z opening the AND gate AG.sub.4 ; the conduction of AND gate
      AG.sub.19, in response to a predetermined number of such steppings, sets
      the flip-flop F.sub.2 to generate the damage signal Q.sub.2.
PAR  A hole or gap manifests itself, pursuant to equation (4), by an output of
      Exclusive-OR gate OG.sub.4 receiving the signals A' and B', Exclusive-OR
      gate OG.sub.5 receiving the signals A' and C', or Exclusive-OR gate
      OG.sub.6 receiving the signals B' and C', all these Exclusive-OR gates
      working into the OR gate OG.sub.9. Counter PC.sub.4 is stepped by the
      signal H, upon the unblocking of AND gate AG.sub.6 by a gating pulse Z,
      and causes the setting of flip-flop F.sub.3 on a relatively high count
      (via AND gate AG.sub.14) as well as of flip-flop F.sub.4 on a relatively
      low count (via AND gate AG.sub.15), thereby generating respective output
      signals Q.sub.3 and Q.sub.4 whose significance will be explained below.
PAR  The existence of a dog's-ear at a corner of specimen 6 is suggested by the
      immediate succession of signals H and T in either sequence. Thus, a
      dog-earred upper corner at leading edge 6' (FIG. 1) can be represented as
      a binary signal E.sub.a ', with signal E.sub.c ' denoting a dog-eared
      lower corner at the same edge whereas signals E.sub.a " and E.sub.c "
      respectively indicate dog's-ears at the upper and lower corners of
      trailing edge 6". These signals can be expressed by the following logical
      equations:
EQU  E.sub.a ' = .DELTA.[ A'(B' + C')].sup.. A"(B' + C')        (5)
EQU  E.sub.a " = .DELTA.[ A"(B' + C')].sup.. A'(B' + C')        (6)
EQU  E.sub.c ' = .DELTA.[ C'(A' + B')].sup.. C"(A' + B')        (7)
EQU  E.sub.c " = .DELTA.[ C"(A' + B')].sup.. C'(A' + B')        (8)
PAR  The symbol .DELTA. in the foregoing equations indicates that the
      corresponding logical product within square brackets is delayed to
      coincide with the logical product outside these brackets. In FIG. 7 this
      delay is brought about by the capacitors CA.sub.1 and CA.sub.2 which store
      the signals H and T for a few scanning intervals, i.e., recurrence periods
      of pulses Z. In the presence of either of these signals, OR gate OG.sub.9
      conducts and on the trailing edge of its output pulse trips the monoflop
      F.sub.8 (of adjustable off-normal period) whose output pulse Q.sub.8, in
      turn, by its trailing edge trips the mono-flop F.sub.9 in cascade
      therewith. The output Q.sub.9 of the latter, following upon the detection
      of any hole or excess thickness, resets the counters PC.sub.2 and PC.sub.4
      as well as the flip-flops F.sub.2, F.sub.4 and F.sub.7.
PAR  A coincidence of a stored signal H with a signal T, or of a stored signal T
      with a signal H, energizes the AND gate AG.sub.10 which works into one
      input of AND gate AG.sub.11 whose other input receives the "reset" output
      signal Q.sub.7 of flip-flop F.sub.7. An output signal from AND gate
      AG.sub.11 sets the flip-flop F.sub.12 whose output signal Q.sub.12 reaches
      one input of AND gate AG.sub.13 ; the other input of the latter gate is
      energized by the output signal Q.sub.8 of monoflop F.sub.8 upon detection
      of a flaw (signal H or T). Conduction of AND gate AG.sub.13 sets the
      flip-flop F.sub.13 to generate an output signal Q.sub.13.
PAR  Signals A', B' and C' are applied to inverting inputs of AND gate AG.sub.8
      to indicate, by their simultaneous disappearance, the end of the specimen
      being tested. Gate AG.sub.8 thereupon trips the monoflop F.sub.5 whose
      output Q.sub.5, by its trailing edge, trips the monoflop F.sub.6 in
      cascade therewith to generate a resetting signal Q.sub.6 for counters
      PC.sub.1 and PC.sub.3 as well as flip-flops F.sub.1, F.sub.3, F.sub.10 and
      F.sub.13. Element AG.sub.8 is the equivalent of a NOR gate.
PAR  AND gate AG.sub.5 has an inverting input for the signal A' and a
      noninverting input for the signal H, thus generating a signal E.sub.a
      whenever there is a gap along the upper zone A. Similarly, AND gate
      AG.sub.7 has an inverting input for signal C' and a noninverting input for
      signal H to generate a signal E.sub.c in the presence of a gap along the
      lower zone C. If such a gap occurs at the leading edge 6', indicating a
      possible dog's-ear, the two inputs of AND gate AG.sub.9 are simultaneously
      energized by the output of OR gate OG.sub.8, receiving the signals E.sub.a
      and E.sub.c, and by the start pulse L.sub.1 from the first stage of
      counter PC.sub.1. This sets the flip-flop F.sub.7 and, at its output
      Q.sub.7, de-energizes one of the inputs of AND gate AG.sub.11 which
      therefore cannot conduct even if AND gate AG.sub.10 responds to the
      consecutive presence of a hole and an excess thickness. Thus, a dog's-ear
      at a leading corner does not result in a setting of flip-flop F.sub.12 so
      that no output signal Q.sub.13 is generated; however, if that dog's-ear is
      very large, AND gates AG.sub.14 and/or AG.sub.19 will conduct to set the
      corresponding flip-flops F.sub.3, F.sub.2 with generation of signals
      Q.sub.3 and/or Q.sub.2.
PAR  If flip-flop F.sub.7 is not set at the time of energization of AND gate
      AG.sub.10, AND gate AG.sub.11 conducts and sets the flip-flop F.sub.12.
      The condition of this flip-flop is checked by the output signal Q.sub.8 of
      monoflop F.sub.8 upon the disappearance of the irregularity; however, if
      this irregularity is a dog's-ear at one of the trailing corners, the
      output signal Q.sub.5 of monoflop F.sub.5 unblocks the AND gate AG.sub.12
      for the passage of the output signal of OR gate OG.sub.8 so that flip-flop
      F.sub.12 is reset and output signal Q.sub.12 is terminated before the
      other input of AND gate AG.sub.13 is energized by monoflop output Q.sub.8.
PAR  Signals Q.sub.10 and Q.sub.11, indicative of an off-size, are passed
      through OR gate OG.sub.10 to AND gate AG.sub.II together with the output
      Q.sub.3 of flip-flop F.sub.3 indicating a large gap, e.g. as caused by a
      specimen which is narrower than the standard so that thickness zero is
      sensed along one of its longitudinal edges. Signals Q.sub.2 (indicative of
      a substantial amount of adhesive tape or the like) and Q.sub.4 (showing at
      least one wide gap) are fed through OR gate OG.sub.11 to AND gate
      AG.sub.III along with the output Q.sub.13 of flip-flop F.sub.13, the
      latter signaling the existence of a tear and a double thickness at some
      intermediate location. Signal Q.sub.1, reporting a presumed overlap, goes
      directly to AND gate AG.sub.I. The three output gates AG.sub.I, AG.sub.II
      and AG.sub.III, respectively energizing the leads 17.sub.I, 17.sub.II and
      17.sub.III, are opened by the output signal Q.sub.6 of monoflop F.sub.6
      before the resetting of any flip-flop F.sub.1 - F.sub.4, F.sub.10,
      F.sub.11 or F.sub.13. Thus, the routing switches 17 (FIG. 1) are operated
      in accordance with the detected irregularities.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of testing specimens of sheet material against a standard,
      comprising the steps of successively measuring the thickness of a test
      specimen at a multiplicity of closely spaced locations along at least one
      scanning line between opposite edges thereof, comparing the measured
      thickness with a reference value at each of said locations, correlating
      the results of comparison to establish a pattern of distribution of
      positive and negative deviations of said measured thickness from said
      reference value along said scanning line, and classifying the test
      specimen according to the distribution pattern thus obtained.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the test specimen is classified
      according to the number of deviations of either sign along said scanning
      line.
NUM  3.
PAR  3. A method as defined in claim 1 wherein the test specimen is classified
      according to the correlation between deviations measured along different,
      parallel scanning lines.
NUM  4.
PAR  4. A method as defined in claim 1 wherein said reference value has an upper
      and a lower tolerance limit, said deviations being determined by
      comparison with said tolerance limits.
NUM  5.
PAR  5. A method as defined in claim 1 wherein said reference value is derived
      from thickness measurements of a standard specimen scanned concurrently
      with the test specimen.
NUM  6.
PAR  6. A system for testing specimens of sheet material against a standard,
      comprising:
PA1  thickness-gauging means positioned for coaction with a test specimen;
PA1  transport means for relatively displacing said thickness-gauging means and
      said test specimen along at least one scanning line extending from a
      leading edge to a trailing edge of the latter;
PA1  timing means establishing a multiplicity of successive incremental periods
      during a traverse of said thickness-gauging means from said leading edge
      to said trailing edge;
PA1  logical circuitry connected to said thickness-gauging means and to said
      timing means for storing data on deviations of the thickness of said test
      specimen from a reference value during any of said incremental periods
      throughout said traverse; and
PA1  discriminating means connected to said logical circuitry for classifying
      said test specimen according to the pattern of distribution of its
      thickness deviations from said reference value along said scanning line.
NUM  7.
PAR  7. A system as defined in claim 6 wherein said thickness-gauging means
      comprises at least one electromechanical pressure sensor engageable with
      said test specimen.
NUM  8.
PAR  8. A system as defined in claim 7 wherein said pressure sensor comprises a
      leaf spring, mounting means clamping one end of said leaf spring, the
      other end of said leaf spring being provided with a specimen-engaging
      formation remote from said mounting means, and transducer means
      operatively coupled with said leaf spring for translating a deflection
      thereof from a normal position into a bipolar electrical signal.
NUM  9.
PAR  9. A system as defined in claim 6 wherein said thickness-gauging means
      comprises a plurality of electromechanical pressure sensors spaced apart
      transversely to the direction of relative displacement of said test
      specimen for scanning same along parallel lines.
NUM  10.
PAR  10. A system as defined in claim 6, wherein said timing means comprises an
      emitter of equispaced gating pulses, said logical circuitry including
      counting means for said gating pulses.
NUM  11.
PAR  11. A system as defined in claim 6 wherein said thickness-gauging means
      comprises a plurality of sensors positioned to coact with said test
      specimen along parallel scanning lines, said logical circuitry including
      coincidence and anticoincidence gates connected to said sensors for
      establishing correlation between thickness measurements taken along
      different scanning lines.
NUM  12.
PAR  12. A system as defined in claim 6 wherein said thickness-gauging means
      includes threshold means for comparing the thickness of said test specimen
      with two range limits, said threshold means being adapted to emit
      different types of signals during any incremental period according to the
      outcome of the comparison, said logical circuitry including separate
      storage means for said different types of signals connected to said
      discriminating means.
NUM  13.
PAR  13. A system as defined in claim 12 wherein said separate storage means
      comprise a plurality of pulse counters.
NUM  14.
PAR  14. A system for testing specimens of sheet material against a standard,
      comprising:
PA1  at least one electromechanical pressure sensor engageable with a test
      specimen, said pressure sensor including a leaf spring, mounting means
      clamping one end of said leaf spring, the other end of said leaf spring
      being provided with a specimen-engaging formation remote from said
      mounting means, and transducer means operatively coupled with said leaf
      spring for translating a deflection thereof from a normal position into a
      bipolar electrical signal;
PA1  transport means for relatively displacing said pressure sensor and said
      test specimen along a scanning line extending from a leading edge to a
      trailing edge of the latter;
PA1  timing means establishing a succession of incremental periods during a
      traverse of said pressure sensor from said leading edge to said trailing
      edge;
PA1  a source of reference voltage for the thickness of said test specimen;
PA1  comparison means connected to said pressure sensor and to said source for
      determining deviations of said signal from said reference voltage during
      any of said incremental periods; and
PA1  discriminating means connected to said comparison means and to said timing
      means for classifying the test specimen according to the distribution of
      said deviations.
NUM  15.
PAR  15. A system as defined in claim 14 wherein said transducer means comprises
      a piezoelectric element.
NUM  16.
PAR  16. A system as defined in claim 15 wherein said piezoelectric element is
      secured to said mounting means and bears upon one face of said leaf spring
      adjacent said one end thereof, said mounting means forming an abutment
      bearing upon the opposite face of said leaf spring at a point
      longitudinally offset from said piezoelectric element.
NUM  17.
PAR  17. A system as defined in claim 16 wherein said abutment and said
      piezoelectric element are relatively adjustable on said mounting means in
      the longitudinal direction of said leaf spring.
NUM  18.
PAR  18. A system as defined in claim 17 wherein said transducer means further
      comprises an analog/digital converter in series with said piezoelectric
      element.
NUM  19.
PAR  19. A system as defined in claim 14 wherein said transducer means comprises
      a mirror carried on said leaf spring, an emitter of luminous radiation
      trained upon said mirror, and receiving means for radiation reflected by
      said mirror.
NUM  20.
PAR  20. A system as defined in claim 19 wherein said emitter is a laser, said
      receiving means comprising an interferometer.
NUM  21.
PAR  21. A system as defined in claim 20 wherein said receiving means comprises
      a forward/backward counter for output pulses emitted by said
      interferometer.
NUM  22.
PAR  22. A system as defined in claim 14 wherein said transport means includes a
      rotatable cylinder supporting said test specimen, said formation bearing
      upon said cylinder through said test specimen.
NUM  23.
PAR  23. A system as defined in claim 22 wherein said transport means further
      includes at least one pair of endless bands sandwiching a narrow zone of
      said test specimen between them, one of said bands contacting said
      cylinder.
NUM  24.
PAR  24. A system as defined in claim 23 wherein said endless bands form two
      pairs engaging respective longitudinal edges of said test specimen.
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PAL  A high capacity crane which has a wheeled or tracked chassis carrying a
      support structure rotatable about a vertical axis and including a jib and
      a counter-jib. An arcuate beam centered on the axis of rotation is
      anchored to the ground and carries a connector movable along the beam to
      which connector the counter-jib is in turn anchored.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my application Ser. No.
      384,175, filed July 31, 1972 now abandoned.
BSUM
PAR  The object of the invention is an improved high-capacity crane having a
      balancing system. The invention is particularly applicable to cranes
      comprising a support structure mounted on caterpillar tracks or pneumatic
      tyres, rotatable about a vertical axis and carrying a jib on which run the
      working cables, and a counter-jib, the end of which is connected on the
      one hand to the end of the jib and on the other hand to an anchorage point
      positioned on a special balancing system.
PAR  Apparatus are, in fact, known which enables the capacity of this type of
      crane to be increased and consist, for example, of special counter-weights
      carried by a mobile carriage linked for rotation to the crane. This type
      of apparatus has the principal disadvantage of lifting the mobile
      counter-weight from its running surface, while on no load the
      counter-weight bears on its running surface. As a result, there is a
      swinging of the load on engagement which is deleterious to the precision
      required in this type of manoeuvre. Moreover, this type of apparatus
      requires a fairly well-levelled, horizontal running surface for the
      carriage to be able to move freely when the crane is turned. Furthermore,
      it is difficult to move the carriage away from the axis of rotation and
      this type of apparatus cannot, therefore, be used in practice for cranes
      on pneumatic tyres, the support chassies of which are particularly large.
PAR  The object of the invention is a crane with a novel balancing system,
      giving all the desirable guaranties of precision during operation, without
      this requiring more precise and, therefore, more difficult chocking of the
      crane assembly than is normally required to work with a large jib or under
      high load, with a normal mobile crane.
PAR  Furthermore, cranes with the balancing system are as suitable for mounting
      on caterpillar tracks as on pneumatic tyres. Lastly, the cranes with the
      balancing system can themselves carry the balancing system during
      movements of the cranes.
PAR  In accordance with the invention, the balancing system comprises a beam in
      the form of an arc of circle centered on the axis of rotation of the
      rotatable structure, means for anchoring the beam to the ground and a
      retaining cable secured to the end of the counter-jib and provided with an
      organ for securing onto the beam which can move along the said beam
      according to the orientation of the rotatable structure.
DRWD
PAR  The invention will now be described with reference to several embodiments,
      given by way of example and illustrated in the attached drawings.
PAR  FIG. 1 is an elevation of an embodiment in accordance with the invention of
      a crane on caterpillar tracks fitted with a balancing system;
PAR  FIG. 2 is a plan of the crane of FIG. 1;
PAR  FIG. 3 is an elevation of an embodiment in accordance with the invention of
      a crane on pneumatic tyres fitted with a balancing system;
PAR  FIG. 4 is a plan of the crane of FIG. 3;
PAR  FIG. 5 is a cross-section of the securing organ of the balancing system;
PAR  FIG. 6 is a longitudinal section of the securing organ;
PAR  FIG. 7 is a view of a first method of transport of the balancing system,
      and
PAR  FIG. 8 is a view of a second method of transport of balancing system.
PAR  FIGS. 9, 10 and 11 show the successive stages of assembling the crane
      preparatory for work.
DETD
PAR  As shown, in particular, in FIGS. 1 to 4, the crane consists of a support
      structure 1 rotatable about a vertical axis on a chassis 2 and provided
      with equipment of large span designed to manipulate heavy loads at long
      distance or at great height, this equipment comprising a jib 3, a fixed
      framework counterjib 4, a pulley system 5 for varying the gradient of the
      jib relative to counterjib framework 4 and a pulley system 6 between the
      counterjib and the rear portion of the support structure, enabling the
      counterjib framework to be raised and placed in position.
PAR  Chassis 2 can be mounted on a caterpillar track, as shown in FIGS. 1 and 2,
      or on pneumatic tyres, as shown in FIGS. 3 and 4.
PAR  The balancing system comprises a beam 7 in the form of an arc of circle,
      positioned on the rear of the crane, symmetrically relative to the axis of
      the chassis.
PAR  Beam 7, shown in detail in FIGS. 5 and 6, can be an I girder, for example,
      consisting of a web 71 curved in an arc of a circle, welded to two flats
      72 and 73 in the form of circular sectors and respectively forming the
      upper and lower flanges of the girder.
PAR  Lower flange 73 is used to anchor the part-circular girder. For example,
      the heads of anchoring bolts fixed in the ground may be made to bear on
      it, or else, as shown in the Figure, a series of additional counterweights
      74 may be made to rest on it, distributed along the beam and held clamped
      against it by bolted cramps 75, or any other rapid anchoring means.
PAR  Flange 72 serves as a roller track for an anchoring device 8 in the form of
      a carriage 80 carried by rollers 82 running on the upper tread. The
      carriage, which is symmetrical relative to the web of the girder,
      comprises on either side of web 71, anchoring claws 81 which are curved
      downwards so as to pass under the flanges of upper tread 72, the lower
      ends of claws 81 carrying rollers 82 to run against the under-surface of
      tread 72.
PAR  Furthermore, rollers 83 with their axes vertical, are mounted on the
      carriage and centre the carriage relative to the girder by running on the
      lateral surface of flange 72.
PAR  A retaining stay 9 is fixed on the one hand to the upper end of counterjib
      4 and on the other to anchoring device 8 by means of a swivel extended by
      a clevis, in which is engaged a pin received by an eye on a plate rigidly
      attached to carriage 8.
PAR  The carriage is also connected to the rotatable structure by two arms 10
      (FIG. 2), which are strongly braced and pivoted on the rear portion of the
      rotatable structure. At their other ends, arms 10 are connected by struts
      101 so as to form a frame over carriage 80. This frame bears on carriage
      80 through localised supports made of plastics friction material 102.
      Moreover, the frame may act as a support for a certain amount of
      additional ballast 103 (FIG. 1).
PAR  An apparatus with adjustable, lateral stops, for example screws 104 bearing
      on the frame and on stops rigidly attached to the carriage, enables the
      carriage and pivoted framework to be connected for movement together
      during rotation.
PAR  As a result, the carriage can be driven by arms 10 and follow the
      orientation motions of the crane. However, it would be preferable to use
      an automotive securing carriage which, as shown in FIG. 5, could carry an
      hydraulic motor 85 driving a pinion 86, optionally through reduction
      gearing, pinion 86 engaging a toothed sector 87 formed on a lateral face
      of the girder, e.g. on the edge of flange 72. In this case, it is the
      motor of the carriage which will orientate the crane, hydraulic motor 85
      being supplied with driving oil by elements fitted on the rotatable
      structure. This arrangement, which permits the rotational drive over the
      very large radius of the circular beam, allows very smooth starting and
      extreme manoeuvring precision.
PAR  One of the important characteristics of the invention is that two pulley
      systems each connected to a winch determine the position of the counter
      jib and the other orientation of the jib with respect to the counter jib.
      The interaction of these two pulley systems and of the retaining stay
      during the positioning of the crane overcomes the inconveniences of known
      systems of providing a resulting balance on lifting a load of the
      difference between the unloaded crane and the loaded crane.
PAR  FIGS. 9, 10 and 11 show the operations in detail of the placing of the
      crane and its equipment in position for work.
PAR  At the start, when the equipment is assembled, the crane is in place with
      the jib 3 and the counter jib 4 on the ground connected by pulley system
      5, pulley system 6 and the corresponding winches. Beam 7 and its anchoring
      device 8 are connected respectively by arms 11 to the chassis of the crane
      and arm 10 is connected to the rotating structure 1 of the crane, section
      7 being anchored or loaded with counter weights necessary to the
      preparation to be performed.
PAR  As seen in FIG. 9, the first step consists of actuating the pulley system 6
      by its winch which raises the counter jib 4 to a desired angle with the
      vertical by responding to the tensioning of the cables of the pulley
      system 5 by the corresponding winch.
PAR  At this time, the action of pulley system 6 causes the simultaneous raising
      of jib 3 with counter jib 4, pulley system 5 providing a predetermined
      angle between the jib and counter jib.
PAR  The action of pulley 6 is continued until the position is reached, as shown
      in FIG. 10, in which the counter jib 4 has reached a position in which the
      retaining stay 9, depending from the head of the counter jib, comes
      adjacent to its vertical position above the anchoring device 8 so that the
      retaining stay 9 can be connected to the anchoring device 8 by means shown
      in FIGS. 5 and 6. At this time, as can be seen in FIGS. 9 and 10,
      anchoring device 8 and counter weights 103 rest on the upper portion of
      the beam 7, the rotary structure being balanced only by the usual counter
      weight 104.
PAR  As soon as the retaining stay 9 is fixed to anchoring device 8, the winch
      actuating pulley system 6 is actuated to release the tension in pulley
      system 6. Continued lengthening of the pulley system 6 shifts the tension
      to retaining stay 9 connected to the anchoring device 8 as is seen in FIG.
      11. Anchoring device 8 then bears, through it lower rollers 82, on sector
      7 which is either counterweighted or anchored to the ground. Pulley system
      6 at this time exerts no force and has no function. The orientation of jib
      3, which determines the scope of action of the crane, is controlled by the
      winch connected to the pulley system 5.
PAR  The counter weights 103, when employed, are limited to a weight less than
      the tension in the retaining stay as determined by the weights of the
      unloaded jib 3 and counter jib, so that the anchoring device 8 is raised
      upon relaxing of the tension in pulley system 6.
PAR  The crane therefore provides a very high framework (the counter jib)
      directly anchored with respect to the earth on a sector permitting
      rotation of the crane.
PAR  The tension between a plurality of retaining stays, when used, can be
      equalized by structure 91.
PAR  The crane is now in position for operation.
PAR  Variation in the work distance of the crane is obtained by actuation of the
      winch controlling the pulley system 5.
PAR  Lifting of the load by the crane is carried out by the principal winch
      controlling the lifting pulley system. The weight of the load is
      transferred by an increase in the forces which occur in pulley system 5
      between the jib and the counter jib and in the retaining stay 9. The
      anchoring device is already applied to the top of sector 7 by rollers 82
      and there is no variation of position of the elements of the crane when
      the load is lifted except those which are normal and not excessive
      resulting from the elasticity of the jibs, retaining stays and pulley
      systems under the effect of the variation of the forces. It is to be noted
      that the pulley system 6 plays no part during the work of the crane
      handling loads. Thus, because of the direct anchoring to the earth of the
      counter jib, the lifting of a load requires no balancing of the crane.
PAR  Anchoring of the circular beam to the earth is easily done either by
      anchoring bolts secured in the ground or by counter weights greatly
      exceeding in weight the maximum forces which could occur in the retaining
      stay. The crane therefore has a remarkable stability and accuracy from the
      moment of lifting a load until deposit of the load.
PAR  Further, it is not necessary to provide the structure with an absolutely
      horizontal level as is generally required in analogous systems extending
      the scope of operation of the crane. Actually, the precision of location
      is on the order of that which is currently required for work with a long
      jib.
PAR  Another important advantage of the invention is the ability to displace the
      crane assembled with its circular beam and its anchoring device from one
      work location to another.
PAR  Part-circular girder 7 is in fact connected to the chassis of the crane by
      two arms 11, connected by struts and pivoted at their ends on girder 7 and
      on chassis 2. In the case of a crane on pneumatic tyres, shown in FIGS. 3
      and 4, arms 11 will preferably be pivoted on the ends of the girders on
      which the lateral support plates of the crane are mounted.
PAR  With reference to FIG. 7, all that is necessary to move the crane in those
      circumstances is to release girder 7 from the anchorage bolts or
      counterweights which are holding it to the ground. With the jib placed in
      advance in a suitable position, operation of pulley-system 6 enables the
      circular girder to be lifted above the ground by rotation of connecting
      arms 11 on the chassis about horizontal pivot axes 110. The crane can then
      be moved to a new work site and so orientated that the axis of the chassis
      is directed towards the centre of the work zone. The part-circular girder,
      anchored to the ground by counterweights or by bolts fixed in a special
      emplacement provided for this purpose, will easily permit orientation of
      45.degree. on either side of the axis.
PAR  FIG. 8 shows another method of movement of the anchoring girder, in
      accordance with which arms 10 are supported by stay 9 secured to frame
      101, girder 7 being suspended directly from the hook of the crane by means
      of securing device 8.
PAR  A further advantage of the crane balancing system described resides in the
      fact that it is particularly applicable to cranes on pneumatic tyres,
      despite the asymmetry of the chassies on the latter.
PAR  In fact, as shown in FIGS. 3 and 4, the part-circular girder can be
      positioned far enough from the axis of rotation to pass round the chassis
      on pneumatic tyres, even on the control cabin side.
PAR  Of course, the invention is not limited to the details of the embodiment
      described above, but on the contrary embraces all its conceivable
      modifications and equivalent means.
PAR  Thus the drive motor of the carriage of the securing device, which can be
      of any type, can drive the crane not only by gearing but also by friction,
      by cable winch drive, or by any other suitable means acting on the
      part-circular girder.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A high-capacity crane comprising a support structure, a chassis mounted
      on ground engaging drive means and mounting said support structure for
      rotation about a vertical axis relative to said chassis, a jib and a
      counter jib pivotally mounted on said support structure, a hoisting cable
      connected to said jib for hoisting a load, an I-beam in the form of an arc
      of a circle spaced from and centered on the axis of rotation of said
      rotatable structure and positioned to be on the opposite side of said axis
      from said jib, an upper surface for said I-beam, means for releasably
      anchoring said beam to the ground, an anchoring device mounted for
      movement along said beam, carriage means for preventing vertical upward
      movement of said anchoring device relative to said beam as said anchoring
      device moves along said beam, at least one arm pivotally connected between
      said chassis and said beam, an arm pivotally connected between said
      anchoring device and said support structure, a retaining cable connecting
      the upper end of said counter jib to said device, said device moving along
      said beam according to the angular orientation of said rotatable
      structure, a variable length pulley system connected between said jib and
      said counter jib to adjust the inclination of said jib, a pulley system to
      adjust said counter jib connected between the upper end of said counter
      jib and said support structure, said pulley systems and said cable
      positioning said jib whereby said device exerts pressure beneath said
      upper surface before loading said jib, whereby when said releasable
      anchoring means is released from the ground the jib, counter jib,
      retaining cable and hoisting cable cooperate to lift the beam from the
      ground for transfer to other locations.
NUM  2.
PAR  2. A crane in accordance with claim 1, said means for anchoring the beam to
      the ground including a series of detachable counterweights arranged along
      the beam and connected to said beam.
NUM  3.
PAR  3. A crane in accordance with claim 1, said means for anchoring the beam to
      the ground including a series of bolts fixed in the ground, bearing on
      said beam and distributed along said beam.
NUM  4.
PAR  4. A crane in accordance with claim 1, in which said securing device
      comprises a carriage, rollers for said carriage bearing on said upper
      surface of said beam and on either side of the web of said beam downwardly
      extending claws for said device engaging under said upper surface of said
      beam.
NUM  5.
PAR  5. A crane in accordance with claim 4, including additional ballast mounted
      on said carriage.
NUM  6.
PAR  6. A crane in accordance with claim 4, including guide rollers for said
      carriage engaging at least one lateral face of said beam.
NUM  7.
PAR  7. A crane in accordance with claim 4, including independent drive means on
      said carriage for moving said carriage along said beam.
NUM  8.
PAR  8. A crane in accordance with claim 7, said drive means including a motor
      fixed to said carriage and driving a pinion engaging a rack fixed along
      said beam.
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ABST
PAL  An elongated support arm is provided and pivotally supported from an
      elevated portion of one marginal portion of a vehicle onto whose top a
      boat is to be placed. The support arm is pivoted to the vehicle for
      swaying movement of the arm about a horizontal axis generally parallelling
      the marginal portion of the vehicle from which it is supported between a
      lowered position with the free end of the arm inclined downwardly and
      outwardly for contact with the surface upon which the vehicle rests and a
      raised position with the free end of the arm swung upward to a position
      with the arm vertically disposed and the free end thereof generally
      aligned with the top of the vehicle onto which the associated boat is to
      be positioned. The elevated portion of the vehicle to which the support
      arm is pivotally attached is disposed at a height equal to at least one
      half the effective length of the support arm and the free end of the
      support arm includes mounting structure pivotally supported from the
      support arm and releasably anchorable to the upper marginal portion of a
      boat to be loaded on top of the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous devices have been heretofore designed for the purpose of unloading
      of a boat onto the top of a vehicle and unloading a boat from the top of a
      vehicle. Many of these devices have included elongated support arm
      structures pivotally supported from the associated vehicle at their base
      ends and adapted for releasable engagement with an associated boat at the
      free ends. Examples of these prior structures may be found in U.S. Pat.
      No. 2,584,163 to H. F. Squires, dated Feb. 5, 1952; U.S. Pat. No.
      2,722,326 to A. M. Conroy, dated Nov. 1, 1955; U.S. Pat. No. 2,753,063 to
      W. T. Abel, dated July 3, 1956; U.S. Pat. No. 2,985,327 to C. R. Gilkison,
      dated May 23, 1961; U.S. Pat. No. 3,435,970 to F. J. Sutton, dated Apr. 1,
      1969; and U.S. Pat. No. 3,612,314 to Eugene L. Cooper, dated Oct. 12,
      1971.
PAR  While each of these previous devices are fully capable of assisting a boat
      onto the top of a vehicle and assisting the unloading of a boat from the
      top of the vehicle, some use support arms which are so long as to prevent
      their use if the space behind the associated vehicle is limited and others
      require considerable actuating structure or are so constructed as to place
      undue stresses upon the boat being loaded onto or unloaded from the
      associated vehicle.
PAR  The boat loading and unloading apparatus of the incident invention utilizes
      a somewhat conventional pivotally mounted elongated support arm. However,
      the length of the support arm and the elevation of its pivotal attachment
      relative to the associated vehicle is such as to limit the space rearward
      of the associated vehicle required during the boat loading and unloading
      process. Also, the length of the support arm structure and the height of
      its pivotal attachment to the associated vehicle enables the associated
      boat to be mounted onto the vehicle and unloaded from the vehicle in a
      manner which does not place undue stresses upon the boat. Still further,
      the boat loading apparatus of the instant invention is constructed in such
      a manner that only one person is needed to accomplish a boat loading or
      boat unloading operation.
PAR  The main object of this invention is to provide a boat loading device
      specifically designed for use in conjunction with high top vehicles and
      which will enable a single person to efficiently load a boat onto or
      unload a boat from a high top vehicle.
PAR  Another object of this invention in accordance with the immediately
      preceding object, is to provide a boat loading apparatus which will lessen
      the space requirements usually associated with similar boat loading
      devices.
PAR  Still another object of this invention is to provide a boat loading
      apparatus which will be effective in loading and unloading a boat in a
      manner such as undue stresses will not be placed upon the associated boat
      or the boat loading device.
PAR  A final object of this invention to be specially enumerated herein is to
      provide a boat loading device in accordance with the preceding objects
      which will conform to conventional forms of manufacture, be of simple
      construction and easy to sue so as to provide a device that will be
      economically feasible, long lasting and relatively trouble free in
      operation.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side elevational view of a high top vehicle with
      the boat loading apparatus of the instant invention mounted thereon and in
      operative association with a boat to be loaded onto the top of the
      vehicle, to alternate positions of the boat during the loading process
      being illustrated in phantom lines;
PAR  FIG. 2 is a fragmentary side elevational view similar to FIG. 1 but with
      the associated boat in a partially loaded position;
PAR  FIG. 3, is a side elevational view similar to FIGS. 2 and 3 but with the
      boat in an almost fully loaded position;
PAR  FIG. 4 is a fragmentary side elevational view similar to FIGS. 1, 2 and 3
      with the boat in a fully loaded position;
PAR  FIG. 5 is an enlarged rear elevational view of the vehicle and boat in the
      fully loaded position as seen from the right side of FIG. 4;
PAR  FIG. 6 is an enlarged fragmentary vertical sectional view taken
      substantially upon the plane indicated by the section lines 6--6 of FIG.
      5;
PAR  FIG. 7 is a fragmentary perspective view of the vehicle illustrated in
      FIGS. 1-6 and showing the manner in which the support arm prop is
      supported and braced relative to the vehicle, the diagonal brace of the
      support arm prop being illustrated in exploded position;
PAR  FIG. 8 is a fragmentary perspective view of a portion of the mounting
      structure by which the support arm of the boat loading device is pivotally
      supported from the associated vehicles, with the various parts illustrated
      in exploded positions;
PAR  FIG. 9 is a fragmentary perspective view of the transom plan structure
      pivotally secured to the free end of the support arm structure;
PAR  FIG. 10 is a fragmentary top plan view of the vehicle and bower portion of
      the boat with the boat bow portion engaged with boat bow retaining
      structure supported from the forward portion of the top of the vehicle.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now more specifically to the drawings, the numeral 10 generally
      designates a conventional form of vehicle including opposite sides 12 and
      14 and a high top 16. The rear of the vehicle 10 includes a rear bumper 18
      and the boat loading apparatus of the instant invention is referred to in
      general by the reference numeral 20 and operatively associated with the
      rear of the vehicle 10 and the top 16 thereof.
PAR  The boat loading device 20 comprises an elongated support arm referred to
      in general by the reference numeral 22 and including a base end 24 and a
      free end 26. The base end 24 comprises a generally U-shaped member 26
      including generally parallel legs 28 and 30 interconnected at one pair of
      corresponding ends by means of a bight portion 32 extending therebetween
      and secured thereto. The free end portion 26 of the support arm 22
      comprises an elongated tubular member 34 having one end portion secured to
      the mid-portion of the bight portion 32 as at 36. In addition, the end of
      the tubular member 34 secured to the bight portion 32 is braced relative
      thereto by means of opposite side diagonal braces 38 secured to opposite
      sides of the tubular member 34 at one pair of corresponding ends and to
      the bight portion 32 at the other pair of ends thereof at spaced distances
      on opposite sides of the adjacent end of the tubular member 34.
PAR  A pair of angle brackets 40 are provided and include base flanges 42 and
      secured to the rear wall 44 of the vehicle 10 in any conventient manner as
      well as right angle outstanding mounting flanges 46 including vertically
      spaced bores 50.
PAR  From a comparison of FIGS. 1 and 4 of the drawings, it will be noted that
      the supporting arm 22 may be swung between a rearwardly and downwardly
      inclined lowered position for contact with the ground 52 on which the
      vehicle 10 rests and a raised position with the support arm 22
      substantially vertically disposed. Also, from FIG. 9 of the drawings it
      may be seen that a clamp assembly referred to in general by the reference
      numeral 54 is pivotally attached to the free end 26 of the tubular member
      34. The clamp assembly 54 comprises a horizontal mounting bar 56 from
      whose mid-portion a pair of spaced mounting flanges 58 and 60 are
      supported. The free end 26 of the tubular member 34 is pivotally secured
      between the free ends of the mounting flanges 58 and 60 by means of a
      pivot fastener 62. The opposite ends of the mounting bar 56 have a pair of
      C-clamps 64 of substantially conventional design welded thereto.
PAR  An abutment brace referred to in general by the reference numeral 66 is
      provided and includes an angle bracket mounting plate 69 secured to the
      rear wall 44 of the vehicle 10 by means of suitable fasteners 68. The
      brace 66 includes a U-shaped abutment arm 70 secured to and projecting
      rearwardly from the angle member 66 centrally intermediate its opposite
      ends and the rear end of the abutment arm 70 has a horizontally disposed
      rearwardly opening bifurcated mount 72 secured thereto. The mount 72 may
      be welded to the rear end of the abutment arm 70 and the rear end of the
      abutment arm 70 is braced relative to the opposite ends of the angle
      member 66 by means of diagonal braces 74 and 76. Further, the furcations
      78 and 80 of the mount 72 are each provided with longitudinally spaced
      apertures 82 and latch pin 84 passage through aligned apertures 82 in the
      furcations 78 and 80 is tethered to the base end of the mount 72 by means
      of a chain 86. Further, a diagonal brace 88 is secured between the forward
      end of the mount 72 and the rear of the top 16 of the vehicle 10 in any
      convenient manner. Also, one side of the rear end portion of the abutment
      arm 70 as a pulley structure 90 secured thereto including a guide pulley
      wheel 92.
PAR  A pair of rearwardly and upwardly inclined mounting arms 94 have their
      forward ends secured to the rear portion of the top 16 by means of
      fasteners 96 and a support shaft 98 extends between and is secured to the
      rear ends of the support arms 94. Two sets of three rollers 100 each are
      journalled on opposite end portions of the shaft 98 and a pulley structure
      102 is removably hook engaged with the center portion of the shaft 98
      spaced between the opposite end sets of rollers 100 and includes a guide
      roller 104.
PAR  A winch assembly referred to in general by the reference 106 is anchored to
      and supported from one end of the bumper 18 and includes a crank driven
      rotatable winding member 108 about which one end of an elongated flexible
      tension member 110 is wound. The tension member 110 extends upwardly from
      the winding member 108 and passes over the roller 92 and thereafter over
      the roller 104. The free end of the tension member 110 is provided with an
      eye 112 with which a snap hook 114 carried by the free end 26 of the
      tubular member 34 is engaged.
PAR  With attention invited more specifically to FIG. 10 of the drawings, it may
      be seen that a forward portion of the roof 16 is provided with a
      transverse anchor member 120 secured thereto in any convenient manner and
      having a pair of clips 122 secured to its opposite ends by means of
      fasteners 124.
PAR  Also, from FIG. 5 of the drawings it may be seen that the opposite ends of
      a pair of elastic tension members 126 are anchored to suitable anchors 128
      supported from the inner surface of the transom 130 of a boat referred to
      in general by the reference numeral 132, and also that the rear ends of
      the support arms 94 are braced relative to upper portions of the rear wall
      44 by means of depending braces 134 still further opposite side portions
      of the upper marginal edge of the transom 130 of the boat 132 have support
      wheel assemblies 138 removably supported therefrom on opposite sides of
      the clamp assembly 54 which is clampingly engaged with the center portion
      of the transom 130. Still further, the bow portion of the boat 132
      includes an anchor assembly 140. In operation, when it is desired to load
      the boat 132 onto the top 16 of the vehicle 10, the boat 132 is first
      positioned in an upright position spaced closely rearward of the vehicle
      10 in the manner illustrated in solid lines in FIG. 1 of the drawings.
      Then, with the support arm 22 swung to a downwardly and rearwardly
      inclined lowered position, the clamp assembly 54 is clamped to the center
      of the transom 130 and the free end of the tension member 110 is anchored
      to the anchor 140 within the bow portion of the boat 132. Then, the winch
      106 is actuated to pull the bow portion of the boat 132 through the
      intermediate phantom line position illustrated in FIG. 1 with the boat 132
      inclined rearwardly and upwardly at its forward end and to the over center
      phantom line position illustrated in FIG. 1 with the inverted bow of the
      boat engaging the rollers 100 on the shaft 98. Then, the free end of the
      tension member 110 is released from the anchor 140 and anchored to the
      snap hook 114 carried by the free end of the tubular member 34.
      Thereafter, the winch 106 is further actuated to pull the free end of the
      support arm 22 through the positions thereof illustrated in FIGS. 2 and 3
      of the drawings to the position thereof illustrated in FIG. 4 of the
      drawings with the opposite side gunnel portions of the bow of the boat 132
      received between the raised inner adjacent ends of the clips 122.
      Thereafter, the elastic tension members 126 have their ends remote from
      the transom 130 hooked with the braces 134 and the pin 84 is passed
      through aligned apertures 82 behind the tubular member 34, the latter
      being embracingly received in the bifurcated mount 72 between the
      furcations 78 and 80 thereof.
PAR  With the boat 132 thus loaded onto the vehicle 10, the boat is securely
      fastened over the top 16 of vehicle 10. Of course, when it is desired to
      unload the boat 132, the elastic tension members 126 are released from
      engagement with the braces 134 and the pin 84 is withdrawn. Thereafter,
      the winch assembly 116 is slightly backed off and a rearward pull is
      exerted on the upper end of the support arm 22 in order to slightly
      rearwardly displace the boat 132. Thereafter, with a further rearward pull
      being exerted on the upper end of the tubular member 34 and the winch
      assembly 106 controlling the unwinding of the tension 110 from the winding
      member 108, the boat is lowered through the positions thereof as
      illustrated in FIGS. 3 and 2 of the drawings. Subsequently, after the boat
      has been lowered to the left-hand phantom line position thereof as
      illustrated in FIG. 1 of the drawings, a rearward thrust is exerted on the
      upper end of the boat 132 while continuing to control the unwinding of the
      tension member 110 until the boat 132 reaches a vertical center position
      at which point further rearward and downward swaying of the bow of the
      boat 132 is controlled solely by operation of the winch assembly 106.
PAR  From FIGS. 1, 2 and 3 of the drawings, it will be seen that the elevation
      of the pivot fasteners 146 by which the legs 28 are pivotally supported
      from the mounting flanges 46 is in excess of one half the effective length
      of the support arm 22. In this manner, the rearward extent of boat 132
      behind the vehicle 10 as illustrated in solid lines in FIG. 1 is limited
      and a much shorter boat may be engaged with the free end of the support
      arm 22 and yet still be capable of having its bow portion rest against the
      rollers 100 in the manner illustrated in the left-hand phantom lined
      position of FIG. 1. Also, by the limited length of the support arm 22, the
      inclination of the boat 132 in the left-hand phantom line position of FIG.
      1 from the vertical is limited.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination with a vehicle including a high top, a boat loading
      device comprising an elongated support arm, means pivotally supporting one
      end of said support arm from an elevated portion of one marginal portion
      of said vehicle for swinging movement of said arm about a horizontal axis
      generally paralleling said marginal portion between a lowered position
      with the other end of said arm inclined downwardly and outwardly for
      contact with the surface upon which said vehicle rests and a raised
      position with said other end of said arm swung upwardly to a position
      generally horizontally aligned with said top, said elevated portion of
      said vehicle being disposed at a height equal to at least one-half the
      effective length of said support arm, said other end of said support arm
      including mounting means adapted for pivotal connection to an upper
      portion of the transom of a boat.
NUM  2.
PAR  2. The combination of claim 1 wherein said mounting means comprises a clamp
      assembly adapted to clampingly engage the upper portion of said transom
      pivotally supported from said other end of said arm for rotation about a
      horizontal axis generally paralleling the first mentioned axis.
NUM  3.
PAR  3. The combination of claim 1 including an abutment bracket supported from
      said marginal portion below said top and above said elevated portion for
      abutment by a mid-portion of said arm to limit swinging toward said raised
      position, said abutment bracket and mid-portion of said arm including
      coacting retaining means releasably retaining said support arm in said
      raised position.
NUM  4.
PAR  4. The combination of claim 1 including an elongated horizontal roller
      assembly supported from said top and extending along said marginal portion
      and adapted to rollingly support opposite side gunnel portions of an
      inverted boat being lengthwise advanced transversely of said roller
      assembly.
NUM  5.
PAR  5. The combination of claim 4 including tension member guide means carried
      by said roller assembly and having an elongated flexible tension member
      engaged therewith for lengthwise guided shifting relative thereto, one end
      of said tension member being provided with anchor means adapted for
      selective anchoring to said other end of said arm and the bow portion of a
      boat disposed horizontally outwardly from the said other end of said arm
      when said other end is pivotally connected, by said mounting means to said
      upper transom portion.
NUM  6.
PAR  6. The combination of claim 5 including a winding member carried by said
      marginal portion below said elevated portion to which the other end of
      said tension member is connected.
NUM  7.
PAR  7. The combination of claim 6 including an abutment bracket supported from
      said marginal portion below said top and above said elevated portion for
      abutment by a mid-portion of said arm to limit swinging toward said raised
      position, said abutment bracket and mid-portion of said arm including
      coacting retaining means releasably retaining said support arm in said
      raised position, second tension member guide means carried by said
      abutment bracket below and outwardly of a vertical plane containing the
      first mentioned guide means and with which the portion of said tension
      member extending between said winding member and the first mentioned guide
      means is guidingly engaged for lengthwise shifting relative thereto.
NUM  8.
PAR  8. In combination with a vehicle including a high top, a boat loading
      device including an elongated support device comprising an elongated
      support arm, means pivotally supporting one end of said support arm from
      an elevated portion of one marginal portion of said vehicle for swinging
      movement of said arm about a horizontal axis generally paralleling said
      marginal portion between a lowered position with the other end of said arm
      inclined downwardly and outwardly for contact with the surface upon which
      said vehicle rests and a raised position with said other end of said arm
      swung upwardly to a position generally horizontally aligned with said top,
      said other end of said support arm including mounting means adapted for
      pivotal connection to an upper portion of the transom of a boat, an
      abutment bracket supported from said marginal portion below said top and
      above said elevated portion for abutment by a mid-portion of said arm to
      limit swinging toward said raised position, said abutment bracket and
      mid-portion of said arm including coacting retaining means releasably
      retaining said support arm in said raised position, an elongated
      horizontal roller assembly supported from said top and extending along
      said marginal portion and adapted to rollingly support opposite side
      gunnel portions of an inverted boat being lengthwise advanced transversely
      of said roller assembly, a pulley journaled from said roller assembly and
      having the mid-portion of an elongated flexible tension member passed
      thereover for lengthwise guided shifting relative thereto, one end of said
      tension member being provided with anchor means adapted for selective
      anchoring to said other end of said arm and the bow portion of a boat
      disposed horizontally outwardly from the said other end of said arm when
      said other end is pivotally connected, by said mounting means to said
      upper transom portion, a winding member carried by said marginal portion
      below said elevated portion and to which the other end of said tension
      member is connected, and a second tension member guide pulley journaled
      from said abutment bracket below and outwardly of a vertical plane
      containing the first mentioned guide means and over which the portion of
      said tension member extending between said winding member and the first
      mentioned guide means is guidingly engaged for lengthwise shifting
      relative thereto.
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ABST
PAL  Apparatus and method for lifting the top coil from a stack of coils. The
      apparatus includes a housing which is to be attached to the forks of the
      fork lift truck and a hook suspended from the housing wherein the hook is
      adapted to facilitate removal of a coil from a stack and its subsequent
      transport. The method involves the steps of offsetting a top coil from a
      stack of coils so as to position a portion of its inner core to overhang
      the cores of the remaining coils in the stack, and thereafter engaging
      such overhanging portion of the top coil to lift it from the stack and
      transport it to a desired location.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field
PAR  The present invention relates to the art of lifting a coil from a stack of
      coils and transporting it without relying upon manual lifting of the coil.
PAR  2. Description of the Prior Art
PAR  Many elongate materials such as steel strip, aluminum strip and other
      metals are wound into the form of a coil having a central hollow core.
      Such coils may often weigh from 100-1200 lbs., or more. After the coils
      are manufactured by the rolling mill, they are typically stored in stacked
      fashion with one coil laid upon the other, and superimposed with their
      central cores substantially aligned with each other. A stack of coils can
      be transported to the user on a pallet or other suitable transport
      platform. The user is then confronted with the problem of lifting one coil
      at a time off the stack so that he can transport it to a suitable holder
      or other device for feeding the coil into a machine in which the strip is
      to be processed.
PAR  The typical prior art methods for lifting a coil from a stack of coils are
      in some respects primitive or dangerouos, but in any event not
      particularly satisfactory. It is common for a workman to manually lift a
      coil from its flat horizontal or stacked position to a vertical position
      in order to lift it onto the forks of a fork lift truck. If the coil is
      heavy, two men may be necessary for this work. There is great danger of
      crushed fingers or toes if a coil should slip during such manual handling,
      but the method is practiced on a surprisingly large scale in many
      factories. Another solution is to stack the coils with wedges or spacers
      between adjacent coils so that the forks of a fork lift truck can be
      driven into the space between coils in order to lift the uppermost coil.
      However, this in unsatisfactory because of the problems of coils slipping
      from the stack due to their separated fashion, either in transport or in
      storage, so that this method has not enjoyed particularly wide use. Other
      prior art methods may utilize attaching a handle or other tool to a coil
      to attempt to facilitate the problem of lifting a coil onto a fork lift
      truck.
PAR  The general unsuitability of the prior art methods heretofore practiced
      have resulted in the removal of a coil of strip steel, for example, from a
      stack of coils being a dangerous and time consuming operation because of
      the great amount of manual labor involved in it. The present invention in
      both its method and apparatus aspects seeks to abate these problems.
PAC  SUMMARY OF THE INVENTION
PAR  My present invention provides an apparatus which can be installed on a fork
      lift truck that will facilitate the unloading of coils from a stack and
      enables a single operator using a fork lift truck to lift a coil from a
      stack and transport it to a desired location without manually handling the
      coil. In its presently-preferred embodiment described hereinafter, the
      apparatus includes a housing which is to be attached to the forks of a
      fork lift truck, and a hook suspended from such housing. The hook includes
      means to enable a top coil to be engaged and offset from the stack of
      coils on which it rests. Also, the hook may be structured so as to provide
      for particularly effective transportation of the coil carried thereon,
      and, in its preferred form, is pivotally suspended from the housing.
PAR  My present invention also provides a method for removing the topmost coil
      from a group of coils stacked with their central core areas generally
      aligned, in which the first step is to offset the top coil slightly from
      the balance of the stack so that a portion of its core overhangs the
      aligned central cores of the underlying coils, then engaging the offset
      topmost coil along such overhanging portion, and thereafter lifting the
      offset coil from the stack.
PAR  One of the principle objects of my invention is to provide apparatus and
      methods suitable for removing the top coil of a stack of coils in a safe
      and efficient manner which will eliminate the need for a workman to
      manually handle the coil, to thereby increase the safety of a workman
      involved in handling such coils and also reducing the time involved.
      Another principle object is to provide apparatus which can be readily
      installed on the typical fork lift trucks as used in most factories which
      will enable the facile lifting and transport of a coil from a stack of
      coils. Another main object is to provide an apparatus including a housing
      particularly adapted for attachment to the forks of a fork lift truck and
      from which a hook is supported for engaging a coil and removing it from a
      stack. Still another main object is to provide a hook construction which
      will particularly lend itself to the practice of a method where a top coil
      of a stack is to be offset from the balance of the stack and subsequently
      removed. A still further main object is to provide a hook construction in
      an apparatus of the type described which is specifically adapted to hold a
      coil in a manner which will facilitate its safe transport. A more specific
      object is to provide the particular details of apparatus and method as
      here and after claimed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The following description of this invention is made with reference to the
      accompanying drawings which illustrate presently-preferred embodiments of
      the invention in sufficient detail to enable its practice by those of
      ordinary skill in the art. In the drawings:
PAR  FIG. 1 is a side view of a fork lift truck to which is attached a coil
      lifting apparatus of the present invention;
PAR  FIG. 2 is a top view, with a portion broken away, of part of the fork lift
      truck illustrated in FIG. 1;
PAR  FIG. 3 is a vertical sectional view taken along the plane of line 3--3 of
      FIG. 2;
PAR  FIG. 4 is a front sectional view taken along the plane of line 4--4 of FIG.
      1;
PAR  FIG. 5 is a sectional view of a portion of the apparatus taken along the
      plane of line 5--5 of FIG. 2;
PAR  FIG. 6 is a diagramatic sketch showing the first step in the operation of a
      coil lifting apparatus of the present invention;
PAR  FIG. 7 is a diagramatic view showing an intermediate step of the use of the
      present apparatus;
PAR  FIG. 8 is a diagramatic sketch of a later step in the use of the apparatus
      mentioned; and
PAR  FIG. 9 shows the apparatus of the present invention holding a coil.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a typical fork lift truck 1 having a vertical mast on
      which is supported a pair of forks 3 that are actuated in the usual manner
      to lift and transport various items. The present invention relates to a
      coil lifting apparatus 4 which is attached to the forks 3 of the truck. In
      the described embodiment, the lifting apparatus 4 includes a housing 5
      which is attached to the forks and a hook means 6 which is suspended from
      the housing.
PAR  Turning now to the views of FIGS. 2-5, the housing 5 of the coil lifting
      apparatus includes a top plate and an end-wall 8; a pair of spaced
      channels 9 are attached to the underside of the top plate. Each channel 9
      is a U-shaped member, and each accommodates a fork 3 associated with the
      fork lift truck 1 in the manner best shown in FIGS. 2 and 5 wherein the
      housing slips onto the forks 3 with the ends of the forks abutting the end
      wall 8. Referring now to FIG. 4, a set screw 10 is threaded through each
      channel 9 and includes a handle 11, with the set screws being tightened
      firmly against the bottom of the forks in order to attach the housing to
      the forks. The set screws 10 may extend through a reinforcing pad 12
      secured to the underside of each channel for additional strength if
      needed. The housing 5 may be formed of members stamped to the appropriate
      shape and welded together, although other manufacturing techniques may be
      employed.
PAR  Attached to the center of the housing 5 is a vertical post 15 which has a
      central threaded portion 16 for connection to the housing as by means of a
      nut 17. The opposite portion of the post 15 includes a laterally extending
      bar 18 which extends beyond both sides of the post to form a T-shaped
      pivot member.
PAR  Turning now to FIG. 3, the hook 6 has a generally C-shaped configuration
      which includes an upper vertical portion 20 connected to a sloping portion
      21, and long main portion 22 which is an offset from the vertical portion
      20. At the lower end of the hook, a coil holding portion 23 is attached to
      the long main portion 22 of the hook and extends horizontally therefrom so
      that its outer end is on the opposite side of portion 20 from the main
      portion 22. A vertical lip 24 extends upwardly from the outer end of
      holding portion 23. The holding portion 23 should be wide enough to
      accommodate the widest coil expected to be handled by the lifting
      apparatus and the main portion 22 is just larger than the diameter of the
      largest coil to be handled. This configuration allows control over the
      capacity of the apparatus since one can make the coil holding portion 23
      of such width that only coils up to a maximum size can be retained on the
      hook. The present construction also enables the center of gravity of a
      coil carried on the holding portion 23 to be approximately aligned with
      the certerline of the hook 6, thereby enhancing the stability of the
      lifting apparatus.
PAR  A strap 25 is attached to the upper vertical portion 20 of the hook 6 and
      is employed to pivotally suspend the hook from the vertical post 15
      attached to the housing 5. As seen in FIG. 4, the strap 25 is bifurcated
      to have arms which extend about each portion of the lateral bar 18 of the
      post 15. In this fashion, the hook 6 is suspended from the housing 5 so as
      to be pivotable in a vertical plane perpendicular to the mast 2 of the
      fork lift truck. This pivotal structure is also effective to limit
      sideways twisting of the hook and, therefor, a coil carried on the hook.
      There is a space 35 of about 1/16 inch between the upper edge of the strap
      25 and the bottom of the housing 5, best shown in FIG. 4. When the forks
      of the truck are tilted upwards slightly, as may often occur, twisting of
      the hook 6 will result in part of the strap 25 contacting the bottom of
      the housing, to thereby stop the twisting movement and straighten the
      hook. The 1/16 inch space 35 will limit twisting to about 15.degree.
      -20.degree., and thus aid in holding a coil carried on the hook in a
      generally perpendicular position relative to the forks.
PAR  Attached to the rear of the long main portion 22 of the hook 6, or the side
      opposite from the coil holding portion 23, is a finger 26 that includes a
      flat rear portion 27 and a sloping nose 28 which slopes toward the portion
      23.
PAR  A safety chain 29, shown in FIG. 1, which extends from the rear of the
      housing 5 of the lifting apparatus back to the mast, is attached to the
      lifting frame of the forks 3. The safety chain is installed to prevent the
      housing 5 from accidentally slipping off of the front end of the forks of
      the truck. As shown best in FIG. 2, when the housing 5 is attached to the
      forks 3 of the truck, the outer ends of the forks abut the inner surface
      of the end wall 8, and the clamping means or set screws 10 are tightened
      when the housing is in such position. This prevents the housing from
      sliding back along the forks towards the mast of the truck, which could
      occur if the clamping means should loosen. At the same time, the end wall
      structure enables the housing to be attached to the front of the forks to
      thereby allow the forks to extend far enough so that the hook can reach
      over a coil into its core for lifting as described below.
PAR  The operation of the lifting apparatus will be described with reference to
      the sequential views shown in FIGS. 6-9. Beginning with FIG. 6, there is
      shown a stack of coils 30, 31, and 32. The coils may be elongate strips of
      steel or aluminum or other desired material, rolled into a coil that may
      typically weigh from 100 to over 1200 lbs. each. The strip, in stock
      widths, is generally 5 inches or less in width and 0.015-0.895 inch thick.
      A common size of coil for many materials has a 16 inch diameter central
      core and either a 45 inch or 54 inch outer diameter. The coils are stacked
      on top of one another for storage with their hollow central cores
      generally superimposed, and the lifting device of the present invention is
      intended to facilitate the removal of the top coil of the stack. Turning
      first to FIG. 6, the fork lift is driven into an appropriate position with
      the hook raised to be above the top of the stack over the hollow cores of
      the coils. The operator then lowers the forks and when the hook 6 contacts
      the top coil it will pivot away from the forks until the hook assumes a
      nearly horizontal position; the operator next backs up the truck so that
      the rear of finger 26 on the hook engages the inside surface of the core
      of the top coil 30. The sloping nose of the finger 26 allows it to move
      across a coil freely without accidentally engaging a strip of the coiled
      material.
PAR  Turning now to FIG. 7, the operator again backs up his truck to move the
      lifting apparatus in the direction of the arrow 33, whereupon the
      engagement of the finger 26 with the top coil offsets the top coil 30 from
      the balance of the coils in the stack. The operator then stops the truck
      so that the position of the coil 30 with respect to the stack is as shown
      in FIG. 7.
PAR  Turning now to FIG. 8, the operator next raises the forks of the truck so
      that the hook 6 becomes approximately vertical. He then lowers the hook
      into the core of the stack of coils until the lip 24 of the hook engages
      the offset portion of the top coil 30 along its bottom surface. Once the
      operator uses the device a few times, it is a relatively easy manner to
      offset the coil a sufficient amount in the step described in FIG. 7 so
      that there will be a large enough portion to be engaged by the hook in its
      vertical position shown in FIG. 8. After the hook is in the position of
      FIG. 8, the operator will then raise the forks of the truck and thereby
      lift the top coil 30 off the stack of coils; when the coil clears the
      stack it is in the position shown in FIG. 9 on the hook 6 of the lifting
      apparatus. In this condition, the coil 30 is held along the coil holding
      portion 23 of the hook 6. The lip 24 aids in preventing coil from slipping
      off the hook, in addition to its function in lifting the coil off the
      stack as in FIG. 8.
PAR  The operator is now ready to drive the fork truck to wherever the coil 30
      is to be delivered, which may be another storage area or a holder in which
      the coil is supported for feeding into any desired machinery such as a
      stamping press, etc.
PAR  With the use of the coil lifting apparatus of the present invention, a
      single workman is able to lift a coil from a stack of coils without having
      to physically lift the coil or wedge the coil away from the stack in any
      manner. Instead, the operator is able to utilize the fork lift mechanism
      entirely to unload the coil from a stack. The method for unloading a coil
      as described above is readily learned by an operator and enables the
      facile lifting and transport of a coil. The method also has an important
      safety aspect in that it eliminates any need for a workman to be exposed
      to the danger of a fallen or slipping coil as is the case in typical prior
      art methods in which a coil is manually lifted onto a fork lift truck or
      other transport device. The method thus allows one man to easily handle
      heavy coils, such as large coils of steel or any other material.
PAR  It is understood that the embodiment of the invention herein disclosed is
      intended for purposes of illustration, and not limitation, inasmuch as it
      is expected that those skilled in the art will be able to devise changes
      to such embodiment which will remain within the scope of the present
      invention. Thus, for example, in an appropriate instance, the hook could
      be rigidly suspended from the housing. Also, the hook can be suspended
      from the housing so as to face rearwardly, and the front end of the
      housing can be used to offset the top coil in a stack; however, the
      illustrated embodiment is safer because there is less danger of an unsafe
      condition if the clamping means attaching the housing to the forks should
      loosen.
CLMS
STM  I claim:
NUM  1.
PAR  1. Coil lifting apparatus adapted for use with a fork lift truck having a
      pair of spaced forks extending from a tilting mast and adapted to lift a
      coil of the type comprising an elongate strip of material rolled into a
      coil having a central core, said coil lifting apparatus comprising, in
      combination:
PA1  a housing having a top wall, an end wall, and a pair of spaced channels
      each depending from the top wall and adapted to receive a fork of the
      truck for attachment of the housing to the forks, the end wall being
      arranged to abut ends of the forks in the channels;
PA1  pivot means attached to the housing; and
PA1  a rigid hook attached to the pivot means to pivot in a vertical plane
      perpendicular to the mast of the fork lift truck to about a horizontal
      position, said hook being adapted to receive and lift a coil and to limit
      twisting movement of a coil carried on the hook to about
      15.degree.-20.degree. when the mast of the fork lift truck is tilted.
NUM  2.
PAR  2. Coil lifting apparatus according to claim 1, wherein:
PA1  the hook is formed to have a generally C-shaped configuration comprising an
      upper vertical portion, a main portion offset from the upper vertical
      portion and connected thereto at its upper end, a coil holding portion
      connected to the lower end of the main portion and extending horizontally
      therefrom with its outer end on the side of the upper vertical portion
      opposite from the main portion, and a lip portion extending upwardly from
      the outer end of the core holding portion, the main portion being as long
      as the radius of a coil carried on the hook and the coil holding portion
      being as long as the width of such coil, and the upper vertical portion
      being approximately aligned with the center of gravity of a coil carried
      on the hook, and further including
PA1  finger means attached to the main portion of the hook on the side thereof
      opposite from the coil holding portion, the finger means having a flat
      portion adapted to engage the central core of a coil for offsetting a coil
      from a stack of coils when the hook is in its horizontal position.
NUM  3.
PAR  3. Coil lifting apparatus adapted for use with a fork lift truck having a
      pair of spaced forks extending from a mast and adapted to lift a coil of
      the type comprising an elgonate strip of material rolled into a coil
      having a central core, said coil lifting apparatus comprising, in
      combination:
PA1  a housing having a top wall, an end wall, and a pair of spaced channels
      each depending from the top wall and adapted to receive a fork of the
      truck for attachment of the housing to the forks, the end wall being
      arranged to abut ends of the forks in the channels;
PA1  pivot means attached to the housing; and
PA1  a rigid hook attached to the pivot means to pivot in a vertical plane
      perpendicular to the mast of the fork lift truck, to about a horizontal
      position, said hook being adapted to receive and lift a coil and including
      (1) a coil holding portion and (2) finger means positioned on the hook
      opposite from the coil holding portion, the finger means having a flat
      portion adapted to engage the central core of a coil for offsetting a coil
      from a stack of coils when the hook is in its horizontal position.
NUM  4.
PAR  4. Coil lifting apparatus adapted for use with a fork lift truck having a
      pair of spaced forks extending from a mast and adapted to lift a coil of
      the type comprising an elongate strip of material rolled into a coil
      having a central core, said coil lifting apparatus comprising, in
      combination:
PA1  a housing having a top wall, an end wall, a pair of spaced channels each
      depending from the top wall and adapted to receive a fork of the truck for
      attachment of the housing to the forks;
PA1  pivot means attached to the housing, the pivot means including a vertical
      post attached to the housing and having a bar extending laterally beyond
      both sides of the post; and
PA1  a hook attached to the pivot means to pivot in a vertical plane
      perpendicular to the mast of the fork lift truck, said hook being attached
      to the pivot means with a bifurcated strap attached to the hook and having
      two arms extending about the bar of the pivot means, one on each side of
      the post, and said hook being adapted to receive and lift a coil and said
      strap being spaced slightly from the housing and adapted to contact the
      housing to limit twisting movement of a coil carried on the hook.
NUM  5.
PAR  5. Coil lifting apparatus adapted for use with a fork lift truck having a
      pair of spaced forks extending from a mast and adapted to lift a coil of
      the type comprising an elongate strip of material rolled into a coil
      having a central core, said coil lifting apparatus comprising, in
      combination:
PA1  a housing having a pair of spaced channels each adapted to receive a fork
      of the truck for attachment of the housing to the forks;
PA1  pivot means attached to the housing; and
PA1  a rigid hook attached to the pivot means to pivot in a vertical plane
      perpendicular to the mast of the fork lift truck to about a horizontal
      position, said hook being adapted to receive and lift a coil and including
      (1) a coil holding portion and (2) finger means positioned on the hook
      opposite from the coil holding portion, the finger means having a flat
      portion adapted to engage the central core of a coil for offsetting a coil
      from a stack of coils when the hook is in its horizontal position.
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ABST
PAL  A front end loader with a scoop, where the scoop is pivoted on the boom by
      a hydraulic cylinder extending between the legs of an A-frame having its
      legs pivoted respectively to the center of the forward end of the boom and
      to the scoop with the scoop also being pivoted to the boom. The cross
      members on which the A-frame is mounted have straight center portions and
      outwardly flared end portions to space the center portions from the
      forward end of the tractor. A removable blade is provided on the scoop and
      is held in position by a plurality of bolts extending through the bottom
      wall of the scoop into the blade and the blade is provided with an
      upstanding shoulder engaging the forward edge of the bottom wall of the
      scoop.
PARN
PAR  This is a division of application Ser. No. 260,465, filed June 7, 1972, now
      U.S. Pat. No. 3,863,786.
BSUM
PAR  A front end loader for a tractor should be easily put on and taken off and
      should require no special tools or equipment. It should also provide
      protection against damaging the tractor. Further, the tractor should be
      stable with the loader on and with the loader off should be useable for
      other jobs without loader brackets interferring. Maximum flexibility in
      the pivoting of the bucket on the loader is desirable and thus it is an
      advantage to have a bucket which will pivot through a wide angle. A
      provision should also be made for the problem of substantial wear on the
      forward edge of the bottom scoop wall which is subjected to considerable
      wear and tear. The loader should be as short as possible to maintain
      balance on the tractor. The loader arrangement should allow for use of
      single-acting hydraulic cylinders which are less expensive. Protection for
      the front end of the tractor is also important.
PAR  These and other problems are simply resolved by the loader and method of
      attachment contemplated by this invention. A support stand is pivotably
      provided on the front end of the loader frame and when not used is pivoted
      upwardly for use as a guard for the front end of the tractor. The tractor
      is provided with a subframe assembly secured at the rear to the lower
      sides of the axle and extends forwardly under the pulley wheel where it is
      again secured to the sides of the tractor and under the tractor to provide
      vertical and horizontal stability. A pair of support pads are provided on
      the forward ends of the subframe assembly for supporting the rear end of
      the loader. A self-centering connection is provided and side pivotal
      supports are provided on the forward end of the tractor for self-locking
      engagement with cooperating means on the forwardly extending side frame
      members of the loader.
PAR  With the loader off the tractor supported by the support stand and the
      scoop on the forward end of the frame extends upwardly at the rear such
      that the tractor may drive directly into the frame until the forward pivot
      support bracket engages the cooperating means on the loader side frame
      members. The cylinders on the loader are then retracted and the weight of
      the loader shifts such that the center of gravity is rearwardly of the
      pivotal support arms thereby causing the loader to pivot into operative
      position and bolts are then placed in the rear connection and the support
      stand is pivoted to an upstanding position. The tractor does not need to
      be driven forwardly after the loader power cylinders are operated and the
      weight of the loader itself causes the loader to pivot on and off the
      tractor.
PAR  When the loader is removed the cylinders are extended after the bolts in
      the rear mounting brackets have been removed and the weight then will
      shift the center of gravity forwardly of the pivotal support arms causing
      the loader to tip forwardly until the scoop engages the ground at which
      time the tractor may be backed away.
PAR  When the scoop is digging into the ground a tendency is present for the
      loader to move upwardly on the tractor and thus a forwardly extending stop
      member may be provided on the tractor for engaging the forward end of the
      loader frame. Oppositely disposed side stop elements may be provided for
      engaging the tractor stop plate to provide lateral stability.
PAR  Further lateral stability is provided by the fact that diagonal frame
      members between the vertical and horizontal frame members engage the
      diagonally extending hydraulic cylinders when the loader is raised and
      lateral instability is at its greatest. The scoop is mounted as close to
      the front end of the tractor as possible in part due to the fact that
      cross members are provided on the forward end of the boom which have
      rearwardly extending end portions connected to the boom side portions thus
      placing the center of the cross portions more forwardly. An A-frame is
      provided on the cross assembly on the boom with one of the legs pivoted to
      the cross member and the other leg pivoted to the scoop. The scoop is also
      pivoted to the boom and a double-acting hydraulic cylinder is provided
      between the legs of the A-frame such that a small movement of the power
      cylinder will cause a substantial pivoting of the scoop. The forward edge
      of the bottom wall of the scoop is protected by a replaceable blade being
      provided on the lower side and held in place by a series of bolts. An
      upstanding shoulder on the blade engages the forward edge of the scoop
      bottom wall to transmit the horizontal forces directly into the bottom
      wall to relieve the strain on the bolts.
DRWD
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a fragmentary side perspective view of the loader being supported
      by its scoop and support stand with the tractor being remotely positioned.
PAR  FIG. 2 is a fragmentary top plan view of the loader mounted on the tractor.
PAR  FIG. 3 is a cross sectional view taken along line 3 -- 3 in FIG. 2.
PAR  FIG. 4 is a fragmentary exploded view of the rear support connection
      between the subframe assembly and the loader frame.
PAR  FIG. 5 is an exploded view of the forward pivotal support arm connecting
      elements just prior to engagement.
PAR  FIG. 6 is a reduced in scale fragmentary perspective view of the subframe
      assembly secured to the tractor's rear axle.
DETD
PAR  The loader of this invention is referred to in FIG. 1 generally by the
      reference numeral 10 and in FIG. 2 is mounted on a tractor 12. The loader
      includes a bucket-working tool 14 pivotally mounted on the forward end of
      a boom 16 having oppositely disposed side frame members 18. The side frame
      members are pivotally connected to the upper ends of upstanding frame
      members 20 which in turn are connected to forwardly extending side frame
      members 22. Single or double acting power cylinders 24 extend from the
      base of the upright members 20 to the boom side frame members 18 for
      raising and lowering the boom relative to the frame. A diagonally
      extending brace 26 extends from the upper end of the upright members 20
      forwardly for engagement with the forwardly extending side frame members
      22. As seen in FIG. 1, a support stand 30 is provided for supporting the
      loader in conjunction with the scoop 14.
PAR  The loader 10 is designed to fit on small and large tractors due to the
      fact that a subframe assembly 32 is provided as seen in FIG. 6 which will
      be individualized for a given tractor. The subframe assembly 32 includes
      forwardly extending side frame members 34 connected at their rear ends to
      the lower side of the tractor's rear axle 36. The subframe is given
      horizontal and vertical stability at its forward end by including
      upstanding members 38 on a cross member 40 interconnecting the side
      members 34. It is understood that the cross member 40 could be formed from
      two horizontally disposed portions connected directly to the side or
      bottom of the tractor. The forward ends of the side frame members 34
      include support pads 42 seen in detail in FIG. 4. The support pads 42
      include a horizontally disposed plate 44 having upstanding rear side guide
      portions 46 and forwardly spaced front side guide portions 48. The rear
      guide portions 46 include downwardly and forwardly tapering forward edges
      50 while the forward portions 48 include downwardly and rearwardly
      tapering edges 52 which merge into vertical edges 54. Each of the side
      portions include holes 56 to receive bolts 58 having shoulders 60
      positioned for engagement with the openings for ease of removal.
PAR  The lower end of the upright frame members 20 telescope into the support
      pads 42 and include a hollow member 60 having a bottom wall 62 with
      oppositely disposed side walls 64 and a top wall 66. The side walls
      include openings 68 which align with the openings 56 in the guide portions
      46 and 48. Wedge-shape portions 70 are provided on the outside side walls
      64 and have forward and rearward edges 71 and 72, respectively, for mating
      engagement with the guide wall edges 54 and 50, respectively. Thus, it is
      seen that as the rear end of the loader is pivoted downwardly it will
      center itself within the support pad 42 with the side edges 64 being
      matingly engaged by the guide walls 46 and 48 and the edges of the guide
      walls engaging the corresponding complementarily shaped edges of the guide
      element 70.
PAR  As seen in FIG. 5, a pivot support arm assembly 80 is provided on the
      tractor side frame 82 and includes an L-shaped bracket 84 bolted to the
      frame member 82 with a laterally outwardly extending arm 86 being secured
      thereto. A keeper element 88 is provided on the outer end having a notch
      90 on the forward bottom side. The side frame members 22 of the loader
      include a pair of downwardly facing spaced apart shoulders 92 adapted to
      be positioned on opposite sides of the pivot arm 86 while a laterally
      outwardly extending pin 94 is adapted to be received in the downwardly
      facing notch 90 in the keeper element 88. It is seen that in FIG. 1 the
      tractor is approaching the loader and the angular relationship of loader
      relative to the tractor is shown in FIG. 5 in enlarged scale. Thus the
      tractor moves toward the loader and the angle of the loader causes the
      rearmost downwardly extending shoulder 92 to be above the pivot arm such
      that the pivot arm can move horizontally into engagement with the
      forwardmost shoulder 92. At this time the notch 90 is in engagement with
      the pin 94. As the loader is then pivoted onto the tractor the loader side
      frame 22 moves to a horizontal position, as seen in FIG. 3, and the
      downwardly facing shoulders 92 are now in the same plane common with the
      pivot arm support 86 while the pin 94 is locked in the notch 90 in the
      keeper element 88 thereby automatically locking the forward end of the
      loader to the tractor and preventing movement in all directions. As will
      be seen later, when the loader is pivoted off the tractor, this forward
      pivot support arm connection is automatically disengaged.
PAR  The support stand 30 is seen in its downwardly extending position in FIG. 1
      and in its upwardly extending tractor guard position in FIG. 3 and
      includes oppositely disposed posts 96 interconnected by one or more cross
      members 98, the lowermost of which prevents the stand from sinking into
      soft ground. In the guard position of FIG. 3, the cross members protect
      the forward end of the tractor. A plate element 100 having forwardly and
      rearwardly extending apertured portions 102 and 104 are adapted to be
      aligned with the opening 106 on the side frame 22 to lock the support
      stand in downwardly and upwardly extending positions respectively as the
      post pivots about its pivotal axis 108.
PAR  Should further stability be required a forwardly extending plate 110 may be
      bolted onto the front end of the tractor and extend over the cross frame
      member 112 interconnecting the loader side frame members 22 thereby
      assisting in limiting vertical movement of the loader relative to the
      tractor such as when the scoop 14 is digging into the ground. Laterally
      spaced apart upstanding stop elements 114 may be provided on opposite
      sides of the plate 110 on the cross member 112 to engage the opposite side
      edges of the plate 110 to limit relative lateral movement therebetween.
PAR  All loaders tend to be somewhat more unstable when the boom is in a raised
      position and thus this loader includes the positioning of the diagonal
      brace 26 relative to the lift cylinders 24 such that they will engage each
      other to limit lateral movement therebetween, as seen in FIG. 2. In a
      lowered position of the boom the hydraulic cylinders 24 will be spaced
      substantially further from the brace elements 26 since the brace elements
      not only extend forwardly and downwardly from the upright members 20 but
      also laterally inwardly into engagement with the side frame members 22.
PAR  The hydraulic cylinders 26 may be either single acting or double acting and
      are shown as being double acting with hydraulic lines 120 and 122
      connected onto lines 124 and 126 built into the side frame members 22 of
      the loader. Thus it is seen that very short lengths of hoseline 120 and
      122 are required to be exposed to the outside. Loaders of the nature of
      this invention are commonly involved in conditions that can be injurious
      to the hydraulic cylinders by moisture, dirt and the like collecting on
      the piston rods and thus bellow sleeves 130 are provided on the piston
      rods 132 and extend and contract as the hydraulic cylinders are operated.
PAR  The stability of the loader and the tractor can be improved by maintaining
      the length of the loader as short as possible. This has been made possible
      by the design of the cross support structure 140 for the hydraulic
      cylinder 142 which pivots the bucket 14 by operation of an A-frame linkage
      144. The cross frame structure includes a pair of oppositely facing
      members 150 and 152 wherein the outer ends extend in opposite directions
      into engagement with the boom side frame members 18 thus positioning the
      member 150 closer to the forward end of the tractor and thereby allowing
      the scoop 14 to be located closer. Additional strength is provided in the
      boom by the angled ends of the members 150 and 152 which are further
      interconnected by a plate 160. A single power cylinder 144 is required and
      is connected between the A-frame legs 162 and 164 intermediate their ends
      as seen in FIG. 3. The leg 162 is connected at its lower end to the plate
      160 while the other leg 164 is pivotally connected to the scoop 14
      remotely of its pivot connection 166 to the side frame members 18. Thus an
      unusually large angle of pivotal action is obtained by a very short stroke
      of the power cylinder 142 which is double acting. Additionally, space
      requirements are minimized thus also allowing the scoop to be located
      closer to the forward end of the tractor. It is also noted that only one
      power cylinder 142 is required where normally two are positioned, one on
      each of the side frame members 18 of the boom.
PAR  The wear on the forward edge of the scoop is handled by a detachable blade
      168 being secured by a plurality of bolts 170 to the bottom wall 172 of
      the scoop. An upstanding shoulder 174 extends the full length of the blade
      168 for engagement with the forward edge of the bottom wall 172. Thus
      forces on the forward edge of the blade are transmitted through the
      shoulder 174 to the bottom wall 172 sparing the bolts 170. Upstanding end
      plates 175 on the blade are connected to the bucket end walls 176 by bolts
      178 and thus protect the forward edge of the bucket end walls from wear as
      well as strengthen the connection of the blade 168 to the bucket 14.
PAR  Thus it is seen in operation that the tractor is driven into the loader
      until the pivot arm 86 is between the shoulders 92 and the pin 94 is in
      the notch 90. The tractor is then not moved again until the loader is
      completely on the tractor and is ready to be used. The hydraulic cylinders
      may be hooked up by connecting the lines 120 and 122. It is noted that
      when the loader is in the position of FIG. 1 being supported by the stand
      30 and the scoop 14, the center of gravity is forwardly of a pivotal axis
      transversely between the shoulders 92 coincident with where the pivot arm
      86 is when the loader is on the tractor. Thus, the next step of allowing
      the hydraulic lines through the cylinders 26 to be opened allows the boom
      16 to move towards the side frame members 22 thereby shifting the center
      of gravity rearwardly of the pivot arm 86 and thus causing the loader to
      literally pivot or fall onto the tractor. The loader is limited against
      movement relative to the tractor by the shoulders 92 straddling the pivot
      arms 86 and thus the rear end of the loader moves downwardly with the
      members 60 telescoping into and onto the support pads 42 on the subframe
      32. The connection at these points is self-centering and thus then only
      requires the final step of inserting the bolts 58 into the aligned
      openings 56 and 68. The loader at its front end is automatically locked in
      place by the downwardly facing shoulders 92 straddling the pivot arm 86
      and the pin 94 being locked under the keeper element 88 by being in the
      notch 90. The support stand 30 is pivoted to its upstanding position of
      FIG. 3 and functions as a guard for the forward end of the tractor. When
      the forward end of the loader pivots upwardly it moves directly into
      engagement with the forwardly extending plate 110 carried on the tractor
      to assist the pivot arm assembly 80 in maintaining stability at the
      forward end. When the loader is to be removed it is only necessary to
      first pivot the support stand 30 to its downwardly extending position of
      FIG. 1 and then extend the single or double acting cylinders 26 to shift
      the center of gravity of the loader forwardly of the pivot arm 86 after
      the bolts 58 have been removed from the rear support pad 42. This will
      cause the loader to pivot about the pivot arm 86 disconnecting the rear
      connection at the support pad 42 and opening up the pivot arm connection
      such that the rearward shoulder 92 is now above the pivot arm 86 and the
      pin 94 is below the keeper 88 for ease of separation as seen in FIG. 5.
PAR  It is further noted that maximum safety is provided for the tractor against
      damage to the frame by the use of the subframe 32 as seen in FIG. 6 which
      transfers the load of the loader to the rear axles and the midsection of
      the tractor. It is further seen that any tractor can be fitted with the
      same loader by varying the subframe 32 to fit a given tractor. It is
      further seen that the tractor can be readily used for other jobs since the
      subframe is under the tractor and does not interfere with other functions.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, a tractor and implement comprising,
PA1  an implement having a boom having oppositely disposed side frame members
      pivotally connected to the opposite sides of said tractor,
PA1  a power means for selectively pivoting said boom relative to said tractor,
PA1  a working tool on the outer end of said boom,
PA1  a power means for pivoting said working tool on and relative to said boom,
      said power means including an upstanding A-frame having a pair of straight
      legs pivoted to each other at adjacent ends with the opposite end of one
      leg pivoted to the boom and the opposite end of the other leg pivoted to
      said tool at a point remote from the pivotal axis of said tool on said
      boom, and a selectively extendable hydraulic cylinder connected between
      the legs of said A-frame at their substantial midpoints along their length
      for opening and closing said legs thereby pivoting said tool on said boom
      with said hydraulic cylinder moving in an arcuate path about said pivotal
      axis of said one leg connected to said boom thereby accelerating the
      pivoting action of said tool relative to said boom, said cylinder having a
      barrel and a piston rod with said barrel at its inner end and said piston
      rod at its outer end being connected to said A-frame legs,
PA1  said working tool being a bucket having a bottom wall, an upstanding rear
      end wall and a top wall along the top edge of said rear end wall, and said
      boom being pivotally connected to said rear end wall of said bucket and
      said other leg of said A-frame being connected to said top wall,
PA1  a bridging assembly interconnecting the forward ends of said boom side
      frame members,
PA1  said bridging assembly including a cross element having outer ends
      extending angularly rearwardly into engagement with said side frame
      members of said boom thereby positioning the cross frame element more
      forwardly than its outer ends to provide clearance for the front end of
      said tractor and strengthening said boom, and said one leg of said A-frame
      is connected to said cross frame element between its outer ends.
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PAL  A unique retractable lifting device includes a plurality of modular
      overlapping links joined by connecting pins and having central stabilizer
      pins. The links are retractable into a vertical plane and are extendible
      into a self-supporting horizontal plane.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to warehousing techniques and to retractable chain
      link lifting devices.
PAR  2. Description of the Prior Art
PAR  Heretofore the customary warehousing technique for palletized or otherwise
      vertically separated objects is to either pigeon-hole the objects in
      vertical shelves or stack the palletized objects on one another in
      vertical rows. In both instances, the aisles separating the rows must be
      wide enough to provide access for a forklift or a conveying mechanism
      having forklift arms so that the forklift arms can remove an object and
      pass with it through the aisle to a discharge station. The forklift arms
      in these prior art devices of necessity require an aisle width wide enough
      to handle the object. In some cases, extra room is even provided in the
      aisle so that the forklift truck can turn 90.degree. to transport the
      object down the aisle. In a typical illustration, an aisle 6 foot in width
      is customarily employed for handling objects only 4 feet in depth. As a
      result of these handling techniques as much of the warehouse space is
      consumed by the aisle width as is storage space and increases the expense
      necessary for storing objects.
PAR  As mentioned above, conventional forklifts employ solid arms which require
      an aisle width at least as great as the object under which the arms are to
      be inserted. Some attempts have been made to provide completely
      retractable fork lift arms however none has been successful. Examples of
      such devices are shown in U.S. Pat. Nos. 3,709,394 and 2,574,045. Other
      retractable chain link devices, such as booms, are also generally not
      satisfactory for forklift operations since the chains are retracted into a
      coil having a substantial, horizontal diameter and thus consumed almost as
      much space as solid telescopic forklift arms. Furthermore, known chain
      link booms are expensive to manufacture, complicated to operate and
      maintain, and are difficult to modify to increase or vary their lifting
      capacity.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved warehousing
      system.
PAR  It is another object of this invention to provide a warehousing system in
      which objects vertically spaced in columns can be moved by being lifted
      from below and carried over the tops of the columns.
PAR  It is another object of this invention to provide a warehousing system
      using narrow aisles.
PAR  It is still another object of this invention to provide a warehousing
      system in which the width of the aisle is substantially less than the
      depth of the object being conveyed.
PAR  Basically these objects are obtained in their broadest form by providing a
      plurality of rows or columns of vertically spaced objects with aisles
      separating two adjacent columns. Space is provided above the columns of a
      height greater than the height of the objects so that objects can be
      conveyed from the columns by movement over the tops of the columns to a
      discharge point. Lift arm means is provided for moving into an aisle and
      engaging the object from below to lift it over the tops of the columns.
PAR  In one form of the invention, the aisles are of a narrow width much less
      than the horizontal depth of the objects. In this system, retractable
      chain llink forks are employed which when retracted are of a length
      substantially less than the object but when extended, fit well beneath the
      object to be lifted. In another form the forks are part rigid and partly
      retractable chain links.
PAR  As is readily apparent, the overhead warehousing system having narrow
      aisles increases the floorspace area of the warehouse usable for storing
      objects. Moving the objects overhead of the stored columns of objects,
      provides a safer moving zone free of pedestrian traffice. In the
      embodiment having aisles large enough to accommodate the object to be
      moved, the aisle can still be reduced over customary widths, since a width
      only slightly greater than the horizontal depth of the object is necessary
      rather than a greater width to provide maneuverability of the forklift as
      is conventional. By retracting the chain link forks into a vertical plane,
      the overall horizontal width of the lifting device is minimized.
PAR  It is another object of this invention to provide a high strength
      retractable chain link lifting device.
PAR  Basically, this object is accomplished by providing a plurality of sections
      of interconnected links having bearing surfaces which, when engaged, will
      self-support the links in a horizontal plane. The links are retractable
      about a horizontal axis into a vertical plane thus reducing the overall
      horizontal width of the device. Central stabilizing pins prevent the links
      from rocking out of the horizontal plane to keep the tops of all the links
      in a uniform horizontal plane.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a warehousing system embodying the principles of the
      invention.
PAR  FIG. 2 is a side elevational view of the warehousing system shown in FIG.
      1.
PAR  FIG. 3 is a front elevational view of the lifting device employed in the
      warehousing system of FIG. 1.
PAR  FIG. 4 is a perspective fragmentary illustration of a preferred form of
      retractable chain link lifting device.
PAR  FIG. 5 is a fragmentary perspective of a modified form of lifting device.
PAR  FIG. 6 is a fragmentary front elevation of the lifting device shown in FIG.
      4.
PAR  FIG. 7 is a fragmentary vertical section taken along the line 7--7 of FIG.
      6.
PAR  FIG. 8 is a plan view of a portion of the lifting device shown in FIG. 4.
PAR  FIG. 9 is a fragmentary section taken along the line 9--9 of FIG. 8.
PAR  FIG. 10 is a fragmentary section taken along the line 10--10 of FIG. 8.
PAR  FIG. 11 is a fragmentary bottom plan of a portion of the system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The warehousing system of this invention is best illustrated in FIG. 1 and
      includes a floor 10 having a main lower track 12 and a plurality of
      lateral tracks 13 which pass through aisles 14 between stacks or columns
      of vertically spaced objects 16. Preferably the objects are palletized in
      a well known manner to provide access for forks of a lifting device 18.
      Provided above the stacks is an enlarged handling space 20 between the top
      of the stacks and the roof of the warehouse. An upper maintrack 22 and a
      plurality of lateral upper tracks 24 are provided in the handling space
      parallel to the lower tracks 12 and 13. The tracks guide the lifting
      device 18 as it raises an object into the handling space and carries the
      object to a discharge point in the warehouse.
PAR  As will be described in more detail herein below the lifting device 18 in
      the preferred embodiment has a pair of chain forks 26 which are extendible
      in the horizontal plane as shown in FIG. 4 and which can be retracted into
      a vertical plane as shown in FIG. 7. Retraction of the chain forks into
      the vertical plane as shown in FIG. 7 reduces the horizontal depth of the
      lifting device such that the horizontal width of the aisle 14 can be as
      small as two feet.
PAR  To best understand the invention a typical example of a warehousing system
      will be described. Assume the objects have a horizontal depth "d" equal to
      three or four times the width of the aisle "w". For example, if d = 6' w
      may = only 2'. Movement of the lifting device 18 back and forth through
      the aisles is accomplished with the chain forks retracted. When the chain
      forks are positioned squarely in front of the topmost object to be
      removed, the forks are extended beneath the object. Next the object is
      raised above the stack into the handling area and carried away to a
      discharge point.
PAR  In the preferred form of the invention, the lifting device includes a
      vertical support post 30 having a conventional climber chaim 31. The post
      supports a carrier 32 which is moved along the post by the climber chain.
      The chain forks 26 are powered by an hydraulic pump motor unit.
PAR  The vertical post 30 is supported between the tracks 12, 13, 22 and 24 by
      upper and lower trolley mechansims 36 and 38 respectively. Upper tracks 22
      and 24 have generally hollow square cross-section with a continuous
      opening such as 24a. Upper trolley mechanism 36 includes a bracket 40 that
      mounts a pair of guide rollers 42 which ride inside the square track. A
      pair of steering rollers 43 are supported by levers 44 which are pivoted
      by a two-directional ram 45 and are spring biased into the centered
      position by two spring centering load cylinders 46. Introduction of
      pressure to one side of the cylinder 45 will spread the lever arms to arc
      the four rollers in one direction whereas pressure introduced on the
      opposite end of cylinder 45 will cause the rollers to arc in the opposite
      direction thus providing steering control for the mast. The spring
      centering cylinders include springs pressing against washers 47 which are
      engaged by a boss on the piston rods of the cylinder 45. Thus
      de-pressurization of cylinder 45 allows the springs to center the rollers
      43. Power and control signalization can be provided to the mast in any
      conventional manner.
PAR  The lower trolley 38 includes two longitudinally spaced stands 48. The
      stands are basically identical in construction and only one will be
      described. Each stand includes a pair of laterally spaced rubber tires 50
      that carry the main weight of the lifting device and are powered by an
      hydraulic motor pump unit 52. A pair of longitudinally spaced guide
      rollers 54 ride in the lower tracks 13 and 12 to guide the wheels 50. For
      this purpose, the wheels are mounted in pivotable wheel assemblies 56
      which can be pivoted to the limits of the guide rollers 54 by a suitable
      solenoid or other device 58. In this manner the lifting device can be
      propelled along the track and upon a response of a control signal the
      wheels can be turned in the desired direction to negotiate a turn.
PAR  In order to give the lifting device more versatility the vertical post or
      mast 30 is rotatably mounted in the upper and lower trolley assemblies 36
      and 38 and is provided with a solenoid or other rotary actuator 60 to
      rotate the post 30. The carrier 32 is also conveniently provided with an
      operator's station 62 for controlling the position of the carrier and the
      chain forks 26.
PAR  As is readily apparent, the narrow width w of the aisle 14 allows more of
      the warehouse space to be used efficiently for storage rather than for
      handling of the objects. Secondly, the overhead handling space provides a
      safe and efficient manner of handling the objects. While the warehousing
      system is more efficiently used in the manner illustrated in FIG. 1, it
      can also be used for warehouses having conventional wide aisles where
      pigeonholing of the objects into vertically spaced shelves is desired.
      Preferably in such a configuration, chain forks 26 would be provided with
      an outer partially rigid fork 64, approximately the width of the object
      being conveyed, a brace 65 and an extendable chain form 26, identical to
      that of the preferred embodiments, would be used to extend the outer rigid
      fork into the stack to remove the object. In this case, obviously, the
      objects can be handled entirely in the aisle.
PAR  An important feature of this invention, is the lifting device 18 alone when
      used as a chain fork, chain boom or the like. The chain device will be
      referred and described specifically for use as a chain fork for purposes
      of this description, but is not intended to be limited thereto.
PAR  In the preferred embodiment the chain forks are mounted on the carrier
      means 18 which is provided with a par of slides 70 that ride on a frame
      72. The frame 72 may be integrally secured to a conventional mobile
      forklift vehicle or to the carrier means 18 of the warehousing system. The
      fork chains are carried in housing 74 which are basically identical in
      structure and therefore only one will be described. Each housing 74 is
      provided with an hydraulic ram 76 that is connected on one end to the
      housing and has its piston rod connected to a framework 78 that is secured
      to a bracket 79. The bracket 79 is in turn secured to the rigid member 72.
      Thus operation of the ram 76 will shift the housing 74 laterally to best
      position the fork chains beneath the object to be carried.
PAR  Each housing is provided with an independently operable hydraulic motor 80
      that powers a sprocket 82. The chain fork is housed in the vertically
      stored position in a pair of guide channels 84 and 86 and about an idler
      sprocket 87. The fork chain is supported at the discharge end of the
      housing on a horizontal wear plate 88. When extended, the chain fork is
      cantilevered about the wear plate and provides an upward moment against a
      pair of support rollers 89. The sprocket is keyed to a shaft 90 and the
      rollers 89 are free to rotate on the shaft 90 relative thereto so that
      compensation is made for changes in the relative angular velocities of the
      points of contact with the sprocket and rollers on the pins and links of
      the chains.
PAR  The chain fork 26 itself will now be described with its several unique
      features. First it is of a modular construction so that its strength can
      be increased merely by adding additional modular units to its side.
      Secondly, it provides a maximum bearing strength between the links so that
      it can be cantilevered a substantial distance and carry substantial loads.
      Thirdly, it employs a unique stabilizing and drive link arrangement. The
      unique link arrangement is best shown in FIGS. 8-10 and includes left and
      right outer standard links 92, left and right-hand inner standard links
      94, left and right-hand stabilizer links 96, and left and right half width
      side links 98. As is shown in FIG. 8, additional standard links can be
      inserted to increase the overall width of the chain fork. The half-width
      side links are provided to give the chain fork a taper to avoid hooking
      the chain fork on objects when being extended and retracted. The standard
      and stabilizer links are the primary load carrying members of the chain
      fork. Each of the links has opposed bearing surface 97, that abut one
      another to make the links self supporting when extended. In addition, the
      stabilizing links 96 are provided with recesses 99 which abut against
      stabilizing pins 100. The stabilizing pins 100 include an enlarged body
      portion 100a and opposite ends 100b. The shoulder formed by the enlarged
      body portion 100a, abuts against the side walls of the adjacent left and
      right-hand inner standard links to provide lateral stability to the fork
      chain. The enlarged body portion 100a abuts against the recessed edges 99
      of adjacent stabilizer links to provide longitudinal stability to the fork
      chain. In addition, the stabilizer pin is engaged by the sprocket 82 and
      serves as a feed pin for advancing and retracting the fork chain.
PAR  In addition to the stabilizing pins, the fork chain is provided with spacer
      pins 102 and folding pins 104. The spacer pins also provide lateral
      stability to the stabilizer links and are engageable by the sprocket for
      feeding and retracting the fork chain. The folding pins couple all of the
      links together and are retained by snap rings 104 in a conventional
      manner. Finally, a nose plate 106 is provided with a tapered surface 107
      to make the forks slide easily beneath an object to be carried.
PAR  The link and pin arrangement uniquely provides a readily flexible but high
      strength self-supporting chain mechanism which can be readily expanded to
      various widths. The stabilizer pins 100 prevent the left and right-hand
      inner standard links from shifting in opposite directions in the vertical
      plane relative to one another thus keeping the top surfaces of all links
      in a uniform plane. While the chain has been disclosed in use as a fork
      lift, it should be readily understood that by expanding its width the
      chain can become a retractable table or it can be used as a boom. If
      inverted, the chain can be used as a beam.
PAR  While the preferred embodiments of the invention have been illustrated, it
      should be understood that modifications and variations will be apparent to
      those skilled in the art without departing from the principles of the
      invention. Accordingly, the invention is not to be limited to the
      preferred embodiments illustrated and described.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A retractable forklift device comprising frame means, means for moving
      said frame means for carrying objects to different locations, retractable
      fork means on said frame means and means for extending and retracting said
      fork means, said fork means including collapsible links extendible
      outwardly in a substantially horizontal plane and being self-supporting
      and proportionately sharing the weight of the object when extended, said
      links each having an upper object-supporting surface slidable beneath an
      object for supporting the object, said links including a plurality of
      longitudinally aligned standard links having sides and opposite ends, the
      opposite ends of the longitudinally aligned standard links having
      peripheral surfaces, with such peripheral surfaces of adjacent standard
      links abutting one another, and a plurality of longitudinally aligned
      stabilizing links transversely adjacent said standard links, said
      stabilizing links having sides and opposite ends, the opposite ends of the
      longitudinally aligned stabilizing links having peripheral surfaces, with
      such peripheral surfaces of adjacent stabilizing links abutting one
      another, folding pins joining said transversely adjacent stabilizing and
      standard links, said stabilizing links overlapping the ends of said
      standard links and having outwardly opening recesses adjoining said
      peripheral end surfaces of said stabilizing link opposite ends, and
      stabilizing pins having opposite end portions mounted in transversely
      aligned standard links and having central portions abutting the recesses
      of said longitudinally adjacent stabilizing links for holding the standard
      and stabilizing links flat when said standard and stabilizing links are
      extended.
NUM  2.
PAR  2. The forklift device of claim 1, said standard links including
      longitudinal rows of sets of transversely spaced and aligned links, said
      sides of said standard links in the transversely innermost set of standard
      links including confronting side portions, said stabilizing pins central
      portions including enlarged shoulders having lateral surfaces abutting the
      confronting side portions of said innermost set of standard links.
NUM  3.
PAR  3. The forklift device of claim 2, said means for extending and retracting
      said fork means including a sprocket mounted for rotation about an axis
      and further including spacer pins between said folding pins and said
      stabilizing pins, said spacer pins, folding pins and stabilizing pins
      being engageable by said sprocket for extending and retracting the
      stabilizing and standard links, roller means mounted for rotation about
      said sprocket axis independently of said sprocket and having peripheral
      surface means engageable with the upper object-supporting surfaces of said
      links for providing a bearing support to counter the load-applying moment
      on said links and to compensate for changes in the relative angular
      velocities between the points of contact of the sprocket and rollers on
      the pins and the object-supporting surfaces of the links, respectively.
NUM  4.
PAR  4. The forklift device of claim 1, said stabilizing links lying centrally
      in a longitudinal row of confronting sets and having spacer pins
      separating the stabilizing links in each set, said standard links
      including a first longtudinal row of sets of aligned, transversely spaced
      links, each standard link of said sets having a side portion confronting
      the corresponding side portion of the other link in said set of said first
      row, said stabilizing pins including enlarged shoulder having end surfaces
      abutting the inner confronting said portions of said set of standard
      links, and including additional longitudinal rows of sets of aligned,
      transversely spaced standard links, each row of additional standard link
      sets being spaced adjacent, transversely outward of and in overlapping
      relation to the next innermost row of standard link sets for increasing
      the loadcarrying strength of said fork means.
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ABST
PAL  A bottle cap comprises a cap member the lower end of whose skirt forms a
      ring detachable from the remainder of that member along a line of
      perforations, and a cylindrical skirt member which extends inside of and
      is fastened to that ring.
BSUM
PAR  The present invention pertains to screw-type caps for bottles. It has
      heretofore been proposed to provide screw-type bottle caps which cannot be
      opened and then reclosed without the fact of their opening being apparent.
      Such caps, hereinafter for convenience sometimes called "security caps,"
      have included a long skirt to be crimped against the bottle neck in the
      bottle capping operation, the upper portion of the skirt being moreover
      plastically deformed in that operation against a male thread on the bottle
      neck to form a mating female thread in the cap for reclosure purposes, the
      skirt additionally having, below the position of this thread but above the
      shoulder of the bottle neck against and beneath which the skirt is
      crimped, two parallel circular scorings or rows of perforations defining a
      ring or strip which can be torn off by hand or which is intended to detach
      itself from the cap and bottle when the bottle is first opened by
      unscrewing the cap therefrom. The lower part of the skirt below the ring
      remains affixed to the bottle neck. Removal of this ring or tear strip has
      the advantage of making obvious the fact that the bottle has been opened.
PAR  If moreover in manufacture of the cap or in the application thereof to the
      bottle there has been affixed to or embossed into the skirt a design or
      inscription straddling the tear strip, the portion of the design borne by
      the tear strip will disappear when the latter is removed. This device may
      be employed to insure destruction of tax stamps, for example, in the case
      of alcoholic beverages subjected to taxation.
PAR  Bottle caps of this type are however subject to various shortcomings. If
      the tear strip is made easy to remove by inclusion therein of vertical
      incisions which divide it into several parts when the strip is pulled off,
      it sometimes occurs that not all of these parts detach themselves from the
      remainder of the cap upon first opening of the bottle. Moreover after the
      tear strip has been removed, when the bottle is reclosed there will be
      apparent a portion of the glass thereof between the cap as reapplied and
      the remainder of the skirt adhering to the bottle neck -- an unsightly
      result.
PAR  In addition, a tear strip defined by two parallel scorings in the skirt of
      a screw-type cap of the known type above described must fit on the bottle
      below the male thread and yet above the shoulder against and under which
      the skirt is crimped when the bottle is initially capped. This means that
      caps having a tear strip defined by two such parallel scorings can only be
      used on bottles having a relatively large height between the lower end of
      the male thread and the shoulder. The bottle neck may possess a thickened
      portion, for convenience here called a thread annulus, which has the male
      thread formed in the upper portion thereof and which includes a smooth
      lower portion terminating at the crimping shoulder. Caps of the known type
      hereinabove described are thus suitable only for use on bottles having a
      thread annulus including such a smooth lower portion of adequate height.
PAR  It is an object of the present invention to overcome these shortcomings and
      to provide a screw-type reclosable security bottle cap having a tear strip
      or ring and a long skirt, the construction being such that removal of the
      tear strip entails destruction of a readily visible portion of the cap and
      of a design or tax stamp thereon, such cap being moreover applicable to
      bottles having a wide range of heights for the neck thereof below the male
      thread and yet above the crimping shoulder, i.e. a wide range of heights
      for the smooth lower portion of the thread annulus thereof.
PAR  The cap of the invention comprises two parts. The first of these,
      hereinafter called the cap member, includes a crown and a skirt integral
      therewith, the lower portion of this skirt forming a frangible ring or
      loop separated from the upper portion of the skirt by a row of
      perforations. The second part, hereinafter called the skirt member, may be
      of cylindrical shape with its upper end engaging telescopically with the
      said ring and being affixed thereto in any suitable way.
PAR  The connection together of the two members is desirably so achieved as to
      result in the spontaneous falling away of the ring when the bottle is
      first opened.
PAR  In the original manufacture of the cap into the form possessed by it before
      it is applied to a bottle, the two members may be held together by the
      mere force of friction at their telescoping junction. If however a more
      dependable or stronger junction is desired, this may be achieved by the
      provision of local radial deformations of the ring and of the upper end of
      the skirt member which penetrates telescopically into it. In a preferred
      embodiment of the cap of the invention, the skirt member rises inside the
      ring of the cap member to the line of incisions which defines the upper
      edge of that ring.
PAR  In accordance with another feature of the invention, the upper end of the
      skirt member possesses, as does that portion of the skirt of the cap
      member which is above the ring, a diameter equal to or slightly larger
      than the exterior diameter of the thread annulus of the bottle itself. The
      interior diameter of the ring portion of the cap member is desirably equal
      to the exterior diameter of the upper end of the skirt member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in further detail and in terms of a
      number of presently preferred exemplary embodiments with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a view partially in elevation and partially in section of one
      form of bottle cap according to the invention before its application to a
      bottle;
PAR  FIG. 2 is a view partially in elevation and partially in section of the cap
      of FIG. 1 as applied to a bottle and before initial opening of the bottle;
PAR  FIG. 3 is a view similar to FIG. 2 but showing the cap as employed to
      reclose the bottle after an initial opening thereof; and
PAR  FIGS. 4 to 6 are view similar to those of FIGS. 1 to 3 respectively, but
      showing a cap according to the invention applied to a bottle whose thread
      annulus is of standard large height, the thread annulus in the bottle of
      FIGS. 2 and 3 being of less than standard height.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In FIG. 1, the cap of the invention is seen to be of generally cylindrical
      form. It comprises two main parts, namely a cap member generally indicated
      at 1 and a skirt member generally indicated at 5. The cap member itself
      includes a crown 14 and a skirt 2 integrally connected thereto. A shallow
      constriction 3 may be formed in the skirt a short distance below the crown
      to retain against the inside of the crown a sealing wafer 1a whose
      function is to insure a liquid-tight or a liquid and gas-tight closure of
      the bottle when the cap is applied thereto.
PAR  The skirt 2 of the cap member is provided, a short distance above its lower
      end at 15, with a circular row of indentations, slits or perforations 7
      separated from each other by bridge portions 6 which define the portion 4
      of the skirt below those perforations as a detachable ring or tear strip.
PAR  In the cap as manufactured, and prior to its application to a bottle for
      closure thereof, the skirt member 5 may be of simple cylindrical shape as
      illustrated in FIG. 1. This member 5 fits, at an upper portion 5a, inside
      the ring 4 of the cap member 1. In order for example to facilitate
      handling of the cap prior to and during the bottling operation in which
      the cap is used initially to close a bottle, the members 1 and 5 are in
      the embodiment illustrated fastened together by means of a plurality of
      incisions 11 or indentations 12, or both, into the ring 4. These incisions
      and indentations effectively penetrate the upper end 5a of the skirt
      member 5 so that the members 1 and 5 are held together.
PAR  In FIG. 1 there is also shown an indicium 8, printed, stamped, embossed, or
      otherwise made visible on the cap, an extending in particular to the ring
      4 and preferably also to the portion of the skirt 2 of the cap member
      above the ring 4, and also to the skirt member 5 below the ring 4. This
      indicium may for example constitute a tax stamp.
PAR  FIG. 2 shows the cap of FIG. 1 as applied to a bottle having a neck 9 and
      having a male thread 10a formed in the exterior surface of the upper end
      of that neck. The upper end of that neck extending from the rim 9a down to
      a shoulder 16 may be thickened and may be described as a thread annulus of
      the bottle. The cap, and in particular the ring 4 and the skirt member 5
      are crimped beneath and against the shoulder 16 in the capping operation
      to insure tight closure of the bottle until the ultimate consumer opens
      it.
PAR  The bottle closing operation comprises the step of slipping the cap, as
      shown in FIG. 1, over the neck of the bottle, the step of pushing it down
      to compress the sealing wafer 1a  against the rim 9a of the bottle as
      indicated in FIG. 2, the step of crimping the tear strip 4 at 4a and the
      skirt member 5 at 5a against and under the shoulder 16 as also shown in
      FIG. 2, and the step of forming a female thread in the upper, initially,
      approximately cylindrical portion of the cap member by pressing it, as by
      the use of rubber rollers or the like, against the male thread 10a of the
      bottle neck.
PAR  Because the ring 4 is crimped beneath the shoulder 16 and because it is
      affixed to the skirt member 5 which is also so crimped, when the bottle is
      opened by unscrewing the cap member 1, the unscrewing operation ruptures
      the bridges 6 and thereby separates the ring 4 from the remainder of the
      cap member. At the same time the ring breaks into several parts by reason
      of the incisions 11 therein. The ring therefore falls away.
PAR  When the consumer recloses the bottle, by screwing back onto the neck the
      remainder of the cap member as illustrated in FIG. 3, the ring 4 will have
      disappeared and the indicium 8 will be incomplete. The fact that the
      bottle has been opened will thereby be unmistakably visible. As seen
      however in FIG. 3 that skirt member 5 still covers the neck of the bottle
      up to the lower edge of the cap member as it now exists. This fact may
      constitute an advantage from the point of view of the appearance of the
      reclosed bottle.
PAR  Alternatively the cap may be manufactured with an indicium on the exterior
      surface of the upper part 5a of the skirt member which is concealed until
      the bottle is first opened and which then becomes and remains visible even
      when the bottle is reclosed as in FIG. 3, due to the disappearance of the
      ring 4.
PAR  FIGS. 4 to 6 show that the cap of the invention may be manufactured for and
      used on bottles having a smooth cylindrical or substantially cylindrical
      surface of standard, large height above the crimping shoulder 16 and below
      the thread 10a. In such an embodiment, thus having a thread annulus of
      standard height, the cap member may be provided with knurlings, as
      indicated at 13 in FIGS. 4 and 5, above the ring 4 but below the portion
      of the cap member into which the female thread is to be formed in the
      course of the capping operation. These knurlings facilitate unscrewing and
      screwing of the cap from and onto the bottle. The mode of use of the
      embodiment of FIGS. 4 to 6 may in other respects be the same as that of
      FIGS. 1 to 3.
PAR  Since the crimping of the cap involves both the ring 4 of the cap member
      and the skirt member 5, it may be advantageous to make the cap member
      and/or skirt member thinner at the portions thereof so crimped.
PAR  While the invention has been described hereinabove in terms of a number of
      presently preferred embodiments thereof, the invention itself is not
      limited thereto but rather comprehends all modifications of and departures
      from those embodiments properly falling within the spirit and scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cap for a bottle having a thread-bearing annulus, said cap comprising
      a cap member and a skirt member, the cap member having a crown and a skirt
      integrally connected to the crown, said skirt further having a
      substantially circular row of perforations formed therein, said row
      defining as a removable ring the portion of the skirt below said row, said
      skirt further having therein a slit extending over part of the height of
      said ring, said skirt member being of cylindrical shape and extending at
      one end in telescoping relation inside of and being affixed to said ring,
      the opposite end of the skirt member extending below said ring.
NUM  2.
PAR  2. A cap according to claim 1 wherein said members are affixed together by
      friction between the inner surface of said ring and the outer surface of
      said skirt member.
NUM  3.
PAR  3. A cap according to claim 1 wherein said ring and the upper portion of
      said skirt member possess complementary protrusions and indentations
      respectively for affixation thereof together.
NUM  4.
PAR  4. A cap according to claim 1 wherein the upper limit of said skirt member
      is substantially at the location of said perforations axially of said cap
      member.
NUM  5.
PAR  5. A cap according to claim 1 in which the inside diameter of said skirt
      member is at least as large as the outside diameter of the thread-bearing
      annulus of the bottle to be capped thereby.
NUM  6.
PAR  6. A cap according to claim 1 including visible indicia on the exterior
      surface of said ring.
NUM  7.
PAR  7. A cap according to claim 6 wherein said indicia extend from said ring
      over a portion of the exterior surface of said skirt member below said
      ring.
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ABST
PAL  An improved pry-off closure cap is described. The cap has a composite
      structure comprising a metal cover disc held in a molded plastic ring. The
      plastic ring has an inner groove for retaining the metal cover and
      container engaging means consisting of either spaced lugs or a continuous
      bead positioned on a depending skirt portion of the ring and positioned
      below the cover retaining groove.
PARN
PAR  This is a continuation of application Ser. No. 394,967 filed Sept. 7, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an improved composite pry-off closure cap and more
      particularly to a pry-off cap which combines the advantages of a metal
      cover capable of providing a vacuum seal with an easily formed,
      attractive, and effective plastic ring for removably attaching the cap to
      a container. There are a number of prior closure caps which are retained
      on containers by spaced lugs or beads and which have a composite
      construction. These prior caps have various drawbacks including relatively
      complex container engaging ring portions, an overall unattractive
      appearance, high cost, or they have lacked the capacity for being
      attractively decorated with legends and other labeling matter.
PAR  The present closure cap provides a unique combination of a metal sealing
      disc held in sealing relationship with a container by an attractive,
      relatively simple and sure acting molded plastic ring.
PAR  The closure in accordance with the present invention is useful both for
      hermetic or vacuum seals as well as for sealing packages using safety seal
      liners formed of a relatively thick inner pulp board liner and an
      air-proof sealing membrane.
PAR  Accordingly, an object of the present invention is to provide an improved
      pry-off closure cap.
PAR  Another object of the invention is to provide an improved composite closure
      cap capable of forming vacuum seals.
PAR  Another object of the invention is to provide an improved closure cap
      having an effective and attractive molded plastic skirt portion.
PAR  Another object of the invention is to provide an improved easily
      manufactured pry-off closure cap of relatively low cost.
PAR  Another object of the invention is to provide a tamperproof composite
      closure cap.
PAR  Other and further objects of the invention will be apparent upon an
      understanding of the illustrative embodiment about to be described or will
      be indicated in the appended claims, and various advantages not referred
      to herein will occur to one skilled in the art upon employment of the
      invention in practice.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A preferred embodiment of the invention has been chosen for purposes of
      illustration and description and is shown in the accompanying drawings,
      forming a part of the specification, wherein:
PAR  FIG. 1 is a perspective view of a package sealed by a closure in accordance
      with the present invention.
PAR  FIG. 2 is a vertical sectional view taken along line 2--2 on FIG. 1.
PAR  FIG. 3 is a horizontal sectional view of the sealed package taken along
      line 3--3 on FIG. 2.
PAR  FIG. 4 is a fragmentary vertical sectional view of another embodiment of
      the closure cap.
PAR  FIG. 5 is a bottom plan view of the closure cap of FIG. 4.
PAR  FIGS. 6, 7 and 8 are fragmentary vertical sectional views illustrating
      alternative embodiments of the gasket and plastic ring structure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment will now be described with particular reference to
      FIGS. 1 through 3. These figures illustrate a closure cap 1 for sealing a
      glass or plastic or similar container 2 having a radially outwardly
      projecting bead 3 at the container rim. The closure cap 1 in accordance
      with the present invention is applied to and is placed in sealing
      engagement with the container 2 by being pressed downwardly onto the
      container 2. Thereafter, the closure cap 1 is removed by being pried off
      by the user using a pry-off hook.
PAR  The preferred embodiment of the closure cap 1 comprises a circular plate
      metal cover 4 contained in an outer plastic ring 5. The cover 4 preferably
      includes a depressed central stacking panel 6 and an outer, downwardly
      facing, gasket receiving channel 7. The channel 7 is defined by the
      sloping wall 8 of the stacking panel 6 and a depending outer skirt or wall
      portion 9 on the cover 4. A preferred form of a sealing gasket 10 is a
      flowed-in plastisol sealing gasket positioned in the channel 7 between the
      channel walls 8 and 9. The gasket 10 is positioned to form a hermetic seal
      with the upper rounded rim portion 11 of the container 2 in the manner
      illustrated in FIG. 2. The metal cover 4 includes an inner lacquer or
      other protective coating 12 which is inert with respect to the products to
      be packaged in the container.
PAR  The plastic ring 5 is preferably molded as a unitary piece with its several
      elements being shaped in the manner and for the purposes described below.
      The ring 5 is preferably molded of a plastic which provides dimensional
      stability together with a smooth surface appearance and a high resistance
      to impact or other possibly damaging treatment. Suitable plastics for this
      purpose include polystyrene, polyethylene, or similar impact resistant
      resins.
PAR  A preferred shaping for the plastic ring 5 is illustrated in FIGS. 1 and 2.
      The ring 5 includes a depending skirt portion 18 generally parallel to the
      container axis which is connected by a corner portion 13 to an annular
      radially inwardly extending partial cover portion 14. The upper portion of
      the skirt 18 together with the corner 13 and the cover portion 14
      cooperate together with a container engaging bead 15 to form an inwardly
      directed channel 17 for receiving and for engaging the outer portion of
      the cover 4 including the skirt or wall portion 9. The channel 17 has a
      width corresponding generally to the height of the skirt portion 9 on the
      cap cover 4 so that the cover 4 may be firmly mounted and retained in the
      plastic ring 5.
PAR  The skirt 18 and the cover portion 14 of the plastic ring 5 are seen to be
      relatively thick to provide a form retaining ring. The cover portion 14
      preferably extends inwardly to the outer end of the stacking panel wall 8
      and slightly inwardly of the container rim 11.
PAR  Thus, when the cover 4 is snapped into position with its outer skirt 9
      engaged by the above described channel 17, a composite closure results
      which may be handled as a unit during the closure cap shipping, feeding,
      and sealing operations typical for cap usage. FIG. 2, in particular,
      illustrates a preferred cross-sectional shape for the bead 15 which is
      provided on a preferred embodiment of the closure cap. In cross-section,
      the bead 15 has a lower guide portion 19 forming an acute angle with the
      vertical or the container axis for facilitating the downward press-on
      application of the closure caps 1 to the containers 2. The lower portion
      19 of the bead 15 communicates with a container bead 3 engaging surface 20
      which has only a slight angle with the horizontal or the plane of the
      container rim to assure a firm engagement with the inwardly slanted
      surface 21 of the container bead 3.
PAR  FIGS. 4 and 5 illustrate another form of a container engaging ring 22 which
      is similar to the ring 5 except that the container engaging means on the
      ring 22 are lugs 23. As illustrated in FIG. 5, these lugs 23 occupy
      relatively long arcs on the circumference of the plastic ring 22, for
      example, a major portion of a 90 degree arc. The spaced lugs 23 cooperate
      to form a cap cover 24 retaining channel 25 to lock the cover 24 in place
      in the ring 22.
PAR  FIG. 6 illustrates an alternate embodiment in the form of a closure cap 26
      having an upwardly extending stacking and protective flange 27 formed as
      an integral portion of the ring 28 along with lugs 29 and cover portion
      30.
PAR  FIG. 7 illustrates an alternate embodiment where the closure cap 31 has a
      metal cover 32 with a flat top surface so that the cover 32 may receive a
      safety seal or other form of paper-board liner 33. The liner 33
      illustrated in FIG. 7 comprises a relatively thick inner liner 34 having
      an air impervious sealing membrane 35 lightly fastened to its lower
      surface. This form of the closure cap is used to form a safety seal
      package where the membrane 35 is adhered to and remains attached to the
      container rim when the closure cap is first removed from the sealed
      package.
PAR  FIG. 8 illustrates a still further embodiment showing a paper-board liner
      36 in the metal cover 37 where the plastic ring 38 has container engaging
      lugs 39 and has an upwardly extending stacking flange 40 of the general
      type described in connection with FIG. 6.
PAR  It will be seen that an improved composite pry-off closure cap has been
      described. The cap combines the advantages of a metal cover capable of
      providing a reliable vacuum seal with the advantages of an easily formed
      plastic ring as incorporated in the container engaging portion of the cap.
      The combined composite closure is tamperproof and inexpensive to
      manufacture and is also attractive. The metal cover affords a means of
      decorating the cap to provide trademarks or other indicia by way of
      lithography or other sheet metal decorative methods. The cap also is of a
      form which may be adapted for use with both flowed-in cap liners or
      alternatively with pulp board liners including safety seal liners.
PAR  As various changes may be made in the form, construction and arrangement of
      the parts herein without departing from the spirit and scope of the
      invention and without sacrificing any of its advantages, it is to be
      understood that all matter herein is to be interpreted as illustrative and
      not in a limiting sense.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. An improved composite closure cap for sealing a container having a
      radially outwardly projecting cap engaging bead at its rim comprising the
      combination of:
PA1  a molded plastic ring having an annular cover portion and a downwardly
      dependent skirt portion both of said portions being relatively rectangular
      in cross-section;
PA1  said cover portion and said skirt portion being coupled together by a
      corner portion;
PA1  inwardly projecting container engaging means on the said skirt portion for
      engaging the container bead having a generally horizontal container bead
      engaging portion at its top and a guide portion therebelow forming an
      acute angle with the vertical;
PA1  said cover portion, said corner portion, said skirt portion and said
      container engaging means cooperating to form an inwardly facing channel;
PA1  a circular metal cap cover positioned within said plastic ring having an
      outer depending skirt received within said channel having its lower edge
      positioned above said bead engaging portion of said container engaging
      means and having an outer annular top portion in engagement with the
      underside of the cover portion of said plastic ring;
PA1  the lower corner of said skirt comprising a generally rectangular portion
      in cross-section positioned to be spaced from the container; and
PA1  a sealing gasket on the underside of said metal cap cover for engaging the
      container rim.
NUM  2.
PAR  2. A composite closure cap as claimed in claim 1 in which said corner
      portion includes an upwardly extending circular stacking flange having a
      generally rectangular cross-section.
NUM  3.
PAR  3. A composite closure cap as claimed in claim 1 in which said sealing
      gasket comprises a cut liner.
NUM  4.
PAR  4. A composite closure cap as claimed in claim 1 in which said sealing
      gasket comprises a cut liner with a safety seal membrane positioned on the
      under surface of said liner.
NUM  5.
PAR  5. A composite closure cap as claimed in claim 1 in which said container
      engaging means comprises a circular bead.
NUM  6.
PAR  6. A composite closure cap as claimed in claim 1 in which said container
      engaging means comprises a plurality of arcuate lug members.
NUM  7.
PAR  7. An improved composite closure cap for sealing a container having a
      radially outwardly projecting cap engaging circular bead with a rounded
      convex cross-section at its rim comprising the combination of:
PA1  a molded plastic ring having an annular cover portion and a downwardly
      depending skirt portion;
PA1  said cover portion and said skirt portion being relatively rigid and both
      being generally rectangular in cross-section;
PA1  said cover portion and said skirt portion being coupled together by a
      corner portion;
PA1  radially inwardly projecting holding means on the inner surface of said
      plastic ring for engaging a lower portion of the cap engaging bead on the
      container;
PA1  said holding means having a rounded convex cross-section including an upper
      container bead engaging surface extending radially inwardly and downwardly
      from said inner ring surface at a slight angle to the horizontal and then
      curving downwardly and outwardly from its radially innermost portion at an
      acute angle to the vertical forming a lower guide portion;
PA1  said cover portion, said corner portion, said skirt portion and said
      container engaging means on said plastic ring cooperating to form an
      inwardly facing channel;
PA1  a circular metal cap cover positioned within said plastic ring having an
      outer depending skirt received within said channel with the lower skirt
      edge positioned above the radially outermost portion of the bead engaging
      surface of said holding means and having an outer annular top portion in
      engagement with the underside of the cover portion of said plastic ring;
PA1  the lower portion of said skirt portion positioned to be spaced from said
      container; and
PA1  a sealing gasket on the underside of said metal cap cover for engaging the
      container rim.
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ABST
PAL  In a storage installation for liquefied gas in a storage vessel surrounded
      by a wall which forms a collecting space around the vessel, the surfaces
      of the ground of the collecting space and/or the wall comprise a layer of
      a heat insulating material, whereby any liquefied gas collected in said
      collecting space evaporates more slowly thereby reducing hazard from gas
      vaporized in said collecting space.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a storage installation for the storage of
      liquefied gas, and particularly liquefied natural gas.
PAR  More particularly, the invention relates to such a storage installation
      comprising a storage vessel surrounded by a wall or dam in such a manner
      that a collecting space is formed around the vessel. The main object of
      this collecting space is, in the event of damage to the tank or lines, to
      prevent the contents of the vessel from flowing away, by containing
      leaking liquefied gas in the said collecting space. This reduces the
      danger, of for example fire, to adjacent vessel or installations or to
      persons present in the vicinity.
PAR  A relatively important source of danger remains, however, in the event of
      leakage of liquefied gas caused by damage to vessel or lines. When the
      cold liquefied gas flows into the collecting space, it will suddenly
      absorb a large quantity of heat from the environment, thus causing the
      escaping liquefied gas to evaporate very rapidly. As a result a very
      large, concentrated cloud of gas could be formed very suddenly. This
      large, very rapidly forming inflammable cloud of gas increases the danger,
      of for example explosion or fire, even at a relatively large distance from
      the tank.
PAR  In addition to the quantity of liquefied gas flowing into the collecting
      space, the major factors determining the rate of formation, size and
      concentration of the gas cloud are the quantity of heat present in the
      vicinity which can flow to the liquefied gas and the rate at which heat
      can flow.
PAR  An important source of available heat is the ground of the collecting space
      and the wall or dam surrounding the collecting space.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an installation for the storage of liquefied gas
      comprising a vessel for liquefied gas surrounded by a wall or dam which
      forms a collecting space around the tank, wherein the surface of the
      ground of at least one of the collecting space and the wall of the
      collecting space comprise(s) a heat-insulating material. The preferred
      heat insulating material is lightweight concrete.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a diagrammatic cross-sectional elevation of a storage
      installation according to the invention;
PAR  FIG. 2 shows a diagrammatic cross-section of a part of an embodiment of the
      insulation according to the invention;
PAR  FIG. 3 shows a diagrammatic cross-section of a part of a second embodiment
      of the insulation according to the invention;
PAR  FIG. 4 shows a diagrammatic cross-section of a part of a third embodiment
      of the insulation according to the invention;
PAR  FIG. 5 shows a diagrammatic cross-sectional side elevation of an
      alternative storage installation according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  It will be understood that a wide variety of heat-insulating materials may
      be considered for the purpose of reducing the flow of heat from the ground
      of the collecting space to any spilt liquefied gas. However, most suffer
      either from being too expensive in the large quantities needed to line
      such an area or are structurally unsuitable, for example they will not
      retain liquids or they will not support the weight of men or machines
      which might require to approach the tank during normal maintenance and
      use.
PAR  We have found that a most suitable heat-insulating material with which to
      insulate the wall or dam surrounding a tank in a storage installation, for
      the storage of liquefied gas, and/or the ground of the collecting space
      formed within the said wall or dam, is a lightweight concrete material.
      The lightweight concrete may have a density in the range from about 320 Kg
      per cubic meter to 1840 Kg per cubic meter and preferably from about 800
      to about 1600 Kg per cubic meter.
PAR  Normal dense concrete having a typical density between 2160 to 2400 Kg per
      cubic meter is made from a coarse aggregate (usually rock chippings) held
      together by a mixture of fine aggregate (usually sand) and cement powder.
      By modifying normal dense concrete a light-weight concrete can be
      produced.
PAR  Lightweight concrete is lighter than normal dense concrete and basically it
      is the inclusion of air into its composition which makes it light.
      Lightweight concretes have low thermal conductivities and are therefore
      very suitable for insulating purposes.
PAR  The inclusion of air into the composition of the concrete can be achieved
      in three distinct ways:
PA1  a. by omitting the finer sizes from the aggregate grading thereby creating
      the so-called "no-fines concrete";
PA1  b. by substituting the gravel, or gravel and sand aggregates by a hollow or
      cellular aggregate which thereby includes air into the mix, so-called
      "lightweight aggregate concrete";
PA1  c. by creating gas bubbles in the cement slurry which on setting leaves a
      sponge-like cellular structure, so-called "aerated concrete".
PAR  A wide range of lightweight aggregates and aerating techniques are
      available for the development of these three types of lightweight
      concrete; these are shown in the following table:
TBL                                    TABLE                                   

     __________________________________________________________________________

     Groups of lightweight concrete                                            

     No-fines concrete                                                         

                Lightweight    Aerated concrete                                

                aggregate concrete                                             

     __________________________________________________________________________

     (1)                                                                       

        Gravel  (1) Clinker    Chemical    Foaming                             

                               aerating    mixture                             

     (2)                                                                       

        Crushed stone                                                          

                (2) Foamed slag                                                

     (3)                                                                       

        Coarse clinker                                                         

                (3) Expanded clay                                              

                            (1)                                                

                               Aluminium powder                                

                                        (1)                                    

                                           Preformed                           

                               method      foam                                

     (4)                                                                       

        Sintered                                                               

                (4) Expanded shale                                             

                            (2)                                                

                               Hydrogen (2)                                    

                                           Air-                                

        pulverized             peroxide and                                    

                                           entrained                           

        fuel ash               bleaching   foam                                

                               powder method                                   

     (5)                                                                       

        Expanded clay                                                          

                (5) Expanded slate                                             

        or shale                                                               

     (6)                                                                       

        Expanded                                                               

                (6) Sintered                                                   

        slate       pulverized                                                 

                    fuel ash                                                   

     (7)                                                                       

        Foamed slag                                                            

                (7) Exfoliated                                                 

                    vermiculite                                                

                (8) Expanded                                                   

                    perlite                                                    

                (9) Pumice                                                     

                (10)                                                           

                    Organic                                                    

                    aggregates                                                 

     __________________________________________________________________________

PAR  Lightweight concrete as described above may be used to cover the surface of
      normal dense concrete used to fabricate the said wall or dam or to cover
      the ground of the said collecting space formed within or the lightweight
      concrete may be used as the structural material from which the whole
      structure is made.
PAR  As stated above a wide variety of heat insulating materials are available
      but may not be suitable for use on the surfaces of the wall or dam or on
      the ground of the collecting space considered in the context of the
      present invention. It will be understood, however, that although they may
      be unsuitable for use as the surface materials the use of any of these
      materials as a backing to the lightweight concrete material is not
      precluded.
PAR  In a preferred embodiment to counter any tendency of the said lightweight
      concrete material because of its relatively porous nature, to absorb water
      from the underlying ground or other material or to be wetted by rainfall,
      the surface(s) of the said lightweight concrete material is coated with a
      layer of water-repellent or water-resistant material, such as an epoxy
      resin. Examples of such surface coatings which may be applied in very thin
      layers e.g. 0.01-10 MM thickness are "Eponite clear sealer" and "Eponite G
      23" (both manufactured by Shell Composites Ltd).
PAR  An example of a suitable lightweight concrete is a concrete wherein the
      normally dense aggregate material has been wholly or partly replaced by
      pieces of expanded clay. If desired the sand normally employed in this
      lightweight concrete may be replaced by the fine powder produced by the
      comminution of pieces of expanded clay.
PAR  The invention will now be described further with reference to the
      accompanying drawings.
PAR  Referring to FIG. 1, a tank 1 for the storage of liquefied gas 2 is
      surrounded by a wall or dam 3 in such a manner that a collecting space 4
      is formed around the tank 1. The surface of the ground 5 inside the
      collecting space 4 is designated by the numeral 6, and the surface of the
      wall or dam 3 inside the collecting space 4 is designated by the numeral
      7. The two surfaces 6 and 7 are provided with a cover which is generally
      indicated by the reference numeral 8.
PAR  This cover 8 may consist of a single layer of lightweight concrete 9
      applied on the surfaces 6 and 7 as shown in FIG. 2.
PAR  In the embodiment as shown in FIG. 3, the cover 8 comprises a layer of
      normal concrete 10 applied on the surfaces 6 and 7 and a layer of
      lightweight concrete 9 applied on top of the layer of dense concrete 10.
PAR  In the embodiment as shown in FIG. 4 a layer of normal dense concrete 10 is
      applied on the surfaces 6 and 7, a layer of water-repellent material (damp
      proofing), for example, epoxy resin 11 is applied on top of the dense
      concrete 10, a layer of lightweight concrete 9 is applied on the layer 11
      and a further layer of water-repellent material, for example, epoxy resin
      12 is applied on the upper surface of the lightweight concrete 9.
PAR  Referring to FIG. 5, a tank 20 for the storage of liquefied gas 21 is
      partially sunk into the ground 22 and bedded on a raft 23 of normal dense
      concrete. The tank 20 is surrounded by a wall or dam 24 built of
      lightweight concrete situated in close proximity to the tank 20 and
      defining a collecting space 25, the base 26 of which is also of
      lightweight concrete. The use of the wall or dam 24 close to the tank 20
      produces a collecting space 25 with dimensions such that if any spillage
      of liquefied gas occurs into it the vaporization is less rapid than with
      an open space as shown in FIG. 1 and a less concentrated cloud of vapor is
      produced. By fabricating the wall or dam 24 from lightweight concrete as
      discussed the amount of heat available in the case of accidental spillage
      is still further reduced. If preferred the whole of the raft 23, the wall
      or dam 24 and the base 26 of the collecting space 25 may be made from
      normal dense concrete and the inner faces thereof insulated by a layer of
      lightweight concrete.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an installation for the storage of liquefied gas, comprising a tank
      surrounded by collecting means selected from the group consisting of a
      wall and a dam which together with the enclosed ground forms a collecting
      space around the tank the improvement comprising that the surface of the
      ground of the collecting space and said collecting means comprises a layer
      of heat-insulating material consisting of lightweight concrete material
      having a density in the range from about 32 kg per cubic meters to 1840 kg
      per cubic meter.
NUM  2.
PAR  2. The installation as in claim 1, wherein the surface of the lightweight
      concrete material is covered with a layer of an epoxy resin material.
NUM  3.
PAR  3. The installation as in claim 1 wherein the surface of said ground
      comprises a layer of lightweight concrete material applied on normal dense
      concrete material.
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PAL  A container, particularly one made of synthetic material or steel,
       compri a cylindrical container shell with a bottom or end closing each
      end of cylindrical shape and each end closing portion having a
      longitudinal axis extending perpendicular to the longitudinal axis of the
      shell. The closing end portions comprise half cylinders having diameters
      equal to the diameter of the cylindrical shell.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to the construction of containers and, in
      particular, to a new and useful container having a shell or body portion
      of cylindrical shape with a semi-cylindrical end portion closing each end,
      each having a longitudinal axis which extends substantially perpendicular
      to the longitudinal axis of the shell.
PAR  2. Description of the Prior Art
PAR  Containers, particularly those made of synthetic materials or steel are
      known of various types of construction. Above all, there are known ones
      which comprise a cylindrical shell having outwardly vaulted bottoms or
      ends and socket pieces which are welded thereon. In respect to the vaulted
      bottoms, they may be generally flat vaulted and high vaulted types. Flat
      vaulted bottoms frequently are dis-satisfactory from the standpoint of
      their mechanical properties insofar as they show a diaphragm effect. Such
      a diaphragm effect is disadvantageous particularly when they are subject
      to an alternate or swelling internal pressure. In order to reduce the
      diaphragm effect by improved mechanical properties of container bottoms,
      it is possible to provide bottom walls of substantially greater thickness
      in comparison to the container shell walls. In such cases, however,
      unfavorable stress conditions occur in the transition zones between the
      container shell and the ends or bottoms. This may lead to temporary
      overstressing or permanent rupture due to the variable load resulting from
      the alternating or swelling internal pressures. For this reason, the use
      of semispherical container bottoms has come into use. Such container
      bottoms do not show practically any diaphragm effect, and their mechanical
      properties are optimal. A principal disadvantage, however, is the cost of
      manufacture. It is very difficult to manufacture semispherical bottoms.
      Larger bottoms of this type must be welded together of several pieces. So
      far, unfavorable stress conditions cannot entirely be avoided in
      semispherical container bottoms and difficulties arise particularly from
      the necessity to attain dimensional accuracy in the welding of the bottoms
      to the container shell.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a container which overcomes the
      disadvantages of the prior art and it is advantageously made particularly
      of synthetic material or steel and in a constructional arrangement which
      is simple to manufacture. The design provides a vessel having the best
      possible mechanical properties and favorable stress conditions in the
      transition zone between the container shell and the container bottoms.
PAR  The invention provides a container which comprises a cylindrical shell as
      well as outward vaulted container bottoms having socket pieces welded
      thereon. In accordance with the invention, the container bottoms are made
      of semi-cylindrical shape and they are joined to the container shell so
      that their longitudinal axes are perpendicular to the longitudinal axis of
      the shell. This makes it possible to mount a semi-cylindrical wall
      simultaneously on both ends of the container shell which is manufactured
      with diametrically opposite cut-out wall portions to accommodate the end
      pieces or bottoms. These cut-outs with curved borders may be easily
      machined with the aid of a gauge. This may apply to steel containers as
      well as containers made of synthetic material.
PAR  A feature of the invention is that the semi-cylindrical container bottoms,
      because of their shape, have optimal mechanical properties and, in
      particular, show no diaphragm effect. In addition, in contrast to the
      manufacture of semispherical bottoms, they are much less difficult to
      make. In one method, it is possible to merely cut a hollow cylinder
      longitudinally in half to form the bottoms or ends of the container. In
      principle, any diameter may be chosen for the hollow cylinder and thereby
      also for the cylindrical container bottom or ends. However, according to a
      preferred embodiment of the invention which is particularly important,
      there are provided semi-cylindrical bottoms as one-piece half cylinders
      whose diameter is equal to the diameter of the cylindrical container
      shell. Since the diameters of the bottoms and of the shell are the same,
      it is only necessary to longitudinally cut a cylindrical container shell
      which in series manufacture will pass through the production line in any
      event in order to obtain bottoms for the next shell or body. In this way,
      the possibility is given to assemble a container of two container shells.
PAR  The invention also teaches that the length of the semi-cylindrical
      container bottoms in an axial direction should be equal to the diameter of
      the cylindrical container shell. A perfect closing of shell and bottoms
      diameter-to-diameter is thereby obtained. Moreover, according to a
      preferred embodiment of the invention, the semi-cylindrical bottoms
      project over the shell surface and are oriented so that their longitudinal
      axes are mutually parallel.
PAR  The container of the invention is capable of being tilted, stocked in an
      upright or horizontal position and therefore it is particularly suitable
      for transportation. For reasons of security, for example, when the
      contents of the container comprises chemicals, oil or the like, the
      invention provides double-walled bottoms and a double-walled shell which
      can easily be made when using synthetic material. Such a container may
      also be equipped with a leakage indicator and will perfectly fulfill the
      function of a steel oil tank even if made of a synthetic material.
      Finally, it is useful to provide in one of the semi-cylindrical container
      bottoms, a socket piece welded thereon in order to avoid unfavorable
      stress distribution.
PAR  The advantages obtained by the invention are substantially in the provision
      of a container which is especially made of synthetic material or steel and
      which owing to the semi-cylindrical bottoms is particularly simple in
      manufacture and construction and which also possesses optimal mechanical
      properties and favorable stress conditions in the transition zones between
      the shell and the bottoms. Consequently, even under alternate or swelling
      stresses, there is no danger of temporary overstressing or permanent
      ruptures of the container. The risk of a rupture under static loads is
      also considerably reduced to comparison with flat vauled container bottoms
      which have a diaphragm effect. As a result, the container, according to
      the invention, is able to meet extreme requirements.
PAR  Accordingly, it is an object of the invention to provide a container having
      a cylindrical shell portion and a closing end portion at each end of
      semi-cylindrical shape and which has a longitudinal axis extending
      substantially perpendicular to the longitudinal axis of the shell portion.
PAR  A further object of the invention is to provide a container which is simple
      in design, rugged in construction, and economical to manufacture.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of a typical embodiment thereof as
      illustrated in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a side elevational view of a container constructed in accordance
      with the invention;
PAR  FIG. 2 is a top plan view of the container shown in FIG. 1;
PAR  FIG. 3 is a partial end elevational view of the container shown in FIG. 1;
      and
PAR  FIG. 4 is an exploded view showing the body before interconnection with a
      bottom.
DETD
PAC  GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in particular, the invention embodied therein,
      comprises a container, generally designated 10, which may be made of steel
      but is preferably made of a synthetic material. In accordance with the
      invention, the container comprises a cylindrical shell or body portion 1,
      and an outwardly curved or vaulted end or bottom 2 welded to each end.
PAR  In the embodiment shown in the drawings, the top end is provided with a
      socket piece or fitting 3 which is welded directly to the container bottom
      or end piece 2'.
PAR  In accordance with a feature of the invention, the bottoms 2 are of
      semi-cylindrical shape and are joined to the container shell 1 so that the
      longitudinal axes 5 of each bottom 2 and 2' extend perpendicular to the
      longitudinal axis 4 of the shell 1. The semi-cylindrical bottoms 2 are
      made of one-piece half cylinders having diameters D equal to the diameter
      of the cylindrical shell 1. The dimension of each bottom 2 and 2' from the
      outer end to the associated axis 5 or 5' , i.e. each bottom radius is also
      equal to the radius D/2 of the cylindrical shell portion 1. The
      semi-cylindrical bottoms 2 project over the surface of the container shell
      1 and are oriented so that their longitudinal axes 5 are mutually
      parallel. In the preferred embodiment shown, the cylindrical container
      shell 1 and the semi-cylindrical container bottoms 2 are advantageously of
      double-walled construction.
PAR  As shown in the exploded view FIG. 4, the container bottom 2' has straight
      bottom edges 2l and 2r with only a central portion 20 which is welded onto
      a straight top edge portion 30 of the body 1. The remaining portions of
      the bottom edges 2r and 2l project laterally outwardly from each side of
      the body. The body 1 also has upwardly curved remaining edges 32 which
      engage the curved undersurface of the container bottom and are welded
      thereto.
PAR  The container advantageously carries leakage indicator means (not shown).
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container comprising a cylindrical container shell having end edges
      with diametrically opposed straight edge portions and intermediate curved
      vaulted portions between said opposed straight edge portions, and a
      closing end portion at each end of semi-cylindrical shape each having end
      edge faces on each end terminating in a common plane and defining
      respective end support surfaces and having guide edges centrally joined to
      said shell straight edge portions and continuing outwardly to each side of
      said shell and each having an interior curved undersurface joined to said
      shell vaulted portions and closing respective ends of said shell and each
      having a longitudinal axis extending perpendicular to the longitudinal
      axis of said shell.
NUM  2.
PAR  2. A container according to claim 1, wherein said closing ends comprise
      single piece half cylinders having respective radii equal to the radius of
      said cylindrical container shell.
NUM  3.
PAR  3. A container according to claim 1, wherein said semi-cylindrical closing
      ends project beyond the surface of said container shell and are oriented
      so that their longitudinal axes are mutually parallel.
NUM  4.
PAR  4. A container according to claim 1, wherein said shell and said closing
      ends are of double-walled construction.
NUM  5.
PAR  5. A container according to claim 1, wherein at least one of said ends is
      provided with a socket piece, said socket piece being welded to said
      shell.
NUM  6.
PAR  6. A container according to claim 1, wherein said semi-cylindrical closing
      end portions are disposed in opposition and substantially parallel and
      wherein the end support surface on respective ends of said end portions
      are aligned in a common plane with the respective opposite end supporting
      surfaces.
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ABST
PAL  A can structure suitable for packaging beer or the like includes an
      indicator formed integral with one end wall. The indicator provides
      visual, tactile and audible indication of the quality of the product in
      the can. Various specific indicator structures are disclosed.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to a beer can structure.
PAC  BACKGROUND TO THE INVENTION
PAR  Beer is commonly packaged in openable sealed cans which are under an
      internal pressure of the carbon dioxide in the beer. Leaks sometimes
      develop in such cans causing loss of carbon dioxide, resulting in "flat"
      beer in the cans. However, it is not readily apparent to the consumer
      whether the beer is fresh and sparkling or stale and flat without opening
      of the can. Can leaks do not usually provide an externally visible trace
      of the same. A similar problem may arise with any carbonated drink
      packaged in a can and the present invention also is applicable thereto.
PAC  SUMMARY AND GENERAL DESCRIPTION OF INVENTION
PAR  The present invention provides a beer can structure having an indicator
      device associated therewith providing a visual, tactile and audible
      indication whether or not the contents of the can are under pressure. In
      accordance with the present invention, a flexible zone is provided in one
      end wall of the can and integral therewith. The flexible zone or portion
      is constructed to be sufficiently flexible to have at least a portion
      thereof projected from the surface of the end wall wherein it is situated
      when the can is under at least a predetermined internal minimum pressure.
      When the pressure in the can falls below the predetermined minimum
      pressure, the flexible zone or portion moves to a second position in which
      it is all located below or at the level of the end wall.
PAR  Typically, the indicator includes a resiliently biasable portion which
      under can depressurized conditions, has a rest position, but which under
      the influence of at least the predetermined internal pressure is moved to
      its resiliently biased positon.
PAR  The integral flexible portion of the end wall of the can, typically an
      alumimum can, therefore, provides both a visual and tactile indication to
      the consumer whether or not the beer in the can is under the correct
      pressure, and hence whether the beer is fresh or flat.
PAR  Thus, if the flexible portion is in its rest position below or at the level
      of the end wall, then the consumer will immediately observe by visual
      and/or tactile means, the unsatisfactory nature of the product. However,
      if the flexible portion is raised, the consumer will immediately recognize
      that the product is in its consumable state.
PAR  An audible indication of the product quality also may be provided by the
      present invention. Thus, upon opening of the can and thereby release of
      the internal pressure, if the can is correctly pressurized, then an
      audible click may sound, depending on the construction of the flexible
      portion, as the flexible portion immediately moves from its
      resiliently-biased position to its rest position. On the other hand, in
      such constructions, there will be no audible click if the pressure has
      already leaked away, thereby warning the consumer who may have failed to
      observe visually or tactilely, the depressed nature of the flexible
      portion.
PAR  The flexible zone or portion conveniently is provided in the same end
      closure as the can opening means, which typically is a ring pull tab
      opener. By such positioning, the consumer will be able to observe the
      condition of the flexible portion immediately prior to opening the can.
PAR  The flexible portion generally has a circular disc-like form and is
      provided integral with the end of the can. The flexible portion may be
      provided with the required resiliency in the can end in any convenient
      manner.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a general perspective view of a beer can embodying the invention;
PAR  FIG. 2 is a sectional view of a portion of a beer can in accordance with
      one embodiment shown in full outline in a first resiliently-biased
      position and in phantom outline in a second rest position;
PAR  FIG. 3 is a sectional view of a portion of a beer can in accordance with a
      second embodiment shown in full outline in a first convex position and in
      phantom outline in a second concave position;
PAR  FIG. 4 is a sectional view of a portion of a beer can in accordance with a
      third embodiment of the invention with both positions illustrated.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A beer can 10, typically of cylindrical shape and having upper and lower
      end closure walls sealing the can. One of the end closure walls 12 has
      formed therein a typical ring-and-tab opener 14 for gaining access to the
      contents of the can 10. In the end closure wall 12 also is formed an
      integral indicator means 16, typically substantially circular. As
      illustrated, the circular indicator 16 is surrounded by the ring 18 of the
      ring-and-tab opener 14, for easy detection by the consumer prior to
      pulling of the ring.
PAR  Several different forms of the indicator 16 are illustrated in the
      sectional views of FIGS. 2 to 4. As seen in FIG. 2, the indicator 16
      includes an inner circular dished portion 20 which may be flexible or
      stiff as desired, and a serpentine cross section annular flexible portion
      22 integral with and joining the inner portion 20 with the remainder of
      the end wall 12.
PAR  The serpentine portion 22 is generally elastic and may be
      resiliently-biased under the influence of internal gas pressure on the
      inner portion 20 from a rest position to a resiliently-biased position. As
      may be seen from a comparison of FIG. 2, under normal pressure conditions,
      which for lagers in Canada under refrigeration (34.degree.F) is about 12
      to 16 psi and at room remperature (70.degree.F) is about 35 psi, the inner
      portion 20 is projected outwardly of the surface of the wall 12 due to
      resilient flexing of the annular portion 22 under the influence of the
      internal pressure. However, when the pressure drops below the
      predetermined pressure, typically below about 12 psi, the external
      pressure and resilience in the annular portion 22 cause it to snap to the
      released or rest position, drawing the inner portion 20 downwardly to the
      level of or slightly below the surface of the wall 12, as seen in phantom
      outline.
PAR  In the embodiment of FIG. 3, the indicator 16 takes the form of a flexible
      disc 24 which is formed integral with the remainder of the wall 12 through
      a resiliently-biasable peripheral portion 26. When the can contents are
      under normal pressure, typically about 14 to 17 psi for ales in Canada at
      refrigeration (34.degree.F) and about 35 psi at room temperature
      (70.degree.F), the disc 36 is resiliently outwardly-convexly projected as
      seen in full outline. If the internal pressure drops below a predetermined
      value, typically below 12 psi, the disc 24, under the biasing action of
      the peripheral portion 26, snaps to an inwardly-concave rest position, as
      seen in phantom outline.
PAR  It will be apparent that release of pressure from the can 10 by opening the
      ring-and-tab opener 14 also will cause the indicator 16 to assume its
      released position, with an audible click, at least in the case of the
      embodiment of FIG. 3, as the disc 24 snaps from the convex to the concave
      position.
PAR  FIG. 4 illustrates a third embodiment of indicator 16. In this case, the
      indicator 16 is formed of a series of concentric integrally-joined
      corrugations 28, joined to the remainder of the wall 12 through an annular
      resilient portion 30. The indicator 16 of this embodiment operates in
      substantially the same manner as the embodiment of FIG. 3.
PAC  SUMMARY
PAR  The present invention, therefore, provides a pressurized can structure
      having a novel indicator means whereby the consumer may readily detect
      whether or not the can is under its correct internal pressure.
      Modifications are possible within the scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A sealed can structure including a cylindrical wall member, end wall
      members located substantially at each end of said cylindrical wall member
      and sealing said can, a potable liquid located within the can structure
      and intended in its potable condition to exert at least a predetermined
      gaseous pressure of about 12 psi internally of said can, a tab formed
      integral with but separable from one of said end wall members, a pull ring
      having a substantially circular opening and joined to said tab for
      separating said tab from said one end wall member and gaining access to
      the contents of said can, and integrally-formed indicator means in said
      one end wall member, said indicator means being substantially disc-like
      and being located at least partially within the circular opening in said
      pull ring, said indicator means being constructed to assume one position
      relative to the remainder of said end wall member when said internal
      pressure exceeds said predetermined pressure of about 12 psi and to assume
      a second position relative to the remainder of said one end wall when said
      internal gaseous pressure is below said predetermined pressure of about 12
      psi through opening of said can or through leakage of gas pressure from an
      unopened can, said second position being usually and tactilely different
      from said first position, whereby external examination of said can in the
      immediate vicinity of the tab and pull-ring for said can reveals whether
      or not said internal pressure has fallen below said predetermined value of
      about 12 psi and hence whether or not pressure leakage has occurred.
NUM  2.
PAR  2. The can structure of claim 1 wherein said indicator means includes a
      first central circular portion dished outwardly of the said one end wall
      member and a second annular portion integrally joining said central
      portion to the remainder of said one end wall member, said second annular
      portion having a serpentine cross section and being resiliently-biased in
      said first position for movement to said second position when the internal
      pressure of said can falls below said predetermined value, said first
      central portion outwardly projecting from the remainder of said one end
      wall member in said first portion and being located substantially at the
      level of or below that of said one end wall member in said second positon.
NUM  3.
PAR  3. The can structure of claim 1 wherein said indicator means includes a
      flexible dished disc integrally formed with and joined to the remainder of
      said one end wall member through a resiliently-biasable peripheral portion
      thereof, said disc being resiliently biased in said first postion for
      movement to said second position when the internal pressure of said can
      falls below said predetermined value, said disc being dished convexly
      outwardly of the remainder of said one end wall member in said first
      position and being dished concavely inwardly of the remainder of said one
      end wall member in said second position.
NUM  4.
PAR  4. The can structure of claim 1 wherein said indicator means includes a
      flexible circular member formed of a series of concentric
      integrally-joined corrugations joined to the remainder of said one end
      wall member through an annular resilient portion, said circular member
      being resiliently biased in said first position for movement to said
      second position when the internal pressure of said can falls below said
      predetermined value, said circular member projecting convexly outwardly of
      the remainder of said one end wall member in said first position and
      projecting concavely inwardly of the remainder of said one end wall member
      in said second position.
NUM  5.
PAR  5. The can structure of claim 1 wherein said potable liquid is beer.
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ABST
PAL  A container having a cover, the container having a rim and a first curled
      edge at the rim, a portion of the first curled edge having its biggest
      diameter in a plane perpendicular to the center line of the container, the
      cover having a second curled edge gripping around the first curled edge,
      the second curled edge including a circumferential cutting line which
      flows up and down with peaks at a region of or above the portion of the
      first curl having the biggest diameter and with valleys underneath the
      portion.
BSUM
PAR  The present invention relates to a container having a cover, said cover
      having a curled edge and gripping around a curled edge or thickening at
      the rim of the container. Containers of this kind are generally known. In
      many cases they are bucketshaped in order to be able to nest the open
      containers for dispatch and storage to the installation or the plant where
      the filling takes place, whereupon the filled container is closed with a
      cover by folding or seaming respectively the edge of the cover around the
      rim of the container. Usually, one makes use of a clamping device, which,
      after positioning the cover onto the container, is positioned on top of
      cover and container and which bends down the edge of the cover underneath
      the edge of the container with clamping means moving inwards and downwards
      in a radial direction. Moreover, the cover is usually provided with an
      opening with a locking cap so that the emptying of the container is made
      possible. It is also known to provide the cover on the inside of the
      container wall, i.e. inwards of the edge of the cover folded around the
      rim of the container, with a cutting line in the form of a thinned
      portion, where the cover may be cut through easily with a tool suitable
      therefore.
PAR  Emptying the container through a small opening with the locking cap is
      often cumbersome. The empty container cannot be nested and removing the
      cover and the remaining edge respectively is cumbersome. If the cover is
      cut away, the container cannot be closed anymore.
PAR  It is also known to provide container of this kind with a cover which may
      be fastened in place with a clamping strap. Such a cover may be used
      again. However, the clamping strap is an additional complication and the
      sealing is not always effective.
PAR  The object of the present invention is to provide a container, in which the
      cover permits a good liquid tight closure on the container, in which said
      cover can be removed easily and in which the cover can be used again as a
      temporary cover after removal.
PAR  Said object is achieved in accordance with the invention in that the cover
      is provided in the curled edge with a circumferential cutting line, said
      line extending up and down in accordance with a flowing line with the
      peaks at the region of or above that portion of the curl of the edge of
      the container which has the biggest diameter in a plane perpendicular to
      the center line of the container and with the valleys underneath said
      portion. In this way, a cover is formed which may be provided in a normal
      way by curling or folding around the thickened or curled rim of the
      container and which guarantees a proper sealing in a known way by an
      enclosed gasket. Said cover may be removed by tearing off the lower
      portion of the curled or bent edge, during which process a new edge is
      formed lying locally above the biggest diameter or at the level of the
      biggest diameter of the edge of the cover and locally below said diameter,
      as a consequence of which lugs or tongues are formed on the cover, said
      lugs or tongues lying downward at regular distances from each other and
      still gripping around the edge of the vessel. However, they are now
      yielding because the rigidity has been broken in the circumferential
      direction and they permit upward removal of the cover as well as putting
      the cover back again, whereby the lugs or some of them, eventually may be
      bent inwards to keep the lid on its place. Preferably the cutting line
      comprises a first groove at the outer side of the beaded edge and a second
      groove at the inner side of the beaded edge, said second groove lying in
      alignment opposite to the first groove. Consequently the edge will be very
      sharp.
DRWD
PAR  The invention will now be explained more in detail with reference to the
      accompanying drawing which illustrates by way of example one embodiment of
      the invention, wherein:
PAR  FIGS. 1 and 2 are sectional views across a beaded edge of a container and a
      lid secured on the vessel.
PAR  FIG. 3 is a side view of the edge of the lid to a slightly smaller scale;
      and
PAR  FIGS. 4 and 5 are sectional views in accordance with FIGS. 1 and 2, and in
      which the edge has various shapes after the opening of the container.
DETD
PAR  The container 1 has a cover 2 and is provided at the rim with an edge 3.
      The cover is provided with an edge 4. Both edge portions 3 and 4 together
      are rolled into each other to an open curl by a folding or bending
      operation. A sealing is indicated at reference numeral 5. Reference
      numerals 6 and 7 indicate cutting lines. As appears from FIG. 3, the
      cutting line 6 extends according to a sinusoidal line, the position of the
      peak of which is indicated in FIG. 1, and in FIG. 2 the position of the
      lower portion. The cutting line 7 is a short line extending in the lower
      edge. At reference numeral 8 an opening or lug is provided so that the
      initial tearing off is made possible. The cross-section of FIG. 1 has been
      taken according to line I--I in FIG. 3
PAR  FIGS. 4 and 5 illustrate the situation after tearing off the strip 9. The
      edge in waveform will then form lugs 10 which, in the position as
      indicated in FIG. 4, permit removal of the cover and which, in the
      position as indicated in FIG. 5 have been bent inwards in order to hold
      the cover in place again.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A container having a cover, said container having a rim and a first
      curled edge at said rim, a portion of said first curled edge having its
      biggest diameter in a plane perpendicular to the center line of the
      container, said cover having a second curled edge gripping around said
      first curled edge, said second curled edge including a circumferential
      cutting line which flows up and down with peaks at a region of or above
      said portion of said first curl having the biggest diameter and with
      valleys underneath said portion.
NUM  2.
PAR  2. A container having a cover in accordance with claim 1 wherein said
      cutting line comprises a first groove at the outer side of said second
      curled edge and a second groove at the inner side of said second curled
      edge, said second groove lying in alignment opposite to said first groove.
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ABST
PAL  A pivot hinge for an apparatus cover hood comprising sleeves concentric to
      the pivot axis and axially displaceably yet non-rotatably arranged
      relative to the housing bottom part on the latter, and the face sides of
      the sleeves, respectively, being formed with curved courses. A cam is
      pivotally mounted about the pivot axis and with respect to the cover hood
      rotates therewith. Compression springs press the axially displaceable
      sleeves, respectively, with their curved courses against the cam, whereby
      the inclination of the curved courses relative to the radial plane of the
      sleeves and the measure or adjustment of the compression springs being
      selected such that within a predetermined rotation range of the cam about
      the axis, which corresponds substantially to the opening movement of the
      cover hood, there is produced a rotational moment with respect to the axis
      which corresponds in every position within the rotation range
      substantially to the rotational moment which is produced by the cover hood
      as a consequence of its gravity force, yet in an opposite rotational
      sense.
BSUM
PAR  The present invention relates to a pivot hinge for an apparatus cover hood.
PAR  With devices which are coverable by a hood, such as for example, record
      players or turntables, it is desired in many cases to be able to allow the
      cover hood to stay in different open positions. Various devices are known
      which serve this purpose, such as for example cover supports which assume
      the weight of the cover hood by means of catches, notches or friction
      means. It is further known to equip the hinge of the cover itself therefor
      with corresponding friction means in order to avoid additional space and
      visible construction means (German Auslegeschrift DAS 1 023 901,
      Gebrauchsmuster Gbm 7 325 669). Such devices have the disadvantage that
      force is required for the actuation and the cover hood frequently does not
      close unobjectionably, since during the closing it is somewhat springs
      back. Pivot hinges with spring means for producing of a counter rotation
      moment more or less avoid this disadvantage. By one commonly known
      embodiment a helical spring is used for this purpose which lies with its
      longitudinal axis in the axis of rotation of the hinge and becomes loaded
      upon twisting. With such an arrangement, a cover can be raised
      automatically by itself by corresponding overcompensation or its raising
      is easier by undercompensation. A cover to be allowed to remain open in
      any open position, that is in every position an exact equilibrium or
      balanced condition to be produced, is not possible, since with a turning
      spring only a continuously increasing and decreasing moment, respectively,
      is attainable, which has yet a sinusoidally shaped course produced by the
      weight of the cover. It is further known to achieve a determined
      rotational moment course by a certain arrangement of a tension spring to a
      lever. An exact compensation, however thus, as a consequence is not
      possible, aside from the fact that such an arrangement requires
      comparatively plenty of room and is expensive. By using a counterweight
      indeed an exact compensation moment is attainable. It requires however so
      much space that in most cases it can not be used.
PAR  The present invention is based on the task and object to produce a hinge
      connection which by itself, that is, without overhanging, projecting or
      nonloading construction parts, makes it possible to achieve a compensation
      moment exactly corresponding to the weight of the cover- or cover- hood in
      every position, such that it stands still by itself in every position.
      Accordingly starting out from a pivot hinge for a cover hood onto a bottom
      part of an apparatus housing with spring means for producing of a
      rotational moment which acts against the rotational moment produced by the
      weight of the cover hood, the present invention provides as another object
      thereof, sleeves concentric to the pivot axis and axially displaceably yet
      non-rotatably arranged relative to the housing bottom part on the latter,
      and the face sides of the sleeves, respectively, being formed with curved
      courses. A cam is pivotally mounted about the pivot axis and with respect
      to the cover hood rotates therewith. Compression springs press the axially
      displaceable sleeves, respectively, with their curved courses against the
      cam, whereby the inclination of the curved courses relative to the radial
      plane of the sleeves and the measure or adjustment of the compression
      springs being selected such that within a predetermined rotation range of
      the cam about the axis, which corresponds substantially to the opening
      movement of the cover hood, there is produced a rotational moment with
      respect to the axis which corresponds in every position within the
      rotation range substantially to the rotational moment which is produced by
      the cover hood as a consequence of its gravity force, yet in an opposite
      rotational sense.
PAR  Weight compensated covers or cover hoods are strongly loaded or stressed in
      the range of the hinge by the hinge itself during application of the
      compensation moment, nothwithstanding the type of compensation.
      Consequently there exists, particularly with use of synthetic materials,
      the danger of a plastic deformation for the cover or the cover hood, which
      in customary manner is acted against by the most possibly highly loading
      hinge parts.
PAR  A further task and object of the present invention resides in the reduction
      of the loading or with like loading to do without highly loading parts.
      From this one proceeds from the realization that in many cases of use, the
      cover or the cover hood is opened only a relatively short time in
      proportion to the duration of the closed condition, for example, only in
      order to perform a service operation and that many materials, preferably
      synthetic materials, with comparatively short time loading endure a far
      higher loading than with a continuous stressing or loading.
PAR  As a further development of the invention it is an object to provide as a
      solution to this task, a face sided curved course on the sleeves which, in
      the range of the cam position which corresponds to the closing position of
      the cover hood, turns into a radial plane to the pivot axis.
PAR  With the here concerned hinge connection, it is already as a rule not
      possible with regard to the different demands on the material to produce
      the cover or cover hood and pivot hinge of one piece. The connection
      possibilities between both parts, particularly with use of synthetic
      materials, are limited according to their type and moreover difficult to
      produce. The therefor known screw- and rivet- connections require large
      dimensions because of their high loading, which makes the form
      configuration worse or heavier and limited, respectively. Moreover the
      pivot parts usually require an overhanging or projecting attachment.
PAR  A cover hood is known which is set on a bottom part of a housing, with
      which hood the rear vertical standing back wall of the hood is lengthened
      toward the bottom and is insertable in a rear section recesses of the
      bottom part of the housing (German Auslegeschrift DBP 1 202 523). During
      opening of the cover hood, the extension of the rear hood wall forms the
      abutment for the cover. An actual hinge connection thereby is not
      provided.
PAR  A further task and object of the invention resides in producing a hinge
      arrangement which contains no visible parts or no parts projecting from
      the housing and the cover hood, respectively, and in accordance with
      production, an easily producable connection, which is favorable with
      respect to material loading, is made possible between the pivot hinge and
      the cover hood.
PAR  In accordance with the above, it is still another object of the present
      invention to provide the holding part, which is twistable or rotatable
      about the pivot axis and supported on the bottom part of the apparatus
      housing, carrying the above-mentioned cam, and having a slot shaped
      opening accessible from one side, and an extension of the cover hood which
      is directed substantially perpendicularly toward the bottom, applied on
      its bottom side and insertable in the above-mentioned slot shaped opening
      on the holding part.
DRWD
PAR  With the above and other objects in view, the present invention will become
      more readily understood in connection with the following detailed
      description of a preferred embodiment of the invention with reference to
      the accompanying drawings, of which:
PAR  FIG. 1 is a rear view of a housing with transparent cover hood, partly
      broken away;
PAR  FIG. 2 is a cross-section taken along the lines 11--11 of FIG. 1 through
      the bottom part of the housing with the cover hood in the range of the
      pivot hinge; and
PAR  FIG. 3 is section parallel thereto taken along the lines 111--111 of FIG. 1
     .
DETD
PAR  Referring now to FIGS. 1-3 of the drawing, a pivot hinge for an apparatus
      cover hood, comprises a pivot axle 3 supported in two bearing blocks 4 in
      a rear wall 1 of a bottom part 2 of an apparatus housing. A holding part 5
      is pivotally mounted on the pivot axle 3, which holding part 5 contains a
      recess 6 in which the extended rear wall 7 of the cover hood 8 is
      insertable.
PAR  The insertion of the rear wall of the hood in a recess is such a simple
      process that it can even be handled by a layman, which makes possible a
      subsequent equipping or removal of the cover hood, which usually is not
      possible with weight-balanced or -reduced covers or cover hoods. The
      connection can be produced without danger of breaking and provides in
      operation a favorable stress or permissible load. This type of connection
      further makes possible a non-overhanging and practically not visible
      attachment of the pivot parts.
PAR  An axially displaceable sleeve 9, 10, respectively, is arranged on the
      pivot axle 3 to the left and right of the holding part 5. Each of the
      sleeves 9, 10 is twist-proof, i.e., secured against rotation by means of a
      projection 11, 12, respectively, which projections are supported in the
      rear wall 1 of the bottom part 2 of the housing, and each of the sleeves
      9, 10 is pressed against the holding part 5 by means of a helically formed
      compression spring 13, 14, respectively. The face surface 15, 16 of the
      sleeve 9, 10, respectively, which surfaces are directed toward the holding
      part 5, has a curved course or track 17, 18, respectively, which courses
      abut against a cam 19, 20 of the holding part 5, respectively, which cam
      in the case of a closed cover hood rests on a section of the curved
      course, the section lying in a radial plane relative and perpendicular to
      the pivot axle 3. In every other position of the cam 19, 20, where the
      curved course 17, 18 deviates from the radial plane, there arises a
      rotational moment on the holding part 5, under the influence of the
      compression springs 13, 14, the size of the rotational moment
      corresponding to the inclination of the curved course 17, 18, being
      exactly adjusted in every hood position to the moment produced by the
      weight of the cover hood. With a closed cover hood there arises no
      compensation moment, whereby every execution load on the hood is
      eliminated, no inclination or tendency to open exists by springing back,
      and the cover hood also without further, can be removed from the bottom
      part of the housing. In a relatively small transfer range, for example,
      5.degree. to 8.degree., the compensation moment rises to its full value
      corresponding to the weight of the cover hood, so that from then on the
      cover hood can be allowed to stay as is, in every chosen open position.
PAR  A knurled nut 21 is applied on the pivot axle 3. By twisting of the nut,
      the tension of the compression springs 13, 14 are adjusted which makes
      possible the use of cover hoods with different heights and weights,
      respectively.
PAR  While I have disclosed one embodiment of the invention, it is to be
      understood that this embodiment is given by example only and not in a
      limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus housing comprising a bottom part and a cover hood, the
      improvement comprising
PA1  a pivotal connection means between said bottom part and said cover hood for
      opening and closing, respectively, said cover hood by pivoting the latter
      about an axis extending parallel to a side of said bottom part, said means
      comprising
PA1  at least one sleeve disposed concentrically to said pivot axis and axially
      displaceably, yet non-rotatably arranged relative to said bottom part on
      the latter,
PA1  said at least one sleeve having a face side forming a curved course,
PA1  a cam pivotally mounted about said pivot axis adjacent to said face side of
      said at least one sleeve, said cam being connected with said cover hood
      for joint rotation therewith,
PA1  a compression spring operatively disposed pressing said axially
      displaceable sleeve with said curved course against said cam, and
PA1  said curved course having an inclination relative to a radial plane through
      said at least one sleeve, said inclination and said compression spring
      being sized such that within a predetermined rotation range of said cam
      about said axis corresponding substantially to an opening movement of said
      cover hood, there is produced relative to said axis a rotational moment on
      said cam by said curved course of said sleeve pressing against said cam,
      which moment corresponds in every position within said rotation range
      substantially to a rotational moment produced by the gravity force on said
      cover hood, yet in an opposite rotational sense.
NUM  2.
PAR  2. In the apparatus housing as set forth in claim 1, the improvement
      further wherein
PA1  said curved course of said face side on said sleeve has a transfer portion
      in a radial plane relative to said axis, said transfer portion lying in a
      range of a position of said cam, which position corresponds to a closed
      position of said cover hood.
NUM  3.
PAR  3. In the apparatus housing as set forth in claim 1, the improvement
      further comprising
PA1  a holding part supported on said bottom part of said apparatus rotatably
      about said axis, said holding part holding said cam,
PA1  said holding part being formed with a slot shaped, one sided accessible
      opening,
PA1  said cover hood having an extension directed substantially perpendicularly
      downwardly provided on its bottom side, and
PA1  said extension is insertable in said slot shaped opening on said holding
      part.
NUM  4.
PAR  4. In the apparatus housing as set forth in claim 1, the improvement
      further wherein
PA1  said at least one sleeve comprises two sleeves disposed on opposite sides
      of said cam, and
PA1  two of said compression spring, respectively, disposed pressing said two
      sleeves, respectively, with said curved courses against said cam at
      opposite sides thereof.
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ABST
PAL  A machine that constantly feeds essentially small magnetizable parts or
      hardware one or a few at a time to an orienting device, chutes or other
      equipment for use in manufacturing or assembly operations is disclosed.
      The machine translates these parts from the upper border or edge of a mass
      of such parts.
BSUM
PAR  The article feeding device of this invention is provided with means to
      receive a plurality of magnetizable unitary small parts, hardware,
      assemblies or units charged into a storage chamber of the machine, whereby
      the parts build up into a mass or burden. The parts may be delivered to
      the storage chamber singly, in groups or in bulk or large mass, dependent
      upon the method of translating such parts in any particular application.
PAR  Magnetic means is used to remove the parts from the mass in the storage
      chamber, the unique feature of such translation or removal being that the
      parts will be taken by magnetic force from the upper border or edge of the
      mass or burden, thereby effecting considerable advantages over
      magnetic-type devices currently in use. Magnets attached to supporting
      means are translated by roller chain mechanism behind a nonmagnetizable
      stationary surface plate upon which the parts are stored and at rest. As
      the magnets move adjacent but spaced from these parts, the magnetic force
      applied to the parts picks up those that are at or adjacent the upper
      border and lateral edge of the burden so that only those parts will be
      caused to move within the magnetic field and slide upon the surface plate
      to a position at which they are discharged from the machine. At that
      point, removal by gravity force onto a track, orienting device, chute or
      other means will place the parts in the desired posture for further
      operations or for collection, packing and/or storage, or other desired
      state.
PAR  Although magnetic-type conveyors have been in commercial and industrail use
      for a long time, whereby parts are translated from one position to
      another, it is believed that this is the first instance in which magnet
      means has been so arranged in relationship to a mass or burden of
      magnetizable units that they are removed substantially one at a time or in
      very small number from and closely adjacent the upper border and lateral
      edge of a mass or burden of such parts.
PAR  A major advantage of the article feeding device of this invention over
      conventional bowl or barrel feeders is that only the part(s) being removed
      from the upper lateral edge of a mass or burden are translated to
      discharge, and therefore no movement of parts relative to each other
      occurs in any other portion of the mass. This factor is important in
      maintaining sharp edges on the parts, and eliminating nicks and marks that
      result from the parts abrading or moving against each other in the mass.
      Because there is no rotation or movement of a mass of parts simultaneously
      throughout, the noise level incident to rotating barrels or vibrating
      bowls is absent. Down time for refilling the feeder device is reduced or
      eliminated by automatically charging such parts into the storage chamber
      of the machine or by providing a chamber sufficiently large so that a
      lesser number of refillings is required. The machine of this invention
      will completely empty itself, avoiding a product mix which sometimes
      occurs with other magnetic-type feeding devices. Of course, where parts
      are of such configuration that they are difficult to handle and tend to
      engage, tie, link or lock onto one another, vibratory aids may be added to
      the storage chamber as a means of eliminating bridging or hanging-up of
      such parts. Alternatively, a vibratory probe may be inserted into the mass
      or burden of such parts in the chamber, whereby their locking or
      engagement will be substantially reduced or eliminated.
PAR  It is therefore a principal object of the invention to provide magnetic
      means for translating magnetizable parts, heaped in a mass in a storage
      chamber, substantially one or a few at a time from such mass adjacent and
      at the upper border or edge of such mass, whereby the mass is reduced
      without causing the parts to tumble over or abrade each other. Another
      object is to provide magnetic means for translating such parts one or a
      few at a time from the burden in a refillable storage chamber or hopper,
      by causing the parts to move upon a nonmagnetizable surface or face plate
      to a stop or discharge position, whereat the parts are caused to fall by
      gravity onto other orienting or translating means. A further object is to
      provide magnetic force applying means arranged in an endless series for
      translation of parts upon the non-magnetic face plate or surface one or a
      few at a time. Yet another object is to provide power drive means for the
      endless series of magnetic force applying means mounted upon a housing
      including a storage chamber for such parts and forming a compact unitary
      article feeding device.
DRWD
PAR  Various further and more specific objects, features and advantages of the
      invention will appear from the description given below, taken in
      connection with the accompanying drawings, illustrating by way of example
      preferred forms of the invention. Reference is here made to the drawings
      annexed hereto and forming an integral part of this specification, in
      which
PAR  FIG. 1 is a perspective view of a preferred embodiment of the invention.
PAR  FIG. 2 is a front elevational view of the device illustrated in FIG. 1,
      taken substantially on the line 2--2 of FIG. 1.
PAR  FIG. 3 is a side elevational view of the device illustrated in FIG. 1,
      taken substantially on the line 3--3 of FIG. 1.
PAR  FIG. 4 is a transverse horizontal sectional view, taken substantially on
      the line 4--4 of FIG. 3.
PAR  FIG. 5 is a transverse horizontal sectional view, similar to that
      illustrated in FIG. 4, taken substantially on the line 5--5 of FIG. 3.
DETD
PAR  As shown in the several views of the drawings, a preferred embodiment of
      the invention is the article feeding device 10 comprising the housing 12,
      a chain-type endless magnetic parts translation mechanism 14, and a
      motor-operated drive mechanism 16 for the translation system.
PAR  The housing 12 comprises a front wall 18 having a hopper chute 20 mounted
      thereon, a rear wall 22 with a hopper chute 24 mounted thereon, and end
      wall panels 26,28, a bottom wall 30 and a top plate 32 connected to the
      front and rear walls and forming a chamber 35 therewithin. The front and
      rear walls 18 and 22 have portions thereof cut out to provide openings
      34,34 therethrough above and adjacent the hopper chutes 20, 24, whereby
      transverse orienting or feeding means 25, operated mechanically or by
      gravity, can be inserted through such openings to receive the parts
      discharged by the translation system 14, as will be more particularly
      described below.
PAR  The transverse orienting or feeding means 25 is optionally, as shown,
      secured to the front and/or rear walls 18, 22, and extends substantially
      transversely through an opening 34.
PAR  The housing is further provided with a non-magnetic face or surface plate
      member 36 that is connected to and extends from and between the front and
      rear walls 18,22. The face plate may be made of stainless steel,
      manganese, or other suitable materials, including the high molecular
      weight polyesters or other suitable plastics. The plate member 36 forms a
      storage chamber 35 with the front and rear walls and their hopper chutes
      from which the parts are translated upon the plate member to the orienting
      device 25. The bottom and sides of the chamber 35 are defined by the plate
      member 36 secured at its lateral edges to the front and rear walls 18,22.
      To strengthen the housing at its corners, angles and tie plates 38,40
      respectively are secured by welding to the front and rear plates 18,22, as
      shown particularly in FIG. 2.
PAR  An internal oil-type lubrication system for the translation mechanism 14 is
      provided by an inlet fill member 42 connected to and communicating through
      an opening in the end wall plate 26 with the housing lower chamber portion
      44, lubricant being introduced through the inlet member to a level
      substantially up to or adjacent the inlet opening. A lubricant drain
      member 46, communicating with the lower chamber portion 44 through an
      opening in the end wall 26, is also provided. The roller chain and magnet
      portions of the translation mechanism 14 are continuously lubricated by
      the oil bath in chamber 44, thus keeping its maintenance to a minimum.
PAR  The chain-type magnetic parts translation mechanism 14 comprises the
      endless link drive chain members 50,50, a drive sprocket assembly 52
      having a pair of internal sprockets 54,54 mounted on a shaft 55 and
      engaging the members 50,50. The shaft 55 extends beyond the rear wall 22
      and supports an external driven sprocket 56 engaged by the motor-operated
      drive mechanism 16. A second pair of internal sprockets 58,58 engage the
      members 50,50, and a pair of idler take-up sprockets 60,60 also engage the
      members 50,50 for adjusting the tension on the chain drive members by
      threadedly adjusting the take-up rod 62 upon the nuts 64 supporting the
      rod upon the end wall plates 26. The sprockets 54,54, 60,60 and 58,58 are
      mounted in pairs upon their shafts which are supported in end bearings
      affixed to the front and rear walls 18,22 of the housing.
PAR  As shown particularly in FIGS. 2, 4 and 5, the endless link drive chain
      members 50,50 are provided, at selected positions in the chains, with
      transverse link stub shafts 68,68 that extend inwardly of the links to
      support magnet members 70 spaced apart longitudinally of said chain
      members in substantially equidistant relationship. The magnet members 70
      comprise a magnetizable backbar 72 having end bearings 74,74 supported
      upon the chain link stub shafts 68,68, a pair of magnets 76,76 (or
      alternatively, a single unitary magnet for some applications) of
      rectilinear or other suitable configuration and of opposite polarity
      secured by magnetic influence and force upon the support plate 72 and
      extending forwardly therefrom toward and relatively closely adjacent but
      spaced slightly apart from the non-magnetic face or surface plate 36 in
      their course thereabout. The magnets 76,76 are spaced laterally apart from
      each other by the non-magnetic spacer 78 and are encased within a
      non-magnetic housing or covering 80 of stainless steel.
PAR  The link drive chain members 50,50 and their magnet units 70 are slidingly
      supported upon track or guide strips 82,82 in turn fixedly secured to
      lateral support members 84,84 affixed to the front and rear wall plates
      18, 22. The nonmagnetic surface plate 36 is affixed by suitable fasteners
      86 to the support members 84,84. In the region where the guide strips
      82,82 are not provided, i.e., adjacent the sprockets, the link drive chain
      members 50,50 are engaged by and supported upon the teeth of the sprockets
      54,54, 60,60 and 58,58.
PAR  The motor-operated drive mechanism 16 comprises an electrically operated
      motor 90, a conjoined speed reducer device 92 having an output shaft
      mounting a drive pulley 94 connected by a belt 96 to the driven pulley 56
      mounted on the outboard end of the shaft 55 supporting the chain drive
      sprockets 54,54. The speed reducer 92 and connected motor are affixed to a
      supporting plate 100 having depending legs 102,102 fixedly attached and
      secured to the front and rear walls 18, 22 (FIGS. 2 and 3).
PAR  In operation, the article feeding device 10 performs in the following
      manner. When the electrically operated motor 90 is actuated, the drive
      belt system components 94, 96, and 56 set in motion the chain-type
      magnetic parts translation mechanism 14 so that the endless link drive
      chain members 50,50 with their attached magnet units 70, driven by the
      drive sprockets 54,54, commence a course through the housing between the
      front and rear walls 18, 22, so that the magnets 76,76 are caused to pass
      closely behind the face or surface plate 36 disposed between the front and
      rear walls 18, 22 and the hopper chutes 20,24. As the magnet units 70 pass
      under the parts burden heaped within the housing and upon the face plate
      36, none of the parts adjacent the entry position or intermediate that
      edge and the far edge or border of the burden will move under magnetic
      force, because of the weight of the mass upon the face plate. Not until
      the magnet unit 70 reaches the upper border or edge portion of the burden
      will the magnetic force effect movement of disengaged parts from the
      burden. The parts or units at that upper surface edge of the burden will
      then be picked up in single units or a few units and translated upon the
      surface plate 36 upwardly from the mass of parts until the parts reach the
      depending stop or discharge member 48. As the magnet unit 70, whose
      magnetic force has brought the parts to the stop, passes beyond it, the
      field of magnetic influence is diminished and drops substantially to zero,
      and the parts, no longer held upon the surface plate 36, drop by force of
      gravity upon the orienter, tray or other receiving means 25 therebelow, to
      be carried by gravity, mechanical or other means to another position. The
      drive chain mechanism 14 operates in some instances at about a speed of 40
      feet per minute with seven magnet units 70. But this speed and the number
      of magnet units utilized are of course variable, depending upon the nature
      of the parts and the production requirements of the application.
PAR  The article feeding device 10 is so designed that the parts storage chamber
      within the housing 12 may be square, rectangular, circular, oval or of any
      suitable or desirable shape, depending upon the requirements of the
      application. Magnetic force is utilized as the basis of the machine
      translation function. The magnets 76,76 are of single backbar design,
      permanently charged and enclosed in the non-magnetic stainless steel
      housing or covering 80.
PAR  The end bearings 74,74, supporting the magnets 76,76, being rotatable upon
      the extended stub shafts 68,68 of the roller chain, permit slight lateral
      movement of the magnets so that jams of the link drive chain members are
      substantially prevented. The guide tracks 82,82 are so arranged to govern
      the pattern of movement of the magnet units 70 in their course in the
      housing, that the units 70 travel about and in close proximity to the
      lower support portion and the upper translation portion of the stationary
      non-magnetic stainless steel face plate 36. If the parts become linked
      together, the burden in chamber 35 causes the mass to resist any movement
      of the parts by magnetic force. When the parts are substantially discrete,
      they will not move until the magnets 76,76 begin to leave the region
      closely adjacent the upper border or edge of the burden adjacent the face
      or surface plate 36. At that point, the magnetic force will pick up one or
      a few of the parts from the border edge of the burden and translate them
      upon the surface of the stationary non-magnetic face plate 36 to the stop
      member 48.
PAR  Although a preferred embodiment of the article feeding device 10 has been
      illustrated and described for a substantially circular face plate with a
      complementary parts translation system, it will of course be understood
      that the configuration of the non-magnetic stainless steel face plate 36
      may be of another configuration such as oval, rectangular, square, or in
      practically any other suitable or required configuration. The parts
      support and translation surface portions may be of any suitable practical
      width to meet the parts design and production requirements of varying
      applications.
PAR  It will of course be understood that the device of this invention is
      particularly suitable and adaptable only to magnetizable parts or units.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed herein for purposes of explanation, further modifications or
      variations thereof, after study of this specification, will or may become
      apparent to those skilled in the art to which the invention pertains.
      Reference should be had to the appended claims in determining the scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In article feeding apparatus for translating magnetizable parts charged
      into said apparatus, the improvement comprising in combination
PA1  a housing having upper, lower and lateral wall members defining a partially
      enclosed chamber to receive said parts and hold them in a mass for unitary
      or plural translation therefrom,
PA1  at least one said lateral wall member having an opening therethrough to
      admit said parts to said chamber and to pass said parts therefrom,
PA1  a non-magnetic face plate for sliding translation of said parts thereon,
      disposed between two opposed facing lateral wall members and comprising a
      lower parts support surface portion and an upper parts translation surface
      portion having a segment thereof disposed in vertically spaced apart
      overlying relationship to said lower support portion,
PA2  said upper translation surface portion segment having a parts stop member
      disposed adjacent thereto to limit further translation movement of said
      parts on and to cause said parts to fall by gravity from said segment
      adjacent said stop member,
PA2  an endless magnetic-type parts translation mechanism in said housing,
PA2  and power drive means operatively connected with said mechanism,
PA2  said translation mechanism comprising
PA3  endless drive means operatively actuated by said power drive means along a
      course in said housing, magnet means carried by said endless drive means
      in said course adjacent at least a segment of said lower support portion
      and adjacent said upper translation portion to and beyond said stop
      member,
PA1  whereby said magnet means effectively removes one or a few at a time of
      said parts from said mass at an upper edge or border thereof and
      magnetically translates said part(s) therefrom on said translation surface
      portion to said stop member for release and discharge therefrom upon
      continued movement of said magnet means along said course beyond their
      sphere of magnetic influence on said parts.
NUM  2.
PAR  2. The improvement defined in claim 1, wherein
PA1  said housing further comprises
PA2  front and rear walls having hopper chutes therein defining at least
      portions of the sides of said chamber and adapted to receive and retain
      said parts.
NUM  3.
PAR  3. The improvement defined in claim 2, wherein
PA1  said front and rear walls are provided with said openings therein above and
      in the area of said hopper chutes for admission of said parts to said
      chamber.
NUM  4.
PAR  4. The improvement defined in claim 1, wherein
PA1  said housing is further provided with side, bottom and top walls conjoined
      and secured to said front and rear walls, and forming a lubricant
      containing reservoir in the lower region of said housing.
NUM  5.
PAR  5. The improvement defined in claim 4, wherein
PA1  said housing is provided with lubricant inlet admission means and lubricant
      discharge drain means communicating with said lubricant reservoir.
NUM  6.
PAR  6. The improvement defined in claim 1, wherein
PA1  said power drive means comprises
PA2  a motor-operated drive mechanism supported upon said housing and
      operatively connected to said translation mechanism.
NUM  7.
PAR  7. The improvement defined in claim 1, wherein
PA1  said lower and upper surface portions are disposed in a substantially
      arcuate configuration.
NUM  8.
PAR  8. The improvement defined in claim 7, wherein
PA1  at least a segment of said upper translation surface portion including said
      stop member is disposed in overlying relationship to said lower support
      surface portion.
NUM  9.
PAR  9. The improvement defined in claim 3, wherein
PA1  said face plate extends from and between said front and rear walls and
      outwardly of said openings therein.
NUM  10.
PAR  10. The improvement defined in claim 1, wherein
PA1  said lower and upper surface portions are contiguous.
NUM  11.
PAR  11. The improvement defined in claim 6, wherein
PA1  said endless drive means comprises
PA2  duplex endless link chain drive members arranged in parallel spaced apart
      relationship,
PA2  guide track means fixedly secured in said housing supporting said chain
      drive members in part and defining said course of movement relative to
      said face plate,
PA2  drive sprocket means mounted on said housing walls, engaging said chain
      drive members and operatively actuated by said motor-operated drive
      mechanism,
PA2  and said magnet means secured to and supported by said chain drive members
      therebetween and arranged to pass in said course adjacent and outwardly of
      said face plate surface portions.
NUM  12.
PAR  12. The improvement defined in claim 1, wherein
PA1  said face plate disposed outwardly of said opening, and said magnet means
      is carried outwardly of said face plate surface portions.
NUM  13.
PAR  13. The improvement defined in claim 1, wherein
PA1  said magnet means comprises a plurality of magnets arranged in spaced apart
      relationship longitudinally of said endless drive means.
NUM  14.
PAR  14. The improvement defined in claim 11, wherein
PA1  said magnet means are pivotally supported by said chain drive members.
NUM  15.
PAR  15. The improvement defined in claim 1, wherein
PA1  said magnet means comprises a plurality of unitary magnet members arranged
      in longitudinally spaced apart relationship upon said endless drive means
      and therebetween.
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ABST
PAL  A vibratory hopper for feeding wired electrical components such as
      capacitors, resistors one by one to a work station includes a pair of
      non-vibratory guide members mounted on a stationary frame member
      independent of the hopper, the components being fed between the nose
      portion of a strip clamped to a stationary member and the pair of
      non-vibratory guide members into a channel formed between parallel zigzag
      guides located intermediate the hopper and the work station.
BSUM
PAR  This invention relates to devices for feeding components such as printed
      circuit board components to a work station and particularly relates to a
      vibratory hopper arranged to receive the components and feed the
      components one by one in stacked relationship via parallel guide channels
      to the work station.
PAR  Heretofore, elongate electrical components, such as capacitors and
      resistors, having a lead projecting from each end of the component for
      insertion in holes in a printed circuit board, have been placed in a
      vibratory hopper from where the components are vibrated towards a
      discharge throat and proceed one by one via a pair of spaced zigzag guides
      to a work station, the guides each having a width to accommodate the wires
      of the components and the spacing between the guides being such as to
      allow the bodies of the components to pass between the guides.
PAR  An object of the present invention is to provide an improved vibratory
      hopper for such a component feed device.
PAR  According to the present invention there is provided a vibratory hopper for
      supplying elongate components one by one to a work station via parallel
      guide channels wherein the hopper is adjustable in width to accommodate
      components of various lengths and wherein the components are vibrated to
      pass one by one between a guide member mounted on the hopper and a pair of
      non-vibratory guide members secured to a frame member and independent of
      the hopper.
DRWD
PAR  A preferred embodiment of the invention will now be described by way of
      example only with particular reference to the accompanying drawing
      wherein:
PAR  FIG. 1 is a plan view of the vibratory hopper and
PAR  FIG. 2 is a section taken along the lines A--A of FIG. 1.
DETD
PAR  The vibratory hopper 1 is mounted on a U-shaped support member 2 comprising
      upstanding limbs 3, 4, arranged to be mounted on a stationary frame member
      (not shown), the bight 5 of the U-shaped member 2 being slotted to allow
      the side wall members 6, 7, of the hopper 1 to be moved towards or away
      from each other to accommodate different length components.
PAR  A metal strip 8 is located on the bight 5 between the bight and a clamping
      plate 9 and the ends of the strip 8 are bent over the rear and front edges
      of the bight 5 as shown at 10, 11, respectively, the plate 9 clamping the
      strip 8 and the base portions 12, 13 extending normal to the side wall
      members 6, 7 of the hopper to retain the side wall members in correct
      spaced apart relationship and to maintain the turned over nose portion 11
      of strip 8 a required distance from a pair of upstanding spaced guide
      members 14, 15.
PAR  The guide members 14, 15 are secured to adjustable zigzag frame members 22
      such that the distance between the guides can be adjusted to suit
      different length components, and the guides are located between the front
      edge of the parts 12 and 13 and the front walls 16, 17 of the hopper.
PAR  Components consisting of a central member having a wire extending on either
      side thereof are fed at random into the hopper which is vibrated by a
      vibratory means. In the embodiment described the device 18 is supplied
      with compressed air via tube 19. The distance between the side wall
      members 6, 7 of the hopper is adjusted to accommodate the particular
      length of the wires of the components and the position of the strip 8 is
      adjusted to allow the central part of the components to pass between the
      overlying nose portion 11 thereof and the inner faces of the guide members
      14, 15, and the clamping plate 9 is then tightened by screws 20, 21, to
      retain the hopper members 6, 7, the correct distance apart and to maintain
      the strip the correct distance from the non-vibratory guide members 14,
      15. The distance between the non-vibratory guide members 14, 15 is
      adjusted to suit the length of the components fed to the hopper.
PAR  The vibrations imparted to the hopper cause the components to proceed one
      by one in stacked relationship between the nose portion 11 of the strip
      and the inner surfaces of the fixed guide members 14, 15 and via the
      spaced zigzag guides 22 to the work station. A feature of the present
      invention is that the guides 14, 15 are located on the stationary guide
      members 22 and are not vibrated by the vibratory member 18.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vibratory hopper for supplying elongate components one by one to a
      work station via parallel guide channels mounted on a U-shaped support
      member comprising a pair of upstanding limbs for mounting said member on a
      stationary frame member, and an interconnecting bight portion, said hopper
      having spaced wall members adapted to move over said bight portion to
      accommodate different length components in the hopper, a strip member
      clamped on the bight portion and having a portion at its ends bent over
      rear and front edges of the bight portion, a pair of non-vibratory guide
      members disposed opposite said portion bent over the front edge of the
      bight member, said bent over portions extending normal to the spaced wall
      members and the portion of the strip member bent over the front edge of
      the bight portion being maintained a predetermined distance from the front
      edge of the bight portion and from a pair of non-vibratory spaced guide
      members.
NUM  2.
PAR  2. A vibratory hopper as claimed in claim 1 wherein the components are fed
      between the portion of the strip member bent over the front edge of the
      bight portion and the pair of non-vibratory guide members into a channel
      formed between parallel zigzag guides.
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PAL  A chemical dispensing anti-burglary device is disclosed in which a chemical
      irritant such as tear gas is discharged into the area to be protected when
      an intruder opens a window or a door or forces open a window or a door to
      enter a private or unauthorized area with which the device is associated.
      The anti-burglary device employs a spring biased firing member for
      discharging a chemical irritant from a pressurized container. An improved
      means for releasably retaining the firing member in a cocked position and
      improved mechanical and electromechanical means for releasing the chemical
      irritant are described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to an anti-burglary device and more
      particularly to an anti-burglary device which discharges a chemical
      irritant such as tear gas from a pressurized container, one type of which
      is an aerosol container, into a protected area upon activation by an
      unauthorized person, causing the protected area to be flooded with a
      chemical irritant and forcing evacuation of the protected area by the
      intruder; but the invention is not limited to the use of the aerosol type
      container.
PAR  Chemical weapons have been known in the art for many years. One type of
      chemical weapon is the conventional tear gas grenade in which the firing
      member is generally triggered manually and the grenade is manually hurled
      at a target area, causing the target area to be flooded with the chemical
      irritant.
PAR  In another type of chemical weapon, the chemical irritant is stored under
      pressure in an aerosol type container. The firing member is again
      generally triggered manually and the chemical irritant in the form of a
      spray is manually directed at a target.
PAR  A third type of chemical anti-burglary device discharges an explosive tear
      gas shell into the area but this type is both dangerous and very limited
      as to the amount of tear gas which is discharged into the area to be
      protected.
PAR  Thus what is needed is an anti-burglary device in the form of a chemical
      irritant dispenser which can be fired by a relatively small amount of
      mechanical force even though the chemical weapon employs a relatively
      heavy spring for actuating the dispensing means of the pressurized
      chemical irritant container with sufficient force to release the irritant
      from the pressurized container but which anti-burglary device is
      positively secured against accidental release until triggered by an
      intruder and which will then release a sufficient volume of chemical
      irritant into the protected area to force evacuation by the intruder.
PAC  SUMMARY OF THE INVENTION
PAR  The principle object of the present invention is to provide an
      anti-burglary device of the chemical irritant dispensing type which may be
      triggered directly by a small amount of mechanical movement, and yet is
      positively secured against accidental release.
PAR  A further object of the invention is to provide an anti-burglary device of
      the chemical weapon type which is readily triggered by opening a door,
      window, or ceiling skylight by an intruder entering an unauthorized area
      or by moving an object with which the device is connected.
PAR  Another object of the invention is to provide an improved means of spraying
      or discharging the chemical irritant into the protected area in a minimum
      amount of time in order to force the intruder from the protected area and
      to prevent the intruder from re-entering the protected area for a
      reasonable amount of time.
PAR  A further object of the invention is to provide an anti-burglary device
      having means for reloading the device and resetting the firing member of
      the weapon in its cocked position after the device has been triggered.
PAR  Another object of the present invention is to provide a directable emission
      of the irritant means, such as by means of rotatably adjustable spray
      head, so that the invention might be located on a door, wall, or the like,
      and yet, when the device is discharged, the chemical irritant is directed
      into the area to be protected.
PAR  According to the principle aspect of the present invention there is
      provided an improved means for releasably retaining a spring biased firing
      member of the anti-burglary device in its cocked position. Such means
      includes a trigger element adapted to be movably mounted in an actuation
      position and in a release position. A cord, cable, wire or the like,
      connects the trigger element to a window, door or other object which might
      be moved by an unauthorized person entering a room or building, or across
      a walkway or other area from which it is desired to restrict unauthorized
      persons. When the trigger element is in its actuation position, it retains
      a firing member in a cocked position. When the door or window associated
      with the device is opened by an unauthorized person, or when the object is
      moved by an unauthorized person or when the person enters the restricted
      area, the cord connected to the trigger element moves the latter from
      engagement to a release position; thereby releasing and permitting the
      firing member to be thrust toward the chemical weapon in the device by the
      force of the spring associated with the firing member and causing the
      chemical irritant to be discharged into the protected area.
PAR  Since the trigger element which serves to retain the firing member in its
      cocked position is movable, a relatively small amount of force is required
      to move the trigger element in the body member and to position the trigger
      element in engagement with the other members. Even more important, a
      relatively small amount of force is required to move the trigger element
      to discharge the chemical weapon, even though a relatively strong spring
      is employed for forcing the firing member toward the chemical weapon. As a
      consequence, the cord connected to the trigger element in the present
      invention will not break in triggering the chemical weapon. The resistance
      to movement of the cord due to its connection to the trigger element is
      sufficiently low as as not to be observed by an intruder. Nevertheless,
      the trigger element serves to retain the firing member safely in its
      cocked position against accidental release.
PAR  Alternatively, the chemical dispensing anti-burglary device may be
      connected to an electric circuit to effect discharge when the electric
      circuit is completed. The device may, therefore, be used in existing
      anti-intrusion or anti-burglary systems or may be connected by a switch
      and a power source. Upon energization, an electromechanical actuation
      releases the firing member and causes the pressurized container to
      discharge its contents.
PAR  An additional method of retaining the trigger element is to control the
      trigger element with a fusible link such that the trigger element is held
      in position until an electric current is passed through the fusible link,
      thus releasing the firing member and causing the pressurized container to
      discharge the chemical irritant.
PAR  The anti-burglary device of the chemical weapon type of the present
      invention may be utilized in homes, factories, farms, office buildings by
      attaching the device to doors, windows, sky-lights, etc. and may be used
      in connection with vehicles such as automobiles, boats, trucks, airplanes,
      etc. The device may also be employed for any other application wherein it
      is desired to prevent unauthorized persons from moving certain objects by
      placing the mounted device against any other wall or object to prevent the
      unlocked device from firing until unauthorized movement of the subject
      objects.
PAR  Once actuated, the spray cannot be turned off by the intruder and the
      entire amount of pressurized chemical irritant will be discharged into the
      protected area making it impossible for the intruder to remain in the
      protected area without having protective equipment.
PAR  Other objects, aspects and advantages of the invention will become apparent
      from the following description taken in connection with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational view of a wall of a room having one embodiment of
      the chemical dispensing anti-burglar device of the present invention
      secured to the wall and connected by means of a cord to the sash of a
      window in the wall.
PAR  FIG. 2 is an elevational similar to FIG. 1, but showing the window open and
      showing the device discharging.
PAR  FIG. 3 is a front elevational view of the chemical dispensing anti-burglar
      device.
PAR  FIG. 4 is a vertical section taken along line B--B of FIG. 3 showing the
      firing member in its cocked position displaced from the pressurized
      container.
PAR  FIG. 5 is a vertical section taken along line B--B of FIG. 3 similar to
      FIG. 4 but showing the plunger in its release position after the device
      has been triggered.
PAR  FIG. 6 is a partial horizontal section taken along line A--A of FIG. 3 with
      the lever cocked and locked by the safety pin.
PAR  FIG. 7 is a vertical section similar to FIG. 4 but showing a second
      embodiment of the anti-burglar device containing a pressurized container
      of the aerosol type but without a projecting spout.
PAR  FIG. 8 is a partial vertical section similar to FIG. 4 but showing a third
      embodiment of the anti-burglar device containing a pressurized container
      of the type with a sealed end and a means for piercing the seal.
PAR  FIG. 9 is a vertical section similar to FIG. 4 but showing a fourth
      embodiment of the anti-burglary device wherein the trigger is slidably
      mounted.
PAR  FIG. 10 is a partial horizontal section taken along line H--H of FIG. 9.
PAR  FIG. 11 is a front elevational view similar to FIG. 3 but showing a fifth
      embodiment of the chemical dispensing anti-burglary device containing a
      pressurized container of the aerosol type with a projecting dispensing
      cap.
PAR  FIG. 12 is a vertical section taken along line J--J of FIG. 11 showing the
      firing member in a cocked position.
PAR  FIG. 13 is a horizontal section taken along line J--J of FIG. 11 but
      showing the plunger in its released position after the device has been
      triggered.
PAR  FIG. 14 is an elevational view of a wall of a room having the sixth
      embodiment of the chemical dispensing anti-burglary device of the present
      invention secured to a wall and electrically connected to a switch at the
      window.
PAR  FIG. 15 is an elevational view similar to FIG. 14 but showing the window
      open and showing the device discharging.
PAR  FIG. 16 is a front elevational view similar to FIG. 3 but showing a sixth
      embodiment of the anti-burglar device containing a pressurized container
      of the aerosol type with a projecting spout for electromechanical
      operation.
PAR  FIG. 17 is a vertical section taken along line D--D of FIG. 16 showing the
      firing member in a cocked position.
PAR  FIG. 18 is a vertical section taken along line D--D of FIG. 16 similar to
      FIG. 17 but showing the plunger in its release position after the device
      has been triggered.
PAR  FIG. 19 is a horizontal section taken along line C--C of FIG. 16 with the
      lever cocked and locked by the safety pin;
PAR  FIG. 20 is a partial horizontal sectional showing the electromechanical
      actuator of the anti-burglar device wherein the trigger element is
      electromechanically controlled.
PAR  FIG. 21 is a partial horizontal sectional of the anti-burglary device in
      its discharging position.
PAR  FIG. 22 is a front elevational view similar to FIG. 3 but showing a seventh
      embodiment of the anti-burglary device containing a pressurized container
      of the aerosol type with a projecting spout for positive release by
      electromechanical operation.
PAR  FIG. 23 is a vertical section taken along line H--H of FIG. 22 showing the
      firing member in a cocked position.
PAR  FIG. 24 is a horizontal section taken along line E--E of FIG. 23 showing
      the electromechanical actuator in its actuation position.
PAR  FIG. 25 is a horizontal section taken along line E--E of FIG. 23 similar to
      FIG. 24 but showing the electromechanical actuator in its release
      position.
PAR  FIG. 26 is a front elevational view similar to FIG. 3 but showing an eighth
      embodiment of the anti-burglar device containing a pressurized container
      of the aerosol type with a projecting spout for electromechanical cammed
      release of trigger element.
PAR  FIG. 27 is a vertical section taken along line K--K of FIG. 26 showing the
      firing member in a cocked position.
PAR  FIG. 28 is a horizontal section taken along line F--F of FIG. 27 showing
      the electromechanical actuator latching the trigger element in an
      actuation position.
PAR  FIG. 29 is a front elevational view similar to FIG. 3 but showing a ninth
      embodiment of the anti-burglar device containing a pressurized container
      of the aerosol type with a projecting spout wherein the trigger element is
      held in the actuation position with a fusible link.
PAR  FIG. 30 is a vertical section taken along line L--L of FIG. 29 showing the
      firing member in its cocked position.
PAR  FIG. 31 is a horizontal section taken along line M--M of FIG. 30 showing
      the fusible link holding the trigger element in its actuation position.
PAR  FIG. 32 is a vertical section similar to FIG. 17 wherein the trigger
      element is held in shouldered engagement with the firing member by a
      movable object therey retaining trigger element in its actuation position.
PAR  FIG. 33 is a vertical section similar to FIG. 27 wherein the trigger
      element is held in cammed engagement with the firing member by a movable
      object thereby retaining the trigger element in its actuation position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail, wherein like reference characters
      designate like parts throughout the various views, there is shown in FIGS.
      1-6, one form of the chemical dispensing anti-burglar device, called
      device hereafter, of the chemical weapon type according to the present
      invention, generally designated 3. The device 3 is secured to a wall 4 and
      connected by means of a cord 2 to a window sash 1 in the wall 4 so that
      upon opening of the window sash 1 by a burglar or other intruder, the
      device 3 will be actuated to discharge a chemical irritant 34 into the
      restricted area. The device 3 whose front is shown in FIG. 3 comprises of
      a pressurized chemical irritant container 11, called pressurized container
      hereafter supported in a body member. One type of body member is shown as
      a housing containing. a right housing half 9 and a left housing half 10.
      The housing halves 9 and 10 when assembled provide three flat sides, other
      than the front, for mounting the device 3 to the wall 4 adjacent to the
      window sash 1 or elsewhere, as may be convenient.
PAR  The coaxial cylindrical bores 12, 15 and 17, as shown in FIGS. 4 and 5, are
      formed when the symetrically opposite housing halves 9 and 10 are joined
      together as shown in FIGS. 3 and 6. The cylindrical bores 12 and 15
      slidably mount a cylindrical plunger 20 which is coaxial with bores 12 and
      15. The cylindrical plunger 20 forward section 21 which is separated from
      the top main body section 22 of the plunger by means of an annular flange
      section 23. The top main body section 22 of the plunger 20 is slidably
      mounted in bore 12 which is coaxial with bore 15 while the annular flange
      section 23 is slidably mounted in bore 15.
PAR  The cylindrical bore generally designated 17 slidably supports the
      pressurized container 11 which is slidably confined in proper position.
      The pressurized container 11 of which one type is sold by Defense Products
      Manufacturing Corporation, 1628 South Hanley Road, St. Louis, Missouri
      identified as their "Paralyzer" and another type is sold by Penquin
      Industries, Inc., Parkesburg, Pa. identified as their "10-4 Chemical
      Billy" but the invention is not limited to the use of these containers.
      The pressurized container 11 comprised of a spring urged dispensing spout
      28 which when depressed discharges a chemical irritant 34 through the
      center of the dispensing spout 28.
PAR  Now referring to FIGS. 4 and 5; the housing halves 9 and 10 form a
      restricted fluid passageway 24 having an open entry section 25 for
      engagment with the dispensing spout 28 of container 11 on one end and a
      coaxial hole 26 for mounting a rotatable nozzle section 27 on the other
      end. The fluid passageway 24 and the nozzle section 27 provide means for
      the chemical irritant to be discharged into and directed from when the
      dispensing spout 28 of the container 11 is forced into the open entry
      section 25 by the spring urged plunger 20 acting to move the slidably
      mounted container 11 in the direction of arrow 18. The conical shape of
      the open entry section 25 engages the dispensing spout 28, which is made
      of a relatively soft material and therefore provides an adequate seal at
      the open entry section 25 to retain fluid flow in the passageway at
      pressures normally used in the pressurized container.
PAR  A coil spring 16 surrounds the main body section 22 of the plunger 20
      between the bottom end of the bore 15 and the annular flange section 23 of
      the plunger 20. The cylindrical plunger 20, in the position illustrated in
      FIG. 4, is in its cocked position where the spring 16 is compressed and
      the open entry section 25 is spaced from the dispensing spout 28 of the
      pressurized container 11. The cylindrical plunger 20 is releasably
      restrained in said cocked position by a trigger 13 which is best seen in
      FIG. 4. The trigger 13 is generally a flat member and includes a latch
      element 29 and holes 30 and 32 best seen in FIGS. 4 and 5. The trigger 13
      is rotatably mounted on pin 14 and slidably mounted in slot 5 formed by
      the housing halves 9 and 10. The latch element 29 of trigger 13 engages
      the flanged section 23 of the cylindrical plunger 20. The spring 16 urged
      cylindrical plunger 20 acting on latch element 29 causes trigger 13 to
      rotate in the direction of arrow 19 and therefore will be held against the
      left most end of slot 5 formed by the housing halves 9 and 10, thus
      retaining the cylindrical plunger 20 in its cocked position.
PAR  The plunger 20 may be locked in its cocked position, and the trigger 13 in
      its set position by means of a safety pin 8. The pin 8 passes through
      passage 7 in the left housing half 10, a passage 32 in trigger 13, and a
      passage 6 in the right housing half 9 as shown in FIGS. 4, 5 and 6. All
      passages are transverse to the longitudinal axis of the plunger 20 and are
      aligned when plunger 20 is in its cocked position as seen in FIGS. 4, and
      6.
PAR  A notch 33 is provided near the end 31 of trigger 13. The looped cord 2 is
      connected at one end to the window sash 1 and at its other end to the
      trigger 13 by being looped over trigger 13 to engage in notch 33. When it
      is desired to place the device in condition for firing upon opening of the
      sash 1, the safety pin 8 is removed from passages 6, 32 and 7. If the
      window sash 1 is opened by a burglar or other intruder, the cord 2 will
      rotate the trigger 13 moving the trigger latch element 29 out of
      engagement from flange section 23 of the cylindrical plunger 20, and
      permitting the cylindrical plunger 20 to be thrust toward the pressurized
      cylinder 11 by means of the spring 16 to the position illustrated in FIG.
      5. In such position, the open entry section 25 of the passageway 24 of
      housing halves 9 and 10 depresses the dispensing spout 28 of the
      pressurized container 11 causing the chemical irritant 34 to be discharged
      through the passageway 24 then into the area to be protected as shown in
      FIG. 2.
PAR  After the device has been fired in the manner described herein above, the
      housing halves are separated to replace the pressurized cylinder 11 after
      recocking the cylindrical plunger 20 and the trigger as shown in FIG. 4.
PAR  It is an important feature that the trigger 13 be rotatable in this
      embodiment and that the trigger element 29 slide freely on the flange
      section 23 of the cylindrical plunger 20 and, hence, present a surface
      which will ride smoothly when the trigger 13 is pulled. As a consequence,
      the trigger 13 may be easily withdrawn from engagement without substantial
      force. Yet, when the trigger 13 is positioned in engagement with flange
      section 23 on the cylindrical plunger 20 it serves to positively retain
      the cylindrical plunger 20 in its cocked position. Hence, sustantially
      less force is required to trigger the device 3 of the present invention
      than would be required if the cylindrical plunger 20 were retained in its
      cocked position by means of a transversely extending trigger, yet, the
      cylindrical plunger 20 is still safely retained in its cocked position
      against accidental release by plunger retaining means 8. Another important
      feature is that the spring 16 be of substantial force so that the
      cylindrical plunger 20 will depress the dispensing spout 28 sufficiently
      to cause the chemical irritant 34 to be discharged from the dispensing
      spout 28 of the pressurized cylinder 11.
PAR  A second embodiment of the invention is illustrated in FIG. 7. In this
      embodiment the basic structure is as previously described and like numbers
      are used to indicate like or corresponding parts.
PAR  In this embodiment, the pressurized chemical irritant container 11, shown
      in FIG. 4 having a projecting dispensing spout 28, is replaced with a
      pressurized chemical irritant container 51, shown in FIG. 7, having a
      recessed valve. Pressurized containers of the aerosol type with a recessed
      dispensing valve are well known in the trade. In addition, the conical
      shape of the open entry section 25 of the fluid passageway 24 of the first
      embodiment shown in FIG. 4 is replaced with projecting spout 54 depending
      from housing halves 9 and 10, all of which are shown in FIG. 7.
PAR  In this embodiment, all elements function as described in the first
      embodiment with the following difference. The pressurized container 51 is
      discharged by the action of the coil spring 16 moving the pressurized
      container 51 such that the recessed valve of the pressurized container 51
      is depressed through engagement with projecting spout 54 and thereby
      effects discharge.
PAR  The chemical irritant is then discharged through the valve of the
      pressurized container 51, through the open entry section 54 and passageway
      55 and out the orifice 36, then into the area to be protected.
PAR  A third embodiment of the invention is illustrated in FIG. 8. In this
      embodiment the basic structure is as previously described in the first
      embodiment and like numbers are used to indicate like or corresponding
      parts.
PAR  In this embodiment, the pressurized chemical irritant container 11, shown
      in FIG. 4 of the first embodiment and having a projecting dispensing spout
      28, is replaced with a pressurized chemical irritant container 61 shown in
      FIG. 8, having a piercable seal. Pressurized containers having piercable
      seals are well known in the trade. In addition, the conical shaped open
      entry section 25 of the housing halves 9 and 10 of the first embodiment
      shown in FIG. 4 is replaced with housing halves 9 and 10 having a
      projecting section 63 shaped to pierce seal 66 and a means of making a
      seal capable of withstanding the pressure required for effectively
      discharging the chemical irritant through the passageway 65 and into the
      restricted area.
PAR  Now referring to FIG. 8, FIG. 8 is an inverted embodiment of FIG. 4 of the
      first embodiment in which all elements function as described in the first
      embodiment with the following exceptions. The cylindrical plunger 62 when
      released by the trigger 13 forces the pressurized container 61 into
      piercable engagement with the piercing projecting section 63 by the action
      of a spring 16. As the piercable seal 66 is pierced by the action of the
      projecting forward section 63 of the housing halves 9 and 10 the
      cylindrical plunger 62 continues to move the container 61 by the urging of
      the spring 16 forming a seal by the action of the O-Ring 67 and its
      retaining seat 68 and the piercable seal 66 of the pressurized container
      61. The chemical irritant is then discharged through the pierced seal 66
      of the pressurized container 66, through passageway 65, out the orifice
      36, and then into the area to be protected.
PAR  The preceeding embodiments of the invention show the chemical dispensing
      anti-burglary device in its preferred embodiments containing a rotatable
      trigger but it is recognized that the trigger may be slidably mounted as
      shown in FIG. 9 and 10.
PAR  Therefore a fourth embodiment of the invention is illustrated in FIG. 9 and
      10. In this embodiment the basic structure is the same as that previously
      described in connection with the first embodiment and like numbers are
      used to indicate like or similar parts.
PAR  In this embodiment, the rotatable trigger 13 is replaced with a slidable
      trigger 38 and housing halves 9 and 10 are replaced with right housing
      half 37 and left housing half 39 which contain a slot for slidably
      mounting trigger 38. All elements function as described in the first
      embodiment except for the following difference. The trigger 38 holds the
      cylindrical plunger 20 in a cocked position. When the cord 2 is pulled,
      the trigger 38 releases the cylindrical plunger 20 and causes the
      pressurized cylinder 11 to discharge. This type of trigger requires more
      force to release the cylindrical plunger 20 then the rotatable trigger 13
      but can be used effectively for many applications.
PAR  A fifth embodiment of the invention is illustrated in FIGS. 11, 12 and 13.
      In this embodiment, the structure is as previously described in the first
      embodiment and like numbers are used to indicate like or corresponding
      parts.
PAR  In this embodiment, the projecting dispensing spout 28 of pressurized
      chemical irritant container 11, shown in FIG. 4, is replaced with a
      projecting dispensing cap shown in FIG. 11, 12 and 13. In addition, the
      fluid passageway 24 and the open entry section 25 are replaced with two
      aperatures 101 and 103.
PAR  Now referring to FIG. 12 and FIG. 13, the trigger element 13 and the
      plunger 20 operate as before to move the pressurized cylinder 11. In this
      embodiment the spring 16 urged pressurized cylinder 11 causes the
      projecting cap 128 to be depressed against the inside top portion of
      housing halves 109 and 110; thereby causing discharge through aperature
      101.
PAR  Since it is possible to have several discharge aperatures 101 in
      communication with the dispensing cap 128; an aperature 103 is provided so
      that the projecting cap 128 may be rotated to the desired aperature 101
      through the use of a screw driver in slot 102.
PAR  A sixth embodiment of the invention is illustrated in FIGS. 14-21. In this
      embodiment the basic structure is the same as that previously described
      connection with the first embodiment and like numbers are used to indicate
      like or corresponding parts.
PAR  In the anti-burglar device 3 previously described, the trigger 13 is
      released when cord 2 is pulled. The trigger 13 holds the cylindrical
      plunger 20 in a cocked position. In this embodiment, the trigger 13 is
      replaced by a latching-release lever 40 as best seen in FIGS. 17 and 18
      wherein the latching-release lever 40 will be forced to rotate in the
      direction of arrow 48 by the action of the annular flange section 23 of
      the spring 16 urged cylindrical plunger 20. The operation of this
      latching-release lever 40 will become apparent in the following
      description.
PAR  As shown in FIG. 14 and 15, the device 75 can be remotely mounted from a
      window or other object or entryway to be protected and connected by means
      of an electrical cable 60 to an electrical switch 78; an on-off switch 77
      and a power source 76, so that upon opening the window sash 74 by an
      unauthorized person, the contacts of switch 78 will close as a result of
      switch activation pin 69 releasing contact lever 59 of switch 78
      electromechanically causing the device 75 to discharge a chemical irritant
      34 into the area to be protected. This embodiment of the device includes
      all of the components previously described except for the change in the
      method of triggering previously described and an addition of an
      electromechanical actuator 41.
PAR  Now referring to FIGS. 16-21, an electromechanical actuator 41 is shown.
      The electromechanical actuator 41 comprises an electromagnetic coil 42, a
      solenoid latch lever 43, a lever pivot point 44 and a latch lever spring
      46. The components of the electromechanical actuator 41 are arranged in a
      manner that when power is applied to the electromagnetic coil 42, a
      magnetic flux is generated, causing the latch lever 43 to be attracted
      toward the coil 42 and to rotate around pivot point 44. The rotation of
      the latch lever 43 will be restrained from further movement by the
      electromagnet coil 42. The latch lever 43 is held in a normal rest
      position by the action of spring 46 exerting force on the latch lever 43
      in direction opposite that indicated by the arrow 47. This causes the
      catch 45 of latch lever 43 to move in the same direction and causes the
      latch lever 43 to rest against the latching-release lever 40 and prevent
      the latching-release lever 40 from rotating in the direction 48.
PAR  As can be best seen in FIG. 17, the annular flange section 23 of the spring
      16 urged cylindrical plunger 20 engages with the latch portion 49 of the
      latching-release lever 40 and will cause the latching-release lever 40 to
      rotate in the direction of arrow 48 about pivot pin 14. The
      latching-release lever 40 is releasably restrained from rotating by the
      catch 45 of the latch lever 43 which is restrained from transverse
      movement by the pivot point 44.
PAR  When switch 78 is closed, electric power is applied to the electromagnetic
      coil 42, thus, energizing the electromagnetic coil 42. The solenoid latch
      lever 43 is pulled toward the electromagnetic coil 42 in direction 47
      around pivot point 44 thereby moving the latch lever catch 45 away from
      engagement with the latching release lever 40 at notch 50; whereupon the
      annular flange section 23 of the spring 16 urged cylindrical plunger 20
      engaging with the latch portion 49 of the latching-release lever 40 causes
      the latching-release lever 40 to rotate in the direction of arrow 48. This
      permits the cylindrical plunger 20 urged by the action of spring 16 to be
      moved in the direction of arrow 56 until the projecting dispensing spout
      28 of the pressurized container 11 is in seated engagement with the open
      entry section 25; further movement of the cylindrical plunger 20 will
      depress the projecting spout 28 and cause the chemical irritant 34 to be
      released from the pressurized container 11, through the dispensing spout
      28, the open entry section 25, the fluid passageway 24 and the orifice 36.
PAR  It is an important feature that the latching-release lever 40 be rotatable
      and that the catch 45 of the latch lever 43 slide freely on the notch 50
      of the latching-release lever 40, whereby a consistent release of the
      latch lever 43 may be obtained on a limited use electric power. Yet the
      latching-release lever 40 is positioned in its cocked position in
      engagement with the latch lever 43, the spring 16 urged cylindrical
      plunger 20 is securely held in a cocked position safe against accidental
      release.
PAR  With the latching-release lever 40 in the cocked position shown in FIG. 19,
      the safety pin 8 may be inserted in holes 6 and 7 to safely lock the
      latching-release lever 40 from accidental discharge.
PAR  A seventh embodiment of the invention is illustrated in FIGS. 22-25. In
      this embodiment the basic structure is the same as that previously
      described in connection with the first embodiment and like numbers are
      used to indicate like or corresponding parts.
PAR  In this embodiment, the trigger 13 is replaced by a trigger 70 wherein the
      notch 33 of trigger 13 is replaced by an extension 71. In addition, the
      device 79 is equipped with an electromechanical actuator 72 of the
      solenoid push type in which the solenoid plunger 73 is mounted to engage
      the extension 71 of trigger 70.
PAR  The device 79 is installed in the manner described in the sixth embodiment
      and shown in FIGS. 14 and 15 wherein the device 75 is replaced by device
      79. As the window 74 is raised; the solenoid coil is energized and the
      plunger 73 moves in the direction 80, pushing on extension 71 of trigger
      70. This releases the cylindrical plunger 20 previously described and
      discharges the device.
PAR  An eighth embodiment of the invention is illustrated in FIGS. 26-28. In
      this embodiment, the structure is the same as that previously described in
      connection with the sixth embodiment and like numbers are used to indicate
      like or corresponding parts.
PAR  In this embodiment, the annular flange section 23 of the cylindrical
      plunger 20 is replaced with a cylindrical plunger 82 containing a beveled
      surface 83 on its annular flange section; and the trigger catch 49 of
      trigger 40 is replaced by a beveled section 81 of a latching-release lever
      85. This device is indicated by reference character 100.
PAR  In this embodiment, an electromechanical actuator 41 is installed and
      operates in a like manner as described in the sixth embodiment. The spring
      16 urged cylindrical plunger 82 acting through the beveled flange section
      83 and acting cammed engagement with the beveled surface 81 of
      latching-release lever 85 will rotate the latching-release lever in the
      direction 86. The catch 45 of latch lever 43 of the electromechanical
      actuator 41 will hold the latching release lever 85 in releasable
      engagement until the electromechanical actuator 41 is electrically
      energized thus causing discharge.
PAR  A ninth embodiment of the invention is illustrated in FIGS. 29-31. In this
      embodiment, the basic structure is the same as that described in
      connection with the eighth embodiment and like numbers are used to
      indicate like or corresponding parts. The chemical dispensing
      anti-burglary device of this embodiment is indicated by reference
      character 99.
PAR  In this embodiment, the releasably retaining means acting on the
      latching-release lever 92, is a fusible link 90 which replaces the
      electromechanical actuator 41 of the sixth embodiment. The fusible link 92
      will safely retain the latching-release lever 90 from rotation until an
      electric current is passed through the fusible link 40 in a manner
      previously described causing fusible link 92 to melt and release the
      latching-release lever 90 which causes discharge. The fusible link 92
      shown in FIGS. 29-31 may also replace the electromechanical actuator 41 in
      the sixth embodiment shown in FIGS. 16-21.
PAR  A tenth embodiment of the invention is shown in FIG. 32. In the embodiment,
      the basic structure is the same as that described in the sixth embodiment
      and like numbers are used to indicate like or corresponding parts. The
      chemical dispensing anti-burglary device of this embodiment is indicated
      by reference character 97.
PAR  In this embodiment, the releasable retaining means acting on the latching
      release lever 96 is a movable object which replaces the electromechanical
      actuator of the sixth embodiment. Any movable object such as a window,
      door, TV set, Hi Fi set etc. can be mounted to retain the release lever
      96. If it is desired to move the protected object: the safety pin 8,
      previously described, is inserted in a manner to engage hole 32 thus
      safely deactivating the device. However, if properly installed, the
      intruder will not notice device 97 and move the protected object and cause
      discharge.
PAR  An eleventh embodiment of the invention is shown in FIG. 33. In this
      embodiment, the basic structure is the same as that described in
      connection with the eighth embodiment and like numbers are used to
      indicate like or corresponding parts. The chemical dispensing
      anti-burglary device of this embodiment is by reference character 98. This
      embodiment is installed in a manner similar to that described in the tenth
      embodiment.
PAR  The chemical dispensing anti-burglary device described herein in several
      embodiments was generally shown with a pressurized container 11 with a
      projecting dispensing spout 28 mounted to discharge into a funnel like
      open entry section 25 of a fluid passageway 24 when the device is
      discharged. Alternately the devices 75, 79, 97, 98, 99 and 100 will also
      function with a pressurized container of the aerosol type with a recessed
      valve by providing a tubular member depending from the housing to cause
      discharge; in addition the devices can be used with a sealed pressurized
      container with a piercable seal; also the aerosol type container with a
      dispensing projecting cap wherein the cylindrical plunger causes the
      projecting cap to cause discharge; through movement but the invention is
      not limited to these type of containers.
PAR  Although I have herein shown and described the invention in what I have
      conceived to be the most practical and preferred embodiments, it is
      recognized that departure may be made therefrom within the scope of my
      invention, which is not to be limited to the details disclosed herein, but
      is to be accorded the full scope of the claims so as to embrace any and
      all equivalent structures and devices.
CLMS
STM  I claim:
NUM  1.
PAR  1. A chemical dispensing anti-burglary device for use with a pressurized
      container, the device comprising: a body member; means for slideably
      supporting said pressurized container in said body member; a fluid
      passageway extending through said body member having an open entry
      section; means for causing the discharge of fluid from said pressurized
      container into said open entry section of said fluid passageway; a spring
      biased firing member supported in said body member and arranged to
      discharge fluid from said pressurized container upon movement of said
      slidably supported pressurized container when said firing member is
      released; means for releasably retaining said firing member in a cocked
      position; said retaining means including a trigger element; said trigger
      element being mounted for movement between an actuation position and a
      release position; said trigger element when in said actuation position
      being in engagement with surface of said firing member to retain said
      firing member in said cocked position; and said trigger element in said
      release position allowing said firing member to activate said discharging
      means through movement of said pressurized container.
NUM  2.
PAR  2. The invention of claim 1 wherein said pressurized container includes a
      dispensing valve actuated to permit fluid discharge therethrough upon
      depression thereof, said valve being activated to said release position
      through movement of said spring biased firing member acting to move said
      slideably mounted pressurized container to cause depression of said valve,
      thus causing discharge.
NUM  3.
PAR  3. The chemical dispensing anti-burglar device of claim 2, wherein said
      valve pressurized container contains a projecting dispensing spout, said
      dispensing spout discharging fluid upon depression thereof, said open
      entry section being funnel shaped for receiving said projecting dispensing
      spout on said container.
NUM  4.
PAR  4. The chemical dispensing anti-burglar device of claim 2 wherein said
      valve pressurized container includes a recessed valve, said body member
      includes a projection in said open entry section extending beyond said
      open entry section toward said container to engage said recessed valve,
      said recessed valve activated upon depression thereof to emit fluid.
NUM  5.
PAR  5. The chemical dispensing anti-burglar device of claim 2 wherein said
      valve pressurized container contains a projecting dispensing cap activated
      to permit fluid discharge therethrough upon depression thereof, means for
      restricting movement of said projecting dispensing cap by said body
      member, an aperture in said body member in communication with said cap,
      said slideably supported pressurized container arranged to activate said
      dispensing cap thereby discharging said pressurized container through said
      cap and aperture when said firing member is released.
NUM  6.
PAR  6. The chemical dispensing anti-burglar device of claim 1 in which the
      pressurized container comprises a pierceable section, means to provide a
      seal between said pierceable section and said open entry section, and
      means for puncturing said pierceable section, whereby fluid may be
      discharged.
NUM  7.
PAR  7. The chemical dispensing anti-burglar device of claim 6 in which said
      means for puncturing comprises a projecting spout depending from said body
      member.
NUM  8.
PAR  8. The chemical dispensing anti-burglar device of claim 1 wherein said
      trigger element is mounted for rotation between said actuation position
      and said release position.
NUM  9.
PAR  9. The chemical dispensing anti-burglar device of claim 1 wherein said
      trigger element is mounted for sliding movement between said actuation
      position and said release position.
NUM  10.
PAR  10. The chemical dispensing anti-burglar device of claim 1 wherein said
      trigger element when in said actuation position is in shouldered
      engagement with said firing member to retain said firing member in a
      cocked position.
NUM  11.
PAR  11. The anti-burglar chemical dispensing device of claim 10 and a means for
      electromechanically retaining and releasing said trigger element.
NUM  12.
PAR  12. The anti-burglar chemical dispensing device of claim 11 wherein said
      electromechanical retaining-releasing means of said trigger element
      comprises a solenoid latch lever for holding said trigger element in said
      actuation position, said solenoid lever being resiliently held in
      engagement with said trigger element to retain said firing member in said
      cocked position and a magnetic cored coil for moving said solenoid lever
      out of engagement with said trigger element whereby said trigger element
      moves to said release position.
NUM  13.
PAR  13. The chemical dispensing anti-burglar device of claim 1 wherein said
      trigger element in said actuation position is in cammed engagement with a
      shaped surface of said firing member, said cammed engagement arranged to
      move said trigger element from said actuation position to said release
      position, means for holding said trigger element in engagement with said
      firing member, said holding means mounted for movement between holding
      position and a release position, said holding means in said holding
      position securing said trigger element in engagement with surface of said
      firing member, said holding means in said release position permitting
      trigger element to move to its release position.
NUM  14.
PAR  14. The chemical dispensing anti-burglar device of claim 1 wherein there is
      a means for moving said trigger element from said actuation position to
      said release position, said trigger moving means including a means for
      attaching a cord to said trigger element, said cord arranged to cause
      movement of said trigger.
NUM  15.
PAR  15. The anti-burglar chemical dispensing device of claim 1 wherein there is
      means for retaining said trigger element in said actuation position, said
      retaining means comprising of a fusible link mounted in engagement with
      said trigger element to retain said trigger element in a cocked position,
      said fusible link to release said trigger element when an electric current
      is passed through said fusible link.
NUM  16.
PAR  16. The anti-burglar chemical dispensing device of claim 1 wherein there is
      a means for moving said trigger element from said actuation position to
      said release position, said trigger element moving means comprising of a
      solenoid containing an electromagnetic coil and a plunger, said
      electromagnetic coil and plunger being mounted to cause release of said
      trigger element when said electromagnetic coil is electrically energized.
NUM  17.
PAR  17. The anti-burglar device of claim 1 wherein th is a means to safely
      retain said trigger element, said retaining means including a pin, said
      pin being mounted for an insertion position and a removable position, said
      pin in said insertion position being mounted through a hole in said body
      member in a manner to prevent movement of said trigger element, said
      removable position having pin removed permitting movement of said trigger
      element when actuated.
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ABST
PAL  A liquid dispensing apparatus for sequentially gravity feeding the liquid
      contents from a plurality of liquid containers into a closed manifold for
      selective dispensing therefrom. The manifold itself is disposed in a
      generally horizontal position and includes a plurality of individual
      container receivers extending generally vertically upward therefrom and in
      liquid communication therewith. Each receiver includes means for
      supporting a liquid container in an inverted, vertically disposed position
      with successive ones of the containers having their liquid outlets
      positioned at a different vertical level than the liquid outlet levels of
      the other containers. This arrangement permits the establishment of an
      initial steady state liquid level wherein all the container liquid outlets
      are at least covered by liquid to prevent further liquid flow therefrom.
      When a selected portion of liquid is removed from the manifold for
      dispensing or other use, the initial steady state liquid level is
      temporarily lowered so as to uncover the highest vertically disposed
      container liquid outlet. This uncovering permits air to flow into the
      container to facilitate liquid flow therefrom until the initial steady
      state liquid level is again reestablished to block further liquid flow. At
      all times during liquid dispensing from the manifold itself, replacement
      liquid is only drawn from the container having its liquid opening at the
      highest vertical level and which also has liquid therein. The arrangement
      further includes a normally closed flow valve associated with each
      container. A container support and sealing means is provided for each
      receiver to assure proper location and retention of the containers
      relative thereto.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  This invention pertains to the art of liquid dispensing and more
      particularly to sequential liquid dispensing from a plurality of liquid
      containers.
PAR  The invention is particularly applicable to sequentially dispensing liquor
      from a plurality of conventional liquor bottles and will be described with
      particular reference thereto; however, it will be appreciated by those
      skilled in the art that the invention has broader applications and may be
      conveniently employed in other environments where it may be desired to
      maintain a continuously available reserve of a particular liquid for
      sequential dispensing from individual liquid containers.
PAR  Conventionally, in lounges or bars in which liquor is normally sold in
      large volume, a bartender has been charged with the responsibility of
      precisely pouring a specified amount of liquor of a particular brand or
      type into a shot glass and then, in turn, into a drink glass for necessary
      mixing and serving to a customer. In servings of this type, it is fully
      intended that the customer only receive a specified amount of the liquor
      in the drink for the price charged for the drink itself. By way of
      example, an ounce to an ounce and one quarter per shot have been
      conventionally employed. With this particular measurement and assuming no
      spillage, overpouring and so on, a specific number of total shots are
      expected to be obtained from each bottle of liquor in order that the
      proprietor of the bar or lounge may realize a profit on his sales.
PAR  As in any human endeavor, however, and since the bartender merely "sights"
      for the proper amount of liquor poured into the shot glass, the
      possibility for mistake and/or deception exists if the bartender is not
      extremely careful in his pourings. It has been found that because
      bartenders are normally in a great hurry to mix drinks for customers or
      that they just do not take care in their liquor pourings, substantial
      unexplained liquor losses in this type of operation have been quite
      common. In addition, it has been known in the trade that certain
      bartenders do not concern themselves with any type of liquor control such
      that entire bottles of liquor may be unaccounted for following removal
      from the storeroom area. Obviously, in this type of operation many people
      may have ready access to the storeroom without the knowledge of the
      proprietor or even the bartender. Liquor losses attributed to these
      problems, again, cut heavily into the proprietor's profits on the overall
      bar or lounge operation.
PAR  With the above described problems being known, various means have thus far
      been developed in an effort to eliminate or at least reduce their
      criticality. Certain of these developments have taken form as liquor
      dispensing machines which automatically dispense a precise amount of
      liquor from a liquor bottle in order to maintain liquor control as to the
      individual servings made therefrom. However, it was found that when such
      systems were connected to only one bottle of liquor, valuable personnel
      time was lost in having to disconnect a single empty bottle from the
      apparatus and replace it with a new, full bottle. Therefore, various means
      have been developed to facilitate interconnection of a plurality of
      bottles of the same liquor so that the frequency of necessary bottle
      changes could be substantially reduced. With these various improved
      arrangements, it was found that the actual liquor supply for the
      dispensing apparatus could be located in, for example, a special room
      isolated from the bar or serving area itself. Also, the liquor supply may
      be conveniently located adjacent the bar as in, for example, a locked
      cabinet. In this instance, the liquor is pumped through tubes from the
      liquor supply location to the serving area. Inasmuch as a number of
      bottles of the same type of liquor were associated with the dispensing
      units, the necessity for replacing exhausted bottles could be eliminated
      for an entire evening or shift by merely forecasting the amount of a
      specific type of liquor which would normally be sold during any single
      evening or shift. Arrangements for the actual dispensing of liquor at the
      bar area which has been received from the liquor supply are known in the
      art and generally comprise either stationary console arrangement with a
      plurality of individual dispensing tubes disposed therealong or hand held
      dispensing heads having a plurality of dispensing tubes leading thereto.
PAR  Further developments to automatic liquor dispensing systems have included
      automatic counters for determining the precise amount of each type of
      liquor dispensed through the system as well as interconnection with cash
      registers in order that a tab or constant record may be maintained for the
      bar or lounge operation. Although the overall concept of automated liquor
      dispensing systems has found substantial acceptance in the industry, some
      basic problems have thus far remained as to the means for and method of
      interconnecting a plurality of bottles of the same type of liquor for
      eventual dispensing to customers.
PAR  More specifically, many arrangements employed means for connecting the
      bottles in a series relationship with each other. These means comprised
      liquid flow tubes passing from bottle to bottle so that liquor could
      sequentially flow from bottle to bottle and then to the actual dispensing
      apparatus. In this type of system, either vacuum pressure or positive
      pressure was used to cause liquor flow through and out of the bottles.
      Such arrangements have had several drawbacks, however, including the
      possibility of bottle explosions caused by application of pressure to the
      bottles in the system. Not only does such a situation establish potential
      for serious bodily harm, but it also presents a situation where, in the
      event of bottle explosion, a substantial liquor loss from a break in the
      system could be encountered.
PAR  Besides the operational difficulties of such systems, the United States
      Department of the Treasury maintains regulations that require that bar
      dispensing equipment for use by retail liquor dealers (1) must avoid an
      in-series hookup which would permit the contents of liquor bottles to flow
      from bottle to bottle before reaching the dispensing spigot or nozzle, (2)
      must not dispense from or utilize containers other than the original
      liquor bottles filled, stamped and labeled in conformity with Government
      regulations, (3) must not permit intermixing of different kinds of
      products or brands and (4) must not damage or obscure the portion of the
      strip (tax) stamp required to remain on a liquor bottle after opening.
      Thus, the systems described above are not in conformity with all of these
      Government requirements.
PAR  Other attempts at designing structures for drawing liquor from a plurality
      of bottles for serving to customers have been made. For example, systems
      have been developed wherein the uppermost neck portions of the bottles are
      substantially submerged in a liquor well and the liquor then drawn from
      the well for dispensing to customers. These structures, in addition to
      proving somewhat clumsy and undesirable due to the amount of liquor
      actually stored in the well, also run afoul of Government regulations.
      Specifically, in substantially submerging the neck portions of the liquor
      bottles, the strip (tax) stamps affixed thereto are permitted to be soaked
      off the bottles.
PAR  Although a number of other alternative arrangements to overcome the above
      discussed problems have thus far been attempted, none have proved to be
      particularly desirable from the standpoint of a bar or lounge proprietor.
      These other alternatives still require either application of some type of
      pressure to the bottles and further involve the use of costly valving,
      pumping and housing structures which add undesirable cost and do not
      alleviate potential safety hazards.
PAR  The present invention, however, contemplates a new and improved method and
      apparatus which overcomes all of the above referred to problems and others
      and provides new liquor dispensing method and apparatus which are simple,
      economical, do not require the application of positive or negative
      pressures to the liquor bottles themselves, permit each bottle to be
      emptied sequentially and individually from the other bottles of the same
      liquor, meet all present Government regulations for liquor dispensing
      systems and which are readily adaptable for use in liquid supply systems
      in other environments.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  In accordance with the present invention, there is provided a new method
      and apparatus for sequentially supplying liquid from a plurality of
      individual liquid containers by means of gravity feed. The apparatus
      includes a manifold member having a plurality of container receivers
      disposed such that a portion of the associated containers may be received
      therein in a manner whereby all the container liquid contents may
      selectively pass into the manifold by gravity for dispensing or other use.
      The receivers each include means for supporting an associated container in
      a position relative to the other containers so that at least certain ones
      of the containers have their liquid outlets positioned at different
      vertical heights from the others. Liquid from the containers fills the
      manifold and a portion of the receivers to establish an initial steady
      state liquid level wherein all the container fluid outlets are at least
      covered by liquid to prevent liquid flow therefrom. When a portion of the
      liquid in the manifold is removed for dispensing or other use, the initial
      steady state liquid level is temporarily lowered to uncover the uppermost
      outlet to facilitate liquid flow therefrom until the initial steady state
      liquid level is reestablished. Liquid withdrawal from that particular
      container will periodically continue in this manner until it is emptied
      and a new steady state liquid level is established as to the next
      uppermost vertically disposed container liquid level. The dispensing
      operation may then similarly continue until all of the plurality of
      containers have been separately emptied or until those containers first
      emptied have been replaced with new, full ones.
PAR  In accordance with another aspect of the present invention, a liquid flow
      valve is provided to selectively block liquid flow from each container
      when it is not positioned relative to a container receiver on the manifold
      itself. The valves each further include means for positively engaging the
      associated receiver for permitting liquid flow therefrom and for precisely
      locating the container in the receiver.
PAR  In accordance with another aspect of the present invention, a container
      receiving and supporting means is provided for use in a multiple liquid
      container dispensing manifold which comprise in combination a receptor and
      a liquid control valve. The receptor has a bottom wall, an open top end
      and a continuous side wall defining a cup-like structure adapted to
      receive a portion of a liquid container, including the liquid outlet, and
      the bottom wall includes a liquid flow port adapted to communicate with
      the manifold. The liquid flow control valve includes a body plug or
      cork-like portion adapted to be closely received in the container liquid
      outlet and a selectively movable seal portion for normally preventing
      liquid flow from the container. The receptor further includes support
      means for precisely locating a container with the liquid outlet disposed
      such that substantially all of the liquid contents may be emptied
      therefrom by gravity. The flow control valve also includes means for
      engaging the receptor support means and means for moving the valve to an
      opened condition as the container is placed in the receptor.
PAR  In accordance with a more limited aspect of the present invention, the
      receptor includes a container support which is selectively movable from a
      first non-supporting position to a second supporting position closely
      spaced to an associated container.
PAR  In accordance with still another aspect of the present invention, a method
      of dispensing liquid from a plurality of containers in a desired order of
      sequence is provided which comprises the steps of:
PA1  a. placing a plurality of containers in liquid flow communication with a
      manifold such that substantially all of the liquid contents of the
      containers are free to flow from the container fluid outlets into the
      manifold;
PA1  b. locating the plurality of containers relative to each other such that a
      first steady state liquid level is created by liquid issuing from at least
      one of the containers to at least cover all of the container fluid outlets
      with the liquid outlet for at least one container being covered to a
      lesser extent than the other of the container liquid outlets;
PA1  c. withdrawing a selected amount of the liquid from an outlet port in the
      manifold;
PA1  d. permitting the initial steady state liquid level to temporarily drop
      during the withdrawing step an amount sufficient to uncover the liquid
      outlet of the at least one container; and,
PA1  e. allowing liquid to flow from the at least one container to reestablish
      the initial steady state liquid level.
PAR  In accordance with yet another more limited aspect of the present
      invention, the method further includes the step of continuously repeating
      the steps of withdrawing, permitting and allowing until all the liquid in
      the at least one container has flowed therefrom and establishing a second
      steady state liquid level vertically below the initial level which covers
      the liquid openings for all the other of the plurality of containers.
PAR  The principal object of the present invention is the provision of a new
      method and apparatus for sequentially dispensing liquid from a plurality
      of liquid containers.
PAR  Another object of the present invention is the provision of a new method
      and apparatus for sequentially dispensing liquid from a plurality of
      containers which is simple in design.
PAR  Another object of the present invention is the provision of a new method
      and apparatus for sequentially dispensing liquid from a plurality of
      liquid containers which is inexpensive.
PAR  Another object of the present invention is the provision of a new method
      and apparatus for sequentially dispensing liquid from a plurality of
      liquid containers which operates by gravity as selected amounts of the
      liquid are removed from the overall system.
PAR  Still another object of the present invention is the provision of a new
      method and apparatus for sequentially dispensing liquid from a plurality
      of liquid containers which does not require pumping the liquid from one to
      another of a plurality of containers.
PAR  Yet another object of the present invention is the provision of a new
      method and apparatus for sequentially dispensing liquid from a plurality
      of liquid containers which does not require substantial immersion of the
      containers themselves during the dispensing operation.
PAR  Still a further object of the present invention is the provision of a new
      method and apparatus for sequentially dispensing liquid from a plurality
      of liquid containers which are readily adapted to use with a plurality of
      container configurations and sizes.
PAR  Yet a further object of the present invention is the provision of a new
      method and apparatus for sequentially dispensing liquid from a plurality
      of liquid containers which are readily adapted to use with a plurality of
      different liquids in a plurality of liquid dispensing environments.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may take physical form in certain parts and arrangement of
      parts, a preferred embodiment of which will be described in detail in the
      specifications and illustrated in the accompanying drawings which form a
      part hereof and wherein:
PAR  FIG. 1 is a view showing a particular environment wherein the concepts of
      the subject application may be employed;
PAR  FIG. 2 is a view in partial cross-section showing the particular manifold
      arrangement of the subject application;
PAR  FIG. 3 is a view of the manifold arrangement of FIG. 2 taken along lines
      3--3 therein;
PAR  FIG. 4 is a cross-sectional view taken along lines 4--4 of FIG. 2;
PAR  FIG. 5 is a plan view of a liquid flow valve received in a liquid container
      with a portion thereof broken away to show the liquid and air flow path;
PAR  FIG. 6 is a cross-sectional view of the valve taken along lines 6--6 of
      FIG. 5;
PAR  FIG. 7 is an exploded view of the bottle receiver structure employed in the
      manifold of the subject invention; and,
PAR  FIG. 8 is a schematic view showing an alternative arrangement for
      interconnecting a plurality of separate manifolds to provide a greater
      supply of liquid available at any one time.
DETD
PAR  Referring now to the drawings wherein the showings are for purposes of
      illustrating the preferred embodiment of the invention only and not for
      purposes of limiting same, the FIGURES show a plurality of liquor supply
      manifolds A for supplying different types of liquor to a dispensing area.
      These supply manifolds are interconnected to a liquor pump arrangement B
      which selectively feeds the liquor through a plurality of separate lines
      which collectively comprise main supply line C to a bar or serving area D.
      The serving lines are connected to liquor dispensing devices E which, in
      turn, are interconnected to cash registers or accounting mechanisms F.
      Basically, this type of overall supply system is known in the art and,
      except for the specific manifold arrangement and method there employed,
      the additional elements are not described in greater detail since they do
      not, in and of themselves, form a part of the present invention. The
      various system components as well as their relative locations are merely
      shown to illustrate a typical environment for and operation of the subject
      invention.
PAR  More specifically and in the typical arrangement shown in FIG. 1 which
      employs an automated liquor dispensing system, the supply apparatus,
      including the liquor itself, is placed in a liquor supply room 10 disposed
      beneath the main floor 12 of a bar installation. Obviously, this equipment
      could be conveniently located elsewhere as available space and/or
      construction of the bar area may so dictate. The liquor is drawn as needed
      from a plurality of liquor supply manifolds generally designated
      20,22,24,26,28  and 30 which are conveniently mounted to wall 32 in the
      liquor supply room in a generally horizontal position. Liquor supply lines
      34 extend from each supply manifold into the liquor pump apparatus B for
      eventual distribution to customers through the rest of the automated
      equipment. Each of the liquor supply manifolds as shown in FIG. 1 contains
      a different type of liquor in order that a plurality of such liquors may
      be conveniently automatically dispensed. That is, the liquor in supply
      manifold 20 is of a different type than the liquor in the other of these
      supply manifolds and so on for the remainder of manifolds 22,24,26,28 and
      30.
PAR  For a more specific description of the manifold arrangement itself,
      description will be made hereafter to liquor supply manifold 20, it being
      understood that the construction and operation of the other of the
      manifolds is substantially identical thereto except where otherwise
      specifically noted. Referring now to FIG. 2, supply manifold 20 comprises
      an elongated manifold tube 40 having closed ends 42,44 to define a chamber
      45 with a liquor outlet port 46 disposed in end 44. A conventional tube
      fitting or connector 48 is received in outlet port 46 for convenient
      interconnection of the manifold through the associated line 34 to the
      remainder of the dispensing system. Although the manifold tube could be
      constructed from a number of metallic or plastic materials, thin walled
      stainless steel tubing is preferred. Extruded plastic manifolds having an
      internal liquor chamber have been successfully employed.
PAR  Spaced longitudinally along the top of manifold tube 40 are a plurality of
      receiver fittings generally designated 50,52,54 and 56. Although any
      number of such fittings may be employed as desired to accommodate a
      plurality of liquor bottles, four fittings are shown in the preferred
      embodiment. However, a greater or lesser number of these fittings for
      accommodating a greater or lesser number of bottles may be employed
      subject to the specific structural considerations to be more fully
      described and explained hereinbelow. As will be best seen with reference
      to receiver fitting 50, each fitting includes a threaded receiving hole 58
      extending therethrough communicating with chamber 45 of the manifold tube
      itself. Although a number of materials may be employed in manufacturing
      the fittings, the preferrred embodiment here under discussion contemplates
      use of stainless steel ones which are rigidly affixed to the manifold tube
      itself by conventional means.
PAR  As also shown in FIG. 2, the receiver fittings each have a bottle receiver
      associated therewith, that is, receiver fittings 50,52,54 and 56 have
      bottle receivers 64,66,68 and 70 respectively associated therewith.
      Inasmuch as the basic construction for each bottle receiver is identical
      with the others, structural description will hereafter be made with
      reference to receiver 64, it being understood that the other bottle
      receivers are identical thereto except as specifically noted.
PAR  With particular reference to FIGS. 5, 6 and 7, bottle receiver 64 comprises
      a receptor generally designated 80, an outer bottle support sleeve
      generally designated 82 and a liquid flow control valve generally
      designated 84.
PAR  Receptor 80 includes a bottom wall 90, an open top end 92 and a continuous
      side wall 94 so as to define a generally cylindrical cup-like
      configuration. A threaded protrusion 96 extends outwardly from bottom wall
      90 and is adapted for tight sealing threaded engagement with the
      associated receiver fitting 50 on the manifold tube. A liquid outlet port
      98 extends through bottom wall 90 and protrusion 96 in order that there
      may be fluid communication between the receptor and chamber 45. Extending
      longitudinally along a portion of the inside of side wall 94 from bottom
      wall 90 toward open top end 92 are a plurality of longitudinal ribs 104.
      Although any number of these ribs may be employed, eight ribs equally
      spaced about side wall 94 are contemplated in the preferred embodiment.
      Each rib includes an inwardly extending relief area or notch 106 in order
      to define a step like area and cumulatively establish a shelf or container
      support means.
PAR  FIG. 2 best shows the specific structural arrangements for bottle receivers
      66,68 and 70 which each vary slightly from the specific arrangement for
      bottle receiver 64 and from each other. It should be noted in the FIGURE
      that ribs 104 of the bottle receiver 66 receptor include a second relief
      area or notch 108 adjacent the receptor bottom wall, that ribs 104 of the
      bottle receiver 68 receptor include a second relief area or notch 110
      adjacent the receptor bottom wall and that ribs 104 of the bottle receiver
      70 receptor include a second relief area or notch 112 adjacent the
      receptor bottom wall. These second relief areas or notches 108, 110 and
      112 are progressively spaced a greater distance from the bottom wall of
      their associated receptors for reasons which become readily apparent
      hereinafter in the subsequent discussion of the manifold operation. It
      should be particularly noted that the distances between bottom wall 90 and
      notches 106 in bottle receiver 64, notches 108 and 106 in bottle receiver
      66, notches 110 and 106 in bottle receiver 68 and notches 112 and 106 in
      bottle receiver 70 are all substantially equal to each other. Notches 108,
      110 and 112 are merely to compensate for a slight difference in elevation
      between the associated liquor bottles for reasons which will be fully
      explained.
PAR  As seen best in FIGS. 2 and 7, a generally frusto-conical liquid strainer
      or screen 114 is received in each receptor. These screens include a
      plurality of small openings 116 therein to permit liquor flow
      therethrough. In the preferred arrangement, the screens are stamped from
      metal to provide structural strength although other or conventional
      screens could be employed. In the receiver 64 receptor, the screen is
      received on bottom wall 90, in the receiver 66 receptor, the screen is
      received on notches 108; in the receiver 68 receptor, the screen is
      received on notches 110; and, in the receiver 70 receptor, the screen is
      received on notches 112.
PAR  Referring again particularly to FIGS. 5, 6 and 7, outer bottle support
      sleeve 82 comprises a generally cylindrical sleeve 120 having an open
      upper end 122 and an open bottom end 124. Sleeve 120 is dimensioned so as
      to be closely slidably received over the outer surface of receptor side
      wall 94. To retain sleeve 120 in a particular adjustable position relative
      to the receptor for purposes which will be described, the sleeve includes
      a threaded receiving hole 126 extending therethrough for conveniently
      receiving a thumb screw 128 (FIG. 2) which may be loosened or tightened to
      exert a positive retaining force against the receptor. Disposed around the
      sleeve open upper end 122 is a deformable, generally annular gasket or
      bottle boot 130 which is made from rubber or similar elastomeric material.
      This boot includes an inner bottle engaging lip 132 to engage the side
      wall of the liquor bottle itself as best shown in FIG. 2. The boot may be
      conveniently retained in position on open end 122 by conventional means
      as, for example, by gluing or by merely making the boot closely interfit
      the open upper end.
PAR  Liquid flow control valve 84 is adapted to be closely received in the
      liquid outlet of a conventional liquor bottle in order to regulate liquor
      flow therefrom and to then be further received in a particular position in
      receptor 80. The valve includes a seat 140 having a gasket 142 of
      rubber-like material extending therearound a cap portion 144, a stem guide
      body 148 and an elongated operating or valve stem 150. Cap 144 has a lower
      surface 160 and an outer peripheral surface 162 dimensioned such that
      valves may be supported on notches 106 in ribs 104. The remaining portions
      of the ribs extending outwardly toward open end 92 from the notches
      themselves are for positioning the valve in a specific location within
      receptor 80 as best shown in FIG. 2. Extending upwardly from cap portion
      144 is an integrally formed frusto-conical hollow protrusion 164 which
      defines a body cork and which further closely receives a frusto-conical
      gasket 166 thereover which is formed from rubber or similar plastic to
      have excellent liquid sealing characteristics when inserted into the
      liquid outlet of a conventional liquid bottle. Seat 140 includes an
      outwardly extending protrusion 168 adapted to be closely slidably received
      in the hollow portion of the frusto-conical body cork and which
      conveniently includes recessed areas 167 as shown in FIG. 5 to facilitate
      liquid flow therepast when the valve is in an opened position. A plurality
      of control valve sizes may be conveniently provided for use as to
      different bottle sizes in order that the manifold may be readily adapted
      for use with different containers and is not limited to use with one
      container or bottle size.
PAR  Stem guide body 148 is closely received in a receiving recess in cap 144
      and generally comprises an open ended cylindrical configuration. Disposed
      at the lowermost end of this configuration, however, is a stem guide
      structure 170 which includes a passage therethrough for closely slidably
      receiving elongated valve stem 150. The stem guide is supported in
      position by means of legs 172 extending between guide 170 and guide body
      148. The operating or valve stem comprises an elongated shaft like
      structure having a threaded end 182 adapted for threaded engagement with
      protrusion 168 of seat 140. The stem is closely slidably received in the
      passage in stem guide 170 and includes a stem head 184 at the other end
      thereof with an expansion type coil spring 186 being interposed between
      the bottom of stem guide 170 and the stem head so as to exert a continuous
      biasing force against the stem head. This force acts to draw seat 140 and
      gasket 142 into a first or normal liquid blocking position with the end of
      the body cork 164 as can be best seen in FIG. 6. When in this first
      blocking position, the distance between lower surface 160 and stem head
      184 of valve 84 is greater than the distance between the top of screen 114
      and notches 106 in the receptor in order that the valve may be
      automatically opened as will be described hereinafter. This distance
      differential is, however, carried forward to all the receptors and valves.
PAR  Although receptor 80, outer bottle support sleeve 82 and liquid flow
      control valve 84 could be manufactured from a number of materials, the
      preferred embodiment of the present invention contemplates use of molded
      polymeric materials such as, for example, high density polyethylene,
      polyvinylchloride or polypropylene. Other materials could, of course, be
      employed without departing from the intent or scope of the present
      invention.
PAR  With an appreciation of the above described structure, description will now
      be made to operation of liquid supply manifold 20 as shown in FIGS. 1, 2
      and 3. At the outset, it should be noted that manifold tube 40 is disposed
      in a generally horizontal position and retained in that position by means
      of convenient brackets generally designated 200,202 in FIG. 3. These
      brackets may be mounted to a manifold plate 204 which, in turn, may be
      conveniently mounted by a wall bracket 206 to wall 32. The particular
      mounting arrangement is not deemed critical and other mounting bracket
      arrangements may be both conveniently and easily employed without
      departing from the intent and scope of the present invention.
PAR  Referring again to FIG. 2, receptors 80 for bottle receivers 64,66,68 and
      70 are each threadedly mounted to the manifold tube so as to extend in a
      generally vertically disposed direction and outer bottle support sleeves
      82 for each bottle receiver is disposed in its lowermost position relative
      to the associated receptor. A liquid flow control valve 84 is tightly
      placed in the liquid outlet opening of each of four identical bottles of
      liquor generally designated X in the drawings. The conventional liquor
      bottle, of course, has an enlarged, elongated body portion 300 which
      merges into a smaller, elongated neck portion 302. At the outermost end of
      the neck is the liquid outlet opening 304. Sealing means 166 of liquid
      flow control valves 84 are adapted to be closely received in openings 304
      to retain the valves positioned in the bottles. Inasmuch as seat 140 and
      gasket 142 are continuously biased toward a liquid blocking position by
      operation of spring 186 against stem head 184, no liquor may flow from
      bottles which include valves 84 when they are placed in an inverted
      position.
PAR  When the liquid control valves have been inserted into each of the four
      bottles X, one of the bottles is inverted and placed into bottle receiver
      70 such that stem head 184 engages liquid screen 116 on lower surface 160
      and outer peripheral surface 162 of cap 144 rests on notches 106 in ribs
      104, respectively. The distance between notches 112 and notches 106 in the
      bottle receiver 70 receptor are such that the weight of bottle X overcomes
      the outward force of spring 186 so that the valve stem is mechanically
      driven into the valve to move seat 140 and gasket 142 from the liquid
      blocking or sealing position with the body cork. Thus, air may be admitted
      to the inside of the bottle through the hollow inner portion of the valve
      and past the seat and gasket arrangement. This, in turn, permits liquor in
      the bottle to flow therefrom in the opposite direction. The path of the
      air flow in FIG. 6 and in FIG. 2 with regard to bottle receiver 70 by
      arrows a and the corresponding liquor flow path is shown in the opposite
      direction by arrows b. The structure of FIG. 6 would, of course, not
      permit liquor flow since the valve is closed and arrows a and b merely
      show the flow paths which would occur if the valve was open.
PAR  Liquor flowing from the bottle placed on bottle receiver 70 continues and
      passes through liquid outlet port 98 of the receptor and into manifold
      chamber 45. Because of the liquid head in the bottle, liquor will continue
      to flow from the bottle until the manifold chamber has been filled and it
      flows upwardly through outlet ports 98 in the receptors for bottle
      receivers 64,66 and 68. Obviously, if allowed, the bottle would empty
      itself into the manifold chamber and the bottle receiver 64,66 and 68
      receptors as long as they would accept additional liquid. However, in
      accordance with the concepts of the subject invention, the manifold and
      receptors for bottle receivers 64,66,68 and 70 are only filled to that
      point at which the liquor covers the lowermost end of liquid control valve
      84, i.e., the lower surface of guide body 148, to thus block the flow of
      air therethrough and into the bottle itself. At that point, further liquid
      flow from the bottle is prohibited and remains prohibited until the liquid
      level in the receptor is lowered to again uncover the bottom end of the
      valve and permit air flow into the bottle with resultant liquor flow
      therefrom.
PAR  The surface of the liquid in each receptor 80 is subjected to atmospheric
      pressure which enters between the facing surfaces of each receptor 80 and
      each sleeve 82, then passes outer periphery 162 of each cap 144 between
      ribs 104 outwardly of notches 106. Depending upon the shape of the
      bottles, atmospheric air may sometimes enter receptors 80 between the
      bottles and boots 130.
PAR  The initial level is designated m in FIG. 2 and it will be appreciated that
      the bottle receiver 64,66 and 68 receptors will be filled with liquor to
      that very same level. Thus, there is established in the manifold system an
      initial steady state liquid level which blocks further liquor flow from
      the bottle into the system unless that level is first temporarily lowered.
PAR  Once the initial steady state level, level m, has been reached, outer
      bottle support sleeve 82 for bottle receiver 70 may be slidably moved on
      the receptor to the position shown in FIG. 2 and thumb nut 128 tightened
      to retain it in that position. In the position of FIG. 2, the outer bottle
      support sleeve adds additional support for the bottle in properly
      retaining it in position to prevent undesired liquor spillage should the
      bottle be inadvertently bumped or jarred. Deformable gasket or bottle boot
      130 engages the bottle adjacent the area of merger between the bottle body
      300 and neck 302 to provide a cushioning effect for the bottle. In
      addition, the boot assures that no foreign material may pass from outside
      the dispensing system down into the receptor to contaminate the liquor
      itself.
PAR  Next, bottles X to be associated with bottle receivers 64,66 and 68 may be
      positioned in their respective bottle receivers as best shown in FIG. 2.
      The lowermost portions of the stem guide bodies 148 of the liquid flow
      control valves associated with bottle receiver 64,66 and 68 are all
      disposed beneath the initial steady state level m established by liquor in
      the bottle X associated with bottle receiver 70. Thus, as the bottles are
      inserted into the receivers and the associated liquid control valves moved
      from a normally closed to an opened condition, as previously described, no
      liquor will be permitted to flow from any of these three additional
      bottles. Because of the differential in vertical heights of notches 106
      and bottom wall 90, notches 108, 110 and 112 of bottle receivers 64,66,68
      and 70, respectively, the lower surfaces of guide bodies 148 of the valves
      in bottle receivers 64,66 and 68 are below the already established steady
      state liquid level m so that no air is permitted to flow upwardly through
      the valve to permit a corresponding discharge of liquor. It should be
      further noted that the lowermost portions of these valves are disposed
      such that additional decreasing steady state levels n, o and p may be
      eventually established as to bottle receivers 68,66 and 64, respectively,
      as will hereinafter be more fully described. Positioning of the outer
      bottle support sleeves for these three additional bottle receivers is then
      substantially identical as explained above with reference to bottle
      receiver 70.
PAR  With tube fitting or connector 48 connected to line 34 and manifold 20 and
      the liquor bottles in place as shown in FIG. 1, description will be made
      to the operation of the manifold during liquor dispensing to customers.
      When a particular type of liquor is to be dispensed at bar or serving area
      D, the appropriate button in a conventional liquor dispensing type device
      is merely pushed at the bar which then causes a predetermined amount of
      the liquor to be delivered in order that the drink may be mixed. These
      dispensing devices are deemed known in the art and may take any of several
      forms such as, for example, console or hand operated devices. Inasmuch as
      these devices do not form a part of the present invention, further
      elaboration thereon is not deemed necessary for an appreciation and
      understanding of the present invention.
PAR  The liquor which is drawn from the manifolds is pumped by liquor pumps B
      through main supply line C to the liquor dispensing devices themselves.
      Normally, as a shot of liquor is drawn from the dispensing device at the
      bar, the pump associated with that particular liquor is automatically
      energized to draw an amount of liquor from the manifold to replenish the
      supply lines to keep it filled. Thus, and assuming a shot of liquor of the
      type used in liquor supply manifold 20 was dispensed at the bar, the
      replacement liquor would be drawn outwardly from manifold 20 through
      outlet port 46, tube fitting 48 and into the associated liquor supply line
      34. As liquor is drawn from the manifold, the overall or initial steady
      state level m is temporarily lowered from that shown in FIG. 2 to a
      position slightly beneath the lower surface of guide body 148 of the
      control valve in bottle receiver 70 to again permit air flow into liquor
      bottle X associated therewith which, in turn, allows liquor to issue from
      that bottle into manifold chamber 45 until the steady state level m is
      reestablished to stop further liquor flow. The differential in vertical
      heights of notches 106 in bottle receiver 64,66,68 and 70 are such that
      when a shot of liquor is dispensed from the liquor dispensing devices E at
      the bar or serving area D, level m is not lowered a sufficient extent to
      reach the next level n so as to allow liquor flow from the bottle
      associated with bottle receiver 68. Thus, during liquor dispensing
      operations, liquor is only drawn from that bottle which is associated with
      bottle receiver 70 until that particular bottle has had its liquor
      contents entirely emptied into the manifold.
PAR  Once the contents of the bottle receiver 70 bottle have been emptied, a new
      steady state liquid level is established with regard to the bottle
      receiver which supports its associated bottle X and the lower surface of
      guide body 148 of its control valve at the next lower level. In the
      arrangement shown in FIG. 2, the bottle would be one associated with
      bottle receiver 68 and would establish a new steady state level n. Further
      replacement liquor for manifold 20 would then be drawn from this bottle
      until it too was emptied. This process is again repeated in establishing
      another steady state liquid level o as to receiver 66 and then continue
      until finally, a steady state liquid level p was established with regard
      to the last or lowermost bottle receiver 64.
PAR  The above described manifold system thus provides capabilities for
      automatic liquor dispensing apparatus to continuously supply liquor from a
      plurality of bottles to eliminate the need for constant and continuous
      bottle changes. If, during operation of the overall dispensing apparatus
      and, for example, if the receivers 68 and 70 bottles have been emptied
      such that liquor is being drawn from the receiver 66 bottle, it is
      possible to replenish the spent bottles without disrupting operation of
      the manifold. In this regard, it is merely necessary to remove the spent
      bottles along with the associated liquid flow control valves and replace
      them with new, full bottles. In this instance, a new steady state liquid
      level will be reestablished at level m so that further liquor will be
      drawn from the bottle receiver 70 bottle and that liquor flow from the
      bottle receiver 66 bottle will be suspended until the other two, now full
      bottles, are again emptied. This result occurs since both of these bottles
      are on a higher vertical level and establish higher steady state liquid
      levels m or n than its own steady state liquid level o.
PAR  A variation of the above described structure which facilitates storage of
      even a greater liquor supply is schematically shown in FIG. 8. Like parts
      are identified by like numerals and duplication of like parts include a
      primed (') suffix. This arrangement employs four of the four bottle liquor
      supply manifolds 20, 20', 20" and 20'". The fluid outlet port 46, 46', 46"
      and 46'" for each are interconnected to fluid supply line 34 as shown in
      the drawing so that liquor may be drawn from all four of the manifolds
      simultaneously. The operation of this system is identical with the one
      hereinabove described in detail with particular reference to FIG. 2 except
      that liquor is simultaneously drawn in substantially equal amounts from
      the four highest vertically disposed bottles which have liquor therein,
      namely, bottles 70, 70', 70" and 70'". Thus, only one fourth of the amount
      of replacement liquor is drawn from these bottles during a single
      dispensing and replacement step as described with reference to the basic
      FIG. 2 arrangement. Other arrangements to accommodate the specific needs
      of a particular bar or lounge operation may, of course, use the same
      structural concepts and which do not depart from the scope and intent of
      the present invention.
PAR  In addition, it is possible to have a different number of individual
      bottles for each manifold assembly. That is, either more or less than the
      four bottles of liquor shown for supply manifold 20 in FIG. 2 may be
      employed. It is merely necessary to have at least some of the various
      bottle receivers disposed at different vertical levels. In some other
      applications, it may be desirable to draw liquid simultaneously from more
      than one container on the same manifold. In that event, the receivers for
      those containers would simply be made to position the container outlets at
      the same vertical level. In fact, a common variation of the arrangement
      shown in FIG. 2 is a manifold which is somewhat shorter in length from
      manifold 40 and which accommodates just two bottle receivers. This type of
      installation is deemed desirable for bar or lounge operations which do not
      require a substantial volume of any one type of liquor. Still another use
      for the two bottle arrangement is in self contained portable bars which
      would normally be employed for private parties or the like and, therefore,
      would not require the high volume of available liquor.
PAR  Regardless of the specific application of the dispensing manifold, the FIG.
      1 arrangement is deemed only typical of one use. Any number of separate
      types of liquor could be supplied to liquor dispensing devices similar to
      the devices E shown in FIG. 1 as may be desired by the bar or lounge
      owner. The actual dispensing equipment is now quite sophisticated and has,
      in fact, been developed to the point where the systems may be tied into
      automatic drink counters, cash registers and other ancillary accounting
      equipment in order that very precise liquor control may be maintained.
      Obviously, with the arrangement shown in FIG. 1 or a similar arrangement,
      the liquor supply may be maintained in a separate room so that tight
      security may be maintained over the liquor itself.
PAR  The invention has been described with reference to the preferred
      embodiment. Obviously, modifications and alterations will occur to others
      upon the reading and understanding of the specification. It is my
      intention to include all such modifications and alterations insofar as
      they come within the scope of the appended claims or the equivalents
      thereof.
CLMS
STM  Having thus described my invention, I now claim:
NUM  1.
PAR  1. A liquid dispensing apparatus adapted to regulate liquid flow from a
      plurality of liquid containers which each have a liquid outlet therein,
      said apparatus comprising: a closed manifold having a liquid chamber for
      receiving liquid from said plurality of containers, a manifold liquid
      outlet communicating with said chamber and a plurality of container
      receiver means individually disposed along the manifold in fluid
      communication with said chamber, said receivers being dimensioned to
      receive and support said containers in a manner whereby all the liquid
      therein may be selectively emptied therefrom by gravity, said receiver
      means including means for locating said containers in said receiver means
      such as to provide a barometric pressure liquid outlet port for each of
      said plurality of containers, each of said outlet ports being open to
      atmosphere intermediate said manifold and the respective container and
      being disposed at a different vertical level than the liquid outlet ports
      of the remainder of said plurality, all the liquid outlet ports of said
      plurality being at least submerged in said liquid when said plurality of
      containers are in position on said receiver means so as to prevent liquid
      flow therefrom, the highest vertically disposed liquid outlet port for
      said containers having liquid therein being temporarily removed from
      submersion as a selected portion of liquid is removed from said manifold
      through said manifold outlet, whereby air may flow into said highest
      liquid outlet port for allowing liquid to flow therefrom until the
      original liquid level is reestablished to prevent further liquid flow.
NUM  2.
PAR  2. The apparatus as defined in claim 1 further including a rigid container
      support sleeve associated with each of said plurality of receiver means,
      said sleeves being selectively movable relative to said receiver means
      between first non-supporting positions and second supporting positions
      closely spaced to said containers, and selectively releasable positive
      retaining means for retaining said sleeves in said supporting positions on
      said receiver means.
NUM  3.
PAR  3. The apparatus defined in claim 2 wherein said sleeves each further
      include a deformable gasket member disposed adjacent the uppermost end
      thereof, each said gasket being adapted to be deformed by and closely
      embrace an associated one of said containers.
NUM  4.
PAR  4. The apparatus as defined in claim 1 wherein said manifold is disposed in
      a generally horizontal position and said receiver means are disposed
      generally normal thereto and extend substantially vertically upward
      therefrom, the container liquid outlet ports for each succeeding container
      of said plurality of containers from adjacent said manifold liquid outlet
      being disposed at a higher vertical level than the preceding container.
NUM  5.
PAR  5. The apparatus of claim 1 wherein each said receiver means comprises an
      upwardly opening cup-like receptor mounted directly on said manifold.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said containers have container liquid
      outlets, a valve body sealingly secured to each said container liquid
      outlet, each said valve body having a valve body outlet defining said
      liquid outlet ports, each said valve body outlet being spaced a
      substantial distance from each said container liquid outlet so that said
      container liquid outlets are always above the highest liquid level in said
      receiver means.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said receiver means includes shelf
      means for supporting said valve bodies so that substantially the full
      weight of said containers and the liquid therein is transferred to said
      receiver means through said valve bodies.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said valve body includes a support cap
      portion having a diameter substantially larger than the diameter of said
      container liquid outlets, and said support cap portions being supported on
      said shelf means.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said support cap portion is located
      between said valve body outlets and said container liquid outlets.
NUM  10.
PAR  10. A liquid container receiving and supporting structure adapted for use
      in a container liquid dispensing manifold, comprising in combination:
PA1  receptor means having a bottom wall, an open top end and a continuous side
      wall defining a cup-like structure adapted to receive at least the liquid
      outlet portion of a liquid container, said bottom wall having a flow port
      therein adapted for liquid communication with said manifold, a plurality
      of longitudinal ribs extending along at least a portion of the inside of
      said side wall from adjacent said bottom wall toward said open end, said
      ribs further including inwardly extending steps for cumulatively defining
      a shelf-like area for supporting said container in a precise position in
      said receptor means whereby the container liquid outlet may be disposed
      such that substantially all the liquid contents may be selectively drawn
      therefrom by gravity, that portion of said ribs extending from said steps
      toward said open end defining guides for a flow control valve; and,
PA1  a liquid flow control valve defining a liquid outlet port and having a plug
      portion adapted to be closely received within a container liquid outlet
      and a selectively movable seal portion for controlling liquid flow from
      said container, said seal portion having a first normally closed position
      blocking fluid flow and including an operating stem for engaging a portion
      of said receptor means when said container and valve are positioned
      therein whereby said seal portion is moved from said first position to a
      second opened position to allow liquid to flow from said container through
      said outlet port, said valve further including means for engaging said
      shelf-like area for precisely locating and supporting said container in
      said receptor means.
NUM  11.
PAR  11. The combination as defined in claim 10 wherein said means on said valve
      for engaging said shelf-like area comprises an outwardly extending rim on
      said valve.
NUM  12.
PAR  12. The combination as defined in claim 10 wherein said receptor further
      includes a rigid container support sleeve closely associated therewith and
      adapted for longitudinal movement relative thereto, said sleeve having an
      open ended generally cylindrical configuration and further having means
      for selectively retaining it in a desired position relative to said
      receptor whereby further support for said container may be obtained when
      said container and flow valve are received in said receptor by moving said
      sleeve closely adjacent to said container.
NUM  13.
PAR  13. The combination as defined in claim 12 wherein said sleeve is closely
      slidably received over the outside of said receptor side wall and further
      includes a deformable gasket-like member over the outermost end thereof
      adapted to closely embrace the side wall of said container.
NUM  14.
PAR  14. The combination as defined in claim 10 wherein said manifold comprises
      an elongated manifold having an elongated liquid chamber and a plurality
      of said container receiving and supporting structures are mounted directly
      on said manifold in longitudinally spaced-apart relationship and said
      shelf-like areas on said plurality of container receiving and supporting
      structures being located at progressively greater distances from said
      manifold from one end of said manifold toward the other end thereof.
NUM  15.
PAR  15. The combination as defined in claim 11 wherein said means on said valve
      for engaging said shelf-like area comprises an outwardly extending
      generally circular rim on said valve, said rim having a diameter
      substantially greater than said container liquid outlet, and said liquid
      outlet port in said valve being spaced a substantial distance from said
      rim.
NUM  16.
PAR  16. The combination as defined in claim 10 wherein said receptor means is
      molded in one-piece of synthetic plastic material and includes an
      externally threaded protrusion extending outwardly from said bottom wall,
      said flow port extending through said protrusion, said manifold having an
      internally threaded fitting receiving said protrusion.
NUM  17.
PAR  17. The combination as defined in claim 16 wherein said manifold is
      elongated and has a plurality of said fittings longitudinally spaced-apart
      thereon, each said fitting having one of said receptor means mounted
      thereto, said shelf-like area on each said receptor means being spaced a
      different distance from said bottom wall than the other said receptor
      means.
NUM  18.
PAR  18. Liquid dispensing apparatus comprising; an elongated manifold having a
      manifold liquid outlet at one end thereof, a plurality of receptors
      mounted directly on said manifold in spaced-apart relationship for
      receiving and supporting inverted containers having barometric pressure
      container liquid outlets, said receptors having bottom walls including
      flow ports therethrough communicating with said manifold, said receptors
      having shelf means spaced above said bottom walls thereof for locating and
      supporting containers, and said shelf means on said receptors being
      located at progressively greater distances from said bottom walls when
      proceeding from said one end of said manifold toward the other end
      thereof.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said receptors are cup-like members
      molded in one-piece of synthetic plastic material and have protrusion
      means extending outwardly from the bottom walls thereof for cooperating
      with fittings on said manifold to amount said receptors on said manifold.
NUM  20.
PAR  20. The apparatus of claim 18 and including a plurality of liquid
      containers having container liquid outlets receiving valve bodies having
      valve outlets, said containers being inverted with said valve bodies
      supported on said shelf means, and said receptors being open to
      atmospheric pressure.
NUM  21.
PAR  21. The apparatus of claim 20 wherein said valve bodies have plug portions
      sealingly received in said container liquid outlets, said valve bodies
      including generally circular rim portions having a diameter substantially
      greater than the diameter of said container liquid outlets, said rim
      portions being supported on said shelf means, and said valve outlets being
      spaced a substantial distance downwardly from said rim portions.
NUM  22.
PAR  22. A receptor for supporting and locating containers in a liquid
      dispensing apparatus comprising; a cup-like member molded in one-piece of
      synthetic plastic material and having a bottom wall, a peripheral wall and
      an open upper end, protrusion means extending outwardly from said bottom
      wall for mounting said member to a dispensing manifold, a flow port
      through said protrusion means, circumferentially spaced-apart ribs
      extending longitudinally along the inner surface of said peripheral wall
      from said bottom wall, and said ribs having upwardly facing support edges
      spaced a substantial distance below said upper end.
NUM  23.
PAR  23. The receptor of claim 22 wherein said protrusion means is externally
      threaded.
NUM  24.
PAR  24. The receptor of claim 22 wherein said support edges are defined by
      notches formed in the upper ends of said ribs.
NUM  25.
PAR  25. The receptor of claim 22 and further including a rigid sleeve member
      slidably received on said peripheral wall, and selectively releasable
      restraining means for releasably restraining said sleeve member against
      movement relative to said peripheral wall.
PATN
WKU  039305996
SRC  5
APN  5498112
APT  1
ART  311
APD  19750214
TTL  Cap for caulking cartridge
ISD  19760106
NCL  10
ECL  1
EXA  Marmor; Charles A.
EXP  Reeves; Robert B.
NDR  3
NFG  11
INVT
NAM  Brothers; Don R.
CTY  Canfield
STA  OH
INVT
NAM  Toth; Stephen E.
CTY  Brooklyn Heights
STA  OH
ASSG
NAM  Century Industries Corporation
CTY  New Waterford
STA  OH
COD  02
RLAP
COD  72
APN  418600
APD  19731123
PSC  03
CLAS
OCL  222143
XCL  222192
XCL  222546
XCL  220306
XCL  220380
XCL  401139
XCL  222562
EDF  2
ICL  B65D 4118
FSC  222
FSS  562;546;325-327;182;143;192
FSC  220
FSS  85 P;306;380;85 D
FSC  401
FSS  139;190
UREF
PNO  1481508
ISD  19240100
NAM  Harris
OCL  401139
UREF
PNO  3021037
ISD  19620200
NAM  Parker
XCL  222562
UREF
PNO  3179313
ISD  19650400
NAM  Malglaive
XCL  222562
UREF
PNO  3237800
ISD  19660300
NAM  Edwards
XCL  220380
UREF
PNO  3322298
ISD  19670500
NAM  Gach
OCL  220306
UREF
PNO  3322299
ISD  19670500
NAM  Foster
OCL  220306
UREF
PNO  3351249
ISD  19671100
NAM  Stull
XCL  222546
UREF
PNO  3732591
ISD  19730500
NAM  Gach
XCL  222192
FREF
PNO  200,496
ISD  19581100
CNT  OE
OCL  222546
FREF
PNO  56,473
ISD  19670600
CNT  DL
OCL  220306
FREF
PNO  922,188
ISD  19630300
CNT  UK
OCL  222546
FREF
PNO  613,833
ISD  19601200
CNT  IT
OCL  220306
LREP
FR2  Millard; Sidney W.
ABST
PAL  A cap for a caulking cartridge of the type having an elongated dispensing
      spout extending generally coaxially outward from one end thereof. The cap
      includes a spout receiver which, when the cap is in position, closely
      embraces a portion of the elongated spout to prevent undesired emission
      and hardening of the caulking or the like compound during cartridge
      storage between uses. The cap also includes a resilient u-shaped bead
      receiver for closely engaging the end of the caulking cartridge adjacent
      the dispensing spout and structure releasing the cap from its engaging
      position. The releasing structure may also be used for conveniently
      hanging the cartridge during storage. The cap is dimensioned so at least
      the outermost end may be received in another, substantially identical
      cartridge at the opposite end from its dispensing end for ease of packing,
      shipping and shelf storage purposes as to a substantial number of the
      cartridges having the caps. A forming blade may be attached to the side of
      the cap.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation-in-part application of copending application Ser.
      No. 418,600 entitled CAULK CAP filed Nov. 23, 1973, now abandoned.
BSUM
PAR  This invention pertains to the art of packaging and more particularly to
      protective caps for cartridge type containers. The invention is
      particularly applicable to use as a cap for conventional caulking
      cartridges and will be described with particular reference thereto.
PAR  Conventional caulking cartridges comprise an elongated tubular body member
      usually constructed from either cardboard, metal or plastic with each end
      thereof closed so as to maintain the caulking compound disposed
      therebetween. Protruding outwardly from one end wall of the cartridge is
      an elongated dispensing spout. This dispensing spout is normally coaxially
      disposed with the cartridge and is usually constructed from resilient
      plastic or the like. The other end wall of the cartridge is axially
      movable within the cartridge body to act as a piston. As this second end
      is forced through the cartridge toward the dispensing end, the caulking
      material is forced outwardly from the dispensing spout for application.
      Generally, these caulking cartridges are employed with a caulking "gun"
      tool for ease of caulking compound application. As used hereinafter,
      caulking compound refers to and is meant to include all those materials
      dispensed in the manner hereinabove generally described.
PAR  Normally, the dispensing spouts incorporated into conventional caulking
      cartridges come in two types, initially open and initially closed. the
      initially open spout type comprises an elongated tubular member which is
      converging from its connection with the cartridge and has an open
      outermost dispensing end. In this arrangement, and prior to initial use,
      the caulking compound is protected from the atmosphere by means of a seal
      disposed at the dispensing spout cartridge end. This seal may then be
      easily broken to permit the caulking compound to be forced from the
      cartridge. The initially closed type of dispensing spout comprises an
      elongated converging tubular member having the outermost end thereof
      initially sealed or closed. When it is desired to apply the caulking
      compound, this sealed end is merely snipped or cut to thus present a
      structure substantially similar to the initially open type of spout.
PAR  Many times during a caulking operation, the entire contents of a cartridge
      are not dispensed so that it is desirable to be able to preserve the
      remaining caulking compound for future application. In such circumstances,
      it has heretofore been necessary for the user to fabricate by his own
      design some sort of top or spout cap to eliminate exposure of the
      remaining compound to the atmosphere through the dispensing spout. If such
      precautions are not taken, the compound has a tendency to harden within
      the dispensing spout to thereafter make it virtually impossible to remove
      the caulking material therefrom in order that the remaining compound may
      be dispensed as desired. Because of this problem, it is oftentimes
      necessary to dispose of partially used caulking cartridges which could
      have otherwise been employed for caulking work but for the hardening of
      some of the compound material in the dispensing spout.
PAR  Another problem heretofore encountered with conventional caulking
      cartridges is that it has been virtually impossible to stack the
      cartridges in an end to end axial manner due to the presence of the
      outwardly protruding dispensing spouts. This situation creates problems
      and additional cost in packaging quantities of the cartridges for shipping
      purposes. Likewise, it has been extremely difficult to effectively stack
      or otherwise display the cartridges on store shelves for sale to
      consumers. Both of these problems require additional shipping and/or
      display costs by requiring special packaging methods and display
      techniques.
PAR  Another problem with conventional cartridges as heretofore marketed has
      been the ease of access to the caulking compound through the dispensing
      spout itself, particularly once a portion of the cartridge contents have
      been used. Although this may not present substantial difficulty at a
      commercial use level, it can present substantial difficulty at the home
      environment use level. This problem particularly lies with the possibility
      of children playing with and gaining access to the cartridge contents when
      the cartridges are inadvertently or indiscriminately left lying around
      workbenches, garages, etc. Conventional caulking cartridges of the type to
      which the subject invention is particularly directed have not been
      child-proofed and once a small child has gained access to the cartridge
      contents, he could receive either internal or external physical damage
      through communication with the cartridge contents. It will be appreciated
      that since so very many different types of caulking compound, patching
      material, etc., are packaged in what may be termed as conventional
      caulking cartridges, this problem can be quite severe.
PAR  Still another problem with conventional caulking cartridges has been a
      safety factor. Inasmuch as the dispensing spouts of these caulking
      cartridges are normally cut on a bias to effect efficient caulking
      compound dispensing, the outermost end of the spout is rather sharp. This
      sharp point can create a safety hazard through, for example, causing
      puncture wounds to persons inadvertently contacting the outermost end of a
      dispensing spout.
PAR  The present invention contemplates new and improved means which overcomes
      all of the above referred to problems and others and provides a new
      cartridge cap which is simple in design, economical to manufacture,
      provides protection for the contents of the cartridge, provides protection
      for persons coming in contact with the cartridge and which is readily
      adaptable to use with a plurality of caulking cartridge type containers in
      varying environments.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, there is provided a protective
      cartridge cap adapted for use with elongated cartridges of the type having
      a dispensing spout protruding generally coaxially outward from one end
      thereof. The cap comprises a generally cup-shaped configuration having a
      top wall and a continuous side wall with inner and outer peripheral
      surfaces depending generally transversely therefrom. The outermost edge of
      the side wall defines an open bottom end adapted to be axially received
      over the cartridge dispensing spout end. An elongated dispensing spout
      receiver protrudes from the top wall toward the open end and is
      dimensioned so as to enclose and closely embrace at least a portion of the
      outside of the spout. Means are included adjacent the open end of the cap
      for releasably retaining the cap on the cartridge in a protective
      condition with the dispensing spout disposed in the spout receiver.
PAR  In accordance with a more limited aspect of the present invention, the
      releasable retaining means comprises a resilient bead receiver extending
      around at least a portion of the cap open end which is adapted to closely
      receive a bead extending peripherally around the cartridge at the
      dispensing spout end.
PAR  In accordance with another more limited aspect of the present invention,
      the dispensing spout receiver has a generally circular cross-section
      dimensioned to closely receive and embrace at least a portion of the
      dispensing spout between the outermost end of the spout and its connection
      with the cartridge itself.
PAR  In accordance with still another limited aspect of the present invention,
      the spout receiver further includes means for communicating with the
      inside portion of the spout adjacent the outermost end thereof.
PAR  In accordance with still a further aspect of the present invention, there
      is provided a combination of an elongated dispensing cartridge and a
      protective cap therefor wherein the cap protects the integrity of the
      material inside the cartridge during periods of non-use as well as making
      the cartridge easier to handle, store and freer of possible injurious
      elements.
PAR  The principal object of the present invention is the provision of a new
      protective cap for use with conventional caulking cartridges.
PAR  Another object of the present invention is the provision of a protective
      cap which facilitates ease of handling and storage of conventional
      caulking cartridges.
PAR  Another object of the present invention is the provision of a protective
      cap which renders conventional caulking cartridges substantially
      child-proof.
PAR  Still another object of the present invention is the provision of a
      protective cap which reduces safety hazards with the conventional caulking
      cartridges at the dispensing spout areas.
PAR  Yet another object of the present invention is the provision of a
      protective cap which preserves the integrity of the caulking compound like
      material disposed in the cartridge during periods of storage.
PAR  Yet a further object of the present invention is the provision of a
      protective cap which is readily adaptable to use with normally open or
      normally closed dispensing spout arrangements in conventional caulking
      cartridges.
PAR  Still another object of the present invention is the provision of a
      protective cap and caulking cartridge combination.
PAR  Still another object of the invention is the provision of the cap-cartridge
      combination with a forming surface attached to the cap.
PAR  Further objects will be obvious from the following detailed description.
DRWD
PAC  DESCRIPTION OF THE FIGURES
PAR  The invention may take physical form in certain parts and arrangements of
      parts, a preferred embodiment of which will be described in detail in the
      specification and illustrated in the accompanying drawings which form a
      part hereof and wherein:
PAR  FIG. 1 is a perspective view of a conventional caulking cartridge with a
      protective cap of the subject invention positioned on the dispensing end
      thereof;
PAR  FIG. 2 is a longitudinal cross-sectional view of the protective cap shown
      in FIG. 1 taken along lines 2--2 and further showing nesting of the cap
      within the bottom of an adjacent caulking cartridge;
PAR  FIG. 3 is a cross-sectional view taken along lines 3--3 of FIG. 2 with the
      cartridge bead eliminated for ease of illustration;
PAR  FIG. 4 is an enlarged view of the area so designated in FIG. 3;
PAR  FIGS. 5-7 are alternative arrangements for effecting the concepts of the
      subject invention as to the spout receiver portion of the cap;
PAR  FIG. 8 is a longitudinal cross-sectional view of an alternative cap
      sidewall and retainer design;
PAR  FIG. 9 is a cross-sectional view taken along lines 9--9 in FIG. 8 with the
      cartridge bead again eliminated for ease of illustration;
PAR  FIG. 10 is a perspective view of a modification of the cap of this
      invention incorporating a forming blade; and
PAR  FIG. 11 illustrates a cap with forming blade similar to FIG. 10 but with
      the blade being pivotable.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings wherein the showings are for purposes of
      illustrating the preferred embodiments of the invention only and not for
      purposes of limiting same, the FIGURES show a conventional caulking
      cartridge A and a protective cap therefor designated B.
PAR  The conventional caulking cartridge A comprises an elongated generally
      tubular body portion 10 having a dispensing end 12 and an actuating end
      14. Dispensing end 12 includes end wall 16 having an elongated dispensing
      spout generally designated 18 protruding outwardly therefrom substantially
      coaxial with body portion 10. Dispensing spout 18 includes a base 20
      conventionally mounted to end wall 16 with a continuous side wall 22
      converging toward an outermost closed end 24, i.e., an initially closed
      type structure. Disposed along side wall 22 from outermost end 24 toward
      base 20 are conventional severable areas 26 which, when severed, provide
      an open end and an exit for the compound.
PAR  In conventional caulking cartridges, hollow body 10 is normally constructed
      from cardboard, metal, plastic or the like; end wall 16 is constructed
      from a light metal, plastic or the like; and, dispensing spout 18 is
      normally constructed from pliable plastic such as, for example,
      polyethylene. However, other materials could be employed in practicing the
      concepts of the invention.
PAR  Again, the particular dispensing spout 18 shown in FIG. 2 is considered to
      be of the initially closed type as shipped from the manufacturer. The type
      of cartridge arrangement termed initially open comes from the factory with
      the dispensing spout already severed and with a seal (not shown) at end
      wall 16 for protecting the integrity of the cartridge contents. In any
      event, the embodiment of the subject invention here under discussion may
      be used for both types of dispensing spout structures. Use of the
      cartridges themselves as far as mode of dispensing is by what is
      conventionally termed a caulking gun wherein a piston is forced into
      hollow body 10 through actuating end 14 so as to force that end toward end
      12 with the contents of the cartridge, in turn, beind forced outwardly
      through the dispensing spout.
PAR  Also in conventional caulking cartridges, end wall 16 and body portion 10
      come together and are joined so as to define a bead 28 arrangement
      extending circumferentially around the body adjacent dispensing end 12. In
      the preferred arrangement here under discussion this bead is generally
      cylindrical although it could take other configurations, depending upon
      the mode of connection between end wall 16 and tubular body portion 10.
PAR  Cap B is generally cup-shaped with top wall 40 having a continuous side
      wall 42 depending generally transverse therefrom. Side wall 42 includes
      inner peripheral surface 44 and outer peripheral surface 46. The side wall
      depends from the top wall in a manner so as to define an open bottom or
      receiving end 48 and the open end is dimensioned to be generally the same
      diameter as the diameter of cartridge body 10. Although this cap could be
      constructed from a number of materials, in the preferred embodiment of the
      invention here under discussion, it is integrally molded from linear
      polyethylene plastic.
PAR  Disposed adjacent open end 48 is a cap retainer structure generally
      designated 60 in FIGS. 1 and 2. Depending from top wall 40 toward open end
      48 is a dispensing spout receiver generally designated 62 in FIG. 2.
PAR  Cap retainer 60 is comprised of a generally U-shaped structure as best
      shown in FIG. 4 having a first lip 64 extending substantially coextensive
      with inner peripheral surface 44, a top wall 66 extending outwardly of
      outer peripheral surface 46 and a second lip 68 extending toward open end
      48 generally parallel to first lip 64. Extending inwardly toward first lip
      64 and open end 48 from adjacent the outermost end of second lip 68 is a
      locking bead 70. Although this bead conveniently extends circumferentially
      around the cap retainer, there are also included three locking bead
      extensions 72 extending further inwardly toward first lip 64 and open end
      48 than bead 70. These extensions are spaced equidistantly around the cap
      retainer and merely add further retaining force to the cap retainer
      structure. It will be appreciated that a greater or lesser number of these
      bead extensions may be employed without departing from the intent and
      scope of the present invention. Depending outwardly from second lip 68 is
      a cap retaining means release generally designated 74. This release
      includes an elongated slot 76 therein to receive a tool such as, for
      example, a screwdriver to thereby permit leverage to be applied against
      the cap for releasing the cap retainer structure from the cartridge. Slot
      76 may also be conveniently employed to hang or otherwise store the
      caulking cartridge A and cap B combination during periods of non-use.
PAR  Cap retainer 60 is dimensioned so as to fit over bead 28 when the cap is
      positioned coaxially with cartridge body portion 10. When in position,
      locking bead 70 and locking bead extensions 72 are received on the
      underside of bead 28 with lips 64, 68 received against the opposite side
      portions of bead 28 for retaining the cap in a protective position. Since
      the cap is molded from a resilient plastic which, in the preferred
      embodiment, comprises linear polyethylene, bead 70 and bead extensions 72
      may be resiliently deformed during installation and removal of the cap
      without damaging the integrity of the cap structure.
PAR  Dispensing spout receiver 62 comprises an elongated generally tubular
      member 80 having a base 82 connected to top wall 40, continuous side wall
      84 and an open outermost end 86. Side wall 84 has inner peripheral surface
      88 and an outer peripheral surface 90 with the inner peripheral surface
      tapering outwardly or diverging from base 82 toward the open end 86 and
      the outer peripheral surface tapering inwardly or converging over this
      same area. The thickness of side wall 84 decreases from adjacent base 82
      toward open end 86 in order to enhance the receiving capabilities of the
      receiver itself. That is, the thinner side wall adjacent open end 86
      permits greater flexibility of the receiver against spout 18 to
      accommodate dimensional variances. Inner peripheral surface 88 also
      includes beveled area 92 at open end 86 to assist in guiding the
      dispensing spout into the receiver as the cap is installed on the
      cartridge. The closely embracing condition between the spout and receiver
      occurs along side wall 22 between the outermost end or open end of the
      spout and spout base 20. The precise area of contact, however, will vary
      slightly in accordance with minor design and dimensional variations.
      However, the important aspect is merely that there be an embracing
      condition established when the cap is positioned on the cartridge.
PAR  Disposed so as to extend axially along a portion of side wall 42 of the
      protective cap are a plurality of reinforcing ribs 96. Aside from the
      reinforcing function, the ribs act to assist in nesting stacked cartridges
      as will hereinafter become more readily apparent. The ribs also act as an
      indirect stop to prevent over-insertion of the cap into an adjacent
      cartridge nested thereon.
PAR  In using the above described structure, cap B is first removed from its
      locked position on bead 28 of cartridge body portion 10 by means of
      container release 74. Once the cap is removed and for the first use,
      assuming that the cartridge is of the initially closed type, the spout is
      merely severed along a selected one of severable areas 26 as may be
      desired to realize a particular flow from the cartridge during a caulking
      operation. Once the caulking operation has been completed, it is merely
      necessary to wipe the excess from the outermost end of the dispensing
      spout and replace the cap over the spout so that cap retainer 60 engages
      bead 28. Because of the closely embracing nature of dispensing spout
      receiver 62 in communication with dispensing spout side wall 22, the
      remaining contents of the cartridge, particularly that material in the
      spout which would otherwise be subjected to exposure to the atmosphere, is
      protected in much the manner as a cap or lid on a bottle protects the
      contents of the bottle from hardening, decomposition or evaporation.
      Thereafter, when additional caulking is desired, it is merely necessary to
      remove the cap, reinsert the cartridge in the caulking gun and proceed
      with the actual caulking work.
PAR  In order to facilitate ease of stacking on store shelves as well as ease of
      packing for shipping purposes, the diameter of top wall 40 is dimensioned
      to be slightly less than the diameter of cartridge body 10 at actuating
      end 14. In this manner, and since the actuating end of a conventional
      caulking cartridge is recessed, one cartridge, including a protective cap
      may be received in the actuating end 14 of an adjacent cartridge 10 as
      shown in phantom in FIG. 2. Reinforcing ribs 96 act to assist in retaining
      the cartridges in this end to end stacked conditions and in addition limit
      insertion of the cap to prevent its contact with the movable piston in the
      bottom wall 98 of the other cartridge. This possible arrangement is deemed
      to be particularly valuable in marketing the cartridges as, for example,
      in retail store facilities to provide a cleaner and more eye appealing
      layout on the store shelves.
PAR  Again, it should be appreciated that the preferred embodiment shown and
      described with reference to FIGS. 1-4 may be effectively employed with
      either the initially open or initially closed type of spout structures.
      The difference in spout structures is apparent only until first use of the
      cartridges.
PAR  FIGS. 5-7 show alternative embodiments for practicing the subject invention
      which are particularly adapted for and directed to use with the initially
      open dispensing spouts. For ease of illustration, like elements appearing
      in FIGS. 5-7 have like numerals except for primed suffixes and new
      elements have new numerals.
PAR  In FIG. 5, dispensing spout receiver 62' includes an inner portion 110
      dimensioned to be received inside spout 18' from the outermost open
      dispensing end thereof. In addition, the bottom of the receiving area or
      channel 112 defined between the outer peripheral surface of inner portion
      110 and inner peripheral surface 88' of spout receiver side wall 84' is
      dimensioned and configured so as to closely mate with the outermost end of
      the dispensing spout. That is, the outermost end of the spout is cut on a
      bias as is conventional to facilitate proper application of the caulking
      compound and the receiving area 112 is configured to closely abut the cut
      end. Because of this abutting nature as well as the inclusion of inner
      portion 110, the cap may not be employed as shipped from the manufacturer
      with those spouts which are initially closed.
PAR  FIG. 6 shows yet another variation wherein inner portion 110' includes an
      outwardly protruding spout engaging bead 114 which engages the inner
      peripheral surface of dispensing spout 18" so as to create a close fitting
      condition on both the inner and outer surfaces of the spout side wall. It
      will be noted that receiving area 112' in this arrangements is not biased
      so as to closely engage the outermost edge of the spout. This alternative
      arrangement permits the protective cap to easily be affixed to a cartridge
      without regard to the precise relative rotated positions between the cap
      and cartridge as required with the embodiment of FIG. 5. Again, the
      alternative embodiment of FIG. 6 is limited to the initially open type of
      dispensing spout as shipped from the manufacturer.
PAR  Finally, the embodiment of FIG. 7 shows a slight rearrangement of the
      structure hereinabove discussed with reference to FIG. 6 so as to
      eliminate a need for an engaging bead. In this embodiment, the inner
      portion 110" diverges outwardly from its origin at top wall 40'". The
      outer peripheral surface of this inner portion, along with inner
      peripheral surface 88'" then act to closely engage both the inner and
      outer surface of dispensing spout 18'" over a portion of the length
      thereof from the open outermost end.
PAR  FIGS. 8 and 9 show a slightly varied construction for the side wall of the
      cap as well as the cap retainer. Again, like numerals including a primed
      suffix will be used to designate like components and new numerals will be
      used to designate new components.
PAR  In this arrangement, continuous side wall 42' is disposed substantially
      transverse to the top wall and has a diameter substantially identical to
      the outside diameter of the caulking cartridge. Adjacent the top wall,
      continuous side wall 42' decreases in diameter and thereby forms a ledge
      120 extending circumferentially therearound. This decrease in dimension is
      such that the uppermost portion of the cap may be received inside the
      actuating end 14' of an adjacent caulking cartridge 10' with the outermost
      end of the cartridge resting on ledge 120. This structural arrangement
      provides a positive stop for insertion of the cap into the adjacent
      cartridge to effectively prevent undesired inadvertent compression of the
      caulking material within the cartridge or damage to the cartridge itself
      which could otherwise occur.
PAR  Cap retainer 60' includes a slight variation by eliminating the retaining
      means release 74 employed in the FIGS. 1-4 embodiment. That is, according
      to the alternative arrangement of FIGS. 8 and 9, there are included three
      release means 130 spaced equidistantly around the cap retainer to extend
      outwardly from second lip 68'. These release means merely comprise relief
      areas in the cap retainer which facilitate receipt of a tool such as, for
      example, a screwdriver to permit resilient deflection of the cap retainer
      to release it from an engaging position with bead 28'. This embodiment
      also includes a locking bead 70' extending inwardly toward open end 48'
      from second lip 68' for gripping the underside of bead 28' but does not
      include the locking bead extension as in the embodiment of FIGS. 1-4.
PAR  Referring to FIG. 10, a forming blade 140 may be attached to cap B for use
      in the conventional manner. Obviously, the blade could be serrated or
      otherwise modified at its forming end 142 to suit specialized needs
      without departing from the inventive concept. The blade is illustrated
      here as attached to the sidewall of the cap by rivet 144 and extending
      through the slot 76 to provide two anchoring points for the blade to
      prevent relative movement between the blade and handle (cap). Two rivets
      would serve equally well if desired.
PAR  Alternatively, it may be desirable to have a blade which is adjustable
      relative to the handle (cap) and which is no longer than the cap. FIG. 11
      illustrates such modifications, no further explanation appears necessary.
PAR  The invention has now been described with reference to the preferred
      embodiment. Obviously, modifications and alterations will occur to others
      upon the reading and understanding of this specification. It is our
      intention to include all such modifications and alterations insofar as
      they come within the scope of the appended claims or the equivalents
      thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. The combination of an elongated dispensing caulking cartridge and
      protective cap therefor, said combination comprising:
PA1  an elongated tubular cartridge having at least one stationary closed end
      with a coaxial dispensing spout protruding outwardly therefrom, said spout
      generally converging from said closed end toward an outermost end, said
      cartridge further having means forming a bead disposed peripherally around
      said closed end for receiving and releasably retaining said cap on said
      cartridge;
PA1  a movable piston disposed within the cartridge remote from the closed end,
PA1  the protective cap comprising a generally cup shaped member having a top
      wall and a continuous side wall including inner and outer peripheral
      surfaces depending therefrom, the outermost edge of said side wall
      defining an open bottom end dimensioned to be axially received over said
      one end of said cartridge; an elongated dispensing spout receiver
      protruding from said top wall and substantially transverse thereto toward
      said open end, said receiver being dimensioned so as to receive an axial
      portion of said spout with a segment of said axial portion being closely
      embraced by said receiver; and means disposed at said open bottom for
      releasably retaining said cap generally coaxially disposed over said one
      end with said portion of said spout disposed in said spout receiver, said
      receiver and said spout being coaxially aligned when the cap is coaxially
      aligned with said one end,
PA1  said retaining means comprising a resilient bead receiver extending
      peripherially around at least portions of said side wall adjacent said
      open end dimensioned to closely receive said bead means,
PA1  said bead receiver comprising a generally U-shaped cross-section having a
      first lip substantially coplanar with said inner peripheral surface, a
      bead receiver top wall extending generally transversely outward of said
      outer peripheral surface and a second lip extending downwardly beyond said
      first lip generally parallel thereto, said second lip including a
      resiliently deformable locking bead dimensioned to be closely received
      over said bead means with said locking bead received on the side of said
      U-shaped cross-section spaced remote from said closed end,
PA1  means for releasing said retaining means from a retaining condition on said
      cartridge,
PA1  said dispensing spout having a generally circular cross-section, said
      dispensing spout receiver having a generally circular cross-sectional
      dimension to receive an axial portion of said spout from said outermost
      end and closely embrace at least a segment of said axial portion spaced
      from said outermost end,
PA1  at least the inner peripheral surface of said spout receiver tapering
      outwardly from said top wall over substantially the entire length thereof
      the outer peripheral surface of said spout receiver tapering inwardly from
      said top wall over substantially the entire length thereof, the taper of
      said inner peripheral surface being greater than the taper of said outer
      peripheral surface,
PA1  said top wall being dimensioned such that a portion of said cap from said
      top wall toward its open end is receivable in the other end of another
      cartridge identical to said cartridge in an end to end axial relationship,
      and
PA1  means on said cap for limiting the amount of insertion of said cap into
      said another cartridge without the cap top wall contacting the piston in
      said another cartridge.
NUM  2.
PAR  2. The combination as defined in claim 1 further including locking bead
      extensions disposed around said locking bead to extend further inwardly
      toward said first lip from said locking bead.
NUM  3.
PAR  3. The combination as defined in claim 1 wherein said releasing means
      comprises at least one tab-like member protruding outwardly of said second
      lip.
NUM  4.
PAR  4. The combination as defined in claim 1 wherein said bead receiver extends
      completely around the periphery of said side wall at said open end.
NUM  5.
PAR  5. The combination as defined in claim 1 further including a spout receiver
      inner portion coaxial with said receiver dimensioned to be received within
      said dispensing spout from said outermost end.
NUM  6.
PAR  6. The combination as defined in claim 5 wherein said inner portion
      includes engaging means for positively engaging the inner peripheral wall
      of said spout when said cap is in position on said cartridge.
NUM  7.
PAR  7. The combination as defined in claim 2 including a spout receiver inner
      portion coaxial with said receiver dimensioned to be received within said
      dispensing spout from said outermost end said inner portion including
      engaging means for positively engaging the inner peripheral wall of said
      spout when said cap is positioned on said cartridge.
NUM  8.
PAR  8. The combination as defined in claim 1 including a forming blade attached
      to the cap.
NUM  9.
PAR  9. The combination as defined in claim 8 wherein the blade is rigidly fixed
      relative to the cap.
NUM  10.
PAR  10. The combination as defined in claim 8 wherein the blade is pivotable
      relative to the cap.
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ABST
PAL  A method of and apparatus for injection molding of materials such, for
      example, as thermoplastic resinous material, utilizing a rotatable and
      reciprocal screw extruder for plasticizing and injecting the material into
      a mold cavity, and wherein an injection piston in a cylinder is
      operatively connected to the plasticizing screw to push the screw forward
      to effect injection into a mold of plasticized material in front of the
      screw. A supply of fluid pressure is positively applied to the injection
      piston to provide a back pressure to act against the reaction caused by
      the rotation of the plasticizing screw, and this back pressure may be
      regulated to correspond with the rearward displacement, of the screw.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in method and apparatus for
      injection molding of material such, for example, as thermoplastic resinous
      material.
PAR  In the injection molding of thermoplastic material, the material is
      plasticized prior to injection into a mold by means of a reciprocating
      screw plasticizing unit. In such a unit, the material to be molded is fed
      in granular, powder or other form to a plasticizing barrel to be
      transported by rotation of the screw to the head of the plasticizing
      barrel. The material is heated and mechanically worked to a plastic state
      during its movement by the screw through the plasticizing barrel.
PAR  The accumulation of material at the cylinder head results in the
      displacement of the extrusion screw, thereby pushing the screw backwards
      in the plasticizing barrel. When enough material has been accumulated to
      fill the mold, a valve in the injection nozzle is opened and the extrusion
      screw, acting as a ram, is pushed forward by means of an injection piston
      mounted for reciprocating movement and operatively connected with the
      screw. This forward movement of the screw under the action of the piston
      causes the plastic material to be injected from the plasticizing barrel
      into the mold. Upon completion of the injection stroke, the screw is
      rotated again so as to replace the injected volume of material and the
      cycle is then renewed.
PAR  It has been found that on rotation of the screw, the interaction between
      the helix of the screw and the plastic material, which latter has a high
      viscosity, causes the screw to push back along the plasticizing barrel
      before the plastic material reaches the head of the plasticizing barrel.
      To offset this effect, it has been the practice heretofore to restrict the
      backward movement of the screw by restricting the displacement of
      hydraulic fluid from the injection cylinder in which an operative piston
      is connected with the screw. This can be achieved either by including a
      flow restrictor in the hydraulic return pipe or by causing the displaced
      fluid to return to a pressure relief valve. There is a disadvantage in the
      use of the flow restrictor in that the pressure generated in the injection
      cylinder is dependent upon the plasticizing rate and will therefore vary
      with changes in the speed of the plasticizing screw. A disadvantage in
      both systems suggested is that the screw would start to rotate before the
      back pressure has been produced. This would cause pockets of gas and
      volatile substances to be present in the volume of material to be
      injected. Also, with the systems at present in use, the low pressures
      involved, especially at low screw speeds, result in difficulties of
      accurately controlling the valves.
PAC  SUMMARY OF THE INVENTION
PAR  One object of this invention is to improve injection molding devices of the
      type described and to obviate the objections thereto as recited.
PAR  Another object of the invention is to maintain effective control over the
      plasticizing screw by applying back pressure which acts against the
      reaction caused by the rotation of the plasticizing screw in feeding the
      material.
PAR  A more specific object of the invention is to provide for programmed
      changes in back pressure inhibiting backward movement of the plasticizing
      screw so that plasticizing conditions may be improved by slowing the
      rearward movement of the screw to compensate for the decrease in effective
      screw length which occurs as the screw moves rearwardly.
PAR  These objects may be accomplished, according to one embodiment of the
      invention, by providing a movable head such, for example, as the piston in
      a hydraulic cylinder forming the injection means, which head is
      operatively connected with the screw and will move the screw in its
      reciprocating action. Positive pressure is maintained on both sides of the
      piston in such a manner that there will be a pressure differential which
      must be overcome by reaction forces of the screw against the material
      being processed. This pressure differential may be controlled to regulate
      the speed at which the screw is allowed to recede as it is rotated to feed
      the material forward in the plasticizing barrel. Thereafter, the piston is
      subjected to increased pressure to project the screw bodily forward for
      injecting the material from the head of the barrel into the mold.
PAR  While there are a number of advantages to the improved hydraulic system, a
      main advantage is that there is applied back pressure which is
      controllable independently of the plasticizing screw displacement and/or
      speed of rotation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  This embodiment of the invention is illustrated in the accompanying drawing
      which is a diagrammatic illustration of apparatus embodying the invention
      and used for practicing the method as described.
DETD
PAC  DETAILED DESCRIPTION OF DISCLOSURE
PAR  The apparatus illustrated in the drawing comprises a plasticizing cylinder
      or barrel, generally indicated by the numeral 1 and having a plasticizing
      screw 2 mounted therein for rotation and for reciprocation. The screw 2 is
      power driven for rotation in the cylinder or barrel 1 by suitable means,
      not shown, as well as for reciprocating movement bodily in the cylinder or
      barrel. The barrel 1 usually is provided with means for maintaining the
      barrel at a uniform high temperature, such as band type heaters around the
      exterior of the barrel. The screw 2 has suitable means (not shown) for
      effecting rotation thereof.
PAR  A feed inlet, such as a hopper 3, is connected with the cylinder or barrel
      1 at one end thereof to feed the material to be molded to the cylinder or
      barrel. This material may be in the form of granules, powder or of other
      suitable form which may be introduced to the cylinder or barrel and
      transformed to plastic condition as it is fed therethrough by the action
      of the screw.
PAR  At the opposite end 4 of the cylinder or barrel 1 from the material supply
      3, the material is accumulated in an amount sufficient to fill the mold.
      This material is then injected into the mold 5 through a nozzle valve 6
      which connects the barrel head 4 with the mold cavity by suitable gating.
      This injection action is caused by a forward thrust of the screw 2 to
      discharge the plastic material from the barrel head 4 into the mold
      cavity.
PAR  The injection stroke of the screw is caused by the action of a power head
      in this embodiment of the invention, which is indicated at 7, and which is
      operatively connected with the screw so as to cause bodily movement of the
      screw upon advance of the head 7. The power head or piston 7 is
      operatively mounted in a hydraulic cylinder 8 so as to provide for the
      application of pressure to opposite sides of the head, fluid being
      supplied through conduits 9 and 10.
PAR  The fluid supply line 9 has a branch conduit 11 which is in communication
      with a cut off valve 12 and a pressure release valve 13. The supply line 9
      is also connected with a suitable source of fluid under pressure, as
      indicated at 9'.
PAR  The fluid supply line 10 likewise has a source of fluid under pressure, as
      indicated at 10', as well as a system of valves diagrammatically indicated
      generally at 14, for controlling pressure on the forward side of the
      injection head or piston 7.
PAR  At the end of the injection portion of the cycle, immediately following the
      injection stroke, the screw 2 would be in its forward position at the head
      of the plasticizing barrel or cylinder. The pressure at the rear of the
      injection barrel or cylinder is much higher than that at the front of the
      barrel or cylinder since the pressure difference across the head 7 has
      just been used to effect the injection of the plastic material into the
      mold.
PAR  The cut off valve 12 is now opened, enabling the pressure release valve 13
      to reduce the pressure at the rear side of the injection head 7 within the
      cylinder 8 to a predetermined level so that only a small pressure
      difference now exists across the head 7. This pressure difference acts so
      as to oppose backward movement of the screw 2.
PAR  The screw 2 is then rotated to start the shot preparation portion of the
      cycle, and the screw transports the raw material from the inlet point 3 to
      the head 4 of the plasticizing barrel or cylinder. As soon as the plastic
      material begins to reach the head of the plasticizing cylinder, the screw
      is forced backward against the back pressure in the injection cylinder and
      this continues until the plasticizing screw reaches the rear position,
      marking the end of the shot preparation portion of the cycle. The nozzle
      valve 6 is then opened to allow the plastic material to flow into the mold
      and at the same time the cut off valve 12 is closed, producing an almost
      immediate build up in pressure behind the head 7, which pressure thrusts
      the plasticizing screw forward, injecting the plastic material into the
      mold.
PAR  As the injection process is completed, the nozzle valve 6 is closed and the
      cut off valve 12 is opened, thus reducing the pressure in the injection
      cylinder and the cycle starts again.
PAR  A supply of pressure to the injection cylinder 8 is maintained throughout
      the cycle. The pressure necessary for the injection stroke is reduced
      between the injection strokes by the opening of a pressure release valve
      in fluid connection with the injection cylinder. It will be apparent that
      the fluid supplies to both sides of the injection piston or head will be
      of different known pressures, thus enabling high pressure to be applied on
      both sides of the injection head and yet achieving a pre-set low value
      pressure differential, acting as back pressure. This has the advantage of
      enabling a more exact setting of the valves, which tend to operate more
      accurately at higher operating pressures. This supply may be provided from
      a separate pump, as shown in the drawing, or quickly supplied from the
      rear side of the cylinder from which the fluid is being displaced.
PAR  Within the supply and control circuitry, it is also possible to allow for
      pressure equalization prior to the start of screw rotation so that
      decompression from the mold system can be effected prior to the closure of
      the injection valve. For example, after the injection stroke of the piston
      7 has been completed and before the rotation of the screw 2 has been
      commenced, the valve 12 may be opened and the valve means 14 may be
      operated so that the pressure from line 10 will be equal for a short time
      to the pressure in line 9 established by the relief valve 13. This is
      advantageous when using specific molding techniques.
PAR  With this positive back pressure system, it is also possible to program
      changes in back pressures to correspond with the displacement of the
      plasticizing screw. For example, the control valve means 14 may be
      programmed to close partially during a desired portion of the rearward
      stroke of the screw 2 to reduce the pressure ahead of the piston 7 and
      thereby increase the differential pressure on the piston 7 tending to
      retard the rearward movement of the screw in response to the reaction
      forces generated as it works the material being processed. This increase
      of differential pressure and thereby effective back pressure would improve
      the plasticizing conditions to compensate for a reduction of effective
      screw length.
PAR  While the invention has been illustrated and described in one embodiment,
      it is recognized that variations and changes may be made therein without
      departing from the invention as disclosed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In injection molding apparatus of the type in which increments of
      plasticized material are intermittently supplied to mold means from a
      barrel provided with a screw operating on a cycle that includes (a) a shot
      preparation portion during which the screw is rotated to feed the material
      to be molded toward a front end of the barrel with the screw being allowed
      to move rearwardly in the barrel until enough material is accumulated in
      the front end portion of the barrel to fill a mold cavity and (b) an
      injection portion during which communication is established between the
      front end of the barrel and the mold cavity and the screw is thrusted
      forwardly in the barrel to inject the material from the front end portion
      of the barrel into the mold cavity, the combination comprising
PA1  a fluid cylinder having front and rear ends;
PA1  piston means operatively connected with said screw for reciprocation
      therewith and including a head movable forwardly and rearwardly in said
      cylinder; and
PA1  means operatively connected to both the front and rear ends of said
      cylinder for supplying fluid under predetermined pressure both to the
      front end and to the rear end of said cylinder throughout said shot
      preparation portion of said cycle to provide opposing forces on opposite
      sides of said head of such magnitude that a net force difference resists
      rearward movement of said head and of the screw connected therewith.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said means for supplying fluid
      under pressure includes
PA1  a first source of fluid under pressure operatively connected to said front
      end of said cylinder;
PA1  a second source of fluid under pressure operatively connected to said rear
      end of said cylinder; and
PA1  means for controlling the magnitude of the pressure of the fluid supplied
      to the rear end of said cylinder from said second source independently of
      the pressure of the fluid supplied to the front end of said cylinder.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein said second source of fluid
      under pressure provides pressure much higher than the pressure of the
      fluid supplied to the front end of said cylinder, and wherein said means
      for controlling the magnitude of the pressure of the fluid supplied to the
      rear end of said cylinder includes:
PA1  relief valve means operable at a pressure lower than the pressure provided
      by said second source but higher than a pressure which, when applied to
      the rear of said head, would produce a force on the head equal to that
      produced by the pressure of the fluid supplied to the front end of said
      cylinder, and
PA1  means connecting the rear end of said cylinder to said second source and to
      said relief valve with a shut-off valve interposed between said cylinder
      and said relief valve so that, during the injection portion of said cycle,
      said shut-off valve may be closed to provide high pressure on the rear of
      said head for thrusting said screw forwardly in said barrel and, during
      the shot preparation portion of said cycle, said shut-off valve may be
      opened to provide a pressure on the rear of said head sufficient to
      produce the said net force difference resisting rearward movement of said
      head.
NUM  4.
PAR  4. Apparatus according to claim 1, additionally comprising means for
      controlling the magnitude of the pressure of the fluid supplied to the
      front end of said cylinder from said first source of fluid under pressure
      independently of the pressure of the fluid supplied to the rear end of
      said cylinder.
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PAL  A drive for advancing paper or other sheet material through a printing
      station, or the like, including: a toothed, flexible belt carrying spaced
      pins for engaging the sheet material, the belt having a respective drive
      sprocket engaging tooth for each pin; a drive sprocket with which the belt
      teeth are engaged and including grooves for receiving and engaging the
      belt teeth; a stationsry idler guide cooperating with the drive sprocket
      for tensioning and guiding the belt. The support frames for the pins on
      the belt are designed to prevent the pins from twisting during paper and
      feed operations. A linear guide serves to maintain the pins in alignment;
      a mounting means clamps the drive sprocket to a drive shaft without play
      therebetween.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various mechanisms are known for moving sheet material, such as paper, or
      the like, which material is imprinted at a printing station or is
      otherwise acted upon. Previous mechanisms have included pin type feed
      devices, which include pins carried on an endless chain or belt, with the
      belt being driven by an appropriate drive sprocket. The pins move into
      apertures in the paper for positive advancement thereof. An example of
      such a mechanism appears in U.S. Pat. No. 3,507,431. Through experience
      with the mechanism taught in the aforesaid patent and with other prior art
      mechanisms, a number of problems have arisen.
PAR  The pins secured to an endless belt are subject to shifting longitudinally
      in the plane of the belt, and/or to shifting out of the plane of the belt
      as the pins move the sheet material. Such misalignment of the pins tend to
      cause the sheet material to tear or separate from the pins or to cause
      improper orientation of the sheet material resulting in misaligned
      imprinting. Furthermore, prior art mechanisms often do not provide
      positive guidance and support for the belt carrying the pins during the
      sheet material engaging pathway; which contributes to the aforesaid
      undesired motion of the pins. Further still, the prior art has not
      provided adequate means for adjusting a plurality of tractor mechanisms
      with respect to each other for various width sheet materials. Further
      still, the prior art has required a driven sprocket and an idler sprocket
      for cooperating with the endless belt which carries the pins. Adjustment
      of the spacing between the sprockets or otherwise ensuring proper
      tensioning of the pin carrying belt has proven quite difficult where two
      rotated sprockets are involved. Furthermore, with two round, spaced apart
      sprockets, there is not adequate guidance and support for the pin carrying
      belt over its full pathway. Additionally, it has been found that there has
      been undesired play between the means which drives the drive sprocket for
      the pin carrying belt and the sprocket itself. This has caused improper
      positioning of the sheet material at a printing station, or the like,
      which has introduced undesired errors in the location of the imprinting on
      the sheet material.
PAR  Although previous tractor mechanisms are capable to move sheet material as
      desired, the above noted drawbacks have resulted in the development of the
      present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a pin feed tractor mechanism for moving
      perforated sheet material. Typically, the sheet material is perforated at
      spaced intervals, usually along each side of the sheet. The tractor
      mechanism supports means that moves pins which enter into the perforations
      provide positive drive for the sheet material. The pins are carried by an
      endless belt and project outwardly of the belt. The inner surface of the
      belt is provided with a plurality of teeth, each tooth being engaged by a
      pin assembly. The belt passes around a rotatable drive sprocket that is
      provided with a plurality of spaced grooves for receiving the pin
      assemblies secured to on the belt teeth.
PAR  Cooperating with the belt and defining the remainder of its pathway is an
      adjustable positionable, stationary idler having a track about its
      periphery for guiding and aligning the belt. The idler is longitudinally
      adjustable to tension the belt sprocket. The idler has a curved end, and a
      pair of straight side surfaces extending toward the drive sprocket. The
      track lies along the periphery of the molding and extends along the entire
      length of the molding. The molding and drive sprocket together define a
      supporting guide pathway for the belt. The molding and drive sprocket
      support the belt and thus the pins carried thereon and prevent the pins
      from moving out of the perforations in the sheet material when in the feed
      region.
PAR  Each pin is integrally joined to a respective frame which is secured to the
      belt by a pin frame fastening element. The curved outer surface of each
      pin frame is engaged by a similarly curved slot in the drive sprocket. The
      width of each pin supporting frame lengthwise of the belt is selected so
      that during the portion of the pathway of the belt when the pins are
      engaged in the perforations of the sheet material, the end edges of
      neighboring pin supporting frames abut, to collectively prevent the frames
      from twisting longitudinally, effectively in the plane of the belt thereby
      retaining all pins at the proper orientation and spacing.
PAR  Means are provided to engage each pin frame as its pin operatively engages
      the sheet material to press the pin frames against the aforesaid idler
      molding to prevent movement of the pins in a direction transverse of the
      belt as the pins that are then passing through the perforations of the
      sheet material move the sheet material.
PAR  The motor driven shaft which drives the sprocket and passes therethrough,
      the shaft is appropriately shaped, e.g. desirably polygonally, and most
      preferably square in cross-section. Plural (preferably two) clamping
      members each having an internal surface profile conforming to a position
      of the external profile of the drive shaft are provided with enlarged
      openings for receiving threaded fasteners which the clamping members to
      the drive shaft thereby eliminating any play between the drive sprocket
      and the drive shaft.
PAR  A number of other features and advantages of the tractor mechanism
      according to the present invention appear in the detailed description
      below.
PAR  Accordingly, it is a primary object of the present invention to provide an
      improved pin feed type tractor mechanism for sheet material, or the like.
PAR  It is a further object of the invention to provide appropriate means for
      guiding the pins of such mechanism as they are engaging the sheet material
      they are moving.
PAR  It is another object of the invention to provide such a mechanism which
      precludes longitudinal shifting of the pins while they are moving the
      sheet material.
PAR  It is another object of the invention to provide such a mechanism which
      includes means for preventing transverse shifting of the pins as they are
      moving the sheet material.
PAR  It is another object of the invention to provide such a mechanism which has
      an improved means for tensioning the pin carrying belt.
PAR  It is another object of the invention to provide such a mechanism which
      reduces the number of teeth required on the pin carrying belt.
PAR  These and other objects will become apparent from the following description
      of the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic, elevational view of apparatus employing pin feed
      tractor mechanisms according to the invention for moving a sheet of
      material to be imprinted, or the like;
PAR  FIG. 2 is an exploded perspective view of a right-hand pin feed tractor
      mechanism according to the invention;
PAR  FIG. 3 is an elevational view along the line and in the direction of arrows
      3, 3 in FIG. 6;
PAR  FIG. 4 is a rear elevational view of the tractor mechanism of FIG. 3 taken
      along the line and in the direction of arrows 4, 4 in FIG. 5;
PAR  FIG. 5 is a side elevational view of the tractor mechanism in FIG. 3
      looking in the direction of arrows 5, 5 of FIG. 3;
PAR  FIG. 6 is a cross-sectional view through the tractor mechanism of FIG. 3
      along the line and in the direction of arrows 6, 6 of FIG. 3;
PAR  FIG. 7 is a fragmentary, perspective view of the timing belt and pins of
      the pin feed tractor mechanism according to the previous Figures showing
      the mounting of the pins upon the timing belt;
PAR  FIG. 8 is a cross-sectional view along the line and in the direction of
      arrows 8, 8 in FIG. 7 showing the manner of mounting of pins to the timing
      belt and means for supporting the timing belt in position; and
PAR  FIG. 9 is an exploded perspective view of the drive shaft for the tractor
      mechanism and the means for joining the drive shaft to the pin feed timing
      belt.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, apparatus 10, which typically is employed as a paper
      feed for line printers and the like, comprises a left-hand tractor 12 and
      right-hand tractor 14, both of which are designed in accordance with the
      invention. At their upper ends, tractors 12, 14 are supported by a
      stationary support shaft 13 and at their lower ends they are supported by
      rotatable drive shaft 22. Sheet material, paper, or the like 16 is
      advanced by tractors 12, 14 to perform line feed or other similar paper
      advancing operations. The side edges of sheet 16 are provided with spaced
      perforations 18 which cooperate with and receive the pins of the tractor
      in accordance with the invention so as to cause sheet 16 to be moved by
      the tractors.
PAR  Motor 20 is coupled through conventional drive means, to rotate drive shaft
      22 which is connected by means described below with the pins of the
      tractor, so as to drive the pins and move the paper or sheet material as
      desired. Guide shaft 13 supports the upper ends of tractors 12, 14 and
      cooperates with shaft 22 to provide for adjustable alignment of the
      assemblies 12 and 14 to accommodate paper of varying width.
PAR  The spacing between the tractors is adjusted so that left and right hand
      feed pins 190 are aligned with the left and right hand apertures 18.
      Adjustment of the tractors is accomplished by means described below.
PAR  Since tractors 12, 14 are mirror images, only one of the tractors will be
      described herein for purposes of brevity.
PAR  Turning to FIGS. 2-5, tractor 30 shown therein is comprised of frame
      element 32, which is slightly longer than the length of the path of timing
      belt 152 and which is slightly wider than the width of drive gear 70 over
      which timing belt 152 passes. The curved upper and lower ends, 34 and 36
      of frame element 32, extend around the timing belt.
PAR  Centrally located on frame element 32 and projecting forwardly thereof is
      rigid support projection 38 for the idler molding 50.
PAR  Frame element 32 further includes upper opening 42 therethrough for
      receiving cooperating support bushing 132 which slidably receives the
      tractor guide shaft 13. Frame element 32 also includes lower opening 44
      for receiving the drive gear support bushing 76 and bearing 90, as
      described below.
PAR  Frame projection 38 has a pair of bores 46 for receiving the fastening
      means 136 which secure frame element 32 to member 130.
PAR  An idler molding 50 (see FIGS. 2, 3 and 6) is positioned adjacent member
      32. Molding 50 is bifurcated to define legs 52, 54 and central slot 56.
      The legs straddle and rest against the opposing exterior surface of
      oval-shaped projection 32. Slot 56 is dimensioned so that projection 38
      nests securely against the side walls of slot 56 and so that the
      projection nests against the inner end of slot 56 when molding 50 is fully
      descended against projection 38. In order to tension timing belt 152,
      molding 50 is vertically shiftable with respect to frame 32 and projection
      38. The projection serves as a guide for this vertical shifting to prevent
      rocking of the molding and to maintain it in the proper orientation at all
      times. Legs 52, 54 extend downwardly with their free ends 55 adjacent
      drive sprocket 70. The shape of molding 50 with its elongated legs 52, 54
      ensures that below described track 60 extends toward and practically into
      contact with drive sprocket 70. As a result, timing belt 152 and pins 190
      carried thereon are positively supported and will not displace inwardly
      toward the longitudinal axis of frame 32, and the belt is supported
      against sliding sideways off molding 50 by the elongated track 60.
PAR  Guide shaft 13 (see FIGS. 1, 5 and 6) extends through the clearance opening
      57 in molding 50. As shown in FIG. 3, however, while opening 57 has a
      width that closely approximates the outer diameter of sleeve 132 which
      receives shaft 13, thereby prohibiting sideways rocking of molding 50,
      there is clearance in opening 57 above and below sleeve 132 for permitting
      the above mentioned vertical shifting of molding 50 to provide the desired
      tension for timing belt 152.
PAR  Clearance openings 58 provided in molding 50 are aligned with elongated
      openings 138 in tractor frame element 130. Bolts 144 pass through openings
      138 in frame element 130 and 58 in molding 50 and threadedly engage nuts
      142 arranged in recesses 138a (see FIG. 6) to secure molding 50 to frame
      130. Elongated slots 138 allow for adjustment of molding 50 relative to
      frame 130 to provide the proper tension for the timing belt.
PAR  The periphery of molding 50 has a raised track 60 of uniform width. Track
      60 serves as the guide for timing belt 152 as it slides over the molding.
      The curved end section 62 of track 60 serves as the upper end guide for
      the timing belt.
PAR  As will become apparent below, the pin frames mounted timing belt 152 slide
      along track 60. The track, and for simplest manufacture the entire
      molding, is comprised of a relatively low friction material, such as
      polytetrafluoroethylene over which the timing belt can easily slide with
      minimum friction and which material is sufficiently hard and durable for
      long term use.
PAR  Turning to FIGS. 2, 3, 6 and 9, the lower end of timing belt 150 is guided
      and supported on drive sprocket 70. Around the annular periphery of
      sprocket 70 are a plurality of curved notches 72, which are spaced apart
      precisely the spacing distance of the cooperating driven teeth 170 on
      timing belt 152. In a further feature of the present invention, each of
      the cooperating teeth 170 on the timing belt is associated with and is
      connected with and may even be part of a respective pin 190 that is
      carried on the timing belt. There are no extra teeth on the timing belt
      and no extra notches in the sprocket 70 between adjacent pins 190. The
      diameter of sprocket 70 is coordinated with the dimensions of molding 50
      and its track 60 so that the timing belt follows a straight line path
      along its sides.
PAR  Turning to FIGS. 1 and 9, sprocket 70 has an opening 74 therethrough for
      receiving its support bushing 76. Fixedly secured at the forward end of
      bushing 76 is the drive gear securement flange 78.
PAR  Turning to FIGS. 6 and 9, sprocket 70 is held in position on bushing 76 by
      set screw 75, which passes through radially aligned tapped opening 77 in
      flange portion 70a of sprocket 70 and extends into engagement with bushing
      76. In this manner, the axial position of sprocket 70 along bushing 76 is
      fixed and, in appropriate circumstances, is adjustable. Furthermore, as
      described below, since sprocket 70 is on one side of frame element 130 and
      flange 78 is on the side of frame element 130 and flange 78 is on the
      other side, it is necessary that sprocket 70 be slidable onto and off
      bushing 76 to facilitate assembly of the tractor.
PAR  Turning to FIGS. 2 and 6, bushing 76 extends through opening 79 in the
      forwardly projecting annular flange 80 of frame element 130. Bushing
      flange 78 abuts the forward side of flange 80. A washer 84 having a
      central opening 86, receives bushing 76 and is positioned between sprocket
      70 and frame element 130.
PAR  The narrow rearward end portion 88 of bushing 76 extends into opening 44
      through frame element 32. A sleeve bearing 90 is press fit or otherwise
      securely seated in opening 44 and bushing rear portion 88 freely rotates
      in receiving bearing 90 and is supported in position there against
      radially directed torque forces on drive shaft 22.
PAR  Drive shaft 22 is driven from motor 20 through appropriate connecting
      gearing and shaft 22 in turn rotates sprocket 70. Sprocket 70 is
      mechanically coupled to shaft 22 through bushing 76, flange 78 and
      clamping means 100.
PAR  Turning to FIGS. 3, 6 and 9 in the preferred arrangement, shaft 22 is
      polygonal in cross-section with the preferred square cross-section being
      illustrated. Other appropriate polygonal or splined cross-sections may be
      selected. Opening 101 extending completely through bushing 76 conforms to
      the shape of shaft 22. Normally, a certain amount of play is encountered
      between bushing 76 and shaft 22.
PAR  To ensure positive connection between sprocket 70 and shaft 22 without any
      play or relative motion between these elements, shaft clamping means 100
      is used to clamp sprocket 70 to shaft 22. As shown in FIGS. 2, 4, 6 and 9,
      clamping means 100 comprises separate clamp pieces 102, 104 which are each
      in the shape of a part of a circle and which have respective right-angle
      V-notches 106, 108 formed therein, so as to define openings to each
      receive a pair of adjacent sides of shaft 22, whereby respective corners
      110, 112 of shaft 22 are aligned in the apices of the notches 106 and 108
      of clamping pieces 102, 104. The depths of notches 106, 108 are selected
      so that, as shown in FIG. 4, when the clamping pieces are moved together
      in the direction of arrows A, A (FIG. 4), there is still a short gap 114
      between them, to snugly embrace shaft 22.
PAR  Clamping pieces 102, 104 are each provided with a pair of clearance
      openings 116, which are arranged at equally spaced intervals around the
      assembled clamping pieces in FIG. 9. Above described bushing flange 78 is
      provided with receiving openings 118, which are cooperatively aligned with
      and radially similarly located as openings 116 and which are also
      uniformly spaced around flange 78. Openings 118 are tapped to threadedly
      engage screws 124, to secure clamping pieces 102, 104 to flange 78. As
      shown in FIG. 6, the diameters of clearance openings 116 are greater than
      the outer diameters of the threads on screws 124 but less than the
      diameters of the screw heads 126. Once screws 124 are inserted into and
      through the aligned openings and before the screws are tightened inward,
      radial pressure is applied to clamping pieces 102, 104 to force them
      securely together against shaft 22. Heads 126 of tightened screws 124
      securely engage clamping pieces 102, 104 and prevent them from moving
      apart. This tight securement ensures that rotation of shaft 22 will cause
      corresponding rotation of gear 70 without any play therebetween.
PAR  Turning to FIGS. 2, 4 and 6, cooperating with frame element 32 is separate
      frame element 130. Frame element 130 includes plate 131. Plate 131 carries
      above described forwardly projecting hollow flange 80. Frame element 130
      also includes bushing 132 for receiving tractor mechanism upper support
      rod 13. Bushing 132 passes in the above described manner through
      vertically elongated, horizontally confined opening 57 in idler molding 50
      and extends into opening 42 in frame element 32.
PAR  Openings 134 through plate 131 receive fastening screws 136 which extend
      through openings 46 through projection 38 and engage in tapped, threaded
      openings 135 in plate 137, thereby holding frame elements 32, 130 securely
      together.
PAR  Frame element plate 131 further includes vertically elongated openings 138
      which receive the fastening screws 140. Screws 140 further pass through
      openings 58 in molding 50 and threadedly engage nuts 142 to which they are
      tightened by heads 144. Openings 138 are elongated vertically with respect
      to openings 58 to permit the desired vertical shifting of molding 50 for
      tightening the timing belt, as described below.
PAR  Turning to FIG. 2, drive sprocket 70 and track 60 support and guide the
      motion of pins 190 of the timing belt mechanism 150. Turning to FIGS. 2,
      3, 5 and 7, mechanism 150 includes a closed loop belt 152 that is
      flexible, yet non-expansible, and that is comprised of a sturdy plastic or
      the like material which will not deteriorate through prolonged use. The
      length of belt 152 is selected to coordinate with the total length of the
      pathway defined by track 60 and sprocket 70.
PAR  Affixed in position on belt 152 are a plurality of adjacent pin assemblies
      160. Each pin assembly is comprised of a rigid frame, which includes
      upstanding flanges 162, 164 which are separated by the width of belt 152
      by bridging member 170, such that the belt holds each pin assembly 160 at
      a desired orientation in the plane of the belt to prevent the pin
      mechanisms 160 from swiveling in this plane in the directions of arrows
      172 as might occur when pins 190 engage sheet 16 being moved by the moving
      pins. Each flange 162, 164 extends outwardly from both sides of bridging
      member 170 along belt 152. To eliminate twisting in the directions of
      arrows 172 during use, the width of each frame between its ends 166, 168
      is selected so that, as shown in FIG. 3, adjacent ends 166, 168 of
      neighboring pin assemblies abut during travel along the straight portion
      of the pathway of movement of belt 152, which is the operative portion of
      the pathway. The tendency of one pin assembly frame to swivel will be
      blocked by its abutment against the neighboring pin assembly frame.
PAR  Referring to FIGS. 3 and 8, the upper surface 172 of crossbar 170 is
      grooved to conform to and receive a tooth of timing belt 152. The lower
      surface 174 of crossbar 170 si curved and conforms to the grooves 72 in
      drive sprocket 70.
PAR  Referring to FIGS. 7 and 8, strap 180 extends across each set of pin frame
      assembly flanges 162, 164 above the outer surface of belt 152 and is
      located in appropriate receiving slots 178 in each set of pin frame
      assembly flanges 162, 164. Each slot 178 has a pin-like projection 182
      which force fittingly receive strap 180. The depth of groove 178 is chosen
      so that strap 180 will clamp securely against belt 152 and squeeze the
      belt between the plate 180 and outer surface 172 of crossbar 170. In this
      manner, each pin assembly 160 is fixedly positioned along and is secured
      to belt 152. The upper surface 184 of flanges 162, 164 cooperate with
      plate 240 for preventing the raising of pin assemblies 160 off the molding
      50 and its track 60 in the direction of arrows 186.
PAR  Although frame flanges 162, 164 are relatively wide along the length
      dimension of belt 152, they engage belt 152 only along the relatively
      thinner width surfaces of surface 174 and clamping element 180, whereby
      belt 152 is able to make the relatively narrow radius turns at end 62 of
      molding 50 and at sprocket 70, as shown in FIG. 3.
PAR  Referring to FIGS. 1, 2, 5, 7 and 8, projecting out of each pin frame
      assembly element 164 is a respective pin supporting tongue 188, which
      supports a respective outwardly projecting pin 190. Each pin 190 is
      adapted to move into a perforation 18 in sheet 16. One significant aspect
      of the present arrangement, as compared with the prior art, is that there
      is one crossbar and timing belt tooth 170 for each pin 190 and in the
      preferred embodiment there are no additional belt teeth, like 170,
      engaging sprocket 70.
PAR  Flexible belt 152 must be drawn tightly against sprocket 70 and track 60 in
      order for the tractor 30 to operate properly. For this purpose, as
      described above, openings 138 are vertically elongated which permits
      molding 50 to be moved toward or away from gear 70 for adjusting belt 152.
PAR  FIGS. 2, 4 and 5 show swingable door assembly 200 which includes
      substantially Z-shaped door 202, having spaced parallel panels 202 and 204
      joined by intermediate section 203. Panel 204 has a pair of flanges 214
      and 216 with openings 218 for receiving elongated rod 226 which also
      extends through openings 224 in flanges 220 and 222 on frame 130. Panel
      202 when closed, presses sheet 16 over pins 190. Elongated slot 210 is
      defined in door panel 202 and pins 190 are sufficiently elongated to
      project through slot 210, whereby sheet 16 is kept from lifting off pins
      190 by door panel 202.
PAR  Handle portion 207 may be gripped to move door 200 between an open position
      (not shown), wherein free access to belt 152, pins 190 and sheet 16 can be
      obtained, and a closed position shown in FIGS. 4 and 5, wherein panel 206
      holds sheet 16 over pins 190. The closed position of door 202 is defined
      by its panel 204 abutting stop flange 211 on frame element plate 131. The
      height spacing between hinge flanges 214, 216 is selected to be nearly the
      full height of door 202, which minimizes the adverse effect of any torque
      forces applied to the door by spring 240. As shown in FIG. 5, the
      respective upper hinge flanges 214, 220 are adjacent each other as are the
      respective lower hinge flanges 216, 222. Passing through aligned upper and
      lower hinge pin openings 224, 218 is hinge pin 226, which permits the
      opening and closing pivoting of door 202. Conventional lock washers 232,
      or the like, hold pin 226 in position.
PAR  An over-center spring arrangement is provided for selectively biasing door
      202 opened or closed. Frame element plate 131 includes a depending flange
      234, which with respect to the front of the tractor, is rearward of pivot
      pin 226. An opening 235 is provided in lug 234. In door panel 206 is a
      receiving opening 236. Helical biasing spring 239 has its ends hooked
      openings 235 and 236. The positions of openings 235 and 236 with respect
      to pin 226 causes door 202 to be normally biased either closed or opened
      by spring 239.
PAR  Turning to FIGS. 2, 4, 5, 7 and 8, additional means are provided for
      preventing motion of pins 190 in the directions of arrows 186 during
      travel of pins 190 along the operative path of movement of the pins past
      slot 210 while the pins are moving sheet 16. Pin assembly holding plate
      240 is fastened by means of its integral flange 242 through fasteners 244
      passing through clearance openings 243 in plate 242 and then into
      receiving openings 246 in frame element plate 131. Openings 243 in back
      plate 242 are aligned with openings 246 in plate 131 so that, as shown in
      FIG. 8, plate 240 engages the outer edge surfaces 184 of all of the pin
      assemblies 160 as they move along slot 210. This prevents pins 190 from
      shifting either inwardly or outwardly in the direction of arrows 186 in
      FIG. 8.
PAR  Turning to FIG. 1, as was noted above, tractors 12 and 14 are adjustable
      toward or away from each other along upper shaft 13 and lower drive shaft
      22 to accommodate sheets of different width. Clamping means 100 for
      securing sprocket 70 to drive shaft 22 has been discussed. The positioning
      of sprocket 70 effectively positions tractor 30. However, this does not
      positively position the frame of the tractor. For such positive
      positioning, fastening means 250 is provided. As shown in FIG. 6, shaft 13
      extends through guide shaft support upper sleeve 132. At the forward side
      of frame element 130 is the widened annular securement housing 254 which
      is an extension of sleeve 132. Within housing 254 is a radially oriented
      tapped opening 256. Fastening means 250 includes screw member 260 which
      has a threaded end portion 262 threadedly engaging opening 256. As shown
      in FIG. 4, screw 260 is tightened by handle 264 to lock against shaft 13
      to position the entire tractor along shaft 13.
PAR  There has just been described a novel pin type tractor mechanism for
      advancing sheet material or the like, which mechanism includes: individual
      feed pins secured on a belt; means, including a shaped molding for guiding
      and supporting the feed pins and hence the belt, and which is arranged and
      shaped to provide support for virtually the entire linear run of the belt;
      each pin being carried on a pin support mechanism which abuts an adjacent
      pin support mechanism so as to protect against longitudinal shifting of
      the pin mechanisms in the plane of the pin mechanisms; a guide plate for
      retaining each of the pin assemblies in position against shifting toward
      and away from the guide support means of the tractor mechanism; a novel
      arrangement for securing the drive gear of the belt for the pins to the
      drive shaft to eliminate play between the drive shaft and the belt; and a
      number of other features which have been considered in greater detail
      above.
PAR  Although the present invention has been described in connection with a
      preferred embodiment thereof, many variations and modifications will now
      become apparent to those skilled in the art. It is preferred, therefore,
      that the present invention be limited not by the specific disclosure
      herein, but only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tractor mechanism for advancing sheet material that has spaced
      apertures therealong; said mechanism comprising:
PA1  a. a supporting frame;
PA1  b. a drive sprocket having a plurality of grooves along the periphery
      thereof; a drive shaft on which said sprocket is mounted and which rotates
      said sprocket; said shaft being supported on said frame, thereby
      supporting said sprocket with respect to said frame;
PA1  c. a stationary, substantially U-shaped idler means; means on said frame
      supporting said idler means; the peripheral surface of said idler means
      and said sprocket defining an oval-shaped guide path;
PA1  d. closed loop belt means entrained around said sprocket periphery and said
      idler means peripheral edge and being supported by and guided for motion
      around said sprocket and said idler means; said belt means spaced teeth;
PA1  e. a plurality of pin feed assemblies secured to and arrayed along each
      tooth of said belt means and having pin tabs that project to one side of
      said belt means, each pin tab having an upwardly extending feed pin for
      engaging the perforations in the sheet material;
PA1  f. each of said assemblies having sprocket engaging elements on the tooth
      side of said belt selectively receivable by the sprocket grooves along
      said sprocket periphery, for rotating said belt and pin feed assemblies.
NUM  2.
PAR  2. The tractor mechanism of claim 1, further comprising:
PA1  a guide track on said idler means peripheral edge; said pin assemblies
      being shaped to slidably engage said guide track, to maintain alignment of
      said belt and pin feed assemblies.
NUM  3.
PAR  3. The tractor mechanism of claim 2, wherein said pin feed assemblies are
      each further comprised of:
PA1  a first upstanding flange extending along one side edge of said belt means
      and including a second upstanding flange extending along the opposite side
      edge of said belt means;
PA1  a joining rib spanning between said flanges and adapted to engage a tooth
      along one surface and a sprocket groove along the opposite surface;
PA1  said first and said second flanges having opposite ends that face toward
      the flange ends of the adjacent assemblies; said first and said second pin
      frame flanges being of a length along said belt means such that on an
      operative perforation engaging portion of the path of said belt means
      between said sprocket and said end of said idler means, the flange ends of
      adjacent assemblies abut one another to maintain the assemblies in
      alignment and prevent twisting.
NUM  4.
PAR  4. The tractor mechanism of claim 3, wherein said operative perforation
      engaging portion of said belt means path is straight and between said
      sprocket and the curved end of said idler means.
NUM  5.
PAR  5. The tractor mechanism of claim 3 wherein:
PA1  said drive shaft has a non-cylindrical cross-section;
PA1  clamping means for securing said drive shaft to said sprocket; said
      clamping means comprising a plurality of separate clamping pieces, each
      shaped to have a surface that conforms to a respective part of said
      profiled exterior of said drive shaft; each said clamping piece being
      positioned to embrace said drive shaft with its said surface in registry
      with its respective said portion of said exterior of said drive shaft with
      which it conforms; adjustable means for securing said clamping pieces to
      said sprocket to substantially eliminate any play between the rotating
      elements.
NUM  6.
PAR  6. The tractor mechanism of claim 1, wherein the radius of said sprocket
      and the radius of the curved end of said idler means are substantially
      equal; said idler means peripheral surface extending away from its said
      curved end and toward said sprocket in a manner such that a pair of spaced
      linear pathways separated by a distance substantially equal to the
      diameter of said sprocket is defined; said peripheral surface of said
      idler means supporting and engaging said belt means.
NUM  7.
PAR  7. The tractor mechanism of claim 1, wherein said support means on said
      frame for said idler means is adapted to enable adjustable positioning of
      said idler means with respect to the position of said sprocket, for
      obtaining the desired tensioning of said belt means.
NUM  8.
PAR  8. The tractor mechanism of claim 6, wherein said support means further
      comprises a projection extending outwardly from said frame; a notch in
      said idler means slidably engaging said frame projection; said frame
      projection having elongated sidewalls extending in a direction between
      said sprocket and said idler means end; said idler means notch having
      elongated walls engaging said frame projection sidewalls, thereby causing
      said frame projection to guide shifting of said idler means parallel to
      said projection side walls.
NUM  9.
PAR  9. The tractor mechanism of claim 8, wherein said idler means further
      includes an elongated opening;
PA1  said frame having a bushing thereon extending through said elongated
      opening;
PA1  a supporting guide shaft extending through said bushing; said frame being
      adjustably positionable along said separate guide shaft, means for
      securing said bushing to said guide shaft for fixing their relative
      positions.
NUM  10.
PAR  10. A tractor mechanism for advancing sheet material having spaced
      apertures therealong; said mechanism comprising:
PA1  a. a supporting frame;
PA1  b. a drive sprocket; a drive shaft on which said sprocket is mounted and
      which rotates said sprocket; said shaft being supported on said frame,
      thereby supporting said sprocket with respect to said frame; said drive
      shaft being profiled around its exterior for engaging a clamping means;
PA1  c. clamping means for embracing said drive shaft and comprising a plurality
      of separate clamping pieces, each shaped to have a profiled surface
      portion that conforms to a respective part of said profiled exterior of
      said drive shaft; each said clamping piece embracing said drive shaft in
      registry with its respective said portion of said exterior of said drive
      shaft with which its said profiled surface portion conforms;
PA1  d. means adjustably securing said clamping pieces to said sprocket whereby
      said drive shaft rotates said sprocket without play;
PA1  e. idler means spaced from said sprocket; means on said frame for
      supporting said idler means; said idler means having a substantially
      U-shaped peripheral edge; the curved end of said idler means being remote
      from said sprocket, the peripheries of said sprocket and of said idler
      means collectively defining an oval shaped guide path for a continuous
      belt means;
PA1  f. closed loop belt means entrained about said sprocket and said idler
      means;
PA1  g. a plurality of pins projecting outwardly from said belt for engaging the
      perforations in sheet material;
PA1  h. sprocket engaging elements on said belt; said sprocket periphery having
      a plurality of spaced grooves whereby rotation of said sprocket advances
      said elements and said belt.
NUM  11.
PAR  11. The tractor mechanism of claim 10, wherein said means securing said
      clamping pieces to said sprocket comprises a bushing surrounding said
      drive shaft; said bushing having a flange projecting radially outwardly
      with respect to said drive shaft; said clamping pieces being secured to
      said bushing flange; said sprocket being secured to said bushing.
NUM  12.
PAR  12. The tractor mechanism of claim 10, wherein said drive shaft has
      polygonal shaped cross-section and each said clamping piece profiled
      surface portion is shaped to conform to a portion of said polygonal
      cross-section.
NUM  13.
PAR  13. The tractor mechanism of claim 12, wherein said drive shaft is of
      square profile and each said clamping piece profiled surface portion is
      shaped to define a right angle corner notch, with the lengths of the sides
      of each notch being shorter than the lengths of the sides of the square
      profile of said drive shaft.
NUM  14.
PAR  14. A tractor mechanism for advancing sheet material having spaced
      apertures therealong; said mechanism comprising:
PA1  a. a supporting frame;
PA1  b. a drive sprocket; a drive shaft on which said sprocket is mounted and
      which rotates said sprocket; said shaft being supported on said frame,
      thereby supporting said sprocket with respect to said frame;
PA1  c. idler means positioned adjacent said sprocket; means on said frame for
      supporting said idler means; said idler means having a U-shaped peripheral
      edge; said sprocket periphery and said idler means peripheral edge
      cooperatively defining an oval-shaped guide path;
PA1  d. closed loop belt means passing around said sprocket periphery and said
      idler means peripheral edge;
PA1  e. sprocket engaging elements on said belt and grooves on said sprocket
      periphery for engaging said elements, whereby rotation of said sprocket
      moves said belt and said elements;
PA1  f. each of sprocket engaging elements having a pin projecting outwardly
      from said belt means and towards said paper document and being oriented so
      as to selectively engage the perforations in sheet material;
PA1  g. an elongated belt means support element in that said space, which is
      positioned to provide a supporting surface against which said belt means
      can be pressed as it moves past that said space; said belt means support
      element being positioned inside the enclosed pathway defined by the
      enclosed said belt means;
PA1  h. a plate for engaging said pin frames and pressing said pin frames and
      said belt means to which said pin frames are attached against its said
      elongated support element, at the same time thereby squeezing said pin
      frames between said elongated belt means support element and said plate
      and preventing motion of said pins toward and away from said elongated
      belt means support element.
NUM  15.
PAR  15. The tractor mechanism of claim 14, further comprising:
PA1  a door hingedly connected to said frame and positioned such that in a
      closed position, said door extends over the outside of the projecting said
      pins, and in an open position, said door permits free access to said pins;
PA1  said door having an elongated slot formed therein and positioned to be
      aligned with said pins when said door is in closed position; said door in
      said hingedly closed position being located such that said pins project
      outwardly through said door slot.
NUM  16.
PAR  16. The tractor mechanism of claim 15, wherein said elongated belt
      supporting element is connected to and is an extension of said idler
      means.
NUM  17.
PAR  17. A tractor mechanism for advancing sheet material that has spaced
      apertures therealong; said mechanism comprising:
PA1  a. a supporting frame;
PA1  b. a drive sprocket; a drive shaft on which said sprocket is mounted and
      which rotates said sprocket; said shaft being supported on said frame,
      thereby supporting said sprocket with respect to said frame;
PA1  c. U-shaped idler means spaced from said sprocket; means on said frame for
      supporting said idler means; said idler means having a curved end remote
      from said sprocket; said sprocket periphery and said idler means periphery
      cooperatively defining a guide path for a closed loop belt means;
PA1  d. closed loop belt means passing around the peripheries of said sprocket
      and said idler means and being moved by said sprocket means;
PA1  e. a plurality of pin frames secured to and arrayed along said belt means
      are each supporting an outwardly projecting pin for engaging a perforation
      in said sheet material; each said pin frame being individually secured on
      belt means; each said pin frame including a first upstanding flange
      extending along one side edge of said belt means and including a second
      upstanding flange extending along the opposite side edge of said belt
      means;
PA1  f. said first and said second flanges having opposite ends that face toward
      the flange ends of neighboring pin frame flanges; said first and said
      second pin frame flanges being of a length along said belt means such that
      on an operative, perforation engaging portion of the path of said belt
      means between said sprocket and said end of said idler means, the said pin
      frame first flange opposite ends of one said pin frame each abut a
      respective said pin frame first flange end of the neighboring said pin
      frames, and the said pin frame second flange opposite ends of one said pin
      frame each abut a respective said pin frame first flange end of the
      neighboring said pin frames, and the said pin frame second flange opposite
      ends of one said pin frame each abut a respective said pin frame second
      flange end of the neighboring said pin frames, to thereby prevent twisting
      of said pin frames;
PA1  g. a pin support arm projecting outwardly with respect to said belt means
      one edge and from each said first frame flange; an upwardly extending pin
      affixed on each said pin support arm;
PA1  h. said sprocket having a plurality of grooves, said frames each having a
      sprocket engaging portion on said belt and adapted to be received by a
      groove on said sprocket periphery, whereby rotation of said sprocket
      causes movement of said belt and said frames.
NUM  18.
PAR  18. The tractor mechanism of claim 17, further comprising:
PA1  an oval shaped belt supporting surface positioned to provide a supporting
      surface for said pin support arms;
PA1  a plate positioned to engage said pin frames and press said pin frames
      towards said elongated support element to confine said pin support arms
      between said elongated belt means support element and said plate.
NUM  19.
PAR  19. The tractor mechanism of claim 17, wherein said belt means has a
      plurality of spaced teeth; each of said sprocket engaging elements
      comprises a respective, tooth receiving groove on a said pin frame and a
      curved surface opposite said tooth receiving groove for engaging a groove
      on the sprocket periphery.
NUM  20.
PAR  20. A pin feed assembly for advancing a paper document having spaced
      apertures for interengagement with the pin feed assembly which comprises:
PA1  first and second spaced parallel frames each having first and second
      respectively coaxially aligned openings;
PA1  an elongated positioning rod extending through the first openings of said
      first and second frames;
PA1  an elongated drive shaft arranged parallel to said positioning rod and
      extending through the second openings of said first and second frames;
PA1  a drive sprocket mounted for rotation upon said drive shaft and having a
      collar portion extending into the second opening of said first frame, said
      sprocket being positioned between said first and second frames;
PA1  a U-shaped idler positioned between said first and second frames, the
      curved end being remote from said sprocket and the legs of said idler
      extending towards said sprocket; said sprocket and said idler collectively
      defining an oval shaped contour;
PA1  closed loop belt means entrained about said idler and said sprocket, said
      belt means having spaced teeth projecting towards said oval shaped path;
PA1  pin frames being secured to said belt means and having a spanning rib with
      a first grooved surface engaging a tooth and an opposite curved surface;
PA1  a pair of flanges arranged on opposite edges of said belt means and being
      integrally joined to opposite ends of said spanning rib;
PA1  a strap connected to said flanges for and cooperating with said flanges and
      said spanning rib to embrace said belt means;
PA1  said flanges extending downwardly from said rib towards said oval-shaped
      path;
PA1  said sprocket having spaced grooves along the periphery thereof for
      engaging a rib and driving said belt;
PA1  said idler having a raised track whereby said downwardly depending flanges
      slidably engage the periphery of said idler on opposite sides of said
      track to maintain said frames and said belt means in alignment as said
      belt means is driven;
PA1  said first frame having a projection between said first and second openings
      and extending towards said second frame;
PA1  the legs of said U-shaped idler slidably engaging said projection and being
      longitudinally adjustable towards or away from said second opening to
      adjust the tension of said belt means;
PA1  means for securing said idler to said second frame;
PA1  the straight peripheral portions of said idler providing support for said
      frames and hence said belt means;
PA1  each of said frames having a pin tab extending away from said belt and
      towards said first frame;
PA1  a pin integrally joined to and extending upwardly from said tab and away
      from said oval shaped path for moving into a perforation in said paper
      document to provide positive advancement of the document.
NUM  21.
PAR  21. The pin feed assembly of claim 20, wherein said first frame is provided
      with an oval-shaped surface adjacent said sprocket and said idler for
      slidably supporting said tabs.
NUM  22.
PAR  22. The pin feed assembly of claim 21, further comprising a door hingeably
      mounted to said second frame and biased towards said second frame to
      overlie said pins and said belt means;
PA1  said door having an elongated slot aligned with said pins to permit said
      pins to extend through said slot and freely move therealong.
NUM  23.
PAR  23. The pin feed assembly of claim 22, wherein said hinge assembly
      comprises a pair of spaced flanges on the hinge end of said door;
PA1  a cooperating pair of flanges on said second frame;
PA1  each of said door flanges and said second frame flanges having axially
      aligned openings;
PA1  an elongated pin extending through the openings in said door flanges and
      said second frame flanges from hingedly mounting said door to said second
      frame;
PA1  a biasing spring having a first end secured to said door adjacent one of
      said door flanges and a second end secured to said second frame adjacent
      that said one of the second frame flanges closest to said one door flange
      for biasing said door towards said first frame.
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ABST
PAL  An apparatus for transferring threads from the spinning-cum-finishing part
      of a machine for continuous production of artificial threads to the
      take-up and winding arrangement thereof includes thread guiding tubes with
      thread guides for centering the thread along the axis of the tube and an
      ejector nozzle for feeding a stream of air together with the thread into
      each respective tube. The thread guide situated at the exit end of the
      tube includes a cup-shaped member with an aperture made through the center
      of the bottom thereof and a port made in the side wall of the member,
      communicating with the aperture. There is mounted adjacent to the
      cup-shaped member, in opposition to the port thereof, a screen for slowing
      down the air stream issuing from the tube together with the thread. This
      structure prevents misdirecting of the thread to the nearby parts and
      stations of the take-up and winding arrangement.
BSUM
PAR  The present invention relates to machines for continuous production of
      artificial threads, such as rayon threads, and, more particularly, it
      relates to arrangements for transferring threads from the
      spinning-cum-finishing part of such a machine to the take-up and winding
      arrangement thereof.
PAR  The herein disclosed apparatus can be advantageously used for transferring
      various kinds of man-made, synthetic as well as natural threads.
PAR  Every machine for continuous production of artificial threads is made up of
      two major parts, namely, the spinning-cum-finishing part wherein shaping,
      finishing and drying of the thread is performed and the take-up and
      winding part wherein the threads are wound into packages.
PAR  At present, in order to step-up the productivity of such machines, to
      improve the quality of threads and to increase the weight of the packages
      the take-up and winding arrangements of such machines are separated from
      the spinning-cum-finishing parts thereof and arranged alongside of the
      latter, either on the same floor or on different floors, in the same room
      or in separate rooms.
PAR  With the take-up and winding arrangement of the machine being remote from
      the spinning-cum-finishing part thereof, favorable conditions are provided
      for stepping up the productivity of the machine as a whole by increasing
      the number of the spinning stations without increasing the overall length
      thereof; furthermore, in this way it becomes possible to seal away
      completely the spinning-cum-finishing part and thus to diminish
      considerably the amount of heat and gases released into the production
      premises accommodating the machine, to increase the weight of the packages
      wound in the take-up and winding arrangement by increasing the dimensions
      (i.e. the length and diameter) of the packages, to create optimal
      environmental conditions both for the spinning-cum-finishing part and for
      the take-up and winding arrangement and thus to improve the quality of the
      thread being produced.
PAR  In machines of the above-described kind, the continuously shaped threads
      are to be conveyed or transferred from the spinning-cum-finishing part to
      the take-up and winding arrangement spaced from this part. To attain this,
      there are employed apparatus comprising tubes associated with thread
      guides centering each thread along the axis of the respective tube.
PAR  At present, there is known a machine for continuous production of
      artificial (e.g. rayon) thread, (cf. USSR Inventor's Certificate No
      200,712, Nat. Cl. 29a, 6/07) wherein there is employed an apparatus for
      transferring a thread from the spinning-cum-finishing part to the take-up
      and winding arrangement. The apparatus includes bent thread guiding tubes
      with thread guides situated at the inlet and outlet of each tube, as well
      as at the bends of the tubes to effect centering of the thread along the
      axis of the tube. Furthermore, each tube is associated with an ejector
      nozzle for creating a flow of air within the tube, as the thread is guided
      into the latter, the spacing between the tubes being relatively small.
PAR  In this known apparatus, the thread guides are in the form of rings, the
      thread guide positioned at the outlet of the tube having an aperture of
      which the thread passage area should be practically as great as the
      passage area of the tube itself, to provide for free exit of the thread
      from the tube. However, with the size of the apertures of the thread
      guides being that great, it becomes virtually impossible to center the
      thread accurately along the axis of the tube and thus to positively
      prevent friction between the moving thread and the walls of the tube.
PAR  Besides, the motion of the air, created by the ejector nozzle at
      threading-in of the thread, is directed along the axis of the tube, and,
      as the air leaves the tube, it continues to flow in the same direction and
      thus continuously influences the end of the thread that has been propelled
      by this air from the outlet of the tube, entangling the elementary fibres
      in the thread and hampering subsequent threading-in of the thread into the
      take-up and winding arrangement. Such motion of the thread after it has
      been guided into the tube does not preclude a situation where the end of
      the thread finds its way to the nearby packages of the take-up and winding
      arrangement. This, in turn, results in breakage of the thread or in poorly
      wound packages. The eventuality of a thread finding its way to nearby
      packages is further promoted by the close spacing of the outlets of the
      tubes, which is determined by the spacing of the spinning stations, which,
      in order to step up the productivity of the machine and to save production
      space, is preferably as small as possible.
PAR  It is an object of the present invention to eliminate the above
      shortcomings.
PAR  It is another object of the present invention to provide an apparatus for
      transferring threads from the spinning-and-finishing part of a machine for
      continuous production of artificial threads to the take-up and winding
      arrangement thereof, wherein there should be prevented an eventuality of a
      thread finding its way to the nearby packages, with relatively close
      spacing between the outlet ends of the tubes being maintained.
PAR  Yet another object of the present invention is to provide an apparatus for
      transferring threads from the spinning-and-finishing-part of a machine for
      continuous production of artificial threads to the take-up and winding
      arrangement thereof, which should have the outlet ends of the tubes
      associated with thread guides of a shape positively preventing friction
      between the thread and the walls of the respective tube, thus providing
      for considerably improved quality of the threads being wound.
PAR  These and other objects are attained in an apparatus for transferring
      threads from theh spinning-and-finishing part of a machine for continuous
      production of artificial threads to the take-up and winding arrangement
      thereof, comprising thread guiding tubes with thread guides for centering
      individual respective threads along the axes of respective tubes and an
      ejector nozzle for feeding a jet of air together with the thread into each
      tube, in which apparatus, in accordance with the invention, each thread
      guide situated on the exit end of the tube includes a cup-shaped member
      with an aperture made through the centre of the bottom thereof and a port
      made through the side wall thereof, the port being of a greater size than
      the aperture and communicating therewith, there being provided, adjacent
      to each cup-shaped member in opposition to the port thereof, a screen for
      separation of the threads and for slowing down the jet of air issuing from
      the tube together with the thread.
PAR  With the thread guide being in the form of a cup-shaped member with an
      aperture through the centre of the bottom thereof, the thread is reliably
      centered along the axis of the tube and its rubbing against the walls of
      the tube is prevented; furthermore, the motion of the air issuing through
      the port in the side wall of the cup-shaped member is re-directed.
PAR  In other words, the jet of air moving together with the thread freely exits
      through the port and thus changes its direction, i.e. it moves on at an
      angle to the axis of the tube. Since the port of the cup-shaped member
      communicates with the aperture, the thread being guided into the take-up
      and winding arrangement bends and freely slides along the edge of the port
      toward the central aperture in the bottom of the cup-shaped member, owing
      to the take-up and winding arrangement being offset relative to the axis
      of the tube. In this way, the operation of threading-in of the thread is
      considerably simplified: first, the end of the thread extending from the
      tube is not influenced by the air which latter issues through the port
      sideways of the thread; second, the thread being threaded-in into the
      take-up and winding arrangement finds its way itself, without any external
      influence, to the central aperture in the bottom of the cup-shaped member
      and thus centres itself with respect to the axis of the tube.
PAR  With the abovementioned screen being positioned adjacent to the cup-shaped
      member in opposition to the port thereof, the motion of the issuing air is
      slowed down, the adjacent threads being reliably separated from one
      another and the possibility of the thread finding its way to the nearby
      packages of the take-up and winding arrangement being positively
      prevented, since each thread is bound to engage the screen corresponding
      to the port of the respective cup-shaped member. In this way, it becomes
      possible to maintain close spacing between the outlet ends of the tubes.
PAR  The invention is further characterized by that the aperture through the
      bottom of the cup-shaped member has a diameter which is smaller than the
      diameter of the thread guiding tube. This relationship between the
      diameters of the aperture in the cup-shaped member and the tube provides
      for positively precluding rubbing of the thread against the walls of the
      tube.
PAR  The invention is still further characterized by that the cup-shaped members
      are arranged on the respective thread guiding tubes so that the ports of
      the adjacent cup-shaped members are oriented in diametrally opposite
      directions, the screens being formed by a partition successively curving
      about all the cup-shaped members adjacent to their respective ports.
PAR  With the cup-shaped members being arranged in the above manner and with the
      screen being of the above structure, it becomes possible to arrange the
      packages of the take-up and winding arrangement in a staggered fashion in
      two parallel rows. This provides for mounting the tubes with close spacing
      therebetween.
PAR  The invention is further yet characterized by that a tray is provided to
      underlie the screens and the cup-shaped members. It is expedient that this
      tray should be air-permeable. As a thread is being threaded-in, the end
      thereof engages this tray, which prevents the eventuality of the thread
      getting accidentally directly into the take-up and winding arrangement;
      furthermore, getting hold of the thread to be guided into the take-up and
      winding arrangement is facilitated. The broken-away ends of the threads
      accumulate in this tray, whereby fouling of the take-up and winding
      arrangement is precluded.
PAR  The invention is also characterized by that the screen is of an arcuate
      shape and is mounted adjacent to the cup-shaped member to envelope the
      latter at the side of the port and at the side of the bottom.
PAR  The above arrangement of the screen results in the latter additionally
      performing the functions of the above-mentioned tray, which considerably
      simplifies the structure of the apparatus and facilitates threading-in of
      the thread.
PAR  It is expedient that the screen should be air-permeable. In this case, the
      air issuing together with the thread from the tube through the port of the
      cup-shaped member freely passes through the screen, whereas the thread
      either remains on the screen or slides therealong and unobstructedly falls
      into the tray.
PAR  Thus, the herein disclosed apparatus for transferring threads from the
      spinning-and-finishing part of a machine for continuous production of
      artificial threads to the take-up and winding arrangement thereof ensures
      reliable centering of a thread along the axis of the respective thread
      guiding tube, prevents rubbing of the thread against the walls of this
      tube and positively precludes access of the end of the thread to the
      nearby packages of the take-up and winding arrangement. The apparatus is
      of a simple structure and enhances the productivity of the machine.
DRWD
PAR  The invention will be further described in connection with an embodiment of
      an apparatus for transferring threads from the spinning-and-finishing part
      of a machine for continuous production of artificial threads to the
      take-up and winding arrangement thereof, with reference being had to the
      accompanying drawings, wherein:
PAR  FIG. 1 shows schematically the layout of a machine for continuous
      production of artificial twisted threads, incorportating an apparatus
      embodying the invention;
PAR  FIG. 2 illustrates one of the embodiments of the take-up and winding
      arrangement of a machine for production of untwisted threads;
PAR  FIG. 3 shows another embodiment of the take-up and winding arrangement of a
      machine for production of a untwisted threads;
PAR  FIG. 4 represents longitudinally sectional views of cup-shaped members of
      various shapes;
PAR  FIG. 5 shows various shapes of the ports of the cup-shaped members and
      various shapes of the lines along which the ports merge with the apertures
      of the cup-shaped members;
PAR  FIG. 6 shows a cup-shaped member viewed from below;
PAR  FIG. 7a, b, c, d shows various modifications of the screens arranged
      adjacent to the cup-shaped members;
PAR  FIG. 8a, b, c, d shows different shapes and arrangements of the screens
      adjoining the cup-shaped members;
PAR  FIG. 9 is a plan view of the take-up and winding arrangement illustrated in
      FIG. 1;
PAR  FIGS. 10a, b, c and 11 illustrate various ways of arranging the screens
      adjacent to the cup-shaped members.
DETD
PAR  Referring now in particular to the appended drawings, the known machine for
      continuous production of artificial threads includes a
      spinning-cum-finishing part 1 (FIG. 1) and a take-up and winding
      arrangement 2 situated, as is shown, in separate rooms and interconnected
      through an apparatus 3 for transferring the thread.
PAR  The spinning-cum-finishing part 1 of the machine includes the following
      known assemblies arranged in a sequential order reflecting the technology
      of the processing of the thread: a series of extrusion nozzles 4, each
      mounted in a trough with a setting solution wherein threads 5 are shaped
      from a viscose solution forced through the respective extrusion nozzles 4;
      cylinders 6 about which the respective threads 5 are finally shaped;
      cylinders 7 about which the threads 5 are finished; cylinders 8 about
      which the threads are dried.
PAR  The take-up and winding arrangement 2 includes a frame 9 on which spindles
      10 for twisting the threads and winding them into packages are arranged in
      a staggered fashion in two parallel rows; alternatively, the frame 9 may
      house bobbins 11 (FIGS. 2 and 3) in case of production of intwisted
      threads, the number of either the spindles 10 or of the bobbins 11
      equalling that of the extrusion nozzles 4.
PAR  The frame 9 (FIG. 1) further supports thereon a ring spinning and thread
      traversing mechanism with thread guides 12 arranged at respective spindles
      10.
PAR  The spindles 10 are arranged vertically on either side of the frame 9,
      providing for two servicing sides of the machine, which enables to make
      the latter more compact. The bobbins 11 (FIGS. 2 and 3) may be arranged on
      the frame 9 either on either side thereof in a horizontal plane, as is
      shown in FIG. 2, or on one side of the frame, as is illustrated in FIG. 3.
PAR  On the spindles 10 or bobbins 11, there are mounted cores on which the
      threads are wound into packages 13.
PAR  The apparatus 3 (FIG. 1) for transferring the threads includes thread
      guiding tubes 14 extending through a partition 15 separating the rooms
      accommodating, respectively, the take-up and winding arrangement 2 and the
      spinning-cum-finishing part 1 of the machine from each other.
PAR  The number of the tubes 14 equals the number of the spinning stations of
      the machine, i.e. that of the extrusion nozzles 4.
PAR  To facilitate servicing of the machine, the bobbins 11 or spindles 10 of
      the take-up and winding arrangement 2 are offset with respect to the axes
      of respective tubes 14, as can be seen from FIGS. 1 to 3.
PAR  The inlet end of each tube 14 adjoins respective cylinders 8, while the
      outlet end thereof adjoins the take-up and winding arrangement 2.
PAR  The inlet end of the tube 14 carries an ejector nozzle 16 intended to
      create a flow of air through the tube when the thread 5 is to be threaded
      into the latter.
PAR  To preclude friction between the thread 5 and the walls of the tube 14,
      i.e. to preclude rubbing of the thread 5 against the walls of the tube, as
      the thread is moving through the tube toward the winding station, the
      tubes 14 have thread guides A mounted therein. These thread guides A are
      mounted both at the ends of the tubes and at other points along their
      lengths, the exact number and location of the thread guides A per tube
      being determined by the length and shape of the latter; thus, when the
      tube 14 is straight and vertical, it is sufficient to mount the thread
      guides at the inlet and outlet of the tube; should the tube 14 be U-shaped
      (this modification is not shown in the drawings), the thread guides are
      also mounted at the bends of the tube, etc. The thread guides A mounted at
      the inlets of the tubes 14 and at other points along their lengths are of
      the known shape, i.e. are shaped as rings (not shown in detail in the
      drawings), whereas the guides mounted at the outlets or exits of the tubes
      are shaped as cups 17.
PAR  These cup-shaped members or cups 17 may have different shapes, as is
      illustrated in FIG. 4, provided each one of them has a bottom 18 merging
      with a closed side wall 19. The cup 17 is received on the outlet end of a
      respective tube 14 and is secured thereon in a suitable known manner, e.g.
      with a resilient ring 20 accommodated within a corresponding groove
      provided in the internal side of the wall 19.
PAR  The bottom 18 of the cup 17 has an aperture 21 made therein coaxially with
      the tube 14, the diameter of this aperture 21 being substantially smaller
      than that of the tube 14, which provides for guiding the thread 5 clear of
      the walls of the tube 14. The cups 17 are preferably made of a material
      resistant to rubbing and featuring a small friction factor, such as, for
      instance, porcelain, mineral ceramics, etc. However, the cups 17 can be
      made of two different materials, e.g. of either kapron or organic glass of
      which the body of the cup is made and of either porcelain or mineral
      ceramics made whereof is a split ring 22 (FIG. 6) mounted centrally of the
      bottom 18 of the cup 17 and defining the aperture 21.
PAR  The side wall 19 of the cup has made therethrough a port 23 of a greater
      size than the aperture 21. This port 23 communicates with the aperture 21,
      the lines 24 along which the port 23 merges with the aperture 21 being
      gently curving ones. The port 23 can be of different shapes illustrated in
      FIG. 5 and, consequently, the lines 24 of merging of these ports with the
      aperture 21 are of different shapes.
PAR  There is mounted, adjacent to each cup 17 in opposition to the port 23, a
      screen 25 (FIG. 7) intended to separate the adjacent threads and to slow
      down the jet of air issuing from the tube together with the thread through
      the port 23. The screens 25 may be of different shapes, e.g. rectilinear
      (FIG. 7b), arcuate (FIG. 7c), yoke-shaped (FIG. 7a), or else in the form
      of a V-shaped plate, as is shown in FIG. 7d. The above shapes of the
      screen 25 are advisable when the cups 17 have their ports 23 oriented in
      the same direction.
PAR  When the exit ends of the tubes 14 are spaced closely and when two parallel
      servicing zones are provided, the cups 17 are preferably mounted on the
      tubes 14 so that the ports 23 of each adjacent pair of the cups 17 are
      oriented in diametrally opposite directions, and the screens 25 associated
      with all the cups are made as a single partition 26 (FIG. 8) successively
      enveloping all the cups 17 of the respective tubes at the sides of their
      ports 23. As is illustrated in FIGS. 8a, b, c, d and 9, the shapes of such
      partitions may widely differ.
PAR  Thus, there is formed, adjacent to each tube 14, a free space 27 (FIG. 9)
      defined by the partition 26, the spindle 10 being situated in opposition
      to this space. This permits of arranging the spindles 10 or bobbins 11, in
      a staggered fashion, as can be seen from FIG. 9, another partition 27a
      separating either the spindles 10 or the bobbins 11 from one another to
      prevent a thread finding its way to a wrong nearby bobbin or spindle.
PAR  Positioned to underlie the screens 25 (FIG. 3) and cups 17 is a tray 28
      into which the end of the thread 5 passes after it has left the outlet of
      the tube 14. The tray 28 may be provided with side walls 29, in which case
      these side walls 29 have additional thread guides 30 mounted thereon to
      preclude rubbing of the thread against these side walls.
PAR  Both the trays 28 and screens 25 are preferably air-permeable, e.g. they
      can be made of such known structural materials as perforated sheets, wire
      gauze, fabric. The screen 25 may be mounted normal to the tray 28 (FIG.
      10a), or at an angle thereto (FIG. 10b), or it can follow an arc (FIG.
      10c). Alternatively, the screen 25 can be of an arcuate shape, as is shown
      in FIG. 11 and it can be mounted adjacent to the cup 17 to envelope the
      latter on the side of the port 23 and of the bottom 28, i.e. the screen
      may be made integral with the tray. In this case, the screen 25
      additionally performs the function of the tray 28, i.e. it serves as a
      means for separating the adjacent threads from each other and for
      collection of the ends of these threads.
PAR  The herein disclosed apparatus operates as follows.
PAR  A viscose solution of which the thread is shaped (FIG. 5) is forced through
      each one of the extrusion nozzles into the setting solution, in which way
      the threads 5 are shaped and directed onto the cylinders 6 for final
      shaping. Thereafter, the threads are finished about the cylinders 7 and
      dried about the cylinders 8. Therefrom, the threads 5 are threaded into
      the ejector nozzles 16 of the respective tubes 14 and driven by compressed
      air through these tubes toward either the respective spindles 10 or the
      respective bobbins 11 (FIGS. 2 and 3) of the take-up and winding mechanism
      2. The action of the moving air propels each thread 5 from the tube 14
      through the port 23 in the wall of the cup 17, from which the thread 5 is
      carried by this moving air toward the screen 25. If the screen is made as
      a solid sheet, the thread recoils from this screen 25 and falls into the
      tray 28, while the issuing air jet has its speed reduced, i.e. it slows
      down, which prevents the influence of this jet of air upon the thread 5
      within the free space 27 adjacent to the cup 17.
PAR  If the screen 25 and the tray 28 are air-permeable, the thread that has
      been propelled from the port 23 engages the screen 25 and moves
      unperturbed into the tray 28, while the air unobstructedly passes either
      through the screen or through the tray or both without exerting any
      further action on the thread.
PAR  Then the thread 5 is taken from the tray 28 and threaded through the thread
      guides or eyelets 30, 12 (FIG. 3) onto either the bobbins 11 or spindles
      10. The latter being offset with respect to the axis of the tube 14, the
      thread 5 becomes bent and slides along the edge of the port 23 and the
      lines 24 of merging of the port 23 with the aperture 21, in which way it
      finds its way into this aperture 21 of the cup 17 and thus is centered in
      the thread guiding tube 14, which precludes rubbing of the thread against
      the walls of this tube. After the thread has been threaded into the
      take-up and winding mechanism, the supply of compressed air into the
      ejector 16 is cut off.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for transferring threads from the spinning-and-finishing
      part of a machine for continuous production of artificial threads to the
      take-up and winding arrangement thereof, comprising: a plurality of thread
      guiding tubes each having the inlet end thereof situated adjacent to said
      spinning and finishing part and having the outlet end thereof situated
      adjacent to said take-up and winding arrangement; a plurality of thread
      guides mounted on said ends of said tubes and adapted to center individual
      threads along the axes of respective tubes; an ejector means mounted on
      said inlet end of each said tube and adapted to feed respective threads
      into said tube by directing a stream of air toward said outlet end
      thereof; each of said thread guides mounted on said outlet ends of said
      tubes including a cup-shaped member having a bottom and a side wall; an
      aperture made in the center of said bottom of each said cup-shaped member;
      a port made in said side wall of each said cup-shaped member, having a
      size greater than that of said aperture and communicating therewith; a
      screen means mounted adjacent to said cup-shaped member of each said tube
      in opposition to said port thereof and adapted to separate the adjacent
      ones of said threads and to slow down the jet of air issuing from said
      tube together with a respective thread, as the latter is being fed through
      said tube.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein said aperture in said bottom
      of said cup-shaped member has a diameter smaller than the diameter of said
      thread guiding tube.
NUM  3.
PAR  3. An apparatus as claimed in claim 1, wherein said cup-shaped members are
      arranged on respective tubes so that said ports of the adjacent ones of
      said cup-shaped members are oriented in diametrally opposing directions,
      said screen means being made in the form of a partition successively
      enveloping said cup-shaped members on the side of said ports thereof.
NUM  4.
PAR  4. An apparatus as claimed in claim 3, wherein a tray is provided to
      underlie said screen means and said cup-shaped members.
NUM  5.
PAR  5. An apparatus as claimed in claim 4, wherein said tray is air-permeable.
NUM  6.
PAR  6. An apparatus as claimed in claim 1, wherein said screen means is of an
      arcuate shape and is mounted next to said cup-shaped member to envelope
      the latter on the side of said port thereof and on the side of said
      aperture thereof.
NUM  7.
PAR  7. An apparatus as claimed in claim 1, wherein said screen means is
      air-permeable.
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ABST
PAL  A resiliently deformable low inertia capstan for driving magnetic tape in a
      digital tape transport is comprised substantially of plastic material
      having a low elastic modulus and provides substantial rigidity in a
      circumferential direction as well as accepting substantial deformation in
      other directions without damage. The capstan includes a rigid inner hub
      defining a concentric cylinder, a thin-walled cylindrical outer rim
      disposed concentrically about the inner hub, and a pair of thin-walled,
      somewhat conical side members interconnecting the hub and rim at opposite
      ends thereof. Circumferential grooves in the outer surface of the rim
      improve capstan aerodynamics and a thin coating of polyurethane on the
      lands of the rim improves the coefficient of friction. Holes through the
      outer rim reduce the inertia of the capstan, may be selectively spaced to
      indicate a desired rotational velocity when strobed at a selected
      frequency by a light source, and may be used in conjunction with negative
      or positive fixed pressure to respectively increase or decrease frictional
      engagement between a driven tape and the rim.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to drive capstans for magnetic tape
      transports, and more particularly to a low inertia capstan for use in
      magnetic tape transports of the digital type designed for intermittent,
      bidirectional operation such as in a data processing environment.
PAR  2. History of the Prior Art
PAR  As data processing and similar operations have become faster and more
      sophisticated, increasingly greater demands have been placed on associated
      magnetic tape equipment. Such equipment may include one or more tape
      transports, each having one or more capstans which continuously or
      selectively engage magnetic tape and which must be capable of accelerating
      the tape from rest to nominal speed within an extremely short period of
      time, maintaining the nominal speed for as long as necessary, and then
      either decelerating the tape to rest or reversing the direction of drive
      of the tape, again in an extremely short time.
PAR  The relatively rapid acceleration and deceleration required in systems of
      the type described is accomplished in part by use of capstans of
      relatively light weight so as to minimize the resulting inertia of the
      capstan. At the same time the capstan must have sufficient strength and
      sturdiness to be capable of supporting the tape under considerable tension
      without distortion and to permit handling of the capstan without physical
      damage. Most capstans are made of a lightweight metal such as aluminum in
      order to provide the necessary strength. However since almost all metals
      including aluminum have a relatively high elastic modulus, a metal capstan
      may be required to have considerable mass to maintain the required
      structural integrity while shipping, assembling and otherwise handling the
      capstan. If the capstan is made too thin or is overloaded so as to exceed
      its elastic limit, the capstan will become bent or otherwise permanently
      distorted and thereby rendered useless. In an effort to achieve low
      inertia by minimizing the amount of material used for construction, the
      strength of a conventional capstan is often reduced to such an extent that
      the mere inadvertent dropping of such a capstan on a floor or other hard
      surface is often enough to damage the capstan beyond repair because of the
      close tolerances involved.
PAR  In an effort to make capstans relatively strong and rigid, metals of
      substantial thickness have been used. However this adversely affects the
      capstan in terms of mass, inertia and other factors. Increasing the
      thickness of the metal parts greatly increases the resulting mass and
      inertia of the capstan, particularly if the cylindrical outer rim is
      increased in thickness as is often required. Capstans of relatively large
      inertia are difficult to accelerate and decelerate within allowed times
      and further decrease system performance by increasing power consumption,
      increasing the amount of heat which must be dissipated, and requiring a
      larger capstan drive motor with its own increased inertia. Other
      disadvantages which arise out of the demand for capstans of substantial
      sturdiness include the concomitant decrease in the number or size of holes
      in the outer rim which are permitted in order to achieve pneumatic
      handling of the tape relative to the capstan.
PAR  These circumferential holes are frequently provided in the capstan outer
      rim to permit communication of a vacuum or other source of reduced
      pressure in the vicinity of the capstan to the tape and thereby enhance
      the engagement of the capstan with the tape. Such holes may also function
      to communicate a source of high pressure in the vicinity of the capstan to
      the region between the capstan outer surface and the tape, thereby
      producing an air bearing between the capstan and the tape during certain
      modes of operation. The strength and rigidity requirements of the capstan
      frequently dictate that such holes in the outer rim be small and far
      enough apart so as to prevent distortion of the capstan, particularly
      beyond its elastic limit. At the same time however the holes of relatively
      small size and spaced a considerable distance from one another greatly
      decrease the communication of both high and low pressure sources through
      the capstan outer rim.
PAR  Accordingly it would be advantageous to provide a capstan having a
      considerably lower inertia than the metal capstans now in use while at the
      same time having the necessary strength for driving the tape under
      conditions of considerable tension without resultant damage or destruction
      of the capstan. Such capstan should desirably have an outer rim, a
      substantial portion of the surface area of which may comprise apertures or
      grooves combined with apertures so as to enhance pneumatic holddown of the
      tape or the formation of an air bearing therewith without at the same time
      sacrificing the ability of the capstan to support the tape under
      substantial tension. Such capstan should also desirably be so constructed
      so as to withstand occasional shipping, assembly and other handling abuses
      such as inadvertent dropping thereof without damage or destruction and
      should be relatively easy to fabricate.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Capstans in accordance with the invention are comprised principally of thin
      plastic so as to decrease their mass and inertia several orders of
      magnitude with respect to metal capstans of comparable size without
      increasing their susceptibility to damage. At the same time however such
      capstans are constructed so as to possess the necessary strength and
      rigidity in a circumferential direction in which accelerating torques are
      applied. The inherent elasticity and thinness of the plastic parts of the
      capstan enable the capstan to undergo substantial resilient deformation in
      other than circumferential and radial directions without exceeding its
      elastic limit while the design shape provides substantial resistance to
      significant deformation in the circumferential and radial directions as a
      result of tape forces. As a result, the plastic parts of the capstan can
      be made very thin, even further decreasing the mass and resulting inertia
      of the capstan. Where desired a substantial portion of the outer surface
      of the capstan rim can be comprised of grooves or apertures, due to the
      substantial elasticity of the capstan.
PAR  In one preferred embodiment of a capstan in accordance with the invention a
      pair of extremely thin resiliently deformable plastic webs of partially
      conical configuration are mounted on the opposite ends of a generally
      cylindrical inner hub which is substantially of plastic construction and
      which is rotatable about a central axis thereof. The webs are so arranged
      as to be separated from one another by a maximum distance at the inner hub
      and to draw closer together in directions toward their outer edges which
      support a very thin, hollow, generally cylindrical outer rim of plastic
      construction. The triangulation effect provided by this construction lends
      sufficient strength to the resulting capstan structure, in the axial
      direction for rigid opposition to relatively small axially directed forces
      encountered in normal operation even when the respective parts and
      particularly the webs are made of very thin plastic material. The mass and
      resulting inertia of the capstan may be even further minimized by cutting
      out and removing portions of the webs during manufacture thereof so as to
      define a plurality of spokes which comprise a substantial portion of the
      webs and which extend generally radially outward between the inner hub and
      the outer rim. The spokes are preferably made curved in cross section so
      as to increase the section moment of the spokes and thereby make them more
      resistant to bending. Greater resistance to buckling under radial forces
      is thus provided, thus affording the capstan greater radial structural
      integrity to produce a more constant relationship between tape speed and
      capstan angular velocity under conditions of changing tape tension.
PAR  Capstans in accordance with the invention are readily fabricated using
      conventional techniques for forming plastic parts. The inner cylindrical
      hub may be readily formed from a piece of plastic by a conventional
      machining process. The outer rim may be formed by turning on a lathe and
      then finish grinding or alternatively by vacuum deep drawing. The
      partially conical webs may be formed by any appropriate process such as
      stamping, but are preferably vacuum formed due to the relatively thin
      plastic material typically used. After being so formed the appropriate
      portions may be cut and removed so as to form the spokes. The various
      parts of the capstan may then be assembled using epoxy, polyester or other
      appropriate solvent cementing substances. Upon assembly the capstan is
      rotated while the outer surface thereof is ground to the required
      tolerances. The capstan is preferably heated to a predetermined
      temperature to relieve internal stresses prior to grinding so as to
      prevent undesirable deformation of the capstan during grinding and
      subsequent use thereof.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention, as illustrated in the accompanying
      drawings, in which:
PAR  FIG. 1 is a perspective view of one preferred embodiment of a capstan in
      accordance with the invention;
PAR  FIG. 2 is an end view of the capstan of FIG. 1;
PAR  FIG. 3 is a side view of the capstan of FIG. 1;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view of a portion of one of the spokes of the FIG. 3
      arrangement taken along the line 5--5 thereof;
PAR  FIG. 6 is a sectional view of a different portion of the same spoke of the
      FIG. 3 arrangement taken along the line 6--6 thereof;
PAR  FIG. 7 is a sectional view of the outer rim and the adjoining portions of
      the webs of the capstan of FIG. 1 with the outer surfaces of the outer rim
      provided with a plurality of circumferential grooves in accordance with
      the invention;
PAR  FIG. 8 is a block diagram of the involved steps in one preferred method of
      making capstans in accordance with the invention;
PAR  FIG. 9 is a block diagram comprising the preferred steps of making the webs
      of capstans in accordance with the invention; and
PAR  FIG. 10 is a diagram illustrating the relationship of variables pertinent
      to the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The capstan 10 of FIG. 1 which is also illustrated in FIGS. 2, 3 and 4
      includes an inner hub 12, a pair of webs 14 and an outer rim 16. The hub
      12 which is of generally cylindrical configuration is filleted at its
      opposite ends so as to receive the webs 14, as best seen in FIG. 4. The
      hub 12 is provied with an aperture 18 which serves to mount the capstan
      such as by receiving the shaft of an associated motor (not shown) for
      rotation about a central axis 20 of the hub 12.
PAR  The outer rim 16 is of hollow, generally cylindrical configuration and is
      mounted on the outer edges of the webs 14 so as to be generally concentric
      with the inner hub 12. Accordingly rotation of the capstan 10 about the
      central axis 20 causes the rim 16 to rotate about its own central axis
      which coincides with the central axis 20. The rim 16 has an outer surface
      22 which engages a magnetic tape. The outer surface 22 includes a
      plurality of apertures or holes 24 which extend through the thickness of
      the rim 16 to facilitate communication of low pressure or high pressure
      from inside the capstan to the outer surface 22 thereof. As illustrated in
      FIG. 4 a pair of diametric holes 25 may be optionally formed in the hub 12
      along perpendicular intersecting axes approximately midway along axis 20.
      The holes 25 may be aligned with similar holes in a hollow capstan motor
      shaft (not shown) to permit communication between circumferential holes 24
      and a source of positive or negative pressure connected to the motor
      shaft.
PAR  As best seen in FIG. 2 the various holes 24 are arranged into four
      circumferential rows 26, 28, 30 and 32. The inner rows 26 and 28 lie
      between the opposite webs 14. The outer rows 30 and 32 which are disposed
      outside of the respective opposite webs 14 may comprise appropriate
      numbers of the holes 24 so as to provide a desired strobascopic effect in
      response to a predetermined frequency or frequencies for timing purposes.
      The holes 24 may also be used in conjunction with a source of negative or
      positive pressure to respectively increase or decrease frictional
      engagement between magnetic tape and surface 22.
PAR  As seen in FIG. 4 as well as in FIG. 2 each of the webs 14 is partially
      conical in shape in that it describes a conical section. The small
      circular opening at the top of the section so defined surrounds and
      engages an end of the inner hub 12. The outer periphery of the resulting
      section is mounted against the inner cylindrical surface 34 of the outer
      rim 16. As seen in FIG. 4, as well as in FIG. 7 which is described
      hereinafter, the inner surface 34 is provided with a pair of generally
      cylindrical, inwardly extending flanges 36 and 37 disposed between and
      adjacent respective ones of the opposite webs 14. The flanges 36 and 37
      help to locate and maintain the outer edges of the webs 14 at the desired
      locations on the inner surface 34 of the outer rim 16 as they are cemented
      or bonded to the rim 16. The flanges 36 and 37 also serve to enhance the
      rigidity of the capstan 10 by preventing inward axial movement of the
      outer edges of the webs 14 along the inner surface 34 of the rim 16 in
      response to forces which are exerted on the outer surface 22 of the rim 16
      by tape under tension. A pair of circumferential notches 38 and 39
      positioned at the opposite ends of the hub 12 similarly help to locate and
      maintain the inner edges of the webs 14 as they are cemented or bonded to
      the hub 12.
PAR  The partially conical webs 14 are mounted between the hub 12 and the rim 16
      such that distances between the webs 14 in the vicinity of the hub 12 are
      greater than distances between the webs 14 in the vicinity of the rim 16.
      The resulting triangulation effect greatly enhances the strength and
      rigidity of the capstan. In the event the webs 14 were cylindrical in
      shape, they would have a great tendency to give in response to lateral
      forces allowing the outer rim 16 to move back and forth along the central
      axis 20. Because of the partial conical shape of the webs 14 however, the
      webs 14 form other than right angles with the hub 12 and the rim 16. The
      resulting triangulation effect as best seen in FIG. 4 rigidifies the
      capstan 10 so as to greatly resist axial movement of the rim 16 relative
      to the hub 12 despite the extreme thinness of the webs 14.
PAR  As best seen in FIGS. 1 and 3 the webs 14 have a plurality of openings 40
      of generally uniform size substantially equidistantly spaced about the
      periphery thereof so as to define a plurality of spokes 42 which extend
      generally radially outward between the hub 12 and the rim 16. The spokes
      42 are interconnected in the vicinity of the inner and outer
      circumferences of the webs 14 by web material 43 generally conforming to
      and defining the partially conical shape of the webs 14. The openings 40,
      which need not be formed when the capstan 10 is to be used in conjunction
      with a source of positive and negative pressure, greatly reduce the mass
      and resulting inertia of the capstan 10. The strength of the spokes 42 is
      increased by fabrication so as to be curved in cross section as shown in
      FIGS. 5 and 6. As seen in FIG. 5 the intermediate portion of each spoke 42
      is generally C-shaped in cross section to provide substantial rigidity
      against radial forces which typically occur as a result of tension in tape
      which is wrapped about the capstan 10. The radially inward portion of each
      spoke 42 as shown in FIG. 6 takes on a somewhat different shape in cross
      section due to the presence of a pair of flanges 44 and 46 disposed along
      the opposite sides of the web material 43 adjacent each spoke 42 as a
      result of the forming and shearing steps of the manufacturing process. As
      best seen in FIG. 4 the flanges 44 and 46 extend generally perpendicularly
      away from the cone of the webs 14 by distances which increase as a factor
      of distance from the outer edge. The flanges 44 and 46 combine with the
      curved cross section of the spokes 42 to provide the spokes with
      substantial strength. Furthermore, any rough or uneven shearing edge at
      which points of increased stress might develop thus occurs along the
      flanges 44 and 46 rather than in the conical plane where large multiple
      stresses are encountered during rapid acceleration and deceleration of the
      capstan 10.
PAR  As will be seen in FIG. 1 and particularly FIG. 3 the openings 40 which
      define the various spokes 42 are curved at the various corners thereof so
      as to define fillets 48. The fillets 48 further reduce stress
      concentrations to prevent fatigue cracks from forming at the corners of
      the openings 40 during use of the capstan 10.
PAR  Despite the extreme thinness of the various parts of the capstan 10,
      particularly the webs 14, the material comprising the various parts of the
      capstan need not be particularly strong so long as it is generally tough,
      has a high impact strength and has good dimensional stability. The capstan
      10 requires substantial rigidity in circumferential directions of rotation
      54 about the central axis 20 as illustrated in FIG. 3 and moderate
      rigidity in axial directions in order to withstand the forces applied by
      tape tension, but requires very little axial rigidity. Above all, the
      material must be relatively elastic; otherwise the elastic limit of the
      material may be exceeded during operation resulting in damage or
      destruction of the capstan. Aluminum and steel have a tensile strain of
      approximately 0.003 or less at yield (the point where permanent tensile
      deformation equals 0.2%). Polycarbonate plastic which is a preferred
      material, has a substantially greater strain of approximately 0.03 at the
      yield point. It is also desirable that the material comprising the various
      parts of the capstan 10 be chemically resistant, particularly to alcohol
      and other substances which are commonly used in tape transports such as
      for cleaning purposes.
PAR  Plastics in general are suitable for use as the various parts of the
      capstan 10 including the hub 12, the webs 14 and the rim 16. It has been
      found that despite the relatively low strength of most plastics as
      compared with metals, for example, plastics can be used to advantage in
      capstans according to the invention, even when formed so as to be
      relatively thin. The designs of the various capstan parts and particularly
      the webs 14 provide a capstan with sufficient strength and rigidity to
      effectively resist all tape transport operating forces including magnetic
      tape tension, start, stop and reverse inertial forces, and high rotational
      velocity centrifugal forces.
PAR  Despite the suitability of plastics in general for many applications of
      capstans in accordance with the invention, certain types of plastics are
      preferred, particularly for high speed, high demand applications, because
      of their superior properties including toughness, impact strength and
      dimensional stability. One material which is preferred comprises
      thermoplastic polycarbonate resins marketed under the registered trademark
      "Lexan" by General Electric Company. Other suitable material include
      acetal copolymer, polyamide (nylon) and acrylonitrile-butadiene-styrene
      (ABS). Materials of this type have an impact strength on the order of
      12-16 ft.-lbs/in of notch, and a tensile modulus of elasticity of about
      3.0 to 5.0 .times. 10.sup.5 pounds per square inch, making them well
      suited for use in the capstans of the invention. The tensile modulus of
      elasticity for materials in accordance with this invention contrasts with
      the much greater modulus of elasticity in tension of conventional
      materials such as die cast aluminum which is on the order of 10 .times.
      10.sup.6 pounds per square inch. Capstan materials in accordance with the
      invention have a tensile modulus of elasticity less than that of aluminum
      and preferably less than 3 .times. 10.sup.6 pounds per square inch.
PAR  Capstans in accordance with the invention have been constructed and
      successfully tested at tape speeds of 250 inches per second and greater
      with excellent results. One type of capstan which is made of Lexan and
      which has a radius of 1.25 inches has been very successfully operated at
      speeds on this order and has been determined to have very desirable
      characteristics. Prior art metal capstans having a radius on this order
      typically have an inertia of about 0.9 millinch-ounce-seconds.sup.2. In
      contrast, capstans according to the invention having this radius and
      having no holes 24 in the rim 16 thereof have an inertia on the order of
      0.242 millinch-ounce-seconds.sup.2. When the same capstan is provided with
      the holes 24 the inertia is reduced to 0.202 millinch-ounce-seconds.sup.2.
      This is a decrease in the capstan inertia by a factor of approximately 4
      over prior art capstans. With no holes 24 the capstan 10 thus has a ratio
      of inertia to diameter of approximately 0.194 millinch-ounce-seconds.sup.2
      per inch compared to a conventional capstan having a ratio of
      approximately 0.72 millinch-ounce-seconds.sup.2 per inch. A capstan in
      accordance with the invention preferably has a ratio of inertia to
      diameter less than 0.5 millinch-ounce-seconds.sup.2  per inch.
PAR  Because of the greatly reduced inertia of capstans in accordance with the
      invention such capstans can be used with considerably smaller drive motors
      than are required for the heavier capstans of the prior art. Thus in the
      case of the capstans of 1.25 inch diameter referred to above it was found
      that such capstan could be used with a smaller motor costing less than
      one-third the cost of the standard motor used with metal capstans of this
      size. Accordingly the total power dissipation is reduced. For example
      prior art metal capstans having a radius on the order of 1.25 inches have
      a total power dissipation on the order of 231 watts when operated at 120
      inches per second. On the other hand the plastic capstans of the invention
      have been determined to involve a power dissipation on the order of 174
      watts when operated at 200 inches per second.
PAR  Additional advantages of the lightweight plastic capstans in accordance
      with the invention include reduced capstan motor torque requirements and
      an increase in the resonant frequency. The torque motor required for one
      such capstan having a 1.25 inch radius has been determined to be 68.4
      inch-ounces. This figure is comprised of 59.4 inch-ounces due to the
      combined inertia of the capstan and associated drive motor, 6 inch-ounces
      due to the tension difference in the tape and 3 inch-ounces due to the
      viscous drag of the motor. It will be appreciated by those skilled in the
      art that such figures constitute a significant improvement over the prior
      art, particularly when it is considered that the inertia or acceleration
      torque of the tape itself which has previously been neglected in most
      calculations or measurements of this type is now a significant factor. The
      greatly reduced mass of the capstan as compared with capstans of the prior
      art provides for an increased resonant frequency of the shaft of the
      associated motor. This frequency which should desirably be outside the
      amplifier bandwidth at the frequency of operation of the system is
      typically made as high as possible. Thus smaller motor shafts can be used
      with capstans in accordance with the invention, again decreasing the total
      inertia of the capstan-motor combination.
PAR  As previously noted the sizes of any holes or grooves in the outer surface
      of capstans of the prior art are severely limited by the requirement that
      the outer rim of such capstans be rigid. Where such outer rim is made of
      metal the rim, which contributes most significantly to capstan inertia,
      must typically be made relatively thin so as to reduce the overall inertia
      of the capstan. By the same token if too many holes or grooves are
      provided in the outer surface of the rim, the rim flexes under the forces
      which occur during handling or operation so as to exceed the elastic limit
      of the metal and thereby damage or destroy the capstan. Typically holes or
      grooves in the outer surface of such prior art capstans may comprise no
      more than 20% of the total area of such surface. As a result the
      communication of reduced or increased pressure sources from within the
      capstan to the capstan outer surface is thereby limited.
PAR  In capstans according to the invention a large portion of the total area of
      the capstan outer surface may be comprised of holes or grooves so as to
      greatly enhance vacuum or high pressure communication to the tape despite
      the relative thinness of the outer rim 16. The primary reason for this is
      that the rim 16 can flex during handling, shipment or assembly or
      otherwise undergo substantial distortion due to the elasticity thereof.
      Accordingly it has been found that in capstans according to the invention
      approximately 80% or more of the outer surface 22 of the rim 16 may
      comprise holes or grooves. An example of this is provided by FIG. 7 which
      shows an alternative configuration of the rim 16 in cross section.
PAR  In the particular arrangement of FIG. 7 the outer surface 22 is provided
      with a plurality of circumferential grooves 50 which have been cut into
      the surface 22 between lands 52 which comprise but a small portion of the
      total area of the surface 22 with the grooves 50 comprising a much greater
      portion. The grooves 50 may be advantageously employed to dispel air
      between the outer surface 22 and the tape and thereby enhance the
      engagement of the tape by the capstan 10. Where desired the grooves 50 may
      also be provided with holes (not shown) which extend downwardly through
      the thickness of the rim 16 so as to effect communication of low or high
      pressure sources inside the capstan with the outer surface 22 and the
      tape.
PAR  Prior art capstans frequently are provided with an outer coating so as to
      enhance the frictional contact between the capstan and the tape. Where the
      outer rim is made of metal such coating is frequently of material such as
      neoprene and provides a coefficient of friction on the order of 0.7.  In
      capstans according to the present invention enhanced frictional contact
      can also be achieved by coating the outer surface 22 of the rim 16 with an
      appropriate material. In one practical example a 0.005-0.010 inch coating
      of polyurethane provides a coefficient of friction of at least 0.7.
PAR  FIGS. 8 and 9 depict the step involved in preferred methods of constructing
      capstans in accordance with the invention. In designing a capstan for a
      particular requirement the initial step is the selection of an appropriate
      size. The size selected depends on a number of factors including the speed
      of operation and generally increases with increasing nominal speeds of the
      tape system. Once the size is determined the designer can then calculate
      the required strength of the capstan which depends on a number of factors
      including the tension differential of the magnetic tape. The strength
      requirements will in part determine the number of spokes required in the
      webs 14. Any appropriate number of spokes may be selected, with increasing
      numbers of spokes providing for greater strength and rigidity of the
      resulting capstan.
PAR  With the size and design of the capstan having been determined, the next
      step is to make the various parts; namely the hub 12, the pair of webs 14
      and the rim 16. These parts may be fabricated by any appropriate methods
      depending upon the materials used as well as other considerations. However
      certain methods of fabrication are preferred, particularly where materials
      such as Lexan, nylon and ABS are used.
PAR  The hub 12 which is a hollow, generally cylindrically shaped element may be
      formed by molding of plastic. However closer tolerances can usually be
      achieved by grinding or lathe turning the hub 12 from a piece of plastic
PAR  The next step is to form the webs 14. Again the webs may be fabricated
      using any appropriate technique for forming plastic such as by injection
      molding. However injection molding is made difficult by the extreme
      thinness of the webs 14. A more desirable way of fabricating the webs 14
      is to use conventional vacuum forming techniques in which the plastic is
      heated and thereafter drawn over a mold to form the webs as depicted in
      the first step of FIG. 9. Thereafter the webs are die cut along a
      predetermined pattern so as to define the inner and outer peripheries
      thereof as well as the openings 40. The openings 40 are then formed by
      removing the cut portions corresponding thereto so that only the spokes 42
      remain. When the capstan 10 is to be used in conjunction with a pressure
      differential, formation of the openings 40 may be omitted. The spokes 42
      have a width in the circumferential direction of about 150 mils at their
      narrowest point near the center thereof and are manufactured from 10 mil
      stock which is thinned somewhat when vacuum formed. The combination of low
      inertia and good strength in the circumferential direction is thus
      attained with a width to thickness ratio of at least 15 at the narrowest
      point.
PAR  Next the rim 16 is formed by an appropriate technique. One preferred method
      of forming the rim 16 is to grind or lathe turn the rim from a piece of
      plastic. A less desirable way which is nevertheless an easier and less
      expensive procedure is to form the rim by cutting from flat stock. This
      involves cutting an elongated piece of plastic from a flat plastic sheet
      and then looping the cut piece of plastic by joining the opposite ends to
      form the cylindrical rim.
PAR  A key factor in the manufacture of a lightweight capstan 10 from extremely
      thin polycarbonate or other material is the ability of the material to
      flex without permanent deformation in response to applied stresses,
      whether from ordinary tape tension during operation or from bumps or other
      handling stresses. This high degree of elasticity permits the radius of
      curvature of the rim 16 to be changed from its unstressed condition in
      accordance with the formula
      ##EQU1##
      where, as shown in FIG. 10, R is the mean radius
      ##EQU2##
      of the material of the outer rim 16 when unstressed. With R.sub. 1 being
      the radius to the outermost circumference 56, R.sub. 2 being the radius to
      the innermost circumference 58 of rim 16, and R being the radius to the
      mean circumference 60; "a" is half the difference between the outer and
      inner radii,
      ##EQU3##
      and R.sub. s is the main radius after stressing by decreasing the radius
      of curvature as by applying compressive forces 62, 64 to decrease the
      radius of curvature at points 66, 68. A conventional metal capstan is
      considerably less elastic and has an approximate flexture relationship of
      ##EQU4##
      without sustaining at least a small amount of permanent distortion. As a
      result, a conventional metal capstan must be made considerably heavier and
      stronger than capstans in accordance with this invention in order to
      absorb ordinary bumps and stresses without permanent deformation. Flat
      stock may be considered to have an unstressed means radius R of infinity.
PAR  With the hub, webs and rim formed as discussed, the capstan may be
      assembled. The first step is to mount one of the webs 14 between the hub
      12 and rim 14 and secure it therebetween using an epoxy, polyester or
      other appropriate solvent cement. Next the other web 14 is mounted on the
      hub 12 and rim 16, again using epoxy or other appropriate cement. A
      solution of polycarbonate plastic in methyl chloride has been found to
      provide excellent bonding characteristics for capstans manufactured from
      polycarbonate plastic. If a jig is used for assembly it may be desirable
      to assemble the other web 14 with the spokes rotated one-half spoke space
      to allow the jig to extend through the capstan. The final step in
      completing the capstan 10 is to machine or grind the outer surface 22 of
      the rim 16 while rotating the capstan about its central axis 20. The
      circumference of the capstan must typically be ground to relatively close
      tolerances on the order of 0.002 inch or less. The two primary
      considerations with respect to the grinding operation are that the outer
      surface 22 of the rim 16 be relatively smooth and that it be relatively
      concentric or in-round with respect to the central axis 20. The use of
      epoxy or other cement to join together the various parts may cause
      stresses in the joints which can show up in the form of distortion in the
      capstan 10 if it becomes heated during use. To avoid this it is preferred
      that the capstan be heated to a preselected temperature and maintained at
      such temperature during the grinding or machining thereof. The distortion
      which may result from stressing such as from the cemented joints may
      become particularly pronounced if the spokes 42 of the opposite webs 14
      are offset unsymmetrically from one another. This problem can be overcome
      when the spokes are offset equally from one another such as by
      221/2.degree. when the spokes are separated by 45.degree.to increase the
      strength of the capstan 10 or facilitate assembly. Otherwise the spokes 42
      of the respective webs 14 may be aligned with one another in opposing
      relationship.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A low inertia capstan for use in a digital magnetic tape transport
      comprising:
PA1  a generally cylindrical hub rotatable about a central axis thereof;
PA1  a pair of at least partially conical web elements mounted on opposite sides
      of the hub for rotation therewith, said web elements being
      circumferentially rigid to maintain a rim rotationally fixed relative to
      the hub and having thin walls which may be substantially flexed without
      permanent deformation; and
PA1  a hollow, generally cylindrical rim mounted on the pair of partially
      conical web elements.
NUM  2.
PAR  2. The invention defined in claim 1, wherein the hub, the conical web
      elements and the rim are made of plastic.
NUM  3.
PAR  3. The invention defined in claim 1, wherein the conical web elements have
      a thickness of approximately 0.01 inch or less and are concentrically
      disposed on the hub so as to be separated by distances in the vicinity of
      the hub which are greater than the distances which separate the conical
      web elements in the vicinity of the rim.
NUM  4.
PAR  4. A low inertia capstan for use in a digital magnetic tape transport
      comprising:
PA1  a generally cylindrical hub rotatable about a central axis thereof;
PA1  a pair of at least partially conical web elements mounted at opposite sides
      of the hub for rotation therewith, said web elements having a spacing
      therebetween in the vicinity of the hub which is greater than a spacing
      therebetween in the vicinity of a rim and being circumferentially rigid to
      maintain a rim rotationally fixed relative to the hub and having thin
      walls which may be substantially flexed without permanent deformation; and
PA1  a hollow, generally cylindrical rim mounted on the pair of partially
      conical web elements, the rim including a pair of radial flanges on the
      inside thereof disposed between and adjacent respective ones of the
      conical web elements.
NUM  5.
PAR  5. A capstan for use in a digital magnetic tape transport comprising:
PA1  a generally cylindrical hub;
PA1  a hollow, generally cylindrical rim generally concentrically disposed about
      the hub, the rim having a thin, cylindrical outer circumference and being
      capable of substantial flexure without permanent deformation; and
PA1  at least one generally circular plastic web disposed between and mounting
      the rim on the hub to maintain circumferential and axial rigidity between
      the rim and hub during tape transport operation.
NUM  6.
PAR  6. The invention defined in claim 5, wherein the plastic web includes a
      plurality of spokes extending generally radially outwardly between the hub
      and the rim, each of the spokes having a cross-sectional shape which is
      curved.
NUM  7.
PAR  7. The invention defined in claim 6, wherein each of the spokes includes a
      pair of flanges disposed on opposite sides thereof along a substantial
      portion of the length thereof between the hub and the rim, the flanges
      extending in directions generally normal to the web.
NUM  8.
PAR  8. A low inertia, highly elastic capstan for use in a digital magnetic tape
      transport, said capstan including an inner hub portion rotatable about an
      axis, a thin, elastic outer rim portion generally concentrically disposed
      about the inner hub portion and having a cylindrical outer circumference
      adapted to engage and drive a magnetic tape, and at least two web elements
      extending between and mounting the outer rim portion on the inner hub
      portion, said web elements being circumferentially and radially rigid to
      maintain the rim rotationally and radially fixed relative to the hub and
      having thin walls which may be substantially flexed without permanent
      deformation, a substantial portion of the capstan being made of plastic.
NUM  9.
PAR  9. The invention defined in claim 8, wherein all of the capstan is made of
      plastic.
NUM  10.
PAR  10. The invention defined in claim 8, wherein the plastic portion of the
      capstan comprises thermoplastic polycarbonate resins.
NUM  11.
PAR  11. The invention defined in claim 8, wherein the plastic portion of the
      capstan comprises a thermoplastic nylon resin.
NUM  12.
PAR  12. A low inertia, highly elastic capstan for use in a digital magnetic
      tape transport, said capstan including an inner hub rotatable about an
      axis, a flexible outer rim generally concentrically disposed about the
      inner hub and adapted to engage and drive a magnetic tape, and two at
      least partially conical, thin webs mounted on opposite sides of the hub
      which may be flexed without permanent deformation extending between and
      mounting the outer rim portion on the inner hub portion, the rim and webs
      being comprised of material having a strain at yield greater than 0.015.
NUM  13.
PAR  13. The invention defined in claim 12, wherein the material comprising at
      least the outer rim and the webs has a strain at yield greater than 0.003,
      and has a tensile modulus of elasticity less than 30 .times.  10.sup. 5
      pounds per square inch, and wherein the capstan has a ratio of inertia to
      diameter less than 0.5 millinch-ounce-second.sup.2 per inch.
NUM  14.
PAR  14. A low inertia, highly elastic capstan for use in a digital magnetic
      tape transport, said capstan including an inner hub portion rotatable
      about an axis, an outer rim portion generally concentrically disposed
      about the inner hub portion and adapted to engage and drive a magnetic
      tape, and a web portion including two at least partially conical web
      elements mounted on opposite sides of the hub and extending between and
      mounting the outer rim portion on the inner hub portion, the capstan
      having a diameter of at least approximately 11/2 inches and an inertia at
      least as low as 0.4 millinch-ounce-seconds.sup.2.
NUM  15.
PAR  15. The invention defined in claim 14, wherein the capstan diameter is at
      least approximately 21/2 inches and the capstan inertia is no greater than
      0.3 millinch-ounce-seconds.sup.2.
NUM  16.
PAR  16. A resiliently deformable capstan for driving magnetic tape in a digital
      tape transport comprising:
PA1  in inner hub;
PA1  an elastic outer rim disposed concentrically about the inner hub; and
PA1  means connecting the outer rim to the inner hub in a manner inhibiting
      substantially all relative motion therebetween in a circumferential
      direction of rotation while permitting substantial axial motion of the
      outer rim relative to the hub without permanent deformation of the
      capstan, said means including a pair of at least partially conical web
      elements mounted at opposite sides of the hub.
NUM  17.
PAR  17. The capstan as set forth in claim 16 above, wherein the rim is
      deformable by stress into a smaller radius than the unstressed radius
      thereof in accordance with the relationship
      ##EQU5##
      where a is half the thickness of the rim, R.sub.s is the mean radius of
      the material of the rim under stress and R is the mean unstressed radius
      of the material of the rim.
NUM  18.
PAR  18. The capstan as set forth in claim 17 above, wherein the relationship is
      ##EQU6##
NUM  19.
PAR  19. The capstan as set forth in claim 16 above, wherein the connecting
      means includes a pair of web members having a thickness less than or equal
      to 0.010 inch.
NUM  20.
PAR  20. The capstan as set forth in claim 16 above, wherein the connecting
      means includes a pair of thin web members having radially extending spokes
      with a minimum width in the circumferential direction at least 15 times
      the thickness of the material of the spokes.
NUM  21.
PAR  21. A capstan for driving magnetic tape comprising:
PA1  a generally cylindrical inner hub;
PA1  a resiliently deformable outer rim disposed concentrically about the inner
      hub; and
PA1  a pair of thin, at least partially conical web members mounted in spaced
      apart relationship concentric with the inner hub and connected to maintain
      the hub and rim in a predetermined relationship, said web members having
      substantial rigidity with respect to relative motion between the rim and
      hub in a circumferential direction of rotation and being resiliently
      deformable in response to relative motion between the rim and hub in other
      directions.
NUM  22.
PAR  22. The capstan as set forth in claim 21 above, wherein the web members are
      generally conical in shape and are mounted in facing relationship with the
      greater spacing adjacent the hub and the least spacing adjacent the rim.
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ABST
PAL  A fastening tool on the end of a stick operated from a comfortable erect
      and standing position with but one hand of the operator capable of being
      easily converted to a hand tool wherein the foot arming function becomes
      one for the hand, having a trip device which fires the stapler upon
      contact with the deck when the stick is lowered slightly by a flip of the
      wrist for arming the same, and capable of rolling thereon without lifting
      therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Hand-operated roofing tools for fastening the base sheet require that the
      roofer be doubled over rather than standing erect most of the time and
      incur additional weight for the operator to pick up and set down in rapid
      order resulting in fatigue, sore muscles and stiff backs and frequent
      interruptions in work in order to rest.
PAR  In order to fill the need of a tool which will fasten base sheet without
      the necessity of a roofer being physically discomfitured most of the time
      and with conformance to his natural body movements so that fatigue on the
      job is minimized, the weight of the nailer must be kept on the roof and it
      must be moved around on wheels. Remote control of the triggering of the
      tool is essential so that the operator need not bend over to fire the
      fool. As the operator walks along, he should be able to activate the trip
      in a steady rhythm inserting fasteners into the deck at the desired
      spacing simply by controlling the speed of his walk.
PAR  In addition, the tool should be capable of instant conversion from a
      "stand-up" operated tool to a hand-operated tool so the operator can work
      around roof appurtenances, steep roof areas or vertical surfaces, such as
      parapet walls, crickets, etc.
PAC  SUMMARY OF THE INVENTION
PAR  The gist of this invention lies in the application of a walking stick to a
      modified standard Bostitch T-34-6 fastening tool which is modified to be
      rolled on the roof deck and operated from an erect stand-up position by
      the easy flick of the wrist of but one hand of the operator. The Bostitch
      tool has its normal trigger device converted to an "on-off" arming
      mechanism for arming and disarming the tool, and its normal safety contact
      trip device and its lever arm on the head-end thereof converted to a tool
      actuating mechanism. "Actuating" of the tool drives a staple into the roof
      deck. "Arming" or "disarming" of the tacker overrides the actuating
      mechanism as an "on-off" control permitting or preventing the actuating
      mechanism from operating. The tool can be actuated only after the operator
      arms it. Arming can be accomplished with the foot while standing erect in
      the manner of this invention or with the finger by hand-operation while
      bending over in the manner of the usage of the standard tool.
PAR  The arming mechanism for the walking stick fastening tool comprises a
      torque-rod pivotally mounted in the fore-and-aft direction on the top side
      of the head-end of the Bostitch tool having a lever attached to one end
      which extends at right angles from the torque-rod in a downwardly
      direction therefrom over and aft of the head-end of the body of the tool.
      A torque-arm mounts to the fore-end of the torque-rod above the body of
      the tool and in transverse relation thereto and encircles the body thereof
      at a working clearance therefrom and extends downward and under and across
      into a position below in transverse relation to and in operational contact
      with the normal trigger of the Bostitch tool on the lower surface thereof
      for transmitting arming motion to the trigger and to the tool by pressing
      it against the body thereof.
PAR  The walking stick attaches at one end to the head-end of the Bostitch tool
      and extends aftwardly therefrom in a diagonally upwardly direction. The
      operator places himself adjacent to and grasps the upper grip end of the
      stick preparatory to lowering and raising the same as he walks along the
      roof pushing the tool on its wheels. Each time the stick is lowered, a
      staple is driven.
PAR  After the tool has been armed and placed on the roof deck in preparation
      for stapling, the head-end of the tool is lowered by pivoting the body of
      the tool around the wheels at its heel-end as a fulcrum. This is done by
      lowering the grip end of the walking stick. Lowering the head-end of the
      tool contacts the actuating mechanism with the deck and actuates the tool
      to drive a staple in the deck.
PAR  The actuating mechanism comprises a yoke which is mounted on the modified
      Bostitch contact trip lever arm. This arm loosely supports an axle on the
      ends of which roller wheels are rotatably mounted. These rollers sense
      contact with the deck.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the device of my invention;
PAR  FIG. 2 is a side elevation view of the same;
PAR  FIG. 3 is a head and elevation view of the same;
PAR  FIG. 4 is a fragmented exploded view of the parts of the walking stick
      assembly;
PAR  FIG. 5 is an exploded view of the heel and wheel assembly; and
PAR  FIG. 6 is an exploded view of the modified contact trip assembly and guide.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a Bostitch T-34-6 tacker tool assembly 10 comprises a
      head end 12 having a Standard Bostitch T-34-6 disc feed and staple driving
      head 13 mounted thereon. A handle 14 having a trigger 15 mounted on the
      under side thereof is connected to and extends from one side of the head
      end 12. An air supply line 16 is in fluid communication with an air inlet
      port on the handle 14 of the tool 10. A staple magazine 18 is connected to
      the head end 12 and extends therefrom and spaced below the handle 14
      thereof. A walking stick assembly 20 fastens to the top and on the end
      face of the head end 12 on a vertical center line of the tool 10. A
      trigger actuating assembly 24 comprises a torque rod 40 which pivotally
      mounts in a sleeve 38 which is fastened to plate 34 adjacent the lower end
      of the walking stick assembly 20 and extends through the lower end of the
      handle 14 transverse relation thereto and in contact with the lower side
      of the trigger 15. A contact trip assembly 26 comprises a contact trip
      lever arm 46 which slidably mounts a trip guide 48 which is secured to the
      lower side of head end 12 of tool 10 adjacent the standard Bostitch T-34-
      6 staple driving mechanism 13. A heel end pivot assembly 22 mounts to the
      heel end of the magazine 18 of the tool 10.
PAR  Referring to FIGS. 2 and 3, the walking stick assembly 20 comprises a stick
      21 which extends upwardly and outwardly in a vertical plane from the head
      end 12 of the tool 10 at an approximate angle of 60.degree. to the
      horizontal. An inverted L-shaped head bracket 28 has a horizontal flange
      portion thereof which is bolted on the head end 12. The other portion of
      the bracket 28 extends in a vertical plane and hangs over the end face of
      head end 12. As shown in FIG. 4, a "T" slot 30 is formed on the vertical
      flange of the head bracket 28 facing in an outwardly direction therefrom.
      Beveled edges 32 form shoulders 33 at the top of the "T"  slot 30 thereon.
PAR  A "T" plate 34 having ears 36 on the side edges thereof is mounted in a
      vertical plane at the lower end of the stick 21 in transverse relation
      thereto, as shown in FIGS. 3 and 4. "T" plate 34 which is mounted on the
      lower end of stick 21 inserts in "T" slot 30 on bracket 28 in the
      installation thereon to the extent that ears 36 rest on shoulders 33 in
      the assembly thereof. The opposite free end of the stick 21 is provided
      with the usual handle.
PAR  Referring to FIGS. 2 and 4, the trigger actuating assembly 24 comprises a
      pivot sleeve 38 mounted to the lower end of the walking stick assembly 20
      and having its axis extending horizontally and contained in a vertical
      plane formed by the juncture of the centerlines of the stick 21 and the
      gun 10. A torque rod 40 pivotally mounts in the sleeve 38 and has one end
      extending out therefrom in the direction of the horizontal extension of
      the stick 21. A lever 42' is fixedly mounted on said outstanding end of
      rod 40 under the stick 21 and is suitable for pivotal actuation by the toe
      of the operator. A collar and set screw combination 41 and compression
      spring 43 are mounted on the other outstanding end of rod 40 for securing
      said rod in the sleeve 38. A torque arm 42 of horizontal torque rod 40
      extends sidewise from above a centerline position of the tool 10 in a
      direction around the body of the tool handle 14 and below the trigger 15.
      At this level, a trigger actuating arm 44 is connected to the lower end of
      the torque arm 42 of the rod 40 which extends in a direction under and is
      in contact with the loewr side of the trigger 15.
PAR  Referring to FIGS. 2, 3 and 6, the contact trip assembly 26 comprises a
      contact trip lever arm 46 which is modified from that on the Bostitch
      T-34-6 tacker and installed on the head end 12 of the tool 10. A modified
      trip guide 48 mounted on the head end 12 guides the modified contact trip
      lever arm 46 thereon. A yoke 50 is secured to the lower end of the trip
      lever arm 46. Arms 51 of yoke 50 extend to a lower level adjacent to the
      nail head 13. Vertical slots 54, as shown in FIG. 6, are cut in the arms
      51 of the yoke 50. A yoke axle 52' is received in the slots 54 in the arms
      51 of the yoke 50 and is held in transverse relation therein relative to
      the longitudinal axis of the tool 10. Collars 52 fixedly mount on each
      outstanding end of the yoke axle 52' spaced equidistant on each side of
      the longitudinal axis of the tool 10.
PAR  Referring to FIGS. 2 and 5, the heel end pivot assembly 22 comprises an
      axle support bracket 56 having a heel plate 58 which is fastened in a
      vertical plane to the heel end of the magazine 18 and a shoe plate 60
      extending in a horizontal plane. A wheel axle 62 is secured to the under
      side of the shoe plate 60 in transverse relation to the longitudinal axis
      of the tool 10, and wheels 64 are rotatably mounted on each outstanding
      end thereof spaced equidistant on each side of said longitudinal axis.
PAR  It should be obvious that the lever 42' may have an extension arm attached
      thereto so the upper end thereof can also be used to move lever 42' for
      operation of the tool by hand instead of only being toe actuated.
PAR  In the setting up of the modified standard Bostitch T-34-6 stitcher tool 10
      as a roof disc stapler which is operable with the flick of the wrist of
      but one hand from a standing position, the walking stick 21 is attached to
      the head-end 12 of the tool 10 by inserting T-plate 34 into slot 30 on the
      bracket 28 so that the stick 21 angles rearwardly and upwardly from the
      head end 12 of the tool 10. The torque rod 40 with collar 41 and
      compression spring 43 slipped over the outstanding end thereof is
      installed through the sleeve 38 on the walking stick 21 in a rearward
      direction relative thereto, and the hub of lever 42' is secured on the end
      thereof so that the spring 43 compression loads the face of the hub of
      lever 42' against the end of the sleeve 38.
PAR  In order to operate the tool 10 from a standing position, the tool 10 is
      armed by rotating lever 42' in a clockwise direction when viewed from the
      head end of the tool 10 with a kick of the operator's foot. Trigger arm 44
      shifts the usual trigger 15 upwardly and holds trigger 15 in place.
      Trigger-actuating arm 44, which is an extension of torque rod 40 and the
      hub of lever 42', has a cam surface along its upper side, as shown in FIG.
      4, which operationially slides under trigger 15 as lever 42' is rotated
      and locks the same in an upward direction. This arms tool 10 in readiness
      for stapling.
PAR  In the stapling operation, the walking stick 21 is raised by an up-flick of
      the wrist by pivoting the heel end 22. Thus the tool is disarmed but when
      the upward pressure on the handle is released, the contact trip 26 of the
      tool 10 firmly contacts the deck. Tool 10 staples once each time the
      contact trip 26 touches the deck so that if the operator starts walking
      with the walking stick 21 in hand, flicking the wrist easily up as he
      goes, fasteners will be driven into the deck at a spacing which can be
      controlled simply by gauging walking speed with the frequency that the
      wrist is flicked.
PAR  In order to disarm the tool 10, lever 42' is rotated in a counterclockwise
      direction when viewed from the head end of tool 10 so trigger arm 44
      unlocks trigger 15. When disarmed, tool 10 will not staple if the contact
      trip 26 by chance contacts the deck.
PAR  Although but one specific embodiment of this invention is herein shown and
      described, it will be understood that details of the construction shown
      may be altered or omitted without departing from the spirit of the
      invention as defined by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a stapler tool for use on roofing decks of the class described, a
      frame, a tool handle on said frame, a staple driver head mounted on said
      frame, a handle connected to said head adjacent to the top thereof and
      extending in a direction opposed to the staple driver, a staple magazine
      connected to said head adjacent the base thereof, a trigger pivotally
      connected to the under side of the handle adjacent to the head thereof,
      and a deck contact trip assembly mounted on said head said trigger and
      said deck contact trip assembly being simultaneously actuatable to
      operaate said staple driver head, said deck contact trip assembly
      comprising a trip lever and a trip guide, a contact trip lever arm
      slidingly engaging said trip guide for movement in the vertical direction
      thereon and extending downwardly and outwardly from engagement therewith,
      deck contacting means mounted on said contact trip lever arm extending
      downward therefrom substantially in line with the staple driver; a heel
      end pivot means mounted on the magazine on the end thereof opposed to the
      head of the frame, a walking stick means removably mounted on the upper
      portion of the head of the frame extending upwardly and outwardly
      therefrom, and an operator actuated trigger actuating means mounted on the
      walking stick assembly adjacent to the top of the head, whereby the
      operator may actuate the trigger and by shifting the terminal free end of
      the walking stick trip the contact trip assembly to drive a staple.
NUM  2.
PAR  2. A stapler tool as set forth in claim 1 wherein the trigger actuating
      means comprises:
PA1  a. a sleeve adjacently secured to the lower end of said handle having a
      center line extending in a horizontal direction and having a first open
      end above the trigger and a second open end overhanging the head of the
      tool in the direction of the walking stick means;
PA1  b. a torque rod pivotally mounted in the sleeve and extending out from each
      open end thereof;
PA1  c. an arming lever fixedly mounted on the end of the torque rod extending
      out the second end of the sleeve generally extending in a direction at
      right angles relative thereto, and having a working clearance relative to
      the head of the tool;
PA1  d. a torque arm fixedly mounted at one end to the first end of the torque
      rod and generally extending in a direction at right angles relative
      thereto, and
PA1  e. a trigger actuating arm integrally formed at one end to the second end
      of the torque arm and generally extending in a direction under the handle
      of the tool and operationally contacting the trigger thereat from below.
NUM  3.
PAR  3. A stapler tool comprising a head end and staple driving head mounted
      thereon, a handle having a trigger mounted on the under side thereof
      connected to and extending from one side of the head end, a walking stick
      connected to and extending upwardly and outwardly from the other side of
      the head end, a staple magazine connected to the head end of the tool and
      extending therefrom and spaced below and in parallel relation to the tool
      handle, a trigger actuating assembly actuatable through said walking stick
      adjacent to and extending below the tool handle thereof in transverse
      relation thereto and in contact from below with the lower side of the
      trigger, a heel end wheel assembly mounting to the heel end of the
      magazine a bracket secured to said head having one flange portion
      extending in a horizontal plane and another flange portion extending down
      in a vertical plane over the head end of the tool, said vertical flange
      having a pair of spaced side flanges forming a "T" slot a "T" plate having
      ears on the side edges thereof slidably mounted in the "T" slot and
      fixedly connected to one end of the walking stick at the head end of the
      tool, a pivot sleeve mounted to the lower end of the walking stick and "T"
      plate and having its axis extending horizontally, a torque rod pivotally
      mounting in the sleeve with both ends extending outwardly therefrom, a
      lever fixedly mounted on one end of the torque rod and terminating under
      the stick, the other end of said torque arm having a portion depending
      vertically at one side of said handle and terminating in a right angled
      cam arm extending below and in contact with the trigger of the tool, a
      trip guide mounted on the head end of of the tool, a contact trip lever
      arm slidingly installed in the trip guide for vertical guidance relative
      thereto, a yoke mounting to the lower end of the trip lever arm, arms
      extending from said yoke to a lower level adjacent to the driving head and
      having slots therein, a yoke axle loosely mounting in the slots and held
      in transverse relation therein relatiive to the handle of the tool,
      collars fixedly mounting on each outstanding end of the yoke axle outside
      of the yoke arms, an axle support bracket having a heel plate fastened in
      vertical relation to the heel end of the magazine of the tool and a shoe
      plate extending in a horizontal plane relative thereto, a wheel axle
      mounting to the under side of the shoe plate in transverse relation to the
      magazine, and wheels rotatably mounting on each end of said axle.
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ABST
PAL  A method of fabricating a sandwich structure consisting of a compliant
      sheet and a rigid sheet, the sheets being separated by a core. The
      compliant sheet is adapted to conform to the shape of the rigid sheet and
      the irregularities of the core through the utilization of the compliant
      sheet as an integral part of the tooling to provide a self-contained
      vacuum bag, wherein the compliant sheet is caused to be formed into
      intimate contact with the core.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  To protect aircraft from infrared radiation (IR) seeking missiles, it is
      necessary to shield those portions of the aircraft's engines which get hot
      enough to emit infrared radiation. It has been determined that the most
      effective type of IR suppressor is of the sandwich type construction
      consisting of a hot surface, a cooling core and a cold surface. Since the
      IR suppressor has to effectively shield compound structures without
      significantly increasing the weight of the aircraft, it is extremely
      important that the suppressor be of light weight and capable of being
      produced in compound curvature shapes.
PAR  Over the last few years a number of major advancements have been made in
      the construction of light weight compound curvature suppressors; however,
      the advanced construction techniques are prohibitively expensive and the
      suppressors constructed thereby are usually structurally unreliable and
      not thermally accommodating. The most common technique currently being
      utilized is to machine or fabricate, utilizing highly sophisticated
      machines and expensive dies, complementary hot and cold plates or sheets
      of identical shape with one of the plates having reduced dimensions,
      thereby allowing the smaller plate to serve as the inner face of a
      compound curvature sandwich.
PAR  The complementary plates must match perfectly in order to enable a
      structurally sound bond to be achieved between the plates and the core
      which is usually of a honeycomb or corrugated construction. After the
      precisely matched plates have been formed the core must be machined to fit
      between the plates. As is well known, honeycomb or corrugated core is
      extremely difficult to machine to precise tolerances and this is what
      causes most of the problems. Since honeycomb or corrugated cores are
      somewhat flexible, they can be deformed to abut the inner surface of the
      outer plate or sheet to which it is bonded; however, due to the tolerance
      variations in the core when the inner plate is placed in position only a
      portion of the core will come into contact with the rigid inner plate,
      thereby preventing a complete structurally sound bond between the core and
      the inner plate. Since both the inner and outer plates are rigid there is
      no economically feasible method of obtaining a structurally sound bond
      between the inner and outer plates and the core and, therefore, the
      rejection rate of compound curvature infrared suppressors is extremely
      high.
PAR  An additional problem which is particularly acute in an aircraft
      environment is the differential temperature on the hot and cold, inner and
      outer plates of the suppressor; for example, the hot inner side of the
      suppressor may be exposed to temperatures as high as 1800.degree. F. while
      the cold outer side may be exposed to ambient or external temperatures as
      low as minus 120.degree. F. This thermal gradient creates great stress
      within the structure, thereby producing fractures or weld breaks and braze
      separations between the core and the face plates, while a small degree of
      braze separations would normally be acceptable, when combined with a
      structurally poor initial bond it may prove disastrous.
PAR  In addition to compound curvature infrared suppressors, there is also a
      need for compound curvature sound suppressors. Over the last few years the
      general public and various government agencies have become extremely
      interested in reducing the amount of noise emanating from various types of
      power plants but particularly from aircraft engines. Mufflers have been
      developed which effectively reduce the noise of automobile engines but
      such mufflers are not suitable for aircraft engines. The same construction
      techniques that are utilized to produce compound sandwich structure for
      infrared suppressors can also be used for sound suppressors since the same
      problems need to be overcome both with regard to compound shapes and
      thermal gradients. Additionally, sound suppressors can be structurally
      damaged by vibration due to sound which, in conjunction with the damage
      caused by the thermal gradient causes the structure to have a very limited
      useful life.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes all of the aforementioned problems by
      providing a compound curvature suppressor which does not require precisely
      matched inner and outer sheets and which compensates for tolerance
      variances in the core. Additionally, the improved suppressor of the
      present invention is capable of compensating for extreme differential
      temperatures and vibration, thereby reducing fractures and bond breaks.
      The present invention eliminates the aforementioned objectionable features
      of prior art suppressors by providing a compliant sheet which is adapted
      to yield and conform to the core regardless of its dimensional
      inaccuracies. The compliant sheet is roughly fabricated to approximately
      the correct dimensions without regard to tolerances and then forced by any
      well known means into abutment with the core along its entire surface,
      thereby allowing a structurally sound bond to be achieved regardless of
      the tolerance variations in the core.
PAR  The compliant sheet can also be utilized as an integral part of the tooling
      required to form the compliant sheet by providing a self-bagging vacuum
      bag in conjunction with a mandrel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a compound curvature structure constructed
      in accordance with this invention;
PAR  FIG. 2 is a front view of FIG. 1;
PAR  FIG. 3 is a view along section 3--3 of FIG. 2;
PAR  FIG. 4 is an exploded perspective of the sandwich structure of the infrared
      suppressor of the present invention;
PAR  FIG. 5 is a view along section 5--5 of FIG. 4;
PAR  FIG. 6 is an exploded perspective of the sandwich structure of the sound
      suppressor of the present invention;
PAR  FIG. 7 is a cut-away of one embodiment of the tooling for constructing the
      compound sandwich structure;
PAR  FIG. 8 is a cut-away of another embodiment of the tooling for constructing
      a compound curvature structure; and
PAR  FIG. 9 is a flow diagram of the steps in constructing the compound sandwich
      structure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein like reference numbers designate
      like or corresponding parts throughout the several views, there is shown
      in FIGS. 1 and 2 an example of a sandwich structure 10 having a compound
      curvature for use in suppressing infrared radiating surfaces. The
      structure 10, while being shown as a truncated cone for the sake of
      simplicity of illustration can be formed in any number of compound curved
      shapes.
PAR  FIG. 3 shows a partial cut-away of FIG. 2 and illustrates in enlarged
      cross-section the sandwich structure of the suppressor. The sandwich
      structure 10 of FIGS. 1, 2 and 3 consists of a compliant inner sheet 12, a
      core 13 and a rigid outer sheet 14. The compliant sheet 12 is shown in
      detail in FIGS. 4 and 3, wherein it can be seen that the sheet 12 has an
      irregular cross-grained surface of either a gnarled or serriform-like
      appearance, providing spaced apart ridges 15 alternatively visible from
      opposite sides of the sheet. The ridges 15 are not necessarily symmetrical
      and are separated by irregular indentations 16.
PAR  While the particular surface pattern of the compliant sheet 12, as
      illustrated, is sufficient for the purpose of allowing the sheet to
      conform to irregular shapes, it is by no means the only pattern that would
      be acceptable. Various patterns can be formed which will allow the sheet
      to be compliant or yielding in various directions, depending upon the
      pattern. Additionally, the irregular surface of the compliant sheet
      provides a greatly increased surface area which enables the sheet to vary
      its outer dimensions in response to thermal gradiants and vibration and
      dissipate heat to a much greater extent than a smooth rigid sheet.
PAR  While the core 13 has been designated in some cases as being constructed
      from honeycomb, the term honeycomb has been used in its broadest sense to
      mean having a plurality of cells or inter-connected passages or cavities
      running in various directions, such as would be found in corrugated
      materials.
PAR  In the preferred embodiment of the infrared suppressor, as shown in FIG. 4,
      the core 13 which is a thermally accommodating structure basically
      consists of a plurality of strips of metal 17 having a substantially
      continuous sine wave or corrugated configuration. The strips 17 are
      secured to the rigid sheet 17 by brazing or welding so that the unsecured
      or opposite arcs 11 of the sine waves of the strip 17, which form the
      corrugated configuration are perpendicular to the sheet 14. The strips 17
      are placed in parallel slightly offset juxaposition to each other so that
      when all the strips 17 have been secured to the sheet 14, the strips
      substantially cover one entire face of the sheet.
PAR  The sheet 14 can be formed or machined into the desired configuration,
      whereby it provides a rigid sheet of metal having the desired contours to
      encompass the member to be shielded. On occasion it has been determined
      that in order to save weight and allow air to circulate between the strips
      17 the purpose of cooling and equalizing temperature, the sheet 14 can be
      provided with a plurality of perforations (not shown) but even with the
      perforations, the sheet 14 remains substantially rigid.
PAR  In forming the basic sandwich structure 10, the sheet 14 is formed to the
      configuration desired and then the strips 17 are secured in rows to one
      face of the sheet 14 until the face is substantially covered by the
      individual strips, alternatively the plurality of strips 17 can be
      replaced by a single sheet consisting of a plurality of strips joined
      together. Then the compliant sheet 12 is generally shaped to the same
      configuration as the rigid sheet 14 and placed into juxtaposition thereto
      and pressure is exerted against the compliant sheet 12, causing it to
      deform into abutting complementary relationship to the free arcs 11 of the
      strips 17 which form the core 13. After the compliant sheet 12 has been
      deformed into complementary relationships, the entire sandwich structure
      10 is loaded with braze alloy and placed into an atmospherically
      controlled retort, wherein the entire sandwich structure is brazed
      together, thereby forming a thermally accomodating sandwich structure 10,
      having no significant bond voids between the core 13 and the sheets 12 and
      14.
PAR  An alternate embodiment of the present invention is shown in FIG. 6, which
      illustrates an exploded perspective of the sound suppressor constructed in
      accordance with the present invention. The sound suppressor 25 consists of
      a rigid inner face sheet 14 having a plurality of perforations 26. The
      rigid sheet 14 of the suppressor 25 is similar in construction to the face
      sheet 14 of the sandwich structure 10. Disposed about the sheet 14 is a
      cellular or honeycomb core 13 and disposed about the core 13 is a
      compliant sheet 12, which also has a plurality of perforations 27. The
      only difference between the sound suppressor 25 and the sandwich structure
      10 at this stage of its construction is the perforations 26 and 27 in the
      rigid sheet 14 and the compliant sheet 12, respectively. Overlying the
      perforated compliant sheet 12 is another tubular section of cellular or
      honeycomb core 28 and overlying the core 28 is another compliant sheet 29
      which is not perforated.
PAR  When in utilization the sound emitted by the member to be suppressed
      travels through the perforations in the sheet 14 into the cells of the
      core 13 where the sound is partially absorbed by the core 13 and the
      remainder passes through the perforations in the compliant sheet 12 into
      the cells of the second core 28 where it is further absorbed and
      contained.
PAR  FIG. 7 shows one embodiment of the tooling for forming the structure 10 or
      the sound suppressor 25, wherein the compliant sheet 12 is disposed
      internally of the rigid sheet 14 and the compliant sheet 12 has not been
      perforated.
PAR  In assembly the rigid sheet 14 is formed to shape in any well known manner
      and a corrugated or honeycomb core 13 is welded or brazed to the inner
      face of the sheet 14 so that the core 13 substantially covers the entire
      inner surface of the sheet 14. The rigid sheet 14 with the core 13 secured
      thereto is then placed against a mandrel 18. FIG. 7 shows a cut-away of
      the mandrel 18 containing the compound sandwich structure 10 prior to
      bonding. The sheet 14 in this instance is generally of a truncated conical
      shape for the sake of simplicity of illustration. The compliant sheet 12
      is formed generally into a similar conical shape having dimensions less
      than the internal dimensions of the combined sheet 14 and core 13. After
      forming the compliant sheet 12 into a truncated cone the free edges are
      welded together to provide some rigidity and the assembled cone is slipped
      into the sheet 14 in juxtaposition to the free ends or arcs 11 of the core
      13.
PAR  A support structure 22 is then inserted within the conical compliant sheet
      12, the purpose of the structure 22 is to provide a support for a pressure
      bag 19 which is inserted between the compliant sheet 12 and the structure
      22. The pressure bag 19 is connected to a source of pressure 20, which
      enables the bag 19 to be pressurized, thereby expanding against the
      compliant sheet 12 and forcing it into general conformity with the core
      13. Secured to the ends of the mandrel 18 are extension members 21, which
      depend radially from the mandrel towards the axis thereof.
PAR  Because of the cross-grained embossed pattern of the compliant sheet 12, it
      has the ability to expand under pressure from the pressure bag 19 and as
      the pressure bag is pressurized the compliant sheet 12 expands into
      abutting complementary relationship with the core and the mandrel. After
      expanding the compliant sheet 12, the pressure bag 19 is removed and the
      outer free edges of the compliant sheet 12 are tack welded to the
      extension members 21 of the mandrel 18, thereby providing a hermetic seal
      between the compliant sheet 12 and the mandrel 18. The securing of the
      compliant sheet 12 to the mandrel 18 is an important part of the present
      invention because it provides for a self-contained vacuum bag. Because of
      the nature of the core 13, a vacuum can be applied through an opening 23
      into the cavity formed by the sheet 12 and the mandrel 18 and then because
      of the hermetic seal between the compliant sheet 12 and the mandrel 18,
      the sheet 12 is drawn into complete contact with the entire free face of
      the core 13, to which it is desired to bond the sheet 12. The ability of
      the compliant sheet 12 to be an integral part of the vacuum bag eliminates
      the need to provide for a separate vacuum bag and thereby provides a major
      cost saving. Additionally, because of the flexability of the compliant
      sheet 12, it is capable of being drawn into complete engagement with the
      core 13, thereby enabling it to be joined to the core 13 without voids or
      unbonded portions. The entire assembly, including the mandrel 18, rigid
      sheet 14, core 13 and compliant sheet 12, is then placed into an
      atmospherically controlled retort, where it is brazed. If desired, the
      vacuum within the core 13 can take place within the retort during brazing
      in order to provide for external pressure on the compliant sheet 12 during
      brazing and thereby ensure an intimate braze joint contact; however, in
      such a procedure care must be taken to ensure that the pressure within the
      retort is greater than that within the cavity formed by the mandrel and
      the sheet, in order that the sheet remain in contact with the core.
PAR  An alternate embodiment of the method and tooling for constructing the
      compound sandwich structures of the present invention is illustrated in
      FIG. 8, which shows the mandrel 18 disposed inwardly of the rigid sheet 14
      which may be perforated if it is desired to construct a sound suppressor
      25. The sheet 14 lies in juxtaposition to the outer surface of the mandrel
      18 within the confines of the extension members 21. The honeycomb or
      corrugated core 13 is secured to the rigid sheet 14 in the same manner as
      hereinbefore described and the compliant sheet 12 is formed into a
      complementary configuration to the rigid sheet 14 with internal dimensions
      greater than the diameter of the sheet 14 and the core 13 combined. The
      formed compliant sheet 12 is then placed in overlying or sandwiched
      relationship to the sheet 14 and core 13; in this instance, however, the
      sheet 12 is not extended beyond the confines of the extension members 21
      as was the case with the embodiment of FIG. 7 and additionally, the
      compliant sheet 12 can be perforated if desired.
PAR  After the compliant sheet 12 is in position, the core 13 is loaded with
      braze alloy and then a second compliant sheet 24 is formed into a
      complementary configuration to the compound sandwich structure and placed
      into overlying relationship thereto. The compliant sheet 24 is constructed
      in a length greater than the compliant sheet 12 so that sheet 24 extends
      into overlying juxtaposition to the extension members 21 to which it is
      then hermetically secured by welding or any other well known method. After
      the sheet 24 has been hermetically secured to the members 21 to form a
      chamber 30 a vacuum is induced in the chamber 30 through opening 23. The
      vacuum causes the sheet 24 to draw down against the sheet 12, thereby
      forcing the sheet 12 into intimate contact with the core 13 to which it
      will be bonded, when placed in the retort as hereinbefore described.
PAR  While the invention has herein been illustrated and described in what is
      considered to be the most practical and preferred embodiment, it is
      recognized that departures may be made therefrom within the scope of the
      invention, which is to be accorded the full scope of the claims so as to
      embrace any and all equivalent devices.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of fabricating a sandwich structure comprising the steps of:
PA1  forming a rigid sheet to the desired configuration;
PA1  securing a core to one face of said rigid sheet;
PA1  placing said rigid sheet with said core secured thereto in abutment to a
      mandrel;
PA1  forming a compliant sheet to the desired configuration;
PA1  placing said formed compliant sheet in complementary juxtaposition to said
      core;
PA1  securing said compliant sheet to said mandrel to form a hermetic chamber;
PA1  creating a vacuum between said core and said compliant sheet, whereby said
      sheet is caused to abut said core; and
PA1  securing said compliant sheet to said core.
NUM  2.
PAR  2. A method of fabricating a conformable sandwich structure comprising the
      steps of:
PA1  forming a rigid sheet to the desired configuration;
PA1  securing a flexible core to one face of said rigid sheet;
PA1  forming a compliant sheet to the desired configuration;
PA1  placing said formed compliant sheet in juxtaposition to said core;
PA1  placing said rigid sheet with said flexible core secured thereto in
      abutment to a mandrel;
PA1  securing the edges of said compliant sheet to said mandrel; and
PA1  creating a vacuum between said mandrel and said compliant sheet, whereby
      said sheet is drawn into abutment to said core.
NUM  3.
PAR  3. A method of fabricating a sandwich structure comprising the steps of:
PA1  forming a rigid sheet to the desired configuration;
PA1  securing a core to one face of said rigid sheet;
PA1  placing said rigid sheet with said core secured thereto in abutment to a
      mandrel;
PA1  forming a compliant sheet to the desired configuration;
PA1  placing said formed compliant sheet in complementary juxtaposition to said
      core;
PA1  perforating said formed compliant sheet in juxtaposition to said core;
PA1  securing a second compliant sheet to said mandrel to form a hermetic
      chamber; and
PA1  creating a vacuum between said mandrel and said second compliant sheet,
      whereby said second compliant sheet causes said perforated compliant sheet
      to abut said core.
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ABST
PAL  An apparatus for soldering a wire to a terminal includes a plurality of
      connector clamps secured to a turntable for positioning each clamped
      connector adjacent a hot air blower. The hot air blower blows hot air
      toward a solder ring and heat shrinkable tube surrounding the wire and a
      corresponding connector terminal for melting the solder and shrinking the
      tube. The apparatus includes a baffle for redirecting the blown hot air
      back toward the solder ring and tube assembly for preheating the assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to apparatus for securing wires to terminals
      of multiterminal connectors. The terminals in the connectors are the type
      comprising solder cups for receiving bared wire ends.
PAR  2. Description of the Prior Art
PAR  While the soldering of wires to the terminals cups is accomplished in
      various ways, one present technique is the use of solder rings disposed in
      heat shrinkable tubes.
PAR  In this arrangement a solder ring is disposed within a small, elongated
      thermoplastic tubular member. The solder ring is compressibly secured in a
      relatively fixed position within the tubular member by the member. The
      plastic tube is the type that shrinks when exposed to heat.
PAR  In securing the wire to a cup-type terminal, the solder ring and tube
      combination are placed over the bared wire end received in the terminal
      cup. Hot air is then blown or directed against the tubular member and
      solder ring assembly. The heat is sufficient to melt the solder ring and
      at the same time causes the tube to shrink. The solder, when melted, flows
      into the cup forming a solder connection between the bare wire end and the
      cup. The shrinking of the plastic tube provides a secured insulation over
      the soldered wire end and terminal.
PAR  The problem with this system is that it is cumbersome to implement. An
      operator needs to assemble the wire and plastic tube and solder ring
      combination to a connector terminal. Usually a large number of terminals
      are present on each connector. Then the operator has to either place the
      joints in front of the hot air or else direct the hot air against the
      joints. The temperature at which this is accomplished is difficult to
      control at the joint. Excessive or insufficient heat tends to produce a
      poor joint. To accomplish the interconnections of hundreds of connectors
      in this manner is a tedious task.
PAC  SUMMARY OF THE INVENTION
PAR  An apparatus for soldering a wire to a terminal comprises means for
      positioning each of a plurality of terminals to a given position. Means
      are mounted on the positioning means for releaseably securing a separate,
      different wire to each of the terminals. A heat shrinkable tube and solder
      ring are disposed about each wire at the respective terminals. Means are
      provided for directing a flow of hot gaseous fluid at the given position
      at an increasing temperature for melting the solder and shrinking the tube
     .
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a plan view of an apparatus constructed in accordance with an
      embodiment of the present invention,
PAR  FIG. 2 is an elevational view of the apparatus of FIG. 1,
PAR  FIG. 3 is a partial sectional end view of the wire and connector securing
      portions of the apparatus of FIGS. 1 and 2,
PAR  FIG. 4 is an enlarged elevational view of the apparatus of FIG. 3, and
PAR  FIG. 5 is a sectional elevational view of a heat shrinkable tube and solder
      ring combination.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIGS. 1 and 2 soldering apparatus 10 is mounted on a table 12 or other
      suitable support. Apparatus 10 includes a turntable support 14 mounted on
      table 12. Support 14 may be made of any material including wood. Support
      14 includes a suitable ball bearing assembly 16 for providing
      anti-friction rotation to turntable 18 rotatably mounted on assembly 16.
      Turntable 18 is preferably made out of a planar sheet of plywood or other
      suitable material. Also mounted on table 12 is a drive motor and gear box
      assembly 20. Motor and gear box assembly 20 is of conventional arrangement
      and has an output drive shaft 22 to which is secured a rotating friction
      wheel 24 driven by shaft 22.
PAR  Friction wheel 24 is in frictional engagement with the underside planar
      surface of turntable 18 for rotating turntable 18 in the direction of
      arrow 25. Also secured to table 12 is a hot air blower 26 which is
      connected to a source of air under pressure and heater control 28. Blower
      26 serves to direct a stream of air under an elevated temperature and
      pressure determined in accordance with the controls set in control 28.
      Blower 26 and control 28 are manufactured by the Raychem Corp. of Menlo
      Park, California as superheater model AA-400.
PAR  Mounted on the upper surface 19 of turntable 18 are a plurality of wire and
      connector securing fixture assemblies 30. A large plurality of assemblies
      30, for example 32 or more, are secured to table 18 in a circular array
      radially equidistant about the axis of rotation 32 on table 18. Both the
      radial position and orientation of each assembly 30 with respect to axis
      32 is substantially the same.
PAR  Each assembly 30, FIG. 3, includes a connector clamp which comprises a pair
      of elongated bar-type connector supports 34 and 36 disposed on surface 19
      in parallel relationship concentric with respect to axis 32. Support 34 is
      next adjacent the outer peripheral edge 38 of turntable 18. Support 36 is
      disposed radially inwardly and in radial alignment with support 34 so that
      supports 34 and 36 have common surfaces 40 and 42, respectively, facing
      each other. Disposed in face 40 of support 34 is channel-like slot 44.
      Slot 44 is spaced from and parallel to the upper surface 19 of table 18
      and extends the length of support 34.
PAR  Disposed in support 36 is a recess 48. Recess 48 is disposed equidistant
      from surface 19. Slot 44 is also diagonally equidistant from surface 19
      the same distance as recess 48. Recess 48 forms an L-shaped shoulder 36 in
      communication with the surface 42 and upper surface 50 of support 36 as
      shown. Recess 48 extends the length of support 36 parallel to slot 44 and
      facing slot 44.
PAR  Disposed contiguous with surface 50 and support 36 is locking bar 52.
      Locking bar 52 is an elongated planar member which extends the length of
      surface 50 of support 36. Disposed centrally in bar 52 and running
      transverse the length thereof is elongated slot 54. Slot 54 permits bar 52
      to transverse in a radial direction as indicated at arrow 56. Threaded to
      support 56 is locking nut 58 having a shoulder 60 which locks bar 52 in a
      given radial position with respect to recess 48.
PAR  When bar 52 is in its most radially outward position, as illustrated in
      FIG. 3, the outer longitudinal edge 62 serves to form a clamping jaw over
      recess 48. Disposed in the opposite radial inward direction, to the left
      in the drawing, the bar 52 is in the release position.
PAR  Slot 44 and recess 48 serve to clamp multipin connector 64 to supports 34
      and 36. Connector 64 is a conventional connector having a plurality of
      cup-type contact terminals 66 and 68 aligned in two parallel rows
      extending into the drawing. The cup upper periphery 69 is arranged to
      expose the cup interior along the horizontal and vertical axis. The cup is
      oriented with the cup interior being exposed to and facing outwardly from
      the connector 64 in a radial direction with respect to axis 32.
PAR  Connector 64 has a flange or shoulder 70 which extends around the periphery
      of the connector. Shoulder 70 is disposed in slot 44 and recess 48.
      Locking bar 52, when disposed in the most outward radial position, as
      shown in FIG. 3, overhangs shoulder 70. To secure the connector 64,
      locking nut 58 is threaded tightly against locking bar 52 forming a clamp.
PAR  Mounted adjacent support 36, as best seen in FIG. 4, is an L-shaped wire
      support member 72. Member 72 is mounted on turntable 18 by a suitable
      L-shaped bracket 74. Member 72 includes upstanding leg 76 and cantilevered
      horizontally disposed leg 78. Leg 78 extends the length of support 36 and
      is disposed above recess 48. Secured to leg 78 along the length thereof is
      a tightly wound coil spring 80. Spring 80 serves to secure wires 86 and 88
      between adjacent spring windings. Spring 80 resiliently secures the wires
      thereto by the compression of the adjacent coils. As shown in FIG. 3,
      wires 86 and 88 have the bared ends 90 and 92 disposed in the cups of
      terminals 66 and 68, respectively. The hot air blower 26 has a nozzle 94
      directed at the junction of bare end 90 and the radially outermost
      terminal 66. The temperature, direction, spacing of the nozzle from the
      junction and pressure of the hot air dispensed by nozzle 94 toward
      terminal 66 and wire end 90 have a predetermined relationship as will be
      described.
PAR  Disposed over wire end 90 and terminal 66 is heat shrinkable tube and
      solder ring assembly 96. This assembly is illustrated in FIG. 5 wherein
      the tube portion includes an elongated thermoplastic tubular member 98
      which shrinks upon the application of heat thereto. Solder ring 100 is
      compressibly disposed within the member 98. Assembly 96 is a commercially
      available product and is manufactured by the Raychem Corp., Menlo Park,
      California. Assembly 96 is slipped over the joint comprising wire end 90
      and terminal 66, such that the ring 100 is adjacent the bare wire end 90
      with a portion of ring 100 above and a portion below the upper peripheral
      edge of the cup of terminal 66.
PAR  A thin stiff planar baffle member 102 is disposed between the two rows of
      terminals comprising terminals 66 and 68. Baffle 102 is preferably made of
      polytetraflourethylene commonly known as teflon or other suitable
      material. Baffle 102 serves to deflect the hot air blown from nozzle 94
      back toward solder ring assembly 96. The hot air is initally blown on or
      past solder ring assembly 96 from nozzle 94 toward baffle 102. Baffle 102
      serves to provide efficient and rapid melting of the solder ring 100 and
      shrinking of tube 98 by redirecting the hot air flowing past the solder
      ring assembly 96 back toward the several assemblies 96.
PAR  Baffle 102 includes a leading edge portion 103 (FIG. 4) which extends
      beyond the connector 64 in the direction of arrow 25. The nozzle 94 is
      pointed toward the assembly 30 at an angle opposite arrow 25 in the range
      of 19.degree.-25.degree. made with a line extending radially through
      assembly 30 and axis 32. This angle is essential to maintain the proper
      temperature at assembly 96 (FIG. 3). With this angle and with wires 86 and
      88 of 24 gauge, the temperature of the air blown by nozzle 94 is in the
      range of 880.degree.-920.degree. F while the pressure is in the range of
      45-48 PSI. The assembly 96 is spaced from the end of nozzle 94 about 0.2
      inches. The angular rotation of the table 18 is such that each assembly 96
      is disposed in the direct path of the air blown by nozzle 94 for a period
      of about 4-5 seconds. At this continuous rotational rate the hot air from
      nozzle 94 is blown first against the leading edge portion 103 of baffle
      102 and deflected back toward the assemblies 96 prior to the direct
      forcing of the hot air at the assembly 96. This preheats the assemblies 96
      for about 15 seconds. This preheating is an essential feature of the
      present invention.
PAR  In the preferred embodiment, with the pressures and temperatures noted
      above, the leading edge portion 103 is about 1/2 inch in length in the
      direction of arrow 25. As a result of the direction of the hot air at the
      baffle 102, the temperature and pressure of the hot air from nozzle 94 is
      reduced by the increased length of the flow path and the change in
      direction of the hot air. This reduced temperature and pressure results in
      a gradual increase of the temperature and pressure. This permits a uniform
      and consistent shrinkage of tube 98 and melting of ring 100 at the maximum
      temperature and pressure as defined by the ranges noted above herein when
      the assembly 96 is subsequently directly in front of nozzle 94.
PAR  Without preheating, an increased temperature is required to shrink the
      member 98 and melt solder ring 100. However, this increased temperature
      tends to discolor the member 98 and may otherwise cause a poor joint. A
      lowered temperature will not shrink the member 98 and melt the solder 100
      in a satisfactory manner. Thus the preheating prepares the assembly 98 for
      the directly blown hot air from nozzle 94 when the assembly 96 does, in
      fact, pass in front of nozzle 94. Therefore, the baffle 102 serves an
      essential function in the proper operation of the apparatus constructed in
      accordance with the present invention.
PAR  The spacing of the nozzle from the assembly 96, temperature, pressure and
      rotational rate correspond to a particular gauge wire, and thus a
      particular size assembly 96. It should be appreciated that these
      parameters may require adjustment in accordance with a particular size
      tube and solder ring assembly which would differ substantially from the
      exemplary size of assembly 96 used with a 24 gauge wire. Such adjustment
      is within the ability of one skilled in this art.
PAR  In operation an operator secures a connector 64 in a corresponding wiring
      connector securing assembly 30. In the arrangement of FIG. 1, there are 32
      connectors 64 assembled on turntable 18. Each connector is uniformly
      spaced from nozzle 94 when rotated on turntable 18 past nozzle 94.
      Connector 64 is assembled to the supports 34 and 36 with the shoulder 70
      in the recess 48 and slot 44. Locking bar 52 locks shoulder 70 in place
      securing the connector 64.
PAR  An operator slips a solder ring assembly 96 over each wire 86 and 88, and
      so forth, to be assembled to the connector 64 and the remaining connectors
      assembled at each of the assemblies 30 on turntable 18. The wire is
      slipped between the coils of coil spring 80 to secure the wires thereto.
      The bared end of the wires adjacent connector 64 are each disposed in the
      cup terminals 66 and 68. The solder ring assembly 96 is then slipped
      downward over the cup with a portion of the solder ring 100 adjacent the
      bare wire end slightly above the cup terminal. All of the connectors 64
      are assembled at the corresponding securing assemblies 30.
PAR  Baffle 102, which is a separate member is disposed between the terminals 66
      and 68 in the vertical position as shown in FIG. 4 at each assembly 30.
      The operator starts the rotation of turntable 18. At the same time, blower
      26 is turned on. The hot air is first blown indirectly against soldr ring
      assembly 96 bare wire end 90 and cup terminal 66 by way of baffle 102
      which deflects the air from nozzle 94. The timing of the table with
      respect to the pressure and temperature of hot air from nozzle 94 is such
      as to cause the solder ring 100 to melt and the tube 98 to shrink. The
      turntable will complete, for example, in about an hour and a half one
      complete revolution past nozzle 94. At this time all of the radially
      outermost wires are thus soldered and secured to the corresponding
      terminals of the connector 64.
PAR  The operator then removes connectors 64 from the position shown in FIG. 3
      and reverses the position such that terminals 68 are the radially
      outermost terminals and terminals 66 are radially inwardly. In this
      position terminals 68 are next adjacent nozzle 94 when passed adjacent
      thereto. With baffle 102 still in place and all of the connectors 64 thus
      reversed in position, turntable 18 is again rotated one full revolution so
      each of the assemblies 30 pass nozzle 94. At this time all of the
      terminals will be secured to the respective wires 86 and 88 on all of the
      connectors on the turntable.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of soldering a wire to a terminal comprising:
PA1  positioning each of a plurality of terminals at a given position,
PA1  releaseably securing a separate, different wire to each of said terminals,
PA1  disposing a heat shrinkable tube and solder ring about each said wire at
      said terminals, and
PA1  directing a stream of hot gaseous fluid at said given position at a
      gradually increasing temperature and pressure for melting said solder and
      shrinking said tube.
NUM  2.
PAR  2. The method of claim 1 wherein said directing step includes changing the
      direction and length of path of said stream.
NUM  3.
PAR  3. The method of claim 1 wherein said directing step includes forming a
      stream of hot gaseous fluid, deflecting said formed stream of fluid toward
      said tube and solder ring, and then directing said formed stream of fluid
      directly on said tube and solder ring after said deflected stream of fluid
      impinges upon said tube and ring.
NUM  4.
PAR  4. An apparatus for soldering a wire to a terminal using a heat shrinkable
      tube and solder ring disposed about said wire at said terminal comprising:
PA1  terminal receiving and positioning means for receiving and positioning each
      of a plurality of terminals at a given position,
PA1  wire securing means mounted on said positioning means for releaseably
      securing a separate, different wire adjacent each said terminals, and
PA1  fluid directing means mounted adjacent said given position for directing a
      stream of hot gaseous fluid at said given position at a gradually
      increasing temperature and pressure for melting said solder and shrinking
      said tube.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said directing means includes a source
      of said stream and a fluid baffle disposed adjacent said receiving and
      positioning means for deflecting said fluid from said source to said tube
      and solder ring when disposed about said wire, said fluid directing means
      and said receiving and positioning means being arranged to sequentially
      apply said deflected fluid first and then the undeflected fluid at said
      position to preheat said tube and solder ring with said deflected fluid.
NUM  6.
PAR  6. In combination:
PA1  conveying means,
PA1  connector receiving means mounted on the conveying means at a given
      position for receiving a connector terminal, a wire to be secured to said
      terminal, and a heat shrinkable tube and solder ring disposed about said
      wire at said terminal,
PA1  a source of a first hot gaseous fluid stream having a given temperature and
      pressure mounted adjacent said conveying means and arranged to direct said
      first stream in a first direction, and
PA1  fluid redirecting means coupled with said conveying means for redirecting
      said first stream into a second stream flowing in a second direction at a
      temperature and pressure lower than said given temperature and direction,
PA1  said receiving means, redirecting means and said source being arranged to
      initially direct said second stream and then said first stream at said
      given position to sequentially increase the temperature and pressure of
      the gaseous fluid directed at said given position from said lower
      temperature and pressure to said given temperature and pressure.
NUM  7.
PAR  7. The combination of claim 6 wherein said fluid redirecting means is a
      fluid baffle coupled with said conveying means for deflecting and forming
      said first stream into said second stream.
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PAL  A tubular fiberboard container is formed from a tubular body having, at at
      least one end thereof, a flat, disk-shaped end closure supported by
      closure supporting panels formed from the same piece of blank material as
      the tubular body, or supported in part by such panels and in part by a
      metal band or clamp.
BSUM
PAR  This invention relates to a container and a closure therefor. In another
      aspect it relates to supporting means for maintaining a closure affixed to
      a container. In yet another aspect it relates to a container having
      closure supporting means which are formed from a part of a container body.
      In yet another aspect the invention relates to a blank from which a
      container body having closure supporting means of the invention can be
      constructed.
PAR  In the manufacture and use of fiberboard or paperboard containers, it is a
      common practice, dictated by economic considerations, to manufacture
      blanks from which the various portions of the container can be constructed
      at some central location, to ship the blanks to a point at or near which
      the containers will be used, and to assemble the containers from the
      blanks at or near the location where they will be used, often as a part of
      the container filling operation. In addition to insuring that the
      container, when fabricated, will be of sufficient strength to perform its
      job properly, it is desirable to simplify the final assembly procedure as
      much as possible, to utilized the most inexpensive materials available,
      consistent with maintaining the quality of the container, and to keep the
      number of different parts which must be shipped and assembled at a
      minimum.
PAR  Accordingly, it is an object of this invention to provide an improved
      container and closure therefor. Another object of the invention is to
      provide an improved container closure supporting system for use in
      paperboard containers. Yet another object of the invention is to provide a
      container and closure therefor which permit simplified closure design and
      final assembly of the carton and closure with a minimum of equipment.
      Still another object of the invention is to provide improved blanks from
      which closure-supporting containers can be constructed.
PAR  According to the invention a fiberboard container having a tubular body can
      be constructed for use with a flat, disk-shaped container closure.
      Apparatus to support the closure and maintain it in engagement with the
      container is formed from a part of the container body. Three preferred
      embodiments are disclosed, one utilizing a folded metal band as a part of
      the closure supporting mechanism and two employing no material other than
      the container body and the closures.
PAR  The preferred embodiment utilizing a folded metal band as part of the
      closure supporting mechanism is intended primarily for use in those
      applications where machinery for applying the metal band to the edge of a
      container or to clamp a closure to a container has been previously
      installed, or in those situations where a container having a metal edge at
      the top or bottom thereof is desired to withstand the rigors of a
      particular application such as, for example, contact of the edge of a
      container with an abrasive surface during some phase of the filling,
      storing, shipping, or merchandising of the container and its contents. The
      preferred embodiments using no material other than fiberboard and no parts
      other than the container body and closure members are generally suited for
      use in applications where circumstances dictate a minimum amount of
      equipment necessary for assembly of the container. The containers of this
      embodiment also provide a rigid container product without utilizing the
      relatively expensive folded metal band or other similar strengthening
      materials commonly used to impart rigidity to a container.
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PAR  Additional objects and advantages of the invention will be apparent from
      the description of the drawing in which
PAR  FIG. 1 is a pictorial view of a container embodying the invention;
PAR  FIG. 2 is a partial pictorial view of a preferred embodiment of the
      invention;
PAR  FIG. 3 is a partial pictorial view of a preferred embodiment of the
      invention;
PAR  FIG. 4 is a partial pictorial view of a preferred embodiment of the
      invention;
PAR  FIG. 5 is a partial cross section view along line 5--5 of FIG. 2;
PAR  FIG. 6 is a partial cross section view along line 6--6 of FIG. 3;
PAR  FIG. 7 is a partial cross section view along line 7--7 of FIG. 4;
PAR  FIG. 8 is a plan view of a blank from which a preferred embodiment of the
      container can be constructed;
PAR  FIG. 9 is a plan view of a blank from which a preferred embodiment of the
      invention can be constructed; and
PAR  FIG. 10 is a plan view of a blank from which a preferred embodiment of the
      invention can be constructed.
DETD
PAR  Referring now to the drawing, FIG. 1 illustrates, in a pictorial view, a
      container 10 having a tubular body 11, a bottom closure 12, and a closure
      engaging mechanism 14 constructed in accordance with the invention. The
      cover 13 of the container 10 can be any conventional cover or closure
      known in the art. The closure 12 is a flat member of relatively heavy
      material, preferably heavy fiberboard or corrugated fiberboard, having
      sufficient strength to support the intended contents of the container and
      having a shape consistent with the desired cross-sectional shape of the
      assembled container. In most applications, the closure 12 would be
      circular or disk-shaped, but the use of elliptical and other noncircular
      shapes is within the scope of the invention.
PAR  The closure engaging means 14 can be a single closure engaging panel
      extending entirely or substantially around the circumference of container
      body 11. The closure engaging means 14 is preferably made up of two or
      more closure engaging panels 16 as shown in FIGS. 8-10. Each closure
      engaging panel has associated with it a plurality of outer supporting
      panels 17, a plurality of inner supporting panels 18 (FIG. 2), and a
      plurality of spacing panels 19. Each set of two outer supporting panels 17
      and inner supporting panels 18 between consecutive spacing panels 19
      comprise a closure supporting panel group 22.
PAR  FIG. 2 shows a partial pictorial view of the container of FIG. 1.  The view
      of FIG. 2 is shown with the container of FIG. 1 in an inverted position
      and with the closure 12 removed. This view clearly illustrates the
      formation of closure supporting panel groups 22 by inner supporting panels
      18 and outer supporting panels 17 as well as the location of spacing
      panels 19 between closure supporting panel groups 22. The distance D
      between inner panels 18 and outer panels 17 of each closure supporting
      panel group 22 is selected to be the same or slightly, but not
      substantially, larger than the thickness of the closure 12 to be used. The
      preferred embodiment of the invention illustrated by FIG. 2 can be used at
      either the top or the bottom of the container, or both. When the closure
      12 is in place, the inner supporting panels 18 prevent its displacement
      toward the center of the container, and the outer supporting panels 17
      impede its removal from the container. A closure 12 can be applied to the
      end of a container having the illustrated embodiment by inserting it into
      the end of the container so that it fills the cross section of the
      container, then forcing the closure 12 past the outer supporting panels
      17. When the closure 12 has passed the outer supporting panel 17 and come
      to rest against the edge of the inner supporting panels 18, the outer
      supporting panels 17, due to their construction, the angle of the score
      lines separating them from spacing panels 19, and the curvature of the
      container, displace themselves to overlap the edge of the closure 12 and
      maintain it in place.
PAR  FIG. 3 is a partial pictorial view showing a portion of a tubular container
      body 11' of a container 10' illustrating another preferred embodiment of
      the invention. The supporting means associated with container body 11' is
      illustrated with the closure 12 removed to more clearly show those
      portions of the closure engaging means 14' located inside the container
      from the normal position of the closure 12. A crimped folded metal band 24
      has been applied to the edge of container body 11' along the fold line
      between the closure engaging panels 16' and container body 11'. In this
      embodiment, the closure supporting panel group 22' has only two inner
      supporting panels 18', and spacing panels 19' separate adjacent closure
      supporting panel groups 22'. In the embodiment of FIG. 3, the inner
      supporting panels 18' prevent the closure 12 from being moved further
      toward the inside of the container, and the closure is kept within the
      container 11' by the thickness of the metal band 24. The metal band 24, in
      addition to being sized to provide the desired strength or rigidity of the
      container, can also be varied in thickness to provide either a tight
      friction fit with the container closure 12 or an effective seal to prevent
      removal of the cover. If the ring is sized to give a tight friction fit,
      the container enclosure configuration is useful as the top of a container
      where occasional removal and replacement of the cover is desired.
      Increasing the thickness of the metal band to provide an effective
      impediment to the removal of the cover 12 is useful in an application
      where the closure and closure engaging means combination illustrated in
      FIG. 3 is to be used as the bottom of a container and it is desirable to
      prevent removal of the closure. If the metal ring 24 and closure 12 are
      sized to give a tight friction fit, the container can be fabricated,
      including the application of metal band 24, prior to being filled, and the
      closure 12 can be forced past metal band 24 into place atop the inner
      supporting panels 18 after the container is filled. When the metal band 24
      is used to seal the closure 12 into place, the closure 12 must be put in
      place in contact with inner supporting panels 18' prior to application of
      the metal band 24.
PAR  FIG. 4 is a partial pictorial view showing a portion of a tubular container
      body 11' of a container 10" illustrating another preferred embodiment of
      the invention. The supporting means associated with the container body 11"
      is illustrated with the closure 12 removed to more clearly show those
      portions of the closure engaging means 14" located inside the container
      from the normal position of the closure 12. Each closure engaging panel
      16" of this embodiment contains only one supporting panel group 22"
      comprising a pair of inner supporting panels 18" and a pair of outer
      supporting panels 17". A spacing panel 19" is located on either side of
      each closure supporting panel group 22". Additional outer supporting
      panels 43" can be located between adjacent closure engaging panels 16".
      The material between adjacent inner supporting panels 18" and outer
      supporting panels 17" is preferably removed from the closure engaging
      panel 16". The distance D between the inner panels 18" and the outer
      panels 17" is preferably the same or slightly larger than the thickness of
      the closure 12 to be used. The preferred embodiment illustrated by FIG. 4
      is preferably used as the top of a container which will not be subject to
      substantial forces tending to accomplish removal of the closure 12 or in
      situations where easy insertion and removal of the closure 12 is desired.
      When the closure 12 is in place, the inner supporting panels 18" prevent
      its displacement toward the center of the container, and the outer
      supporting panels 17" impede its removal from the container. Since the
      adjacent outer supporting panels 17" of each supporting panel group 22"
      are connected along a common score line, the outer supporting panels 17"
      do not pose as much resistance to closure removal as do, for example, the
      outer supporting panels 17 of FIG. 2. The illustrated embodiment is
      therefore particularly adaptable to such applications as a carry-out
      container for prepared food such as fried chicken or other similar
      applications where the packaged product is not subject to extensive
      shipping and handling and where easy removal of the closure 12 is
      desirable.
PAR  FIG. 5 is a partial cross section of the embodiment of the invention
      illustrated by FIG. 2 with the closure 12 in place, viewed along line 5--5
      of FIG. 2. In this embodiment, the closure 12 is held in place by the
      inner supporting panels 18 and outer supporting panels 17. The closure
      engaging panel 16, of which the outer supporting panel 17 and inner
      supporting panels 18 are a part, is folded inwardly from the container
      wall 11 along a hinged line of attachment 31. A bonding strip 28 is folded
      beneath the closure engaging panel 16 along a hinged line of attachment 32
      and is attached to the inside of the body member 11 by means of an
      adhesive or other similar means known in the art. The presence of the
      bonding strip 28, in addition to enabling the closure engaging panels 16
      to be secured to the inside of container body 11 helps to apply leverage
      to the inner supporting panels 18' along the folded line of attachment 32
      between the inner supporting panels 18 and the bonding strip 28, thereby
      assisting in maintaining the inner supporting panels 18 in the proper
      position to engage the closure 12. The bending of the fiberboard material
      along the folded line of attachment 31 assists in maintaining the outer
      support panels 17 in the position required for proper interaction with the
      closure 12 to maintain the closure 12 in the proper position. To relieve
      tension along the hinged lines of attachment 31 and 32 the fiberboard
      material can be severed adjacent the spacing panels 19 along the hinged
      lines of attachment. This permits use of the hinged line to help exert a
      desirable opening force on the outer supporting panels 17 and inner
      supporting panels 18 without tending to exert a similar force on the
      spacing panels 19.
PAR  FIG. 6 is a partial cross-sectional view of the container of FIG. 3, with
      the closure 12 in place, viewed along a line corresponding to section line
      6--6 of FIG. 3. This cross-sectional view clearly illustrates the manner
      in which the closure engaging means 14' comprising a folded metal band 24
      and inner supporting panels 18' maintains the closure 12 in place. The
      closure engaging panels 16' are folded inwardly from container body 11'
      along a hinged line of attachment 31', and a metal band 24 is crimped into
      place covering the hinged line of attachment 31'. On the side of the
      closure engaging panels 16' opposite the hinged line of attachment 31' and
      adjacent the inner supporting panels 18', a bonding strip 28' is folded
      beneath the closure engaging panels 16' and is bonded, using a suitable
      adhesive or other similar means known in the art, to the inside of the
      container body 11'. The bonding strip 28' is attached to the closure
      engaging panels 16' in the same manner that the bonding strip 28 is
      attached to closure engaging panel 16 in the embodiment of FIG. 5, and the
      respective bonding strips 28' and 28 perform the same function in both
      embodiments. To relieve tension along the hinged line of attachment 32'
      the container material can be severed adjacent the spacing panels 19'
      along the hinged line of attachment 32'. This permits use of the hinged
      line to help exert a desirable opening force on the inner supporting
      panels 18 without tending to exert a similar force on the spacing panels
      19'.
PAR  FIG. 7 is a partial cross section of the embodiment of the invention
      illustrated by FIG. 4 with the closure 12 in place, viewed along line 7--7
      of FIG. 4. In this embodiment, the closure 12 is held in place by the
      inner supporting panels 18" and, to a lesser extent, by the outer
      supporting panels 17". The closure engaging panels 16", of which the outer
      supporting panel 17" and inner supporting panels 18" are a part, are
      folded inwardly from the container wall 11" along a hinged line of
      attachment 31". In this embodiment the outer supporting panels 17" are
      preferably adhered to the inside of the container wall 11". In order to
      permit the outer supporting panels 17" to be closely adhered to the
      container body 11" a cut 61 can be made along the hinged line of
      attachment 31" adjacent the outer supporting panels 17". In this
      embodiment the bonding strip 28" is adhered to the inside of the container
      wall 11" without being folded under the remainder of the closure engaging
      panel 16". The hinged line of attachment 32" permits the inner supporting
      panels 18" to hinge slightly away from the inside of the container body
      11" in order to support the closure 12. Removal of the material between
      adjacent outer supporting panels 17" and inner supporting panels 18" in
      conjunction with sizing of the container body 11" and closure 12 to
      provide a relatively tight fit between the closure 12 and the outer
      supporting panel 17" as the closure is inserted into its position above
      the inner supporting panels 18" permits the container body 11" and closure
      engaging panel 16" to relax somewhat once the closure 12 is in place,
      thereby permitting a small but effective overlapping of the closure edge
      by the outer supporting panels 17" to effectively engage the closure 12
      while still permitting its ready removal. The force necessary to provide
      the displacement of the inner supporting panels 18" necessary for their
      effective engagement of the closure 12 is exerted by the curvature of the
      container body 11", particularly along the score lines running the entire
      length of the container body.
PAR  FIG. 8 illustrates, in plan view, a blank from which a container
      incorporating the embodiment of the invention illustrated in FIGS. 1, 2,
      and 5 can be constructed. The blank 30 has a generally rectangular portion
      11 from which the tubular body of the container is formed. A closure
      engaging means 14 comprising two closure engaging panels 16 is formed as a
      part of the blank 30 along one side of the body portion 11 thereof with
      the closure engaging panels 16 and the body 11 joined along a hinged line
      of attachment 31. The hinged line of attachment 31 is preferably a score
      line of sufficient size to permit ready folding of the blank along the
      line during assembly of the container. On the opposite side of each
      closure engaging panel from the hinged line of attachment to the body 11
      is a bonding strip 28. Each bonding strip 28 is foldably associated with
      the remainder of its respective closure engaging panel 16 along a hinged
      line of attachment 32. The hinged line of attachment 32 is preferably a
      score line of sufficient size to facilitate accurate folding of the
      bonding strip 28 inwardly from the remainder of the closure engaging panel
      16 during assembly of closure engaging means 14.
PAR  The portion of each closure engaging panel intermediate of the foldable
      line of attachment 31 and the foldable line of attachment 32 is made up of
      alternate spacing panels 19 and closure supporting panel groups 22. Each
      closure supporting panel group 22 comprises two outer supporting panels 17
      and two inner supporting panels 18. Each closure supporting panel group 22
      is delineated from the adjacent spacing panels 19 by score lines 33
      extending from the edge of the bonding strip 28 opposite the hinged line
      of attachment 32, across the hinged line of attachment 32, across the
      remainder of the closure engaging panel 16, across the hinged line of
      attachment 31, and across a portion of the edge of body 11 adjacent the
      hinged line of attachment 31. Each score line 33 is bowed along its length
      between the hinged line of attachment 32 and the hinged line of attachment
      31 so that each closure supporting panel group 22 is widest at a point
      approximately midway between the foldable line of attachment 31 and the
      foldable line of attachment 32 with the width diminishing from this widest
      point to narrowed points adjacent the foldable line of attachment 31 and
      the foldable line of attachment 32. This shaping of the closure supporting
      panel groups 22 gives an intermediately narrowed "hour glass" shape to the
      adjacent spacing panels 19. The angle between the portion of each score
      line 33 adjacent each inner supporting panel 18 and the portion of the
      hinged line of attachment 31 adjacent the inner supporting panel 18 is
      preferably within the range of from about 90.degree. to about 120.degree..
      The angle between the portions of the hinged line of attachment 32 and the
      score line 33 adjacent each outer supporting panel 17 is preferably within
      the range of from about 90.degree. to about 120.degree.. The portions of
      each score line 33 located upon the body 11 and the bonding strip 28 are
      substantially perpendicular to the foldable line of attachment 31 and the
      foldable line of attachment 33, respectively.
PAR  Each spacing panel 19 which is not at the end of a closure engaging panel
      16 has a cut 41 along the hinged line of attachment 31 and a cut 42 along
      the hinged line of attachment 32 with cuts 41 and 42 running substantially
      the entire width of the spacing panel 19. Cuts 41 and 42, extending the
      full width of a spacing panel 19, effectively disconnect the spacing panel
      from the body member 11 and the bonding panel 28 along the hinged lines of
      attachment 31 and 32, respectively.
PAR  Within each closure supporting panel group 22 the outer supporting panels
      17 and inner supporting panels 18 are defined by cuts 47 and 48 which are
      generally parallel to each other and separated by distance D adjacent the
      score line 33 at each side of closure supporting panel group 22. Cuts 47
      and 48 then diverge from each other in a substantially symmetrical fashion
      intermediate of score lines 33 defining the opposite sides of the closure
      supporting panel group. Cut 47 therefore extends from a score line 33 at
      one side of a closure supporting panel group 22 in a direction
      substantially parallel to the hinged line of attachment 31 for a distance
      of from approximately one-third to about three-eighths of the width of the
      closure supporting panel group 22, then curves toward the hinged line of
      attachment 31 and is tangent to the hinged line of attachment 31 at a
      point approximately midway between the intersections of the hinged line of
      attachment 31 with the score lines 33 defining the closure supporting
      panel group 22. From this midpoint, the cut 47 curves away from the hinged
      line of attachment 31 and returns to its original path parallel to hinged
      line of attachment 31 across the remaining three-eighths to one-third of
      the width of the closure supporting panel group 22. In a similar manner,
      cut 48 begins at a score line 33 in a direction parallel to cut 47 and
      separated from cut 47 by a distance D, curves to meet the hinged line of
      attachment 32 at the approximate center of the edge of closure supporting
      panel group 22 bounded by hinged line of attachment 32, and then returns
      to its original path parallel to cut 47. A score line 34 extends in a
      straight line from the edge of the bonding strip 28 opposite the hinged
      line of attachment 32 across the bonding strip 28, across the hinged line
      of attachment 32 at its point of tangency with cut 48, across the closure
      engaging panel 16, across the hinged line of attachment 31 at its point of
      tangency with cut 47, and onto the body 11. Score line 34 is substantially
      perpendicular to both the hinged line of attachment 31 and the hinged line
      of attachment 32 and substantially bisects the closure supporting panel
      group 22.
PAR  Each outer supporting panel 17 is defined by a portion of a score line 33,
      a portion of the hinged line of attachment 31, and the portion of cut 47
      extending from intersection of the cut with the score line 33 to the point
      of tangency between the cut and hinged line of attachment 31. Each inner
      supporting panel 18 is defined in a similar manner by a portion of a score
      line 33, a portion of the hinged line of attachment 32, and that portion
      of cut 48 from the intersection of cut 48 with the score line 33 to the
      point of tangency of cut 48 with hinged line of attachment 32.
      Advantageous orientation of the outer supporting panels 17 and inner
      supporting panels 18 of each supporting panel group 22 in the assembled
      container 11 is enhanced by the length across the supporting panel group
      22 from the intersections of cuts 47 and 48 with the spacing panels on
      either side of the supporting panel group being greater than the distance
      across the supporting panel group along line 31 or 32. In a preferred
      embodiment the configuration of each closure supporting panel group 22 is
      symmetrical about both the score line 34 associated with that group and
      with an imaginary line between, and equidistant from, cuts 47 and 48.
PAR  The portion of closure supporting panel group 22 outside the area covered
      by outer supporting panels 17 and inner supporting panels 18 forms a
      medium panel 45. Medium panel 45 is bounded by cut 47, cut 48, and two
      short segments of the score lines 33 defining its respective closure
      supporting panel group. In the preferred embodiment illustrated, medium
      panel 45 is bisected by the score line 34.
PAR  Each closure supporting panel group 22 has a spacing panel on either side
      thereof so that each closure engaging panel 16 is bounded on each end by a
      spacing panel 19. A score line 35 extends from the intersection of the
      edge of each spacing panel 19 located at the side of a closure engaging
      panel 16 with the hinged line of attachment 31, perpendicular to the
      hinged line of attachment 31, onto the body 11. Between adjacent closure
      engaging panels 16 two additional outer supporting panels 43 are shaped
      similarly to outer supporting panels 17 and are defined by a cut 44 of
      substantially the same shape, size, and relative location with respect to
      the hinged line of attachment 31 as cut 47, along with the adjacent score
      lines 35 and the hinged line of attachment 31. Each spacing panel 19
      adjacent an additional outer supporting panel 43 also has a cut 41
      extending substantially the entire width of the panel along the hinged
      line of attachment 31. Each spacing panel 19 also has a pair of score
      lines 67, 68 extending across the central portion thereof connecting the
      ends of adjacent cuts 47, 48, respectively, or, in the case of spacing
      panels 19 at the end of a closure engaging panel 16, from the end of cuts
      47 and 48, respectively, to the end of the closure engaging panel 16.
PAR  The main body panel 11 of the blank 30 has, at one end thereof, a sealing
      panel 51 defined by a score line 52. A foldable sealing panel 54 defined
      by a hinged line of attachment 55 is located at the end of the body 11
      opposite the sealing panel 51. The foldable sealing panel 54 is adapted to
      be folded inward of the remainder of body panel 11 along the hinged line
      of attachment 55 then overlapped with the sealing panel 51 and sealed to
      panel 51 when the blank 30 is assembled to form a tubular container body.
      Although the hinged line of attachment 55 is illustrated as an interrupted
      cut line, it can be a score line or any other similar line along which the
      hinged sealing panel 54 can be folded. Although a preferred embodiment
      utilizing a hinged sealing panel 54 has been illustrated, another
      preferred embodiment deletes the hinged sealing panel 54 so that the blank
      30 is terminated along the same line as the hinged line of attachment 55.
      In the embodiment not having a hinged sealing panel 54, the sealing panel
      51 is adhered to the opposite end of the body panel 11 to form a container
      body.
PAR  A score line 37 extends the entire distance across body panel 11,
      perpendicular to a point between closure engaging panels 14. Score line 37
      and score line 52 are preferably arranged so that they are located exactly
      opposite each other on the assembly body 11, permitting the assembled body
      11, without end closures, to be folded along score lines 37 and 52 and
      collapsed for shipment and handling.
PAR  Along the side of the blank 30 opposite the closure engaging panels 16 are
      reinforcing panels 56. The reinforcing panels 56 are connected to the body
      11 along a hinged line of attachment 38. The hinged line of attachment 38
      is preferably a score line but can be any other means of forming a line
      along which the reinforcing panels 56 can be folded outwardly from the
      body 11 when the blank 30 is formed into a container body. The reinforcing
      panels 56 are separated by a cut 58 extending outwardly from and
      perpendicular to the foldable line of attachment 38 at the point of
      intersection between the foldable line of attachment 38 and score line 37.
      The reinforcing panels 56 are designed primarily for use with a closure
      having a downwardly extending annular flap. When used with such a closure,
      the panels 56 are folded outwardly from the body 11 to provide a friction
      fit with the closure, and the closure rests along the fold line formed by
      folding the reinforcing panels 56 along the hinged line of attachment 38.
      In addition to providing a fitting which will engage the described
      closure, the reinforcing panels 56 add rigidity to the end of the
      container during the container handling and filling process prior to
      application of a closure. In other embodiments utilizing other closure
      mechanisms known in the art or a closure mechanism constructed in
      accordance with this invention, the reinforcing panels 56 could be deleted
      or replaced with appropriate means adapted for use with the particular
      closure desired.
PAR  FIG. 9 is a partial plan view of a blank from which a container having the
      closure engaging means 14' illustrated in FIGS. 3 and 6, can be
      constructed. In this embodiment the closure engaging means 14' comprises a
      plurality of closure engaging panels 16'. A substantial number of the
      features of blank 30 illustrated in FIG. 8 are substantially the same in
      design, size, location and function on blank 30' of FIG. 9. Among these
      features are the bonding strips 28, 28'; the hinged lines of attachment
      31, 31' and 32, 32'; the inner supporting panels 18, 18'; cuts 48, 48';
      cuts 42, 42'; score lines 33, 33', 34, 34', 35, 35', 37, 37', 67, 67', and
      68, 68'; sealing panel 51, 51'; score line 52, 52'; foldable sealing panel
      54, 54', or the absence thereof; and hinged line of attachment 55, 55'.
      The only substantial difference between the blank 30 of FIG. 8 and the
      blank 30' of FIG. 9 is the omission in blank 30' of the cuts 47 and cuts
      41. The panels 43, 43' can be either omitted or retained as desired.
      Although the closure engaging means 14' as illustrated in FIGS. 3 and 6,
      could be constructed from the blank shown in FIG. 8, delection of cuts,
      score lines, and panels which perform no essential function in the
      embodiment employing a metal band 24 as part of the closure engaging means
      can be accomplished in order to simplify construction and reduce
      manufacturing costs. Depending upon the economies involved in each
      individual situation, the production of blanks for closure engaging means
      of both embodiments might be carried out using only the blank illustrated
      by FIG. 8.
PAR  FIG. 10 is a plan view of a blank from which a container having the closure
      engaging means 14" illustrated in FIGS. 4 and 7 can be constructed. In
      this embodiment the closure engaging means 14" comprises a plurality of
      closure engaging panels 16". A substantial number of the features of the
      blank 30 illustrated in FIG. 8 are substantially the same in design, size,
      location, and function on blank 30' of FIG. 10. Among these are the
      bonding strips, 28, 28"; the hinged lines of attachment 31, 31", and 32,
      32"; the inner supporting panels 18, 18"; cuts 48, 48"; additional outer
      supporting panels 43, 43"; score lines 67, 67", and 68, 68"; sealing panel
      61, 61"; score line 52, 52"; foldable sealing panel 54, 54" or the absence
      thereof; and hinged line of attachment 55, 55". The score lines 33", 34",
      35", and 37" are in the same relative locations with regard to their
      respective spacing panels 19", closure supporting panel groups 22", and
      additional outer supporting panels 43" as are the corresponding score
      lines 33, 34, 35, and 37 of FIG. 8. The score lines 33", 34", 35", and 37"
      of FIG. 10, however, extend across the body 11" of the blank from the top
      to the bottom thereof. Due to the fact that in the embodiment of FIG. 10
      each closure engaging panel 16" contains only one closure supporting panel
      group 22", each spacing panel 19" is at the end of a closure engaging
      panel 16" and no cuts corresponding to cuts 42 or 42' of the embodiments
      of FIGS. 8 and 9 appear on the blank. If, however, each closure engaging
      panel 16" contained more than one closure supporting panel group 22" the
      interior spacing panels 19" could be provided with a cut similar to cuts
      42 of FIG. 8 along the score line 32".
PAR  The ends of the cut 47" adjacent score lines 33" are located in
      substantially the same relative location as the ends of cut 17 of FIG. 8
      and are located distance D from the corresponding ends of each associated
      cut 48". The cuts 17" are, however, substantially straight cuts which are
      substantially parallel to the score line 31". In addition, cuts 71 along
      each score line 33" between cuts 47" and cuts 48" provide for removal from
      the blank 30" of a portion bounded by each cut 47", 48" and their
      associated cuts 71, an area generally analogous to the medium panel 45 of
      FIG. 8. A cut 61 extends along the score line 31" adjacent each closure
      supporting panel group 22". The cut 61 provides for folding of the closure
      supporting panel group 22" flat against the inside of the body 11" of the
      blank 30" during assembly of a container therefrom. Each outer supporting
      panel 17" is therefore defined by a portion of a cut 47", a portion of a
      score line 34", a portion of a cut 72, and a portion of a score line 33".
PAR  In order to provide for efficient formation of the blank 30" into a
      container having the construction illustrated by FIGS. 4 and 7, an
      adhesive material 75 can be applied to each of the closure engaging panels
      16". In the embodiment illustrated, such an application of adhesive
      material 75 is preferred to cover at least a portion of each additional
      outer supporting panel 43", each outer supporting panel 17", each spacing
      panel 19", and the portion of the bonding strip 28" adjacent each spacing
      panel 19". FIG. 10 illustrates an adhesive 75 applied to such areas on one
      of the four illustrated closure engaging panels 16".
PAR  Although the side of the blank 30" opposite the closure engaging means 14"
      can be of any suitable configuration including that of the closure
      engaging means 14 of FIG. 8 or closure engaging means 14' of FIG. 9, an
      additional useful and advantageous closure engaging means 114 is
      illustated. The closure engaging means 114 is attached to the body 11" of
      the blank 30" along a score line 131 or other suitable hinged line of
      attachment and comprises a plurality of closure supporting panel groups
      122 separated by spacing panels 119. Each closure supporting panel group
      122 comprises a pair of outer closure supporting panels 117 which are
      identical in size and shape to the outer closure supporting panels 17 of
      FIG. 8. An additional outer supporting panel 143 can be located adjacent
      the spacing panel 119 at each end of the closure engaging means 114 as
      illustrated. Each spacing panel 119 is separated from the adjacent outer
      supporting panels 117 by the extension of a score line 33" or 35" as
      illustrated. Each spacing panel can also be at least partially coated with
      an adhesive material 75 for use in sealing the spacing panel 119 to the
      inside of the body 11".
PAR  Located on the body 11" of the blank 30" adjacent each spacing panel 119
      and located across the score line 131 from the spacing panel 119 a
      distance equal to the thickness of the spacing panel 119 plus a distance D
      is a cut 120. The cut 120 can be either straight or curved but is
      preferably an arcuate cut with its central portion being nearer the score
      line 131 than the ends thereof. Each cut 120 extends from a score line 35"
      to the adjacent score line 33". In addition, a small cut 121 extending
      from the central portion of the cut 120 a very short distance toward the
      score line 131 can be made to facilitate use of the cut 120 to assist in
      maintaining a closure at the bottom of the finished container.
PAR  To form a blank 30 or 30' into a tubular body for a container, the panels
      28, 28' are folded inwardly from closure engaging panels 16 or 16' along
      the hinged lines of attachment 32, 32' at an angle of approximately
      180.degree.. The closure engaging panels 16 or 16' are then folded
      inwardly from the main body panel 11 or 11' along the hinged lines of
      attachment 31, 31' at an angle of approximately 180.degree. to bring the
      bonding strips 28, 28' in contact with the inside surfaces of the body
      panels 11 and 11'. The closure engaging panels 16 or 16' can be maintained
      in this position by bonding the bonding strips 28, 28' to the inside
      surface of the body panels 11 and 11' using a hot melt adhesive or any
      other similar means known in the art. If the closure configuration of the
      second end of the container is to have a configuration in accordance with
      the invention, similar folding and adhering steps can be conducted
      simultaneously or subsequently at that end of the container. If another
      type of closure is to be used at the second end of the container, suitable
      preforming or shaping of the second end of the container can be
      accomplished as necessary. If reinforcing panels 56 as shown in FIG. 8 are
      provided for engagement of an enclosure 13 as illustrated by FIG. 1, each
      panel 56 is folded outwardly from the body 11 along the line 38 at an
      angle of approximately 180.degree. and is adhered to the body 11 using hot
      melt adhesive or any similar means of attachment known in the art.
PAR  If a hinged sealing panel 54 or 54' is to be utilized, the hinged sealing
      panel 54, 54' is folded inwardly from the body panel 11 or 11' along the
      hinged line of attachment 55, 55' at an angle of approximately 180.degree.
      and is adhered to body panel 11 or 11' using hot melt adhesive or any
      other means of attachment known in the art. The blank 30 or 30' is then
      curved to bring the sealing panel 51, 51' in contact with the hinged
      sealing panel 54, 54' in an overlapping relationship and is adhered to
      panel 54, 54' using hot melt adhesive or other means of attachment known
      to the art. The container body thus assembled can be folded along score
      lines 37 or 37' and 52 or 52' to a flattened position with folds of
      approximately 180.degree. at both score lines 37, 37' and 52, 52'. In this
      flattened position the tubular body and associated closure engaging means
      can be stored, shipped, or otherwise handled with a minimum of space
      requirements while awaiting further assembly and attachment of the closure
      means.
PAR  To form a blank 30" into a tubular body for a container, each closure
      engaging panel 16" is folded inwardly along the hinged line of attachment
      32" at an angle of approximately 180.degree.. The closure engaging panels
      16" are then adhered to the inside of the main body panel 11" so that each
      additional outer supporting panel 43", each spacing panel 19", each outer
      supporting panel 17", and the portion of each bonding strip 28" adjacent
      each spacing panel 19" is bonded to the inside of the container body panel
      11". The closure engaging means 114 is then folded inwardly along its
      hinged line of attachment 131 at an angle of approximatley 180.degree. and
      each spacing panel 119 is adhered to the inside of the body panel 11". If
      a hinged sealing panel 54" is to be utilized, the hinged sealing panel 54"
      is folded inwardly from the body panel 11" along the hinged line of
      attachment 55" at an angle of approximately 180.degree. and is adhered to
      the body panel 11" using any suitable adhesive means. The blank 30" is
      then curved to bring the sealing panel 51" in contact with the hinged
      sealing panel 54" in an overlapping relationship and is adhered to the
      panel 54" using any suitable adhesive means. The container body thus
      assembled can be folded along the score line 52" and the score line 37"
      opposite score line 52" to form a flattened, partially assembled container
      which can be stored, shipped or otherwise handled with a minimum of space
      requirement while waiting further assembly.
PAR  When a container utilizing the container body illustrated by FIG. 8, 9, or
      10 is to be assembled, the flattened container body can be opened and
      further assembled using a minimum of equipment. Forming the container body
      11, 11' or 11" into a curved, usually a generally circular, shape will
      cause the supporting panels 17, 18, 43, 18', 43', 17", 18", 43", 117, and
      143 to be displaced inwardly toward the central part of the container to
      aid in supporting a container closure 12 as illustrated by FIG. 1. In the
      embodiment of FIG. 10, the material adjacent each cut 120 opposite the
      small cut 121 will tend to protrude inwardly into the container space and
      will assist in maintaining a flat disk-shaped closure 12 within the
      distance D between the cut 120 and the inwardly folded closure engaging
      means 114.
PAR  Reasonable variations and modifications of my invention are possible within
      the scope of this disclosure without departing from the scope and spirit
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container comprising:
PA1  a tubular body having a first end and a second end;
PA1  a first closure engaging means associated with said first end of said
      tubular body, said first closure engaging means comprising a plurality of
      closure engaging panels connected by a first hinged line of attachment to,
      and folded inwardly from, said first end of said body; each said closure
      engaging panel comprising:
PA2  1. a bonding strip located along the side of said engaging panel opposite
      said first hinged line of attachment to said first end of said body, said
      bonding strip adhered to the inside surface of said body;
PA2  2. at least one closure supporting panel group, each said supporting panel
      group comprising two inner supporting panels attached to said bonding
      strip along a second hinged line of attachment; and
PA2  3. a plurality of spacing panels positioned so that each end of each said
      supporting panel group is adjacent a spacing panel;
PA1  first closure means adapted to be operably engaged to said first closure
      engaging means;
PA1  a second closure engaging means associated with said second end of said
      tubular body; and
PA1  second closure means adapted to be operably engaged to said second closure
      engaging means.
NUM  2.
PAR  2. A container in accordance with claim 1 wherein each said inner
      supporting panel is connected along a score line to an adjacent spacing
      panel.
NUM  3.
PAR  3. A container in accordance with claim 2 wherein said second hinged line
      of attachment and one of said score lines intersect at one corner of each
      said inner supporting panels and wherein each said inner supporting panel
      is attached to other portions of said first closure engaging means only
      along said second hinged line of attachment and along said score line.
NUM  4.
PAR  4. A container in accordance with claim 3 wherein the angle of intersection
      between said second hinged line of attachment and said score line is
      within the range of from about 90.degree. to about 120.degree..
NUM  5.
PAR  5. A container in accordance with claim 4 wherein said first closure means
      comprises a flat circular closure sized to fit within said first end of
      said body and to contact an unattached portion of each said inner
      supporting panel.
NUM  6.
PAR  6. A container in accordance with claim 1 wherein each said supporting
      panel group additionally comprises two outer supporting panels attached to
      said container body along said first hinged line of attachment and spaced
      from said inner supporting panels by a preselected distance D.
NUM  7.
PAR  7. A container in accordance with claim 6 wherein each said inner
      supporting panel is connected along a first score line portion to an
      adjacent spacing panel and wherein each said outer supporting panel is
      connected along a second score line portion to an adjacent spacing panel.
NUM  8.
PAR  8. A container in accordance with claim 7 wherein said first hinged line of
      attachment and one of said second score line portions intersect at one
      corner of each said outer supporting panels; wherein each said outer
      supporting panel is attached to other portions of said container only
      along said first hinged line of attachment and along one of said second
      score line portions; wherein said second hinged line of attachment and one
      of said first score line portions intersect at one corner of each said
      inner supporting panels; and wherein each said inner supporting panel is
      attached to other portions of said container only along said second hinged
      line of attachment and along one of said first score line portions.
NUM  9.
PAR  9. A container in accordance with claim 8 wherein the angle of intersection
      between said first hinged line of attachment and said each second score
      line portion is within the range of from about 90.degree. to about
      120.degree. and wherein the angle of intersection between said second
      hinged line of attachment and each said first score line portion is within
      the range of from about 90.degree. to about 120.degree..
NUM  10.
PAR  10. A container in accordance with claim 9 wherein said first closure means
      comprises a flat circular closure having an edge thickness equal to or
      less than D and being sized to fit within said first end of said body
      between an unattached portion of each said inner supporting panel and an
      unattached portion of each said outer supporting panel.
NUM  11.
PAR  11. A container in accordance with claim 1 additionally comprising a metal
      band folded around said first hinged line of attachment and affixed to
      said first end of said body, said metal band extending across each said
      closure engaging panel to within a distance D of each said inner
      supporting panel.
NUM  12.
PAR  12. A container in accordance with claim 11 wherein each said inner
      supporting panels is connected along a score line to an adjacent spacing
      panel.
NUM  13.
PAR  13. A container in accordance with claim 12 wherein said second hinged line
      of attachment and one of said score lines intersect at one corner of each
      said inner supporting panels and wherein each said inner supporting panel
      is attached to other portions of said first closure engaging means only
      along said second hinged line of attachment and along said score line.
NUM  14.
PAR  14. A container in accordance with claim 13 wherein the angle of
      intersection between said second hinged line of attachment and each said
      score line is within the range of from about 90.degree. to about
      120.degree..
NUM  15.
PAR  15. A container in accordance with claim 14 wherein said first closure
      means comprises a flat circular closure sized to fit within said first end
      of said body and to contact an unattached portion of each said inner
      supporting panel.
NUM  16.
PAR  16. A container in accordance with claim 1 wherein each said supporting
      panel group additionally comprises two outer supporting panels, each of
      said outer supporting panels being connected to the other and to its
      adjacent spacing panel and being unconnected to any other portion of said
      container, the outer supporting panels and inner supporting panels of each
      supporting panel group being separated by a distance D.
NUM  17.
PAR  17. A container in accordance with claim 16 wherein each said inner
      supporting panels is connected along a score line to an adjacent spacing
      panel.
NUM  18.
PAR  18. A container in accordance with claim 17 wherein said second hinged line
      of attachment and one of said score lines intersect at one corner of each
      said inner supporting panels and wherein each said inner supporting panel
      is attached to other portions of said first closure engaging means only
      along said second hinged line of attachment and along said score line.
NUM  19.
PAR  19. A container in accordance with claim 18 wherein the angle of
      intersection between said second hinged line of attachment and said score
      line is within the range of from about 90.degree. to about 120.degree..
NUM  20.
PAR  20. A container in accordance with claim 19 wherein each said outer
      supporting panel and each said spacing panel is adhered to the inside
      surface of said body.
NUM  21.
PAR  21. A container in accordance with claim 20 wherein said first closure
      means comprises a flat circular closure having an edge thickness less than
      D and being sized to fit within said first end of said body and to contact
      an unattached portion of each said inner supporting panel.
NUM  22.
PAR  22. A container in accordance with claim 20 wherein said second enclosure
      engaging means comprises:
PA1  1. a plurality of additional supporting panel groups, each comprising two
      additional supporting panels attached to and folded inwardly from said
      second end of said body along a third hinged line of attachment, each said
      additional supporting panel group being adjacent and attached to an
      additional spacing panel which is attached to and folded inwardly from
      said second end of said body along said third hinged line of attachment
      and adhered to the inside surface of said body; and
PA1  2. a plurality of cuts in said tubular body spaced inwardly from said
      additional spacing panels by a distance D.
NUM  23.
PAR  23. A container in accordance with claim 22 wherein said second closure
      means comprises a flat circular closure having an edge thickness less than
      D and being sized to fit within said second end of said body and to
      contact an unattached edge portion of each said modified supporting panel.
NUM  24.
PAR  24. A blank from which a tubular container body can be formed, said blank
      comprising:
PA1  a generally rectangular main body having first and second sides and first
      and second ends; and
PA1  a plurality of closure engaging panels attached to said first side of said
      main body along a first hinged line of attachment, each said closure
      engaging panel comprising:
PA2  1. a bonding strip located along the side of said engaging panel opposite
      said first hinged line of attachment and attached to the remainder of said
      engaging panel along a second hinged line of attachment, said second
      hinged line of attachment being generally parallel to said first hinged
      line of attachment;
PA2  2. at least one closure supporting panel group, each said supporting panel
      group comprising two inner supporting panels attached to said bonding
      strip along said second hinged line of attachment; and
PA2  3. a plurality of spacing panels, each end of each said closure supporting
      panel group being adjacent a spacing panel and attached thereto along a
      first score line portion which intersects said second hinged line of
      attachment.
NUM  25.
PAR  25. A blank in accordance with claim 24 wherein each said inner supporting
      panel is attached to the remainder of said closure engaging panel only
      along said second hinged line of attachment and along said first score
      line portion and wherein the portion of said second hinged line of
      attachment adjacent said inner supporting panel and said first score line
      portion intersect at an angle within the range of from about 90.degree. to
      about 120.degree..
NUM  26.
PAR  26. A blank in accordance with claim 25 wherein a body score line extends
      from each edge of each said spacing panel adjacent said first hinged line
      of attachment and from the center of each supporting panel group adjacent
      said first hinged line of attachment, partially across said rectangular
      main body.
NUM  27.
PAR  27. A blank in accordance with claim 24 wherein each said supporting panel
      group additionally comprises two outer supporting panels each attached to
      said container body along said first hinged line of attachment and to an
      adjacent spacing panel along a second score line portion which intersects
      said first hinged line of attachment, said outer supporting panels being
      spaced from said inner supporting panels by a preselected distance D.
NUM  28.
PAR  28. A blank in accordance with claim 27 wherein each said inner supporting
      panel is attached to the remainder of said closure engaging panel only
      along said second hinged line of attachment and along said first score
      line portion, wherein the portion of said second hinged line of attachment
      adjacent said inner supporting panel and said first score line portion
      intersect at an angle within the range of from about 90.degree. to about
      120.degree., wherein each said outer supporting panel is attached to the
      remainder of said closure engaging panel only along said first hinged line
      of attachment and along said second score line portion, and wherein the
      portion of said first hinged line of attachment adjacent said inner
      supporting panel and said second score line portion intersect at an angle
      within the range of from about 90.degree. to about 120.degree..
NUM  29.
PAR  29. A blank in accordance with claim 28 wherein a body score line extends
      from each edge of each said spacing panel adjacent said first hinged line
      of attachment and from the center of each supporting panel group adjacent
      said first hinged line of attachment, partially across said rectangular
      main body.
NUM  30.
PAR  30. A blank in accordance with claim 28 wherein each said supporting panel
      group additionally comprises two outer supporting panels, each of said
      outer supporting panels being connected to the other and to its adjacent
      spacing panel and being unconnected to any other portion of said
      container, said outer supporting panels being spaced from said inner
      supporting panels by a distance D.
NUM  31.
PAR  31. A blank in accordance with claim 30 wherein each said inner supporting
      panel is attached to the remainder of said closure engaging panel only
      along said second hinged line of attachment and along said first score
      line portion and wherein the portion of said second hinged line of
      attachment adjacent said inner supporting panel and said first score line
      portion intersect at an angle within the range of from about 90.degree. to
      about 120.degree..
NUM  32.
PAR  32. A blank in accordance with claim 31 wherein a body score line extends
      from each edge of each said spacing panel adjacent said first hinged line
      of attachment and from the center of each supporting panel group adjacent
      said first hinged line of attachment, completely across said rectangular
      main body.
NUM  33.
PAR  33. A blank in accordance with claim 32 additionally comprising a closure
      engaging means attached to said second side of said main body along a
      third hinged line of attachment, said closure engaging means comprising:
PA2  1. a plurality of additional closure supporting panel groups,
PA2  2. each said additional supporting panel group comprising two additional
      supporting panels attached to said main body along said third hinged line
      of attachment;
PA2  3. a plurality of additional spacing panels, each end of each said
      additional closure supporting panel group being adjacent an additional
      spacing panel and attached thereto along a third score line portion which
      intersects said third line of attachment; and
PA1  a plurality of cuts extending between adjacent said body score lines, said
      cuts being located a preselected distance from said third hinged line of
      attachment.
NUM  34.
PAR  34. A blank in accordance with claim 32 wherein each said spacing panel,
      each said outer supporting panel and the portions of said bonding strip
      adjacent each said spacing panel are coated with an adhesive material.
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ABST
PAL  A centrifuge with a solid-walled drum subdivided into two zones, in the
      first of which the movement of the solids is controlled by a pushing
      means, and in the second of the two zones a deposition channel for the
      solids is arranged, said channel being located outside the region of said
      pushing means and having a bottom outlet for the solids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a centrifuge having a rotatable solid-walled drum
      with an inlet for the mixture to be centrifuged, which consists of liquid
      and solids, an overflow for the clarified liquid, and an outlet for the
      solids and also having a pushing means for controlling the movement of the
      solids in the solid-walled drum towards the outlet for the solids.
PAR  Known centrifugal clarifiers of this kind have a conical solid-walled drum,
      and the pushing means disposed in the latter comprises a worm which
      rotates at a different speed from that of the solid-walled drum. The
      overflow for the clarified liquid is situated at the wider end of the
      conical solid-walled drum. The outlet for the solid material is situated
      at the narrower end of the conical solid-walled drum, and is located above
      the level of liquid of the clarified liquid overflow.
PAR  It is a disadvantage of these known centrifugal clarifiers that the
      solid-walled drum and the worm must be conical, so that manufacture is
      made more expensive. Another more serious disadvantage of these known
      centrifugal clarifiers is the fact that they are suitable only for
      treating mixtures which have a dry substance concentration of at least
      2.5% solids in the mixture. Moreover, the diameter of the solid particles
      must not be under 3.0 .mu..
PAC  SUMMARY OF THE INVENTION
PAR  The problem underlying the invention consists in providing a centrifuge
      which can be simpler in construction, but which above all permits the
      separation of mixtures having a lower dry substance content and
      substantially smaller particle size.
PAR  According to the invention this problem is solved by subdividing the
      solid-walled drum into two zones, in the first of which the removal of the
      solids is controlled by the pushing means, while in the second zone a
      deposition channel situated outside the region of the pushing means is
      provided for the solids, while a bottom outlet provided at the base of the
      deposition channel serves as the outlet for the solids.
PAR  The portion of the solid-walled drum, bearing deposited solids is
      advantageously situated in both zones below the overflow for the clarified
      liquid, so that both zones have a common liquid level.
PAR  It is advantageous for at least a part of the solid-walled drum to be
      cylindrical in the first zone.
PAR  Furthermore, it is advantageous for the bottom outlet for the solids to be
      controllable. In this case the bottom outlet for the solids may
      advantageously be formed by two rings which are axially slidable in
      relation to one another. These rings are advantageously adapted to be
      pressed towards one another in the axial direction by means of a spring.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Embodiments of the invention are illustrated in simplified form in the
      drawing, with the aid of which the invention will be more fully described
      and in which:
PAR  FIG. 1 is an axial longitudinal section through a centrifuge, and
PAR  FIG. 2 an axial longitudinal section through another centrifuge.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The centrifuge shown in FIG. 1 has a solid-walled drum 2 which is mounted
      for rotation in a casing 1 and is provided with an inlet 3, consisting of
      a tube, for a mixture of liquid and solids which is to be centrifuged, an
      overflow 4 formed by a length of tubing, for the clarified liquid, and an
      outlet 5 for the solids. The solid-walled drum 2 contains a pushing means
      6 for controlling the movement of the solids in the solid-walled drum 2
      towards the solids outlet 5.
PAR  The solid-walled drum 2 is subdivided into two zones 7 and 8, in the first
      of which, namely the zone 7, the movement of the solids is controlled by
      the pushing means 6, while in the second, namely the zone 8, a deposition
      channel 9 for the solids is provided, this channel being situated outside
      the region of the pushing means 6. A bottom outlet 10 provided at the base
      of the deposition channel 9 serves as outlet 5 for the solids.
PAR  The portion of the solid-walled drum 2 containing deposited solids, namely
      the portion in which the pushing means 6 is disposed and the portion which
      forms the deposition channel 9, extends in both zones 7 and 8 below the
      overflow 4 for the clarified liquid, so that both zones 7 and 8 have a
      common liquid level 11.
PAR  In the first zone 7, the solid-walled drum 2 is cylindrical.
PAR  The bottom outlet 10 for the solids is controllable. It is formed by two
      rings 12 and 13 of the solid-walled drum 2, which are axially slidable in
      relation to one another. The ring 12 is fastened to the cylindrical
      portion of the solid-walled drum 2. The ring 13 is mounted on a lid 14 of
      the solid-walled drum 2. By means of an acceleration funnel 16 provided
      for the mixture entering through the inlet 3 and fastened on the shaft 15
      of the solid-walled drum 2, the lid 14 and consequently the ring 13 can be
      pressed towards the ring 12. For this purpose use is made of a spring 17
      disposed between the free end of the acceleration funnel 16 and the lid
      14.
PAR  On their way to the outlet 5 the solids no longer need to be raised above
      the level of liquid and pushed in a rather dry condition through the
      solid-walled drum, but are moved below the liquid level 11 in the drum.
      Because of the pushing means 6 extending over its length, the first zone 7
      may be very long in the axial direction. In the deposition channel 9 the
      solid particles form bridges with one another so that a fine filter layer
      formed by the solids is built above the bottom outlet 10. In this way it
      is possible for mixtures having a dry substance concentration of only 0.2%
      solids in the mixture also to be centrifuged without difficulty, and the
      diameter of the solid particles may be very small, for example amounting
      to 0.7 .mu.. With the aid of the pushing means the treatment time can be
      controlled, while the bottom outlet of the deposition channel controls the
      discharge of the solids. This results in a qualitatively and
      quantitatively more efficient centrifuge.
PAR  The pushing means 6 has six annular cylinders 6.sup.1 to 6.sup.6, which are
      covered by diaphragms 18.sup.1 to 18.sup.6. For example, the diaphragm
      18.sup.1 forms a flexible piston for the annular cylinder 6.sup.1, the
      diaphragm 18.sup.2 forms a flexible piston for the annular cylinder
      6.sup.2, and so on.
PAR  The annular cylinders 6.sup.3 and 6.sup.6 are connected by pipes 19 to a
      pipe 20 disposed in the shaft 15. The annular cylinders 6.sup.2 and
      6.sup.5 are connected to a pipe 22 disposed in the shaft 15 by means of a
      pipe 21 corresponding to the pipe 19. The annular cylinders 6.sup.1 and
      6.sup.4 are connected to a pipe 24 disposed in the shaft 15 by means of a
      pipe 23 which corresponds to the pipe 19 and which is only partly shown in
      the drawing.
PAR  The pushing means 6 can be operated by means of a pressure medium source
      and negative source (not shown.) In the position shown in the drawing the
      diaphragms 18.sup.3 and 18.sup.6 are at the end of their pushing position,
      that is to say in the erected state. The diaphragms 18.sup.2 and 18.sup.5
      and also the diaphragms 18.sup.1 and 18.sup.4 are in the position of rest.
      In this case the pipe 20 is under pressure and the pipes 22 and 24 under
      negative pressure. By alternate erection of the groups of diaphragms
      18.sup.1 and 18.sup.4, 18.sup.2 and 18.sup.5, or 18.sup.3 and 18.sup.6 the
      solids in the solid-walled drum can be moved towards the outlet 5 in the
      latter.
PAR  In the embodiment illustrated in FIG. 2 the pushing means 6 is formed by a
      worm fastened on a shaft 25 which also carries the acceleration funnel 16.
      The shaft 25 is mounted for rotation in the shaft 15 of the solid-walled
      drum 2, the shaft 15 being hollow. The shafts 25 and 15 rotate at
      different speeds, so that the solids deposited on the solid-walled drum 2
      in the first zone 7 is moved in the drum towards the outlet 5.
PAR  Between the ring 12 and the ring 13 of the bottom outlet 10 there is here a
      mutual rotation which prevents the clogging of the bottom outlet 10, If
      desired, however, a ball bearing may be incorporated between the spring 17
      and the lid 14. Furthermore, guides for preventing the mutual rotation of
      the two rings 12 and 13 may be provided between these rings. In this case
      the two rings 12 and 13 would rotate at the same speed, which is more
      favourable for the formation of bridges between the individual solid
      particles.
PAR  In both embodiments the spring 17 is so dimensioned and stressed that the
      bottom outlet 10 opens under the pressure of the contents of the
      solid-walled drum 2 when a sufficient, predetermined amount of solids has
      collected in the deposition channel 9, and that is closes again when the
      amount has fallen to a smaller, predetermined value.
PAR  The expressions "below the level of liquid, below the overflow, deposition
      channel, at the bottom of the deposition channel" relate to the situation
      produced by the centrifugal forces. In this sense, for example, "bottom"
      means located, in respect of the axis of rotation of the solid-walled
      drum, radially on the outside,
CLMS
STM  I claim:
NUM  1.
PAR  1. A centrifuge comprising a solid-walled drum having an inlet for a
      mixture of liquid and solids which is to be centrifuged, and overflow for
      the clarified liquid, and an outlet for the solids; and pushing means for
      controlling movement of the solids in the drum towards said outlet, and
      characterized in that the drum is subdivided into two zones, the pushing
      means being located in the first zone and arranged to move solids through
      this zone and into the second zone, and the second zone having a
      deposition channel for solids which is located outside the region of the
      pushing means and has said outlet for solids located at its bottom.
NUM  2.
PAR  2. A centrifuge as defined in claim 1 in which the drum has a portion which
      bears deposited solids and extends, in both zones, below said overflow for
      clarified liquid, whereby both zones have a common liquid level.
NUM  3.
PAR  3. A centrifuge as defined in claim 1 in which at least part of said drum
      in the first zone is cylindrical.
NUM  4.
PAR  4. A centrifuge as defined in claim 1 in which the size of said outlet for
      solids is adjustable during operation.
NUM  5.
PAR  5. A centrifuge as defined in claim 1 in which said outlet for solids is
      formed by two rings which are axially slidable relatively to one another.
NUM  6.
PAR  6. A centrifuge as defined in claim 5 including a spring which presses the
      two rings towards one another in the axial direction.
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ABST
PAL  The centrifuge comprises a centrifugal bowl having means for alternately
      opening and closing its outer periphery to discharge separated sludge
      intermittently from the separating chamber, there being a stationary
      paring disk in a paring chamber of the bowl for discharging separated
      liquid from the bowl while its outer periphery is closed to maintain a
      normal liquid level in the bowl. The paring chamber has an air passage
      located radially inward toward the bowl axis from this normal liquid level
      and adapted to discharge air from the bowl to atmosphere while the liquid
      is at said normal level, the liquid level moving radially outward in
      response to opening of the bowl's outer periphery. A dam rotating with the
      bowl limits this outward movement of the liquid level in the paring
      chamber so as to maintain therein a minimum liquid level during the sludge
      discharge, and means in the paring chamber are operable at this minimum
      liquid level to prevent air from being sucked into the bowl through the
      air passage during the sludge discharge.
BSUM
PAC  THE DISCLOSURE
PAR  This invention relates to continuously operating sludge centrifuges of the
      type having means for alternately opening and closing the periphery of the
      centrifugal bowl to discharge separated sludge intermittently from the
      bowl's separating chamber, the bowl having a paring chamber for receiving
      liquid separated in the separating chamber and containing a stationary
      paring disk for discharging the separated liquid from the bowl while its
      periphery is closed to accumulate sludge separated in the separating
      chamber.
PAR  In centrifuges of this type as commonly made, the bowl's paring chamber has
      a passage for discharging air to atmosphere from the interior of the bowl
      during its normal operation, that is, while its periphery is closed to
      accumulate separated sludge during feeding of the liquid-solids mixture to
      the bowl's separating chamber. This air discharge passage is located
      between the rotation axis of the bowl and the liquid level maintained in
      the bowl during its normal operation, and the discharge passage serves to
      prevent the build-up of air pressure in the free central space of the bowl
      during its normal operation.
PAR  However, this air discharge passage in prior centrifuges has an adverse
      effect when the bowl's periphery is opened to discharge accumulated
      sludge. That is, this opening of the bowl's periphery causes the liquid
      level in the bowl to recede radially outward from the rotation axis, so
      that air is sucked into the bowl through the air passage as the sludge
      discharges through the bowl's periphery. As a result, air enters the
      separated liquid or effluent in the bowl during the sludge discharge, and
      this is usually undesirable.
PAR  The principal object of the present invention is to provide a sludge
      centrifuge of the type described which avoids this adverse effect.
PAR  According to the invention, a dam rotating with the bowl is located therein
      to limit outward movement of the liquid level in the paring chamber,
      thereby maintaining a minimum liquid level in this chamber during the
      sludge discharge; and the paring chamber is provided with means operable
      at this minimum liquid level to seal against the sucking of air into the
      bowl through the aforementioned air passage during the sludge discharge.
      Preferably such sealing means comprise a second dam forming an outward
      extension of the stationary paring disk which is dimensioned to remain
      substantially immersed in the liquid at said minimum level in the paring
      chamber, and a check valve for discharging air from the bowl through the
      air passage while the liquid is at the normal level in the paring chamber,
      the check valve operable to close against air admission from the air
      passage into the bowl in response to opening of the bowl's outer periphery
     .
DRWD
PAR  For a better understanding of the invention, reference may be had to the
      accompanying drawing in which the single illustration is a vertical
      sectional view of a preferred form of a centrifuge embodying the invention
     .
DETD
PAR  The centrifuge as shown comprises a centrifugal bowl or rotor having a top
      10 and a conventional main section or shell (not shown) to which the top
      10 is secured in the usual manner. This main section of the bowl forms
      with the top 10 a separating chamber 11 containing a conventional set of
      conical disks 12. The latter are mounted in the usual manner on a tubular
      shaft 13 of the bowl, this shaft being coaxial with the rotation axis of
      the bowl and having radial wings 14. Within the tubular shaft 13 is a feed
      chamber 15 of the bowl.
PAR  A stationary cover 17 is mounted on the frame (not shown) of the
      centrifuge. The cover 17 supports a stationary middle section 18 which in
      turn supports a stationary upper section 19 forming an inlet 19a for the
      sludge-containing mixture to be centrifuged. The upper section 19 has a
      depending feed tube 19b through which the feed mixture passes from inlet
      19a downward into the feed chamber 15 of the bowl.
PAR  A cap 21 is mounted on top of the neck 10a of bowl top 10, the cap being
      secured to the bowl neck by a nut 22. The cap 21 forms a paring chamber 23
      of the bowl.
PAR  The stationary middle section 18 has a depending sleeve 18a extending with
      a clearance through a central opening in the top of cap 21. This sleeve
      surrounds the feed tube 19b in spaced relation so as to form an annular
      passage 24. A stationary annular paring disk 25 of conventional form is
      secured to sleeve 18a and is located in the bowl's paring chamber 23,
      where the disk is provided with the usual inlet openings 25a. The bottom
      of paring disk 25 has an annular seal 25b which surrounds and engages an
      intermediate portion of feed tube 19b.
PAR  A central nave 27 projects upwardly from the bottom of the main bowl
      section (not shown) and receives the upper end of a vertical shaft (not
      shown) for driving the bowl about its central vertical axis. The top of
      nave 27 is spaced somewhat below the lower end of feed tube 19b and forms
      therewith a passage 28 leading into the feed chamber 15. From the latter,
      the feed mixture flows downward through inlet passages 29 between tubular
      shaft 13 and nave 27, these passages leading in the usual manner to the
      separating chamber 11.
PAR  A conventional annular slide valve 30 is mounted for vertical movements in
      the main section of the bowl. The valve 30 is normally held in its
      uppermost position against an annular seal 31 in the lower end of the bowl
      top 10, thereby closing the usual sludge outlets in the peripheral portion
      of the bowl. When a substantial quantity of separated sludge has
      accumulated in the peripheral part of the bowl, the slide valve 30 is
      allowed to move downward and thereby cause discharge of sludge radially
      outward through the peripheral outlets of the bowl. This discharge of the
      sludge, sometimes referred to as a shoot, is usually effected during an
      interruption of the feed to the centrifuge inlet 19a, the feed being
      resumed when the slide valve 30 is returned to its uppermost position to
      terminate the sludge discharge. The up and down movements of slide valve
      30 are effected hydraulically in any manner known in the art, for example,
      as disclosed in U.S. Pat. No. 3,637,134 granted Jan. 25, 1972.
PAR  The stationary middle section 18 has a horizontal duct 18b forming an
      outlet for the effluent separated in the separating chamber 11. During
      normal operation of the bowl, with slide valve 30 in its closing position
      as shown, the sludge separated from the feed mixture accumulates in the
      peripheral part of separating chamber 11 while the liquid effluent, which
      is the lighter component of the mixture, is displaced radially inward
      between the disks 12 and thence upwardly between the wings 14 of the
      tubular shaft. The effluent then overflows a horizontal ledge or dam
      formed by an annular member 32 secured to the top disk 12a of the bowl.
      The upper portion of top disk 12a is provided with an external annular
      seal 33 which seats against the inner surface of the bowl neck 10a.
PAR  After overflowing the dam 32, the effluent flows outwardly and upwardly via
      passages 34 to the paring chamber 23. The bottom of the paring chamber is
      formed by a horizontal disk 35 secured to the bowl top 10 and forming a
      clearance around the feed tube 19b. By means of paring disk 25, the
      effluent is pared in the usual manner from chamber 23 and is discharged
      upwardly through annular passage 24 to the outlet duct 18b.
PAR  Paring disk 25 is provided at its upper peripheral portion with a flange 36
      located above the level of the disk inlets 25a and extending continuously
      around the bowl axis. Flange 36 projects radially outward so that its
      outer edge is at a substantially greater radial distance from the bowl
      axis than are the disk inlets 25a, whereby the flange constitutes a second
      dam which performs a sealing function to be described presently.
PAR  Extending vertically through the inner portion of paring disk 25 is a tube
      38 containing a ball shaped valve member 39. The latter is urged downward
      against its seat in the tube by means of a coil spring 40 confined between
      member 39 and an annular member 41 in the upper end of tube 38. Thus, the
      parts 38-41 form a check valve which allows air to flow only in the upward
      direction through tube 38.
PAR  In the operation of the centrifuge, the bowl 10 is driven continuously
      about its vertical axis so that the feed mixture entering chamber 11 is
      separated centrifugally into sludge and effluent, as previously described.
      With slide valve 30 in its upper or closed position, and with the effluent
      discharging through paring disk 25 and outlet 18b during feed of the
      mixture through inlet 19a, the rotating body of effluent in the bowl forms
      an inner annular wall concentrically surrounding the rotor axis at a
      relatively small radial distance therefrom, as shown by the broken
      vertical line X. This line X represents the normal level maintained by the
      inner wall of the effluent during the separation and while separated
      sludge is accumulating in the peripheral part of the bowl. It will be
      observed that the normal level X is sufficiently near the rotor axis so
      that paring disk 25 extends for a substantial depth into the annular body
      of effluent in paring chamber 23, whereby paring disk 25 is operable to
      discharge separated effluent through outlet 18b.
PAR  During this normal operation of the centrifuge, check valve 38-41 permits
      air to escape from the free space below the check valve to atmosphere by
      way of an annular air passage 21a between the rotating cap 21 and the
      stationary sleeve 18a. Thus, air from feed chamber 15 can pass upwardly
      through clearance spaces 13a and 35a into paring chamber 23 for discharge
      through check valve 38-41, thereby preventing a build-up of air pressure
      in the bowl's free space which is surrounded by the annular body of liquid
      at the normal level X. Of course, this discharging air may be joined by
      any air entering the free space from the separated effluent.
PAR  When slide valve 30 is lowered to discharge accumulated sludge through the
      bowl's periphery (i.e., to effect a bowl shoot), the liquid level in the
      bowl moves radially outward from the normal level X. However, because of
      dam 32, the liquid level in paring chamber 23 cannot move outward beyond a
      minimum level represented by broken line Y. At this minimum level Y, the
      dam 36 on the paring disk remains immersed in the liquid body of effluent
      in paring chamber 23, thus forming a seal to prevent air from entering the
      effluent below dam 36. Although the minimum level Y does not provide a
      sufficient pressure head for paring disk 25 to continue its discharge of
      effluent, it is sufficient to cover the disk opening 25a and prevent
      entrance of air into the paring chamber from the paring disk. At the same
      time, check valve 38-41 prevents air from being sucked into the bowl
      through passage 21a during the sludge discharge.
PAR  When slide valve 30 is returned to its raised position to again close the
      bowl periphery, upon completion of the sludge discharge, the liquid level
      in the bowl will move inwardly (increase) due to resumption of the feed
      through inlet 19a, if the feed was interrupted during the sludge
      discharge, or due to continuance of this feed if it was not interrupted.
      Thus, the liquid in paring chamber 23 will return to its normal level X
      and the discharge of liquid through paring disk 25 and outlet 18b will
      resume.
PAR  As will be apparent from the foregoing, the rotating dam 32 maintains a
      minimum liquid level Y in paring chamber 23 during the sludge discharge,
      regardless of the liquid level in separating chamber 11. The stationary
      dam 36 and check valve 38-41 constitute means in the paring chamber
      operable at the minimum liquid level Y to prevent air from being sucked
      into the bowl through air passage 21a during the sludge discharge, the
      check valve being operable to discharge air through passage 21a while the
      liquid is at its normal level X in the paring chamber.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sludge centrifuge comprising a centrifugal bowl rotatable about an
      axis and forming a separating chamber having an inlet for a mixture of
      liquid and solids, the bowl also forming a paring chamber communicating
      with the separating chamber for receiving therefrom a liquid separated as
      a relatively light component from said mixture, the separating chamber
      having an outer sludge space for receiving solids separated from said
      mixture as a relatively heavy sludge component, means for alternately
      opening and closing the outer periphery of the bowl to discharge sludge
      intermittently from said sludge space, a stationary paring disk in the
      paring chamber for discharging separated liquid from the bowl while its
      said outer periphery is closed to maintain a normal liquid level in the
      bowl, said liquid level moving radially outward from the bowl axis in
      response to opening of the bowl's outer periphery, the paring chamber
      having an air passage at its radially inner portion for discharging air
      from the bowl to atmosphere while the liquid is at said normal level, a
      dam rotating with the bowl and located therein to limit said outward
      movement of the liquid level in the paring chamber, thereby maintaining a
      minimum liquid level in the paring chamber during said sludge discharge,
      and means in the paring chamber operable at said minimum liquid level to
      prevent air from being sucked into the bowl through said air passage
      during said sludge discharge.
NUM  2.
PAR  2. The centrifuge of claim 1, in which said means in the paring chamber
      include a second dam forming an outward extension of the stationary paring
      disk and dimensioned to remain substantially immersed in the liquid at
      said minimum level.
NUM  3.
PAR  3. The centrifuge of claim 1, in which said means in the paring chamber
      include a check valve for discharging air from the bowl through said air
      passage while the liquid is at said normal level in the paring chamber,
      the check valve being operable to close against air admission from said
      air passage into the bowl in response to said opening of the bowl's outer
      periphery.
NUM  4.
PAR  4. The centrifuge of claim 1, in which said means in the paring chamber
      include a second dam forming an outward extension of the stationary paring
      disk and dimensioned to remain substantially immersed in the liquid at
      said minimum level, whereby the second dam seals against entrance of air
      from said passage into the separated liquid in the bowl during said sludge
      discharge, said means in the paring chamber also including a check valve
      for discharging air from the bowl through said air passage while the
      liquid is at said normal level in the paring chamber, the check valve
      being operable to close against air admission from said air passage into
      the bowl in repsonse to said opening of the bowl's outer periphery.
NUM  5.
PAR  5. The centrifuge of claim 4, in which said check valve extends through the
      paring disk from an inner portion of the paring chamber at one side of the
      disk to region of said air passage at the outer side of the disk.
NUM  6.
PAR  6. The centrifuge of claim 1, in which said rotating dam is an annular
      member having a radially inner edge over which liquid flows in passing
      from the separating chamber to the paring chamber.
NUM  7.
PAR  7. The centrifuge of claim 2, in which the paring disc has inlet openings
      for receiving separated liquid for discharge from the bowl, said second
      dam being situated above said paring disc openings.
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ABST
PAL  This invention relates to a method and apparatus for obtaining the angle of
      attack of an aircraft developed as a result of an appropriate processing
      of the vertical speed, the airspeed, and the pitch attitude of the
      aircraft. The latter involves resolving the inverse sine of the vertical
      speed signal over the airspeed signal, and subsequently differentially
      combining the end product of the inverse sine computation and the chord
      line angle signal. The air speed signal is corrected by a corrective
      network which receives a feedback signal proportional to the angle of
      attack as well as a signal proportional to drift angle.
BSUM
PAR  This invention relates to a method and apparatus for obtaining the angle of
      attack of an aircraft by processing the true airspeed, the vertical speed,
      and the angle between the chord line and the horizontal reference.
PAR  The angle of attack of certain categories of aircraft, especially during
      their flight testing, is detected through the use of a vane and pickoff
      unit located at the extremity of a boom-type support which must be long
      enough to be outside the turbulence of the aircraft in question. This boom
      can be positioned on the nose or at the tip of any one wing of the
      aircraft. The principle involved here is the direction of the relative
      wind with respect to an aircraft reference.
PAR  The angle of attack is also detected through the use of vane transducers
      relying this time on pressure differential, which varies with the position
      of the aircraft in relation to the airflow about the latter, at the tip of
      an aircraft wing.
PAR  A third possible type of angle of attack detection involves airflow through
      a ducted servo-driven turbine and across a speed error detector.
PAR  All three preceding methods of angle of attack detection involve external
      mechanical moving parts which are subject to the various weather
      differences, fatigue, wear, supersonic speeds, and other related factors
      like replacement, servicing, and accuracy, thereby decreasing by quite an
      amount the reliability and practicality of such methods.
PAR  An object of the present invention is to provide a method for obtaining the
      angle of attack of an aircraft without the disadvantages mentioned above
      which are associated with external mechanical moving parts.
PAR  It is a feature of this invention to provide angle of attack information
      which is as reliable as the basic navigational equipment mandatory in
      aircraft such as airspeed indication.
PAR  An additional object of this invention is the provision of reliable angle
      of attack information by computing data internally present in an aircraft.
PAR  It is a further feature of this invention to provide accurate angle of
      attack by properly correcting the inputs used in the computing of the
      angle of attack information.
PAR  By a broad aspect of the invention, there is also provided apparatus for
      obtaining the angle of attack of an aircraft by computing the necessary
      inputs available or made available in the said aircraft and which are
      discussed later in this invention.
PAR  A further object of the present invention is the use of the system
      described in the present invention in a manual, partially, or completely
      automated flying system (including take-off and landing) for all types of
      weather conditions.
DRWD
PAR  The above mentioned and other objects and features of the present invention
      will be fully apparent from the following description when taken in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a graphical representation of angle of attack;
PAR  FIG. 2 is a graphical representation of an aircraft's wing offset angle;
PAR  FIG. 3 is a vectorial representation of the definition of angle of attack
      as used in this invention;
PAR  FIG. 4 is a functional block diagram of the angle of attack system of the
      present invention; and
PAR  FIG. 5 is a functional diagram of a type of network for utilization in FIG.
      4 by which the relative wind angle may be computed.
DETD
PAR  However, these drawings show only a few embodiments of the present
      invention, and it is therefore the understanding of the inventor and it is
      also apparent that further arrangements of the present invention can be
      derived from the enclosed diagrams with the help of the included
      description. Also apparent will be the application of the principle
      utilized in the present invention in other further inventions related to
      avionics and associated fields.
PAR  The present invention generates an angle of attack signal for use in an
      airborne navigation system. In order to better comprehend the significance
      of the process involved in the generation of the afore-mentioned angle of
      attack signal, the behaviour of an aircraft in a steady state air mass
      will now be considered.
PAR  FIG. 1 represents an aircraft flying in an air mass which is steady with
      respect to the said aircraft, but which can be moving with respect to a
      terrestrial reference. Also present is information as accepted in
      aeronautics.
PAR  Referring to FIG. 1, the angle of attack of an aircraft is defined as the
      angle between the chord line and the relative wind vector. The direction
      of the said relative wind vector is the direction that the motion of the
      aircraft's center of gravity has relative to the air mass. Expressed in a
      trigonometric form, the angle of attack .alpha. becomes
EQU  .phi. - .tau.                                              1
PAL  where
PA1  .phi. is the chord line angle (as used herein), that is to say, the angle
      between the chord line and the horizontal reference, and
PA1  .tau. is the relative wind angle (as used herein), that is to say, the
      angle that the said relative wind vector makes with the said horizontal
      reference.
PAL  The analysis is pursued by dissecting the chord line angle .phi. and the
      relative wind angle .tau. so as to arrive at a vectorial and mathematical
      representation of angle of attack.
PAR  The chord line angle .phi., as used herein, is the pitch angle of an
      aircraft PLUS a small offset angle which is the angle between the
      longitudinal reference axis of the said aircraft and the chord line of the
      afore-mentioned aircraft (refer to FIG. 2). It will be appreciated that
      this offset varies with the type and make of aircraft, but is nevertheless
      fixed for any particular aircraft (except the variable-position wing type)
      under any environmental conditions. The angle .phi. is represented by FIG.
      3a which is used in conjunction with FIG. 3b in the following paragraph.
PAR  Contrary to the chord line angle .phi. which is an aircraft characteristic,
      the relative wind angle .tau. has to be calculated. As such, the
      trigonometric based calculation will be derived from the vectorial
      representation, FIG. 3b, of the speed conditions present in FIG. 1 where
      the aircraft is climbing (this set of conditions has been chosen to
      illustrate the principle contained in the present invention and not to
      restrict it to the climbing stage of a flight) at a speed of V.sub.V while
      on a course at an air-speed (true) of V.sub.TAS. As shown in FIG. 3b, the
      vector representing V.sub.TAS lies in the same direction as the relative
      wind (involving an error especially at large angles of attack and drift
      angles). Referring again to FIG. 3b, the following equation can now be
      derived:
      ##EQU1##
      where
EQU  V.sub.TASC = V.sub.TAS + .delta..sub.C, in which .delta..sub.C is the
      correction factor for errors in airspeed due to angle of attack and/or
      drift angle excursions.
      ##EQU2##
      Superimposing FIGS. 3a and 3b results in FIG. 3c which is a vectorial
      representation of the formulation that follows. Combining equations (1)
      and (2) in reference to FIG. 3c gives
      ##EQU3##
      but since .alpha. = .phi. - .tau.,
      ##EQU4##
      where .alpha. is the angle of attack.
PAL  Although, for simplicity, the angle of attack formulation has been derived
      for steady state conditions, the said formulation is nevertheless
      applicable to transient conditions between steady states.
PAR  Having established a method of obtaining the angle of attack of an aircraft
      and derived an equation for the said angle of attack of an aircraft, a
      system for obtaining this angle of attack will now be considered. The
      content of the preceding paragraphs demonstrates that the angle of attack
      of an aircraft can be interpreted as a function of the speed in the
      vertical plane, V.sub.V, the true airspeed corrected V.sub.TASC of an
      aircraft, and the chord line angle .phi..
PAR  A functional diagram of an embodiment of the present invention is
      illustrated in FIG. 4. The upper half portion of the diagram presents the
      development of the relative wind angle. As previously discussed, the
      relative wind angle is generated as a function of the vertical speed and
      true airspeed (corrected) input parameters. A vertical speed sensor 1,
      with proper compensation 2 (as required) for rapid variations in sensed
      vertical speed, and possible lag and inherent noise within the said
      sensor, thus provides to the angle computer 3 an appropriate signal
      V.sub.V or h which is proportional to the rate of change of altitude. The
      afore-mentioned input signal -- a linear analog function -- is applied as
      a first input to angle computer 3. Since the present invention generates
      an angle of attack signal as a function of V.sub.V, it is imperative that
      the vertical speed input V.sub.V parameter be as accurate and reliable as
      possible. A commercially available device for generating a vertical speed
      signal is made by Teledyne Avionics and marketed under the trade mark IVSI
      (Inertial-lead Vertical Speed Indicator). Another is made by Litton
      Systems, and is available through the LTN-51 Inertial Navigation System.
      Other systems to this end are offered by Bendix and Sperry. If
      compensation network 2 is still required, such can be devised easily by
      the man skilled in the art using simple non-complex circuitry.
PAR  A signal which is developed from airspeed sensor 4, processed through true
      airspeed computer 5, and then further corrected for position error
      (especially at large drift angles and angles of attack by corrective
      network 6 consists of the second input -- also a linear analog function --
      to angle computer 3. The input to corrective network 6 is entitled true
      airspeed -- TAS, and results when the indicated airspeed (IAS -- the
      actual instrument indication for some given flight condition) is corrected
      for errors of the instrument and errors due to position or location of the
      installation to as great an extent as possible (CAS -- calibrated
      airspeed), and other relevant variables affecting the accuracy of the
      aircraft airspeed signal such as compressibility effects and density.
      These corrections are quite necessary for accurate determination of true
      airspeed and meeting the intent of the present invention. A true airspeed
      computer may be an air data computer such as a Bendix Central Air Data
      Computer -- ADC 1400. One of the outputs from this unit is a true airspeed
      signal. Another unit is made by Teledyne Controls -- Type AXC 602. The
      task performed by corrective network 6 is that of improving the true
      airspeed signal from said computer 5 as a function of angle of attack,
      from the subtractor 7 through feedback splitter 8, and drift angle, from
      drift angle sensor 9, such that the output of computer 5 is further
      compensated for possible position error (airspeed sensor vs relative wind)
      still present at the said output of computer 5. At this point, the true
      airspeed becomes the true airspeed corrected -- TASC (as used herein). The
      corrective network 6 would consist of non-complex circuitry obvious to one
      skilled in the art since the error is capable of being considered as the
      sum of linear segments.
PAR  The angle computer 3 produces an output signal proportional to angle .tau.
      which results from taking the inverse sine of the ratio of vertical speed
      V.sub.V to true airspeed corrected V.sub.TASC, as can be seen by referring
      to FIG. 3b and equation (2). Details of an embodiment of angle computer 3
      will also be discussed later in this present invention.
PAR  The subtractor 7 receives two inputs, one of which is the output signal
      from angle computer 3. The afore-mentioned signal is subtracted from a
      second input that is generated from pitch attitude sensor 10 which may be
      a vertical gyro. The signal originating from the said pitch attitude
      sensor 10 is directed to processor 11 where the angular information
      contained in its input is transferred into an appropriate analog signal
      directly proportional to chord line angle .phi. (the pitch angle PLUS the
      proper chord line offset angle). Then, the processed signal .phi. is
      applied to subtractor 7. The end product of the subtraction -- namely, the
      required angle of attack .alpha., taking place in afore-mentioned
      subtractor 7 then feeds feedback splitter 8. The purpose of said feedback
      splitter 8 is to supply corrective network 6 with the necessary angle of
      attack feedback signal required to correct true airspeed V.sub.TAS
      accordingly for errors due to various angles of attack present during a
      flight. The feedback splitter 8 does not in any way alter the
      characteristics of the signal developed through subtractor 7 which is the
      angle of attack and the required information generated by the present
      invention.
PAR  FIG. 5 represents a functional sub block diagram of an angle computer 3
      which may receive the inupt vertical speed signal V.sub.V from
      compensation network 2 and the input true airspeed corrected signal
      V.sub.TASC from corrective network 6, and develop therefrom an output
      directly proportional to the relative wind angle .tau. in accordance with
      that previously described and shown in FIG. 3b. With reference to FIG. 5,
      the input vertical speed signal and the input true airspeed corrected
      signal are linear analog functions A and B respectively, as illustrated.
      Furthermore, the said functions A and B are individually scaled to obtain
      the same conversion factor -- X volt units/speed unit, in order to be able
      to compute the angle .tau. made by V.sub.TASC with respect to the
      horizontal reference as seen in FIG. 3b. Pursuing further, input 12 is fed
      to modulator 13 where it is superimposed on an alternating reference
      signal from carrier source 14. The modulated output 15 is then applied
      across the appropriate sine (with respect to the excited stator winding
      mentioned in line 26 of this page) rotor winding of resolver 16 and the
      input of amplifier 17, the latter input being connected in series with the
      aforementioned sine rotor winding of said resolver 16. The cosine rotor
      winding of resovler 16 is terminated with the proper dummy load. In
      addition, one of the stator windings of resolver 16 is supplied with
      modulated signal 18 composed of an alternating voltage from carrier source
      14 whose amplitude varies as input V.sub.TASC 19 after going through
      modulator 20. The other stator winding of said resolver 16 is
      short-circuited. The said amplifier 17 consequently drives motor 21 until
      the input to amplifier 17 is null, which is possible only when the rotor
      shaft of resolver 16 has been turned to angle .tau. by said motor 21
      through appropriate double-speed gearing 22. Simultaneously, the rotor of
      rotary variable differential transformer 23, whose input is electrically
      supplied by carrier source 14, is also positioned at angle .tau. by motor
      21 through afore-mentioned double-speed gearing 22. The output of rotary
      variable differential transformer 23, which is a signal containing the
      information on angle .tau., is fed to a phase-sensitive demodulator 24
      controlled by a reference signal from said carrier source 14. The output
      signal 25 developed through the detection process of said phase-sensitive
      demodulator 24 is therefore an analog signal directly proportional to
      angle .tau..
PAR  The angle computer 3 of the invention, as embodied in FIG. 5, is thus seen
      to provide an analog signal directly proportional to the relative wind
      angle .tau. which varies as a function of vertical speed and true airspeed
      corrected, and whose quality depends on the judicious choice and
      arrangement of the various components embodied in the angle computer 3. As
      previously discussed, the output from said angle computer 3 is combined
      with chord line angle .phi. from processor 11 to arrive at the angle of
      attack .alpha..
PAR  The present invention is thus seen to provide an angle of attack
      information that can be very accurate for application in systems relying
      on angle of attack data, and which is developed as a result of an
      appropriate processing of the vertical speed, the airspeed, and the pitch
      attitude of an aircraft. Although the present invention has been described
      with respect to a particular embodiment thereof, it is not to be so
      limited as changes might be made therein which fall within the scope of
      the invention as defined in the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A system for generating a signal representative of the angle of attack
      of an aircraft using vertical speed, air speed and pitch attitude data,
      said system comprising means for generating a pitch attitude signal
      proportional to aircraft pitch attitude, a processor for receiving said
      pitch attitude signal and for developing therefrom an output signal the
      magnitude and sense of which vary as a function of the aircraft chord line
      angle, means for generating a relative wind angle signal, comparison means
      for receiving and differentially combining said relative wind angle signal
      and the output signal from said processor so as to produce a signal whose
      magnitude and sense are respectively definitive of the extent and
      direction of the aircraft angle of attack, said means for generating a
      relative wind angle signal including an airspeed sensor for producing an
      airspeed signal, a corrective network connected to the output of said
      airspeed sensor for correcting said airspeed signal so as to provide a
      true airspeed signal, drift angle sensor means for generating a drift
      angle signal, means for connecting said drift angle signal to said
      corrective network and feedback means for connecting the output of said
      comparison means to said corrective network.
NUM  2.
PAR  2. A system for generating a signal representative of the angle of attack
      on an aircraft using vertical speed, airspeed and pitch attitude data,
      said system comprising means for generating a pitch attitude signal
      proportional to aircraft pitch attitude, a processor for receiving said
      pitch attitude signal and for developing therefrom an output signal the
      magnitude and sense of which vary as a function of the aircraft chord line
      angle, means for generating a relative wind angle signal, comparison means
      for receiving and differentially combining said relative wind angle signal
      and the output signal from said processor so as to produce a signal whose
      magnitude and sense are respectively definitive of the extent and
      direction of the aircraft angle of attack, said means for generating a
      relative wind angle signal including an airspeed sensor for producing an
      airspeed signal, means for generating a vertical speed signal, a vertical
      speed signal modulator, an airspeed signal modulator, a carrier source for
      coupling a reference signal to said vertical speed signal modulator and
      said airspeed signal modulator, a resolver for producing a signal related
      to an angle whose sign is the ratio of said vertical speed signal over
      said airspeed signal, said resolver including first and second inputs for
      receiving the outputs of said vertical speed signal modulator and said
      airspeed signal modulator, a feedback loop, including a motor, connected
      to said resolver for adjusting the angular position of the resolver rotor
      so as to nullify the effect of the input signals to said resolver, and
      means including a rotary variable differential transformer and a
      phase-sensitive demodulator, controlled by said carrier source and
      responsive to the output of said resolver, for producing an electrical
      signal proportional to the relative wind angle.
NUM  3.
PAR  3. A method of producing a signal proportional to the angle of attack of an
      aircraft in flight, comprising generating a vertical speed signal, an
      airspeed signal, and a pitch attitude signal, resolving the inverse sine
      of the ratio of the vertical speed signal over the airspeed signal so as
      to generate a relative wind angle signal, generating a chord angle signal
      by adding an offset angle signal related to the geometry of the aircraft
      to said pitch signal and differentially combining said relative wind angle
      signal and said chord line angle signal so as to produce a signal which is
      proportional to the angle of attack of said aircraft, said method further
      including generating a drift angle signal and applying said drift angle
      signal to a corrective network, and feeding back said signal proportional
      to the angle of the attack to said corrective network so as to obtain a
      corrected true airspeed signal.
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ABST
PAL  A multiple zone air conditioning control system is disclosed in which air
      temperatures in respective individual zones are governed according to
      signals derived from sensed air temperatures in the respective zones and
      sensed temperature of air discharged to the respective zones.
PAL  A zone set back unit is employed for setting back the air temperatures in
      all or any individual ones of the zones. The set back unit superimposes a
      set back signal on the temperature signals from the set back zones to
      effect a reduction of the air temperature in those zones as well as to
      prevent the sensed temperatures of air discharged to those zones from
      affecting the set back signal. The maintenance of air temperatures in
      zones which are not set back is unaffected by operation of the set back
      unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to air conditioning control systems and more
      particularly relates to air conditioning control systems wherein zone
      temperatures are "set back" and maintained at a set back level during
      periods when the zones are unoccupied.
PAR  2. The Prior Art
PAR  Air conditioning control systems for single and multiple zone building
      structures have been proposed in which individually determinable zone
      temperatures are automatically maintained during periods of occupancy of
      the structure. These systems have been operated both pneumatically and
      electrically with the operation of heating and/or cooling equipment
      governed by pneumatic or electrical condition responsive signals produced
      by suitably constructed sensors. Pneumatic systems have generally produced
      pressure signals which vary in relation to sensed temperature changes
      while electrical systems have produced condition responsive signals having
      voltage, current, or frequency values which changes according to sensed
      temperature changes.
PAR  Control systems of the character referred to have become relatively
      sophisticated over the years in order to permit zone temperature
      conditions to be maintained as closely as possible to the desired "set
      point" temperatures of individual zones. One such system is disclosed by
      U.S. Pat. No. 3,788,386 issued 29 Jan. 1974 to Demaray. The Demaray patent
      discloses a sophisticated electrically operated multiple zone control
      system in a forced-air air conditioning system. Each of the individual
      zones is provided with a temperature sensor exposed to air in the zone and
      a temperature sensor for detecting the temperature of the air which is
      discharged to the zone from the heating and/or the cooling equipment in
      the building. Both of the sensors produce temperature responsive signals
      which vary according to changes in the sensed temperature of the medium to
      which they are exposed and the heating and/or cooling equipment of the air
      conditioning system is governed by a command signal which is derived from
      a combination of the sensor signals.
PAR  Systems of the general character described in the Demaray patent are
      extremely effective in maintaining closely controlled zone temperatures
      because the discharge sensor signals from the zone requiring the most
      heating, or cooling, control termination of cycling of the heating or
      cooling equipment, as the case may be, when the zone air temperature
      approaches the set point temperature. When the sensed temperature in such
      a zone is not close to the set point temperature, the operation of the
      heating or cooling equipment is initiated primarily by the signal produced
      by the zone air sensor.
PAR  In this type of system the discharge sensor signal has a relatively small
      authority compared to the authority of the signal produced by the zone air
      sensor so that the effect of the discharge sensor is to provide a
      "leading" or anticipating signal which prevents the temperature of the
      zone from overshooting the desired set point temperature.
PAR  In office buildings, schools and similar structures which are unoccupied
      during substantial periods of time during each day, it is frequently
      desirable to maintain the inside temperature of the buildings at levels
      which are beyond the "comfort" range when the structure is unoccupied.
      During the heating season the structures are heated by the air
      conditioning system and temperatures are thermostatically maintained at
      levels determined by the occupants during the periods of the occupancy of
      the building. The building temperatures are frequently automatically "set
      back" to lower levels when the buildings are unoccupied in order to reduce
      fuel or energy consumption.
PAR  In most circumstances the heating systems remain operative during the set
      back period so that the interior building temperatures are not reduced to
      excessively low levels. This is done to avoid the possibility of the
      inside temperature dropping below freezing and causing damage to interior
      pipes and equipment. Furthermore, heating up an excessively cold building
      to the comfort range sometimes requires a long period of time, is
      inefficient, and in many instances the tendency for the temperatures
      within the building to overshoot the comfort range is pronounced.
      Accordingly during temperature set back periods, the heating equipment is
      operated to maintain the building from 10.degree. to 20F.degree. below the
      temperature levels maintained when the structure is occupied.
PAR  Pneumatic and electrically operated control systems have been constructed
      to permit building temperatures to be set back during periods when the
      buildings are unoccupied. The operation of these systems is usually
      governed by a timer arrangement which initiates and terminates the
      temperature set-back period. An example of a pneumatically operated system
      which provides for set back temperatures is disclosed by U.S. Pat. No.
      3,038,663 issued 12 June 1962 to Flores and which functions to control the
      set back temperature by changing the pneumatic control system supply
      pressure from that supplied to the control system during periods of
      occupancy to a set back pressure level. During the temperature set back
      period, the control system continues to operate in its normal fashion
      except that lower structure temperatures are maintained. In an electrical
      control system, this kind of operation is analogous to altering an
      appropriate voltage, current or frequency value of the electrical power
      supply for the control system.
PAR  An example of an electrical system employing a setback control is disclosed
      in U.S. Pat. No. 2,719,672 issued 4 Oct. 1955 to Jenkins and in which a
      thermally responsive bridge circuit controls operation of a furnace. A
      timer mechanism alters the bridge resistance to vary the zone temperatures
      produced between the unoccupied and occupied periods of the day.
PAR  The general principles of operation of the zone set back arrangements in
      the Jenkins and Flores patents, if applied to a control system of the
      character disclosed by the Demaray patent, would be effective to provide
      desired set back temperatures during periods when the buildings are
      unoccupied but would tend to produce some undesirable consequences.
PAR  In the first place such systems would function to maintain the zone
      temperatures rather precisely at the set back level by terminating
      operation of the heating equipment under at least partial control of the
      discharge sensor as the zone temperature approached the set back level. It
      is not necessary to maintain zones at a precise set back temperature level
      and cyclic fluctuations of zone temperatures are not undersirable since
      the zone is unoccupied anyway. Hence during set back periods, short
      cycling of the heating equipment is both unnecessary and inefficient.
PAR  If the electrical power supply voltage level for the control system were
      altered during the set back period, as suggested by the Flores patent, and
      a zone or part of the structure were occupied during a normal set back
      period, the entire structure would have to be maintained at the normal
      temperature level because selected setting back of individual, unoccupied
      zones could not be accomplished.
PAR  Altering individual thermostatic bridge resistances, as suggested by the
      Jenkins patent, would require a number of plural duplicate circuits in a
      multiple zone system and while enabling selective setting back of
      temperatures in certain zones, would substantially complicate the control
      system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method and apparatus for setting back
      temperatures in a single or multiple zone structure wherein, during normal
      periods of occupancy, the zone temperatures are closely controlled around
      desired set point temperature levels and during zone temperature set back
      periods, when the zones are unoccupied, the zone temperatures are
      maintained around desired set back temperature levels with minimum cycling
      of the zone heating equipment.
PAR  The present invention is particularly adapted for use in an air
      conditioning control system in which operation of zone heating equipment
      is governed in relation to sensed zone air temperature and the sensed
      temperature of a heating medium supplied to the zone. When the zone air
      temperature is close to the zone set point temperature operation of the
      heating equipment is governed to a significant extent by the sensed supply
      medium temperature. When the zone air temperature varies appreciably from
      the set point temperature, operation of the heating equipment is initiated
      primarily by the sensed zone air temperature.
PAR  In accordance with the invention an air conditioning control system of the
      character referred to is provided with a predetermined temperature set
      back signal which causes the control system to maintain the zone
      temperature at a predetermined set back temperature level while at the
      same time minimizing the effect of the sensed supply medium temperature on
      the heating equipment. The operation of the heating equipment is thus
      governed principally by the sensed zone air temperature at all times
      during the set back period. This minimizes cycling of the heating
      equipment during the set back period and increases the efficiency of the
      air conditioning system.
PAR  In accordance with another important feature of the invention, a multiple
      zone air conditioning control system is associated with one zone set back
      unit which is capable of simultaneously setting back the temperatures of
      all, or any selected ones, of the system zones without adversely affecting
      operation of the control system in maintaining desired temperature levels
      during normal periods of occupancy. When one or more zones are occupied
      during a normal temperature set back period, the remaining unoccupied
      zones can be set back to a predetermined level without affecting the
      ability of the control system to closely govern the temperatures in the
      occupied zone or zones in the usual manner.
PAR  Still another feature of the invention resides in the ability of a system
      constructed in accordance with the invention to enable each zone of a
      multiple zone system to be set back and heated up again after the set back
      period in accordance with a predetermined individual schedule.
PAR  A zone temperature set back unit constructed in accordance with the
      principles of the invention can be installed as part of the centralized
      control system and connected to individual supply medium temperature
      sensors which are located adjacent the air conditioning equipment for the
      building and remote from the individual zones. Accordingly, installation
      and maintenance of a set back unit constructed in accordance with the
      invention is easily accomplished because the unit need not be connected to
      any parts of the zone, or zones, being air conditioned.
PAR  A general object of the invention is the provision of a new and improved
      method and apparatus for setting back zone temperatures in an air
      conditioning system.
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description of preferred embodiments made with
      reference to the accompanying drawings which form a part of the
      specification.
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PAC  Brief Description of the Drawings
PAR  FIG. 1 is a schematic illustration of an air conditioning system embodying
      the present invention;
PAR  FIG. 2 is a schematic illustration of part of a temperature control system
      forming part of the system of FIG. 1;
PAR  FIG. 3 is a schematic illustration of a temperature set back unit forming
      part of the system illustrated in FIG. 2; and,
PAR  FIG. 4 is a schematic illustration of an alternate construction of the
      temperature set back unit shown in FIG. 3.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  An air conditioning system 10 constructed according to a preferred
      embodiment of the invention is schematically illustrated in FIG. 1. The
      system 10 provides conditioned air to three separate zones of a multiple
      zone building, which itself is not illustrated. The zones are referred to
      as zone 1, zone 2 and zone 3, and only zone 3 is illustrated
      schematically. The system 10 includes an air circulating duct network 12,
      a blower 14 for providing a forced flow of air through the duct network,
      an air heating unit 16 and an air cooling unit 18, both of which are
      disposed within the duct network so that air flowing through the network
      passes across either the cooling unit or the heating unit, and a control
      system generally indicated by the reference character 20 which governs
      operation of the system 10.
PAR  The system 10 is, for the most part, schematically illustrated and
      described generally for the sake of brevity. Many of the briefly described
      components of the system 10 are shown and described in greater detail in
      the above referenced U.S. Pat. No. 3,788,386 issued 29 Jan. 1974, to which
      reference should be made for additional details. Departures in the system
      disclosed here from that of the referenced application will be apparent
      from the following description.
PAR  The heating unit 16 can be of any suitable or conventional construction but
      for the purposes of this description the heating unit is considered to be
      constructed from a plurality of electrical resistance heaters which are
      operated in stages to govern the amount of heat produced by the heating
      unit.
PAR  The air in the system is preferably mechanically chilled by a plurality of
      compressor-condenser-evaporator refrigeration units, not shown, which are
      operable in stages to govern the amount of heat absorbed from the air in
      the system. The cooling unit 18 includes the evaporators of the
      refrigeration units.
PAR  The air duct network 12 comprises an air delivery duct system 22 for
      directing air from the blower 14 to the respective zones through the
      heating and cooling units 16, 18, respectively, a return air duct system
      24, only partly shown, for receiving air exhausted from the zones, and a
      ventilation system 26 by which atmospheric air is admitted to the system
      10 while a corresponding amount of air from the return air duct system 24
      is exhausted from the system. The system 10 is of a type known as a
      constant volume system in that a constant flow rate of air continuously
      circulates in the system and each zone is continuously provided with an
      unvarying flow rate of air.
PAR  The delivery duct system 22 comprises a blower plenum section 30 in which
      the heating and cooling units 16, 18 are disposed so that air moving
      through the plenum 30 towards the zones passes across either the heating
      unit or the cooling unit, a zone damper section 32 at the discharge side
      of the heating and cooling units, and three discharge ducts 34
      (schematically shown) for directing air from the damper section 32 to each
      associated respective zone.
PAR  The damper section 32 includes three actuable damper pairs (not shown), one
      pair for each zone. The damper pairs are actuated by respective zone
      damper control units 36, 38, 40 in accordance with temperature
      requirements of associates zones. The damper pairs for each zone enable
      complementary dampering of air flowing to that zone from the heating unit
      16 and the cooling unit 18. The damper pair for each zone has one limit
      position in which all of the air flowing to the zone passes across the
      heating unit, a second limit position in which all of the air flowing to
      the zone passes across the cooling unit, and intermediate positions in
      which the flow of air to the zone consists of a mixture of air which has
      passed across the heating unit and the cooling unit, with the proportions
      of the mixture being determined by the position of the damper pair.
PAR  The return duct system 24 comprises zone exhaust branches 42 (only one of
      which is illustrated in connection with zone 3) communicating each zone to
      a main return duct 44 which directs the combined zone exhaust air flows to
      the ventilating system 26.
PAR  The ventilating system 26 comprises an atmospheric air intake duct 50
      through which atmospheric air is introduced into the system 10, an exhaust
      duct 52 through which air from the return duct 44 is exhausted to
      atmosphere from the system, and a dampering arrangement for controlling
      the flow of air through the intake and exhaust ducts 50, 52.
PAR  The dampering arrangement comprises an intake air damper 54, an exhaust air
      damper 56 and a recirculating air damper 58. The dampers 54, 56, 58 are
      linked together and actuable to desired positions by a damper control unit
      60 in response to operation of the control system 20.
PAR  The control system 20 governs operation of the heating and cooling units
      16, 18, the zone damper control units 36, 38 and 40, and the damper
      control unit 60 in response to sensed conditions of air circulating in the
      system 10. The control system is preferably an electrical system and
      includes an air heating unit controller 70 for governing the heat transfer
      to system air from the unit 16, an air cooling unit controller 72 for
      governing heat transfer from the system air to the unit 18, individual
      condition signal producing circuits 74, 76, 78 for producing temperature
      related command signals for governing operation of the controllers 70, 72,
      and a signal analyzer unit 80 interposed between the signal producing
      circuits and the controllers. The command signals from the circuits 74,
      76, 78 also individually control the respective associated damper control
      units 40, 38, 36.
PAR  In the preferred and illustrated embodiment, the command signals are D.C.
      analog signals, and the heating and cooling controllers are constructed to
      operate the respective heating and cooling units in stages in response to
      appropriate changes in command signal voltages which are applied to the
      respective controllers via the analyzer unit 80. The circuitry of the
      preferred control system is constructed such that as the zone air
      temperature rises, the magnitude of the command signal voltage increases
      positively with respect to a reference voltage level in proportion to the
      temperature rise. As the zone temperature is reduced, the command signal
      voltage level is likewise reduced.
PAR  The damper pair associated with zone 3 is actuated by the damper control
      unit 36 to positions at which the air flowing from the heating and cooling
      units 16, 18 is proportioned in accordance with the heating or cooling
      requirements of that zone as reflected by the zone 3 command signal. The
      command signal from the signal producing circuit 78 is transmitted to the
      zone damper control 36 via a suitable conductor 84. The damper control 36
      responds to command signal voltage levels within a predetermined range to
      position the damper pair in accordance with the command signal level. When
      the command signal is beyond the voltage range the damper pair is in one
      or the other of its limit positions. The damper control units 38, 40 are
      likewise individually controlled by the command signals from their
      associated signal producing circuits 76, 74.
PAR  The signal analyzer unit 80 enables the control system 20 to satisfy the
      heating requirements of the coolest zones and the cooling requirements of
      the warmest zone while the heating or cooling requirements of the
      remaining intermediate zone (or zones) is satisfied by operation of the
      associated zone damper control unit alone. The command signal from the
      warmest zone has the most positive voltage level, the command signal from
      the coolest zone has the least positive voltage level, and the command
      signal from the zone of intermediate temperature has an intermediate
      voltage level. The unit 80 is connected to the outputs of each zone signal
      producing circuit and functions to transmit the command signal from the
      warmest zone to the cooling controller 72 via an output conductor 86 and
      to transmit the command signal from the coolest zone to the heating
      controller 70 via a conductor 88. The command signal from the remaining
      intermediate zone, or zones if more than three zones are present in the
      building, is blocked by the analyzer unit 80, but remains effective to
      govern the positioning of the zone damper pair for that zone.
PAR  The introduction of atmospheric air to the air conditioning system is
      variably controllable by the command signal from the warmest zone. For
      this purpose a conductor 90 interconnects the ventilating damper control
      unit 60 and the logic unit output conductor 86.
PAR  Generally speaking, when the warmest zone is at or below a predetermined
      temperature less than its set point temperature, the command signal
      transmitted to the damper unit 60 is such that the intake air damper 54 is
      positioned for minimizing the introduction of atmospheric air to the
      system. This position of the intake air damper 54 is often referred to as
      "closed," but the damper 54 normally is in a limit position in which a
      predetermined minimum flow of atmospheric air is continuously introduced
      into the system to satisfy fresh-air ventilation requirements. A like flow
      of system air is exhausted from the system 10 through the exhaust damper
      56, and as a result of leakage from the building. When the dampers 54, 56
      are closed, the recirculating air damper 58 is wide open so that a maximum
      flow of system air is recirculated.
PAR  As the temperature of the warmest zone increases towards its set point
      temperature the command signal level increases and the damper control unit
      60 is operated to progressively open the dampers 54, 56 while closing the
      damper 58. As the warmest zone continues to become warmer, the command
      signal level increases accordingly until a level is reached where the
      dampers 54, 56 are wide open and the damper 58 is closed. In this
      condition the operation of the damper control unit 60 is limited so that
      further increases in command signal level do not change the positions of
      the dampers 54, 56 and 58.
PAR  In such circumstances the atmospheric air is frequently solely used to
      control the load on the system, particularly when the temperature in the
      warmest zone stabilizes below a level which would require operation of the
      air cooling unit. When the warmest zone temperature increases sufficiently
      above the set point temperature that mechanical cooling of the air
      delivered to that zone is required, the zone command signal causes the
      cooling controller 72 to initiate operation of the cooling unit 18 and the
      damper control unit 60 is operatad to "close" the intake damper 54 by a
      suitable or conventional switching arrangement, not illustrated.
PAR  A preferred embodiment of the control system 20 is schematically depicted
      in FIG. 2. The control system 20 comprises a power supply 90 formed by the
      secondary 92 of a step-down transformer and a regulated D.C. power source
      circuit 94 connected across the secondary 92. The circuit 94 provides a
      regulated source of direct current for operating the control system 20.
PAR  The heating controller 70, as seen in FIG. 2, comprises a plurality of
      voltage level responsive staging relay circuits 96 only one of which is
      illustrated. The cooling controller 72 likewise comprises a plurality of
      staging relay circuits 98, only one of which is illustrated. The analyzer
      unit 80 connects the cooling controller 72 to the command signal to the
      warmest zone in the system so that as the command signal voltage from the
      warmest zone increases (indicating increasing the zone temperature)
      successive staging relays 98 of the controller 72 are operated to operate
      successive ones of the cooling stages. As the temperature in the warmest
      zone decreases the command signal voltage decreases causing the stages of
      the cooling unit to successively cycle off. The command signal from the
      warmest zone is also transmitted from the analyzer unit 80 to the damper
      control 60 for governing the relative positions of the exhaust,
      recirculating air, and outside air damper units.
PAR  The analyzer unit 80 connects the heating controller 70 to the command
      signal from the coolest zone in the building so that as the command signal
      voltage level decreases, indicating a decreased zone temperature,
      successive stages of the heating units are operated to increase the heat
      supplied to the zone. As the command signal voltage level increases,
      indicating an increase in the zone temperature, the heating unit stages
      are successively cycled off.
PAR  The construction and operation of the analyzer circuitry 80, the heating
      controller 70, the cooling controller 72 and the damper control 60 are
      described in more detail in the aforementioned U.S. Pat. No. 3,788,386 to
      Demaray, and reference should be made to that patent, for a fuller
      understanding of the operation of these components of the system.
PAR  The command signal producing circuits 74, 76, 78 are all identical and
      therefore only the circuit 78 is described in detail in reference to FIG.
      2. The circuitry 78 comprises a command signal amplifier unit 100 and
      condition sensing circuitry 102. The condition sensing circuitry 102
      provides an input signal to the amplifier unit 100 which varies in
      relation to sensed zone air temperature and discharge air temperature and
      this input signal is amplified to produce a command signal from the
      circuitry 78. The conditioning sensing circuitry 102 includes a zone air
      temperature sensing circuit 104 and a discharge air temperature sensing
      circuit 106.
PAR  The circuit 104 comprises a zone sensor element 108, a zone set point
      adjustment element 110 and associated resistors 112, 114, all of which are
      connected across the output terminals of the power source circuit 94. The
      zone air sensing element 108 is preferably formed by a thermistor while
      the set point adjusting element 110 is a manually adjustable
      potentiometer. The elements of the circuit 104 cooperate to produce a zone
      air temperature responsive signal at the junction 116.
PAR  The discharge air temperature sensing circuit 106 comprises a discharge air
      temperature sensor element 120, and associated resistors 122, 124 which
      cooperate to produce a sensed discharge air temperature signal at a
      junction 126. The sensor 120 is preferably a thermistor which is located
      in the air supply duct for zone 3 just downstream from the discharge
      dampers (as shown in FIG. 1) remote from the zone.
PAR  The signals from the sensor circuits 104, 106 are algebraically combined at
      the junction 116 to produce a combined input signal to the amplifier unit
      100. The junctions 126, 116 are interconnected by a resistor 130 which
      effectively reduces the authority of the signal from the discharge sensor
      circuitry 106 with respect to the signal from the zone air temperature
      sensing circuitry 104. The authority ratio between the circuit 106 and the
      circuit 104 is preferably about 20:1 which is to say that the change in
      the voltage level at the junction 116 resulting from the sensor 120
      detecting a temperature change of 20.degree.F is the same as the change in
      level of the signal at the junction 116 created by a detection of a
      1.degree.F temperature change by the sensor element 108.
PAR  The amplifier unit 100 comprises a differential amplifier 134 which is
      preferably formed by a suitable or conventional integrated circuit having
      an input lead 136 connected to the junction 116 and a reference input lead
      138. The lead 138 is connected to a fixed reference level which is
      established by resistors 140, 142 connected across the output of the power
      source circuit 94. The amplifier 134 is provided with suitable external
      filter and feedback circuits which may be of any conventional construction
      and therefore are not illustrated.
PAR  In the illustrated embodiment of the invention the amplifier 134 inverts
      and amplifies the difference between the condition signal established at
      the junction 116 and the reference voltage level on the reference input
      lead 138. When a sensed temperature increases, the level of the output
      from the amplifier increases proportionately and as sensed temperature is
      reduced the output level from the amplifier 134 is likewise reduced.
PAR  The amplifier 134 is associated with an output stage 144 which includes
      emitter-follower connected transistors 146, 148 which are employed to
      provide a desired command signal current level to the heating or cooling
      controller units via the analyzer unit 80. The output from the stage 144
      is also connected to the zone damper control unit 36 as is noted
      previously.
PAR  According to the present invention the temperature of all or selected ones
      of the zones can be set back to a predetermined relatively low level
      during periods when the zones are unoccupied. As illustrated by FIG. 1, a
      temperature set back unit 150 is associated with the signal producing
      circuits 74, 76, 78 which operates to produce the zone temperature set
      back over a desired interval while at the same time substantially
      preventing the discharge sensor 120 from any of the set back zones from
      exercising control over the cycle durations of the heating unit 16
      throughout the set back period.
PAR  As shown in FIGS. 1 and 2 the unit 150 is connected to the discharge
      temperature sensing circuits 106 of the signal producing circuits by
      respective conductors 152, 154, 156. As illustrated in FIG. 3, the unit
      150 comprises a set back signal source circuit 160 and connecting
      circuitry 162 for connecting and disconnecting the signal source circuit
      160 from the respective ones of the signal producing circuits 74, 76, 78.
      It should be noted that the unit 150 can be connected to the discharge
      temperature sensing circuits 106 adjacent the damper section 32 so that
      additional wiring in the building structure to the individual zones is not
      required and the set back unit 150 can be installed at any desirable
      location around the heating and cooling equipment.
PAR  The signal source circuit 160 comprises a rectifier connected across the
      transformer secondary 92. The illustrated rectifier includes a diode 164
      and a capacitor 166 which cooperate to provide a half wave rectified,
      filtered, relatively steady state D.C. voltage across the capacitor 166. A
      potentiometer 168 is connected across the capacitor 166 and is provided
      with an adjustable wiper 170 at which a desired set back signal level is
      provided. The set back signal level is adjustable by moving the wiper 170
      along the potentiometer 168.
PAR  The connecting circuitry 162 selectively interconnects the individual zone
      signal producing circuits 74, 76, 78 with the set back signal source
      circuit 160, and includes isolator circuits each connected to a respective
      one of the conductors 152, 154, 156 and a timer unit connected between the
      isolator circuits and the circuit 160. The timer unit provides for
      periodic setting back of all of the zone temperatures on a predetermined
      schedule while the isolator circuits enable any selected zone to be
      maintained at its normal temperature level during the set back period if
      desired.
PAR  Each isolator circuit includes a normally closed manual switch 172 and an
      isolating diode 174 which are connected in series between a respective
      sensor circuit 106 via one of the conductors 152, 154 or 156 and a common
      conductor 175. The diodes 174 are poled so that during normal operation of
      the control unit the signals from the respective sensing circuits 106 do
      not interact with each other. The switches 172 are individually operable
      to isolate the respective associated sensing circuit 106 from the set back
      unit 150 if setting back of the temperature in the associated zone is
      undesired.
PAR  The timer unit, indicated by the reference character 176, is disposed
      between the conductor 175 and the potentiometer wiper 170, and comprises
      an electric timer motor 180 and a timer operated switch 182 connected to
      the motor 180 by a suitable linkage 183. The linkage 183 is preferably
      formed by a gear and cam arrangement which opens and closes the switch 182
      at predetermined intervals during successive 24 hour periods. The motor,
      linkage and switch 182 may be of any suitable or conventional construction
      and are therefore not illustrated or described in detail.
PAR  During operation of the system 20 in the heating mode when the zones are
      normally occupied the switch 182 is maintained open so that the signal
      from the setback signal source circuit 160 is isolated from the discharge
      sensing circuits 106. The discharge sensing circuits 106 can, and
      frequently do, detect different temperature levels of discharge air
      flowing from the output dampers to the respective zones and the isolating
      diodes 174 prevent the common conductor 175 from shorting the respective
      signals together.
PAR  Subsequent to the normal period of occupancy of the building the timer unit
      functions to complete a circuit between the set back signal source circuit
      160 and the respective sensing circuits 106 to establish a set back
      temperature level in the zones. The timer motor 180 operates the switch
      182 to its closed position thus simultaneously connecting the discharge
      sensing circuits 106 of all of the zones to the set back signal level
      established at the wiper 170. The wiper 170 is set along the potentiometer
      168 to establish a voltage level which is negative with respect to the
      voltage level at the junction 126 in each of the sensing circuits 106 thus
      causing the isolating diodes 174 to become conductive. In effect, the set
      back signal established at the wiper 170 is superimposed on the discharge
      air temperature signals created by the sensors 120 and the voltage level
      at each of the junctions 126 assumes the level of the signal established
      at the wiper 170.
PAR  The reduced signal level at the junction 126 causes the input signal to the
      amplifier unit 100 to be reduced to a relatively low level, via the
      authority controlling resistor 130, falsely indicating an apparent
      increase in the temperature of the zone air. The signal level established
      at the wiper 170 is sufficiently negative that it cannot be shifted as a
      result of air temperatures sensed by any of the elements 120 and
      accordingly, the element 120 of each of the circuits 106 is effectively
      prevented from controlling termination of cycling of any stages of the
      heating unit 16.
PAR  The zone air temperature sensing circuit 104 remains effective to sense
      zone air temperature changes and alter the input signal level to the
      amplifier unit 100 during the set back period. Hence when the air
      temperature in the coolest zone falls a predetermined amount below the
      desired set back level, the sensing circuit 104 of that zone is effective
      to produce an amplifier input signal at the junction 116 which is
      sufficient to initiate a cycle of the heating equipment. When the zone air
      temperature of the coolest zone reaches the set back level, the sensing
      circuit 104 for that zone produces an amplifier input signal for
      terminating operation of the heating equipment. The operation of the
      heating equipment solely by the zone air temperature sensing circuits 104
      may result in moderate zone air temperature overshooting, but this is not
      undesirable during set back periods. It should be noted that the authority
      setting resistor 130 enables the associated zone air sensing circuit 104
      to vary the voltage level at the junction 116 even though the voltage
      level at the junction 126 is maintained at the predetermined set back
      level.
PAR  If one or more of the zones is expected to be occupied during the set back
      period the appropriate manual switch (or switches) 172 is opened to
      prevent transmission of the set back signal to the signal producing
      circuitry associated with that zone, or zones. The remaining zones are
      connected to the set back unit 150 resulting in the temperature of those
      zones being set back to the desired set back level while the temperature
      of the occupied zone remains controlled at its desired set point level.
PAR  When a system is set back under these circumstances, the air temperature in
      the set back zones will coast to the set back level with the discharge
      damper unit associated with each of the set back zones positioned so that
      only recirculated air which has passed across the inactive cooling unit 18
      is introduced to those zones. The zone which is not set back will
      initially appear to be the coolest zone and, when heating is required, is
      heated by air which has flowed solely across the heating units. Should the
      zone which is not set back require an increase in air temperature, the
      heating unit is operated from the sensing circuitry for that zone and only
      heat which is sufficient to return that zone to the desired set point
      level is transferred from the heating unit. Accordingly the amount of
      energy required to maintain the occupied zone at its set point temperature
      is minimized since substantially no heat is distributed to the set back
      zones.
PAR  When the air temperatures in the set back zones reach their set back level
      all of the zones are heated in accordance with normal operation of the
      system 20, described previously, except that the set back zones are
      maintained around the set back temperature level solely by the signals
      produced from the zone air sensing circuits 104 associated with those
      respective zones.
PAR  A system constructed in accordance with the present invention is also
      particularly useful in a building in which different zones are occupied
      during different periods of the day. FIG. 4 of the drawings illustrates a
      portion of a modified set back unit, indicated by the reference character
      150', which is constructed to enable zones in such a building to be set
      back in accordance with predetermined individual schedules. Elements in
      FIG. 4 which correspond to elements illustrated and described previously
      are indicated by corresponding primed reference characters. As illustrated
      in FIG. 4, a connecting circuit 162' is provided with individual zone set
      back control switches 190-192 which are independently driven from a timer
      motor 180' for opening and closing at different selected intervals during
      the day. The switches 190-192 are preferably connected to the timer motor
      180' by suitable linkages 183' such as individual cams which are driven by
      the motor and configured as desired to individually control the switches.
      The unit 150' is shown in FIG. 4 with the switches 190, 191 conditioned to
      provide for the maintenance of normal set point temperature levels in
      zones 2 and 3, while the switch 192 is conditioned so that the zone 1 air
      temperature is maintained around its set back level.
PAR  If desired, manually operated switches, like the switches 172 of FIG. 3,
      can be provided in the connecting circuit 162' so that temperature set
      back of one or more of the zones can be avoided when that zone is to be
      occupied during its normal set back period.
PAR  While alternate preferred constructions of the present invention have been
      illustrated and described here in considerable detail, the present
      invention is not to be considered limited to the precise constructions
      shown. Various adaptations, modifications and uses of the invention may
      occur to those skilled in the art which the invention pertains and the
      intention is to cover all such adaptations, modifications and uses which
      come within the scope or spirit of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for governing air temperatures in zones of a multiple zone
      structure including circulating means for directing a forced flow of zone
      heating medium toward the zones, heating means for heating the medium
      flowing toward the zones, control means for governing operation of said
      heating means in response to an electrical input condition signal having a
      value which varies according to a reference value, said control means
      comprising a plurality of input signal producing circuit means each
      associated with a respective zone, a plurality of zone air temperature
      sensors each associated with a respective input signal producing circuit
      means and each producing an electrical zone air temperature signal which
      varies relative to a reference value in response to sensed changes in air
      temperature in the associated zone, a plurality of supply medium
      temperature sensors each associated with a respective input signal
      producing circuit means and each producing an electrical supply medium
      temperature signal which varies relative to a reference value in response
      to sensed changes in supply medium temperature flowing to the associated
      zone, said input signal producing circuit means individually responding to
      said zone air temperature signal and said supply medium temperature signal
      to produce an input condition signal, analyzer circuitry for selecting an
      input condition signal having an extreme value and transmitting said
      selected input condition signal to said control means, and, zone set back
      means including temperature set back signal source circuitry for producing
      a predetermined temperature set back signal and connecting means for
      connecting said set back signal source circuitry to each of said input
      signal producing circuit means so that said set back signal effectively
      replaces the supply medium temperature signal from the supply medium
      temperature sensors of each input signal producing circuit means connected
      to said set back signal source circuitry and the input condition signal
      value produced by any input signal producing circuit means connected to
      said set back signal source circuitry and selected by said analyzer
      circuitry is unaffected by the sensed temperature of heating medium
      supplied to that zone.
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ABST
PAL  A fluid control system being responsive to humidity conditions as sensed by
      a humidity responsive control device that controls a fluid bleed means of
      the control system in response to humidity conditions sensed thereby, the
      humidity responsive control device having a flapper spring lever pivotally
      carried by a frame in a cantilevered manner and having a free end
      controlling a bleed valve seat. The flapper spring lever has a normal bias
      to tend to move the flapper end to one of its pivoted positions relative
      to the valve seat and is operatively associated with an actuating lever by
      a spring means, the actuating lever being controlled by a humidity sensing
      means.
BSUM
PAR  This invention relates to an improved humidity responsive control system as
      well as to an improved humidity responsive control device.
PAR  It is well known that humidity responsive control devices have been
      provided, each being adapted for controlling a pneumatic control system in
      response to humidity conditions being sensed by the humidity responsive
      device.
PAR  It is a feature of this invention to provide a pneumatically operated
      humidity responsive control system wherein the system can be readily
      converted from a direct acting system to a reverse acting system in a
      simple and effective manner.
PAR  It is also a feature of this invention to provide an improved humidity
      responsive control device for a pneumatically operated humidity responsive
      control system or the like.
PAR  In particular, one embodiment of this invention provides a fluid control
      system having a fluid supply means, a fluid operated device, a humidity
      responsive fluid bleed means a fluid operated relay means all
      interconnected together in such a manner that the fluid operated relay
      means will have the branch pressure thereof operate the fluid operated
      device in relation to the fluid pressure in a pilot chamber of the fluid
      operated relay means. The humidity responsive fluid bleed means
      effectively bleeds the pilot chamber of the fluid being supplied thereto
      in response to humidity conditions being sensed thereby. The system
      includes a fluid switching means which is adapted to switch the fluid
      operated relay means from acting as a direct acting relay to one which
      acts as a reverse acting relay through merely an adjustment of a selector
      means for the switching means.
PAR  The humidity responsive control device of this invention comprises a frame
      carrying a valve seat means and a flapper spring lever is pivoted
      cantilevered manner, the flapper lever being provided with a free end for
      controlling the valve seat means whereby the position of the end relative
      to the valve seat means determines the degree of fluid flow or bleed
      through the valve seat means. The flapper spring lever has a normal bias
      to tend to move the end means thereof to one of its pivoted positions
      relative to the valve seat means. An actuating lever is pivotally carried
      by the frame and is interconnected to a humidity responsive means. A
      spring means is operatively interconnected to the actuating lever and to
      the end means of the flapper lever to control movement of the end means
      relative to the valve seat means in relation to pivoting movement of the
      actuating lever by the humidity responsive means.
PAR  Accordingly, it is an object of this invention to provide an improved
      pneumatically operated humidity responsive control system having one or
      more of the novel features set forth above or hereinafter shown or
      described.
PAR  Another object of this invention is to provide an improved humidity
      responsive control device having one or more of the novel features set
      forth above or hereinafter shown or described.
PAR  Another object of this invention is to provide an improved method of making
      such a humidity responsive control device or the like.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description, which proceeds with reference to the
      accompanying drawings forming a part thereof and where:
PAR  FIG. 1 is a front view of the improved humidity responsive control device
      of this invention.
PAR  FIG. 2 is an enlarged front view of the control device of FIG. 1 with the
      front cover thereof removed.
PAR  FIG. 3 is a cross-sectional view taken on line 3--3 of FIG. 2.
PAR  FIG. 4 is a cross-sectional view taken on line 4--4 of FIG. 2.
PAR  FIG. 5 is a cross-sectional view taken on line 5--5 of FIG. 2.
PAR  FIG. 6 is an exploded perspective view of various parts of the control
      device of FIG. 2.
PAR  FIG. 7 is a schematic view illustrating the improved pneumatically operated
      humidity responsive control system of this invention.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted to provide a humidity responsive
      control system, it is to be understood that the various features of this
      invention can be utilized singly or in any combination thereof to provide
      control means for other types of control systems as desired.
PAR  Therefore, this invention is not to be limited to only the embodiment
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety of uses of this invention.
PAR  Referring now to FIGS. 1, 2 and 3, the improved humidity responsive control
      device of this invention is generally indicated by the reference numeral
      10 and comprises a frame means 11 carrying a removable front cover 12
      having a window 13 therein for exposing an indicator member 14 adjacent a
      humidity scale 15 on the cover 12 for indicating the humidity setting of
      the control device 10 as set by manual movement of a selector segment 16
      that extends out of the cover 12 as illustrated in FIG. 1 to be operated
      in a manner hereinafter described.
PAR  The humidity responsive control device 10 of this invention is an
      improvement over the humidity responsive control device disclosed and
      claimed in U.S. Pat. No. 3,718,280 and packages therein the control system
      of this invention that is generally indicated by the reference numeral 17
      in FIG. 7 in a manner hereinafter described similar to the packaging of
      the pneumatic control system as set forth in co-pending patent application
      Ser. No. 308,181 filed Nov. 20, 1972.
PAR  In particular, the frame means 11 of the control device 10 includes a
      plurality of plates 18, 19, 20 and 21 suitably secured together with
      flexible sealing means 22, 23 and 24 disposed therebetween while being
      suitably configured and provided with movable parts, channels and chambers
      to define a relay construction means that is generally indicated by the
      reference numeral 25 in FIGS. 4 and 7, a fluid ball valve bleed means that
      is generally indicated by the reference numeral 26 in FIG. 3 and 7, a
      first switching valve means that is generally indicated by the reference
      numeral 27 in FIGS. 4 and 7, a second fluid switching valve means that is
      generally indicated by the reference numeral 28 in FIGS. 5 and 7 and a
      reversing relay means that is generally indicated by the reference numeral
      29 in FIGS. 5 and 7 as well as a pair of restriction means that are
      generally indicated by the reference numerals 30 and 31 in FIG. 7.
PAR  Of course, suitable passage means and ports are provided in the housing
      means 11 of the control device 10 to include the fluid flow system
      illustrated in the conduit interconnected manner in FIG. 7 and hereinafter
      described.
PAR  The fluid bleed means 26 as illustrated in FIGS. 3 and 7 includes a valve
      seat 32 that separates a fluid pressure passage 33 from another passage 34
      that leads to the atmosphere as illustrated in FIG. 7 for a purpose
      hereinafter described, the valve seat 32 being adapted to be opened and
      closed by a ball valve member 35 that is adapted to be urged toward the
      valve seat 32 by a plunger means 36 movably carried by the housing means
      11 and having a reduced end 37 extending out of an opening 38 of the
      housing means 11 to be controlled by a flapper spring lever 39 of the
      control device 10 in a manner hereinafter described whereby the net spring
      force of the lever 39 acting on the plunger 36 tends to seat the valve
      member 35 against the valve seat 32 in opposition to the force of the
      pressure fluid in the passage 33 as will be apparent hereinafter. Thus,
      the pressure of the fluid in the passage 33 is adapted to be maintained at
      a certain pressure level, depending upon the net spring force of the lever
      39 acting on the plunger 36 in a direction to tend to close the ball valve
      member 35 against the valve seat 32 so that the amount of resulting fluid
      bleed through the valve seat 32 maintains the pressure of the fluid in the
      passage 33 proportional to the particular net spring force of the lever 39
      presently acting on the ball valve member 35 as will be apparent
      hereinafter.
PAR  As illustrated in FIGS. 3 and 6, a rigid bracket 40 is fastened by
      fastening means 41 through ears 42 thereof to the top or front surface 43
      of the housing means 11 so as to be in a fixed position relative thereto.
      One end 44 of the flapper spring lever 39 is fastened by rivet means 45 to
      the bracket 40 in spaced relation from the top surface 43 of the housing
      11 so that the flapper lever 39 is mounted in cantilevered fashion to the
      frame means 11 with the end 46 thereof being a free end and being
      engageable with the end 37 of the plunger means 36 as illustrated in FIG.
      3, the lever 39 being given a normal bias in a direction to tend to urge
      the plunger means 36 toward the valve seat 32 by an adjusting member 47
      threadedly carried by the bracket 40 and engaging against the flapper
      lever 39 intermediate the ends 44 and 46 thereof as illustrated in FIG. 3
      so that the normal factory set spring force of the lever 39 acts in a
      direction to tend to close the valve seat 32. Thus, this spring force of
      the lever 39 can be adjusted by the member 47.
PAR  An actuating lever 48 is pivotally mounted to ears 49 of the fixed bracket
      40 by a pivot pin 50 disposed in suitable openings 51 in side parts 52 and
      53 of the actuating lever 48, the actuating lever 48 having a cross member
      54 holding the side parts 52 and 53 together and receiving one end 55 of a
      compression spring 56 thereon. The other end 57 of the compression spring
      is disposed against an L-shaped tank 58 of the free end 46 of the flapper
      lever 39 as illustrated in FIG. 3 whereby the force of the compression
      spring 56 acts on the free end 46 of the lever 39 in opposition to the
      natural bias of the lever 39 to tend to move the end 46 thereof in a
      direction away from valve seat 32 for a purpose hereinafter described.
PAR  The side parts 52 and 53 of the actuating lever 48 have aligned slots 59
      therein which are respectively adapted to receive ears 60 of a retainer 61
      that carries a roller 62 having opposed ends disposed in ears 62 of the
      member 61 and around which one end 64 of a continuous nylon ribbon 65 is
      looped to fasten that end 64 of the ribbon 65 to the actuating lever 48.
      In this manner, the retainer 61 can slide relative to the lever 48 as the
      ears 60 of the retainer 61 move up and down in the slots.
PAR  The other parts 66 and 67 of the looped ribbon 65 are respectively fastened
      to a retainer 68 which is threadedly connected to an L-shaped lever 69 by
      a threaded fastening member 70 passing through an opening 71 in one arm 72
      of the L-shaped lever 69 and being received in a threaded bore 73 of the
      retainer 68 in the manner illustrated in FIG. 3. The L-shaped arm or lever
      69 defines an elbow 74 between the arm 72 thereof and the other arm 75
      thereof with the elbow 74 being adapted to engage against a roller or pin
      76 carried by the fixed bracket 40 in the manner illustrated in FIG. 3 so
      that a cam follower 77 on the arm 75 of the L-shaped lever 69 will bear
      against a cam track 78 on a selector member 79 pivotally mounted to the
      frame means 11 by a threaded fastening member 80 passing through an
      opening 81 in the selector member 79 and being threadedly received in a
      threaded bore 81' in the housing means 11. The selector member 79 contains
      the indicator 14 and gear section portion 16 previously described.
PAR  In this manner, the position of the retainer 68 relative to the frame 11 is
      controlled by the angular position of the L-shaped arm 69 as determined by
      the particular part of the cam track 78 bearing against the cam follower
      77 of the arm 68 as set by selector portion 16 of the selector member 79.
      Thus, it can be seen in FIG. 3 that the retainer 68 can be moved to the
      right or the left in FIG. 3, depending upon the position of the selector
      member 79 and such leftward and rightward movement thereof will cause
      pivoting movement of the actuating lever 48 on its pivot pin 50 and, thus,
      an increase or decrease in the compression force of the spring 56 acting
      on the end 46 of the flapper lever 39 to thereby adjust the humidity
      setting of the humidity responsive control device 10 to operate in a
      manner hereinafter described.
PAR  Accordingly, it can be seen that when the selector plate 79 is set so that
      the indicator 14 provides a desired humidity setting adjacent the scale 15
      of the cover 12, such as 55 illustrated in FIG. 1, the cam 81 has acted on
      the end 77 of the lever 69 to position the retainer 68 for the ribbon 65
      in a certain position thereof so that the actuating lever 48 has been
      likewise pivoted to a certain position to cause the spring 56 to act
      against the end 46 of the flapper lever 39 with a certain force in
      opposition to the natural bias of the flapper lever 39. Thus, when the
      relative humidity being sensed by the nylon ribbon 65 is at the setting of
      the selector plate 79, the net force of the spring lever 39 acting on the
      ball 35 for the valve seat means 32 is such that the pressure of the fluid
      pressure in the passage 33 is bleed so as to be maintained at a pressure
      that will tend to maintain the humidity adjacent the ribbon 65 and 55.
      Accordingly, should the humidity condition fall below the setting of 55,
      the ribbon 65 contracts and thereby shortens between the retainers 68 and
      61 to cause the actuating lever 48 to pivot in a clockwise direction in
      FIG. 3 to thereby increase the force of the compression spring 56 acting
      upwardly on the flapper lever 39 and, thus, increase the bleed through the
      valve seat 32 as the net force of the spring lever 39 acting on the ball
      35 is decreased. Conversely, an increase in the humidity condition being
      sensed by the ribbon 65 causes the same to elongate and, thus, cause the
      force of the compression spring 56 to pivot the actuating lever 48 in a
      counterclockwise direction whereby the force of the spring 56 acting on
      the lever 39 is decreased. Thus, the net spring force of the lever 39
      increases and tends to move the ball valve 35 closer to the valve seat 32
      and, thus, decreases the bleed through the valve seat 32 so that the
      control system will tend to increase the humidity output adjacent the
      control device 10 as the fluid pressure in the passage now increases.
PAR  The control system 17 of this invention utilizing the control device 10
      will now be described and reference is made to FIG. 7.
PAR  As illustrated in FIG. 7, the relay means 25 is a direct acting relay which
      means as the fluid pressure in a pilot chamber 82 thereof increases, the
      fluid pressure in a branch chamber 83 thereof will likewise increase
      whereas, conversely, as the fluid pressure in the pilot chamber 82
      decreases, the fluid pressure in the branch chamber 83 correspondingly
      decreases.
PAR  The relay means 25 is of the type disclosed and claimed in the U.S. Pat. to
      Puster et al, No. 3,575,190, with certain improvements being made therein
      in the manner set forth in the aforementioned co-pending patent
      application, Ser. No. 308,181, whereby only the details of the relay means
      25 necessary to understand the features of the present invention will be
      described, with the understanding that for further information of the
      same, reference can be made to the aforementioned U.S. Pat. No. 3,575,190,
      and co-pending patent application Ser. No. 308,181.
PAR  The gasket or sealing means 22 of the relay 25 cooperates with the housing
      plates 18 and 19 to define the pilot chamber 82 and an exhaust chamber 84
      on opposite sides thereof. Similarly, the gasket or flexible sealing means
      23 defines the exhaust chamber 84 and branch chamber 83 on opposite sides
      thereof except that the diaphragm 23 has an opening 85 passing
      therethrough and aligned with an opening 86 passing through a spacer 87
      disposed between the diaphragm members 22 and 23 and having a cross
      passage 87' therein always interconnecting the passage 86 and, thus, the
      opening 85 and the diaphragm 23 to the exhaust chamber 84.
PAR  The housing plate 20 has a wall 88 that separates the branch chamber 83
      from a main chamber 89 and is provided with an opening 90 passing
      therethrough which defines a valve seat 91 projecting into the main
      chamber 89. A flexible valve member or disc 92 is disposed in the main
      chamber 89 and has its outer peripheral portion supported on a plurality
      of outwardly directed embossments or extensions 93 formed on the housing
      plate 21 so as to cause the central portion of the valve member 92 to be
      slightly bowed downwardly while being held in sealed relation against the
      valve seat 91 to normally close the valve seat 91 from the main chamber 89
      and, thus, the main chamber 89 from the branch chamber 83.
PAR  A movable valve member 94 is disposed in the branch chamber 83 and has
      opposed ends 95 and 96 respectively adapted to be disposed in engagement
      with the diaphragm 23 outboard of the opening 85 thereof and with the
      central part of the valve disc 92. The end 95 of the valve member 94 has
      an annular valve seat thereon which surrounds the opening 85 of the
      diaphragm 23 and the end 96 of the valve member 94 is adapted to project
      through the opening 90 in the wall 88 of the plate 20 to engage against
      the central part of the valve member 92. The valve member 94 has an
      opening 97 passing therethrough in aligned relation with the opening 85 of
      the diaphragm 23 and is adapted to be closed at the end 96 by the valve
      disc 92 when disposed thereagainst in the manner illustrated in FIG. 7. A
      compression spring 98 is disposed in the branch chamber 83 and has one end
      bearing against the wall 88 while the other end bears against the valve
      member 94 at the end 95 thereof to tend to maintain the end 95 thereof in
      engagement with the diaphragm 23 at all times as will be apparent
      hereinafter as the diaphragm 23 is moved relative to the housing means 11.
PAR  A fluid supply means 99 is adapted to be interconnected by a conduit means
      or passage means 100 to an opening 101 formed in the housing plate 21 and
      leading to the main chamber 89.
PAR  The branch chamber 94 is adapted to be interconnected to a pneumatically
      operated device 102 by a passage means or conduit means 103 interconnected
      to an opening 104 in the plate 20 that leads to the branch chamber 84.
PAR  The pneumatically operated device 102 can be associated to control
      pneumatic valves or dampers associated with humidifying or dehumidifying
      equipment as desired.
PAR  All of the structure and passages illustrated in FIG. 7 are adapted to be
      packaged in the control device 19 with the exception of the supply source
      99 and the device 102 as well as the passages leading therefrom to the
      control device 10.
PAR  The switching valve 27 has the diaphragm means 24 defining two chambers 110
      and 111. A valve member 112 is loosely disposed in an internal passage
      means 113 formed in the housing plates 19 and 20 and carries an O-ring 114
      in an annular groove 115 formed therein to respectively cooperate with
      upper and lower valve seats 116 and 117 formed on the housing plates 19
      and 20 at the passage means 113. A compression spring 118 bears against a
      button member 119 of the valve member 112 to normally tend to maintain the
      O-ring 114 thereof against the valve seat 117 and, thus, prevent fluid
      communication between the chamber 110 and the valve seat 116 through the
      passage means 113.
PAR  An annular space 120 is defined between the valve seats 116 and 117 in the
      switching valve 27 and is interconnected by a conduit or passage means 121
      to the pilot chamber 82 of the relay means 25. The valve seat 116 is
      adapted to interconnect the annular space 120 of the switching valve 27 to
      a passage means 122 that is interconnected to a conduit 123 that has the
      restrictor means 30 disposed therein, the restrictor means 30
      interconnecting the conduit 123 with the conduit 100 that interconnects
      the fluid supply means 99 with the main chamber 89 of the relay 25.
PAR  Thus, as long as the switching valve 27 is in the condition illustrated in
      FIG. 7, so that the valve seat 117 is closed by the valve member 112 and
      the valve seat 116 is, thus, being maintained open by the valve member
      112, the fluid supply means 99 is interconnected through the restrictor 30
      and opened valve seat 116 to the conduit 121 and, thus, to the pilot
      chamber 82 of the relay valve 25.
PAR  The conduit 123 intermediate the restrictor means 30 and the switching
      valve 27 is interconnected by a conduit 125 to a branch conduit 126
      leading to the passage 33 of the humidity responsive fluid bleed means 26
      so that the fluid bleed means 26 is adapted to bleed the pilot chamber 82
      in response to the humidity condition being sensed by the ribbon 65 to
      operate the relay means 25 as will be apparent hereinafter.
PAR  The main conduit 100 leading from the fluid supply means 99 is
      interconnected to a branch conduit 127 that leads to a chamber 128 of the
      fluid operated valve means 28.
PAR  The fluid operated valve means 28 has the flexible diaphragm 23 separating
      the chamber 128 from an atmospheric chamber 138 formed in the housing 11.
      The housing member 20 is provided with a valve seat 139 that projects into
      the chamber 128 and is normally closed by the diaphragm 23 under the
      urging of a compression spring 140 having one end 141 thereof bearing
      against a back-up member 142 of the diaphragm 23 and the other end 143
      thereof bearing against a spring retainer 144 threadedly mounted on a
      threaded adjusting member 145 of the housing means 11. Thus, the force of
      the compression spring 140 tending to urge the diaphragm 23 in its closing
      engagement against the valve seat 139 can be adjusted by the adjusting
      member 145. The force of the compression spring 140 is such at one setting
      of the member 145 that the diaphragm 23 maintains the valve seat 139
      completely closed so that the switching valve 27 will remain in the
      position illustrated in FIG. 7.
PAR  However, when the member 145 is set in another setting thereof, the
      pressure of the fluid being directed by the conduit 127 into the chamber
      128 acts against the underside of the diaphragm 23 in opposition to the
      force of the compression spring 140 to urge the same upwardly and open the
      valve seat 139. As the diaphragm 23 begins to open the relatively large
      annular valve seat 139, the effective surface area of the diaphragm 23
      being influenced by the fluid pressure in the chamber 128 almost
      immediately increases to a larger more effective area to cause the
      diaphragm 23 to snap open from the valve seat 139 and, thus, interconnect
      the chamber 128 with a passage 146 leading from the valve seat 139 to a
      cross passage 147 in the housing plate 20 to a conduit means 148. This
      snap opening effect of the diaphragm 23 prevents any adverse oscillaing in
      the opening movement thereof.
PAR  The conduit 148 leads to an opening 149 in the housing plate 21 of the
      switching valve 27, the opening 149 leading to the chamber 111. Thus, when
      the snap acting valve means 28 opens the valve seat 139 upon the member
      145 being set to its other setting to decrease the force of the spring 143
      below the force of the supply fluid, such pressure fluid from the source
      99 is now directed into the chamber 111 to act upwardly on the diaphragm
      24 in FIG. 7 and readily overcomes the force of the compression spring 118
      to drive the valve member 112 upwardly to open the valve seat 117 and
      close the valve seat 116 until the fluid pressure in the chamber 111 is
      released by the switching means 28 being switched back to its one setting
      by adjustment of the member 145 thereof.
PAR  Thus, it can be seen that once the snap acting valve means 28 opens its
      valve seat 139 to cause the switching valve means 27 to switch from the
      position illustrated in FIG. 7 to a position where the valve seat 116 is
      closed and the valve seat 117 is open, the fluid supply means 99 is no
      longer interconnected to the pilot chamber 82 of the relay 25 through the
      valve seat 116.
PAR  However, the pilot chamber 82 of the relay means 25 is supplied fluid
      pressure from the source 99 through the opened valve seat 117 of the
      switching valve 27 in a manner now to be described.
PAR  The chamber 110 of the switching valve 27 is interconnected by an opening
      150 in the housing plate 20 to a conduit 151 which is interconnected by a
      branch conduit 152 to the restrictor means 31, the restrictor means 31
      interconnecting the conduit 152 to a branch conduit 154 that leads to the
      main conduit 148 so that when the switching valve 28 is set to have its
      valve seat 139 opened, the pressure fluid from the source 99 is
      interconnected through the opened valve means 28, conduit 148, branch
      conduit 154, restrictor means 31, branch conduit 152, conduit 151, chamber
      110 and the opened valve seat 117 of the switching valve 27 to the conduit
      121 that leads to the pilot chamber 82.
PAR  The humidity responsive fluid bleed means 26 is adapted to effectively
      cause bleeding of the pilot chamber 82 of the relay means 25 through the
      use of the reversing relay means 29 when the fluid supply means 99 is
      supplying its fluid into the system 17 through the opened valve seat 139
      of the switching valve 28.
PAR  The reversing relay means 29 has the flexible diaphragm 23 separating a
      chamber 164 in the housing plate 20 from an atmosphere chamber 165 formed
      in the housing plates 18 and 19 and the diaphragm 24 separating a chamber
      166 from an exhaust chamber 167 formed in the housing plate 20 and being
      interconnected to the atmosphere through an exhaust port 168. The housing
      plate 20 has a valve seat 169 projecting into the chamber 164 to be opened
      and closed by the diaphragm means 23 with the valve seat 169 having a
      passage 170 therethrough for leading to the exhaust chamber 167. A stem
      member or separator 171 is disposed in the exhaust chamber 167 and has a
      bottom end 172 bearing against the diaphragm 24 while an upper end 173
      thereof projects loosely through the opening 170 of the housing plate 20
      and the valve seat 169 to engage against the diaphragm 23 as illustrated.
PAR  A compression spring 174 is disposed in the atmospheric chamber 165 of the
      reversing relay means 29 and has one end 175 thereof bearing against a
      backup plate 176 for the diaphragm 23 and the other end 177 thereof
      bearing against a spring retainer 178 threadedly mounted on a threaded
      adjusting member 179 carried by the housing means 18. Thus, the force of
      the compression spring 174 tending to maintain the diaphragm means 23 in
      its closed position against the valve seat 169 can be adjusted by the
      adjusting member 179 in a manner well known in the art.
PAR  The chamber 164 of the reversing relay means 29 is interconnected by a port
      180 to the conduit 151 whereby the chamber 164 of the reversing relay
      means 29 is interconnected to the chamber 110 of the switching valve means
      27.
PAR  The chamber 166 of the reversing relay means 29 is interconnected by a port
      182 to a conduit 183 that leads to the branch conduit 126 of the humidity
      responsive fluid bleed means 26 whereby the humidity responsive fluid
      bleed means 26 controls the pressure value of the fluid in the chamber 166
      that is adapted to be supplied fluid pressure from the source 99 as the
      conduit 183 is also interconnected to the conduit 125.
PAR  The operation of the system 17 will now be described.
PAR  As previously stated, when the switching valve 28 has its member 145 set to
      maintain the valve seat 139 closed, the switching valve 27 is in the
      position illustrated in FIG. 7 whereby the humidity responsive fluid bleed
      means 26 controls the fluid pressure in the pilot chamber 82 by
      effectively bleeding the pressure in the pilot chamber 82 directly out
      through the valve seat 32 thereof.
PAR  In particular, it will be assumed that the device 102 will have its
      humidity output effect decreased as the fluid pressure being supplied
      thereto from the branch chamber 83 increases and the flapper lever 39
      tends to move downwardly toward the ball valve 35 with a greater spring
      force as the ribbon 65 senses increasing humidity and with a lesser spring
      force as the ribbon 65 senses a decreasing humidity from a set humidity
      setting of the selector plate 79 of the device 10.
PAR  Accordingly, it can be seen that the fluid supply means 99 is adapted to
      supply fluid pressure to the main chamber 89 as well as through the
      restrictor 30 and open valve seat 117 of the valve means 27 to the pilot
      chamber 82 of the relay 25 whereby as the fluid pressure in the pilot
      chamber 82 builds up, the same also acts in the passage means 33 of the
      humidity responsive fluid bleed means 26 to tend to open the ball valve
      member 35 away from the valve seat 32 and, thus, bleed the fluid pressure
      in the pilot chamber 82 to the atmosphere. However, opening movement of
      the valve member 35 is opposed by the net spring force of the flapper
      lever 39 and spring 56 such that the net spring force of the flapper lever
      39 and spring 56 urging the ball valve 35 against the valve seat 32
      decreases as the humidity sensed by the ribbon 65 decreases from the set
      humidity setting thereof and, conversely, the net spring force of the
      flapper lever 39 and spring 56 increases to hold the valve member 35
      against the valve seat 32 as the humidity of the ribbon 65 increases from
      the set humidity setting thereof. Thus, there is adapted to be more fluid
      bleeding through the ball valve means 32, 35 as the humidity decreases and
      less fluid bleeding as the humidity increases.
PAR  As the pressure of the fluid in the pilot chamber 82 increases, the same
      acts downwardly on the diaphragm 22, and through the separator member 87,
      on the diaphragm 23 and, thus, on the valve member 94 to urge the same
      downwardly against the natural bias of the valve disc 92 to tend to open
      the central portion of the valve disc 92 from the valve seat 91 and, thus,
      interconnect the main chamber 89 with the branch chamber 83 to thereby
      increase the pressure value of the pressure fluid in the branch chamber
      83. Conversely, as the pressure in the pilot chamber 82 decreases, the
      pressure in the branch chamber 83 acting upwardly on the diaphragm 23
      moves the diaphragm 23 upwardly and since the spring 98 is holding the
      valve member 94 against the diaphragm 23, the valve member 94 moves
      upwardly in unison therewith to permit the valve disc 92 to be disposed
      against the valve seat 91 and, thus, disconnect the main chamber 89 from
      the branch chamber 83. Further, upward movement of the diaphragm 23 causes
      the valve member 94 to move the end 96 thereof away from the valve disc 92
      so as to open the end 96 of the valve member 94 and permit the fluid
      pressure in the branch chamber 83 to exhaust through the opening 97 of the
      valve member 94, opening 85 of the diaphragm 23 and passages 86 and 87' of
      the separating member 87 to pass out to the atmosphere through the opening
      84' formed in the housing plate 19 and leading from the exhaust chamber 84
      to the atmosphere.
PAR  Thus, should the humidity effect produced by the device 102 be at the level
      of the particular setting of the selector 79, the relay means 25 will
      assume the satisfied position illustrated in FIG. 7 wherein both the
      exhaust chamber 84 and main chamber 89 are disconnected from the branch
      chamber 83 and with the branch chamber 83 providing its output branch
      signal at a pressure level to maintain the device 102 at the particular
      operating condition thereof because the pressure in the pilot chamber 82
      remains at a pressure level to maintain the relay means 25 in the
      satisfied condition illustrated in FIG. 7 as the humidity responsive fluid
      bleed means 26 is bleeding the chamber 82 at a rate that is constantly
      being resupplied by the supply means 99 through the restrictor means 30.
PAR  However, should the humidity output effect of the device 102 fall below the
      desired humidity output effect setting of the selector 79 of the device
      10, the ribbon 65 will contract and decrease the net spring force of the
      flapper lever 39 acting on the ball 35 and thereby increase the amount of
      bleed through the valve seat 32 so that the fluid pressure in the pilot
      chamber 82 will decrease as the fluid pressure therein will not be
      replaced at a sufficiently rapid rate through the restrictor means 30
      whereby the force of the pressure fluid in the branch chamber 83 will act
      upwardly on the diaphragm 23 and move the diaphragm 23 upwardly, and,
      thus, open the end 96 of the valve member 94 to interconnect the branch
      chamber 83 to the exhaust chamber 84. Thus, the pressure in the branch
      chamber 83 is decreased to cause the device 102 to increase its humidity
      output effect until the ribbon 65 again senses that the humidity output
      effect is now correct and maintains the ball valve member 35 in a manner
      to bleed the chamber 82 at a rate to maintain the relay means 25 in the
      satisfied condition illustrated in FIG. 7.
PAR  Conversely, should the humidity output effect of the device 102 increase
      beyond the set humidity output effect of the selector 79, the ribbon 65
      will elongate and thus increase the net spring force of the flapper lever
      39 acting on the ball valve member 35 and thus decreases the amount of
      fluid bleed through the valve seat 32 whereby the fluid pressure in the
      pilot chamber 82 correspondingly increases. The increase in fluid pressure
      in the pilot chamber 82 moves the diaphragms 22 and 23 downwardly and
      through the valve member 94 moves the central portion of the valve disc 92
      away from the valve seat 91 to permit main pressure from the chamber 89 to
      enter into the branch chamber 83 through now opened valve seat 91 and,
      thus, increase the force of the pressure in the branch chamber 83. This
      increase in the force in the pressure value of the fluid in the branch
      chamber 83 causes the device 102 to decrease its humidity output effect so
      that the ribbon 65 will eventually decrease in the humidity thereof and
      thereby contract so that the ball valve member 35 will again bleed the
      pilot chamber 82 in such a manner that the relay means 25 will again
      return to the satisfied condition illustrated in FIG. 7 whereby the device
      102 will produce the necessary humidity output effect to maintain the
      ribbon 65 in the satisfied condition illustrated in FIG. 7.
PAR  Therefore, it can be seen that the control system 17 of this invention
      operates in such a manner that the pilot chamber 82 thereof has its fluid
      pressure bled in accordance with the humidity condition being sensed by
      the humidity responsive means 26 to operate the pneumatically operated
      device 102 in relation to the particular pressure value existing in the
      pilot chamber 82.
PAR  However, when the system 17 is to be utilized in a reverse manner where the
      device dehumidifies rather than humidifies as previously described, the
      operator adjusts the member 145 of the switching valve 28 to cause the
      supply fluid to open the valve seat 139 thereof so that the humidity
      responsive fluid bleed means 26 will cause bleeding of the pressure in the
      pilot chamber 82 through the reversing relay means 29 as the bleed through
      the valve seat 32 of the humidity responsive fluid bleed means 26 is for
      the purpose of bleeding the chamber 166 of the reversing relay means 29
      and the valve seat 169 of the reversing relay means 29 directly bleeds the
      pilot chamber 82 of the relay means 25 in relation to the bleeding of the
      chamber 166 thereof by the humidity responsive fluid bleed means 26.
PAR  In particular, when the switching valve means 28 has the member 145
      adjusted, the pressure level of fluid is directed into the conduit 127 by
      the supply means 99 is such that the same opens the diaphragm 23 of the
      snap acting valve means 28 in the manner previously described so that the
      supply pressure fluid is directed to the chamber 111 of the switching
      valve 27 to cause the valve member 112 to move upwardly to close the valve
      seat 116 and open the valve seat 117 whereby the conduit 123 is no longer
      interconnected to the pilot chamber 82 of the relay means 25. However, the
      fluid pressure in the conduit 100 does pass through the restrictor 30 and
      through the branch conduits 123 and 125 to the conduits 126 and 183
      respectively leading to the fluid bleed means 26 and chamber 166 of the
      reversing relay means 29. The fluid pressure now being supplied into the
      conduit 148 from the open valve seat 139 of the snap acting fluid operated
      valve means 28 now passes through the restrictor 31 and conduits 152 and
      151 respectively to the chambers 110 and 164 of the switching valve 27 and
      the reversing relay 29. The fluid pressure being supplied into the chamber
      110 of the switching valve 27 is interconnected through the opened valve
      seat 117 to the conduit 121 and, thus, to the pilot chamber 82 of the
      relay 25. Since this pressure in the chamber 110 is also interconnected to
      the chamber 164 of the reversing relay 29 which has its valve seat 169
      opened and closed by the diaphragm member 23 which is normally urged to
      its closed position by the compression spring 174, pressure now in the
      chamber 166 and acting on the diaphragm 24 and through the separator 171
      opens the diaphragm 23 away from the valve seat 169 to bleed the chamber
      164 and, thus, the pilot chamber 82 of the relay means 25.
PAR  Thus, should the dehumidifying output temperature effect of the device 102
      satisfy the humidity setting of the selector 79 of the device 10 so that
      the ribbon 65 causes the ball valve member 35 to cause a bleeding through
      the valve seat 32 thereof at such a rate that the fluid pressure being
      supplied to the chamber 166 through the restrictor 30 maintains the
      diaphragm 23 to bleed fluid through the valve seat 169 at such a rate that
      the replacement of the pressure fluid being supplied thereto through the
      restrictor means 31 causes the fluid pressure of the pilot chamber 82 of
      the relay 25 to maintain the relay means 25 in the satisfied condition
      illustrated in FIG. 7, the dehumidifying output effect of the device 102
      remains constant as the fluid pressure in the branch chamber 83 remains
      constant in the manner previously described.
PAR  However, should the humidity being sensed by the ribbon 65 increase over
      the setting thereof, the net spring force of the flapper lever 39 on the
      ball 32 decreases to increase the bleed of fluid through the valve seat 32
      and, thus, decrease the force of the pressure fluid in the chamber 166 of
      the reversing relay means 29 and thereby cause less bleeding through the
      valve seat 169 so that the fluid pressure in the chamber 110 now increases
      and, thus, now increases in the pilot chamber 82 to cause a corresponding
      increase in the branch pressure chamber 83 by connecting the main chamber
      89 to the branch chamber 83 in the manner previously described. This
      increase in the pressure in the branch chamber 83 causes the device 102 to
      increase its dehumidifying effect to tend to cause the ribbon 65 to again
      sense the lower desired humidity condition.
PAR  Should the ribbon 65 sense a lower humidity output effect than the humidity
      setting effect thereof, the ribbon 65 contracts and causes the flapper
      lever 39 to move the valve member 35 downwardly with a greater spring
      force so that the bleed through the valve seat 32 is decreased and, thus,
      causes an increase in the pressure in the chamber 166 of the reversing
      relay 29. This increase in the fluid pressure in the chamber 166 of the
      reversing relay 29 causes a greater bleeding of the chamber 164 thereof to
      the exhaust chamber 167 and, thus, a lowering of pressure in the pilot
      chamber 82 of the relay 25. A decrease in the pressure in the pilot
      chamber 82 causes a lowering of pressure in the branch chamber 83 by
      having the branch chamber 83 interconnected to the exhaust chamber 84 as
      previously described whereby the decrease in branch pressure causes the
      device 102 to decrease its dehumidifying effect and thereby tend to cause
      the ribbon 65 to again sense the set humidity in the manner previously
      described.
PAR  Therefore, it can be seen that the control system 17 of this invention is
      adapted to cause the switching valve 27 to switch the control system 17
      from a reverse acting arrangement of the condition responsive fluid bleed
      means 26 to a direct acting arrangement by merely changing the setting of
      member 145 of the switching valve 28. However, in either situation, the
      condition responsive fluid bleed means 26 directly or indirectly affects
      the bleeding of the pilot chamber 82 in response to the humidity condition
      being sensed by the humidity responsive fluid bleed means 26 to control
      the fluid operated device 102 interconnected to the branch chamber 83 of
      the relay 25.
PAR  When the system 17 has been operating with the switching valve 28 having
      its valve seat 139 open, the operator can readily switch the system 17
      back to the condition where the valve seat 139 is closed by merely
      changing the setting of the member 145 and, thus, the force of the spring
      140 so that the valve seat 139 is again closed by the diaphragm 23.
PAR  Once the diaphragm 23 has closed against the vlave seat 139, no more fluid
      pressure will be directed through the snap acting valve means 28 to the
      chamber 111 of the switching valve means 27.
PAR  Thus, the fluid pressure now trapped in the chamber 111 of the switching
      valve means 27 is vented to the atmosphere back through the conduit 148,
      conduit 154, restrictor means 31, conduit 152, conduit 151, and the
      chamber 164 of the reversing relay means 29 to be bled through the valve
      seat 169.
PAR  Once the fluid pressure in the chamber 111 of the switching valve means 27
      has been bled down to a level where the compression spring 118 can move
      the valve member 112 downwardly to the position illustrated in FIG. 7 to
      close off the valve seat 117 and again open the valve seat 116, the system
      117 is then automatically switched back to a reverse acting system for
      operating the device 102 in the humidifying mode thereof because the
      conduit 123 is now interconnected through the valve seat 116 to the
      conduit 121 so that the pilot chamber 82 of the relay means 25 is directly
      under the control of the bleed through the valve seat 32 of the humidity
      responsive fluid bleed means 26 in the manner previously described.
PAR  Thus, it can be seen that it is a simple matter to switch the system 17
      between the humidifying cycle of operation and the dehumidifying cycle of
      operation thereof because it merely requires changing the setting of the
      spring 140 of the switching valve 28.
PAR  Therefore, it can be seen that this invention not only provides an improved
      fluid control system and control device therefor, but also this invention
      provides an improved method of operating such a fluid control system and
      making of such a control device.
PAR  While the forms of this invention now preferred have been disclosed and
      described as required by the Patent Statutes, it is to be understood that
      other forms can be utilized and still come within the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid pressure transmitter comprising frame means, valve seat means
      carried by said frame means, a flapper spring lever pivotally carried by
      said frame means in a cantilevered manner and having a free end means for
      controlling said valve seat means whereby the position of said end means
      relative to said valve seat means determines the degree of fluid flow
      through said valve seat means, said flapper spring lever having a normal
      bias to tend to move said end means thereof to one of its pivoted
      positions relative to said valve seat means, an actuating lever pivotally
      carried by said frame means, a condition responsive means operatively
      interconnected to said actuating lever to pivot said lever in relation to
      the condition sensed thereby, and a compression spring disposed between
      and engaging said actuating lever and said end means of said flapper lever
      to control movement of said end means relative to said valve seat means in
      relation to pivoting movement of said actuating lever by said condition
      responsive means.
NUM  2.
PAR  2. A fluid pressure transmitter as set forth in claim 1 wherein said
      condition responsive means is a humidity sensor.
NUM  3.
PAR  3. A fluid pressure transmitter as set forth in claim 2 wherein said
      humidity sensor comprises an expandible and contractible ribbon having
      opposed end means one of which is interconnected to said actuating lever
      and the other end means being operatively interconnected to said frame
      means.
NUM  4.
PAR  4. A fluid pressure transmitter as set forth in claim 3 wherein an
      adjustable selector means is carried by said frame means and operatively
      interconnects said other end means of said ribbon to said frame means.
NUM  5.
PAR  5. A fluid pressure transmitter as set forth in claim 4 wherein an
      adjustable lever is pivotally carried by said frame means and comprises
      part of said ajustable selector means.
NUM  6.
PAR  6. A fluid pressure transmitter as set forth in claim 5 wherein said
      actuating lever is operatively interconnected to said adjustable lever by
      said ribbon, said selector means including a movable cam for moving said
      adjustable lever.
NUM  7.
PAR  7. A fluid pressure transmitter as set forth in claim 1 wherein a movable
      valve member is disposed adjacent said valve seat means, said end means of
      said actuating lever being operatively associated with said valve member
      to position the same relative to said valve seat means.
NUM  8.
PAR  8. A fluid pressure transmitter as set forth in claim 7 wherein said valve
      member comprises a ball valve member, said frame means carrying a movable
      plunger disposed between said end means of said flapper lever and said
      ball valve member to operate the same.
NUM  9.
PAR  9. In a fluid pressure control system comprising a source of pressure
      fluid, a fluid pressure operated device, and passage defining means
      interconnecting said source to said device, the improvement comprising a
      fluid pressure transmitter having a frame means, valve seat means carried
      by said frame means and being in fluid communication with said passage
      defining means, a flapper spring lever pivotally carried by said frame
      means in a cantilevered manner and having a free end means for controlling
      said valve seat means whereby the position of said end means relative to
      said valve seat means determines the degree of fluid flow through said
      valve seat means, said flapper spring lever having a normal bias to tend
      to move said end means thereof to one of its pivoted positions relative to
      said valve seat means, an actuating lever pivotally carried by said frame
      means, a condition responsive means operatively interconnected to said
      actuating lever and to said end means of said flapper lever to control
      movement of said end means relative to said valve seat means in relation
      to pivoting movement of said actuating lever by said condition responsive
      means, and a compression spring disposed between and engaging said
      actuating lever and said end means of said flapper lever to control
      movement of said end means relative to said valve seat means in relation
      to pivoting movement of said actuating lever by said condition responsive
      means.
NUM  10.
PAR  10. In a fluid pressure control system as set forth in claim 9, the further
      improvement wherein said condition responsive means is a humidity sensor.
NUM  11.
PAR  11. In a fluid pressure control system as set forth in claim 10, the
      further improvement wherein said humidity sensor comprises an expandible
      and contractible ribbon having opposed end means one of which is
      interconnected to said actuating lever and the other end means being
      operatively interconnected to said frame means.
NUM  12.
PAR  12. In a fluid pressure control system as set forth in claim 11, the
      further improvement wherein an adjustable selector means is carried by
      said frame means and operatively interconnects said other end means of
      said ribbon to said frame means.
NUM  13.
PAR  13. In a fluid pressure control system as set forth in claim 12, the
      further improvement wherein an adjustable lever is pivotally carried by
      said frame means and comprises part of said adjustable selector means.
NUM  14.
PAR  14. In a fluid pressure control system as set forth in claim 13, the
      further improvement wherein said actuating lever is operatively
      interconnected to said adjustable lever by said ribbon, said selector
      means including a movable cam for moving said adjustable lever.
NUM  15.
PAR  15. In a fluid pressure control system as set forth in claim 9, the further
      improvement wherein a movable valve member is disposed adjacent said valve
      seat means, said end means of said actuating lever being operatively
      associated with said valve member to position the same relative to said
      valve seat means.
NUM  16.
PAR  16. In a fluid pressure control system as set forth in claim 15, the
      further improvement wherein said valve member comprises a ball valve
      member, said frame means carrying a movable plunger disposed between said
      end means of said flapper lever and said ball valve member to operate the
      same.
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ABST
PAL  A thermally sensitive check valve is disclosed in which a bimetallic snap
      disc functions in one position as the check valve element and in another
      position to either maintain the valve open as in one illustrated
      embodiment, or to maintain the valve closed as illustrated in another
      embodiment. By combining the check valve function and the valving function
      in a single bimetallic snap disc, a simple and reliable device is
      provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to thermally responsive check valves and
      more particularly to a novel and improved device of such type employing a
      bimetal snap disc as the temperature sensing and as the check valve
      element.
PAC  PRIOR ART
PAR  Thermally responsive bimetallic actuated valves are known. Examples of such
      devices are illustrated in the U.S. Pat. Nos. 1,944,369; 3,444,847;
      3,459,163; 3,506,194; 3,704,697; and 3,744,716. It has also been known to
      utilize a bimetal snap disc valve in series with separate check valve
      means. The operation of the bimetallic disc, upon reaching its operating
      or calibration temperature, functions to allow flow of fluid in both
      directions. Before such operation of the check valve mechanism such device
      allows flow in only one direction. Such devices are sometimes used with
      internal combustion engines to change the operation of the engine when
      predetermined engine temperatures are reached.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a device is provided in which a
      bimetal snap disc operates in one position as a check valve element to
      allow flow in only one direction. However, after operation of the disc
      resulting from its reaching its operating temperature, the disc either
      allows flow in both directions, as in one illustrated embodiment, or
      prevents flow in both directions, as illustrated in another embodiment.
      Since the disc functions both as a check valve element and as the
      temperature responsive valving element, this valve can be simple in
      structure while maintaining reliability.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation partially in longitudinal section of one
      preferred form of a thermally responsive check valve incorporating the
      present invention;
PAR  FIG. 2 is an enlarged perspective view of the center member of the body
      assembly;
PAR  FIG. 3 is an enlarged fragmentary section illustrating the check valve of
      FIG. 1 with the disc illustrated in full line and in the position it
      assumes when seated to prevent reverse flow and in phantom in the position
      it assumes for flow in the opposite direction;
PAR  FIG. 4 is a fragmentary section similar to FIG. 3 but illustrating the disc
      in its operated position in which it allows flow in both directions
      through the valve;
PAR  FIG. 5 is a side elevation of the modified thermally responsive check valve
      in accordance with the present invention;
PAR  FIG. 6 is an enlarged fragmentary section of the valve illustrated in FIG.
      5 showing the disc in the position it assumes when the valve is maintained
      open;
PAR  FIG. 7 is an enlarged fragmentary section of a second modified form of this
      invention in which the disc operates as a check valve in one position, and
      operates to prevent flow through the valve in both directions in its other
      position with the disc illustrated in the latter position; and,
PAR  FIG. 8 is a fragmentary section similar to FIG. 7 illustrating the
      embodiment of FIG. 7 with the disc in the position for check valve
      operation.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The embodiment of this invention illustrated in FIGS. 1 through 4 includes
      a body assembly 10, consisting of a central body member 11 and a cup
      shaped body member 12. The central body member 11 is preferably molded
      from a plastic material such as a phenolic resin and has a shape as
      illustrated in FIG. 2. This body member has a central cylindrical section
      13, a lower extension 14 and an intermediate flange section 16. Projecting
      from the central section 13 are a pair of nipples 17 and 18, each of which
      is adapted to fit into a hose or the like for connection of the valve to
      the associated system. The body member 12 is formed with external threads
      15 for mounting the assembled device.
PAR  The lower extension section 14 is provided with four symmetrically located
      axially extending projections 19, proportioned to closely fit into a main
      bore 21, formed in the body member 12. A central passage 22 extends
      through the nipple 17 and along the section 14 and is open at its end
      through a valve seat projection 23. Formed at the extremities of the
      projections 19, are stop surfaces 24, which are radially spaced from the
      valve seat projection 23 and are preferably in substantial radial
      alignment therewith. A port 26 extends through the nipple 18 and is opened
      through the flange 16 between two of the projections 19.
PAR  When assembled, the body member 11 extends into the bore 21 of the body
      member 12 and is permanently mounted by turning a web 27 over the shoulder
      16. An elastomeric seal 28 is positioned under the shoulder 16 to provide
      a fluid tight joint between the two body members 11 and 12.
PAR  The two body members 11 and 12 cooperate to define a valve chamber 29
      between the inner end of the body member 11, and an end wall 31 on the
      body member 12. The port 22 is open to the valve chamber 29 through the
      seat 23 and the port 26 is in communication with the valve chamber 29
      because it is open to a zone between the adjacent projections 19.
PAR  Positioned in the valve chamber 29 is a bimetal snap disc 32 which is
      movable with snap action between two positions of stability, upon reaching
      predetermined calibration or operating temperatures. When the snap disc 32
      is in its first position of stability, illustrated in FIGS. 1 and 3, it
      functions as a check valve element to allow flow from the port 22 into the
      chamber 29 and therefrom through the port 26, but prevents flow in the
      opposite direction from the chamber 29 to the port 22.
PAR  In FIG. 3, the snap disc 32 is illustrated in full line in its closed
      position in which it is seated against the valve seat 23 to prevent flow
      from the chamber 29 into the port 22. In that same Figure, the snap disc
      is illustrated in phantom resting against the end wall 31 and spaced from
      the valve seat 23. This is the position the bimetal snap disc assumes when
      the pressure in the port 22 exceeds the pressure in the chamber 29 and
      flow occurs from the port 22 into the chamber 29. The bimetal snap disc
      moves from the phantom position to the full line closed position only when
      the pressure in the chamber 29 exceeds the pressure in the port 22 and
      creates sufficient flow from the chamber 29 into the port 22 to cause the
      snap disc to lift up into engagement with the valve seat, and thereafter
      will remain in the seated position only so long as the pressure in the
      chamber 29 exceeds the pressure within the chamber 22 by an amount
      sufficient to overcome the weight of the bimetal snap disc so as to
      maintain the disc in the seated position. Preferably the disc is small,
      having a diameter in the order of one-half inch, so its weight is
      sufficiently small to allow it to be lifted up to the seat by relatively
      low flow rates. In the drawings the clearance illustrated in FIG. 3
      between the phantom line position of the disc 32 and the valve seat 23 is
      exaggerated for purposes of illustration, but must be sufficiently small
      to insure that flow toward the port 22 will pick up the disc and cause it
      to close against the valve seat. In instances in which it is required to
      insure that the disc seats to absolutely prevent any flow from the chamber
      29 into the port 22, a very light spring may be provided between the disc
      22 and the end wall 31 to overcome the effect of gravity and to maintain
      contact of the disc with the seat when the pressures of the port 22 and
      chamber 29 are equal. Conversely, the valve can be mounted in an inverted
      position to utilize gravity for this function, as illustrated in the
      embodiment of FIGS. 5 and 6.
PAR  Referring to FIG. 4, whenever the bimetal snap disc 32 reaches its
      operating temperature, it snaps through to the operated position
      illustrated in FIG. 4. In such position, the disc cannot engage the valve
      seat regardless of the pressure relationship and the valve is open for
      flow in both directions in this position. Seating of the disc against the
      valve seat is prevented because the periphery of the disc engages the
      surfaces 24 on the body member 11 before the central portion of the disc
      can engage the valve seat 23. In FIG. 4, the disc is illustrated in full
      line in the position in which its periphery is seated against the surface
      24 and in phantom in the position which it rests against the end wall 31.
      In either position, the disc is incapable of contacting the valve seat so
      the valve is maintained open.
PAR  In practice, the end surfaces 24 are located substantially in radial
      alignment with the valve seat 23 so that clearance is provided between the
      periphery of the disc and the surfaces 24 when the disc is in the check
      valve position of FIG. 3. This insures that the disc can be seated against
      the valve seat for proper check valve operation. In the operated position,
      however, the periphery engages the stop surfaces to prevent contact
      between the disc and the valve seat.
PAR  FIGS. 5 and 6 illustrate a modified form of valve, which is, again,
      constructed to provide check valve operation when the disc is in one
      position and to allow flow through the valve in both directions when the
      disc operates. In this embodiment, the body assembly 61 includes a main
      body element 62 and a cap member 63, both of which are formed of a
      phenolic resin or the like. The two elements 62 and 63 cooperate to define
      a valve chamber 64 in communication with a pair of ports 66 and 67. A
      tubular valve seat member 68 is positioned in the ports 67 with a press
      fit. A snap disc formed of bimetal 69 is laterally located in the valve
      chamber 64 by a plurality of symmetrically positioned stop projections 71
      having a stepped shape to provide stop surfaces 72, substantially radially
      aligned with the valve seat 73, provided by the valve seat element 68.
PAR  When the snap disc 69 is in the position illustrated in FIG. 5, it normally
      rests against and seats with the valve seat 73 to allow flow only in a
      direction from a port 67 to the valve chamber 64. In such position,
      clearance is provided between the periphery of the disc and the stop
      surfaces 72.
PAR  When the disc snaps through to its operated position, as illustrated in
      FIG. 6, the engagement between the periphery of the disc 69 and the stop
      surfaces 72 prevents engagement of the central portion of the disc with
      the valve seat 73 and the valve is maintained in the opened position. In
      this instance, the effect of gravity maintains the disc against the valve
      seat when the disc is in the check valve position of FIG. 5. Because the
      disc is normally maintained in this embodiment against the valve seat,
      reverse flow from the valve chamber into the port 67 is absolutely
      prevented.
PAR  Further, in this embodiment, the valve seat element 68 is moved with
      respect to the body member 62 along the port 67 until it is properly
      positioned with respect to the stop surface 72. This permits gaging of the
      device to insure proper snap operations and to insure that the disc can
      properly seat on the valve seat. In practice, the valve seat member is
      positioned with respect to the stop surfaces 72 so that it is below the
      plane of the stop surfaces 72, by a distance substantially less than the
      cord height of the disc. The position of the valve seat member 68 can be
      maintained by an interference friction fit or, if desired, a suitable
      adhesive can be utilized to lock the valve seat member in its gaged
      position.
PAR  FIGS. 7 and 8 illustrate a modified form of this invention in which a valve
      construction very similar to that illustrated in FIGS. 1 through 4 is
      utilized, but the valve is arranged so that it prevents flow in both
      directions when the disc has operated. In this embodiment, a wave washer
      type spring 91 is positioned between a bimetal snap disc 92 and an end
      wall 93, in the cup shaped body member 94. The various elements are
      proportioned and gaged so that when the bimetal snap disc 92 is in the
      position of FIG. 7, it is maintained in engagement with the valve seat 96
      with sufficient force to prevent flow between the valve chamber 97 and the
      port 98 in both directions.
PAR  When the snap disc 92 reaches its operating temperature and snaps through
      to the position of FIG. 8, the check valve function is provided. In this
      disc position, the disc 92 moves to its full line position in engagement
      with the valve seat 96 when the pressure in the chamber 97 exceeds the
      pressure in the port 98 by sufficient value, to move the disc to its
      seated position and to maintain the disc in such seated position. Whenever
      the pressure in the port 98 exceeds the pressure in the chamber 97, the
      disc moves to its phantom line position, allowing flow from the port 98 to
      the chamber 97. The wave washer 91 is proportioned to allow the discs to
      move away from the seat when the disc is in its check valve position, but
      to maintain the disc in engagement with the seat when the disc is in the
      operated position of FIG. 7. The use of a wave washer in this embodiment
      permits the manufacture of the device without excessively close
      tolerances. However, the structure can be modified to eliminate the need
      of the wave washer by positioning the end wall 93 with respect to the
      valve seat so that the engagement of the disc periphery with the end wall
      maintains the disc against the seat. Such an arrangement, however,
      requires more precise gaging of the relative position between the valve
      seat and the end wall 93.
PAR  It is recognized that in this form of the present invention, the valve
      functions to prevent flow from the port 98 toward the chamber 97 only when
      the pressure differential therebetween is sufficiently low to prevent the
      disc from being moved away from the valve seat. Since the disc is a form
      of spring and can be mechanically displaced from its operated position,
      the amount of differential pressure that can be sealed is limited to the
      amount of force with which the disc is biased toward the valve seat. It
      is, therefore, preferable in this embodiment to utilize a relatively small
      diameter port so that the affect of pressure will be minimized and to
      arrange the structure so that the disc seats against the valve seat
      adjacent to the port in its operated position. On the other hand, for
      check valve operation it is preferable that the valve seat have a larger
      effective diameter. Therefore, the valve seat is provided with a
      relatively flat end wall to insure seating on a larger diameter when the
      disc is in the position of FIG. 8.
PAR  With the various forms of the present invention, a bimetal snap element
      functions both as a check valve element and as a valving element. In one
      position of the bimetal snap disc, flow from the chamber to the central
      port is prevented, while reverse flow is allowed. In the other position,
      or operated position of the disc, the valve is maintained open as
      illustrated in the embodiments of FIGS. 1 through 4 and 5 and 6, or is
      maintained closed as illustrated in the embodiment of FIGS. 7 and 8. In
      all embodiments, a very simple, but effective temperature responsive check
      valve is provided.
PAR  Although preferred embodiments of this invention are illustrated, it should
      be understood that various modifications and rearrangements of parts may
      be resorted to without departing from the scope of the invention disclosed
      and claimed herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermally responsive check valve comprising a body assembly providing
      a chamber open for flow of fluid therethrough and a port open to said
      chamber through a valve seat, a bimetallic snap disc in said chamber
      movable with snap action between first and second positions upon reaching
      predetermined operating temperatures, said disc in said first position
      operating as a check valve and being movable into and out of engagement
      with said valve seat to allow flow only from said port to said chamber,
      said disc in said second position terminating said check valve operation
      and rendering said valve in the same condition with respect to flow in
      both directions through said valve seat.
NUM  2.
PAR  2. A thermally responsive check valve as set forth in claim 1 wherein said
      body assembly provides means to maintain said snap disc spaced from said
      valve seat when said snap disc is in said second position.
NUM  3.
PAR  3. A thermally responsive check valve as set forth in claim 2 wherein said
      means includes stop surfaces engageable with the periphery of said disc
      when said disc is in said second position.
NUM  4.
PAR  4. A thermally responsive check valve as set forth in claim 3 wherein said
      stop surfaces are symmetrically positioned around said disc and are
      substantially coplanar with said valve seat.
NUM  5.
PAR  5. A thermally responsive check valve as set forth in claim 4 wherein said
      valve assembly is shaped to maintain said disc substantially coaxial with
      said valve seat and said stop surfaces are spaced from the periphery of
      said disc when said disc is in engagement with said valve seat and in said
      first position.
NUM  6.
PAR  6. A thermally responsive check valve as set forth in claim 5 wherein said
      disc when in said first position is normally spaced from said valve seat
      and is movable into engagement with said valve seat by fluid flow from
      said chamber to said port.
NUM  7.
PAR  7. A thermally responsive check valve as set forth in claim 2 wherein said
      disc when in said first position normally engages said valve seat and is
      moved from said valve seat when the pressure in said port exceeds the
      pressure in said chamber.
NUM  8.
PAR  8. A thermally responsive check valve as set forth in claim 1 wherein said
      valve seat is provided with tubular elements positioned within said port
      and which is movable with respect to said first port to locate said valve
      seat in the desired position within said chamber.
NUM  9.
PAR  9. A thermally responsive check valve as set forth in claim 1 wherein said
      body assembly provides means to maintain said snap disc in engagement with
      said valve seat when said snap is in said second position.
NUM  10.
PAR  10. A thermally responsive check valve as set forth in claim 9 wherein said
      means to maintain said snap disc in engagement with said valve seat is a
      spring engageable with the periphery of said disc on the side thereof
      opposite said valve seat.
NUM  11.
PAR  11. A thermally responsive check valve as set forth in claim 10 wherein
      said spring allows free movement of said disc away from said valve seat
      when said disc is in said first position.
NUM  12.
PAR  12. A thermally responsive check valve as set forth in claim 11 wherein
      said spring is a wave washer.
NUM  13.
PAR  13. A thermally responsive check valve as set forth in claim 9 wherein said
      valve seat is shaped to be engaged by said disc at a first diameter when
      said disc is in said second position and is engaged by said disc at a
      second diameter smaller than said first diameter when said disc is in said
      first position.
NUM  14.
PAR  14. A thermally responsive check valve comprising a body assembly defining
      a valve chamber and providing first and second ports open to said chamber
      with a circular valve seat around said first port, a bimetal snap disc in
      said chamber movable with snap action between first and second positions
      of stability upon reaching predetermined operating temperatures, said disc
      in said first position of stability providing check valve operation by
      engaging said seat and preventing flow from said chamber into said first
      port when the pressure in said chamber exceeds the pressure in said first
      port and being unseated and allowing flow from said first port to said
      chamber when the pressure in said first port exceeds the pressure in said
      chamber, movement of said disc to said second position terminating said
      check valve operation.
NUM  15.
PAR  15. A thermally responsive check valve as set forth in claim 14 wherein
      means are provided preventing engagement between said disc and seat when
      said disc is in said second position to maintain said valve open.
NUM  16.
PAR  16. A thermally responsive check valve as set forth in claim 14 wherein
      means are provided to maintain engagement between said disc and seat when
      said disc is in said second position to maintain said valve closed.
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ABST
PAL  Device for spraying a traveling paper web or the like with a liquid under
      the influence of an electrostatic high voltage includes spray nozzle means
      for spraying the liquid through a given space and onto the web, high
      voltage source means, electrode means connected to the high voltage source
      means and energizable thereby to ionize the space through which the liquid
      is sprayed, and means for grounding the web and the spray nozzle means.
BSUM
PAR  The invention relates to a device for spraying a traveling paper web or the
      like with a liquid under the influence of an electrostatic high voltage,
      with spray nozzles for supplying the liquid, as well as with a high
      voltage source.
PAR  From U.S. Pat. No. 3,625,743, a device of the foregoing type is known
      wherein the paper web is electrostatically charged while spray nozzles for
      supplying the medium to be applied are connected to the antipole or
      opposite pole of the high voltage source. This heretofore known device is
      advantageously utilizable when the paper web is relatively dry. If medium
      is to be applied, however, in a damp part of a paper machine, it is not
      possible to electrostatically charge the paper web because, otherwise, the
      entire paper machine and also the surroundings would be charged therewith.
      Also, the charging of spray nozzles heretofore known from U.S. Pat. No.
      1,611,787, wherein the entire supply system is subjected to a voltage
      charge, has been shown to be disadvantageous, because, in a very complex
      manner, insulation against the surroundings is necessary. Moreover, not
      only the ground paper web, but also the similarly grounded machine are
      sprayed.
PAR  It is accordingly an object of the invention to provide a device for
      spraying a paper web that is utilizable both in the damp part and at the
      beginning of the dry part of a paper machine.
PAR  With the foregoing and other objects in view, there is provided, in
      accordance with the invention, a device for spraying a traveling paper web
      or the like with a liquid under the influence of an electrostatic high
      voltage comprising spray nozzle means for spraying the liquid through a
      given space and onto the web, high voltage source means, electrode means
      connected to the high voltage source means and energizable thereby to
      ionize the space through which the liquid is sprayed or with which it
      comes in contact, and means for grounding the web and the spray nozzle
      means.
PAR  In connection therewith, there occurs a very effective ionization of the
      liquid particles that are to be applied, which thereby deposit in a very
      uniform layer on the web, without charging of the spray device or the web
      so that damaging effects of the electrostatic high voltage are excluded
      therefrom.
PAR  In accordance with another feature of the invention, the spray nozzle means
      comprise a plurality of spray nozzles disposed on both sides of a path
      through which the paper web travels so as to spray the web on both sides
      thereof, the high voltage source means comprising a first high voltage
      source producing a positive high voltage potential and a second high
      voltage source producing a negative high voltage potential, the electrode
      means comprising electrodes on both sides of the travel path of the web,
      the electrodes on one side thereof being connected to the first high
      voltage source, and the electrodes on the other side thereof being
      connected to the second high voltage source. Both sides of the paper web
      can thereby be sprayed simultaneously, without the media being applied
      having any mutally disadvantageous influences.
PAR  In accordance with yet another feature of the invention, the electrode
      means are in the form of a grid surrounding the spray nozzle means, the
      grid being connected to the high voltage source means.
PAR  Through this construction of the electrode, the air surrounding the spray
      nozzles and, accordingly, the medium to be applied, which issues from the
      spray nozzles, ionize very uniformly so that also an extremely uniformly
      distributed deposition is produced on the paper web.
PAR  Although the invention is illustrated and described herein as device for
      spraying a traveling paper web or the like, it is nevertheless not
      intended to be limited to the details shown since various modification and
      structural changes may be made therein without departing from the spirit
      of the invention and within the scope and range of equivalents of the
      claims.
DRWD
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description when read in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic view of the device for spraying a traveling paper
      web or the like, according to the invention, showing a paper web guided
      about a roller and having a row of spray nozzles associated therewith, and
      including electrodes disposed in the intermediate space between the spray
      nozzles and the paper web, for producing an electrostatic high voltage
      field.
PAR  FIG. 2 is a diagrammatic view of another embodiment of the invention
      wherein the paper web is guided in a plane, and a row of spray nozzles and
      electrodes are disposed on both sides thereof.
PAR  FIGS. 3a and 3b are diagrammatic perspective views of two different
      embodiments of one of the electrdes of the invention which is constructed
      in the form of a grid.
DETD
PAR  Referring now to the drawing and first, particularly, to FIG. 1 thereof,
      there is shown an embodiment of the device for spraying a traveling paper
      web or the like, according to the invention, wherein a paper web 1 is
      guided around a roller 2. In the region at which the web 1 bends about the
      roller 2, a row of spray nozzles 3 is disposed, only one of which being
      visible in the figure because they are all located one behind the other in
      a direction transverse to the direction of travel of the web 1 or, in
      other words, in a direction perpendicular to the plane of the drawing in
      FIG. 1. Rod-shaped electrodes 4 are located above and below the spray
      nozzles 3 and extend transversely to the web travel direction and are
      connected to one of the poles of a high voltage source 5. In the
      embodiment of FIG. 1, it is the positive pole. The negative pole of the
      high voltage source 5 in the embodiment of FIG. 1 is grounded, and so also
      are the paper web and the spray nozzles. Through the electrodes 4, the
      entire space between them, the paper web 1 and the spray nozzles 3 are
      ionized.
PAR  In the embodiment of FIG. 2, on both sides of a straightly traveling paper
      web 11, that is a web 11 traveling in a plane, a row of spray nozzles 3
      and 3', respectively, are disposed, which are located opposite one another
      and are of substantailly identical construction. Electrodes 4 and 4' of
      substantially identical construction are disposed above and below the
      spray nozzles 3 and 3', respectively. The electrodes 4 on the one side of
      the web 1, are connected to a positive high voltage, and the electrodes 4'
      on the other side to a negative high voltage, the high voltages
      originating from different high voltage sources 5 and 6, the free poles of
      which are respectively grounded. The paper web 11 is necessarily also
      grounded due to the nonillustrated machine parts that are in contact
      therewith.
PAR  In FIGS. 3a and 3b, a row of nozzles 3 are shown, which are located on or
      extend from a common tube 7 disposed transversely to the web travel
      direction and simultaneously serving as means for supplying the medium
      that is to be applied to the web. As electrodes for the connection of the
      electrostatic high voltage, there is provided in FIG. 3a a grid 14 formed
      primarily of rods extending transversely to the web travel direction and
      mounted in an insulator 15 and which, in front of and behind each spray
      nozzle 3, are connected by transverse rods to one another, so that the
      spray nozzles are connected on all sides by electrode rods. In FIG. 3b,
      the electrode grid annularly surrounds the individual nozzles 3.
      Consequently, a uniform electrostatic high voltage field is produced over
      the entire length of the spray nozzle row which corresponds substantially
      to the width of the paper web.
CLMS
STM  I claim:
NUM  1.
PAR  1. Device for spraying a traveling paper web or the like with a liquid
      under the influence of an electrostatic high voltage comprising spray
      nozzle means for spraying the liquid through a given space and onto the
      web, high voltage source means, electrode means connected to said high
      voltage source means and energizable thereby to ionize the space through
      which the liquid is sprayed, and means for grounding the web and said
      spray nozzle means, said spray nozzle means and said electrodes each being
      disposed on both sides of a path through which the web travels and each
      being located opposite one another.
NUM  2.
PAR  2. Device according to claim 1 wherein said high voltage source means
      comprise a first high voltage source producing a positive high voltage
      potential and a second high voltage source producing a negative high
      voltage potential, said electrode means comprising electrodes on both
      sides of the travel path of the web, the electrodes on one side thereof
      being connected to said first high voltage source, and the electrodes on
      the other side thereof being connected to said second high voltage source.
NUM  3.
PAR  3. Device according to claim 1 wherein said electrode means are in the form
      of a grid surrounding said spray nozzle means on all sides.
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ABST
PAL  A spray gun with a retractable stem for opening a spray jet to the outflow
      of a liquid to be sprayed, also opens the compressed air inlet upon
      rearward movement of the stem. The compressed air flows about the stem and
      into a venturi throat through which the stem passes. The venturi educts
      atmospheric air so that the air that atomizes the liquid is at greatly
      reduced pressure. Rearward movement of the stem is also effected by
      compressed air that actuates a piston to move the stem rearwardly.
BSUM
PAR  The present invention relates to spray guns with low pressure air for
      atomizing a liquid to be sprayed. One of the fields of application of the
      present invention is that of paint spray guns, for example automatic paint
      spray guns in a painting line which are actuated at the moment when an
      article to be painted passes in front of them.
PAR  Known guns of this type use spraying air at a pressure of 2 to 5
      kg/cm.sup.2, and have two compressed air inlets, one for spraying and the
      other to control the opening and closing of the spray nozzle.
PAR  It is an object of the present invention to provide a spray gun for the
      atomization of a liquid to be sprayed, in which the spraying air is
      supplied at relatively low pressure.
PAR  Another object of the present invention is to provide such a spray gun, in
      which the spraying air can be supplied at a relatively high pressure but
      is actually used at a relatively low pressure.
PAR  Still another object of the present invention is the provision of such a
      spray gun, which will be relatively simple and inexpensive to manufacture,
      easy to install, operate, maintain and repair, and rugged and durable in
      use.
PAR  Briefly, the objects of the present invention are achieved by providing a
      spray gun having a retractable stem to open and close the jet through
      which the liquid to be sprayed is emitted, and a compressed air supply
      which is opened by rearward or opening movement of the stem. The
      compressed air flows about the stem forwardly through a venturi throat
      through which the stem passes. The venturi throat educts atmospheric air,
      so that the pressure of the compressed air is greatly reduced. The air of
      reduced pressure then atomizes the liquid in the usual way. Rearward
      movement of the stem to open position may be effected also by compressed
      air acting on a piston that moves with the stem. The compressed air may
      for example be supplied at a pressure of 2-5 kg/cm.sup.2 gauge, and may be
      thus reduced in pressure to about 0.1 to 0.3 kg/cm.sup.2 gauge.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from a consideration of the following description, taken in
      connection with the accompanying drawing, in which:
PAR  FIG. 1 is a cross-sectional view of a spray gun according to the present
      invention, in closed position; and
PAR  FIG. 2 is a view similar to FIG. 1 of the rear portion of the gun, but in
      open or operating position.
DETD
PAR  Referring now to the drawing in greater detail, there is shown a spray gun
      according to the present invention comprising a paint spray gun having a
      front nozzle 1, a spray orifice 2 through which liquid to be atomized is
      emitted, a liquid inlet conduit 3, an elongated stem 4 which in its
      forward position closes orifice 2 and which in its rearward position opens
      orifices 2 to the flow of liquid therethrough, an annular chamber 5 for
      compressed air, and a piston 6 that moves with stem 4. A compressed air
      inlet 7 at the rear of the gun opens into a chamber 8 to operate piston 6,
      piston 6 sealing against the inner side walls of chamber 8 by an O-ring
      seal 9. Piston 6 terminates at its forward end in a cone 10 having a
      conical recess 10a at its rear, cone 10 being screw-threadedly connected
      to the hollow shaft 11 of piston 6 which in turn slidably seals against
      the body of the spray gun by an O-ring seal 11a. A conical plug 12 is
      pin-secured to stem 4 and fits in conical recess 10a. A cylindrical sleeve
      13 screws into the piston 6 and with the interior of piston 6 has an
      internal diameter sufficient to receive a return spring 14 that bears
      against plug 12 to urge plug 12 and stem 4 forwardly to the closed
      position of stem 4 in orifice 2.
PAR  A return spring 15 urges piston 6 toward the left as seen in the drawing,
      so that plug 10 closes the axial bore within the gun, thereby to enlarge
      chamber 16. Finally, a spring 17 bears against a knurled knob 18 which
      upon being manually rotated rotates a stem 181a screwed within the gun to
      regulate the rearward movement of sleeve 13 and hence to limit the amount
      by which stem 4 can be moved to the right to open orifice 2.
PAR  At the forward end of the gun, two rings 19 and 20 enable the head of the
      gun to be adjusted axially in a well-known manner so as to control the
      spray to produce a wider or narrower spray or a coarser or finer
      atomization.
PAR  A further compressed air inlet 21 is closed by cone 10 and shaft 11 in the
      FIG. 1 position and opened in the FIG. 2 position. Thus, when compressed
      air is supplied through inlet 7 to force piston 6 to the right as seen in
      FIG. 2, compressed air inlet 21 is open; but when compressed air is not
      supplied to inlet 7, and the piston 6 occupies its FIG. 1 position,
      compressed air inlet 21 is closed. Compressed air at a pressure of, say, 2
      to 5 kg/cm.sup.2 gauge thus enters through inlet 21; and in the open or
      FIG. 2 position, this compressed air passes about stem 4 through an
      injection nozzle 22 and thence into a converging conical chamber 23 which
      is on the upstream side of a venturi throat 24 whose downstream side is
      characterized by a diverging conical chamber 25. A relatively narrow
      channel 26 interconnects chambers 23 and 25. Surrounding injection nozzle
      22 and chamber 23 is an annular chamber 27 that communicates at 28 with
      atmospheric air, which is inducted by the venturi so that the pressure in
      chamber 25 will be desirably low, for example 0.1 to 0.3 kg/cm.sup.2
      gauge. This low pressure spraying air then enters annular chamber 5 and
      thereafter atomizes the liquid in a well-known manner.
PAR  It is thus possible to use a relatively high pressure source of compressed
      air through inlet 21, but to conserve this compressed air by greatly
      reducing its pressure and greatly increasing the volume of supplied
      compressed air, so that a relatively large volume of relatively low
      pressure air emerges from the left end of the gun as seen in the drawing,
      for effective atomization with the need to supply only a relatively small
      volume of compressed air in the first instance.
PAR  If the gun of the present invention is used in the particular environment
      of, say, an automatic paint spray installation in which objects to be
      painted pass in front of the gun and trigger the operation of the gun in a
      well known manner, then the gun can for example be fixedly mounted on a
      bracket 29 to a conventional support structure (not shown).
PAR  In view of the foregoing disclosure, therefore, it will be evident that all
      of the initially recited objects of the present invention have been
      achieved.
PAR  Although the present invention has been described and illustrated in
      connection with a preferred embodiment, it is to be understood that
      modifications and variations may be resorted to without departing from the
      spirit of the invention, as those skilled in this art will readily
      understand. Such modifications and variations are considered to be within
      the purview and scope of the present invention as defined by the appended
      claims.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. In a spray gun comprising a gun body, a liquid outlet from the gun body
      for liquid to be atomized, means to supply liquid to said outlet, a stem
      reciprocable in the body to open and close the outlet, means to
      reciprocate the stem in the body, means to supply compressed air to the
      body to atomize the liquid emerging from said outlet; the improvement
      comprising a venturi throat in said body through which said compressed air
      passes, means to induct atmospheric air into said venturi thereby to
      reduce the pressure of the air that emerges from said venturi, valve means
      for the inlet of said compressed air, said valve means comprising an
      annular member surrounding said stem and reciprocable lengthwise with said
      stem to open and close said inlet for said compressed air, said valve
      means comprising an annular piston reciprocable in said body and
      surrounding said stem, and means to supply compressed air to said piston
      to reciprocate said piston to open and close said compressed air inlet and
      said liquid outlet.
NUM  2.
PAR  2. A spray gun as claimed in claim 1, in which the throat of said venturi
      surrounds said stem with clearance.
NUM  3.
PAR  3. A spray gun as claimed in claim 1, said annular member being carried by
      said piston and extending from said piston in the direction of said
      outlet.
NUM  4.
PAR  4. A spray gun as claimed in claim 1, said stem and valve means and annular
      member and piston being coaxial and axially reciprocable together as a
      unit.
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ABST
PAL  Apparatus including the combination of a nozzle adapted for connection to a
      source of fluid under pressure and having a port for discharging a jet
      fluid axially of the port and a wall mounted in spaced relation to the
      port and generally across its axis and having an opening dimensioned for
      passage therethrough of the jet when the port and wall opening are in
      registration, and wherein the wall and nozzle are mounted for relative
      displacement for moving the port and opening into and out of registration;
      and manually engageable means for effecting such relative displacement.
      Additionally a housing is provided around the nozzle to form a relatively
      enlarged, reduced pressure, fluid collection chamber for fluid deflected
      by the wall in the misaligned "shutoff" position of the device. A
      discharge outlet is provided for the collection chamber and fluid
      discharged in the shutoff position is optionally used for cleaning of the
      operator's face shield and for confunctioning with the burner-pump control
      circuit of a hot water or steam blast system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The invention relates to water blast systems of the type using a small
      volume, high pressure, water jet typically in the range of up to about
      10,000 psi and a water volume of about 4 to 6 gallons per minute, the jet
      being formed by passing the high pressure water through a small opening
      which may be round for forming a straight water jet or slotted for forming
      a fan jet.
PAR  2. Description of Prior Art
PAR  Water blast systems of the character described have in recent years become
      widely used for cutting, stripping and cleansing operations such as
      removal of paint, corrosion, rust, scale as required in preparation for
      painting or for boiler coil cleaning and the like; cutting of green
      concrete; stripping marine growth and oxidized paint from ships' hulls;
      removing polymers from heat exchangers and residues from evaporating tubes
      in chemical plants; and etc. The water blast system may be used in many
      instances in place of dry sand blasting or sand or other abrasive material
      may be introduced into the water jet.
PAR  Water blast systems customarily use a high pressure positive displacement
      pump driven by an internal combustion engine or electric motor, the pump
      being connected by a high pressure hose to a manually directed nozzle
      usually some distance away from the pump and engine. Some form of remote
      control system is required for the operator, at the nozzle, to control the
      operation of the power source, i.e., the rpm of the pump drive. Such
      remote controlled operation has certain disadvantages. It is normally
      possible to operate only one nozzle from one fluid pressure source since
      the source must be at all times under the control of an individual
      operator to meet his individual demands. Also there is danger of failure
      of the control caused by shorting or open circuit in an electric line or
      by bending or kinking of a pneumatic or hydraulic control hose, any of
      which may cause an increase in the pump output and correspondingly an
      increase in line pressure without prior notice to the operator.
PAR  The foregoing controls also involve a certain time delay, usually several
      seconds from the time of shutoff at the nozzle to actual significant
      reduction in pressure. The control systems are inherently cumbersome and
      bulky in the requirement of the additional cables, conduits and the like,
      as well as the switches, valves and other controls connected thereto.
PAC  SUMMARY OF INVENTION
PAR  By comparison to the foregoing, the device of the present invention
      involves no auxiliary electric, pneumatic or hydraulic control lines or
      devices in the blast control system. The on-off control for the nozzle is
      purely mechanical and is located directly at the nozzle under the direct
      and instant control of the operator. A multiplicity of nozzle units may be
      simultaneously used with a single pump-power source, with the source
      delivering its full rated capacity, and the individual operator
      controlling the water blast at each of the several nozzles.
PAR  An object of the present invention is to provide a water blast apparatus of
      the character described which is compact, light in weight, easily handled,
      directed, manipulated and easily and precisely controlled by the operator
      and which will automatically move to its shutoff position upon setting
      down of the device.
PAR  Another object of the present invention is to provide a water blast
      apparatus of the character above which will provide improved safety and
      dependability in its operation and which in the elimination of many
      heretofore required parts, will provide a long life of troublefree
      operation.
PAR  A further object of the present invention is to provide a water blast
      apparatus of the character described which may use either high pressure
      cold water, hot water or steam, and which will make an economical use of
      the fluid in that the latter may if desired be recirculated to the source
      in the off position of the device.
PAR  Still another object of the present invention is to provide a water blast
      apparatus of the character above in which blast fluid is optionally used
      in the off position of the device for cleaning the operator's face shield
      or controlling the burner-pump circuit of a hot water or steam blast
      system.
PAR  Yet a further object of the present invention is to provide a water blast
      apparatus of the character described which may be used as a straight water
      or steam jet, or with entrained sand or other abrasive particles for wet
      sand blasting.
PAR  The invention possesses other objects and features of advantage, some of
      which of the foregoing will be set forth in the following description of
      the preferred form of the invention which is illustrated in the drawings
      accompanying and forming part of this specification. It is to be
      understood, however, that variations in the showing made by the said
      drawings and description may be adopted within the scope of the invention
      as set forth in the claims. Referring to said drawings:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view, partly in elevation, of a water blast
      apparatus constructed in accordance with the present invention and shown
      with the parts in shutoff position.
PAR  FIG. 2 is a longitudinal sectional view of the device illustrated in FIG. 1
      but with the parts moved to operating position.
PAR  FIG. 3 is a plan view of the device.
PAR  FIG. 4 is an end view of the device, as suggested by line 4--4 of FIG. 1.
PAR  FIG. 5 is a cross-sectional view of the device taken substantially on the
      plane of line 5--5 of FIG. 1.
PAR  FIG. 6 is a cross-sectional view of a modified form of the device.
PAR  FIG. 7 is a side elevation of the device showing an optional use thereof
      for cleaning the operator's face shield.
PAR  FIG. 8 is a fragmentary enlarged side elevation of a portion of the
      assembly shown in FIG. 7.
PAR  FIG. 9 is a further enlarged fragmentary view of a portion of the apparatus
      shown in FIG. 8.
PAR  FIG. 10 is a side elevation, partially in section, of a modified form of
      the invention showing the optional use of the apparatus in controlling the
      boiler-burner and pump control circuit of a hot water blast system.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  The water blast apparatus of the present invention comprises briefly a
      nozzle 16 adapted for connection to a source of fluid under pressure and
      having a port 17 for discharging a jet of fluid axially of the port; a
      wall 18 mounted for relative displacement with respect to nozzle 16 and
      providing operable and inoperable positions with the wall spaced from and
      intersecting the axis of port 17 respectively, compare FIGS. 1 and 2; and
      manually engageable means 19 connected to the wall and nozzle for
      effecting such relative displacement. Preferably spring means 21 is used
      to bias a nozzle and wall to inoperative position, as seen in FIG. 1, and
      means 19 is engageable for displacement of the parts to operable position,
      as seen in FIG. 2, against the resistance of spring means 21.
PAR  As will be seen in the drawings, wall 18 is mounted in spaced relation to
      the port downstream from and generally across the port axis, and
      preferably, and as here shown is formed with an opening 22 dimensioned for
      passage therethrough of the jet issuing from port 17 in the aligned
      registration of the port and opening in operable position as seen in FIG.
      2. As a further feature of the present construction, wall 18 is provided
      with a surface 23 confronting port 17 of frusto-conical form symmetrical
      to the port axis, and is arranged with opening 22 at its apex and with the
      sloping surface 23 diverging from the jet axis in a direction away from
      port 17. Accordingly in the misaligned, shutoff position of the parts, the
      jet issuing from port 17 will impinge on the sloping surface 23 of the
      wall.
PAR  As a further and important feature of the present construction, means is
      provided on cofunctioning relation with wall 18 and nozzle 16 for
      providing a relatively enlarged, low pressure (essentially atmospheric)
      chamber 24 for fluid deflected by wall 18 in the shutoff position of the
      parts, and for providing a discharge outlet 26 for the chamber. Such means
      here comprises a housing 27 surrounding nozzle 16 in spaced relationship
      with wall 18 being mounted across the interior of the housing in spaced
      relation to nozzle port 17 at its downstream side. As will be seen from
      FIGS. 1 and 2, nozzle 16 is of elongated form having port 17 at its
      interior end and an inlet passage 28 at its opposite exterior end, and the
      mounting means for the nozzle interiorly of the casing provides for
      relative swivel motion between the nozzle and the housing for providing
      the operable and inoperable or shutoff positions of the parts. Such
      mounting means here comprises a pair of coaxial pivot pins 31 and 32, see
      FIGS. 3 and 5, carried diametrically by housing 27 and extending into
      diametrically aligned, coaxial recesses 33 and 34 formed in the body of
      nozzle member 16 intermediate its ends, see FIG. 5. Preferably, the
      exterior end 36 of nozzle member 16 projects from the adjacent rear end 37
      of housing 27 for attachment of one end 38 of a lever 39 here forming the
      manually engageable means 19. Lever end 38 is here secured to nozzle end
      36 by a surrounding collar 41 and the lever is bent at right angles from
      end 38 so as to extend into spaced confronting position with respect to
      housing 27 for convenient manual gripping conjointly with the housing, as
      depicted by the hand 42 in FIG. 2. As will be apparent from FIGS. 1 and 2,
      depressing of lever 39 in the direction of housing 27 will cause the
      housing and nozzle to swing about pivot pins 31 and 32 into aligned
      position of the ports as seen in FIG. 2. Spring 21 is here interposed
      between the free end 43 of lever 39 and housing 27 to resist movement of
      the parts to axially aligned position and to automatically return the
      parts to a misaligned, shutoff position, as seen in FIG. 1, upon manual
      release of lever 19. In the present structure lever end 49 is retained for
      reciprocation on a guide post 46 fastened to and projecting
      perpendicularly from the exterior surface of housing 27. Additionally
      lever 19 is provided with a spring chamber 47 for housing one end of
      spring 21 which is here of helical form surrounding post 46 and having its
      opposite end supported on housing 27. Accordingly, movement of lever 19
      toward housing 27 to effect alignment of the nozzle port and deflector
      wall opening will be resiliently resisted by spring 21, and the latter
      will automatically effect the return of the parts to the misaligned,
      shutoff position upon manual release of lever 19 as will occur when the
      operator lays down the blast gun.
PAR  Chamber 24 is preferably enclosed by the inclusion of a flexible sealing
      gasket of elastomeric material mounted in and sealing off the annular
      chamber 24 surrounding nozzle member 16 and the interior surface 49 of
      housing 27. As here shown, gasket 48 is retained in an annular ring groove
      51 formed in nozzle member 16 and has its outer periphery compressed
      against the interior surface 49 of housing 27. A leadoff pipe 52 may be
      connected to chamber outlet 26 for discharge of fluid gathered in chamber
      24 in the shutoff position of the parts.
PAR  As another feature of the present construction, very precise means is
      provided for obtaining axial alignment and registration of port 17 and
      opening 22. As here shown a set screw 53 is threaded through the wall of
      housing 27 along an axis perpendicular to the axis of pivot pins 31 and 32
      and is set to contact nozzle 16 in its aligned position as seen in FIG. 2.
      At the same time, pins 31 and 32 are threaded into housing 27 for
      individual adjustment along their length to thus adjustably position
      nozzle 16 transversely of the interior of chamber 24 on an axis
      perpendicular to the adjustment provided by said screw 53. Lock nuts 56
      and 57 are here threaded onto the outer ends of pins 31 and 32 to bear
      against housing 27 to lock the pins in adjusted position.
PAR  Various forms of jets, straight pencil or fan, may be obtained by proper
      shaping of port 17. The latter is here contained in a separate nozzle tip
      61 which may be threaded into nozzle body 16 for this purpose. Various
      nozzle tips containing various shaped ports are commercially available in
      a conventional nut-type member as here illustrated and which may be
      threaded into the interior end of nozzle member 16. These nozzle tips or
      holders are usually fitted with a special aperture piece having the actual
      nozzle opening. Typically the latter will have a diameter of about 0.0039
      inches, depending on pressure and volume requirements. The main body of
      nozzle member 16 is here formed with a much larger axial bore 62
      connecting inlet passage 28 with a central bore 63 in nozzle tip 61. The
      nozzle size is not critical. Various sizes are used depending upon fluid
      pressures and volumes available and required. Normally the available fluid
      volume is controlled by controlling the rpm of the pump drive. The usual
      pressure range for the present apparatus is up to about 10,000 pounds per
      square inch and the usual jet volume is up to about 6 gallons per minute.
      As an important feature of the present invention, this very high pressure
      and intense water jet is completely tamed and controlled in the off
      position of the device by the direction of the jet onto the conical
      deflector face 23. It has been found that wall 18 will serve to deflect
      water into chamber 24, immediately dissipating or dulling the pressure,
      and will withstand the impinging action of the jet over an indefinitely
      long period of time without undue wear or deterioration. Additionally, it
      has been found that the angularity of inclined face 23 aids in the
      movement of the parts to shutoff position so that the parts will
      automatically stay in shutoff position until the handle is deliberately
      displaced by the operator, thus providing an inherent fail-safe structure.
      Due to the relatively small volume of the jet, the accumulation of fluid
      within chamber 24 in the shutoff position is readily handled by the size
      of the chamber and outlet opening 26 without any problem of congestion,
      undue pressure buildup or force reaction. Thus the operator has only to
      lay down the gun to have it move automatically and with complete safety
      into its shutoff position. Housing 27 may be readily built to withstand
      many times the operating pressure to which the device is subjected so that
      the operator in handling the device is always protected against any
      accidental overrunning of the applied pressure which may occur on
      malfunctioning of the control circuit permitting a runaway operation of
      the pump driving motor. Preferably, the housing nozzle and wall are made
      of stainless steel to resist rust and corrosion.
PAR  The water blast apparatus of the present invention may be optionally used
      with or without the addition of sand or other materials to the blast jet.
      Where such materials are to introduced into the jet, housing 27 is
      extended forwardly of wall 18 so as to define a venturi chamber 67 having
      an inlet port 68 downstream from wall openinng 22 and fitted with an inlet
      conduit 69, see FIG. 3, adapted for connection to a source of sand or
      other abrasive materials, chemicals and cleaning agents and the like. One
      use of the device is to leave conduit 69 open to the atmosphere so as to
      let in air which forms an air blast in conjunction with the water blast
      increasing the cubic footage of blast volume. A standard blast nozzle 71
      is threaded into the forward end 72 of housing 27. Such nozzles are
      usually formed with a hardened bore 73 designed for use in sand blast
      equipment and are commercially available from several suppliers. Where the
      device is designed solely as a water blast, i.e., without the sand blast
      feature, the front venturi chamber 67 is deleted and the water blast jet
      issues directly from nozzle 16 through opening 22, see form of invention
      illustrated in FIG. 6. In the operation of either type of unit, air will
      be sucked into chamber 24 through drain opening 26 and into surrounding
      relation to the jet issuing from port 17 for conjoint movement therewith
      through opening 22 thus expanding the jet size and also clearing chamber
      24 of any water or other obstructions which might subsequently impair the
      shutoff operation of the unit. The opening of the water jet by the air is
      desirable also in better filling the bore 73 of discharge nozzle 71 thus
      providing a more prefect displacement of mass out of venturi chamber 67
      and a more effective inputting of sand or other material flowing in
      through the intake port 68.
PAR  A modified form of the invention is illustrated in FIG. 6 of the drawing
      wherein the forwardly disposed venturi chamber 67 and nozzle 71 are
      deleted as above explained and the blast jet from nozzle 16a is discharged
      directly through wall opening 22a onto the work to be cleaned. Otherwise
      the housing 27a and nozzle 16a and its mounting within the housing are
      identical with the form of the invention illustrated in FIGS. 1-5.
PAR  The principal advantage of this form of the invention is the provision of a
      rigid extension tube or conduit 76 which is threaded directly into the
      nozzle intake passage 28a and provides a handle extension or wand for the
      apparatus enabling the user to extend the reach of the unit so as to
      position the water discharge jet closer to the work. The wand also makes
      it possible for the operator to work in confined areas and to greatly
      increase his effective work area without changing his position.
PAR  Another feature of the structure illustrated in FIG. 6 is the extension of
      the manually engageable means 19a longitudinally of the wand 76 for
      convenient manual operation adjacent the proximate end 77 of wand 76
      remote from the jet blast discharge. As here shown, means 19a comprises a
      lever connected to nozzle 16a and housing 27a and which extends
      longitudinally in spaced confronting relation to conduit 76 for manual
      gripping of the lever conjointly with conduit 76. Also and importantly the
      lever provides mechanical advantage in displacing the nozzle 16a into and
      out of registration with wall opening 22a for placing the unit in
      operating and shutoff position. As here shown, lever 78 is pivoted by pin
      81 to an extension 82 of collar 41a so as to define a fulcrum for the
      lever and has an adjacent end 84 formed for engagement with the interior
      wall surface at the rear end 37a of housing 27a. The length of the lever
      between fulcurm 81 and end 84 is much less than the length of the balance
      of the lever, thus resulting in significant mechanical advantage of the
      lever in producing the relative swivel action between nozzle 16a and
      housing 27a as above discussed. Spring 21a and lever 39a are retained in
      identical form in this embodiment for biasing nozzle 16a and housing 27a
      into misaligned, shutoff position. The elimination of the normally heavy
      water control valve at the blast gun, as required in prior art devices, is
      particularly significant in making the present device of much lighter
      weight and providing the attendant advantage of ease of use.
PAR  A further modified form of the invention is illustrated in FIGS. 7-9
      wherein the water discharged in the shutoff position of the gun is used
      for cleansing the operator's face shield 86. As here shown a flexible
      conduit 87 is connected at one end 88 to the discharge pipe 52b of the gun
      and is mounted, as by clips 89, at its other end to the operator's helmet
      92 so as to position the distal end 93 of conduit 87 into confronting
      position with the top of shield 86 for the direction of water over the
      shield. Any spray means may be provided at the distal end 93. As here
      shown the normally open end of the conduit is stopped by a closure 96 and
      a simple slit 94 is formed in the conduit for providing a spray discharge
      passage. The conduit may be formed of elastomeric material so that slit 94
      is self-closing when not in use. The foregoing structure is particularly
      useful where the operator needs stand close to the work and will
      accordingly wear protective clothing and a helmet with a clear face
      shield. Whenever the operator's vision through the shield is impaired by
      reason of accumulation of debris and the like on the shield, the operator
      only needs to release his grip on lever 39b to cause the device to move
      automatically into its shutoff position and to direct water through
      conduit 87 for flushing the front surface of shield 86. Preferably, slit
      94 is designed so as to provide a fan-shaped discharge over the face
      shield with essentially no back pressure in the supply line.
PAR  A further modified form of the invention is illustrated in FIG. 10 wherein
      the device is particularly adapted for use in a hot water or steam blast
      system wherein the fluid source 102 includes a burner for heating the
      fluid and a pump and a control circuit 108 for the burner and pump. Since
      such heated fluid is normally harmlessly discharged in the shutoff
      position of the device, as hereinabove explained, advantage is taken of
      the fluid discharged for controlling the burner and pump. This is here
      effected by the association of a thermal sensing means 97 with the
      discharge outlet 52c of the device and connecting such means to control
      circuit 108. At the same time the fluid discharged may be returned by
      conduit 107 to the source 102 to conserve water where such conservation is
      important. The form of the apparatus depicted in FIG. 10 is generally
      similar to that shown in FIG. 6. A wand extension is particularly
      desirable in hot water or steam systems so as to protect the operator
      against splash-back of the hot fluid as well as to afford the operator the
      convenience and access to interior portions of the equipment being cleaned
      and not otherwise reachable without a wand. As here shown, the device is
      threaded onto a rigid conduit extension 76c for forming the wand and is
      provided with insulated grips 98 engageable by the operator conjointly
      with operating lever 78c. The proximal end 99 of conduit 76c is connected
      by high pressure, high temperature hose 101 to the output of the
      conventional boiler and pump unit 102. Gun discharge 52c is similarly
      connected by a hose 103 to a receiving tank 104 which may be conveniently
      provided adjacent the boiler-pump unit 102 and may be connected to the
      water intake side thereof by conduit 107. Thermal sensing means 97 is here
      mounted in a conduit fitting 105 connecting hose 103 to tank 104 so as to
      sense the temperature of the water received. Sensing means 97 here
      comprises a conventional thermostatically operated electric switch, such
      as manufactured by Fenwal, Incorporated of Ashland, Massachusetts and
      others, and has switch leads 106 which are connected to the burner and
      boiler-pump control circuit 108. In prior art high temperature, high
      pressure closed systems, boiler codes require elaborate control circuits
      with various interrelated and cofunctioning safety parts. In the main such
      control systems may be greatly simplified with the device of the present
      invention since at no time is the high pressure line shut off at the gun.
      Conventional hot water pressure blast systems usually run at a reduced
      pressure in the range of 600 to 1,000 psi. At these pressures it is
      possible to insert a manually operated valve into the line for shutoff
      purposes. As the pressure increases however the use of such valves becomes
      infeasible. Also valves used under high temperature and high pressure
      conditions present operational problems and have a relatively short life.
      The present return system has no such pressure limitation and will provide
      a substantially unlimited life even in hot water or steam applications.
PAR  Of equal importance, the present always-open discharge and hot-water-return
      system enables a considerable simplification of the boiler burner and pump
      control circuit. The return hot water collected in an open tank enables
      the pump to continue to operate without danger to the system, and
      similarly the burner can stay on to keep the water heated without danger
      to the boiler. Preferably the thermal control will be connected to shut
      off the burner when the water in the receiving tank reaches a
      predetermined temperature. The pump may be optionally shut off or left
      running. If the thermal sensing unit shuts off the burners and the pump is
      left running, the system will ultimately fill with cold water. Thus the
      control of the boiler-pump supply unit may be effectively controlled by
      simple laying down of the gun to have it automatically move into its jet
      shutoff position. The gun may be safely so laid down and left unattended,
      since even when operated at maximum pressure there is no significant
      thrust in the reposed position of the gun which may otherwise cause it to
      whip around on the deck or other surface on which it may be placed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A water blast apparatus comprising:
PA1  a nozzle adapted for connection to a source of fluid under pressure and
      having a port for discharging a jet of said fluid;
PA1  a wall mounted in spaced relation to said port and providing a fluid
      diversion passageway therebetween;
PA1  said wall and nozzle being mounted for relative displacement into and out
      of wall intersecting relation to said jet while maintaining said spaced
      relation, said wall in said jet intersecting relation diverting the fluid
      in said jet into said passageway, said passageway being formed and
      dimensioned to provide substantially unimpeded flow of fluid from said
      port in said wall jet intersecting relation; and
PA1  manually engageable means connected to said wall and nozzle for effecting
      said relative displacement.
NUM  2.
PAR  2. Apparatus as defined in claim 1, said port being formed to issue a jet
      of predetermined diameter axially of said port, said wall in jet
      intersecting position traversing said axis for impingement on said wall of
      said jet and said wall being formed with an opening larger than the
      diameter of said jet and registrable with said jet axis in one relatively
      displaced position of said wall and nozzle for substantially unimpeded
      projection of said jet through said wall.
NUM  3.
PAR  3. Apparatus as defined in claim 2, said wall being of frusto-conical form
      having said opening in its apex and being mounted with said wall diverging
      from said axis in a direction away from said port.
NUM  4.
PAR  4. Apparatus as defined in claim 3, and
PA1  means co-functioning with said wall and nozzle for providing a chamber for
      fluid deflected by said wall in its said jet intersecting position and
      having a discharge outlet for said chamber.
NUM  5.
PAR  5. Apparatus as defined in claim 4, said last-named means comprising a
      housing surrounding said nozzle in spaced relationship to provide said
      chamber; and
PA1  a flexible sealing gasket connecting said housing and nozzle and hinging
      said nozzle for displacement of said jet between positions impinging on
      said wall and aligned with said wall opening.
NUM  6.
PAR  6. Apparatus as defined in claim 5, said nozzle having an inlet passage at
      a first end for connection to said fluid source and having said port at
      its opposite end;
PA1  said gasket being connected to said nozzle intermediate its ends with said
      first end exteriorly of said gasket with respect to said chamber; and
PA1  said manually engageable means comprising a lever connected to said first
      end of said nozzle and having an elongated handle portion extending in
      spaced substantially parallel relation to the exterior of said housing for
      joint manual engagement of said handle portion and housing and movement of
      said handle portion to and from said housing and effecting said relative
      displacement of said wall and port.
NUM  7.
PAR  7. Apparatus as defined in claim 6, and
PA1  means for adjusting the position of said nozzle in said housing in mutually
      perpendicular directions for obtaining precise alignment of said port and
      wall opening.
NUM  8.
PAR  8. Apparatus as defined in claim 4, and
PA1  operator face shield fluid-cleansing means connected to said discharge
      outlet.
NUM  9.
PAR  9. Apparatus as defined in claim 8, said last-named means comprising a
      conduit connected to said discharge outlet; and
PA1  spray means connected to said conduit and adapted for mounting on an
      operator's helmet in position to direct said fluid over said face shield.
NUM  10.
PAR  10. Apparatus as defined in claim 1, a
PA1  housing surrounding said nozzle in spaced relationship;
PA1  said nozzle being of elongated form and having an inlet passage at one end
      adapted for connection to said fluid source and having said port at its
      opposite end;
PA1  swivel-motion-mounting means connected to said nozzle intermediate its ends
      and to said housing;
PA1  a length of rigid conduit connected to said nozzle inlet passage and
      providing a handle extension for said apparatus; and
PA1  said manually engageable means being positioned for manual engagement and
      operation adjacent said rigid conduit.
NUM  11.
PAR  11. Apparatus as defined in claim 10, said manually engageable means
      comprising a lever connected to said nozzle and housing and extending
      longitudinally of said rigid conduit in spaced confronting relation
      thereto for manual gripping of said lever conjointly with said rigid
      conduit.
NUM  12.
PAR  12. Apparatus as defined in claim 4, wherein said fluid source includes a
      burner for heating said fluid and a pump and a control circuit for said
      burner and pump; and
PA1  thermal-sensing means connected to said outlet and adapted for connection
      to said control circuit.
NUM  13.
PAR  13. Apparatus as defined in claim 12, and a conduit connected to said
      outlet and adapted to return fluid to said source.
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ABST
PAL  An impact sprinkler having several specific features is disclosed herein.
      One such feature resides in the use of a plastic water deflector having a
      number of cooperating water deflecting surfaces which improve the overall
      water distribution pattern of the sprinkler, specifically at the outlying
      areas of the pattern. Another feature of the sprinkler disclosed herein
      resides in the particular configuration provided for allowing the water
      deflector to pibot vack and forth. Regarding this second feature, the
      sprinkler disclosed herein typically includes a journal pin about which
      the water deflector can pivot. Located between this pin and the water
      deflector is at least one longitudinally extending slotted passage open at
      opposite ends. This passage provides a path through which abrasive
      material can escape should such material get lodged between the pin and
      deflector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to sprinklers and more particularly
      to an impact sprinkler having several improved features.
PAR  Impact sprinklers are well known in the art. A typical impact sprinkler
      includes a main body, usually mounted for rotation, having a nozzle and a
      journal pin about which a water deflector is pivotally mounted. The water
      deflector is generally made up of three segments, i.e., opposite end
      segments, one of which is commonly referred to as a water deflecting
      segment or deflector spoon and the other of which is commonly referred to
      as a counterbalance arm, and a central segment which is disposed around
      the journal pin. This central segment, referred to as a bearing segment,
      supports the end segments for pivotal movement such that the deflector
      spoon moves into and out of a jet of water issuing from the sprinkler
      nozzle.
PAR  Heretofore, most water deflectors were constructed of brass. A typical
      brass deflector having a conventionally designed water deflector spoon
      provides a specific and satisfactory water distribution pattern around the
      sprinkler, in the outlying areas of the pattern as well as close in. More
      recently, because of cost and availability, many sprinkler manufacturers
      have been replacing their brass deflectors with more economical plastic
      deflectors, maintaining substantially the same design, especially with
      respect to the deflector spoon.
PAR  Applicant has discovered that, as a result of this change in material from
      brass to plastic, the water distribution pattern of the sprinkler changed
      significantly, even though the deflector design remained substantially the
      same. More specifically, applicant discovered that the substantial
      reduction in weight in converting over from a brass deflector to a plastic
      deflector produced a significant increase in what is commonly referred to
      as deflector rate of impact, i.e., the number of times the deflector spoon
      moves into and out of the water jet per given unit of time. This means
      that more water is being deflected by plastic deflectors than brass
      deflectors causing a significant reduction in the amount of water reaching
      the outlying areas of the water distribution pattern, or stated
      conversely, a significant increase of water is directed to areas close to
      the sprinkler. In this regard, as a general rule, water which reaches the
      outlying area of the pattern is the water which is undeflected or which is
      only slightly deflected. As will be seen hereafter, one feature of the
      present invention resides in an uncomplicated and economical change in the
      design of the plastic deflector spoon so as to significantly improve the
      water distribution pattern, specifically at the outlying areas of the
      pattern.
PAR  Another feature of the present invention resides in the bearing segment of
      the water deflector. More specifically, one drawback in heretofore
      provided deflectors pivotally mounted around a journal pin is that if
      abrasive material lodges between the journal pin and the deflector,
      specifically the bearing surface of the deflector surrounding the pin,
      thus foreign material can possibly cause increased wear of the components
      and/or possibly prevent the deflector from pivoting. While this drawback
      is not limited to plastic deflectors, the conversion to plastic deflectors
      certainly magnifies the drawback, especially from the standpoint of wear.
      As will be seen hereinafter, a second feature of the invention resides in
      an uncomplicated and economical modification of the deflector to minimize
      the possibility of abrasive materials or other debris permanently lodging
      between the journal pin and bearing surface of the deflector, possibly
      resulting in undue wear and/or damage generally.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an impact sprinkler having
      a plastic water deflector and an improved water distribution pattern,
      specifically at the outlying areas of the pattern.
PAR  Another object of the present invention is to provide the just mentioned
      improved water distribution pattern in an uncomplicated and economical
      fashion.
PAR  Still another object of the present invention is to provide an impact
      sprinkler having a plastic water deflector which deflects a satisfactory
      amount of water into the outlying areas of the overall water distribution
      pattern attributed to the sprinkler.
PAR  A further object of the present invention is to provide an impact sprinkler
      which has been improved to minimize the possibility of abrasive material
      permanently lodging between its journal pin and deflector which is mounted
      for pivotal movement about the journal pin.
PAR  An impact sprinkler is disclosed herein and comprises a main body including
      a nozzle and a cylindrical water deflector support pin around which a
      water deflector is pivotally mounted. In accordance with one feature of
      the present invention, the water deflector is constructed of plastic and
      includes a water deflecting segment movable into and out of a jet of water
      issuing from the nozzle as the deflector pivots about the support pin. The
      water deflecting segment includes a first substantially flat water
      deflecting surface which extends away from the nozzle and which includes
      (1) opposite ends, one end of which is further from the nozzle than the
      other end and (2) opposite sides extending between the opposite ends. The
      water deflecting segment also includes a pair of second water deflecting
      surfaces extending out from and joining the further end of the first
      surface. These second surfaces extend towards each other from opposite
      sides of the first surface but are spaced from one another so as to define
      a slot therebetween, the slot being centrally located between the sides of
      the first surface. In this manner, some of the water, specifically the
      water in the center of the jet, deflects off the first surface and passes
      through the center slot without being deflected by the outwardly directed
      second surfaces, allowing it to pass further out from the sprinkler than
      the water deflected by the second surfaces.
PAR  In accordance with another feature of the present invention, a water
      deflector whether it is constructed of plastic or other suitable material,
      for example brass, is provided and includes a hollow support bearing
      having an internal, longitudinally extending, cylindrical surface
      positioned around the outer cylindrical surface of the support pin in
      close fitting but slidable relationship such that the deflector is
      pivotable about the pin. One of these cylindrical surfaces, preferably the
      inner surface of the support bearing, includes therein a slotted passage
      extending its entire length in confronting relationship with the other
      surface, preferably the outer surface of the support pin. In this manner,
      should abrasive material be lodged between the support pin and bearing
      surface of the deflector, as the deflector pivots, the abrasive material
      will work its way into the slotted passage and eventually work its way up
      or down the passage and out of the sprinkler without causing undue wear
      and/or malfunction to the sprinkler.
DRWD
PAC  A BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevational view of an impact sprinkler constructed in
      accordance with the present invention.
PAR  FIG. 2 is a side elevational view of a segment of a water deflector
      comprising part of the sprinkler of FIG. 1, specifically the water
      deflecting segment of the deflector.
PAR  FIG. 3 is a sectional view taken generally along long 3--3 in FIG. 2.
PAR  FIG. 4 is a sectional view of the bearing segment of a water deflector
      comprising part of the sprinkler of FIG. 1.
PAR  FIG. 5 is a sectional view taken generally along line 5--5 in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning to the drawing, wherein like components are designated by like
      reference numerals throughout the various figures, attention is
      specifically directed to FIG. 1 which shows an impact sprinkler 10
      constructed in accordance with the present invention. Sprinkler 10
      includes a conventional sprinkler body 12 conventionally mounted for
      rotation within a journal assembly 14, which, in turn, is adapted for
      mounting to a vertical riser (now shown) to connect the sprinkler to a
      supply line (also not shown). The sprinkler body includes an upwardly and
      outwardly directed nozzle arm 16 supporting at its free end a nozzle tip
      18.
PAR  Sprinkler body 12 also includes as conventional components a longitudinally
      extending, cylindrical journal pin 20 positioned behind nozzle 18 and a
      frame 22 surrounding the journal pin. As will be seen below, impact
      sprinkler 10 additionally includes a water deflector 24 which is mounted
      for pivotal movement about journal pin 20 and which is constructed in
      accordance with the present invention. Water deflector 24 may be separated
      into three segments, a rearwardmost counter-balancing segment 26, a
      forwardmost water deflecting segment 28, commonly referred to as a
      deflector spoon, and a central bearing segment 30 mounted around journal
      pin 20 such that the entire deflector 24 is pivotally movable about the
      journal pin.
PAR  The exact manner in which deflector 24 oscillates or pivots back and forth
      about pin 20 to produce the impact operation of the sprinkler is well
      known in the art and will not be described in detail here. It should
      suffice to state that as the deflector 24, which extends through frame 22,
      pivots or oscillates back and forth, water deflecting segment 28 moves
      into and out of the path defined by the water jet issuing from nozzle 18.
      The deflector is urged in one direction by a spring 32 and is urged in the
      opposite direction by the inner action of the water jet striking the water
      deflecting segment.
PAR  Turning to FIGS. 2 and 3, attention is directed to water deflecting segment
      28 which, as will be seen hereinafter, is designed to improve the water
      distribution pattern of sprinkler 10, particularly when the overall water
      deflector is constructed of relatively lightweight plastic, as compared to
      much heavier weight brass. Water deflecting segment 28 is somewhat
      rectangular in general configuration and is defined by a back end 34, a
      front end 36 and side walls 38 extending from back end 34 to front end 36
      in a direction away from nozzle 18. Water deflecting segment 28 includes
      four water deflecting sub-segments, sub-segment 40, sub-segment 42 and
      sub-segments 44a and 44b.
PAR  Sub-segment 40, best illustrated in FIG. 3, includes three water deflecting
      surfaces designated by the reference numerals 46, 48 and 50, respectively.
      Surface 46 is a conventional flat surface extending from a point near the
      back end 34 of the deflector forwardly towards the front end thereof at
      approximately a 10.degree. angle with the axis of nozzle 18, i.e., with
      the center line of the jet of water coming from the nozzle, when side
      walls 38 are in a position parallel to the center line of the water jet.
      Surface 48 which is also a conventional surface, extends rearwardly from
      the back end of surface 46 at an angle of between approximately 30.degree.
      and 35.degree. with the center line of the water jet, again when the side
      walls are parallel to the water jet center line. Surface 50, which is not
      conventional, is located at the rearwardmost end of the surface 48 and to
      one side thereof, as illustrated in FIG. 3, and is disposed at
      approximately a 90.degree. angle with respect to the center line of the
      water jet when the side walls are parallel thereto. In other words surface
      56 is disposed at a 90.degree. angle with respect to the side walls.
PAR  As water deflecting segment 28 moves into the path defined by the water jet
      issuing from nozzle 18, water is deflected off of the three surfaces just
      discussed. Water impinging on surface 46 is deflected towards sub-segment
      42 as will be discussed below. Water impinging on surface 48 is deflected
      out at an angle of approximately 35.degree. with the center line of the
      jet providing water at approximately the center of the overall water
      distribution pattern. Water impinging on the 90.degree. surface 50 is
      deflected a short distance from the sprinkler and therefore contributes to
      the close-in section of the overall pattern.
PAR  Sub-segment 42, which is positioned in front of sub-segment 40 includes one
      main water deflecting surface 52. This surface extends from its rearward
      end 56, i.e. its end closest to sub-segment 40 and therefore nozzle 18,
      towards a forward end 58 at an angle of approximately 10.degree. with the
      center line of the water jet, but on the opposite side of the jet then
      surface 46, when side walls 38 are parallel to the water jet. In this
      regard, the opposite sides of surface 52 extending from end 56 to end 58
      are bounded by side walls 38. Note that surface 52 can extend further out
      from end 58 between sub-segments 44a and 44b as indicated at 55.
PAR  Each of the sub-segments 44a and 44b includes a water deflecting surface
      54a and 54b respectively which extends upwardly and outwardly from the end
      58 of surface 52 at an angle with the surface, preferably at approximately
      60.degree. with the center line of the jet stream when side walls 38 are
      parallel therewith. In accordance with the present invention, surfaces 54a
      and 54b extend towards one another from side walls 38, i.e. from the sides
      of surface 52 but are spaced from one another so as to define a slot 57
      therebetween. As illustrated best in FIG. 2, slot 57 is centrally located
      between side walls 38, i.e. between the sides of surface 52 and, hence, is
      located approximately in the center of the jet stream of water issuing
      from nozzle 18 when side walls 38 are parallel with and located on
      opposite sides of the center of the jet stream.
PAR  In operation, as water impinges on surface 52, either directly from nozzle
      18 or water deflected from surface 46, or a portion thereof, that water
      located near the sides of surface 52, pass up surfaces 54a and 54b where
      it is directed approximately midway in the overall water distribution
      pattern. In accordance with the present invention, the water impinging
      approximately centrally on surface 52 passes out through slot 57 at
      approximately a 10.degree. angle with the jet stream, as opposed to the
      60.degree. angle of surfaces 54a and 54b. Therefore, this water passing
      through the slot passes substantially further out than the water deflected
      off the surfaces 54a and 54b and, in fact, contributes in part to the
      outlying portion of the water distribution pattern.
PAR  If slot 57 did not exist, that is, if surfaces 54a and 54b merged into one
      another to form a single 60.degree. surface extending across surface 52,
      the overall water distribution pattern from sprinkler 10 would not be
      satisfactorily uniform. Specifically, while the outermost edges of the
      pattern would be provided by undeflected water from nozzle 18 there would
      be a large gap between these outermost points and water attributed to that
      deflected off of surfaces 54a and 54b which is approximately centrally
      located in the overall pattern. In addition, with plastic deflectors there
      would be less undeflected water than with brass, as explained previously.
      With slot 57 water is placed nearer to the outer periphery, hence making
      the overall pattern more uniform.
PAR  The slot 57 is centrally located, as illustrated in FIG. 2, for several
      reasons. First, by centrally locating the slot, the water passing
      therethrough is centrally located within the jet stream and, hence, will
      be thrown a further distance than if the slot were positioned to one side
      allowing water from the side of the jet stream to pass therethrough. This
      is because water at the center of the jet stream, i.e., water being
      delivered through the center of nozzle 18 tends to go further than the
      water comprising the sides of the jet. Second, if the slot were positioned
      to one side of the jet stream, specifically adjacent one or both of the
      side walls, too much water would be thrown out to a given area, i.e., near
      the outer periphery of the pattern, since much of the water impinging on
      the sides of surface 52 tends to accumulate with water deflecting off of
      the side walls 38 producing more water than is desired.
PAR  Having described water deflecting segment 28 attention is now directed to
      bearing segment 30 of deflector 10 as illustrated in FIGS. 4 and 5. As
      shown in these Figures, segment 30 is cylindrical in shape having an
      opened top end 60, an opened bottom end 62 and a cylindrical,
      longitudinally extending, internal bearing surface 64. With water
      deflector 10 in its operating position, i.e., the position shown in FIG.
      1, bearing surface 64 is positioned around and in confronting relationship
      with the outer cylindrical surface of pin 20. The relative positioning of
      these two surfaces is best seen in FIG. 5, pin 20 being indicated by
      dotted lines. Note that these two surfaces are in close fitting but
      slidable relationship with one another so that bearing segment 30 can
      pivot about pin 10.
PAR  In accordance with another feature of the present invention, a plurality of
      slotted passages 66 are provided in surface 64 and extend axially along
      the surface from top end 60 to bottom end 62 of bearing segment 30. With
      the bearing segment position in its operating position around pin 20,
      these slots confront the outer surface of the pin. As the deflector pivots
      back and forth about pin 20 debris, for example, abrasive material, lodged
      between surface 64 of the bearing segment and the outer surface of the pin
      will eventually work into slotted passages 66 and eventually entirely out
      of the bearing segment. In this way, wear and/or possible malfunction is
      minimized.
PAR  Bearing segment 30 was described as including a plurality of slotted
      passages 66, specifically two. It is to be understood that more than two
      passages could be provided in accordance with the present invention. While
      not as effective, surface 64 of segment 30 could include a single slotted
      passage. In addition, it is possible to provide similar slotted passages
      in the external surface of pin 20 in addition to or in lieu of slotted
      passages 66 so as to achieve the same end results.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An impact-type sprinkler, comprising:
PA1  a. a main body including
PA2  i. a nozzle, and
PA2  ii. a cylindrical water deflector support pin positioned above and to one
      side of said nozzle;
PA1  b. a plastic water deflector including a water deflecting segment, said
      deflector being mounted for pivotal movement about said support pin such
      that said water deflecting segment moves into and out of a jet of water
      issuing from said nozzle as said deflector pivots about said pin; and
PA1  c. said water deflecting segment including
PA2  i. a first substantially flat water deflecting surface extending away from
      said nozzle for receiving water issuing from said jet and deflecting said
      water further away from said nozzle, said surface including opposite ends,
      one end of which is further from said nozzle than the other end and
      opposite sides extending between said opposite ends,
PA2  ii. opposite side walls extending the length of said water deflecting
      segment and respectively extending out from said opposite sides of said
      first surface for defining the lateral extent of said first surface, and
PA2  111. a pair of second water deflecting surfaces extending out from and
      joining said further end of said first surface for receiving and
      deflecting some but not all of the water deflected from said first
      surface, said second surfaces extending towards each other from said
      opposite side walls and facing back towards the end of said first surface
      closer to said nozzle but being spaced from another so as to define a slot
      therebetween, said slot being approximately centrally located between the
      side walls so that the water which is deflected from said first surface
      approximately centrally between said side walls passes through said slot
      without being deflected by said second surfaces.
NUM  2.
PAR  2. An impact-type sprinkler according to claim 1 wherein said first surface
      extends into said slot and between said second surfaces.
NUM  3.
PAR  3. An impact-type sprinkler according to claim 1 wherein said deflecting
      segment includes a third water deflecting surface located between said
      nozzle and said first surface.
NUM  4.
PAR  4. An impact-type sprinkler according to claim 1 wherein said deflector
      includes a cylindrical bearing surface positioned around the outer
      cylindrical surface of said support pin in a closely but slidably fitting
      manner, one of said last-mentioned cylindrical surfaces including therein
      a slotted passage extending its entire length and in confronting
      relationship with the other of said last-mentioned cylindrical surfaces.
NUM  5.
PAR  5. An impact-type sprinkler according to claim 4 wherein said slotted
      passage is located in said cylindrical bearing surface of said deflector.
NUM  6.
PAR  6. An impact-type sprinkler according to claim 5 wherein said cylindrical
      bearing surface includes a plurality of said slotted passages.
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ABST
PAL  A sprinkler having a radially dynamically balanced intermittent drive
      system to provide a rotating sprinkler head generally free of all
      objectionable vibrations. The drive system in a preferred embodiment
      includes a plurality of driven surface means connected to the sprinkler
      head and an impact drive means rotatably positioned in the sprinkler body.
      The fluid driven impact drive means includes a striker carrier positioned
      in the sprinkler body and at least two independent striker means,
      preferrably balls, positioned symmetrically by the striker carrier to
      engage the driven surface means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is perhaps well known, various types of sprinkler drives with striker
      means have been constructed in the past, such as the Lockwood Patent
      issued Aug. 31, 1971, U.S. Pat. No. 3,602,431 and the Eby et al Patent
      issued June 8, 1971, U.S. Pat. No. 3,583,638. In the Lockwood U.S. Pat.
      3,602,431 and the Eby et al U.S. Pat. No. 3,583,638, the sprinkler must be
      held rigidly in the ground to prevent vibration of the assembly caused by
      and at the frequency of the rotation of the unbalanced striker means.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a new and improved balanced impact drive
      means that provides a plurality of rotatable striker means for engaging a
      plurality of driven surface means each positioned such that the drive is
      radially dynamically balanced. The tangential impact forces produce the
      necessary torque to drive the sprinkler head but radial forces are
      balanced. The striker means are radially movable inwardly to advance
      around the striker carrier after each impact. The sprinkler includes the
      sprinkler head that is rotatably connected to a sprinkler body. In the
      disclosed embodiment, which is not to limit obvious alternative
      embodiments, the sprinkler body includes a drive cavity. The striker means
      are positioned in the drive cavity. Fluid is admitted into the drive
      cavity to rotate the striker means. The driven surface means are connected
      to the sprinkler head and project into the drive cavity in the path of the
      striker means.
PAR  The drive system includes a striker carrier and at least two independent
      striker means, shown as balls. The striker means are symmetrically
      positioned by the striker carrier and their generally rotary path is
      prescribed to radially dynamically balance the carrier member and striker
      means as a drive system. The driven surface means and the striker means
      are positioned so that a plurality of impacts occur simultaneously to
      provide an intermittent impact drive that is free of radial vibrations and
      therefore this sprinkler may be placed at great heights on stand pipes
      without encountering vibration problems.
PAR  It is another object of this invention to provide a non-complex, radially
      dynamically balanced striker means in a sprinkler impact drive system.
PAR  It is another object of this invention to provide a radially dynamically
      balanced impact drive system having striker means movable radially after
      impact.
PAR  Another object of this invention is to provide the combination of a ball
      striker means and a ball bearing supported striker carrier with the same
      balls.
PAR  A further object of this invention is to provide a radially dynamically
      balanced impact drive system with striker means that provide synchronous
      engagement with the driven surfaces in order to provide a sprinkler drive
      means that is free of radial vibrations.
PAR  In accordance with these and other objects which will be apparent
      hereinafter, the instant invention will now be described with particular
      reference to the accompanying drawings showing one embodiment of the
      invention. The single embodiment is not to limit the broad teachings of
      this invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a front view of the sprinkler with a portion of the right half of
      the sprinkler removed to show the drive system in cross section;
PAR  FIG. 2 is a top view of the impact drive means showing the striker carrier
      and illustrating the striker means as balls in both an impact position and
      recovery position in phantom;
PAR  FIG. 3 is a side view partially in cross-section of the impact drive means
      shown in FIG. 2;
PAR  FIG. 4 is a bottom view of the reversing vane mechanism;
PAR  FIG. 5 is a bottom view of the control plate; and
PAR  FIG. 6 is a bottom view of the driven surface means including the ball
      track of the sprinkler head.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, and particularly to the sprinkler generally
      designated by numeral 2, the sprinkler 2 includes two major parts, the
      sprinkler body 4 and the sprinkler head 6. These members move relative to
      one another and, as shown in this particular embodiment, the sprinkler
      head 6 rotates on the sprinkler body 4. The sprinkler head, as shown in
      FIG. 1 includes a nozzle 8 with orifice 10 for distributing fluid from the
      sprinkler head. The orifice is connected to inlet 12 through a conduit.
      The sprinkler body 4 includes a lower inlet body member 14 with inlet 16
      for receiving the fluid supply. The inlet 16 is connected to the drive
      chamber 25 by a conduit to pass fluid into the chamber. An outlet 20 is
      connected to the drive chamber 25. The outlet 20 is connected to the inlet
      12 and the conduit in the sprinkler head. The fluid from the chamber
      passes through to outlet 20, into inlet 12 and out through orifice 10.
PAR  A plurality of screws 22 connect the lower inlet body member 14 to the
      intermediate body member 24. The sprinkler body 4 in the preferred
      embodiment provides a chamber 25 for the sprinkler drive system. Alternate
      embodiments of the sprinkler may include a drive system positioned outside
      of the sprinkler body, not shown.
PAR  The sprinkler head 6 may include well known control means, not shown, for
      controlling the rotation and pattern of movement of the sprinkler head,
      such a system is disclosed in U.S. Pat. No. 3,602,431. A portion of a
      reversing mechanism is shown by numerals 28, 29, 30 and 32. The reverse
      means shaft 29 is connected to the vane control means 32 through torsion
      means 30 and pivot shaft 28. The vane control means 32 includes a
      plurality of vanes 34, 34', 34" and 34'" as shown in FIGS. 1 and 4.
PAR  The fluid is directed up through body inlet 16 into passage 18, in the
      lower end of chamber 25, and then through openings 36 and 36' in control
      plate 38 as shown in FIGS. 1 and 5. The vane control means 32 includes a
      plurality of vanes 34, 34', 34" and 34'" for providing a clockwise or
      counterclockwise vortex of fluid in chamber 25. The vortex of fluid
      provides the driving force to drive the impact drive means 26.
PAR  Referring now to FIGS. 1, 2, 3, and 6, the sprinkler drive system includes
      the driven member 48 and the impact drive means 26. The impact drive means
      26 rotates about the longitudinal center line or axes of the sprinkler
      shown in FIG. 1. The impact drive means lies generally in a plane that is
      perpendicular to the center line. The impact drive means 26 includes at
      least two striker means, shown as balls 40 and 42 and the striker carrier
      54. Balls 40 and 42 are shown in an outer impact position for engagement
      with a driven member 48, and in particular with the driven surface 44 of
      anvil 46 and driven surface 52 and anvil 50. The driven member 48 is fixed
      in relationship to the sprinkler head. The driven member 48, as shown in
      FIG. 6 includes symmetrically positioned anvils 46 and 50 with driven
      surfaces 44, 44' and 52, 52' respectively. Surfaces 44' and 52' are
      engaged by the balls 40 and 42 to drive the sprinkler head in a reverse
      direction. The driven member 48 may include a plurality of additional
      anvils that are symmetrically positioned.
PAR  Referring now to FIGS. 2 and 3, the striker means are illustrated as balls
      40 and 42 in the impact position. The balls are illustrated in phantom in
      a rearward position as 40' and 42'. The balls may move inward radially in
      order to move around the anvils after each impact.
PAR  The striker carrier 54 includes a base member 56 for supporting the ball
      and an inner limiting ring 58 to limit the inward movement of the ball
      after every impact. The striker carrier 54 includes guide members 60 and
      62 for restricting circumferential movement of the striker ball means 40
      and guide members 64 and 66 to restrict the circumferential movement of
      the ball 42. A plurality of vanes shown as 68, 70, 72, 74 76 78, 80 and 82
      are positioned about the inner ring member 58. The vanes are driven by the
      vortex of fluid in chamber 25. The fluid force on the vanes and the balls
      40 and 42 rotate the impact drive means 26. The distal ends of the vane
      members 68, 70, 72, 74, 76, 78, 80 and 82 and the guide members 60, 62, 64
      and 66 are notched as shown at 84 and 86 in FIG. 3 in order to allow each
      of the vane members and guide means to pass under the anvils connected to
      the sprinkler head 6, as shown in FIG. 1.
PAR  It should be noted that the number of vanes and the size of the striking
      means may vary in accordance with the particular design. The preferred
      embodiment as shown in FIGS. 1, 2, 3, and 6 shows the impact drive means
      includes a plurality of turbine vanes that drive a ball striker means in a
      captive area. The balls move between an outer and inner position on the
      striker carrier allowing movement around the fixed anvils after each
      impact.
PAR  In use, as the vortex of fluid moves up through the chamber 25 the striker
      carrier is rotated and forced upward. The balls engage surface 88 of the
      driven member 48 and act as bearing means on which the striker carrier 54
      rotates. As the vortex of fluid rotates the impact drive means the two
      balls are caused to impact against the two anvils and rotate in perfect
      symmetry thereby maintaining continuous dynamic balance of the system.
PAR  The instant invention has been shown and described herein in what is
      considered to be a practical embodiment. It is recognized, however, that
      departures may be made therefrom within the scope of the invention and
      that obvious modifications will occur to a person skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sprinkler relatively free of radial vibrations comprising:
PA1  a sprinkler body,
PA1  a sprinkler head, movably connected to said body, and
PA1  a sprinkler drive system,
PA1  said sprinkler body including a fluid inlet for receiving fluid supplied to
      said inlet and a fluid outlet connected to said inlet,
PA1  said sprinkler head including a fluid inlet connected to said sprinkler
      body fluid outlet, and a fluid outlet connected to said sprinkler head
      inlet for distributing the fluid from the sprinkler,
PA1  said drive system positioned in respect to the sprinkler to move said
      sprinkler head relative to said sprinkler body said drive system including
      a plurality of driven surface means and impact drive means,
PA1  said impact drive means including at least two independent striker means
      for intermittently contacting said driven surface means to rotate said
      sprinkler head, and
PA1  a fluid control means positioned in respect to the sprinkler to provide a
      fluid driving force for rotating said impact drive means.
NUM  2.
PAR  2. A sprinkler as set forth in claim 1, wherein, said striker means are
      movable radially after impact.
NUM  3.
PAR  3. A sprinkler as set forth in claim 2 wherein, said striker means are
      balls.
NUM  4.
PAR  4. A sprinkler relatively free of radial vibrations comprising:
PA1  a sprinkler body,
PA1  a sprinkler head movably connected to said sprinkler body,
PA1  a sprinkler drive system positioned relative to said sprinkler to move said
      sprinkler head relative to said sprinkler body,
PA1  said sprinkler body including a fluid inlet for receiving fluid supplied to
      the sprinkler, and a fluid outlet connected to said inlet,
PA1  said sprinkler head including a fluid inlet connected to said sprinkler
      body outlet, and a fluid outlet connected to sprinkler head fluid inlet
      for distributing the supplied fluid from the sprinkler,
PA1  said sprinkler drive system including a plurality of driven surface means
      and impact drive means,
PA1  said driven surface means connected to said sprinkler head,
PA1  said impact drive means positioned relative to said sprinkler, said impact
      drive means including a striker carrier means and at least two independent
      striker means movable relative to said striker carrier means,
PA1  a fluid control means for providing a fluid driving force for propelling
      said impact drive means for intermittently contacting said driven surface
      means to rotate said sprinkler head.
NUM  5.
PAR  5. A sprinkler as set forth in claim 4 wherein;
PA1  said impact drive means are symmetrically constructed to provide a radially
      dynamically balanced rotatable impact drive means.
NUM  6.
PAR  6. A sprinkler as set forth in claim 4 wherein,
PA1  said striker carrier means positions each said striker means to provide a
      radially dynamically balanced impact drive means.
NUM  7.
PAR  7. A sprinkler as set forth in claim 4 wherein;
PA1  each said striker means are equally spaced from one another for movement
      along a generally circular path by said striker carrier, and each of said
      driven surfaces are equally spaced in said generally circular path to
      provide simultaneous impact of all said striker means on said driven
      surfaces.
NUM  8.
PAR  8. A sprinkler as set forth in claim 4 wherein;
PA1  said impact drive means include a plurality of balls and a striker carrier.
NUM  9.
PAR  9. A sprinkler as set forth in claim 8 wherein;
PA1  said balls move on a generally circular pathway and
PA1  said striker carrier includes ball guide means to allow relative movement
      between said balls and said generally circular pathway and to position
      each of said balls for simultaneous engagement with said driven surface
      means.
NUM  10.
PAR  10. A sprinkler as set forth in claim 8 wherein; said balls provide
      anti-friction bearing means to support said striker carrier during
      movement of said impact drive means.
NUM  11.
PAR  11. A sprinkler as set forth in claim 8 wherein;
PA1  said striker carrier includes ball guide means to position said balls for
      movement along their impact path before, during and after each impact.
NUM  12.
PAR  12. A sprinkler that is relatively free of all non-torsional vibrations
      comprising:
PA1  a sprinkler body,
PA1  a sprinkler head, and
PA1  a sprinkler drive system,
PA1  said sprinkler body including a fluid inlet, drive chamber connected to the
      fluid inlet of said body and a fluid outlet connected to said drive
      chamber,
PA1  said sprinkler head rotatably connected to said sprinkler body, said
      sprinkler head includes a ball track means located in said drive chamber,
PA1  said sprinkler head including a fluid inlet connected to said fluid outlet
      of said sprinkler body, and a fluid outlet connected to said fluid inlet
      of said sprinkler head for distributing the fluid supplied to the
      sprinkler,
PA1  said drive system located in said drive chamber for rotating said sprinkler
      head,
PA1  said drive system including a plurality of driven surface means and impact
      drive means,
PA1  said driven surface means connected to said sprinkler head along said ball
      track means,
PA1  said impact drive means rotatable in said drive chamber, said impact drive
      means including at least two independent striker ball means and a striker
      carrier, said carrier including ball guide means for positioning said ball
      means,
PA1  said ball means relatively movable in said ball guide means,
PA1  a fluid control means connected to said sprinkler body for providing a
      fluid driving force for rotating said impact drive means, and
PA1  said ball means symmetrically located by said ball guide means so as to
      simultaneously and intermittently contact at least two of the
      symmetrically positioned driven surface means to rotate said sprinkler
      head.
NUM  13.
PAR  13. A sprinkler as set forth in claim 12 wherein;
PA1  said ball guide means includes pathways for said ball means to move around
      said driven surface means after each impact.
NUM  14.
PAR  14. A sprinkler including a balanced radially movable rotating impact drive
      means relatively free of radial vibrations as set forth in claim 1
      wherein,
PA1  each of said independent striker means are movable in the same general
      plane.
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PAL  A paint spray gun of the airless type is disclosed. The spray gun includes
      a central passageway for delivering liquid paint under pressure to a spray
      tip having an elongated, sharp edged spray opening and a pre-orifice
      adjustable in cross-sectional area positioned upstream in the passageway
      from the spray opening. The pre-orifice is formed by an elastomeric member
      having an opening therethrough co-axially aligned with the passageway and
      the spray opening. The elastomeric member is arranged for axial loading
      and elastic deformation to vary the cross-sectional area of the
      pre-orifice opening by operation of a control knob externally mounted on
      the body portion of the spray gun.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to spray guns for liquids such as paint or the like
      and, more particularly, to a spray gun for hydraulically atomizing the
      liquid to be sprayed.
PAR  In a hydraulically atomizing spray system or "airless spray", the liquid is
      forced through a spray tip or nozzle opening having sharp edges at
      sufficiently high velocities to provide atomization of the liquid. The
      nozzle opening has an elliptically shaped cross-section with sharp
      vertices to produce an elliptical or oval shaped spray pattern. In airless
      spraying techniques, the hydraulic pressures are relatively high and
      typically range from about 1,500 psig to about 3,000 psig.
PAR  The advantages of airless spraying are discussed in U.S. Pat. No. 3,000,576
      to Levey et al. In accordance with this prior patent, the non-uniform
      spray pattern having thickened portions or "pig-tails" which had
      theretofore characterized airless spray techniques was eliminated by the
      use of a restricted pre-orifice having a circular cross-section disposed
      upstream from the nozzle opening.
PAR  The improvements disclosed in U.S. Pat. No. 3,000,576 were founded upon the
      recognition of the fact that the occurrence of such nonuniform spray
      patterns was associated with the formation of a vena contracta upon
      acceleration of the liquid with a large pressure drop through the nozzle
      opening which prevents full atomization of the liquid at the vertices of
      the spray pattern. The formation of a harmful vena contracta was
      eliminated by accelerating the liquid with a large pressure drop through
      the restricted pre-orifice to provide a submerged jet moving through the
      nozzle opening by its own kinetic energy at substantially the same
      velocity. By controlling the liquid in this manner, a substantially
      uniform pressure and velocity was obtained across the area of the nozzle
      opening, so that the liquid was uniformly atomized and distributed across
      the spray pattern with a uniform reduction in density or feathering at the
      margins of the pattern.
PAR  For purposes of obtaining optimum atomization quality, the cross-sectional
      area of the pre-orifice opening should be substantially equal to the
      cross-sectional area of the nozzle opening. Satisfactory results are
      obtained as long as the area of the pre-orifice is not less than about
      one-fourth or more than about twice the area of the nozzle opening. A
      number of variously sized, pre-orifice units are required to accommodate
      the full commercial range of spray tip opening sizes in accordance with
      the teachings of the said U.S. Pat. No. 3,000,576. In order to maintain
      optimum atomization, the variously sized pre-orifice units must be changed
      and such may involve the disassembly of a significant portion of the spray
      gun and, at least, results in a considerable loss of production time.
PAR  Further, in some paint spraying applications, particularly in construction
      or maintenance work, speed of application is paramount and the quality of
      atomization may be sacrificed for the maximum fan width applied as quickly
      as possible. To that end, an operator may forego the use of a preorifice
      in order to obtain as wide a spray fan width as possible since it has been
      observed that the use of a pre-orifice will reduce the fan width and the
      volume delivered. Thus, a similar loss of production time may once again
      be encountered while the operator inserts a pre-orifice after the faster
      "rough" applications have been applied.
PAR  The necessity of employing a number of variously sized pre-orifice units
      and the loss of production time associated therewith have been eliminated
      by the adjustable pre-orifice assembly disclosed in applicants' co-pending
      U.S. Pat. application Ser. No. 443,480, filed Feb. 19, 1974. In accordance
      with the improvements set forth therein, a pre-orifice assembly or capsule
      provides a pre-orifice which is adjustable in cross-sectional area to
      accommodate the full commercial range of spray tips. The area of the
      pre-orifice opening is adjusted by means of a control member mounted on
      the external body portion of the spray gun. In addition to providing the
      optimum 1:1 ratio, the adjustable pre-orifice also provides area ratios
      substantially in excess of 2:1 for most of the spray tips commonly
      employed to enable an operator to achieve full spray pattern width
      potential in high speed rough work by simply adjusting the pre-orifice to
      its maximum size. Similarly, the spray fan width may be narrowed or
      decreased for specific trim or finishing applications by reducing the size
      of the pre-orifice.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that an adjustable preorifice may be provided by
      means of an elastomeric or resilient member or disc mounted upstream from
      the spray tip. The elastomeric member includes an opening or aperture
      therethrough which defines the pre-orifice opening. The pre-orifice
      opening is adjustable in cross-sectional area upon elastic deformation of
      the elastomeric member by operation of a control means mounted on the
      spray gun.
PAR  In accordance with the present invention, pre-orifice means including
      relatively movable rigid wall means for engaging and confining the
      opposite sides of the elastomeric disc are provided. The rigid wall means
      include bores aligned with and of substantially no greater diameter than
      the pre-orifice opening. Upon closing relative movement of the movable
      rigid wall means, the cross-sectional area of the pre-orifice opening is
      correspondingly decreased to a value less than that of the adjacent bores.
PAR  In a preferred form, the pre-orifice means also include rigid wall means
      for confining the elastomeric disc against radially outward flow.
PAR  The pre-orifice means and the spray tip are secured to the spray gun by the
      control means, and they are retained in fluid tight sealing engagement by
      the axial loads imposed by the control means. In this regard, the
      elastomeric disc also functions as a sealing means or gasket to assure the
      maintenance of the fluid tight relationship in the chain of parts.
PAR  In the illustrated embodiments, a pre-orifice assembly or capsule is
      provided having the elastomeric disc mounted therein with a radially
      confining interference fit and the preorifice opening co-axially disposed
      with respect to the passageway and the nozzle opening. The capsule
      cooperates with a fixed portion of the spray gun to provide the relatively
      movable rigid wall means. Upon operation of the control means, the capsule
      member is relatively axially displaced with respect to the fixed portion
      of the spray gun in order to apply preselected, elastically deforming
      loads to the elastomeric disc and correspondingly vary the size of the
      pre-orifice opening therethrough.
PAR  The spray tip is mounted to the spray gun by the control means which
      comprises a control knob threadedly engaged with the body portion of the
      spray gun. The spray tip is arranged to axially move with the pre-orifice
      capsule upon adjustment of the control knob, and rotational locking means
      comprising interfitting orientation surfaces extending between the spray
      tip and body portion angularly fix the spray tip relative to the gun. In
      order to facilitate deformation of the elastomeric disc, spring means are
      arranged to axially bias the spray tip and capsule member upon adjustment
      of the control knob.
PAR  The control knob includes an annular chamber having the spring means
      captured therein and encircling the forward portion of the spray tip. A
      radially extending wall of the annular chamber is provided by a thrust
      washer which transmits axially biasing loads to the spray tip for varying
      the pre-orifice cross-sectional area and maintaining the spray tip in
      fluid tight sealing communication with the discharge end of the passage
      through the spray gun. Accordingly, the control knob also functions as a
      retainer nut for the spray tip.
PAR  The spray tip may be removed from the gun by simply disengaging the control
      knob and spring means as a unit from the body portion of the gun.
      Similarly, the spray tip may be replaced by fitting it to the body portion
      of the gun and reengaging the control knob. This is a hand operation which
      may be quickly done by an operator without the use of tools.
PAR  In contrast with the present invention, prior art arrangements necessitate
      the use of a wrench to tighten the retainer nut and fit the spray tip to
      the gun in a fluid tight seal. The desired angular orientation of the
      spray tip has to be maintained by hand by an operator as he simultaneously
      holds the gun and tightens the retainer nut since the spray tip is
      otherwise free to rotate in accordance with prior art teachings. Further,
      the angular orientation of the spray tip has to be initially offset from
      the desired position since the final tightening of the prior art spray tip
      retainer nut rotates the spray tip. An operator's offset estimate is
      frequently in error so as to require repeated attempts to obtain the
      desired orientation and loss of production time.
PAR  In the illustrated embodiment, the pre-orifice capsule is detachable
      connected to the spray tip. The spray tip and pre-orifice capsule provide
      an integrally removable assembly when the control know is disengaged from
      the spray gun. Accordingly, if it is necessary to replace the elastomeric
      disc, it is conveniently removed with the spray tip and pre-orifice
      capsule as a unit.
PAR  The cross-sectional area of the pre-orifice opening is sized to permit
      unrestricted flow in a full open condition. An operator may quickly adjust
      the cross-sectional area of the pre-orifice opening to the optimum 1:1
      area ratio without disassembly of the gun or of production time.
      Similarly, the area ratio may be adjusted to provide a decreased spray fan
      width for specific trim and finishing applications, or to a ratio
      substantially in excess of 2:1 in order to achieve full spray fan width
      potential in high speed rough work applications.
PAR  Accordingly, an adjustable pre-orifice which is relatively inexpensive and
      maintenance free is provided in accordance with the present invention. The
      pre-orifice capsule is arranged to enhance the uniform deformation of the
      elastomeric member and maintain the walls of the pre-orifice opening with
      a uniform contour suitable for accelerating the liquid and providing a
      submerged jet thereof. More particularly, the wall of the pre-orifice
      opening remains substantially parallel to the axis of the passageway and
      the liquid flow therethrough. Further, the spray top and pre-orifice
      capsule may be rapidly and conveniently secured to the gun in fluid tight
      relationship without the use of tools.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of an airless spray gun provided with
      adjustable pre-orifice spray assembly including a pre-orifice capsule
      having an elastomeric disc or member mounted therein in accordance with
      the present invention;
PAR  FIG. 2 is a fragmentry, vertical section on an enlarged scale through the
      valve port and nozzle area portion of the spray gun shown in FIG. 1
      depicting the pre-orifice capsule;
PAR  FIG. 3 is a sectional view on an enlarged scale showing the pre-orifice
      opening through the elastomeric member in an uncompressed condition;
PAR  FIG. 3a is a sectional view similar to FIG. 3 showing the elastomeric
      member in a compressed condition with the pre-orifice opening having a
      reduced cross-sectional area substantially equal to the cross-sectional
      are of the spray tip opening;
PAR  FIG. 4 is an exploded perspective view of the pre-orifice capsule and
      elastomeric member; and
PAR  FIG. 5 is a sectional view through a portion of a pre-orifice capsule
      showing another embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to FIG. 1, an airless spray gun 10 is shown. The spray gun
      includes a handle portion 12, a forwardly extending stock portion 14 and a
      spray portion 16 which is secured to the stock portion by means of a bolt
      18. In accordance with the present invention, an adjustable pre-orifice
      spray assembly 20 is fixed to the forward end of the spray portion 16.
PAR  The liquid to be sprayed is introduced into the spray gun through a
      combined swivel fitting and strainer holder 22 which is threadedly
      connected to the spray portion 16 of the gun. The fitting 22 is adapted to
      be connected to a source of liquid under pressure (not shown) and the
      liquid is delivered to the internal portions of the gun through a
      passageway 22a extending through the fitting. The liquid to be sprayed may
      be pressurized in any conventional manner and a supply hose (not shown)
      connected to the fitting 22.
PAR  The spray gun 10 also includes a pivoted trigger 24 which is fixed to the
      stem of a needle valve 26 for purposes of operating the spray gun. The
      needle valve 26 and trigger 24 are biased to a forward, non-spraying
      position by conventional means. The spray gun is actuated upon movement of
      the trigger 24 towards the handle 12 and the corresponding, following
      movement of the needle valve 26 in a rearward direction.
PAR  Referring to FIG. 2, the details of the forward portion of the spray gun 10
      are shown. The adjustable pre-orifice spray assembly 20 includes an
      adaptor 28 for mounting the assembly to a cylindrical boss 16a extending
      from the spray portion 16 of the spray gun. The internal threads of the
      adaptor 28 may be modified to accommodate the particular type of spray
      gun, and it is axially fixed relative to the spray gun once it has been
      threadedly engaged therewith.
PAR  The pre-orifice spray assembly 20 also includes a control knob 30 and a
      knob closure member 32 which cooperate to secure a spray nozzle assembly
      34 and a pre-orifice capsule or assembly 36 adjacent the discharge end of
      the spray portion 16 of the spray gun. An elastomeric pre-orifice member
      of disc 38 having a central pre-orifice opening 40 therethrough is mounted
      within the capsule 36. As described in greater detail below, the control
      knob 30 is arranged to axially bias the spray nozzle assembly 34 and
      pre-orifice assembly 36 in order to elastically deform and vary the
      cross-sectional area of the pre-orifice opening 40.
PAR  The control knob 30 is formed of a low friction plastic material such as
      Delrin or nylon in order to minimize friction upon the axial loading of
      the elastomeric member 38. The use of a plastic material is also
      advantageous in that it adds relatively little weight to the assembly and
      tends to reduce the overall total weight of the spray gun. As shown in
      FIG. 1, the external surface of the knob 30 may be provided with
      serrations to facilitate the rotational adjustment thereof by the
      operator.
PAR  As previously indicated, the liquid to be sprayed is introduced into the
      spray gun by means of the fitting 22, and more particularly, a passageway
      22a extending therethrough and communicating with a central passageway or
      bore 42 in the spray portion 16 of the spray gun. The needle valve 26 is
      axially movable within the bore 42, and its movement is guided by a
      counterbore 44 (FIG. 1). The stem of the needle valve extends through the
      counterbore 44 and a gland nut 46 which seals the free, rearward end of
      the counterbore.
PAR  The forward end of the bore 42 is internally threaded for engagement with
      the rearward portion of a valve body holder 48. The valve body holder 48
      includes a rearwardly opening recess 50. A valve body 52 is press-fitted
      within the recess 50 and provides a valve port 54 which communicates with
      the passageway 42. The valve port 54 includes a flared seating surface 56
      adjacent the rearward end thereof for sealing, valving engagement with the
      rounded end of the needle valve 26. The valve body 52 is preferably mode
      of a hard erosion resistant material such as tungsten carbide.
PAR  The forward end of the valve body holder 48 is provided with a hex
      configuration and it is disposed in sealing engagement with a crushable
      gasket 58. The gasket 58 is formed of rigid polyethylene or a similar
      plastic material. The valve body holder 48 includes an opening 48a
      extending through the forward hex portion thereof and communicating
      between the valve port 54 and an opening 58a extending through the gasket
      58.
PAR  The adapter 28 has a forward wall 28a having a rearwardly opening recess
      28b formed therein for receiving the crushable gasket 58. Accordingly,
      when the pre-orifice spray assembly 20 is secured to the spray portion 16
      of the spray gun, the crushable gasket 58 is compressed between the
      adapter 28 and the hex portion of the valve body holder 48 to provide a
      fluid tight seal.
PAR  The forward wall 28a of the adaptor includes an axially projecting
      cylindrical shoulder or boss 28c which is arranged for sliding engagement
      with the pre-orifice capsule 36. The adapter 28 is also provided with an
      axially extending opening 28d which communicates with the opening 58a
      through the gasket 58. For purposes of streamlining the flow of liquid,
      the opening 28d is provided with a flared inlet configuration.
PAR  The pre-orifice capsule 36 comprises a cylindrical shaped capsule member 60
      having a rearwardly extending cylindrical recess 62 therein (FIG. 4). The
      elastomeric pre-orifice disc 38 is mounted within the base of the recess
      62. As indicated above, the pre-orifice capsule 36 is disposed in sliding
      engagement with the shoulder 28c of the adaptor 28. To that end, the
      recess 62 is dimensioned for sliding engagement with the shoulder 28c of
      the adaptor 28, and the thickness of the disc 38 is less than the depth of
      the recess 62. The capsule member 60 is formed of stainless steel, and an
      erosion resistant insert 61 is provided about the inlet of the bore 60a
      which extends through the capsule member 60. The insert 61 is formed of an
      aluminum oxide, "synthetic sapphire" material. The capsule member 60 may
      be formed of any suitable corrosion resistant metal or a rigid plastic
      material.
PAR  The capsule member 60 is provided with an axially projecting member 66
      which is detachably connected to the spray nozzle assembly 34. To that
      end, the spray nozzle assembly 34 includes an annular shaped insert 68
      which is press fitted into a recess 70. The insert 68 includes a
      shouldered recess 72 having a reduced diameter portion sized to receive
      the forward-most, enlarged portion of the projecting member 66 of the
      capsule member 60. The axially projecting member 66 is provided with a
      reduced diameter portion which is axially aligned with the enlarged
      portion of the recess 72 when the components are assembled to define an
      annular chamber 74. An elastomeric sealing ring 76 is disposed within the
      chamber 74 to detachably secure the pre-orifice capsule 36 and the spray
      nozzle assembly 34 together. In the illustrated embodiments, the
      elastomeric ring 76 comprises a polyurethane O-ring.
PAR  The spray nozzle assembly 34 includes a spray tip holder 78 and a spray tip
      80 having a spray tip or nozzle opening 82 therein. The spray tip 80 is
      press-fitted within the holder 78 and it includes a first bore 84 which
      communicates with the central bore 60a extending through the capsule
      member 60. A reduced diameter second bore 86 communicates between the
      first bore 84 and the spray tip opening 82. The spray tip opening 82 has a
      conventional "flat fan" or "cat eye" configuration comprising a generally
      elliptical cross-section with sharp vertices adjacent the ends of its
      major axis. The cat eye configuration is provided by initially forming the
      bore 86 as a blind bore terminating in a spherically shaped end and
      thereafter cutting a V-shaped slot into the spray tip so as to intersect
      the bore 86 and form the spray tip opening 82.
PAR  As indicated above, the spray nozzle assembly 34 is secured within the
      pre-orifice spray assembly 20 by means of the knob closure member 32. The
      member 32 has a cylindrical configuration including a radially inwardly
      projecting wall or skirt 32a adjacent the forward end thereof. The member
      32 is initially threadedly engaged with the control knob 30 using a
      spanner wrench to engage the spanner holes 32b, and it is then fixed to
      the control knob 30 for axial movement therewith.
PAR  As shown in FIG. 2, the member 32 cooperates with a cantilever mounted,
      plastic thrust washer 85 to define an annular chamber 86 extending around
      the forward portion of the spray tip holder 78. A pair of double lead
      Belleville springs or washers 88, 89 are disposed within the chamber 86
      for purposes of transmitting axial loading to the elastomeric pre-orifice
      disc 38 upon adjustment of the control knob 30. To that end, the thrust
      washer 85 is arranged to transmit the spring loading to the spray tip
      holder 78. The thrust washer is formed of a plastic material such as
      Delrin or nylon having a low coefficient of friction.
PAR  The Belleville springs 88, 89 assure the uniform transmission of
      deformation loads to the capsule member 60 and elastomeric member 38 since
      they bias the thrust washer 85 around its entire, adjacent working
      surface. Further, the sensitivity of the adjustment or the adjustment
      range of the control knob 30 or the deformation of the elastomeric member
      38 in response to a given rotational adjustment of the knob 30 may be
      varied by selection of appropriate spring rates.
PAR  The elastomeric disc 38 is formed of a suitable abrasion resistant and
      paint base resistant plastic material which is capable of elastic
      deformation within the range required to accommodate the commercially
      available spray tips. The disc 38 is formed of a polyurethane elastomer
      having an 80 to 85 Shore A durometer, and it has been found to provide
      satisfactory performance in water and oil base paint spraying applications
      at pressures in excess of 3,000 psig.
PAR  As shown in FIG. 2, the elastomeric disc 38 is in a full open position
      wherein the cross sectional area of the pre-orifice opening 40 is greater
      than the cross-sectional area of the adjacent portion of the opening 60a.
      In this condition, the pre-orifice is effectively removed from the
      spraying operation and the maximum fan width is obtained for high speed
      rough work. In the full open position, the cross-sectional area of the
      pre-orifice opening 40 has been slightly reduced by virtue of the control
      knob 30 being sufficiently tightened to retain the spray nozzle assembly
      34 and pre-orifice capsule 36 in fluid tight sealing engagement as
      described in greater detail below.
PAR  Referring to FIG. 3, the elastomeric disc 38 is shown in a nonaxially
      deformed or uncompressed condition free of the axial loads applied thereto
      by sufficiently tightening the control knob 30 to retain the chain of
      parts in fluid tight engagement. In this condition, the cross-sectional
      area of the pre-orifice opening 40 is further increased as compared with
      the cross-sectional area of the adjacent portion of the opening 60a as
      shown in FIG. 2.
PAR  The elastomeric disc 38 is provided with an outside diameter of
      approximately one-half inch and the recess 62 is sized to provide an
      interference fit therewith. The outside dimension of the elastomeric disc
      is related to the quality and effectiveness of the pre-orifice opening
      which results. For example, if the outside diameter is reduced to abut
      three-eighths of an inch, there is a tendency for irregular distortion or
      deformation to occur, and it does not result in a desirably uniform walled
      pre-orifice.
PAR  The uncompressed diameter of the pre-orifice opening 40 has also been found
      to be related to the quality of atomization obtained and the ability to
      control the same throughout the full range of commercial spray tip sizes.
      Satisfactory results have been obtained when the elastomeric disc in an
      uncompressed condition has a diameter in the range of from 0.060 inch to
      0.125 inch. As shown in FIG. 3, the unrestrained diameter of the
      uncompressed elastomeric disc 38 is about 0.105 inch.
PAR  The pre-orifice opening 40 is provided with a sufficient axial length to
      stabilize the fluid jet as it is formed therein and cause it to persist as
      a submerged jet until it reaches and fills the bore 86 leading to the
      spray tip opening 82. It has been found that these objectives are achieved
      when the pre-orifice opening is provided with a minimum axial length equal
      to from about two to about five times its maximum diameter. Accordingly,
      the elastomeric disc 38 is about one-sixteenth of an inch thick. The
      pre-orifice opening may be provided with a greater relative axial length
      without significantly interfering with the volume of liquid or
      necessitating excessively high hydraulic pressures.
PAR  As shown in FIG. 3a, the elastomeric disc 38 has been elastically deformed
      to provide the pre-orifice opening 40 with a reduced cross-sectional area.
      In this instance, the diameter of the pre-orifice opening has been reduced
      to about 0.011 inch which approximately provides a 1:1 area ratio between
      the pre-orifice opening and the smallest commercially available spray tip
      opening. (The conventional spray tip opening sizes vary from an area equal
      to that of a circle of 0.011 inch in diameter to an area equal to that of
      a circle of 0.035 inch in diameter.)
PAR  The pre-orifice opening 40 remains symmetrical and substantially
      cylindrical at a reduced, minimum cross-sectional area size, as well as
      intermediate sizes encountered as it is moved to a full open position. As
      a practical matter, the pre-orifice opening can be completely closed by
      further tightening the control knob 30 or rotating it in a clockwise
      direction as shown in FIG. 2, in order to move it in an axially rearward
      direction relatiive to the spray gun.
PAR  As depicted in FIG. 2, the long dimension of the spray tip opening 82 is
      perpendicular to the plane of the section and the spray gun. The spray
      nozzle assembly 34 is maintained in this position and rotationally fixed
      by means of pins 92 extending between the spray tip holder 78 and the
      adaptor 28, and passing through associated bores 93 in the capsule member
      60 with an interference fit. One end of each of the pins 92 is received
      within a recess or hole 92a in the holder 78 and the other end is received
      within an aligned recess or hole 92b in the adaptor 28.
PAR  The adaptor 28 is provided with six angularly, equally spaced holes 92b
      (only two being shown) to provide three diametrically aligned pairs of
      holes in its forward face. The adaptor 28 is initially threadedly engaged
      with the boss 16a so that a pair of the aligned holes 92b is disposed
      along a line which is preferably within the plane of the spray gun (as
      shown in FIG. 2) or perpendicular thereto. It is convenient to use six
      holes 92b (or 3 aligned pairs of holes) in order to reduce the amount of
      additional deformation of the crushable gasket 58 beyond that amount
      necessary to obtain a fluid tight seal when the adaptor 28 is further
      tightened and rotated so as to dispose one of the aligned pairs of holes
      92b in a preferred plane.
PAR  The spray tip holder 78 is provided with four angularly, equally spaced
      holes 92a (only two being shown) to provide two diametrically aligned
      pairs of holes in its rearward face. Accordingly, either pair of aligned
      holes 92a may be engaged with the pins 92 in order to rotationally fix the
      spray nozzle assembly 34 and major dimension of the oval shaped spray
      pattern relative to the spray gun. For example, the appropriate pairs of
      holes 92a and 92b may be aligned upon initial assembly of the spray gun so
      as to rotationally fix the spray nozzle assembly 34 as shown in FIG. 2 and
      provide an oval shaped spray pattern having its major dimension
      perpendicular to the plane of the spray gun. aligned
PAR  If it is desired, in a particular spraying application to rotate the major
      dimensions of the spray fan and oval shaped spray pattern 90.degree.
      relative to the plane of the spray gun, the control know 30 and knob
      closure member 32 together with the thrust washer 85 and entrapped
      Belleville springs 88, 89 are initially removed as a unit in order to
      permit the removal of the spray nozzle assembly 34 from the pre-orifice
      capsule assembly 36 which remains on the gun. The assembly 34 is then
      rotated to the desired position and the pins 92 engaged in the other pair
      of alinged holes 92a in the spray tip holder 78 to provide a 90.degree.
      rotation of the spray pattern. Of course, the capsule member 60 having the
      pins 92 fitted therein may itself be removed, rotated to a desired
      position and the pins 92 engaged within a different pair of aligned holes
      92b to provide additional angular orientations.
PAR  When the pre-orifice assembly 20 is initially secured to the spray portion
      16 of the gun, the adaptor 28 is sufficiently tightened down to provide a
      fluid-tight seal with the valve body holder 48 by means of the crushable
      gasket 58. The pre-orifice capsule 36 and the spray nozzle assembly 34 are
      retained in fluid-tight sealing engagement by means of the axial loading
      applied thereto by the control knob 30. The low coefficient of friction of
      the plastic material used to form the control knob 30 and the thrust
      washer 85 minimizes frictional resistance encountered in applying axial
      loads to the chain of parts and enables the ready development of
      sufficient axial loads to maintain them in fluid tight sealing
      relationship.
PAR  The pre-orifice opening 40 is provided with an uncompressed diameter
      sufficiently greater than that of the adjacent portion of the bore 60a to
      maintain this relative size relationship even when a fluid-tight sealing
      load is applied to the elastomeric disc 38 and the cross-sectional area of
      the pre-orifice opening 40 is correspondingly decreased. Thus, the
      elastomeric disc 38 functions as a sealing gasket in its full open
      condition wherein unrestricted flow is permitted. Of course, it also
      functions as a sealing gasket when the cross-sectional area of the
      pre-orifice opening 40 is reduced to flow restrictive sizes.
PAR  As the cross-sectional area of the pre-orifice opening is being increased
      from a flow restrictive size, the knob 30 in the illustrated embodiment is
      provided with an additional 270.degree. of rotation after the area of the
      pre-orifice opening matches that of the opening 60a during which time a
      fluid-tight seal is maintained. In other words, when an operator desires
      to functionally remove the pre-orifice from the spray gun for purposes of
      high speed, rough work, the knob 30 may be rotated an additional
      270.degree. after he has achieved his objective without encountering fluid
      leaks or reducing the axial loading below the minimum load necessary to
      maintain the spray nozzle assembly and pre-orifice capsule in fluid-tight,
      sealing engagement.
PAR  If any fluid does leak into the pre-orifice spray assembly, it is vented
      through relief channels 32c and the spanner holes 32b. The relief channels
      32c are formed by the intersection of the spanner holes 32b with the
      axially extending base wall of the annular chamber 86. The upper spanner
      hole 32b and relief channel 32c in FIG. 2 have been shown in dotted
      outline for purposes of clarifying the mounting of the Belleville springs
      88, 89 and thrust washer 85 within the spray assembly 20.
PAR  The rotational adjustment range of the control knob 30 in providing
      deformation of the elastomeric member 38 and, more importantly, the
      pre-orifice functioning of the pre-orifice opening 40 at flow restrictive
      sizes is a function of the pitch of the threads between the knob 30 and
      the adapter 28 as well as the effective spring rate of the Belleville
      springs 88, 89. In addition, the adjustment sensitivity has also been
      found to be related to the hydraulic spraying pressure. For example, when
      the fluid pressure is relatively high (e.g. 3,000 psig or greater), the
      rotational adjustment of control knob 30 from a full open condition to a
      condition of substantial pre-orifice restriction may be as small as
      45.degree. or one-eighth of a turn. However, at a relatively low hydraulic
      pressure (e.g. 1500 psig.), the rotational adjustment will be as much as
      one-fourth to one-half turn for full open to substantial restrictive
      conditions. Accordingly, the pre-orifice effects in an average spray
      application at about 2,250 psig are controlled by about a 90.degree.
      rotational adjustment with an additional 270.degree. of leakage free
      rotation to provide a convenient adjustment range.
PAR  Referring to FIG. 5, a modified embodiment of the pre-orifice capsule is
      shown. For purposes of convenience, the parts of the modified embodiment
      have been designated with the same numbers as the corresponding parts of
      the embodiment shown in FIGS. 1 through 4, but for the addition of prime
      designations.
PAR  In FIG. 5, a pre-orifice capsule member 60' includes a rearwardly extending
      cylindrical recess 62' having a modified elastomeric pre-orifice disc or
      member 38' disposed therein. The member 38' has a generally conical
      configuration wherein the forward surface 38'a thereof is substantially
      planar and the rearward surface 38'b is sloped to provide a uniformly
      decreasing thickness in a direction radially outward from the pre-orifice
      opening 40'. The elastomeric member 38' is shown in an uncompressed or
      fully open position, and the cylindrical shoulder or boss 28'c is provided
      with a concave forward face 28'e which corresponds to the configuration of
      the surface 38'b. Upon the axial loading of the elastomeric disc 38', the
      mating surfaces 38'b and 28'e cooperate to provide a radially inward
      component of loading upon the member 38' to facilitate its radial
      deformation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An airless paint spray gun comprising a body portion having a conduit
      adapted to be connected at its inlet end to a source of liquid paint under
      pressure and adapted to have a spray tip having an elongated spray opening
      connected to the discharge end thereof, pre-orifice means adjacent the
      discharge end of said conduit including an elastomeric disc having a
      central aperture forming an axially extending pre-orifice opening
      adjustable in cross-sectional area, said pre-orifice means including
      relatively movable rigid wall means engaging and confining the opposite
      sides of said disc radially outward from the central aperture thereof,
      said relatively movable wall means having axial openings aligned with and
      of substantially no greater diameter than said central aperture, and
      manually operable means associated with said pre-orifice means operable to
      move said relatively movable wall means toward each other to elastically
      deform said disc and to reduce the diameter of said pre-orifice opening to
      a diameter less than those of said axial openings.
NUM  2.
PAR  2. An airless paint spray gun as set forth in claim 1 wherein said manually
      operable means include spring means operably arranged to apply a
      predetermined axial load to said pre-orifice means.
NUM  3.
PAR  3. An airless paint spray gun as set forth in claim 2 wherein said
      pre-orifice means include capsule means having said elastomeric disc
      mounted therein, said capsule means providing one of said relatively
      movable wall means and being mounted for axial movement toward the other
      of said wall means to provide deformation of said elastomeric disc in
      response to axial loading by said spring means.
NUM  4.
PAR  4. An airless paint spray gun as set forth in claim 3 wherein said manually
      operable means include a control member externally mounted on said body
      portion for threadedly loading and unloading said spring means.
NUM  5.
PAR  5. An airless paint spray gun as set forth in claim 1 wherein said
      elastomeric disc comprises a polyurethane elastomeric disc having a
      substantially cylindrical configuration.
NUM  6.
PAR  6. In an airless paint spray gun comprising a body portion having a conduit
      adapted to be connected at its inlet end to a source of liquid under
      pressure and adapted to have a spray tip providing an elongated spray
      opening connected to the discharge end of said conduit, the improvement
      comprising an adjustable pre-orifice assembly in said conduit upstream
      from said spray opening including a radially disposed resilient wall
      having an aperture therethrough defining a pre-orifice opening coaxially
      aligned with respect to said spray opening, said pre-orifice assembly also
      including rigid wall means for confining said resilient wall against
      radial outward deformation and relatively movable rigid wall means
      engaging and confining the opposite radial surfaces of said resilient wall
      radially outward from said pre-orifice opening, said relatively movable
      wall means having axial openings aligned with and of no greater diameter
      than said pre-orifice opening in a non-restrictive flow condition, said
      resilient wall being elastically deformable to reduce the diameter of said
      pre-orifice opening from said non-restrictive flow condition to a
      restrictive flow condition in response to axial loads applied to said
      relatively movable wall means by manually operable means associated with
      said pre-orifice assembly.
NUM  7.
PAR  7. In an airless spray gun comprising a body portion with a passage for
      liquid paint adapted to be connected at its inlet end to a source of
      liquid paint under pressure and adapted to have a flat fan spray tip
      having an elongated spray opening connected to the discharge end of said
      passage, the improvement comprising a pre-orifice assembly including a
      transversely disposed elastomeric member defining a co-axially extending
      pre-orifice opening adjustable in cross-sectional area upstream in said
      passage from said spray tip, said pre-orifice opening being defined by the
      wall of an opening extending through said elastomeric member and having a
      diameter in a full open position greater than that of the adjacent
      upstream passage, and manually operable means carried by said body portion
      operably associated with said pre-orifice means and movable to reduce the
      area of said pre-orifice opening to an area at least substantially equal
      to the area of said elongated spray opening.
NUM  8.
PAR  8. The improvement set forth in claim 7 wherein said pre-orifice assembly
      includes means for radially confining said elastomeric member at a
      location radially outward from said pre-orifice opening and relatively
      movable rigid wall means engaging and confining opposite transversely
      extending surfaces of said elastomeric member radially outward of said
      pre-orifice opening.
NUM  9.
PAR  9. The improvement set forth in claim 7 wherein said pre-orifice assembly
      includes capsule means having said elastomeric member mounted therein,
      said capsule means including forwardly projecting, connecting means for
      detachably securing said pre-orifice assembly to a spray tip to provide an
      integrally removable assembly thereof.
NUM  10.
PAR  10. An airless paint spray gun comprising a body portion with a conduit
      therethrough adapted to be connected to a source of paint under pressure,
      a spray tip having an elongated spray opening connected to said conduit,
      an adjustable pre-orifice assembly in said conduit upstream from said
      spray opening, said pre-orifice assembly including an elastomeric disc
      having a central aperture defining an axially extending pre-orifice
      opening adjustable in cross-sectional area, said pre-orifice assembly
      including a relatively movable capsule member for confining radially
      outward flow of said elastomeric member and cooperating with a fixed
      portion of said spray gun to engage and confine opposite faces of said
      elastomeric disc radially outward of said pre-orifice opening, and
      manually operable means carried by said body portion operably associated
      with said pre-orifice assembly to move said capsule member and to
      elastically deform said elastomeric means to vary the area of said
      pre-orifice opening.
NUM  11.
PAR  11. In an airless paint spray gun comprising a body portion with a passage
      for paint under pressure, a flat fan spray tip having an elongated opening
      secured to said body portion in communication with the outlet end of said
      passage, the improvement comprising rotational locking means for
      maintaining said spray tip in a preselected angular orientation relative
      to said body portion, a resilient member disposed between said said spray
      tip and said body portion having an aperture therethrough communicating
      between said spray tip and the outlet end of said passage, and manually
      operable means externally carried by said body portion and threadedly
      engaged therewith for mounting said spray tip in fluid tight sealing
      relationship with said body portion adjacent the outlet end of said
      passage, said manually operable means including wall means arranged for
      axial movement relative to said body portion upon operation of said
      manually operable means, and said manually operable means also including
      spring means entrapped between said wall means and spray tip for
      transmitting axial biasing loads to said spray tip to compress said
      resilient member and maintain said spray tip in fluid tight sealing
      relationship.
NUM  12.
PAR  12. In an airless paint spray gun comprising a body portion having a
      conduit adapted to be connected at its inlet end to a source of liquid
      paint under pressure and adapted to have a spray tip connected to the
      discharge end thereof, a pre-orifice assembly adjacent the discharge end
      of said conduit including an axially extending pre-orifice opening
      adjustable in cross-sectional area, and manually operable means carried by
      said body portion operably associated with said pre-orifice assembly and
      movable to vary the area of said pre-orifice opening, the improvement
      comprising an elastomeric member having an aperture extending therethrough
      defining said pre-orifice opening, said pre-orifice opening having a
      diameter in a full open position greater than that of an adjacent upstream
      conduit, and the manually operable means being adapted to elastically
      deform said elastomeric member and reduce the cross-sectional area of said
      pre-orifice opening to an area at least substantially equal to the area of
      the spray tip opening of a connected spray tip.
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ABST
PAL  A five spindle turret rewinder wherein the turret is driven in steps so
      that each spindle successively dwells in each of five stations. A core is
      manually placed on the spindle at the first station. At the second
      station, heat liquified glue is applied to the core while the spindle is
      slowly rotated. At the third station, web leading to a filled roll at the
      fourth station is severed and applied to the glued core while heat
      liquified glue is applied to the back side of the web above the cut line.
      The web is wound onto the core at the fourth station. The spindles are
      driven rapidly at the third and fourth stations. The glued cut end of the
      web is pressed against the filled roll by a brush at the fourth station.
      The filled roll is automatically removed from the spindle at the fifth
      station.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to machinery for rewinding web materials from
      a large diameter supply roll or processing machine to provide a plurality
      of smaller diameter rolls of web, and, more particularly to such machinery
      including a turret carrying a plurality of spindles on which web receiving
      roll cores are carried through a series of operations associated with the
      rewinding of the web.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide improved web rewinding
      apparatus.
PAR  Another object is to provide a turret rewinding machine which allows for
      continuous web infeed.
PAR  Another object is to provide such a machine with a novel arrangement for
      securing the web end to roll cores.
PAR  Another object is to provide such a machine with novel means for driving
      spindles at different speeds in different turret positions.
PAR  Another object is to provide such a machine with novel means for cutting
      the web and applying the web end to a roll core.
PAR  Another object is to provide such a machine with novel means of securing
      the end of a roll of web.
PAR  Another object is to provide such a machine with novel means for removing
      web rolls from the machine.
PAR  Another object is to provide novel means for applying adhesives.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects are accomplished by providing web rewinding apparatus
      comprising in combination a frame, a turret mounted for rotation with
      respect to the frame, a plurality of spindles carried by the turret for
      receiving web roll cores, the spindles being equally spaced around the
      edge of the turret, at least four equally spaced stations on the frame
      adjacent the periphery of the turret, the first station being for
      placement of web roll cores on the spindles, means for rotating the turret
      in steps to sequentially position each of the spindles at each of the
      stations, means at the second station for applying glue on the cores,
      means for feeding web from a supply to the core at the fourth station, and
      means at said third station for cutting the web extending to the fourth
      station and applying the end of the web to the core at the third station.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention has been chosen for purposes of
      illustration and description and is shown in the accompanying drawings
      forming a part of the specification, wherein:
PAR  FIG. 1 is an elevational front view of a machine according to the present
      invention;
PAR  FIG. 2 is an elevational side view of a portion of of the machine shown in
      FIG. 1;
PAR  FIG. 3 is an elevational rear view of the machine shown in FIG. 1;
PAR  FIG. 4 is an enlarged view of a section of FIG. 1 showing the ejector
      mechanism;
PAR  FIG. 5 is a sectional view taken along the line 5--5 on FIG. 4 showing the
      web roll ejector mechanism;
PAR  FIG. 6 is a sectional view taken along line 6--6 on FIG. 5;
PAR  FIG. 7 is a view, partly in section, taken along line 7--7 on FIG. 1
      showing the details of glue application at the second station;
PAR  FIG. 8 is a view taken along line 8--8 on FIG. 7;
PAR  FIG. 9 is a plan view of a sub-assembly of the applicator shown in FIG. 7;
PAR  FIG. 10 is a view taken along line 10--10 on FIG. 1 showing the details of
      the glue applicator mounted on the lever 79; and
PAR  FIG. 11 is a longitudinal sectional view of a nozzle assembly of the glue
      applicator shown in FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawings in detail there is shown a web rewinding
      apparatus according to the present invention which includes a front frame
      plate 10 and a rear frame plate 11 connected thereto by a plurality of
      spacer rods 12. The front frame plate 10 is provided with a large opening
      14 in which there is positioned a round turret plate 15. The turret plate
      15 is mounted on a shaft 16 which is driven by a motor 17 through a gear
      box 18 both of which are mounted on the rear frame plate 11. The shaft 16
      is supported by a bearing 19 mounted on a plate 20 which extends from the
      rear frame plate 11 toward the front frame plate 10.
PAR  Five spindles 21 are journalled about the outer periphery of the turret
      plate 15 in bearings 22. Constant torque clutches 24 of the type shown in
      copending U.S. Pat. application Ser. No. 442,175 are mounted on the inner
      ends of the spindles between the frame plates 10 and 11.
PAR  The clutches 24 are driven by means of pulleys 25 mounted thereon and
      operate to transmit a preset constant torque to the spindles. Two motors
      26 and 27 supply power to the pulleys 25, each at different times. The
      motor 26 drives a shaft 29 through a belt 30 connecting a pulley 31 on the
      motor shaft to a pulley 32 on the shaft 29. The shaft 29 is journalled in
      the frame plates 10 and 11 and carries a a drive wheel 34 for engaging the
      pulley 25 of the clutches 24.
PAR  The motor 27 (as shown in FIG. 3) drives a double V-belt 35 one side of
      which engages a pulley 36 on the motor shaft, an idler pulley 37
      journalled in the frame plate 10, and a second idler pulley 39 mounted on
      a spring biased lever 40. The other side of the belt engages the pulleys
      25 of two of the constant torque clutches 24 mounted on the spindles 21.
PAR  The rear surface of the edge of turret plate 15 is formed with semicircular
      depressions 41 positioned midway between the spindles 21. A limit switch
      42 is mounted on the rear surface of the frame plate 10 and is provided
      with an operating lever 43 having roller 44 for engaging the periphery of
      the turret plate. The limit switch 42 is connected to stop the motor 27
      each time the turret plate is driven to a position aligning a depression
      41 with the roller 44. The motor 27 remains de-energized for a preset
      cycle (for example, 10 seconds) and is restarted as described hereinafter.
      The turret 15 is thus moved in steps, each spindle being sequentially
      moved to each of five stations and remaining in each station for the
      preset time cycle.
PAR  Referring to FIG. 1, at the first station a core stop plate 45 is mounted
      to the front face of the frame plate 10. A core C is manually placed on
      the spindle at this station and the stop plate 45 spaces the end of the
      core from the face of the turret plate 15 to facilitate removal at the
      fifth station.
PAR  A glue applicator 46 is positioned at the second station to apply heat
      liquified pressure sensitive glue on the core C. The spindle at the second
      station is rotated slowly (e.g., at 120 rpm) by engagement of its clutch
      pulley 25 with the drive wheel 34 driven by the motor 26. The glue
      applicator, which will be described in detail hereinafter, transfers
      liquid glue to the cores by means of metal discs 47 which extend into a
      reservoir of melted glue. The applicator 46 is supported by an arm 48
      which is pivoted on a pin 49 extending from the plate 10. The applicator
      is lifted to place the discs 47 in contact with the core by means of a
      pneumatic actuator 50 acting against an arm 51 extending from the
      applicator.
PAR  As each spindle is moved into the second station, the cylinder 50 is
      briefly operated to lift the applicator and bring the discs 47 into
      contact with the core for a short interval (for example, 2 seconds). Upon
      contact with the rotating core, the discs 47 are rotated and transfer glue
      to the core, each one depositing a line of glue around the circumference
      of the core. For the rest of the cycle, the glue cools and hardens as the
      core is rotated slowly. By the end of the cycle, the glue has hardened
      sufficiently to prevent it from being thrown off by the rapid rotation
      that the cores experience at the third station.
PAR  As each spindle moves from the second station to the third, the pulley 25
      of its clutch 24 engages the belt 35 to cause the spindles to rotate
      rapidly (e.g., at 1,500 rpm) at both the third and fourth stations.
PAR  At the end of each cycle, the web W is applied to the core at the third
      station, as described in detail hereinafter. The core is then moved to the
      fourth station where the winding of the web onto the core is completed.
      The web W is fed to the core from a supply roll (not shown) over three
      idler rollers 52-54.
PAR  A web cutting and applying lever 56 is journalled on a shaft 57 mounted to
      the frame plate 10 between the third and fourth station. The lower arm 59
      of the lever carries an adjustably positioned bracket 60 on which is
      mounted a knife blade 61 for severing the web W. At the extreme end of the
      arm 59 is a flange 62 to which a roller 64 is mounted by means of a pair
      of spring loaded telescoping assemblies 65. The roller is journalled on a
      shaft 66. Each end of the shaft 66 is mounted in an annular fitting 67
      mounted on the inner member 69 of the assembly 65. The outer member 70 of
      each of the assemblies 65 has a threaded portion 71 of reduced diameter
      which extends through a hole in the flange and is held thereto by a nut
      72.
PAR  A pneumatic cylinder 74 is mounted to the frame plate 10 and connected to
      the upper arm 75 of the lever 56. A U-shaped connector 76 is fastened to
      the shaft of the cylinder and a pin 77 pivotally attaches the connector to
      the arm 75. A pair of electrical switches 78A and 78B are mounted on frame
      plate 10 on either side of the arm 75 to be operated by the tip of the
      arm.
PAR  A second arm 79 is mounted on the end of a shaft 80 which extends through
      and is journalled in the front frame plate 10. The shaft 80 is of
      sufficient length to allow the arm 79 to rotate past the end of the
      spindles. Mounted on the end of the arm 79 is a knife back-up bar 81 which
      extends inwardly toward the turret plate 15. The bar 81 is welded to a
      block 82 which is secured to the arm 79 by four bolts 84 which extend
      through a back-up plate 85 and through a pair of slots 86 into the block
      82.
PAR  A second glue applicator 87 is mounted to the plate 81 by means of four
      bolt assemblies 88. The glue applicator 87 includes a reservoir 89 which
      feeds glue by gravity to a plurality of ball applicator tips 90 for
      applying glue to the web when it is cut. The applicator is described in
      detail hereinafter.
PAR  The arm 79 is illustrated in its operated position to more clearly show its
      operation. The normal position of the arm is displaced about 30.degree.
      clockwise from the position shown. As shown in FIG. 3, the shaft 80 is
      rotated by a pneumatic cylinder 91 through an arm 92 to move the arm into
      its operated position. A pair of pneumatic switches 95 and 96 are mounted
      on the back of the plate 10 to be operated by the arm 92.
PAR  About one second before the end of each cycle, a counter (not shown) which
      is driven by the motion of the web operates a solenoid valve to energize
      the cylinder 91 and move the arm 79 counterclockwise into the position
      shown in FIG. 1. The arm 92 (FIG. 3) operates a pneumatic switch 95 which
      admits high pressure air to the cylinder 74. The shaft of the cylinder 74
      extends and rotates the lever 56 counterclockwise bringing the knife blade
      61 against the back-up bar 81 cutting the web W. As the knife 61 is
      cutting the web, the roller 64 presses the web against the glue coated
      core mounted on the spindle so that the web immediately begins to wind
      onto the core now at station three. Also, as the knife blade 61 cuts the
      web, it deflects the web moving it into contact with the applicator tips
      90 and glue is applied onto the underside of the web above the cut line.
      The glued end of the web is pressed against the roll R at the fourth
      position by a brush 94 mounted on the frame plate 10.
PAR  As the knife blade 61 cuts the web, the tip of the lever arm 75 operates
      the pneumatic switch 78B which energizes the cylinder 91 to retract its
      shaft rotating the arm 79 clockwise and also energizes the cylinder 74 to
      retract its shaft rotating the lever arm 56 clockwise. When both arms 79
      and 56 return to their original position, they operate the pneumatic
      switches 96 and 78A respectively. These switches are serially connected to
      a pressure operated electrical switch which actuates the starting circuit
      of the motor 17. The motor 17 then drives the turret plate 15 to advance
      all of the spindles one position.
PAR  At the fifth position the rolls of web are automatically removed from the
      spindles by a stripper mechanism 97. As shown in FIGS. 4, 5, and 6, the
      stripper mechanism 97 includes a plate 98 mounted to the rear face of the
      frame plate 10 behind a cutout 99 in the plate 10 at the edge of the
      opening. The plate 98 is parallel to the plate 10 and is spaced therefrom
      by a pair of rectangular bars 100. A pneumatic actuator 101 is mounted to
      the plate 98 and an antirotation rod 102 extends through a bushing 104
      mounted in the plate 98. The piston shaft 105 of the actuator 101 and the
      rod 102 are screwed into a base slide plate 106. An upper slide member 107
      is telescopingly mounted on the base slide plate 106. The member 107 has
      two side sections 109 which engage the sides of the plate 106, a plate
      section 110 interconnecting the side sections and overlying the outer face
      of the plate 106, a pair of lips 111 which extend inwardly from the side
      sections 109 in engagement with the inner face of the plate 106 to enclose
      the plate 106 within the member 107. A stripper plate 112 is mounted to
      the outer face of the member 107 to extend over the turret plate and
      engage the core of the roll of web to effect removal of the roll. On the
      other end of the member 107, the plate section 110 is cut away and a
      roller 114 is mounted to the inside surface of one of the side sections
      109. A cam member 115 is mounted to the plate 98 and is formed with an
      inclined camming surface 116 for coaction with the roller 114. The upper
      slide member 107 is biased toward the turret plate by a pair of springs
      117. The springs 117 are stretched between pins 119 extending from the
      plate 106 and pins 120 extending from the side sections 109. The action of
      the springs is opposed by the engagement of the roller 114 against the
      surface 116.
PAR  When a spindle is moved from the fourth and the fifth stations, its clutch
      pulley 25 is moved out of contact with the belt 35 and into contact with a
      flat spring brake member 121 which is attached to a spacer rod 12 by means
      of a clamp 122. The frictional engagement of the pulley 25 with the brake
      member 121 brings the rotating pulley to a stop.
PAR  When the actuator 101 is energized to extend the rod 105, the plate 106 and
      the member 107 are moved, as a unit, away from the plate 98 allowing the
      roller 114 to ride up the surface 116 of the cam 115 as the springs 117
      slide the member 107 along the plate 106 toward the turret plate. The free
      end of the stripper plate 112, which is formed with an arcuate recess 124,
      moves toward the spindle in the fifth position, engages the end of the
      core of the web roll on the spindle, and strips the web roll from the
      spindle.
PAR  The glue applicator 46, as shown in FIGS. 1 and 7, includes a rectangular
      glue container 126 formed with six parallel slots 127 in the top wall
      thereof. Each of the metal discs 47 is mounted in one of the slots 127 on
      a bifurcated spring 129.
PAR  As shown in FIG. 9, the spring 129 is formed with a base section 130 and
      two arms 131. The base section 130 is provided with two mounting holes
      132. The ends of the arms 131 are bent around a shaft 134 on which the
      disc 47 is mounted. As shown in FIG. 8, the spring 129 is bolted to the
      inside surface of the top wall of the container 126.
PAR  The container 126 is filled with heat liquified pressure sensitive glue
      through an opening 135 in the top wall. A cover 136 is normally positioned
      in the opening. The glue level is maintained so that the discs 47 extend
      into the glue and the glue is maintained at a fixed predetermined
      temperature by means of a thermostatically controlled electrical heater
      element 137.
PAR  When the applicator 46 is lifted by the actuator 50, the discs 47 engage
      the core and are driven by the rotating spindle. As each disc turns, a
      bead of glue 138 adheres to its outer edge surface. The size of the bead
      of glue is controlled by speed at which the disc is turned and by the
      viscosity of the glue, which varies with the temperature to which the glue
      is heated. The amount of glue deposited by each of the discs depends upon
      the size of the glue bead carried by the disc and by the number of times
      the disc is revolved while in contact with the core.
PAR  The glue applicator 87, as shown in FIGS. 1 and 10, includes a flat
      rectangular chamber 140 upon which the reservoir 89 is mounted. The
      nozzles 90 are threaded into the side wall of the chamber 140 and the bolt
      assemblies 88 are secured to the lower wall of the chamber.
PAR  Heat liquified glue is poured into the reservoir 89 through its upper open
      end 141 which is normally closed by a cover 142. The chamber 140 and the
      reservoir 89 are filled with glue providing a hydraulic head to place the
      glue at the nozzles under pressure. A thermostatically controlled heating
      element 144 is mounted on the top wall of the chamber 140 to maintain the
      glue in liquid state.
PAR  As shown in FIG. 11, the nozzles 90 include a body 145, an end cap 146, an
      applicator ball 147, a spring 149, and a pusher member 150. The body 145
      has an end section 151 threaded into the wall of the chamber 140, a second
      end section 152 upon which the end cap 146 is threaded, and a central
      section 154 formed to accept a wrench. The body 145 is provided with an
      inlet port 155 and an axial bore 156 of larger diameter than the port. The
      bore 156 extends from the port 155 to the other end of the body. The
      second end section 152 is formed with a spherical surface 157.
PAR  The spring 149 is positioned in the bore 156 and the pusher member 150 is
      inserted into the spring 149. The pusher is provided with a flange 159
      which engages the end of the spring.
PAR  The cap 146 is formed with a threaded annular base portion 160 engaging the
      end 152 of the body 145, and a head portion 161 having a knurled outer
      surface 162. The head portion 161 has an end wall 164 provided with a
      central opening 165. The interior surface of the head portion 161 is
      formed with a stepped bore extending from the opening 165 to the base
      portion 160. The bore is defined by a conical surface 166 intersecting the
      opening 165, a cylindrical surface 167, a second conical surface 169, and
      a second cylindrical surface 170. A chamber 171 is formed between the
      stepped bore, the ball 147, and the end of the body section 170.
PAR  The applicator ball 147 is held against the conical wall 166 by the action
      of the spring 149 upon the pusher 150. Liquified glue flows, under the
      pressure head developed by the height of the liquid glue in the reservoir
      89, through the port 155 and the bore 156, and through the space between
      the ball 147 and the surface 157 into the chamber 171.
PAR  As the roller 64 and the knife 61 engage the web at the third station, the
      moving web is deflected and is pressed against the exposed surface of the
      ball 147. The ball 147 is rotated by its contact with the moving web and
      the glue in the chamber 171 is picked up by the surface of the rotating
      ball and transferred to the web. At the same time, the ball 147 is moved
      rearwardly against the action of the spring 149 to seat against the
      spherical surface 157 and seal off the flow of glue into the chamber 171.
      The movement of the ball 147 against the surface 157 prevents the transfer
      of excessive glue onto the web by preventing glue under pressure from
      flowing past the ball 147 (and thus squirting onto the web) and by
      preventing additional glue from flowing into the chamber 171.
PAR  It will be seen from the foregoing description that the apparatus disclosed
      herein accomplishes all of the aforestated objects.
PAR  As various changes may be made in the form, construction, arrangement and
      use of the apparatus shown herein without departing from the spirit and
      scope of the invention, it is to be understood that all matter herein is
      to be interpreted as illustrative and not in any limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. Web rewinding apparatus comprising in combination a frame, a turret
      mounted for rotation with respect to said frame, a plurality of spindles
      carried by the turret for receiving web roll cores, said spindles being
      equally spaced around the edge of the turret, at least four equally spaced
      stations on said frame adjacent the periphery of said turret, the first
      station being for placement of web roll cores on the spindles, means for
      rotating the spindles, means for rotating said turret in steps to
      sequentially position each of said spindles at each of said stations,
      means at said second station for applying glue on the cores, means for
      feeding web from a supply to the core at the fourth station, and means at
      said third station for cutting the web extending to the fourth station and
      applying the end of the web extending from said supply to the core at the
      third station, said means for rotating said spindles including a plurality
      of rotary elements carried by said turret, each operatively connected to
      one of said spindles, a double-faced endless drive member, means for
      driving said endless drive member including two frame mounted rotary
      elements positioned at widely spaced points about the periphery of said
      turret, one face of said endless drive member being in driving contact
      with said two frame mounted rotary elements and the opposite surface being
      in contact with said spindle rotary elements positioned between said frame
      mounted rotary elements.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said means for rotating said
      spindles is arranged to drive spindles in said third and fourth positions,
      and wherein means are provided for driving the spindle at said second
      station at slow speed to prevent the glue applied to the core of the
      spindle at the second station from being thrown off.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein said means for applying glue at
      said second station includes a container, a quantity of heat liquifiable
      glue in said container, means for maintaining the glue at a predetermined
      temperature, a glue applicator rotatably mounted to said container so as
      to extend into the glue and protrude from said container, and means for
      moving said container toward said spindle in said second position to bring
      the glue applicator into contact with the core on the spindle in said
      second position, whereby rotation of the spindle rotates the glue
      applicator to carry glue from said container and deposit the glue on the
      core.
NUM  4.
PAR  4. Apparatus according to claim 3, including a plurality of glue applicator
      discs arranged in a row parallel to said spindles, each of said discs
      being rotatably mounted on a spring member secured to said container.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein said glue varies in viscosity
      with temperature whereby the amount of glue deposited can be controlled by
      varying the relationship between the temperature of the glue, the speed of
      spindle rotation and the period during which the spindle and the discs are
      in contact.
NUM  6.
PAR  6. Web rewinding apparatus comprising in combination a frame, a turret
      mounted for rotation with respect to said frame, a plurality of spindles
      carried by the turret for receiving web roll cores, said spindles being
      equally spaced around the edge of the turret, at least four equally spaced
      stations on said frame adjacent the periphery of said turret, the first
      station being for placement of web roll cores on the spindles, means for
      rotating the spindles, means for rotating said turret in steps to
      sequentially position each of said spindles at each of said stations,
      means at said second station for applying glue on the cores, means for
      feeding web from a supply to the core at the fourth station, and means at
      said third station for cutting the web extending to the fourth station and
      applying the end of the web extending from said supply to the core at the
      third station, said means for cutting the web and applying the end of the
      web to the core including a member mounted on said frame to be moveable
      toward the core at said third station, a roller parallel to the core
      carried by said member and positioned to press the web against the core in
      the third position, a knife blade carried by said member to engage and cut
      the web between the third and fourth positions as said roller presses the
      roller against the core, and means for moving said member toward the core
      at said third station.
NUM  7.
PAR  7. Apparatus according to claim 6, including a second arm pivoted to said
      frame, and a back-up bar carried by said second arm to be positioned in
      alignment with said knife blade on the opposite side of said web.
NUM  8.
PAR  8. Apparatus according to claim 7, including a second glue applying means
      mounted on said second arm to contact the web between the knife blade and
      the fourth position when said arms are pivoted to cut the web.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein said second glue applying means
      includes a glue receptacle, a quantity of glue in said receptacle, and a
      dispensing nozzle facing the web extending to said fourth station, said
      dispensing nozzle including a body extending from said receptacle formed
      with a bore in communication with said glue in said receptacle, a head
      member mounted on said body having an aperture therein, means providing a
      valve seat at said aperture, said head member being formed to provide a
      chamber at the end of said body in communication with said aperture and
      said bore, a valve member within said chamber for sealing said aperture,
      said valve member being constructed to extend through said aperture to be
      contacted by the web and moved away from the aperture to allow glue to
      flow onto the web.
NUM  10.
PAR  10. Apparatus according to claim 9, including means providing a valve seat
      at the end of said body for cooperating with said valve member to prevent
      glue flow into said chamber when said valve member is moved away from the
      aperture whereby the glue dispensed is limited.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein said valve member is a ball.
NUM  12.
PAR  12. Apparatus according to claim 11, including means for urging the ball
      toward the aperture.
NUM  13.
PAR  13. Web rewinding apparatus comprising in combination a frame, a turret
      mounted for rotation with respect to said frame, a plurality of spindles
      carried by the turret for receiving web roll cores, said spindles being
      equally spaced around the edge of the turret, at least five equally spaced
      stations on said frame adjacent the periphery of said turret, the first
      station being for placement of web roll cores on the spindles, means for
      rotating the spindles, means for rotating said turret in steps to
      sequentially position each of said spindles at each of said stations,
      means at said second station for applying glue on the cores, means for
      feeding web from a supply to the core at the fourth station, means at said
      third station for cutting the web extending to the fourth station and
      applying the end of the web to the core at the third station, and means at
      the fifth station for engaging the core on the spindle positioned thereat
      and sliding said core off said spindle, said core removing means including
      an actuator having a rod movable at right angles to said frame, a first
      slide member parallel to said frame mounted on said rod to move therewith,
      a second slide member slidably mounted on said first slide member, means
      for moving said second slide member toward said spindle in said fifth
      position as said first slide member moves away from said frame and for
      retracting said second member when said first member is moved toward said
      frame.
NUM  14.
PAR  14. Apparatus according to claim 6, wherein said member is an arm pivoted
      on said frame.
PATN
WKU  039306216
SRC  5
APN  4820819
APT  1
ART  242
APD  19740624
TTL  Paper holding attachment for drafting boards
ISD  19760106
NCL  10
ECL  1
EXP  McCarthy; Edward J.
NDR  2
NFG  4
INVT
NAM  Wood; Russell J.
STR  Bailey Road
CTY  Lanesboro
STA  MA
ZIP  01237
CLAS
OCL  242 671D
EDF  2
ICL  B65H 1702
FSC  242
FSS  67.1 D;67.1 R;75.2
FSC  269
FSS  16
UREF
PNO  414067
ISD  18891000
NAM  Mohan
OCL  242 67.1D
UREF
PNO  1934952
ISD  19331100
NAM  Shoemaker
OCL  242 67.1D
UREF
PNO  2872842
ISD  19590200
NAM  Grass
XCL  242 71.2
UREF
PNO  3190574
ISD  19650600
NAM  Purzycki
OCL  242 55
UREF
PNO  3394900
ISD  19680700
NAM  Gross
OCL  242 67.1R
LREP
FR2  Gammons; Robert T.
ABST
PAL  An attachment for a drafting board comprising an elongate cylindrical
      chamber adapted to be removably attached to an edge of a drafting board,
      such cylindrical chamber containing a longitudinal opening through which
      paper may be withdrawn or retracted, a rotor mounted within the chamber
      for receiving a roll of drafting paper, spring means mounted within the
      chamber for yieldably pressing the paper against the surface of the rotor,
      said spring means being adapted to be withdrawn to enable placing the
      paper within the chamber and a crank for rotating the rotor.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The drafting board attachment herein disclosed is like, in some respects,
      the attachment shown in my U.S. Pat. No. 2,627,696 which is designed to
      hold drafting paper when working upon large layouts such as architectural
      drawings or machine assembly drawings and wherein it is frequently
      desirable to move the paper transversely or forwardly and rearwardly on
      the board to bring different portions of the drawings into a convenient
      place for making changes and/or additions. The attachment of this
      invention is provided with an improved construction to enable more easily
      taking up the paper in coil form within the attachment and to be used in
      conjunction with a corresponding attachment at the opposite parallel edge
      of the board to enable transferring the paper from one side to the other
      or from bottom to top and to hold it substantially tautly in place.
PAC  SUMMARY OF INVENTION
PAR  As herein illustrated, the paper holder of this invention comprises an
      elongate hollow housing defining an interior chamber whose interior wall
      is cylindrically concave for receiving a roll of drafing paper, said
      housing having an opening lengthwise thereof through which the paper may
      be slipped into or out of the chamber, means for supporting said housing
      at an edge of a drafting board below the surface with the opening parallel
      to the edge and substantially at the level of the surface, said means
      providing an upwardly inclined apron on which the paper from the opening
      travels to or from the plane of the board, a rotor mounted in the chamber
      in concentric relation thereto for rotation about the longitudinal axis of
      the chamber upon which the paper is adapted to be wound, means supported
      from the interior concave wall of the chamber for yieldably pressing the
      paper against the surface of the rotor to cause it to become wound on the
      rotor as the latter is rotated and means for effecting rotation of the
      rotor. The means for pressing the paper against the rotor comprise spring
      members mounted interiorly of the chamber which extend along an arcuate
      path of decreasing radius of curvature into engagement with the rotor.
      These spring members are adapted to be withdrawn from the chamber through
      openings in the wall to clear the interior of the chamber for inserting a
      roll of paper therein. There are guide members on the outer sides of the
      chamber through which the spring members are guided and held engaged with
      the exterior surface of the chamber when withdrawn. The peripheral surface
      of the rotor has a friction surface to assist in winding of the paper
      thereon. To attach the housing to the edge of a drafting board there is
      provided a bracket having a part adapted to be screwed on to the edge of
      the drafting board and a part adapted to provide an extension to the board
      the edge of which terminates in a sloping surface which enters the opening
      to the chamber and provides an apron over which the paper may be withdrawn
      from the chamber onto the surface of the board and vice versa. One
      attachment may be used at one edge of the board in which case the paper is
      drawn across the board and is thumbtacked at the opposite edge, the
      attachment in this arrangement being provided to take up the paper when it
      is not desirable to leave it spread out on the board. Usually two such
      attachments are used, one at each edge or one at the top and one at the
      bottom, so that the paper may be stretched therebetween and held taut
      while being worked upon and may be drawn in either direction to enable
      making changes or additions at various places without having to move from
      one place to another.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is an edge view of a drafting board with an attachment at each side;
PAR  FIG. 2 is a plan view of the drafting board showing an attachment at each
      end;
PAR  FIG. 3 is a transverse diametrical section taken on the line 3--3 of FIG. 2
      to much larger scale; and
PAR  FIG. 4 is a fragmentary section taken on the line 4--4 of Section 3 showing
      one of the spring fingers in section and the other in elevation.
DETD
PAR  Referring to the drawings, there is shown in FIGS. 1 and 2, a drafting
      board 10 and mounted at its opposite edges paper holding attachments
      12--12. While the attachments are shown at the opposite edges or ends of
      the board in these figures it is within the scope of this invention to
      mount the attachments at the top and bottom edges of the board. In
      whichever place of mounting, the attachments are designed to hold a roll
      of drafting paper in such a way that it may be alternately unwound from
      one attachment and wound up in the other or unwound from the other
      attachment and wound up in the one and to be stretched between the
      attachments tautly across the board while conducting drafting operations.
      A single attachment may be used at either edge or at the top or bottom to
      hold a roll of paper in which case the free end of the paper is drawn from
      the attachment across the board or from top to bottom and thumbtacked at
      the opposite edge.
PAR  The attachments are identical for opposite edges or for the top and bottom
      and so only one will be described herein, that shown at the right hand of
      the drafting board in FIGS. 1 and 2. Referring to FIGS. 3 and 4, the
      attachment comprises an elongate hollow cylindrical housing 14 having an
      inner cylindrical concave wall 16 for receiving a roll of drafting paper
      18. A rotor 20 is mounted within the chamber in concentric relation
      thereto for rotation about an axis 22 on which the paper is supported and
      wound or unwound as the case may be. To enable winding the paper onto the
      rotor and to provide for substantial tension in the length of paper
      stretched across the board, there is provided on the surface of the rotor
      friction engendering means 24 and for engagement with the rotor spring
      fingers 26--26 spaced lengthwise of the chamber. The friction engendering
      means may be, for example, a pile fabric, suede or cork applied to the
      surface of the rotor which will not damage the surface of the paper. The
      spring fingers 26--26 are narrow metal strips which are transversely flat
      and prestressed to coil. The coiled spring fingers are mounted through
      openings 28--28 in the wall of the chamber with portions 30--30 outside
      the chamber engaged within guides 32--32 and portions 34--34 inside the
      chamber which diverge from the inner surface toward the rotor and hence
      into yielding engagement with the peripheral surface of the rotor. The
      combined action of the friction engendering surface of the rotor and the
      pressure applied by the coiled spring fingers 26--26 causes the paper to
      be wound on the rotor and serves to hold the paper taut at any given
      position. As illustrated in FIG. 3, the coiled spring fingers 26--26 may
      be withdrawn as shown in dot-dash lines from the chamber so as to enable
      placing the roll of paper within the chamber.
PAR  A longitudinally extending narrow opening 35 is provided in the wall of the
      chamber through which the paper is adapted to be withdrawn or retracted
      and the chamber is detachably attached to the edge of the drafting board
      so that this opening is parallel to the edge and substantially at the
      level of the surface of the board.
PAR  A bracket 37 is employed to detachably mount the housing and comprises
      right angularly disposed parts 36 and 38, FIG. 3, which are coextensive
      with the edge of the board and the axial length of the housing. The part
      36 contains openings for receiving screws by means of which it is fastened
      to the board and has vertically spaced longitudinally extending grooves 40
      and 42 for slidably receiving vertically spaced flanges 44 and 46 formed
      on the outer side of the cylindrical wall. The part 38 provides a
      horizontal extension of the board which extends part way across the
      opening 35 and has an inclined surface 48 for guiding the paper smoothly
      into or out of the chamber.
PAR  The rotor 20 is provided at its ends with hub members 50--50, FIG. 4, on
      which there are radially extending flanges 52--52 for confining the paper
      on the rotor at its edges. The ends of the hubs 50--50 have sub-shafts
      54--54 which extend through caps 56--56 at opposite ends of the housing,
      the caps being provided with bearing openings 58--58 for rotatably
      receiving the sub-shafts 54--54. At one end, a crank 60 is secured to a
      sub-shaft 54 to enable rotating the rotor.
PAR  It may be desirable to positively lock the rotor against rotation rather
      than rely on frictional resistance to rotation and for this purpose there
      is mounted on the hub 50 at one end a collar 62 containing a threaded
      opening 64. An opening 68 is provided in the cap 56 at that end and a
      thumb screw 66 is mounted in the opening 68 and threaded into the threaded
      opening 64 against the hub. By turning the screw in the collar against the
      hub, the latter may be prevented from rotating.
PAR  The housing as thus described is an exceedingly simple and easily mounted
      device and provides for quickly and easily traversing the drafting paper
      on the surface of the drafting board and holding it in a predetermined
      position.
PAR  It should be understood that the present disclosure is for the purpose of
      illustration only and includes all modifications or improvements which
      fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A paper holding attachment for use with drafting boards, comprising an
      elongate hollow housing defining an interior paper holding chamber whose
      interior wall is cylindrically concave for receiving a roll of drafting
      paper, said housing having an opening lengthwise thereof through which the
      paper may be slipped into or out of the chamber, means for supporting the
      housing at an edge of the drafting board below the surface with the
      opening parallel to said edge and substantially at the level of the
      surface of the board, said means providing an upwardly inclined apron over
      which the paper from the opening travels to the plane of the board, a
      rotor mounted in the chamber in concentrical relation thereto for rotation
      about said axis upon which the paper is adapted to be wound, spring
      members comprising coils mounted interiorly of the chamber from the
      concave wall, said spring members extending along arcuate paths of
      descreasing radius of curvature into engagement with the rotor and said
      chamber being provided with axially spaced openings in its wall through
      which the spring members can be withdrawn to positions such that only
      their distal ends are engaged with the inner side of the wall.
NUM  2.
PAR  2. A paper holding attachment according to claim 1, wherein there are
      guides on the convex outer side wall of the housing adjacent the openings
      through which the spring members are arranged to be withdrawn and with
      which the spring members are adapted to be frictionally engaged as they
      are withdrawn to hold the withdrawn portion of the spring members engaged
      with the convex outer side wall of the housing.
NUM  3.
PAR  3. A paper holding attachment according to claim 1, wherein there are means
      at the outer ends of the spring members for manipulating them to withdraw
      or insert the spring members.
NUM  4.
PAR  4. A paper holding attachment for use with drafting boards, comprising an
      elongate hollow housing defining an interior paper holding chamber whose
      interior wall is cylindrically concave for receiving a roll of drafting
      paper, said housing having a narrow opening lengthwise thereof through
      which the paper may be slipped into and out of the chamber, means for
      supporting the housing at an edge of the drafting board below the surface
      with the opening parallel to the edge and substantially at the level of
      the surface, said means providing an upwardly inclined apron along one
      side of the opening over which the paper from the opening may be moved to
      or from the plane of the board, a rotor mounted in the chamber in
      concentric relation thereto for rotation about said longitudinal axis upon
      which the paper is adapted to be wound, means supported within the chamber
      which extends part way around the rotor divergently from the wall of the
      chamber and convergently towards the rotor into engagement therewith for
      yieldably pressing the paper against the surface of the rotor to cause it
      to become wound onto the rotor as the latter is rotated, said means
      extending around the rotor in a direction corresponding to the direction
      the rotor is rotated to wind the paper onto the rotor and means for
      effecting rotation of the rotor.
NUM  5.
PAR  5. A paper holding attachment according to claim 4, wherein the means for
      supporting the housing at the edge of the drafting board is designed to
      detachably mount the holder thereon and comprises a bracket having right
      angularly disposed parts, one of which is adapted to be screwed to the
      edge face of the board and has an outwardly facing channel and the other
      of which is designed to form an extension of the board, and flange means
      extending from the convex outer side wall of the housing adjacent the
      opening for sliding engagement with the channel to support the housing
      with said extension adjacent the opening and wherein the extension at its
      distal edge has a smooth surface inclined downwardly into the opening over
      which the paper is adapted to be moved as it enters or leaves the opening.
NUM  6.
PAR  6. A paper holding attachment according to claim 4, wherein the rotor has
      on its peripheral surface frictional means.
NUM  7.
PAR  7. A paper holding attachment according to claim 4, wherein there are
      bearing caps at the opposite ends of the chamber and there are hub members
      at the opposite ends of the rotor rotatably supported in the bearing caps.
NUM  8.
PAR  8. A paper holding attachment according to claim 7, wherein the hub members
      have radial flanges corresponding substantially to the interior diameter
      of the chamber for confining the edges of the paper wound on the rotor.
NUM  9.
PAR  9. A paper holding attachment according to claim 7, wherein the hub members
      have affixed thereto extensions which extend through the bearing caps and
      there are crank handles mounted on the extension by means of which the
      rotor can be rotated.
NUM  10.
PAR  10. A paper holding attachment for use with drafting boards, comprising an
      elongate hollow housing defining an interior paper holding chamber whose
      interior wall is cylindrically concave for receiving a roll of drafting
      paper, said housing having an opening lengthwise thereof through which the
      paper may be slipped into or out of the chamber, means for supporting the
      housing at an edge of the drafting board below the surface with the
      opening parallel to said edge and substantially at the level of the
      surface, said means providing an upwardly inclined apron on which the
      paper from the opening travels to the plane of the board, a rotor mounted
      in the chamber in concentric relation thereto, for rotation about said
      axis upon which the paper is adapted to be wound, spring members mounted
      interiorly of the chamber on the concave wall, said spring members being
      stressed to form coils of a lesser radius of curvature than the interior
      of the chamber so that they extend along an arcuate path of decreasing
      radius of curvature with respect to the interior wall of the chamber into
      engagement with the surface of the rotor for yieldably pressing the paper
      against the surface of the rotor to cause it to become wound onto the
      rotor as the latter is rotated, said spring members extending around the
      rotor in a direction corresponding to the direction the rotor is rotated
      to wind the paper on the rotor and means for effecting rotation of the
      rotor.
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ABST
PAL  In an emergency locking safety belt retractor, a locking bar is operated by
      inertia responsive means which includes an inertia responsive mass and a
      locking bar for locking with teeth of the ratchet wheel associated with
      the belt winding wheel of the retractor. The inertia responsive means has
      been improved by the provision of having resilient means in force
      transmitting relation between the lock bar and the mass for receiving and
      storing energy imparted thereto by movement of the mass and for thereby
      urging the lock bar toward locking engagement with the ratchet wheel
      through a pawl bounce condition. The pawl bounce condition is defined as
      the condition that occurs when the lock bar initially bounces off the
      tooth of the lock wheel before attaining a locking engagement with the
      wheel. The resilient means may take the form of several different
      embodiments. In one embodiment, an actuator is mounted between the mass
      and the lock bar. A resilient stem is connected between the mass and the
      actuator, and the resilient stem may either be a spring wire or a coil
      spring. In another embodiment, the resilient means is mounted between the
      actuator and the lock bar and may either take the form of a diaphragm or a
      elastomeric material which absorbs energy in either stretching or
      compressing, or it may comprise a spring mounted on the lock bar for
      engagement with the actuator to absorb energy from the lock bar to the
      actuator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to emergency locking safety belt
      retractors for use in vehicles for storing a safety belt thereon and for
      allowing unreeling of the safety belt from the retractor so that the
      safety belt can be placed about the passenger to restrain him in his seat.
      More particularly, the invention relates to a retractor which allows
      uncoiling of the safety belt at all times except during a crash or other
      emergency when the seat belt locks and prevents further protraction of the
      belt from the retractor. Basically, this invention relates to an inertia
      sensitive safety retractor which locks the retractor from further
      protraction of the belt during a change in inertia of the vehicle; for
      example, during a crash or sudden deceleration. The locking bar is
      operated by inertia responsive means including an inertia responsive means
      including an inertia responsive mass. The present invention includes the
      provision of adding resilient means between the lock bar and the mass for
      receiving and storing energy imparted thereto by movement of the mass and
      for thereby urging the lock bar toward locking engagement with the ratchet
      wheel through a pawl bounce condition.
PAR  At least three basic types of emergency locking retractors have been
      developed heretofore which are being used commercially. The first type
      employs a locking pawl which is automatically actuated on a slight
      retraction of the webbing after an initial protraction of the belt from
      the retractor. The strap acceleration responsive type automatically locks
      on a protractive movement of the webbing at an acceleration thereof at a
      rate above a predetermined rate. In the vehicle inertia responsive type of
      retractor, the locking mechanism operates in response to change in the
      inertia of the vehicle in which the mechanism is mounted. In these
      retractors, depending on the position of the locking pawl and the ratchet
      wheel when the locking pawl moves to its locking position, a pawl bounce
      condition can occur. The pawl bounce condition is defined as that which
      occurs when the locking pawl contacts the ratchet in a tip-to-tip
      engagement. The dynamics which occur during the pawl bounce condition make
      it possible for the tip of the locking pawl to engage the tip of the tooth
      of the ratchet wheel in such a manner that the pawl is rebounded or
      deflected away from the ratchet wheel rather than moving into its locking
      engagement with the ratchet wheel. Failure of locking pawl to lock
      immediately with the ratchet wheel may result in undesirable protraction
      of the safety belt which increases danger to the vehicle occupant during a
      crash.
PAR  It has been realized that the locking pawl means for emergency locking
      retractors is needed which, even if pawl bounce occurs, locks assuredly
      during emergency conditions. There have been prior attempts to solve this
      problem and they have taken numerous paths. For example, in the patent
      application to Ziv, Ser. No. 459,539, dated Apr. 10, 1974, entitled
      "Piggyback Dual Lock Bar," a dual locking pawl means is provided such that
      one pawl or the other will assuredly lock the retractor upon an emergency
      condition experienced by the vehicle. There have been other numerous
      attempts to overcome the problems of pawl bounce, but it is believed that
      none of these prior attempts have included mechanisms having a
      construction or mode of operation as contemplated for the within
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, the primary object of the present invention to eliminate
      the problems associated with pawl bounce so that the retractor will
      assuredly lock during emergency conditions. Another object of the
      invention is to accomplish the defeat of the dilatorious effects of the
      pawl bounce condition using the minimum parts. A further object is to
      provide elimination of the dangerous effects of the pawl bounce condition
      in an extremely reliable manner so that the occupants of the vehicle will
      not be injured if pawl bounce would occur. Still another object of the
      instant invention is to provide an antipawl bounce mechanism which is
      easily adapted from existing emergency locking safety belt retractors.
PAR  Basically, a positive locking mechanism for a seat belt is provided which
      locks the retractor against further protractive movement of the belt when
      the vehicle, upon which the retractor is mounted, undergoes a change in
      inertia during a crash or other sudden deceleration. The mechanism
      includes a ratchet wheel with teeth thereon and a locking bar which
      engages the ratchet wheel on being actuated by the locking mechanism to
      prevent further rotation of the ratchet wheel. The mechanism comprises
      vehicle inertia responsive means on the retractor for sensing changes in
      the inertia of the vehicle.
PAR  Energy storing means between the vehicle inertia responsive means and the
      lock bar urges the lock bar toward locking engagement with the ratchet
      wheel through the pawl bounce condition when the lock bar initially
      bounces off the tooth of the ratchet wheel before attaining a locked
      engagement with the wheel. Preferably, an actuator means is mounted
      between the mass and the lock bar for transmitting locking movement to the
      lock bar upon movement of the mass.
PAR  In one embodiment, the energy storing means includes resilient stem
      connecting the mass to the actuator. The stem means is bendable upon
      movement of the mass such that it stores energy while being bent so the
      energy storing means will urge the lock bar toward locking engagement with
      the ratchet wheel through the pawl bounce condition. The stem means may
      either be a spring wire connecting the mass with the actuator or it may be
      a coil spring between them.
PAR  In another embodiment, the energy storing means includes resilient means
      between the actuator and the lock bar for storing energy transmitted
      between the actuator and the lock bar. The resilient means may include a
      diaphragm mounted on the actuator for storing energy in the resiliency of
      the diaphragm, it may include elastomeric material either mounted on the
      lock bar or mounted on the actuator for storing energy in the compression
      of the material, or the resilient means may include a spring means mounted
      on the lock bar for storing energy from the actuator means.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a preferred exemplary embodiment of an emergency
      locking safety belt retractor having a preferred embodiment of the
      improved inertia responsive means of the present invention mounted
      thereon.
PAR  FIG. 2 is a side view of the retractor and inertia responsive means of FIG.
      1 taken therein along the plant II--II.
PAR  FIG. 3 is a section view of the improvement in inertia responsive means of
      FIG. 2 taken therein along the plane III--III with the inertia mass 32
      mounted on a resilient energy storing stem 41.
PAR  FIG. 4 is a cross-sectional view also taken along plane III--III showing
      the improved inertia responsive means in operation and the locking pawl
      encountering a pawl bounce condition.
PAR  FIG. 5 is a cross-sectional view similar to FIGS. 3 and 4 showing the
      locking bar pawl fully engaging a following tooth of the ratchet in a
      completely locked condition.
PAR  FIG. 6 is a detail view of a first alternative exemplary embodiment of the
      improved inertia responsive means wherein the energy storing connection
      between the mass 32 and the actuator 34 is a coil spring 41.
PAR  FIG. 7 is a view similar to FIG. 6 and shows a second alternative
      embodiment wherein the energy storing means includes a spring 47 mounted
      on the lock bar.
PAR  FIG. 8 is a view similar to FIG. 6 and shows a third alternative embodiment
      wherein the energy storing means includes elastomeric material 49 mounted
      on the lock bar 24.
PAR  FIG. 9 is a view similar to FIG. 6 showing a fourth alternative embodiment
      wherein elastomeric material 48 is mounted on the actuator means.
PAR  FIG. 10 is a view similar to FIG. 6 showing a fifth alternative embodiment
      wherein the energy storing means includes a diaphragm 50 stretched across
      the actuator means.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A positively locking mechanism for a seat belt retractor, which locks the
      retractor against further protractive movement of the belt when the
      vehicle, upon which the retractor is mounted, undergoes a change in
      inertia during a crash or other sudden deceleration, includes a ratchet
      wheel with teeth thereon and a lock bar which engages the ratchet wheel on
      being actuated by the locking mechanism to prevent rotation of the ratchet
      wheel. The positively locking mechanism is a part of a generally
      conventional retractor 10. Belt 11 which is unwound and rewound to the
      retractor is wound around a reel which rotates about the axle 12. The axle
      is mounted for rotation in the frame 13. The frame 13 comprises a base 14
      and sidewalls 15, 15'. A cross brace 17 between the respective sidewalls
      15, 15' adds additional support to the frame 13. A spring is mounted in
      the housing 19 for biasing the reel in the counterclockwise or retraction
      direction as shown in FIG. 2.
PAR  The retractor further includes a ratchet wheel with teeth thereon. The
      ratchet wheel includes ratchet wheel members 20 and 21 with teeth 22 and
      23. The retractor further includes a lock bar which engages the ratchet
      wheel on being actuated by the locking mechanism to prevent rotation of
      the ratchet wheel. The locking bar 24 has ends 25, 25' which are pivotally
      mounted in triangularly shaped slots, one of which is shown at 26. The
      locking bar 24 further comprises locking pawls 27 and 28 which engage the
      teeth 22 and 23 of the ratchet wheel members 20 and 21 respectively. The
      locked position is shown specifically in FIG. 5 wherein the pawl 27 is
      shown securely engaging tooth 22 of the ratchet wheel member 20.
PAR  Vehicle inertia responsive means on the retractor senses changes in the
      inertia of the vehicle. In the exemplary embodiment, the inertia
      responsive means 30 comprises a pendulum which includes a mass 32. Stem 33
      connects the mass 32 with an actuator means 34. The actuator means rests
      on plate 35 and part of the actuator means 34 and the stem extends through
      an aperture 36 in the plate 35 for connection with the mass 32.
PAR  FIG. 3 generally shows the retractor in a rest position wherein the vehicle
      upon which the retractor is mounted is not undergoing any sudden changes
      in inertia. The locking pawl 27 is out of engagement with the ratchet
      wheel member 20 so that the belt 11 is free for protractive movement as
      ratchet wheel 20 undergoes clockwise rotation. The locking bar 24 includes
      a small protrusion 38 which is adapted to fit into a dimple or bowl-like
      member in the actuator means 34.
PAR  During a sudden change in inertia of the vehicle, the pendulum 31 will move
      from its rest position in FIG. 3 to assume a position more nearly like
      that in FIG. 5. The movement of the pendulum causes the actuator means 34
      to pivot about its periphery and causes the bowl-like member 37 to move
      upwards against the protrusion 38. The upward movement causes the locking
      bar 24 to pivot in its triangular slot 26 to engage the ratchet wheel
      member 20 as shown in FIG. 5.
PAR  Depending on the location of the teeth 22, 23 relative to the pawl 27 and
      28 during a crash or other sudden deceleration, when the pendulum moves in
      response to changes in inertia of the vehicle and the seat belt begins its
      attempted protraction causing clockwise rotation of the ratchet wheel
      member 20, the tip 27' of the pawl 27 may contact the tip 22' of the tooth
      22. In this instance, the resulting force caused by further rotation of
      the ratchet wheel member 20 causes a condition known as "pawl bounce."
      Pawl bounce causes the pawl to rotate in a clockwise direction (FIG. 4).
      Without the invention herein, the pawl bounce opposes the inertia of the
      pendulum toward the direction where it causes the locking pawl to lock the
      ratchet wheel and may even cause the pendulum to return to its rest
      position. Even if the pendulum is at its rest position only briefly, the
      ratchet wheel member 20 is free to rotate, and in a crash, the occupant is
      forced against the seat belt with a great amount of force thereby causing
      extremely rapid rotation of the ratchet wheel member in the clockwise
      direction. The rapid rotation will continue until the pendulum again
      swings a sufficient distance to cause the pawl 27 to engage the teeth 22.
      Even if the ratchet wheel is allowed to revolve through one-half of a
      revolution, this may be a sufficient revolution to allow the belt to
      protract a sufficient distance to fail to securely hold the passenger in
      the vehicle seat. Any loosening of the belt may cause injury if the
      passenger gains sufficient freedom of movement within the vehicle during a
      crash.
PAR  As is particularly contemplated within the present invention, energy
      storing means are provided between the vehicle inertia responsive means
      and the lock bar for urging the lock bar toward locking engagement with
      the ratchet wheel through the pawl bounce condition when the lock bar
      initially bounces off the tooth of the ratchet wheel before attaining a
      locking engagement with the wheel. In the preferred embodiment, the energy
      storing means comprises the provision of a resilient stem means 41
      connecting the mass to the actuator. The resilient stem 41 is elastically
      bendable such that it stores energy and continues to urge the lock bar
      toward locking engagement with the ratchet wheel under urging of the
      swinging mass through the pawl bounce condition. In this exemplary
      embodiment, the normally inflexible stem of the prior art connecting the
      mass 32 and the actuator 34 is replaced by energy storage means in the
      form of resilient stem means 41. The resilient stem means 41 may either be
      a spring wire 42 with sufficient resiliency to allow bending of the wire
      while forcing the mass and actuator back to its rest position, or it may
      comprise a coil spring 43 also resiliently urging the mass to its position
      shown in FIG. 6.
PAR  The spring wire embodiment is discussed in more detail hereinafter and is
      shown in detail in FIGS. 4 and 5. Upon a change in inertia of a vehicle,
      the pendulum 31 moves away from the FIG. 3 rest position; for example, in
      the direction of the arrow in FIG. 4. Normally, the movement of the
      pendulum 31 would cause the bowl-shaped member 37 to rise up against the
      protrusion 38 causing the locking bar 24 to pivot in its slot 26 so that
      locking pawl 27 engages teeth 22 of the ratchet wheel member 20. However,
      when the pawl bounce condition occurs, the tip 27' of the pawl engages the
      tip 22' of the tooth and forces the locking bar 24 in a clockwise
      direction in FIG. 4. Because the stem means 41 in the form of a spring
      wire 42 is resilient, the energy from the locking bar 24 to the actuator
      34 is stored in the resilient stem means 41 instead of being transmitted
      immediately to the mass 32. By storing this potential energy in the
      resilient stem means 41, the stem's resiliency continues to urge actuator
      43 in an upward direction thereby pushing the locking bar 42 in a
      counterclockwise direction causing it to engage the following tooth 22 of
      the ratchet wheel member 20. Because the mass is free to continue moving
      in the direction of the arrow in FIG. 4, force will be maintained on the
      locking bar 24. If the resilient stem were a rigid stem, the downward
      movement of the lock bar in the pawl bounce condition might cause the mass
      to slow greatly or to entirely stop thereby momentarily stopping force
      from the actuator to the lock bar and thereby delaying locking of the
      locking pawl with the ratchet wheel teeth. Referring now to FIG. 5, the
      resilient stem means 41 in the form of spring wire 42 has given up some of
      its stored potential energy in forcing the lock bar 24 into engagement
      with the tooth 22.
PAR  Thereafter, if the pendulum returns to its rest position, the force from
      the belt urging the ratchet wheel member 20 in a clockwise direction will
      hold the locking pawl 27 against the tooth 22 so that the retractor is
      blocked from protraction of the belt.
PAR  In FIG. 6, the resilient stem assumes a different embodiment by replacing
      the spring wire with a coil spring 43. The coil spring 43 operates
      essentially in the same manner as the spring wire 42 in the previous
      embodiment. The coil spring serves to store potential energy and urge the
      actuator means upward against the locking bar when the mass is not in its
      rest position.
PAR  In other embodiments of the invention, the energy storing means includes
      resilient means between the actuator and the lock bar for storing energy
      transmitted between the actuator and the lock bar. In one such embodiment,
      the resilient means 44 includes lock bar spring means 45 mounted on the
      lock bar to store energy from the actuator means 34. In this particular
      embodiment, the lock bar spring means is a leaf spring with a curved
      portion 46 which serves the same function as protrusion 38; that is, it
      extends into the bowl-shaped member 37 so that when the actuator means 34
      moves upward, it will force the locking bar to rotate in a
      counterclockwise direction through application of the force through the
      leaf spring 45. In the preferred embodiment, the leaf spring 45 is bent
      around the edge of the locking bar 24 and because it is resilient, it
      tends to grip the locking bar 24 so that it will not slide therefrom. The
      spring could also be attached to the locking bar 24 in other manners; as,
      for example, by mechanical fastening means or welding or the like.
PAR  During the pawl bounce condition, the locking bar 24 would tend to rotate
      in a clockwise rotation in FIG. 7. This would cause bending of the leaf
      spring 45 toward the locking bar 24 and causes a storage of energy in the
      resiliency of the spring. In the pawl bounce condition, it is to be
      recognized that the mass 32 would be in a position other than that shown
      in FIG. 7, and were it not for the resiliency in the spring, the pawl
      bounce would tend to rotate the mass 32 back to its rest position.
      However, the resiliency of the spring stores the energy and allows the
      continued application of force from the actuator means to the locking bar.
PAR  In another embodiment, the resilient means includes elastomeric material
      interposed between the actuator and the lock bar for storing energy in the
      compression of the material. In one exemplary embodiment, the elastomeric
      material is attached to the actuator means, and in another embodiment the
      elastomeric material is attached to the lock bar. The first of these
      embodiments is shown in its preferred form in FIG. 9 wherein elastomeric
      material 48 is shown filling the bowl-like member 37 on the actuator 34.
      The elastomeric material functions to absorb the force transmitted during
      the pawl bounce condition from the lock bar 24 through protrusion 38 to
      the actuator 34. The energy is stored by compression of the elastomeric
      material, and the force caused by the elastomeric material returning to
      its original FIG. 9 shape forces the locking bar 24 into its tooth
      engaging position when the pendulum is in its non-rest position during a
      crash.
PAR  The elastomeric material could also be attached to the lock bar, as shown
      in an exemplary embodiment in FIG. 8. In the exemplary embodiment, the
      elastomeric material comprises a rivet 49 of elastomeric material passing
      through the lock bar and having an end assuming the same configuration as
      the protrusion 38 in other exemplary embodiments. The rivet 49 rests in
      the bowl-shaped portion 37 and absorbs the forces transmitted from the
      lock bar to the actuator during pawl bounce conditions in a similar manner
      as the elastomeric material absorbs the force in FIG. 9.
PAR  In still another exemplary embodiment, the resilient means includes
      diaphragm means mounted on said actuator means for storing energy in the
      resiliency of the diaphragm. In this exemplary embodiment, the diaphragm
      means 50 is stretched across the bowl-like member 37 and is secured in
      place by a retaining ring 51 which maintains the diaphragm in a taut
      condition. During the pawl bounce condition, the locking bar 24 rotates in
      the clockwise direction causing the protrusion 38 to move downward against
      the diaphragm 50. It should be noted that as with previous embodiments,
      the pawl bounce condition would occur when the mass 32 is in a position
      other than that shown in the respective figures. Consequently, the
      actuator means 34 would have pivoted upward and, therefore, the pawl
      bounce would cause the protrusion 38 push downward on the diaphragm 50.
      Energy is stored in the resiliency of the diaphragm and is returned to the
      locking bar while the mass 32 is at a non-rest position.
PAR  Thus, a device has been shown which meets the aforementioned objects and
      essentially eliminates the dangers of pawl bounce in a retractor
      mechanism. The device is relatively inexpensive to mount in the retractor
      and is extremely reliable.
PAC  SUMMARY OF DESCRIPTION
PAR  Therefore, an improved inertia responsive means for use in an emergency
      locking safety belt retractor 10 having a locking bar 24 operated by
      inertia responsive means 30, including an inertia responsive mass 32, for
      locking with teeth 22, 23 of the ratchet wheel 20, 21 associated with a
      belt winding reel of the retractor is provided. The improved inertia
      responsive means comprises the provision of energy storage means in force
      transmitting relationship between the lock bar and the mass for receiving
      and storing energy imparted thereto by movement of the mass and for
      thereby urging the lock bar toward locking engagement with the ratchet
      wheel through a pawl bounce condition wherein the lock bar initially
      bounces off the tooth of the wheel before attaining a locking engagement
      with the wheel. Actuator means 34 are provided between the mass and the
      lock bar for transmitting locking movement to the lock bar upon movement
      of the mass. The energy storing means may take several forms. In one
      embodiment, the energy storing means includes resilient stem means 41
      connecting the mass to the actuator and being bendable upon movement of
      the mass such that it stores energy while being bent toward the lock bar
      toward locking engagement with the ratchet wheel through the pawl bounce
      condition. The resilient stem means may comprise a spring wire 42
      connecting the mass with the actuator, or it may comprise a coil spring 43
      connecting the mass with the actuator. In another embodiment, the energy
      storing means includes resilient means 44 between the actuator means and
      the lock bar for storing energy transmitted between the actuator and the
      lock bar. The resilient means may take several different forms. In one
      form, the resilient means includes diaphragm means 50 mounted on the
      actuator for storing energy in the resiliency of the diaphragm. In another
      form, the resilient means includes elastomeric material 48 interposed
      between the actuator and the lock bar for storing energy in the
      compression of the material. The elastomeric material may either be
      attached to the actuator or it may take the form of a rivet 49 being
      attached to the lock bar. The resilient means may further take the form of
      being a lock bar spring means 45 mounted on the lock bar to store energy
      from the actuator means.
CLMS
STM  We claim:
NUM  1.
PAR  1. A positively locking mechanism for a seat belt retractor, which locks
      the retractor against further protractive movement of the belt when the
      vehicle upon which the retractor is mounted undergoes a change in inertia
      during a crash or other sudden deceleration, including a ratchet wheel
      with teeth thereon and a lock bar which engages the ratchet wheel on being
      actuated by the locking mechanism to prevent rotation of the ratchet
      wheel, said mechanism comprising:
PA1  a. vehicle inertia responsive means on said retractor for sensing changes
      in the inertia of the vehicles; and
PA1  b. energy storing means in force transmitting relationship between said
      vehicle inertia responsive means and said lock bar for receiving and
      storing energy imparted thereto by movement of the vehicle inertia
      responsive means and for urging said lock bar toward locking engagement
      with said ratchet wheel through a pawl bounce condition when said lock bar
      initially bounces off a tooth of said ratchet wheel before attaining a
      locking engagement with said wheel.
NUM  2.
PAR  2. The retractor mechanism of claim 1 wherein said vehicle inertia
      responsive means comprises a mass mounted on the retractor movable in
      response to changes in the inertia of the vehicle and actuator means
      between said mass and said lock bar for transmitting locking movement to
      said lock bar upon movement of said mass, said energy storing means
      including resilient stem means connecting said mass to said actuator, said
      stem means being elastically bendable upon movement of said mass such that
      it stores energy while being bent so that the energy storing means will
      urge said lock bar toward locking engagement with said ratchet wheel
      through the pawl bounce condition.
NUM  3.
PAR  3. The retractor mechanism of claim 2 wherein said resilient stem means
      comprises a spring wire connecting said mass with said actuator.
NUM  4.
PAR  4. The retractor mechanism of claim 2 wherein said resilient stem means
      comprises a coil spring connecting said mass with said actuator.
NUM  5.
PAR  5. The retractor mechanism of claim 1 wherein said vehicle inertia
      responsive means comprises a mass mounted on the retractor movable in
      response to changes in inertia of the vehicle and actuator means between
      said mass and said lock bar for transmitting locking movement to said lock
      bar upon movement of the mass, said energy storing means including
      resilient means between said actuator means and said lock bar for storing
      energy transmitted between said actuator and said lock bar.
NUM  6.
PAR  6. The retractor mechanism of claim 5 wherein said resilient means includes
      diaphragm means mounted on said actuator means for storing energy in the
      resiliency of the diaphragm.
NUM  7.
PAR  7. The retractor mechanism of claim 5 wherein said resilient means includes
      elastomeric material interposed between said actuator and said lock bar
      for storing the energy in the compression of the material.
NUM  8.
PAR  8. The retractor mechanism of claim 7 wherein said elastomeric material is
      attached to said actuator.
NUM  9.
PAR  9. The retractor mechanism of claim 7 wherein said elastomeric material is
      attached to said lock bar.
NUM  10.
PAR  10. The retractor mechanism of claim 5 wherein said resilient means
      includes lock bar spring means mounted on said lock bar to store energy
      from said actuator means.
NUM  11.
PAR  11. In an emergency locking safety belt retractor having a locking bar
      operated by inertia responsive means, including an inertia responsive
      mass, for locking with teeth of the ratchet wheel associated with a belt
      winding reel of the retractor, the improvement in inertia responsive means
      comprising the provision of:
PA1  energy storage means in force transmitting relation between said lock bar
      and said mass for receiving and storing energy imparted thereto by
      movement of said mass and for thereby urging said lock bar toward locking
      engagement with said ratchet wheel through a pawl bounce condition wherein
      said lock bar initially bounces off the tooth of said wheel before
      attaining a locking engagement with said wheel.
NUM  12.
PAR  12. The improved inertia responsive means of claim 11 further including the
      provision of:
PA1  actuator means between said mass and said lock bar for transmitting locking
      movement to said lock bar upon movement of said mass, said energy storing
      means including resilient stem means connecting said mass to said
      actuator, said stem means being elastically bendable upon movement of said
      mass such that it stores energy while being bent to urge said lock bar
      toward locking engagement with said ratchet wheel through the pawl bounce
      condition.
NUM  13.
PAR  13. In the improved inertia responsive means of claim 12, the improvement
      further comprising the provision of:
PA1  said resilient stem means comprising a spring wire connecting said mass
      with said actuator.
NUM  14.
PAR  14. In the improved inertia responsive means of claim 12, the improvement
      further comprising the provision of:
PA1  said resilient stem means comprising a coil spring connecting said mass
      with said actuator.
NUM  15.
PAR  15. In the improved inertia responsive means of claim 11, the improvement
      further comprising the provision of:
PA1  actuator means between said mass and said lock bar for transmitting locking
      movement to said lock bar upon movement of said mass, said energy storing
      means including resilient means between said actuator means and said lock
      for storing energy transmitted between said actuator and said lock bar.
NUM  16.
PAR  16. In the improved inertia responsive means of claim 15, the improvement
      further comprising the provision of:
PA1  said resilient means including diaphragm means mounted on said actuator
      means for storing energy in the resiliency of the diaphragm.
NUM  17.
PAR  17. In the improved inertia responsive means of claim 15, the improvement
      further comprising the provision of:
PA1  said resilient means including elastomeric material interposed between said
      actuator and said lock bar for storing energy in the compression of the
      material.
NUM  18.
PAR  18. In the improved inertia responsive means of claim 17, the improvement
      further comprising the provision of:
PA1  said elastomeric material being attached to said actuator.
NUM  19.
PAR  19. In the improved inertia responsive means of claim 17, the improvement
      further comprising the provision of:
PA1  said elastomeric material being attached to said lock bar.
NUM  20.
PAR  20. In the improved inertia responsive means of claim 15, the improvement
      further comprising the provision of:
PA1  said resilient means including lock bar spring means mounted on said lock
      bar to store energy in the resiliency of said spring means.
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ABST
PAL  This invention relates to an indexing supply creel of novel construction
      that automatically indexes either fully or partially wound packages to a
      winding spindle of an automatic winding machine. The supply creel
      construction has particular utility in handling the large packages
      resulting from production on open end spinning process machines.
BSUM
PAC  BACKGROUND OF THE PRESENT INVENTION
PAR  U.S. Pat. No. 3,081,045 to Pitts et al discloses portions of an automatic
      winding machine having means for rotating a delivery package to wind the
      yarn thereon, an unwinding station, a reserve station and means for
      uniting yarn from such reserve station to yarn on the delivery package
      upon a signal created by the absence of an active yarn winding end at the
      unwinding station. Also disclosed therein is an automatic package
      replenishing mechanism for presenting a fresh supply package of yarn to an
      active position for winding on the delivery package upon exhaustion of a
      similar such supply package. The automatic package supply device of the
      present invention is useful with automatic winding machines of the type
      therein described and has particular usefulness in handling large and
      extremely large packages such as result from open end spinning processes.
      Accordingly, U.S. Pat. No. 3,081,045 is herewith expressly incorporated by
      reference as part of the subject disclosure to insure a more full
      understanding of the environment in which the present invention operates.
PAR  With such large packages it is not possible to utilize the supply package
      indexing mechanism disclosed in the aforesaid patent. Thus the present
      supply creel construction was developed so as to assure an orderly
      presentation of large supply packages which in turn supply an active
      unwinding yarn to the unwinding station of an automatic winding machine
      such as disclosed in the above referred to patent. The subject creel also
      serves to present a reserve yarn supply package for supplying yarn to the
      reserve station of such an automatic winding machine and further
      thereafter serves to sequentially advance said reserve yarn to the active
      unwinding position and said active unwinding yarn to a reserve position
      upon a signal created by the absence of an active unwinding yarn at the
      unwinding station. The absence of such yarn could be brought about by
      either the exhaustion of the active supply package of yarn or by a break
      in said yarn between the yarn supply and the unwinding station. In either
      case, the package supply device of the present invention indexes so as to
      assure a continual supply of yarn to the unwinding station of the
      automatic yarn winding machine.
PAR  Since such automatic yarn winding machines are limited in physical
      construction as to the amount of space which can be afforded to a supply
      creel or related device it is necessary that the device accomplish the
      aforementioned results in the limited space frame available and to further
      enable an operator to conveniently replace an exhausted yarn package and
      thread up a substitute yarn package to the reserve position of the machine
      without interruption of the unwinding cycle.
DRWD
PAR  Such objects are accomplished by the automatic package supply device of the
      subject invention as is disclosed in the various figures of the drawings
      wherein:
PAR  FIG. 1 is a front elevational view of the automatic supply device of the
      present invention which in addition schematically shows its relationship
      to an automatic yarn winding machine such as the automatic yarn winding
      machine disclosed in U.S. Pat. No. 3,081,045.
PAR  FIG. 2 is a side elevational view thereof with parts removed for clarity,
      and shows in particular and in partial schematic format the gear and
      clutch mechanisms for cycling the supply packages from active to reserve
      positions;
PAR  FIG. 3 is a detail sectional view on an enlarged scale showing the
      construction of the yarn package supports and the cam and cam follower
      assembly adapted to in conjunction with the cam to enable the yarn
      packages to be conveniently presented to the winding station within the
      physical space limitations of an automatic yarn winding machine; and
PAR  FIG. 4 is an enlarged partially schematic view taken along lines 4--4 of
      FIG. 1 of the cam track of the present invention showing the various
      positions through which the yarn supply package supports take in
      presenting yarn packages from an active unwinding position to an inactive
      supply position.
DETD
PAR  Turning now to the drawings and more particularly to FIG. 1 thereof, the
      automatic package supply device 10 is shown at one position of an
      automatic winding machine wherein an active unwinding yarn end A is shown
      positioned for winding on package P through a winding station W and a
      reserve yarn end R positioned in a reserve station S. The winding and
      reserve stations of the automatic yarn winding machine may be those as are
      disclosed in the aforementioned Pitts et al U.S. Pat. No. 3,081,045. In
      practice the winding and reserve stations depicted are one of many
      positions of an automatic yarn winding machine, each such position having
      its own automatic package supply device to assure continual supply of yarn
      to be wound.
PAR  The automatic package supply device 10 is supported by first and second
      side plates 12 and 14 respectively. These side plates are positioned in
      spaced parallel relationship to each other and serve to support the device
      10 as will be more clearly hereinafter brought forth. The side plates 12
      and 14 may be in turn supported by main support portions of the automatic
      winding machine such as depicted in FIG. 2 of the drawings and including
      braces 16 and 18 respectively. The device 10 further includes a pair of
      vertically orientated spaced carriers 20 and 22, which are positioned for
      rotation around a fixed axis by means of fixed attachment to shafts 23 and
      24 which are in turn journalled in openings provided in side plates 12 and
      14 respectively. Yokes 25 are in turn swingably mounted at opposite ends
      of such carriers; each yoke including a straight bottom panel 26 and two
      upstanding arms or sides 28 and 30 respectively. The bottom panel 26 is
      further provided with a yarn package holder 32 of conventional design and
      may include springs or prongs 34 assuring a snug retention of a yarn
      package core 34 supporting yarn package 35 within the confines of a
      cylindrical enclosure or guard 36 which is in turn fixed to inside
      portions of the yoke arms 28, 30 and move as a unit therewith.
PAR  A headed shaft 38 suitably journalled in an opening in the carrier 22
      extends into an opening in the upstanding side 30 of each of the yokes 25
      and is fixedly attached thereto by means of a set screw 40. A similar
      arrangement is utilized to mount the remaining side of each yoke 25 to the
      carrier 20, with the exception that the outer end of a similar shaft 38
      instead of being provided with a headed configuration is keyed as at 42 or
      is otherwise affixed to a follower arm 44 downwardly depending therefrom
      and provided at its lower end with a cam follower 46. As will be best seen
      by reference to FIG. 2, each of the cam followers of the pair of yokes 25
      are engaged with an endless cam track 48 affixed to the inside of the
      first side plate 12. In addition each cam follower arm 44 at its opposite
      end is provided with an extension 49 for engagement with a roller 51
      positioned inwardly from side plate 12 by means of a pin 53. A package of
      yarn is supported on each of the pair of yokes 34 within enclosures 36. In
      addition since each yoke is disposed 180.degree. from each other in their
      subsequent travel orbit a revolution of 180.degree.  of the carriers will
      bring about a repositioning of that package having the active unwinding
      end to the reserve position and the package in the reserve position to a
      position for producing an active unwinding end.
PAR  Such movement of the carriers is supplied by means of a series of gear
      connections to shaft 24 it being understood that shaft 24 is as shaft 23
      attached to respective carriers 20 and 22, proximate the inward
      extremeties thereof.
PAR  Such gearing includes a constantly rotating power shaft 50 running the
      length of the automatic winding machine and through which motion is
      constantly imparted through chain drive 52 by means of gears 54 and 56
      over which the chain 52 is trained. An additional shaft 58 supports gear
      60 to which gear 62 is attached. A further chain 64 is trained over gears
      62 and a gear 66 which is in turn attached to aforementioned shaft 24.
      Upon a signal created by the absence of an active unwinding yarn A at the
      unwinding station W a clutch mechanism 68 of known construction is engaged
      through known linkage (which may include activation by non-mechanical
      including electrical) to shift the position of shaft 58 from an initial
      unengaged position into the active engaged position shown in FIG. 1 for a
      predetermined length of time, dependent on the speed of the chain drive
      system, so as to rotate carrier 20 and in turn carrier 22 through an arc
      of 180.degree.. Such movement of the carriers 20, 22 in turn serves to
      move each of the yokes 25 along a path determined by the cam track 48
      through contact with each of their follower arms 44.
PAR  Turning now to FIG. 4 of the drawings, the various attitudes assumed by
      each set of yokes 25 while moving their respective yarn packages from an
      unwinding position to a reserve position and vice versa will be described.
      It should be noted that FIG. 4 is viewed from the direction opposite to
      that from which FIG. 2 is taken and thus the various modes through which
      the packages move will be in a rotational direction opposite to that shown
      in FIG. 2.
PAR  As can be seen cam track 48 is comprised of various configured path
      portions in such a manner so as to enable the shifting of a package held
      within a particular yoke 25 from an active position to a reserve position
      in a limited amount of space, that is so as to insure that the lattermost
      extent of the yokes, the yarn package and its surrounding guard 36 as they
      rotate about shaft 24 will not interfere with portions of the automatic
      winding machine with which the supply creel device 10 of the present
      invention is utilized. Thus the yoke, package and guard is represented by
      the various phantom line rectangles in FIG. 4 wherein reference numeral 1
      represents the reserve or supply position of such reference numeral 2 the
      active unwinding position and positions intermediate thereof 1A, 1B and 2A
      and 2B respectively.
PAR  Operation is as follows: upon the lack of an active unwinding yarn A at the
      winding station W shaft 24 is rotated as previously described about an arc
      of 180.degree. thus in turn activating the rotation of the carriers 20, 22
      and the two yoke, package and guard groups 1, 2, hereinafter referred to
      as packages for clarity. Thus the reserve package 1 upon initiation of the
      clockwise rotation as viewed in FIG. 4 assumes a following position
      through position 1A and towards position 1B through an arc of about
      100.degree. whereupon the leading surface X of the cam follower arm
      extension 49 engages roller 51 causing package 1 to pivot in a clockwise
      direction to allow its associated follower arm 44 to assume a leading
      attitude which is maintained while package 1 passes through position 1B
      and reaches position 1C which is that previously occupied by active
      package 2. It can be seen that the pivoting of package 1 as indicated
      enables the outward face of the package to retain its uppermost
      orientation when in position 2 thus assuring proper active yarn unwinding
      yarn feed therefrom to the winding station.
PAR  Simultaneously with the above described movement package 2 initially
      assuming a leading position moves through position 2A roughly
      corresponding in time span to position 1A for package 1 and thereupon into
      the lowermost lost motion path portion provided in the cam track 48 during
      the time frame in which package 1 is being pivoted about roller 51.
      Thereafter the follower arm 44 of package 2 assumes a trailing position
      through position 2B until it reaches position 2C which is that previously
      occupied by reserve package 1 whereupon the empty core 34 may be replaced
      with a fresh package 35. In those cases where the active unwinding yarn
      package was not exhausted e.g. when the lack of an active unwinding yarn
      at the winding station was caused by a yarn break replacement would not be
      necessary. In either case however the operator would unwind a portion of
      the reserve yarn and place such in the reserve position S of the automatic
      winding machine. During each cycle the reserve yarn is grasped and
      repositioned as an active unwinding yarn as disclosed in the
      aforementioned Pitts et al patent and thus maintains an unbroken
      connection with the unwinding machine during the cycling of its package
      from the reserve position to the active position.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic package supply device for presenting a fresh package of
      yarn for winding to an automatic winding machine having means for rotating
      a delivery package to wind yarn thereon, an unwinding station, a reserve
      station and means for uniting yarn from said reserve station to yarn on
      said delivery package upon a signal created by the absence of an active
      unwinding yarn end at said unwinding station comprising;
PA1  a pair of side supporting members,
PA1  an endless cam track mounted on one of said supporting members,
PA1  a pair of parallel vertically orientated carrier plates supported by said
      supporting members for rotation about a horizontal axis,
PA1  a pair of package supporting members mounted in opposed relation on
PA2  said carrier plates for independent swingable movement therebetween,
PA2  each of said members having a cam follower fixedly mounted therewith on one
      side thereof,
PA2  each of said cam followers having a cam in turn engaged with said cam
      track,
PA2  each of said members adapted to receive a yarn package wherein a first
      member supports a package having yarn in an active unwinding position and
      the second member supports a package having yarn in a reserve position
      and,
PA1  means for rotating said carrier plates a fixed arc upon said signal
      whereupon said pair of members move in different cam controlled attitudes
      to present said first member to a reserve position and said second member
      to an active position.
NUM  2.
PAR  2. The automatic package supply device as set forth in claim 1 wherein said
      pair of package supporting members each comprise a generally U-shaped
      yoke, each of said yokes being journalled in said carrier plates at
      opposite ends thereof.
NUM  3.
PAR  3. The automatic package supply device as set forth in claim 2 wherein each
      of said yokes comprises a straight bottom panel and upstanding arms, said
      yokes being journalled through upper terminal portions of said arms.
NUM  4.
PAR  4. The automatic package supply device as set forth in claim 3 wherein a
      cylindrical package guard is fixed to each of said yokes interiorly of
      said upstanding arms and each of said bottom panels are provided with an
      upstanding holder for receipt of a yarn package.
NUM  5.
PAR  5. The automatic package supply device as set forth in claim 1 wherein each
      of said yoke arms proximate said cam is provided with an upper extension
      and wherein a pin inwardly extending into the rotational path of said
      extension is provided whereby said extension contacts said pin during the
      rotational movement of said yoke from its reserve position to its active
      position so as to permit the cam of said pin contacting yoke to change its
      attitude in relationship to the other and non pin contacting yoke.
NUM  6.
PAR  6. The automatic package supply device as set forth in claim 5 wherein said
      change of attitude is from following to leading.
NUM  7.
PAR  7. The automatic package supply device as set forth in claim 1 wherein said
      cam track presents a tortuous path and wherein the directional orientation
      of the yarn supplying upper face of each package received in said members
      is maintained during rotational cycling.
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ABST
PAL  An aircraft having a major longitudinal strength structure generally
      centralized in the vertical mid-plane. Shallow V-shaped wing panels are
      secured to the longitudinal strength structure, one at the top and one at
      the bottom to define a rhombic cellular configuration. Control linkages
      are provided, positioned and connected to act as stays between paired of
      upper and lower wing panels.
BSUM
PAR  This invention relates to aircraft having one or more wings of
      substantially rhombic configuration, viewed axially of the aircraft, and
      especially to such aircraft wherein paired positive-lift rhombic wings are
      disposed toward the ends of the aircraft and cooperate with a
      substantially triangulated aircraft framing.
PAR  The principal object of the invention is to attain exceptional compactness,
      light weight with strength, light wing-loading, low landing-speed,
      stability, safety, simplicity, ease of assembly, disassembly, inspection,
      adjustment and repair, and facility of control operation of an aircraft,
      and at moderate cost.
DRWD
PAR  How the foregoing and other objects and advantages of the present invention
      are obtained will be evident from the following description, taken
      together with the accompanying drawings, in which drawings:
PAR  FIG. 1 is a plan view of the present preferred embodiment of an aircraft in
      accordance with this invention;
PAR  FIG. 2 is a right side elevation of the aircraft;
PAR  FIG. 3 is a front elevation thereof;
PAR  FIG. 4 is an enlarged detail showing the adjustable mounting of one of the
      landing gear struts in one of the diagonal bracing members of the
      fuselage;
PAR  FIG. 5 is a fragmentary, three-quarter left front view, taken somewhat from
      above, and to a larger scale than FIGS. 2 and 3, showing the upper and
      lower left-hand panels of the front wing and a portion of the lower
      right-hand panel, also showing the lacing of the flexible wing material to
      certain longitudinal structural members, and further showing the main ribs
      of the left wing panels (slipped into pockets therein), and the control
      link between said ribs;
PAR  FIG. 6 is a simplified view of said ribs and control link taken about as
      indicated by the arrows 6-6 on FIG. 3;
PAR  FIG. 7 is an enlarged fragmentary detail, related to FIG. 5, showing a
      typical fastening between one of the longerons and one of the wing spars,
      and a typical fastening of the wing surface material to said members;
PAR  FIG. 8 is a fragmentary view, to a larger scale, of the lower central
      portion of FIG. 2, showing, in relation to the main longitudinal framing,
      the pilot's seat and adjacent parts of the control system, including
      rudder control and hanging stick for lateral and pitching control, and
      certain other parts in that region, and also showing adjustable control
      biases as well as other adjustment devices;
PAR  FIG. 9 is a view like FIG. 8 but showing, as an alternative, a
      bottom-mounted control stick;
PAR  FIG. 9A is a detail of the forward portion of the control mechanism of FIG.
      9, viewed from the right of that Figure;
PAR  FIG. 10 is a substantially diagrammatic transverse sectional view through
      the aircraft, taken aft of the front wing assembly and looking forward
      toward said wing assembly, illustrating a control operation by the flexure
      of the wing panels in a sense to effect a right bank or roll as indicated
      by the arrows at the wing tips;
PAR  FIG. 11 is a similar view, illustrating a control operation for left bank
      or roll;
PAR  FIG. 12 is a similar view, showing the controllable wing surfaces disposed
      symmetrically at both sides, and thus laterally neutral;
PAR  FIG. 13 is a diagrammatic view from the rear of the aircraft, illustrating
      a control operation on the rear wing assembly for raising the tail, and
      thus effecting a downward pitching operation of the aircraft;
PAR  FIG. 14 is a similar view illustrating the operation for lowering the tail,
      as for a climbing operation of the aircraft; and
PAR  FIG. 15 is a similar view illustrating a control setting for cruising
      operation of the aircraft. This view also illustrates the rudder, as seen
      in mid-position--which is omitted from FIGS. 13 and 14, for the sake of
      simplicity.
DETD
PAR  A typical aircraft employing the present preferred embodiment of the
      invention is illustrated in the drawings, some of which are structural;
      and some more or less diagrammatic, especially for illustration of control
      operations.
PAR  By reference first to FIGS. 1 to 3, it will be seen that the aircraft
      comprises framing or fuselage structure, generally centralized upon the
      longitudinal, vertical, mid-plane, and triangulated in that plane, so as
      to provide vertical and longitudinal stiffness. It further comprises
      generally transverse framing, in the form of wing spars, which are also
      triangulated, so that, in cooperation with the longitudinal framing there
      is substantial transverse stiffness, even though the basic structure is
      itself quite light. Further, in the preferred embodiment, wing spar
      assemblies are provided at or near each end of the aircraft, each such
      assembly being generally rhombic in configuration, when viewed axially of
      the aircraft, each such rhombic assembly preferably having a longer
      horizontal axis than vertical axis. The outer tips of these two assemblies
      are joined by longitudinal spars, one on each side of the aircraft. There
      is also a transverse brace, or stiffener between the latter.
PAR  More specifically, the central, generally vertical framing, preferably
      comprises an uppermost longitudinal member 16; at least one, but in this
      case a pair of, bottom longitudinal members 17, 17, vertical diagonal
      members 18, 19, 20 and 21, and a reversely angled vertical diagonal member
      22, which with members 18 and 19 forms an N-structure, stiffening the
      central, vertical framing in the vicinity of the power-plant and the
      forward wing. The longitudinals 17,17 (as seen in the plan view of FIG. 1
      and the front elevation of FIG. 3) are bent toward each other, at each
      end, so that they are joined together at point 17a where they are
      connected with the lower ends of diagonals 18 and 22, at the front end of
      the aircraft; and, similarly, they are joined together at the rear end, at
      17b, where they are connected with the rearmost diagonal upright 21, which
      latter also supports the hinged rudder, as hereinafter referred to.
PAR  In case only a single, central, bottom longeron member 17 is employed, the
      pilot may straddle the same, or seats may be disposed at each side of such
      member; but in the present case there are two such members, which
      arrangement has certain advantages with respect to pilot seat location (as
      will be brought out hereinafter). Also, this arrangement, with diagonal
      and cross-braces, provides considerable torsional stiffness for the
      aircraft. Such crossbraces (as shown in FIGS. 1, 2, 5 and 8) are
      preferably provided at 17c, 17d, 17e and 17f; and some of these will be
      hereinafter further referred to. Brace 17d may be an inverted V.
PAR  The aircraft is provided with one or more (in the preferred embodiment,
      two) positive-lift wings, which, when viewed axially of the aircraft, are
      of generally rhombic configuration; each wing having triangulated spar
      structure which has the added function of stiffening the fuselage. Thus,
      the spar structure of the forward rhombic wing cellule comprises upper
      spar members 24,24, secured to the forward end of upper longitudinal 16
      and to the upper end of the diagonal upright member 18, and lower spar
      members 25,25, secured to the lowermost longerons at 17a, where the lower
      ends of diagonals 18 and 22 are fastened. The outer ends of spars 24 and
      25, at each side of the aircraft, converge; and, in the preferred
      embodiment, they meet at, and are fastened to, the forward end of a side
      longeron 26.
PAR  The rear wing spar structure is similar to that above-described. It
      comprises upper strut members 27, 27, and lower strut members 28, 28;
      those numbered 27 being secured at a common point to upper longeron 16,
      and those numbered 28 being secured to the lower structure 17, 17,
      adjacent the cross-brace 17f, to which latter the central diagonal brace
      20 is secured. At each side of the aircraft the converging pair of struts
      27 and 28 connect with a side longeron 26, at 26R on the right side of the
      aircraft and at 26L on the left side. From those junction points the side
      longerons extend back a distance equal to the chord of the rear wing to
      support the same in the manner hereinafter described.
PAR  Between the fore and aft wings, but preferably close to the trailing edge
      of the forward wing, is a transverse tubular brace 30, extending
      completely across the aircraft, and interconnecting the extreme side
      longerons 26, 26, to stiffen the entire structure in all senses. At
      mid-point it is secured to the oblique upright 19. Wire bracing 40, 40,
      60, 60 is also employed.
PAR  Before turning to the matter of the wings themselves, the rudder, and the
      control system, certain additional structural features and other elements
      of the aircraft will be dealt with. From FIGS. 1 to 5 and 8, it will be
      seen that there is a pilot seat 29, disposed substantially amidships, both
      longitudinally and laterally considered. This is preferably suspended
      from, and between, the two lowermost longerons 17, as by means of slings
      31 and brackets 32, and preferably also by the cross-member 17e. For
      comfortable location of the pilot, as well as for adjustment in the
      longitudinal location of the center of gravity, the brackets 32 and
      cross-member 17e may be variably located on and fastened to the longerons
      17; and inclination of the seat is also adjustable by varying the height
      of the seat back where it attaches to the movable cross-member 17e. By
      using a pair of longerons 17, slightly spaced apart (instead of a single,
      central, longeron) not only is it possible to suspend the pilot's seat
      very low, which helps to lower the overall C.G., but also the pilot
      himself may assist in ground-maneuvering of the aircraft, with his feet;
      and, in the event of certain ground accidents, such as a roll-over of the
      aircraft with a wind-gust, the pilot can readily slip out of the seat,
      completely disengaged from the aircraft.
PAR  Somewhat forward of the pilot's location is a pair of main landing wheels
      33, having their axles secured to a pair of upwardly and inwardly
      converging struts 34 (see also FIG. 4), and these struts are
      telescopically associated with tubular supports 35, which serve also as
      transverse diagonal braces extending from the longerons 17 upwardly and
      inwardly to a junction with the oblique vertical midbrace 19. Although a
      yielding shock strut could be provided in place of each undercarriage
      strut 34, this is normally not required in the present aircraft, which has
      a low-speed landing capability. However, for the sake of fixed adjustment
      of the undercarriage height, and for the sake of altering the ground angle
      of the aircraft, which is determined by the location of the two forward
      wheels 33 and the rear wheel 36, the telescoping of each wheel strut 34
      within its brace 35 may be adjusted and set, by means of a series of
      apertures 37 in the latter, and a pin 38 which passes through any one of
      said apertures and a registering aperture in the strut 34.
PAR  Between the location of the main wheels 33 and the pilot's seat 29, and
      relatively close to the transverse vertical plane containing the C.G. of
      the aircraft as a whole, is the fuel tank 41, located between the floor
      boards 39 (see particularly FIG. 1). At this general area are also the
      pilot's controls which will be hereinafter referred to in detail.
PAR  Between the main wheels 33 and the forward end of the aircraft, is the
      thrust producing system, which in the present embodiment comprises a
      propeller 42, mounted on a drive shaft 43, extending between bearings in
      the upwardly diverging central vertical braces 18 and 22. The center of
      thrust of this propeller (as seen from FIGS. 2 and 3) is substantially on
      the longitudinal axis of the fore and aft wings, and thus not far from the
      center of drag of the aircraft. Adjustment of the angle and or vertical
      location of the propeller shaft and thus of its thrust may be obtained by
      adjustment of the shaft bearings (not shown) on the generally upright
      braces 22 and 18.
PAR  For reliability, it is preferable to utilize two engines 44, which drive a
      common shaft 45, through suitable gearing 46. The engines are supported
      from the longerons 17, and may have adjustable mountings relative thereto,
      in both the longitudinal and vertical senses. A sprocket 47, on shaft 45,
      drives one or more chains or belts 48, passing around a sprocket 49 fixed
      on the propeller shaft 43.
PAR  The low disposition of the pilot, fuel, undercarriage, engines, etc.,
      serves to locate the C.G. of the aircraft well below the aerodynamic
      center of lift and contributes greatly to stability in roll and pitch,
      while the vertical areas presented by the dihedral and cathedral of the
      rhombic wings provide excellent yaw stability, giving the stable control
      characteristics necessary for slow speed flight.
PAR  Turning now to the wing surfaces, the controls, and certain other features,
      it should be pointed out first, with reference to the forward wing
      cellule, that this is made of four panels, made chiefly of sail-like or
      flexible material. Although many different materials may be used, there
      may be mentioned a few, such as: flexible plastic sheeting, heavy
      cellophane, rubberized nylon, or the like, some of which are available
      under various trademarks such as MYLAR, DACRON, TYVEC, FACILON, and
      others. A coated fabric which is elastically yielding in all directions of
      its plane, is in some respects preferable, since the preferred arrangement
      of the aircraft involves obtaining control in the rolling and pitching
      senses by means of deformation of at least the trailing edge portions of
      the surfaces of the wings.
PAR  The upper panels of the forward longitudinal wing cellule are indicated at
      51, 51, and the lower panels are indicated at 52,52. These panels are of
      similar span and similar chord, but are so cut and so disposed that there
      is a sweep-back of the upper panels and a sweep-forward of the  lower
      panels, with their extreme outer ends so disposed as to be co-extensive.
      The side longerons 26 extend from the extreme forward junctions of the
      forward wing tip to the extreme rearward junctions of the rear wing tips.
PAR  For easy assembly, strength, and economy, each panel of flexible material
      may have a fold or a hem at its extreme inner and its extreme outer edges,
      as indicated at 53, cemented or otherwise fastened to the main surface,
      and along those edges, the surfacing may be laced at 54 to the struts or
      tubular structural members 16, 26, 26; and, for the lower panels, to the
      lower longerons 17. The lacing 54 may readily be adjusted to be tighter or
      looser, thereby altering the effective camber of the wings. The flexible
      material of each wing panel may be formed at the leading edge with a hem
      50, turned back and cemented at 50a (see FIG. 7) to receive the wing
      strut. The hemming of the leading edges of the fore and aft wing panels,
      through which the several struts 24, 25, 27 and 28 pass, and the cementing
      of the hems, is, for the sake of a clear showing of all the struts,
      omitted from all the Figures excepting FIG. 7, in which latter it is shown
      at 50 and 50a.
PAR  The joints between the various longerons, struts and other tubular members
      of which the main framing and braces are generally composed, may be very
      simply made, by means of strap members, such as shown at 55 in FIG. 7,
      each such strap passing around a tube member, e.g. 17, and being fastened
      directly to a strut member, e.g. 25, or indirectly thereto by means of a
      tapered collar member 56, by means of a through-bolt or the like 57. In
      this way, it is also quite easy to adjust the angularity between
      structural members, when assembling.
PAR  For maintaining the general aerofoil contour of the surface of each wing
      panel, one or more curved ribs 58 (preferably of light weight tubular
      construction) may be employed in each panel. Each panel may have a
      plurality of such ribs, although only one is here shown in each panel.
PAR  These ribs 58 are shown generally diagrammatically in FIG. 6. They may be
      fastened or simply slipped into pockets in or on the wing surfacing as
      shown by the securing pocket or strip 58a in FIG. 5. At the rear of the
      wing cellule, at least one upper rib 58 and one lower rib 58 are coupled
      together, for stability, by a link 59, which also serves as a control
      link; the two links 59, one on either side of the aircraft, being
      differentially movable in a vertical sense, so as to regulate the trailing
      edges of the forward wing surfaces in the manner of ailerons, for lateral
      or rolling control. The connection of these links to the pilot's control
      system will be described hereinafter.
PAR  A very similar arrangement is utilized for the four wing panels of the rear
      wing, seen at 61, 61 (the upper rear surfaces) and 62, 62 (the lower rear
      surfaces). However, the trailing edges of these wing surfaces are
      controlled in unison, since they are to act in the sense of an elevator,
      for pitching control of the aircraft. Contour ribs 63, 63 are provided
      (like those numbered 58 for the forward wing), and the rear ends of the
      upper and lower ribs are coupled by positioning and control links 64, 64.
      The connection of these with the pilot's control system will be
      hereinafter described.
PAR  For directional control there is a rudder 65, hinged at 65a, 65a, to the
      rear centralized oblique brace member 21, which thus serves as the rudder
      post, as well as for fuselage structure and for mounting the tail wheel
      36. Right and left control horns 66 are provided on the rudder 65.
PAR  From FIG. 8, it will be seen that there is a hanging control stick 67
      secured by transverse pivot 68 to the longitudinal rock shaft 69,
      supported by fixed bearings, or hinges, 71,72. Bearing 71 may be fixed to
      the inverted V-brace 17d. Near its forward end, the rock shaft 69 carries
      a control arm 73, for lateral control. From this arm, there extend
      upwardly and laterally the left and right control cables 74L, 74R (see
      also FIGS. 1 and 3), which pass over pulleys 75, 75, respectively, mounted
      upon cross structural member 30, and from thence these cables are
      connected to the left and right control links 59, respectively. Lateral
      swinging of the pilot's stick 67, will correspondingly rotate the rock
      shaft 69, and will swing what may be termed the aileron control arm 73. A
      swing of the control stick 67 to the right will relax the pull on the
      cable 74R and will produce a tension on the cable 74L. This will permit a
      bowing upward of the trailing edges of the right wing panels 51, 52, as
      shown at 51a, 52a (in FIG. 10) and will cause a downward deflection of the
      trailing edges of the left wing panels, as shown at 51b, 52b--thus
      producing increased lift at the left side of the aircraft, as shown by
      arrow U in FIG. 10, and a decreased lift at the right side as shown by
      arrow D, indicating that the left wing will tend to be going up and the
      right wing to be going down, for a right bank or roll.
PAR  Exactly the reverse effect will occur (as shown in FIG. 11) when the
      pilot's control stick 67 is swung to the left.
PAR  A neutral condition or setting of the lateral control is indicated by the
      level lines N in FIG. 12.
PAR  The contour and disposition of the wings are so arranged that there is
      generally a positive-lift action effective on the surfaces, including the
      trailing portions thereof, so that the controls need only operate in
      tension. Thus, as the control cable 74L is pulled, to pull down upon the
      left control link 59, the wing surfacing at the right side of the aircraft
      will at the same time act, through the right hand link 59, to take up what
      would otherwise be slack in the right hand cable 74R.
PAR  As to the vertical or pitching control, essentailly the same structure is
      made use of in the rear wing, but the left and right control cables 75L,
      75R (see FIG. 1), which are coupled to the rear control links 64, 64, are
      operated in unison. From the links 64, 64, these two cables pass over
      pulleys 76, 76, respectively, mounted upon the wing spars 28, 28; and are
      joined to a common cable 77, which extends forwardly, mid-way of the
      fuselage, then around a pulley 78 which may be carried by a bracket upon
      the upright tube 19, and from said pulley, the said cable 77 passes back
      and is coupled to the upper arm 79 fixed on the upper end of the pilot's
      control stick 67. It will be obvious that when the pilot pushes the
      control stick forward (FIG. 8) on its pivot 68, the arm 79 will be swung
      backwards. The cable 77 will be pulled, and this will lower the links 64,
      64, pulling down upon the trailing edges of all four panels of the rear
      wing as shown at 61D, 61D, 62D, 62D. This will increase the lift on the
      rear wing, and will tend to raise the tail of the aircraft as indicated by
      the arrow U in FIG. 13, thus causing a nosing down or downward pitch of
      the aircraft.
PAR  Similarly, but oppositely, when the pilot pulls the stick back, for a
      nose-up operation, the relaxing on the pull of the cable 77 and its rear
      branches 75L and 75R, will permit the trailing edge areas of the four rear
      panels of the rear rhombic wing to bow upwardly, as shown at 61U, 61U,
      62U, 62U, in FIG. 14, thereby tending to move the tail of the aircraft as
      shown by the arrow D, thus raising the nose of the craft.
PAR  A mid-position of the pilot's stick, in the longitudinal sense, produces a
      more or less neutral configuration of the tail surfaces, as indicated by
      the level lines N in FIG. 15, and as would be normal for a steady cruising
      state of the aircraft. This Figure also shows the rudder 65 in its mid
      position--as for straight-away cruising flight.
PAR  The rudder control is by left and right cables 81L, 81R, coupled to the
      rudder horns 66, passing forwardly over the respective pulleys 82, 82, 83,
      83, and extending forwardly for coupling to the left and right rudder
      pedals 84, 84.
PAR  Adjustment of the normal setting of the trailing edges of the sail-like
      front wing panels may be made by means of adjusting the length of lateral
      control wires 74R and 74L, or by coupling them at various points on the
      lever 73, as shown at 73a in FIG. 8.
PAR  Similarly, cable length 77 (for the elevator or pitching control) may be
      varied, or said cable may be variously coupled to arm 79, as shown at 79a.
      This control preferably has a bias or bungee spring 80, extending from
      stick 67 to rock shaft 69, the tension of which spring can be adjusted by
      hooking it to the stick at various points indicated at 67a. The bias need
      only be in the sense to urge the trailing portions of the rear wing panels
      downwardly, since the normal lifting action on said portions tends to
      raise them. Thus the bungee 80 acts on the pitching control of the
      aircraft in a nosing-down sense, which not only relieves the pilot of some
      work but also serves as something of a safety factor.
PAR  The rudder control cables 81L, 81R, may likewise be adjusted as to length,
      and/or by variously hooking them to the pedals, as indicated at 84a in
      FIG. 8. Each pedal is pivoted at 85 in a frame 86, which also carries the
      fuel tank 41. Bungee springs 90, on the rudder pedals 84, may also be
      adjustably connected to the two pedals, so as to tend to centralize the
      rudder, as well as to keep slack out of the cables 81L and 81R.
PAR  The mounting frame 86 may be adjusted along the longerons 17, as by means
      of straps 87 and bolts 88. Thus, the fuel tank 41 will also be adjusted,
      as it is preferably carried on the frame 86. The position of the pilot may
      also be altered by moving the clamping brackets 32 and cross-brace 17e
      along the longerons 17. Convenience, comfort and variation of C.G.
      location, may thus be readily achieved.
PAR  FIGS. 9 and 9A illustrate an alternative control arrangement with respect
      to the stick. Here the rock shaft 69 is pivoted by bearings or hinges 71a,
      72a, beneath the frame 86. The control stick 91 is pivoted, at its lower
      end, by pivot 68a to the rock shaft. To the depending lever 92 is
      adjustably secured a longitudinal bungee spring 80a and the pitching
      control cable 77 which passes over a pulley 93, thence upwardly and over
      pulley 78, and finally rearwardly.
PAR  In this form the rudder control system is identical with that of FIG. 8.
PAR  The lateral control is altered somewhat, in order to obtain adequate throw,
      and in the correct, instinctive sense. Hence, the lateral control arm 94,
      which extends upwardly from rock shaft 69 (in the embodiment of FIGS. 9
      and 9A), carries a cross-arm 95. As seen from the front (FIG. 9A), the
      left wing tension control cable 74L is coupled to the right-hand end of
      the cross-arm; while the right wing tension control cable 74R is coupled
      to the lefthand end of the cross-arm.
PAR  In conclusion, it may well be pointed out that the triangulated arrangement
      of the compression members of fuselage and wings provides a very strong
      rigid and integrated whole; while the flexible wing surfacing, and also
      the doubly-diagonal wires, act in tension and in cooperation with the
      compression system; all as illustrated and described; so that a
      light-weight, stable, and inexpensive aircraft, highly controllable, even
      at very low speeds, is provided. The controls are obviously extremely
      simple; adjustments, wherever needed or desired, are all available; and
      the cost of assembling, disassembling, inspection, maintenance, repair,
      and replacement of parts, is unusually low.
PAR  Thus, many of the features and combinations herein described and/or
      illustrated represent substantial advantages in the aircraft art, and they
      are hence deemed to be significant elements of the present invention; and
      it is to be understood that the features and combinations involved in the
      appended claims are to be taken as including all proper alternatives and
      equivalents within the broadest possible scope of each claim as construed
      in the light of the prior art.
CLMS
STM  I claim:
NUM  1.
PAR  1. An aircraft having a major longitudinal strength structure generally
      centralized in the vertical midplane,
PA1  shallow V-shaped wing structures, viewed from above, secured to said
      strength structure, one at the top and one at the bottom of said strength
      structure, said wing structure comprising paired upper and lower panels,
      and
PA1  control linkages being positioned and connected to act as stays between
      said paired upper and lower wing panels.
NUM  2.
PAR  2. The aircraft of claim 1, with said wing structure having controllable
      surfacing normally aerodynamically loaded in a positive lift sense, and
      said aircraft having a pilot seat and control member centered along the
      bottom of said major strength structure, and tension linkage coupled to
      said surfacing and to said control member.
NUM  3.
PAR  3. The construction of claim 2, wherein such controllable surfacing is
      located toward the rear of the aircraft, the said control member is
      movable in a fore-and-aft sense, and such tension linkage pulls the
      surfacing downwardly upon forward movement of said member.
NUM  4.
PAR  4. The construction of claim 3, with an adjustable bungee for said control
      member.
NUM  5.
PAR  5. The construction of claim 2, wherein such controllable surfacing
      comprises differentially-actuable areas at opposite sides of the aircraft,
      the said control member is movable in a transverse sense, and such tension
      linkage is coupled thereto and to said differentially-actuable areas in
      such manner as to actuate said areas differentially by differential
      tensions at the two sides.
NUM  6.
PAR  6. For an aircraft, a sustaining wing of substantially rhomboidal cellular
      configuration viewed from the side and axially of the aircraft so that
      there are upper and lower pairs of panels converging toward the wing tips,
      said panels being of substantially sail-like construction in at least
      their aft area, and having rigid upwardly-convex ribbing flexibly mounted
      and positioned generally axially of the aircraft to maintain a generally
      aeroform contouring of the wing panels.
NUM  7.
PAR  7. The wing of claim 6, haaving one pair of its panels swept back.
NUM  8.
PAR  8. The wing of claim 7, wherein the upper panels are swept back.
NUM  9.
PAR  9. The wing of claim 6, having one pair of its panels swept forward.
NUM  10.
PAR  10. The wing of claim 9, wherein the lower panels are swept forward.
NUM  11.
PAR  11. The wing of claim 6, having one pair of its panels swept back and the
      other pair of its panels swept forward.
NUM  12.
PAR  12. The construction of claim 6, having controls coupled to trailing edges
      of at least two of the wing panels.
NUM  13.
PAR  13. The construction of claim 12, wherein said controls comprise linkages
      coupled to said trailing edges for operating normally in tension only.
NUM  14.
PAR  14. The construction of claim 12, wherein said controls are operative
      differentially.
NUM  15.
PAR  15. The construction of claim 12, wherein said controls are operative in
      unison.
NUM  16.
PAR  16. The construction of claim 6, wherein the sail-like wing construction
      has lacing securing it in place, said lacing providing for adjustment to
      vary the effective camber of the wing.
NUM  17.
PAR  17. In an aircraft, a plurality of cellular wings, one adjacent the front
      and another adjacent the rear of the craft, each of said wings, when
      viewed longitudinally and from the side of the aircraft, appearing
      substantially rhomboidal with one of its diagonal axes extending
      transversely of the aircraft and the other vertically, the upper and lower
      surfaces of each of said wings being differentially swept wherein said
      wings have flexible trailing edges, the upper and lower surfaces of the
      forward of said wings being interconnected, adjacent their trailing edges,
      by independent linkages which are oppositely controllable.
NUM  18.
PAR  18. The construction of claim 17, wherein the upper surfaces of the
      rearward of said wings are interconnected, adjacent their trailing edges,
      by linkage actuable to move them in like senses to serve as a pitching
      control.
NUM  19.
PAR  19. In an aircraft, a plurality of cellular wings, one adjacent the front
      and another adjacent the rear of the craft, each of said wings, when
      viewed longitudinally and from the side of the aircraft, appearing
      substantially rhomboidal with its longer axis extending transversely of
      the aircraft, the upper and lower surfaces of each of said wings being
      formed substantially as a sail, and having curved rib means establishing a
      lifting curvature for such sail.
NUM  20.
PAR  20. The construction of claim 19, wherein the rib means of upper and lower
      surfaces are interconnected adjacent their rear ends by control linkage.
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ABST
PAL  A steam generator on the aircraft selectively delivers high-pressure steam
      to atmospheric discharge jets on a lift rotor and/or to peripheral jets on
      a forwardly-directed propulsion propeller. The propeller is enclosed by a
      hollow shroud into which the steam jets discharge so that the shroud acts
      both as a propeller efficiency-enhancing device and a steam condenser to
      permit recycling of the condensate.
PARN
PAC  CROSS REFERENCE
PAR  This is a continuation-in-part of patent application Ser. No. 399,984,
      filed Sept. 24, 1973 now abandoned, which in turn was a continuation of
      patent application Ser. No. 295,179, filed Oct. 5, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is directed to a steam-powered aircraft having provisions
      for condensing that portion of the steam used for forward propulsion.
PAR  2. Description of the Prior Art
PAR  Prior to the piston-type internal combustion engine, little progress was
      made in aviation. The earliest powered flights were accomplished with the
      early development of that type of power unit. From World War I to piston
      power's highest point of development during World War II, power increased
      to about 100 horsepower per cylinder. Present day high performance
      aircraft employ internal combustion engines of the turbine type. Internal
      combustion engines have powered winged airplanes, helicopters, and
      autogyros. In these aircraft of the prior art, shaft power, whether by
      piston or turbine engines, has been employed to drive the propellers.
      However, in helicopters, blade-tip jets have been experimentally employed
      to rotate the lift rotor.
PAC  SUMMARY OF THE INVENTION
PAR  In order to aid in the understanding of this invention, it can be stated in
      essentially summary form that it is directed to a steam-powered aircraft.
      The aircraft includes a forward propulsion propeller. Steam is directable
      to the propeller where it is discharged from jets on the propeller blades
      into a shroud which forms condensation means whereby a maximum amount of
      the steam is condensed for reuse.
PAR  It is thus an object of this invention to provide a propulsion system for a
      shrouded propeller on an aircraft where power is originally produced by
      combustion remote from the propeller. It is another object to provide a
      steam-powered propulsion means for a rotary wing aircraft whereby a
      maximum amount of the steam is condensed so that the condensate may be
      used and circulated through the steam propulsion system. It is another
      object to provide a steam-powered rotary wing aircraft which has both a
      lift rotor and a forward thrust propeller, with power being selectively
      deliverable to the lift rotor for vertical aircraft flight and to the
      forward thrust propeller for forward flight. It is yet another object to
      provide a shroud around the forward thrust propeller of such an aircraft,
      with the steam jets in the forward thrust propeller being directed into
      the shroud so that the shroud acts as a condensation means.
DRWD
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with the further objects and advantages thereof, may be best understood by
      reference to the following description, taken in conjunction with the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side-elevational view, with parts broken away and parts taken
      in section, of a preferred embodiment of the steam-powered aircraft of
      this invention.
PAR  FIG. 2 is a vertical section taken generally along the line 2--2 of FIG. 1.
PAR  FIG. 3 is a plan view of the aircraft, with parts broken away.
PAR  FIG. 4 is an enlarged section, with parts broken away, through a portion of
      the horizontal propulsion propeller.
PAR  FIG. 5 is a vertical section along the longitudinal axis of the aircraft
      showing another preferred embodiment of the forward thrust and lift
      structure.
PAR  FIG. 6 is a plan view taken generally along the line 6--6 of FIG. 5 showing
      the top view of the forward thrust shroud and showing the lift blades
      partially broken away.
PAR  FIG. 7 is a vertical section taken generally long the line 7--7 of FIG. 5.
PAR  FIG. 8 is an enlarged horizontal section taken generally along the line
      8--8 of FIG. 5.
PAR  FIG. 9 is a vertical section through another preferred embodiment of the
      forward thrust structure and of the vertical lift structure.
PAR  FIG. 10 is a section taken generally along the line 10--10 of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates the steam-powered aircraft 10 of this invention in side
      elevation, with parts of the near side broken away so that internal
      elements can be seen, and parts taken in section so that details are
      visible. Aircraft 10 has a fuselage 12 which includes a conventional
      pilot's cockpit 14 to be occupied by a pilot for the control of the
      aircraft. of course, the cockpit may be sufficiently large to permit the
      aircraft to carry one or more passengers. Many present-day rotary wing
      aircraft employ pontoons or skids rather than wheels for their support on
      the ground. Thus, aircraft 10 may have such pontoons or skids, although
      wheels, as indicated at 16, 18, and 20, are preferable in the instant
      case. If desired, nosewheel 16 can retract into forward compartment 22
      when in flight. similar provisions can be provided for the main rear
      wheels 18 and 20, if desired, but their broad treadwidth makes it more
      difficult to obtain retraction.
PAR  Motive power is produced by steam-generating equipment 24. Water is
      supplied from feedwater tank 26 to feedpump 28 to boiler 30. Feedpump 28
      is regulated in accordance with steam rate. Boiler 30 can be any
      conventional high-performance boiler including but not limited to forced
      circulation boilers and once-through boilers. Preferably, it is a boiler
      which can be highly forced to obtain a high steam rate for a short period
      and yet have reasonable efficiency at normal steam rates. Steam generated
      in boiler 30 is delivered through steam main 32.
PAR  For combustion, pressurized fuel is delivered from fuel tank 34 through
      fuel rate control valve 36 to burner 38 which supplies its products of
      combustion to boiler 30. Forced draft is provided through air duct 40 to
      the burner, and fuel rate control valve 36 is controlled, at least in
      part, by means of control line 42 which signals the steam pressure in
      steam main 32. Exhaust of the products of combustion from boiler 30 passes
      out rearwardly-directed duct 44.
PAR  Main steam standpipe 46 extends upwardly out of the fuselage behind the
      codkpit. Steam delivery to standpipe 46 is controlled by throttle valve
      48, which is controlled by the pilot. Throttle valve 48 is one of the ways
      the pilot has of controlling power to the lift and propulsion equipment of
      the aircraft. Standpipe 46 is also a mast which carries conventional type
      lift rotor blades on the top thereof. FIG. 3 illustrates lift rotor blades
      50, 52, and 54. These blades are mounted on a hub 56, the entire structure
      being of conventional design so that the blades can be controlled to
      provide directional capability, as well as lift upon rotation thereof.
PAR  Standpipe 46 is provided with gate valve 58 which, when open, permits steam
      flow upwardly to the upper portion 60 of the combined mast and steam
      standpipe. The upper end of the standpipe terminates in distributor 62
      from which three flexible hoses 64, 66, and 68 respectively deliver steam
      to the three lift rotor blades 50, 52 and 54. The steam pipe extends to
      the tip of each blade, see steampipe 64 in blade 50 in FIGS. 1 and 3. The
      outer ends terminate in circumferentially-directed jets, for example jet
      68 in rotor 50, illustrated in FIGS. 1 and 3. Blades 52 and 54 have
      similar jets, each directed to rotate lift rotor blades in the
      counter-clockwise direction, as seen from the top of the aircraft.
PAR  Forward from gate valve 58 is duct 70 which passes through rotating joint
      72 to distributor hub 74. Distributor hub 74 is the hub of a propeller
      which has blades 76 and 78. Steampipes 80 and 82 extend outwardly through
      propeller blades 76 and 78, respectively, and terminate at the outer ends
      of the blades in circumferentially-directed jet nozzles 84 and 86. Thus,
      delivery of steam through distributor hub 74 causes counterclockwise
      rotation of the propeller, as seen in FIG. 2.
PAR  Annular shroud 88 encloses the tips of propeller blades 76 and 78. Shroud
      88 may be of conventional aerodynamic design to enhance the propeller
      efficiency by reducing the tip losses. However, additionally, shroud 88 is
      a hollow annulus into which the jet nozzles 84 and 86 discharge. Thus,
      shroud 88 acts as a condenser with the steam vapor condensing in the
      annular space 90 therein. Shroud 88 is constructed with a thin metallic
      skin for heat exchange with the passing air to condense the steam in
      shroud 88. As is seen in FIG. 4, shroud ring 92 is mounted on the end of
      the propeller blades to substantially close the annular slot into the
      interior annular space of the shroud to minimize steam losses. As is seen
      in FIG. 1, condensed liquid gravitationally is discharged from the
      interior annular space 90 into feedwater tank 26. Electric generator 94 is
      mounted in the upper rear of the cockpit portion of the fuselage and is
      connected to be driven by rotation of the forward thrust propeller. In
      this position, it also serves as an additional mechanical support for the
      propeller axis and rotor mast. Generator 94 provides power for the
      electrical needs of aircraft 10.
PAR  Gate valve 58 can be controlled to open communication from steam standpipe
      46 to the upper portion 60 of the standpipe for delivery of steam to the
      lift rotor blade tip jet, or it can be positioned to direct steam to the
      lift rotor blade tip jet, or it can be positioned to direct steam through
      duct 70 to the propeller blade-trip jets, or it can be positioned to
      permit steam to pass to both sets of these jets. Under these
      circumstances, the pilot of aircraft 10 has three choices of taking off.
      In the first case, he positions gate valve 58 to close duct 70 to direct
      all steam up standpipe 46 through the upper portion 60 thereof to the lift
      rotor blade tip jets. This causes rotation of the lift rotor blades with
      consequent vertical liftoff of aircraft 10. The rotor blades are
      controlled in conventional helicopter blade control manner so that pitch
      and roll control of the aircraft can be accomplished during the liftoff
      maneuver. The amount of power delivered for liftoff is controlled by the
      pilot by control of throttle valve 48. When vertical liftoff is
      accomplished and forward motion is desired, the pilot controls the lift
      rotor blades for forward aircraft motion and he moves the gate valve 58 to
      an intermediate position where some steam is also delivered through duct
      70 to the tip jets of the propeller blades. It is probably in this flight
      mode where maximum steam demand is required. Thus, the forced capacity of
      boiler 30 is designed for this requirement. However, the design of the
      various jets, blades, ducts, and valves can provide a tradeoff in
      characteristics between demanded maximum power and efficiency at cruising
      power. In any event, in this condition, the propeller blades 76 and 78
      provide forward thrust so that the aircraft 10 moves forward. As forward
      speed increases, the lift rotor blades are placed in an auto-rotating lift
      attitude, and valve 58 is positioned to cut off steam flow to the upper
      portion 60 of the standpipe so that now the lift rotor blades are
      providing lift through auto-rotation. Since fluid loss is occasioned by
      operation of the lift rotor blade tip jets, shutoff of steam to duct 60 as
      early as possible reduces the loss of system fluid. When the desired
      forward speed of the aircraft is reached, the throttle valve 48 is
      controlled to limit speed. In this type of forward flight, all of the
      steam passes out of the propeller blade type jets and into the condenser
      space 90 in shroud 88. Thus, there is little loss of the steam fluid, and
      most is returned to circulation.
PAR  As is conventional in normal steam engine practice, when normal long-term
      flight is achieved, it may be desirable to leave the throttle valve 48
      full open and control the steam pressure, rather than cause throttling
      whereby the power to the propeller is controlled. In this way, throttling
      losses are eliminated.
PAR  Water is described as the preferred fluid medium for the steam cysle. One
      reason for the desirability of water, in addition to its well-studied
      characteristics in boiler operation, is that a certain amount of the
      system fluid will be lost through the lift rotor blade tip jets when steam
      is delivered to them. Water has no undesirable affect on the atmosphere,
      thus is a safe fluid. However, other fluids are conceivable, particularly
      when the aircraft is rarely operated in modes where the tip jets are
      employed.
PAR  Another takeoff mode is available by initially directing steam to both the
      lift rotors and the forward propeller. Now the aircraft 10 has power to
      both lift and forward motion so that it operates in a short takeoff mode.
      Once airborne and having sufficient forward velocity, the lift rotor is
      returned to auto-rotating position, and gate valve 58 is directed so that
      all steam passes to the forward thrust propeller. In the first described
      mode of takeoff, wheels are not necessary, but it is clear that, since
      this takeoff mode includes forward motion on the ground, wheels are
      required.
PAR  In a final takeoff mode, valve 58 is positioned so that all steam is
      directed to the forward thrust propeller and the lift rotor blades are
      positioned for auto-rotative lift. Now, with opening of the throttle valve
      48, the forward motion of the aircraft 10 along the runway causes
      auto-rotation of the lift rotors, and this in turn causes lift so that the
      aircraft takes off by forward motion causing lift. The lift rotor blades
      are controllable so that pitch and roll stability of the aircraft is
      accomplished by lift rotor blade manipulation. However, direction of the
      aircraft is accomplished by tail rudder 96, of conventional design.
PAR  FIGS. 5 through 8 show another preferred embodiment of a steam motive power
      system for the aircraft. Steam generator 102 supplies steam to high
      pressure chamber 104. There are two outlet steam passages 106 and 108 from
      which steam is discharged from chamber 104, and flow through the two
      passages is respectively controlled by throttle valves 110 and 112. Steam
      passages 106 and 108 are independent of central shaft 114. Front and rear
      propellers 116 and 118 are respectively mounted on bearings 120 and 122,
      which each contain a rotating steam joint by which the steam from passages
      106 and 108 can respectively pass into the rotating hubs of the front and
      rear propellers. The outer propeller tips include steam jets 124 and 126,
      respectively, which operate in shroud 128 to drive the propellers in
      contra-rotating directions. The blades and the propellers are preferably
      of variable pitch so that they can be feathered as required.
PAR  Hub 130, see FIG. 8, of forward propeller 116 carries gear 132. Similarly,
      hub 134 of propeller 118 carries gear 136. These gears mate with gear 138,
      which is fixed to the shaft 140. Shaft 140 engages around central shaft
      114. Shaft 140 powers lift rotor engageable against clutch disc 146 by
      operation of linkage 148. Clutch disc 144 is arranged so that it can move
      along shaft 144, as on splines, so that, when it is raised, it engages
      with clutch disc 146 to rotate lift rotor 142. Thus, the lift rotor can be
      selectively operated. Control rods 150 are seen in the center of central
      shaft 114 in FIG. 8. These control rods operate the individual lift rotor
      blades through swash plate 152, as in conventional helicopter practice,
      for longitudinal, lateral and vertical control. Feathering of the
      propellers 116 and 118 provides for ground spin-up of the lift rotor. The
      clutch is then disengaged and the pitch on the lift rotor is adjusted to
      provide lift thrust with clutch 144 disengaged. Rotation of the lift rotor
      is then with tip jets as in FIG. 1. Of course, with clutch 144 disengaged,
      the forward thrust is available from both of the propellers. A particular
      advantage of this embodiment is that steam discharge is confined into the
      shroud where it is condensed and returned, even in rotor spin-up
      operations. Thus, the steam-driven rotation of the propellers provides all
      of the shaft power necessary for the lift blades for ground spin-up. No
      net torque is developed on the rotor axis so no tail rotor is necessary.
PAR  FIGS. 9 and 10 illustrate a further preferred embodiment of steam power
      means for powering an aircraft. In FIG. 9, boiler 160 supplies high
      pressure steam through chamber 162 to high pressure steam lines 164 and
      166. These steam lines have individual throttles 168 and 170 to control
      the steam flow to nozzle boxes 172 and 174. These nozzle boxes have steam
      nozzles for directing steam to impulse buckets 176 and 178 on turbine
      wheels. These turbine wheels consist of rims rotating in shroud 180 and
      respectively carried on the four propeller blade supports of each
      propeller. The four supports 182 of the forward propeller 184 are shown in
      FIGS. 9 and 10, while two of the similar supports 186 of rear propeller
      188 are shown in FIG. 9. These radial supports hold the bucket wheels in
      place to close the ring slots on the inner side of the shroud to
      substantially close the shroud for condenser purposes and carry thee
      turbine buckets or impulse blades. An impulse turbine structure is
      preferred in this environment because of the single-stage operation. If
      desired, a plurality of rows of blades can be arranged on the bucket
      wheel, associated with suitable stator blades, for increased steam
      efficiency, if desired. By control of the throttles and by individual
      control of the pitches of the blades of each of the forward and rear
      propellers, the speed of the propellers is controlled.
PAR  Gear 190 on the forward propeller mates with gear 192 which is secured to
      upper drive shaft 194. Upper drive shaft 194 carries upper clutch disc 196
      which is engageable with a facing clutch disc which, in turn, drives upper
      lift rotor 198. Similarly, the hub of the rear propeller carries gear 200
      which mates with gear 202 on lower drive shaft 204. Lower drive shaft 204
      carries lower clutch disc 206 which faces the companion clutch disc on
      lower lift rotor 208. Each of the clutches is individually engageable, and
      each of the rotors has blades which couple individually controllable so
      that vertical, longitudinal and transverse motions are achieved by rotor
      blade control. The control rods for controlling the blades are located in
      inner shaft 210. This shaft also serves as a mast which supports the
      entire structure. By individual control of the blades of the upper and
      lower rotors and by individual control of the amount of power delivered
      thereto by control of the amount of steam and pitch of the forward and
      rear propellers, the torque of the aircraft about the mast can be
      controlled. Thus, the whole aircraft can be rotated about the mast axis or
      held stationary by the relative torque applied to the two lift rotors so
      that no tail rotor is necessary.
PAR  Pure lift can be accomplished by feathering the forward and rear propeller
      blades and transmitting all of the power to the lift rotors through the
      engaged clutches. Forward motion in addition to that achieved by control
      of the lift rotors can be achieved by applying pitch to the forward and
      rear propellers so that power is delivered to both the forward and lift
      thrust-producing devices at the same time for short landing and takeoff
      capability. Finally, in the full flight mode, the clutches can be
      disengaged and the front and rear propellers turned to an appropriate full
      speed pitch so that lift is obtained by auto-rotation of the lift rotors,
      and forward speed is accomplished by proper pitch of the forward thrust
      propellers. Thus, all operational modes are accomplished with this
      structure. Efficiency is achieved because no steam is discharged to the
      atmosphere, and high efficiency turbine structures are used to rotate the
      forward and rear propellers. Of course, a maximum amount of steam is
      condensed for reuse so that the aircraft has a proper range.
PAR  Of course, the propulsion system disclosed herein is useful for the
      propulsion of other vehicles for land, sea or air.
PAR  This invention having been described in its preferred embodiment, it is
      clear that it is susceptible to numerous modifications and embodiments
      within the ability of those skilled in the art and without the exercise of
      the inventive faculty. Accordingly, the scope of this invention is defined
      by the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle comprising:
PA1  a fuselage, steam-generating means on said fuselage for generating steam
      under pressure on said fuselage;
PA1  a forwardly-directable propeller comprised of a plurality of propeller
      blades rotatably mounted on said fuselage, a substantially
      circumferentially-directed jet positioned substantially on the tip of one
      of said propeller blades, a pipe connected between said steam-generating
      means and said propeller tip jet for delivering steam under pressure to
      said propeller tip jet to cause rotation of said propeller;
PA1  a shroud positioned around the path of said propeller tip jet, said shroud
      having an annular space therein, and said propeller tip jet extending into
      said annular space so that steam discharged from said propeller tip jet is
      discharged into the annular space in said shroud so that steam is
      condensed within said shroud.
NUM  2.
PAR  2. The vehicle of claim 1 wherein there is
PA1  an annular slot on the interior wall of said shroud said slot extending
      into the annular space in said shroud, said propeller tip jet extending
      through said annular slot into said annular space, a shroud ring
      positioned in said annular slot to substantially close said annular slot
      to limit the escape of steam from the annular space in said shroud.
NUM  3.
PAR  3. The vehicle of claim 2 wherein there
PA1  are a plurality of propeller blades on said propeller, and each of said
      propeller blades carries a substantially circumferentially-directed jet
      adjacent the tip thereof and positioned within the annular space in said
      shroud, said shroud ring being attached to each of said blades adjacent
      the tip thereof and rotating with said blades.
NUM  4.
PAR  4. The vehicle of claim 3 wherein
PA1  said blades are mounted on a rotating hub, and said hub contains a rotating
      steam joint for supply of steam from said steam generator means to said
      propeller blade tip jets.
NUM  5.
PAR  5. The vehicle of claim 1 wherein
PA1  said propeller blades are mounted for rotation about a substantially
      forwardly-directed fixed axis and further comprising:
PA1  a plurality of lift rotor blades mounted for rotation about an upright axis
      so that, as said lift rotor blades rotate about said upright axis, lift is
      produced which acts upon said fuselage.
NUM  6.
PAR  6. The vehicle of claim 5 wherein
PA1  said lift rotor blades each have a substantially circumferentially-directed
      jet adjacent the tip thereof, and conduit means is connected between said
      steam generator means and said lift rotor blade tip jet so that steam can
      be discharged from said lift rotor blade tip jets to cause rotation of
      said lift rotor blades to produce lift on said fuselage.
NUM  7.
PAR  7. The vehicle of claim 6 wherein
PA1  an upright mast is carried on said fuselage, said lift rotor blades
      rotating adjacent the upper end of said mast, said mast being hollow and
      having a steam conduit therethrough, a distributor at the upper end of
      said mast, said distributor distributing steam to said lift rotor blades
      for discharge from the tip jets thereon to cause rotation of said lift
      rotor for producing lift.
NUM  8.
PAR  8. The vehicle of claim 7 wherein
PA1  a valve is connected to shut off steam flow to the said lift rotor blades
      so that, during normal motion of said vehicle, all steam produced by said
      steam generator means is discharged through said propeller blade tip jets
      for recondensation and recirculation.
NUM  9.
PAR  9. The vehicle of claim 4 wherein
PA1  said propeller blades are mounted for rotation about a substantially
      forwardly-directed fixed axis and further comprising:
PA1  a plurality of lift rotor blades mounted for rotation about an upright axis
      so that, as said lift rotor blades rotate about said upright axis, lift is
      produced which acts upon said fuselage.
NUM  10.
PAR  10. The vehicle of claim 9 wherein
PA1  said lift rotor blades each have a substantially circumferentially-directed
      jet adjacent the tip thereof, and conduit means is connected between said
      steam generator means and said lift rotor blade tip jet so that steam can
      be discharged from said lift rotor blade tip jets to cause rotation of
      said lift rotor blades to produce lift on said fuselage.
NUM  11.
PAR  11. The vehicle of claim 10 wherein
PA1  an upright mast is carried on said fuselage, said lift rotor blades
      rotating adjacent the upper end of said mast, said mast being hollow and
      having a steam conduit therethrough, a distributor at the upper end of
      said mast, said distributor distributing steam to said lift rotor blades
      for discharge from the tip jets thereon to cause rotation of said lift
      rotor for producing lift.
NUM  12.
PAR  12. The vehicle of claim 11 wherein
PA1  a valve is connected to shut off steam flow to the said lift rotor blades
      so that, during normal motion of said vehicle, all steam produced by said
      steam generator means is discharged through said propeller blade tip jets
      for recondensation and recirculation.
NUM  13.
PAR  13. A vehicle comprising:
PA1  a fuselage, steam-generating means on said fuselage for generating steam
      under pressure on said fuselage;
PA1  a forwardly directed propeller comprised of a plurality of propeller blades
      rotatable mounted on said fuselage on a substantially forwardly directed
      horizontal axis;
PA1  a lift rotor comprised of a plurality of rotor blades rotatably mounted on
      a substantially upwardly directed vertical axis on said fuselage
PA1  propulsion means connected to said steam-generating means for selectively
      rotating both said forwardly directed propeller and said lift rotor so
      that said vehicle can selectively be furnished with lifting force for
      lifting said vehicle and forward thrust for forwardly propelling said
      vehicle from said steam-generating means.
PA1  a condenser shroud surrounding said forwardly directed propeller for
      condensing steam employed in the rotation of said forwardly directed
      propeller.
NUM  14.
PAR  14. The vehicle of claim 13 wherein steam
PA1  force-producing means is secured to the outer ends of said forwardly
      directed propeller and within said shroud for producing torque of said
      forwardly directed propeller by steam action on said steam thrustproducing
      means and steam acting therewith is discharged into said shroud to
      condense in said shroud.
NUM  15.
PAR  15. The vehicle of claim 14 wherein mechanincal
PA1  connection means is interconnected between said forwardly directed
      propeller and said lift rotor for rotating said lift rotor from torque
      produced by said forward directed propeller.
NUM  16.
PAR  16. The vehicle of claim 15 wherein a clutch
PA1  is positioned in said mechanical connection means so that torque from said
      forwardly directed propeller can be clutched and declutched to said lift
      rotor.
NUM  17.
PAR  17. The vehicle of claim 16 wherein there
PA1  are two contra-rotating, forwardly directed propellers, each of said
      propellers receiving torque from interaction between said propellers and
      discharging steam within a shroud.
NUM  18.
PAR  18. The vehicle of claim 17 wherein both of
PA1  said forwardly directed propellers are selectively connectable to said
      rotor.
NUM  19.
PAR  19. The vehicle of claim 17 wherein there
PA1  are two lift rotors and each of said forwardly directed propellers is
      separately connected through a clutch to drive one of said lift rotors.
NUM  20.
PAR  20. The vehicle of claim 19 wherein said
PA1  forwardly directed propellers include blades which are featherable.
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ABST
PAL  The angular configuration of a fluid control surface, with respect to the
      relative direction of fluid flow, is controlled by selectively heating the
      structural portions of only one side of the control surface to expand the
      structural members on the one side with respect to the structural members
      on the other side for warping the control surface generally from its
      leading to its trailing edge. Particularly, the camber of an airplane wing
      is changed by this selective heating for controlling the wing portion
      lift. Preferably, wires extend generally from the leading edge to the
      trailing edge of the wing as wing structural members closely adjacent the
      upper and lower surfaces of the wing, with both sets of wires being
      prestressed to provide an intermediate camber for the wing portion when
      the upper and lower wires are the same temperature, a generally
      symmetrical wing configuration when only the lower wires are heated, and a
      high lift maximum camber when only the upper wires are heated. The wires
      may be electrically heated by the passage of current therethrough, closely
      adjacent the wing surface for air cooling, deeply embedded in the wing
      structure for insulation, or contained within concentric tubes conducting
      a cooling or heating fluid. Further, the wires may be organic synthetic
      fibers with electrically conductive material embedded in them for thermal
      expansion, or a composite of electrically conductive and non-electrically
      conductive fibers for thermal expansion, or composed of an
      electrostrictive material to shorten upon the passage of electrical
      current, or of composite structure as above mentioned, with an
      electrostrictive component for shortening with the passage of a current.
PARN
PAR  This is a division of application Ser. No. 390,399 filed Aug. 22, 1973, now
      U.S. Pat. No. 3,885,758, which is a continuation-in-part of Ser. No.
      201,417 filed Nov. 23, 1971, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  There are many fluid control surfaces wherein the curvature of the fluid
      control surface is important for the function of the apparatus, for
      example turbine blades, turbine stators, aircraft propellers, aircraft
      wings for lift control, aircraft stabilizers, aircraft ailerons, and the
      like.
PAR  In the past, many different methods have been used to change the curvature
      of aircraft wings, particularly their camber for correspondingly changing
      their lift. Usually, different wing portions have been pivotally connected
      to each other and relatively moved by piston and cylinder arrangements, or
      mechanical linkages. The patent to Ross U.S. Pat. No. 2,979,287, Apr. 11,
      1961, relates to an inflatable wing with variable camber, but the surface
      shape is generally changed which is undesirable in many instances because
      of the increased wing thickness resulting therefrom. In the patent to Cone
      U.S. Pat. No. 2,152,029, Mar. 28, 1939, upper and lower cables are used to
      change the curvature of an aircraft wing, but the wing is necessarily
      divided into various sections with a connection between each section and
      at least one of the cables, which presents a complexity and bulkiness that
      cannot be tolerated in modern aircraft.
PAR  With respect to aircraft propellers, it is known to change their pitch by
      changing their curvature, for example with the Vischer U.S. Pat. No.
      1,985,391, Dec. 25, 1934, which employs two pivotally connected wing
      portions that are relatively moved by means of a selectively heated
      member. Further, in general fan construction, it is known to change blade
      curvature according to the environment temperature by employing a
      bimetallic structure.
PAR  In changing the curvature of any fluid control surface, it would be most
      desirable to maintain a smooth configuration for laminar flow where
      desired. While the inflatable wing of the Ross patent provides this
      desired smooth surface and absence of any transition areas that might
      produce turbulence, the resulting thickness of the wing is generally
      undesirable for high speed flight, and while the blade of the Rom patent
      maintains a smooth configuration during its change without increasing its
      thickness, there is no selectivity since the curvature is controlled by
      the environment temperature.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to change the curvature of a fluid
      control surface in a smooth manner from its leading to its trailing edge
      without materially changing its thickness, and providing selective control
      for the curvature.
PAR  Preferably, the present invention applies to the various control surfaces
      for aircraft, for example the stabilizers, ailerons, or lift portions of
      the main wings. The control surface is provided with structural wires
      generally extending from the leading edge to the trailing edge on both the
      upper and lower surfaces, or closely adjacent thereto, so that upon
      selectively heating either the upper or lower wires, they will expand to a
      greater extent than the unheated wires on the opposite surface to warp or
      curve the surface generally over its entire extent from its leading edge
      to its trailing edge. With this structure, it is seen that the upper and
      lower surfaces will at all times be smooth and there will be no abrupt
      transition portions, and the general thickness of the wing may be
      maintained.
PAR  It is particularly desirable, with respect to changing the camber of an
      aircraft wing for lift control, to provide prestressed lower wires and
      prestressed upper wires so that normally the wing will be curved to an
      intermediate position for substantial lift, so that the aircraft may land
      safely upon system failure. Further, this particular structure permits
      heating of the lower wires to straighten out the wing and generally give
      it a symmetrical shape for high speeds, and to allow heating of only the
      upper wires to give it maximum curvature for landing and take-off.
      Preliminary computer investigations have shown that the angle between the
      plane of symmetry for the leading edge and the plane of symmetry for the
      trailing edge may vary 30.degree. with a conventionally shaped wing
      structure with the features of the present invention. While the wires or
      cables may be heated in any desired manner, for example by providing heat
      exchange relationship with a hot fluid, it is most preferable to
      resistance heat the wires by the passage of an electric current. Such
      electric heating will provide a very fast response time.
PAR  In some instances, it will be desirable to provide a slow response time for
      the cooling of the wires, and this is structurally accomplished by
      insulating the wires with respect to the environment fluid. A slow
      response time for the heating may be easily provided by conventional means
      for adjusting the electric current, for example rheostats or choppers. For
      a quick response cooling, the wires may be placed closely adjacent the
      surface for exposure to the environment fluid or they may be carried
      within cooling fluid conducting tubes. It is particularly desirable to
      have a quick response time when the present invention is employed for
      changing the curvature of portions of the wing that are to be used as
      ailerons. With such a structure, the camber of the main portion of the
      wing may be adjusted for lift purposes or the curvature of an outer minor
      portion of the wing may be separately adjusted for functioning as a
      aileron, while structurally providing a smooth uninterrupted wing surface
      from base to tip and leading edge to trailing edge without any visible
      transition at any time.
PAR  Further, the wires may be organic synthetic fibers with electrically
      conductive material embedded in them for thermal expansion, or a composite
      of electrically conductive and non-electrically conductive fibers for
      thermal expansion, or composed of an electrostrictive material to shorten
      upon the passage of electrical current, or of composite structure as above
      mentioned, with an electrostrictive component for shortening with the
      passage of a current.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further objects, features and advantages of the present invention will
      become more clear from the following detailed description of the drawing,
      wherein:
PAR  FIG. 1 is a plan view of a conventional aircraft employing the features of
      the present invention in its fixed wing structure;
PAR  FIG. 2 is a partially schematic cross sectional view taken along line 2--2
      of FIG. 1 showing the wing configuration during high speed flight;
PAR  FIG. 3 is a view similar to FIG. 2, but showing the wing configuration in
      its normal position for intermediate lift;
PAR  FIG. 4 is a view similar to FIG. 2, but showing the wing in its extreme
      curvature position for maximum lift;
PAR  FIG. 5 is a partial cross sectional view of the wing skin taken on plane
      perpendicular to the plane of FIG. 2, according to one construction;
PAR  FIG. 6 is a cross sectional view similar to FIG. 5, but of another
      construction;
PAR  FIG. 7 is a cross sectional view similar to FIG. 5, but of another
      construction; and
PAR  FIG. 8 is a plan view of a delta wing aircraft employing the features of
      the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  While as set forth above, the present invention may be used with various
      types of fluid control surfaces, it is particularly advantageous when
      employed for changing the curvature of a fluid control surface for an
      airplane, for example the stabilizer, the main wing section for lift
      purposes, or a wing portion to act as an aileron. As a specific example,
      the invention will be set forth below with respect to the conventionally
      constructed airplane of FIG. 1 and particularly with respect to its main
      wing.
PAR  As shown in FIG. 1, the airplane includes a fuselage 1, a cockpit 2, a tail
      assembly 3, a stabilizer 4, a forward nose 5, and a wing 6. It is
      understood that in a conventional manner, the airplane is symmetrical with
      respect to a longitudinal vertical plane, and for that reason only one
      side of the airplane has been shown in detail. In a conventional manner,
      the wing tip is elongated from its connection with the fuselage 1 to its
      outer tip 7, and has considerable length from its leading edge 8 to its
      trailing edge 9, with respect to the direction of relative fluid motion
      10. The portion of the wing 11 closest to the fuselage has its curvature
      or camber controlled according to the features of the present invention
      for changing the lift of the aircraft wing for take-off, landing and high
      speed flight. The portion 12 of the wing, adjacent the tip 7, has its
      curvature controlled according to the features of the present invention to
      act as an aileron.
PAR  As shown more clearly in FIGS. 2 and 5 taken with FIG. 1, there are a
      plurality of structural wires 13 in the upper and lower skin of the
      aircraft wing for both portion 11 and portion 12, which wires generally
      extend from the leading edge 8 to the trailing edge 9. As somewhat
      schematically shown in FIG. 2, the upper surface 14 has a structural wire
      embedded in it and the lower surface 15 has a structural wire 13 embedded
      in it. Preferably, the wing, as viewed in cross section, is constructed to
      have a nearly symmetrical shape as shown in FIG. 2 in a cruising
      condition. The wires 13 in the upper surface 14 and lower surface 15 are
      prestressed so that the cross sectional shape of the wing may be
      controlled by the pilot. Thus, in FIG. 3, the wing will have a slight
      curvature to produce sufficient lift for low speed take-off and landing
      flying and relatively high speed cruise in the case of power loss. When it
      is desired to fly the airplane at high speeds, the wires 13 in the lower
      surface 15 are heated to reduce drag. With this heating, the wires 13 in
      the lower surface 15 will expand so that the wing will assume the shape as
      shown in FIG. 2. When high lift is desired for landing or take-off at
      relatively slow speeds, the wires 13 in the upper surface 14 are heated
      while the wires in the lower surface remain unheated, and accordingly only
      the upper wires will expand to produce a greater curvature in the wing as
      shown in FIG. 4. Preliminary computer investigations have shown that with
      an otherwise conventionally shaped and dimensioned wing, the angle between
      the plane of symmetry 16 for the trailing edge 9 and the plane of symmetry
      17 for the leading edge 8 will be approximately 30.degree. in the position
      of FIG. 4, and these two planes will coincide in the symmetrical position
      of FIG. 2. This difference in camber will be sufficient for reducing the
      landing speed of an otherwise conventional aircraft.
PAR  The thermal expansion of the structural wires will depend upon their
      thermal coefficients of expansion as to the material selected, the
      temperature to which they are heated, and the other structural components
      of the wing. Preferably, the wing skin is constructed of the selectively
      heated wires 13 running from the leading edge to the trailing edge,
      unheated structural wires running from the fuselage to the tip 7, and a
      skin resin. Also, structural wires 23 may run from the fuselage to the tip
      7 in a top set and a lower set generally perpendicular to the wires 13 and
      independently heated in sets for controlling wing twist and/or dihedral
      and/or sweepback. With the temperature employed, the wires may have an
      expansion of 1.5 percent between their cold state and heated state.
      Preferably, the wing would be of a hollow construction with the
      above-mentioned upper skin and lower skin separated by a honeycomb or foam
      structure or other flexible membranes.
PAR  While any type of heating may be employed, it is most desirable and
      convenient to provide electric resistance heating for the wires 13.
      Accordingly, the wires are connected at their trailing edge 9 to the
      ground for the electrical system and separately connected at their leading
      edge 8 to a controlled source of current. That is, all or groups of the
      upper wires 13 may be selectively connected to a source of current and all
      or groups of the lower wires may be selectively connected to a source of
      current independently of the upper wires. The wires or groups of wires are
      heated by thus passing either direct or alternating current therethrough
      from the leading to the trailing edge.
PAR  For a fairly quick response with respect to cooling the wires, which is
      particularly desirable with respect to the group 12 functioning as an
      aileron, it is desirable to have the wires closely adjacent the exposed
      surface of the skin. Such a structure is shown in FIG. 5. The wires 13 are
      embedded in a layer of resin 18 that may in fact be resin mixed with
      fibers, or a laminated structure. The coefficient of thermal expansion for
      the resin may be chosen to correspond to or in some other way desirably
      complement the coefficient of expansion for the wires 13. After the wires
      13 in FIG. 5 have been heated by the passage of current therethrough, they
      are rapidly cooled by air flowing over the exposed surface 19 after the
      current is shut off or reduced. The opposite surface 20 of the skin is
      suitably laminated to a honeycomb or foam core or flexible membranes (not
      shown).
PAR  The skin structure of FIG. 6 may be employed when it is desired to
      thermally insulate the wires, heat the wires by the passage of a heat
      exchange fluid, or rapidly cool the wires by the passage of a heat
      exchange fluid. The structure of FIG. 6 is particularly desirable for the
      aileron portion 12 of the wing in that the thermal response for the wires
      may be made very rapid. As before, the skin is constructed of a resin 21,
      but with FIG. 6 a plurality of tubes 22 surround the wires 13 in spaced
      relationship. Thus, there is produced an annular passage between the wires
      13 and their tubes 22, for the reception of a heat exchange fluid to
      either heat or cool the wires. Most desirably, the wires are heated as
      before by the passage of electricity and are cooled by the passage of a
      cooling fluid to provide the rapid response for aileron control.
PAR  In some instances, it is desirable to have a slow cooling and a slow
      heating for the wires being controlled, particularly with respect to the
      lift portion 11 of the wing. Thus, there will be no rapid changes in lift
      which might produce instability in the plane. It is a quite simple matter
      to control the speed of heating for the wires by merely controlling the
      increase in current being fed to the wires by means of a rheostat or
      chopper. The cooling may be controlled by the above-mentioned cooling
      fluid in FIG. 6 exactly over a wide range, fixed for rapid cooling as in
      FIG. 5, or fixed for slow cooling as in FIG. 7.
PAR  As shown in FIG. 7, the skin is constructed of a resin 23, of a type as set
      forth above, for deeply embedding the wires 13. The resin 23 may be chosen
      for its heat insulating properties to provide any desired cooling.
      Preferably, the skin is of a laminated construction with an outer layer 24
      chosen for its durability and strength without regard to its insulating
      properties.
PAR  The above features as set forth specifically with respect to FIGS. 2
      through 7 may be equally well employed with the wing of a delta wing type
      aircraft as shown in FIG. 8, with the construction of FIG. 2 existing with
      respect to the section line 2'--2' of FIG. 8. Accordingly, all of the
      preceding discussion applies equally well to FIG. 8.
PAR  Further, the features as set forth with respect to FIGS. 2-7 may be applied
      with respect to the construction of a blade or stator for a compressor or
      turbine to change the output of the rotatable machine. However, the
      features of the present invention are particularly desirable when employed
      for controlling the lift or aileron surfaces of an aircraft wing.
PAR  It is contemplated that various types of electrically conductive resistance
      wires may be used for thermal expansion in the above disclosure, which
      wires may take the following forms: an electrically conductive metallic
      element sheaved or integrally bonded to a non-electrically conductive
      outer tube that would be heated and thermally expand; a twisted, braided,
      interwoven or other filament or fiberlike materials wherein some are
      electrically conductive for resistance heating and others are
      non-electrically conductive for thermal expansion by heat transfer from
      the electrically conductive ones; a material composed of a normally
      non-conductive material with conductive material as a filler so that the
      composite article is electrically conductive; a composite material
      comprising a plurality of layers of sheet material wherein some are
      electrically conductive and others are not electrically conductive. In the
      above cases, the electrically conductive material would act as the
      resistance element for heating purposes and thermally expand as a
      structural member, and further transfer heat to the adjacent
      non-electrically conductive material that would also thermally expand as a
      structural member. Some of the non-conductive materials may be, for
      example, organic fibers, for example a commercially available material
      from Dupont Chemical Company called PRD-49 or the commercially available
      material Nomex, which latter material is a high temperature nylon.
PAR  Further, it has been found that various composite materials will restrict
      or contract when subjected to an electrical current, for example it has
      been found that intermixed electrically conductive graphite particles or
      fibers and non-conductive, for example organic, particles or fibers when
      subjected to an electrical current will constrict. It is thought that with
      graphite fibers providing resistance heating, epoxy between such fibers
      will by heat transfer thermally expand and pull the fibers apart to
      thereby shorten the graphite fibers, even though the graphite fibers
      themselves are not electrostrictive in nature. This is only a theory, but
      it is a fact that such composite materials, particularly graphite fibers
      embedded in epoxy resin, have a reduction in length with the application
      of an electric current through the graphite fibers. Further, the graphite
      fibers, in addition to the advantage of being light in weight, have a
      tensile strength that is many times that of steel.
PAR  Further, graphite fibers, as mentioned above, may be used as the
      electrically conductive material in the previously mentioned composite
      wire constructions. Graphite fibers may at the present time be
      commercially obtained from Hercules Powder Company.
PAR  Further, the structural elements that will expand or contract to produce
      curvature of the aerodynamic surface according to the foregoing
      embodiments may be constructed of electrostrictive material, that is a
      material that will exhibit a mechanical stress tending to produce
      deflection, expansion or contraction when subjected to electrical stress,
      which material may or may not be crystalline. Piezo - electric materials
      are electrostrictive materials. A voltage across such a material will
      produce an electrical stress that in turn will produce a mechanical
      stress. If the material will exhibit expansion upon being electrically
      stressed, it may be directly substituted for the previously mentioned
      materials that will thermally expand with electrical resistance heating,
      with such materials preferably being prestressed so that they will relax
      upon expansion and produce the curvature. Further, when the
      electrostrictive material contracts upon being electrically stressed, it
      may be prestressed or not when applied as a structural member of the
      aerodynamic surface, and its constriction will accordingly warp the
      surface in the preceding embodiments.
PAR  While crystalline barium titanate ceramic is a well known electrostrictive
      material, there are many other electrostrictive materials that would be
      particularly adapted for use in the present situation. Particularly,
      polycrystalline lead zirconate titanate ceramic is an electrostrictive
      material having suitable properties for application to the present
      invention, because it has the property of expanding and contracting in
      length when a voltage is applied in the direction of polarization. A
      positive portion of a square wave drive pulse will engergize this specific
      material so that it will expand, while the negative portion of a square
      wave drive pulse will cause the material to contract. Therefore, a square
      wave drive pulse may be used so that its positive portion or only its
      negative portion may be selectively applied to the electrostrictive
      material for selective expansion or contraction. Such material could be
      used as a non-stressed structural element with contraction causing
      warping, or it could be used as a prestressed structural element so that
      with a positive voltage its expansion would cause warping in one direction
      and with negative voltage, its restriction would cause warping in the
      opposite direction. This latter specific material with the application of
      30-50  volts per 0.001 inch of thickness will have a total displacement of
      approximately 0.001 inch per inch of length.
PAR  In the above variation of the present invention that employs an
      electrostrictive material, such electrostrictive material may be replaced
      by a magnetostrictive material, which is defined as a material having the
      property of changing in physical size or shape under the influence of a
      magnetic field. There are many known types of such magnetostrictive
      materials, which may be employed in the present invention as structural
      members having adjacent means for producing a variable magnetic field, for
      example a specific form may be a magnetostrictive sheet laminated with a
      printed circuit forming coils to produce a magnetic field varying
      according to the electrical drive variation. Such structural
      magnetostrictive material would contract or expand selectively to
      correspondingly warp the aerodynamic surface in one or the other
      direction, and prestressing may or may not be applied.
PAR  While the most preferred forms of the present invention have been set forth
      in detail above and these details are highly desirable in their own right,
      further variations, modifications and embodiments are contemplated
      according to the broader aspects of the present invention as defined by
      the spirit and scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid flow affecting generally planar member having opposed fluid flow
      surfaces on opposite sides of a geometric central plane, defining
      generally a leading edge and a trailing edge with respect to the relative
      flow direction; structural means maintaining said member in a particular
      geometric shape with a relatively fixed curvature for said central
      geometric plane; said structural means at least in part being
      constructured of an electrostrictive material having an orientation such
      that with a voltage application, the electrostrictive material will change
      in shape to correspondingly change the shape of said structural means and
      thereby correspondingly warp the member and change the curvature of its
      geometric central plane; and electrical drive means for selectively
      impressing a voltage upon said electrostrictive material.
NUM  2.
PAR  2. The device of claim 1, wherein said electrostrictive material exhibits
      the properties of expansion with one of a negative voltage and positive
      voltage, and contraction with the other of the negative voltage and
      positive voltage; and said drive means for impressing a voltage being
      capable of selectively supplying only a negative voltage to said
      electrostrictive material for an indeterminate length of time and further
      for selectively applying only a positive voltage to said electrostrictive
      material for an indeterminate period of time.
NUM  3.
PAR  3. The device of claim 2, wherein said structural means is pretensioned in
      its normal condition with zero voltage being applied to said
      electrostrictive material.
NUM  4.
PAR  4. The device of claim 2, wherein said structural means is pretensioned in
      its normal condition with no voltage being impressed, and further wherein
      said electrostrictive material exhibits the properties of expansion when
      being subjected to an electrical voltage to thereby reduce the
      pretensioning of said structural means.
NUM  5.
PAR  5. The fluid flow affecting member of claim 2 mounted on an airplane
      fuselage and extending from the fuselage to substantially affect the
      airplane aerodynamic characteristics for inflight control of the airplane.
NUM  6.
PAR  6. The fluid flow affecting member of claim 1 mounted on an airplane
      fuselage and extending from the fuselage to substantially affect the
      airplane aerodynamic characteristics for inflight control of the airplane.
NUM  7.
PAR  7. A method for controlling the curvature of a fluid flow control member
      having a leading edge generally transverse to the fluid flow, a trailing
      edge generally transverse to the fluid flow, opposed surfaces over which
      the fluid flows, which surfaces are on opposite sides of a geometric
      central plane having a predetermined normal curvature, and structural
      means on opposite sides of said plane to maintain said control member in
      the predetermined curvature of said geometric central plane, comprising
      the steps of: orienting electrostrictive material as an integral part of
      the structural means so that with a voltage applied to the
      electrostrictive material, it will change in length to correspondingly
      change the effective length of the structural means and warp the control
      member as defined by a change in curvature of the geometric central plane;
      and selectively applying a voltage to the electrostrictive material in an
      amount and of a characteristic to provide a desired curvature of the
      control member.
NUM  8.
PAR  8. The method of claim 7, wherein said step of applying voltage selectively
      applies a positive voltage for an indefinite period of time and a negative
      voltage for a separate indefinite period of time respectively
      corresponding to desired curvature in one direction and the opposite
      direction.
NUM  9.
PAR  9. The method of claim 8, including the step of prestressing the structural
      means mechanically under normal conditions of no applied voltage, and
      maintaining said prestressing as an integral part of the control member
      without external power.
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ABST
PAL  A device for shielding a heated surface from infrared detection through an
      exhaust opening adjacent the heated surface which comprises an exhaust gas
      conducting member adapted to receive heated exhaust gases from the exhaust
      opening with the member having a configuration which blocks the exhaust
      opening from line-of-sight view through the outlet to the member. The
      exhaust gas conducting member includes apparatus to inhibit heat transfer
      across its interior surface while promoting heat transfer through the wall
      of the member. Additionally there is provided a diffusion device for
      breaking up a main stream of heated exhaust gas into a plurality of
      smaller streams to reduce infrared radiation from the exhaust gas which
      includes a body adapted to receive heated exhaust gas with insulation
      apparatus to maintain the exterior surface of the body at a relatively low
      temperature. A plurality of openings in the body provide discharge of
      smaller streams of exhaust gas. The openings may be shaped to provide a
      cross-sectional configuration for the smaller streams of exhaust gas which
      promote dissipation of heat and energy and which reduce the emissivity of
      the gas streams.
PARN
PAR  This application is a continuation-in-part of our prior copending U.S.
      application Ser. No. 403,167, filed Oct. 3, 1973.
BSUM
PAR  A power source for an aircraft generates heat which produces hot metal
      surfaces and also a stream of heated exhaust gas. These sources of
      infrared radiation, i.e., hot metal surfaces and a heated stream of
      exhaust gas, provide a target source for heat-seeking missiles which lock
      on the target source and are, thereby, led directly to the power source
      for the aircraft.
PAR  In providing an aircraft whose power source is not easily discernible by a
      heat-seeking missile, a first step would be to insulate the surfaces of
      the aircraft engine. An insulation material which is admirably suited for
      this purpose is disclosed in commonly assigned U.S. application Ser. Nos.
      352,218, filed Apr. 18, 1973 and 352,309, filed Apr. 18, 1973. Application
      Ser. No. 352,318 is a continuation-in-part of application Ser. No.
      272,468, filed July 17, 1972, and application 352,309 is a
      continuation-in-part of application Ser. No. 272,469, filed July 17, 1972.
PAR  The insulation of the aircraft engine surface is, however, only a first
      step in reducing infrared radiation from the aircraft power source. Even
      when the aircraft engine is well insulated, hot metal surfaces within the
      engine interior may still be viewed by a heat-seeking missile through an
      opening for exhaust gases positioned adjacent the hot interior surfaces.
      Thus, in addition to insulating the exterior surfaces of the engine, it is
      also desirable to, in some way, block the metal surfaces within the engine
      interior from view through the exhaust gas opening while still providing
      an opening for discharge of the exhaust gases.
PAR  It is also desirable to reduce infrared radiation from the hot plume of
      exhaust gases emitted by an aircraft engine to shield the aircraft power
      plant from detection by a heat-seeking missile. To accomplish this, the
      main stream of exhaust gas from the engine may, in some manner, be broken
      up into a plurality of smaller streams of exhaust gas to promote loss of
      heat and energy from the exhaust gases and to reduce its emissivity. Also,
      to promote dissipation of heat and energy from the exhaust gas, the shape
      of the exhaust gas stream might be changed in some manner to provide a
      shape which promoted dissipation of heat and energy and a reduction in its
      emissivity. Still further, the dissipation of heat and energy from the
      exhaust gases might be maximized by both breaking up the main stream of
      exhaust gas into a plurality of smaller streams and also altering the
      shape of the smaller streams to promote dissipation of heat and energy and
      the emissivity of the smaller streams.
PAR  By diffusing the exhaust gas stream to dissipate its heat and energy and to
      reduce its emissivity while also blocking interior hot metal surfaces from
      view by a heat-seeking missile and insulating the engine surfaces, all of
      the various sources of infrared radiation from an aircraft power plant
      might be controlled to provide an overall system having a low degree of
      infrared radiation. Such a system would be much more difficult to detect
      by a heat-seeking missile than presently existing systems and would,
      therefore, greatly reduce the number of aircraft which are lost in combat
      through destruction by heat-seeking missiles.
PAR  In providing an aircraft power plant with significantly reduced levels of
      infrared radiation, I have provided a device for shielding the heated
      interior engine surfaces from infrared detection through an exhaust
      opening adjacent the heated surfaces. To accomplish this result, an
      exhaust gas conducting member is provided which is adapted to receive
      heated exhaust gases from the exhaust opening. The gas conducting member
      has an interior surface and an exterior surface which are separated by a
      wall as well as an inlet for receipt of heated exhaust gases and an outlet
      for discharge of exhaust gases. The member is provided with a
      configuration which blocks the inlet to the member from line-of-sight view
      through its outlet. Thus, the heat-seeking missile sees only the exhaust
      gas conducting member and is prevented from looking into the engine
      interior through the exhaust opening for the engine.
PAR  If the surfaces of the exhaust gas conducting member were permitted to
      reach a high temperature through heat exchange with the exhaust gases, a
      heat-seeking missile could then sight just as readily on the exhaust gas
      conducting member as it could have on heated metal surfaces within the
      engine. To prevent this result, means are also provided to inhibit heat
      transfer into the wall of the exhaust gas conducting member across the
      member's interior surface as well as promote heat transfer through the
      wall of the member. This provides rejection of heat at the interior
      surface and rapid removal of any heat accepted at the interior surface by
      heat transfer through the wall of the member. The overall result is that
      the surfaces of the exhaust gas conducting member are maintained at a
      relatively low temperature with respect to the temperature of the exhaust
      gas which passes through the member. Thus, there is no significant
      radiation from the surfaces of the exhaust gas conducting member and the
      member does not present a suitable target area for a heat-seeking missile.
PAR  In promoting the dilution of the exhaust gases from the engine while
      reducing heat transfer across the interior surface of the gas conducting
      member, means may be provided for introducing a boundary layer of a
      cooling gas adjacent the interior surface of the gas conducting member.
      This helps to maintain the interior surface at a relatively low
      temperature while promoting the dilution and cooling of the exhaust gases.
PAR  In reducing the heat transfer to the exhaust gas member across its interior
      surface, means may be provided on the interior surface to reduce the heat
      transfer contact area between the interior surface and the heated exhaust
      gas. In reducing the heat transfer contact area on the interior surface of
      the exhaust gas conducting member, indentations may be provided in the
      interior surface to form recessed pockets therein. The width of the
      indentations is sufficiently small so as to impede the entrance of exhaust
      gases into the pockets. Thus, the available heat transfer area on the
      interior surface of the exhaust gas conducting member is reduced in
      relation to the area which is removed from the interior surface by the
      indentations.
PAR  In forming indentations on the interior surface of the exhaust gas
      conducting member, the indentations may take any of several forms. For
      example, the indentations may be in the form of slots, convolutions,
      serrations, or threads. Further, the indentations may be positioned, e.g.,
      in a direction that is generally transverse to the direction of exhaust
      gas flow, so as to impede the flow of exhaust gases into the pockets
      formed by the indentations.
PAR  Conveniently, the exhaust gas conducting member may have the configuration
      of an elbow although other configurations may be employed, such as, for
      example, an S-configuration, or a U-configuration. To promote heat
      transfer through the wall of the exhaust gas conducting member, the member
      is preferably formed of a metal such as aluminum having high heat
      conductivity. Also, to promote heat transfer through the wall of the
      exhaust gas conducting member, the exterior surface of the member may
      include means to increase the rate of heat rejection from the exterior
      surface. Conveniently, the exterior surface of the member may include fin
      structures of various configurations to increase the available area for
      heat rejection.
PAR  In conjunction with the use of an exhaust gas conducting member, diffusion
      means may be positioned to break up the stream of exhaust gas emitted by
      the exhaust gas conducting member into a plurality of smaller streams to,
      thereby, dissipate the exhaust gas stream and to reduce its emissivity.
      Also, the exhaust gas conducting member may include means to change the
      shape of the exhaust gas stream to a shape having a lower emissivity and
      one from which heat and energy are more readily dissipated. To provide
      optimum dissipation of heat and energy from the exhaust gas stream, the
      stream may be broken up into a plurality of smaller streams and,
      additionally, the shape of the smaller streams may be such as to promote
      the dissipation of heat and energy from the smaller streams and to reduce
      the emissivity of the smaller streams.
PAR  In breaking up the exhaust gas stream into a plurality of smaller streams,
      it is desirable that the streams not be positioned in such a manner that
      the infrared radiation emitted by one stream would reinforce that emitted
      by another stream or that the smaller streams can recombine to form a
      larger stream or streams having a higher emissivity. Also, it is desirable
      that the smaller streams be positioned such that one stream can block an
      adjacent stream or streams from view. In this instance a heatseeking
      missile would see essentially only the infrared radiation from one stream
      and would not be able to sight on or integrate the radiation from the
      streams which were blocked from view. Thus, the smaller streams are
      preferably randomly positioned with respect to each other so that a region
      of higher temperature in one smaller stream does not reinforce the
      infrared signal provided by a region of higher temperature in another
      smaller stream.
PAR  In addition to providing a means for shielding heated interior engine parts
      of an aircraft engine from line-of-sight view by a heat-seeking missile, I
      have also provided a diffusion device for breaking up a main stream of
      heated exhaust gas into a plurality of smaller streams. The diffusion
      device includes a body which is adapted to receive a main stream of heated
      exhaust gas from an aircraft engine. Insulation means are provided on
      either the interior or exterior of the body to maintain the exterior
      surface of the body at a relatively low temperature with respect to the
      temperature of the heated exhaust gas. A plurality of openings are then
      provided in the body such that the main stream of exhaust gas is broken
      into a plurality of smaller streams which are separately discharged
      through the openings from the body.
PAR  The diffusion device may have a variety of configurations, such as an
      ocarina configuration, a flute configuration, or a marimba configuration
      as will be described subsequently. Moreover, the openings in the body of
      the diffusion device may be shaped to provide a cross-sectional
      configuration to the smaller streams of exhaust gases which promote
      dissipation of heat and energy from the smaller streams. For example, the
      smaller streams may be provided with a generally rectangular or an
      elliptical cross-sectional configuration, as opposed to a circular
      configuration, or the openings in the body may be varied in shape so as to
      provide a plurality of smaller exhaust gas streams having varying shapes.
PAR  If desired, exhaust gas conducting members may be combined with the
      diffusion device to shield the interior surfaces of the diffusion device
      from view by a heat-seeking missile through the openings in its body. The
      exhaust gas conducting members may be positioned to receive a smaller
      stream of exhaust gas from openings in the body with the exhaust gas
      conducting members having a configuration which blocks the openings from
      line-of-sight view. Means may also be provided to maintain the exhaust gas
      conducting members at a relatively low temperature with respect to the
      temperature of the exhaust gas such that a heat-seeking missile cannot use
      the exhaust gas conducting members as a target source. Means may also be
      provided on the exhaust gas conducting members to provide the smaller
      streams of exhaust gas with a shape or shapes that promote the dissipation
      of heat and energy from the smaller streams and also reduces the
      emissivity of the smaller streams. Thus, for example, the smaller streams
      may be provided with a generally rectangular or elliptical crosssectional
      configuration. The exhaust gas conducting members are preferably shaped to
      prevent impingement of the smaller streams of exhaust gas against the
      exterior surface of the body of the diffusion device or against the
      exterior surface of adjacent gas conducting members so that the exterior
      surface is not heated by the exhaust gas. Also, the exhaust gas conducting
      members and the smaller streams are preferably randomly positioned such
      that one conducting member or a region of higher temperature in one
      smaller stream does not reinforce the infrared signal provided by another
      conducting member or a region of higher temperature in another smaller
      stream.
PAR  The exhaust gas conducting members positioned to receive smaller exhaust
      gas streams from the diffusion device may have an interior surface and an
      exterior surface separated by a wall with means to impede heat transfer
      from the exhaust gas to the gas conducting member across its interior
      surface and to promote heat transfer through the wall of the gas
      conducting member. This may include means to reduce the heat transfer
      contact area between the interior surface and exhaust gas passing through
      the member which may take the form of indentations in the interior surface
      to form recessed pockets therein. The indentations may have a width which
      is sufficiently small to impede the entrance of heated exhaust gas into
      the pockets with the available heat transfer area on the interior surface
      being reduced in relation to the area removed from the interior surface by
      the indentations. Also, the exhaust gas conducting members are preferably
      formed of a metal having high heat conductivity and also may include an
      opening for introduction of cool air as a boundary layer adjacent the
      interior surface of the member. In promoting heat transfer through the
      wall of the gas conducting member, means may be provided on the exterior
      surface of the member to increase the rejection of heat from the exterior
      surface.
DRWD
PAR  In order to more fully describe the invention with respect to preferred
      embodiments thereof, reference is made to the accompanying drawings in
      which:
PAR  FIG. 1 is a side view of a helicopter having a means for preventing
      line-of-sight vision into the interior of the helicopter engine through an
      exhaust opening;
PAR  FIG. 2 is an enlarged side sectional view showing in detail the structure
      of the exhaust gas conducting member utilized in FIG. 1 in preventing
      line-of-sight vision into the interior of the helicopter engine;
PAR  FIG. 3 is an end sectional view taken along the line 3--3 of FIG. 2
      illustrating the manner in which the exhaust gas conducting member is
      supported by the exhaust pipe from the helicopter engine with an opening
      through which cool air is introduced as a boundary layer adjacent the
      interior wall of the exhaust gas conducting member;
PAR  FIG. 4 is an enlarged partial side sectional view of the exhaust gas
      conducting member illustrating the manner in which the available heat
      transfer area on the exterior of the exhaust gas conducting member is
      increased while the available heat transfer area on the interior of the
      exhaust gas conducting member is reduced;
PAR  FIG. 5 is an enlarged partial side sectional view, similar to FIG. 4,
      showing a slightly different configuration for increasing the heat
      transfer area on the exterior of the exhaust gas conducting member while
      reducing the heat transfer area on its interior surface;
PAR  FIG. 6 is an enlarged partial side sectional view, similar to FIG. 4,
      illustrating an exhaust gas conducting member having a thread on its
      interior surface to reduce the available heat transfer area;
PAR  FIG. 7 is an enlarged partial side sectional view, similar to FIG. 4, in
      which the interior surface of the exhaust gas conducting member is
      convoluted;
PAR  FIG. 8 is an enlarged partial side sectional view, similar to FIG. 4,
      demonstrating an undesirable condition when the indentations in the
      interior surface of the gas conducting member are too large and permit the
      ingress of heated exhaust gas into the pockets formed by the indentations;
PAR  FIG. 9 is a view of an outlet from an exhaust gas conducting member which
      provides a rectangular opening such that the stream of emitted exhaust gas
      has a generally rectangular configuration;
PAR  FIG. 10 is a front view illustrating an insulated diffusion device having
      an ocarina configuration placed in the exhaust opening from an engine with
      a plurality of openings, some circular and some elliptical, in the
      diffusion device for discharging smaller streams of exhaust gas from the
      device;
PAR  FIG. 11 is a front view, similar to FIG. 10, illustrating a diffusion
      device having a flute configuration in the exhaust opening from an engine;
PAR  FIG. 12 is a front view, similar to FIG. 10, illustrating a diffusion
      device in the exhaust opening from an engine which has a marimba
      configuration;
PAR  FIG. 13 is a front view, similar to FIG. 10, illustrating a diffusion
      device in the exhaust opening from an engine with the diffusion device
      having an ocarina configuration and a plurality of exhaust gas conducting
      members positioned to receive smaller streams of exhaust gas from the
      diffusion device;
PAR  FIG. 14 is an enlarged side sectional view illustrating the structure of
      one of the exhaust gas conducting members employed in the structure of
      FIG. 13, and illustrating the manner in which the exhaust gas conducting
      member is connected to the diffusion device;
PAR  FIG. 15 is a schematic partial front view of an exhaust gas conducting
      member in conjunction with an exhaust opening having means to vary the
      velocity of exhaust gases fed to the conducting member in controlling the
      amount of cool air introduced into the gas conducting member;
PAR  FIG. 16 is a partial front view of an exhaust gas conducting member having
      a plurality of posts positioned on its exterior surface to increase the
      available area for heat rejection from the exterior surface;
PAR  FIG. 17 is a sectional view taken along the line 17--17 of FIG. 16 to
      illustrate the positioning of the posts about the peripheral surface of
      the exhaust gas conducting member;
PAR  FIG. 18 is a plan view of a portion of the exterior surface of an exhaust
      gas conducting member to illustrate another embodiment of means to reject
      heat from the exterior surface in which a plurality of posts having a
      triangular cross sectional configuration are positioned on the surface;
PAR  FIG. 19 is a plan view, similar to FIG. 18, illustrating a further exterior
      surface configuration of the exhaust gas conducting member;
PAR  FIG. 20 is a plan view, similar to FIG. 18, in which posts formed on the
      exterior surface of the exhaust gas conducting member having a modified
      cruciform cross sectional configuration;
PAR  FIG. 21 is a plan view, similiar to FIG. 18, of posts having a square
      configuration;
PAR  FIG. 22 is a plan view, similar to FIG. 18, of posts having an elongated
      rectangular configuration;
PAR  FIG. 23 is a side view in partial section of an exhaust gas conducting
      member having a reticulated metal foam positioned on its exterior surface
      for the removal of heat therefrom;
PAR  FIG. 24 is a transverse sectional view through the exhaust gas conducting
      member of FIG. 23;
PAR  FIG. 25 is a detailed view of a portion of the reticulated metal foam which
      is positioned on the exterior of the exhaust gas conducting member of FIG.
      23;
PAR  FIG. 26 is a side view of an exhaust conducting member, similar to that of
      FIG. 23, in which axial grooves have been formed in the reticulated metal
      foam on the exterior surface of the gas conducting member so as to
      increase the exposed surface area in the removal of heat;
PAR  FIG. 27 is a transverse sectional view through the exhaust gas conducting
      member of FIG. 26;
PAR  FIG. 28 is a side view, similar to FIG. 23, of an exhaust gas conducting
      member having a reticulated metal foam on its exterior surface and having
      both longitudinal and transverse slots formed in the metal foam so as to
      increase the surface area and to promote the removal of heat from the
      surface area;
PAR  FIG. 29 is a partial side view of a gas conducting member having undulating
      fins positioned along the longitudinal axis of the member of the removal
      of heat from the exterior surface of the member;
PAR  FIG. 30 is a transverse sectional view of the gas conducting member of FIG.
      29;
PAR  FIG. 31 is a partial side view of a gas conducting member having a
      plurality of undulating fins positioned on its exterior surface with the
      undulating fins positioned in a generally transverse direction with
      respect to the axis of the gas conducting member;
PAR  FIG. 32 is a detail plan view of a portion of the exterior surface of a gas
      conducting member in which a plurality of undulating fins are positioned
      on the exterior surface with staggered openings formed through the fins to
      provide a tortuous path for air movement relative to the fins;
PAR  FIG. 33 is a side view in partial section of an exhaust gas conducting
      member having a honeycomb structure positioned on its exterior surface for
      the removal of heat therefrom;
PAR  FIG. 34 is a plan view of a portion of a honeycomb structure of the type
      shown in FIG. 33 in which longitudinal slots have been formed through the
      cells of the honeycomb structure, and
PAR  FIG. 35 is a plan view of a honeycomb structure, similar to FIG. 34 in
      which both longitudinal and transverse slots have been formed through the
      cells of the honeycomb structure.
DETD
PAR  Turning to the drawings, FIG. 1 illustrates a helicopter, generally
      designated 2, having a main rotor 4, a tail rotor 6, and a body 8. The
      helicopter power source contained within the body 8 provides exhaust gases
      which are discharged through an engine exhaust 10 to which is connected an
      exhaust duct generally designated as 12. For ease in illustration, the
      exhaust duct 12 is shown as having an opening 13 which is directed
      downwardly from the helicopter 2. In actual usage, however, the opening 13
      would not generally be pointed downwardly toward the ground. This would
      tend to make hot exhaust gases discharged from the opening 13 more easily
      discernible by a heat-seeking missile launched from the ground. Thus, for
      example, the exhaust duct 12 is preferably positioned to discharge exhaust
      gases in a transverse or an upward direction with respect to the aircraft
      such as the helicopter 2.
PAR  As shown in FIG. 2, the engine exhaust 10 includes a pipe 14 having
      insulation 16 to maintain the exterior surface of the pipe at a relatively
      low temperature to not emit a significant level of infrared radiation. The
      exhaust duct 12 includes a curved metallic wall 18 preferably having the
      configuration of an elbow with fins 20 provided on the exterior surface of
      the member and closely spaced serrations or slots 22 positioned on the
      interior surface of the member. An annular opening 24 adjacent the inlet
      to the exhaust duct 12 provides for air intake as indicated by the arrows
      26 to form a boundary layer adjacent the interior surface of the duct at
      its inlet. Due to the configuration of the duct 12, the opening from the
      engine exhaust 10 is blocked from line-of-sight vision by a heat-seeking
      missile. Thus, the missile cannot look into the opening to view heated
      interior metal surfaces. The closest permitted line-of-sight vision to the
      opening from the exhaust 10, as illustrated by the arrow designated 28,
      views only the interior surface of the duct 12 and does not see the
      opening.
PAR  As shown in FIG. 3, which is a sectional view taken along the line 3--3 of
      FIG. 2, the duct 12 is supported by a spider 30 which connects the duct in
      spaced relation to the exterior surface of the engine exhaust 10. The
      spacing between the duct 12 and engine exhaust 10 provides the annular
      opening 24 for introduction of the cooling air.
PAR  In maintaining the surfaces of the exhaust duct 12 at a relatively low
      temperature, as shown in FIG. 4, the closely spaced serrations or slots 22
      provide spacings 34 with the serrations or slots being sufficiently small
      to impede the entrance of heated exhaust gas. The effectively reduces the
      available heat transfer surface on the interior of the duct 12 in relation
      to the surface area removed by the slots or serrations 22 which is no
      longer available for heat transfer.
PAR  The duct wall 18 is formed of a metal having high heat conductivity. Thus,
      any heat which is transferred to the interior surface of the duct 12 is
      rapidly removed through the wall 18. To assist rapid transfer of heat
      through the wall 18, the fins 20 on the exterior surface of the duct 12
      provide openings 32 which increase the effective area for rejection of
      heat on the exterior surface. Thus, heat conducted through the wall 18 to
      the exterior surface is rapidly rejected from the exterior surface.
PAR  The overall effect of reducing heat transfer to the duct 12 at its interior
      surface while rapidly removing any heat from the duct by heat transfer
      through the wall 18 and across the duct's exterior surface is to maintain
      both the interior and exterior surfaces of the duct at a relatively low
      temperature and preferably without an appreciable temperature difference
      between the temperatures of the interior and exterior surfaces. In tests
      which were performed, it was found that the structure of the duct 12
      maintained the interior and exterior surfaces relatively cool so that no
      significant levels of infrared radiation were emitted from the surfaces.
PAR  In a similar structure, as shown in FIG. 5, the fins 36 are somewhat
      shorter than the fins 20 of FIG. 4 with the openings 38 being somewhat
      narrower than the openings 32. The serrations or slots 42 on the interior
      surface of the wall 40 are somewhat longer than the serrations 22 of FIG.
      4 while the spacings 44 are approximately the same width as the spacings
      34 of FIG. 4.
PAR  In a particular design having the general configuration shown in FIG. 4,
      the fins 20 had a height of one inch as measured from the exterior surface
      of the wall 18 with the openings 32 having a width of 3/16 of an inch and
      the fins having a width of 1/16 of an inch. The wall 18 had a thickness of
      3/32 of an inch with the serrations or slots 22 having a depth of 5/32 of
      an inch as measured from the inside surface of the wall 18 and the
      spacings 34 and serrations 22 having a width of 1/16 of an inch. This
      particular configuration provided an effective heat transfer area on the
      exterior of the duct 12 which was 10.08 times the heat transfer area on
      the duct's interior surface. This was more than adequate to maintain the
      interior and exterior surfaces of the duct at relatively low temperatures,
      with the exhaust gas passing through the duct at temperatures in the order
      of about 1,000.degree.F. or higher.
PAR  In a particular configuration similar to that illustrated in FIG. 5, the
      fins 36 had a height of 1/2 inch and a thickness of 1/16 of an inch to
      provide openings 38 having a width of 1/8 inch. The thickness of the wall
      40 was 1/16 of an inch with the serrations or slots 42 having a depth of
      5/32 of an inch and the spacings 44 and serrations 42 having a width of
      1/16 inches. In this particular configuration, the ratio of the effective
      outside heat transfer area was 9.5 times that of the effective inside heat
      transfer area.
PAR  As stated previously, various configurations may be employed to reduce the
      available heat transfer area on the interior surface of the duct 12. Thus,
      as shown in FIG. 6, threads 52 may be formed on the interior surface of
      the wall 50 with fins 46 positioned on the exterior surface of the wall to
      provide openings 48. Also, as shown in FIG. 7, convolutions 60 may be
      provided on the interior surface of the wall 58 with fins 54 on its
      exterior surface providing openings 56.
PAR  FIG. 8 illustrates an undesirable condition which is to be avoided where
      the slots or serrations 70 are sufficiently wide to permit the entrance of
      heated exhaust gas 72 into the serrations. As illustrated, the spacings 68
      are on the interior surface of wall 66 which has fins 62 on its exterior
      surface to define openings 64. In the undesirable situation shown in FIG.
      8, the heat transfer area on the interior surface is actually increased
      which promotes the transfer of heat into the wall 66 through its interior
      surface. This condition is undesirable since it would provide an exhaust
      duct having hot metal surfaces which would serve as a target source for a
      heat-seeking missile.
PAR  In the embodiment of the invention illustrated in FIGS. 1-5, the exhaust
      duct 12 has a generally circular cross-sectional configuration. However,
      the duct may have any desired shape and it is often desirable to provide
      the duct with a noncircular shape to produce a cross-sectional
      configuration that promotes rapid dissipation of heat and energy from the
      emitted exhaust gas stream.
PAR  As illustrated in FIG. 9, the outlet from the exhaust duct may provide a
      rectangular opening 74 with the wall 76, spacings 78 and fins 80 also
      having a corresponding rectangular configuration. The opening 74 is
      relatively long but only moderately deep, as indicated by the dimension
      75. This produces a cross-sectional configuration in the emitted stream of
      exhaust gas which promotes dissipation of heat and energy from the emitted
      gas. In addition to being rectangular, the exit from the exhaust duct can
      take any number of configurations, such as, for example, an elongated
      elliptical opening to more rapidly dissipate heat and energy from the
      emitted exhaust gases.
PAR  The radiation emitted by a stream of exhaust gas is dependent upon the
      components of the stream, their temperature, their partial pressures and
      the shortest distance between the center of the gas stream aand its outer
      envelope. Also, the emitted radiation viewed by a heat-seeking missile is
      dependent on the area of the stream presented for view by the missile.
      Referring to FIG. 9, a smaller area of the exhaust gas stream would be
      observed by a missile approaching in the direction of arrow A than the
      area observed by a missile approaching in the direction of arrow B. The
      generally rectangular gas stream provided by the structure of FIG. 9 would
      be dissipated more rapidly and would not extend as far from the aircraft
      structure as an equivalent gas stream of circular cross-section. This
      would also produce a reduction in the area of the gas stream which could
      be viewed by a heat-seeking missile.
PAR  The components of a heated exhaust gas stream which emit infrared radiation
      are water vapor, carbon dioxide and carbon particles. The partial
      pressures of the gaseous components is dependent on temperature and thus
      the dilution or dispersion of the exhaust gas stream to reduce its
      temperature will also cause a reduction in the partial pressures of the
      components. By reducing both the temperature and partial pressures of the
      components, the infrared radiation emitted by the components will be
      reduced.
PAR  The reduction of the temperature of the exhaust stream and the partial
      pressures of the radiation emitting gaseous components is time dependent
      and cannot be accomplished instantaneously. However, the shortest distance
      between the center of the gas stream and its outer envelope can be altered
      almost instantaneously. This, then, is the best means of rapidly reducing
      the emissivity of the stream.
PAR  The shortest distance between the center of the gas stream and its outer
      envelope is reduced in accord with the invention by breaking up the stream
      into a plurality of smaller streams, by altering the shape of the exhaust
      gas stream, or by both breaking up the stream and also controlling the
      shapes of the resulting smaller streams. This provides a rapid and
      controllable reduction in the radiation emitted by the exhaust gases to
      shield the gases from detection by a heat-seeking missile. In addition,
      the reduction of the shortest distance between the center of the gas
      stream and its outer envelope promotes diffusion of the gas stream to
      reduce its temperature and the partial pressures of the radiation-emitting
      gaseous components. This also promotes reduction of the infrared radiation
      from the exhaust gases.
PAR  FIG. 10 illustrates an insulated diffusion device 86 placed in the opening
      from an exhaust pipe 82 with the main stream of exhaust gases 84 being
      transmitted to the diffusion device. The diffusion device 86, which is
      illustrated as having an ocarina configuration, is composed of a wall 88
      having insulation 90 thereon to maintain the exterior surface of the
      diffusion device at a relatively low temperature which does not emit a
      significant level of infrared radiation. A plurality of openings are
      provided in the diffusion device 86 and are illustrated as elliptical
      openings 92 and circular openings 94. These openings break up the main
      exhaust stream 84 into a plurality of smaller exhaust streams 96 which may
      be randomly positioned with respect to each other such that a region of
      high temperature in one of the smaller streams does not reinforce the
      infrared signal provided by a region of higher temperature in one of the
      other smaller streams. To provide random orientation of the smaller
      streams 96, both the location and shape of various openings in the
      diffusion device may be varied.
PAR  In an alternative diffusion device, shown in FIG. 11, the diffusion device
      102 has a flute configuration and is attached to the exit end of an
      exhaust pipe 98 to receive an main exhaust gas stream 100. A plurality of
      openings in the diffusion device 102 may take the form of elliptical
      openings 104 and circular openings 106 with a plurality of smaller exhaust
      gas streams 108 being emitted through the openings to promote the
      diffusion of heat and energy from the exhaust gases.
PAR  In a further embodiment of a diffusion device, shown in FIG. 12, the
      diffusion device 112 has a marimba configuration and is attached to the
      discharge end of an exhaust pipe 110. The exhaust device 112 includes a
      circular portion 114, a generally rectangular portion 116, and a
      transition portion 118 interconnecting the circular and rectangular
      portions. Leading from the rectangular portion 116 are a plurality of
      rectangular openings 120 which are each designed to produce a shape in the
      emitted exhaust gas streams that promotes diffusion of heat and energy
      from the emitted streams.
PAR  In the embodiment shown in FIG. 13, a diffusion device 124 having an
      ocarina configuration is attached to the discharge end of an exhaust pipe
      125 with a plurality of exhaust ducts 126 positioned about the diffusion
      device. The exhaust ducts 126 receive the smaller streams of exhaust gases
      and shield the interior surfaces of the diffusion device from view through
      any of the openings in the device. The structural configuration of the
      exhaust ducts 126, as illustrated in detail in FIG. 14, may be similar to
      that of the exhaust duct 12 as described with reference to FIGS. 1-5.
PAR  The diffusion device 124 includes an outer shell 128, which may be made of
      metal, and has a coating of insulation 130. An exhaust gas port 132 in the
      wall of the device 124 permits the exit of a smaller exhaust gas stream
      138 through the port into the exhaust duct 126. The exhaust duct 126 may
      be supported in spaced relation to the diffusion device 124 to provide an
      opening 136 for the entrance of cooling air 140 as a boundary layer
      adjacent the interior surface of the duct. As described previously, it is
      desirable that the surfaces of the exhaust duct 126 be at a relatively low
      temperature to not emit any significant level of infrared radiation.
PAR  To provide cool duct surfaces, the interior surface of the exhaust duct 126
      may include threads, serrations or slots, etc., as indicated by reference
      numeral 146, with the wall 144 being formed of a metal high heat
      conductivity. Fins 142 are provided on the exterior surface of the duct
      126 to increase the heat transfer area on the exterior surface. Thus, the
      transfer of heat into the duct 126 across its interior surface is
      inhibited while the removal of heat from the duct is promoted through the
      high heat conductivity of the wall 144 and the large area for heat
      transfer at the exterior surface of the duct. This provides a duct 126
      whose surfaces are relatively cool and do not emit any significant level
      of infrared radiation. As illustrated, the exterior opening from the duct
      126 may be cut on a bias as illustrated at 148 which promotes diffusion of
      the gas in the direction of the arrow D. This tends to prevent impingement
      of emitted exhaust gas on either the exterior surface of the diffusion
      device 124 or on the exterior surfaces of adjacent exhaust ducts 126.
PAR  FIG. 15 illustrates in a partial schematic front view a means of varying
      the amount of air introduced into a gas conducting member to dilute and
      cool the exhaust gases within the member. An engine exhaust 150, which is
      insulated, conveys exhaust gas to an exhaust duct 152 which may have the
      general configuration of the exhaust duct 12 as described in regard to
      FIGS. 1-5. The exhaust duct 152 is supported in spaced relation to the
      engine exhaust 150 to provide an annular opening 160 for the introduction
      of a boundary layer of cooling air adjacent the interior surface of the
      duct at its inlet. The amount of cooling air introduced through opening
      160 is dependent on the velocity of the exhaust gases passing through the
      duct 152. To vary the velocity of the exhaust gases and, thus, the amount
      of cooling air introduced through the opening 160, means are provided in
      the engine exhaust 150 to vary the size of the discharge end 153 from the
      engine exhaust. The means for varying the size of the discharge end 153,
      which may take any of several forms, is illustrated as a plug 154 actuated
      through a linkage 156 from a suitable control 158. The use of plugs and
      other devices for the throttling of gases by constricting the opening
      through which the gas flows is well known. Thus, the plug 154 and its
      control linkage, etc., are only illustrated in schematic form.
PAR  As illustrated, when the plug 154 is advanced into the engine exhaust 150,
      the size of the discharge end 153 is reduced. This creates a back pressure
      on the engine (not shown) which reduces its power output. Also, it
      increases the velocity of the exhaust gases passing through the discharge
      end 153 which, in turn, increases the flow rate of cooling air through the
      annular opening 160. This provides a greater dilution of the exhaust gases
      with the cooling air to reduce infrared radiation from the gases.
PAR  As the plug 154 is withdrawn from the engine exhaust 150, the discharge end
      153 is increased in size. This reduces the back pressure on the engine and
      its power output is increased. Also, however, the velocity of the exhaust
      gases passing through the discharge end 153 is reduced and the flow of
      cooling air through the opening 160 is reduced. The exhaust gases are,
      thus, diluted with a lesser quantity of cooling air, are not cooled as
      rapidly, and emit more infrared radiation.
PAR  By providing a means to control the velocity of the exhaust gases, as in
      FIG. 15, the pilot of an aircraaft is given various options depending on
      his operational situation. If the aircraft is under ground fire and
      maximum speed is required, the pilot can enlarge the exhaust gas opening
      to its fullest extent to provide maximum power with increased radiation
      from the exhaust gases. However, if maximum shielding of the engine
      exhaust gases is needed to prevent detection, the exhaust gas opening can
      be constricted to its maximum extent to decrease power output from the
      engine while maximizing dilution and cooling of the exhaust gases.
PAR  As described previously, the exhaust gas conducting member may have an
      exterior surface configuration which promotes the rejection of heat from
      the exterior surface. Although fins may be employed on the exterior
      surface, other surface configurations are preferable which permit contact
      of the heat rejection areas of the surface with cooling air irrespective
      of the directional movement of the air with respect to the surface.
PAR  An exterior surface configuration which may be utilized to increase heat
      rejection is illustrated in FIG. 16. An exhaust duct 162 may be connected
      to an insulated engine exhaust 164 in a manner similar to that described
      previously to maintain the exhaust duct and engine exhaust in spaced
      relation to provide an annular opening 165 for introduction of a boundary
      layer of cooling air adjacent the interior surface of the exhaust duct.
      The exhaust duct 162 includes an exterior surface 166 having a plurality
      of upright posts 168 thereon. As illustrated, the upright posts 168 may
      have a generally rectangular cross-sectional configuration with the posts
      being separated by transverse openings 170.
PAR  In FIG. 17, which is a sectional view taken along the line 17--17 of FIG.
      16, the upright posts 168 are shown as being separated by longitudinal
      openings 172. The transverse openings 170 and longitudinal openings 172
      permit the flow of cooling air into contact with the heat rejection areas
      on the exterior surface 166 irrespective of the directional movement of
      the air with respect to the exterior surface. Thus, for example, when the
      exhaust duct 162 is positioned over an aircraft exhaust 164, efficient
      heat rejection is provided from the exterior surface 166 irrespective of
      the position of the duct with respect to the aircraft or the direction of
      movement of the aircraft.
PAR  The upright posts 168 on the exterior surface 166 may be formed in any
      convenient manner, such as by casting to form a metallic sheet with posts
      positioned on one surface and the sheet then being shaped to form an
      exhaust duct of any desired cross-sectional configuration such as
      circular, square, elliptical, etc. Also, upright posts, such as the posts
      168, may be formed by a machining operation, such as milling.
PAR  A further means of providing efficient heat rejection at the exterior
      surface of an exhaust gas conducting member is illustrated in FIG. 18
      which is an enlarged partial plan view of an exterior duct surface 174.
      Positioned on the exterior surface 174 are upright posts 176 having a
      triangular cross-sectional configuration. The upright posts 176 are
      separated by transverse openings 178, longitudinal openings 180 and
      diagonal openings 182 and 184. While the posts 176 may be formed in any
      desired manner, the posts may be visualized as being formed from the posts
      168 described with regard to FIGS. 16 and 17. The posts 176 may, thus, be
      formed by removing metal from the posts 168 to form the slots 182 and 184
      which then divide the posts 168 along diagonal directions. This operation
      may be performed, for example, by milling.
PAR  The surface configuration illustrated in FIG. 18 permits the movement of
      cooling air into contact with the heat rejection areas of the surface 174
      along a number of paths. The cooling air may flow through the transverse
      openings 178, the longitudinal openings 180, the diagonal openings 182 and
      184 or any combination of these openings. This provides effective heat
      rejection at the exterior surface 174 irrespective of the directional
      movement of the cooling air with respect to the exterior surface.
PAR  FIG. 19, which is a plan view of an exterior duct surface similar to FIG.
      18, illustrates another embodiment in which an exterior surface 186
      includes a plurality of upright posts 188 which each have a triangular
      cross-sectional configuration. The upright posts 188 are separated by a
      plurality of transverse openings 190 as well as a plurality of
      longitudinal openings 192. In addition, each of the upright posts 188 is
      separated from its adjacent post by a diagonal opening 194. To further
      increase the available area for heat rejection, holes 196 may be formed in
      the upright posts 188. The upright posts 188 may be formed in any desired
      manner such as, for example, by machining the posts 168 described in FIGS.
      16 and 17 through removal of metal to form the diagonal openings 194 and
      the holes 196.
PAR  Still another embodiment of an exterior surface for effective heat
      rejection is illustrated in FIG. 20 which is a plan view similar to FIGS.
      18 and 19. As illustrated, an exterior surface 198 includes a plurality of
      upright posts 200 having a generally cruciform cross-sectional
      configuration. The posts 200 are separated by a plurality of transverse
      openings 202 and a plurality of longitudinal openings 204 to permit the
      movement of cooling air into contact with the heat rejection areas of the
      surface 198. In forming the posts 200, the posts 168 of FIGS. 16 and 17
      may be machined to form curved surfaces 206 with holes 207 being drilled
      to further increase the area for heat rejection.
PAR  FIG. 21, which is a plan view similar to FIGS. 18-20, illustrates an
      exterior heat rejection surface 208 having a plurality of upright posts
      210 with the posts being separated by a plurality of transverse openings
      212 and a plurality of longitudinal openings 214. Holes 216 may be
      provided in the posts 210 to increase the available heat rejection area.
PAR  The holes described in regard to FIGS. 19-21 may be positioned in any
      desired manner with respect to the posts to increase the available area
      for heat rejection. Thus, the holes may be formed at the end surfaces of
      the posts or through their side surfaces and a plurality of holes may be
      formed in individual posts. Additionally, the interior openings formed in
      the posts need not be circular but may take other configurations such as
      square, hexagonal, etc. Interior openings which are circular are more
      easily formed by standard machining operations such as drilling than are
      openings having other configurations, such as hexagonal. It is for this
      reason that the internal openings in the posts are illustrated as
      circular.
PAR  FIG. 22 illustrates still another embodiment of a surface for providing
      efficient heat rejection in which an exterior surface 218 includes upright
      posts 20 having an elongated rectangular cross-sectional configuration.
      The posts 220 are separated by transverse openings 222 and longitudinal
      openings 224 to permit the flow of cooling air relative to the heat
      rejection areas of the surface 218.
PAR  Due to the configuration of the posts 220, the exterior surface 218 may
      provide more efficient heat rejection when the direction of air movement
      is generally in the direction of the longitudinal openings 224. Thus, if
      the surface 218 were utilized as the exterior surface of an exhaust gas
      conducting member positioned with respect to an aircraft, the longitudinal
      openings 224 would preferably be aligned with the general direction of
      forward movement of the aircraft.
PAR  Turning to FIG. 23, there is illustrated an exhaust duct 225 which is
      connected to an engine exhaust 226 in a manner similar to the construction
      shown in FIG. 2. The exhaust duct 225 includes a duct wall 228 having a
      plurality of serrations or slots 230 positioned on the interior surface
      thereof and a reticulated metal foam 232 positioned on the exterior
      surface of the duct wall 228. The engine exhaust 226 includes a pipe 234
      having insulation 236 on its exterior surface and an annular opening 238
      for the admission of cooling air into the exhaust duct 224.
PAR  FIG. 24, which is a transverse sectional view through exhaust duct 225 of
      FIG. 23, illustrates the positioning of the reticulated metal foam 232 on
      the exterior surface of the duct wall 228. The structure of the
      reticulated metal foam is illustrated in FIG. 25. As shown, a piece of
      metal foam 240 includes a plurality of randomly positioned metal elements
      which are interconnected to form a rigid structure. Openings 244 pass
      before the various metal elements 242 with the openings being randomly
      positioned throughout the structure of the metal foam to form an
      open-pored structure having a large surface area for the transfer of heat.
      The term reticulated refers to a material in which membranes between the
      foam cell strands are removed to leave a skeletal strand structure. The
      reticulated metal foam can be made from a variety of metals such as
      aluminum, steel, nickle-chrome alloy, copper, beryllium, lead or zinc.
      Reticulated metal foams of various sizes may be employed such as 5, 10, 40
      or 80 pores per lineal inch (ppi) and a supplier of reticulated metal foam
      is Energy Research Generation, Inc., 952 - 57th Street, Oakland, Calif.
      74608.
PAR  As has been demonstrated in actual test results, the use of a reticulated
      metal foam on the exterior surface of the gas conducting member 225 is a
      very efficient way of transferring heat from the exhaust duct. By rapidly
      removing heat from the surface of the exhaust duct 225, as described
      previously, any heat which is transferred from the exhaust gases into the
      duct wall 228, which is formed of a high conductivity metal, is rapidly
      removed by conduction through the wall to the reticulated metal foam 232
      which efficiently transfers the heat to the air which contacts the large
      surface area provided by the reticulated metal foam.
PAR  As illustrated in FIG. 26, which is a side view of an exhaust gas
      conducting member 225, similar to FIG. 23, the reticulated metal foam 232
      may have a plurality of axial slots 246 formed therein. The function of
      the axial slots 246 is to increase the surface area provided by the
      reticulated metal foam 232 and to, thereby, increase the rate of heat
      transfer from the exterior surface of the exhaust duct 224 to the air.
PAR  FIG. 27, which is a transverse sectional view through the exhaust duct of
      FIG. 26, illustrates the positioning of the reticulated metal foam 232 on
      the exterior surface of the duct wall 228 with the plurality of axial
      slots 246 formed in the reticulated metal foam.
PAR  FIG. 28 is a side view of an exhaust gas conducting member 225, similar to
      FIG. 23, in which both axial slots 248 and transverse slots 250 are formed
      in the reticulated metal foam 232. Through use of both axial slots 248 and
      transverse slots 250, the surface on the exterior of the exhaust duct 224
      may be divided into a plurality of posts 252 formed of the reticulated
      metal foam 232.
PAR  FIG. 29 is a partial side view of an exhaust duct 254 connected to an
      engine exhaust 256 in the same manner as described in regard to FIG. 2. A
      plurality of closely spaced undulating fins 258 are placed on the exterior
      surface of the exhaust duct 254 with the fins positioned along the axis of
      the exhaust duct. For purposes of illustration, only a few of the fins 258
      are shown on the exterior surface of duct 254. The undulating fins 258 may
      have any type of undulating configuration but are illustrated as having a
      generally sinusoidal configuration when viewed in plan to form alternate
      crests 260 and troughs or valleys 262.
PAR  As illustrated in FIG. 30, which is a transverse sectional view through
      duct 254 of FIG. 29, the undulating fins 258 may be positioned in a
      uniform radial manner about the duct wall 264 with the crests 260 and
      troughs 262 of adjacent fins being in alignment. It has been found through
      actual testing that the use of undulating fins, such as fins 258, is a
      very efficient means of removing heat from the exterior surface of the
      exhaust duct 254 so as to maintain the various surfaces of the duct, both
      interior and exterior, at a relatively low temperature and to prevent the
      emission of any significant level of infrared radiation from the duct
      surfaces.
PAR  Turning to FIG. 31, there is illustrated a portion of an exhaust duct,
      indicated as 266, having a duct wall 268 with a plurality of undulating
      fins 270 positioned on the exterior of the duct and positioned
      transversely with respect to the axis of the exhaust duct. As illustrated,
      the undulating fins 270 are positioned in a spaced-apart relation with
      each of the fins having a generally sinusoidal configuration with
      alternating crests 272 and troughs or valleys 274. In usage, cooling air
      flows through the spaces 275 which are formed between adjacent fins 270.
PAR  If desired, as shown in FIG. 32, the exterior surface of the exhaust duct,
      which is illustrated by an exhaust duct portion 276, may include a
      plurality of undulating fins 278 positioned thereon with each of the fins
      having alternate crests 280 and troughs or valleys 282. The undulating
      fins 278 may be formed in aligned relation such that the crests 280 and
      troughs 282 of adjacent fins are in alignment. Further, to increase the
      flow of air past the undulating fins 278, a plurality of staggered
      openings 284 may be formed through the fins. The staggered openings 284
      coupled with openings 286 between the fins provide a tortuous air flow
      path in promoting heat transfer from the exterior surface of the exhaust
      duct portion 276.
PAR  In another embodiment of the invention, as shown in FIG. 33, an exhaust
      duct 286 may be connected to an engine exhaust 288 in a manner similar to
      the construction shown in FIG. 2. The exhaust duct 286 includes a duct
      wall 290 with a plurality of serrations or slots 292 positioned on the
      interior surface of the duct wall. A honeycomb structure indicated
      generally as 294 may be positioned on the exterior surface of the duct
      wall 290 so as to assist in the removal of heat from the exterior surface.
      As shown, the honeycomb structure 294 is made up of a plurality of cells
      296 with the cells being defined by a plurality of upstanding walls 298.
PAR  The engine exhaust 288 includes a pipe 300 having an insulative layer 302
      on its exterior surface. In connecting the exhaust duct 286 to the engine
      exhaust 288, an annular opening 303 may be provided so as to admit cooling
      air into the interior of the exhaust duct 286 in the manner described
      previously.
PAR  Turning to FIG. 34, which is an enlarged plan view of a portion of a
      honeycomb structure 294 of the type shown in FIG. 33, the cells 296 of the
      honeycomb structure may be intersected by slots 304 which are positioned
      axially or longitudinally with respect to the exhaust duct 286. With the
      inclusion of longitudinal slots 304, the airflow relative to the honeycomb
      structure 294 may be assisted by the slots to increase the heat transfer
      between the honeycomb structure 294 and the air.
PAR  In FIG. 35, which is an enlarged plan view similar to FIG. 34, the
      honeycomb structure 294 is illustrated as having both longitudinal or
      axial slots 304 and also transverse slots 306 which pass through the cells
      296 of the honeycomb structure. Through the use of both longitudinal or
      axial slots 304 and also transverse slots 306, the airflow relative to the
      honeycomb structure 294 may be further assisted to increase heat transfer
      between the honeycomb structure and the air.
CLMS
NUM  1.
PAR  1.  A device for shielding a heated surface from infrared detection through
      an opening adjacent the heated surface comprising:
PA1  a gas conducting member adapted to receive heated gases from the opening;
PA1  said member being formed of a material which has a high heat conductivity;
PA1  said member having an interior surface and an exterior surface separated by
      a wall, an inlet for receipt of heated gases and an outlet for discharge
      of heated gases;
PA1  said member having a configuration which blocks said inlet from
      line-of-sight view through said outlet;
PA1  said interior surface having a configuration which shields a portion of
      said interior surface against contact with heated gases passing through
      said member, and
PA1  means to promote heat transfer through said wall from said interior surface
      to said exterior surface,
PA1  whereby heat transfer from the heated gases to said interior surface is
      reduced by the lack of contact between the heated gases and said shielded
      portions of the interior surface while heat received by the member at said
      interior surface is rapidly removed from the member by said second means
      to maintain said member at a relatively low temperature with respect to
      the temperature of said heated gases.
NUM  2.
PAR  2. The device of claim 1 including
PA1  indentations in said interior surface to form recessed pockets therein;
PA1  said indentations having a width which is sufficiently small to impede the
      entrance of heated gases into said pockets,
PA1  whereby the available heat transfer area on said interior surface is
      reduced in relation to the area removed from the interior surface by said
      indentations.
NUM  3.
PAR  3. The device of claim 2 wherein said indentations are slots in said
      interior surface.
NUM  4.
PAR  4. The device of claim 2 wherein said indentations are convolutions in said
      interior surface.
NUM  5.
PAR  5. The device of claim 2 wherein said indentations are serrations in said
      interior surface.
NUM  6.
PAR  6. The device of claim 1 wherein said gas conducting member has an elbow
      configuration.
NUM  7.
PAR  7. The device of claim 1 wherein said gas conducting member is formed of a
      metal which has high heat conductivity.
NUM  8.
PAR  8. The device of claim 1 including
PA1  an annular opening in said member for introducing an annulus of cool air as
      a boundary layer adjacent the inner surface of said member.
NUM  9.
PAR  9. The device of claim 1 including
PA1  means on said exterior surface to increase heat rejection from the exterior
      surface.
NUM  10.
PAR  10. The device of claim 9 including
PA1  fins on said exterior surface.
NUM  11.
PAR  11. The device of claim 10 wherein said fins have an undulating
      configuration.
NUM  12.
PAR  12. The device of claim 11 including openings formed through said fins.
NUM  13.
PAR  13. The device of claim 9 including a reticulated metal foam on said
      exterior surface.
NUM  14.
PAR  14. The device of claim 13 wherein said metal form has a thickness of about
      1/8 to about one inch.
NUM  15.
PAR  15. The device of claim 13 wherein said metal foam has from about 5 to
      about 80 pores per inch.
NUM  16.
PAR  16. The device of claim 13 wherein said foam is formed from stainless
      steel.
NUM  17.
PAR  17. The device of claim 9 including a honeycomb structure on said exterior
      surface.
NUM  18.
PAR  18. The device of claim 17 wherein said honeycomb structure is slotted.
NUM  19.
PAR  19. The device of claim 18 wherein the slots in said honeycomb structure
      are positioned longitudinally with respect to said gas conducting member.
NUM  20.
PAR  20. The device of claim 18 wherein the slots in said honeycomb structure
      are positioned both longitudinally and transversely with respect to said
      gas conducting member.
NUM  21.
PAR  21. The device of claim 1 including
PA1  diffusion means positioned to break up the stream of exhaust gas into a
      plurality of smaller streams.
NUM  22.
PAR  22. The device of claim 1 including
PA1  means on said exhaust gas conducting member to change the shape of the
      exhaust gas stream to a shape having a reduced emissivity.
NUM  23.
PAR  23. The device of claim 22 including means to change the cross sectional
      configuration of the exhaust gas stream to an elongated elliptical or
      rectangular configuration.
NUM  24.
PAR  24. The device of claim 1 including
PA1  diffusion means positioned to break up the stream of exhaust gas into a
      plurality of smaller streams and to provide the smaller streams with a
      shape having a reduced emissivity.
NUM  25.
PAR  25. The device of claim 24 wherein said smaller streams are randomly
      positioned with respect to each other such that one stream blocks another
      from view and a region of higher temperature in one smaller stream does
      not tend to reinforce the infrared signal provided by a region of higher
      temperature in another smaller stream.
NUM  26.
PAR  26. The device of claim 1 including
PA1  means to introduce a boundary layer of a cooling gas adjacent the interior
      surface of said member.
NUM  27.
PAR  27. The device of claim 2 wherein said indentations are formed by a thread
      in said interior surface.
NUM  28.
PAR  28. The device of claim 26 including
PA1  means to vary the quantity of cooling gas introduced into said member.
NUM  29.
PAR  29. The device of claim 28 wherein the quantity of cooling gas is varied by
      varying the velocity of the heated gas within the gas conducting member.
NUM  30.
PAR  30. The device of claim 9 including
PA1  a plurality of posts positioned on said exterior surface, and
PA1  openings between said posts to permit the flow of air with respect to the
      surfaces of the posts irrespective of the direction of relative movement
      of the said device and the cooling air.
NUM  31.
PAR  31. The device of claim 30 wherein said posts have a rectangular cross
      sectional configuration.
NUM  32.
PAR  32. The device of claim 31 wherein said posts have a substantially square
      cross sectional configuration.
NUM  33.
PAR  33. The device of claim 31 wherein said posts have an elongated rectangular
      cross sectional configuration.
NUM  34.
PAR  34. The device of claim 30 wherein said posts have a triangular cross
      sectional configuration.
NUM  35.
PAR  35. The device of claim 30 wherein said posts have a generally cruciform
      cross sectional configuration.
NUM  36.
PAR  36. The device of claim 30 wherein said openings are positioned in both a
      longitudinal and a transverse direction with respect to said device.
NUM  37.
PAR  37. The device of claim 30 including openings between said posts positioned
      in a diagonal direction with respect to said device.
NUM  38.
PAR  38. The device of claim 30 wherein
PA1  said posts are positioned on the exterior surface in groups, and including
PA1  openings positioned in both a longitudinal and a transverse direction with
      respect to said device;
PA1  said openings separating said groups of posts, and
PA1  openings positioned diagonally with respect to said device with the
      diagonal openings separating the individual posts from other posts in its
      groups.
NUM  39.
PAR  39. The device of claim 38 wherein each group contains two posts, and
PA1  the two posts in each group are separated by one diagonal opening.
NUM  40.
PAR  40. The device of claim 38 wherein
PA1  each group contains four posts, and
PA1  the four posts in each group are separated by two intersecting diagonal
      openings.
NUM  41.
PAR  41. The device of claim 30 including
PA1  openings in said posts to define internal surfaces therein.
NUM  42.
PAR  42. The device of claim 41 wherein the openings in the posts are
      substantially circular.
NUM  43.
PAR  43. A diffusion device for breaking a main stream of a heated exhaust gas
      into a plurality of smaller streams which have a lower emissivity than the
      main stream of exhaust gas comprising:
PA1  a body adapted to receive a main stream of heated exhaust gas;
PA1  insulation means on said body to maintain the exterior surface of said body
      at a relatively low temperature with respect to the temperature of the
      heated exhaust gas;
PA1  a plurality of openings in said body for discharge of smaller streams of
      exhaust gas from said body;
PA1  exhaust gas conducting members positioned to receive the smaller streams of
      exhaust gas from said openings;
PA1  said exhaust gas conducting members having a configuration which blocks
      said openings from line-of-sight view;
PA1  said members being formed of a material having high heat conductivity with
      each of said members having an interior surface and an exterior surface
      separated by a wall, an inlet for receipt of heated exhaust gas and an
      outlet for discharge of heated exhaust gas;
PA1  said interior surface having a configuration which shields a portion of
      said interior surface against contact with heated exhaust gas passing
      through said member, and
PA1  means to promote heat transfer through said wall from said interior surface
      to said exterior surface,
PA1  whereby heat transfer from the heated exhaust gas to the interior surfaces
      of said members is reduced by the lack of contact between the heated gas
      and said shielded portions of the interior surfaces while heat received by
      the members at said interior surfaces is rapidly removed from said members
      by said second means to maintain the members at a relatively low
      temperature with respect to the temperature of the heated exhaust gas.
NUM  44.
PAR  44. The diffusion device of claim 43 wherein said body has an ocarina
      configuration.
NUM  45.
PAR  45. The diffusion device of claim 43 wherein said body has a flute
      configuration.
NUM  46.
PAR  46. The diffusion device of claim 43 wherein said body has a marimba
      configuration.
NUM  47.
PAR  47. The diffusion device of claim 43 including
PA1  means on said exhaust gas conducting members to provide the smaller stream
      of exhaust gas with a shape which reduces the emissivity of said smaller
      streams.
NUM  48.
PAR  48. The diffusion device of claim 47 wherein the smaller streams of exhaust
      gases are provided with a generally rectangular or elliptical cross
      sectional configuration.
NUM  49.
PAR  49. The diffusion device of claim 43 wherein the exhaust gas conducting
      members are shaped to prevent impingement of the smaller streams of
      exhaust gas against the exterior surface of said body or against the
      exterior surface of an adjacent exhaust gas conducting member.
NUM  50.
PAR  50. The diffusion device of claim 43 wherein the smaller streams are
      randomly positioned such that one stream blocks another from view and a
      region of higher temperature in one smaller stream does not tend to
      reinforce the infrared signal provided by a region of higher temperature
      in another smaller stream.
NUM  51.
PAR  51. The diffusion device of claim 43 including
PA1  indentations in said interior surface to form recessed pockets therein;
PA1  said indentations having a width which is sufficiently small to impede the
      entrance of heated exhaust gas into said pockets,
PA1  whereby the available heat transfer area on said interior surface is
      reduced in relation to the area removed from the interior surface by said
      indentations.
NUM  52.
PAR  52. The diffusion device of claim 43 wherein said exhaust gas conducting
      members are formed of a metal which has high heat conductivity.
NUM  53.
PAR  53. The diffusion device of claim 43 including
PA1  an interior surface on said exhaust gas conducting member, and
PA1  an opening in said member for introducing cool air as a boundary layer
      adjacent said interior surface.
NUM  54.
PAR  54. The diffusion device of claim 43 including means on said exterior
      surface to increase heat rejection from the exterior surface.
NUM  55.
PAR  55. The device of claim 54 including
PA1  fins on the exterior surface of the gas conducting member.
NUM  56.
PAR  56. The diffusion device of claim 43 wherein said gas conducting member has
      an elbow configuration.
NUM  57.
PAR  57. The device of claim 54 including
PA1  a plurality of posts positioned on said exterior surface, and
PA1  openings between said posts to permit the flow of air with respect to the
      surfaces of the posts irrespective of the direction of relative movement
      of the said device and the cooling air.
NUM  58.
PAR  58. The device of claim 57 wherein said posts have a rectangular
      configuration.
NUM  59.
PAR  59. The device of claim 58 wherein said posts have a substantially square
      cross sectional configuration.
NUM  60.
PAR  60. The device of claim 58 wherein said posts have an elongated rectangular
      cross sectional configuration.
NUM  61.
PAR  61. The device of claim 57 wherein said posts have a triangular cross
      sectional configuration.
NUM  62.
PAR  62. The device of claim 57 wherein said posts have a generally cruciform
      cross sectional configuration.
NUM  63.
PAR  63. The device of claim 57 wherein said openings are positioned in both a
      longitudinal and a transverse direction with respect to said gas
      conducting member.
NUM  64.
PAR  64. The device of claim 57 including openings between said posts positioned
      in a diagonal direction with respect to said gas conducting member.
NUM  65.
PAR  65. The device of claim 57 wherein
PA1  said posts are positioned on the exterior surface in groups, and
PA1  openings positioned in both a longitudinal and a transverse direction with
      respect to said gas conducting member,
PA1  said openings separating said groups of posts, and
PA1  openings positioned diagonally with respect to said device with the
      diagonal openings separating the individual posts from other posts in its
      group.
NUM  66.
PAR  66. The device of claim 65 wherein
PA1  each group contains two posts, and
PA1  the two posts in each group are separated by one diagonal opening.
NUM  67.
PAR  67. The device of claim 65 wherein
PA1  each group contains four posts, and
PA1  the four posts in each group are separated by two intersecting diagonal
      openings.
NUM  68.
PAR  68. The device of claim 57 including
PA1  openings in said posts to define internal surfaces therein.
NUM  69.
PAR  69. The device of claim 68 wherein the openings in the posts are
      substantially circular.
NUM  70.
PAR  70. The diffusion device of claim 54 including
PA1  a reticulated metal foam on the exterior surface of the gas conducting
      member.
NUM  71.
PAR  71. The diffusion device of claim 70 wherein said metal foam has a
      thickness of about 1/8 to about one inch.
NUM  72.
PAR  72. The diffusion device of claim 70 wherein said metal foam has from about
      5 to about 80 pores per inch.
NUM  73.
PAR  73. The device of claim 54 including fins on said exterior surface with
      said fins having an undulating configuration.
NUM  74.
PAR  74. The device of claim 73 including openings formed through said fins.
NUM  75.
PAR  75. The device of claim 54 including a honeycomb structure on said exterior
      surface.
NUM  76.
PAR  76. The device of claim 75 wherein said honeycomb structure is slotted.
NUM  77.
PAR  77. The device of claim 76 wherein the slots in said honeycomb structure
      are positioned longitudinally with respect to said gas conducting member.
NUM  78.
PAR  78. The device of claim 76 wherein the slots in said honeycomb structure
      are positioned both longitudinally and transversely with respect to said
      gas conducting member.
NUM  79.
PAR  79. A device for conveying a heated gas comprising:
PA1  a metallic gas conduit having a high heat conductivity;
PA1  said metallic conduit having an interior surface and an exterior surface
      separated by a wall, an inlet for receipt of heated gases and an outlet
      for discharge of gases;
PA1  indentations in said interior surface to form recessed pockets therein;
PA1  said indentations having a width which is sufficiently small to impede the
      entrance of heated gas into said pockets, and
PA1  means to promote heat transfer through said wall in maintaining said
      conduit at a relatively low temperature with respect to the temperature of
      the heated gas.
NUM  80.
PAR  80. A device for conveying a heated gas comprising:
PA1  a metallic gas conduit having a high heat conductivity;
PA1  said metallic conduit having an interior surface and an exterior surface
      separated by a wall, an inlet for receipt of heated gases and an outlet
      for discharge of heated gases;
PA1  said interior surface having a configuration which shields a portion of
      said interior surface against contact with heated gases passing through
      said member, and
PA1  means to promote heat transfer through said wall from said interior surface
      to said exterior surface,
PA1  whereby heat transfer from the heated gas to said interior surface is
      reduced by the lack of contact between the heated gas and said shielded
      portions of the interior surface while heat received by the conduit at
      said interior surface is rapidly removed from the conduit by said second
      means to maintain said conduit at a relatively low temperature with
      respect to the temperature of said heated gas.
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ABST
PAL  An apparatus is disclosed for arresting uncontrollable motions of model
       araft. A signal is used to deploy a parachute when a model aircraft is in
      a motion, such as a tailspin, from which the operator cannot recover by
      manipulating the flight surfaces. After the model aircraft has been
      stabilized to a point where the operator can arrest the uncontrollable
      motion the parachute is jettisoned and normal flight resumed. The deploy
      and jettison signals may be sent using a single channel of a multi-channel
      transmitter and are completely independent of each other.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by an employee of the United States
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an apparatus for arresting uncontrollable motions
      in model aircraft by deploying a parachute to stabilize the aircraft, then
      jettisoning the parachute to resume normal flight.
PAR  2. Description of the Prior Art
PAR  The advantages of building and testing scale model aircraft are well known.
      Scale model tests provide data from which new designs can be verified, old
      designs can be improved and dangerous design defects can be discovered. In
      the course of testing, the models must often perform maneuvers where the
      risk of a crash are high. For example, in studying a particular design's
      ability to recover from a tailspin, the spinning motion may develop to a
      point where the operator cannot arrest the motion by manipulating the
      flight control surfaces. To avoid destruction of the model aircraft in
      these cases, it is necessary to provide the operator with a mechanism for
      regaining control of the aircraft.
PAR  While earlier developments include deploying a parachute to slow the
      aircraft and safely lower it to the ground, these earlier developments
      lacked the aspects of the present invention whereby the parachute can be
      jettisoned on command from the operator.
PAR  An application showing the use of a radio control system to deploy a
      parachute is described in U.S. Pat. No. 2,257,277 to Righter et al.
      However, the parachute described by Righter et al. remains attached to the
      aircraft and is used only to land the aircraft. The Righter et al. patent
      does not contemplate jettisoning the parachute. U.S. Pat. No. 3,497,168 to
      Finney et al. does teach jettisoning a parachute. In the Finney et al.
      teaching, a first parachute is deployed and after a predetermined interval
      the parachute is jettisoned. A second parachute is then deployed and the
      object safely lowered to the ground. Once the sequence described in the
      Finney et al. patent is initiated, however, the operator has no control
      over when the first parachute will be jettisoned. The present invention,
      on the other hand, gives the operator complete freedom as to when the
      parachute will be deployed and when it will be jettisoned without having
      to rely on a predetermined timing sequence.
PAR  Other prior art generally relating to the field of the invention includes
      U.S. Pat. No. 2,478,758 to Frieder et al., U.S. Pat. No. 3,45l,642 to
      Wieland et al. and U.S. Pat. No. 3,463,425 to Hibi, all of which use a
      parachute to safely lower a load to the ground. None of these patents
      contemplates jettisoning the deployed parachute.
PAR  It is therefore an object of the present invention to disclose an apparatus
      for arresting uncontrollable motions of a model aircraft.
PAR  A further object of the present invention is an apparatus whereby a
      parachute may be deployed and jettisoned at the command of the operator.
PAR  An additional object of the present invention is an apparatus performing
      the deploy and jettison operations on command using the same channel of a
      radio control transmitter.
PAR  These and other advantages of the invention will be readily apparent when
      considered in reference to the description and claims and taken in
      connection with the attached drawings to which they relate.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention a platform is rigidly affixed to the tail end of a
      model aircraft by means of a frame. The platform and frame may be
      manufactured from any suitable lightweight materials such as plywood for
      the platform and aluminum tubing for the frame.
PAR  The parachute which is deployed to stabilize an uncontrollable aircraft is
      stored on the platform during normal flight operations and is held firmly
      in place by an elastic band which is tightly stretched over the folded
      parachute. The elastic band is firmly attached to one side of the platform
      and has a metal loop fastened to the free end. The free end is stretched
      over the folded parachute and the metal loop is received between two
      eyelets which are rigidly fastened to the platform. A release pin is
      slidably positioned through the two eyelets and the metal loop and holds
      the elastic band over the parachute.
PAR  The shrouds of the parachute are connected to a riser having a closed loop
      at one end. A plunger is slidably positioned through the closed loop and
      holds the deployed parachute until the parachute is jettisoned. Since the
      parachute induces a substantial load on the plunger the plunger is held in
      place by a spring. A number of ways for operating the deploy and jettison
      mechanisms will suggest themselves to one skilled in the art. In the
      preferred embodiment, it is intended that a radio control device be used
      to deploy and then jettison the parachute; however, any other suitable
      structure such as altitude or spin-sensitive device may be used to operate
      the deploy and jettison mechanism.
PAR  The use of a radio control system comprising a transmitter, receiver and
      proportional digital servo of the type generally known in the art, gives
      the operator complete control over the timing of the deploy and jettison
      operations. The operator can deploy the parachute after trying other means
      of arresting the uncontrollable motions; for example, by manipulating the
      flight surfaces. Additionally, since the deploy and jettison operations
      are not dependent upon a predetermined timing sequence the operator has
      complete freedom to determine when the aircraft motions have been arrested
      sufficiently to jettison the parachute.
PAR  Another advantage of using a radio control device is that both the deploy
      and jettison operations can be commanded using a single control channel.
      Thus, the addition of the present invention to a research model has a
      minimal effect on the availability of control channels to control other
      operations.
PAR  It will be readily seen from the following detailed description that the
      invention will permit an operator to arrest uncontrollable motions of a
      model aircraft by deploying a parachute. Further, it will be seen that the
      parachute may then be jettisoned and that the sequence of both the deploy
      and the jettison operation are completely controlled by the operator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the present invention;
PAR  FIG. 2 is a side view of the present invention; and
PAR  FIG. 3 shows a schematic arrangement of aircraft mounted components of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is shown a preferred embodiment of the
      invention as it would be used to arrest uncontrollable tailspin motions.
      As best seen in FIG. 2, the apparatus comprises basically a frame 10, a
      platform 12, and a parachute 14.
PAR  Frame 10, in the preferred embodiment, is manufactured from aluminum but
      may be manufactured from any suitable material which is lightweight and
      has sufficient strength to resist the loads induced in the frame. Frame 10
      comprises two tubes 16 each having a flattened portion 18 at one end which
      are rigidly attached to opposite sides of an elongated block 20. Although
      other techniques of securing tubes 16 to elongated block 20 will suggest
      themselves to one skilled in the art, in the preferred embodiment
      flattened portions 18 and elongated blocks 20 are fastened together by
      means of bolts 19. The other ends of tubes 16 are rigidly affixed in a
      conventional manner to the model aircraft 22. The tubes 16 may be shaped
      into any suitable configuration which will not interfere with normal
      operation of the flight surfaces.
PAR  Extending upward from flattened portions 18 are L-shaped brackets 24 to
      which platform 12 is fastened. In the preferred embodiment platform 12 is
      manufactured from a thin sheet of plywood but aluminum or any other
      suitable lightweight material may be used.
PAR  Parachute 14 is stored on platform 12 during normal flight operations and
      is held in place by an elastic band 26 having one end firmly fastened to
      the side of platform 12 while the free end is connected to a closed loop
      28. The free end of elastic band 26 is stretched over stored parachute 14
      and closed loop 28 is received between two eyelets 30 which are affixed to
      the side of platform 12. Elastic band 26 is held in this stretched
      position by a release pin 32 which is slidably positioned through eyelets
      30 and closed loop 28. Release pin 32 is held in place by a resilient band
      34 which is fastened at one end to release pin 32 and at the other to
      retaining clip 36 connected to frame 10.
PAR  Parachute 14 is stored on platform 12 during normal flight in a suitable
      folded position as is well known in the art. Parachute shrouds 36 are
      connected to a riser 40 having a closed loop 38 at one end which fits over
      a plunger 42. The plunger 42 in the preferred embodiment is manufactured
      from a bar of steel 0.0625 inch in diameter but other materials and
      dimensions may be used provided the loads induced in plunger 42 by
      parachute 14 can be safely accommodated. Plunger 42 and a rear support 39
      is slidably positioned through a forward support 37 and one end thereof
      fits into a receptacle 43 in an upwardly extended portion 41 of elongated
      block 20. Plunger 42 is maintained in this position by a spring 44 having
      one end thereof attached to plunger 42 and the other end thereof attached
      to forward support 37.
PAR  The pin 32 is connected to a digital proportional servo 46 by means of a
      deploy cable 48 and in the same manner plunger 42 is connected to digital
      proportional servo 46 by means of a jettison cable 50. Deploy cable 48 and
      jettison cable 50, in the preferred embodiment, are standard 0.015 inch
      wire but any similarly thin gage material may be used. Digital
      proportional servo 46 is of any standard construction well known in the
      art.
PAC  OPERATION
PAR  In use, digital proportional servo 46 and associated power supply 54,
      receiver 52, and transmitter (not shown) are commanded to the armed
      position. Any standard radio control equipment of the kind widely known in
      the art may be used, but in the preferred embodiment Kraft Radio Control
      System's servo KP-12, receiver KPR-6, transmitter KPT-6, and power source
      KPB-500 are used. In the armed position, as shown in FIG. 3, deploy cable
      48 which is connected to release pin 32 is slightly slack and jettison
      cable 50 which is connected to plunger 42 has sufficient slack to prevent
      jettisoning the parachute 14 when the servo is commanded to the deploy
      position. To deploy parachute 14 in the preferred embodiment the operator
      uses a transmitter of the kind widely known in the art to send a radio
      signal which is received on the model aircraft 22 by a standard receiver
      52 also of the kind widely known in the art. Upon receipt of the deploy
      signal, digital proportional servo 46 rotates approximately 45.degree..
      This rotation tightens deploy cable 48 which in turn pulls pin 32 from
      eyelets 30 and closed loop 28 releasing elastic band 26. This rotation
      also removes the slack from the jettison cable and readies the apparatus
      for the jettison operation. The parachute 14 is no longer restrained and
      the airstream pulls parachute 14 from platform 12 and inflates it. Due to
      the complex consideration of the airflows around a spinning research model
      22, each installation of this invention should be reviewed individually to
      assure that frame 10 is shaped and located in a manner which will
      facilitate deployment of the parachute.
PAR  When the operator desires to jettison parachute 14 he simply commands servo
      46 to the jettison position which tightens jettison cable 50 causing
      plunger 42 to retract. As plunger 42 is pulled from receptacle 43 of
      upwardly extended portion of elongated block 41, closed loop 38 is pulled
      free by the drag load on parachute 14 and parachute 14 is thereby
      jettisoned.
PAR  It will be understood that the foregoing description is of the preferred
      embodiment of the invention and is therefore merely representative.
      Obviously, there are many variations and modifications of the present
      invention in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed as new and desired to be secured by Letters Pattent of the
      United States is:
NUM  1.
PAR  1. Apparatus for arresting uncontrollable motions of a model aircraft
      comprising in combination:
PA1  a model aircraft;
PA1  a parachute having shrouds connected to one end of a riser; said riser
      having a closed loop at the other end thereof;
PA1  a platform firmly attached to said model aircraft for supporting said
      parachute during normal aircraft flight; and parachute being releasably
      held in a suitably folded position on said platform by an elastic band
      having one end thereof securely fastened to said platform and having a
      metal loop at the other end thereof; said metal loop being releasably
      fastened to said platform by a release pin; a frame means for firmly
      attaching said platform to said aircraft; said frame means having a
      plunger slidably mounted thereon; said plunger being inserted through said
      loop of said riser for holding said parachute after said parachute has
      been deployed; a deploy means for releasing said release pin in response
      to a deploy signal thereby deploying said parachute; and jettison means
      for slidably moving said plunger in response to a jettison signal thereby
      jettisoning said parachute.
NUM  2.
PAR  2. An apparatus as set forth in claim 1 wherein said stowing means
      includes:
PA1  a platform for supporting said parachute during normal aircraft flight;
PA1  said parachute being suitably folded and placed on said platform;
PA1  an elastic band having one end thereof rigidly secured to said platform and
      the other end thereof secured to a metal loop;
PA1  said elastic band being stretched over said parachute and said metal loop
      being releasably connected to said platform thereby securely holding said
      parachute against said platform during normal aircraft flight.
NUM  3.
PAR  3. An apparatus as set forth in claim 2 wherein said deploy means includes
      two eyelets rigidly fastened to said platform; a release pin for holding
      said elastic band across said parachute; said elastic band being stretched
      over said parachute and said metal loop being received between said
      eyelets and releasably held therein by said release pin, said release pin
      being slidably positioned through said eyelets and said metal loop; said
      release pin being slidably removable from said eyelets and said metal loop
      in response to said deploy signal thereby releasing said elastic band and
      permitting said parachute to deploy.
NUM  4.
PAR  4. An apparatus as set forth in claim 3 wherein said deploy means includes
      a tension means for applying a rearward acting tensile force to said
      release pin to thereby maintain said release pin positioned through said
      eyelets and said metal loop.
NUM  5.
PAR  5. An apparatus as set forth in claim 1 wherein said jettison means
      includes a plunger slidably mounted on said frame means for holding said
      parachute after said parachute has been deployed; said plunger being
      inserted through said closed loop of said riser; and spring means for
      initially maintaining said plunger in position; said jettison signal
      serving to slidably move said plunger to thereby remove said plunger from
      said closed loop and cause jettisoning of said parachute.
NUM  6.
PAR  6. An apparatus as set forth in claim 1 wherein said deploy means and said
      jettison means are operated by a linkage means in response to said deploy
      and jettison signals.
NUM  7.
PAR  7. An apparatus as set forth in claim 1 wherein said deploy means and said
      jettison means are actuated by a linkage means comprising:
PA1  a single radio channel; a radio receiver rigidly mounted in said aircraft
      for receiving said deploy and jettison signals; a single digital
      proportional servo rigidly mounted in said aircraft for releasing said
      release pin and for slidably moving said plunger; said digital
      proportional servo communicating with said deploy means by way of a deploy
      cable having one end thereof attached to said servo and the other end
      thereof attached to said release pin; said digital proportional servo also
      communicating with said jettison means by way of a jettison cable having
      one end thereof attached to said servo and the other end thereof attached
      to said plunger; and power source rigidly mounted in said aircraft for
      supplying power to said radio receiver and said digital proportional
      servo.
NUM  8.
PAR  8. An apparatus as set forth in claim 7 wherein said receiver means
      receives remotely transmitted radio signals.
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ABST
PAL  An anti-derailment system to prevent train derailment due to axle failure
      sulting from journal bearing overheating includes a thermal sensor to
      continuously monitor the temperature of the bearing and to activate the
      brake system when the temperature exceeds a predetermined level. A
      thermally-responsive element located in the journal bearing adapter
      physically deforms to activate a power source. The resulting signal
      initiates an electroexplosive brake line venting mechanism, puncturing and
      venting the brake line to stop the train. Several configurations of the
      thermal sensor and the power source are possible.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to sensor systems and more particularly to
      a thermal sensor system which detects incipient wheel journal bearing
      overheating on rail vehicles and activates the air brakes to stop the
      vehicle prior to bearing failure and possible derailment.
PAR  Railroad journal bearing failures due to overheating resulting in axle-end
      fracture and consequent dropping of the rail car sideframe to the roadway
      have been a most prevalent source of major accidents. These failures,
      called "hotboxes", if not detected in time, may lead to accidents that
      result in losses of millions of dollars and risk the lives of persons
      aboard the train, or in the vicinity, particularly where hazardous cargoes
      are involved.
PAR  Present methods of detecting hotboxes include inspection in train yards and
      from passing trains by railroad personnel. Along main lines, bearing
      temperatures are monitored in route by automatic, track-side, infrared
      detectors. Inspection by railroad personnel is, however, time-consuming
      and costly since each journal box has to be individually checked.
      Automatic wayside infrared detection stations have been installed at
      several hundred locations. These units, capable of scanning each bearing
      on a passing train and reporting and/or recording its temperature, have
      been developed to a point of excellent effectiveness. However, at a cost
      of approximately $50,000 each, plus data transmission equipment to
      automatic signals or manned monitoring points, they have not generally
      been installed on low-traffic-density lines or at close enough intervals
      on mainlines to detect all hotboxes before catastrophic failure can
      develop.
PAR  Higher speeds, heavier loads, extended runs and other factors have
      necessitated the increased use of more expensive roller bearings and
      improved bearing lubrication systems to reduce bearing failures. The
      reduction in bearing failures, however, has not brought about a
      corresponding decrease in hotbox-caused derailments because the rate of
      derailments per detected hotbox has increased, resulting in a relatively
      constant hotbox derailment total. The decreased rate of detection may be
      attributed to several factors, such as the more rapid progression from
      initiation of bearing failure to catastrophic assembly failure
      characteristic of roller bearings and the less detectable early signs of
      roller bearing failure than bearings with lubricator pads.
PAR  Actual axle failure from a hotbox occurs from heating to a temperature
      where the steel is significantly weakened, since nominal stress levels are
      low. The energy input available from the maximum torque input from one
      pair of wheels to a seized bearing assembly is sufficient to raise the
      axle-end steel to 1000.degree.F in less than one minute. It is not likely
      that this concentrated an input will occur in an actual assembly, but it
      is apparent that failure can occur in a matter of a very few miles or
      minutes of travel. Continuous, automatic monitoring of each bearing may be
      expected to provide virtually 100% protection from this mode of failure,
      provided the thermal path to the sensor is as short as that from the
      bearing to the axle and there is no significant time lag in the sensor.
PAR  Once a trouble signal is generated at one of the sensor locations, e.g., at
      the journal housing, and amplified to a usable power level, economic logic
      dictates that it be transmitted to a single, on-car location to actuate
      the inter-car communication link input. Several aspects of any such system
      are vital. Parallel inputs into the communication link must be mutually
      compatible. Failure of one or more sensors should not impair system
      operation. System refurbishment after an actuation, if required at all,
      must be reasonably inexpensive and capable of accomplishment at relatively
      widespread and unsophisticated facilities. Low cost over the complete life
      cycle, including all initial hardware costs, installation and check out,
      maintenance and repair, periodic continuity checks, and accommodation to
      other car maintenance procedures is vital to system. Demonstrable
      ruggedness and predictable life are particularly important to acceptance
      of a sensor system.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the present invention is to provide a new and
      improved thermal sensor to monitor journal bearing temperature.
PAR  Another object of the invention is to provide a new and improved journal
      bearing temperature monitoring sensor that is efficient, reliable and
      automatic in operation.
PAR  Another object of the invention is to provide a new and improved journal
      bearing temperature monitoring sensor that is easily and economically
      incorporated into existing train equipment.
PAR  Another object of the present invention is the provision of a new and
      improved journal bearing thermal monitoring sensor that is rugged and
      quickly and inexpensively refurbished.
PAR  Yet another object of the present invention is the provision of a new and
      improved journal bearing temperature monitoring sensor that produces an
      output signal upon sensing a predetermined temperature.
PAR  A further object of the invention is the provision of a new and improved
      journal bearing temperature monitoring and actuation system capable of
      actuating the train brake system to stop the train upon detecting a
      predetermined temperature.
PAR  Still a further object of the invention is the provision of a new and
      improved journal bearing temperature monitoring and actuation system
      capable of automatically, reliably and efficiently actuating the train
      brake system to stop the train upon detecting a predetermined temperature,
      the monitoring and actuation system being rugged, economical and quickly
      refurbished.
PAR  Briefly, these and other objects of the present invention are attained in a
      thermal monitoring sensor housed in the roller bearing adapter comprising
      a quick-response, percussion-initiated electric generator activated by a
      heat-deformable temperature sensor. The electric signal is utilized to
      activate an electro explosive brake line venting mechanism attached to the
      brake line. An explosively-driven bellows motor actuator is triggered by
      the signal, causing a diaphragm cutter to rupture and vent the brake line,
      stopping the train prior to bearing overheating.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Still other objects and many of the attendant advantages and features of
      this invention will be readily appreciated as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings wherein:
PAR  FIG. 1 is a partial, sectioned view of the sideframe showing the thermal
      sensor installation of the present invention;
PAR  FIGS. 2a, 2b and 2c are sectioned views of alternative embodiments of the
      thermal sensor;
PAR  FIG. 3 is a view along line 3--3 of FIG. 2b;
PAR  FIG. 4 is a partially-sectioned, plan view of a train car embodying the
      anti-derailment system of the present invention;
PAR  FIG. 5 is an elevation view of the train car of FIG. 4;
PAR  FIG. 6 is a partially-sectioned view of the brake line venting mechanism;
      and
PAR  FIG. 7 shows the bellows motor actuator of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein like reference characters designate
      identical or corresponding parts throughout the several views, and more
      particularly to FIG. 1 thereof wherein the thermal monitor subsystem of
      the anti-derailment system is shown to include the thermal sensor 10
      schematically shown positioned within a recess provided in a standard
      roller bearing adapter 12 positioned in the sideframe 14. Connected to the
      sensor 10 is an electric current generator 16 which is activated by the
      sensor, the current being carried to the brake actuator subsystem by means
      of a shielded conductor 18, such as sheathed or armored cable.
PAR  FIGS. 2a, 2b and 2c illustrate alternative embodiments of the thermal
      sensor 10-current generator 16 combination. Sensor body 20, of suitable
      thermal-conductive material such as aluminum or steel, is provided with an
      axial bore 22 extending substantially the length of the body. The lower,
      closed end of bore 22 provides a containment means for a spring 24 which
      biases a hardened firing pin 26 upwardly against a thermal release pin 28
      extending from a transverse bore approximately midlength of body 20. The
      interior extremity of release pin 28 has a chamfer 30 which contacts a
      chamfer on the end of the firing pin 26 to restrain the pin against spring
      24.
PAR  The open end of bore 22 is provided with a number of concentric
      counterbores to receive elements which comprise the assembled thermal
      sensor 10. Positioned in a first counterbore of a diameter larger than
      bore 22 is a combined stab detonator and electric power source 32 similar
      to those used in ordnance fuzing systems. The detonator/power source 32
      comprises a cup-shaped housing 34; a stab detonator 36 positioned within
      the housing; a wave shaper 38 surrounding the detonator to moderate the
      explosive force and to transmit the pressure wave to the piezoelectric
      element 40 abutting the wave shaper; and contact terminals 42 abutting the
      power source and extending from the body 20 for electrical connection. A
      disc 44, having an aperture to receive contact 42 is pressed into a larger
      counterbore and suitably fastened to secure the detonator/power source 32
      in place. An insulator sleeve 46 encircles contact 42 within the disc
      aperture. Encircling the inner end of contact 42 and positioned between
      the piezoelectric element 40 and the disc 44 is a sleeve-like resistor
      element 48 to bleed off any static charges.
PAR  Thermal release pin 28 may be made from 55-Nitinol, the generic name for a
      series of nickel-titanium intermetallic compound alloy having a unique
      "memory" property developed in 1961 by the Naval Ordnance Laboratory.
      Nitinol alloys, an acronym of Nickel Titanium Naval Ordnance Laboratory,
      have chemical compositions in the range from about 53 to 57 weight percent
      nickel and the balance titanium. The "memory" properties are such that,
      given the proper conditions, Nitinol objects can be restored to their
      original shape even after being "permanently" deformed out of that shape.
      The return to the original shape is triggered by heating the alloy to a
      moderate temperature. Considerable force is exerted and mechanical work
      can be done by the material as it "snaps back" to its original shape.
PAR  Nitinol will undergo a martensitic (diffusionless) transition with the
      ability of the alloy to undergo such a crystalline transition being
      temperature dependent. The maximum temperature at which this transition
      can occur is called the critical temperature and this temperature is a
      function of the alloy composition. The martensitic transition may be
      produced by deforming Nitinol below its critical temperature and this
      transition, due to the structural change taking place in the molecules, is
      accompanied by the liberation of heat energy. Then, if Nitinol is heated
      in its deformed condition to above its critical temperature, it will move
      in a direction opposite to the direction in which it has been deformed,
      and during this movement the Nitinol is capable of producing useful work.
PAR  The compositions and properties of Nitinol are described more fully in U.S.
      Pat. No. 3,174,851, issued Mar. 23, 1965. Briefly, the steps in imparting
      a shape "memory" to a Nitinol article include: forming the alloy into the
      shape that it will be called upon to "remember", i.e., its "memory
      configuration"; heat treating the Nitinol shape while it is constrained in
      a fixture and subsequently cooling it below the transformation temperature
      range; and then straining the part to an "intermediate shape", which is
      the shape that the part is to retain until it is heated to restore it to
      the memory configuration. The temperature to which the part must be heated
      in order to return it to the memory configuration depends upon the
      chemical composition of the alloy. This is described more fully in U.S.
      Pat. No. 3,558,369, issued Jan. 26, 1971.
PAR  As the 55-Nitinol part, in its intermediate shape, is heated to return to
      its memory configuration, the alloy exerts a very considerable force and
      can do significant mechanical work. Reference may be had to U.S. Pat. No.
      3,403,238, issued Sept. 24, 1968, which discusses this phenomenon more
      fully.
PAR  The thermal release pin 28, strained in tension below its thermal
      transition temperature, restrains the spring-loaded firing pin 26. At the
      temperature range determined by its composition and processing, release
      pin 28 shrinks to its shorter, memory configuration and releases firing
      pin 26.
PAR  Instead of the thermal release pin 28 of FIG. 2a, the thermal sensor shown
      in FIG. 2b utilizes a low-melting-point alloy to release the firing pin.
      Sensor body 20' is similar to body 20 of FIG. 2a, except that the lower
      portion is of reduced diameter which is provided with an annular groove to
      receive a low-melting-temperature, eutectic alloy ring 50 having a
      specific melting temperature, such as alloys of bismuth-lead-tin,
      bismuth-cadmium-tin, or combinations thereof. Eutectic alloys, or those
      alloys melting completely at a specific temperature, are most suitable. As
      shown in FIG. 2b and in the cross-sectional view of FIG. 3, firing pin 26'
      has a circumferential, V-shaped groove 52 which receives a plurality of
      steel retaining balls 54 positioned in holes between bore 22 and the alloy
      ring-receiving annular groove. Firing pin 26' is restrained against the
      spring 24 by the balls 54 which in turn are restrained by a segmented ball
      retainer 51. The alloy ring 50 surrounds the ball retainer 51. A closure
      sleeve 56 encloses the reduced-diameter portion of sensor body 20',
      covering the ball retainer and the alloy ring. A gap or void 58 is
      provided between one side of the body 20' and sleeve 56. When the sensor
      10' experiences a temperature exceeding the melting temperature of alloy
      ring 50, the ring melts and flows into the gap 58, freeing the retaining
      balls 54 to release the firing pin 26'.
PAR  The operation of the thermal sensor is apparent from the foregoing
      description. Sensor 10 or 10' is heated by the overheated journal
      bearings, and with the sensor 10 of FIG. 2a, the increased temperature
      causes the thermal release pin 28 to shrink, as set forth above, and in
      the sensor 10' of FIG. 2b, the alloy ring 50 melts. Spring-loaded firing
      pin 26 and 26' are then released to impact upon detonator/piezoelectric
      power source 32, activating the detonator 36. The resulting explosive
      force, controlled by wave shaper 38, impinges upon the piezoelectric power
      source 40 to produce an electrical output which is utilized by the brake
      actuation subsystem of the present invention.
PAR  The electric power source may be of the piezoelectric element shown in
      FIGS. 2a and 2b or the thermal battery shown in FIG. 2c. Both of these
      means are known to those skilled in the art. Piezoelectric materials, such
      as lead zirconate/lead titanate sintered elements, electrically polarized
      to obtain the proper stress-output axis, are crushed by the explosive
      force of detonator 36 to produce a relatively high voltage of short
      duration. In a typical low-resistance output circuit the current is
      approximately 35 amperes. Since there is a "race" between generation of a
      large electrical output from the extremely high explosive-generated
      pressures on the crystal and its termination by destruction of the
      electrical continuity of the output, the aluminum "wave-shaper" 38 is used
      to strike a balance between these opposed events.
PAR  The sensor 10" of FIG. 2c is similar to that of FIG. 2a except that the
      piezoelectric element has been replaced with a thermal pulse battery 60. A
      stab-type percussion primer 62 is activated by the firing pin 26 to
      produce a flame which ignites layers of pyrotechnic material within the
      waffer-type cells of the heat pads 64. Burning of this material produces
      sufficient heat to melt the electrolyte, a salt such as lithium/potassium
      chloride, deposited within the electrochemical cells 66 between the heat
      pads 64. Once the electrolyte is melted and its ions released, normal
      electro-chemical action generates voltage until the active materials are
      depleted or cooling resolidifies the electrolyte. Terminals 68 serve their
      customary purpose as electrical output connectors. A snap ring 70 secures
      the thermal battery 60 within the receiving bore of the sensor body 20,
      and a resistor 72 joins the terminals 68 to facilitate electrical
      continuity check during testing of the system. In operation sensor 10"
      function similarly as sensor 10 of FIG. 2a except that shrinking of the
      thermal release pin 28 permits the firing pin 26 to ignite the pyrotechnic
      material in the thermal battery to produce the electric current. Of
      course, thermal battery 64 may also be used with the sensor 10' of FIG.
      2b.
PAR  FIGS. 4 and 5 show the plan view and elevation view, respectively, of a
      train car 76 provided with the brake actuation subsystem of the present
      invention. Positioned in the sideframes of each train truck are the
      thermal sensor 10, 10' or 10" of FIGS. 2 which continuously monitors the
      temperature of the journal bearings and activates the brake actuation
      subsystem once the bearing temperature exceeds a predetermined limit. The
      thermal sensors 10, each with its associated electric power source 16, are
      electrically connected by the shielded conductor system 18 to the brake
      line venting mechanism 92. Shielding of the conductor prevents stray
      electromagnetic signal interference and protects against the adverse
      environment beneath the rail car truck. The train's brake line 78 extend
      the length of car 76 and terminate in end couplings 80. Connected to the
      train line 78 are other components of the pneumatic brake system common in
      train cars, including the brake valve 84, brake cylinder 86 and brake
      reservoirs 88.
PAR  Positioned on the brake pipe 90 joining the brake valve 84 to the train
      line 78 is the brake line venting mechanism 92, shown more fully in FIG.
      6. The venting mechanism includes an electromagnetic radiation shield 94
      surrounding a diaphragm cutter having a cylindrical housing 96; an
      explosively-driven bellows motor actuator 98 connected to the electrical
      conductors 18 positioned at one end of housing 96; slidably-mounted cutter
      100 disposed adjacent the actuator 98; a shearable diaphragm 102
      positioned adjacent the other end of housing 96 to separate the housing
      from the internal passage of brake pipe 90; an annular passage 103
      provided in the housing 96 to permit passage of air from the brake pipe 90
      after diaphragm rupture; and a calibrated venting orifice structure 104 to
      vent the released air. Also visible in FIG. 6 is the dirt chamber 106 and
      the cut-out cock 108, elements common to train brake systems. The shield
      94 around the diaphragm cutter serves the same purpose as the shielding
      around conductor 18. The diaphragm cutter may be similar to that disclosed
      in copending application Ser. No. 465,400, filed Apr. 29, 1974, and the
      explosive piston-type cutter actuator described therein may be used in
      place of the bellows motor actuator 98.
PAR  Details of the bridge-wire bellows motor actuator 98 may be seen in FIG. 7
      wherein the wires 110 of the shielded conductor 18 are positioned against
      a propellant 112 contained in cup 114, the ends of wires 110 being joined
      by a fine bridge wire 116 embedded in the propellant. Wires 110 are
      suitably insulated with insulating material 118, and cup 114 is sealed
      with a plug 120 of glass, plastic or other suitable material. Bellows 122
      is pleated from suitable malleable, ductile metal, such as copper, with
      the forward end formed into a blunt nose 124 and the edge of the aft, open
      end crimped over the seal plug 120. Approximate this open edge, the
      bellows 122 is provided with an outwardly-extending ridge 126, which
      receives a similarly-shaped ridge formed on the propellant cup 114 to
      properly position the cup.
PAR  The operation of the bellows motor actuator 98 and the venting mechanism 92
      can be readily seen from the foregoing description. Briefly, the
      propellant 112 is ignited by the signal generated by current generator 16,
      as set forth above, the expanding gases forcibly extending the bellows
      122, causing the blunt nose 124 to contact and displace cutter 100, which
      in turn severs diaphragm 102 to release the air from brake pipe 90, thus
      slowing and eventually stopping the train. The escaping air flows out
      through passage 103 and the venting orifice 104. As the air flows through
      orifice 104, a distinct, audible sound is produced to help the train crew
      locate the car which has been braked and to correct the possible
      derailment-causing condition. This permits remedial action prior to any
      actual derailment. Additionally, the actuation of the brake system can be
      monitored from a central location, such as the engine cab.
PAR  Bellows 122 is sufficiently rigid after expansion to prevent cutter 100
      from being forced by air pressure back through the ruptured diaphragm and
      possibly obstructing the flow. To further assure free air flow, cutter 100
      may be hollow with an opening 128 therein to permit unobstructed flow
      between brake pipe 90 and annular passage 103.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise then as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. In combination with a train car a thermal sensor and actuator system for
      monitoring bearing temperature and actuating the train brake system at a
      predetermined temperature comprising:
PA1  a thermal sensor positioned approximate the train journal bearings to
      release an impact member at a predetermined temperature;
PA1  signal producing means cooperating with said thermal sensor to produce an
      output signal; and
PA1  electroexplosive means responsive to said output signal to vent the brake
      lines on said train car to stop said train car.
NUM  2.
PAR  2. The combination of claim 1 wherein said electroexplosive means comprises
      a explosively-actuated diaphragm cutter.
NUM  3.
PAR  3. The combination of claim 2 wherein said signal producing means comprises
      a power source responsive to said impact member to produce an electric
      signal.
NUM  4.
PAR  4. The combination of claim 3 further comprising conductor means connecting
      said power source and said diaphragm cutter.
NUM  5.
PAR  5. The combination of claim 1 wherein said thermal sensor comprises:
PA1  a deformable, temperature-responsive means;
PA1  a spring-loaded firing pin restrained in a cocked position by said
      temperature-responsive means; and
PA1  a power source responsive to impact of said firing pin to produce an output
      current upon release of said firing pin by said temperature-responsive
      means.
NUM  6.
PAR  6. The combination of claim 5 wherein said deformable,
      temperature-responsive means comprises a material which undergoes a phase
      change at a predetermined temperature.
NUM  7.
PAR  7. The combination of claim 6 wherein said electroexplosive means comprises
      an explosively-actuated diaphragm cutter to puncture and vent the train
      brake line.
NUM  8.
PAR  8. The combination of claim 7 wherein said diaphragm cutter is actuated by
      an explosively-extended bellows motor.
NUM  9.
PAR  9. The combination of claim 8 further comprising a calibrated venting means
      connected to said diaphragm cutter capable of producing an audible signal
      upon brake line venting.
NUM  10.
PAR  10. The combination of claim 9 wherein said deformable,
      temperature-responsive material comprises an alloy having a crystalline
      phase change at a predetermined temperature.
NUM  11.
PAR  11. The combination of claim 10 wherein said crystalline phase change alloy
      comprises an intermetallic alloy of nickel and titanium having a shape
      change above a predetermined temperature.
NUM  12.
PAR  12. The combination of claim 9 wherein said temperature-responsive material
      comprises a eutectic alloy having a predetermined melting temperature.
NUM  13.
PAR  13. The combination of claim 12 wherein said alloy comprises an alloy of
      bismuth.
NUM  14.
PAR  14. The combination of claim 12 wherein said power source comprises a
      piezoelectric element initiated by impact of said firing pin.
NUM  15.
PAR  15. The combination of claim 14 wherein said piezoelectric element
      comprises a detonator initiated by said firing pin and piezoelectric
      crystals crushed by pressure from said detonator to produce an electric
      current.
NUM  16.
PAR  16. The combination of claim 12 wherein said power source comprises a
      thermal battery activated by impact of said firing pin.
NUM  17.
PAR  17. The combination of claim 16 wherein said thermal battery comprises:
PA1  a pyrotechnic reactant;
PA1  an electrochemical reactant; and
PA1  a percussion primer triggered by impact of said firing pin to initiate an
      electric-current-producing reaction between said pyrotechnic reactant and
      said electrochemical reactants.
NUM  18.
PAR  18. The combination of claim 11 wherein said power source comprises a
      piezoelectric element initiated by impact of said firing pin.
NUM  19.
PAR  19. The combination of claim 18 wherein said piezoelectric element
      comprises a detonator initiated by said firing pin and piezoelectric
      crystals crushed by pressure from said detonator to produce an electric
      current.
NUM  20.
PAR  20. The combination of claim 11 wherein said power source comprises a
      thermal battery activated by impact of said firing pin.
NUM  21.
PAR  21. The combination of claim 20 wherein said thermal battery comprises:
PA1  a pyrotechnic reactant;
PA1  an electrochemical reactant; and
PA1  a percussion primer triggered by impact of said firing pin to initiate an
      electric-current-producing reaction between said pyrotechnic reactant and
      said electrochemical reactants.
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ABST
PAL  Apparatus for supporting and tilting the collecting chamber of a vacuum
      cleaner is disclosed including a chassis rollable over a floor surface,
      having a pair of upstanding arms, a pair of arm members pivotally
      connected to the upstanding arms of the chassis, and a handle pivotally
      connected to the arm members. The handle can be locked in either of two
      positions, with the first push position being such that the gripping
      portion of the handle is placed above the pivot point of the arm member to
      the chassis such that the gripping portion is in a position convenient to
      the operator for rolling the chassis over the floor surface and with the
      second tilt position being rotated from the first push position about the
      pivotal connection of the handle with the arm members such that the
      gripping portion lies below the pivot point to allow pivoting of the arm
      members on the chassis to tilt the collecting chamber of the vacuum
      cleaner so that it empties the contents therefrom.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to an improvement in vacuum cleaners and particularly
      to the apparatus for supporting and allowing the tilting of the collecting
      chamber of a vacuum cleaner.
PAR  It is an object of the present invention to provide an apparatus having a
      handle which can be selectively positioned in a first push position for
      pushing the chassis of a vacuum cleaner support about a floor surface and
      a second tilt position for allowing the tilting of the collecting chamber
      of a vacuum cleaner.
PAR  It is also an object of the present invention to provide an apparatus for
      the support and tilting of the collecting chamber of a vacuum cleaner of
      relatively few parts and simple design.
PAR  It will not be here attempted to set forth and indicate all of the various
      objects and advantages incident to the invention, but other objects and
      advantages will be referred to in or else will become apparent from that
      which follows.
PAR  The invention will appear more clearly from the following detailed
      description when taken in connection with the accompanying drawings,
      showing by way of example a preferred embodiment of the inventive idea
      wherein like numerals refer to like parts throughout.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a side view of apparatus according to the present invention
      including a vacuum cleaner.
PAR  FIG. 2 shows a rear view of the apparatus of FIG. 1 with the handle shown
      in a first push position.
PAR  FIG. 3 is a top view of the apparatus of FIG. 1 with the vacuum unit
      removed.
PAR  FIG. 4 is a sectional view of the apparatus of FIG. 1, according to the
      section line 4--4 in FIG. 1.
PAR  FIG. 5 is a sectional view of the apparatus of FIG. 1, according to the
      section line 5--5 in FIGS. 1 and 4.
PAR  FIG. 6 is a side view of the apparatus of FIG. 1 with the handle in a
      second tilt position.
PAR  FIG. 7 is a side view of the apparatus of FIG. 6 with the collecting
      chamber in a pivoted position.
DETD
PAC  DESCRIPTION
PAR  Referring to the drawings in detail, the apparatus according to the present
      invention, generally designated 10, is shown together with the vacuum
      cleaner 12 which may be of a conventional design. Vacuum cleaner 12
      includes the collecting chamber 14 having a suitable inlet 16 having
      provisions for attachment of a hose, not shown, thereon. A vacuum creating
      unit 18 is operatively engaged with chamber 14 to place chamber 14 of the
      vacuum cleaner 12 in a vacuum condition to thereby cause suction through
      the hose, as is well known in the art.
PAR  Apparatus 10 according to the present invention also includes a chassis 20,
      a pair of horizontal arm members 22 pivotally mounted to chassis 20, and
      handle 24 pivotally interconnected to chassis 20 and arm members 22 as
      described further hereinafter.
PAR  Chassis 20 includes a flat surface 26 having provisions for allowing the
      placement of collecting chamber 14 thereon and a pair of upright arms 28
      extending from the rear of flat surface 26 adjacent the handle 24. Arm
      members 22 pivot with respect to chassis 20 about point 30 located on the
      uppermost portion of upright arms 28 of chassis 20. Suitable wheels 32,
      such as a front caster and tires as shown, can be attached to chassis 20
      to allow movement of chassis 20 upon the floor surface.
PAR  Handle 24 is pivotally interconnected to chassis 20 and arm members 22 by
      pivot point 34. Handle 24 includes a gripping portion 40 and an offset
      L-shaped, angular extension 42.
PAR  As best seen in FIG. 4, arm members 22 include screws 33 which extend
      through collecting chamber 14 to attach chamber 14 to arm members 22.
      Apertures or bores 36 and 37 are located on arm members 22 on a diameter
      drawn through pivot point 34. Notches 38, whose purpose will be explained
      hereinafter, lie on the arc drawn through bores 36, 37 about center pivot
      34 adjacent the edges of arm members 22.
PAR  A detent member 44 is carried by extension 42. As best seen in FIGS. 4 and
      5, detent member 44 includes a detent 46, of a size corresponding to bores
      36 and 37 of arm member 22. Detent 46 is biased outwardly toward bores 36
      and 37 of arm member 22 by a spring 48 and a handle 50 is connected to
      detent member 46 by an interconnecting shaft 52. Therefore, detent 46 can
      be moved in a direction opposite to the bias of spring 48 by the manual
      movement of handle 50.
PAR  In operating the apparatus of the present invention, when it is desired to
      empty the collecting chamber 14, the operator removes vacuum unit 18 from
      vacuum cleaner 12. The operator then grasps the knob 50 and pulls it
      backwards causing the detent 46 to be removed from bore 37 of arm member
      22. At this time handle 24 can be pivoted about pivot point 34 on arm
      members 22 as shown in phantom in FIG. 1. After handle 24 is pivoted in
      such a position that detent 46 is located away from bore 37, knob 50 can
      then be released such that detent 46 moves outwardly under the bias of
      spring 48. Handle 24 is continued in its rotation about pivot point 34
      until detent 46 abuts notch 38. Upon further rotation detent 46 cams
      against notch 38 such that detent 46 moves inwardly against the bias of
      spring 48. Handle 24 is then further pivoted until detent 46 is positioned
      in the entrance of bore 36. At this time, detent 46 will move outwardly
      into bore 36 of arm member 22 due to the biasing of spring 48. Therefore,
      handle 24 can be locked in the second tilt position shown in FIG. 6.
PAR  In the second tilt position shown in FIG. 6, gripping portion 40 is located
      below pivot point 30 of arm members 22 and chassis 20. The operator then
      raises gripping portion 40 such that arm members 22 pivot about point 30
      where arm members 22 can be pivoted to the position shown in FIG. 7. In
      such a position, the material collected during the vacuum operation pours
      from container 14 to thereby easily empty the contents of the chamber. As
      can be seen in FIG. 7, handle 24 is out of the way of the chassis 20 and
      of the material falling from the chamber 14.
PAR  It can now be appreciated that the contents of chamber 14 can be emptied
      with the expenditure of a small amount of force. With the gripping portion
      40 of handle 24 located below the pivot point 30, the gripping portion 40
      of handle 24 is in a position convenient to the operator for tilting
      chamber 14, and also there exists a force advantage due to the leverage
      obtained from the relation of the pivot point 30 and gripping portion 40.
      Since during the normal course of cleaning, chamber 14 is filled with a
      variety of material such as water, the weight of the contents can be
      considerable. However, due to the leverage and convenience obtained from
      apparatus 10 of the present invention, chamber 14 can easily be tilted
      with a small amount of force to empty the contents therein.
PAR  After the contents of chamber 14 have been emptied, chamber 14 can be
      pivoted back to the position shown in FIG. 6. The operator can then grasp
      knob 50, thus pulling detent 46 from bore 36. At this time handle 24 can
      be pivoted as shown in phantom in FIG. 1 such that detent 46 is located
      outside of bore 36. At this time knob 50 can be released and detent 46
      will move outwardly due to the bias of spring 48. Handle 24 is rotated
      about pivot point 34 until detent 46 contacts notch 38. Upon continued
      rotation of handle 24, detent 46 is moved inwardly away from arm member 22
      in a direction opposite to that of the bias of spring 48. The handle is
      further pivoted until detent 46 moves into bore 37 under the bias of
      spring 48. At this time handle 24 is locked in a first push position shown
      in FIG. 1.
PAR  In the first push position shown in FIG. 1, gripping portion 40 of handle
      24 is located above pivot point 30 of arm members 22 and chassis 20. In
      the first push position chassis 20 can be easily moved by applying a force
      to handle 24 which is conveyed to the chassis 20 to cause rotation of the
      wheels 32 upon the floor surface. In such a position, handle 24 is in a
      convenient location for the operator to push the apparatus 10 and vacuum
      cleaner 12 in a very simple manner.
PAR  The invention is not to be understood as being restricted to the details
      set forth since these may be modified in the scope of dependent claims
      without departing from the spirit and scope of the invention. For example,
      in the preferred embodiment, a single detent member 44 is shown on one
      side of handle 24. While provisions are provided in the present embodiment
      for detent member 44 on both arm members 22 although only one detent
      member 44 is shown, for ease of manufacture, arm members 22 need not be
      identical. It would be obvious to have detent members 44 placed on both
      sides of handle 24 or to have one side of handle 24 equipped with a
      frictional ball detent while the other side includes a detent member 44 as
      previously described.
PAR  Additionally, arm members 22 can be cut in two pieces such that the first
      portion of arm members 22 is for pivotally mounting handle 24 to the
      chamber 14, and the second portion for pivotally mounting container 14 to
      chassis 20.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent is:
NUM  1.
PAR  1. Apparatus for tilting the collecting chamber of a vacuum cleaner
      comprising in combination:
PA1  a. a chassis;
PA1  b. first means for allowing movement of the chassis over a floor surface;
PA1  c. second means for pivotally mounting the collecting chamber to the
      chassis about a pivot point;
PA1  d. a handle having a gripping portion;
PA1  e. third means for pivotally interconnecting the handle to the second
      means; and
PA1  f. fourth means for locking the handle relative to said second means in a
      first push position and a second tilt position, the first push position
      allowing the application of a force to the gripping portion of the handle
      to be transferred to the chassis to cause movement of the chassis over the
      floor surface, and the second tilt position being rotated from the first
      push position to allow the application of a force to the gripping portion
      to pivot the second means about the pivot point to therefore tilt the
      collecting chamber to allow emptying the contents therefrom.
NUM  2.
PAR  2. The apparatus of claim 1, wherein the handle includes an angular
      extension which is pivotally mounted on the second means such that in the
      first push position, the gripping portion of the handle is placed above
      the pivot point of the second means and the chassis and in the second tilt
      position, the gripping portion of the handle lies below the pivot point of
      the second means and the chassis creating a force advantage due to the
      leverage obtained and such that gripping portion of the handle is in a
      convenient position for tilting the collecting chamber.
NUM  3.
PAR  3. The apparatus of claim 2, wherein the second means includes arm members
      connected to the collecting chamber and pivotable about the pivot point.
NUM  4.
PAR  4. The apparatus of claim 3, wherein the chassis includes a flat surface
      and a pair of upright arms extending from the rear of the flat surface
      adjacent the handle and the pivot point is located on the uppermost
      portion of the two upstanding arms.
NUM  5.
PAR  5. The apparatus of claim 4, wherein the second means includes at least two
      apertures and the fourth means includes at least one biased detent
      mechanism carried by the handle which extends into the apertures of the
      second means to selectively lock the handle in the first push and second
      tilt positions.
NUM  6.
PAR  6. The apparatus of claim 5, wherein the arm members connected to the
      chamber are horizontal, the arm members include notches for camming the
      detent mechanism in a direction opposite to the bias of the detent
      mechanism, and the angular extension of the handle is offset L-shaped.
NUM  7.
PAR  7. The apparatus of claim 2, wherein the second means includes at least two
      apertures and the fourth means includes at least one biased detent
      mechanism carried by the handle which extends into the apertures of the
      second means to selectively lock the handle in the first push and second
      tilt positions.
NUM  8.
PAR  8. The apparatus of claim 1, wherein the chassis includes a flat surface
      and a pair of upright arms extending from the rear of the flat surface
      adjacent the handle and the pivot point is located on the uppermost
      portion of the two upstanding arms.
NUM  9.
PAR  9. The apparatus of claim 7, wherein the second means includes arm members
      connected to the collecting chamber and pivotable about the pivot point.
NUM  10.
PAR  10. The apparatus of claim 1, wherein the second means includes at least
      two apertures and the fourth means includes at least one biased detent
      mechanism carried by the handle which extends into the apertures of the
      second means to selectively lock the handle in the first push and second
      tilt positions.
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ABST
PAL  A mounting device, particularly for ceiling or wall fittings, comprising a
      first member adapted to engage a means of attachment provided in a
      mounting surface by means of a fastening device whereby said first member
      will bear against said mounting surface, and a second member having means
      for engagement with a complementary attachment device of said first member
      said fastening device having a groove provided in said first member and
      inclined in relation to said mounting surface to gradually engage said
      means of attachment when said first member is being secured to said
      mounting surface.
BSUM
PAR  The present invention refers to a mounting device, particularly for ceiling
      or wall fittings of a type comprising a first member to bear against a
      mounting surface and a second member to be in engagement with said first
      member. According to one embodiment of the present invention, said first
      member is secured to the mounting surface by means of an inclined groove
      in said first member to which a means of attachment, for instance a hook
      in the ceiling, is rigidly secured. The second member is then screwed or
      snapped on to said first member.
PAR  When mounting fittings, in particular ceiling fittings, a housing made from
      plastics material or the like is normally used, having a through hole to
      receive a current supply cable, and some form of suspension means,
      comprising for instance a clutch or the like, adapted to be engaged with a
      hook provided in the mounting surface (the ceiling). The hole may be
      tapered and oval whereby locking is effected by a wedging action, or the
      hole may be rounded and provided with a socket-like device having a
      locking screw for locking the housing with respect to the cable and/or the
      mounting surface.
PAR  Since, however, in many cases the cable of the fittings will be somewhat
      too long, the problem will arise, that the surplus length of the cable
      must be more or less squeezed into the housing, which entails excessive
      strain on the screw. The result of this may be that the housing will slide
      down the cable, thereby forming an intermediate space between the housing
      and the mounting surface. The cable may extrude out of this intermediate
      space and the mounting of the housing may be inclined. When the circuit is
      closed, there will also be a certain heat release in the cable with the
      result that the covering of the cable may soften and the housing may slide
      down along the cable, resulting in a certain play between the housing and
      the mounting surface.
PAR  At present there is obviously a great need for a simple, cheap and
      effective mounting for ceiling or wall fittings.
PAR  It is the object of the present invention to solve the problems pertinent
      to conventional mountings. Therefore the mounting according to the present
      invention is formed of two members, of which a first member is adapted to
      engage in a simple but safe manner a means of attachment, for instance a
      hook, existing or arranged in a mounting surface, a second member
      preferably being formed as a housing and having means to engage a
      complementary attachment device of said first member, so that the two
      members will be in safe engagement with each other. Said members are
      adapted in a manner requiring no tools for mounting the two members. If
      the mounting surface is already provided with a means of attachment, for
      instance a hook, no tools will be required even for the mounting of said
      first member.
PAR  The mounting may be made from plastics material. Since the construction is
      of a very simple type and since there is a great need for a mounting of
      the type in question, very extensive series of the mounting may be
      produced. This would imply reduced costs for manufacture.
DRWD
PAR  A great many modifications of the construction are possible to make without
      departing from the scope of the present invention and one of these
      embodiments will be described in the following with reference to the
      attached drawings to elucidate the invention.
PAR  FIG. 1 shows a plan view of the first member of the embodiment of the
      mounting according to the present invention.
PAR  FIG. 2 is an elevation view of said first member.
PAR  FIG. 3 is a sectional view of said first member along the line III--III of
      FIG. 1, with the member bearing against the mounting surface.
PAR  FIG. 4 is a plan view of the second member.
PAR  FIG. 5 is in part an elevation view of said second member and in part a
      cut-away view along the line IV--IV of FIG. 4, said second member being in
      engagement with said first member bearing against the mounting surface.
PAR  FIG. 6 shows a view similar to FIG. 3 but in exploded form of a
      modification of the structure shown in FIGS. 1, 2 and 3.
DETD
PAR  The first member 10 included in the illustrated embodiment of the present
      invention is adapted to be secured to a ceiling 11 by means of a hook 13
      existing or arranged at a place of mounting in the ceiling. Said first
      member 10 comprises at least two integral constituent members 14, 15 and
      16.
PAR  The central constituent member 14 is preferable adapted as a helix, running
      about a centrally disposed hole. The radial cross section of the helix has
      a shallow V-shape. This V-shaped groove 17 is also provided with radially
      extending corrugations, thereby reinforcing the engagement with the hook
      13.
PAR  According to the modification shown in FIG. 6, the central constituent
      member 14 is formed as a flat plate 14a, bearing against a further member
      14b . This further member 14b may be an elastic washer or a plate, the
      height of which will be increased along the circumference and which will
      press said first member 14 a against said mounting surface when in
      engagement with the hook in the mounting surface.
PAR  The constituent member 15 on which a member of flanges 18 are arranged, has
      an annular shape. These flanges 18 are preferably rather inclined and may
      also be provided with corrugations to provide safe engagement without
      excessive rotation of said second member.
PAR  The constituent members 14 and 15 (14a and 15 in the case of FIG. 6) are
      connected by three bridges 16.
PAR  The second member 20 of the mounting device is shown in the FIGS. 4 and 5.
      Said member can be formed substantially as a housing of a conventional
      type with a through opening 21 for the current supply cable of the
      fittings. Said housing 20 has vanes 22 provided on its internal side for
      engagement with the inclined flanges 18 of said first member 10.
PAR  According to a second embodiment of the invention (not shown) said
      attachment device 18, 22 may be arranged as a snapping device.
PAR  The mounting takes place as follows: The hook 13 existing or arranged in
      the ceiling is turned to face the electrical contact in the ceiling. The
      first member is now threaded on in such a manner that the contact will be
      in the space 19 of said first member 10. Also said hook 13 is placed at
      the beginning of said groove 17. The hook 13 is now rotated in the
      direction upwards the helical groove 17, whereby said first member 10 is
      secured to the ceiling 11. The corrugations in the groove 17 prevent
      undesirable turning back of the hook 17.
PAR  Said second member 20 is then mounted in a conventional way as far as the
      current supply cable is concerned, whereupon the eletrical contact is
      connected. The housing 20 is then approached to the ceiling, and the vanes
      22 are brought into engagement with the flanges 18, whereby the housing 20
      will be locked to the ceiling and will effectively enclose surplus cable.
      Thereby a potential play or inclination between the housing 20 and the
      ceiling 11 will be obviated. Thus a most stable and reliable mounting will
      be obtained.
PAR  As mentioned above, a great many modifications are possible to make within
      the scope and spirit of the present invention. For instance, said first
      and second members 10 and 20 need not be cylindrical but all other
      conceivable profiles are possible.
PAR  The snapping mounting device is preferred but other locking devices for
      instance a mannetical locking device are also possible. Even if the
      embodiment heretofore described relates to a mounting for ceiling
      fittings, it will be recognized that said mounting can be used also for
      mounting wall fittings or other electrical and mechanical devices. In
      ceiling fittings a very simple, cheap and attractive installation is
      obtained.
PAR  It is obvious that the disclosures relating to the special embodiment of
      the present invention and what is shown in the drawing are only to be
      regarded as examples of a possible embodiment and that a great many
      variations and modifications can be made without departing from the scope
      and spirit of the invention as defined in the attached patent claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A mounting device for a ceiling or wall fitting, comprising a first
      member adapted to engage attachment means disposed in a mounting surface,
      and a second member having means to engage complementary attachment
      portions of said first member for bringing said first and second members
      into positive engagement with each other, said first member being formed
      with a groove which follows a helical path around said attachment means so
      that rotation of said first member is one sense about said attachment
      means brings said attachment means gradually into firm engagement with
      said first member to urge said first member against said mounting surface.
NUM  2.
PAR  2. A mounting device as claimed in claim 1, wherein said groove is provided
      with radially extending corrugations.
NUM  3.
PAR  3. A mounting device as claimed in claim 1, wherein said complementary
      attachment portions include inclined flanges provided in said first
      member, said second member including vanes as said means to engage the
      complementary attachment portions.
NUM  4.
PAR  4. A mounting device for a ceiling or wall fitting, comprising a first
      member adapted to engage a mounting surface, a second member having means
      to engage complementary attachement portions of said first member for
      bringing said first and second members into positive engagement with each
      other, and a fastening device adapted to be interposed between said first
      member and attachment means disposed in the mounting surface, said
      fastening device being formed with a groove which follows a helical path
      around said attachment means so that rotation of said fastening device in
      one sense about said attachment means brings said attachment means
      gradually into firm engagement with said fastening device to urge said
      fastening device against said first member and said first member against
      said mounting surface.
NUM  5.
PAR  5. A mounting device as claimed in claim 4, wherein said groove is provided
      with radially extending corrugations.
NUM  6.
PAR  6. A mounting device as claimed in claim 4, wherein said fastening device
      is an elastic washer.
NUM  7.
PAR  7. A mounting device as claimed in claim 4, wherein said complementary
      attachment portions include inclined flanges provided in said first
      member, said second member including vanes as said means to engage the
      complementary attachment portions.
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ABST
PAL  Seat adjusting mechanism providing a multiplicity of fore-and-aft
      adjustment positions of a vehicle adjustable seat in which an upper moving
      guide rail supporting the seat and a lower fixed guide rail comprise two
      vertical flanges per each rail, the flanges on the upper and lower rails
      firmly gripping each other thereby preventing the upper rail from being
      torn off from the lower rail. The mechanism further comprises an improved
      lock device associated with the flanges on the upper rail.
BSUM
PAR  This invention relates to an adjustable seat assembly of a vehicle and more
      particularly it relates to an improved adjusting mechanism to provide a
      multiplicity of fore-and-aft adjusted positions of the seat.
PAR  In general, a mechanism for effecting horizontal adjustment movements
      comprises a pair of spaced, lower guide rails fixed to a vehicle body
      floor and a pair of spaced, upper moving guide rails which bear on the
      respective lower guide rails to be slidable thereon and support thereon a
      seat cushion frame. The upper rails are moved to a desired one of the
      multiple positions by the seat occupant. The adjusting mechanism further
      comprises a lock device operative to fix the upper rails to the desired
      position.
PAR  The present invention has an object to improve a adjustable seat assembly
      of the type described so as to provide greater ease and convenience of
      operation and increased structural strength of the assembly.
PAR  Another object of the invention is to provide an improved seat adjusting
      mechanism having particularly configured upper and lower rails for
      securely engaging the upper rail and the lower rail.
PAR  Still another object of the invention is to provide an improved adjustable
      seat assembly for smooth fore-and-aft movement of the upper rail with
      minimized friction between the upper and lower guide rails.
PAR  A further object is to provide a lock device for use with the adjustable
      seat assembly which will give reliable and trouble-free operation over a
      prolonged period of time.
DRWD
PAR  These and other objects, features and advantages of the invention will be
      readily apparent from the following description of exemplary preferred
      embodiments thereof, taken in conjunction with the accompanying drawings,
      in which:
PAR  FIG. 1 is a top plan view of an adjustable seat assembly according to a
      preferred embodiment of the present invention;
PAR  FIG. 2 is a view in section taken along a line II--II of FIG. 1;
PAR  FIG. 3 is a view in section showing a preferred embodiment of an upper
      slidable guide rail used in the seat assembly of FIGS. 1 and 2;
PAR  FIG. 4 is a view in section showing a preferred embodiment of a lower
      stationary guide rail used in the seat assembly of FIG. 1;
PAR  FIG. 5 is a perspective view of the upper slidable rail shown in FIG. 3;
PAR  FIG. 6 is a perspective view of the lower guide rail shown in FIG. 4;
PAR  FIG. 7 is a perspective enlarged view of a member used in the seat
      adjusting mechanism of FIGS. 1 and 2;
PAR  FIG. 8 is a view in section showing another preferred embodiment of a lower
      guide rail with an upper slidable rail.
PAR  It should be noted that expressions like "upper rail", "lower rail",
      "bottom" etc. used in the description and claims refer to relative
      locations as they normally are.
PAR  Reference is now made to the accompanying drawings, in which similar
      reference characters indicate corresponding elements throughout the
      several views.
DETD
PAR  As shown on FIGS. 1 and 2, and adjustable seat assembly generally indicated
      at 10 comprises an upper slidable guide rail 20 and a lower guide rail 30
      both extending in the longitudinal direction of the vehicle and a seat
      cushion frame 12 supported thereon. Although the upper rails and lower
      rails are as usual employed respectively in pairs, only one of each rail
      is shown for the sake of simplicity. As best seen in FIGS. 3 and 4, the
      upper and lower rails are particularly configured according to the present
      invention. The upper rail consists of a box-profiled beam which has formed
      with a top panel 20a, base panel 20c and two side panels 20b
      interconnecting the top and base panels. The top panel 20a is secured to
      the seat cushion frame 12 by bolts 22. The base panel 20c of the upper
      rail defines and opening 20d extending throughout its longitudinal length.
      The base panel 20c is further provided with two vertical flanges 20e
      formed integrally on and at right angle to the respective edges of the
      base panel defining the opening. The vertical flanges thus project up and
      downward from the edges of the base panel. A substantially T-shaped space
      S is thus formed by the interior wall of the box-profiled beam and their
      vertical flanges 20e.
PAR  The lower rail 30 consists of an I beam having a top flange portion 30c, a
      bottom flange portion 30a and a web 30b interconnecting the top and bottom
      flange portions. The bottom flange portion 30a is fastened by bolts 32 to
      the floor of the vehicle body (not shown). The top flange portion 30c is
      also provided with two vertical flanges 30d similar to the flanges 20e. In
      an assembled condition, the upper half of the lower guide rail 30 is
      fitted into the T-shaped space S of the upper rail 20. As is apparent from
      FIG. 2, a portion of the interior wall of the upper rail, which consists
      of a small part of the top panel wall, a side panel wall, a bottom panel
      wall and the vertical flange wall, is configured to substantially
      correspond to the configuration of the vertical flange 30d to embrace it
      therein. More specifically, the portion of the upper rail interior wall
      and the vertical flange 30d are all chamfered at their corners. The
      vertical flange 20e in turn is embraced and gripped by a portion of the
      lower rail exterior wall consisting of the underside of the top flange
      portion 30c and the web wall. The lower rail exterior wall and the
      vertical flange 20e are configured in the same manner as the upper rail
      interior wall and its engaging vertical flange 30d.
PAR  The configuration of the upper and lower rails above described is
      advantageous particularly for an automobile seat in which anchor portions
      of a restraining safety harness are fixed to a seat adjusting mechanism
      upper rail to save the seat occupant trouble in adjusting the safety
      harness upon each fore-and-aft movement of the seat. In a collision, an
      extremely high load is applied to the safety harness of the type referred
      to and therefore to the seat itself because of inertia of the occupant's
      body. As a result, the upper guide rail together with the seat thereon may
      be torn off from the lower guide rail, if the safety harness is firmly
      enough anchored to the upper rail. The seat occupant is then thrown
      forward causing a danger of serious injury. This danger is prevented
      according to the present invention in a manner that, when an abnormal
      force acting on the upper rail tends to raise and separate the upper rail
      from the lower rail, the adjacent faces of the engaging vertical flanges
      20e and 30d abut against one another thereby preventing occurrence of such
      separation.
PAR  Since, as is commonly known, processing by extrusion or drawing permits a
      greater variety of complicated beam profiles to be formed than by
      pressing, the upper and lower rails of this invention are preferably
      formed by extrusion or drawing.
PAR  Furthermore, according to the invention, a pair of friction reducing
      members 40 shown in FIG. 7 is interposed between the interior wall of the
      upper rail 20 and the respective vertical flanges 30d. Each member 40,
      made of frictionless plastic material, is curved substantially along the
      interior of the upper guide rail and is gradually reduced in thickness
      toward the bottom of the upper rail. Each member 40 is fastened to the
      vertical flanges 30d of the lower rail by two pins 42. The upper rail 20
      thus smoothly slides on the members 40 attached to the lower guide rail
      with the friction between the two rails being significantly reduced. At
      least two pairs of members 40 are preferably disposed within the length of
      the rails for sufficient friction reducing effect.
PAR  A lock device 50 operable to fix the upper rail to a desired adjustment
      position is constructed as follows: As best seen in FIG. 2, a support
      bracket 52 of inverted U shape is secured to one side panel 20b of the
      upper rail 20. A swing lever 54 manually operable by the seat occupant is
      near its one end pivotally mounted on the top wall of the bracket 52. A
      guide block 56 is connected to and is integral with the lever 54 at the
      one end. The guide block 56 extends downward through an aperture (no
      numeral) formed through the top wall of the bracket 52. As the lever 54 is
      turned by the seat occupant in the clockwise direction as shown in FIG. 1,
      the guide block 56 moves away from the side panel of the upper rail 20.
PAR  The bracket 52 supports also a locking bar 60 in a manner that the bar 60
      slidably passes through holes (no numeral cut through the side walls 52a
      and 52b of the bracket 52. The bar 60 is shown to have a hole 64 through
      which the guide block 56 passes. The bar 60 is usually biased by a spring
      62 toward the assembled upper and lower rails 20 and 30. As viewed in
      FIGS. 5 and 6, there is formed two opposite notches 24 through the
      respective vertical flanges 20e of the upper guide rail 20, while a
      plurality of holes 34 are cut through the web portion 30b of the lower
      guide rail 30. When, in an assembled condition of the upper and lower
      guide rails, the notches 24 are aligned with any one of the holes 34, the
      locking bar 60 by the action of the spring 62 passes through the aligned
      notches 24 and hole 34 as illustrated in FIG. 2. It will be readily
      understood that the bar 60 in this position prevents the fore-and-aft
      movement of the upper rail 20. When the occupant turns the lever 54
      clockwise (FIG. 1) and the guide block 56 moves in the described manner,
      due to its engagement in the hole 64, the bar 60 is withdrawn from the
      notches 24 and the hole 34 thereby permitting free adjustment movement of
      the upper rail 20 relative to the lower rail 30.
PAR  Conventionally, a flexible wire or cable has been employed to release an
      upper rail for movement by a lock device of the type described. Such
      drawbacks are incidental to the use of the wire or cable that the wire or
      cable will inevitably extend with time and that the adjustment of the wire
      or cable to a desired length is relatively difficult. It should be
      appreciated that according to the invention the locking bar is
      advantageously controlled by a swing lever which is free from the
      described drawbacks, enabling dependable operation of the lock device.
PAR  Referring to FIG. 8, one edge of the bottom flange portion 30a' of the
      lower rail 30' extends downwardly substantially at a right angle to the
      bottom flange portion 30a' to form an extension 30e. The extension 30e
      serves as a bracket to firmly mount the lower guide rail 30' to the
      vehicle body floor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adjustable seat assembly of a vehicle comprising a seat cushion; a
      frame mounting the seat cushion thereon; a pair of box-section upper guide
      rails each having a top panel secured to the frame of the seat cushion, a
      base panel through which an opening is formed throughout the length of the
      upper rail, two side panels interconnecting the top and base panels and
      two upper rail vertical flanges integrally on and at right angle to the
      respective edges of the opening of said base panel, forming therewith a
      generally T-shaped configuration; a pair of I-beam lower guide rails each
      having a top flange portion, with spaced apart edges on which the upper
      guide rail is slidably supported, a bottom flange portion secured to the
      floor of the vehicle, a web interconnecting the top and bottom flange
      portions and two lower rail vertical flanges integrally on and at right
      angle to the respective edges of said top flange portion, and forming
      therewith a generally T-shaped configuration, said lower rail vertical
      flange being embraced by an interior wall formed by a portion of the top
      panel, side panel, base panel and vertical flange of the upper guide rail,
      said interior wall being configured to correspond to the lower rail
      vertical flange, said upper guide rail being assembled with said lower
      guide rail, such that said assembly thereby provides an arrangement
      whereby, upon application of force tending to separate the upper rail from
      the lower rail of the assembly in any direction, the upper rail vertical
      flange and the lower rail vertical flange engage one another to prevent
      such separation; and means for restraining the longitudinal movement of
      said upper guide rail relative to the lower guide rail including a locking
      bar laterally passable through the upper rail vertical flanges and the
      lower rail web.
NUM  2.
PAR  2. An assembly as in claim 1, wherein said upper rail vertical flange is
      embraced by an exterior wall formed by the lower rail vertical flange,
      bottom flange portion and web portion of the lower rail, said exterior
      wall being configured to correspond to the upper rail vertical flange.
NUM  3.
PAR  3. An assembly as in claim 1, further comprising at least two pairs of
      friction reducing members each fitted between the interior wall of the
      upper guide rail and the lower rail vertical flange, said friction
      reducing member being curved substantially along the interior wall of the
      upper rail and being gradually reduced in thickness toward the bottom
      flange portion of the upper rail.
NUM  4.
PAR  4. An assembly as in claim 1, further comprising an extension integrally
      depending from one edge of the lower rail bottom flange portion, at which
      the lower rail is mounted on the floor of the vehicle body.
NUM  5.
PAR  5. An assembly as in claim 1, wherein said restraining means includes a
      manually operable lever pivotally mounted on a support adjacent the
      assembled upper and lower rails, said lever forming an integral guide
      block at one end thereof, said locking bar being movable across the
      assembled upper and lower guide rails and normally urged by a spring
      toward the assembled rails, said locking bar having a hole through which
      said guide block passes, said locking bar passing through two opposite
      notches formed respectively at lower portions of said upper rail vertical
      flange and through one of a plurality of holes formed in said lower rail
      web portion when said notches and said one of holes are aligned with each
      other, while when the lever is manually turned in a predetermined
      direction said locking bar overcoming the action of the spring is
      withdrawn from said notches and said hole thereby allowing free movement
      of the upper rail.
NUM  6.
PAR  6. An adustable seat assembly of a vehicle comprising a seat cushion; a
      frame mounting the seat cushion thereon; a pair of box-section upper guide
      rails each having a top panel secured to the frame of the seat cushion, a
      base panel through which an opening with facing edges is formed throughout
      the length of the upper rail and two side panels interconnecting the top
      and base panels; two upper rail vertical flanges integrally on and at
      right angle to the respective edges of said base panel, and forming
      therewith a generally T-shaped configuration, said upper rail vertical
      flanges respectively having two opposite notches at their lower portions;
      a pair of I-beam lower guide rails each having a top flange portion, with
      spaced apart edges, on which the upper guide rail is slidably supported, a
      bottom flange portion secured to the floor of the vehicle and a web
      portion interconnecting the top and bottom flange portions, said web
      portion having a series of longitudinally arranged holes any one of which
      can be aligned with said two opposite notches in accordance with
      longitudinal movement of the upper rail; two lower rail vertical flanges
      integrally on and at right angle to the respective edges of said top
      flange portion, and forming therewith a generally T-shaped configuration,
      said lower rail vertical flange being embraced by an interior wall formed
      by a portion of the top panel, side panel base panel and vertical flange
      of the upper guide rail said interior wall being configured to correspond
      to the lower rail vertical flange, said upper guide rail being assembled
      with said lower guide rail, such that said assembly thereby provides an
      arrangement whereby, upon application of force tending to separate the
      upper rail from the lower rail of the assembly in any direction the upper
      rail vertical flange and the lower rail vertical flange engage one another
      to prevent such separation; and means for restraining the longitudinal
      movement of said upper guide rail comprising a manually operable locking
      member which is urged by a spring to pass through one of said opposite
      notches of the upper rail, one of said series of holes in the lower rail
      web and the other of said notches in this sequence when said two notches
      and said one of holes are aligned with each other, while said member is
      manually operated to be withdrawn from said aligned notches and hole
      thereby allowing free longitudinal movement of the upper rail.
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ABST
PAL  A plurality of formwork elements are provided, each of which is curved
      according to an arc of a circle and which are assembled to form an inner
      formwork wall and an outer formwork wall. Each of said formwork elements
      have two vertical edges provided with angled portions which form engaging
      faces, which engage engaging faces of horizontally adjacent formwork
      elements of the same formwork wall. Said angled portions of said formwork
      elements of said outer formwork wall extend outwardly. Said angled
      portions of said formwork elements of said inner formwork wall extend
      inwardly.
BSUM
PAR  Known formwork for use in making round tanks consists of individual panels,
      which are curved on a certain radius and are assembled in that the
      stiffening bars are connected by screws. In some types, pins having a head
      and provided with a cotter are used rather than screws. In the known
      types, the inner and outer walls of the formwork are spaced apart by
      spacers and held together by elements extending through the walls, such as
      bolts, cottered pins, wires or the like. The outer wall of formwork for
      use in making a large tank is additionally reinforced by vertically spaced
      apart strips or chains or the like, which are applied around the
      periphery. The inner formwork wall is often supported against a central
      post by spaced apart, radial struts.
PAR  The bars or stiffening ribs provided at the periphery are so wide that they
      can receive the elements for connecting the several panels, such as bolts
      extending through the walls, or cotterable pins. This mounting of the
      connecting elements has the disadvantage that the connecting elements are
      substantially spaced apart from the actual formwork wall. When high
      pressures occur in the construction of large containers, particularly
      where powerful vibrators are employed, the joints between adjacent panels
      may be deformed and partly pulled open so that the cast tanks have uneven
      surfaces and considerable straightening work is required before these
      formwork elements can be used again. If the confining bars of the panels
      are very strong so that they oppose such damage, a large amount of
      material will be required and the formwork can be erected only with
      difficulty because the panels are unhandy.
PAR  Another serious disadvantage of these known formwork elements resides in
      that they can be adapted to different radii only to a restricted extent
      because they have wide frames and substantial deviations would result in
      V-shaped joints on the inside or outside of the bars.
PAR  In conclusion it can be stated that the known formwork elements cannot be
      adequately adapted to different diameters, much time is required to
      interconnect the elements, and the cast tank has a large number of
      apertures which are due to the spacers. By time-consuming manual work,
      these holes must subsequently be closed with concrete and often give rise
      to leaks.
PAR  It is an object of the invention to eliminate these disadvantages and to
      provide a formwork which is intended to be used in making round tanks and
      which is simple in structure and enables a simple erection of round tanks
      which differ in diameter and which have smooth outside and inside surfaces
      which need not be subsequently finished.
PAR  A formwork for use in making round tanks comprises inner and outer formwork
      walls consisting of formwork elements curved according to an arc of a
      circle and made preferably of sheet metal and the essential feature of
      such formwork resides according to the invention in that each formwork
      element is provided with short angled portions, which form engaging faces
      and which on the outside formwork wall extend outwardly and on the inner
      formwork wall extend inwardly. These engaging faces of the formwork
      elements afford the advantage that the formwork elements can be adjusted
      relative to each other by relatively large angles to vary the diameter and
      that such adjustments do not give rise to gaps which result in a formation
      of ribs on the outside and inside surfaces of the round tank.
PAR  It is another object of the invention to enable a change in diameter by
      metric increments. For this purpose the width of the formwork elements
      forming the inner formwork wall, measured in the circumferential direction
      from engaging edge to engaging edge, is n .pi. centimeters, where n
      equals, e.g., 25 or a multiple of 25. In that case the insertion or
      removal of one formwork element will result in a change in diameter by
      .+-. 25 centimeters.
PAR  It is also a feature of the invention that the dimension of the angled
      portion in a radial direction with respect to the center of curvature of
      the formwork elements is about two to four times the wall thickness of the
      formwork elements. Where the angled portions have these dimensions, a
      change of the angular positions of the several formwork elements relative
      to each other will not give rise to gaps.
PAR  Another feature of the invention resides in that angle section members are
      secured to the two vertical edges of each formwork element and have
      flanges which extend in the circumferential direction and engage the
      inside surface of the angled portions whereas the other flanges of the
      angle section members extend outwardly on the outer formwork wall and
      inwardly on the inner formwork wall. To stiffen the formwork elements,
      horizontal stiffening bars may be secured to the upper and lower edges
      thereof and superimposed formwork elements are adapted to be clamped
      together by clamping means which engage the stiffening bars. The
      stiffening bars of superimposed formwork elements are provided with
      aligned bores and the clamping means have a pin, which is adapted to be
      inserted into said bores and provided on an angled portion of a tightening
      plate, which has an angled slot having a portion that is at right angles
      to the pin and defined by an oblique surface. Where such formwork elements
      and clamping means are used, the formwork elements can be reliably
      interconnected in a vertical direction and that connection can be
      established in a rapid and simple manner.
PAR  To connect the formwork elements of the outer formwork wall in the
      peripheral direction, the formwork elements are provided with lugs which
      have slots extending in the circumferential direction and adapted to
      receive tightening wedges. These lugs extend beyond the engaging faces and
      bear on the edges of the angled portions of adjacent formwork elements. In
      one embodiment of the invention a pair of lugs and a lug extending between
      a pair of lugs are arranged in alternation and spaced preferably in a
      vertical direction. According to the invention the slots in the lugs are
      rounded at their ends engaging the tightening wedges, the effective wedge
      surfaces of the tightening wedges are rounded too, and the width of the
      slots exceeds the thickness of the tightening wedges.
PAR  With the aid of the lugs and tightening wedges provided according to the
      invention, the several formwork elements can be reliably urged against
      each other in the circumferential direction by a strong force so that
      reliable seals are provided at the engaging faces and the formwork
      elements can take up the considerable pressure which is exerted as the
      concrete is placed.
PAR  To enable a removal of the outer formwork wall when the concrete has been
      placed, so-called opening-forming elements are provided, the essential
      feature of which resides in that angle section members having flanges of
      different width are provided, the wider flanges of said angle section
      members are secured to the mutually engaging faces of preferably two
      adjacent formwork elements, lugs which are aligned with the angle section
      members are inserted into said wide flanges and have slots, and loose
      clamping plates having slots are provided to establish the connection by
      means of tightening wedges. Because the lugs are aligned with the angle
      section members, the two adjacent formwork elements can be pivotally moved
      outwardly and can then be pulled parallel to themselves from the other
      formwork elements. When adjacent panels of the round tank have been
      exposed, the remaining formwork elements can be pulled off in the
      peripheral direction.
PAR  It is also a feature of the invention that the formwork elements forming
      the inner formwork wall are supported against vertical posts, which are
      arranged on a circle preferably in such a manner that a post is
      approximately centrally disposed within each odd-numbered formwork element
      and adjacent posts are interconnected by struts which are adjustable in
      length. According to the invention the formwork elements may be supported
      against the posts by horizontal struts, which extend to those engaging
      faces of the formwork element which are opposite to the posts and which
      contact the adjacent formwork elements, and struts which are adjustable in
      length and which extend to those engaging faces of the adjacent formwork
      elements which contact the next following formwork elements. In this case,
      three formwork elements can be supported on each post and a double support
      of formwork elements against adjacent posts is provided by the use of
      crossing struts which are adjustable in length. In addition, the
      superimposed formwork elements which are disposed opposite to the posts
      may be supported by crossing inclined struts which lie in a radial plane.
PAR  If the inner formwork wall is supported according to the invention against
      vertical posts, which may be composed of sections connected by detachable
      connections, the inner formwork wall can reliably take up the high
      pressures exerted as the concrete is placed and the inner formwork wall
      can easily be taken apart when the concrete has been placed. For this
      reason, the struts are detachably connected to the posts and to the
      formwork elements, preferably to the vertical angle section members at the
      edges of the formwork elements and the horizontal angle section stiffening
      members of the formwork elements.
DRWD
PAR  Details of the invention will now be explained more fully with reference to
      the accompanying drawings, which show diagrammatically and by way of
      example A formwork for making a round tank of concrete.
PAR  FIG. 1 is an outside elevation showing three adjacent formwork elements of
      an outer formwork wall.
PAR  FIG. 2 is an enlarged top plan view showing a single formwork element,
PAR  FIG. 3 is a detail view showing a joint between adjacent formwork elements,
PAR  FIG. 4 is an enlarged detail top plan view showing a joint between
      superimposed formwork elements,
PAR  FIG. 5 is an enlarged detail side elevation showing a joint between
      superimposed formwork elements,
PAR  FIG. 6 is a top plan view showing an inner formwork wall and
PAR  FIG. 7 is a sectional view taken on line A-B of FIG. 6.
DETD
PAR  The formwork according to the invention comprises an outer formwork wall 1
      and an inner formwork wall 2. These walls 1 and 2 are composed of
      individual formwork elements 3, 4, and 5. The formwork elements 3 form the
      outer formwork wall 1. Adjacent formwork elements 4 constitute
      opening-forming elements. The formwork elements 3, 4, and 5 are curved
      according to an arc of a circle and are provided on their two vertical
      edges with short angled portions 6, which form engaging faces between
      adjacent formwork elements.
PAR  The width of the formwork elements 5 forming the inner formwork wall,
      measured from engaging edge to engaging edge, amounts to n .pi.
      centimeters, e.g., 25 .pi. centimeters = 78.5 centimeters. In that case,
      the diameter will be increased by 25 centimeters if a formwork element 5
      is inserted into the inner formwork wall, and the diameter will be
      decreased by 25 centimeters if a formwork element 5 is removed. The angled
      portions 6 form engaging faces which have a radial dimension that is about
      two to four times the wall thickness of the formwork elements. When the
      angular relation between the form-work elements is changed by the
      insertion or removal of a formwork element, these engaging faces formed by
      the angled portions 6 prevent a formation of gaps. Particularly in the
      making of large round tanks, for which the formwork according to the
      invention is particularly intended, the change of the angular relation is
      so small that the outside and inside surfaces of the round tank depart
      only very slightly from the form of a geometric cylinder.
PAR  Each formwork element 3, 4 or 5 is stiffened at both vertical edges by
      angle section members 7, which are secured to the outside of the formwork
      elements 3 and 4 forming the outer formwork wall and to the inside of the
      formwork elements 5 forming the inner formwork wall. The fixation is
      effected in such a manner that the flange which contacts the formwork
      element engages the inside surface of the angled portions 6 and the other
      flange extends outwardly on the outer formwork wall and inwardly on the
      inner formwork wall. In this way the angled portions 6 are properly
      supported on the angle section members 7.
PAR  The formwork elements 3, 4, and 5 are further stiffened by stiffening bars
      8, which are secured to the upper and lower edges of each formwork element
      and on which superimposed formwork elements are supported. Clamping means
      9 are provided to connect superimposed formwork elements 3, 4, and 5.
      According to FIGS. 4 and 5 these clamping means comprise a pin 10 provided
      on an angled portion 11 of a tightening plate 12. The tightening plate has
      an angled slot 13, which has a portion that extends at right angles to the
      pin 10 and is defined by an oblique surface 14. The stiffening bars 8 are
      provided with bores 15 for receiving the pin 10. When the pin 10 has been
      introduced into the aligned bores of superimposed stiffening bars, the
      formwork elements are held against displacement. When the tightening plate
      12 has been pivotally moved, the slot 13 is pushed over the stiffening
      bars 8 so that the same are tightly pressed against each other.
PAR  The formwork elements may be stiffened on the outside and inside by angle
      section stiffening members 16, which have flanges that engage the formwork
      elements and are provided with holes 17 for receiving spot welds.
PAR  To enable a connection between the formwork elements 3 of the outer
      formwork walls, the same are provided with lugs 18, which are inserted
      into and joined to the angle section members 7 and have peripherally
      extending slots 19 having rounded ends. These lugs engage the angled
      portions 6 and extend in the circumferential direction toward the adjacent
      formwork element beyond the engaging faces formed by the angled portions
      of the formwork elements. Pairs of such lugs are suitably spaced apart in
      the direction of the height of each formwork element in alternation with
      single lugs, which extend between the lugs of respective pairs of an
      adjacent formwork element. As a result, the slots 19 are partly in
      register and receive tightening wedges 20 so that the formwork elements
      are tightly forced against each other at their angled portions 6 and are
      joined in the circumferential direction. The width of the slots 19
      suitably exceeds the thickness of the tightening wedges 20, and the latter
      as well as the slots 19 are rounded at their mutually engaging edges. As a
      result, the engaging faces are forced against each other with great force
      and tightly even when the angular relation of adjacent formwork elements
      has been changed.
PAR  To enable a removal of the outer formwork wall 1 when the concrete has been
      placed, opening-forming elements 4 are provided, which have angle section
      members 7' having different flanges and secured to the vertical faces of
      the formwork elements. These angle section members 7' receive lugs 18',
      which are aligned with the angle section members 7' and have slots 19'.
      These lugs 18' may have beveled edges, as is indicated at 21. For a
      connection between adjacent opening elements, tightening plates 23 are
      provided, which have slots 22, which can be caused to register with the
      slots 19' and receive tightening wedges 20'. When the tightening wedges
      20' have been loosened and the tightening plates 22 have been removed, one
      of the formwork elements 4 (opening-forming element) can be pivotally
      moved and can then be pulled off parallel to itself. This is facilitated
      by the beveled surface 21. The other formwork element 4 can now be removed
      too and the remaining formwork elements 3 can also be removed without
      obstruction when the clamping means 9 and the tightening wedges have been
      loosened.
PAR  The formwork elements 5 forming the inner formwork wall 2 are supported
      against vertical posts 24, which are arranged on a circle and preferably
      inwardly of respective odd-numbered formwork elements 5. These posts 24
      are interconnected by struts 28, which are adjustable in length. The
      formwork elements 5 are supported against the posts 24 by horizontal
      struts 25, which extend to the engaging faces of the formwork element 5
      which is opposite to the post 24 and which are suitably detachably
      connected there to the angle section members 7. Additional horizontal
      struts 26 which are variable in length extend to the remote engaging faces
      of the adjacent formwork elements 5 and are also detachably connected to
      the angle section members 7. The struts 25 and 26 are also detachably
      connected to the posts 24 to facilitate the removal of the inner formwork
      wall. As is apparent from FIGS. 4 and 5, those of the struts 26 variable
      in length which extend from adjacent posts 24 cross each other so that an
      additional support is provided. In addition, the formwork elements 5 which
      are opposite to the posts 24 may be supported against the posts 24 by
      crossing struts 27, which are detachably connected to the angle section
      stiffening members 16 of superimposed formwork elements 5, as is shown in
      FIG. 7. These struts lie in a radial plane and are inclined from the
      vertical.
PAR  An embodiment of the formwork according to the invention for use in making
      round tanks has been described hereinbefore and is shown on the drawing to
      enable an explanation of the invention although the latter is not
      restricted to details.
CLMS
STM  I claim:
NUM  1.
PAR  1. Formwork for use in making a round tank, which comprises
PA1  a plurality of formwork elements each of which is curved according to an
      arc of a circle and which are assembled to form an inner formwork wall and
      an outer formwork wall,
PA1  each of said formwork elements having two vertical edges provided with
      angled portions which form engaging faces, which engage engaging faces of
      horizontally adjacent formwork elements of the same formwork wall,
PA1  said angled portions of said formwork elements of said outer formwork wall
      extending outwardly,
PA1  said angled portions of said formwork elements of said inner formwork wall
      extending inwardly,
PA1  said formwork elements forming said outer formwork wall being provided with
      lugs formed with circumferentially extending slots, the slots of adjacent
      formwork elements overlying each other,
PA1  tightening wedges inserted in said slots to hold said adjacent formwork
      elements together,
PA1  said lugs extending beyond and bearing against the outer edges of said
      angled portions,
PA1  and angle section members secured to said two vertical edges of each of
      said formwork elements and having first flanges extending in the
      circumferential direction and engaging the inside of said angled portions,
      and second flanges,
PA1  said second flanges of said angle section members of the outer formwork
      wall extending outwardly and
PA1  said second flanges of said angle section members of the inner formwork
      wall extending inwardly,
PA1  said lugs being secured to said angle section members of the outer formwork
      wall.
NUM  2.
PAR  2. Formwork as set forth in claim 1, in which said formwork elements
      consist of sheet metal.
NUM  3.
PAR  3. Formwork as set forth in claim 1, in which said angled portions have in
      the radial dimension with respect to the center of curvature of the
      associated formwork element a dimension which is approximately two to four
      times the wall thickness of the formwork element.
NUM  4.
PAR  4. Formwork as set forth in claim 1, which comprises a circular series of
      vertical posts supporting the formwork elements forming said inner
      formwork wall.
NUM  5.
PAR  5. Formwork as set forth in claim 4 in which
PA1  one of said posts is disposed inwardly and approximately midway of each
      odd-numbered formwork element of said inner formwork wall and
PA1  adjacent posts are connected by struts which are adjustable in length.
NUM  6.
PAR  6. Formwork as set forth in claim 5, in which said struts are detachably
      connected to said posts.
NUM  7.
PAR  7. Formwork as set forth in claim 4, in which
PA1  said formwork elements of said inner formwork wall are connected to said
      posts by first and second struts,
PA1  said first struts are horizontal and extend to those engaging faces of the
      formwork element which is opposite to respective posts which engage
      horizontally adjacent formwork elements of said inner formwork wall, and
PA1  said second struts are adjustable in length and extend to those engaging
      edges of said horizontally adjacent formwork elements which engage the
      next following formwork elements of said inner formwork wall.
NUM  8.
PAR  8. Formwork as set forth in claim 4, in which said formwork elements which
      are opposite to said posts and formwork elements of said inner formwork
      wall which are superimposed on said opposite formwork elements are
      supported by crossing inclined struts disposed in a radial plane.
NUM  9.
PAR  9. Formwork as set forth in claim 4, which comprises struts detachably
      connected to said posts and to formwork elements of said inner formwork
      wall.
NUM  10.
PAR  10. Formwork as set forth in claim 9, in which
PA1  angle section members are secured to said two vertical edges of each of
      said formwork elements of said inner formwork wall and have flanges
      extending in the circumferential direction and engaging the inside of said
      angled portions of said formwork elements of said inner formwork wall, and
      second flanges,
PA1  said second flanges extend inwardly,
PA1  angle section stiffening members are provided which are disposed on the
      inside of said formwork elements of said inner formwork wall and have
      flanges which engage the formwork elements adjacent thereto and are formed
      with holes which contain spot welds, and
PA1  said struts are detachably connected to said angle section members and said
      angle section stiffening members.
NUM  11.
PAR  11. Formwork as set forth in claim 4, in which each of said posts consists
      of sections connected by detachable connections.
NUM  12.
PAR  12. Formwork for use in making a round tank, which comprises a plurality of
      formwork elements each of which is curved according to an arc of a circle
      and which are assembled to form an inner formwork wall and an outer
      formwork wall, each of said formwork elements having two vertical edges
      provided with angled portions which form engaging faces, which engage
      engaging faces of horizontally adjacent formwork elements of the same
      formwork wall, said angled portions of said formwork elements of said
      outer formwork wall extending outwardly, said angled portions of said
      formwork elements of said inner formwork wall extending inwardly, means
      holding said formwork elements forming said outer formwork wall together,
      each of said formwork elements comprising, 1  an upper edge and a lower
      edge, each of said formwork walls comprising superposed formwork elements,
      horizontal stiffening bars secured to said upper and lower edges, and
      clamping means which engage said horizontal stiffening bars at adjacent
      edges of superimposed formwork elements to hold them together, said
      horizontal stiffening bars at adjacent edges of superimposed formwork
      elements being formed with aligned bores, said clamping means comprising a
      tightening plate having an angled portion provided with a pin extending
      into said bores, said tightening plate having an angled slot therein
      having a portion which is at right angles to said pin and that is defined
      by surfaces of said tightening plate that converge in a direction away
      from said pin, said pin being disposed at one end of said slot and said
      slot being closed at its other end but opening through a side edge of said
      tightening plate beside said pin.
NUM  13.
PAR  13. Formwork for use in making a round tank, which comprises a plurality of
      formwork elements each of which is curved according to an arc of a circle
      and which are assembled to form an inner formwork wall and an outer
      formwork wall, each of said formwork elements having two vertical edges
      provided with angled portions which form engaging faces, which engage
      engaging faces of horizontally adjacent formwork elements of the same
      formwork wall, said angled portions of said formwork elements of said
      outer formwork wall extending outwardly, said angled portions of said
      formwork elements of said inner formwork wall extending inwardly, angle
      section members having flanges at right angles to each other, one of said
      flanges being secured to one of said formwork elements at an edge thereof
      which is adjacent to another formwork element, lugs that are secured to
      the other of said flanges and that have circumferentially extending slots
      therein, separate tightening plates formed with circumferentially
      extending slots therein, the slots of each tightening plate overlying said
      slots of said lugs of both of an adjacent pair of formwork elements, and
      tightening wedges inserted in said slots thereby to interconnect and hold
      together said adjacent formwork elements via said separate tightening
      plates.
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PAL  Safety device for controlling a valve. For application to a valve for
      controlling fluid flow, there is provided a normally inoperative device
      which the operator must consciously and deliberately render operative
      before the valve can be changed from one setting to another. In the
      illustrated embodiment, a valve activating device is held in inoperative
      position by suitable resilient means. To render same operative, the
      operator pushes the operating device against such resilient means into
      engagement with a desired portion of the valve for effecting the desired
      operation. As shown, such operating means automatically disengages only in
      one selected position of the valve, such as the "off" position, but
      remains engaged while the valve is in the other position, such as the "on"
      position. It is, however, possible by a simple modification to render same
      automatically disengageable as the valve attains either position.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a control means for a fluid controlling valve and
      particularly to such control means as are automatically inoperable in
      selected positions of the valve and must be deliberately rendered operable
      by an operator before same become effective to change the valve position.
PAC  BACKGROUND OF THE INVENTION
PAR  While the valve of the invention is applicable to a wide variety of uses,
      the particular problem out of which the invention arose is in the field of
      operating a gas valve supplying a gas light. Accordingly, the following
      discussion will be in terms of such environment and use with the
      understanding, however, that same is primarily for illustrative purposes
      and the valve in question and means for operating same will be equally
      applicable to other environments and other uses.
PAR  In the control of gas burning devices, such as gas lights, it is essential
      that same be safetied against improper turning on of the gas supply,
      including accidental turning on by inadvertent contact with the valve
      control means or by manipulation of the valve by a child. For this
      purpose, it is desirable that valve control means be provided which will
      be automatically inoperative in one or more selected positions of the
      valve, which can be rendered operative only by a deliberate movement
      thereof by an operator and which movement is a different movement from
      that by which the valve is moved from one setting to another.
PAR  In the long history of gas burning equipment, including gas lights, this
      problem has been long recognized and many valves and valve controls have
      been offered for this purpose. Some of these are reliable and effective
      but, insofar as I am aware, those which are of acceptable reliability and
      effectiveness are relatively expensive to make and those which are of
      attractively inexpensive nature are not acceptably reliable or effective.
      It is therefore desirable to provide a controlling device for an otherwise
      standard valve which will automatically render itself inoperative in at
      least one selected position of the valve and wherein same can be rendered
      operative by a simple and natural manipulation on the part of the operator
      and which controlling means can be manufactured and installed with a
      maximum of economy but without loss of reliability. Further, it is
      desirable to provide such a valve controller which by simple modification
      can be rendered capable of deactivating itself in any desired position of
      the valve including multiple positions thereof.
PAR  Accordingly, the purposes of the invention include:
PAR  1. To provide a control device for a valve which will normally inactivate
      itself in at least one operating position of the valve.
PAR  2. To provide a valve controlling device, as aforesaid, which can be
      activated by a simple and natural movement on the part of the operator but
      which requires a deliberate and intentional such movement in a
      predetermined single manner in order to accomplish such reactivation.
PAR  3. To provide such a valve, as aforesaid, which can be manufactured and
      installed for operation with an otherwise standard valve with a maximum
      degree of economy while maintaining a high level of reliability and
      effectiveness.
PAR  4. To provide a valve controller, as aforesaid, which can be caused to
      inactivate itself, as aforesaid, in any one selected position of the valve
      or by a simple modification in multiple selected positions.
PAR  5. To provide a valve controller, as aforesaid, which will be effective to
      operate with a wide variety of standard valves with no more than a simple
      modification thereof and, if desired under some circumstances, with no
      modification at all.
PAR  Other objects and purposes of the invention will be apparent to persons
      acquainted with devices of this general sort upon reading the following
      specification and inspecting the accompanying drawings.
PAC  SUMMARY OF THE INVENTION
PAR  The invention in the illustrated embodiment comprises a rod mounted for
      both rotation around and reciprocation along an axis fixed with respect to
      the valve stem and preferably coaxially therewith. One or more radial
      projections is or are applied to the end of said rod adjacent said valve
      stem and arranged to be received in a slot therein. A guard plate is
      provided adjacent the end of said valve stem having an opening therein
      through which said rod extends and having recesses adjacent said opening
      for reception of said projections whereby when said projections are within
      the plane of said guard plate said rod cannot rotate and when said
      projections move out of the plane of said guard plate they enter into the
      slot of the valve stem and can rotate for rotating the valve stem.
      Resilient means normally hold the rod in such position that the
      projections are within the plane of said guard plate but the urging of
      said resilient means can be overcome by an operator pushing said rod
      thereagainst and thereby urging said projections into said slot for
      engagement with said valve stem. The recesses in said guard plate may be
      positioned and provided, as desired, to enable said projections to move
      into the plane of said guard plate when the valve stem corresponds to any
      one position, or multiple positions, of the valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a top plan view of a valve embodying the invention.
PAR  FIG. 2 is a side elevational view of the valve of FIG. 1.
PAR  FIG. 3 is a section taken on the line III--III of FIG. 2.
PAR  FIG. 4 is a sectional view taken on the line IV--IV of FIG. 2.
PAR  FIG. 5 is a fragmentary sectional view on an enlarged scale taken on the
      line V--V of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, there is shown a valve 1 of any conventional
      type having a valve housing 1A containing therein a movable valve member
      (not shown) which in this case is operated by a rotatable stem 2 between
      open and closed positions. A pin 3 is provided on said stem for limiting
      the rotation of the stem 2 by appropriate contact with the edges 4 of the
      valve housing flanges 6. In this case gas enters at the end 7 and exits
      through the small opening 8 into the burning means, as the mantle of a
      conventional gas light (not shown). A diametric slot 9 is provided in the
      stem 2 of the valve for purposes appearing hereinafter. Sideward extending
      feet 10 and 10a are provided with openings 14 and 14a for mounting
      purposes.
PAR  The operating means 11 for the valve comprises a pair of angle members 12
      and 13 of which the bottom member 12 has at one end lateral projections
      including on one side openings in register with openings 14 and 14a and on
      the other side the openings 16 and 17. The top member 13 has only a single
      lateral projection in register with the openings 14 and 14a. Thus, the
      screws 15 and 20, being tapped into the openings 14 and 14a of the valve
      base, hold the members 12 and 13 tightly together and in a fixed
      relationship with the valve while the openings 16 and 17 are available to
      fasten the unit to mounting means as desired.
PAR  The flanges 21 and 22 of said angle members are spaced as shown and
      provided with coaxial openings therethrough as further detailed below,
      which openings are also coaxial in this embodiment with the valve stem 2.
      An operating rod 23, preferably provided with a manually engageable handle
      24, extends through said openings and is arranged as further described
      below for engagement at the choice of the operator with the slot 9.
PAR  The rod 23 is provided with at least two radially extending projections or
      lugs 24 and 26 (FIG. 4) which may be provided in any convenient manner
      such as by striking same from the periphery of the rod 23. Since the
      opening through the flange 22 is circular, the lugs 24 and 26 effectively
      prevent the rod 23 from moving leftwardly from the position shown in FIGS.
      1 and 2. A spring 27 encircles the rod 23 and bears at its one end against
      the flange 21 and at its other end against a washer 28 interposed between
      said spring and the lugs 24 and 26. Said washer 28 has a pair of
      depressions 31 and 32 provided therein for the reception of the lugs 24
      and 26, respectively, same being held therein by the pressure of the
      spring urging the washer 28 against said lugs. Said washer further,
      however, has openings 33 and 34 therethrough which renders possible the
      easy assembly of the parts by passing said washer 28 by means of the
      openings 33 and 34 over the hereinafter mentioned lugs at the end of the
      rod 23 adjacent the valve.
PAR  Looking now at the last-named end of the rod 23, there are provided lugs 36
      and 37, again in any convenient manner such as by striking same from the
      surface of the rod, as indicated by the scalloped portions in FIG. 3, of
      which one thereof is indicated at 41.
PAR  There is provided in the flange 21 an opening therethrough for the rod 23
      comprising circular arcs 42 and 43 connected by substantially rectangular
      and radially projecting recesses 46 and 47. Said recesses are of such size
      as to permit passage therethrough of the lugs 36 and 37. Preferably also
      said openings 36 and 37 have a slightly trapezoidal shape to permit
      passage of the lugs 36 and 37 therethrough at somewhat more than a single
      rotative position.
PAR  Thus, when the parts are in the position shown in the drawings, the lugs 36
      and 37 are in the plane of the flange 21 and are received into the
      recesses 46 and 47. Thus, in this position the lugs 36 and 37 are
      disengaged from the slot 9 and the rod 23 is incapable of rotating more
      than a very limited amount. Hence, an operator grasping the handle 24 is
      not only unable to rotate the valve stem 2 but by being unable to turn the
      operating rod 23 at all, he is reminded that the operating device is in an
      inoperative position. However, upon pushing the rod 23 against the
      resilience of the spring 27 toward said valve, rightwardly as appearing in
      FIGS. 1 and 2, the lugs 36 and 37 are moved out of the plane of the flange
      21 and into the slot 9 of the valve stem. Said rod 23 is now free to
      rotate and with it to cause the valve stem to rotate. This will presumably
      place the valve into a second position, normally an open position although
      whether such rotation effects opening or closing of the valve in a given
      case is a matter of choice.
PAR  In such second position, the lugs 36 and 37 now bear against the unbroken
      surface of the flange 21 and the lugs 36 and 37 remain against the urging
      of the spring 27 in the slot 9. Thus, to move the valve out of such second
      position and back to the first position it is necessary only to rotate the
      rod 23 in the opposite direction, the lugs 36 and 37 already being free of
      any restriction of the nature of the recesses 46 and 47 and being within
      the slot 9 to effect rotative movement of said stem 2. The valve can thus
      be returned to its first position without other manipulation than reverse
      rotation of the rod 23.
PAR  It will be appreciated that all the parts above described can be readily
      made by extremely simple procedures and assembly thereof is equally
      simple. The rod 23 with the handle 24 removed is slipped through the
      opening 40 in the flange 22 and the washer 28 and spring 27 are then
      passed across the lugs 36 and 37 into the position shown against the lugs
      24 and 26. The part 13 is then placed in position with the flange 21
      passed partially across the lugs 36 and 37 and the parts then fixed with
      respect to each other by placement of the screws 15 and 20 through the
      flanges 12 and 13 and into the valve body openings 14 and 14a as shown.
PAR  It will be recognized that further recesses corresponding to the recesses
      46 and 47 can be provided in the flange 21 to render the valve operator
      inoperative in additional positions of the valve if desired. For example,
      if desired, such recesses may be provided in appropriate alignment with
      the slot 9 when same is in both its first and second positions, namely
      positions corresponding to both the open and closed positions of the
      valve, and the operating device will thereupon without further
      modification thereof be capable of rendering itself inoperative in each of
      such positions.
PAR  It will also be recognized that if desired, instead of slotting the valve
      stem 2, it will be possible to place a collar thereon and slot the collar
      in a manner similar to that above described for slotting of the valve
      stem. In such case, no modification at all will be required of the valve
      unit itself.
PAR  While particular embodiments of the invention have been set forth herein to
      illustrate the invention, it will be apparent that other modifications may
      be made herein without departing from the basic concept of the invention
      and that such modifications will be covered by the hereinafter appended
      claims excepting as said claims by their express terms limit otherwise.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In combination, a valve assembly including a valve housing having a
      projecting valve stem rotatably supported thereon, the valve housing also
      having a mounting surface thereon, and a manually-actuated operator
      coacting with said valve stem for controlling the rotational movement of
      said valve stem between first and second positions, comprising the
      improvement wherein said operator includes:
PA1  an elongated rod positioned coaxially with said valve stem and having
      noncircular means at its inner end adjacent said stem effective upon axial
      movement of said rod for interengaging with said stem for effecting
      rotational movement of said stem upon rotational movement of said rod;
PA1  first and second L-shaped support members fixedly mounted on said valve
      housing and slidably supporting said rod thereon, said first and second
      support members respectively including first and second support plates
      disposed directly adjacent one another and overlying said mounting
      surface;
PA1  said first and second support members respectively including first and
      second flanges extending substantially transverse to the respective
      support plates, said first flange being disposed adjacent said stem, said
      second flange being substantially parallel to but spaced outwardly from
      said first flange, and said elongated rod being slidably supported on and
      extending through said first and second flanges;
PA1  handle means disposed outwardly from said second flange and fixedly
      connected to the outer end of said rod;
PA1  resilient means disposed between said first and second flanges and
      encircling said rod for constantly urging said rod outwardly away from
      said valve stem into a retracted position wherein the inner end of said
      rod is disengaged from said valve stem; and
PA1  locking means coacting between said rod and said first flange for
      preventing rotation of said rod when said valve stem is in said first
      position and said rod is in its retracted position, said locking means
      including an opening in said first flange and a projection fixed to said
      rod and positionable within said opening for preventing rotation of said
      rod when it is in said retracted position, said projection being removed
      from said opening and engaged with said valve stem when said rod is moved
      inwardly toward said valve stem whereby said rod can be rotatably
      displaced for moving said valve stem from said first position to said
      second position, said first flange preventing said rod from being returned
      outwardly into its retracted position when said rod is being rotatably
      moved between said first and second positions;
PA1  whereby said rod may be pushed inwardly against the resilient means by an
      operator into engagement with said valve stem for rotation thereof but
      will, in response to said resilient means when said valve stem is in said
      first position, disengage itself from said valve stem so that said
      projection enters into said opening for holding said rod nonrotatable with
      respect to said first flange.
NUM  2.
PAR  2. A combination according to claim 1, wherein said projection comprises a
      lug which projects radially outwardly of the rod, said opening in said
      first flange including a circular center portion for rotatably receiving
      therein said rod and an outwardly projecting radial portion for receiving
      therein said lug when said rod is in said retracted position, said rod
      having a second lug formed thereon and projecting radially therefrom, said
      second lug being disposed between said first and second flanges, and said
      resilient means comprising a coil spring disposed in encircling
      relationship to said rod and having one end thereof bearing against said
      first flange and the other end thereof bearing against said second lug
      whereby said rod is resiliently urged outwardly toward said retracted
      position, said first support plate being sandwiched between said mounting
      surface and said second support plate, and threaded fastener means
      coacting between said first and second support plates and said housing for
      fixedly but releasably attaching said first and second support members to
      said housing.
NUM  3.
PAR  3. In a valve controller for a gas valve having a valve stem rotatably
      supported on a valve housing, the combination comprising:
PA1  bracket means adapted to be fixedly but releasably attached to said valve
      housing, said bracket means including first and second substantially
      parallel flanges having substantially aligned openings therethrough, said
      openings being substantially aligned with said valve stem and said first
      flange being closely adjacent said valve stem;
PA1  an elongated rod extending between and projecting outwardly beyond the
      opposite sides of said first and second flanges, said rod being rotatably
      supported relative to said first and second flanges and having noncircular
      means at its inner end adjacent said stem and effective upon axial
      movement thereof for engaging said stem to effect rotation thereof toward
      or away from a preselected rotational position upon rotation of said rod;
PA1  said rod being axially slidably supported on said first and second flanges
      when said valve stem is in said preselected position, said valve stem
      being axially movable inwardly into an engaged position wherein said inner
      end is engaged with said valve stem to permit rotation thereof;
PA1  spring means disposed between said first and second flanges and encircling
      said rod for urging said rod outwardly into a retracted position wherein
      the inner end of said rod is disengaged from said valve stem;
PA1  a noncircular opening within said first flange for receiving said
      noncircular means upon retraction of said rod into its retracted position,
      said noncircular means being received within said noncircular opening when
      said valve stem and said rod is in said preselected rotational position
      for permitting retraction of said rod to disengage same from said valve
      stem, said rod when in said retracted position being held against rotation
      by said noncircular means being engaged within the noncircular opening in
      said first flange; and
PA1  handle means fixedly connected to the outer end of said rod and spaced
      outwardly from said second flange.
PATN
WKU  039306356
SRC  5
APN  4920341
APT  1
ART  341
APD  19740726
TTL  Leak-proof rotary, plug-type fluid control valve
ISD  19760106
NCL  6
ECL  1
EXA  Gerard; Richard
EXP  Klinksiek; Henry T.
NDR  2
NFG  4
INVT
NAM  Smith; Russell G.
CTY  Cincinnati
STA  OH
ASSG
NAM  Xomox Corporation
CTY  Cincinnati
STA  OH
COD  02
CLAS
OCL  251214
XCL  251317
XCL  251335A
EDF  2
ICL  F16K  516
ICL  F16K 4112
FSC  251
FSS  214;309;312;314;316;317;335 R;335 A;335 B
FSC  137
FSS  246.12;246.15;246.18;246.22
UREF
PNO  2029438
ISD  19360200
NAM  Nordstrom
XCL  251335A
UREF
PNO  3132838
ISD  19640500
NAM  Smith
OCL  251214
UREF
PNO  3521856
ISD  19700700
NAM  Smith
XCL  251317
LREP
FR2  Kinney, Jr.; J. Warren
ABST
PAL  External leakage around the actuator-stem of a plug valve is prevented by
      the application of forces to the lower surface of the valving member
      whereby to normally advance and maintain sealing surfaces on the upper end
      of the valving member against and in sealing relationship with a
      diaphragm.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to a lined plug valve, and improved means
      for sealing the valve against leakage. A sealant is introduced into the
      chamber defined by the bottom of the liner, the bottom of the plug and the
      body member, providing forces which continuously urge the plug toward and
      in sealing relationship with a diaphragm at the top of the body member,
      ensuring against external leakage thereof.
PAR  2. Description of the Prior Art
PAR  The subject invention comprises an improvement over the lined plug valve of
      my U.S. Pat. No. 3,521,856, assigned to the assignee of this application.
PAR  The valve of the subject invention differs from the valve of U.S. Pat. No.
      3,521,856 in that the sealant surrounding the upper end of the valving
      member of said patent is disposed in open communication with sealant
      disposed in a chamber adjacent the lower end of the valving member, and
      wherein the cross-sectional area of the lower end of the valving member is
      greater than the cross-sectional area of those portions of the upper end
      of the valving member which are subjected to sealant.
PAC  SUMMARY OF THE INVENTION
PAR  The plug valve of the present invention comprises, in combination, a body
      member having an open upper portion and a closed lower portion, a valving
      member in the form of a rotary plug, and a sealing member in the form of a
      stationary liner intermediate the peripheral face of the plug and the body
      member. Each of the members include ports or flow passages which are
      placed in and out of communication with one another upon selective partial
      rotation of the plug relative to the body member and the liner.
PAR  The upper end of the valving member terminates in a centrally disposed,
      outwardly projecting actuator stem wherein an annular seat or shoulder
      circumscribes the upper end of the plug adjacent the actuator stem. A
      flexible, fluid-impervious diaphragm having a central opening for
      accommodating the actuator stem spans the upper end of the plug and
      terminates in an outer marginal portion which overlies the upper portion
      of the body member. A cover member is placed over the diaphragm and
      secured to the body member, ensuring against outward axial movement of the
      plug relative to the body member.
PAR  A chamber is defined by the lower end of the liner, the lower end of the
      plug and the lower, closed end of the body member, wherein means in the
      form of a fluid media introduced into the chamber continuously urge the
      plug toward the diaphragm for disposing the annular seat of the plug in
      contacting, leakproof engagement with the diaphragm.
PAR  An equalizer passageway is provided in the plug establishing fluid
      communication of said chamber with a second chamber between the top of the
      plug and the diaphragm.
PAR  It is a primary object of the present invention to provide means
      continuously urging the valving member into sealing, leak-proof engagement
      with the diaphragm of a rotary, plug-type, fluid control valve.
PAR  It is further an object of the invention to provide means equalizing the
      pressure in the chambers adjacent the top and bottom of the valving
      member.
PAR  While certain features and advantages of the valve of the present invention
      have been particularly illustrated and described in detail, it should be
      understood that such are not intended to limit scope and spirit of the
      invention as defined by the claims appended hereto.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-section of the improved valve taken along a vertical axis
      of the rotary valving member.
PAR  FIG. 2 is a view somewhat similar to FIG. 1 showing a modification thereof.
PAR  FIG. 3 is a view showing a second modification.
PAR  FIG. 4 is a sectional view showing a third modification.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The rotary type plug valve of the present invention comprises a body member
      8 formed preferably from a suitable metal and having a chamber in the form
      of bore 10 which accommodates a correspondingly shaped sealing member such
      as, by way of example, stationary liner or sleeve 12. A valving member in
      the form of plug 14 is inserted in bore 10 and includes an outer
      peripheral surface 15 which corresponds to the inner peripheral surface 13
      of liner 12, effecting a fluid-tight relationship therebetween. The lower
      end of the bore is closed by end wall 11 of the body member and defines a
      recess or chamber 54 bounded by wall 11, bore 10, lower face 58 of plug 14
      and lower end 56 of liner 12.
PAR  Plug 14 has a through opening or port 16 defining a flow passageway which
      is adapted to be placed in and out of registry with ports in the body
      member and liner incident to rotation of the plug, as is common with
      rotary type plug valves. Liner 12 is fixed against axial and rotational
      movement within bore 10 in any suitable manner. Generally, the liner may
      be formed from a plastic material such as Teflon, a
      polytetrafluoroethylene, or an equivalent impermeable plastic presenting
      to the plug a substantially resilient, wear-resistent, inherently slippery
      contacting surface 13 capable of making a fluid-tight seal with the smooth
      peripheral surface 15 of the plug.
PAR  The upper, open end of bore 10 is closed by cover member 18 mounted upon
      the body member by means of cap screws 20, and defines means for mounting
      the valving member for rotational movement relative to the body member.
      The cover member has a central bore 22 in co-axial relationship with the
      axis of rotation of plug 14, and at its outer end is provided with several
      openings to accommodate adjusting screws 24 arranged parallel to and
      equidistant from the plug axis. Central bore 22 of the cover member
      loosely accommodates the rotational actuating stem 28 of the valving plug.
PAR  Stem 28 is secured to and projects outwardly from the upper end of plug 14
      and extends through cover member 18. Cap 30 is keyed to stem 28 at flat 32
      and carries an actuating lever 34 for rotating the plug relative to the
      body member. Screw 36 is employed to secure lever 34 to cap 30 in any
      suitable manner.
PAR  The plug 14 is positioned against outward axial movement and is maintained
      in abutting, sliding relationship with liner 14 by the force of adjusting
      screws 24 bearing against pressure ring 38, which is preferably of hard
      metal and overlies a liquid impervious diaphragm that separates bore 10
      from cover chamber 22. Generally, the diaphragm comprises a centrally
      apertured disc 40 of Teflon or other suitable impervious material which
      surrounds actuator stem 28 and is clamped between cover member 18 and body
      member 8 at its outer peripheral margin as at 42. A diaphragm-reinforcing
      or protecting member in the form of flexible, metallic disc 44 or the like
      is interposed between the diaphragm 40, the pressure ring 38 and cover 18
      to distribute the force supplied by the pressure ring and screws 24.
      Protective disc 44 is centrally apertured at 46 to loosely accommodate the
      actuator stem, and where desired substantially covers the upper surface of
      diaphragm 40, wherein the protective disc is marginally clamped with the
      diaphragm between cover member 18 and body member 8 as at 42. It will be
      noted that ring 38 and disc 44 are positioned such that once screws 24 are
      tightened, those portions of diaphragm 40 between its outer marginal edge
      (at 42) and actuator stem 28 are fixed against outward axial movement
      relative to plug 14. Therefore, cover member 18, diaphragm 40, disc 44 and
      ring 38, when properly applied to body member 8, provide a fixed, bearing
      surface for the upper end of plug 14. In this regard, the plug includes an
      annular seat 70 which is maintained in abutting relationship with the
      under surface 71 of the diaphragm by force of screws 24.
PAR  Beyond the peripheral edge 72 of seat 70 the end-face of plug 14 is
      annularly cut away or relieved at 52 and provides a relief space between
      the plug end and the adjacent overlying portion of the undersurface of
      diaphragm 40, defining a second chamber 75 which is bounded by upper end
      73 of the sealing member 12, the inner peripheral surface of bore 10, the
      outer peripheral surface 15 and annular face 80 of plug 14, and the under
      surface 71 of diaphragm 40.
PAR  Through passageway 76 is provided in plug 14 to establish fluid
      communication between chambers 54 and 75 for maintaining the contents
      thereof in a state of equilibrium. It will be noted that end-face 58 of
      the plug presents a surface to chamber 54 which is of a substantially
      larger area than that present by annular face 80 to chamber 75. Since the
      contents of the chambers are in equilibrium, the total force applied to
      the larger area of end-face 58 exceeds the total force applied to the
      lesser area of annular face 80, resulting in a continuous upward thrust
      against the end-face, urging seat 70 into contacting, leak-proof
      engagement with the fixed bearing surface provided by under surface 71 of
      diaphragm 40.
PAR  In the event that the pressure of the controlled fluid against the plug,
      when closed to ports in the liner and body member, is of such magnitude to
      tend to shift or move the plug toward the downstream port of the body
      member, the controlled fluid could, under extreme conditions leak from the
      upstream port toward the sealant-filled chamber 54 and 75. Absent the top
      seal of my U.S. Pat. No. 3,521,856, such fluid could escape from the valve
      along the upper end of the plug thence through the actuator stem receptive
      aperture of the diaphragm and along the actuator stem.
PAR  The sealing arrangment of my aforesaid patent is greatly enhanced by the
      introduction of sealing fluid 60 into chambers 54 and 75 and passageway
      76, establishing a viscous seal at the upper end of plug 14 in much the
      same manner as my aforementioned earlier patent. Of course, it will be
      understood that the difference in surface areas of the upper and lower
      faces of the plug which are presented to chambers 54 and 75, respectively,
      results in an upward thrust urging seat 70 of the plug into contacting,
      leak-proof engagement with the fixed bearing surface 71 of diaphragm 40.
PAR  Generally, the sealing fluid is a heavy, viscid grease, a silicone grease,
      or caulk-like compound which is characterized by high viscosity and great
      resistance to dilution by the fluid being controlled by the valve. As will
      be readily appreciated, various forms of sealing fluids having the
      required characteristics are available, and may be employed in accordance
      with the present invention.
PAR  There are several added advantages which result from use of sealing fluid
      60 to supplement the sealing arrangement established by equalizer
      passageway 76. Specifically, if plug 14 is adjusted downwardly toward end
      wall 11 of the body member by tightening screws 24 against ring 38, the
      resulting increased pressure of the sealing fluid would be equal in each
      chamber, and the total force applied to end-face 58 and annular face 80
      would increase proportionately, wherein the sealing relationship between
      undersurface 71 and seat 70 would be further enhanced by the increased
      upward thrust on plug 14.
PAR  It is also significant that use of a viscid sealing fluid precludes any of
      the fluid controlled by the valve from leaking into and being entrapped in
      either of chambers 54 and 75. This is of particular importance when the
      controlled fluid is of the type which includes monomers which tend to
      polymerize when entrapped in the valve, making subsequent operation of the
      valve ineffective.
PAR  As illustrated in FIG. 1, sealing fluid 60 may be introduced into the
      chambers and passageway by means of reservoir 82 applied to the body
      member and having a screw plug 84 for forcing the fluid through passageway
      85 into chamber 75. The reservoir and screw plug constitute means for
      maintaining the sealing fluid under super-atmospheric pressure at all
      times, as well as means for replacement of any sealing fluid which may be
      depleted or lost under abnormal conditions to which the valve might be
      exposed. It should, of course, be understood that reservoir 82 may be
      applied to body member 8 at any suitable location which is conveniently in
      communication with either of chambers 54 or 75.
PAR  Further, as illustrated in FIG. 2, a high-pressure, Zerk type grease
      fitting 86, through channel 88, in end wall 11, may be utilized in lieu of
      reservoir 82 and screw plug 84.
PAR  It should, of course, be understood that if means for easily replenishing
      the sealing fluid is not required, a permanently sealed plug valve such as
      is illustrated in FIG. 4 may be utilized. In the assembly of the valve of
      FIG. 4, liner 12 is first introduced into and properly seated within bore
      10. Plug member 14 is inserted in the bore and is properly seated relative
      to liner 12. Sealing fluid 60 is then suitably introduced into the bore
      prior to application of cover member 18, diaphragm 40, disc 44 and ring 38
      to body member 8. As the diaphragm is urged in place by tightening screws
      24, and until such time when annular seat 70 engages undersurface 71
      thereof, any excess sealant can escape through the diaphragm aperture and
      along actuator stem 28.
PAR  It should be noted in each of the embodiments illustrated in FIGS. 1, 2 and
      4, that sealant passage 76 is isolated from port 16 of the plug. In some
      instances it is desirable that the fluid flowing through the valve be
      utilized as the sealing media. Therefore, the rotary plug valve of the
      present invention may be modified as illustrated in FIG. 3, wherein
      isolated passageway 76 is replaced by a series of passageways 92, 93 and
      94 which radiate outward from port 16 to the upper and lower ends of plug
      14, establishing fluid communication of chambers 54 and 75 with port 16.
      Controlled fluid 90 in port 16 is introduced into and fills chambers 54
      and 75, and as with sealing fluid 60, provides an upward thrust against
      end-face 58 of the plug, constantly urging seat 70 into contacting,
      leak-proof engagement with the fixed bearing surface provided by
      under-surface 71 of diaphragm 40.
PAR  In conclusion, it should be noted that the rotary type plug valve of the
      present invention is readily distinguishable from plug type valves which
      are commonly referred to as lubricated valves, wherein a lubricant is
      provided between the peripheral surfaces of the plug and the adjacent
      peripheral surfaces of the plug-receptive bore of the valve body. In the
      present invention, the sliding, rotational relationship between peripheral
      surface 13 of the sealing member 12 and peripheral surface 15 of the plug
      member 14 is not effected by the fluid sealant 60, and fluid sealant is
      not in contact with the media passing through the valve. The sealing
      arrangement of the present invention is specifically directed to means for
      establishing a continuous upward thrust against the lower end of a plug
      valving member, urging the upper end thereof into contacting, leak-proof
      engagement with the fixed bearing surface provided by the under-surface of
      the diaphragm of the valve. With this specific purpose in mind, I have
      provided an equalizer passageway in the plug of the valve for establishing
      fluid communication between the fluid-filled chambers adjacent the upper
      and lower end faces of the plug. Since the lower end-face presents a
      larger area to the lower chamber than that presented by the upper, annular
      end-face to the upper chamber, the total force applied to the lower
      end-face is greater, resulting in an upward thrust on the plug,
      effectively sealing the valve against leaks about the diaphragm aperture.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary, plug-type fluid-control valve comprising, in combination, a
      body member having an open upper portion and a closed lower portion, a
      valving member and a sealing member, wherein each of said members include
      flow passages, means mounting the valving member for rotational movement
      relative to the body and sealing members to place the flow passages of the
      valving member in and out of communication with the flow passages of said
      body and sealing members; said sealing member interposed between the
      peripheral face of the valving member and body member; a chamber defined
      by the lower end of the sealing member, the lower end of the valving
      member and the lower portion of said body member; the upper end of said
      valving member terminating in a centrally disposed, outwardly projecting
      actuator stem; an annular seat circumscribing the upper end of said
      valving member adjacent said actuator stem; a flexible, fluid-impervious
      diaphragm having a central opening therein accommodating the actuator
      stem, said diaphragm spanning the upper end of the valving member and
      terminating in an outer marginal portion which overlies the upper portion
      of the body member; means securing the marginal portion of the diaphragm
      relative to the body member; means positioning those portions of the
      diaphragm between its outer marginal edge and the actuator stem of the
      valving member against outward axial movement relative to said valving
      member; an annular recess circumscribing the peripheral-adjacent portion
      of the upper end of the valving member; wherein a second chamber is
      defined by the upper end of the sealing member, the annular recess in the
      valving member the upper portion of the body member and the undersurface
      of the diaphragm; a passageway establishing continuous open communication
      between said first-mentioned and second chambers; fluid media in and
      filling each of said chambers and the passageway therebetween; wherein the
      fluid media in the first-mentioned chamber impinges against the lower end
      of the valving member for uging said valving member toward the diaphragm
      for disposing the annular seat which circumscribes the upper end of the
      valving member in contacting, leak-proof engagement with said diaphragm;
      and wherein the fluid media in the second chamber impinges against the
      diaphragm intermediate the said annular seat and the locus of securement
      of the marginal portion of the diaphragm to the body member, to resist
      flow of valve controlled fluid past said annular seat and along the
      actuator stem of the valving member.
NUM  2.
PAR  2. A valve as called for in claim 1, wherein the passageway is disposed
      entirely within the valving member, and wherein the valve includes means
      for introducing fluid media, under pressure, into said chambers and
      passageway.
NUM  3.
PAR  3. A valve as called for in claim 1, wherein the passageway interconnecting
      said chambers is, at all times, completely isolated from the fluid
      passageways of the valve.
NUM  4.
PAR  4. A valve as called for in claim 1, wherein the passageway interconnecting
      said chambers is, at all times, in open communication with the flow
      passage of the valving member.
NUM  5.
PAR  5. A valve as called for in claim 1, wherein the area of the lower end of
      said valving member which is exposed to fluid media within said
      first-mentioned chamber exceeds the area of the upper portion of the
      valving member which is exposed to fluid media within the second chamber.
NUM  6.
PAR  6. A valve as called for in claim 1, wherein the sealing member comprises a
      self-lubricating, inert, polyfluoroethylene material.
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ABST
PAL  A ball valve having a seating ring held in a recess in the valve bore by
      threaded portions of the ring and bore such that, when the ring is in
      position, the threaded portion on it has passed right through the threaded
      portion of the bore, there being a radial expansion gap between part of
      the ring and the recess.
BSUM
PAR  The present invention relates to improvements in ball valves.
PAR  In a conventional ball valve the ball seats against an end face of a
      seating ring which is located in a recess in the valve housing bore with
      its other end face and entire outer periphery abutting fixed surfaces. The
      seating ring is often made from a plastics material, for example,
      polytetrafluoroethylene, and when the valve is subjected to high operating
      pressure differentials there is a danger that, as the valve is moved from
      the closed or open position, the seat may be extruded due to the high
      velocities of flow at the point when the valve is just opening or just
      closing.
PAR  Also, when the valve is subject to high temperatures, the valve seating
      ring tends to expand but, being unable to expand radially and axially
      outwardly, the ring tends to extrude into the gap between the valve bore
      and the ball. This extrusion is undesirable as it causes high operating
      torques, damage to the ring and can cause jamming of the ball.
PAR  According to one aspect of the present invention there is provided a ball
      valve comprising a valve housing having a bore therethrough, a ball
      mounted in the bore having a flow passage therethrough and rotatable to
      open and close the valve, and a seating ring engaging the ball on one side
      thereof, the ring being located in a recess in the bore wall, wherein the
      axially extending surface of the recess and the radially outwardly facing
      surface of the seating ring are provided with correspondingly threaded
      portions so arranged that when the seating ring is in position in the
      recess the threaded portion of the ring has passed through and lies wholly
      to one side of the threaded portion of the recess, and the recess and
      seating ring are so dimensioned that, in this position of the ring, there
      is radial clearance between the threaded portion of the ring and the
      recess.
PAR  In the preferred embodiment, when the ring is positioned in the recess, the
      end of the ring remote from the ball abuts an end surface of the recess.
      Preferably, when the ring is positioned in the recess, there is radial
      clearance between the threaded portion of the recess and the ring and
      axial clearance between the threaded portion of the ring and the threaded
      portion of the recess.
PAR  A spring which may either be a mechanical spring or an elastomeric spring,
      may be provided to bias the seating ring towards the ball to compensate
      for wear or movement of the ball when subject to pressure loading in the
      closed position.
PAR  An embodiment of the invention provides a ball valve in which the seating
      ring is positively retained and in which a radial clearance exists between
      part of the seating ring and the recess in which it is located. This
      clearance defines a space into which the seating ring can extrude when
      subjected to high temperatures, thereby reducing or preventing the
      tendency of the seating ring to extrude into the gap between the valve
      bore and the ball.
PAR  According to another aspect of the invention there is provided a seating
      ring for a ball valve, including a ball engaging face adjacent one end
      thereof and a radially outwardly facing axially extending surface, said
      axially extending surface including a first axial region which is remote
      from said one end and which is externally screw threaded; a second axial
      region between the first axial region and said one end, the second axial
      region having a maximum external diameter which is less than the maximum
      external diameter of the first axial region; and a third axial region
      between the second axial region and said one end, the third axial region
      having a maximum external diameter which is greater than the maximum
      external diameter of the first axial region.
DRWD
PAR  The invention will be better understood from the following description of a
      preferred embodiment thereof, given by way of example only, reference
      being had to the accompanying drawing, wherein:
PAR  FIG. 1 is a partly broken away elevational view of an embodiment of ball
      valve in accordance with the present invention; and
PAR  FIG. 2 is an enlarged view of the encircled part of the valve of FIG. 1.
DETD
PAR  As shown in the drawing, the ball valve comprises a valve housing 1 having
      a bore 2 in which a ball 3 is located. The ball has a flow passage 4
      therethrough and is rotatable about a vertical axis by a spindle 5 to open
      and close the valve. At each side of the ball, the ball engages a
      correspondingly shaped end face 6 of a seating ring 7, which may be made
      from plastics material, for example polytetrafluoroethylene, and which is
      located in a recess 8 formed by a counter-bore in the bore 2.
PAR  A portion 9 of the radially outwardly facing axially extending surface of
      the seating ring 7 is threaded, the threading being arranged to co-operate
      with a threaded portion 10 of the axially extending surface of the recess.
      The threaded portion 10 of the recess is spaced from the outer end face 11
      of the recess and stands proud of the adjacent portions of the recess
      surface. In installing the seating ring 7 in the valve housing, the
      threaded portion 9 is threaded into and through the recess threaded
      portion 10 until it is clear of it and lies wholly outwardly of it.
PAR  The dimensions of recess and seating ring are arranged so that, in the
      installed position of the seating ring with the outer end face 12 of the
      seating ring abutting the end face 11 of the recess, there is radial
      clearance 16 between the threaded portion 9 of the ring and the recess 8.
      Radial clearance may also be provided between the threaded portion 10 of
      the recess and the seating ring. The radial clearance between the seating
      ring and the recess defines a space 14 into which the seating ring may
      expand when it is compressed due to, for example, thermal expansion of the
      valve. The provision of the space 14 tends to reduce or prevent extrusion
      of plastics seating rings into the gap 15 between the ball 3 and the
      housing 1.
PAR  Additionally, the threaded portions 9, 10 may be so dimensioned and
      arranged that there is axial clearance 13 therebetween. This axial
      clearance is such as to allow relative movement between the ring and
      recess without engagement of the threaded portions 9, 10. The axial
      clearance 13 also provides space into which the seating ring 7 can expand
      without extrusion when the valve is subject to high temperatures.
PAR  To ensure sealing of the seating ring with the housing, an O-ring 17 may be
      provided between the abutting end faces 11, 12 of the recess and seating
      ring. This O-ring may also serve as an elastomeric spring biasing the
      seating ring towards the ball. Alternatively or additionally a mechanical
      spring may be provided to bias the seating ring towards the ball.
PAR  In the above described embodiment of a ball valve the seating rings are
      positively retained in the bore and will not fall out if the ball is
      demounted. Further, each seating ring is so arranged in the bore that
      there is space for it to expand without extrusion when the valve is
      subject to high temperatures.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ball valve comprising:
PA1  a. a valve housing have a bore therethrough;
PA1  b. a ball rotatably mounted in the bore, the ball having a flow passage
      therethrough and being rotatable to open and close the valve;
PA1  c. a recess in the wall of the bore, said recess having an axially
      extending surface portion; and
PA1  d. a seating ring located in the recess, the seating ring being in
      engagement with the ball on one side thereof and having a radially outward
      facing surface, the axially extending surface portion of the recess and
      the radially outwardly facing surface of the seating ring being provided
      with correspondingly threaded portions so arranged that when the seating
      ring is in position in the recess the threaded portion of the ring has
      passed through and lies wholly to one side of the threaded portion of the
      recess, and the recess and seating ring being so dimensioned that, in this
      position of the ring, there is radial clearance between the threaded
      portion of the ring and the recess.
NUM  2.
PAR  2. A ball valve according to claim 1, wherein, when the ring is positioned
      in the recess, there is radial clearance between the threaded portion of
      the recess and the ring.
NUM  3.
PAR  3. A ball valve according to claim 1 wherein, when the ring is in position
      in the recess, there is axial clearance between the threaded portion of
      the ring and the threaded portion of the recess.
NUM  4.
PAR  4. A ball valve according to claim 1 wherein a spring is provided to bias
      the seating ring towards the ball.
NUM  5.
PAR  5. A ball valve according to claim 4, wherein said spring is an elastomeric
      spring.
NUM  6.
PAR  6. A ball valve according to claim 5, wherein said elastomeric spring
      comprises an O-ring seal located between the end of the seating ring
      remote from the ball and a wall of the recess.
NUM  7.
PAR  7. A ball valve according to claim 1 wherein the sealing ring is made from
      a plastics material.
NUM  8.
PAR  8. A ball valve according to claim 7, wherein the plastics material is
      polytetrafluoroethylene.
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ABST
PAL  A fence and a fence post assembly for particular application in athletic
      fields is disclosed. Double-edged pressure sensitive tape is applied to a
      section of a fence post. The tape facilitates proper alignment of fencing
      on the post while securely attaching it to the post to prevent relative
      movement between the fencing and the post. An elongated holding member
      having an inside surface corresponding generally to the outside surface of
      the post holds the fencing against the tape. Bolts, or other suitable
      securing means, join the post and the holding member together thereby
      holding the fencing material against the tape and the post. The fencing
      material is preferably a fabric material, while the post is relatively
      flexible.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  It has long been a problem in providing fencing for athletic fields to
      provide a fence that, while sturdy, has sufficient give to prevent injury
      to a person colliding with the fence.
PAR  It has also long been a problem in constructing fences of a fabric
      material, to provide a suitable means for holding the fabric to fence
      posts while reducing wearing or fraying of the fencing fabric. It has also
      long been a problem to properly align fabric fencing material with the
      posts for secure attachment thereto.
PAR  Typical prior art devices having one or more of the above-mentioned
      problems are disclosed in U.S. Pat. Nos. 2,872,161, 2,997,277, 3,537,688
      and 3,332,667.
PAR  The fence and the fence post of the present invention provide a fence that
      is easily assembled and sturdy, while having sufficient flexibility so
      that should an individual forcibly contact the fence injury to the
      individual will be prevented, and the fence will return to its original
      condition after impact without tearing or fraying of the fencing material.
      Generally, the fence is constructed from sheet material. The sheet
      material is connected to fence posts by a section of double-faced pressure
      sensitive tape affixed to the post. The tape allows easy and proper
      alignment of the sheet fence material with the post, and considerably
      facilitates the attachment of final securing means. The fencing is held
      against the tape and the post after final assembly by an elongated holding
      means, the elongated holding member having an inside surface thereof
      conforming substantially to the outside portion of the post. The elongated
      holding member is held to the post by suitable securing means, such as
      nuts and bolts. The provision of the double-faced pressure sensitive tape
      prevents relative movement between the sheet fencing material and the
      holding member, thereby reducing wear at the interface between the holding
      member and the fencing material, and preventing fraying and tearing of the
      fencing material upon collision of a person with the fence.
PAR  It is an object of this invention to provide a fence that is easily
      constructed, sturdy, and particularly adapted for use around athletic
      fields.
PAR  It is a further object of this invention to provide a fence with sheet
      fencing material that is positively held against relative movement with
      respect to the fence post assemblies, thereby preventing wearing, fraying,
      and/or tearing of said fencing material.
PAR  It is a further object of this invention to provide a fence post with
      double-faced pressure sensitive tape affixed thereto for facilitating
      assembly of fencing material to said post while allowing flexibility of
      the fence created thereby.
PAR  It is a further object of this invention to provide holding means for
      holding fencing against a fence post according to the present invention.
PAR  These and other objects of the invention will become clear upon an
      inspection of the ensuing detailed description of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of an installed section of fence according to
      the teachings of the present invention;
PAR  FIG. 2 is an exploded perspective view of a fence post assembly according
      to the teachings of the present invention;
PAR  FIG. 3 is a cross-sectional exploded view showing in disassembled array the
      components of the fence according to the teachings of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, a fence according to the teachings of the present invention is
      shown generally by reference numeral 10. The fencing material, shown
      generally at 11, is a flexible sheet or fabric material. The preferred
      fencing material is that fully disclosed in co-pending application Ser.
      No. 355,733, filed Apr. 30, 1973, which is a continuation-in-part of
      application Ser. No. 134,327, filed Apr. 15, 1971, and now abandoned. This
      preferred material is a length of fabric woven from strands of tough
      synthetic plastic material, said fabric having laterally spaced
      longitudinal bands of relatively tightly woven wrap and filling strands,
      shown generally at 12, separated by relatively open longitudinal bands
      containing only filling strands, shown generally at 13. The fabric has a
      relatively thin elastomeric weather resistant coating substantially evenly
      adhered to the surface of each strand, the relative thickness of said
      coating being no greater than the diameter of each of the strands. The
      fencing is formed into a fence by attachment of the fencing material to
      fence post assemblies, shown generally at 20.
PAR  The fence post itself, 21, of fence post assembly 20 is preferably formed
      of a plastic pipe. Plastic is the preferred material due to its relative
      inexpensiveness, lightness, ductility, and durability in sunlight, heat,
      cold, rain and snow. When used as a perimeter fence for sporting events,
      such as football, soccer, baseball, track, etc., it is desirable that the
      post be rigid enough to support the fence and maintain an upright position
      in high winds, but at the same time giving and not breaking during
      collision of a fast moving athlete with the fence. The post material
      should also not be shatterable so as to form jagged, spear-like points on
      which a person could be injured when the force is sufficient enough to
      break the fence post. A suitable material for this purpose is polyvinyl
      chloride although polystyrene, polypropylene, and polyethylene could also
      be used. Other materials are also suitable for the post, however; for
      instance a metal post having a u-shaped cross-section, or a wooden post
      having a circular cross-section are also suitable except if the fence is
      to be used as a perimeter fence for athletic fields.
PAR  As clearly shown in FIGS. 2 and 3, the fence post 21 has a section of
      double-faced pressure sensitive tape, 23, affixed to at least a portion
      thereof. The double-faced pressure sensitive tape can be that shown in
      U.S. Pat. No. 3,021,250, or of any other suitable design. One face of the
      tape may be applied to the post when the post is made, and a fencing sheet
      attached to the exposed face of the tape, or, the tape can be provided in
      a roll and applied to the fence post just before assembly of the fence. An
      elongated holding means, 25, is provided to hold the fencing material 11
      against the tape 23. The holding means is preferably a section of pipe of
      slightly larger diameter than pipe 21. The section is substantially
      one-third of a pipe, thus covering approximately one-third of the
      circumference of pipe 21. Tape section 23 also preferably covers about
      one-third of the circumference of pipe 21, however the tape section need
      not necessarily extend the whole length of the pipe 21, but may be formed
      in strips along the length thereof. The holding means may be attached to
      pipe 21 by bolts 27 extending through holes 26 in member 25 and holes 28
      in pipe 21, and secured by wing nuts 29. Holding member 25 may also be of
      any suitable material such as plastic or wood.
PAR  A pointed portion 35 may be formed on pipe 21 for facilitating insertion of
      the pipe into the ground. Whether or not a pointed section 35 is provided,
      the pipes may be driven into the ground by means of a capped pipe sleeve
      larger in diameter than the pipe to be driven, the capped pipe sleeve
      being the protective element against which a sledge or other heavy object
      may be pounded to drive the pipe. Alternatively, holes may be bored or dug
      and the pipe set in place, or a sleeve larger in diameter may be set in a
      hole allowing the fence post to be inserted in the sleeve for easy
      installation and removal, allowing the fence to be set in place or taken
      down quickly. Driven posts may be reinforced, if desired, by pouring sand,
      dirt, cement or other similar material inside the pipe to a distance of
      perhaps one-third the length of the pipe.
PAR  A fence according to the present invention is assembled as follows: Posts
      20 are installed in the ground around the perimeter of the area to be
      fenced. Double-faced pressure sensitive tape is then affixed to a curved
      portion of said posts, or, the facing sheet on the tape already affixed to
      said post is removed. Fencing material 11 is then drawn in place with
      proper alignment, care being taken to make the fencing as uniformly smooth
      and taut as possible for neatness and also to assure that there are no
      wrinkles or areas of unevenness leading to irregular movement leading to
      excess abrasion and untimely wear. After the fencing is set in place, the
      holding member 25 is placed over fencing material 11, coextensive with
      tape section 23. Then holding member 25 is secured to post 21 by insertion
      of bolts 27 through the holding member and the post, and finally attached
      thereto by nuts 29.
PAR  When assembled in this manner, the tape 23, in addition to facilitating
      proper alignment and easy assembly of the fence, prevents fencing material
      11 from being pulled through between post 21 and holding member 25 upon
      collision of an individual with the fence, and thereby reduces tearing,
      wearing, and fraying of the fencing material.
PAR  It is obvious that many modifications of the present device are possible.
      For instance, the fencing could be used for purposes other than as a
      perimeter fence for an athletic field, such as for snow fencing or the
      like. In such a case, the parameters for material selection would be
      different. While a circular cross-section of the fence post is preferable
      due to maximum bending capability for a given amount of material of this
      shape and due to the ease of obtaining such posts, other shapes are
      suitable including flat-sided rectangular-cross-sectioned posts; in some
      situations it would be preferable to attach the tape to the holding member
      rather than the post. Also, holding member 25 may be attached to the post
      by means other than nuts and bolts, such as weather-resistant tie wires or
      polypropylene strapping.
PAR  A fence post assembly and a fence that is easily assembled and suitable as
      perimeter fencing for an athletic field fulfilling all the objects of the
      present invention has clearly been disclosed. Although the invention has
      been herein shown and described in what is conceived to be the most
      practical and preferred embodiments, it is recognized that departures may
      be made therefrom within the scope of the invention which is not to be
      limited to details disclosed but is to be accorded the full scope of the
      claims so as to embrace any and all equivalent structures and devices.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A fence post assembly comprising a post adapted to be installed in the
      ground, a section of double-faced pressure sensitive tape for affixing to
      at least a portion of said post for holding fabric fencing thereto, and
      holding means for securing fencing to said tape against said post, whereby
      fencing can be easily aligned with said post and securely attached thereto
      without wearing at the points of engagement with said holding means.
NUM  2.
PAR  2. A fence post assembly as recited in claim 1 wherein said post has a
      curved surface on at least a portion of the outside surface area thereof
      and wherein said holding means includes an elongated holding member having
      a curved inside surface of substantially the same curvature as said curved
      surface of said post.
NUM  3.
PAR  3. A fence post assembly as recited in claim 2 wherein said holding means
      further includes a bolt insertable through a hole in said member and said
      post, and a nut, said nut and bolt securing said member to said post.
NUM  4.
PAR  4. A fence post assembly as recited in claim 2 wherein said holding means
      covers substantially one-third the circumference of said post.
NUM  5.
PAR  5. A fence post assembly as recited in claim 1 wherein said post is
      composed of plastic.
NUM  6.
PAR  6. A fence post assembly as recited in claim 5 wherein said plastic is
      relatively flexible, being rigid enough to withstand winds and support
      fencing but bending while not breaking upon collision with an object or
      person.
NUM  7.
PAR  7. A fence post assembly as recited in claim 1 wherein said post is a pipe
      of generally circular cross-section.
NUM  8.
PAR  8. A fence post assembly as recited in claim 1 wherein said tape extends
      substantially the whole length of said post above the ground.
NUM  9.
PAR  9. A fence post assembly as recited in claim 8 wherein said tape has a
      width substantially one-third the circumference of said post.
NUM  10.
PAR  10. A fence post assembly as recited in claim 1 wherein said holding means
      includes an elongated holding member having an inside surface conforming
      substantially to the outside surface of said post.
NUM  11.
PAR  11. A fence assembly comprising a fence post adapted to be installed in the
      ground, a section of double-faced pressure sensitive tape affixed to at
      least a portion of said post, fabric fencing affixed to said post by said
      tape, and holding means for holding said fabric fencing against said tape.
NUM  12.
PAR  12. A fence assembly as recited in claim 11 wherein said fabric fencing is
      woven from strands of tough synthetic plastic material.
NUM  13.
PAR  13. A fence assembly as recited in claim 12 wherein said fabric has
      laterally-spaced longitudinal bands of relatively tightly woven wrap and
      filling strands separated by relatively open longitudinal bands containing
      only filling strands.
NUM  14.
PAR  14. A fence assembly as recited in claim 13 wherein said fabric has a
      relatively thin elastomeric weather-resistant coating substantially evenly
      adhered to the surface of each strand, the relative thickness of said
      coating being no greater than the diameter of each of said strands.
NUM  15.
PAR  15. A fence assembly as recited in claim 11 wherein said post is a plastic
      pipe of substantially circular cross-section.
NUM  16.
PAR  16. A fence assembly as recited in claim 15 wherein said holding means
      includes an elongated holding member having a curved inside surface of
      substantially the same curvature as said post.
NUM  17.
PAR  17. A fence assembly as recited in claim 16 wherein said holding member
      covers substantially one-third the circumference of said post.
NUM  18.
PAR  18. A fence assembly as recited in claim 17 wherein said tape covers
      substantially the same circumference of said post as said holding member.
NUM  19.
PAR  19. A fence assembly as recited in claim 16 wherein said holding means
      further includes a bolt insertable through a hole in said holding member
      and said post, and a nut, said nut and bolt securing said holding member
      to said post.
NUM  20.
PAR  20. A fence assembly as recited in claim 11 wherein said tape extends
      substantially the whole length of said post above the ground, and wherein
      said tape has a width substantially one-third the circumference of said
      pipe.
NUM  21.
PAR  21. A fence assembly as recited in claim 11 wherein said holding means
      includes an elongated holding member having an inside surface conforming
      substantially to the outside surface of said post.
NUM  22.
PAR  22. A fence post assembly comprising a post adapted to be installed in the
      ground, holding means for securing fabric fencing to said post, and a
      section of double-faced pressure sensitive tape for affixing to at least a
      portion of said holding means for holding fabric fencing thereto, whereby
      fencing can be securely attached to said post without wearing at the
      points of engagement with said post and said holding means.
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ABST
PAL  A hand rail for use along hallways or stairways is disclosed which is
      particularly well suited for use in retirement homes, hospitals, etc. The
      hand rail comprises an elongated support means which is secured to the
      wall by a plurality of bolts extending therethrough and which has the rail
      element mounted thereon. The rail element comprises a flat vertically
      disposed outer member having an inwardly extending arcuate portion at its
      upper end. A support means is secured to the lower inside surface of the
      flat member and is adapted to be secured to the support means mounted on
      the wall. The two support means have mating beveled surfaces for properly
      positioning and supporting the rail element relative to the wall. The rail
      element is comprised of a particle board material having a high pressure
      plastic laminate secured thereto and extending around the exposed surfaces
      thereof. Each of the support means is also comprised of a particle board
      material which permits the entire assembly to be cheaply and easily
      manufactured.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a hand rail and more particularly to a hand rail
      which is comprised of a particle board material covered by a high pressure
      plastic laminate so that the cost of manufacturing the same is greatly
      reduced and so that the hand rail will not become damaged during use.
PAR  Hand rails along stairways and hallways in retirement homes or the like
      must be of a particular design so that if a person falls, there is no
      chance of his hand being caught between the wall and the rail.
      Conventional hand rails are made of solid wood and are very expensive to
      manufacture and are easily scarred and damaged.
PAR  Therefore, it is a principal object of the invention to provide an improved
      hand rail for hallways and stairways.
PAR  A further object of the invention is to provide a hand rail which may be
      economically produced.
PAR  A further object of the invention is to provide a hand rail comprised of a
      particle board material having a high pressure plastic laminate secured to
      the exposed surfaces thereof.
PAR  A further object of the invention is to provide a novel means for mounting
      a hand rail on a wall or the like.
PAR  A further object of the invention is to provide a hand rail which is
      durable in use and refined in appearance.
PAR  These and other objects will be apparent to those skilled in the art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompany drawings, in which:
PAR  FIG. 1 is a side view illustrating the hand rail being employed on the wall
      adjacent a stairway:
PAR  FIG. 2 is a top view of a hallway illustrating the hand rails of this
      invention being mounted on the walls thereof:
PAR  FIG. 3 is a sectional view as seen on lines 4 -- 4 of FIG. 2 with the hand
      rail being removed from the supporting member; and
PAR  FIG. 4 is a sectional view seen on lines 4 -- 4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The numeral 10 in the drawings refers generally to a vertically disposed
      wall member which may be located adjacent the stairway 12 (FIG. 1) or the
      hallway 14 (FIG. 2). The hand rail of this invention is referred to
      generally by the reference numeral 16 and generally comprises a rail
      member 18 and a support means 20.
PAR  Support means 20 comprises an elongated flat member 22 having an upper end
      24, lower end 26, inner surface 28 and outer surface 30. The numeral 32
      refers to an elongated flat member which is mounted adjacent the lower
      outside surface of the member 22 as illustrated in FIG. 3. Member 22 is
      maintained in the position seen in FIG. 3 by the bolt members 34 extending
      therethrough and through the wall 10. Member 32 is secured to the member
      22 by adhesive or the like. As seen in FIG. 3, the outer surface 30 of
      member 22 is provided with a recess 38 adapted to receive the head portion
      of the bolt 34. Member 32 is provided with a beveled upper end 40 which
      extends downwardly and inwardly towards the member 22 as illustrated in
      FIG. 3.
PAR  Rail member 18 comprises a lower end 42, outer surface 44, inner surface 46
      and an arcuate upper end portion 48 which extends inwardly therefrom. The
      numeral 50 refers to a high pressure laminate which is secured to the
      exposed surfaces of the rail member 18 by a contact bond adhesive such as
      sold by Roberts Consolidated Company under the trademark ANCHOR-WELD. The
      high pressure plastic laminate 500 is preferably selected from the group
      consisting of MICARTA, FORMICA, and TEXTOLITE. MICARTA is a product
      manufactured by Westinghouse Corporation while FORMICA and TEXTOLITE are
      trademarked products of American Cyanamide and General Electric
      respectively. Preferably, the thickness of the high pressure plastic
      laminate 50 is 1/32 inch. Although the high pressure laminates referred to
      above are the preferred embodiment, low pressure laminates and vinyl
      coverings may be substituted therefore with reduced durability
      characteristics being present in the finished product.
PAR  An elongated flat member 52 is secured to the lower inside surface of the
      rail member 18 by any suitable contact bond adhesive such as ANCHOR-WELD
      in the manner illustrated in FIGS. 3 and 4. The numeral 54 refers to an
      elongated flat member which is secured to the upper inside surface of the
      member 52 by adhesive or the like. Member 54 is provided with a beveled
      lower end 56 which is adapted to mate with the beveled upper end 40 of
      member 32.
PAR  The method of installation is as follows. The members 22 and 32 are secured
      to the wall 10 by the bolts 34 extending through the member 22 as
      previously described. Member 32 will have been previously secured to
      member 22. The members 52 and 54 will have previously been secured to the
      rail member 18 so that the assembly may be secured together asd
      illustrated in FIG. 3. In FIG. 4, the numeral 58 refers to a layer of
      adhesive or the like which is positioned between the members 32, 54 and 52
      and 22 so that the assembly is rigidly secured together. As seen in FIG.
      4, the members 52, 54 and 22 have their upper ends dwelling in a common
      plane so that a person's hand cannot become lodged or caught between the
      rail and the wall if the person should accidently fall or slip. The
      members 18, 48, 52, 32 and 22 are comprised of a particle board material
      which permits the hand rail to be economically produced. The high pressure
      laminate 50 provides an extremely durable outer covering for the hand rail
      which prevents scarring or damaging of the hand rail. The hand rail is
      rigidly mounted on the wall through the bolts and the mating beveled edges
      as well as the contact cement provided therebetween as previously
      described.
PAR  Thus it can be seen that the hand rail accomplishes at least all of its
      stated objectives.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hand rail for attachment to a vertically disposed planar support wall,
      said hand rail comprising:
PA1  an elongated support means adapted to be secured to the support wall and
      having a top portion, a bottom portion and an outer end portion spaced
      from the support member,
PA1  an elongated rail member secured to the outer end portion of said support
      means and having an inwardly extending upper end portion spaced above the
      upper end of said support means,
PA1  said support means comprising first and second elongated flat members
      joined together and having upper surfaces which combine to form an
      elongated upwardly presented surface extending along substantially the
      entire length of said rail member to prevent a person's hand from being
      caught  between said support wall and said rail member;
PA1  securing means for operatively securing said first member to said support
      wall;
PA1  said first member having in cross section two vertical surfaces
      interconnected by an upwardly presented beveled surface extending
      downwardly and towards said support wall;
PA1  said second member carrying said rail member and having in cross section
      two vertical surfaces interconnected by a downwardly presented beveled
      surface extending upwardly and away from said support wall,
PA1  said vertical and beveled surfaces of said first and second members being
      matingly joined whereby said mating beveled surfaces support said second
      member on said first member and urge said second member towards said
      support wall;
PA1  all of said vertical and beveled surfaces extending along the length of
      said rail so as to provide continuous support thereof and so as to close
      the space between said rail and said support wall; and
PA1  an adhesive joining said mated surfaces of said first and second members.
NUM  2.
PAR  2. A rail according to claim 1 wherein said rail member is comprised of a
      particle board material and a laminate material is secured to said
      particle board material of said rail member.
NUM  3.
PAR  3. The hand rail of claim 1 wherein said laminate material is a plastic
      laminate material.
NUM  4.
PAR  4. The hand rail of claim 3 wherein said plastic laminate material is a
      high pressure plastic laminate.
NUM  5.
PAR  5. The hand rail of claim 4 wherein said plastic laminate material is
      selected from a group consisting of MICARTA, FORMICA and TEXTOLITE.
NUM  6.
PAR  6. The hand rail of claim 3 wherein said rail member is comprised of layers
      of particle board material secured together in a laminated manner.
NUM  7.
PAR  7. The hand rail of claim 6 wherein said support means is comprised of
      layers of particle board material secured together in a laminated manner.
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ABST
PAL  Method and apparatus for producing rockbolts in the roof of a subterranean
      cavity in which two components of an ambient temperature curable resin
      system are premixed and then inserted into a bore hole. The mixture is
      permitted to polymerize in situ and then the hardened material is cut off
      at the entrance to the hole leaving a hardened portion for insertion into
      the next hole as a precursor. In a preferred embodiment a flexible glass
      roving is employed to reinforce the material in the hole and a metal tube
      inserted to support the roving while it is fed into the hole and also to
      provide venting. The roving and tube is then cut off and left in the hole.
PARN
PAR  This is a division of application Ser. No. 312,393, filed Dec. 5, 1972 now
      U.S. Pat. No. 3,861,755.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention described herein was made in the course of, or under a
      contract with the U.S. Atomic Energy Commission.
PAR  Rockbolts have long been employed to strengthen or stabilize coal or other
      mine roof structures by tying together laminated or fissured rock strata.
      In the past, a rockbolt typically would consist of a steel rod of
      sufficient length to extend from the roof-line up into a region of
      relatively strong rock, perhaps 3 to 10 feet into the roof. An expansion
      wedge anchor at the upper end of the bolt is secured in the surrounding
      rock by rotating the bolt at the roof-line using a torque wrench to set
      the anchor and tension the bolt. A steel plate washer between the bolt
      head and the rock roof may be employed to spread the load to the rock.
PAR  In order to improve the contact between the bolts and the rock in the roof
      of the mine, resin anchors have been employed which in a typical
      arrangement involves the insertion of resin packages into the holes which
      are then broken by insertion of the bolts and mixed by rotation of the
      bolts providing a rapid setting polymer anchor for the bolt. Fully-grouted
      bolts also have been used and such bolts consist of deformed bars, with or
      without a head, which would then be cemented into a hole using concrete or
      polymeric materials as grouting materials.
PAR  However, it has been found that in the application of the resin anchors as
      described in U.S. Pat. Nos. 3,302,410, 3,324,662 and 3,091,935, sufficient
      technical difficulties are involved in preparing such rockbolts that they
      are time consuming to prepare, expensive, and sometimes do not provide
      adequate physical characteristics to provide the support desired in the
      roof of a mine.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of this invention a pumpable rockbolt has
      been developed which can be employed with sufficient efficiency,
      effectiveness and facility that it can be utilized in the place of
      previous methods which cannot provide all the benefits of this invention.
PAR  In a preferred embodiment of this invention there is provided a method of
      reinforcing the roof of a subterranean cavity comprising the drilling of
      spaced holes upwardly into the roof, injecting and filling each of the
      holes with a polymerizable mixture, some of the mixture extending out of
      the hole being filled and after a period of time sufficient to permit the
      mixture to harden in situ removing a plug of the hardened portion of the
      mixture extending out of the hole, and subsequently inserting the hardened
      portion into the next hole to be filled as a precursor for the mixture
      inserted into that hole.
PAR  In another embodiment, apparatus is provided for producing a pumpable
      rockbolt in a bore hole upwardly extending into the roof of a mine in
      which there are provided first and second supply sources of the two
      components of an ambient temperature curable polymerizable resin system, a
      mixing device for receiving the first and second components for forming an
      intimate mixture thereof, a bolting head assembly for receiving the
      mixture from the mixing means having an extended exit conduit for
      communicating directly with the inlet of the bore hole for delivering the
      mixture into the hole, the bolting head assembly having a gasket
      surrounding the exit conduit for providing a resilient substantially leak
      proof seal between the exit conduit and the rock face surrounding the
      hole, said gasket being of material substantially not adhered to by said
      resin system when the latter is cured in contact therewith, and means for
      purging the mixture from the bolting head assembly. This arrangement
      results in an efficient, effective and economical means of delivering the
      polymerizable bolt materials to the bolt holes. An additional advantage of
      this apparatus is that it permits the use of flexible roving material and
      metal tubing incorporated into the apparatus for reinforcing the polymer
      in the holes and also to provide venting during filling of the holes.
PAR  Another feature of this invention with respect to the method involved is
      the use of high viscosity materials to prevent the spreading or the
      distribution of the mixture throughout the cracks surrounding the holes
      into which the mixture is inserted. For this purpose, also, the mixture in
      accordance with the principles of this invention is inserted at barely
      sufficient pressure to flow the mixture into the holes. This avoids the
      use of high pressures which would tend to force the fluid into cracks and
      fissures and cause further damage to the structure of the roof which in
      some circumstances should be avoided.
PAR  It is thus a principal object of this invention to provide for the in situ
      preparation of rockbolts in the roofs of subterranean voids with greater
      effectiveness, efficiency and economy than has been heretofore attained.
PAR  Other objects and advantages of this invention will hereinafter become
      evident from the following description of preferred embodiments of this
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The FIGURE illustrates in partial schematic form a preferred embodiment of
      this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the FIGURE, there is illustrated an apparatus 10 embodying the
      principles of this invention for use in filling hole 12, which may have
      been drilled, in mine roof 14. Apparatus 10 consists of a slide valve
      assembly 16, a bolting head assembly 18, a feed pipe 22 for roving and
      other materials as will be described further below, a supply 24 of
      promoted resin, a supply 26 of catalyzed resin, a waste sump 27, a supply
      28 of purge resin, and a supply 29 of wetting fluid.
PAR  Slide valve assembly 16 consists of a cylinder 32 containing a slidable
      piston 34 operated by a piston rod 36. Piston 34 is provided with a
      passageway 38 which at one end is axially located and at the other end
      opens to the side wall of cylinder 32. The axial opening is designated 42
      and the side opening is designated as 44. Cylinder 32 is provided with an
      outlet opening 45 and conduits 46, 48 and 49, which are connected,
      respectively, to the promoted resin supply 24, waste sump 27, and
      catalyzed resin supply 26, and a conduit 52. It will be seen that the
      position of piston 34 determines whether or not side opening 44 either
      communicates with sump 27 (as illustrated) or resin supplies 24 and 26 are
      open to outlet opening 45, the latter situation occurring when piston 34
      is retracted downwardly, blocking off conduit 48. The upper end of
      cylinder 32 communicates to and is connected by opening 45 into conduit 52
      to bolting head assembly 18 for reasons to be described further below. In
      conduit 52 is provided a helical static mixer 54 which provides for
      thorough mixing of the two components of the resin system as it flows
      upwardly to bolting head assembly 18. Pumps P.sub.1 and P.sub.2 are
      provided which deliver, when actuated, the resins from supplies 24 and 26,
      respectively, as will be described further below. Pumps P.sub.1 and
      P.sub.2 may if desired be part of a proportioning arrangement for
      delivering the resins from supplies 24 and 26 in any desired proportion.
PAR  Bolting head assembly 18 consists of a solid body 56 having an exit
      cylindrical extension 58 with a central countersunk well 62 which has a
      coating 63 of a suitable material, such as Teflon, to which the resins
      when polymerized will not adhere. Side access to well 62 is provided by a
      passageway 64 in which there is a slidable piston assembly 66 consisting
      of a pair of pistons 68 and 72 connected by a shaft 74. Assembly 66 is
      controlled slidably by a piston rod 76 extending out the side of bolting
      head assembly 18. Communication to passageway 64 is obtained by a pair of
      passageways 78 and 82 spaced as illustrated which are communicated to by a
      conduit 84 and the previously identified conduit 52, respectively. Conduit
      84 is connected to purge resin supply 28 through a pump P.sub.3.
PAR  Extension 58 is provided with a gasket or covering element 86 with an
      opening 87 aligned with well 62. Element 86 is made from a resilient
      material to reduce the effect of any impact and provide sealing between
      assembly 18 and roof 14 and to which the resins upon polymerization will
      not adhere. A suitable material is Teflon. When bolting head assembly 18
      is positioned as illustrated it abuts against the surface of mine roof 14.
      Central opening 87 through gasket element 86 is aligned with drilled roof
      hole 12 and well 62 in bolting head assembly 18. Thus, it is seen that
      when assembly 18 is positioned in the manner illustrated, there is
      communication between well 62 and hole 12. It will also be seen that
      piston rod 76 may be manipulated to uncover either only passageway 82 for
      supplying mixture to well 62 and into hole 12 or, in the position
      illustrated uncovering passageways 78 and 82 for purging remaining mixture
      in bolting head assembly 18 by permitting the purging fluid to enter into
      bolting head assembly 18 and purge out through passageway 82 all of the
      mixture remaining within passageway 64.
PAR  To supply well 62 in body 56 with roving and similar material to be
      described below there is provided a passageway 88 in body 56 to which is
      connected feedpipe 22 extending from a wetting box 90 which is supplied
      with wetting fluid from supply 29 by way of pump P.sub.3. Roving 92 and a
      hollow vent tube 93 pass through wetting box 90 into feedpipe 22 and
      passageway 88 and then into well 62 and hole 12 terminating in a plug 94.
      A pair of rollers 96 and 98 suitably actuated push vent tube 93 into hole
      12 as illustrated, dragging or pulling roving 92 therewith. Roving 92
      preferably consists of continuous filament glass or similar long fibers or
      strands of strong nonflammable material which would be supplied from rolls
      not shown. Tube 93 is sufficiently flexible to come from a roll and
      sufficiently rigid to push into hole 12 in the manner shown. Aluminum
      tubing for this purpose has been found to be adequate to accomplish this.
      As will be seen later, plug 94 consists of a polymerized section which
      extended into well 62 from a previous roof hole and which was cut or sawed
      off at the roof line, forming a precursor for the monomer, roving, and
      tubing being supplied to the illustrated hole 12. Tube 93, being hollow,
      functions also as a means of venting entrapped air or gases in hole 12 as
      the latter is being filled from the roof line.
PAR  The monomer selected for use in accordance with this invention should be
      capable of being polymerized by the catalyst and promoter under ambient
      conditions as there is no provision for the application of heat to
      initiate the process. In a typical mine roof, ambient temperature is about
      60.degree.F. Furthermore, as the polymerization reaction is exothermic and
      the space in which the reaction occurs is confined and heat transfer away
      from the hole through the rock strata present is poor, it is also
      desirable to select a polymerizable composition which has a flash point of
      at least 100.degree. F for reasons of safety. Furthermore, the
      polymerizable composition must contain sufficient filler material to
      increase the viscosity to the point where it will not flow transversely
      out of hole 12 into and along crevices, cracks, faults, and the like. A
      minimum viscosity for this purpose is 1000 centipoise, and a preferred
      range is 1000-50,000 centipoise. Other preferred characteristics of the
      composition employed include that it will expand during setting in order
      to provide adequate bonding with the bordering rock strata, and setting
      time, as least to the point where assembly 18 can be removed, should be
      fairly rapid, such as within about ten minutes. Some or all of these
      characteristics can be obtained by the use of additives. The wetting
      mixture whose purpose is to insure thorough impregnation of the roving,
      can consist of the same monomer without the presence of additives other
      than catalyst, while the purging fluid can be any liquid which will
      dissolve and wash away the monomer.
PAR  In the operation of the apparatus illustrated, roof 14 is first prepared by
      having one or more holes 12 drilled therein of sufficient length to
      accomplish the purposes of the roof bolts prepared by this invention. A
      typical depth would be about six feet. Then bolting head assembly 18 is
      moved up into contact with the surface of roof 14 so that the opening in
      gasket 86 is aligned with entry into hole 12. As will be seen from the
      drawing, the portion of roving 92 left over from a previous hole which had
      been impregnated terminates in a solid cap 94 which was saturated with the
      mixture and hardened and cut off from the piece extending out of the
      previous hole. As already noted, plug 94 comes from within well 62 where
      the polymer does not adhere to the walls thereof because of coating 62.
      Thus, when assembly 18 is aligned with hole 12, solid plug 94 is ready for
      entry into opening 12. Rollers 96 and 98 may then be actuated to push tube
      93 with plug 94 into hole 12, pulling roving 92, while simultaneously
      piston 34 in slide valve assembly 32 is lowered to a sufficient point
      where both the catalyzed resin supply 26 and the promoted resin supply 24
      are exposed by the upper edge of piston 34 to conduit 52. Pumps P.sub.1
      and P.sub. 2 are actuated to pump these fluids into this conduit where
      they are mixed by mixer 54 and pass up into assembly 18. At the same time,
      piston rod 76 is manipulated so as to expose passageway 82 to well 62
      (blocking passageway 78) so that the mixture coming from conduit 52 enters
      into well 62 and passes up through gasket 86 into hole 12. Pump P.sub.4 is
      activated to maintain wetting box 90 full of the wetting fluid. Pumping of
      the mixture continues until plug 94 reaches the desired height, as
      measured by the amount of tubing or roving used, or until hole 12 is
      filled, as indicated by cessation of flow.
PAR  The resins are supplied at only sufficient pressure to overcome the static
      head in hole 12 in order to avoid the distribution of the fluid into
      crevices and cracks which might at high pressure result in further damage
      to the mine roof 14. Pumps P.sub.1 and P.sub.2 supply the resins in
      predetermined proportions, typically equal amounts of each. Wetting fluid
      supplied to box 90 insures that the roving will not trap any air and will
      be saturated with composition supplied to well 62. When supply of hole 12
      is completed, pumps P.sub.1, P.sub.2, and P.sub.4 are deenergized, and
      piston rods 36 and 76 are moved to their purging positions as illustrated
      in the FIGURE. Pump P.sub.3 is energized to clear the lines of any mixture
      which can polymerize. At the same time, assembly 18 is held in place until
      the mixture extending into hole 12 jells enough not to flow out when
      assembly 18 is removed. When assembly 18 is lowered a short distance (some
      roving 92 and some length of vent tube 93 are pulled through when this
      occurs) the plug extending out of hole 12 is cut by a suitable cutting
      tool. The plug extending out of well 62 attached to the roving and tubing
      then becomes the precursor for the next hole.
PAR  It should be noted at this point that the viscosities of the resins which
      are utilized in this invention are sufficiently high at the temperature of
      use, i.e., in the range of 1000 to 50000 centipoise, to enhance the
      nonpenetration characteristics of the fluid into the cracks and crevices
      surrounding hole 12. In addition, so that only a minimum length of time is
      required before the mixture is set enough so that bolting head assembly 18
      can be removed and aligned up with the next hole to be filled, it has been
      found that at a temperature of 50-60.degree.F within about ten minutes or
      less the mixtures and materials described herein are sufficiently solid
      such that bolting head assembly 18 can be removed.
PAR  It should be understood that although roving 92 with venting tube 93 are
      described and illustrated in connection with this invention that if the
      conditions of the mine roof 14 warrant it, it may be desirable and
      possible to employ the resins alone or with only roving 92 or only tubing
      93. In addition, the mixture may contain a variety of materials, such as
      certain fillers and additives to decrease shrinkage during curing,
      decrease the exotherm which occurs during curing, adjust the viscosity of
      the resin, improve the modulus of elasticity of the polymerized product,
      improve the bonding of the resin to the rock surfaces, reduce the
      flammability, and reduce the cost. Among the filler materials used and
      found to be useful for some of these purposes are clay, fumed silica,
      milled glass fiber, asbestos, and ground shale. Other fillers are
      available and, of course, could be used.
PAR  When glass fiber is employed for roving 92 it may be treated with materials
      on the surface making it compatible with polyester resins as is understood
      in the art. These surface treatments make the bond between the glass and
      the polyester stronger. A bonding agent which serves this purpose and can
      be added to the resin phase is gamma-methacryloxypropyltrimethoxy silane.
PAR  The continuous filament glass roving 92 described herein has been found to
      provide excellent reinforcement for the pumpable bolt described. Roving 92
      is pumped or driven from a spool into the drilled hole with the polyester
      resins. This material provides a significant increase in the strength of
      the bolt over bolts cast from short fiber reinforced polyester resins, and
      further, the tensile and modulus of elasticity values of a pumpable bolt
      can be varied over a wide range depending on the type and quantity of
      reinforcement used.
PAR  It should also be noted in connection with the apparatus illustrated and
      described hereinabove that movement of piston rods 36 and 76 may be
      accomplished manually and actuation of the motors driving the pumps and
      rollers 96 and 98 may also be initiated by hand. In the alternative, it is
      understood that automatic actuating devices as known in the art may be
      employed if desired. Furthermore, the apparatus may be assembled in such a
      way that assemblies 16 and 18 and wetting box 90 are movable together
      while the remaining elements of the system, connected by flexible hose for
      conduits 84, 49, 46 and 48 can be located on a platform such as a trailer.
      On the other hand, all of the elements of the apparatus could be assembled
      and moved together. An important advantage of this invention is that the
      apparatus can if desired be remotely operated thereby reducing the
      exposure of the persons involved to any hazards which may exist. It should
      also be noted that plug 94 is a precursor would not be required if roving
      92 or vent tube 93 were not employed.
PAR  There are a large number and variety of monomers and additives commercially
      available having the aforementioned characteristics which can be selected
      for the application herein described, provided a two or more component
      system is employed, so that the separate components can be stored
      indefinitely and then mixed at the point of use, i.e., in assemblies 16
      and 18. Many such compositioned systems are known in the art and could be
      employed to carry out the principles of this invention. The below example
      describes materials which have been used successfully.
PAC  EXAMPLES
PAR  The following table lists specific materials which were selected and used
      successfully in filling several holes six feet in length with an ID of
      13/8 inches at an ambient temperature of about 60.degree.F. Each hole took
      about 1 min. 25 secs. to fill, with a jelling time after filling of about
      3-5 min. before assembly 18 could be moved to the next hole. Coating 63
      and gasket 86 were made from Teflon so that there was no adherence during
      polymerzation either to the outer surface of gasket 86 or to the inner
      surfaces of well 62, and no leakage between gasket 86 and wall 14. Only
      sufficient pressure was provided by pumps P.sub.1 and P.sub.2 to overcome
      static pressure and fill the length of the holes.
TBL                TABLE                                                       

     ______________________________________                                    

     1. Promoted Resin Mixture                                                 

     ______________________________________                                    

     A. Base Mixture                                                           

      (a) Resin solution                                                       

      Chlorinated polyester flakes (low flammability)                          

                                 30%                                           

      Polystyrene pellets (expansion agent)                                    

                                 15%                                           

      Chlorostyrene monomer (high flash point &                                

       low shrinkage)            38%**                                         

      (b) Milled glass, 1/32 in. 17%                                           

     B. Additives                                                              

      Dimethylaniline promoter 1/2% of resin solution wt.                      

      cobalt naphthenate promoter 1% of resin solution wt.                     

      hydroquine inhibitor (for long term storage) 100 ppm wt.                 

      fumed silica (thixatropic agent) 1/2% of base mixture wt.                

      silane - 2% of base mixture wt.                                          

     2. Catalyzed Resin Mixture                                                

     ______________________________________                                    

     A. Base Mixture (same as above)                                           

     B. Additives                                                              

      fumed silica - 1/2% of base mixture wt.                                  

      silane - 2% of base mixture wt.                                          

      methyl ethyl ketone peroxide catalyst (fire resistant),                  

      1-1/2% of resin solution wt.                                             

      hydroquinine inhibitor, 100 ppm of resin solution wt.                    

     3. Wetting resin                                                          

     ______________________________________                                    

     A. Base mixture - chlorinated polyester flakes, 50% and chloro-           

      styrene monomer, 50%                                                     

     B. methyl ethyl ketone peroxide catalyst, 3/4% of base mixture            

      wt. hydroquinine inhibitor, 100 ppm of base mixture wt.                  

      silane - 2% of base mixture wt.                                          

     4. Purge fluid - 1, 1, 1, - trichloroethane                               

     ______________________________________                                    

       *all percentages by weight                                              

      **varied .+-. 5% to adjust viscosity depending on ambient temperature    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for providing a rockbolt in an upwardly extending bore hole in
      a rock face, comprising:
PA1  a. first supply means for a pumpable stable first composition which is the
      first of a two component ambient temperature curable resin system;
PA1  b. second supply means for a pumpable stable second composition which is
      the second of the two component ambient temperature curable resin system;
PA1  c. mixing means for receiving the first and second compositions for forming
      an intimate mixture thereof;
PA1  d. means for simultaneously pumping the components from said first and
      second supply means in preselected proportion to said mixing means; and
PA1  e. bolting head assembly means for receiving said mixture from said mixing
      means and communicating with the inlet of said bore hole to deliver said
      mixture into said hole, said assembly means having a well for
      communicating with said hole during delivery of said mixture into said
      hole and during polymerization of said mixture, said well having means to
      prevent adherence of the polymerized mixture to said assembly means,
      thereby permitting removal of said assembly means from said rock face.
NUM  2.
PAR  2. The apparatus of claim 1 having means to purge from said apparatus any
      mixture of said compositions remaining outside of said well after pumping
      into said hole is complete.
NUM  3.
PAR  3. The apparatus of claim 2 having means to supply resilient long stranded
      material to said hole during pumping to provide additional strength to
      said rockbolt.
NUM  4.
PAR  4. The apparatus of claim 1 having means to supply to said hole during
      pumping a venting tube to release dropped gases in said hole and to remain
      during polymerization to provide additional strength to said rockbolt.
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ABST
PAL  A method is disclosed for preparing mixtures of moldable plastic and a
      suitable amount (generally a minor amount) of additive material to be
      dispersed throughout the moldable plastic, which mixtures are intended for
      subsequent use in a plastic molding process, by a method which permits
      separation or re-classification of the mixture into its moldable plastic
      and additive material components in the event that the mixture turns out
      to be incorrect or obsolete. The method includes the steps of obtaining
      small pellets of a moldable plastic having a first shape, these pellets
      being substantially free of the additive material. These small pellets of
      moldable plastic are then mixed with small pellets of moldable plastic
      into which has been incorporated one or more additives, these pellets
      having a second shape which is classifiably different from the shape of
      the other plastic pellets.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a divison of my co-pending U.S. Application Ser. No.
      353,468, filed Apr. 23, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the plastic molding arts, virgin plastic which is to be molded is
      commonly used in the form of small plastic pellets. These pellets are
      conveniently formed by extruding plastic (typically a thermoplastic such
      as polyethylene) through a die to form a strand which is then severed into
      small lengths. For convenience, the dies are usually circular and
      extrusion produces cylindrical strands. However, other shapes of the small
      plastic pellets are known. After pelletizing, the moldable plastic can be
      shipped and stored in pellet form until the time of use. Pelletizing makes
      the plastic easy to handle and eliminates dust problems associated with
      powdered plastics. At the time of use, the pellets are melted and the
      resulting liquid plastic mass is molded and hardened.
PAR  As illustrative of the prior art related to the pelletizing of plastics,
      see the following U.S. Pat. Nos: 2,464,746 2,918,701 3,509,247
PAR  When colored plastic articles are desired, a small amount of pigment or
      other coloring agent (e.g. 1% of coloring agent based upon the weight of
      the plastic) is added to the virgin plastic pellets and the two are mixed
      together before or at the time the pellets are melted and molded. For
      convenience, it is common in the plastic molding industry to use coloring
      agents in the form of color concentrates. These color concentrates can be
      formed by pre-blending large amounts of coloring agent with a relatively
      small amount of plastic (e.g. a thermoplastic such as polyethylene) so
      that the resulting color-rich plastic can be extruded and pelletized in
      the ordinary manner. In this way, the dust problems and other problems
      (measuring problems) associated with the use of pure coloring agents can
      be avoided.
PAR  In large commercial operations, it is common to mix large amounts of
      uncolored virgin plastic pellets with a color producing amount of color
      concentrate pellets to provide a ample constant source of supply to the
      plastic molding operations. However, if the pellets are incorrectly mixed,
      or if it is desired to change to a different color of plastic, unused
      mixtures of uncolored plastic pellets with color concentrate pellets which
      are of the old color are considered, and sold or disposed of as, "scrap"
      and are often used only in the manufacture of low priced products for
      other purposes. In any event, these obsolete mixtures must be stored until
      they can either be used or disposed of as scrap. This is because there is
      no commercially economical method for separating the color concentrate
      pellets from the uncolored plastic pellets. The two types of pellets are
      generally virtually identical in every way except color.
PAR  It is also common to mix different types of pellets when the types differ
      as to other characteristics besides color, e.g. filled vs. unfilled
      plastic, treated vs. untreated plastic, etc. Here again, incorrect or
      obsolete mixtures are likely to be scrap.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is based upon the discovery that the large amounts of
      scrap "premix" can be avoided if the shape of the uncolored or untreated
      or unfilled plastic pellets (hereinafter referred to as "additive-poor
      pellets") is classifiably different from the shape of the colored, filled,
      or treated pellets (hereinafter referred to as the "additive-rich" or
      "additive concentrate" pellets). These differences in shape allow the two
      types of pellets to be separated by known classification methods (e.g.
      screening) if separation is desired.
PAR  For purposes of illustration, the "additive-poor" pellet is an uncolored
      pellet in the description which follows. The additive concentrate pellet
      is therefore a color concentrate pellet.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-sectional view, on a greatly enlarged scale, of a
      cylindrical plastic pellet used in this invention as the uncolored pellet;
PAR  FIG. 2 is a cross-sectional view, on the same scale as FIG. 1, of a fluted
      or Y-shaped plastic pellet used in this invention, preferably as the color
      concentrate pellet.
DETD
PAR  It should be understood that the two Figures of the Drawing are merely
      exemplary. Other shapes could be used, and the illustrated shapes could,
      less preferably, be reversed. For example, clear plastic pellets can have
      the shape illustrated in FIG. 2 and colored pellets can have the shape of
      FIG. 1.
PAR  The color-poor, untreated virgin plastic pellet 11 of FIG. 1 has a diameter
      D which, in the example illustrated, is 1/8 inch or 125 mils. The length
      or thickness (T) of pellet 11 is the same as the length or thickness (T)
      of color-rich pellet 20 of FIG. 2. Thickness dimension T is typically at
      least as long as D but has been foreshortened for convenience of
      illustration. Pellet 20 is star- or Y-shaped (i.e. fluted) and has three
      legs 21 of length L branching out from a central point 23. This
      configuration presents a much larger apparent cross section to the
      classifying device. In the example illustrated, the length L of legs 21
      (measured from central point 23) is about 130.2 mils (0.130208 inches) and
      the width W of each leg is 31.25 mils (1/32 of an inch). Thus, a vibrating
      sieve opening which would pass about 100% of a mass of pellets similar to
      pellet 11 would have to be roughly doubled in width to pass about 100% of
      pellets similar to pellet 20. Furthermore, even though the length of
      pellets 11 and 20 is the same, the surface area of the fluted shape
      (pellet 20) is larger than the area of a cylinder having the dimensions of
      pellet 11. With the densities, lengths, and true cross-sectional areas of
      pellets 11 and 20 arranged to be generally the same, each pellet comprises
      about the same weight of material. Due to the aforementioned similarity in
      weight of material in each type of pellet, there is little or no tendency
      for a mass of pellets 11 to separate from a mass of pellets 20 (by
      segregation or stratification) prior to classification or
      re-classification.
PAR  The greater surface area of pellet 20 has several additional advantages
      besides ease of re-classification into the additive-rich pellet class,
      particularly when the pellet 20 is the color concentrate pellet and pellet
      11 is the uncolored pellet. For example, color concentrate pellets of
      shape 20 will melt faster (due to increased heat absorption), thereby
      dispersing the color rapidly through the slower-melting mass of clear
      plastic pellets 11. The faster and better color dispersion is an aid to
      faster and better production of molded articles (e.g. faster extrusion
      rates). Furthermore, if there is any tendency toward stratification or
      segregation in a pre-mix, the fluted shape of pellet 20 actually can help
      in preserving homogeneity prior to re-classification.
PAC  DETAILED DESCRIPTION
PAC  Uncolored Plastic Pellets
PAR  Typically, "additive-poor" plastic pellets of this invention are poor in or
      simply do not include a coloring agent. Clear or uncolored plastic pellets
      are commercially available and can be obtained from numerous sources. Such
      uncolored plastic pellets can have a variety of shapes. Generally, they
      are formed by extrusion techniques in which the strands of plastic which
      are formed during extrusion are chopped or otherwise severed to form small
      pellets. Typically, these pellets have lengths ranging between 1-15
      millimeters (e.g. 3-10 millimeters or about 120-400 mils). Commonly, the
      cross-sectional shape of these strands is circular, although other shapes
      are known (e.g. triangular, square, fluted or star-shaped, spherical,
      flat, and the like). Occasionally, the pellets may be formed by techniques
      other than extrusion.
PAR  Numerous processes are known in the art for forming pellets of uncolored
      and color-poor plastics and the selection of a suitable pellet-forming
      process is an act within the skill of the art when aided by this
      disclosure.
PAR  For purposes of the present invention, it is preferred that the uncolored
      or color-poor plastic pellets be cylindrical in form. The cylindrical
      pellets are the most common in present commercial operations.
PAR  The pellets can be made from any plastic which is capable of being formed
      into a pellet and subsequently molded. A wide variety of plastics can be
      used. Some thermosetting plastics or resins can be used because their
      curing characteristics permit them to be pre-formed into pellets. However,
      it is more common to use thermoplastics such as polyethylene,
      polypropylene, polystyrene, and the like.
PAC  Color Concentrate Pellets
PAR  Typically, "additive concentrate" plastic pellets of this invention (i.e.
      pellets rich in some additive) are color concentrate pellets.
PAR  Color concentrate pellets are prepared by mixing a relatively large amount
      of coloring agent with a relatively small amount of plastic (e.g. by
      melting the plastic and blending the molten plastic with coloring agent)
      and thereafter forming pellets of the color concentrate. Again, the most
      convenient method of forming pellets is by the extrusion technique.
      However, other techniques can be used and shapes other than those derived
      from extruded strands can be effective.
PAR  For purposes of the present invention, it is essential that the shape of
      the color concentrate pellets be classifiably different from the shape of
      the uncolored plastic pellets described above. By "classifiably different"
      it is meant that the shape of the color concentrate pellets is
      sufficiently different from the shape of the uncolored plastic pellets to
      permit the two types of pellets to be separated from each other by one or
      more classification techniques (e.g. screening).
PAR  Suitable coloring agents are known in the art and the present invention is
      not critically dependent the selection of any particular coloring agent.
      Thus, a variety of pigments, dyes and the like can be used.
PAR  If mixtures of uncolored or color-poor plastic pellets and color
      concentrate pellets are to be subjected to a substantial amount of
      handling prior to being molded to produce an article of manufacture, there
      may be a tendency for the color concentrate pellets to aggregate or
      stratify or separate from the uncolored plastic pellets. For example, this
      can occur if there is a large difference in the relative sizes or
      densities of the two pellets and mixtures of the two are transported by
      truck or rail over long distances. To prevent or materially reduce such
      situations, it is helpful if the length of the uncolored plastic pellets
      and the length of the color concentrate pellets are approximately equal
      and if their actual cross-sectional areas are approximately equal (as
      shown in the Drawing). Note that when one of the pellets is circular in
      cross section (as in FIG. 1) and the other is star-shaped or Y-shaped or
      fluted, as in FIG. 2, there can be a substantial difference in surface
      area or apparent cross-sectional area even though their actual
      cross-sectional areas are identical.
PAR  Separation of additive-poor pellets from additive concentrate (e.g. color
      concentrate) pellets can be aided by manufacturing the pellets with
      different densities (either bulk density or true density) or by making the
      size or shape of the two types of pellets more and more dissimilar.
PAC  Classification Methods
PAR  Any one of a variety of classification methods can be used. In a given
      situation, all classification methods will not work with equal
      effectiveness. Some classification methods will be better suited to a
      given system because of inherent differences or similarities in size,
      shape, density and the like of the additive-poor plastic pellets and the
      additive concentrate pellets. Where possible, screening or sieving
      techniques are preferred because of their simplicity and economy. However,
      with some types of plastic pellets, other classification techniques may be
      desirable. Such other techniques include flotation or sedimentation in a
      liquid medium and specific gravity air separators.
PAC  Other Treatments or Additives Besides Coloring Agents
PAR  As will be apparent to those skilled in the art, situations arise wherein
      it can be desirable to mix substantially pure thermoplastic pellets with
      highly extended or filled plastic pellets, relatively unplasticized
      pellets with highly plasticized pellets, pellets containing blowing agent
      with pure plastic pellets, hydrophilic pellets with hydrophobic or
      oleophilic pellets, etc. In every case there is generally a bulk material
      which is poor in or untreated or relatively untreated with the additive
      material, and additive concentrate pellets, which are rich in the additive
      material and are to be dispersed throughout the bulk material. The most
      common situation, as pointed out previously, involves a minor amount of
      colored pellets mixed with the overwhelming bulk of pellets which are
      uncolored (e.g. clear plastic).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of preparing a mixture of moldable plastic and an additive
      amount of additive material to be dispersed throughout the moldable
      plastic, which mixture is intended for subsequent use in a plastic molding
      process, which method includes the steps of:
PA1  a. obtaining small, additive-poor pellets comprising a first moldable
      plastic composition, said pellets having a first shape;
PA1  b. obtaining small, additive concentrate pellets comprising a second
      moldable plastic composition, said second moldable plastic composition
      being rich in an additive material, at least as compared to said first
      moldable plastic composition, said pellets having a second shape which is
      readily classifiably different from said first shape; and
PA1  c. intentionally mixing plastic pellets of said first shape with a minor
      amount of pellets of said second shape, for purposes of obtaining a
      mixture which can be subsequently separated such that said additivepoor
      pellets are separated from said additive-concentrate pellets, the amount
      of pellets of said second shape being sufficient to impart a desired
      additive characteristic to the mixture of pellets, when the pellets have
      been fused and molded.
NUM  2.
PAR  2. The method of claim 1 in which the pellets of steps (a) and (b) are of
      approximately equal length and of approximately equal cross-sectional
      area.
NUM  3.
PAR  3. The method of claim 1 in which the densities of the pellets of steps (a)
      and (b) are different.
NUM  4.
PAR  4. The method of claim 1 in which the pellets of step (a) are cylindrical
      and are substantially free of coloring agent.
NUM  5.
PAR  5. The method of claim 4 in which the pellets of step (b) are fluted and in
      which the lengths and cross-sectional areas of the pellets of steps (a)
      and (b) are approximately equal.
NUM  6.
PAR  6. The method of claim 5 in which the plastic is polyethylene.
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ABST
PAL  In a combination of a furnace which is provided with an upwardly opening
      mouth, a lid for the mouth, a hood associated with the furnace and
      enclosing the mouth, the hood having a ceiling disposed above the
      uppermost position of the lid and the ceiling being formed with a port
      registering with the furnace mouth, and a cover for the port, the
      improvement in which the lid is supported upon a generally vertically
      upwardly extending post for swinging movement with the post about a
      substantially vertical axis outside the boundary of the mouth between a
      position in registry with the mouth and a position laterally removed from
      such registry, and the cover being mounted upon the post for swinging
      movement about the axis with the post and the lid.
BSUM
PAR  The present invention relates to a fumes-controlling hood primarily
      intended for use upon or associated with a metal-melting furnace of the
      type having an upwardly opening charging mouth equipped with a lid which
      is mounted to swing about a substantially vertical axis outside the
      boundary of the mouth, between a position in registry with the furnace
      mouth and a position laterally displaced from such registry. Charges of
      material to be melted are introduced to the furnace through the mouth by
      means of charging buckets of known construction, such buckets being
      provided with a valved bottom which is swung into registry with the
      furnace mouth at times when the lid is in its laterally displaced
      position. The bucket valve is operated to dump the charge into the
      furnace.
PAR  Whenever the furnace mouth is open, and particularly when material to be
      melted is charged into the furnace or when molten material is being
      poured, heavy, noxious fumes arise from the furnace into the atmosphere
      surrounding the furnace. The resultant pollution of the working
      environment cannot be tolerated under laws and rules controlling such
      environments.
PAR  Reference is made to the Robert C. Overmyer and John Scheel U.S. Pat. No.
      3,756,582 issued Sep. 4, 1973 and the patent references cited therein
      including U.S. Pat. Nos. 2,908,737; 2,377,597; 3,415,179; and 2,268,918.
PAR  The Overmyer and Scheel U.S. Pat. No. 3,756,582 discloses a metal melting
      furnace of the type with which the present invention is involved and
      particularly the mouth and lid structure of such furnaces. In the U.S.
      Pat. No. 3,756,582, the lid carries a driver which, when raised, engages
      the cover for an opening in the hood above the furnace to move the cover
      laterally out of the way when the lid itself is being moved laterally out
      of the way. In other words, an upwardly extending driver provides a
      driving connection between the furnace lid and the cover of the hood port
      above the lid. The cover and the lid are removed so that a charging bucket
      can be lowered downwardly into registry with the furnace mouth and through
      the port in the hood to charge the furnace with material to be melted.
PAR  The hood and furnace combination of the present invention constitutes an
      improvement over the prior art because the means for supporting the lid
      for swinging movement is also adapted to be the means for supporting the
      hood port cover for swinging movement.
PAR  It is a primary object of the present invention, therefore, to provide, in
      a combination of a furnace which is provided with an upwardly open mouth,
      a lid for the mouth and means supporting the lid to swing, about a
      substantially vertical axis outside the boundary of the mouth, between a
      position in registry with the mouth and a position laterally removed from
      such registry, a hood associated with the furnace and enclosing the mouth,
      the hood having a ceiling disposed above the uppermost position of the lid
      and the ceiling being formed with a port registering with the furnace
      mouth, and a cover for the port, the improvement in which the means for
      supporting the lid includes a generally vertically upwardly extending post
      upon which the lid is mounted, and the cover being mounted upon the post
      for swinging movement about the said vertical axis with the post and the
      lid.
PAR  Another object is to provide such an improvement in which the post has an
      upper portion extending upwardly through an aperture in the ceiling of the
      hood, the rigid support arms extending radially outwardly from the upper
      portion and above the ceiling of the hood, the cover being rigidly
      attached to the support arms for movement therewith. In some cases, it may
      be preferable to have the entire post structure outside the hood.
      Preferably, the said upper post portion is removably fastened to the
      portion of the post upon which the lid is mounted such that the hood and
      cover and post upper portion can be removed from the furnace as an
      assembly.
PAR  Other objects and features of the present invention will become apparent as
      this description progresses.
PAR  To the accomplishment of the above and related objects, this invention may
      be embodied in the form illustrated in the accompanying drawings,
      attention being called to the fact, however, that the drawings are
      illustrative only, and that changes may be made in the specific
      construction illustrated and described, so long as the scope of the
      appended claims is not violated.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a plan view of the hood and furnace showing the lid and the hood
      cover moved to their open position; and,
PAR  FIG. 2 is a sectional elevational view taken generally along the line 2--2
      in FIG. 1.
DETD
PAR  Referring now particularly to the drawings, it will be seen that the
      combination comprises a furnace 10 and hood 12 and that we have
      illustrated the upper portion 14 of a conventional furnace having an
      upwardly opening mouth 16 through which the furnace is charged. The type
      of furnace with which the present invention is usable is disclosed in the
      said U.S. Pat. No. 3,756,582. Such a furnace is mounted for tilting
      movement about a generally horizontally extending pivot axis to pour the
      molten metal therefrom. In FIG. 1, we show an arrow 18 indicating the
      direction in which the furnace is tilted and in which the metal is poured
      from a spout (not shown). In FIG. 1 also, we show a centerline
      representation of the tilt axis indicated at 19.
PAR  Such a furnace 10 is conventionally designed so that its mouth 16 is closed
      by a large, heavy lid 22 which is generally circular and a portion of
      which seats downwardly in the mouth 16. Such a lid is conventionally
      mounted on a generally vertically extending post indicated at 28 by means
      of heavy beam support such as indicated at 30. Conventional means (not
      shown) is provided for moving the post axially upwardly to lift the lid
      and then to rotate the post about its axis to move the lid
      counterclockwise (arrow 32) as viewed in FIG. 1.
PAR  The hood 12 is mounted on and above the furnace 10 to provide means for
      capturing the fumes arising from the furnace and preventing the fumes from
      emanating into the environmental atmosphere. The hood 12 operates in
      conjunction with an exhaust system of the type discussed in U.S. Pat. No.
      3,756,582 which draws the fumes from the hood and carries them away for
      suitable disposition. It is our concept to draw a high-velocity stream of
      environmental air into and through the hood to entrain any fumes arising
      from the furnace and to carry such fumes to a position away from the
      workmen.
PAR  In the illustrative embodiment, the hood 12 includes a front wall 40, side
      walls 42, 44 and back wall segments 46a, 46b, 46c and 46d. The back wall
      segment 46b is hinged to the segment 46a by means of a vertically
      extending hinge 50 for movement as indicated by the arrow 52. Similarly,
      the segment 46c is hinged to the segment 46d by the vertically extending
      hinge 54 for movement as indicated by the arrow 56. These two segments
      46b, 46c, therefore, can be swung outwardly away from the furnace mouth 16
      to give the workmen access to that mouth when needed. The hood 12 also
      provides a floor 60 the inner perimeter of which may or may not be closely
      adjacent the outer perimeter of the upper portion 14 of the furnace 10 as
      desired. Additionally, legs 62 support the outer portions of the hood 12
      upon the floor.
PAR  The hood 12 has a ceiling which lies generally in a horizontally extending
      plane and which, in the illustrative embodiment, includes ceiling panels
      68, 70, 72, 74 and 76. It will be appreciated that the ceiling panels 70,
      72 are attached to and movable with the panels 46c, 46b, respectively. The
      ceiling of the hood 12 is well above the maximum height or position of the
      lid 22 of the furnace. The ceiling provides a port 80 which is in registry
      with the mouth 16 of the furnace, the illustrative port 80 being defined
      primarily by the curved edge 84 of the ceiling panel 76 and the straight
      edges 86, 88, 90, 92, respectively, of the ceiling panels 68, 70, 72, 74.
PAR  In addition, slide means 96, 98 are provided for mounting the ceiling panel
      76 for movement in the direction of the arrow 18 toward and away from the
      center axis of the mouth 16. Preferably, shock absorber means is provided
      for yieldably resisting movement of the ceiling panel 76 by, for instance,
      the charging bucket, and in the illustrative embodiment two such linear
      acting shock absorbers 102 resist movement of the panel 76. In FIG. 1, we
      show only one of the shock absorbers 102 connected between a brace or
      bumper plate 104 on the panel 76 and a brace 106 on the wall 40. The brace
      104 extends laterally across the ceiling panel 76 generally perpendicular
      to the direction of movement of the panel and this brace 104 has a
      downwardly extending flange as best seen in FIG. 2 against which the
      charging bucket may be slammed.
PAR  We provide a circular mounting plate 116 which is mounted upon a similar
      plate 118 secured to the post 28 and removably fastened thereto by means
      such as the illustrated fastening elements 120. Then, in order to provide
      an upper portion for the post, we weld or otherwise securely attach a
      heavy steel pipe 122 to the plate 116 to extend vertically upwardly
      coaxially with the post 28. This upper post portion 122 extends upwardly
      through an aperture 124 in the ceiling panel 74. In some cases, the upper
      post portion 122 may be disposed outside the hood. Then, radially
      outwardly extending support arms 126, 128, 130 are provided with the
      distal end portions of the arms being connected together by a brace 132
      and the proximal end portions of the arms being welded or otherwise
      securely fastened to a ring portion 134 which is welded or otherwise
      securely attached to the post upper portion 122 as shown. Then, a circular
      plate 136 is rigidly attached to the supporting arms to provide a cover
      for the port 84. This cover 136 moves up and down with the lid 22 when the
      post 28 is raised and lowered as indicated in FIG. 2. Further, the cover
      136 swings with the lid 22 as the post moves about its axis as shown in
      FIG. 1.
PAR  The side wall 44 is provided with a horizontally elongated opening covered
      by a flap or door 140 hinged to the side wall. When the lid 22 moves in
      the direction of the arrow 32 in FIG. 1, the lid itself pushes the door
      140 upwardly about its hinge axis so that the lid can protrude through the
      opening in the side wall.
PAR  The side wall 42 has an opening therein in communication with an outwardly
      extending duct 146 as shown in FIG. 1. A swivel connection 148 is provided
      between the outwardly extending duct 146 and an elbow duct 150 which leads
      to the telescoping sections 152, 154 of an exhaust vent system. When the
      furnace 10 tilts about the horizontal axis, the swivel connection 148 and
      telescoping duct sections 152, 154 accommodate the movement of the hood 12
      with the furnace.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a combination of a furnace which is provided with an upwardly opening
      mouth, a lid for said mouth and means supporting said lid to swing about a
      substantially vertical axis outside the boundary of said mouth between a
      position in registry with said mouth and a position laterally removed from
      such registry, a hood associated with said furnace and enclosing said
      mouth, said hood having a ceiling disposed above the uppermost position of
      said lid and said ceiling being formed with a port registering with said
      furnace mouth, and a cover for said port, the improvement in which said
      means for supporting said lid includes a generally vertically upwardly
      extending post upon which said lid is mounted, said post defining said
      axis, and said cover being mounted upon said post for upward movement as
      said post is projected axially upwardly and for swinging movement about
      said axis with said post and said lid, said cover being supported by said
      post when said post is projected axially upwardly.
NUM  2.
PAR  2. The improvement of claim 1 in which said ceiling is provided with an
      aperture spaced apart from said port and in vertical registry with said
      post, said post having an upper portion extending upwardly through said
      aperture, said cover being connected to said upper portion.
NUM  3.
PAR  3. The improvement of claim 1 in which said post provides an upper portion
      extending upwardly through an aperture in said ceiling, and rigid support
      arms extending radially outwardly from said upper portion and above said
      ceiling, said cover being rigidly attached to said support arms for
      movement therewith.
NUM  4.
PAR  4. The invention of claim 3 in which said post upper portion is removably
      fastened to the portion of said post upon which said lid is mounted such
      that said hood and cover and post upper portion can be removed from said
      furnace as an assembly.
NUM  5.
PAR  5. The invention of claim 2 in which said post upper portion is removably
      fastened to the portion of said post upon which said lid is mounted such
      that said hood and cover and post upper portion can be removed from said
      furnace as an assembly.
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ABST
PAL  A machine comprises a rotary drum with a sintering grate on the peripheral
      surface thereof mounted in a tightly sealed casing, and a hearth mounted
      coaxially with the drum for ignition and sintering of a charge using air
      and gas supplied to the hearth. The loading of the sintering grate with a
      bed and charge, as well as the discharge of finished agglomerate are
      effected through top and bottom seal valves. The drum is mounted on hollow
      journals which also serve for removing exhaust gases. The peculiarity of
      the invention is the provision, in the unloading zone of the drum, of a
      box-shaped housing having the form of a sector in the cross-section which
      is stationary mounted within the drum coaxially therewith and open on the
      side facing the sintering grate, and fixed air conduits disposed coaxially
      within the hollow journals for supplying compressed air into the box of
      the housing under a pressure substantially exceeding the pressure within
      the casing.
BSUM
PAR  The present invention relates to the art of agglomeration of iron and
      mangenese ores and concentrates obtained after enrichment thereof, and
      more specifically it relates to drum-type machines for agglomeration of
      ores and concentrates under pressure. The invention may be used at the
      agglomerating plants in ferrous metallurgy.
PAR  Known in the art is a drum-type agglomerating machine for agglomeration of
      ores and concentrates under pressure (cf. USSR Inventor's Certificate No.
      414475, F 27b 21/00, Mar. 10, 1972).
PAR  In this known agglomerating machine, an agglomeration charge is sintered on
      a cylindrical sintering grate disposed on the periphery of a rotary drum.
      Exhaust gases are removed from the sintering grate through internal gas
      removal chambers rotating together with the drum, each chamber cooperating
      with a portion of the sintering grate. Waste gases are then discharged
      through valves incorporated in the gas removal chambers into hollow
      journals of the drum. The sintering drum is accommodated in a tightly
      sealed casing, and air is pumped therein by an air-blowing machine.
      Loading of charge to the drum disposed in the high-pressure zone, and
      unloading of finished agglomerate from this zone are effected through
      systems of seal valves. During the rotation of the drum, a charge is
      continuously loaded to be passed through a zone of ignition and sintering.
      In this zone, the valves in the gas removal chambers are completely opened
      to provide for unbstructed flow of exhaust gases into the hollow journals
      of the machine. After the sintering is completed, in order to discharge
      finished agglomerate and to prevent compressed air from flowing through
      the empty sintering grate, the valves in respective chambers of the
      unloading zone are shut-off.
PAR  This known drum-type machine is deficient in a short service life of the
      valves mounted in the gas removal chambers caused by "avalanches" of
      charge and dust-laden exhaust gases. In combination with elevated
      temperature of gases, the action of "avalanches" and dust on the valves
      results in their failures and frequent unproductive time losses.
PAR  In addition, while the valves mounted in the gas removal chambers prevent
      air from flowing through the sintering grate in the zone of discharge of
      agglomerate in the course of normal operation, coarse lumps of "avalanche"
      still can fall on the valve seats. Thus, the valves cannot be closed
      sufficiently tightly, and air flows through a "cake" of finished
      agglomerate to penetrate the internal space of the drum so as to urge the
      "cake" against the sintering grate. Therefore, the urging force is greater
      than the own weight of the "cake,"  and the discharge of the agglomerate
      from the sintering grate will be stopped because a large air leakage in
      the zone of discharge of agglomerate makes the operation of the machine
      impossible.
PAR  It should be also noted that the system of automatic remote control of the
      machine valves is also very complicated.
PAR  It is an object of the invention to provide a drum-type machine for
      agglomeration of ores and concentrates under pressure which is simple in
      manufacture compared to known machines of similar type.
PAR  Another object of the invention is to provide a drum-type machine for
      agglomeration of ores and concentrates under pressure which is more
      reliable in operation.
PAR  The above and other objects are accomplished by the provision of a machine
      for agglomeration of ores and concentrates under pressure comprising a
      rotary drum accommodated in a tightly sealed casing communicating, via an
      air conduit, with a compressed air source and mounted on hollow journals
      which also serve for removing exhaust gases, the drum having on the
      peripheral side thereof a sintering grate loaded with a bed and charge
      through hoppers having seal valves and communicating with the top portion
      of the casing, the hoppers defining the loading zone of the drum, a hearth
      for ignition of charge mounted coaxially with the drum and defining
      therein the zone of ignition and agglomeration of the charge, means for
      discharging finished agglomerate from the sintering grate, said means
      being located between the loading zone and the zone of ignition and
      agglomeration, and a hopper with seal valves for the delivery of finished
      agglomerate communicating with the bottom portion of the casing, wherein,
      according to the invention, said means for discharging finished
      agglomerate from the sintering grate comprises a box-shaped housing having
      a form of a sector in the cross-section stationary mounted within the drum
      coaxially therewith and open at the side facing the sintering grate, and
      fixed air conduits coaxially arranged within the hollow journals for
      supplying compressed air into the box-shaped housing under a pressure
      substantially exceeding the pressure in the casing around the drum.
PAR  The invention provides a drum-type machine for agglomeration of ores and
      concentrates under pressure which is characterized by a simple
      construction and reliable operation. Due the modification of the machine
      construction, the internal gas removal chambers, valve system and valve
      control system are completely eliminated.
DRWD
PAR  The invention will now be described in details with reference to a specific
      embodiment thereof illustrated in the accompanying drawings, in which:
PAR  FIG. 1 shows a transverse sectional view of a drum-type machine for
      agglomeration of ores and concentrates under pressure according to the
      invention;
PAR  FIG. 2 is a longitudinal section of the machine shown in FIG. 1.
DETD
PAR  The drum-type machine for agglomeration of ores and concentrates under
      pressure is shown in FIGS. 1 and 2 comprises a rotary drum 1 having on the
      cylindrical peripheral surface thereof a sintering grate 2 on which there
      is placed a layer 3 of a bed 4 in the form of finished agglomerate with a
      grain size from 5 to 15 mm and a layer 5 of a charge 6 to be sintered. The
      drum has removable boards 7 of a height corresponding to the total height
      of the layer 3 of the bed 4 and the layer 5 of the charge 6 being
      sintered, the height varying from 100 to 1000 mm. The drum is rotated on
      hollow journals 8 whose internal space a also serves for removing gases
      from the internal space b of the drum. The rotational direction of the
      drum 1 is shown by arrow in FIG. 1.
PAR  The machine is enclosed in a tightly sealed casing 9, and air is pumped
      therein via an air conduit 10 by means of an air-blowing machine (not
      shown).
PAR  The bed 4 is loaded through a seal valve 11 into an intermediate hopper 12,
      and then, through a seal valve 13 and a hopper 14, the bed is fed onto the
      cylindrical sintering grate 2 of the drum 1.
PAR  The agglomeration charge 6 is loaded through a seal valve 15 into an
      intermediate hopper 16, and then, through a seal valve 17, it is fed onto
      the cylindrical sintering grate 2 of the drum 1 over the bed layer.
PAR  The direction of movement of each valve 11, 13 and 15, 17 respectively
      during their opening and closure is shown by arrows in FIG. 1.
PAR  The hopper 14 for the bed 4 and the hopper 18 for the charge 6 define the
      loading zone of the drum 1.
PAR  Mounted within the casing 9 on the walls thereof and coaxially with the
      drum 1 there is an ignition hearth 19 which is supplied with gas and air
      through conduits 20 and 21. The hearth 19 defines the zone of ignition and
      agglomeration of the drum 1.
PAR  The casing 9 also accommodates a drive 22 of the drum comprising an
      electric motor 23, a drive gear 24 and a driven gear 25, the latter being
      fixed to the housing 26 of the drum.
PAR  Exhaust gases are removed through gas ducts 27 to scrubbers and then to a
      chimney stack (not shown).
PAR  Packings 28 are mounted between the rotary journals 8 of the drum and
      stationary gas ducts 27.
PAR  The unloading zone of the drum is located between the zone of ignition and
      sintering and the loading zone. In this zone there is arranged means for
      discharging finished agglomerate from the sintering grate which comprises
      a box-shaped housing 29 stationary mounted within the sintering drum 1,
      coaxial with the drum and having a form of a sector in the cross-section.
      The housing is open at the side facing the sintering grate 2. The open
      working surface of the housing 29 is spaced apart 3 - 10 mm from the inner
      surface of the cylindrical sintering grate 2. The length of the housing
      corresponds to the length of the generatrix of the drum 1 minus end plays
      of 5-10 mm. In order to provide for air supply into the internal space c
      of the housing 29, said means has fixed air conduits 30 coaxially arranged
      within the hollow journals 8. Air from the space c is fed towards the
      sintering grate as indicated by arrows in FIG. 1.
PAR  The pressure of air within the internal space c of the housing 29 is
      substantially greater than the air pressure around the drum. The
      experiments have shown that, with a pressure of up to 5 atm. within the
      casing, the pressure difference may attain from 0.1 to 1 atm.
PAR  The space between the housing 29 and the inner surface of the sintering
      grate 2 of the drum 1 is sealed by means of four rotary rolls 31.
PAR  Finished agglomerate is discharged from the machine casing through a seal
      valve 32, intermediate hopper 33 and a seal valve 34.
PAR  The drum-type machine for agglomeration of ores and concentrates under
      pressure according to the invention functions as follows.
PAR  The entire process of agglomeration of charge is conducted under an
      elevated pressure within the casing 9 which is obtained by pumping
      compressed air by means of an air-blowing machine through the air conduit
      10.
PAR  The charge is sintered on the continuously and uniformly rotating drum 1.
PAR  The bed 4 is laid onto the sintering grate 2 of the drum through the seal
      valves 11, 13, the intermediate hopper 12 and the hopper 14 for the bed.
PAR  The charge 6 is laid over the bed 4 through the seal valves 15, 17, the
      intermediate hopper 16 and the hopper 18 for the charge.
PAR  Since the bed and charge are placed onto the sintering grate of the drum in
      the zone of elevated air pressure, they are urged against the sintering
      grate 2.
PAR  During further rotation of the drum, the charge layer is fed to under the
      stationary ignition hearth 19, wherein the ignition and subsequent
      sintering of the charge into agglomerate are effected. It should be noted
      that gas combustion products and air flow through the layer 5 of the
      charge 5 being sintered under the pressure difference between the space d
      within the casing 9 and the internal space b of the drum (the direction of
      flow is indicated by arrows in FIG. 1).
PAR  Then the finished agglomerate is fed into the unloading zone. In this zone,
      the air, which is supplied from the air-blowing machine into the box of
      the housing 29 through the air conduits 30 disposed within the journals 8
      under a pressure substantially exceeding the pressure of atmosphere
      surrounding the drum, is blown through the "cake" of finished agglomerate
      downwards. In these conditions, not only the own weight of agglomerate,
      but also the pressure of air from beneath the sintering grate act on
      agglomerate, and the latter is discharged from the sintering grate.
PAR  The open working surface of the housing 29 is spaced apart at 3-10 mm from
      the inner surface of the sintering grate 2, whereby air losses through the
      side spaces between the housing 29 and the drum 1 having also sealing
      rolls 31 can be minimized.
PAR  The air supplied beneath the sintering grate in the zone of discharge of
      agglomerate is then utilized in the sintering zone wherein it is fed under
      pressure into the layer being sintered. Thus, the total amount of air used
      in the zone of discharge of agglomerate is subsequently utilized for
      agglomeration of the charge in the adjacent sections of the machine.
PAR  Finished agglomerate is discharged through the seal valves 32, 34 and the
      intermediate hopper 33.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drum-type maching for agglomeration of ores and concentrates under
      pressure comprising: a drum mounted for rotation; a sintering grate on the
      peripheral surface of said drum; a tightly sealed casing communicating
      with a compressed air source, said drum being mounted within said casing;
      hollow journals mounting said drum and also serving for removing exhaust
      gases; hoppers with seal valves communicating with the top portion of said
      casing, said hoppers serving for loading said sintering grate with a bed
      and charge and defining the loading zone of said drum; a hearth for
      ignition and sintering of the charge into finished agglomerate mounted
      within said casing coaxially with said drum and defining the zone of
      ignition and sintering of the charge; means for discharging finished
      agglomerate from said sintering grate, said means being disposed between
      said loading zone and said zone of ignition and sintering, said means
      defining the unloading zone of said drum; a hopper with seal valves
      communicating with the bottom portion of said casing and serving for
      discharging finished agglomerate; said means for discharging finished
      agglomerate from the sintering grate comprising a box-shaped housing
      having the form of a sector in the cross-section, said housing being
      stationary mounted within said drum coaxially therewith and open on the
      side facing said sintering grate; fixed air conduits disposed coaxially
      within said hollow journals and serving for supplying into the box of said
      housing compressed air under a pressure substantially exceeding the
      pressure in said casing around the drum, whereby finished agglomerate,
      which is fed during the rotation of said drum into the unloading zone, is
      discharged from the sintering grate under its own weight and under the
      action of compressed air supplied from beneath said grate through the box
      of said housing.
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ABST
PAL  A workholder or roll-over fixture including a primary supporting structure
      and a pair of workholding elements mounted for rotation in the structure
      about a fixed axis of rotation and providing a work-receiving area
      therebetween. The workholder is particularly suitable for servicing and
      maintaining large and heavy machinery. The workholder includes a control
      system including a sensing means that is sensitive to out of balance
      forces within the workholder caused by rotation of the workpiece when held
      by the workholding elements and movement of the center of gravity of the
      workpiece relative to the axis of rotation. This control system also
      preferably includes a device mounted on one of the workholding elements
      which is adapted to sense the attitude thereof. The sensing means provides
      an output signal, which is sent through the attitude sensing device,
      indicative of the out of balance forces. Adjusting means are responsive to
      this output signal and effect positional adjustment of the workholding
      elements on the structure relative to the axis of rotation. This
      positional adjustment tends to decrease and remove the out of balance
      forces by moving the center of gravity closer to the axis of rotation. The
      preferred adjusting means include a hydraulic motor and lead screw mounted
      in and on each of the workholding elements.
BSUM
PAR  This invention relates to a workholder or roll-over fixture including a
      support structure and workholding means mounted for rotation in this
      structure about a fixed axis of rotation, whereby a workpiece can be
      rotated as desired to permit necessary work to be carried out thereon. In
      particular the present invention is directed to workholders suitable for
      large, heavy workpieces such as electric motors and generators for heavy
      equipment.
PAC  BACKGROUND TO THE INVENTION
PAR  While carrying out servicing or maintenance operations on a workpiece or
      piece of equipment, it is often necessary or desirable to be able to
      rotate the workpiece to a variety of positions. Sometimes this is
      necessary to make the work area accessible to the operator or workman. In
      various kinds of welding in particular it is frequently desirable that the
      part being worked on be freely movable, often to permit the welder to
      control the gravity flow of welded metal and fused metal about a weld.
PAR  Support structures which permit a workpiece to be rotated are well known
      and are commonly referred to as roll-over fixtures. For example, one known
      fixture or workholder has a primary supporting structure and workholding
      means mounted for rotation in the supporting structure about a fixed axis
      of rotation. The workholding means consists of a pair of spaced-apart
      workholding elements providing a work-receiving area therebetween. An
      apparatus is generally provided for rotating the workholding means and
      thus the workpiece as desired. When the workpiece is initially mounted in
      the workholder, generally in an upright position, the workpiece can be
      arranged so that its centre of gravity is located along the plane formed
      by the centre lines of the two workholding elements, these centre lines
      extending in the vertical direction through the centre of the elements
      when they are in an upright position. Thus there is little or no turning
      torque due to the weight of the owrkpiece on the workholding elements
      initially.
PAR  With known workholders however, as soon as the workpiece is rotated from
      its initial position, a turning torque may be set up by the weight of the
      workpiece due to the centre of gravity of the workpiece not being located
      on the axis of rotation thereof. This turning torque will either make it
      more difficult to rotate the workpiece if the torque is in the opposite
      direction as the direction of rotation or it will make it easier to rotate
      the workpiece if the torque is in the same direction as the direction of
      rotation. Therefore the turning torque of the centre of gravity may
      require that a power source capable of providing a relatively large amount
      of power be used to turn the workpiece than would otherwise be the case if
      the centre of gravity was located on the axis of rotation. Alternatively
      the turning torque of the centre of gravity could give rise to a runaway
      condition that might damage either the workpiece or workholder or both.
      For example, if an engine is used to rotate the workpiece, this engine
      might be caused to overspeed because of the turning torque, damaging the
      engine possibly. The turning torque of the centre of gravity can also set
      up high stress levels in either the components of the workpiece or
      workholder as the workpiece is rotated.
PAR  The problems arising from the turning torque of the centre of gravity are
      generally not as severe with small workpieces obviously. With such
      workpieces it is sometimes possible to arrange the centre of gravity on
      the axis of rotation of the workholder effectively eliminating any
      undesirable turning torque. It is also easier to build the components of
      the workholder so that they can withstand any possible turning torque from
      the relatively small weight of the workpiece.
PAR  However severe "turning torque" problems can arise where the workpiece to
      be serviced or worked on is quite large in size and heavy. Examples of
      such workpieces would include massive electric wheel motors for large
      off-highway trucks, large transmissions and generators for such vehicles
      and locomotive engines. Large workholders or roll-over fixtures are often
      required to service and maintain such equipment. The weight of such
      equipment is in the order of five tons or more. It may be difficult to
      locate the centre of gravity of such machinery on the axis of rotation of
      the roll-over fixture and, when it is not so located, great turning
      torques can be set up in the fixture as soon as the workpiece in question
      is rotated to any significant extent. Clearly too, a motor of some sort is
      employed to rotate such workpieces.
PAR  It is an object of the present invention to provide a workholder which
      substantially overcomes the abovementioned problem arising from the
      inherent turning torque of the weight of the workpiece placed in the
      workholder.
PAR  It is a further object of the invention to provide a workholder which
      overcomes this problem by means including a control system comprising
      sensing means sensitive to out of balance forces within the workholder
      caused by rotation of a workpiece and providing an output signal
      indicative of these forces, and adjusting means responsive to this signal
      to effect positional adjustment of the workholding means.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the workholder of the present invention comprises a workholder
      comprising a primary supporting structure; workholding means mounted for
      rotation in said structure about a fixed axis of rotation; a control
      system comprising sensing means sensitive to out of balance forces within
      said workholder, said forces being caused by the rotation of a workpiece
      when held by said workholding means and horizontal movement of the centre
      of gravity of said workpiece relative to said axis of rotation, said
      sensing means providing an output signal indicative of said forces, and
      adjusting means responsive to said output signal to effect positional
      adjustment of said workholding means on said structure relative to said
      axis of rotation, said positional adjustment tending to decrease and
      remove said out of balance forces.
PAR  Preferably the adjusting means includes an attitude sensing device which is
      mounted on the workholding means and is adapted to sense the attitude of
      the workholding means and to transmit the output signal accordingly to the
      remainder of the adjusting means.
PAR  Also in a preferred embodiment, the workholding means comprises a pair of
      spaced-apart workholding elements, each element having a first part
      mounted for rotation on a shaft journaled in the structure. A second part
      is attachable to the workpiece and is rotatable with and slidable in the
      first part. Sliding movement of the second part is controlled by the
      adjusting means responsive to the output signal.
DRWD
PAR  A preferred embodiment of the workholder of the present invention will now
      be described in detail, by way of example, with reference to the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings,
PAR  FIG. 1 shows in plan view the general arrangement of a roll-over fixture or
      workholder according to the invention, the workpiece shown in dotted
      outlines;
PAR  FIG. 2 is a front elevation of the workholder according to FIG. 1;
PAR  FIG. 3 is a side elevation of the workholder as shown in FIGS. 1 and 2;
PAR  FIG. 4 shows a detailed side elevation of an adjustable workholding element
      and showing the manner in which it is connected to the support structure;
PAR  FIG. 5 is a plan view of the workholding element of FIG. 4, partly in
      section along line A--A of FIG. 4;
PAR  FIG. 6 shows a preferred form of control system for the workholder of the
      invention; and
PAR  FIGS. 7A to 7D and 8A to 8D are schematic representations of the workholder
      illustrating the manner of operation of the invention.
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PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As shown in FIGS. 1 to 3 of the drawings, the workholder or rollover
      fixture 11 of the present invention includes a primary supporting
      structure 10 and workholding means 13 mounted for rotation in the
      supporting structure 10 about a fixed axis of rotation 15. The workpiece
      14, which is mounted in the workholding means 13, is shown in FIGS. 1 to 3
      in dot-dash lines. The illustrated workpiece could comprise one of the
      aforementioned electrically driven wheels for a large off-highway type
      truck and could weigh in the order of 5 tons. This workpiece or wheel has
      a circular mounting flange or frame 16 by means of which the workpiece is
      connected to the workholding means 13. It will be seen from an examination
      of FIGS. 1 to 3 that this frame or flange surrounds the workpiece 14 at a
      position located away from the axis of rotation 15. The frame 16, which in
      this embodiment is formed integrally on the workpiece, is arranged in a
      vertical plane and is connected by bolts or other suitable connecting
      means on opposite sides to two workholding elements 18 of the workholding
      means 13.
PAR  Returning now to the primary supporting structure 10, the structure
      includes a generally rectangular base frame 72 having two, parallel
      end-frame members 73 and 74 and four longitudinally extending frame
      members 75. The frame members 75 are arranged in pairs on each side of the
      workholder and are connected at their ends to end frame members 73 and 74.
      The outermost frame member 75 of each pair is located a short distance in
      from the ends of frame members 73 and 74 while the innermost frame member
      75 of each pair is located inwardly a short distance from the outermost
      frame member 75.
PAR  Each side of the supporting structure 10 is identical to the other side
      except that it is the mirror image of the other and except for the
      differences described hereinafter. Thus, each side of the supporting
      structure 10 has two sloping pivot frame members 12, each of which has a
      trapezoidal shape and is formed from a material such as rigid steel plate.
      The rearward pivot frame member 12 is rigidly connected at its relatively
      wide bottom end to each of the frame members 75 and is also rigidly
      connected to a short transversely extending frame member 76. The short
      frame member 76 is likewise rigidly connected at its inner end to the
      adjacent frame member 75. The forwardmost pivot frame member 12 is rigidly
      connected at its relatively wide bottom end to the front end frame member
      74 at the top thereof. The forwardmost frame member 12 is provided with
      additional support in the form of a triangular support plate 77 which is
      rigidly connected along one side to the inner side of frame member 12 and
      which is rigidly connected along its bottom edge to the top surface of end
      frame member 74. The two pivot frame members 12 on each side is
      strengthened by the use of a trapezoidal-shaped, longitudinally extending,
      vertical support plate 78. The plate 78 is rigidly connected such as by
      welding to the top of the outermost frame member 75 and is rigidly
      connected along each end to the inner surface of the frame members 12. As
      can be seen from FIG. 3, the height of the support plate 78 is
      approximately one half that of the pivot frame members 12 which slope at
      approximately 45 degrees or somewhat less to the horizontal.
PAR  On each side of the supporting structure 10 where the upper ends of the two
      pivot frame members 12 meet is rigidly mounted a short, horizontally
      extending sleeve 22. The sleeve 22 is rigidly connected at each side to
      the relatively short upper ends of the pivot frame members 12. A turn-over
      shaft 20 is rotatably mounted in each of the sleeves 22 and extends from
      each end thereof. Suitable bearings such as roller bearings are arranged
      between each shaft 20 and its respective sleeve 22 to permit the shaft to
      rotate freely without undue wear. Preferably bearing assemblies are
      located at both ends of the sleeve 22 to provide suitable support at both
      the working end and at the sprocket end of the shaft.
PAR  Preferably, an eye connection 79 is formed on top of each sleeve 22 to
      provide means for fastening a hook or cable or chain to the workholder so
      that the workholder can be transported to any desired location in the
      plant or shop. The eye connection is formed with a concave bottom edge
      adapted to fix snuggly on top of the adjacent sleeve surface and this edge
      is rigidly connected to the sleeve such as by welding. A hole 80 for the
      hook is formed in the centre of the eye connection. The eye connection can
      be strengthened with the use of two angle-shaped brackets 85. Each bracket
      85 is rigidly connected along a downwardly sloping bottom portion to one
      of the pivot frame members 12 and is rigidly connected to the eye
      connection by a vertical portion. Thus there is a direct connection
      between each pivot frame member 12 and the eye connection so as to avoid
      undue strain during any lifting of the workholder on the sleeves.
PAR  Rigidly connected to the inner end of each turn-over shaft 20 is the
      aformentioned workholding element 18. This element is shown in detail in
      FIGS. 4 and 5 of the drawings wherein can be seen a first part 19 of the
      workholding element which is mounted for rotation on the shaft 20 and a
      second part 21 attachable to the workpiece 14. The second part 21 is
      rotatable with the first part 19 and is slidable therein. This sliding
      movement of the second part within the first part is controlled by
      adjusting means 23 described in detail hereinafter. The first part 19
      includes an elongated channel-shaped member 36, two end plates 39 mounted
      at the ends of the member 36, and a ring-shaped connecting member 86 which
      is rigidly connected to the upper part of the outer surface of the member
      36. In FIGS. 4 and 5 of the drawings, the channel-shaped member 36 extends
      generally horizontally and forms a guideway 37 which extends the length of
      the member 36. The bottom and sides of the guideway 37 are defined by the
      base portion 87 and the two inwardly extending leg portions 88 of the
      member 36 (best shown in FIG. 5). Each leg portion 88 is formed with a lip
      89 which is located at the end of the leg portion furthest from the base
      portion and which extends in the direction of the lip 89 of the other leg
      portion. Each lip 89 forms a sloping shoulder 90 facing generally inwardly
      towards the shaft 20 and also towards the base portion 87. Each end plate
      39 consists of a plate-like member which completely covers the adjacent
      end of the guideway 37 and member 36.
PAR  A hole 91 can be formed in the base portion 87 to receive the inner end of
      the shaft 20 snuggly. The inner end of the shaft 20 extends completely
      into this hole 91 but does not extend beyond this hole into the guideway
      37. The inner end of the shaft can be welded to member 36. The connecting
      member 86 helps to strengthen the joint between the channel-type member 36
      and the shaft 20. The diameter of the hole in member 86 corresponds to the
      diameter of hole 91 and the two holes are in line of course to form a
      straight passageway. Triangular-shaped bracket members 92 can be employed
      to strengthen the connection between connecting member 86 and member 36.
      The bracket members 92 shown in the drawings are located above and below
      connecting member 86 and on each side thereof. The bottom bracket member
      92 is somewhat larger than the other bracket members in order to enable it
      to withstand the additional loads thereon. The ring-shaped connecting
      member 86 may also be rigidly connected to the adjacent shaft 20 and is
      located very close to the inner end of the sleeve 22.
PAR  The second part 21 of each workholding element 18 includes a sliding block
      38 and a connecting or mounting flange 40 which is rigidly connected to
      the sliding block 38. As seen in FIG. 5, block 38 has a vertical cross
      section corresponding to that of guideway 37 and has cross-sectional
      dimensions just slightly less than that of the guideway to permit the
      block to slide freely in the guideway. The end plates 39 of course prevent
      the block 38 from sliding out of the guideway at the ends thereof. Because
      the portion of the block 38 closest to the base portion 87 of member 36
      has a width greater than the width of guideway 37 between the two lips 89,
      the block 38 is prevented from being pulled inwardly out of member 36. The
      length of the block 38 in the longitudinal direction of guideway 37 could
      typically be 12 inches for one embodiment wherein the length of the
      guideway is 30 inches so as to permit a travel distance of the block in
      the guideway of approximately 18 inches.
PAR  The connecting flange 40 is rigidly connected to block 38 near one end of
      the inside surface of the block. The block could for example be welded to
      the flange 40. The connection between flange 40 and block 38 is
      strengthened by means of three triangular-shaped bracket members 93. Each
      of these members 93 is welded along one side to the rearward facing
      surface of flange 40 and is welded along another side to the inner surface
      of block 38. In the illustrated embodiment of the flange, the inner edge
      of the flange is arc-shaped while the edge adjacent the sliding block 38
      is straight. The arc shape of the inner edge is to accommodate the
      circular frame of the workpiece to which this edge is rigidly connected by
      means of bolts extending through the holes 94 distributed along this edge.
PAR  In the illustrated preferred embodiment of the workholder, a motor 24, such
      as a hydraulic motor, is used to rotate the workholding means (and thus
      the workpiece) as desired. Although the illustrated motor is hydraulic, it
      will of course be understood that some other form of motor could be used
      which would be within the scope of the present invention such as an
      electrical or pneumatic motor. The hydraulic motor 24 shown is rigidly
      connected to the outer side of support plate 78 at the right hand side of
      the workholder shown in FIGS. 1 and 2. A short drive shaft 25 extends
      through support plate 78 a short distance and is connected to a relatively
      small toothed sprocket 28. The sprocket 28 is operatively connected to a
      larger sprocket 30 by means of a drive chain 29. The sprocket 30 is
      rigidly connected to a long connecting shaft 26 which extends almost the
      entire width of the workholder. The shaft 26 is rotatable mounted in the
      two support plates 78 and each end of the shaft projects a short distance
      outwardly from the adjacent plate 78. If desired, suitable bearings may be
      arranged between each end of the shaft 26 and the support plate 78. The
      right hand end of shaft 26 as seen in FIG. 2 is rigidly connected outside
      the support plate 78 to a small sprocket 32. Similarly a further small
      sprocket 32 is rigidly connected to the left hand end of the connecting
      shaft 26. By means of rotation of the shaft 26, each sprocket 32 drives a
      drive chain 33 which in turn drives a large-toothed sprocket 34. Each
      sprocket 34 is rigidly connected to the outer end of one of the turn-over
      shafts 20. Each sprocket 34 can be keyed in a known manner to the shaft
      and additional support for the sprocket can be provided in the form of an
      inner circular flange 35. This flange 35 has a diameter approximately half
      that of the sprocket 34 and is located immediately adjacent the inner
      surface of the sprocket 34. The flange 35 is rigidly connected to the
      shaft 20 so that it rotates with the shaft and the sprocket. Thus it will
      be readily seen that operation of the hydraulic motor 24, which is capable
      of rotating its drive shaft 25 either clockwise or counterclockwise, will
      cause both of the turn-over shafts 20 to rotate together at the same time.
      This in turn will rotate the workpiece mounted on the workholding means
      13.
PAR  As stated earlier, the workholder 11 of the present invention includes a
      control system which includes a sensing means (described hereinafter) that
      is sensitive to out of balance forces within the workholder caused by
      rotation of the workpiece 14 when held by the workholding means 13 and by
      horizontal movement of the centre of gravity of the workpiece relative to
      the axis of rotation 15. This sensing means provides an output signal
      indicative of these forces. The aforementioned adjusting means 23 is
      responsive to this output signal to effect positional adjustment of the
      workholding means on the structure 10 relative to the axis of rotation 15,
      this positional adjustment tending to decrease and remove the out of
      balance forces. The adjusting means will now be described in greater
      detail with particular reference to FIGS. 4 and 5 of the drawings. The
      adjusting means 23 includes a motor 42 and a lead screw 44 driven by the
      motor 42. Although the motor 42 of the illustrated embodiment is a
      hydraulic motor, it will be readily understood by those skilled in the art
      that the motor could also comprise other types of motors such as an
      electric or pneumatic motor. The motor 42 is connected to one of the end
      plates 39 at the side thereof furthest from the adjacent sprocket 34. The
      lead screw 44 extends the entire length of the guideway 37 and through
      each of the end plates. The portion of the lead screw in the guideway is
      threaded and this portion extends through a correspondingly threaded hole
      in the sliding block 38. The unthreaded portion at each end of the lead
      screw which extends through the end plate 39 has a slightly reduced
      diameter compared to the threaded portion of the lead screw. The shoulder
      thus formed at each end bears against a washer 95. The motor 42 is capable
      of rotating the lead screw either clockwise or counterclockwise and it
      will be readily seen that such rotation of the lead screw will cause the
      sliding block 38 to move either towards the motor 42 or away therefrom
      depending on the direction of rotation of the lead screw. Thus, adjusting
      means are provided for adjusting the position of the workholding means 13
      relative to the axis of rotation 15. It will also be understood that the
      two motors 42 operate together and at the same time so that each
      connecting flange 40 is the same distance from the axis of rotation as the
      other flange 40 at all times.
PAR  When the workpiece 14 is placed on the workholding means 13 it is placed
      thereon in such a manner that the center of gravity of the workpiece is
      located in the plane defined by the two center lines 96 of the two
      workholding elements. In the illustrated embodiment of the workholder,
      this center line can be taken as corresponding the center axis of the lead
      screw 44 of each workholding element 18. It will thus be seen that it is
      possible for the adjusting means 23 including the two lead screws 44 to
      move the center of gravity of the workpiece closer to the axis of rotation
      15. Indeed, providing the amount of travel of the sliding blocks 38 is
      sufficient, the adjusting means can bring the center of gravity into
      alignment with the axis of rotation 15. Indeed, the workholder of the
      present invention can be designed in a known manner to automatically
      locate the center of gravity of the workpiece in this plane defined by the
      center lines of the two workholding elements 18. This therefore eliminates
      the need for an additional adjusting means which operates at right angles
      to adjusting means 23 to center the center of gravity in the plane defined
      by the two center lines of the elements 18. This known means for locating
      the center of gravity on the plane of the center lines is not shown in the
      illustrated workholder for the sake of simplicity. It will also be noted
      that such means are not necessarily required with many workpieces since in
      many cases it is easy to determine the plane in which the center of
      gravity must be located (i.e. because of the symetrical nature of the
      workpiece). It is then easy to simply align this plane with the plane
      defined by the center lines of the workholding elements 18 with the eye as
      the workpiece is attached to the workholding means.
PAR  For reasons which will become obvious hereinafter, the workholder of the
      present invention is preferably provided with an attitude sensing device
      65 which is mounted on at least one of the workholding elements 18 of the
      workholding means 13 and which adapted to sense the attitude of the
      workholding elements relative to the horizontal plane. The attitude
      sensing device 65 has two sensing parts 64 and 68, the ends of which can
      be seen in FIG. 4 of the drawings. Each sensing part preferably comprises
      a single-pole, double throw mercury tilt switch mounted with its
      longitudinal axis perpendicular to the aforementioned center line of the
      workholding elements 18. It will be noted that these center lines extend
      in a vertical direction when the workholding elements are in a generally
      upright position, as opposed to the horizontal position shown in the
      drawings. The manner of operation of each of these mercury tilt switches
      can best be seen from examination of FIG. 6 of the drawings wherein the
      two tilt switches are shown arranged end to end. This of course is a
      possible alternative arrangement to that shown in FIG. 4 where the two
      switches are located along side each other. Generally speaking, each of
      these mercury tilt switches consists of an elongated glass bubble having a
      small pool of mercury therein. An electrical input wire is connected to
      each end of this glass bubble and an electrical output wire is also
      connected to each end. By tilting the longitudinal axis so that it is at
      an angle to the horizontal, the mercury is brought to one end of the
      bubble and connects the input and output wires at this end. When the
      bubble is tilted in the other direction, the pool of mercury runs down to
      the other end of the bubble and connects the input and output wires at
      this other end. It will be readily seen that the particular input and
      output wires which are connected at any one time will depend on the tilt
      of the workholding elements. Obviously, there are many alternative devices
      which could be substituted for the mercury tilt switches described and the
      use of such alternatives would of course fall within the broad scope of
      the present invention.
PAR  Reference will now be made to FIG. 6 of the drawings wherein there is shown
      a preferred form of the control system of the present workholder. Although
      the control system will be described hereinafter in terms of a hydraulic
      control system and although FIG. 6 is particularly directed to such a
      system, it will be clearly understood that in place of such a system an
      electrical or a pneumatic system could equally well be employed. The
      various components of the control system, except for those already
      described, are shown only schematically in FIG. 6 because the construction
      of each individual part is well known to those skilled in hydraulic and
      fluid systems and is therefore deemed not to require further explanation
      herein.
PAR  The hydraulic motor 24 already described, is operated by hydraulic fluid
      entering and leaving the motor by two hydraulic fluid lines 43 and 45. The
      fluid entering and leaving these lines is controlled by a four-way, three
      position, main hydraulic valve 50. The valve 50 is preferably a
      tandem-center valve which is actuated manually by the operator of the
      workholder. The three positions of the valve 50 include a first position
      wherein the motor 24 rotates in a clockwise direction, a second position
      wherein the motor 25 rotates in a counterclockwise direction, and a third
      position in which the motor does not rotate at all but remains stationery.
      Whether the valve is in one of these three positions depends on the
      position of the spool of the valve 50. The valve 50 is connected to a
      feeding hydraulic pump 46 by means of hydraulic line 47. Also the valve 50
      is connected to a hydraulic fluid reservoir 54 by means of hydraulic line
      49. Valve 50 is thus a four-way valve since four hydraulic lines are
      connected to the valve as described.
PAR  In a known manner, the workholder of the present invention is preferrably
      provided with brake means 58 for selectively preventing rotation of the
      workholding means 13 and the workpiece relative to the primary structure
      10 when desired. The rotating element of the brake means 58 (which is not
      shown in the drawings) is fixed to and rotates with one or both of the
      workholding elements 18. Since such brake means are well known in the
      industry and are not of a novel construction, the brake means have been
      omitted from the drawings and are not described in detail herein for the
      sake of brevity and simplicity.
PAR  A control switch 56, also of known construction, operates the brake means
      58 automatically due to the fact that the switch 56 is actuated
      mechanically by the hydraulic valve 50. Thus whenever the valve 50 is
      moved to either one of the two positions in which the motor 24 is
      actuated, the control switch 56 is automatically moved to a position
      wherein the brake means 50 is released. This of course permits the
      workholding means 13 to be rotated by the motor. When the spool of valve
      50 is moved to the stop or third position, usually the center position, in
      which the motor 24 is stopped, the switch 56 is automatically moved to the
      position that actuates the brake means. Thereupon the brake means
      positively resist any further rotation of the workholding means and
      workpiece.
PAR  Mounted in each of the hydraulic fluid lines 43 and 45 is a flow control
      valve 52. These valves resist to a predetermined extent hydraulic fluid
      flow in the lines 43 and 45 and, by doing so, control any runaway
      condition which might tend to occur when the center of gravity of the
      workpiece is displaced horizontally away from the axis of rotation 15 and
      when the workpiece is being rotated by the motor 24 in the direction that
      the torque caused by the weight of the workpiece is directed. In this
      situation, the motor 24 tends to overspeed and this could result in damage
      to the motor. The valves 52 prevent the possibility of this occurring
      since the fluid can only pass through these valves at a certain rate.
PAR  As stated above, the workholder includes sensing means which are sensitive
      to out of balance forces with the workholder caused by rotation of the
      workpiece when held by the workholding means 13 and horizontal movement of
      the center of gravity of the workpiece relative to the axis of rotation.
      In the illustrated embodiment, this sensing means comprises two pressure
      senstive switches 60 and 62, each of which is either mounted in one of the
      lines 43 and 45 or connected to one of these lines by means of a short
      connecting line 61. Thus the switch 60 is able to sense the hydraulic
      pressure in hydraulic fluid line 43 and whenever the pressure in this line
      exceeds a predetermined level, this switch sends a certain output signal
      through the electrical wire 63. Similarly, the switch 62 senses the
      hydraulic pressure in hydraulic fluid line 45 and whenever the pressure in
      this line exceeds the same predetermined level or value, the switch 62
      emits a certain output signal through electrical wire 59. As can be seen
      from FIG. 6, wire 63 is connected to both ends of the tilt switch 64 while
      wire 59 is connected to both ends of the tilt switch 68. It will be
      understood of course that only one of the switches 60 and 62 will be
      activated at any single point in time during the operation of the motor
      24. Which switch operates will of course depend on whether the motor 24 is
      operating in the clockwise direction or in the counterclockwise direction
      and on whether the torque resulting from the weight of the workpiece is
      resisting the direction of rotation of the motor or is causing the motor
      to overspeed.
PAR  The adjusting means 23 of the present invention, as well as including the
      aforementioned motors 42 and attitude sensing device 65, includes a
      three-position valve 66 and two hydraulic manifolds 70 connected thereto.
      The valve 66 is preferably a four-way, double acting, blocked-center,
      spring returned valve which is operated by two solenoids. It is actuated
      by output signals transmitted through the attitude sensing device 65. The
      three positions of the valve 66 comprise a first position which causes the
      motors 42 to adjust the position of the workholding means 13 in one
      direction, a second position which hydraulically locks the motors 42 so
      that the workholding means and workpiece remain stationery, and a third
      position which causes the motor means or motors 42 to adjust the position
      of the workholding means in a direction opposite to that of the first
      position. Hydraulic fluid is supplied to the valve 66 via hydraulic fluid
      line 71 from the pump 46. When the valve 66 is either in the
      aforementioned first or third positions, this hydraulic fluid under
      pressure is fed either through line 97 or line 98 (depending on whether
      the valve is in the first or third position). Oil fed through line 97 will
      then be fed to the two hydraulic fluid lines 99 via one of the manifolds
      70. Each of the lines 99 feeds one of the two motors 42 for adjusting one
      of the workholding elements. The hydraulic fluid then flows back to valve
      66 from each motor via a hydraulic fluid line 100 and the other manifold
      70. The used hydraulic fluid drains back to the reservoir 54 from valve 66
      by means of a hydraulic fluid line 101. Alternatively, if the motors 42
      are to operate in the opposite direction and the valve 66 is in the
      correct position, hydraulic fluid from line 71 is fed through line 98, the
      two lines 100 and finally through the motors 42. It then returns via lines
      99, 97, valve 66 and line 101 to the reservoir 54. When no output signal
      is being transmitted from either of the pressure sensitive switches 60 and
      62, spring return system of the solenoid operative valve 66 moves this
      valve to the second or middle position, thus locking the two motors 42 so
      that they do not operate. Thus the workpiece is safely locked in the
      desired position relative to the axis of rotation 15.
PAR  As can be seen from FIG. 6, the left hand end of the tilt switch 68 is
      electrically connected to an electrical wire 102 whereas the opposite end
      of tilt switch or sensing part 64 (i.e. the right hand end in FIG. 6) is
      electrically connected to the same wire 102. In a similar manner, the
      right hand end of sensing part or tilt switch 68 is electrically connected
      to a wire 103 whereas the left hand end of sensing part 64 is connected to
      this wire 103. As stated earlier, only one of these two sensing parts will
      be receiving an output signal at any one point in time since only one of
      the two pressure sensitive devices 60 and 62 will operate at any one point
      in time. Thus if pressure sensitive switch 60 is emmitting an output
      signal, only the sensing part 64 will effectively be in operation.
      Depending on the tilt of this sensing part 64, the output signal will
      either be transmitted through wire 102 or will be transmitted through wire
      103.
PAR  The wire 102 could, for example, be connected to the solenoid so that
      whenever an output signal is transmitted through it the solenoid moves the
      valve to the first position thereof. In such a case, the wire 103 would be
      connected to the solenoid so that the solenoid operates to move the valve
      to the third position thereof. Thus an output signal from pressure
      sensitive switch 60 will cause the valve to operate in the first position
      if the tilt switch or sensing part 64 shown in FIG. 6 is tilted to the
      right whereas the output signal from the switch 60 will cause the valve 66
      to operate in the third position if it is tilted to the left (as shown).
      The opposite would be true in the case of an output signal from pressure
      sensitive switch 62 passing through sensing part 68.
PAR  Turning now to FIGS. 7 and 8 of the drawings wherein the manner of
      operation of the workholder is explained with the use of schematic
      representations thereof and the workpiece is represented by the large
      rectangular block 14 in each sketch. The supporting structure is indicated
      at 10 while the workholding means is indicated at 13. The direction of
      rotation of the workpiece is indicated by the large solid arrow 104 in
      each sketch. It will be seen from examination of the sketches of FIG. 7
      that the workpiece in each of these sketches is being rotated in a
      clockwise direction. Similarly, the workpiece in each of the sketches A to
      D of FIG. 8 is being rotated in a counterclockwise direction. It is
      obvious in each of these sketches that the center of gravity of the
      workpiece 14 is displaced horizontally away from the axis of rotation 15
      of the workholder. It is thus desirable to adjust the position of the
      workpiece so that the center of gravity thereof is moved closer to the
      axis of rotation. The desired direction of movement of the workpiece in
      each case is indicated by the small straight arrow 105. The motor means or
      motor 42 on each of the workholding elements 18 is indicated by the square
      42 in each of the sketches.
PAR  Finally the lead screw from each of the motors 42 is represented by the
      circle 44 and the desired direction of rotation of the lead screw is
      indicated by the small curved arrow 106. If rotation of the lead screw 44
      will definitely occur, the arrow is shown in solid lines. This will
      normally be the case where the torque created by the center of the
      workpiece is making it more difficult for the motor 24 to rotate the
      workpiece. If there is a possibility that no rotation of the lead screw 44
      will occur or is necessary the arrow 106 is shown in dotted lines.
PAR  It will be seen from an examination of sketches 7C, 7D, 8A, and 8B that
      clockwise rotation of the workpiece will cause a general lifting thereof
      when the center of gravity of the workpiece lies to the left of the center
      of rotation and counterclockwise rotation of the workpiece will cause the
      same general lifting of the workpiece when the center of gravity thereof
      lies to the right of the center of rotation. Since the center of gravity
      of the workpiece is offset horizontally with respect to the axis of
      rotation 15, a moment or torque is applied to the workholding means by the
      workpiece and this torque or moment is in the opposite direction to that
      in which it is desired to rotate the workpiece. The useful torque
      necessary therefore to rotate the workholding means 13 and the workpiece
      is therefore greater than it would be if the center of gravity of the
      workpiece were located on the axis of rotation 15. Because this greater
      torque is required, the input pressure in one of lines 43 and 45 to motor
      24 increases to a point exceeding the predetermined pressure level which
      actuates switches 60 and 62. Suppose for example that the input line of
      motor 24 is hydraulic line 43 when the motor must rotate the workpiece in
      the clockwise direction. In the case of FIGS. 7C and 7D then, the pressure
      sensitive switch 60 will be activated when the pressure in line 43 exceeds
      the predetermined level. In the case of FIGS. 8A and 8B where the
      workpiece is to be rotated counterclockwise, the input line would then be
      line 45 and pressure sensitive switch 62 would be activated when the
      pressure in line 45 exceeded the predetermined level.
PAR  Turning now specifically to the situation shown in FIG. 7C, the output
      signal from switch 60 will be transmitted to the sensing part 64 of the
      sensing device 65 indicated in each of the sketches. The sensing part 64
      is tilted to the left in this Figure (i.e. towards the bottom of the
      device 65 indicted in the sketch). Therefore the output signal is
      transmitted through wire 103 to the solenoid of valve 66 which causes the
      valve 66 to move to the third position. This position of the valve 66 in
      turn causes the lead screw to be rotated counterclockwise which in turn
      causes the workpiece to be moved away from the end of the workholding
      element having the motor 42 towards the axis of rotation 15. When the
      center of gravity of the workpiece has been moved by the lead screw 44
      until it is more or less in line with the axis of rotation 15, the
      pressure required to operate the motor 24 will return to a level below the
      predetermined level for actuating pressure sensitive switch 60. When this
      occurs the transmission of the output signal from switch 60 will cease and
      this will automatically return the position of valve 66 to its second
      position in which the motors 42 become locked and cease to operate.
PAR  Turning now to the case of FIG. 7D, the sensing part 64 will be tilted to
      the right in this figure so that the output signal from switch 60 is
      transmitted through wire 102. This causes the solenoid to move the valve
      66 to the first position. In this position, the lead screw 44 rotates in
      the clockwise direction so as to move the workpiece closer to the end of
      the workholding element on which the motor 42 is mounted (and also of
      course closer to the axis of rotation 15).
PAR  In the case of FIG. 8A, the switch 62 will transmit an output signal to
      sensing part or tilt switch 68 which will be tilted to the left. Thus the
      output signal will be transmitted to wire 102. This in turn causes the
      lead screw of course to be rotated in the clockwise direction so that the
      workpiece is moved towards the axis of rotation 15.
PAR  In the case of FIG. 8B, the output signal from switch 62 is sent via
      sensing part 68 through wire 103 so that the lead screw rotates in the
      counterclockwise direction and thus moves the workpiece closer to the axis
      of rotation 15.
PAR  As can be seen from an examination of FIGS. 7A and 7B, the weight of the
      workpiece when the center of gravity thereof is located horizontally to
      the right of the axis of rotation 15 creates a moment or torque in the
      same direction as the desired direction of rotation of the workpiece, that
      is in the clockwise direction. Similarly, FIGS. 8c and 8d illustrate that
      the weight of the workpiece when the center of gravity thereof is located
      horizontally to the left of the axis of rotation will create a moment in
      the same direction as the desired direction of rotation, that is, in the
      counterclockwise direction. In any of the four situations illustrated in
      these four sketches, little or no power will be required to rotate the
      workholding means 13 and the attached workpiece 14. As explained, in this
      situation motor 24 may tend to overspeed and act as a pump due to the fact
      that it is being forced to turn by the rotation of the workholding means.
      Restriction of the flow of hydraulic fluid in one of lines 43 and 45
      (whichever is the output line from the motor 24) by one of the valves 52
      will cause a backpressure in this output line from the motor. This
      backpressure can cause one of two things to happen. Firstly, the
      backpressure could have no effect at all where the center of gravity of
      the workpiece is not displaced horizontally from the axis of rotation 15
      sufficiently to cause the backpressure to rise to the predetermined level
      which activates either one of the pressure sensitive switches 60 and 62.
      The workholding means and workpiece in this case will simply continue to
      rotate with the aid of the motor 24. As stated earlier, any overspeed that
      might occur is limited by the flow control valves 52 which are adjustable
      and which restrict the rate of flow of hydraulic fluid through lines 43
      and 45.
PAR  The other possibility is that the backpressure in either line 43 or line 45
      could rise to a level which exceeds the predetermined level of pressure
      that activates either switch 60 or switch 62. For example, assuming that
      hydraulic line 45 is the output line of the motor 24 for clockwise
      rotation of the workpiece, the pressure sensitive switch 62 will be
      activated once the pressure exceeds the predetermined level. In the
      situation illustrated then in FIG. 7A, the tilt switch or sensing part 68
      is tilted to the left so that the output signal from switch 62 is
      transmitted through wire 102. This output signal causes the solenoid to
      move valve 66 to the first position so that the lead screw 44 is turned in
      a clockwise direction. This in turn moves the workpiece closer to the end
      of the workholding element on which the motor 42 is mounted and thus
      closer to the axis of rotation 15.
PAR  However, in the situation illustrated in sketch 7B, the output signal from
      switch 62 will be sent through wire 103 by the sensing part 68. This in
      turn will cause the lead screw to rotate in the counterclockwise direction
      which moves the workpiece away from the motor end of the workholding
      element towards the axis of rotation 15 again.
PAR  In the counterclockwise cases illustrated in sketches 8C and 8D, the line
      43 will be the output line and pressure sensitive switch 60 will be
      activated when the pressure in the line 43 exceeds the predetermined
      level. In the FIG. 8C situation, the output signal is transmitted through
      the left hand side of tilt switch 64 (since this switch is tilted to the
      left) through the wire 103. As explained already, an output signal through
      wire 103 moves the valve to the third position which causes
      counterclockwise rotation of the lead screw. Thus the workpiece is moved
      towards the axis of rotation 15 again.
PAR  In the FIG. 8d situation, the output signal from switch 60 is sent through
      wire 102 by the tilt switch 64 so that the valve 66 is moved to the first
      position. This causes clockwise rotation of the lead screw 44 and causes
      the workpiece to be moved again towards the axis of rotation. In each of
      these four cases, when the center of gravity of the workpiece is more or
      less coincident with the axis of rotation 15, the centering action by the
      workholding elements and motors 42 will stop due to the fact that no
      output signal will be transmitted by either of the switches 60 or 62,
      causing valve 66 to be moved to the second position.
PAR  When the center line of the workholding means, that is the center line
      generally corresponding to the center axis of the lead screws 44, passes
      through a vertical position, the setting of the valve 66 is automatically
      brought to the center or second position in which rotation of the motors
      42 ceases and the motion of the center of gravity of the workpiece
      relative to the axis of rotation 15 also ceases. The switches 64 and 68
      can carry out this step by well known gravity or other means.
PAR  The following chart sets out the various components illustrated in the
      sketches of FIGS. 7 and 8 as explained above. For each sketch shown in the
      drawings, the desired direction of the components of the workholder and
      workpiece are set out as well as the position of the motor end of the
      workholding elements and switches 60 and 62.
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CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A workholder comprising a primary supporting structure; workholding
      means mounted for rotation in said structure about a fixed axis of
      rotation; a control system comprising sensing means sensitive to out of
      balance forces within said workholder, said forces being caused by the
      rotation of a workpiece when held by said workholding means and horizontal
      movement of the center of gravity of said workpiece relative to said axis
      of rotation, said sensing means providing an output signal indicative of
      said forces, and adjusting means responsive to said output signal to
      effect positional adjustment of said workholding means on said structure
      relative to said axis of rotation, said positional adjustment tending to
      decrease and remove said out of balance forces.
NUM  2.
PAR  2. A workholder according to claim 1 wherein said workholding means
      comprises a pair of workholding elements providing a work-receiving area
      therebetween, each element comprising a first part mounted for rotation on
      a shaft journaled in said structure and a second part attachable to said
      workpiece, rotatable with said first part, and slidable in said first
      part, sliding movement of said second part within the first part being
      controlled by said adjusting means responsive to said output signal.
NUM  3.
PAR  3. A workholder according to claim 2 wherein each second part is attachable
      to a circular frame formed integrally on and surrounding said workpiece,
      said circular frame being located adjacent the side of each first part
      which is opposite the respective shaft of the first part when said
      circular frame is attached.
NUM  4.
PAR  4. A workholder according to claim 1 wherein said adjusting means includes
      hydraulic motor means and hydraulic fluid valve means and said sensing
      means includes pressure sensitive switching means which actuate when
      hydraulic pressure in a portion of said control system exceeds a
      predetermined level.
NUM  5.
PAR  5. A workholder according to claim 4 wherein said pressure sensitive
      switching means includes two pressure sensitive switches, said workholder
      includes a hydraulic motor to rotate said workholding means, and operated
      by hydraulic fluid entering and leaving said motor by two hydraulic fluid
      lines, one of said switches sensing the pressure in one of said fluid
      lines and the other of said switches sensing the pressure in the other of
      said fluid lines.
NUM  6.
PAR  6. A workholder according to claim 5 wherein said adjusting means includes
      an attitude sensing device, said device being mounted on said workholding
      means and adapted to sense the attitude of said workholding means and to
      transmit the output signal accordingly to the remainder of said adjusting
      means.
NUM  7.
PAR  7. A workholder according to claim 6 wherein said attitude sensing means
      has two sensing parts, one of said sensing parts being connected in series
      to said one of said switches and to said hydraulic fluid valve means and
      the other of said sensing parts being connected in series to said other of
      said switches and to said hydraulic fluid valve means.
NUM  8.
PAR  8. A workholder according to claim 7 wherein each sensing part of said
      attitude sensing means is a single-pole, double throw mercury tilt switch
      mounted with its longitudinal axis perpendicular to a center line of the
      workholding means, said center line passing generally through said axis of
      rotation and being parallel to the direction of said sliding movement of
      said second part.
NUM  9.
PAR  9. A workholder according to claim 1 wherein said adjusting means includes
      an attitude sensing device, said device being mounted on said workholding
      means and adapted to sense the attitude of said workholding means and to
      transmit the output signal accordingly to the remainder of said adjusting
      means.
NUM  10.
PAR  10. A workholder according to claim 1 wherein said adjusting means includes
      an attitude sensing device, said device being mounted on said workholding
      means and adapted to sense the attitude of said workholding means and to
      transmit the output signal to the remainder of said adjusting means
      according to said attitude, said remainder including motor means to move
      at least a portion of said workholding means to effect said positional
      adjustment in response to said output signal.
NUM  11.
PAR  11. A workholder according to claim 10 wherein said adjusting means
      includes a three position hydraulic valve, said motor means is hydraulic
      and is operated by said three position hydraulic valve, and said hydraulic
      valve is connected to said attitude sensing device to receive and to be
      actuated by said output signal therefrom according to the attitude of said
      workholding means.
NUM  12.
PAR  12. A workholder according to claim 11 wherein said sensing means includes
      pressure sensitive switching means which actuate when hydraulic pressure
      in a portion of said control system exceeds a predetermined level.
NUM  13.
PAR  13. A workholder according to claim 12 wherein said pressure sensitive
      switching means includes two pressure sensitive switches, said workholder
      includes a hydraulic motor to rotate said workholding means and operated
      by hydraulic fluid entering and leaving said motor by two hydraulic fluid
      lines, one of said switches sensing the pressure in one of said fluid
      lines and the other of said switches sensing the pressure in the other of
      said fluid lines.
NUM  14.
PAR  14. A workholder according to claim 13 wherein said attitude sensing means
      has two sensing parts, one of said sensing parts being connected in series
      to said one of said switches and to said hydraulic valve, the other of
      said sensing parts being connected in series to said other of said
      switches and to said hydraulic valve.
NUM  15.
PAR  15. A workholder according to claim 14 wherein each sensing part of said
      attitude sensing means is a single-pole, double throw mercury tilt switch
      mounted with its longitudinal axis perpendicular to a centre line of the
      workholding means, said centre line passing generally through said axis of
      rotation.
NUM  16.
PAR  16. A workholder according to claim 15 wherein the first position of said
      three position hydraulic valve causes said motor means to adjust the
      position of said workholding means in one direction, the second position
      thereof hydraulically locks said motor means and the third position
      thereof causes said motor means to adjust the position of said workholding
      means in a direction opposite to said one direction, and wherein each end
      of each tilt switch is connected to a solenoid which moves said hydraulic
      valve to one of said first and third positions whereby when each tilt
      switch is tilted downwards towards one end of the tilt switch said
      hydraulic valve is moved to said first position and, when each tilt switch
      is tilted downwards towards the end opposite said one end, said hydraulic
      valve is moved to said third position.
NUM  17.
PAR  17. A workholder according to claim 16 wherein said workholding means
      comprises a pair of workholding elements providing a work-receiving area
      therebetween, each element comprising a first part mounted for rotation on
      a shaft journaled in said structure and a second part attachable to said
      workpiece, rotatable with said first part, and slidable in said first
      part, sliding movement of said second part within the first part being
      controlled by said adjusting means responsive to said output signal.
NUM  18.
PAR  18. A workholder according to claim 17 whrein said motor means includes two
      hydraulic motors each mounted to one of said first parts and adapted to
      slide the respective second part in said one first part.
NUM  19.
PAR  19. A workholder according to claim 6 wherein said hydraulic motor is
      operated by a three position main hydraulic valve connected to said
      hydraulic motor via said two fluid lines, a safety valve is interposed
      along each fluid line to prevent overspeed of said hydraulic motor, and
      the pressure sensitive switch in each line is interposed between the
      hydraulic motor and the safety valve of the respective line.
NUM  20.
PAR  20. A workholder according to claim 2 including brake means for selectively
      preventing rotation of said workholding means and said workpiece relative
      to said structure when desired.
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ABST
PAL  A carrier adjustable in size for holding various sized printed circuit
      boards during manufacturing procedures including installation of
      components fluxing, soldering, trimming and the like and includes a frame
      having conveyor engaging members mounted thereon. Laterally spaced carrier
      side members are adjustably supported on the frame and are adapted to
      support respective side edge portions of the printed circuit board.
      Longitudinally spaced carrier end members are adjustably supported on the
      frame and are adapted to support respective end edge portions of the
      printed circuit board. The conveyor engaging members of the frame are
      adapted to support the carrier on a support surface and to permit vertical
      stacking of like carriers.
BSUM
PAR  The present invention relates to printed circuit board carriers and more
      particularly to such a carrier having adjustable portions for holding a
      printed circuit board during movement of the carrier and board along a
      conveyor during assembly of components and other manufacturing operations
      and for storage.
PAR  The principal objects of the present invention are: to provide a printed
      circuit board carrier having adjustable portions for holding a printed
      circuit board during assembly of components thereon and other
      manufacturing operations and storage thereof; to provide such a carrier
      having conveyor engaging members for removably mounting the carrier on a
      conveyor for movement to each of a plurality of stations during
      manufacturing operations on the printed circuit board; to provide such a
      carrier adapted to stack vertically with a plurality of like carriers for
      storage of the like carriers and moving a plurality of like carriers; to
      provide such a carrier constructed to permit quick installation of and
      removal of the printed circuit board therefrom; to provide such a carrier
      which is quickly adjustable to the peripheral size of the respective
      printed circuit board; to provide such a carrier having side members
      formed of a plurality of like modular blocks each having equal
      longitudinal dimension to thereby permit selective varying of the length
      of the carrier; to provide such a carrier adapted to securely hold the
      board during precise manufacturing operations, such as applying solder,
      trimming conductor leads, and the like; and to provide such a carrier
      which is economical to manufacture, durable in construction, positive in
      operation, and particularly well adapted for the proposed use.
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth, by way of illustration and example,
      certain embodiments of this invention.
DRWD
PAR  The drawings constitute a part of the specification and include an
      exemplary embodiment of the present invention and illustrate various
      objects and features of the printed circuit board carrier.
PAR  FIG. 1 is a perspective view of a printed circuit board carrier embodying
      features of the present invention.
PAR  FIG. 2 is a side elevational view of the carrier with portions broken away
      to better illustrate component parts thereof.
PAR  FIG. 3 is an end elevational view of the carrier with certain components of
      the carrier shown in respective alternate positions.
PAR  FIG. 4 is a top plan view of the carrier with portions broken away to
      better illustrate component parts thereof.
PAR  FIG. 5 is a side elevational view of a plurality of like carriers stacked
      vertically.
PAR  FIG. 6 is an enlarged fragmentary sectional view taken on line 6--6, FIG. 4
      and showing one carrier end member.
PAR  FIG. 7 is an enlarged fragmentary sectional view taken on line 7--7, FIG. 4
      and showing a carrier side member.
PAR  FIG. 8 is an enlarged fragmentary sectional view taken on line 8--8, FIG. 4
      and showing a conveyor engaging portion.
DETD
PAR  Referring more in detail to the drawings:
PAR  As required, detailed embodiments of the present invention are disclosed
      herein, however, it is to be understood that the enclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting, but merely as a basis for the claims
      and as a representative basis for teaching one skilled in the art to
      variously employ the present invention in virtually any appropriately
      detailed structure.
PAR  In the disclosed embodiment of the present invention, the reference numeral
      1 generally designates a carrier for holding a printed circuit board 2
      during manufacturing operations and storage thereof. The carrier 1
      includes a frame 3 having conveyor engaging and support members 4 mounted
      thereon. Laterally spaced side carrier members 5 and 6 are adjustably
      supported on the frame 3 and are adapted when properly adjusted to support
      respective side edge portions of the printed circuit board 2.
      Longitudinally space carrier end members 7 and 8 are adjustably supported
      on the frame 3 and are adapted when properly adjusted to grip and support
      respective end edge portions of the printed circuit board 2. The conveyor
      engaging members 4 of the frame 3 are adapted to support the carrier 1 on
      a suitable support surface 9 and to permit vertical stacking of a
      plurality of like carriers 1.
PAR  The illustrated frame 3 includes longitudinally spaced leading and trailing
      frame end members 10 and 11 respectively. The end members 10 and 11 extend
      transversely of the path of travel of the carrier 1 when moving along a
      conveyor (not shown), such as for movement to each of a plurality of
      stations during manufacturing operations on the printed circuit board 2.
      The frame end members 10 and 11 are each elongated members having a
      non-round cross section illustrated as being square. The frame end members
      10 and 11 respectively each have opposite end portions 12 and 13 that are
      round in cross section, for length to serve as bearing members for
      supporting respective support members 4 thereon.
PAR  The frame 3 includes leading and trailing center connectors or support
      members 14 and 15 mounted on the frame end members 10 and 11 respectively.
      The support members 14 and 15 may be fixed thereon or adjustably mounted
      on the end members 10 and 11 respectively. In the illustrated structure,
      the support members 14 and 15 have non-round passages 16 and 17
      respectively extending transversely therethrough. The passages 16 and 17
      have a corresponding shape to the non-round shape of the end members 10
      and 11 respectively and the support members 14 and 15 are suitably secured
      to the end members 10 and 11 respectively, as by set screws.
PAR  The leading and trailing support members 14 and 15 have non-round passages
      18 and 19 respectively extending longitudinally therethrough and adapted
      to receive therein respective portions of a center beam member 20 of the
      frame 3.
PAR  The beam member 20 is illustrated as an elongated member having a non-round
      cross section with opposite end portions 21 and 22 thereof extending
      through the non-round passages 18 and 19 in the support members 14 and 15
      respectively whereby the support members 14 and 15 are movable
      longitudinally along the beam member 20. The support members 14 and 15 are
      suitably secured to the center beam member 20, as by set screws, to
      determine the longitudinal spacing between the leading and trailing end
      members 10 and 11 of the frame 3. The beam member 20 extends through the
      support member 15 and has the non-round portion thereof extending
      rearwardly thereof for a distance less the thickness of the end member 8
      and then has a portion 22 of round cross section for a length thereof with
      an enlarged end member or collar 23 mounted thereon and a resilient member
      or coil spring 24 is sleeved on the portion 22, for a purpose later
      described.
PAR  The carrier side members 5 and 6 are preferably of modular form and are
      adjustably mounted on the frame end members 10 and 11 and are movable
      toward and away from the beam member 20. The carrier side members 5 and 6
      include elongated bars 25 and 26 respectively each having a non-round
      cross section. A plurality of like blocks 27 each having an equal
      longitudinal dimension are mounted on and movable along each of the bars
      25 and 26. The blocks 27 each have a longitudinal passage 28 therethrough
      of a non-round cross section corresponding to the cross section of the
      bars 25 and 26. The side members 5 and 6 each include blocks 29 and 30
      mounted at the ends thereof and each having a longitudinal dimension equal
      to that of the blocks 27 mounted between the like or modular block 29 and
      30. The blocks 29 and 30 each have a longitudinal passage 31 therethrough
      and of a shape corresponding to the cross section of the bars 25 and 26.
      The longitudinal passage 31 in the blocks 29 and 30 is alignable with the
      longitudinal passage 28 through the blocks 27 to thereby receive the bars
      25 and 26.
PAR  A transverse passage 32 extends through each of the blocks 29 and 30 to
      receive the frame end members 10 and 11 respectively whereby the side
      members 5 and 6 are adjustable along the frame end members 10 and 11 for
      movement toward and away from the support members 14 and 15. The blocks 29
      and 30 are suitably secured in selected lateral spacing, as by set screws.
PAR  The blocks 27 mounted between the blocks 29 and 30 may also each have a
      transverse passage 32 therethrough whereby the blocks 27, 29, and 30 may
      be interchangeable and only one type of modular block need be used in the
      assembly of the carrier side members 5 and 6.
PAR  The blocks 27, 29, and 30 of the side members 5 and 6 are each formed of
      mirror image halves 33 and 34 suitably secured together, as by bolts. The
      halves 33 and 34 have enlarged upper portions 35 and 36 respectively each
      having a longitudinally extending groove in facing surfaces to define the
      passages 28 and 31.
PAR  The halves 33 and 34 have lower portions 37 and 38 of reduced thickness
      thereby defining shoulders in facing surfaces to be engaged by an edge of
      one leg of support members 39 and 40 respectively. The support members 39
      and 40 are illustrated as angles each having the one leg thereof in
      abutting engagement and having the other leg thereof extending beyond an
      exterior face of the lower portions 37 and 38 respectively thereby
      defining respective grooves or recesses in opposite faces thereof and each
      adapted to receive therein a respective side edge portion of the printed
      circuit board 2.  The blocks 27, 29, and 30 are thereby reversible and
      interchangeable.
PAR  The side edge portions of the printed circuit boards may vary in thickness,
      therefore, the support members 39 and 40 are adjustably mounted on the
      respective lower portions 37 and 38 of the halves 33 and 34. In the
      illustrated embodiment, the one leg of the support members have slots 39'
      and 40' respectively to receive a suitable fastening member, such as bolts
      27, for holding the support members 39 and 40 in clamped engagement
      between the lower portions 37 and 38.
PAR  The carrier end members 7 and 8 may be similar in construction to the
      blocks 27, 29, and 30. The carrier end members 7 and 8 may be one-piece
      blocks similar in overall shape to the blocks 27, 29, and 30 of the side
      members 5 and 6. The end members 7 and 8 have transverse passages 41 and
      42 respectively therethrough corresponding in shape to the non-round shape
      of the center beam member 20 whereby the end members 7 and 8 are movable
      longitudinally along the center beam member 20 to adjust the spacing
      between the end members 7 and 8 to a spacing corresponding to the length
      of the printed circuit board 2. The leading end member, for example end
      member 7, is suitably secured in the selected position, as by a set screw.
PAR  The other or trailing end member 8 is maintained in engagement with the
      trailing end of the printed circuit board 2 by the resilient member 24
      extending between the end member 8 and the enlarged portion or collar 23
      of the center beam member 20.
PAR  The end members 7 and 8 have grooves 43 and 44 respectively adjacent lower
      edges of facing surfaces thereof to receive therein respective end edge
      portions of the printed circuit board 2. The grooves or recesses 43 and 44
      are aligned with the grooves in the side members 5 and 6 as defined by the
      support members 39 and 40.
PAR  The conveyor engaging members 4 are mounted on each of the opposite ends of
      the end frame members 10 and 11 respectively. The conveyor engaging
      members 4 are illustrated as elongated members each having a transverse
      passage 45 therethrough of round cross section corresponding to the round
      cross section of the respective opposite end of the frame end members 10
      and 11. The conveyor engaging members 4 are retained on the respective
      opposite ends of the frame end members 10 and 11 by a suitable keeper such
      as a collar, whereby the conveyor engaging members 4 are each rotatably
      mounted on a respective end of a respective one of the frame end members
      10 and 11.
PAR  The keeper on each of the opposite ends of the frame end members 10 and 11
      permit rotation of the conveyor engaging members and supports 4. Suitable
      fastening devices, such as nuts may be mounted on the opposite ends of the
      frame end members 10 and 11 to secure the supports 4 in a selected
      position relative to a conveyor or the support surface 9.
PAR  A pin or driving lug 46 extends from one side 46' of each of the conveyor
      engaging members 4, said side being adapted to rest on and be supported on
      a conveyor run with said pin on lug 46 removably received in respective
      portions of such conveyor (not shown). The conveyor engaging and support
      portions 4 each having a leg 47 extending from one end 47' thereof and
      adapted to engage the support surface 9 for supporting the carrier 1 and
      the circuit board 2 therein prior to, during, and after manufacture of the
      circuit board 2. The leg 47 is of such length that the support end thereof
      has a spacing from the respective frame end member that the lower part of
      the side members and board 2 are spaced above the support surface 9.
PAR  Each of the conveyor engaging and support members 4 has a recess 48 in the
      other end 48' thereof which is longitudinally aligned with the leg 47 of
      the respective conveyor engaging and support members 4. The recess 48 is
      adapted to receive therein a leg 47 of a like conveyor engaging member
      whereby the carrier 1 is stackable vertically with a plurality of like
      carriers. The length of the members 4 between the ends 47' and 48' is
      longer than the height of the side members to provide a selected vertical
      spacing between side members of stacked carriers.
PAR  In using a carrier for a printed circuit board constructed as illustrated
      and described, a selected number of blocks 27 are mounted on the bars 25
      and 26 to determine the desired length of the carrier side members 5 and
      6. The blocks 27, 29, and 30 are positioned in end-to-end abutting
      engagement and then clampingly secured to the respective bars 25 and 26.
      The conveyor side members 5 and 6 are then moved along the frame end
      members 10 and 11 to the desired spacing between the facing recesses
      defined by the support members 39 and 40. When in the desired position,
      the blocks 29 and 30 of each of the side members 5 and 6 are secured in
      place by the set screws. The carrier end member 8 is retracted compressing
      the spring until said end member is disengaged from the non-round portion
      of the beam 20 adjacent the connector member 15 permitting the end member
      8 to be rotated on the end portion 22 to an inverted position. This opens
      the end for access so a printed circuit board 2 may be moved into the
      recesses in the carrier side members 5 and 6. The carrier end member 7 is
      moved longitudinally along the center beam member 20 to permit the entire
      circuit board 2 to be positioned between the end members 7 and 8. The end
      member 8 is then rotated to a position having the recess or groove 44
      therein in alignment with the adjacent edge portion of the printed circuit
      board 2 and the spring moves said end member 8 into engagement with the
      connector member 14. The end member 7 is then moved toward the end member
      8 until the circuit board 2 has all the peripheral sides and ends thereof
      supported on the side members 5 and 6 and the end members 7 and 8. The end
      member 7 is then moved further to space the end member 8 from the
      connector member 15 and compress the spring 24 to provide a desired
      clamping of the board between the end members 7 and 8. The end member 7 is
      then secured in place by the set screw. Thereafter, that sized board may
      be removed and applied to the carrier by retracting and rotating the end
      member 8 and sliding the boards in the recesses in the side members and
      returning the end member 8 to board clamping position. When it is desired
      to mount the carrier 1 and circuit board 2 on a conveyor (not shown), the
      pins 46 are inserted into respective portions of the conveyor and the
      sides 46' of the members 4 engaged therewith to support the carrier for
      movement with the conveyor. When the manufacture of the circuit board 2 is
      complete or an operation is finished and it is desired to store the
      carrier and circuit board, the carrier 1 is removed from the conveyor and
      the conveyor engaging and support members 4 are turned or rotated until
      the legs 47 thereof are in position to engage the support surface 9. Like
      carriers may be stacked vertically therewith by inserting the legs 47
      thereof in the recesses 48 in the (now) upper ends 48' of the conveyor
      engaging members 4.
PAR  While a carrier has been illustrated for holding a single printed circuit
      board 2, it is to be understood that the carrier may be adapted to hold a
      second printed circuit board by mounting a second pair of leading and
      trailing connectors 14 and 15 on the frame end members 10 and 11
      respectively. A beam member 20 would extend between the connectors 14 and
      15 and carrier end members 7 and 8 mounted thereon. An additional carrier
      side member would be mounted on the frame 3 and spaced from one of the
      side members 5 and 6 to receive a second printed circuit board 2. It can
      be seen that the carrier could be expanded for multiple side-by-side
      printed circuit boards.
PAR  The transverse passage 45 through each of the conveyor engaging members 4
      and the end portions of the frame end members 10 and 11 each being of
      round cross section permit the conveyor engaging members 4 each to turn on
      the respective end portions of the frame end members 10 and 11. The
      carrier 1, therefore, is adapted to travel from one conveyor (not shown)
      to another conveyor (not shown) when the two conveyors are in the same
      plane and when the two are positioned at different slopes, such as a
      valley with an upstream conveyor being inclined downwardly and a
      downstream conveyor being inclined upwardly or a crest with an upstream
      conveyor being inclined upwardly and a downstream conveyor being inclined
      downwardly.
PAR  It is to be understood that while I have illustrated and described one form
      of my invention, it is not to be limited to these specific forms or
      arrangement of parts herein described and shown.
CLMS
STM  What I claim and desire to secure by Letters Patent is :
NUM  1.
PAR  1. A printed circuit board carrier comprising:
PA1  a. a frame having a longitudinal beam and laterally extending leading and
      trailing elongated end members, said frame including connector members
      adjustably receiving said beam and end members to secure same relative to
      each other;
PA1  b. support means mounted on said end members and adapted to engage a
      conveyor for movement of said frame thereby;
PA1  c. carrier side members each having a plurality of block members connected
      together in longitudinal alignment and defining a length greater than a
      circuit board to be carried, certain of said block members receiving said
      end members for support thereon, said block members each having
      longitudinally extending grooves forming a lower ledge for receiving and
      supporting a circuit board side edge;
PA1  d. means securing said certain blocks of said side members to said end
      members thereby positioning said side members in selected laterally spaced
      relation for the grooves therein to slidably receive and support the
      circuit board side edges;
PA1  e. a first carrier end member adjustably mounted on said beam adjacent one
      end member; and
PA1  f. a second carrier end member movably mounted on said beam, said first and
      second carrier end members having grooves to receive and support leading
      and trailing edges of the circuit board in gripping engagement in response
      to movement of said second carrier end member toward said first carrier
      end member.
NUM  2.
PAR  2. A printed circuit board carrier as set forth in Claim 1 wherein said
      support means includes:
PA1  a. an elongated member for and rotatably mounted on each end of each of
      said end members;
PA1  b. a pin for and extending from one side of each of said elongated members
      and adapted to be received in respective portions of a conveyor;
PA1  c. a leg for and extending from one end of each of said elongated members
      and adapted to engage a support surface; and
PA1  d. means for and defining a recess in the other end of each of said
      elongated members and adapted to receive a respective leg therein whereby
      the carrier is stackable with like carriers.
NUM  3.
PAR  3. A printed circuit board carrier as set forth in Claim 1 wherein:
PA1  a. said frame end members are each elongated bars having a non-round cross
      section;
PA1  b. said carrier side members each include:
PA2  1. an elongated bar having a non-round cross section; and
PA2  2. means for and defining a longitudinal passage through each of said block
      members and having a non-round cross section corresponding to the
      non-round cross section of said elongated bar whereby each of said block
      members are movable along said elongated bar; and
PA1  c. each of said certain block members have means defining a transverse
      passage therethrough having a non-round cross section corresponding to the
      non-round cross section of said frame end members whereby said carrier
      side members are movable along said frame end members to a spaced apart
      position adapted to have the circuit board side edges supported thereon.
NUM  4.
PAR  4. A printed circuit board carrier as set forth in Claim 1 wherein:
PA1  a. each of said block members comprises:
PA2  1. a pair of mirror image halves each having upper and lower edges and
      removably secured together with facing surfaces thereof in abutting
      engagement, said halves each having a reduced thickness portion adjacent
      the lower edges thereof;
PA2  2. means in the facing surfaces of said halves defining respective
      longitudinally extending grooves positioned to define a passage through
      said block, said passage having a non-round shape;
PA2  3. means in the facing surfaces of said halves defining respective
      longitudinally extending shoulders spaced from the lower edges thereof;
      and
PA2  4. a pair of support members each having one portion thereof positioned
      between the facing surfaces of said halves and in engagement with a
      respective one of said shoulders and another portion thereof in engagement
      with a respective one of the lower edges of said halves and extending
      beyond the exterior surface of the reduced thickness portion thereby
      defining the respective longitudinally extending grooves; and
PA1  b. said carrier side members each include an elongated bar having a
      non-round cross section corresponding to the non-round shape of the
      passage in each of said block members and adapted to be received therein
      whereby said block members are movable along said elongated bar.
NUM  5.
PAR  5. A printed circuit board carrier comprising:
PA1  a. support means including a frame having longitudinally spaced conveyor
      engaging portions;
PA1  b. laterally spaced carrier side members adjustably mounted in said frame
      of said support means;
PA1  c. means on each of said carrier side members for receiving and supporting
      a respective side edge portion of a printed circuit board,
PA1  d. longitudinally spaced carrier end members adjustably mounted on said
      frame of said support means;
PA1  e. means on each of said carrier end members for receiving and supporting a
      respective end edge portion of the printed circuit board;
PA1  f. said frame of said support means including an elongated center beam
      member;
PA1  g. said carrier end members being mounted on said center beam member of
      said frame and movable longitudinally therealong to be in engagement with
      the respective end edge portion of the printed circuit board.
NUM  6.
PAR  6. A printed circuit board carrier comprising:
PA1  a. support means including a frame having longitudinally spaced conveyor
      engaging portions;
PA1  b. laterally spaced carrier side members adjustably mounted on said frame
      of said support means;
PA1  c. means on each of said carrier side members for receiving and supporting
      a respective side edge portion of a printed circuit board;
PA1  d. longitudinally spaced carrier end members adjustably mounted on said
      frame of said support means;
PA1  e. means on each of said carrier end members for receiving and supporting a
      respective end edge portion of the printed circuit board;
PA1  f. said frame of said support means includes a pair of longitudinally
      spaced elongated frame end members extending between and having a
      respective one of said conveyor engaging portions on each end thereof;
PA1  g. said frame of said support means includes an elongated center beam
      member extending between said longitudinally spaced elongated frame end
      members; and
PA1  h. said carrier end members are mounted on said center beam member of said
      frame and movable longitudinally therealong to be in engagement with the
      respective end edge portion of the printed circuit board.
NUM  7.
PAR  7. A printed circuit board carrier as set forth in claim 6 wherein:
PA1  a. said carrier side members each extend longitudinally between said frame
      end members of said support means; and
PA1  b. said carrier side members are each formed of a plurality of like blocks
      each being of equal longitudinal dimension and having at least one end
      edge thereof in abutting engagement with the facing end edge of an
      adjacent block.
NUM  8.
PAR  8. A printed circuit board carrier as set forth in claim 6 wherein:
PA1  a. said conveyor engaging portions are each rotatably mounted on a
      respective end of a respective one of said end members of said support
      means;
PA1  b. said conveyor engaging portions each are elongated members and each have
      a pin extending from one side thereof and adapted to be received in
      respective portions of a conveyor;
PA1  c. said conveyor engaging portions each have a leg extending from one end
      thereof and adapted to engage a support surface; and
PA1  d. said conveyor engaging portions each have a recess in the other end
      thereof and adapted to receive a respective leg therein whereby the
      carrier is stackable with like carriers.
NUM  9.
PAR  9. A printed circuit board carrier comprising:
PA1  a. support means including a frame having longitudinally spaced conveyor
      engaging portions;
PA1  b. laterally spaced carrier side members adjustably mounted on said frame
      of said support means;
PA1  c. means on each of said carrier side members for receiving and supporting
      a respective side edge portion of a printed circuit board;
PA1  longitudinally spaced carrier end members adjustably mounted on said frame
      of said support means;
PA1  e. means on each of said carrier end members for receiving and supporting a
      respective end edge portion of the printed circuit board;
PA1  f. said frame of said support means includes an elongated center beam
      member having said carrier end members mounted thereon and movable
      longitudinally therealong to conform to the length of the printed circuit
      board; and
PA1  g. one of said carrier end members is rotatably mounted on said center beam
      member of said frame to permit placing the printed circuit board in the
      carrier and removing same therefrom.
NUM  10.
PAR  10. A printed circuit board carrier as set forth in claim 9 wherein:
PA1  a. said frame of said support means includes a pair of longitudinally
      spaced elongated frame end members extending between and having a
      respective one of said conveyor engaging portions on each end thereof;
PA1  b. a center connector member is mounted on each of said elongated frame end
      members of said frame and has a respective portion of said center beam
      member supported thereon;
PA1  c. the other of said carrier end members is positioned between said
      connector members and adapted to be secured in a selected position on said
      center beam member; and
PA1  d. the rotatably mounted carrier end member is resiliently urged toward the
      other of said carrier end members to retain in gripping engagement leading
      and trailing edges of the circuit board.
NUM  11.
PAR  11. A printed circuit board carrier comprising:
PA1  a. support means including a frame having longitudinally spaced conveyor
      engaging portions;
PA1  b. laterally spaced carrier side members adjustably mounted on said frame
      of said support means;
PA1  c. means on each of said carrier side members for receiving and supporting
      a respective side edge portion of a printed circuit board;
PA1  d. longitudinally spaced carrier and members adjustably mounted on said
      frame of said support means;
PA1  e. means on each of said carrier end members for receiving and supporting a
      respective end edge portion of the printed circuit board;
PA1  f. said carrier side members each include:
PA2  1. an elongated bar having a non-round cross section;
PA2  2. a plurality of like blocks each being of equal longitudinal dimension
      and having at least one end edge thereof in abutting engagement with the
      facing end edge of an adjacent block; and
PAR  3. a longitudinally extending passage through each of said blocks and
      having a non-round cross section corresponding to the cross section of
      said elongated bar whereby said blocks each are movable along said
      elongated bar;
PA1  g. said frame of said support means includes a pair of longitudinally
      spaced elongated frame end members extending between said conveyor
      engaging portions and each having a non-round cross section; and
PA1  h. at least certain blocks of each of said carrier side members have a
      transverse passage therethrough and having a non-round cross section
      corresponding to the cross section of said elongated frame end members
      whereby said carrier side members are movable along said frame end members
      to a spaced apart position corresponding to the width of the printed
      circuit board supported thereon.
NUM  12.
PAR  12. A printed circuit board carrier as set forth in claim 11 wherein each
      of said block members comprises:
PA1  a. a pair of mirror image halves each having upper and lower edges and
      removably secured together with facing surfaces thereof in abutting
      engagement, said halves each having a reduced thickness portion adjacent
      the lower edges thereof;
PA1  b. means in the facing surfaces of said halves defining respective
      longitudinally extending grooves positioned to define said passage through
      said block;
PA1  c. means in the facing surfaces of said halves defining respective
      longitudinally extending shoulders spaced from the lower edges thereof;
      and
PA1  d. a pair of support members each having one portion thereof positioned
      between the facing surfaces of said halves and in engagement with a
      respective one of said shoulders and another portion thereof in engagement
      with a respective one of the lower edges of said halves and extending
      beyond the exterior surface of the reduced thickness portion thereby
      forming a lower ledge for receiving and supporting a circuit board side
      edge.
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ABST
PAL  An elevator and support device is disclosed wherein a required adjustment
      may be conveniently made by a single operator without substantially
      disturbing his position. Devices such as disclosed in the subject
      invention find application in the installation of ceiling tiles and other
      building materials usually attached to overhead rafters and ceiling beams.
      Prior art devices have been cumbersome and/or complicated and expensive
      and most have required at least two operators in order to effectuate a
      fine adjustment of the holding device. The present invention provides fine
      adjustment capabilities requiring the attention of only one operator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to ceiling jacks and more particularly to
      ceiling jacks that may be easily adjusted by one operator.
PAR  2. Description of the Prior Art
PAR  One prior art device used for supporting ceiling material while such
      material was being nailed to ceiling beams describes a hand crank used to
      raise a platform or table upon which the ceiling tile or other material
      rested while being elevated into place. A cable and drum arrangement was
      utilized to effect vertical extension of telescoping tubular members. A
      pawl and ratchet arrangement was provided to maintain the required
      position once it was reached. Among the drawbacks of this prior art device
      are its complexity and its necessary cumbersomeness. It is also to be
      noted that its efficient operation required the presence of at least two
      workmen. Damage to the surface of the ceiling material often resulted due
      to the unsatisfactory performance of the adjusting mechanism of the
      device. The device was not continuously adjustable, rather, it was
      adjustable only to the positions defined by the pawl and ratchet
      mechanism.
PAR  Another prior art device provided an interconnecting group of jacks. This
      device is cumbersome and complex and adjustment, being effected by a
      ratchet arrangement, is discrete rather than continuous and therefore,
      less than satisfactory. In these prior art devices, even where it is
      possible for one operator to perform the required adjustments, the
      operator, if he is on a ladder, scaffold or other device placing him close
      to the site of the attachment of the ceiling material, must dismount and
      return to floor level to perform these adjustments. Upon returning to the
      site of attachment, i.e., the ceiling, experience teaches that often
      additional adjustments must be made necessitating yet another return to
      floor level. Such a procedure can become tedious, time consuming and
      therefore, expensive.
PAR  It would be of great value to the art to provide an elevator and support
      device, continuously adjustable from the operator's position on a ladder
      or scaffold where the operator might be immediately aware of the result of
      trial adjustments made and therefore, might correct for such adjustments
      without disturbing his position. It would be of additional great value if
      such a device could be made simple in design and construction, inexpensive
      to manufacture and conveniently portable.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an elevator and support
      for building materials that may be adjusted by one operator from a
      position on a ladder or scaffold.
PAR  It is a further object of the invention to furnish a ceiling jack providing
      a continuous adjustment feature.
PAR  It is a still further object of this invention to provide a conveniently
      portable, easily operable elevator and support for building materials that
      may be fabricated inexpensively and simply.
PAR  An adjustable elevator and support for building materials according to the
      invention includes a base, a vertical support member, an adjusting
      mechanism and its actuator and a material support member or table. The
      base provides floor or ground support for the mechanism and is separated
      from the material support member or table by the vertical support member.
      The vertical support member comprises at least two tubular members which
      may be detachably joined together.
DRWD
PAR  Additional objects, advantages and characteristic features of the present
      invention will become readily apparent from the following detailed
      description of a preferred embodiment of the invention when considered in
      conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of an elevator and support device constructed
      in accordance with the invention.
PAR  FIG. 2 is a sectional view taken along the line 2--2 of FIG. 1.
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2.
PAR  FIG. 4 is an enlargement of a sectional view taken along the line 4--4 of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 with greater particularity, a ceiling article support
      device in accordance with the invention, designated generally at the
      numeral 8, may be seen to comprise a support base 10 having a receiving
      boss 12 for holding a first vertical support member 14. Vertical support
      member 14 projects through adjusting flange plate 16 at an opening 46 and
      continues into first vertical support tube 24 via lower adjustment bracket
      54. Adjusting flange plate 16 having a hole 46, is hingeably attached to
      first vertical support tube 24 by means of lower adjustment bracket 54
      through the interconnections of pine 38, 40, pivot pin 50 and connection
      52 and connecting bracket 42. First vertical support member 14 terminates
      in spring retaining plug 22 which retains loading spring 20 in cooperation
      with retaining pin 64. Tensioning spring 18 maintains the relative
      vertical positions of first vertical support member 14 with respect to
      first vertical support tube 24 by means of the friction exerted on first
      vertical support member 14 by the sharp edges of the hole 46 in adjusting
      flange plate 16. Details of this friction clutch arrangement may be more
      readily apparent by reference to FIG. 2 of the drawings where the same
      numbers refer to the same elements of both drawings. FIG. 3 gives another
      view of the clutch arrangement showing the position-maintaining friction
      contacts between first vertical support member 14 and adjusting flange
      plate 16.
PAR  Tension spring 18 is maintained in its position between adjusting flange
      plate 16 and adjustment release handle 44 by being positioned around lower
      adjusting rod 66 and being retained therebetween by pin 52 and the hook 74
      formed at the upper end of lower adjusting rod 66. First adjusting rod
      member 48 is a continuation of lower adjusting rod 66 as may be made more
      readily apparent by reference to FIG. 4 wherein like numbers refer to the
      same elements of both drawings. First adjusting rod member 48 may be
      connected by means of hook-and-eye arrangements 30 to as many additional
      upper adjusting rods such as Nth upper adjusting rod 68, as may be
      necessitated by the height of the ceiling involved in the work being
      accomplished. It may also be noted that first vertical support tube 24 may
      be connected by means of slide fitting arrangements 28 to a second
      vertical support tube 70 and thence to Nth vertical support tube 72. Again
      the number of vertical support tubes employed will be a function of the
      height dimension of the ceiling involved in the work being accomplished.
PAR  Adjusting handle 32 is maintained in its position with respect to Nth
      vertical support 72 through the cooperative actions of the upper
      adjustment bracket 56 as held in place by clamp 34. Nth upper adjusting
      rod member 68 attaches to adjusting handle 32 by means of hook 26.
      Operation of adjustment handle 32 about pivot pin 36 is accomplished by a
      lifting motion thus transmitting through Nth upper adjusting rod member
      68, first adjusting rod member 48 and lower adjusting rod member 66, a
      like lifting motion to adjustment release lever 44. Lifting motion thus
      transmitted to adjustment release lever 44 is accomplished against
      tensioning spring 18 and serves to move adjusting flange 16 about pivot
      pin 50 so as to relieve the friction existing between first vertical
      support member 14 and the hole 46 thus allowing relative vertical movement
      between first vertical support member 14 and first vertical support tube
      24. Release of adjusting handle 32 reinstates the friction between first
      vertical support member 14 and the sharp edges of hole 46 through the
      action of tensioning spring 18 causing a canted position of adjusting
      flange plate 16 to be assumed thus bringing the sharp edges of hole 46
      into tensioned contact with first vertical support member 14. Thus any
      adjustment made to extend or retract first vertical support member 14 with
      respect to first vertical support tube 24 will also adjust ceiling article
      support member 58 and thus also ceiling article 62. Such adjustment will
      be maintained by the friction clutch arrangement already noted. It is
      important to note that the adjustment described is accomplished by a
      single operator in close proximity to the work being performed without
      having disturbed his position in relationship thereto.
PAR  There has thus been described a ceiling article support device including
      the desirable features of being simple and economical to manufacture,
      easily portable and operable by a single workman without changing his
      position in close proximity to the work being accomplished.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ceiling article support device comprising in combination:
PA1  a base having a receiving boss for receiving and retaining a first vertical
      support member;
PA1  a second vertical support member receiving and connected with said first
      vertical support member;
PA1  a plurality of vertical support members one of which receives and
      interconnects with said second vertical support members and each of which
      is slideably interconnectable one to another;
PA1  a ceiling article support member supported by and fastened to one of said
      plurality of vertical support members;
PA1  an adjusting flange plate connected to said second vertical support member
      and having a hole providing friction-maintained relative vertical position
      of said first vertical support member with respect to said second vertical
      support member;
PA1  an adjusting mechanism including a first adjusting handle attached to the
      vertical support member that has the ceiling article support member
      attached thereto;
PA1  a second adjusting handle pivotally attached to said second vertical
      support member;
PA1  a first adjusting rod member interconnected between said first adjusting
      handle and said adjusting flange plate;
PA1  a second rod member interconnected between said second adjusting handle and
      said flange plate;
PA1  a tension spring coaxially mounted around said second rod member between
      said second adjusting handle and said adjusting flange plate, so as to
      bias said adjusting flange plate against said first vertical support
      member, thereby maintaining adjustable frictional contact of the flange
      plate against the first vertical support member.
NUM  2.
PAR  2. A ceiling article support device as recited in claim 1 wherein said
      first vertical support member terminates in a spring-retaining plug and
      fits into a tube having a load adjustment spring.
NUM  3.
PAR  3. The article of claim 2 wherein said slideably interconnectable vertical
      support members are tubes having slide fittings.
NUM  4.
PAR  4. A ceiling article support device as recited in claim 1 wherein said
      adjusting flange plate has a hole, said hole having sharp edges.
NUM  5.
PAR  5. The device of claim 1 wherein said first adjusting rod member comprises
      a plurality of intermediate interconnectable rods.
PATN
WKU  039306461
SRC  5
APN  5315379
APT  1
ART  334
APD  19741211
TTL  Tennis novelty
ISD  19760106
NCL  7
ECL  1
EXA  Kramer; Arnold W.
EXP  Pinkham; Richard C.
NDR  1
NFG  3
INVT
NAM  Widman; Marshall A.
STR  443 W. 104th St., Apt. B
CTY  Kansas City
STA  MO
ZIP  64114
CLAS
OCL  272  1R
XCL  273 85A
XCL  273 85E
EDF  2
ICL  A63G 3100
ICL  A63F  706
FSC  273
FSS  95 AA;95 A;85 R;85 A;85 E;26 EA;26 E
FSC   46
FSS  245;148;1 R;1 B;1 C;1 E;1 M
FSC  272
FSS  1 R;1 A;1 B;1 C
UREF
PNO  1853620
ISD  19320400
NAM  Johnson
UCL  273  1R
UREF
PNO  2167847
ISD  19390800
NAM  Olken
OCL  273 85E
FREF
PNO  957,117
ISD  19490800
CNT  FR
OCL  273 85R
FREF
PNO  1,035,760
ISD  19530400
CNT  FR
OCL   46148
FREF
PNO  1,155,495
ISD  19690600
CNT  UK
OCL  273 85A
FREF
PNO  508,532
ISD  19550100
CNT  IT
OCL  273 85A
FREF
PNO  684,384
ISD  19650300
CNT  IT
OCL  273 85R
LREP
FR2  Chase; D. A. N.
ABST
PAL  An amusement device simulates the game of tennis and has a miniature
      playing surface provided with the lines and net that characterize a tennis
      court. Hitting elements representing opposing players are disposed on
      opposite sides of the net, and a wire extends over the net and has its
      ends anchored near the respective elements. The wire simulates the path of
      a ball, and a bead is threaded on the wire to represent the ball. The two
      hitting elements are mounted for oscillation about upright axes, and a
      cam-operated spring drive alternately actuates the elements in a manner to
      strike the bead and propel it back and forth over the net to simulate the
      action in tennis.
BSUM
PAR  This invention relates to a game action novelty and, in particular, to an
      amusement device which simulates the game of tennis.
PAR  The game of tennis has grown rapidly in popularity in recent years, both as
      to the number of people who play the game and the spectators who are
      tennis fans. Accordingly, novelty items relating to tennis are of
      increasing interest, just as with the game of golf several years ago.
PAR  It is, therefore, the primary object of this invention to provide an action
      novelty relating to the game of tennis, which is enjoyable and interesting
      to watch and which may be manufactured at reasonable cost as a gift item
      for tennis enthusiasts.
PAR  It is also an important object of this invention to provide a novelty as
      aforesaid in the nature of an amusement device which simulates the game of
      tennis by propelling a projectile, representing a tennis ball, back and
      forth over the net of a miniature playing court.
PAR  Still another important object of this invention is to provide a novelty as
      aforesaid for tennis and similar games such as badminton, wherein the path
      of the projectile used to play the game is defined by a wire extending
      above the miniature playing surface over the net, and wherein the
      projectile slides along the wire and is guided thereby as it is propelled
      back and forth by opposed hitting elements that simulate the players.
PAR  Yet another important object of this invention is to provide a novelty as
      aforesaid wherein the projectile is in the form of a bead threaded on the
      wire, the hitting elements being alternately actuated to propel the bead
      back and forth across the net to create an interesting and amusing effect.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a perspective view of the amusement device of the present
      invention;
PAR  FIG. 2 is an enlarged, fragmentary, vertical sectional view taken along
      line 2--2 of FIG. 1, certain interior components being shown partially in
      section for clarity; and
PAR  FIG. 3 is a plan view of the device on the same scale as FIG. 2, a major
      portion of the recessed top of the housing being broken away to reveal the
      drive mechanism.
DETD
PAR  The numeral 10 broadly denotes a rectangular housing having a top 12 which
      is slightly recessed and a bottom 14 which is recessed to a greater
      degree. The rectangular upper surface 16 of the top 12 has lines thereon
      representing the base lines, sidelines, service courts and alleys of a
      tennis court; accordingly, a miniature playing surface is presented that
      simulates the appearance of a tennis court. A miniature net 18 is strung
      between a pair of posts 20 centered adjacent the longitudinal edges of the
      top 12 to thereby complete the court configuration.
PAR  A wire 22 extends above the surface 16 and over the net 18 to simulate the
      path of a projectile used to play the game. The wire 22 has opposed ends
      24 and 26 embedded in the top 12 at the transverse edges thereof, as is
      clear in FIG. 2 with respect to end 26. The top 12 as well as the bottom
      14 and side and end panels of the housing 10 may be of plastic
      construction, in which case the ends 24 and 26 are embedded in the top 12
      as seen in FIG. 2 to firmly anchor the ends in place. The wire 22 is
      upwardly flexed and bowed to clear the net 18 and remains in place since
      the ends 24 and 26 are fixed.
PAR  The projectile is a bead 28 of any suitable material such as wood or
      plastic, and is threaded on the wire 22 as illustrated. Preferably to
      represent a tennis ball, the bead 28 is round and has a central opening 30
      therethrough of sufficiently greater diameter than the wire 22 to render
      the bead 28 freely slidable thereon.
PAR  A pair of hitting elements 32 and 34 are mounted on the surface 16 and, as
      shown, are configured to represent players equipped with tennis rackets.
      The elements 32 and 34 are amusing characterizations of tennis players in
      action and are each oscillated about an upright axis during operation of
      the device, as will be explained.
PAR  Referring particularly to FIG. 2, the mounting for the element 34 is shown
      in detail (an identical arrangement being employed for the element 32). A
      rotatable, vertical pivot pin in the nature of a bolt extends upwardly
      through a boss 38 on the bottom 14, the threads thereof being received by
      mating internal threads within the element 34. A clearance opening in the
      top 12 for the pin 36 and the lower end of the element 34 permits the
      element 34 and pin 36 to pivot freely as a unit. A spacer 40 is slipped
      over the pin 36 and may be fixed thereto by an interference fit, the
      spacer 40 being disposed between the boss 38 and the top 12 along with
      washers at its upper and lower ends as illustrated. A cam follower arm 42
      extends radially outwardly from the spacer 40 and is connected with a
      drive spring 44 as is clear in FIG. 3. An upright stop pin 46 projects
      from the bottom 14 and limits the movement of the follower arm 42 under
      the action of the spring 44. Regarding element 32, the cam follower arm
      therefor is illustrated in broken lines at 48 in FIG. 3.
PAR  A small electric motor 50 is mounted on the underside of the recessed
      bottom 14 and is controlled by an on/off switch 52 in the usual manner.
      The output of the motor 50 is connected to a gear reduction drive 54
      having an output shaft 56. A cam 58 is secured to the shaft 56 and has
      three lobes 58a, 58b and 58c spaced at 120.degree. intervals.
PAR  In order to hold the bead 28 at a rest position where it may be struck by
      the simulated racket of the element 34, a sleeve 60 is slipped over the
      end 26 of the wire 22 to serve as a stop, as best seen in FIG. 2 where the
      bead 28 is illustrated in broken lines. The diameter of the sleeve 60 is
      significantly greater than that of the opening 30 in the bead 28, thereby
      positively retaining the bead in the position illustrated. Likewise, a
      stop sleeve 62 is disposed on the other end 24 of the wire 22.
PAC  OPERATION
PAR  Upon energization of the motor 50, the cam 58 rotates in a clockwise
      direction as viewed in FIG. 3. The broken line illustration of follower
      arm 42 shows the same against the stop pin 46; in FIG. 3, the cam lobe 58a
      has shifted the follower arm 42 to the full line position illustrated and
      is about to move out of engagement therewith. Viewing FIGS. 1 and 2, the
      hitting element 34 has been correspondingly rotated to a position where
      the simulated racket is drawn back in readiness for striking the bead 28
      once the cam lobe 58a moves past the arm 42. When this occurs, the element
      42 is released for return movement in the opposite rotative direction
      under the action of the drive spring 44, thereby striking the bead 28 with
      sufficient force to propel it along the wire 22 toward the other element
      32. (In FIG. 1, the bead 28 is depicted in flight at a time just after
      release of the element 34 for return movement under the force of the
      spring 44.)
PAR  While the lobe 58a is attenuating the spring 44 by engagement with the
      follower arm 42, the follower arm 48 is aligned with the beginning of the
      arcuate ramp of the lobe 58b and, therefore, the position of the simulated
      racket of element 32 is as illustrated in FIG. 3. The bead 28 is shown in
      contact with the front of the racket in order to illustrate the relative
      positions of the parts after the bead 28 is propelled by the element 34
      (which is about to happen). Now, assuming a slight additional clockwise
      displacement of the cam 58 from that shown in FIG. 3, the follower arm 42
      is released as discussed above and the bead 28 is struck by the element 34
      and propelled across the net to the position shown in FIG. 3 where it is
      now ready to be returned by the element 32. As the cam 58 continues to
      rotate, the lobe 58b engages the follower arm 48 and swings it in a
      counterclockwise direction as viewed in FIG. 3, thereby attentuating the
      drive spring (not shown) associated with the hitting element 32. The
      broken line illustration of the racket of element 32 shows its position
      when fully rotated by the cam lobe 58b just prior to disengagement and
      release. Accordingly, it may be appreciated that the hitting elements 32
      and 34 are alternatively actuated by the drive mechanism so that the
      device simulates the action in tennis when the players are volleying.
PAR  It is important to note that the bead 28 at the ends of its path of travel
      ultimately come to rest against the sleeves 60 and 62. As the simulated
      racket of each element 32 or 34 is rotated rearwardly, the bead 28 comes
      to rest against the associated sleeve and is held in the proper position
      to be crisply struck by the racket and propelled back across the net.
PAR  To create an interesting novelty, it is important that the hitting elements
      32 and 34 be actuated at a sufficient frequency. For example, with output
      shaft 56 turning at a speed of 8 rpm, 24 hits per minute are executed by
      each element for a total of 48 hits per minute. The shaft speed may, of
      course, be increased if a very fast action is desired.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by Letters Patent is:
NUM  1.
PAR  1. Game novelty apparatus comprising:
PA1  structure provided with a miniature playing surface having means thereon
      which causes the surface to simulate the court or field on which a game is
      played;
PA1  a miniature net secured to said structure and extending across said surface
      thereabove;
PA1  a pair of hitting elements on said surface simulating players of said game,
      one on each side of said net;
PA1  a wire-like member secured at each end to said structure and extending
      above said surface over said net to simulate the path of a projectile used
      to play said game;
PA1  a component slidable on said member and representing said projectile;
PA1  means mounting each element for movement in a direction causing the
      component to be struck by the element and propelled along the member away
      from a position of the component on the member adjacent the element; and
PA1  drive means coupled with said elements for automatically alternately
      actuating the latter to cause the component to be propelled back and forth
      over the net, whereby to simulate the action in said game.
NUM  2.
PAR  2. The apparatus as claimed in claim 1, wherein said member has a pair of
      opposed ends fixed to said structure behind the respective elements.
NUM  3.
PAR  3. The apparatus as claimed in claim 1, wherein said component has an
      opening therethrough receiving said member for free sliding movement of
      the component therealong.
NUM  4.
PAR  4. The apparatus as claimed in claim 1, wherein said component is a bead
      threaded on said member.
NUM  5.
PAR  5. The apparatus as claimed in claim 1, further comprising a stop on said
      member adjacent each of said elements respectively and defining said
      position of the component adjacent the corresponding element.
NUM  6.
PAR  6. The apparatus as claimed in claim 5, wherein said component has an
      opening therethrough receiving said member for free sliding movement of
      the component therealong, said member having a pair of opposed ends fixed
      to said structure behind the respective elements, and wherein said stops
      comprise a pair of sleeves on said ends of the member of greater diameter
      than said opening.
NUM  7.
PAR  7. The apparatus as claimed in claim 1, wherein said mounting means
      supports each element for oscillation about an upright axis, and wherein
      said drive means includes a pair of cam followers connected with
      respective elements, a rotatable cam engageable with said followers, drive
      spring means coupled with each of said elements, and means for rotating
      said cam to alternately swing each element against the action of its said
      spring means and release the element upon disengagement of the cam with
      the associated follower for return movement of the element in said
      direction under the action of its spring means.
PATN
WKU  039306470
SRC  5
APN  5116694
APT  1
ART  334
APD  19741003
TTL  Skating rink assembled from a kit
ISD  19760106
NCL  4
ECL  1
EXA  Stouffer; R. T.
EXP  Pinkham; Richard C.
NDR  1
NFG  7
INVT
NAM  Berlemont; Ray
CTY  Alvinston
CNT  CA
ASSG
NAM  The Raymond Lee Organization, Inc.
CTY  New York
STA  NY
COD  12
ITX  A part interest
CLAS
OCL  272  3
XCL    4177
XCL   62235
XCL  150   5
XCL  220  5A
EDF  2
ICL  A63C 1910
FSC  272
FSS  3
FSC   62
FSS  235
FSC    4
FSS  172;172.19;177
FSC  150
FSS  .5
FSC  220
FSS  1 B;5 A;18;63 R;80
FSC  256
FSS  19;21
UREF
PNO  2616096
ISD  19521100
NAM  Hasselquist
OCL    4177
UREF
PNO  2730150
ISD  19560100
NAM  Wunderwald et al.
XCL  150   .5
UREF
PNO  2797896
ISD  19570700
NAM  Cook et al.
XCL  256 19
UREF
PNO  2907362
ISD  19591000
NAM  Owen
OCL  150   .5
UREF
PNO  2989757
ISD  19610600
NAM  Friedlander et al.
OCL    4172.19
UREF
PNO  2996896
ISD  19610800
NAM  Johnson
OCL   62235
UREF
PNO  3012596
ISD  19611200
NAM  Skolout
OCL  150   .5
UREF
PNO  3233251
ISD  19660200
NAM  Barrera
OCL    4172
UREF
PNO  3797049
ISD  19740300
NAM  De Santo
OCL    4172.19
UREF
PNO  3808831
ISD  19740500
NAM  Landry
OCL   62235
FREF
PNO  958,744
ISD  19640500
CNT  UK
OCL  150   .5
ABST
PAL  A plastic annular floor is attached to the ground by tacks. The outer
      periphery of the floor is bent vertically upwards to form a wall. A
      circular vertical band abuts the outside of the wall. The floor is held
      against the band by clips which are driven into the ground. Thus, a squat
      vertical cylinder with a wide diameter is formed, with an open top. In
      winter, the cylinder can be filled with water which after freezing can be
      used to provide a surface for skaters. In summer, the cylinder without
      water can be used to provide a surface for roller skates.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed towards a kit which may be used to assemble an
      outdoor skating rink.
PAR  Thus, an annular flexible plastic floor is attached to the ground by tacks.
      The outer periphery of the floor is bent vertically upwards to form a
      wall. A vertical circular band abuts the outside of the wall. Clips hold
      the floor to the inside of the band, and also secure the band to the
      ground, to form a squat, wide vertical cylinder with an open top.
PAR  When the inside of the rink is filled with water in cold weather, a
      circular disc of ice will be formed, which can be skated upon.
PAR  When the inside of the rink is not filled with water, as for example in
      summer use, users wearing roller skates can skate therein.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a top view of the invention;
PAR  FIG. 2 is a top view of two plastic pieces;
PAR  FIG. 3 shows the plastic pieces overlapping;
PAR  FIG. 4 shows a plastic strap overlying the overlap of the plastic pieces,
      which strap has tacks therethrough for ground attachement thereof;
PAR  FIG. 5 is a view along line 5--5 in FIG. 1;
PAR  FIG. 6 shows a blower in use with the invention; and
PAR  FIG. 7 shows a cross-section of the blower.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, a plurality of flexible rectangular plastic
      sheets 10 are placed on the ground 20 and overlap each other as shown in
      FIG. 3, and are shaped into an annulus, which overlaps the inside of a
      circular corrugated metal band 30. Rectangular plastic straps 40 are
      placed on top of the boundaries between adjacent sheets and are attached
      to the ground by tacks 50. Clips 60 have their lower extremities driven
      into the ground and extend upwardly against the outside of the band, to a
      U shaped band 70 which holds the sheets up against the band. Thus, a
      squat, wide, vertical and hollow cylinder is formed, with an open top. If
      the ground which is exposed is sufficiently impermeable to water, the
      cylinder can be filled with water in cold weather, the water will freeze
      and a disc of ice may be formed upon which the user may skate. If the
      ground is soft or otherwise cannot be used as indicated a plastic sheet
      can be disposed under the annulus to seal off the opening. The cylinder
      can then be filled with water as before. A blower 80 can be used to blow
      air over the water in the cylinder to facilitate freezing and ice
      formation, providing that the ambient temperature is sufficiently below
      the freezing temperature of the water.
PAR  If desired, during warmer weather, no water should be added and the
      arrangement can be used to provide a suitable surface for roller skating.
PAR  While the invention has been described with detailed reference to the
      drawings, the protection sought is to be limited only by the terms of the
      claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A skating rink assembled from a kit and comprising:
PA1  an annular floor disposable on the ground and having its outer edge bent
      vertically upward to form a circular wall, said floor including a
      plurality of like flexible plastic sheets taking on the shapes of
      rectangles disposed side by side to form an annulus and a like plurality
      of elongated rectangular plastic straps, each strap overlying the boundary
      between two adjoining ones of said sheets;
PA1  a circumferential vertical ring surrounding the floor and abutting the
      outside of said circular wall; and
PA1  fasteners for securing the ring and wall to the ground.
NUM  2.
PAR  2. The rink of claim 1 wherein said ring is a corrugated metal band.
NUM  3.
PAR  3. The rink of claim 2 further including tacks extending through said
      straps adapted to extend into the ground.
NUM  4.
PAR  4. The rink of claim 3 wherein said fasteners are elongated clips which
      have sharp tips at their lower extremities and have U-shaped bends at
      their upper extremities, said sharp tips adapted to extend into the
      ground, said bends extending over the top of the band and the top of the
      circular wall and squeezing the floor and band together.
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ABST
PAL  A game racket with a metallic frame having a head formed with an external
      opening groove to receive a stringer strip of suitable flexible material
      that is positionable within the groove of the head frame so as to protect
      the strings forming the playing surface of the racket from contact with
      the metallic frame, and stringer strip retaining tabs in position between
      the stringer strip and the surfaces of the groove to resist removal of the
      stringer strip from the groove.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention related to game rackets having a metallic frame for
      supporting the strings forming the playing surfaces, and more particularly
      to a grooved metallic frame racket having flexible string protecting means
      positively held in position so as to prevent escape from the groove.
PAR  The art of manufacture of game rackets, and particularly rackets having a
      metallic frame has progressed to the stage where the metallic frames will
      successfully resist the twist and torsional stress during play, thereby
      making the metallic frame racket an exceedingly popular item. There is,
      however, a problem of preventing contact of the stringing material, which
      is laced back and forth across the racket frame to form the playing
      surface, with the metal and from working against the edges of apertures
      punched in the metal frame. Protection of the stringing material has been
      accomplished in several ways, such as by the use of metal or plastic
      grommets, or plastic strips positioned in an outwardly opened groove in
      the metallic frame when combined with intricately formed tubular guides
      which extend through apertures in the frame so as to space the strings
      away from the metallic surfaces of the apertures. In connection with the
      use of protective strips, it is a problem to retain the strips in the
      desired position in the groove of the metal frame during the stringing
      process, and it frequently happens that the force needed to tension the
      strings is sufficiently great to cause the protective strips to move out
      of desired position. Efforts have been made to overcome the problem of
      retaining the protective strips in position by securing the ends of the
      strips, but because of the flexibility of the material used for forming
      the strips the securing of the ends has proved insufficient.
PAR  An important object of the present invention is to provide a protective
      strip with means spaced along its length at suitable intervals to retain
      the strip in a groove in the frame of the game racket so that the
      tensioning loads imposed on the strings during the stringing process will
      not cause the protective strip to become dislodged from its desired
      position.
PAR  It is a further object of the present invention to provide the combination
      of a metal frame for a game racket; strings supported by said frame to
      protect said strings from contact with said metal frame; said metal frame
      having a groove opening outwardly of the frame periphery through an
      opening of less width than the bottom of said groove; said protective
      means consisting of a flexible elongated body of a width to pass through
      said groove opening in either direction, tabs spaced along said flexible
      body to project laterally therefrom into positions crosswise of said
      groove, said tabs being foldable along side said elongated body to allow
      said body to pass into said groove, and string guides spaced at intervals
      along said body and projecting through the bottom of said groove.
PAR  It is an additional object of this invention to provide a stringer strip
      for a game racket having a metallic head frame formed with a dovetail
      groove around its outer perimeter and stringing apertures spaced at
      intervals through the bottom of the dovetail groove; said stringer strip
      comprising an elongated body with string supporting pads spaced along one
      side and string guides fitting the head frame stringing apertures to
      protect the strings from engaging on the metallic head frame and said pads
      supporting the strings in the dovetail groove between said guides, and
      means cooperating with said stringer strip and the dovetail groove to hold
      said stringer strip within the dovetail groove, said holding means having
      projections at spaced intervals along the length of said stringer strip,
      said projections being foldable in one direction to permit entry of said
      stringer strip into the dovetail groove and to block the escape of said
      stringer strip.
PAR  An additional object of this invention is to provide a game racket
      providing a metallic frame formed from tubular stock shaped into a head
      having a dovetail groove in its outer margin and a plurality of apertures
      in the bottom of the groove and spaced at intervals along the groove, a
      stringer strip having an elongated body with tubular string guides spaced
      at intervals therealong to match said apertures in the bottom of said
      dovetail groove, strings laced through said string guides and across the
      circular head area to form a playing surface, and retainer means
      cooperating with said stringer strip and said dovetail groove to maintain
      said stringer strip in said groove, said retainer means being spaced along
      the length of said stringer strip between the ends thereof.
PAR  Still another object of this invention is to provide retainer means for
      game racket stringer strips in which the retainer means is integral with
      and foldable against the sides of stringer strip so as to be able to enter
      the opening in a dovetail groove and thereafter unfold within the dovetail
      groove to a position capable of resisting removal of the stringer strip.
PAR  Other objects and the advantages for this invention will appear in the
      detailed description of a preferred embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the present invention is shown in the
      accompanying drawings wherein:
PAR  FIG. 1 is a fragmentary plan view of a metallic game racket showing the
      head frame with the strings in place to form the playing surface for the
      racket;
PAR  FIG. 2 is a fragmentary portion in exploded sectional view of a metallic
      frame and a stringer strip showing the general characteristics of the
      embodiment of this invention;
PAR  FIG. 3 is a fragmentary and an enlarged plan view of a portion of the
      stringer strip as seen along lines 3--3 in FIG. 2;
PAR  FIG. 4 is a greatly enlarged sectional view through the stringer strip
      shown at lines 4--4 in FIG. 3;
PAR  FIG. 5 is a greatly enlarged and fragmentary sectional view showing the
      stringer strip during its entry into the dovetail groove in the metallic
      frame; and
PAR  FIG. 6 is a view similar to FIG. 5 but showing the stringer strip in its
      assembled position.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  Referring now to FIG. 1 the game racket of the preferred embodiment takes
      the form of a metallic tennis racket 10 having a one-piece drawn and
      tempered aluminum frame in which the head frame 11 is integral with the
      handle 12. The handle 12 is constituted by continuing the wrap of the head
      frame into handle 12. The handle is provided with a grip 13 which is
      suitably secured in position. Between the handle and the head of the
      racket there is provided a yoke 14 secured in desired manner to the frame
      11 so as to provide a curved closure member 15 to complete the outline for
      the playing area of the racket head.
PAR  FIGS. 2 and 6 taken together show the form of the drawn and tempered
      aluminum portion of the frame. In this embodiment the frame is formed of a
      tubular member having an inner wall 16 and an opposite and outwardly
      opening dovetail groove 17 which extends around the periphery of the frame
      11 and handles 12. The opening to the groove 17 is of less width than the
      bottom of the groove so as to conform to a standard dovetail
      configuration. The bottom of the groove 17 and the opposed wall 16 are
      perforated at suitable intervals around the head frame at aligned
      apertures 18 and 18A. Thus, the frame takes the form of a dovetailed
      groove 17 flanked by stiffening beads 19 on each side.
PAR  The means for preventing contact of the strings 20 with the metallic frame
      is a flexible and non-metallic stringer strip 21 best seen in FIGS. 2 and
      3 (molded of a plastic such as nylon). The stringer strip has a body 22
      formed on its outwardly presented surface with a series of spaced pads 23
      that support the return bend of the strings 20. The opposite surface of
      the body 22 of the stringer strip 21 is provided with projecting tubular
      string guides 24 which are spaced at the same intervals as the aligned
      apertures 18 and 18A in the metallic frame. The stringer strip 21 is
      formed in two parts so that each strip extends from approximately the tip
      15A of the yoke 15 at one side to the outer edge 11A of the head frame 11,
      and from the opposite tip 15B around to the outer edge 11A of the head
      frame 11. The tubular guides 24 are inserted in the respective apertures
      18 and 18A, except that the starting tubular guides 24A is longer than the
      other guides so as to reach through the tip portions 15A or 15B of the
      yoke 15.
PAR  The means to retain the stringer strip in the dovetailed groove 17 can be
      seen in FIGS. 3 and 4, and takes the form of part-circular tabs 26
      projecting outwardly from the opposite sides of the stringer strip body 22
      so as to support on its upper surface projections or lugs 27 that are
      elongated in the lengthwise direction of the stringer strip 21 and are
      spaced outwardly from the sides 22A of the stringer strip body a distance
      A slightly less than the heighth B of the body sides 22A above the surface
      of the tabs 26. The tabs 26 are sufficiently thin to be flexible and
      therefore foldable upwardly toward the sides 22A, but because of the
      presence of the lugs 27 engaging the sides 22A the resulting overall width
      of the stringer strip at the location of the tabs 26 is greater than the
      opening to the dovetail groove 17.
PAR  Referring now to FIGS. 5 and 6, there is shown in FIG. 5 the folded
      condition of the tabs 26 during the entrance of the stringer strip body 22
      into the dovetail groove. During this assembly the tabs 26 are caused to
      wipe against the surfaces at the entrance to the dovetail groove and the
      friction engagement causes the tabs to stretch sufficiently so that the
      rounded surface of the lugs 27 cause the lugs to ride up on top of the
      body 22, thereby allowing the width dimensions of the stringer strip to
      conform to the width at the entrance to the dovetail groove 17. In FIG. 6
      the stringer strip has been completely inserted into the dovetail groove
      and the tabs 26 find sufficient room to unfold to a partial extent such
      that they are in contact with the side walls of the groove at the wide
      portion below the entrance to the groove. Now, if a force is applied on
      the stringer strip to remove it from the dovetail groove the tabs 26 will
      be jammed inwardly toward the sides 22A of the stringer strip body and the
      lugs 27 cannot pass over the top of the body 22 but are forced against the
      sides 22A, thereby enlarging the width dimension of the stringer strip to
      one that is greater than the width dimension at the entrance to the
      dovetail groove. The result is that the stringer strip is retained in its
      intended protective position in the dovetail groove. A sufficient number
      of pairs of tabs 26 can be formed on the stringer strip at suitable
      spacing intervals to hold the stringer strip in the desired position.
PAR  Referring again to FIG. 1 it can be appreciated that there are a number of
      places around the head frame 11 where the main longitudinal strings
      running parallel to the lengthwise axis of the racket enter the same
      apertures as the cross strings. During the stringing process the main
      longitudinal strings are first placed in position and brought up to
      desired tension. The cross strings are then interwoven with the main
      strings and tension is also applied. In the course of this process,
      certain guides may receive tension loads tending to make the stringer
      strip move out of the groove. For example, in tensioning string 20A by
      pulling on it in downward direction as viewed in FIG. 1 (before string 20B
      is applied), the tension tends to move the strip out of the groove at the
      lower right-hand portion of the head. This tendency to move the strip out
      of the groove occurs particularly at the regions where the strings pass
      through the frame at an angle, and each stringer strip guide 24 becomes an
      obstruction to the tendency of the respective string to follow the
      straight-line shortest-distance path from point to point across the frame.
      However, the present means for retaining the stringer strip in the
      dovetail groove assures the positioning of the stringer strip against the
      tensioning loads applied to the strings. The retaining means in the form
      of the tabs 26 are distributed in pairs along the sides of the head frame
      11 at suitable places between the yoke 15 and the outer edge 11A of the
      head frame 11.
PAR  The present invention provides a simple and easily installed protective
      stringer strip for game rackets which have main and cross strings forming
      the playing surface, and the means for retaining the stringer strips in
      operative position is both simple in construction and positive in
      performance, and adds greatly to the effective stringing of game rackets
      so as to prevent the strings from engaging on the metallic frame or being
      cut by the sharp edges of the perforations formed in the frame.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A racket comprising a metal frame head, said head having an external
      peripheral dove tail shaped groove and holes for passage of strings
      extending from the base of the groove to the inside of the head, the
      groove having a relatively narrow entrance at the outside of the head
      tapering to a relatively wider section inward of the entrance adjacent
      said base, said groove having imperforate side walls, and a stringer strip
      received in the groove, said strip having a body which, throughout the
      length of the strip, is narrower than said entrance of the groove for
      being inserted in the groove through said entrance without any substantial
      lateral compression of said body, said strip having tubular string guides
      projecting from the inside surface of the body thereof and extending
      through the holes in the head, said strip further having a plurality of
      tabs spaced at intervals along its length projecting laterally outwardly
      from opposite sides of said body adjacent the inside surface of said body,
      said tabs being thin relative to the height of said body and flexible so
      as to be foldable upwardly on the sides of said body upon insertion of
      said strip in said groove through said entrance, each of said tabs having
      thickened projections formed on the outside upper surfaces of said tabs,
      said projections being elongated in the lengthwise direction of said strip
      and being spaced laterally from the sides of said body slightly less than
      the height of said body sides above the upper surfaces of said tabs, said
      projections being so formed that when the tabs are folded upwardly said
      projections will overlie said top of the strip thereby allowing the width
      dimensions of said strip to conform to said entrance width of said groove,
      and upon complete insertion of said strip in said groove said projections
      will abut the sides of said body and a substantial portion of said side
      walls of said groove below the entrance of said groove to establish a
      width dimension greater than said entrance width to retain said strip in
      said groove.
NUM  2.
PAR  2. A racket as set forth in claim 1 wherein the upper surface of said strip
      is formed with a series of undulating arcuate pads for engagement by the
      strings between adjacent pairs of said tubular guides, said tabs being
      located at regions between pads so that said thickened portions of the
      tabs overlie the top of the strip between pads.
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PAL  This device consists of a base portion to which is secured upright frame
      portions having a cord or string secured to the upper extermity the cord
      having a weighted ball on the opposite end which is to be placed into a
      center mounted ball support.
BSUM
PAR  This invention relates to game devices, and more particularly to a cradle
      ball device.
PAR  It is therefore the principal or primary object of this invention to
      provide a cradle ball device which may serve as a means of testing the
      coordination of the user's hand and eye.
PAR  Another object of this invention is to provide a cradle ball device which
      will be adaptable for use indoors as well as outdoors, the device being
      also adaptable for use with two players or teams.
PAR  A further object of this invention is to provide a device of the type
      described, which will have flat base means to which is secured a pair of
      spaced apart and inverted, V-shaped frames of which the apex has secured
      thereto, a cord to which is secured at the opposite end, a weighted ball.
PAR  A further objects of this invention is to provide a device of the type
      described, which will have a ball rest member secured to a central support
      of the base, the rest member serving to retain the ball after its
      placement therein.
PAR  Other objects of the invention are to provide a cradle ball device which is
      simple in design, inexpensive to manufacture, rugged in construction, easy
      to use and efficient in operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing, wherein:
PAR  FIG. 1 is a perspective view of the present invention;
PAR  FIG. 2 is a perspective view showning a modified form of the invention;
PAR  FIG. 3 is an end view showing an outdoor form of the invention;
PAR  FIG. 4 is a vertical view showing another modified outdoor form of the
      invention with a removable post;
PAR  FIG. 5 is a vertical view of the ball catching support for use with FIG. 4.
DETD
PAR  According to this invention, a cradle ball device 10 is shown to include a
      flat rectangular base 11 to which are attached a pair of spaced apart and
      V-shaped frames 12, the frames 12 being secured within block portions 13
      secured fixedly to the longitudinal edges of base 11. A ball 14 made of
      glass, hard rubber or other suitable material is secured fixedly in a
      suitable manner to a string 15 or plastic, the opposite end of the string
      15 being secured fixedly within the apex portion of the frames 12. A ball
      rest or cradle 16 of elliptical shape is secured fixedly to a V-shaped
      support 17 mounted fixedly within the center of the top of base 11. The
      ball rest or cradle 16 is surf sized, at the ball 14 will rest in it at
      the end of it's attached string 15, the dimension being the determining
      factor of the length of the string.
PAR  It will be noted that the ball 14 depends almost to the top surface of base
      11 and device 10 is used by picking up the ball 14 and with a swinging
      action the user lets it drop in the direction of the ball rest 16. Once a
      player has made a score by the placement of the ball 14 within rest 16, he
      removes his ball 14 from the ball rest 16 and the game continues on until
      one side or the other reaches the score that they have decided on to win
      the game.
PAR  Referring now to FIG. 2 of the drawing, a modified form of ball device 10a
      is shown to have a rectangular base 18 to which is secured a pair of
      spaced apart and upright post members 19 having a spring like end 20 which
      has a minimum of movement. The post 19 are positioned diagonally from each
      other and a weighted ball 21 is secured fixedly to string 22 which is
      secured at its opposite end to the portion 20. A concave ball rest 22 is
      secured fixedly to a support post 23 carried in the center of base 18
      between the post 19. The use of device 10a is similar to that of the
      heretofore described device 10.
PAR  It is to be noted that the ball rest 16 or 22 each are of elliptical shape
      in which a long axis thereof is aligned to intercept the strings of each
      of the vertically depending balls. Additionally it is to be noted that
      when the ball rest 16 is viewed from a side that it is downwardly arcuate
      in configuration.
PAR  Referring now to FIG. 3 of the drawing, an outdoor device 10b is shown to
      include a base member 24 which is secured to the ground 25 by means of a
      plurality of pins 26 a post member 28 is fixedly secured to the top of
      base 24 and removeably receives a rod 29 having an upper portion 30. A
      weighted ball 31 is secured fixedly to a string 32 which is attached at
      its opposite end, to the portion 30 of member 29. A rest member 27 is
      removably carried within hollow post 28 which is fixedly secured in the
      center of base 24.
PAR  Referring now to FIG. 5 of the drawing, a cradle 27a is secured fixedly to
      a bar 27b which is slideably received within post 28 which may be inserted
      into the ground in a spaced apart relationship with a hollow post 33. Post
      33 removably carries rod 34 having an offset arm portion 35 to which is
      attached string 36 having a weighted ball 37.
PAR  The afore mentioned arrangement of FIGS. 4 and 5 enables the rod portions
      34 and bar 27b to be removed from their respective receptacles 33 and 28a.
PAR  While various changes may be made in the detail construction, it is
      understood that such changes will be within the spirit and scope of the
      present invention as is defined by the appended claims.
CLMS
STM  What I now claim is:
NUM  1.
PAR  1. A cradle ball device, comprising a rectangular flat base, a pair of
      spaced apart and inverted V-frames secured upon said base, a string and
      ball carried by each said frame, and a ball rest and support member
      carried by said base, leg portions of said frames being secured within
      block members, said block members being fixedly secured to a longitudinal
      edge of said base, each said ball being secured fixedly to one end of each
      said string, the opposite ends of said strings being fixedly secured and
      depending from apexes of said frames, each said ball when vertically
      depending on the said string being spaced just above said base for freedom
      of swing, said ball rest being centrally positioned between said frames
      and being elliptical in configuration with a long axis thereof being
      alined to intercept said strings of said frames when said balls depend
      vertically, each said ball rest when viewed from a side being downwardly
      arcuate at its center and opposite extending ends thereof being upwardly
      turned, the ball rest being secured upon said support member by being
      mounted upon leg portions thereof which converge downwardly toward an apex
      mounted upon a center of said base, said ball rest providing a rest means
      for both said balls.
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ABST
PAL  A throwing device made of a light weight, resilient foam material, such as
      urethane, having a generally hemispheroidal shape with a rounded base. The
      throwing device has an outer surface formed of major and minor surfaces
      which have a common axis of symmetry and are convex relative to a plane
      perpendicular to the common axis. The major and minor sub-surfaces each
      have an extremal point along the axis with the major sub-surface point
      being farther from the plane than the minor sub-surface point. The major
      sub-surface is a segment of a substantially spherical segment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to toys and amusement apparati and, more
      particularly, to throwing devices.
PAR  A succession of relatively rigid saucer-like throwing devices have been
      developed and marketed in recent years for use as amusement apparati. In
      use, these devices are simultaneously imparted with a rotational velocity
      about a principal axis and a translational velocity in a direction
      perpendicular to the principal axis. A principal disadvantage of these
      devices lies in their construction material, which is relatively rigid,
      for example, polyethylene. As a result, the use of such devices is
      primarily restricted to be outdoors in order to reduce the likelihood of
      collision with fragile items during flight.
PAR  It is an object of the present invention to provide a throwing device which
      may be used indoors with minimal danger of damage to fragile items.
PAR  Is is a further object to provide a throwing device which may be launched
      in a controlled manner to provide a predetermined trajectory.
PAR  Other and more specific objects of invention will become apparent from the
      description and the figures which follow.
PAC  SUMMARY OF THE INVENTION
PAR  A throwing device in accordance with the present invention is composed of a
      resilient foam material and has an outer surface comprising two
      sub-surfaces. Each sub-surface is symmetrical about a common axis of
      symmetry, and is convex relative to a reference plane perpendicular to the
      common axis and passing between the two sub-surfaces. Accordingly, each
      sub-surface includes an extremal point which lies along the axis of
      symmetry. When the device is thrown so that it rotates about its axis of
      symmetry and translates in a direction substantially perpendicular to that
      axis, the device follows a trajectory which tends to curve in the
      direction of the common axis to the side of the sub-surface having an
      extremal point which is farthest from the reference plane.
DRWD
PAR  For a better understanding of the present invention, together with other
      features and advantages of the invention, reference should be made to the
      following detailed description of preferred embodiments which should be
      read in connection with the appended drawings, and in which:
PAR  FIG. 1 shows an embodiment of the present invention in relation to an XYZ
      coordinate system;
PAR  FIG. 2 shows a cross-section of the embodiment of FIG. 1 in the X-Y plane,
      together with a cross-section of the spherical surfaces in that plane
      which define the outer surface of the embodiment; and
PAR  FIGS. 3-5 similarly show cross-sections of alternative embodiments of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows an embodiment of the present invention having a generally
      hemispheroidal shape with a rounded base. The presently-described throwing
      device 10 is constructed of a light weight resilient foam, such as
      urethane. Other resilient foam materials may be utilized in alternative
      embodiments. The outer surface of device 10 is non-porous to permit smooth
      airflow thereby.
PAR  In FIG. 1, device 10 is shown with respect to an XYZ coordinate system,
      wherein the Y axis is a common axis of symmetry for a major sub-surface 12
      and a minor sub-surface 14 of the embodiment. As shown, sub-surfaces 12
      and 14 are also convex relative to the X-Z reference plane which passes
      between sub-surfaces 12 and 14. As a result of the convex nature of
      sub-surfaces 12 and 14, each has an extremal point (point 16 for
      subsurface 12 and point 18 for sub-surface 14) which is located along the
      axis of symmetry. The major sub-surface 14 is so denoted because its
      extremal point 16 is farther from the X-Z plane than is the extremal point
      18 of minor sub-surface 14.
PAR  For the present embodiment, sub-surfaces 12 and 14 are segments of
      spherical surfaces having different radii of curvature. The major
      sub-surface radius of curvature may lie in the range of 2-6 inches and the
      minor sub-surface radius of curvature may lie in the range of 3-12 inches.
      The ratio of the major-to-minor radius of curvature in the present
      invention lies in the range of 1/1.25 to 1/4.0 and preferably that ratio
      is 1/1.75. For the best known embodiment, the major and minor radii of
      curvature are 2 and 33/4 inches, respectively, with the respective centers
      of curvature being separated by 21/4 inches.
PAR  It will be understood that the solid angle circumscribed by the major
      sub-surface about its center of curvature exceeds the solid angle
      circumscribed by the minor sub-surface about its center of curvature for
      the embodiment of FIG. 1. In other embodiments, this relationship may be
      reversed. FIG. 2 shows a cross-section of the embodiment of FIG. 1 taken
      along the X-Y reference plane. In FIG. 2 and all subsequent figures, the
      elements corresponding to similar elements of FIG. 1 are denoted with
      identical reference numerals.
PAR  In FIG. 2, the solid arc segment 12a of the smaller circle represents the
      intersection of the X-Y plane with the smaller spherical surface which
      forms the major sub-surface 12. The dashed arc segment 12b of that smaller
      circle represents the remainder of the intersection of the spherical
      surface with the X-Y plane. The center of curvature point 22 for the
      smaller spherical surface is located at the intersection of the X and Y
      axes.
PAR  The solid arc segment 14a of the larger circle arc represents the
      intersection of the X-Y plane with the larger spherical surface which
      forms the minor sub-surface 14. The dashed arc segment 14b of that larger
      circle represents the remainder of the intersection of the larger
      spherical surface with the X-Y plane. The point 24 is representative of
      the center of curvature of the larger spherical surface and lies on the Y
      axis above the X axis. It will be understood that the embodiment shown in
      FIGS. 1 and 2, the centers of curvature of the major and minor
      sub-surfaces lie in the interior region of the throwing device 10.
PAR  Other embodiments of the present invention may be formed by repositioning
      the relative locations of the spherical surfaces which define the outer
      surface of the throwing device. For example, FIG. 3 shows a cross-section
      of an embodiment along the X-Y plane wherein the center of curvature 22 of
      the major sub-surface 12 is located on the interior of device 10 but the
      center of curvature 24 of the minor sub-surface 14 is outside device 10.
      In the embodiment of FIG. 4, both centers of curvature 22 and 24 are
      outside device 10. In all embodiments shown in FIGS. 1-4, the solid angle
      circumscribed by the major (smaller) radius sub-surface about its center
      of curvature exceeds the solid angle circumscribed by the minor (larger)
      radius sub-surface about its center of curvature.
PAR  In the embodiment of FIG. 5, the corresponding major sub-surface 12 is
      hemispherical, and the corresponding minor sub-surface 14 is merely convex
      and but not a spherical segment. In other embodiments, sub-surface 12 is
      not necessarily a spherical segment, although it is convex relative to the
      X-Z plane.
PAR  In still other embodiments, the major and minor sub-surfaces 12 and 14 for
      any of the above-described embodiments may be mutually joined by a surface
      (symmetrical about the Y axis) which joins the surfaces 12 and 14 in a
      smooth manner.
PAR  In use, the throwing of device 10 with an imparted rotational velocity
      about the Y axis and with a lateral velocity in the X-Z plane results in a
      trajectory which tends to curve toward the major sub-surface extremal
      point 16 along the Y axis. For example, if thrown with the Y axis
      horizontal and extremal point 16 lying to the right of the X-Z plane, the
      throwing device will curve to the right (while, of course, simultaneously
      obeying the laws of gravity with respect to vertical motion). On the other
      hand, if thrown with the Y axis horizontal with the extremal point to the
      left of the X-Z plane, the device 10 will tend to curve to the left.
      Similarly, with the Y axis vertical, depending on whether the extremal
      point 16 is above or below the X-Z plane, the device 10 will tend to
      offset or add to the effect of gravity, respectively, and correspondingly,
      to float or dip in its trajectory.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristic thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A throwing device composed of a resilient foam material and having an
      outer surface comprised of a major and minor sub-surface, each of said
      sub-surfaces being symmetrical about a common axis of symmetry and being
      convex relative to a plane which is perpendicular to said common axis and
      between said sub-surfaces, said major and minor sub-surfaces each having
      an extremal point along said common axis, said major sub-surface extremal
      point being farther from said plane than said minor sub-surface extremal
      point, and wherein said major sub-surface is a segment of a substantially
      spherical surface
NUM  2.
PAR  2. A throwing device according to claim 1 wherein said minor sub-surface is
      a segment of a substantially spherical surface, said spherical surfaces
      having differing radii of curvature.
NUM  3.
PAR  3. A throwing device according to claim 2 wherein the solid angle
      circumscribed by the smaller radius sub-surface about its center of
      curvature exceeds the solid angle circumscribed by the larger radius
      sub-surface about its center of curvature.
NUM  4.
PAR  4. A throwing device according to claim 3 wherein the centers of curvature
      of both of said spherical surfaces lie within the interior region of at
      least one of said spherical surfaces.
NUM  5.
PAR  5. A throwing device according to claim 4 wherein one of said surfaces has
      radius of curvature in the range 2-6 inches and the other has radius of
      curvature in the range 3-12 inches.
NUM  6.
PAR  6. A throwing device according to claim 5 wherein said segments are
      mutually joined by a smooth surface, said smooth surface being symmetrical
      about said common axis.
NUM  7.
PAR  7. A throwing device according to claim 4 wherein the ratio of said radii
      of curvature is in the range 1/1.25 to 1/4.0.
NUM  8.
PAR  8. A throwing device according to claim 7 wherein said segments are
      mutually joined by a smooth surface, said smooth surface being symmetrical
      about said common axis.
NUM  9.
PAR  9. A throwing device according to claim 2 wherein one of said surfaces has
      radius of curvature in the range 2-6 inches and the other has radius of
      curvature in the range 3-12 inches.
NUM  10.
PAR  10. A throwing device according to claim 2 wherein the ratio of said radii
      of curvature is in the range 1/1.25 to 1/4.0.
NUM  11.
PAR  11. A throwing device according to claim 2 wherein said segments are
      mutually joined by a smooth surface, said smooth surface being symmetrical
      about said common axis.
NUM  12.
PAR  12. A throwing device according to claim 1 wherein said outer surface is
      smooth and non-porous.
NUM  13.
PAR  13. A throwing device according to claim 1 wherein said resilient foam
      material is urethane.
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ABST
PAL  A three-dimensional word game comprising a 3.times.3.times.3 cube for
      receiving letter pieces, there being 26 letter-receiving spaces disposed
      on the surface of the cube. One letter of the alphabet may be associated
      with each of 26 letter pieces. In playing the game, players take turns
      placing one or more letter pieces onto the cube. Words are spelled out by
      tracing a path between consecutively adjacent letter pieces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to games, and more particularly to a
      three-dimensional word game apparatus.
PAR  2. Description of the Prior Art
PAR  Word games have been provided of a "crossword" nature, to be played on
      paper or on a two-dimensional board or surface. Crossword-type games have
      also been provided which employ cubes as playing pieces to spell out words
      in a crossword fashion on a flat surface, using only the upward-facing
      face of each playing piece. In each of these instances, the game is played
      in a flat plane and the spelling out of words involves only
      crossword-type, vertical or horizontal straight-line relationships between
      playing pieces.
PAR  Three-dimensional crossword puzzles are known (see, e.g., U.S. Pat. No.
      2,886,325 to Long) which utilize cubical blocks having different letters
      and symbols on the different faces of a given block. Complexity is derived
      from the fact that a given block is a part of six different crossword
      puzzle solutions, two in each plane. However, within each plane, the
      spelling out of words is still accomplished in the same vertical or
      horizontal crossword fashion described above.
PAR  The present invention goes beyond prior art word games in providing for the
      playing of letters or letter pieces, not onto a flat surface, but onto the
      surface of a three-dimensional closed solid. Further, the paths involved
      in the spelling out of words are not straight-line paths, but are
      circuitous and often complex paths in three dimensions about the closed
      surface. Relationships between playing pieces derive richness from the
      complex topological relationships between areas on the three-dimensional
      closed surface. A given letter piece may be used not just once, but twice
      or more, in the spelling of a word or phrase if a player has enough acumen
      to manage the arrangement of letter pieces to provide for a looping,
      continuous path between the necessary letters.
PAR  Fruitful comparison may be made to two features of the game of chess that
      help to make it such a richly complex game:
PAR  1. Chess is played in a limited, contained universe (a board of 64
      squares).
PAR  2. Within that universe, relationships between playing pieces are very
      complex.
PAL  This results in almost unlimited possibilities, too great for enumeration
      or for learning by any one person. The possibilities for strategy are
      likewise practically unlimited.
PAR  In a somewhat similar fashion, the game of the present invention:
PAR  1. IS PLAYED IN A LIMITED, CONTAINED UNIVERSE (26 PLAYING POSITIONS) WHICH,
      IN ADDITION, CLOSES ON ITSELF AND IS EVERYWHERE CONTINUOUS WITH ITSELF
      (I.E., IT HAS NO EDGES AS A BOARD DOES); AND
PAR  2. PROVIDES COMPLEX RELATIONSHIPS BETWEEN PLAYING POSITIONS AND, THUS,
      BETWEEN PLAYING PIECES WHEN THEY HAVE BEEN PLAYED.
PAR  Additionally, the present invention is a word game (thus adding
      lexicological complexities and possibilities) and it is played in three
      dimensions. It can therefore be said that the game of the present
      invention introduces a new dimension and a new order of strategic
      possibilities heretofore unknown in the world of word games.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a
      three-dimensional word game which includes a three-dimensional solid
      having spaces for receiving letter pieces which may be placed around the
      surface of the three-dimensional solid for the spelling out of words.
PAR  Another object of the present invention is to provide a game of the type
      described in which the three-dimensional solid comprises a
      3.times.3.times.3 cube, whereby the number of spaces for receiving letter
      pieces corresponds to the number of letters in the English alphabet.
PAR  It is a further object of the present invention to provide a word game of
      the type described in which words may be spelled out by beginning at one
      letter piece and tracing a path through consecutively adjacent letter
      pieces, which path may loop back on itself and pass through a given letter
      piece more than once.
PAR  It is a more specific object of the present invention to provide a word
      game of the type described which comprises a three-dimensional solid,
      letter pieces for placement on the three-dimensional solid, and a stand on
      which the three-dimensional solid is held, whereby handling of the letter
      pieces and three-dimensional solid by a player is facilitated.
PAR  An additional object of the present invention is to provide a method of
      playing a three-dimensional word game.
PAR  Briefly, in accordance with the present invention, a three-dimensional word
      game is provided which comprises in the preferred form a 3.times.3.times.3
      cube for receiving letter pieces, there being 26 letter-receiving spaces
      disposed on the surface of the cube. In playing the game, players take
      turns placing one or more letter pieces onto the cube. Words are formed by
      tracing a path between consecutively adjacent letter pieces.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various objects, features and attendant advantages of the present invention
      will be more fully appreciated as the same becomes better understood from
      the following detailed description of the present invention when
      considered in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the three-dimensional game apparatus
      constructed in accordance with the present invention;
PAR  FIGS. 2 and 3 illustrate a map or diagram of the apparatus for use in
      facilitating and recording the play of the game;
PAR  FIG. 4 is a perspective view of further apparatus which may be utilized in
      accordance with the present invention; and
PAR  FIG. 5 is a side view illustrating an embodiment of the letter piece
      retaining means of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, which is a perspective view of an apparatus
      constructed in accordance with the present invention, there is illustrated
      a three-dimensional solid 10 having means for receiving and engaging
      letter pieces 33. The three-dimensional solid 10 which receives the letter
      pieces 33 is hereinafter referred to as the rack 10. In the preferred
      embodiment, the rack 10 is a cubical solid divided into a
      3.times.3.times.3 matrix. Therefore, the rack 10 is composed of
      3.times.3.times.3, or twenty-seven, cubicles or compartments 22. However,
      the central one of the twenty-seven cubicles is totally surrounded by the
      cubicles having at least one face exposed on the surface of the rack 10.
      Therefore, there are 26 "exposed" cubicles 22 comprising the rack 10. It
      should be noted that the number 26 is also the number of letters in the
      English alphabet. Therefore, one letter of the alphabet may be associated
      with each of 26 letter pieces 33, and, during the playing of a game, one
      of the letter pieces 33 may be played into each of the 26 exposed cubicles
      22.
PAR  In the preferred embodiment, letter pieces 33 are cubical in shape and of
      proper size to fit into and be engaged by any of the cubicles 22. Letter
      pieces 33 are 26 in number, each letter piece having one letter of the
      alphabet associated with it and printed, embossed, or otherwise inscribed
      on each of its six faces. Appropriate letter scores may also be inscribed
      along with the letters. On three mutually adjacent faces of a letter piece
      33, the letter (and letter score) may be inscribed in one color (for
      example, black), while on the other three faces it may be inscribed in a
      contrasting color (for example, red), so that a letter piece 33 may be
      placed onto the rack 10 with the letter exposed in either of the two
      colors.
PAR  In the embodiment of FIG. 1, the rack 10 is formed of three pairs of
      parallel walls 20. Each pair of parallel walls 20 perpendicularly
      intersects the other two pairs of parallel walls 20 such that the edges of
      the intersecting walls 20 define a cubical outline, six cubical faces, and
      26 recesses or cubicles 22 in addition to the one inaccessible cubicle at
      the center thereof.
PAR  Many suitable means for securing letter pieces 33 into the cubicles 22 will
      suggest themselves to one skilled in the art. For example, the cubicles 22
      may be equipped with slotted pegs and the letter pieces 33 with holes for
      engagement with the pegs. Alternatively, the cubicles 22 may be equipped
      with one or morer magnets, and the letter pieces 33 may be manufactured of
      a suitable metal or magnetic material.
PAR  FIG. 5 is a partial side view of the rack 10 which shows another and
      alternative letter piece retaining means 16 and 18 placed only on three
      edges of walls 20 for the sake of clarity. The rack 10 may be fitted
      together of slotted pieces which may be constructed of wood, plastic, or
      other suitable material. On each face of the rack, the edges of at least
      two walls 20 may be fitted with strips or bands 16 of rubber, or a similar
      suitable elastic material, which overlap the edges of the cubicles 22 and
      act as "grippers" to secure the letter pieces 33 (not shown in this view)
      into the cubicles. Strips of wood, metal, or other suitable material 18
      may be laid over elastic bands 16 to secure them. The number of each face
      of the rack 10 (numbered from 1 to 6 in a standard but arbitrary order)
      may be stamped or otherwise inscribed on these overlaid strips, as
      indicated in FIG. 1. Also, on each face, the edges of two walls 20 may be
      fitted with finger notches 17 to facilitate the removal of letter pieces
      from the cubicles. Alternatively, if the rack 10 is made of plastic or
      similar material, it may be molded in one piece. In this case, the
      grippers 16 as well as the finger notches 17 may be molded as an integral
      part of the rack, thus obviating the need for the overlaid strips 18. Many
      other well-known materials may be used to provide a rack 10 and letter
      pieces 33 constructed in accordance with the above teachings. Indeed, the
      above description is intended to suggest to those skilled in the art that
      many variations may be utilized in providing an apparatus constructed in
      accordance with the above teachings.
PAR  FIGS. 2 and 3 illustrate a map or diagram of the rack 10 that may be used
      to record and facilitate the play of the game. FIG. 2 is a two-dimensional
      representation of the three-dimensional rack 10 of FIG. 1, with the
      positions of the five letter pieces 33 recorded as shown.
PAR  It should be noted that the diagram of FIGS. 2 and 3 may be used as a
      substitute for the rack 10 at FIG. 1 in playing games in accordance with
      the present invention and thus the diagram may be regarded as an
      alternative form of the rack 10, as well as an important aid in the
      playing of the game with the game apparatus depicted in FIG. 1.
PAR  The diagram is seen to comprise a map or projection of two halves of rack
      10 as it is rotated about an axis running between the center of the edge
      between faces 1 and 4 and the center of the edge between faces 3 and 6 of
      the rack 10. Arrows are included in the diagram to facilitate the visual
      connection of the parts of any cubicle that appears in both halves of the
      diagram.
PAR  Communication during play and recording of play are further facilitated by
      a standard system for designating the various cubicles 22 on the rack 10.
      These designations are indicated on the diagrams of FIGS. 2 and 3 and can
      be explained as follows. As noted previously, the six faces of the rack 10
      are arbitrarily but standardly numbered 1 through 6. The cubicle at the
      center of each face is designated by the number of the face. In other
      words, cubicle 1 refers to the cubicle at the center of face 1. An edge
      cubicle is identified by a two-digit number whose digits indicate the two
      faces of the rack 10 onto which it opens. For example, cubicle 12 is the
      cubicle which opens onto both face 1 and face 2. Similarly, cubicle 23 is
      the cubicle at the intersection of faces 2 and 3. A similar notation is
      used for corner cubicles in which each cubicle is identified by a
      three-digit number. For example, cubicle 124 is the cubicle at the upper
      left corner in FIG. 1 (or 2 or 3) which is defined by the intersection of
      faces 1, 2, and 4.
PAR  In order to further explain the organization, construction, and utilization
      of the present invention, the concept of "consecutively adjacent," which
      is important in the spelling out of words in the present invention, will
      now be explained. Two letter pieces are said to be "adjacent" if any of
      their respective exposed faces adjoin either side-to-side or
      corner-to-corner when they have been played onto the rack 10. By
      "consecutively" is meant that, in order for a word to be spelled out, its
      first letter must be adjacent to its second, its second must be adjacent
      to its third, and so on. (Under this concept, a letter piece is considered
      to be adjacent to itself, so that double letters are always possible.)
      These concepts will be illustrated further with reference to FIGS. 1 and
      2.
PAR  It should be apparent even to the casual observer that the five letter
      pieces illustrated in FIGS. 1 and 2, played as shown, may be used to spell
      out the word "scare." The path begins at S and proceeds through the other
      four letters by side-to-side, crossword-type adjacency. However, it may
      not be so obvious that a word like "creases" can also be spelled out using
      the same five letter pieces played into the same cubicles. To trace the
      path involved, begin with C and move to R; note that the two letter pieces
      are adjacent corner-to-corner on face 3 of the rack. Moving on, R is
      adjacent to E side-to-side, and E and A are adjacent corner-to-corner on
      face 3. A and S are adjacent corner-to-corner on face 1, while S and E are
      adjacent corner-to-corner on face 2. Note that this path is rather
      circuitous, crossing itself, looping back on itself (for example, passing
      through E twice), and reversing itself (between E and S).
PAR  The versatility and richness of the present invention are illustrated by
      the fact that, using the arrangement of only five letter pieces
      illustrated in FIGS. 1 and 2, at least one hundred and six words can be
      spelled out in accordance with the above teachings. These words are listed
      in TABLE I.
TBL                TABLE I                                                     

     ______________________________________                                    

     1.    a          24.     assess  47.   cess                               

     2.    access     25.     assesses                                         

                                      48.   cesses                             

     3.    accesses   26.     caeca   49.   crass                              

     4.    ace        27.     car     50.   crease                             

     5.    aces       28.     caracara                                         

                                      51.   creaser                            

     6.    acre       29.     caracaras                                        

                                      52.   creases                            

     7.    acres      30.     care    53.   creese                             

     8.    ar         31.     career  54.   creeses                            

     9.    arc        32.     cares   55.   cress                              

     10.   arcs       33.     caress  56.   cresses                            

     11.   are        34.     caresses                                         

                                      57.   ear                                

     12.   area       35.     cascara 58.   ease                               

     13.   areae      36.     cascaras                                         

                                      59.   eases                              

     14.   areas      37.     case    60.   er                                 

     15.   areca      38.     cases   61.   era                                

     16.   arecas     39.     casease 62.   eras                               

     17.   ares       40.     caseases                                         

                                      63.   erase                              

     18.   arras      41.     cease   64.   eraser                             

     19.   arrases    42.     ceases  65.   erases                             

     20.   arrear     43.     ceca    66.   ere                                

     21.   as         44.     cee     67.   err                                

     22.   ass        45.     cere    68.   ess                                

     23.   asses      46.     ceres   69.   esses                              

     70.   race       82.     recesses                                         

                                      95.   sea                                

     71.   racer      83.     sac     96.   sear                               

     72.   races      84.     sacra   97.   seas                               

     73.   rare       85.     sacs    98.   see                                

     74.   rarer      86.     sass    99.   seer                               

     75.   rase       87.     sasses  100.  seeress                            

     76.   rases      88.     scar    101.  seeresses                          

     77.   re         89.     scarce  102.  sees                               

     78.   rear       90.     scarcer 103.  ser                                

     79.   reassess   91.     scare   104.  sere                               

     80.   reassesses 92.     scares  105.  seres                              

     81.   recess     93.     scree   106.  sera                               

                      94.     screes                                           

     ______________________________________                                    

PAR  Many different sets of rules and competitive strategies may be developed
      for a game played in accordance with the above principles. For
      illustrative purposes, consider the following set of possible rules and
      procedures for a game played with the game apparatus constructed in
      accordance with the present invention:
PA0  1. The game begins with a blind drawing--that is, each player draws one
      letter piece, without looking. The letter a player draws is called that
      player's "draw"; only he will be permitted to use his draw in forming
      words. All the letter pieces remaining after the drawing constitute the
      "pot"; these letter pieces will be available to all players to select and
      play onto the rack and, once they have been played, to be used in forming
      words regardless of who played them onto the rack.
PA0  2. Play proceeds in alphabetical order of the players' draws, with the
      player whose draw is nearest the beginning of the alphabet going first.
PA0  3. At each turn, a player plays one letter piece onto the rack. He may
      either:
PA1  a. Play his draw (if he has not done so previously) with red faces only
      exposed; or
PA1  b. Select any letter piece from the pot and play it with black faces only
      exposed.
PA0  4. When all 26 letter pieces have been played onto the rack, players have
      three additional minutes to consider what words they can spell out with
      the letter pieces available to them. Then each player selects the single
      longest word he can spell out and writes it down.
PA0  5. The player with the longest word wins.
PAR  Many alternative rules can be suggested. For example, scoring (rules 4 and
      5) may be based on a total of letter scores rather than on word length.
      Alternatively, scoring may be based on the number of words a player can
      spell out rather than on a single long or high-scoring word. If scoring is
      based on a total of letter scores, the nature of the draw (rule 1) may be
      changed so that all players may use all draws with the exception that the
      use of one's own draw in a word entitles a player to an extra letter or
      word value (for example, double score).
PAR  Returning to the illustrative rules as originally outlined above, let us
      consider the beginning of a hypothetical game between two players. The
      players respectively draw letter pieces A and C, thus becoming "Player No.
      1" and "Player No. 2," respectively. Player No. 1 goes first and plays his
      draw (A) into the edge cubicle designated 13. Player No. 2 decides to play
      his draw also; he plays letter piece C into corner cubicle 123. In
      standard notation, this first round of play may be summed up as follows:
PA1  1. A13, C123
PAR  In round two, Player No. 1 selects letter piece S from the pot and plays it
      into edge cubicle 12. Player No. 2 selects E from the pot and plays it
      into edge cubicle 23. Beginning the third round of play, Player No. 1
      selects R and plays it into face cubicle 3. Now, after 2 1/2 rounds of
      play, the record of play would be as follows:
PA1  1. A13, C123
PA1  2. s12, e23
PA1  3. r3
PAR  the resulting arrangement of the five letter pieces thus played is the same
      as that illustrated in FIGS. 1 and 2. Reexamination of TABLE I in the
      light of this hypothetical game shows that, because of the exemplary rule
      about draws (rule 1), some words (e.g., "erases") can be spelled out only
      by Player No. 1, while other words (e.g., "recesses") can be spelled out
      only by Player No. 2, and still other words (e.g., "seeress") can be
      spelled out by either player. Yet a fourth group of words (e.g., "acres")
      cannot be spelled out by either player.
PAR  Let us now consider some strategy options open to Player No. 2 at this
      point. If he has been following his opponent's play closely, he may see
      that the longest word Player No. 1 can spell out at this point is
      "reassesses." He may also notice that, if Player No. 1 can play letter
      piece M into cubicle 2, he may be able to go on to form the longer word
      "reassessment." However, since cubicle 2 is the only empty cubicle
      adjacent to both S and E, Player No. 2 may effectively block Player No. 1
      from the longer word merely by playing any letter piece other than M into
      cubicle 2.
PAR  In deciding what letter piece to play into cubicle 2, Player No. 2 will
      want to consider offensive as well as defensive considerations. For
      example, if he were to play letter piece X into that cubicle, he would
      enable himself to spell out the word "excesses." Subsequently, if he could
      manage to play I at 24 and V at 26, he would be able to spell out
      "excessive."
PAR  Other types of games to be played with apparatus constructed in accordance
      with this invention include a game in which the 26 letter pieces are
      placed onto the rack at random and then all players have a given timed
      period to write down as many words as possible that can be spelled out on
      the rack. The player with the greatest number of permissible words would
      win.
PAR  As shown in the discussion of FIG. 1 above, an arrangement of only five
      letter pieces may yield more than 100 words. It has been shown that a
      random arrangement of all 26 letter pieces yields a number of words on the
      order of 200.
PAR  Yet another game, which may be competitive or may be played solitaire,
      involves trying to devise an arrangement of the letter pieces that will
      permit the spelling out of a given long word or phrase. It has been shown
      that, with careful planning and patience, very long words and phrases can
      be spelled out on the rack. For example, 12 letter pieces can be arranged
      on the rack so as to permit the spelling out of the 28 letter word,
      "antidisestablishmentarianism." FIG. 3 shows an arrangement of the 26
      letter pieces which may be used to spell out the 37 letter sentence, "The
      quick brown fox jumped over the lazy dogs," which uses all 26 letters of
      the alphabet.
PAR  However, it should be noted that not all words can be spelled out
      irrespective of the degree of planning, skill and patience of a player.
      Among the impossiblee words is
      "pneumoultramicroscopicsilicovolcanoconiosis," which is reputedly the
      longest word in the English language. To confirm that this word cannot be
      spelled out on the rack, note that ten different letter pieces would have
      to be adjacent to the letter piece O. It is noted that in the present
      embodiment no more than eight cubicles (and thus no more than eight letter
      pieces) can be adjacent to any one cubicle (or played letter piece) on the
      rack.
PAR  Calculations indicate that utilizing 26 different letter pieces will yield
      as many as seven septillion distinctly different arrangements
      ("distinctly" excluding arrangements obtained by rotation or reflection).
      Many more variations can be achieved by permitting the use of more than 26
      letter pieces 33, as by providing duplicates of certain letters, or by
      employing a rack based on a matrix larger than 3.times.3.times.3.
PAR  Referring now to FIG. 4, there is illustrated additional equipment which
      may be utilized in conjunction with the above-described embodiments. Two
      stands 35 and 43 are illustrated which may be used to support the rack 10.
      The stand 35 is trough-shaped, preferably made of a transparent material,
      and of proper size to receive an edge of the rack 10. The stand 43 is
      illustrated holding the rack 10. A pair of arms 44 (at least one of them
      preferably spring-loaded) grasp the walls 20 of the rack 10, and pins 45
      projecting from the arms 44 fit into holes suitably formed in the corners
      of the walls 20. The arms 44 are pivoted as at 46 and 47 so that the rack
      10 may be rotated about a vertical axis. It is apparent that other forms
      of stands may also be provided for the apparatus of FIG. 1.
PAR  The methodology of the present invention may be described as providing a
      three-dimensional surface having means thereon for receiving letter pieces
      arranged preferably in a matrix, and placing letter pieces in locations on
      the three-dimensional solid in order to be able to spell out a word by
      tracing a path between consecutively adjacent letter pieces. A record of
      play may be provided by recording letters on a diagram of the solid or
      rack or by listing cubicle designations and letters. Many forms of rules
      and scoring systems may be developed.
PAR  If desired, the rack 10 need not be cubical, and other arrangements than
      the preferred 3.times.3.times.3 matrix may be utilized. Also, in the
      preferred form, the set of letter pieces 33 includes one letter piece
      corresponding to each letter of the English alphabet. However, other sets
      of letter pieces may be utilized. Also, the letter pieces may have shapes
      other than cubical in accordance with the design of the rack onto which
      they are to be played. Alternatively, letter pieces might be dispensed
      with altogether and letters written directly onto the three-dimensional
      solid, as, for example, with chalk.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. Word game apparatus comprising, in combination:
PA1  a three-dimensional cube including means located on each of the six faces
      thereof forming at least 26 defined locations for receiving letter pieces,
      26 cubical letter pieces each of which has a unique letter of the English
      alphabet associated therewith and inscribed on each of the six faces
      thereof, said letter pieces interacting with said cube such that said
      letter pieces may be placed at said defined locations on said
      three-dimensional cube, and words may be spelled out by tracing a path
      through consecutively adjacent letter pieces on said three-dimensional
      cube.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said cube comprises a
      3.times.3.times.3 cube, whereby the number of said letter-receiving
      locations on the surface of said cube is the same as the number of letters
      in the English alphabet.
NUM  3.
PAR  3. Apparatus according to claim 3 wherein said cube is formed by three
      intersecting pairs of parallel walls, said walls defining a cubical
      outline and twenty-six cubical recesses for receiving letter pieces.
NUM  4.
PAR  4. Apparatus according to claim 3 further comprising a stand having a pair
      of arms for holding said cube and allowing it to be rotated about an axis
      said arms each comprising a U-shaped member the ends of which are
      connected to one of said pairs of parallel walls, each of said arms being
      connected to the same pair of parallel walls but disposed 180.degree.
      apart from one another.
NUM  5.
PAR  5. Apparatus according to claim 3, wherein each of said letter pieces is
      colored in two colors, three mutually orthogonal and contacting faces of
      each cubical piece being in one color, the remaining three mutually
      orthogonal and contacting faces being in the other of said two colors.
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ABST
PAL  A portable lawn playing checker apparatus comprised of:
PAL  A rectangular base board having a first and a second face; with a plurality
      of rectangles inscribed upon the first face and a first storage
      compartment and a second storage compartment attached to the second face
      of the rectangular base board on opposite ends of the base board for
      storing a plurality of movable rings, which are used as checkers. The base
      board is further comprised of first and second holding compartments on
      said first face for holding the movable rings during the game. The base
      board has a hinge between the first storage compartment and the second
      storage compartment for folding the rectangular base board in half. The
      portable lawn playing checker apparatus has a device for moving the
      movable rings from rectangle to rectangle.
BSUM
PAR  This invention relates generally to games and more particularly to a game
      apparatus.
PAR  A primary object of the present invention is to provide a novel game
      apparatus for playing the game of checkers, chess, etc.
PAR  Another primary object of the present invention, in addition to the
      foregoing, is a game apparatus providing amusement, which can be played on
      the lawn, basement floor, etc., either indoors or outdoors.
PAR  Another and yet still further primary object of the present invention, in
      addition to each of the foregoing objects, is the providing of a novel
      game which is economical to produce and durable in use.
DRWD
PAR  With the above related objects in view, this invention consists in the
      details of construction and combination of parts, as will be more fully
      understood from the following description, when read in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is a top plan view of the portable lawn playing checker apparatus;
PAR  FIG. 2 is a side view of the means for moving the movable rings from
      rectangle to rectangle;
PAR  FIG. 3 is a front view of the means for moving the movable rings from
      rectangle to rectangle;
PAR  FIG. 4 is a perspective view of the portable lawn playing checker
      apparatus;
PAR  FIG. 5 is a plan view of one movable ring; and
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 5.
DETD
PAR  The portable lawn playing checker apparatus, of this invention, is
      comprised of a base board 1 having a first face 2 and a second face 3.
PAR  A plurality of rectangles 4 are inscribed upon the first face of the base
      board. These rectangles may be alternately colored with different colors,
      for example, red and black, blue and green, etc.
PAR  The portable lawn playing checker apparatus of this invention is further
      comprised of a plurality of movable rings 6 which can fit within the
      rectangles 4. The movable rings are moved from rectangle to rectangle in
      playing the game in which this portable lawn playing checker apparatus is
      used.
PAR  The portable lawn playing checker apparatus is further comprised of a first
      holding means 7 and a second holding means 8 attached to the first face of
      the rectangular base board on opposite ends of the base board. The first
      holding means and the second holding means are used for holding the
      movable rings 6 when playing the game to be played on this portable lawn
      playing checker apparatus.
PAR  The checker apparatus is further comprised of a first storage means 9 and a
      second storage means 10 attached to the second face 3 of the rectangular
      base board, on opposite ends of the base board for storing the plurality
      of movable rings when not in use.
PAR  The checker apparatus is further comprised of a folding or hinge means 11
      between the first storage means 9 and the second storage means 10. The
      folding means is used for folding the rectangular base board 1 in half for
      storage.
PAR  The checker apparatus is further comprised of a means 12 for moving the
      movable rings from rectangle to rectangle. An example of the means for
      moving the movable rings is a device having a reaching member 13 and a
      hook 14 on one end of the reaching member.
PAR  The plurality of rectangles may be comprised of a grid of eight rectangles
      by eight rectangles, usually found in the game of checkers or chess.
PAR  The plurality of movable rings can be of two colors, for example, red and
      black, blue and green, etc., wherein there are 16 movable rings.
PAR  The storage means and the holding means may be a shelf of sufficient size
      to store 16 movable rings.
PAR  The folding means generally consists of a plurality of hinges, although
      this invention contemplates the use of any type folding means.
PAR  The portable lawn playing checker apparatus of this invention can usually
      be used in playing the game of checkers or any variations of this game.
      The portable lawn playing checker apparatus may also be used in the game
      of chess, or any variations thereof, with slight modification of the
      movable rings.
PAR  The portable lawn playing checker apparatus may be placed on the lawn, or
      in a basement, and is usually of such a size so that the pieces may be
      easily seen from a long distance. For example, the base board may be about
      4'2" .times. 5'5" and the 64 squares, for example, may be about 6 inches
      each. This invention, however, contemplates the use of any size portable
      lawn playing checker apparatus.
PAR  The portable lawn playing checker apparatus is designed so that it may be
      easily stored when not in use, by placing the movable rings within the
      first storage means and the second storage means and folding the base
      board in half.
PAR  The movable rings may be moved from rectangle to rectangle by means of a
      long reaching member having a hook on one end. This invention, however,
      contemplates the use of any type reaching member or means for moving the
      rings from rectangle to rectangle.
PAR  It is to be expressly understood that the embodiments or modifications of
      the invention heretofore described, disclosed, illustrated and shown are
      to be construed and interpreted as being illustrative only and for the
      sole purpose of aiding in the understanding of the present invention, and
      that this invention is not to be deemed limited thereby, but rather many
      variations may be made from the embodiments or modifications herein above
      described, disclosed, illustrated and shown.
PAR  For example, the movable rings may be provided with identifying indicia,
      other than colors, such as, and without limitation, letters, symbols,
      pictorial matter, groups of symbols, pictures, or the like, such as dots,
      bars or the like.
PAR  Different games may be thought up using the portable lawn playing checker
      apparatus.
PAR  While the invention has been described, disclosed, illustrated and shown in
      terms of certain preferred embodiments or modifications which it has
      assumed in practice, the scope of this invention should not be deemed to
      be limited by the precise embodiments or modifications herein described,
      disclosed, illustrated and shown. Such other embodiments or modifications
      as may be suggested to those having the benefit of the teachings herein
      are intended to be reserved, especially as they fall within the scope and
      breadth of the claims hereto appended.
CLMS
STM  Having thus described the invention, what is claimed as new is:
NUM  1.
PAR  1. A portable lawn playing checker apparatus comprised of:
PA1  a. a rectangular base board having a first face and a second face whose
      length is about 5 feet 5 inches and whose width is about 4 feet 2 inches;
PA1  b. a plurality of rectangles inscribed upon the first face;
PA1  c. a plurality of movable rings which can fit within the rectangles;
PA1  d. a first holding means and a second holding means attached to the first
      face of the rectangular base board on opposite ends of the base board for
      holding the plurality of movable rings when a game is being played;
PA1  e. a first storage means and a second storage means attached to the second
      face of the rectangular base board on opposite ends of the base board and
      juxtaposed below the first holding means and the second holding means, for
      storing the plurality of movable rings when the portable lawn playing
      checker apparatus is being stored;
PA1  f. a foldong means between the first storage means and the second storage
      means for folding the rectangular baseboard in half for storage and
PA1  g. a means for moving the movable rings from rectangle to rectangle.
NUM  2.
PAR  2. The portable lawn playing checker apparatus of claim 1, wherein the
      plurality of rectangles are alternately colored with two colors.
NUM  3.
PAR  3. The portable lawn playing checker apparatus of claim 1, wherein the
      plurality of rectangles are comprised of a grid eight rectangles by eight
      rectangles.
NUM  4.
PAR  4. The portable lawn playing checker apparatus of claim 1, wherein the
      plurality of movable rings are of two colors.
NUM  5.
PAR  5. The portable lawn playing checker apparatus of claim 1, wherein there
      are 16 movable rings.
NUM  6.
PAR  6. The portable lawn playing checker apparatus of claim 1, wherein the
      storage means and the holding means are shelves of sufficient size to
      store 16 movable rings.
NUM  7.
PAR  7. The portable lawn playing checker apparatus of claim 1, wherein the
      folding means is a plurality of hinges.
NUM  8.
PAR  8. The portable lawn playing checker apparatus of claim 1, wherein the
      means for moving the movable ring is comprised of:
PA1  a reaching member; and
PA1  a hook on one end of the reaching member.
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PAL  A lid is pivoted to the base of a record player for movement between a
      closed position and an open position. A leaf spring is secured to the base
      at one end thereof. A detent is mounted to the remote end of the leaf
      spring for movement between (1) a protruding condition subject to
      engagement with the lid when closed, and (2) a retracted condition
      releasing the lid if closed. A plunger is reciprocably mounted for
      cooperation with a lid release button. A slide is movably mounted in the
      base adjacent the leaf spring for movement between (a) a position
      interposed, and (b) a position not interposed, between the plunger one end
      and the leaf spring. The plunger responsive to operation of the release
      button moves the detent to the retracted condition, via the slide and the
      leaf spring, if the slide is in the interposed position. If the slide is
      not interposed, the release button is ineffective to actuate the detent. A
      linkage is provided between the cam and the signal pickup carriage of the
      player for moving the slide to the interposed position and not-interposed
      position when the carriage is, respectively, in a standby mode and a
      playback mode thereby preventing opening of the lid during playback.
BSUM
PAR  The present invention relates to disc record player systems, and more
      particularly relates to a lid latch mechanism for preventing opening of
      the player lid during playback.
PAC  BACKGROUND OF THE INVENTION
PAR  In certain video disc systems, video information is recorded by means of
      geometric variations in the bottom of a smooth spiral groove on the
      surface of a disc record. The disc record surface includes a coating of
      conductive material which is preferably covered with a thin deposit of
      dielectric material. A signal pickup, supported at one end of a pickup
      arm, engages the spiral groove and includes a conductive electrode which
      establishes a capacitance with the conductive coating and the dielectric
      deposit of the disc record. When the disc record is rotated, the
      electrode-disc capacitance varies in response to the geometric variations
      in the bottom of the spiral groove passing beneath the signal pickup. The
      capacitance variations are converted to electrical signal variations by a
      suitable signal processing circuitry coupled to the pickup electrode. The
      output signal of the signal processing circuitry may be coupled to a
      conventional television receiver for reproduction. The pickup arm is
      mounted on a signal pickup carriage of the playback system. A system of
      the aforementioned type is described in detail in U.S. Pat. No. 3,842,194,
      issued on Oct. 15, 1974 to Jon K. Clemens.
PAR  Video disc systems of the aforementioned type generally utilize disc
      records having groove densities in the order of four to eight thousand
      groove convolutions per inch. A typical video disc record of this type may
      have a groove convolution spacing in the order of 3.5 microns. The fragile
      walls of relatively narrow grooves of the disc record cannot be dependably
      relied upon to pull the pickup arm assembly, around the pickup arm pivot
      support, across the entire recorded surface of the disc record. Also, in
      video disc systems utilizing the variable capacitor concept, it is
      desirable for accurate reproduction of the prerecorded signals that the
      signal pickup electrode maintain a substantially constant attitude in the
      spiral groove. Therefore, a radial feed drive mechanism is provided for
      traversing the signal pickup carriage in proper time relationship with the
      radial motion of the signal pickup tip engaged in the spiral groove so as
      to continuously maintain the longitudinal axis of the pickup arm
      substantially tangential to the spiral groove at the point of engagement
      when the player is in a playback mode. Reference may be made to the
      copending U.S. Application of F. R. Stave, Ser. No. 351,600, filed Apr.
      16, 1973, and entitled "VIDEO DISC PLAYBACK APPARATUS"  for an
      illustration of a suitable radial feed drive mechanism for providing the
      indicated radial motion.
PAR  Further, in the aforesaid video disc systems, adequate bandwidth for
      monochrome and color display is obtained by rotating the disc at a speed
      substantially higher (e.g., 450 rpm) than the conventional audio playback
      speeds (e.g., 331/3 rpm).
PAR  Additionally, in the above-mentioned video disc systems, groove engaging
      and low mass requirements of a signal pickup assembly result in a pickup
      arm unit which is extremely fragile (e.g., signal pickup width 2 microns,
      signal pickup depth 5 microns, signal pickup electrode width 2 microns,
      and signal pickup electrode depth 0.2 microns).
PAR  In the playback systems of the aforementioned type the following
      considerations may be encountered. First, it is desirable to prevent
      opening of the lid when the signal pickup carriage is in the playback mode
      in order to protect the fragile signal pickup assembly of the player.
PAR  Second, it may be preferable to preclude opening of the lid until the
      signal pickup carriage has cleared the disc record so that the record just
      played may be removed for changing sides, or placing a new disc record on
      the turntable, without hindrance.
PAR  Third, it is advantageous to provide a lid latch arrangement which permits
      location of a lid release switch near the latch arrangement rather than
      adjacent to the rest of the control switches in order to prevent
      accidental actuation of an improper switch.
PAR  Fourth, it is desirable to provide a lid latch mechanism which will permit
      a flush fit of the mechanism in the player with a minimum of protruding
      parts, thereby reducing safety hazard to the player user.
PAC  SUMMARY OF THE INVENTION
PAR  A lid latch mechanism is provided in a disc record player having a lid
      pivoted to the player base. A leaf spring is secured to the base at its
      one end. A detent is mounted to the remote end of the leaf spring for
      movement between (1) a protruding condition subject to engagement with the
      lid when closed, and (2) a retracted condition releasing the lid if
      closed. A plunger is movably mounted in the base for cooperation with a
      lid release button. A slide is reciprocably mounted in the base adjacent
      the leaf spring for movement between (a) a position interposed, and (b) a
      position not interposed, between the plunger one end and the leaf spring.
      The plunger responsive to operation of the release button moves the detent
      to the retracted condition, via the slide and the leaf spring, if the
      slide is in the interposed position. If the slide is not interposed, the
      release button is ineffective to operate the detent. Means intercoupling
      the slide and a signal pickup carriage is effective for moving the slide
      (A) to the interposed position when the carriage is in a standby mode, and
      (B) to the not-interposed position when the carriage is in a playback mode
      thereby preventing the lid from opening during playback.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Objects, features, and advantages of the present invention will be more
      fully understood from the following detailed description of the preferred
      embodiment, the appended claims, and the accompanying drawings in which:
PAR  FIG. 1 is a plan view of a video disc record player incorporating an
      illustrative embodiment of a lid latch mechanism according to the present
      invention, the lid of the player is shown in an open position for clarity;
PAR  FIG. 2 is a side view of the video disc record player of FIG. 1;
PAR  FIG. 3 is an exploded, perspective view of a portion of the lid latch
      mechanism suitable for use with the player of FIGS. 1 and 2;
PAR  FIG. 4 is a front view of the lid latch mechanism of FIGS. 1, 2, and 3;
PAR  FIG. 5 is a partially cut-away, sectioned side view of the lid latch
      mechanism along the line X--X in FIG. 4;
PAR  FIG. 6 is a plan view of the lid latch mechanism of FIGS. 4 and 5
      illustrating means interconnecting a signal pickup carriage of the player
      and the lid latch mechanism; and
PAR  FIG. 7 is a partially sectioned front view of the lid latch mechanism along
      the line Y--Y of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, wherein like reference numerals designate
      similar elements in the various views, in FIGS. 1 and 2 a video disc
      player is shown having a base 10. A lid 11 is pivoted to the base 10 for
      movement between a closed position and an open position. The player is
      suitable for use in a video disc system such as disclosed in the
      aforementioned Clemens patent. A turntable 12 is rotatably mounted on the
      base 10. The upper surface of the turntable 12 is adapted to support a
      video disc record 13. Video information is recorded by means of
      geometrical variations in the bottom of a smooth spiral groove 14 on the
      substrate of the disc record 13. The disc record 13 surface includes a
      conductive coating which is preferably covered with a thin deposit of
      dielectric material. A signal pickup 15, supported at one end of a
      conductive pickup arm 16, engages the spiral groove 14 and includes a
      conductive electrode (not shown) which, together with the conductive
      coating and the dielectric deposit, form a capacitor. When relative motion
      is established between the signal pickup 15 and the disc record 13, an
      edge of the electrode included in the signal pickup, while riding in the
      spiral groove 14, serves as an electrode of a capacitor varying due to the
      geometric variations in the bottom of a smooth spiral groove passing
      beneath. The other end of the pickup arm 16 is flexibly supported by a
      pickup arm support carried by a signal pickup carriage 17.
PAR  As indicated before, a radial feed drive mechanism 18 traverses the pickup
      arm support mounted in the signal pickup carriage 17 in proper time
      relationship with the radial motion of the signal pickup 15 tip engaged in
      the spiral groove 14 so as to continuously maintain the longitudinal axis
      of the pickup arm substantially tangential to the spiral groove at the
      point of engagement. Slots 28 are provided in the base 10 for
      accommodating the radial motion of the carriage 17. Reference may be made
      to the aforementioned copending Stave application (Ser. No. 351,600) for
      an illustration of a suitable feed drive mechanism for providing the
      indicated radial motion.
PAR  During playback, the pickup arm 16 passes through an opening 19 in the
      bottom wall of the carriage 17 to allow the signal pickup 15 to ride in
      the spiral groove 14. A pivotally mounted bracket 20 lifts the free end of
      the pickup arm 16 to disengage the signal pickup 15 from the spiral groove
      14 when the player is inoperative.
PAR  A plurality of push buttons 21, 22, 23, 24, 25, and 26 are provided along
      the front panel 27 for, respectively, effecting the following functions:
      start, pause, reject, fast forward, reverse, and lid release.
PAR  A lip 29 is fastened to the lid 11 for engagement with a detent of a lid
      latch mechanism 31 to be described subsequently.
PAR  Reference will now be made to FIGS. 3, 4, and 5 illustrating, respectively,
      an exploded view, a front view, and a partially sectioned side view of the
      lid latch mechanism 31.
PAR  A lid release button 32 is movably mounted in the base 10. The release
      button has a downwardly depending extension 33 which is seated in a slot
      34 provided in the base 10. Posts 35 and 36 are secured to the release
      button for entry into through openings 37 and 38 disposed in the base 10.
      Retainers 39 are used to secure the release button 32 to the base 10. Coil
      springs 40 are used to bias the release button 32 into an elevated
      position.
PAR  A plunger 41 is movably mounted in an opening 42 provided in the base for
      cooperation with the release button extension 33. The extension 33 has a
      ramp portion 43 in order to effect plunger 41 movement when the release
      button 32 is depressed, as more clearly shown in FIG. 5.
PAR  A leaf spring 44 is secured to the base 10 at one end thereof by a fastener
      45. A detent 47 is mounted to the remote end of the leaf spring 44 for
      movement between (1) a protruding condition resulting in entry thereof
      into an opening 48 provided in the lip 29 when the lid 11 is closed
      thereby captivating the lid, and (2) a retracted condition releasing the
      lid if closed. A ramp 49 is provided on the detent 47 so that as the lid
      11 is depressed the lip 29 engages the ramp 49 to move the detent to the
      retracted condition whereat the leaf spring 44 is effective to insert the
      detent into the opening 48 thereby securely holding the lid in the closed
      position.
PAR  A slide 50 is reciprocably mounted in a recess 51 provided in the base 10
      adjacent the leaf spring 44 for movement between (1) a position
      interposed, and (2) a position not interposed, between the plunger 41 one
      end and the leaf spring. The fastener 45 freely passes through an
      elongated aperture 52 in order to permit reciprocating motion of the slide
      50. A ramp 53 is provided on the slide 50 in order to enable the slide to
      insert itself between the plunger 41 and the leaf spring 44 as the slide
      50 is raised.
PAR  The plunger 41 responsive to operation of the release button 32 moves the
      detent 49 to the retracted condition, via the slide 50 and the leaf spring
      44, if the slide is in the interposed position. If the slide 50 is not
      interposed, the release button 32 is ineffective to operate the detent 49.
PAR  Means 54 intercoupling the slide 50 and the signal pickup carriage 17 is
      provided for effecting a movement of the slide (a) to the interposed
      position when the carriage is in a standby mode, and (b) to the
      not-interposed position when the carriage is in the playback mode thereby
      preventing the lid from opening during playback.
PAR  Interconnecting means 54 will now be explained with reference to FIGS. 6
      and 7. A wheel 55 is secured to the front end of the carriage 17 by a
      bracket 56. The wheel 55 rides on a rail 57 attached to the base 10 in
      order to buttress the player carriage arrangement. A lever 58 is pivotally
      mounted to the base 10 by a bracket 59. A platform 60 of the lever 58
      engages a shoe 61 provided on the slide 50. A nose portion 62 of the lever
      58 protrudes through an opening 63. When the carriage 17 moves from the
      playback mode to the standby mode, the wheel 55 depresses the nose 62 to
      pivot the lever 58. As the nose 62 depresses, the platform 60 elevates the
      slide 50 to an interposed position thereby making the release button
      operative.
PAR  Thus, the lid latch mechanism, while preventing the lid opening during
      playback, permits the lid release button to operate the latch mechanism
      for releasing the lid, if closed, when the player is not in the playback
      mode.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a playback system for recovering prerecorded signals by a signal
      pickup from a disc record rotatably mounted on a turntable, the playback
      system including a lid pivoted on a base for movement between a closed
      position and an open position, and a signal pickup carriage reciprocably
      mounted on the base for travel between a standby mode and a playback mode,
      a lid latch mechanism comprising:
PA1  1. a lid release button mounted on the base;
PA1  2. lid latch means selectively responsive to operation of the release
      button for releasably securing the lid, wherein the latch means comprises:
PA2  a. a leaf spring secured to the base at one end thereof; and
PA2  b. a detent mounted on the remote end of the leaf spring for movement
      between (A) a protruding condition subject to engagement with the lid when
      closed; and (B) a retracted condition releasing the lid if closed;
PA1  3. a plunger reciprocably mounted in the base for cooperation with the
      release button;
PA1  4. a slide movably mounted in the base adjacent the leaf spring for
      movement between (a) a position interposed, and (b) a position not
      interposed, between the plunger one end and the leaf spring; wherein the
      plunger, responsive to operation of the release button, moves the detent
      to the retracted condition, via the slide and the leaf spring, when the
      slide is in the interposed position; and wherein when the slide is not
      interposed the release button is ineffective to actuate the detent;
PA1  5. means intercoupling the slide to the signal pickup carriage, wherein the
      intercoupling means are effective to move the slide to the interposed
      position and to the not-interposed position when the carriage is,
      respectively, in the standby mode and the playback mode.
NUM  2.
PAR  2. A system as defined in claim 1 wherein a lip having an opening is
      attached to the lid, and wherein as the lid is depressed the lip engages a
      ramp portion provided on the detent to move the detent to the retracted
      condition whereat the leaf spring is effective to insert the detent into
      the opening thereby securely holding the lid in the closed position.
NUM  3.
PAR  3. A system as defined in claim 2 wherein the intercoupling means
      comprises:
PA1  an arm mounted in the base having a first end subject to engagement with
      the slide and a second end subject to engagement with the signal pickup
      carriage when the carriage is in the standby mode, wherein the engagement
      of the carriage with the arm second end moves the slide to the interposed
      position; and
PA1  means for biasing the slide in the not-interposed position, and wherein
      when the carriage is in the playback mode the biasing means are effective
      to move the slide to the not-interposed position.
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PAL  A device for the viewing of photo-images and the presentation of sound
      recordings corresponding to such photo-images, which device may be
      controlled by the user to provide substantially random access to any
      photo-image and the sound recording corresponding thereto, is disclosed. A
      modular construction of such device and its adaptability to either
      hand-held or projection embodiments is described. A novel tone arm system
      as well as a novel turntable driving mechanism, a novel disc type record
      unit and a novel record changing mechanism is disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to audio apparatus for the reproduction of selected
      sound recordings from a plurality thereof included in a common sound track
      unit and more particularly to such an apparatus which may be used with
      audio visual apparatus adapted to enable the user to select any one of a
      group of photo-images for viewing or to sequentially view the photo-images
      of such group in any desired order with the audio production of a lecture
      or commentary relating to each photo-image being automatically selected
      from a corresponding group of sound recordings.
PAR  In order for audio-visual apparatus to be useful for instructional
      purposes, it is necessary that such apparatus be simple and convenient to
      operate, small, rugged and lightweight for portability, and inexpensive to
      manufacture and maintain.
PAR  It is an object of this invention to provide ,for use in apparatus of the
      type described, disc type records for sound recording which are mounted in
      rugged units for storage and use.
PAC  SUMMARY OF THE INVENTION
PAR  The sound track unit for audio or audio-visual apparatus according to this
      invention comprises two circular disc-like members having sound recordings
      inscribed on the flat surfaces thereof and a hollow housing enclosing both
      of the disc-like members. The disc-like members are mounted within the
      housing for rotation about their respective axes which axes are parallel
      to and spaced from each other with the disc-like members overlapping each
      other in spaced planes. The means mounting the disc-like members within
      the housing includes thrust bearings which prevent movement of the
      disc-like members along their axes while permitting rotation of the
      disc-like members in their respective planes as well as limited movement
      of the axes thereof toward and away from each other. The disc-like members
      are rotated by means of a pair of hollow cylindrical drive members, each
      extending centrally through a different one of the disc-like members in
      coaxial alignment therewith. The internal surface of each of the hollow
      cylindrical drive members defines a pair of truncated right circular cones
      having their truncated apexes joined and their bases at opposite ends of
      the drive members. Four apertures are provided through the housing of
      sufficient size to each surround a different end of a different one of the
      pair of hollow cylindrical drive members throughout the limited movement
      of the axes of the disc-like members toward and away from each other. A
      bearing member is provided between the overlapping portions of the
      disc-like members to prevent contact between adjacent surfaces thereof and
      bearing members are provided on internal surfaces of the housing for
      contact with adjacent surfaces of the disc-like members during rotation
      thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing and other objects and features of the apparatus of this
      invention will be more fully appreciated when the following detailed
      description is read in conjunction with the drawing wherein:
PAR  FIG. 1 is a perspective view of an embodiment of the apparatus of this
      invention with a plurality of photo-images positioned therein for use but
      with the disc type record unit containing the sound recordings removed
      therefrom.
PAR  FIG. 2 is a perspective view of a disc type record unit suitable for use in
      the embodiment of the apparatus of this invention shown in FIG. 1,
      represented in position to be inserted into the embodiment of the
      apparatus of this invention as shown in FIG. 1.
PAR  FIG. 3 is an enlarged top view of the disc-type record unit of FIG. 2 with
      the top cover thereof removed to expose the internal parts thereof.
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 of FIG. 3 with the
      top cover thereof in place.
PAR  FIG. 5 is a cross-sectional view taken along lines 5--5 of FIG. 3 with the
      top cover thereof in place.
PAR  FIG. 6 is an enlarged fragmentary view of the tone arm assembly and the
      record driving assembly of the embodiment of the apparatus of this
      invention shown in FIG. 1 with a portion of the record driving assembly
      represented in exploded form and with a disc type record shown in
      operating position and the cover of the disc type record unit of FIG. 2
      shown in dotted lines.
PAR  FIG. 7 is a front perspective view of the embodiment of the apparatus of
      this invention shown in FIG. 1 with portions removed or broken away to
      expose the cooperating mechanism for the tone arm assembly and the slide
      viewer assembly thereof.
PAR  FIG. 8 is a fragmentary view, partially in cross-section and partially in
      elevation, of the record changing mechanism of the embodiment of the
      apparatus of this invention shown in FIG. 1 with the elements thereof in
      position immediately prior to the full insertion of the disc record unit
      of FIG. 2 therein, an end view of such disc record unit also appearing in
      FIG. 8.
PAR  FIG. 9 is a view similar to FIG. 8 but showing the disc record unit fully
      inserted and the elements of the record changing mechanism in the position
      corresponding thereto.
PAR  FIG. 10 is a fragmentary perspective view of the fully assembled record
      driving and tone arm module of the embodiment of the apparatus of this
      invention shown in FIG. 1 but with the cover removed to show the internal
      elements thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 a preferred embodiment of the apparatus of this
      invention in the form of a fully assembled hand-held device is shown.
      According to this embodiment of the invention the apparatus is constructed
      of a series of modules according to the various functions which the
      apparatus must perform which modules are assembled on a frame. Thus, as
      shown in FIG. 1 the device 10 according to this embodiment of the
      apparatus of this invention comprises an optical module 11, an audio
      amplifier and power supply module 12, a synchronization module 13 and a
      sound track drive module 14. All of the above modules are physically
      mounted on a frame unit 15 as will be more fully described hereinafter and
      which frame unit 15 includes the photo-image slide carriage unit 16 and
      the sound track unit receptacle 17.
PAR  As shown in FIG. 1 the various photo-images 18a-18n may be mounted in an
      appropriate frame 19, however, it is also contemplated that such
      photo-images could be formed on a single strip of film material suitable
      for insertion into the slide transport member 16. As shown in FIG. 1 the
      photo-images 18a-18n may be arranged in two rows extending the length of
      the slide transport member 16. Although there are six photo-images in each
      row as shown in FIG. 1, it will be understood that more or less
      photo-images may be used as desired. It will also be understood that the
      row of photo-images 18a through 18f are not in operative position as shown
      in FIG. 1, whereas the second row comprising photo-images from 18f through
      18n are in operative position and thus hidden from view within the device
      10.
PAR  Referring to FIG. 2 a sound track unit 20 is shown in position for
      insertion into the receptacle 17 of the device 10. In the sound track unit
      20 according to this embodiment of the invention, as broadly shown in FIG.
      2, the sound track is driven through a pair of apertures which are shown
      at 21 and 22. The sound track is recorded on a pair of apertured discs
      mounted for rotary movement independently of each other within a housing
      23, for example, in which case a pair of elongated apertures 25 and 26 are
      provided through such housing and each associated with a different one of
      such discs to provide access for the pickup unit of a tone arm (not shown
      in FIG. 1) to the sound recordings on such discs.
PAR  As shown in FIGS. 1 and 2 the sound recordings on the disc associated with
      apertures 21 and 25 are correlated with the photo-images from 18f-18n and
      the sound recordings on the discs associated with apertures 22 and 26 are
      correlated with the photo-images 18a-18f. Thus, it will be understood that
      the orientation of both the slide 19 and the record unit 20 must be
      changed with respect to the device 10 in order to place the photo-images
      18a-18f and the disc bearing the sound recordings correlated therewith,
      which disc is associated with apertures 22 and 26, into operative
      position. Such change in orientation is accomplished by removing the slide
      19 and inverting it in the slide carriage member 16 and by removing the
      sound track unit 20 from the receptacle 17 and turning the unit 20
      end-for-end for reinsertion to the receptacle 17. As shown in FIGS. 1 and
      2 the sound track unit 20 may be held in receptacle 17 in any one of four
      orientations by the engagement of posts 27 at the entrance to the
      receptacle 17 with appropriate recesses 28 formed at the edges of both the
      upper and lower surfaces of the unit 20 as shown in FIG. 2.
PAR  The most important control from the standpoint of the user is a microswitch
      associated with the loudspeaker grille 30. As most clearly shown in FIG. 1
      the loudspeaker grille 30 provides the upper surface for the right end
      portion of the audio amplifier and power supply module 12. Thus, the
      fingers of the right hand of the user of the unit normally rest lightly on
      top of the loudspeaker grille 30 when the device 10 is hand-held for use.
      According to this embodiment of the invention a normally open microswitch
      is mechanically associated with the loudspeaker grille 30 such that a
      squeezing action of the right hand of the user will force the loudspeaker
      grille downwardly to close the microswitch. The closing of the microswitch
      will activate appropriate circuitry to move the photo-image slide in
      either direction depending upon the setting of a further control. The
      circuitry is such that a momentary squeezing action will be sufficient to
      move the photo-image slide through a complete cycle from one photo-image
      to the next photo-image without further action by the operator. The
      circuitry is also such that the exertion of continuous pressure on the
      loudspeaker grille 30 by the hand of the operator will result in
      continuous movement of the photo-image slide. divides the upper surface of
      the hollow box into forward and rear portions with the projecting portion
      of the plate 50 providing forward and rear surfaces for the mounting of
      the optical module 11 and the audio amplifier and power supply module 12,
      respectively. As indicated in FIG. 5 the synchronization module 13 is
      mounted on the forward portion of the upper surface of the hollow box and
      the sound track drive unit 14 (the internal parts of which are omitted in
      FIG. 5) is mounted on the rear portion of the upper surface of the hollow
      box.
PAR  As most clearly shown in FIG. 5 the photo-image slide transport mechanism
      16 is supported between the optical module 11 and the plate 50 by means of
      a plate 63 as described hereinafter. According to this embodiment of the
      invention the photo-images are transparencies and thus a light source
      comprising a pair of incandescent light bulbs 51 is provided in the audio
      amplifier and power supply module 12 together with a translucent plate 52
      which forms the forward wall of such module. The support plate 50 is, of
      course, provided with an aperture 53 in registry with the light source and
      the translucent plate 52 as well as the optical module 11.
PAR  The photo-image slide transport member 16 comprises an elongated frame
      having a row of apertures 54 therethrough corresponding to the
      photo-images to be presented for viewing. It will be understood that a
      slide including a plurality of photo-images arranged in a row will be
      inserted in a slot 55 provided in the frame of the transport member 16
      bringing the photo-images into registry with the apertures 54 through the
      frame of the transport member 16.
PAR  The transport member 16 is moved along between the forward face of the
      support plate 50 and the optical module 11 by means of a belt 56 and
      sprocket 57 arrangement. As shown in FIG. 5 the
PAR  As shown in FIG. 6, a tone arm slide member 70 is shown in the upper right
      hand portion. The tone arm 71 comprises a rigid elongated member mounted
      at one end on the tone arm slide member 70. The free end of the tone arm
      71 is provided with a rigid bracket member 72 providing a substantially
      U-shaped mounting structure for the pickup unit 73. A pivot member 74
      extends between the legs of the U-shaped supporting structure formed by
      the tone arm 71 and bracket 72 through apertures 75 formed in the pickup
      unit 73 and dimensioned to allow the pickup unit 73 to pivot freely about
      the pivot member 74.
PAR  As shown in FIG. 6, the pickup unit 73 comprises a first leg 76 projecting
      from the pivot member 74 in the direction in which the tone arm 71 extends
      and a second leg 77 projecting in the opposite direction from the first
      projection and offset therefrom to provide a counterweight about the axis
      of the pivot member 74. The second leg 77 thus projects along the tone arm
      71 toward the tone arm slide member 70 and has a sufficient extent to
      contact the tone arm or the bracket member 72 or both, thus limiting
      pivotal movement of the pickup unit about the pivot member 74 in a
      counterclockwise direction. However, the pickup unit 73 is free to pivot
      about the pivot member 74 in a clockwise direction.
PAR  A novel structure including a needle 78 mechanically coupled to a
      piezo-electric crystal 79 is mounted on the free end of the first leg 76
      of the pivot member 74 of the pickup unit 73, as shown. This structure,
      which will be more fully described hereinafter, provides the actual
      interface between the audio recording 80 and the audio amplifier of module
      12.
PAR  In order to provide a more complete understanding of the operation of the
      tone arm 71 and pickup unit 73 a sound track unit 20 is shown, partly, in
      phantom, in FIG. 6 in operative position with respect to such tone arm 71
      and pickup unit 73. One of the record discs 80 which is contained in the
      sound track unit 20 is shown in full in FIG. 6 with the needle 78 of the
      pickup unit 73 in operative engagement therewith. Similarly, a magnetic
      friction drive structure 81 driven by a flywheel 82 and magnetic pinion 83
      is shown in operative engagement with the disc 80.
PAR  It will be understood from FIG. 6 that the movement of the tone arm slide
      member 70 will tend to move the free end of the tone arm 71 and thus the
      needle 78 of the pickup unit 73 across the surface of the disc 80. Thus,
      when the needle 78 is raised from the upper surface of the disc 80 by
      means which will be more fully described hereinafter, movement of the tone
      arm slide member 70 will enable the needle 78 to be located at any
      particular point along a line extending radially from near the outer
      periphery of the disc 80 to a point adjacent the center of the disc 80.
PAR  According to this embodiment of the invention, a plurality of bands 84-89
      of recorded material are provided on the upper surface of the disc 80, as
      shown in FIG. 6, each of such bands corresponding to one of the
      photo-images to be viewed in this embodiment of the apparatus of this
      invention. Thus, the movement of the tone arm slide member 70 is
      synchronized with the movement of the photo-image slide carriage unit 16
      so that selection of a particular image for viewing will automatically
      select the one of the recorded bands 84-89 corresponding thereto.
PAR  Referring to FIG. 7, it will be seen that both the photo-image slide
      carriage unit 16 and the tone arm slide member 70 are driven by the motor
      60 through the gear chain 62 which meshes with the gear 65 mounted on the
      axle 68. Thus, rotation of the axle 68 by the motor 60 through gear chain
      62 and gear 65 will rotate the worm gear 66 which meshes with the gear 67
      mounted on the axle 59a thereby imparting rotation to the axle 59a.
PAR  It will be seen that rotation of the axle 59a will rotate the one of
      sprocket wheels 57 mounted thereon which sprocket wheel 57 engages the
      belt 56 to thereby drive the belt 56 and the photo-image slide carriage
      unit 16 attached thereto by means of screw 58. Similarly, rotation of the
      axle 68 will rotate the threads 69 thereof which engage the threaded
      aperture of the tone arm slide member 70, so that the photo-image slide
      carriage unit 16 and the slide member 70 move in synchronism.
PAR  Referring to FIG. 7, it will be seen that a microswitch 24 is mounted on
      the frame 15 in operative contact with the lower edge of the photo-image
      slide carriage unit 16. It will also be seen that the lower edge of the
      photo-image slide carriage unit is provided with a plurality of notches
      adapted to operatively engage the microswitch 24. It will be understood
      that each of the notches 61 is associated with a different one of the
      apertures 54 in the photo-image slide carriage unit 16. According to this
      embodiment of the invention, the microswitch 24 is a single pole, double
      throw switch for reasons which will be more fully described hereinafter.
PAR  FIGS. 8 and 9 show the mechanism for engaging and disengaging the sound
      track drive mechanism with the elements thereof in two different positions
      as will be explained more fully hereinafter. FIG. 10 is a perspective view
      of the sound track drive mechanism which will be more fully understood by
      considering FIGS. 6 and 10 together. The same reference numerals have been
      used in both FIGS. 6 and 10 to identify the same elements.
PAR  Thus, the flywheel 82 and pinion 83 are supported by means of an arm 92
      (shown in exploded position in FIG. 6) with the magnetic pinion 83 in
      contact with the magnetic friction drive structure 81. The arm 92 and the
      magnetic friction drive structure 81 are both mounted on the sound track
      drive support slide 94 by means of a shaft 96. Referring to FIG. 6, it
      will be understood that the magnetic friction drive structure 81 is
      journalled on the end of the shaft 96 for rotation about the axis thereof.
      Similarly, it will be understood that the shaft 96 is fixedly held in the
      support slide 94 by means of set screws 95 and that the arm 92 is fixedly
      mounted on the extending end of the shaft 96 by means of set screws 93.
      The flywheel 82 and pinion 83 are provided with a common axle 97 which is
      journalled in a sleeve 98. The sleeve 98 is in turn rigidly mounted in an
      aperture in the arm 92 by means of set screws 91. Thus, it will be seen
      that the magnetic friction drive structure 81, flywheel 82 and pinion 83
      may be raised and lowered as a unit by raising and lowering the support
      slide 94 as will be more fully described in connection with FIGS. 8 and 9.
PAR  As shown in FIG. 10, the flywheel 82 is driven by an electric motor 102
      which is coupled to the flywheel 82 by means of a drive belt 103.
PAR  As also shown in FIG. 10, a solenoid 104 is mechanically coupled to the
      pickup unit 73 by means of a bowden wire or cable 105. The sheath 106 of
      the bowden cable is rigidly fixed between the housing of the solenoid 104
      and a plate 107 carried by the bracket 74 of the pickup unit 73. The
      central wire 108 of the bowden cable 105 is attached at one end to the
      plunger of the solenoid 104 and the other end of the central wire 108 of
      the bowden cable 105 extends through an enlarged aperture 109 in the
      second leg 77 of the pickup unit 73. The axis of the aperture 109 is
      parallel to the axis of the aperture 75 through which the pivot member 74
      is received. After passing through the aperture 109, the central wire 108
      of the bowden cable 105 terminates in a plug member 110 which tapers from
      a diameter smaller than aperture 109 adjacent the second leg 77 to a
      diameter larger than aperture 109. Thus, when the solenoid 104 is
      energized, it will pull on the central wire 108 of the bowden cable 105
      drawing the plug 110 into the aperture 109 and thus simultaneously raising
      the pickup unit 73 and causing it to pivot in a counterclockwise direction
      about the pivot member 74 until the set screw 111 in the second leg 77 of
      the pickup unit 73 contacts the bracket member 72 to limit such clockwise
      motion of the pickup unit 73.
PAR  Referring first to FIGS. 8 and 9, the sound track unit 20 is shown in the
      process of being inserted into the receptacle 17 in FIG. 8, and in FIG. 9
      the sound track unit 20 is shown fully inserted in the receptacle 17 with
      the sound track drive mechanism operatively engaged therewith. The
      operative elements to be described hereinafter with respect to FIGS. 8 and
      9 are mounted on the forward wall of the sound track drive module 14 as
      shown in FIG. 10. Thus, comparison of FIGS. 8 and 9 with FIG. 10 will be
      helpful although only a few of the reference numerals of FIGS. 8 and 9 are
      repeated in FIG. 10.
PAR  As shown in FIGS. 8 and 9 the drive mechanism support slide 94 comprises
      upper and lower legs mounted on a vertically extending shaft 114. The
      upper and lower ends of the shaft 114 are received in upper and lower
      flanges, respectively, of the housing for the sound track drive module 14,
      as shown. Thus, the support slide 94 is capable of movement up and down
      along the shaft 114 between the position shown in FIG. 8 when the upper
      leg of the support slide 94 is in contact with the upper flange of the
      module 14 and a position in which the upper leg of the support slide 94 is
      spaced from the upper flange of the module 14, as shown in FIG. 9. It will
      be understood, as explained hereinabove, that the magnetic friction drive
      structure 81 is carried up and down with the support slide 94, as is the
      flywheel 82 and pinion 83 carried by the arm 92 which is mounted on the
      support slide 94. Thus, when the support slide 94 is in the position shown
      in FIG. 8, the magnetic friction drive structure 81, flywheel 82 and
      pinion 83 are raised to disengage them from operative relationship with
      the sound track unit 20, and when the support slide 94 is in the position
      shown in FIG. 9 the magnetic friction drive structure 81, flywheel 82 and
      pinion 83 are in operative relationship with the sound track unit 20, as
      will be more fully described in connection with FIG. 12.
PAR  As can be seen in FIG. 10, the support slide 94 and magnetic friction drive
      structure 81, as well as the flywheel 82, pinion 83 and support arm 92 are
      all relatively massive. Thus, the weight of these elements is sufficient
      to urge the support slide 94 toward its lower position shown in FIG. 9 and
      insure effective engagement between the sound track drive mechanism and
      the sound track unit 20.
PAR  As shown in FIG. 8 the slide support member 94 is raised from its lower
      position by the engagement of the pawl 115 formed in the apex of the
      generally triangular pivot arm 116. As shown in FIG. 9 the base of the
      generally triangular pivot arm 116 extends generally vertically and the
      pivot arm 116 is mounted on a shaft 117 extending therethrough at the
      upper base angle thereof whereby the pivot arm 116 may be urged to pivot
      to the position shown in FIG. 8 by means of a coil spring 118 mounted on
      the shaft 117 with one end of the spring 118 bearing against a side flange
      of the module 14 and the other end of the coil spring 118 bearing on the
      pivot arm 116. It will be understood that the coil spring 118 must exert
      sufficient force on the pivot arm 116 to overcome the weight of the
      support slide 94 and the sound track drive mechanism mounted thereon, so
      that the support slide 94 will be maintained in the position shown in FIG.
      8 when there is no sound track unit 20 in the receptacle 17.
PAR  When a sound track unit 20 is being inserted in the receptacle 17, as shown
      in FIG. 8, it will first engage a key hook 121 carried on the lower free
      end of an elongated pivot arm 122 which pivot arm 122 is mounted for
      pivotal movement about a shaft 123 extending therethrough at the upper end
      thereof. The pivot arm 122 is urged toward the position thereof shown in
      FIG. 8 by cantilever spring 124 having one end mounted on a side flange of
      the module 14 and the other end extending into contact with the pivot arm
      122. When the sound track unit 20 is fully inserted in the receptacle 17
      the pivot arm 122 will be moved to the position shown in FIG. 9 against
      the force of the spring 124 and the posts 27 at the entrance of the
      receptacle 17 will engage the recesses 28 in the housing 23 of the sound
      track unit 20 to hold the sound track unit 20 in the receptacle 17 against
      the force of the spring 124.
PAR  As will be more fully described hereinafter, the key hook 121 enters into
      an aperture in the sound track unit to open shutters which normally seal
      the tone arm apertures 25, 26 in the housing 23 of the sound track unit
      20. Thus, the force exerted by the spring 124 not only tends to eject the
      sound track unit 20 from the receptacle 17 when the posts 27 are
      disengaged from the recesses 28, but also provides sufficient force for
      operation of the shutter mechanism of the sound track unit 20.
PAR  As shown in FIGS. 8 and 9 an elongated locking pin 125 projects from the
      pivot arm 122 toward the generally triangular pivot arm 116. The pivot arm
      116 is provided with a one-way pivot pawl 126 which is mounted on the
      pivot arm 116 by means of a shaft 119. The pivot pawl 126 is adapted to
      pivot about the shaft 119 in a clockwise direction, but is restrained from
      pivoting about the shaft 119 in a counterclockwise direction. Thus, as
      shown in FIGS. 8 and 9, the spring 118 actually bears against the pivot
      pawl 126 of the pivot arm 116, thus, urging the pivot pawl 126 to rotate
      in a counterclockwise direction against its stop, and at the same time
      urging the pivot arm 116 toward the position shown in FIG. 8.
PAR  The pivot pawl 126 is provided with a projection of sufficient length to
      engage the free end of the locking pin 125 during an intermediate portion
      of the travel of such locking pin 125 from the position thereof shown in
      FIG. 8 to the position shown in FIG. 9. Thus, as the sound track unit 20
      is inserted into the receptacle 17 pivoting the elongated pivot arm 122
      about the shaft 123 against the force of spring 124, it causes the free
      end of the locking pin 125 to move downwardly engaging the projection on
      the pivot pawl 126 of the pivot arm 116. The locking pin 125 exerts a
      force on the projection of the pivot pawl 126 tending to force it to pivot
      in a counterclockwise direction. However, since the pivot pawl 126 is
      restrained from pivoting in a counterclockwise direction, such force is
      transmitted to pivot arm 116 causing it to rotate in a counterclockwise
      direction against the force of the spring 118 to the position thereof
      shown in FIG. 9. Such rotation of the pivot arm 116 removes the pawl 115
      thereof from supporting relation with the lower side of the upper arm of
      the support slide 94, thus allowing the support slide 94 to move
      downwardly by the force of gravity to the position shown in FIG. 9.
PAR  A pivot arm 127 of inverted U-shape is mounted on a shaft 120 extending
      through the free end of one of its legs adjacent the lower base angle of
      the pivot arm 116, the pivot arm 116 being provided with a dog member 128
      at its lower base angle which extends within the inverted U-shape of the
      pivot arm 127. It will be seen that the free end of the other leg of pivot
      arm 127 extends into the receptacle 17 and that a notch 129 for receiving
      the dog member 128 of the pivot arm 116 is provided in the pivot arm 127
      adjacent such free end of the other leg member of the pivot arm 127.
PAR  Thus, when the locking pin 125 engages the pivot pawl 126 forcing the pivot
      arm 116 to rotate toward the position shown in FIG. 9, the dog member 128
      on the pivot arm 116 will tend to raise the pivot arm 127 until the dog
      member 128 enters the notch 129.
PAR  The various members are dimensioned such that the engagement between the
      locking pin 125 and pivot pawl 126 will cease when the dog member 128 has
      entered the notch 125. Thus, the pivot arm 116 will be held in the
      position shown in FIG. 9 by the engagement of the dog member 128 of the
      pivot arm 116 with the notch 129 of the pivot arm 127. In this position
      the free end 130 of the other leg of the pivot arm 127 will project only
      slightly into the receptacle 17. Continued insertion of the sound track
      unit 20 into the receptacle 17 will rotate the pivot arm 122 and locking
      pin 125 to the position shown in FIG. 9 at which point the posts 27 engage
      the recesses 28 in the housing 23 of the sound unit 20, as described
      hereinabove.
PAR  As shown in FIG. 10, the bottom wall of the receptacle 17 is provided with
      an aperture 131 large enough to receive the fingers of the operator of the
      device. To release the sound track unit 20 from the receptacle 17 the
      operator pushes upwardly thereon through the aperture 131, thus
      simultaneously disengaging the posts 27 from the notches 28 and pushing
      upwardly on the free end 130 of the leg of the pivot arm 127 which
      projects into receptacle 17.
PAR  It will be seen that the pivot arm 127 will be caused to rotate in a
      counterclockwise direction when the sound track unit 20 is pushed upwardly
      in receptacle 17. Such rotation of the pivot arm 127 will cause the
      disengagement of the dog member 128 of pivot arm 116 from the notch 129 of
      the pivot arm 127. Disengagement of the dog member 128 from the notch 129
      will allow the spring 118 to force the pivot arm 116 to rotate in a
      clockwise direction bringing the pawl 115 into engagement with the
      underside of the upper arm of the support slide member 94 thereby raising
      the support slide member to disengage the sound track drive mechanism from
      the sound track unit 20.
PAR  When the sound track drive mechanism has been disengaged from the sound
      track unit 20, the spring 124 will cause the pivot arm 122 to rotate in a
      counterclockwise direction and the key hook 121 carried at the free end of
      the pivot arm 122 will tend to eject the sound track unit 20 from the
      receptacle 17 causing the sound track unit 20 to project from the
      receptacle 17 a sufficient distance to be grasped by the hand as shown in
      FIG. 8. As the pivot arm 122 rotates in a counterclockwise direction, the
      free end of the locking pin 125 will be brought into contact with the
      lower inclined surface of the pivot pawl 126. Such engagement will rotate
      the pivot pawl 126 in a clockwise direction allowing the free end of the
      locking pin 125 to pass the pawl 126 and return to the position shown in
      FIG. 8.
PAR  In order to insure that the sound track mechanism carried by the slide
      member 94 is properly centered over the sound track unit 20 for engagement
      and disengagement thereof, the upper arm of the support slide 94 is
      provided with a pair of nylon screws 134. Such nylon screws 134 pass
      through the upper arm of the support slide 94 and into contact with the
      vertical end wall of the module 14 upon which the pivot arms 116, 122 and
      127 are mounted. Thus, by proper adjustment of the screws 134 the support
      slide 94 may be rotated about the axis of the shaft 114 and rigidly held
      in a particular radially extending position by the abutment between the
      screws 134 and the end wall of the module 14. Since the screws 134 are
      made of nylon they will offer minimum resistance to the sliding movement
      of the support slide up and down along the shaft 114 due to their contact
      with such end wall.
PAR  Referring to FIGS. 3, 4 and 5, the engagement between the sound track drive
      mechanism and the sound track unit will be more fully understood. FIGS. 3,
      4 and 5 show the structural details of the sound track unit 20 and FIG. 4
      includes a cross-sectional view of the magnetic friction drive structure
      and magnetic pinion in operative engagement with the sound track unit 20.
PAR  As shown in FIGS. 4 and 5, the apertures 21 and 22 of the sound track drive
      unit 20 are each provided with a drive cylinder 141 and 142, respectively.
      According to this embodiment of the invention, the inner surface of each
      of such drive cylinders 141 and 142 form a pair of truncated right
      circular cones having their truncated apexes joined and their bases at
      opposite ends of the cylinder. The dimensions of the internal surfaces of
      the drive cylinders 141 and 142 and the external dimensions of the drive
      cone 140 are selected to enable the drive cone 140 to enter the drive
      cylinders 141 and 142 from either end thereof and engage such internal
      surface as shown in FIG. 4. Thus, it will be seen that rotation of the
      magnetic friction drive structure 81 about the axis of the shaft 96 will
      also tend to impart rotation to the drive cylinder 141 due to the contact
      between the conical exterior surface of the driving cone 140, and the
      conical interior surface of the drive cylinder 141.
PAR  As best shown in FIG. 3, the sound track is recorded on a pair of record
      discs 80, each of which is mounted on a different one of the drive
      cylinders 141 and 142. The drive cylinders 141 and 142, each of which
      carries a disc 80, are mounted for rotation within the sound track unit
      20, as will now be described.
PAR  As best shown in FIGS. 3 and 3, the sound track unit 20 comprises a rigid
      frame 150 in the form of a hollow open-ended rectangular box. Flanged
      cover members 151 and 152, each of which is provided with apertures 21 and
      22 for receiving the driving cone 140 as well as apertures 25 and 26 for
      receiving the needle 78 of the pickup unit 73, close the open ends of the
      box formed by the frame 150 with the record discs 80 and drive cylinders
      141 and 142 sandwiched therebetween.
PAR  As best shown in FIGS. 6 and 3, the four corners of the frame 150 are
      provided with a reinforcing structure 154, each of which includes an
      eyelet 155. The eyelet 155 provides a convenient method for attaching the
      covers 151 and 152 to the frame 150 after the unit 20 has been fully
      assembled. The eyelet 155 also cooperates with the grooves 28 formed in
      the edges of the covers 151 and 152 to provide a socket for the posts 27
      of the receptacle 17 in holding the unit 20 in the receptacle 17.
PAR  As best shown in FIGS. 4 and 5, each of the drive cylinders 141 and 142 is
      provided with a flange 143 which serves both as the means of mounting a
      record 80 on such drive cylinder and as the means of mounting the drive
      cylinders 141 and 142 between the covers 151 and 152. It will be seen that
      such flange 143 is displaced slightly toward one end of the cylinders 141
      and 142. Thus, by inverting the cylinders with respect to each other, the
      records 80 mounted on the flanges 143 of the respective cylinders will be
      positioned at different levels within the unit 20 so that such records 80
      may overlap each other, as best shown in FIG. 3. The flanges 143 of the
      drive cylinders 141 and 142 may be sandwiched between ball bearings 144,
      which are in turn sandwiched between appropriate shims 145, which abut the
      adjacent inner surfaces of the cover members 151 and 152.
PAR  Also sandwiched between the covers 151 and 152 and mounted on the frame 150
      are four shutter members 161, 162, 163 and 164. A first pair of shutter
      members 161, 163 are located on opposite sides of the record disc 80
      associated with the driving cylinder 141 and a second pair of shutter
      members 162 and 164 are located on opposite sides of the record disc 80
      associated with driving cylinder 142.
PAR  It will be understood that the record discs 80 have recording grooves
      formed on both of their surfaces in bands 84-89, as described hereinabove.
      Thus, each of the shutters 161 and 163 are associated with an aperture 25
      through a different one of the cover plates 151 and 152 which provides
      access to one of the sides of the disc 80 associated with the drive
      cylinder 141. Similarly, each of the shutter members 162 and 164 are
      associated with one of the apertures 26, which provides access to one of
      the sides of the record disc 80 associated with the driving cylinder 142.
PAR  As best shown in FIG. 3, the shutters 161-164 extend across the width of
      the sound track unit 20 and are relieved at their center to accommodate
      the driving cylinders 141 and 142, ball bearings 144, and shims 145. One
      end of each shutter 161-164 is provided with a pair of down-turned flanges
      166 and 167. As best shown in FIG. 5, one of the flanges 166 is received
      over the sidewall of the frame 150 and the other end 168 of the shutter
      rests on top of the sidewall of the frame member 150. The downwardly
      extending flange 166 is compressively held against the frame member 150 by
      a spring member 169 mounted between flanges on the cover members 151 and
      152. The flanges 167 on shutter members 161 and 164 are located adjacent
      each other inside the frame member 150 and opposite an aperture 170 which
      extends through the sidewall of the frame member 150. Such aperture 170 is
      best shown in FIGS. 2, 6 and 9.
PAR  Referring specifically to FIG. 9, it will be seen that when the sound track
      unit 20 is inserted into the receptacle 17, the key hook 121 mounted on
      the end of the pivot member 122 will enter the aperture 170 through the
      sidewall of the frame 150 which is presented to it. Entry of the key hook
      121 into the aperture 170 will bring it into abutment with the flanges 167
      on either shutters 161 and 164 or 162 and 163 depending upon the
      orientation of the sound track unit 20. Due to such abutment, the two
      shutter members involved will be caused to pivot about the flange 166 in
      opposition to the spring 169, thus causing the opposite end 168 of the
      shutter members to slide along the top of the frame 150 toward opposite
      ends thereof. Such movement of the shutter members will clear the
      apertures 25 on opposite sides of the sound track unit 20 thereby
      providing access through upper one of such apertures for the needle 78 of
      the pickup unit 73 to contact the surface of one of the record discs 80.
      It will be understood that the other two apertures 26 will remain closed.
      The purpose of this arrangement is, of course, to exclude dust and dirt
      from the interior of the sound track unit 20 when it is not in use. Thus,
      the spring 169 biases the shutter members 161-164 toward their closed
      position, except when the key hook member 121 is in compressive contact
      with the flanges 167.
PAR  It should be pointed out that a strip 171 made of a fluorocarbon resin
      providing low surface friction, such as that sold under the trademark
      "TEFLON", is interposed between the overlapping portions of the record
      discs 80 in order to avoid abrasive contact therebetween when the unit is
      in operation. Similarly, "TEFLON" pads 172 are provided on the surfaces of
      the shutter members 161-164 adjacent to record discs 80. Such "TEFLON"
      pads prevent abrasive damage to the recorded surfaces on the record discs
      80 if they should be brought into contact with the shutter members 161-164
      in operation. The "TEFLON" strip 171 and the "TEFLON" pads 172 also reduce
      any frictional drag that might otherwise result from contact between the
      record discs 80 themselves or between the record discs 80 and the shutter
      members 161-164.
PAR  It should be pointed out that according to the preferred embodiment of this
      invention, the dimensions of the device 10 are selected so that two slides
      19 each including two rows of six photo-images 18 are associated with a
      sound track unit 20 capable of providing a total of about two hours of
      audio output and having dimensions approximately equal to the dimensions
      of one of such slides 19 when folded in half transversely. Thus, twenty
      four photo-images are associated with a sound track unit 20, each row of
      six photo-images being associated with a different one of the four
      possible orientations of the sound track unit, and about five minutes of
      audio output being available for each photo-image. The slides 19 may be
      folded in half and placed with the sound track unit 20 for convenient
      storage in a common container. Appropriate indicia may be provided on the
      slides 19 and sound track unit 20 to facilitate proper correlation between
      each row of photo-images and the corresponding orientation of the sound
      track unit in inserting them into the device 10.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sound track unit for audio apparatus comprising:
PA1  a. two centrally apertured circular disc-like members having sound
      recordings inscribed on the flat surfaces thereof;
PA1  b. a hollow housing enclosing both of said two disc-like members;
PA1  c. means mounting said disc-like members within said housing for rotation
      about their respective axes, said axes of said disc-like members being
      parallel to and spaced from each other with said disc-like members
      overlapping each other in planes spaced axially thereof, said mounting
      means including thrust bearings preventing movement of said disc-like
      members along said axes thereof while permitting rotation of said
      disc-like members in their respective planes as well as limited movement
      of said axes thereof toward and away from each other; and
PA1  d. means for rotating said disc-like members including a pair of hollow
      cylindrical drive members each extending through the central aperture of a
      different one of said two disc-like members and mechanically connected
      thereto in coaxial alignment therewith, the internal surface of each of
      said hollow cylindrical drive members defining a pair of truncated right
      circular cones having their truncated apexes joined and their bases at
      opposite ends of said drive members, and four apertures through said
      housing each of said apertures surrounding a different end of a different
      one of said pair of hollow cylindrical drive members throughout said
      limited movement of said axes of said disc-like members toward and away
      from each other.
NUM  2.
PAR  2. A sound track unit for audio apparatus as claimed in claim 1 wherein a
      strip of material providing low surface friction is interposed between the
      overlapping surfaces of said two disc-like members.
NUM  3.
PAR  3. A sound track unit for audio apparatus as claimed in claim 1 wherein
      pads made of a fluorocarbon resin providing low surface friction are
      mounted on interior surfaces of said housing adjacent non-overlapping
      surfaces of said two disc-like members.
NUM  4.
PAR  4. A sound track unit for audio apparatus as claimed in claim 1 wherein
      each of said pair of hollow cylindrical drive members includes a circular
      flange projecting from its exterior surface centrally thereof and said
      thrust bearings comprise ball bearing structures on opposite sides of each
      of said circular flanges.
NUM  5.
PAR  5. A sound track unit for audio apparatus as claimed in claim 1 wherein
      said hollow housing has four elongated rectilinear slots therein each
      associated with a different side of a different one of said two disc-like
      members and extending radially thereof.
NUM  6.
PAR  6. A sound track unit for audio apparatus as claimed in claim 5 wherein
      said hollow housing comprises a rigid frame in the form of a hollow
      open-ended rectangular box and a pair of flanged cover members each of
      which is provided with two of said four apertures of said means for
      rotating said disc-like members and two of said four elongated rectilinear
      apertures, said cover members closing the open ends of the hollow box
      formed by said frame with said disc-like members sandwiched therebetween.
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ABST
PAL  A lip seal for use between two relatively-rotating surfaces, and in which
      the contact pressure increases with distance from the sealing lip for
      preventing the leakage of fluid therebetween irrespective of the direction
      of relative rotation. The seal has projections on the "air" side of the
      sealing lip (that is to say, the side remote from the fluid to be sealed)
      which so engage one of the relatively-rotating surfaces as to have a
      contact area of which two opposite sides extend away from the sealing lip
      portion and diverge away from each other.
PARN
PAR  This application is a division of application Ser. No.. 164, 474, filed on
      July 20, 1971, which is a continuation of Ser. No. 831,177 filed June 6,
      1969.
BSUM
PAR  This invention relates to a seal for use between two relatively-rotating
      surfaces, for preventing the leakage of fluid therebetween. One such seal
      is a rotary shaft seal.
PAR  It is well known to provide helical grooves or threads adjacent the sealing
      lip of a rotary shaft seal in order to provide sealing of fluid under
      dynamic conditions. These have been found to operate reasonably well when
      the direction of rotation is in one direction only, but have the serious
      disadvantage of providing a leakage path for the fluid when the direction
      of rotation is reversed.
PAR  It is an object of this invention to provide a seal for use between two
      relatively-rotating surfaces which not only has a more effective sealing
      function but also has such sealing function irrespective of the direction
      of relative rotation.
PAR  The invention provides a lip seal for fluids, for use between two
      relatively-rotatable surfaces, having a surface-engageable sealing lip
      portion and projections spaced at intervals around the sealing lip portion
      on the side thereof intended, in use, to be remote from the fluid to be
      sealed, each projection being adapted to engage the surface engageable by
      the sealing lip portion with a contact area of which two opposite sides
      extend away from the lip portion and diverge away from each other so that
      each side is inclined at an acute angle to the part of the sealing lip
      portion adjacent thereto. When assembled between two relatively-rotating
      parts, the force under the projection increases as the axial distance from
      the sealing lip portion increases.
DRWD
PAR  In the accompanying drawings
PAR  FIG. 1 is a view, partly in section, of a rotary shaft seal, in accordance
      with an embodiment of the invention, mounted in sealing relationship with
      the shaft of an automobile gear box.
PAR  FIG. 2 is a perspective view of part of the rotary shaft seal shown in FIG.
      1,
PAR  FIGS. 3, 4 and 5 show the cross section of the sealing ring in radial
      planes containing the lines 3--3, 4--4 and 5--5 respectively, of FIG. 2,
PAR  FIG. 6 is a developed view of the contact area of the seal with the shaft,
PAR  FIG. 7 is a sectional view of part of another rotary shaft seal in
      accordance with an embodiment of the invention,
PAR  FIG. 8 is a sectional view of part of an axial face seal, in accordance
      with an embodiment of the invention, and
PAR  FIG. 9 is a sectional view of part of another axial face seal, in
      accordance with an embodiment of the invention.
DETD
PAR  Referring to FIGS. 1 to 5 of the drawings, the rotary shaft seal 1 is
      mounted in a housing 2 formed at one end of a gear box casing 3. A shaft 4
      projects from the gear box casing and has a suitable means 5 for
      connecting it to a device to be driven by the shaft. The shaft 4 is
      supported in the gear box casing by a bearing 6. The seal 1 seals the
      space between the shaft and that wall of the housing which is parallel to
      the axis of the shaft, so as to prevent leakage of liquid from the gear
      box to the exterior thereof.
PAR  Referring more particularly to FIGS. 2 to 5, the seal 1, which is described
      merely to show one example of a seal in accordance with the invention is
      of generally annular construction, is conveniently moulded to shape, and
      is made from any suitable sealing material such as rubber or a rubber-like
      material. It comprises a static sealing portion formed as an outer holding
      annulus 7 which is stiffened by an inserted metal ring 8, and an inner
      flexible flange 9. A garter spring 10 embraces the flange 9.
PAR  The inner flexible flange 9 has an outer end portion formed with two
      surfaces 11 and 12 each of which is inclined at an angle to the axis of
      the seal so as to meet the other and define a sealing lip 13.
PAR  As can be seen in FIG. 1, the surface 11 lies in use, adjacent to the
      liquid to be sealed. The surface 11 is, therefore, on the "oil" side of
      the seal and the surface 12 is, therefore, on the "air" side of the seal.
PAR  Surface 12 has thereon and spaced therearound a plurality of projecting
      parts which join together to form an integral projection 14 with an
      undulating side wall 15. This side wall 15 is substantially parallel to
      the axis of the seal in its free state as moulded and the distance of this
      side wall 15 from the axis of the seal varies cyclically around the
      surface 12 having its minimum distance equal to the radius of the lip 13.
      As seen in FIGS. 3, 4 and 5 the axial length of the side wall 15 varies
      from a maximum at the lip 13 to a minimum (which may be zero) at its
      points most remote from the lip 13.
PAR  When the seal is fitted in a housing and engages with a shaft, as shown in
      FIG. 1, the engagement with the shaft will be an interference fit. The
      contact area of the sealing lip portion 13 with the shaft will be thin and
      continuous, and the contact area of the projection 14 with the shaft will
      be a number of spaced-apart contact areas 15' (see FIG. 6). Each such
      contact area 15' has two opposite sides 15" which extend away from the lip
      portion and diverge away from each other. Thus each of the opposite sides
      15" is inclined at an acute angle to the part of the sealing lip portion
      which is adjacent thereto. Under static conditions, the force under the
      projection on the shaft increases as the distance from the sealing lip
      portion, at right angles thereto, increases, substantially up to the outer
      edge of the contact area.
PAR  In operation, any fluid which leaks past the lip to the air side thereof
      will be carried around by the rotating shaft. When it approaches one side
      15" of the contact area of the projection, the liquid by reason of the
      shape of the contact area, will be moved towards the seal lip, building up
      as a wedge-shaped pocket of liquid. Due to the rotation of the shaft,
      pressure will be developed in the wedge-shaped pocket of liquid. This
      pressure will overcome the contact pressure between the lip 13 and the
      part of the projection adjacent the lip 13 on the one hand, and the shaft
      4 on the other hand. However, the force under the projection increases as
      the axial distance from the lip 13 increases and thus the leakage liquid
      will undergo a dynamic pumping action and will tend to be forced back
      under the lip to the oil side thereof. The formation of the wedge-shaped
      pocket is aided by the side wall 15 which converges towards the surface of
      the shaft in the region of the side of the contact area. Any residual film
      of liquid not forced back under the lip 13, will be carried round by the
      shaft to the next wedge-shaped pocket.
PAR  This dynamic pumping effect will be obtained irrespective of the direction
      of rotation of a shaft because of the two opposite diverging sides 15" of
      the surface contact area 15' of the projection with a shaft. Furthermore,
      efficient sealing will be provided even when the shaft is stationary
      because the engagement of the sealing lip portion with the shaft is
      continous.
PAR  In use of the shaft seal just described with reference to the drawings,
      there will be a continuous circulation of liquid under the sealing lip
      portion and under a substantial part of each projection in contact with
      the shaft. This circulation of liquid will not only tend to act as a
      lubricant and prevent undue wear of the sealing lip portion and a part of
      the projection, but will also tend to act to cool the sealing lip portion
      and the projection.
PAR  The seal shown in FIGS. 1 to 6 has a lip which engages a rotating surface
      during operation, and the sealing lip is located internally of the seal.
      FIG. 7 shows a seal which rotates with a shaft 16 during operation.
PAR  The seal comprises an inner holding annulus 17 which is stiffened by an
      inserted metal ring 18 and an outer flexible flange 19. An endless spring
      20 under compression is associated with the flange 19. The outer flexible
      flange 19 has two surfaces 21 and 22, each of which are inclined at an
      angle to the axis of the seal so as to meet and define a sealing lip 23.
PAR  The surface 22 has thereon an integral projection 24, with a side wall 25,
      which is similar to the projection 14 shown in FIGS. 2 to 5, except that
      the distance of the side wall 25 from the axis of the seal is at a maximum
      at the lip 23.
PAR  The sealing lip 23 and the projection 14 are circumferentially compressed
      upon assembly within the stationary housing surface 26.
PAR  The operation of the seal is the same as that described with reference to
      FIGS. 1 to 6.
PAR  In FIG. 8 there is shown an axial face seal in accordance with an
      embodiment of the invention.
PAR  This axial face seal 27 of FIG. 8 has a holding annulus 28 which fits on a
      rotatable shaft 29, and a flexible flange 30. The annulus 28 is stiffened
      by two cup-shaped washer-like pressings 31, 32 between which is held a
      spring member 33. The cup-shaped pressing 31 is an interference fit on the
      annulus 28 and the cup-shaped pressing 32 is an interferencee fit on the
      spring member 33. The spring member 33 urges the flange 30 against a
      static surface 34 of a housing.
PAR  The outer end portion of the flexible flange 30 has two surfaces 35 and 36
      which are inclined at an angle to each other and meet to form a sealing
      lip 37. The surface 36 has an integral projection 38 which is similar to
      the projections 14 and 24 of the two previously-described embodiments.
      Thus, when the sealing ring is in its free state as moulded, the
      generating surface of each projection is substantially parallel to the
      static surface 34 and transverse to the central axis of the shaft.
PAR  FIG. 9 shows an axial face seal in accordance with another embodiment of
      the invention. This axial face seal 39 has a holding annulus 40 which fits
      on the surface 41 of a stationary housing 42. The annulus 40 is stiffened
      by two cup-shaped washer-like pressings 43, 44, between which is held a
      spring member 45. The cup-shaped pressing 43 is an interference fit on the
      surface 41 and the cup-shaped pressing 44 is an interference fit on the
      spring member 45. The spring-member 45 urges the flange 46 against a
      surface of a rotatable member 47.
PAR  The outer end portion of the flexible flange 46 has two surfaces 48 and 49
      which are inclined at an angle to each other and meet to form a sealing
      lip 50. The surface 48 has an integral projection 51 which is similar to
      the projections 14, 24 and 38 of the three previously-described
      embodiments and which is arranged to provide a contact area in a manner
      similar to that previously described.
PAR  In the embodiments of the invention described with reference to the
      drawings, each contact area 15 is formed by simple continuous projection
      on the inclined surface 12. Such a continuous projection is not essential.
      A number of spaced-apart discrete projections, each providing one or more
      contact areas, similar to a contact area 15, could be formed integrally on
      the inclined surface which in use of the seal is remote from the fluid to
      be sealed.
PAR  Lip seals for fluids in accordance with this invention may readily be
      designed to give an optimum or required pumping action by suitable choice
      of the length (in a direction at right angles to the sealing lip portion)
      of the contact surface of the projection with a shaft or other member
      and/or by suitable choice of the wedge angles.
PAR  With a lip seal for fluids in accordance with this invention intended for
      use as a shaft seal a greater degree of lack of concentricity between the
      shaft axis and the housing axis can be tolerated than heretofor.
PAR  A seal in accordance with the invention can be split into two or more parts
      which abut against each other to form the seal.
CLMS
STM  I claim:
NUM  1.
PAR  1. A seal for retaining liquid between two relatively rotatable members of
      which one member carries the seal and the other member has a cylindrical
      surface engaged by the seal, comprising a sealing ring having a static
      sealing portion carried by said one member and spaced from the said
      surface of the said other member, a flexible flange extending from the
      static sealing portion, generally in the direction in which the said
      surface of said other member extends and towards the liquid to be sealed,
      to an outer end portion of the sealing ring, two mutually-inclined
      surfaces on said outer end portion defining a circular sealing lip, and a
      plurality of circumferentiallyspaced projections raised on that inclined
      surface which is the closer of the two inclined surfaces to the static
      sealing portion and which is remote from the liquid, each projection
      having a surface which is generated by movement, about the central axis of
      the ring, of a line which, when the seal is carried by the first said
      member and is in its free state prior to assembly of the said other
      member, is substantially parallel to the operative direction of the said
      surface of said other member and which, at one position, is contiguous
      with the sealing lip and which, on opposite sides of said one position,
      recedes from the sealing lip in a direction toward said static sealing
      portion so that when said seal is in said free state said surface of said
      projection lies entirely at the same radial distance as the sealing lip or
      on the same side of said sealing lip as said static sealing portion, said
      surface of said projection having a substantial width at said one
      position, the sealing lip and the portion of the said surface of each
      projection which is contiguous with the sealing lip engaging the said
      surface of the said other member with an interference fit, whereby upon
      assembly of the sealing ring between said members, the flange is deflected
      from its free state, about the static sealing portion, the part of the
      surface of each projection in the vicinity of that part which is
      contiguous with the lip consequently engaging the said surface of the said
      other member over an area having opposite sides which extend away from the
      sealing lip and which diverge away from each other and with a pressure
      which increases as the distance from the sealing lip in a direction at
      right angles to the plane of the sealing lip increases.
NUM  2.
PAR  2. A seal according to claim 1, wherein the said surface of each projection
      at the side of said one position not only recedes from the sealing lip but
      merges circumferentially into the corresponding surface of the adjacent
      projection.
NUM  3.
PAR  3. A seal according to claim 1, wherein the said surface of each projection
      is convex in a direction radially inwardly of said sealing lip adjacent
      and on both sides of one position.
NUM  4.
PAR  4. A seal as claimed in claim 1, in which said sealing lip is on the
      radially innermost part of the seal.
NUM  5.
PAR  5. A seal as claimed in claim 1, in which said sealing lip is on the
      radially outermost part of the seal.
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ABST
PAL  A sealed joint between two members. The joint utilizes a gasket that
      includes a rigid plate having a generally U shaped corrugation therein
      that forms a recess in one face of the plate and a raised rib on the other
      face. The face having the raised rib has a layer of elastomeric material
      thereon on opposite sides of the rib for sealing engagement with one of
      the members. Elastomeric material is also contained within the recess for
      sealing engagement with the other member. One of the members may have a
      recess for receiving the gasket and the depth of the recess may be greater
      than the axial thickness of the rigid plate at the corrugation whereby the
      members do not impose axial compression on the corrugation when the joint
      is tight. In another form of the invention, the rigid plate may have
      another corrugation spaced from the first corrugation and of slightly
      greater axial length. This gasket may be used between two members, neither
      of which has a recess, and wherein the second corrugation is engaged by
      the members to limit the amount that the members may be brought toward
      each other and thus prevent the members from imposing axial compression on
      the first corrugation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a joint between two members and to a gasket for
      sealing such joint in which the gasket includes a part of relatively rigid
      material and other parts of elastomeric or other relatively deformable
      material. Typical gaskets of this general type, and joints utilizing the
      same, are disclosed, for example, in U.S. Pat. No. 2,717,793 of Nenzell
      issued Sept. 13, 1955; U.S. Pat. No. 3,664,676 of Peterson issued May 23,
      1972; and U.S. Pat. No. 3,721,452 of Black issued Mar. 20, 1973.
      Typically, the rigid material of the gasket is utilized for supporting the
      elastomeric material and for being engaged by the members being sealed so
      as to limit the compression that may be placed upon the elastomeric
      portion of the seal by the members. It is also desirable that the
      elastomeric material be backed up by either the rigid portion of the
      gasket or by portions of the members so as to prevent extrusion of the
      elastomeric material from the joint when subjected to high fluid pressure.
      This frequently involves crushing of the rigid portion of the gasket so as
      to render reuse doubtful or impossible. In other instances, it requires
      special gasket configurations that are difficult and expensive to
      manufacture.
PAR  In many cases, it is desirable to have a gasket of special configuration
      for sealing more than one fluid passage in the members to be sealed, as
      for example in U.S. Pat. No. 3,664,676 wherein a single gasket assembly
      seals a number of fluid passages between the cylinder block and cylinder
      head of an internal combustion engine. In such cases it is desirable to
      use a single plate of rigid material for supporting a number of
      elastomeric sealing elements for sealing the various fluid passages.
      However, in this patent the rigid plate for supporting the elastomeric
      gaskets does not provide backup support for the elastomeric material and
      there are separate backup members provided to cooperate with separate
      elastomeric sealing members at each fluid passage.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is adaptable for joints between opposed flat
      unrecessed faces between two members, as in U.S. Pat. No. 2,717,793, as
      well as for sealing between members in which one has a recess for
      receiving the gasket, as disclosed for example in U.S. Pat. No. 3,664,676.
      In either case, the gasket comprises a part of relatively rigid material,
      such as metal or plastic, and a part of relatively readily deformable
      material such as rubber or other elastomeric material.
PAR  The rigid material is in the form of a thin plate having one or more
      openings therethrough corresponding to openings in the members. When only
      one opening, such as the passage between a pair of pipe flanges, is to be
      sealed from the exterior, the rigid gasket portion has a generally U
      shaped corrugation surrounding the opening. The corrugation forms a recess
      in one face of the rigid part and a raised rib on the other face. The
      corrugation is spaced from the inner and outer marginal edges of the rigid
      part. The recess contains elastomeric material that initially projects
      from the recess for making sealing contact with one of the flanges. The
      faces of the rigid portion adjacent the inner and outer sides of the rib
      are covered with a layer of elastomeric material. The layer on either one
      or both sides of the rib has a raised bead which may be deformed into
      sealing contact with the other flange. The rib provides a backup for the
      bead to prevent extrusion of the latter by fluid pressure from the joint
      and the layers on each side of the rib otherwise eliminate gaps in the
      joint and permit tightening of the latter with reduced or no crushing
      force on the rib.
PAR  In an alternate arrangement the rigid portion may have another corrugation
      that forms a rib higher than the rib on the first corrugation so as to
      contact the flanges and limit the amount that they may be brought together
      whereby to prevent contact of the first corrugation with both flanges and
      thus prevent crushing of the first corrugation by the flanges.
PAR  In joints where one of the members to be sealed has a recess for receiving
      the gasket, the corrugation can be slightly shallower than the depth of
      the recess so that when the parts to be sealed come together at faces
      surrounding the recess the members do not engage both ends of the
      corrugation in a manner to axially load and crush the corrugation.
PAR  For applications in which there are two or more openings in members to be
      sealed from each other, the corrugation may be formed between the two
      openings for backing up a portion of the elastomeric material against
      extrusion from the one opening to the other.
PAR  The invention also has particular usefulness in applications where a main
      gasket portion has one or more auxillary gasket portions attached thereto
      and the gasket serves to seal between such portions as well as within such
      portions. In such case, the rigid part of the gasket may have a bridging
      section for connecting the two portions and the bridging section has a
      corrugation for backin up elastomeric material that seals between the two
      portions.
PAR  The invention also contemplates forming elastomeric beads at the inner and
      outer margins of the rigid portion and along the corrugations for
      facilitating sealing at these locations.
DRWD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 is a side view of a pipe flange joint in which the invention may be
      utilized.
PAR  FIG. 2 is a fragmentary cross section view along the lines 2--2 of FIG. 1
      showing the parts in untightening condition.
PAR  FIG. 3 is a view like FIG. 2 showing the parts in tightened condition.
PAR  FIG. 4 is a fragmentary top view of the gasket of FIG. 1.
PAR  FIG. 5 is a view like FIG. 2 of a modified form of the invention.
PAR  FIG. 6 is a view like FIG. 5 but in the tightened condition.
PAR  FIG. 7 is a fragmentary top view of a special purpose gasket and one of the
      members to be sealed.
PAR  FIG. 8 is a section view along the lines 8--8 of FIG. 7.
PAR  FIG. 9 is a cross section view along the lines 9--9 of FIG. 7 but including
      both members to be sealed.
PAR  FIG. 10 is a cross section view on lines 10--10 of FIGS. 7 and 8.
DETD
PAR  The flanged pipe joint of FIG. 1 includes pipes 10 and 11 with flanges 12
      and 13 welded thereon respectively and with a gasket 15 in accordance with
      the present invention therebetween. Bolts 16 connect the flanges in the
      customary manner.
PAR  As shown in FIG. 2, gasket 15 comprises a thin metal plate 18 of annular
      form with an inside diameter at 19 and an outside diameter at 20 and it
      has a circular corrugation 21 of generally U cross section configuration
      with a recess 22 in lower face 23 and a raised rib 24 on upper face 25.
PAR  Bonded to the upper face 25 of the metal plate 18 is a thin sheet or layer
      28 of elastomeric material inwardly of rib 24 and another sheet or layer
      of elastomeric material 29 radially outwardly of rib 21.
PAR  Layer 28 has a circular bead 31 projecting therefrom closely adjacent rib
      24. The top faces of layers 28, 29 are substantially flush with the top
      surface of rib 24, or they may project a few thousandths of an inch
      thereabove.
PAR  Recess 22 is substantially filled by elastomeric material forming a packing
      ring 33 that is substantially flush with lower surface 23 of the metal
      plate except for a circular bead 34 that initially projects outwardly
      beyond face 23. The metal plate 18 and the outer sheet 29 have a series of
      aligned openings therethrough for receiving bolts 16.
PAR  When bolts 16 are tightened, the flanges 12, 13 are brought together and
      deform ribs 31 and 34 so that flange 12 is in contact with the upper faces
      of sheets 28, 29 and of corrugation 21 and flange 13 will be in contact
      with the lower face of metal plate 18 and gasket 33, as shown in FIG. 3.
      Because of the forced deformation of bead 31, the deformed bead will be in
      much tighter contact with flange 12 than will be the remaining portion of
      the upper faces of elastomeric sheets 28, 29. Under high fluid pressure
      within the pipes, fluid may force its way between the upper face of sheet
      28 and flange 12 but will not force its way past the deformed bead portion
      31. However, it will exert a radially outward force on this deformed bead
      portion but the latter is supported by the adjacent metal rib 24 against
      radially outward deflection or extrusion that might otherwise result in
      leakage.
PAR  Likewise, bead 34 as deformed in FIG. 3 has high pressure contact with
      flange 13 and is supported against outward deflection or extrusion by the
      radially outward wall of recess 22. Further tightening of bolts 16 tends
      to crush the gasket but a substantial portion of the force from the bolts
      is transmitted to elastomeric sheets 28, 29 and packing 33 as well as the
      axially opposite portions of metal plate 18. Because elastomeric
      materials, such as synthetic rubber, are relatively incompressible, and
      because of the relatively large area presented by elastomeric sheets 28,
      29 and packing 33 to the flanges, there is substantial resistance to
      thinning out of the elastomeric portions and thus there is little or no
      force from the bolts that is exerted upon corrugation 21 in a manner
      tending to crush or reduce the height of the corrugation. Thus, the gasket
      is not damaged by assembly force in normal use and the joint may be opened
      and closed many times without replacing the gasket.
PAR  In the modification shown in FIG. 5, gasket 40 comprises a metal plate 41
      having a first radially inward circular corrugation 42 therein and a
      second circular radially outward corrugation 43 that is slightly greater
      in axial direction, as for example 0.005 inch, and which has an opening
      therethrough for receiving a bolt 16.
PAR  Gasket 40 has a packing ring 45 within the recessed portion of corrugation
      42 and there are inner and outer elastomeric sheets 46, 47 of elastomeric
      material on radially opposite sides of corrugation 42 and another
      elastomeric sheet 48 outwardly of corrugation 43. There is also an
      elastomeric sheet 51 within corrugation 43.
PAR  The thickness of sheets 46, 47 and 48 are such that their upper surfaces
      are slightly above the upper surface of corrugation 42 but substantially
      flush with the upper surface of corrugation 43. Packing 45 and sheet 51
      have their lower faces substantially flush with the lower face of plate
      41.
PAR  Packing 45 has a bead 44 initially projecting therefrom and may have small
      recesses 53, 54 on each side of bead 44 that are inwardly of the lower
      face of plate 41. Likewise, there may be similar recesses 53, 54 on
      opposite sides of beads 49, 50.
PAR  When the joint of FIG. 5 is tightened, as shown in FIG. 6, beads 44, 49 and
      50 are deformed to substantially fill the respective adjacent grooves 53,
      54 and make tight sealing contact with the respective flange 12' or 13'.
      The flanges will also directly engage the lower face of metal plate 41 and
      the upper face of corrugation 43 for strongly resisting further tightening
      movement of the flanges. At this time the upper surface of corrugation 42
      is slightly spaced from flange 12' so that it is free of axial compression
      tending to crush the same. This axial spacing may be on the order of 0.005
      inch and is not sufficient for permitting extrusion of bead 49, or other
      portions of sheet 46, therethrough when the joint is subjected to high
      internal fluid pressure.
PAR  Bead 50 is provided in the event the installation is such that high
      external fluid pressure may be applied to the joint so that no fluid will
      leak from the outside to the inside. Alternatively, the installation may
      be such that the inside of the flanged pipes may be alternatively
      subjected to pressure and vacuum, in which case bead 49 seals against the
      pressure condition and bead 50 seals against the vacuum condition.
      Obviously, bead 49 may be omitted, if the joint is subjected only to
      vacuum and bead 50 may be omitted if the joint is subjected only to
      pressure.
PAR  The invention has further advantages in connection with special purpose
      gaskets, such as a gasket to be utilized between cylinder blocks and
      cylinder heads of internal combustion engines of either reciprocating or
      rotating piston types. A portion of a gasket 60 for use in a rotary engine
      is illustrated in FIGS. 7, 8 and 9. In this case, the rotary engine may
      have a block 61 having a plurality of fluid passages 62, 63, 64 and 65
      therein and which intersect the bottom wall 67 of a counterbore or recess
      in the block that has a side wall 68 which in turn is surrounded by a flat
      clamping face 69. Overlying the recess is a head 72 having a flat face 73
      that is intersected by openings 62', 63', 64' and 65' that are aligned
      with respective openings of the block 61.
PAR  Gasket 60 has a main portion 75 that encircles openings 65, 65' and it has
      an appendage 76 that encircles openings 62, 62' and which is connected to
      main portion 75 by a bridging or connecting portion 77.
PAR  In this instance, gasket 60 comprises a metal plate 80 having openings 162,
      163, 164 and 165 therethrough corresponding to and aligned with block
      opening 62, 63, 64 and 65. Bridging portion 77 has a corrugation 82
      therein that extends thereupon across between main gasket portion 75 and
      appendage 76. Bonded within recessed portion of corrugation 82 is a
      packing 83 of elastomeric material which has a bead 84 projecting from
      such recess.
PAR  Bonded to the upper surface of metal plate 80 on the main portion 75 of the
      seal on one side of corrugation 82 is a thin sheet 85 of elastomeric
      material and there is another sheet of elastomeric material 88 bonded to
      the upper face of appendage portion 76. These sheets have openings
      corresponding to and aligned with openings 162, 163, 164 and 165 of metal
      plate 80.
PAR  Elastomeric sheet 85 at its inner margin has a bead 90 that projects
      upwardly from the upper face of sheet 85 and also downwardly beyond the
      lower face of metal plate 80. There is a similar bead 91 along the outside
      edge of sheet 88 at the appendage portion 76 and which continues across
      bridging portion 77 and the outer margin of main gasket portion 75. Sheet
      85 also has a raised bead 92 extending across bridging portion 77 closely
      adjacent and paralllel to corrugation 82. As shown in FIG. 7, bead 92 is
      the same axial height as the upwardly projecting portions of beads 91 and
      90 and merges with bead 91. Likewise, bead 84 projects downwardly from
      plate 80 the same distance as beads 90 and 91 and likewise merges with
      bead 91.
PAR  Main portion 75 of gasket 60 may have one or more additional openings 102
      and 103 that are in register with similar openings in block 61 and cover
      72 that need not necessarily be sealed from openings 62, 62' and 162 but
      which should be sealed from another opening 101 in the gasket which is
      aligned with and corresponds to similar openings, not shown, in block 61
      and head 72. In such case, there are no sealing beads or corrugations
      formed in the gasket between gasket openings 102, 164 and 103 but there is
      a corrugation 105 extending across the metal plate between the openings
      101 and 102. The recess in the corrugation is filled by a packing 106
      having a bead 107 extending therefrom and whose ends merge with beads 91
      and 90. Likewise, sheet 85 has a raised bead 108 closely adjacent
      corrugation 105 which extends between and merges with beads 90 and 91.
      Sheet 85 is thus interrupted at corrugation 105 but is joined to a similar
      sheet 110 on the other side of corrugation 105 and to which it is joined
      by beads 91 and 90 which are continuous. Thus, corrugation 105
      acccommodates packing 106 for sealing between openings 102 and 101 on the
      lower side of metal plate 80 and also serves as a backup for bead 108 on
      sheet 85 that seals these two openings at the upper side of plate 80. In
      this case, pressure in opening 102 would be higher than in opening 101. If
      the reverse were true, bead 108 would be placed on the other side of
      corrugation 105. Likewise, if the pressure in opening 102 could
      alternately be higher and lower than that in opening 101, there could be
      another bead corresponding to 108 on the other side of corrugation 105.
PAR  When bolts 112 are tightened to bring head 72 into tight contact with block
      61, beads 90, 91, 84, 92, 89, 106 and 108 are deformed to establish a seal
      with the respective portions of the head and block. Corrugations 82 and
      105 initially may either have a height such that their top surfaces will
      be flush with surface 69 and in light contact with head 72 when the joint
      is fully tightened and the bottom face of metal face 80 engages the bottom
      wall 67 of the block recess, or the corrugations can be slightly shorter
      than the depth of the block recess so that the upper portion of these
      corrugations will be spaced a few thousandths of an inch from head 72 when
      the joint is tight.
PAR  Plates 18, 41 and 80 may be of any suitable metal but they may also be of
      rigid plastic, such as phenolic, melamine, nylon, teflon, glass filled
      materials, or the like.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gasket comprising a thin plate of rigid material having an opening
      therethrough and having radially spaced first and second edges and upper
      and lower faces, a generally U shaped corrugation in said plate between
      said edges and forming a recess in one face and a raised rib on the other
      face, said corrugation extending continuously about said opening, a sheet
      of elastomeric material on said other face on each side of said rib and
      having exposed flat faces, said sheet on one side of said raised rib
      having a bead projecting above said flat face thereon to a height above
      said other face greater than the height of said raised rib from said other
      face and an elastomeric sealing element in said recess and projecting
      therefrom.
NUM  2.
PAR  2. The gasket of claim 1 in which the thickness of said sheets other than
      at said bead is substantially the same as the height of said rib.
NUM  3.
PAR  3. The gasket of claim 1 in which each of said sheets extends from a
      respective side of said rib to a respective one of said edges.
NUM  4.
PAR  4. The gasket of claim 1 in which said sheet on the other side of said rib
      also has a raised bead projecting above said rib.
NUM  5.
PAR  5. The gasket of claim 1 in which said elastomeric material at one of said
      edges has a raised bead extending therealong.
NUM  6.
PAR  6. The gasket of claim 1 in which said plate has another generally U shaped
      corrugation therein radially spaced from and of greater height than said
      first mentioned corrugation but of less height than said bead.
NUM  7.
PAR  7. A gasket comprising a thin plate of rigid material having a central
      opening that forms an inner margin on said plate, said plate having an
      outer margin spaced radially outwardly of said inner margin, said plate
      having a series of other openings between said margins and spaced from
      each other circumferentially about said central opening, said plate having
      a generally U shaped corrugation between two of said other openings and
      extending in a transverse direction relative to said inner and outer
      margins, said corrugation forming a recess in one face of the plate and a
      first raised rib on the other face, a deformable packing in said recess,
      elastomeric material on said other face on each side of said rib, said
      material having projecting therefrom inner and outer beads that
      respectively extend along radially inner and outer sides of said two other
      openings, a first raised cross bead on said material on one side of said
      rib and located between said two other openings and connected to said
      inner and outer beads.
NUM  8.
PAR  8. The gasket of claim 7 in which said plate has another opening radially
      outwardly of one of said other openings, said outer bead extends about
      said another opening, another generally U shaped corrugation in said plate
      between said another opening and said one of said other openings and
      forming a second raised rib on said other face, and there is a second
      raised cross bead on said material between said another opening and said
      one of said other openings and connected at its ends to said outer bead.
NUM  9.
PAR  9. The gasket of claim 8 in which said first and second cross beads are
      closely adjacent and generally parallel to the respective one of said
      first and second raised ribs.
NUM  10.
PAR  10. A sealed assembly comprising a first member having a opening therein,
      said opening being surrounded by a recess in said first member, said
      recess having a bottom wall surface and a side wall, said member having a
      first face radially outwardly of said side wall, a second member having a
      second surface overlying said first face and said bottom wall surface, a
      gasket within said recess, said gasket comprising a plate of rigid
      material that has a generally U shaped corrugation therein that surrounds
      said opening and is axially between said surfaces, said corrugation
      forming a recess in one face of the plate and a raised rib on the other
      face, a deformable packing in said recess and in sealing engagement with
      one of said surfaces, a first sheet of elastomeric material on said other
      face on one side of said rib, a second sheet of elastomeric material on
      said other face on the the other side of said rib, said sheets being of a
      thickness substantially the same as the height of said raised rib above
      said other face, one of said sheets having a first bead projecting axially
      therefrom, and said second surfaces having sealed engagement with said
      bead.
NUM  11.
PAR  11. The joint of claim 10 in which said first bead is radially inward of
      said rib and the other of said sheets initially includes a second raised
      bead surrounding said rib and which also has sealed engagement with said
      second surface.
NUM  12.
PAR  12. The joint of claim 10 in which said second surface is engageable with
      said first face and when said second surface and said first face are so
      engaged, the axial distance from said one face of the plate to the top of
      said rib is slightly less than the axial distance between said surfaces
      whereby said plate will remain out of contact with one or the other of
      said surfaces when said second surface engages said first face.
NUM  13.
PAR  13. A sealed joint comprising a first member having a central opening
      therein and other openings spaced radially outward of the central opening,
      a second member overlying the first member, one of the members having a
      recess therein surrounding all of said openings, said recess having a
      bottom wall and a side wall, said members having opposed engageable faces
      surrounding said recess, said second member having a transverse face
      overlying said recess bottom wall, a gasket within said recess, said
      gasket including a plate of rigid material that has therein a central
      opening and other openings that are respectively aligned with said central
      and other openings of said first member, a generally U shaped corrugation
      in said plate between two of said other openings in said plate, said
      corrugation forming a recess in one face of the plate and a raised rib on
      the other face of the plate, a layer of readily deformable material on
      said other face of the plate, said layer including a raised inner bead
      extending along the inner margin of said plate at said central opening of
      said plate and a raised outer bead along the radially outward margin of
      said plate, said deformable material also including a raised bead
      connecting said inner and outer bead adjacent said corrugation, a
      deformable packing in said recess in sealing engagement with one of said
      members and said inner and outer beads being in sealed engagement with
      said members and said connecting bead being in sealed engagement with the
      other said members.
NUM  14.
PAR  14. The joint of claim 13 in which the greatest axial dimension of said
      plate is less than the axial distance between said bottom wall and an
      opposed face of the other of said members when said engageable faces of
      said member are in contact with each other.
NUM  15.
PAR  15. The joint of claim 14 in which said connecting bead is on one side of
      said rib and said layer includes another raised bead on the other side of
      said rib and in sealing engagement with said other member.
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ABST
PAL  A device for producing a seal between movable and/or stationary parts, such
      as a piston and a cylinder particularly under conditions of high fluid
      pressures, comprises a sealing ring having an O-ring configuration and
      fabricated of a material such as rubber. A support ring is disposed on at
      least one side of the sealing ring in coaxial relation thereto, the
      support ring being fabricated of a thermoplastic polymer material having a
      hardness greater than the sealing ring and being formed with a concavely
      curved contact surface facing and engaging the sealing ring. A guide ring
      having an L-shaped cross section is disposed outside of the support ring
      relative to the sealing ring in coaxial relation to the sealing and
      support rings, and consists of a polymer material having a hardness
      greater than the thermoplastic polymer of the support ring. The guide ring
      includes a side surface in planar engagement with a planar contact surface
      formed on the support ring on the side thereof opposite to the concavely
      curved contact surface, the engaged planar surfaces having substantially
      the same dimensions in a radial direction, and the said guide ring also
      defines a peripheral sliding surface extending substantially perpendicular
      to its said side surface and having an axial dimension greater than the
      axial dimension of the support ring. The sealing ring, support ring, and
      guide ring are mutually displaceable relative to one another and have no
      mutual interconnections therebetween.
BSUM
PAR  This invention relates to a device for sealing between preferably movable
      parts, for example between a piston and a cylinder, and particularly when
      high pressures can be involved, the sealing device comprising a sealing
      ring, for example of O-ring type, and associated support and guide rings,
      which different types of rings are made of materials with different
      hardness.
PAR  A great variety of sealing devices comprising to that type of sealings
      which can be related to sealing rings are already known. All of them have
      in common the object of preventing to the greatest possible extent any
      leakage between two or more parts which are stationary or movable relative
      each other, in order to establish seal between a part to which no pressure
      is applied and a part to which pressure is applied. The most widely used
      type of these known sealing rings is the so-called O-ring, which is
      intended to be placed in position, for example in a piston, to seal
      against the surface of the associated surrounding cylinder. This type of
      sealing can advantageously be utilized at pressures up to 100 kp/ cm.sup.2
      or somewhat higher. At pressures above said pressure the O-ring cannot be
      utilized separately because of the yielding risk, but the ring must be
      used in combination with a support ring disposed on one and/or the other
      side. The support ring normally consists of rubber or another polymer
      material, and its object is to prevent the O-ring from flowing out into
      the gap between, for example, a piston and an associated cylinder. As
      regards an example of such a sealing device, reference is made to the
      Swedish Pat. No. 221,178.
PAR  A sealing device of the aforesaid kind, however, shows certain
      disadvantages, e.g. it cannot take up any lateral forces. This
      disadvantage, however, has been eliminated by combining this type of said
      with one or more guide rings of acetal resin or polytetrafluoroethylene
      disposed in separate grooves in spaced relationship to the sealing ring
      accordingly proper. The guide ring or rings act as sliding bearings. In a
      further development, the support rings are vulcanized on the sealing ring
      and consist usually of fabric, while the guide rings are intended to be
      placed into the same groove or position as the sealing ring and the
      supporting rings vulcanized thereon.
PAR  All of the aforementioned and known sealing rings and so-called compact
      sealings, however, to which the last mentioned sealing device can be
      related, show certain disadvantages, which together limit the service life
      of the known sealing devices and also bring about relatively great
      friction losses.
PAR  The object of the present invention is to produce a device for sealing
      between two parts, stationary or movable relative each other, which has a
      substantially longer service life and substantially smaller friction
      losses than conventional sealing devices of the aforesaid types.
PAR  By employing the present invention it is possible to obtain a sealing
      device of incomparably longer service life and with less damages on the
      parts, between which the sealing devices is intended to seal, than all
      heretofore known sealings and combinations of sealing members. Comparative
      tests with reciprocatory movement at a pressure of 250 bar have proved in
      a clear and highly surprising manner, that the sealing device according to
      the invention has a service life exceeding that of known corresponding
      sealings four to five times, and that it has substantially smaller
      friction losses than said known sealings.
DRWD
PAR  The invention is described in greater detail in the following, with
      reference to the accompanying drawing, which shows an embodiment of the
      invention selected only to serve as an example.
DETD
PAR  In the drawing, 1 designates a sealing ring, which consists of rubber,
      preferably nitrile rubber, possibly with flock reinforcement, having a
      round, oval, elliptic or polygon cross-section. This sealing ring, shown
      in the form of an O-ring, is disposed loosely between two support rings 2,
      which have an inwardly curved or smooth surface towards the sealing ring
      and consist of a material having a higher hardness than the sealing ring,
      for example a polymer material of the thermoplastic polyester type.
      Outside of the support rings 2 guide rings 3 are disposed which, as the
      support rings 2 and sealing ring 1, are arranged loosely in relation to
      the respective ring disposed inside thereof. The guide rings 3 consist of
      a material having a higher hardness than the support rings 2 located
      inside thereof, preferably acetal resin or polytetrafluorolthy. Said guide
      rings 3, as shown in the drawing, should have a radial extension
      substantially in agreement with the radial extension of the support rings
      2, while the sealing ring in a manner known per se is given a certain
      excess dimension for the initial sealing pressure. It was found suitable
      in this conjunction to give the sealing ring a cross-sectional area which
      in relation to the inner diameter is greater than it is apparent from SMS
      1586. The guide rings 3, furthermore, as also appears from the drawing,
      may be given an L-shape, with one leg lowered into a groove or the like,
      so that its surface serving as a sliding surface lies on the same level as
      or slightly above the surface of that part, at which the device according
      to the invention is intended to be placed. The advantage achieved by the
      present invention, as already mentioned before, is that the device has a
      service life substantially exceeding that of known sealings of a
      corresponding type and causes substantially smaller friction losses than
      said sealings. Furthermore, by disposing the rings comprised in the device
      according to the invention loosely in relation to each other, there will
      be no detaching forces, i.e. no internal stresses in the sealing device
      proper will occur.
PAR  The present invention is not restricted to the embodiment described above
      and shown in the drawing, but can be modified and altered in many
      different ways within the scope of the claims. The sealing ring comprised
      in the device, for example, may be unsplit and the other ring types may be
      split, whereby the further advantage is obtained that the device according
      to the invention can be applied to an undivided piston without requiring
      the sealing ring to be split which, however, is the case in the heretofore
      most widely used compact seal. The device according to the invention,
      further, may comprise a sealing ring associated with only one support ring
      and a guide ring, the two latter rings being disposed on the same side of
      the sealing ring.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for producing a seal between movable and/or stationary parts
      which are subjected to high fluid pressures, said device comprising a
      sealing ring in the form of an O-ring, a pair of separate spaced support
      rings disposed on opposite sides of said sealing ring respectively in
      coaxial relation thereto, each said support ring consisting of a
      thermoplastic polymer material having a hardness greater than that of the
      material of the sealing ring, said support rings being formed with
      concavely curved contact surfaces respectively disposed towards and
      conforming to opposite sides of said sealing ring and each loosely
      engaging one side of said sealing ring, each said support ring having a
      second contact surface disposed essentially parallel to a radial plane
      through the device, and a pair of spaced guide rings coaxial with said
      sealing and support rings, each said guide ring being disposed outside of
      an associated one of said support rings relative to said sealing ring and
      consisting of a polymer material having a hardness greater than that of
      the thermoplastic polymer of the said associated support ring, each of
      said guide rings having a pair of side surfaces which are essentially
      plane-parallel to one another and to said radial plane, one of said side
      surfaces substantially fully engaging said second contact surface of said
      associated support ring and having essentially the same radial extension
      as said second contact surface, and each said guide ring also having a
      peripherally arranged sliding surface extending essentially perpendicular
      to both of its said side surfaces and having a larger axial extension than
      that of said associated support ring, said sealing ring, support rings,
      and guide rings being arranged adjacent to one another in axially and
      radially mutually displaceable relation to one another and without
      interconnection therebetween.
NUM  2.
PAR  2. The device according to claim 1 wherein each guide ring is L-shaped in
      cross section.
NUM  3.
PAR  3. The device of claim 1 wherein said sealing ring is fabricated of a
      material such as nitrile rubber, each support ring is fabricated of a
      thermoplastic polyester, and each guide ring is fabricated of a material
      such as acetal resin, polytetrafluoroethylene, or the like.
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ABST
PAL  A snow ski having a plastic foam core formed in situ between preformed top
      and bottom subassemblies.
BSUM
PAR  This invention relates to an aluminum and plastic sandwich ski structure
      and the method of making the same.
PAR  It is an object of this invention to provide a low cost ski and method of
      making the same which is adaptable to a high degree of automation.
PAR  Briefly, in the invention the core of the ski is formed in situ between
      preformed top and bottom ski subassemblies. In the preferred form of the
      invention the core is a rigid plastic foam material. The top and bottom
      subassemblies are positioned in a mold and retained spaced from each other
      to the desired core thickness by an intervening corrugated paper member or
      the like while liquid plastic foam material previously positioned in the
      mold between the two preformed subassemblies is rising and foaming itself
      into the rigid plastic foam material core of desired thickness.
DRWD
PAR  The invention is best understood by considering the following detailed
      description and attached sheet of drawing in which FIG. 1 is a broken away
      cross-section of the ski, and FIG. 2 is an illustration of the positioning
      of the various parts thereof in the mold during fabrication thereof. As
      shown in FIG. 2, when the ski is in the mold, it is inverted, but like
      reference numerals are used in the two Figures to indicate like parts.
DETD
PAR  Referring first to FIG. 1, the ski comprises a bottom subassembly, a top
      subassembly, and an intervening core. The bottom subassembly comprises a
      plastic bottom running surface 10, a pair of steel edges 11, and a strip
      of aluminum 12. These three parts are preconnected to each other by a
      suitable adhesive into a preformed bottom subassembly.
PAR  The aluminum strip 12 is spaced from the steel edges 11. In other words, it
      has no direct connection therewith. This provides the advantage that the
      physical characteristics of the ski can be readily varied by making slight
      variations in the width of the aluminum strip 12. That is to say, the
      change is made at strip 12, rather than in the shape of the mold, or in
      the design, as would be the case if strip 12 had direct connection with
      the steel edges 11.
PAR  The top subassembly, which is also preformed, comprises a top plastic
      surface 13 and an underlying aluminum strip 14 adhered thereto. The core
      between the top (13, 14) and bottom (10, 11, 12) subassemblies comprises a
      rigid plastic foam material member 15. This is formed in situ or
      "foamed-in-place" between the top and bottom subassemblies when they are
      set in the mold to their proper spacing for the desired core thickness in
      a manner which will be explained shortly in connection with a detailed
      description of the method of the invention.
PAR  Briefly, however, the core 15 has an embedded corrugated paper laminate
      member 16 constructed from narrow strips of paper which are oriented
      perpendicular to the top and bottom subassemblies. This corrugated member
      16 is slightly oversize in thickness as compared to the desired final
      thickness of the core 15. When the mold is closed, the corrugated member
      16 is crushed slightly. This causes the corrugated member to forcibly bear
      against the top and bottom subassemblies to keep them firmly seated in
      their proper positions in the mold. This is quite important, since the ski
      is several feet long, and if all the parts are not properly seated in the
      mold, the ski will be defective structurally and appearance-wise.
PAR  The corrugated member 16 is wide enough to have some of its paper strips
      bear against the steel edges 11. This is advantageous since the steel
      edges also are several feet long and if they are not held in position in
      the mold, they may buckle.
PAR  In order to prevent the paper strips of the corrugated member 16 from being
      visible through the outermost side surfaces of the core, a pair of strips
      of compressible, highly porous plastic foam material 17 are positioned
      along opposite sides of the member 16. The liquid plastic foam material
      which is employed to make the rigid plastic foam core 15, rises, foams,
      and generates internal pressure while the mold is closed. Since the
      corrugated member 16 is open mesh, and the strips 17, porous, the plastic
      foam material will permeate both members 16 and 17 and fill the space
      between the top and bottom subassemblies. That is to say, the liquid foam
      resin will also work through the members 17 to provide a visually smooth
      finish along the outermost sides of the core.
PAR  Turning now to FIG. 2, in the method the top subassembly 13, 14 is first
      placed in the mold in inverted position. Then the liquid plastic foam
      material is deposited in the mold and spread over the inverted top
      subassembly 13, 14. Then the corrugated member 16 is inserted into the
      mold in the liquid plastic foam material. Actually, the corrugated member
      16 is a preformed subassembly comprising itself and the two porous strips
      17 adhered thereto. Then the bottom subassembly 10, 11, 12 is placed over
      the preformed core insert subassembly 16, 17. Then the mold is closed.
      When the mold is closed, the corrugated member 16 is crushed slightly and
      the pair of strips 17 compressed. Thus, the core strip insert subassembly
      16, 17 is frangible or compressible so that it serves as a positive spacer
      means to hold the top and bottom subassemblies in proper position in the
      mold and spaced to the desired core thickness. Also, as mentioned
      heretofore, the paper strips of the corrugated member 16 bear against the
      steel edges 11 to prevent them from buckling, and the pair of strips 17
      prevent the paper strips from showing through the sides of the core 15.
PAR  The whole cycle takes only about 15 minutes and is conducted at a mold
      temperature of about 130.degree.F. Since the temperatures are relatively
      low, the parts can be handled immediately. That is to say, the mold does
      not have to be cooled down and then reheated for the next cycle. When the
      skis are taken out of the mold, they are finished products except for
      cleaning them up cosmetically, such as removing the flash of the core
      material. Since the cycle is short and to the largest extent possible
      preformed subassemblies are used, the ski and its method lends itself to a
      high degree of automation, and a very high rate of production is
      attainable as compared to that of prior ski constructions and methods of
      making the same.
PAR  When utilizing mold forming methods of manufacture, one key to success is
      keeping all the parts seated in proper position in the mold in order to
      get good fidelity with the mold. If this is accomplished, and it is in the
      invention, then it is possible to obtain excellent results in terms of
      good physical and visual characteristics on a consistant reproducible
      basis.
PAR  In the invention when the liquid plastic foam material is converting itself
      into the rigid finished core 15, it generates about 30 psi of internal
      pressure. This is advantageous since this internal pressure ensures that
      the core 15 completely fills the space between the top and bottom
      subassemblies and has good fidelity with the mold. Also, such internal
      pressure purges air from the mold and drives off the excess core material
      as core flash.
PAR  In the invention, the preformed top subassembly 13, 14 will have been
      milled along its sides to the desired ski contour. The same applies to the
      bottom running surface 10 of the bottom subassembly 10, 11, 12 prior to
      affixing the steel edges 11 thereto.
PAR  In one successful embodiment of the invention, glass micro balloon filled
      polyurethane foam resin was used for the core 15. Also, the facing sides
      of the top and bottom subassemblies were coated with polyurethane
      adhesive. The core edge strips 17 were adhered to the paper honeycomb
      member 15 and comprised highly porous open cell compressible polyurethane
      foam. ABS plastic sheet was used for the top plastic surface 13, and
      polyethylene sheet was used for the bottom running surface 10. All these
      materials are readily available on the marketplace along with instructions
      for their use, so therefore these materials per se do not comprise part of
      our invention.
PAR  A typical foam comprised a three part CO.sub.2 blown polyurethane foam
      comprising 100 parts by weight Chempol (Freeman Corporation) 13-1727 resin
      and 32-1601 isocynate having a free rise density of 10 to 10.5 pounds per
      cubic foot and a cream time of 35 to 45 seconds, and 9.3 parts by weight
      3M (Minnesota Mining and Mfg. Co.) B25B glass bubbles of 0.23 nominal
      specific gravity. However, the glass micro balloons could be as high as
      20% by weight, and bubbles other than glass, such as phenolic could be
      used. Also, though, the micro balloons or bubbler could be omitted so long
      as the final ski core after foaming was between about 20 to 50 pounds per
      cubic foot.
PAR  It is to be particularly noted that the frangible or compressible open mesh
      or porous core insert strip means preassembly 16, 17 is not for the
      purpose of adding structural strength to the ski, as in the case of prior
      art skis utilizing aluminum honeycomb core inserts or the like. In fact,
      in the invention, the core insert strip means 16, 17 is incapable of
      strengthening the core to any significant degree. Rather, the core insert
      is intentionally selected to be readily frangible, compressible, or
      crushable so that the mold can be readily closed, without damaging any of
      the other ski components, but still have sufficient physical form to serve
      as a positive spacer means in the closed mold until such time as the in
      situ formed core assumes a sufficient form to do this of itself. For this
      reason, the core insert strip means 16, 17 is not critical except as to
      its ability to serve as an interim spacer means. That is to say, for the
      corrugation 16 to space the top and bottom subassemblies to the desired
      thickness of the core 15 and for the strips 17 to space the corrugation 16
      inwardly so that the paper strips thereof do not show through the sides of
      the core 15. After the core 15 is set, the spacer means 16, 17 has no
      further utility since its job of assisting the in situ formed core 15 to
      take its proper shape is done. For this reason, the invention is not
      necessarily restricted to the particular illustrated form of the spacer
      means 16, 17. It is possible to use other spacer means which will "give"
      under mold closure while still having sufficient shape to operate as a
      positive spacer. That is to say, to provide a force of about 5 to 500 psi
      against the subassemblies to hold them in place in the mold during foaming
      of the core. However, the particular form 16, 17 of the spacer means has
      much to commend itself. Both parts 16 and 17 are very low in cost, readily
      obtainable and easily worked or handled. It is easy to cut them to shape
      or size. Also, due to their frangible or compressible nature, it is not
      necessary to hold close dimensions or tolerances. All that is necessary is
      that the corrugation 16 be slightly oversize in thickness or depth, that
      is to say, in the dimension running perpendicular to the planes of the top
      and bottom subassemblies. The corrugation 16 is also slightly oversize in
      its width or transverse dimension. Since it is only paper, it is readily
      squeezed or fitted into the mold while still ensuring that some of its
      paper strips cover the entire area of the top and bottom subassemblies
      including bearing against the steel edges 11.
CLMS
STM  What we claim to be our invention is:
NUM  1.
PAR  1. In an aluminum and plastic sandwich ski structure, a bottom subassembly,
      a core, and a top subassembly sandwiched together, said bottom subassembly
      comprising a bottom plastic running surface member, steel edges adhered to
      opposite side edges of said bottom running surface member and a first
      aluminum strip adhered to the top surface of said bottom running surface
      member, said top subassembly comprising an outer plastic surface and an
      underlying second aluminum strip adhered thereto, said core comprising a
      rigid plastic foam material member adhered to and formed in situ between
      said top and bottom subassemblies, and frangible strip means of porous
      material embedded in said in situ formed core, said frangible strip means
      bearing against said top and bottom subassemblies to space the same from
      each other to the selected thickness of said core, wherein said first
      aluminum strip has a width less than the distance between the innermost
      portions of said steel edges so as to be spaced therefrom and without
      direct connection therewith whereby said ski structure is adapted to have
      its physical characteristics varied by making small variations in the
      width of said first aluminum strip.
NUM  2.
PAR  2. In a ski structure, as in claim 1, wherein said frangible strip means
      comprises a corrugated member constructed from narrow strips of paper
      oriented perpendicular to said top and bottom subassemblies.
NUM  3.
PAR  3. In a ski structure, as in claim 2, wherein said strips of paper bear
      against said steel edges, and strips of compressible porous plastic foam
      material are positioned along opposite sides of said corrugated member to
      space the same inwardly from the outermost side surfaces of said ski
      structure.
PATN
WKU  039306593
SRC  5
APN  4828836
APT  1
ART  316
APD  19740625
TTL  Ski brake
ISD  19760106
NCL  14
ECL  1
EXA  Smith; Milton L.
EXP  Friaglia; Leo
NDR  4
NFG  9
INVT
NAM  Salomon; Georges Pierre Joseph
CTY  Annecy
CNT  FR
ASSG
NAM  S.A. Francois Salomon & Fils
CTY  Annecy
CNT  FR
COD  03
PRIR
CNT  FR
APD  19730629
APN  73.24091
PRIR
CNT  FR
APD  19740402
APN  74.11638
CLAS
OCL  280 1113B
EDF  2
ICL  A63C  710
FSC  280
FSS  11.13 B;11.13 C;11.13 D;11.13 Z;11.37 G;11.35 C
UREF
PNO  3048418
ISD  19620800
NAM  Gertsch
OCL  280 11.13B
UREF
PNO  3249365
ISD  19660500
NAM  Beyl
OCL  280 11.35T
UREF
PNO  3511516
ISD  19700500
NAM  Smolka et al.
OCL  280 11.35C
UREF
PNO  3715126
ISD  19730200
NAM  Schwarz
OCL  280 11.13B
UREF
PNO  3741575
ISD  19730600
NAM  Bortoli
OCL  280 11.13B
LREP
FR2  Burns; Robert E.
FR2  Lobato; Emmanuel J.
FR2  Adams; Bruce L.
ABST
PAL  A ski brake for bringing a lost ski on a ski slope to a halt, comprises
      arms which pivot under spring action into an operative position in which a
      pointed front end of each arm digs into the snow when the ski boot leaves
      its bindings. Insertion of the ski boot in the binding causes a pedal to
      be depressed onto the ski and the pedal moves the arms back into an
      inoperative position almost parallel to the ski. The rear end of each arm
      is hollow and contains a spring-loaded piston which bears on a cam. In one
      embodiment the cam is fixed relative to the ski, and the piston and the
      arm pivot around the cam surface under the action of the spring when the
      pedal is released. In another embodiment the cam is part of the arm and
      forms a pivot mounted to rotate in a bearing in a part of the ski. The cam
      is pivotted by the spring-loaded piston which in this embodiment is
      slidably mounted in a sleeve fixed relative to the ski.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns a ski brake, i.e., a device intended to
      prevent a ski from sliding down a slope if, a safety binding having become
      undone in the course of a descent, the ski is no longer attached to the
      skier. A device of this kind therefore replaces the safety bindings at
      present in use.
PAR  Such a device generally comprises a kind of "spike" or sideways brake arms
      which by means of spring pressure project downwards from the base of the
      ski as soon as the binding loosens and the ski boot is removed therefrom.
      The spike or brake arms thereupon more or less penetrate the snow, the ski
      comes to a halt on the slope and the skier can easily recover it. There is
      therefore no risk of the ski descending the slope and either injuring
      skiers further down or of becoming lost.
PAR  In known devices of this kind, their action is basically dependent on a
      torsion spring coiled round the transverse fixed shaft round which the
      spike or brake arm rotates. This arrangement is not particularly
      advantageous since the spring is fully extended when it forces the arm to
      project from the base of the ski: as a result the spring can offer only
      very feeble resistance to a displacement of the arm which can be easily
      pushed back by obstacles it comes up against before the ski stops. It is
      therefore obvious that if the arm retracts when it encounters obstacles
      the braking effect is not as efficient as it could be.
PAR  Moreover, once the boot is removed the brake arm or arms situated at the
      side of the ski project permanently from the underside of the ski, which
      makes transport of the ski awkward. To remedy this inconvenience, a bolt
      arrangement has been devised which immobilizes the arm or arms on the ski
      during transport. This solution is not ideal, however, since while it
      eliminates one inconvenience it introduces another, this being the risk of
      forgetting to undo the bolt when ski-ing commences. Once the boot is freed
      owing to a fall, the blocked brake cannot therefore function and the ski
      will set off by itself down the slope. Further, as this bolt is situated
      below the boot, it is not subject to visual control.
PAR  The general object of the present invention is to remedy these
      inconveniences by proposing a ski brake comprising an activating system of
      such construction that the spring is not completely extended in its
      operative position, i.e., when the brake arm or arms project from the base
      or underside of the ski.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a ski brake withdrawable and
      rendered inoperative when a ski boot is placed in position on the ski,
      comprising: at least one brake arm forming a spike fitted laterally to the
      ski and pivoting relative to the ski about a generally transverse axis,
      said arm being activated by resilient means towards an operative braking
      position in which it projects beneath the base of the ski, a pedal
      extending above the upper surface of the ski which is pushed onto this
      surface by the ski boot, thereby retracting the arm into a first
      inoperative position in relation to the ski, a sleeve in which said
      resilient means is lodged with one end thereof supported by one end of the
      sleeve, piston means slidably located in said sleeve, and a cam located in
      said sleeve at its other end, said piston means being permanently thrust
      against said cam by said resilient means, said cam being operative about
      said transverse axis of said brake arm and having a profile such that the
      pressure exerted by said piston means on the cam by the action of said
      resilient means functions through a couple acting on said brake arm and
      causing said brake arm to pivot into said operative braking position when
      said ski boot leaves said pedal.
PAR  According to one embodiment of the invention, the cam is fixed and thus
      itself forms a journal about which the brake arm pivots, the latter being
      hollow and itself forming the sleeve in which the piston is lodged, thrust
      against the fixed cam.
PAR  According to a modified embodiment, the cam is integral with the brake arm
      and forms a pivot set to rotate in a bearing, the cam being subject to the
      action of a piston thrust back by a spring, these being lodged in a fixed
      sleeve.
PAR  In both embodiments of the invention, the cam, whether it forms a journal
      or a pivot, is preferably constituted by a generally semi-cylindrical
      member offering a smooth diametrical support surface or forming a
      dihedral. This support surface slopes in relation to the base of the ski
      in such a way that when the brake arm is both in the first rest position
      and in the operative position the resilient means is under tension and
      that in said rest position the resilient means is forcibly stretched,
      exerting a return pressure on the arm causing it to return automatically
      to the operative position.
PAR  In the event of the cam forming a fixed journal, the operative position of
      the arm is that where its axis is at right angles to the smooth supporting
      surface of the cam and is aligned with the bisector of the dihedral formed
      by this cam. The fixed cam may comprise a second, auxiliary support
      surface which would serve to keep the arm retracted during transport and
      arranged in such a way that the brake pedal remains slightly raised in
      front of the ski boot fastening abutment, without however the operating
      end of the pivoting arm extending beyond the base of the ski. In this way
      the brake prevents the binding from catching during transport.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Embodiments of the present invention will now be described by way of
      example only, with reference to the appended drawings, in which:
PAR  FIG. 1 is a longitudinal and vertical sectional view of a ski brake
      according to the invention, in a first rest position, the section being
      taken along line I--I in FIG. 2;
PAR  FIG. 2 is a plan-view partly in horizontal section of the ski brake shown
      in FIG. 1;
PAR  FIG. 3 is a sectional view of the ski brake in operative position;
PAR  FIG. 4 is a diagrammatic sectional view of the ski brake in a second rest
      position or during transport;
PAR  FIG. 5 is a view of an alternative form of a fixed cam forming a journal
      for the stopping arm FIG. 5A is a view of an additionally modified cam;
PAR  FIG. 6 is an elevation of an alternative form of the ski brake in which the
      cam is integral with the brake arm and forms a pivot fitted so as to
      rotate, the brake arm being represented in its rest position;
PAR  FIG. 7 is a partial plan-view of the ski brake of FIG. 6, the fastening
      being assumed to be removed; and
PAR  FIG. 8 is an elevation similar to that of FIG. 6, the brake arm being
      represented in operative position.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A ski brake 1 according to the invention is fitted to pivot on a ski 2
      about a horizontal transverse axis 3 located broadly on the plane of the
      upper face of the ski 2.
PAR  In the embodiment shown in FIGS. 1 to 4 of the drawing, the ski brake
      comprises two brake arms 4 and 5 adjoining the vertical side faces of the
      ski and articulated about fixed cams, 6 and 7 respectively, having the
      same axis 3 and forming journals for the arms.
PAR  The arms 4 and 5 respectively comprise solid forward parts 4a and 5a,
      preferably tapering towards the front, in such a way as to form spikes or
      points engaging with the snow when the ski brake is operative. The also
      comprise hollow rear parts, 4b and 5b respectively, which are
      interconnected at their ends by a pedal 8 which extends crosswise. This
      pedal comprises two transverse shafts 9 and 10 pointing towards each other
      and riveted to the respective parts 4b and 5b of the arms, an intermediate
      shaft 11, and two rollers or sleeves, 12 and 13, fixed respectively on and
      by the shafts 9 and 10. The intermediate shaft 11 is axially fixed to and
      in the roller 12 and runs freely in the other roller 13 in such a way as
      to form a sliding fitting to allow the pedal 8 to be adapted to the
      breadth of the ski.
PAR  Furthermore, as may be seen from the drawing, the peripheral face of the
      rollers 12 and 13 of the pedal 8 projects slightly beyond the profiles of
      the arms 4 and 5 in such a way that the base of the ski boot bears solely
      on the rollers and so that friction against the base is minimal.
PAR  The cams 6 and 7 of the brake are borne by vertical wing angle members 14
      and 15 of plates 16 and 17 that are adjustable sideways and pierced by
      holes, 18 and 19 respectively, for the passage of fastening bolts on the
      ski.
PAR  The mechanism allowing the ski brake to operate will now be described, with
      reference solely to arm 4, the other arm 5 containing a similar mechanism.
PAR  Arm 4 is, as we have seen, formed by the solid forward part 4a and the
      rearward part 4b which is hollow and forms a sleeve, these two parts being
      interconnected by a rivet 21. The rearward part 4b is crossed by the cam
      6, forming a journal, and contains a flat piston 22 fitted in sliding
      fashion. A compression spring 23 is also lodged in the rearward part 4b
      and this spring is supported, at the one end, by the piston 22 and, at the
      other end, by the front face of an end plug 4c set on the sleeve of the
      rearward part 4b, on which plug the shaft 9 is riveted. The plug 4c is
      pierced by a reamed hole 24 in which a stem 25 of the piston 22 engages.
PAR  The cam 6 has a support surface or slope 6a for the piston 22, which piston
      is permanently thrust against the cam by the action of the spring 23. In
      the embodiment shown in FIGS. 1 to 4 this support surface 6a is flat and
      diametrical and slopes downwards and backwards at an angle of about
      30.degree. in relation to the upper face of the ski 2. The cam 6 therefore
      has the form of a cylinder with a semi-circular section.
PAR  When the ski brake is in the first rest position (FIG. 1) the sole of the
      ski boot maintains the unit virtually horizontal by resting on the pedal
      8. In these circumstances the forward parts 4a and 5a of the arms 4 and 5
      are withdrawn upwards and are more or less on a level with the upper face
      of the ski. The piston 22 is in contact with the lower edge 6b of the
      semi-cylindrical cam 6 and, consequently, is pushed in the direction of
      the plug 4c, thus relatively forcibly depressing the withdrawal spring 23.
PAR  Should the boot leave the ski, as a result of the binding coming undone,
      the ski brake is thereby freed; that is, as the spring 23 due to its being
      compressed exerts a force on the arm causing it to pivot about edge 6b of
      cam 6 in anti-clockwise direction in relation to FIG. 1, the whole unit
      forming the brake pivots into its operative position, in which the piston
      22 is fully up against the support surface 6a. In this position the axis
      of the arms 4 and 5 coincides with line xy which is at right angles to the
      support surface 6a. In this position (FIG. 3) the spring 23 continues to
      be sufficiently compressed for the brake to be firmly maintained in
      operative position and cannot therefore be deflected by any possible
      obstacles. In this way quick and efficacious immobilization of the errant
      ski is ensured.
PAR  As may be seen in the foregoing description, the whole of the operating
      mechanism is lodged within each of the arms and consequently protected
      against dust, dirt, humidity and, consequently, seizure and frost.
PAR  If, as from the operative position in FIG. 3, the brake 1 is further
      pivoted in anti-clockwise direction the piston 22 comes into contact with
      the semi-circular surface 6c of the cam 6 after rotating through at least
      90.degree. from the operative position, and at this point elastic return
      ceases. The second rest position, achieved thereby, is sufficiently stable
      for transport: neutral equilibrium is then obtained.
PAR  So as to have only one set transporting position the pivot may be equipped
      with a second support surface or auxiliary slope 6d, as shown in FIG. 4.
      This slope 6d is located in relation to the first slope 6a in such a way
      that when in corresponding rest or transport position the activating
      mechanism keeps the pedal end of the brake slightly raised above the ski,
      before the abutment A, without the arms, however, extending beyond the
      base of the ski. In this way the brake pedal 8 placed in front of the
      abutment prevents any catching when the brake is not in set position. When
      the skier wishes to attach the ski as from the position in FIG. 3 he puts
      the front of his boot on the abutment shown in FIG. 4 and lowers his heel.
      The sole rolls on the rollers of the pedal 8 and the brake returns to the
      position in FIG. 1. At the same time, the heel acts on the pedal of the
      heel section (not shown) and the whole unit is re-set without manual
      intervention.
PAR  FIG. 5 shows an alternative form of the cam 6 of the arm 4. In this case
      the flat diametrical slope 6a has been replaced by a V-shaped or dihedral
      slope 6e, whose bisector xy extends backwards and upwards at an angle of
      about 60.degree.. In the same way, the slope 6f determining the rest or
      transport position is equally profiled in V-shape with this always being
      less deep than that of the slope 6e. In this case the piston is also
      dihedral in shape.
PAR  According to a variation, the ski brake may comprise only one single
      pivoting arm 4 or 5, to which the pedal 8 is attached at its upper moving
      end.
PAR  Moreover, the piston 22 may comprise a ball or any other intermediate
      device enabling the pressure exerted by the spring 23 to be applied to the
      support surface.
PAR  The support surface 6e(FIG 5a) may also be part of a cone 6g whose axis xy
      slopes upwards and backwards and which is penetrated by a ball thrust
      forward by the spring 23.
PAR  Provision may be made for the pressure of the spring 23, and consequently
      the return force on the brake in operative position, to be regulated. The
      spring 23 may be of any known type such as, in particular, a spiral or
      flat zigzag spring. Such spring could be lodged in one only of the two
      arms 4 or 5.
PAR  A second embodiment of the ski brake in accordance with the invention will
      now be described in relation to FIGS. 6-8.
PAR  As in the first embodiment described above this brake comprises one or two
      arms 45 arranged laterally and pivoting about a transverse axis 13.
      However, each brake arm 45 is in the form of a two-branched lever and
      includes a rear branch 45a forming a spike intended to dig into the snow
      when the brake is in operative position, and a forward branch 45b rather
      shorter than the branches 45a. In the first rest position (FIG. 6) the
      rear branch 45a extends appreciably horizontally rearwards while the
      forward branch 45b slopes downwards and forwards.
PAR  Each of the arms is integral with a cam 27 forming a pivot set to rotate in
      a bearing fitted in a vertical column 28 forming part of the ski. This
      column is extended upwards and backwards by a sleeve 29 within which a
      coiled compression spring 31 lodges, if necessary supported at its
      external end by a calibrating plug 32 screwed into the tapped end of the
      sleeve 29. The spring 31 also rests, at the internal end, on a piston 33
      or any other similar device (ball, etc.).
PAR  The bearing, within which the cam forming the pivot 27 swivels, opens into
      the internal chamber of the sleeve 29; at this point the cam 27 offers a
      diametrical supporting surface 27a against which the piston 33 is pressed
      by the action of the spring 31.
PAR  The ski brake moreover includes a resetting pedal 34 hinged at its front
      end on the ski about a transverse axis 36. The pedal 34 essentially
      comprises two vertical side branches 34a, articulated about the axis 36 at
      their forward ends, and connected at their rear ends by a transverse bar
      34b on which the heel H of the ski boot rests. The branches 34a are
      extended backwards and their rear end parts lie above transverse lugs 37
      extending toward the longitudinal axis and borne by the forward branches
      45b of arms 45. In this way the pedal 34 at all times rests on these lugs
      37 and acts on the arms 45.
PAR  When the safety binding is loosened and the ski separates from the boot the
      ski brake pivots from its rest position shown in FIG. 6 to the operative
      position shown in FIG. 8. In fact, when the heel of the boot leaves the
      resetting pedal 34 the spring 31, which pushes the piston 33 forward,
      causes the pivoting cam 27 to turn clockwise until the piston 33 comes to
      rest against the diametrical face 27a (FIG. 8). The result is a
      concomittant pivoting movement of the arm 45, and its rear branch 45a
      thereupon projects below the base of the ski and can then dig into the
      snow.
PAR  When the skier resets his ski the action of the heel of his boot on the
      pedal 34 provokes an inverse movement of the arm 45 which returns to its
      withdrawn rest position (FIG. 6).
CLMS
STM  I claim:
NUM  1.
PAR  1. A ski brake withdrawable by placing a ski boot in position on a ski,
      comprising:
PA1  at least one brake arm providing a spike fitted laterally to a ski and
      pivoting relative to the ski about a generally transverse axis;
PA1  resilient means for moving said arm towards an operative braking position
      in which it projects beneath the base of the ski;
PA1  a pedal mounted on the brake arm, extending above the upper surface of the
      ski and disposed to be pushed onto this surface by a ski boot placed in
      position on the ski, thereby retracting the arm into an inoperative rest
      position in relation to the ski;
PA1  a sleeve in which said resilient means is lodged with one end thereof
      supported by one end of the sleeve;
PA1  piston means slidably located in said sleeve; and
PA1  a cam located in said sleeve at its other end;
PA1  said piston means being permanently thrust against said cam by said
      resilient means, and said cam being disposed about said transverse axis of
      said brake arm and having a profile such that the pressure exerted by said
      piston means on the cam by the action of said resilient means functions
      through a couple acting on said brake arm and causing said brake arm to
      pivot into said operative braking position when said ski boot leaves said
      pedal.
NUM  2.
PAR  2. A ski brake as claimed in claim 1, wherein said resilient means is a
      coiled compression spring.
NUM  3.
PAR  3. A ski brake as claimed in claim 1, wherein said cam is fixed and thus
      constitutes a journal for the pivoting of said brake arm, said brake arm
      having a hollow portion constituting the sleeve in which said piston means
      is thrust against said fixed cam.
NUM  4.
PAR  4. A ski brake as claimed in claim 3, wherein said cam has a support
      surface against which said piston means is thrust, said support surface
      sloping downwardly and backwardly in relation to the base of said ski.
NUM  5.
PAR  5. A ski brake as claimed in claim 4, wherein said support surface is flat
      and diametrical and wherein said cam is semi-circular.
NUM  6.
PAR  6. A ski brake as claimed in claim 4, wherein said support surface of the
      cam has an angular shape whose bisector slopes upwards and backwards, the
      remainder of the cam surface having a circular section.
NUM  7.
PAR  7. A ski brake as claimed in claim 6 wherein said angular shape is the
      shape of a dihedral.
NUM  8.
PAR  8. A ski brake as claimed in claim 6 wherein said angular shape is the
      shape of a cone.
NUM  9.
PAR  9. A ski brake as claimed in claim 4, wherein said cam has means, defining
      a second, auxiliary, support surface, for keeping the arm withdrawn during
      transport and arranged in such a way that said pedal in the rest position
      of the arm is slightly raised in front of a ski boot fastening abutment
      for the ski.
NUM  10.
PAR  10. A ski brake as claimed in claim 1, including a second pivoting brake
      arm constructed and disposed similarly to said one arm, the two arms
      respectively adjoining two vertical side faces of said ski and each being
      articulated about a respective cam, said cams providing journals on said
      transverse axis, said two arms each having a rearward part, said rearward
      parts being connected together at their rear ends by said pedal extending
      transversely to said ski and said arms, at least one of said arms
      containing said resilient means in its said rearward part.
NUM  11.
PAR  11. A ski brake as claimed in claim 10, wherein said pedal comprises two
      mutually telescoping shafts fixed respectively at the ends of said
      rearward parts of the arms and aligned transversely of the ski, two
      mutually facing aligned roller sleeves mounted so as to rotate on
      respective ones of said shafts, and an intermediate shaft engaged in said
      roller sleeves.
NUM  12.
PAR  12. A ski brake as claimed in claim 1, wherein said cam is integral with
      said brake arm and constitutes a pivot mounted to rotate when said cam is
      subjected to the thrust of said piston means actuated by said resilient
      means, said sleeve containing the resilient means and piston means being
      disposed to be fixed to the ski.
NUM  13.
PAR  13. A ski brake as claimed in claim 12, wherein said cam has a diametrical
      support surface towards which said piston means is thrust by said
      resilient means.
NUM  14.
PAR  14. A ski brake as claimed in claim 1, including means for enabling the
      pedal to be disposed in a second inoperative rest position opposite an
      abutment for a ski boot, slightly raised above the ski; the pedal
      comprising at least one transverse shaft and a roller fitted thereon whose
      peripheral surface projects in relation to the profile of the arm on which
      the pedal is mounted.
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ABST
PAL  A ski binding includes a soleplate, integral with a boot sole or adapted to
      carry a boot, to which a plate is hinged at one end about a transverse
      axis, this plate having an opening with a bevelled edge which passes about
      and comes to jam under the head of a pin fixed perpendicular to the ski. A
      spring urged locking member acts on the other end of the soleplate to
      releasably hold said other end against pivoting about said transverse axis
      or about said pin, and to releasably jam said opening under the head of
      the pin. A fixture can be provided for locking said plate on the ski
      whereby, when said locking member is disengaged, the soleplate is freed
      for pivoting about the transverse axis e.g. during ski touring.
BSUM
PAR  This invention concerns security bindings for skis comprising a soleplate,
      designed to be fitted under the sole of a boot, approximately equal in
      length to the said sole, the soleplate being hinged at one of its ends
      about two pins, a first pin being at right angles to the ski, a second pin
      being parallel to the ski, a spring locking system being arranged opposite
      the other end of the soleplate and working in conjunction with one or more
      locations provided on the said soleplate.
PAR  In a known ski binding of this type described in French Pat. No. 841,238
      the soleplate is hinged at the front about two axes by means of a cardan
      joint, or a ball-and-socket joint. In its normal working position, the
      back of this soleplate is held on the ski by a spring locking system. This
      type of ski binding has disadvantages because, when a skier falls, it
      allows only the heel of the boot to move upwards and/or sideways when the
      load exerted by the boot in these directions exceeds a predetermined
      minimum value; the front of the soleplate remains attached to the ski and
      cannot move upwards or sideways.
PAR  Another known ski binding described in U.S. Pat. No. 2,545,574 comprises a
      soleplate adapted to carry a boot, the front of this soleplate being
      hinged, about an axis parallel to the ski face, to a lower hinge plate.
      The latter plate has a longitudinal slot by means of which it, together
      with the soleplate, can slide and pivot relative to the ski about a
      vertical pin screwed in the ski surface. Springs are provided to normally
      urge the soleplate backwards into a position where its rear end meets up
      against a locking device. In the case of a fall, the soleplate moves
      forwards and is able to pivot once freed from the locking device. This
      binding also suffers the disadvantage that the front of the soleplate
      remains permanently connected to the ski, so that a complete freeing of
      the soleplate with the skier's boot from the ski is not possible, and in
      particular it is not possible to raise the toe end of the soleplate
      relative to the ski.
PAR  A further disadvantage common to the two above-mentioned bindings is that
      no means is provided for releasing the binding in the event of a torsional
      effort on the ski boot about an axis parallel to the longitudinal axis of
      the ski.
PAR  An object of the invention is to provide a ski binding system which
      overcomes or avoids the mentioned drawbacks.
PAR  A particular object is to provide a type of binding in which, when the load
      exerted by the boot exceeds a predetermined minimum value, it is not only
      possible to obtain movement of the back of the soleplate supporting the
      said boot upwards and/or sideways but is also possible, in the instance
      where a skier may fall backwards, to obtain an upward movement of the
      front of the soleplate. A further aim is to enable the soleplate to be
      released by torsion about an axis substantially parallel to the
      longitudinal center line of the ski.
PAR  A subsidiary object of the invention is to provide a binding including a
      soleplate which can be incorporated in a boot sole, which leads to
      simplification and economy and also enables the extra thickness of a
      separate soleplate under the boot sole to be dispensed with.
PAR  A further subsidiary object is to enable the skier, at will, to walk with
      his skis easily over flat ground or uphill.
PAR  The ski binding which is the subject of the invention comprises a soleplate
      secured to the sole of a boot by any means. The soleplate is hinged at one
      of its ends about two axes, a first axes being perpendicular to the ski
      and consisting of a pin having an enlarged head and secured to the ski,
      the soleplate being hinged to an intermediate plate round a second axis
      parallel to the ski. This intermediate plate is held on the ski, when the
      binding is in the "locked for use" position, by a spring locking device,
      consisting of cooperating relatively inclined surfaces on the said
      intermediate plate and on the underside of the head of the vertical pin,
      and by spring operated means arranged at the other end of the soleplate
      and holding said inclined surface together, through the intermediary of
      the said soleplate, the said soleplate having at least one profile
      matching at least one corresponding profile on the said spring operated
      means.
PAR  According to one embodiment of the invention, this soleplate and the
      intermediate plate hinged to it, are built in to the sole of the boot, the
      extra thickness of the soleplate being at least partly dispensed with. At
      the same time, means for unlocking the soleplate at will are provided on
      the spring operated locking device in such a manner that a boot fitted
      with this type of sole can be released from the ski by the skier at will,
      when he wishes to remove his skis.
PAR  Lastly, according to another embodiment of the invention in which the
      soleplate is hinged at the front end of the soleplate, the locking device
      at the rear comprises a means for holding said device in an unlocked
      position, the binding having in addition an auxiliary means for locking
      the intermediate plate against rotation about the vertical pin and axially
      to the ski in such a position that the inclined surface on the
      intermediate plate is constantly held towards the front, locked under the
      head of the pin. These auxiliary means are used, after unlocking the rear
      spring locking device, for walking with the skis on, the rear end of the
      soleplate being able to rise freely.
PAR  Said auxiliary means for locking the intermediate plate about and axially
      to the ski may consist of a hook whose position can be adjusted by hand
      along the center line of the ski, located in front of the soleplate, the
      said hook being adapted to at least indirectly engage with a part of the
      intermediate plate, and control means for holding the hook downwards
      and/or forwards under pressure to hold said intermediate plate.
PAR  The invention also concerns a ski boot the sole of which incorporates a
      soleplate and hinged intermediate plate forming part of the overall
      binding system.
DRWD
PAR  The accompanying drawings illustrate, by way of example, several
      embodiments of ski bindings according to this invention. In the drawings:
PAR  FIG. 1 illustrates one of the ends, front or rear, a first embodiment of
      ski binding according to the invention, seen in cross-section;
PAR  FIG. 2 illustrates the same end in plan view from above;
PAR  FIG. 3 illustrates the other end, rear or front as the case may be, of the
      first embodiment, seen in cross-section;
PAR  FIG. 4 illustrates one of the ends of a second embodiment of a ski binding
      according to this invention, in plan view from above;
PAR  FIG. 5 illustrates one of the ends in a third embodiment of ski binding
      according to this invention, in plan view from above;
PAR  FIG. 6 illustrates a front end of a fourth embodiment of ski binding
      according to the invention, in cross-section;
PAR  FIG. 7 is a top plan view corresponding to FIG. 6;
PAR  FIG. 8 illustrates the rear end of the fourth embodiment, in cross-section;
PAR  FIG. 9 is an underneath plan view of a fifth embodiment consisting of a
      boot in the sole of which a soleplate is incorporated;
PAR  FIG. 10 is a side elevational view of the same boot partly in
      cross-section;
PAR  FIG. 11 is an underneath plan view of a sixth embodiment in the form of a
      boot whose sole conforms to this invention; and
PAR  FIG. 12 illustrates the same booth in part cross-section.
DETD
PAR  As illustrated in FIGS. 1 to 3, the ski binding has a first pin 1 at one of
      its ends, integral with a base 2 secured to a ski 3 by screws 4. The pin 1
      has a flange or head 5 with a downwardly directed inclined face 6.
      Moreover, the binding includes an intermediate plate 7 hinged to a
      soleplate 8 by a shaft 9. Shaft 9 may be made differently, for example in
      two sections along the same center line, without being outside the scope
      of the invention.
PAR  A boot 8A is fixed to the soleplate 8 by any known means. The intermediate
      plate 7 itself has an opening 11 having, at its right hand end, looking at
      the drawings, an inclined surface, Vee-shaped for example, arranged
      symmetrically in relation to the longitudinal center line of the binding.
      When the binding is in the "locked for use" position, as illustrated in
      FIG. 2, the inclined surface 12 is in contact with face 6 on the underside
      of head 5 on pin 1. In this position, shaft 9 is parallel to the top face
      of the ski and at right angles to the ski's longitudinal center line or
      axis.
PAR  At the other end of the soleplate 8, as illustrated in FIG. 3, a central
      recess 13 is provided. A spring locking device is arranged along the ski's
      center line to cooperate with recess 13 in soleplate 8. This known locking
      device contrived in any manner comprises, for example, a hollow housing 14
      fixed to the ski, and having an inner cavity 15. A spindle 16, machined
      with a slotted head 17, having a threaded portion 18 along its center
      section and a smooth cylindrical end section 19 pointing towards the
      soleplate, is mounted in cavity 15. This spindle 16 is guided at each of
      its ends in bores of housing 14 of suitable diameter. A washer 20 is
      placed on the end of the cylindrical section 19 to act as a stop, and it
      butts against the end of the threaded portion 18. A spring 21 exerts
      pressure continuously on a nut 22 fitted on the threaded portion 18,
      washer 20 thus being continually pressed against face 23 on the housing. A
      pin 26 fixed to spindle 16 limits movement of nut 22. A graduated window
      24 is provided in the top part of housing 14, thus enabling the degree of
      compression of spring 21 to be observed according to the position of nut
      22 in relation to window 24. When the binding is in the "locked for use"
      position, as illustrated in FIG. 3, the rounded end 25 of cylindrical
      portion 19 engages in recess 13 on soleplate 8. It will be noted that
      recess 13 on the soleplate could be formed by a raised or convex profile,
      the cylindrical portion 19 having a corresponding recessed or concave
      profile.
PAR  According to a first construction of this first embodiment, FIGS. 1 and 2
      illustrate the front of the binding and FIG. 3 illustrates the rear.
PAR  Operation of this first construction is as follows: In the event of the
      skier falling forwards, the rear part of boot 8A, FIG. 3, tends to raise
      the rear part of soleplate 8, to which it is fixed. As soon as the load
      exerted by the boot exceeds a predetermined value corresponding to a given
      compression of spring 21, the rear of the soleplate 8 moves upwards, its
      recess 13 pushing back the spherical end 25 of the cylindrical portion 19
      against the action of spring 21. Soleplate 8 is thus released and is able
      to move upwards hinging about shaft 9, FIG. 1, the soleplate being able to
      separate itself completely from the ski, head 5 passing through aperture
      11, and soleplate 8 remaining fixed to the sole of the boot.
PAR  In the event of the skier falling backwards, the front part of the boot
      tends to raise the front part of the soleplate 8, to which it is fixed. As
      soon as the load exerted by the boot exceeds a predetermined minimum
      value, the front of soleplate 8 moves upwards in the direction of F1, the
      intermediate plate 7 taking the load at 30 on base 2. At the same time,
      the inclined surface 12 on the intermediate plate is pushed back in the
      direction of F3 by face 6 under head 5 on pin 1 and soleplate 8 itself
      moves in the direction of F3, pushing back the cylindrical portion 19
      against the action of spring 21 until the soleplate 8 separates itself
      completely from the ski by head 5 passing through aperture 11.
PAR  In the event of a fall tending to twist the boot about an axis generally
      perpendicular to the ski, it is the rear part of the soleplate 8 which
      releases laterally from the rear spring locking system, the said soleplate
      8 pivoting round the vertical pin 1 and being able to separate itself
      completely from the ski, as in the previous instance.
PAR  In the event of a sideways fall tending to twist the boot about an axis
      generally parallel to the longitudinal axis of the ski, the soleplate 8
      release in a similar manner to the case of twisting described above.
PAR  In the event of the skier falling fowards, with a simultaneous twist of the
      boot, it is the rear part of the soleplate 8 which releases obliquely from
      the rear spring locking device, the said soleplate pivoting at one and the
      same time round the vertical pin 1 and the horizontal shaft 9.
PAR  In the event of the skier falling backwards with a simultaneous twist of
      the boot, the rear part of the soleplate 8 releases laterally from the
      rear spring locking device by turning round the vertical pin 1; at the
      same time the soleplate 8 moves to the rear under the action of the face 6
      of pin 1, pushing back the inclined surface 12 on the intermediate plate.
PAR  According to a second construction of this first embodiment, FIG. 3
      illustrates the front of the binding and FIGS. 1 and 2 illustrate the
      rear.
PAR  The operation of each of the ends of the binding remains unaltered. There
      is only a reversal of functions between the two ends; the end which, in
      the first construction, ensured safety when falling forwards (FIG. 3), now
      ensures safety when falling backwards, and vice versa.
PAR  FIG. 4 illustrates a second embodiment of one of the ends of a binding
      according to this invention. In this embodiment, intermediate plate 7,
      instead of being completely located in a slot 10 in soleplate 8, is
      arranged outside the said plate in such a way that it is not covered by
      the sole of boot 8A when the sole is fixed to the soleplate. All the other
      characteristics are identical to those in the first embodiment.
PAR  Just as in the first embodiment, this device can be used for holding the
      front or rear of the soleplate, the spring locking device previously
      described holding the other end.
PAR  The operation of this second embodiment is identical to that of the first
      embodiment.
PAR  FIG. 5 illustrates a third embodiment of one of the ends of a binding
      according to this invention. In this embodiment, intermediate plate 7 is
      located completely in slot 10 in the soleplate, in a similar manner to the
      first embodiment; however its hinge shaft 9 is not placed right at the end
      of the soleplate but is placed as illustrated in FIG. 5. This third
      embodiment somewhat resembles the second embodiment; however, in this
      instance the sole of boot 8A covers both the soleplate 8 and intermediate
      plate 7. All the other characteristics are identical to those in the first
      embodiment. Just as in the two previous embodiments, this device can be
      used to hold the front or rear of the soleplate, the spring locking device
      previously described holding the other end. The operation of this third
      embodiment is identical to that for the first embodiment, except that when
      the binding releases by raising of the end of the soleplate held by the
      rounded end 25 (FIG. 3), as the soleplate hinges about shaft 9, the
      inclined surfaces 12 and face 6 come into play to move soleplate 8 and
      intermediate plate 7 in the direction of arrow F3.
PAR  FIGS. 6 to 8 illustrate a fourth embodiment of binding according to the
      invention. In this embodiment, the intermediate plate must be hinged at
      the front end of the soleplate. FIGS. 6 to 8 reproduce all the components
      illustrated respectively in FIGS. 1 to 3, and the following components in
      addition. A plate 31, fixed to ski 3 by screws 32, is provided in front of
      soleplate 8 and its hinge pin 9. This plate has a rectilinear slot 33
      defining a slideway along the ski's center line. A peg 34, which is able
      to slide in slot 33, positions a retaining component 35. A setting knob 36
      enables the retaining component 35 to be moved axially in relation to the
      peg against the action of a spring 37. A head 38 on a pin 39 is fitted
      inside the peg, the end of the pin being driven into the setting knob 36.
      Head 38 is restricted in its movement upwards by inner face 40 in peg 34.
      The end of the retaining component facing towards the soleplate 8 is
      provided with a hook 41 able to cooperate at least indirectly with a
      corresponding profiled section of the intermediate plate, constituted for
      example by the center portion of horizontal shaft 9 fixed to the
      intermediate plate. A cut-out 42 in the intermediate plate enables hook 41
      to rest on shaft 9.
PAR  Behind the soleplate, the spring locking device for the soleplate
      comprises, as illustrated in FIG. 8, means for holding the said device in
      an "unlocked" position, constituted for example by a lever 45 pivotally
      mounted on housing 14 about a horizontal pin 46. Lever 45 carries a pin 47
      which is able to move in apertures 48 in housing 14 when lever 45 is
      rotated, the said pin 47 simultaneously moving spindle 16 through the
      intermediary of washer 20 acting against spring 21, the spherical end 25
      of plunger 19 being thus moved in the direction of arrow F4 and held in
      the position illustrated in FIG. 8. All the other components previously
      described in the first embodiment (FIG. 3) remain unchanged.
PAR  Operation of this fourth embodiment is as follows: When the skier wishes to
      move across flat or rising ground, he is able to set the binding in a
      "walking" or "touring" position. To do this without having to remove his
      skis, he loosens the retaining component 35 by turning setting knob 36,
      moves the said component in the direction of F5 until hook 41 is in line
      with shaft 9 and then retightens knob 36, holding hook 41 firmly down on
      the corresponding profile of shaft 9. The intermediate plate 8, also
      soleplate 7 carrying the boot, thereby became unable to rotate about pin 1
      or to make an axial movement relative to the ski. Actuation of lever 45
      located at the rear of the binding enables the rear locking device to be
      held unlocked, the rear of the soleplate 8 thus being free to follow
      movements of the boot heel.
PAR  According to a variation of this embodiment, the intermediate plate 7 is
      arranged in front of the soleplate 8, as illustrated in FIG. 4, hook 41
      then resting directly on a portion 30 of the intermediate plate.
PAR  FIGS. 9 and 10 illustrate a fifth embodiment of the invention in which
      soleplate 8 and intermediate plate 7 hinged on it are incorporated in a
      boot sole 8A, the soleplate being fixed in the sole and supported by and
      on a lower surface portion 8B of sole 8A by rivets 8C integrally
      incorporated by any suitable means, by molding for example.
PAR  All the preceding embodiments employ plates 7 and 8 which are capable of
      being incorporated in a boot sole, with the exception of the second
      embodiment. FIG. 9 shows an example in which soleplate 8 and intermediate
      plate 7 are identical to those in the first embodiment. Spring biasing
      means, for example a leaf spring 45, are provided to hold intermediate
      plate 7 under the sole when walking without skis. To enable a boot
      comprising such a sole to be detached at will from the ski, either a
      temporary or permanent means of unlocking is necessary. It is constituted,
      for example, by the rear locking device previously described and
      illustrated in FIG. 8. The device in FIG. 8 enables permanent unlocking,
      however, a temporary unlocking device would be sufficient to release the
      boot from the ski at will.
PAR  FIGS. 11 and 12 illustrate a sixth embodiment of the invention in which the
      soleplate 50 is integrally secured to upper part 51 of boot 52. As in the
      fifth embodiment the front of the soleplate comprises an intermediate
      plate 7 hinged about a shaft 9 whose ends are held in the said sole 50,
      and the rear of sole plate 50 comprises a recess 13 whose profile is
      designed to work in conjunction with spherical end 25 of the cylindrical
      portion 19, as described earlier.
PAR  The fifth and sixth embodiments operate in the manner described earlier for
      the first embodiment.
PAR  The described ski binding may be used in all instances where one wishes to
      ensure the skier's safety in the event of falling forwards, backwards,
      sideways or in the event of a fall leading to a twist of the boot. In
      addition, the embodiment of FIGS. 6-8 is suitable whenever it is desired
      to use a single pair of skis for both downhill skiing and touring.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ski binding, comprising;
PA1  an elongate soleplate extending from a first end to a second end;
PA1  an intermediate plate hingedly connected to the soleplate adjacent said
      first end about a transverse axis and having means defining an opening in
      said intermediate plate, said intermediate plate having a free end and an
      upper face;
PA1  a pin attachable perpendicular to a ski, said pin having an enlarged head
      which can pass through said opening in the intermediate plate;
PA1  means defining cooperating relatively inclined surfaces on the underside of
      said head of the pin and on said upper face of said intermediate plate in
      a part of said opening adjacent said free end; and
PA1  spring operated means for releasably locking said second end of the
      soleplate to the ski subject to release of the soleplate by pivoting about
      said transverse axis and about said perpendicular pin, said spring
      operated means being attachable to the ski at a distance from said pin;
PA1  whereby in use said spring operated means urges said sole- plate and said
      intermediate plate in a direction towards said pin to inter- engage said
      cooperating surfaces and thereby releasably to lock said sole- plate to
      the ski, subject to movement of said first end of the sole- plate relative
      to the ski to free said soleplate by coaction of said cooperating surfaces
      against the action of said spring-operated means.
NUM  2.
PAR  2. A ski binding according to claim 1, in which said soleplate is
      incorporated in a sole of a boot.
NUM  3.
PAR  3. A ski binding according to claim 2, in which said soleplate comprises a
      generally flat plate attachable to a lower surface portion of said sole.
NUM  4.
PAR  4. A ski binding according to claim 2, in which said boot sole includes
      means defining a recess for receiving therein said intermediate plate with
      said upper surface uppermost, and means for releasably holding the
      intermediate plate in said recess.
NUM  5.
PAR  5. A ski binding according to claim 1, in which said first end of the
      soleplate is adapted to support the toe end of a boot and said second end
      is adapted to support the heel end of a boot, said spring-operated locking
      means comprising manually operable means for placing it in an inoperative
      position allowing free movement of said second end of the soleplate, the
      binding further comprising manually operable means for locking said
      soleplate and intermediate plate against pivoting about said pin while
      allowing pivoting of the soleplate about said transverse axis.
NUM  6.
PAR  6. A ski binding according to claim 5, wherein said manually-operable
      locking means comprise a base plate adapted to be secured on the ski, a
      hook member slidably mounted on the base plate for movement along the
      axial direction of the ski, said hook member being adapted in one axial
      position to at least indirectly engage with and immobilize said
      intermediate plate, and screw means for holding said hook member in
      position.
NUM  7.
PAR  7. A ski binding according to claim 1, in which said opening in the
      intermediate plate has an end portion which is V-shaped in plan view, and
      the means defining it comprises one of the means defining co-operative
      relatively inclined surfaces.
NUM  8.
PAR  8. A ski binding according to claim 1, in which said soleplate is integral
      with the sole of a boot.
NUM  9.
PAR  9. A ski binding according to claim 1 in which said spring-operated means
      includes manually operable means for unlocking the second end of the
      soleplate from the ski at will.
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ABST
PAL  In a safety ski-binding comprising an elongated sole plate for supporting a
      ski boot, sole depressors provided on the sole plate for releasably
      retaining the boot thereon and mounting means for holding the sole plate
      to the ski except on the occurrence of an overload, the sole plate is
      provided with at least one transverse horizontal pivotal axis disposed in
      the region supporting the ball of the boot so that the sole plate can bend
      to an upwardly concave shape and adapt itself to a corresponding curvature
      of the ski during use. The sole plate may be made in two or more parts
      which are hinged to one another, in which case the or each hinge line
      constitutes the respective pivotal axis, or at least the ball-supporting
      region of the sole plate may comprise a thin and flexible sheet having a
      plurality of juxtaposed transverse members secured to its underside.
BSUM
PAR  The invention relates to a safety ski-binding in which the connection
      between a ski boot and a ski is effected by a sole plate that is provided
      with front and rear sole depressors, the boot being supported on the sole
      plate so that it can be only intentionally released. The binding further
      comprises mounting means for the sole plate, which mounting means are
      adapted to be secured to the ski and are effective to release the sole
      plate from the ski in the vertical and/or horizontal direction when an
      overload occurs.
PAR  A particular purpose of such a ski-binding is to enable a lightweight ski
      boot with flexible sole to be used without sacrificing a really secure
      connection between the foot and the ski that is necessary to obtain good
      ski control.
PAR  However, a disadvantage of such a ski binding is that the sole plate, which
      extends along the entire length of the boot, is completely rigid. Because
      of this it is possible for the sole plate to become jammed between the
      points at which it is mounted on the ski by the mounting means if, for
      example, the ski happens to flex concave upwardly as it passes over a
      hollow. At this instant the retaining forces acting on the ski may
      increase to such an extent that, if some dangerous rotational movement
      also takes place, the sole plate may not become free from the ski, thereby
      increasing the danger of a rotary fracture of the shin bone. On the other
      hand, during normal skiing the necessary retaining forces are not often
      approached having regard to the required safety factor.
PAR  Another disadvantage of a rigid sole plate is its unfavourable influence on
      the elasticity of the ski which is reinforced along the length covered by
      the sole plate.
PAR  It is an object of the present invention to avoid the aforementioned
      disadvantages of safety ski-bindings without unduly complicating their
      construction or making them more expensive, so that the inherent advantage
      of a sole plate can be utilised to an optimum degree.
PAR  According to the invention, a safety ski-binding comprises an elongated
      sole plate adapted to be fitted on a ski to support a ski boot, front and
      rear sole depressors provided on the sole plate for retaining the boot
      thereon except when it is to be intentionally released, and mounting means
      for the sole plate effective to release the latter from the ski in a
      vertical and/or horizontal direction on the occurrence of overload,
      wherein the sole plate is provided with at least one transverse horizontal
      pivotal axis which is disposed in the region supporting the ball of the
      boot and about which the sole plate can bend only in the upward direction,
      that is to say about which it can flex to assume an upwardly concave but
      not convex shape as viewed when the sole plate is in position on a ski.
PAR  By means of the invention, therefore, the sole plate can adapt its shape at
      least approximately to the flexure of the ski.
PAR  In one advantageous construction, the sole plate is made in at least two
      parts which are hinged to one another. In this case, the or each pivotal
      axis is constituted by the hinge line or lines. In an alternative
      construction, at least the ball-supporting region of the sole plate is
      formed by a comparatively thin continuous flexible sheet to the underside
      of which there are secured a plurality of juxtaposed transverse members
      which are not directly interconnected.
PAR  In either form of the invention, provision may be made so that the safety
      ski-binding need not necessarily be used with a ski boot having a flexible
      sole. For this purpose at least one of the aforementioned sole depressors
      is outwardly displaceable lengthwise of the sole plate against spring
      force. Thus, if a boot with a relatively inflexible sole is used with the
      sole plate and the ski happens to flex to a curvature to which the sole
      plate then substantially adapts itself, the elongation of the chord formed
      by the sole of the boot is compensated by the resilient displacement of at
      least one of the sole depressors.
DRWD
PAR  Further objects and features of the invention will become evident from the
      following description of two examples with reference to the accompanying
      diagrammatic drawings, wherein:
PAR  FIG. 1 is a plan view of a first embodiment of safety ski-binding;
PAR  FIG. 2 is a side elevation of the FIG. 1 binding, and
PAR  FIG. 3 is a view corresponding to FIG. 2 but showing a second embodiment of
      safety ski-binding.
DETD
PAR  Referring to FIGS. 1 and 2, the safety ski-binding illustrated therein
      comprises an elongated sole plate 1 mounted on a ski 5 by mounting means 2
      and 3 at the front and back of the sole plate, respectively. The front and
      back mounting means are secured to the ski by screws 4 and comprise a bolt
      8 or 9 carrying a pin 6 or 7 engaging in a recess of a respective catch
      member 10 or 11 provided at the ends of the sole plate 1. Since the actual
      construction of the mounting means 2 and 3 for the sole plate does not
      constitute a part of the present invention, and since the construction is
      not critical, a more detailed description is regarded unnecessary but it
      may be mentioned that, to fulfil the safety function of the binding
      properly, it must be possible for the sole plate to move vertically and at
      least to both sides horizontally as well as upwardly at the back when a
      predetermined high strain is applied so that the plate becomes unlocked
      and is released from the ski.
PAR  At the front the sole plate 1 carries a sole depressor 12 and at the back a
      sole depressor 13. To enable the ski-binding to be adapted to boots of
      various lengths, the sole depressor 12 is adjustable lengthwise of the
      sole plate, for which purpose the latter is provided with a slot 14. The
      back sole depressor 13 is pivotable relatively to the sole plate 1 about a
      horizontal transverse shaft 15. Together with a pedal 16 and an opening
      handle 17, the rear sole depressor 13 forms a so-called step-in device so
      that the boot is retained on the sole plate except when it is to be
      deliberately released.
PAR  To achieve a certain amount of upward flexibility for the sole plate 1 in
      accordance with the present invention, the sole plate is divided at two
      positions in the ball region of the boot. Accordingly, the sole plate is
      made in three parts which are hinged to one another at 18 and 19. As
      evident from FIG. 2, abutments 20 are provided at the hinge positions to
      ensure that the two outer plate portions cannot be swung downwardly
      relatively to the central plate portion. In other words, the configuration
      assumed by the plate portions can only be upwardly concave so that the
      sole plate will adapt itself approximately to a corresponding flexure of
      the ski 5.
PAR  The fundamental construction of the FIG. 3 embodiment of safety ski-binding
      is the same as for the embodiment of FIGS. 1 and 2 and consequently the
      same reference numerals have been used for the equivalent integers. The
      principal difference in the FIG. 3 construction is that the sole plate 21
      is made in more than three parts. It consists of a relatively short rigid
      rear portion 22 to which a comparatively thin flexible layer or sheet 23
      is secured such as by rivets. Riveted to the underside of this sheet 23
      there are a plurality of rigid transverse members 24, 25. These transverse
      members are closely juxtaposed so that they prevent flexure of the sheet
      23 to an upwardly convex shape. Since the transverse members 24, 25 are
      not directly interconnected, it is possible for the sheet 23 to flex to an
      upwardly concave shape. The sole plate 21 can therefore likewise adapt its
      shape to the upwardly concave flexure of the ski 5 occurring during use.
PAR  In the FIG. 3 embodiment the front sole depressor 12 is not longitudinally
      displaceable as in the case of FIGS. 1 and 2. Instead, adjustment to
      different sole lengths of ski boot is effected by longitudinal
      displacement of the rear sole depressor 13. In addition, the sole
      depressor 13 is displaceable to the left-hand side as viewed in FIG. 3
      against the action of a spring. Such resilient outward displacement of the
      sole depressor is known per se and has therefore not been illustrated in
      detail. It permits the desired flexibility of the sole plate 21 to be
      obtained even if the boot supported thereon does not have a flexible sole
      because when the ski flexes the elongation of the chord formed by the sole
      of the boot is compensated by resilient displacement of the sole depressor
      13.
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety ski-binding comprising an elongated sole plate adapted to be
      fitted on a ski to support a ski boot, front and rear sole depressors
      provided on the sole plate for retaining the boot thereon except when it
      is to be intentionally released, and mounting means for the sole plate
      effective to release the latter from the ski in a vertical and/or
      horizontal direction on the occurrence of overload, wherein the sole plate
      is provided with at least one transverse horizontal pivotal axis which is
      disposed in the region supporting the ball of the boot and about which the
      sole plate can bend only in the upward direction.
NUM  2.
PAR  2. The binding of claim 1, wherein said sole plate is made in at least two
      parts which are hinged to one another.
NUM  3.
PAR  3. The binding of claim 1, wherein at least the ball-supporting region of
      the sole plate comprises a continuous thin flexible sheet to the underside
      of which there are secured a plurality of juxtaposed transverse members.
NUM  4.
PAR  4. The binding of claim 1, wherein at least one of the sole depressors is
      outwardly displaceable lengthwise of the sole plate against spring force.
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ABST
PAL  A chair and hand truck combination is disclosed comprising a platform upon
      which a load may be set and removed, a pair of wheels partially supporting
      the platform, a back rest extending upwardly from the platform, and a pair
      of arm rests extending above the platform from the back rest.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to structures which serve both as a chair and as a
      hand truck.
PAR  Heretofore, structures have been devised which function both as a portable
      chair and as means for transporting articles from one location to another.
      For example, in U.S. Pat. Nos. 2,264,744 and 3,128,137 combination chair
      and tackle box structures are disclosed which may be carried by fishermen
      from one location to another as an integral unit. In U.S. Pat. No.
      3,230,006 another structure is shown, also adapted to be used by
      fishermen, which provides both a chair and a refrigerated tackle box. In
      U.S. Pat. No. 3,290,086 another integral structure is shown providing both
      a foldable chair and a collapsable storage box. U.S. Pat. No. 3,014,760
      teaches a combination golf cart and chair. The present invention is
      related to improvements in such chair and hand truck combinations.
PAR  Accordingly, it is a general object of the present invention to provide an
      improved chair and hand truck combination.
PAR  More specifically, it is an object of the present invention to provide a
      chair and hand truck combination upon which an ice chest or cooler may be
      manually set and removed with facility.
PAR  Another object of the invention is to provide a chair and hand truck
      combination which may be folded for storage to conserve storage space.
PAR  Yet another object of the invention is to provide a chair and hand truck
      combination which is light in weight and is of simple and economic
      construction.
PAC  SUMMARY OF THE INVENTION
PAR  In one form of the invention a chair and hand truck combination is provided
      comprising a platform upon which a load such as an ice chest may be set
      and removed, and a pair of wheels at least partially supporting the
      platform. A back rest is provided extending upwardly from the platform. A
      pair of arm rests extend above the platform from the back rest.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a chair and hand truck combination
      embodying principles of the invention in one preferred form which
      combination is shown with an ice chest set thereupon.
PAR  FIG. 2 is another perspective view of the chair and hand truck combination
      shown in FIG. 1 but without the ice chest.
PAR  FIG. 3 is a perspective view of the chair and hand truck combination shown
      in FIG. 2 in a folded configuration for storage.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring now in more detail to the drawing, there is shown a chair and
      hand truck combination embodying principles of the invention in one
      preferred form and including an axle 10 upon which a pair of wheels 12 are
      mounted. The axle is journalled through two of four flanges 14 which
      project upwardly from a platform 15. The platform and flanges here are of
      unitary structure, preferably formed from a sheet of light weight metal
      such as aluminum. Axle 10 is also journalled through lower end portions of
      an inverted U-shaped back rest frame member 18 upon which a lattice work
      of flexible strips of material 20 are secured. It will be noted that the
      upper corners of frame 18 are arcuate and are themselves uncovered by the
      strips of material in order to provide an arcuate hand gripping surface
      for manipulating the combination.
PAR  A U-shaped leg structure 22 is also pivotably mounted to platform 15. A
      pair of angles 24 are mounted to both the top of the U-shaped leg member
      and to the back rest frame member to serve as arm rests. Two pairs of
      braces 26 are pivotably secured to both one another, to the back rest
      frame member, and to the U-shaped leg member. A pair of stops 28 project
      from each of the pairs of braces straddling a pivot pin 30 to which each
      brace is pivoted. These stops serve to limit folding movement of the
      braces in well known breakable brace fashion.
PAR  In FIG. 1 the chair and hand truck combination is seen to be carrying an
      ice chest or cooler 30 of conventional size and shape having a top or lid
      32. The ice chest is seen to be set upon platform 15 within the bounds of
      flanges 14 which serve to limit sliding movement of the chest atop the
      platform. The ice chest may be easily removed by gripping side ledges
      thereof and lifting it off of the chair and hand truck combination. When
      set upon the platform the chest top provides the chair seat. Comparison of
      FIGS. 2 and 3 show that once the ice chest is removed the combination may
      be folded for storage.
PAR  We thus see that a chair and hand truck combination is provided which is
      light in weight and of simple and economic manufacture. The combination is
      foldable for storage purposes and is adapted to receive and support an ice
      chest or other box or load for transportation. In this manner, both the
      chair itself as well as the ice chest or other load may be carried as for
      example to a picnic ground, as one unit or load. The top 32 of the ice
      chest provides a seat for the chair which may be covered with additional
      insulating materials, where desired. The back rest serves both to support
      the chest in a conveying mood when tilted rearwardly and also to provide a
      rest for the back of a human sitting in the chair upon the chest.
PAR  It should be understood that the just described embodiment merely
      illustrates principles of the invention in one form. Many modifications
      may, of course, be made to this specific embodiment without departure from
      the spirit and scope of the invention as set forth in the following claims
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable chair and ice chest combination comprising:
PA1  a. a flat rigidd rectangular platform for normally being disposed adjacent
      to the ground in a horizontal position above the ground;
PA1  b. spaced wheels mounted for rotation about a transverse axis, said wheels
      being respectively mounted on said platform adjacent the rear corners
      thereof, said wheels being adapted to engage the ground for supporting the
      rear portion of said platform and for permitting said platform to be
      pivoted about said axis from its normal horizontal position to an upwardly
      extending position;
PA1  c. a back pivotally mounted to said rear portion of said platform for
      remaining upright as said platform is pivoted to its outwardly, horizontal
      extending position;
PA1  d. means connected between said back and said platform for holding said
      back in its upright position when said platform is in its normal
      horizontal position;
PA1  e. a rigid ice chest removeably carried by said platform, said ice chest
      having a horizontally disposed upper surface on which a person may sit in
      a normal position;
PA1  f. a pair of spaced opposed arms pivotally mounted by their rear end
      portions respectively to intermediate portions of said back, said arms
      normally extending forwardly of said back and parallel to each other and
      being pivotable to upwardly extending positions adjacent to the upper
      portion of said back; and
PA1  g. rigid front leg means pivotally connected to said platform forwardly of
      said wheels and pivotally connected to said arms forwardly of said back,
      said rigid means being respectively disposed outwardly of the sides of
      said chest when said chest is carried on said platform for arresting
      lateral movement of said chest on said platform and for providing support
      for said arms.
NUM  2.
PAR  2. The structure defined in claim 1 including a transverse axle for said
      wheels and wherein said back includes a U shaped frame member, said axle
      passing through the end portions of said U shaped frame and through said
      platform.
NUM  3.
PAR  3. The structure defined in claim 1 wherein said arms are secured to said
      back at positions above said upper surface so that they provide arm rests
      for the person seated on said upper surface.
NUM  4.
PAR  4. The structure defined in claim 1 wherein said platform includes upwardly
      extending flanges along the edges of said platform for confining the
      bottom portion of said chest to prevent appreciable movement of said chest
      when it is carried by said platform and an axle passing through said
      flanges for rotatably receiving said wheels, outwardly of said flanges.
NUM  5.
PAR  5. The structure defined in claim 1 wherein said rigid means includes a U
      shaped leg structure, the opposed legs of which pass adjacent said chest
      and are pivotally mounted to the arms and the platform, the portion of
      said leg structure, which joins said opposed legs, passing beneath said
      platform to provide support on the ground for the forward portion of said
      platform.
NUM  6.
PAR  6. The structure defined in claim 1 wherein said first mentioned means
      includes foldable braces extending from positions adjacent the forward
      edge portions of said platform, upwardly and rearwardly to intermediate
      portions of said back.
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ABST
PAL  A frame is provided with a pair of spaced ground wheels at the lower end
      thereof and a handle at the upper end thereof. A saddle-bearing member is
      pivotally mounted upon the frame to be selectively folded against the
      frame or, alternately, supported in a generally horizontal saddle-bearing
      position by a foldable strut. Foldable ground support means are also
      pivotally secured to the frame for cooperating with the ground wheels to
      support the carrier in an upright position. Seat and shade means are
      selectively attachable to the frame.
PARN
PAR  The instant application is a continuation-in-part application of the
      instant inventor's copending application Ser. No. 476,900, entitled
      "Collapsible Carrier for Equestrian Saddle", filed June 6, 1974, now
      abandoned.
BSUM
PAR  The invention relates to equestrian gear and riding tack.
PAR  More particularly, the invention concerns a collapsible wheeled carrier for
      transporting and storing an equestrian saddle.
PAR  Equestrian saddles tend to be heavy, ungainly devices. The conventional
      western saddle weighs in the range of 35 to 40 pounds, while
      silver-encrusted parade saddles range upward of 200 pounds. In addition to
      the weight, the saddle includes a rather large, bulky seat encumbered with
      long pendulant stirrups and straps.
PAR  Generally, stables are arranged such that the saddle, along with other gear
      and supplies, is maintained in a tack room which is remote from the horse
      quartering in a stall or corral. As a preliminary step in preparing to
      ride, the horseman carries the saddle from the tack room to the horse
      quarters. Since it is not desirable to set the saddle upon the ground, the
      horseman balances the saddle upon an appropriate rail or other object
      while he attends to the horse blanket, bridle and other prerequisites. At
      the end of the ride, the procedure is reversed, with the saddle again
      balanced on an improvised rest while the horse is cooled and groomed. The
      saddle is then carried back to the tack room.
PAR  The considerable saddle handling is an arduous task for any horseman and
      approaches the limit of physical ability for many women and children.
      Also, since adequate temporary holding facilities for the saddle are not
      generally readily available proximate the horse guarters, considerable
      inconvenience is associated with handling the saddle.
PAR  It would be highly advantageous, therefore, to provide a convenient means
      for holding and transporting an equestrian saddle.
PAR  Accordingly, it is a primary object of the present invention to provide a
      wheeled saddle carrier.
PAR  Another object of the invention is to provide a wheeled saddle carrier that
      is collapsible for compact stowage.
PAR  Still another object of the invention is the provision of a saddle carrier
      which may be used as a wall-hanging rack for stowage of a saddle.
PAR  A further object of the invention is to provide a saddle carrier which is
      adjustable to accommodate users of various heights.
PAR  Yet another object of the invention is the provision of a saddle carrier
      which will enable persons of lesser physical strength to transport a
      saddle.
PAR  Yet a further object of the invention is the provision of a collapsible
      saddle carrier which will function as a spectator seat for equestrian
      events when the saddle has been removed therefrom.
PAR  And still a further object of the invention is to provide a carrier of the
      above type which is relatively lightweight, yet durably constructed.
PAR  Briefly, to achieve the desired objectives of the present invention in
      accordance with a preferred embodiment thereof, first provided is a main
      frame member which extends upwardly rearward from the lower end thereof. A
      pair of spaced ground wheels pivotally carried at the lower end of the
      main frame member support the carrier above the ground and a handle at the
      upper end of the main frame provides for manual manipulation of the
      carrier. An elongate saddle bearer, sized and shaped to support an
      equestrian saddle thereon, is pivotally secured at one end thereof to the
      main frame member and is movable from a collapsed position against the
      main frame to a substantially horizontal load-bearing position. A
      collapsible strut member is extendable between the saddle bearer and the
      main frame to support the saddle bearer in a generally horizontal
      load-bearing position. Ground support means are pivotally secured at the
      upper end thereof to the main frame and are selectively movable from a
      collapsed position against the main frame to a downwardly rearward
      position for cooperating with the ground wheels to support the carrier in
      an upright position.
DRWD
PAR  The foregoing and further and more specific objects and advantages of the
      present invention will become readily apparent to those skilled in the art
      from the following detailed description of the preferred embodiment
      thereof, taken in conjunction with the drawings, in which:
PAR  FIG. 1 is a perspective view of a collapsible equestrian saddle carrier
      constructed in accordance with the teachings of the present invention as
      it would appear when erected and ready for use;
PAR  FIG. 2 is a perspective view of the saddle carrier of FIG. 1 as it would
      appear when collapsed and ready for storage;
PAR  FIG. 3 is a perspective view of an accessory device for use in connection
      with the carrier of FIG. 1 as the device would appear in the folded
      storage position;
PAR  FIG. 4 is a perspective view illustrating the device of FIG. 3 in the
      unfolded position;
PAR  FIG. 5 is a side elevation view of the device of the present invention
      corresponding to the illustration of FIG. 2 and showing further details
      thereof;
PAR  FIG. 6 is a side elevation view corresponding to the illustration of FIG. 5
      at an initial stage of unfolding the device from the collapsible position
      to the erected position;
PAR  FIG. 7 is a side elevation view corresponding to the illustration of FIG. 6
      at a subsequent stage of erection thereof;
PAR  FIG. 8 is a side elevation view corresponding to the illustration of FIG.
      6, but in the fully erected position;
PAR  FIG. 9 is a perspective view of an alternately preferred embodiment of the
      collapsible equestrian saddle carrier of the present invention as it would
      appear in the erected upright position;
PAR  FIG. 10 is a side elevation view of the alternate embodiment of FIG. 9 as
      it would appear when supported by auxiliary ground support means;
PAR  FIG. 11 is a side elevation view corresponding to the illustration of FIG.
      10 when alternately erected;
PAR  FIG. 12 is a side elevation view of the device of FIG. 9 as it would appear
      when used as a wall-hanging rack for storing a saddle and having the fully
      collapsed position superimposed thereon in dashed outline; and
PAR  FIG. 13 is a frontal view of the saddle carrier of FIG. 9 as it would
      appear in the fully collapsed position.
DETD
PAR  Turning now to the drawings, in which the same reference numerals indicate
      corresponding elements throughout the several views, attention is first
      directed to FIG. 1, which shows the carrier having a main frame member,
      generally designated by the reference character 10. In accordance with
      currently preferred instruction methods, the several main components of
      the carrier, including the main frame 10, are weldments fabricated from
      tubing, especially aluminum or thin-walled steel tubing. The main frame 10
      includes an elongate tubular member 11 which is longitudinal to the
      carrier and oblique to the ground level when the device is in the erected
      position. A transverse tube 12 is welded to the lower end of the elongate
      tube 11. Ground wheels 13 are carried at either end of the transverse tube
      12. Various well known expediencies exist within the art for mounting the
      wheels 13 to the tube 12. In one configuration, a solid axle pivotally
      extends through the tube 12 with the wheels 13 secured to either end
      thereof. Alternately, the wheels 13 are pivotally secured directly to the
      tube 12 or to stub axles carried by the ends thereof.
PAR  The upper end of the elongate tube 11 is curved downward to provide a
      handle portion 14 for convenient manual manipulation of the carrier by the
      user. A handgrip 17 of the type well known in the bicycle and handtruck
      arts is secured to the end of the handle 14 for further convenience of the
      user. A second transverse tube 18 is welded to elongate tube 11 below the
      handle section 14. Legs 19, spaced by brace 20 proximate the lower end
      thereof and pivotally secured at the upper end thereof to transverse tube
      18, form a ground support to cooperate with the ground wheels 13 to
      maintain the carrier in the upright position. The collapsibility of the
      carrier will be hereinafter described in detail. However, as seen in the
      instant view, chain 21 extends between elongate tube 11 and brace 20 to
      limit the pivotal movement of the legs 19 in a direction away from the
      main frame member 10. Spring clip 22 engages brace 20 to selectively
      retain the ground support against the main frame 10.
PAR  An elongate saddle bearer 23 is formed by U-shaped tube 24, a generally
      semicircular member 27, upstanding from proximate the rear end thereof,
      and a J-shaped member 28 extending forwardly from an upper portion of the
      semicircular member 27 and proceeding arcuately downward to the front
      portion of the U-shaped member 24. Brace 29 extends between the legs of
      the U-shaped member proximate the curved portion thereof. A shaft 30
      extending through and pivotal within the transverse tube 18 is secured at
      either end thereof to the legs of the U-shaped member 24. U-shaped strut
      31 is pivotally carried by transverse tube 12 and extends upwardly
      therefrom between the legs of the U-shaped member 24 to support the saddle
      bearer in a substantially horizontal load-bearing position. Although
      various means are known for pivotally attaching strut 31 to transverse
      tube 12, it is presently preferred that the ends of the legs of the strut
      31 are welded to collars which are pivotal about the transverse tube 12.
      Legs 19 may be similarly attached to transverse tube 18.
PAR  For compact stowage, the carrier, as illustrated in FIG. 1, collapsible to
      the configuration shown in FIG. 2. Strut 31 is folded against main frame
      10 such that the curved portion of the U rests against the elongate tube
      11 below transverse tube 18. Saddle bearer 23 is pivoted downwardly with
      U-shaped member 24 abutting elongate tube 11. The ground support is
      pivotted against main frame 10 to engage brace 20 within spring clip 22,
      providing a package in which main frame 10, legs 19, strut 31 and U-shaped
      member 24 are mutually abutted and lie substantially within the same
      plane. It is particularly noted herein that the legs of U-shaped member 24
      have identical exposed open ends 32. The sequential erection of the
      collapsed carrier, as well as the significance of the open ends 32, will
      be hereinafter described in detail.
PAR  FIGS. 3 and 4 illustrate a combination seat-sunshade accessory for use with
      the saddle carrier of the present invention.
PAR  An upright support frame, generally designated by the reference character
      40, is formed by a pair of parallel elongate tubes 41 and 41a having
      outturned projections 42 and 42a at the upper end thereof. Brace members
      43 and 44 extend between the elongate tubes 41 and 41a and are welded
      thereto. Brackets 47, pivotal about the brace 43, carry seat means 48.
      Fabric 49 carried by generally U-shaped member 50 provides a sunshade over
      seat means 48. Legs 51 and 51a are pivotally connected to the ends of
      projections 42 and 42a, respectively. Each pivotal connection includes a
      wing nut 52 whereby the angle between the U-shaped member 50 and the
      upright frame 40 is selectively adjustable. As particularly noted in FIG.
      3, seat means 48 and frame member 50 have been folded against the upright
      frame 40 to complement the compact stowage of the carrier. In FIG. 4, the
      sunshade is shown in the extended position. A rod 53 extends from the
      lower end of each elongate tube 41 and 41a. The rod 53 is sized to be
      inserted into the open ends 32 of the U-shaped member 24 to support the
      seat means and sunshade in a manner and position as will be described
      presently.
PAR  FIGS. 5-8 illustrate the sequential operations in erecting the saddle
      carrier of the present invention from the collapsed position. The
      illustration of FIG. 5 essentially corresponds to the fully collapsed
      position, as seen in FIG. 2, except that the brace 20 has been disengaged
      from the clip 22 as the initiation of the intermediate step which is shown
      as completed in FIG. 6. Herein, the legs 19 have been pivotted in the
      direction of the arrow A to the extent of travel permitted by chain 21
      which places the carrier into a free-standing configuration. In the
      free-standing configuration, the carrier, in combination with the
      attachment as illustrated in FIGS. 3 and 4, also functions as a seat and
      shade means whereby an observer, such as a trainer, may observe the horse
      and rider after the saddle has been removed from the carrier and placed
      upon the horse. The accessory device is attached when rods 53 are inserted
      into the exposed open ends 32 with the lower ends of the elongate tubes 41
      and 41a abutting the respective ends of the legs of the U-shaped member
      24. Seat means 48 is supported in a substantially horizontal position by
      the aforementioned pivotal attachment to brace 43 and extending foward
      therefrom to rest upon semicircular member 27.
PAR  After the saddle bearer 23 has been pivotted upward in the direction of the
      arrow B, as seen in FIG. 7, strut member 31 is pivotted forward in the
      direction of the arrow C, as illustrated in FIG. 8. Subsequently, the
      saddle bearer 23 is lowered to rest upon strut 31. As specifically noted
      in FIG. 8, the J-shaped member 28 does not rest upon the strut 31. The
      distance across the outside of the legs of strut 31 is slightly larger
      than the distance across the inside of the legs of U-shaped member 24.
      Thus, when the U-shaped member 24 is lowered over strut 31, a frictional
      engagement is made therebetween near the maximum width part of the curved
      end of the strut 31. This frictional arrangement permits the carrier to be
      lifted by the J-shaped member 28 or any other part of the saddle bearer
      23, if necessary. An equestrian saddle is shown in the dashed outline 60
      in FIG. 8 to illustrate the relative placement thereof upon the saddle
      bearer 23.
PAR  An alternate embodiment of a collapsible saddle carrier constructed in
      accordance with the teachings of the present invention is illustrated in
      FIGS. 9-13. As particularly seen in FIG. 9, the instant embodiment
      includes a generally U-shaped main frame member 60 having elongate legs 61
      and 62 extending longitudinal to the carrier. Axle 63 proximate the ends
      of legs 61 and 62 has a ground wheel 64 pivotally secured at either end
      thereof. The upper curved section 67 of main frame member 60 forms a
      handle for the carrier and is preferably provided with a grip. The grip
      preferably herein illustrated in a leather strap spirally wrapped along a
      portion of curved section 67.
PAR  Ground support means 68 support main frame member 60 at an oblique angle
      extending from the lower wheeled end upwardly rearward to the upper
      handled end. Ground support 68 is a generally U-shaped member having
      upwardly extending legs 69 and 70 which are pivotally secured at the upper
      ends thereof to main frame 60 intermediate the upper and lower ends
      thereof. The pivotal attachment is accomplished by a U-shaped bracket 71
      rigidly affixed to legs 69 and 70 by rivets 72 and pivotally secured to
      legs 61 and 62 by pins 73. In the collapsed position, leg 69 is juxtaposed
      with legs 61 and leg 70 lies against leg 72 and are retained by spring
      clips 74 secured to legs 61 and 62 and detachably engaging legs 69 and 70,
      respectively. As ground support 68 is rotated downwardly rearward from
      main frame 60, the upper ends of legs 69 and 70 abut, respectively, legs
      61 and 62 of main frame 60 to retard further rearward movement of ground
      support 68 and maintain the carrier in an upright position.
PAR  Saddle bearer 77 of the instant invention is a generally U-shaped member
      having a forward curved section 78 and rearwardly extending legs 79 and 80
      which are pivotally secured at the free ends thereof to legs 61 and 62,
      respectively, of main frame member 60 by pivot pins 81. Forward and
      rearward brace members 82 and 83, respectively, extend between legs 79 and
      80. A strut 84, having an upward curved section 87 and downwardly
      depending legs 88 and 89, maintains saddle bearer 80 in the load-bearing
      position. The lower end of strut 84 is pivotally secured to the lower end
      of main frame 60. To simplify construction, the lower end of legs 61, 62,
      88 and 89 are aligned and drilled to receive axle 63 therethrough.
PAR  Strut 84 is foldable rearward against main frame 60 to place the carrier in
      a collapsed position. Saddle bearer 77 complements the collapsed position
      by folding downwardly to overlie strut 84. Chains 90, extending between
      legs 61 and 88 and 62 and 89, respectively, simplify erection from the
      collapsed position to the upright position by retarding the forward
      movement of strut 84.
PAR  As particularly seen in FIG. 9, saddle bearer 77 rests in a generally
      horizontal position upon strut 84 with the upper curved end 87 thereof
      positioned between curved end 78 of saddle bearer 77 and brace 82. An
      alternate placement will be hereinafter described. A saddle 91 is shown in
      dashed outline as it would appear when placed upon saddle bearer 77.
      Saddles, as will be readily understood by those skilled in the art, are
      fabricated from a frame encased in several layers of leather over other
      material. The manufacture thereof results in a pair of spaced longitudinal
      indentations on the underside of the saddle. In accordance with the
      instant invention, legs 79 and 80 of saddle bearer 77 are spaced to have
      the indentations of the saddle placed thereover for stability of the
      saddle upon the carrier during transportation. Saddle 91 is further
      retained from sliding off saddle bearer 77 by saddle retainer 92. Saddle
      retainer 92 projects upwardly rearward from the forward curved section 78
      of saddle bearer 77 to engage over the edge of the saddle.
PAR  An auxiliary ground support member 93 having a lower curved section 94 and
      upwardly extending legs 97 and 98 is pivotally secured to strut 84.
      Brackets 99, similar to the brackets 71 hereinbefore described, effect the
      securement. In the collapsed position, auxiliary ground support 93 is
      folded against strut 84 and retained by spring clips 100 secured to legs
      88 and 89 and engaging, respectively, legs 97 and 98.
PAR  FIG. 10 illustrates the saddle carrier of FIG. 9 as it would appear in an
      alternately erected position especially adapted for loading and unloading
      a saddle by a person of lesser physical stature. Strut 84 is engaged with
      saddle bearer 77 such that the upper end 87 of strut 84 extends between
      legs 79 and 80 immediately forward of brace 83. Ground support 68 is
      folded against main frame 60 and retained by spring clips 74. Auxiliary
      ground support 93 has been disengaged from spring clips 100 to extend
      forwardly from strut 84 and cooperate with wheels 64 to retain the carrier
      in the upright position. A saddle is maintained upon the sloping saddle
      bearer 77 by saddle retainer 92.
PAR  As seen in FIG. 11, the saddle carrier in the configuration of FIG. 10
      presents a handle 67 which is substantially lower than the handle as
      illustrated in FIG. 9 due to the more accute angle of main frame member 60
      to the ground. As the saddle carrier is moved from the rest position of
      FIG. 10 to the transportation position of FIG. 11, the handle is simply
      grasped and pulled to the rear. It is not necessary to first fold
      auxiliary ground support 93, as previously noted, since urging handle 67
      rearwardly immediately raises lower end 97 of auxiliary support 93 from
      the ground.
PAR  As is clearly illustrated in FIG. 12, the equestrian saddle carrier of the
      instant invention is readily adaptable for compact storage. In the
      immediate illustration, 101 represents the wall of a tack room or similar
      structure having a conventional hanger hook 102 projecting therefrom. As
      seen in the solid outline, the carrier is hung upon hook 102 by handle 67.
      As seen in the solid line illustration, the carrier when partially erected
      can support a saddle in the hanging position. When fully collapsed, as
      noted by the dashed outline generally designated by the reference
      character A, the carrier presents a slim profile which projects from wall
      101 not substantially more than the diameter of ground wheel 64. FIG. 13
      further illustrates the saddle carrier in the fully collapsed position as
      it would appear from the front.
PAR  Various changes and modifications to the embodiments herein chosen for
      purposes of illustration will readily occur to those skilled in the art.
      For example, with reference to the embodiment of FIGS. 1-8, to achieve
      stability a combination of either two legs and one wheel or two wheels and
      one leg is sufficient. It is also noted that the frictional engagement
      between the strut 31 and U-shaped member 24, although a highly desirable
      feature, is not mandatory for the function for which the carrier is
      intended. The J-shaped member 28 may rest upon the strut 31 and the strut
      subsequently retarded from rearward movement by brace 29 and from forward
      movement by the narrowing due to the curved end of either the J-shaped
      member 28 or the U-shaped member 24. With reference to the embodiment as
      illustrated in FIGS. 9-13, main frame 60, ground support 68, saddle bearer
      77, strut 84 and auxiliary ground support 93 are each described and
      illustrated as a generally U-shaped member. For simplicity of manufacture,
      each element includes a congruent curved section with the primary
      difference therein being the length of the respective legs. Alternately,
      however, it is recognized that various features of the two embodiments are
      readily interchangeable. For example, the embodiment of FIGS. 9-13 may
      incorporate the single handle and double leg as illustrated in the
      embodiment of FIGS. 1-8, while that embodiment may utilize the ground
      support or saddle bearer of the embodiment of FIGS. 9-13.
PAR  The particular saddle bearer configurations as herein illustrated were
      particularly chosen as being lightweight and relatively simple to
      fabricate in accordance with the primary objectives of the present
      invention. However, various other configurations which will adequately
      support an equestrian saddle are readily apparent.
PAR  Having fully disclosed and described the present invention and the
      preferred embodiments thereof in such clear and concise terms as to enable
      those skilled in the art to understand and practice the same, the
      invention claimed is;
CLMS
STM  I claim:
NUM  1.
PAR  1. A collapsible wheeled carrier for transporting an equestrian saddle,
      said carrier comprising:
PA1  a. a main frame member extending upwardly rearward from the lower end
      thereof toward the upper end thereof and having
PA2  i. a pair of spaced ground wheels pivotally carried by the lower end of
      said main frame for supporting said carrier above the ground, and
PA2  ii. a handle at the upper end of said main frame for manual manipulation of
      said carrier;
PA1  b. ground support means pivotally secured at the upper end thereof to said
      main frame intermediate the upper and lower ends thereof,
PA2  said ground support being selectively movable from a collapsed position
      against said main frame to a downwardly rearward position for cooperating
      with said ground wheels to support said carrier in an upright position;
PA1  c. an elongate saddle bearer, sized and shaped to receive an equestrian
      saddle thereon, pivotally secured at one end thereof to said main frame
      intermediate the upper and lower ends thereof, said saddle bearer being
      pivotally movable from a collapsed position against said main frame to a
      substantially horizontal load-bearing position; and
PA1  d. a strut extending between said main frame at the lower end thereof and
      said saddle bearer at the upper end thereof for supporting said saddle
      bearer in said load-bearing position and being alternately collapsible
      against said main frame member.
NUM  2.
PAR  2. The carrier of claim 1, further including auxiliary ground support means
      pivotally secured at the upper end thereof to said strut and being
      selectively movable from a collapsed position against said strut to a
      downwardly forward position for cooperating with said ground wheels to
      support said carrier in an upright position.
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PAL  A vehicle body includes a manifold extending transversely of the instrument
      panel adjacent the windshield. An oval-shaped, slotted diffuser is secured
      to the manifold and communicates with a source of pressure fluid. An
      occupant restraint cushion includes an unbilical portion communicating
      with the diffuser and also includes a pillow portion. The cushion is
      stored within the manifold. A cover is provided for the manifold. When the
      source of pressure fluid is communicated with the diffuser, the diffuser
      expands from an oval shape toward a round shape and relocates the slots
      during such change in shape. This moves the cover to an open position. The
      umbilical portion is then projected rearwardly of the body and is located
      between the windshield and instrument panel when inflated. The pillow
      portion is erected generally vertically of the body rearwardly of the
      frontal portion of the instrument panel.
BSUM
PAR  This invention relates generally to vehicle occupant restraint systems and
      more particularly to such a system which includes a manifold and diffuser
      structure mounted within the instrument panel of the vehicle for deploying
      an occupant restraint cushion through an opening in the upper portion of
      the instrument panel.
PAR  Vehicle body occupant restraint cushions which are deployed from the
      instrument panel are known in the art. Such cushions may be deployed
      upwardly from the upper portion of the instrument panel over the
      windshield, or may be deployed rearwardly of the body from the lip or
      frontal portion of the instrument panel. It is also known to project
      cushions rearwardly of the body and over the steering wheel as well as to
      mount restraint cushions within the hub of the steering wheel.
PAR  In the system of this invention, the upper portion of the instrument panel
      of the vehicle is provided with an elongated opening which extends
      generally transversely of the body adjacent the juncture of the instrument
      panel with the lower edge of the windshield. An elongated shallow
      trough-like manifold has its base or lower wall seating on brackets
      secured to the cowl structure of the body. The opposite opening of the
      manifold is defined by the flanged side and end walls thereof and is
      generally coextensive with the instrument panel opening and aligned
      therewith. An oval-shape slotted diffuser seats on the base wall and is
      bolted through the base wall to the body-mounted brackets to mount the
      diffuser and manifold in place. The diffuser communicates with a source of
      pressure fluid, such as a gas generator. The diffuser expands toward round
      shape when it receives pressure fluid to relocate the slots thereof. The
      mounting bolts prevent the diffuser from sinuously deforming as it
      expands. The flanges of the side and end walls of the manifold are located
      in closely spaced adjacency to the inner surface of the upper portion of
      the instrument panel. An umbilical portion of an inflatable occupant
      restraint cushion is suitably secured to these flanges so as to be
      communicated with the diffuser through the manifold. The umbilical portion
      of the cushion and an occupant-engageable portion are rolled upon
      themselves downwardly of the instrument panel, and the roll is received
      within the manifold to store the uninflated cushion. A cover is received
      within the instrument panel opening and includes flanges which are
      releasably clamped between the side and end wall flanges of the manifold
      and the inner surface of the upper portion of the instrument panel. The
      forward flange of the cover acts as a hinge for forward swinging movement
      of the cover when the rear and side flanges thereof are pulled out upon
      partial inflation of the cushion to permit the cushion to be deployed
      through the opening rearwardly of the instrument panel. The manifold
      includes one or more valves which communicate either with the exterior or
      interior of the vehicle in order to release pressure fluid from the
      manifold when the pressure within the manifold or cushion exceeds a
      predetermined level.
PAR  One object of this invention is to provide an improved vehicle body
      occupant restraint system including a manifold and diffuser structure
      mounted within the upper portion of the instrument panel of a vehicle and
      opening through an elongated opening therein for deploying an inflatable
      occupant restraint cushion through such opening and rearwardly of the
      instrument panel upon communication of the structure with a source of
      pressure fluid. Another object of this invention is to provide such a
      system wherein the manifold is of generally shallow trough-like
      construction and has the walls thereof defining an opening generally
      coextensive with the opening of the instrument panel, the diffuser
      extending longitudinally of the manifold and being bolted through the
      manifold to suitable body-mounted supports to mount both the manifold and
      diffuser on the body. A further object of this invention is to provide
      such a system wherein the diffuser expands from an oval shape toward a
      circular shape without sinuously deforming when it receives pressure fluid
      from the source. Yet another object of this invention is to provide such a
      system which includes valve means for releasing pressure fluid from the
      cushion when the pressure within the cushion exceeds a predetermined
      level. Yet a further object of this invention is to provide such a system
      wherein the occupant restraint cushion is secured to the walls of the
      manifold and communicates with the diffuser through the manifold. Still
      another object of this invention is to provide such a system wherein the
      cushion is received in the manifold in stored condition and a releasable
      cover for the instrument panel opening is swung forwardly about its own
      hinge upon inflation of the cushion to permit the cushion to be projected
      through the opening and rearwardly of the instrument panel.
DRWD
PAR  These and other objects of the system of this invention will be readily
      apparent from the following specification and drawings wherein:
PAR  FIG. 1 is a partial perspective view of a vehicle body embodying an
      occupant restraint system according to this invention, with the cushion
      being shown uninflated;
PAR  FIG. 2 is a view similar to FIG. 1 showing the cushion inflated;
PAR  FIG. 3 is an enlarged view of a portion of FIG. 1;
PAR  FIG. 4 is a view taken generally along the plane indicated by line 4--4 of
      FIG. 2;
PAR  FIG. 5 is a view similar to FIG. 1 but with parts removed to show the
      details of the manifold, diffuser, and bracket structure;
PAR  FIG. 6 is an enlarged sectional view taken generally along the plane
      indicated by line 6--6 of FIG. 5;
PAR  FIG. 7 is an enlarged sectional view taken generally along line 7--7 of
      FIG. 5; and
PAR  FIG. 8 is a perspective view of the inflated cushion removed from the body.
DETD
PAR  Referring now particularly to FIGS. 1 and 3 of the drawings, a vehicle body
      designated generally 10 includes a conventional windshield 12 which is
      conventionally curved transversely of the body. The lower edge of the
      windshield is conventionally secured to the firewall or cowl structure 14
      of the body and the side edges and upper edge of the windshield are
      likewise respectively secured to the front door or A pillars 16 of the
      body, and to the windshield header, not shown.
PAR  An instrument panel 18 of conventional structure includes an upper panel
      portion 20 and a frontal portion 22. The frontal portion includes suitable
      provisions for housing the instruments 24 of the vehicle which are
      conventionally grouped around the steering wheel 26 of the vehicle.
PAR  An inverted generally U-shaped bracket 28 of channel cross section has its
      forward leg welded to the cowl structure 14 and its rear leg welded to the
      rear leg of a conventional channel cross section tie bar 30 which extends
      transversely of the body and has its ends conventionally secured to the
      hinge pillar portions, not shown, of pillars 16 by end brackets 32. A
      cross bracket 34 extends between the legs of the bracket 28 and a channel
      cross section offset bracket 36 has its forward upper end welded to the
      forward leg of bracket 28 and its rear lower end welded to the rear leg of
      a channel cross section tie bar 38 which extends transversely of the body
      and has its ends conventionally secured to the hinge pillar portions, not
      shown, of the pillars 16 by end brackets 40. An inverted U-shaped bracket
      42 of channel cross section has its forward leg welded to the cowl
      structure 14 and its rear leg welded to the rear leg of tie bar 30. A
      generally L-shaped bracket 44 of channel cross section has its shorter leg
      welded to the cowl structure 14 and its longer leg extending rearwardly of
      the body. As shown in FIGS. 3 and 5, an upwardly opening trough or
      manifold 46 includes a base wall 48, a pair of diverging angularly related
      side walls 50, each of which is flanged at 52, and a pair of end walls 54,
      each of which is flanged at 56. The base wall 48 of the manifold seats on
      the base legs of the brackets 28 and 42 and the longer leg of the bracket
      44 to thereby locate the manifold within the instrument panel 18. The
      manifold opens upwardly through a generally coextensive opening 58 in the
      portion 20 of the instrument panel. The opening 58 is defined by an
      opening in the metal base 60 of the instrument panel, the foam pad 62
      covering the portion 20, and is generally of rectangular shape. The outer
      decorative covering 64 of the foam pad 62 is wrapped over the foam pad and
      secured to the base 60 inwardly of the opening as shown in FIG. 3.
      Although the manifold 46 is shown as having a planar base wall 48, it
      should be noted that it may be slightly curved transversely of the vehicle
      body, longitudinally of the vehicle body, or both.
PAR  The forward side wall 50 of the manifold includes three spaced rectangular
      openings 66, one of which is shown in FIG. 3. A valve member 68 of spring
      steel has one end riveted to the wall 50 at 70 to one side of a respective
      opening 66 and is deflectable outwardly of the opening or forwardly of the
      body to provide a reed-type valve as will be further described. A bellows
      72 has one flanged end 74 conventionally secured to the wall 50 around
      each opening 66 and the other flanged end 76 conventionally secured to the
      cowl structure 14 around an opening, not shown, either through the cowl
      structure to the engine compartment of the vehicle, or to the plenum of
      the vehicle which may be formed as part of the cowl structure to
      communicate the manifold with the ambient atmosphere. Alternatively, the
      openings 66 and valve members 68 may be provided in either the base wall
      48 of the manifold or the other wall 50 to communicate the manifold with
      the interior of the body.
PAR  A diffuser 78, FIGS. 1, 3 and 5, seats on the base wall 48 of the manifold.
      The diffuser is generally of flattened oval shape and includes a plurality
      of groups of slots 80, FIG. 5. As shown in FIGS. 5 and 6, the diffuser
      includes sections 82 and 84 having further flattened interfitting ends 86
      which are bolted at 88 to each other and to the base leg of the bracket 42
      through a slot in the base wall 48 of the manifold. Other bolts 90, FIG.
      7, having their flattened heads secured to the diffuser extend through
      slots in the base wall 48 and are bolted to the base leg of the bracket 28
      and the long leg of the bracket 44. The bolts 88 and 90 thus mount the
      diffuser 78 and manifold on the body.
PAR  The diffuser 78 extends the full length of the manifold and has its
      circular cross section right-hand end portion 92 extending outwardly
      through the right-hand side wall 54 for communication with a pressure
      vessel or gas generator 94 which is housed within the side wall structure
      of the body forwardly of the pillar 16. The gas generator provides a
      source of pressure fluid which is released upon command to the diffuser.
      The signal for release may be conventionally obtained in a number of
      different manners through suitable inertial and/or deformation sensors as
      is well known in the art.
PAR  The left-hand end of the diffuser is closed by an oval wall, not shown,
      which is releasably secured to the left-hand wall 54 of manifold 46. The
      diffuser 78 is thus anchored along its length so that it cannot twist or
      sinuously deform when it receives pressure fluid from the gas generator 94
      but can only expand vertically toward a circular shape, as will be
      explained.
PAR  Referring now particularly to FIGS. 2, 4 and 8, an occupant restraint
      cushion designated generally 96 includes a pillow portion 98 and an
      umbilical portion 100. The pillow portion 96 is of generally elongated
      cross section and includes forward and rearward walls 102 and 104,
      respectively. The pillow portion may be conveniently formed by folding a
      sheet of suitable material upon itself to provide an envelope and then
      stitching this envelope at its side edges to provide the side edges of the
      pillow portion and at its end edges to provide either the lower edge of
      the pillow portion as shown in FIG. 8, or the upper edge thereof. The
      envelope is further stitched intermediate its side edges at 106 to thereby
      provide the pillow portion with three inflatable compartments which do not
      cross communicate with each other.
PAR  The umbilical portion 100 may likewise be formed by folding a sheet of
      material upon itself to provide an envelope. The end edges of the envelope
      may be stitched to each other to provide the left-hand side edge of the
      umbilical portion as shown in FIG. 8. One of the open side edges of the
      umbilical portion is suitably secured to the rear wall 104 of the pillow
      portion around openings therein so that the umbilical portion communicates
      with the pillow portion. The umbilical portion is further transversely
      stitched intermediate its side edges at 108 in alignment with stitching
      106 so that it likewise is divided into three compartments which
      communicate with respective compartments of the pillow portion. Both the
      umbilical portion and pillow portion may be conveniently formed of
      neoprene-coated dacron material which is substantially nonporous. It can
      be seen from FIG. 8 that the pillow portion extends peripherally beyond
      the umbilical portion on all sides thereof.
PAR  The other open side edge 110 of the umbilical portion is received over the
      flanges 52 of the side walls 50 and the flanges 56 of the end walls 54 of
      the manifold and suitably secured thereto such as by clips 112 to
      communicate the cushion with the diffuser 78 through the manifold 46.
PAR  When the cushion 96 is uninflated, those portions of the pillow portion
      which extend peripherally beyond the sides of the umbilical portion are
      folded over the pillow portion, the pillow portion folded downwardly under
      the umbilical portion, the cushion rolled downwardly upon itself, and the
      roll then placed in the manifold 46 as shown in FIG. 3.
PAR  A cover 114 for the opening 58 may be conveniently formed of a foam pad
      116, FIG. 3, which is received within the opening and seats on flanges 52
      and 56. The foam pad is covered by decorative material or covering 118
      which is the same as the covering 64. The covering 118 extends
      peripherally beyond the pad 116 and the flanges 120 thereof are clamped
      between the base 60 and the clips 112 to removably secure the cover 114 in
      place.
PAR  When the gas generator 94 receives a suitable signal and is ignited, the
      pressure fluid flows from the gas generator to the diffuser 78. The fluid
      expands the diffuser from its oval shape as shown in FIG. 3 to a generally
      circular shape as indicated in dash lines therein. The diffuser will only
      assume this generally circular shape between its right-hand and its
      interfitting ends 86 and likewise between these interfitting ends and its
      left-hand end wall. As the diffuser assumes this shape, it can be seen
      with reference to FIG. 3 that the slots 80 are relocated so that they
      assume the proper position to direct the flow of pressure fluid from the
      diffuser generally rearwardly and upwardly of the body, between the upper
      portion 20 of the instrument panel and the windshield 12, rather than
      directing the flow generally upwardly of the body toward the windshield as
      they would if they were not relocated.
PAR  As the pressure fluid escapes from the slots 80, it partially inflates and
      unrolls the rolled cushion 96 upwardly and rearwardly of the body against
      the rear portion of the cover 114. The rear and side flanges 120 of the
      cover are pulled out from between the metal base 60 of the upper portion
      of the instrument panel and the clips 112 so that the cover swings
      forwardly of the body about its forward flange 120 to its position shown
      in FIG. 2. The cushion 96 then begins to unroll along the upper portion of
      the instrument panel, between the windshield and this portion as the
      umbilical portion becomes fully inflated by the pressure fluid and extends
      beyond the frontal portion 22 of the instrument panel as shown in FIG. 4.
      When the umbilical portion is substantially fully inflated, the pillow
      portion then becomes inflated and is erected generally vertically of the
      body rearwardly of the frontal portion 22 of the instrument panel and
      rearwardly of the steering wheel 26.
PAR  It will be noted with reference to FIG. 4 that the umbilical portion is
      tapered longitudinally thereof and transversely of the body, the edge of
      this portion secured to the pillow portion being angular to the open edge
      110 which is secured to the manifold. This tapering of the umbilical
      portion locates the pillow portion angularly of the body, transversely
      thereof, so that the right-hand side of the pillow portion is located
      adjacent the right-hand side of the frontal portion 22 of the instrument
      panel, while the left-hand side thereof is located adjacent the steering
      wheel 26.
PAR  The pillow portion 98 extends generally upwardly to the windshield header
      of the body, generally downwardly over the frontal portion 22 of the
      instrument panel, and generally sidewardly to the doors 122 of the body as
      shown in FIG. 4. The pillow portion is thus erected in a position
      intermediate the front seat occupants and the windshield, the instrument
      panel, the pillars 16, and steering wheel 26 for engagement by the heads
      and upper torsos of such occupants. The pillow portion 98 extends
      peripherally beyond the umbilical portion as previously noted with
      reference to FIGS. 4 and 7 so as to cover the aforenoted interior areas
      and components of the body. The extent of the umbilical portion
      transversely of the body is limited by the curvature of the windshield 12
      since the manifold 46 is located well forward of the upper portion of the
      instrument panel and adjacent the lower edge of the windshield. The
      manifold is located immediately rearwardly of the defroster outlets 124,
      as shown in FIGS. 1 and 3, and these limit its forward location.
PAR  With reference to FIGS. 1, 3 and 5, a knee panel 126 extends transversely
      of the body below the frontal portion 22 of the instrument panel. This
      knee panel 126 includes a metal base 128 which may be suitably slotted or
      perforated, as is well known, and covered with crushable foam material
      130. An outer decorative covering 132, which may be the same as the
      coverings 64 and 118, covers the foam material. The upper portion of the
      knee panel generally follows the contour of the lower edge portion of the
      frontal portion 22 of the instrument panel.
PAR  A strap bracket 133 of generally D shape has its free ends secured at 134
      to the rear leg of the tie bar 30. The bracket 132 is further secured at
      136 at the base wall of the tie bar 38. The securement 136 also extends
      through the lower edge portion 137 of the knee panel 126, while the upper
      edge portion 138 of the knee panel and the lower edge portion 139 of the
      frontal portion 22 of the instrument panel are secured to each other and
      to the base of the tie bar 30 generally at 140. The curved portion of
      bracket 133 backs up the base 128.
PAR  An inverted U bracket 141 of channel cross section has its forward leg
      welded to an offset bracket 142 of channel cross section having a leg 143
      welded to the cowl structure 14. The forward leg of the bracket 141 is
      secured at 144 to the rear leg of the tie bar 30, and this securement also
      secures the upper end of a strap bracket 146 to the tie bar. The lower
      bent end of the strap bracket 146, the rearward end of the bracket 142,
      the lower edge portion 137 of the knee panel and the base wall of tie bar
      38 are secured to each other at 148. The upper edge portion 138 of the
      knee panel, the lower edge portion 139 of the frontal portion 22 and the
      base wall of the tie bar 30 are further secured to each other at 150. As
      best shown in FIG. 5, a U bracket 152 straddles the steering column and
      has its flanged legs secured to the base wall of tie bar 38 and its bight
      portion secured to the lower edge 137 of the knee panel. The upper edge
      portion 138 of the knee panel is further secured to the lower edge portion
      139 of frontal portion 22 and to tie bar 30 above bracket 152.
PAR  The frontal portion 154 of the right-hand side of the knee panel 126 is
      angled with respect to the frontal surfaces of the knees of the right and
      center front seat occupants. As these occupants move or slide forwardly
      relative to the seat and the vehicle upon impact of the vehicle with an
      obstacle, the upper and lower leg portions of the occupants bend or fold
      relative to each other and the frontal surfaces of the knees of such
      occupants engage the frontal portion 154 of the knee panel. This
      engagement and continued forward movement of the occupants crushes the
      foam material 130 and deforms the base 128 to absorb part of the kinetic
      energy of the occupants as well as apply a compressive load along the
      femurs of the upper leg portions of such occupants. It thus prevents
      movement of such occupants off the front seat cushion and aids in locating
      the upper torsos and heads of such occupants for engagement with the
      pillow portion of the cushion. The foam material 130 may be of any
      suitable type capable of absorbing part of the energy of impact of the
      occupants' knees with the panel such that the compressive loading of his
      femurs is maintained within predetermined limits. It should also be noted
      that when the material 130 is engaged by the occupants' knees, it deforms
      and provides pockets which limit movement of the occupants'  knees
      longitudinally thereof or transversely of the vehicle.
PAR  Since the cushion 96 is formed of nonporous material, the openings 66 in
      the forward wall of the manifold 46 and the valves 68 provide a pressure
      relief means whenever the pressure in the manifold cushion exceeds a
      predetermined limit due to occupant impact therewith or to excess pressure
      fluid being available over that required to inflate the cushion. The valve
      members 68 deflect forwardly of the openings 66 to permit the escape of
      pressure fluid from such openings through the bellows 72 and thence to the
      ambient atmosphere. If the openings 66 and valve members 68 communicate
      with the interior of the passenger compartment, the pressure fluid will,
      of course, pass thereto rather than to the ambient atmosphere. The
      pressure relief means also provides the cushion with secondary collision
      capability since the valve members 68 only open when the pressure within
      the cushion exceeds the predetermined limit and then close immediately.
      This is a feature which cannot be obtained from systems using blow-out
      patches or various types of continuous bleed orifices.
PAR  It will be noted from the foregoing description that this invention
      provides a manifold and diffuser structure mounted within the upper
      portion of the instrument panel for housing an inflatable occupant
      restraint cushion when uninflated and for deploying the cushion rearwardly
      of the body through an elongated opening in the instrument panel when the
      cushion is inflated. The structure permits the cushion to be mounted well
      forward on the upper portion of the instrument panel and adjacent the
      windshield while still permitting the cushion to be erected in a proper
      position when inflated.
PAR  As is well known, certain vehicles do not include a full bench-type front
      seat but include bucket seats instead. In such a vehicle, the structure of
      this invention can be split into two parts, one for the right-hand front
      seat passenger and one for the driver, or only one such part may be used.
PAR  Thus, this invention provides an improved vehicle body occupant restraint
      system.
CLMS
STM  We claim:
NUM  1.
PAR  1. The combination comprising, a vehicle having a windshield, an instrument
      panel including an upper portion having an elongated opening therein
      extending generally transversely of the vehicle adjacent the windshield,
      an elongated manifold within the instrument panel having a base wall and
      an opposite open upper side generally coextensive with the opening of the
      upper portion of the instrument panel, an elongated oval-shape diffuser
      located in the manifold adjacent the base wall, spaced means securing the
      diffuser to the base wall of the manifold, an inflatable occupant
      restraint cushion including an occupant engageable portion and an
      umbilical portion generally coextensive with the opening, means mounting
      the umbilical portion on the vehicle inwardly of the opening of the
      instrument panel in communication with the diffuser, the cushion being
      normally folded and stored within the manifold intermediate the diffuser
      and the manifold opening, releasable cover means covering the manifold
      opening and continuing the upper portion of the instrument panel
      thereover, means communicating the diffuser with a source of pressure
      fluid upon the occurrence of a predetermined event to inflate the cushion
      and deploy the cushion from the manifold through the manifold and
      instrument panel openings, the diffuser expanding from an oval shape
      toward circular shape upon receipt thereby of pressure fluid, the spaced
      securing means blocking sinuous deformation of the diffuser upon expansion
      thereof, the cover means being moved out of the instrument panel opening
      by the cushion when the cushion deploys, and means communicating the
      cushion with ambient atmosphere when the pressure within the cushion
      exceeds a predetermined level.
NUM  2.
PAR  2. The combination comprising, a vehicle having a windshield, an instrument
      panel including an upper portion having an elongated opening therein
      extending generally transversely of the vehicle adjacent the windshield,
      an elongated manifold within the instrument panel having a base wall and
      an opposite upper opening generally coextensive with the opening of the
      upper portion of the instrument panel, an elongated oval-shape diffuser
      located in the manifold adjacent the base wall thereof, spaced means
      securing the diffuser to the base wall of the manifold, an inflatable
      occupant restraint cushion including an umbilical portion and an occupant
      engageable portion, means mounting the umbilical portion on the vehicle
      inwardly of the opening of the instrument panel in communication with the
      diffuser, the cushion being normally folded and stored within the manifold
      intermediate the diffuser and the manifold opening, means communicating
      the diffuser with a source of pressure fluid upon the occurrence of a
      predetermined event to inflate the cushion and deploy the cushion from the
      manifold through the manifold and instrument panel openings, the diffuser
      expanding from oval shape toward circular shape upon receipt thereby of
      pressure fluid, the spaced securing means blocking sinuous deformation of
      the diffuser upon expansion thereof, a cover coextensive with the
      instrument panel opening and received therein, means hinging the forward
      edge thereof to the vehicle, and means releasably securing the rearward
      edge thereof to the vehicle, the cover being swung forwardly of the
      vehicle toward the windshield about the forward edge thereof upon
      inflation and deployment of the cushion.
NUM  3.
PAR  3. The combination comprising, a vehicle having a windshield, an instrument
      panel including an upper portion having an elongated opening therein
      extending generally transversely of the vehicle adjacent the windshield,
      an elongated manifold within the instrument panel having a base wall and
      an opposite upper opening generally coextensive with the opening of the
      instrument panel, an elongated oval-shape diffuser having a portion
      thereof seated on the base wall of the manifold, means spaced
      longitudinally of the diffuser and securing the seated portion of the
      diffuser and the base wall of the manifold to the vehicle, an inflatable
      occupant restraint cushion including an umbilical portion, means mounting
      the umbilical portion on the vehicle inwardly of the opening of the
      instrument panel in communication with the diffuser, the cushion being
      normally folded and stored within the manifold intermediate the diffuser
      and the manifold opening, and means communicating the diffuser with a
      source of pressure fluid upon the occurrence of a predetermined event to
      inflate the cushion, the diffuser expanding from oval shape toward
      circular shape upon receipt thereby of pressure fluid, the spaced securing
      means block sinuous deformation of the diffuser upon expansion thereof.
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ABST
PAL  Two uniform sheets are separated from each other by a corrugated member.
      The alternating ridges of the corrugated member are spot-welded to the
      inner surfaces of the two sheets. One of the sheets forms an impact
      receiving surface and has rows of slots, each row being located between
      the ridges. Upon impact, the slotted sheet is fractured and the adjoining
      spot-welded sections of the corrugated member are progressively deformed
      to distribute the impact force over a large area.
BSUM
PAR  This invention relates to an energy absorbing panel structure for
      protecting passengers of vehicles in collisions of automobiles, aircraft,
      and like means of transportation, the panel structure serving to absorb
      the kinetic energy of an occupant of the vehicle to protect him from
      serious injury.
PAR  The construction of this invention features the use of a corrugated metal
      structure sandwiched between two sheets of metal, at least one of which is
      perforated to serve as an energy absorbing member as it fractures upon
      impact and the corrugated member acting as another energy absorbing member
      as it deforms subsequently by the impact.
PAR  It is expected to utilize this invention on the lower portion of the
      steering column of an automobile or like vehicle as well as on the
      instrument panel. It is further expected to use this panel structure at
      various locations of the vehicle to protect also the passengers in the
      rear portion of the vehicle.
PAR  The invention will become apparent as the following description proceeds
      when taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the energy absorging panel structure of the
      invention; and
PAR  FIG. 2 is plan view of the structure with a pad applied to the surface
      thereof.
DETD
PAR  In FIG. 1, the impact energy absorbing panel structure of the invention is
      generally indicated at reference numeral 10 and includes first and second
      elongated thin steel sheets 11 and 12 in generally spaced relationship to
      each other and a third or corrugated or wavy thin steel sheet 13
      interposed therebetween, as illustrated. The sheets 11 and 12 are bent in
      a generally U-shaped section 11a transverse to the length of the panel
      structure 10 at the intermediate portion thereof through which the
      steering column of an automobile will extend. At the opposite ends of the
      sheets 11 and 12 there are provided apertures 14 through which screws (not
      shown) secure the panel structure 10 to any position underneath the
      steering column. Intermediate sections 12a and 12b of the sheet 12 are
      spaced from the sheet 11 for accommodation of the corrugated sheet 13 with
      its alternating ridges 13a being preferably spot-welded as at 16 to the
      inner surfaces of the sheets 11 and 12. In the illustration both sheets 11
      and 12 are further provided with rows of serially arranged slots 15, the
      rows extending in a direction transverse to the length of the panel
      structure 10 between the alternating grooves 13b of the corrugated sheet
      13.
PAR  The intermediate sections 12a and 12b form impact receiving surfaces and
      the slots 15 provide for a weakening of resistance to fracture of sheet
      12. Upon impact of the knee of a vehicle passenger with the panel
      structure 10, fracture or shearing of the sheet 12 readily occurs along
      the rows of slots 15. Subsequently, deformation of the corrugated sheet 13
      occurs. For example, a knee hitting the panel structure 10 would cause a
      progressive deformation of adjoining spot-welded sections. The impact
      forces are thus distributed over a large area reducing the force of impact
      at any particular point.
PAR  It is obvious that any number of slots 15 may be formed in the sheet 12.
      Preferably, a sufficient number of slots 15 and ridges 13a should be
      formed to provide selective weakening of the panel structure 10.
PAR  The panel structure as constructed and shown in the drawing may be secured
      in position underneath the steering column to a structural member of the
      passenger compartment of the vehicle by means of, for example, screws and
      brackets.
PAR  The bend 11a can obviously be dispensed with to form a pair of spaced,
      uniform sheets with the corrugated member interposed therebetween. This
      construction will allow the panel structure to be adapted to various
      portions of the vehicle, such as on the instrument panel, the rear side of
      the front seat, or on the inner walls of the door panels.
PAR  The panel structure 10 may preferably be provided on the impact receiving
      surface with a resilient padding 20 as shown in FIG. 2, such as foam
      rubber, to provide a further cushioning effect to the impact force.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Restraining means for restraining forward movement of a vehicle occupant
      arising from a sudden deceleration of the vehicle, comprising a first
      sheet of metal secured to a structural member of the passenger compartment
      of said vehicle, a second sheet of metal secured at the opposite ends
      thereof in spaced relationship to said first sheet of metal forming an
      impact receiving surface, and a third sheet of metal folded into a
      meandering shape and supported by the inner sides of said first and second
      sheets with the folded portions connected with said inner sides, said
      second sheet having rows of apertures, each row being arranged between the
      adjacent folded portions, whereby upon receipt of an impact force said
      second sheet is fractured along said rows so that part of the kinetic
      energy of said vehicle occupant is absorbed and said third sheet is
      flexured subsequently to absorb the remainder of said kinetic energy.
NUM  2.
PAR  2. Restraining means as claimed in claim 1, wherein said apertures are
      slots extending along said rows.
NUM  3.
PAR  3. Restraining means as claimed in claim 1, further comprising a resilient
      padding on said impact receiving surface.
NUM  4.
PAR  4. A knee restraint for limiting the forward movement of a vehicle occupant
      arising from a sudden deceleration of a vehicle, comprising a first sheet
      of metal secured at the opposite ends thereof to structural members of the
      passenger compartment of said vehicle in a position to engage the knee
      portion of said occupant under sudden deceleration of the vehicle, a
      second sheet of metal secured at the opposite ends thereof in spaced
      relation to said first sheet of metal forming an impact receiving surface,
      and a third sheet of metal folded into a meandering shape and supported by
      the inner sides of said first and second sheets with the folded portions
      connected with said inner sides, said second sheet having rows of
      apertures, each row being arranged between the adjacent folded portions,
      whereby upon receipt of an impact force said second sheet of metal is
      fractured along said rows so that part of the kinetic energy of said
      vehicle occupant is absorbed and said third sheet of metal is flexured
      subsequently to absorb the remainder of said kinetic energy.
NUM  5.
PAR  5. A knee restraint as claimed in claim 4, wherein said apertures are slots
      extending along said rows.
NUM  6.
PAR  6. A knee restraint as claimed in claim 4, further comprising a resilient
      padding on said impact receiving surface.
NUM  7.
PAR  7. A knee restraint as claimed in claim 4, wherein said first and second
      sheets have the intermediate portion thereof bent to form a generally
      U-shaped groove transverse to the length.
NUM  8.
PAR  8. A knee restraint as claimed in claim 7, wherein said first and second
      sheets are positioned so that the steering column of said vehicle extends
      through said U-shaped groove.
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PAL  A hybrid system is described for inflating an automobile passenger
      restraint bag. Part of the gas for inflating the bag is stored in a high
      pressure gas reservoir. Another portion is generated by combustion of a
      pyrotechnic mixture. In a preferred embodiment the gas storage cylinder
      and pyrotechnic generator are coaxial with an axial gas flow passage
      through the pyrotechnic generator for collecting and conveying gas. A
      frangible diaphragm separates the pyrotechnic gas generator from the high
      pressure gas storage vessel. The gas generator has four compartments
      surrounding the gas flow passage, each containing a pyrotechnic gas
      generator grain. Combustion gas flows from one of these compartments
      through another and thence to the axial gas passage. In each embodiment
      the two inflation gas sources are in series with the inflatable bag rather
      than in parallel with each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Government regulations for automobile passenger restraint systems appear to
      be headed in the direction of requiring an inflatable bag that momentarily
      and temporarily restrains a passenger during the critical instant of a
      collision impact. For safe and successful use the bag must be inflated in
      a very short time and thereafter deflated to release the passenger. The
      gas used to inflate the bag must be cooled enough to avoid damage to the
      bag and injury to the passenger. The gases used must also have a low
      toxicity.
PAR  Such a passenger restraint system must be installed in the automobile at
      the time it is built and may remain unused for a period of several years
      and still be ready for instant operation in case of a collision. The
      system should be economical since large numbers of installations are
      required and a significant economic impact results from relatively small
      changes in cost. Both cost and reliability considerations dictate a system
      with relatively low complexity. In addition, such a system must be stored
      behind the dashboard of the car until ready for use and a minimum volume
      is therefore essential.
PAR  There are three basic types of inflation systems for automobile passenger
      restraint bags. One of these has a sufficient supply of inflation gas
      stored under elevated pressure in a vessel that is opened at the moment of
      impact. In a collision such vessels may be opened explosively so that the
      pressurized gas is rapidly available. The adiabatic cooling of the gas as
      it expands from elevated pressure to the nearly ambient pressure of the
      inflatable bag introduces a severe chill and also reduces the effective
      volume of the gas available for inflating the bag.
PAR  Another technique employs a pyrotechnic gas generator wherein a rapidly
      burning composition produces substantial volumes of hot gas which are then
      directed into the inflatable bag. Some compositions are available with
      sufficiently low temperature of the combustion gas that it can be directed
      substantially directly into the bag without danger to the passenger. Other
      systems produce sufficiently high temperature gas that means must be used
      for cooling the gas before it is introduced in the bag. Various
      endothermic compositions, heat absorbing baffles, and the like have been
      devised for cooling the gas. However, these usually introduce substantial
      complexity into the system.
PAR  The third type of passenger restraint bag inflation system is a "hybrid" in
      that both a supply of gas under elevated pressure and a pyrotechnic gas
      generator are used. The gas from these two sources is mixed prior to
      inflating the bag and the high temperature of the combustion gas offsets
      the adiabatic cooling of stored gas to enhance gas volume and provide
      inflation gas at any desired temperature. In some such systems the
      pyrotechnic gas generator produces a rather small volume of gas but
      provides considerable energy for warming the gas from the high pressure
      gas storage vessel. This invention concerns a hybrid gas generation
      system.
PAR  Hybrid systems have an inherent complexity due to having two separate gas
      supplies. They also have tended to have a rather large volume and complex
      geometry in attempts to satisfy the safety and reliability requirements of
      the two systems. This has made it difficult to adapt the hybrid systems to
      practical installation in automobiles. One problem with hybrid gas
      generation systems has been that the pyrotechnic gas generator is often
      placed within the gas pressure reservoir so that the gas is mixed before
      leaving the reservoir. Pyrotechnic gas generators are initiated by an
      electrical signal which must be conveyed into the gas storage reservoir.
      Since the reservoir must hold the gas for a long period of time with high
      reliability, there are significant problems with long term sealing around
      the connectors leading the electrical wires into the reservoir. Such an
      arrangement also requires that the pyrotechnic gas generator be in place
      before the reservoir is filled and before it is sealed. The presence of
      the pyrotechnic material within the gas reservoir can limit the available
      techniques for sealing the reservoir thereafter. If the gas generator is
      external to the storage reservoir plenums are needed for mixing the gases
      before discharge into the inflatable bag. Such additional "plumbing"
      complicates the design and makes a bulky system that is difficult to fit
      into a car.
PAR  It is therefore desirable to have a hybrid gas system for an automobile
      passenger restraint bag that has a minimum volume and "clean" shape so
      that it can be readily fitted behind the dash of an automobile without
      extensive modification. Such a system should be reliable and economical
      and sufficiently sturdy to withstand the temperatures and pressures
      involved in operation.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  There is, therefore, provided in practice of this invention according to a
      presently preferred embodiment a hybrid inflation system for a passenger
      restraint bag in the form of a high pressure gas storage reservoir sealed
      by a frangible diaphragm over a gas flow orifice located in one end of the
      reservoir. A pyrotechnic gas generator outside the reservoir is connected
      thereto and has gas flow passage separated from the high pressure gas by
      the frangible diaphragm. Gas from one of these sources flows through the
      other enroute to the bag for thorough mixing without an additional plenum.
      Such a serial arrangement has a minimum volume and an efficient external
      geometry.
PAR  A preferred pyrotechnic gas generator has a pressure resistant housing with
      an axial gas flow passage open at both ends for flow therethrough. Several
      cavities spaced around the axial passage in the housing have pyrotechnic
      compositions ignited by an electrical initiator for generating gas. Gas
      flows from a first one of these cavities through a transverse passage to a
      second and thence through a transverse duct to the axial gas flow passage.
      A preferred cylindrical gas storage reservoir has an inverted axial neck
      for close coupling to the pyrotechnic gas generator.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other features and advantages of the present invention will be
      appreciated as the same becomes better understood by reference to the
      following detailed description of a presently preferred embodiment when
      considered in connection with the accompanying drawings wherein:
PAR  FIG. 1 illustrates in longitudinal cross section a hybrid gas generation
      system constructed according to principles of this invention;
PAR  FIG. 2 is an end view from the gas generator end of the hybrid system;
PAR  FIG. 3 is a longitudinal cross section of the gas generator at line 3--3 in
      FIG. 2;
PAR  FIG. 4 is a longitudinal cross section of the gas generator at line 4--4 in
      FIG. 2;
PAR  FIG. 5 illustrates in partial longitudinal cross section another embodiment
      of hybrid gas generation system constructed according to principles of
      this invention;
PAR  FIG. 6 illustrates in longitudinal cross section another embodiment of
      pyrotechnic gas generator;
PAR  FIG. 7 illustrates in exploded perspective the system of FIG. 1 and its
      associated bag inflation manifold; and
PAR  FIG. 8 illustrates in plan view another embodiment of bag inflation system.
DETD
PAC  DESCRIPTION
PAR  FIG. 1 illustrates in longitudnial cross section a presently preferred
      hybrid gas generator for inflating an automobile passenger restraint bag.
      High pressure gas (2300 psi) such as nitrogen or argon is stored in a
      cylindrical steel pressure vessel 10 having a conventional pressure dome
      11 at one end. Typically the volume of the tank is about 100 cubic inches.
      A steel tube 12 passes through the dome and is welded in place for filling
      the gas storage reservoir. After filling with pressurized gas the tube 12
      is pinched off and welded shut to permanently store the gas in the
      reservoir.
PAR  At the opposite end of the gas storage reservoir 10 is an inverted neck 13
      extending into the tank rather than extending out from the end as is more
      common. A female thread within the neck accepts a conventional frangible
      diaphragm 14. After the diaphragm is threaded in place, it is preferred to
      electron beam weld around the threads to assure a permanent gas tight
      seal. With all openings to the tank welded shut, it is assured that the
      gas within the reservoir is maintained at elevated pressure for the very
      long periods of time required in an automobile passenger restraint system.
      By having an inverted neck within the tank with connections made thereto
      by the female thread, an appreciable volume saving can be achieved since
      the overall length of the tank and its appurtenant connector is
      substantially reduced.
PAR  A pyrotechnic gas generator 16 has a male thread 17 threaded into the
      female thread in the inverted neck of the gas storage reservoir. The gas
      generator is machined from a single piece of steel to give it substantial
      pressure resistance and is made as short as feasible for minimum volume.
      The gas generator has a generally square shape with deeply chamfered
      corners, giving it an octagonal cross-section, the maximum dimension of
      which is approximately the same as the diameter of the gas storage
      reservoir. By having the cross-section of the generator substantially the
      same as that of the tank, the envelope in which the hybrid system must be
      fitted can be minimized. The generator has an axial gas flow passage 18
      coaxial with the neck 13 of the storage reservoir. A threaded male
      connector 20 at the opposite end of the axial gas flow passage permits
      attachment to the inflation manifold for the restraint bag.
PAR  A conventional explosive actuator or detonator 19 is positioned in the
      axial gas flow passage by a light conical bracket 21. The lead wires 22
      from the actuator pass through a diagonal passage 23 in the housing to a
      conventional pressure resistant electrical lead-through 24. It should be
      noted that the lead-through 24 can be simply threaded into the diagonal
      passage 23 with a nominal seal since it is not necessary to store
      pressurized gas therein for any period of time. The feedthrough and other
      closures in the gas generator are subjected to pressure for only small
      fractions of a second during operation and no special means need be taken
      for long-term sealing. The only seals of long-term importance in a system
      as provided in practice of this invention are those around the burst
      diaphragm 14 and fill tube 12 of the gas storage reservoir.
PAR  The gas generator 16 has four cavities extending in a longitudinal
      direction parallel to the axis of the axial gas flow passage 18. Since
      these cavities are in similar pairs, only one pair 26 and 27 of the
      cavities is described in detail. The four cavities are symmetrically
      placed around the axial passage to occupy the least volume in the housing
      and still leave space for various internal passages hereinafter described
      and the diagonal passage 23 mentioned above.
PAR  The cavity 26 is closed at its end adjacent the storage reservoir and open
      at its opposite end. Threads 28 in the open end of the cavity accept a
      plug 29 in which a conventional electrical initiator or igniter 31 is
      threaded. The end of the initiator butts against the end of a conventional
      gas generator grain 32. A piece of expanded metal 33 separates the grain
      from the closed end of the cavity. The gas generator grain is somewhat
      resilient, and it is firmly held in position by the expanded metal and the
      initiator. If preferred, the grains can be adhesively bonded in place in
      the cavities.
PAR  The other cavity 27 in each pair is also closed at the end nearest the gas
      storage reservoir and open at its opposite end. A threaded plug 34 closes
      the cavity and engages a piece of expanded metal 36 within the cavity.
      Another somewhat longer propellant grain 37 substantially fills the
      balance of the cavity 27 and is spaced from the closed end thereof by a
      central boss 38.
PAR  Each of the propellant grains 32 and 37 is a conventional solid pyrotechnic
      composition which burns rapidly upon initiation to produce substantial
      volumes of non-toxic gas. A variety of such solid pyrotechnic mixtures are
      available. Each grain is in the form of a three lobe coverleaf as seen in
      FIG. 2 where one of the plugs 34 has been removed. Three longitudinal
      holes 39 extend along the length of the grain. This geometry keeps the web
      thickness of the grain down and provides a substantial surface area so
      that rapid and uniform burning is obtained. Burning proceeds on the
      external surface and also the surfaces inside the holes. As the external
      surface reduces, the area within the holes increases apace so that the gas
      production rate remains constant.
PAR  As seen in FIG. 3 a transverse passage 41 extends between the blind ends of
      the cavities 26 and 27 of the pair. Such a passage 41 can be made, for
      example, by drilling through from one side and subsequently welding a plug
      42 in the side of the pressure resistant housing of the gas generator.
      Another manufacturing technique is to bring a flycutter down into each
      cavity of the pair and cut laterally towards the other to provide an
      opening therebetween. The size and shape of the transverse passage 41 is
      unimportant, and, as appears hereinafter, is solely for relatively
      unrestricted gas flow between the cavities during operation.
PAR  A short diagonal passage 43 extends from the region in the second cavity 27
      occupied by the expanded metal 36 to a transverse duct 44. The duct 44 is
      threaded throughout its length and closed at its outer end by a plug 46.
      The inner end of the duct 44 communicates with the axial gas flow passage
      18 through the gas generator. A threaded insert 47 is in the inner end of
      the duct and includes a sealing cup 48 across an orifice 49 through the
      insert.
PAR  The other pair of cavities 26 and 27 has similar structure, appurtenances
      and gas passages.
PAR  When the passenger restraint system senses a collision impact, an
      electrical signal is sent by way of the lead wires 22 to the explosive
      detonator 19. The explosive pressure pulse from the detonator ruptures the
      frangible diaphragm 14, thereby releasing gas from the axial exit orifice
      of the gas storage reservoir 10. The gas flows through the axial passage
      18 of the gas generator and thence to a passenger restraint bag (not
      shown).
PAR  An electrical signal is also applied to each of the igniters 31 to also
      cause them to fire. This ignites the first propellant grain 32 and
      combustion gas from it in turn ignites the second propellant grain 37. The
      gas from the first propellant grain 32 passes through the transverse
      passage 41 between the chambers 26 and 27. The expanded metal 33 at the
      blind end of the cavity 26 and the boss 38 in the cavity 27 keep the
      respective grains off of the blind end walls and permit gas flow.
PAR  Gas from the two propellant grains as they burn passes through and around
      the expanded metal 36 at the end of the second cavity 27 and thence
      through the short diagonal passage 43 into the duct 44. The increased
      pressure in the duct blows out or ruptures the cap 48 in the insert 47 and
      the combustion gases flow through the orifice 49 into the axial gas flow
      passage through the generator. This serial flow causes the relatively hot
      combustion gas to mix with the relatively cool expanding gas from the
      storage reservoir to reach some mean temperature before reaching the
      inflatable passenger restraint bag and avoids any need for an additional
      mixing plenum.
PAR  It will be noted that the two ducts 44 from the separate pairs of cavities
      are staggered from each other (FIG. 4) so that the orifice 49 are not
      aligned. This reduces interference between the combustion gases ejected
      therefrom and promotes better mixing with the expanding gas from the
      reservoir.
PAR  The hybrid system as provided in FIGS. 1 to 4 has an advantage that, if
      desired, either the gas from the reservoir 10 or the gas from the
      pyrotechnic generator 16 may be used for inflation to the exclusion of the
      other. Such a technique may be used where two level bag inflation is
      desired. This may be advantageous if one wishes to inflate the passenger
      restraint bag to a relatively lower pressure for minor collisions and to a
      rather higher pressure in case of a major crash.
PAR  Proportionately less inflation can be obtained, for example, by firing the
      explosive detonator 19 and dumping the contents of the pressurized gas
      storage reservoir 10 in the bag without addition of gas from the
      pyrotechnic generator. On the other hand, one may wish to fire the
      initiators 31 and obtain the pyrotechnic gas without rupturing the
      diaphragm 14 and mixing with the pressurized gas. This leaves the added
      option of employing both the pressurized gas and the pyrotechnic gas in
      case of a major impact.
PAR  FIG. 5 illustrates another embodiment of hybrid gas generation system
      constructed according to principles of this invention. As illustrated in
      this embodiment, a pyrotechnic gas generator 51 is used which is
      substantially similar to that hereinabove described except for the
      differences illustrated in FIG. 5. In this gas generator the axial gas
      flow passage 52 is closed at its end 53 remote from the pressurized gas
      storage vessel 54. At its opposite end the gas generator 51 is threaded
      into an inverted neck 56 of the gas storage reservoir 54 in the same
      manner as hereinabove described.
PAR  The gas reservoir in this embodiment differs from that of FIG. 1 in that
      there is a male neck 57 at the opposite end from the gas generator. A gas
      filling tube 58 as hereinabove described is used for pressurizing the tank
      54.
PAR  The male neck 56 is sealed by a frangible diaphragm 59 threaded in and with
      the threads sealed by electron beam welding. Another frangible diaphragm
      61 seals the inverted neck 56. The mounting for this diaphragm is
      interiorly threaded and an apertured insert 62 is tightened down against
      the diaphragm 61. The insert backs up the frangible diaphragm so that
      internal pressure within the gas reservoir will not rupture it, but a
      moderate increase in pressure within the gas generator above that in the
      reservoir will cause rupture.
PAR  To activate the gas supply system illustrated in FIG. 5, electrical
      initiators 63 are fired for igniting the propellant in the pyrotechnic
      generator. This builds up pressure in the axial gas flow passage 52 and
      ruptures the frangible diaphragm 61. This in turn causes a buildup in
      pressure in the gas storage reservoir rupturing the diaphragm 59 which
      permits gas to flow to the passenger restraint bag. Hot gas from the gas
      generator jetting through the aperture in the insert 62 mixes thoroughly
      with the cooler gas in the reservoir 54 and avoids need for an external
      plenum.
PAR  Although it is not deemed necessary, rupture of the diaphragms 61 and 59
      can be initiated by explosive detonators which cause rupture by a sharp
      pressure pulse rather than using the pressure buildup from pyrotechnic gas
      generation. Such initiating rupture of the downstream frangible diaphragm
      59 may be desirable, for example, where it is desired to inflate the
      passenger restraint bag to a somewhat lower level than if both the storage
      gas and pyrotechnic gas were employed.
PAR  FIG. 6 illustrates another embodiment of pyrotechnic device suitable for a
      hybrid gas generation system. The embodiment in FIG. 6 has a cylindrical
      pressure resistant housing 66 having a male thread 67 at one end for
      connection to a pressurized gas storage vessel (not shown). Male threads
      68 are provided at the opposite end for connection to a manifold for
      inflating the passenger restraint bag. An axial gas flow passage 69
      extends along the length of the housing. Two or more diagonally extending
      passages 71 are drilled through the wall of the housing to communicate
      with the axial gas flow passage 69.
PAR  A conventional pyrotechnic generator 72 having an electrical initiator 73
      at the end is threaded into each diagonal passage. Such generators, which
      are commercially available, generate extremely high temperature gas with
      only minimal volume. Typically, they may contain a mixture of potassium
      perchlorate and aluminum powder which reacts energetically but without
      excess gas. Hot combustion products are ejected through the diagonal
      passages 71 into the axial gas flow passage 69. In there the combustion
      products mix with cool gas expanding from a pressurized gas reservoir and
      provide heating of that gas without contributing an additional substantial
      quantity of gas. The principal purpose of the generator 72 is to provide
      energy to overcome the adiabatic cooling. If desired, of course, gas
      generators producing more substantial volumes of gas at somewhat lower
      temperatures may also be employed.
PAR  FIG. 7 illustrates a conventional passenger restraint system for an
      automobile with a hybrid gas supply system exploded therefrom. This
      fragmentary drawing illustrates connection of the embodiment of FIG. 1 in
      the system. Prior to inflation the passenger restraint bag (hidden in FIG.
      7) is folded into a mounting tray 74 seen from its back side. The hidden
      face of the tray may be left open or covered with an ejectible or
      frangible cover for protecting the bag. An aperture 76 in the back of the
      tray is in fluid communication with the interior of the bag, ordinarily
      through a perforated gas distributor tube (not shown) within the tray.
PAR  In a typical embodiment for the right front passenger seat of an automobile
      the storage tray is about 6 inches wide and 27 inches long with a depth of
      about 21/2 inches. Preferably to minimize problems behind the automobile
      dash the gas supply is mounted directly behind the support tray with a
      width and length no greater than that of the tray, and clearly it is
      desirable to have a minimum volume. In the illustrated arrangement this is
      accomplished by having an elbow 77 connectable to the orifice 76 and to
      the outlet from the gas generator 16. The gas storage reservoir 10 is
      connected in series with the gas generator so that gas flows through it
      and the elbow into the interior of the inflatable bag. Such a serial
      arrangement permits a minimum volume hybrid gas supply system.
PAR  FIG. 8 illustrates a slightly different embodiment of hybrid gas supply
      system serially connectable to an inflation bag. As illustrated in this
      embodiment a gas generator 78 has an outlet connected by a U-shaped
      conduit 79 to a pressurized gas storage reservoir 81. Such a reservoir
      can, for example, be like the gas storage reservoir 54 hereinabove
      described and illustrated in FIG. 5, with both ends sealed by frangible
      diaphragms. The gas generator 78 can be quite simple with a single
      elongated cavity having a gas generator grain therein. A double elbow
      conduit 82 is connected to the outlet of the gas reservoir 81 so that the
      supply can be connected to a central aperture in a bag stowage tray (not
      shown) with the generator 78 and reservoir 81 lying parallel to the back
      side thereof. It will be appreciated that the serially connected gas
      generator and gas reservoir in this embodiment fit closely against the bag
      inflation system and occupy a minimum volume.
PAR  Although limited embodiments of gas generator and hybrid gas system for
      inflating automobile passenger restraint bags have been described and
      illustrated herein, many modifications and variations will be apparent.
      Thus, for example, other gas flow paths between cavities within the
      compact pyrotechnic gas generator can be devised. Thus, for example, the
      several pyrotechnic cavities can be connected by a pyrotechnic ignition
      train so that only a single electrical initiator is used in the gas
      generator. Similarly, additional gas flow paths from the cavities to the
      gas flow passage can be provided. Likewise variations can be made in the
      storage reservoir, such as having an inverted neck with female thread at
      each end for use in an embodiment like that of FIG. 5. This further
      reduces the overall length of this combination. The serially connected gas
      generator and gas reservoir provided in FIG. 8 can be switched so that gas
      flows from the latter through the former. Many other modifications and
      variations will be apparent to one skilled in the art and it is therefore
      to be understood that within the scope of the appended claims, the
      invention may be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hybrid gas supply system for inflating an automobile passenger
      restraint bag comprising:
PA1  a cylindrical high pressure gas storage reservoir;
PA1  an axial gas flow orifice in one end of the gas reservoir;
PA1  a frangible diaphragm sealing the gas flow orifice;
PA1  a pyrotechnic gas generator external to the gas reservoir;
PA1  an axial gas flow passage in the gas generator;
PA1  connection means for interconnecting the gas generator and the gas
      reservoir with the axial passage coaxial with the gas flow orifice and
      isolated from the high pressure gas by the infrangible diaphragm; and
PA1  an explosive detonator in the axial gas flow passage external to the gas
      storage reservoir and adjacent the frangible diaphragm for bursting the
      diaphragm upon receipt of an electrical signal; and wherein
PA1  the gas storage reservoir includes an inverted neck extending from an end
      towards the interior of the reservoir, the frangible diaphragm being
      within the inverted neck, and wherein the connection means includes a
      female connector moiety within the inverted neck and a male connector
      moiety on the gas generator.
NUM  2.
PAR  2. A system as defined in claim 1 wherein the exterior of the gas generator
      has substantially the same transverse cross section as the cylindrical gas
      reservoir.
NUM  3.
PAR  3. A hybrid gas supply system for inflating an automobile passenger
      restraint bag comprising:
PA1  a cylindrical high pressure gas storage reservoir;
PA1  an axial gas flow orifice in one end of the gas reservoir;
PA1  a frangible diaphragm sealing the gas flow orifice;
PA1  a pyrotechnic gas generator external to the gas reservoir having a
      generally square transverse cross section with chamfered corners
      comprising:
PA2  an axial gas flow passage;
PA2  a plurality of pyrotechnic receiving cavities in the housing spaced around
      the axial passage;
PA2  a pyrotechnic composition in each of the cavities for generating gas upon
      ignition thereof;
PA2  an electrical initiator in one end of a first one of the cavities;
PA2  passage means for conveying gas from the first cavity to a second one of
      the cavities;
PA2  duct means for conveying gas from the second cavity to the axial gas flow
      passage; and
PA2  frangible means for sealing the duct means; and wherein
PA2  the first and second cavities are in adjacent corners of the gas generator
      parallel to the axial flow passage, and third and fourth cavities similar
      to the first and second cavities are in the other two corners; and
PA1  connection means for interconnecting the gas generator and the gas
      reservoir with the axial passage coaxial with the gas flow orifice and
      isolated from the high pressure gas by the frangible diaphragm.
NUM  4.
PAR  4. A pyrotechnic gas generator comprising:
PA1  a pressure resistant housing;
PA1  mechanical connector means at one end of the housing for fluid tight
      connection to a gas supply;
PA1  mechanical connector means at the other end of the housing for fluid tight
      connection to an inflation system;
PA1  an axial gas flow passage between the mechanical connectors;
PA1  a plurality of pyrotechnic containing cavities spaced around the axial gas
      flow passage;
PA1  a transverse duct from at least one of the cavities to the axial gas flow
      passage;
PA1  means for temporarily sealing the transverse duct;
PA1  an electrical initiator in one end of a first one of the cavities; and
PA1  a first transverse gas flow passage from the other end of the first cavity
      to an end of a second one of the cavities; and wherein
PA1  the transverse duct is from the other end of the second cavity to the axial
      gas flow passage.
NUM  5.
PAR  5. A pyrotechnic gas generator as defined in claim 4 wherein the housing
      has a generally square transverse cross section with chamfered corners and
      wherein the first and second cavities are in adjacent corners of the
      housing parallel to the axial gas flow passage, and third and fourth
      cavities similar to the first and second cavities are in the other two
      corners.
NUM  6.
PAR  6. A pyrotechnic gas generator as defined in claim 4 further comprising an
      explosive detonator in the axial gas flow passage adjacent the connector
      means at the end thereof for connection to a gas supply.
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PAL  An inflatable garment or suit of clothing worn by a motorcycle rider is
      detachably connected with a source of pressurized gas operative to inflate
      the suit in response to a predetermined deceleration of the motorcycle, or
      manual operation of a trigger adjacent the motorcycle hand grip when a
      crash or spill appears to be inevitable. If the rider jumps or is thrown
      from the motorcycle, the suit will pull loose from the gas source by
      virtue of the detachable connection and will remain inflated for an
      appreciable time interval to protect the rider from multiple impacts. The
      detachable connection is also manually operative to permit the rider to
      disengage the suit in its non-inflated condition from the gas source
      without triggering the latter, and thereby to leave the motorcycle while
      still wearing the suit.
BSUM
PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  This invention relates to improvements in a crash protection device for a
      person who might jump or be thrown from a moving vehicle, and in
      particular to such a device comprising an inflatable garment or suit
      adapted to be worn by a motorcycle rider or a rider on a snowmobile or
      speed boat or the like where the vehicle itself affords scant protection
      to the rider in the event of a crash or collision and where multiple
      impacts might be suffered by the rider subsequent to the initial crash.
PAR  Inflatable devices such as inflatable bags, often called air bags, or
      inflatable belts and jackets to provide buoyancy after a marine accident,
      that are inflated either automatically or by manual actuation of inflation
      means in the event of a crash have been proposed to protect people in
      automobiles, boats, and other vehicles. Where such devices are proposed
      for crash protection, they are designed to protect the rider while in the
      vehicle, not in the event he jumps or is thrown from it. Typical examples
      of such inflatable devices known to the art are illustrated in the U.S.
      Pat. Nos. to Lipkin 3,243,822, and Henderson 3,146,460, but such devices
      are not intended for and are not particularly useful for protecting
      exposed motorcycle or snowmobile riders or the like.
PAR  An adequate inflatable crash protection device for a motorcycle rider for
      example must satisfy a number of conditions entirely different from those
      desired for automobile crash protection. In the latter situation, an air
      bag for example provided for first crash protection will inflate almost
      immediately at the first crash of predetermined magnitude and will then
      deflate within a fraction of a second. It is not intended to afford
      protection for a second or subsequent multiple crashes and is thus caused
      to deflate shortly after the first crash to enable the driver to regain
      visibility and control over the vehicle, and also to minimize a dangerous
      rebound from the inflated air bag and to prevent the driver or occupant
      from being trapped in the vehicle after an accident. The "first crash"
      protection afforded by an air bag has also been proposed for use by
      motorcyclists, wherein an inflatable air bag carried by the motorcycle is
      caused to inflate directly in front of the rider to cushion his forward
      movement in the event the motorcycle strikes a barrier with a
      predetermined force. Although such a device will be effective in some
      instances, a motorcycle seldom strikes a barrier head on. The cyclist
      usually attempts to avoid the crash and a glancing crash will result, so
      that the air bag arranged as described above will seldom afford adequate
      protection.
PAR  Also, although it is a rarity for an automobile driver or passenger to be
      thrown from the car in the event of a crash, the reverse is true for the
      motorcyclist who almost invariably jumps or is thrown from the motorcycle
      in the event of a crash of sufficient magnitude to trigger the inflation
      device.
PAR  Furthermore, a motorcyclist will usually anticipate a crash in considerable
      time before it takes place. In many instances he can take evasive action
      to reduce his speed or to minimize the crash. Frequently he will elect to
      jump clear of the motorcycle just before the crash. Accordingly trigger
      means for manually actuating the inflation device should be immediately
      available to the rider and "second crash" protection over a sustained time
      interval is of utmost importance because the actual crash might occur
      several seconds after the danger first becomes apparent and the inflation
      device is triggered manually.
PAR  It is accordingly an important object of this invention to provide
      improvements in a crash protection device comprising an inflatable suit
      adapted to be worn by exposed riders of such vehicles as motorcycles,
      snowmobiles, and boats having a suitable source of pressurized gas adapted
      to be triggered in anticipation of an accident exceeding a predetermined
      magnitude. The suit is provided with a detachable coupling member
      connectible with a pivotal coupling member pivotally mounted on the
      vehicle and connected in turn with the gas source. Conventional trigger
      means responsive to predetermined deceleration of the vehicle and also to
      manual actuation by the rider will actuate the gas source to cause almost
      immediate inflation of the suit. In the event the rider thereafter jumps
      or is thrown in any direction from the vehicle, his weight will swing the
      pivotal coupling member in accordance with his direction of movement with
      respect to the vehicle and pull the detachable coupling member free from
      the inflation means and the vehicle. A check valve prevents immediate
      deflation of the suit after its disengagement from the inflation means,
      whereby the inflated suit protects the rider from the second and possible
      multiple subsequent crashes over a time interval amounting to many
      seconds.
PAR  Other objects are to provide such a device wherein the inflatable suit may
      be readily worn in its deflated condition as a protective garment to
      protect against wind, mud, and flying stones, and wherein the rider may
      readily disengage himself from the vehicle and gas source without removing
      the inflatable suit.
PAR  Another object is to provide a protection device of the above character
      which provides for deflation of the suit after an extended time, either by
      slow leakage through the fabric of the suit or bleed ports, or by manually
      actuatable valves under the control of the rider.
PAR  Another object is to provide such a crash protection device comprising an
      inflatable suit that is provided with a padded seat or buttocks portion
      that is not otherwise inflatable when the suit is inflated, thereby to
      provide protection for the rider's buttocks without causing him to be
      forced from the vehicle seat when the suit is rapidly inflated in an
      emergency.
PAR  Another object is to provide a manually actuatable trigger particularly
      adapted for use by a motorcyclist for actuating the inflation means or gas
      source, the trigger being arranged at an improved location on the
      motorcycle handlebar adjacent the handgrip and immediately accessible to
      the cyclist in the event of an emergency.
PAR  Other objects of this invention will appear in the following description
      and appended claims, reference being had to the accompanying drawings
      forming a part of the specification wherein like reference characters
      designate corresponding parts in the several views.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a motorcycle with rider wearing an
      inflatable suit embodying the present invention, the suit being shown in
      its inflated condition.
PAR  FIG. 2 is a generally horizontal enlarged section through the central
      inflatable header of the suit, taken in the direction of the arrows
      substantially along the line 2--2 of FIG. 1.
PAR  FIG. 3 is a sectional view taken in the direction of the arrows
      substantially along the line 3--3 of FIG. 2, showing a detachable swivel
      connection with the motorcycle.
PAR  FIG. 4 is a vertical mid-sectional view showing the padded seat of the
      inflatable suit.
PAR  FIG. 5 is a sectional view longitudinally of the wrist, taken in the
      direction of the arrows substantially along the line 5--5 of FIG. 1,
      showing a deflation valve.
DETD
PAR  It is to be understood that the invention is not limited in its application
      to the details of construction and arrangement of parts illustrated in the
      accompanying drawings, since the invention is capable of other embodiments
      and of being practiced or carried out in various ways. Also it is to be
      understood that the phraseology or terminology employed herein is for the
      purpose of description and not of limitation.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, an embodiment of the present invention is
      illustrated by way of example with a motorcycle 9 which may or may not be
      provided with a conventional inflatable air bag 10 illustrated in phantom
      in its inflated condition for cushioning the forward movement of the rider
      in the event of rapid deceleration of the motorcycle. The bag 10 is
      normally contained in a collapsed condition within a small container 11
      secured to the motorcycle and is inflated almost instantly by gas from an
      explosive charge 12 in response to a predetermined impact or deceleration
      of the motorcycle, all in a conventional manner and forming no part of the
      present invention.
PAR  The present invention comprises an inflatable double wall suit 13 adapted
      to be worn in a deflated condition over the normal clothing of the cyclist
      as a protective outer garment that may have the appearance of conventional
      cover-alls which extend from the ankles to the wrists and completely cover
      the body except for the head, hands, and feet. The latter are
      conventionally protected by a helmet, gloves, and boots, as shown. The
      suit 13 preferably zippers at the sides or front to facilitate its donning
      and removal and serves in its uninflated condition as a wind break and as
      a protection against mud and flying stones that are frequently thrown by
      passing automobiles.
PAR  As illustrated in FIG. 2, the body of the suit 13 may comprise several
      separately inflatable double wall gas containing sections 13a, 13b, and
      13c that extend downward from a central inflatable header 13d of the suit
      13. In the present instance, the header 13d extends entirely around the
      body of the cyclist proximate the belt line and is preferably provided
      with separable paired end walls 13e at opposite sides of the saggital
      mid-plane 14 and secured to inner and outer flexible fabric flaps 15 and
      16 respectively. The latter are also separable along the mid-plane 14, the
      two separable mid-plane edges of the inner flap 15 being releasably
      secured together by suitable means, such as an inner zipper 17 of
      conventional construction. Similarly the separable mid-plane edges of the
      outer flap 16 are releasably secured together by an outer zipper 18.
PAR  Also in the present instance, the section 13a extends from the header 13d
      to adjacent the seat or buttocks region 19 of the suit 13 which is padded
      with a suitable shock absorbing material and is not inflatable, thereby to
      protect the seat of the rider in the event he is thrown from the
      motorcycle, but not to cause him to be inadvertently raised from the seat
      of the motorcycle when the suit 13 is inflated as described below. The
      section 13a bifurcates laterally around the padded seat 19 and extends
      along the rear portions of the legs to the boots.
PAR  The sections 13b and 13c in the present instance extend from the header 13d
      along the front of the body and legs to the boots. The sections 13a, 13b,
      and 13c are in communication with the header 13d to receive pressurized
      gas therefrom via one-way check valves 20, FIG. 2, one for each lower
      section 13a, 13b, and 13c, whereby the aforesaid lower sections of the
      suit 13 may be inflated upon inflation of the header 13d, but in the event
      of a rupture of any one section after inflation, the entire suit 13 will
      not be deflated.
PAR  The valves 20 may be conventional and similar in structure to the primary
      gas inlet valve 21, FIG. 2, or the pressure relief valve 32, FIG. 5. The
      valve 21 comprises a flexible valve flap bonded or otherwise secured at a
      number of spaced locations to the inner annular base flange of a hard
      plastic nipple 22 which defines a gas inlet port 23. The flap valve 21 has
      sufficient rigidity to withstand the internal pressure of the inflated
      suit 13, but yields to enable inflation of the header 13d from an external
      source of pressurized gas. When the external gas pressure is removed, the
      internal pressure of the suit 13 forces the valve 21 against the aforesaid
      base flange of nipple 22 to a closed position to prevent deflation of the
      suit 13 via inlet port 23.
PAR  The annular base flange of the nipple 22 is also bonded to the flexible
      material of the suit 13. Outwardly, the nipple 22 is secured or bonded to
      one end of a short flexible gas supply hose 24 having its other end
      secured to a coupling 25a adapted to be detachably secured at a fluid
      tight seal to a mating coupling 25b. The latter in turn is connected by a
      hose 26 to a suitable source of pressurized gas 27, which may be similar
      to the gas source 12 or may comprise a tank of compressed air, adapted to
      be released into hose 26 (and thus via coupling 25a, b into hose 24, inlet
      port 23 and header 13d) in response to a predetermined deceleration of the
      motorcycle or a barrier impact against its front end. A pressure relief
      valve 28 associated with the gas source 27 prevents excess inflation of
      the suit 13.
PAR  The trigger mechanism for releasing gas from the source 27 may also be
      conventional, as for example of the type in use for inflating the
      conventional air bag 10. In addition a manually operated trigger button 29
      is operatively connected with the gas source 27 to actuate the latter to
      discharge its gas into hose 26. The button 29 is mounted on the handle bar
      of the motorcycle adjacent one of the hand grips, whereby the cyclist may
      depress the button 29 with his thumb in anticipation of a crash and cause
      inflation of the suit 13 in a fraction of a second, i.e., within the time
      required for the motorcycle to travel approximately a foot or two at about
      30 miles per hour, and jump clear of the cycle to avoid being injured by
      its engine or spinning wheels.
PAR  The upper portion of the suit 13 may also comprise several separately
      inflatable double wall sections 13 f and 13g in communication with the
      header 13d by one-way check valves similar to the valves 20. The sections
      13f and 13g are similar to the above described lower sections 13a, b, c
      and extend along the left front and side and along the left rear and side
      respectively of the suit 13 from the header 13d to the neck 30. The latter
      may be padded or not in the manner of the seat 19, but is not inflatable.
      Thus choking of the cyclist is avoided upon inflation. Inflatable sections
      similar to the sections 13f and 13g are also provided at the right side of
      the suit 13. Likewise inflatable arm sections 13h and 13i extend above and
      below each arm from the corresponding rear section 13g and may communicate
      therewith via one-way valves similar to the valves 20 for the reasons
      specified above. Preferably an inflatable collar section 13k of the suit
      13 is connected with the rear sections 13g by valves similar to the valves
      20 and extends in the inflated position around the lower sides and back
      portions of the head and neck 30 as shown.
PAR  The specific arrangement and number of the separately inflatable sections
      of the suit 13 and the gas flow pathways may be varied considerable for
      particular conditions. Preferably the spacing between the inner and outer
      walls of the double wall sections for the arms and legs will be less than
      the corresponding spacing for the body portions of the suit in order to
      facilitate limited movement of the arms and legs of the rider when the
      suit is inflated.
PAR  Adjacent the extremities of each of the arm and leg sections 13h and 13i is
      an annular header 31, FIG. 5, of the suit 13 which communicates with the
      upper and lower arm sections 13h and 13i via one-way check valves 20 which
      enable gas flow into the header 31, but close similarly to the other
      one-way valves 20 to prevent a reverse flow from header 31 into the
      sections 13h and 13i. Each header 31 is provided with a manually operative
      pressure relief valve 32 freely movable within the opening of a rigid
      grommet 33 that defines a gas discharge port 34. The valve 32 has inner
      and outer enlargements that prevent its removal from the grommet 33. The
      inner enlargement is normally urged to the closed position by a small
      spring 35 and is also held by pressure at the closed position against the
      grommet 33 to close port 34 when the suit 13 is inflated.
PAR  When the cyclist desires to deflate the suit 13 rapidly, he merely pushes
      the outer enlargement of the valve 32 inwardly against the tension of
      spring 35 to the open position, thereby to unseat the inner enlargement
      from the grommet 33 and to allow gas flow through port 34 around the
      reduced central portion of the valve 32. A plurality of annularly arranged
      and spaced inward projections 33a of the grommet 33 extend around the
      inner enlargement of the valve 32 to adjacent its inner surface in the
      open position, so that as air is allowed to escape from the suit 13 and
      the latter collapses, the portion of the header 31 opposite the valve 32
      will not collapse against the inside of the valve 32 and block the escape
      of the remaining air in the suit 13 through port 34. Thus the suit may be
      evacuated essentially completely. Also the valves 32 are preferably
      located at the insides of the wrists where the valves 32 are readily
      accessible to be pushed to their open positions by the wearer of the suit
      when the latter is inflated.
PAR  In order to adapt the suit 13 for "second crash" protection, it is
      desirable that the suit remain inflated at least for a number of seconds
      after inflation, although substantial deflation within less than a minute
      without recourse to the manually operated valves 32 may be desired.
      Approximately 50 percent deflation in about 20 seconds will usually be
      adequate. Thus the suit 13 may comprise a tightly woven flexible fabric
      that will slowly bleed to the atmosphere the gas with which it is
      inflated, thereby to accomplish the desired slow rate of deflation. If
      desired, the suit 13 may be fabricated from flexible sheet material or a
      coated fabric that is substantially impervious to gas leakage when
      inflated. In that case each valve 32 may be provided with a bleed slit 36
      to effect the desired rate of automatic deflation even when the valves 32
      are in their closed positions.
PAR  a preferred coupling 25a, b comprises a rigid tubular member 38 of circular
      cross section having a reduced end portion 40 suitably bonded to the hose
      24. Adjacent the opposite end of member 38 is an outwardly opening annular
      groove or channel 41 having diverging channel sides adapted to receive
      radially inner portions of a plurality of identical steel balls 42 equally
      spaced circumferentially around the axis of the member 38. Endwise of the
      groove 41 is a reduced pilot portion 43 of the member 38 removably
      insertable into an annular bore enlargement 44 of a rigid tubular member
      45 of coupling 25b, also of circular cross section and having a reduced
      end 47 bonded to the hose 26.
PAR  The bore enlargement 44 enlarges again in the direction toward the balls 42
      to provide an annular seat engageable at a fluid tight seal 48 with a
      mating annular seat defined by an annular enlargement of 38 between the
      latter's groove 41 and reduced end 43, thereby to effect a fluid tight
      seal between the members 38 and 45 of the coupling 25a, b when these are
      assembled together as shown.
PAR  The balls 42 are contained and freely movable radially within a
      corresponding plurality of radial wells 49 in the member 45, each well 49
      having a circular inner opening into the groove 41 of a diameter slightly
      less than the diameter of the associated ball 42. Outwardly, each well 49
      opens radially through a cylindrical outer surface 50 of the member 45,
      which also provides a radial enlargement or annular spring retaining
      shoulder 51 spaced leftward in FIG. 3 from the annularly arranged wells
      49. An annular sleeve 52 axially slidable on member 45 has a radially
      inwardly projecting annular land 53 adapted to overlie the balls 42 and
      hold them radially inward at the positions shown with their radially inner
      portions projecting into the groove 41. A second radially inwardly
      projecting annular land 54 of sleeve 52 is spaced rightward of the land 53
      to provide an annular ball receiving groove 55 between the lands 53 and 54
      and is normally urged rightward in FIG. 3 by a spring 56 against a split
      ring retainer 57. The latter is releasably confined within an annular
      groove in the outer cylindrical surface of member 45 adjacent the latter's
      right end. The spring 56 is confined under compression between shoulder 51
      and land 53. The sleeve 52 is rigidly secured to a bracket 58 which in
      turn is pivotally secured by a flanged pin 59 to a sturdy portion 60 of
      the motorcycle 9, whereby the entire coupling 25a, b can readily pivot
      about the vertical axis of the pin 59.
PAR  It is apparent from the structure described that the spring 56 reacts
      against the shoulder 51 to move member 45 leftward with respect to sleeve
      52, which is fixed with respect to the motorcycle 9 except for pivotal
      movement about pin 59. Thus the right sidewalls of the wells 49 urge the
      balls 42 leftward against the left wall of the groove 41, thereby to
      maintain the fluid sealing engagement at 48 between members 38 and 45. The
      coupling members 38 and 45 are thus locked together and cannot be pulled
      apart as long as land 53 overlies the balls 42.
PAR  In the event of an emergency and the cyclist is thrown forward or to one
      side or the other from the motorcycle, the coupling 25a, b will swing
      around the axis of the pin 59 to maintain the axis of the sleeve 52
      aligned with the direction of the pull exerted by hose 24, whereby the
      member 38 will pull the balls 42 and member 45 against the force of spring
      56 until the balls 42 move clear of land 53 and are released into space
      55. The radially inner ends of the balls 42 will then clear the left wall
      of groove 41 in FIG. 3 and enable member 38 to be pulled loose from member
      45 and travel with the rider free of the motorcycle. The movement of the
      balls 42 into the space 55 is facilitated by the cam action of the
      diverging walls of groove 41. Also during the coupling release movement,
      the lands 53 and 54 slide along the juxtaposed outer cylindrical surfaces
      of member 45 in guided relationship and the outer cylindrical surface 61
      similarly slides along the inner cylindrical surface of sleeve 52.
PAR  When the gas source 27 is triggered as aforesaid to release pressurized gas
      into hose 26, either by manual operation of the trigger 29 or by a
      predetermined deceleration of the motorcycle, the released gas will flow
      into header 13d as described and then via the various one-way valves 20
      into the inflatable sections 13a, b, c, f, g, h, i, and k to completely
      inflate the suit 13 in not more than a few hundredths of a second. If the
      rider subsequently jumps or is thrown from the motorcycle, his weight will
      pull the coupling part 25a from the coupling part 25b as described; valve
      21 will prevent immediate deflation of the suit 13; and the cyclist will
      be free of both the motorcycle and the gas supply means.
PAR  In the event there is no accident and the rider desires to dismount from
      the motorcycle while wearing the uninflated suit 13, he merely disconnects
      the coupling parts 25a and 25b by pulling the hose 24 and attached member
      38 rightward with respect to sleeve 52 (which is secured at 59 to the
      motorcycle) and then carries the short hose portion 24 and attached
      coupling part 25a with him. When he returns to the motorcycle, he merely
      reconnects the coupling 25a, 25b to assure protection in the event of an
      accident. The reconnection is accomplished by pushing member 45 leftward
      with respect to the sleeve 52 until the annular opening 55 overlies the
      balls 42. Simultaneously member 38 is inserted leftward into the open
      right end of tubular member 45 until the coupling members 38 and 45 engage
      and seal at 48. Member 45 is then released while the rightward force on
      member 38 is maintained until the land 53 cams the balls 42 into groove 41
      and overlies them as shown in FIG. 3.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. In a crash protection device for a rider who jumps or is thrown from a
      vehicle having a source of pressurized gas actuatable to release said gas
      in anticipation of predetermined deceleration of the vehicle, an
      inflatable garment adapted to be worn by the rider, hose means for
      connecting at one end with said source of gas, connecting means carried by
      said garment for releasably connecting the other end of said hose means
      with said garment to inflate the latter upon release of said gas from said
      source and being releasable from said other end by the pull of the garment
      thereon when the rider wearing said suit falls from the motorcycle, and
      one-way valve means cooperable with said connecting means to enable
      inflation of said garment by the gas from said source and to prevent
      escape of said gas from said garment via said connecting means.
NUM  2.
PAR  2. In a device according to claim 1, said connecting means comprising a
      length of flexible hose secured at one end to said garment and having a
      first coupling member at its opposite end, said hose means having a second
      coupling member at said other end thereof for releasably coupling with
      said first coupling member, and means for pivotally connecting said second
      coupling member to said motorcycle for aligning said second coupling
      member with the direction of said pull.
NUM  3.
PAR  3. In a device according to claim 2, said garment having inflatable arm and
      leg sections, and manually operative valve means adjacent the extremity of
      at least one of said sections for rapidly deflating said garment.
NUM  4.
PAR  4. In a device according to claim 2, said coupling members having
      interlockable means movable between locking and unlocking positions for
      interlocking said members together and for releasing the same for
      separation from each other, and resilient means normally holding said
      interlockable means in the locking position when said members are coupled
      and being yieldable to the force of said pull for enabling movement of
      said interlockable means to the unlocking position.
NUM  5.
PAR  5. In a device according to claim 1, said vehicle having a steering
      mechanism with a handgrip portion, and manually actuatable trigger means
      for selectively actuating said source to release said gas and mounted on
      said vehicle adjacent said handgrip portion.
NUM  6.
PAR  6. In a device according to claim 5, said vehicle having a motorcycle type
      handle bar steering mechanism with said handgrip portions, and said
      trigger means being mounted on said handlebar adjacent one of said
      handgrip portions.
NUM  7.
PAR  7. In a device according to claim 1, means for slowly dissipating gas from
      said garment to deflate the same approximately 50 percent from a fully
      inflated condition in a time interval amounting to more than several
      seconds and less than a minute.
NUM  8.
PAR  8. In a device according to claim 1, said garment having a non-inflatable
      portion at the buttocks region comprising a shock absorbing cushion.
NUM  9.
PAR  9. In a device according to claim 1, an exhaust port in said garment, valve
      means normally closing said exhaust port and manually operable for
      selectively opening the latter valve for deflating said garment, and means
      cooperable with the latter valve means to prevent said garment from
      closing said exhaust port during deflation of said garment comprising
      spacer means for spacing said garment from said exhaust port.
NUM  10.
PAR  10. In a device according to claim 1, said garment having inflatable body
      and arm sections, said arm sections being inflatable to a lesser extent
      than said body section to facilitate movement of the inflated arm sections
      by said rider.
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ABST
PAL  A foot for the stabilizer arm of a backhoe or like construction equipment
      having a plurality of ground-engaging faces suitable for use in
      stabilizing with different ground surfaces. The foot comprises a
      detachable pad which may be pivotally attached to the stabilizer arm and
      retained in selected different orientations, with each orientation
      providing a different ground-engaging face.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the ground-engaging foot for a stabilizer arm of
      a backhoe or the like.
PAR  It has been common to pivotally mount a pad to the end of a stabilizer arm
      used on backhoes or the like. Such a pad serves to squarely contact the
      ground over a relatively large area and to provide improved stability when
      the backhoe is engaged in a digging operation. Commonly, such a pad has a
      single ground-engaging face which is flat and nonresilient.
PAR  The flat, nonresilient face for use on a ground surface not easily damaged,
      has sometimes had cleats added to the face. This provides greater
      stability but can seriously damage pavement surfaces. For use on pavement
      surfaces where protection is necessary a resilient pad face has been used.
      Such a resilient face is less likely to dig into and damage pavement and
      also provides improved adhesion against slippage.
PAR  Previous stabilizer foot designs have attempted to provide a capability for
      changing the pad face to suit ground conditions encountered, providing
      resilient or nonresilient surfaces or cleats. Such face-changing
      capabilities have taken the form of separate and interchangeable pads,
      pads with detachable cleats, and pads with covers for such cleats.
PAR  A drawback of all previous changeable pad face designs is that at least
      one, and perhaps a plurality of discrete parts or components must be
      added, removed, or interchanged in order to select a new ground-engaging
      face. This necessitates separate storing facilities for such discrete
      parts until they are needed or after they have been removed and are not
      immediately needed. Such extra parts are an inconvenience in the field
      because they can be easily lost or misplaced and yet must necessarily be
      available if the face is to be conveniently and readily changed between
      backhoe stabilizing on pavement or on an earthen surface.
PAC  SUMMARY OF THE INVENTION
PAR  As distinguished from the prior art, this invention provides a foot for the
      ground-engaging end of a stabilizing support arm in which the pad has a
      plurality of faces, each of which has a different ground-engaging
      characteristic. Any one of the faces may be selected to engage the ground
      by attaching the pad to the arm in the operative orientation for that
      particular face. The face in use may be conveniently changed by detaching
      the pad from the arm and reattaching it in a different orientation but
      once mounted in a selected oriented position, the removable attaching
      means and pad construction restrain the pad shifting to a different
      oriented position.
PAR  Accordingly, a primary object of the invention is to provide a foot for a
      stabilizing arm which provides a capability for conveniently changing the
      ground-engaging face without the necessity for adding or removing
      additional parts or interchanging parts.
PAR  Another object of the invention is to provide a stabilizing foot pad having
      a ground-engaging face with cleats for digging into an earthen type ground
      surface and having a resilient second face for use on pavement.
PAR  Another object of the invention is to provide a means for changing the
      ground-engaging face of the stabilizing foot pad by conveniently
      reorienting the attachment of the pad to the stabilizing arm.
PAR  Other objects, features, and advantages of this invention will readily
      become apparent from the following detailed description of an illustrative
      embodiment when considered in connection with the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of this invention showing a portion of a
      stabilizing arm connected to the pad and which extends beyond the drawing
      to its attachment to the backhoe.
PAR  FIG. 2 is a partial front view of the foot with the pad shown in section
      taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a front elevational view of the foot with the pad oriented to
      have the projecting ribbed pad face engage an earthen type ground surface.
PAR  FIG. 4 is a top plan view of the projecting ribbed pad face taken along
      line 4--4 of FIG. 2.
PAR  FIG. 5 is a bottom plan view of the resilient pad face.
DETD
PAC  DESCRIPTION OF AN ILLUSTRATED EMBODIMENT
PAR  As seen in FIG. 1, the foot comprises a pad 1 which is attached to the end
      of a stabilizing support arm 6 that extends from a pivotal mounting on a
      backhoe or the like (not shown). The backhoe or other piece of
      construction equipment on which such stabilizing support arms are used,
      and the pivotal mounting for the arm 6, are conventional in design and
      form no part of the present invention. It is common practice for the arm 6
      to be raised and lowered by a hydraulic cylinder or other means
      reciprocating a rod 8 connected to a pivoting connection 10 on arm 6. Such
      arm raising and lowering means also form no part of this invention.
PAR  The pad 1 is attached to the arm 6 by a removable attaching means described
      below. This permits the pad 1 to be detachably attached to the arm 6 in a
      plurality of orientations. As described below, in each orientation, only
      one face of the pad is oriented to engage the ground surface. Therefore,
      the particular face in use may be conveniently selected and changed by
      detaching the pad 1 and reattaching it in a different orientation.
PAR  The end of the arm 6 has a plurality of spaced fingers 12 with a hole 14
      formed near the end of each finger. In the illustrated embodiment, best
      seen in FIG. 2, two such spaced fingers 12 form the end of the arm 6. The
      removable attaching means comprises a removable pin 16 which extends
      through the holes 14 in the fingers 12 and also through holes 19 in a
      plurality of perpendicular members forming the nonground-engaging sides 18
      of the body of pad 1.
PAR  The pin 16 has a retaining means at each end to prevent its sliding out of
      the holes 14 and 19 through which it extends. To enable removal, at least
      one of the retaining means disposed at either end of the pin 16 is capable
      of being disabled. Pin designs which would serve this function, having a
      retainer means which may be disabled, include a bolt with a nut threaded
      thereon, a cotter pin, or other suitable fasteners. In the illustrative
      embodiment, pin 16 has an annular groove formed adjacent each of its ends
      and a resilient retainer clip 20 is disposed in each of these grooves
      outwardly of the sides 18 of the pad body. The pad 1 is thus attached to
      the arm 6 by the pin 16 and may be detached from the arm 6 by merely
      removing either retaining clip 20 and then extracting pin 16 from holes 14
      and 19.
PAR  The pad 1 has a plurality of ground-engaging faces, each of which forms one
      side of the pad and is relatively large and substantially flat. Each face
      has a different configuration providing different surfaces and textures,
      to accommodate different terrain conditions encountered in stabilizing a
      backhoe. Nonground-engaging sides 18 are generally perpendicular to the
      ground and have holes 19 formed at a central point for the purposes of
      receiving the removable pin 16. In the illustrated embodiment, the pad has
      two ground-engaging faces 23 and 25 formed on opposite sides of the pad
      body. The ground-engaging faces 23 and 25 are on two substantially
      parallel plates 26 and 27 separated by a pair of elongated transverse
      members 24 which form two exterior sides of the pad and give it the shape
      of a low, flat rectangular box. The two sides 18 through which the
      removable pin 16 extends are desirably recessed inwardly of the edges 28
      of the parallel plates 26 and 27 to protect the retainer clips 20 or other
      retaining means from being loosened, damaged, or accidently removed.
PAR  Cooperative alignment between the pad 1 and the fingers 12 of arm 6 is
      established before the holes 14 and 19, through which the pin 16, extends
      are aligned to receive pin 16. In the illustrated embodiment, such
      cooperative alignment is achieved by inserting the fingers 12 of the arm
      6, through a pair of openings 21 and 22 in the body of the pad 1, into the
      interior of the pad, thus permitting the removable pin 16 to be inserted
      through holes 14 in the fingers and holes 19 in the sides 18 of the pad
      body. Each ground-engaging face 23 and 25 of pad 1 has a pair of elongated
      openings 21 and 22 which are of a predetermined length to restrain the pad
      1 in its selected oriented position when pin 16 is in its pad attaching
      location. For example, pad face 25 is oriented to engage the ground when
      the pad is attached with fingers 12 extending through the elongated
      openings 21 of face 23. Openings 21 and 22 are in a central portion of the
      opposite faces of the pad, as shown.
PAR  The shape of the openings 21 and 22, as seen in FIGS. 4 and 5, is desirable
      to allow enough clearance between the fingers 12 of arm 6 and the pad 1,
      which are pivotally attached by means of a removable pin 16, to permit the
      pad to align itself with the ground surface and afford optimal ground
      contact over the face. Also, the elongated openings 21 and 22 permit the
      pad 1 to be attached in either of two positions, depending on the pad face
      to be used with the ground conditions where the backhoe is to be
      stabilized. However, the limited length of openings 21 and 22 in the
      respective faces 23 and 25 restricts the pivotal movement of the pad on
      fingers 12 of arm 6 so that the desired pad face configuration, selected
      when the pad is attached by pin 16, cannot inadvertently change in backhoe
      use as when the stabilizing arms are raised to shift to a new digging
      location. Change to a different pad surface can only be effected by
      detaching the pad from arm 6, reversing it and reattaching it to arm 6 by
      pin 16.
PAR  It will, of course, be understood that other attaching means than pin 16,
      different spacing of the elongated openings and of fingers 12, one or more
      openings and fingers, etc., may be used. All such variations are within
      the scope of this invention.
PAR  It is emphasized, however, that an important feature of this invention is
      that the pad is unable to rotate freely between its various orientation
      positions. It is undesirable to have the pad able to rotate to another and
      different face configuration each time the stabilizer arm is raised and
      lowered because constant checking that the desired pad orientation exists
      would be required. Therefore, pad orientation can only be changed by
      removal of the pad from the arm and reattachment of the pad to the arm in
      a different orientation.
PAR  One ground-engaging face 23 of the pad 1 comprises a surface of projecting
      rib members 34 forming cleats which serve to dig into and firmly engage an
      earthen type ground surface. Such cleats 34 may be disposed in a number of
      configurations with the projecting members having jagged, pointed, and
      elongated edge designs. As illustrated, a pair of elongated, parallel
      projecting rib members 34, forming fins perpendicularly attached to a flat
      base 26 are proposed. As seen in FIG. 3, the cleats 34 become embedded in
      and firmly engage the ground surface when the foot is in equipment
      stabilizing use.
PAR  The second ground-engaging face 25 of pad 1 is substantially flat and used
      in protecting paved ground surfaces from damage. Thus, a resilient member
      40 covering plate 27 between the two exterior sides 24 is removably
      secured to plate 27 to permit its replacement after substantial wear.
      Resilient member 40 has a plurality of resilient projections 44 extending
      from the surface thereof which are in the shape of blunt cylinders and
      closely spaced on the surface 42, as shown in FIGS. 2 and 5. A plurality
      of threaded fasteners 46, such as cap screws 46 serve to secure member 40
      to plate 27 of the pad. In use, the resilient projections 44 engage the
      pavement surface to provide a resilient contact between the stabilizing
      arm 6 and the ground. Thus, they serve to prevent the foot from digging
      into and damaging a paved ground surface.
PAR  The ground-engaging face of the foot is changed by removing pin 16 after
      removing one or both of the resilient retainer clips 20. Then the pad 1 is
      slid off the fingers 12 of the stabilizer arm 6 and turned over or
      reversed when the other ground-engaging surface is to be used in
      stabilizing the backhoe at different ground conditions. The fingers 12 of
      arm 6 are then inserted in the pad openings in the face opposite the
      ground-engaging face to be used. After the holes 14 in fingers 12 and
      holes 19 in the pad sides 18 are aligned, the pin 16 is inserted and the
      clip or clips 20 replaced to retain pin 16 in place.
PAR  While an illustrative embodiment of this invention has been shown and
      described along with alternatives in construction, it will be apparent to
      those skilled in the art that this invention is capable of variation and
      modification beyond those suggested, so that the scope thereof should be
      limited only by the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A foot for the ground engaging end of a stabilizing support arm as
      employed with earth working construction equipment such as a backhoe
      comprising:
PA1  a pad having a plurality of ground engaging faces, each such face forming
      one side of said pad and each face having a different ground engaging
      configuration to accommodate different terrain conditions;
PA1  removable attaching means for connecting said pad to the stabilizing
      support arm in a selected one of a plurality of different orientations
      where in each of said orientations only one ground engaging face of said
      pad is retained to be engageable with the ground surface, said removable
      attaching means including a removable pin means forming an axis to
      pivotally connect said pad to the stabilizing support arm and permit
      limited pivoting of said pad relative to the support arm for said pad to
      align itself with the ground surface it engages and thereby afford optimal
      ground contact between the surface of the pad and the engaged ground
      surface;
PA1  means on said pad limiting the degree of pivoting of the pad relative to
      the stabilizing support arm such that in each orientation of said pad only
      one of said plurality of ground engaging faces is retained in oriented
      position to engage the ground surface; and
PA1  said pin means having retaining means thereon to restrict removal of said
      pin, removal of said pin being required to detach said pad from the
      stabilizing support arm and enable orientation of said pad to a different
      selected orientation position whereat said pin means is reinserted and
      another of said ground engaging faces is pivotally retained to align with
      the ground surface it engages.
NUM  2.
PAR  2. A foot for the ground engaging end of a stabilizing support arm as
      defined in claim 1 wherein said pad comprises one ground engaging face
      with a substantially flat resilient member detachably mounted to said pad
      and having a plurality of resilient projections extending therefrom, said
      resilient member serving to engage a ground surface of pavement without
      digging into or damaging said pavement; and said pad further comprises a
      ground engaging face having a pair of parallel projecting rib members
      perpendicularly mounted on a substantially flat surface which orients said
      rib members such that they can firmly engage into an earthen ground
      surface.
NUM  3.
PAR  3. A foot for the ground-engaging end of a stabilizing support arm as
      defined in claim 1 wherein said pad further comprises a ground-engaging
      face having projecting rib members which serve to dig into and firmly
      engage an earthen ground surface.
NUM  4.
PAR  4. A foot for the ground-engaging end of a stabilizing support arm as
      defined in claim 1 wherein one said ground-engaging face comprises:
PA1  a resilient member detachably attached to said pad which is suited to
      engage a ground surface of pavement without digging into and damaging the
      pavement.
NUM  5.
PAR  5. A foot for the ground-engaging end of a stabilizing support arm as
      defined in clam 4 wherein said resilient member has a generally flat
      ground-engaging surface having a plurality of resilient spaced projections
      extending from said surface.
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ABST
PAL  A trailer suspension system eliminating jackknifing of the towing tractor
      and trailer assembly, providing stability to the trailer and more
      efficient braking especially during emergency stops and materially
      increasing vehicle maneuverability. Steering control is provided by a
      connection with the towing tractor in laterally offset relation to the
      vertical pivot axis formed by the kingpin and fifth wheel articulate
      connection between the towing tractor and trailer. The steerable wheels in
      the trailer suspension are supported by a generally right angular spindle
      structure connected to walking beam assemblies for pivotal movement about
      generally vertical axes which are oriented forwardly of the horizontal
      axis of rotation of the steerable wheels with the spindle assemblies being
      interconnected by parallel, vertically spaced rods provided with universal
      connection with the spindle assemblies for maintaining proper orientation
      of the steerable wheels during their steering movement and during relative
      vertical movement. The trailer suspension includes independently and
      resiliently supported axle and spindle assemblies in the form of a two
      axle or three axle tandem assembly with the resilient independent support
      for the suspension axles effectively maintaining wheel contact with the
      ground surface for more effective braking and greater vehicle stability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to a trailer suspension assembly of
      either a two axle on three axle tandem arrangement including independent
      resilient support and steering control of at least one set of wheels thus
      enabling the distance between the trailer axles to be substantially longer
      than normally employed in tandem wheel trailer suspension systems in order
      to increase maneuverability, prevent jackknifing, provide stability and
      more effective braking.
PAR  2. Description of the Prior Art
PAR  Kollander et al, U.S. Pat. No. 3,448,999, issued June 10, 1969 illustrates
      one type of trailer suspension in which steerable wheels are provided.
      Other U.S. patents illustrating other developments in this field of
      endeavor are as follows:
     2,333,853    J. B. Fellabaum Nov. 9, 1943                                 

     2,433,268    J. P. Fellabaum Dec. 23, 1947                                

     2,433,269    J. P. Fellabaum Dec. 23, 1947                                

     2,785,909    R. Barnard      Mar. 19, 1957                                

     3,195,922    C. E. Humes     July 20, 1965                                

     3,291,503    M. S. DeLay     Dec. 13, 1966                                

     3,533,644    C. E. Humes     Oct. 13, 1970                                

     3,689,107    C. E. Humes     Sept. 5, 1972                                

     3,591,203    H. Steiner      July 6, 1971                                 

     3,690,698    C. E. Humes     Sept. 12, 1972                               

     3,712,641    D. W. Sherman   Jan. 23, 1973                                

     2,359,978    J. S. Edwards   Oct. 10, 1944                                

     2,662,782    R. L. Wilson    Dec. 15, 1953                                

     2,717,787    J. C. Ward      Sept. 13, 1955                               

     2,793,052    C. L. Googe     May 21, 1957                                 

     2,954,239    M. M. Kollander Sept. 27, 1960                               

     2,968,495    C. T. Hutchens  Jan. 17, 1961                                

     3,102,735    H. W. Bigge     Sept. 3, 1963                                

PAR  While such devices have advanced the performance of tractor-trailer vehicle
      assemblies, there is substantial need for improvements in anti-jackknifing
      capabilities, vehicle maneuverability capabilities and braking
      capabilities of such vehicles.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a trailer suspension
      system of the two axle or three axle tandem type in which the span between
      the axles is greater than usually provided between adjacent axles in
      tandem axle suspensions inasmuch as the wheels on all but one axle are
      steerable under control of the angular relationship between the towing
      tractor and trailer about a vertical axis defined by the kingpin and fifth
      wheel connection thereby not only reducing tire wear but increasing
      vehicle maneuverability and eliminating jackknifing.
PAR  Another object of the invention is to provide a trailer suspension assembly
      in which the axles are independently and resiliently supported from
      elongated walking beams to provide effective and continuous contact
      between the wheels and ground surface during movement of the trailer and
      during emergency stops thereby increasing the braking efficiency of the
      vehicle.
PAR  A further object of the invention is to provide a trailer suspension system
      in which the steerable wheels are interconnected by two parallel,
      vertically spaced bars having ball joints at each end with the steerable
      wheels being supported by a generally L-shaped spindle assembly
      interconnected by the two bars with the spindle assemblies being supported
      from the walking beams for pivotal movement about a vertical axis at the
      forward end of each spindle assembly with the vertical axis being disposed
      forwardly of the horizontal rotational axis of the wheels supported by the
      spindle assemblies.
PAR  Still another object of the invention is to provide a trailer suspension
      assembly in accordance with the preceding objects in which each
      independent resilient support for the axles includes two or more springs
      in the form of concentric coil springs having different resilient
      characteristics so that the lighter of the springs will support the
      unloaded trailer and as the trailer loading increases additional springs
      are used to support the load thus maintaining a more constant spring
      rate-to-load ratio and a more natural constant frequency thereby reducing
      the tendency of the wheel to hop or leave the road when driven over uneven
      roads or braked.
PAR  Still another object of the invention is to provide a trailer suspension
      assembly in which steering control of the steerable wheels is effective in
      both a forward and rearward direction and is effective to orient the path
      of movement of the trailer more closely to the path of movement of the
      towing tractor when negotiating a curve to substantially reduce or
      eliminate lateral thrust or angular thrust of the trailer kingpin on the
      tractor fifth wheel thereby reducing or eliminating jackknifing of the
      tractor and trailer.
PAR  Still another feature of the invention is to provide a trailer suspension
      assembly which is relatively simple and economical in construction, easy
      to maintain and repair and enables heavier payloads to be transported due
      to the longer span between the axles.
DRWD
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevational view of a tractor-trailer vehicle
      with the steerable suspension assembly incorporated therein.
PAR  FIG. 2 is a plan view of the construction of FIG. 1 with the trailer
      platform removed illustrating the components in a straight line condition.
PAR  FIG. 3 is a plan view similar to FIG. 2 but with the tractor and trailer
      oriented in angular relation and the steerable wheels of the trailer being
      steered so that the trailer will more nearly follow the path of the
      tractor.
PAR  FIG. 4 is a top plan view of the two axle tandem suspension assembly of the
      present invention.
PAR  FIG. 5 is a side elevational view taken substantially upon section line
      5--5 of FIG. 4, with portions shown in section, illustrating the structure
      of the walking beams and independent spring suspension assembly for the
      forward axle and rear steerable wheels.
PAR  FIG. 6 is a rear elevational view of the tandem axle suspension assembly of
      FIG. 4 illustrating the connecting bars between the steerable wheels, the
      spindle assemblies therefor and the steering control therefor.
PAR  FIG. 7 is a vertical, sectional view, taken substantially upon a plane
      passing along section line 7--7 of FIG. 5, on an enlarged scale,
      illustrating the concentrically arranged multiple stage coil springs.
PAR  FIG. 8 is a vertical, sectional view taken substantially upon a plane
      passing along section line 8--8 of FIG. 4, on an enlarged scale,
      illustrating the ball joint connection between the parallel bars
      interconnecting the spindle assemblies for the steerable wheels.
PAR  FIG. 9 is a detailed sectional view taken substantially upon a plane
      passing along section line 9--9 of FIG. 4, on an enlarged scale,
      illustrating the stabilizing connection between the independent suspension
      members for the steerable wheels.
PAR  FIG. 10 is a detailed sectional view taken along section line 10--10 of
      FIG. 4, on an enlarged scale, illustrating the connection between the
      forward axle suspension assembly and the forward axle.
PAR  FIG. 11 is a plan view of one side of a three axle suspension assembly in
      which the two rear wheel assemblies are steerable.
PAR  FIG. 12 is a side elevational view of the construction of FIG. 11 taken
      generally along section line 12--12 of FIG. 11 illustrating the structural
      association of the three axle suspension assembly.
PAR  FIG. 13 is a schematic side elevational view illustrating another
      embodiment of the invention in which the adjacent ends of the independent
      suspension assemblies overlap and are resiliently spaced from each other.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now specifically to the drawings, the steerable trailer
      suspension assembly of the present invention of the two axle tandem type
      is generally designated by numeral 20 and can be installed on any suitable
      type of trailer 22 towed by a towing tractor vehicle 24 provided with the
      usual front steerable wheels 26, rear driving wheels 28 and a fifth wheel
      30 which coacts with a kingpin 32 on the trailer 22 to provide an
      articulate connection between the tractor 24 and trailer 22 for relative
      movement about a substantially vertical axis. The structure of the tractor
      vehicle 24 is conventional except for a connecting point 34 for a control
      link 36 which extends rearwardly and is connected to a steering bar 38
      that is pivotally supported from the trailer for pivotal movement about a
      pivot pin 40 so that the steering bar 38 remains parallel to the
      horizontal axis of rotation of the driving wheels 28 on the tractor
      vehicle 24. The specific structural details of the steering bar 38, the
      mounting structure 40 therefor, the link 36 and its connection to the
      fifth wheel at point 34 is schematically illustrated and may be of any
      suitable structural arrangement with any suitable detachable connection
      being provided and also adjustments being provided for enabling the
      trailer to be connected to various vehicles and to enable the linkage to
      be adjusted depending upon the dimensional characteristics of each
      individual installation. Extending rearwardly from and connected to the
      outer end portions of the steering bar 38 is a pair of steering rods or
      cables 42 and 44 which are oriented under the platform of the trailer
      between the usual frame rails and the like with the cables 42 and 44 being
      provided with turnbuckle adjustments and also provided with guide rollers,
      pulleys or the like if deemed necessary.
PAR  The tandem suspension assembly 20 includes depending generally triangular
      supporting brackets 46 connected to the longitudinal frame rails 48 of the
      trailer 22 by suitable fastening means such as bolts or the like 50. The
      brackets 46 have an external reinforcing gusset 52 thereon and at the
      bottom, each bracket is provided with a split clamp plate assembly 54 for
      anchoring a transverse shaft or rod 56 thereto with end caps 58 retaining
      the transverse shaft 56 in position. The brackets 46 are interconnected by
      a transverse beam 59 spaced above the shaft 56 thus forming a rigid
      support structure for the transverse shaft 56 which may be a solid or a
      hollow member and which forms the main support for the suspension assembly
      which is spaced vertically below the frame rails 48.
PAR  Supported on the transverse shaft 56 is a pair of elongated hollow walking
      beams 60 and 62 which may be in the form of hollow beams or two channel
      shaped members secured together in facing relation with the hollow beams
      extending both forwardly and rearwardly in parallel spaced relation for
      substantially equal distances from the shaft 56 with the beams being
      substantially rigid but including some degree of resiliency and being
      mounted on the shaft 56 for relative pivotal movement with collars 64
      retaining the beams against the brackets 46.
PAR  Mounted on the front of each of the beams 60 and 62 is a front spring
      rocker 66 and mounted at the rear of each beam is a rear spring rocker 68
      with the rockers being of various configurations and oriented externally
      as shown or partially interiorly of the hollow beams. The front spring
      rocker 66 is in the form of a hollow member defined by side plates 70
      interconnected by a plurality of horizontal and vertical reinforcing
      plates 72 which form a rigid structure pivotally supported from the end of
      the beam by a transverse pivot pin 74 having removable retaining means on
      each end thereof so that the spring rocker 66 straddles the end of the
      beam and can pivot about a transverse horizontal axis defined by the pin
      74. The reinforcing plate 72 at the rear upper end of the spring rocker 66
      forms a seat for a pair of concentrically arranged coil springs 76 and 78
      which extend between the plate 72 and the top surface of the beam 60 or
      62. The plate 72 is provided with a spring seat 80 receiving the upper
      ends of the springs and a depending projection 82 is provided which
      extends into the interior of the center spring 78 for a short distance.
      The top surface of the beam 62 in FIG. 7 and also the beam 60 is provided
      with a spring seat assembly consisting of a spring seat 84 which mates
      with the upper surface of block 88 forming a cylindrical contact arc and
      upstanding guides 86, which enables some degree of rocking movement of the
      spring seat 84 to permit angulation of the spring due to its engagement
      with the plate 72 which angulates during arcuate movement with the rocker
      66 so that the line of force will be along the longitudinal axis of the
      springs thus retaining the springs in a substantially straight line
      condition even though the upper ends of the springs may move slightly in
      an arcuate path. A conventional shock absorber assembly 90 interconnects
      the beam 62 and the rocker 66 with the point of attachment of the shock
      absorber 90 being a projection from the plate 72 as at point 92 as
      illustrated in FIG. 7 and as illustrated, shock absorber assemblies 90 are
      provided on each side of each of the rockers 66.
PAR  The forward end of the rocker 66 is provided with a projecting shaft or rod
      94 that is rigidly fixed between the plates 70 by vertical plates 72 as
      illustrated in FIG. 10. The shafts or rods 94 projecting from the forward
      spring rockers 66 support the forward axle or axle housing 96 which has
      wheel assemblies 98 on each end thereof with an axle clamp 100 having a
      longitudinal sleeve 102 on the upper end thereof receiving the shaft 94
      which is retained therein by a retaining nut 104 and provided with
      suitable bearings or bushings 106 which may be of resilient material to
      enable some degree of relative movement between the rod 94 and the sleeve
      102 in addition to relative rotational movement. The axle clamp 100 is
      provided with a removable cap 108 retained in place by bolts 110 or other
      suitable fasteners and the clamp 100 on one of the forward spring rockers
      is provided with a keyed connection 112 with the axle housing 96 so that
      it is rigid therewith which is necessary to transmit torque from the wheel
      assemblies 98 and the axle housing 96 which occurs during a braking action
      exerted by the wheels 98. As illustrated in FIGS. 4 and 10, the keyed
      connection 112 is only at the left spring rocker and not at the right with
      it being pointed out that this orientation could be interchanged. Also,
      other means, such as a crank link and a connection rod, could be used to
      transmit braking torque to a point on the rocker. Thus, one of the wheel
      assemblies 98 may move vertically in relation to the other since the
      unkeyed connection will permit relative rotation between the axle housing
      96 and the axle clamp along the axis of the axle housing 96. With this
      construction, the front wheel assemblies 98 and the axle assembly 96 are
      spring supported from the beams 60 and 62 and relative elevational
      movement of the wheel assemblies 98 may occur by the pivotal and resilient
      bearings or bushings between the axle clamps and the shafts 94 and the
      rotational connection between one of the axle clamps and the axle housing.
      The spring assemblies are multi-stage inasmuch as the lightweight inner
      spring 78 will support the trailer when empty thus retaining the wheels on
      the ground and reducing the tendency of the trailer to bounce excessively
      when unloaded which occurs when only heavy duty springs are employed. When
      the trailer is fully unloaded, the outer heavy springs 76 will be spaced
      from the upper seat whereby it will not become effective until at least a
      partial load has been introduced onto the trailer. Other various
      arrangements may be provided for providing a multi-stage spring support
      effect where under conditions of no load, the resiliency of the spring
      support iss such that the trailer will be supported and the wheels
      retained in contact with the ground surface and when a load is applied to
      the trailer, the heavier duty spring will come into play for adequate
      support of the trailer load and for maintaining the wheels in contact with
      the ground surface. The shock absorber assemblies 90 perform their usual
      function of cushioning and retarding relative pivotal movement between the
      spring rockers and beams.
PAR  The rear spring rockers 68 are similar to the front rockers 66 insofar as
      their connection with the beams is concerned with the same reference
      numerals being applied to corresponding structural components including
      the side plates 70, reinforcing plates 72, pivot shaft 74, spring
      assemblies 76 and 78 and the shock absorber assembly 90. However, the rear
      end portion of the rear spring rockers 68 is constructed differently from
      the forward portion of the spring rockers 66 in that a pair of vertically
      spaced plates 114 are welded between the side plates 70 and project
      rearwardly therefrom in substantially horizontal parallel relation.
PAR  Pivoted between the rear end portions of the plates 114 on each of the rear
      spring rockers 68 is an angulated caster axle or spindle assembly 116
      which has its forward end pivotally mounted on a retaining pin or bolt 118
      extending vertically through the plates 114 thus forming parallel vertical
      axes for swinging movement of the spindle assemblies 116. The spindle
      assembly includes two angulated arm portions with the included angle
      therebetween being slightly greater than 90 degrees and with the rear arm
      portion including a spindle which rotatably receives the wheel assemblies
      120. As illustrated, the rotational axis of the wheel assemblies 120 is
      disposed rearwardly of the vertical axes of rotation or angular movement
      of the spindle assemblies 116 defined by the vertical pivot pin or bolt
      118 which connects the forwardly extending arm portion of the spindle
      assembly 116 to the rear rocker 68 with this structure being duplicated at
      each side of the suspension assembly. The spindle assembly is of unitary
      construction and includes the usual bearing and mounting assembly for the
      wheel assemblies 120 to enable rotational support of the wheel assemblies
      120.
PAR  For controlling the pivotal or swinging movement of the spindle assemblies
      about the pivot pins or bolts 118, each of the spindle assemblies 116
      includes an inwardly extending steering arm 122 rigid with the forward
      portion of the spindle assembly 116 as illustrated in FIG. 4. The inner
      end of each of the steering arms 112 is connected to a steering rod 124
      having a turnbuckle adjustment 126 incorporated therein and which extends
      forwardly for connection with a steering bar 128 on the lower end of a
      vertically disposed shaft journaled in a sleeve 130 carried by the
      transverse shaft 56. The vertical shaft is provided with a similar
      steering bar 132 on its upper end to which the steering cables 42 and 44
      are connected as illustrated in FIG. 4. Thus, movement of the steering
      cables or rods 42 and 44 is transmitted to the steering arms 122 through
      the steering bar 132, vertical shaft rigid therewith and rigid with the
      lower steering bar 128 which has its ends connected to the steering rods
      124. The vertical steering shaft may be provided with a shear pin
      connection to either of the steering bars to protect the mechanism from
      damage due to excessive forces. The turnbuckle 126 or any other suitable
      adjustment mechanism may be provided for assuring accurate adjustment and
      positioning of the wheel assemblies 120 in relation to bar 38 to maintain
      the proper rotational orientation of the wheel assemblies.
PAR  To provide a transversely extending axle between the rear wheel assemblies
      120, and to maintain the vertical planes of the wheel assemblies 120, a
      pair of transversely extending, vertically spaced, parallel bars 136 and
      138 are provided between the spindle assemblies at the juncture between
      the forwardly extending arm portion and the spindle forming portion of the
      spindle assembly with the bars 136 and 138 being generally in alignment
      with the rotational axis of the wheel assemblies 120. The juncture portion
      140 of the spindle assembly as illustrated in FIG. 8 is provided with a
      vertical bore 142 receiving a bolt or pin 144 therethrough which has a
      partial ball member 146 adjacent each end thereof. Each end of each of the
      bars 136 and 138 is provided with a partially spherical socket 148 therein
      receiving and being mounted on the ball member 146 thus forming a ball
      joint connection between the upper and lower ends of the bolt 144 and the
      ends of the bars 136 and 138 respectively which, in effect, provides a
      parallelogram linkage so that the vertical planes of the wheel assemblies
      120 will be maintained even though one wheel assembly 120 may move
      vertically in relation to the other. The bars 136 and 138 may have
      adjustment clamps or other structural features 150 to enable adjustment
      thereof for accurate positioning of the wheel assemblies and the bolt 144
      is provided with retaining nuts 152 and various bearings and bushings and
      a cover cap 154 to seal the universal connection between the bars 136 and
      138 and the spindle assembly 116. As illustrated in FIG. 3, when the
      tractor 24 is angulated in relation to the trailer 22, the rearmost wheel
      assemblies 120 are angulated so that the rotational axis of the driving
      wheels 28 of the tractor and the rotational axes of the steerable wheel
      assemblies 120 intersect whereby the trailer 22 will follow more closely
      the path of movement of the tractor with the trailer, in effect, pivoting
      about an axis defined by the contact between the front wheel assemblies 98
      and the ground surface.
PAR  Interconnecting the rear ends of the rear rockers 68 is a stabilizing bar
      156 having a universal ball joint connection 158 with a pair of lugs 160
      and a connecting bolt 162 secured to the uppermost of each of the plates
      114 as illustrated in FIG. 4. This bar stabilizes the rear rockers 68
      during relative vertical movement between the wheel assemblies 120 which
      movement is permitted by virtue of the pivotal connections being provided
      with bearings to enable the degree of movement required to enable relative
      vertical movement of the steerable wheel assemblies 120 and still maintain
      the vertical planes of the wheel assemblies 120 and the rotational axes of
      the wheels 120 and the pivotal axes defined by the bolts 118 to be
      maintained in a vertical orientation.
PAR  FIGS. 11 and 12 illustrate a three axle suspension assembly embodying the
      principles of the present invention and which is generally designated by
      numeral 170. In this arrangement, the front axle and wheel assemblies are
      substantially the same as in the embodiment of the invention illustrated
      in FIGS. 1-10 and each of the two rear axle assemblies are substantially
      the same as the rear axle assembly illustrated in FIGS. 1-10 with certain
      modifications thereof. In this construction, an elongated and upwardly
      bowed walking beam 172 is supported from the longitudinal rails 174 of the
      trailer by a transverse shaft or axle 176 with the forward end of the
      beams 172 supporting front spring rockers 178 and the rear of the beams
      supporting rear spring rockers 180. The forward spring rocker 178 supports
      front wheel assemblies 182 with the same type of connection as employed in
      the embodiment illustrated in FIGS. 1-10 and which is generally designated
      by numeral 184. The pivotal connection between the front rocker 178 and
      the beam 172 is in the form of a horizontal bolt or pin 186. Connected to
      the outer ends of the pin or bolt 186 is a pair of bars or straps 188
      which extend rearwardly and are connected to the forward end of an
      intermediate rocker 190 by a transverse pin or bolt 192. The intermediate
      rocker 190 has its forward end connected with a rocker plate 194 through a
      lost motion connection 196 with the rocker plate 194 being pivotally
      connected to the forward rocker 178 by a pivot bolt or pin 198. The
      forward end of the rocker plate 194 is received between a pair of opposed
      coil springs 200 extending between the forward end of the rocker plate 194
      and the top and bottom of the forward rocker 178 respectively thus
      resiliently supporting the front rocker 178 and front wheels 182 and
      resiliently supporting the intermediate rocker 190 between the forward
      rocker 198 and rear rocker 180 with the rear end of the intermediate
      rocker 190 being connected to the forward end of the rear rocker 180 by a
      similar type of rocker plate 202 which extends between a pair of coil
      springs 204 and has a pivotal connection to the rear rocker 180 at 206 and
      a lost motion connection 208 with the rear of the intermediate rocker 190
      as illustrated in FIG. 12.
PAR  The intermediate rocker 190 has a pair of wheel assemblies 210 mounted
      thereon and the rear rocker assembly 180 has a pair of wheel assemblies
      212 mounted thereon with the supporting structure for these wheel
      assemblies being the same as the rear wheel assemblies 120 in FIGS. 1 to
      10, that is, there is provided a spindle assembly and interconnecting
      parallel bars as well as steering arms 214 and 216 connected to the
      spindle assemblies 218 and 220 respectively. The inner ends of the
      steering arms 214 and 216 are connected to steering rods or bars 222 and
      224 with suitable adjustable turnbuckles incorporated therein as at 226
      with the steering structure being controlled by the steering cables or
      rods 228 similar to the cables or rods 42 and 44. The structure
      illustrated in FIGS. 11 and 12 is duplicated on each side of the vehicle
      about a center line with the structure being symmetrical on both sides of
      the center line of the three wheel tandem arrangement. Shock absorbers,
      multiple stage springs, lubrication fittings and the like are provided
      where necessary in the three tandem wheel assembly and, if desired, the
      arrangement of the steerable wheels may be varied, that is, they may be at
      the front and rear with the stationary wheels insofar as steering is
      concerned being oriented centrally of the suspension assembly as desired.
PAR  FIG. 13 illustrates schematically another form of the invention similar to
      that illustrated in FIGS. 1-10 except that in this arrangement, the
      forward rockers 66' and the rear rockers 68' extend into overlapping
      relation to each other adjacent the bracket 46' with a spring assembly 67
      disposed therebetween with the structural association being schematically
      illustrated without regard to the specific details of the connection
      between the beams, rockers and wheel assemblies.
PAR  In this arrangement, torque exerted on the wheels during braking action
      will cause the overlapping ends of the rockers 66' and 68' to move toward
      each other so that such torque will be cushioned by the spring 67 so that
      the torque from the brake application on the front wheels and on the rear
      wheels will counteract each other.
PAR  Standard components such as brake mechanism and brake actuating mechanisms
      have not been included since they are of conventional construction and
      operate in a conventional manner. This is also true of wheel bearings,
      various lubrication and seal structures and other conventional components.
PAR  By spreading the axles apart, on the order of 8 or 9 feet or more space
      between the axles, the load which can be freely carried in many states can
      be increased. The steerable wheels enable the trailer to follow
      substantially in the tracks of the tractor which materially enhances
      maneuverability, stability and reduction in tire wear and effectively
      reduces lateral forces on the kingpin during steering corrections and
      turns thereby reducing the tendency of the tractor-trailer assembly to
      jackknife. The suspension system materially reduces stopping distances by
      maintaining the wheels in contact with the roadway. During high speed
      braking, the vehicle has been maintained in a single lane with the braking
      distances being substantially less than those required by various
      regulatory agencies.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A steerable trailer suspension system comprising a tandem axle assembly
      including a pair of longitudinally extending supporting beams, front
      resiliently supported rocker assemblies on the beams supporting forward
      wheel assemblies, rear resiliently supported rocker assemblies on the
      beams supporting rear wheel assemblies, spindle assemblies on one pair of
      rocker assemblies supporting the wheel assemblies therefrom for swinging
      movement about substantially vertical axes spaced forwardly of the
      rotational axes of the wheel assemblies supported from the spindle
      assemblies, and steering control means connected to the spindle assemblies
      for controlling the orientation of the steerable wheel assemblies.
NUM  2.
PAR  2. The structure as defined in claim 1 wherein the spindle assemblies each
      is of angulated configuration and including a spindle rotatably supporting
      a wheel assembly, an axle assembly in the form of spaced bars
      interconnecting the spindle assemblies and forming a parallelogram linkage
      to maintain the steerable wheels in a vertical plane, said bars being
      connected to the spindle assemblies by a ball joint connection to enable
      independent vertical elevation of the spindle assemblies and steerable
      wheels carried thereby.
NUM  3.
PAR  3. The structure as defined in claim 2 wherein the spindle assemblies are
      connected to the rear rocker assemblies, said steering control means
      including a laterally extending steering arm connected to each spindle
      assembly.
NUM  4.
PAR  4. The structure as defined in claim 1 wherein each rocker assembly is
      pivotally supported from an end portion of the beam, and spring means
      interposed between the beam and rocker for spring supporting the rocker.
NUM  5.
PAR  5. The structure as defined in claim 4 wherein said beam is substantially
      straight with the forward rocker assemblies supporting a nonsteerable axle
      having wheel assemblies on each end thereof.
NUM  6.
PAR  6. The structure as defined in claim 1 wherein said beam is angulated with
      an elevated central portion with three rocker assemblies being connected
      to the beam and to each other supporting three axle and wheel assemblies
      with at least two of the wheel assemblies being steerable.
NUM  7.
PAR  7. In combination with a towing tractor and trailer interconnected by a
      fifth wheel and kingpin, a tandem axle suspension assembly including
      steerable wheels, control means interconnecting the steerable wheels and a
      steering arm maintained generally parallel to the rotational axis of the
      drive wheels on the tractor to steer the steerable wheels generally in the
      direction for moving the trailer in substantially the same path as the
      tractor, said steerable wheels each including a spindle assembly of
      angulated configuration and provided with a vertical pivotal connection to
      the trailer for pivoting the steerable wheels about vertical axes spaced
      longitudinally from the rotational axes of the steerable wheels in
      response to articulate movement of the tractor and trailer about the
      kingpin.
NUM  8.
PAR  8. The combination as defined in claim 7 wherein said spindle assemblies
      are interconnected by parallel bars having universal connection with the
      spindle assemblies to retain the spindle assemblies in predetermined
      orientation during change in elevational relationship between the spindle
      assemblies and wheel assemblies mounted thereon.
NUM  9.
PAR  9. The combination as defined in claim 8 in which the spindle assemblies
      are mounted rearwardly of a non-steerable axle on a two axle tandem axle
      suspension system.
NUM  10.
PAR  10. The combination as defined in claim 8 wherein the trailer includes a
      three axle tandem axle suspension assembly with two of the axles including
      spindle assemblies being steerably controlled and one of the axles
      including non-steerable wheels.
NUM  11.
PAR  11. A trailer suspension system comprising a first set of wheels disposed
      in supporting relation to a trailer, a second set of wheels oriented in
      rearwardly spaced relation to the first set of wheels and disposed in
      supporting relation to a trailer, longitudinally extending beam means in
      supporting engagement with the trailer, and means interconnecting said
      beam means and said sets of wheels to retain the wheels in supporting
      relation to the beam means, said interconnecting means including a spring
      rocker assembly for each set of wheels, each spring rocker assembly
      including a pair of laterally spaced rocker members pivotally connected to
      the beam means for pivotal movement about a transverse axis, spring means
      interconnecting each of said rocker members and said beam means and
      associated with the transverse pivot axes to independently bias said
      rocker members about its transverse axis to bias the wheels downwardly
      thereby supporting the trailer resiliently from the wheels.
NUM  12.
PAR  12. The combination of claim 11 wherein one set of said wheels are
      interconnected by an axle assembly, means interconnecting the axle
      assembly, and two of said rocker members to transmit braking torque from
      the wheels to the beam means while permitting the wheels in said set to
      move vertically in relation to each other.
NUM  13.
PAR  13. The combination of claim 12 wherein said axle assembly is rigid and
      rotatably supports the wheels in said one set in parallel non-steerable
      condition.
NUM  14.
PAR  14. The combination of claim 12 wherein said axle assembly includes a pair
      of parallel, vertically spaced bars, a spindle assembly at each end of the
      axle assembly, ball joint means connecting the ends of the bars to the
      spindle assemblies, said wheels being rotatably mounted on the respective
      spindle assemblies for rotation about a generally transverse axis with the
      bars enabling vertical movement of the wheels while maintaining them in a
      vertical plane.
NUM  15.
PAR  15. The combination of claim 14 wherein each of said spindle assemblies
      includes an offset portion extending longitudinally of the trailer in
      relation to the rotational axis of the wheel mounted thereon, means
      pivotally supporting the offset portion of each spindle assembly to its
      respective rocker member for pivotal movement about a vertical axis spaced
      longitudinally from the rotational axis of the wheels whereby the wheels
      may swing laterally of the trailer and move vertically relative to each
      other with the bars maintaining the wheels in a vertical plane, and
      steering control means connected to each of said offset portions of the
      spindle assemblies for swinging said wheels and maintaining their axes of
      rotation in generally parallel relation and providing steering control for
      the trailer to enable the span between the first and second set of wheels
      to be increased.
NUM  16.
PAR  16. The combination of claim 15 wherein said trailer is connected to a
      towing tractor by a kingpin and fifth wheel assembly enabling relative
      angular movement about a generally vertical axis, said steering control
      means including means operatively connected to the tractor in offset
      relation to the kingpin for controlling the steerable swingable wheels in
      response to angular relationship of the tractor and trailer for steering
      the trailer to substantially follow the path of the tractor thereby
      reducing lateral forces exerted on the kingpin thereby reducing the
      possibility of the tractor and trailer jackknifing.
NUM  17.
PAR  17. The combination of claim 16 wherein said axle assembly is located
      rearwardly of the beam means, the other set of wheels being disposed
      forwardly of the beam means and being interconnected at a rigid axle
      assembly rotatably supporting the wheels on the outer ends thereof in
      non-steerable condition, means interconnecting said rigid axle assembly
      and two of said rocker members to transmit braking torque from the forward
      wheels to the beam means while permitting the front wheels to change
      elevation in relation to each other.
NUM  18.
PAR  18. The combination of claim 17 wherein said means connecting the offset
      portions of the spindle assemblies to the rocker members includes a
      vertical pivot member for transmitting braking torque from the rear wheels
      to the beam means.
NUM  19.
PAR  19. The combination of claim 18 wherein said torque transmitting means
      connected to the rigid axle assembly includes clamps connected to the
      rigid axle, and a longitudinally extending shaft rigid with each rocker
      member and swivelly connected with each clamp to permit relative movement
      about longitudinal axes spaced laterally of each other, one of said clamps
      being mounted for pivotal movement about the axis of the rigid axle
      assembly, the other clamp being ridigly keyed to the rigid axle assembly
      to transmit torque from the front wheels to the beam means.
NUM  20.
PAR  20. The combination of claim 19 wherein the rocker members have overlapping
      end portions remote from the wheels, and spring means associated with the
      overlapping ends of the rocker members to cushion relative movement
      therebetween, said overlapping ends being arranged whereby the braking
      torque from the front and rear wheels will counteract each other thus
      maintaining wheel contact with the ground surface during emergency stops
      and thereby preventing wheel hop and providing a straight line braking
      path when the wheels skid.
NUM  21.
PAR  21. The combination of claim 17 together with a third set of wheels
      oriented rearwardly of the second set of wheels and being interconnected
      by an axle assembly, said third set of wheels and axle assembly being
      duplicative of the steerable wheels and being controlled by said steering
      control means for following the path of the second set of wheels whereby
      the trailer will pivot about the line of contact between the front set of
      wheels and the ground surface.
NUM  22.
PAR  22. The combination of claim 21 wherein said steering control means
      includes a pair of longitudinal tension members disposed below the trailer
      and being adjustable in length to accurately orient the steerable wheels,
      said beam means being centrally pivotally connected to the trailer.
NUM  23.
PAR  23. The combination of claim 11 wherein each of said spring means includes
      multiple concentric coil springs having seat means forming an arcuate
      contact surface which enables angulation of the springs so that the line
      of force on the springs will be along the longitudinal axis to retain them
      in straight condition.
NUM  24.
PAR  24. The combination of claim 23 wherein each of the multiple coil springs
      includes two or more springs having different resilient characteristics
      whereby the lighter of the springs will support the unloaded trailer and
      as the trailer loading increases, additional springs are used to support
      the load thus maintaining a more constant spring rate-to-load ratio and a
      more natural constant frequency thereby reducing the tendency of the wheel
      to hop or leave the road when driven over uneven roads or braked.
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PAL  This dolly frame has a cross member upon which a pair of ground wheels are
      rotatably mounted and from which laterally-spaced opposite side members
      project forward. These side members terminate in wedge-shaped coupling
      members pivotally connected to coupling member adapters permanently
      secured to the rearward portion of the towing vehicle chassis, thereby
      providing limited rise and fall of the dolly relatively to the adapters.
      The center of a transverse leaf spring mounted on the cross member engages
      the lower end of a trailer hitch ball structure mounted on a cross-head
      which is in turn connected to a shock absorber to thereby dampen the
      oscillation of the leaf spring and thereby eliminate the pitching
      otherwise transmitted to the towing car as a jerking motion back and forth
      when the dolly hits a bad bump.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention particularly resides in the provision of a trailer hitch
      ball structure mounted on a cross-head and engaged by a transverse leaf
      spring with a very low spring rate instead of by a prior-used coil spring
      necessarily having a high spring rate because of its limited length
      capable of being accommodated within the available space limits of the
      dolly. Another improvement is the connection of a shock absorber to the
      cross-head carrying the trailer hitch ball structure engaged by the leaf
      spring so as to dampen the oscillations of the leaf spring.
PAC  BACKGROUND OF THE INVENTION
PAR  The provision of a trailer hitch dolly interposed between the towing
      vehicle and the towed trailer has hitherto greatly reduced heavy hitch
      loads on the rear of the vehicle where the trailer was previously coupled
      directly thereto. Where a coil spring supported the trailer hitch ball on
      the dolly, as in my U.S. Pat. No. 3,837,677 dated Sept. 24, 1974, a
      reduction in side sway resulted, but pitching or fore-and-aft rising and
      falling still occurred when the dolly encountered a bad bump and this
      motion was transmitted to the towing car in the form of a jerking motion
      back and forth. The coil spring necessarily possessed a higher spring rate
      than was desirable, yet it could not be lengthened sufficiently to reduce
      the spring rate satisfactorily within the space available on the dolly,
      since such reduction required an excessively long coil spring which would
      encounter the road surface if made long enough to adequately dampen the
      oscillation. The present invention provides a leaf spring of great length
      which has a low spring rate and its oscillations are additionally dampened
      by a shock absorber connected thereto, and guide rods are provided to
      guide the oscillations. This construction eliminates the pitching
      fore-and-aft which occurs when the dolly meets a serious road defect and
      likewise eliminates the action transmitted thereby to the towing car as a
      jerking motion back and forth.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a perspective view of the oscillation-damping and stabilizing
      trailer hitch dolly of the present invention, as attached to a towing
      vehicle, the towed trailer being omitted to enable enlargement of the
      parts;
PAR  FIG. 2 is a top plan view of the rearward portion of the dolly, with the
      ground wheels omitted to conserve space;
PAR  FIG. 3 is an enlarged fragmentary rear elevation, partly in section, taken
      along the line 3-- 3 in FIG. 2;
PAR  FIG. 4 is a central vertical section, taken along the line 4-- 4 in FIG. 3;
PAR  FIG. 5 is a vertical section taken along the line 5-- 5 in FIG. 3;
PAR  FIG. 6 is an exploded perspective view of the coupling device shown in the
      lower left-hand corner of FIG. 1;
PAR  FIG. 7 is a rear elevation looking in the direction of the line 7-- 7 in
      FIG. 2; and
PAR  FIG. 8 is a vertical cross-section, taken along the line 8-- 8 in FIG. 5.
DETD
PAR  Referring to the drawings in detail, FIG. 1 shows an oscillation-damping
      and stabilizing trailer hitch dolly, generally designated 10, as coupled
      to the rearward chassis portion 12 of a towing vehicle, generally
      designated 14, by means of a coupling device, generally designated 16,
      more fully described below. The dolly 10 is mounted upon a dolly frame,
      generally designated 18 (FIGS. 1 and 2). The frame 18 includes a cross
      member 20 (FIG. 3), the opposite ends of which are welded or otherwise
      secured at 22 to the rearward portions of elongated dolly frame side
      members 24 constituting a draft structure and having downwardly-turned
      rear end portions 26 to the lower ends of which are secured
      outwardly-projecting axles 28 (FIG. 7) as by welding at 30 and braced by
      gusset plates 32 (FIG. 7). Ground wheels 34 with tires 36 are rotatably
      mounted on the axles 28 to support the weight of the dolly 10 and the
      loads impressed upon it in the manner described below. Secured to the
      forward face of the cross member 20 is a flanged rectangular housing 38.
      Welded or otherwise secured to and connecting the side members 24 to the
      side flanges of the housing 38 are oblique braces 40 (FIG. 2). Welded or
      otherwise secured to the under side of the cross member 20 are attachment
      rings 41 for the connection of the usual trailer safety chains (not
      shown). The frame side members 24 and the cross member 20 are preferably
      formed from rectangular-section steel tubing. The dolly frame 18, axles
      28, wheels 34 and tires 36 collectively constitute a dolly chassis,
      generally designated 43.
PAR  The cross member 20 near its outer ends (FIG. 7) is drilled to receive
      stems 42 projecting downward from two parallel-flanged wear plates 44,
      preferably of nylon plastic, which are slidably engaged by the outer ends
      of the lowermost leaf 46 on a leaf spring 48. The center of the leaf
      spring 48 is drilled vertically to receive a spring-retaining bolt 50 and
      nut 52 cushioned by a rubber disc 53 mounted on the cross member 20. The
      upper and lower horizontal portions of the housing 38 are drilled near
      their opposite ends to receive parallel vertical guide rods or pins 54
      (FIGS. 3 and 5) upon which are mounted sleeves 56 containing bushings 57
      (FIG. 5). The sleeves 56 are slidable vertically on the guide rods 54
      within the bracket 38 and cushioned by rubber washers 59 above their upper
      ends. The sleeves 56 are welded or otherwise secured to the side arms 58
      of a cross head 60 having a flanged top wall 62 to which is secured a
      short collar 64. Passing through the center of the collar 64 is the
      threaded shank or stem 66 extending downward from the flanged tapered neck
      67 of the ball 68 of a second trailer hitch ball component, generally
      designated 70. Mounted on the threaded lower end of the shank 66 beneath
      the flanged flat top 62 of the cross head 60 are a spring lock washer 72
      and a ball-retaining nut 74 (FIG. 4) which engages the center of the leaf
      spring 48 above and around the head of the bolt 50 (FIG. 4).
PAR  The cross head 60 is in the form of a heavy sheet metal stamping, the upper
      wall 62 of which is cupped and drilled near its rearward edge (FIG. 4) to
      receive the reduced diameter threaded upper end 76 of the piston rod 78 of
      a conventional fluid-operated shock absorber, generally designated 80,
      either hydraulic or pneumatic, and held in place by a nut 82 threaded upon
      the threaded portion 76. The piston rod 78 at its lower end is connected
      to a piston head (not shown) within the cylinder 84 of the shock absorber
      80. The shock absorber 80 may be of one of several types available on the
      open market and its details are beyond the scope of the present invention.
      Such shock absorbers are in widespread use upon the suspensions of
      automobiles. The leaf spring 48 absorbs the energy from bumps, during
      which the shock absorber 80 permits the chassis of the dolly 10 to rise
      freely but retards its descent so that the hitch ball 70 is kept at a
      substantially constant level.
PAR  Secured to and extending downward from the cylinder 84 of the shock
      absorber 80 is a threaded stud 84 which passes downward through a hole 86
      in the cupped lower flange 87 of the flanged rectangular housing 38 (FIGS.
      3 and 4) where it is held in place by a nut 88. The upper wall of the
      housing 38 is provided with an opening 90 which provides clearance for the
      nut 82 on the threaded piston rod portion 76 and the adjacent portion of
      the flat top 62 of the cross head 60. An elongated hollow pyramidal molded
      synthetic plastic hood 92 extends downward over the entire mechanism
      resting upon and including the cross member 20 and has an opening 94 in
      the top thereof providing clearance for the trailer hitch ball component
      70 and the collar 64 beneath its neck 67 (FIG. 4).
PAR  The coupling device 16 for each side member 24 of the dolly frame 18 (FIGS.
      1 and 6) includes a tapered rocking coupling member 96 (FIGS. 5 and 6)
      with a rearward portion 98 which is welded at 102 into the forward end
      portion 100 of each side member 24. The wedge-shaped forward portion 104
      of the rocking member 96 is bored transversely at 106 to receive a nylon
      bushing 105 through which passes an L-shaped tranverse pivot pin 108. The
      pin 108 passes through flanged nylon bushings 107 and 109 seated in
      horizontally aligned bores 110 and 112 in the open-ended box-shaped
      tubular coupling portion 114 of an adapter structure 116, the bottom wall
      of which is drilled to receive a rubber cushion 117 for the portion 104.
      Welded to the top wall of the box-shaped portion 114 is an L-shaped
      attachment bracket 118 (FIG. 6) which is drilled as at 120 to receive
      bolts or rivets by which it is secured to the side frame member 12 of the
      towing vehicle 14 (FIG. 1). The L-shaped pivot pin 108 at the end of its
      horizontal pivot portion 122 is drilled at 124 to receive a cotter pin 126
      or other locking element. Extending perpendicularly to the pivot portion
      122 is a handle 128 by which the pivot pin 108 can be inserted or removed
      from its pivot bore 106 in the coupling member 96 by way of the aligned
      holes 110 and 112 in the adapter structure 116 of the coupling device 16.
PAR  In the operation of the oscillation-damping and stabilizing trailer hitch
      dolly 10 of the present invention, let it be assumed that the wedge-shaped
      forward portions 104 of the rocking coupling members 96 have been coupled
      to their respective adapters 116 by aligning their bores 106 with the
      bores 110 and 112 in the box-shaped tubular coupling portions 114 of their
      respective adapters 116 and then inserting the pivot pins 108 and securing
      them by the cotter pins 126 in the holes 124. Let it also be assumed that
      the conventional hitch socket or first trailer hitch component of the
      coupling tongue (not shown) of the trailer (also not shown) has been
      coupled to the hitch ball component 70 of the dolly 10 and that the safety
      chains (also not shown) of the trailer have been connected to the
      attachment rings 41. Let it also be assumed that the adapters 116 have
      been attached at the proper locations to the vehicle frame or chassis side
      members 12 by bolts or rivets through the holes 120 in the vertical
      flanges of the attachment brackets 118.
PAR  The operator then operates the towing vehicle 14 so as to tow the trailer
      by the intermediate connection thereto of the dolly 10. As the trailer
      dolly wheels 34 pass over bumps or depressions in the roadway, the side
      members 24 rise and fall freely with the wheels 34 and tires 36 by the
      pivotal connections of the pivot pins 108 passsing through the horizontal
      bores 106 in the rocking members 96. When the chassis of the dolly 10
      rises in passing over a bump, the leaf spring 48 absorbs the energy
      thereof while the shock absorber 80 permits its piston rod 78 to rise
      freely along with the cross head 60 connected to the hitch ball component
      70. When the chassis of the dolly 10 subsequently descends, however, the
      shock absorber 80 retards the downward stroke of its piston rod 78 and
      dampens the descent of the dolly chassis.
PAR  When a large truck or tractor-trailer vehicle passes the towing vehicle 14,
      the consequent vacuum created therebetween tends to cause the trailer and
      the dolly 10 to slide sideways bodily, but such sliding is greatly
      retarded or prevented by the friction between the tires 36 of the
      non-swivelled wheels 34 and the roadway. As a result of this, the dolly 10
      minimizes any side sway of the trailer during normal travel by, in effect,
      locking the rearward end of the towing vehicle to the roadway while at the
      same time permitting limited rise and fall of the dolly 10 around the
      pivot pins 108 of the coupling devices 16. The pivot pins 108 of the
      coupling devices 16 in combination with the wedge-shaped portions 104 in
      the box-shaped tubular coupling portions 114 of the adapters 116 limit the
      upward and downward motion of the dolly chassis 43. At the same time, the
      damping action of the shock absorber 84 permits the chassis 43 of the
      dolly 10 to move upward freely while the leaf spring 48 absorbs the energy
      thereof when the dolly wheels 34, 36 pass over a bump but retards its
      descent. Thus, the oscillation-dampeing and stabilizing trailer hitch
      dolly 10 of the present invention not only stabilizes the trailer by
      preventing side sway of the trailer and dolly caused by a cross wind or a
      passing truck, but also dampens the vertical motion of the dolly 10 upon
      its encountering bumps and chuck holes in the roadway.
CLMS
STM  I claim:
NUM  1.
PAR  1. An oscillation-damping and stabilizing trailer hitch dolly for
      connecting the chassis of a towing vehicle to a trailer with a
      conventional first trailer hitch component thereon, said dolly comprising
PA1  a dolly coupling adapter structure adapted to be secured to the rearward
      portion of the towing vehicle chassis,
PA1  a dolly frame including a cross member and a draft structure extending
      forward from said cross member into coupling engagement with said adapter
      structure,
PA1  pivot means pivotally interconnecting said structures,
PA1  axle means mounted on said frame transversely of said draft structure,
PA1  ground wheels mounted on said axle means in laterally-spaced relationship
      for rotation relatively to said frame,
PA1  a leaf spring mounted on said cross member transversely of said frame for
      vertical oscillation relatively thereto,
PA1  and a second trailer hitch component adapted to cooperably engage the first
      trailer hitch component in separable hitching relationship, said second
      trailer hitch component operatively engaging and transmitting motion
      between said leaf spring and the first trailer hitch component.
NUM  2.
PAR  2. An oscilation-damping and stabilizing trailer hitch dolly, according to
      claim 1, wherein a vertical guideway is connected to said cross member
      adjacent said second trailer hitch component in vertical guiding
      relationship therewith.
NUM  3.
PAR  3. An oscillation-damping and stabilizing trailer hitch dolly, according to
      claim 1, wherein a vertically operative shock absorber is mounted on said
      frame and operatively connected to said leaf spring in oscillation-damping
      relationship therewith.
NUM  4.
PAR  4. An oscillation-damping and stabilizing trailer hitch dolly, according to
      claim 3, wherein said shock absorber is a fluid-operated shock absorber.
NUM  5.
PAR  5. An oscillation-damping and stabilizing trailer hitch dolly, according to
      claim 4, wherein said shock absorber has a cylinder element and a piston
      element reciprocable in said cylinder element, one of said elements being
      connected to said frame and the other element being operatively connected
      to said second trailer hitch component whereby to dampen the oscillations
      imparted thereto by said leaf spring in response to the engagement of said
      ground wheels with roadway obstacles.
NUM  6.
PAR  6. An oscillation-damping and stabilizing trailer hitch dolly, according to
      claim 2, wherein said guideway includies a vertical guide member connected
      to said cross member in supported relationship therewith.
NUM  7.
PAR  7. An oscillation-damping and stabilizing trailer hitch dolly, according to
      claim 3, wherein a cross-head is connected to said second trailer hitch
      component and is also connected to said shock absorber in
      motion-transmitting relationship therebetween.
NUM  8.
PAR  8. An oscillation-damping and stabilizing trailer hitch dolly, according to
      claim 5, wherein a cross-head is supportingly connected to said second
      trailer hitch component and is also operatively connected to said other
      element in motion-transmitting relationship therebetween.
NUM  9.
PAR  9. An oscillation-damping and stabilizing trailer hitch dolly, according to
      claim 7, wherein a vertical guide member is connected to said cross-member
      in supported relationship therewith and wherein said cross-head slidably
      engages said guide member in guided relationship therewith.
NUM  10.
PAR  10. An oscillation-damping and stabilizing trailer hitch dolly, according
      to claim 1, wherein wear plates of wear-resistant material are mounted on
      said cross member in spaced relationship therealong and disposed in
      contacting engagement with the opposite ends of said leaf spring.
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ABST
PAL  A 1,3-dihydro-1-oxo-benzo[b]thieno[2,3-C]furan derivative represented by
      the following General Formula I
      ##SPC1##
PAL  or a 1,3-dihydro-3-oxo-benzo[b]thieno[2,3-C]furan derivative represented by
      the following General Formula II:
      ##SPC2##
PAL  wherein ring A represents a benzene ring or a naphthalene ring, R.sub.1 and
      R.sub.2 each represents an amino group, and X, Y and Z each represents a
      hydrogen atom, a halogen atom, an alkyl group, an aralkyl group, an alkoxy
      group, an aralkoxy group, an acyloxy group, a nitro group or an amino
      group, useful as a color former, e.g., in a pressure sensitive copying
      paper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a pressure-sensitive copying paper and,
      more particularly, it relates to a pressure-sensitive copying paper
      wherein a novel color former is used.
PAR  2. Description of the Prior Art
PAR  In general, pressure-sensitive copying papers utilizing the color reaction
      between substantially colorless organic compound (hereinafter referred to
      as a color former) such as Malachite Green lactone, benzoyl leucomethylene
      blue, Crystal Violet lactone, Rhodamine B lactam, 3-substituted
      amino-7-substituted aminofluoran, 3-methyl-2,2-spirobi(benzo[f]chromene)
      or the mixture thereof and an adsorptive or reactive compound capable of
      developing color when brought into contact with the color former
      (hereinafter referred to as a color developer) such as a clay mineral
      (e.g., acid clay, activated clay, attapulgite, zeolite, bentonite, kaolin,
      etc.), an organic acid (e.g., succinic acid, tannic acid, gallic acid,
      phenolic compound, etc.) or an acidic polymer (e.g., phenolformaldehyde
      resin, etc.) as well known (e.g., as disclosed in U.S. Pat. Nos.
      2,505,470, 2,505,471, 2,505,489, 2,548,366, 2,712,507, 2,730,456,
      2,730,457, 3,418,250, 3,501,331, 3,669,711, 3,427,180, 3,455,721,
      3,516,845, 3,634,121, 3,672,935, and 3,732,120).
PAR  In the present invention, the color former and the color developer are
      defined as follows from the viewpoint of electronic theory. That is, the
      color former is a substance capable of being colored when donating
      electrons or accepting protons, whereas the color developer is a substance
      which accepts electrons or donates protons.
PAR  A color former of a pressure-sensitive copying paper must possess a rapid
      coloring rate and show high color density, and the colored dye must
      possess a desired hue and be excellent in light resistance and heat
      resistance. As a color former which is colored blue to green, Malachite
      Green lactone (3,3-bis(p-dimethylaminophenyl)phthalide) is heretofore
      known. However, this color former has the defect that, since its lactone
      ring is not opened even when brought into contact with a color developer,
      the coloring rate thereof is slow and the color density is low. Thus,
      improvement in the color former has been desired.
PAR  It is, therefore, an object of the present invention to provide a
      pressure-sensitive copying paper which is capable of forming a colored
      image having a high color density with a rapid coloring rate.
PAR  Another object of the present invention is to provide a pressure-sensitive
      copying paper which is capable of forming a color image excellent in light
      resistance and heat resistance.
PAR  A further object of the present invention is to provide a
      pressure-sensitive copying paper which is capable of being colored blue to
      green.
PAR  Still a further object of the present invention is to provide a
      pressure-sensitive copying paper which is capable of being colored various
      hues.
PAR  Also an object of this invention is to provide a 1,3-dihydro-(1-oxo or
      3-oxo)-benzo[b]thieno[2,3-C]furan derivative, useful as a color former.
PAC  SUMMARY OF THE INVENTION
PAR  As a result of extensive investigations to attain the above-described
      objects, the inventors have found a pressure-sensitive copying paper
      comprising a support having thereon a color former layer containing
      1,3-dihydro-1-oxo-benzo[b] thieno[2,3-C]furan derivative represented by
      the following General Formula I:
      ##SPC3##
PAL  or a 1,3-dihydro-3-oxo-benzo[b]thieno[2,3-C]furan derivative of the
      following General Formula II:
      ##SPC4##
PAL  wherein ring A represents a benzene ring or a naphthalene ring, R.sub.1 and
      R.sub.2 each represents an unsubstituted or substituted amino group, X, Y
      and Z each represents a hydrogen atom, a halogen atom, an alkyl group, an
      aralkyl group, an alkoxy group, an aralkoxy group, an acyloxy group, a
      nitro group or an unsubstituted or substituted amino group.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Suitable examples of substituents for the substituted amino group
      represented by R.sub.1 and R.sub.2 include an alkyl group (e.g.,
      substituted and unsubstituted alkyl groups such as methyl, ethyl, propyl,
      butyl, chloromethyl, chloroethyl, bromomethyl, bromoethyl, iodomethyl,
      iodoethyl, cyanomethyl, cyanoethyl, cyanopropyl, cyanobutyl, methoxyethyl,
      ethoxyethyl, etc.), an aralkyl group (e.g., benzyl, chlorobenzyl,
      bromobenzyl, methylbenzyl, ethylbenzyl, phenethyl, chlorophenethyl,
      bromophenethyl, methylphenethyl, ethylphenethyl, etc.), an aryl group
      (phenyl, chlorophenyl, bromophenyl, tolyl, ethylphenyl, naphthyl,
      chloronaphthyl, bromonaphthyl, methylnaphthyl, ethylnaphthyl, etc.), an
      acyl group (e.g., acetyl, benzoyl, phenacyl, etc.), an alicyclic group
      (e.g., cyclohexyl, etc.) and a heterocyclic group (e.g., morpholino,
      piperidino, julolidino, etc.).
PAR  For X, Y and Z suitable examples of halogen atoms are chlorine, bromine and
      iodine, examples of alkyl groups are those alkyl groups above described
      for R.sub.1 and R.sub.2 and having 1 to 4 carbon atoms, examples of
      aralkyl groups are those aralkyl groups having 1 to 4 carbon atoms in the
      alkyl moiety thereof as above described and including phenyl and naphthyl
      groups as examples of the aryl moiety thereof, examples of alkoxy groups
      are those having 1 to 4 carbon atoms in the alkyl moiety thereof as above
      described, examples of aralkoxy groups are those having 1 to 4 carbon
      atoms in the alkyl moiety thereof as above described and including phenyl
      and naphthyl groups as examples of the aryl moiety thereof, examples of
      acyloxy groups are those such as aliphatic acyloxy groups having 1 to 4
      carbon atoms in the alkyl moiety thereof as above described and aromatic
      acyloxy groups including phenyl and naphthyl groups as examples of the
      aryl moiety thereof, and examples of substituted amino groups are the same
      as those previously described for R.sub.1 and R.sub.2.
PAR  The pressure-sensitive copying paper of the present invention can take
      various forms as described in, e.g., the aforesaid preceding patents. That
      is, the pressure-sensitive copying paper can be prepared by dissolving the
      above-described color formers, alone, in combination or together with
      other color formers, in a solvent (e.g., a synthetic oil such as an
      alkylated naphthalene, an alkylated diphenyl, an alkylated
      diphenylmethane, an alkylated terphenyl, etc., a vegetable oil such as
      cotton seed oil, castor oil, etc., an animal oil, a mineral oil or a
      mixture thereof as described in U.S. Pat. application Ser. No. 174,518,
      filed Aug. 24, 1971, Ser. No. 172,593, filed Aug. 17, 1971, Ser. No.
      193,151, filed Oct. 27, 1971 and Ser. No. 193,152, filed Oct. 27, 1971) at
      a color former concentration of about 0.01 to 15 wt%, preferably 0.1 to 10
      wt %, and more preferably 0.5 to 5 wt %, dispersing the resulting solution
      in a binder or encapsulating it in microcapsules, and applying it to a
      support such as a paper, a plastic sheet, a resin-coated paper or the
      like.
PAR  The amount of the color former used is not particularly limited since it
      varies depending upon the desired coated amount, form of the
      pressure-sensitive copying paper, process for the production of
      microcapsules and like conditions. However, it is easy for those skilled
      in the art to determine the amount.
PAR  In the case of encapsulating the color former in microcapsules, the method
      utilizing coacervation of hydrophilic colloids described in U.S. Pat. Nos.
      2,800,457 and 2,800,458, the method of interfacial polymerization
      described in British Pat. Nos. 867,797, 950,443 and 1,091,076, or a like
      method can be employed.
PAR  The color former of the present invention is a novel compound not described
      in the art. It can be obtained as schematically illustrated below by,
      e.g., condensing benzothiophenedicarboxylic acid anhydride (General
      Formula III) with an aniline derivative (General Formula IV), and
      condensing the resulting intermediates (General Formulae V and VI) with an
      aniline derivative or an .alpha.-naphthylamine derivative represented by
      the following General Formula VII, followed by neutralization with an
      alkali aqueous solution.
      ##SPC5##
PAL  wherein A, R.sub.1, R.sub.2, X, Y and Z are as hereinbefore described.
PAR  A suitable reaction temperature for the reaction of the compound of the
      General Formula III with the compound of the General Formula IV can range
      from about 50.degree.C to about 200.degree.C, preferably 70.degree.C to
      160.degree.C with a suitable molar ratio of 1:1 of the compound of the
      General Formula III to the compound of the General Formula IV, preferably
      an excess of the compound of the General Formula III up to a molar ratio
      of about 1:3 of the compound of the General Formula III to the compound of
      the General Formula IV. This reaction can be suitably conducted in the
      presence or absence of a solvent. Where a solvent is employed, a solvent
      which does not dissolve a Friedel-Crafts catalyst is preferred. Suitable
      examples of solvents are halogenated alkyls such as ethylene chloride,
      trichloroethane and tetrachloroethane.
PAR  In the reaction of the compound of the General Formula V or VI with the
      compound of the General Formula VII, suitable reaction temperatures and
      molar ratios are as described for the above reaction of the compound of
      the General Formula III with the compound of the General Formula IV with
      the compound of the General Formula VII being present in an at least
      equimolar to excess amount as described above for the compound of the
      General Formula IV. The reaction is preferably conducted in the absence of
      a solvent but a solvent can be suitably employed, if desired.
PAR  In the above-described reactions, known condensing agents can be used as
      the condensing agent and are generally present in an amount of about 1 to
      2 moles per mole of the compound of the General Formula IV and the General
      Formula VII. For example, aluminum chloride, zinc chloride, acetic
      anhydride, concentrated sulfuric acid and the like are useful. The
      compound of General Formula I and the compound of General Formula II are
      isomers of each other. In the above-described reactions, the compound of
      General Formula II is produced in a slight amount as a by-product (see,
      Annalen, vol. 488, p. 259 (1931). These two compounds can easily be
      separated from each other by, e.g., column chromatography.
PAR  Representative examples of compounds represented by the General Formula
      III, are benzothiophene-2,3-dicarboxylic acid anhydride,
      5-methyl-benzothiophene-2,3-dicarboxylic acid anhydride,
      5-ethyl-benzothiophene-2,3-dicarboxylic acid anhydride,
      5-chlorobenzothiophene-2,3-dicarboxylic acid anhydride,
      5-bromobenzothiophene-2,3-dicarboxylic acid anhydride,
      4-methyl-6-chlorobenzothiophene-2,3-dicarboxylic acid anhydride,
      5-nitrobenzothiophene-2,3-dicarboxylic acid anhydride,
      5-aminobenzothiophene-2,3-dicarboxylic acid anhydride,
      5-N,N-dimethylaminobenzothiophene-2,3-dicarboxylic acid anhydride,
      5-N-acetylaminobenzothiophene-2,3-dicarboxylic acid anhydride,
      5-N-benzoylaminobenzothiophene-2,3-dicarboxylic acid anhydride,
      5-morpholinobenzothiophene-2,3-dicarboxylic acid anhydride,
      5-piperidinobenzothiophene-2,3-dicarboxylic acid anhydride,
      5-N,N-di-benzylaminobenzothiophene-2,3-dicarboxylic acid anhydride,
      6-methoxybenzothiophene-2,3-dicarboxylic acid anhydride,
      6-ethoxybenzothiphene-2,3-dicarboxylic acid anhydride,
      6-acetoxybenzothiophene-2,3-dicarboxylic acid anhydride,
      5-acetylbenzothiophene-2,3-dicarboxylic acid anhydride,
      4,5,6,7-tetrachlorobenzothiophene-2,3-dicarboxylic acid anhydride,
      5,7-dimethylbenzothiophene-2,3-dicarboxylic acid anhydride, and the like.
PAR  Representative examples of compounds represented by the General Formula IV,
      are aniline, N-methylaniline, N-ethylaniline, o-toluidine, m-nitroaniline,
      m-phenylenediamine, m-chloroaniline, m-bromoaniline, o-anisidine,
      o-phenetidine, 2,5-dichloroaniline, N,N-dimethylaniline,
      N,N-diethylaniline, N-2-ethylhexyl-N-methylaniline, N,N-dibutylaniline,
      N-dodecyl-N-ethylaniline, N,N-diethyl-m-toluidine,
      N,N-diethyl-o-toluidine, N,N-dibenzylaniline, N-methyl-N-benzylaniline,
      N-ethyl-N-benzylaniline, diphenylamine, N-benzyldiphenylamine,
      4-benzyloxydiphenylamine, N-ethyl-4-ethoxydiphenylamine,
      N-methyldiphenylamine, N-ethyldiphenylamine, N,N-diethyl-o-anisidine,
      N,N-dimethyl-o-phenetidine, N,N-diethyl-m-acetoxyaniline,
      N,N-dimethyl-m-nitroaniline, N,N-diethyl-m-nitroaniline,
      N,N-dimethyl-o-chloroaniline, N,N-dimethyl-m-chloroaniline,
      N,N-diethyl-m-chloroaniline, N,N-dimethyl-o-bromoaniline,
      N,N-dimethyl-m-bromoaniline, N,N-diethyl-o-bromoaniline,
      N,N-diethyl-m-bromoaniline, N,N-diethyl-m-phenethyloxyaniline,
      N,N-bis(.beta.-cyanoethyl)aniline, N,N-bis(.beta.-chloroethyl)aniline,
      N,N-bis(.beta.-bromoethyl)aniline, N,N-bis(.beta.-ethoxyethyl)aniline,
      N,N-bis(.beta.-cyanoethyl)-m-toluidine,
      N,N-bis(.beta.-chloroethyl)-m-toluidine,
      N,N-bis(.beta.-bromoethyl)-motoluidine,
      N-ethyl-N-(.beta.-chloroethyl)-m-toluidine,
      N,N-bis(.beta.-ethoxyethyl)-m-toluidine, N-ethyl-N-phenethylaniline,
      N-ethoxycarbonylmethyl-N-cyclohexylaniline, acetanilide, benzanilide,
      N-ethyl-N-phenacylaniline, N,N-diethyl-m-phenylenediamine,
      N,N-diethyl-o-phenylenediamine, N,N,N',N'-tetraethyl-m-phenylenediamine,
      N,N,N',N'-tetraethyl-o-phenylenediamine, N-cyclohexyl-N-methylaniline,
      N-phenylmorpholine, N-phenylpiperidine, N-phenylpyrrolidine,
      N-phenylimidazoline, N-phenylpyrazolidine, N-phenylpiperadine, julolidine,
      and the like.
PAR  Representative examples of compounds represented by the General Formula VII
      are 1-naphthylamine, N,N-dimethyl-1-naphthylamine,
      N,N-diethyl-1-naphthylamine, 5-chloro-N,N-dimethyl-1-naphthylamine,
      5-bromo-N,N-dimethyl-1-naphthylamine,
      5-ethoxy-N,N-diethyl-1-naphthylamine, 5-benzyloxy-N,N-dimethyl-1-naphthyla
     mine, N-ethyl-N-benzyl-1-naphthylamine,
      N,N-bis-.beta.-chloroethyl-1-naphthylamine,
      N,N-bis-.beta.-bromoethyl-1-naphthylamine,
      N,N-bis-.beta.-cyanoethyl-1-naphthylamine,
      N,N-bis-.beta.-methoxyethyl-1-naphthylamine,
      N,N-bis-.beta.-ethoxyethyl-1-naphthylamine,
      N-phenyl-N-methyl-1-naphthylamine, and the like, as well as those
      illustrated by the compounds represented by the General Formula IV.
PAR  The color former to be used in the present invention is colored blue to
      bluish green to green. However, it can be colored various hues by
      combining it with other color formers. To partly illustrate such other
      color formers, there are triarylmethane compounds (e.g.,
      3,3-bis(p-dimethylaminophenyl)-6-dimethylaminophthalide (i.e., Crystal
      Violet lactone (hereinafter abbreviated as CVL) ),
      3,3-bis(p-dimethylaminophenyl)phthalide,
      3-(p-dimethylaminophenyl)-3-(1,2-dimethylindol-3-yl)phthalide,
      3-(p-dimethylaminophenyl)-3-(2-methylindol-3-yl)phthalide,
      3-(p-dimethylaminophenyl)-3-(2-phenylindol-3-yl)-phthalide,
      3,3-bis(1,2-dimethylindol-3-yl)-5-dimethylaminophthalide,
      3,3-bis(1,2-dimethylindol-3-yl)-6-dimethylaminophthalide,
      3,3-bis(9-ethylcarbazol-3-yl)-5-dimethylaminophthalide,
      3,3-bis(2-phenylindol-3-yl)-5-dimethylaminophthalide,
      3-p-dimethylaminophenyl-3-(1-methylpyrrol-2-yl)-6-dimethylaminophthalide,
      etc.), diphenylmethane compounds (e.g., 4,4-bis-dimethylaminobenzhydrin
      benzyl ether, N-halophenyl leucoauramine, N-2,4,5-trichlorophenyl
      leucoauramine, etc.), canthene compounds (e.g., rhodamine B anilinolactam,
      rhodamine (p-nitroanilino)lactam, rhodamine B (p-chloroanilino)lactam,
      7-dimethylamino-2-methoxyfluoran, 7-diethylamino-2-methoxyfluoran,
      7-diethylamino-3-methoxyfluoran, 7-diethylamino-3-chlorofluoran,
      7-diethylamino-3-chloro-2-methylfluoran,
      7-diethylamino-2,3-dimethylfluoran,
      7-diethylamino-(3-acetylmethylamino)fluoran,
      7-diethylamino-(3-methylamino) 3,7-diethylaminofluoran,
      7-diethylamino-3-(dibenzylamino)fluoran,
      7-diethylamino-3-(methylbenzylamino)fluoran,
      7-diethylamino-3-(chloroethylmethylamino)fluoran, 7
      -diethylamino-3-(diethylamino)fluoran, etc.), thiazine compounds (e.g.,
      benzoyl leucomethylene blue, p-nitrobenzyl leucomethylene blue, etc.), and
      spiro compounds (e.g. 3-methyl-spiro-dinaphthopyran,
      3,3'-dichloro-spiro-dinaphthopyran, 3-benzylspiro-dinaphthopyran
      3-methyl-naphtho-(3-methoxybenzo)-spiropyran, 3-propyl-spiro-dibenzopyran,
      etc.). In addition, yellow, red or blue color formers described in
      Japanese Pat. Publication Nos. 4698/70, 22650/71, 23513/71, 2529/71,
      25657/70, 4662/72, U.S. Pat. Nos. 2,417,897, 2,909,520, etc. can also be
      used in combination.
PAR  On the other hand, with the color developers which have already been
      described before, e.g., the clay minerals such as acid clay, activated
      clay, attapulgite, zeolite, bentonite, kaolin, etc., organic acids such as
      succinic acid, tannic acid, gallic acid, phenolic compounds, etc., or
      acidic polymers such as phenol formaldehyde resins as disclosed in U.S.
      Pat. Nos. 2,505,470, 2,505,471, 2,505,489, 2,548,366, 2,712,507,
      2,730,456, 2,730,457, 3,418,250, 3,501,331, 3,669,711, 3,427,180,
      3,455,721, 3,516,845, 3,634,121, 3,672,935, and 3,732,120, they are
      applied to a support together with a binder (e.g., styrene butadiene
      latex, starch, casein, gum arabic, polyvinyl alcohol, styrene-maleic
      anhydride copolymer, etc.). The color developer layer can be provided on a
      support different from or the same as that of the color former. In the
      latter case, the color developer layer can be provided on the side
      opposite to or the same as that of the color former layer. In addition,
      the color former layer and the color developer layer can be provided
      either all over or only on a part of the support.
PAR  The thienofuran derivatives used in the present invention can form color
      extremely rapidly with a high color density when brought into contact with
      a color developer. After color formation, they show excellent properties
      in light resistance, heat resistance, etc. suitable for pressure-sensitive
      copying papers.
PAR  In addition, when the amino groups represented by R.sub.1 and R.sub.2
      contain substituents having weak electron-attracting property, i.e., when
      a lower alkyl group (e.g., having 1 to 4 carbon atoms) or the like is used
      as the amino group substituent, the color formers can be colored so easily
      that it is colored merely when absorbed on the fibers of paper which has
      no such color developer as clays, organic acids, phenols, phenol resins,
      etc. A pressure-sensitive paper which requires no color developer can be
      prepared utilizing this property.
DETD
PAR  The following examples are given to illustrate the invention in greater
      detail. Unless otherwise indicated all parts, percents, ratios and the
      like are by weight.
PAC  EXAMPLE 1
PAR  40 ml of ethylene dichloride was added as a solvent to a mixture of 7 g of
      diethylaniline and 7 g of aluminum chloride. Then, 3 g of
      benzothiophenedicarboxylic acid anhydride was added thereto and heated for
      4 hours under stirring using a steam bath. Thereafter, 30 ml of acetic
      anhydride was added thereto and heating was continued for an additional 2
      hours under stirring. After allowing to cool, the reaction mixture was
      poured into ice-water and, after adjusting the pH of the mixture so that
      it was slightly alkaline using a dilute sodium hydroxide solution, it was
      extracted with benzene. After removing moisture, the extract was
      concentrated and subjected to column chromatography on silica gel to
      separate the isomers from each other. Thus, there were obtained 20 g of
      1,3-dihydro-1-oxo-3,3-bis(p-diethylaminophenyl)benzo-[b]thieno[2,3-C]furan
      (m.p.: 167.degree.-168.degree.C; .lambda..sub.max : 650 m.mu. (in 95%
      acetic acid) ) and  0.2 g of
      1,3-dihydro-3-oxo-1,1-bis(p-diethylaminophenyl)benzo[b]thieno[2,3-C]furan
      (m.p.: 171.degree.-172.degree.C; .lambda..sub.max : 670 m.mu. (in 95%
      acetic acid) ).
PAR  These compounds were colorless or lightly colored crystals or resinous
      powders and, when dissolved in acetic acid, they showed a maximum
      absorption in the visual area at a wavelength of 600- 700 m.mu. and
      appeared blue, bluish green or green. The compounds were confirmed using
      infrared spectral analysis, mass spectral analysis and elemental analysis.
PAC  EXAMPLE 2
PAR  One part of a mixture of
      1,3-dihydro-1-oxo-3,3-bis(p-diethylaminophenyl)benzo[b]thieno[2,3-C]furan
      (color former No. 1) and a smaller amount of
      1,3-dihydro-3-oxo-1,1-bis(p-diethylaminophenyl)benzo[b]thieno[2,3-C]furan
      was dissolved in 30 parts of an alkylated naphthalene, amyl naphthalene.
      This solution was added to 50 parts of water containing dissolved therein
      6 parts of gelatin and 4 parts of gum arabic under vigorous stirring to
      emulsify and form oil droplets of a diameter of 1 .mu. - 10 .mu. followed
      by adding thereto 250 parts of water. Then, acetic acid was added thereto
      incrementally to adjust the pH of the solution to about 5 to cause
      coacervation, thus forming a capsule wall of gelatin and gum arabic around
      the oil droplets. Thereafter, 1.5 parts of a 31% by weight aqueous
      formaldehyde solution was added thereto and the pH was increased to 9 to
      thereby harden the capsule wall.
PAR  The thus obtained microcapsule dispersion was applied to a paper so as to
      provide 5 g/m.sup.2 of the paper and dried. When a localized pressure or
      impact was applied to the resulting paper in contact with a paper coated
      with acidic clays, phenols, organic acids or the like, a green image was
      immediately obtained. The resulting image had high color density andd was
      excellent in light resistance, heat resistance and water resistance.
PAC  EXAMPLE 3
PAR  In the same manner as described in Example 2 except for using the following
      compounds in place of
      1,3-dihydro-1-oxo-3,3-bis(p-diethylaminophenyl)-benzo[b]
      thieno[2,3-C]furan and
      1,3-dihydro-3-oxo-1,1-bis(p-diethylaminophenyl)benzo[b]thieno[2,3-C]furan,
      a pressure-sensitive copying paper excellent in light resistance and heat
      resistance and capable of being colored rapidly with high color density
      was obtained, in every case.
      ##SPC6##
PAR  With color formers No. 1 to No. 32, the positions of substituents are
      indicated according to (A) and (B) and, with color formers No. 33 to No.
      42, according to (C) and (D).
TBL  __________________________________________________________________________

     Color                                                                     

         Ring R.sub.1                                                          

                     R.sub.2                                                   

                            X    Y   Z    Hue                                  

     For-                                                                      

         A                                                                     

     mer                                                                       

     No.                                                                       

     __________________________________________________________________________

      2  Benzene                                                               

              N-N-Di N,N-Di H    H   H    Green                                

              methyl-                                                          

                     methyl-                                                   

              amino  amino                                                     

      3  "     "     N-Ethyl-                                                  

                            "    "   "    Bluish-                              

                     N-Ben-               green                                

                     zyl-                                                      

                     amino                                                     

      4  "     "     N-Me-  "    "   "    Bluish-                              

                     thyl-N-              green                                

                     benzyl-                                                   

                     amino                                                     

      5  "    N-N-Di-                                                          

                     N,N-Di-                                                   

                            "    "   "    Bluish-                              

              ethyl  benzyl-              green                                

              amino  amino                                                     

      6  "     "     N-Methyl-                                                 

                            2'-  "   "    Bluish-                              

                     N-phenyl-                                                 

                            Methyl        green                                

                     amino                                                     

      7  "    N-Methyl-                                                        

                     N-Methyl-                                                 

                            H    "   5-   Greenish-                            

              N-Phenyl-                                                        

                     N-phenyl-       Methyl                                    

                                          blue                                 

              amino  amino                                                     

      8  "    N-N-Di-                                                          

                     N,N-Di-                                                   

                            2'-  2"- "    Green                                

              ethyl- ethyl- Methyl                                             

                                 Methyl                                        

              amino  amino                                                     

      9  "     "      "     3'-  3"- 5-   Green                                

                            Methyl                                             

                                 Methyl                                        

                                     ethyl                                     

     10  "     "      "     2'-  2"- "    Green                                

                            Methoxy                                            

                                 Meth-                                         

                                 oxy                                           

     11  "    N,N-Di-                                                          

                     N,N-Di-                                                   

                            2'-  2"- H    Green                                

              methyl-                                                          

                     methyl-                                                   

                            Bromo                                              

                                 Bromo                                         

              amino  amino                                                     

     12  "    N,N-Di-                                                          

                     N-Ethyl                                                   

                            H    H   "    Bluish-                              

              ethyl- N-phe-               green                                

              amino  thyl-                                                     

                     amino                                                     

     13  "     "     N-Ethyl-                                                  

                            "    "   5-   Bluish-                              

                     N-phenyl-       Methyl                                    

                                          green                                

                     amino                                                     

     14  "    N-Ethyl-                                                         

                     N-Ethyl-                                                  

                            "    2"- "    Greenish-                            

              N-benzyl-                                                        

                     N-benzyl-   Ethoxy   blue                                 

              amino  amino                                                     

     15  "    N,N-Di-                                                          

                     N,N-Di-                                                   

                            "    H   "    Greenish-                            

              benzyl-                                                          

                     benzyl-              blue                                 

              amino  amino                                                     

     16  "    N,N-Bis-                                                         

                     N,N-Bis-                                                  

                            2'   2"  5-   Green                                

              (.beta.-ethoxy-                                                  

                     (.beta.-ethoxy-                                           

                            Methyl                                             

                                 Methyl                                        

                                     Nitro                                     

              ethyl)-                                                          

                     ethyl)-                                                   

              amino  amino                                                     

     17  "    N,N-Bis-                                                         

                     N,N-Bis-                                                  

                            "    "   5-   Green                                

              (.beta.-cyano-                                                   

                     (.beta.-cyano-  Methyl                                    

              ethyl)-                                                          

                     ethyl)-                                                   

              amino  amino                                                     

     18  "    N,N-Bis-                                                         

                     N,N-Bis-                                                  

                            "    "   5-   Green                                

              (.beta.-bromo-                                                   

                     (.beta.-bromo-  Bromo                                     

              ethyl)-                                                          

                     ethyl)-                                                   

              amino  amino                                                     

     19  "    Mor-   Mor-   H    H   5-   Green                                

              pholino                                                          

                     pholino         Chloro                                    

     20  "    N,N-Di-                                                          

                     N,N-Di-                                                   

                            "    "   "    Green                                

              methyl-                                                          

                     methyl-                                                   

              amino  amino                                                     

     21  "    N-Cyclo-                                                         

                     N-Cyclo-                                                  

                            2'-  2"- "    Green                                

              hexyl- hexyl-N-                                                  

                            Nitro                                              

                                 Nitro                                         

              N-methyl-                                                        

                     methyl-                                                   

              amino  amino                                                     

     22  "    Piperi-                                                          

                     Piperi-                                                   

                            H    H   5-   Green                                

              dino   dino            Bromo                                     

     23  "    N,N-Di-                                                          

                     N,N-Di-                                                   

                            2'-  2"- 5-   Green                                

              ethy-  ethyl- Di-  Di- Bromo                                     

              amino  amino  ethyl-                                             

                                 ethyl-                                        

                            amino                                              

                                 amino                                         

     24  "    N-Methyl-                                                        

                     N-Methyl-                                                 

                            H    H   5-   Greenish-                            

              N-Phena-                                                         

                     N-phena-        Chloro                                    

                                          blue                                 

              cylamino                                                         

                     cylamino                                                  

     25  "    N,N-Di-                                                          

                     N,N-Di-                                                   

                            3'-  2"- 6-   Green                                

              ethyl- ethyl- Methyl                                             

                                 Ace-                                          

                                     Ethoxy                                    

              amino  amino       toxy                                          

     26  "     "      "     2'-  2"- "    Green                                

                            Chloro                                             

                                 Chloro                                        

     27  "    N,N-Di-                                                          

                     N,N-Di-                                                   

                            2'-  2"- 5-   Green                                

              methyl-                                                          

                     methyl-                                                   

                            Acet-                                              

                                 Acet-                                         

                                     Methyl-                                   

              amino  amino  oxy  oxy 6-                                        

                                     chloro                                    

     28  "    N-Methyl-                                                        

                     N-Methyl-                                                 

                            H    H   "    Greenish-                            

              N-phena-                                                         

                     N-phena-             blue                                 

              cylamino                                                         

                     cylamino                                                  

     29  "    N,N-Di-                                                          

                     N,N-Di-                                                   

                            2'-  "   "    Bluish-                              

              ethyl- benzyl-                                                   

                            Methyl        green                                

              amino  amino                                                     

     30  "     "     N,N-Di-                                                   

                            2'-  2"- 5-   Green                                

                     ethyl- Methyl                                             

                                 Methyl                                        

                                     Di-                                       

                     amino           methyl-                                   

                                     amino                                     

     31  "    N-Phenyl-                                                        

                     N-Phenyl-                                                 

                            H    H   5-   Blue                                 

              amino  amino           Amino                                     

     32  "    N-Benzyl-                                                        

                     N-Benzyl-                                                 

                            3'-  3"- "    Blue                                 

              amino  amino  Methyl                                             

                                 Methyl                                        

     33  Naph-                                                                 

              N,N-Di-                                                          

                     N,N-Di-                                                   

                            H    H   H    Blue                                 

         thalene                                                               

              methyl-                                                          

                     methyl-                                                   

              amino  amino                                                     

     34  "    N,N-Di-                                                          

                     N,N-Di-                                                   

                            "    "   "    Blue                                 

              ethyl- ethyl-                                                    

              amino  amino                                                     

     35  "    N-Methyl-                                                        

                     N,N-Di-                                                   

                            "    8-  "    Blue                                 

              N-phenyl-                                                        

                     methyl-     chloro                                        

              amino  amino                                                     

     36  "    N,N-Di-                                                          

                     N,N-Di-                                                   

                            2'-  H   5-   Blue                                 

              ethyl- methyl-                                                   

                            Methyl   Methyl                                    

              amino  amino                                                     

     37  "    N-Methyl-                                                        

                      "     3'-  "   "    Blue                                 

              N-Phenyl-     Methyl                                             

              amino                                                            

     38  "    N,N-Di-                                                          

                      "     2'-  "   5-   Blue                                 

              ethyl-        Methyl   Acetyl-                                   

              amino                  amino                                     

     39  "    N,N-Di-                                                          

                     N-Ethyl-                                                  

                            "    "   5-   Blue                                 

              methyl-                                                          

                     N-benzyl-       Benzoyl-                                  

              amino  amino           amino                                     

     40  "    N,N-Di-                                                          

                     Amino  2'-  "   4-   Dark                                 

              methyl-       Chloro   Methyl-                                   

                                          Blue                                 

              amino                  6-                                        

                                     chloro                                    

     41  "    N,N-Di-                                                          

                     Amino  H    8"- 5-   Dark                                 

              ethyl-             Chloro                                        

                                     Chloro                                    

                                          Blue                                 

              amino                                                            

     42  "     "     N,N-Di-                                                   

                            2'-  8"- 6-   Blue                                 

                     methyl-                                                   

                            Bromo                                              

                                 Bromo                                         

                                     Ethoxy                                    

                     amino                                                     

     43  "    N,N-Di-                                                          

                      "     H    H   5-                                        

              butyl-                 Benzy-                                    

                                          Blue                                 

              amino                  loxy                                      

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  0.6 parts of
      1,3-dihydro-1-oxo-3,3-bis(p-diethylaminophenyl)-benzo[b]thieno[2,3-C]furan
     , 0.3 part of 3-diethylamino-5,7-dimethylfluoran as described in Japanese
      Pat. Publication No. 2529/71 and 0.3 part of 3,6-dimethoxyfluoran as
      described in Japanese Pat. Publication No. 4698/70 were dissolved in 30
      parts of an alkylnaphthalene, anylnaphthalene. This solution was added,
      under vigorous stirring, to an aqueous solution prepared by dissolving 6
      parts of gelatin and 4 parts of gum arabic in 50 parts of water to form an
      o/w emulsion (oil droplet size: 1 .mu. - 10 .mu.). To this o/w emulsion
      was added 250 parts of water and, after adjusting the pH to 4 with acetic
      acid, cooled, followed by adding 1.5 parts of a 37% by weight aqueous
      solution of formaldehyde thereto to harden. The resulting capsule
      dispersion was applied to a paper (5 g/m.sup.2 dry basis) and dried. When
      a localized pressure or impact was applied to the resulting paper in
      contact with a receiving paper having coated thereon a color developer, it
      was colored black. The thus formed image had a high density and was so
      excellent in light resistance and heat resistance that its hue changed
      only slightly.
PAC  EXAMPLE 5
PAR  The procedures described in Example 4 were repeated using Color Formers No.
      2 to No. 42. Thus, pressure-sensitive copying papers were obtained which
      were immediately colored black. In every case, the resulting image had a
      high density and a stable hue.
PAC  EXAMPLE 6
PAR  One part of Color Former No. 7 (a mixture of
      1,3-dihydro-1-oxo-3,3-bis(p-N-methyl-N-phenylaminophenyl)-5-methyl-benzo[b
     ]-thieno[2,3-C]furan and the isomer thereof) was encapsulated in the same
      manner as described in Example 2. Then, this capsule dispersion was coated
      on the color developer-coated side of a color developer-coated paper (5
      g/m.sup.2 dry basis) and dried. The resulting multi-coated paper was
      immediately colored in greenish blue with high density, at the area to
      which a localized pressure was applied. With other dyes given in the
      foregoing table, the same results were obtained.
PAC  EXAMPLE 7
PAR  Color Former No. 2 (a mixture of
      1,3-dihydro-1-oxo-3,3-bis(p-dimethylaminophenyl)-5-chlorobenzo[b]thieno[2,
     3-C]furan and the isomer thereof) was encapsulated in the same manner as
      described in Example 2, and applied to a paper (4 g/m.sup.2 dry basis)
      followed by drying. When the resulting paper was superposed on an ordinary
      paper (paper having no color developer coated thereon) and a localized
      pressure was applied to the assembly, the pressure-applied area was
      colored green to form a printed image. That is, a pressure-sensitive
      copying paper was obtained which required no color developer such as clays
      or phenols and was colored merely by absorbing the color former onto the
      fibers of the receiving paper.
PAC  EXAMPLE 8
PAR  The procedures described in Example 7 were conducted except for using Color
      Former No. 1, 2, 8, 9, 10, 11, 12, 16, 17, 18, 19, 20, 21, 23, 25, 26, 27,
      or 30 in place of Color Former No. 20. Thus, similar to Example 7,
      pressure-sensitive papers which did not necessarily require a color
      developer were obtained. The hues of the colors formed were substantially
      the same as shown in the foregoing table.
PAC  EXAMPLE 9
PAR  The procedures described in Example 6 were repeated using 1 part of Color
      Former (No. 1), 1 part of 3-diethylamino-7-acetylaminofluoran and 1.5
      parts of 3,6-diethoxyfluoran. Thus, a black colored image was obtained.
PAC  EXAMPLE 10
PAR  The procedures described in Example 6 were repeated using 1 part of Color
      Former (No. 5), 0.5 part of 3-diethylamino-7,8-benzofluoran and 2 parts of
      3,3-bis(4-dimethylaminophenyl)-6-dimethylaminophenylphthalide. Thus,
      bluish black colored image was obtained.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure-sensitive copying paper system which comprises a support
      having thereon a color former layer containing a
      1,3-dihydro-1-oxo-benzo[b]thieno[2,3-C]furan derivative represented by the
      following General Formula I:
      ##SPC7##
PAL  or a 1,3-dihydro-3-oxo-benzo[b]thieno[2,3-C]furan derivative represented by
      the following General Formula II:
      ##SPC8##
PAL  wherein ring A represents a benzene ring or a naphthalene ring, R.sub.1 and
      R.sub.2 each represents an amino group, and X, Y and Z each represents a
      hydrogen atom, a halogen atom, an alkyl group, an aralkyl group, an alkoxy
      group, an aralkoxy group, an acyloxy group, a nitro group or an amino
      group and a color developer layer for said color former on the same or
      opposite side of said support, or on a different support.
NUM  2.
PAR  2. The pressure-sensitive copying paper of claim 1, wherein said amino
      group for R.sub.1 and R.sub.2 is an unsubstituted amino group or a
      substituted amino grup having as substituents an alkyl group, an aralkyl
      group, an aryl group, an acyl group, an alicyclic group or a heterocyclic
      group, wherein said halogen atom for X, Y and Z is a chlorine atom, a
      bromine atom or an iodine atom, said alkyl group for X, Y and Z has 1 to 4
      carbon atoms, said aralkyl group for X, Y and Z has 1 to 4 carbon atoms in
      the alkyl moiety thereof and the aryl moiety thereof is a phenyl group or
      a naphthyl group, said alkoxy group for X, Y and Z has 1 to 4 carbon atoms
      in the alkyl moiety thereof, said aralkoxy group for X, Y and Z has 1 to 4
      carbon atoms in the alkyl moiety thereof and the aryl moiety thereof is a
      phenyl group or a naphthyl group, said acyloxy group for X, Y and Z is an
      aliphatic acyloxy group or an aromatic acyloxy group and wherein said
      amino group for X, Y and Z is an unsubstituted amino group or a
      substituted amino group having substituents as defined for R.sub.1 and
      R.sub.2.
NUM  3.
PAR  3. The pressure-sensitive copying paper of claim 2, wherein said amino
      group for R.sub.1 and R.sub.2 is an amino group substituted with a methyl
      group, an ethyl group, a propyl group, a butyl group, a chloromethyl
      group, a chloroethyl group, a bromomethyl group, a bromoethyl group, an
      iodomethyl group, an iodoethyl group, a cyanomethyl group, a cyanoethyl
      group, a cyanopropyl group, a cyanobutyl group, a methoxyethyl group, an
      ethoxyethyl group, a benzyl group, a chlorobenzyl group, a bromobenzyl
      group, a methylbenzyl group, an ethylbenzyl group, a phenethyl group, a
      chlorophenethyl group, a bromophenethyl group, a methylphenethyl group, an
      ethylphenethyl group, a phenyl group, a chlorophenyl group, a bromophenyl
      group, a tolyl group, an ethylphenyl group, a naphthyl group, a
      chloronaphthyl group, a bromonaphthyl group, a methylnaphthyl group, an
      ethylnaphthyl group, an acetyl group, a benzoyl group, a phenacyl group, a
      cyclohexyl group, a morpholino group, a piperidino group or a julolidino
      group.
NUM  4.
PAR  4. The pressure-sensitive copying paper of claim 1, wherein said color
      former layer comprises microcapsules containing said compound of the
      General Formula I, the General Formula II, or mixture thereof.
NUM  5.
PAR  5. The pressure-sensitive copying paper of claim 1, wherein said support is
      a paper, a plastic sheet, or a resin-coated paper.
NUM  6.
PAR  6. The pressure-sensitive copying paper of claim 1, wherein said color
      former layer additionally contains a color former selected from the group
      consisting of a triarylmethane compound, a diphenylmethane compound, a
      xanthane compound, a thiazine compound, a spiro compound and a mixture
      thereof.
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ABST
PAL  A pressure-sensitive copying paper comprising an adsorbent solid acid and a
      microencapsulated color former capable of forming a distinct color when
      reacted with the adsorbent acid coated on the same or a different surface
      of a support or supports, the microencapsulated color former being at
      least one lactone compound derived from a pyridine-carboxylic acid
      represented by the formula
      ##SPC1##
PAL  Or a mixture thereof, wherein R.sub.1, R.sub.2, R.sub.3 and the partial
      structure
      ##SPC2##
PAL  Are as defined hereinafter, is disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a pressure-sensitive copying paper using as a
      color former a pyridine-carboxylic acid lactone represented by the formula
      ##SPC3##
PAL  Or a mixture thereof, wherein R.sub.1 represents a hydrogen atom, a lower
      alkyl group or a benzyl group; R.sub.2 represents a lower alkyl group, a
      benzyl group or a substituted or unsubstituted phenyl group wherein the
      substituent is a lower alkyl group or a halogen atom; R.sub.3 represents a
      hydrogen atom, a lower alkyl group, a halogen atom or a phenyl group; and
      ##SPC4##
     represents
      ##SPC5##
PAL  Wherein R.sub.4 represents a hydrogen atom, a lower alkyl group, a lower
      alkoxy group, a halogen atom, an amino, mono-lower alkylamino, di-lower
      alkylamino, monobenzylamino, dibenzylamino, N-lower alkyl-N-benzylamino,
      anilino, N-lower alkylanilino or -NHCO-X group wherein X represents a
      lower alkyl, lower alkenyl or a substituted or unsubstituted styryl,
      phenyl or naphthyl group, the substituent being a lower alkyl, lower
      alkoxy, di-lower alkylamino, hydroxy or nitro group or a halogen atom,
      wherein the lower alkyl, alkoxy and alkenyl groups have 1 to 5 carbon
      atoms.
PAR  2. Description of the Prior Art
PAR  In general, pressure-sensitive copying paper comprises the combination of
      an upper sheet paper (or transfer sheet) having coated on the back surface
      thereof minute microcapsules containing dissolved therein an electron
      donative substantially colorless organic compound capable of undergoing
      color reaction, i.e., color former, and a lower sheet paper (or receiving
      sheet) having coated on the surface thereof a color developer. When these
      two coated surfaces are brought into contact with each other and a
      localized pressure is applied to the assembly by handwriting or
      typewriting, microcapsules located at the pressure-applied area rupture
      and the organic color former contained in the organic solvent comes into
      contact with the color developer to form color.
PAR  Pressure-sensitive copying paper systems comprising the aforesaid transfer
      sheet and a receiving sheet and an intermediate sheet are also known. In
      these systems the middle sheet is usually coated, on opposite surfaces,
      with a layer of microcapsules containing a color former solution and with
      a layer of a solid acid and a binder, respectively. Another type of
      pressure-sensitive copying system is a recording sheet which can be
      prepared by applying the above described microcapsules and the adsorbent
      solid acid on the same surface of a support.
PAR  As the color developer, there are active clay substances such as acid clay,
      attapulgite, zeolite, bentonite; solid organic acids such as succinic
      acid, tannic acid, benzoic acid; and acidic polymers such as
      phenol-formalin polymer, phenol-acetylene polymer, residual acid
      group-containing styrene-maleic anhydride polymer, salicylic acid-formalin
      polymer.
PAR  As the organic solvent for dissolving the color former, there are, such as
      ethylene glycol, chlorobenzenes, diphenyl chloride, diethyl phthalate,
      trioctyl phosphate, dibenzyl benzene, dibenzyl toluene, alkylnaphthalenes
      and naphthylalkyl alcohols.
PAC  SUMMARY OF THE INVENTION
PAR  As a result of detailed investigations on the color former for
      pressure-sensitive copying paper, the present inventors have discovered
      that there can be obtained a pressure-sensitive copying paper capable of
      forming an orange, red, purple, blue, green or a like color by using as a
      color former a novel pyridine-carboxylic acid lactone represented by the
      above formula (I), and that there can be obtained a pressure-sensitive
      copying paper capable of forming optional desired color by using the novel
      color former in combination with a known color former or formers.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Compounds represented by the formula (I) which can be used in the present
      invention are generally excellent in light resistance after color
      formation, the lactone ring of which is somewhat likely to be cleaved, and
      capable of forming a deep color when contacted even with organic acids
      containing a carboxyl group or a phenolic hydroxyl group which are
      relatively poor in capability of developing color as well as active clay
      substances in comparison with fluoran containing compounds as disclosed in
      Japanese Laid-Open Pat. Publication No. 4662/1972 and Japanese Pat.
      Publication No. 3695/1973.
PAR  The lactone color formers of pyridine-carboxylic acid used for
      pressure-sensitive copying papers of the present invention and the
      starting material, pyridine-carboxylic acids can be prepared as follows.
PAC  1. Preparation of Pyridine-Carboxylic Acid
PAR  About 1 mole of quinolinic anhydride represented by the formula
      ##SPC6##
PAL  wherein R.sub.3 is as defined in the formula (I) is reacted with about 0.9
      to 2 moles of aniline represented by the formula
      ##SPC7##
PAL  wherein R.sub.1 and R.sub.2 are as defined in the formula (I) and R.sub.5
      represents a hydrogen atom or a lower alkyl group in about 0.5 to 2.5 l of
      a volatile organic inert solvent such as carbon disulfide,
      tetrachloroethane, benzene, a chlorobenzene, a nitrobenzene and the like
      using about 1 to 3 moles of a Friedel-Crafts catalyst such as zinc
      chloride, aluminum chloride and the like at a temperature of from
      10.degree. to 110.degree.C for a period of 1 to 9 hours. The reaction
      mixture is cooled to room temperature and the inert organic solvent is
      removed by decantation. The resulting reaction product is poured into
      ice-water or cold dilute aqueous hydrochloric acid to hydrolyze the
      catalyst. The precipitated solid is filtered, washed successively with
      water and benzene and dried. Alternatively, after cooling the reaction
      mixture as above, the reaction mixture is poured into about 2 to 6 l of
      ice-water to hydrolyze the catalyst. The same inert organic solvent as
      used above is then added to the resulting aqueous solution to transfer the
      reaction product to the solvent layer. The solvent layer is recovered by
      separation and the solvent is distilled off. There is obtained an isomer
      mixture comprising 2-benzoyl-pyridine-carboxylic acid-(3) and
      3-benzyol-pyridine-carboxylic acid-(2) represented by the formula
      ##SPC8##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are as defined in the formula (I) and
      R.sub.5 is as defined in the formula (III), respectively, as crystals. If
      necessary, the above obtained isomer mixture can be separated into each
      isomer in high purity, i.e., 2-benzoyl-pyridine-carboxylic acid-(3) and
      3-benzoyl-pyridine-carboxylic acid-(2), or benzoyl-pyridine-carboxylic
      acids in which two isomers are present in various proportions can be
      obtained by (1) dissolving the isomer mixture as above obtained in dilute
      aqueous sodium hydroxide, carefully adding dilute aqueous hydrochloric
      acid to the resulting solution in small portions and then recovering each
      of solids which precipitates due to the difference in pH of the solution
      or (2) repeatedly recrystallizing the reaction product using a mixture of
      a less polar solvent such as benzene, toluene and the like and a polar
      solvent such as methanol, butanol and the like, or a combination of (1)
      and (2) above.
PAC  2. Preparation of Lactone Color Former of Pyridine-Carboxylic Acid
      Represented by the Formula (I)
PAR  (1) About 1 mole of the above obtained 2-benzoyl-pyridine-carboxylic
      acid-(3), 3-benzoyl-pyridine-carboxylic acid-(2) or a mixture thereof is
      reacted with about 1 to 1.5 moles of a naphthalene compound represented by
      the formula
      ##SPC9##
PAL  wherein R.sub.4 is as defined in the formula (I) wherein R.sub.4 cannot be
      positioned at 1 or 2, and R.sub.6 represents a hydrogen atom or a lower
      alkyl group, said group --OR.sub.6 being positioned at 1 or 2, in about 3
      to 30 moles of concentrated sulfuric acid or polyphosphoric acid at a
      temperature of from about 30.degree. to 130.degree.C for about 2 to 10
      hours. The reaction mixture is cooled to room temperature and the reaction
      product is poured into ice-water. The resulting solution is then made
      weakly acidic or neutral with dilute aqueous sodium hydroxide. Benzene or
      toluene is added to the solution followed by stirring to transfer any
      unreacted naphthalene compound to the benzene or toluene layer which is
      then removed by separation. The residual aqueous layer is adjusted to a pH
      of 11 to 12 with dilute aqueous sodium hydroxide. The precipitated solid
      is collected by filtration, washed successively with water and a small
      amount of petroleum ether or an alcohol and dried to give a substantially
      colorless or slightly colored lactone color former of pyridine-carboxylic
      acid represented by the formula (I) in high yield. Alternatively, the
      above residual aqueous layer is adjusted to a pH of 11 to 12 with dilute
      aqueous sodium hydroxide, and benzene or toluene is added thereto followed
      by stirring to transfer a lactone color former of pyridine-carboxylic acid
      to the benzene or toluene layer, which is then recovered by separation.
      Benzene or toluene is then distilled off from the benzene or toluene
      layer. The residue is washed successively with water and a small amount of
      an alcohol, petroleum ether or ligroin and dried to give a substantially
      colorless or slightly colored lactone color former of pyridine-carboxylic
      acid represented by the formula (I) in high yield. Or else, the reaction
      product obtained in the above reaction is poured into ice-water, and the
      resulting aqueous solution is adjusted to a pH of 11 to 12 with dilute
      aqueous sodium hydroxide. Benzene or toluene is added thereto followed by
      stirring to transfer the lactone color former of pyridine-carboxylic acid
      to the benzene or toluene layer. The benzene or toluene layer is recovered
      by separation and benzene or toluene is distilled off therefrom. The
      residue is then washed successively with water and a small amount of an
      alcohol, petroleum ether or ligroin and dried to give a substantially
      colorless or slightly colored lactone color former of pyridine-carboxylic
      acid represented by the formula (I) in high yield.
PAR  (2) Pyridine-carboxylic acid lactones represented by the formula (I)
      wherein R.sub.4 is a group --NH--CO--X can be prepared from those lactones
      in which R.sub.4 is an amino group as follows.
PAR  About 1 mole of the above obtained pyridine-carboxylic acid lactone of the
      formula (I) wherein R.sub.4 is an amino group is reacted with about 1 to
      1.5 moles of an acid halide represented by the formula
EQU  X -- CO -- Y                                               (VI)
PAL  wherein X is as defined in the formula (I) and Y represents a halogen atom
      in about 0.3 to 1 l of a volatile inert organic solvent such as
      chloroform, benzene, toluene, a chlorobenzene and the like in the presence
      of about 1 to 1.5 moles of an acid acceptor such as triethylamine,
      pyridine, sodium hydrogen-carbonate and the like at a temperature of about
      40.degree. to 110.degree.C for about 2 to 8 hours. The reaction product is
      cooled to room temperature, and washed with water followed by distilling
      off the volatile inert organic solvent. The resulting residue is washed
      successively with water and a small amount of an alcohol, petroleum ether
      or ligroin and dried to give a substantially colorless or slightly colored
      pyridine-carboxylic acid lactone represented by the formula (I) wherein
      R.sub.4 is a group --NH--CO--X in high yield.
DETD
PAR  Now, the process for preparing the color former of the present invention,
      i.e., lactone color formers of pyridine-carboxylic acid will be
      illustrated by the following Preparation Examples.
PAC  PREPARATION EXAMPLE 1
PAR  10 g of quinolinic anhydride and 26 g of N,N-diethyl-m-phenetidine were
      added to 100 ml of benzene, and 27 g of anhydrous aluminum chloride was
      added to the mixture in small portions over about 20 minutes while
      stirring and maintaining the temperature at 30.degree. to 35.degree.C.
PAR  Upon completion of the addition, the mixture was allowed to react for 4
      hours at a temperature in the range of from 35.degree. to 38.degree.C and
      thereafter was cooled to room temperature. The benzene was removed by
      decantation, and the resulting reaction product was added to 300 ml of
      ice-water followed by stirring. The precipitated solid was filtered,
      washed with water and dried to give 15.5 g of an isomer mixture comprising
      3-[2'-ethoxy-4'-diethylamino-benzoyl]-pyridine-carboxylic acid-(2) and
      2-[2'-ethoxy-4'-diethylamino-benzoyl]-pyridine-carboxylic acid-(3) as pale
      brown crystals having a melting point of 245.degree. to 253.degree.C. 15.5
      g of the resulting crystals was then dissolved in dilute aqueous sodium
      hydroxide. Dilute aqueous hydrochloric acid was added to the solution to
      adjust the pH to 6 and the precipitated solid was filtered (the filtrate
      was set aside), washed and dried to give 10 g of an isomer mixture
      comprising predominantly 3-[2'-ethoxy-4'
      -diethylamino-benzoyl]-pyridine-carboxylic acid-(2) and a small amount of
      2-[2'-ethoxy-4'-diethylamino-benzoyl]-pyridine-carboxylic acid-(3) as
      light yellowish brown crystals having a melting point of 293.degree. to
      297.degree.C. 10 g of the resulting crystals was then recrystallized
      several times from a mixed solvent of methanol-benzene (1 : 1 by volume)
      to give 6.5 g of a highly purified
      3-[2'-ethoxy-4'-diethylamino-benzoyl]-pyridine-carboxylic acid-(2) as pale
      yellow crystals having a melting point of 297.degree. to 298.degree.C.
PAR  The filtrate having a pH of 6 obtained from the filtration of the above
      product was then adjusted to a pH of about 2 with dilute aqueous
      hydrochloric acid, and the precipitated solid was filtered, washed with
      water and dried to give 4 g of an isomer mixture comprising predominantly
      2-[2'-ethoxy-4'-diethylamino-benzoyl]-pyridine-carboxylic acid-(3) and a
      small amount of 3-[2'-ethoxy-4'-diethylamino-benzoyl]-pyridine-carboxylic
      acid-(2) as pale brown crystals having a melting point of 176.degree. to
      181.degree.C.
PAR  4 g of the isomer mixture thus obtained was then recrystallized several
      times from a mixed solvent of methanoltoluene (1 : 1 by volume) to give
      2.3 g of a highly purified
      2-[2'-ethoxy-4'-diethylamino-benzoyl]-pyridine-carboxylic acid-(3) as
      substantially colorless crystals having a melting point of 179.degree. to
      180.degree.C.
PAR  2 g of the above obtained
      3-[2'-ethoxy-4'-diethylamino-benzoyl]-pyridine-carboxylic acid-(2) (m.p.,
      297.degree. - 298.degree.C) and 1.2 g of 5-dimethylamino-2-naphthol were
      added to 18.4 g of 95% sulfuric acid, and the mixture was allowed to react
      at a temperature of 95.degree. to 100.degree.C for 4 hours followed by
      allowing the mixture to cool to room temperature. The reaction product was
      then poured into 100 ml of ice-water, and the mixture was adjusted to a pH
      of about 11 with dilute aqueous sodium hydroxide. 50 ml of benzene was
      then added to the resulting aqueous solution to transfer the resulting
      lactone of pyridine-carboxylic acid to the benzene layer which was then
      recovered by separation. The benzene was distilled off from the benzene
      layer, and the residue thus obtained was washed successively with water
      and a small amount of petroleum ether and dried to give 2.3 g of a lactone
      color former of
      3-[3'-diethylamino-7'-dimethylamino-benz(c)-11'-oxy-xanthenyl]-pyridine-ca
     rboxylic acid-(2) (Color Former No. 1) as pale brown-colored crystals
      having a melting point of 217.degree. to  219.degree.C.
PAR  2.0 g of 2-[2'-ethoxy-4'-diethylamino-benzoyl]-pyridine-carboxylic acid-(3)
      (m.p., 179.degree. - 180.degree.C) obtained above and 1.2 g of
      5-dimethylamino-2-naphthol were added to 18.4 g of 95% sulfuric acid, and
      the mixture was allowed to react at a temperature of from 95.degree. to
      100.degree.C for 4 hours followed by cooling to room temperature. The
      reaction product was poured into 100 ml of ice-water and the mixture was
      adjusted to a pH of about 11 with dilute aqueous sodium hydroxide while
      stirring, and 50 ml of benzene was added to the mixture to transfer the
      resulting lactone of pyridine-carboxylic acid to the benzene layer which
      was then recovered by separation. The benzene was distilled off from the
      benzene layer, and the residue thus obtained was washed successively with
      water and a small amount of petroleum ether and dried to give 2.2 g of
      2-[3'-diethylamino-7'-dimethylamino-benz(c)-11'-oxy-xanthenyl]-pyridine-ca
     rboxylic acid-(3) lactone (Color Former No. 2) as pale brown colored
      crystals having a melting point of 174.degree. to 176.degree.C.
PAC  PREPARATION EXAMPLE 2
PAR  4.0 g of the isomer mixture of benzoyl-pyridine-carboxylic acid having a
      melting point of 245.degree. to 253.degree.C as described in Preparation
      Example 1 and 2.0 g of 2-naphthol were added to 40 g of 98% sulfuric acid,
      and the mixture was allowed to react at a temperature of from 95.degree.
      to 100.degree.C for 4 hours followed by cooling to room temperature. The
      reaction product was poured into 200 ml of ice-water, and the mixture was
      adjusted to a pH of about 11 with dilute aqueous sodium hydroxide. To the
      mixture was added 100 ml of toluene to transfer the resulting lactone of
      pyridine-carboxylic acid to the toluene layer, and the toluene layer was
      recovered by separation. The toluene was distilled off from the toluene
      layer and the residue thus obtained was washed successively with water and
      a small amount of petroleum ether and dried to give 2.8 g of a mixture
      comprising
      3-[3'-diethylamino-benz(c)-11'-oxyxanthenyl]-pyridine-carboxylic acid-(2 )
      lactone and
      2-[3'-diethylamino-benz(c)-11'-oxy-xanthenyl]-pyridine-carboxylic acid-(3)
      lactone (Color Former No. 3) as pale purplish brown-colored crystals
      having a melting point of 155.degree. to 159.degree.C.
PAC  PREPARATION EXAMPLE 3
PAR  3.1 g of the isomer mixture of benzoyl-pyridine-carboxylic acid having a
      melting point of 245.degree. to 253.degree.C as described in Preparation
      Example 1 and 1.6 g of 5-propionamide-2-naphthol were added to 30 g of 95%
      sulfuric acid, and the mixture was allowed to react at a temperature of
      from 95.degree. to 100.degree.C for 5 hours followed by cooling to room
      temperature. After cooling, the reaction product was worked up in the same
      manner as described in Preparation Example 2 to give 3.7 g of an isomer
      mixture comprising
      3-[3'-diethylamino-7'-propionamido-benz(c)-11'-oxy-xanthenyl]-pyridine-car
     boxylic acid-(2) lactone and
      2-[3'-diethylamino-7'-propionamido-benz(c)-11'-oxy-xanthenyl]-pyridine-car
     boxylic acid-(3) lactone (Color Former No. 4) as pale brown colored
      crystals having a melting point of 231.degree. to 236.degree.C.
PAC  PREPARATION EXAMPLE 4
PAR  3.1 g of the isomer mixture of benzoyl-pyridine-carboxylic acid having a
      melting point of 245.degree. to 253.degree.C as described in Preparation
      Example 1 and 2.6 g of 5-amino-2-naphthol were added to 30 g of 95%
      sulfuric acid, and the mixture was allowed to react at a temperature of
      from 90.degree. to 95.degree.C for 5 hours followed by cooling to room
      temperature. After cooling, the reaction product was worked up in the same
      manner as described in Preparation Example 2 to give 3.7 g of an isomer
      mixture comprising
      3-[3'-diethylamino-7'-amino-benz(c)-11'-oxy-xanthenyl]-pyridine-carboxylic
      acid-(2) lactone and
      2-[3'-diethylamino-7'-aminobenz(c)-11'-oxy-xanthenyl]-pyridine-carboxylic
      acid-(3) lactone (Color Former No. 5) as pale green-colored crystals
      having a melting point of 239.degree. to 242.degree.C.
PAR  2.5 g of the above obtained isomer mixture of lactones was dissolved in a
      mixture of 50 ml of benzene and 0.7 g of triethylamine. 1.2 g of 4-toluoyl
      chloride was added to the resulting mixture and the mixture was allowed to
      react at a temperature of 65.degree. to 70.degree.C for 5 hours followed
      by cooling to room temperature. The reaction product was washed with 50 ml
      of ice-water, and benzene was distilled off. The residue was washed with a
      small amount of petroleum ether and dried to obtain 3.2 g of an isomer
      mixture comprising
      3-[3'-diethylamino-7'-(4"-methyl)-benzamide-benz(c)-11'-oxy-xanthenyl]-pyr
     idine-carboxylic acid-(2) lactone and
      2-[3'-diethylamino-7'-(4"-methyl)-benzamide-benz(c)-11'-oxy-xanthenyl]-pyr
     idine-carboxylic acid-(3) lactone (Color Former No. 6) as pale reddish
      purple-colored crystals.
PAC  PREPARATION EXAMPLE 5
PAR  1. Each of the quinolinic anhydrides (II) and each of the anilins (III)
      which correspond to the color formers were reacted in the same manner as
      described in Preparation Example 1 to prepare an isomer mixture of
      benzoyl-pyridine-carboxylic acid (IV). The resulting isomer mixture was
      reacted with the corresponding naphthalene compound (V) and the reaction
      product was worked up in the same manner as described in Preparation
      Example 2 to obtain an isomer mixture of pyridine-carboxylic acid lactones
      (Color Former Nos. 7-58) as substantially colorless or slightly colored
      crystals, respectively.
PAR  2. Each of the isomer mixtures of pyridine-carboxylic acid lactones (I,
      wherein R.sub.4 is an amino group) was reacted with an acid halide (VI)
      and the reaction product was worked up in the same manner as described in
      Preparation Example 4 to obtain an isomer mixture of pyridine-carboxylic
      acid lactones (Color Former Nos. 59-75) as substantially colorless or
      slightly colored crystals, respectively.
PAR  The melting points and crystal appearance of the thus obtained color
      formers, and pyridine-carboxylic acids, naphthalene compounds, and acid
      halides which were used in this example are shown in Table 1 below.
      ##SPC10##
PAR  The processes for producing pressure-sensitive copying papers using
      pyridine-carboxylic acid lactones represented by the formula (I) as a
      color former are well known in the art and include the method in which
      phenomenon of complex coacervation is utilized to produce microcapsules as
      disclosed in U.S. Pat. Nos. 2,800,457 and 2,800,458, the interfacial
      polymerization method as disclosed in Japanese Pat. Publication Nos.
      446/1967 and 771/1967 and the internal polymerization method as described
      in applicants' co-pending Japanese Pat. Application Nos. 38087/1968 and
      69448/1969. The color former is generally used in an amount of from about
      0.5 to 5% by weight based on the previously described organic solvent such
      as ethylene glycol, chlorobenzenes, diphenyl chloride, dibenzylbenzene,
      dibenzyltoluene, diethylphthalate, trioctyl phosphate, an
      alkylnaphthalene, naphthylalkyl alcohols, etc.
PAR  The pressure-sensitive copying paper using pyridine-carboxylic acid
      lactones represented by the formula (I) will now be illustrated in greater
      detail by the following Examples, but they are not to be construed as
      limiting the scope of this invention. In these examples, all percentages,
      parts and the like are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  2.0 Grams of Color Former Nos. 1 and 2 were taken up and treated as
      follows. Each color former was dissolved in 100 g of dibenzyl toluene, and
      20 g of gum arabic and 160 g of water were added thereto at a temperature
      of 50.degree.C to emulsify. To this emulsion were added 20 g of
      acid-treated gelatin and 160 g of water and, under stirring, acetic acid
      was added thereto to adjust the pH to 5. Then, 500 g of water was added
      thereto to allow coacervation to proceed. Thus, thick, liquid film of
      gelatin-gum arabic was formed around oil droplets of dibenzyl toluene
      containing dissolved therein the color former. After adjusting the pH to
      4.4, 4 g of a 37% formalin aqueous solution was added thereto to harden
      the above-described liquid film. Then, the system was cooled to
      10.degree.C and, after adding thereto dilute aqueous sodium hydroxide to
      adjust the pH to 9, it was allowed to stand for 5 to 6 hours to thereby
      complete encapsulation.
PAR  The resulting microcapsule-containing liquid was applied to a paper by a
      coating method such as roll-coating, air knifecoating, etc. After drying,
      there was obtained a colorless coated paper (upper sheet paper). When this
      upper sheet paper was intimately superposed on a lower sheet paper having
      coated thereon an active clay substance as a color developer and a
      localized pressure was applied to the assembly by handwriting, a purplish
      blue color was immediately formed on the lower sheet paper at the pressed
      area.
PAR  There was observed almost no discoloration and fading of the thus developed
      purplish blue color even when it was exposed directly to sunlight for a
      long period of time.
PAR  Alternatively, when the upper sheet paper was intimately superposed on a
      lower sheet paper having coated thereon an acidic organic polymer and a
      localized pressure was applied thereto by handwriting, a purplish blue
      color was immediately formed on the lower sheet paper at the
      pressure-applied area.
PAC  EXAMPLE 2
PAR  2.0 Grams of Color Former No. 3 was taken up and treated in the same manner
      as described in Example 1. After coating and drying, there was obtained a
      colorless upper sheet paper.
PAR  When this upper sheet paper was intimately superposed on a lower sheet
      paper having coated thereon an active clay substance as a color developer
      and a localized pressure was applied thereto by handwriting, there was
      immediately developed a reddish purple color on the lower sheet paper at
      the pressed area. There was observed almost no discoloration nor fading of
      the thus developed reddish purple color even when it was directly exposed
      to sunlight for a long period of time. Alternatively, when the upper sheet
      paper was intimately superposed on a lower sheet paper having coated
      thereto an acidic organic polymer as the color developer and a localized
      pressure was applied to the assembly by handwriting, there was immediately
      developed a reddish purple color on the lower sheet paper at the pressed
      area.
PAC  EXAMPLE 3
PAR  2.0 Grams of Color Former No. 4 was taken up and treated in the same manner
      as described in Example 1.
PAR  After coating and drying there was obtained a colorless upper sheet paper.
      The resulting paper was intimately superposed on a lower sheet paper
      having coated thereon an acidic organic polymer, an acid clay substances
      or a combination thereof, as a color developer. When a localized pressure
      was applied to the assembly, a red color was immediately formed on the
      lower sheet paper at the pressed area. The thus formed red color exhibited
      a sufficient stability to the lapse of time for practical use.
PAC  EXAMPLE 4
PAR  2.0 Grams of Color Former Nos. 5 - 75 were taken up and each of them was
      treated in the same manner as described in Example 1.
PAR  After coating and drying, there were obtained colorless upper sheet papers.
      When each of the resulting papers was intimately superposed on a lower
      sheet paper having coated thereon an acid clay substance as a color
      developer and a localized pressure was applied to the assembly by
      handwriting, there was immediately developed a deep color image on the
      lower sheet paper at the pressed area. The thus developed color images
      showed sufficient stability for practical use. The hues developed on the
      lower sheets are shown in Table 2 below.
TBL                Table 2                                                     

     ______________________________________                                    

     Color                Color                                                

     Former    Hue        Former      Hue                                      

     ______________________________________                                    

     No. 5  purplish blue No. 6    red                                         

     No. 7  red           No. 8    red                                         

     No. 9  red           No. 10   reddish purple                              

     No. 11 purplish blue No. 12   purplish blue                               

     No. 13 purplish blue No. 14   purplish blue                               

     No. 15 reddish purple                                                     

                          No. 16   reddish purple                              

     No. 17 red           No. 18   dark reddish brown                          

     No. 19 dark reddish brown                                                 

                          No. 20   dark green                                  

     No. 21 dark reddish brown                                                 

                          No. 22   dark green                                  

     No. 23 green         No. 24   dark green                                  

     No. 25 reddish purple                                                     

                          No. 26   reddish brown                               

     No. 27 red           No. 28   red                                         

     No. 29 purplish blue No. 30   dark reddish brown                          

     No. 31 dark reddish brown                                                 

                          No. 32   red                                         

     No. 33 red           No. 34   red                                         

     No. 35 purplish blue No. 36   purplish blue                               

     No. 37 purplish blue No. 38   reddish purple                              

     No. 39 reddish purple                                                     

                          No. 40   red                                         

     No. 41 red           No. 42   red                                         

     No. 43 reddish purple                                                     

                          No. 44   reddish purple                              

     No. 45 red           No. 46   red                                         

     No. 47 red           No. 48   red                                         

     No. 49 red           No. 50   red                                         

     No. 51 reddish purple                                                     

                          No. 52   red                                         

     No. 53 red           No. 54   red                                         

     No. 55 red           No. 56   reddish purple                              

     No. 57 reddish purple                                                     

                          No. 58   reddish purple                              

     No. 59 reddish purple                                                     

                          No. 60   reddish purple                              

     No. 61 reddish purple                                                     

                          No. 62   reddish purple                              

     No. 63 reddish purple                                                     

                          No. 64   reddish purple                              

     No. 65 reddish purple                                                     

                          No. 66   reddish purple                              

     No. 67 reddish purple                                                     

                          No. 68   reddish purple                              

     No. 69 reddish purple                                                     

                          No. 70   red                                         

     No. 71 red           No. 72   red                                         

     No. 73 red           No. 74   reddish brown                               

     No. 75 reddish brown                                                      

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  2.4 Grams of Color Former No. 24, 0.3 g of o-hydroxybenzalacetophenone, 0.1
      g of rhodamine B-anilinolactam, 0.1 g of malachite green lactone and 0.1 g
      of benzoyl leuco methyleneblue were treated and coated in the same manner
      as described in Example 1 to prepare an upper sheet paper. When this upper
      sheet paper was superposed on a lower sheet paper having coated thereon an
      active clay substance as a color developer and a localized pressure was
      applied to the assembly by handwriting, there was immediately developed a
      black color on the lower sheet paper. The thus developed black color
      scarcely underwent change in hue and fading.
PAC  EXAMPLE 6
PAR  2.0 g of Color Former No. 1 was dissolved in 50 g of diisopropyl biphenyl,
      and a solution comprising 10 g of toluylene diisocyanate, 6 g of bisphenol
      A, 0.5 g of zinc octylate and 20 g of methylene chloride was added thereto
      to prepare a first solution.
PAR  10 g of gum arabic was dissolved in 50 g of water at 30.degree.C, and the
      above first solution was added thereto followed by emulsifying using a
      homogenizer to prepare an oil-in-water emulsion having a particle size of
      10 to 15 .mu..
PAR  The thus obtained emulsion was poured into 200 g of warm water at
      50.degree.C, and the temperature was elevated to 80.degree.C while
      stirring. The reaction system was maintained at that temperature for 30
      minutes to polymerize toluylene diisocyanate and bisphenol A around the
      surface of oil droplets to form a capsule wall. After completion of
      encapsulation, the resulting microcapsule-containing liquid was applied
      onto a paper with an air knife followed by drying. An active clay
      substance was further coated thereon followed by drying thereby obtaining
      a single recording paper. When a localized pressure was applied directly
      to the coating layer by typewriting or handwriting, a distinct purplish
      blue-colored image was formed at the pressed area.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made without departing
      from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure-sensitive copying paper system comprising an adsorbent solid
      acid and a micro-encapsulated color former capable of forming a distinct
      color when reacted with said adsorbent solid acid, each coated on the same
      or different surfaces of one or more supports, said microcapsules
      containing an organic solvent having dissolved therein a lactone color
      former comprising at least one lactone compound derived from
      pyridine-carboxylic acid represented by the formula
      ##SPC11##
PAL  or a mixture thereof, wherein R.sub.1 represents a hydrogen atom, a lower
      alkyl group or a benzyl group; R.sub.2 represents a lower alkyl group, a
      benzyl group or a substituted or unsubstituted phenyl group wherein the
      substituent is a lower alkyl group or a halogen atom; R.sub.3 represents a
      hydrogen atom, a lower alkyl group, a halogen atom or a phenyl group; and
      the partial structure
      ##SPC12##
     represents
      ##SPC13##
PAL  wherein R.sub.4 represents a hydrogen atom, a lower alkyl group, a lower
      alkoxy group, a halogen atom, an amino, mono-lower alkylamino, di-lower
      alkyl-amino, monobenzylamino, dibenzylamino, N-lower alkyl-N-benzylamino,
      anilino, N-lower alkylanilino or -NHCO-X group wherein X represents a
      lower alkyl, lower alkenyl or a substituted or unsubstituted styryl,
      phenyl or naphthyl group, the substituent being a lower alkyl, lower
      alkoxy, di-lower alkylamino, hydroxy or nitro group or a halogen atom,
      wherein the lower alkyl, alkoxy and alkenyl groups have 1 to 5 carbon
      atoms.
NUM  2.
PAR  2. The pressure sensitive copying paper system of claim 1, wherein said
      color former is a mixture of the following compounds:
      ##SPC14##
NUM  3.
PAR  3. The pressure sensitive copying paper system of claim 1, wherein said
      color former is selected from the group consisting of:
      ##SPC15##
NUM  4.
PAR  4. The pressure sensitive copying paper system of claim 1, wherein said
      color former is selected from the group consisting of:
      ##SPC16##
      ##SPC17##
NUM  5.
PAR  5. The pressure sensitive copying paper system of claim 1, wherein said
      color former is selected from the group consisting of:
      ##SPC18##
NUM  6.
PAR  6. The pressure sensitive copying paper system of claim 1, wherein said
      color former is selected from the group consisting of:
      ##SPC19##
      ##SPC20##
NUM  7.
PAR  7. The pressure sensitive copying paper system of claim 1, wherein said
      color former is selected from the group consisting of:
      ##SPC21##
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PAL  A lottery ticket which consists of a continuous strip of sheet material is
      perforated along predetermined lines and folded to provide a three-layer
      ticket in which the lottery number is placed on the bottom layer. The
      perforations are disposed in the two upper layers and define areas that
      can be readily broken to form lug portions. The ticket number on the
      bottom layer can be revealed only by pulling on the lug portions which
      will tear off along the perforated lines. In this manner the ticket is
      permanently and irreparably altered.
BSUM
PAR  The present invention relates to a lottery ticket made of laminar material
      and adapted to be opened by breaking at least one outer and at least one
      inner seal.
PAR  It is already known to provide lottery tickets with outer and inner seals
      to be broken in order to display the ticket number or designation. When
      using lottery tickets of this kind, there is the danger that the ticket
      number or designation could be read without any visible damage to the
      seals of the ticket. As a matter of fact, it has frequently been possible
      by unauthorized manipulation to lift up sealed portions of the ticket and
      in this way to acquire knowledge of the ticket number or designation, and
      then to restore the ticket into its non-broken condition without thereby
      causing any visible damage.
PAR  It is an object of the present invention to provide a lottery ticket of the
      kind mentioned above in which the ticket number and/or designation can
      only be revealed by a visible breaking of the seals of the ticket.
PAR  The lottery ticket according to the invention effectively prevents any
      reading of lottery-ticket numbers or designations, and any unauthorized
      breaking of the seals of the ticket will be clearly visible.
DRWD
PAR  The invention will be described in greater detail hereinafter with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view illustrating the lottery ticket of the
      invention in its sealed condition,
PAR  FIG. 2 shows the lottery ticket with a first lug on the top leaf or top
      layer pulled up,
PAR  FIG. 3 shows the lottery ticket with a lug of an intermediate leaf or layer
      folded upwardly,
PAR  FIG. 4 shows the lottery ticket with a second lug of the top leaf or layer
      and the lug of the intermediate leaf or layer thereof pulled up to display
      the number of the lottery ticket, and
PAR  FIG. 5 is a partial perspective view illustrating an alternative embodiment
      of the lottery ticket according to the invention.
DETD
PAR  According to one embodiment of the invention, the lottery ticket is made of
      a continuous rectangular strip of cardboard, paper or any other suitable
      material. The number or designation of the lottery ticket is placed on
      this strip and the ticket is provided with weakening or perforation lines
      so that it may be folded into a predetermined pattern or configuration.
      The strip is folded so as to result in a three-layer ticket, in which a
      top-layer or leaf 1 has perforation lines 1a to provide a finger-grip for
      the leaf in question, an intermediate layer or leaf 2 has perforation
      lines 2a to provide a finger-grip for this leaf, and a bottom-layer or
      leaf 3 has on its inner surface a ticket number 3a or a ticket
      designation.
PAR  In the embodiment illustrated by way of example, the perforation line 1a,
      is disposed in the vicinity of the folding line 4 between the top and
      bottom leaves. The perforation line is designed to form a lug which tapers
      away from the folding line 4 and which has a truncated end. By exerting
      pressure on the lug area the perforated line will break and provide a lug
      or tongue 1b. This lug can be gripped at its truncated extremity and
      pulled towards the folding line 4. In the embodiment shown in FIGS. 1 to
      4, the top leaf 1, has additional weakening lines 1c, 1d and 1e defining a
      lug 1f the fourth side of which extends along the perforation 1a.
PAR  The perforation lines 2a of the intermediate leaf 2 define a lug 2c which
      tapers toward the end edge 2b of the intermediate leaf which is disposed
      immediately inwardly of folding line 4. This lug 2c has a truncated end
      formed by the end edge 2b. Leaf 2 further has weakening lines 2d, 2e and
      2f which, together with the perforation lines 2a, define a lug 2g.
PAR  An essential requirement to prevent the above mentioned possibilities of
      manipulating the lottery ticket in an unauthorized manner resides in that
      the weakening lines 2d, 2e and 2f defining the lug 2g are disposed outside
      the weakening lines 1c, 1d and 1e defining lug 1f. This will in fact cause
      the lug 2g to be larger than lug 1f so that it will be impossible to lift
      the lugs so as to see the ticket number 3a. Such an intervention would
      involve an opening of the ticket that could be detected subsequently.
PAR  Outside of the portions defined by the weakening lines of lug 2g, and
      outside of the underside of lug 1b, the leafs 1, 2 and 3 are glued
      together or sealed to each other in any suitable way. In addition, lug 1f
      may be glued together with lug 2g.
PAR  As mentioned hereinbefore, the lottery ticket is initially opened by
      pulling up the lug 1b. In this way lug 2c can to be gripped, and lug 2g
      together with lug 1f glued thereto, can be pulled up and moved sideways so
      that the portions of the lug 2g disposed outside the weakening lines 1c,
      1d and 1f will be pulled out. This will make visible the ticket number 3a
      on leaf 3, the seals of the lottery ticket being thereby visibly broken,
      as illustrated in FIG. 4.
PAR  As an alternative to the embodiment described by way of example
      hereinbefore, the top leaf 1 of the lottery ticket, instead of its lug 1f,
      may be provided with a window 1g (FIG. 5). In this case, the lug 2g of the
      intermediate leaf 2 is defined by weakening lines 2d, 2e and 2f, the
      weakening lines 2d and 2f being disposed outside the side edges of the
      window, and the weakening line 2e being disposed outside one longitudinal
      edge of the window, whereby the lug 2g will be larger in width than window
      1g. This configuration makes it impossible to peel up the lug 2g to make
      visible the ticket number without causing visible damage to the lottery
      ticket. In this embodiment, lug 1b is pulled up in the manner described,
      after which lug 2g can be loosened from the intermediate leaf 2 and pulled
      outward until the ticket number 3a is visible in the window 1g. In this
      embodiment lug 2g is thus not glued to any portion of the top leaf 1, but
      except for the above-stated difference the lottery tickets described are
      similar in design.
PAR  It will be understood that a plurality of lug-type seals can be disposed
      beside each other on the lottery ticket, and one or more such seals may be
      disposed anywhere on the ticket without departing from the scope of the
      invention. Further, the lottery ticket may comprise three separate leaves
      which are glued together, although, from the point of view of production,
      it is advantageous to form the ticket from a strip which is folded into
      three layers or leafs. Finally, it may be mentioned that the lines
      defining the lugs or tongues can be formed, according to actual
      requirements, as continuous cuts, as dash cuts, as dot perforation lines
      or as weakening lines, and formed in a similar configuration or pattern.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lottery ticket of laminar sheet material adapted to be opened by
      breaking at least one outer and at least one inner seal, the improvement
      consisting in that the ticket comprises a top leaf (1) provided with
      weakening or perforation lines (1a) disposed in spaced relation to the
      ticket edge to provide a finger-grip for tearing off a first lug (1b)
      thereof, an intermediate leaf (2) provided with weakening or perforation
      lines (2a) which provide a finger-grip for tearing off a lug (2c, 2f)
      after said lug (1b) of top leaf (1) has been torn off, said lug (2c, 2f)
      of the intermediate leaf being partially disposed beneath a lug (1f) or a
      window (1g) of the top leaf (1) and defined by weakening or perforation
      lines (2d, 2e and 2f) which, relative to the outer edges of the lottery
      ticket, are disposed outside weakening or perforation lines (1c, 1d and
      1e) defining said second lug (1f) of the top leaf (1), or outside the
      edges defining the window (1g) formed in the top leaf, so that at least a
      portion of the lug (2c, 2g) of the intermediate leaf is larger than the
      lug (1f) on the window (1g) of the top leaf, said lottery ticket further
      comprising a bottom leaf (3) carrying a ticket number (3a) or other
      suitable designation so disposed as to be visible in the opening formed
      when the second lug (1f) of the top leaf and the lug (2c, 2g) of the
      intermediate leaf have been lifted off, or exposed in the window (1g) as
      the lug (2c, 2g) of the intermediate leaf has been pulled out from between
      the top and bottom leaves (1 and 3).
NUM  2.
PAR  2. A lottery ticket according to claim 1 wherein a second lug (1f) is
      defined in the top leaf (1), said lug (1f) being sealed, preferably glued,
      to the lug (2g) of the intermediate leaf (2).
NUM  3.
PAR  3. A lottery ticket according to claim 1 wherein the top leaf has a window
      (1g) formed therein, said window being disposed adjacent to and
      substantially in centered alignment with the perforation lines (1a) of the
      top leaf (1) and preferably having the same length or width as the area
      defined by said lines (1a).
NUM  4.
PAR  4. A lottery ticket according to claim 3 wherein the perforation lines (1a)
      of the top leaf (1) define a tongue which tapers in a direction away from
      an adjacent side edge of the ticket and has a truncated end, and the
      perforation lines (2a) of the intermediate leaf (2) also define a tapered
      tongue which in part, at least, underlies the tongue of the top leaf and
      which tapers in a direction opposite to that of said last-mentioned tongue
      and which has also a truncated end.
NUM  5.
PAR  5. A lottery ticket according to claim 4 comprising a strip which is folded
      over at two locations in a manner to cause two portions thereof on either
      side of one folding line (4) to form the top leaf and the bottom leaf (1
      and 3) respectively and to cause a third portion thereof to lie between
      the latter leaves, thus forming the intermediate leaf (2).
NUM  6.
PAR  6. A lottery ticket according to claim 5, wherein the perforation lines
      (1a) of the top leaf (1) are disposed adjacent said one folding line (4)
      and define a tongue which tapers in a direction away from the latter and
      has a truncated end, the perforation lines (2a) of the intermediate leaf
      (2) defining a tongue which in part at least, underlies the tongue of the
      top leaf (1), which tapers in a direction towards said folding line (4)
      and towards the end edge (2b) of the intermediate leaf (2), and has a
      truncated end, the truncated end edge being constituted by the end edge
      (2b) of the last-mentioned leaf (2).
NUM  7.
PAR  7. A lottery ticket according to claim 6 wherein its leaves are sealed,
      preferably glued, to each other over the entire area outside the weakening
      lines (2d, 2e and 2f) defining the lug (2g) of the intermediate leaf (2).
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ABST
PAL  The invention relates to a pressure fluid coupling and in particular a high
      pressure hydraulic coupling. The coupling comprises two hollow flanged
      members, one of which carries a spigot having an O-ring near its end. The
      spigot is inserted into the bore of the other member and when it homes,
      the front faces of the flanges will abut. A resilient clip clips over the
      flanges to hold the coupling members together. Both coupling members may
      however be female members and a coupling device having "O"-rings near its
      ends may be inserted into the bores of coupling members.
BSUM
PAR  This invention relates to couplings.
PAR  This invention is concerned with couplings for hoses and and pipes through
      which passes high pressure fluid and in particular high pressure hydraulic
      fluid.
PAC  BACKGROUND TO THE INVENTION
PAR  The most commonly used high pressure hydraulic coupling comprises a
      swivelling nut on one of the coupling parts and a threaded boss on the
      other. This type of coupling has a number of disadvantages. A main
      disadvantage is that space is required for turning the nut with a spanner.
      Another major disadvantage is that the coupling may be damaged when being
      used by unskilled labour. Typically the nut may be tightened too much,
      stripping the thread, may not be tightened enough so that there is not an
      adequate seal or may be put on skew. A further disadvantage is that the
      coupling parts cannot turn relative to one another when they are
      connected. Thus, the hoses must be so arranged that they can accomodate
      the twist in the hoses when the parts connected by the hose move relative
      to one another. Finally, considerable time is required for tightening and
      untightening the coupling parts and this time is increased when there is
      limited space for moving the spanner or other tightening tool.
PAR  Another type of coupling which is commonly known as the "quick coupling"
      obviates many of these drawbacks. This coupling comprises two parts which
      are connected together by steel balls which span the space between them.
      Connecting and disconnecting the two parts can be relatively easily
      carried out. However, this quick coupling has many serious disadvantages.
      First the cost of such a coupling is very high due to its complicated
      design. Second, in practice it has been found to be very sensitive to dirt
      obstructing the movement of the locking steel balls and sleeves. Third,
      these couplings malfunction when used in a high pressure hydraulic system
      and, in particular, such a system where there are high pressure shock
      loads. The reason for this is that the area of the locking system that has
      to carry these loads is very small. For these reasons, the quick coupling
      is less used than the first mentioned coupling.
PAR  A third type of coupling is that known as the staple lock coupling. One
      such coupling is illustrated in Br. Pat. Nos. 1,066,936 and 1,253,981.
      This type of coupling is fairly new on the market and is gaining
      popularity. However, this type of coupling also has disadvantages. The
      unit is usually big and clumsy. The locking staple can only be inserted
      from a few (usually only four) directions. The cost of manufacture is not
      insubstantial because internal grooves must be cut on the female member.
      Most seriously, however, the area on the staple that has to carry the load
      is rather small, and under high pressure shock conditions deformations
      occur that result in malfunction.
PAC  SHORT DESCRIPTION OF THE INVENTION
PAR  According to one aspect of the invention, there is provided a coupling
      comprising two members having inter-engaging sealing means and flanges,
      which flanges move into proximity when the sealing means engage, the
      coupling further comprising resilient clip means to engage the flanges and
      to hold them together. The preferred position which the flanges take up
      when being held together as mentioned above, is in abutting relationship.
PAR  The coupling preferably includes a hollow connecting device which engages
      the sealing means on the two members when the flanges move into proximity.
PAR  The connecting device may be integral with one of the members which thus
      becomes a male member.
PAR  Alternatively, the two flanged members are both female members and the
      connecting device is a separate, preferably cylindrical part which fits
      both female members. It will be seen that the connecting device and one of
      the female members constitutes in effect the male member described above.
      One, or preferably both, of the female members may incorporate a stop
      device to prevent the connecting device being moved along the female
      member by the pressure on the connecting device. Preferably, however, the
      connecting device is centrally grooved to receive a circlip or the like
      which protrudes beyond the surface of the device and, in use, will be
      positioned between the flanges to locate the device in position in the
      female members.
PAR  According to another aspect of the invention, there is provided a coupling
      as set out above wherein one of the flanged members has its ends at an
      angle to one another. This member preferably is provided with sealing
      means at both ends so that it may be there connected to another flanged
      member.
PAR  The clip means preferably comprises robust parts which prevent the two
      flanges moving apart and spring means which hold the parts in engagement
      with the flanges, the arrangement being such that the robust parts counter
      any major forces caused by pressure fluid passing through the coupling,
      whereas the spring means does not have to be subject to these forces. The
      clip means conveniently comprises a resilient arcuate member subtending
      more than two right angles at the centre of the arc, being provided with
      two pairs of flanges over the outer portions thereof and being resilient
      at the central portion between the pairs of flanges so that the ends of
      the member can be moved apart to allow it to snap over the flanges. The
      arcuate member may be narrower at the centre portion than at the outer
      portions. Conveniently there may be cuts extending from opposite sides of
      the clip in the direction of the axis of the clip at the central portion
      of the clip so that the resilience of the clip may be provided by the
      torsional resilience of the parts between the cuts. The outer portions may
      have elongated arms with openings in the arms whereby a wire seal may pass
      through the arms to seal the clip means in position.
PAR  Alternatively, the clip means may comprise two members which are preferably
      hemi-cylindrical and formed with recesses to receive the flanges and
      spring means holding them together. The spring means may be attached to
      the members or may be separate from them.
PAR  Embodiments of the invention will now be described by way of example with
      reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a side view of a coupling of the invention in its closed
      position,
PAR  FIG. 2 is a similar view of the coupling of FIG. 1 in its open position,
PAR  FIG. 3 is an exploded view, partially in section, of a modified coupling of
      the invention,
PAR  FIG. 4 is an exploded view in section of another coupling of the invention,
PAR  FIG. 5 is a view similar to FIG. 3 of a further coupling of the invention,
PAR  FIG. 6 shews a valve incorporating yet further couplings of the invention,
PAR  FIG. 7 is a side view of a connecting device of the invention,
PAR  FIG. 8 is a section through a female member forming part of a coupling of
      the invention,
PAR  FIG. 9 is a side view of a clip,
PAR  FIGS. 10 and 11 are respectively a view in the direction of arrow 10 and a
      section on line 11 -- 11 of FIG. 9,
PAR  FIG. 12 is a side view partially in section of a modified clip of the
      invention,
PAR  FIG. 13 is a section on line 13 -- 13 of FIG. 12,
PAR  FIG. 14 is a side view of a sealing clip, and
PAR  FIG. 15 is a transverse section through a further clip.
PAC  A coupling incorporating a male part (FIGS. 1 and 2.
PAR  Referring now to FIGS. 1 and 2, a coupling 10 of the invention comprises a
      male part 12, a female part 14 and a clip 16. The spring clip 16 may
      comprise any one of the clips described below but is preferably the clip
      illustrated in FIG. 9.
PAR  The male part 12 comprises a hose tail (not shown) whereby it may be
      connected to a reinforced hose 18. The female part 14 has a screw threaded
      male spud 20 so that this part may be threaded into a threaded aperture in
      a housing or the like. It will be understood that both or either of the
      members may have a hose tail or a male or female threaded spud or any
      other convenient connecting device as desired.
PAR  The male part 12 has a spigot 22 which has a groove 24 therein to receive
      an O-ring 26. The spigot is received within the bore 28 of the female part
      14 and when homed therein the O-ring 26 seals against the bore surface.
PAR  The parts 12 and 14 have thereon flanges 30 and 32 respectively of the same
      outside diameter. When the spigot 22 is homed in the bore 28 as mentioned
      above, the two flanges will be located with their outer faces 34 butting
      against each other. The spring clip 16 now encompasses the flanges and
      holds them together.
PAC  A coupling with two female parts (FIG. 3).
PAR  Referring now to FIG. 3, there is shewn a coupling 40 of the invention
      comprising two identical female members 42 and a connecting part 44. Each
      female member 42 has a screw threaded male spud 46 at one end of a central
      hexagonal section body part 48. At the other end of the body part 48 there
      is a cylindrical projection 50 having a flange 52 at its free end. A bore
      54 passes through the female member 42. This bore 54 commences within the
      spud 46 and has an enlarged chamber part 56 to which it leads via a
      frusto-conical step 58. A short frustoconical lead-in portion 60 is
      provided under the flange and opening into the chamber part 56.
PAR  The edges of the flange 52 are slightly chamfered but for the rest, the
      front face 61 of the flange 52 is flat.
PAR  The connecting part 44 is basically a hollow cylindrical member having a
      bore 62 therethrough. The ends 64 of the part 44 are slightly chamfered to
      provide lead-in portions. Slightly behind the ends 64 there are
      respectively a pair of grooves 66 in which are received O-rings 68.
PAR  In use, the coupling 40 is assembled by inserting the connecting part 44
      into the chamber part 56 of one of the female members 42 so that its end
      64 butts against the step 58. This in effect converts this female member
      into a member which is substantially identical to the male part 12
      described above. The projecting end of the connecting part 44 is now
      inserted into the chamber part 56 of the other female member 42 and the
      members 42 are brought together until their front faces 61 butt up aginst
      one another. A clip as described with reference to and as illustrated in
      FIGS. 9 or 12 is now applied to the flanges to hold them together.
PAC  A coupling with female parts and a plane connecting part (FIG. 4).
PAR  In the modified coupling 70 illustrated in FIG. 4, the female members 72
      each one again have a screw threaded male spud 76, a hexagonal body part
      78 and a projection 80 having a flange 82 at its end. A bore 84 passes
      through the member 72 and this leads to a chamber 86 via a frusto-conical
      step 88. The chamber 86 has a leadin portion 90. The flange 82 is fairly
      thick (i.e. of substantial axial length) and under the flange 82 there is
      provided an annular groove 92 in the surface of the chamber part 86.
PAR  An O-ring 94 is received in this groove 92. The connecting part 96 is a
      plain cylinder having chamfered ends 98.
PAR  This coupling 70 is assembled in the same way as the coupling 40.
PAC  Coupling with female parts and a circlip (FIG. 5).
PAR  Referring now to FIG. 5, a coupling 100 of the invention comprises two
      female members 102 which are identical to the members 42, chambers 104 and
      flanges 106 and a connecting part 108.
PAR  This connecting part 108 is substantially identical to the part 44
      described above and carries two O-rings 110 near its ends. However,
      additionally there is a shallow central peripheral groove 112. Received
      within this groove 112 is a circlip 114 which projects beyond the surface
      of the part 108 as is usual.
PAR  In use, the ends of the connecting part 108 is inserted into the chamber
      parts 104 of the female members 102. The circlip 114 is larger than the
      diameter of the chambers and lies in the path of the flanges 106 of the
      female members 102 and is gripped therebetween when the clip (not shewn)
      is applied to these flanges.
PAR  It will be seen that in this way there is no necessity for accurate
      location of the internal shoulders in the female members to locate the
      connecting part accurately.
PAR  The connecting part may also be similar to the part 96 of FIG. 4 and the
      female members similar to members 72. The connecting part would
      additionally have the groove for the circlip.
PAC  Right Angle Couplings for use with hydraulic valves (FIG. 6).
PAR  In FIG. 6 there is shewn an hydraulic valve 120 operated by a lever 122.
      The valve has at least two ports surrounded by internally threaded bosses
      124. A union 126 is received in each boss 124. Each union 126 comprises a
      body part 128 having an hexagonal outer surface, a spud 130 threaded into
      the boss 124 and a projection 132 having a flange 134. The union 126 has
      an internal chamber 136.
PAR  A coupling 138 engages one of the unions and a coupling 140 engages the
      other. The coupling 138 comprises a body part 142 having one end sealed
      and a shot projection 144 extending at right angles from the body part
      near the closed end. This projection 144 terminates in a nut part 146 and
      a hose tail (not shewn) whereby it may be secured through a connector 148
      to a high pressure hose 150.
PAR  The other end of the body part 142 is provided with a flange 152 and a
      spigot 154. This spigot has a groove containing an O-ring seal 156. When
      the spigot 154 homes in the chamber 136, the "O"-ring 156 seals against
      the chamber and the flanges 152 and 134 abut as described above. A clip
      158 which is identical to that illustrated in FIGS. 9 and 10 clips over
      the flanges to secure them together.
PAR  The coupling 140 is substantially identical to coupling 138 save that its
      body part 142 is somewhat shorter than the corresponding part of coupling
      138.
PAC  Modified Right Angle Connector (FIG. 7)
PAR  A right angled connector 160 is shewn in FIG. 7. This connector 160 is
      adapted to be used with two female members located at right angles to one
      another. The connector 160 has two spigots 162 joined by a body potion
      164. The spigots 162, which carry O-rings 166 in grooves near their ends,
      may be integral with the body portion 164 or may be connecting parts
      (similar to part 44 or 108) received in bores in the body portion 164. The
      body portion 164 has flanges 168 adjacent the spigots 166.
PAR  The body portion 164 may be modified to carry the spigots 166 at any
      convenient angle such as fortyfive degrees.
PAR  As the spigots of the connector can swing about their axes, and
      consequently the body portion can also swing, the use of the coupling can
      be facilitated.
PAC  Female member for attachment to a valve body or the like. (FIG. 8)
PAR  A female member 138 which is particularly adapted for use with the blocks
      to which a number of connections are made is in FIG. 8. Here the female
      member 138 has a cylindrical body 172 with a plain through bore 174 and an
      external flange 176. There is a short lead-in portion 178 under the flange
      176. The body 172 is received in a plain bore in the block 171 and welded,
      brazed or glued in position. The bore 174 may be plain, as illustrated.
      However, it may preferably be provided with an internal step such as 58 to
      provide a stop against which the connecting part may butt. This is
      particularly desirable where the connecting part is a separate part and
      the arrangement is such that fluid passing through the coupling tends to
      urge the connecting part through the bore 174.
PAC  The Clip (FIGS. 9, 10 and 11)
PAR  The clip 16 comprises a spring steel strip rolled or pressed into shape.
      The clip 16 includes an arcuate web 179 subtending about 270.degree. at
      its centre and comprises two end portions 180 and a central or
      intermediate portion 182. The end portions 180 are folded to form flanges
      184 (best shewn in FIG. 11). The inner faces of flanges 184 are spaced
      apart by about the same distance as are the remote faces of the flanges on
      the members when they home into one another. The edges 181 of the flanges
      180 engage the walls of the conduit members adjacent the conduit walls to
      space the web 179 outwardly of the peripheries of the conduit flanges so
      as to form a space 183 (FIG. 6) between the peripheries of the conduit
      flanges and the web 179.
PAR  The intermediate portion 182 is mainly cylindrical with its edges extending
      beyond the flanges 184. There are three cuts 186, 188 and 190 formed in
      this portion 182. Cuts 186 and 190 extend from one edge of the portion 182
      and the cut 188 extends from the other edge, and between the cuts 186 and
      190. Two torsion "bars" 192 are formed between the cuts.
PAR  When the clip 16 is applied to the flanges of the members, the end portions
      will be sprung apart so that they can pass over the flanges. As the clip
      is placed in position, the outer portions spring back into shape closely
      encompassing the flanges.
PAR  The clip is made of robust material of sufficient thickness to hold the
      flanges of the coupling members together even when a fluid under very
      substantial pressure passes through the coupling. However, because the
      central portion 182 comprises the torsion "bars" 192, the end portions 180
      can be relatively easily sprung apart for attachment to or removal from
      the flanges of the coupling members.
PAR  A screw-driver can be used to remove the clip. For this purpose, the
      projecting area between the cuts 186 and 190, i.e. the space 183, presents
      a suitable purchase below which the screw-driver can act.
PAC  Large Size Clip (FIGS. 12 and 13)
PAR  The large size clip 196 shewn in FIGS. 12 and 13 comprises two
      hemi-cylindrical parts 198 which have inner recesses 200 to receive the
      flanges 30 and 32. The two parts 198 are held together by a spring 202
      surrounding their periphery. The ends 204 of the clip 202 are secured to
      the parts 198 either by being received in recesses or being welded
      thereto. The spring 202 enables the parts to pivot over their relieved
      rear surfaces 204 so that they may pass over the edges of the flanges. It
      will be seen that the spring 202 takes no forces in the direction axial of
      the coupling.
PAC  The sealed clip (FIG. 14)
PAR  A clip 210 which can be sealed is shewn in FIG. 14. It will be seen that
      this clip is substantially identical with the clip shewn in FIGS. 9 to 11.
      However, the end portions 212 have extensions or arms 214. There are holes
      216 in these arms 214. A sealing wire 218 in use extends between these
      holes and it is not possible to remove the clip 210 from its position on
      the flanges of the coupling members without destroying the sealing wire.
PAR  The clip 210 can be used with advantage where it is desired that there
      should be no tampering of the coupling, for example when the coupling is
      used in a machine which is subject to a guarantee.
PAC  A clip with tapering flanges (FIG. 15)
PAR  FIG. 15 shews a detail of a clip 220 having flanges 222 which taper
      inwardly. The remote faces 224 of the flanges 226 of the coupling members
      also taper inwardly. Thus there is a more positive connection between the
      clip and the flanges. (The taper is shewn to an exaggerated extent in the
      drawings).
PAC  Observations
PAR  The coupling parts can be given more than sufficient area to carry the
      loads that can be caused by pressures in the hoses to which it is
      connected. Thus, the coupling can withstand both static and shock loads of
      very high degree without damage or malfunction. The coupling is easily and
      quickly operable both for connection and disconnection and can be used by
      unskilled labour. There is a fixed closed position and there can be no
      doubt when the coupling is in its sealed condition. The chances of the
      clip working loose are virtually nil.
PAR  With all the embodiments of clips described above, the coupling parts are
      capable of low speed relative rotation about the axis of the coupling.
      This means that hoses can be installed without special efforts being made
      to ensure that they do not twist in service. The coupling can be made very
      economically because of the simple design.
PAR  It will be noted that the parts of the clip joining the flanges are robust
      and counter any major forces caused by pressure fluid passing through the
      coupling, whereas the spring means does not have to be subject to these
      forces.
PAR  The clip is normally made of spring steel and is hardened after shaping.
      However, it may be made of aluminum when the coupling is intended for use
      in, say, aircraft hydraulic systems. In such cases, the clip will normally
      be anodised and it would with advantage be anodised in different colours
      for colour coding. Similarly, any of the clips may be painted with
      different colours for this purpose.
PAR  The connecting member is preferably subjected to a hardening treatment and
      treatment for making it corrosion resistant.
PAR  The coupling of the invention can be used both for hydraulic and pneumatic
      applications.
PAC  MODIFICATIONS.
PAR  The invention is not limited to the precise constructional details
      hereinbefore described and illustrated in the drawings.
PAR  For example, the clip 16 may be of plain sheet material rolled into a form
      generally similar to that illustrated in FIGS. 9 to 11, but without cuts
      in the central portion. This portion may be ground down slightly to enable
      this to be more resilient. The clip may also be horse-shoe shape.
PAR  The various coupling members may have any convenient shape and may
      incorporate curved tube parts and the like.
PAR  Further, the spigots at the ends of the members 138, 140 and 160 may be
      replaced by separate connecting devices receivable in female ends of these
      members.
CLMS
STM  I claim:
NUM  1.
PAR  1. A coupling for transmitting high pressure fluid comprising: two conduit
      members having interengaging sealing means and cylindrical flanges, said
      conduit flanges being in proximity with each other when the sealing means
      engage; and snap clip means in the form of a single generally arcuate web
      member subtending more than two right angles at the center of the arc,
      said web having two end portions each having a pair of flanges projecting
      radially inwardly and engaging the side faces of said conduit flanges,
      said clip flanges extending along a substantial portion of the
      circumference of said web and being sufficiently robust to prevent the
      conduit flanges from moving apart under the action of internal fluid
      pressure, the edges of said clip flanges engaging the walls of said
      conduit members adjacent said conduit flanges to space said web outwardly
      of the peripheries of said conduit flanges so as to form a space between
      said web and the peripheries of said conduit flanges, the central portion
      of said web being free of flanges and being resilient so that the flanged
      ends of the clip means can be moved apart to allow the clip means to snap
      over said cylindrical conduit flanges whereupon the flanges of said clip
      means resist separation of said conduit flanges and whereby rapid removal
      of the said clip means may be effected by inserting a tool into said
      space.
NUM  2.
PAR  2. A coupling as claimed in claim 1 in which the clip arcuate web and the
      flanges of the clip means are formed from a single piece of metal.
NUM  3.
PAR  3. A coupling as claimed in claim 1 in which said space between said web
      and the peripheries of said conduit flanges is in the form of a part of an
      annulus.
NUM  4.
PAR  4. A coupling as claimed in claim 1 in which the clip flanges extend
      radially inwardly of the web at an angle not greater than approximately
      right angles.
NUM  5.
PAR  5. A coupling as in claim 1 wherein the web of said clip means subtends
      about 270.degree..
NUM  6.
PAR  6. A coupling as in claim 1 wherein the web is narrower at its central
      portion than at its end portions.
NUM  7.
PAR  7. A coupling as in claim 1 wherein the central portion of the web of said
      clip is provided with cuts extending from opposite sides in the direction
      of the axis of said clip so that the resilience of the clip may be
      provided by the torsional resilience of the portions between the cuts.
NUM  8.
PAR  8. A coupling as in claim 1 wherein the ends of the clip means have
      elongated arms with openings in the arms whereby a wire seal may pass
      through the arms to seal the clip means in position.
NUM  9.
PAR  9. A coupling as in claim 1 wherein the conduit members are rotatable
      relative to each other and relative to said clip about the axis of the
      coupling.
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ABST
PAL  An expansion compensator suitable for controlling the thermal expansion of
      a pipeline between fixedly disposed components, which comprises a linear
      pipeline extending between a pair of longitudinally spaced
      stress-susceptible pipeline components, a longitudinally spaced pair of
      linear strain equalizers interposed in the linear pipeline between and
      spaced inwardly from the components, and a pair of overlapping
      longitudinal anchors affixed to the linear pipeline, each of the anchors
      further overlapping one of the strain equalizers the combined distances
      between the outer end of each of the anchors and the adjacent component
      being substantially equal to the amount of overlap of the anchors.
PARN
PAR  This is a continuation, of application Ser. No. 213,095 filed Dec. 28, 1971
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  This invention relates to linear expansion compensators. More particularly,
      this invention relates to linear expansion compensators suitable for
      controlling the thermal expansion of pipeline between fixedly disposed
      components thereon, such as angled joints, containers, blowers, supports
      and the like.
PAR  Description of the Prior Art
PAR  Pipelines are widely used in the chemical and transportation industries to
      convey fluids from place to place. In many cases, thermal expansion and
      contraction along a linear pipeline segment between a pair of fixed
      pipeline components, e.g., two containers, must be absorbed to prevent
      bending of the pipe and to minimize bearing pressures at the fixed
      components.
PAR  It is conventional to provide linear strain equalizers in pipelines used
      for the conveyance of hot fluids in order to absorb the thermal expansion
      of the pipeline, thereby avoiding bending of the pipe and reducing bearing
      pressures at fixed components which would otherwise result from thermal
      expansion of the pipe. However, simple solutions such as the above are
      generally suitable only for essentially straight pipelines between two
      fixed components; complicated and costly alternatives are needed when
      dealing with non-linear pipeline systems or those having a large number of
      fixed components interposed along the pipeline. An additional disadvantage
      of such prior art expansion compensators is that the use of strain
      equalizers of different elasticities results in differential stressing of
      the strain equalizers and consequently varying susceptibility to wear and
      tear, which complicates safety and maintenance upkeep.
PAR  Particularly when dealing with planar and three-dimensional pipeline
      systems between fixed component points, strains at such points are often
      unavoidable, and complicated calculations are needed to determine a
      pipeline installation in which such strains are reduced as much as
      possible.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a linear
      expansion compensator which greatly minimizes or eliminates bearing
      pressures at fixed components in a pipeline.
PAR  Another object of this invention is to provide a simple and inexpensive
      device for minimizing bearing pressures at fixed components even in a
      planar or three-dimensional pipeline.
PAR  A further object of this invention is to provide linear expansion
      compensators in which strain equalizers are subjected to uniform stress.
PAR  An additional object of this invention is to provide linear expansion
      compensators which are adjustable for different temperature conditions.
PAR  Briefly, these and other objects are attained in one aspect of the
      invention by providing an expansion compensator suitable for controlling
      the thermal expansion of a pipeline between fixedly disposed components,
      which comprises a linear pipeline extending between a pair of
      longitudinally spaced, stress-susceptible pipeline components, a
      longitudinally spaced pair of linear strain equalizers interposed in the
      linear pipeline between and spaced inwardly from the components, and a
      pair of overlapping longitudinal anchors affixed to the linear pipeline,
      each of the anchors further overlapping one of the strain equalizers to
      fix the spacing of a portion of the linear pipeline.
PAR  More particularly, this is achieved by providing a linear expansion
      compensator for controlling the thermal expansion of a pipeline between
      components fixedly disposed therein so as to minimize bearing pressures at
      said components, comprising:
PAR  a. a linear pipeline extending between a first and a second longitudinally
      spaced, fixedly disposed, stress-susceptible pipeline component;
PAR  b. longitudinally spaced first and second linear strain equalizers
      interposed in said pipeline between and spaced inwardly from said
      components;
PAR  c. a first rigid longitudinal anchor rigidly secured at one end thereof to
      said pipeline at a first point thereon between said strain equalizers and
      nearer the first strain equalizer, and rigidly secured at the other end
      thereof to said pipeline at a second point thereon between the second
      strain equalizer nearer said second component and said second component;
PAR  d. a second rigid longitudinal anchor rigidly secured at one end thereof to
      said pipeline at a third point thereon between the first strain equalizer
      nearer said first component and said first component, and rigidly secured
      at the other end thereof to said pipeline at a fourth point thereon
      between said strain equalizers and nearer the second strain equalizer;
PAR  e. the distance between said second and third points being less than the
      sum of the distance between said first and second points plus the distance
      between said third and fourth points; and
PAR  f. the distance between said first point and said fourth point along which
      distance said anchors longitudinally overlap being approximately equal to
      the sum of the distance between said first component and said third point
      plus the distance between said second component and said second point.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other features of this invention will become more fully apparent
      to those skilled in the art by reference to the following detailed
      discussion of the invention, taken in conjunction with the annexed
      drawings, wherein like reference characters refer to like or corresponding
      parts in the different figures, and in which:
PAR  FIG. 1 schematically represents a linear pipeline between fixed points
      using the linear expansion compensator of the present invention;
PAR  FIG. 2 schematically shows a planar pipeline between two fixed points using
      the expansion compensator of this invention.
PAR  FIG. 3 is a side elevational view of one embodiment of the expansion
      compensator of the invention;
PAR  FIG. 4 is a schematic representation of a three-dimensional embodiment of
      the invention; and
PAR  FIG. 5 is a cross section of the embodiment of FIG. 3 taken along the line
      5--5 thereof.
DETD
PAC  DETAILED DESCRIPTION
PAR  The present invention provides an expansion compensator suitable for
      controlling the thermal expansion of a pipeline between fixedly disposed
      components, which comprises a linear pipeline extending between a pair of
      longitudinally spaced pair of linear strain equalizers interposed in the
      linear pipeline between and spaced inwardly from the components, and a
      pair of overlapping longitudinal anchors affixed to the linear pipeline,
      each of the anchors further overlapping one of the strain equalizers to
      fix the spacing of a portion of the linear pipeline.
PAR  The linear pipeline may be any enclosed fluid conduit means which is
      subject to longitudinal expansion and contraction due to temperature
      change. The longitudinally spaced fixed pipeline components can be
      essentially any pipeline component which intercepts the linear expansion
      and contraction of the pipe per se, such as a container, blower or other
      apparatus, a support, angled joint in the pipe, or the like.
PAR  As the linear strain equalizer component of this invention, any of those
      known in the art, such as bellows, are suitable for use in the present
      invention, the only requirements being that they absorb linear expansion
      and contraction of the pipe in response to temperature variations, and
      that a pair of such strain equalizers be interposed between two fixed
      pipeline components.
PAR  Affixed to the linear pipeline are a pair of overlapping longitudinal
      anchors, each of which further overlaps one of the strain equalizers to
      keep the spacing of this portion of the linear pipeline constant. Such
      anchors, as shown in Bergman U.S. Pat. No. 2,335,478 or McNeary et al U.S.
      Pat. No. 2,568,923, are long known in the art and may be attached to the
      pipeline by immobile clamps, lugs or short I-sections welded to the
      pipeline.
PAR  By overlapping two longitudinal anchors on a pipeline section between two
      strain equalizers, any thermal expansion of the overlapping pipeline
      length is absorbed by the equalizer overlapped by one of the longitudinal
      anchors, as well as by the other equalizer at the end of this pipeline
      section; the net result is a contraction which is equal to the thermal
      expansion of the length of pipe overlapped by the longitudinal anchors.
      The stronger the longitudinal contraction of this arrangement, the greater
      the overlapping of the longitudinal anchors on the pipeline section
      present between the equalizers. An additional advantage of this expansion
      compensator is that, due to the anchor overlapping, both or all equalizers
      are under equally strong stress. In this way, nonuniform stresses,
      frequently observed heretofore in prior art devices, and the resultant
      differential wear and tear on the equalizers, are avoided.
PAR  In accordance with a preferred embodiment of the invention, the overlapping
      of the longitudinal anchors is approximately equal (preferably not more
      than .+-. 10 % deviation) to the sum of the thermally stressed but
      unequalized (i.e., lengthwise unfixed) pipeline and apparatus sections
      between the fixed components. The longitudinal contraction of the device
      of this invention in response to thermal stresses makes it possible to
      omit fixation with respect to length of the parts of the pipeline system
      between the fixed points, without the resultant development of bearing
      stresses. The only requirement necessary to attain this is that the
      longitudinal contraction, determined by the degree of overlapping of the
      longitudinal anchors, be equal to the thermal expansion of the parts which
      are not fixed with respect to length, so that the total system exhibits an
      apparent indifference to temperature. Thermally stressed devices in the
      system, the thermal expansions of which cannot be compensated for, are
      neutralized with respect to the temperature by means of the expansion
      compensator of the present invention.
PAR  Preferably, a pipeline between n number of equalizers has no more than n-1
      anchor overlaps, and the sum of all anchor overlaps is equal to the sum of
      all pipeline sections and apparatus parts between the fixed points which
      are not fixed with respect to length. Thus, it is possible to enclose a
      plurality of pipeline sections between equalizers within the pipeline
      system. If each linear piece of the pipeline system is equalized in
      accordance with the invention, the moments and tensions due to thermal
      expansion are so minimized that, even after extended operations, faults
      and damaged areas occurring as a result of localized bearing pressures are
      prevented.
PAR  In the case of planar and spatial pipeline systems, pipeline sections
      and/or devices which are not fixed with respect to length can also be
      provided, without the development of stress defects.
PAR  Preferably, the length of the longitudinal anchor overlap is adjustable. By
      varying the degree of anchor overlap, the amount of longitudinal
      contraction is changed. In this manner, it is possible to adapt to
      temperature differences in various segments of the system, especially
      between those parts of the system which are not fixed with respect to
      length and the overlapped pipeline sections, such that little or no forces
      or moments develop at the fixed points.
PAR  Referring briefly to the Drawings, the expansion compensator of this
      invention comprises at least two equalizers 1 and 2 in the pipeline 3. The
      distance t between a point A on the pipeline section between the two
      equalizers and a point X on the pipeline section proximate to one of the
      equalizers 2 is set by means of longitudinal anchor 7 between these
      points, and the distance m between a point B on the pipeline section
      between the two equalizers 1, 2 and a point Y on the pipeline section
      proximate to the other equalizer 1 is likewise set by means of
      longitudinal anchor 6 between these points, the spacing from point X to
      point Y being smaller than t + m.
PAR  In FIG. 1, a linear pipeline is illustrated between the fixed points O and
      P, e.g., two fixed container components in the pipeline system. Two strain
      equalizers 1,2 are interposed in this pipeline between and spaced inwardly
      from the fixed components. The pipeline section disposed between the
      equalizers 1, 2 is denoted by 3, and the pipeline sections between the
      fixed point O and the equalizer 1, as well as between the fixed point P
      and the equalizer 2 bear reference numerals 4 and 5, respectively. A
      longitudinal anchor 6 is attached to pipeline section 3 at B, this anchor
      overlapping strain equalizer 1 and being attached to the pipeline section
      4 at Y. The longitudinal anchor 6 ensures that thermal expansions between
      points B and Y are absorbed by the equalizer 1, so that the distance m is
      kept constant. A second longitudinal anchor 7 is attached to the pipeline
      section 3 at A, this anchor overlapping strain equalizer 2 and being
      mounted to the pipeline section 5 at X. The longitudinal anchor 7 ensures
      a constant distance between points A and X in the same manner.
PAR  Since the pipe section between points A and B is spanned by both
      overlapping longitudinal anchors 6, 7, the thermal expansion of this pipe
      section is absorbed by the equalizer 1 as well as by the equalizer 2,
      i.e., in a dual manner. In this manner, any change in distance between the
      pipe points X and Y is equal to the change in spacing between the pipe
      points A and B, but opposite thereto, e.g., in the case of a thermal
      expansion of the distance AB by an amount .DELTA.L, the distance between
      point Y and point X is simultaneously reduced by .DELTA.L. Similarly, when
      the pipe section AB contracts by .DELTA.L due to cooling, the pipe section
      XY expands by the same distance. Since pipe sections 4, 5 which are not
      fixed with respect to length act together along with the mutual overlap
      A-B of the longitudinal anchors 6, 7, the entire length of the pipeline
      between the fixed points O and P is independent of the temperature; in
      other words, due to compensating thermal expansions, no stress forces
      occur at the fixed points O and P. In the illustrated embodiment, the
      anchor overlap AB is arranged symmetrically between the equalizers 1, 2,
      ensuring an equally strong mechanical stress on both equalizers. When the
      length of the anchor 6 is shortened, with the length of anchor 7 remaining
      the same, e.g., by shifting the point of overlap B on the pipe section 3
      in the direction toward the point A, then not only in contraction of the
      pipe section XY reduced due to temperature elevation, but also stress on
      the equalizer 1 is diminished while the stress on equalizer 2 remains the
      same. The pipeline sections 4, 5 which are not fixed with respect to
      length can thus include devices, the thermal expansion of which is
      permissible and/or which expansion can generally be compensated for only
      with difficulties in any other way.
PAR  FIG. 2 shows a planar, or two-dimensional, pipeline system using an
      equalizing device of this invention between the fixed points O and P. In a
      vertical pipe conduit between the unanchored, stress-susceptible angle
      point Z and the fixed point P, the pipe sections bear reference numerals
      9, 10; the equalizers are 11, 12; and the longitudinal anchors are
      numbered 13, 14. As in FIG. 1, longitudinal contraction along anchor
      overlap AB in FIG. 2 is equal to the sum of the thermal expansions along
      unfixed pipe sections OY and XZ of the horizontal pipe conduit. In the
      same manner, the contraction along anchor overlap CD is equal to the sum
      of the expansion along unfixed pipe sections PV and UZ of the vertical
      pipe conduit. Thus, in spite of a thermal stress on the system, the pipe
      sections OZ and PZ remain constant, i.e., the position of the unfixed
      angular point Z in space is independent of the temperature of the
      pipeline. In this manner, torsional moments usually developing at fixed
      points O and P which are frequently the cause of faults, e.g., at pipe
      inlets into containers, are avoided.
PAR  As known in the art, anchors for fixing the length of a portion of a
      pipeline, as shown by the distance between A and X or B and Y of FIGS. 1,
      2 and 3, comprise a pair of elongated rods or pipes on diametrically
      opposite sides of pipeline 3 and fixed to the pipeline by clamps, collars,
      welded lugs, etc. Linear strain equalizers, such as bellows 1 or 2, and
      their means of insertion in pipelines, like the anchors, are well known in
      the art.
PAR  In Applicant's invention, however, the section of the pipeline overlapped
      by the anchors is a rigid, integral section of the pipeline without a
      strain equalizer or equalizers therein. By balancing the amount of the
      overlap with the total of the distances between the outer end of each of
      the anchors and the adjacent component, better compensation is achieved.
PAR  The invention is applicable in the same manner also to spatial or
      three-dimensional pipe systems, as shown in FIG. 4; in this connection, it
      is not necessary to dispose the strain equalizing device of this invention
      in each straight pipe section. The only requirement for neutralizing
      expansions and contractions is that they be mutually cancelled out in each
      of the three dimensions, so that no forces or moments are produced at the
      fixed points in spite of a possible and permissible shifting of the angle
      and branching points of the system.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions. Consequently, the following detailed example is to be
      considered non-limitative and for purposes of illustration only.
PAC  EXAMPLE
PAR  A horizontal steel pipe line has a length of 14.2 m between two bends and a
      diameter of 1.32 m. In the line a first and a second steel bellows having
      a length of 0.18 and 0.36 m, respectively, are arranged in a mutual
      distance of 10.92 m. A first longitudinal anchor having the length L
      overlaps the first bellow and a second longitudinal anchor having the
      length L.sub.1 overlaps the second bellows. The span overlapped by both
      anchors is approximately 3.5 m. The distances of the outer clampings of
      the anchors from the axis of the vertical pipe sections are 1.7 m so that
      the overlap span is approx. equal to the sum of these distances. The
      anchors consist of tubes with an external diameter of 42.4 mm in the ends
      of which threaded rods with a diameter of 36 mm are screwed in. These rods
      are bolted to short I-sections welded at the pipes.
PAR  The pipe line is used to convey gas the temperature of which changes from
      time to time up to .DELTA.T=500.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for compensating for the thermal expansion of a pipeline
      fixedly disposed between components so as to minimize bearing pressures at
      said components, comprising:
PA1  a. at least one linear pipeline section extending between a first and a
      second longitudinally spaced, fixedly disposed, stress-susceptible
      pipeline component;
PA1  b. longitudinally spaced first and second linear bellows-type strain
      equalizers interposed in said pipeline section between and spaced inwardly
      from said components, the portion of said pipeline between said
      longitudinally spaced first and second strain equalizers being continuous
      and rigid;
PA1  c. a first rigid longitudinal anchor rigidly secured at one end thereof to
      said pipeline section at a first point thereon between said strain
      equalizers and nearer the first strain equalizer, and rigidly secured at
      the other end thereof to said pipeline section at a second point thereon
      between the second strain equalizer and said second component;
PA1  d. a second rigid longitudinal anchor rigidly secured at one end thereof to
      said pipeline section at a third point thereon between the first strain
      equalizer and said first component, and rigidly secured at the other end
      thereof to said pipeline section at a fourth point thereon between said
      strain equalizers and nearer the second strain equalizer;
PA1  e. the distance between said second and third points being less than the
      sum of the distance between said first and second points plus the distance
      between said third and fourth points; and
PA1  f. the distance between said first point and said fourth point along which
      distance said anchors longitudinally overlap being approximately equal to
      the sum of the distance between said first component and said third point
      plus the distance between said second component and said second point.
NUM  2.
PAR  2. The device according to claim 1, wherein the overlapping portion of said
      longitudinal anchors is symmetrically located between said strain
      equalizers.
NUM  3.
PAR  3. The device according to claim 1, comprising a plurality of linear strain
      equalizers and longitudinal anchors, wherein the sum of the lengths of all
      longitudinal anchor overlaps equals the sum of the lengths of all
      longitudinally unanchored portions of said pipeline between fixed pipeline
      components.
NUM  4.
PAR  4. The device according to claim 3, wherein the number of longitudinal
      anchor overlaps does not exceed a number which is one less than the number
      of linear strain equalizers.
NUM  5.
PAR  5. The device according to claim 4, wherein said at least one section is
      included in a three-dimensional pipeline system.
NUM  6.
PAR  6. The device according to claim 4, wherein said at least one section is
      included in a two-dimensional planar pipeline system.
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ABST
PAL  A hose coupling and joint in which a nipple insertable within a relatively
      hard but flexible tube, such as reinforced nylon, has a long smooth
      tapered portion at its outer end and a series of barbs at its inner end
      whose edges define a reverse taper, the barb of largest diameter being at
      the inner end of the smooth tapered portion and no larger than the inside
      diameter of the hose to permit ready insertion of the nipple into the hose
      without damaging the latter. The hose is held upon the nipple by a band
      type clamp that encircles the hose opposite the barbs.
PARN
PAR  This is a continuation of application Ser. No. 89,483 filed Nov. 13, 1970,
      now abandoned, which is a continuation of Ser. No. 788,490 filed Jan. 2,
      1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Reinforced hose of relatively hard yet flexible materials, such as nylon,
      have come into use for installation in air conditioning equipment for
      conducting refrigerant fluids, automotive hydraulic brake systems, and
      other application in which they are subject to high pressures and/or
      corrosive fluids. In air conditioning applications, for example, pressures
      may be as high as 500 p.s.i. while in hydraulic system applications the
      pressures may reach 3,000 p.s.i.
PAR  Hose of these materials is very difficult to stretch over barbs of
      conventional hose coupling nipples in which the barbs are of larger
      diameter than the inside diameter of the hose and is easily damaged when
      an effort is made to accomplish this. Moreover, when installed on such
      couplings in which the barbs are of increasing diameter from the outer end
      of the nipple toward the inner end, the joint has a tendency to loosen and
      leak when subjected to internal fluid pressure and/or mechanical pullout
      forces.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes these difficulties by providing a hose
      coupling in which the largest diameter of the nipple is substantially the
      same diameter as the inside diameter of the hose to permit ready insertion
      therein without damage. The outer end of the nipple has a long smooth
      tapered portion to provide unconfined support of the hose over a long
      section thereof and the barbs on the nipple are at the inner end thereof
      and define a reverse taper whereby pressure or pullout forces on the hose
      increases the grip thereon by a band clamp that encircles the hose
      opposite the barbs.
DRWD
PAC  DESCRIPTION
PAR  FIG. 1 is a partial cross section showing the hose coupling joint.
PAR  FIG. 2 is a enlarged fragmentary cross section showing the hose loosely
      assembled over the nipple before tightening of the clamp.
PAR  FIG. 3 is an enlarged fragmentary cross section showing the hose clamped
      upon the nipple.
DETD
PAR  The hose coupling 7 has at one end an adapter portion 8 upon which is
      formed a bead 9 and a flare 10. A nut 11 is assembled to the adapter end
      before formation of flare 10 and is used to connect the hose assembly to
      its place of use.
PAR  Hose coupling 7 has at its other end an elongated tubular nipple 12. At its
      outer end, nipple 12 has a smooth tapered outer portion 14 whose length is
      from about 11/2 to 2 times the maximum diameter thereof. The taper angle
      is about 11/2.degree. with the smallest diameter being at the outer end of
      the nipple. The largest diameter of tapered outer portion 14 is at the
      inner end thereof and forms a first and largest barb 15 followed by
      additional barbs 16, 17 and 18.
PAR  As shown in FIG. 2, the diameter of barb 15 is substantially the same as or
      slightly smaller than the inside diameter of hose 21 and the remaining
      barbs are of progressively decreasing diameter at their edges 16, 17 and
      18 whereby a longitudinally extending diameter at their edges is at an
      angle of about 2.degree. to the horizontal. The longitudinal faces 23, 24,
      25 and 26 of the barbs are tapered in a reverse direction to form a saw
      tooth type configuration in cross section.
PAR  Hose 21 as illustrated comprises a nylon inner tube 30, a nylon reinforcing
      braid 31 and an outer cover 32 of urethane. However, tubes of other
      materials and constructions may be used.
PAR  When the hose coupling is loosely assembled as shown in FIG. 2, with a band
      type clamp 33 encircling hose 21, the clamp is positioned so that it
      overlaps barbs 16, 17 and 18 but is axially spaced from the largest barb
      15. The clamp is then tightened by turning of screw 34 and the hose is
      compressed over the barbs in the manner shown in FIG. 3. The height of
      each barb is less than the wall thickness of inner liner 30 so that there
      is no danger of cutting through such inner liner.
PAR  Nipple outer portion 14 is out of contact with hose liner 30 throughout
      most of the length of the former to permit flexing of the hose but because
      of the long length of the smooth outer portion 14 and the very small
      clearance it has with the inside diameter of the hose such flexing will be
      very slight over the nipple so that it is substantially non-existent at
      the first barb 15. Moreover, the axial spacing between clamp 33 and barb
      15 results in maximum compression of the hose at the second barb 16 rather
      than at the first barb 15 so that any stretching or other hose movement at
      barb 15 is not resisted in an abrupt manner. This results in a longer life
      for the joint.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hose coupling joint comprising a hose of relatively hard but flexible
      material resistant to radially outward expansion, a coupling having a
      radial abutment and having a nipple extending from one side of the
      abutment into an end of the hose, the nipple having axially inner and
      outer annular portions each of greater length than their maximum outside
      diameters, said abutment extending radially beyond each of said inner and
      outer portions the outer portion having a smooth uninterrupted exterior
      surface that tapers at an angle of substantially 11/2.degree. to the
      longitudinal axis of the coupling from a smaller diameter at its outer end
      to a larger diameter at its inner end, said larger diameter being
      substantially the same as the normal inside diameter of the hose and said
      smaller diameter being smaller than the normal inside diameter of the hose
      to facilitate the insertion of said nipple into said hose and to permit
      flexing and radial movement of the hose relative to said outer portion, a
      first barb at the inner end of said outer portion, a series of additional
      barbs between said first barb and said abutment, the inner edge of each
      barb being smaller in diameter than the inner edge of the adjacent barb in
      the axially outward direction whereby a line through said edges makes an
      angle of about 2.degree. with the longitudinal axis of said nipple, a
      circular clamp having a smooth inner surface and of less axial length than
      said inner portion surrounding the hose radially opposite all of said
      additional barbs and clamping the hose thereagainst, said clamp prior to
      applying clamping pressure having a substantially uniform inner diameter
      whereby upon radial contraction of said clamp there is progressively
      greater compression of the hose against said additional barbs in a
      direction toward said outer portion, the axially outer end of said clamp
      being spaced axially inwardly of said first barb whereby direct clamping
      pressure applied by the clamp to the hose will be on said additional barbs
      and there will be no direct clamping pressure from the clamp applied at
      the first barb so that stretching or flexing of the hose is not resisted
      in an abrupt manner at said first barb.
NUM  2.
PAR  2. The joint of claim 1 in which said outer end of the clamp is axially
      intermediate said first barb and the additional barb adjacent thereto.
NUM  3.
PAR  3. The joint of claim 1 in which the innermost of said additional barbs is
      spaced from said abutment substantially the same distance as the spacing
      between said additional barbs and in which the axially inner end of the
      clamp is between said abutment and the adjacent one of said additional
      barbs.
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ABST
PAL  A latch mechanism for a closure member that has a lever arrangement for
      connecting a main bolt to an auxiliary bolt. The two bolts are retractable
      together against the bias of a spring which acts through the lever
      arrangement to provide increased extension of the main bolt when the
      auxiliary bolt is maintained in a retracted position.
BSUM
PAR  This invention concerns a door latch and more particularly a latch
      mechanism for use with doors that are relatively narrow and light in
      weight and that require a minimum amount of force to cause the door to be
      moved to a closed position.
PAR  In the preferred form the latching mechanism according to the invention is
      adapted to be mounted on a door that is supported for movement between an
      open position wherein the door is spaced from a fixed strike plate, and a
      closed position wherein the door is located adjacent the strike plate. The
      latching mechanism includes a housing which slidably supports a main bolt
      and an auxiliary bolt with the main bolt being adapted to assume three
      positions; namely, a retracted position wherein the outer end of the bolt
      is located substantially at the outer edge of the housing, a normally
      extended position wherein the outer end of the bolt is located outwardly
      beyond the edge of the housing a predetermined distance, and a fully
      extended position wherein the outer end of the bolt is located outwardly
      beyond the edge of the housing a distance greater than the predetermined
      distance. The auxiliary bolt is adapted to assume two positions; namely, a
      normally extended position wherein the outer end of the auxiliary bolt
      extends out of the housing a distance substantially equal to the
      aforementioned predetermined distance, and a retracted position wherein
      the outer end of the auxiliary bolt is located substantially at the edge
      of the housing. The housing also supports an actuator and a lever which
      are biased by spring means in opposite directions and which cooperate with
      and interconnect the inner ends of the main and auxiliary bolts for
      maintaining both bolts in the normally extended positions when the door is
      in the open position and for causing the main bolt to be moved to the
      fully extended position into the opening in the strike plate when the door
      is in the closed position.
PAR  The objects of the present invention are to provide an improved latch
      mechanism for a closure member that has a bolt which normally extends out
      of a housing a predetermined distance when the closure member is in an
      open position and that extends out of the housing into a strike plate a
      distance greater than said predetermined distance when the closure member
      is in the closed position; to provide an improved latch mechanism for a
      closure member that has a main bolt and an auxiliary bolt that normally
      extend out of a housing a predetermined distance and in which both bolts
      are movable into the housing against the bias of a spring to store energy
      which subsequently acts through a lever arrangement to extend the main
      bolt into a strike plate a distance greater than the predetermined
      distance; to provide an improved latch mechanism for a closure member that
      has a main bolt and an auxiliary bolt that are retractable together into a
      latch housing against a spring means which acts through an actuator and
      lever to increase the outward displacement of the main bolt when the
      auxiliary bolt only is maintained in the retracted position; and to
      provide an improved actuator and lever arrangement in a latch mechanism
      for connecting a main bolt to an auxiliary bolt so that the latter acts in
      response to a spring force to provide an amplified extension of the main
      bolt that results in a more positive latching system.
DRWD
PAR  Other objects and advantages of the present invention will be apparent from
      the following detailed description when taken with the drawings in which:
PAR  FIG. 1 is a sectional view showing the latch mechanism according to the
      invention mounted within a door that is positioned in an open position
      relative to a fixed strike plate;
PAR  FIG. 2 is a view taken on lines 2--2 of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1 but shows the door in the partially
      closed position with the main bolt and the auxiliary bolt of the latch
      mechanism located in the retracted position;
PAR  FIG. 4 is a view taken on lines 4--4 of FIG. 3;
PAR  FIG. 5 is a view similar to FIG. 1 but shows the door in the fully closed
      position with the auxiliary bolt in the retracted position and the main
      bolt located in the fully extended position; and
PAR  FIG. 6 is a view taken on line 6--6 of FIG. 5.
DETD
PAR  Referring to the drawings and more particular FIG. 1 and 2 thereof, a
      cross-sectional view of a hinged vertically oriented door or closure
      member 10 is shown with the door 10 assuming an open position relative to
      a door frame 12 and incorporating a latch mechanism 14 made in accordance
      with the invention. The door frame 12 has a strike plate 16 fixed thereto
      that is formed with a stop 18 for the door 10, an elongated vertical
      opening 20 for a bolt, and the usual camming surface 22. As is
      conventional, a cavity 24 for accommodating a bolt is formed in the door
      frame 12 that registers with the opening 20 formed in the strike plate.
PAR  The latch mechanism 14 comprises a main bolt 26, an auxiliary bolt 28, and
      a lever arrangement which, as seen in FIG. 2 includes a link 30 and an
      actuator member 32. All of the aforementioned elements together with a
      pair of compression springs 34 and 36 and a tension spring 38 are located
      within a housing having parallel side walls 42 and 44, and end wall 46,
      and upper and lower walls 48 and 50.
PAR  The auxiliary bolt 28 is supported in the housing 40 for sliding movement
      and is generally U-shaped in cross section consisting of a vertical base
      plate 52 with integrally formed legs 54 and 56 each of which is of the
      same thickness as the base plate. Each of the legs 54 and 56 is parallel
      to the other leg and lies in a horizontal plane which is perpendicular to
      the plane of the base plate 52. The outer end of each of the legs 54 and
      56 terminates with a curved outer surface 58 while the inner end of the
      base plate 52 is formed with a flange 60 located in a vertical plane which
      is perpendicular to the plane of the base plate. As seen in FIG. 1, each
      of the legs 54 and 56 of the auxiliary bolt 28 is of a width which is
      substantially greater than the width of the opening 20 in strike plate 16
      and substantially equal to the transverse distance between the side walls
      42 and 44 while allowing relative movement of the bolt.
PAR  As seen in FIG. 2, the main bolt 26 is generally square in configuration
      and is located within the confines of the legs 54 and 56, the base plate
      52, and the flange 60 formed with the auxiliary bolt 28. The main bolt 26
      is rectangular in vertical-section and is sized so it can enter the
      opening 20 when the door 10 is in the closed position. The outer end of
      the bolt is formed with a curved surface 61 which merges with and has the
      same configuration as the surface 58 while the inner end of the main bolt
      normally contacts the flange 60. A rod 62 is centrally fixed to the main
      bolt 26 and extends outwardly through horizontally elongated and identical
      slots 64 and 66 formed respectively within the side wall 42 of the housing
      and in the door 10. The rod 62 serves as a handle which permits the main
      bolt 26 to be slidably moved into a retracted position in a manner which
      will hereinafter be described. Thus, from the above description, it should
      be apparent that both the auxiliary bolt 28 and the main bolt 26 are
      slidably supported within the housing 40 with the main bolt 26 being
      located along side the auxiliary bolt 28 and being movable relative to the
      auxiliary bolt against the bias of spring 38 in an outward direction or to
      the left as seen in FIG. 2. On the other hand, when the main bolt 26 is
      moved in an inward direction or towards the right as seen in FIG. 1, the
      inner end of the main bolt engages the flange 60 causing the auxiliary
      bolt 28 and the main bolt to move together to compress the compression
      springs 34 and 36.
PAR  In this regard, it will be noted that the link 30 has one end thereof
      connected by a pivotal connection 65 to a tab 67 which is offset in a
      vertical plane from and rigidly fixed with a corner of the base plate 52
      of the auxiliary bolt 28 as seen in FIG. 2. The other end of the link 30
      is formed with an elongated slot 68 which slidably accommodates a pin 70
      that is rigid with the main bolt 26. An intermediate portion of the link
      30 adjacent the pivotal connection 65 is pivotally connected by a pivotal
      connection 72 to a projection 74 formed with the actuator member 32.
      Although not shown, the pivotal connection 72 is slidably located in an
      elongated slot formed in the link 30 so as to permit the actuator to move
      between the positions of FIG. 4 and FIG. 6.
PAR  The actuator member 32, as seen in FIG. 1, is generally S-shaped in cross
      section, and has the projection 74 integrally formed with a diverging
      section 76 which merges with a base section 78 that extends between the
      upper and lower walls 48 and 50 and also the side walls 42 and 44 of the
      housing. The tension spring 38 has one end thereof wound about the pin 70
      while the other end is fixed with a central portion of the base section 78
      of the actuator member 32. The tension spring continually draws the pin 70
      towards the base section 78.
PAR  As seen in FIG. 2, both the base section 78 of the actuator member and the
      back wall 46 of the housing 40 are formed with axially aligned protrusions
      80 which serve to center and maintain the compression springs 34 and 36 in
      position. It will also be noted that the side wall 42 includes an integral
      stop member 82 which limits movement of the actuator member 32 in an
      outward direction or to the left as seen in FIG. 1. The side wall 42 also
      has a pair of outwardly extending and integrally formed guide members 84
      and 86 which aid in maintaining the bolts in proper positions within the
      housing 40.
PAR  The operation of the latch mechanism 14 described above is as follows:
PAR  As seen in FIGS. 1 and 2, both the main and auxiliary bolts 26 and 28 are
      located in a normally extended position and the door 10 is in the open
      position. At such time, the compression springs 34 and 36 urge the
      actuator member 32 outwardly as limited by the stop member 82 while the
      tension spring 38 maintains the link 30 in an upright position with the
      pivotal connections 64, 70 and 72 vertically aligned thereby causing the
      outer ends 58 and 61 of the main and auxiliary bolts to be aligned and
      form a single bolt located a predetermined distance outwardly relative to
      the outer edge of the housing 40. When the door 10 is partially closed as
      seen in FIG. 3, the main and auxiliary bolts 26 and 28 are cammed into a
      retracted position by the surface 22 of strike plate 16 and act through
      the link 30 and the pivotal connection 72 to move the actuator member 32
      inwardly or towards the right as seen in FIG. 3 and 4. Such movement of
      the actuator member 32 does not affect the tension spring 38, however, it
      causes the springs 34 and 36 to be compressed. Subsequently, the door 10
      moves into the fully closed position as limited by the stop 18 of the
      strike plate 16 shown in FIG. 5. At such time, the outer surface 58 of the
      auxiliary bolt 28 continues to maintain contact with the strike plate 16
      and thereby causes the bolt 28 to stay in the retracted position. The main
      bolt 26, however, is axially aligned with the opening 20 in the strike
      plate 16 and moves outwardly into the opening 20 a distance greater than
      the aforementioned predetermined distance maintained by the main bolt when
      the door 10 is in the open position. This occurs because the stored energy
      in the compressed springs 34 and 36 as seen in FIG. 4 is now released and
      acts through the actuator member 32 to apply an outward force on the link
      30 causing the latter to pivot clockwise about its pivotal connection 64
      and move the pin 70 and, accordingly, the main bolt 26 towards the left
      thereby extending the bolt 26 to the fully extended position of FIGS. 5
      and 6. It will be noted that spring force provided by the compressed
      springs 34 and 36 during the partial closing movement of the door 10 is of
      a magnitude greater than the strength of the tension spring 38. Thus, the
      tension spring 38 does not prevent the outward movement of the main bolt
      26. Moreover, the pivotal connection 72 is located near to the pivotal
      connection 64 so as to provide an increased displacement of the lower
      portion of the link 30 and accordingly an amplified movement of the pin 70
      and main bolt 26.
PAR  Thus, from the above description it should be apparent that when both the
      auxiliary and main bolts 26 and 28 are moved into the housing 50, the
      springs 34 and 36 are compressed and subsequently dissipate the stored
      energy by acting through the link 30 to move the main bolt 28 outwardly
      relative to the housing 40. The increased displacement of the main bolt 28
      results in a more positive lock without requiring higher closing forces of
      the door 10 and thereby is particularly adapted for use with light doors.
      As should be apparent, after the door 10 is closed, the bolt 28 can be
      retracted from the opening 20 in the strike plate 16, as shown in FIG. 5,
      by moving the rod 62 manually to the right followed by movement of the
      door to the position of FIG. 1. After the rod 62 is released and the door
      10 is opened, the various elements of the latch mechanism 14 will again
      assume the normally extended position of FIGS. 1 and 2.
PAR  Various changes and modifications can be made in this construction without
      departing from the spirit of the invention. Such changes and modifications
      are contemplated by the inventor and he does not wish to be limited except
      by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A latch mechanism for a closure member that is supported for movement
      between an open position wherein said closure member is spaced from a
      fixed strike plate having an opening formed therein and a closed position
      wherein said closure member is located adjacent said strike plate, said
      latch mechanism comprising a housing having an outer edge, a main bolt
      slidably supported in said housing, said main bolt having an outer end and
      an inner end and being adapted to be located in a retracted position
      wherein the outer end of the bolt is positioned substantially at the outer
      edge of the housing, and a normally extended position wherein the outer
      end of said main bolt is located outwardly beyond the outer edge of the
      housing a predetermined distance, and a fully extended position wherein
      the outer end of the bolt is located outwardly beyond the outer edge a
      distance greater than said predetermined distance, an auxiliary bolt
      having a pair of legs formed therewith and being slidably supported in
      said housing along side said main bolt, said auxiliary bolt having an
      outer end adapted to assume, a normally extended position wherein said
      outer end of the auxiliary bolt extends out of said housing a distance
      substantially equal to said predetermined distance and a retracted
      position wherein said outer end of the auxiliary bolt is located
      substantially at said outer edge of said housing, said outer end of the
      auxiliary bolt adapted to contact said strike plate and be moved into and
      be maintained in its retracted position when said closure member is in
      said closed position, an elongated link, an actuator member, a first pivot
      connection for connecting one end of said link to said auxiliary bolt, a
      second pivot connection for connecting the acutator member to said link
      adjacent to said first pivot connection, a lost motion connection for
      connecting the other end of said link to said main bolt, a tension spring
      extending between said main bolt and said actuator member, and a
      compression spring normally biasing said actuator member outwardly from
      said housing for maintaining the main bolt and the auxiliary bolt in said
      normally extended position when said closure member is in said open
      position and for causing the main bolt to be extended by said link to said
      fully extended position into the opening in said strike plate when said
      closure member is in said closed position.
NUM  2.
PAR  2. A latch mechanism for a closure member that is supported for movement
      between an open position wherein said closure member is spaced from a
      fixed strike plate having an opening formed therein and a closed position
      wherein said closure member is located adjacent said strike plate, said
      latch mechanism comprising a housing having an outer edge, a main bolt
      slidably supported in said housing, said main bolt having an outer end and
      an inner end and being adapted to be located in a retracted position
      wherein the outer end of the bolt is positioned substantially at the outer
      edge of the housing, and a normally extended position wherein the outer
      end of said main bolt is located outwardly beyond the outer edge of the
      housing a predetermined distance, and a fully extended position wherein
      the outer end of the bolt is located outwardly beyond the outer edge a
      distance greater than said predetermined distance, an auxiliary bolt
      slidably supported in said housing along side said main bolt, said
      auxiliary bolt having an outer end adapted to assume a normally extended
      position wherein said outer end of the auxiliary bolt extends out of said
      housing a distance substantially equal to said predetermined distance and
      a retracted position wherein said outer end of the auxiliary bolt is
      located substantially at said outer edge of said housing, said outer end
      of the auxiliary bolt adapted to contact said strike plate and be moved
      into and be maintained in its retracted position when said closure member
      is in said closed position, a link, an actuator member, a first pivot
      connection for connecting a first portion of said link to said auxiliary
      bolt, a second pivot connection for connecting the actuator member to said
      link adjacent to said first pivot connection, a lost motion connection for
      connecting a second portion of said link to said main bolt, a tension
      spring extending between said main bolt and said actuator member, and a
      compression spring normally biasing said actuator member outwardly from
      said housing for maintaining the main bolt and the auxiliary bolt in said
      normally extended position when said closure member is in said open
      position and for causing the main bolt to be extended by said link to said
      fully extended position into the opening in said strike plate when said
      closure member is in said closed position.
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ABST
PAL  Locking means to prevent movement between relatively movable members such
      as between sliding windows or sliding doors, said locking means including
      a body portion having a flange formed adjacent opposite edges, said
      flanges being substantially parallel to each other and each of said
      flanges having a projecting member adapted to be received in a hole
      provided in one of said relatively movable members when the locking means
      are positioned to prevent relative movement therebetween.
BSUM
PAR  In the past, many types of locking mechanisms have been provided for
      retaining two or more relatively movable closure members in a
      predetermined relation. A typical example of prior art locks in common use
      is the standard cam latch or crescent latch for sliding sash windows.
      While this type of lock is relatively simple and inexpensive to construct
      and install, it provides a lock which is relatively obtrusive and
      unattractive and which is relatively easy to open from the outside through
      use of a blade or other device introduced into the crack between the
      overlapping closure members. There have been prior art locks proposed
      which overcome some of these shortcomings but they have generally been
      quite expensive and mechanically complicated.
PAR  It is therefore a principal object of the present invention to provide
      novel locking means for locking sliding closures such as sliding windows
      and sliding doors which means are mechanically uncomplicated and
      comparatively simple and inexpensive to manufacture.
PAR  Another important object is to provide improved locking means which are
      attractive and unobtrusive and which can be readily applied to or detached
      from ordinary sliding closures when they are either open or closed.
PAR  Another object is to provide locking means which can be used to lock
      sliding closures in a partly open position by drilling additional
      receiving holes in the sliding closures.
PAR  Another object is to provide locking means which are not readily detachable
      from the outside and which are substantially burglar resistant.
PAR  Another object is to provide inexpensive and positive locking means for
      building contractors to install while a structure is under construction to
      secure it from theft or vandalism.
PAR  Another object is to provide security means permitting the painting of
      sliding closure members prior to the installation of conventional cam
      locking devices.
PAR  Another object is to provide locking means for sliding doors which prevent
      the removal of the outer door from its track.
PAR  Another object is to provide locking means which may be installed with
      minimum change to the existing structure.
PAR  Another object is to provide locking means which can be quickly and
      accurately installed even by persons having little mechanical skill.
PAR  Another object is to provide locking means which include drill bit locating
      points for easily and accurately locating holes for use in installing the
      locking means.
PAR  Another object is to provide locking means which may be mass produced with
      little equipment.
PAR  Another object is to provide locking means which may be used in pairs or
      other multiples for added security or protection.
DRWD
PAR  These and other objects and advantages of the present invention will become
      apparent from considering the following detailed specification which
      covers several preferred embodiments thereof in conjunction with the
      accompanying drawing, wherein like numerals refer to like parts
      throughout, and in which:
PAR  FIG. 1 is a side elevational view of a locking means for sliding closures
      constructed according to the teachings of the present invention;
PAR  FIG. 2 is a top plan view of the same locking means shown in FIG. 1;
PAR  FIG. 3 is a right end elevational view of the locking means shown in FIG.
      1;
PAR  FIG. 4 is a perspective view showing the locking means before it is
      installed in locking position on a pair of sliding sash windows having
      protective sleeve members provided therein to receive the locking means;
PAR  FIG. 5 is a perspective view showing the locking means in locking position
      on the pair of sliding sash windows;
PAR  FIG. 6 is a perspective view showing the subject locking means in locking
      position on a pair of sliding doors;
PAR  FIG. 7 is a side elevational view of an optional protective sleeve member
      for use with the subject device;
PAR  FIG. 8 is a perspective view of a modified form of the locking means;
PAR  FIG. 9 is a perspective view of another modified form of the subject
      locking means;
PAR  FIG. 10 is a perspective view of still another modified form of the subject
      locking means;
PAR  FIG. 11 is a side elevational view in section showing another modified form
      of the subject locking means; and,
PAR  FIG. 12 is a perspective view of another modified form of the subject
      locking means.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawing more particularly by reference numbers, number 20
      identifies a locking device for sliding closures constructed according to
      the present invention. More particularly one form of the locking device 20
      comprises a generally flat elongated body or strip member 22 having a
      Z-shaped cross-section as best seen in FIG. 1.
PAR  Now referring to FIGS. 1-6 specifically, the Z-shaped strip member 22 may
      be seen to comprise a flat body portion 23 having flanges 25 and 27 formed
      adjacent opposite ends thereof. The flanges 25 and 27 are formed
      substantially parallel to each other and are substantially perpendicular
      to the flat body portion 23.
PAR  Now referring to FIGS. 4 and 5 specifically, the flat body portion 23 may
      optionally be further provided with an aperture or hole 30 for
      cooperatively receiving a screw, nail or other fastening member 32 when it
      is desired that the locking device 20 be more permanently secured in
      locking position as best seen in FIG. 5. This prevents the device 20 from
      being jimmied or the like and is particularly important where the device
      is installed on sliding doors as in FIG. 6 or on a horizontally slidable
      window assembly as opposed to being installed on a more conventional
      double hung window assembly as shown in FIGS. 4 and 5.
PAR  Each of the flanges 25 and 27 as shown in FIGS. 1-6 is provided with an
      attached pin, peg or stop member 34 and 36, respectively; the stops 34 and
      36 are preferably positioned in such a way that the free terminus of each
      38 and 40, respectively, is on the same side and extends in the same
      direction. The stops 34 and 36 are further preferably positioned so that
      they are substantially parallel to the flat body portion 23 of the locking
      device 20. The stops 34 and 36 can be attached to the flanges 25 and 27 by
      forming holes in the flanges (not shown) which receive integral smaller
      diameter extensions of the stops which are then peened or otherwise
      crimped. The stops can also be attached using threaded fasteners (not
      shown) or they can be welded or the like to the flanges. In any case, it
      may be desirable to provide a jig to hold the several parts in position
      during assembly.
PAR  The stop members 34 and 36, as best seen in FIG. 4, have optional sharpened
      nubs or points 42 and 44, respectively, which are provided as means for
      locating the holes to be drilled in the sash members as more particularly
      described hereinafter. The stops 34 and 36 are preferably though not
      necessarily cylindrical in shape to match the holes drilled for them and
      to facilitate insertion therein as also described below.
PAR  In use, as shown in FIGS. 4-6, the locking means 20 may be used with any
      conventional sliding closure means such as a sliding double hung window
      closure 50 (FIGS. 4 and 5) or a sliding door (or window) closure 60 (FIG.
      6). While the subject locking device 20 is shown for use with particular
      kinds of sliding closures, it will be appreciated that they are adapted
      for use with any two or more overlapping slidably mounted closure members
      and as such are useful for almost any sliding closure where two members
      are mounted for movement in closely spaced relationship, including
      constructions where only one member is movable as well as constructions
      where both members are movable as in the double hung window construction
      shown in FIGS. 4 and 5.
PAR  As shown in FIG. 4, the sliding window closure 50 comprises an upper
      vertically slidable sash 52 and a lower vertically slidable sash 54. The
      upper sliding sash 52 is provided with connected vertical portions 56 and
      horizontal portions 58. Similarly, the lower sliding sash 54 is provided
      with connected vertical stile portions 62 and horizontal stile portions
      64. The sash members 52 and 54 are mounted for sliding movement in a jamb
      structure with spaced sash tracks which are separated by vertical members
      in the usual manner. In this type of window assembly each of the sash
      members 52 and 54 is vertically movable to open and close the window as
      desired.
PAR  The sliding door closure 60 shown in FIG. 6 comprises a first horizontally
      movable door member 66 and a second horizontally movable door member 68.
      The door members 66 and 68 can also comprise the sash members of a window
      assembly as well, and each of the members 66 and 68 is mounted for sliding
      movement in a track which in FIG. 6 is shown as including a guide fin or
      track forming member 70. Side wall or jamb members for the track may also
      be provided as desired. Frequently, but not always, one of the door
      members such as the second door 68 is stationary while the first door 66
      is mounted on the track or guide fin 70 for slidable movement in
      relationship to the second door. The door member 66 as shown in FIG. 6 is
      provided with connected vertical and horizontal stile portions 72 and 74,
      respectively, while the second door is comparably provided with stile
      portions 76 and 78.
PAR  Referring again to FIG. 4, the locking device 20 is shown being installed
      in locking position on the sliding window closure 50. This is accomplished
      with the window in the desired position by bringing the lock into locking
      position on the horizontal stile portion 64 of the lower sash 54. When the
      lock 20 is to be installed for the first time, it is moved into the
      position shown and is advanced until the drill locating points 42 and 44
      encounter the respective vertical stile portions 62 and 56. Sufficient
      pressure is then applied to the locking device 20 as by pressing or
      tapping so that the points 42 and 44 mark the frame and form pointed
      depressions or holes (not shown). These depressions are then used to
      locate drill bits used for drilling holes 80 and 82 which thereafter
      receive the respective stops 34 and 36.
PAR  Additional holes 84 and 86 may be provided in the upper vertical stile
      portion 56 if desired. These holes may be located for drilling purposes by
      the technique described above except with the upper sash 52 in different
      selected positions with respect to the lower sash 54. These additional
      holes enable the window assembly to be locked in different open positions
      with the locking device 20. In these positions the locking means 20
      additionally serve to retain the window in the desired open condition.
PAR  When the locking device 20 is in locking engagement with the sliding sashes
      52 and 54, as best seen in FIG. 5, the stop members 34 and 36 are
      cooperatively received in the apertures or holes 80 and 82, respectively.
      The locking device in this position provides a relatively jimmy-resistant
      lock. For additional security or protection, the threaded or other
      fastener 32 shown as a screw in FIG. 5 may be used. This is done to
      further resist unauthorized removal of the means 20 by a person using a
      knife, spatula or some other instrument or tool inserted or otherwise
      forced through the crack between the sliding sashes 52 and 54 to gain
      wrongful entry thereby. In most cases, no such fastener such as the screw
      32 is required; it has been found, moreover, that usually only one locking
      device 20 per window assembly is necessary. However, more than one lock 20
      may be used if desired. If two locks are used per window such as on the
      closure 50, they will usually be located on the opposite vertical stile
      portions 56. Similarly, usually only one locking device 20 is necessary to
      secure a sliding door such as the sliding door 60 shown in FIG. 6 although
      more may be used in this case as desired.
PAR  In FIG. 6, the sliding door closure 60 is shown secured by means of the
      single locking device 20 with the stop members or pins 34 and 36
      cooperatively received in apertures (not shown) provided therefor in the
      vertical stile portions 72 and 76 of the door members 66 and 68,
      respectively. In this case, however, as in locking a horizontally sliding
      window construction the locking device 20 is oriented on its side as
      compared to its use as shown in FIGS. 4 and 5. This may make it easier to
      jimmy or otherwise remove the device from locking position and may make
      the need for an additional fastener such as the fastener 32 more
      important. In addition to providing means for securing the sliding type
      window and doors 60 in closed position, the locking device 20 may be used
      to secure the closures 60 in selected open positions when additional holes
      like the holes 84 and 86 in closure 50 are provided.
PAR  FIG. 7 is included to show an optional hole liner or sleeve device 71 which
      may be made of metal, plastic or some other suitable, preferably rust
      proof material. The liner 71 is made large enough so that it must be
      forced into a hole drilled therefor in a door or window assembly such as
      holes 80, 82, 84 and 86 in sashes 52 and 54. To this end, the liners 71
      may optionally have variable diameter portions such as portion 73 which
      cooperate with corresponding slight enlargements or ribs on the pins or
      stops 34 and 36 (enlargements not shown on pins 34 and 36) so that the
      pins may be locked by snapping therein and resist easy removal of the
      locking device therefrom. This involves a question of proper manufacturing
      tolerances. Thus, it is contemplated in all of the constructions that the
      enlargements on the pins or their free ends 38 and 40 can be made so that
      they will snap into engaged positions in their respective mating holes.
      There are known means for achieving this, and such means by themselves are
      not part of the present invention.
PAR  Another embodiment 120 of the subject locking device is shown in FIG. 8.
      The locking device 120 has a flat elongated body portion 123 with an
      optional aperture 130 centrally located therein for cooperatively
      receiving a fastener (not shown) of the same type as the fastener 32 shown
      in FIGS. 5 and 6. Flanges 125 and 127 are formed adjacent opposite end
      edges of the body portion 123; attached to each of the flanges 125 and 127
      is a pair of stop members or pins 134 and 134' (on the flange 125) and
      stop members or pins 136 and 136' (on the flange 127), respectively. The
      stops 134, 134', 136 and 136' are preferably positioned in such a way that
      they all face in the same direction. The stops 134, 134', 136 and 136' may
      have drilling locating points 142, 142', 144 and 144'. It is to be
      recognized, however, that providing drill locating points increases the
      cost of making the subject devices and that the points may be eliminated
      altogether or may be provided on selected ones such as only one or only a
      few sold in a package of devices to minimize the costs. Furthermore, with
      some practice a user can locate the drill holes simply by marking around
      the ends of the pins when they are positioned against the window or door
      elements. Although the pins 134, 134', 136 and 136' are shown as
      positioned on the flange in a plane parallel with the plane of the body
      portion 123, pins may be arranged in a plane perpendicular to the central
      portion 123 or at right angles to the pin arrangement shown in FIG. 8, in
      which case the hole arrangement in the window or door members must be
      similarly arranged.
PAR  Another form of the subject locking device 220 is shown in FIG. 9 and is
      formed from a single sheet or piece of material. This locking device 220
      like the locking devices 20 and 120 has a flat elongated strip portion 223
      having an optional hole 230 disposed centrally therein. Along opposite
      side edges of the strip portion 223 near the ends thereof are oppositely
      extending side flanges 225 and 227. These integral side flanges 225 and
      227 each has an integral stop member 234 and 236, respectively, formed on
      corresponding ends thereof so that the entire construction can be made of
      a single piece of material such as a single piece of steel. Openings for
      receiving the stops are formed in the window or door assembly or
      alternatively larger openings can be formed in the assemblies and plates
      such as plates 238 with slotted openings 240 can be attached to
      accommodate the members 234 and 236 above.
PAR  The locking means 220 may be preferable in some cases over other forms
      including those described heretofore in that it may be less expensive to
      construct by means of simple, readily available stamping and forming
      devices, for example, although it may be more time consuming to install.
      This may be true if the installation is to be made on existing closure
      members but is not necessarily the case if the device is to be factory
      installed thereon.
PAR  Another form of the locking means 320 is shown in FIG. 10. The locking
      means 320, like the device of FIG. 9, is a one piece construction and is
      provided with end edge flanges 325 and 327. Formed on each of the flanges
      325 and 327 is a rounded stop member 334 and 336, which stops are arranged
      in parallel relation and oppositely oriented. The locking device 320, like
      the locking device 220, may be formed from a single piece of material
      using well known and readily available forming and stamping techniques.
PAR  Other changes, modifications, variations and other uses and applications of
      the subject means are contemplated as within the scope of the present
      invention. For example, a modified form of the locking means is shown in
      FIG. 11 as locking device 420. This device includes a flat elongated body
      portion 423 having edge flanges 425 and 427 located on opposite ends.
      Attached to each flange is a stop member 434 and 436, respectively, said
      stop members being similar in design and function to the stop members 34
      and 36 described above in connection with the locking device 20. The
      locking means 420 also includes a leaf spring locking portion 415 which is
      shown as associated with the body portion 423 to make it more difficult to
      remove the lock. The spring 415 is attached as by welding it to the
      locking means 420 at pivot 429 and the opposite end of the spring 415 may
      have an upturned portion 430 to facilitate lifting or pivoting the spring
      when installing or removing the device. The spring 415 is provided with a
      point or nub 411 which extends from one side thereof and is adapted to
      cooperate with an aperture 431 in the body 423 and with a hole or cavity
      433 provided therefor in the sash member. The moved position of the spring
      415 is indicated in broken lines in the drawing where it is shown that the
      nub 411 will clear the cavity 433 so that the locking device 420 may be
      installed and removed from the closure members in a manner similar to that
      in which the locking means 20 is installed or removed. In some cases,
      retention means 435 (the leaf spring 415 in combination with the nub 411)
      are superior to the fastener means 32 as shown in FIGS. 5 and 6 since the
      retention means 435 remain with the closure members at all times which is
      not the case with the fastener 32 which, as shown, is a screw requiring
      removal by means of a screw driver. On the other hand, the locking means
      20 shown in FIGS. 4-6 enjoys advantages over the locking means 420 shown
      in FIG. 11 as to simplicity of mechanical construction and relative ease
      of manufacture.
PAR  Another embodiment 520 of the subject locking device is shown in FIG. 12.
      The locking device 520 has a flat elongated body portion 523. Flange 527
      is formed adjacent one end edge of the body portion 523; attached to the
      flange 527 is a stop member 536. The stop 536 is preferably positioned
      centrally on the flange 527 and substantially parallel to the flat body
      portion 523 as shown. While this embodiment (the locking device 520) may
      be preferred in some cases for simplicity and economy of construction, it
      may in some cases be inferior to constructions like those discussed above.
      The simplified construction 520 can also be made with more than one stop
      536 (like the construction shown in FIG. 8) or it can be formed as a
      one-piece construction (like the devices shown in FIGS. 9 and 10). It may
      be desired to provide an opening like hole 30 in the flat body portion 523
      for more securely attaching the device to the appropriate portion of the
      window or door, thusly preventing rotation of the device in the holes
      provided for the stop 536 and further preventing its easy removal from
      locking position. In place of the hole 30, the device 520 could be
      provided with retention means similar to means 411 shown in FIG. 11 or the
      like.
PAR  Still other changes, modifications, variations and other uses and
      applications of the subject means will be apparent to those skilled in the
      art. All such changes, modifications, variations and other uses and
      applications which do not depart from the spirit and scope of the
      invention are deemed to be covered by the invention which is limited only
      by the subjoined claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Means for preventing relative movement between members mounted for
      relative sliding movement, each of said members having a surface with an
      opening formed therein, said means comprising a one-piece locking member
      having spaced substantially parallel means thereon for simultaneously
      cooperating with the openings formed in the relatively movable members
      whereby the members are locked in selected relative positions.
NUM  2.
PAR  2. The means defined in claim 1 wherein the openings in the relatively
      movable members are cylindrical holes and the locking member has spaced
      connected positions with projections located thereon for simultaneously
      extending into the openings in the respective relatively movable members.
NUM  3.
PAR  3. The means defined in claim 1 wherein the locking member is formed of one
      piece of folded material having projecting substantially parallel end
      portions simultaneously engageable with the respective openings in the
      relatively movable members.
NUM  4.
PAR  4. The means defined in claim 1 including means for attaching the locking
      member to one of said relatively movable members to prevent disengagement
      between the means cooperatively engageable with the openings and the
      openings in the relatively movable members.
NUM  5.
PAR  5. The means defined in claim 4 wherein the means for attaching the locking
      member to one of the relatively movable members includes a threaded
      member.
NUM  6.
PAR  6. The means defined in claim 1 wherein the relatively movable members
      include sash members of a double hung sliding sash window assembly.
NUM  7.
PAR  7. The means defined in claim 1 wherein the relatively movable members
      include a sliding door member of a sliding door assembly.
NUM  8.
PAR  8. The means defined in claim 1 wherein the locking member includes an
      elongated member having a central portion with spaced and oppositely
      extending flanges formed adjacent opposite ends thereof, and wherein the
      means cooperatively engageable with the openings include a peg attached to
      each of said flanges on corresponding sides thereof, said pegs being
      substantially parallel to each other.
NUM  9.
PAR  9. The means defined in claim 8 wherein two pegs are formed on each of said
      flanges and two openings are formed in each of said relatively movable
      members to cooperatively receive said pegs.
NUM  10.
PAR  10. The means defined in claim 8 including means on at least one of said
      pegs to locate a place on one of said relatively movable members where one
      of the openings is to be made.
NUM  11.
PAR  11. A bridge type lock for double hung window and sliding door assemblies
      comprising an assembly having at least one member that is slidably movable
      relative to another, each of said relatively movable members having a
      surface facing in the same direction with an opening formed therein, and a
      one-piece lock member having a Z-shaped cross-section and having a central
      portion with oppositely extending substantially parallel end flange
      portions, means extending in spaced parallel relation from corresponding
      sides of the respective end flange portions, said means being positioned
      to simultaneously cooperate with the openings in the respective relatively
      movable members in selected positions thereof.
NUM  12.
PAR  12. Means for locking two relatively movable members to prevent relative
      movement therebetween comprising two relatively movable members, means
      mounting at least one of said relatively movable members for sliding
      movement relative to the other, each of said relatively movable members
      having a surface thereon, the surfaces being in spaced parallel
      relationship to each other, a hole in each of said members extending from
      said parallel surfaces, and a one-piece member having substantially
      parallel means thereon simultaneously engageable with the holes in the
      relatively movable members, said one-piece member having a portion that
      extends between the spaced parallel surfaces and connects the
      substantially parallel means thereon.
NUM  13.
PAR  13. Means to prevent relative movement between members comprising a pair of
      members having adjacent surfaces at least one of which is movable relative
      to the other while maintaining the adjacent surfaces in parallel
      relationship, an opening in each of said movable members, said openings
      being substantially parallel to each other, and a one-piece bridge member
      having spaced connected portions, one of said portions having means for
      cooperating with the opening in one of said movable members and the other
      of said portions having means thereon for simultaneously cooperating with
      the opening in the other of said movable members, the simultaneous
      cooperation of the means on the bridge member with the respective openings
      preventing relative movement between the relatively movable members.
NUM  14.
PAR  14. The means defined in claim 13 wherein the bridge member includes a
      central elongated portion with integral flanges formed extending in
      opposite directions from the ends of the central portion.
NUM  15.
PAR  15. The means defined in claim 14 wherein the means on the bridge member
      for cooperating with the respective openings in the movable members
      include a projection on each of said flanges, said projections extending
      from corresponding sides of the flanges in spaced, substantially parallel
      relationship.
NUM  16.
PAR  16. The means defined in claim 13 wherein the bridge member is formed of
      flat metal having an elongated central portion and oppositely extending
      right angle portions formed respectively on each opposite end.
NUM  17.
PAR  17. The means defined in claim 13 wherein at least one of said openings and
      the means for cooperating therewith have portions which snap into
      engagement when the bridge member is installed.
NUM  18.
PAR  18. The means defined in claim 13 including a plurality of spaced openings
      formed in one of said relatively movable members for cooperating with the
      means on the bridge member.
NUM  19.
PAR  19. The means defined in claim 13 wherein at least one of said openings in
      the relatively movable members is provided with liner means.
NUM  20.
PAR  20. The means defined in claim 13 wherein said means cooperating with the
      opening in at least one of the relatively movable members has an endwardly
      projecting pointed portion.
NUM  21.
PAR  21. Means to prevent relative movement between two members each having
      adjacent parallel surfaces and side edges, one of which members is movable
      relative to the other in a direction substantially parallel to said
      parallel surfaces, an opening formed in one of the parallel surfaces of
      one of said members, the improvement comprising a one-piece locking member
      having a first portion cooperatively engageable with the opening in said
      one member and a second portion simultaneously engageable with the side
      edge of the other member.
NUM  22.
PAR  22. Means for preventing relative movement between members mounted for
      relative sliding movement, each of said members having a surface with an
      opening formed therein, said means comprising a locking member having
      spaced means thereon for simultaneously cooperating with the openings
      formed in the relatively movable members whereby the members are locked in
      selected relative positions, and means for attaching the locking member to
      one of said relatively movable members, said means for attaching the
      locking member including spring biased means.
NUM  23.
PAR  23. Means to prevent relative movement between members comprising a pair of
      members having adjacent surfaces at least one of which is movable relative
      to the other while maintaining the adjacent surfaces in parallel
      relationship, an opening in each of said movable members, said openings
      being substantially parallel to each other, means including a bridge
      member having spaced connected portions, one of said portions having means
      for cooperating with the opening in one of said movable members and the
      other of said portions having means thereon for simultaneously cooperating
      with the opening in the other of said movable members, the simultaneous
      cooperation of the means on the bridge member with the respective openings
      preventing relative movement between the movable members, a second opening
      formed in one of said relatively movable members adjacent to the bridge
      member, said second opening being angularly related to the aforesaid
      openings, and means including spring means movable into cooperative
      engagement with said second opening when the bridge member is installed.
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ABST
PAL  Wire line core barrel apparatus that includes a wire line core barrel inner
      tube assembly movable through a drill stem to be seated in a latched core
      taking position adjacent the drill stem core bit, and a main overshot
      assembly that is coupled to a lowering overshot assembly for lowering the
      inner tube assembly and alternately coupled to a retracting overshot
      assembly for withdrawing the inner tube assembly. The inner tube assembly
      includes a generally annular overshot coupling member secured to a latch
      release tube that is mounted on a latch body to retract a pair of latches
      when said tube is moved axially outwardly relative the latch body, and an
      overshot coupling rod secured to the latch body and extended through the
      coupling member. The lowering overshot assembly has a lock coupling for
      releasably couplingly engaging the coupling rod that upon pulling on the
      lowering assembly with more than a given force will release coupling
      engagement of the lowering with the coupling rod. The retracting overshot
      assembly has a collet that will couplingly engage the coupling member upon
      lowering the retracting overshot assembly, and that upon withdrawing the
      retracting overshot assembly moves the latch release tube to first move
      the latches to a retracted position and then retract the inner tube
      assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A wire line core barrel inner tube assembly having overshot coupling
      mechanism.
PAR  In dry hole coring operations wherein the drilling direction is
      predominately downwardly, it is frequently necessary to use an overshot
      assembly for lowering a wire line core barrel inner tube assembly to
      prevent damage to the inner tube assembly that would result from allowing
      it to free fall to the bit end of the drill stem. In using conventional
      overshot assemblies in conjunction with an overshot latch release tube for
      decoupling the overshot assembly from the inner tube assembly when the
      inner tube assembly is adjacent the bit end of the drill stem, if the
      inner tube assembly should suddenly "hang-up" in the drill stem while
      being lowered, due to inertia of the overshot assembly, the latch release
      tube, at times, will prematurely move relative the overshot assembly to
      operate the overshot assembly lifting dogs (or similar members) from a
      coupling attachment with the inner tube assembly. As a result the inner
      tube assembly will be prematurely released and the inner tube assembly can
      drop to the bottom of the drill string in a free fall condition causing a
      potentially dangerous or damaging situation.
PAR  In U.S. Pat. No. 1,427,268 to Dodd there is disclosed a latch release
      member slidably extended through a head, for moving overshot jaws to a
      release position, the release member having an overshot coupling head.
      When using an overshot assembly for lowering the core barrel inner tube
      assembly of Dodd's, at times the overshot jaws will not move downwardly
      relative the release head sufficiently to move the jaws to an inner tube
      assembly release position, and as a result the core barrel inner tube
      assembly may have to be partially withdrawn and lowered a number of times
      before the inner tube assembly is released. Also there is no assurance
      that upper latches are properly seated when the inner tube assembly of
      Dodd's is released and the overshot assembly withdrawn.
PAR  In U.S. Pat. No. 3,004,614 to Janson et al., there is disclosed an overshot
      assembly having a locking coupling that includes detent balls for
      couplingly engaging the spear point head of a core barrel inner tube
      assembly. However, the latches for retaining the inner tube assembly in a
      core taking position are mounted in the drill stem. As a result the drill
      stem has to be withdrawn when ever the latches have to be replaced, this
      being undesirable.
PAR  In U.S. Pat. No. 3,225,845 to Koontz et al., there is disclosed an overshot
      assembly having a locking coupling that includes detent pins for
      couplingly engaging the spear point head of a core barrel inner tube
      assembly, the spear point head forming an integral part of the device for
      releasably locking the inner tube assembly balls in a latch seat engaging
      position. In the event this system is used in a drill stem of an inner
      diameter large enough for the inner tube assembly balls to move outwardly
      to a latch seat engaging position prior to these balls being radially
      opposite the drill stem latch seat, the inner tube assembly can be
      prematurely released.
PAR  In order to avoid problems such as the above, as well as others, this
      invention has been made.
PAC  SUMMARY OF THE INVENTION
PAR  A wire line core barrel inner tube assembly having a latch body mounting a
      latch for movement between a drill stem latch seat engaging position and a
      retracted position, a latch release member mounted on the latch body for
      limited movement between a first position permitting the latch moving to a
      latch seated position and a second position releasing the latch from the
      latch seated position, a first overshot coupling member secured to the
      latch body and adapted to be coupled to a first overshot assembly for
      lowering the inner tube assembly and a second overshot coupling member
      secured to the latch release member and adapted to be coupled to a second
      overshot assembly for withdrawing the inner tube assembly through the
      drill stem.
PAR  One of the objects of this invention is to provide new and novel overshot
      coupling members on a core barrel inner tube assembly to facilitate
      raising and lowering a core barrel inner tube assembly, and particularly
      to prevent the premature release from an overshot assembly during the
      lowering operations. In furtherance of the above object, it is another
      object of this invention to provide new and novel overshot mechanism for
      raising and lowering wire line core barrel inner tube assemblies.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 when arranged one above the other, with the center line
      aligned with FIG. 1 at the top and FIG. 2 at the bottom, form a composite
      longitudinal section through the core barrel inner tube assembly and the
      drill stem, said assembly being shown in a latched core receiving
      position. The meeting line between FIG. 1 (top) and FIG. 2 (bottom) is the
      line A--A;
PAR  FIG. 3 is a longitudinal sectional view through the upper portion of the
      core barrel inner tube assembly of FIG. 1 and the lowering overshot
      assembly that shows said assemblies coupled together;
PAR  FIG. 4 is an enlarged fragmentary longitudinal sectional view through the
      overshot lock mechanism of FIG. 3 in a locked coupling position relative
      the coupling member that is attached to the latch body;
PAR  FIG. 5 is a longitudinal view of the upper portion of the core barrel inner
      tube assembly of FIG. 1, other than the inner tube assembly is shown in a
      retracting position, and the lifting overshot assembly, parts of said
      assemblies being shown in cross section, and said assemblies being shown
      in a coupled condition;
PAR  FIG. 6 is a transverse view generally taken along the line and in the
      direction of the arrows 6--6 of FIG. 5; and
PAR  FIG. 7 is view of the main overshot assembly couplingly engaged with the
      lowering overshot assembly which in turn is couplingly engaged with the
      coupling member attached to the latch body during a lowering operation,
      parts of said view being shown in longitudinal cross section and various
      axially intermediate parts being broken away.
DETD
PAR  Referring now in particularly to FIGS. 1 and 2, there is illustrated a
      hollow drill stem 10 which is made up of sections of pipe coupled together
      and having an annular drill bit 11 mounted on the inner end thereof. The
      portion of the drill stem attached to or extending below pipe section 10A
      is commonly referred to as core barrel outer tube assembly, generally
      designated 12, which is provided for receiving and retaining a core barrel
      inner tube assembly, generally designated 15. Details of construction of
      the core barrel outer tube assembly 12 that may be used with this
      invention are more fully set forth in U.S. Pat. No. 3,461,981. The
      assembly 12 is composed of a core barrel outer tube 18, a reaming shell
      19, preferably connected to lower end of tube 18, and an annular core bit
      11 for drilling into the earth formation from which the core sample is to
      be taken, said core bit being threadly connected to the lower end of
      reaming shell. The outer or upper end of assembly 12 includes a lock
      coupling 20 which connects one end of the assembly 12 to the adjacent pipe
      section 10A of the drill stem. The opposite end of coupling 20 is
      connected to an adaptor coupling 21. The lower end of the lock coupling in
      conjunction with the annular recess 21A of the adaptor coupling forms a
      latch seat inside the surface of the adaptor coupling against which the
      latches (detents) 16, 17 of the core barrel inner tube assembly are seated
      for removably retaining the assembly 15 adjacent to the core bit. Also,
      the lower end portion of the lock coupling has a projection flange 20A
      that extends as a partial cylindrical surface to bear against a latch in a
      latch seating condition to rotate adjacent parts of core barrel inner tube
      assembly with the drill stem.
PAR  Threadedly connected to the lower end of the adaptor coupling is the upper
      end of the core barrel outer tube 18 which has an annular recess 18A to
      receivingly mount a landing ring 23 in abutting engagement with the
      adaptor coupling. The inner diameter of the landing ring is sufficiently
      smaller than the inner diameter of the remaining portion of the drill stem
      that is axially above the core bit to form a suspension shoulder in the
      core barrel outer tube.
PAR  The reaming shell and core bit cooperatively provide an annular recess (not
      shown) for seating a stablizer ring (not shown) in a position to aid in
      retaining the core barrel inner tube assembly 15 in a centralized
      condition relative the lower end of the core barrel outer tube assembly.
      The stablizer ring has circumferentially spaced teeth to provide a fluid
      bypass space between the ring and the core barrel inner tube assembly; the
      structure of the ring being more fully detailed in U.S. Pat. No.
      3,461,981.
PAR  The core barrel inner tube assembly 15 includes a latch body 26 having a
      pair of latches 16, 17 and a latch insert block 25 mounted in an axially
      elongated latch body slot 26C, a latch release tube 27 for retracting said
      latches, an inner tube cap 29 threaded onto the upper end of a core barrel
      receiving (inner) tube 28, and a spindle 30 for connecting the cap to the
      lower end of the latch body for limited slidable movement. A bearing 32 is
      mounted on the spindle to abut against the inner end of a bearing housing
      33 which is also slidably mounted on the spindle and is threadedly
      connected to cap 29; a coil spring 34 having one end abutting against said
      bearing 32 and an opposite end abutting against a spring retaining washer
      31 that in turn abuts against a nut 35 threaded on the spindle whereby the
      bearing housing is rotatable and movable axially a limited amount relative
      the spindle. Metal washers 37 and shut off valve washers 38 together with
      lock nuts 39 are provided on the spindle and function in the manner
      described in U.S. Pat. No. 3,461,981.
PAR  The latch body has a reduced diameter lower end portion of a smaller
      diameter than the inner diameter of ring 23 and adjacent thereto an
      enlarged diametric portion that in conjunction with the reduce diameter
      portion provides an annular landing shoulder 26A. When shoulder 26A is
      seated on the landing ring 23, the core receiving tube is retained out of
      abutting engagement with the core barrel outer tube assembly and at the
      same time the fluid bypass channel 42 permits fluid to flow from the
      annular space between the core barrel inner tube assembly and the core
      barrel outer tube assembly that is above ring 23 to the annular clearance
      space axially below ring 23. That is, when the core barrel inner tube
      assembly is in a latch seated core taking position. the fluid bypass
      channel 42 has inlet ports 42A opening to the fluid clearance space
      between the inner tube assembly and the outer tube assembly axially above
      ring 23, and outlet ports 42B that open to the fluid clearance space below
      ring 23.
PAR  A through pin 51 mounts the insert block in the latch body slot while a
      through pin 48 mounts the latches 17, 16 for pivotal movement between
      retracted and latched seated positions. The latch release tube 27 is
      mounted on the upper reduced diameter portion of latch body for limited
      axially slidable movement relative thereto between a position abutting
      against latch body shoulder 55 to permit the latches moving to a latch
      seated position, and a latch retracted position axially thereabove. Tube
      27 has diametrically opposed slots 56 through which the outer transvered
      corner portions of the latches may extend to latchingly engage latch seat
      21A, a torsion spring 57 being provided for resiliently urging the latches
      to pivot about through pin 48 to positions to latchingly engage the latch
      seat. An axially elongated slot 58 is formed in the latch body on either
      side of slot 26C to extend transversely thereto. A through pin 60 is
      extended through the slots 26C, 58 and has its opposite ends mountingly
      retained within opposed apertures in the latch release tube to move
      therewith. The slots 58 extend axially inwardly sufficiently such that
      when the pin 60 abuts against the inner edges thereof, the pin is located
      transversely intermediate the latches, and the latch release tube abuts
      against the latch body shoulder 55; and the pin in an axially outer
      position, the latch release tube is moved sufficiently relative the latch
      body to retract the latches. Thus, pin 60 allows limited movement of the
      latch release tube relative the latch body.
PAR  An annular overshot withdrawing plug (coupling member) 64 has a lower
      (axially inner) end portion extended into the latch release tube and
      secured to said tube by pins 65 to prevent movement of the plug relative
      the tube. A substantial distance axially above the release tube, plug 64
      has an outer (upper) end portion 64A. Portion 64A has a frusto conical
      outer surface, the major base end of portion 64A being joined to
      intermediate diameter portion 64B to provide a downwardly spacing, annular
      shoulder 66. An overshot engagable, lowering coupling rod 67 is slidably
      extended through the central aperture 68 of the plug 64 and has a lower
      end threaded into the upper end portion 26B of the overshot body. Rod 67
      is of an axial length to have the upper end portion thereof extend a
      substantial distance above the upper end portion of plug 64, even when the
      latch release tube is in its fully retracted position relative the latch
      body.
PAR  A short distance axially inwardly of the top of the coupling rod, it is
      provided with a detent receiving circumferential groove 69 that is located
      a substantial distance axially outwardly of the top of the plug outer
      portion 64A, even when the latch release tube is in its maximum retracted
      position relative the latch body. Groove 69 is in part formed by axially
      opposite upper and lower annular shoulders 69A and 69B respectively that
      are tapered radially inwardly in axial directions toward one another.
PAR  For retracting the core barrel inner tube assembly through the drill stem,
      there is provided a lifting (retracting) overshot assembly, generally
      designated 75, that includes an overshot body 76 having a spindle 77
      connected thereto extended axially thereabove (see FIG. 5). The upper end
      portion of the spindle has a circumferential overshot coupling groove 77A.
      Mounted on the overshot body to extend downwardly therefrom is a gravity
      overshot lifting collet, generally designated B, that advantageously has
      three spring fingers 79. Each of these fingers includes an axially
      elongated stem portion 79A extending below the overshot body, and an
      enlarged lower end jaw portion 79B that at its junction to the stem
      portion 79A extends a substantial distance further radially inwardly than
      the adjacent part of the stem portion to provide a lifting shoulder 80.
      Each of the portions 79B has a radially inner, downwardly and radially
      outwardly inclined surface 79C, said surface in a transverse plane being
      circumferentially curved. Surfaces 79C facilitate the spreading of the
      fingers as the fingers are moved outwardly over the top part of head
      portion 64A, the lower end portions of the fingers being resiliently
      retained in a datum position to have surfaces 79C at their upper
      circumferential edges approximately located on a circle of a radius of
      curvature slightly greater than the radius of the minor base of the frusto
      conical surface of portion 64A and substantially smaller than the radius
      of the major base of said frusto conical surface. Further, the radius of
      curvature of the last mentioned circle is substantially the same or only
      slightly greater than the radius of the outer surface of stem portion 64B.
      The lower, circumferential edges 79E of surfaces 79C, in the datum
      position of the fingers, are approximately located on a circle of a radius
      slightly greater than the radius of the major base of the frusto conical
      surface of portion 64A. As a result of the taper of the surfaces 79C and
      the taper of the frusto conical surface of portion 64A, as the overshot
      assembly 75 is lowered, surfaces 79C in abutting against the head portion
      64A force the jaws 79B to spread sufficiently to permit jaws 79B moving
      downwardly along overhead portion 64A and then the jaws resiliently move
      radially toward one another after the top edges of the jaw surfaces move
      below portion 64A. Now, upon retracting the overshot assembly 75, the
      shoulders 80 are moved into abutting engagement with the annular shoulder
      at the juncture of portions 64A, 64B, and upon further retracting
      movement, move plug 64 axially upwardly with overshot assembly 75.
PAR  In connection with above, it is to be noted that in the datum position of
      the fingers the adjacent parts of jaws 79B are spaced sufficiently to
      permit rod 67 moving axially therebetween. Further, the stem portions 79A
      are of sufficient axially lengths that shoulders 80 may be axially lower
      than the major base of head portion 64A when the latch release tube is in
      its retracted position and still the lower surface of the overshot body 76
      is vertically above the top of the coupling rod 67.
PAR  Referring in particular to FIG. 3, the lowering overshot assembly,
      generally designated 85, includes an overshot tube 88. The lower end of
      tube 88 is threadingly connected to an annular overshot fitting 89 in a
      manner to provide an annular recess in which an annular member 90 is
      mounted. An axially elongated spindle 91 has a nonthreaded intermediate
      portion axially slidably extended through the annular member 90 and an
      upper threaded end on which there are threaded nuts 92 with a washer 93
      being resiliently retained in abutting relationship to lower nut 92 by a
      spring 94 surrounding the spindle. The lower end of the spring abuts
      against the mounting member 90, a lock mount 95 being secured to the lower
      end of spindle to be abuttable with the undersurface of the annular member
      for limiting the upward movement of the spindle and mount 95 relative the
      fitting 89, and being located within the fitting.
PAR  The overshot assembly 85 includes lock mechanism, generally designated C
      (see FIGS. 3 and 4), that includes an annular detent mounting member,
      generally designated 105. The detent mounting member 105 has a central
      bore 106 extending axially therethrough that includes an upper, internally
      threaded bore portion 106A forming a matching fit with the lower threaded
      end of the mount 95. It is to be understood mount 95 and the detent
      mounting member can be a single member. Below bore portion 106A there is
      cylindrical, reduced diameter bore portion 106B that in turn opens to the
      frusto conical, downwardly diverging bore shoulder portion 106C. The major
      base of shoulder 106C opens to the cylindrical bore portion 106D which in
      turn opens to the minor base end of the frusto conical shoulder 106E. The
      major base end of the shoulder 106E opens to the cylindrical lower bore
      portion 106F. Further, the detent mounting member has a lower, radially
      outer cylindrical surface portion 107, the upper end of which is joined to
      the radially outer cylindrical surface portion 108 to provide an upwardly
      facing annular shoulder 109. The upper end of surface portion 108 is
      joined to the major base end of the frusto conical, radially outer surface
      portion 110, the minor base end being joined to the lower end of the
      cylindrical surface portion 111. The detent mounting member is provided
      with a plurality of circumferentially spaced detent mounting bores 112
      that have central axes inclined axially downwardly in a radial inward
      direction. Bores 112 open through shoulders 106E and 110. Mounted in the
      bores are detent pins 113 that are of axial lengths greater than the axial
      length of the bores 112.
PAR  The lock mechanism also includes a release sleeve, generally designated
      117, that has an axially elongated annular flange 118 axially slidably
      extended into bore portion 106F to form a close fit therewith. Further,
      the sleeve 117 includes a radially outwardly extending annular flange 120
      joined to the lower end of flange 118, the upper end of flange 118 having
      a frusto conical ramp surface 119. Flange 118 is of an axial length that
      when the ramp surface 119 abuts or substantially abuts against shoulder
      106E, flange 120 abuts against the lower end of the detent mounting member
      whereby the upward movement of the release sleeve relative the detent
      mounting member is limited. A coil spring 121 is extended into a
      downwardly opening annular groove 122 provided in the detent mounting
      member, one end of the spring bearing against the detent mounting member
      and the opposite end against the flange 120 for resiliently urging the
      release sleeve axially downwardly relative the detent mounting member.
PAR  Mounted on the detent mounting member for limited axial movement relative
      thereto is a locking collar, generally designated 125, the collar having a
      radially inwardly extending flange 126 that extends into an annular groove
      in the annular flange 123 to prevent axial movement of the locking collar
      relative to the sleeve. Flange 123 is integrally joined to the radially
      outer edge of flange 120. The locking collar has a cylindrical lower bore
      portion 127 that opens to the flange 123 and that is of a substantially
      longer axial length than surface portion 107. The lower end of the
      intermediate bore portion 128 at its juncture with bore portion 127
      provides a shoulder 133 that is seatable against shoulder 109 for limiting
      the downward movement of the collar relative the detent mounting member.
      Just above bore portion 128, the detent mounting member has an enlarged
      diametric bore portion to provide an annular groove 132 that has an axial
      intermediate portion of a substantial axial length and of a diameter
      substantially greater than the diameter of the surface portion 108. Groove
      132 in part is formed by upper and lower frusto conical surfaces 131 and
      130 that respectively converge in a radially outward direction toward the
      intermediate part of the groove. The lower annular edge of surface 130
      terminates at the upper edge of cylindrical surface 128 which forms a
      close sliding fit with surface portion 108. The radially inward, upward
      part of surface 131 is abutable against shoulder 110 to substantially form
      a matching fit therewith, the upper edge of surface portion 131 being
      joined to the lower end of cylindrical bore portion 134 that is of a
      diameter to form a close sliding fit with surface portion 111.
PAR  As may be noted in FIG. 4, when the frusto conical surface 131 abuts
      against surface portion 110, it also abuts against the detent pins 118
      whereby the detent pins are in part retained in abutting relationship with
      ramp surface 119 and in part extend radially inwardly of the inner
      peripheral wall of the flange 118 to be extendable into groove 69 to
      prevent coupling member 67 being withdrawn from the lock mechanism until
      the locking collar is moved axially upwardly relative the detent mounting
      member. When the lock collar is moved axially upwardly to its upper limit
      position relative the detent mounting member, the ramp surface 119 forces
      the detent pins axially upwardly and radially outwardly relative the
      detent mounting member to positions that the detent pins are located more
      remote from the central axis of the lock mechanism than the inner
      peripheral wall of flange 118. As the ramp surface 119 is moved upwardly,
      the detent pins bear against progressively lower parts of surface 131 that
      are more further radially remote from the central axis whereupon in the
      upper limit position of the sleeve, the upper ends of the detent pins
      extend into the annular groove 132. The spring 121 constantly urges the
      sleeve and collar axially downwardly relative the detent mounting member
      whereby the surface 131 forces the detent pins 113 radially inwardly and
      axially downwardly to the locking positions of FIG. 4, the detent pins
      having end portions abutting against the ramp 119 for retaining the detent
      pins in the detent bores in the lower position of the release sleeve.
PAR  Referring to FIG. 3, secured to the upper end of the tubular member 88 is a
      plug 137 which in turn mounts a coupling member 138 to extend axially
      outwardly thereof. The upper end portion of coupling member 138 is
      provided with a detent pin receiving circumferential groove 139 that is of
      a size and shape for receiving detent pins 113 in a locking position such
      as described with reference to the coupling member 67 and detent pins of
      FIG. 4.
PAR  Referring to FIG. 7, the main overshot assembly, designated 145, includes
      an overshot tube 146 that at its lower end is threadly connected to an
      overshot fitting 189 for mounting a mount 190 in the same manner as
      described with reference fitting 89 and mount 90 of the lowering overshot
      assembly. The assembly 145 also includes a nut 192, a coil spring 194, a
      spindle 191, a mount 195, and lock mechanism C that are of the same
      construction and mounted in the same manner as that described with
      reference to the corresponding members of assembly 85; except that the
      spring 194 has substantially stronger spring characteristics than the
      spring 94. The upper end of the tube 146 has a lower jaw element 149
      pinned thereto by a pin 151, the pin 151 extending through the lower end
      of the jaw shaft 150 to mount it in a fixed position relative the jaw
      element 149. The shaft 150 is slidably extended through the upper jaw
      element 152 and has a nut 153 threaded thereon for limiting the upward
      movement of the jaw element 152 relative the shaft 150. The jaw element
      152 is welded or threadly connected to the lower end of the jaw element
      tube 154. The shaft 150 is of a substantial axial length to permit the jaw
      elements 152, 149 being moved apart in a conventional manner and element
      152 being dropped to abut against element 149 for applying a hammering
      force thereto in a conventional manner. The upper end of the jaw tube 154
      mounts a swivel collar 155 which in turn mounts an eye bolt 156. A
      wireline cable 157 is attached to the eye bolt.
PAR  In using the apparatus of this invention the coupling member 138 of the
      assembly 85 is pushed into the bore of the annular flange 118 so that the
      shoulder 158 contacts the detent pins 113 to move the detent pins axially
      and radially outwardly relative the detent mounting member, and thereby
      permit the cylindrical diametric portion 159 of the coupling member 138
      moving axially above the pins. That is, due to the angle of tapered
      surface 158, the angles of the radially inner ends of the detent pins, and
      the angle of the outer ends of the pins together with the angle of taper
      of surface 131, as surface 158 abuts against the inner end of pins 113,
      the pins are moved radially and axially outwardly. This movement of the
      pins in turn forces the locking collar 125 and thereby the release sleeve
      117 to move axially upwardly relative the detent mounting member. When
      members 117, 125 have been moved sufficiently upwardly relative the detent
      mounting member, the pins 113 then slide along surface 159, and upon being
      radially adjacent surface 69A, the coil spring 121 forces the release
      sleeve and locking collar downwardly relative the detent member and
      coupling member 138 so that the detent pins extend into groove 69. Now,
      the resilient downward force exerted by spring 121 on the release sleeve
      117 relative to the detent mounting member, and abutting shoulders 109,
      133 and 110, 131 prevent the locking collar and release sleeve moving
      downwardly relative the detent mounting member sufficiently so that the
      coupling member 138 is released.
PAR  With the overshot assemblies 85 and 145 coupled together in the above
      manner, coupling member 67 is pushed into the locking mechanism C of the
      overshot assembly 85 for coupling the core barrel inner tube assembly to
      the lowering overshot assembly in the same way that the overshot assembly
      85 is coupled to the main overshot assembly 145. Thereafter the core
      barrel inner tube assembly, with the latches in their retracted position,
      and assemblies 85, 145 are lowered through the drill stem to positions
      that the latches are radially adjacent the latch seat. At this time, the
      torsion spring 57 forces the latches to a latch seated position. After the
      latches are seated, a retracting force is exerted on cable 157. Since the
      force required to be exerted on assembly 145 for moving spindle 191
      thereof against the resilient action of spring 194 to a position that the
      coupling C of assembly 145 abuts against the upward facing shoulder 189A
      of the overshot fitting 189 is much greater than that required for moving
      the spindle 91 downwardly against the action of spring 94 of assembly 85,
      the retracting force moves assemblies 145, 85 upwardly except for spindle
      91 and the coupling C thereon. However, since the core barrel inner tube
      assembly is latched in position, the coupling element 67 cannot move
      upwardly therewith. As a result mount 90 moves upwardly relative to
      spindle 91 whereupon the shoulder 89A is moved into abutting relationship
      with flange 120 of the lock mechanism of assembly 85. The shoulder 89A now
      moves the release sleeve and locking collar upwardly relative the detent
      mounting member to a position that ramp surface 119 cams the detent pins
      113 out of the groove 69 of the coupling member 67. Once the detent pins
      have cleared the groove, spring 94 moves the spindle 91 upwardly relative
      the mounting element 90 whereby the detent pins slide along the surface
      159 to release the coupling engagement between the lock mechanism C of the
      assembly 85 and coupling member 67. Now the overshot assemblies 85 and 145
      are retracted, the core barrel inner tube assembly being left in a latch
      seated position in the lower end of the drill stem.
PAR  For retracting the core barrel inner tube assembly, first the overshot
      assembly 85 is disattached from the assembly 145, for example, by exerting
      a pulling force on the coupling member 138 to move the spindle 91
      downwardly sufficiently that the locking collar of assembly 85 is moved to
      the release position relative the detent mounting member; or alternately,
      by inserting a tool or fingers through the fitting slot 189B to move the
      locking collar upwardly relative the detent mounting member to an
      unlocking position. Thereafter, the coupling member 77 of the retracting
      overshot assemblies 75 is pushed into the lock mechanism C of assembly 145
      to a position that the detent pins 113 extend into the groove 77A. Now the
      coupled assemblies 75, 145 are lowered in the drill stem, the surfaces 79C
      of the overshot jaws 79B abutting against the outer surface of frusto
      conical portion 64A spreading the jaws apart sufficiently that the jaws
      will move axially inwardly to a position that the shoulders 80 underlie
      the annular major base shoulder 66 of head 64A. Now a retracting force is
      applied through cable 157 to assembly 145 which in turn retracts assembly
      75. Initial retraction of assembly 75 operates through the coupling member
      64 to retract the latch release tube and thereby move the latches of the
      latching engagement with latch seat of the drill stem. Further retraction
      of the latch release tube moves the pin 60 to the upper ends of the latch
      body slots 58, and thereupon the entire core barrel inner tube assembly is
      retracted.
PAR  It is to be mentioned that the coupling C can be of modified construction
      wherein detent balls are used in place of detent pins, and further
      modified, provided that it is of a construction that after a sufficiently
      large force is exerted on the coupling, the coupling collar will move
      downwardly to abut against shoulder 89A (or 189A) for operating the
      coupling to the coupling member release position in a manner corresponding
      to that described herein.
PAR  As an example of the invention but not otherwise as a limitation thereon,
      the spring 94 has spring characteristics such that, for example, three to
      four hundred pounds pulling force is required to be exerted on the
      assembly 85 in a direction away from coupling member 67 to disengage the
      coupling attachment between the coupling C thereof and coupling member 67
      while the spring 194 has spring characteristics such that about a thousand
      pound pulling force is required to be exerted on the assembly 145 for
      disconnecting the coupling attachment between the coupling C thereof and
      the coupling member 138 or coupling member 77. That is, the
      characteristics of springs 94 and 194 are such that a much greater force
      is required to separate assembly 145 from either assembly 85 or assembly
      75 than to separate assembly 85 from the core barrel inner tube assembly
      by pulling the assemblies apart. As a result, the coupled assemblies 85,
      145 will not be accidentally decoupled, but on the other hand will permit
      the assemblies being decoupled prior to a sufficient force being exerted
      on the cable 157 to break the cable.
PAR  To be noted is that in lowering the core barrel inner tube assembly with
      assembly 85, in the event the inner tube assembly suddenly stops and the
      overshot assembly tends to move downwardly relative the inner tube
      assembly, shoulder 158 will abut against shoulder 106C to prevent the
      coupling C abutting against shoulder 89A. As a result, coupling C cannot
      be accidently operated to prematurely release the inner tube assembly due
      to a sudden stop or "hang-up" of the inner tube assembly in the drill
      stem.
PAR  With the apparatus in this invention, when the core barrel inner tube
      assembly is in the drill stem, it is to be retained in the latch seated
      position while a relatively high pulling force is applied through the
      wireline cable in order to separate the coupling attachment between the
      core barrel inner tube assembly and the assembly 85. As a result, during a
      lowering operation, the core barrel inner tube assembly cannot
      accidentally be prematurely released from the overshot assembly in the
      event that for some reason, the latches were not seated in a latch seated
      condition. Further retracting the combination overshot assembly 85, 145
      will retract the core barrel inner tube assembly if the latches are not
      properly seated.
PAR  Additionally, due to the provision of assembly 145, a hammering force can
      be applied to the respective assembly 75, 85, if needed. However, it is to
      be understood by using eye bolts and wire cables attached thereto in place
      of coupling members 77 and 138, overshot assemblies 75 and 85 may be used
      be raising and lowering core barrel inner tube assemblies without using
      assembly 145.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A wire line core barrel inner tube assembly comprising tubular means for
      receivingly retaining a core therein, a latch body, means for connecting
      the core receiving means to the latch body, a latch mounted on the latch
      body for limited movement relative thereto between a drill stem latch seat
      engaging position and a retracted position, latch release means mounted on
      the latch body for limited movement relative thereto for releasing the
      latch from the drill stem latch seat engaging position, and a first
      overshot coupling member fixedly secured to the latch body.
NUM  2.
PAR  2. The apparatus of claim 1 further characterized in that there is provided
      a second overshot coupling member that is fixedly secured to the latch
      release means.
NUM  3.
PAR  3. The apparatus of claim 2 further characterized in that said release
      means comprises a latch release tube having the latch body extended
      thereinto, that said second coupling member is annular and has one end
      portion secured to the latch release tube remote from the latch body and
      an opposite end portion more remote from the latch body than said one end
      portion, said first coupling member being slidably extended into the
      annular coupling member.
NUM  4.
PAR  4. The apparatus of claim 3 further characterized in that each of the latch
      release tube and latch body are axially elongated, that the latch release
      tube is mounted on the latch body for limited axial movement relative
      thereto, that said second overshot coupling member is secured to the latch
      release tube to extend axially outwardly thereof in a direction away from
      the latch body and that the first overshot coupling member is axially
      elongated and of an axial length to extend through the annular coupling
      member to a location substantially axially more remote from the latch
      release tube than the annular coupling member in both of the latch release
      means limited positions.
NUM  5.
PAR  5. The apparatus of claim 4 further characterized in that said annular
      member opposite end portion has a frusto conical outer surface having a
      major base and a minor base axially more remote from the latch release
      tube than the major base, and that said annular member has an axially
      elongated intermediate portion axially between said annular member end
      portions that is of a smaller outer diameter than the major base and is
      joined to said annular member opposite end portion to form an annular
      shoulder facing toward said one end portion.
NUM  6.
PAR  6. The apparatus of claim 4 further characterized in that said first
      coupling member has an outer end portion that has a circumferential
      overshot assembly detent receiving groove.
NUM  7.
PAR  7. The apparatus of claim 6 further characterized in that said second
      coupling member opposite end portion has a frusto conical surface having a
      minor base and a major base substantially more closely adjacent the latch
      release tube than the minor base, and that the second coupling member has
      an axially extending intermediate portion having an outer diameter
      substantially smaller than the corresponding dimension of the major base
      and is joined to the second member opposite end portion to form a shoulder
      facing toward the second coupling member one end portion.
NUM  8.
PAR  8. The apparatus of claim 7 further characterized in that there is provided
      an overshot assembly having an overshot body and plurality of axially
      elongated, circumferentially spaced spring fingers, each of the spring
      fingers having one end portions joined to the overshot body and opposite
      jaw end portions substantially axially spaced therefrom, for couplingly
      engaging said second coupling member, said jaws being resiliently retained
      in a radially spaced datum position and having shoulders for abuttingly
      engaging the coupling member shoulder to transmit a lifting force thereto.
NUM  9.
PAR  9. The apparatus of claim 8 further characterized in that said jaw end
      portions have radially inner, axially downwardly and radially outwardly
      tapered surfaces that in a transverse plane through the radially most
      closely adjacent parts of the jaw end portions are generally
      circumferentially curved about a circle having a radius of curvature in a
      finger datum position greater than one half the maximum transverse
      dimension of part of the first coupling member that extends more remote
      from the latch release tube than the second coupling member, said radius
      of curvature being substantially smaller than the radius of the major
      base.
NUM  10.
PAR  10. The apparatus of claim 1 further characterized in that the latch
      release means comprises an axially elongated latch release tube that is
      mounted on the latch body for limited axial movement relative thereto
      between a latch retracting position and a position permitting the latch
      moving to the latch seat engaging position, said latch body extending into
      the latch release tube, said tube having a latch slot for the latch to
      extend through in the latch drill stem latch seat engaging position, that
      the latch is pivotally mounted on the latch body for movement between the
      latch positions, and that there is provided a second overshot coupling
      member that is annular and has one end portion fixedly secured to the
      latch release tube axially outwardly of the pivotal connection of the
      latch to the latch body and an opposite end portion axially outwardly of
      said one end portion, said first coupling member being slidably extended
      through the second coupling member, axially elongated, and of an axial
      length to extend to a location substantially more remote from the latch
      release tube than the second coupling member opposite end portion in both
      the latch release tube positions.
NUM  11.
PAR  11. Wire line core barrel apparatus operable through a drill stem,
      comprising a wire line core barrel inner tube assembly having an axially
      outer overshot coupling member, said coupling member comprising an axially
      extending rod that includes a portion having a circumferential detent
      receiving groove, and an overshot assembly for couplingly engaging the
      said rod, said overshot assembly having an annular detent mounting member
      for receiving said rod portion therein, a detent mounted by the detent
      mounting member for a movement between a first position extendable into
      said groove and a rod portion release second position, ramp means mounted
      on the detent mounting member for limited axial movement between a first
      position retaining the detent in the detent first position and a second
      position axially outwardly of the ramp means first position to permit the
      detent moving to its second position, resilient means acting against the
      ramp means for resiliently retaining the ramp means in the ramp means
      first position relative the detent mounting member, an axially elongated
      tubular overshot member having an axially inner end portion into which the
      rod portion is extendable, and means for mounting the detent mouting
      member in the tubular member in a position that the rod end portion is
      movable into the detent mounting member to abut against the detent when
      the ramp means is in the ramp means first position, and through the
      detent, force the ramp means to its second position whereby the rod
      portion is movable relative the detent and detent mounting member to a
      position that the detent is moved to extend into said groove and the ramp
      means then moves to its first position to retain the detent in the detent
      first position, and means for attaching a wire line cable to the tubular
      member, the tubular member having an axially inner end portion abuttable
      against the ramp means to limit the axially inward movement of the ramp
      means and the detent mounting member mounting means including means
      mounting the detent mounting member for axial inwardly movement relative
      the tubular member to a first position that the ramp means abuts against
      said tubular member portion with the ramp means in its second position
      relative the detent mounting member, and an axially outer position that
      the ramp means in each of its positions relative the detent mounting
      member is axially spaced from said tubular portion, and resiliently
      retaining the detent mounting member from moving to its first position
      until an axially inward force exerted thereon is substantially greater
      than the weight of the core barrel inner tube assembly.
NUM  12.
PAR  12. The apparatus of claim 11 further characterized in that the wire line
      cable attaching means includes an overshot coupling rod connected to the
      tubular member to extend axially outwardly thereof, said overshot coupling
      rod having an outer end portion that has a circumferential detent
      receiving groove, an overshot device, operable detent lock means for
      lockingly engaging said overshot rod portion, including a detent adapted
      for movement into the overshot rod portion groove, said lock means being
      operable to a rod release position, means for mounting the lock means on
      the overshot device for limited axial movement relative thereto between a
      datum position and a position axially inwardly of the last mentioned datum
      position, and resiliently retaining the lock means in the said last
      mentioned datum position, and a fitting mounted on the overshot device to
      extend axially inwardly thereof for operating the lock means to its
      release position as the lock means moves relative the overshot device to
      the position axially inwardly of said last mentioned datum position, and
      means for attaching a wire line cable to said overshot device.
NUM  13.
PAR  13. The apparatus of claim 12 further characterized in that means for
      mounting the lock means includes means, that requires a substantial
      greater force to be deformed than a force to similarly deform the means
      for resiliently retaining the detent mounting member, for resiliently
      retaining the lock means in said last mentioned datum position.
NUM  14.
PAR  14. An axially elongated core barrel inner tube assembly movable through a
      drill stem by an overshot assembly comprising tubular means for
      receivingly retaining a core sample, a latch body, means for mounting the
      core sample retaining means on the latch body axially inwardly of the
      latch body, a latch mounted on the latch body for limited movement
      relative thereto between a drill stem latch seat engaging position and a
      retracted position, means for resiliently urging the latch to the latch
      seat engaging position, an axially elongated latch release tube mounted on
      the latch body for limited movement between an axial inner position
      permitting the latch moving to the latch seat engaging position and an
      axial outer position retracting the latch, a first overshot engagable
      coupling member adapted for being couplingly engaged by an overshot
      assembly for lowering the latch body through the drill stem, and a second
      coupling member adapted for being couplingly engaged by an overshot
      assembly for moving the latch release tube from the tube first position to
      the tube second position, said second coupling member being mounted on the
      latch release tube and the first coupling member being mounted on the
      latch body.
NUM  15.
PAR  15. The apparatus of claim 14 further characterized in that said first
      coupling member is extended through the second coupling member and axially
      movable relative thereto, said first coupling member being of an axial
      length to extend axially outwardly of the second coupling member in each
      of the latch release tube positions.
NUM  16.
PAR  16. The apparatus of claim 15 further characterized in that the overshot
      assembly adapted for couplingly engaging the first coupling member
      includes an overshot body having an axially inner end portion and means
      for coupling engaging the first coupling member and retaining the coupling
      engagement therewith until more than a predetermined force is exerted
      thereto in a direction to move the overshot body axially away from the
      latch body, the last mentioned means being mounted on the overshot body
      inner end portion.
NUM  17.
PAR  17. For lowering a wire line core barrel inner tube assembly having an
      overshot coupling member through a drill stem, an overshot mechanism
      comprising an axially elongated overshot member, operable detent lock
      means for lockingly engaging said coupling member, said lock means being
      operable to a coupling member release position, means for mounting the
      lock means on the overshot member for limited axial movement relative
      thereto between a datum position and a position axially inwardly of the
      datum position, and resiliently retaining the lock means in the datum
      position, a fitting mounted on the overshot member to extend axially
      inwardly thereof for operating the lock means to its release position as
      the lock means moves relative the overshot member to the position axially
      inwardly of the datum position, and means for attaching a wire line cable
      to the overshot member axially outwardly of the fitting.
NUM  18.
PAR  18. The apparatus of claim 17 wherein said coupling member includes a
      circumferential overshot detent receiving groove, further characterized in
      that the lock means includes a detent adapted for movement into said
      groove, a detent mount mounted on the means for mounting the lock means
      for mounting the detent for movement between a coupling member release
      position and a coupling locking engagement position, and annular means
      abuttable against the fitting and movably mounted on the detent mount for
      moving the detent out of the groove as the lock means moves axially
      inwardly of the datum position, said fitting being annular and having a
      shoulder abuttable against the annular means to limit the axial inward
      movement thereof when the detent mount is moved axially inwardly.
NUM  19.
PAR  19. The apparatus of claim 17 further characterized in that the lock means
      includes a lock member, means mounting the lock member for limited
      movement between a coupling member locking position and a coupling member
      release position, the lock member mounting means being mounted on the
      means for mounting the lock means, lock operating means mounted on the
      lock member mounting means for moving the lock member between its
      positions and being movable between a first position to retain the lock
      member in the coupling member locking position and an axially outwardly
      second position to retain the lock member in the release position, and
      means for resiliently urging the lock operating means to its first
      position, said means for mounting the lock means including means for
      mounting the lock member mounting means for limited axial movement,
      resiliently retaining the lock member mounting means in a datum position
      and permitting limited axial movement thereof to a second position axially
      inwardly of the last mentioned datum position, said lock operating means
      being abuttable againt the fitting to limit the axial inward movement
      thereof as the lock member mounting means moves it to its second position
      to thereby operate the lock operating means to the lock member release
      position.
NUM  20.
PAR  20. The apparatus of claim 17 further characterized in that the fitting is
      mounted on the overshot member in a fixed axial position relative thereto.
NUM  21.
PAR  21. A wire line core barrel inner tube assembly comprising means for
      receivingly retaining a core, latch body, means for connecting the core
      receiving means to the latch body, a latch mounted on the latch body for
      limited movement relative thereto between a drill stem latch seat engaging
      position and a retracted position, latch release means mounted on the
      latch body for limited movement relative thereto for releasing the latch
      from the drill stem latch seat engaging position, said release means
      comprising an axially elongated latch release tube mounted on the latch
      body for limited axial movement relative thereto and having the latch body
      extended thereinto, an axially elongated first overshot coupling member
      fixedly secured to the latch body and having an outer end portion that has
      a circumferential overshot assembly detent receiving groove, an annular
      second overshot coupling member fixedly secured to the latch release tube
      to extend axially outwardly therefrom in a direction away from the latch
      body and having one end portion secured to the latch release tube remote
      from the latch body, an opposite end portion more remote from the latch
      body than said one end portion and having a frusto conical surface having
      a minor base and a major base substantially more closely adjacent the
      latch release tube than the minor base, and an axially extending
      intermediate portion having an outer diameter substantially smaller than
      the corresponding dimension of the major base and joined to the second
      member outer end portion to form a shoulder facing toward the second
      coupling member one end portion, said first coupling member being slidably
      extended into the annular coupling member and being of an axial length to
      extend through the annular coupling member to a location substantially
      axially more remote from the latch release tube than the annular coupling
      member in both of the latch release means limited positions, and an
      overshot assembly having overshot body and a plurality of axially
      elongated, circumferentially spaced spring fingers, each of the spring
      fingers having one end portions joined to the overshot body and opposite
      jaw end portions substantially axially spaced therefrom, for couplingly
      engaging said second coupling member, said jaws being resiliently retained
      in a radially spaced datum position and having shoulders for abuttingly
      engaging the coupling member shoulder to transmit a lifting force thereto,
      an overshot coupling rod attached to the overshot body to extend axially
      outwardly thereof and having circumferential detent receiving groove
      axially outwardly of the overshot body, and means for attaching a wire
      line cable to the overshot assembly, the last mentioned means including an
      overshot device having an axially inner end portion and means for coupling
      engaging the overshot coupling rod and retaining the coupling engagement
      therewith until more than a determined force is exerted in a direction to
      move the overshot device axially away from the overshot coupling rod, the
      last mentioned means being mounted on the overshot body inner end portion
      and including operable detent lock means for lockingly engaging said
      overshot rod, said lock means being operable to a rod release position,
      means for mounting the lock means on the overshot device for limited axial
      movement relative thereto between a datum position and a position axially
      inwardly of the datum position, and resiliently retaining the lock means
      in the datum position, and a fitting mounted on the overshot device to
      extend axially inwardly thereof for operating the lock means to its
      release position as the lock means moves relative the overshot device to a
      position axially inwardly of the datum position, and means for attaching a
      wire cable to the overshot device axially remote from the lock means.
NUM  22.
PAR  22. A wire line core barrel inner tube assembly comprising means for
      receivingly retaining a core, an axially elongated latch body, means for
      connecting the core receiving means to the latch body, a latch mounted on
      the latch body for limited movement relative thereto between a drill stem
      latch seat engaging position and a retracted position, latch release means
      mounted on the latch body for limited movement relative thereto for
      releasing the latch from the drill stem latch seat engaging position, said
      release means comprising an axially elongated latch release tube mounted
      on the latch body for limited axial movement relative thereto and having
      the latch body extended thereinto, an axially elongated first overshot
      coupling member fixedly secured to the latch body and having an outer end
      portion that has a circumferential overshot assembly detent receiving
      groove, an annular second overshot coupling member fixedly secured to the
      latch release tube to extend axially outwardly therefrom in a direction
      away from the latch body and having one end portion secured to the latch
      release tube remote from the latch body, an opposite end portion more
      remote from the latch body than said one end portion, said first coupling
      member being slidably extended into the annular coupling member and being
      of an axial length to extend through the annular coupling member to a
      location substantially axially more remote from the latch release tube
      than the annular coupling member in both of the latch release means
      limited positions, and an overshot assembly for lowering the core barrel
      inner tube assembly, said overshot assembly including an overshot coupling
      device for releasably couplingly engaging the first coupling member,
      overshot means for mounting the coupling device, said device including an
      annular detent mounting member having an axially inner bore portion of a
      larger diameter than the maximum outer diameter of the first coupling
      member outer end portion for receiving the last mentioned outer end
      portion therein, a detent mounted by the detent mounting member for
      limited movement relative thereto between a first coupling member locking
      position extendable into said groove and a first coupling member release
      position, ramp means mounted on the detent mounting member for limited
      movement relative thereto between a first position for retaining the
      detent in its locking position and a second position permitting the detent
      moving to its release position, means acting between the detent mounting
      member and the ramp means for resiliently urging the ramp means to its
      locked position, and means mounted by the overshot means for mounting the
      detent mounting member for limited axial movement and resiliently
      retaining the detent mounting member in a datum axial position while
      permitting the detent mounting member moving relative the overshot means
      to a second position substantially axially lower than the datum position,
      said overshot means having a portion extending beneath the ramp means and
      abuttable agains the ramp means to limit the downwardly movement of the
      ramp means as the detent mounting member moves to its second position to a
      position that the ramp means and detent mounting member are relatively
      moved to the ramp means second position.
NUM  23.
PAR  23. The apparatus of claim 22 further characterized in that said overshot
      assembly includes an overshot coupling rod attached to the overshot means
      to extend axially outwardly thereof and having a circumferential detent
      receiving groove axially outwardly of the overshot means, and that there
      is provided means for attaching a wire line cable to the overshot
      assembly, the last mentioned means including an overshot device having an
      axially inner end portion and means for couplingly engaging the overshot
      coupling rod and retaining the coupling engagement therewith until more
      than a determined force is exerted in a direction to move the overshot
      device axially away from the overshot means, the last mentioned coupling
      means being mounted on the overshot means inner end portion and comprising
      operable detent lock means for lockingly engaging said overshot rod
      portion, including a detent adapted for movement into the last mentioned
      groove, said lock means being operable to a rod release position, means
      for mounting the lock means on the overshot device for limited axial
      movement relative thereto between a datum position and a position axially
      inwardly of the last mentioned datum position, and resiliently retaining
      the lock means in the last mentioned datum position, and a fitting mounted
      on the overshot device to extend axially inwardly thereof for operating
      the lock means to its release position as the lock means moves relative
      the overshot device to the position axially inwardly of said last
      mentioned datum position, the means mounting the lock means having
      resilient characteristics that a substantially greater force is required
      for relatively moving the lock means to a position that the fitting
      operates the lock means to its release position than the force required to
      overcome the resilient action of the means for mounting the detent
      mounting means resisting the movement of the detent mounting means to its
      second position, and that there is provided means for attaching a wire
      cable to the overshot device axially remote from the lock means.
NUM  24.
PAR  24. The apparatus of claim 22 further characterized in that the detent
      member mounting means includes a mount mounted by the overshot means in a
      fixed position relative thereto, an axially elongated spindle axially
      slidably extended through the mount, and resilient means acting against
      the spindle and mount for resiliently urging the spindle upwardly, said
      detent mounting member being mounted on the spindle below the mount.
NUM  25.
PAR  25. The apparatus of claim 24 further characterized in that said detent
      mounting member includes means abutable against the mount to limit the
      upward movement of the spindle relative the mount, and that the ramp means
      second position relative the detent mounting member is axially outwardly
      of the ramp means first position.
NUM  26.
PAR  26. For being moved through a drill stem, an axially elongated core barrel
      inner tube assembly and a first overshot assembly for moving the core
      barrel inner tube assembly through the drill stem, said core barrel inner
      tube assembly comprising means for receivingly retaining a core sample, a
      latch body, means for mounting the core sample retaining means on the
      latch body axially inwardly of the latch body, a latch mounted on the
      latch body for limited axial movement relative thereto between a drill
      stem latch seat engaging position and a retracted position, means for
      resiliently urging the latch to the latch seat engaging position, an
      axially elongated latch release tube mounted on the latch body for limited
      movement between an axial inner position permitting the latch moving to
      the latch seat engaging position and an axial outer position retracting
      the latch, a first overshot engagable coupling member mounted on the latch
      body and adapted for being couplingly engaged by the first overshot
      assembly for lowering the latch body through the drill stem, said first
      coupling member including an axially elongated rod fixedly attached to the
      latch body to extend axially outwardly thereof, said rod having an outer
      end portion that has a circumferential detent receiving groove, and a
      second coupling member mounted on the latch release tube and adapted for
      being couplingly engaged by a second overshot assembly for moving the
      latch release tube from the tube first position to the tube second
      position, said first coupling member being extended through the second
      coupling member and axially movable relative thereto, and being of an
      axial length to extend axially outwardly of the second coupling member in
      each of the latch release tubes positions, and the first overshot assembly
      for couplingly engaging the first coupling member including an overshot
      body having an axially inner end portion and coupling engaging means
      mounted on the overshot body inner end portion for couplingly engaging the
      first coupling member and retaining the coupling engagement therewith
      until more than a predetermined force is exerted thereto in a direction to
      move the overshot body axially away from the latch body, the coupling
      engaging means comprising operable detent lock means for lockingly
      engaging said rod portion, including a detent adapted for movement into
      said groove, said lock means being operable to a rod release position,
      means for mounting the lock means on the overshot body for limited axial
      movement relative thereto between a datum position and a position axially
      inwardly of the datum position, and resiliently retaining the lock means
      in the datum position, and a fitting mounted on the overshot body to
      extend axially inwardly thereof for operating the lock means to its
      release position as the lock means moves relative the overshot body to a
      position axially inwardly of the datum position.
NUM  27.
PAR  27. For being moved through a drill stem, an axially elongated core barrel
      inner tube assembly, a first overshot assembly for moving the core barrel
      inner tube assembly through the drill stem, said core barrel inner tube
      assembly comprising means for receivingly retaining a core sample, a latch
      body, means for mounting the core sample retaining means on the latch body
      axially inwardly of the latch body, a latch mounted on the latch body for
      limited axial movement relative thereto between a drill stem latch seat
      engaging position and a retracted position, means for resiliently urging
      the latch to the latch seat engaging position, an axially elongated latch
      release tube mounted on the latch body for limited movement between an
      axial inner position permitting the latch moving to the latch seat
      engaging position and an axial outer position retracting the latch, a
      first overshot engagable coupling member mounted on the latch body and
      adapted for being couplingly engaged by the first overshot assembly for
      lowering the latch body through the drill stem, a second coupling member
      mounted on the latch release tube and adapted for being couplingly engaged
      by a second overshot assembly for moving the latch release tube from the
      tube first position to the tube second position, said first coupling
      member being extended through the second coupling member and axially
      movable relative thereto, and being of an axial length to extend axially
      outwardly of the second coupling member in each of the latch release tubes
      positions, and the first overshot assembly for couplingly engaging the
      first coupling member including an overshot body having an axially inner
      end portion, coupling engaging means mounted on the overshot body inner
      end portion for couplingly engaging the first coupling member and
      retaining the coupling engagement therewith until more than a
      predetermined force is exerted thereto in a direction to move the overshot
      body axially away from the latch body, and an overshot coupling rod
      attached to the overshot body to extend axially outwardly thereof, an
      overshot device, operable detent lock means for lockingly engaging said
      overshot rod, said lock means being operable to a rod release position,
      means for mounting the lock means on the overshot device for limited axial
      movement relative thereto between a datum position and a position axially
      inwardly of the last mentioned datum position, and resiliently retaining
      the lock means in the said last mentioned datum position, a fitting
      mounted on the overshot device to extend axially inwardly thereof for
      operating the lock means to its release position as the lock means moves
      relative the overshot device to a position axially inwardly of said last
      mentioned datum position, and means for attaching a wire line cable to the
      overshot device, said overshot device including a spindle, a lower jaw
      element fixedly secured to the spindle and an upper jaw element mounted on
      the spindle for limited slidable movement for applying a hammering blow to
      the lower jaw element.
NUM  28.
PAR  28. For lowering a wire line core barrel inner tube assembly having an
      overshot coupling member through a drill stem, an axially elongated
      overshot body having an inner end portion and means for couplingly
      engaging the overshot coupling rod and retaining the coupling engagement
      therewith until more than a predetermined force is exerted in a direction
      to move the overshot body axially away from the overshot coupling rod, the
      last mentioned means being mounted on the overshot body inner end portion
      and including operable detent lock means for lockingly engaging said
      overshot rod, said lock means being operable to a rod release position,
      means for mounting the lock means on the overshot body for limited axial
      movement relative thereto between a datum position and a position axially
      inwardly of the datum position, and resiliently retaining the lock means
      in the datum position, and a fitting mounted on the overshot body to
      extend axially inwardly thereof for operating the lock means to its
      release position as the lock means moves relative the overshot body to a
      position axially inwardly of the datum position, and means for attaching a
      wire cable to the overshot device axially remote from the lock means.
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ABST
PAL  A knockdown modular enclosure structure that is adapted to convert vehicles
      for use either as mobile security or detention carriers for transporting
      prisoners, animals or the like or as a means of transportation in which
      the passengers are protected from persons outside the vehicle. In one
      embodiment the passenger or load space on the bed of a truck is enclosed
      by a series of knockdown panels defining the walls and roof of the
      enclosure. The panels are separably and detachably interlocked without the
      use of fasteners and in such a manner that they cannot be removed from
      either inside or outside the enclosure when at least one of the panels,
      which provide a doorway for entering and leaving the enclosed space is
      closed. The driver's compartment is protectively enclosed by an additional
      array of panels fitting over the windshield and windows or window spaces
      of the compartment. In vehicles having a roofless driver's compartment, a
      panel construction is provided for enclosing the top of the compartment as
      well.
PARN
PAR  This is a continuation of application Ser. No. 221,297, filed Jan. 27,
      1973, which in turn is a continuation of now abandoned application Ser.
      No. 867,233 filed Oct. 17, 1969.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to enclosure structures for converting vehicles
      either into security or detention carriers or into a means of
      transportation wherein the driver or passengers or both are protected from
      persons outside the vehicle.
PAC  BACKGROUND
PAR  Prior to this invention, van-type vehicles have been specially manufactured
      to transport prisoners or to protect passengers against outsiders.
      Frequently, however, such specially constructed vehicles are not available
      or readily obtainable or do not have sufficient capacity to handle
      different situations such as the transportation of prisoners from a battle
      zone, the transportation of detained rioters from a disturbed area, or the
      transportation of armed service personnel or security personnel (such as
      police) in dangerous areas. Make-shift constructions to meet emergency
      conditions usually are inadequate to meet the needs arising from the types
      of situations mentioned above. Furthermore, vans which are permanently and
      specially constructed to meet security needs, are not versatile primarily
      because the security enclosure cannot be dissembled or removed.
PAC  SUMMARY OF INVENTION, OBJECTS AND DESCRIPTION OF DRAWINGS
PAR  The present invention contemplates the provision of a novel modular
      security enclosure construction which fulfills the foregoing needs and
      which comprises a series of knockdown panels in the form of a conversion
      kit for easily and quickly converting nonsecurity and unprotected type
      vehicles so that they can be used as security carriers to transport
      detained persons or to protect personnel being transported through
      dangerous or disturbed areas.
PAR  In one embodiment, the kit of this invention is constructed to convert an
      army-type truck having an open load or passenger-carrying bed and a
      partially enclosed driver's compartment. The panels in the kit are
      detachably assembled on the truck to define side, front, and rear walls
      and a roof for enclosing the passenger of load receiving space on the bed.
      Additional protective panels are provided in the kit for detachable
      assembly over the windshield, side windows and roofless or canvas top of
      the driver's cab.
PAR  The panels defining the enclosure over the bed of the truck are interlocked
      in such a manner that they cannot be dissembled from either inside or
      outside the enclosure without first removing or opening at least one panel
      which, in this embodiment is a door providing an ingress and egress
      opening for the enclosure. The door may be latched or locked from the
      outside to prevent egress, or it may be constructed to be latched or
      locked from the inside to prevent ingress.
PAR  According to a further feature of this invention the enclosure-defining
      knockdown panels are interlocked without the use of any kind of fasteners
      such as, for example, screws or nut and bolt assemblies. This is
      accomplished by providing interlocking formations or parts on the panels
      so that each panel interlocks with one or more adjacent panels. The
      interlock construction prevents removal of the panels without first
      removing at least one predetermined panel and is such that the panels must
      be assembled and dissambled in a predetermined sequence. Furthermore, the
      interlocking construction of this invention and the construction
      detachably mounting the array of panels on the vehicle avoid the necessity
      of making any modification to the vehicle in order to assemble the
      enclosure-defining panels on the vehicle. The interlock construction
      comprises an arrangement of locking tabs or flanges on the panels.
PAR  The panel conversion kit of this invention is furthermore lightweight and
      can be packaged for shipment in a relatively small container. For example,
      a typical conversion kit for a 21/2 ton, armed service 6 by 6 truck weighs
      approximately 650 pounds and can be packaged in a container that is 21/2
      feet high, 8 feet long, and 3 feet wide. It therefore can easily and
      readily be transported by aircraft or ground surface carriers to a desired
      location.
PAR  Owing to the fact that no separate fasteners of any kind are needed to
      assemble the kit on a vehicle, that the individual panels are lightweight,
      and that there is a simplified, predetermined sequence of assembly, the
      panels in the kit are quickly and easily assembled on the vehicle. For
      example, an untrained crew of three men can assemble the panels on a 21/2
      ton armed service truck in about 5 minutes, and a trained crew of three
      men can do the same job in about 2 minutes. Furthermore, one man can
      assemble the panels on the vehicle if necessary, and since there are no
      tool-manipulated fasteners, no tools of any kind are needed to assemble
      the panels. The absence of such fasteners in the security enclosure
      conversion kit is additionally advantageous because fasteners such as
      screws or nut and bolt assemblies are easily lost, particularly in the
      field or battle areas.
PAR  According to a further feature of this invention, the enclosure panels are
      constructed with steel mesh faced with a special, semi-reflective louver
      screen which eliminates any view of the enclosed space from outside the
      vehicle. This prevents outsiders from sighting enclosed passengers to fire
      at them with firearms. The steel mesh construction and framing provides a
      strength equivalent to that of a modern jail. Also the mesh and screen
      afford air circulation for the comfort of passengers in the enclosure, but
      prevents, substantially, the passage of liquids. Objects such as rocks,
      firebombs (Molotov cocktails), and other throwable items are repelled by
      the spring effect of the outside louver screens on the panels.
PAR  With the foregoing in mind it is a primary object of this invention to
      provide a knockdown assembly of panel-like modular units for quickly and
      easily assembling a security enclosure on a vehicle to convert the vehicle
      into a carrier for transporting prisoners or for protecting passengers to
      be transported from persons outside the vehicle.
PAR  A more specific object of this invention is to provide a novel knockdown
      enclosure assembly which is assembled on the vehicle without the use of
      tool-manipulated fasteners of any kind.
PAR  Another more specific object of this invention is to provide a novel
      knockdown, vehicle conversion, security enclosure kit comprising a series
      of panels which are interlocked in such a manner as to prevent the removal
      of the panels when at least one panel providing an ingress-egress opening
      for the enclosure is closed.
PAR  Still another more specific object of this invention is to provide the
      panels of the enclosure-defining security with a strong mesh faced with a
      louver screen which provides for air circulation through the enclosure,
      but which is strong enough to repel thrown objects and to prevent
      prisoners from breaking out. Also the louver screen obscures a view of the
      interior of the enclosure for the previously mentioned advantageous
      reasons.
DRWD
PAR  Further objects of this invention will appear as the description proceeds
      in connection with the appended claims and annexed drawings wherein:
PAR  FIG. 1 is a perspective view of a 21/2 ton armed service 6 by 6 truck and
      illustrates the security conversion kit of this invention assembled on the
      passenger or load-carrying bed structure of the truck and also on the cab
      of the truck;
PAR  FIG. 2 is an enlarged fragmentary perspective view of the truck and the
      enclosure as seen from the rear, right hand corner of the vehicle;
PAR  FIG. 3 is a fragmentary top plan view of the truck and enclosure assembly
      shown in FIG. 1;
PAR  FIG. 4 is an exploded view of the enclosure-defining front or forward
      panels for the truck bed and a portion of the truck bed structure;
PAR  FIG. 5 is a section taken substantially along lines 5--5 of FIG. 4;
PAR  FIG. 6 is a perspective view of the forwardmost, right hand, truck bed
      enclosure side panels shown in FIG. 1;
PAR  FIG. 7 is a section taken substantially along lines 7--7 of FIG. 3;
PAR  FIG. 8 is a section taken substantially along lines 8--8 of FIG. 3;
PAR  FIG. 9 is a section taken substantially along lines 9--9 of FIG. 3;
PAR  FIG. 10 is a section taken substantially along lines 10--10 of FIG. 3;
PAR  FIG. 11 is an elevation of the right-hand, rearward side panel of the truck
      bed enclosure assembly as viewed from within the enclosure;
PAR  FIG. 12 is a right-hand end elevation of the panel shown in FIG. 11;
PAR  FIG. 13 is a section taken substantially along lines 13--13 of FIG. 6;
PAR  FIG. 14 is a fragmentary elevation of the truck bed enclosure center rear
      panel shown in FIG. 2;
PAR  FIG. 15 is an enlarged fragmentary perspective view of the right hand
      forward corner of the truck cab; and
PAR  FIG. 16 is a section taken substantially along lines 16--16 of FIG. 15.
DETD
PAC  DETAILED DESCRIPTION
PAR  The preferred embodiment of this invention is described for use with a 21/2
      ton armed service 6 .times.  6 truck. It will be appreciated, however,
      that the security conversion kit of this invention is also applicable to
      other types of vehicles.
PAR  Referring now to the drawings and more particularly to FIGS. 1 and 2, the
      vehicle to be converted with the conversion kit of this invention is, as
      mentioned above, shown to be a standard 21/2 ton armed forces truck 20
      having a driver's cab 22 (FIG. 1) and an open load or passenger receiving
      bed structure 24 (FIG. 2) extending rearwardly from cab 22. The conversion
      kit of this invention is divided into two assemblies 26 and 28.
PAR  Assembly 26, as shown in FIGS. 2-4, comprises a series of separately formed
      panels 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, and
      46 for enclosing the truck bed structure 24 which is regarded to be open
      owing to the fact that it is either exposed or merely covered only with a
      standard, unshown canvas roofing. Assembly 28 provides protection for the
      occupants of cab 22 and comprises a pair of protective panels 47 and 48
      (see FIGS. 1 and 3) for the side windows of the cab and a protective panel
      49 for the cab's windshield which is indicated at 51 in FIG. 1. For a
      truck of the type shown in FIG. 1, only a canvas roof is provided for cab
      22, and assembly 28 consequently includes a further roof or top wall panel
      50 for the cab as best shown in FIG. 3. Panels 30-50 are of rectangular
      configuration as shown.
PAR  The enclosure defined by the assembly of panels 30-46, as best shown in
      FIGS. 1 and 2, is of inverted box-shaped configuration having a top wall
      or roof, two opposed side walls, and opposed front and rear endwalls.
      Panels 30 and 31, as shown in FIG. 1, define the front end wall of the
      enclosure. Panels 32-35 define one of the side walls of the enclosure as
      shown in FIG. 1, and panels 36-39 form the other of the two side walls as
      shown in FIG. 3. Panels 40-43 define the top wall of the enclosure as
      shown in FIG. 3, and panels 44-46 define the rear end wall of the
      enclosure as shown in FIG. 2.
PAR  The bed structure 24 conventionally includes a pair of side panels 54 (one
      shown in FIGS. 1 and 2), a forward end panel 56 (FIG. 1), and a rear
      tailgate 58 (FIG. 2). Panels 54 and 56 are of relatively short height and
      extend upwardly from the edges of bed 53 in the usual manner. Panel
      assembly 26 cooperates with the truck bed structure 24 to enclose the load
      or passenger receiving space on bed 53.
PAR  As shown in FIG. 4, panel 30 comprises a rectangular, rigid metal frame 62
      which is divided into three sections of essentially equal area by two
      vertical, intermediate structural members 63 and 64. Frame 62 may be
      formed from any suitable structural members of sufficient strength such
      as, for example, angle irons. Mounted on the three framework sections
      defined by frame 62 and structural member 63 and 64 is a stiff, strong
      screen 65 which is preferably formed from suitable expanded metal mesh and
      which is preferably welded or otherwise suitably fixed to frame 62 and
      structural member 63 and 64. Structural members 63 and 64 add rigidity to
      frame 62 and strengthen the expanded metal screen 65.
PAR  With continued reference to FIG. 4, structural members 63 and 64 are
      respectively provided with extensions in the form of rigid, downwardly
      extending support posts 70 and 71 which are interfittingly received in
      existing stanchion holes 73 and 74. Stanchion holes 73 and 74 are formed
      in the upper edge of the forward, truck bed panel 56 as shown. A pair of
      rigid pins 76 and 77, which are fixed to the bottom horizontally extending
      portion of frame 62 adjacent to the opposite sides of the frame, are
      interfittingly received in existing holes 78 and 79 which are also formed
      in the upper edge of panel 56. Posts 70 and 71 are slidably insertable
      into stanchion holes 73 and 74 respectively, and pins 76 and 77 are
      slidably inserted into their respective holes 78 and 79. When assembled on
      the truck, the bottom horizontally extending portion of frame 62 seats on
      the upwardly facing edge of panel 56. Panel 30 is substantially
      coextensive with panel 56 and spans the truck bed side panels 54.
PAR  To removably mount panel 30 on the truck bed structure 24, posts 70 and 71
      need only be aligned with stanchion holes 73 and 74, and pins 76 and 77
      need only be aligned with holes 78 and 79. Upon effecting this alignment,
      panel 30 then is simply dropped into place to seat on the upper edge of
      panel 56 as previously described.
PAR  It will be appreciated from the foregoing description that no fasteners of
      any kind are required for mounting panel 30 on the truck bed structure 24.
      Furthermore, no modification of truck 20 is required for mounting panel 30
      on the truck bed structure.
PAR  Posts 70 and 71, when received in stanchion holes 73 and 74 provide a
      separable interlock that prevents the lower edge of panel 30 from being
      pushed outwardly from the inside of the enclosed space or from being
      pushed inwardly from the outside of the truck. Pins 76 and 77 when
      received in holes 78 and 79 prevent the ends of panel 30 from being bent
      or pushed inwardly or outwardly respectively by forces exerted from
      outside the enclosure and from inside the enclosure. To remove panel 30,
      it is only necessary to lift the panel until the ends of posts 70 and 71
      clear the stanchion hole 73 and 74. Frame 62 is sufficiently rigid that
      its upper edge cannot be bent forward to any significant degree when
      assembled and interlocked with other panels of the enclosure as will
      presently appear.
PAR  Panel 31, which seats on top of panel 30, is similar to panel 30, and to
      the extent that panel 31 is like panel 30, like reference numerals
      suffixed by the letter a have been used to identify the parts of panel 31.
      Panel 31 differs from panel 30 mainly in that it does not have any pins
      such as pins 76 and 77 and in that the support posts 70a and 71a instead
      of being aligned with structural member 63a and 64a are aligned with and
      extend downwardly from the vertically extending portions of frame 62a.
PAR  As shown in FIGS. 4 and 5, the lower, horizontally extending portion of
      frame 62a is seated on the horizontally extending legs of two L-shaped
      locking flanges 82 and 83. The horizontally extending leg portions of
      flanges 82 and 83 are preferably welded or otherwise suitably fixed to the
      upwardly facing edge of the upper horizontally extending portion of frame
      62. Flanges 82 and 83 are thusly fixed to frame 62 preferably
      equidistantly from the vertically extending portions of frame 62. The
      vertical leg portions of flanges 82 and 83 extend upwardly in overlapping
      relation to the inwardly facing side edge of the lower, horizontally
      extending portion of frame 62a. Flanges 82 and 83, in addition to
      supporting panel 31 on panel 30, coact with the inwardly facing edge of
      the lower horizontally extending portion of frame 62a to provide an
      interlock between panels 30 and 31 which prevents the lower edge of panel
      31 from being pushed inwardly by exterior forces.
PAR  Posts 70a and 71a are slidably received in existing, front corner
      stanchions 86 and 87 which form a standard part of truck 20. Panel 31 is
      readily and easily assembled in place by positioning it over panel 30, by
      aligning posts 70a and 71a with the openings in stanchions 86 and 87 and
      by dropping panel 31 downwardly to insert posts 70a and 71a into
      stanchions 86 and 87. Thus, it will be appreciated that to mount panel 31
      in place, no fasteners of any kind are required, and no modifications to
      truck 20 are required. Panel 31 is substantially coextensive with panel
      30.
PAR  As best shown in FIG. 6, panel 32 is a rigid, dual frame construction
      having an inner frame 90 and an outer frame 92. Both frames 90 and 92 are
      of rigid, rectangular construction and are fabricated from suitable, rigid
      structural members.
PAR  Inner frame 90 is formed by a pair of parallel spaced apart horizontally
      extending structural members 94 and 95 and a pair of vertically extending,
      rigid structural members 96 and 97 which are preferably welded to the
      opposite ends of members 94 and 95 as shown. Members 96 and 97 are
      provided with extensions in the form of legs 98 and 99 respectively. Legs
      98 and 99 project vertically downwardly from member 95, and leg 99 is
      slidably received in corner stanchion 86 as best shown in FIG. 7. Leg 98
      is slidably received in an existing, intermediate stanchion 102.
PAR  Leg 99 when received in stanchion 86 abuts post 70a, and the assembly of
      post 70a and leg 99 interfits in stanchion 86 so that abutment of the post
      and the leg against each other and the inner stanchion hole surfaces
      prevents the right hand portion of panel 31 from being pushed into or out
      of the enclosure. Confinement of leg 99 between post 70a and the opposed
      internal surface of stanchion 86 prevents edgewise displacement of panel
      32. Also, abutment of legs 99 and 98 with internal stanchion hole surfaces
      prevents the lower portion of panel 32 from being pushed into or out of
      the enclosure.
PAR  Frame 92 is rigidly fixed to frame 90 by a plurality of block-shaped
      spacers which are indicated generally at 104. Fixed on the inside face of
      frame 92 is a relatively stiff, flat screen 106 of strong expanded metal.
      Frame 92 is a two-piece construction having an inner frame part 107 and an
      outer frame part 109 which are suitably rigidly fixed to each other by
      rivets or the like as best shown in FIG. 13. An outside screen 108 is
      securely clamped between frame parts 107 and 109 and is spaced from screen
      106, again as shown in FIG. 13.
PAR  Screen 106 serves to confine detained persons or to protect passengers in
      the enclosure. Screen 108 which is more resilient than screen 106 is
      spaced from screen 106 so that it is springy to repel thrown objects.
PAR  As shown in FIGS. 1 and 7, the lower horizontally extending portion of
      frame 92 interfittingly seats on the border flange 110 of the truck bed
      side panel 54. Thus, frame 92 and screen 108 are disposed exteriorly of
      stanchions 86 and 102. This, as will become apparent from the subsequent
      description, provides a neat uninterrupted side exterior surface wherein
      the opposed side edges of panels 32, 33, 34, and 35 abut or are positioned
      very closely adjacent to each other to preclude the insertion of objects
      into the enclosure as well as precluding objects from being thrown out of
      the enclosure.
PAR  As best shown in FIG. 8, the construction of panel 36 is identical to that
      of panel 32. Accordingly, like reference numerals suffixed by the letter a
      have been applied to the parts of panel 36 which correspond to the
      previously described parts of panel 32. Legs 99a and 98a are respectively
      slidably received in stanchion 87 and a further existing, intermediate
      stanchion 102a.
PAR  To mount panel 32 in place after panels 30 and 31 are assembled on the
      truck bed structure, panel 32 is first positioned over flange 110 to align
      legs 99 and 98 with the holed in stanchions 86 and 102 respectively. The
      panel is then dropped into place sliding legs 99 and 98 respectively into
      stanchions 86 and 102 as previously described. Panel 36 is assembled on
      the truck bed structure in the same manner as just described for panel 32.
PAR  From the foregoing it is clear that no fasteners of any kind are required
      to mount panels 32 and 36 in place. Furthermore, no modifications of any
      kind are required for mounting panels 32 and 36 on the truck bed
      structure. Panels 32 and 36 are readily and easily removed after panels
      33-35 and 37-46 are removed simply by raising the panels until their legs
      clear their respective stanchions on the truck bed structure. Panel 36 may
      be assembled or removed before panel 32 is assembled or removed.
      Alternately, panels 32 and 36 may be assembled or removed concomitantly.
PAR  The assembly of post 71a and leg 99a interfits in stanchion 87 so that the
      abutment post 71a and leg 99a against each other and against the opposed
      internal surfaces of stanchions 86 prevents the left hand portion of panel
      31 from being pushed into or out of the enclosure. Confinement of leg 99a
      between post 71a and the opposed internal surface of stanchion 87 prevents
      edgewise displacement of panel 36. Also, abutment of legs 99a and 98a with
      internal stanchion hole surfaces prevents the lower portion of panel 36
      from being pushed into or out of the enclosure. Frame 92a seats on the
      flange 110 of the left hand truck bed side panel 56, with frame 92a and
      screens 106a and 108a being disposed exteriorly of stanchions 87 and 102a.
PAR  Panel 43 in some respects is similar to panel 30, and to the extent that
      panels 43 and 30 are alike, like reference numerals, suffixed by the
      letter b have been applied to designate the parts of panel 43. Panel 43
      differs from panel 30 in that it does not have parts corresponding to pins
      76 and 77 and posts 70 and 71. Panel 43 instead has a locking tab 111 for
      a purpose to be described in detail later on.
PAR  The side portions of frame 62b seat on the upper edges of the upper
      horizontally extending portions of frames 90 and 90a, and the forward or
      front portion of frame 62b seats on the upper edge of the upper
      horizontally extending portion of frame 62a as best shown in FIGS. 3, 7, 8
      and 10. This prevents panel 43 from being pushed or pulled inwardly. The
      side portions of frame 62b either abut or are positioned closely adjacent
      to the upper horizontally extending portions of frames 92 and 92a.
      Abutment of frame 62b with frames 92 and 92a prevents sideward
      displacement of panel 43 by forces exerted from inside or outside the
      enclosure. Also abutment of frames 92 and 92a with frame 62b prevents the
      upper portions of panels 32 and 36 from being pushed or pulled inwardly.
PAR  A pair of locking flanges 115 and 116 are provided for interlocking the
      adjacently disposed corners of panels 31, 32, 36, and 43. An additional
      locking flange 114 provides a further interlock between panels 31 and 43.
PAR  With reference to FIGS. 3 and 4, flange 114 is of inverted L-shaped
      configuration having a vertical leg fixed as by welding to the upper
      horizontally extending portion of frame 62a equidistantly between the
      sides of frame 62a. The horizontally extending leg portion of flange 114
      overlaps the forward transverse or end portion of frame 62b so that the
      forward portion of frame 62b is confined between the horizontally
      extending leg portion of flange 114 and the upwardly facing edge of the
      upper horizontally extending portion of frame 62a. Abutment of frame 62b
      with the horizontally extending leg portion of flange 114 prevents the
      central portion of the forward edge of panel 43 from being pushed or
      pulled upwardly.
PAR  Flange 115, as best shown in FIG. 6, comprises an inverted L-shaped portion
      120 and a plate-like portion 121. The vertical leg of portion 120 is fixed
      as by welding to the inwardly facing surface of the upper, horizontally
      extending part of frame 92, and the horizontally extending leg of portion
      120 overlaps the right hand forward corner of frame 62b as best shown in
      FIGS. 3 and 10. Abutment of the right hand, forward corner of frame 62b
      with the overlapping horizontal leg of portion 120 prevents the right hand
      corner of panel 43 from being pushed or pulled upwardly. Portion 121,
      which is preferably welded to portion 120, extends at right angles to the
      legs of portion 120 and overlaps the upper, right hand corner of frame
      62a. This interlocking construction prevents the upper, right hand corner
      of panel 31 from being pushed or pulled outwardly from the enclosure.
PAR  As best shown in FIGS. 3 and 8, the construction of locking flange 116 is
      the same as that just described for flange 115, like reference numerals
      suffixed by the letter a being applied to the portions of flange 116. As
      shown, the vertical leg of portion 120a is fixed as by welding to the
      upper horizontally extending part of frame 92a, and the horizontal leg of
      portion 120a overlaps the forward, left hand corner of frame 62b to
      prevent the forward, left hand corner of panel 43 from being pushed or
      pulled upwardly. Portion 121a, which overlaps the upper, left hand corner
      of frame 62a, prevents the upper, left hand corner of panel 31 from being
      pushed or pulled outwardly.
PAR  Except for locking flange 115, panel 33 is essentially of the same
      construction as panel 32, like reference numerals suffixed by the letter b
      being applied to designate the parts of panel 33 as best shown in FIGS. 1
      and 7.
PAR  With continued reference to FIG. 7, leg 99b is slidably received in
      stanchion 102 along with leg 98. Leg 98b is slidably received in another,
      existing, intermediate, upwardly opening stanchion 130. It will be noted
      that all of the previously described truck stanchions as well as those yet
      to be described are vertical and open upwardly.
PAR  The assembly of legs 98 and 99b in stanchion 102 as well as the confinement
      of panel 33 between panels 32 and 34 prevents edgewise displacement of
      panel 33. Also, engagement of legs 99b and 98b against the interior
      surfaces of stanchions 102 and 130 prevent the lower portion of panel 33
      from being pushed or pulled inwardly or outwardly. The lower horizontally
      extending portion of frame 92b seats on the flange 110 of the right hand
      truck bed side panel 56.
PAR  The construction of panel 37 is the same as that just described for panel
      33. Accordingly, like reference numerals suffixed by the letter c have
      been applied to designate those parts of panel 37 which correspond to
      panel 33.
PAR  As shown in FIG. 8, leg 99c is received in stanchion 102a, and leg 98c is
      received in another existing vertical, upwardly opening stanchion 130a.
      The lower horizontally extending portion of frame 92c seats on the border
      flange 110 of the left hand truck bed side panel 56. The assembly of legs
      98a and 98c interfit in stanchion 102a to confine panel 37 against
      edgewise displacement. Also, panel 37 is confined against edgewise
      displacement between panels 36 and 38.
PAR  The assembly of frames 92b and screens 106b and 108b is disposed exteriorly
      of stanchion 102 and 130. Similarly, the assembly of frame 92c and screens
      106c and 108c is disposed exteriorly of stanchions 102a and 130a.
PAR  In place of flange 115, panel 33 is provided with a locking flange 132
      having an inverted L-shaped configuration. The vertical leg of flange 132
      is fixed as by welding to the inside face of the forward, upper corner of
      frame 92b and projects forwardly into the space between frames 90 and 92
      in the region of the rearward upper corner of panel 32 to thus interlock
      the adjacent upper corners of panels 32 and 33 and to thereby preclude
      either panel from being pushed or pulled inwardly or outwardly relative to
      the other. The horizontal leg portion of flange 132 overlaps the right,
      rear corner of frame 62b. Abutment of the right rear corner of frame 62b
      with the horizontal leg of flange 132 prevents the right rear corner of
      panel 43 from being pushed or pulled outwardly.
PAR  Panel 37 also is provided with a flange 132c which is identical to flange
      132. Flange 132c is fixed to frame 92c in the same manner as that
      described for flange 132. The vertical leg portion of flange 132c extends
      between frames 92a and 90a in the region of the rear upper corner of panel
      36 to thus interlock panels 36 and 37 and thereby prevent the adjacently
      disposed regions of either panel from being pushed or pulled inwardly or
      outwardly relative to the other panel. The horizontal leg of flange 132c
      overlaps the left rear corner of frame 62b. Abutment of frame 62b with the
      horizontal leg of flange 132c prevents the left rear corner of panel 43
      from being pushed or pulled upwardly.
PAR  The horizontal legs of flanges 115 and 132 and the opposing surface of the
      upper horizontally extending portion of frame 92 provide a right hand
      channel for slidably receiving the right marginal side edge of panel 43.
      Similarly, the horizontal legs of flanges 116 and 132c and the opposing
      surface of the upper horizontally extending portion of frame 92a define a
      left hand channel for slidably receiving the marginal left hand edge of
      panel 43. To mount panels 43 in place, therefore, it is merely slid into
      the right and left hand channels mentioned above. Abutment of the forward
      corners of frame 62b with flange portions 121 and 121a prevent panel 43
      from being slid forwardly from its illustrated position by forces exerted
      interiorly or exteriorly of the enclosure.
PAR  After panels 30-32, 36 and 43 are assembled, panels 33 and 37 are then
      assembled by positioning each panel with its legs aligned over its
      respective stanchion holes and by dropping the panel down into place. It
      thus will be appreciated that no fasteners of any kind are required to
      mount panels 33 and 37 in place. Furthermore, no modifications to truck 20
      are required for mounting panels 33 and 37 on the truck bed structure 24.
      Panels 33 and 37 are readily and easily removed after panels 34, 35 and
      38-46 are removed simply by raising the panels until their legs clear
      their respective stanchions on the truck bed structure. Panel 37, of
      course, may be assembled or removed before panel 33 is assembled or
      removed.
PAR  With the exception of the locking tab construction, panel 42 is of the same
      construction as panel 43. Accordingly, like reference numerals suffixed by
      the letter c have been applied to designate corresponding parts of panel
      42.
PAR  As shown in FIGS. 3 and 9, panel 42 has three plate-like locking tabs 134,
      135 and 136 which extend forwardly from the forward transverse portion of
      frame 62c. The adjacently disposed portion of frame 62b overlaps tabs
      134-136 so that abutment of tabs 134-136 with the rearward transverse
      portion of frame 62b prevents the forward edge of panel 42 from being
      pushed or pulled upwardly. Tabs 134-136 also prevent the rearward edge of
      panel 43 from being pushed or pulled downwardly.
PAR  Tab 111, which is fixed to frame 62b, extends over the forward transverse
      portion of frame 62c. As a result, abutment of frame 62c with tab 111
      prevents panel 42 from being pushed or pulled upwardly along its forward
      edge. Also, abutment of tab 111 with frame 62c prevents the rearward edge
      of panel 43 from being pushed or pulled downwardly.
PAR  The horizontally extending legs of flanges 132 and 132c overlap the forward
      right and left corners of frame 62c. Thus abutment of the right and left
      corners of frame 62c with the horizontal legs of flanges 132 and 132c
      prevent the right and left forward corners of panel 42 from being pushed
      or pulled upwardly.
PAR  The side portions of frame 62c seat on the upwardly facing edge surfaces on
      the upper horizontally extending portions of frames 90b and 90c. This
      prevents panel 42 from being pushed or pulled downwardly. Abutment of
      frame 62c with opposing surfaces on frames 92b and 92c prevents sideward
      displacement of panel 42. Abutment of frames 92b and 92c with the side
      portions of frame 62c prevent panels 33 and 37 from being pushed or pulled
      inwardly.
PAR  With continuing reference to FIGS. 3 and 7, panel 34 is of substantially
      the same construction as panel 33. Accordingly, like reference numerals
      suffixed by the letter d have been applied to designate the corresponding
      parts of panel 34. As shown in FIG. 7, leg 99d is slidably received in
      stanchion 130, and the assembly of legs 98b and 99d interfit in the
      stanchion to restrain displacement of panel 34 in the same manner
      described in connection with panel 33. Also, panel 34 is confined against
      edgewise displacement by confinement between panels 33 and 35. Leg 98d is
      slidably received in another existing, intermediate vertical, truck
      stanchion 136. The lower horizontally extending portion of frame 92d seats
      on flange 110 of the right hand bed structure side panel 56.
PAR  As shown in FIG. 8, panel 38 is of identical construction as panel 37.
      Accordingly, like reference numerals suffixed by the letter e have been
      applied to designate the corresponding parts of panel 38. Legs 99c and 98e
      are slidably received in stanchion 130a and another existing intermediate,
      vertical, upwardly opening stanchion 136a.
PAR  The reception of legs 99d and 98d in stanchions 130 and 136 as well as the
      confinement of panels 34 between panels 33 and 35 prevent edgewise and
      sideward movement of panel 34 in the manner similar to that described for
      panel 33. Similarly, edgewise and sideward movement of panel 38 is
      prevented by reception of legs 99e and 98e in stanchions 130a and 136a as
      well as confinement of panel 38 between panels 37 and 39. After panels
      30-33, 36, 37, 42 and 43 are assembled, each of the panels 34 and 38 are
      readily and easily mounted in place by positioning the legs of each panel
      in alignment with its respective stanchions and by dropping the panel down
      into place. After panels 35, 44-46 are removed, panel 34 is simply and
      easily removed by lifting it until its legs 99d and 98d clear stanchions
      130 and 136. After panels 35, 39, 40, 41 and 44-46 are removed, panel 38
      is simply and easily removed simply by lifting it until its legs 99e and
      98e  clear stanchions 130a and 136a. It therefore will be appreciated that
      no fasteners of any kind are required for mounting panels 34 and 38 in
      place. Also, no modification of any kind is required for mounting panels
      34 and 38 on truck 20. Panels 34 and 38 may be assembled and removed in
      any selected order or they may be assembled and removed concomitantly. The
      screens and outer frames of panels 34 and 38 are disposed exteriorly of
      their respective stanchions.
PAR  As shown in FIG. 3, panel 41 is of the same construction as panel 42.
      Accordingly, like reference numerals suffixed by the letter d have been
      applied to designate those parts of panel 41 which correspond to panel 42.
PAR  As shown in FIGS. 7 and 8, the right and left side portions of frame 62d
      seat on the upper horizontally extending portions of frame 90d and 90e.
      This prevents panel 41 from being pushed or pulled downwardly. Abutting
      engagement of the side portions of frames 62d with the opposed surfaces on
      frames 92d and 92e prevent sideward movement of panel 41. Also, abutment
      of frames 92d and 92e with the opposing side portions of frame 62d prevent
      the upper edges of panels 34 and 38 from being pushed or pulled inwardly.
PAR  Locking tabs 134d and 136d as well as the unshown tab corresponding to
      locking tab 135 are fixed to the forward transversely extending portion of
      frame 62d and extend under the adjacent transversely extending rearward
      portion of frame 62c. Abutment of these tabs, which are welded to frame
      62d, with frame 62c thus prevents the forward edge of panel 41 from being
      pushed or pulled upwardly. Tab 111c which is fixed as by welding to the
      rearwardly extending transverse portion of frame 62c extends over the
      forwardly extending transverse portion of frame 62d to thus prevent the
      rearwardly extending edge of panel 42 from being pushed or pulled
      downwardly.
PAR  The horizontal leg of flange 132d overlaps the right hand forward corner of
      frame 62d. Thus, abutment of the right forward corner of frame 62d with
      the horizontal leg of flange 132d prevents the right hand corner of panel
      41 from being pushed or pulled upwardly. Similarly, the horizontal leg of
      flange 132e overlaps the left hand forward corner of frame 62d. As a
      result, abutment of frame 62d with the horizontal leg of flange 132e
      prevents the left hand corner of panel 41 from being pushed or pulled
      upwardly.
PAR  As best shown in FIGS. 7 and 11, the construction of panel 35 is
      essentially the same as that just described for panel 34 with the
      exception that a further locking tab 140 has been added on the top
      rearward corner of the panel 35. Accordingly, like reference numerals
      suffixed by the letter f have been applied to designate the corresponding
      parts of panel 35.
PAR  Legs 99f and 98f are, as shown in FIG. 7, respectively slidably received in
      stanchion 136 and a further, existing, vertical, right rear corner truck
      stanchion 142. The lower horizontally extending portion of frame 92f seats
      on flange 110 of the right hand truck bed structure side panel 56. Sidward
      and edgewise movement of panel 35 is restrained by abutment of legs 99f
      and 98f with opposing surfaces in stanchions 136 and 142. The assembly of
      frame 92f and screens 106f and 108f is disposed exteriorly of stanchions
      136 and 142 as best shown in FIG. 1.
PAR  The vertical leg of flange 132f extends between frames 90d and 92d in the
      region of the rearward upper corner of panel 34. This interlocks panel 34
      and 35 to prevent either of the two panels from being pushed or pulled
      inwardly or outwardly relative to the other. The horizontal leg of flange
      132f overlaps the rearward right corner of frame 62d. Thus, abutment of
      frame 62d with the horizontal leg of flange 132f prevents the rearward
      right corner of panel 41 from being pushed or pulled upwardly.
PAR  As best shown in FIG. 8, the construction of panel 39 is the same as that
      described for panel 38 except that a furtherlocking flange 144 has been
      added to the upper rearward corner of panel 39. Accordingly, like
      reference numerals suffixed by the letter g have been applied to designate
      corresponding parts of panel 39.
PAR  Legs 99g and 98g are slidably and interfittingly received in stanchions
      136a and a further existing vertical, upwardly opening, left rear corner
      truck stanchion 142a. The lower horizontally extending portion of frame
      92g seats on flange 110 of the left hand truck bed structure side panel
      56. Confinement of panel 39 against edgewise and sideward movement is
      similar to that described for panel 35.
PAR  The vertical leg portion of flange 132g extends between frames 90e and 92e
      in the rearward upper corner of panel 38. This interlocks panels 39 and 38
      to prevent either of the two panels from being pushed or pulled inwardly
      or outwardly relative to the other. The horizontal leg of flange 32g
      overlaps the left corner of frame 62d. Thus, abutment of frame 62d with
      the horizontal leg of flange 132g prevents the left rear corner of panel
      41 from being pushed or pulled upwardly.
PAR  The horizontal legs of flanges 132d and 132f cooperate with the upper
      horizontally extending portion of frame 90d to provide a right hand
      channel which slidably receives the right hand marginal side edge of panel
      41. Similarly, the horizontally extending legs of flanges 132e and 132g
      cooperate with the upper horizontally extending portion of frame 90e to
      provide a left hand channel which slidably receives the left hand marginal
      edge of panel 41. Thus the right and left hand sides of panel 41 are
      easily slid into the channels mentioned above to position panel 41 in the
      manner shown in FIG. 3. It therefore will be appreciated that no fasteners
      of any kind are required to mount panel 41 in place.
PAR  After panels 30-34, 36-38, and 41-43 are assembled, panel 35 is simply and
      easily assembled in place by aligning legs 99f and 98f with stanchions 136
      and 142 respectively and by dropping the panel down into place. After
      panels 30-34 and 36-38 and 41-43 are assembled, panel 39 is easily
      removably assembled in place by aligning legs 99g and 98g respectively
      with stanchions 136a and 142a and by dropping the panels down into place.
      Panels 35 and 39 may be assembled in any selected order, or they may be
      assembled concomitantly.
PAR  After panels 44-46 and 40 are removed, panels 35 and 39 may be removed
      concomitantly or in any selected order simply by lifting each panel until
      its legs clear its respective stanchions. From the foregoing it will be
      appreciated that no fasteners of any kind are required to mount panels 35
      and 39 in place. Also, no modification of truck 20 is required for
      mounting or removing panels 35 and 39.
PAR  As shown in FiG. 3, the construction of panel 40 is the same as panel 41
      with the main exception that the tab corresponding to locking tab 111d has
      been eliminated. Accordingly, like reference numerals suffixed by the
      letter e have been applied to designate the corresponding parts of panel
      40.
PAR  As shown in FIG. 3, the locking tabs 134e and 136e as well as the unshown
      locking tab corresponding to tab 135 are fixed to the forward transversely
      extending portion of frame 64e and are overlapping by the rearward
      transversely extending portion of frame 62d. Abutment of these locking
      tabs with the rearward transversely extending portion of frame 62d
      prevents the forward edge of panel 40 from being pushed or pulled
      upwardly.
PAR  Locking tab 111d overlaps the forward transversely extending portion of
      frame 62e. Thus, abutment of locking tab 111d with frame 62e prevents the
      rearward edge of panel 41 from being pushed or pulled downwardly.
PAR  The side portions of frame 62e seat on the upper horizontally extending
      portions of frame 90f and 90g. This prevents panel 40 from being pushed or
      pulled downwardly. Sideward movement of panel 40 is prevented by abutting
      engagement of the side portions of frame 62e with opposing surfaces on
      frames 92f and 92g in a manner similar to that previously described for
      the other top or roof panels. Also, abutment of frames 92f and 92g with
      the side portions of frame 62e prevent the upper portions of panels 35 and
      39 from being pushed or pulled inwardly.
PAR  As shown in FIGS. 11 and 12, flange 140 is formed with an inverted,
      L-shaped configuration having a vertical leg fixed as by welding to the
      inside face of the upper rear corner of frame 92f. The horizontal leg of
      flange 140 overlaps the right rear corner of frame 62e as shown in FIG. 3.
      Thus, abutment of frame 62e with the horizontal leg of flange 140 prevents
      the right rear corner of panel 40 from being pushed or pulled upwardly.
      Flange 144 is of the same construction as flange 140 and has a vertical
      leg which is fixed as by welding to the inside face of the upper rear
      corner of frame 92g. The horizontal leg of flange 144 overlaps the left
      rear corner of frame 62e. Thus, abutment of frame 62e with the horizontal
      leg of flange 144 prevents the left rear corner of panel 40 from being
      pushed or pulled upwardly.
PAR  The horizontal legs of flanges 132f and 140 cooperate with the upper
      horizontal portion of frame 90f to provide a right hand channel for
      slidably receiving the right hand side portion of panel 40. Similarly, the
      horizontal legs of flanges 132g and 144 cooperate with the upper
      horizontal portion of frame 90g to provide a left hand channel which
      slidably receives the left hand side portion of panel 40. Panel 40 is thus
      assembled by slidably inserting the panel into the channels mentioned
      above after panels 30-39 and 41-43 have been assembled. It therefore will
      be appreciated that no fasteners of any kind are required for mounting
      panel 40 in place.
PAR  The assembly of frame 92f and screens 106f and 108f are disposed exteriorly
      of stanchions 136 and 142 as best shown in FIG. 1. Similarly, the assembly
      of frame 92g and screens 106g and 108g is disposed exteriorly of
      stanchions 136a and 142a. Panels 40-42 are coextensive with panel 43, and
      all four panels 40-43 span the space between the side walls defined on the
      right side by panels 32-35 and on the left side by panels 36-39.
PAR  As shown in FIG. 7, a further locking tab 150 is fixed as by welding to the
      rearward vertical portion of frame 92 and extends between frames 90b and
      92b to provide a further interlock between panels 32 and 33 in the same
      manner that the vertical leg portion of flange 132 interlocks the two
      panels. A similar locking tab 150a is fixed to panel 36 as shown in FIG. 8
      and extends between frames 90c and 92c to provide a further interlock
      between panels 36 and 37 in a manner similar to the interlock provided by
      locking tab 150.
PAR  Referring back to FIG. 7, a locking tab 152b is fixed to frame 90b and
      extends between frames 90d and 92d to provide an interlock between panels
      33 and 34 in the same manner as described in connection with locking tab
      150. A similar locking tab 152c is fixed as by welding to frame 92c and
      extends between frames 90e and 92e to provide another interlock between
      panels 37 and 38 in the manner similar to that described in connection
      with locking tab 150a.
PAR  Referring again to FIG. 7, still another locking tab 154d is fixed as by
      welding to frame 92d and extends between frames 90f and 92f to provide a
      further interlock between panels 34 and 35 in the manner similar to that
      described in connection with locking tab 150. Also, a locking tab 154e
      (see FIG. 8) is fixed to frame 92e and extends between frames 90g and 92g
      to provide a further interlock between panels 38 and 39 in the manner
      similar to that described in connection with locking tab 150a.
PAR  As shown in FIGS. 7 and 8, truck 20 is conventionally provided with right
      hand and left hand wooden bench seats 160 and 162 which are pivotable
      between their illustrated seating positions and raised or upright
      positions.
PAR  The backrests for bench seats 160 and 162 are respectively indicated at 164
      and 166. As shown, bench seats 160 and 162 and backrests 164 and 166 are
      contained within the enclosure defined by panels 30-46.
PAR  As shown in FIG. 2, panel 45 comprises a two-piece frame 170 having two
      frame parts 171 and 172 which are securely fixed to each other by rivets
      or other suitable means, an outer screen 174 which is clamped between
      frame parts 171 and 172, and an inner screen 176 which is fixed as by
      welding to the inner face of frame part 172 in spaced relation to outer
      screen 174.
PAR  Screen 174 is preferably made from the same material as screens 108, 108a,
      108b, 108d, 108e, and 108g. The material for these screens is conventional
      and preferably is a woven, louvered, bronze shade screen material
      manufactured by Coolshade Corporation of Glendale, Calif. Inner screen 176
      preferably is made from relatively stiff, strong expanded steel mesh.
PAR  Fixed to the right hand edge of frame 170 are a pair of hinges 180 and 181
      which are formed from suitable steel rods and which are received in rigid
      vertical metal sleeves 182 and 183. Sleeves 182 and 183 are fixed as by
      welding to the rearward vertical portion of frame 90f. Sleeves 182 and 183
      are axially aligned to thus provide a vertical pivot axis about which
      panel 45 is pivotable between the illustrated closed position and an
      outwardly-swung open position.
PAR  Panel 45 may be locked in its illustrated closed position by a spring
      biased bolt lock assembly 177 which is fixed to the upper left corner of
      frame 170. The lock bolt of assembly 177 is normally spring biased into a
      catch comprising a bracket 175 which is welded or otherwise suitably fixed
      on the rearward edge of frame 62e. A chain 178 secured to the bolt of
      assembly 177 extends downwardly and has a free end fixed by any sutiable
      means to frame part 171. By pulling chain 178, the bolt of assembly 177 is
      withdrawn from bracket 175 to release the lock provided between panel 45
      and 40.
PAR  Still referring to FIG. 2, an additional latch is provided in the form of a
      locking tab 179 which is pivotably mounted on a support bracket 173 to be
      positioned over the upper flange of tailgate 58 when the tailgate is swung
      to its illustrated closed position. Bracket 179 is welded or otherwise
      suitably fixed to frame part 171 as shown.
PAR  Panel 44 and the latching or locking structure therefor is the same as that
      just described for panel 45. Accordingly, like reference numerals suffixed
      by the letter a have been applied to designate corresponding parts of
      panel 44. Sleeves 182a and 184a are fixed as by welding to frame 90g, and
      bracket 175a is fixed to the rearward edge of frame 62e. Panels 44 and 45
      are thus hinged to swing outwardly from their illustrated closed
      positions.
PAR  Panel 46 in some respects is similar to panel 45, and to the extent that
      panels 46 and 45 are alike, like reference numerals suffixed by the letter
      b have been applied to designate the corresponding parts of panel 46.
      Panel 46 differs from panel 45 mainly in its hinge construction and in the
      latching construction for securing panel 46 in its illustrated closed
      position.
PAR  As shown in FIG. 14, panel 46 is provided with a pair of hinges 190 and
      191. Hinges 190 and 191 comprise rigid metal rods which are fixed as by
      welding to frame 170b and which are received in aligned, rigid, metal
      sleeves 193 and 194 respectively. Sleeves 193 and 194 are fixed as by
      welding to the underside of the rearward transversely extending portion of
      frame 62e. Panel 46 is thus swingable about a horizontal axis between its
      illustrated closed position and an inwardly swung open position where the
      lower end of the panel is raised.
PAR  Still referring to FIG. 14, panel 46 is latched to panels 45 and 44 by
      slide bolt lock assemblies 196 and 197 respectively. Assembly 196 is
      conventional and comprises a bolt 198 which is slidable in a sleeve 199
      for insertion into an axially aligned latching sleeve 200. Sleeve 200 is
      fixed as by welding to the underside of frame 170, and sleeve 199 is fixed
      as by welding to the lower portion of frame 170b.
PAR  Assembly 197 is of the same construction as assembly 196. Accordingly, like
      reference numerals suffixed by the letter a have been applied to designate
      corresponding parts of assembly 197. Sleeve 200a is fixed to the underside
      of frame 170a as by welding, and sleeve 197a is fixed as by welding to the
      lower portion of frame 170b.
PAR  After panels 30-39 and 40-43 are assembled in the previously described
      manner, panels 44-46 are assembled in any selected order, or they may be
      assembled concomitantly. Assembly of panel 45 is readily and easily
      effected by aligning hinges 180 and 181 with sleeves 182 and 183 and by
      lowering the panel to insert hinges 180 and 181 into sleeves 182 and 183.
      Similarly, panel 44 is readily and easily assembled by aligning its hinges
      with sleeves 182a and 184a and by lowering the panel to insert the hinges
      into the sleeves. With panels 44 and 45 either removed or in their opened
      positions, panel 46 is readily and easily assembled by aligning its hinges
      190 and 191 with sleeves 193 and 194 and by sidewardly moving the panel to
      insert hinges 190 and 191 into sleeves 193 and 194. Panel 46 cannot be
      removed except by opening panel 44 or by removing panel 44. Panel 46 is
      swingable about its hinge axis into the interior of the enclosure defined
      by the assembly of panels 30-46.
PAR  As shown in FIG. 2, the upper flanged portion of tailgate 58 overlaps the
      lower portions of panels 44-46 when the tailgate is swung to its
      illustrated closed position. To open any one or more of the panels 44-46,
      it is therefore first necessary to swing locking tabs 179 and 179a away
      from their illustrated tailgate locking positions and to then swing
      tailgate 58 down to its opened position. Panel 46 then may be opened by
      sliding bolts 198 and 198a back to their unlocked positions and also by
      pulling on chains 178 and 178a to remove the bolts of assemblies 175 and
      175a from the locking brackets 177 and 177a. All three panels now may be
      opened to provide ingress into and egress from the enclosure.
PAR  It will be appreciated from the foregoing that no fasteners of any kind are
      required for mounting panels 44-46 on panels 39, 43 and 35 respectively.
      Also, no modifications of any kind are required to truck 20 for assembling
      panels 44-46.
PAR  Owing to the interlocking construction previously described for panels
      30-46, panels 30-46 can only be assembled and removed in a predetermined
      sequence. In assembly, it is necessary to assemble the panels in the
      following order: panel 30, panel 31, the sub-assembly of side panels 32
      and 36, panel 43, the sub-assembly of side panels 33 and 37, panel 42, the
      sub-assembly of side panels 34 and 38, panel 41, the sub-assembly of side
      panels 38 and 39, panel 40, and finally the sub-assembly of panels 44-46.
      Removal of panels 30-46 is the reverse of the order for the assembly just
      described.
PAR  From the foregoing, it will further be appreciated that when panels 30-46
      are assembled and when panels 44-46 are latched closed, none of the panels
      30-39 may individually be disassembled or opened sufficiently to provide
      ingress or egress of objects or persons. Furthermore, it will be
      appreciated that no modification of any kind is required to truck 20 for
      mounting panels 30-46 in place. In addition, no separate fasteners of any
      kind are needed for assembling the panels in the manner just described.
      More particularly, no fasteners that require manipulation by tools (such
      as threaded type fasteners) are required for assembling panels 30-46.
PAR  As shown in FIG. 2, rigid bars 219 and 219a are welded to the underside of
      frame 62e to provide stops for limiting inward movement of panels 45 and
      46 beyond their illustrated closed positions. This stop construction also
      prevents panel 40 from being displaced rearwardly when panels 44 and 45
      are latched in their closed positions.
PAR  As shown in FIG. 8, an L-shaped locking flange 218 has a vertical leg
      welded to the inside face of frame part 172 and a horizontal leg which
      overlaps the rearward marginal edge of bench seat 160 when the bench seat
      is in its lowered, seating postion. Thus when panels 44-46 are latched
      closed and when the tailgate 58 is latched in its raised position, bench
      seat 160 cannot be raised and prevents the lower portion of panel 45 from
      being pulled inwardly. This interlock prevents detained persons from
      reaching outside to manipulate any of the locks for panels 44-46.
PAR  As shown in FIG. 8, locking flange 218a is of the same construction as
      flange 218, is welded to the inside face of frame part 172a, and coacts
      with bench seat 162 in the same manner as described in conjunction with
      flange 218 and bench seat 160.
PAR  The full opened positions of panels 44 and 45 may be such that in their
      fully opened positions panels 44 and 45 block removal of panel 40. It will
      be appreciated, however, that panels 44 and 45 may alternately be
      swingable sufficiently far to be out of the removal path of panel 40, thus
      allowing panel 40 to be disassembled while panels 44 and 45 are still
      hinged to panels 39 and 35 respectively.
PAR  From the foregoing description it will be appreciated that the assembly of
      panels 30-46 are detachably mounted on bed structure 24 without the use of
      fasteners of any kind. The assembly of panels 30-46 cannot be lifted as a
      unit off bed structure 24 owing to the frictional engagement of legs 70,
      71, 70a, 71a, 98, 99, 98a, 99a, 98b, 99b, 98c, 99c, 98d, 99d, 98e, 99e,
      98f, 99f, 98g, and 99g in their respective stanchion holes and also owing
      to the fact that it would be extremely difficult to keep the panel
      assembly centered or properly aligned with the bed structure stanchion
      holes to prevent the panel legs from canting and thereby interlocking with
      the internal stanchion hole surfaces.
PAR  From the foregoing description it will also be appreciated that the outer
      frames and screens of panels 32-39 are disposed exteriorly of the bed
      structure stanchions. This, in addition to providing a neat exterior, also
      provides two exterior side wall surfaces which are only interrupted by the
      relatively small clearance spaces between adjacently disposed ones of
      panels 32-39.
PAR  Referring now to FIGS. 1 and 15, panel 49 comprises inner and outer rigid
      rectangular frames 220 and 222. Frames 220 and 222 are constructed from
      any suitable structural members. Frame 222 has inner and outer frame parts
      223 and 224 which are rigidly fixed together by rivets or other suitable
      means. Clamped between frame part 223 and 224 is an outer screen 226 which
      is preferably made from the same material as screen 108. An inner screen
      228 is fixed as by welding to the inwardly facing side of frame 220 in
      spaced parallel relation to screen 226. Screen 228 is preferably formed
      from relatively stiff, strong expanded metal mesh.
PAR  Frame 220 is rigidly fixed to frame part 223 by any suitable means such as
      welding. An upstanding structural member 230 extends perpendicularly
      between the horizontally extending portions of frame 220 about midway
      between the side portions of frame 220. Structural member 230 is welded or
      otherwise suitably fixed to the horizontally extending portions of frame
      220 to add rigidity to the frame and to provide further support for screen
      228.
PAR  Still referring to FIGS. 1 and 15, a pair of rigid pipe sections 232 and
      234 are fixed as by welding to the lower horizontally extending portions
      of frame 220 and respectively interfittingly seat in existing hood hinges
      236 and 238 on the hood of truck 20. Corresponding ends of a pair of
      coiled springs 240 and 241 (see FIG. 3) are respectively anchored to the
      upper left and right hand corners of frame 220 by any suitable means.
      Springs 240 and 241 extend downwardly and have lower, hooked ends which
      are hooked over the existing windshield adjustment handles 244 on opposite
      sides of windshield 51. Springs 240 and 241 are tensioned to bias the
      upper edge of panel 49 downwardly into separable, firm seating engagement
      with the upper horizontally extending edge of the windshield frame and to
      further exert a downward force on panel 49 to firmly seat pipe sections
      232 and 234 in hood hinges 236 and 238. Springs 240 and 241, by exerting
      the downwardly extending force just described, thus firmly wedge panel 49
      between the upper edge of the windshield frame and hood hinges 236 and 238
      to secure panel 49 in place.
PAR  From the foregoing it will be appreciated that no modifications of any kind
      are required to truck 20 for mounting panel 49 in place. To assemble panel
      49, pipe sections 232 and 234 are first separably seated on hood hinges
      236 and 238. Springs 240 and 241 are then extended to hook over the
      windshield adjustment handles 244. Pipe sections 232 and 234, being
      separably seated in hood hinges 236 and 238, provide a horizontal pivot
      axis extending along the lower edge of frame 220 to enable panel 49 to be
      swung rearwardly as springs 240 and 241 are extended, thus firmly wedging
      panel 49 between the upper edge of the windshield frame and hood hinges
      236 and 238. Panel 49 is readily and easily removed by unhooking springs
      240 and 241 and by lifting panel 49 off the vehicle.
PAR  As best shown in FIG. 15, panel 47 comprises a rectangular frame assembly
      260 having inner and outer frames 261 and 262. Frame 262 is formed with
      inner and outer frame parts 264 and 265 which are securely fixed together
      by rivets or other suitable means. A screen 268 is securely clamped
      between frame parts 264 and 265 and is preferably fabricated from the same
      material used to form screen 108. An inner screen 270 is fixed as by
      welding to the inside face of frame 261 in spaced parallelrelation to
      screen 268. Screen 270 is formed from relatively stiff, strong expanded
      metal mesh. Frame 262 is rigidly fixed to frame part 264 by any suitable
      means such as welding.
PAR  Still referring to FIG. 15, the forward vertical portion of frame 262 is
      provided with an extension in the form of a leg 272 which extends
      downwardly along the exterior of the cab door 274 adjacent to the hinged
      end of the door. Fixed to leg 272 as by welding are a pair of aligned,
      support hinge members 276 and 277 which are slidably received in aligned,
      existing metal side door hinge sleeve members 278 and 279.
PAR  When hinge members 276 and 277 are received in sleeve members 278 and 279,
      the subassembly of frame assembly 260 and screens 268 and 270 are
      positioned in front of the side window of cab door 274 in overlapping
      relation thereto.
PAR  As shown in FIG. 16, a rigid, horizontally extending structural member 278
      has an upper vertically extending leg 279 fixed as by welding to the lower
      horizontally extending portion of frame 262. Structural member 278 is
      further formed with a downwardly extending vertical leg 280 and a
      horizontal leg 281 extending between and integrally joining legs 279 and
      280.
PAR  When panel 47 is assembled on door 274, leg 280 is received in the window
      channel 284 which is formed between the inner and outer panels 285 and 286
      of the door. Leg 281 seats on the upper edge of the outer door panel 286
      as shown in FIG. 16. Leg 280 extends between the inside flanged end 288 of
      outer door part 286 and the window which is indicated at 290 in FIG. 16.
      Thus, member 278 does not interfere with the cranking of window 290
      between its illustrated open position and its closed position.
PAR  Also fixed, as by welding, to frame 262 adjacent to the handle end of door
      274 is a leg 292 which extends downwardly from frame 262 along the
      exterior of door 274 as shown in FIGS. 15 and 16. The lateral distance
      between leg 292 and leg 280 is just slightly greater than the width or
      thickness extending between the outer surface of door panel 286 and the
      inwardly facing, channel defining surface of the flanged end 288. Legs 292
      and 280 thereby coact to provide an interlock which prevents the lower
      edge of the framed portion of panel 47 from being pushed or pulled
      inwardly or outwardly relative to door 274. In addition, seating
      engagement of leg 281 on the upper edge of outer door panel 286 provides
      further support for panel 47 on door 274.
PAR  Hinge members 276 and 277 coact with the existing hinge sleeve 278 and 279
      to keep the upper edge of the framed portion of panel 47 from being pushed
      inwardly and outwardly. Also, the length of leg 272 is sufficiently long
      so that when it bears against the outer door panel 286 it also assists in
      preventing the upper edge of the framed panel portion from being pushed
      outwardly. Leg 292, in bearing against the outer surface of door panel
      286, also assists in preventing the upper edge of the framed panel portion
      from being pushed outwardly. Engagement of hinge members 276 and 277 in
      sleeve members 278 and 279 also prevents edgewise movement of panel 47 in
      either direction.
PAR  To assemble panel 47 on the cab of truck 20, it is only necessary to align
      hinge members 276 and 277 with sleeve members 278 and 279 and to align leg
      280 with the door channel 284. Panel 47 then may be dropped into place by
      inserting leg 280 into channel 284, by inserting hinge members 276 and 277
      into sleeve members 278 and 279, and by disposing leg 292 on the exterior
      of the outer door panel 286 as shown. It thus will be appreciated that no
      fasteners of any kind are required for mounting panel 247 on cab door 274.
      It further will be appreciated that no modification to cab door 274 or any
      other part of truck 20 is required for mounting panel 47 in place. Panel
      47 is simply and easily removed simply by lifting it until hinge members
      276 and 277 clear sleeve members 278 and 279. Furthermore, it will be
      appreciated that when panel 47 is assembled in place, it does not
      interfere with the operation of window 290.
PAR  Panel 48 which is mounted on the left hand door of cab 22 is of the same
      construction as panel 47 and is mounted and disassembled in the same
      manner just described for panel 47.
PAR  As shown in FIG. 3, panel 50 comprises a rigid, rectangular frame 300 and a
      screen 302 of relatively stiff, strong expanded metal mesh which is welded
      to frame 300. An intermediae structural member 304 extends between the
      forward and rearward transversely extending portions of frame 300 about
      midway between the side portions of frame 300. Structural member 304 is
      welded at opposite ends to the transversely extending portions of frame
      300. At the right and left hand rearward corners of panel 50 relatively
      short, downwardly extending pipe sections 306 and 307 are welded to frame
      300 and receive existing, unshown roof support legs of cab 222. At the
      forward right and left corners of panel 50, two tabs indicated at 308 are
      welded to frame 300 and hook over the existing front windshield corner
      posts of the cab. Tabs 308 and the coaction of pipe sections 306 and 307
      with the unshown roof support legs of the cab secure panel 50 in place.
      Panel 50 completely covers the roof of cab 22.
PAR  From the foregoing it will be appreciated that no modifications of any kind
      are required to truck 20 for mounting panels 30-50 in place. The complete
      assembly of panels 30-50 for truck 20 weighs approximately 650 pounds and
      can be packaged in a relatively small container that is 21/2 feet high, 8
      feet long, and 3 feet wide. It therefore can be readily and easily
      transported by aircraft or ground surface carriers to a desired location.
      Furthermore, no separate fasteners of any kind are required for assembling
      panels 30-50 in place. This simplifies the assembly and disassembly of
      panels 30-50. For truck 20, an untrained crew of three men can assemble
      panels 30-50 in about 5 minutes, and a trained crew of three men can do
      the same job in about 2 minutes.
PAR  The outer screens on panels 47-49, 32-35, 36-39, and 44-46, in addition to
      being resilient for repelling thrown objects, are also formed from the
      previously described material to provide a mirror effect which obscures a
      view of the interior of the cab and the rear bed structure enclosure from
      the outside of the truck. Furthermore, the screened construction of panels
      30-50 provide for free circulation of air through the cab of the truck and
      also through the enclosure on the truck bed structure 24. The outer
      screens mentioned above, however, substantially preclude the passage of
      liquids, thus providing additional protection to the passengers.
PAR  It will be noted that seating engagement of the interlocked panels 40-43 on
      the inner frames of the adjacently disposed ones of panels 32-39 prevents
      panels 32-39 from individually being pushed or pulled upwardly. Also, the
      horizontal legs of flanges 132, 132c, 132d, 132e, 132f, and 132g overlap
      the upper rearward corners of frames 90, 90a, 90b, 90c, 90d, and 90e to
      provide a further interlock that prevents panels 32-34 and 36-38 from
      individually being pushed or pulled upwardly.
PAR  As shown in FIGS. 7 and 8, a pair of rigid, plate-like, spaced apart
      locking tabs 350 (FIG. 7) are fixed to the right hand side portion of
      frame 62b, and a similar pair of rigid, plate-like, spaced apart locking
      tabs 352 (FIG. 8) are fixed to the left hand side portion of frame 62b.
      Tabs 350 and 352 extend downwardly from frame 62b as shown. When panel 43
      is assembled in place, tabs 350 removably extend downwardly between the
      upper horizontal portion (i.e., member 94) of frame 90 and screen 106, and
      tabs 352 similarly extend downwardly between the upper horizontal portion
      of frame 90a and the sub-assembly of frame 92a and screen 106a.
PAR  Tabs 350 are abuttable with opposed surfaces on frame 90 and the
      sub-assembly of frame 92 and screen 106, and tabs 350 similarly are
      abuttable with the opposed surfaces on frame 90a and the sub-assembly of
      frame 92a and screen 106a to prevent side panels 32 and 36 from being
      moved laterally away from panel 43. By preventing lateral movement of
      panels 32 and 36 with the interlocking tab construction just described,
      panel 43 cannot be freed by pushing or pulling panels 32 and 36 outwardly.
PAR  Still referring to FIGS. 7 and 8, a pair of spaced apart locking tabs 350c
      are fixed to the right hand side portion of frame 62c, and a further pair
      of spaced apart locking tabs 352c are fixed to the left hand side portion
      of frame 62c. Tabs 350c and 352c are of the same construction as tabs 350
      and 352, are arranged in the same manner as tabs 350 and 352, and
      interlock with panels 33 and 37 in the same manner as described for the
      sub-assembly of panels 32, 36, and 43. Thus, tabs 350c extend between the
      upper horizontal portion of frame 90b and the sub-assembly of frame 92b
      and screen 106b, and tabs 352c extend between frame 90c and the
      sub-assembly of frame 92c and screen 106c to interlock panels 33, 37 and
      42 in a manner that prevents panels 33 and 37 from being pushed or pulled
      laterally outwardly to thereby prevent panel 42 from being freed.
PAR  With continued reference to FIGS. 7 and 8, a pair of spaced apart locking
      tabs 350d are fixed to the right hand side portion of frame 62d, and a
      pair of spaced apart locking tabs 352d are fixed to the left hand side
      portion of frame 62d. Tabs 350d and 352d are of the same construction as
      tabs 350 and 352, are arranged in the same manner as tabs 350 and 352, and
      interlock with panels 34 and 38 in the same manner as described for the
      sub-assembly of panels 32, 36, and 43. Thus tabs 350d are received between
      the upper horizontal portion of frame 90d and the sub-assembly of frame
      92d and screen 106d, and tabs 352d are received between the upper
      horizontal portion of frame 90e and the sub-assembly of frame 92e and
      screen 106e to prevent panels 34 and 38 from being pushed or pulled
      laterally outwardly and away from panel 41. Panel 41 therefore cannot be
      freed by laterally pushing or pulling panels 34 and 38.
PAR  Still referring to FIGS. 7 and 8, a pair of spaced apart locking tabs 350e
      are fixed to the right hand side portion of frame 62e, and a pair of
      spaced apart locking tabs 352e are fixed to the left hand side portion of
      frame 62e. Tabs 350e and 352e are of the same construction as tabs 350 and
      352, are arranged in the same manner as tabs 350 and 352, and interlock
      with panels 35 and 39 in the same manner as described for the sub-assembly
      of panels 32, 36, and 43. Thus tabs 350e are received between the upper
      horizontal portion of frame 90f and the sub-assembly of frame 92f and
      screen 106f, and tabs 352e are received between the upper horizontal
      portion of frame 90g and the sub-assembly of frame 92g and screen 106g to
      prevent panels 35 and 39 from being pushed or pulled laterally outwardly
      and away from panel 40. Panel 40 therefore cannot be freed by laterally
      pushing or pulling panels 35 and 39.
PAR  It will be appreciated that the separable interlocks provided by tabs 350,
      352, 350c, 352c, 350d, 352d, 350e, and 352e are accomplished without the
      use of fasteners of any kind.
PAR  When panel 43 is assembled in the previously described manner tabs 350 are
      slid into the space between frame 90 and the sub-assembly of frame 92 and
      screen 106, and tabs 352 are slid into the space between frame 90a and the
      sub-assembly of frame 92a and screen 106a. The other tabs on panels 42,
      41, and 40 are positioned in the same manner upon assembly of their
      respective panels.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A conversion assembly for converting a truck having an open load or
      passenger-carrying bed structure into a carrier for either confining
      detained persons or protecting passengers wherein said truck has upwardly
      opening hollow stanchions extending upwardly from said bed structure, said
      conversion assembly comprising a series of enclosure-defining knockdown
      panels for enclosing said bed structure, a sub-assembly of said series of
      panels defining side and end wall portions of the enclosure defined by
      said series of panels, and said sub-assembly of panels being detachably
      mounted directly on said truck without the use of tool-manipulated
      fasteners of any kind, each of the panels forming said side wall portions
      comprising an inner frame, an outer frame fixed to said inner frame, a
      pair of legs rigid with said inner frame and being adapted to be removably
      slidably received in predetermined pair of said stanchions, and means
      fixed to said outer frame for enclosing the frame space bordered by said
      outer frame, said outer frame and said last mentioned means being disposed
      exteriorly of said pair of stanchions when said legs are received in said
      pair of stanchions, and said means enclosing said frame space comprising
      inner and outer screens fixed to said outer frame in spaced apart,
      essential parallel relation, with the outer one of said screens being
      sufficiently resilient to have a spring effect for repelling thrown
      objects.
NUM  2.
PAR  2. The conversion assembly defined in claim 1 wherein said inner screen is
      formed from a relatively stiff, expanded metal mesh, and wherein said
      outer screen is formed from a material that obscures a view of the
      interior of the enclosure from a position outside the enclosure.
NUM  3.
PAR  3. An assembly for converting a truck having an open load or
      passenger-carrying bed structure into a carrier for either confining
      detained persons or protecting passengers, said assembly comprising means
      adapted to be detachably mounted on said truck and defining an enclosure
      for enclosing said bed structure and having opposed spaced apart side
      walls, front and rear end walls, and a top wall covering the space
      confined by said side and end walls, door means forming a part of said
      enclosure-defining means and being supported for displacement between
      closed and opened positions to provide an opening for entering and leaving
      said enclosure, said door means defining at least a portion of said rear
      end wall, said enclosure-defining means restricting ingress and egress
      relative to said enclosure except through said opening, said enclosure
      defining means further including a series of separately formed knockdown
      panels that define said side walls, said top wall and said front end wall,
      and means interlocking said panels without the use of tool-manipulated
      fasteners of any kind and cooperating with said door means to prevent said
      panels from being displaced or removed from their enclosure-defining
      positions to positions allowing ingress or egress relative to said
      enclosure except upon predetermined displacement of said door means from
      its closed position.
NUM  4.
PAR  4. An assembly for converting a truck having an open load or
      passenger-carrying bed structure into a carrier for either confining
      detained persons or protecting passengers, said assembly comprising a
      first sub-assembly having a series of separately formed knockdown panels
      detachably supported on said bed structure, a second sub-assembly having
      at least one panel-like door and cooperating with said first sub-assembly
      to define an enclosure having top, side and end walls for enclosing said
      bed structure, said second sub-assembly being displaceably supported by
      said first sub-assembly to provide an opening for entering and leaving
      said enclosure, and means interlocking said panels and cooperating with
      said second sub-assembly to prevent disassembly of said panels when said
      second sub-assembly is positioned to close said opening.
NUM  5.
PAR  5. A conversion assembly for converting a truck having an open load or
      passenger-carrying bed structure into a carrier for confining detained
      persons or protecting passengers, said conversion assembly comprising an
      array of separately formed knockdown panels detachably supported on said
      bed structure and defining an enclosure for enclosing said bed structure
      to confine or protect persons occupying said bed structure, said enclosure
      being formed with opposed, spaced apart end walls, first and second
      opposed spaced apart side walls extending between said end walls, and a
      top wall covering the space confined by said end and side walls, said
      array having first, second, and third sub-assemblies of said panels, said
      first sub-assembly having at least one of said panels and defining one of
      said end walls, said second sub-assembly having at least two of said
      panels respectively defining a portion of said first side wall and a
      portion of said second side wall, said third sub-assembly having at least
      one panel defining a portion of said top wall, and means interlocking said
      first, second, and third sub-assemblies to enable the panels of said
      first, second, and third sub-assemblies to be assembled and disassembled
      only in a single predetermined order.
NUM  6.
PAR  6. The conversion assembly defined in claim 5 wherein the order of
      disassembly of said sub-assemblies provided by said interlocking means is
      as follows: said third sub-assembly, said second sub-assembly, and first
      sub-assembly.
NUM  7.
PAR  7. The conversion assembly defined in claim 6 wherein the panels of said
      first, second, and third sub-assemblies cooperate to define two corners of
      said enclosure.
NUM  8.
PAR  8. The conversion assembly defined in claim 7 wherein said two panels
      defining said portions of said first and second side walls are disposed in
      spaced apart opposed relation, wherein said at least one panel defining
      said portion of said top wall spans the space between said two panels that
      define said portions of said first and second side walls, and wherein said
      at least one panel defining said one of said end walls is disposed
      adjacent to correspondingly facing edges to said two panels that define
      said portions of said first and second side walls and of said at least one
      panel that defines said portion of said top wall.
NUM  9.
PAR  9. The conversion assembly defined in claim 8 wherein said interlocking
      means comprises a member fixed to said at least one panel defining said
      one of said end walls, said member having a leg portion overlapping the
      adjacent edge of said at least one top wall portion defining panel and
      being separably abuttable therewith to prevent said at least one top wall
      portion defining panel from being pushed or pulled upwardly and away from
      said at least one panel defining said one of said end walls at least in
      the region of said leg portion.
NUM  10.
PAR  10. The conversion assembly defined in claim 8 wherein said two panels
      defining said two portions of said first and second side walls each have
      an exterior protective panel portion and a further portion disposed
      inwardly of and fixed to said exterior portion, said at least one panel
      defining said portion of said top wall being seated on said further
      portions of said two side wall portions defining panels between the
      exterior portions of said two side wall portion defining panels.
NUM  11.
PAR  11. The conversion assembly defined in claim 8 wherein said interlocking
      means comprise tabs on opposite sides of said at least one top wall
      portion defining panel, said tabs being separably interlockingly received
      in spaces between said exterior and further portions of said two side wall
      portion defining panels to prevent the upper edge of each of said two side
      wall portion defining panels from being pushed or pulled away from said at
      least one top wall portion defining panel.
NUM  12.
PAR  12. A conversion assembly for converting a truck having an open load or
      passenger-carrying bed structure into a carrier for confining detained
      persons or protecting passengers, said conversion assembly comprising an
      array of separately formed, knockdown panels detachably supported on said
      bed structure to define an enclosure of inverted box-like configuration
      for enclosing said bed structure, there being three of said panels
      respectively forming end wall, side wall, and top wall portions of said
      enclosure and being disposed adjacent to each other to define two corners
      of said enclosure, and means fixed on only one of said three panels for
      separably interlocking said three panels without the use of fasteners of
      any kind.
NUM  13.
PAR  13. A conversion assembly for converting a truck having an open bed
      structure into a carrier for confining detained persons or protecting
      passengers, said conversion assembly comprising an array of separately
      formed knockdown panels detachably supported on said bed structure to
      define an enclosure for enclosing said bed structure to confine or protect
      persons occupying said bed structure, said enclosure having opposed spaced
      apart end walls, opposed spaced apart side walls extending between said
      end walls, and a top wall covering the space confined by said end and side
      walls, there being at least one of said panels defining each of said side
      walls and at least another one of said panels defining said top wall, the
      side wall-defining ones of said panels each having an exterior portion and
      an inner portion, said inner portion being formed with a top wall panel
      seating surface disposed at a level that is below the upper edge of said
      exterior portion, said top wall-defining panel being seated on the inner
      portion seating surfaces of said side wall-defining panels and being
      disposed between and confined against sideward movement by the regions of
      said exterior portions which extend above said seating surfaces.
NUM  14.
PAR  14. An assembly for converting a truck having an open load or
      passenger-carrying bed structure into a carrier for either confining
      detained persons or protecting passengers, said assembly comprising means
      adapted to be mounted on said truck for detaining or protecting persons on
      said bed structure and defining an enclosure for enclosing said bed
      structure and having opposed spaced apart side walls, front and rear end
      walls, and a top wall covering the space confined by said side and end
      walls, door means forming a part of said enclosure-defining means and
      being supported for displacement between closed and opened positions to
      provide an opening in one of said end walls for entering and leaving said
      enclosure, said enclosure-defining means further including a series of
      separately formed knockdown panels that define said top wall, said side
      walls and the other of said end walls, and means interlocking said panels
      and cooperating with said door means (a) to prevent said panels from being
      displaced or removed from their assembled, enclosure-defining positions to
      positions allowing personnel ingress or egress relative to said enclosure
      when said door means is in its closed position and (b) to enable
      disassembly of said panels upon predetermined displacement of said door
      means from said closed position.
NUM  15.
PAR  15. The assembly defined in claim 14 wherein each of said panels is
      disposed adjacent to at least another one of said panels, and wherein said
      interlocking means comprises coacting formations respectively on
      adjacently disposed ones of said panels and being in separable seating
      surface engagement with each other, said panels being retained against
      displacement from their assembled enclosure-defining positions only by the
      separable seating surface engagement of said formations.
NUM  16.
PAR  16. An assembly for converting a truck having an open load or
      passenger-carrying bed structure into a carrier for either confining
      detained persons or protecting passengers, wherein said truck has upwardly
      opening hollow stanchions extending upwardly from said bed structure, said
      assembly comprising means adapted to be mounted on said truck and
      including panel means and door means, said door means cooperating with
      said panel means for defining an enclosure enclosing said bed structure
      and having opposed spaced apart end walls, opposed spaced apart side walls
      extending between said end walls, and a top wall covering the space
      confined by said side and end walls, said door means providing an opening
      in one of said end walls for entering and leaving said enclosure, said
      panel means comprising a plurality of knockdown panels forming portions of
      said side walls, and each of said knockdown panels comprising rigid
      structural means comprising a pair of legs that are adapted to be
      removably slidably received in a predetermined pair of said stanchions, a
      frame fixed to said structural means, and means fixed to said frame for
      enclosing the space bordered by said frame, said frame and said means
      fixed to said frame for enclosing said space being disposed exteriorly of
      said predetermined pair of stanchions in overlapping relation thereto when
      said legs are received in said pair of stanchions to block access to said
      pair of stanchions from the exterior of said enclosure.
NUM  17.
PAR  17. An assembly for converting a truck having an open load or
      passenger-carrying bed structure into a carrier for either confining
      detained persons or protecting passengers, said assembly comprising means
      adapted to be detachably mounted on said truck and forming an enclosure
      for enclosing said bed structure and having opposed spaced apart side
      walls, front and rear wall end walls and a top wall covering the space
      confined by said side and end walls, door means forming a part of said
      enclosure-defining means to provide an opening at said rear end wall for
      entering and leaving said enclosure, said enclosure-defining means further
      including a series of knockdown panels defining said side walls, said top
      wall and said front end wall, said panels blocking ingress and egress
      relative to said enclosure except through said opening, and means
      detachably interlocking said panels to prevent each panel from being
      removed transversely of the enclosure-forming wall portion that it
      defines, said interlocking means having portions that are accessible from
      the exterior of said enclosure, and all of the portions of said
      interlocking means that are accessible from the exterior of said enclosure
      being permanently fixed to predetermined ones of said panels.
NUM  18.
PAR  18. An assembly for converting a truck having an open load or
      passenger-carrying bed structure into a carrier for either confining
      detained persons or protecting passengers, said assembly comprising means
      adapted to be detachably mounted on said truck and forming an enclosure
      for enclosing said bed structure and having opposed spaced apart side
      walls, front and rear wall end walls and a top wall covering the space
      confined by said side and end walls, door means forming a part of said
      enclosure-defining means to provide a security opening at said rear end
      wall for entering and leaving said enclosure, said enclosure-defining
      means further including a series of knockdown panels defining said side
      walls, said top wall and said front end wall, said panels blocking ingress
      and egress relative to said enclosure except through said opening, and
      means detachably interlocking said panels to prevent each panel from being
      removed transversely of the enclosure-forming wall portion that it
      defines, said interlocking means having portions that are accessible from
      the interior of said enclosure, and all of the portions of said
      interlocking means that are accessible from the interior of said enclosure
      being permanently fixed to predetermined ones of said panels.
NUM  19.
PAR  19. An assembly for converting a truck having an open load or
      passenger-carrying bed structure into a carrier for either confining
      detained persons or protecting passengers, wherein said truck has upwardly
      opening hollow stanchions extending upwardly from said bed structure, said
      assembly comprising means adapted to be mounted on said truck and
      including panel means and door means, said door means cooperating with
      said panel means for defining a security enclosure enclosing said bed
      structure and having opposed spaced apart end walls, opposed spaced apart
      side walls, and a top wall covering the space confined by said side and
      end walls, said door means providing an opening in one of said end walls
      for entering and leaving said enclosure, said panel means cooperating with
      said door means to block ingress into and egress from said enclosure when
      said door means is held closed, said panel means comprising a first
      plurality of knockdown panels forming portions of said side walls, and
      each of said knockdown panels comprising rigid structural means having a
      pair of legs that are adapted to be removably slidably received in a
      predetermined pair of said stanchions, a frame fixed to said structural
      means and means fixed to said frame for blocking the space bordered by
      said frame to block ingress and egress through said space, said frame and
      said means fixed to said frame for blocking said space being disposed
      exteriorly of said predetermined pair of stanchions in overlapping
      relation thereto when said legs are received in said pair of stanchions to
      block access to said pair of stanchions from the exterior of said
      enclosure, said panel means including a second plurality of knockdown
      panels defining said top wall and the other of said end walls.
NUM  20.
PAR  20. The assembly defined in claim 19, wherein said means for blocking the
      space bordered by said frame comprises a screen.
NUM  21.
PAR  21. An assembly for converting a truck having an open load or
      passenger-carrying bed structure into a carrier for either confining
      detained persons or protecting passengers, said assembly comprising means
      adapted to be mounted on said truck and including an array of separately
      formed, knockdown panels and door means, said door means cooperating with
      said panels for defining a security enclosure enclosing said bed structure
      and having opposed spaced apart end walls, opposed spaced apart side
      walls, and a top wall covering the space confined by said side and end
      walls, said door means providing an opening in one of said end walls for
      entering and leaving said enclosure, said panels cooperating with said
      door means to block ingress into and egress from said enclosure when said
      door means is held closed, there being at least one of said panels
      defining each of said side walls and at least another one of said panels
      defining said top wall, the side wall-defining ones of said panels each
      having (a) a frame, (b) means fixed to said frame for blocking the space
      bordered by said frame, and (c) structural means fixed to said frame, said
      structural means being disposed on the inner side of said frame and
      defining an upwardly facing top wall panel seating surface, said seating
      surface being disposed inwardly of said frame and at a level below the
      upper edge of said frame, said top wall-defining panel being seated on the
      seating surfaces defined by said structural means and being disposed
      between the regions of the frames of said side wall-defining panels which
      extend above said seating surfaces, said regions of said frames extending
      above said seating surfaces being disposed to confine sideward movement of
      said top wall-defining panel.
NUM  22.
PAR  22. The assembly defined in claim 21 wherein said truck has upwardly
      opening stanchions extending upwardly from said bed structure, and wherein
      each of said side wall-defining panels includes a pair of leg portions,
      said leg portions being rigid with said structural means and arranged to
      be removably slidably received in a pair of said stanchions upon assembly
      of said side wall-defining panel on said bed structure.
NUM  23.
PAR  23. In combination with a truck having an open load or passenger-carrying
      bed structure and upwardly opening hollow stanchions extending upwardly
      from said bed structure, an assembly detachably mounted on said truck and
      including panel means and door means, said door means cooperating with
      said panel means for defining a security enclosure enclosing said bed
      structure and having opposed spaced apart end walls, opposed spaced side
      walls extending between said end walls, and a top wall covering the space
      confined by said side and end walls, said door means providing an opening
      in one of said end walls for entering and leaving said enclosure, said
      panel means cooperating with said door means to block ingress into and
      egress from said enclosure when said door means is held closed, said panel
      means comprising a plurality of knockdown panels forming portions of said
      side walls, and each of said knockdown panels comprising a frame, a pair
      of legs fixed to said frame and removably slidably received in a
      pre-selected pair of said stanchions, and means fixed to said frame for
      blocking the space bordered by said frame, said frame and said blocking
      means being disposed exteriorly of said pre-selected pair of stanchions in
      overlapping relation thereto when said legs are received in said pair of
      stanchions to block access to said pre-selected pair of stanchions from
      the exterior of said enclosure.
NUM  24.
PAR  24. The combination defined in claim 23 wherein said blocking means
      comprises a screen.
NUM  25.
PAR  25. The combination defined in claim 23 wherein said panel means includes a
      further plurality of knockdown panels that define said top wall and the
      other of said end walls.
NUM  26.
PAR  26. The combination defined in claim 25, wherein two knockdown panels of
      said futher plurality of panels defines said other of said end walls, one
      of said two panels being mounted on and supported by the other of said two
      panels.
NUM  27.
PAR  27. The combination defined in claim 25 wherein said assembly further
      comprises means for detachably interlocking the side-wall-forming
      knockdown panels and said further plurality of said panels.
NUM  28.
PAR  28. In combination with a truck having an open load or passenger-carrying
      bed structure, an assembly detachably mounted on said truck for either
      confining detained persons or protecting passengers on said bed structure
      said assembly comprising an array of separately formed, knockdown panels
      and door means, said door means cooperating with said panels for defining
      a security enclosure enclosing said bed structure and having opposed
      spaced apart end walls, opposed spaced apart side walls, and a top wall
      covering the space confined by said side and end walls, said door means
      providing an opening in one of said end walls for entering and leaving
      said enclosure, said panels cooperating with said door means to block
      ingress into and egress from said enclosure when said door means is held
      closed, there being at least one of said panels defining each of said side
      walls and at least another one of said panels defining said top wall, the
      side wall-defining ones of said panels each having (a) a frame, (b) means
      fixed to same frame for blocking the space bordered by said frame, and (c)
      structural means fixed to said frame, said structural means being disposed
      on the inner side of said frame and defining an upwardly facing top wall
      panel seating surface, said seating surface being disposed inwardly of
      said frame and at a level below the upper edge of said frame, said top
      wall-defining panel being seated on the seating surfaces defined by said
      structural means and being disposed between the regions of the frames of
      said side wall-defining panels which extend above said seating surfaces,
      said regions of said frames extending above said seating surfaces being
      disposed to confine sideward movement of said top wall-defining panel.
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PAL  A tilt cab automotive vehicle has a latching device comprising a toggle
      clamp operable to clampingly engage a frame portion of the vehicle with a
      portion of the tilt cab to restrain the cab from inadvertent tilting
      during normal vehicle operation. Preferably an assembly utilizing two such
      devices interconnected by a linkage is provided, and is operable from one
      side of the vehicle.
BSUM
PAR  This invention relates to automotive vehicle tilt cab latching devices. It
      is desirable in automotive vehicles particularly commercial vehicles to
      provide as great a load carrying space on the vehicle as possible without
      rendering servicing of the vehicle unduly difficult or expensive in time
      or rendering difficult the access to parts such as the engine or steering
      gear. One way of achieving these ends is to provide the vehicle with a
      tilt cab, that is, one which can be raised about a hinge axis at the front
      of the vehicle to permit easy access to the engine and other mechanism
      normally shrouded by the cab when it is in the down position on the
      vehicle frame, as it would be for normal use. With such a tilt cab
      arrangement it is essential to provide a latching device to ensure that
      the cab will not unlatch and tilt forward.
PAR  In an automotive vehicle cab latching device according to the invention a
      portion of a member of the tilt cab is adapted to be engaged with a
      portion of a frame member of the vehicle and clamped thereto by means of
      an over-centre or toggle clamp comprising a pivot bar pivotally mounted in
      a latch housing secured on one of said members and pivotally movable
      therein by means of a lever fixed on one end of said bar, and an
      over-centre link fixed at one end on said bar and connected at its other
      end by a link pin to one end of a hook of greater length than said
      over-centre link, said housing and a portion of said hook intermediate the
      ends of the hook being interconnected by a guide-pin and slot connection
      arranged so that angular movement of said lever into a first predetermined
      position effects movement of the link and hook into a position in which
      the link is at an angle to a line joining said pivot bar and the point of
      engagement of said members, and a line joining the ends of the hook is at
      an angle to said link, and movement of said lever from said first position
      towards a second position pivots said over-centre link and link pin from
      their first said positions into a slightly over-centre position relative
      to a line joining said pivot bar axis and said point of engagement of said
      members and moves said hook angularly about said link pin relative to said
      over-centre link so that the free end of the hook is brought from a
      position disengaged from the other of said members into a position in
      which it engages said other member and clamps it against the first member.
PAR  Preferably two such devices are provided, one on each side of the vehicle
      and a linkage interconnects the two devices so that operation of one
      device also operates the other.
PAR  The slot of the pin and slot connection may be curved along its length and
      the curvature at one end portion of the slot may be such that relative
      movement between said one end portion and said guide-pin results in a
      greater angular movement of the hook than results from the relative
      movement of the remainder of the slot and the guide-pin.
PAR  The length of the guide-pin may be such as to permit of its flexing as the
      hook is moved to and from its first and second positions and by such
      flexing the guide-pin can accommodate the lengthwise displacement of the
      hook as it pivots about the link pin and said other member.
DRWD
PAR  The appended claims define the scope of the monopoly claimed. How the
      invention can be performed is hereinafter particularly described with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is an exploded perspective view of a device according to the
      invention;
PAR  FIG. 2 is a side view, to a smaller scale, showing the device of FIG. 1
      assembled and indicating the disengaged position of its hook;
PAR  FIG. 3 is a view, similar to FIG. 2, with the hook in its engaged position;
      and
PAR  FIG. 4 is a view from the rear of the vehicle and looking forward to the
      front of the vehicle and showing two devices according to the invention
      located at the rear of the cab and connected to one another by a linkage.
DETD
PAR  FIGS. 1 to 3 show an automotive tilt cab latching device 1 according to the
      invention; the vehicle however is not shown in these Figures. The device
      shown in these Figures has a cab member 2 adapted to be engaged with a
      frame member 4 of the vehicle and clamped thereto by a toggle clamp 6. The
      cab member comprises a channel-shaped plate 8 securable at its open edges
      to a resilient mounting 10 on the vehicle cab (not shown). The channel
      plate 8 has an aperture 12 in one side through which can pass a hook 40 of
      the device, as will be later described, and the closed base portion 14 of
      the channel plate is engageable in a complementary trough shaped portion
      18 of a latch housing 16 fixed on, and constituting a portion of, the
      frame member 4 of the vehicle. The latch housing 16 conveniently is formed
      as a casting the general shape of which is that of a box in which said
      trough shaped portion is the upper wall, and in which one side wall
      adjacent the two end walls 20, 22 connected to said trough shaped portion
      is omitted. The base 24 of the housing is adapted to be secured on the
      frame member 4 of the vehicle in a position such that when the vehicle cab
      is in the down position bearing on the frame member, the closed base
      portion 14 of the cab member is received in the trough portion 18 of the
      latch housing 16. The cab member 2 is clamped to the frame member 4 by
      means of a toggle clamp 6 comprising a pivot bar 26 pivotally mounted in
      the side walls 20, 22 of the latch housing and pivotable by means of a
      lever 28 fixed on one end of the bar, and an over-centre link 30 fixed at
      one end 32 on said bar and connected at its other end 34 by a link pin 36
      to one end 38 of a hook 40 of greater length than said over-centre link
      30. The hook 40 has a curved slot 42 intermediate its ends 38, 44 and a
      guide-pin 46 journalled in the side walls 20, 22 of the housing outboard
      of the pivot bar 26 extends through the slot 42 in the hook 40. A domed
      adjuster bolt 48 is located in the other or free end 44 of the hook 40 and
      forms a curved end portion or the head of the hook.
PAR  The operation of the device 1 is as follows, it being assumed that the cab
      is in the down position resting on the vehicle frame 4 and the cab member
      2 is engaged in the trough-like wall portion 18 of the latch housing 16.
      The hook 40 at this point is seen to be swung away from the cab member 2
      (as shown in FIG. 2). In this first predetermined position the link 30 and
      the hook 40 are in a position in which the link is at an angle to a line
      joining the pivot bar 26 and the point of engagement of the members 2, 4
      (for convenience this may be considered to be on the centre line of the
      base of the trough-like wall of the latch housing) and a line joining the
      ends 38, 44 of the hook 40 is at an angle to said link 30. Movement of the
      lever 28 (clockwise as viewed in the drawing) from the first position
      towards a second position (shown in FIG. 3) pivots the over-centre link 30
      and link pin 36 clockwise from their first said positions into a slightly
      over-centre position relative to a line joining said pivot bar axis and
      said point of engagement of said members 2, 4 and the engagement of the
      slot 42 in the hook 40 with the guide-pin 46 moves said hook 40
      anti-clockwise about said link pin 36 relative to said over-centre link 30
      so that the free end 44 of the hook is brought from its first position,
      disengaged from the cab member 2, into a second position in which it is
      engaged with the cab member 2 and clamps it against the latch housing 4,
      thereby securing the cab to the vehicle frame.
PAR  The slot 42 has a sharper curvature at its end portion 50 adjacent the link
      pin 36 than over the rest of its length so that movement of that end
      portion 50 about the guide-pin 46 results in a greater angular movement of
      the hook 40 for movement of that length of the slot relative to the
      guide-pin than results from movement of the remainder of the slot relative
      to the pin. The effect of this is to move the hook 40 rapidly into or out
      of engagement with the cab member 2 depending upon whether the hook is
      being engaged or disengaged from the cab member.
PAR  The length of the guide-pin 46 (FIG. 1) is such that the pin can flex to
      accommodate the slight lengthwise movement of the hook 40 as it pivots
      about its over-centre position when being engaged or disengaged from the
      cab member 2. In the slightly over-centre position, the hook 40 is in
      tension between the point of engagement of its curved head 48 with the cab
      member 2 and the link pin 36, and the over-centre link 30 is in
      compression between the link pin 36 and the pivot bar 26. Further movement
      of the toggle clamp 6 is prevented by the guide-pin 46 abutting the end 52
      of the slot 42. Because of this over-centre position of the toggle clamp 6
      any attempt to move the cab member 2 away from the frame member 4 without
      moving the toggle clamp 6 out of its slightly over-centre position serves
      only to latch the two members 2, 4 more securely together.
PAR  The domed head bolt 48 at the contoured free end 44 of the hook can be
      adjusted to take up manufacturing tolerances and wear to ensure that there
      is no play between the hook and the cab member when the hook is in the
      engaged position. Additionally, as the hook is moved into or out of
      engagement with the cab member the domed head bolt rolls into or out of
      engagement with the cab member, thus minimizing wear of the contacting
      parts. The guide slot 42 may be widened at its other end 52 remote from
      the over-centre link 30, to permit a slight change in the angular movement
      of the hook 40 so that the bolt 48 can pivot and ensure that its domed
      head rolls over the cab member 2 without straining the slot 42 against the
      pivot bar 26.
PAR  As shown in FIG. 4, two devices 1, 11 according to the invention are
      mounted on the vehicle, and in the Figure, a portion of the cab 56 is
      shown latched to the frame members 4. These two devices are interconnected
      by a rigid link 54 so that operation of one device also operates the
      other. The guide-pin 46 and slot 42 connection ensures that in each device
      1, 11 the hook 40 moves in a predetermined path thus ensuring that the two
      devices can be operated in unison.
PAR  The positions of the first or cab member 2 and the latch housing 16 could
      be reversed so that the first member 2 was secured to the frame 4 and the
      latch housing to the cab 56.
PAR  If desired, a stop member could be provided on the pivot bar 26 for
      movement into or out of engagement with a stop surface on the device 6 to
      ensure that with the pin slot connection only the design angular movement
      of the hook 40 will occur.
PAR  An automotive vehicle tilt cab latching device as described above provides
      a convenient and effective way of securing a vehicle tilt cab to the
      vehicle frame when the cab is in the down position and which restrains the
      cab from tilting during normal use of the vehicle.
PAR  Additionally, when two devices are used they can be interconnected for
      operation from one side of the vehicle, which is a great convenience to
      the operator.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an automotive vehicle having a frame and a tilt cab adapted to be
      tilted about a hinge axis at the front of the vehicle frame from a down
      position to a raised position thereon, a tilt cab latching device
      comprising:
PA1  a tilt cab member movable, upon tilting of the cab, into and out of
      abutment with a member of said vehicle frame,
PA1  and a toggle clamp operable to clamp said tilt cab member and said frame
      member together when said tilt cab is in the down position, said toggle
      clamp comprising:
PA1  a latch housing secured on one of said tilt cab and frame members;
PA1  a pivot bar pivotally mounted on said housing and pivotable about the
      longitudinal axis of said pivot bar;
PA1  a lever fixed at one end thereof on said pivot bar and operable to pivot
      said pivot bar about said axis;
PA1  an over-centre link fixed at one end thereof on said pivot bar, and having
      at its other end a link pin;
PA1  a hook member of greater length than said over-centre link, and having two
      opposed ends, one of which is pivotally mounted on said link pin;
PA1  means connecting said hook member and said latch housing, said means
      comprising a slot formed in said hook member adjacent said one end
      thereof, and a guide-pin secured in said housing and extending through
      said slot, the means constraining said hook member so that angular
      movement of said lever into a first predetermined position effects
      movement of the hook member and the over-centre link into a position in
      which the over-centre link is at an angle to a line joining said pivot bar
      and the position of abutment of said tilt cab and frame members, a line
      joining the ends of the hook member is at an angle to said over-centre
      link and the other end of said hook member is disengaged from the other of
      said tilt cab and frame members;
PA1  and movement of the lever towards a second predetermined position pivots
      said over-centre link and link pin into a position over-centre relative to
      a line joining said pivot bar axis and said abutment position of said tilt
      cab and frame members, and the means constrains the hook member to move
      angularly about said link pin relative to said over-centre link whereby
      the other end of the hook member is brought into engagement with said
      other member to clamp together said tilt cab and frame members and latch
      said tilt cab to said frame.
NUM  2.
PAR  2. In an automotive vehicle having a frame and a tilt cab adapted to be
      tilted about a hinge axis at the front of the vehicle frame from a down
      position to a raised position thereon, a tilt cab latching device
      comprising:
PA1  a tilt cab member movable, upon tilting of the cab, into and out of
      abutment with a member of said vehicle frame;
PA1  and a toggle clamp operable to clamp said tilt cab member and said frame
      member together when said tilt cab is in the down position, said toggle
      clamp comprising;
PA1  a box-like structure having a base secured on said frame member, and a
      facing top side spaced from said base by two facing walls connected by a
      third wall and defining three sides of the box-like structure, said
      box-like structure having an open fourth side, said box-like structure
      forming a latch housing of said device;
PA1  a pivot bar pivotally mounted in the two facing walls of said latch housing
      for pivotal movement about the longitudinal axis of said pivot bar, said
      pivot bar having one end thereof extending outwardly of one wall of said
      housing;
PA1  a lever fixed at one end thereof on said pivot bar end, and having at its
      other end a pivot pin;
PA1  an over-centre link fixed at one end thereof on said pivot bar, and having
      at its other end a link pin;
PA1  a hook member of greater length than said over-centre link, and having two
      opposed ends, one of which is pivotally mounted on said link pin within
      said latch housing, the other end at least of said hook member extending
      outwardly of said latch housing through said open side thereof;
PA1  means connecting said hook member and said latch housing, said means
      comprising an arcuate slot formed in said hook member adjacent said one
      end thereof, and a guide pin extending through said arcuate slot and
      mounted at its ends in said two facing walls of said latch housing, the
      means constraining said hook member so that angular movement of said lever
      into a first predetermined position effects movement of the hook member
      and the over-centre link into a position in which the over-centre link is
      at an angle to a line joining said pivot bar and the position of abutment
      of said tilt cab and frame members, a line joining the ends of the hook
      member is at an angle to said over-centre link and the other end of said
      hook member is disengaged from the tilt cab member;
PA1  and movement of the lever towards a second predetermined position pivots
      said over-centre link and said link pin into a position over-centre
      relative to a line joining said pivot bar axis and said abutment position
      of said tilt cab and frame members, and the means constrains the hook
      member to move angularly about said link pin relative to said over-centre
      link whereby the other end of the hook member is brought into engagement
      with the tilt cab member to clamp together said tilt cab and frame members
      and latch said tilt cab to said frame;
PA1  and the curvature of said arcuate slot at one end portion thereof differs
      from the curvature of the remainder of said arcuate slot such that
      relative movement between said one end portion and the guide pin results
      in a greater angular movement of the hook member than results from
      movement of the remainder of the slot about the guide pin, for quick
      initial movement of said hook member into and out of engagement with said
      tilt cab member.
NUM  3.
PAR  3. An automotive vehicle tilt cab latching device as defined in claim 2, in
      which the length of the guide pin is such as to permit flexing of the
      guide pin as the hook member is moved to and from its over-centre
      position.
NUM  4.
PAR  4. An automotive vehicle tilt cab latching device as defined in claim 2, in
      which the other end of the hook member has a contoured portion which
      effects rolling contact with said tilt cab member as the hook member is
      brought into engagement therewith.
NUM  5.
PAR  5. In an automotive vehicle having a frame and a tilt cab adapted to be
      tilted about a hinge axis at the front of the vehicle from a down position
      to a raised position thereon, the tilt cab having at least a back wall and
      two opposed side walls, a latching assembly comprising:
PA1  two tilt cab member portions extending from said back wall and each
      adjacent a respective one of said side walls, each tilt cab member portion
      being movable, upon tilting of the cab, into and out of abutment with a
      surface on a respective one of a pair of latch housings secured on the
      frame of the vehicle;
PA1  and a pair of toggle clamps operable to clamp said tilt cab member portions
      against said surfaces when said tilt cab is in the down position, each
      toggle clamp comprising:
PA1  a box-like structure having a base secured on the frame of the vehicle, a
      facing top side spaced from said base by two facing wall portions
      connected by a third wall and defining three sides of the box-like
      structure, said box-like structure having an open fourth side, said
      box-like structure forming a latch housing of said device, each facing top
      side defining the respective surface of the latch housing for abutment by
      the respective tilt cab member portion;
PA1  a pivot bar pivotally mounted in the two facing walls of said latch housing
      for pivotal movement about the longitudinal axis of said pivot bar, said
      pivot bar having one end extending outside one of said two facing walls;
PA1  a lever fixed at one end thereof on said one end of the pivot bar, and
      having at its other end a pivot pin;
PA1  an over-centre link fixed at one end thereof on said pivot bar, and having
      at its other end a link pin;
PA1  a hook member of greater length than said over-centre link having two
      opposed ends, one of which is pivotally mounted on said link pin within
      said latch housing, the other end at least of said hook member extending
      outwardly of said latch housing through said open side thereof, said other
      end of said hook member having a contoured portion thereon which effects
      rolling contact with said tilt cab member portion when said hook member is
      brought into contact with said tilt cab member portion;
PA1  means connecting said hook member and said latch housing, said means
      comprising an arcuate slot formed in said hook member adjacent said one
      end thereof, and a guide pin extending through said arcuate slot and
      mounted at its ends in said two facing walls of the latch housing, the
      means constraining the hook member so that angular movement of said lever
      into a first predetermined position effects movement of the hook member
      and the over-centre link into a position in which the over-centre link is
      at an angle to a line joining said pivot bar and the position of abutment
      of said tilt cab member portion with said surface of said latch housing, a
      line joining the ends of the hook member is at an angle to said
      over-centre link, and the other end of said hook member is disengaged from
      said tilt cab member portion;
PA1  and movement of said lever to a second predetermined position pivots said
      over-centre link and said link pin to a position over-centre relative to a
      line joining said pivot bar axis and said abutment position of said tilt
      cab member portion with said surface of said latch housing, and the means
      constrains the hook member to move angularly about said link pin relative
      to said over-centre link whereby the other end of said hook member is
      brought into engagement with said tilt cab member portion, said contoured
      end portion of said hook member other end rolling over said tilt cab
      member portion to clampingly abut said tilt cab member portion against
      said latch housing surface and latch said tilt cab to said frame;
PA1  said arcuate slot having one end portion thereof with a different curvature
      from the remainder of said slot length such that relative movement between
      said one end portion of said arcuate slot and the guide pin results in a
      greater angular movement of the hook member than results from movement of
      the remainder of the slot length about said guide pin to thereby effect
      quick initial movement of said hook member into and out of engagement with
      said tilt cab member portion.
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PAL  The apparatus is adapted to relieve tension on a shoulder belt of a vehicle
      safety belt system. The apparatus includes a pressure sensing means; a
      locking member; an electric actuating means; and a biasing means. The
      pressure sensing means is disposed in the back portion of a seat. The
      locking member may be a clamp bar or a pawl adapted to engage a ratchet
      wheel. The electric actuating means may be a solenoid which is
      mechanically connected to the clamp bar or pawl and electrically connected
      to the pressure sensing means. The electric actuating means is adapted to
      actuate the locking member to its locking position. The locking member
      counteracts the rewind mechanism of the retractor and relieves tension on
      the shoulder belt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a vehicle safety belt system adapted to restrain
      an occupant in his seat. Safety belt systems typically include a shoulder
      belt and a retractor having a rewind mechanism biased to rewind the
      shoulder belt into the retractor. More particularly, this invention
      relates to a shoulder belt, tension-relieving apparatus adapted to relieve
      the tension on the shoulder belt when in use by an occupant of a vehicle.
      The tension is produced by the rewind mechanism of the retractor.
PAR  The industry recognizes that the tension produced by the rewind mechanism
      of the shoulder belt retractor on the shoulder belt causes discomfort to
      an occupant using the shoulder belt of the vehicle safety belt system.
      Various apparatus have been proposed for relieving tension in vehicle
      shoulder belts. Such apparatus include those disclosed in U.S. Pat. No.
      3,719,972 to Klink; No. 3,700,184 to Francis; No. 3,550,875 to Settimi;
      3,771,742 to Okada; 3,695,546 to Takada; and 3,682,412 to Kuszynski; all
      of which differ in structure and operation from the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is an improvement for use in a vehicle safety belt system
      adapted to restrain an occupant in a vehicle seat. The safety belt system
      includes a shoulder belt and a retractor. The retractor has a rewind
      mechanism biased to rewind the shoulder belt into the retractor. The
      generic invention is a shoulder belt, tension-relieving apparatus which
      includes: a pressure sensing means; a locking means; an electric actuating
      means; and a biasing means.
PAR  The pressure sensing means is disposed in the back portion of a vehicle
      seat adjacent to the back of the seated occupant. The pressure sensing
      means is adapted to sense a condition when the seated occupant is leaning
      against the back portion of his seat. The locking member is disposed
      adjaceent to a portion of the safety belt and has a locking position and
      an unlocking position. The locking member is adapted to be actuated from
      its unlocking position to its locking position. In its locking position,
      the locking member prevents further rewinding of the shoulder belt into
      the retractor. The electric actuating means is mounted adjacent to the
      locking member. The electric actuating means is adapted to actuate the
      locking member to its locking position and thereby relieve the tension on
      the shoulder belt produced by the rewind mechanism of the retractor. The
      electric actuating means is mechanically connected to the locking member
      and electrically connected to the pressure sensing means. The biasing
      means biases the locking member in its unlocking position.
PAR  Two embodiments of the shoulder belt, tension-relieving apparatus are
      disclosed. In a first embodiment of the generic invention, the locking
      member is a clamp bar. In the first embodiment, the apparatus further
      includes a backing surface, disposed on the opposite side of the shoulder
      belt from the clamp bar. In its locking position, the clamp bar is adapted
      to press a portion of the shoulder belt against the backing surface to
      prevent further rewinding of the shoulder belt and thereby relieve tension
      on the shoulder belt. In the first embodiment, the shoulder belt,
      tension-relieving apparatus may be mounted adjacent to the retractor or
      remote from the retractor.
PAR  In a second embodiment of the apparatus, the locking member is a pawl. In
      the second embodiment, the apparatus further includes a ratchet wheel
      adapted to be engaged by the pawl to prevent further rewinding of the
      shoulder belt into the retractor and thereby relieve tension.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified, schematic illustration of a first embodiment of the
      shoulder belt, tension-relieving apparatus, in its unlocking position.
PAR  FIG. 2 is a simplified, schematic illustration of the first embodiment
      shown in FIG. 1, but FIG. 2 shows apparatus in its locking position.
PAR  FIG. 3 is an illustration of the first embodiment of this invention
      disposed in a safety belt retractor.
PAR  FIG. 4 is a simplified, schematic illustration of a second embodiment of
      this invention in its locking position.
PAR  FIGS. 5 and 6 are simplified illustrations, for both the first and second
      embodiments, showing a portion of the apparatus, the pressure sensing
      means, in a vehicle.
DETD
PAC  DETAILED DESCRIPTION
PAR  The invention is an improvement for use in a vehicle safety belt system
      adapted to restrain an occupant in a vehicle seat. The safety belt system
      includes a shoulder belt and a retractor. The retractor has a rewind
      mechanism biased to rewind the shoulder belt into the retractor. The
      improvement is a shoulder belt, tension-relieving apparatus.
PAR  Referring to FIGS. 1 - 3, a first and preferred embodiment of the shoulder
      belt, tension-relieving apparatus is referred to generally by the numeral
      2. The first embodiment 2 of the shoulder belt, tension-relieving
      apparatus includes: a pressure sensing means 3, shown in FIGS. 5 and 6; a
      locking member; an electric actuating means; and a biasing means.
      Referring to FIGS. 5 and 6, the pressure sensing means 3, such as a
      pressure sensitive switch, is embedded in the back portion 5 of a vehicle
      seat, preferably adjacent to the lower back of a seated occupant 7. The
      pressure sensing means 3 is adapted to sense a condition when the seated
      occupant 7 is leaning against the back portion 5 of his seat.
PAR  Referring to FIGS. 1 - 3, the locking member is a clamp bar 4 mounted
      adjacent to a shoulder belt 6. The clamp bar 4 has a locking position,
      shown in FIG. 2, and an unlocking position, shown in FIG. 1. The clamp bar
      4 is adapted to be actuated from its unlocking position (FIG. 1) to its
      locking position (FIG. 2). In its locking position (FIG. 2) the clamp bar
      4 prevents further rewinding of the shoulder belt 6 into a retractor 8,
      shown in FIG. 3 or in FIGS. 5 and 6. The electric actuating means may be a
      solenoid 10 which is mounted adjacent to the clamp bar 4. The electric
      actuating means, solenoid 10, is mechanically connected to the clamp bar 4
      and electrically connected to the pressure sensing means 3. The solenoid
      10 is triggered by the pressure sensing means 3 (FIGS. 5 and 6) when the
      seated occupant 7 leans against the back portion 5 of his seat. The
      solenoid 10 is adapted to actuate the clamp bar 4 to its locking position
      (FIG. 2) and thereby relieve the tension on the shoulder belt 6 produced
      by a rewind mechanism (not shown) in the retractor 8. The biasing means
      may be a tension spring 12 which biases the clamp bar 4 in its unlocking
      position (FIG. 1).
PAR  The first embodiment 2 further includes a backing surface 14 disposed on
      the opposite side of the shoulder belt 6 from the clamp bar 4. Referring
      to FIG. 2, in its locking position, the clamp bar 4 is adapted to press a
      portion of the shoulder belt 6 against the backing surface 14 to prevent
      further rewinding of the shoulder belt 6. Such pressure by the clamp bar 4
      on the shoulder belt 6 counteracts the force of the rewind mechanism (not
      shown) in the retractor 8 and thereby relieves tension on the shoulder
      belt 6. The primary embodiment 2 of the shoulder belt, tension-relieving
      apparatus may be arranged adjacent to or within the retractor 8, as shown
      in FIG. 3, or remote from the retractor 8, as shown in FIGS. 1 and 2, in a
      separate housing 11, shown in FIGS. 5 and 6.
PAR  Referring to FIGS. 1 - 3, the clamp bar 4 preferably has a clamping portion
      15 near one end thereof and an actuated portion 17 near the opposite end
      thereof. The clamping portion 15 has a knurled surface 16. The knurled
      surface 16 is adapted to clamp against a portion of the shoulder belt 6
      when the clamp bar 4 is in its locking position. The solenoid 10 has a
      plunger 18 which is mechanically connected to the actuated portion 17 of
      the clamp bar 4. The clamp bar 4 is actuated by movement of the plunger
      18. The plunger 18 has a unlocking position, shown in FIG. 1, in which the
      plunger 18 is extended out of the solenoid 10, and a locking position,
      shown in FIG. 2, in which the plunger 18 is partially withdrawn into the
      solenoid 10.
PAR  The actuated portion 17 of the clamp bar 4 has an elongated slot 20. The
      plunger 18 has a pin 22 extending from the plunger 18 into the elongated
      slot 20 of the clamp bar 4. Thus, the actuated portion of the clamp bar 4
      is engaged by the plunger 18 of the solenoid 10. The pin 22 is adapted to
      move within the slot 20. Referring to FIG. 1, when the clamp bar 4 is in
      its nonactuated position, the pin 22 is in the upper portion of the slot
      20. Referring to FIG. 2, when the clamp bar 4 is moved to actuated
      position, the pin 22 slides to the lower portion of the slot 20. Referring
      to FIGS. 1 - 3, the clamp bar 4 has a pivot pivot point 24 disposed
      between the clamping portion and the actuated portion of the clamp bar.
PAR  Referring to FIG. 4, a second embodiment of the shoulder belt,
      tension-relieving apparatus is referred to generally by the numeral 30.
      The second embodiment 30 of the shoulder belt, tension-relieving apparatus
      includes: a pressure sensing means 3, shown in FIGS. 5 and 6; a locking
      member; an electric actuating means; and a biasing means.
PAR  Referring to FIGS. 5 and 6, the pressure sensing means 3, such as a
      pressure sensitive switch, is embedded in the back portion 5 of a vehicle
      seat, preferablly adjacent to the lower back of the seated occupant 7.
      Referring to FIG. 4, the locking member is a pawl 32 disposed adjacent to
      a portion of the safety belt. The second embodiment 30 further includes a
      ratchet wheel 34 adapted to be engaged by the pawl 32 to prevent further
      rewinding of the shoulder belt 6 into the retractor 8 and thereby relieve
      tension. The pawl 32 and ratchet wheel 34 preferably are separate members
      from another ratchet wheel and pawl combination (not shown) sometimes used
      in safety belt retractors 8 for locking the retractor 8 against unwinding
      in the event of emergency conditions, such as collision. The ratchet wheel
      34 of the present invention has ratchet teeth 26 adapted to be engaged by
      pawl 32. The ratchet wheel 34 is rigidly connected to a reel of the
      retractor 8 on which the shoulder belt 6 is wound.
PAR  The pawl 32 has a locking position and an unlocking position. FIG. 4 shows
      the pawl 32 in its locking position engaging the ratchet wheel 34. The
      pawl 32 is adapted to be actuated from its unlocking position to its
      locking position. In its locking position, the pawl 32 in combination with
      the ratchet wheel 34, stops rotation of the reel and thereby prevents
      further rewinding of the shoulder belt 6 into the retractor 8. The
      electric actuating means may be a solenoid 10 which is mounted adjacent to
      the pawl 32. The solenoid 10 has a plunger 18 similar to that described in
      reference to the first embodiment 2. The pawl 32 has an engaging portion
      36 near one end thereof, adapted to engage the ratchet teeth 26, and an
      actuated portion 38 near the opposite end thereof. The pawl 32 also has a
      pivot point 40 located between the engaging portion 36 and the actuating
      portion 38.
PAR  The plunger 18 is connected to the actuated portion 38 of the pawl 32. The
      plunger 18 has an unlocking position in which the plunger 18 is extended
      out of the solenoid 10, and a locking position, shown in FIG. 4, in which
      the plunger 18 is partially withdrawn into the solenoid 10. The plunger 18
      may have a pin connected to an elongated slot in the actuated portion 38
      of the pawl 32. The solenoid 10 is adapted to actuate the pawl 32 to its
      locking position and thereby relieve tension on the shoulder belt 6
      produced by the rewind mechanism (not shown) of retractor 8. The biasing
      means may be a tension spring 42 which biases the pawl 32 in its unlocking
      position.
PAR  In operation, referring to FIGS. 5 and 6, both the first embodiment 2 and
      the second embodiment 30 are triggered into operation when the seated
      occupant 7 leans back far enough so that the small of his back presses
      against the back portion 5 of his seat, and against the pressure sensing
      means 3 therein. The pressure exerted by the small of the seated
      occupant's back against the pressure sensing means 3 produces a signal
      from the pressure sensing means 3 which triggers the electric actuating
      means, which moves the locking member, either the clamp bar 4 of the first
      embodiment 2 or the pawl 32 of the second embodiment 30, into its locking
      position, thereby opposing further rewinding of the shoulder belt 6.
      Referring to FIG. 5, as the sealed occupant 7 leans back in his seat, the
      lower back of the seated occupant 7 presses against the lower portion of
      the seat back 5 and against the pressure sensing means 3 before the upper
      back of the seated occupant 7 reaches the upper portion of the seat back
      5. Referring to FIG. 6, when the upper back of the seated occupant 7
      reaches the seat back 5, a small amount of slack 9 (about 2-6 inches) is
      produced in the shoulder belt 6 because the locking action by the locking
      member had taken place a short interval of time (a fraction of a second or
      a few seconds) prior thereto. In other words, the locking action on the
      shoulder belt 6 takes place when the lower back of the seated occupant 7
      leans against the back portion 5 of the seat, rather than when the upper
      back of the seated occupant 7 leans against the back portion 5 of the
      seat. Examples of a pressure sensing means 3 adapted for use with this
      invention are disclosed in U.S. Pat. Nos.; 3,784,352 to Fontaine;
      3,718,791 to Szablowski; and 3,784,769 to Bryll.
PAR  The shoulder belt, tension-relieving apparatus of this invention provides a
      simple, effective, easy to use, easy to manufacture, easy to install
      apparatus for relieving the tension of the shoulder belt when in use by a
      seated occupant, either a passenger or a driver.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vehicle safety belt system adapted to restrain an occupant in a
      vehicle seat, the safety belt system including a shoulder belt and a
      retractor having a rewind mechanism biased to rewind the shoulder belt on
      a reel of the retractor, the improvement of a shoulder belt,
      tension-relieving apparatus adapted for relieving tension on the shoulder
      belt by the rewind mechanism of the retractor, said shoulder belt
      tension-relieving apparatus comprising:
PA1  a pressure sensing means disposed in the back portion of the seat adjacent
      to the back of the seated occupant, said pressure sensing means adapted to
      sense a condition when the seated occupant is leaning against the back
      portion of his seat;
PA1  a locking member disposed adjacent to a portion of the safety belt, having
      a locking position and an unlocking position and being adapted to be
      actuated from its unlocking position to its locking position, said locking
      member in its locking position preventing further rewinding of the
      shoulder belt into the retractor;
PA1  an electric actuating means mounted adjacent to said locking member,
      mechanically connected to said locking member and electrically connected
      to said pressure sensing means, said electric actuating means actuating
      said locking member to its locking position to thereby relieve the tension
      on said shoulder belt produced by the rewind mechanism of the retractor in
      response to said pressure sensing means sensing said occupant leaning
      against said back; and
PA1  a biasing means biasing said locking member in its unlocking position.
NUM  2.
PAR  2. The shoulder belt tension-relieving apparatus of claim 1 wherein: said
      electric actuating means is a solenoid having a plunger connected to said
      locking member.
NUM  3.
PAR  3. The shoulder belt tension-relieving apparatus of claim 2 and further
      comprising: a backing surface disposed on the opposite side of said
      shoulder belt from said locking member.
NUM  4.
PAR  4. The shoulder belt tension relieving apparatus of claim 3 wherein: said
      locking member is a clamp bar adapted to press a portion of said shoulder
      belt against said backing surface to prevent further rewinding of said
      shoulder belt.
NUM  5.
PAR  5. The shoulder belt tension relieving apparatus of claim 4 wherein: said
      clamp bar has a clamping portion and an actuated portion, said clamping
      having a knurled surface adapted to clamp against said shoulder belt, said
      actuated portion being engaged by said plunger of said solenoid.
NUM  6.
PAR  6. The shoulder belt tensions-relieving apparatus of claim 5 wherein: said
      actuated position of said clamping bar has an elongated slot; and said
      plunger of said solenoid has a pin extending from said plunger into said
      slot of said clamp bar, said pin thereby mechanically connecting said
      plunger to said clamping bar.
NUM  7.
PAR  7. The shoulder belt tension-relieving apparatus of claim 1 wherein: said
      locking member is a locking pawl.
NUM  8.
PAR  8. The shoulder belt tension-relieving apparatus of claim 7 and further
      comprising: a ratchet wheel connected to the reel of the retractor and
      adapted to be locked by said locking pawl.
NUM  9.
PAR  9. In a vehicle safety belt system adapted to restrain an occupant in a
      vehicle seat, the safety belt system including a shoulder belt and a
      retractor having a rewind mechanism biased to rewind the shoulder belt on
      a reel of the retractor, the improvement of a shoulder belt,
      tension-relieving apparatus adapted for relieving tension on the shoulder
      belt by the rewind mechanism of the retractor, said shoulder belt
      tension-relieving apparatus comprising:
PA1  a pressure sensing means disposed in the back portion of the seat adjacent
      to the back of the seated occupant, said pressure sensing means adapted to
      sense a condition when the seated occupant is leaning against the back
      portion of his seat;
PA1  a locking member disposed adjacent to a portion of the safety belt having a
      locking position and an unlocking position and being adapted to be
      actuated from its unlocking position to its locking position, said locking
      member in its locking position preventing further rewinding of the
      shoulder belt into the retractor;
PA1  an electric actuating means mounted adjacent to said locking member,
      mechanically connected to said locking member and electrically connected
      to said pressure sensing means, said electric actuating means actuating
      said locking member to its locking position to thereby relieve the tension
      on said shoulder belt produced by the rewind mechanism of the retractor;
      in response to said pressure sensing means sensing said occupant leaning
      against said back;
PA1  a biasing means biasing said locking member in its unlocking position; and
PA1  a backing surface disposed on the opposite side of said shoulder belt from
      said locking member; wherein:
PA1  said electric actuating means is a solenoid having a plunger connected to
      said locking member;
PA1  said locking member is a clamp bar adapted to press a portion of said
      shoulder belt against said backing surface to prevent further rewinding of
      said shoulder belt, said clamp bar having a clamping portion and an
      actuated portion, said clamping portion having a knurled surface adapted
      to clamp against said shoulder belt, said actuated portion being engaged
      by said plunger of said solenoid; said actuated portion of said clamping
      bar has an elongated slot; and said plunger of said solenoid has a pin
      extending from said plunger into said slot of said clamp bar, said pin
      thereby mechanically connecting said plunger to said clamping bar.
NUM  10.
PAR  10. In a vehicle safety belt system adapted to restrain an occupant in a
      vehicle seat, the safety belt system including a shoulder belt and a
      retractor having a rewind mechanism biased to rewind the shoulder belt on
      a reel of the retractor, the improvement of a shoulder belt,
      tension-relieving apparatus adapted for relieving tension on the shoulder
      belt by the rewind mechanism of the retractor, said shoulder belt
      tension-relieving apparatus comprising:
PA1  a pressure sensing means disposed in the back portion of the seat adjacent
      to the back of the seated occupant, said pressure sensing means adapted to
      sense a condition when the seated occupant is leaning against the back
      portion of his seat;
PA1  a locking pawl disposed adjacent to a portion of the safety belt, having a
      locking position and an unlocking position and being adapted to be
      actuated from its unlocking position to its locking position, said locking
      member in its locking position preventing further rewinding of the
      shoulder belt into the retractor, said locking pawl having an engaging
      portion near one end thereof and an actuated portion near the opposite end
      thereof;
PA1  an electric actuating means mounted adjacent to said locking member,
      mechanically connected to said locking member and electrically connected
      to said pressure sensing means, said electric actuating means actuating
      said locking member to its locking position to thereby relieve the tension
      on said shoulder belt produced by the rewind mechanism of the retractor;
      in response to said pressure sensing means sensing said occupant leaning
      against said back;
PA1  a biasing means biasing said locking member in its unlocking position; and
PA1  a ratchet wheel connected to the reel of the retractor and adapted to be
      engaged by said engaging portion of said locking pawl; and wherein:
PA1  said electric actuating means is a solenoid having a plunger connected to
      said actuated portion of said locking pawl.
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ABST
PAL  A pneumatic tire and wheel assembly may be disassembled, so that the tire
      may be removed after deflation, simply by rotating a cylindrical removable
      outer rim so as to disengage a respective locking lug on the wheel from a
      corresponding recess on the removable outer rim. There are eight locking
      lugs spaced 45 degrees apart on the fixed rim of the wheel and
      corresponding recesses in the removable outer rims so that without
      removing the fixed wheel rim from the hub of the automobile it is possible
      simply by rotating and pulling to remove the removable outer rim after
      first deflating the tire and then it is possible to remove and replace the
      tire without the use of bead breaking or bead stretching equipment by
      inflating the tire back to normal pressure thereby locking the removable
      rim in place.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Vehicle wheel construction and particularly demountable and detachable
      wheel construction.
PAR  2. Description of the Prior Art
PAR  The practical state of the art in automobile vehicles at the present time
      comprises a fixed wheel assembly which includes the internal supporting
      structure commonly called the spider in the interior of which there is
      centrally located the circular portion having a plurality of lug bolt
      openings therein whereby the entire wheel assembly including the usual
      tubeless tire is removed in one complete assembly and replaced in the same
      condition. It is therefore virtually impossible, certainly highly
      impractical, to try and remove a tubeless pneumatic tire from a wheel on
      the side of the road or in any other location other than a service station
      or the like where there is conventional bead breaking equipment for
      breaking the bead off the rim and for stretching the bead sufficiently to
      remove and replace same. However, there are many instances where it is not
      possible to find service station equipment and there is a great demand for
      a simple, inexpensive wheel construction which can be disassembled or
      demounted without any special tools and on the side of the road or at
      home. It is entirely possible that in the future automobile tires will be
      again self contained as in the older art and also it is possible that more
      people will be changing tires themselves rather than having it done at a
      station. There are large truck tires rims or industrial earth moving rims
      and the like which can be disassembled by removing bolts and parts but
      these rims are very large, expensive and special and unsuitable for
      passenger car or smaller truck use. The present device provides a simple
      construction in vehicle wheels whereby one side of the wheel may be
      rotated and demounted without special service station equipment.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of this invention is to provide a demountable tire rim
      assembly for vehicle wheels whereby a person may disassemble a vehicle
      wheel while it is still mounted on the vehicle so as to remove and replace
      a tire.
PAR  Still another object of this invention resides in the construction whereby
      one side of a vehicle wheel which is in the form of a cylindrical rim
      structure with recesses thereon may be rotated and removed.
PAR  Another object of this invention is to provide an improved rim for
      pneumatic tires by having a fixed and a removable bead-flange so that a
      tire, tubeless or otherwise, may be assembled and disassembled from and to
      its rim with comparative ease without the necessity of having service
      station tire removal and mounting equipment.
PAR  An additional object of this invention is to provide a demountable
      pneumatic tire rim assembly as mentioned previously which will accommodate
      any and all conventional tires as well as solid construction tires.
DRWD
PAR  Other and further objects and advantages of this invention will become
      apparent upon reading the following specification taken in conjunction
      with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the present rim and wheel assembly.
PAR  FIG. 2 is a side elevation of the fixed rim and wheel assembly.
PAR  FIG. 3 is a side elevation view of the removable outer rim.
PAR  FIG. 4 is a cross-sectional view taken substantially along lines 4--4 in
      FIG. 2.
PAR  FIG. 5 is a cross-sectional view taken substantially along lines 5--5 in
      FIG. 3.
PAR  FIG. 6 is a transverse cross-sectional view of the top portion of the
      assembled wheel.
PAR  FIG. 7 is a cross-sectional view of a modification.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 there is shown a wheel assembly 10 which comprises a fixed
      support rim 11 employing the usual internal spider 12 construction which
      is forged, stamped or otherwise formed from heavy metal plate to include
      the internal center mounting portion 14 about which there are fixed lug
      bolt openings 16 which accommodate lug nuts 18 on lug bolts or studs 19.
      This is essentially of conventional construction whereby the wheel spider
      12 is mounted on projecting studs 19 on the mounting assembly fastened on
      a vehicle at the five usual locations thereon. The wheel 10 however and
      spider 12 have been modified to omit the usual rim on one side which is
      normally an integral and fixed part of the entire rim and wheel assembly.
PAR  The removable outer rim is designated by reference numeral 20 and comprises
      a cylindrical structure of heavy metal plate having an external circular
      tire bead flange 22. A plurality of recesses or locking channels 26 are
      located along the inner face of the removable outer rim and there are in
      the present embodiment 8 such recesses located approximately 45.degree.
      apart. Behind each locking channel 26 is a lug cavity 27 created by a
      continuous recessed annular ring.
PAR  The cylindrical projecting portion 28 of the fixed wheel support rim 11 has
      formed thereon a plurality of locking lugs 30 which fit into respective
      cavities 27 and may be as shown in the present embodiment formed by
      creating convex shapes in the metal material or if preferred can be solid
      lugs welded to the metal surface (not shown). The peripheral edge of
      support rim 11 has a tire bead flange 31. Inwardly of the locking lugs 30
      there is located a plurality of grooves 32 in each of which is located a
      flexible O-ring 33, made of rubber, plastic and the like, providing air
      sealing devices or gasketing between the removable outer rim and the fixed
      rim for use with tubeless tires. The O-rings 33 and grooves 32 may be
      omitted for use with self-contained tires or when a tube is used. Inwardly
      of the locking lugs 30 are stop bosses 41 for limiting the travel and
      rotation of rim 20. The wheel assembly is pneumatically locked together
      upon inflation of a tire 34 causing the tire beads 36 to seat on flanges
      22, 31 thereby preventing disassembly by the air pressure within the tire.
      The greater the pressure, the tighter the lock.
PAR  In the embodiment shown a 1/8 turn counter-clockwise is required when
      mounting or demounting the tire from the driver's side of the vehicle. A
      1/8 turn clockwise is required when mounting or demounting a tire from the
      opposite side of the car. The inner fixed support rims 11 on the studs 19
      are left and right hand respectively because when a vehicle is viewed from
      the driver's side the wheels are rolling counter-clockwise and when viewed
      from the other side the wheels are rolling clockwise, or vice versa.
PAR  The modification in FIG. 7 is the same except that the removable outer rim
      20', which is otherwise the same as rim 20, extends completely over the
      fixed portion 28 of fixed rim 11.
PAR  While I have shown and described a particular embodiment of this invention
      this is by way of illustration it does not constitute the only form since
      there are various alterations. changes, deviations, eliminations,
      additions, substitutions and departures which may be made in the
      embodiment shown without avoiding the scope of the invention as defined
      only by a proper interpretation of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a demountable pneumatic tire rim assembly: a pneumatic tire rim
      assembly comprising a cylindrical support rim having a central mounting
      means thereon for fixed attachment to a vehicle, said support rim
      including a projecting portion extending therefrom, a removable rim having
      a projecting portion corresponding to at least part of the projecting
      portion of said support rim whereby said portions are assembled in
      coextensive and overlapping relationship to each other and whereby said
      removable rim is removably fitted to said support rim and a tire may be
      mounted and inflated on said assembled support rim and removable rim, and
      locking members on said removable rim which are formed by depressing the
      surface of the rim to form a plurality of cavities at the edge thereof out
      of the plane of the surface of the removable rim and which are engageable
      with corresponding locking members on said fixed support rim by relative
      motion there between to remove or replace same, and to retain said rims in
      coextensive overlapping relationship to receive the tire which is inflated
      thereon.
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ABST
PAL  Improved apparatus and method for automatically withdrawing silicon wafers
      or like articles from a supply magazine, transporting the same on a fluid
      bearing to a station where such articles are pre-aligned in sequence prior
      to treatment thereof at an adjacent mask aligner or like mechanism, and
      automatically discharging the articles following such treatment thereof
      onto another fluid bearing for transportation thereof into a discharge
      magazine. Improved sensor means is provided in conjunction with the supply
      magazine and discharge magazine for automatically indexing such magazines
      to feed and receive wafers in sequence moving relative thereto.
PAL  During pre-alignment operation, each wafer is automatically rotated on an
      air bearing until it is oriented with a flat edge surface thereof in a
      predetermined position, which position is maintained as the wafer is
      transferred into the mask aligner where fine orientation thereof is
      completed, either manually or automatically, in accordance with the type
      of mask aligner apparatus with which the pre-alignment apparatus of this
      invention is combined.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation, of application Ser. No. 155,499 filed June 22,
      1971, now abandoned.
BSUM
PAR  In Lasch, Jr., et al. application Ser. No. 779,033, filed Nov. 26, 1968,
      entitled "Apparatus And Method For Handling And Treating Articles", now
      Pat. No. 3,645,581 dated Feb. 29, 1972, improved fluid bearing structures
      are disclosed in conjunction with improved article outfeed and infeed
      apparatus and methods. While the present invention is directed to a
      specifically different aspect involved in the manufacture of semiconductor
      devices dealing with the handling and treating of silicon and like wafers,
      said aforementioned application discloses apparatus and method features
      which are utilizable in conjunction with the subject apparatus and method.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of non-manual handling of fragile
      articles, particularly silicon and like wafers utilized in the manufacture
      of semiconductor devices in the electronics industry. More particularly,
      this invention relates to the field of automatic feeding, pre-aligning,
      mask aligning and exposing silicon wafers during a semiconductor device
      manufacturing procedure.
PAR  Still more particularly, this invention relates to the field of improved
      means for automatically discharging silicon wafers in sequence from a
      supply magazine, automatically prealigning the same prior to introducing
      the same to a treating station, such as a mask aligner, followed by
      automatic discharge of the treated wafers to a wafer receiving station.
PAR  In its broader aspects, this invention relates to means and procedures for
      non-manual handling of articles of various types, particularly flat
      fragile articles, and for performing orientation functions on such
      articles in sequence, such as by locating a flat edge of each such article
      in predetermined orientation in accordance with a predetermined plan.
PAR  In its more specific aspects, this invention relates to the field of
      improved fluid bearing handling and preorientation systems and procedures
      for silicon and like wafers utilized in the electronics industry in the
      manufacture of integrated circuits, transistors and like semiconductor
      devices.
PAR  2 Description of the Prior Art
PAR  In the electronics industry, apparatus and procedures for manufacturing
      semiconductor devices which utilize a series of steps involving depositing
      or diffusing layers of materials on or into silicon or like wafers is well
      known. Following such diffusion or deposit, selective areas of the
      diffused or deposited material are removed by well known processes in a
      series of steps to produce large numbers of semiconductor devices from a
      single treated wafer. Such procedures utilize well known mask alignment
      steps which photographically print a pattern from a mask of predetermined
      design onto a previously photoresist coated wafer. The steps of
      photoresist coating and mask aligning are generally well known in the art
      and various mask alignment apparatus and methods are known and
      commercially available at the present time. Characteristic of such mask
      alignment apparatus and wafer handling procedures in mask aligning methods
      are the apparatus and procedure illustrated in Tancredi U.S. Pat. Nos.
      3,521,953 and 3,521,955, both dated July 28, 1970.
PAR  The mask alignment apparatus and procedures illustrated and disclosed in
      said Tancredi patents include a pre-alignment procedure by means of which
      silicon wafers to be mask aligned are preliminarily oriented so that the
      flat edge commonly provided on such wafers to assist in pre-alignment
      thereof is located in a particular position. However, with procedures of
      the type illustrated in said Tancredi patents, and in other known
      pre-alignment procedures, pre-alignment is effected substantially entirely
      manually by the operator. That is, wafers to be pre-aligned and
      subsequently mask aligned are handled manually.
PAR  With such prior known pre-alignment and mask aligning apparatus and
      procedures, of the type of which the Tancredi patents are illustrative,
      time consuming and delicate manual operations are required which
      necessitate the utilization of trained personnel.
PAR  The apparatus and method of this invention has been specially designed to
      obviate the need for manual handling of wafers during feeding of the same
      into a pre-alignment station, during pre-alignment thereof, and during
      subsequent mask alignment and discharge thereof from the mask alignment
      station. That is, with the present invention a fully wafer automatic
      feeding and pre-aligning system is provided which virtually eliminates all
      manual operations in conjunction with mask alignment of wafers in the
      production of semiconductor devices. In that regard, the only manual
      operation required is the loading of wafer carrying magazines at a sender
      or feed station and the unloading of wafer carrying discharge magazines at
      a discharge or receiver station. In other respects, the apparatus and
      method of this invention is fully automatic with respect to feeding,
      pre-alignment and discharging from a mask aligner apparatus.
PAR  Depending upon the type of mask aligner apparatus with which the subject
      feeding and pre-alignment system is utilized, some manual checking or
      manipulation during the actual mask aligning operation may be employed.
      However, alternatively, the subject invention may be utilized with
      automatic mask aligning procedures which, when utilized, completely
      obviate the need for any manual handling even during mask alignment, so
      that a fully automated system is produced once a supply of silicon wafers
      is positioned in a carrier at a sender station.
PAR  While this invention has particular utility in conjunction with the
      handling and pre-alignment of fragile articles such as silicon wafers, it
      should be understood also that its utility in other related areas also is
      contemplated and should be included within the scope of the inventive
      concepts disclosed herein.
PAR  The numerous advantageous features of this invention are incorporated into
      a compact apparatus which is readily adaptable for use in combination with
      known mask alignment apparatus and systems such as those characterized by
      the Tancredi patents noted above. So far as is known, the improved wafer
      handling and pre-alignment system and procedure disclosed herein is novel
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an apparatus and method for handling and
      treating articles. More particularly, the invention as specifically
      disclosed herein relates to an improved apparatus and method for
      outfeeding fragile articles from a sender station, transporting and
      automatically orienting the articles in a predetermined orientation at a
      pre-alignment station, following which the same are treated at an adjacent
      station, following which the treated articles are automatically discharged
      to a receiving station, all such action being carried on sequentially and
      automatically in a substantially continous operation requiring minimal
      operator attention and no manual handling.
PAR  Still more particularly, this invention relates to an apparatus and method
      in which fragile articles, specifically silicon or like wafers, are
      automatically handled, pre-aligned and fed into a mask alignment apparatus
      of any suitable construction, following which the mask aligned wafers are
      automatically discharged from the mask aligner and introduced to a
      discharge station for subsequent known treating in the manufacture of
      semiconductor devices.
PAR  In the apparatus and method illustrated and described herein, the various
      novel aspects thereof are incorporated into a single machine capable of
      handling wafers of varying sizes without requiring substantial adjustments
      or modifications of the components thereof and such apparatus and method
      are capable of handling wafers of conventional sizes ranging, for example,
      from 1 inch to 3 inches in diameter which are the sizes commonly utilized
      in today's industry.
PAR  More specifically, this invention relates to improved outfeed mechanism for
      sequentially withdrawing wafers automatically from a supply magazine at a
      sender station, means for transferring the wafer in sequence on a fluid
      bearing to an improved pre-alignment station in which the wafers are
      handled automatically prior to introduction thereof automatically into a
      mask alignment apparatus, following which the mask aligned wafers are
      automatically discharged onto other means for transferring the same on a
      fluid bearing into an improved discharge magazine positioned at a receiver
      station. The supply magazine and discharge magazine are indexed
      automatically in accordance with the quantity and arrangement of wafers to
      be outfed or infed thereinto.
PAR  At the pre-alignment station, the wafers are oriented entirely
      automatically using an improved air bearing pre-alignment procedure and
      optical reader device which orients the flat edge on each wafer in a
      predetermined location and maintains such orientation while the wafer is
      being transferred into the mask alignment apparatus. The air bearing used
      for effecting such pre-alignment pulses each wafer while the same is being
      rotationally moved under the effects of directional air jets applied
      thereagainst. All feeding of wafers in sequence into the pre-alignment
      apparatus, handling thereof in such apparatus, and discharge thereof from
      the apparatus is effected non-manually utilizing a fluid source as the
      movant power.
PAR  From the foregoing, it should be understood that objects of this invention
      include: the provision of an improved wafer feeding and pre-alignment
      apparatus and method; the provision of improved and automatic means for
      pre-aligning and preorienting wafers or like articles at a pre-alignment
      station; the provision of improved fluid bearing means and handling method
      for effecting pre-alignment of wafers prior to mask alignment thereof; the
      provision of improved wafer supply and discharge magazine indexing
      apparatus and procedures utilizable in conjunction with a substantially
      continuous and automatic wafer pre-alignment apparatus and method; and the
      provision of improved apparatus for outfeeding, pre-aligning and feeding
      pre-aligned wafers into a mask alignment apparatus, following which the
      same are automatically discharged on improved fluid bearing means
      following mask alignment thereof.
PAR  These and other objects of the combination and various subcombinations of
      novel features disclosed herein will become apparent from a study of the
      following detailed disclosure in which reference is directed to the
      attached drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the subject apparatus shown in position with a
      known mask aligner.
PAR  FIG. 2 is a vertical sectional view through the apparatus taken in the
      plane of line 2--2 of FIG. 1.
PAR  FIG. 3 is a vertical sectional view through a portion of the apparatus
      shown in FIG. 2 on an enlarged scale relative thereto.
PAR  FIG. 4 is a partial horizontal sectional view through a portion of the
      apparatus illustrating details of the pre-align structure thereof taken in
      the plane of line 4--4 of FIG. 2.
PAR  FIG. 5 is a partial horizontal sectional view looking upwardly from beneath
      the pre-align section of the apparatus taken in the plane of line 5--5 of
      FIG. 2.
PAR  FIG. 6 is a view corresponding generally to the center portion of FIG. 4
      taken on an enlarged scale relative thereto and illustrating details of
      construction of the mechanism for pre-aligning a wafer at the pre-align
      station prior to movement into a mask aligner.
PAR  FIG. 7 is a vertical sectional view through the structure of FIG. 6 taken
      in the plane of line 7--7 of that figure.
PAR  FIG. 8 is a vertical sectional view through the pre-align mechanism of the
      apparatus taken generally in the plane of line 8--8 of FIG. 1.
PAR  FIG. 9 is a vertical sectional view corresponding generally to FIG. 8
      showing that portion of the mechanism in a different operative position.
PAR  FIG. 10 is a plan view of a portion of the pre-align mechanism of the
      apparatus, particularly the electrical reader thereof, taken in the plane
      of line 10--10 of FIG. 2.
PAR  FIG. 11 is a vertical sectional view through the reader taken in the plane
      of line 11--11 of FIG. 10.
PAR  FIG. 12 is a schematic view illustrating the operation of the reader
      utilized in conjunction with the pre-align mechanism.
PAR  FIG. 13 is a vertical sectional view through the sender section of the
      apparatus taken in the plane of line 13--13 of FIG. 1.
PAR  FIG. 14 is a vertical sectional view through the sender section of the
      apparatus taken on the plane of line 14--14 of FIG. 1.
PAR  FIG. 15 is a horizontal sectional view through the sender section of the
      apparatus taken in the plane of line 15--15 of FIG. 14 illustrating
      details of a counting mechanism employed thereat.
PAR  FIG. 16 is a plan view of a portion of a supply magazine of the apparatus
      taken in the plane of line 16--16 of FIG. 14.
PAR  FIG. 17 is a schematic or diagrammatic view of the pressure and vacuum
      system utilized with the subject apparatus.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As noted previously, the apparatus and method of this invention are
      disclosed herein with particular reference to the automatic handling,
      transporting and pre-alignment of thin fragile silicon and like wafers of
      the type widely used in the electronics industry. However, it should be
      understood that the novel combination and subcombination features
      disclosed herein have applicability to other fields in which articles
      analogous to semiconductor wafers require alignment or orientation prior
      to subsequent treating thereof.
PAR  It should also be understood that the various features of this invention,
      while highly effective when combined to provide an integrated apparatus
      such as the automatic wafer feeding and pre-alignment apparatus disclosed
      herein, have applicability independently of each other in the feeding,
      handling and pre-alignment or other treatment of silicon and like wafers
      or analogous devices.
PAC  SUMMARY OF OPERATION
PAR  Referring first to the showing of FIG. 1, the sequence of handling a series
      of wafers in conjunction with mask alignment of the same for subsequent
      use and transformation into semiconductor devices will be described. In
      that regard, the apparatus and procedure for feeding, handling and
      pre-aligning wafers is shown in FIG. 1 in conjunction with a known mask
      aligner designated by the dotted outline in such figure and generally
      identified by reference manual 1. Such mask aligner may take any known
      form and in the embodiment of the present invention disclosed herein such
      mask aligner is of the type illustrated and described in Tancredi U.S.
      Pat. Nos. 3,521,953 and 3,521,955 referred to previously, and marketed
      commercially by Kulicke and Soffa Industries, Inc. of Fort Washington,
      Pennsylvania and identified as its Model 686 mask aligner.
PAR  It is the purpose of the present invention to present wafers (each
      designated W in the drawings) to a fine alignment station at which a mask
      is applied to the wafers in sequence and the same are subsequently exposed
      to ultra-violet or like light in known fashion. Such mask alignment
      station is generally designated 2 in FIG. 1. Because the details of mask
      alignment and the procedures and purposes thereof are well known in the
      art, such details are not set out herein. However, reference is directed
      to said Tancredi patents for a more detailed discussion of such purpose
      and the function thereof.
PAR  Still referring to FIG. 1, a quantity of wafers, numbering twenty five or
      more, which have been previously positioned in a supply magazine 3 are
      located at sender station 4 at one end of the apparatus. The supply
      magazine is indexable vertically downwardly by indexing means to be
      described so that the lowermost wafers may be withdrawn in sequence and
      placed on transfer means which, in the embodiment illustrated, comprises a
      fluid bearing track structure generally designated 6. Such track structure
      supports and carries individual wafers on an air or like gas bearing from
      the sender station into the pre-alignment center structure of the
      apparatus, generally designated 7. Such pre-alignment structure includes
      an extension of the transfer means in the form of a fluid bearing track
      section 8 which defines a buffer station generally designated 9 at one
      side of a pre-alignment station, generally designated 11.
PAR  The pre-alignment station is provided generally centrally of the
      pre-alignment structure and it is to such station that individual wafers
      are fed in sequence while the same are rotated in a horizontal plane by
      rotational means to be described.
PAR  The edge of each wafer is positioned in underlying relationship relative to
      a reader or electrical sensor 12 which partially overlies the
      pre-alignment station. The function of the reader 12 is to determine when
      the flat or straight edge portion of the wafer is in a pre-determined
      position. When such predetermined orientation is effected, the reader
      transmits a signal which effects dis-continuation of further rotation of
      the wafer and the same is thereafter held in such orientation by vacuum on
      a chuck member 13 positioned at the pre-alignment station on which the
      wafer is rotationally oriented at the pre-alignment station.
PAR  Following pre-alignment, each wafer is rotated with its supporting chuck 13
      on a turntable 14 to the mask alignment station 2 mentioned previously.
      From FIG. 1 it will be noted that each wafer W when in the mask alignment
      position has its flat or straight edge F oriented in accordance with the
      prealignment position imparted thereto at the pre-alignment station 11.
      When a wafer is at the mask alignment station, the operator performs the
      mask aligning and exposure functions thereon mentioned previously. When
      such mask alignment and exposure functions are completed, each mask
      aligned and exposed wafer is again transferred on turntable 14 back to the
      pre-alignment station 11.
PAR  In conjunction with such transfer, a suceeding wafer which was being
      pre-aligned while the preceding wafer was being mask aligned, is
      transferred to the mask alignment station 2. In that regard, while two
      operating positions are shown on the turntable 14, it should be understood
      that less than two or more than two positions may be employed without
      departing from the spirit or scope of this invention.
PAR  In conjunction with movement of a mask aligned and exposed wafer from the
      mask alignment station back to the pre-alignment station, the supply
      magazine 3 is indexed to feed another wafer to the buffer zone 9. However,
      such wafer cannot enter the pre-alignment station until a previously
      exposed wafer is discharged therefrom. Such discharge of an exposed wafer
      is controlled by a solenoid mechanism generally designated 16 which
      actuates a stop control ring 17 positioned at and outlining the
      pre-alignment station. When the solenoid mechanism is actuated, the
      previously exposed wafer at the mask alignment station is released onto
      another section of transfer fluid bearing track 18 and thereafter the
      wafer previously held in the buffer zone 9 is inserted into the
      pre-alignment station for pre-alignment therein.
PAR  The exposed wafer discharged from the pre-alignment station is positioned
      by the fluid bearing track section 18 onto another transfer means defined
      by another fluid bearing track section 19 for transfer thereby into a
      discharge magazine 21 at a receiver station generally designated 22. In
      that regard, the discharge magazine 21 is sequentially indexed upwardly in
      response to insertion of each mask aligned and exposed wafer thereinto so
      that the discharge magazine is at all times ready to receive another wafer
      therein.
PAR  In that regard, improved sensing means for controlling the indexing of both
      the supply magazine and the discharge magazine are provided in conjunction
      therewith, as will be described.
PAR  It should be understood further that the fluid bearing track sections 8 and
      18 on opposite sides of the pre-alignment station are movable in
      conjunction with the entire pre-alignment center section of the subject
      apparatus to permit the operator of the mask aligner to accurately orient
      a wafer positioned at the mask alignment station in accordance with known
      procedures. However, the track structures 6 and 19 are fixed relative to
      the remainder of the apparatus for receiving wafers from the supply
      magazine 3 and for inserting wafers into the discharge magazine 21 is
      described.
PAR  It should be understood that the pre-alignment structure is mounted for
      movement as noted previously to permit accurate mask alignment at the
      pre-alignment station 2 in known fashion. In that regard, the turntable
      14, the reader 12, the solenoid structure 16, and the fluid bearing track
      sections which defines the buffer section 9 and the discharge section 18
      all are movable and are supportable upon a central supporting structure
      generally designated 23 in FIG. 1 which is manually adjustable by the
      operator of the mask aligner in known fashion as described in greater
      detail in the aforementioned Tancredi patents.
PAR  It should also be understood from the foregoing summary that the apparatus
      and method of handling and pre-aligning wafers disclosed is essentially
      continuous and requires no manual handling of wafers. The only operator
      attention required is the inserting of a supply magazine carrying wafers
      at the sending station and the removal of the discharge magazines when
      filled from the receiver station, and the substitution of subsequent
      filled and empty magazine at such respective stations. A more detailed
      description of the sequence of operation of the subject apparatus will be
      set out herein after following a description of the various operative
      components of the apparatus.
PAC  PRE-ALIGNMENT APPARATUS AND PROCEDURE
PAR  Before discussing the construction, function and operation of the
      components of the sender and receiver stations, and the transfer means
      utilized in conjunction therewith for introducing wafers into and
      transporting wafers away from the pre-alignment section of the apparatus,
      such pre-alignment section will first be considered.
PAR  Referring first to FIG. 4, it will be noted that the pre-alignment section
      and station include a pre-align supporting plate 26 which is generally
      trapezoidal in contour when viewed from above. The pre-align supporting
      plate, referring to FIG. 5, and other components of the pre-alignment
      apparatus supported thereby, in turn is supported for adjustable movement
      during fine alignment of wafers at the mask aligning station in the manner
      described in the aforementioned Tancredi patents. Such adjustable movement
      is effected by known operator actuated means (not shown) operatively
      connected with a mask alignment work station casting 27 which forms part
      of the known mask aligner apparatus as exemplified by reference numeral 11
      in said Tancredi patents. Such work station casting 27 is movable within
      predetermined limits during fine alignment of a wafer at the mask aligner
      station in known fashion as discussed in said Tancredi patents.
PAR  The pre-align plate 26 is secured for movement with the work station
      casting 27 by means of a vertical mounting shaft 28 (note FIGS. 2 and 4)
      which extend through the respective pre-align plate 26 and work station
      casting 27 and is held in place thereon by a nut member 29 threaded to the
      upper end of the shaft as noted in FIG. 2.
PAR  Still referring to FIG. 5, the opposed lateral margins of the pre-align
      plate 26 are supported for movement in substantially all directions by
      opposed ball supporting members 31 and 32 received within fittings 33 and
      34 respectively secured to the pre-align plate (also note FIG. 2 in that
      regard). Such ball members are supported upon and ride over mounting
      brackets 36 and 37 secured to and projecting laterally from the main mask
      aligner apparatus in any suitable fashion, such as by bolting or welding,
      in the manner seen in FIGS. 1 and 5. Thus, upon movement of the mask
      aligner casting 27 under control of the mask aligner operator in known
      fashion, the pre-align plate 26 and all components mounted thereon move
      with the mask aligner casting while wafers are being pre-aligned at the
      pre-align station.
PAR  As noted from FIG. 5, an adjustable mounting bracket 38 is held by screw
      fasteners or like means to the underside of the pre-align plate. Such
      bracket includes a slot 39 and an eccentric adjustable pin 41 extending
      into said slot. Upon rotation of the pin, when the pre-align and mask
      aligner apparatus are first being installed for use in conjunction with
      wafers of a particular size, proper interrelationship and adjustment
      between the work station casting 27 and the pre-align plate 26 may be
      effected.
PAC  TURNTABLE CONSTRUCTION AND OPERATION
PAR  The aforementioned rotatable turntable 14, as seen from FIGS. 4 and 5, is
      positioned to rotate between the mask align station 2 and the
      pre-alignment station 11 about the axis of the aforementioned fixed shaft
      28. Such rotation is effected via a hollow mounting column 42 (note FIGS.
      2 and 5) which is rotatable about the shaft 28. In that regard, as seen in
      FIG. 3, the hollow column 42 includes a shoulder 43 adjacent its upper end
      upon which the center of the turntable rests. An upper separable shoulder
      44 is clamped in place to the top of the turntable by the aforementioned
      nut 29. Thus, upon rotation of the turntable in the manner to be
      described, column 42 rotates therewith about the axis of shaft 28.
PAR  Referring to FIG. 5, means for rotating the turntable in selective
      predetermined fashion between the pre-align and mask align stations is
      defined by a friction wheel 46 formed of suitable rubber of plastic
      material which engages the underside of the turntable. The friction wheel
      is actuated by a standard direct current electric motor and gear box
      assembly 47, such assembly being secured in operative position by a motor
      mounting bracket 48 fastened by screws 49 to a portion of the piston
      assembly to be described hereinafter.
PAR  It will be understood that upon actuation of motor 47 the friction wheel
      will drive the turntable in either clockwise or counterclockwise direction
      as may be preferred. In that regard, proper and automatic positioning of
      the turntable at the pre-align and mask align positions is an important
      feature of the subject apparatus. In that regard, as seen from FIGS. 4 and
      5, the turntable is provided with diametrically opposed generally V-shaped
      notches 51 provided to selectively receive therein a positioning roller 52
      rotatably mounted on one end of a pivotal arm 53 which in turn is
      pivotally connected intermediate its ends to a mechanism for pivoting the
      same in the form of a control arm 54 of a solenoid 56 adjustably secured
      by screw fasteners to the pre-align plate 26. The pivotal arm 53 is
      mounted for pivotal movement about the axis of a pivot pin 57 secured to
      the pre-align plate 26 as noted in FIG. 5.
PAR  Adjacent its end opposite roller 52, pivotal arm 53 is engaged with a coil
      spring 58 which normally urges the positioning roller 52 into engagement
      with the peripheral edge of the turntable. The spring is mounted between
      suitable pins connected to the pre-align table 26 and the arm 53 as seen
      in FIG. 5.
PAR  Located outwardly of spring 58 at its outer end 59, arm 53 is provided with
      a switch-trip projection 60 which is selectively engageable with the
      actuator 61 of a micro-switch 62 secured to the pre-align plate. Such
      micro-switch controls operation of motor 47 which drives friction wheel
      46.
PAR  When solenoid 56 is actuated, the control arm 54 thereof is drawn into the
      solenoid to effect pivoting of arm 53 about its pivot pin 57. Such
      movement actuates the micro-switch and the positioning roller is
      simultaneously withdrawn from engagement with the notch 51. Actuation of
      the solenoid is effected for only a brief period of time, such as 1/10th
      of a second, sufficient to retract the roller from the notch. Thereafter,
      the solenoid is deactivated, permitting spring 58 to return the
      positioning roller into engagement with the circular periphery of the
      turntable. Such engagement continues as the friction wheel 46 rotates the
      turntable in response to continued actuation of motor 47 in response to
      continued actuation of micro-switch 62 due to engagement of the actuator
      thereof with projection 60 on the outer end of arm 53.
PAR  Such rotation of the turntable continues until positioning roller 52 is
      urged by spring 58 into the other notch 51 opposite from that shown in the
      initial position of FIG. 5. Upon the roller being let into the other
      notch, the actuator 61 of the switch 62 is disengaged, thereby
      deactivating the switch and stopping motor 47. In that regard, motor 47 is
      of the commercially available type which includes the ability to have the
      voltage thereof reversed upon receipt of a control signal. Such voltage
      reversal, in known fashion, produces a dynamic brake which results in
      prompt stopping of the friction wheel almost simultaneously with
      positioning roller 52 entering the other notch 51. Thus, the turntable is
      accurately positioned after 180.degree. rotation thereof.
PAR  In that connection, it should be understood of course that the number of
      operative positions of the turntable and the amount of rotation thereof
      between such positions, may be varied to meet particular needs. In the
      present embodiment, only two opposed stations, the pre-align and mask
      align stations, are provided as noted, thereby dictating the 180.degree.
      rotational relationship described.
PAC  WAFER SUPPORT STRUCTURE
PAR  As noted in FIG. 2, the turntable is provided with two diametrically
      opposed openings 62, each of which is provided to receive a chuck member
      13 as previously identified. In general, the configuration of such chuck
      member, as seen in FIG. 3, corresponds generally to commercially available
      chuck constructions of the type illustrated in FIG. 10 of the
      aforementioned Tancredi patents, and such chuck performs the same basic
      purpose as the chuck in such patents. However, as noted hereinafter, each
      chuck used with this invention is specially modified to meet the needs of
      this invention.
PAR  Each chuck member is removably received within a turntable opening 62 and
      each includes a series of blind passages therethrough in the manner and
      for the purpose to be described. Surrounding the chuck member is a rubber
      or like seal 63 which is generally z-shaped in cross-section as seen in
      FIG. 3. The purpose of the chuck member is to provide a supporting surface
      for a wafer during pre-alignment and mask alignment and exposure of the
      water to light during mask alignment.
PAR  As will be discussed hereinafter, means are provided at both the
      pre-alignment station and the mask alignment station for selectively
      elevating a chuck member positioned thereat to present a wafer to the
      appropriate apparatus positioned at said stations. In that connection, it
      should be understood that wafers are of generally high reflectivity
      characteristics and to impart the chuck member which carries a wafer with
      reflectivity differential characteristics, each chuck member preverably is
      produced from or coated with a material which has comparatively low
      reflectivity. As a result, when the reader 12 is activated at the
      prealignment station, the differential reflectivities of the wafer and the
      chuck member are recognizable to permit pre-alignment in the manner to be
      described.
PAR  As noted from FIG. 2 taken in conjunction with FIG. 4, the aforementioned
      pre-align plate 26 has a separate plenum section 66 secured to the
      underside thereof by screw fasteners 67 or equivalent means. Such plenum
      section, referring to FIGS. 2, 3, and 7, includes a generally hollow
      central chamber 68 having a boss 69 projecting upwardly centrally thereof.
      Boss 69 has a bore 71, extending therethrough in which is received a
      movable piston 72, such piston being extensible and retractable between
      the relative positions shown in FIGS. 3 and 7. At its lower end, piston 72
      is provided and a stop projection 73 which prevents the piston from
      bottoming completely on the bottom of bore 71 when the piston is in the
      retracted position.
PAR  Vertical movement of the piston in bore 71 is controlled within the limits
      defined by the stop 73 contacting the base of bore 71 and a shoulder 74
      provided on a laterally extending inverted cup shaped extension 76 of the
      piston contacting a removable shoulder 77 threadedly engaged with an upper
      portion of the plenum section 66. It should be understood that the cup
      shaped extension 76 of the piston travels vertically in and the annular
      shoulder 74 thereof contacts the side walls of the hollow chamber 68
      during such travel. Where required, suitable seals, designated S, are
      provided between the piston and surfaces contacting the same in the manner
      seen in FIGS. 3 and 7.
PAR  Piston 72 includes a fluid passage 81 extending axially thereof and a
      lateral fluid passage 82 in communication therewith. An annular groove 80
      communicates with passage 81 and extends around and opens to the top of
      the plenum section as seen in FIGS. 3 and 7. Bore 71 and fluid passages
      80, 81 and 82 are alternately connected through the plenum section via a
      fluid passage 83 to any suitable sources of air under pressure and vacuum
      as best seen in FIG. 2. In that connection, it should be understood that
      the respective pressure and vacuum sources are positioned side by side in
      FIG. 2 and are in selective communication with the passage 83 under
      predetermined conditions to be described. In that regard, the air pressure
      source is designated 84 in FIG. 2 and it should be understood that a
      similar source of vacuum is positioned behind the pressure source 84 and
      is therefor not visible in FIG. 2. However, the purpose of such alternate
      pressure and vacuum sources operable through piston 72 is to alternately
      apply pressure and vacuum to the chuck member 13 under predetermined
      conditions when the piston is in its elevated position.
PAR  In that latter regard, referring to FIG. 3, tt should be noted that the
      hollow chamber 68 within which the inverted cup portion 76 of the piston
      is movable is connected by a fluid passage designated 86 whereby air under
      pressure or vacuum may be selectively introduced into the chamber 68 to
      elevate the piston or to effect positive retraction of the piston. The
      passage 86 is connected with any suitable air and vacuum sources in known
      fashion.
PAR  Thus, the piston may be selectively elevated or retracted in predtermined
      sequeces as desired.
PAR  It should further be noted from FIGS. 3 and 7 that the cup shaped extension
      76 of the piston is surmounted by a circular guide ring 91 which projects
      above the upper surface thereof. Such guide ring is internally tapered and
      provides a seat for the lower tapered portion of the chuck member to be
      engaged therewith when the piston is elevated to the position seen in FIG.
      7. Comparing FIG. 3 with FIG. 7, it will be noted that elevation of the
      piston raises the chuck member from engagement with the turntable 14 under
      predetermined conditions.
PAR  In that regard, the position of the piston and chuck during pre-alignment
      of a wafer are as shown in FIG. 7 so that the wafer to be pre-aligned is
      positioned adjacent the pre-alignment reader 12. when the position is
      retracted to the position shown in FIG. 3, the chuck member is in
      engagement with and supported by the upper surface of the turntable and is
      held in such position, as is the wafer thereon following pre-alignment
      thereof, for rotation of the pre-aligned wafer to the mask alignment
      station.
PAR  In that regard, referring to FIG. 2, to preclude mis-alignment of a
      previously pre-aligned wafer during transfer thereof to the mask alignment
      station by rotation of the turntable, vacuum means is provided for holding
      the chuck and the wafer thereon in position during such turntable
      rotation. Such vacuum means comprises a vacuum port connection 96 (FIG. 2)
      which comminicates with a passage 97 through a cylinder 98 which surrounds
      the aforementioned column 42. Cylinder 98 is connected with and forms part
      of the mask alignment casting 27 mentioned previously, and both form part
      of a mask aligner apparatus exemplified by the aforementioned Tancredi
      patents.
PAR  At its upper end the cylinder is surmounted by a sealing plate 99 having an
      opening 100 therethrough in communication with the upper end of the
      passage 97 as seen in FIGS. 3 and 7. The plate 98 has a peripheral groove
      101 is its upper surface which communicates with one or more passages 102
      extending vertically through the turntable and communicating with one or
      more recesses 103 formed in the top of the turntable adjacent the center
      thereof. Thus, referring to FIG. 3, when piston 72 is retracted and the
      chuck is positioned upon the turntable the chuck may be subjected to the
      effects of vacuum passing through the aligned passages 97, 100, 101, 102
      and 103 to hold the chuck in position against rotation relative to the
      turntable.
PAR  Still referring to FIG. 3, it will be noted that the chuck has a peripheral
      groove 104 in the base thereof which is in communication with a series of
      passages 106 extending upwardly through to the top surface thereof. Thus,
      when the chuck is in the down position resting upon the turntable and
      vacuum is introduced into groove 104, vacuum atmosphere is presented to
      the wafer W supported on the chuck and such wafer is positively held
      against rotation or movement while the chuck is moved with the rotating
      turntable 14 from the pre-align station to the mask align station. It
      should further be noted from FIG. 3 that sufficient clearance exists
      between the base of the chuck and the turntable and the guide ring 91 of
      piston 72 to prevent any interference with rotation of the turntable
      between the respective stations noted.
PAR  Under normal operating conditions, vacuum will be continuously applied to
      the turntable in the manner noted from any suitable source and the effect
      of such vacuum will be selectively overcome by the pressure applied to
      piston 72 periodically raise the same. Thus, there is no need to correlate
      vacuum introduction to the turntable with raising or lowering of the
      piston although such correlation could be affected if desired.
PAC  WAFER ROTATION DURING PRE-ALIGNMENT
PAR  Pre-alignment of a wafer at the pre-alignment station is effected by
      rotating the wafer after the same has been introduced into a confining
      area which permits rotation while precluding lateral translation thereof.
      In that regard, referring to FIGS. 4, 6, and 7, such confining zone
      comprises a control ring member 17 against the lower surface of which the
      wafer supporting chuck 13 is engageable when piston 72 is elevated in the
      manner seen in FIG. 7. Chuck seal 63 insures air tight inter-connection
      between the control ring and the chuck when the chuck is elevated.
PAR  Wafers are introduced in sequence into the control ring in the manner to be
      described and individual wafers positioned therein are precluded from
      separation therefrom by engagement with the inner peripheral walls of the
      control ring. Wafer rotation is effected to bring the flat edge portion F
      thereof into alignment with the electronic reader 12 positioned at the
      pre-alignment station and overlying the control ring 17. As noted from
      FIGS. 6 and 7, chuck 13 is provided with a plurality of directional air
      jets 111 which project upwardly through the chuck and are in communication
      with a peripheral groove 112 specially provided in the base of the chuck
      and oriented to communicate with the aforementioned passages 81 and 82 in
      the piston 72. Thus, when air is introduced into groove 112 and passes
      through passages 111 into contact with the wafer supported on the chuck,
      the directional exit angle of such passages 111 will effect raising and
      rotation of the wafer in the direction noted by the arrow in FIG. 6. Such
      rotation will bring the flat edge portion of the wafer beneath the
      electronic reader for the purposes of aligning and subsequently holding
      such edge portion in a position of alignment thereon as will be described.
PAR  In addition to the angularly oriented passages 111 through the chuck, it
      will be noted from FIG. 4 that the chuck includes a series of other air
      passages therethrough which similarly communicate with passages 81 and 82
      in the piston and the source of vacuum and pressure in communication
      therewith. Thus, in conjunction with rotation of the wafer by the
      directional air passages, alternate pressure and vacuum application is
      applied to the wafer which results in alternate elevation and retraction
      of the wafer, and resulting jogging of the wafer to effect rotation
      thereof in controlled fashion. Alternate vacuum and pressure application
      is effected through any standard control valve arrangement. As will be
      described, wafer rotation is effected at varying speeds as the wafer nears
      its pre-alignment orientation.
PAC  PRE-ALIGNMENT READER STRUCTURE
PAR  The details of construction of reader 12 are best seen in FIGS. 10 through
      12. Such reader includes a light housing 116 connected with any known
      electrical source to provide a beam of light introduced into a bundle of
      fiber optics 117 extending from the light housing through a channel
      provided through the reader block designated 118. The fiber optices are of
      a type conventionally known and commercially available and are oriented in
      the housing 118 so that their path is divided at 119 and 121 to direct
      parallel light signals downwardly in parallel paths through parallel
      cylindrical lenses 122 and 123. Such lenses are held in place beneath
      block 118 in a lense mounting bracket 124 secured beneath the block by
      screw fasteners 126.
PAR  It should be noted from FIG. 11 that air spaces 127 are interposed between
      the ends of the fiber optics bundles and the lenses. The lenses are held
      in place in the bracket 124 by any suitable means, such as epoxy resin.
      Set screw constructions 128 are provided to permit lateral adjustment of
      the respective lenses to accommodate therebeneath wafers of varying size.
PAR  As the function of electrical fiber optics sensors is well known, details
      thereof will not be repeated herein. However, it should be understood that
      light signals transmitted downwardly from the parallel bundles of fiber
      optics through the lenses are reflected upwardly through the same lenses
      and pass through extensions of the fiber optics bundles 131 and 132 for
      transmitting the control signal to be effected thereby. That is, the light
      signals are reflected upwardly from the wafer and/or chuck positioned
      therebeneath in paths generally parallel to the downwardly directed paths
      of light.
PAR  As noted from FIG. 10, preferably an amber filter 133 is interposed between
      the light housing 116 and the fiber optics bundles to prevent unwanted
      exposure of the photoresist coating on the wafers by the fiber optics
      light source.
PAR  The reader 12, as seen in FIGS. 2 and 4, is adjustably mounted to permit
      utilization thereof with wafers of varying sizes. In that regard, an
      adjustable mounting bolt 130 extends through the pre-align plate structure
      26 and is held in place thereon by nut 133. A slot 134 is provided in the
      plate structure 26 and a set screw 135 is received within the slot and
      extends through the mounting bolt 130 to permit lateral adjustment of the
      reader block 118. The reader block in turn includes an elongated
      projection 136 (FIG. 4) slidable in a recess in the plate structure 26
      during such adjustable movement of the reader block.
PAR  Referring to the schematic showing of FIG. 12, operation of the reader will
      be described. In that regard, the flat edge of a wafer as the same is
      initially rotated beneath the reader first moves to the position F-1
      beneath lens 122. The fiber optics bundle passing through that lens senses
      the different reflectivity of the wafer and the chuck and a control signal
      will be transmitted in response to such sensing. The effect of such signal
      will be to decrease the increments of rotation of the wafer by pulsing
      more rapidly the alternate pressure and vacuum applied to the wafer
      through the chuck within the control ring. Prior to the wafer flat
      reaching the F-1 position beneath lens 122, larger incremental rotational
      movement of the wafer was effected by applying alternate pressure and
      vacuum to the wafer of greater intensity.
PAR  Upon movement of the wafer in the smaller increments noted after the flat
      has first passed the lens 122, the flat of the wafer continues to move in
      such small increments until it reaches the position designated by F-2, at
      which time the flat passes beneath the second lens 123, which then senses
      the different reflectivities of the wafer and chuck and transmits a
      control signal indicating the wafer is approaching the proper
      pre-alignment position.
PAR  Such pre-alignment position is designated by the position F-3 of the flat
      in FIG. 12 at which time the light beam through both lenses 122 and 123 is
      broken and the optical bundles both sense the differing reflectivities of
      the wafer and chuck. When in that position, the wafer is in proper
      pre-alignment and further rotation thereof by air and vacuum pulsing is
      halted by an appropriate control signal from the reader. Thereafter,
      vacuum is applied to the chuck and wafer to hold the same in pre-aligned
      position in the manner described previously so that the chuck can be
      rotated with the turntable to the mask alignment position.
PAR  Still referring to FIG. 12, if a wafer should over-shoot the proper
      per-alignment position to the orientation shown at F-4, pulsing to produce
      larger incremental movement will be reinstituted to again rapidly rotate
      the wafer until the flat again reaches the F-1 position, at which time
      smaller incremental movement is again initiated.
PAR  The reader is an analog type of photoelectric reader which utilizes fiber
      optics as noted. The single light source input divides the light into two
      channels through the parallel cylindrical lenses as noted. The two lines
      of light created by the lenses pass across the edge of the wafer during
      sensing and the reflected light from the bright surface of the wafer and
      from the less reflective surface of the chuck are reflected back through
      the separate fiber optic bundles through the same cylindrical lenses and
      pass upwardly through the optical bundles 131 and 132 where such
      reflections are measured and compared by photocells provided thereat in
      known fashion to produce the noted control signals.
PAR  The reader performs various functions, including the measuring of the
      differences of reflection between the reflective surfaces of the wafer and
      the chuck which determine the presence of a wafer as it first passes into
      the control ring area. In response to a preset difference in such reading,
      the reflections detect the approaching flat at the F-1 position noted and
      thereafter measure the equality of the two reflective surfaces when the
      flat reaches the F-3 position of FIG. 12. Furthermore, following mask
      alignment and exposure of the wafer at the mask alignment station
      following return thereof to a position beneath the reader permits the
      reader to sense that the wafer has been exposed so that the same can be
      passed from the control ring structure 17 to the discharge station.
      Finally, the reader is capable of recognizing through the spacing of the
      lenses the difference between the flat edge of a wafer and any small notch
      or incongruity or other surface discrepancy thereof which is not of
      sufficient size to lie beneath both beams of light simultaneously.
PAR  It will be noted from FIG. 6 that the control ring 17 is provided with a
      cut-out portion 136 adjacent one side thereof to permit the downward
      transmission of light signals through the lenses as noted without
      interference from the control ring.
PAR  It should be understood that each wafer passes through the control ring
      structure twice during its movement between the sending and receiving
      stations of the apparatus. That is, a wafer first is pre-aligned in such
      control ring structure, following which it is transferred to the mask
      alignment station. While such wafer is being finally aligned and exposed
      at the mask alignment station, another wafer is being pre-aligned at the
      pre-alignment station. The previously mask aligned and exposed wafer is
      then retransferred on the turntable into the control ring structure for
      subsequent sensing for proper exposure and discharge therefrom prior to
      introduction of another wafer to be pre-aligned therein.
PAC  CONTROL RING AND SOLENOID AT PRE-ALIGNMENT STATION
PAR  The control ring structure 17 is vertically actuatable to permit selective
      introduction and removal of wafers therefrom in sequence. Actuation of the
      control ring structure is effected by the solenoid mechanism 16 is
      mentioned previously. Such solenoid mechanism is operatively connected
      with the control ring structure adjacent the reader 12 in the manner seen
      in FIGS. 2, 4 and 8 through 10.
PAR  In that regard, the solenoid structure includes a mounting bracket 141
      secured by screw fasteners 142 to one edge of the generally circular
      control ring. Spaced guide pins 143 project upwardly from the mounting
      bracket on opposite sides of the control arm 144 of a conventional
      solenoid generally designated 146, the latter being threadedly engaged
      with a guide bracket 147 through which the guide pins 143 extend as seen
      in FIG. 9. The solenoid control arm at its lower end is pivotally
      connected through a pivot pin 147 and separate shouldered connector 148
      with a split leaf spring 149, the connector extending through the split
      therein.
PAR  It will be noted that the leaf spring is interposed between the solenoid
      mounting bracket 141 and the control ring 17 and cooperates with gravity
      in normally holding the control ring in the retracted or down position
      shown in FIG. 8. When in that position, the chuck 13 is engageable with
      the underside of the control ring as seen so that pre-alignment of the
      wafer W supported by the chuck may be effected in the manner described
      previously. However, upon electrical actuation of the solenoid in known
      fashion, the control arm 144 is moved upwardly to draw the leaf spring and
      control ring therewith through the connection thereof with the bracket
      141. So long as the solenoid is energized, the control ring will be held
      in the raised position seen in FIG. 9.
PAR  As noted previously, when the control ring 17 is in the lower or down
      position, wafers may be pre-aligned therein in the manner described.
      However when the control ring is in the elevated position shown in FIG. 9,
      wafers may be transported by the turntable to the mask alignment station,
      and previously mask aligned and exposed wafers may be discharged beneath
      the surface of the ring to the receiver station.
PAR  It will also be noted from FIG. 9 that when the ring is in the upper
      position a wafer transported from the sending station is precluded from
      entry into the ring by engagement of the wafer with the periphery of the
      control ring as indicated by reference numeral 151. In that same regard,
      when the ring is retracted from the FIG. 9 position with a wafer in the
      position shown in that figure, such wafer may then be introduced into the
      ring for pre-alignment therein. However, such retraction of the ring will
      not be effected if the ring is occupied by another wafer.
PAR  Movement of a wafer into the ring may be effected because the ring is
      provided with two thickness levels as seen in FIGS. 6 and 9. A feed slot
      defined by parallel walls 152 and 153 in FIG. 6 provide a reduced
      thickness area of the ring over which the wafer to be introduced may pass
      when the ring is in the retracted position.
PAC  BUFFER STATION AND TRANSFER STATION CONSTRUCTION
PAR  As noted previously, the subject apparatus includes a buffer station 9 to
      which wafers are presented from the sending station prior to introduction
      into the control ring for pre-alignment. Such buffer station is best seen
      in FIG. 4 and comprises a transfer and holding section defined by fluid
      bearing track structure upon which individual wafers in sequence are
      supported on a bed of air or other suitable gas. In that regard, the track
      structure includes two laterally adjustable guide rails 154 and 155
      secured to the pre-aligned plate structure 26. The construction of the
      track structure may conform to that described in Lasch et al. application
      Ser. No. 779,033 identified herein previously and includes two parallel
      fluid bearing channels 156 and 157 extending longitudinally thereof which
      are asymmetrically formed in the pre-align plate structure 26, as seen in
      FIG. 4. That is, channel 156 is closer to the longitudinal axis of the
      buffer zone track structure than is channel 157. As a result, when
      supporting fluid is introduced through the spaced jet directional nozzles
      158 provided in conjunction with the respective channels, the asymmetrical
      relationship of such channels causes a wafer W positioned thereover to be
      rotated as the same is introduced into the control ring. It will also be
      noted from FIG. 6 that the control ring portion over which the wafer
      passes includes a series of directional jet nozzles 159 for further
      insuring proper insertion of a wafer into the ring for pre-alignment
      therein.
PAR  While in FIG. 4 a wafer is shown in dot-dash lines at the buffer station in
      contact with the edge of the raised control ring, it should be understood
      that such relationship is shown for purposes of illustration only and that
      normally a wafer would not be in that position because another wafer is
      being pre-aligned in the ring. It is only after such pre-alignment has
      been completed and rotation of the turntable has been started that a wafer
      is released from the sender station and transported to the buffer station
      to be positioned in the location noted in FIG. 4.
PAR  The fluid bearing channels 156 and 157 are formed by machining passages in
      the pre-align plate structure 26 and such passages are closed at one end
      by plugs 161. Such passages are open at their other end and communicate
      with a curved plenum recess 162 provided in the ring, as best seen in FIG.
      6, such plenum communicating with the jets 159 previously mentioned. Thus,
      when the ring 17 is in its retracted position shown in FIG. 8, the plenum
      162 communicates with the channels 156 and 157 so that a wafer passing
      over the ring will be urged by jets 159 into the ring into the wafer
      pre-aligning position noted. However, when the ring is elevated, alignment
      of the plenum and channels is generally disrupted and subsequent wafers
      are stopped from passing into the ring by the contact noted at reference
      numeral 151 in FIG. 9.
PAR  The channels 156 and 157 are in operative communication with a source of
      air pressure by means of a transverse channel 163 (FIG. 4) machined in
      plate structure 26 which is closed at one end by a plug 164. Channel 163
      bisects each of the channels 156 and 157 as noted in such figure to
      introduce air selectively thereinto. At its other end, channel 163 is in
      communication with a source of air pressure by means of an upright air
      passage 166.
PAR  Referring again to FIG. 9, when it is desired to discharge a previously
      exposed and mask aligned wafer from the ring to the receiver station,
      initial movement of the wafer from the ring is effected by a puff or jet
      of air directed against an edge of the wafer positioned within the ring.
      Such air jet is effected by means of a puffer air passage 165 angularly
      directed toward a wafer within the ring, as shown in FIG. 4. For purposes
      of manufacture, such puffer air passage 165 communicates with a plurality
      of supply passages in the following manner; at one end the puffer air
      passage 165 communicates with a plenum chamber 167 and an open groove 168
      along the edge of the plate structure 26 which is closed off by a sealing
      plate 169; the groove 168, in turn, communicates with a transversely
      extending supply passage 171 machined in the pre-align plate structure,
      which further communicates with another supply passage 172 machined in the
      plate structure and closed off at one end thereof by a plug 173; at its
      inner end passage 172 is in communication with a source of air pressure by
      means of an upright air passage 174. As a result, when air is selectively
      introduced from source 174 into passage 172 it passes through the channels
      mentioned previously and through the puffer jet channel against the edge
      of the water positioned as oriented in FIG. 9 to effect initial movement
      of the wafer from that position.
PAR  Referring to FIG. 4, also provided in conjunction with the pre-alignment
      station is a transfer station for receiving exposed and mask aligned
      wafers from the control ring. Such means comprises a fluid bearing track
      structure section 175 defined by two parallel fluid channels 176 and 177
      which are closed at one of their ends by plugs 179. The other ends of
      those channels adjacent the control ring are normally blocked off by a
      mounting ring 181 upon which the control ring is settable as seen in FIGS.
      8 and 9. Directional jets 178 communicate with the air passages 176 and
      177 and dispense supporting fluid through the surface of the bearing track
      section to move wafers thereacross as the wafers are discharged
      sequentially in response to actuation of the puffer jet emanating from
      passage 166. In that regard, the channels 176 and 177 are in communication
      with a transverse air supply passage 182 in plate structure 26 which is
      closed at one end by plug 183 and which at its other end in communication
      with a source of air under pressure through passage 184. Through a supply
      passage 185, the puffer jet passage 166 and air support channels 176 and
      177 are simultaneously provided with air.
PAR  In that connection, referring to FIG. 2, one source of air pressure,
      designated 186, is illustrated. It should be understood that a similar
      source of air pressure is adjacent to but not visible in FIG. 2 because it
      has behind the air source 186 illustrated. Thus, two air pressure lines,
      one for the buffer station track other for the buffer jet structure
      section, and the and transfer tracks structure section, are provided which
      are operated in sequence in accordance with the need to feed wafers into
      or out of the control ring.
PAC  SENDER AND RECEIVER SECTIONS
PAR  As noted previously, from FIG. 1, wafers are withdrawn individually and
      sequentially from a supply magazine 3 at sender station 4 and transferred
      to the pre-alignment station 7. Following pre-alignment, and subsequent
      exposure and mask alignment at the mask alignment station 2, the wafers
      are discharged in sequence from the control ring structure to the transfer
      station and then are moved into a discharge magazine 21 positioned at
      receiver station 22.
PAR  Each of the sender and receiver stations includes transfer means defined by
      fluid bearing track structure sections 6 and 19 which may embody the
      construction disclosed in the aforementioned Lasch et al. application Ser.
      No. 779,033. Therefore, details of construction of such fluid bearing
      track structures and mode of operation thereof will not be described
      herein. It should be understood, however, that the respective fluid
      bearing track structures 6 and 19 have portions thereof which extend into
      the sender station 4 and into receiver station 22 in the manner disclosed
      in said application so that wafers may be removed from and inserted into
      the respective supply and discharge magazines by such track structures in
      the fashion described in said application.
PAR  Because the sender and receiver stations are substantially identical in
      their construction and mode of operation except as otherwise described
      herein, FIGS. 13 through 16 illustrate details of only the sender station.
      Corresponding structure is provided at the receiver station.
PAR  The sender station comprises a frame work support 187 secured to the mask
      aligner 1 by a mounting flange 188, the latter being shown in FIG. 1. As
      seen in FIG. 13, and as noted above, the air bearing track structure 6
      extends into and underlies at least partially the supply magazine 3
      provided at the sender station so that, as the supply magazine is indexed
      downwardly, sequential removal of individual wafers from the slots therein
      will be effected by air emanating from jets provided in track structure 6.
      Thus, the lowermost wafer in the magazine will be withdrawn in sequence
      and transported over track structure to the buffer station.
PAR  In that regard, the supply and discharge magazines may take various forms
      and the size thereof is determined in accordance with the size of wafers
      to be handled therein. Similarly, depending upon customer requirements and
      wafer size, the spacing between adjacent slots in which wafers are
      received in the magazines may vary, with normal spacing being either 1/8
      inch or 3/16 inch.
PAR  The supply magazine is supported on a support base 189 which includes
      provisions for lateral adjustment to accommodate therein magazines of
      different sizes. The support base in turn is secured and mounted on a
      flange member 191 by screw fasteners 192 for movement with the flange
      member 191, the latter being indexable downwardly during wafer feeding in
      response to movement of a lead screw 193 which is rotatable in upper and
      lower bearings 195 through preselected increments by an electric motor 194
      through a belt drive 196. The belt passes over pulleys 197 and 198
      respectively secured to the motor drive shaft and to the bottom of the
      lead screw.
PAR  Motor 194 includes a conventional magnetic brake construction 199 for
      insuring quick stops of the lead screw during magazine indexing. Also, the
      motor utilizes a reverse voltage dynamic brake arrangement of the type
      described previously with respect to the drive mechanism for the turntable
      14 to further insure rapid an accurate stopping of the lead screw during
      magazine indexing.
PAR  While the indexing mechanism illustrated and described herein is generally
      of the same basic type shown and described in the aforementioned Lasch
      application Ser. No. 779,033, the present indexing mechanism includes
      certain improvements and modifications thereover. Also, the magazine
      utilized with the present apparatus is of a modified construction from
      that disclosed in said application. As noted from FIGS. 13, 14 and 16, the
      subject magazine is of generally open construction defined by opposed side
      walls 201 and 202 formed of metal or suitable plastic in which the spaced
      slots for receiving the wafers are formed. The side walls are held in
      operative engagement with each other by a pair of upper metal or plastic
      connecting rods 203 and 204 and a single centrally located lower metal or
      plastic connecting rod 206, the latter fitting into a fixture 207 provided
      in the support base 189. In that regard, fixture 207 is laterally
      adjustable to permit acceptance of magazines of different sizes therein.
PAR  Provision also is made for handling of magazines of varying heights having
      a capacity for a number of wafers different from the 25 wafers commonly
      utilized. In that regard, respective upper and lower limit switches 208
      and 208' and 209 and 209' are provided. Which of the respective upper or
      lower limit switches is activated is determined in accordance with the
      vertical height of the magazine to be accommodated. Such limit switches
      are selectively actuated or deactuated by a suitable control (not shown)
      so that only one upper and one lower switch is operable. the limit
      switches regulate the distance of travel of the support base in the manner
      shown in FIG. 14 and described in said Lasch et al. application.
PAR  Control of rotation of the lead screw 193 is effected by means which sense
      the presence of a wafer in a slot in the magazine. As seen in FIG. 13,
      such sensing means comprise a photoelectric sensor defined by a light
      source 211 which directs a light beam designated 212 towards a receiver
      213 positioned opposite the light source. The light beam is directed
      downwardly at an angle of approximately 3.degree. relative to the vertical
      which insures sensing of the lowermost wafer without interference from
      other wafers in the magazine. Such angle is selected in accordance with
      the spacing of the slots in which the respective wafers are positioned and
      may be varied as required to meet other needs. When the light beam is
      broken by the lowermost wafer in the magazine, a signal is transmitted to
      motor 194 in known fashion to halt indexing of the lead screw so that such
      a wafer may be removed therefrom on the air bearing track structure as
      described. Initiation of rotation of the lead screw to index the magazine
      is effected by a signal transmitted to motor 194 when turntable 14 moves a
      pre-aligned wafer toward the mask alignment station. In a preferred
      embodiment, lead screw 193 is provided with a 1/2 inch pitch which has
      been determined to be most effective for incremental movement of the
      magazine during indexing thereof.
PAR  At the receiver station 22 at the opposite end of the apparatus, a similar
      light sensing means is provided to index the discharge magazine upwardly
      to present a subsequent vacant slot to receive another wafer as the light
      beam has been broken by a previously inserted wafer into the magazine.
      Motor and lead screw mechanisms of the type described previously are
      provided at the receiver station which operate in the opposite direction
      but in other respects correspond to similar mechanisms at the sender
      station.
PAR  Preferably provided in conjunction with the sender station (a similar
      mechanism not being required at the receiver station) is the
      counter-mechanism illustrated in FIGS. 14 and 15. Such counter-mechanism
      comprises a rotatable circular disc 215 mounted at the top of the lead
      screw for rotation therewith. Positioned above the disc is a light source
      216 which directs a light beam downwardly onto the disc. The disc is
      provided with a series of radial slots 217 at the edge thereof. In the
      embodiment illustrated such slots are eight in number, selected in
      accordance with the preferable utilization of magazines which normally
      have wafer receiving slots spaced either 1/8 or 3/16 inch vertically from
      each other.
PAR  The spacing of each slot on the disc is correlated to rotation of the lead
      screw 1/16 of an inch. Therefore, as each slot passes beneath the light
      source 216 an underlying sensor 218 counts the distance the lead screw has
      been moved. Thus, it can be determined when the magazine has been indexed
      1/8 inch, or 3/16 inch depending upon the type of magazine being indexed.
      The counter is settable to register and sense passing of each pair or trio
      of slots passing therebeneath.
PAR  Thus, after each two (or three) slot count, the magazine normally is halted
      to permit withdrawal of a wafer therefrom. However, the photosensor
      211-213 is provided to override the effect of the counter if a vacant slot
      is presented to the photosensor. That is, if the magazine is not filled
      completely with wafers (for example if certain slots are vacant in a
      regular or irregular pattern) the photosensor will override the effects of
      the counting mechanism and will continue to permit the magazine to index
      until the light beam 212 is interrupted by a subsequent wafer, at which
      time magazine indexing will be promptly halted as noted previously. In
      this way, more rapid indexing can be effected without requiring
      intermittent step by step indexing when magazine slots are unoccupied.
PAR  In addition to the various electrical switch constructions described
      herein, certain other switch constructions preferably are incorporated
      into the subject apparatus which are not specifically illustrated in the
      drawings. One such switch is provided in conjunction with the mask
      alignment station of the conventional mask aligner apparatus with which
      the subject invention is used. Such a switch is a conventional
      micro-switch which is actuated as the chuck is elevated by the mask
      aligner mechanism, as described in the Tancredi patents, to present the
      wafer to the mask during the fine alignment and exposure procedure. Such
      switch is provided to prevent rotation of the turntable during mask
      alignment so that inadvertent rotation and damage to the wafer and the
      mask system is precluded. Upon lowering of the chuck and exposed wafer
      therewith at the mask alignment station, the described switch is
      deactivated to permit rotation of the turntable in the manner noted.
PAR  An additional manual switch is added for use of the mask aligner operator
      so that, if pre-alignment of any particular wafer is not successful and
      such fact is not determined until the operator begins fine alignment at
      the mask alignment station, the operator may actuate such manual switch to
      reject and send the improperly pre-aligned wafer back to the pre-align
      station for correct pre-alignment thereat. Such switch overrides and
      precludes indexing of another wafer from the sender station as would
      normally happen during turntable rotation.
PAR  A similar manually operated switch also may be provided which permits the
      turntable to be rotated selectively without supply magazine indexing if
      the operator chooses to do so for any other purpose which may be required,
      and to override the other control functions of the apparatus.
PAR  In that connection, the electrical controls for the various sequences of
      operations have not been illustrated or described in detail herein in that
      such electrical controls and their functions, and the interrelationships
      therebetween are within the capability of any competent electrical
      engineer familiar with sequential machine operations.
PAR  With respect to the sequence of introduction of air and vacuum into the
      various sections and components of the subject apparatus, reference is
      directed to FIG. 17 which is a schematic air and vacuum flow diagram. Such
      diagram shows illustrative air pressure preferably utilized, (vacuum
      levels being widely variable to meet particular needs) and the various
      flow lines, flow control valves, and electrical valves regulating flow
      control in response to signals from the various switches described.
PAC  SEQUENCE OF OPERATION
PAR  Referring to FIG. 1, and the control buttons shown at the sender and
      receiving stations, when the power-on button is depressed the sending
      station support platform is automatically indexed to its full up position.
      The receiver station support platform is indexed to its full down position
      by depressing the reset button after a full supply magazine has been
      removed. When the power-on button is depressed, the piston at the
      pre-alignment station also is elevated automatically to raise a chuck
      thereabove to the elevated position in which it is ready to receive a
      wafer for pre-alignment.
PAR  Following magazine resetting as noted, the index button at the sender
      station is depressed which actuates the air source for the air bearing
      track structure 6 for a time sufficient to remove the lowermost wafer from
      the supply magazine and to transport the same to the buffer station. Such
      sender index button also actuates the air source for the buffer track
      section, and also activates the control ring solenoid to raise the control
      ring to prevent passage of a wafer from the buffer station into the
      control ring.
PAR  When the first wafer in a given sequence reaches the buffer station, the
      control ring is retracted by deactivating the solenoid so that such the
      wafer is transferred onto chuck at the pre-alignment station. Thereafter,
      sequential operation of the apparatus is automatic.
PAR  Once the reader recognizes the presence of the first wafer beneath it, a
      timer is initiated which allows the wafer to settle onto the chuck.
      Following passage of a short time interval, alternate air and vacuum are
      pulsed into and through the chuck to jog the first wafer in a rotary
      direction beneath the reader in large increments.
PAR  When the reader first senses the presence of the flat edge of the wafer
      therebeneath, pulsing of alternate pressure and vacuum is modified to
      effect jogging of the wafer in small rotary increments. Such alternate
      pressure and vacuum pulsing is halted when the reader senses the flat edge
      of the wafer is in proper pre-alignment position. At that time the piston
      supporting the chuck is retracted in conjunction with the application of
      vacuum to the chuck and the wafer carried thereon to hold the chuck and
      the wafer on the turntable.
PAR  The turntable is then rotated 180.degree. to the mask alignment station. In
      conjunction with such rotation, the solenoid is activated to raise the
      control ring at the same time the sender magazine is indexed downwardly to
      present a second wafer in the sequence for transfer to the buffer station.
      When the first wafer reaches the mask alignment station, the solenoid is
      deactivated and the control ring structure is retracted to permit the
      second wafer in the series to enter the chuck positioned within the ring
      which has been elevated into operative position by the piston. The second
      wafer is automatically pre-aligned while the first wafer is being mask
      aligned at the mask alignment station. Following pre-alignment, the reader
      transmits a signal which causes the piston to be withdrawn and applies
      vacuum to the chuck and the second wafer thereon.
PAR  After completion of the mask alignment and light exposure sequence of the
      first wafer at the mask alignment station, the turntable is activated,
      either automatically in response to such light exposure or under control
      of the operator, to rotate the turntable 180.degree. to bring the first
      wafer back to the pre-alignment station and to move the second wafer from
      the pre-alignment station to the mask alignment station. Such rotation of
      the turntable results in indexing of the sender magazine to present a
      third wafer to the buffer station. Movement of such third wafer at the
      buffer station is halted by the control ring which is in the upper
      position.
PAR  At that time the puffer jet is activated, the first wafer is moved onto the
      discharge track section. Air pressure is introduced into the discharge
      track section and into the fluid bearing transfer track structure 19 to
      move the first wafer from the pre-alignment station to the receiver
      station and into the discharge magazine thereat. Upon receipt of such
      first wafer in the discharge magazine, the magazine is indexed upwardly to
      present the next empty slot to the discharge transfer track structure for
      reception of a subsequent wafer of the series.
PAR  Upon the first wafer of the series clearing the control ring structure, the
      ring is moved to its down position by the solenoid so that the third wafer
      in the series may be introduced from the buffer station into the
      pre-alignment station. Following such pre-alignment of the third wafer and
      mask alignment of the second wafer, the turntable is rotated and a fourth
      wafer is discharged from the supply magazine to the buffer station as the
      second wafer is transferred to the receiver station.
PAR  The sequences of operations described are repeated until the supply
      magazine is empty and all wafers therefrom have been pre-aligned, mask
      aligned and exposed, and presented to the discharge magazine.
PAR  Having thus made a full disclosure of preferred embodiments of this
      invention, reference is directed to the appended claims for the scope of
      protection to be afforded thereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of pre-aligning wafers prior to mask alignment or like
      treatment thereof without handling, comprising
PA1  A. feeding generally circular wafers in sequence from a supply thereof,
      each of which includes a flat edge portion, to a pre-alignment station,
PA1  B. providing reading means at said station capable of determining
      automatically when the flat edge portion of each wafer is in a
      predetermined orientation,
PA1  C. rotating each said wafer in sequence at said pre-alignment station
      beneath said reading means on a directional fluid bearing which supports
      and imparts rotational movement thereto until said reading means senses
      each such wafer is in said predetermined orientation, and
PA1  D. maintaining such orientation of each such wafer while transferring the
      same to a mask alignment station from said pre-alignment station.
NUM  2.
PAR  2. The method of claim 1 in which the speed of rotation of said wafers at
      said pre-alignment station is varied during rotation and pre-alignment
      thereof on said fluid bearing.
NUM  3.
PAR  3. The method of claim 1 which further includes
PA1  E. feeding said wafers to said pre-alignment station on a fluid bearing.
NUM  4.
PAR  4. The method of claim 1 which further includes
PA1  E. indexing said supply of said wafers to present individual wafers in
      sequence for feeding to said pre-alignment station.
NUM  5.
PAR  5. The method of claim 1 which further includes
PA1  E. transferring said wafers in sequence from said mask alignment station to
      a receiver station for collection in a magazine thereat.
NUM  6.
PAR  6. The method of claim 5 in which said wafer transfer is effected on a
      fluid bearing.
NUM  7.
PAR  7. The method of claim 1 which further includes
PA1  E. providing additional wafers in sequence to a buffer station adjacent
      said pre-alignment station ready for introduction to said pre-alignment
      station when said station is unoccupied.
NUM  8.
PAR  8. The method of claim 7 which includes
PA1  F. initiating rotation of said wafers during introduction of the same in
      sequence into said pre-alignment station from said buffer station.
NUM  9.
PAR  9. The method of claim 1 which further includes
PA1  E. passing said wafers in sequence back through said pre-alignment station
      from said mask alignment station prior to transferring the same to a
      receiver station for collection thereat.
NUM  10.
PAR  10. The method of claim 1 which further includes
PA1  E. providing a discharge magazine at a receiver station spaced from said
      pre-alignment station, and
PA1  F. indexing said discharge magazine in sequence as individual wafers are
      transferred thereto from said mask alignment station.
NUM  11.
PAR  11. The method of claim 1 in which said wafers are rotated at said
      pre-alignment station on a directional fluid bearing which supports and
      imparts rotational movement thereto.
NUM  12.
PAR  12. The method of claim 11 in which the speed of rotation of said wafers at
      said pre-alignment station is varied during rotation and alignment thereof
      on said fluid bearing.
NUM  13.
PAR  13. A method of pre-aligning wafers prior to mask alignment or like
      treatment thereof without manual handling, comprising,
PA1  A. feeding generally circular wafers in sequence from a supply thereof,
      each of which includes a flat edge portion, to a buffer station adjacent a
      pre-alignment station,
PA1  B. providing reading means at said pre-alignment station capable of
      determining automatically when the flat edge portion of each wafer is in a
      predetermined orientation,
PA1  C. providing additional wafers in sequence at said buffer station adjacent
      said pre-alignment station when such station is unoccupied,
PA1  D. initiating rotation of each said wafer during introduction of the same
      in sequence into said pre-alignment station from said buffer station,
PA1  E. continuing rotation of each said wafer at said pre-alignment station
      beneath said reading means until said reading means senses each such wafer
      is in said predetermined orientation and then halting rotation thereof,
      and
PA1  F. maintaining the predetermined orientation of each said wafer while
      transferring the same to a mask alignment station from said pre-alignment
      station.
NUM  14.
PAR  14. An apparatus for pre-aligning wafers prior to mask alignment or other
      treatment thereof, comprising
PA1  A. means for presenting individual wafers in sequence to a pre-alignment
      station, each such wafer including a flat portion for use in such
      pre-alignment,
PA1  B. means at said pre-alignment station for rotating each said wafer at said
      station,
PA1  C. reading means at said station for determining automatically when the
      flat edge portion of each said wafer is in a predetermined orientation,
PA1  D. said means for rotating wafers at said pre-alignment station, comprising
PA2  1. a pre-alignment chuck member having directional fluid passages
      therethrough,
PA2  2. such wafers being positionable in sequence on said chuck member, and
PA2  3. means for selectively introducing fluid through said passages to rotate
      each wafer presented onto said chuck member without manual handling until
      the flat edge portion of each such wafer is sensed by said reading means
      and rotation thereof is halted, and
PA1  E. means responsive to said reading means to automatically halt rotation of
      each such wafer when the same is in said predetermined orientation.
NUM  15.
PAR  15. The apparatus of claim 14 which includes at least two of said
      pre-alignment chuck members spaced generally 180.degree. from each other
      which are selectively positionable at said pre-alignment station, said
      fluid introducing means being operable on each said chuck member while the
      same is positioned at said pre-alignment station.
NUM  16.
PAR  16. In combination in an apparatus for pre-aligning wafers prior to mask
      alignment or like treatment thereof, comprising
PA1  A. a magazine at a sender station having therein a supply of generally
      circular wafers each of which includes a flat edge portion for use in
      pre-alignment thereof;
PA1  B. transfer means for receiving individual wafers in sequence from said
      supply magazine and for transferring the same to a pre-alignment station,
PA1  C. means at said pre-alignment station to which said wafers are
      sequentially delivered by said transfer means for controllably rotating
      each said wafer at said station, comprising
PA2  1. a pre-alignment chuck member having directional fluid flow passages
      therethrough, and
PA2  2. means for selectively introducing and withdrawing fluid through said
      passages to alternately raise and lower each wafer presented thereto and
      to effect rotation thereof without manual handling until the flat edge
      portion of each such wafer is sensed by a reading means and rotation
      thereof is halted,
PA1  D. reading means at said pre-alignment station for determining
      automatically when the flat edge portion of each said wafer is in
      predetermined orientation,
PA1  E. means responsive to said reading means to halt rotation of each such
      wafer when the same is in said predetermined orientation, and
PA1  F. means for moving each said pre-aligned wafer from said pre-alignment
      station to a mask aligning station adjacent said pre-alignment station
      while maintaining said predetermined orientation of each said wafer during
      such movement.
NUM  17.
PAR  17. The combination of claim 16 in which said means for rotating said
      wafers at said pre-alignment station further includes
PA2  3. means for altering the sequence of introduction and withdrawal of fluid
      through said chuck member in response to signals from said reading means.
NUM  18.
PAR  18. The combination of claim 16 which further includes
PA1  G. an extensible and retractable piston beneath said pre-alignment station
      for selectively elevating and retracting said chuck member to permit
      introduction and removal of wafers relative to said chuck member.
NUM  19.
PAR  19. The combination of claim 16 which further includes
PA1  G. a turntable on which said chuck member is mounted, and
PA1  H. means for rotating said turntable to transfer said chuck member and a
      wafer carried thereby from said pre-alignment station to said mask
      alignment station.
NUM  20.
PAR  20. The combination of claim 19 which includes at least two of said
      pre-alignment chuck members spaced generally 180.degree. from each other,
      said fluid introducing and withdrawing means being operable on each said
      chuck member while the same is positioned at said pre-alignment station
      and while the same is being transferred on said turntable to said mask
      alignment station.
NUM  21.
PAR  21. The combination of claim 19 in which said means for rotating said
      turntable comprises
PA1  1. a motor driven friction wheel engaged with a surface of said turntable,
      and
PAR  2.  solenoid and switch structure for regulating the motor which drives
      said friction wheel.
NUM  22.
PAR  22. The combination of claim 21 in which said solenoid and switch structure
      includes
PA3  a. a positioning roller engageable with said turntable and receivable in a
      detent therein when said turntable is in a predetermined position,
PA3  b. such engagement of said roller in said detent actuating a switch of said
      solenoid and switch structure to deactivate said motor.
NUM  23.
PAR  23. In combination in an apparatus for pre-aligning wafers prior to mask
      alignment or like treatment thereof, comprising
PA1  A. a magazine at a sender station having therein a supply of generally
      circular wafers each of which includes a flat edge portion for use in
      pre-alignment thereof,
PA1  B. transfer means for receiving individual wafers in sequence from said
      supply magazine and for transferring the same to a pre-alignment station,
PA1  C. means at said pre-alignment station to which said wafers are
      sequentially delivered by said transfer means for controllably rotating
      each said wafer at said station,
PA1  D. means at a buffer station adjacent said pre-alignment station for
      maintaining a wafer in position ready for movement into said pre-alignment
      station when said station is empty, comprising
PAR  1.  fluid bearing track structure in communication with said transfer means
      which introduces successive wafers into said pre-alignment station and
      initiates rotation thereof as the same are introduced into said
      pre-alignment station,
PA1  E. reading means at said pre-alignment station for determining
      automatically when the flat edge portion of each said wafer is in
      predetermined orientation,
PA1  F. means responsive to said reading means to halt rotation of each such
      wafer when the same is in said predetermined orientation, and
PA1  G. means for moving each said pre-aligned wafer from said pre-alignment
      station to a mask aligning station adjacent said pre-alignment station
      while maintaining said predetermined orientation of each said wafer during
      such movement.
NUM  24.
PAR  24. The combination of claim 23 in which said means at said buffer station
      further includes
PA2  2. fluid jet means for additionally urging successive wafers in sequence
      from said buffer station into said pre-alignment station.
NUM  25.
PAR  25. The combination of claim 23 which further includes
PA1  H. extensible and retractable control mechanism at said pre-alignment
      station for selectively and positively precluding introduction of a wafer
      thereinto when said station is occupied by another wafer and for
      permitting such introduction when said station is unoccupied.
NUM  26.
PAR  26. The combination of claim 25 in which said extensible and retractable
      control mechanism comprises
PA2  1. a control ring member at said pre-alignment station separating the same
      from said buffer station, and
PA2  2. structure for selectively extending and retracting said control ring
      member,
PA2  3. said ring member when extended providing a positive barrier against
      which a wafer waiting at said buffer station abuts when a preceding wafer
      is being cleared from said pre-alignment station.
NUM  27.
PAR  27. The combination of claim 26 in which said control ring member includes
      fluid jet means extending therethrough for urging a wafer into said
      pre-alignment station when said control ring member is in its retracted
      position.
NUM  28.
PAR  28. The combination of claim 26 in which said structure for extending and
      retracting said control ring member comprises
PA3  a. a solenoid operatively connected with said ring member for selectively
      extending said ring member when said pre-alignment station is occupied to
      preclude passage of another wafer thereinto from said buffer station.
NUM  29.
PAR  29. The combination of claim 28 in which said structure for extending and
      retracting said ring member further includes
PA3  b. spring means for normally maintaining said ring member in its retracted
      position.
NUM  30.
PAR  30. The combination of claim 23 which further includes
PA1  H. other transfer means for receiving wafers in sequence following mask
      alignment thereof and transferring the same to a receiver station for
      collection thereat.
NUM  31.
PAR  31. The combination of claim 30 in which said receiver station includes a
      discharge magazine comprising
PA2  1. a slotted wafer carrier to receive a quantity of wafers therein
      following mask alignment thereof, and in which said combination further
      includes
PA1  I. means for indexing said discharge magazine to present open slots in
      sequence to said other transfer means for reception of wafers thereinto in
      sequence.
NUM  32.
PAR  32. The combination of claim 31 in which said indexing means includes
PA2  1. a photo-electric sensor for determining when a slot of said discharge
      magazine is filled so that said magazine may be indexed to present an
      empty slot to said other transfer means to receive a subsequent wafer
      therein, and
PA2  2. drive means responsive to signals from said sensor for indexing said
      discharge magazine to present empty slots to said other transfer means in
      sequence in accordance with discharge of wafers from said mask alignment
      station to said other transfer means.
NUM  33.
PAR  33. The combination of claim 30 in which said first mentioned transfer
      means and said other transfer means each comprises a fluid bearing track
      structure over which said wafers are transportable on a layer of
      supporting fluid in sequence relative to said pre-alignment station.
NUM  34.
PAR  34. The combination of claim 30 which further includes
PA1  I. support means for said wafer rotating means and said reading means and
      said moving means at said pre-alignment station for movably supporting all
      said means for selective movement relative to said first mentioned and
      said other transfer means during mask alignment of a wafer at said mask
      alignment station.
NUM  35.
PAR  35. The combination of claim 23 in which said supply magazine comprises
PA2  1. a slotted wafer carrier having a quantity of said wafers therein, and in
      which said combination further includes
PA1  H. means for indexing said supply magazine to present individual wafers in
      sequence to said transfer means for movement thereby to said pre-alignment
      station.
NUM  36.
PAR  36. The combination of claim 35 in which said indexing means includes
PA2  1. a photo-electric sensor for determining when a slot in said supply
      magazine is empty so that said magazine may be indexed past such empty
      slot until a wafer in a subsequent slot is sensed thereby, and
PA2  2. drive means responsive to signals from said sensor for indexing said
      supply magazine to present wafers in rapid sequence and without delay to a
      position to be withdrawn from said magazine.
NUM  37.
PAR  37. The combination of claim 36 in which said indexing means includes
PA2  3. a counter mechanism for determining the amount of movement of said wafer
      carrier during indexing thereof in response to actuation of said drive
      means.
NUM  38.
PAR  38. The combination of claim 23 in which said means at said buffer station
      further includes
PA2  2. fluid jet means for additionally urging successive wafers in sequence
      from said buffer station into said pre-alignment station.
NUM  39.
PAR  39. The combination of claim 23 which further includes
PA1  H. extensible and retractable control mechanism at said pre-alignment
      station for selectively and positively precluding introduction of a wafer
      thereinto when said station is occupied by another wafer and for
      permitting such introduction when said station is unoccupied.
NUM  40.
PAR  40. The combination of claim 39 in which said extensible and retractable
      control mechanism comprises
PA2  1. a control ring member at said pre-alignment station and separating the
      same from said buffer station, and
PA2  2. structure for selectively extending and retracting said ring member,
PA2  3. said ring member when extended providing a positive barrier against
      which a wafer waiting at said buffer station abuts while a preceding wafer
      is being cleared from said pre-alignment station.
NUM  41.
PAR  41. The combination of claim 40 in which said control ring member includes
      fluid jet means extending therethrough for urging a wafer into said
      pre-alignment station when said control ring member is in its retracted
      position.
NUM  42.
PAR  42. The combination with claim 40 in which said structure for extending and
      retracting said ring member comprises
PA2  4. a solenoid operatively connected with said ring for selectively
      extending said control ring when said pre-alignment station is occupied to
      preclude passage of another wafer thereinto from said buffer station.
NUM  43.
PAR  43. The combination of claim 42 in which said structure for extending and
      retracting said ring member further includes
PA2  5. spring means for normally maintaining said ring member in its retracted
      position.
NUM  44.
PAR  44. The combination of claim 23 in which said means for rotating wafers at
      said pre-alignment station comprises
PA2  1. a pre-alignment chuck member having directional fluid flow passages
      therethrough, and
PA2  2. means for selectively introducing and withdrawing fluid through said
      passages to alternately rais and lower each wafer presented thereto and to
      effect rotation thereof without manual handling until the flat edge
      portion of each such wafer is sensed by said reading means and rotation
      thereof is halted.
NUM  45.
PAR  45. The combination of claim 43 which further includes
PA1  H. an extensible and retractable piston beneath said pre-alignment station
      for selectively elevating and retracting said chuck to permit introduction
      and removal of wafers relative to said chuck.
NUM  46.
PAR  46. The combination of claim 43 in which said means for rotating said
      wafers at said pre-alignment station further includes
PA2   3. means for altering the sequence of introduction and withdrawal of fluid
      through said chuck member in response to signals from said reading means.
NUM  47.
PAR  47. The combination of claim 43 which includes at least two of said
      pre-alignment chuck members spaced generally 180.degree. from each other,
      said fluid introducing and withdrawing means being operable on each said
      chuck member while the same is at said pre-alignment station and while the
      same is being transferred to said mask alignment station.
NUM  48.
PAR  48. The combination of claim 43 which further includes
PA1  H. a turntable on which said chuck member is mounted, and
PA1  I. means for rotating said turntable to transfer said chuck member and a
      wafer carried thereby from said pre-alignment station to said mask
      alignment station.
NUM  49.
PAR  49. The combination of claim 47 in which said means for rotating said
      turntable comprises
PA2  1. a motor driven friction wheel engaged with a surface of said turntable,
      and
PA2  2. solenoid and switch structure for regulating the motor which drives said
      friction wheel.
NUM  50.
PAR  50. The combination of claim 48 in which said solenoid and switch structure
      includes
PA3  a. a positioning roller engageable with said turntable and receivable in a
      detent therein when said turntable is in a predetermined position,
PA3  b. such engagement of said roller in said detent actuating a switch of said
      solenoid and switch structure to deactivate said motor.
NUM  51.
PAR  51. The combination of claim 23 in which said reading means comprises a
      fiber-optic sensor having spaced generally parallel light beams for
      detecting when both said beams are interrupted that the flat edge portion
      of a wafer rotating therebeneath is properly oriented.
NUM  52.
PAR  52. An apparatus for pre-aligning wafers prior to mask alignment or other
      treatment thereof, comprising
PA1  A. means for presenting individual wafers in sequence to a pre-alignment
      station, each such wafer including a flat edge portion for use in such
      pre-alignment,
PA1  B. fluid bearing track structure for introducing wafers in sequence into
      said pre-alignment station, including means to initiate rotation of each
      wafer during introduction thereof to said station, and for withdrawing
      wafers in sequence from said station,
PA1  C. means at said pre-alignment station for continuing rotation of each said
      wafer at said station,
PA1  D. reading means at said station for determining automatically when the
      flat edge portion of each said wafer is in a predetermined orientation,
      and
PA1  E. means responsive to said reading means to automatically halt rotation of
      each such wafer when the same is in said predetermined orientation.
NUM  53.
PAR  53. The apparatus of claim 51 which further includes
PA1  F. a supply magazine at a sender station for a supply of wafers to be
      introduced into said pre-alignment station by said fluid bearing track
      structure,
PA1  G. a discharge magazine at a receiver station for receiving wafers
      discharged from said pre-alignment station by said fluid bearing track
      structure,
PA1  H. means for selectively indexing each of said supply and discharge
      magazines in sequence to withdrawal and introduction of individual wafers
      relative thereto, and
PA1  I. a photo-electric sensor in conjunction with each of said magazines for
      effecting selective indexing thereof through magazine drive means provided
      in conjunction with each of said magazines.
NUM  54.
PAR  54. The apparatus of claim 5 in which said means for rotating wafers at
      said pre-alignment station comprises
PA2  1. a pre-alignment chuck member having directional fluid passages
      therethrough,
PA2  2. such wafers being positioned in sequence on said chuck member, and
PA2  3. means for selectively introducing fluid through said passages to rotate
      each wafer presented onto said chuck member without manual handling until
      the flat edge portion of each such wafer is sensed by said reading means
      and rotation thereof is halted.
NUM  55.
PAR  55. The apparatus of claim 53 which includes at least two of said
      pre-alignment chuck members spaced generally 180.degree. from each other,
      said fluid introducing means being operable on each said chuck member
      while the same is at said pre-alignment station.
NUM  56.
PAR  56. The apparatus of claim 51 in which said reading means comprises a
      fiber-optic sensor having spaced generally parallel light beams for
      detecting when both said beams are interrupted that the flat edge portion
      of a wafer rotating therebeneath is properly oriented.
NUM  57.
PAR  57. The apparatus of claim 55 in which the spacing between said light beams
      of said sensor is adjustable to adapt said reading means to pre-align
      wafers of varying sizes.
NUM  58.
PAR  58. The apparatus of claim 51 which further includes
PA1  F. fluid bearing track structure for introducing wafers in sequence to said
      pre-alignment station and for withdrawing wafers therefrom.
NUM  59.
PAR  59. The apparatus of claim 57 in which said fluid bearing track structure
      for introducing wafers to said pre-alignment station includes means to
      initiate rotation of each wafer during introduction thereof to said
      station.
NUM  60.
PAR  60. The apparatus of claim 57 which further includes
PA1  G. a supply magazine at a sender station for wafers to be fed to said
      pre-alignment station by one of said fluid track structures, and
PA1  H. a discharge magazine at a receiver station for wafers withdrawn by the
      other of said fluid track structures.
NUM  61.
PAR  61. The apparatus of claim 59 which further includes
PA1  I. means for selectively indexing each of said supply and discharge
      magazines in sequence in response to withdrawal and introduction of
      individual wafers relative thereto.
NUM  62.
PAR  62. The apparatus of claim 60 which further includes
PA1  J. a photo-electric sensor in conjunction with each of said magazines for
      effecting selective indexing thereof through drive means provided in
      conjunction therewith.
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ABST
PAL  Disclosed herein is a solids flow control device for controlling the rate
      of flow and the distribution of flow of solids in a continuous counter
      current contact between liquid and solid material, and more particularly
      to apparatus wherein an upwardly directed liquid flow counter currently
      contacts a solid material, and the downward movement of solids is
      maintained at a uniform rate across the horizontal cross section of the
      vessel. The device comprises a vessel in which solids move downwardly in a
      liquid-solid counter current system to a control mechanism in the form of
      a plurality of longitudinally parallel rotating rolls and baffles which
      occupy the entire horizontal cross section of the vessel and maintain the
      even downward movement of the solids at a uniform rate across the
      horizontal cross section of the vessel.
BSUM
PAR  This invention relates to a solids flow control device for controlling the
      rate of flow and the distribution of flow of solids in a continuous
      counter current contact between liquid and solid material, and more
      particularly to apparatus wherein an upwardly directed liquid flow counter
      currently contacts a solid material. The apparatus may be employed in any
      process where there is an interaction between the solid and the liquid,
      such as, for example, heat transfer; removal of solute from the liquid by
      solid absorbents or zeolites; leaching of ores for recovery of valuable
      components of the ore, and the like.
PAR  Counter current liquid-solid processes wherein a solid absorbs or exchanges
      soluble contaminants from a liquid are most effective when the solid moves
      downwardly evenly across the entire cross section of the containing vessel
      and the liquid flows upwardly evenly across the entire cross section of
      the vessel. Such evenly distributed flows assure the maximum utilization
      of the capacity of the solid absorbent or zeolite, and minimize the amount
      of absorbent or zeolite used and the costs of regeneration of the solid
      absorbent or zeolite if it is reused or recycled.
PAR  Prior art practice, when using continuous counter current solid-liquid
      processes in industry, is to utilize a tank or cylindrical vessel with a
      conical bottom, in which the solids move downwardly to a flow control
      device at the bottom of the cone. Such commonly used devices are "star
      valves", vibrating plates, moving belts or rotating plates. While
      reasonably good control of the total rate of solids flow can be maintained
      in this fashion, friction on the walls of the vessel and the constriction
      of cross section by the cone or other shape of the bottom of the vessel
      cause wide variations in the distribution of the solids flow across the
      horizontal cross section of the vessel. The solids at the center of the
      vessel move downwardly more rapidly than those at the walls. Further, the
      cone can cause almost "dead areas" where it meets the bottom of the
      cylindrical vessel, and the solids at those points move extremely slowly
      in relation to those in the center, leading to inefficient utilization of
      the solid material and substantially increased cost of operation. Further,
      many of these prior art devices cause abrasion of the solid and loss of
      the absorbent or zeolite.
PAR  Many attempts have been made to correct or improve this mal-distribution of
      the solid flow pattern: baffles placed above the center of the cone to
      slow the rapid center flow; nested cones to channel the slower moving
      material from the periphery of the vessel toward the center; a series of
      horizontal plates within the cone with staggered holes in the plates.
      None, however, give a truly even distribution of the rate of solids
      movement across the horizontal cross section of the vessel.
PAR  Therefore the object of this invention is to provide a device or method
      whereby the downward movement of solids in a liquid-solid counter current
      system is maintained at a uniform rate across the horizontal cross section
      of the vessel.
PAR  A further object of this invention is to provide a method for increasing
      the efficiency of the removal of contaminants from liquids utilizing a
      downwardly moving bed of a solid absorbent or solid zeolite.
PAR  Another object of the invention is to provide mechanism for controlling the
      rate of flow and the distribution of flow of solids in a continuous
      counter current contact between liquid and solid material which avoids
      disintegration or abrasion of the solid material and consequent loss of
      said material.
PAR  Another object is to provide means for independent control of solids flow
      to compensate for wall friction in some areas by adjusting the speed of
      rotation of the roll or the width of the gap between the roll and
      associated baffle located in that area.
PAR  Another object is to provide means for adjusting the width of the gap
      between the rolls and associated baffles for the purpose of minimizing
      attrition, to give large flow for low revolutions per minute of the rolls,
      and to space the baffles to partially support solids and thereby prevent
      excessive pressure on the rolls.
PAR  Another object is to provide means in the baffles which serve to distribute
      the liquid flow uniformly in a horizontal cross section of the solids bed.
DRWD
PAR  Other objects and advantages will be apparent from the drawings and
      following description of the invention.
PAR  In the drawings:
PAR  FIG. 1 is an elevational front view, partly in section, of a solids flow
      control device embodying my invention.
PAR  FIG. 2 is a horizontal transverse sectional view in the plane of the line
      2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged view of a part of the apparatus shown in section in
      FIG. 1.
DETD
PAR  In the preferred embodiment of the invention shown in the drawings, a
      cylindrical tank 10 is provided with a fluid intake 11 and a lift fluid
      conduit 12. Overflow outlets are designated 13, and an auxiliary intake
      14.
PAR  The upper portion 15 of the tank 10, which is the major portion, is filled
      with zeolite or other solid constituting a downwardly moving bed. The
      lower part 16 of the tank 10, shown as separately fabricated and connected
      to the upper portion 15 by bolts 17, has the same cross sectional area and
      dimensions as the upper part 15 for housing the solids flow control
      mechanism. Below the part 16 is a solids and lift fluid hopper 18
      connected to the part 16 of the tank by bolts 19. The lift fluid conduit
      12 communicates with the bottom of the hopper 18 for conveying solids and
      lift fluid to another container (not shown).
PAR  The control mechanism chamber in the bottom part 16 of the tank 10 has
      rotatably mounted therein a plurality of rolls 20 arranged in axially
      parallel pairs. The rolls of a pair are relatively close together, whereas
      the adjacent rolls of two pairs of rolls are spaced apart a greater
      distance. For example, if the rolls are 5 inches in diameter, the rolls of
      a pair may be approximately 1/4 inch apart and the adjacent rolls of two
      pairs of rolls may be spaced 1 inch apart. The rolls 20 preferably are
      made of tubular steel 21 covered by a rubber sleeve 22. The series of
      rolls cover the total cross section of the bottom of the vessel and are
      grouped in contiguous pairs that turn counter to one another, each
      rotating toward the baffle (to be described) above it.
PAR  Any suitable drive means may be employed for rotating the rolls as shown by
      the arrows in FIG. 3, where the left hand roll rotates counter clockwise
      and the right hand roll rotates clockwise. The drive means shown in the
      drawings comprise a motor 25 and the chain 26 driven by the motor for
      engaging sprocket wheels 27 on shafts 28 of each roll 20.
PAR  Baffles 30 extend longitudinally above the rolls 20. In the preferred
      embodiment of the invention, the baffles 30 also serve as fluid conduits
      to distribute the liquid to be contacted with the solids uniformly across
      the horizontal cross section of the vessel. It is to be understood that
      this arrangement is not an essential part of the invention since the
      liquid could be introduced in a separate set of conduits above the baffles
      and rolls and be independent of the baffles.
PAR  The baffles 30 extend horizontally over the adjacent rolls 20 of two pairs
      of rolls, and are supported on a plate 31. The combination baffle-conduit
      comprises a horizontal bottom 32, sides 33 which extend upwardly from the
      bottom 32 toward each other but do not intersect, and are covered with a
      rubber layer 34. The upper edges of the sides 33 are spaced from an upper
      angle strip 35 which is parallel to the baffle 30 and rolls 20. Fluid
      entering the baffle-conduit passes out of the conduit chamber 36 between
      the sides 33 and angle strip 35. Angle strips 40, similar to the strips
      35, extend transversely between the parallel strips 35 as shown in FIG. 2.
PAR  The baffles 30 may be mounted in selected positions relatively to the rolls
      as shown in FIG. 3. In solid lines each of two baffles is shown as having
      its proximate bottom edge portion 50 spaced one-half inch from a roll 20,
      and in broken lines a baffle is shown as having the corresponding member
      51 spaced 1 inch from the nearest roll. The positioning and width of the
      baffles determine the width of the space or gap between the baffles and
      rolls through which solids in fluid pass in their flow from the moving bed
      of solids to the fluid-solids hopper 18.
PAR  In FIG. 3, the line 52 is a line drawn from the edge of the bottoms 50 or
      51 of the baffle 30 tangentially to the roll 20. The line 53 indicates the
      angle of repose of a solids material passing through the gap between a
      roll and its baffle, said angle of repose varying according to the
      character of the solid material. The size of the gap will depend upon the
      particle size of the solid, the angle of repose of the solid particles in
      the liquid, and the desired rate of solids flow for a given rate of
      revolution of the rolls. Thus a solid in particulate form having a maximum
      particle size of 5 millimeters (approximately 0.2 inch) diameter would
      require a minimum of 6mm between the bottom of the baffles and top of the
      rolls.
PAR  The maximum space between baffle and roll is set by the angle of repose of
      the solid particles, their tendency to "bridge" and the diameter of the
      rolls. The angle of repose of the solids in the liquid must not be
      exceeded by a line drawn from the bottom edge of the baffle, such as line
      52, tangentially to the roll in the direction the roll turns. The gap may
      be made larger by increasing the width of the baffle 30 so that the edge
      51 extends beyond the vertical center of the roll, and thus maintain the
      proper angle of the line such as line 52 drawn tangentially to the roll.
      This angle is important for two reasons: If it exceeds the angle of repose
      the solids will flow through the gap even when the roll is not turning,
      and if it is substantially less than the angle of repose a crushing action
      will occur between the roll and the bottom of the baffle and lead to
      excessive attrition and loss of solid absorbent and zeolite.
PAR  Experimental tests have shown that, regardless of the speed of the rolls in
      revolutions per minute, the amount of solids delivered per revolution in
      each instance remained substantially the same; the deviations being less
      than plus or minus 2 per cent from the average.
PAR  Two tests were made on a laboratory model of the control device which had
      two 5 inch diameter rolls 6 inches long, set on 51/8 inch centers. Above
      each roll baffles were set with their edges running the length of the
      rolls and approximately above the vertical centers of the rolls. A crushed
      solid with a mean particle size of 2.7mm (0.11 inch) with a range of 1.4
      to 4.0mm (0.04 to 0.16 inch) and an angle of repose of 40.degree. in water
      was used in water to test the device. The first test was run with the
      baffles edges set directly above the centers of the rolls with the gap or
      space of one-half inch. The second test was run with the baffles edges set
      1 inch above the rolls and five-eighths inch past the center of the rolls.
      In both tests, the angle of a line 52 drawn from the edge of the baffle
      tangentially to the roll was approximately 35.degree. or 5.degree. less
      than the angle of repose 53. The data are shown in Tables 1 and II
      respectively.
TBL                TABLE I                                                     

     ______________________________________                                    

     1/2" Gap                                                                  

     Rolls                    Cubic Inches                                     

     Revolutions                                                               

               Solids Flow Cubic                                               

                              of Solids per                                    

     Per Minute                                                                

               Inches Per Minute                                               

                              Revolution of Rolls                              

     ______________________________________                                    

     0.0       0                 --                                            

     0.16      10.5              65                                            

     0.17      11                65                                            

     0.24      16.0              66                                            

     0.25      16.6              66                                            

                                 65.5 Average                                  

                TABLE II                                                       

                1" Gap                                                         

     ______________________________________                                    

     0.0       0                 --                                            

     0.33      70                212                                           

     0.47      98                208                                           

     0.48      100               208                                           

     0.72      148               207                                           

     0.73      154               211                                           

                                 209 Average                                   

     ______________________________________                                    

PAR  The described tests show that the apparatus of this invention permits
      independent control of solids flow to compensate for wall friction by
      adjusting the gap or the speed of roll rotation in that area; they further
      show that attrition may be minimized by adjusting the gap between baffle
      and roll to give large flow for low revolutions per minute of rolls, and
      by spacing of baffles to partially support the solids and thus prevent
      high solids pressure on rolls; and they further show that by introducing
      liquid through the baffles good distribution of liquid flow is obtained
      across the horizontal cross section of the vessel, and any particulate
      matter in the liquid entrapped by the solids is removed from the vessel by
      the downwardly moving solids so their accumulation in the bed of solids
      and resulting blockage of liquid flow is prevented.
PAR  In the operation of the device, upwardly directed liquid, such for example,
      as clarified sewage liquid, is delivered to the vessel 10 through intake
      11, the vessel having been filled with selected solids for interaction
      with the liquid. The baffles 30 have been positioned relatively to the
      rolls as shown in FIG. 3, in the solid or broken lines, or intermediate
      positions. When the interaction has been completed, the liquid-solids pass
      into the hopper 18 for conveyance through conduit 12 to a regenerator
      vessel (not shown).
CLMS
STM  I claim:
NUM  1.
PAR  1. A solids flow control device for controlling the rate of flow and the
      distribution of flow of solids in a continuous counter current contact
      between liquid and solids, comprising
PA1  a. a vessel provided with liquid intake means near its bottom receiving
      upwardly directed liquid for interaction with a bed of solids free to move
      downwardly in the vessel,
PA1  b. a series of rotatable rolls occupying the total cross section of the
      bottom of the vessel, said rolls being axially parallel and grouped in
      pairs in which the rolls of each pair turn counter to one another, each
      pair being spaced from an adjacent pair,
PA1  c. a series of horizontal baffles located above the spaces between pairs of
      rolls, said baffles extending the length of the rolls and over the two
      nearest rolls to about their vertical center lines, and
PA1  d. means rotating the rolls.
NUM  2.
PAR  2. The device defined by claim 1, which includes a hopper connected to the
      vessel below the series of rolls for receiving interacted liquid-solids,
      and a lift conduit communicating with the hopper.
NUM  3.
PAR  3. The device defined by claim 1, in which the vessel is cylindrical and is
      uniform in diameter throughout its height including the portion occupied
      by said rolls and baffles.
NUM  4.
PAR  4. The device defined by claim 1, in which the rolls comprise a metallic
      tubular body and a resilient sleeve covering the body.
NUM  5.
PAR  5. The device defined by claim 1, in which each baffle comprises a
      horizontal base member spaced from the rolls and an upper angle strip
      spaced from and parallel to said base member, said angle strip supporting
      solids in said moving bed and guiding the solids to passage in fluid
      between the baffle base member and rolls and into the spaces between
      adjacent pairs of rolls.
NUM  6.
PAR  6. The device defined by claim 5, in which each baffle includes
      longitudinal side walls extending upwardly from the base member and spaced
      from the angle strip for distribution of liquid evenly over the horizontal
      cross section of the vessel through the spaces between side walls and
      angle strip.
NUM  7.
PAR  7. The device defined by claim 5, in which the baffles are movable to
      adjust the space between baffles and rolls so that the angle of repose of
      the solids in the liquid passing between the baffles and nearest rolls is
      not exceeded by the angle of a line drawn from the bottom edge of the
      baffle tangentially to the nearest roll.
NUM  8.
PAR  8. The device defined by claim 7, in which the baffles are movable
      relatively to the rolls in vertical directions, and a line drawn from the
      bottom edge of the baffle tangentially to the nearest roll may be varied
      by altering the width of the baffle base member.
NUM  9.
PAR  9. A solids flow control for controlling the rate of flow and the
      distribution of flow of solids in a continuous counter current contact
      between liquid and solids comprising
PA1  a. a vessel uniform in horizontal cross section throughout its height
      provided with liquid intake means near its bottom receiving upwardly
      directed liquid for interaction with a bed of solids free to move
      downwardly in the vessel,
PA1  b. a series of rotatable rolls occupying the total cross section of the
      bottom of the vessel, said rolls being axially parallel and grouped in
      pairs in which the rolls of each pair turn counter to one another, each
      pair being spaced from an adjacent pair of rolls,
PA1  c. a series of horizontal baffles located above the spaces between pairs of
      rolls, said baffles having base members which extend the length of the
      rolls and over the two nearest rolls to about their vertical center lines,
      side walls extending upwardly from the base members and forming with said
      base members conduits for liquid, and upper angle strips spaced from the
      side walls supporting solids in their passage downwardly to the rolls and
      between pairs of rolls,
PA1  d. a liquid-solids receiving hopper connected to the bottom of the vessel
      below the rolls, and
PA1  e. means rotating the rolls.
NUM  10.
PAR  10. The device defined by claim 9, in which the means rotating the rolls
      comprises a sprocket wheel on an end of each roll, a chain engaging said
      sprockets, and a motor driving the chain.
NUM  11.
PAR  11. The device defined by claim 9, in which the baffles are movable to
      adjust the space between the baffles and rolls so that the angle of a line
      drawn from the bottom edge of the baffle tangentially to the nearest roll
      exceeds the angle of repose of the solids in the liquid passing between
      the baffles and nearest rolls.
NUM  12.
PAR  12. The device defined by claim 11, in which the baffles are movable
      relatively to the rolls in vertical directions, and a line drawn from the
      bottom edge of the baffle tangentially to the nearest roll may be varied
      by altering the width of the baffle base member.
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ABST
PAL  A motor vehicle air brake system includes a blend back proportioning valve
      which reduces brake sensitivity at low braking pressures and which allows
      full braking at high braking pressures.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Modern motor vehicle air brake systems, and particularly such systems as
      are used on large trucks, provide greater braking capacity than systems
      provided in the past. Although this increased capacity provides better
      braking characteristics for heavily loaded vehicles, this increased
      capacity also increases the sensitivity of the brakes during stopping of a
      lightly loaded vehicle. This makes it more difficult for the operator to
      execute a smooth stop, particularly at lower speeds, with a lightly loaded
      vehicle.
PAR  Prior art brake systems have included air brake blend back proportioning
      valves (that is, valves which provide an outlet pressure proportionally
      reduced from the inlet pressure at lower braking pressures and which blend
      back or equalize inlet and outlet presures pressures higher braking
      pressures), including those shown in U.S. Pat. Nos. 3,428,071 and
      3,492,052.
PAR  The present invention departs from the structure and mode of operation of
      prior art braking systems by providing a novel braking system which
      includes a novel blend back proportioning valve having a housing with an
      inlet port and an outlet port. A shuttle piston is slidably disposed in
      the housing, and an outlet diaphragm includes a radially outer portion
      secured to the housing and a radially inner portion secured to the shuttle
      piston. At low braking pressures, the diaphragm has a predetermined
      lateral cross-sectional area exposed to outlet pressure and acting against
      the shuttle piston so that the shuttle piston acts as a differential area
      piston to provide proportional but smaller increases in outlet port
      pressure with respect to inlet port pressure. At higher braking pressures,
      the lateral cross-sectional area of the outlet diaphragm exposed to outlet
      pressure and acting against the shuttle piston is reduced to change the
      proportioning ratio of the valve and equalize inlet and outlet pressures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other novel structural and functional aspects of the invention
      are incorporated in the preferred embodiment of the invention shown in the
      drawings, wherein:
PAR  FIG. 1 is a schematic view of a motor vehicle fluid pressure braking system
      incorporating the blend back proportioning valve of this invention;
PAR  FIG. 2 is a lateral cross-sectional view of the blend back proportioning
      valve utilized in the system shown in FIG. 1; and
PAR  FIG. 3 is a graphical representation of the relationship between inlet and
      outlet pressures for the blend back proportioning valve shown in FIGS. 1
      and 2.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings in greater detail, FIG. 1 shows a motor
      vehicle air brake system which is particularly adapted for use on large
      trucks. The system includes a conventional air tank 11 which provides a
      source of high pressure air and which is pressurized by a pump (not shown
      in the drawings). The air tank 11 is connected to a conventional
      application valve 12 which is actuatable by the operator of the vehicle to
      apply or release the brakes of the vehicle.
PAR  The application valve 12 supplies air from the tank 11 to a blend back
      proportioning valve 14 which is described in detail below with reference
      to FIGS. 2 and 3. Air from the outlet of the blend back proportioning
      valve 14 is then supplied to a conventional release valve 15 and then to
      conventional brake actuators 16. The release valve 15, in a well-known
      manner, provides a flow path to the brake actuators 16 when air is being
      supplied to actuate the brakes of the vehicle, and provides a flow path
      from the brake actuators 16 to the atmosphere when the air supplied to the
      release valve 15 is released so that the air in the brake actuators 16 is
      also released. The air tank 11, application valve 12, release valve 15,
      and brake actuators 16 are all conventional and are well-known in the art.
PAR  Referring now to FIG. 2, the structural details of the blend back
      proportioning valve 14 are shown. The proportioning valve 14 includes a
      multiple piece housing 18 which includes a cup shaped cylindrical portion
      19 and a plug portion 20. The housing 18 also includes a support portion
      21 and a carrier portion 22. The various portions 19, 20, 21 and 22 of the
      housing 18 are made of separate parts for ease of manufacture and
      assembly. The housing 18 includes an inlet port 26 which is connected for
      receiving air from the application valve 12 and an outlet port 27 which is
      connected for supplying air to the release valve 15.
PAR  A multiple piece shuttle piston 30 is slidably disposed within the carrier
      22 of the housing 18. The shuttle piston 30 includes a cylindrical cup
      shaped inlet portion 31 which is secured to the housing carrier portion 22
      by a rolling bellows type seal 32 which prevents fluid leakage between the
      shuttle piston inlet portion 31 and the housing carrier portion 22. The
      inlet portion 31 also includes a stop member 33 which limits downward
      travel of the shuttle piston inlet portion 31 by engagement with the top
      surface of the housing support portion 21 and an elastomeric disc shaped
      valve member 34 which cooperates with the housing 18 to open and close
      pressure communication between the inlet port 26 and outlet port 27. The
      shuttle piston inlet portion 31 also includes a preloaded compression
      spring 36 which exerts a predetermined preload force on an annular washer
      37 which is held in place by a suitable snap ring on the end of a spring
      carrier 38.
PAR  Still referring to FIG. 2, the shuttle piston 30 also includes a single
      piece cup shaped outlet portion 40. The outlet portion 40 is secured to
      the housing carrier portion 22 by a resilient elastomeric annular
      diaphragm seal 41. As explained below, the shuttle piston inlet and outlet
      portions 31 and 40 are axially movable with respect to the housing carrier
      portion 22 and with respect to each other.
PAR  A sealed reference pressure chamber 44 is defined by the seals 32 and 41.
      The reference pressure chamber 44 is isolated from the pressure in the
      inlet port 26 and in the outlet port 27. The pressure in the reference
      chamber 44 may be considered as being atmospheric pressure, although such
      pressure may vary slightly from atmospheric pressure depending upon the
      temperature of the air within the chamber 44. However, because the volume
      of the chamber 44 is relatively small, such changes in pressure will not
      be of sufficient magnitude to substantially affect the operation of the
      valve. During operation of the valve 14, a predetermined lateral
      cross-sectional area of the shuttle piston inlet portion 31 and a
      predetermined lateral cross-sectional area of the shuttle piston outlet
      portion 40 and seal 41 are exposed to the pressure in the reference
      chamber 44.
PAR  Turning now to the operation of the system shown in the drawings, when the
      brakes of the vehicle are deactuated the components of the proportioning
      valve 14 are held in the positions shown in FIG. 2 by the resilience of
      the seals 32 and 41. With the proportioning valve 14 in this position, the
      valve member 34 engages its associated surface of the housing 18.
PAR  When the air pressure in the inlet port 26 begins to increase as a result
      of the operator of the motor vehicle actuating the application valve 12 to
      supply air under pressure to the inlet port 26, the shuttle piston 30
      initially moves downwardly to open the valve member 34 and then provides
      increases in outlet port pressure which are proportional to but less than
      the increases in inlet port pressure. This is because the multiple piece
      shuttle piston 30 acts as a differential diameter piston. The force urging
      the shuttle piston 30 downwardly as viewed in FIG. 2 is equal to the
      pressure of the inlet port air multiplied times the lateral
      cross-sectional area of the valve member 34 exposed to inlet port
      pressure. The force urging the shuttle piston 30 upwardly as viewed in
      FIG. 2 is equal to the pressure of the outlet port air multiplied times
      the sum of the lateral cross-sectional area of the outlet portion 40
      exposed to outlet port pressure plus the lateral cross-sectional area of
      the diaphragm seal 41 exposed to outlet port pressure and acting against
      the outlet portion 40. The sum of the areas exposed to outlet port
      pressure is greater than the area exposed to inlet port pressure, and the
      valve member 34 throttles air flow thereacross in order to equalize the
      product of pressure multiplied times area on the inlet and outlet sides of
      the valve.
PAR  At this point, it should be understood that the diaphragm seal 41 has, in
      addition to the above mentioned lateral cross-sectional area exposed to
      outlet port pressure which acts against the outlet portion 40 of the
      shuttle piston 30, a small area exposed to outlet port pressure acting
      against the housing carrier portion 22. This area of the diaphragm seal 41
      acting against the housing may alternatively be zero during this portion
      of the operation of the valve. It should also be understood that during
      this portion of the operation of the proportioning valve 14, the outlet
      portion 40 moves slightly upwardly as viewed in FIG. 2 and engages the
      washer 37. Because the spring 36 is provided with a preload, further
      upward movement of the outlet portion 40 during this portion of the
      operation is prevented so that the lateral cross-sectional area of the
      diaphragm seal 41 exposed to outlet port pressure and acting against the
      outlet portion 40 remains constant.
PAR  This portion of the operation of the proportioning valve 14 is shown by
      line OA in FIG. 3. Line OA shows that, as the pressure in the inlet port
      26 increases, the pressure in the outlet port 27 increases by a
      proportional but smaller magnitude. In this manner, during low braking
      pressures such as occur during low speed stops of a lightly loaded
      vehicle, the outlet pressure supplied to the brake actuators 16 is reduced
      to decrease the sensitivity of the brakes to enable the operator to
      execute a smooth stop.
PAR  When the inlet and outlet pressures indicated at point A are reached, the
      force created on the outlet portion 40 by the outlet pressure acting on
      the sum of the area of the outlet portion 40 exposed to outlet pressure
      plus the area of the diaphragm 41 exposed to outlet pressure and acting
      against the outlet portion 40 is sufficient to overcome the preload of the
      spring 36. When this occurs, the outlet portion 40 of the shuttle piston
      30 moves upwardly as viewed in FIG. 2 relative to the inlet portion 31.
      This causes the diaphragm seal 41 to also move upwardly so that a greater
      portion of the area of the diaphragm seal 41 engages the housing carrier
      22. In this manner, when the predetermined inlet and outlet pressures
      indicated at point A in FIG. 3 are reached, the lateral cross-sectional
      area of the diaphragm 41 exposed to outlet port pressure and acting
      against the outlet portion 40 of the shuttle piston 30 is decreased while
      the lateral cross-sectional area of the diaphragm 41 exposed to outlet
      port pressure and acting against the housing carrier portion 22 is
      increased. If desired, the lateral cross-sectional area of the diaphragm
      41 exposed to outlet pressure and acting against the outlet portion 40 may
      be reduced to zero during this portion of the operation of the
      proportioning valve.
PAR  As the pressure in the inlet port 26 continues to increase above point A,
      the shuttle piston 30 begins to equalize inlet and outlet port pressures.
      This is because the area of the valve member 34 exposed to inlet port
      pressure is greater than the sum of the area of the outlet portion 40
      exposed to outlet pressure plus the reduced area of the diaphragm seal 41
      exposed to outlet pressure acting against the outlet portion 40.
PAR  This portion of the operation of the valve is shown by line AB in FIG. 3
      and continues until point B is reached, at which point the inlet pressure
      is equal to the outlet pressure. The equalized pressures acting on the
      inlet and outlet sides of the shuttle piston 30 then maintain the shuttle
      piston 30 in its lower position shown in FIG. 2 to permit unrestricted
      application of air pressure through the proportioning valve 14 at
      pressures above point B.
PAR  Although the operation of the blend back proportioning valve 14 has been
      described and illustrated in FIG. 3 as occuring along straight lines with
      sharp corners at points A and B, in actual practice the friction of the
      seals and the spring rate of the spring 36 (that is, the dynamic
      characteristics of the proportioning valve 14), provide a gradual rather
      than an instantaneous transition from the slope of line OA to the slope of
      line AB and from the slope of line AB to the slope of line BC during
      actual operation of the valve.
PAR  When point C is reached and the operator of the vehicle desires to release
      the brakes, the application valve is deactuated to decrease the supply of
      air to the proportioning valve 14. This decrease in pressure provided to
      the release valve 15 causes the release valve to vent the brake actuators
      16 to atmosphere in a well-known manner to release the brakes of the
      vehicle. This releases the pressure in the outlet port 27 and causes the
      inlet and outlet pressures of the blend back proportioning valve 14 to
      return to zero.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid pressure proportioning valve comprising a housing having an
      inlet port and an outlet port, a shuttle piston slidably disposed in said
      housing, said shuttle piston having an inlet portion and an outlet
      portion, said inlet portion carrying a valve member movable between an
      open position and a closed position for throttling flow from said inlet
      port to said outlet port to control increases in pressure in said outlet
      port in response to increases in pressure in said inlet port, said inlet
      portion having a predetermined lateral cross-sectional inlet area exposed
      to inlet port pressure under all conditions, an outlet diaphragm having a
      predetermined lateral cross-sectional outlet area exposed to outlet
      pressure under all conditions, said outlet diaphragm having a radially
      outer portion secured to said housing and a radially inner portion secured
      to and acting against said outlet portion, said outlet portion being in a
      rest position and said outlet diaphragm having a first predetermined
      lateral cross-sectional area of its outlet area of at least zero acting
      against said housing and a second predetermined lateral cross-sectional
      area of its outlet area exceeding zero acting against said outlet portion
      when said outlet port pressure is greater than zero and less than a first
      predetermined pressure, said inlet and outlet portions being constructed
      and arranged to move said valve member between said open position and said
      closed position to maintain increases in outlet port pressure proportional
      to but less than increases in inlet port pressure when said outlet port
      pressure is greater than zero and less than said first predetermined
      pressure, said outlet diaphragm having a third predetermined lateral
      cross-sectional area of its outlet area greater than said first area
      acting against said housing when said outlet port pressure is greater than
      said first predetermined pressure, said outlet portion being axially
      movable relative to said inlet portion from said rest position to a
      displaced position to increase said area of said outlet area acting
      against said housing from said first area to said third area, said outlet
      portion being in said displaced position when said outlet pressure exceeds
      said first predetermined pressure, and said inlet and outlet portions
      being constructed and arranged to move said valve member between said open
      position and said closed position to maintain increases in outlet port
      pressure proportional to but greater than increases in inlet port pressure
      when said outlet port pressure exceeds said first predetermined pressure.
NUM  2.
PAR  2. A fluid pressure proportioning valve as defined in claim 1 including a
      spring carried by one of said inlet and outlet portions, and said outlet
      portion being biased by said spring toward said rest position when said
      outlet pressure is less than said first predetermined pressure.
NUM  3.
PAR  3. A fluid pressure proportioning valve as defined in claim 2 wherein said
      spring is preloaded to prevent movement of said outlet portion from said
      rest position to said displaced position when said outlet pressure is less
      than said first predetermined pressure.
NUM  4.
PAR  4. A fluid pressure proportioning valve as defined in claim 3 wherein said
      outlet portion includes abutment means engaging said spring and moving
      against the preload of said spring when said outlet port pressure is
      greater than said first predetermined pressure.
NUM  5.
PAR  5. A fluid pressure proportioning valve as defined in claim 1 wherein said
      inlet portion and said outlet portion cooperatively define a reference
      pressure chamber, and said reference pressure chamber is isolated from
      said inlet pressure and from said outlet pressure under all conditions.
NUM  6.
PAR  6. A fluid pressure proportioning valve as defined in claim 5 wherein said
      inlet portion and said outlet portion each include a predetermined lateral
      cross-sectional area exposed to reference chamber pressure.
NUM  7.
PAR  7. A fluid pressure proportioning valve as defined in claim 1 wherein said
      valve member is movable to said open position to open communication
      between said inlet port and said outlet port when said outlet port
      pressure exceeds another predetermined pressure greater than said first
      mentioned predetermined pressure, and said inlet portion and said outlet
      portion are constructed and arranged to maintain increases in outlet port
      pressure equal to increases in inlet port pressure when said outlet port
      pressure exceeds said other predetermined pressure.
NUM  8.
PAR  8. A fluid pressure proportioning valve comprising a housing having an
      inlet port and an outlet port, a shuttle piston slidably disposed in said
      housing, said shuttle piston having an inlet end face and an outlet end
      face, said inlet and outlet end faces each including a diaphragm having a
      radially outer portion secured to said housing, said inlet and outlet
      diaphragms being axially spaced apart and cooperatively defining in said
      housing a reference pressure chamber, said reference pressure chamber
      being constructed and arranged such that it is isolated from pressure in
      said inlet port and from pressure in said outlet port under all
      conditions, said inlet and outlet diaphragms each having one side exposed
      to the pressure in said reference pressure chamber, said inlet diaphragm
      having another side which carries a valve surface movable between an open
      position and a closed position for throttling flow from said inlet port to
      said outlet port to control increases in pressure in said outlet port in
      response to increases in pressure in said inlet port, said inlet end face
      having a predetermined cross-sectional inlet area on said other side of
      said inlet diaphragm exposed to pressure in said inlet port under all
      conditions constructed and arranged such that the pressure in said inlet
      port acting against said inlet area urges said valve surface toward said
      open position, said outlet diaphragm having another side, said outlet end
      face having a predetermined cross-sectional outlet area on said other side
      of said outlet diaphragm exposed to pressure in said outlet port
      constructed and arranged such that the pressure in said outlet port acting
      against said outlet area urges said valve surface toward said closed
      position when said outlet port pressure is less than a predetermined
      pressure, said outlet area being axially movable relative to said inlet
      area from a rest position to a displaced position, said outlet area being
      in said rest position when said outlet port pressure is less than said
      predetermined pressure, said outlet area being in said displaced position
      when said outlet pressure exceeds said predetermined pressure, and said
      outlet area being constructed and arranged such that the pressure in said
      outlet port acting against said outlet area is inoperative to urge said
      valve surface toward said closed position but urges said outlet area
      against said housing when said outlet area is in said displaced position.
NUM  9.
PAR  9. A fluid pressure proportioning valve as defined in claim 8 including a
      spring disposed in said reference pressure chamber acting between said
      inlet area and said outlet area, and said outlet area being biased by said
      spring toward said rest position when said outlet pressure is less than
      said predetermined pressures.
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ABST
PAL  A signal generating circuit for anti-skid brake system includes at least a
      pair of first and second wheels, and a pair of first and second sensing
      coils for sensing rotational conditions of the first and second wheels,
      respectively, and generating first and second signals in response thereto,
      wherein upon troubled conditions occurring in either one of the first and
      second sensing coils, the signal of the other one of the first and second
      sensing coils is substituted for the signal of the troubled sensing coil
      in order to maintain anti-skid brake operation even when one of the
      sensing coils is faulty.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to an anti-skid brake controlling
      apparatus for wheeled vehicles, and more particularly to a signal
      generating circuit for actuating anti-skid brake actuator means.
PAR  2. Description of Prior Art
PAR  In the conventional anti-skid brake system, when a sensing means breaks
      down under anti-skid brake operation, the anti-skid brake system will then
      devolve into a non-actuated condition, which might often lead to a
      non-braked condition of the corresponding wheel of the vehicle.
PAR  To obviate the above drawback, there has been provided a safety device in
      the anti-skid brake system, wherein when a sensing means breaks down under
      anti-skid brake operation, the safety device will then be actuated to
      change the anti-skid brake operation into a non anti-skid brake operation
      so that at least a non-braked condition of the wheel may be prevented.
PAR  However, in the latter system, the desired anti-skid brake operation for
      one wheel will not be obtained when the corresponding sensing means is
      open circuit.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of the invention to provide an improved
      anti-skid brake controlling system for obviating the above conventional
      drawbacks.
PAR  It is another object of the invention to provide a safety device in the
      anti-skid brake controlling system thereby performing the effective brake
      operation even when the sensing means is open circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other and further objects, features and advantages of the invention will
      appear more fully from the following description taken in connection with
      the accompanying drawing wherein:
PAR  FIG. 1 is a schematic circuit diagram of a preferred embodiment of the
      invention, and
PAR  FIG. 2 is an emergency circuit applicable for the embodiment of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawing, numeral 10 designates a senses coil which is
      connected to one wheel and sensing (not shown) the vehicle rotational
      conditions of the one wheel.
PAR  At the sensing coil 10 is generated an AC wave form (sinusoidal wave form)
      responsive to the wheel rotational speed. Since the various components of
      a logic circuit 18, detailed description of which will appear later, are
      actuated by pulsed signals (square wave forms), the sinusoidal wave form
      from the sensing coil 10 must be converted to pulses. For this purpose a
      converter 11 is employed, which comprises a smoothing and amplifying
      circuit consisting of a plurality of resistors R1 through R5, capacitors
      C1, C2 and C3 and a transistor T1, and a trigger circuit consisting of a
      plurality of resistors R6 through R9, and transistors T2, T3.
PAR  The sinusoidal wave form output from the sensing coil 10 is amplified by
      the smoothing and amplifying circuit and the thus amplified output is
      converted to pulsed output signal by the trigger circuit. Accordingly, the
      pulsed output signal identified as a is fed to inputs of NAND elements N1
      and N6 of the logic circuit 18 from a first output terminel 12 of the
      converter 11.
PAR  On the other hand, a second pulsed output signal which is identified as b
      is fed from a second output terminal 15 of a detecting circuit 13 to
      inputs of first inverter IN 1 and the NAND element N1 of the logic circuit
      18. This second pulsed output signal b is generated in response to the
      resistance value of the sensing coil 10 through the detecting circuit 13,
      the construction and function thereof being as follows. A transistor T4,
      the base of which is connected to the sensing coil 10 through a resistor
      R11, is connected at its emitter terminal to a capacitor C4 through a
      resistor R12, and further to the non-negative input of a first operational
      amplifier OP1 and the negative input of a second operational amplifier
      OP2, respectively. The outputs of the first and second operational
      amplifiers OP1, OP2 are connected to the base of a transistor T5, e.e.,
      the output of the former being through a diode D1, the output of the
      latter being through a diode D2. The collector terminal of the transistor
      T5 is connected to a relay coil 14 to energize the same when the
      transistor T5 is conductive. A relay switch 14a is arranged to be closed
      when the relay coil 14 is energized. A luminous diode LED1 is arranged to
      be lighted when the relay switch 14a is closed.
PAR  A bias voltage, which is defined according to resistance values of
      resistors R10, R11, and the sensing coil 10, is applied to the base of the
      transistor T4 so that a predetermined voltage is charged in the capacitor
      in proportion to the bias voltage of the transistor T4. A resistor R13 is
      provided for discharging the voltage of the capacitor C4. Thus, the
      voltage charged in the capacitor C4 is changed in proportion to the
      resistance value of the sensing coil 10, i.e., in proportion to a normal,
      or troubled, condition of the sensing coil 10.
PAR  At the negative input of the first operational amplifier OP1 is fed a
      predetermined voltage input signal being identified as .alpha. which is
      determined higher than the predetermined voltage charged in the capacitor
      C4, while at the non-negative input of the second operational amplifier
      OP2 is fed a predetermined voltage input signal being identified as .beta.
      which is determined lower than the predetermined voltage charged in the
      capacitor C4.
PAR  Thus, for example, if the sensing coil 10 is open circuit, the bias voltage
      of the base of the transistor T4 will be increased, whereby the voltage
      charged in the capacitor C4 is raised more than the predetermined voltage,
      and, on the contrary, if the sensing coil 10 is shorted, the bias voltage
      of the base of the transistor T4 will be decreased whereby the voltage
      charged in the capacitor C4 is lowered less than the predetermined
      voltage.
PAR  Further, if the charged voltage of the capacitor C4 is over the
      predetermined input signal .alpha. due to an open circuit condition of the
      sensing coil 10, the output of the output gate of the first operational
      amplifier OP1 becomes high, thereby turning on the transistor T5. The
      relay coil 14 is, therefore, energized to close the relay switch 14a, and
      due to this closing of the switch 14a the luminous diode LED1 is lighted
      to inform the operator of the vehicle of the defective condition of the
      system.
PAR  If the charged voltage of the capacitor C4 is lower than the predetermined
      input signal .beta. due to a shorted condition of the sensing coil 10, the
      output of the output gate of the second operational amplifier OP2 becomes
      high thereby turning on the transistor T5. Accordingly, in this event the
      relay coil 14 will also be energized to close the relay switch 14a. Due to
      this closing operation of the switch 14a the luminous diode LED1 is also
      lighted to inform the operator of the vehicle of the defective condition
      of the system.
PAR  In both of these cases, the output signal b at the second output terminal
      15 becomes low due to the closing movement of the switch 14a.
PAR  Another wheel of the vehicle, if the wheel described heretofore, is left,
      then the right wheel, has the same circuits as those of the aforementioned
      wheel, i.e., another sensing coil, another converter, and another
      detecting circuit, all of which are illustrated as one circuit block A in
      FIG. 1. A third output terminal 16 of the circuit block A corresponds to
      the first output terminal 12 of the converter 11, and therefore, a third
      output signal identified as c corresponds to the signal in proportion to
      the rotational speed of the right wheel of the vehicle, while a fourth
      output terminal 17 of the circuit block A corresponds to the second output
      terminal 15 of the detecting circuit 13, and therefore, a fourth output
      signal identified as d corresponds to the signal in response to the
      resistance value of the sensing coil (not shown) of the right wheel.
PAR  The logic circuit 18 for the left and right wheel signals comprises six
      NAND gates N1 through N6. Gate N1 has as its inputs the signals a and b
      and its output constitutes one input of output gate N2. Gate N3 has as its
      inputs the signals c and d and its output constitutes one input gate N4.
      Thereby is produced a high level output signal at an output NAND gate N2
      or N4 when either one of the inputs of the first and second input NAND
      gates N1 or N3 is low, and producing a low level output signal at the
      output NAND gate when both of the inputs of the first and second input
      NAND gates become high. The logic circuit 18 further comprises two
      inverters IN1 and IN2, each input signal b and d respectively being
      inverted therethrough and passed as one input respectively to gates N5 and
      N6. Signals c and a serve respectively as the other inputs to gate N5 and
      N6. The outputs of gates N5 and N6 consititute the other inputs to gates
      N2 and N4.
PAR  The operation of the system thus described will now be considered under
      several conditions of vehicle wheel anti-lock operation.
PAR  First, both wheels of the vehicle being under normal anti-skid brake
      operation, the first and third output signals a, c correspond to the
      respective wheel rotational speeds, while the second and fourth output
      signals b, d are high. In this circumstance, the second output signal b
      which is divided into two is, on the one hand, inverted by the first
      inverter IN1, and therefore the output thereof will change to low and thus
      one input of the NAND gate N5 becomes low. Accordingly, the output of NAND
      gate N5 becomes high independently of the state of the other input of NAND
      gate N5 to which the third output signal c is fed from the third output
      terminal 16.
PAR  The high level second output signal b is fed as one input of NAND gate N1,
      and to the other input of which is fed the first output signal a, and
      therefore the output of NAND gate N1 is the inverted signal of the first
      output signal a. Since the first and second inputs to NAND gate N2 are fed
      from the outputs of the NAND gates N1 and N5, respectively, the output of
      NAND gate N2 becomes a signal corresponding to the twice inverted signal
      of the first output signal a, i.e., the signal a itself.
PAR  In a corresponding manner, the high level fourth output signal d is fed, on
      the one hand, to the second inverter IN2 thereby thus the input of the
      second input NAND gate N6 being low, to the input of the first input NAND
      gate N6 being fed the first output signal a. The high level fourth output
      signal d is, on the other hand fed to the input of the first input NAND
      gate N3, to the input of the second input NAND gate N3 being fed the third
      output signal c. Thus, to the input of the first input NAND gate N4 is fed
      the high level signal, d while to the input of the second input NAND gate
      N4 is fed the inverted signal of the third output signal c, whereby the
      output of the output NAND gate N4 becomes the signal of twice inverted
      output signal c, i.e., the third output signal c itself.
PAR  Therefore, under normal anti-skid brake operation, the anti-skid brake
      actuator is actuated in proportion to the rotational speeds of the
      corresponding wheels of the vehicle.
PAR  Next, when either one of the sensing coils, for example, the sensing coil
      10, is shorted, or open circuit under such normal anti-skid brake
      operation, then the transistor T5 of the detecting circuit 13 will be
      actuated to close the switch 14a and to light the luminous diode LED 1.
      Therefore, the second ouput signal b at the second output terminal 15
      becomes low. The low level second output signal b is fed, on the one hand,
      to the input of the first inverter IN1 and, on the other hand, directly to
      the input of the second input NAND gate N1.
PAR  The signal inverted by the first inverter IN1 is fed to the input of the
      first input NAND gate N5 as a high level input signal, while to the input
      of the second input NAND gate N5 has been fed the third output signal c,
      wherein the output of the NAND gate N5 becomes the inverted signal of the
      third output signal c.
PAR  Since the low level signal is fed to the input of the second input NAND
      gate N1, the output of the output NAND gate N1 becomes high independently
      of the state of the first input NAND gate N1. Accordingly, the output of
      the output NAND gate N2 becomes the twice inverted signal of the third
      output signal c, i.e., the third output signal c itself. At this time if
      the sensing coil of A is in order, the output of the output NAND gate N4
      will correspond to the third output signal c as explained heretofore.
PAR  Vice versa, if the sensing coil of A is shorted, or broken down instead of
      the sensing coil 10, then the fourth output signal d from the fourth
      output terminal 17 becomes low and similar to the above described manner,
      both outputs of the output NAND gates N2, N4 correspond to the first
      output signal a.
PAR  In this way, if one of the sensing coils becomes defective, then the signal
      which is to be generated according to the rotational speed of the
      corresponding wheel, may be substituted for the signal generated according
      to the rotational speed of another wheel, and in response to this signal,
      the conventional anti-skid brake actuator is actuated to maintain the
      anti-skid brake operation even when one of the sensing coils of the
      anti-skid brake system should become defective.
PAR  Considering the case that both of the sensing coils are shorted or open
      circuit, an emergency circuit 19 is further provided for stopping the
      actuation of the anti-skid actuator 30 as is shown in FIG. 2, wherein the
      second and fourth output signals b and d are connected to the bases of
      transistors T6 and T7 through suitable resistors and further to transistor
      T8.
PAR  A relay coil 20 is connected to the collector terminal of the transistor
      T8. A normally closed relay switch 20a is connected to the actuator 30
      whereby, the opening movement of the relay switch 20a due to the
      energization of the relay coil 20 causes the actuation of the actuator 30
      to stop. If both sensing coils are shorted, or open circuit, both output
      signals b and d become low and, accordingly, the transistors T6, T7 and
      further the transistor T8 are turned ON to energize the relay coil 20 thus
      thereby to open the relay switch 20a. In this way, the power supply to the
      actuator 30 is cut off so that normal brake operation, as opposed to
      anti-skid brake operation, may be performed to prevent at least a
      no-braked condition of the wheels.
CLMS
STM  I claim:
NUM  1.
PAR  1. A signal generating circuit for actuating an anti-skid brake actuator
      comprising at least a pair of first and second wheel means,
PA1  said first wheel means comprising a first wheel, and a first sensing means
      including a first sensing coil sensing rotational conditions of said first
      wheel and generating a first signal in response thereto,
PA1  a first detecting circuit electrically connected to said first sensing coil
      and detecting faulty conditions thereof thereby generating a second signal
      in response thereto,
PA1  said second wheel means comprising a second wheel and a second sensing
      means including a second sensing coil sensing rotational conditions of
      said second wheel and generating a third signal in response thereto,
PA1  a second detecting circuit electrically connected to said second sensing
      coil and detecting faulty conditions thereof thereby generating a fourth
      signal in response thereto and
PA1  a logic circuit for receiving said four signals and generating first and
      second output signals therefrom a first of which corresponds to the first
      signal of said first sensing coil and second of which corresponds to the
      third signal of said second sensing coil under normal anti-skid brake
      operation, whereby upon reception of said second signal in response to a
      faulty condition of said first sensing coil, said first output signal is
      entirely substituted for and directly replaced by said third signal of the
      non-faulty second sensing coil.
NUM  2.
PAR  2. A signal generating circuit as claimed in claim 1, wherein each of said
      pair of first and second sensing means further comprises a converter
      circuit electrically connected to said corresponding sensing coil thereby
      converting said first signal into pulsed wave form.
NUM  3.
PAR  3. A signal generating circuit as claimed in claim 2, wherein each
      detecting circuit comprises first and second operational amplifiers, said
      first operational amplifiers detecting shorted conditions of the
      respective sensing coils, and said second operational amplifiers detecting
      respectively open circuit conditions thereof.
NUM  4.
PAR  4. A signal generating circuit as claimed in claim 3, wherein each of said
      detecting circuits further comprises a luminous diode informing the
      troubled conditons of each sensing coil upon said second or fourth signal
      being generated.
NUM  5.
PAR  5. A signal generating circuit as claimed in claim 1 further comprising a
      cancelling circuit inserted between said first and second wheel means and
      said logic circuit and receiving said second signals of said first and
      second wheel means whereby upon reception of said second and fourth
      signals of said first and second detecting circuits, anti-skid brake
      operation is substituted by normal brake operation independently of said
      first and second output signals of said logic circuit.
NUM  6.
PAR  6. A signal generating circuit as claimed in claim 5, wherein said
      cancelling circuit is electrically connected to said anti-skid brake
      actuator thereby controlling the actuation thereof.
NUM  7.
PAR  7. A signal generating circuit for anti-skid brake system including at
      least a pair of first and second sensing coils correlated to first and
      second wheels for sensing rotational conditions of said first and second
      wheels, respectively, and generating first and second signals in response
      thereto, wherein upon faulty conditions occuring in either one of said
      first and second sensing coils, the signal of the other one of said first
      and second sensing coils is entirely substituted to directly replace the
      signal of said faulty sensing coil in order to maintain anti-skid brake
      operation even in the event that one of the sensing coils is faulty.
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ABST
PAL  An anti-skid control system for decreasing braking distance performance of
      a braked wheeled vehicle while maintaining the lateral stability thereof.
      The system is comprised of a digital data logic processor responsive to
      only wheel deceleration and wheel velocity of the braked vehicle for
      iteratively or alternatively preselectively attenuating and restoring an
      applied brake fluid pressure, so as to cause the brake system performance
      to track the knee of the road-torque versus wheel velocity envelope as a
      function of time. The only parameters employed are wheel deceleration,
      wheel velocity and mode time for mode-switching between the several
      control modes (selective brake pressure attenuation and restoration)
      employed, while the modes themselves include preselective time-scheduling
      of the respective brake pressure attenuation and restoration.
PARN
PAR  This is a continuation of application Ser. No. 354,295 filed Apr. 25, 1973,
      now abandoned.
BSUM
PAC  RELATED COPENDING APPLICATIONS
PAR  1. U.S. application Ser. No. 317,993 filed Dec. 26, 1972 for "Digital
      Acceleration Measurement Device" by J. E. Rau et al., now U.S. Pat. No.
      3,805,089.
PAR  2. U.S. application Ser. No. 333,572 filed Feb. 20, 1973 for "Phase
      Sensitive Position Pickoff Device" by D. E. McKee et al., now U.S. Pat.
      No. 3,863,235.
PAR  3. U.S. application Ser. No. 268,070 filed June 20, 1972 for "Brake
      Control" by L. C. Dozier, now U.S. Pat. No. 3,790,227.
PAC  BACKGROUND OF THE INVENTION
PAR  As is well understood, increased automotive traffic density, traffic
      speeds, and use of large, heavy payload automotive vehicles have all
      aggravated the problem of traffic safety relative to operator performance
      margins in effecting safe vehicle braking within minimum braking distances
      and while maintaining vehicle lateral stability. In other words, the
      operator's actuation and control of the braking system needs to be
      automatically augmented so as to assure the prevention or reduction of
      loss of lateral stability, (tendency to jackknife) and skidding
      (wheel-lock or excessive slipping) and increased stopping distances due to
      operator skill limitations (resulting in over-control).
PAR  As indicated in copending U.S. application Ser. No. 268,070 (now U.S. Pat.
      No. 3,790,227) owned by Rockwell International Corporation, assignee of
      the subject invention, there have been a number of prior art systems
      directed to providing anti-skid brake control by means interposed between
      the operator control and the brake valves of a fluid pressure operated
      braking system for variously releasing or otherwise attenuating and
      re-applying the operator-applied brake pressure.
PAR  Such techniques have included various means responsive to combinations of
      braked wheel acceleration/deceleration and wheel speeds. One approach has
      compared the slipping wheel velocity with vehicle velocity (non-slipping
      or synchronous wheel velocity). Such approach may employ a free-wheeling
      or unbraked wheel to determine such vehicle-velocity or synchronous
      velocity. Alternatively, zero wheel acceleration under the condition of at
      least a preselected range of wheel velocity conditions may be employed as
      indicative of synchronous (non-slip) wheel speed. Still further
      refinements have employed complex logic with comparisons between the
      braked wheels at opposite ends of an axle to determine whether a velocity
      difference exists between such wheels and further, which of such wheels
      will be employed during such comparison period as a source of braking
      performance (wheel speed and acceleration) data for system operation.
PAR  None of such prior-art approaches have, however, resulted in a system
      generally useful over a wide range of braking conditions, but instead have
      demonstrated only limited performance under the restricted range of
      conditions for which they were adapted, while yet requiring undue
      complexity. For example, the system disclosed in the above-noted U.S. Pat.
      No. 3,790,227 monitors the existence of wheel speed differences among a
      wheel set and determines which wheel performance is to be employed for
      anti-skid control purposes, thereby adding to the control logic
      complexity. Also, the system of such copending application controls a
      restoration of a released brake pressure in response to (after the fact
      of) a positive wheel acceleration, as to result in a delayed control mode
      with associated over-control. Such system also employs the determination
      and storing of a maximum deceleration for control system use, whereby
      special peak-detecting and memory functions are required, and also employs
      synchronous wheel speed as a control system criterion. Also, the
      performance of the above-noted delayed control mode with associated
      over-control performance is further aggravated by the use of a limited
      number of preselected discrete values of pressure attenuation (ratios of
      commanded pressure to available pressure), resulting over-use of pressure
      dump (zero pressure) and consequent over-control.
PAR  In summary, then, the prior art of anti-skid control systems has suffered
      from over-complexity or limited performance or both.
PAC  SUMMARY OF THE INVENTION
PAR  By means of the concept of the subject invention, the abovenoted
      shortcomings and disadvantages of the prior art are overcome and there is
      provided proportional control means responsive to only a limited number of
      parameters (design simplification) for increased control effectiveness
      (improved performance) over a wider range of braking conditions. Such
      design simplification and improved performance are achieved by a digital
      machine control method employing a set of iterative control steps of
PA1  1. preselectively relieving an applied brake pressure to a braked wheel in
      response to either wheel deceleration thereof being greater than a
      preselectively large first level or the combination of a wheel
      deceleration of a lesser preselected second level and a wheel velocity
      within a preselected first range of upper and lower velocity levels; and
PA1  2. preselectively restoring, at least partially, an applied wheel brake
      pressure to said braked wheel for a period not in excess of a preselected
      first mode interval in response to said wheel deceleration being less than
      said second lesser deceleration level and said wheel velocity being at
      least equal to a second velocity level less than said first range of upper
      and lower velocity levels.
PAL  Such combination of deceleration and velocity limits and mode interval are
      selected from considerations of the braked vehicle characteristic or
      performance envelope of road torque and velocity versus time so as to
      cause the braking control to track or follow the knee of such performance
      envelope. Thus, in normal operation of the disclosed machine method,
      braking control of a braked vehicle is augmented by proportional control
      for selective modulation of the fluid pressure applied to the valve of at
      least one braked wheel so as to cause the braked wheel to optimally
      respond to changes in applied braking pressures without suffering wheel
      lock-up or excessive slip over a wide range of road conditions for which
      the method of the invention is operable.
PAR  Mode release or pressure program adaptation steps may also be included for
      recycling the iterative steps upon system tracking performance seriously
      deviating from or overshooting the knee of the envelope.
PAR  Accordingly, an object of the subject invention there is to provide an
      improved anti-skid brake control system avoiding many of the unnecessary
      refinements of the prior art.
PAR  Another object of the invention is to provide a proportional control type
      anti-skid brake control system demonstrating improved performance through
      reduced wheel lock and wheel slip together with reduced vehicle stopping
      distances.
PAR  A further object of the invention is to provide an anti-skid brake control
      system having improved performance and reliability which is relatively
      inexpensive to manufacture.
PAR  These and further objects of the invention will become apparent from the
      following description, taken together with the accompanying drawings in
      which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an illustration in block diagram form of a system in which the
      concept of the invention may be advantageously employed;
PAR  FIG. 2 is a representative performance diagram of normalized road force
      versus normalized wheel velocity (normalized as a percentage of vehicle
      velocity) showing the respective points of inflection in the curves of
      longitudinal and lateral retarding forces imposed on the vehicle as the
      wheel velocity slows or slips (under applied braking control) from
      synchronous, or vehicle, velocity;
PAR  FIG. 3 is an alternate representation of the representative forces depicted
      in FIG. 2 as functions of wheel slip;
PAR  FIG. 4 is a functional block diagram in further detail of a portion of the
      logic chip in the arrangement of FIG. 1, and showing the general
      functional arrangement of the inventive concept;
PAR  FIG. 5 is a logic diagram of the four logic modes employed in the mode
      register of FIG. 4;
PAR  FIG. 6 is a representative velocity time history of the system of FIG. 1
      and illustrating certain characteristics of the system response;
PAR  FIG. 7 is an illustration of a representative three dimensional envelope of
      the longitudinal road torque versus wheel velocity response as a function
      of time, depicting the knee of such envelope as a preferred system
      operating region;
PAR  FIG. 8 is a family of representative system mode response envelopes versus
      time associated with the logic modes illustrated in FIG. 5.
PAR  FIG. 9 is an illustration of the response of element 22 as a function of
      the applied input thereto;
PAR  FIG. 10 is an analog equivalent of an exemplary functional embodiment of
      element 22;
PAR  FIG. 11 is an exemplary embodiment of mode register 25 of FIG. 4;
PAR  FIG. 12 is an exemplary embodiment of the logic state set input to element
      59 of FIG. 11;
PAR  FIG. 13 is an exemplary embodiment of the logic state set input to element
      55 of FIG. 11;
PAR  FIG. 14A is an exemplary mechanization of a portion of programmer 27 of
      FIG. 11; and
PAR  FIG. 14B is an exemplary mechanization of another portion of programmer 27.
PAR  In the figures, like reference characters refer to like parts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is illustrated in block diagram form an
      anti-skid brake control system in which the concept of the invention may
      be advantageously employed. There are provided commonly controlled
      solenoid valves 10 interposed in fluid circuit with the fluid-pressure
      operated brakes for the wheels at both ends of an axle set of braked
      wheels (not shown). Such valves do not constitute an aspect of the present
      invention and are therefore shown as a single functional block 10 only for
      convenience in exposition, being disclosed more fully by at least FIG. 1
      of the above-noted U.S. Pat. No. 3,790,227. The single common electrical
      input 11 to block 10 is driven by a valve driver stage 12 in response to
      brake pressure modulation control signals P.sub.c applied to an input of
      stage 12. The function of stage 12 is to apply a fixed periodic or pulse
      train input to line 11, the duty cycle or pulse width of which is varied
      in response to the analog amplitude of the envelope of P.sub.c, the pulse
      train periodicity being selected to be faster than the fluid
      pressure-controlled brake response, while within the speed of response
      limit of the solenoid valves 10. Thus, the actual pressure control
      provided by valves 10 is an average of the scheduled pressure values,
      averaged over the period of the fluid control system response time. Such
      control technique is well understood in the art, as is described for
      example in U.S. Pat. No. 3,637,264 to Leiber. Accordingly, element 12 is
      shown in FIG. 1 in block form only.
PAR  The function of the cooperation of block elements 10 and 12 is to modulate
      or selectively attenuate the fluid brake pressure applied to a
      fluid-controlled brake system (not shown) in response to selected rolling
      states of the braked wheels, as determined from a dual set of wheel
      sensors 14 and comprising a sensor for that brake wheel at each end of an
      axle and controlled by one of valves 10. Each sensor of dual set 14
      provides an output comprising a series of electrical pulses or events per
      unit time (EPUT's ) which are processed to determine the velocity and rate
      of change of velocity of an associated wheel. The construction and
      arrangement of a preferred embodiment of such sensors is disclosed in
      copending U.S. application Ser. No. 333,572 filed Feb. 20, 1973 (now U.S.
      Pat. No. 3,863,235) for "Phase Sensitive Position Pickoff Device" by D. E.
      McKee, et al., and owned by Rockwell International Corporation, assignee
      of the subject invention. Accordingly such wheel sensor set 14 has been
      shown in block form only.
PAR  There is further provided in the arrangement of FIG. 1 a special purpose
      microcircuit chip 15 (say, a metal oxide semiconductor device) for
      performing the several functions of: calculating the wheel velocity (in
      fps) and wheel acceleration (in g's) from the EPUT input applied thereto
      by block element 14; implementing a desired computing and control logic
      arrangement for control of the signal P.sub.c  (applied to valve driver
      stage 12); and effecting system fail-safe monitoring, as shown more
      particularly in FIG. 4.
PAR  Refering now to FIG. 4, there is illustrated in block diagram form a
      preferred functional arrangement of a portion of chip 15 in further
      detail. There are provided first and second velocity and acceleration
      computing means 18a and 18b responsive to the respective EPUT outputs of
      element 14 of FIG. 1. The first function, that of braked wheel velocity
      and acceleration computation (with a preferred degree of digital
      resolution) has been described in copending U.S. application Ser. No.
      317,993 filed Dec. 26, 1972 (now U.S. Pat. No. 3,805,089) for "Digital
      Acceleration Measurement Device" by J. E. Rau, et al., and owned by
      Rockwell International Corporation, assignee of the subject application.
      Accordingly, such computation means have been shown in block form only in
      FIG. 4.
PAR  Such respective left and right wheel velocity and acceleration data are
      then further processed (by elements 19a, 19b, 20a, 20b, 21 and 22 of FIG.
      1) to provide several two-state signals indicative of selectively
      thresholded velocity and acceleration parameters utilized in the logic
      control process.
PAR  Each of elements 19a and 19b, for example, include two state responsive,
      thresholded signalling elements for providing two state signals
      (V.sub.T.sbsb.n -V.sub.T.sbsb.n) indicative of a braked wheel velocity
      state in excess of certain preselected velocity levels,
EQU  V.sub.T.sbsb.1 .gtoreq. 5 fps
EQU  V.sub.T.sbsb.2 .gtoreq. 6 fps
EQU  V.sub.T.sbsb.3 .gtoreq. 8.5 fps
EQU  V.sub.T.sbsb.4 .gtoreq. 15 fps
EQU  V.sub.T.sbsb.5 .gtoreq. 35 fps
PAL  each of which velocity states, either alone or in conjunction with a
      preselected acceleration state and/or mode time interval, correspond to a
      braking system performance point of control interest and which it utilized
      to alter the control mode or system performance, as will be more fully
      explained hereinafter.
PAR  Element 21 is responsive to both left and right wheel velocities (V.sub.L
      and V.sub.R) to provide a scaled velocity signal VLR, corresponding to
      one-half the average of the two wheel velocities, or one fourth of the sum
      thereof
      ##EQU1##
      while element 22 is responsive to the output VLR of element 21 to provide
      a thresholded velocity signal V.sub.T having a guaranteed minimum value:
EQU  V.sub.T = VLR - 5 fps, if VLR &gt;10 fps
EQU  or V.sub.T = 5 fps, if VLR .ltoreq.10 fps.
PAL  Each of elements 20a and 20b include two-state responsive, thresholded as
      shown graphically by FIG. 9, while an exemplary analog equivalent,
      employing biasing voltages corresponding to +5 mph and -5 mph and also
      employing two mutually back biasing diodes, as an OR gate (for teaching
      purposes only) is shown in FIG. 10 signalling elements for providing
      two-state signals (A.sub.T.sbsb.n, A.sub.T.sbsb.n) indicative of a braked
      wheel deceleration state in excess of certain preselected deceleration
      levels,
EQU  A.sub.T.sbsb.1 = -2 g's
EQU  A.sub.T.sbsb.2 = -3.2 g's
EQU  A.sub.T.sbsb.3 = -4 g's
PAL  The construction and arrangement of means for combining thresholding, and
      two-state processing of signals is well understood in the art; therefore,
      elements 19a, 19b, 20a, 20b, 21 and 22 are shown in block form only in
      FIG. 4.
PAR  Although the above-noted parameters are determined from individual left and
      right wheel signals and combinations thereof for use in generating a
      single control signal P.sub.c for common control of both wheels of an
      axle, the system to be further described is not so limited, and may be
      implemented in the alternative by the use of data from only a single wheel
      for singular control of such single wheel. In other words, a single wheel
      system (one for each wheel) is contemplated as an alternative to a dual
      wheel system in which the set of left and right wheels of an axle are
      commonly controlled. Because of the low-cost in mass production of the
      monolithic MOS chip to be employed, such single wheel system is most
      conveniently effected by merely tying the two (left and right wheel)
      sensor inputs of 18a and 18b together.
PAR  The above-noted thresholded velocity and acceleration signals are employed
      by mode selection logic means 23, in cooperation with a mode counter or
      clock 24 and mode register 25 for the construction of a pressure control
      signal P.sub.c (t) representing a commanded control pressure program
      designed to provide optimum braking system performance. Such pressure
      control signal serves, through valve driver 12 of FIG. 1, to selectively
      attenuate an operator-applied brake fluid pressure to cause the braked
      wheel performance to track the knee of the road torque versus wheel
      velocity envelope as a function of time, which knee is shown in FIGS. 2, 3
      and 7.
PAR  Referring to the representative normalized response curves of FIGS. 2 and
      3, it is clear that as the braked wheel velocity slips relative to the
      vehicle velocity (or non-slipping wheel velocity or synchronous wheel
      velocity), the road force exerted on the vehicle builds up from zero,
      usually to a "knee" or point of inflection, after which such road force
      tends to decrease (the vehicle tends to slip or slide). The occurrence of
      the lateral retarding force knee at relative low values of slip and the
      rapid attenuation of such force for wheel velocity slip values in excess
      of that associated with the knee of the longitudinal retarding force
      curve, as to demonstrate the extreme lack of lateral stability (resulting
      in lateral slipping and sliding) at such high values of wheel slip. Where,
      however, the braking performance of the braked wheel can be held within
      the preferred region of the knee of the longitudinal retarding force
      curve, then such maximum longitudinal road force results in minimum
      stopping distance performance while avoiding the performed region of low
      lateral stability. Such preferred region corresponds generally to about 20
      percent slip. Thus, a preferred braking mode of operation would result in
      a constant wheel slip of about 20 percent as the vehicle is slowed to a
      stop, as shown by the optimum wheel velocity line in the exemplary diagram
      of velocity versus time shown in FIG. 6, which braked wheel optimum
      velocity line lies below the braked vehicle velocity line by an amount
      corresponding to such slip value.
PAR  Now, by means of the control logic chip of FIG. 4, the actual braked wheel
      velocity is made to track or vary about such optimum line, as illustrated
      by the representative braked wheel velocity curve shown in FIG. 6. Such
      representative braked wheel velocity performance is seen to avoid deep
      "dives" or large velocity dips or excursions, as to avoid excessive slip
      or wheel lock at high vehicle velocities.
PAR  A representative performance model of a braked vehicle due to the combined
      properties of road force and braked wheel velocity characteristics are
      shown by the representative performance envelope depicted in FIG. 7,
      curves 30, 31, 32, 33 and 34 corresponding to the like referenced curves
      of FIGS. 2 and 6. Curve 35 represents the system performance of sliding
      about (e.g., tracking) the knee of the road force versus velocity envelope
      as a function of time, which performance is projected onto the velocity
      versus time plane as curve 34 and onto the road force versus time plane as
      curve 36. Such performance characteristic is achieved by means of the
      cooperation of mode selection logic element 23 (in FIG. 4), utilizing
      certain parametric data sets of braked wheel velocity and deceleration
      (rate of change of velocity) and control mode time interval, as deduced
      from such performance envelope.
PAR  The several control modes employed are set-up or held in a mode register 25
      and are selected by logic 23 as functions of preselected velocity and
      deceleration data (from elements 19a, 19b, 20a, 20b, 21 and 22) and mode
      time (provided by a mode time counter or clock 24 which is reset to zero
      time upon a change or switch in modes by logic 23). Each such mode
      generates a programmed pressure or braked pressure change as a function of
      the mode time. Such pressure program P.sub.c (t) for each mode is
      generated by the combination of a pressure reference ((PR) in memory
      element 26) which is responsive to a .DELTA.PR selected for such mode by
      logic 23 through mode register 25, and a modulation P.sub.(mod) applied
      thereto by pressure programmer 27 as a function of mode (identified by
      mode register 25) and mode time (provided by mode timer 24), such
      combination of PR and P.sub.(mod) being achieved by signal combining means
      28 to provide the P.sub.c (t) output.
PAR  Mode counter 24 employs a clock interval of 20 milliseconds, intended to be
      greater than the clock intervals employed by the velocity and acceleration
      detection means 18a and 18b while yet being less than the response time of
      the brake valves. In this way, adequate digital resolution is provided for
      the data employed by the control logic, while the system performance is
      limited by only the valve performance limits. The brake control valve
      response may be described as a pure (dead time) delay followed by a first
      order leg or exponential rise time. Such delay may be on the order of 50
      milliseconds and the rise time about 90 milliseconds, for a total
      representative response time on the order of 140 milliseconds. Thus, for a
      mode counter clocking interval of 20 milliseconds, such 140 millisecond
      response time corresponds to seven clock intervals or mode counts (7MC).
PAR  The several logic control modes employed by the system of FIG. 4 are
      identified as GO, FOFF, ON, SOFF and LOFF and are further identified as
      follows, in conjunction with the logic flow diagram of FIG. 5.
PAR  Mode GO identifies a non-control or non-interruption or nonmodulation mode,
      corresponding to a full-pressure on state: where the system of the
      invention does not modulate either the amplitude or time duration of an
      operator-applied brake fluid pressure. Such mode is the initial mode from
      which the game of modes departs or starts and to which it returns or ends.
PAR  Mode FOFF is a test signal injection mode which, in response to the
      application by the operator of excessive brake (foot treadle actuation)
      the excessive brake application results in a dive (rapidly decelerating
      wheel) condition, first blocks or interrupts the pressure application and
      then subsequently allows only a test pressure pulse (of selected shape and
      amplitude) to be inserted for a preselected pulsewidth, to test initial
      system braking performance and precondition the vehicle braking state. In
      FIG. 5, the FOFF mode (and the other modes there illustrated) sub-mode
      time intervals are indicated (in terms of mode counter clock intervals by
      the MC column, the pressure program being indicated by P.sub.c, and the
      modification rates (.DELTA.PR) by which the pressure reference (PR) is
      progressively modified being indicated by increments per mode clocking
      interval. In FIG. 5, it is apparent that the values of P.sub.(mod) for the
      various modes are as follows: mode FOFF are -P.sub.R, -70, and -P.sub.R ;
      LOFF are -100, -P.sub.R, O, -P.sub.R, O, SOFF are -P.sub.R, -54, -54; ON
      are O and O. Representative resultant pressure program envelopes for such
      modes are shown in FIG. 8.
PAR  The ON and SOFF modes represent a set of two iterative control modes
      adapted to cause the vehicle generally to track the knee of the road force
      versus velocity envelope, as explained in connection with the description
      of curve 35 in FIG. 7, the ON mode being generally longer than the SOFF
      mode for programming a command pressure (P.sub.c) of increasing magnitude
      (or calling for a continually reduced attenuation of the applied pressure)
      over a prolonged mode count (MC) corresponding to a mode subsequent to a
      dive recovery. The SOFF mode is a mode of normally lesser duration (not to
      exceed 43 mode clock counts in the exemplary illustration of FIG. 5) for
      applying a pressure program of initially delayed and subsequently
      decreasing pressure for inducing recovery from a dive (rapidly
      decelerating wheel) (see FIG. 8) condition. The resulting velocity
      performance of the iterative ON and SOFF modes, subsequent to the test or
      FOFF mode interposed at an initial (GO) dive or operator-actuated
      condition, is noted from the corresponding mode notations to curve 34 in
      FIG. 6.
PAR  The LOFF mode is an emergency control mode, which may be employed at the
      end of the game (e.g., as the vehicle approaches zero velocity) and as
      tracking the knee of the road force versus velocity envelope may become
      less accurate. As shown in the LOFF block of FIG. 5 and the corresponding
      time history in FIG. 8, such mode serves, after an initial interval of 10
      mode clock counts, to either dump the pressure program (P.sub.c =O) or to
      apply a pressure rate increase to P.sub.c for a limited time interval. If
      in the dump condition, such program pressure dump condition is continued
      for a third sub-mode interval, and finally the pressure P.sub.c is
      reapplied with an increasing pressure rate program.
PAR  The logic conditions for switching between GO, FOFF, ON, SOFF and LOFF
      modes illustrated by the correspondingly labelled blocks in FIG. 5 are
      described by transition equations identified by circled numerals (1-10) in
      FIG. 5 and are further described and defined as follows:
PAC  TRANSITION EQUATIONS
EQU  Set FOFF = GO(V.sub.L &gt;5)(V.sub.R &gt;5) [(AL&lt;-4)+(AR&lt;-4)+(V.sub.R
      &lt;35)(AR&lt;-2)+(V.sub.L &lt;35)(Al&lt;-2)]                         (1)
EQU  Set ON = FOFF [(MC.noteq.0,1)(AL&gt;-2)(AR&gt;-2)(V.sub.L &gt;V.sub.T)(V.sub.R
      &gt;V.sub.T)+MC=64]                                          (2)
EQU  + SOFF [(MC.noteq.0)(AL&gt;-2)(AR&gt;-2)(V.sub.L .gtoreq.6)(V.sub.R
      .gtoreq.6)](3)
EQU  + LOFF [(V.sub.L .gtoreq.6)(V.sub.R .gtoreq.6)(AL&gt;-2)(AR&gt;-2)](4)
EQU  Set SOFF = ON [AL[(V.sub.L &gt;15)+(V.sub.L &lt;6)(DDL+PR&lt;383)] + AR[(V.sub.R
      &gt;15)+(V.sub.R &lt;6)(DDR+PR&lt;383)]]                           (5)
EQU  Set LOFF = SOFF [(MC.noteq.0)(V.sub.L &lt;6+V.sub. R &lt;6)]     (6)
EQU  Set GO = FOFF [(MC=41)(VLR.ltoreq.10)(V.sub.L &lt;5)(V.sub.R &lt;5)](7)
EQU  + ON [MC=70]                                               (8)
EQU  + SOFF [MC=44]                                             (9)
EQU  + LOFF [(MC=44)+(FEOG)(MC=25)]                             (10)
PAL  Where the following definitions apply:
PAC  DEFINITIONS
TBL  AL      = Left Wheel Accl. (g's)                                          

     AR      = Right Wheel Accl. (g's)                                         

     V.sub.L = Left Wheel Velocity (FT/SEC)                                    

     V.sub.R = Right Wheel Velocity (FT/SEC)                                   

     AL      = [(AL.ltoreq.-3.2)+(V.sub.L &lt;35)(AL&lt;-2)]                         

     AR      = [(AR&lt;-3.2)+(V.sub.R &lt;35)(AR&lt;-2)]                                

     MC      = Number of mode counter clock intervals                          

     Reset MC                                                                  

             = Set FOFF+Set ON+Set SOFF+Set LOFF                               

     Set FEOG                                                                  

             = ON [(VFLAG)[(MC=1)(V.sub.L &gt;8.5)(V.sub.R &gt;8.5)+(VON.ltoreq.8.5)]

             ]                                                                 

     Reset FEOG                                                                

             = Set ON+V.sub.L &gt;15+V.sub.R &gt;15                                  

     Set VFLAG                                                                 

             = SOFF(V.sub.L .ltoreq.6+V.sub.R .ltoreq.6)+FOFF(VLR.ltoreq.10)   

     Reset VFLAG                                                               

             = Set SOFF+LOFF(MC&gt;15)+FOFF(VLR&gt;10)                               

     VON     = Velocity of either wheel in the ON mode                         

     DDL     = AL(V.sub.L &gt;6)                                                  

                     in the previous mode count clock interval                 

     DDR     = AR(V.sub.R &gt;6)                                                  

PAL  Thus, for example, the ON mode is set (SET ON) in response to the
      conditions of any one of transition equations (2), (3) or (4) being met.
      Accordingly, where the system is in the FOFF mode (as indicated by the
      output on the FOFF bus of mode register 25 in FIG. 4, and such mode has
      been on in excess of one mode clock count (MC=0,1), and both (left and
      right) braked wheels (of a commonly control axle configuration) are
      decelerating at less than 2g's and at a velocity in excess of V.sub.T, as
      described above, then mode selection logic 23 will reset mode counter 24
      to zero (for commencing the ON-mode mode-count) and excite the ON mode of
      mode register 25. Register 25 and counter 24, in cooperation with logic
      23, then preselectively excite reference signal source 26 and programming
      element 27 to provide a programmed pressure command output from element
      28. Upon sensing a dive, or a specified mode clock count, the logic
      conditions compel a mode state change to a subsequent one of modes GO and
      SOFF, the conditions satisfying transition equation (5 ), for example,
      operating to switch to the companion mode SOFF of the two iterative modes
      ON and SOFF.
PAR  The design of metal oxide semiconductor chips is well known to those
      skilled in the art as indicated by U.S. Pat. No. 3,644,907 to Gricci, et
      al., for "Complementary MOSFET Memory Cell" and U.S. Pat. No. 3,702,945
      issued to Faith, et al., for "MOS Circuit with Nodal Capacitor
      Predischarging Means". Also, the mechanization of logic algorithms
      generally and by means of such chips is well understood. Also, the
      mechanization of logic functions for anti-skid brake control means is also
      known in the art, as indicated by FIG. 3 in the above-noted U.S. Pat. No.
      3,790,227. Although, such details of implementing the functional elements
      and improved logic structure of the device of the subject invention need
      not be shown in detail but in block form only, for purposes of clarity
      exemplary mechanizations of elements 23 and 27 and element 25 of FIG. 4
      are shown and some of the associated Equations (1)-(10) are shown in FIGS.
      11, 12, 13, 14A and 14B. In FIG. 11, mode register 25 is shown as
      implemented by a series of flip flops 55, 56, 57, 58 and 59 and OR gates
      60, 61, 62, 63 and 64 responsive to inputs from element 23 for generating
      the GO, FOFF, ON, SOFF, and LOFF outputs employed as inputs by elements 23
      and 27. Register 25 may take other configurations similarly enabling it to
      store at least five distinct values (corresponding to the five control
      modes of interest) and allows the stored values to represented to be
      changed in response to signals generated by element 23.
PAR  The set LOFF input to flip flop 59 (in FIG. 11), corresponding to Equation
      (6), may be easily embodied in any one of a number of mechanizations such
      as that exemplary one of FIG. 12, for example, whereby an AND gate 67
      responsive to OR gate 65 and NAND gate 66 provides the desired set LOFF
      output; gate 65 being responsive to the V.sub.T.sbsb.2 outputs of elements
      19a and 19b of FIG. 4 while gate 66 is responsive to element 24.
PAR  The set GO input to flip flop 55 (in FIG. 11), corresponding to Equations
      (7), (8), (9) and (10), may be also conveniently embodied in any one of a
      number of mechanizations such as that exemplary one of FIG. 13, for
      example, where an AND gate 68 is responsive to the outputs of AND gates
      69, 70, 71 and 72, each corresponding to a respective one of Equations
      (7), (8), (9) and (10). Gate 69, in mechanizing Equation (7), is
      responsively coupled to the FOFF output of element 56 (in FIG. 11), the
      V.sub.T.sbsb.1 outputs of elements 19a and 19b (in FIG. 4), V.sub.T output
      from element 22, a preselected timing count, MC = 41 from a coincidence
      gated timing count output from element 24 (in FIG. 4). Gate 70, in
      mechanizing Equation (8), is responsively coupled to the ON output of
      element 57 (in FIG. 11) and to a coincidence gating timing count output
      (MC = 70) from element 24 (in FIG. 4). Gate 71, in mechanizing Equation
      (9), is responsively coupled to SOFF output of element 58 (in FIG. 11) and
      to a timing input corresponding to MC = 44. Gate 72, in mechanizing
      Equation (10), is responsively coupled to the LOFF output of element 59
      (in FIG. 11) and to an OR gate 73 which provides the logic gating term
      [(MC = 44) + (FEOG) (MC = 25)]. The first such gating term, MC = 44, is
      obtained from the logic mechanization for gate 71 and the second gating
      input to OR gate 73 is obtained from an AND gate 74 responsively coupled
      to the on-state of output of the FEOG flip-flop of FIG. 4 and to a
      preselected timing coincidence term, MC = 25.
PAR  In like manner, the mechanization of remaining logic equations
      corresponding to the set inputs to elements 56, 57 and 58 of FIG. 11 may
      be organized. The "Reset" (or R) inputs of each of elements 55, 56, 57, 58
      and 59 of FIG. 11 correspond to the "Set State" inputs of the others of
      such elements. For example, the Reset (or R) inputs to OR gate 60 for flip
      flop 55 are the set state signals for each of flip flops 56, 57, 58 and
      59. In other words, only one of such flip flops may be set at any time and
      such setting acts to reset all the others.
PAR  An exemplary mechanization of pressure programmer 27 of FIG. 4, as the
      source of pressure signals P.sub.MOD and .DELTA.PR, is shown in FIGS. 14A
      and 14B. In FIG. 14A, preselected values of pressure signals at
      preselected values of pressure signals at preselected mode times
      P.sub.MOD.sbsb.i (MC.sub.i) are conveniently obtained for each of the mode
      states by mode time gating-on of each of such preselected pressure value
      signals at signal gates 81, 82, 83 and 84 at a mutually exclusive mode
      time MC; mode time signals MC.sub.1, MC.sub.2, MC.sub.3 and MC.sub.4
      occurring on corresponding output lines of a mode count comparator 85
      responsive to a gated output provided by a gate 86 input coupled to
      counter 24 and a preselected mode output of mode register 25 (in FIG. 4).
      A similar arrangement is employed for each of the five output modes of
      mode register 25 to achieve the responses illustrated in FIG. 8.
PAR  The .DELTA.PR pressure signal inputs to element 26 in FIG. 4 are provided
      by the further similar mechanization of pressure programmer 27 (in FIG.
      14B), shown in FIG. 14B for the FOFF mode only, as including mode time
      signals corresponding to those shown in the MC column of the FEOFF table
      in FIG. 5, for generating signals gating of those incremental pressure
      signal values shown in the .DELTA.PR column of the FOFF table in FIG. 5.
      The remaining modes of .DELTA.PR of course may be similarly mechanized in
      accordance with the .DELTA.PR column of the remaining tables in FIG. 5.
PAR  Accordingly, there has been described an improved anti-skid brake control
      system which more carefully treats of the basic or generic aspects of the
      anti-skid control problem (and avoids overconcern with a myriad of
      secondary parameters of only limited interest), whereby improved control
      system performance is achieved over a wider range of vehicle performance
      and road conditions.
PAR  Although the invention has been described and illustrated in detail, it is
      to be clearly understood that the same is by way of illustration and
      example only and is not to be taken by way of limitation, the spirit and
      scope of this invention being limited only by the terms of the appended
      claims.
CLMS
STM  We claim;
NUM  1.
PAR  1. A digital machine method for augmenting braking control of a braked
      wheeled vehicle employing fluid pressure operated wheel brakes, comprising
      the step of selectively modulating the fluid pressure applied to the valve
      of at least one braked wheel so as to cause the braking control to track
      the knee of the road torque and wheel velocity versus time envelope.
NUM  2.
PAR  2. The method of claim 1 in which said step includes the set of iterative
      steps of
PA1  preselectively relieving an applied brake pressure to said braked wheel in
      response to either wheel deceleration thereof being greater than a
      preselectively large first level or the combination of a wheel
      deceleration of a lesser preselected second level and a wheel velocity
      within a preselected first range of upper and lower velocity levels; and
PA1  preselectively restoring an applied wheel brake pressure to said braked
      wheel for a period not in excess of a preselected first mode interval in
      response to said wheel deceleration being less than said second lesser
      deceleration level and said wheel velocity being at least equal to a
      second velocity level less than said first range of upper and lower
      velocity levels.
NUM  3.
PAR  3. The method of claim 2 in which said first interval is substantially
      equal to ten times the response time of said valve.
NUM  4.
PAR  4. The method of claim 2 in which there is further included the step of
      removing braking control augmentation in response to
PA1  either the existence for a first preselected mode duration of the recited
      step of preselectively relieving
PA1  or the existence for a second preselected mode duration of said recited
      step of preselectively restoring.
NUM  5.
PAR  5. The method of claim 4 wherein there is included the alternative step
      intermediate said step of iterative steps and said step of removing
      braking control augmentation the further alternative step of adaptively
      reducing the pressure attenuation provided by said step for relieving only
      in response to wheel velocity decreasing below said velocity limit (6
      fps).
NUM  6.
PAR  6. The method of claim 2 in which there is included the further step
      intermediate said step of relieving and a next step subsequent thereto of
      the further step of adaptively reducing the pressure attenuation provided
      by said step for relieving only in response to wheel velocity decreasing
      below said velocity limit (6 fps).
NUM  7.
PAR  7. A digital machine method for augmenting braking control of a braked
      wheel vehicle employing fluid pressure operated wheel brakes, comprising
      the step of selectively modulating the fluid pressure applied to the valve
      of at least one braked wheel so as to cause the braking control to track
      the knee of the road torque and wheel velocity versus time envelope, and
      including an additional and antecedent initial step of modulating the
      applied fluid pressure as a preselectively delayed and progressively
      increasing attenuated single test pressure pulse for a preselected pulse
      time interval, the delay corresponding to the delay time of said valve and
      said pulse interval corresponding to the rise time of said valve.
NUM  8.
PAR  8. A digital machine method for augmenting braking control of a braked
      wheeled vehicle employing fluid pressure operated wheel brakes, comprising
      the step of selectively modulating the fluid pressure applied to the valve
      of at least one braked wheel so as to cause the braking control to track
      the knee of the road torque and wheel velocity versus time envelope, which
      said step includes the set of iterative steps of
PA1  preselectively relieving an applied brake pressure to said braked wheel in
      response to either wheel deceleration thereof being greater than a
      preselectively large first level or the combination of a wheel
      deceleration of a lesser preselected second level and a wheel velocity
      within a preselected first range of upper and lower velocity levels; and
PA1  preselectively restoring an applied wheel brake pressure to said braked
      wheel for a period not in excess of a preselected first mode interval in
      response to said wheel deceleration being less than said second lesser
      deceleration level and said wheel velocity being at least equal to a
      second velocity level less than said first range of upper and lower
      velocity levels,
PAL  and including an additional and antecedent initial step of
PA1  modulating the applied fluid pressure as a preselectively delayed and
      progressively increasing attenuated single test pressure pulse for a
      preselected pulse time interval, the delay corresponding to the delay time
      of said valve and said pulse interval corresponding to the rise time of
      said valve.
NUM  9.
PAR  9. A digital machine method for augmenting braking control of a braked
      wheeled vehicle employing fluid pressure operated wheel brakes, comprising
      the step of selectively modulating the fluid pressure applied to the valve
      of at least one braked wheel so as to cause the braking control to track
      the knee of the road torque and wheel velocity versus time envelope, and
      including an additional and antecedent initial step of attenuatively
      modulating the applied fluid pressure as a single initial test pressure
      pulse of a preselected pulse width.
NUM  10.
PAR  10. The method of claim 9 in which said antecedent step and said iterative
      steps include the sequential limitation that said set of said iterative
      steps following said antecedent step commence with said step of
      preselectively restoring.
NUM  11.
PAR  11. A digital machine method for augmenting braking control of a braked
      wheeled vehicle employing fluid pressure operated wheel brakes, comprising
      the step of selectively modulating the fluid pressure applied to the valve
      of at least one braked wheel so as to cause the braking control to track
      the knee of the road torque and wheel velocity versus time envelope, which
      said step includes the set of iterative steps of
PA1  preselectively relieving an applied brake pressure to said braked wheel in
      response to either wheel deceleration thereof being greater than a
      preselectively large first level or the combination of a wheel
      deceleration of a lesser preselected second level and a wheel velocity
      within a preselected first range of upper and lower velocity levels; and
PA1  preselectively restoring an applied wheel brake pressure to said braked
      wheel for a period not in excess of a preselected first mode interval in
      response to said wheel deceleration being less than said second lesser
      deceleration level and said wheel velocity being at least equal to a
      second velocity level less than said first range of upper and lower
      velocity levels,
PAL  and including an additional and antecedent initial step of attenuatively
      modulating the applied fluid pressure as a single initial test pressure
      pulse of a preselected pulse width.
NUM  12.
PAR  12. The method of claim 11 in which said antecedent step and said iterative
      steps include the sequential limitation that said set of said iterative
      steps following said antecedent step commence with said step of
      preselectively restoring.
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PAL  A drive belt assembly for snowmobiles. The assembly includes an endless
      drive belt, which extends substantially across the entire width of the
      rear portion of the snowmobile, and is longitudinally and drivably
      supported on the snowmobile body. First and second sets of transversely
      and alternately positioned and spaced drive cleats are securely mounted on
      the outer surface of the drive belt. Each of the cleats has a first end
      portion which is adjacent one of the lateral edges of the belt, and a
      second end portion, which is spaced inwardly from the other edge of the
      drive belt. Surface portions are defined on the outer surface of the track
      longitudinally between each of the first end portions of one set of the
      drive cleats, and transversely between the second end portion of each of
      the other set of cleats, and the other edge of the drive belt. Flexible,
      unitary, lugs or projections extend from the outer surface portion. The
      drive cleats, which are of a futigue resistant design, and the flexible
      projections cooperate to provide forward traction for the snowmobile,
      while avoiding side slippage of the snowmobile as it is driven across the
      snow and/or ice.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a drive belt assembly particularly used for
      operating snowmobiles, and it particularly relates to an improved drive
      belt assembly which is fatigue resistant, provides positive forward
      traction for the snowmobile, and substantially avoids side slippage of the
      snowmobile as it moves along icy or hard snow packed surfaces.
PAR  2. Discussion of the Prior Art
PAR  In snowy regions, snowmobiles are a conventional and important means of
      transportation. Snowmobiles are used extensively in snow regions, not only
      for everyday use, but they are also widely used for recreational and
      emergency purposes. Snowmobiles are operated on a wide variety of terrain.
      They are used in hilly or mountainous regions as well as on flat land.
      They are operated on fresh snow, on trails conditioned for snowmobile
      riding, on hard packed snow, on the icy surfaces of streams, rivers, and
      lakes, and on hard snow packed or icy roads.
PAR  Continuous drive belts are conventionally used for engaging the snow
      covered ground and/or icy surfaces, in order to provide the proper
      traction to propel the snowmobile forwardly. In order to provide the
      proper traction for use for the wide range of conditions in which
      snowmobiles are used, the design of the endless drive belt or drive track
      is extremely important. Generally speaking, the drive belt has a width
      substantially equal to the seat portion at the rear of the snowmobile,
      give or take a few inches. The drive belt is drivably suspended on the
      frame of the snowmobile and is generally positioned at the rear portion of
      the snowmobile, while a pair of steerable skis support the front end of
      the snowmobile.
PAR  One conventional snowmobile drive belt design is shown, for example, in
      Kell U.S. Pat. No. 3,623,780. Such drive belts are made of an elastomeric
      material. A plurality of transversely mounted and longitudinally spaced
      rigid elongated drive cleats are securely mounted on the outer surface of
      the drive belt. These drive cleats, which are conventionally U-shaped in
      cross-section, provide positive traction with the ground in order to
      propel the snowmobile in a forward direction. Although such a snowmobile
      track design is generally considered suitable for propelling the
      snowmobile forwardly, as the cleats bite into the snow and/or ice, the
      belt design, as shown in the Kell patent, has certain disadvantages.
PAR  One problem with the drive cleats which extend across the entire width of
      the belt is that, because of the nature of use of the snowmobile, the
      rigid, metallic cleats, as well as the drive belt, constantly undergo
      flexing between the opposite ends thereof, as the snowmobile travels
      across the snow covered ground while encountering rough terrain, rocky
      terrain, icy projections, etc. As a result of this flexing, the metal
      cleats fatigue at their central portions and ultimately many will break.
      Of course, broken cleats ultimately have to be replaced.
PAR  The problem of elongated "full width" cleats, that is, those extending
      across the entire width of the snowmobile, breaking, because of flexure,
      has been greatly alleviated by extending each cleat from one edge of the
      track only partially across the track, as about two-thirds across. These
      partial cleats extend alternately from opposite edges of the drive belt.
      Such a design is shown, for example, in Olson U.S. patent application Ser.
      No. 204,872, filed Dec. 6, 1971, entitled "Track Construction with partial
      Cleat" (assigned to the same assignee as this application), now abandoned.
PAR  Although the partial cleat track design does significantly alleviate the
      cleat fatigue and breaking problem created by the flexing of the drive
      cleats, such a track or cleat design has little or no effect on another
      significant problem with drive cleats of the type shown in the Kell
      patent. This problem is side slippage or "skating" of the rear of the
      snowmobile. Such slippage is particularly noticeable when the snowmobile
      is traveling across hard packed snow, icy surfaces, as on streams, rivers,
      or lakes, ice covered roads and the like. This side slippage is even more
      noticeable when the snowmobile is being turned. Such side slippage can be
      a safety problem if, for example, the operator of the snowmobile
      unexpectedly encounters icy areas or if an unusually sharp turn is
      required; basically, side slippage could, conceivably, cause the operator
      to lose full control over the snowmobile, possibly causing injury to the
      operator of the snowmobile, to those nearby, or to the snowmobile itself.
PAC  Summary of the Invention
PAR  It is therefore an important object of this invention to provide a
      snowmobile drive belt of improved design which not only provides positive
      forward traction for the snowmobile, but which also greatly alleviates
      side slippage of the snowmobile, as is commonly encountered on icy or hard
      snow packed areas.
PAR  It is also an object of this invention to provide an improved drive belt
      for snowmobiles, wherein the drive belt utilizes a partial cleat in
      combination with a flexible lug or projection on the drive belt, in
      general alignment with the drive cleat, the cleat and projection
      cooperating in not only providing for forward traction for the snowmobile,
      but also substantially alleviating side slippage of the snowmobile.
PAR  It is a further object of this invention to provide an improved snowmobile
      drive belt which provides forward traction, avoids or alleviates side
      slippage, and is fatigue resistant and wherein the belt design is
      characterized by its simplicity and economy of construction and
      manufacture.
PAR  Further purposes and objects of this invention will appear as the
      specification proceeds.
PAR  The foregoing objects are accomplished by providing a drive belt assembly
      for snowmobiles, wherein the drive belt assembly includes an endless drive
      belt, which extends substantially across the entire width of the
      snowmobile, and is longitudinally and drivably supported on the snowmobile
      body, first and second longitudinally spaced and alternating sets of
      transversely mounted drive cleats being securely mounted on the outer
      surface of the drive belt, each of the cleats having a first end portion
      adjacent one edge of the drive belt, and a second end portion spaced
      inwardly from the other edge of the drive belt, outer surface portions
      positioned on the belt longitudinally between each pair of the first end
      portions of the drive cleats and transversely between the second end
      portion of each of the other set of drive cleats and one of the edges of
      the drive track, and a plurality of flexible projections or lugs
      projecting from the outer surface portions, the cleats and flexible
      projections cooperating to provide forward traction for the snowmobile,
      while at the same time substantially avoiding side slippage of the
      snowmobile.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One particular embodiment of the present invention is illustrated in the
      accompanying drawings wherein:
PAR  FIG. 1 is a pictorial view of a snowmobile using my improved drive belt
      construction;
PAR  FIG. 2 is an enlarged, fragmentary plan view of the inner or driving
      surface of the drive belt shown in FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary plan view of the outer or traction
      surface of the drive belt shown in FIGS. 1 and 2;
PAR  FIG. 4 is an enlarged, fragmentary side elevational view of a portion of a
      portion of the drive belt, taken along the line 4--4 of FIG. 2;
PAR  FIG. 5 is an enlarged, fragmentary sectional view of the drive belt, taken
      along the line 5--5 of FIG. 2; and
PAR  FIG. 6 is a pictorial view of my improved drive belt showing a broken
      portion of a rigid drive cleat and one of the flexible lugs used in
      combination therewith.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a snowmobile, generally 10, using my improved drive
      belt, generally 12, is shown in pictorial view. The snowmobile 10
      generally includes an elongated tunnel or frame, generally 14, which has a
      seat assembly, generally 16, mounted on the top, rear portion thereof. A
      belly pan, generally 18, is conventionally secured to the frame or tunnel
      14, at the forward lower portion of the snowmobile 10. A hood 20 is
      mounted on and over the belly pan 18. A pair of steerable front, shock
      mounted skis, generally 22, are mounted at the forward end of the
      snowmobile 10, generally below and forwardly of the belly pan 18. The skis
      22 are steered by a handlebar assembly 24.
PAR  A drive belt 12 is supported by a slide rail suspension system, generally
      26, of the type shown, for example, in Swenson et al. U.S. Pat. No.
      3,485,312. A drive chain 28 is driven by a drive clutch assembly (not
      shown) mounted under the hood 20, which is operated by an internal
      combustion engine (not shown) also under the hood 20. The drive chain 28
      engages a sprocket 30 which rotates a drive shaft 32. Sprockets (not
      shown) are securely mounted on the drive shaft 32 and drivably engage the
      inner driving surface portion of the drive belt 12 in order to drive the
      belt 12, and thereby the snowmobile, in a forward direction.
PAR  The foregoing description of the snowmobile 10 is intended to provide
      general information about the basic construction of snowmobile 10, and
      except for the drive belt 12, the snowmobile, as described, is generally
      of conventional construction.
PAR  Referring to FIGS. 2 and 3, fragmentary plan view sections of the
      continuous drive belt 12 are shown. FIG. 2 shows the inner or driving
      portion of drive belt 12, while FIG. 3 shows the snow or ground engaging
      portion or traction portion of the drive belt 12.
PAR  Referring to FIGS. 2 and 3, the drive belt 12 includes a central continuous
      belt 34, and a pair of side continuous belts 36, each of which are
      laterally spaced from the edges of the central belt 34. The central belt
      34 and the side belts 36, all of which are continuous or endless, are
      substantially parallel with each other and of the same length, with the
      central belt 34 being approximately double the width of each of the side
      belts 36. The belts 34 and 36 are manufactured in a generally conventional
      manner by the use of conventional vulcanization equipment. Desirably, a
      plurality of layers of elastomeric material and textile fabrics are built
      up, according to established procedures, to the desired dimensions and
      then placed in a mold to form the outer portions of the belt to the
      desired configuration.
PAR  Referring particularly to FIGS. 2 and 4, the driving side 38 of each of the
      belts 34 and 36 includes a plurality of spaced driving lugs or projections
      40. The driving lugs 40 are aligned and uniformly spaced from each other
      in the longitudinal direction of the belts 34 and 36. One set of aligned
      driving lugs 40 are provided along the inner edges of each of the side
      belts 36 while the central belt 34 includes two aligned, central
      longitudinal rows of driving lugs 40. A pair of drive sprockets (not
      shown) are non-rotatably mounted on the drive shaft 32 and include driving
      teeth (not shown). Each drive sprocket engages respectively, one row of
      the driving lugs 40 on the side belt 36 and one row on the central belt 34
      for moving the drive track or drive belt 12 in a forward direction,
      thereby causing the snowmobile 10 to traverse along the desired terrain.
      The driving lugs 40 are preferably and conventionally unitarily formed or
      molded with the respective belts 34 and 36.
PAR  Referring to FIG. 3, rigid cleats 42 interconnect each of the side belts 36
      to the central belt 34, the side belts 36 being spaced substantially
      equidistantly from the central belt 34. Each drive cleat 42, preferably
      made of hot rolled steel, is formed in a generally U-shape, as seen best
      in FIG. 4. The base 44 of each cleat 42 positioned firmly against the
      outer face 46 of the drive belts 34 and 36. Each of the cleats 42 is
      positioned transverse to the longitudinal axis of the drive belt assembly
      12, as best seen in FIG. 3, and each cleat 42 extends from the outer edge
      of one of the side belts 36, substantially across the central belt 34, and
      to the farthest edge of the central belt 36. Each of the cleats 42 is
      rigidly secured to the outer face 46 of the belts 34 and 36 by a plurality
      of rivets 48 or similar fasteners for securely bonding or securing the
      drive cleats 42 to the belt assembly 12.
PAR  As seen in FIG. 3, one set of drive cleats 42 extends transversely from the
      outer edge of one of the side belts 36 and partially across the drive belt
      assembly 12, while a second set of the drive cleats 42 are alternately
      spaced between the cleats 42 of the first set of cleats 42 and extend from
      the outer edge of the other side belt 36 and partially across the drive
      belt assembly 12. The cleats 42 sometimes referred to as partial or two
      thirds cleats, have been successfully used on drive belts of snowmobiles
      for alleviating the breakage problem caused by fatiguing of cleats, which
      extended across the entire width of the drive belt 12, such as shown in
      the Kell U.S. Pat. No. 3,623,780, referred to previously. A partial cleat
      is disclosed in the abandoned application of Olson, U.S. application Ser.
      No. 204,872.
PAR  As pointed out earlier, both the full width cleat and the partial width
      cleat had significant problems with side slippage of the snowmobile 10, as
      it traversed across icy terrain as on lakes or rivers, across icy roads,
      or across hard packed snow. The side slippage problem has been greatly
      alleviated by the provision of flexible projections or lugs 50 projecting
      upwardly from the outer face 46 of each of the side belts 36 in the space
      defined longitudinally between the outer end portions 52 of each set of
      driving cleats 42, in substantially direct longitudinal alignment with the
      central axis of the partial cleat 42 intermediate a pair of longitudinal
      outer end portions. Generally, the lugs 50 are located in the open space
      54 defined between the cleats 42 on each side of the side belts 34.
PAR  As best seen in FIG. 4, in order to accomplish the desired results of
      alleviation of slippage, it is important for the lugs 50 to extend at
      least slightly above the ends of the upright legs 56 of the U-shaped drive
      cleats 42. Preferably, the lugs 50 are unitarily molded or formed with the
      side belts 36 and are made of a molded elastomeric material. The
      particular shape of the lugs 50, in plan view is generally V-shaped,
      although it is to be understood that the particular shape of the lugs 50,
      in plan view, forms no part of the invention. The area, in plan view, is
      to be sufficiently large to be effective in resisting the tendency of the
      snowmobile 10 to slip sideways or "ice skate" along the outer edges of the
      U-shaped drive cleats 42. Although the lugs 50 can be as large, in plan
      view, as desired, they are flexible and preferably should extend for at
      least about one-third of the distance between the opposite edges of the
      side belt 36 and at least about the width of one of the cleats 42.
PAR  From the foregoing, it is seen that the drive cleats 42 serve the dual
      function of interconnecting the side belts 36 with the central belt 34
      with the drive belt assembly 12, while the outer ends of the upright legs
      56 provide positive traction for driving the snowmobile in a longitudinal
      direction, as the cleats bite or dig into the snow or ice. The flexible
      lugs 50 cooperate with the drive cleats 42 to alleviate the tendency of
      the cleats 42, and thereby the snowmobile, to slip sideways as the
      snowmobile 10 traverses hard packed snow or icy conditions. Although the
      partial cleat design solved one of the problems of the full cleat of the
      prior art, the partial cleat did not solve the side slippage problem which
      is now greatly alleviated by the flexible lugs 50, which are conveniently
      positioned in the open surface 54, on each of the side belts 36, made
      possible by the provision of partial cleats.
PAR  From the above, it is seen that the drive belt assembly 12 provides a
      superior design resulting in positive forward traction for the snowmobile,
      resistance to fatigue on the cleats from flexing of the cleats, and
      substantial elimination or significant alleviation of side slippage as the
      snowmobile traverses across ice or hard packed snow.
PAR  While in the foregoing, I have provided a detailed description of one
      particular embodiment of my invention, it is to be understood that all
      equivalents obvious to those having skill in the art are to be included
      within the scope of my invention, as claimed.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A drive belt assembly for a snowmobile, said assembly comprising, in
      combination, an endless drive belt operatively and drivably supported on
      said snowmobile, first and second lateral edges defined on said drive
      belt, longitudinally spaced rigid metallic drive cleats securely mounted
      on the outer surface of said drive belt, each of said cleats extending
      transversely partially across said belt, each of said cleats having first
      and second end portions, said second end portion being spaced inwardly
      from said second edge, an outer surface portion defined on said belt
      adjacent each of said cleats between said second end portion and said
      second edge, and flexible upright means projecting from each of said outer
      surface portions, said cleats and said flexible means cooperating to
      provide forward traction for said snowmobiles while substantially avoiding
      side slippage of said snowmobile.
NUM  2.
PAR  2. The drive belt assembly of claim 1 including first and second sets of
      drive cleats, each of said first end portions being adjacent said first
      edge, and each of said second end portions being spaced inwardly from said
      second edge, said second set of drive cleats being alternately mounted and
      longitudinally spaced on said belt, and each of said outer surface
      portions is defined longitudinally between two of said first end portions
      and transversely between said second end portion of one of said cleats and
      said second edge.
NUM  3.
PAR  3. The drive belt assembly of claim 2 wherein said endless drive belt
      comprises first, second and third transversely spaced belt members, said
      first set of cleats extends substantially across only said first and
      second belts, and said second set of cleats extends substantially across
      only said second and third belts, and said outer surface portions and said
      flexible means are positioned only on said first and third belts.
NUM  4.
PAR  4. The drive belt assembly of claim 1 wherein said flexible means project
      from said outer surface portion to a height which is at least slightly
      more than the height of each of said cleats.
NUM  5.
PAR  5. The drive belt assembly of claim 1 wherein said flexible means are each
      unitarily formed with said drive belt.
NUM  6.
PAR  6. The drive belt assembly of claim 1 wherein each of said flexible means
      is in substantially direct transverse alignment with each of said partial
      cleats.
NUM  7.
PAR  7. The drive belt assembly of claim 1 wherein said flexible means are
      unitarily formed with said drive belt, said flexible cleats extend to a
      height at least slightly beyond the height of each of said cleats, and
      said flexible means are each in substantially direct transverse alignment
      with each of said cleats.
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ABST
PAL  An agitator shaft for revolving attached blades within a fluid containing
      tank rotates in support bearings free of any attachment to the tank. A
      shaft mounted housed seal unit exteriorly of the tank comprises a packing
      gland and a fitting connected by a flexible tubing with the fitting having
      a bore and the tank having a complementary opening each substantially
      larger than the diameter of the shaft. The shaft extends axially through
      the fitting and opening into the tank and the fitting is secured in the
      opening. The flexible tubing is designed to absorb torque from the seal
      unit and such unit permits the shaft to be mounted with equal facility and
      efficiency on tanks of plastic, rubber or metal and materially reduces
      shaft alignment problems.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in sealing and mounting means for
      agitator shafts as are used with fluid containing tanks.
PAR  Fluid contents such as agricultural chemicals and the like that are
      dispensed from tank containers require stirring, mixing and agitating at
      times as is well known and a common method of accomplishing this is to
      mount a rotatable blade equipped shaft through the tank. For this purpose,
      it has heretofore been the practice to affix suitable shaft bearings and
      seals directly in the wall of the tank so as to be a part thereof and
      while this has generally been satisfactory with what has been more or less
      the conventional steel type tank, I have observed that in the growing
      development and use of relatively flexible materials such as plastic and
      the like for tank construction, the end play on the tank or "oil canning"
      results in excessive wear to the tank mounted bearings and seals so that
      the matter of repairs and replacement is a serious cost factor.
      Accordingly, the principal object of the present invention is to provide
      for the mounting of an agitator shaft for a fluid containing tank in
      bearings and mounts and seals exteriorly of and independent of direct
      attachment to the tank.
PAR  A further object herein is to provide an agitator shaft mounting as
      characterized which materially simplifies the operational attachment of
      the shaft to the tank and any tank replacements.
PAR  More particularly, it is an object herein to provide an agitator shaft
      mounting as characterized wherein the shaft bearings are supported on a
      tank skid or support frame free of direct contact with the tank and the
      shaft seal, located exteriorly of the tank, is affixed thereto by an
      appropriate fitting and flexible hose of sufficient size relative to the
      shaft diameter so as to substantially reduce any alignment problems.
PAR  The foregoing objects and such further objects as may appear herein, or be
      hereinafter pointed out, together with the advantages of this invention
      will be more fully discussed and developed in the more detailed
      description of the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the new shaft seal unit forming a part of
      this invention,
PAR  FIG. 2 is a cross sectional view taken on the line 2--2 of FIG. 1,
PAR  FIG. 3 is a side elevational view of a skid mounted tank showing an
      agitator shaft mounted thereto according to this invention and also
      showing for purposes of illustration the general motor unit for operating
      the agitator shaft and dispensing the contents of the tank,
PAR  FIG. 4 is an enlarged perspective view of the bearing and seal mounting for
      the agitator shaft at one end of the tank taken from the line 4--4 of FIG.
      3,
PAR  FIG. 5 is an enlarged perspective view of the bearing and seal mounting for
      the agitator shaft at the other end of the tank taken from the line 5--5
      of FIG. 3, and
PAR  FIG. 6 is a perspective view showing the opposite side of the seal and
      bearing just exteriorly of the tank from that shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, reference is first made to FIG. 3 where there is
      shown for illustration the general environment in which the present
      invention is most advantageously employed. As seen in FIG. 3, a fluid
      containing tank 10 is mounted to a frame supporting skid 12 by any
      suitable means such as the metal straps 14. A motor assembly 16 is also
      mounted to skid 12 for dispensing the contents of tank 10 through a reel
      mounted 18 hose 20 and nozzle 22 in a well known manner. An agitator shaft
      24 mounted through tank 10 includes blades 26 disposed within tank 10 as
      shown and said shaft 24 and blades 26 are operatively connected to motor
      assembly 16 for rotation all in a well known manner and for which no
      invention is claimed except as directed to my new and improved means for
      the mounting of shaft 24 as will hereinafter appear.
PAR  The construction of tanks as shown at 10 of steel has long been a common
      practice and because of the inherent strength of such type tanks, the
      bearings and seals for shaft 24 have traditionally been mounted directly
      in the walls of the tank where they have generally functioned in a
      satisfactory manner. However, with the advent of tanks made more
      economically from relatively flexible materials such as plastic and the
      like, and with the bearings and seals continued to be mounted in the tank
      walls, the costs for repairs and maintenance of such bearings and seals
      has materially increased due to the excessive wear resulting from end play
      on the tank of such non-metal material and in the development of the
      present invention, I have endeavored to overcome this problem and provide
      a mounting for the bearings and seals that can be used with equal facility
      and efficiency on tanks of any material whether of metal or otherwise
      since such mountings are not affixed to the tank in the manner heretofore
      done.
PAR  For purposes of description, end 28 of tank 10 adjacent the motor assembly
      16 is designated as the front end and the opposite end 30 of tank 10 as
      the rear end. In accordance with the present invention, the shaft 24,
      passing through tank ends 28 and 30 in the lower portion of the tank 10 as
      seen in FIG. 3, is supported exteriorly of end 28 (FIGS. 5 and 6) in a
      suitable bearing mount assembly 32 of any well known construction that is
      secured to and depends from one side of a rigid platform 34 forming a part
      of skid 12 to which the motor assembly 16 is attached, and exteriorly of
      tank end 30, shaft 24 is supported in a similar bearing mount assembly 32a
      (FIG. 4) secured to and depending from a rigid crossbar 36 forming a part
      of skid 12. As seen in FIG. 5, shaft 24 extends forwardly from bearing
      mount 32 below platform 34 for support in bearing mount 32b secured to the
      other side of platform 34 and at which point it is operatively connected
      to motor assembly 16 by a pulley and belt arrangement 38 in a well known
      manner. Thus far described, it will be understood that bearing mounts 32,
      32a and 32b are securely attached to rigid supports wholly exteriorly of
      and independent from tank 10.
PAR  With reference now more particularly to FIGS. 1 and 2, there is shown my
      new shaft seal unit designated generally by the numeral 40 which is one of
      the important novel features of this invention and, as will appear,
      separate like seal units 40 are mounted on shaft 24 intermediate bearing
      mount 32 and tank end 28 and bearing mount 32a and tank end 30.
PAR  Seal unit 40 includes a cylindrical fitting 42 having a bore 44
      substantially larger than the diameter of shaft 24 (FIG.2) and
      intermediate the ends of fitting 42, there is provided an external hex
      flange 45 for receiving a tightening tool in a well known manner. At one
      side of flange 45, fitting 42 is externally threaded as at 46 to form a
      male plug insert end and at the other side of flange 45, fitting 42 is
      grooved in a serrated outline 48 to form a hose insert end. A packing
      gland assembly 50 includes a flange ring or shoulder 52 from which there
      projects the integral concentrically reduced body portion 54 provided
      externally with grooves in a serrated outline 56 similar to 48 and fitting
      42 is secured to the gland assembly 50 by a flexible hose or tubing 58,
      preferably of plastic, which embraces the respective surfaces 48 and 56
      and is secured thereto by hose clamps 60. Body 54 is provided with a shaft
      alignment bushing 62, preferably of bronze, stainless steel or the like
      (FIG. 2) and includes chamber 64 designed to receive commercially
      available seals or rope packing for field repair expedient, if necessary,
      represented by the numeral 66. A push ring 68 is secured to the outer face
      of flange 52 by means of fastening bolts 70 secured to such flange.
PAR  With the seal unit 40 constructed and assembled as described, it is
      arranged relative to shaft 24 as seen in FIGS. 4 and 5 where the male end
      46 of fitting 42 is threadably engaged with a suitable female plug 72
      sealably affixed to tank ends 28 and 30 as shown and thus attached, it
      will be apparent that shaft 24 is provided with ample clearance at tank
      ends 28 and 30 so that shaft alignment problems at these points are
      eliminated for all practical purposes. A torque chain 74 is linked at one
      end to a stud bolt 76 anchored in flange 52 and linked at its other end to
      a bolt 78 secured to platform 34 as best seen in FIG. 6 and with this
      arrangement, torque from the gland seal is absorbed by the tubing 58 and
      chain 74 with resulting longer life and less maintenance and replacement
      needs for the bearing mounts and seals. Further, with the seal and bearing
      mounts as described, the matter of tank replacement is materially
      simplified relative to present practices and shaft 24 can now be mounted
      with equal facility and satisfactory operation to tanks of metal or
      non-metal construction. Accordingly, in view of the foregoing, it is
      thought a full understanding of the construction and operation of this
      invention will be had and the advantages of the same will be appreciated.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of applying a shaft seal to an agitator shaft for a tank for
      containing fluids, comprising the steps of:
PA1  providing an opening in the tank wall substantially larger than the
      diameter of the shaft,
PA1  arranging a portion of the shaft within the tank by passing it axially
      through the opening therein so that a portion remains exteriorly of the
      tank,
PA1  providing full and complete support for the shaft exteriorly of the tank
      and free of attachment thereto,
PA1  encasing the shaft exteriorly of the tank with a packing gland equipped
      seal unit having one end with a bore complementary to said opening, and
PA1  connecting said one end of said seal unit to the tank at the point of the
      opening therein.
NUM  2.
PAR  2.  A method as defined in claim 1 including providing bearing supports for
      the shaft exteriorly of the tank and free of attachment thereto.
NUM  3.
PAR  3. A method as defined in claim 1 including providing the seal unit with a
      flexible tubing connection between the packing gland and the opening in
      the tank to absorb any torque from the packing gland.
NUM  4.
PAR  4.  In a seal unit for an agitator shaft of the type used for mixing and
      stirring fluids within a tank, the combination of:
PA1  an elongated shaft,
PA1  bearing means disposed exteriorly of said tank and free of attachment
      thereto for supporting said shaft,
PA1  a housed seal unit journalled on said shaft exteriorly of said tank,
PA1  said seal unit including a fitting member having a bore substantially
      larger than the diameter of said shaft,
PA1  said tank being provided with an opening corresponding in size to the bore
      in said fitting member,
PA1  one end portion of said shaft extended axially through said fitting member
      and said opening into said tank, and
PA1  means for releasably connecting said fitting member to said tank at the
      point of said opening.
NUM  5.
PAR  5. A device as defined in claim 4 wherein said housed seal unit comprises:
PA1  a packing gland assembly provided with a through bore, and
PA1  a flexible tubing secured at one end to said packing gland assembly and
      secured at its other end to said fitting member.
NUM  6.
PAR  6. A device as defined in claim 5 including means attached to said housed
      seal unit exteriorly of said tank and free of attachment thereto whereby
      said means and said flexible tubing absorbs torque from said packing gland
      assembly.
NUM  7.
PAR  7.  A seal unit as defined in claim 5 including a shaft alignment bushing
      mounted in the bore of said packing gland assembly.
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ABST
PAL  A novel pad-type fluid wedge sliding surface bearing in which the
      individual pads have a swing-like motion to produce a lubricating wedge
      between the face of the pad and the moving surface. The center of swing
      for each pad is located so that the fluid friction moments and the
      pressure moments on the pads oppose each other. The moment equilibrium
      position of the pads will form a wedge converging in the direction of
      motion of the moving member. In achieving this condition, the pads may be
      constructed of a metal-elastomer laminate section with the laminal
      arcuately formed about a center located in the direction of the opposing
      sliding surface.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the construction of conventional fixed geometry bearings of the
      fluid-wedge sliding surface type, the effects of loading on the surface is
      to reduce the fluid wedge thickness. This restricts replenishment of the
      lubricant.
PAR  In pivoting pad sliding surface bearings, the effects of loading on the
      surface of the pads and the lubricant viscous friction cause the fluid
      wedge of the lubricant to diverge in the direction of the movement of the
      rotating member with the result that the leading edge of the wedge tends
      to close and restrict this replenishment of the lubricant. This results
      from the direction of forces on the pads. This tendancy is reduced by the
      deformability of the pads under operating conditions. The result is
      bearings of limited load carrying capacity and with a limited ability to
      maintain a lubricant wedge thereby to prevent an operating condition known
      as "stick-slip."
PAC  SUMMARY OF THE INVENTION
PAR  The bearing of the present invention is of the pad-type, fluid wedge,
      sliding surface type. The individual pads, in a preferred embodiment, are
      characterized by having a metal-elastomer laminated structure which is
      arcuately curved with the center of curvature of the arc being in the
      direction of the opposing member of the bearing. The result of this
      location of the center of curvature of the pad is that under the forces of
      friction and the pressure of the load, the pads swing so as to produce a
      wedge converging in the direction of movement of the moving member. Motion
      of the pads is usually very slight, the wedge angle being minute, and the
      face of the pad remains substantially parallel to the surface of the
      rotating load member when the pad is mounted on the stationary member.
      Such a parallelism arrangement provides for a maximum-load carrying
      capacity and prevents "stick-slip." The bearing of the present
      construction is inherently capable of accommodating to rotation of the
      load member in either direction and can be designed either as a flat
      thrust bearing, a cylindrical bearing or a combination of the thrust and
      cylindrical bearing.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to produce a bearing having a high load
      capacity.
PAR  Another objective is to produce a bearing having substantially no
      "stick-slip."
PAR  Another object of this invention is to provide a bearing having a low
      start-up friction component regardless of the magnitude of load applied
      before start of rotation.
PAR  Other objects and the attendant advantages of the bearing of the present
      invention will become more apparent when considered in connection with the
      accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a simplified sketch of a portion of a pivoted pad thrust bearing
      showing the effects of pressure and friction forces on the bearing pad.
PAR  FIG. 2 is a simplified sketch of a portion of a bearing showing the pad
      elements of the thrust version of the present invention and the effects of
      pressure and friction forces on the bearing pad.
PAR  FIG. 3 illustrates a portion of a bearing utilizing a thrust pad
      constructed according to this invention.
PAR  FIG. 4 illustrates the present invention applied to a cylindrical bearing.
PAR  FIG. 5 illustrates the present invention applied to a flat thrust type
      bearing.
PAR  FIG. 6 is a diagram showing fluid pressure distribution on the face of the
      pad.
DETD
PAR  Referring now to the drawings, wherein like reference characters designate
      like or corresponding parts throughout the several views, FIG. 1 shows a
      portion of a conventional pivoted pad bearing having a pad 11 that can
      pivot on pivot 12 and a moving member 13 which moves in the direction of
      arrow 14. The movement of member 13 relative to member 11 shears the fluid
      between the members and generates the viscous frictional force indicated
      by arrow F. The center of load pressure of this particular pad 11 vector
      of the bearing is indicated by vector arrow P. The moments of these two
      forces about the pivot point of the pad 11 are respectively Pa and Fb,
      where a and b are respectively the displacements of the friction and
      pressure force vectors F and P from the pivot point. Under the conditions
      illustrated both these moments tend to pivot the pad about its pivot in a
      direction to close the wedge on the up stream side of the pad as shown in
      dotted lines. This in turn tends to cutoff the flow of lubricant into the
      wedge and to prevent replenishment of the lubricant flowing out of the
      wedge, thus severely limiting the load carrying capacity of the bearing.
PAR  FIG. 2 shows the principal of operation of the bearing of this invention.
      In this illustration the same symbols are used to designate corresponding
      parts of the illustration. In this figure there is added the feature that
      the pad is composed of two parts 11a and 11b which meet in an arcuate
      interface, faces 15, and 16, with the center of the arc at a point 17 on a
      line extending in the direction of the member 13, away from the member
      11a. As illustrated, the center of curvature point is on a line
      perpendicular to the rest position of the pad 11 and at the center of the
      pad. The arcuate interface may be cylindrical or spherical, depending on
      the application of the bearing. As shown by FIG. 2, the moments of the
      load pressure forces and the friction forces are in the opposite
      direction. The distance along the line is a function of the desired
      curvature which is selected to establish the position of the pad at which
      an equilibrium condition exists between the moments due to the load force
      and the moments due to the viscus friction forces of the lubricant. In
      this discussion it is assumed that there are no friction forces generated
      at the interface between pad elements 11a and 11b. Under these conditions,
      the face 11a of the pads of the bearing, such as the one illustrated, will
      be swung to the dotted line position thus forming a wedge with the end
      opened to receive the lubricant pumped by the motion of element 13. The
      swing motion of pad 11a, as illustrated, includes a component of motion
      parallel to and in the direction of motion of member 13, and a rotational
      component about an axis extending into the plane of the drawings of FIGS.
      2 and 3, this being referred to, for convenience, as an axis extending
      laterally transversely of the direction of movement of member 13. Stated
      differently, the axis of swinging motion of face pad 11a intersects point
      17 and extends generally into the plane of the drawings of FIGS. 2 and 3,
      although this is not to say that the total resultant motion of pad face
      11a will always precisely constitute a swinging motion about this axis.
      Actually, particularly when an elastomer-inelastic interface is used as
      shown in FIGS. 3, 4 and 6, described below, the inclination of the plane
      including the surface of the pad face 11a when the face has swing to a
      wedge-gap producing position may possibly be slightly different than
      absolutely normal to a radius extending between point 17 and the surface
      of the face pad, although the absolute total motion of face 11a under all
      conditions of speed and load is not precisely known at this time. To the
      best of applicant's knowledge, the pad face 11a swings to a stable
      position, as illustrated, in response to load and friction forces, to form
      a wedge-shaped gap converging in the direction of motion of the movable
      member 13. The swinging motion of the face 11a ensures the formation of
      the wedge-gap, and the means described herein for supporting the face 11a
      permits the latter to seek an equilibrium balanced position for an
      extremely wide range of load and speed conditions. The magnitude of the
      viscus friction forces are inversely proportional to the magnitude of the
      gap between the pad face 11a and member 13. In addition, the magnitude of
      the gap is inversely proportional to the magnitude of the load force. Thus
      the greater the load force trying to close the gap the greater will be the
      friction forces generated to balance the load force. Therefore the pad
      selfadjusts to produce a wedge in which the replenishment lubricant can
      never be cutoff regardless of the magnitude of the load force. As the
      replenishment lubricant will always be maintained, the load capacity is
      extremely high. The maintenance of a converging wedge under all load
      conditions prevents the "stick-slip" condition from occurring.
PAR  Even in the start up condition the friction forces act to counter the
      effects of the load forces on the bearing pad regardless of which of the
      two directions, clockwise or counterclockwise, the member 13 moves.
PAR  Referring to FIG. 3 there is shown a preferred embodiment of the invention
      in which the face 11a of the pad 11 is bonded to a section of an
      metal-elastomer laminates 18 which is in turn is bonded to the base 11b of
      the pad 11. Each of the other pads required to make up the bearing are of
      similar construction and function similarly. In this case the
      metal-elastomer laminate functions for substantially frictionless movement
      in the direction of movement of member 13, while due to its inherent
      stiffness, it will substantially not deflect in the direction of the load
      pressure. It should be noted that bearing pads of this construction can
      self adjust to either direction of movement of the element 13. Another
      function accomplished by the laminated construction of the pad is that of
      equalizing the load between adjacent pads as load shifts under different
      conditions i.e. speed, thrust etc.
PAR  FIG. 4 illustrates the application of the invention to a cylindrical
      bearing in which each of the pads 11 is similar to the pad of FIG. 3.
      Element 19 is the shaft and element 21 is the bearing housing.
PAR  FIG. 5 shows the application of this invention to a thrust bearing wherein
      each of the pads 11 are of the type shown in FIG. 3.
PAR  FIG. 6 indicates in a generalized way the fluid pressure distribution
      between the pad face 11a and the member 13.
PAR  It is also to be understood that the material for the face of pad 11 is
      selected to be compatable with the selected lubricant and on the basis of
      other factors well known in the art.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bearing having opposing relatively moving members including:
PA1  a plurality of pads mounted on one of said relatively moving members and
      interposed between said members;
PA1  each of said pads having a face portion and a base portion;
PA1  a fluid lubricant in contact with the bearing pads and said relatively
      moving members;
PA1  means responsive to the relative movement of the members to cause the face
      portion of each of said pads to swing in the direction of motion of the
      other of said members about a center of rotation positioned outside said
      pad in the direction of said other member.
NUM  2.
PAR  2. A bearing as claimed in claim 1 in which said pad comprises:
PA1  a face member;
PA1  a base member, with an arcuate low friction interface between said base and
      said face members;
PA1  said interface having its center of curvature outside of the pad and in the
      direction of the other of said opposing members.
NUM  3.
PAR  3. A bearing as claimed in claim 1 in which said means includes a
      metal-elastomer laminate bonded to said face portion on one side and to
      the base portion on the other side.
NUM  4.
PAR  4. A bearing having opposing stationary and moving members including:
PA1  a plurality of load bearing pads interposed between said moving and said
      stationary member;
PA1  each of said pads having a face portion and a base portion;
PA1  a fluid in contact with the load bearing pads and the moving member;
PA1  means to cause the face of each of said pads to swing in the direction of
      motion of the moving member when under load, said means including a
      metal-elastomer laminate bonded to said face portion on one side and to
      the base portion on the other side, said metal-elastomer laminate having
      arcuate lamina with the center of curvature of the arc lying outside of
      said pad and in the direction of the opposing member.
NUM  5.
PAR  5. A bearing as claimed in claim 4 in which the moment of the load force is
      equal and opposite to the moment of the friction forces under operating
      conditions.
NUM  6.
PAR  6. A bearing as claimed in claim 4 in which said metal-elastomer laminate
      provides for load equalization between the load bearing pads.
NUM  7.
PAR  7. A hydrodynamic bearing pad for supporting a relatively movable member in
      low-friction relationship through a lubricating fluid medium, said pad
      comprising a swingable face portion disposed adjacent said movable member,
      and means for supporting said face portion for swinging motion about a
      center of rotation disposed in a direction towards said movable member and
      away from said face portion, said swinging motion including a component of
      motion parallel to and in the direction of motion of said relatively
      movable member and a component along the perpendicular through the center
      of rotation to cause a swinging movement of said face portion about said
      center of rotation.
NUM  8.
PAR  8. The hydrodynamic bearing pad recited in claim 7, wherein said means for
      supporting said face portion for swinging motion comprises a relatively
      stationary base element, the said face portion and base element
      intersecting along an arcuate interface, the center of curvature of said
      arcuate interface lying in the direction of said movable member and away
      from said face portion, said interface comprising a relatively
      low-friction joint between said face portion and said base element in a
      direction parallel to said arcuate interface.
NUM  9.
PAR  9. The hydrodynamic bearing pad recited in claim 7, wherein said means for
      supporting said face portion for swinging motion comprises a relatively
      stationary base element, the said face portion and base element being
      joined together along an arcuate interface by an elastomeric material that
      is relatively rigid in a radial direction with respect to said arcuate
      interface, and is relatively yielding in a direction parallel to said
      arcuate interface, the center of curvature of said arcuate interface lying
      in the direction of said movable member and away from said face member.
NUM  10.
PAR  10. The hydrodynamic bearing pad recited in claim 9, wherein said
      elastomeric material is a composite elastomer-inelastic laminate.
NUM  11.
PAR  11. A hydrodynamic bearing arrangement for supporting a movable load
      applying member in low-friction relationship through a lubricating fluid
      medium, said bearing arrangement comprising a plurality of bearing pads
      between said movable load applying member and a relatively stationary
      support structure, each bearing pad including a swingable face portion
      disposed adjacent said movable member, and means for supporting said face
      portion for swinging motion about a center of rotation disposed in a
      direction towards said movable member and away from said face portion,
      said swinging motion including a component of motion parallel to the
      direction of motion of said relatively movable member and a rotational
      component about an axis extending laterally transversely of said direction
      of motion, said face portion of each pad being swingable to a dynamically
      stable inclined position under the combined influences of friction and
      load forces acting thereon to produce a hydrodynamic lubricant
      wedge-shaped gap between said movable member and face portion, said gap
      covering in the direction of motion of said movable member.
NUM  12.
PAR  12. The hydrodynamic bearing arrangement recited in claim 11, wherein said
      means for supporting each face portion of each of said pads comprises a
      relatively stationary base element, each face portion and base element
      intersecting along an arcuate interface, the center of curvation of said
      arcuate interface lying in a direction towards said movable member and
      away from said face portion, said interface comprising a relatively
      low-friction joint between said face portion and said base element.
NUM  13.
PAR  13. The hydrodynamic bearing arrangement recited in claim 11, wherein said
      means for supporting each face portion of each of said pads comprises a
      relatively stationary base element, each face portion and base element
      being joined together along a arcuate interface by an elastomeric material
      that is relatively rigid in a radial direction with respect to said
      arcuate interface, and is relatively yielding in a direction parallel to
      said arcuate interface, the center of curvature of said arcuate interface
      lying in a direction towards said movable member and away from each of
      said face portions.
NUM  14.
PAR  14. The hydrodynamic bearing arrangement recited in claim 13, wherein said
      elastomeric material is a composite elastomer-inelastic laminate.
NUM  15.
PAR  15. The hydrodynamic bearing arrangement recited in claim 13, wherein said
      elastomeric material is slightly yieldable in a radial direction with
      respect to said arcuate interface to provide for load equalization between
      said bearing pads and to accommodate minor angular displacements of said
      face portions relative to said base portions.
NUM  16.
PAR  16. A hydrodynamic bearing pad for supporting a relatively movable load
      applying member in low-friction relationship through a lubricating fluid
      medium, said pad comprising a face portion disposed adjacent said movable
      member, means supporting said pad for swinging motion about an axis of
      swinging motion positioned outside said face portion and towards said
      movable member, said swinging motion occurring in response to friction and
      load forces resulting from relative motion between said movable member and
      said face portion of said pad to produce a hydrodynamic lubricant
      wedge-shaped gap between said movable member and said face portion, said
      gap converging in the direction of motion of said movable member.
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ABST
PAL  An annular shoulder on the radial bearing is contacted by the thrust
      bearing raceway radially inwardly from the inside periphery of the thrust
      bearing cage. Either the thrust race or the annular shoulder on the radial
      bearing, or both, may have an integral axial extension with the thrust
      race and the radial bearing interlocking radially inwardly from the inner
      periphery of the thrust bearing cage.
PAL  The bearing is pressed in to the bore of the housing by pushing against the
      thrust race with the force against the thrust race being transmitted by
      way of the annular shoulder to the radial raceway. Thus, it is not
      necessary to push the bearing into the housing bore by pressing against
      the thrust rollers which often results in critical damage to the thrust
      race.
BSUM
PAR  This invention relates to combined radial and thrust bearings. More
      partiuclarly, this invention is a new and novel combined radial and thrust
      bearing which may be easily pushed into a housing bore without any
      critical damage to any part of the bearings such as the thrust race.
PAR  With currently known combined radial and thrust bearings, in installing
      these bearings in a mechanism, the radial bearing race is pushed into the
      housing bore by pressing against the thrust bearing rollers which in turn
      push against a thrust race which pushes against a thrust race back-up wall
      to push the radial bearing race into the housing. This installation force
      often results in permanent indentation of the thrust race by the thrust
      rollers. An example of such a currently used combined radial and thrust
      bearing is shown in U.S. Pat. No. 3,632,178 granted Jan. 4, 1972, to
      Alfred Pitner.
PAR  It is highly desirable to have a combined radial and thrust bearing which
      can be pushed into a housing bore without the possibility of any resulting
      permanent damage to any critical part of the bearing including the thrust
      race. It is also desirable in some cases to manufacture the two sections
      of the combined bearing race as separate pieces because the necessary
      dimensions of the combined bearing cause great difficulties in forming the
      combined race as one integral piece. In addition, sometimes it is
      desireable to have such a combined bearing which can be mounted to the
      housing as separate sections which interact as a single combined radial
      and thrust bearing after installation.
PAR  Briefly described our new combined radial and thrust bearing comprises a
      radial bearing race with an axially extending rolling member radial
      raceway with a substantially radially inwardly extending annular portion
      and a separate thrust bearing race with a radially extending thrust
      raceway with at least a portion thereof in assembled contact with the
      radially extending annular portion of the radial race. The combined
      bearing may be placed in the bore of the housing by pushing against the
      thrust race which in turn pushes against the annular portion. Thus, there
      is no pressure against the thrust rollers and, therefore, no indentation
      in the thrust race due to such pressure.
DRWD
PAR  The invention as well as its many advantages may be further understood by
      reference to the following detailed description and drawings in which:
PAR  FIG. 1 is a partial front view of one preferred embodiment of our new
      combined radial and thrust bearing;
PA1  Fig. 2 is a sectional view taken along lines 2--2 of FIG. 1 and showing the
      bearing of FIG. 1 mounted on a rotatable shaft and in a housing bore;
PAR  FIG. 3 is a view similar to FIG. 2 and taken generally along lines 3--3 of
      FIG. 1;
PAR  FIG. 4 is a view similar to FIG. 3 showing another modification of our
      invention.
PAR  FIG. 5 is a sectional view showing another modification of our invention;
PAR  FIG. 6 is a sectional view of another modification of our invention; and
PAR  FIG. 7 is a sectional view of still another modification of our invention.
DETD
PAR  In describing the various figures, like parts are referred to by like
      numbers.
PAR  Referring to the drawings, and more particularly to FIG. 2 and FIG. 3, our
      new combined radial and thrust bearing is shown in relation to a rotatable
      shaft 10 having a portion 12 of greater diameter. The combined bearing is
      shown mounted within a bore 14 of a housing 16, with the shaft mounted
      within the bore of the bearing.
PAR  The combined radial and thrust bearing has a radial bearing race 17 with an
      axially extending rolling member radial bearing raceway 18. A
      substantially radially extending annular shoulder 20 connects the radial
      bearing raceway to an axial extension 22. The extension 22 has a smaller
      outside diameter than the outside diameter of the radial bearing race 17.
PAR  A radial bearing cage 24 with rolling members 28 is positioned within the
      radial bearing race 17. The structure of the bearing cage and the way it
      is contained by the radial bearing race is not critical to this invention.
      It may be contained axially between the annular shoulder 20 and an
      opposite end flange 26, or it may be radially inward from the shoulder and
      end flange with the roller ends able to contact the race wall. In some
      bearing structures, the radial bearing cage is eliminated.
PAR  A thrust bearing race 31 with a radially extending thrust raceway 30 is
      provided at its inner end with an axially extending inner flange 32.
      Though the thrust race 31 and its inner flange 32 are made up of a
      separate member from the radial bearing race, it is in assembled contact
      with the radial bearing. This may be accomplished by press fitting the
      inner flange 32 of the thrust race 31 on to the outside of the axial
      extension 22 and into contact with the shoulder 20 of the radial bearing
      race 17. If desired, a permanent connection may be made by mechanical
      interlock or by welding or by adhesive bonding or other means for
      permanently attaching the separate thrust race to the radial race.
PAR  A thrust bearing cage 34 containing rolling members such as rollers 36 in
      the pockets 38 of the cage is axially contained by protrusions 40
      extending outwardly from the axially extending flange 32 on thrust race
      31. The thrust bearing cage 34 has axial running clearance but is
      prevented from excessive axial movement or escape by the protrusions 40.
      Of course, any other means for retaining the thrust bearing cage against
      excessive axial movement could be substituted for protrusions 40 such as a
      full rim on the free end of the flange 32 of the race 31 overlapping the
      cage 34.
PAR  Interlocking means are provided to interlock the thrust bearing race flange
      32 and extension 22. A plurality of circumferentially spaced cutouts 42
      (only one shown in FIG. 3 of the drawings) may be formed in the extremity
      of the flange 32. Also, a plurality of protrusions 44 may be formed on the
      extremity of the extension 22 on radial bearing race 17. Each projection
      44 extends into a corresponding slot or cutout 42 holding the thrust race
      32 assembled to the radial bearing race 17.
PAR  A second thrust race 46 is shown in the drawings. However, if desired, the
      second thrust race 46 may not be used, in which case the thrust rollers 36
      will bear directly against the larger diameter portion 12 of the shaft 10
      rather than against the second thrust race 46. If the second thrust race
      46 is utilized, a plurality of circumferentially spaced tabs 48 may be
      formed on the outside flange of the thrust race 46 to hold that thrust
      race assembled to the cage 34.
PAR  In the embodiment shown in FIG. 4, the outwardly extending portion 50
      serves the same function as both the projections 40 and projections 44 of
      the embodiment of FIGS. 1 through 3. The projections 50 of FIG. 4 are long
      enough to extend through the cutouts 52 in the flange 32 on thrust race 31
      and to a point sufficiently far radially to be the by teh thrust bearing
      cage 34 if the cage 34 should start to move axially an excessive distance
      to prevent such excessive movement and possible escape of the cage from
      the race. Thus, the projections 50 serve the functions of helping to
      position the thrust race 31 on the radial bearing race 17 and also of
      maintaining the cage 34 against excessive axial movement. If desired, the
      flanges 32 in FIG. 3 and FIG. 4 may be short extending only to the base of
      the cutouts 42 or 52 as shown, and the projections 44 and 50 may be full
      annular projections to serve the same functions as individual separated
      projections.
PAR  To assemble to a housing, the unitary assembly of our combined radial and
      thrust bearing is placed in the bore 14 of the housing 16 by pressing
      against the inner flange 32 of the thrust race 31. This force is
      transmitted through the shoulder 20. The radial bearing race 17 is moved
      into the bore 14 until the thrust race 31 contacts the housing 16. This is
      done without any pressure directly against the rollers 36 or indirectly
      against the rollers 36 through a thrust race such as thrust race 46. Thus,
      there is no damage done to the thrust raceway 30 while the unitary radial
      and thrust bearing assembly is inserted into the housing 16. After the
      combined radial and thrust bearing is in proper position, the shaft 10 is
      introduced into the bearing and pushed in until the outer diameter portion
      12 hits directly against the rollers 36 (if no thrust raceway 46 is
      included) or against the thrust raceway 46.
PAR  In the embodiments shown in FIG. 5, FIG. 6, and FIG. 7, the thrust bearing
      races do not have inner flanges. Instead, they have outer flanges 60 with
      radially inwardly turned projections 62 to hold the thrust bearing cage in
      the assembly. There could equally well be a second thrust race in each
      Figure. In FIG. 5, the flat raceway section of the thrust race 31 is
      bonded to the annular portion 64 of the radial bearing race 66. At
      assembly to the housing, force is applied to the inner area of the thrust
      race 31 opposite the shoulder.
PAR  In FIG. 6, the axial extension 68 from the annular portion 64 of the radial
      bearing race 66 is doubled back around the inside periphery of the flat
      thrust bearing raceway in a mechanical interlock. This interlock may be a
      full annular projection 70 or may consist of a plurality of individual
      projections from the axial extension. At assembly to the housing, axial
      force may be exerted against the locking projection which transmits the
      force to the raceway which transmits the force to the annular portion of
      the radial bearing race, or the primary installation force may be against
      the thrust raceway radially inward from the thrust bearing cage path.
PAR  In FIG. 7, the thrust race 30 has an inner flange 72 turned in the
      direction away from the thrust rollers and interlocking inside the inner
      periphery of the radially inwardly turned shoulder of the radial bearing
      race. At assembly to a housing, force is exerted against the thrust
      raceway radially inward of the thrust bearing cage and is transmitted to
      the annular shoulder through the flat raceway.
CLMS
STM  We claim:
NUM  1.
PAR  1. A combined radial and thrust bearing comprising: an axially extending
      rolling member radial bearing race having an axially extending raceway and
      a substantially radially inwardly extending annular portion; a radially
      extending rolling member thrust bearing race, an axial extension
      integrally connected to the inner periphery of the thrust bearing race or
      the inner periphery of said annular portion, or both,; a thrust bearing
      cage with rolling members; said thrust bearing cage having a predetermined
      inner periphery; means for retaining the thrust bearing cage against
      excessive axial movement; and radial bearing rolling members, said thrust
      bearing race being separate from and having at least a portion thereof in
      interlocking contact with said radially inwardly extending portion
      radially inwardly of the inner periphery of the thrust bearing cage so
      that force may be applied against the radially inner portion of the
      radially extending thrust bearing race and against the annular portion of
      the radial bearing race to assemble the bearing in a housing.
NUM  2.
PAR  2. A combined radial and thrust bearing in accordance with claim 1 wherein:
      said portion of the thrust bearing race is bonded to said substantially
      radially inwardly extending portion of the radial bearing race.
NUM  3.
PAR  3. A combined radial and thrust bearing in accordance with claim 1 wherein:
      the substantially radially inwardly extending annular portion is an
      annular shoulder; the axial extension is integrally connected to the
      annular shoulder; and at least a part of the circumference of the axial
      extension is provided with a projecting surface doubled back around the
      inside periphery of the thrust race.
NUM  4.
PAR  4. A combined radial and thrust bearing in accordance with claim 1 wherein:
      the axial extension is integrally connected to the thrust race and
      interlocks with the inner periphery of the substantially radially inwardly
      extending annular portion of the radial bearing race.
NUM  5.
PAR  5. A combined radial and thrust bearing in accordance with claim 1 wherein:
      the substantially radially inwardly extending portion is an annular
      shoulder which connects the radial race to an axial extension having a
      smaller outside diameter than the outside diameter of said radial race;
      and the thrust bearing race has an inner axial flange with a portion of
      the radially extending thrust bearing race being in assembled contact with
      the annular shoulder of the radial race and the axial flange being in
      assembled contact with the outside of the radial race axial extension.
NUM  6.
PAR  6. A combined radial and thrust bearing in accordance with claim 5 wherein:
      interlocking means are provided to interlock the thrust bearing race
      flange and the radial race extension.
NUM  7.
PAR  7. A combined radial and thrust bearing in accordance with claim 6 wherein:
      the interlocking means comprises: a plurality of circumferentially spaced
      cutouts formed in the thrust bearing race flange; and a plurality of
      projections on the radial bearing race extension, each adapted to fit into
      a corresponding cutout.
NUM  8.
PAR  8. A combined radial and thrust bearing in accordance with claim 7 wherein
      each projection on the axial extension of the radial bearing race is
      sufficiently long to extend through the cutout and retain the thrust
      bearing cage against excessive axial movement.
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ABST
PAL  This disclosure relates to a full complement bearing and the method of
      forming the same wherein the rollers of the bearing are hollow and are
      installed between the bearing races in a preloaded condition. Further, the
      rollers have the end portions thereof relieved so that only the central
      portion of each roller is cylindrical. Such a roller bearing produces
      highly desirable and unexpected results. First, the runout of the bearing
      is at a minimum. In fact, utilizing lower grade components, a full
      complement hollow roller bearing formed in accordance with this disclosure
      will have the superior minimum runout of a much higher grade bearing
      utilizing solid rollers. In addition, the life expectancy of the full
      complement bearing is much greater than that of like full complement
      bearings having solid rollers.
PARN
PAR  This application is a continuation-in-part of my prior filed copending
      application Ser. No. 39,767, filed May 22, 1970, entitled Roller Bearing
      for Supporting Grinding Wheel with Great Decrease in Runout, and my
      copending application Ser. No. 287,010, filed Sept. 7, 1972, now U.S. Pat.
      No. 3,765,071, and entitled Method of Forming a Roller Bearing of Superior
      Run-out Characteristics, which application is also a continuation-in-part
      of my earlier filed copending application Ser. No. 39,767.
BSUM
PAR  This invention relates in general to new and useful improvements in
      anti-friction bearings, and more particularly to improvements in full
      complement bearings with special emphasis being placed upon anti-friction
      bearings of the type wherein the rolling elements are hollow with the
      utilization of hollow rolling elements providing for an unexpected
      decrease in runout and relatively long operating life.
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known to provide full complement anti-friction bearings. While
      such bearings have many advantages, they also have certain wear
      disadvantages. It is well known that the average load on a bearing is a
      radial load so that a bearing is considered to have a loaded zone between
      the races thereof in the area of load application and an unloaded zone
      diametrically remote from the loaded zone. The loaded and unloaded
      conditions of the bearing result in differential movement of the rolling
      elements relative to the races and produces undesirable wear
      characteristics.
PAR  First of all, in an anti-friction bearing utilizing solid rolling elements,
      the rolling elements must have a diameter slightly less than the radial
      spacing between the two raceways. As a result, when the rolling elements
      pass into the unloaded zone, they have little or no tendency to travel
      circumferentially relative to the relatively fixed one of the two raceways
      in that they are not in driven contact with the relatively rotating
      raceway. Accordingly, the rolling elements are pushed through the unloaded
      zone by the rolling elements disposed within the loaded zone. The net
      result is that the rolling elements are free to slide and do slide between
      the raceways in the unloaded zone and so cause wearing of flats thereon.
PAR  The fact that the rolling elements are not driven in the unloaded zone
      results in a speed up of the circumferential movement of the rolling
      elements as they approach the loading zone and pass therethrough with the
      maximum circumferential movement of the rolling elements. As the rolling
      elements begin to move out of the loading zone, they begin to
      progressively slow down with the result that the rolling elements are
      jammed together in the loaded zone and come into pressure contact with one
      another with the contacting surfaces rotating in opposite directions and
      wearing against one another.
PAR  It is also known that with full complement roller bearings, there is a
      tendency for the rollers to become skewed, that is non-parallel to the
      axis of the bearing, with the result that there is a tendency for the
      rollers to become wedged.
PAR  It is also to be understood that the sliding and rubbing of the rolling
      elements is detrimental to bearing life in that the increase in bearing
      friction results in a rise in temperature.
PAR  In the past, it has been recognized that with respect to anti-friction
      bearings wherein the rolling elements are mounted within a cage so that
      all of the rolling elements travel circumferentially in unison, the cage
      and the rolling elements are driven by those few rolling elements disposed
      in the loaded zone. While the provision of the cage has prevented rubbing
      contact between adjacent rolling elements, a new problem occurs. The
      driving force required to move the cage and roller complement
      circumferentially resists the rolling of the rolling elements through the
      loaded zone with the result that undue slip between the rolling elements
      and the driving raceway occurs. This is particularly true during the start
      up of the rotation of the bearing particularly when high acceleration
      exists.
PAR  This deficiency in caged roller bearings has been recognized in the past,
      and progressive efforts have been made to overcome the slippage between
      the rolling elements and the driving raceway. These include first forming
      a limited number of the rolling elements as cage driving members. For
      example, three of the rolling elements would be of a hollow construction
      with very little load sustaining ability, but of a diameter to be in
      constant pressure contact with the raceways at all times. This arrangement
      has a deficiency in that the load capability of the bearing was materially
      reduced. In a further development which is found in U.S. Pat. No.
      3,410,618 to Tedric A. Harris, et al., granted Nov. 12, 1968, all of the
      rollers were made hollow and preloaded. Such an arrangement greatly
      improved the resistance to skidding.
PAR  However, none of these prior developments in any way suggested how one
      could overcome the deficiencies of full complement bearings.
PAC  SUMMARY OF THE INVENTION
PAR  A principal feature of this invention is the provision of a full complement
      bearing wherein all of the rolling elements thereof are hollow and are
      assembled with associated raceways in a preloaded condition. This
      anti-friction bearing assembly has marked advantages including increased
      load carrying capacity and ability to operate at very high speeds with
      greater efficiency than bearings having cages or separators.
PAR  First, the rolling elements are in pressure contact with the associated
      raceways for 360.degree. around the bearing and are therefore made to roll
      at all times and no sliding can occur. Next, the hollow rolling elements,
      being flexible in nature, space themselves apart when rolling through the
      load zone of the bearing. In doing so, the rollers in the load zone push
      themselves apart as they become flexed to a greater oval shape. This
      spacing occurs during initial operation of the bearing under load. The
      major axis of the ovality is in the circumferential direction of the
      bearing and is generally at the pitch chord of the rolling elements. Thus,
      the rolling elements space themselves apart. As they roll into the
      unloaded area of the bearing the deflection in ovality decreases and the
      space between adjacent rolling elements increases providing space for
      lubricant circulation.
PAR  The flexibility of the hollow rolling elements has another advantage for
      maintaining an oil film between the rolling elements and the raceway.
      There are two conditions which tend to increase the oil film at the
      rolling contact point and this greatly increases the fatigue life of the
      bearing. First, the rolling element now flexed into an oval shape has
      increased its contact area with both of the raceway surfaces. Although
      small, the effect of this greater contact is to reduce the critical
      contact stress and increase surface fatigue life. Secondly, the
      flexibility of the hollow rolling element helps retain an oil film on the
      rolling surfaces. Instead of scouring the oil away, the rolling element
      flexes slightly and rolls over the lubricant film to avoid metal-to-metal
      contact. Although this action will occur in bearings having solid rolling
      elements, particularly at higher speeds, the hollow roller elements
      promote this condition even at low speeds of rotation. The net result is
      an increase in bearing life to 4 to 5 times over that obtained with solid
      rolling elements.
PAR  Next, it has been found that by utilizing hollow rolling elements,
      particularly in the case of rollers, a marked decrease in runout can be
      obtained. It has been found that the runout characteristics of a bearing
      formed in accordance with this invention utilizing components of a
      predetermined grade will have the runout characteristics of a bearing of a
      much higher quality.
PAR  Finally, it has been found that hollow rollers may be advantageously
      utilized in a full complement bearing in a manner so as to eliminate the
      wedging of the rollers when they become skewed. It is to be understood
      that when the hollow rollers are preloaded between the raceways, the
      rollers will have a certain degree of flexibility and as they tend to
      become skewed, when wedging would normally occur, the rollers can flex so
      as to eliminate wedging. This, however, has not been found to be a
      solution to the complete problem. As a result, the end portions of the
      cylindrical rollers have been relieved. Thus, when the rollers are
      preloaded between the raceways, the preloading is primarily in the central
      portion of the rollers with the end portions either being lightly loaded
      or not loaded at all. Thus, when the rollers skew, the relief provides
      clearance which prevents wedging due to bridging. Therefore, it is another
      feature of this invention to provide in a full complement, preloaded
      bearing of the type to which this invention relates, cylindrical rollers
      which have the end portions thereof relieved.
PAR  With the above and other objects in view that will hereinafter appear, the
      nature of the invention will be more clearly understood by reference to
      the following detailed description, the appended claims and the several
      views illustrated in the accompanying drawings:
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PAR  IN THE DRAWINGS:
PAR  FIG. 1 is a fragmentary sectional view taken through a typical bearing
      assembly and mounting for a shaft of a machine component requiring minimum
      runout.
PAR  FIG. 2 is an enlarged fragmentary transverse sectional view taken generally
      along the line 2--2 of FIG. 1 and showing the details of a full complement
      bearing formed in accordance with this invention.
PAR  FIG. 3 is an enlarged fragmentary schematic view showing the roller
      configuration and spacing in the unloaded zone of the bearing.
PAR  FIG. 4 is a view similar to FIG. 3 and shows the roller configuration and
      spacing in the loaded zone of the bearing.
PAR  FIG. 5 is an enlarged fragmentary schematic sectional view of a hollow
      roller in accordance with this invention.
DETD
PAR  Referring now to FIG. 1 in particular, it will be seen that there is
      illustrated schematically a support for a machine component 10 utilizing
      bearings formed in accordance with this invention. The machine component
      10, which may be one of many machine components which require a mounting
      providing a minimum of shaft runout such as grinding wheels, printing
      press components, etc., is illustrated as being carried by a shaft 11
      which, in turn, is rotatably journalled within a support or housing 12 by
      two axially spaced roller bearing assemblies 13. In accordance with this
      invention, the roller bearing assemblies are full complement bearings and
      while the bearing assemblies have been schematically illustrated as having
      a single row of rollers, it is to be understood that the roller bearing
      assemblies may have double or triple rows of rollers. It is also to be
      understood that suitable means may be provided for pressure lubricating
      the bearing assemblies 13 so as to assure a continued supply of lubricant
      at the desired temperature. In addition, while the mounting of the shaft
      11 has been illustrated as a cantilever mounting, it is to be understood
      that it is permissible for the machine component to be mounted
      intermediate the ends of the shaft 11 and that there would be a roller
      bearing assembly 13 on each side of the machine component 10.
PAR  Reference is now made to FIG. 2 wherein one of the roller bearing
      assemblies 13 is illustrated in more detail. The roller bearing assembly
      13 includes an outer race 14 which is seated in the housing 13 and which
      has an inner surface defining an outer raceway 15. In the illustrated
      embodiment of the invention, the outer surface of the shaft 11 defines an
      inner raceway 16. Disposed between the raceways 15 and 16 is a full
      complement of rolling elements 17 which in the preferred embodiment of the
      invention are rollers. More specifically, the rolling elements 17 are
      hollow rollers.
PAC  DISCUSSION OF PRIOR ART PROBLEMS
PAR  It is to be understood that while the raceways 15 and 16 and the outer
      surfaces of the rollers 17 would normally be considered perfectly
      circular, and if the surfaces are gauged by conventional micrometers which
      are readable to a dimension on the order of 0.0001 inch, the gauging will
      so indicate such a cylindrical condition. However, even when the surfaces
      of the raceways 15 and 16 and the rollers 17 are precision ground, these
      surfaces will vary from a perfect roundness and will vary from the preset
      dimension to a certain degree which is measurable by more complex
      measuring instruments. Further, there will be irregularities in the
      various surfaces which although minute will appear as mountains and
      valleys when the surfaces are greatly magnified. Therefore, even if the
      component of a bearing assembly similar to the bearing assembly 13 were
      made with the utmost precision and all of the pieces were hand matched,
      there would be a certain degree of runout if the rollers 17 are solid. On
      the other hand, from a practical standpoint, even if the bearing assembly
      13 is a super precision bearing which is produced in usual commercial
      production, each of the raceways 15 and 16 will have a major diameter and
      a minor diameter. It is to be understood that when the major diameter of
      the raceway 16 is aligned with the minor diameter of the raceway 15, a
      minimal radial spacing between the raceways 15 and 16 will exist.
PAR  In a like manner, when the minor diameter of the inner raceway 16 becomes
      aligned with the major diameter of the raceway 15, a maximum radial
      spacing between the raceways 15 and 16 will exist. Accordingly, assuming
      that there is no diametrial clearance in the bearing and the rollers 17
      are perfectly round, the shaft 11 will gyrate about its true center by the
      difference in radial spacing. This will be the minimum permissive runout
      of the bearing assembly.
PAR  Further, even in super precision bearings there must be a tolerance in the
      roller diameter. As a result, there is a diametrial clearance in all
      roller bearings which are commercially produced, even super precision
      bearings. In view of this, even with super precision bearings there will
      be a shaft runout. For example, in accordance with the AFBMA standards, a
      grade ABEC-9 100 mm bearing has a maximum permissible runout of 0.0001
      inch. Further, needless to say, such a bearing will be very expensive as
      compared to a lesser quality bearing such as a grade ABEC-5 bearing.
PAR  In accordance with this invention, experiments have been carried out with
      rollers having a hollowness varying from 50% to 81%. Hollowness of a
      roller is defined as the diameter of the hole in percentage of the outside
      diameter of the roller. Generally speaking, rollers having 80% hollowness
      are too flexible to carry a useful load although they may be used in
      conjunction with rollers of less hollowness in the same bearing. For
      general bearing usage, the most advantageous range of hollowness is 55% to
      75%. However, rollers for special purpose bearings may have a useful
      hollowness range from 40% to 80%, depending upon the application
      requirements.
PAR  In accordance with this invention, the solid rollers of a standard full
      complement bearing have been replaced by hollow rolls, as shown in FIG. 2,
      having a hollowness varying from 50% to 81%. Further, the diameter of the
      hollow rolls 17 has been selected wherein the diameter is in excess of the
      maximum permissible spacing between the raceways 15,16 and the rollers 17
      have been installed between the raceways 15,16 in a preloaded condition so
      that under all operating conditions of the bearing assembly 13, the outer
      surfaces of the rollers 17 are in pressure contact with the raceways
      15,16.
PAR  Normal circumferential clearance between one roller and the next adjacent
      roller is calculated as equal to the maximum roller deflection plus 0.0005
      inch. The maximum roller deflection is that deflection achieved by the
      most heavily loaded roller. It can be realized that the circumferential
      clearance between rollers will vary as the rollers pass through the loaded
      zone where the roller deflection is greater and clearance minimal and then
      through the unloaded zone where the roller deflection is least and roller
      to roller clearance is increased.
PAR  In addition to other advantages of the flexible rollers, the flexible
      nature of the roller does two things. It automatically spaces the rollers
      so as to maintain a minimum clearance between them, and secondly, it
      induces lubricant into the space between the rollers. It has been observed
      that under actual operating conditions a thin film of lubricant is
      maintained between the rollers even in the loaded zone and thus, the
      rollers never touch each other, thereby eliminating a previous undesirable
      source of friction and wear.
PAR  Reference is now made to FIG. 3 wherein the rollers 17 are illustrated in
      the unloaded zone of the bearing. It is to be noted that the rollers 17
      are slightly deformed, with this deformation being exaggerated, and a
      spacing 18 is maintained between adjacent rollers 17. The rollers 17 are
      thus free to have a lubricant flow in between them.
PAR  The rollers 17 being in pressure contact with the raceways 15,16 for
      360.degree. around the bearings are therefore made to roll at all times
      and no sliding of the rollers can occur. Because the rollers are made to
      roll at all times, the rollers do not push one another through the
      unloaded zone of FIG. 3, and thus are able to maintain the center to
      center relationship of the rollers which exists in the loaded zone of the
      bearing with the spacing 18 between adjacent rollers increasing as the
      rollers pass into the unloaded zone of the bearing due to the resumption
      of a more nearly cylindrical configuration by the rollers.
PAR  As is previously described, with a conventional full complement bearing,
      the rolling elements, as they approach the center of the loaded zone, move
      from a loose condition relative to the raceways in the unloaded zone to a
      gradual increase in pressure contact with the raceways in the loaded zone.
      As a result, the rollers passing into the loaded zone speed up their
      circumferential movement. However, when the rollers leave the loaded zone,
      in a like manner, they slow up their circumferential movement with the
      result that the rollers crowd up and those rollers passing out of the
      loaded zone push one another with the rollers in the unloaded zone being
      no longer driven, but being directly pushed. In accordance with this
      invention, as is shown in FIG. 4, when the rollers 17 enter into the
      loaded zone of the bearing, their flexure increases and the rollers become
      more oval.
PAR  As a result, the circumferential extent of each roller 17 increases and the
      rollers come into substantially touching relation. However, since the
      rollers are constantly driven and there is no pile up of the rollers
      exiting from the loaded zone, an oil film is maintained between adjacent
      rollers at all times and although the clearance 18 between adjacent
      rollers in the loaded zone becomes minimal, it is maintained on the order
      of 0.0005 inch, as indicated above, and no less than 0.000050 inch.
PAR  The relative movement of the rollers with respect to each other while the
      bearing is rotating is defined as roller slip. When the rollers 17 pass
      through the loaded zone of the bearing, the rollers take advantage of the
      roller slip condition to push themselves apart as they become flexed into
      a greater oval shape, as is shown in FIG. 4. The major axis of the ovality
      is in the circumferential direction of the bearing and is at the pitch
      chord of the rollers. Thus, the rollers space themselves apart. As the
      rollers roll towards the unloaded area of the bearing, their deflection
      and ovality decreases and the space 18 between adjacent rollers increases
      so as to provide space for lubricant, as is shown in FIG. 3.
PAR  The flexibility of hollow rollers in a full complement bearing has another
      advantage in maintaining an oil film between the roller and raceway. There
      are two conditions which tend to increase the oil film at the rolling
      contact point and this greatly increases the fatigue life of the bearing.
      First, the roller now flexed into an oval shape has increased its contact
      area with both the inner and outer raceway surfaces 15,16. Although small,
      the effect of this greater contact is to reduce the critical contact
      stress and increase the surface fatigue life. Secondly, the flexibility of
      the hollow roller helps retain an oil film on the rolling surfaces.
      Instead of scouring the oil away, the roller flexes slightly and rolls
      over the lubricant film to avoid metal-to-metal contact. Although this
      occurs in solid roller bearings, especially at higher speeds, the hollow
      rollers promote this condition even at low speeds of rotation.
PAR  Because of the foregoing factors, the preloaded hollow roller bearing will
      operate very satisfactorily without a cage or separator between the
      rollers. The use of a full complement of hollow rollers in a preloaded
      assembly does not in any way reduce the operating life of the bearing. In
      most instances, the hollow roller bearing shows superior characteristics
      over the solid roller bearing with respect to trueness of rotation,
      coolness of operation, and length of fatigue life.
PAR  The specific advantages of the above described hollow roller bearing can be
      best defined by relating a typical hollow roller bearing to a typical
      solid roller bearing with reference to the AFBMA standards. While in many
      fields there are but superficial standards, the bearing manufacturers,
      particularly in the United States, have adopted a set of standards by
      which bearings are identified and through which bearings of different
      manufacturers are readily interchangeable in any known manner. These
      standards have been developed by the Anti-Friction Bearing Manufacturers'
      Association, Inc. and are known as the AFBMA standards. Basically, these
      standards are fixed. However, minor revisions are made from time to time
      where the requirements are made more stringent.
PAR  These AFBMA standards are more specifically identified in my aforementioned
      copending application Ser. No. 287,010.
PAR  In accordance with the AFBMA standards, bearings are classified as to their
      accuracy by the tolerance range to which the parts, i.e., inner and outer
      race, are manufactured. Tolerance ranges are given in four classes:
PA1  Abec-1 has largest tolerance, least accuracy
PA1  Abec-5 less tolerance than 1
PA1  Abec-7 closer tolerance than 5
PA1  Abec-9 has least tolerance, greater accuracy
PAR  Considering a 100 mm bearing with reference to the AFBMA standards:
PAR  A grade ABEC-5 inner race has a bore tolerance of +0; -0.0003 inch and a
      maximum allowed runout between outside and inside surface of 0.00025 inch.
PAR  A grade ABEC-5 outer race has an outside diameter tolerance of +0; -0.0003
      inch and a maximum permissible radial runout of 0.0004 inch.
PAR  A roller bearing assembled to ABEC-5 tolerances cannot be expected to have
      a radial runout better than 0.0004 inch assuming one of the races is
      stationary. Also, when such a bearing is provided with solid rollers and
      has the normal running clearance of 0.001 inch, which must be added to
      this minimum runout of 0.0004 inch, the normal runout of a grade ABEC-5
      bearing is 0.0014 inch.
PAR  However, when a bearing in accordance with this invention is formed and
      whose races are manufactured to the same above ABEC-5 tolerances, it will
      have much less runout. The hollow roller bearing has two excellent
      advantages over the conventional solid roller bearing.
PAR  First, the hollow roller bearing is preloaded; that is the rollers have an
      interference fit between outer and inner races and retain this preload
      under all operating conditions. In view of this, immediately the 0.001
      inch running clearance required by solid roller bearings is eliminated.
      This, of course, is also an expected result of the bearing disclosed in
      the aforementioned patent to Harris, et al., U.S. Pat. No. 3,410,618.
PAR  The discovered and distinct advantage of the hollow roller bearing over its
      solid roller counterpart is the ability of the rollers to flex while
      rotating and absorb the out-of-round condition of the rotating raceway,
      which raceway is normally the inner race. Thus, an inner race having a
      radial runout of 0.00025 inch (ABEC-5 tolerance) shows that at most only
      one half (0.00012 inch) deviation as the rollers will absorb at least half
      and often better of the runout. In actual practice, it has been found that
      the runout is reduced to 1/4 or 1/5 that normally expected by the
      manufacturing tolerances used with reference to ABEC-5 grade components.
      Bearings in accordance with this invention have been made wherein the
      races are ground to 0.0004 inch tolerance and yet the shaft runout of the
      assembled bearing was only 0.00002 inch total indicator reading for a
      shaft deviation of only 10 millionths (0.000010).
PAR  In accordance with the AFBMA standards, a grade ABEC-9 100 mm bearing has a
      maximum permissible runout of 0.0001 inch. Bearings formed in accordance
      with this invention utilizing all ABEC-5 grade bearing components will
      provide equal or less runout than the allowable runout for an ABEC-9
      bearing, usually 0.000050 radial deviation.
PAR  In view of the foregoing, it will be readily apparent that even when one
      takes into consideration the elimination of the radial clearance required
      in a roller bearing utilizing solid rollers, as would occur when one
      utilized hollow rollers in a preloaded condition, the results are
      unexpected. That is, the results are better than that which would be
      expected when one calculates the minimum possible runout.
PAR  There has also been found that when a roller bearing is provided with
      hollow rollers it is not necessary that the rollers be manufactured to the
      precision required with respect to normal solid rollers. The surface
      finish of a hollow roller may be as much as five to six points higher on
      the microscale above the surface finish of a normal solid roller.
PAR  It has also been found that with the proper utilization of a hollow roller,
      the shaft runout may be reduced to between 1/5 to 1/10 of a super
      precision roller bearing utilizing the same precision in the manufacture
      of the bearing components. At the same time, the life expectancy of the
      bearing may be increased on the order of 5 to 6 times.
PAR  Reference is now made to FIG. 5 wherein the configuration of a typical
      roller 17 formed in accordance with this invention is illustrated. The
      roller 17 is initially ground as a cylindrical roller having a length not
      exceeding four times its diameter and preferably on the order of twice its
      diameter. Thereafter, the end portions of the roller 17 are relieved as at
      20 in any suitable manner. The axial extent of the relieved portions 20
      will be on the order of 15%.
PAR  It is to be understood that when a roller 17, as constructed in the manner
      shown in FIG. 5, is preloaded between the raceways 15,16, only the central
      portion of the roller will be heavily flexed. The relieved end portions 20
      may be out of contact with the raceways or may have only light engagement
      therewith. Thus, in the event the rollers 17 should skew, while the end
      portions of normal rollers would wedge with the central portion of the
      rollers bridging on the inner raceway 16, the clearance provided by the
      relieved end portions 20 will substantially eliminate wedging.
PAR  A further feature of the relieved end portions 20 is that principal flexing
      will occur in the central portion of the roller 17 and the end portions 20
      will only be lightly flexed. Inasmuch as cracking normally begins at the
      extreme ends of the rollers, it will be seen that since the end portions
      20 are only lightly flexed as compared to the central portion of a roller,
      the end portions do not fail due to flexing fatigue and thus cracking is
      not initiated. Thus, roller life is greatly increased.
PAR  It has been found that when the preloading is excessive, even though the
      rollers 17 do have the relieved end portions 20, the slight relief
      utilized will not prevent skewing. Therefore, it is to be understood that
      the amount of relief of the rollers is in accordance with the amount of
      preloading which may be utilized and this, in turn, is also dependent upon
      the degree of hollowness of the rollers.
PAR  No attempt will be made here to specifically indicate respective ranges of
      preloading, hollowness, roller diameter to shaft ratios, etc. It is to be
      understood, however, that the preloading of the rollers should always be
      such as to provide for a free load roller flexure at least equal to the
      maximum variation in roller diameter. In addition, the total allowable
      flexure of the roller must be at least as great as the preload flexure
      plus the variation in radial spacing between the raceways. In addition,
      consideration should be given to the flexure of the roller which will
      occur due to operating loads placed thereon. It will be readily apparent
      that roller hollowness will be a mere question of bearing engineering
      design which requires no further discussion here.
PAR  It is also to be understood that while in the example bearing illustrated
      in FIG. 2 the surface of the shaft 11 forms the inner raceway, a separate
      inner ring or race member may be provided which would be positioned on a
      shaft and the outer surface of such ring or race member would define the
      inner raceway of the bearing.
PAR  Although only a preferred embodiment of the invention has been specifically
      illustrated and described herein, it is to be understood that the
      invention may be equally applied to all shaft installations wherein runout
      is a critical factor. In addition, although only a roller with a constant
      diameter bore and a constant diameter outer surface has been illustrated,
      it is to be understood that it is feasible for one to use other roller
      configurations without departing from the spirit and scope of the
      invention, as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A full complement bearing comprising inner and outer race members and
      rollers positioned between said race members for individual relative
      movement; each of said rollers being circumferentially continuous, having
      a cylindrical central portion prior to being positioned between said race
      members, being hollow and preloaded between said race members so as to be
      in pressure contact with each of said race members at all times, and at
      least the initially cylindrical central portion having a degree of
      ovality.
NUM  2.
PAR  2. The bearing of claim 1 wherein the hollowness of said rollers range from
      40% to 80% as expressed in the relation of hole diameter to external
      diameter.
NUM  3.
PAR  3. The bearing of claim 1 wherein in use said bearing has a loading zone
      wherein a radial load is primarily transferred from one of said races to
      the other of said races through said rollers, and wherein in said loading
      zone said rollers are spaced apart during the operation of said bearing
      notwithstanding an increase in the ovality thereof.
NUM  4.
PAR  4. The bearing of claim 1 wherein each of said rollers has relieved end
      portions and the ratio of roller diameter to length is on the order of 1
      to 4 and less.
NUM  5.
PAR  5. The bearing of claim 1 wherein each of said rollers has relieved end
      portions and the axial extent of each bearing end portion is on the order
      of 15%.
NUM  6.
PAR  6. The bearing of claim 1 wherein the minimum spacing between roller
      centers is equal to the maximum ovality of a roller plus 0.000050 inch.
NUM  7.
PAR  7. A method of eliminating roller scuff in a full complement bearing of the
      type including inner and outer race members and rollers spacing and
      mounting said race members for relative rotation; said method residing in
      making said rollers circumferentially continuous, having a central portion
      cylindrical prior to installation between said race members, hollow, and
      of a diameter greater than the maximum spacing between said race members
      with said rollers remaining in pressure contact with said races at all
      times and are constantly driven.
NUM  8.
PAR  8. A method of operating a full complement roller bearing of the type
      including inner and outer race members separated by rollers in a manner to
      obtain optimum results, said method comprising the steps of forming said
      rollers of a hollow and circumferentially continuous construction and
      having at least a cylindrical central portion of a diameter greater than
      the maximum spacing between said race members, installing the rollers
      between the race members in preloaded radially stressed oval conditions,
      said bearing having a loading zone wherein radial forces on said rollers
      are a maximum rotating one of said race members relative to the other of
      said race members and thereby continuously driving all of said rollers and
      gradually radially flattening said rollers to an increased ovality as said
      rollers enter into said loading zone with the spacing between adjacent
      rollers slightly decreasing, and then gradually expanding said rollers to
      a decreased ovality as said rollers pass out of said loading zone to
      slightly increase the spacing between adjacent rollers and thus define
      lubricant receiving spaces therebetween to assure the existence of
      sufficient lubricant between adjacent rollers in said loading zone.
NUM  9.
PAR  9. The discovery of a method of forming a full complement roller bearing of
      superior runout characteristics utilizing bearing components of an
      inferior dimension control, comprising in conjunction with an acceptable
      standard of grading bearings and bearing components wherein the quality of
      bearings and bearing components are graded in a predetermined sequence,
      the steps of selecting companion bearing races of known inferior grade in
      accordance with said standard, selecting circumferentially continuous
      hollow rollers of a known grade in accordance with said standard and
      having at least a cylindrical central portion of a diameter greater than
      the maximum spacing between said races, assembling a full complement of
      said rollers in a preloaded condition between said races for obtaining a
      full complement bearing having the runout characteristics of a bearing of
      a grade in accordance with said standard superior than that expected from
      a bearing utilizing races of said known inferior grade and rollers of said
      known grade without clearance between each roller and said races.
NUM  10.
PAR  10. The discovered method of claim 9 wherein the runout of said bearing is
      less than the permissible runout for one only of said races according to
      the standard of the grade of the selected race.
NUM  11.
PAR  11. The discovered method of claim 9 wherein said acceptable standards are
      the known AFBMA standards and the grades thereof are numerical grades with
      grade 1 bearings and components having largest tolerance and least
      accuracy and grade 9 bearings and components having least tolerance and
      greatest accuracy.
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ABST
PAL  A bearing for vertical axles particular for use in goniometers comprises a
      non-displaceable member of an instrument on which a movable member is
      seated by means of a ball bearing. One of the two members possesses a
      cylindrical bush and the other one is provided with a journal projecting
      into said bush. The cylindrical region of the bush and of the journal is
      divided into three sections, which are sequentially arranged and in which
      the bush and the journal differ in their diameters. The difference of the
      diameters is larger in the second and smaller in the third section, if
      compared to the first section. The relation of the differences of
      diameters between the journal and the bush in the third section to the
      length of the third section is equal to or greater than the relation of
      the differences of diameters in the first section to the entire length of
      the cylindrical region.
BSUM
PAR  The invention relates to a bearing for a vertical axle particularly for
      goniometers in which a movable member of an instrument is seated for
      rotation by means of a ball bearing on a non-displaceable member of said
      instrument and in which a cylindrical journal is connected with said
      movable member of said instrument, and a cylindrical bush, which guides
      the journal, is connected with said non-displaceable member.
PAR  In conventional bearings in theodolites for vertical axles most commonly
      the journal is secured to the rotatable alidade and the bush to the
      limbus.
PAR  On an upper part of the bush the alidade is seated on balls which are
      simultaneously and substantially responsible for the centering of the
      vertical axis.
PAR  Each of the balls are supported on three points, one on the journal, one on
      a slope of the bush and the third on the bottom face of the alidade.
PAR  The lower end of the bush is provided with a cylindrical neck intended to
      guide the vertical axle, else there is no contact between the axle and the
      bush, due to a reduction of the axle and the bush, respectively.
PAR  In all previous theodolites, having such a vertical axle, the reduction is
      so severe, owing to production techniques, that in the case of lateral
      displacements of the alidade, as a result of tolerances between the
      journal and the reduced portions, the journal does not contact the bush
      except in the reduced portion. In consequence thereof the journal moves
      out of the bush, by effect of the balls which roll on the slope, and
      uncontrollably jams in the reduced portion. This, in turn, is the cause of
      angular measuring errors, which in the case of high precision theodolites
      are considerable. The jamming of the journal depends on the
      displaceability of the alidade, which is substantially defined by the
      difference of diameters of the bush and the journal at the free end
      portion of the journal, as well as by the length of the portion of
      smallest difference of diameters, parallel to the geometrical axis of the
      journal.
PAR  It is an object of the invention to obviate the aforementioned
      disadvantages.
PAR  It is a further object to provide a bearing for a vertical axle which
      eliminates the jamming of the journal in the bottle necked portion of a
      bush, and thus uncontrolled errors in measuring operations.
PAR  Accordingly, the invention is concerned with a bearing for a vertical axle
      in goniometers, in which a movable member of an instrument is seated for
      rotation by means of a ball bearing in a non-displaceable member of said
      instrument and in which a cylindrical journal is connected with said
      movable member of said instrument, and a cylindrical bush, for receiving
      said journal, with the other element of the instrument. The bush is
      provided with a slope in the vicinity of the movable element, for fitting
      a ball bearing thereinto, said ball bearing surrounds said journal and
      contacts the journal, the bush and the member of the instrument, to which
      the journal is secured. The cylindrical region, which the journal and the
      bush have in common is divided into three sections of different diameters,
      which starting from the ball bearing, are sequentially arranged and in
      which the second section has a difference of diameter between the journal
      and the bush which is wider than that of the first section and the third
      section has a difference of diameter between the journal and the bush
      which is smaller than that of the first section, characterized in that the
      relation of the differences of the diameters to the length of the third
      section equals or is greater than the relation of the differences of
      diameters in the first section to the length of the common cylindrical
      range. If, for example, the diameters of journal and bush differ from each
      other by 1.0 .mu.m in the third section at a length of 10 mm and if the
      common cylindrical portion of journal and bush has a length of 60 mm, then
      the difference of diameters of the journal and the bush in the first
      section must be .ltoreq.6 .mu.m in order to eliminate jamming.
PAR  Due to the selected differences of diameters in the vicinity of the ball
      bearing the alidade with the journal may be displaced; however, the
      displacement is so great that it either falls short of or transgresses the
      difference of diameters at the free end of the bearing of the axle so that
      any lateral displacement of the alidade on the balls and thus a jamming of
      the journal in the bush are eliminated. If in the course of a measurement
      the force which causes the displacement is not operative, the journal
      self-adjusts into a central position relative to the bush.
PAR  Thus uncontrollable errors in taking angular measurements are avoided.
PAR  Advantageously an extension line of the slope of the bush and the extension
      of a connection line of the contact points of a ball with the journal and
      with the portion to which the journal is secured, have a common
      intersection point on the geometrical axis of the journal.
PAR  Thus the rolling friction between the balls on the one hand and the parts
      of the instrument in contact therewith on the other, is improved. If, for
      example, the journal has a diameter of 17 mm, the inclination of the slope
      relative to the geometrical axis of the journal will amount to
      54.degree.28' at a ball diameter of 2.5 mm.
PAR  In order that the invention may be more readily understood reference is
      made to the accompanying drawing which illustrates diagrammatically and by
      way of example one embodiment thereof and in which the FIGURE shows a
      schematical cross-sectional view of the device.
PAR  A bush 1 is secured to a non-displaceable part of an instrument 2 (limbus),
      which in turn carries a divided circle 3.
PAR  The bush 1 is provided with a guide portion 4 at its lower part, and a
      slope 5 at its upper part, which is adapted to receive a ball bearing 6 on
      which a movable part of said instrument (alidade) 7 is seated with a
      journal 8 in such a manner that the movable part 7 as well as the journal
      8 are in contact with the ball bearing 6 at points A and B, respectively,
      and that the journal extends into the bush 1, and that the bush 1, the
      journal 8 and the ball bearing 6 have an axis L--L substantially in
      common, which is at the same time an axis of rotation of the movable part
      7.
PAR  As can be seen from the dashed lines in the drawing, the extension of the
      secants, defined by the points A and B and of the slope 5 intersect each
      other in a point C on the axis L--L.
PAR  The bush 1 has a recess 9, and in the vicinity of the ball bearing 6, a
      fitting area 10, between the guide area 4 and the slope 5.
PAR  The fitting area 10, the recess 9 and the guide area 4 make up the three
      sections of the cylindrical area which the bush 1 and the journal 8 have
      in common.
PAR  The sum of their widths parallel to the axis L--L equals the width of the
      common cylindrical region. The recess 9 is longer than the fitting area 10
      and the guide area 4.
PAR  Adjacently to the divided circle 3 and diametrically to the axis L--L two
      windows 11, 12 are located in the movable part 7, for passage of the path
      of rays which image the respective division sections into a display unit
      (not shown).
PAR  The ball-bearing 5 ensures a stable seating of the instrument part 7,
      whereas the guide areas 4 in cooperation with the journal 8 furnish a
      precise centering and guidance of the instrument part 7. If there were no
      fitting area 10, the recess 9 would extend to the slope 5, and the upper
      end portion of the journal 8 integral with the part 7 of the instrument
      would be considerably more displaced in the direction of and due to a
      force at right angles to the axis L--L, in the course of operation, than
      the lower end portion, because the difference of the diameters between the
      journal 8 and the recess 9 is, in the sense of an easy production,
      considerably larger than between the journal 8 and the guide area 4.
PAR  In consequence thereof the part 7 integral with the ball bearing 6 moves on
      the slope 5 until the circular edge is arrested at the free end portion of
      the guide area 4.
PAR  A further increase of the pressure would even urge the edge into the guide
      area 4 and jam it.
PAR  The same or a reduced proportion of the difference of diameters of the
      journal 8 and the bush 1 relative to the width of the common cylindrical
      range at the upper portion of the fitting area 10, to the relation of the
      difference of diameters to the width at the fitting area 4 generally
      eliminates a jamming.
PAR  The fitting area 10 eliminates any displacement or inclination of the part
      7 and thus of the journal 8, other than permitted by the difference of
      diameters of the journal 8 and the guide area 4. Thus the journal 8 sets
      up coaxially to the axis L--L when the lateral force ceases.
PAR  The invention is not restricted to the above described embodiment.
PAR  It is feasible, for example, to provide the bush at the movable part of the
      instrument and the journal at the non-displaceable part.
PAR  Furthermore, the guide area 4, the recess 9, in this case, however, as a
      collar portion, and the fitting area 10 can be provided at the journal,
      whereas the bush 1 has a plane internal surface. And finally, it is
      feasible to have the fitting area, the guide area and the recess (collar)
      partially at the journal and partially on the bush.
CLMS
STM  We claim:
NUM  1.
PAR  1. A bearing for vertical axle, particularly for goniometers comprising
PA1  a non-displaceable member of an instrument,
PA1  a bush being provided on said non-displaceable member,
PA1  a movable member of an instrument,
PA1  a cylindrical journal being rigidly connected to said movable member,
PA2  said bush being cylindrically and having a conical extension on its end
      portion adjacent to said movable member of said instrument,
PAL  and a ball-bearing, surrounding said journal and being located in said
      conical extension, being in contact with said movable member, said
      journal, and said conical extension, said journal and said bush having a
      cylindrical region in common, said region being subdivided into three
      subsequent sections of different diameters, the first of said sections
      being located nearest relative to said ball bearing, and the third of said
      sections being remotely located from said ball bearing, said second
      section being longer than said first and said third section, said journal
      and said bush having a diameter difference in the second section which is
      greater than that of the first section, the diameter difference in said
      third section being smaller than that of the first section, the
      differences of diameters between said journal and said bush in said third
      section related to the length of said third section being at least equal
      to the relation of the difference of diameter in said first section to the
      length of the common cylindrical region.
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ABST
PAL  A bearing lock is provided which can be inserted, tightened, and removed
      from the exterior of a rotating machine without disassembly of the end
      bell of the machine. Positive guiding means insure that the locking
      portion will only engage a bearing outer race. A portion of the bearing
      lock comprises a lever which turns about a housing portion fulcrum as a
      tightening means is torqued. As the locking member is displaced, an
      angular extension of the lock is drawn into engagement with the outer race
      and transmits an axially directed force thereon. When secured in operating
      position, the body of the lock has minimal axial projection thereby
      avoiding interference with adjacent structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to bearing lock construction and, more particularly,
      to an improved bearing lock for confining a bearing within the end bell of
      a dynamoelectric machine.
PAR  2. Description of the Prior Art
PAR  In the usual construction of dynamoelectric machines a rotor is secured to
      a shaft which is journalled for rotation within an annular stator. To
      properly locate the rotor with respect to the stator, the rotating shaft
      must be substantially free from radial movement so that a uniform air gap
      is maintained. In most machines the air gas is very small; therefore, the
      shaft must be supported by means which will maintain close tolerances.
PAR  It has been customary to obtain proper shaft position and close tolerances
      by the use of "anti-friction" bearings of a type such as a ball bearing
      which has an inner race, an outer race, and rolling elements therebetween.
      One such bearing, which carries the thrust load, is mounted in fixed
      position whereby the bearing inner race is fastened axially on the shaft
      and the outer race is held axially in the housing. The opposite bearing is
      fastened axially to the shaft but "floats" in the housing. To assure
      proper movement, the rotating inner race must have an interference fit on
      the shaft while the stationary part has a sliding fit with the housing.
      Normally, electric motors have a revolving shaft upon which the bearings
      are "pressed" in an interference fit, while the housing fit is loose
      enough to allow the bearings to be assembled in operating position.
PAR  After the thrust load bearing is assembled in operating position, the outer
      race of the bearing must be secured within its seat in the end bell of the
      machine housing. Otherwise, the outer race of the bearing will slip and
      vibrate within its seat as the shaft rotates. This action generates
      frictional heat or "fretting" corrosion and results in excessive wear of
      the bearing assembly. In addition, undesirable axial displacement or "end
      play" of the shaft is prevented when the outer race of the bearing is
      properly secured in its seat.
PAR  Various locking devices are presently employed to confine the bearing
      assembly within its seat in the machine end bell structure, including end
      brackets, clamping plates, lock washers and lock nuts, snap rings, stakes,
      pivotal latching members, and L-shaped locking dogs, all of which must be
      assembled and tightened prior to installation of the shaft within the end
      bell. These devices have, in general, proved to be satisfactory in those
      machines in which preassembly is possible. However, some machines have a
      structure such as a ventilation fan pressed upon the shaft and lying
      adjacent to the bearing assembly which prevents preassembly of the locking
      device. In such machines there is not enough axial clearance between the
      structure and the end bell to insert, position, and tighten prior art
      fastening devices against the outer race of the bearing prior to the final
      assembly.
PAR  One existing design which overcomes this problem in part has been suggested
      by Wulfert U.S. Pat. No. 3,147,050 in which a threaded bearing holding
      means, disposed in an extended hub portion within which a bearing is
      seated, engages an outer bearing race along an inclined axis and is
      accessible through an opening in the housing, thus permitting tightening
      of the bearing after final assembly of the machine. Since the bearing
      locking means is carried within a threaded recess of the extended hub
      portion, the problem of external insertion of a fastening means through an
      opening of limited clearance is avoided. However, depending upon the
      configuration of adjacent structure (such as a fan), it may not be
      possible to engage the threaded bearing holding means as taught by
      Wulfert. Furthermore, even assuming that such bearing holding means could
      be engaged and tightened externally, a radial load would be imposed upon
      the bearing assembly since the bearing holding means is inclined along an
      acute angle with respect to the shaft axis. This additional radial loading
      disturbs the preload stability of the bearing assembly, thus decreasing
      bearing life.
PAR  The Irvin U.S. Pat. No. 2,891,829, assigned to the assignee of the present
      invention, overcomes the objections to Wulfert's device. The locking
      device taught by Irvin comprises an L-shaped member which is disposed
      within an end bell portion and is positively guided and retained in
      bearing locking position. It has minimal projection behind the bearing
      assembly, thus allowing a structure such as the rotor or fan to be located
      very close to the bearing assembly without interference. As the locking
      nut on the threaded end of the L-shaped locking member is torqued, a tang
      on its opposite end imparts an axially directed force against an outer
      bearing race, thus holding it securely within its seat without imposing
      radial loading. The L-shaped locking member, which is carried within the
      end bell portion, is fixed in a non-interfering position prior to assembly
      and can be operated from the exterior side of the end bell after the
      bearing is positioned within its seat. The principal disadvantage of the
      locking device of Irvin is that, although guiding means are provided, it
      is possible to draw the locking member against the end bell instead of the
      outer race of the bearing. This condition has been found to occur when the
      locking member is torqued and vaulted over a first stop and is
      subsequently rotated away from the bearing race until it engages a second
      stop, thereby completely overlying an end bell portion instead of the
      outer race of the bearing. Such a condition would remain undetected since
      the locking operation is not visible from the exterior of the machine. A
      second disadvantage of the locking device of Irvin is that it can only be
      installed or removed when the end bell is disassembled from the machine;
      that is, it cannot be inserted into or withdrawn from the end bell after
      the machine has been completely assembled. The usual procedures of
      testing, disassembly, repair or adjustment, and reassembly of the machine
      could obviously be performed more easily and rapidly if the locking means
      could be inserted, positioned, and secured from the machine exterior after
      final assembly and testing.
PAR  It is, therefore, desirable to provide a simple bearing confining means
      which can be inserted or removed from the exterior of the machine without
      requiring disassembly of the end bell. Such locking means should have
      minimal axial projection so as to avoid interference with adjacent
      structure. Furthermore, the locking means should not impose radial loading
      upon the bearing assembly or disturb the radial preloading of the bearing
      assembly in any way. Finally, positive guiding means should be provided to
      insure that the locking means will only engage the bearing outer race. The
      invention described herein accomplishes these desired objects.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention discloses an improved locking device for confining a
      bearing within an end bell of a rotating dynamoelectric machine, such as
      an electric motor. The locking device may be inserted and tightened or
      removed from the exterior of the machine without disassembly of the end
      bell. Positive guiding means assure that the locking portion of the device
      will only engage an outer race portion of the bearing. The locking portion
      directs an axial force upon the outer race thereby avoiding radial loading
      of the bearing assembly. The body of the locking device has minimal axial
      projection which permits close assembly of other structure.
PAR  These improvements are realized in a bearing locking device whose structure
      includes an elongated nut having a tang or angular extension for engaging
      a bearing race and a tapped receptacle for engaging a threaded tightening
      means. The structure is formed with a rounded upper portion, a rectangular
      lower portion, and parallel sides. The profile thus formed prescribes a
      singular method for insertion of the locking device into a conforming
      recess of an end bell portion. The exterior face of the conforming recess,
      while admitting the body of the nut and its angular extension, serves as a
      stop and torquing platform for an upper portion of the threaded tightening
      means. The exterior face of the conforming recess comprises a ramp which
      is inclined in such a manner that, as the tightening means is torqued, the
      nut is drawn in sliding contact with the rounded upper surface of the
      conforming recess while its angular extension is drawn into engagement
      with an outer race of the bearing assembly. Further application of torque
      to the tightening means produces a force against the ramp and the rounded
      upper portion of the nut; the force applied to the body of the nut is
      transmitted to the bearing race through the lever-fulcrum combination
      established by the junction of the body of the nut with the rounded upper
      surface of the conforming recess. The lock may be disengaged and removed
      from the end bell simply by loosening the tightening means, rotating the
      body of the nut until its rounded upper portion lies flush within the
      conforming recess, and withdrawing the locking assembly from the
      conforming recess.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view, partly in section, of a dynamoelectric
      machine in which the present invention has been incorporated;
PAR  FIG. 2 is a sectional view on line II--II of FIG. 1;
PAR  FIG. 3 is a view on line III--III of FIG. 4 showing the present invention
      in profile;
PAR  FIG. 4 is a side elevational view of the present invention; and
PAR  FIG. 5 is a sectional view on line V--V of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Throughout the description which follows, like reference characters refer
      to like elements on all Figures of the drawings.
PAR  Referring now to the drawings, there is shown in FIG. 1 a dynamoelectric
      machine 10 having a rotor 12 mounted on a shaft 14. The rotor 12 is shown
      as being of the squirrel cage type including a plurality of laminations in
      which squirrel cage bars (not shown) are positioned in suitable slots and
      are connected by end rings 16. The machine 10 has the usual cylindrical
      stator frame 18 in which is supported a laminated stator core 20 of any
      suitable, or usual, construction. Suitable stator windings 22 are placed
      in slots in the core 20 in the usual manner. An end bell 24 is secured to
      the stator frame 18 in any desired manner, as for example, by through
      bolts 26 as shown in FIG. 1. The rotor shaft 14 is supported for rotation
      in the end bell 24 by a ball bearing 28 having an inner race 30 pressed on
      the shaft 14 and an outer race 32. The inner side of the end bell 24 has a
      central hub 34 provided with a central bearing seat 36. The bearing 28 is
      held in the bearing seat 36 in a manner to be hereinafter described. A fan
      15 is also pressed on shaft 14 and lies adjacent to ball bearing 28. A
      dust cap 38 is provided on the outside of the end bell 24 to cover the
      shaft receiving opening.
PAR  The present invention provides a unique construction for confining the
      bearing 28 in the bearing seat 36. Two lock receiving slots 40, preferably
      die cast, are provided in the end bell 24 through the hub 34 just outside
      the bearing seat 36. The slots 40 extend axially from the inner side to
      the outer side of the end bell 24 and are displaced 180.degree. from each
      other as shown in FIG. 5. The outer portion of the end bell 24, as shown
      in FIGS. 1 and 2, defines the lock receiving slot exterior opening 40 and
      is formed into a ramp surface 64. Shown in assembled position is a locking
      assembly 50, one portion of which is a tang 52 which engages the outer
      race 32 in surface-to-surface contact. The ramp surface 64 is inclined
      along a plane 51 in a predetermined angle .alpha. with respect to the
      plane 53 defined by the union of the tang 52 with the outer race 32. The
      tang 52, an extension of a nut 54, is inclined in a predetermined angle
      .theta. with respect to the axis 55 the nut 54 such that it is disposed
      for surface-to-surface contact with the bearing race 32 as a shoulder
      portion of the nut 54 is brought into line-to-line sliding contact with
      the lock receiving slot 40. To insure that only an axial force is directed
      upon the outer race 32 by the tang 52, the sum of the angle of inclination
      .theta. of the tang 52 and the angle of inclination .alpha. of the ramp
      surface 64 should equal 90.degree..
PAR  A threaded portion of a tightening bolt 60 is shown in threaded engagement
      with the nut 54. A torque receiving portion 62 of the tightening bolt 60
      is shown in surface-to-surface contact with the ramp surface 64. As shown
      in FIGS. 2 and 3, the diameter of the torque receiving portion 62 of the
      tightening bolt 60 is larger than the width of the lock receiving slot 40
      but is slightly smaller than the width of the ramp surface 64.
PAR  Upon rotation of the tightening bolt 60, the lever 54 of the locking
      assembly 50 is drawn into line-to-line contact with an upper portion 42 of
      the lock receiving slot 40 as the tang is drawn into surface-to-surface
      contact with the outer race 32. Further application of torque to the
      torque receiving portions 62 of the tightening bolt 60 produces a force
      against the ramp surface 64 and the nut 54. This force is transmitted to
      the outer race 32 of bearing 28 through tang 52 by means of the
      lever-fulcrum combination established by the junction of the rounded
      shoulder portion of the nut 54 and the upper portion 42 of the lock
      receiving slot 40. When the bolt 60 is tightened, ball bearing 28 is held
      firmly in position.
PAR  Referring now to FIGS. 3 and 4, the construction of locking assembly 50 is
      illustrated. The nut 54 of the locking member 50 has a centrally disposed,
      tapped recess for receiving the tightening bolt 60. The upper portion of
      the nut 54 is rounded in profile and is adapted for sliding engagement
      with the conforming upper portion 42 of lock receiving slot 40. The lower
      portion of the nut 54 is rectangular in profile and is joined with the
      tang 52 which is an angular extension of the rectangular lower portion of
      the nut 54. The lower portion 44 of the lock receiving slot 40 is also
      rectangular in profile and is adapted for sliding contact with the tang 52
      as it is inserted therein.
PAR  Because the lock receiving slot 40 is not symmetrical about both of its
      principal centerlines, the locking assembly 50 can be inserted in only one
      manner; that is, the locking assembly 50 can only be inserted when the
      rounded surface of the nut 54 is aligned with the conforming rounded upper
      portion 42 of lock receiving slot 40 and the tang 52 is aligned with the
      conforming rectangular lower portion 44 of lock receiving slot 40. When
      the locking assembly 50 is properly aligned and is inserted through lock
      receiving slot 40, the tang 52 is brought into surface-to-surface contact
      with the outer race 32 as the locking assembly is rotated axially within
      the slot. The dimensions of the tang 52 and the nut 54 are sufficient to
      assure that the tang 52 overlies the outer race 32 as the rounded shoulder
      portion of the nut 54 is drawn into line-to-line contact with the upper
      portion 42 of the lock receiving slot 40.
PAR  The machine 10 is assembled by pressing the ball bearing 28 and the fan 15
      on the shaft 14. The rotor 12 is positioned within the stator core 20 and
      the end bell 24 is then assembled to the stator frame 18. The ball bearing
      28 slides into the bearing seat 36 and the through bolts 26 are then
      tightened. When the machine assembly is completed and the ball bearing 28
      is seated in the bearing seat 36, the bearing may be locked by inserting
      the locking assembly 50 into the exterior opening of lock receiving slot
      40 until the tang 52 drops down and engages the outer race 32 of the ball
      bearing 28. The tightening bolt 60 is then suitably torqued until tang 52
      is forced securely against the outer race 32. The tang 52 cannot move away
      from contact with the bearing outer race 32 as the bolt 60 is tightened
      since the radial walls of lock receiving slot 40 prevent circumferential
      rotation of the nut 54. Upon completion of the tightening operation, the
      bearing 28 is firmly held by the locking assembly 50 in two positions
      180.degree. apart as shown in FIG. 5.
PAR  The locking assembly 50 may be removed from the end bell 24 while the
      machine 10 is completely assembled. The removal procedure is essentially
      the reverse of the installation procedure; that is, the tightening bolt is
      loosened until the nut 54 can be rotated within the lock receiving slot 40
      so that the rounded portion of the nut 54 lies flush with the conforming
      upper portion 42 of the lock receiving slot 40 and the edge of tang 52
      lies in line-to-line contact with a rectangular lower portion 44 of the
      lock receiving slot 40. The locking assembly 50 is then properly
      positioned for withdrawal from the end bell 24.
PAR  From the foregoing description, taken with the drawings, it is seen that
      this invention has provided a new, improved, and effective arrangement for
      confining a bearing within the end bell of a rotating machine.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bearing lock for confining a bearing within an end bell of a
      dynamoelectric machine, said bearing having an inner race, an outer race,
      and rolling elements therebetween, said end bell including an interior
      hub, said hub having a recessed seat adapted to receive said bearing and
      having an opening extending through said hub to an accessible exterior
      side of said end bell, said opening being adapted to receive said lock,
      comprising:
PA1  a nut having a shoulder portion in engagement with said hub and having a
      tang in engagement with said outer race of said bearing, said shoulder
      portion being in threaded engagement with a bolt, a predetermined portion
      of said hub being operable as a fulcrum for transmitting a mechanical
      force from said hub through said shoulder portion and said tang of said
      nut to said outer race of said bearing when assembled.
NUM  2.
PAR  2. The bearing lock of claim 1 wherein a portion of said accessible
      exterior side of said end bell is formed into a planar surface, said
      planar surface being inclined in a predetermined angle .alpha. with
      respect to the plane defined by the surface-to-surface union of said tang
      and said outer race of said bearing.
NUM  3.
PAR  3. The device bearing lock of claim 2 wherein said tang is inclined in a
      predetermined angle .theta. with respect to the axis of said nut, the sum
      of .alpha. and .theta. being approximately a right angle.
NUM  4.
PAR  4. The bearing lock of claim 1 wherein the periphery of said opening is
      disposed within said planar surface and is defined by a plurality of
      intersecting surfaces wherein at least one of said intersecting surfaces
      is substantially planar.
NUM  5.
PAR  5. The bearing lock of claim 1 wherein said opening is defined by two
      parallel planar surfaces which intersect at right angles with a third
      planar surface, said parallel planar surfaces also intersecting with an
      arcuately shaped surface.
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ABST
PAL  A container with a suspended roller for dispensing toilet tissue, with
      storage space for a spare roll, and space to hold air freshener fitted
      within the container.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Our invention relates to a device for the dispensing and storage of toilet
      tissue, and particularly to a cabinet combining a suspended roller which
      holds a dispensing roll of tissue, and an enclosed space which contains a
      storage roll, and a perforated shelf for fitting a container of air
      freshener.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the combination dispenser and storage
      cabinet;
PAR  FIG. 2 is an end view of an alternate embodiment of the cabinet;
PAR  FIG. 3 is a perspective view of a still further alternate embodiment of the
      storage cabinet; and
PAR  FIG. 4 is an end view of the cabinet door.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 1
      shows the cabinet 10 mounted to a wall 11, with a dispensing roll 12 of
      tissue mounted on arms 13 below the container section 20.
PAR  Container section 20 is fitted with a compartment 21 of a size to hold a
      storage roll 22 of tissue, with an internal partition 24 separating the
      storage roll 22 from a recessed section 25 fitted with a bottom wall 26 in
      which through holes 30 are mounted for the storing of a deodorant or air
      freshener unit.
PAR  A door 26 is mounted on the front of the cabinet, pivoting about rivets 27
      in the sides 28 of the cabinet so that the door in the open position is
      raised to lie parallel to the top side 29 of the cabinet. The bottom
      section of the door 26 is formed with a forked lip 36 so that the door may
      be readily grasped for opening or closing, as shown in FIGS. 1, 3 and 4.
PAR  As shown in FIG. 2, an alternate embodiment 40 of the cabinet may be fitted
      in a recess of a wall 41. Cabinet 40 is fitted with extension arms 43 for
      holding a dispensing roll 12 of tissue, with arms 43 projecting forward of
      the lower section of the cabinet 40.
PAR  FIG. 3 illustrates a storage cabinet 50 similar to the cabinet 10 of FIG. 1
      except for the absence of mounting posts for a dispensing roll of tissue.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A cabinet for containing a storage roll of tissue and air freshener
      material mountable to the wall of a bathroom with means to dispense the
      stored air freshener material into the bathroom in which the device is
      installed comprising
PA1  A cabinet fitted with a partition dividing the interior into a first
      compartment and a second compartment, said first compartment of a size to
      hold a roll of tissue and said second compartment of a size for the
      storage of air freshener material, with an exterior wall of said second
      compartment perforated for permitting passage of air through the
      perforations, in which the cabinet is fitted with a pivotable door that in
      the closed position serves as an external wall of both compartments.
NUM  2.
PAR  2. The combination as recited in claim 1 in which external mounting arms
      are fitted to the cabinet for holding a dispensable roll of tissue.
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ABST
PAL  A dispenser for strip material comprising a receptacle having an arcuate
      well for a reservoir roll of strip material, a cover overlying said
      receptacle for receiving a feed roll of strip material. A base is secured
      to said receptacle defining a compartment for receiving strips of material
      torn from said feed roll for future use thereof. The base has upwardly
      extending flanges and a partition for removably clampingly engaging said
      receptacle while defining a compartment for receiving the strips of
      material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the class of material dispensing, and more
      particularly to a dispenser for strip material.
PAR  2. Description of the Prior Art
PAR  Typewriter correction material in the form of a substrate such as paper
      which is coated with an opaquing composition carefully pigmented to
      conform to the color of typewriting paper has been widely used for
      correcting errors. This typewriter correction material has also been
      manufactured in elongated strips formed into rolls and used in connection
      with a desk dispenser such as that disclosed in United States Design Pat.
      No. 214,405 of Jack Fairchild-Fleming, issued June 10, 1969 for TAPE
      DISPENSER.
PAR  When using a desk dispenser for typewriter correction strip material, the
      typist will tear a piece of the strip material of convenient size from the
      dispenser, for example, of between one to two inches in size. Then, the
      typist will make the desired corrections using the typewriter correction
      material. After one or several strikes of the typewriter keys on the
      typewriter correction material, the typist is then ready to continue
      normal typing. The already used strip of typewriter correction material
      may be used thereafter again and reused a number of times for many
      corrections, but because there generally is no convenient place to store
      this piece of typewriter correction material, it may be discarded or left
      on the desk where it may become soiled, messed or dirty or where powdered
      correction material from the strip may cause soiling of other
      paraphernalia.
PAR  Accordingly, it is one object of this invention to provide a convenient
      place for storing in a readily accessible manner the torn off and
      partially used pieces of typewriter correction material.
PAR  In a dispenser of the prior art as above described, considerable amounts of
      plastics are used while providing a limited storage area for typewriter
      correction material. It is therefore another object of the present
      invention to provide means which also serve to facilitate the storage of a
      reservoir roll of typewriter correction strip material, while also, if
      desired, reducing the necessary size of the dispenser, while even
      increasing the amount of typewriter material capable of being stored
      therein.
PAR  In the past typewriter correction material has been sold under a brand
      called "Sweetheart" which employed dispensers having an outer
      configuration simulating at least the upper portions of a conventional
      heart. The present invention carries out this configuration while also
      achieving the unexpected advantage of providing for an internal guide for
      the strip material being dispensed.
PAC  SUMMARY OF THE INVENTION
PAR  The concept of the present invention is to provide a dispenser for
      typewriter correction strip material having three main parts, a housing, a
      cover, and a base. The housing is provided with an elongated support ledge
      on which a feed roll of strip material is positioned and then fed over an
      arcuate curved surface of the receptacle. The cover has an arcuate portion
      which lies closely to the curved surface of the receptacle for guiding and
      feeding tape material from the feed roll. The base is clampingly secured
      to the receptacle and retains a reservoir roll between the base and the
      receptacle while also forming a compartment for receiving pieces of
      correction material. The upper configuration of the cover is in the shape
      of the upper portion of a heart forming a guide for the strip material
      from the feed roll. The heart configuration also provides for conveniently
      positioning the rolls of material thereby reducing the amount of plastic
      needed since the size of the dispenser is minimized in proportion to the
      amount of material contained therein.
PAR  Still further objects and features of the invention reside in the provision
      of a desk dispenser that is simple in construction, capable of being
      conveniently molded out of readily available plastic materials, which is
      inexpensive, yet which is highly attractive in appearance and convenient
      to handle.
PAR  These, together with the various ancillary objects and features of this
      invention, will become apparent as the following description proceeds, are
      attained by this dispenser for strip material, a preferred embodiment of
      which is illustrated in the accompanying drawings, by way of example only,
      wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded elevational view of a dispenser constructed in
      accordance with the concepts of the present invention;
PAR  FIG. 2 is a longitudinal sectional view of the assembled dispenser;
PAR  FIG. 3 is an end elevational view of the dispenser looking along the plane
      of line 3--3 in FIG. 2;
PAR  FIG. 4 is a vertical sectional view taken along the plane of line 4--4 in
      FIG. 2;
PAR  FIG. 5 is a top plan view of the receptacle looking along the planes of
      line 5--5 in FIG. 1;
PAR  FIG. 6 is a top plan view of the base looking along line 6--6 in FIG. 1;
      and
PAR  FIG. 7 is a bottom plan view of the cover looking along the plane of line
      7--7 in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With continuing reference to the accompanying drawings, wherein like
      reference numerals designate similar parts throughout the various views,
      the dispenser in accordance with the invention is generally indicated by
      reference numeral 10, employs three main members, including a receptacle
      12, a cover 14, and a base 16. These parts combine to store and mount a
      feed roll of strip material 18 and a reservoir roll of strip material 20.
PAR  The base includes an upwardly extending arcuate well 22 open at the bottom
      and which fairs by way of an arcuate concave lower portion 24 into an
      elongated support ledge 26. The receptacle is provided with opposed
      recesses 28 and the ledge is provided with a step portion 30 having an
      opening therein. The receptacle is provided with a lower portion 34 having
      an arcuate concave surface 36 and has a slightly wider bottom 38.
PAR  The cover 14 is also open at the bottom and provided with opposed side
      walls 42 and 44 having detents 46 which are adapted to seat within the
      recesses 28 and having an L-shaped detent 48 adapted to pass through the
      opening 32 to form an interlock. The upper portion of the cover 14 has a
      top wall 50 contoured to conform in shape to the upper portion of a
      conventional heart, thus forming a downwardly extending guide apex 52. The
      lower portion of the cover is convexly contoured at 54 complementary to
      the surfaces 36 and the cover is designed to be closely spaced to the
      upper portion 22 of the receptacle for guiding strip material 58 from the
      feed roll 18 in the direction of arrow 60, while also serving to form a
      hand hole for facilitating removal of the cover from the receptacle. The
      cover is also provided with an access opening 53 enabling the typist to
      guide and feed the strip material and pull it through until the desired
      amount has been fed off the feed roll from whence it may be conveniently
      torn using the bottom edge 55 of the top wall 50 for this purpose. The
      reservoir roll 20 is adapted to fit in the portion 22 of the receptacle 12
      and is held in place.
PAR  The base 16 includes a bottom plate 64 having a pair of upwardly extending
      stepped flanges 66 and 68 and has a partition 70 spaced from the flanges
      66 and 68 and extending normal thereto. A pair of finger holes 72 and 74
      open into the sides of the plate 64.
PAR  When the parts are assembled, the base forms a compartment 80 defined by
      the support ledge 26, the sides of the receptacle 12, the partition 70,
      and the bottom plate 64, and torn off strips of correction material may be
      easily inserted using the finger hole 74 for future use and then easily
      removed therefrom. The reservoir roll 20 remains fresh and uncontacted by
      the used or partially used strips of correction material because of the
      partition 70. However, once the reservoir roll 20 has been used to replace
      the feed roll 18, pieces of correction material may also be stored in the
      area previously reserved for the reservoir roll through the finger hole
      72. The cover 14 may be easily removed by pushing up at the edge 55 and
      thereafter disengaging the detent 48. The flanges 66 and 68 together with
      the partition serve to clampingly hold the base to the receptacle.
PAR  A latitude of modification, change and substitution is intended in the
      foregoing disclosure, and in some instances some features of the invention
      will be employed without a corresponding use of other features.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dispenser for strip material comprising a receptacle having an
      elongated support for supporting a feed roll of strip material, a cover
      overlying said receptacle and enclosing said feed roll of strip material,
      said receptacle and said cover having cooperating closely adjacent arcuate
      surfaces between which strip material is led, and a base detachably
      secured to said receptacle for forming in combination with said receptacle
      a storage compartment for storing strips of material removed from said
      feed roll of strip material.
NUM  2.
PAR  2. A dispenser for strip material comprising a receptacle having an arcuate
      well open at the bottom for receiving a reservoir roll of strip material
      and having an elongated support ledge for supporting a feed roll of strip
      material, a cover overlying said receptacle and enclosing said feed roll
      of strip material, said receptacle and said cover having cooperating
      closely adjacent surfaces between which strip material is led, and a base
      detachably secured to said receptacle for forming in combination with said
      receptacle a storage compartment for storing strips of material removed
      from said feed roll of strip material, said base retaining said reservoir
      roll within said receptacle.
NUM  3.
PAR  3. A dispenser according to claim 2, wherein said base has upwardly
      extending side flanges for clampingly engaging said receptacle.
NUM  4.
PAR  4. A dispenser according to claim 3, wherein said base has finger holes in
      the opposite ends thereof for facilitating depositing strips of material
      torn from said feed roll between said receptacle and said base and for
      facilitating removal of said base from said receptacle.
NUM  5.
PAR  5. A dispenser according to claim 4, including means for separating said
      compartment from said reservoir roll.
NUM  6.
PAR  6. A dispenser according to claim 2, wherein the top of said cover is of a
      generally upper heart shaped configuration having a downwardly depending
      feed guide for strip material from said feed roll.
NUM  7.
PAR  7. A dispenser according to claim 2, wherein said base has upwardly
      extending resilient side flanges and a partition extending normal to said
      flanges and spaced therefrom, said receptacle being clampingly held
      between said flanges and said partition separating said compartment from
      said reservoir roll.
NUM  8.
PAR  8. A dispenser according to claim 7, wherein said base has finger hole
      means for providing access to said compartment.
NUM  9.
PAR  9. A dispenser according to claim 7, wherein said base has finger holes in
      the opposite ends thereof for facilitating depositing strips of material
      torn from said feed roll between said receptacle and said base and for
      facilitating removal of said base from said receptacle.
NUM  10.
PAR  10. A dispenser according to claim 9, wherein the top of said cover is of a
      generally upper heart shaped configuration having a downwardly depending
      feed guide for strip material from said feed roll.
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ABST
PAL  A paper plate dispenser houses a stack of plates and is provided with
      specially formed openings in its bottom and side walls to enable one or
      more of the plates to be removed easily. Brush-like retainers are
      supported on the inside of the dispenser housing and engage selected
      portions of the plates in the stack to aid in retaining the plates within
      the housing. The configuration of the dispenser is such that it may be
      supported in a horizontal or vertical attitude to facilitate its mounting
      in a variety of convenient locations.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to dispensers for paper or plastic plates, bowls or
      similar disposable containers. The container-dispenser holds a plurality
      of such articles in a stacked configuration and in a manner which
      facilitates removal of the precise number of articles desired. The
      container includes a housing defined by a bottom wall, a top wall and a
      sidewall with the sidewall being of the same general configuration as the
      periphery of the plate, illustrated as circular. An arcuately shaped
      opening is formed in the bottom wall to expose a significant marginal
      portion of the lowermost plate or bowl in the stack. The stack of plates
      is supported, in a bottom-down configuration, by a central portion of the
      bottom wall which is defined in part by the arcuate cut-out portion and
      which supports the stack of plates at their center. The sidewall is
      provided with a cut-out in communication with the arcuate slot to
      facilitate manual gripping of the edges of the desired number of plates
      which are to be removed. The interior of the housing also may include a
      plurality of brush-like retainers which engage selected regions of the
      stacked plates to insure that the remaining plates in the stack will not
      be drawn out of the housing together with those plates which are removed.
PAR  It is among the objects of the invention to provide an improved
      holder-dispenser for disposable containers such as paper plates, bowls and
      the like.
PAR  Another object of the invention is to provide an improved dispenser of the
      type described in which a desired number of plates may be removed and in
      which the remaining plates will be retained properly within the dispenser.
PAR  A further object of the invention is to provide a container-dispenser of
      the type described which may be mounted in a variety of attitudes and
      which is effective to retain properly the stacked plates in all such
      attitudes.
PAR  Still another object of the invention is to provide a device of the type
      described which is of simple construction and which may be manufactured
      inexpensively.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and advantages of the invention will be
      appreciated more fully from the following further description thereof,
      with reference to the accompanying drawings wherein:
PAR  FIG. 1 is an illustration of the device in a counter top configuration;
PAR  FIG. 2 is a bottom view of the embodiment shown in FIG. 1;
PAR  FIG. 3 is a sectional illustration of the device as seen along the line
      3--3 of FIG. 2;
PAR  FIG. 4 is a plan view of an empty container with the top removed; and
PAR  FIG. 5 is a sectional elevation of the dispenser illustrating a
      modification to enable it to be employed effectively in connection with
      deep dish plates, bowls or the like.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows the dispenser in a configuration suited for use on a
      horizontal surface such as a countertop, table or the like. The dispenser
      includes a bottom section 10 having a bottom wall 12 and upstanding
      integral sidewall 14. The device may be made from plastic, with the bottom
      wall 12 and sidewall 14 being molded in an integral piece although other
      materials, such as sheet metal may be employed. The bottom wall 12 has an
      opening 16 formed therein which, in the embodiment described is of arcuate
      configuration. The arcuate opening 16 extends over more than half (more
      than 180.degree.) of the bottom wall 12. The outer edge 18 of the opening
      16 is disposed inwardly of the sidewall 14 to define an inwardly extending
      flange 20 about the opening 16. The inner edge 22 of the opening 16
      defines a central support portion 24 of the bottom wall 12. The sidewall
      14 is provided with a cut-out portion 26 which extends heightwise along
      the lower region of the sidewall 14 and through the flange 20 so that the
      cut-out 26 is in communication with the opening 16 formed in the bottom
      wall. The inside of the central support portion 24 may include an upwardly
      extending, raised member 28 to support the stack of plates as will be
      described. When the device is intended to be used in a horizontal position
      as shown in FIG. 1, it preferably is provided with a plurality of feet 30
      which are secured to the flange 20 and periphery of the bottom wall 12 and
      extend downwardly therefrom to support the device. A cover 32 is
      fastenable to the upper region of the sidewall 14 by any of a variety of
      suitable means, such as by a snap fit or by keyhole connections as
      suggested in the drawings at 33.
PAR  As shown in FIG. 3, stack of paper plates (shown in phantom) is placed in
      the container, bottom down so that the central portion of the lowermost
      plate in the stack rests on the raised portion 28 of the central support
      portion 24 of the bottom wall 12. The height of the raised portion 28
      should be selected with respect to the depth of the dish so that the
      outermost edges of the stacked plates will be disposed just inwardly of
      the outer edge 18 of the opening 16 as defined by the flange 20. When the
      stack of inverted plates is thus supported, it will be seen that the edge
      of a plurality of the lower plates in the stack will be exposed through
      the side slot 26 (FIGS. 1 and 3). The user may engage the desired number
      of plates with his thumb and by grasping those edges and the lowermost
      plate in the stack through the opening 16, he may urge the gripped plates
      downwardly and outwardly through the opening 16. The flange 20 tends to
      engage the remaining plates in the stack and retards their withdrawal with
      the plates being removed.
PAR  It may be desirable, in some instances, to provide further means for
      retarding withdrawal of the upper of the plates in the stack. To this end,
      retarding devices, such as the brush-like elements 34 shown in FIGS. 2-4
      may be secured to the inner surface of the sidewall 14 to extend slightly
      inwardly to lightly engage the edges of the stacked plates. In the
      illustrative embodiment, one such brush-like element is disposed
      symmetrically with respect to the opening 16 and the thumb slot 26. The
      brush members 34 should extend inwardly so that they may lightly engage
      the edges of the stacked plates sufficiently to retard frictional
      withdrawal of the upper plates in the stack together with the lower plates
      being removed but not so heavily that they preclude the upper plates from
      falling down onto the central support portion 24 after the lower plates
      have been removed. The brush elements 34 preferably extend from the bottom
      of the device upwardly but not fully to the top of the sidewall 14 so that
      they do not interfere with the uppermost plates in the stack. The brush
      members 34 may be fabricated as shown in which the brush elements 36 are
      embedded in a plastic base 38 which, in turn, may be secured to the inside
      of the sidewall 14 by adhesive or other fastening means.
PAR  when it is desired to use the dispenser with relatively deep dished plates
      or bowls, it is preferred to provide an additional central support,
      preferably in the form of a brush-like member 40 which is secured to the
      central support portion 24 and extends upwardly therefrom as shown in FIG.
      5. The height of the brush-like member 40 should be such that it engages
      the bottom of the lowermost of the inverted bowls so that the edge of the
      bowl is disposed just inwardly of the opening 16, in the manner described
      above with regard to the flatter plate configurations. The brush-like
      member 40 should be sufficiently flexible to enable one or more of the
      lower bowls in the stack to be withdrawn downwardly and outwardly through
      the opening 16. The supplemental brush-like elements 34 which are secured
      to the sidewall may also be employed to retain the remaining upper bowls
      in the stack within the container. The brush-like member 40 may be
      fabricated in a variety of ways including that described above with regard
      to the brush members 34, as by embedding a plurality of bristles 42 in a
      suitable base 44.
PAR  In some instances it may be desirable to mount the device underneath a
      cabinet. To this end, the cover may be provided with holes 46 by which the
      cover may be securely fastened to the underside of the cabinet. In this
      mode of supporting the device, the bottom section 10 may be separated from
      the permanently mounted cover to permit the dispenser to be reloaded.
      Alternatively, the device may be mounted along a vertical surface, such as
      a wall, the side of a cabinet or the like by securing the cover to such
      vertical surface. The dispenser may be secured in a manner such that the
      arcuate 16 opening and front slot 26 face downwardly. The feet 30 should
      be detachable so that they may be removed when the device is mounted by
      its cover.
PAR  The illustrated embodiments of the invention have related to generally
      circularly shaped dispensers intended for use with circularly shaped
      plates, bowls or the like. However, it should be understood that the
      invention is usable with equal effectiveness in connection with other than
      circularly shaped plates, for example, oval shapes, rectangular shapes or
      the like. The withdrawal opening 16 in each instance should extend over an
      arc of more than 180.degree., preferably should define a flange near the
      sidewall and a central support section in the middle of the bottom wall to
      provide a central support for the stack of plates.
PAR  It should be understood that the foregoing description of the invention is
      intended merely to be illustrative thereof and that other modifications
      and embodiments may be apparent to those skilled in the art without
      departing from its spirit.
CLMS
STM  Having thus described the invention what I desire to claim and secure by
      Letters Patent is:
NUM  1.
PAR  1. A dispenser for a plurality of stacked, dish-like articles, each of
      which is of a predetermined depth, comprising:
PA1  a bottom wall and a side wall extending away from said bottom wall, said
      side wall being of a configuration corresponding substantially to that of
      said dish-like articles and being of a height sufficient to receive a
      plurality of stacked dish-like articles therein;
PA1  said bottom wall having an arcuate opening formed therein, said opening
      substantially paralleling said side wall and circumscribing an arc of more
      than 180.degree., said opening being defined by a pair of substantially
      paralleling inner and outer arcuate edges, the inner arcuate edge of said
      opening defining, in part, a central support region for the lowermost of
      the dish-like articles in the stack, the outer arcuate edge of said
      opening being located with respect to said stacked dish-like articles so
      that the peripheries of said stacked, dish-like articles lie slightly
      within the outer arcuate edge;
PA1  said central support region of said bottom wall extending upwardly to an
      extent approximately equal to said predetermined depth whereby when said
      dish-like articles are placed in a bottom-down configuration in said
      device, the central portion of the lowermost dish-like article in the
      stack thereof will be supported at an elevation such that the peripheral
      edge of said dish-like articles will be disposed approximately at the
      level of said bottom wall, said stack of dish-like articles being
      supported substantially solely by said central support region; and
PA1  said side wall having a heightwise extending slot formed therein in
      communication with said opening in said bottom wall.
NUM  2.
PAR  2. A device as defined in claim 1 further comprising:
PA1  retaining means secured to the inner surface of said sidewall and extending
      inwardly therefrom for engaging the periphery of a plurality of said
      plates.
NUM  3.
PAR  3. A device as defined in claim 2 wherein said retaining means comprises
      brush-like members extending inwardly toward the periphery of said stacked
      dishes.
NUM  4.
PAR  4. A device as defined in claim 1 further comprising:
PA1  means for detachably connecting a plurality of feet to said bottom wall of
      said container;
PA1  a cover detachably connected to the upper end of said sidewall; and
PA1  said cover being constructed as to enable it to be secured to a supporting
      structure.
NUM  5.
PAR  5. The dispenser as defined in claim 1 wherein said opening in said bottom
      wall is disposed symmetrically with respect to said slot in said side
      wall.
NUM  6.
PAR  6. A dispenser for a plurality of stacked, dish-like articles, each of
      which is of a predetermined depth, comprising:
PA1  a bottom wall and a side wall extending away from said bottom wall, said
      side wall being of a configuration corresponding substantially to that of
      said dish-like articles and being of a height sufficient to receive a
      plurality of stacked dish-like articles therein;
PA1  said bottom wall having an arcuate opening formed therein, said opening
      substantially paralleling said side wall and circumscribing an arc of more
      than 180.degree., said opening being defined by a pair of substantially
      paralleling inner and outer arcuate edges, the inner arcuate edge of said
      opening defining, in part, a central support region for the lowermost of
      the dish-like articles in the stack, the outer arcuate edge of said
      opening being located with respect to said stacked dish-like articles so
      that the peripheries of said stacked, dish-like articles lie slightly
      within the outer arcuate edge;
PA1  a raised member secured to the central support region of the bottom wall
      and extending upwardly therefrom, the height of the raised member being
      approximately equal to said predetermined depth whereby when said
      dish-like articles are placed in a bottom-down configuration in said
      device, the central portion of the lowermost dish-like article in the
      stack thereof will be supported at an elevation such that the peripheral
      edges of said dish-like articles will be disposed approximately at the
      level of said bottom wall, said stack of dish-like articles being
      supported substantially solely by said raised member; and
PA1  said side wall having a heightwise extending slot formed therein in
      communication with said opening in said bottom wall.
NUM  7.
PAR  7. The dispenser as defined in claim 6 wherein said support member
      comprises a flexible, brush-like member.
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ABST
PAL  A sequence of containers of equal width and rectangular form with flat
      horizontal bottoms and flat vertical sides and ends can be placed in
      sequence one directly above another to form a self-supporting stack of
      vertically expanded height. By reversing the sequence, the containers can
      be placed one directly above another to form a self-supporting nest of
      collapsed height. The individual containers are symmetrical in shape both
      longitudinally and laterally and, except for incremental differences in
      length, can be identical in construction. The end-to-end relationship of
      successive containers can be the same for both stacking and nesting or
      individual containers can be turned end-for-end at will for either
      stacking or nesting. The compressive strength of the end panels provides
      strong support for either stacked or nested containers through upper and
      lower integral abutments on the end panels which fit against the side
      panels of underlying containers, when nested, and overlying panels, when
      stacked. When stacked or nested, adjacent containers are locked against
      relative longitudinal displacement by overlapping end panels and are
      locked against relative lateral displacement by end panels fitting between
      side panels of adjacent containers. The containers are easily adapted to
      serve as a wardrobe and play beds for dolls, being fully enclosed when
      nested and laterally open when stacked.
BSUM
PAR  The present invention relates to a stackable and nestable assembly of
      container units usable for a variety of purposes and being particularly
      adapted for children's use as doll storage and bedding furniture.
PAR  One object of the invention is to provide stackable and nestable containers
      that are so devised that the containers can be uniform in width and
      rectilinear in form with nontapering vertical sides and ends while at the
      same time being stackable in sequence to constitute a self-supporting
      stack vertically expanded to provide lateral exposure between tiered
      containers; the same containers being mutually nestable one on top of
      another in a reversed sequence to form a tiered self-supporting nest of
      collapsed height.
PAR  Another object is to provide as assembly of stackable and nestable
      containers as recited in the previous object in which nontapering
      containers individually having a flat bottom, two vertical side panels and
      two vertical end panels are mutually supported strongly in either nested
      or stacked relation to each other and positively locked against relative
      displacement in any lateral direction by an inherently strong interlocking
      relationship of the side and end panels.
PAR  Another object is to provide a sequence of stackable and nestable
      containers as recited that have the same end-to-end relationship to each
      other when stacked together as when nested together.
PAR  A further object is to provide a sequence of stackable and nestable
      containers as recited in the preceding objects which are capable, when
      tiered together, of mutually supporting each other with great strength by
      virtue of an integrated design of the containers which reduces bending
      stress on the container structure to an inconsequential value and uses the
      inherently strong compressive strength of the side and end panels of the
      containers for container support.
PAR  Another object is to provide a sequence of containers as recited in which
      extremely simple side and end panels, stressed by loads essentially
      compressive, support the mutually tiered containers, lock the containers
      against relative lateral displacement, and provide, when the containers
      are stacked, access to the containers from the side.
PAR  A further object is to provide a sequence of stackable and nestable
      containers as recited in the preceding objects which are individually
      self-supporting and separately usable.
PAR  A more specific object is to provide a sequence of stackable and nestable
      containers according to the preceding objects, which are particularly well
      suited for advantageous use as a series of doll beds.
PAR  Still another object is to provide a sequence of stackable and nestable
      containers as recited, which are particularly well adapted to serve as a
      wardrobe for doll's clothing and as beds for dolls. A related object is to
      provide containers as recited which function, when nested, as a dust
      excluding enclosure for dolls, doll bedding, and clothing.
DRWD
PAR  Other objects will appear from the following description of the invention
      as illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view showing in mutually nested relation a sequence
      of containers embodying the invention;
PAR  FIG. 2 is a perspective view showing the underside of the top container of
      FIG. 1 positioned on end in FIG. 2 with the bottom panel retracted to
      expose the interior;
PAR  FIG. 3 is a side view showing the two lowermost containers of FIG. 1 tiered
      together in reversed sequence to form a stack;
PAR  FIG. 4 is a vertical sectional view of the stacked containers taken with
      reference to the line 4--4 of FIG. 3, and showing the interlocking
      relationship of the side and end panels;
PAR  FIG. 5 is a perspective view of the two lowermost containers as nested
      together in FIG. 1 but with the covering container removed to reveal a
      doll bedded in the upper containers left exposed;
PAR  FIG. 6 is a perspective view of the two containers of FIG. 5 tiered,
      however, in a reversed sequence to form a vertically expanded stack; and
PAR  FIG. 7 is a vertical sectional view taken with reference to line 7--7 of
      FIG. 5 and showing the relationship of interlocking side and end panels
      when the containers are tiered in mutually nested relation.
DETD
PAR  Referring to the drawings in greater detail, the preferred embodiment of
      the invention depicted for the purpose of illustration is designed for use
      by children as furniture for bedding and storing dolls and clothing for
      dolls. The exact number of containers provided for this purpose in a
      sequence is determined by the needs and preferences of the user and not by
      way of any practical limitation imposed by the principles of the
      invention.
PAR  For efficiency in the utilization of space available for the patent
      drawings, a sequence of only three containers 20, 22, 24 is shown. These
      three, embodying the invention, adequately illustrate its principles, it
      being understood that the sequence can be expanded in number as desired.
PAR  Each of the containers, as exemplified by the containers 20, 22, 24 has a
      rectilinear form overall. As typified by the container 20, which will be
      described in detail, each container is formed by two nontapering vertical
      end panels, 26, 28, two nontapering vertical side panels 30, 32 and a flat
      bottom or bottom panel 34, FIGS. 3 to 7. Thus, each container, like the
      container 20 has a nontapering uniform length from bottom to top and a
      nontapering uniform width from bottom to top. Moreover, all of the
      containers 20, 22, 24 have the same width.
PAR  In fact, except for the uppermost container 24 shown in FIG. 1 and
      illustrated in FIG. 2, which is especially adapted to serve as a wardrobe
      for a doll's clothing, all of the containers in the sequence are
      essentially identical, except for incremental differences in length.
PAR  Being of uniform width, the containers differ successively in length by a
      length differential which exceeds the combined thickness of the two end
      panels 26, 28 of an individual container by only the very slight working
      clearance requisite to easy movement of the end panels of successive
      containers into and out of overlapping relation to each other as the
      containers are tiered together.
PAR  The two end panels 26, 28 of the typical container 20 are substantially
      identical, being mirror images of each other. As shown in FIGS. 1, 4, 5,
      and 7, the lower marginal edge of the end panel 26 is shaped to define a
      lower support and locking tang 36, projecting downwardly below the lower
      edges of the two side panels 30, 32 of the container.
PAR  The lower tang 36 extends transversely across the underside of the
      container and terminates at opposite ends just short of the internal
      vertical faces of the two side panels 30, 32 of the container, so that the
      depending tang 36 will just fit easily between the side panels of an
      underlying container when the containers are nested together, FIG. 7. As
      will appear, each tang 36 projects below the underside of the adjacent
      side panels 30, 32 sufficiently to form a reliable positive interlock with
      the side panels of an underlying nested container, and for this purpose,
      the extent of the downward projection of the individual tang 36 can be of
      the order of the thickness of an end panel 26, 28.
PAR  In the preferred construction illustrated, each container end panel 26, 28
      overlaps the adjacent ends of the two side panels 30, 32 of the container
      to which the end panels are secured by screws 40 or other suitable
      fasteners.
PAR  Two container support shoulders or abutments 42, 44 are formed on each end
      panel 26, 28 at the base of the tang 26 and in generally coplaner, flush
      relation to the undersides of the adjacent side panels 30, 32, FIG. 1.
      These abutments 42, 44 are designed, as will appear, to rest on the upper
      edges of the side panels 30, 32 of an underlying container, when the
      containers are nested, to support the overlying container, FIGS. 1 and 5.
PAR  The lower portion of each end panel 26, 28 is most conveniently fashioned
      to define the two lower support abutments and the lower tang 36 by
      notching the two lower corners of the end panel as shown, FIG. 1, to
      define the abutments and tang. Preferably, the lower corner notches cut to
      define the abutments 42, 44 and tang 36 should be substantially square so
      that the abutments 42, 44 are horizontal and the two lateral extremeties
      of the tang 36 define two substantially vertical abutments 46, 48 which
      lock nested containers against horizontal displacement, FIG. 7.
PAR  Similarly, the upper ends of each end panel 26, 28 are shaped to define as
      counterparts of the lower horizontal support abutments 42, 44 upper
      support abutments 50, 52, located a common vertical level at the two upper
      corners of the end panel and extending horizontally inward to receive and
      support the undersides of the side panels of an overlying stacked
      container, FIG. 4.
PAR  Between the two horizontal support abutments 50, 52 the upper marginal edge
      of each end panel 26, 28 is shaped to define an upwardly projecting tang
      54 running horizontally across the container and defining adjacent the
      respective support abutments 50, 52, a pair of substantially vertical
      abutments 56, 58 disposed inwardly of the inner faces of the respective
      side panels 30, 32 just sufficiently to fit smoothly between the side
      panels of an overlying stacked container, FIG. 4. The vertical extent of
      the upper tang 54 and the two vertical abutments 56, 58 at opposite ends
      of the tang is sufficient to form a positive interlock with the side
      panels of an overlying stacked container and may be of the order of the
      thickness of an end panel 26, 28.
PAR  To accommodate the upwardly projecting tangs 54 of an underlying stacked
      container, FIG. 3, the bottom panel 34 of each container is mounted on the
      container side at end panels to occupy a horizontal position therebetween
      which is vertically positioned above the lower edges of the side panels.
      This provides a vertical clearance space between the undersurface of the
      bottom panel 34 and the lower edges of the side panels 30, 32 for
      receiving between the bottom panel and the lower edges of the side panels
      and upwardly projecting tang 54 of an underlying stacked container, FIG.
      4.
PAR  As previously described, the lower edges of the side panels are
      substantially flush with the support shoulders or abutments 42, 44 of the
      adjacent end panels. The vertical width of the side panels 32, 34 is,
      however, much less than the vertical width of the end panels 26, 28
      between the lower abutments 42, 44 and the upper support abutments 50, 52,
      thus enabling the containers when nested, FIGS. 5 and 7, to have a greatly
      reduced overall height in relation to the expanded height of the stacked
      containers, FIGS. 4 and 6.
PAR  In the preferred construction illustrated, in which the containers are
      adapted for advantageous use as doll bed furniture, the vertical height or
      width of the side panels 30, 32 is approximately one-half that of the end
      panels, 26, 28. As shown, hand openings 60 are formed in the upper
      portions of the end panels, 26, 28 of the containers 20, 22 for convenient
      lifting of the containers.
PAR  As previously intimated, the sequence of containers illustrated are
      especially adapted for use by children as doll furniture, the two
      containers 20, 22 shown being used as beds for dolls, 62, 64. The shortest
      container 24 in the sequence illustrated is somewhat modified in
      construction in relation to the containers 20, 22 to serve as a closed
      wardrobe for doll clothing. Component elements of the container 24, FIGS.
      1 and 2, corresponding to components of the containers 20, 22 previously
      described in detail are denoted with the same reference number with the
      addition of the suffix a. The side panels 30a, 32a are widened upwardly to
      extend all the way to the top of the end panels 26a, 28a, which are
      squared off at the top, as shown. The top of the container 24, in this
      instance, is covered by a top panel 66, secured to the side and end
      panels.
PAR  The bottom panel 34a of the container 24 is slidably supported in a slot 68
      in the end panel 26a and in a U-shaped support groove 70 formed in the
      side panels 30a, 32a and end panel 28a, FIG. 2. Access to the interior of
      the container 24 is obtained by retracting the slidable bottom panel 34a
      through the end panel slot 68 as shown in FIG. 2. With the bottom panel
      34a advanced back into its normal position, the container 24 forms a
      sturdy and essentially dustproof storage wardrobe for doll clothes and
      accessories.
PAR  As previously explained, the sequence of containers can be increased in
      number as desired, 5 or 6 being a highly satisfactory number for
      children's play furniture.
PAR  In use, the several containers can be separately placed and individually
      supported on most any upwardly facing support surface 71 of suitable
      width. When placed individually on an external support surface 71, each
      container is strongly supported by its lower tangs 36 resting on the
      surface.
PAR  The containers can be nested together for storage or for any other purpose
      in a packed assembly as illustrated in FIGS. 1, 5, and 7, by placing the
      longest container of the sequence on the bottom with successively shorter
      containers placed thereon, one above the other. When the containers are
      nested in this fashion, the side panels 30, 32 of the tiered containers
      are juxtaposed to provide a generally dustfree enclosure of the space
      within the containers.
PAR  Powerful support for the containers tiered in nested relation is provided
      by the compressive strength of the structure of the side and end panels at
      the container corners. The lower support abutments 42, 44 of each
      container deposited above another, rest squarely on the upper edges of the
      side panels 30, 32 of the underlying container, right at the container
      corners. By virtue of the flush relation of the abutments 42, 44 with the
      lower edges of the adjacent side panels 30, 32 the load of overlying
      containers is transmitted by the compressive strength of the side panels
      and the adjacent structure of the end panels down to the container below.
PAR  At the same time, the lower tangs 36 of each container tiered in nesting
      relation on another fit down between the side panels 30, 32 of the
      container below, FIG. 7. The vertical abutments 46, 48 on each lower tang
      36 confront the inner faces of the side panels of the container below to
      lock the upper container against sideways displacement relative to the
      container below. At the same time, the upper portions of the end panels
      26, 28 externally overlap the ends of the container nested above to
      preclude end-wise displacement of the containers relative to each other.
PAR  For play with dolls or for use otherwise, the containers can be tiered
      together in a reversed sequence to form a vertically ascendent stack,
      FIGS. 3, 4, and 6. In this instance, containers of successively greater
      length are placed one above the other.
PAR  When tiered in stacking relation, the upper abutments 50, 52 on the end
      panels of the container below underly and directly support the lower edges
      of the side panels 30, 32 on the container above, using the compressive
      strength of the structure of the side end panels at the corners of the
      containers to support the overlying load.
PAR  At the same time the upper tangs 54 of the end panels 26, 28 fit upwardly
      between the lower marginal edges of the side panels of the container
      above, FIG. 4. The vertical abutments 56, 58 confront the inner faces of
      the side panels of the overlying container to preclude sideways relative
      displacement of the stacked containers. End-wise relative displacement of
      the stacked containers is precluded by the external overlapping relation
      of the lower tangs 36 of the overlying container with the upper ends of
      the end panels of the container below, FIGS. 3 and 4.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A stackable and nestable sequence of containers; each of said containers
      being rectangular in form and comprising two flat parallel end panels, two
      flat parallel side panels extending between the end panels in
      perpendicular relation thereto, and a flat bottom panel disposed between
      the end panels and between the side panels in proximate spaced relation to
      the lower edges of the side panels; said containers being of uniform width
      so that placement on one container on a parallel container below causes
      the side panels of the container above to directly overlie the side panels
      of the container below; said containers varying successively in length of
      differential longitudinal increments slightly exceeding the combined
      thickness of the two end panels so that placement of successively shorter
      containers on a parallel container below causes each container above to
      fit longitudinally between the end panels of the container below and
      which, conversely, causes each container below to fit longitudinally
      between the end panels of the container above when the containers are
      stacked in reverse sequence one above another; except for the longest
      container of the sequence, the two end panels of each container defining
      two lower support abutments substantially flush with the lower edges of
      the container side panels and facing downwardly to rest on the upper edges
      of the side panels of a longer container below; the lower portion of each
      end panel, except for end panels of the longest container, defining a pair
      of outwardly facing abutments extending downwardly from the adjacent lower
      support abutments to fit between the side panels of an underlying longer
      container to preclude relative lateral displacement of the containers; the
      end panels of containers, shorter than the longest container, projecting
      above the container side panels and defining respectively two upper
      support abutments facing upwardly in upwardly spaced and horizontally
      alined relation to the container side panels to fit against the lower
      edges of the side panels of an overlying longer container to support the
      latter in an elevated stacked relation to the lower container; and the
      upper portions of the end panels of containers, shorter than the longest
      container, defining respectively a pair of outwardly facing abutments
      projecting above the adjacent upper support abutments to fit betweeen the
      lower edges of the side panels of a longer container stacked thereabove to
      preclude lateral displacement of the containers.
NUM  2.
PAR  2. A sequence of containers according to claim 1, in which the side panels
      of the shortest container are increased in width to extend substantially
      to the top of the container end panels and a generally flat top panel in
      mounted to extend between the side panels and between the end panels so
      that the shortest container constitutes an enclosure for a doll wardrobe
      and the like, the bottom panel of the shortest container being made
      slidably removable to afford access to the interior of the container.
NUM  3.
PAR  3. A stackable and nestable sequence of containers; each of said containers
      being rectangular in form and comprising two parallel end panels, two
      parallel side panels extending between the end panels in perpendicular
      relation thereto, and a bottom panel disposed between the end panels and
      between the side panels; said containers being of uniform width so that
      placement of one container on a parallel container below causes the side
      panels of the container above to directly overlie the side panels of the
      container below; said containers varying successively in length by
      differential longitudinal increments slightly exceeding the combined
      thickness of the two end panels so that placement of successively shorter
      containers on a parallel container below causes each container above to
      fit longitudinally between the end panels of the container below and
      which, conversely, causes each container below to fit longitudinally
      between the end panels of the container above when the containers are
      stacked in reverse sequence one above another; end panels of the
      containers being shaped at the lower edge thereof to effect an overlying
      confronting relationship between the lower edges of the side panels of a
      container above and the upper edges of the side panels of an underlying
      longer container; the lower portion of each end panel of containers other
      than the longest container defining a pair of laterally facing abutments
      extending downwardly to overlap the side panels of an underlying longer
      container to preclude relative lateral displacement of the containers; the
      end panels of containers, shorter than the longest container, projecting
      above the container side panels and defining respectively two upper
      support abutments facing upwardly in upwardly spaced and horizontally
      alined relation to the container side panels to fit against the lower
      edges of the side panels of an overlying longer container to support the
      latter in an elevated stacked relation to the lower container; and the
      upper portions of the end panels of containers, shorter than the longest
      container, defining respectively a pair of laterally facing abutments
      projecting above the adjacent upper support abutments to overlap the lower
      edges of the side panels of a longer container stacked thereabove to
      preclude lateral displacement of the containers.
NUM  4.
PAR  4. A sequence of containers according to claim 3 in which the side panels
      of the shortest container are increased in width to extend substantially
      to the top of the container end panels and a generally flat top panel is
      mounted to extend between the side panels and between the end panels so
      that the shortest container constitutes an enclosure for a doll wardrobe
      and the like, and one panel of the shortest container being made movable
      to afford access to the interior of the container.
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ABST
PAL  One or more pages of a publication are provided with a pre-printed
      perforated area which may be removed from the remainder of the page or
      with a pre-printed form which may be peeled from the page. The perforated
      areas provide individual cards when removed from the page, while the
      peelable forms are placed on a backing when they are separated from the
      page. The cards and backings are provided with shaped cut-outs at one edge
      for placement in a suitable storage container.
BSUM
PAR  This invention relates to an information storage system.
PAR  In the past, it has been a common practice to provide information in
      magazines, newspapers, reviews or journals which is related with
      particular subject matters such as tax or legal rules, regulations of
      government agencies, accounting rules, economic indicators with or without
      graphs, travel information, authors' biographies accompanied or not with
      their portrait and the like. Generally this information has been embodied
      in the publication in such a way that the reader who may desire to retain
      such information for future use must store the publication itself or
      remove the desired material, for example either by tearing out the page of
      the publication or by cutting out the information with a scissors. These
      techniques have, however, usually been inconvenient and impractical for
      storage and retrieval. In many cases, the removed materials become lost or
      misplaced.
PAR  It has also been known to provide various publications or periodicals with
      insert sheets which can be individually removed and used for various
      purposes. In some cases, the insert sheet has been provided with
      perforated portions to which coupons are attached in a perforated manner
      for removal, for example, for redeeming articles of merchandise. However,
      this technique has not been used for classifying and storing pieces of
      information in an information storage system.
PAR  Accordingly, it is an object of this invention to provide a system for
      removing information from publications and for storing the information in
      a readily accessible manner.
PAR  It is another object of the invention to provide a means of easily removing
      information from a publication for a series of articles or publications.
PAR  Briefly, the invention provides an information storage system for storing
      and retrieving information published in a series of publications. In
      accordance with the system at least some of the publications include at
      least one page having a plurality of selected areas each containing
      printed information related to a pre-selected subject matter. Each such
      area of a page is made so as to be removable from the page as a form for
      storage and subsequent retrieval. In addition, the system includes at
      least one storage container for receiving and storing a plurality of
      removed forms each of which contains information relating to a common
      subject matter for subsequent reference.
PAR  In one embodiment, at least some of the printed areas are surrounded by a
      perforation so that the area may be removed from the publication as a
      card. In such a case, the page is made of heavy weight paper or the like
      so that the card has a degree of rigidity to be used as is. The card is
      also provided with one or more shaped cut-outs in an edge to cooperate
      with a means within the storage container for alignment of the cards in
      the container.
PAR  In another embodiment, the printed areas of the publication are in the form
      of releaseably mounted forms which can be peeled from the pages of the
      publication. After removal, each such form is mounted on a suitable
      backing, for example, by means of an adhesive on the peeled form. The
      backing may also contain one or more cut-outs in an edge to cooperate with
      a means in the storage container to align the received backings and the
      related forms in the container.
PAR  In order to facilitate storage of the information obtained from a
      publication, the system may also use a transparent sheet which is folded
      about a removed form, i.e. card of peeled form. Such a sheet has a front
      portion, a back portion and a flap. The front and back portions are of a
      size larger or equal to the size of the removed form and serve to sandwich
      the form therebetween while the flap is folded from one of the portions
      over the other of the portions to form a self-contained unit. The
      information which is thus encased can then be filed in a suitable storage
      container in accordance with the subject matter contained in the form. In
      addition, the encased form as well as the front and back portions of the
      transparent sheet each have one or more preshaped cut-outs which receive a
      suitable aligning means within the storage container for aligning
      purposes.
PAR  Additionally, the folded transparent sheet may also be used to enclose a
      form or other item of information not provided with cut-outs. In this
      case, an item which is not otherwise adapted for mounting in a storage
      container, such as within a Rolodex system, can be readily stored for
      subsequent retrieval. For example, a business card or a small ad cut from
      a newspaper or other items which would fit into the size of the plastic
      component can be readily inserted and thereafter placed into a storage
      container of an information retrieval system. The plastic component thus
      has some universal usage and has the characteristic of being able to add
      special types of data without being limited to a particular size, shape or
      thickness into the information storage system.
PAR  Each of the areas to be removed from a publication may contain printed
      information on front and back. Further, each of the areas may be made of a
      standard configuration such as in the configuration of a file card, a
      business card, a Rolodex-shaped card or a Wheeldex-shaped card. In
      addition any one or more of these shapes may be used separately or in
      combination and in any location on the publication page to provide a
      readily removable means of standard configuration for convenient
      selection, storage, update and ready access of authoritative information.
PAR  The invention thus provides a reader with a convenient, efficient and
      inexpensive system for the retention, storing, retrieving and updating of
      a file maintaining information in various subject matters.
PAR  The information on any particular printed area may be of any suitable type.
      For example, for ease of filing, the information may contain a title, a
      date, the source of the information, the title of the publication with its
      number, volume, date or month as usually indicated on a cover and the
      like.
PAR  In addition, a single storage container may be used to contain cards
      relating to more than one subject matter. In such a case, each set of
      cards may be color-coded to indicate the different subject matters. For
      example, use can be made of the stored cards as a learning aid. Also, in
      the case of a theatrical play, the several parts of the play may be
      subdivided into the various color-coded cards. Each part would then have a
      set of different colors or a different distinctive visual symbol. In any
      case, this may well enable an actor or actress to learn his or her part
      more easily and rapidly.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description and appended claims taken
      in conjunction with the accompanying drawings in which:  FIG. 1
      illustrates a storage card in accordance with the invention;
PAR  FIG. 2 illustrates a perspective view of a publication containing a page
      having a plurality of selected areas containing printed information which
      can be removed from the publication;
PAR  FIG. 3 illustrates a view of a page of a publication containing a peelable
      form in accordance with the invention;
PAR  FIG. 4 illustrates an exploded view of a peeled form and a backing in
      accordance with the invention;
PAR  FIG. 5 illustrates a printed form encased within a transparent sheet in
      accordance with the invention; and
PAR  FIG. 6 illustrates a storage container containing a plurality of color
      coded forms in accordance wih the invention.
DETD
PAR  Referring to FIG. 2, a publication 10 such as a serially produced
      publication, contains at least one page 11 having a plurality of selected
      areas 12, for example, four areas, each containing printed information. In
      addition, the page 11 has a perforation or a line of weakening 13 about
      each area 12 so as to permit removal of each area 12 as a storage card
      from the page 11. To this end, the paper 11 is made of heavy weight paper
      material such as about 35 to 45 pound weight to enhance the rigidity of
      the removed card. Each area 12 also includes a means for permitting
      storing of the removed card for subsequent reference. As shown, the means
      is in the form of a pair of shaped cut-outs on one edge. These cut-outs 14
      may also be perforated so as to be formed during or after removal of the
      area 12 from the page 11 or may be pre-punched.
PAR  Referring to FIG. 2, each removed area 12 which is in the form of a card,
      contains information for example, in printed form relating to a particular
      subject matter. This information may be printed on both the front and back
      sides of the card or may be printed on only one side. In addition, the
      information should contain a reference to the publication and the date
      along with a title of the subject matter for filing purposes. This
      information is located along an upper margin 15 of the card.
PAR  Referring to FIGS. 3 and 4, wherein like reference characters indicate like
      parts as above, if the publication 10 is made of a lightweight paper such
      as newspaper, instead of using a perforation about each area 12, each area
      12 may be in the form of a peelable strip or form 16 which can be readily
      removed from the page 11 of the publication. In such a case, the peeled
      form 16 is mounted on a separate heavy weight or stiff backing 17 as shown
      in FIG. 4 to enhance the degree of rigidity of the form 16. To this end,
      the peeled form 16 may contain an adhesive 18 which permits removal from
      the publication page 11 as well as mounting on the backing 17. In
      addition, the backing 17 is provided with means such as shaped cut-outs 14
      for alignment purposes within a suitable storage container in a similar
      fashion to the card 12 described above. To this end, the backing 17 is of
      a larger dimension than the strip 16 to allow the strip 16 to be applied
      without covering over the cut-outs 14. Alternatively, both the peelable
      form 16 and the backing 17 may include shaped cut-outs which are placed in
      alignment.
PAR  Referring to FIG. 6, a storage container 19 for example of rectangular
      box-like construction, is provided for retaining and storing the various
      cards 12 and forms 16 removed from a publication. The storage container 19
      also includes a means, for example, two elongated rods or rails 20, for
      reception in the cut-outs 14 of a card 12 or backing 17 in order to align
      the respective cards and backings within the storage container. In
      addition, where a storage container 19 is used to store information
      relating to more than one subject matter, the various cards 12 and forms
      11 may be color-coded as indicated in blue, red and yellow, for example.
      The color-coding may also be used to indicate different sub-areas of a
      particular subject matter for ease of storage and retrieval.
PAR  Referring to FIG. 5, in order to preserve the life of a removed area 12 of
      a publication, use can be made of a prefolded transparent sheet 21. As
      shown, the sheet 21 includes a front portion 22, a back portion 23 and a
      flap 24 which are each integrally connected to each other. The front and
      back portions 22, 23 serve to sandwich a card 12 or backed form 16
      therebetween while the flap 24 serves to fold over the front portion 22 to
      encase the card 12 or form 16. Each of the front and back portions 22, 23
      are also provided with shaped cut-outs 25 to align with and match the
      cut-outs 14 in the card or backed form for purposes of storage in the
      storage container. The prefolded sheet 21 is made, for example, of a
      plastics material with sufficient rigidity to retain its folded shape with
      or without a card 12 or backed form 16 encased. As shown, the corners of
      the sheet 21 may be rounded to avoid sharp corners.
PAR  The invention thus provides a system by means of which various pieces of
      information relating to a particular subject matter can be easily removed
      from a page of publication or the like and stored for easy retrieval at a
      later time. The system is particularly useful in maintaining the
      information on a particular subject matter current. For example, where the
      information contained on a card as indicated in FIG. 1, relates to sales
      volume or commodity indexes or the like which are published on a monthly
      basis, the most recent card may be placed in storage with an earlier card
      removed. In other cases where the information contained on periodically
      published matters is of interest, all of the cards may be retained in the
      chronological sequence in a storage container or the like.
PAR  It is to be noted that a publication may contain any combination of the
      cards or peelable forms. For example, one page may contain both peelable
      forms and perforated areas. Also, one page may only contain perforated
      areas while another page contains peelable forms. As a practical matter,
      however, it is expected that the pages of a publication would be made in
      the same way so that the information is contained in the same type of
      area, i.e. perforated or peelable.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a publication including a plurality of pages, at least one page being
      of heavy weight and having a plurality of selected areas thereof
      containing printed information, a line of weakening about each respective
      area for removal of each said area as a storage card from said one page,
      each said removed storage card having means for permitting storage of said
      removed card for subsequent reference.
NUM  2.
PAR  2. In a publication as set forth in claim 1, said means including a pair of
      shaped cut-outs on one edge.
NUM  3.
PAR  3. In a publication including a plurality of pages, at lease one page
      having a plurality of pre-printed peelable forms adhesively secured in a
      removable manner thereon, each said form having an adhesive thereon for
      securing said form to a rigid backing having a pair of shaped cut-outs on
      one edge for permitting storage of a removed form for subsequent
      reference.
NUM  4.
PAR  4. In combination,
PA1  a publication including a plurality of pages;
PA1  a plurality of forms containing printed information releaseably mounted on
      at least one of said pages;
PA1  a plurality of backings, each said backing being sized to receive a
      selective one of said removed forms thereon and having shaped cut-outs on
      one edge; and
PA1  an adhesive on a backside of a removed form for securing a removed form to
      a selected one of said backings.
NUM  5.
PAR  5. The combination as set forth in claim 4 which further includes a storage
      container for receiving a plurality of said backings with a respective
      form thereon, said container having means for reception in said cut-outs
      to align said received backings therewith.
NUM  6.
PAR  6. In combination
PA1  a form containing printed information; and
PA1  a transparent sheet folded about said form, said sheet having a front
      portion, a back portion and a flap, said front and back portions having
      said form sandwiched therebetween with said flap folded from one of said
      portions over the other of said portions, said portions each having a
      shaped cut-out in alignment with each other.
NUM  7.
PAR  7. The combination as set forth in claim 6 wherein said form has at least
      one shaped cut-out at one edge in alignment with said cut-out in said
      portions of said sheet.
NUM  8.
PAR  8. The combination as set forth in claim 6 which further included a storage
      container for receiving a plurality of said folded transparent sheets and
      enclosed forms, said container having means for reception in said cut-outs
      to align said folded transparent sheets therewith.
NUM  9.
PAR  9. An information storage system comprising
PA1  a series of publications, at least some of said publications including at
      least one page having a plurality of selected areas thereof each
      containing printed information relating to a preselected subject matter, a
      line of weakening about each said area for removal of each said area from
      said page as a form each said area having cut-outs in an edge thereof; and
PA1  at least one storage container for receiving and storing a plurality of
      removed forms containing information relating to common subject matter for
      subsequent retrieval, said container having means for reception in said
      cut-outs to align received forms in said container.
NUM  10.
PAR  10. An information storage system comprising
PA1  a series of publications, at least some of said publications including at
      least one page having a plurality of selected areas thereon each
      containing printed information relating to a preselected subject matter,
      each said area being peelable from said page as a form and having an
      adhesive thereon;
PA1  a plurality of backings, each said backing being sized to adhesively
      receive a respectively form thereon and having cut-outs in an edge
      thereof; and
PA1  at least one storage container for receiving and storing a plurality of
      said backing mounted forms containing information relating to common
      subject matter for subsequent retrieval, said container including means
      for reception in said cut-outs of said backings to align received backings
      in said container.
NUM  11.
PAR  11. In combination
PA1  a form containing printed information; and
PA1  a transparent sheet about said form, said sheet having a front portion and
      a back portion having said form sandwiched therebetween, said portions
      each having at least one pre-shaped cut-out along an edge thereof in
      alignment with a cut-out in the other portion for storing of the encased
      form in a container in alignment with other like encased forms.
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ABST
PAL  A detachable-table unit for extending the available and useful work and
      storage surfaces of portable television cabinets, including a top, an
      outer frame below the top for support on portable television cabinets and
      an inner frame and movable rod structure for securing the unit from
      sliding or tipping by enclosing the television handle and fitting against
      it beneath the grip; other embodiments include adjustment, buffet, drop
      leaf, shelving, drawer and antenna access features.
BSUM
PAR  This invention relates generally to furniture and specifically to surface
      extenders.
PAR  A principal object of the invention is to provide a portable television set
      cabinet surface extender in the form of a table-like top for detachable
      securance to the television set cabinet.
PAR  In the prior art various surface extenders have been disclosed, U.S. Pat.
      No. 3,633,519 to George D. Nichol discloses a flat, rectangular top with a
      peripheral downwardly protruding frame and an inner frame for clamping
      over a golf cart wheel to form a seat; U.S. Pat. No. 3,389,408 to A. G.
      Pearson discloses a bathtub edge surface extender; U.S. Pat. No. 3,201,186
      to W. K. Noonan discloses a bath tub-edge seat; U.S. Pat. No. D197,729 to
      Samuel Beychok, U.S. Pat. No. 3,048,457 to R. G. Haase, and U.S. Pat. No.
      1,908,988 to F. S. Lack disclose various straddle-mounted trays.
PAR  However, the prior art has not provided a portable TV cabinet surface
      extender which simply, quickly, adjustably and securely attaches to the
      top handle of the average portable TV, and in various embodiments affords
      additional table, shelf and drawer area, as a handsome, durable and
      economical furniture accessory which enhances the appearance of portable
      television sets, according to further objects of this invention.
PAR  In brief summary given for purposes of cursive description only, an
      embodiment of the invention includes a horizontal top, an outer
      rectangular frame extending downwardly from the top in position for
      resting on the periphery of a TV cabinet top, a pair of fixed inner
      members and one or more transverse movable members for securing the
      invention to the top mounted handle of a TV cabinet.
DRWD
PAR  The above and other objects and advantages of the invention will become
      more readily apparent on examination of the following description,
      including the drawings in which, like numerals indicating like parts;
PAR  FIGS. 1 and 2 are front and side elevations partly in section of an
      embodiment of the invention installed for use with a television cabinet;
PAR  FIG. 3 is a fragmentary detail in rear elevation of the invention of FIGS.
      1 and 2;
PAR  FIG. 4 is a bottom plan view of an embodiment of the invention;
PAR  FIGS. 5 and 6 are side and rear elevations of embodiments of the invention;
PAR  FIG. 7 is a side elevation in partial section of an embodiment of the
      invention installed for use;
PAR  FIG. 8 is a top plan view of an embodiment of the invention;
PAR  FIG. 9 is a side elevation of a further embodiment installed for use;
PAR  FIGS. 10, 11, 12, 13 and 14 are front elevations of further embodiments of
      the invention installed for use;
PAR  FIG. 15 is an isometric fragmentary detail;
PAR  FIGS. 16 and 17 are respectively a bottom plan view and a fragmentary
      inverted-front-elevation detail in partial section of an embodiment;
PAR  FIG. 18 is an inverted-front-elevation detail in partial section of an
      embodiment;
PAR  FIG. 19 is a top plan view of an embodiment;
PAR  FIG. 20 is a side elevation of an embodiment;
PAR  FIG. 21 is a bottom plan view of an embodiment;
PAR  FIG. 22 is a side elevation of an embodiment; and
PAR  FIG. 23 is a fragmentary side-elevation sectional detail of an embodiment;
      and FIG. 24 is a plan detail.
DETD
PAR  FIGS. 1, 2 and 3 show embodiment 10 of the invention in the form of a
      detachable portable TV cabinet table comprising on the exterior a
      horizontal planar member or top 12 having a downwardly extending
      rectangular or outer frame 14 positioned for engaging the periphery of the
      substantially horizontal upper portion or top of a typical portable
      television cabinet. A set of parallel-spaced downwardly extending
      plate-like member 16 comprising a second or inner frame is secured to the
      underside of the top longitudinally within the outer frame for engaging
      the front and back faces of a typical upwardly-protruding TV carrying
      handle H, having vertical side arms and horizontal grip G. Finally a
      handle-engagement including one or more elongate members or rods 18 such
      as the pair shown positioned to pass beneath the handle transversely
      through the set of downwardly extending members 16 fastens the detachable
      table to the TV set. The rods may be threaded and nuts 15 provided (FIG.
      2) affixed to the plate-like members 16 in position for retaining the
      rods. Preferably the rods pass through the upper corners of the opening
      under the handle tightly fitting against the vertical side arms V of the
      handle and the horizontal grip G of the handle, securely wedging the lower
      surfaces of the frame against the upper surface of the TV cabinet and
      constraining lateral movement of the unit relative to the TV set. It can
      be seen that the foregoing arrangement in no way interferes with the
      setting of typically mounted antennas, is easily operated to attach and
      detach the unit atop the TV cabinet, and makes a trim, efficient
      installation from any view.
PAR  Preferably, in embodiment for use with compact-length picture tube TV sets,
      the top of the detachable unit extends horizontally past the sides and
      front of the TV set when installed, but not rearwardly, providing room for
      manipulation of the antenna A and preserving full upward ventilation
      through the customary TV louvers L. The flat table-top area provided by
      the invention easily doubles or triples the usable area above the TV, not
      only through surface extension but also through elimination of the usual
      handle-obstruction, and as will be seen, through providing a flat surface
      in place of the familiar cambered upper surface of some TV cabinet tops.
PAR  The overhang tends to reduce reflections at the picture tube, and to soften
      the mechanical look of TV sets.
PAR  The flat surface provided forms an extraordinarily useful table for reading
      while standing, for use as a bar top, a shelf out of reach of young
      children, and the like, particularly where table space may be at a premium
      as in apartments.
PAR  Because of appearance and acoustic qualities, wood is the preferred
      material for the unit, preferably having an alcohol resistant finish, but
      plastic may also be used, and even metal, although the non-abrasive,
      non-conductive, and more massive qualities of wood recommend it.
PAR  FIG. 4 illustrates a bottom view of an embodiment 400 preferred for
      simplicity and strength, including top 412, rectangular outer frame 414,
      and inner frame 422 comprising the previously described set of downwardly
      extending member 416 and end pieces 424 closing off the end to comprise an
      inner rectangular frame generally aligned with the outer frame. Size of
      the inner frame is made such as to fit tightly around the handle at the
      front, back and ends, aided by spacers if necessary, which can be wedged,
      glued, or screwed inside the inner frame. An intermediate reinforcing and
      stiffening rib 426 parallel-aligned with the back 420 of the outer frame
      joins the ends 428 of the outer frame. Rods 418 pass through sets of
      respective parallel-spaced, co-aligned openings in the rib 426, the inner
      frame 422, and into nuts 415 in member 416.
PAR  FIG. 5 and FIG. 6 show details of an embodiment 500 having a vertically and
      laterally spaced plurality of co-aligned holes 532 for adjustment of the
      rods to fit tightly against the TV handle.
PAR  As illustrated, plural holes on each side pass through the rib 526 and the
      front and back members of the inner frame. Rod-knob access in this
      embodiment is by way of a pivotal outer frame back 520 which fits inside
      the sides of the frame and which may be raised by pivoting about a
      horizontal axis on hinges 534 (preferably concealed) connecting it with
      the top 512, thus preserving the appearance of an unbroken-frame when
      shut. Magnetic latching means 538, 539 may be used to hold the back shut.
      The rods extend from the front to the back inside the outer frame, and are
      held in by the hinged member.
PAR  FIG. 7, a section, shows an embodiment 700 with an alternative to the
      rod-access arrangement of the back in the prior Figure. Outer frame back
      720 may have a hinge 734 secured at one end, pivotally joining it about a
      vertical axis to an end 728 of the outer frame, and a magnetic catch 738
      may be provided to hold it shut to a similar member in the outer frame,
      not shown.
PAR  FIG. 8 illustrates an embodiment 800 having provision permitting use of the
      invention with a TV set having a top-mounted antenna. One or more
      knock-out or lift-out panels 840 in the top provide antenna passage
      through the top when removed at the appropriate location. Bevel-edges 842
      or other conventional means are employed for panel retention when in
      place, and a finger nail indentation 843 may be provided for ease of
      removal. The vertical assembly method of this invention in which no
      lateral motion is necessary, permits straight-down installation over the
      antenna and the handle simultaneously.
PAR  FIG. 9 shows a further embodiment 900 especially well adapted for use with
      TV cabinets having relatively long picture-tube rearward extensions. The
      unit may extend rearward of the cabinet, employing rib 926 to bear on the
      cabinet top rear edge. An adjustable diagonal brace 944 stabilizes the
      rearwardly extended portion. Access to the rods is from the rear, the
      rearmost member 920 being hinged.
PAR  A further feature appearing in this embodiment is that of fitting a
      non-flat or contoured TV cabinet top. The outer frame 914 contacts the
      edges of the top only, and the inner frame 922 is upwardly recessed,
      avoiding any upward bulge of the midportions of the TV top.
PAR  FIG. 10 shows an embodiment 1000 of the invention in which the detachable
      table has one or more surface extending pigeon-hole type shelving portions
      in a leaf 1046 affixed to it and extending downwardly from the lateral
      overhang of the detachable table top 1012. Preferably the thickness of
      these portions is equal to the detachable table top lateral overhang,
      producing a harmonious, unitary appearance. The shelving portions may
      extend to and rest on the floor if desired. One or more of the shelving
      portions has a hinge 1048 connecting the outboard face with a laterally
      overhanging margin of the top of the detachable table unit, in the manner
      of a table dropleaf, and a folding leg 1052 to support it in the
      horizontal position, forming a pigeon hole desk. Any floor clearance
      required in folding and unfolding full length shelf units can be had by
      removing or loosening the retaining rod structure in the detachable table
      top, restoring the rod structure after the maneuver is complete, or
      clearance may be provided by stopping the shelf units short of the floor.
      FIG. 11 illustrates a simpler shelf-equipped embodiment 1100. Fixed, open
      end vertical shelving 1154 depends from the laterally overhanging portions
      of the top by a vertical member 1156 joining a dovetailed member 1157 at
      the top beneath each lateral overhang, the overhangs having corresponding
      dovetails 1159.
PAR  FIG. 12 shows an embodiment 1200 having a short (portable TV cabinet
      height) drop leaf 1258 forming the lateral surface-extension on each side.
      A brace 1260 of the folding type may be recessed in the drop leaf and/or
      the outer frame to which it connects or may be rear-mounted.
PAR  FIG. 13 shows an embodiment 1300 in which one or more convenient drawers
      1362 are recessed into the front 1330 of an upper surface extending member
      1363 affixed on top of member 1312.
PAR  FIG. 14 illustrates an embodiment 1400 demonstrating further versatility of
      the basic invention, in that further structure such as a shelf 1464
      parallel-spaced above the top 1412 of the detachable table unit on legs
      1466, can be attached to and above the unit, such is the stability
      afforded by the weight of the TV, the strength and rigidity of the handle
      attachment, and the spread stance of the outer frame.
PAR  FIG. 15 shows a wedge member or adaptive block 1568 supplied as part of
      this invention for wedging under grip G and stabilizing folding handle H
      of a TV cabinet, permitting easier installation of the detachable table
      unit. A further block 1570 may be wedged or glued into the space between
      the handle clamping members in the detachable table unit, outboard of the
      vertical side arms V of the handle to prevent shifting, if the fit
      requires this.
PAR  FIGS. 16 and 17 illustrate an embodiment 1600 of the invention having
      provision for adjusting the position of and the spacing between downwardly
      extending frame members 1616, 1616'. A pair of slotted metal channels 1672
      is secured in flush-recessed position in grooves 1674 in the top 1612 by
      screws 1676, transverse to the downwardly extending members 1616, 1616'.
      Wing nuts 1678 on screws 1680 having screwheads captured in the slotted
      metal channels adjustably secure the downwardly extending frame members
      1616, 1616' by means of an angle 1682 screwed to each end of each member.
PAR  As a further feature, rib 1626 may be mounted to the channels by recessed
      screws 1684 so that adjustment can be made to accommodate TV cabinets of
      different depths. In alternative arrangement, the ends can be adjustably
      secured to dovetail slots in the outer frame or the top.
PAR  FIG. 18 in a similar but modified embodiment 1800 represented by the detail
      shown, indicates how the downwardly extending members 1816 can be held by
      flathead screws 1880 captured in dovetail grooves 1874 in the top 1812.
      One or more metal plates 1886 may be screwed to the top to reinforce the
      dovetail grooves. Also indicated by this Figure is the feature that only
      one groove (or one metal channel as in the previous Figures) will secure
      the center of the lengths of a downwardly extending member 1816
      sufficiently well for gripping TV handles.
PAR  FIG. 19 shows an antenna-access embodiment 1900 having a lift-out panel
      1940 similar to that of FIG. 8 but with the aperture in which it fits
      being a slot 1988 in the back margin of the top 1912 instead of a hole in
      the top. Rear frame member 1920 can stop short of the slot, permitting the
      antenna to move freely into and out of the slot when the panel is removed.
      The panel may be circular as shown to facilitate smooth passage of antenna
      members around the aperture.
PAR  FIG. 20 illustrates a further antenna-access embodiment 2000 in which the
      front portion 2012 of the top is fixed and has a hinge provision 2090 at
      the rear edge permitting the rear portion 2012' of the top to pivot about
      the forward edge and lie over the front portion, opening the way for
      antenna deployment. The ends 2028 of the outer rectangular frame can
      extend to the rear as shown to support the rear portion 2012', or the rear
      portion can be supported by the hinge or by struts.
PAR  FIG. 21 shows an embodiment 2100 in which the top folds as in the prior
      embodiment and in which the rearward halves 2128 of the outer frame ends
      pivot about vertical axes on hinges 2192 affixed to the forward halves
      2128, so that they can fold out and around to lie against the forward
      halves when not extended as supports for the rear half 2112' of the top.
PAR  FIG. 22 shows an antenna-access embodiment 2200 in which the rearward half
      2212' of the top pivots upwardly from the center on hinges 2234 attached
      to the rear portion 2220 of the outer frame.
PAR  FIG. 23 shows a detail of an embodiment 2300 like the FIG. 1 embodiment
      except that spring clips 2394 affixed beneath the top 2312 adjustably
      receive and position the inner frame members 2316, which may have grooves
      2396 to receive retentive contours 2398 on the spring clips when
      positioned therebetween.
PAR  Rod attachment in the various embodiments where not detailed may be as in
      FIG. 1.
PAR  FIG. 24 indicates an alternative means of attachment for the movable top
      leaf portion, exemplified by 2412', showing attachment by dowels 2499 of
      the detachable top leaf portion. This arrangement can be used in place of
      the hinges in the arrangements of FIGS. 20-22.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by United States Letters Patent
      is:
NUM  1.
PAR  1. In combination, a television cabinet having a substantially horizontal
      upper portion, a handle upwardly protrusive from said upper portion and
      having a recess defining a horizontal grip, a surface extender resting on
      said upper portion, handle engaging means including a laterally extending
      member carried by surface extender and engaging under said horizontal grip
      of said handle, and a portion of the surface extender extending beyond
      said substantially horizontal upper portion.
NUM  2.
PAR  2. In the combination of claim 1, the surface extender including a
      horizontal top, and the portion of the surface extender resting on said
      upper portion comprising a frame, said frame extending above said upper
      portion higher than the upward protrusion of said handle and depending
      downwardly from the top in position for resting on the periphery of said
      horizontal upper portion.
NUM  3.
PAR  3. In the combination of claim 2, said handle engaging means including a
      second frame, and means for securing the second frame to the top with
      portions of the second frame on opposite sides of the handle.
NUM  4.
PAR  4. In the combination of claim 3, said handle said handle engaging means
      including at least one elongate member passing through at least a portion
      of the second frame and below a portion of the handle.
NUM  5.
PAR  5. In the combination of claim 3, said handle-engagement including contact
      between the handle and said portions of the second frame on opposite sides
      of the handle.
NUM  6.
PAR  6. In the combination of claim 5, said handle horizontal grip having a
      vertical support at each end, each of said second frame portions having a
      pair of holes passing therethrough with respective pairs of in opposite
      portions of said second frame holes being coaxially aligned and said
      handle engaging means including a pair of rods passing through said holes
      beneath the horizontal grip with one rod adjacent each vertical support.
NUM  7.
PAR  7. In the combination of claim 6, each of said second frame portions having
      a plurality of said pairs of holes therein.
NUM  8.
PAR  8. In the combination of claim 6, wherein a portion of the first said frame
      has a pair of holes therein coaxially aligned with the first said pairs of
      holes, and wherein the pair of rods passes through the pair of holes in
      the first said frame portion.
NUM  9.
PAR  9. In the combination of claim 8, and means on an end of at least one rod
      for releasably securing the rod in place.
NUM  10.
PAR  10. In the combination of claim 6, wherein an intermediate member is
      provided, wherein means are provided for securing the intermediate member
      beneath the top in spaced relation with one of said portions of the second
      frame and an aligned portion of the first frame, wherein the intermediate
      member has a pair of holes therein coaxially aligned with the first said
      pairs of holes, and wherein the pair of rods passes through the pair of
      holes in said intermediate member.
NUM  11.
PAR  11. In the combination of claim 10, and hinge structure attaching the
      aligned portion of the first frame pivotally about a horizontal axis
      beneath the top.
NUM  12.
PAR  12. In the combination of claim 10, and hinge structure attaching the
      aligned portion of the first frame pivotally about a vertical axis beneath
      the top.
NUM  13.
PAR  13. In the combination of claim 12, and means for latching the aligned
      portion of the first frame and thereby retaining the aligned portion
      against another portion of the first frame.
NUM  14.
PAR  14. In the combination of claim 10, said intermediate member being
      positioned to rest on a peripheral part of the television cabinet
      substantially horizontal upper portion, said extending portion of the
      surface extender extending therebeyond, and an adjustable brace connecting
      said extending portion of the surface extender with the television
      cabinet.
NUM  15.
PAR  15. In the combination of claim 6, a second surface extender, and means for
      movably securing the second surface extender to the first said surface
      extender.
NUM  16.
PAR  16. In the combination of claim 15, the second surface extender comprising
      a leaf and said means for movably securing comprising hinge structure
      pivotally securing the leaf to a margin of the top.
NUM  17.
PAR  17. In a combination of claim 16, the leaf having pigeonhole structure
      attached thereto, said margin of the top being a laterally overhanging
      margin, hinge structure on a portion of the leaf opposite said laterally
      overhanging margin of the top, and a leg pivotally secured by said hinge
      structure on the leaf.
NUM  18.
PAR  18. In the combination as recited in claim 6, a wedge member proportioned
      to fit between said handle and television cabinet, for thereby supporting
      the handle in the upwardly projecting position.
NUM  19.
PAR  19. In the combination of claim 6, a second surface extender comprising a
      horizontal planar member, and means for parallel spacing the horizontal
      planar member in fixed relation above the top.
NUM  20.
PAR  20. In the combination of claim 19, and at least one drawer between said
      horizontal planar member and said top.
NUM  21.
PAR  21. In the combination of claim 5, wherein the portion of the surface
      extender extending beyond said substantially horizontal portion comprises
      a laterally overhanging margin of said top, wherein a vertical set of
      shelves is provided, and wherein means are provided for movably securing
      the vertical set of shelves to the top, comprising dovetail structure
      detachably securing the topmost shelf of said vertical set of shelves to
      the laterally overhanging margin of the top.
NUM  22.
PAR  22. In the combination of claim 4, the second frame comprising a pair of
      spaced downwardly extending members, and means for adjusting the spacing
      between said downwardly extending members.
NUM  23.
PAR  23. In the combination of claim 4, said means for securing including means
      for adjusting the position of the second frame relative to the top.
NUM  24.
PAR  24. In the combination of claim 23, said means for securing including means
      for adjusting the spacing between said portions of the second frame.
NUM  25.
PAR  25. In the combination of claim 24, said means for securing comprising at
      least one slot structure affixed to the top, and means for releasably
      connecting the slot structure and said second frame.
NUM  26.
PAR  26. In the combination of claim 4, an intermediate member, and means for
      adjusting said intermediate member in position relative to said top.
NUM  27.
PAR  27. In the combination of claim 4, a portion of the top having an aperture
      therein, and a panel detachably secured in said aperture.
NUM  28.
PAR  28. In the combination of claim 27, said aperture being a slot in the rear
      margin of the top, for thereby providing antenna access.
NUM  29.
PAR  29. In the combination of claim 4, the top having a fixed forward portion,
      a rearward portion, and a hinge securing the rearward portion pivotally
      relative to the forward portion.
NUM  30.
PAR  30. In the combination of claim 29, the hinge affixed at the rearward edge
      of the forward portion and the forward edge of the rearward portion,
      whereby the rearward portion of the top can pivot into overlying
      relationship with the forward portion, thereby providing access for
      antenna deployment from beneath the rearward portion of the top.
NUM  31.
PAR  31. In the combination of claim 29, the hinge affixed at the rearward edge
      of the rearward portion and to the first said frame, thereby providing
      access for antenna deployment from beneath the rearward portion of the
      top.
NUM  32.
PAR  32. In the combination of claim 4, wherein the means for securing the
      second frame comprises a spaced plurality of resilient members protrusive
      downwardly from the top, wherein the second frame comprises a pair of
      downwardly extending members having grooves therein for engaging a portion
      of the resilient members when positioned therebetween.
NUM  33.
PAR  33. In the combination of claim 4, the top having a fixed forward portion,
      a separate rearward portion, and means for detachably fixing the rearward
      portion in relation to the forward portion.
NUM  34.
PAR  34. The combination of a surface extender and a television cabinet having a
      handle on the upper surface thereof, the surface extender comprising: a
      horizontal top, a frame depending downwardly from said top, and a
      laterally projecting elongate handle engaging member secured to said
      surface extender in vertically spaced relation with the underside of, said
      top said handle engaging member being axially slideable for thereby
      engaging said handle.
PATN
WKU  039307026
SRC  5
APN  4954491
APT  1
ART  351
APD  19740808
TTL  Hang-it-all jewelry cabinet
ISD  19760106
NCL  1
ECL  1
EXA  Troutman; Doris L.
EXP  Gilliam; Paul R.
NDR  2
NFG  7
INVT
NAM  Pichowicz; John R.
STR  P.O. Box 51, Westville Road
CTY  Plaistow
STA  NH
ZIP  03865
CLAS
OCL  312245
EDF  2
ICL  A47B 6702
FSC  312
FSS  245;204;326;328
UREF
PNO  858831
ISD  19070700
NAM  Sherman, Jr.
OCL  312326
UREF
PNO  1245582
ISD  19171100
NAM  Gray
XCL  312245
UREF
PNO  3639022
ISD  19720200
NAM  Elmo
OCL  312245
UREF
PNO  3697363
ISD  19721000
NAM  Martinez
OCL  312204
LREP
FR2  MacNab; John C.
ABST
PAL  A decorative wall cabinet for retaining an assembly of necklaces with or
      without medallions thereon, chains, both long and short, chains of beads,
      bracelets, rings and ornamental pins all in visible, convenient
      arrangement for selection by the wearer. The cabinet has a hinged door
      with a picture or other decoration on its outer surface and a mirror on
      its inner surface. A bar is fixed below the mirror having outwardly
      extending pegs or pins to hang the shorter chains or rings thereon. Inside
      the cabinet is a row of compartments at the top for bracelets and such
      jewelry, a bar having pins extending outwardly from the bar to hang long
      chains or necklaces thereon in spaced individual relationship. At the
      bottom end are two pivoted drawers having chambers therein to receive
      smaller items of jewelry such as pins, bars, etc.
BSUM
PAR  This invention relates to a useful, and decorative jewelry cabinet that can
      be easily attached to a wall or set upon a dresser or table in upright
      position.
PAR  It is a universal problem that when necklaces, chains and other beaded
      necklaces with or without pendants or charms are put in a box or
      drawer-type jewelry cabinet that they become terribly mixed up and
      tangled. Especially the very fine chains, if they become knotted, are very
      difficult to be untied and straightened out without damaging the expensive
      chain. It is noted that the necklace is about the last item to be put on
      when a person is getting dressed and when one is late to get to an
      appointment a person is generally frustrated and does not have time to
      untangle or unknot a necklace without damaging it.
PAR  The principal object of this invention is the provision of a cabinet to be
      fixedly mounted on a wall and to be used by a person to temporarily store
      long pendant chain necklaces, bead necklaces, very fine chain necklaces
      and other items of jewelry. The necklaces are hung individually on
      specially designed dowel type pins properly spaced to enable such
      necklaces to hang in spaced orderly relation so that any one may be
      easily, quickly and individually selected by a person desiring to use the
      same without interference with any other necklace and without damage to
      the chain selected.
PAR  Another object of this invention is to provide storage space on the inside
      of the cabinet door in the form of a row of pins to retain finger rings.
      Also there is further provided swing out type drawers to receive other
      jewelry items such as ornamental pins, etc.
PAR  Still further objects of the present invention are as follows:
PAR  The provision of compartments in the upper portion of the cabinet for
      bracelets.
PAR  A mirror is provided on the inside upper portion of the door of the cabinet
      so that when a necklace is tried on it may be observed by a person to
      match their wearing apparel thus eliminating the problem of opening and
      closing the cabinet door if the mirror were located on the outside surface
      of the door.
PAR  The exterior face of the cabinet door is provided with a slight inset panel
      for accomodation of a picture, a floral panel or any decorative design to
      match the decor of the room where the cabinet is installed.
PAR  In summary the object of this invention is to provide a cabinet that is
      very decorative in construction and design, rugged yet inexpensive to
      manufacture. The cabinet is shallow in depth to give a picture frame
      effect.
PAR  The cabinet is very simple to attach to the wall and automatically tightens
      to the wall. This cabinet provides one container for all types of jewelry
      objects at one convenient place hence the name - HANG-IT-ALL JEWELRY
      CABINET.
DRWD
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth by way of illustration and example certain
      embodiments of this invention.
PAR  FIG. 1 is a front perspective view of the jewelry cabinet.
PAR  FIG. 2 is a front view of the cabinet showing the door in open position.
PAR  FIG. 3 is a top view of the opened cabinet of FIG. 2.
PAR  FIG. 4 shows the right side view of the cabinet case and illustrates by
      dashed lines the angular predrilled holes for attaching the cabinet to a
      wall, not shown.
PAR  FIG. 5 shows a sectional view of the lower end of the cabinet taken on line
      5 -- 5 fo FIG. 2.
PAR  FIG. 6 shows an enlarged view of one of the pins used to hang a necklace
      over and taken on line 6 -- 6 of FIG. 2.
PAR  FIG. 7 shows a side view of one of the long slender nails to attach the
      cabinet to a wall.
DETD
PAR  Reference is now made in detail to the various figures of drawings showing
      applicants' invention, which relates to jewelry cabinets. Applicants'
      cabinet is adapted to be fixedly attached to a wall or other vertical
      surface or to stand with its bottom on a table, dresser or other surface
      not shown. The cabinet 1, FIG. 1 is in the form of a vertical box of a
      thickness of slightly more than three inches in thickness, approximately
      eighteen inches in width and of an overall length of about thirtysix
      inches. In effect when attached to a wall, the cabinet has appearance of a
      picture hanging on the wall. Numeral 2, FIG. 2, indicates the back wall of
      the cabinet 1, while 3 indicates the top wall and 4 and 5 the side walls.
      The bottom wall is shown as 6 in FIGS. 1 and 2. A door 7 is hinged to an
      edge of the side wall 4 and forms a closure for the front of the cabinet.
PAR  The jewelry cabinet 1 is shown in perspective in FIG. 1 wherein numeral 7
      constitutes the hinged door having a knob 8 or other type of handle to be
      grasped by a hand to conveniently open the door. Below the knob or handle
      8 is a key operated lock 9 for locking the cabinet 1 for privacy and
      protection. The outer surface of the top wall 3 of the cabinet 1 and the
      surface of side walls 4 and 5 thereof may have embossed decorative design
      10 thereon. It is further noted that the front panel 11 of the door is
      recessed slightly to receive one of a selection of floral pictures 12 or
      other decorative picture or design which may be glued to the panel 11 as
      desired by the owner of the cabinet.
PAR  As can be seen in FIGS. 1, 2, and 5 there are two swing out drawers 13
      located in the lower part of the cabinet 1 having knobs 14 to open and
      close the same. The drawers may be lined with soft material or fabric and
      have partitions 15 therein, FIG. 5 forming compartments for jewelry pins
      or other miscellaneous small jewelry articles. Drawers 13 are hinged to
      the lower front wall 16 of the cabinet 1 by hinges 17 which support and
      guide the drawers 13.
PAR  FIG. 2 shows a front view of the jewelry cabinet 1 showing the door 7 in
      open position and the interior chamber or box 18 in detail. Adjacent the
      top wall 3 of the chamber 18 are several compartments 19 defined by top
      wall 3, a bottom wall 20 and several verticle partitions 21. These
      compartments 19 are each lined with soft material such as velvet or felt
      and are used to receive bracelets or like jewelry items. Just below these
      compartments 19 a horizontal bar 22 extends between the side walls 4 and 5
      and back wall 2 of the chamber 18. The ends of bar 22 are fixedly attached
      to the side walls 4 and 5. Attached to and extending from the bar 22 are a
      number of spaced pins 23 as shown in FIGS. 2 and 6. Each pin 23 has a
      small head 24, FIG. 6, on its outer end. These pins 23 serve as supports
      for hanging a number of long chain necklaces or long strings of beads in
      vertically spaced positions each separate from each other. The chains may
      have medallions or other ornaments thereon. In the lower end of the
      cabinet 1 is a second chamber 25 having the front wall 16 of the cabinet,
      side walls 4 and 5 and the back wall 2 of the cabinet defining said
      chamber 25. This second chamber 25 FIG. 5 contains the two swing out
      drawers 13 described above.
PAR  The interior surface of the hinged door 7, FIG. 2 has a relatively large
      mirror 26 fixedly attached thereto by fastenings 27. The mirror 26 makes
      it convenient for a person selecting a necklace or string of beads to see
      if it matches her costume. Having the mirror 26 located on the inside
      surface of the door it is not necessary to close it to view the selected
      necklace on the person. This leaves the exterior of the door for
      decorative purposes as mentioned above. Below the mirror 26, a second bar
      28 is fixedly secured to the interior surface of the door 7. This bar 28
      carries a second series of pins 29 similar to the pins 23 on the bar 22.
      These pins 29 are for temporary storage of finger rings, short necklaces
      and other items of jewelry.
PAR  The cabinet 1 is constructed of wood, pressed wood, pressed organic
      composition, plastic or metal or other available material to help keep the
      manufacturing costs down and yet make an attractive durable cabinet. The
      side walls 4 and 5, FIG. 2 are rather thin to reduce the weight of the
      cabinet. To each side wall there are reinforcing blocks 30 fixedly
      attached as shown in FIG. 2. On one side 4 of the cabinet, hinges 31 are
      screwed or otherwise attached to said blocks 30 and the door 7 to support
      the door. These blocks 30 also have drilled openings 32 therethrough as
      best seen in FIGS. 2 and 4. As seen in FIG. 4 these openings extend at an
      angle downwardly from the front to the rear of the cabinet to receive
      nails 33 of the type shown in FIG. 7. These nails are provided to attach
      the cabinet to a wall or other verticle surface. To mount the cabinet on
      the wall, the cabinet is held flat against said wall with the cabinet door
      open, the nails are inserted in the drilled openings 32 and hammered home.
      The slanting angle of the nails in the wall make a very solid connection
      of the cabinet to the wall. The weight of the cabinet and its normal use
      tends to improve the stability of this connection of the cabinet to the
      wall. A portion of a magnetic catch 34 is attached to the door FIG. 2 and
      a second portion of said catch 34 is attached to one of the blocks 30 on
      the side wall 5 of the cabinet as seen in FIG. 2. This magnetic catch
      serves to retain the door 7 in closed position on the cabinet when the
      cabinet is not in use.
CLMS
STM  I claim:
NUM  1.
PAR  1. A decorative wall cabinet for receiving and storing ladies jewelry;
      comprising,
PA1  a thin box like chamber having a back wall, a top wall, side walls, a
      bottom wall and a lower short front wall,
PA1  a door covering the front of said chamber except for the short front wall
      thereof;
PA1  concealed hinges pivotally connecting the door to one of the side walls of
      the box;
PA1  said door having a front surface and a back surface;
PA1  a slightly recessed panel on the front outer surface of the door;
PA1  a decorative member mounted in said panel giving the visual effect to the
      wall cabinet of a picture hanging on the wall;
PA1  a large mirror;
PA1  means fixedly mounting said mirror on the back surface of said door;
PA1  a bar;
PA1  means mounting said bar on the back surface of the door below the mirror;
PA1  pins having slightly rounded heads fixed to and extending outwardly from
      said bar to receive short necklaces or chains in hanging position;
PA1  means forming a row of compartments adjacent the top box like chamber to
      receive small articles of jewelry;
PA1  a second bar;
PA1  means fixedly mounting said second bar to the sides and back walls of said
      box like chamber below the row of compartments;
PA1  a second row of headed pins mounted in and projecting from said second bar
      to receive long chains or necklaces in spaced hanging position;
PA1  a compartment bounded by the short front wall, the side walls, the back
      wall and the bottom wall of the box like chamber;
PA1  two drawers in said compartment;
PA1  hinge means attached to the short front wall of the chamber attaching the
      drawers to the chamber to allow the drawers to swing into and out of said
      compartment;
PA1  partitions in said drawers forming pockets to receive small articles of
      jewelry
PA1  means including nails for fixedly attaching said cabinet to a vertical
      surface such as a wall
PA1  whereby there is provided a cabinet wherein ladies jewelry may be retained
      in a neat orderly arrangement with the fine gold chains and strings of
      beads in spaced hanging relation and not in the mixed up, tangled and
      knotted condition experienced when storing them in a horizontal box
      normally used for jewelry wherein the side walls have reinforcing blocks
      fixedly attached to the inner surface of said walls, mounting blocks
      including inclined openings therethrough to receive said nails in
      downwardly slanting positions to cause the cabinet to be fixedly attached
      to a wall in increasingly tighter position.
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ABST
PAL  A central plug connection, especially for the connection of diagnostic
      apparatus in vehicles, in which a frame box consisting of electrically
      insulating material and equipped with at least one continuous ground rail
      connected with the vehicle ground is secured in the vehicle; each
      electrical connecting line coming from individual vehicle aggregates, is
      provided with a separate plug socket element that is sealingly and
      disengageably connected by itself at the frame box while the ground and
      shielding connection of the socket element is electrically connected with
      the ground rail; a common multi-plug is thereby adapted to be inserted
      into the sockets of all plug socket elements.
BSUM
PAR  The present invention relates to a central plug connection, especially for
      the connection of diagnostic apparatus in motor vehicles.
PAR  Many plug connections suitable for this purpose exist already which
      essentially consist of an insulating part with many inserted or pressed-in
      contacts, to which are extended and connected as cable trunks the
      individual connecting lines leading to the aggregates to be examined or
      tested. During the exchange of the aggregates, the disengagement or
      disconnection of individual contacts is difficult, is frequently connected
      with damage to the insulating part and presupposes trained personnel. The
      exchange of individual broken cables or defective contacts is, for the
      most part, impossible and can be realized only by a replacement of the
      entire cable trunk together with a complete plug connection. The plug
      connections described above of the prior art are, for the most part, not
      water-tight so that the contacts corrode already after a relatively short
      period of time. Additionally, the stocking is difficult since the
      sensitive contacts have to be machanically protected by special synthetic
      resinous parts.
PAR  It is the aim of the present invention to provide a central plug connection
      which does not entail the aforementioned disadvantages.
PAR  The underlying problems are solved according to the present invention in
      that a frame box consisting of an electrically insulating material and
      equipped with at least one continuous ground rail connected with the
      vehicle mass or ground, is secured in the vehicle, in that each of the
      electrical connecting lines coming from the individual vehicle aggregates
      is provided with a plug socket element, in that each plug socket element
      is sealingly and disconnectably connected by itself at the frame box and
      the ground and shielding connection of the plug socket element is
      operatively connected in an electrically conductive manner with the ground
      rail, and in that a common multi-plug is adapted to be inserted into the
      sockets of all plug socket elements.
PAR  Provision is thereby made that the frame box includes a sealing frame for
      each plug socket element to be secured thereat and in that each plug
      socket element is surrounded with a seal which seals the plug socket
      element during the fastening at the frame box with respect to the latter
      and surrounds the electrical connecting line water-tight on the other side
      of the plug socket element.
PAR  According to a further feature of the present invention, provision is made
      that each plug socket element is to be secured at the ground rail by means
      of a screw and that for this purpose, the ground socket of each plug
      socket element is provided with an internal thread and the ground rail
      with a bore for each plug socket element.
PAR  In one preferred embodiment of the present invention, the ground rail
      projects at least on one side out of the frame box which is rigidly or
      securely connected therewith, and is provided with a bore for the
      fastening of the frame box at the vehicle as well as for the electrical
      connection of the ground rail with the vehicle ground or mass.
PAR  In order to prevent any falsely poled connections, i.e., to prevent an
      interconnection between improper terminals, each plug socket element is
      provided with a cam or a groove which engages in a corresponding groove or
      cam in the sealing frame. In order also not to be able to insert the
      multi-plug connector in a false or improper manner, such a nut-cam locking
      arrangement may also be provided between the multi-plug connector and the
      frame box, or the distance of the first to the second plug socket element
      may be slightly larger or smaller than between the remaining elements with
      the same construction of the pin distances in the multi-connector plug.
PAR  In all embodiments, provision is made that the frame box is adapted to be
      closed on the side opposite the plug socket elements by a cover that is
      seated in a water-tight manner. Furthermore, any sealing frames which are
      not occupied by a plug socket element are sealed off by a blind element.
      The stocking and storing of the plug connections according to the present
      invention offers no difficulties since the plug socket elements which may
      consist of a unitary, one-piece structure or of two shells, may be stored
      together with the contacts and the seal as preassembled unit and therefore
      no contacts project from the same as well as from the other parts and no
      contacts have to be stored individually.
PAR  Accordingly, it is an object of the present invention to provide a central
      plug connection, especially for the connection of diagnostic apparatus in
      vehicles, which avoids by simple means the aforementioned shortcomings and
      drawbacks encountered in the prior art.
PAR  Another object of the present invention resides in a central plug
      connection which minimizes the danger of damage to the insulating parts in
      case of exchange of any of the aggregates which are connected to the
      central plug connection.
PAR  A further object of the present invention resides in a central plug
      connection which eliminates the need for highly trained personnel in
      handling the equipment.
PAR  Still a further object of the present invention resides in a central plug
      connection which makes it possible to interchange individual broken cables
      or defective contacts without the need of replacing the entire cable
      trunk.
PAR  Another object of the present invention resides in a plug connection of the
      type described above which is water-tight and thus prevents premature
      corrosion of the contacts.
PAR  Still another object of the present invention resides in a central plug
      connection which greatly facilitates the storing and stocking of such plug
      connections and parts thereof.
PAR  A further object of the present invention resides in a multi-plug
      connection for vehicles which is simple in construction, yet precludes a
      false interconnection of the multi-plug with the multi-socket.
DRWD
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a somewhat schematic, partial longitudinal cross-sectional view
      through a central plug connection in accordance with the present
      invention, taken along line I--I of FIG. 2;
PAR  FIG. 2 is a somewhat schematic transverse cross-sectional view, taken along
      line II--II of FIG. 1; and
PAR  FIG. 3 is a somewhat schematic, partial top plan view on the central plug
      connection of FIGS. 1 and 2.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, reference numerals
      1a designates in all three figures a frame box which, together with cross
      webs 1b (FIGS. 1 and 3), forms individual sealing frames 1c. A ground rail
      2a is arranged parallel to the longitudinal axis of the central plug
      connection, which is rigidly connected with the frame box 1a in any
      conventional manner. The ground rail 2a projects at both ends out of the
      sealing frame 1c and is provided thereat with bores 2b for the mechanical
      fastening of the sealing frame 1c at the vehicle (not shown) as well as
      for the electrical connection of the ground rail 2a with the vehicle mass
      or ground. Inside of the frame box 1a the ground rail 2a is provided with
      bores 2c, which are preferably countersunk, for the fastening of the
      individual plug socket elements generally designated by reference numeral
      10. Each plug socket element 10 consists of two half-shells 3 and 4 into
      which are inserted contacts 8; of these contacts, the center contact 8
      which is to be threadably connected with the ground rail 2a by means of
      the screw 9, is provided with an internal thread. The entire plug socket
      element 10 is surrounded by a seal 5 which during tightening of the
      element by means of the screw 9 is pressed against the sealing frame 1c
      and securely surrounds on the other side the connecting cable (not shown)
      leading to the plug socket element. As can be seen from FIGS. 1 and 2, the
      contact 8 includes a plate-like-enlargement 8a intermediate its portion 8b
      provided with the internal thread and its connecting portion 8c, properly
      speaking; the plate-like-enlargement 8a thereby abuts against shoulder
      surfaces 3a and 4a formed by notches in the shells 3 and 4 so that upon
      tightening the screw 9, the contact enlargement 8a forces the shells 3 and
      4 securely against the sealing frame 1c by way of the sealing element 5.
      For that purpose, each shell is provided with a shoulder portion 3b and
      4b, over which extends a corresponding inwardly projecting portion 5a of
      the sealing element which in turn is provided with ribs or the like 5b
      engaging in complementary grooves or channels provided in the sealing
      frame 1c, thereby securely assembling the various parts in a water-tight
      manner.
PAR  From the other side the frame box 1a is closed off in a water-tight manner
      by a cover 6 with a seal 7, which is removed only during a diagnosis for
      the connection of the multi-plug connector of a diagnostic apparatus. For
      purposes of a non-interchangeable connection of the plug socket elements
      10, the latter are provided with a groove 11 (FIG. 3) while the cross webs
      1b and/or the frame box 1a are provided with cams or lugs 12 at the
      corresponding places.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A central plug connection, which comprises a frame box means of
      electrically insulating material and a ground rail means disposed within
      said frame box means, said ground rail means being adapted to be connected
      with vehicle ground, wherein electrical connecting lines coming from
      individual aggregates are provided with a plug socket means, each plug
      socket means being sealingly and disconnectably connected with the frame
      box means, said plug socket means including a ground connection
      electrically connected with said ground rail means, and wherein a common
      multi-plug is adapted to be inserted into the sockets of all plug socket
      means.
NUM  2.
PAR  2. A central plug connection according to claim 1, characterized in that
      the ground rail means is a continuous, uninterrupted strip.
NUM  3.
PAR  3. A central plug connection according to claim 1, characterized in that
      said ground connection includes a ground and shielding connection which is
      electrically connected with the ground rail means.
NUM  4.
PAR  4. A central plug connection according to claim 1, characterized in that
      the central plug connection is adapted to be secured in a vehicle for the
      interconnection with diagnostic apparatus.
NUM  5.
PAR  5. A central plug connection according to claim 1, characterized in that
      the frame box means includes one sealing frame means for each plug socket
      means to be secured thereat and in that each plug socket means is
      surrounded by a seal which seals the plug socket means with respect to the
      frame box means during the fastening thereof at the frame box means and on
      the other side of the plug socket means surrounds the electrical
      connecting line in a water-tight manner.
NUM  6.
PAR  6. A central plug connection according to claim 5, characterized in that
      each plug socket means is operable to be secured at the ground rail means
      by a screw, and in that to this end the plug socket means includes a
      ground socket, each ground socket being provided with an internal thread,
      and the ground rail means being provided with a bore for each plug socket
      means.
NUM  7.
PAR  7. A central plug connection according to claim 6, characterized in that
      the last-mentioned bore is countersunk for the screw.
NUM  8.
PAR  8. A central plug connection according to claim 6, characterized in that
      the ground rail means projects at least on one side out of the frame box
      means securely connected therewith and is provided with a bore for the
      fastening of the frame box means at the vehicle as well as for the
      electrical connection of the ground rail means with said vehicle ground.
NUM  9.
PAR  9. A central plug connection according to claim 8, characterized in that
      each plug socket means includes one of cam and groove means which engages
      in a corresponding one of groove and cam means provided in the sealing
      frame means.
NUM  10.
PAR  10. A central plug connection according to claim 9, characterized in that
      the frame box means is adapted to be closed on the side opposite the plug
      socket means by a cover seated in a water-tight manner.
NUM  11.
PAR  11. A central plug connection according to claim 10, characterized in that
      the ground rail means is a continuous, uninterrupted strip.
NUM  12.
PAR  12. A central plug connection according to claim 11, characterized in that
      said ground connection includes a ground and shielding connection which is
      electrically connected with the ground rail means.
NUM  13.
PAR  13. A central plug connection according to claim 11, characterized in that
      the central plug connection is adapted to be secured in a vehicle for the
      interconnection with diagnostic apparatus.
NUM  14.
PAR  14. A central plug connection according to claim 1, characterized in that
      each plug socket means is operable to be secured at the ground rail means
      by a screw, and in that to this end the plug socket means includes a
      ground socket, each ground socket being provided with an internal thread,
      and the ground rail means being provided with a bore for each plug socket
      means.
NUM  15.
PAR  15. A central plug connection according to claim 1, characterized in that
      the ground rail means projects at least on one side out of the frame box
      means securely connected therewith and is provided with a bore for the
      fastening of the frame box means at the vehicle as well as for the
      electrical connection of the ground rail means with said vehicle ground.
NUM  16.
PAR  16. A central plug connection according to claim 5, characterized in that
      each plug socket means includes one of cam and groove means which engages
      in a corresponding one of groove and cam means provided in the sealing
      frame means.
NUM  17.
PAR  17. A central plug connection according to claim 1, characterized in that
      the frame box means is adapted to be closed on the side opposite the plug
      socket means by a cover seated in a water-tight manner.
NUM  18.
PAR  18. A central plug connection according to claim 1, characterized in that
      said ground rail means is arranged parallel to the longitudinal axis of
      said frame box means.
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ABST
PAL  A wall socket of the "pick-safe" type to prevent or at least make it
      difficult for children to come into contact with the electrical conducting
      contacting members of the wall socket wherein the contacting members are
      arranged to be movable between an inoperative position, where they are
      inaccessible from the openings of the socket, to an operative contact
      position which includes a guiding arrangement to guide the contacting
      members to the operative position when connecting the plug to the socket,
      and to an inoperative position, when removing the plug from the socket.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a wall socket or the like, which is of the
      "pick-safe" type, i.e. having special arrangements to prevent or at least
      to make it difficult for children to come into contact with the electrical
      conducting contacting members of the wall socket.
PAR  2. Description of the Prior Art
PAR  Known wall sockets of the pick-safe type are shaped according to the
      principle, that the openings in the casing of the socket, to which the
      electrical contact pins of the plug are being introduced for coming into
      contact with the contacting members of the socket, are covered with spring
      loaded covering plates. However, said known pick-safe sockets are not
      absolutely safe, as even relatively small children can learn to control
      said covering plates to uncover the access openings of the socket and by
      that can come into contact with the contacting members of the socket.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, the object of the present invention is to provide an improved
      wall socket of the pick-safe type, with the possibility for a child to
      establish contact with the contacting members of the socket without using
      a plug, almost does not exist.
PAR  To meet that object is the socket according to the invention characterized
      by that the contacting members of the socket are arranged movable between
      a position, where they are inaccessible through the access openings of the
      socket, and an operative contact position, and by a guiding arrangement,
      which is arranged to be influenced by the body of the plug to guide the
      contacting members to an operative position, when connecting the plug to
      the socket, and to an inoperative position, when removing the plug from
      the socket.
PAR  Preferably the guiding arrangement consists of devices movably arranged in
      the body of the socket, said devices are moved under compression of a
      spring and guiding the contacting members of the socket from an
      inoperative to an operative position by means of cam surfaces.
PAR  Preferably said guiding devices are so designed, that the contacting
      members in their inoperative position are received into recesses in the
      guiding devices to be almost inaccessible for attaching through the
      openings in the casing of the socket.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the following the invention will be more described with reference to the
      accompanying drawings.
PAR  FIG. 1 shows a cross-section through one wall socket according to the
      invention;
PAR  FIG. 2 illustrates the socket in a front view;
PAR  FIG. 3 illustrates the socket in the same view as shown in FIG. 2 of the
      socket, but with the casing removed;
PAR  FIG. 4 illustrates the socket in a view similar to FIG. 1 with the plug
      inserted; and,
PAR  FIG. 5 shows a cross-section through a socket according to another design
      of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The wall socket in accordance with FIGS. 1-4 comprises a body 2, in which
      slots are arranged for receiving different functional elements of the
      socket. The body 2 is formed with a casing design as a cap 4. Openings 6
      and 8 respectively are arranged in the cap 4 and into the body 2, whereby
      the contacting pins of a plug are meant to enter said openings. The
      contacting members 10 are supported by the body 2 in such a way, that they
      are laterally movable under spring control and strive to take the position
      shown in FIG. 1. Guiding devices are also arranged into the body, whereby
      said devices are movable towards and from the cap 4 under guiding control
      of the body 2. The guiding devices 12 are pressed by springs 14 towards
      the position shown in FIG. 1. Further, the guiding devices 12 are provided
      with a tongue 16, which forms recesses into the guiding devices, and the
      contacting members 10 are received into said recesses in the position
      shown in FIG. 1.
PAR  Thus, it is not possible to touch the contacting members 10 of the socket
      through the openings 6 in the cap 4, when the guiding devices 12 are
      situated in the position shown in FIG. 1.
PAR  Each of the guiding devices 12 has a projection 18, which are projected
      through an aperture 19 in the cap 4. When a plug is introduced into the
      socket, the body of the plug will engage the projections 18 of the guiding
      device 12 and under action of the springs 14 press the guiding devices
      towards the interior of the socket. (See FIG. 4) In this connection the
      surfaces 20 of the projections 18, which forms cam surfaces, are moved to
      engagement with the contacting members 10, which are laterally pressed
      inwardly towards the openings 8 into the body 2 of the socket, whereby the
      contacting members will engage the pins 24 of the plug 22.
PAR  Thus, the contacting members 10 are moved between an operative and an
      inoperative position by means of the body of the plug, and consequently it
      is not sufficiently to establish contact with the contacting members of
      the socket only by entering a pointed object through the openings of the
      socket, which is possible when using known sockets of the pick-safe type.
PAR  Naturally, it is possible to make the socket more safe by providing the
      socket with a locking device, which cooperates with the guiding devices,
      so both guiding devices simultaneous have to be acted, for a pressing
      operation of the guiding devices into the body shall take place and by
      that move the contacting members to an operative position.
PAR  Another embodiment of the invention is shown in FIG. 5. This embodiment
      shows that only one guiding device 112 is enclosed in the body 102. A
      spring 114 is actuating on said guiding device, and the contacting members
      110 of the socket is actuated by projections 118 of the guiding body 112.
      The guiding body 112 is provided with two lugs 116, which, like the lugs
      16 in the embodiment described above, forms recesses for receiving the
      contacting members in their inoperative position. According to the
      embodiment in accordance with FIG. 5, the guiding device 112 is actuated
      by a pin 126 designed on the plug 122, whereby said pin is adapted to
      enter through an opening in the cap 104, when introducing the plug into
      the socket and actuating on the guiding device 112.
PAR  The guiding device 112 is pointed at 128, which point is projected through
      the opening in the cap 104, when the plug 122 is removed. A child, which
      with its finger tries to press the guiding device into the body, is
      pricking the finger on the point 128.
PAR  A core can be arranged or molded into the guiding device 112 for grounding
      the socket. Another way is to arrange or mold a metal casing into the body
      102 in connection with the area for the entering of the pin 126 into the
      socket and with a screw as adapter. The pin 126 can in this connection be
      arranged to be pressed past the metal socket, when the plug 122 is entered
      into the socket, for example by the way, that the pin is showing a
      preformed resilient part, which is preferably preformed in one piece with
      the pin.
PAR  The invention can be modified in a multiplicity of ways within the scope of
      the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A wall socket having at least one opening into which an electrical
      contact pin of a plug may be introduced to make electrical contact therein
      comprising:
PA1  a socket body;
PA1  at least one guiding device;
PA1  means movably supporting the guiding device within the socket body for
      limited movement in the general direction of plug introduction;
PA1  at least one cam surface on the guiding device;
PA1  at least one contacting member movable between an inoperative position
      where it is inaccessible from the socket opening and an operative contact
      position;
PA1  means for supporting and springingly urging the contacting member lateral
      to the direction of plug introduction;
PA1  a lug integral with the guiding device and forming in conjunction therewith
      a recess;
PA1  the contacting member being housed within the recess of the guiding device
      when in the inoperative position; and
PA1  means responsive to the introduction of a plug into the wall socket to
      force, by way of the cam surface, the contacting member into contact with
      the plug pin.
NUM  2.
PAR  2. A wall socket in accordance with claim 1 further comprising spring
      biasing means for urging the guiding device toward the at least one
      opening and therefore also the contacting member into the guiding device
      recess.
NUM  3.
PAR  3. A wall socket in accordance with claim 1 wherein there is one guiding
      device and two contacting members, the socket further including an
      additional lug integral with the guiding device and forming in conjunction
      therewith an additional recess for receiving the other of the contacting
      members in the inoperative position.
NUM  4.
PAR  4. A wall socket in accordance with claim 3 wherein the plug is provided
      with two pins for making electrical contact with respective contacting
      members and a guiding device actuating pin, the socket having two
      electrical contact pin openings and a guiding device actuating pin opening
      whereby, when the plug is introduced into the socket, the guiding device
      actuating pin engages the guiding device to move the guiding device in the
      direction of plug insertion thereby freeing the contacting members from
      their respective recesses.
NUM  5.
PAR  5. A wall socket in accordance with claim 1 wherein there are two guiding
      devices and two associated contacting members supported within the socket
      body to provide a socket for accepting a dual pin plug.
NUM  6.
PAR  6. A wall socket in accordance with claim 5 wherein the socket has two pin
      accepting openings and further comprising spring biasing means for
      independently urging the two guiding devices toward the pin accepting
      openings and therefore also the contacting members into their respective
      guiding device recesses.
NUM  7.
PAR  7. A wall socket in accordance with claim 6 wherein a portion of each
      guiding device is exposed for engagement with a plug whereby introduction
      of the plug into the socket forces each guiding device against its
      respective bias urging to force the contacting members from their
      respective guiding device recesses and into contact with the plug pins.
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PAL  The following specification is directed to an electrical connector assembly
      including a cam surface on one connector body having recessed contacts and
      a cam follower on the other connector body having recessed contacts for
      guiding the connector bodies and contacts into proper engagement. Guide
      means are also provided on the connector bodies for facilely guiding the
      insertion of a socket contact into one of the bodies and a boot having
      improved guiding means is used for sealing and gripping the conductors
      connected to the contacts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to electrical connector assemblies and
      more particularly to improved guide means for components of an electrical
      connector assembly.
PAR  2. Summary of the Prior Art
PAR  Electrical connector assemblies often include a pair of pin contacts
      projecting from one connector body or receptacle member into a blind
      recess for engagement with a pair of socket contacts recessed in a second
      connector body or plug member. The plug member is inserted into the blind
      recess for establishing electrical connections between the contacts.
      Misalignment of the pin contacts and socket contacts naturally occurs
      frequently rendering the assembly of the connector bodies difficult and
      time-consuming.
PAR  The socket contacts are inserted into the respective connector body, which
      is of a relatively hard rubber or other dielectric material, through a
      riser or small diameter portion at one end of the body. The socket contact
      has a blunt end or face of larger diameter than the riser and the riser is
      expanded to receive the socket contact and thereafter form a relatively
      tight seal therewith. When axial pressure is manually applied to the
      socket contact to effect entry, small misalignment may result in failure
      to spread the riser and the socket contact may slip to either cause injury
      or damage to the connector body and the operator.
PAR  To effect connections to the contacts, the ends of several conductors
      leading to the contacts in the connector body and a jacket in which the
      conductors are carried must be skinned to enable connection to the
      contacts. The skinned conductor ends are located in the connector body
      while the jacket end is usually located adjacent the body and is subject
      to the entrance of moisture or other contaminants, for example, creating
      deleterious effects.
PAC  SUMMARY OF THE INVENTION
PAR  To avoid the afore-described and other problems, the present invention
      utilizes a guide means formed by simply moulding a cam in the recess of
      the receptacle member and a cam follower on a projecting end of the plug
      member fitted in the recess for controlling the angular position of the
      two members in response to axial pressure therebetween to assure proper
      alignment of the contacts for facilely and quickly enabling their
      engagement.
PAR  The plug member receiving the receptacle contacts is also provided with a
      slightly enlarged bore adjacent the riser to provide an initial guide
      means or guideway for properly guiding the receptacle contact into
      engagement with the riser or small diameter portion so that it can be
      easily inserted into the respective connector body and is held from
      slipping.
PAR  An annular boot of soft, pliable or resilient rubber is also provided for
      the end of the connector body through which the insulated conductors pass
      and the boot is provided with a small diameter passageway at one conical
      end spaced from the connector body. The conical portion inverts in
      response to axial translation to provide a guideway for the conductors and
      jacket into the small diameter passageway for enabling its enlargement to
      receive the conductors and their jacket. The conical portion is then
      reverted to its original axial position and the edge of the radially
      enlarged passageway contracts about the conductors. The contracted
      passageway together with inwardly projecting lips adjacent the passageway
      insure a tight seal against the entrance of moisture.
PAR  It is, therefore, a primary object of the present invention to provide an
      improved and more economical electrical connector assembly.
PAR  Other objects and features of the present invention will become apparent on
      examination of the following specification and claims together with the
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of an electrical connector assembly
      incorporating the principles of the present invention.
PAR  FIGS. 2a-2e are a series of side elevational views partially in section
      illustrating the manner in which the guide means on the connector bodies
      cooperate to guide the contacts into proper alignment.
PAR  FIGS. 3a-3e are a series of largely diagrammatic end views corresponding to
      FIGS. 2a-2e respectively illustrating the manner in which the connector
      bodies are guided into proper alignment.
PAR  FIG. 4 is a fragmentary sectional view illustrating the manner in which the
      socket contact guideway in the connector body also provides strain relief
      for the conductors.
PAR  FIG. 5 is a fragmentary sectional view illustrating the manner in which the
      boot receives the conductors together with their jacket and protects the
      multi-conductor cable entering the connector body.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a connector assembly is indicated generally therein by
      the reference character 10. The connector assembly includes a generally
      cylindrical integrally formed one piece body or receptacle member 12 and a
      generally cylindrical integrally formed one piece body or plug member 14.
PAR  The receptacle member 12 has a plurality of longitudinally or axially
      extending passageways such as 16 through which a respective elongate pin
      contact such as 18 extends. Each pin contact 18 has an insulated conductor
      20 secured thereto adjacent the rear or one end and projects at the other
      pin contact end into a generally cylindrical recess 22 formed by a
      generally annular wall encircling recess 22 at the front end of the
      receptacle member with the contacts 18 terminated at a position spaced
      axially or recessed from the front end of recess 22.
PAR  The plug member 14 has a plurality of longitudinally or axially extending
      passageways such as 24 therein which receive a respective elongate socket
      contact 26 having a tubular end for receiving a respective pin contact 18.
      The socket contact 26 has a flat end face 28 encircling the tubular
      openings and recessed in body 14. Face 28 is generally perpendicular to
      the axis of the contact and body and receipt of a respective one of pin
      contacts 18 in the tubular end of contact 26 establishes an electrical
      connection between conductor 20 and a respective conductor 30 connected to
      the other end of each socket contact 26.
PAR  It will be noted that each passageway 16 and 24 has a large diameter
      intermediate its ends with a small diameter portion or riser portion 32
      adjacent opposite ends of each passageway. The small diameter portions or
      risers form seals for the conductors and contacts to prevent the entrance
      of moisture or other contaminants. In the case of the pin contact,
      insertion into its respective passageway presents little difficulty since
      it has a rather small diameter conical pin end portion permitting manual
      guidance through the small diameter riser portion without difficulty. The
      receptacle contact, on the other hand, is provided with a relatively large
      diameter flat or transverse end face 28, which if pressed against the
      riser portion at the very end of the respective body, would tend to slip
      therefrom if not accurately aligned. To provide guiding and alignment
      means, a guideway comprising an enlarged diameter bore or recess 34
      coaxial with the passageway 24 is formed at the rear end of the plug 14
      and the passageway 24 behind riser 32. This enlarged diameter portion 34
      permits the face 28 on the socket contact 26 to be accurately aligned with
      the opening through the riser 32 and prevents slippage therefrom since it
      confines the adjacent socket contact end. After the face 28 passes through
      the enlarged diameter portion 34 which is sized to engage the peripheral
      contact surface to align the contact with the reduced diameter portion 32,
      the contact passes through portion 32 and a second reduced diameter
      portion with reduced diameter portions 32 and 34 assisting in thereafter
      maintaining alignment of the contact 26 for movement into the enlarged
      diameter portion of the passageway 24 in which the contact finally seats.
PAR  As seen in FIG. 4, if the wire or conductor 30, for example, is
      conveniently engaged with the passageway 24 from a position extending
      transversely or at right angles to the passageway axis, the rear edge of
      recess 34 provides a support or strain relief for the conductor and riser
      32.
PAR  The internal surface of the annular wall defining the cavity or recess 22
      in the front end of receptacle member 12 has an annular or radially
      inwardly extending lip 36 at the front end of the recess for engaging or
      snap-fit engagement in a corresponding recess 38 in the external periphery
      of the plug member 14 in response to the correct insertion and alignment
      of a generally cylindrical front end projection 40 on plug member 14 in
      recess 22. The recess 22 has a first or a front enlarged axially extending
      annular internal surface portion 42 directly behind the lip 36 for
      receiving a similarly shaped and dimensioned cylindrical surface portion
      44 on the projecting end of plug member 14 directly in front of recess 38,
      if the members are properly aligned. A ramp or cam surface portion 46 is
      formed directly behind portion 42 at substantially 45.degree. to the
      longitudinal axis of member 12 and offset from the axis of member 12. Cam
      surface 46 extends rearwardly from surface portion 42 to a position
      intermediate the ends of recess 22 to thereby substantially reduce the
      cross-sectional area of the recess 22, which is otherwise annular in the
      corresponding axial portions. A last reduced recess portion 48 is formed
      above and directly to the rear of the cam 46 by an axially extending flat
      guide surface portion 50 connecting cam portion 46 with a radial end face
      52 of the recess 22 and from which pin contacts 18 project.
PAR  The projection 40 on plug member 14 is also provided with a ramp surface
      portion 54 of similar length and width to cam 46 and extending at
      substantially 45.degree. to the longitudinal axis of the member 14 and
      offset therefrom. The ramp portion 54 extends into a flat surface portion
      56 similar in length and width to portion 50 and parallel to the
      longitudinal axis of member 14. Surface portion 56 intersects a flat
      radial front end face 58 on the projecting end of member 14. The juncture
      of face 58 with the annular peripheral portion of projection 40 forms a
      cam follower for insuring the proper angular orientation between members
      12 and 14 and thereby the recess surfaces with the projection surface to
      form guide means for the members and contacts to insure their proper
      engagement.
PAR  As will be seen from FIGS. 2a-2e, the projection 40 on plug member 14 may
      be inserted into the receptacle member recess 22 at a variety of different
      angles, as for example shown in FIGS. 2a and 3a at 180.degree. out of
      alignment with pin contacts 18 disposed above the horizontal mid plane
      bisecting the members and contacts 26 below the plane. The juncture or
      corner of front face 58 and the peripheral axially extending
      circumferential surface portion or annular portion of projection 40
      engages the cam portion or cam 46 intermediate the cam ends. As axial
      pressure is applied between the members 12 and 14, the plug member 14 in
      order to move forward into the recess 22 must rise along the cam 46. Since
      the projection 40 is prevented from fully entering the recess 22 in the
      position shown in FIGS. 2a and 2b, the member 14 must rotate relative
      member 12 as shown in FIGS. 2b, 2c, 3b and 3c to permit the projection 40
      to both rise and move forward into recess 22.
PAR  The rotation and axial movement indicated at x and x' in FIGS. 2c and 2d
      brings the semi-circular or cylindrical portion of plug member 14 into
      closer angular alignment with the semi-circular or annular portion of the
      recess 22 with surfaces 50 and 56 in angular alignment, and when the flat
      surface portions 50 and 56 are in angular alignment, as shown in FIGS. 2d
      and 3d, resistance to forward or axial movement is eliminated and the
      recessed or blind contacts 18 and 26 are in angular alignment to permit
      their engagement in response to further axial pressure between members 12
      and 14. The cam 46 is then brought into abutment with ramp portion 54 to
      terminate further axial movement. Rotation as indicated in FIGS. 2e and 3e
      may be in either direction to secure alignment with rotation naturally
      occurring in the direction of least resistance. The lip 36 is, of course,
      simultaneously engaged in recess 38. To withdraw the plug member 14 from
      the receptacle member 12, the two are simply axially separated to
      disengage lip 36 from recess 38 and as the face 58 is axially aligned with
      the rearward end of cam 46, the plug member 14 may be rotated or allowed
      to move downward along cam 46 to easily retract or separate the members.
PAR  It will be appreciated that the connector bodies 12 and 14 are usually of
      rubber and while not shown, a protective annular metal skirt is often
      provided about the tubular portion of contact 26. When pressure is applied
      to engage the contacts, the rubber may yield and the metal parts can score
      or otherwise damage the rubber or the contacts may be pushed backward in
      their passageways unless the described accurate alignment or guide means
      is provided for controlling the contact alignment and ensure their proper
      engagement.
PAR  The connector bodies or members 12 and 14 are also each provided with
      peripheral recess 60 intermediate their ends in which a peripheral lip 62
      at one end of a respective connector boot 64 is received. The connector
      boot is formed of flexible rubber and is folded back as indicated by
      dashed lines 66 in FIG. 5 for facile receipt over a reduced peripheral
      portion at the end of the respective connector body. When the boot 64
      butts against a stop shoulder 68 on the body, the folded back portion 66
      is simply rolled over the shoulder and the lip 62 automatically engages
      the recess 60 to provide a tight moistureproof seal with the corresponding
      connector body end.
PAR  The other or rear end of the boot has a thick peripheral annular shoulder
      portion 70 from which a conical end surface portion 72 extends radially
      inwardly and axially rearwardly to a small diameter opening or passageway
      74 for receiving the several insulated conductors 20 or 30, for example,
      connected to the contacts in the respective body and carried in a
      conventional jacket 76 of insulating material. A plurality of spaced
      peripheral projections 78 are formed on the inner surface of the conical
      portion 72 between the shoulder 70 and the rear passageway 74 and each
      projection has a respective different diameter.
PAR  The conductors are assembled to the contacts usually before the boot 64 is
      placed on the connector body. The conical portion 72 at the rear end of
      the boot is pushed in or inverted by axial translation forwardly in
      response to axial pressure supplied, for example, by the contacts and
      attached conductors or by the conductors alone before connection to the
      contacts as shown by dashed lines 80 in FIG. 5 to an axial position
      adjacent the shoulder 70. Shoulder or thickened wall portion 70 is located
      intermediate the ends of boot 64 so that it is spaced radially and axially
      from the connector body and from the passageway 74 and provides increased
      resistance to deformation so that the portion 72 inverts in response to
      axial pressure thereagainst by the conductor or contact ends and forms a
      guideway for the contacts and conductors to move through the passageway
      74. The guideway portion indicated at 80 now provides little radial
      resistance to expansion in response to the insertion of the contacts and
      conductors and jacket 76 through the passageway 74 whereby the diameter of
      the passageway enlarges to pass the conductors. Thereafter, rearward
      movement or axial retraction of the folded concial portion to the position
      shown by dashed lines 82 in FIG. 5 provides a tight grip on the jacket and
      conductors. The edge of passageway 74 and annular projections 78
      resiliently contract radially inwardly around the conductors 20 or 30 and
      jacket 76 with the projections 78 gripping the jacket 76 to provide a
      tight seal against moisture, for example.
PAR  The foregoing constitutes a description of one improved connector assembly
      incorporating the principles of the present invention, whose principles
      are believed not limited to the foregoing description and which are
      believed set forth in the accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical connector assembly for connecting each contact of one
      plurality of contacts with a respective contact of another plurality of
      contacts comprising:
PA1  a first connector body having a longitudinal axis with a plurality of
      axially extending passageways extending parallel to said axis and
      receiving a respective contact of said one plurality of contacts, said
      body having an annular wall at one end with an internal surface of said
      wall defining an encircled axially extending recess open at said one end
      with said one plurality of contacts extending parallel to the axis of said
      body into said recess and spaced from said one end;
PA1  a second connector body having a projecting front portion with a front end
      received in said recess and a longitudinal second body axis with a
      plurality of passageways extending parallel to said second body axis and
      receiving a respective contact of said other plurality of contacts said
      other plurality of contacts each terminating in said projecting front
      portion of said second body and spaced from said front end of said second
      connector body for engagement with a respective contact of the first
      plurality of contacts;
PA1  cam means on one of said connector bodies; and
PA1  cam follower means on the other connector body for engagement with the cam
      means on the one connector body in response to the receipt of said
      projecting front portion in said recess and axial pressure between said
      bodies to rotate the bodies relative one another to a predetermined
      angular position and angularly align each contact of the first plurality
      of contacts with a respective contact of the other plurality of contacts
      for engaging each contact of said one plurality of contacts with a
      respective contact of said other plurality of contacts.
NUM  2.
PAR  2. The connector assembly claimed in claim 1 in which said cam means
      includes a first ramp surface portion formed in said recess on the
      internal surface of said annular wall with said ramp surface portion
      terminating intermediate the opposite axial ends of said recess and
      extending transversely to the longitudinal axis of said first connector
      body at an angle of less than 90.degree..
NUM  3.
PAR  3. In the connector assembly claimed in claim 2, a first flat surface
      portion formed in said recess on the internal surface of said annular wall
      extending parallel to the longitudinal axis of said first body from one
      end of said ramp surface portion toward the end of said first connector
      body opposite said one end.
NUM  4.
PAR  4. The connector assembly claimed in claim 3 in which said cam follower
      means includes the juncture of a radially extending front face at the
      front end of said second connector body and a peripheral axially extending
      arcuate surface portion on the projecting portion of said second connector
      body.
NUM  5.
PAR  5. In the connector assembly claimed in claim 4, in which said projecting
      front portion has a flat surface portion parallel to the longitudinal axis
      of said second connector body and intersecting both said peripheral
      axially extending arcuate surface portion and said radially extending
      front face for engagement with the first flat surface portion formed in
      said recess, and a second ramp surface portion formed on said second
      connector body at an angle transverse to the longitudinal axis of said
      second body and corresponding to the angle of the first ramp portion for
      engagement with said first ramp surface portion on the internal surface of
      said annular wall.
NUM  6.
PAR  6. The connector assembly claimed in claim 1 in which said second connector
      body is integrally formed in one piece and the passageways in said second
      connector body for receiving a respective one of said other plurality of
      contacts each have a reduced diameter portion spaced adjacent the end of
      said second connector body opposite said front end and each contact of
      said other plurality of contacts has a contact radial face at one end of
      each contact of said other plurality of contacts with each contact radial
      face of larger diameter than said reduced diameter portion, and each
      passageway in said second connector body has an enlarged diameter
      passageway portion formed between each small diameter portion and said
      opposite end of said second connector body and in communication with the
      respective reduced diameter portion for aligning and guiding the radial
      face of the respective contact of said other plurality of contacts through
      the respective reduced diameter portion of the respective passageway.
NUM  7.
PAR  7. In the assembly claimed in claim 1, an elongate annular boot of flexible
      rubber material having one end for receipt either over the end opposite
      said one end of said first body and over the end opposite said front end
      of said second connector body;
PA1  said boot having a free conical end portion extending radially inwardly and
      axially from said other end to define a reduced diameter passageway; and
PA1  a shoulder formed intermediate the ends of said boot with said shoulder
      spaced radially from each connector body and axially from the reduced
      diameter passageway to provide an area of increased resistance to
      deformation on said boot whereby said conical portion is axially
      translated toward the other end of said either one of said bodies to
      provide a guideway enabling enlargement of said passageway for receiving a
      plurality of conductors connected to respective contacts carried by said
      either one of said bodies.
NUM  8.
PAR  8. An electrical connector assembly for connecting each contact of one
      plurality of contacts with a respective contact of another plurality of
      contacts comprising:
PA1  a first connector body having a longitudinal axis with a plurality of
      passageways extending parallel to said axis and receiving a respective
      contact of said one plurality of contacts, said body having an annular
      wall at one end with an internal surface defining an encircled axially
      extending recess open at said one end with said one plurality of contacts
      extending parallel to the axis of said body into said recess and spaced
      from said one end;
PA1  a second connector body having a front end received in said recess and a
      longitudinal axis with a plurality of passageways extending parallel to
      said axis and receiving a respective contact of said other plurality of
      contacts, said other plurality of contacts each terminating at a position
      in said second body spaced from said front end of said second connector
      body for engagement with a respective contact of the first plurality of
      contacts;
PA1  cam means integrally formed on the internal surface of said annular wall;
      and
PA1  cam follower means on the front end of the second connector body for
      engagement with the cam means on the internal surface of said annular wall
      in response to the receipt of said second connector front end in said
      recess and the application of axial pressure between said bodies to rotate
      said second connector body relative the first connector body to a
      predetermined angular position and angularly align each contact of the
      first plurality of contacts with a respective contact of the other
      plurality of contacts for engaging each contact of said one plurality of
      contacts with a respective contact of said other plurality of contacts.
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PAL  A circuit panel connector for enabling the connection of a plurality of
      circuit terminals at the edge of a circuit panel, such as a printed
      circuit board, with external conductors includes an elongate socket and
      self-aligning bifurcated electrical contacts juxtaposed with the socket
      along the length thereof, each having a pair of opposed cantilever tines
      integral with a common base and carrying contact lobes at the free ends
      thereof such that both tines are free to flex resiliently relative to one
      another for the reception of the circuit panel edge between the tines,
      while the contacts are free to move laterally, relative to the socket, for
      alignment of the contacts with the circuit panel edge in response to
      insertion of the circuit panel edge within the socket, and a strap
      integral with the base of each contact and extending laterally into a
      tubular connector element having means for releasably clamping an external
      conductor against the strap within the tubular connector element.
BSUM
PAR  The present invention relates generally to electrical connectors and
      pertains, more specifically, to electrical connectors of the type which
      serve as an interface between a circuit panel, such as a printed circuit
      board, and external conductors.
PAR  The increasing use of modular construction in electric and electronic
      devices and, in particular, the use of pre-wired circuit panels, such as
      printed circuit boards, in modular construction has led to a demand for
      electrical connectors capable of making ready electrical connections
      between such panels and external conductors. Thus, for example, printed
      circuit boards frequently are constructed with a plurality of circuit
      terminals located adjacent one edge of the board. That edge is then placed
      within a connector in the form of a terminal block having contacts which
      engage the terminals of the printed circuit. External conductors are
      affixed to the terminal block for electrical connection to the terminals
      of the printed circuit through the terminal block.
PAR  Terminal blocks of the type having contacts which enable ready connection
      and disconnection of external conductors to various circuits have been in
      use for quite some time. In such terminal blocks, means are provided,
      usually in the form of a clamping screw, for selectively clamping or
      releasing an external conductor to connect or disconnect the conductor and
      the contact of the terminal block. Such means have been employed in
      connectors which enable the selective connection of external conductors to
      printed circuit boards; however, existing connectors of that type do not
      appear to take into account some of the critical factors in successfully
      accommodating a complete circuit panel, such as a printed circuit board,
      within a single connector and a plurality of separate external conductors
      which individually can be selectively connected to or disconnected from
      the connector.
PAR  It is an object of the present invention to provide a connector which
      enables the selective insertion or removal of a circuit panel, such as a
      printed circuit board, into or out of the connector and enables the
      selective connection or disconnection of external conductors to or from
      the connector with increased ease, reliability and accuracy.
PAR  Another object of the invention is to provide a connector of the type
      described in which bifurcated contacts receive the edge of the circuit
      panel and align themselves within the connector relative to the panel edge
      in response to the reception of the panel edge in the connector to enable
      effective electrical contact with the circuit panel terminals located
      adjacent the edge of the panel.
PAR  Still another object of the invention is to provide a connector of the type
      described wherein external conductors of a variety of sizes may be
      inserted into the connector with ease and wherein positive connection is
      assured and, further, may be ascertained visually.
PAR  A further object of the invention is to provide a connector of the type
      described which is supplied in fully assembled configuration and need not
      be disassembled either in whole or in part when put to use.
PAR  A still further object of the invention is to provide a connector of the
      type described which exhibits a high degree of dielectric integrity and in
      which all electrically conductive component parts are recessed or
      otherwise placed remote from the external surfaces of the connector so as
      to reduce the hazards of electric shock or short circuit conditions.
PAR  Another object of the invention is to provide a connector of the type
      described which may be keyed selectively to assure proper mating of a
      particular circuit panel without disassembly of the connector.
PAR  A further object of the invention is to provide a connector which is
      relatively simple in construction and is capable of economical manufacture
      in large numbers and of varied sizes.
PAR  The above objects, as well as still further objects and advantages, are
      attained by the invention which may be described briefly as a circuit
      panel connector for enabling connection of the circuit terminals along the
      edge of a circuit panel, such as a printed circuit board, with external
      conductors, the panel connector comprising a body of dielectric material,
      an elongate socket in the body for receiving the panel edge, the socket
      having opposite side walls and a bottom, a plurality of bifurcated
      electrical contacts in the body, the contacts each having a base
      juxtaposed with the bottom of the socket and opposed tines juxtaposed with
      the side walls and including contact members projecting beyond the side
      walls into the socket, a plurality of connector elements, one for each
      bifurcated contact, each connector element being captured within the body
      against movement relative thereto and being spaced laterally from a
      corresponding bifurcated contact, a conductive strap integral with the
      base of the bifurcated contact and extending from the base to the
      connector element, and means for releasably clamping an external conductor
      to the connector element and in electrical contact with the strap, each
      tine being spaced from the corresponding side wall with which the tine is
      juxtaposed to enable lateral movement of the bifurcated contact relative
      to the body and resilient flexing of both tines away from one another in
      response to entry of the panel edge between the contact members of the
      tines.
DRWD
PAR  The invention will be more fully understood, while still further objects
      and advantages will become apparent, in the following detailed description
      of a preferred embodiment of the invention illustrated in the accompanying
      drawing, in which:
PAR  FIG. 1 is a partially exploded, partially broken away, perspective view
      illustrating a connector constructed in accordance with the invention
      about to receive a circuit panel and external conductors;
PAR  FIG. 2 is a lateral cross-sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a lateral cross-sectional view taken along line 3--3 of FIG. 1,
      but with the circuit panel and an external conductor received within the
      connector; and
PAR  FIG. 4 is a perspective view of a bifurcated contact of the connector.
DETD
PAR  Referring now to the drawing, and especially to FIG. 1 thereof, a connector
      constructed in accordance with the invention is illustrated at 10 and is
      seen to include a body 12 of dielectric material having an elongate socket
      14 extending in a longitudinal direction along almost the entire length of
      the body 12. Connector 10 is to be employed as an interface device to
      connect a circuit panel, shown in the form of a printed circuit board 16,
      to a plurality of external conductors 18. More specifically, the printed
      circuit board 16 carries circuitry 20 which includes a plurality of
      terminals 22 located along a line adjacent one edge 24 of the printed
      circuit board 16 and each of these terminals 22 is to be connected to a
      corresponding conductor 18 via the connector 10.
PAR  Turning now to FIGS. 2 and 3, as well as to FIG. 1, socket 14 is generally
      complementary to the edge 24 of printed circuit board 16 and includes
      opposite side walls 26 and 28 and a bottom 30. A plurality of U-shaped
      grooves 32 are placed in the body 12, one for each connection to be made,
      the grooves 32 extending along the walls 26 and 28 and bottom 30 and
      opening into the socket 14.
PAR  A bifurcated electrical contact 34 is placed in each groove 32, each
      contact 34 having a pair of opposed tines 36 unitary with a base 38
      thereby establishing a generally U-shaped configuration. The central
      portion 40 of the base 38 is unitary with an elongate strap 42, as best
      seen in FIG. 4, and the strap extends laterally through the body 12 so
      that the free end 44 thereof enters a generally tubular connector element
      46.
PAR  Each connector element 46 is held captive within a cavity 48 in the body 12
      of the connector 10 wherein the connector element 46 is retained against
      upward or downward movement (as viewed in FIGS. 2 and 3), lateral movement
      (to the left or right as viewed in FIGS. 2 and 3) or longitudinal movement
      (perpendicular to the plane of the paper in FIGS. 2 and 3) relative to the
      body 12. As best seen in FIGS. 2 and 3, body 12 includes a separate lower
      body portion 50 integral with the upper body portion 52 thereof. Prior to
      affixing lower body portion 50 to the upper body portion 52, each of the
      bifurcated contacts 34 and the connector elements 46 are placed in the
      respective grooves 32 and cavities 48. The lower and upper body portions
      50 and 52 are then permanently affixed to one another, fixing the contacts
      and connector elements in place and effectively electrically insulating
      the contacts and connector elements from the basal surface 54 of the body
      12. It is noted that the straps 42 are of two different lengths and the
      cavities 48 are in two rows staggered from one another so that adjacent
      connector elements 46 are somewhat nested, thereby enabling a maximum size
      for the connector elements with a minimum length of body 12.
PAR  Referring now to FIG. 2, each U-shaped bifurcated contact 34 is received
      within a corresponding U-shaped groove 32 with a certain amount of
      clearance space 56 between each of the tines 36 and the corresponding side
      walls 26 and 28. The inner edges 58 of the contact 34 are recessed
      relative to the socket 14 with the exception of a pair of opposed contact
      members shown in the form of opposed rounded lobes 60 located at the free
      ends of the tines 36 and projecting into the socket 14. The central
      portion 40 of the base 38 of contact 34 rests upon the lower body portion
      50 and can slide laterally, relative to the fixed connector element 46, by
      virtue of clearance spaces 56 and the free entry of end 44 of strap 42
      into the connector element 46. The entrance surfaces 62 at the entrance to
      socket 14 are also rounded thereby providing a flared entrance so that as
      the edge 24 of printed circuit board 16 is inserted into the socket 14,
      the lobes 60 of tines 36 will be engaged without stubbing. The printed
      circuit board 16 will thus enter between the lobes 60 of tines 36 and, as
      the edge 24 engages the lobes 60, the contacts 34 will be moved laterally
      relative to the body 12 so that each contact will align itself in the
      optimum position for accepting the printed circuit board. Hence, the
      contacts 34 are self-aligning for optimum contact pressure, as will be
      described below.
PAR  Turning now to FIG. 3, when the printed circuit board 16 is fully inserted
      into socket 14, with edge 24 resting against the bottom 30 of the socket
      14, electrical contact is made between a lobe 60 and a corresponding
      terminal 22 of the circuitry 20 on printed circuit board 16. Proper
      contact pressure is attained by the resilient flexing of tines 36 relative
      to base 38 of the contact 34.
PAR  It is noted that each tine 36 is a cantilever member affixed at the lower
      end thereof to the base 38 so that each tine may flex equally and
      independent of any further structure. By thus distributing the total
      deflection available between the tines to both tines equally, the total
      available deflection is increased while the deflection of each tine is
      limited to resilient elastic deflection. Thus, the combined effect of the
      lateral movement of each contact 34 to align the contact with the edge of
      the printed circuit board, together with the equal deflection of both
      tines toward and away from one another provides optimum contact pressure
      between the lobes 60 of contacts 34 and any printed circuit board which
      can be inserted into socket 14. The particular configuration of the
      contact 34, wherein the strap 42 is unitary with the central portion 40 of
      base 38 of the contact 34, provides the desired freedom of deflection of
      both tines 36 without interference from the strap, while still enabling
      lateral displacement of the contact 34, with strap 42, for self-aligning
      purposes. The strap 42 is relatively rigid so that the free end 44 slides
      relative to that connector element 46 during alignment of the contact 34;
      however, such sliding movement is unnecessary to enable appropriate
      flexing of the tines relative to base 38 after the contact 34 is aligned
      with the printed circuit board 16. The connection between the strap 42 and
      base 38 at central portion 40 is also relatively rigid so that sliding
      movement of contact 34 and the flexing movement of tines 36 are
      independent of one another, thereby minimizing deleterious stresses.
PAR  Once the printed circuit board 16 is in place within socket 14, the
      external conductors 18 may be attached to the connector. Each conductor 18
      is merely inserted through a corresponding opening 66 in the front of body
      12 so as to be placed within the appropriate connector element 46, with
      the conductor 18 lying between the end 44 of strap 42 and a clamping means
      shown in the form of a pressure plate 70 carried at the end of a screw 72
      threaded through the upper wall 74 of the connector element 46.
      Preferably, the connector element 46 has a rectangular tubular
      cross-sectional configuration which provides the optimum flat surfaces for
      locating and clamping the strap 42 and the conductor 18 in place within
      the connector element. Downward movement of the screw 72 will urge
      pressure plate 70 into clamping engagement with conductor 18 to secure the
      conductor in place in the connector 10 and to establish the desired
      electrical connection between the conductor 18 and the corresponding
      terminal 22 of the circuitry 20 of printed circuit board 16.
PAR  Beveled edge surfaces 76 are provided at each opening 66 so as to establish
      a funneled entry into the opening 66, thereby facilitating insertion of
      conductor 18. It is noted that when screw 72 is fully retracted, as shown
      in FIG. 2, no obstruction is present in the path of the conductor 18 as it
      is inserted through opening 66 into the connector element 46. The screw 72
      is held captive in the connector element by virtue of resilient tabs 78 on
      pressure plate 70 which preclude withdrawal of the screw 72 from wall 74
      and which also engage the side walls 80 of the connector element 46 to
      preclude rotation of the pressure plate 70 as the screw is rotated to urge
      pressure plate 70 against the conductor 18. Thus, the screw 72 and
      pressure plate 70 are recessed within the body 12 behind upper beveled
      surface 76U, relative to opening 66. Likewise, the end 44 of each strap 42
      is recessed within the body 12 behind lower beveled surface 76L. In this
      manner, a conductor 18 passed through opening 66 will clear both the
      pressure plate 70 and the end 44 of strap 42 to assure ease of insertion
      and proper relationship between the conductor, the pressure plate and the
      strap.
PAR  When the conductors 18 are all attached, the screws 72 will be recessed
      relative to the upper surface 82 of the body 12, as illustrated in FIG. 3.
      The recessed screws provide an additional measure of protection against
      electric shock. In addition, the recessed screws provide a visual
      indication that the conductors are clamped within the connector elements.
PAR  As described above, the contacts 34 are aligned by insertion of the printed
      circuit board 16 prior to clamping of the conductors 18 against straps 42.
      The printed circuit board 16 may be removed subsequently, and re-inserted
      at any time and the contacts will remain in their initial alignment,
      having been clamped in place by the securement of conductors 18.
PAR  In order to assure that printed circuit board 16 is the appropriate board
      for mating with connector 10, the board 16 is provided with a keying notch
      90 (see FIG. 1) located between adjacent terminals 22 at a selected
      location along edge 24. The socket 14 is provided with slots 92 located
      between adjacent grooves 32. A key 94 is placed within a selected slot 92
      to match the location of notch 90 in edge 24 of board 16. Thus, only a
      board having a notch 90 at the appropriate longitudinal location will be
      able to enter socket 14 when key 94 is in place. By choosing the
      appropriate location for a key 94 and a notch 90, or any combination of
      locations, entry will be restricted to only those boards having the
      appropriate notch locations. Likewise, appropriate orientation of the
      board within the socket is assured. It is noted that a key 94 may be
      located in any slot 92 without disassembly of any component parts of the
      connector 10. Thus, the lower and upper body portions 50 and 52, once
      assembled, remain assembled, providing a high degree of dielectric
      integrity.
PAR  It is to be understood that the above detailed description of an embodiment
      of the invention is provided by way of example only. Various details of
      design and construction may be modified without departing from the true
      spirit and scope of the invention, as set forth in the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A circuit panel connector for enabling connection of the circuit
      terminals along the edge of a circuit panel, such as a printed circuit
      board, with external conductors, said panel connector comprising:
PA1  a body of dielectric material;
PA1  an elongate socket in the body for receiving said panel edge, the socket
      having opposite side walls and a bottom;
PA1  a plurality of bifurcated electrical contacts in the body, the contacts
      each having a base juxtaposed with the bottom of the socket and opposed
      tines juxtaposed with the side walls and including contact members
      projecting beyond the side walls into the socket;
PA1  a plurality of tubular connector elements, one for each bifurcated contact,
      each connector element being captured within the body against movement
      relative thereto and being spaced from a corresponding bifurcated contact;
PA1  a conductive strap integral with the base of the bifurcated contact, said
      strap being recessed within the body and extending from the base to the
      tubular connector element, said strap being received within a
      corresponding tubular connector element and being adapted to slide
      relative to the corresponding tubular connector element upon lateral
      movement of the corresponding bifurcated contact; and
PA1  means cooperating with each said tubular connector element for releasably
      clamping an external conductor to the connector element and in electrical
      contact with the strap, said body including an opening juxtaposed with
      each tubular connector element such that an external conductor will be
      guided through the opening and received within the tubular connector
      element between the strap and the clamping means;
PA1  each tine being spaced from the corresponding side wall with which the tine
      is juxtaposed to enable lateral movement of the bifurcated contact
      relative to the body and resilient flexing of both tines away from one
      another in response to entry of the panel edge between the contact members
      of the tines.
NUM  2.
PAR  2. The invention of claim 1 wherein the tubular connector elements have a
      rectangular cross-sectional configuration.
NUM  3.
PAR  3. The invention of claim 1 wherein the integral connection between the
      strap and the base of the bifurcated contact is relatively rigid.
NUM  4.
PAR  4. The invention of claim 1 wherein the clamping means include a screw
      threaded in the tubular connector element for advancement into clamping
      position, said screw being recessed within said body when in the clamping
      position.
NUM  5.
PAR  5. The invention of claim 1 wherein the clamping means is recessed within
      the body relative to the opening.
NUM  6.
PAR  6. The invention of claim 5 wherein the opening includes beveled edges for
      providing a funneled entry for the external conductor into the tubular
      connector element, the strap and the clamping means being recessed behind
      said beveled edges.
NUM  7.
PAR  7. The invention of claim 1 wherein the contact members are rounded lobes
      unitary with the tines at an end of the tines opposite to the common base.
NUM  8.
PAR  8. The invention of claim 7 wherein the socket includes an entrance, said
      entrance being flared to facilitate entry of the circuit panel edge, said
      lobes being juxtaposed with the flared entrance to facilitate entry of the
      circuit panel edge between the lobes.
NUM  9.
PAR  9. The invention of claim 1 wherein the body includes a plurality of slots,
      each slot being located between adjacent bifurcated contacts along the
      socket for receiving a key selectively insertable therein to assure
      correct circuit panel insertion.
NUM  10.
PAR  10. The invention of claim 9 wherein the body comprises upper and lower
      body portions permanently affixed to one another.
NUM  11.
PAR  11. The invention of claim 1 wherein the body comprises upper and lower
      body portions permanently affixed to one another, the lower body portion
      including a basal surface electrically insulated from the contacts and
      connector elements by the dielectric material of the said body.
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PAL  A connector for supporting a printed circuit board in electrical and
      mechanical connection to the wrapping posts or pins of a wire wrap panel
      without interference to wrapped wire connections at the pins includes a
      housing, electrical contacts arranged in opposed pairs within the housing
      for movement between cocked position for receiving the pins and locked
      position for locking engagement biting into the pins, and means for
      retaining the printed circuit board in the housing. The contacts are moved
      to locked position by inserting the leading edge of the printed circuit
      board into engagement therewith, and each contact provides a connection
      between an electrical circuit on the printed circuit board and a
      respective pin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a connector for providing an interface between
      circuits on a printed circuit board or the like and a plurality of
      electrically conductive pins, and more particularly relates to such an
      interface connector for secure attachment to the wire wrapping posts of a
      wire wrap panel and to a printed circuit board.
PAR  It is common in computer technology to find within the electrical structure
      of a computer one or more wire wrap panels, each of which has an
      attachment side constituting a mother board for attachment of a plurality
      of daughter printed circuit boards and a wrapping side. A plurality of
      wire wrapping posts, referred to hereinafter as pins, are electrically
      connected to respective circuits on daughter printed circuit boards and
      extend outwardly on the wrapping side of the panel, whereby one or more
      wire conductors may be wrapped to respective pins, which usually have a
      square cross-section and are of a length sufficient to permit the wrapping
      of from one to four wires in the same substantially cylindrical plane
      thereabout. Thus, the primary purpose for the wire wrap panels is to
      provide for interconnection between various logic circuits or the like on
      various daughter printed circuit boards as well as to facilitate
      connection to other parts of a computer or the like external of the given
      wire wrap panel.
PAR  It is often desirable to modify an already existing computer or the like,
      for example, by adding additional circuits to increase or to modify
      function capability, to reduce the time required to complete a function,
      etc. To rewire the wire wrapping side of respective wire wrap panels,
      however, would be virtually impossible due to the large number of wire
      conductors often found there. One technique for effecting such
      modification has been to use removable connections for the daughter boards
      at the attachment side of the wire wrap panel, whereby modified daughter
      printed circuit boards may be substituted for the original daughter
      boards; however, this technique suffers from the disadvantage that the
      size of the daughter boards is usually limited, and the computer
      manufacturers are generally opposed to this type of modification.
      Moreover, connection of supplemental printed circuit boards to the pins on
      the wire wrapping side of the panels has not been possible, for the
      wrapped wire conductors often cover a substantial portion of many of the
      pins and do not leave sufficient pin length for connection to a
      conventional connector; moreover, there are no mechanical attachment
      supports for such connectors and/or supplemental printed circuit boards
      attached thereto for good mechanical connection and support to the
      wrapping side.
PAC  SUMMARY OF THE INVENTION
PAR  The interface connector of the invention provides a plurality of electrical
      interfaces or connections between the pins on a wire wrap panel and
      respective circuits on a supplemental daughter printed circuit, and such
      connector includes a locking mechanism for sufficiently secure attachment
      to the pins to be capable of supporting the supplemental daughter board.
      Normally the daughter board would first be inserted into the connector for
      retention thereby, and further insertion effects a locking attachment of
      the connector contacts to respective panel pins, the connector being
      capable of such attachment to only approximately a 0.050 inch length of
      the pins without ancillary support. Thus, mechanical and electrical
      connection is made with the pins without interference to the respective
      wrapped connections. The connector also may be used to provide connections
      to connector pins in a plug and socket-type arrangement or in any other
      arrangement wherein a plurality of extending electrical pins are to be
      electrically connected to circuits on a printed circuit board or the like.
PAR  Accordingly, a primary object of the invention is to attach a printed
      circuit board to a plurality of pins to establish electrical connections
      between circuits on the former and respective pins.
PAR  Another object of the invention is to attach a printed circuit board to a
      plurality of pins located, for example, on a wire wrap panel, connector or
      the like, by an interface connector and to retain the printed circuit
      board to such interface connector.
PAR  A further object of the invention is to attach electrically to the circuit
      features of a wire wrap panel without disturbing existing circuit features
      thereof.
PAR  An additional object of the invention is to provide additional circuit
      capability to the wrapping side of a wire wrap panel without disturbing
      the wrapped wire connections thereon.
PAR  Still another object of the invention is to facilitate modification of a
      computer or the like by providing additional circuit feature capability at
      the wrapping side of wire wrap panels thereof.
PAR  These and other objects and advantages of the present invention will become
      apparent as the following description proceeds.
PAR  To the accomplishment of the foregoing and related ends, the invention,
      then, comprises the features hereinafter fully described in the
      specification and particularly pointed out in the claims, the following
      description and the annexed drawings setting forth in detail certain
      illustrative embodiments of the invention, these being indicative,
      however, of but several of the various ways in which the principles of the
      invention may be employed.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the annexed drawings:
PAR  FIG. 1 is a partial plan view of a wire wrap panel to which connectors in
      accordance with the invention are attached at the wire wrapping side;
PAR  FIG. 2 is a cross-section side view of an unlocked interface connector in
      accordance with the invention;
PAR  FIG. 3 is a top view of the unlocked connector of FIG. 2 taken on the lines
      3--3 thereof with the supplemental daughter printed circuit board removed;
PAR  FIG. 4 is a rear view of the unlocked connector of FIG. 2 with the
      supplemental daughter printed circuit board removed;
PAR  FIG. 5 is a front view of the unlocked connector of FIG. 2;
PAR  FIG. 6 is a cross-section side view of a locked interface connector in
      accordance with the invention;
PAR  FIG. 7 is a front view of the locked connector of FIG. 6; and
PAR  FIG. 8 is an exploded isometric view of an interface connector with a
      modified retention mechanism for a supplemental daughter printed circuit
      board.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein like reference numerals refer to
      like elements in the several figures, there is illustrated in FIG. 1 a
      conventional wire wrap panel 1, adapted for use, for example, in a
      computer or the like. The attachment side 2 of the wire wrap panel 1
      includes a number of recesses 3 into which a plurality of connector pins 4
      extend from the interior of the panel, and conventional edge board
      connectors 5, which are coupled to respective conventional daughter
      printed circuit boards 6 containing logic circuits or the like, are
      attached to the connector pins in the recesses and are firmly retained in
      position by hold down members 7. The hold down members 7 also may
      conventionally be designed for direct engagement with the daughter boards
      6 and may comprise screws, brackets, springs, or the like.
PAR  On the wrapping side 8 of the panel 1 are a plurality of wire wrapping
      posts or pins 9, normally of square cross-section for coaction with
      conventional wire wrapping tools, and each respectively connecting with
      one of the connector pins 4 on the attachment side 2. A plurality of
      insulated wire conductors 10 are wrapped in electrically conductive
      engagement with respective pins 9 to provide interconnection between
      circuits on one or more daughter boards 6 and for interconnections between
      plural panels 1. For clarity of illustration only three such wires 10 are
      illustrated in FIG. 1, although under normal circumstances the wrapping
      side 8 of the panel 1 would be quite filled with such wires. Moreover, it
      can be seen from the figure that although the attachment side 2 of the
      wire wrap panel 1 has several means, including recesses 3 and hold down
      members 7, to assure good mechanical support of the edge board connectors
      5 and daughter boards 6, no such ancillary means are usually provided on
      the wrapping side 8.
PAR  A plurality of interface connectors 11 in accordance with the invention are
      illustrated coupled to respective pins 9, and an enlarged supplemental
      daughter printed circuit board 12 is coupled to three of such interface
      connectors, although if desired larger or smaller supplemental daughter
      boards coupled to one or more such interface connectors may be used. Each
      interface connector 11 provides for secure mechanical and electrical
      attachment to the pins 9, supports the supplemental printed circuit board
      12, and provides an electrical interface between the pins 9 and respective
      circuits on the supplemental daughter board 12, the circuits on the
      latter, for example, supplementing the original circuit capacity of the
      computer in which the panel 1 is used.
PAR  As will become more apparent from the description below, in normal use of
      the interface connectors 11, the supplemental daughter board 12 first
      would be partially inserted into the same, and then the combination would
      be positioned relative to the pins 9. Further insertion of the
      supplemental daughter board 12 into the interface connector 11 would cause
      the latter to lock onto the pins. Moreover, the interface connector 11 and
      supplemental daughter board 12 may readily be removed from the pins 9
      simply by withdrawing the supplemental daughter board to the left, which
      effects unlocking of the former enabling complete removal from the pins.
      Normally, however, after having been inserted in the interface connector
      11, the supplemental daughter board will be retained thereby, albeit in a
      loose fitting connection.
PAR  Turning now more particularly to FIGS. 2 through 7, the interface connector
      11 is illustrated in operative unlocked position relative to a pair of
      pins 9 in FIGS. 2 through 5 and in locked position in FIGS. 6 and 7; for
      clarity, however, the supplemental daughter board 12 is shown only in
      FIGS. 2 and 6, and in the former greatly enlarged conductive paths 12' are
      also illustrated for clarity. The interface connector 11 comprises three
      fundamental elements, including a dielectric housing 13, electrical
      contacts 14, and a daughter board retention mechanism generally indicated
      at 15. The housing comprises a main body portion 16 to which a pair of
      contact holding covers 17 are fitted on stubs 18 and ultrasonically welded
      or otherwise fastened in place, and the retention mechanism 15 couples the
      interface connector 11 with the supplemental daughter board 12 for
      convenience of manipulation including insertion and removal relative to
      pins 9.
PAR  Preferably, the dielectric housing 13 is molded with glass filled nylon for
      strength, durability and electrical insulating properties. An opening in
      the rear face 20 of the housing opens to a cavity or space 21 formed
      within the dielectric housing 13 for receiving the leading edge and
      forward-most portion of the supplemental daughter board 12 on which a
      plurality of printed circuit terminals are located. Moreover, a plurality
      of socket-type pin receiving openings 22 are defined in the front face 23
      of the dielectric housing 13 between lattice divider members 24, 25 molded
      integrally with the main body portion 16. Each of the openings 22 includes
      a sloped surface 26 for pin guidance fully into the opening, a shallow
      channel 27 for proper pin alignment, and a stop surface 28 perpendicular
      to the insertion direction of the pin to limit the maximum insertion depth
      thereof. Moreover, the lattice members 24, 25 also provide for pin
      alignment and electrical isolation therebetween.
PAR  The electrical contacts 14 are positioned in the housing in two rows or
      lines of opposed contact pairs for force balance between respective rows
      of pins 9, and such contacts have a dual role of providing both electrical
      and mechanical connecting functions. Each of the contacts 14 includes a
      tail portion 30, cantilever portions 31, 32 coupled by an offset bend 33,
      and a locking portion 34, which includes a concave curved cut out 35 (FIG.
      5); and besides being electrically conductive, the contacts are hard
      relative to the pins 9 for biting action into the latter for locking
      engagement therewith. Preferably the radius of curvature of the cut outs
      35 is larger than the edge dimension of a square pin 9 to facilitate the
      mentioned biting action.
PAR  Moreover, each of the tail portions 30 has a pair of concave cut outs 36 to
      facilitate positioning between adjoining posts 18 for contact alignment in
      the housing 13. The cantilever portions 31, 32 of each contact normally
      extend at slightly greater than a right angle to the tail portion 30
      thereof, whereby the forward-most part of the cantilever portion 32 abuts
      the lattice member 24 so that clearance between the contact cut out 35 in
      the locking end portion 34 and the channel 27 is provided to permit
      respective pins 9 to be located in the latter in abutment with stop
      surfaces 28, as clearly illustrated in FIGS. 2, 3 and 5. The locking end
      portion preferably extends in a reverse curved or acute angle relative to
      the cantilever portion 33 to facilitate locking on the pins 9 without
      interference with wrapped conductors on the latter and to prevent
      withdrawal from the pins when locked thereto.
PAR  The supplemental daughter board 12 retention mechanism 15 includes two
      pairs of tangs 37 positioned in overlying relation to respective contact
      tails 30 at spaced apart locations along the contact rows of the interface
      connector, as shown, for example, in FIG. 3. Each of the tangs is attached
      to the housing 15 in a manner similar to the method for attachment of the
      contact tails 30, as shown, for example, in FIG. 4, using respective
      concave recesses or cut outs 38 at the edges of the tangs. Forward
      cantilever portions 39 divided by an offset bend 40 of the tangs extend
      into the space 21 of the interface connector 11 and are bent so as
      normally to extend at an obtuse angle relative to the tail portions 41 of
      the tangs. Moreover, the supplemental daughter boards 12 have at least two
      holes 42 drilled through the same to cooperate with respective tang pairs
      for retention of the printed circuit board in the interface connector 11,
      i.e. to preclude removal thereof.
PAR  In operation of the interface connector illustrated in FIGS. 2 through 7, a
      supplemental daughter printed circuit board 12 is at least partially
      inserted into the space 21 in loose fitting or clearance engagement with
      the contacts 14, whereby the latter remain cocked and the tangs 37 fit
      into the holes 42 to preclude removal of the former. The locking portions
      34 of the contacts 14 in cocked position remain in abutment with lattice
      member 24. The combined interface connector and supplemental daughter
      board is then positioned relative to a pair of pin rows including
      respective pins 9, whereby the pins are guided between the lattice members
      23, 24 and by sloped surface 26 into channels 27 and are stopped at stop
      surfaces 28.
PAR  Further insertion of the supplemental daughter board 12 as guided by the
      offset bends 33 urges the locking portions 34 of the contacts 14 into
      locked position in engagement with the respective pins 9, whereby the
      contacts at the cut outs 35 bite into the pins and firmly lock into the
      same. Thus, in the locked position of the interface connector 11 as seen
      in FIGS. 6 and 7, the cantilever portions 39 of the tangs 37 are slid out
      of the holes 42 and along the surface of the supplemental daughter board
      12; respective circuits printed on the latter are electrically connected
      to cantilever portions 32 of the contacts 14; and locking portions 34 of
      the contacts are securely electrically and mechanically attached to the
      pins 9. The walls of the channels 27 provide back support for the pins 9,
      and the mechanical connection of the interface connector 11 to ends of the
      pins 9 has been found not to interfere with as many as four existing
      wrapped connections to the latter.
PAR  Moreover, the interface connector 11 may be readily removed from the pins 9
      simply by withdrawal of the supplemental daughter board 12, to the left as
      shown in the drawings. During such withdrawal the locking portions 34 of
      the contacts 14 release from engagement with pins 9 as the leading edge of
      the supplemental daughter board 12 is moved out of engagement with the
      contact cantilever portion 32. Also, as the holes 42 become aligned with
      the cantilever portions 39 of tangs 37, such portions snap into the holes
      and preclude further withdrawal of the supplemental daughter board from
      the interface connector 11.
PAR  Referring now to FIG. 8, a modified retention mechanism 15' for retaining a
      supplemental daughter printed circuit board 12' relative to the interface
      connector 11' includes a hole 52 at each end of the interface connector
      and two ramps 53 or similar protruding members on the supplemental
      daughter board 12', which may be force fitted through the space 21' to
      protrude into the holes 52. Thus, after the supplemental daughter board is
      inserted into the space 21' and the protruding members 53 snap into the
      holes 52, withdrawal of the supplemental daughter board from the interface
      connector is prevented. The diameter of holes 52 is sufficiently large to
      permit free movement of the supplemental daughter board 12'  relative to
      the interface connector 11' for cocking and locking action as described
      above with reference to FIGS. 2 through 7. If desired, an additional ramp
      54 may be formed on the supplemental daughter board as illustrated in FIG.
      8 in relatively close proximity to the first ramp for further engagement
      with the respective holes in the interface connector, or the additional
      ramp may be relatively removed from the first ramp to provide one part of
      a retention mechanism for connection of the supplemental daughter board to
      a further interface connector used in a manner similar to that
      illustrated, for example, in FIG. 1.
CLMS
STM  We claim:
NUM  1.
PAR  1. An interface connector for mechanically attaching a printed circuit
      board or the like to a plurality of electrically conductive pins for
      mechanical support by such pins and for electrically connecting circuits
      on such printed circuit board to respective pins, comprising:
PA1  an electrically non-conductive housing having forward and rear faces, the
      former having opening means for receiving inserted pins and the latter
      including an opening into a space in said housing for receiving an
      inserted portion of such printed circuit board; and
PA1  a plurality of electrically conductive contacts supported in relative
      electrically insulated relation in said housing, said contacts being
      movable in said housing between locked and unlocked condition with respect
      to such inserted pins, each contact having a forward locking end means for
      strong mechanical and electrical attachment to a respective pin and a
      rearward end means for wiping engagement with a received printed circuit
      board to make electrical contact with a respective circuit printed on the
      latter;
PA1  each contact rearward end means including means responsive to insertion of
      such printed circuit board into said housing opening for urging said
      forward locking end means of said contact from unlocked condition to
      locked condition with a respective pin for mechanical support of said
      connector and printed circuit board by such pins.
NUM  2.
PAR  2. An interface connector as set forth in claim 1, wherein said contacts
      are positioned in said housing in opposed pairs for force balance between
      rows of pins to which the interface connector is connected.
NUM  3.
PAR  3. An interface connector as set forth in claim 1, wherein said housing
      comprises a main body portion and a plurality of contact holding cover
      portions, said contacts being retained between the former and a respective
      cover portion, said cover portions being ultrasonically welded to said
      main body portion.
NUM  4.
PAR  4. An interface connector as set forth in claim 1, wherein at least said
      locking end means of each contact comprises hard metal relative to that of
      the electrically conductive pins, and upon being forced into locking
      engagement with a respective pin, said locking end means bites into the
      metal thereof.
NUM  5.
PAR  5. An interface connector as set forth in claim 4, wherein said locking end
      means includes a concave recess having a radius of curvature larger than
      the edge dimension of an electrically conductive pin to facilitate such
      biting.
NUM  6.
PAR  6. An interface connector as set forth in claim 4, wherein each contact
      includes a rearward contact tail portion for attachment to said housing
      proximate said housing rear face, and said rearward end means includes a
      locking end means, and said cantilever portion being positioned for
      movement by the leading portion of such inserted printed circuit board to
      urge said end means into locking engagement with such inserted pin.
NUM  7.
PAR  7. An interface connector as set forth in claim 6, further comprising an
      off-set bend in said cantilever portion of each contact and the cantilever
      portion forward of said off-set bend being located for wiping engagement
      with a circuit printed on such printed circuit board, and a longitudinal
      lattice support member integral with and proximate the forward end of said
      housing and against which the forward ends of said contacts are normally
      biased, said off-set bends permitting said contacts to remain in unlocked
      position while such printed circuit board is inserted into said housing
      opening up to said off-set bends, and further insertion of such printed
      circuit board into said space beyond said off-set bends effects such
      wiping engagement and forces said locking end means of said contacts into
      locking engagement with respective pins.
NUM  8.
PAR  8. An interface connector as set forth in claim 1, wherein said housing
      comprises a plurality of lattice members at the forward end thereof, said
      lattice members including a longitudinal central support and a plurality
      of dividers defining openings into which respective pins may be inserted.
NUM  9.
PAR  9. An interface connector as set forth in claim 8, wherein said housing
      comprises guide means within each said opening for guiding respective pins
      within the same to respective locations for engagement by respective
      contacts when the latter are urged to locked engagement with such pins.
NUM  10.
PAR  10. An interface connector as set forth in claim 9, wherein said housing
      comprises a stop surface defining the maximum extent of insertion of each
      such pin, and a lateral support surface for each such pin when engaged by
      a locking end means of a respective contact.
NUM  11.
PAR  11. An interface connector as set forth in claim 1, further comprising
      means for retaining such printed circuit board in said housing.
NUM  12.
PAR  12. An interface connector as set forth in claim 11, wherein said means for
      retaining comprises a plurality of tang members, each being positioned in
      overlying relation with a respective contact and said contacts and tang
      members being attached to said housing, each tang member including a
      resilient cantilever portion extending forwardly into said space in said
      housing in the insertion path of such an inserted printed circuit board,
      and a plurality of holes in such printed circuit board positioned for
      alignment with respective tangs upon insertion into said space in said
      housing, said tangs, printed circuit board, holes in the latter, and space
      being related such that upon insertion into said space such printed
      circuit board deforms said tangs against the resilient force of their
      cantilever portions and at a point during such insertion said tangs snap
      into respective holes to preclude withdrawal of such printed circuit
      board.
NUM  13.
PAR  13. An interface connector as set forth in claim 12, wherein said contacts
      are positioned in two rows of opposed contact pairs, and said tangs
      comprise at least two pairs of opposed tangs, each pair being positioned
      to overlie respective opposed contacts proximate opposed ends of said
      housing.
NUM  14.
PAR  14. An interface connector as set forth in claim 13, wherein the
      relationship of said space, said tangs, and said plurality of holes in
      such printed circuit board permits movement of such printed circuit board
      within said housing between a position whereby said contacts are in
      unlocked condition and a position to urge said contacts to locked
      condition.
NUM  15.
PAR  15. An interface connector as set forth in claim 11, wherein said means for
      retaining comprises a laterally protruding member proximate the forward
      edge of such printed circuit board, and a hole in a side of said housing,
      whereby said protruding member may be force fitted into said housing into
      said hole as such printed circuit board is inserted into said space, thus
      precluding withdrawal of the printed circuit board from the housing.
NUM  16.
PAR  16. An interface connector as set forth in claim 15, wherein said means for
      retaining comprises two laterally protruding members at opposed sides of
      the leading edge of such printed circuit board, and said holes comprise
      two holes at opposed sides of said housing.
NUM  17.
PAR  17. An interface connector as set forth in claim 16, wherein said holes are
      of a size sufficient to permit movement of such printed circuit board
      within said housing between a position whereby said contacts are in
      unlocked condition and a position to urge said contacts to locked
      condition.
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ABST
PAL  A solderless connector for making electrical contact with the closely
      spaced wires of a compact flat cable, wherein the contact elements
      comprise two coplanar sharpened flat outer prongs and a sharpened flat
      central prong parallel to, and displaced from the plane of, said outer
      prongs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to wire-connectors and more particularly to
      solderless connectors for making permanent electrical connection to the
      closely spaced wire conductors of compact flat cables.
PAR  Wire connectors for flat cables, as described in U.S. Pat. Nos. 3,434,093
      and 3,444,506, employ bifurcate flat plate contact elements positioned in
      planes perpendicular to the wires. The elements are forced through the
      plastic insulation and onto the conductors, causing slight resilient
      separation of the two prongs in the plane of the plate and resulting in
      permanent spring compression reserve contact. The width of the elements
      must be sufficient to provide the required resiliency and avoid permanent
      deformation while still permitting the required separation, but must be
      substantially less than the spacing between adjacent wires in order that
      adequate insulation between wires and elements may be maintained. These
      requirements have been fully met in connectors for cables containing No.
      28 or No. 30 gage solid copper wires on 0.05 inch centers. In such
      connectors the contact elements are required to have a width of at least
      four, preferably five times the thickness of the plate. For cables with
      more closely spaced wires, difficulty has occasionally been experienced
      with these prior art structures in obtaining fully effective contact while
      retaining required insulating value.
PAR  The present invention makes possible a significant reduction in the width
      of the contact element while still affording permanent full contact, and
      thereby permits the effective use of flat cables having extremely close
      wire spacings of the order of 0.0425 to 0.0250 inch.
DRWD
PAR  It has now been found possible, in accordance with the principles of the
      invention, to reduce the over-all width of the contact element to not more
      than three times the thickness of the metal plate. Such reduction is
      achieved by means of novel structure as illustrated in the accompanying
      drawing, wherein:
PAR  FIG. 1 is an exploded view, in elevation and partial section, of one
      illustrative form of connector as applied to a flat cable;
PAR  FIG. 2 is a bottom plan view of the cover member of FIG. 1, and FIG. 3 is a
      transverse section of the cover taken approximately along line 3--3 of
      FIG. 2;
PAR  FIG. 4 is a top plan view of the base member of FIG. 1, and FIG. 5 is a
      transverse section of the base with a contact element inserted and taken
      approximately along line 5--5 of FIG. 4;
PAR  FIG. 6 is a bottom plan view of the base;
PAR  FIG. 7 is a side elevation and FIG. 8 an edge elevation of a contact
      element, on an enlarged scale, of the connector of FIG. 1;
PAR  FIG. 9 is a partial longitudinal section and FIG. 10 is a partial
      transverse section taken approximately along line 10--10 of FIG. 9, of an
      alternative form of base and contact element; and
PAR  FIG. 11 is a top plan view of the contact element of FIGS. 9 and 10.
DETD
PAR  The connector of FIG. 1 comprises a base 10 fitted with contact elements
      11, and a cover 12. An external clamp or other holding means, not shown,
      may be included if desired for more securely holding the cover to the
      base; and mounting means, such as the terminal perforate ears illustrated,
      may be provided for use in attaching the base to a panel or other support.
      The flat cable 13 fits between the upraised ends 14 of the base, and
      between the base and cover. Precise alignment is assured both by the ends
      14 and by the transverse grooves 15 in the lower surface of the cover 12,
      the grooves receiving the corresponding upraised ridges 16 overlying the
      parallel wire conductors 17 of the cable 13.
PAR  The cover 12 is further provided with narrow pockets 18 for receiving the
      prongs of the elements 11, the tips of which press against the side walls
      of the pockets when the connector is assembled on the cable. The base 10
      is correspondingly slotted at slots 19 to receive the elements 11, the
      extended curve legs 20 of which are disposed within the open cavity 21
      provided in the base. The legs 20 of the several elements 11 lie along
      both side walls of the cavity, being separated by projections 22.
PAR  Each of the contact elements 11 comprises a flat body 23 having two
      sharp-ended outer prongs 24 of equal width and a sharp-ended central prong
      25 of about 1/3 to 2/3 greater width extending from the upper edge as
      shown in FIG. 7. Prongs 24 remain coplanar with the body 23 while prong 25
      is in a plane parallel to that of the body but is displaced not more than
      about twice the thickness of the plate, leaving an opening 26 between the
      adjacent planar surfaces approximately the thickness of the plate and
      which is not more than about three-fourths the diameter of the smallest
      wire to which connection is to be made. The ends of the prongs 24 and 25
      are pointed and slope downwardly toward the opening 26 as shown in FIGS. 7
      and 8, thereby defining a wire-receiving trough. The body 23 extends
      downwardly at one side to form a body extension 27 and a curved contact
      leg 20 folded at a right angle therefrom, and which extends into the
      cavity 21 between adjacent protrusions 22 of the base 10. The leg 20 then
      serves as a contact member for making sliding contact with a cooperating
      spring contact element of a connector plug, not shown, fitting within the
      cavity 21. The extension 27 is frictionally held within the slot 19 by a
      proturberance 28 which presses against the wall of the slot.
PAR  In an illustrative Example, a contact element used in a connector for a
      flat cable containing 26 gage solid or 28 gage stranded copper wire laid
      on 0.0425 inch centers is made of 0.0100 inch 1/4 hard copper alloy No.
      172 and is heat treated to full hardness. The outer prongs are 0.030 inch
      wide, the central prong is 0.040 inch wide, and the spaces between prongs
      are 0.010 inch wide prior to offsetting of the central prong by 0.020
      inch. The prongs extend 0.090 inch above the body of the element.
PAR  FIGS. 9 and 10 illustrate an alternative base and element structure adapted
      for use with printed circuit boards. The base 29 has a generally flat
      bottom through which there extends a pin 30 replacing the curved leg 20 of
      the element of FIGS. 7 and 8. The extended pins then fit into suitable
      apertures in a PC board, from the surface of which the base 29 is
      separated by spacers 32.
PAR  The ends of the prongs 34, 35 of the element 31 of FIG. 10 while being
      sharpened for piercing the insulation of a flat cable are rounded rather
      than pointed as in the element 11. The central prong 35 is offset from the
      plane of the outer prongs 34 by the thickness of the plate, as shown in
      FIG. 11.
PAR  An illustrative Example of such an element adapted for use in a connector
      for flat cable containing 32 gage solid copper wires laid on 0.025 inch
      centers is made of 0.008 inch full hard beryllium copper plate, the prongs
      and slots being otherwise dimensioned as in the previous Example except
      that the displacement of the center prong is 0.008 inch, i.e. the
      thickness of the plate.
PAR  The base and cover in both Examples are formed of plastic insulating
      material such as glass filled polyester or nylon thermoplastic polymer.
PAR  Various combinations of these and other alternative structures are likewise
      contemplated.
PAR  Surprisingly, it has been found that electrical connections made with these
      pronged connectors are fully equal in electrical conductivity to those
      made with the prior art spring compression reserve contact elements.
PAR  It has additionally been discovered that these pronged connectors are
      particularly effective in making electrical connection with stranded
      conductors. The serpentine or sinuous lay of the conductor obtained within
      the contact element, resulting in a series of edge or corner contacts at
      the edges of the several prongs, negates any tendency of the strands to be
      displaced away from the contact area and assures full conductive contact
      between element and conductor.
CLMS
STM  What is claimed is as follows:
NUM  1.
PAR  1. A wire-connector for making solderless connection to wires of a compact
      flat cable, comprising a contact element having a flat metal plate body
      having parallel closely spaced sharp-ended prongs extending from one edge,
      including two outer prongs lying in a common plane and an inner prong
      lying in a plane parallel to said plane and offset therefrom by no more
      than twice the thickness of said plate, the ends of said prongs sloping
      inwardly toward the space between said planes to define a terminal
      wire-receiving trough.
NUM  2.
PAR  2. Wire-connector of claim 1 including an insulating base for supporting a
      said cable and containing at least one said contact element in position
      for making contact with a corresponding wire, and an insulating cover for
      retaining said cable in position against said base and having pockets for
      receiving the extended prongs of said elements.
NUM  3.
PAR  3. Wire-connector of claim 2 wherein said elements include an extension
      opposite the extended prongs and passing through at least a portion of
      said base for providing an external contact.
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ABST
PAL  An electrical connector includes complementary contact elements, one
      contact element being supported for axial movement in its housing as part
      of a contact assembly also including a piston and a member evolving
      arc-quenching gas upon being subjected to an arc. Such contact assembly is
      disposed in a passage having an encircling electrically conductive wall
      and a piston thereof is responsive to evolved gas to displace the contact
      assembly. A resilient contactor is situated radially outwardly of the
      contact assembly and radially inwardly of the conductive wall for
      resiliently engaging the contact assembly and wall for providing
      electrical continuity therebetween.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to electrical connectors and more particularly to
      separable electrical connectors suited for use under high voltage
      conditions.
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years, the underground power distribution industry has come to
      recognize the desireability of employing separable connector arrangements
      involving complementary, interfitting members, one designated an elbow and
      supporting a pinshaped male contact element spaced coaxially interiorly of
      an encircling elastomeric shielded, insulated housing, and the other
      designated a bushing insert and having an elastomeric shielded, insulated
      housing including interiorly thereof a female contact element supported
      coaxially in the bushing housing for receiving the male contact element.
      In accommodating electrical stresses imposed in use and in permitting
      entrapment of air without deleterious ionization thereof, such separable
      connectors have since their inception incorporated structural features
      such as are shown in commonly-assigned U.S. Ruete et al. Pat. No.
      3,243,756 and U.S. Ruete Pat. No. 3,344,391.
PAR  Elbows and bushings of the aforementioned type include elements fabricated
      of materials capable of evolving an arc-quenching gas upon being exposed
      to an electrical arc struck between the male and female contacts upon
      joinder and separation thereof. In the elbow, such material is in the form
      of a pinshaped pin-shaped follower secured to the male contact element
      forwardly thereof. In the bushing, such material is in the form of a guide
      supported forwardly of the female contact element for receiving the
      follower. These well-known features are shown, for example, in
      commonly-assigned U.S. Brown Pat. No. 3,654,590, which discloses a
      prescribed axial spacing between the guide and its associated female
      contact element, such spacing being defined in relation to arc strike
      distance and being particularly remedial when the elbow and bushing are
      joined under a fault closure condition.
PAR  Some bushings in use presently are constructed with all parts thereof in
      fixed mutual positional relation, as described, for example, in the
      commonly-assigned U.S. Pat. to Ruete et al. No. 3,539,972. Recently,
      however, the industry has seen the development of bushings in which parts
      are movably supported and are responsive to arc-generated gas pressures in
      the bushing to be displaced in a manner intended to accelerate the
      engagement of conductive members to extinguish any arcs struck
      therebetween. In one such moving part bushing, as disclosed, for example,
      in U.S. Kotski Pat. No. 3,542,986, the female contact element is supported
      for axial movement by a piston against the head of which arc-generated gas
      is applied. Thus, a piston assembly is disposed for unitary movement in
      the bushing and includes such piston and female contact element and an
      insulative sleeve encircling the female contact element and supporting the
      aforementioned guide. Whereas electrical continuity from the female
      contact element to the exteriorly accessible bushing terminal, is attained
      in the fixed part bushing simply by fixedly connecting the female contact
      element to the bushing terminal, the Kotski-type of moving part bushing
      employs a flexible electrical cable connected at one end thereof to the
      piston (which is in turn electrically connected to the female contact
      element) and at its other end to the bushing terminal.
PAR  In another version of moving part bushing, described in Joy Manufacturing
      Company Bulletin 215-4, January 1972, the bushing terminal fixedly
      supports the bushing female contact element, as in the fixed part
      bushings. A piston assembly encircles the female contact element and is
      axially movable thereon. The piston assembly supports and is electrically
      connected to a so-called arcing ring which is disposed forwardly of the
      female contact element so as to be disposed to engage the male contact
      element in the course of its travel to the female contact element. Valve
      means tightly encircling the female contact element rearwardly of the
      piston assembly is opened by arc-generated gas evolved under fault closure
      conditions and the gas displaces the piston assembly and hence the arcing
      ring to accelerate engagement thereof with the male contact element to
      extinguish an arc struck therebetween.
PAR  In a third type of moving part bushing, set forth in copending
      commonly-assigned application Ser. No. 406,281, filed on Oct. 15, 1973 on
      behalf of applicants herein, the first-mentioned type of moving part
      bushing is modified by introduction therein of a valve member transversely
      of the bore of the piston supporting the movable female contact element
      and the further introduction of a spring member exerting rearward axial
      force on the piston assembly and compressible upon forward piston assembly
      movement. The spring member serves to enhance rapid separation of the
      contact elements upon withdrawal of the male contact element from the
      bushing. Thus, upon separation of the male contact element from frictional
      engagement with the guide and female contact element, the piston assembly
      is spring-driven rearwardly of the forwardly exiting male contact element
      to quickly stretch and therefore aid in extinguishing the arc struck
      therebetween.
PAR  With respect to both functional capability and structural simplicity, the
      first- and third-mentioned types of moving part bushings are superior to
      the second-mentioned type. In this regard, the Joy piston assembly defines
      lesser piston head area than the Kotski piston head, since the former can
      be of no greater expanse than the limited annular space between its female
      contact element and the housing. Further, the reliance of the Joy
      arrangement on sliding engagement of the piston assembly on the female
      contact element for electrical continuity is less desirable than the
      substantially constant electrical continuity provided by the flexible
      cable of the Kotski-type bushing.
PAR  Despite the apparent solution to fault closure bushing problems in the
      fixed part bushing and in the Kotski-type moving part bushing, both
      bushings have disadvantages. The fixed part bushing is clearly not favored
      where it is desired to render fault closure somewhat independent of
      operator performance, as is provided by the moving part bushing. On the
      other hand, as mentioned above, the Kotski-type moving part bushing
      requires the flexible cable which acts undesirably as a baffle in a
      pressure conduit, occupies bushing axial extent otherwise usable for
      increasing piston stroke, is exposed to the destructive action of arcing
      and may become self-entangled, impeding piston movement. Furthermore, in
      manufacture, the flexible cable requires two joinder steps, one end to the
      piston and the other end to the bushing terminal, and such steps require
      considerable care in practice.
PAC  SUMMARY OF THE INVENTION
PAR  This invention has as its object the provision of improved moving part
      bushings suited for use as a high voltage separable connector.
PAR  A more particular object of the invention is to provide for simplifying the
      manufacture and for enhancing the functional capability of bushings having
      female contact elements supported for axial movement therein.
PAR  In attaining the foregoing and other objects, the invention provides, in a
      preferred bushing housing embodiment, an electrically conductive hollow
      cylinder defining an axial passage or bore in the bushing housing, a
      female contact assembly movable axially in such passage and including a
      piston supporting for joint movement therewith both a female contact
      element electrically connected thereto and a gas-evolving guide, and a
      contactor element disposed in encircling relation to the female contact
      assembly and axially movable therewith, such contactor element having
      resilient contact fingers extending inwardly for engagement with the
      female contact assembly and extending outwardly for engagement with the
      inner wall of the conductive cylinder, whereby electrical connection of
      substantially fixed resistance is provided between the cylinder and the
      female contact element throughout axial movement thereof.
PAR  In its preferred form, the bushing of the invention includes a terminal
      fixedly supported in the housing and mechanically and electrically secured
      to the conductive cylinder and provides for encirclement of the piston by
      the contactor element, with the piston in turn mechanically and
      electrically secured to the female contact element. Bushing construction
      in accordance with the invention retains the advantageous characteristics
      inherent in the Kotski-type moving female contact element bushing, e.g.,
      increased piston head area, and at the same time, in eliminating the need
      for the flexible cable thereof, averts the need for heat joinder steps in
      manufacture, the baffling of gas pressure by such cable, and possible
      entanglement of the cable, and effects various quite unexpected
      operational advantages discussed hereinafter.
PAR  The foregoing and other objects and features of the invention will be made
      further evident from the following detailed description of the presently
      preferred embodiment thereof and from the drawings wherein like reference
      numerals are employed throughout for identification of like parts.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation, partly in section, of electrical connector
      apparatus constructed in accordance with the invention.
PAR  FIG. 2 is a sectional view of the housing of the female connector of the
      FIG. 1 apparatus.
PAR  FIG. 3 is a sectional-view of the female connector of the FIG. 1 apparatus,
      the leading portion of its housing being omitted for clarity.
PAR  FIG. 4 is a cross-sectional view as seen from plane IV--IV of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the connector apparatus therein includes elbow and
      bushing connectors respectively including separable housings 10 and 12,
      telescopically interfittable to provide a water-tight seal therebetween.
      Housing 10 includes therewithin pin-shaped male contact element 14 and is
      of configuration including a first end opening for receiving electrical
      cable 16 and an opposite end opening beyond which contact element 14
      extends. Such housing 10 includes an outer conductive sleeve member 18 and
      an inner insulative sleeve member 20, sleeve members 18 and 20 being
      constructed of elastomeric material and arranged in a manner more fully
      described in the above-referenced 3,243,756. Sleeve member 18 thus
      preferably resiliently engages both shield 16a of cable 16 and cable
      insulation 16b and sleeve member 20 resiliently engages cable insulation
      16b. Cable conductor 16c is secured in a ferrule 22 or the like in which
      contact element 14 is threadably insertable. In the interior of housing 10
      a further conductive elastomeric member 24 is arranged in accordance with
      the above-referenced U.S. Pat. No. 3,344,391 to guard against undesired
      ionization if air entrapped within the housing interior.
PAR  Housing 12 includes female contact element 26 for receiving male contact
      element 14 and is generally fixedly secured to a suitable electrical
      apparatus such as, for example, a distribution transformer with housing 10
      being moved into and out of engagement with housing 12. Housing 12
      includes an outer sleeve member 28 comprised of conductive elastomeric
      material and an inner sleeve member 30 comprised of insulative elastomeric
      material. A conductive bushing terminal 32 is secured in sleeve member 38
      and, by electrical connection of terminal 32 to the female contact
      assembly located interiorly of the bushing as will be more fully discussed
      below, completes an electrical circuit with cable 16 through housing 10
      when housings 10 and 12 are interfitted substantially as shown in FIG. 1.
      As is well known, a suitable apparatus such as the aforementioned
      distribution transformer may be connected by means of a threaded stud or
      terminal (not shown) adapted to be secured to terminal 32 through opening
      34 of housing 12 so as to complete a selectively disconnectable electrical
      circuit between the apparatus and cable 16. A conductive metallic
      cylindrical sleeve 38 is disposed interiorly of elastomeric insulative
      sleeve member 30 and is threadably secured to terminal 32 or otherwise
      electrically connected thereto as at 39.
PAR  In FIG. 2, housing 12 is shown without its female contact assembly and will
      be seen to define an axial passage extending therethrough from end opening
      34 to end opening 36. Conductive cylindrical sleeve 38 is further
      threadedly secured to conductive member 40 as at 41 which in turn is
      threadably secured at its opposite end to bushing insulative nosepiece 42,
      as at 43, the nosepiece 42 having an encircling grooved portion 42a
      serving as a securing detent for a complementary ribbed portion 10a of
      housing 10 (FIG. 1). Cylindrical sleeve 38 supports on its inner
      cylindrical wall 38a an axially extending key 44 substantially as shown.
PAR  Referring now to FIG. 3, female contact assembly 46 is disposed for
      movement within the axial passage of housing 12 and, more particularly,
      within bore 48 encircled by the inner wall surface 38a of sleeve 38.
      Assembly 46 includes a piston 50 having depending skirt portion 50a with
      an interior recess 50b and a piston head 50c, the latter being centrally
      open as at 50d. Leftwardly (forwardly) of head 50c, the piston includes
      socket 50e having a partially threaded interior recess communicating
      freely with piston interior 50b through piston head opening 50d. Piston
      depending shirt portion 50a supports on its exterior surface a contactor
      element 52 in the form of a so-called "louvered" contact, such as is
      illustrated in U.S. Neidecker Pat. No. 3,453,587, U.S. Crabbs Pat. No.
      2,217,473 and copending commonly-assigned application Ser. No. 503,783
      filed on Sept. 6, 1974, the subject matter of the latter application being
      hereby incorporated herein by this reference. Such contacts typically
      comprise an elongate conductive strip member 52a having transversely
      extending expanses thereof bent or twisted with respect to the strip
      member so as to provide resilient contact fingers 52b and 52c for engaging
      surfaces spaced from opposite sides of the strip member. In the instant
      preferred embodiment, fingers 52b engage the interior of cylindrical
      sleeve 38 and fingers 52c engage the exterior of piston depending skirt
      portion 50a. Depending skirt portion 50a provides spaced radially
      extending projections 50f and 50g which define an annular recess within
      contact 52 is axially restrained relative to piston 50, thus assuring
      joint axial movement thereof with female contact assembly 46.
PAR  Referring to FIG. 4, contactor element 52 will be seen to encircle the
      depending skirt portion 50a to an extent less than 360.degree., ends 52d
      and 52e of the strip member of the contactor element being spaced from one
      another to permit seating of key 44 in piston slot 50h. Such slot and key
      arrangement serves to prevent rotation of piston 50 relative to housing
      12, thereby facilitating threaded engagement in piston nose 50e of the
      remainder of the female contact assembly, discussed below. As is also
      shown in FIG. 4, contact fingers 52b and 52c are of dissimilar length,
      fingers 52b extending further outwardly from strip member 52a than fingers
      52c. Such preferred finger arrangement is of the type disclosed in
      above-referenced patent application Ser. No. 503,783 to which reference
      may be had for extended discussion of the advantages of such arrangement.
PAR  Returning again to FIG. 3, piston nose 50e is receivably engaged within one
      end of helically wound compression spring 54, the outer diameter of the
      nose being sufficiently reduced with respect to the diameter of skirt
      portion 50a to permit suitable radial spacing between spring 54 and key
      44. To the left of spring 54 in FIG. 3 is shown the remainder of the
      female contact assembly, comprising a rigid tubular sleeve 56 of a
      suitable insulative material such as for example, laminated or wound glass
      filament preferably with the grain thereof extending axially, secured as
      by an adhesive (and a pair of brass pins not shown) to female contact
      element 26 short of the rightward exteriorly threaded part of the contact
      element. Sleeve 56 supports therewithin a guide 58 comprised of material
      evolving arc-quenching gas upon being subjected to an arc struck between
      the male and female contact elements. Such guide defines an interior
      cylindrical bore for receiving and guiding the male contact element toward
      and into engagement with the female contact element. Leftwardly of guide
      58, sleeve 56 supports a valve housing assembly 60 comprised of a suitable
      insulative material, preferably a polymeric material such as a high
      molecular weight polyoxymethylene, sold commercially under the trademark
      Delrin, and supporting sealing rings 62 and 64 and a flapper valve 66
      biased into a closed position by spring 68 such that the interior of the
      female contact assembly is isolated upon withdrawal of the male contact
      element therefrom. The employment and construction of such sealing rings
      and flapper valve are well known in the art.
PAR  As will be appreciated, female contact assembly 46 includes a
      through-conduit extending into piston interior recess 50b such that
      arc-generating gases may gain access thereto and propulsively react upon
      piston head 50c to advance piston 50 leftwardly in FIG. 3 and hence to
      direct female contact element 26 into engagement with the male contact
      element. In contrast to the Kotski-type moving part bushing, the conduit
      provided for arc-evolved gas in the bushing of the invention is
      unobstructed throughout the chamber defined in part by interior recess 50b
      rearwardly of piston head 50c, that is, free of gas-baffling elements,
      such as flexible cables. Forward propulsion of the female contact assembly
      is enhanced accordingly and more efficient gas-assisted contact element
      closure is desirably effected, especially under fault closure conditions.
PAR  Of great concern in bushing usage is the escape of ionized gas attending
      withdrawal of the male contact element on loadbreak, i.e., separation of
      the male and female contact elements under normal load conditions. Such
      escaping gas forms a conductive path exteriorly of the bushing which can
      cause flashover between the then energized male contact element and
      neighboring conductive grounded structure. In a quite unexpected
      performance characteristic, bushings constructed in accordance with the
      invention serve to decrease ionized gas escapement. It is hypothecated
      that one reason for this is that the piston radial projections 50f and 50g
      function to baffle ionized gas moving forwardly under increasing gas
      pressure between the piston and cylinder 38. Further, contact fingers 50b
      and 52c seated in such well are believed to deionize such ionized gas, by
      functioning as cooling fins therefor. It is believed furthermore that the
      contactor elements, such as discussed above, enable higher current
      capacity bushings than do the previous flexible cable arrangement within
      the same bushing volume.
PAR  In accordance with a further feature of the invention, tubular sleeve 56
      (FIG. 3) tapers radially along progressive axial extents thereof gradually
      and without radial step discontinuities. The same is true of the inner
      surface of nosepiece 42 which encircles sleeve 56. This arrangement has
      been found to avert deleterious electrical stress concentrations giving
      rise to axially-directed burn-through, particularly of sleeve 56.
PAR  Various changes and modifications to the particularly disclosed embodiment
      will now be apparent to those skilled in the art and evidently may be made
      without departing from the spirit or scope of the invention. By way of
      example, the male contact element may equally well be supported for axial
      movement in its housing by practice of the invention. Similarly, resilient
      contactors other than the particularly disclosed louvered contact may be
      employed. Piston and other structure may likewise be varied. Accordingly,
      the particularly disclosed embodiment is intended in an illustrative and
      not in a limiting sense. The true spirit and scope of the invention is set
      forth in the appended claims.
CLMS
STM  What is claimed is: pin-shaped
NUM  1.
PAR  1. In a first connector housing for use in connecting or disconnecting an
      energized high voltage circuit by engagement or disengagement with a
      second connector housing, said second housing supporting a first contact
      element, said first housing having an axial passage including an
      electrically conductive surface fixedly secured within said first housing,
      the invention comprising in combination:
PA1  a. a contact assembly disposed in said passage and including
PA1  1. a second contact element for engaging said first contact element,
PA2  2. guide means for guiding said first contact element for movement toward
      said second contact element and for evolving arc-quenching gas in response
      to an arc being struck between said first and second contact elements, and
PA2  3. piston means responsive to such evolved gas for jointly displacing said
      guide means and said second contact element toward said first contact
      element; and
PA1  b. contactor means movable in said passage jointly with said contact
      assembly and disposed radially between said contact assembly and said
      first housing conductive surface for resiliently engaging said contact
      assembly and said first housing conductive surface for providing
      electrical continuity therebetween.
NUM  2.
PAR  2. The invention claimed in claim 1 further including means for resiliently
      biasing said contact assembly axially inwardly in said first housing.
NUM  3.
PAR  3. The invention claimed in claim 1 wherein said contactor means comprises
      an electrically conductive strip member having resilient fingers extending
      therefrom into engagement with said contact assembly and said first
      housing conductive surface.
NUM  4.
PAR  4. The invention claimed in claim 3 wherein said piston means includes an
      electrically conductive piston mechanically and electrically connected to
      said second contact element, said contactor means fingers resiliently
      engaging said piston.
NUM  5.
PAR  5. The invention claimed in claim 4 wherein said piston includes a forward
      socket portion receiving and supporting said second contact element and a
      depending portion defining an interior recess extending rearwardly from
      said socket portion, said socket portion, said second contact element and
      said guide means defining a conduit for said evolved gas, said interior
      recess communicating with said conduit.
NUM  6.
PAR  6. The invention claimed in claim 4 wherein said depending portion includes
      a circumferentially exterior surface having radial projections at opposite
      axial ends, said contactor means being disposed axially between said
      projections and thereby restrained against axial movement relative to said
      contact assembly.
NUM  7.
PAR  7. The invention claimed in claim 3 wherein said strip member includes
      first resilient contact fingers extending therefrom and engaging said
      first housing conductive surface and second resilient contact fingers
      extending therefrom and engaging said contact assembly, said first fingers
      being of greater extending length from said strip member than said second
      fingers.
NUM  8.
PAR  8. The invention claimed in claim 1 wherein said contact assembly further
      includes an insulative member secured to said second contact element and
      fixedly supporting said guide means.
NUM  9.
PAR  9. The invention claimed in claim 8 wherein said contact assembly further
      includes a nosepiece member supported by said insulative member forwardly
      of said guide means, said nosepiece member incorporating a valve openable
      by said first contact element upon insertion thereof in said second
      housing and closeable upon withdrawal of said first contact element from
      said second housing.
NUM  10.
PAR  10. The invention claimed in claim 8 wherein said second housing includes
      an electrically conductive member defining said conductive wall and an
      insulative sleeve extending axially forwardly of said conductive member in
      encircling relation to said tubular member, said insulative sleeve and
      said tubular member tapering radially over progressive axial extents
      thereof without radial step discontinuities.
NUM  11.
PAR  11. In a female connector housing for use in connecting or disconnecting an
      energized high voltage circuit by engagement or disengagement with a
      complementary male connector housing having a male contact element, the
      combination comprising:
PA1  a. a conductive member fixedly disposed in said female connector housing
      and having an inner wall defining a passage in said housing;
PA1  b. a female contact assembly disposed in said passage and including
PA2  1. a female contact element for engaging said male contact element,
PA2  2. guide means for receiving and guiding said male contact element for
      movement toward said female contact element and for evolving arc-quenching
      gas in response to an arc being struck between said male contact element
      and said female contact element during said movement, and
PA2  3. piston means responsive to such evolved gas for jointly displacing said
      guide means and said female contact element toward said male contact
      element; and
PA1  c. contactor means movable in said passage jointly with said female contact
      assembly, said contactor means having inwardly extending conductive finger
      means for resiliently engaging said female contact assembly and outwardly
      extending finger means for engaging said inner cylindrical wall of said
      conductive member for providing electrical continuity between said female
      contact assembly and said conductive member.
NUM  12.
PAR  12. The invention claimed in claim 11 further including means for
      resiliently biasing said female contact assembly axially inwardly in said
      female connector housing.
NUM  13.
PAR  13. The invention claimed in claim 11 wherein said piston means includes an
      electrically conductive piston mechanically and electrically connected to
      said female contact element, said contactor means fingers resiliently
      engaging said piston.
NUM  14.
PAR  14. The invention claimed in claim 13 wherein said piston includes a
      forward socket portion receiving and supporting said female contact
      element and a depending portion extending rearwardly from said socket
      portion, and having an interior recess, said socket portion, said female
      contact element and said guide means defining a conduit for said evolved
      gas, said interior recess communicating with said conduit.
NUM  15.
PAR  15. The invention claimed in claim 14 wherein said depending portion
      includes a circumferentially exterior surface having radial projections at
      opposite axial ends, said contactor means being disposed axially between
      said projections and thereby restrained against axial movement relative to
      said female contact assembly.
NUM  16.
PAR  16. The invention claimed in claim 11 wherein said strip member includes
      first resilient contact fingers extending therefrom and engaging said
      conductive member inner wall and second resilient contact fingers
      extending therefrom and engaging said female contact assembly, said first
      fingers being of greater extending length from said strip member than said
      second fingers.
NUM  17.
PAR  17. The invention claimed in claim 11 wherein said female contact assembly
      further includes an insulative tubular member secured to said female
      contact element and fixedly supporting said guide means.
NUM  18.
PAR  18. The invention claimed in claim 17 wherein said female contact assembly
      further includes a nosepiece member supported by said tubular member
      forwardly of said guide means, said nosepiece member incorporating a valve
      openable by said male contact element upon insertion thereof in said
      female connector housing and closeable upon withdrawal of said male
      contact element from said female connector housing.
NUM  19.
PAR  19. The invention claimed in claim 17 wherein said female connector housing
      includes an insulative sleeve extending axially forwardly of said
      conductive member in encircling relation to said tubular member, said
      insulative sleeve and said tubular member tapering radially over
      progressive axial extents thereof without radial step discontinuities.
NUM  20.
PAR  20. A female connector for use in connecting or disconnecting an energized
      high voltage circuit by engagement or disengagement with a complementary
      male connector having a male contact element, said female connector
      comprising:
PA1  a. a housing having first and second open ends and an axially extending
      passage therebetween;
PA1  b. terminal means accessible exteriorly of said housing and closing said
      housing first open end;
PA1  c. a conductive member fixedly disposed in said housing passage and
      electrically connected to said terminal means and having an inner
      cylindrical wall defining a bore coaxial with said housing passage;
PA1  d. a female contact assembly in said housing passage including
PA2  1. piston means axially movable in said conductive member bore and having a
      head disposed in facing relation to said terminal means,
PA2  2. a female contact element electrically connected to and movable with said
      piston means and disposed in facing relation to said housing second open
      end for engaging said male contact element, and
PA2  3. guide means movable with said piston means for receiving and guiding
      said male contact element for movement toward said female contact element
      and for evolving arc-quenching gas in response to an arc being struck
      between said male contact element and said female contact element during
      said movement, said piston means, said female contact element and said
      guide means defining a conduit therethrough for conveying said gas between
      said piston means head and said terminal means whereupon said piston means
      is operative to forcibly move said female contact element into engagement
      with said male contact element, and
PA1  e. contactor means having inwardly extending conductive finger portions
      engaging said piston means and outwardly extending finger portions
      engaging said inner cylindrical wall of said conductive member for
      providing electrical continuity between said female contact element and
      said terminal means.
NUM  21.
PAR  21. The invention claimed in claim 20 further including means for
      resiliently biasing said female contact assembly axially inwardly in said
      housing.
NUM  22.
PAR  22. The invention claimed in claim 21 wherein said piston means includes an
      electrically conductive piston mechanically and electrically connected to
      said female contact element, said contactor means fingers resiliently
      engaging said piston.
NUM  23.
PAR  23. The invention claimed in claim 22 wherein said piston includes a
      forward socket portion receiving and supporting said female contact
      element and a depending portion extending rearwardly from said socket
      portion and defining an interior recess, said socket portion, said female
      contact element and said guide means defining a conduit for said evolved
      gas, said interior recess communicating with said conduit.
NUM  24.
PAR  24. The invention claimed in claim 22 wherein said depending portion
      includes a circumferentially exterior surface having radial projections at
      opposite axial ends, said contactor means being disposed axially between
      said projections and thereby restrained against axial movement relative to
      said contact assembly.
NUM  25.
PAR  25. The invention claimed in claim 21 wherein said contactor means
      comprises a strip member including first resilient contact fingers
      extending therefrom and engaging said conductive member wall and second
      resilient contact fingers extending therefrom and engaging said female
      contact assembly, said first fingers being of greater extending length
      from said strip member than said second fingers.
NUM  26.
PAR  26. The invention claimed in claim 21 wherein said female contact assembly
      further includes an insulative tubular member secured to said female
      contact element and fixedly supporting said guide means.
NUM  27.
PAR  27. The invention claimed in claim 26 wherein said female contact assembly
      further includes a nosepiece member supported by said tubular member
      forwardly of said guide means, said nosepiece member incorporating a valve
      openable by said male contact element upon insertion thereof in said
      housing and closeable upon withdrawal of said male contact element from
      said housing.
NUM  28.
PAR  28. The invention claimed in claim 26 wherein said housing includes an
      insulative sleeve extending axially forwardly of said conductive member in
      encircling relation to said tubular member, said insulative sleeve and
      said tubular member tapering radially over progressive axial extents
      thereof without radial step discontinuities.
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ABST
PAL  An adapter device for use with cable connectors. The adapter device
       comprs an elongated tubular sleeve having means for engaging cable
      connector backshell and mating rings and an adapter ring slidably engaging
      the adapter sleeve. The adapter ring comprises at least two longitudinally
      adjacent segments, a first segment having a cross-sectional diameter
      slightly larger than the cross-sectional diameter of the adapter sleeve,
      and a second segment having a cross-sectional diameter slightly larger
      than the cross-sectional diameter of the connector mating ring. A cable is
      attached to the connector backshell and extended through the adapter
      sleeve to the connector mating ring. The backshell and mating ring are
      attached to the adapter sleeve and the adapter ring is secured to the
      mating ring. The adapter device can be coded for identification.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to cable connecting devices and
      more particularly to an adapter for use with cable connectors.
PAR  Devices for connecting multi-element cables to equipment such as electronic
      systems are well known. Examples of electronic connectors are shown in
      Johnson et al U.S. Pat. No. 3,329,925 and Brancaleone, U.S. Pat. No.
      3,678,445.
PAR  Secure attachment is required for all cable connector devices. Reeder, U.S.
      Pat. No. 3,261,844 is an example of a cable connected designed to provide
      secure attachment.
PAR  In addition to providing secure cable attachment, a connector should
      protect the cable from undue strain and external influences. Examples of
      connectors designed to provide such protection are Rohrig, U.S. Pat. No.
      3,803,529 and Fish, U.S. Pat. No. 3,659,251. The common spark plug shield
      is another example of connectors designed to provide protection.
PAR  As technology, and especially electronic technology becomes increasingly
      couplex, the demands placed on all system components increases
      correspondingly. Cable connectors are no exception to these increasing
      demands. Although often given only slight importance when an entire system
      is considered, the connectors perform vital functions. In addition to the
      above-discussed functions of simply connecting and protecting, connectors
      provide a convenient means for identifying the various cable or mechanical
      conduits in the system. As overall systems become more complex, cable
      identification becomes increasingly important.
PAR  The most convenient methods of identifying cables is by color codes and/or
      identity numbers. Cable connectors presently known to applicant cannot be
      easily color coded or etched with identifying numbers. This drawback
      results because of the size of, or materials used in, presently known
      connectors.
PAR  Connection or removal of cables using presently known cable connectors
      usually requires tools such as special wrenches or pliers. Thus, in
      addition to the above-discussed drawbacks, installation and removal of
      presently known cable connectors is inhibited by the requirement of
      special tools. Furthermore, such special equipment is expensive, wears out
      quickly and is easily lost.
PAR  The drawbacks inherent in presently known cable connectors are magnified in
      the complex electronic systems found aboard naval vessels. The plethora of
      electronic connections, often made to electronic equipment placed in
      inaccessible areas, strikingly manifests the need for easily identified,
      simply operated and reliable cable connectors.
PAR  The cable connector adapter device of the present invention overcomes the
      above-discussed drawbacks by providing an easily coded cable connecting
      device which provides protection for cable connections while allowing hand
      installation and/or removal of cable connections.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention relates to an adapter device used in
      conjunction with a multi-element cable connector having a backshell and a
      mating ring. The adapter device comprises an elongated tubular adapter
      sleeve having external screw threads on one end for engaging the connector
      backshell and internal threads on the other end for engaging the connector
      mating ring, and an adapter having at least two longitudinally adjacent
      segments slidably engaging the adapter sleeve. The adapter ring comprises
      a first segment having a cross-sectional diameter slightly larger than the
      cross-sectional diameter of the adapter sleeve to allow a sliding fit
      between these two elements, and a second segment having a cross-sectional
      diameter large enough to allow sliding engagement between the adapter and
      connector mating rings, and a plurality of tapped holes positioned about
      the circumference of the second segment. Set screws positioned in the
      tapped holes provide means for securing the adapter ring to the connector
      mating ring. Knurling is positioned on the adapter ring first segment.
PAR  Coding information is provided by color coding the adapter sleeve and/or
      adapter ring and/or information etched or engraved onto the adapter
      sleeve.
PAR  The adapter sleeve and adapter ring provide surfaces to grip the connector
      device, and due to the mechanical advantage provided by the device, only
      hand grip pressure is required to turn the connector and therefore
      disengage or engage the connection between the connector mating ring and
      corresponding system equipment. Thus, the device allows expeditious and
      easy connection and/or removal of cables, such as multi-element electronic
      cables without using special tools. The large surface area provided by the
      adapter sleeve also facilitates hand gripping of the adapter device.
PAR  The adapter device may be used in conjunction with a conventional cable
      connector having a backshell and a mating ring by first attaching the
      connector backshell and the adapter sleeve, then attaching a cable
      thereto. The adapter ring is placed onto the adapter sleeve, and the
      connector mating ring is attached to the cable. The mating ring is
      attached to the adapter sleeve and the adapter ring is affixed to the
      mating ring by the set-screws. The cable is then easily connected and/or
      removed by simple hand operations.
PAR  A broad object of the present invention is to improve cable connectors.
PAR  Another object of the present invention is to provide a cable connector
      which can be removed or installed without using special tools.
PAR  Still another object of the present invention is to provide a cable
      connector which protects an installed cable from strain.
PAR  Yet another object of the present invention is to provide a cable connector
      which can be easily coded for identification.
PAR  Still another object of the present invention is to provide a method of
      installing and removing a cable without using tools.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention and many of the attendant
      advantages thereof will be readily appreciated as the same becomes better
      understood by references to the following detailed description when
      considered in connection with the accompanying drawings wherein:
PAR  FIG. 1 shows the connector device of the present invention engaging a
      conventional connector and cable;
PAR  FIG. 2 shows a commercial cable connector; and
PAR  FIG. 3 shows component parts of the adapter device of the present invention
     .
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Shown in the drawings is an adapter device 10 for attaching a cable such as
      multi-element cable 12 to various forms of mechanical or electrical
      equipment (not shown). The adapter 10 is used in conjunction with a
      conventional connector 14 comprising a backshell 16 having a cable clamp
      18 and internal threads (not shown) and a mating ring 20 having knurling
      and external threads thereon (not shown). Such a connector is shown in
      FIG. 2. along with a multielement cable 12 having a plurality of elements
      13.
PAR  Elements of cable 12 are conventionally mounted on mating ring 20 and
      backshell 16 is attached to the cable 12 in the conventional manner using
      cable clamp 18.
PAR  As shown in FIG. 1, the adapter device 10 comprises an elongated tubular
      adapter sleeve 22 and a tubular adapter ring 24 slidingly positioned
      thereon.
PAR  As shown in FIG. 3, the adapter sleeve 22 is tubular in shape and has
      internal screw threads 26 on one end for threadably engaging connector
      mating ring 20 and external screw threads 28 on the other end for
      threadably engaging connector backshell 16. The threads 26 and 28 may be
      of any type corresponding to the threads used for connector 14 and may be
      on either surface of sleeve 22 as desired.
PAR  Adapter sleeve 22 may be aluminum or any other suitable material. Sleeve 22
      may be anodized, color coded and/or have identifying markings such as code
      numerals 30 etched or engraved thereon. Simple color coding and/or
      identifying numerals 30 obviously expedites the cable connection process.
      Therefore, because it provides a convenient means for effecting such
      classification, the sleeve 22 provides important advantages to the present
      invention.
PAR  The sleeve 22 also provides a surface which is easily handheld during
      connection or removal of cable 12. The additional gripping surface allows
      easy handling of the connector even in inaccessible areas. Without the
      additional gripping surface, a special wrench must be used in the cable
      connection and/or removal process. Use of wrenches or pliers is often
      difficult or impossible in the small areas often found around electronic
      equipment. The mechanical advantage provided by sleeve 22 is therefore an
      important result of the present invention.
PAR  After cable 12 is connected to corresponding equipment, sleeve 22 serves as
      a support for the cable. By supporting cable 12 for some length thereof
      adjacent mating ring 20, strain on cable 12 is reduced. Reduced strain on
      wires or pins in cable 12 obviously increases reliability of the
      connection.
PAR  As shown in FIG. 3, tubular adapter ring 24 comprises two longitudinally
      adjacent segments, a first segment 40 and a second segment 42. First
      segment 40 has a cross-sectional diameter slightly larger than the
      cross-sectional diameter of adapter sleeve 22 to allow sliding engagement
      between the adapter sleeve 22 and adapter ring 24. Second segment 42 has a
      cross-sectional diameter slightly larger than the cross-sectional diameter
      of the connector mating ring 20 to allow sliding engagement between the
      adapter ring 24 and connector mating ring 14. A plurality of tapped holes
      44 are positioned around the circumference of second segment 42 and have
      set screws 46 therein to provide locking engagement between adapter ring
      24 and connector mating ring 20. Knurling 48 is positioned on adapter ring
      first segment 40 to allow easy gripping of the ring 24 during connection
      and/or removal operations.
PAR  As with the adapter sleeve 22, the adapter ring 24 may be any suitable
      material such as aluminum. The ring 24 also may be anodized, color coded
      and/or have identifying markings etched or engraved thereon for convenient
      classification.
PAR  The length and size of adapter ring 24 provides mechanical advantage for
      moving connector mating ring 20. The additional gripping surface provided
      by first segment 40 and the traction provided by knurling 48 also
      increases, the ease with which connector mating ring 20 is moved.
      Therefore because of the mechanical advantage provided by adapter ring 20
      and the gripping surface provided by sleeve 22, no wrenches or other
      gripping tools are required to move connector mating ring 20. Thus, the
      additional mechanical advantage provided by adapter ring 24 is an
      important feature of the present invention.
PAR  Cable 12 is connected to corresponding electronic or mechanical equipment
      using adapter device 10 in conjunction with a conventional connector 14.
      An example of the method used for such connection will now be given.
      Connector backshell 16 is threadably engaged with adapter sleeve external
      screw threads 28 and cable 12 is inserted through the combination and
      secured thereto by clamp 18. Adapter ring 24 is slidably engaged with
      sleeve 22 and connector mating ring 20 is conventionally mounted onto the
      wire and/or pin elements of cable 12. Adapter sleeve 22 is threadably
      engaged with connector mating ring 20 and adapter ring 24 is positioned
      onto mating ring 20 by set screws 46. The cable 12 is then connected to
      the appropriate equipment by simply aligning the cable elements, setting
      the mating ring and turning the adapter ring 24 until a secure fit is
      obtained. Removal of cable 12 is equally simple and requires only that
      pressure normally exerted by a hand grip on adapter ring 24 to loosen
      mating ring 20 and thus disconnect cable 12 from the electronic equipment.
PAR  Alternative embodiments of the adapter device 10 may include a wide variety
      of cross-sectional shapes and diameters of both sleeve 22 and ring 24. The
      cross-sectional shapes and diameters may be changed to facilitate easy
      adaptation of device 10 to connector 14. For example, adapter ring second
      segment 46 may have a cross-sectional diameter slightly smaller than the
      cross-sectional diameter of connector mating ring 20.
PAR  Other forms of device 10 can be used to attach conduits or other forms of
      mechanical "cables" to mechanical equipment.
PAR  Obviously numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that, within the scope of the appended claims, the invention
      may be practiced otherwise than as specifically described.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. In combination with an adapter device for use with an electrical
      connector, having a backshell element with cable clamping means detachably
      connected by threads means to a frontal cable connector with a connector
      mating ring, designed to be used with multi-element cables, wherein:
PA1  a tubular adapter is threadably formed at its opposing ends having external
      threads at one end and having internal threads at the other end to match
      the thread means of the electrical connectors backshell and mating rings,
      and is interposed between and connected by the tubular screw threads to
      the backshell and mating rings, so as to provide increased mechanical
      support and strain-relief to the multi-element cable which is held by the
      cable clamping means and which passes through the tubular adapter to
      connections on the connector and to aid in connection of large
      multi-element cable assemblies, the improvement which comprises a tubular
      adapter ring, slidably positioned about the tubular adapter, said adapter
      ring comprising at least two longitudinally adjacent, segments, a first
      segment having a cross-sectional diameter slightly larger than the cross
      sectional diameter of the tubular adapter and having a marginal region of
      its surface scribed with knurling; and a second segment having a
      cross-sectional diameter large enough to allow sliding engagement between
      the tubular adapter ring and the cable connector ring and having a
      plurality of tapped set screws circumferentially positioned around the
      adapter ring to provide locking engagement between the adapter ring the
      connector ring.
NUM  2.
PAR  2. The adapter device of claim 1 wherein said device is anodized.
NUM  3.
PAR  3. The adapter device of claim 1 wherein said device is color coded.
NUM  4.
PAR  4. The adapter device of claim 1 including an identification code placed
      thereon.
NUM  5.
PAR  5. A method of attaching cables to equipment comprising the steps of:
PA1  interconnecting a cable connector backshell to an adapter device sleeve;
PA1  inserting a cable through the sleeve;
PA1  securing said cable to said backshell;
PA1  sliding an adapter device ring onto said sleeve;
PA1  mounting said cable onto a connector mating ring;
PA1  engaging said adapter device sleeve with said connector mating ring;
PA1  setting said adapter ring in place on said mounting ring; and
PA1  connecting the cable to the equipment.
NUM  6.
PAR  6. The method of attaching cables to equipment of claim 5 wherein the step
      of connecting the cable to the equipment includes turning the adapter ring
      to threadably engage said mounting ring to the equipment.
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ABST
PAL  A special effects lens including a longitudinal housing of substantially
      triangular shape in transverse section having a spherical lens snap-fitted
      into one end thereof and held in place by cutouts formed in the sides of
      the housing. The housing is also provided with transverse slits for the
      insertion of colored inserts which are mounted at the apices of the
      housing adjacent the spherical lens to increase the variety of patterns
      and images produced. In addition, the viewing end of the lens may be
      provided with a camera adapter ring so that the lens may be mounted on a
      camera.
BSUM
PAR  The present invention relates generally to optical devices and, in
      particular, to a lens which provides special effects of reflected images.
PAR  In the optical field, it has long been desired to produce reflected images
      of colorful objects which have interesting and varied patterns. Typically,
      a lens is constructed to provide special effects of objects observed
      through the lens so that it may produce a colorful pattern of reflected
      images. However, such special effects lenses have not been completely
      satisfactory in that they have been costly to manufacture and assemble and
      do not satisfactorily produce clear and sharp images of objects viewed
      over a wide range of distances. It has also been desired to construct such
      a lens which is capable of being used on various types of cameras, such as
      still cameras, movie cameras or television cameras, in order to obtain
      pictures of the reflected images produced by the special effects lens.
PAR  Accordingly, it is an overall object of the present invention to provide a
      special effects lens which provides interesting and varied patterns of
      reflected images of objects viewed over a wide range of distances which
      are clear and sharp. In its commercial form, The special effects lens is
      of relatively simple construction, is readily manufactured by
      massproduction techniques at relatively low cost and includes a number of
      simple and relatively indestructible components.
PAR  It is also an object of the present invention to provide a special effects
      lens having an optimum focal length such that it will produce clear and
      sharp images of objects viewed over a wide range of distances.
PAR  It is a further object of the present invention to provide a special
      effects lens which may be mounted on any type of camera, it only being
      necessary to adjust the camera shutter for different light conditions in
      order to produce clear and sharp pictures.
PAR  In accordance with an illustrative embodiment demonstrating objects and
      features of the present invention, there is provided a special effects
      lens which includes a longitudinal housing of substantially triangular
      shape in transverse section. The longitudinal housing is constructed from
      three longitudinal members each having a main section defining a main
      housing and an end section defining an end housing. The main sections are
      attached along their longitudinal edges with any suitable adhesive or
      cement to form the main housing. However, the end sections are left
      unattached along their longitudinal edges so that the end sections are
      relatively movable with respect to each other.  Each of the end sections
      is also provided with a cutout. In this manner, a spherical lens may be
      mounted in the end housing by a simple snap-fit assembly wherein an
      oversized spherical lens is inserted into the end housing and forces or
      flexes the end sections slightly outwardly until the spherical lens is
      received within the cutouts formed in the end housing. Transverse slits
      are formed in each of the main sections of the main housing so that
      colored elements may be inserted and mounted at the apices of the
      longitudinal housing. Further, the special effects lens may be mounted on
      any type of camera, such as a still camera, a movie camera or a television
      camera, with an adapter ring which is snap-fitted to the viewing end of
      the longitudinal housing and is provided with external threads so that it
      may be easily mounted on any camera lens by a simple threading operation.
PAR  Advantageously, the focal length of the special effects lens, i.e., the
      distance from the spherical lens to the viewing end of the special effects
      lens is of an optimum length so that clear and sharp images are produced
      of objects viewed over a wide range of distances. Further, when the
      special effects lens is mounted on a camera, it is not necessary to adjust
      the focal length of the camera to produce clear and sharp images; it is
      only necessary to adjust the camera shutter for different light
      conditions. In addition, with the camera adapter ring mounted on the
      special effects lens, it may be used on any type of camera, including
      still cameras, movie cameras or television cameras. Further, the spherical
      lens in combination with the colored inserts produce reflected images and
      patterns which are interesting, varied and novel.
DRWD
PAR  The above description as well as further objects, features and advantages
      of the present invention will be more fully understood by reference to the
      following detailed description of the presently preferred, but nonetheless
      illustrative embodiment in accordance with the present invention, when
      taken in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of a representative form of the present
      invention having a camera adapter ring mounted thereon;
PAR  FIG. 2 is a sectional view, taken substantially along the line 2--2 in FIG.
      1 and looking in the direction of the arrows, showing further details of
      the special effects lens and the manner in which it is mounted on a camera
      lens;
PAR  FIG. 3 is a sectional view, taken substantially along the line 3--3 in FIG.
      1 and looking in the direction of the arrows, illustrating the spherical
      lens and its mounting within the end housing; and
PAR  FIG. 4 is a sectional view, taken substantially along the line 4--4 in FIG.
      1 and looking in the direction of the arrows, showing further details of
      the colored inserts mounted at the apices of the special effects lens.
DETD
PAR  Referring now specifically to the drawings and in particular to FIGS. 1 and
      2, there is shown one form of the special effects lens of the present
      invention, generally designated by the reference numeral 10, which
      includes a longitudinally extending body or housing 12 having a camera
      adapter ring 14 snap-fitted at the viewing end 12a thereof so that the
      special effects lens may be connected to a suitable camera 30, as shown in
      FIG. 2. Adjacent the other end 12b of housing 12, there is a spherical
      lens 16 snap-fitted therein, as will be more fully explained. Although in
      the preferred embodiment the special effects lens 10 is shown used with a
      camera adapter ring 14 for mounting on a camera, it should be understood
      that this is only illustrative of one of the uses of the lens 10 and that
      it may be used without a camera.
PAR  Longitudinal housing 12 is of triangular shape in transverse section and
      includes three identical longitudinal members 18, 20, and 22 with each
      member having a respective main section 18a, 20a, 22a and a respective end
      section 18b, 20b, 22b. Each of the end sections 18b, 20b and 22b are
      tapered along their respective longitudinal edges at 18c, 20c and 22c and
      are each formed with respective openings or cutouts 18d, 20d and 22d. As
      may be seen in FIG. 1, each of the main sections 18a, 20a and 22a are
      provided with respective transverse slits 18e, 20e and 22e, for a purpose
      to be explained. Longitudinal members 18, 20 and 22 may be formed from any
      suitable material such as plastic, and may be transparent or opaque.  The
      inner surfaces of longitudinal members 18, 20 and 22 act as
      light-reflecting surfaces when light strikes these surfaces at shallow
      angles of inclination.
PAR  To assemble longitudinal members 18, 20 and 22 and form longitudinal
      housing 12, each of the main sections 18a, 20a and 22a are attached along
      their respective longitudinal edges 18f, 20f and 22f by any suitable
      adhesive or cement. However, longitudinal edges 18c, 20c and 22c of
      respective end sections 18b, 20b and 22b are left unattached so that the
      end sections may be flexible or movable relative to one another, for a
      purpose to be explained hereinafter. In the assembled form, main sections
      18a, 20a and 22a form a main housing 12c whereas end sections 18b, 20b and
      22b form an end housing 12d.
PAR  Spherical lens 16 is formed from a clear glass or plastic ball and is
      oversized with respect to the dimensions of the end housing 12d formed by
      the tapered end sections 18b, 20b, and 22b. Accordingly, as tapered end
      sections 18b, 20b, and 22b are flexible or movable with respect to each
      other, spherical lens 16 may be inserted into end housing 12d by a simple
      snap-fit assembly and held in place by respective cutouts or seats 18d,
      20d and 22d. More particularly, spherical lens 16 is inserted into end
      housing 12d by forcing movable end sections 18b, 20b and 22b outwardly
      with the spherical lens 16, and moving it within end housing 12d until the
      spherical lens 16 is received within cutouts 18d, 20d and 22d.  In this
      manner, spherical lens 16 is simply snap-fit into position and is mounted
      for rotation although it is prevented from axial movement within end
      housing 12d by its oversized surface portions extending out of the housing
      through respective cutouts 18d, 20d and 22d. It should be pointed out that
      the tapering of the end sections 18b, 20b and 22b greatly simplifies the
      snap-fit assembly of spherical lens 16 as it is much easier to insert
      within end housing 12d.
PAR  The location of spherical lens 16 is critical in relation to the focal
      length of the special effects lens 10, i.e., the distance from spherical
      lens 16 to the viewing end 12a of housing 12. It has been found that a
      focal length of between 9 and 12 inches, preferably of 10 inches, provides
      optimum results for achieving clear and sharp images of objects viewed
      over a wide range of distances. In addition, when lens 10 is mounted on a
      camera 30, in order to obtain clear and sharp images, it is only necessary
      to adjust the camera shutter for different light conditions and adjustment
      of the focal length of the camera 30 is unnecessary. In obtaining such
      clear and sharp images, it has also been found that the size of spherical
      lens 16 is critical and should be approximately one inch in diameter. With
      such a diameter, spherical lens 16 is also oversized with respect to the
      transverse dimensions of end housing 12d so that it may be snap-fitted in
      place and be securely held therein. Light passing through the spherical
      lens 16 strikes the inner surfaces of longitudinal members 18, 20 and 22
      at shallow angles of inclination causing such light to be reflected off
      these internal surfaces, resulting in multiple reflected images.
PAR  In order to increase the variety and interest of the images and patterns
      obtained with the special effects lens of the present invention, colored
      inserts 24 are also mounted at each of the apices within main housing 12c
      adjacent end housing 12d. More particularly, colored inserts 24 are
      mounted in main housing 12c by inserting them through respective
      transverse slits 18e, 20e and 22e formed in members 18, 20 and 22. Colored
      inserts 24 are of clear plastic and triangular in shape so that they may
      be easily mounted in place at the apices of main housing 12c and may be
      any suitable colors, such as red, blue and yellow. In addition, any
      suitable type of adhesive may be used to securely mount colored inserts 24
      within main housing 12c.
PAR  As shown most clearly in FIG. 2, when it is desired to mount lens 10 on a
      camera 30, camera adapter ring 14 may be snap-fit to the end 12a of main
      housing 12c and may be of any suitable type or size to fit various types
      of cameras, such as still cameras, movie cameras or television cameras. In
      the present preferred embodiment, special effects lens 10 of the present
      invention is shown attached to a representative camera 30 having a camera
      lens 32. The interior of lens 32 is provided with internal threads so as
      to receive adapter ring 14 which is provided with external threads for
      mating therewith. In this manner, the camera adapter ring 14 for special
      effects lens 10 may be simply threaded into the lens 32 of any suitable
      camera 30.
PAR  In view of the foregoing, it will be appreciated that there has been
      provided in accordance with the principles of the present invention, a
      special effects lens 10 which provides clear and sharp images of objects
      viewed over a wide range of distances and which may be easily connected to
      any type of camera by use of a camera adapter ring 14 mounted at the
      viewing end of lens 10. In addition, the focal length between spherical
      lens 16 and camera lens 32 is such that the special effects lens 10 of the
      present invention provides clear and sharp images of objects viewed over a
      wide range of distances with it only being necessary to adjust the camera
      shutter for different light conditions. Moreover, spherical lens 16 may be
      easily mounted within flexible end housing 12d by a simple snap-fit
      assembly which greatly reduces the cost of manufacture. Similarly, colored
      inserts 24, which greatly increase the variety and types of patterns and
      images which may be produced, may be easily mounted within the apices of
      lens 10 by simply inserting them through transverse slits formed in the
      housing. Further, by changing the angle of inclination of lens 10 relative
      to the objects being viewed and/or by rotating spherical lens 16, the
      variety of patterns, images and colors which may be produced with special
      effects lens 10 will be greatly enhanced.
PAR  A latitude of modification, change and substitution is intended in the
      foregoing disclosure. Accordingly, it is appropriate that the appended
      claims be construed broadly and in a manner consistent with the spirit and
      scope of the invention herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A special effects lens comprising an elongated housing of substantially
      triangular shape in transverse section including three longitudinally
      extending walls each having a main section and an end section, said main
      section being attached along their longitudinal edges and said end
      sections being detached from each other, a spherical lens, means for
      mounting said spherical lens in the end sections of said elongated housing
      in substantially axial alignment therewith, said mounting means including
      seats formed on said end sections, said end sections being spaced with
      respect to each other and in relation to the diameter of said spherical
      lens to grippingly engage and mount said spherical lens in said seats, a
      colored element mounted at each of the apices of said elongated housing
      along a transverse plane, and a viewing end opposite said end section,
      said main sections of said longitudinally-extending walls being of a
      length substantially equal to the focal length of said spherical lens such
      that clear and sharp images of objects viewed over a wide range of
      distances from said spherical lens are produced at said viewing end.
NUM  2.
PAR  2. A special effects lens in accordance with claim 1 wherein each of said
      end sections are tapered along their longitudinal edges so as to form
      openings which diverge toward said end opening along the longitudinal
      edges of said end sections and said end sections further define an end
      opening adapted to receive said spherical lens in said end sections, said
      end sections being formed of a flexible material deflecting laterally and
      grippingly engaging said spherical lens by the restoring force in said
      flexible material, whereby said spherical lens may be inserted through
      said end opening to outwardly flex said end sections and to snap-fit said
      spherical lens.
NUM  3.
PAR  3. A special effects lens in accordance with claim 1 further including
      means for removably connecting said special effects lens to a camera.
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ABST
PAL  A sub-stage, dual-turret assembly provides a rapid interchange of
      condensers and birefringent elements without sub-stage assembly,
      disturbance of illumination system, refocusing the microscope or
      dislocation of the object being studied and minimizes storage problems
      normally associated with maintaining convenient access to a selection of
      interchangeable delicate optical elements. The assembly has an upper
      turret normally adapted to carry at least two condensers and a lower
      turret usually adapted to carry a plurality of birefringent elements. The
      two turrets are independently rotatable in order to provide maximum
      versatility.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to microscopes employing optical elements which must
      be accurately aligned and having a plurality of readily interchangeable
      optical members which must also be individually and accurately located
      relative to a certain member or members in the optical system of the
      instrument. The invention is particularly useful in phase microscopy but
      could also be used advantageously in other forms of microscopy.
PAR  In the Osterberg et al. U.S. Pat. No. 2,427,689, issued Sept. 23, 1947, is
      shown and described a phase contrast microscope. The use of such an
      instrument for the examination of substantially transparent materials and
      objects, such as protozoa, bacteria, body tissues, blood, glass, plastics
      and the like, has considerably extended the boundaries of microscopy.
PAR  U.S. Pat. No. 2,565,419 to Aitcheson describes a turret assembly useful
      with the Osterberg et al. patent. Aitcheson teaches that a plurality of
      apertures may be mounted on a single sub-stage turret assembly to
      accommodate the lighting requirements of several different objectives with
      a single fixed condenser.
PAR  During the use of a phase microscope, it may be desirable to use any one of
      several different objectives of different powers. It will generally be
      desirable to interchange the aperture member in the condenser assembly so
      as to function to best advantage therewith. Also, it is usually desirable
      to interchange birefringent elements and it is frequently desirable to
      rapidly change from an air to oil immersion condenser as well as from one
      technique to another. However, regardless of the reasons for the changing
      of aperture, birefringent elements, or condensers, it has been found
      highly essential that proper exact predetermined spacing and alignment of
      each optical member of the sub-stage assembly to be used with the optical
      axis of the microscope be effected for best functioning of the microscope.
DRWD
PAC  BRIEF DESCRIPTION OF THE INVENTION AND DRAWINGS
PAR  For the foregoing reasons, the invention provides a turret assembly of
      efficient, compact and sturdy construction which may be readily fitted in
      the limited space available beneath the stage of a microscope. The
      assembly comprises a body supporting two turrets, which are independently
      rotatable to selected positions. The upper turret is adapted to carry a
      plurality of condensers with irises and the lower turret is adapted to
      carry a plurality of birefringent elements.
PAR  FIG. 1 is a top plan view of the dual-turret assembly but with the
      condenser removed;
PAR  FIG. 2 is an elevational view of the assembly partly in section taken along
      lines 2--2 of FIG. 1;
PAR  FIG. 3 is an elevational view of the upper turret assembly taken along
      lines 2--2 of FIG. 1;
PAR  FIG. 4 is an elevational view of the lower turret assembly taken along
      lines 2--2 of FIG. 1;
PAR  FIG. 5 is a perspective view of the assembly mounted on a microscope;
PAR  FIG. 6 is a top view of the annular member used to provide orthogonal
      adjustment for optical alignment;
PAR  FIG. 7 shows a top view of the mounting ring; and
PAR  FIG. 8 is a perspective view of the mounting ring showing the annular
      member slidably positioned thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail, FIG. 1 shows mounting ring 1 having a
      dove-tail slot 2 with locking screw 3 for securing the turret assembly to
      a microscope base.
PAR  As shown in FIG. 2, support member 20 is slidably connected to the mounting
      ring by flanged ring 21 and screws 22. Annular member 48, as shown in FIG.
      6, has two diametrically opposed pairs of notches 49 and 50 in the outer
      periphery 51. FIG. 7 shows a top view of the mounting ring 1 with threaded
      holes 52 located therein. FIG. 8 shows annular member 48 slidably
      positioned on mounting ring 1 and generally located by screws 53. Notches
      49 cooperate with screws 53 to permit limited lateral  movement of the
      annular member with respect to the mounting ring. Support member 20 has a
      pair of screws 54, as shown in FIG. 2, located on the lower side thereof
      which cooperate with notches 50 in the annular member to permit limited
      lateral movement of the support member with respect to the annular member.
      This orthogonal system provides universal lateral adjustment for precise
      alignment of the turret assembly with respect to the optical axis of the
      microscope. Spring biased plungers 23 and positioning screws 24 are used
      to align the support member, which can be locked in position by final
      tightening of screws 22 if desired with the optical axis of the
      microscope. Bearing mount 25 is secured to the support member by screw 26
      and has bearings 27 and 28 mounted on shoulders 29 and 30 respectively.
      Lower turret 31 is carried by bearing 27 and is maintained in proper
      alignment by pressure from thrust spring washer 32 urging the turret 31
      against thrust bearing 33 which is carried on the flange of the bearing
      mount 25. The lower turret has a plurality of openings 12, shown generally
      in FIG. 1, an unobstructed opening 13 and birefringent element 35 carried
      by mount 36 in an opening. Each of the openings 12 is respectively adapted
      to hold a mounted birefringent element as shown. Upper turret 37 is
      carried by bearing 28 and maintained in alignment by screw 38 urging the
      turret through bearing 28 against thrust bearing 39. The upper turret has
      irises 6 and 7 located in openings therein and internally-threaded,
      centerable condenser mounts 8 and 9 carried above the respective irised
      openings. Condenser 40 is shown seated in condenser mount 9. Spring biased
      plunger 41 is carried in lower turret 31 and cooperates with positioning
      screws 4 also carried in the lower turret to center birefringent or
      aperture elements 35. The lower turret carries similar biased plungers and
      positioning screws (not shown) for locating respective birefringent
      elements (not shown) in each of openings 12. Wrenches 5 are carried by
      support member 20 and may by extended into holes 14 located in lower
      turret 31 to engage positioning screws 4 to align the birefringent or
      aperture element. Upper turret 37 carries protrusions 11 (only one shown),
      so located that, when they engage resilient indexing member 10 secured to
      the support member, a corresponding condenser will be properly aligned.
      The lower turret has a plurality of V-shaped notches 42 (only one shown)
      cooperating with biased roller 43 carried by the support member so located
      that a corresponding birefringent element is properly aligned with a
      condenser when the roller is engaged on a notch and both are aligned with
      the optical axis 46 of the instrument. When the carrier is rotated, the
      roller 43 will be forced downwardly by notch 42 and will roll along
      surface 44 of the lower turret until the next notch is reached. Engagement
      of the roller 43 with any of notches 42 will align a pair of adjustment
      screws 4 with extendable wrenches 5.
PAR  The turrets 31 and 37 are preferably rotatable about a common axis 45 which
      is oblique to optical axis 46. This arrangement permits exchange of one
      condenser for another by rotation of upper turret 37 without the necessity
      of lowering the turret assembly excessively to provide clearance for the
      state (not shown) supporting slide 47. Selection of the angle between the
      microscope optical axis 46 and axis of rotation can substantially
      eliminate the need to lower the turret assembly excessively, especially if
      the bottom of the microscope stage is grooved to provide clearance
      recesses for condenser movement in the arcs adjacent the optical axis.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sub-stage dual-turret attachment for a microscope comprising:
PA1  a body adapted to be removably mounted on the microscope frame,
PA1  a first rotatable turret connected to said body, said first rotatable
      turret having a plurality of openings therein, at least one of said
      openings being adapted to releasably retain an optical element therein,
      said first rotatable turret being manually rotatable about an axis to
      bring any one of said openings into substantial alignment with the optical
      axis of the microscope, first indexing means engagable with said first
      rotatable turret for releasably retaining any one of said openings in
      substantial alignment with the optical axis of the microscope, manually
      operable means for adjusting said optical element laterally in any desired
      direction with respect to the optical axis of the microscope;
PA1  a second rotatable turret connected to said body, said second rotatable
      turret having two apertures defined by iris diaphrams therein, two
      condenser lens systems carried by said rotatable turret in respective
      optical alignment with said two apertures, said second rotatable turret
      being manually rotatable about an axis to bring any one of said condenser
      lens systems into substantial alignment with the optical axis of the
      microscope,
PA1  second indexing means engagable with said second rotatable turret for
      releasably retaining any one of said apertures and corresponding condenser
      lens systems in substantial alignment with the optical axis of the
      microscope;
PA1  said first and second rotatable turrets have a common axis of rotation; and
PA1  orthogonal adjustment means to provide lateral movement for alignment of
      said attachment with the optical axis of the microscope, said orthogonal
      adjustment means including a pair of spaced protrusions on said body, a
      ring member having a first pair of diametrically opposed recesses adapted
      to cooperate with said protrusions to slidably locate said ring, a second
      pair of diametrically opposed recesses in said ring spaced equidistant
      from said first pair of diametrically opposed recesses, and a support
      having a pair of protrusions adapted to cooperate with said second pair of
      recesses to slidably locate said support, said support carrying said first
      and second rotatable turrets and lock means to hold the attachment in a
      selected position to provide optical alignment.
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PAL  An incident light illumination device or instrument for generating dark and
      light field illumination, wherein at least one optical component is used
      in a region where the dark field and the light field illumination beams
      are kept in separate zones. The inner zone is traversed by the light field
      beam and is endowed with an index of refraction other than the outer zone
      which is traversed by the dark field beam. A switchable stop for
      eliminating the light field beam is provided in the vicinity of the
      optical component (s). The index of refraction of the inner zone of at
      least one optical component is selected so that the light source is
      reproduced in the rear focal plane of a microscope objective. A mirror
      designed as a rotating body and reflecting from its inside surface is
      located in the optic path from the optic component to the microscope
      objective and this mirror solely reproduces the dark field beam as a light
      ring in a plane on the rear side of the microscope objective.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  Applicants claim priority under 35 U.S.C. 119 for application Ser. No. 2
      331 750.2, filed June 22, 1973 in the Patent Office of the Federal
      Republic of Germany.
PAR  The disclosure of application Ser. No. 428,664, filed Dec. 27, 1973, and
      having the same assignee as the present application is incorporated
      herein. Application Ser. No. 428,664 discloses the state of the art of
      bright field and dark field microscopy and makes use of the bright field
      and dark field illumination heads of Swiss Pat. No. 236,262, which are
      also useful in the present application.
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an illumination instrument for generating light
      and dark field illumination wherein an optical component is mounted in one
      area where the bundles of rays for light field and dark field illumination
      pass separately through different zones. This component has a different
      index of refraction in the inner zone that is traversed by the light field
      bundle than in the outer zone that is traversed by the dark field bundle.
      A stop that is switchable is provided in the vicinity of the component in
      order to suppress the light field bundle or beam.
PAR  Instruments known to date and related to incident light dark and light
      field illumination and of the design disclosed above and in German
      Published Application No. 2,021,784 so far have been designed and built
      only as accessory components to microscopes equipped with revolving
      objective nosepieces, or, as regards special microscopes, they are solidly
      built into the objective nosepiece.
PAR  Attempts have recently been undertaken to equip small single microscopes
      also with supplementary incident light illumination devices. However,
      because of design bulk requirements it has proved possible so far to
      create only light field incident light illumination. To that end, an
      appropriate device was locked between the ocular tube and the saddle
      bracket. The dark field beam which necessarily is made to pass outside the
      microscope objective, could not be made to pass by means of the previously
      known imaging methods for a dark field through the apertures present in
      the saddle bracket and in the fixed objective nose.
PAR  The invention therefore has as an objective the problem of creating an
      incident light illumination device or instrument by means of which a dark
      field beam may be made to pass through a relatively elongated and narrow
      cylindrical aperture above a microscope objective.
PAC  SUMMARY OF THE INVENTION
PAR  Having in mind the limitations of the prior art, an incident light
      illumination device or instrument of the initially mentioned kind, wherein
      the index of refraction of the inside zone of the optical component is
      selected so that the light source is reproduced in the rear focal plane of
      a microscope objective, a body acting as a mirror on its inside surface is
      provided and located in the optical path between the optical component and
      the microscope objective. This is designed as a rotating body and projects
      exclusively the dark field beam as a light ring onto a plane of the rear
      side of the microscope objective. This reflecting rotating body may be in
      the shape of an ellipsoidal segment, one of the foci being located in the
      region of the outer zone of the optic component and the axis of rotation
      being the optical axis of the illumination device. The ellipsoidal segment
      may be approximated by a circular one.
PAR  The present invention is based on the following consideration: a mirror
      formed by an ellipsoidal segment projects one focus into the other. When
      this mirror is made to rotate about an axis which is parallel to the major
      axis of the ellipsoidal segment, an annular ellipsoidal mirror is
      obtained. The foci of the ellipsoidal mirror are located symmetrically to
      the minor axis of the ellipsoidal segment on two circles.
PAR  If, therefore, the optical axis of the mirror is selected as the rotational
      axis, the annular mirror forms a light ring which is selected as the
      rotational axis, the annular mirror forms a light ring which is concentric
      with the optical axis and contains one of the focal circles, this light
      ring being projected into the plane containing the other focal circle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  An embodiment of the invention is schematically shown in the drawing and
      described as follows:
PAR  FIG. 1 shows the dark field beam passing through an aperture of the device
      or instrument clamped between the ocular tube and the microscope saddle
      bracket;
PAR  FIG. 2 shows the light field optical path; and
PAR  FIG. 3 shows the dark field optical path.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A microscope saddle bracket 1 is shown in FIG. 1 which is connected with a
      revolving nosepiece 3 holding objective 2 and provided with a bore 4
      allowing passage to the light beam from objective 2 along optical axis 18.
      An illumination device or instrument is clamped above objectives 2 to the
      surface 1a of saddle bracket 1 and below the ocular tube. The tube is not
      shown in greater detail. The device consists of an annular mirror 5, a
      splitting mirror 6, an annular diaphragm 7 with a center stop 8 that may
      be swung in and out; and a controllable radiant field stop 10 as well as
      an aperture stop 11 of variable diameter. Lamp 12 mounted near the
      illumination device or instrument serves as the light source.
PAR  The light field illumination disclosed in FIG. 2 involves a light beam 19
      emitted by lamp 12 and passing through aperture stop 11 and radiant field
      stop 10. This light beam, after crossing the inner zone 9a of optical
      component 9 supporting to the rear or in front of the annular diaphragm 7
      with swung-out center stop 8, is guided from splitting mirror 6, as in
      FIG. 1, through annular mirror 5 of the illumination device and through
      bore 4 in the saddle bracket, via objective 2 to object 14.
PAR  As regards dark field illumination (FIG. 3), the light beam 13 emitted by
      lamp 12 passes through aperture stop 11 and the fully open radiant field
      stop 10, being then incident upon optic component 9 to the rear or front
      of which is mounted annular diaphragm 7. This diaphragm by means of
      swung-in center stop 8 allows only those parts of light beam 13 to be
      transmitted (to the splitting mirror 6 of FIG. 1) which cross the outer
      zone 9b of the optical component 9, which are required for the dark field
      illumination. Thence the deflection proceeds toward the annular mirror, of
      which the inside surface 5a relfects those parts of light beam 13 to an
      annular lens 15 mounted around objective 2. This annular lens collimates
      the divergent parts of the light beam and guides them to a reflection
      surface 16 of sleeve 17 surrounding objective 2 and annular lens 15 (FIG.
      1). The light beam parts are then deflected in order to illuminate object
      14.
PAR  Obviously any other optic component such as an annular prism for instance
      may be used in lieu of the annular lens 15.
PAR  The combination of the lens system 9 with the reflection apparatus 5 causes
      twofold crossing of the light beam parts, whereby small diameter
      reproduction of a light ring required for dark field illumination becomes
      feasible.
CLMS
STM  We claim:
NUM  1.
PAR  1. An incident light illumination apparatus having a light source for
      generating dark and light field illumination along an optical axis
      comprising:
PA1  a. at least one optical component (9) located along said optical axis (18),
      having a first outer zone (9b) for dark field illumination beams (13) and
      a separate second inner zone (9a) for light field illumination beams (19),
      said second inner zone (9a) having a given reciprocal focal length
      different from said first outer zone (9b);
PA1  b. a microscope objective (2) located along said optical axis;
PA1  c. an annular lens (15) located along said optical axis and arranged to
      said objective for directing in parallel divergent portions of said dark
      field illumination beams;
PA1  d. a sleeve (17) surrounding said object (2) and said annular lens (15)
      having an obtuse conical inner reflecting surface for directing said dark
      field illumination beams onto an object (14);
PA1  e. a microscope saddle bracket (1) provided with a bore (4) located along
      said optical axis (18) between said optical component (9) and said
      microscope objective (2) with a body of rotation (5) having an inside
      reflecting surface (5a) located on said bore, said inside reflecting
      surface (5a) solely reproducing said dark field beams (13) as a light ring
      in a plane on the rear side of said microscope objective (2); and
PA1  f. a splitting mirror (6) located along said optical axis (18) between said
      optical component (9) and said body of rotation (5).
NUM  2.
PAR  2. The incident light illumination apparatus of claim 1, further comprising
      means for eliminating said light field illumination beams located along
      said optical axis in proximity to said optical component wherein said
      means for eliminating is a switchable light stop.
NUM  3.
PAR  3. The incident light illumination apparatus of claim 2, wherein said body
      of rotation (5) is an ellipsoidal segment having one of the foci of said
      segment located in proximity to said first outer zone (9b) and said body
      of rotation has an axis of rotation continuous with said optical axis.
NUM  4.
PAR  4. The incident light illumination apparatus of claim 2, wherein said body
      of rotation is circular.
NUM  5.
PAR  5. The incident light illumination apparatus of claim 2, wherein said
      switchable light stop is between said light source and said optical
      component.
NUM  6.
PAR  6. The incident light illumination apparatus of claim 2, wherein said
      switchable light stop is betweem said optical component and said body of
      rotation.
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PAL  A dielectric optical waveguide can be made by forming a bundle of rods in
      which a single rod made of glass suitable for forming the core of the
      dielectric optical waveguide is surrounded by three rods made of a glass
      suitable for forming the cladding of the dielectric optical waveguide. The
      bundle of rods is heated and drawn down to a suitable size. By increasing
      the number of rods in the bundle it is possible to make a dielectric
      optical waveguide with a plurality of cores.
BSUM
PAR  The present invention relates to dielectric optical waveguides and methods
      of making dielectric optical waveguides.
PAR  The terms "optical" and "light" as herein used are to be understood as
      extending to those regions of the electro-magnetic spectrum more usually
      designated as the infra-red, visible, and ultra-violet.
PAR  The term "triangular" as herein used is intended to cover geometric
      structures having straight line sides, and geometric structures having
      curved sides, a side being defined as a line having a radius of curvature,
      bounded at its ends by regions of smaller radius of curvature or by
      discontinuities in the radius of curvature.
PAR  One of the most frequently used methods of making dielectric optical
      waveguides, is to position a glass rod of one composition inside a glass
      tube of another composition, and to draw the composite tube out until its
      dimensions are such that it will behave as a dielectric optical waveguide.
      The chief disadvantages with this technique is the difficulty encountered
      in completely removing dust and dirt from the inside of the tube.
PAR  It is an object of the present invention to provide a method of drawing
      dielectric optical waveguide from glass rods, in which the need to clean
      the internal surface of a tube is avoided.
PAR  According to the present invention there is provided a method of making a
      triangular cored dielectric optical waveguide having at least one core of
      a first glass composition and a cladding of a second glass composition,
      the first glass composition having a higher refractive index than the
      second glass composition wherein a bundle of circular sectioned glass rods
      is formed, each of said rods having either said first or said second
      composition, said rods disposed so that there are three and only three
      rods of said second composition disposed immediately circumjacent each rod
      of said first composition; heating the bundle of rods to a temperature at
      which the glasses of said first and said second compositions are plastic
      and drawing said bundle of rods to produce a dielectric optical waveguide.
PAR  According to a second aspect of the present invention there is provided a
      dielectric optical waveguide made by the process set forth in the
      preceding paragraph.
DRWD
PAR  The invention will now be described by way of example with reference to the
      embodiments illustrated in the accompanying diagrammatic drawings in
      which:
PAR  FIG. 1 shows a cross-section through a bundle of fibres prior to the
      drawings operation;
PAR  FIG. 2 shows a cross-section through a dielectric optical waveguide with a
      triangular core;
PAR  FIG. 3 shows the planes of polarisation of the fundamental mode in a
      triangular cored dielectric optical waveguide;
PAR  FIG. 4 shows a bundle of fibres prior to drawing into a multi-cored
      dielectric optical waveguide.
DETD
PAR  Referring now to the drawings, FIG. 1 shows the arrangement of rods, from
      which a triangular cored dielectric waveguide is drawn. The rods 1 are
      made up of a glass with a lower refractive index than the core rod 2. The
      rods 1 may be made of pure vitreous silica, and the rods 2 of vitreous
      silica doped with a suitable metal oxide e.g. titanium dioxide. Other
      materials may of course be used for the rods 1 and the core rod 2. The
      only limitation imposed on the materials is that they should have similar
      coefficients of expansion, so that excessive stress is not produced in the
      fabricated dielectric optical waveguide, also the temperatures at which
      the materials soften should not be too different.
PAR  The rod assembly shown in FIG. 1 is heated until the rods 1 and 2 are
      plastic, and then drawn using a conventional fibre drawing apparatus until
      the resultant fibre has dimensions suitable to enable it to function as a
      dielectric optical waveguide. Preferably the fibre is so dimensioned that
      it will act as a monomode dielectric optical waveguide. Typically after
      drawing, the dielectric optical waveguide will have the section shown in
      FIG. 2 with a core 3 and cladding 4. The core is formed from the rods 2
      and the cladding from the rods 1. The drawing operation should of course
      result in a fibre with a uniform cross-section along its length.
PAR  The dielectric optical waveguide discussed above has only one core, it is
      of course possible to make a dielectric optical waveguide having a
      plurality of cores using the technique just described. For example if it
      is desired to construct a dielectric optical waveguide having four cores,
      the configuration of rods shown in FIG. 4 may be used. The rods 1 form the
      cladding, and the rods 2 form the cores after the bundle of rods is drawn.
      The invention is of course applicable to dielectric optical waveguides
      having any number of cores. The arrangement of rods is characterised by
      having three rods of cladding glass arranged around each rod of core
      glass. Each rod of cladding glass may of course be contiguous to more than
      a single (up to 3) rods of core glass.
PAR  In both FIG. 1 and FIG. 4 the rods from which the dielectric optical
      waveguide is subsequently drawn are shown mutually contiguous. However
      some variations in dimensions can be tolerated so that the rods are no
      longer contiguous. However because of the natural stability of a structure
      comprising three inwardly biased circular cylinders, it is advantageous,
      though not essential, if the core rods 1 are mutually contiguous.
PAR  The ratio between the side length, a of the triangular core and the overall
      radius, R of the dielectric optical waveguide may be calculated if it is
      assumed that all the rods used in making the waveguide just touch prior to
      the drawing and the ratio of cross sectional areas of the rods 1 to the
      core rod 2 are the same as the ratio of cross sectional areas of the
      cladding 4 to the core 3 after drawing.
PAR  If R.sub.1 is the radius of rod 2 and R.sub.2 is the radius of rods 1 all
      of which have the same diameter, then
      ##EQU1##
PAR  Equating cross sectional areas before and after drawing gives
      ##EQU2##
PAR  The method described above is a dielectric optical waveguide with a core
      having a cross section in the form of an equilateral triangle. Such
      waveguides support only one fundamental mode. This mode has three possible
      planes of polarisation, in the direction of lines 6, in FIG. 3. Thus if
      the waveguides can be so dimensioned that only the fundamental modes can
      propagate there will be no dispersion due to different modes propagating
      with different group velocities.
PAR  It can be shown that the higher mode cut-off of a triangular cored
      dielectric optical waveguide is given approximately by the equation:
      ##EQU3##
      Where a is the side of the triangle, .lambda.0 is the higher mode cut-off
      wavelength, n.sub.1 is the core refractive index and, n.sub.2 is the
      cladding refractive index. Considerable assumptions and approximations
      have to be made in the derivation of equation 3.
PAR  Typical dimensions for a triangular cored waveguide using a core of
      refractive index 1.5198 and cladding of refractive index 1.50, operating
      at a wavelength of 0.6328 microns are, a = 2.58 microns and R = 21.6
      microns.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of making a monomode dielectric optical waveguide having at
      least one core of triangular cross-section of a first glass composition
      and a cladding of a second glass composition, the refractive index of the
      glass of said core being higher than that of the glass of said cladding,
      the steps comprising:
PA1  a. forming a bundle consisting of circular cross-section cladding rods of
      equal diameter in integral multiples of three with all rods parallel and
      the rods in each group of three in peripheral contact with the other two,
      with a core rod of circular cross-section arranged in the space defined
      between each group of three cladding rods and sized so as to be in
      peripheral contact with each surrounding cladding rod;
PA1  b. heating said bundle to a temperature at which the glasses of both said
      first and second compositions are plastic; and
PA1  c. drawing said bundle down by an amount sufficient to produce a triangular
      cross-section of said core rods and a circular cross-section of the drawn
      bundle.
NUM  2.
PAR  2. A method of making a triangular cored dielectric optical waveguide as
      claimed in claim 1 wherein said bundle of rods comprises a single rod of
      said first composition and three rods of said second composition.
NUM  3.
PAR  3. A method of making a triangular cored dielectric optical waveguide as
      claimed in claim 1 wherein said bundle of rods includes a plurality of
      rods of said first composition.
NUM  4.
PAR  4. A dielectric optical waveguide made by the process claimed in claim 1.
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ABST
PAL  Optical systems constructed of plasma matter.
PAL  In particular optical systems such as radiation shields, reflectors, and
      shaped optical media in the form or function of optical lenses, optical
      polarizing devices, analogues to gratings and the like.
PAL  Also disclosed are non-linear optical devices which function by a gradual,
      periodic, or abrupt change in optical properties of the optical medium.
      The said devices are constructed of plasma or other states matter, for
      example solid matter, semi-solid matter, fluids or combination thereof.
BSUM
PAC  BACKGROUND
PAR  Hitherto optical devices for the work with light and other electromagnetic
      radiation have been constructed out of solid materials. For example glass,
      plastics and other organic and inorganic transparent materials have been
      used to make lenses such as concave, convex, achromatic, composite lenses.
      The said material have also been employed to make prisms, polarizing
      prisms, polarizing sheets, optical retarders and the like. Occasionally
      entrained fluids given shape by the shaping of their transparent
      containers have been employed. Magnetic and electrostatic focusing devices
      have been used in electron, proton and ion microscopy. Such devices are
      using the magnetic or electrostatic field only, and in contrast to optical
      devices made of plasma are not constructed of a material body.
PAR  Metals in solid form or metals plated on substrates have been employed for
      concave, convex and complex, reflectors, mirrors and optical gratings. All
      of these optical devices operate well under ambient conditions up to
      elevated temperatures which the materials of their construction can take
      without encountering degradation or change in shape or composition. It is
      the object of this invention to provide optical devices which can operate
      at extremely high temperatures at which solid optical devices such as
      those made of plastics, metals, glass or refractory optical materials fail
      or cannot exist. The chosen material for the optical devices such as those
      mentioned above is plasma.
PAC  SUMMARY
PAR  This invention relates to optical devices constructed of plasma matter.
      Plasma is a material widely represented in the universe and constitutes
      the building material of the sun and legions of stars; it is a mass
      composed of highly ionized atoms and free electrons held together by the
      interaction between the positive and negative charges residing in the said
      ionized atoms and of electrons. Plasma can be considered to constitute the
      fourth state of matter and is a material stable up to exceedingly high
      temperatures such as exist in the sun and the stars. On earth plasma is
      found in great variety of electric discharges and dielectric breakdowns.
      These may cause mild effects such as result from electricity discharges
      due to differences of static electricity produced by rubbing of dissimilar
      objects; electrical wind; electrical glow discharges; corona discharges;
      large electrical arcs for example strokes of lightning which occur during
      weather storms. Plasma is also found in the matter of flames and high
      frequency and high velocity shock waves. Plasma matter limits light and
      other radiation. In addition to its own radiative output, plasma matter is
      able to reflect, refract, absorb and transmit radiation impinging on its
      body. The plasma body is made of a highly controllable medium that can be
      given body and desirable optical and other properties as well as shape. A
      typical means of generation of plasma is by an electric discharge such as
      an arc which can be struck between two or more electrodes or which can be
      electrodeless consisting of a current flowing through a closed loop or
      oscillating between points in space. This electric discharge may be
      maintained by a direct current, indirect current which may be pulsed
      unidirectional or alternating or any combination of the said currents as
      well as by absorption of proper electromagnetic radiation and other means.
PAR  Combined plasma devices may be used to form a cooperative mechanism. This
      is especially effective if the acoustic, magnetohydrodynamic,
      electromagnetic, oscillatory waves are phased in a predetermined manner.
      Magnetic fields generated by the current(s) of the arc itself or outside
      magnetic fields can be effectively employed to control the properties of
      the plasma body as well as its internal and external structure and shape.
      Electromagnetic radiation can be used to cause dielectric breakdown and/or
      to feed energy to the plasma body and maintain or increase the temperature
      of the plasma as well as to impart other desirable properties to the
      plasma. The plasma body can be shaped by means of the number, relative
      position and the geometry of the electrodes. The geometry of the plasma
      can further be shaped by secondary arcs surrounding or interacting with
      the primary arc. Electric arcs are characterized by very large currents
      and low voltages -- a property which is enhanced by high mass density and
      high temperatures of the arc. The large currents in turn produce intense
      magnetic fields which profoundly effect the properties and shape of the
      plasma body. Such magnetic fields may be relatively uniform or of many
      desired shapes depending on experimental conditions. The plasma geometry
      can further be influenced by introducing electromagnetic waves into the
      plasma body. Such electromagnetic waves can be made to interfere with one
      another to produce either standing waves or drifting waves of desired
      patterns. The plasma body can be thus made to change gradually in
      properties from place to place, to exhibit a slow or fast uniform change,
      a periodicity, an insularity, to form streamers, edies, flows, etc. Said
      phenomena can be static or be dynamically controlled. The density and
      other properties of the plasma can further be modified by introducing
      selectively chosen ionic carriers at the electrodes or at a desired point
      of the plasma body. Static or dynamic electric fields can be brought to
      operate on the plasma body by means of suitably positioned electrodes
      which may be made of conventional materials or preferably of secondary
      plasma electrodes which operate on the primary plasma body. The above
      mentioned optical systems are valuable for the concentration of radiation,
      for shielding, for containment and for control of high temperature
      plasmas, for example, such as are required for nuclear fusion reactions.
PAR  At very high temperatures in the range of 10.sup.6 .degree.K and higher a
      large amount of radiation is emitted from the plasma by the
      "Brehmsstralung" effect, an emission of radiation due to the slowing down
      of very fast electrons and other charged particles in the process of
      collision. An effective radiation shield for the Brehmsstralung radiation
      as well as other radiation is composed of a dense cloud of small suspended
      solid particles in a fluid. Such a suspension of solid particles which
      resembles physically a smoke cloud which can be dark or luminous depending
      on its temperature, can be produced by (1) introducing very fine particles
      of refractory material into the shielding fluid. Such particles can have
      for example the following composition:
PAR  TiS.sub.2, TiC, HfC, C, BN, SiO.sub.2, MgO, Al.sub.2 O.sub.3, ThO.sub.2,
      etc. The second method is to introduce a volatile substance which produces
      a precipitation of fine particles in suspension caused by the conditions
      prevailing in the fluid shield medium. High temperatures or a high
      electromagnetic radiation density effects such precipitation. For example,
      hydrocarbons with high C to H ratio such as aromatic hydrocarbons,
      benzene, naphtalene as well as other unsaturated hydrocarbons, etc.
      decompose to procue dense "carbon smokes" at high temperatures. Silicones
      breakdown at high temperatures to produce SiO.sub.2 in fluid suspension
      particularly in the presence of oxygen, etc. The devices of the invention
      can be used as optical components for optical devices for the
      concentration, focusing dispersion, reflection or refraction, polarization
      of electromagnetic radiation. Such plasma components being able to operate
      at elevated and extreme temperature. The devices of this invention can be
      used as reflectors and shield for containment and concentration of heat so
      as to contain and conserve high and ultra high temperatures in selected
      regions of space. Such reflectors or shields are needed for example in
      controlled thermonuclear fusion reactions.
DRWD
PAC   DESCRIPTION OF THE DRAWING
PAR  FIGS. 1a and 1b are diagrammatic cross-sectional side views of a suitable
      plasma generating apparatus.
PAR  FIG. 2a is a front view and FIG. 2b is a cross sectional side view
      diagrammatically illustrating further apparatus for generating plasma.
      FIG. 3 is a graph charting optical density against distance.
PAR  FIG. 4a and 4b are front views and FIGS. 4c and 4d are side cross sectional
      views of material lenses according to the invention.
PAR  FIGS. 5a - d illustrate a diffusion technique for making lenses according
      to the invention.
PAR  FIGS. 6a - b are diagrammatical views illustrating wave patterns within the
      body of a plasma sheet.
DETD
PAC  DESCRIPTION
PAR  Referring to FIG. 1a of the drawing, a sheet of plasma 6 is produced by an
      electrical discharge extended between two parallel elongated electrodes A
      and B (shown in cross sectional representation). This sheet of plasma is
      flat when the partial pressure p.sub.1 and p.sub.2 are the same on both
      sides of the plasma sheet 6 and no significant force is exerted on the
      said plasma sheet 6 in a transverse direction to it.
PAR  The radiation 3 approaching the plasma body or sheet 6 in a transverse
      direction is partially reflected (arrows 5) and is partially transmitted
      (arrows 7). The quantity of the radiation that is not permitted to pass
      through the plasma body 6 is greatly enhanced over the transmitted
      radiation on addition of fine particles of a condensed phase into the
      plasma body 6. The plasma body 6 containing fine particles in suspension
      acts as an effective radiation shield and radiation reflector.
PAR  A circular arc is used in FIG. 2. An arc is produced between a center
      electrode 22 and an annular electrode 24 as shown from the front in FIG.
      2a and in cross section in FIG. 2b. The physical properties of the annular
      arc 26 vary from point to point since the dimensions of the effective arc
      on electrode 22 is smaller than the ring electrode 24 thus causing
      transmitted radiation to be diffracted non-linearly.
PAR  The plasma body, therefore acts as a non-linear density lens as shown in
      terms of the optical density variations with the distance in FIG. 3 and is
      comparable to a material lens the structure of which is shown in FIGS. 4a,
      b, c and d. The material lens shown in FIG. 3 are obtained by introducing
      into a slightly gelled polymer a fluid with a much higher optical density
      first at the center to obtain a lens of FIG. 4a, by letting the high
      optical density fluid diffuse outwardly into the disc (FIGS. 5aand 5c) so
      as to set up a high optical density center which slowly diminishes towards
      the walls. The polymerization is then completed and the gradient is
      permanently set. The fluid possessing a high optical density is either
      unpolymerized with the polymer or is chosen such that it does not migrate
      after polymerization. To obtain a non-linear optical lens as shown in
      FIGS. 3b and 3d, the high density material is let to diffuse from the
      periphery of the lens toward the center (FIGS. 5b and 5d) and the so
      obtained gradient is permanently set by solidification of the lens. The
      discs are shown shaped as lenses, but may actually be flat and yet have
      desirable non-linear refraction characteristics.
PAR  FIG. 6a demonstrates a wave pattern within the body of a plasma sheet in
      cross-section shown as a periodic change of the plasma density or
      properties by means of dots. This wave pattern produces optical phenomena
      analogous to an optical grating and can be used for example, as an element
      of an optical monochromater. Static or dynamic wave patterns including
      standing waves, drifting standing waves, or other predetermined and
      programmed wave patterns are obtained for example, through the utilization
      of couplings between the electrons and the ions in the plasma body which
      are due to their mutual collisions and due to the formation of patterns of
      micro- and macroscopic electromagnetic fields within the plasma body. The
      above-mentioned wave patterns impressed on the plasma body can be produced
      for example, by force fields and combination wave phenomena mentioned
      above. When a plasma sheet is placed in a magnetic field it takes the
      properties of an optical polarizing device. It should be appreciated that
      a plain plasma sheet submersed in a magnetic field functions as an optical
      device either by itself or in combination with the superimposed wave
      pattern, The magnetic field used may be uniform or otherwise structured.
PAR  FIG. 6b illustrates a wave pattern on the surface sheaths of the plasma
      sheet.
PAR  The concept sheet may be used to cover an extended surface of an arc for
      example, having a general shape. Such plasma sheets act as a grating
      capable of diffracting waves both electromagnetic or particular. An arc in
      the form of a sheet of predetermined geometry struck between two elongated
      electrodes supports a standing or processing wave pattern both on the
      surface and within its body. Such a pattern can be produced by sound or
      ultrasound aa well as by electromagnetic frequency.
PAR  Predetermined and programmed steady and varied electric fields, magnetic
      fields, centrifugal force, electromagnetic fields, equal or structured
      pressure forces of the surrounding medium, acoustical waves, thermal,
      magnetohydrodynamic, electromagnetic waves, all profoundly effect the
      properties of the plasma and their use is within the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical reflector comprising a body of plasma matter in an electrical
      discharge field, wherein said plasma matter contains fine particles of
      refractory material in suspension.
NUM  2.
PAR  2. Optical reflector of claim 1 wherein the shape of said reflector is
      determined by the shape of the electrical discharge field and the partial
      pressures within said plasma matter.
NUM  3.
PAR  3. Optical reflector of claim 1 wherein said fine particles of refractory
      material are selected from the group of C, Bn, SiO.sub.2, MgO, A1.sub.2
      O.sub.3 and ThO.sub.2.
NUM  4.
PAR  4. A radiation shield according to claim 1.
NUM  5.
PAR  5. Optical reflector of claim 1 wherein the plasma matter has a wave
      pattern superimposed on it.
NUM  6.
PAR  6. Optical reflector of claim 1 wherein the plasma matter is immersed in a
      magnetic field.
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PAL  A method of collective orientation of the molecules of a mesomorphous
      liquid crystal, in which each of two oppositely-facing walls of a
      liquid-crystal cell is covered with a conductive deposit forming an
      electrode and with a thin film of a substance which exhibits properties of
      orientation of smectic crystals in solid phase; the mesomorphous liquid
      crystal is placed in contact with the two thin films and the molecules of
      said liquid crystal are aligned with those of the thin film.
PARN
PAR  This is a continuation of application Ser. No. 342,406, filed Mar. 19, 1973
      now abandoned.
BSUM
PAR  This invention relates to a method of collective orientation of the
      molecules of a liquid crystal in its mesophase and to a liquid-crystal
      cell which carries out said method. The invention finds an application in
      the development of liquid-crystal cells which can be employed in
      particular in light-beam addressing or display devices and in television
      systems.
PAR  It is known that certain liquid crystals and especially those of the
      nematic type permit the fabrication of electrooptical devices by making
      use of a molecular orientation phenomenon, the nature of which will now be
      given in brief outline in order that the advantage of the present
      invention may be more readily understood.
PAR  Liquid crystals are substances which, within certain ranges of temperature,
      exist in an intermediate state between the crystalline form which is
      characteristic of some solids and the disordered form which is
      characteristic of the liquid state (mesomorphous or mesophase form). Three
      classes of liquid crystals are distinguished, namely nematic, smectic and
      cholesteric. The present invention is concerned in particular with the
      first two classes.
PAR  In a nematic crystal, the molecules are of highly elongated shape and
      possess an electric dipole moment which, in the majority of cases, is
      either parallel or perpendicular to the axis of the molecule. When a
      material of this type is placed between two metallic electrodes to which
      no voltage is applied, the different molecules of the liquid are aligned
      in parallel relation within small zones which are referred-to as domains.
      In the absence of excitation (electrical or magnetic), the orientation of
      these domains is imposed by the walls which limit the cell and depends on
      the nature and the treatment of these latter. On non-conductive walls (of
      glass, for example), it is possible to orient the molecules of nematic
      liquid crystals in a direction parallel to the walls by mechanical methods
      (rubbing friction). If the walls are conductive, the molecules can also be
      laid flat as a result of slight friction but it is very difficult to align
      them perpendicularly to the walls. One expedient which is adopted at the
      present time consists in mixing with the liquid crystal a small quantity
      of surfactant which facilitates the collective orientation in the absence
      of excitation. Surfactants have a major disadvantage in that they increase
      the viscosity of liquid crystals and therefore increase the switching
      times, thereby impairing the performances of electrooptical systems in
      which they are employed. In the case of materials such as chromium or
      indium oxide which are sometimes used in the fabrication of electrodes,
      the properties of structure and cleaning of these substances largely
      determine the initial orientation of the domains of the liquid crystals
      which are in contact therewith.
PAR  When a voltage is applied to the electrodes of a liquid-crystal cell, the
      liquid crystal which is located between these two electrodes is subjected
      to an electric field. By reason of their electric dipole moment, the
      different molecules of the crystal modify their orientation in said
      electric field and therefore the orientation of the optical axis of the
      cell. If the cell is observed between crossed polarizers, for example,
      there can be seen a hue which is modifiable by the electric field; this
      property permits the fabrication of color filters which are particularly
      useful in color television systems. The variations in optical properties
      can also be put to use in light-beam addressing devices as described in
      French patent No. 7114399 filed on Apr. 22nd, 1971 by the present
      Applicant.
PAR  The modifications of the optical properties of a layer of liquid crystals
      when said layer is subjected to electrical (or magnetic) excitation are
      therefore largely dependent on the initial orientation of the crystal
      domains. The problem of obtaining this orientation of molecules of a
      liquid crystal in the absence of excitation is therefore a fundamental
      one. In point of fact, the methods of the prior art which have been
      recalled in the foregoing often prove difficult to apply in practice, are
      sometimes empirical, and the results are generally nonreproducible. The
      precise object of the present invention is to provide a method of
      collective orientation of the molecules of a nematic liquid crystal which
      is much more simple than the methods of the prior art and especially more
      reproducible.
PAR  More specifically, the invention is directed to a method of collective
      orientation of the molecules of a liquid crystal in its mesophase and
      interposed between two walls; the method essentially consists in
      depositing on said walls a thin film of a type of substance which exhibits
      the properties of orientation of molecules of smectic crystals in solid
      phase, the molecules of liquid crystal in its mesophase being aligned with
      the molecules of said thin film.
PAR  The invention is also directed to a liquid-crystal cell for carrying out
      the method aforesaid. The cell essentially comprises two oppositely-facing
      strips covered with a conductive deposit and with a thin film of a type of
      substance which exhibits properties of orientation of molecules of solid
      smectic crystals and, interposed between said two electrodes, a nematic
      liquid crystal in contact with the two thin films aforesaid.
DRWD
PAR  Further properties and advantages of the invention will become more readily
      apparent from the following description which is given with reference to
      the accompanying drawings and in which:
PAR  FIG. 1 is a schematic representation of the structure of liquid crystals of
      the nematic type;
PAR  FIG. 2 is a schematic representation of the structure of liquid crystals of
      the smectic type (smectic A in FIG. 2a and smectic C in FIG. 2b);
PAR  FIG. 3 is a representation of the alignment of molecules in the vicinity of
      one of the electrodes of a cell in accordance with the invention.
DETD
PAR  A stack of molecules which is characteristic of liquid crystals of the
      nematic type is shown diagrammatically in FIG. 1. These molecules which
      are designated by the reference 2 are of highly elongated shape and move
      in a random manner as in an ordinary liquid; but during these motions, the
      long axes of the molecules remain on an average parallel to a common
      direction which is in this case the direction of the axis Z. A particular
      crystal of this family which is often employed is
      p-methoxybenzylidene-p-n-butylaniline.
PAR  In FIG. 2, there are shown two particular cases of structures of liquid
      crystals of the smectic type. In this phase and in contradistinction to
      that of the abovementioned nematic liquid-crystals, there remains an order
      in one dimension: the molecules are distributed in layers which are
      uniformly stacked one above the other perpendicularly to the axis-Z. The
      molecules have a common direction within each layer. In the case of the
      smectic A crystals, the molecules are parallel to the axis-Z (as shown in
      FIG. 2a); in the case of the smectics C, the molecules are inclined to the
      axis-Z at an angle which can vary from one substance to another and also
      as a function of external parameters such as temperature, for example.
      When a smectic liquid-crystal is in contact with a flat wall, the planes
      of the successive layers of molecules are parallel to the wall.
PAR  FIG. 3 represents a partial cross-section in the vicinity of one electrode
      of a cell in accordance with the invention. In this figure, an insulating
      substrate 4 formed especially of glass is covered with a metal layer 6
      which constitutes one of the electrodes of the cell; there is present on
      said metal layer, first of all a stacked arrangement 8 of smectic-crystal
      molecules and then the nematic-liquid crystal 10. In the case of this
      figure, it is assumed by way of explanation that the molecules of the
      smectic crystal are aligned parallel to the axis-Z or in other words that
      this is a smectic A crystal. It is apparent from this figure that, in
      accordance with the invention, the nematic crystal is in contact, not with
      the electrode 6 as in the devices of the prior art, but with an
      intermediate layer 8 of crystals of the smectic type which impose on the
      molecules of the nematic crystal a direction parallel to that of the
      molecules of the smectic crystals. These is in fact a correspondence of
      structures between the two layers of crystals 8 and 10 at the interface
      and the nematic crystal is accordingly oriented by the smectic crystal. In
      short, the ordered arrangement of the nematic crystal on the smectic
      crystal corresponds to an epitaxy.
PAR  FIG. 3 represents a cell in which the layer 8 is formed of smectic crystals
      of type A. However, it is readily apparent that the invention is also
      concerned with a cell in which the layer 8 is formed of smectic crystals
      of type C in which the molecules are inclined to the axis-Z as shown in
      FIG. 2b. The layer or thin film 8 of smectic crystals therefore makes it
      possible in the absence of excitation to align the molecules of a nematic
      crystal in a direction which is inclined with respect to the axis Z.
PAR  The method of deposition of the thin film 8 of smectic crystals is very
      simple since it makes use of the conventional technique of vacuum
      evaporation. The thin film 8 of smectic crystals can have a thickness of
      the order of 500 A and the layer 10 of nematic liquid-crystals can have a
      thickness of approximately 50 .mu..
PAR  The method according to the invention therefore permits a reproducible
      homeotropic molecular arrangement and makes it possible to dispense with
      surfactants. Since the two liquid crystals employed are not soluble in
      each other, the nematic crystal therefore retains all its properties.
PAR  The foregoing description which has been given solely by way of example
      applies to the orientation of a nematic liquid crystal by means of a
      deposit of smectic crystal in the solid state. The orientation of liquid
      crystals of other types (cholesteric -- smectic) or mixtures of liquid
      crystals of different types (nematic -- cholesteric, for example) by means
      of deposits of preferably solid substances other than the smectic liquid
      crystals but having the same properties of orientation of molecules in the
      solid state, for example certain surfactants such as the versamides) can
      also be included within the scope of this invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of collective orientation of the molecules of a mesomorphous
      liquid crystal in the proximity of a wall comprising the steps of
      depositing on said wall a thin film of solid smectic crystals and
      contacting said liquid crystal with said thin film.
NUM  2.
PAR  2. A method according to claim 1, including the step of depositing said
      thin film of smectic crystals by vacuum evaporation.
NUM  3.
PAR  3. A liquid-crystal cell for collectively orientation of a mesomorphous
      liquid crystal comprising two oppositely-facing strips, a conductive
      deposit on each of said strips, a thin film of solid smetic crystals on
      said conductive deposits and a mesomorphous liquid crystal in contact with
      said two thin film.
NUM  4.
PAR  4. A liquid-crystal cell according to claim 3, wherein said smectic
      crystals are of type A, the resultant orientation of the molecules of said
      mesomorphous liquid crystal in the absence of excitation being
      perpendicular to said strips.
NUM  5.
PAR  5. A liquid-crystal cell according to claim 3, wherein said smectic
      crystals are of type C, the resultant orientation of the molecules of said
      liquid crystal in the absence of excitation being inclined with respect to
      the normal to said strips.
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PAL  A device for the control of light transmission or reflection comprises one
      or more working electrodes, preferably arranged to form a display and
      having radiation transmission or reflection properties, an active material
      comprising an N(p-cyanophenyl) substituted derivative of a compound,
      usually bicyclic, having two conjugated nitrogen-containing rings in
      contact with the working electrode surface, a counter electrode, also in
      contact with the active material and ferrous ammonium sulphate as an
      auxiliary redox system.
BSUM
PAR  This invention relates to display devices.
PAR  Our British Patent No. 1,314,049 (Equivalent to U.S. Pat. No. 3,712,709 and
      French Patent No. 7143859) describes the preparation of devices for
      control of light transmission or reflection which comprise a working
      electrode having radiation transmission or reflection properties; an
      active material comprising an N(p-cyanophenyl) substituted derivative of a
      compound, usually bicyclic having two conjugated nitrogen-containing
      rings, in contact with the working electrode surface; a counter electrode,
      also in contact with the active material, the counter electrode being so
      disposed with respect to the working electrode that the passage of
      radiation through the device is not materially affected by reactions
      occurring at the counter electrode. In the context of the application,
      "through the device" includes the case where the radiation is reflected
      partially or wholly by the working electrode surface.
PAR  We have found that for extended life an auxiliary redox system is
      preferably employed which is relatively stable to a accidental oxidation
      and we have found, therefore, that it is advantageous to include in the
      device, together with the active material, a second reversibly oxidisable
      species -- ferrous ammonium sulphate -- which provides a ferrous
      .revreaction. ferric ion combination in a particularly suitable form.
PAR  The present invention also provides a development of the invention
      described in the aforementioned patents in that there is provided a
      display device comprising a plurality of working electrodes disposed in
      such a manner that by deposition of the reduced N(p-cyanophenyl) compound
      upon a pre-selected pattern of said electrodes, a pattern for example a
      numeral or letter, will become visible either by increased light
      absorption by a transparent or translucent working electrode, or reduced
      reflectivity of a radiation reflecting working electrode.
PAR  Each of the working electrodes may be provided with a separate counter
      electrode, although this is not essential, since a single counter
      electrode, for example in the form of a wire or gauze around the periphery
      of the device comprising a plurality of the electrodes, may be quite
      satisfactory. Enhanced speed of response to passage of a current is given
      when the surface area of the counter electrode is greater than that of the
      working electrodes.
PAR  The device comprises essentially a cell, the top and bottom walls being of
      glass retained in frame 9. Disposed within the cell are a number of
      electrodes 1-7 each with its associated lead (1a-7a) which is connected to
      an appropriate control (not shown) located external to the cell. The
      counter electrode 8 in the form of a wire located in the periphery of the
      cell.  This aspect of the invention is illustrated in the attached drawing
      in which a plurality of working electrodes (1 to 7), each with its own
      lead (1a to 7a) are disposed in a pattern capable of representing any
      numeral from 0 to 9 by selective deposition upon a prelselected group of
      the electrodes. The counter electrode (8) is represented by a wire,
      disposed around the perimeter of the device (9). FIG. 2 represents a
      section along the line A--A.
PAR  Alternative arrangements of the electrodes will be apparent to the skilled
      man. For example the electrodes could be deposited on the larger surfaces
      of an insulating sheet of material both of which, in the completed device,
      are in contact with the active material, conveniently plastics or glass,
      so that one surface forms the working electrode, the other the counter
      electrode. Such a system would be particularly convenient in a reflecting
      device, for example a clock face.
PAR  In a preferred embodiment the working and counter electrodes are inert
      metal sheets e.g. of gold or platinum, or sheets of glass or plastics
      material having a very thin metal layer deposited thereon, or conductive
      glass, and the active compounds etc are of materials as disclosed in the
      preceding application. Gold and platinum electrodes even when very thin,
      e.g. of the order of 100 A deposited on glass to give a transparent
      composite, have been found particularly useful.
PAR  The N(p-cyanophenyl) compound is reversibly electrolytically reduced in the
      device to a radical species which is coloured, usually green, while the
      parent compound is colourless or pale yellow.
PAR  The working electrode surface must obviously be conducting, but a high
      degree of conductivity is not essential. It will normally be two
      dimensional, that is, a flat surface or a surface curved in one or more
      planes. For a device in which light is transmitted through the electrode,
      it must be transparent or translucent, for which purpose a glass with a
      coating of a conducting oxide or a very thin metal film is required. For
      reflective devices, a metal surface may be used, or a transparent or
      translucent electrode may be backed by an reflecting surface, e.g. metal
      or other opaque reflecting material, e.g. white pigmented thermoplastic
      sheet.
PAR  Examples of active materials are simple salts or polymeric forms of
      di-N-substituted 4-4' bipyridyls at least one substituent being The
      preferred compound is N,N'-di(p-cyanophenyl) 4,4'-bipyridilium dichloride
      If a simple salt is used deposition of the insoluble coloured radical
      cation species occurs over the plane surface of the working electrode. As
      the simple radical cation is insoluble it does not diffuse away from the
      electrode surface, and is easily reoxidised to the colourless form by
      reversal of the applied potential.
PAR  Alternatively the active material may contain the (p-cyano-phenyl) group
      attached to a polymeric structure. For example a
      4-(4'-pyridyl)N-p-cyanophenyl pyridinium salt reacts with polyvinyl
      chloracetate or copolymers thereof with polyvinyl alcohol to form an
      active material for use in the invention. If polyvinyl alcohol units are
      present these may be cross-linked, e.g. with glyoxal, to give a gelled
      active material.
PAR  The active material usually used in the presence of an aqueous medium, e.g.
      water or a water soluble polymer such as agar, gelatine, methyl cellulose,
      polyvinyl alcohol or polyvinyl-pyrrolidone. An inert electrolyte may be
      added to the medium to increase conductivity. Alkali metal salts, such as
      halides or fluoroborates are preferred.
PAR  Examples of anions which may be associated with the active materials are
      halides, especially chloride, SO.sub.4 .sup.=, HSO.sub.4 .sup.-, RSO.sub.4
      .sup.- (where R is an alkyl group) SiF.sub.6 .sup.= or BF.sub.4 .sup.-.
PAR  The concentration of the active material may be as described in our earlier
      application, that is, of the order of 0.001 M, but there may be some
      advantage in increasing it somewhat, say to about 0.01M so that our
      preferred concentration of the active material is between about 0.0005 and
      0.02M and more preferably from 0.001 to 0.01M.
PAR  The concentration of ferrous ammonium sulphate employed will be limited by
      its solubility in the solvent under the operating conditions employed, but
      it will usually be from 0.1M to 0.6M, and preferably about 0.5M. The use
      of acid conditions, usually pH 1 to 3 preferably about pH 2 may be
      advantageous in stabilising the Fe.sup.+.sup.+ .revreaction.
      Fe.sup.+.sup.+.sup.+ reaction. Such conditions may be attained by the
      presence of an appropriate quantity of acid, preferably sulphuric acid.
PAR  In some circumstances we prefer to employ a small `holding voltage` of the
      order of 0.2 to 0.4 v. Deposition is conveniently effected by increasing
      the voltage to 0.8 to 1.25 v for 100 milli-seconds. Colouring of the
      electrode usually commences 20 ms after application of the pulse.
PAR  It is most desirable to exclude molecular oxygen from within the device
      (e.g. dissolved in the liquid medium) since this tends to promote the
      formation of hydroxides of iron.
PAC  EXAMPLE 1
PAR  A device according to the invention was prepared as follows. Seven working
      electrodes (gold), arranged as shown in FIG. 1, were deposited upon a
      glass plate 1 inch square and 1/8 inch thick. The metal deposite forming
      the electrode was about 1000 A thick. The plate was located within a cell
      and around the periphery of the plate was positioned a counter electrode
      in the form of a spiral wire. Connections to the electrodes were made as
      appropriate so that current could be passed to all or some of them as
      required.
PAR  The active component was N,N'-di(p-cyanophenyl) 4,4'-bipyridilium
      dichloride in aqueous solution at a concentration of 0.01 M. The solution
      also contained ferrous ammonium sulphate in 0.5M concentration, and was
      acidified using dilute sulphuric acid to pH 2.
PAR  A potential of 0.8 v was employed to operate the device, which was cycled
      at 22.degree.C (by reversing the polarity of the working and counter
      electrodes) 1 .times. 10.sup.7 times without apparent deterioration.
PAC  EXAMPLE 2
PAR  Three devices were prepared as in Example 1. A potential of 0.8 v was
      employed to operate the devices which were cycled at -5.degree.C,
      +50.degree.C, +60.degree.C respectively 1 .times. 10.sup.7 times without
      apparent deterioration.
PAC  EXAMPLE 3
PAR  A device similar to that of Example 1 was prepared using ferrous sulphate
      instead of ferrous ammonium sulphate and deterioration of the system led
      to failure within a few hundred cycles.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for the control of light transmission or reflection which
      comprises a working electrode having radiation transmission or reflection
      properties, a counter electrode, and a solution comprising (a) an active
      material which is an N(p-cyanophenyl)-substituted derivative of a
      compound, usually bicyclic, having two conjugated nitrogen-containing
      rings and (b) ferrous ammonium sulphate, said solution being in contact
      with both working and counter electrodes.
NUM  2.
PAR  2. A device according to claim 1 in which the active material is a
      N,N'di(p-cyanophenyl) 4,4'-bipyridyl salt.
NUM  3.
PAR  3. A device according to claim 1 which comprises a plurality of working
      electrodes disposed to form a display.
NUM  4.
PAR  4. A device according to claim 1 in which the concentration of the active
      material is within the range 0.0005 to 0.02M.
NUM  5.
PAR  5. A device according to claim 4 in which the concentration of the active
      material is within the range 0.001 to 0.01M.
NUM  6.
PAR  6. A device according to claim 1 in which the concentration of the ferrous
      ammonium sulphate is 0.1M to 0.5M.
NUM  7.
PAR  7. A device according to claim 1 in which the pH of the solution is between
      1 and 3.
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PAL  An electro-optic modulator used to modulate coherent light beams by the
      application of an electric potential. It combines a Fabry-Perot etalon and
      a diffraction grating in a single unit. An etalon is constructed with an
      electro-optic material between reflecting surfaces. A voltage applied
      between alternate, spaced-apart electrodes of a metal grid attached to one
      reflecting surface induces a diffraction grating in the electro optic
      material. Light entering the etalon is diffracted, reflected and
      efficiently coupled out.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to optical systems and elements and
      more specifically to polarization and modulation of coherent light sources
      using electrically responsive materials. Devices for performing these
      functions have been known in the prior art as electro-optic modulators.
      Generally, these devices operate by directing a light beam to be modulated
      onto a modulator material and applying an electrical field to the
      modulator material to cause a change of refraction of the material thereby
      causing a phase change to be induced between the two polarization
      components of the incident light beam. Depending upon the polarization of
      the incident beam, the resultant light beam may be either polarization,
      phase, or frequency modulated by the modulator material. If the beam is
      polarly modulated, it may be followed by a polarization analyzer which
      will result in a beam which is only intensity modulated.
PAR  In order to efficiently modulate the input beam, a phase shift of
      approximately 180.degree. must be induced by the modulator. For the prior
      devices this requires voltage levels of a few thousand volts for most
      materials. In addition, modulation at high frequencies requires a great
      deal of power because of the high voltages. Thus the conventional
      electro-optic modulator requires inconveniently high voltages and, at high
      frequencies, high powers.
PAR  Although other types of modulators, such as mechanical and acousto-optic
      modulators have been devised, they have been found to be incapable of
      modulating at frequencies as high as the electro-optical modulators.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes these disadvantages and limitations of the
      prior art by providing an improved electro-optical modulator. The
      invention consists of a Fabry-Perot etalon, an electro-optical material,
      and a diffraction grating in a single device. The diffraction grating is
      induced in the etalon by the electro-optic effect such that light entering
      the etalon is diffracted and efficiently coupled out.
PAR  It is therefore an object of the present invention to provide an improved
      electro-optical modulator.
PAR  It is also an object of the present invention to provide an electro-optic
      modulator which operates at low voltages.
PAR  Another object of the present invention to provide an electro-optic
      modulator which operates at low power.
PAR  Another object of the present invention is to provide an electro-optic
      modulator which operates at high frequencies.
PAR  It is still another object of this invention to provide the means for
      diffracting light entering an etalon.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of an etalon showing one embodiment of the invention.
PAR  FIG. 2 is a back view of the embodiment shown in FIG. 1.
PAR  FIG. 3 is a graph of the transmittance plotted against the angle of
      incidence of light with the etalon for the embodiment shown in FIG. 1.
PAR  FIG. 4 is a perspective view of an alternative embodiment.
PAR  FIG. 5 is a side view of additional alternative embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows the preferred embodiment of the proposed electro-optic
      modulator. It consists basically of a Fabry-Perot etalon made of an
      electro-optic material. The back surface as shown both in FIGS. 1 and 2
      has a multilayer dielectric coating 16 which reflects nearly 100% of the
      incident light beam 10. A metal grid 18 formed by an array of parallel
      electrodes is placed on top of this coating with alternate grid lines
      electrically connected together. The front surface is coated with a
      partially reflective mirror 12. The application of a voltage between
      alternate electrodes of metal grid 18 will create an electric field
      between each pair of alternate grid electrodes that extends into the
      electro-optic material. These electric fields form parallel planes
      approximately perpendicular to dielectric coating 16 and partial mirror
      12. A refractive index change in the electro-optic material 11 which will
      result in those planes of the electro-optic material 11 where an electric
      field exists. Parallel planar gaps corresponding to a planar projection of
      the shadow of the cross-sectional dimension d of the closest grid
      electrode separate adjacent electric fields. As the index of refraction is
      changed where an electric field exists, the gaps form a set of diffraction
      grating slits of width d. Input light beam 10 passing through a slit is
      diffracted at an angle .theta. determined by the laws of diffraction
      [.theta. = sin .sup.-.sup.1  (n.lambda./d) for normal incidence]. The
      resulting components of a diffracted beam are reflected by dielectric
      mirror 16.
PAR  FIG. 3 is a plot the transmittance of the device of FIGS. 1 and 2 as a
      function of the angle of the light beam with the normal to the device.
      When the device is rotated so that the diffraction angle .theta.
      corresponds to maximum transmittance, the diffracted beam will be strongly
      coupled out. It will emerge at a different angle than light reflected from
      the back or front surface and therefore may be separated from them.
      Complete amplitude or intensity modulation of the light can be obtained
      since there is no light diffracted when no voltage is applied to the metal
      grid 18. For some applications the device can be tilted to obtain stronger
      diffraction to one side.
PAR  Since etalons in general depend on multiple reflections, this device
      requires a much lower voltage than a conventional modulator to obtain
      efficient modulation.
PAR  The primary advantages of the present invention are:
PAR  a. it does not require a polarizer and analyzer and may be used with light
      of any polarization.
PAR  b. One hundred percent amplitude or intensity modulation can be obtained.
PAR  c. The voltage and power necessary to drive the modulator are much smaller
      than for a conventional electro-optic modulator.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. For example, electrodes 24 and
      26 may be placed on opposite sides of the etalon 29, as shown in FIG. 4.
      No connections are necessary between electrodes 24 and 26 and the metal
      grid 31. The presence of the grid 31 on one surface will cause a periodic
      disturbance in the electric field between the two electrodes 24 and 26.
PAR  In addition, the front surface 22 of the etalon 29 may be made conducting
      as well as partially reflecting. The optical thickness of the etalon 29
      may be changed by applying a bias voltage to the front surface. This bias
      may be used to tune the etalon 29 rather than rotating it. Alternatively,
      electrodes on the sides may be used instead, if the material exhibits the
      quadratic electro-optic effect.
PAR  Also, different voltages may be applied to different grid lines. This
      technique may be used to induce in the electro-optic material 28 a phase
      grating of a different spacing than the grid 31. Together with the
      techniques discussed above for tuning the device, this technique may be
      used as a beam steering device.
PAR  Furthermore, the dielectric coating on the back face may be made partially
      transmitting or omitted and the metal grid placed directly on the surface.
      This grid will cause diffraction at the angles determined by the wave
      length and grid spacing. By applying different voltages to the grid lines,
      as discussed above, phase gratings with different spacings can be induced
      in the material. This will allow transmission of the diffracted beam
      through the device.
PAR  An alternative grid for use with the disclosed devices is shown in FIG. 5.
      The metal grid 36 may be made to have a triangular cross-section as shown
      so that the field induced in the electro-optic material 32 is
      substantially similar in shape to the metal grid 36. This causes
      diffraction of most of the light to one side since the diffraction grating
      induced by the electrical field has a triangular shape similar to the
      cross-sectional shape of the metal grid 36 unlike rectangularly shaped
      metal grids such as grid 18.
PAR  It is therefore to be understood that within the scope of the appended
      claims the invention may be practiced otherwise than as specifically
      described.
PAR  Although each of the foregoing illustrative embodiments was described as
      having metal grids with electrodes of either rectangular or triangular
      cross-section, it should be apparent that the devices can likewise be
      provided according to the invention with electrodes of other as well as
      different cross-sectional geometric description.
PAR  Electro-optic modulators constructed in accordance with the present
      invention may be made to operate on a wide range of the light spectrum
      including the visible, infrared and ultraviolet. Accordingly, use of the
      words light and optical, in this application should be taken in a broad
      sense so as to encompass the light spectrum so defined. The embodiments
      described should be taken as illustrative of the invention and not as a
      limitation thereon.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An electro-optic modulator for modulating a coherent beam of light
      comprising:
PA1  a Fabry-Perot etalon including a first and a second parallel reflective
      surface, constructed of an electro-optic material;
PA1  electrically charged metal grating means including an array of alternately
      connected electrodes of triangular cross-section attached to one
      reflective surface of said Fabry-Perot etalon for creating an electrically
      induced diffraction grating within said Fabry-Perot etalon to modulate
      said coherent beam of light;
PA1  wherein said coherent beam of light is reflected a multiple number of times
      within said Fabry-Perot etalong such that said coherent beam of light is
      diffracted said multiple number of times by said electrically induced
      diffraction grating thereby reducing the magnitude of an electrical signal
      required on said electrically charged metal grating from that required
      without said multiple reflections to produce a predetermined deviation of
      said coherent light beam.
NUM  2.
PAR  2. An electro-optic modulator for modulating a coherent beam of light
      incident thereon comprising:
PA1  electro-optic material;
PA1  a partial mirror attached to a first side of said electro-optic material;
PA1  a dielectric reflective coating having a coefficient of reflectivity
      substantially equal to 100% applied to a second side of said electro-optic
      material opposite said partial mirror;
PA1  grid means for producing, by the application of an electrical charge to
      said grid means, a diffraction grating in said electro-optic material to
      modulate said coherent beam of light;
PA1  means for applying an electrical field in said electro-optic material which
      is substantially perpendicular to said coherent beam of light passing
      through said partial mirror and said electro-optic material and impingent
      upon said dielectric reflective coating;
PA1  wherein said coherent beam of light is reflected a multiple number of times
      between said partial mirror and said reflective coating such that said
      electrically induced diffraction grating causes said coherent beam of
      light to be diffracted by the application of an electrical charge having
      an amplitude reduced by said multiple number of reflections from that
      amplitude required to produce a predetermined deviation of said coherent
      beam of light without said multiple number of reflections.
NUM  3.
PAR  3. The modulator of claim 2 wherein said grid means comprises a metal
      grating having a triangular cross-sectional shape.
NUM  4.
PAR  4. The electro-optical modulator described in claim 2 wherein said partial
      mirror comprises a second dielectric reflective coating.
NUM  5.
PAR  5. The electro-optic modulator described in claim 2 wherein said partial
      mirror comprises an electrical conductor.
NUM  6.
PAR  6. The electro-optic modulator described in claim 2 wherein a first and a
      second electrode are attached to opposite sides of said etalon in planes
      perpendicular to said dielectric coating.
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PAL  A dielectric anisotropic material provided in its optical uniaxial state is
      caused to alter its optical properties along electrode edges by shorting
      electrodes, changing potential or otherwise modifying the application of
      an applied electrical field parallel to the optical axis of the dielectric
      anisotropic material. Electro-optic cells and imaging systems are
      disclosed using the edge effect accompanying the modification of the
      applied electrical field.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electro-optic systems, and more specifically, to
      an electro-optic system wherein a dielectric anisotropic material in its
      optically uniaxial state is used. Furthermore, this invention includes
      electro-optic cells and imaging systems embodying the inventive dielectric
      anisotropic electro-optic system.
PAR  Dielectric anisotropic materials include some of the liquid crystalline
      materials, and non-liquid crystalline materials such as anisotropic
      particles in carrier fluids.
PAR  Recently, there has been substantial interest in the discovery of more
      useful applications for the class of substances known as "liquid
      crystals." The name liquid crystals has become generic to liquid
      crystalline materials which exhibit dual physical characteristics, some of
      which are typically associated with liquids and others which are typically
      unique to solids. Liquid crystals exhibit mechanical characteristics, such
      as viscosities, which are normally associated with liquids. The optical
      characteristics of liquid crystals are more similar to those
      characteristics ordinarily unique to crystalline solids. In liquids or
      fluids, the molecules are typically randomly distributed and oriented
      throughout the mass of the material. Conversely, in crystalline solids the
      molecules are generally rigidly oriented and arranged in a specific
      crystalline structure. Liquid cyrstals resemble solid crystals in that the
      molecules of the liquid crystalline compositions are regularly oriented in
      a fashion analogous to, but less extensive than, the molecular orientation
      and structure in a crystalline solid. Many substances have been found to
      exhibit liquid crystalline characteristics in a relatively narrow
      temperature range; below the temperature range the substance typically
      appear as crystalline solids, and above that temperature range they
      typically appear as liquids. Liquid crystals are known to appear in three
      different mesomorphic forms; the smectic, the nematic and cholesteric. In
      each of these structures, the molecules are typically arranged in a unique
      orientation. In the nematic liquid crystalline mesophase structure, the
      major axes of the molecules lie approximately parallel to each other, but
      the molecules are typically not specifically organized in any other
      fashion.
PAR  Nematic liquid crystals are known to be responsive to electrical fields,
      and have been used in various electro-optic cells and imaging systems, for
      example as disclosed in Williams U.S. Pat. No. 3,322,485, Freund et al.,
      U.S. Pat. 3,364,433; Heilmeier et al., U.S. Pat. No. 3,499,112; and
      Goldmacher et al., U.S. Pat. No. 3,499,702. Most of the known nematic
      liquid crystalline light valves and display devices make use of the
      dynamic light scattering characteristics of layers of nematic liquid
      crystalline material which have electrical fields placed across the
      thickness of the layer. The dynamic light scattering is believed to be due
      to the differential alignment of domains or swarms of birefringent liquid
      crystalline molecules in the electric field affected areas in such
      systems.
PAR  In the smectic structure the molecules are arranged in layers with their
      major axes approximately parallel to each other and approximately normal
      to the planes of said layers. Within a given layer the molecules may be
      organized in uniform rows, or randomly distributed throughout the layer,
      but in either case the major axes are still approximately normal to the
      plane of the layer. The attractive forces between layers are relatively
      weak so that the layers are free to move in relation to each other,
      thereby providing the smectic liquid crystalline substance with the
      mechanical properties of a planar or two-dimensional, soap-like fluid.
PAR  In the cholesteric structure, the molecules are believed to be arranged in
      definite layers as in the smectic structure; however, within a given
      layer, the molecules are believed to be arranged with their major axes
      approximately parallel in a fashion resembling the structure of nematic
      liquid crystals. Because the major axes of the molecules in the
      cholesteric structure are believed to be parallel to the planes of the
      layers, the molecular layers are very thin. The cholesteric structure
      derives its name from the fact that materials exhibiting the cholesteric
      liquid crystalline structure typically have molecules which are
      derivatives of cholesterol or which are shaped very similarly to molecules
      of cholesterol. Because of the shape of the cholesteric molecule, in the
      cholesteric structure the direction of the major axes of the molecules in
      each of the aforementioned thin layers is displaced slightly from the
      direction of the major molecular axes in the adjacent molecular layers.
      When compared to a hypothetical straight line axis passing through a
      cholesteric liquid crystalline substance and perpendicular to the
      molecular planes within said substance, the angular displacement of the
      direction of the molecular axes within each adjacent molecular layer
      traces out a helical path around the hypothetical straight line axis.
PAR  Cholesteric liquid crystals are known to be responsive to electrical fields
      (see Harper, W. J. "Voltage Effects in Cholesteric Liquid Crystals," in
      Molecular Crystals, Vol. 1, 1966, pages 325-332). The effects of an
      electrical field upon a sample of a liquid crystalline substance has
      typically been observed in a cell comprising a film of liquid crystals
      sandwiched between transparent electrodes, as discloed, for example in
      copending application Ser. No. 646,532, filed June 16, 1967, now U.S. Pat.
      No. 3,804,618 and French Pat. No. 1,484,584. In both of these references
      liquid crystals are used for imaging in response to electrical fields. The
      imaging in prior art devices has typically comprised modification of the
      optical properties of the liquid crystalline substance maintaining its
      original liquid crystalline mesophase form, i.e., smectic, nematic, or
      cholesteric. Recently, however, NMR spectral studies have shown that a
      magnetic field may cause a cholesteric liquid crystalline substance to go
      through a phase transition to the nematic liquid crystalline structure
      (see Sackmann, Meiboom, and Snyder, "On the Relation of Nematic to
      Cholesteric Mesophases," in J. Am. Chem. Soc., 89:73, Nov. 8, 1967). Also,
      U.S. Pat. No. 3,652,148, Wysocki et al, discloses the application of an
      electrical field to transform a cholesteric liquid crystal to a nematic
      liquid crystalline structure.
PAR  Recently, Haas et al., U.S. Pat. No. 3,687,515 disclosed an electroc-optic
      system wherein a layer of spontaneously homeotropic textured optically
      uniaxial nematic liquid crystalline composition with the optic axis normal
      to the plane of the layer was rendered optically biaxial by the
      application of an electrical field perpendicular to the uniaxial optic
      axis. When the field is removed, the composition naturally relaxes back
      into its optically uniaxial, homeotropic texture.
PAR  In new and growing areas of imaging technology, new methods, apparatus,
      compositions, and articles of manufacture are often discovered for the
      application of the new imaging technology in a new mode. The present
      invention relates to a new and advantageous system for imaging an
      electro-optic cell containing a dielectric anisotropic material in its
      optically uniaxial state.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a novel
      electro-optic system.
PAR  It is another object of this invention to provide a novel imaging system.
PAR  It is another object of this invention to provide a novel imaging system
      having improved speed.
PAR  It is still another object of the invention to use dielectric anisotropic
      materials in their optically uniaxial state in novel electro-optic cells
      and imaging cells.
PAR  It is another object of this invention to provide a dielectric anisotropic
      material in the optically uniaxial state that is quickly driven, by
      modifying applied electric fields, to another optical state at electrode
      edges.
PAR  It is yet still another further object of this invention to provide
      electro-optic imaging wherein the images produced are very pleasing to the
      eye owing to the uniform appearance of illumination.
PAR  Another object of this invention is to provide edge brightness images.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention by providing a dielectric anisotropic material having optical
      uniaxiality, applying an electrical field and subsequently modifying the
      electrical field to incur misalignment of the composition at electrode
      edges to provide a change in optical properties at electrode edges.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      disclosure of preferred embodiments of the invention taken in conjunction
      with the accompanying drawings thereof, wherein:
PAR  FIG. 1 is a partially schematic, exploded isometric view of an
      electro-optic cell embodying the present invention.
PAR  FIG. 2 is a graphic representation of the dependence of edge brightness
      light signal amplitude on applied voltage, and of edge brightness response
      time dependence on applied voltage, for an exemplary dielectric
      anisotropic cholesteric liquid crystalline mixture.
PAR  FIG. 3 is a partially schematic, exploded isometric view of an imaging
      system embodying the present invention.
PAR  FIGS. 4A and 4B are top plan views of electrodes for an exemplary matrix
      edge brightness display.
PAR  FIG. 5 is a black and white photographic reproduction of a color
      microphotograph of edge brightness for an exemplary dielectric anisotropic
      cholesteric liquid crystalline mixture in a cross-gridded electro-optic
      cell.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 an embodiment of the novel electro-optic cell 10 of the present
      invention is shown in partially schematic, exploded isometric view.
      Substantially transparent plate 11 has a free insulating surface 11S
      separating character electrode 12A and background electrode 12B. The layer
      of dielectric anisotropic liquid crystalline composition 13 having optical
      uniaxiality occupies the volume defined by the plate 11, the plate 30 and
      the electrodes 12A and 12B. Substantially transparent plate 30 has a
      substantially transparent conductive coating of electrode grid lines 39
      upon its contact surface, i.e., the surface in contact with liquid
      crystalline composition 13. A strip 50 of insulating gasket-type material
      may be used to close the ends of this small volume which defines the layer
      of liquid crystalline composition 13, to contain the composition within
      the volume between the plates 11 and 30. In operation, the electrodes are
      typically electrically connected by electrical leads 15 and 51 to a
      suitable voltage source such as voltage source 14 and to a switch such as,
      for example, switch 32 intermediate contacts 34 and 35. As seen in FIG. 1,
      when switch 32 is in electrical connection with contact 34, character
      electrode 12A on the surface of substantially transparent plate 11 is
      connected to one polarity of voltage source 14 with the grid line
      electrode 39 on the contact surface of substantially transparent plate 30
      being connected to the other polarity of voltage source 14. When switch 32
      is shorted with grid line electrode 39 in electrical connection with
      contact 35, background electrode 12B on substantially transparent plate 11
      remains connected to said other voltage source 14 polarity. Thus it can be
      seen by means of switch 32, a potential difference with accompanying
      electrical fields exists between electrode 12A and electrodes 39, and
      between electrode 12B and electrodes 39 (contact 34), or, the potential
      differences with accompanying electrical fields exists between electrode
      12B and electrode 12A, and electrodes 12B and 39 (contact 35). Upon
      switching from contact 34 to contact 35, the optical state of liquid
      crystalline composition 13 is first changed along the edges of the
      portions of grid line electrodes 39 which are over the character electrode
      12A. If plate 30 is provided with only a single solid area electrode above
      character electrode 12A, rather than with grid line electrodes 39, the
      grounding of electrode 12A results in optical state change along the edge
      of character electrode 12A. Similarly, an image can be found at the edge
      of the background electrode 12B along its edge or grid line electrode
      edges over 12B upon similar switching of 12B. Furthermore, the edge
      imaging over and around 12A and 12B may be alternated by successively
      switching the common polarity of the voltage source from 12A to 12B to
      12A, etc. With the single area electrode on plate 30, this successive
      switching results in the optical state change shifting from the character
      12A edge to the background 12B edge and appears as though the character
      alternatively grows and shrinks. The voltage source can be either DC or
      pulsating DC or low frequency A.C.
PAR  In the electro-optic cells described herein, any suitable substantially
      transparent material such as, for example, glass; polyethylene;
      polyvinylchloride; Mylar, a polyester resin film available from DuPont;
      Teflon, a polytetrafluoroethylene film available from DuPont; or any other
      suitable substantially transparent material may be used for plates 11 and
      30.
PAR  The electrodes 12A, 12B and 39 may comprise any suitable electrically
      conductive material. Such electrical conductors will typically have
      electrical resistivities in the range between about 10.sup.-.sup.8 and
      about 10.sup.-.sup.3 ohm-cm. although materials having resistivities
      outside this range will perform satisfactorily in various embodiments of
      the present invention. Typical conductive materials suitable for the use
      as electrodes herein include aluminum, copper, silver, gold, tin oxide,
      chromium and others. The thickness of the electrodes, that is the length
      of the dimension of the electrodes in the direction normal to the
      transparent surfaces, is typically not greater than about 100A.
PAR  Where it is desirable to use a strip of gasket-like material at the ends of
      the volume defined by the electrodes and the transparent surfaces, or in
      any other suitable fashion, any suitable substantially electrically
      insulating material may be used. Preferred gasket materials will typically
      be chemically inert, and possess the appropriate dielectric
      characteristics. Materials suitable for use as insulating gasket materials
      include cellulose acetate, cellulose triacetate, cellulose acetate
      butyrate, polyurethane elastomers, polyethylene, polypropylene polyesters,
      polystyrene, polycarbonates, polyvinylfluoride, polytetrafluorethylene,
      polyethylene terephthalate, mixtures thereof, and others.
PAR  The dielectric anisotropic material may comprise any suitable liquid
      crystalline material or any non-liquid crystalline material having
      suitable dielectric anisotropic characteristics. The desired effect,
      according to the invention is that the dielectric anisotropic
      susceptibility of the material allows the major axes of the molecules of
      the materials to be aligned substantially parallel to each other. The
      materials may have either a positive or negative dielectric anisotropic
      susceptibility; i.e., by conventional nomenclature, the positive
      dielectric anisotropic susceptible materials will align with their major
      axes of the molecules substantially parallel to the field and a negative
      dielectric anisotropic susceptible material will align with its long axes
      of the molecules substantially perpendicular to the field.
PAR  Any liquid crystalline substance or composition which will either exhibit
      in response to external stimuli, or inherently has, the optical
      uniaxiality of the uniaxial nematic mesophase may be used. "Uniaxial"
      means one preferred direction as described in "Fundamentals of Optics,"
      Jenkins and White, McGraw-Hill, 1957, p. 498.
PAR  Typical suitable materials which will exhibit optical uniaxiality in
      response to external stimuli include cholesterics; mixtures of
      cholesterics and smectics; mixtures of nematics and cholesterics, such as
      about 80% by weight methoxybenzylidene-p-n butylaniline (MBBA) and 20%
      cholesteryl chloride (CC); and mixtures of nematics and optically active
      non-mesomorphic materials such as menthol or camphor. These materials and
      mixtures typically exhibit characteristics of the cholesteric mesophase
      and will undergo phase transformation to the optically uniaxial nematic
      mesophase state in response to suitable stimuli such as, for example,
      electrical field induced phase transformation as disclosed in U.S. Pat.
      No. 3,642,148 hereby incorporated by reference. Also, nematics will assume
      the optically uniaxial state in response to electric fields and in
      response to substrate treatment, such as rubbed substrates, as disclosed
      in P. Chatelain, Bull. Soc. Fr. Miner. Crist. 66, 105 (1943).
PAR  Typical suitable materials which inherently exhibit optical uniaxiality
      include doped nematics as disclosed in U.S. Pat. No. 3,687,515 hereby
      incorporated by reference and compensated mixtures of cholesterics.
PAR  The phrase "providing a dielectric anisotropic material having or capable
      of assuming under the influence of an electrical field, optical
      uniaxiality" is used herein to include all of the aforementioned methods
      of providing such materials in the optically uniaxial state.
PAR  Typical suitable liquid crystalline compositions which may be used along or
      in combination to achieve the characteristics desired in dielectric
      anisotropic composition or material 13 are listed in U.S. Pat. No.
      3,622,224, Wysocki et al., especially column 3, line 18 through column 4,
      line 62; which patent is hereby incorporated by reference. Typical
      suitable liquid crystalline compositions which may be used alone or in
      combination to achieve the desired characteristics of dielectric
      anisotropic composition 13 are also listed in U.S. Pat. No. 3,652,148,
      Wysocki et al., especially column 4, line 59 through column 5, line 26,
      and U.S. Pat. No. 3,687,515, Hass et al. especially column 3, line 59
      through column 4, line 62, both of which patents are hereby incorporated
      by reference.
PAR  Cholesteric liquid crystals have been found to have the property that when
      the propagation direction of plane polarized or unpolarized light is along
      the helical axis thereof, i.e., when the light enters in the direction
      perpendicular to the long axes of the molecules, white light is
      essentially unaffected in transmission through thin films of such liquid
      crystals except for a wavelength band centered about some wavelength
      .lambda.o where .lambda.o = 2np with n representing the index of
      refraction of the liquid crystal substance and p the pitch or repetition
      distance of the helical structure. The bandwidth .DELTA. .lambda. of the
      wavelength band centered about .lambda.o will typically be of the order of
      about .lambda. o/14. For light of a wavelength .lambda.o, the cholesteric
      liquid crystal, under these conditions, exhibits selective reflection of
      the incident light such that approximately 50 percent of the light is
      reflected and approximately 50 percent is transmitted (assuming negligible
      absorption which is usually the case) with both the reflected and
      transmitted beams being approximately circularly polarized. For light
      having wavelength around .lambda.o but not at .lambda.o the same effect is
      present but not completely. The transmitted light is not circularly
      polarized but instead is elliptically polarized. The cholesteric liquid
      crystals which exhibit this property of selective reflection of light in a
      region centered about some wavelength .lambda.o are said to be in the
      Grandjean or "disturbed" texture. If .lambda.o is in the visible spectrum
      the liquid crystalline film appears to have the color corresponding to
      .lambda.o and if .lambda.o is outside, it appears colorless.
PAR  Furthermore, depending upon the intrinsic rotary sense of the helical
      nature of the material, i.e., whether it is right-handed or left-handed,
      the light that is transmitted is either right-hand circularly polarized
      light (RHCPL) or left-hand circularly polarized light (LHCPL). The
      transmitted light is circularly polarized with the same sense of
      polarization as that intrinsic to the helical nature of this material.
      Thus a cholesteric liquid crystal having an intrinsic helical structure
      which is left-handed in sense will transmit LHCPL and one having a helical
      structure which is right-handed in sense will transmit RHCPL.
PAR  Hereinafter these cholesteric liquid crystal substances will be identified
      in accordance with popular convention, by the kind of light which is
      reflected at .lambda.o. When a film is said to be right-handed it is meant
      that it reflects RHCPL and when a film is said to be left-handed it is
      meant that it reflects LHCPL.
PAR  Thus, a right-handed cholesteric liquid crystal substance transmits LHCPL
      essentially completely at .lambda.o whereas the same substance reflects
      almost completely RHCPL. Conversely a left-handed film is almost
      transparent to RHCPL at .lambda.o and reflects LHCPL. Since plane
      polarized or unpolarized light contain equal amounts of RHCPL and LHCPL, a
      cholesteric liquid crystal film is approximately 50 percent transmitting
      at .lambda.o for these sources when the liquid crystal is in its Grandjean
      texture.
PAR  It has been found that compensated cholesteric liquid crystal mixtures
      (mixtures of right and left handed components adjusted to approach or give
      infinite pitch) can adopt spontaneously an optical uniaxial configuration
      with the optic axis substantially perpendicular to the plane of the liquid
      crystal; such as, for example, a 50--50 percent by weight mixture of
      cholesteryl chloride and oleyl cholesteryl carbonate. Compensated
      cholesterics used as liquid crystalline composition 13 may be edge imaged
      as described above. Typically, the higher the applied voltage then the
      quicker the edge effect occurs and the more intense the edge effect
      becomes. This is denoted in FIG. 2 for the liquid crystalline mixture
      comprising about 60 percent by weight cholesteryl chloride and about 40
      percent by weight cholesteryl nonanoate. The "time to respond" curve is
      plotted against the x-axis "applied voltage" and is read along the y-axis
      in seconds; the "amplitude" curve is plotted against the x-axis "applied
      voltage" and is read along the y-axis in relative units. Suitable means of
      modifying the electrical fields associated with the applied voltage, may
      include any means of altering the electrical fields which will result in
      the desired effect of changing the optical properties of the dielectric
      anisotropic material at electrode edges. Typical means include shorting or
      grounding the character or background electrodes; chopping or pulsing the
      applied electrical field; reducing or increasing the applied voltage and
      combinations thereof. The frequency at which the DC field is modified and
      the frequency of the AC field is not, as a practical matter, any problem
      because at about 30 pulsations per second, the edge effect appears to the
      human eye to be present all the time. Between about 20 to 30 pulsations
      per second, the ON and OFF nature of the edge effect or the presence and
      absence of the edge effect can be perceived by the human eye. In either
      situation, the viewing of the dielectric anisotropic material is typically
      done with transmitted light and through crossed polarizers. Reflection
      viewing is, of course, possible with appropriate optics and sample
      configuration.
PAR  The mechanism by which the edge effect is achieved and the mechanism of the
      influence on the dielectric anisotropic materials at the electrode edges
      by the modified electrical field is not known. However, it is believed
      that dielectrophoresis and electrophoresis do play a part at electrode
      edges upon modification of the applied electrical field. It is believed
      that when insulating areas are present, they become charged by ion flow.
      It is believed that when the conducting areas are subsequently shorted,
      removing the field, the insulating areas are now a source of
      electrophoretic particles and field which momentarily cause aligned
      molecules at electrode edges to lose their alignment causing the edge
      effect to occur.
PAR  As previously stated, the desired effect is an alteration in the optical
      property of the dielectric anisotropic material at the electrode edges.
      The nature of this alteration may be any suitable optical property change
      that can be detected by either the unaided human eye or with appropriate
      optical aids. Typical suitable changes include any optical phenomena or
      effect which changes the degree or state of polarization of light and that
      can be detected by viewing the dielectric anisotropic material between
      crossed polarizers; such as, for example, birefringence, optical activity,
      uniaxial to biaxial state changes, and dynamic scattering. Dynamic
      scattering is an example of an optical phenomena which can be observed by
      the unaided human eye when viewed off-axis with respect to the incident
      light rays; in which case the edge effect would appear white.
PAR  As seen from FIG. 3, the surprising and advantageous effect of the present
      invention is typically observed by providing a source of collimated and
      linearly polarized light such as, for example, laser light. Alternatively,
      light source 17 which is preferably monochromatic and collimator 18, in a
      position normal to the plane of the layer of dielectric anisotropic
      material 13 may be used if the collimated light is then passed through a
      polarizer 19. The polarized light, here transmitted along line 20, enters
      the electro-optic cell parallel to the optic axis of the composition 13
      when switch 32 is in electrical connection with contact 34. This position
      for switch 32 creates potential differences and associated electrical
      fields between character electrode 12A and grid electrodes 39. There
      electrical fields are perpendicular to the plane of composition 13,
      aligning the major axes of the molecules or particles of layer 13
      substantially perpendicular to the plane of layer 13 for positive
      dielectric anisotropic materials and parallel to one another. Composition
      or mixture 13, under the influence of the electrical field, is now
      optically uniaxial and has its optic axis perpendicular to the plane of
      layer 13. Upon placing switch 32 in electrical connection with contact 35,
      an observer 21, on the opposite side of the electro-optic cell, observing
      the cell, through polarizer 22, crossed 90.degree. with respect to
      polarizer 19, or the plane of laser light polarization in the direction
      normal to the plane of layer 13 and parallel to the optical axis of
      composition 13, will observe brightness lines at each side of grid line 39
      along portions thereof overlapping character electrode 12A. Aligning the
      crossed polarizers 45.degree. with respect to the electrode edge will
      enhance edge brightness detection in some cases, such as when
      birefringence is the optical property change soung along electrode edges.
      The remainder of the cell appears dark or black. The electro-optic cell is
      in its "ON" imaging state. To turn the electro-optic cell to its "OFF"
      imaging state, switch 32 is placed in electrical connection with contact
      34 which makes the entire cell appear black. The presence of brightness
      lines at the electrode edges is herein referred to as edge brightness. The
      phenomena of edge brightness is typically transient in nature but
      dielectric anisotropic materials with memory can be exmployed to provide
      edge brightness memory as described in Example XVI, below. The typically
      transient edge brightness phenomena occurs at some time after
      modifications of the electric field as shown in FIG. 2, and then begins to
      decrease in brightness intensity, and within a fraction of a second,
      depending upon the material composition expires. It will be understood, of
      course, that the edge brightness effect depends upon the presence of light
      for the manifestation of optical property change at the electrode edges;
      and that the longevity, whether transient or memory in nature, depends
      upon the longevity of the optical property change in the dielectric
      anisotropic material at electrode edges after modification of the
      electrical field.
PAR  Although individual electro-optic cells have been described in conjunction
      with FIGS. 1-3, it will appreciated that grids or bit-matrices of coplanar
      electro-optic cells embodying the present invention and any suitable image
      or display configuration can be provided to exhibit the novel effect of
      the present invention.
PAR  For example, one advantageous electro-optic cell configuration devised
      especially for use with the edge optical effect or edge brightness of the
      present invention comprises a matrix display as shown in FIGS. 4A & 4B.
      One electrode (FIG. 4A) comprises solid area circular electrodes 101'
      through 135' having their respective leads 101 - 135. This matrix may be
      conveniently formed by the photoresist, acid etch method applied to a
      uniformly coated insulating substrate such as, uniformly chromium coated
      glass slides. The second (FIG. 4B) electrode is a single solid electrode
      having a pattern of insulating line grids etched into its surface and is
      configured to be in registration with the round solid electrodes 101'
      through 135'. The line grid electrode is provided with a single lead 200.
      During imaging, electrical fields are established between all of the round
      solid area electrodes 101' through 135' and their respectively registered
      line grid patterns 101' through 135' on the line grid electrode. When
      viewed through cross polarizers, the entire electric-optic cell appear
      dark. Then by means of any suitable address system or other selective
      switch such as, for example, Selectroswitch Model number 91-1066-001,
      available from the Selectro Corporation, some of the circular solid
      electrodes are selectively shorted to their registered line grid patterns,
      thereby modifying their electrical field in the selected configuration.
      For example, in referring to FIG. 4, the numeral one can be displayed
      through edge brightness by selectively shorting all of the circular
      electrodes in vertical alignment with 101', with their respectively
      matching line grid patterns on the line grid electrode thereby causing
      edge brightness to occur on each side of the individual lines in the line
      grid patterns in vertical alignment with 101". The edge pattern brightness
      may be either transient in nature or have memory, as previously described,
      depending upon the nature of the dielectric anisotropic material being
      imaged. Similarly, the number 11 may be formed by selectively shorting
      circular electrodes in vertical alignment with 101' and 135' to their
      matched and registered line grid patterns on the line grid electrode.
      Although the terms matrix electrode and line grid electrode are used
      herein, it will be understood that, with reference to FIG. 4A and 4B, the
      matrix electrode is and the line grid electrode may be, comprised of a
      multiplicity of individual electrodes; and that each one grid pattern on
      the line grid electrode may be comprised of several individual line
      electrodes residing on and surrounding by an insulating surface. It will
      be readily appreciated that with the matrix display shown in FIG. 4A and
      4B, that virtually any letter, symbol, number, or other graphic
      representation can be approximated with selective electrical field
      modification. The line grid electrode of FIG. 4B may comprise grids vapor
      deposited through a mask on insulating substrates, or uniformly coated
      substrates having grids etched therein.
PAR  FIG. 5 is a black and white photographic reproduction of a color
      microphotograph of edge brightness in a cross-grid electro-optic cell.
      Electrode edges 201 cross electrodes edges 202 forming a cross-grid
      pattern. The light areas 203 corresponding to the cross-grid patterns is
      the electrode edge brightness effect. Darker areas 204 are portions of the
      dielectric anisotropic material 13 which has not undergone the optical
      property change of areas 203. In this photograph, material 13 is a
      cholesteric liquid crystalline mixture of about 60 percent by weight
      cholesteryl chloride and about 40 percent by weight cholesteryl nonanoate.
PAR  The following examples further specifically define the present invention
      with respect to dielectric anisotropic compositions, electro-optic cells
      and imaging systems, wherein the optically uniaxial dielectric anisotropic
      composition undergoes an optical property change at electrode edges. The
      parts and percentages are by weight unless otherwise indicated. The
      examples below are intended to illustrate the preferred embodiments of the
      novel electrode edge optical property change electro-optic system.
PAC  EXAMPLE I
PAR  An electro-optic cell is prepared as follows: A microscopic glass slide is
      coated with chromium by vacuum evaporation and acid etched through a
      photoresist pattern to produce an image area chrom electrode in the
      configuration of the numeral 4 and a background area electrode separated
      from the numeral by the etched glass surface. A 1 mil Mylar spacer is
      placed on the background area of the glass slide and is located along the
      entire periphery so as to retain any liquid crystalline material placed
      therein. A liquid crystalline composition comprising 60 percent by weight
      cholesteryl chloride and 40 percent by weight cholesteryl nonanoate is
      placed within the volume defined by the spacer. An electrode grid
      containing 65 line pairs per inch is made by acid etch through a suitable
      photoresist pattern on a second glass slide which is placed electrode side
      down in contact with the liquid crystalline composition. The electrode
      grid is connected to the negative terminal of a 500 volt source and the
      numeral 4 area and background area of the other electrode are both
      connected to the positive terminal of the voltage source. A 60 watt
      frosted-bulb light source is placed beneath the numeral-background
      electrode and the cell is viewed between crossed polarizers. The cell
      appears black.
PAR  The numeral 4 area is disconnected from the positive terminal of the
      voltage source and shorted to the grid electrode, under view between
      crossed polarizers, and the edges of the chrome lines in the grid
      electrode become momentarily bright where they cross over the numeral 4
      electrode.
PAR  The numeral 4 area electrode is so connected, disconnected and shorted many
      times in rapid succession. The composite of bright lines produces a
      uniformly bright numeral 4 image. Viewed closely the apparent uniformly
      bright numeral 4 image is seen to be composed of lines. At a distance, the
      uniformly bright numeral 4 image appears solidly bright. The time it takes
      for the cell to go from dark to bright is measured at less than 1/10
      second. The dark to bright to dark cycle is repeated over 300,000 times at
      this speed without adverse effects.
PAC  EXAMPLE II
PAR  A character electrode for the numeral 7 prepared as in Example I and has
      background electrode areas; a top electrode comprising a solid chromium
      coating is prepared as in Example I and Example I is generally followed
      except that the character 7 electrode area and the background area
      electrode are so electrically connected to the same terminal of the
      voltage source that an electrical field exists either between the
      character 7 and top electrode or the background area electrode and top
      electrodes. Upon switching of the electrical fields at the rate of about
      10/ second, an edge brightness pattern is observed at the edge of the
      character 7 when the field exists between it and the top electrode or an
      edge brightness pattern exists at the edge of the background area
      electrode adjacent the clear glass etched surface surrounding the
      character 7 when the electrical field exists between the background area
      electrode and the top electrode. During this fast switching, the character
      7 appears to move in and out (toward and away from the viewer). This is
      caused by the edge brightness shifting over the clear glass etched surface
      from the character 7 edge to the background area electrode edge. The
      voltage is then increased from 500 volts to 600 volts and the edge
      brightness becomes greater in intensity as the voltage is increased.
PAC  EXAMPLES III - IX
PAR  Example I is followed except as follows: in Example III a 1/2 mil Mylar
      spacer is used; in Example IV the chrome grid electrode contains 200
      chrome lines per inch and the Mylar spacer is 1/4 mil thick; in Example V
      the chrome grid contains 200 lines per inch and a 1/2mil Mylar spacer is
      used; in Example VI the chrome grid contains 200 lines per inch; in
      Example VII the chrome grid contains 200 lines per inch and a 1 1/2 mil
      Mylar spacer is used; and, in Example VIII the chrome grid contains 200
      lines per inch and the Mylar spacer is 2 mils thick; and in Example IX the
      two electrodes are noncharacter electrodes and are each chrome grid
      electrodes in parallel registry and containing 200 lines per inch, and the
      Mylar spacer is 1/2 mil thick. The procedure of Example I is followed for
      each of Examples III - IX. It is observed that the edge brightness effect
      approaches and achieves the appearance of a solid bright area as the
      surface density of the chrome lines increases from 65 to 200; and that the
      edge brightness effect appears increased in intensity as the spacer
      thickness increases from 1/4 mil and 1/2 mil to 1 mil and 1 1/2 mils.
PAC  EXAMPLE X
PAR  The procedure of Example I is followed except that both electrodes are
      chrome grid electrodes, one oriented perpendicular to the other so that
      the grids are crossed. Mylar spacers of 1/4, 1/2, 1, 1 1/2 and 2 mils are
      successively used. The edge brightness patterns appear as dots when one
      grid electrode is grounded upon electrical disconnection from the positive
      terminal of the voltage source, and not as lines as was the case in
      Example IX where the two grids were parallel. It was observed that the
      edge brightness appeared to have greater density with thicker Mylar
      spacers, increasing monotonically with spacer thickness.
PAR  In Examples III - X, the edge brightness affect was observed in all cases
      and demonstrated that the edge brightness effect could be in the form of a
      line pattern, a cross pattern, dot pattern, combinations thereof, and
      indicates that virtually any shape of electrode would work provided the
      electrode contained edges within the area to be imaged.
PAC  EXAMPLE XI
PAR  A 5 .times. 7 matrix display as shown in FIG. 4A and 4B is prepared as
      follows:
PAR  A 2 and 4/10 inch by 3 and 7/10 inch by 1/8 inch chrome grid electrode is
      prepared by acid etch through a dot-grid line pattern in a photoresist
      overcoating a chromium coated glass plate. A 3 1/2 inch by 5 inch by 1/8
      inch, 5 by 7 matrix of solid dots is similarly prepared. The solid dots of
      the larger electrode are in size registry with the grid-dots of the
      smaller electrode. The solid dot matrix contains 35 selectively
      electrically addressed dot electrodes in a substantially rectangular
      pattern or of arrangement. The grid electrode comprises 35 similarly
      arranged patterns of grid lines in the pattern of dots. A 1/8 inch wide by
      1 1/2 mil thick Mylar rectangular gasket is sandwiched between the two
      electrodes along the peripheries thereof, provided with an opening and
      secured with epoxy glue. The cell is filled with a liquid crystalline
      composition comprising about 60 percent by weight cholesteryl chloride and
      about 40 percent by weight cholesteryl nonanoate by placing the cell at an
      angle above the liquid crystalline bath in a vacuum chamber that has a
      vacuum equivalent to 30 inches of Hg for 2 hours and jamming the cell into
      the bath at about 130.degree.C. The vacuum in the vacuum chamber is
      maintained until no bubbles appear at the liquid crystalline surface.
      Maintenance of the vacuum is discontinued and air is allowed to enter
      causing the liquid crystalline composition to enter the cell. The cell is
      removed from the bath and allowed to cool to room temperature, and the
      Mylar spacing opening sealed with epoxy, and allowed to cure over night.
      When imaged according to the procedure of Example I, characters and
      numerals formed by the selective electrical addressing of the matrix-dot
      electrodes including selective ON and OFF switching of the voltage
      therebetween by shorting selected matched pairs of the matrix of grid dot
      electrodes, the character or numeral is generated by edge brightness
      illumination along the grid-dot edges which were selectively shorted.
PAC  EXAMPLE XII
PAR  Two chromium coated glass slides sandwich a liquid crystalline composition
      containing about 60 percent by weight cholesteryl chloride and about 40
      percent by weight cholesteryl nonanoate at a temperature of about
      44.degree.C. Upon application of about 50 volts, the liquid crystalline
      material changes from a negative birefringent color figure to a positive
      birefringent color figure.
PAC  EXAMPLE XIII
PAR  Example XII is followed except that on one of the glass electrodes
      scratches are made in the chrome coating so as to remove the chrome
      coating in the scratched areas to reveal the glass surface underneath.
      Upon application of the voltage, the scratches transiently show up very
      vividly. The liquid crystalline composition does not act homogeneously
      over the entire area; the the scratched areas become birefringent while
      areas where the conductive coating is intact appear to be aligned with the
      electrical field.
PAC  EXAMPLE XIV
PAR  Example II is repeated except that the top electrode is insulating; i.e.,
      it comprises a piece of glass with no conductive chromium coating. The
      voltage source is a DC source which is connected between the character 7
      and the background area. Upon steady continued application of the DC
      voltage transformation of the liquid crystalline composition is obtained
      at the edge of the character 7 and at the edge of the background area.
      Transformation then slowly spreads into the area of character 7 and to
      much less extent into the background area.
PAC  EXAMPLE XV
PAR  Example XIV is repeated except that the voltage source is an AC voltage
      source electrically connected between the character 7 and background
      areas. Upon application of the AC voltage source, only the edge of the 7
      and the edge of the background is transformed. After 1 hour of steady
      continued application of the AC voltage source, the edge transformation
      did not spread into the character 7 and background areas but remained only
      at the edges of the background and character areas.
PAR  Examples XIV and XV indicate that "ion" charging of the insulating top
      electrode occurs with steady continued application of DC voltage or the
      switching or pulsing of DC voltage, but not with AC voltage.
PAC  EXAMPLE XVI
PAR  The cross grid electrodes of Example X are used in sandwiching a liquid
      crystalline composition containing about 8% n-phenyl-l-napthylamine in 92%
      by weight of a mixture containing about 60 percent by weight cholesteryl
      chloride and about 40 percent by weight cholesteryl nonanoate. Viewed
      under a microscope between crossed polarizers, the liquid crystalline
      composition appears to be in the undisturbed or focal-conic state. Upon
      application of 200 volts, the composition transforms slowly with material
      moving and swirling at the edges of crossed grids. The electrical field is
      removed and it is observed that a very definite memory of the crossed grid
      pattern with particular emphasis of the edges thereof is present. The
      edges of the grid patterns are delineated by birefringent material while
      the inner (solid grid) portions of the composition are going to the
      Grandjean state when observed 2 1/2 hours after removal of the electrical
      field. Eighteen hours after removal of the electrical field, all of the
      liquid crystalline composition appears to be in the Grandjean or disturbed
      state except for the edges of the grids which are in a birefrigent state.
      The edge brightness has not decreased in observable intensity.
PAR  Although specific components and proportions have been stated in the above
      description of the preferred embodiments of the advantageous electro-optic
      system of the present invention, other suitable materials and variations
      of the various steps in the systeme as listed herein may be used with
      satisfactory results and various degrees of quality. In addition, other
      materials and steps may be added to those used herein and variations may
      be made in the process to synergize, enhance or otherwise modify the
      properties of or uses for the invention. For example, various other
      compositions which are suitable for use in the present invention by having
      the capability of being or becoming optically uniaxial under an applied
      electric field and exhibiting the desired optical properties may be
      discovered and used in the system of the present invention and such
      compositions may require somewhat different thicknesses, electrical
      fields, temperature ranges and other conditions for preferred results with
      the present invention. Likewise, the various other means of creating
      electrical fields and other means of addressing the inventive imaging
      system may be used with satisfactory results.
PAR  It will understood that various changes in the details, materials, steps
      and arrangements of elements which have herein been described and
      illustrated in order to explain the nature of the invention, will occur to
      and may be made by those skilled in the art, upon a reading of this
      disclosure and such changes are intended to be included within the
      principle and scope of this invention.
PAR  For example, the field can be applied and modified by an x-y addressing
      system, especially in an electro-optic cell employing the electrodes of
      FIGS. 4A and 4B. Also, a photoconductor can be used to control the voltage
      to the dielectric anisotropic material, allowing optical control of the
      edge brightness image.
PAR  Another embodiment of the invention employs non-liquid crystalline
      materials and mixtures capable of discriminating in uniaxial alignment;
      such as mixtures of anisotropic particles in suitable carrier liquids. For
      example, about 500 .times. 10.sup.-.sup.6 gms/cm.sup.2 of graphite
      particles in castor oil or benzene; about 400 .times. 10.sup.-.sup.6
      gms/cm.sup.2 of herepathite needles in iodoquinine-sulphate; about 50
      gms/cm.sup.2 of metal needles such as chromium or silver in Fluorolube
      MO-10 or S-65-70, available from Hooker Chemical Company or SOHIO Odorless
      Solvent 3440, available from Standard Oil of Ohio. Applied voltages are
      from about 1kV per cm thickness of dielectric anisotropic material for
      metallic needles to about 10 kV per cm. thickness of the other materials.
PAR  Other suitable anisotropic particles include ferromagnetic, ferroelectric,
      tourmaline (complex borosilicate of aluminum), calcite, and sulphur
      needles; lead carbonate flakes; cholesterol; azobenzene, anthracene and
      napthalene crystals.
PAR  Improvements in operation can be achieved by intentional addition of
      electrophoretic and dielectrophoretic particles to enhance the edge
      brightness effect.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electro-optic method, comprising:
PA1  a. providing a member comprising between two transparent electrodes a
      dielectric anisotropic material having, at least under the influence of an
      electrical field, optical uniaxiality; one of said electrodes having an
      imagewise portion separated from a background portion by an electrically
      insulating surface;
PA1  b. providing an electrical field across said dielectric anisotropic
      material by applying a voltage between the other of said two electrodes
      and each of imagewise and background portions of said one electrodes; and
PA1  c. removing the voltage between the imagewise portion of said one electrode
      and the other electrode; and applying a voltage between said imagewise and
      background portions of said one electrode.
NUM  2.
PAR  2. The method of claim 1 wherein the dielectric anisotropic material
      comprises about 60 percent by weight cholesteryl chloride and about 40
      percent by weight cholesteryl nonanoate.
NUM  3.
PAR  3. The method of claim 1 wherein the dielectric anisotropic material
      comprises about 8 percent by weight N-phenyl-l-napthylamine and about 92
      percent by weight of a mixture containing about 60 percent by weight
      cholesteryl chloride and about 40 percent by weight cholesteryl nonanoate.
NUM  4.
PAR  4. The method of claim 1 wherein the dielectric anisotropic material is a
      liquid crystalline material.
NUM  5.
PAR  5. The method of claim 1 wherein the liquid crystalline material comprises
      a compensated cholesteric liquid crystalline mixture.
NUM  6.
PAR  6. The method of claim 1 wherein said dielectric anisotropic material is a
      cholesteric which, under the influence of the electrical field applied in
      step (b), assumes optical uniaxiality.
NUM  7.
PAR  7. The method of claim 1 wherein said dielectric anisotropic material is a
      positive dielectric anisotropic material and in step (b) has its optic
      axis substantially parallel to the electrical field.
NUM  8.
PAR  8. The method of claim 1 wherein said dielectric anisotropic material is a
      negative dielectric anisotropic material and in step (b) has its optic
      axis substantially normal to the electrical field.
NUM  9.
PAR  9. The method of claim 1 further including the addition of either
      electrophoretic or dielectrophoretic particles to said dielectric
      anisotropic material.
NUM  10.
PAR  10. The method of claim 1 wherein said dielectric anisotropic material
      comprises anisotropic particles in a carrier liquid.
NUM  11.
PAR  11. An electro-optic method, comprising:
PA1  a. providing a member comprising between two electrodes a dielectric
      anisotropic material having, at least under the influence of an electrical
      field, optical uniaxiality; one of said electrodes being a transparent
      matrix electrode having a plurality of individually addressable solid area
      electrodes; the other of said electrodes being a transparent line grid
      electrode having a plurality of line grid patterns comprising conducting
      and insulating surfaces, said line grid patterns being in registry with
      said plurality of solid area electrodes;
PA1  b. providing an electrical field across said dielectric anisotropic
      material by applying a voltage between at least one of the solid area
      electrodes and the line grid pattern in registry therewith; and
PA1  c. electrically connecting said at least one solid area electrode and the
      line grid pattern in registry therewith.
NUM  12.
PAR  12. An electro-optic display, comprising:
PA1  a. a transparent matrix electrode having a plurality of individually
      addressable solid areas electrodes;
PA1  b. a transparent line grid electrode having a plurality of line grid
      patterns comprising conducting and insulating surfaces, said line grid
      patterns being in registry with said plurality of solid area electrodes;
PA1  c. a dielectric anisotropic material sandwiched between said matrix
      electrode and said line grid electrode, said dielectric anisotropic
      material having, at least under the influence of an electrical field,
      optical uniaxiality;
PA1  d. means for providing an electrical field across said dielectric
      anisotropic material by selectively applying a voltage between at least
      one of the solid area electrodes and the line grid patterns in registry
      therewith; and
PA1  e. means for selectively electrically connecting said at least one of said
      solid area electrodes and the line grid pattern in registry therewith.
NUM  13.
PAR  13. The display of claim 12 wherein the solid area electrodes are
      substantially circular dots and the grid-line electrode patterns are dot
      patterns.
NUM  14.
PAR  14. The apparatus of claim 12 further including polarizers crossed at about
      90.degree., on opposite sides of the matrix electrode-dielectric
      anisotropic material-line grid electrode sandwich; and a source of
      collimated light oriented so that the collimated beam provided by said
      source is substantially normal to the polarizers.
NUM  15.
PAR  15. An electro-optic display, comprising:
PA1  a. A first transparent electrode comprising an imagewise portion separated
      from a background portion by an electrically insulating surface;
PA1  b. a second transparent electrode having a plurality of alternating
      conductive and insulating grid lines;
PA1  c. a dielectric anisotropic material sandwiched between said first and
      second electrodes; said dielectric anisotropic material having at least
      under the influence of an electrical field, optical uniaxiality.
PA1  d. means for applying an electrical field across said dielectric
      anisotropic material comprising a voltage source, one polarity of said
      voltage source being in electrical connection with said second electrode
      and the other polarity of said voltage source being in electrical
      connection with the background portion of said first electrode; and
PA1  e. means for selectively electrically connecting said imagewise portion of
      said first electrode to either of said voltage source polarities.
NUM  16.
PAR  16. The display according to claim 15, further including polarizers crossed
      at about 90.degree., on opposite sides of the display; and a source of
      collimated light oriented so that the collimated beam provided by said
      source is substantially normal to the polarizers.
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PAL  A control device for a varifocal lens system of a type which includes an
      optical system having a lens group movable along the optical axis thereof
      and in which the amount of the movement of the movable lens group
      necessary for focusing is varied in response to the focal length of the
      optical system selected by the zooming operation. The control device
      includes a member pivotable about a point in response to the focusing
      operation, a first movable member having a portion operatively coupled to
      the pivotable member, and a second movable member operatively coupled with
      the movable lens group. The first movable member is movable in a first
      direction perpendicular to the optical axis in response to the zooming
      operation for varying the distance from the portion of the first movable
      member to the pivoting point of the pivotable member. The first movable
      member is also movable integrally with the second movable member, in a
      second direction parallel with the optical axis in response to a pivoting
      of the pivotable member for moving the movable lens group along the
      optical axis for focusing. In this manner, the amount of movement of the
      movable lens group is varied in accordance with the distance from the
      portion of the first movable member to the pivoting point of the pivotable
      member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a control device for a zoom lens system of
      a type in which the amount of movement of a movable lens group (there
      being at least one such group within the system) along the optical axis
      for focusing is varied depending on the focal length of the entire optical
      system.
PAR  Throughout this specification, the term "focusing" refers to the focusing
      of light from an object to be photographed on a predetermined and definite
      image plane. The term "zooming" refers to a variance in the focal length
      of the optical system without changing the focusing condition to thereby
      only vary the magnification of the image of the object on the image plane.
PAR  In zoom lens systems, various focusing methods are known in which the front
      lens or front lens group nearest to the object to be photographed is moved
      along the optical axis. In the zoom lens system of such types, hereinafter
      referred to as the first type, the amount of movement of the front lens or
      the front lens group for focusing is independent of the focal length of
      the entire optical system, i.e. independent of the zooming position of the
      optical system.
PAR  The zoom lens system of this first type has the advantage that its control
      device can be of a relatively simple construction. This zoom lens system,
      however, has several disadvantages such as: the distortion of the image
      increases according to the increase of movement of the front lens or the
      front lens group along the optical axis toward the object in order to
      focus at a near object; and since the aperture of the front lens or front
      lens group is required to be large in order to prevent a fall off of
      luminosity of the image at the corner of the picture image when the system
      is zoomed to a wide-angle view, the zoom lens system is apt to become
      bulky and heavy and accordingly the zoom lens system becomes expensive and
      its portability deteriorates.
PAR  A different method of focusing is also known in which the focusing lens
      group to be moved along the optical axis for focusing is not restricted to
      a front lens or a front lens group, and in which the amount of movement
      for focusing the lens group is not constant but depends on the focal
      length of the entire lens system. Hereinafter, this type of zoom lens
      system will be referred to as the second type.
PAR  The zoom lens system of the second type avoids the disadvantages which
      arise with the first type system. The zoom lens system of this second
      type, however, does have the disadvantage that as the amount of movement
      of the movable lens group along the optical axis for focusing on the same
      object varies depending on the zoomed position of the optical system, it
      is difficult to perform an exact focusing operation at each zoomed
      position with a single focusing mechanism such as p rovided in the system
      of the first type. This particular disadvantage has therefore prevented
      widespread utilization of the zoom lens system of this type.
PAR  A control device has therefore been devised for use in the second type of
      zoom lens system as now set forth in U.S. Pat. No. 3,850,507. The system
      disclosed therein includes a number of lens barrels and helicoids
      interconnecting these barrels. The present invention is an improvement
      over the varifocal lens assembly of that patent.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a control device for a
      zoom lens system which overcomes the abovementioned disadvantages.
PAR  Another object of the present invention is to provide a control device for
      a zoom lens system in which the amount of movement of a movable lens group
      along the optical axis of the system for focusing is varied depending on
      the focal length selected in accordance with the zooming operation.
PAR  A further object of the present invention is to provide a control device
      for a zoom lens system of a type in which the amount of movement for
      focusing along the optical axis of the movable lens group in a zoom lens
      system is varied depending on a focal length of the optical system which
      is arbitrarily specified by a zooming operation within an entire zooming
      range. The control device is such that the amount of movement for focusing
      of the movable lens group along the optical axis is able to be
      automatically controlled by the control device depending on each zooming
      position in an entire zooming range from a telescopic view to a wide-angle
      view. These objectives are accomplished by various embodiments of the
      control device in accordance with the present invention.
PAR  According to one embodiment, the control device for a zoom lens system
      includes a first movable lens group for zooming and which is movable along
      the optical axis in order to determine the focal length in response to a
      zooming operation, and a second movable lens group for focusing which
      includes a part of the lenses or lens groups in the zoom lens system and
      which is movable along the optical axis in response to a focusing
      operation. The amount of movement for focusing the second movable lens
      group along the optical axis is varied depending on the focal length
      selected as stated above and this movement is able to be automatically
      controlled by the control device in correspondence with the zooming
      operations.
PAR  In a modified embodiment of such a control device for the zoom lens system,
      the second movable lens group includes at least a part of the lenses of
      the first lens group. The amount of movement of the movable lens group is
      varied depending on the focal length selected, and movement of the movable
      lens group along the optical axis is able to be automatically controlled
      by the control device depending on the zooming operations.
PAR  In another embodiment of the control device for the zoom lens system
      according to the present invention, the control device also includes a
      first movable lens group for zooming, movable along the optical axis in
      response to a zooming operation. In this device, all of the lens groups of
      the optical system, including the first movable lens group for zooming,
      are movable as a unit for focusing. The amount of movement of the movable
      lens groups is again varied in accordance with the selected focal length
      of the zoom lens system and movement of the movable lens groups along the
      optical axis is able to be automatically controlled by the control device
      in dependence on the zooming operations.
PAR  In a further modified embodiment of the control device for the zoom lens
      system according to the present invention, the control device includes a
      manual mechanism with which the selection of normal photography and
      close-up photography can be carried out.
PAR  In still another embodiment of the present invention, the control device
      for the zoom lens system includes a member which is pivotable in response
      to a focusing operation and a focus adjusting member which is operated by
      the pivotable member so as to move a movable lens group along the optical
      axis for focusing. The control device controls the zoom lens system so
      that, when the focal length of the entire lens system is selected by the
      zooming operation, the amount of movement of the focus adjusting member is
      automatically adjusted by the pivotable member in response to the focal
      length selected as stated above. In this manner, movement of the movable
      lens group along the optical axis is determined so that the focusing is
      performed at the selected focal length.
PAR  The movable lens group referred to does not include those systems where
      only a front lens or a front lens group moves for the purpose of focusing.
      In such a system, the amount of movement of the front lenses or front lens
      group for focusing along the optical axis with respect to a certain
      photographic distance is the same, irrespective of the focal length of the
      entire zooming system selected by the zooming operation.
PAR  The movable lens groups for focusing can either exclude the movable lens
      group movable along the optical axis in response to the zooming operation,
      include at least a part of such zooming lens group or include all of the
      lens groups in a zoom lens system.
PAR  The focus adjusting member is associated with the movable lens group for
      focusing and moves the movable lens group for focusing along the optical
      axis in response to its movement so that the exact focusing may be
      performed. Consequently, the amount of movement of the focus adjusting
      member, which is controlled by pivoting of the pivotable member to a
      certain amount, varies depending on the focal length of the zoom lens
      system selected by the zooming operation.
PAR  The objects of the present invention as stated above are attainable by
      varying the associated portion of the pivotable member with the focus
      adjusting member depending on the selected focal length of a lens system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic side view of the lens elements of a zoom lens
      system according to the present invention.
PAR  FIG. 2 is a diagrammatic side view illustrating the principle of
      construction of a control device according to the present invention.
PAR  FIG. 3 is a perspective view showing an embodiment of the control device
      for the zoom lens system shown in FIG. 1.
PAR  FIGS. 4A, B, C and D are schematic diagrams showing various arrangements of
      the zoom lens system in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows an optical system of a type in which focusing is performed by
      the movement of the entire optical system E along the optical axis. Hence,
      all of the lens groups of the system are movable as a unit along the
      optical axis under the control of a focus adjusting mechanism.
PAR  This lens system E includes the following three lens groups, counting from
      the object side: the first group A; the second group B; and the third
      group C. The lens groups B and C are moved relative to the first lens
      group A along the optical axis in accordance with the zooming operation,
      whereby the focal length of the zoom lens system is determined. After a
      certain focal length within a zooming range of the zoom lens system is
      selected, focusing on an object at a certain distance is performed by
      movement of the entire optical system E, including the three lens groups,
      A, B and C, as a unit along the optical axis.
PAR  In this case, the amount of movement of the entire optical system E is
      varied depending on the selected focal length. Qualitatively, the required
      amount of movement decreases when the focal length is set to a wide-angle
      view.
PAR  For example, in the optical system shown in FIG. 1, when the focal length
      is changed from 40 mm to 80 mm, the amount of movement of the entire
      optical system E to the left along the optical axis necessary for changing
      the object to be focused from one located at the infinite distance to one
      located at 1 m, is changed from 1.9 mm to 7.1 mm. In that case, the
      difference between these amounts of movement is 5.2 mm.
PAR  It, therefore, becomes necessary to automatically adjust the difference of
      the amounts of movement for focusing in relationship with the zooming
      operation.
PAR  FIG. 2 shows the principle construction of the control device for such a
      zoom lens system, in accordance with the present invention, for providing
      automatic adjustment of the arrangement. A focusing disk 5, which is
      rotatable about axis 5' in relationship to the focusing operation, has a
      cam groove 6. A lever 15 is pivotally mounted on a shaft 7 for pivotable
      movement in the direction of arrow G. A pin 11, mounted on lever 15, is
      engaged with cam groove 6. Lever 15 also has a cam groove which extends
      from shaft 7 in a radial direction.
PAR  A zooming disk 30 is rotatably mounted on axis 30'. A pin 35 is mounted on
      disk 30 and two cam grooves 31 and 32 are formed within the disk. Cam
      groove 31 is provided in order to determine the axial position of the
      second lens group B and cam groove 32 is provided in order to determine
      the axial position of the third lens group C. To achieve this, pins
      mounted on the lens mountings of lens groups B and C are respectively
      engaged with cam grooves 31 and 32, although not shown in this Figure.
PAR  A slider member 22 is provided for assisting in controlling movement of the
      entire lens system E, which includes the first lens group A, the second
      lens group B, and the third lens group C, along the optical axis, for the
      purpose of performing the focusing operation. The shaft 25' provided on
      slider 22 is engaged with a carrier 26 and is moved with the carrier in an
      axial direction to either the right or the left. A pin 35 mounted on disk
      30 is engaged with a cam groove 24 provided in slider 22. A pin 23, which
      is also mounted on slider 22, is engaged with cam groove 16. Accordingly,
      when zooming disk 30 is rotated in the direction ofo the arrow H in
      response to a zooming operation, shaft 25' is shifted up and down,
      restricted only by the guide of carrier 26 and slidier 22, in the
      direction of the arrow J perpendicular to the axial direction of the
      slider.
PAR  When disk 30 is rotated, movement of the pins mounted on the lens mountings
      of the second lens group B and the third lens group C relative to carrier
      26 is effected by their respective cam grooves 31 and 32 and thereby the
      zooming operation is performed, i.e. the focal length of the entire
      optical system E is selected. Slider 22 is simultaneously moved in the
      direction of J, thereby changing the position of pin 23 inside cam groove
      16. In this manner, the distance L from shaft 7 to pin 23 is determined.
PAR  After the focal length of the entire optical system is thus determined, as
      focusing disk 5 is rotated in the direction of the arrow F, pivotable
      lever 15 is pivoted about shaft 7 in the direction of the arrow G together
      with pin 11 engaged with cam groove 6 on disk 5. In response to the
      pivoting of pivotable lever 15, slider 22 is driven to move to the right
      or left, i.e. in an axial direction thereof, thereby shifting carrier 26
      in the axial direction by the same amount of movement as slider 22, for
      focusing of the entire optical system. Since the amount of movement of
      slider 22 is determined depending on both the pivotal angle of pivotable
      lever 15 and the distance L, the focusing can be adjusted in accordance
      with the selected focal length.
PAR  FIG. 3 illustrates an embodiment of a control device based on the above
      principle of the present invention and used in the zoom lens system shown
      in FIG. 1. The same reference numerals are used for the same or equivalent
      parts as the embodiment illustrated in FIG. 2.
PAR  A fixed barrel 37, for example, is connected to a lens mount of a camera
      body. This barrel will not be moved by either a focusing operation or a
      zooming operation. A control box 4 is attached to barrel 37. Fixedly
      mounted at the outside edge of a sleeve 3, which is pivotally positioned
      within an aperture 4a of control box 4, is a focusing knob 2 having a
      central aperture 2a, and focusing disk 5 is fixedly mounted at the other
      edge of sleeve 3. In the center of focusing disk 5, an aperture 5a is
      formed in alignment with aperture 2a, and cam groove 6 is also formed
      within disk 5, as mentioned above.
PAR  A focusing barrel 38, carrying the first lens group A, is coaxially
      arranged inside barrel 37 in such a manner that it is slidable within
      barrel 37 in the axial direction. A pin 43 mounted on focusing barrel 38
      is slidable within a guide slot 37a provided on barrel 37 in a parallel
      direction to the optical axis.
PAR  A U-shaped carrier 26, the bottom of which is attached to barrel 38 for
      focusing, is moved in the axial direction within control box 4 in
      conjunction with focusing barrel 38. A shaft 28 is rotatably journaled by
      a shaft 36 having one end fixed to the bottom of carrier 26. Rotatable
      shaft 28 passes through aperture 5a, sleeve 3, and aperture 2a, and
      projects out of control box 4 and focusing knob 2. A zooming knob 1 is
      mounted outside control box 4 on the end portion of rotatable shaft 28.
PAR  Two cam grooves 31 and 32 are provided in zooming disk 30 which is fixedly
      mounted to rotatable shaft 28 by a bushing 29. Also, a pin 35 is provided
      on disc 30 and two stoppers or shoulders 33 and 34 are formed on the disk.
      When zooming disk 30 rotates, stoppers 33 and 34 are engageable with a
      stopper pin 27 mounted on carrier 26. This engagement stops the rotation
      of zooming disk 30, thereby restricting the rotational angle of disk 30.
PAR  A first lever 8 is pivotally mounted on a shaft 7 in control box 4. Lever 8
      is provided with a guide slot 10 arched about shaft 7, two holes 12 and 13
      and a pin 11. A guide pin 9 mounted on control box 4 is engaged with guide
      slot 10 so that it can govern the movement of first lever 8 when pivoting
      about shaft 7 in the predetermined plane. Further, pin 11 is engaged with
      cam groove 6 on focusing disk 5 to convey the rotation of disk 5 to first
      pivotable lever 8 thereby causing lever 8 to pivot.
PAR  A second pivotable lever 15 is fixedly mounted on a shaft 14 rotatably
      mounted at the back of lever 8 parallel to shaft 7. Lever 15 extends at a
      right-angle to shaft 14 and is pivotable together with first pivotable
      lever 8. An arched groove 17 within lever 15 is engaged with the extended
      portion of shaft 7. A cam groove 16 is also formed on second pivotable
      lever 15 and a resilient plate 18 is located at the side of second
      pivotable lever 15. A control pin 21 mounted on resilient plate 18 is
      biased by plate 18 so as to engage with either hole 12 or 13 of first
      pivotable lever 8. In this case, the selection of which hole is to be
      engaged with control pin 21 is able to be determined by operation of a
      manually operable member 20 having a claw 19 which is engaged with
      resilient plate 18. For instance, if member 20 is manually switched from a
      first position to a second position, claw 19 deforms plate 18 to permit
      control pin 21 to be released from hole 12 and causes second pivotable
      lever 15 to pivot about shaft 14 relative to first pivotable lever 8, and
      then control pin 21 in turn engages with the other hole 13. This operation
      is intended for the change between the following two cases: when focusing
      is performed on an object at a normal distance and when performed on an
      object at a very close distance.
PAR  Two guide pins 25 are connected to carrier 26 in a vertical direction
      perpendicular to the optical axis. A U-shaped slider 22, which is slidable
      up and down along guide pins 25, is arranged on carrier 26. A pin 23,
      mounted on the bottom of slider 22 and extending parallel to both shafts 7
      and 14, is engaged with cam groove 16 on second pivotable lever 15.
PAR  In the bottom wall of slider 22, a cam 24 lies horizontally and
      perpendicularly to guide pins 25. Pin 35 mounted on the disk 30 is engaged
      with cam groove 24.
PAR  A first movable barrel 40 loosely inserted in focusing barrel 38 is movable
      along the optical axis by means of a guide rod 40a and carries the third
      lens group C. A pin 42 mounted on first movable barrel 40 in the radial
      direction is slidably engaged with cam groove 32. Similarly, a second
      movable barrel 39 loosely inserted in the focusing barrel 38 is movable
      along the optical axis by means of a guide rod 39a and carries the second
      lens group B. A pin 41 mounted on barrel 39 in the radial direction is
      slidably engaged with cam groove 31 of zooming disk 30.
PAR  The operation of the above-described system is as follows. Rotation of
      zooming knob 1 effects rotation of zooming disk 30 whereby its cam grooves
      31 and 32, by way of respectively engaged pins 41 and 42, move first
      movable barrel 40 and second movable barrel 39 in the axial direction
      relative to focusing barrel 38. Thus, the second lens group B and the
      third lens group C are moved along the optical axis respectively relative
      to the first lens group A, whereby zooming is performed, i.e., the focal
      length of the entire optical system E is changed. Also, because pin 35 on
      zooming disk 30 is rotated therewith, slider 22 is moved up and down in a
      direction perpendicular to the optical axis, with such movement being
      guided by guide pins 25. Thus, pin 23 on slider 22 is also moved up and
      down inside cam groove 16. If pin 23 is positioned at a certain point, the
      distance between pin 23 and the rotatable shaft 7 is determined.
PAR  Moreover, when focusing knob 2 is rotated, focusing disk 5 is rotated
      causing first pivotable lever 8 by way of cam groove 6 and pin 11 to be
      pivoted about shaft 7. At the same time, second pivotable lever 15 is
      pivoted in the same direction about shaft 7 by way of shaft 14 and control
      pin 21 engaged with either hole 12 or 13. Accordingly, slider 22 is moved
      by way of pin 23 slidably engaged with cam groove 16 to the right or left
      in a horizontal direction parallel to the optical axis, thereby causing
      carrier 26 together with fixed shaft 36, rotatable shaft 28, and zooming
      disk 30 to move in the axial direction. Then, since focusing barrel 38 is
      fixed to the bottom of carrier 26, and first and second movable barrels 40
      and 39 are coupled with zooming disk 30 by way of cam groove 32 and pin 42
      and by way of cam groove 31 and pin 41 respectively, barrels 38, 39 and 40
      are moved along the optical axis for the same distance in synchronism with
      each other. Thus, all the lens groups A, B and C are also moved along the
      optical axis for the same distance so as to perform the focusing
      operation.
PAR  In this case, the difference in the amount of movement, which is dependent
      on the focal length of the entire optical system E selected by the zooming
      operation, is brought about by the variation of the distance between pin
      23 of slider 22, which is determined in accordance with the rotating
      position of zooming disk 30, and rotary shaft 7 of first pivotable lever
      8.
PAR  Irrespective of the focal length of the entire optical system, focusing can
      be performed on an object located at a certain distance by rotating
      focusing knob 2 for the same amount. Furthermore, according to the
      construction shown in FIG. 3, when zooming knob 1 is rotated after
      focusing knob 2 has been rotated to pivot first and second pivotable
      levers 8 and 15 to a desired position, pin 23 of slider 22 is guided by
      cam groove 16 of second pivotable lever 15. When slider 22 is moved along
      guides 25 in accordance with the rotation of the zooming knob 1, carrier
      26 is moved to the right or left along the optical axis. Consequently,
      when zooming knob 1 is rotated, first movable barrel 40 and second movable
      barrel 39 are axially moved relative to focusing barrel 38 for zooming. At
      the same time, carrier 26, fixed shaft 36, rotatable shaft 28, and zooming
      disk 30 are moved in synchronism with each other in the axial direction in
      accordance with the movement of slider 22 in the axial direction. In this
      way the focal point of the entire optical system which has been adjusted
      by the focusing operation is automatically compensated in accordance with
      the change of the focal length caused by the zooming operation. That is,
      in a situation wherein a certain focal length is selected and an object at
      a certain distance is focused, clear focusing on the same object can be
      maintained even if the focal length is changed by the zooming operation.
PAR  When focusing knob 2 is rotated, after manually operable member 20 has been
      operated so that control pin 21 is engaged with hole 13 and the relative
      position of second pivotable lever 15 to first pivotable lever 8 has been
      changed in the plane perpendicular to the longitudinal direction of shaft
      7, slider 22 is moved in the axial direction more than in the case where
      control pin 21 is engaged with hole 12. This is true even if zooming knob
      1 is set to a wide-angle view side, i.e. if pin 23 of slider 22 is
      positioned closer to shaft 7. It, therefore, is possible for close-up
      photography to be performed. If there is no need to enable a close-up
      photography operation, however, pivotable levers 8 and 15 can be replaced
      by a single pivotable member.
PAR  This control device has been described for utilization with a zoom lens
      system having three lens groups A, B and C, such as shown in FIG. 1. There
      are also several other varifocal lens systems such as shown in FIGS. 4 A,
      B, C and D with which the control device of the present invention is
      applicable.
PAR  FIG. 4 A shows a varifocal lens system having a first lens group A.sub.1
      and a second lens group B.sub.1. The first lens group A.sub.1 and the
      second lens group B.sub.1 are moved for certain a mounts independently of
      each other in the axial direction. Focusing is performed by moving both
      lens groups A.sub.1 and B.sub.1 as a unit along the optical axis. This
      type of optical system may be coupled with the control mechanism of the
      present invention, such as shown, for example, in FIG. 3. For t his
      purpose, the first lens group A.sub.1 will be held by first movable barrel
      40, the second lens group B.sub.1 will be held by second movable barrel
      39, and movable barrels 40 and 39 together with focusing barrel 38 are
      moved as a unit in the axial direction relative to fixed barrel 37 by the
      focusing operation. In this case, the shapes of cam groove 6, and cam
      grooves 31 and 32 may be varied in accordance with the desired movement of
      lens groups A.sub.1 and B.sub.1.
PAR  FIG. 4 B shows a varifocal lens system comprising four lens groups. The
      focal length of the system in selected by a zooming operation in which the
      second lens group B.sub.2 and the third lens group C.sub.2 are moved
      separately along the optical axis. Focusing of the system is performed by
      moving the first lens group A.sub.2, the second lens group B.sub.2, the
      third lens group C.sub.2, and the fourth lens group D.sub.2 as a unit
      along the optical axis. In this case, for example, in utilizing the
      control device illustrated in FIG. 3, focusing barrel 38 holds the first
      lens group A.sub.2 and the fourth lens group D.sub.2, first movable barrel
      40 holds the second lens group B.sub.2 and second movable barrel 39 holds
      the third lens group C.sub.2.
PAR  Both FIGS. 4 C and 4 D show varifocal lens systems in which focusing is
      performed by moving a part of the lens group which is placed behind the
      lens group for performing the zooming operation. In the system shown in
      FIG. 4 C, the first lens group A.sub.3 is fixed, the second lens group
      B.sub.3 and the third lens group C.sub.3 are independently moved along the
      optical axis by the zooming operation, and focusing is performed by moving
      the fourth lens group D.sub.3 along the optical axis by the focusing
      operation. In the system shown in FIG. 4 D, the first lens group A.sub.4
      is fixed, the second lens group B.sub.4, the third lens group C.sub.4, and
      the fourth lens group D.sub.4 are independently moved along the optical
      axis by the zooming operation, and focusing is performed by moving the
      fourth lens group D.sub.4 along the optical axis by the focusing
      operation.
PAR  The control device of the present invention is similarly applicable to the
      varifocal lens system of the type shown in FIGS. 4 C and 4 D. In this
      case, as the focal length becomes larger, the amount of movement of the
      fourth lens group D.sub.3 and D.sub.4 increases as in the previously
      described embodiments. Consequently, in such varifocal lens systems, the
      function of the invention will be attained in the following manner: more
      than one lens group, which are movable for zooming, are moved along the
      optical axis independently of each other in accordance with the operation
      of a zoom control member thereby effecting the selection of the focal
      length. On the other hand, there may be provided a pivotable lever
      pivotable in accordance with the operation of a focus adjusting member and
      a movable member having an inclination to approach the center of pivoting
      of the pivotable lever as the zoom control member is varied closer to a
      wide-angle view and associated with the pivotable lever. In this manner,
      due to the pivoting of the pivotable lever, the fourth lens group, either
      D.sub.3 or D.sub.4, alone is moved along the optical axis relative to the
      other lens groups for an amount in dependence upon the distance between
      the movable member and the pivotable lever. Thus, the focusing operation
      will be automatically accomplished in accordance with the operated
      position of the zoom control member, i.e., the focal length of the entire
      optical system.
PAR  As many apparently widely different embodiments of this invention may be
      made without departing from the spirit and scope thereof, it is to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control device for a zoom lens system having an optical system
      including a focus lens unit and a zoom lens unit coaxially arranged and
      movable along the optical axis of the optical sytstem, the position of the
      focusing lens unit being varied in accordance with the focal length of the
      optical system, the control device comprising:
PA1  zoom adjusting means for moving said zoom lens unit along the optical axis
      in response to a zooming operation so as to vary the focal length of said
      optical system;
PA1  means pivotally mounted about a point and being pivotable in response to a
      focusing operation; and,
PA1  focus adjusting means having a portion coupled to said pivotable means and
      additionally coupled to said focus lens unit, said focus adjusting means
      being operated in response to movement of said pivotable means and in
      response thereto causing movement of said focus lens unit along said
      optical axis for a distance dependent upon the distance between said
      coupled portion and said pivoting point so as to adjust the focal point of
      said optical system, said focus adjustment means also being coupled to
      said zoom adjusting means so that said coupled portion is movable in
      response to operation of said zoom adjusting means so as to vary the
      distance between said coupled portion and said pivoting point in
      accordance with a variance in the focal length of said optical system
      caused by the zooming operation.
NUM  2.
PAR  2. A control device as defined in claim 1, wherein said zoom lens unit
      forms one part of said focus lens unit and is arranged behind the outer
      part of said focus lens unit with respect to an object.
NUM  3.
PAR  3. A control device as defined in claim 1, wherein said zoom lens unit is
      arranged in front of said focus lens unit with respect to an object.
NUM  4.
PAR  4. A control device as defined in claim 1, wherein said zoom lens unit and
      said focus lens unit comprise the same lens groups.
NUM  5.
PAR  5. A control device as defined in claim 1, wherein said focus lens unit
      forms one part of said zoom lens unit and is arranged behind the other
      part of said zoom lens unit with respect to an object.
NUM  6.
PAR  6. A control device as defined in claim 1 further comprising a barrel
      structure supporting said focus lens unit and said zoom lens unit; and
      wherein said zoom control means, said pivotable means and said focus
      adjustment means are provided outside of said barrel structure; and said
      focus adjustment means includes:
PA1  a first movable member movable in a first direction parallel to said
      optical axis and coupled with said focus lens unit so as to move said
      focus lens unit along said optical axis for adjustment of the focal point;
      and,
PA1  a second movable member providing said coupled portion, said second movable
      member being associated with said first movable member and said zoom
      control means so as to be movable in a second direction perpendicular to
      the first direction independently of said first movable member, in
      response to the operation of said zoom control means so as to vary the
      distance between said coupled portion and said pivoting point in
      accordance with a variance in the focal length and movable in said first
      direction together with said first movable member, in response to movement
      of said pivotable means, for a distance dependent upon the distance
      between said coupled portion and said pivoting point.
NUM  7.
PAR  7. A control device as defined in claim 6, wherein said zoom adjusting
      means includes a rotatable member coupled to said zoom lens unit and said
      second movable member, said rotatable member having rotatable in response
      to a zooming operation so as to move said zoom lens unit along the optical
      axis to vary the focal length of said optical system and also so as to
      move said second movable member in the second direction to vary the
      distance from said coupled portion to said pivoting point.
NUM  8.
PAR  8. A control device as defined in claim 7, wherein said second movable
      member has a slot extending in the first direction, and said rotatable
      member has a pin provided at a radially offset position from its rotating
      center, said slot and said pin cooperating to move said second movable
      member in the second direction in accordance with the rotation of said
      rotatable member.
NUM  9.
PAR  9. A control device as defined in claim 6 futher comprising means for
      conveying a focusing operation to said pivotable means so that said
      pivotable means can be pivoted in response to such focusing operation.
NUM  10.
PAR  10. A control device for a zoom lens system including an optical system
      having first, second and third lens groups coaxially arranged and
      positioned away from an object in such order, a fixed barrel, a first
      movable barrel carrying the first lens group and movable along the optical
      axis of the optical system, a second movable barrel carrying the second
      lens group and movable along the optical axis, and a third movable barrel
      carrying the third lens group and movable along the optical axis, for
      focusing the first to third movable barrels being moved as a unit by an
      amount dependent upon the focal length of the optical system selected by a
      zooming operation, the control device comprises:
PA1  a first manually operable member for focusing;
PA1  a second manually operable member for zooming;
PA1  means for zoom control operable in response to operation of said second
      manual member so as to move said second and third movable barrels along
      the optical axis for select distances for varying the focal length of said
      optical system;
PA1  means pivotable about a pivoting point lying in a plane parallel to the
      optical axis and being pivoted in response to operation of said first
      manual member;
PA1  first focus adjustment means movable in a first direction parallel to the
      optical axis to move said first, second and third movable barrels along
      the optical axis as a unit for adjustment of the focal point of said
      optical system; and,
PA1  second focus adjustment means having a portion operatively coupled with
      said pivotable means, and said second means also being operatively coupled
      with said first movable member so as to be moved in the first direction
      with said portion in response to a pivoting of said pivotable means, such
      movement in the first direction being for an amount dependent upon the
      distance between said portion and said pivoting point, said second focus
      adjustment means also being operatively coupled with said zoom control
      means so as to be moved in a second direction perpendicular to the first
      direction independently of said first focus adjustment means in response
      to operation of said zoom control means to vary the distance between said
      portion and said pivoting point in accordance with a variance in the focal
      length.
NUM  11.
PAR  11. A control device as defined in claim 10, wherein said pivotable means
      includes a first pivotable member pivotable about said pivoting point in
      response to the focusing operation and a second pivotable member pivotable
      about said pivoting point together with said first pivotable member and
      operatively coupled with said portion of said second focus adjustment
      means; and further comprising manually operable means for changing the
      relative position of said second pivotable member to said first pivotable
      member in a pivoting plane of said second pivotable member.
NUM  12.
PAR  12. A control device as defined in claim 11 further comprising a pin
      connecting said first pivotable member and said second pivotable member
      together at their substantially end portions offset from said pivoting
      point so as to permit said second pivotable member to pivot about said pin
      in the pivoting plane of said second pivotable member by the operation of
      said manual means so at to change the relative position of said second
      pivotable member to said first pivotable member in said pivoting plane of
      said second pivotable member.
NUM  13.
PAR  13. A control device for an objective lens system of the type in which the
      focal length is variable in response to a zooming operation, the objective
      lens system having at least one lens group movable in response to a focus
      adjusting operation so that the amount of movement of such lens group for
      an object at the same distance varies in reliance upon the focal length
      adjusted, the control device comprising:
PA1  zoom means responsive to a zooming operation for adjusting said objective
      lens system to vary its focal length;
PA1  focus means coupled with said at least one lens group for adjusting the
      position of said lens group;
PA1  control means angularly movable about a rotational axis in response to a
      focus adjusting operation and associated with said focus means at an
      associating point positioned at a distance from said rotational axis so as
      to determine the position of said focus means as a function of the angular
      position of said control means; and,
PA1  adjusting means for varying the distance between said associating point and
      said rotational axis in accordance with the focal length adjusted by said
      zoom means.
NUM  14.
PAR  14. A control device as defined in claim 13, further comprising a barrel
      structure supporting said lens system; wherein said control means is
      disposed outside of said barrel structure in such a manner that said
      rotational axis is substantially perpendicular to the optical axis of said
      lens system.
NUM  15.
PAR  15. A control device as defined in claim 14, wherein: said zoom means
      includes a disk plate rotatable about an axis parallel with said
      rotational axis and cam means for determining the focal length in
      accordance with the rotational position of said disk plate; and focus
      means includes an intermediate member coupled with said control means at
      said associating point and guide means for guiding said intermediate
      member to move in such a specific direction as to vary the distance
      between said associating point and said rotational axis; and said
      adjusting means includes means for moving said intermediate member in such
      specific direction in accordance with the rotation of said disk plate.
NUM  16.
PAR  16. A control device as defined in claim 15, whrein said focus means
      further includes a frame structure interconnected with said lens groups
      for focus adjustment so as to move therewith, and said guide means is
      formed on said frame structure.
NUM  17.
PAR  17. A control device as defined in claim 16, wherein said lens system
      includes two groups of lenses movable relative to each other for varying
      the focal length and interlocked with said disk plate to be controlled
      thereby, and said disk plate is mounted on said frame structure to move
      therewith.
NUM  18.
PAR  18. A control device as defined in claim 17, wherein said control means
      includes a control plate provided with a straight groove extending in a
      radial direction with respect to said rotational axis, and said
      intermediate member has a pin fixed thereon and engaged with said groove.
NUM  19.
PAR  19. A control device as defined in claim 18, wherein: said frame structure
      is movable along the optical axis of said lens system for focus
      adjustment; said guide means guides said intermediate member in a
      direction substantially perpendicular to the direction of movement of said
      frame structure; said intermediate member has a slot; said disk plate has
      a pin fixed thereon and engaged with said slot; said cam means includes
      cam slot means formed on said disk plate such that said pin of said disk
      plate moves substantially in parallel with said intermediate member with
      said cam slot means selecting approximately a middle focal length in the
      available range.
NUM  20.
PAR  20. A control device for a varifocal objective lens system of the type in
      which the amount of focus adjustment varies as a function of the focal
      length of the system, said control device comprising:
PA1  first operable means angularly movable about a rotational axis in response
      to a focus adjusting operation;
PA1  second operable means movable in response to a focal length adjusting
      operation to vary the focal length of the system;
PA1  focus control means for adjusting the focusing condition of said objective
      lens system in accordance with the angular position of said first operable
      means, said focus control means being coupled between said first and
      second operable means such that the distance from said rotational axis to
      an acting point where said first operable member acts on said focus
      control member varies in accordance with the movement of said second
      operable means so that the amount of adjustment for focusing for the same
      angular movement of said first operable means varies as a function of the
      focal length adjustment.
NUM  21.
PAR  21. A control device as defined in claim 20, further comprising a barrel
      structure supporting lens system; and wherein said control means is
      disposed outside of said barrel structure such that said rotational axis
      is substantially perpendicular to the optical axis of said lens system and
      said second operable means includes a disk plate rotatable about an axis
      substantially parallel with said rotational axis.
NUM  22.
PAR  22. A control device as defined in claim 21, wherein said objective lens
      system includes two groups of lenses movable relative to each other, one
      of said lens groups being interlocked with said focus control means to be
      controlled thereby, and said disk plate has cam means for controlling the
      relative movement of said lens groups.
NUM  23.
PAR  23. A control device as defined in claim 21, wherein: said objective lens
      system includes two groups of lenses movable relative to each other; said
      disk plate has cam means for controlling the relative movement of said
      lens groups and said disk plate is associated with said two lens groups in
      such a manner that rotation of said disk plate causes the relative
      movement; and said focus control means is movable in accordance with the
      angular position of said first operable means together with said disk
      plate to move said two lens groups in response to adjustment of the
      focusing condition.
NUM  24.
PAR  24. A control device as defined in claim 23, wherein said focus control
      means includes an intermediate member movable in response to a rotation of
      said disk plate and a frame structure having guide means for controlling
      the movement of said intermediate member, said disk plate is rotatably
      mounted on said frame structure and said intermediate member is
      interconnected with said control means to vary the distance between said
      rotational axis and said acting point in accordance with the movement of
      said intermediate member.
NUM  25.
PAR  25. A control device as claimed in claim 24, wherein: said frame structure
      is movable along the optical axis of said objective lens system for focus
      adjustment; said guide means guides the intermediate member in a direction
      substantially perpendicular to the direction of movement of said frame
      structure; said intermediate member has a slot; said disk plate has a pin
      fixed thereon and engaged with said slot; said cam means includes two cam
      slots formed on said disk plate such that said pin of said disk plate
      moves in parallel with said intermediate member at the middle of the zoom
      control range.
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ABST
PAL  An adjustable speed projector including a continuously running shutter for
      repetitively interrupting the projection light path at a rate which is
      independent of the film frame rate, a source of film frame advance signals
      having a repetition rate controllable by an operator, and means for
      advancing a film by one frame in response to each advance signal at a time
      corresponding to the next succeeding interruption of the projection light
      path by the shutter so that the film is in motion only at times when the
      shutter interrupts the light path. The film-advancing mechanism includes a
      continuously rotating drive wheel, a driven wheel which is caused to
      engage the drive wheel for one cycle in response to each actuating signal,
      and a claw, one end of which is eccentrically mounted on the driven wheel
      and the other end of which engages a film sprocket hole to advance the
      film by one frame for each cycle of the driven wheel. A single spring
      urges the driven wheel into engagement with the drive wheel and also urges
      the claw into engagement with the film and against a lateral guide
      surface. Two-channel recording and playback apparatus is provided so that
      film frame advance signals recorded in synchronism with a sound track may
      be used to control the projector in the playback mode.
PARN
PAR  This is a division, of application Ser. No. 389,957 now U.S. Pat. No.
      3,880,506 filed Aug. 20, 1973, which in turn was a division of application
      Ser. No. 242,470, filed Apr. 10, 1972, subsequently issued as U.S. Pat.
      No. 3,779,632 on Dec. 18, 1973 which application is a continuation-in-part
      of my copending patent application Ser. No. 89,861, filed Nov. 16, 1970,
      and a continuation-in-part of my copending application Ser. No. 91,061,
      now abandoned, filed Nov. 19, 1970.
BSUM
PAR  The present invention relates to an adjustable speed projector which is
      capable of both single frame projection and motion picture projection at
      various film frame rates controllable by an operator. The present
      invention also relates to a projection system in which the film advancing
      mechanism is controlled by a separate, continuously running sound track so
      that the single frame duration or motion picture frame rate of the
      projected visual image is appropriately coordinated with the accompanying
      sound message.
PAR  Adjustable speed projectors have certain advantages over constant speed
      motion picture projectors, particularly for educational uses. For example,
      adjustable speed projectors permit the studying of action sequences at
      various "slow-motion" rates down to single frame projection of the type
      provided by slide projectors. Further, when the projected image is to be
      accompanied by a pre-recorded sound message from a separate, continuously
      running sound track, considerable savings in film can be achieved,
      particularly in instances when the program calls for a single frame of
      film to be projected during a relatively long portion of the sound
      message.
PAR  Generally, the prior adjustable speed projectors resemble conventional
      constant speed projectors in that their shutter mechanisms are
      mechanically linked to their film advancing mechanisms. This arrangement
      causes several problems with respect to adjustable speed projectors. For
      example, one problem is that the rate of interruptions of the projection
      light path by the shutter, and thus the average brightness of the
      projected image, varies with the film frame rate.
PAR  Another problem of the prior adjustable speed projectors is that of
      excessive heating of the film when a single frame is projected for a
      prolonged period of time. Such heating may cause the film to buckle, thus
      defocussing the projected image, and, in extreme cases, the film may be
      permanently damaged or destroyed.
PAR  Still another problem of the prior adjustable speed projectors is that
      combined mass of the shutter mechanism and the film advancing mechanism
      must first be put into motion and then stopped in order to advance the
      film by one frame. Such operation has required a relatively complex
      mechanical design using relatively rugged components in order to withstand
      the stresses of start-and-stop action.
PAR  It is therefore an object of this invention to provide an improved
      adjustable speed projector which avoids the problems of prior projectors.
PAR  It is also an object of this invention to provide an adjustable speed
      projector including an improved system for synchronizing the shutter and
      film advancing mechanism.
PAR  It is another object of this invention to provide an adjustable speed
      projector having a film advancing mechanism of simple and reliable design.
PAR  It is still another object of this invention to provide an adjustable speed
      projector in which the actuation of the film advancing mechanism is
      controllable directly by an operator or by pre-recorded advance signals
      synchronized with a continuously running sound track.
PAR  It is a further object of this invention to provide an adjustable speed
      projector in which the brightness of the projected image is not affected
      by the film frame rate.
PAR  It is yet another object of this invention to provide an adjustable speed
      projector which reduces the problem of excessive heating of the film when
      a single frame is projected for a prolonged period of time.
PAR  According to the above and other objects, the present invention provides an
      adjustable speed projector having a continuously running shutter
      preferably disposed between the projection light source and the film
      aperture for interrupting the projection light path at a preferably
      constant rate independent of the film frame rate, a source of film advance
      signals having a repetition rate controllable by an operator, a film
      advancing mechanism for advancing the film by one frame in response to
      each advance signal at a time corresponding to the next succeeding
      interruption of the projection light path by the continuously running
      shutter so that the film is in motion only when the light path is
      interrupted by the shutter, thus avoiding "smearing" of the projected
      image. In the preferred embodiment, synchronization between the film
      advancing mechanism and the continuously running shutter is accomplished
      by means of a circuit which responds to a logical AND condition between a
      film advance signal and a synchronizing signal derived from the
      continuously rotating shutter to produce an actuating signal for the film
      advancing mechanism.
PAR  The use of a continuously running shutter provides a projected image of
      uniform brightness regardless of the film frame rate and completely avoids
      the mechanical problems associated with start-and-stop shutter operation.
      Placement of the continuously running shutter between the projection light
      source and the film aperture reduces the problem of excessive heating of
      the film when a single frame is projected for a prolonged period.
PAR  Although the present adjustable speed projector may be used as a silent
      projector if desired, apparatus may be provided for recording a sequence
      of advance signals in synchronism with a sound message on a suitable
      recording medium, such as a two-channel magnetic tape, so that, on
      playback, the actuation of the film advancing mechanism is controlled by
      the recorded advance signals and is thus appropriately synchronized to the
      sound message.
PAR  Other objects and advantages of the present invention will be apparent from
      the following detailed description and accompanying drawings which set
      forth, by way of examples, the principles of the present invention and the
      preferred embodiment for carrying out those principles.
DRWD
PAR  In the Drawings
PAR  FIG. 1 is a block diagram illustrating one embodiment of an adjustable
      speed projector with synchronized sound according to the present
      invention.
PAR  FIG. 2 is a circuit diagram illustrating the control system of FIG. 1 in
      greater detail.
PAR  FIG. 3 is a circuit diagram illustrating in greater detail the pushbutton
      speed control and tone chopper circuits of FIG. 2.
PAR  FIG. 4 is a side elevation view, partly broken away, of a preferred
      embodiment of the motion picture projector of the present invention.
PAR  FIG. 5 is a cross-sectional view taken along the line 5--5 of FIG. 4 and
      showing a plan view of the subject motion picture projector.
PAR  FIG. 6 is a front elevation view partly broken away of the subject motion
      picture projector.
PAR  FIG. 7 is an enlarged cross-sectional view, partially broken away, taken
      along the line 7--7 of FIG. 4 and showing details of the film-advancing
      mechanism.
PAR  FIG. 8 is an enlarged cross-sectional view, partially broken away, taken
      along the line 8--8 of FIG. 4 and showing details of the projection mirror
      and film-advancing mechanism.
PAR  FIG. 9 is an enlarged side elevation view, partially broken away, showing
      details of the film-advancing mechanism shown in FIG. 4.
PAR  FIG. 10 is a greatly enlarged side elevation view of the tip of the
      film-advancing claw at the upwardmost limit of its travel.
PAR  FIG. 11 is a greatly enlarged side elevation view of the tip of the
      film-advancing claw at the downwardmost limit of its travel.
PAR  FIG. 12 is a block diagram of a portion of the control circuit of the
      preferred embodiment of motion projector according to the present
      invention.
PAR  FIG. 13 is a timing diagram showing the signals at various points in the
      control circuit of FIG. 12 as functions of time.
PAR  FIG. 14 is a side elevation view of a portion of the interior of the
      subject motion picture projector showing the retractable projection mirror
      in its operative position.
PAR  FIG. 15 is a side elevation view of a portion of the interior of the
      subject motion picture projector showing the retractable projection mirror
      in its retracted position.
PAR  FIG. 16 is a cross-sectional view taken along the line 16--16 of FIG. 15.
DETD
PAR  The following detailed description sets forth two separate embodiments of
      the present invention. While both embodiments incorporate the basic
      principles of the present invention, the embodiment shown in FIGS. 1-3
      differs in some important respects from this preferred embodiment shown in
      FIGS. 4-16.
PAR  Referring now to FIG. 1 of the drawings, there is shown a block diagram of
      a sound and film projection system including a recorder and player 10,
      typically a two-channel tape recorder, a control unit 11, and a film
      projector 12. The control unit is connected to the recorder by line 13 for
      writing on channel 1 and by line 14 for reading from channel 1. The
      control unit is connected to the projector by line 15. A sound source 16
      provides the audio message for accompanying the film and is connected to
      the write head of channel 2 by a line 17, while a line 18 connects the
      read head of channel 2 to a speaker 19.
PAR  The projector 12 may be a conventional device, with certain modifications
      to be described herein. A film 25 is moved past an aperture 26 by a film
      advance claw 27. The film may be mounted in a suitable device such as a
      cartridge or cassette or film reel, or the like (not shown). The film
      advance claw 27 has a tip 28 for engaging the sprocket holes in the film
      and, in the embodiment shown in FIG. 1, is actuated by a solenoid 29. It
      will be appreciated, however, that the principles of the present invention
      embrace the use of other types of film-advancing mechanisms such as, for
      example, the preferred form of film-advancing mechanism shown in FIGS. 4
      and 8-11. Each time the solenoid 29 of FIG. 1 is energized, the film
      advance claw 27 is pulled down and advances the film 25 by one frame.
PAR  A projection lamp 32 provides a projection light for the film via a
      condensing lens 33, the film aperture 26, and a projection lens 34. A
      shutter 35 is driven continuously by a motor 36 at a relatively high rate
      of speed, with the shutter having a blade for interrupting the light path
      to provide a blanking period for advance of the film to avoid "smearing"
      of the projected image. The rotational speed of the shutter is selected to
      be high enough to eliminate flicker in the projected image.
PAR  Although the embodiment of FIG. 1 uses a certain arrangement of the lamp 32
      and condensing lens 33, film aperture 26, film 25, shutter 35 and
      projection lens 34, it will be appreciated that other arrangements of
      these projection elements may be employed within the spirit and scope of
      the present invention. For example, in the preferred embodiment shown in
      FIGS. 4-16, an elliptical reflector 115 is used rather than a condensing
      lens. It is also noted that the shutter 122 shown in FIGS. 4-6 is disposed
      between the lamp 114 and the film 124, thus reducing the problem of
      excessive heat as explained in greater detail hereinafter.
PAR  One embodiment of the electrical circuitry of the present motion picture
      projector of the system is shown in greater detail in FIG. 2. The circuit
      of FIG. 2 includes an oscillator 40, a chopper circuit 41, and a speed
      control unit 42. The oscillator 40 provides a continuous a.c. output,
      typically at 1,000 cycles per second, as illustrated at 43. The oscillator
      frequency may range from 100 hz to 3 khz or higher. A mechanical
      oscillator or an electronic oscillator may be used.
PAR  The output of oscillator 40 is connected to the chopper circuit 41 which
      functions to interrupt the continuous tone and provide tone bursts as
      indicated at 44, in response to control signals from the speed control 42.
      The chopper circuit 41 is indicated schematically as a switch 45 which is
      closed and opened in response to speed control signals. Any conventional
      chopper circuit may be used.
PAR  The speed control 42 provides for manual control of the film advance and
      will include an "off" condition, a single frame advance condition, and one
      or more continuous film advance conditions at various motion picture
      rates. Typically the push buttons of the speed control may be marked 0
      (for off and single frame advance), and 1, 4, 8, 18 and 24, the latter
      five being for film advance at the designated number of frames per second.
      When the 1 button is depressed, the switch 45 is closed one time per
      second to produce tone bursts at a rate of one per second. A similar
      operation occurs for the buttons 4, 8, 18 and 24. Of course, any rate of
      film advance can be selected as desired. Pushing the 0 button releases the
      other buttons and stops film advance if the system is operating at a
      selected rate. If the system is not advancing the film when the 0 button
      is pushed, the film will be advanced one frame. A typical circuit for the
      speed control 42 and tone chopper 41 is shown in FIG. 3.
PAR  Referring to FIG. 3, the speed control 42 incorporates a set of push
      buttons identified as 0, 1, 4, 8, 18 and 24. Any one of the pushbuttons 1,
      4, 8, 18 and 24 remains depressed when pushed, connecting a selected
      resistor into an oscillator circuit including unijunction transistor 46.
      The 0 button is a normally open momentary switch which closes the circuit
      only when the button is depressed. The push button switch mechanism
      provides for releasing any previously depressed button when any other
      button is depressed. Such push button switch mechanisms are well-known and
      readily available on the market.
PAR  The oscillator circuit incorporating the transistor 46 is a conventional
      circuit which energizes coil 47 when the transistor is conducting, to
      close the switch 45. The frequency of oscillation and hence the frequency
      of closing of switch 45 is controlled by the magnitude of the resistor
      switched into the circuit by a push button switch. In an alternative
      arrangement, a continuously variable rate could be achieved by utilizing a
      variable resistor in place of the switches 1, 4, 8, 18 and 24 and
      associated resistors. The resistor 47' controls the "on," or "transistor
      conducting," or "switch closed" time of the circuit. The transistor 46
      must conduct for a sufficient time to permit operation of the film advance
      solenoid 29.
PAR  The oscillator action may be stopped by depressing the 0 button which
      automatically releases any other depressed switch button. Depressing the 0
      button connects the coil 47 between the d.c. voltage source and ground,
      thus energizing the coil 47 to close the switch 45. Thus, if the coil 47
      is not already energized when the 0 switch is closed, depressing the 0
      button will advance the film one frame. It will be appreciated, however,
      that other forms of chopper circuit such as mechanically driven switches
      and commutator discs may be utilized, if desired.
PAR  The output of the chopper circuit 45 is connected to an amplifier and tone
      detector 49 which produces a square wave output, as indicated at 50, with
      one pulse for each burst from the chopper circuit. The output of the
      chopper circuit 41 may also be connected to the write head 48 of channel 1
      of the recorder 10.
PAR  The read head 51 of channel 1 of the recorder is connected to another
      amplifier and tone detector 52 which provides a square wave output as
      indicated at 53, corresponding to the tone bursts 54 from channel 1.
PAR  The outputs of the detectors 49, 52 are connected to the fixed contacts of
      a switch 55, with the moving arm of the switch 55 connected to the coil of
      a relay 56, typically a read switch.
PAR  The contact set of the relay 56 is connected in series between a d.c.
      source terminal 57 and a capacitor 58. The capacitor 58 is also connected
      to a fixed contact 60 and to a contact set 61 of another relay 62. Another
      contact 63 is connected to the contact set 61 and to the coil of the relay
      62.
PAR  The shutter 35 of the projector operates to close an electrical circuit
      between the contacts 60,63 with each cycle of operation of the shutter.
      Typically this may be accomplished by providing an electrical conducting
      segment 65 on the shutter 35, with the contacts 60,63 positioned to ride
      on the shutter so that the circuit is closed therebetween when both are
      engaging the conducting segment 65. A blade 66 is carried by the shutter
      for passing through the light path of the projector to effect the blanking
      operation. Typically, the blade may be movable with respect to the
      remainder of the shutter for adjusting the timing of the operation.
PAR  Another contact set 70 of the relay 62 is connected to a d.c. source
      terminal 71 through a resistor 72 and is connected to the base of a power
      transistor 73. The solenoid 29 is connected between the terminal 71 and
      the collector of the transistor, with the transistor emitter connected to
      circuit ground. A bias voltage for the transistor 73 is provided by a d.c.
      power supply 74 and a resistor 75 connected between the base of transistor
      73 and ground.
PAR  The system of FIGS. 1 and 2 is operated as follows. When the system is
      turned on, the oscillator 40 produces a continuous tone which is chopped
      into tone bursts by the chopper circuit 41 in response to control signals
      from the speed control 42. Each tone burst is recorded on channel 1 of the
      recorder via the write head 48 and is also converted to a square wave
      pulse at the detector 49.
PAR  With the switch 55 in the record (rec.) position, a square wave pulse
      energizes the relay 56, connecting the capacitor 58 to the d.c. source and
      charging the capacitor. The capacitor is discharged into the coil of the
      relay 62 when the circuit between the contacts 60,63 is closed by the
      electrically conductive shutter segment 65.
PAR  Energization of the coil of the relay 62 closes the contact set 61 which
      acts as a holding circuit to fully discharge the capacitor 58 after the
      circuit is opened by continued shutter rotation. Energization of the coil
      of the relay 62 also closes the contact set 70 providing power to the
      transistor to energize the film advance solenoid 29 and move the claw 27
      to advance the film one frame. The charge on the capacitor 58 is
      dissipated in the coil of the relay 62, the coil is unenergized and the
      contact set 61, 70 opens, turning the transistor 73 off and allowing the
      claw 27 to be returned to its initial position.
PAR  This cycle of film advance is repeated for each tone burst from the chopper
      circuit 41. When the capacitor 58 is charged and the contacts 60,63 are
      not connected, the film advance movement is delayed until the shutter
      segment 65 rotates to close this circuit. The angular relation of shutter
      blade 66 to conductive segment 65 is such that the blanking of the light
      path is timed to coincide with the actual motion of the film in response
      to the energization of solenoid 29.
PAR  In a typical situation, the sound track or narration for channel 2 is
      recorded first. This is then played back and the film is advanced by means
      of the speed control 42 at the appropriate times and at the appropriate
      rates as desired in conjunction with the sound track. The tone bursts for
      producing the film advance are recorded on channel 1 in synchronism with
      the sound track on channel 2, in the manner described above.
      Alternatively, both sound track and tone bursts may be recorded
      simultaneously. When recording is completed, switch 55 is moved to the
      playback (p.b.) position. Then each time the record is played, the tone
      bursts from channel 1 will provide the film advance control in synchronism
      with the narration or other sound effects on channel 2. The tone bursts
      are picked up by read head 51, converted to the square wave pulses in the
      detector 52 and control the relay 56 in the same manner as the d.c. pulses
      from the detector 49.
PAR  While FIGS. 1-3 show one embodiment of control circuitry for the subject
      adjustable speed projector, it will be appreciated that the present
      invention embraces other forms of control circuits such as, for example,
      the control circuit shown in block diagram form in FIG. 12.
PAR  Referring now to FIGS. 4-16 of the drawings, there is shown a preferred
      embodiment of the present adjustable speed projector which differs in
      certain details from the embodiment of FIGS. 1-3. FIG. 4 is a side
      elevation view showing the projector frame assembly 101, which may be made
      of steel, aluminum or other structural material, and serves to carry the
      other components of the projector, which will be described in greater
      detail hereinafter. Frame assembly 101 includes a casting 101a which has
      an opening 102 to receive a film cartridge 103. The film cartridge 103 may
      be a standard motion picture film cartridge such as, for example, the
      commercially available endless loop film cartridges manufactured by the
      Technicolor Corporation of Hollywood, Calif. It will be appreciated,
      however, that, while the motion picture projector of FIG. 4 uses a
      conventional endless loop film cartridge, the principles of the present
      invention are also applicable to motion picture projectors using other
      types of film cartridges or cassettes, or reel-to-reel film supply
      arrangements.
PAR  The film cartridge 103 is retained in position within cavity 102 of frame
      101 by a cover plate 104 and a pair of spring-loaded balls 105 and 106.
      The cover plate 104 is mounted on frame 101 by any suitable means such as,
      for example, screws 107 and 108. Referring to FIG. 5, it will be seen that
      ball 105 is resiliently retained within a suitably shaped and dimensioned
      hole 111 in frame 101 by a leaf spring 112. Ball 105 engages shoulder 113
      of cartridge 103 to retain cartridge 103 in the operative position as
      shown.
PAC  Projection System
PAR  An electric lamp 114, shown in FIG. 5, serves as the projection light
      source for this embodiment. For purposes of illustration, the lamp 114 may
      be a quartz-halogen lamp having a dichroic elliptical reflector 115. It
      will be appreciated, however, that other types of projection lamps may be
      used within the spirit and scope of the present invention. The lamp 114 is
      preferably mounted on a platform 116 which is tiltable about pivots 117
      and 118 so as to provide easy access for the replacement of lamp 114, when
      necessary.
PAR  The light from projection lamp 114 passes through a dichroic mirror 121 and
      the plane of a continuously rotating shutter 122, and is reflected by the
      mirror 123, shown in FIGS. 4, 8 and 14, through the film 124 and film
      aperture 125 in aperture plate 126, and thence through projection lens
      system 127 to establish a projection light path. The dichroic mirror 121
      serves as a heat reflector so as to prevent excessive heat from reaching
      the film frame to be projected, thus reducing the likelihood of buckling
      or damage to the film when a single frame is projected for a prolonged
      period time. Additional heat protection is provided by the placement of
      the continuously running shutter 122 between the projection lamp 114 and
      the film 124. The shutter 122 continues to periodically interrupt the
      light path even when a single frame is projected for a prolonged period.
PAR  The projection lens 127, which may be a conventional type, rests against
      the edges 128 and 129 of frame 101, as shown more clearly in FIG. 6.
      Projection lens 127 is retained in position by the action of pin 131 which
      projects from lever 132 and is resiliently urged against projection lens
      127 by the action of spring 133. Pin 131 rides in groove 134 of projection
      lens 127 and thus serves to control the axial position of lens 127.
PAR  Focusing of the lens 127 is accomplished by pivoting lever 132 about screw
      135, which causes the lens 127 to move in an axial direction by reason of
      the engagement of pin 131 with groove 134. Pin 136, which projects from
      frame 101 through hole 137 in lever 132 serves to limit the motion of the
      focusing mechanism. A rod 138 is connected to the bottom of lever 132 and
      extends toward the rear of the projector to provide a focus adjustment
      control, not shown, which is readily accessible to the operator. For
      example, the focus adjustment control may be an axially restrained
      rotatable knob which cooperates with screw threads on rod 138 to adjust
      the position of focusing lever 132. A tension spring 139 is connected
      between the upper end of lever 132 and the frame 101 of the projector in
      order to eliminate slack in the focusing mechanism. An advantage of the
      above-described focusing mechanism is that it accomplishes focusing
      adjustments without rotating the projection lens 127. It will be
      appreciated, however, that other kinds of focusing mechanisms can be used
      without departing from the spirit and scope of the present invention.
PAC  Shutter
PAR  Referring again to FIG. 4 of the drawings, the two-bladed continuously
      running shutter 122, as shown in dashed lines, rotates at a rate which is
      sufficiently great to prevent a viewer from perceiving flicker in the
      projected image. The shutter rotation rate is also sufficiently great that
      the projection light path is interrupted, or blanked, at a rate which is
      greater than the maximum film frame rate at which the projector is to be
      operated. For example, the shutter 122 may rotate at a constant rate of 50
      revolutions per second, thus causing the projection light path to be
      blanked or interrupted at the rate of 100 times per second. The angular
      width of the shutter blades 122a is sufficient to blank or interrupt the
      projection light path for a time which is somewhat greater than the time
      that the film is in motion, as it is advanced from one frame to the next.
      Thus, when the film-advancing mechanism is properly synchronized to the
      continuously rotating shutter 122, the film is in motion only when the
      projection light path is interrupted by shutter 122 and the film is
      stationary when the projection light path is open, thus avoiding
      "smearing" of the projected image.
PAR  It will be appreciated that, although the motion picture projector of the
      present invention is capable of projecting motion pictures at various film
      frame rates under control of the operator, the shutter 122 rotates
      continuously, at a constant rate, the operation of the film-advancing
      mechanism being synchronized to the continuously rotating shutter 122 so
      that the film is in motion only when the projection light path is blanked.
      It will further be appreciated that, although FIG. 4 shows a two-bladed
      shutter 122, a continuously rotating shutter having one blade, or three or
      more blades, may be used within the spirit and scope of the present
      invention. While such a rotating shutter is preferred for its simplicity
      and effectiveness, it will be understood that other shutter arrangements
      may be used, running continuously at either constant or varying speeds.
PAC  Ventilation
PAR  Referring to FIGS. 5 and 6 of the drawings, it will be seen that the
      continuously rotating shutter 122 is mounted on the drive shaft 141 of
      electric motor 142. A centrifugal blower 143 is mounted at the opposite
      end of drive shaft 141. The blower 143, which is enclosed in a suitable
      housing 144, draws cooling air through the projector via port 145 in a
      portion of the frame assembly 101 and exhausts the air through exhaust
      vent 146. A portion of the exhaust air is carried by duct 147 to blow
      against the film 124 in aperture 125 shown in FIG. 4 for the purpose of
      preventing heat damage to the film and reducing the problem of defocusing
      the system due to heat buckling of the film when a single frame is
      projected for a prolonged period of time.
PAR  The motor 142, which may be of a conventional type such as a two pole,
      shaded pole motor, is mounted by a bracket 148 to the frame assembly 101
      of the projector by suitable means such as, for example, screws 149.
      Rubber bushings 150 are mounted between bracket 148 and frame assembly 101
      in order to reduce vibration and noise.
PAC  Film Advancing Mechanism
PAR  Referring again to FIG. 4 of the drawings, the film-advancing mechanism of
      the present motion picture projector includes a pulley wheel 152 which is
      mounted on the end of drive shaft 141 and is thus driven by the motor 142
      shown in FIGS. 5 and 6. Pulley 152 is connected by a belt 153 to pulley
      wheel 154 which is rotatably mounted on a shaft mounted on a support
      member 155 and serves as a drive wheel for the film-advancing mechanism.
      The drive belt 153 may be made of rubber or other suitable material and
      may be easily replaced when worn. The position of support member 155 may
      be adjusted relative to the casting 101a by means of a screw 156 in order
      to bring about the correct relationship between the drive wheel 154 and
      the cam wheel 157 to which the film-advancing claw 158 is eccentrically
      mounted by means of a pin 159.
PAR  The cam wheel 157 is rotatably mounted on a casting 161 which also carries
      the solenoid 162 which controls the operation of cam wheel 157 as will be
      explained more fully hereinafter. As shown in greater detail in FIG. 9,
      the cam wheel 157 has a circular portion, or lobe 157a, and a flat
      portion, or dwell 157b. The distance between drive wheel 154 and cam wheel
      157 is adjusted by means of screw 156, shown in FIG. 4, so that when the
      cam wheel 157 is in its rest position as shown in FIGS. 4 and 9, the dwell
      157b is out of contact with the drive belt 153, but when the cam wheel 157
      is permitted to rotate through a small angle, the lobe 157a will come into
      driving engagement with belt 153, thus causing the cam wheel 157 to be
      driven by frictional engagement with belt 153 in a counterclockwise
      direction for one revolution.
PAR  As the cam wheel 157 is driven in a counterclockwise direction from its
      rest position shown in FIGS. 4 and 9, the film-advancing claw moves upward
      by reason of its eccentric connection to cam wheel 157. The tip 158a of
      claw 158 is urged against the film 124 by the action of the spring 163
      which is connected between the upper end of claw 158 and the projection
      104a of the cover plate 104 shown in FIG. 4. The upward motion of claw 158
      continues for about 90.degree. of revolution of cam wheel 157. Near the
      end of the upward travel of claw 158, the tip 158a enters a sprocket hole
      165 of film 124 as shown in FIG. 10. A certain amount of upward overtravel
      is provided in order to insure proper engagement of the claw tip 158a with
      the sprocket hole 165. For example, in the case of conventional "Super 8"
      film, an upward overtravel of 0.02 inch may be provided. When claw tip
      158a enters sprocket hole 165, it bears against the pressure plate 166
      which lies immediately behind, and supports the film 124. The end of claw
      tip 158a may be slightly flattened to avoid undue wear on pressure plate
      166.
PAR  In the embodiment shown in FIGS. 4-16, pressure plate 166 is an element of
      the film cartridge which has been chosen for purposes of illustration. It
      will be appreciated, however, that in the case of film cartridges,
      cassettes or reels which do not include suitable pressure plates, a
      pressure plate may be provided as a part of the structure of the
      projector, or other means may be used to restrain the claw tip 158a from
      penetrating too deeply through the film sprocket holes.
PAR  As the rotation of cam wheel 157 continues, claw 158 moves downward and the
      lower, film engaging surface 158c of claw tip 158a engages the lower edge
      of sprocket hole 165 to draw the film 124 downward. The lower surface 158c
      of claw tip 158a preferably engages a large portion of the width of the
      lower edge of sprocket hole 165 so as to avoid undue wear and tear on film
      124. The lateral alignment of claw tip 158a with the film sprocket holes
      165,167 is assured by surface 168 of aperture plate 126 against which the
      claw 158 is resiliently urged by the action of spring 163 as illustrated
      more clearly in FIG. 7.
PAR  The downward motion of claw 158 continues until cam wheel 157 has rotated
      about 270.degree. from its rest position shown in FIGS. 4 and 9. At this
      point, the film 124 has been advanced by one frame so that a new frame is
      registered in film aperture 125 of aperture plate 126 which is mounted on
      casting 101a by means of screws 169.
PAR  As the rotation of cam wheel 157 continues, the claw 158 again moves upward
      causing claw tip 158a to withdraw from sprocket hole 165 by the action of
      cam surface 158b of claw tip 158a against the upper edge of sprocket hole
      165. When the cam wheel 157 again reaches the rest position shown in FIGS.
      4 and 9, the claw tip 158a will rest at a position intermediate between
      sprocket hole 165 and the next sprocket hole 167.
PAR  Referring again to FIGS. 4 and 9, the cam wheel 157 is controlled by the
      solenoid 162. The tip 172a of solenoid plunger 172 is urged into
      engagement with the dog 173 of cam wheel 157 by the action of compression
      spring 174. A set screw 175 is provided in order to permit adjustment of
      the compression of spring 174. The dog 173 is preferably made of a
      shock-resistant material, and the guide member 176 for plunger 172 is
      mounted on a block 177, made of rubber, or other energy-absorbing
      material, in order to absorb the shock that occurs when dog 173 engages
      the plunger tip 172a after a revolution of the cam wheel 157.
PAR  When the solenoid 162 is energized by a suitable actuating signal, the
      plunger 172 retracts, thus disengaging plunger tip 172a from dog 173. The
      cam wheel is then urged to rotate in a counterclockwise direction by the
      upward force of spring 163 on claw 158. This initial rotation of cam wheel
      157, caused by spring 163, brings the lobe 157a into driving engagement
      with belt 153, thus causing the continued rotation of cam wheel 157 as
      described in greater detail hereinabove. During normal film-advancing
      operations, the actuating signal terminates, thus de-energizing the
      solenoid 162 well before the cam wheel 157 completes one revolution. When
      the solenoid is de-energized, the plunger 172 is returned by compression
      spring 174 to the rest position shown in FIGS. 4 and 9 so that the dog 173
      will engage plunger tip 172a, thus stopping the cam wheel 157 after
      precisely one revolution.
PAR  In the motion picture projector shown in FIGS. 4-11, synchronization
      between the film-advancing mechanism and the continuously running shutter
      122 is accomplished with the aid of a photocell 191 shown in FIG. 6. The
      photocell 191, which may be of a conventional type, is mounted on a
      supporting member 192 which is in turn mounted on the blower housing 144
      by means of suitable fastening devices, such as screw fasteners 193. The
      photocell 191 is activated by stray light from the projection lamp 114
      (shown in FIG. 5) which passes through a pair of relatively narrow slots
      or openings 194 and 195 in blower wheel 143. Thus, the photocell 191
      delivers output electrical pulses twice during each revolution of the
      blower wheel 143, each pulse corresponding to an interruption of the
      projection light path by the continuously rotating shutter 122.
PAC  Control Circuit
PAR  Referring now to FIG. 12 of the drawings, there is shown a block diagram of
      a portion of the electronic control circuitry of the motion picture
      projector shown in FIGS. 4-11. The advance signal generator 201 provides
      single-frame advance signals or a train of advance signals at various
      rates under control of the operator symbolized by arrow 202. The output
      from advance signal generator 201 is in the form of single pulses or
      trains of pulses which are applied to AND gate 203 which also receives the
      output from a tone generator 204. The output signal from tone generator
      204 may be, for example, a continuous 1,000 hz tone, although frequency is
      not critical. The output from AND gate 203 is in the form of tone bursts
      having a width which is determined by the width of the advance pulses from
      advance signal generator 201, and a frequency determined by tone generator
      204. By appropriate positioning of record/playback switch 205, the output
      signals for AND gate 203 may be recorded on an appropriate storage medium,
      such as for example, magnetic tape, by means of record/playback head 206.
PAR  As explained above in connection with FIGS. 1 and 2, the advance signals
      may be recorded on one channel of a magnetic tape while audio information
      is simultaneously recorded on another channel, so that, when the magnetic
      tape is played back, the recorded advance signals may be used to control
      the film frame rate of the projector in synchronism with the audio
      information in the manner programmed by the operator during the recording
      of the audio information. On playback, the advance signals, or tone
      bursts, recorded on the magnetic tape are picked up by record/playback
      head 206 and fed through record/playback switch 205 to a tone detector 207
      which is matched to the frequency of tone generator 204. The resulting
      output pulses are applied via line 208 to single shot 209. The output
      signals from advance signal generator 201 are also applied directly, via
      lines 211 and 208 to single shot 209 in order to permit direct control of
      the film frame rate of the present motion picture projector during the
      simultaneous recording of the audio information and the advance signals
      and at the times when the present adjustable speed projector is operated
      as a silent projector.
PAR  FIG. 13 is a timing diagram showing the signals at various points in the
      control circuit of FIG. 12 as functions of time. For example, FIG. 13A
      shows an advance signal 308 as it appears on line 208 of FIG. 12. The
      width of advance signal 308 is not critical. It should be sufficient to
      trigger single shot 209, but not greater than the interval between film
      frames at the maximum film frame rate.
PAR  The output signal from single shot 209 is applied via line 212 to AND gate
      213 which also receives synchronizing signals via line 215 from photocell
      214 which corresponds to photocell 191 shown in FIG. 6. The signal on line
      212 is represented by the pulse 312 shown in FIG. 13B, while the signal on
      line 215 is represented by the train of pulses 315 shown in FIG. 13C. The
      width of the pulse 312 from single shot 209 (FIG. 12) is selected so as to
      insure that pulse 312 coincides with at least one, and preferably no more
      than two, of the synchronizing pulses 315 from phtocell 214 (FIG. 12).
      Therefore, the width of pulse 312 is preferably slightly greater than the
      time interval between two successive synchronizing pulses 315 and slightly
      less than the time interval between three successive synchronizing pulses
      315. In the case of a motion picture projector having a shutter rate of
      approximately 100 cps, the width of pulse 312 will be in the range from 10
      ms to 20 ms.
PAR  The output from AND gate 213 (FIG. 12) appears on line 216 and is
      represented by pulses 316 shown in FIG. 13D. It will be appreciated that,
      on occasions when pulse 312 begins immediately after the preceding
      photocell pulse 315, there will be only one output pulse from AND gate 213
      corresponding to the particular advance signals represented by the pulse
      312 of FIG. 13B. On other occasions, such as that illustrated in FIG. 13D,
      there will be two output pulses 316 from AND gate 213 (FIG. 12)
      corresponding to the particular advance signal represented by pulse 312 of
      FIG. 13B. In order to avoid an unwanted second actuation of the film
      advancing mechanism in such situations, it is necessary to suppress the
      second output pulse 316 from AND gate 213. This is accomplished by single
      shot 217 shown in FIG. 12 which responds to the first output pulse 316A
      from AND gate 213 to produce a pulse 318, illustrated in FIG. 13E, having
      a width equal to the width of the output pulse 312 from single shot 209.
      Because the single shot 217 remains "on" for a period of time greater than
      the interval between two successive synchronizing pulses 315 from
      photocell 214, the second output pulse 316B from AND gate 213 does not
      affect the signal 318 which appears on the output line 218 of single shot
      217.
PAC  Synchronization
PAR  In the preferred form of the present adjustable speed projector,
      appropriate synchronization of the actuating signals applied to the film
      advance solenoid 224 with respect to the interruptions of the projection
      light path by the continuously rotating shutter 122 (shown in FIGS. 4-6)
      is accomplished by an electronic delay device under control of the
      operator. The proper timing of the solenoid actuating signals in relation
      to the interruptions of projection light path by shutter 122 is determined
      by a number of fixed delay factors, including: the time required to build
      up an adequate magnetic field in the solenoid 162 to initiate movement of
      the plunger 172, the time required for the plunger 172 to move a
      sufficient distance to release the dog 173 of cam roller 157, and the time
      required for the film-advancing claw 158 to go through its preliminary
      upward travel before it actually starts pulling the film 124. Thus, the
      actuating signals to the solenoid must precede the interruption of the
      projection light path by shutter 122 by a predetermined amount so that the
      interruption of the light path will be synchronized with actual movement
      of the film.
PAR  Referring to FIG. 12, the signals on line 218 are applied to a variable
      single shot circuit 219 which serves as an electronic delay device. Single
      shot 219 produces output pulses of variable width under the control of the
      operator symbolized by arrow 220. The output signal from variable single
      shot 219 appears on line 221 and is illustrated by pulse 321 shown in FIG.
      13F. A solenoid driver 222 is connected to line 221 and responds to the
      end of the variable width pulse 321 to produce an output pulse 323 (FIG.
      13G) on line 223 for energizing film advance solenoid 224 (FIG. 12). The
      width of the output pulse 323 from solenoid driver 222 must be sufficient
      to energize the solenoid coil 162 (shown in FIGS. 4 and 8), to retract
      plunger 172 and thereby permit rotation of cam wheel 157, but short enough
      to release plunger 172 before cam wheel 157 completes a full revolution so
      that tip 172A of plunger 172 will engage dog 173 of cam wheel 157 as
      described in greater detail hereinabove. It will also be appreciated that
      the power level of solenoid driver pulse 323 will normally be much greater
      than the power of the other signals shown in the timing diagram of FIG.
      13.
PAR  While the control circuit of FIG. 12 includes the variable delay device 219
      in the signal chain between AND gate 213 and solenoid 224, it will be
      appreciated that adjustment of the phase of the signals for actuating
      solenoid 224 might be accomplished equally well by a suitable variable
      delay device in a circuit between photocell 214 and AND gate 213.
PAR  Alternatively, adjustment of the relative time of occurrence of the
      solenoid actuating signals might be accomplished by mechanical methods.
      For example, referring to FIG. 6 of the drawings, the angular relation of
      slots 194 and 195 in blower wheel 143, can be adjusted with respect to the
      position of blades 122a of shutter 122 by loosening either the blower
      wheel 143 or the shutter 122 and rotating it slightly on drive shaft 141.
      Alternatively, the position of support member 192 and photocell 191 can be
      adjusted with respect to the blower wheel 143 by loosening the fastening
      devices 193 which retain the support member in position on blower housing
      144.
PAC  Slewing
PAR  Referring again to FIGS. 4 and 8 of the drawings, it is a feature of the
      present invention that the film 124 may be advanced at a rapid rate, or
      "slewed," for example to rapidly return the film to its starting position,
      by continuously energizing the solenoid 162 for a prolonged period, thus
      causing the plunger 172 to remain retracted for a number of revolutions of
      the cam wheel 157. Such "slewing" of the film need not be synchronized
      with the continuously rotating shutter 122, in which case "smearing" may
      be apparent in the projected image. The speed of "slewing" is determined
      by the speed of the motor 142 and the relative sizes of pulleys 152 and
      154 and cam wheel 157, rather than by the rate of actuating signals
      applied to the solenoid 162.
PAR  Referring again to FIG. 5 of the drawings, a resilient film-sensing finger
      181 is provided for sensing the edge of the film 124 in cartridge 103. The
      film-sensing finger 181 is mounted on the projector frame 101 by a screw
      clamp 182, or other suitable device, and extends through an opening 183 in
      aperture plate 126, as shown in greater detail in FIG. 7. When the
      film-sensing finger 181 senses a notch in the edge of the film such as
      notch 184 shown in FIG. 7, the finger 181 moves to operate the microswitch
      185, as shown in FIG. 5, which serves to cut off the energizing current to
      solenoid 162, thus stopping the film at a position determined by the notch
      184. For example, in the case of an endless loop of film, it may be
      desirable to place the notch so that the film stops with the first frame
      of the program in the film aperture 125.
PAR  Referring again to FIG. 12 of the drawings, "slewing" of the film is
      controlled by switches 226, 227 and 228, and slewing control circuit 225
      which is connected to the film advance solenoid 224. In order to start
      slewing the operator closes switch 226 which connects the current source
      +B through the slewing control circuit 225 to continuously energize the
      film advance solenoid 224 to provide continuous rotation of the cam wheel
      157 (FIGS. 4 and 8), as explained above. Slewing may be stopped by the
      operator by opening switch 227 which operates through slewing control
      circuit 225 to deenergize solenoid 224. Alternatively, slewing may be
      stopped by the opening of the film-sensing switch 28 which corresponds to
      the microswitch 185 shown in FIGS. 4 and 5.
PAC  Framing
PAR  Referring again to FIG. 4 of the drawing, precise framing of the film
      frames in film aperture 125 is accomplished by moving the end 188 of
      casting 161 up or down, so as to pivot the casting 161 about the point
      189, at which it is mounted to the projector frame 101 by suitable means,
      not shown. The pivoting of casting 161 about point 189 causes the cam
      wheel 157 to move up or down a slight amount, thus raising or lowering the
      limits of travel of the film-advancing claw 158 so that precise framing
      can be accomplished.
PAC  Retractable Projection Mirror
PAR  Referring now to FIG. 14 of the drawings, there is shown a side elevation
      view of the reverse side of the casting 101A from that shown in FIG. 4,
      including the retractable projection mirror 123 shown in its operative
      position. The base portion 123A of mirror 123 rides in a relatively wide,
      shallow groove 241 in casting 101A and is guided by the sides 241A of
      groove 241. The mirror base 123A is retained in position by the action of
      a spring 242, one leg 242A, of which engages the eye 243 which projects
      from the mirror base portion 123A as shown more clearly in FIG. 8. Spring
      242 is retained in position by a retaining screw 244 and a projection 245
      of casting 101A which engages the legs 242B of spring 242 at a point near
      its end 242C. The end 242C of spring 242 is bent at approximately right
      angles to the leg 242B and the tip of end 242C bears against casting 101A
      so as to place a torque on leg 242B which is transmitted to leg 242A to
      urge the mirror base portion 123A against the bottom of groove 241.
PAR  Mirror 123 is moved to its operative position, as illustrated in FIG. 8 and
      14, by means of an actuating piece 246 which rides in a groove 247 in
      casting 101A. The actuating piece 246 has a first tab 246A which projects
      from piece 246 at approximately right angles to engage leg 242A of spring
      242, and a second tab 246B which projects from piece 246 at approximately
      right angles in the opposite direction and extends through an appropriate
      opening 248, shown in dashed lines, in casting 101A to engage the forward
      end of film cartridge 103 as it is inserted into its operative position in
      cavity 102 of casting 101A. The speed advantage provided by leg 242A of
      spring 242 insures that mirror 123 will have moved fully to its operative
      position shown in FIGS. 8 and 14 by the time the cartridge 103 reaches its
      proper operative position as shown, for example, in FIG. 8. When in its
      operative position, the mirror 123 extends through an opening 249 in
      casting 101A. The angle of mirror 123 with respect to the mirror base
      portion 123A is such that mirror 123 will reflect the light from lamp 114
      as shown in FIG. 5 through the film 124 in a direction substantially
      parallel to the axis of projection lens 127.
PAR  FIG. 15 shows the projection mirror mechanism with the projection mirror
      123 in the retracted positon. FIG. 16 is a cross-sectional view taken
      along the line 16--16 of FIG. 15. As in the case of the movement of the
      projection mirror 123 to its operative position shown in FIGS. 8 and 14,
      the speed advantage provided by leg 242A of spring 242 causes the
      projection mirror 123 to be retracted from opening 249 in casting 101A
      more rapidly than the film cartridge 103 (FIG. 4) is withdrawn from cavity
      102. As the cartridge 103 is withdrawn, tab 246B of actuating piece 246 is
      caused to follow the film cartridge 103 by the action of leg 242A of
      spring 242. Thus, actuating piece 246 and mirror 123 move from the
      position shown in FIG. 14 to the position shown in FIG. 15 as the
      cartridge 103 is withdrawn. A principal advantage of the projection mirror
      mechanism of the subject motion picture projector is the extreme
      simplicity of its construction which requires only three moving parts,
      namely, mirror 123, actuating piece 246 and spring 242. This simplicity of
      construction is made possible by spring 242, which performs multiple
      functions, including: urging mirror base portion 123A against the bottom
      of groove 241 to insure proper alignment of the mirror 123 when in the
      operative position shown in FIGS. 8 and 14; providing a mechanical
      connection between actuating piece 246 and projection mirror 123 with a
      sufficient speed advantage to insure that the mirror 123 will be moved
      from its retracted to its operative position, and vice versa, with
      sufficient speed to avoid interference with the cartridge 103; providing
      the force for urging actuating piece 246 and projection mirror 123 from
      their operative to their retracted positions; and retaining projection
      mirror 123 and actuating piece 246 within their respective grooves 241 and
      247 in casting 101A of the projector frame.
PAR  Another advantage of the projection mirror mechanism of FIGS. 14-16 is that
      it requires very little space in a direction perpendicular to the casting
      101A, thus permitting the advantageous arrangement of the design of the
      projector, particularly the placement of continuously running shutter 122
      between the projection lamp 114 (FIG. 5) and the projection mirror 123.
PAR  Thus, the control system of the present motion picture projector permits
      operating the film at various rates while operating the sound system at a
      continuous rate as is necessary to obtain the audio reproduction. The film
      may be viewed a single frame at a time, with one frame projected for any
      desired length of time. The film may be operated at a low rate, at the
      normal rate, and at a high rate, as desired. These rates may be selected
      and changed without affecting the sound channel. Still pictures may be
      utilized in the same manner as a slide show in connection with an
      extensive narration, thereby effecting considerable savings in film cost.
PAR  One of the advantages of the projector is the ability to record narration
      while actually viewing the picture. With switch 55 (shown in Fig. 1) in
      the record position, the picture may be viewed silently (recorder
      disconnected) while preparing a script of the planned narration. A study
      of the film in this manner determines which scenes may best be shown in
      slow motion, still projection or normal movie, together with narration or
      sound effects. On connecting the recorder, a permanent record of the
      program may be made by viewing the film, selecting the film rates, and
      talking into the microphone.
PAR  A pre-recorded sound track could be prepared and the picture control track
      adder later, but this would be a more difficult procedure. A master
      recording can be made and duplicated for control of identical production
      films.
PAR  The ability to view the picture and make simultaneous recordings enables
      even an amateur to narrate home movies and have immediate playback
      control. The only investment would be film and magnetic tape. The
      simplicity of the system compares favorably with conventional systems
      which cost up to several thousand dollars to produce a sound film.
PAR  Although an exemplary embodiment of the invention has been disclosed and
      discussed, it will be understood that various changes, modifications and
      substitutions may be made in the system without necessarily departing from
      the spirit of the invention. By way of example, a mechanical switch could
      readily be used in place of the electrical switch of the shutter, with a
      cam element on the shutter moving the contacts 60,63 into engagement with
      each other. A variety of circuitry is readily available for use in the
      oscillator, chopper, amplifier and detector, speed control, etc. and the
      present invention is not intended to be limited to any specific form for
      these components.
PAR  While the principle of the present invention has been illustrated by
      reference to a preferred embodiment and several modifications thereof, it
      will be appreciated by those skilled in the art that other modifications
      and adaptations of the present motion picture projector may be made
      without departing from the spirit and scope of the invention, which is set
      forth with particularity in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Retractable mirror apparatus comprising:
PA1  a mirror element having a base portion and a reflecting portion, said
      reflecting portion being disposed at an angle to said base portion;
PA1  a frame member having a straight groove for guiding said base portion to
      slide in a straight line between extended and retracted positions and an
      opening for receiving said reflecting portion of said mirror element when
      in the extended position;
PA1  a spring member mounted on said frame member and engaging said base portion
      of said mirror element to resiliently urge said mirror element against
      said frame member and toward the retracted position; and
PA1  an actuating element for engaging said spring member to move said mirror
      element to the extended position so that said base portion lies against
      said frame member within said groove and said reflector portion extends
      through said opening in said frame member at an angle determined by the
      angle between said reflector portion and said base portion of said mirror
      element.
NUM  2.
PAR  2. The retractable mirror apparatus of claim 1 wherein said spring member
      includes a first leg extending parallel to said frame member at
      approximately right angles to said groove, one end of said leg engaging
      said frame member and the other end of said leg engaging said base portion
      of said mirror element, and wherein said actuating element is movable in a
      direction parallel to said groove and engages said leg at a point between
      its ends.
NUM  3.
PAR  3. The retractable mirror apparatus of claim 2 wherein said spring member
      includes a second leg which is bent to resiliently engage said frame
      member so as to cause said first leg to urge said base portion of said
      mirror element against said frame member and toward the retracted
      position.
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ABST
PAL  There is provided a novel device whereby a prospective purchaser of wigs is
      enabled to determine the appearance of the wig on said purchaser's head
      without actually placing it thereon. The novel device comprises a concave
      mirror of predetermined focal length and a wig support means in
      combination therewith whereby the wig may be placed above and around said
      mirror and the prospective purchaser can view the reflection of her face
      in the mirror in such a manner that the wig accurately reflects the
      appearance of said wig on and about the purchaser's face.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Wigs are traditionally displayed in stores selling the same on support
      means which usually but not essentially are shaped in the size and
      dimensions of a human head which may be a male or female representation.
      This displays the properties of the wig in a satisfactory manner but does
      not convey to the individual purchaser how the wig would look upon said
      purchaser's head. Hereinbelow female terminology will be utilized for the
      purchaser, however, it is contemplated that the device is equally
      applicable to male purchasers of wigs.
PAR  One obvious mode of determining the appearance of a wig upon the head of
      the prospective purchaser is for said purchaser to place the wig upon her
      head. Since wigs are direct body contact items of apparel many purchasers
      would object to wigs which have been worn albeit briefly by other persons
      because of fear of unsanitary conditions on the head of unknown previous
      wearers. One attempted solution to this problem has been to place a plane
      mirror in the face of a wig mannequin, that is to say, a head constructed
      of wood, plastic, cardboard, or similar material in the shape of a human
      head, suitably having a neck attached thereto as a support means.
      Utilizing such devices a wig to be purchased is placed on the mannequin
      and the purchaser views herself in the mirror to determine the appearance
      upon her head.
PAR  Although such devices do meet the sanitary part of the problem they are not
      satisfactory with respect to the "image" part of the problem. The reason
      for the unsatisfactory nature of the solution lies in the fact that in a
      plane mirror the image appears to be as far behind the reflective surface
      of the mirror as the reflected object, that is to say, the face, is in
      front of it. From a practical point of view, the prospective purchaser
      cannot sit with her face more than about 10 inches from the mirror since
      at closer distances the eye cannot take in a view of the major portion of
      the wig which can be viewed from the front. On the other hand, the
      purchaser cannot sit more than about 20 inches or an arm's length away
      from the device since certain adjustments to the lie of the fibers of the
      wig would always be made during the viewing process.
PAR  Unfortunately, at this distance from the mirror the difference between the
      angle subtended at the purchaser's eye of the outline of her face in the
      mirror is substantially less than it would be if the image of her face
      were at the plane of the mirror. The laws of optics offer no solution with
      respect to a plane mirror to this undesirable occurrence. The fact that
      the angle subtended is too small means that the wig is not viewed in
      proper proportion to the face and a correct judgement as to the appearance
      of the wig on the head of the prospective purchaser cannot be made. It
      would therefore be desirable to provide such a device wherein the angle
      subtended by the viewed image at the purchaser's eye is equal or
      substantially equal to the angle subtended by an image at the plane of the
      mirror (in this particular instance the term "plane of the mirror" should
      be considered generally as defining the place where a face would normally
      be under the wig).
PAR  It is well known in optics that a concave mirror wherein an object is place
      at a distance closer than the focus from the surface of said mirror will
      provide an upright and enlarged image, however this knowledge does not
      offer a readily theoretically calculable solution to the problem.
PAC  SUMMARY OF THE INVENTION
PAR  There is provided a novel, sanitary, wig viewing device comprising a
      concave mirror, the circumference thereof describing substantially an oval
      shape corresponding substantially to the elevational outline of a human
      face, and wig support means whereby a wig may be placed over and around
      said mirror whereby said mirror is framed by said wig in the same manner
      as a face substantially in the position of said mirror would be framed.
      The focal length of said mirror will lie between about 15 and about 30
      inches, that is to say, that the radius of curvature of said mirror will
      be about 30 to about 60 inches.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a front elevational view of a simple modification of the
      present invention.
PAR  FIG. 2 shows a side elevational view of the device of FIG. 1 viewed from
      viewing line 2--2.
PAR  FIG. 3 shows a front elevational view of a preferred embodiment of the
      invention.
PAR  FIG. 4 shows the side elevational view of FIG. 3 viewed at 4--4.
PAR  FIG. 5 shows the device of FIG. 3 with a wig placed thereon viewed by a
      prospective purchaser.
PAR  FIG. 6 is a perspective view of a wig mannequin of the prior art.
PAR  FIG. 7 is a ray diagram of a reflexion in a plane mirror.
PAR  FIG. 8 is a ray diagram of a reflexion in a concave mirror within the scope
      of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention comprises a concave mirror 11 having a focal length
      of between about 15 and about 30 inches, a wig support means 12 for
      holding a wig suitable for use on a human head in such a manner that the
      aforesaid mirror 11 is framed by the wig 116 so that the fibers or hair of
      said wig fall around said mirror in the same manner as they would if they
      were placed upon a head. And, optionally, a support means 14 for adjusting
      the height of mirror 11.
PAR  Since it is desirable that the mirror 11 reflect the face of a viewer as
      close to the actual size of said viewer as possible without showing
      background or cutting off portions of the face, the mirror is cut so as to
      provide a substantially oval circumference. The shape of the upper portion
      of the mirror, that is to say, that portion of the mirror which would
      reflect the upper portion of a human forehead, is rather unimportant since
      most wigs would cover that portion. Any combination of a concave mirror of
      the focal length given herein and a means for placing a wig around it
      substantially in the manner shown in FIG. 5 is to be considered within the
      scope of the present invention. Nevertheless, it is preferred to utilize a
      conventional wig mannequin as the support means. Said conventional wig
      mannequins are shaped in the form of a human head and neck. The neck
      thereof often being somewhat elongated which will stand by itself upon any
      flat surface. The portion of said mannequin 112 has deleted therefrom the
      frontal portion comprising the protrusions and cavities corresponding to
      the eyes, the nose, and the mouth and a concave mirror 111 located therein
      to provide the required reflective surface.
PAR  As is shown in FIGS. 7 and 8, the angle subtended at the eye by a
      theoretical image at the plane of the mirror is 2b.sup.o and the angle
      subtended at the eye by the virtual image is 2b.sup.i.
PAR  Since:
PA1  O is half the height of the head;
PA1  o is the distance of the face from the mirror.
PA1  I is half the height of the image;
PA1  i is the distance of the image from the mirror.
PA1  f is the focal length.
PA1  a is the angle subtended at the focus of a concave mirror of a theoretical
      image of height O at the plane of the mirror.
EQU  Since 1/o + 1/i = 1/f
EQU  i = 1/(1/f - 1/o)
PAR  As will be seen from FIG. 8:
EQU  Tan a = I/(i* + f) = O/f
PAL  Therefore,
      ##EQU1##
PAR  As will be seen from FIG. 8:
EQU  Tan b.sup.i = I/i + o
      ##EQU2##
FNT  (*) If i is negative (virtual image) treat as positive.
PAL  Similarly:
EQU  Tan b.sup.o is O/o.
PAR  Thus, since f, O and o are given, b.sup.o and b.sup.i may be calculated and
      the discrepancy ratio (b.sup.o - b.sup.i)/b.sup.o may be calculated.
PAR  In both FIG. 7 and FIG. 8, it is assumed that the eyes are positioned
      halfway up a head 8 inches in height with the front of the face 10 to 20
      inches from the mirror.
PAR  It will be seen that the ratio (b.sup.o - b.sup.i)/b.sup.o (where b.sup.o
      and b.sup.i are in radians) is approximately 48 percent.
PAR  This ratio is entirely unacceptable in practice.
PAR  It is our surprising finding that in concave mirrors of focal length 15 to
      30 inches, the discrepancy ratio cannot exceed 38 percent. This however is
      in the most unfavorable condition (focal length: 30 inches, face to mirror
      distance: 10 inches) and is not a practical measure. On the other hand, in
      the substantially most favored position (focal length: 20 inches, face to
      mirror distance: 18 inches), the discrepancy ratio is only about 8
      percent.
PAR  It will be readily seen from the foregoing calculations that the deviation
      decreases substantially as the object is moved back towards the focus. The
      improvement is however limited by image distortion which occurs when the
      object is moved very close to the focus.
PAC  EXAMPLE I
PAR  FIG. 7 shows a reflexion in a plane mirror. The height of the object is 8
      inches and the distance from the mirror is 14 inches. The eye is
      arbitrarily considered to be in the center of the head/object shown. In
      actual life, this is not strictly accurate but for purposes of
      illustration of the invention the deviation is not significant.
PAR  The angle subtended by a theoretical image at the mirror is 2b.sup.o. where
      tan b.sup. = 4/14 = 0.2857. Therefore, b.sup.o = 15.95.sup.o = 0.278 rads.
PAR  The angle subtended by the image at the eye is 2b.sup.i.
PAR  Where tan b.sup.i = 4/28 = 0.1429, Therefore, b.sup.i = 8.1.sup.o = 0.142
      rads. Deviation = 0.136 rads. % deviation = 48.9 percent.
PAC  EXAMPLE II
PAR  FIG. 8 shows a reflexion in a mirror within the scope of this invention.
PAR  The situation shown is merely illustrative and is intended to show an
      operative condition rather than an optimum or limiting condition.
PA1  f (focal length): 20 inches
PA1  o (object to mirror): 14 inches
PAR  Since
EQU  1/o + 1/i = 1/f.
EQU  0.07143 + 1/i = 0.05
PAL  Therefore
EQU  - 1/i = 0.02143
EQU  -i = 46.66
PA1  Height of object = 20 = 8 inches
PA1  Height of image = 2I
PAL  Since
EQU  Tan a = I/ (i + f)
PAL  and
EQU  Tan a = 0/f = 4/20 = 0.2
PAL  Therefore, I = 0.2 (i + f) = 0.2 .times. 66.66 = 13.332 inches
PAL  b.sup.o and b.sup.i are as defined hereinabove
EQU  tan b.sup.i = I/(i+o) = 13.332/(46.66 + 14) = 13.332/60.66 = 0.2198
PAR  Therefore, b.sup.i = 12.4.sup.o = 0.216 rads. Since b.sup.o = 15.95.sup.o =
      0.278 rads. deviation = 0.062 = 22.3 percent
CLMS
STM  I claim:
NUM  1.
PAR  1. A sanitary wig viewing means comprising:
PA1  a substantially oval, concave mirror having a focal length in the range of
      fifteen to thirty inches and having dimensions substantially those of the
      outline of the frontal elevation of a human face below the normal hair
      line of said face; and,
PA1  means for mounting a wig peripherally around at least the upper half of the
      circumference of said mirror.
NUM  2.
PAR  2. A sanitary wig viewing means comprising:
PA1  a rigid, self-supporting stand adapted to support a wig, said stand having
      the size and mutual dimensions of a human head rearwardly of that portion
      of the head comprising the forehead, the nose, the eyes, the mouth, and
      the chin; and,
PA1  a substantially oval, concave mirror having a focal length in the range of
      fifteen to thirty inches, said mirror being located in the front portion
      of said support means and having dimensions substantially equivalent to
      the frontal elevation presented by said human head,
PA1  wherein when a wig is in position on the wig viewing means, a human head
      will appear in substantially the correct proportions with respect to said
      wig when viewed from within arms distance of the wig viewing means.
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ABST
PAL  A concave mirror is positioned at an angle to a flat surface containing a
      picture so that a viewer can view the picture as reflected to his eye by
      the concave mirror. Masking is provided about the marginal edges of the
      concave mirror to define within the masking a reflecting area less than
      the total area of the picture. As a result, the degree of visibility of
      the top, bottom, and side portions of the picture can be changed by the
      viewer shifting his line of sight, the masking means defining a window
      which appears closer than the viewed picture so that a three-dimensional
      effect results. Perspective and keystone effects resulting from the
      angular relationships are compensated for by varying the width dimensions
      of the masking and the manner in which the picture is formed on the flat
      surface.
BSUM
PAR  This invention relates generally to optical systems and more particularly
      to a method and apparatus for viewing pictures which provides a
      three-dimensional effect.
PAC  BACKGROUND OF THE INVENTION
PAR  Most systems for providing three-dimensional pictures take the form of
      viewing means in which a paralax effect is provided. This paralax effect
      is achieved by providing two side-by-side pictures of the same scene but
      taken at slightly different angles and then channeling the respective
      pictures to a viewer's left and right eye as by a conventional
      stereoscopic viewer.
PAR  It is known, however, that three-dimensional effects from pictures can be
      realized by providing a relatively large screen which is curved in such a
      manner as to vary the optical light paths from various portions of the
      picture. The effect is striking for large scenes wherein the scenery
      itself, when viewed in real life, would not exhibit any appreciable
      paralax effect. In other words, beyond twenty feet or so, the paralax is
      simulating depth effects is substantially nil. The "cinerama" and
      "cinemascope" processes for motion pictures provide good examples of depth
      perception through the use of a large curved screen.
PAR  In the past, the foregoing depth effects have been practical only in
      relatively large motion picture houses or in situations where it is
      practical to provide a large curved screen upon which the picture is
      formed. More recently, large curved screens in combination with flat
      mirrors have been provided which are adaptable to smaller pictures or
      pictures projected from a projector onto a flat mirror and thence
      reflected to the curved screen. My U.S Pat. No. 3,246,943, issued Apr. 19,
      1966, sets forth such a method and apparatus for image projection.
PAR  It would be desirable, however, to provide a simple viewing means for
      conventional flat pictures in which three-dimensional effects are realized
      without requiring direct curving of the picture itself or special mounting
      means therefor. Further, it would be desirable to provide such viewing
      means wherein the size of the picture itself is of small significance so
      that the system is adaptable to pictures of various different sizes such
      as conventional 3 .times. 5 snapshots or pictures of the type used in
      simple commercial display devices as in exhibits and the like, or even
      home television pictures.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  With the foregoing in mind, the present invention contemplates a method and
      apparatus for viewing pictures in which three-dimensional or depth effects
      are realized without the necessity of providing side-by-side or
      stereoscopic type pictures of curved screens for mounting the picture or
      displaying the picture itself.
PAR  More particularly, in accord with the invention, a flat surface containing
      a picture to be viewed is provided. A concave mirror is then positioned at
      an angle to the surface so that a viewer can view the picture as reflected
      to his eye by said concave mirror. Masking means are secured directly to
      the marginal edges or surfaces of the concave mirror to define within the
      masking means a reflecting area less than the total area of the picture.
      As a consequence, the degree of visibility of the top, bottom, and side
      portions of the picture can be changed by the viewer shifting his line of
      sight. The masking means essentially defines a window which appears closer
      than the viewed pictures so that a three-dimensional effect results.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of this invention will be had by referring to the
      accompanying drawings, in which:
PAR  FIG. 1 is a side elevational view partly cut away showing a basic apparatus
      for viewing pictures in accord with the invention;
PAR  FIG. 2 is a plan view of the curved mirror surface of FIG. 1 taken in the
      direction of the arrows 2--2;
PAR  FIG. 3 is a plan view of the flat surface containing a picture of FIG. 1
      taken in the direction of the arrows 3--3;
PAR  FIG. 4 is a front elevational view of the apparatus of FIG. 1 taken in the
      direction of the arrows 4--4;
PAR  FIG. 5 is a side elevational view partly cut away of a modified apparatus;
PAR  FIG. 6 is a plan view of the mirror surface taken in the direction of the
      arrows 6--6 of FIG. 5;
PAR  FIG. 7 is a plan view of the flat surface containing a picture taken in the
      direction of the arrows 7--7 of FIG. 5; and
PAR  FIG. 8 is a front elevational view of the apparatus taken in the direction
      of the arrows 8--8 of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, there is shown a casing 10 having an upper flat
      surface 11 upon which a picture 12 to be viewed is provided.
PAR  A concave mirror 13 is supported by the casing 10 as indicated at 14 and
      disposed at an acute angle with the flat surface 11 such that a viewer can
      view the picture as reflected to his eye by the concave mirror. In FIG. 1,
      a viewer's eye is schematically indicated at E.
PAR  In accord with an important feature of this invention, the concave mirror
      13 is provided with a masking means 15 secured directly to the marginal
      surfaces of the mirror to define a reflecting area within the masking
      means less than the total area of the picture.
PAR  The picture itself may comprise a flat photograph or any other scene which
      is positioned directly on the flat surface 11. Alternatively, the flat
      surface 11 may comprise a rear projection screen and the picture itself
      formed thereon by a projector 16 within the casing 10 as illustrated in
      FIG. 1.
PAR  Referring now to FIG. 2, there is shown the curved surface of the mirror 13
      and the masking means 15. As shown, the masking means surrounds the entire
      periphery of the mirror, top and bottom portions being indicated at 15a
      and 15b and the side portions being indicated at 15c and 15d.
PAR  FIG. 3 shows in plan view the flat surface 11 with the picture 12 which,
      for illustrative purposes, is simply an elongated rectangle. It will be
      noted that the portion of the mirror in FIG. 2 within the masking means is
      smaller in area than the total area of the picture of FIG. 3.
PAR  Referring now to the front elevational view of FIG. 4, the reflected
      picture in the mirror 13 is indicated at 12'. It will be evident that the
      degree of visibility of the top, bottom, and side portions of the picture
      can be changed by the viewer shifting his line of vision. In other words,
      the masking means on the mirror essentially defines a window which appears
      closer than the viewed picture so that a three-dimensional effect results.
      A shifting of the line of vision, for example to the right and upwardly
      slightly as viewed in FIG. 4, would cause the reflected picture 12' to
      assume the dotted line position 12".
PAR  The foregoing effect is not only the result of the masking means being
      positioned on the mirror rather than on the flat surface to surround the
      picture, but also a result of the curvature of the mirror which provides a
      magnifying effect.
PAR  In the view of FIG. 4, it will be evident that the reflected image 12'
      appears slightly wider at the top than at the bottom. This effect is often
      referred to as a "keystone" effect and is a result of the different
      distance from the magnifying mirror of the top and bottom portions of the
      picture itself from surfaces of the mirror. Further, it will be evident
      that, as a consequence of the angulation of the mirror wherein the bottom
      portions of the mirror are physically further away from a viewer's eye
      than the top portions, the masking will appear somewhat wider at the top
      surface such as 15a as compared to the bottom surface 15b. Moreover, the
      side portions of the maskings 15c and 15d will appear to taper from top to
      bottom as a consequence of perspective effects.
PAR  In accord with a further feature of the present invention, the foregoing
      keystone effect and varying width effect of the masking can be overcome by
      modifying the apparatus as will now be described in conjunction with FIGS.
      5, 6, 7, and 8.
PAR  Thus, referring first to FIG. 5, an apparatus is shown similarly to that of
      FIG. 1 except that the projector 16 has its optical axis at an angle to a
      perpendicular from the flat surface 11. As a consequence, the projected
      picture onto the flat surface 11 indicated at 17 will be distorted. Also,
      the curved mirror 13 is provided with a modified masking means 18 which
      varies in width.
PAR  The foregoing modifications will be better understood by referring,
      respectively, to FIGS. 6 and 7.
PAR  In FIG. 6, it will be noted that the upper masking means, designated 18a,
      is narrower in width than the bottom masking means 18b. The side masking
      means 18c and 18d, in turn, taper from the bottom toward the top.
PAR  In the plan view of the picture 17, as illustrated in FIG. 7, it will be
      noted that as a consequence of angulation of the optical axis of the
      projector 16 in FIG. 5, the resulting picture 17 is slightly distorted in
      that the upper portion of the rectangle is wider than the lower portion.
PAR  In FIG. 8, there is shown the resultant view of a viewer looking into the
      mirror 13. First, it will be noted that the masking means appears to be of
      uniform width since the respective effects are cancelled out by varying
      the width of the masking means as described in FIG. 6. Second, it will be
      noted that the viewed picture in the mirror is precisely rectangular thus
      corresponding to the original picture, the keystone effect being cancelled
      by the distorted image 17 as described in FIG. 7.
PAR  In other words, the angular relationship and curvature of the mirror is
      such as to distort the picture in an opposite sense to the original
      distortion whereby the picture appears undistorted when its reflection is
      viewed in the concave mirror.
PAR  The distortions described in FIG. 4, which distortions are eliminated by
      the modifications described in FIGS. 5-8, are greatly exaggerated for
      purposes of illustration. Actually, in many practical applications such as
      viewing small photographs and the like, the described distortions would
      not be appreciable and a simplified apparatus as shown in FIGS. 1-4 could
      be used.
PAR  However, in the case of rear view projection, it becomes feasible to
      incorporate the modifications described in FIGS. 5-8 to provide a true
      fidelity picture when viewed in the concave mirror.
PAR  In FIG. 8, the desirable effect of three dimensions results in the same
      manner as described in conjunction with FIG. 4. Thus, if the viewer shifts
      his line of vision to the right and upwardly, the picture 17' will appear
      to shift to the position 17" so that the masking means appears essentially
      as a window of uniform width.
PAR  From the foregoing description, it will be evident that the present
      invention has provided a greatly improved method and apparatus for viewing
      pictures wherein three-dimensional effects are provided.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for viewing pictures comprising the steps of:
PA1  a. providing a flat surface containing a picture to be viewed;
PA1  b. positioning a concave mirror at an angle to said surface, said angle
      being defined by the intersection of the plane of said concave mirror with
      said flat surface at a point below said concave mirror so that a viewer
      can view the picture as reflected to his eye by said concave mirror; and
PA1  c. securing marginal masking means directly in full surface contact to all
      of the marginal edges of said concave mirror to define within the masking
      means of reflecting area less than the total area of the picture whereby
      the visibility of the top, bottom, and side portions of the picture can be
      changed by the viewer shifting his line of sight, said masking means
      defining a window which appears closer than the viewed picture so that a
      three-dimensional effect results.
NUM  2.
PAR  2. The method of claim 1, including the additional steps of making the
      masking means on the top of the concave mirror narrower in width than on
      the bottom, and making the opposite side masking means taper in width from
      bottom to top such that when said mirror is viewed while at said angle,
      the masking means appears to have uniform width.
NUM  3.
PAR  3. The method of claim 1, including the step of projecting said picture to
      be viewed onto said flat surface, the optical axis of the projection
      forming an angle with the perpendicular to said surface so that the
      picture appears distorted when viewed directly while contained on the
      surface, the angular relationship and curvature of said mirror being such
      as to distort the picture in an opposite sense to the original distortion
      whereby said picture appears undistorted when its reflection is viewed in
      said concave mirror.
NUM  4.
PAR  4. An apparatus for viewing pictures comprising, in combination:
PA1  a. a casing having an upper flat surface upon which a picture to be viewed
      is provided;
PA1  b. a concave mirror supported by said casing in a position forming an acute
      angle with said flat surface, said angle being defined by the intersection
      of the plane of said concave mirror with said flat surface at a point
      below said concave mirror such that a viewer can view the picture as
      reflected to his eye by said concave mirror; and
PA1  c. masking means secured directly in full surface contact to all of the
      marginal surfaces of said concave mirror to define a reflecting area
      within said masking means less than the total area of said picture whereby
      the visibility of the top, bottom, and side portions of the picture can be
      changed by the viewer shifting his line of vision, said masking means
      defining a window which appears closer than the viewed picture so that a
      three-dimensional effect results.
NUM  5.
PAR  5. An apparatus according to claim 4, in which said masking means is
      narrower in width on the top of the concave mirror than on the bottom, the
      opposite side masking means tapering in width from bottom to top such that
      when said mirror is viewed while at said angle, the masking means appears
      to have uniform width.
NUM  6.
PAR  6. An apparatus according to claim 4, in which said flat surface is defined
      by a rear projection screen, said casing including a projector for
      projecting said picture onto said flat surface, the optical axis of said
      projector forming an angle with the perpendicular to said surface so that
      the picture appears distorted when viewed directly while on said surface,
      the angular relationship and curvature of said mirror being such as to
      distort the picture in an opposite sense to the original distortion
      whereby said picture appears undistorted when its reflection is viewed in
      said concave mirror.
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ABST
PAL  This invention relates generally to a method of color reproduction and the
      apparatus employed therefor. More particularly, the invention concerns a
      method and apparatus employed in masking an original document so as to
      create color highlights or a color copy from a black and white or color
      original.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a method of color reproduction and the
      apparatus employed therefor. More particularly, the invention concerns a
      method and apparatus employed in masking an original document so as to
      create color highlights or a color copy from a black and white or color
      original.
PAR  The process of electrophotographic printing is presently well-developed and
      generally employs an electrostatic latent image recorded on a
      photoconductive surface. Preferably, the electrostatic latent image is
      developed with heat settable toner particles. The toner powder image is
      transferred from the electrostatic latent image to a sheet of support
      material positioned closely adjacent thereto. Thereupon, the toner powder
      image is permanently affixed to the sheet of support material by the
      application of suitable heat thereto. Such a process is described in
      greater detail in U.S. Pat. No. 2,297,691 issued to Carlson in 1942.
PAR  Multi-color electrophotographic printing is substantially similar to black
      and white electrophotographic printing. However, rather than forming a
      total image of the original document, the light image is filtered
      producing a single color partial light image. This single color light
      image exposes the charged photoconductive surface to record a single color
      electrostatic latent image thereon. Suitable colored toner particles are
      then deposited on the single color electrostatic latent image to create a
      single color toner powder image. Thereafter, the single color toner powder
      image is transferred to the sheet of support material. This process is
      repeated a plurality of cycles with different colored light images and
      correspondingly colored toner particles. Each single color toner powder
      image is transferred to the sheet of support material in superimposed
      registration with the prior toner powder image. Thus, a composite
      multi-layered toner powder image is produced on the sheet of support
      material. This multi-layered toner powder image is then heated so as to be
      affixed permanently to the sheet of support material, thereby producing a
      color copy corresponding to the original document. Although the foregoing
      technique works satisfactorily for reproducing color copies from a color
      original no satisfactory approach has been developed for creating color
      copies from a black and white original. Frequently, only black and white
      originals are available and it is desired to produce a copy having
      highlighted areas in color thereon. Moreover, it may also be required to
      create a color copy from a black and white original. In addition, it is
      frequently necessary to mask portions of the original document so that
      they are not reproduced on the copy, or, in lieu thereof, to be capable of
      inserting various standard indicia onto copies which have been omitted
      from the original document. For example, it may be desirable to add a
      letterhead to a copy which was omitted from the original document.
PAR  Accordingly, it is the primary object of the present invention to improve
      the method and apparatus of electrophotographic printing so as to be
      capable of forming a copy having color highlights as well as inserting or
      deleting portions of an original document therefrom.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, and in accordance with the present invention there is
      provided an apparatus for selectively masking portions of an original
      document.
PAR  This is accomplished in the present instance by a substantially transparent
      sheet. Means are provided for holding the original document in operative
      communication with the transparent sheet. This enables selective portions
      of the original document to be masked by disposing opaque strips on the
      transparent sheet. After the opaque strips have been secured to the
      transparent sheet, moving means advance the transparent sheet into a
      masking relationship with the original document.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. 1 is a schematic perspective view of a color electrophotographic
      printing machine employing the present invention therein; and
PAR  FIG. 2 is a schematic perspective view of the masking apparatus used in the
      FIG. 1 printing machine.
PAR  While the present invention will be described in connection with a
      preferred embodiment and method of use, it will be understood that it is
      not intended to limit the invention to that embodiment and method of use.
      On the contrary, it is intended to cover all alternatives, modifications
      and equivalents as may be included within the spirit and scope of the
      invention as defined by the appended claims.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a general understanding of the disclosed multicolor electrophotographic
      printing machine in which the masking apparatus of the present invention
      may be employed, continued reference is had to the drawings. In the
      drawings, like reference numerals have been used throughout to designate
      like elements. The color electrophotographic printing machine of FIG. 1 is
      depicted as having the components for producing multi-color copies from an
      original document. The original document is positioned in the masking
      apparatus of the present invention. Although the masking apparatus of the
      present invention is particularly well adapted for use in the foregoing
      electrophotographic printing machine, it should become evident from the
      following discussion that it is equally well suited for use in a wide
      variety of electrostatographic printing machines and is not necessarily
      limited to the particular embodiment show herein.
PAR  Referring now to FIG. 1, the multi-color electrophotographic printing
      machine employs a drum 10 mounted rotatably within the machine frame (not
      shown). Drum 10 has entrained about and secured to the exterior
      circumferential surface thereof photoconductive surface 12. A suitable
      photoconductive material having a panchromatic response to white light is
      disclosed in U.S. Pat. No. 3,655,377 issued to Sechak in 1972. Drum 10 is
      rotated in the direction of arrow 14 by a drive motor (not shown) within
      the printing machine. In this manner, photoconductive surface 12 is
      advanced sequentially through a series of processing stations. Drum 10
      rotates at a substantially constant angular velocity and includes a timing
      disc mounted in the region of one end portion thereof for triggering the
      machine logic to thereby coordinate the sequence of events at the various
      processing stations.
PAR  Initially, drum 10 rotates photoconductive surface 12 through charging
      station A. A corona generating device, indicated generally at 16, is
      positioned at charging station A. Corona generating device 16 extends in a
      generally longitudinal direction transversely across photoconductive
      surface 12. It is adapted to generate a spray of ions for charging
      photoconductive surface 12 to a relatively high substantially uniform
      potential. Preferably, corona generating device 16 is of the type
      described in U.S. Pat. No. 2,778,946 issued to Mayo in 1957.
PAR  After photoconductive surface 12 is charged to a substantially uniform
      potential, drum 10 rotates to exposure station B. At exposure station B, a
      colored filtered light image of the masked original document disposed in
      masking apparatus 18 is projected onto charged photoconductive surface 12.
      Exposure station B includes thereat a moving lens system, generally
      designated by the reference numeral 20, and a color filter mechanism,
      shown generally at 22. Original document 24 is positioned face down on
      tray 26 of masking apparatus 18. An endless belt 28 entrained about a
      plurality of spaced rollers 30 is adapted to move successive transparent
      sheets 32. Transparent sheets 32 having opaque strips thereon adapted to
      mask selected portions of original document 24. Masking apparatus 18 will
      be described hereinafter in greater detail with reference to FIG. 2. A
      lamp assembly, indicated generally at 34, is disposed beneath transparent
      platen 36 and illuminates masked original document 24 disposed thereon.
      Lamp assembly 34, lens 18 and color filter mechanism 22 are moved in a
      timed relationship with drum 10 to scan successive incremental areas of
      masked original document 24 disposed upon platen 36. This creates a
      flowing light image of masked original document 24 which is projected onto
      photoconductive surface 12. The irradiated areas of photoconductive
      surface 12 are discharged to form an electrostatic latent image thereon
      corresponding to masked original document 24. Filter mechanism 22 is
      adapted to interpose selected color filters  into the optical light path.
      The appropriate color filter modulates the light rays passing through lens
      20 to record an electrostatic latent image on photoconductive surface 12
      corresponding to a preselected spectral region of the electromagnetic wave
      spectrum, hereinafter referred to as a single color electrostatic latent
      image. A suitable moving lens system is disclosed in U.S. Pat. No.
      3,062,108, issued to Mayo in 1962.
PAR  Drum 10 next rotates the single color electrostatic latent image recorded
      on photoconductive surface 12 to development station C. At development
      station C, three individual developer units, generally indicated by the
      reference numerals 38, 40 and 42, respectively, are positioned adjacent
      drum 10. A suitable development station of the type illustrated in FIG. 1
      is disclosed in copending application Ser. No. 255,259, filed in 1972. The
      individual developer units of the development system are all of the type
      referred to generally as magnetic brush developer units. A typical
      developer mix has carrier granules and toner particles therein. The
      developer mix is continually brought through a directional flux field to
      form a brush thereof. The electrostatic latent image recorded on
      photoconductive surface 12 is developed by bringing the brush of developer
      mix into contact therewith. Toner particles are attracted from the brush
      of developer mix to the electrostatic latent image recorded on
      photoconductive surface 12 forming a toner powder image thereon. Each of
      the respective developer units preferably contain discretely colored toner
      particles corresponding to the complement of the spectral region of the
      wave length of light transmitted through filter 22. For example, a green
      filtered electrostatic latent image is rendered visible by depositing
      green absorbing magenta toner particles on the electrostatic latent image
      recorded on photoconductive surface 12. Similarly, blue and red latent
      images are developed with yellow and cyan toner particles, respectively.
      However, one skilled in the art will appreciate that the present invention
      is not limited to the foregoing sequence of events. If desired, the
      electrostatic latent image recorded on photoconductive surface 12 may be
      developed with toner particles of noncomplementary colors.
PAR  After the single color electrostatic latent image recorded on
      photoconductive surface 12 is developed with suitably colored toner
      particles, drum 10 rotates to transfer station D. At transfer station D,
      the toner powder image adhering to photoconductive surface 12 is
      transferred to a sheet of support material 44. Support material 44 may be,
      amongst others, plain paper of a sheet of thermoplastic material. The
      transfer roll, shown generally at 46, is arranged to have support material
      44 secured releasably thereto to move in a recirculating path therewith.
      Transfer roll 46 rotates in the direction of arrow 48 at substantially the
      same angular velocity as drum 10. Thus, successive single color toner
      powder images may be transferred from photoconductive surface 12 to
      support material 44. Transfer roll 46 is biased electrically to a
      potential of sufficient magnitude and polarity to attract
      electrostatically the toner powder image from photoconductive surface 12
      to support material 44. A suitably electrically biased transfer roll 46 is
      descirbed in U.S. Pat. No. 3,612,677, issued to Langdon et al in 1971.
PAR  Prior to continuing with the description of the printing process, the sheet
      feeding arrangement of the printing machine depicted in FIG. 1 will be
      briefly discussed. Support material 44 is advanced from a stack 50 thereof
      disposed on a tray 52. Feed roll 54, operatively associated with retard
      roll 56, advances and separates the uppermost sheet from stack 50 disposed
      in tray 52. The advancing uppermost sheet moves into a chute 58 which
      directs it into the nip between register rolls 60. Register rolls 60 align
      the sheet and advance it to transfer roll 46. Griper fingers 62 secure
      releasably support material 44 to transfer roll 46. After a plurality of
      toner powder images have been transferred to support material 44, gripper
      fingers 62 space material 44 from transfer roll 46. This enables stripper
      bar 64 to be interposed therebetween separating support material 44 from
      transfer roll 46.
PAR  Continuing now with the color printing process, after support material 44
      is separated from transfer roll 46, it advances on endless belt conveyor
      66 to fixing station E. At fixing station E, a fuser, indicted generally
      at 68 permanently affixes the multi-layered toner powder image to support
      material 44. One type of suitable fuser is described in U.S. Pat. No.
      3,498,592, issued to Moser et al. in 1970. After the fixing process,
      support material 34 is advanced by endless belt conveyors 70 and 72 to
      catch tray 74. Catch tray 74 is arranged so that the machine operator may
      readily remove the completed multi-color copy therefrom.
PAR  After the toner powder images have been transferred from the electrostatic
      image to support material 44, some residual toner particles may remain
      thereon. These residual toner particles are removed from photoconductive
      surface 12 as it passes through cleaning station F. Initially, the toner
      particles are brought under the influence of a cleaning corona generating
      device (not shown) arranged to neutralize the electrostatic charge
      remaining on the toner particles and photoconductive surface 12. The
      neutralized toner particles are then cleaned from photoconductive surface
      12 by a rotatably mounted fibrous brush 76 in contact therewith. A
      suitable brush cleaning device is described in U.S. Pat. No. 3,590,412,
      issued to Gerbasi in 1971. As shown in FIG. 1, rotatably mounted brush 76
      removes the residual toner particles remaining on photoconductive surface
      12.
PAR  It is believed that the foregoing description is sufficient to illustrate
      the general operation of the multicolor electrophotographic printing
      machine employing the masking apparatus of the present invention.
PAR  Referring to the specific subject matter of the present invention, FIG. 2
      depicts schematically, in perspective, masking apparatus 18. As shown in
      FIG. 2, masking apparatus 18 is disposed on platen 36 of the printing
      machine illustrated in FIG. 1. Masking apparatus 18 includes a frame 78
      supporting a plurality of spaced roller 30 mounted rotatably thereon.
      Endless belt 28 is entrained about rollers 30 and is adapted to be
      advanced thereby. Registration mark 80 is located on frame 78 so as to
      indicate when transparent sheet 32 is positioned properly over platen 36
      and in registration with original document 34. Tray 82 is disposed beneath
      bottom surface 28a of endless belt 28. Tray 82 is mounted slidably in
      frame 78. In operation, original document 24 is initially disposed in tray
      82 face up. Transparent sheet 32 is advanced over original document 24.
      Thereafter, the operator positions opaque strips on transparent sheet 32
      so as to mask selected portions thereof. The foregoing process is repeated
      for successive transparent sheets so that the selected portions on
      original document 22 are appropriately masked. For example, if you desire
      to reproduce the first paragrah of an original document type with black
      type on a white sheet, in cyan, the second and third paragraph would be
      masked with an opaque non-light absorbing material. If the second
      paragraph is desired to be reproduced in magenta, the next successive
      transparent sheet 32 would have the first and third paragraph masked with
      white opaque strips. Finally, if it was desired to reproduce the third
      paragraph in yellow, the first and second paragraphs would be masked with
      white opaque strips. After the masked transparent sheets have been
      created, original document 24 is removed from tray 28 and positioned in
      tray 26.
PAR  Original document 24 is positioned on tray 26 face down with the back side
      thereof adjacent tray 26. Tray 26 is then advanced into masking apparatus
      18. Tray 26 is mounted slidably in frame 78 of masking apparatus 18. The
      printing machine is then actuated and a suitable motor (not shown) rotates
      rollers 30 to advance endless belt 28 with transparent sheets 32 thereon
      into registration with original document 24. Transparent sheet 32 is
      interposed between the original document 24 and transparent platen 36.
      Thus, the opaque strips on transparent sheet 32 mask selected portions of
      original document 24 during the optical scanning thereof. The foregoing
      process is repeated for each successive electrostatic latent image being
      formed on photoconductive surface 12. In the foregoing example, the first
      electrostatic latent image would contain only the information of the first
      paragraph. Similarly, the second electrostatic latent image would contain
      the information of the second paragraph and the third electrostatic latent
      image would contain the information of the third paragraph. Each
      electrostatic latent image may now be developed with the appropriately
      colored toner particles. As previously indicated, the first electrostatic
      latent image would be developed with the cyan toner particles, the second
      electrostatic latent image would be developed with the magenta toner
      particles and the third electrostatic latent image would be developed with
      the yellow toner particles. The toner particles are then transferred to
      the sheet of support material 44. The first paragraph would comprise cyan
      toner particles, the second paragraph magenta toner particles, and the
      third paragraph yellow toner particles. Thereafter, the sheet of support
      material, with the toner powder images thereon, would be advanced to the
      fusing device so as to permanently affix the toner powder images to the
      sheet of support material. The resultant copy would be cyan, magenta and
      yellow. It is therefore evident that a multi-color copy has been created
      from a black and white original document.
PAR  In addition, it is evident that one may insert desired standard indicia
      onto successive copies which has been omitted from the original document.
      For example, if we had a black and white original lacking a letterhead, we
      may insert the letterhead onto transparent sheet 32. As transparent sheet
      32 is interposed between original document 24 and platen 36, an
      electrostatic latent image will be created on photoconductive surface 12
      having the indicia of the original document as well as the letterhead
      inscribed on transparent sheet 32. Another application is the insertion of
      computer created data and graphs. This data and graphs would be disposed
      on the masked areas so as to produce color copies thereof. In this case
      the computer would create the separation masks.
PAR  It, therefore, appears that there has been provided an apparatus and method
      for creating multi-color copies from a black and white original as well as
      having the capability of inserting additional information onto copies
      omitted from the original document. The foregoing technique is relatively
      simple to implement and merely requires the inclusion of the masking
      apparatus of the present invention into a color electrophotographic
      printing machine.
PAR  Thus, it is apparent that there has been provided in accordance with the
      present invention a masking apparatus associated with a multi-color
      electrophotographic printing machine that fully satisfies the objects,
      aims and advantages set forth above. While the present invention has been
      described in conjunction with a specific embodiment and method of use
      therefor, it is evident that many alternatives, modifications and
      variations will be apparent to those skilled in the art in light of the
      foregoing description. Accordingly, it is intended to embrace all such
      alternatives, modifications and variations as fall within the borad scope
      of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrophotographic printing machine of the type having an optical
      system arranged to create a light image of an original document which
      irradiates a charged photoconductive member recording an electrostatic
      latent image of the original documents thereon, wherein the improvement
      includes:
PA1  means for supporting the original document in a light receiving
      relationship with the optical system;
PA1  a substantially transparent sheet;
PA1  means for holding the original document in operative communication with
      said transparent sheet to enable selective portions of the original
      document to be masked on said transparent sheet;
PA1  at least one opaque substantially non-light absorbing strip adapted to be
      secured to said transparent sheet for masking a selected portion of the
      original document; and
PA1  means for moving said transparent sheet with said opaque strip secured
      thereto into a masking relationship with the original document.
NUM  2.
PAR  2. A printing machine as recited in claim 1, wherein said opaque strip
      contains additional indicia thereon adapted to be inserted into the
      original document.
NUM  3.
PAR  3. A printing machine as recited in claim 1, wherein said moving means
      includes:
PA1  a frame having a registration mark thereon;
PA1  a plurality of spaced rollers mounted on said frame; and
PA1  an endless belt entrained about said rollers, said endless belt being
      arranged to advance said transparent sheet into alignment with the
      registration mark on said frame.
NUM  4.
PAR  4. A printing machine as recited in claim 3, wherein said holding means
      includes a tray having a generally planar surface for supporting the
      original document thereon, said tray being mounted slidably on said frame
      beneath the upper portion of said endless belt.
NUM  5.
PAR  5. A printing machine as recited in claim 4, wherein said supporting means
      includes in tray having a generally planar surface for supporting the
      original document beneath the lower portion of said endless belt after
      said opaque strip has been secured to said transparent sheet, thereby
      enabling said transparent sheet with said opaque strip secured thereto to
      be interposed between the original document and the optical system of the
      printing machine.
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PAL  An electrostatographic printing machine employing sheet conveyance along a
      path through the machine from a plurality of supply sources to a sheet
      output delivery point. An individual conveyor mechanism is adapted to
      convey sheets to a common sheet registration mechanism associated with the
      conveyor mechanism for one of the supply sources. The registration
      mechanism serves as a control element in the machine processing
      programming system which includes the feeding of sheets from the
      individual supply sources, and the processing events for the production of
      electrostatic latent images and the transfer thereof to the sheets.
PARN
PAR  This is a continuation of U.S. application Ser. No. 284,830, filed Agu. 30,
      1972 now abandoned.
BSUM
PAR  This invention relates to electrostatographic printing machines, and in
      particular to a unique configuration of a plurality of sheet supply
      sources and a sheet registration mechanism which controls the programming
      of machine processing.
PAR  Electrostatic printing machines of the type utilizing reusable
      photoreceptor elements employ various processing stations which will
      uniformly charge, expose, develop, transfer, fuse, clean, etc. during any
      cycle of copying. Where it is desired to utilize multiple sheet supply
      sources, and without introducing or increasing paper jamming prospects,
      while at the same time insuring efficient machine processing while using
      any of the sheet sources, it becomes very important that there be a common
      base for the timing sequence of operation of the processing stations.
      There must be provision for the efficient and assured movement of copy
      sheets from any of the paper supplies to the transfer station of the
      machine in timed sequence relative to the production of electrostatic
      latent images, the development thereof, the proper orientation of each
      sheet to the developed image received at the transfer station, the
      commencing of energization for all the corotrons used in the machine, the
      fusing apparatus, and all the sensing elements utilized for sheet presence
      monitoring for paper jam detection.
PAR  Therefore, the principal object of the present invention is to improve
      electrostatographic printing machines of the type employing electrostatic
      photoreceptor elements.
PAR  Another object of the present invention is to utilize multiple sheet feed
      mechanisms while maintaining proper timing of the operation of the
      electrostatic processing stations utilized in the machine so as to effect
      maximum efficiency in the operation of the machine especially for high
      speed reproduction.
PAR  The foregoing objects are attained by the provision of a plurality of paper
      supply stacks each having associated therewith a sheet feed mechanism
      adapted to separate and move a sheet of paper to a conveyor for that
      particular stack, and to convey the sheets to a common registration
      mechanism. The registration mechanism includes a switching device which is
      associated with the machine programming system wherein it is part of the
      timing control for the machine operational sequence. Regardless which of
      the sheet supply arrangements is utilized, machine timing and operation
      are unaffected, and the programming sequence is accomplished under the
      same controlling components. That is, there is provided a single
      registration system, which may be devised in accordance with the machine
      processing program, for a plurality of paper supply stacks. In this
      manner, various machine accessories such as sorters, finishing stations
      and automatic document handling devices may be integrated into the machine
      and arranged to be usable with the plurality of sheet stacks and their
      respective sheet feed mechanisms. A production run may typically be
      programmed whereby each of two or more sheet supply stacks differing
      perhaps in paper color, or size, or in pre-printed content may be brought
      into play to produce sets of reproduced material having differing
      variations in paper format. One of the paper stacks may include heavier
      weight stock for use as covers for the sets, or as dividers between
      ordinary copy sheets in each set.
DRWD
PAR  These and other objects will become apparent after reading the following
      specification in conjunction with the drawings wherein:
PAR  FIG. 1 is a schematic sectional view of an electrostatic reproduction
      machine embodying the principles of the invention;
PAR  FIG. 2 is a front elevational view of the drive motor for the machine;
PAR  FIG. 3 is a schematic view of the paper supply transports in relation to a
      sheet registration arrangement;
PAR  FIG. 4 is a partial plan view of one of the transports and the registration
      arrangement;
PAR  FIGS. 5 and 6 are front and side elevational views respectively of a
      switching mechanism utilized in sheet registration reset;
PAR  FIGS. 7, 8 and 9 are schematic views of the relative positioning of
      registration fingers during various sequences of operation; and
PAR  FIG. 10 is an isometric view, partly broken away, of a variable speed
      imparting device.
DETD
PAR  For a general understanding of an electrostatic processing system in which
      the invention may be incorporated, reference is had to the drawings
      wherein various components of a system are schematically illustrated. For
      purposes of illustration only, the type of printing machine described for
      the environment of the present invention is of the electrostatic type; and
      particularly one that is based on the process of xerography. In most
      electrostatic systems, such as a xerographic machine of the type
      illustrated, a light image of an original to be reproduced is projected
      onto the sensitized surface of a xerographic plate to form an
      electrostatic latent image thereon. For purposes of providing an
      environment for the present invention and therefore, for illustration
      purposes only, the illustrated xerographic system is of the type wherein
      the xerographic plate is in the form of an endless belt. In a belt type
      environment, the present invention is also adapted for integration into a
      belt type machine wherein the belt is a conveying element per se rather
      than a form of photoreceptor, and sheets of photoconductive material are
      positioned upon the belt for movement through processing stations.
      Thereafter, the latent image is developed by means of a magnetic brush
      developing apparatus to form a xerographic powder image, corresponding to
      the latent image on the plate surface. The powder image is then
      electrostatically transferred to a support surface to which it may be
      fixed by a fusing apparatus whereby the powder image is caused permanently
      to adhere to the support surface.
PAR  The electrostatically attractable developing material commonly used in
      magnetic brush developing apparatus comprises a pigmented resinous powder
      referred to here as "toner" and a "carrier" of larger granular beads
      formed with steel cores coated with a material removed in the
      triboelectric series from the toner so that a triboelectric charge is
      generated between the toner powder and the granular carrier. The
      magnetizable carrier also provides mechanical control for the formation of
      brush bristles by virtue of magnetic fields so that the toner can be
      readily handled and brought into contact with the exposed xerographic
      surface. The toner is then attracted to the electrostatic latent image
      from the carrier bristles to produce a visible powder image on an
      insulating surface.
PAR  In the illustrated machine, an original D to be copied is placed upon a
      transparent support platen P fixedly arranged in an illumination assembly
      generally indicated by the reference numeral 10. While upon the platen, an
      illumination system comprising two or more lamps and reflectors L are
      flash energized so as to flash light rays upon the original thereby
      producing image rays corresponding to the informational areas on the
      original. The image rays are projected by means of an optical system 11 to
      an exposure station A for exposing the photosensitive surface of a moving
      xerographic plate in the form of a flexible photoconductive belt 12. In
      moving in the direction indicated by the arrow, prior to reaching the
      exposure station A, that portion of the belt being exposed would have been
      uniformly charged by a corona device 13 located at a belt run extending
      between belt supporting rollers 14 and 15, the latter being the drive
      roller for the belt. The exposure station extends between the roller 14
      and a third support roller 16, and the belt run between these rollers is
      encompassed entirely by the exposure station for minimizing the space
      needed for the belt and its supporting rollers.
PAR  The exposure of the belt surface to the light image discharges the
      photoconductive layer in the areas struck by light, whereby there remains
      on the belt a latent electrostatic image in image configuration
      corresponding to the light image projected from the original on the
      supporting platen. As the belt surface continues its movement, the
      electrostatic image passes around the roller 16 and through a developing
      station B located at a third run of the belt and in which there is
      positioned a developing apparatus generally indicated by the reference
      numeral 17. Suitable means (not shown) such as vacuum panels or tensioning
      means may be utilized for maintaining the belt flat in any or all three
      belt runs, and additionally the belt run related to the development zone B
      is maintained at an inclined plane. The developing apparatus 17 comprises
      a plurality of magnetic brushes which carry developing material to the
      adjacent surface of the upwardly moving inclined photoconductive belt 12
      in order to provide development of the electrostatic image.
PAR  The developed electrostatic image is transported by the belt 12 to a
      transfer station C located at a point of tangency on the belt as it moves
      around the drive roller 15 whereat a sheet of copy paper is moved at a
      speed in synchronism with the moving belt in order to accomplish transfer
      of a properly registered developed image. There is provided at this
      station a transfer roller 19 which is arranged on the frame of the machine
      for contacting the non-transfer side of each sheet of copy paper as the
      same is brought into transfer engagement with the belt 12. The roller 19
      is electrically biased with sufficient voltage so that a developed image
      on the belt 12 may be electrostatically transferred to the adjacent side
      of a sheet of paper as the same is brought into contact therewith.
PAR  There is also provided a copy sheet supplying apparatus comprising a main
      paper feed supply 20 and an auxiliary paper feed supply 21. Each of the
      paper supplies is adapted to separate sheets from their respective supply
      stacks seriatim and to transport the sheets to a sheet registration
      station and eventually into contact with the developed image on the belt
      as the same is carried around the drive roller 15. The programming or
      timing control arrangement of the present invention is operatively
      associated with each of the paper supply mechanisms 21, 22, the flash
      illumination devices L for producing an electrostatic latent image on the
      belt 12, to present a developed image at the transfer station C in timed
      sequence with the arrival of a sheet of paper, and is coordinated with the
      activation of other processing and control devices at the precise time
      that these elements are to function for their intended purposes.
PAR  After the developed image is transferred to a sheet of paper, it is
      stripped from the belt 12, and conveyed by a conveying system 23 into a
      fuser apparatus generally indicated by the reference numeral 24 wherein
      the developed and transferred xerographic powder image on the sheet
      material is permanently affixed thereto. After fusing, the finished copy
      is discharged from the apparatus by conveyor 25 at a suitable point for
      collection externally of the apparatus. The remaining toner particles
      remaining as residue on the developed images, and those particles
      otherwise not transferred are carried by the belt 12 to a cleaning
      apparatus 26 positioned on the run of the belt between the rollers 14, 15
      adjacent the charging device 13. The cleaning device comprises a corotron
      27 for neutralizing charges remaining on the particles and a rotating
      brush 28 which operates in conjunction with a vacuum system to remove
      residual toner particles from the vicinity of the brush.
PAR  In order to impart continuous movement to the belt 12, there is provided a
      drive means 30 comprising a constant speed drive motor and gear box which
      is directly coupled to the drive roller 15 by a suitable drive chain or
      timing belt 31 entrained around a sprocket or pulley mounted on the shaft
      for the roller 15 and the output shaft 32 for the drive means. The present
      invention provides a specific arrangement to accomplish pulse generation
      off of the belt drive motor, and also an entirely different arrangement
      for periodically resetting the pulse train to zero thereby establishing
      pitches. To this end, a gear 33 is mounted on the drive shaft 32 for the
      drive means 30 and includes a predetermined number of teeth 34, each of
      which becomes aligned with a magnetic pickup element 35 mounted on the
      frame of the machine during rotation of the gear. The element 35 is
      associated with a pulse generating device 36 which produces a square wave
      signal having peaks corresponding to the successive alignments of the
      teeth 34 with the pick up element 35. As each tooth moves adjacent the
      device 35, the magnetic field in the device is set to vary and thereby
      produce a peak in the signal.
PAR  Programming control for the machine processing steps is accomplished in
      conjunction with pitch reset wherein after a series of electrical pulses
      are generated corresponding to the movement of each copy sheet plus one
      spacing through the transfer station, reset of this number, or pitch, is
      accomplished when the photoreceptor belt has travelled a precise,
      predetermined distance - as related to the movement of a copy sheet plus
      one spacing. Pulse generation for a timing control signal then is
      accomplished by utilizing a direct connection of the photoreceptor belt 12
      to the pulse generating device so as to move at all times directly
      therewith as described above and reset is accomplished by a reset
      mechanism which is reset at a predetermined position of the leading edge
      of each sheet of paper in proper registration to a developed image on the
      photoreceptor belt. With the belt continuously moving and being driven by
      a drive directly connected to the processing programming control, each
      pitch reset occurs precisely at predetermined distances of movement of the
      belt.
PAR  The programming control then is acquired by means of a timing device
      mechanically coupled to the shaft for the drive means 30 and which is
      driven into operation when the roller 15 is rotating. The pulse generating
      device 36 which is part of the timing apparatus is set to produce a
      continuous train of time pulses which can be determined by the rotational
      speed of the drive means 30 and the number of teeth 34 on the gear 33. The
      device 36 is electrically connected to a counting device 37 which may be
      in the form of a shift register mechanism which counts the pulses of the
      control signal. After a number of pulses have been counted, the count is
      restarted or set to zero which is described herein as the pitch reset.
      Rather than having a predetermined number of pulses cause the reset, it is
      preferred to utilize the distance of movement of the belt 12 as the reset
      causing standard. This is accomplished, as will be described hereinafter,
      by rotation of sheet registration fingers. Any machine event or processing
      step can be initiated; that is, turned "On" and "Off" or to remain
      operative for any period of time on any one or more of the discrete
      pulses. Pitch reset is accomplished during sheet registration, after each
      revolution of registration fingers which are arranged to be periodically
      interposed in the path of movement of sheets of paper just immediately
      prior to the insertion of each sheet into the nip of the transfer roller
      19 and the belt 12 at station C.
PAR  Operatively associated with the sheet supply 20 is a sheet transport
      comprising a plurality of continuously movable belts 40 driven by the main
      drive 30 by way of rollers 41. Similarly, the sheet supply 21 is
      associated with a sheet transport comprising a plurality of belts 42
      movably driven around rollers 43, by the machine drive 30. The driving
      force for the transports 40 and 42 may be accomplished by means other than
      the machine drive 30, such as by individual motors or a common motor. The
      transport 42 for the auxiliary paper supply means, when in the operative
      mode, transports each sheet fed thereto onto the belts 40 for the main
      paper supply 20. In this arrangement, each of the paper supplies is
      provided with its own sheet transport and one of the transports directs
      sheets carried thereby to the other transport so that a single sheet
      registration mechanism may be employed for cooperation with each of the
      sheet supplies.
PAR  As shown in FIGS. 3 and 4, sheet registration is accomplished by means of a
      plurality of spaced registration fingers 45 mounted on a shaft 46 in
      alignment transversely of the paper sheet path. The shaft is suitably
      supported for rotation on the machine frame and is operatively connected
      by way of a variable speed device 47 to a drive belt 48 which in turn is
      operatively connected to the drive means 30 to be driven at a speed
      coordinated with the speed of the belt 12 and the two copy sheet
      transporting means 40, 42. For each complete rotation of the fingers 45 in
      the direction of the arrow, and when they attain the position shown in
      FIG. 3, a sheet S is in engagement with the fingers to become straightened
      in its traveling and to become positioned and timed, in other words,
      registered. The distance between the fingers when a sheet is registered
      and the nip at station C is arranged to be very small and precisely known.
      The instant the fingers become disengaged from each sheet, the sheets will
      be in the nip of a pair of driven registration pinch rollers 50, 51 and
      these two occurrences are utilized as the pitch reset event. The pulse
      occurring at that time by the counting mechanism 37 is given the
      designation as the zero pulse. All other pulses are counted from that
      event, until the next registration for the next sheet and the
      corresponding zero pulse. While the occurrence of the leading edge of the
      sheet S leaving the fingers 45 being synchronized with the entry of the
      edge into the nip of the pinch roller has been chosen as the instant for
      pitch reset, it is to be understood that other occurrences may be utilized
      for this purpose. For instance, the pitch reset may be made to occur when
      the fingers 45 are still in engagement with the leading edge of a sheet
      and before it reaches the nip of the pinch rollers. What is important,
      however, is that this precise angular positioning of the fingers for reset
      must be utilized for all reset occurrences. Processing control and steps
      are set to be actuated or energized at predetermined pulse counts from a
      zero pulse, and depending upon the number of pulses to be generated, say
      on the order to 1000 pulses or so for each sheet registration, it will be
      appreciated that very close and accurate process control can be attained.
PAR  The lower registration pinch rollers 51 are mounted for rotation on a shaft
      52 between the belts of the belt transport 40 and the fingers 45 so as not
      to impede operation thereof. The shaft 52 is mounted for rotation in a
      frame (not shown) and is driven by belts 53 and pulleys 54 associated with
      a drive shaft 55 also mounted on the machine frame. One of the shafts 55
      is driven by way of a belt 56 from a clutch 57 associated with the
      variable speed device 47. In this manner, the pinch rollers 51 are given
      their rotative drive by the belts 48 from the machine drive motor 30. The
      upper pinch rollers 50 are idler rollers having their peripheries in
      frictional engagement with the lower rollers 51 to be rotated therewith.
PAR  In order to effect pitch reset at the precise angular positioning of the
      registration fingers for each revolution thereof and to permit the
      recounting of pulses from each zero pulse at sheet registration, a
      switching mechanism 58 is provided having a switch associated therewith to
      be actuated to a controlling position precisely as a sheet is registered
      and the fingers are in a predetermined angular position.
PAR  The switching mechanism 58 comprises a circular flat housing 59 having two
      half sections 60 and 61, the former being suitably mounted on the machine
      frame and the latter secured by screws 62 to the section 60 so as to form
      a flat circular chamber 63 within the housing 59. In the axial center of
      the circular casing there is formed a central boss having an opening
      through which the end of the registation shaft 46 projects. Movable within
      the space on chamber 63 is a switch member 64 which is secured to the
      shaft 46 to be rotated therewith. The member 64 is arranged to be rotated
      within the chamber 63, and is provided with a circular magnet 65 that
      scribes a circular path of movement 66 around the axis of the shaft 46
      during rotation thereof.
PAR  Formed integral with the supporting section 60 is a casing 66a having a
      reed switch 67 mounted therein with a hermetical seal. The switch 67 is
      positioned close to the flat wall of the section 60 in close proximity to
      the interior surface of the chamber 63. The switching elements 68 of the
      switch 67 have their actuating ends positioned in the circular path of
      movement of the magnet 65 so that for each revolution of the magnet about
      the axis of the shaft 46, the switch 67 will be actuated from one of its
      controlling conditions to the other. It will be noted that the
      longitudinal axes of the switch elements 68 are positioned along a chord
      of the circular path of movement 66 of the actuating magnet 65. This
      provides an acute angular relationship of these longitudinal axes and the
      path of movement 66 thereby as distinguished from a perpendicular
      relationship if the elements 68 were mounted radially. By having this
      acute angular relationship, more of the reed switch elements are under the
      influence of the magnet 65, and there may be a greater extreme of
      misalignment of the parts or tolerances before adversely affecting precise
      operation of switching mechanisms.
PAR  In order to provide an adjusting means for the switch 67 relative to the
      angular orientation of the registration fingers 45 so as to insure proper
      resetting of the machine control pulse count, the casing 59 may be bodily
      moved, within narrow limits. Such movement may be necessary in order to
      arrange the switch elements 68 for actuation at a precise location
      relative to the magnet 65 the position of which, in turn, is indicative of
      the angular orientation of the fingers 45. The adjusting means comprises a
      fixed block 69 mounted on the machine frame F adjacent the casing section
      66a, and a follower 70 movably retained within the block 69. The follower
      70 projects toward the section 60 and is received within a depression 71
      formed in this section. Upon vertical movement of the follower 70, as
      viewed in FIG. 6, in either direction, the casing 59 will be accordingly
      rotated slightly, as viewed in FIG. 5. In order to impart vertical
      movement to the follower 70, the block 69 is provided with an adjusting
      screw 72 for forcing the follower in a downward direction, and an
      adjusting screw 73 for forcing the follower upwardly. For insuring precise
      positioning of the casing 59 and consequently, the switch 67, an
      indicating means, in the form of a pointer 74 secured to the machine frame
      and indicia 74a scribed on the section 60, is provided.
PAR  FIGS. 7, 8, and 9 illustrate the cooperative operation of the registration
      fingers 45, the leading edge of each sheet of paper being registered and
      fed to the printing machine, and the pinch rollers 50, 51. In FIG. 7, the
      sheet S, being supplied by either of the sheet supplies 20 or 21 arrives
      just as the fingers 45 move from its dotted position toward the full line
      position during rotation of the fingers by the shaft 46. Actually, the
      sheet may lag slightly in arriving at its illustrated position. At this
      time, the fingers are moving, in the direction of the arrow, at a speed
      slightly less than that of the leading edge of the sheet. Rotation of the
      fingers 45 is accomplished by the constant speed drive motor 30 by way of
      the drive belt 48 and the variable speed device 47. The device 47, as will
      be described hereinafter, is adapted to impart to the fingers, rotative
      speeds which are relatively fast during most of a revolution and slower
      during other portions of a revolution, and at an increasing speed during
      sheet registration. During this portion of a revolution, when a sheet is
      registered "on the fly," the sheet will be fed to the registration station
      at a higher speed than when it is fed to the processing stations by the
      pinch rollers 50, 51.
PAR  In FIG. 8, the sheet is shown against or going against the fingers and is
      registered thereby so that the leading edge is free of any skew before
      entering the processing stations of the machine. The rotative speed of the
      fingers continues to increase until they reach the full line position
      shown in FIG. 9. At this instant the fingers are moving at a speed equal
      to the machine processing speed so that the sheet will be picked up by the
      pinch rollers 50, 51 for further movement through the machine. After the
      leading edge of the sheet has been picked up by the pinch rollers, which
      are running at process speed, the fingers experience a relative fast
      speed, attaining its maximum speed at about the position shown in dotted
      lines in FIG. 9. In leaving the leading edge of the sheet in FIG. 9, the
      fingers 45 must arrive at the position shown in dotted lines in FIG. 7,
      which is indicative of its slowest speed during a complete revolution, in
      time to catch the next following sheet. If there is to be precise sheet
      feed through the processing stations of the machine, each sheet must be
      precisely spaced one from another as occurs as a result of the
      registration mechanism herein described. Assuming that the spacing between
      sheets for very high speed machine operation is to be approximately 11/2
      inches, it will be apparent that the fingers must move very swiftly
      through that portion of their revolution when returning from the position
      shown in FIG. 9 to the position shown in FIG. 7 in order to assure this
      spacing.
PAR  For typical speed relationships for sheet feeding, registration and machine
      processing, the mechanism so far described is adapted as follows: Assuming
      the machine processing speed is 20 inches per second; that is, each sheet
      must be introduced to the transfer nip C at this speed and all other
      processing stations are functioning approximately at this speed, it is
      desirable that the sheet supply speed be greater in order to insure time
      for proper registration and to speed up total machine operation. Greater
      sheet supply speed also minimizes the effect of inefficiencies or
      mis-timing in the sheet supplying devices 20, 21. Preferably, the sheet
      supply feed is approximately 30 inches per second. Under these
      circumstances, the fingers 45 must slow each sheet from a speed of 30
      inches per second to a speed of 20 inches per second in moving through the
      positions shown in FIGS. 7, 8 and 9. In accomplishing these actions, the
      fingers as shown in full lines in FIG. 9 are at an effective speed such
      that the sheet travels at 20 inches per second at the instant when sheet
      registration occurs, and the reset switch 67 has been actuated. Actually,
      the speed of the fingers increases slightly in moving from the positions
      of FIG. 7 to FIG. 9, attaining the process speed at sheet registration.
      After this occurs, faster increases in finger rotative speed are imparted
      to the fingers so that at their dotted line positions in FIG. 9, their
      speed may approximate 40 inches per second, the maximum so attained. After
      this, the speed may gradually lessen until the dotted position of FIG. 7
      is reached wherein the speed may be approximately 18 inches per second, a
      speed lower than process speed and the minimum for any one complete
      rotation of the fingers. After leaving the dotted position of FIG. 7, the
      fingers will be in position to intercept the leading edge of a sheet.
PAR  With the sheets being moved to the registration zone, defined by the dotted
      position of the fingers in FIG. 7, to the full line position of FIG. 9, at
      a greater speed than process speed, it will be apparent that after the
      fingers have moved from the dotted line position of FIG. 7, ahead of an
      oncoming sheet, they will be eventually contacted by the sheet's leading
      edge as they move from the FIG. 7 position to the  FIG. 9 position. This
      contact may occur any time during this travel, depending upon the
      efficiency of the sheet supplies and their respective conveying means. It
      will be appreciated that this arrangement permits the precise registration
      of each sheet and the precise positioning thereof in the machine
      processing system for a fairly wide range of inaccurately timed sheet
      feeding to the registration zone. The defined registration zone then is a
      registration window having a width in which registration can take place.
      This window corresponds to approximately 90.degree. of rotation of the
      fingers and allows a relatively wide margin of error in positioning of
      sheets of paper by the individual sheet supplies. During this travel of a
      sheet through the registration zone, it is only necessary that it be in
      contact with the fingers at the time registration is to be effected.
PAR  During movement of each sheet through the registration zone, regardless of
      when the leading edge contacts the fingers, the speed of the sheet will be
      slower from its entry speed of 30 inches per second to something less than
      the process speed of 20 inches per second and then stabilized at the
      process speed at registration. While at the slower speeds, the sheets will
      continue to experience a feeding force produced by either of the transport
      conveyors 40 or 42. During this time, the belts of the transport will slip
      relative to the adjacent surfaces of the sheets.
PAR  In the above description of the speed relationships, various speeds were
      recited in order to emphasize or illustrate the relationships. The speeds
      so assigned to this description are only illustrative and need bear no
      resemblance in fact. What is important are the relationships of the speeds
      of the moving elements in the descriptions.
PAR  As previously stated, the registration fingers 45 rotate with their shaft
      46 at variable speeds, and this motion is imparted by way of the variable
      speed device 47. This device includes an inner cylindrical element 75
      which is in the form of a pulley to which the belt 56 is applied for
      effecting rotation of the pinch rollers 50, 51. Mounted on and exteriorly
      of the element and concentric therewith, is a circular member 76 which is
      also in the form of a pulley. The drive belt 48 is applied to this member
      for imparting, eventually, rotation to the registration fingers 45. The
      pulley member 76 is rotatably related to and held upon the cylindrical
      element 75 by a retaining ring 77 on one side and by a flange 78, formed
      on the element, at the other end. A flexible ring-type clutch element 80
      retained between cooperating surfaces of the element 75 and member 76
      serves as a clutch therefor. Rotation of the pulley member 76 in one
      direction will impart rotation to the pulley element 75 in the same
      direction, but rotation of the pulley member 76 in the reverse direction
      will have no effect upon the pulley element 75.
PAR  The element 75 and therefore the member 76 and clutch element 80 are
      supported upon a cylindrical retaining block 81 which is formed at one end
      with a flange 82 arranged to be secured against movement to the machine
      frame. Surrounding the peripheral surface of the cylindrical block is a
      circular needle bearing 83 held in place by the flange 82 and a detachable
      circular plate 84. The inner surface of the element 80 is force fitted to
      the bearing 83 and in this way the structure 75, 76 and 80 is mounted for
      rotation upon the fixed block 81.
PAR  The block 81 is formed with a through opening 85 having its axis eccentric
      relative to the axis of the block. The registration shaft 46 projects
      through this opening and has its axis also eccentric relative to the block
      81. At the end of the shaft 46 which terminates within the cylindrical
      member 76 there is detachably secured an actuator arm 86 so as to be
      rotatable therewith. The arm 86 is formed with a slot 87 having its
      longitudinal axis normal to the axis of the shaft 46 so as to be able to
      define a path of revolution. A drive pin 88, formed on the inner
      cylindrical surface of the element 75 extends into the slot 87 and is
      adapted to travel reciprocably therealong. The parts so far described are
      arranged so that the pulley element 75 and the pulley member 76 have their
      axes of rotation, designated by the numeral 90, coincident with the axis
      of the block 81 and eccentric relative to the axis of the shaft 46. During
      driving rotation of the pulley member 76, the pulley element 75 is driven
      therewith thereby causing revolving of the drive pin 88 about the axis 90.
      As the drive pin revolves, it imparts rotation to the arm 86 which in
      turn, imparts rotation to the shaft 46. Continuous revolving action by the
      pin 88 at constant speed, and its cooperating reciprocating movement
      relative to the slot 87, will impart variable speeds of rotation to the
      registration fingers 45.
PAR  In FIGS. 7, 8 and 9, the drive pin 88, the actuating arm 86, the slot 87,
      the axis 90, and the shaft 46 are shown in their relative positions for
      imposing the variable rotative motion upon the registration fingers. In
      FIG. 7, the revolving path of movement 100 for the pin 88 is shown as
      concentric to the axis 90 and eccentric relative to the axis of the shaft
      46. In the dotted position of the arm 86, the rotative speed thereof is
      slowest and the pin 88 is on one side of the axis 90 or diametrically
      opposed relative to the axis of the shaft 46. As the pin moves downwardly
      from this position, the rotational speed of the fingers increases since
      the pin is moved out of its diametrically opposed relationship and toward
      a position which is on the same side of the axis 90 as the shaft. In FIG.
      8, this repositioning is shown in progress and in FIG. 9, completed. The
      dotted position of the arm 86 in FIG. 9 is indicative of the highest
      rotative velocity attained by the registration fingers since the pin 88
      and the axis of the shaft 46 are along the same radial line from the axis
      90. In approaching this alignment, the rotative speed of the fingers
      continue to increase as the positioning of the arm 86 in full line
      attests.
PAR  While the rotational velocity of the fingers 45 varies, as described above,
      the effect of the variation upon a sheet of paper being registered will be
      modified somewhat. In moving through the registration window, that is,
      from FIG. 7 to FIG. 9, the effective radius of the fingers 45 relative to
      the leading edge of a sheet S will also vary. This variation is slight,
      however, and for that range, its effect will balance out. In moving from
      the position of FIG. 8 to that of FIG. 9, the critical portion of the
      window, the rotative velocity of the fingers increases slightly. This
      slight increase however is factored into the speed relationship of the
      fingers as they rotate and does not of itself effect sheet speeds.
PAR  In order to extend the effectiveness of the window width, that is, provide
      more width-to-paper-travel, or conversely, less paper-travel-to-width
      ratio, the fingers are formed with curved surfaces 101 which extend back
      toward the sheet supplies, to be contacted at different points thereon by
      each sheet being registered ad they travel through the window. For the
      illustrated configuration, and for the full window width, distance of
      movement of the sheet is 10% less than the movement of the fingers. Thus,
      registration and accurate sheet positioning relative to pitch reset can be
      accomplished in a shortened distance of paper travel than what would
      normally be required to accomplish these functions. Or, to put it another
      way, a longer sheet travel is available for insuring these functions than
      what would normally be effected if the curved surface 101 were not
      utilized on the fingers. The surfaces 101 are also arranged so that the
      leading edge of each sheet will orient as near as possible perpendicular
      to the surface and not slide off the surface during travel through the
      registration zone. At the instant a sheet is registered and at the nip of
      the rollers 50, 51, the surfaces 101 are exactly normal to the plane of
      the sheet.
PAR  The reset switch 67 is in circuit with the pulse counter 37 which may be
      part of the machine logic LE, and actuation of the switch will initiate
      pulse re-counting until subsequent actuation, in turn, produces
      corresponding re-counting. In this manner, pitch reset is accomplished off
      the registration mechanism and is utilized as the starting point, at least
      countwise, for machine control, processing and sheet monitoring.
PAR  The logic equipment LE is operatively connected to the pulse generator 36,
      the counting mechanism 37, clutches (not shown) for the paper sheet
      supplies 20, 21, the illumination lamps L to the corotrons 13, 27, the
      motor for the brush 28, the fuser 24 and the developing apparatus 17, and
      arranged so that these devices are functionally activated and controlled
      by a different counted number of the pulses in time sequence. Since the
      photoreceptor belt 12 is continuously being exposed by flashing imaging
      rays, the belt may contain a number of electrostatic images, for example,
      five or more images between the exposure and transfer stations. Similarly,
      the paper path between the paper supplies and the transfer station C may
      contain two or three sheets. Any particular time cycle made operative by
      the timing arrangement may then produce sequential operation of the
      above-mentioned devices in an order which affects different images,
      transfer operations and sheets of paper. In other words, the programming
      control system will maintain timing control for five or more pitches
      concurrently processwise. For instance, after the machine has been turned
      "On" and the drive means 30 is in full drive operation so that control
      pulses are being produced, counted and reset by the reset switch 67, and
      the registration fingers are rotating, poised for the expectant sheets,
      the lamps L may be energized as the first event when the machine is placed
      in "print" condition. It will be noted that upon initial machine use, a
      sheet S will not have been separated from one of its supply stacks before
      the first "flash" of an original D is made. In fact, there may be
      experienced two or three image exposures on the belt 12 before the first
      sheet is separated from a stack by one of the control pulses in the
      control signal. The first of a series of produced latent images may be in
      or nearing the developing zone, and as images are so produced, the first
      one, now developed, is adjacent the transfer station in timed relationship
      to a sheet being registered. The short distance yet to travel after the
      registration fingers 45 leave the sheet is factored into the pitch
      distance belt 12 travels so that the developed image and the exact
      positioning it is to occupy on the sheet will be in precise registration
      at transfer. During the actuation of these process divices, other devices
      may be activated to continue the processing of reproductions. For example,
      all the corotrons would have been energized as well as the paper jam
      detection devices (not shown) located along the paper path of movement may
      be sensed in sequence for the different sheets of paper in the path in
      order to insure the proper positioning of the sheets. The fuser apparatus
      would have been energized before the first sheet arrived there and
      successive energization of the cleaning and discharging elements also
      would have occurred. Upon release of the sheet of paper from the nip at
      station C, the cycle begins again and will produce the indentical series
      of operations as discussed above.
PAR  While the invention has been described with reference to the structure
      disclosed, it is not confined to the details set forth but is intended to
      cover such modifications or changes as may come within the scope of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reproduction machine having a plurality of processing stations to
      produce a developed latent image on a moving photoreceptor member for
      transferral to a sheet of copy paper, and a programming system for
      controlling operation of the processing stations in timed sequence
      relative to the movement of the photoreceptor member including:
PA1  a plurality of copy paper supply sources, each having a stack of paper
      sheets and a sheet separating device;
PA1  a sheet conveying mechanism associated with each of said paper sources
      whereby sheets separated from the stacks are transported therefrom by
      their respective conveying mechanisms;
PA1  registration means associated with said sheet conveying mechanisms for
      registering and aligning each sheet presented to said registration means
      by said conveying mechanisms,
PA1  drive means for moving said registration means at a speed such that
      registration and alignment of the sheet occurs at a linear sheet speed
      substantially equal to the linear speed of the photoreceptor member; and,
PA1  control means operatively connected to the machine programming system and
      said sheet separating devices to actuate said sheet separating devices at
      a predetermined point in the process of producing a developed image
      irrespective of the paper supply source being utilized, said sheet
      conveying mechanisms and said paper supply sources being arranged such
      that the sheets separated from said sources arrive at the registration
      means at the same predetermined time after actuation of the sheet
      separating devices associated therewith, thereby allowing the same timed
      relationship between actuation of any of the sheet separating devices and
      the registration of said sheets to allow sequential operation of the
      separating devices without requiring a change in machine timing.
NUM  2.
PAR  2. A reproduction machine having a plurality of processing stations to
      produce a developed latent image on a moving photoreceptor member for
      transferral to a sheet of copy paper, and a programming system for
      controlling operation of the processing stations in timed sequence
      relative to the movement of the photoreceptor member including:
PA1  a plurality of copy paper supply sources, each having a stack of paper
      sheets and a sheet separating device, one of said paper sources having a
      primary sheet conveying mechanism associated therewith whereby sheets
      separated from said one paper source are transported therefrom, the
      remainder of said paper supply sources each having a secondary conveying
      mechanism associated therewith whereby sheets separated from the stacks
      are transported therefrom by their respective secondary conveying
      mechanism, said secondary conveying mechanisms being arranged for
      conveying sheets to said primary conveying mechanism for permitting
      conveyance thereby of all sheets during a portion of their path of
      movement;
PA1  registration means positioned in the machine for registering and aligning
      each sheet received from said primary conveying mechanism,
PA1  means for driving said registration means at a speed such that registration
      and alignment of the sheets occurs at a linear speed substantially equal
      to the linear speed of the photoreceptor member for delivery of sheets
      from the registration means to the photoreceptor at the linear speed of
      the photoreceptor, and
PA1  control means operatively connected to the machine programming system and
      said sheet separating devices to actuate said sheet separating devices at
      a predetermined point in the process of producing the developed image
      irrespective of the paper supply source being utilized, said sheet
      conveying mechanism and said paper supply sources being located such that
      the sheets separated from said supply sources arrive at the registration
      means at the same predetermined time after actuation of the sheet
      separating device associated therewith, thereby allowing the same timed
      relationship between actuation of any of the sheet separating devices and
      the registration of said sheets to allow sequential operation of the
      separating devices without requiring a change in machine timing.
NUM  3.
PAR  3. A reproduction machine having a plurality of processing stations to
      produce a developed latent image on a moving photoreceptor member for
      transferral to suitable image support material, and a programming system
      for controlling operation of the processing stations in timed sequence
      relative to the movement of the photoreceptor member including:
PA1  a plurality of support material sources;
PA1  continuously rotating registration fingers positioned in the machine for
      registering and aligning individual sheets of support material;
PA1  means for rotating said registration fingers at a variable speed, the
      lowest circumferential speed attained by said registration fingers being
      substantially equal to the linear speed of the photoreceptor member to
      provide for registration and alignment of the support material at a linear
      speed substantially equal to the linear speed of the photoreceptor member
      prior to delivery of the support material to the photoreceptor member;
PA1  support material supplying means associated with each of said support
      material sources whereby support material from said sources is fed
      therefrom to said registration means; and
PA1  control means operatively connected to the machine programming and said
      support material supplying means to move said support material from its
      source at a predetermined point in the process of producing the developed
      image irrespective of the source being utilized, said supplying means and
      said sources being arranged such that the material separated therefrom
      arrives at the registration means at the same predetermined time after
      leaving its source irrespective of its source, thereby allowing the same
      timed relationship between movement of the material from any of said
      sources and the registration of said material to allow utilization of any
      of said sources without requiring a change in machine timing.
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ABST
PAL  A system for determining the volumetric ratio of solids suspended in a
      liquid comprises a photometer or similar means for passing a beam of
      electromagnetic energy through a sample of the liquid having solids
      suspended therein. Means for measuring a characteristic representative of
      the amount of energy absorbed by the sample is provided, as a photo
      detector for example. The volumetric ratio is then computed by applying a
      proportionality factor characteristic of the solids suspended in the
      liquid to the output of the measuring means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to systems and methods for determining the
      volumetric ratio of liquid suspended solids with respect to the suspending
      liquid. In particular, the present invention relates to systems and
      methods for measuring "hematocrit", which is the percent ratio of blood
      cells per unit of whole blood.
PAR  2. Description of the Prior Art
PAR  Hematocrit is defined as packed blood cell volume, generally expressed as a
      percent per 100 milliliters of whole blood.
PAR  Hematocrit is one of several laboratory determinations with respect to red
      blood cells in human blood, or the blood of other animals. Two other
      allied determinations are that of red blood cell count per cubic
      milliliter and hemoglobin, which is expressed as grams per 100
      milliliters. To a hematologist, computations of ratios involving these
      three determinations are of considerable value.
PAR  The first of these ratios is the mean corpuscular volume (MCV) which is
      determined by multiplying hematocrit by 10 and dividing the result by the
      red blood cell count expressed in millions per cubic millimeter, such that
      MCV is expressed in cubic microns. This ratio approximates red blood cell
      (erythrocyte) size.
PAR  The second ratio is the mean corpuscular hemoglobin (MCH) which is
      determined by multiplying hemoglobin by 10 and dividing the result by
      blood cell count expressed in millions per cubic millimeters, such that
      MCH measurements are expressed in micromicrograms. This ratio approximates
      the hemoglobin per cell by weight.
PAR  The third ratio is the mean corpuscular hemoglobin concentration (MCHC),
      which is determined by multiplying hemoglobin by 100 and dividing the
      result by the hematocrit. This ratio is expressed in percent, and
      approximates hemoglobin concentration in red blood cells by volume. Of
      these three ratios (MCV, MCH, and MCHC), only MCH may be calculated
      without knowledge of the hematocrit.
PAR  Hematocrit has traditionally been determined in the laboratory by
      centrifuging small tubes of blood in order to pack the cells in the bottom
      of the tubes. Results obtained in this manner, which is referred to as
      microhematocrit, vary as between centrifuges and operators.
PAR  Automated equipment for measuring hematocrit fall into two categories. One
      such arrangement employs the centrifuging techniques discussed previously,
      with automatic loading, unloading and interpretation.
PAR  The second type of automated hematocrit measuring system involves
      electronic processing of signals obtained by measuring conductivity in
      proportion to cell size when a dilute solution of cells is passed between
      two electrodes. Examples of this type of arrangement are described in U.S.
      Pat. Nos. 3,692,410 to Jurany et al. and 3,439,267 to Coulter et al.
PAR  In addition, other types of automated blood analyzing systems are
      commercially available which are not capable of determining hematocrit.
      Many of these systems utilize photometry techniques, whereby a
      characteristic of the amount of light absorbed by a blood sample is
      processed to determine red blood cell count and hemoglobin.
PAR  Other systems and techniques for analyzing the volumetric or particulate
      ratio of liquid suspended particles are disclosed in the following U.S.
      Pat. Nos.: 3,740,143 to Groner et al.; 3,646,352 to Bol et al.; 2,775,159
      and 3,045,123 to Frommer. Carr, in U.S. Pat. No. 3,714,444, discloses a
      reflective light measuring system employing a logarithmic ratio converter
      for providing a single output representative of the concentration of
      suspended solids.
PAR  With respect to the measurement of MCV, Stevens, in U.S. Pat. No.
      3,084,591, discloses a system for measuring this characteristic. Pelavin,
      in U.S. Pat. No. 3,634,868 teaches an automatic calibration circuit useful
      in fluid sampling systems.
PAC  SUMMARY OF THE INVENTION
PAR  The present application contemplates a system for determining volumetric
      ratios of solids suspended in a liquid, comprising means for passing a
      beam of electromagnetic energy through a sample of a liquid having solids
      suspended therein, means for measuring a characteristic representative of
      the amount of said energy absorbed by said sample, and means for computing
      said volumetric ratio by electronically applying a proportionality factor
      to an output of said measuring means.
PAR  A method for determining the hematocrit ratio of blood, which method is
      incorporated in the system of the present invention, is disclosed in a
      U.S. patent application entitled HEMATOCRIT MEASURING METHOD, Ser. No.
      474,170 filed on an even date with this application by Reginald Shuck. An
      essential aspect of the teachings of Shuck is the recognition that the
      hematocrit ratio is directly proportional to the amount of light absorbed
      by blood cells in a quantity of diluted blood.
PAR  An adjunct to the system of the present invention is the inclusion of means
      for correction of amplifier voltage errors.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a block diagram illustrating an arrangement of apparatus employed
      with the present invention.
PAR  FIG. 2 is a schematic circuit diagram of a portion of the apparatus shown
      in FIG. 1.
PAR  FIG. 3 is another schematic circuit diagram of a portion of the apparatus
      of FIG. 1.
PAR  FIGS. 4(a), (b), (c) and (d) are diagrams illustrating voltages and
      switching sequences of the circuits shown in FIGS. 2 and 3.
DETD
PAC  DETAILED DESCRIPTION
PAC  A. Method
PAR  A method for determining the hematocrit ratio of whole blood will now be
      described with reference to the apparatus shown in FIG. 1.
PAR  The apparatus of FIG. 1 includes a photometer, referred to generally as 10,
      having a monochromatic light source 12 for producing a light beam 13 along
      the beam path. The photometer 10 may also include a beam collimator 16 if
      required. It will be understood by those skilled in the art that various
      other light source arrangements may also be employed. For example, a
      non-monochromatic light source may be employed in combination with
      filtering means to produce a monochromatic output. Suitably, the light in
      the beam 13 is of a color which is complementary to the color of blood.
      For example, a green or blue color source is believed suitable.
PAR  The photometer 10 may further include a beam splitter 18 for directing
      one-half of the energy in the beam (identified at 13b) normal to the
      remainder of the beam 13a. A suitable enclosure 20 is provided for holding
      a blood sample container (cuvette) 22, which contains a diluted blood
      sample 24 the hematocrit ratio of which is to be measured. Preferably, the
      blood 24 is diluted with a physiological saline solution to a consistency
      suitable for determining hematocrit. This saline solution may comprise
      sodium chloride using a concentration on the order of 0.85%.
PAR  The enclosure 20 further includes suitable apertures 26, 28 aligned with
      the source 12 so as to allow the beam portion 13a to pass through the
      cuvette 22, the diluted blood sample 24 and thereafter impinge upon a
      photocell 30, which detects the amount of light in the beam portion 13a
      transmitted through the blood sample. Again, it will be understood by
      those familiar with the optics art that a wide variety of optical
      techniques may be used to provide a light beam through the cuvette 22
      which is balanced with respect to a reference portion of the beam, as with
      the one embodiment described next.
PAR  The split portion of 13b of the beam 13 is suitably directed through an
      adjustable aperture 32 and then impinges on a reference photocell 34,
      which detects the amount of light energy in the split beam portion 13b.
      Signals representative of the light detected by each photocell 30, 34, is
      then fed into a galvanometer 36, which compares the signal levels from the
      two photo cells and displays, usually with a deflecting needle meter 37,
      the percent of light transmitted through the blood sample 24 with respect
      to the light energy in the split beam portion 13b. Alternatively, the
      meter 37 may be calibrated in absorbance, which is a measurement of the
      amount of light absorbed by the blood cells in the sample 24 with respect
      to the amount of light which would be passed through the cuvette 22
      without the presence of the blood sample (as represented by the energy in
      split beam portion 13b). The relationship between absorbance and
      transmission is given by the expression:
EQU  Abs. = 2 - log.sub.10 T                                    (1)
PAL  where:
PA1  Abs. = Absorbance;
PA1  T = per cent of light passing through sample with respect to the incident
      light.
PAR  The photometer 10 described thus far is essentially similar to a class of
      commercially available photometers generally referred to as colorimeters,
      which have been widely employed in the measurement of hemoglobin. Another
      class of photometers, referred to as spectrophotometers, may likewise be
      employed with this method. Spectrophotometers are more complex than
      colorimeters, and usually include a diffraction grating through which the
      light beam is passed to produce a spectrum. The output of the diffraction
      grating is then mechanically and optically manipulated, resulting in a
      beam of light at a carefully calibrated wavelength and band width.
PAR  Again noting FIG. 1, the outputs of the photocells 30, 34 may be
      transmitted to an electronic circuit 38, an embodiment of which is
      described below under Section B.
PAR  In accordance with the method incorporated in the present invention, the
      hematocrit ratio of the blood sample 24 is determined as directly related
      to either the transmission or absorbance characteristics of the light
      passing therethrough. The hematocrit ratio is expressed with respect to
      absorbance as follows:
EQU  HCT = K(Abs.)                                              (2)
PAL  where:
PA1  HCT = unknown hematocrit of sample under test;
PA1  Abs. = amount of light absorbed by sample;
PA1  K = proportionality factor
PAR  Alternatively, combining expressions 1 and 2 above, the hematocrit of the
      sample 24 is expressed with respect to the transmission characteristics as
      follows:
EQU  HCT = K(2 - log.sub.10 T)                                  (3)
PAR  In accordance with the above-described teachings of Shuck, the
      proportionality factor K in expressions 2 and 3 above is given by:
      ##EQU1##
      where: K = proportionality factor
PA1  HCT.sub.s = hematocrit ratio of a standard blood sample measured by any
      known technique;
PA1  Abs..sub.s = the amount of light absorbed by the standard blood sample.
PAR  Thus, in order to determine the proportionality factor K, the hematocrit
      ratio of a standard blood sample S is measured by any known technique.
      Preferably, this is done by the centrifuging (micro hematocrit) technique
      described above with respect to the prior art. The standard blood sample S
      is then diluted with a physiological saline solution and placed in the
      photometer 10 and the absorbance (or transmission) characteristics of that
      sample S is measured in the manner described above. While the absorbance
      characteristic of the sample S may be determined on another photometer, it
      is preferable to employ the same photometer 10 which is used to measure
      the absorbance of the sample 24, in order to offset any inherent errors
      between two different photometers.
PAR  By employing expressions 2 and 4 above, the unknown hematocrit of the
      sample 24 is given as:
      ##EQU2##
PAR  It will be understood that the hematocrit and absorbance of the standard
      blood sample S need not be measured each time an unknown hematocrit is to
      be determined. Suitably, the meter 37 of the galvanometer 36 is provided
      with calibration means which allows a variable K to be incorporated in the
      meter reading, and then the K is adjusted by occasionally measuring a
      standard sample: for example, once a day, or whenever a new batch of
      saline solution is to be used, since the proportionality factor K may vary
      dependent on differences in such saline solutions. Further, the
      proportionality factor may vary between photometers, and it therefore is
      desirable to employ the same photometer for measuring both samples. The
      electronic circuits 38 may provide means for automatically computing the
      unknown hematocrit of the sample 24 under test, to provide an automatic
      printout for visual display of the hematocrit ratio, as is described next.
PAC  B. Electronic System
PAR  An electronic system useful for measuring the hematocrit ratio of whole
      blood, as well as volumetric ratios of other liquid-suspended solids, is
      shown and described with reference to FIGS. 2, 3 and 4, in which FIG. 2
      illustrates an embodiment of an amplifier, charge storage and logarithmic
      conversion circuit, while FIG. 3 illustrates digital circuitry useful with
      the embodiment of FIG. 2, in which inputs to and outputs from FIG. 2 with
      respect to FIG. 3 have common designations.
PAR  The circuit in FIG. 2 includes capacitors and resistors, as well as
      integrated amplifiers, electronic switches and digital circuitry all of
      which are illustrated using symbols well known to those skilled in the
      electronic art. Each component is identified in FIG. 2 with an appropriate
      upper case letter, such as capacitor C, resistor R, amplifier A, switches
      S, and so forth, followed by a lower case reference numeral or letter.
      While specific values and examples of the circuit components are set forth
      in the attached Appendix, it will be understood that changes in the
      circuit values or in the selection of components can be made without
      departing from the scope of the present invention.
PAL  1. Photocell detection and logarithmic conversion
PAR  The photocell detection and the logarithmic conversion circuit, referred to
      generally as 50, is shown in FIG. 2. The circuit 50 includes two
      electronic switches S.sub.1 and S.sub.2 which are respectively coupled to
      the reference photocells 34 and the cuvette photocell 30 (note FIG. 1).
      The outputs of switches S.sub.1 and S.sub.2 are both coupled to the
      inverting input of an operational amplifier A.sub.1 through a gain
      determining resistor R.sub.1, and to ground through another switch
      S.sub.3. The output of amplifier A.sub.1 is coupled to the inverting input
      of another operational amplifier A.sub.2 through resistor R.sub.6. The
      output of amplifier A.sub.2 is coupled back into the non-inverting input
      of A.sub.1 through resistors R.sub.4, R.sub.3, and R.sub.2 through switch
      S.sub.4, to the non-inverting inputs of amplifiers A.sub.3 through
      resistors R.sub.9 and switch S.sub.6, and to the non-inverting input of
      amplifier A.sub.4, through resistor R.sub.9 and switch S.sub.5.
PAR  The outputs of amplifiers A.sub.3 and A.sub.4 are coupled to the inverting
      and non-inverting inputs, respectively, of comparator amplifier circuit
      A.sub.5. Amplifiers A.sub.3 and A.sub.4 are connected as voltage
      followers, with the output also fed back into the inverting input thereof.
PAR  Reference is again made to amplifiers A.sub.1 and A.sub.2. Capacitor
      C.sub.1, serving as a stabilizing capacitor, is coupled between the
      junction of resistors R.sub.3 and R.sub.2 and to ground. Resistors R.sub.5
      and R.sub.8 are feedback resistors coupled between the respective outputs
      of amplifiers A.sub.1 and A.sub.2 to the inverting input thereof. Resistor
      R.sub.7 is coupled between the non-inverting input of amplifier A.sub.2
      and ground.
PAR  Referring to the right hand portion of FIG. 2, a capacitor C.sub.cuv is
      coupled between the output of switch S.sub.6 and ground, and another
      capacitor C.sub.ref is coupled between the output of switch S.sub.5 and
      ground. A potentiometer R.sub.10 having a "wiper" terminal shorted to one
      side, is coupled across capacitor C.sub.ref to switch S.sub.7 and resistor
      R.sub.12 to ground. Resistor R.sub.13 is coupled between the output of
      switch S.sub.7 to the wiper of a potentiometer R.sub.14, which serves as a
      dropping resistor between the positive and negative terminals of a voltage
      source.
PAR  Each of the switches S.sub.1 - S.sub.4, inclusive, are controlled by
      respective NAND gates 52, 53, 54 and 55. Switches S.sub.5 and S.sub.6 are
      controlled by inverters 56 and 57, and switch S.sub.7 is controlled from
      the L.sub.D output of the digital multiplexing circuit, described below.
      The NAND gates and inverters 52-57, inclusive, are coupled to the 0-7
      outputs of a one-out-of ten decoder circuit 58, which is driven by a BCD
      decade circuit 60. It will be appreciated that the circuits 52-58 are
      equivalent in function to devices such as programmable read only memories
      (PROM).
PAL  2. digital Control Circuit
PAR  FIG. 3 illustrates a digital circuit, referred to generally as 70, for
      controlling the circuit 50 of FIG. 2. The circuit 70 includes an inverter
      Schmitt trigger 72, the input of which is coupled to the output C.sub.0 of
      the comparator A.sub.5 of FIG. 2. The circuit 70 further includes two
      single pole double throw switches 74 and 75, or equivalent means, to
      initiate operation of the circuits 50 and 70, as described below.
PAR  As shown in FIG. 3, there is also included three data registers 71, 73 and
      77, two of which registers 71 and 77 are respectively identified as the
      least significant digit LSD register and the most significant digit MSD
      register. All three registers 71, 73 and 77 are coupled to decoder circuit
      79, which in turn feeds a printer control circuit 76, controlling a
      printer 78.
PAR  The circuit 70 additionally includes a plurality of digital NAND and
      inverter gates, as well as associated resistors R.sub.20 - R.sub.27 and
      capacitors C.sub.5 and C.sub.6. Each of these components are depicted by
      commonly accepted symbols in the drawing. As shown in FIG. 3, these
      components are coupled to provide outputs thereof as represented by the
      following symbols:
PA1  C.sub.d = output of comparator A.sub.5
PA1  G.sub.sc = output from Schmitt trigger 72
PA1  G.sub.ds = gate output indicating that N/O contacts of switch 75 are closed
PA1  G.sub.dh = gate output indicating that N/O contacts of switch 74 are
      closed.
PA1  G.sub.mo = gate output that is high when the switch multiplexer decoder 58
      is in the zero position
PA1  G.sub.d = gate output to data register 71 input
PA1  G.sub.lc = logarithmic conversion activation gate
PA1  C.sub.d = output from clock oscillator
PA1  C.sub.da = output gate that generates momentary high pulse when C.sub.D
      changes state from low to high
PA1  G.sub.ls = latch set gate
PA1  L.sub.ep = error prevention latch
PA1  L.sub.m = multiplexer control latch
PA1  L.sub.d = data control latch
PA1  L.sub.p = printer control latch
PAR  The circuit 70 of FIGS. 3 serves to provide clocking and control functions
      to the circuit 50 of FIG. 2, and it will be recognized by those skilled in
      the electronic arts that various modifications may be made to the circuit
      70 to accomplish this purpose.
PAL  3. Operation of System
PAR  One cycle of the operation of a system embodying circuits 50 and 70 will
      now be described.
PAR  Initially, the cuvette 22 containing the blood sample 24 under test is
      placed in the container 20. The switch 74 is then activated, connecting
      the normally open terminal N/O to ground. This may be done manually, or
      alternatively, a microswitch or equivalent means may be placed with the
      container 20 to detect the presence of the cuvette 22. When switch 74 is
      closed, latch L.sub.M is set by NAND gate G.sub.DH. G.sub.DH changes to
      its low state and sets L.sub.M which activates the amplifier system 50.
      Simultaneously, L.sub.EP is reset and L.sub.D is held in its reset
      condition. The resetting of L.sub.EP partially preconditions G.sub.LS.
      Thereafter, comparator output C.sub.o and gate output G.sub.SC are
      stabilized in their high states, further preconditioning G.sub.LS and
      partially preconditioning L.sub.D. G.sub.LC is low and prevents the
      setting of L.sub.D by the pulsing output of C.sub.DA. The reset inputs to
      all three data registers decades are held high by G.sub.DH thereby
      entering and maintaining zero in all three decades.
PAR  Referring for a moment to FIGS. 2 and 4, the decoder 58 provides a clock
      output like that shown in FIG. 4b, the corresponding output designation
      0-7 inclusive, being shown at FIG. 4c. At the beginning of clock output 7,
      only switch S.sub.3 is turned on. This provides a ground reference signal
      to the amplifier combinations of A.sub.1 and A.sub.2. During the next
      clock period 0, switch S.sub.3 remains on and switch S.sub.4 is turned on.
      The turning on of switch S.sub.4 causes the error output voltage of
      amplifier A.sub.2 to be stored on capacitor C.sub.1. In accordance with
      the present invention, the storing of that output results in the
      correction of the inherent offset error of the amplifier circuit A.sub.1
      and A.sub.2 by briefly closing switch S.sub.4 to charge capacitor C.sub.1,
      thereby momentarily reducing the gain of the amplifier circuit to
      approximately 1. When the amplifier circuit of A.sub.1 and A.sub.2 is
      subsequently called upon to amplify a signal, that amplifier is referenced
      to true ground.
PAR  During clock period 1, only switch S.sub.1 is closed, causing the output of
      the reference photocells 34 to be fed into amplifier circuit A.sub.1 and
      A.sub.2. The opening of switch S.sub.4 allows the amplifier circuit
      A.sub.1 and A.sub.2 to amplify that reference photocell signal (note
      waveform 100 in FIG. 4a) by an amplification factor determined by its
      design characteristics. This amplification continues as long as switch
      S.sub.1 is closed; that is, during clock periods 1 and 2. At the beginning
      of clock period 2, switch S.sub.5 is closed, causing the capacitor
      C.sub.ref to start charging on the output of amplifier A.sub.2, through
      resistor R.sub.9. Assuming normal clock rates, on the order of 3 - 10
      Kilohertz, capacitor C.sub.ref does not charge completely until switch
      S.sub.5 has cycled closed several times. However, the charging of
      capacitor C.sub.ref is completed within the 3 - 15 second period described
      below, with reference to the operation of switch 74 in FIG. 3.
PAR  Clock periods 3 and 4 repeat clock periods 7 and 0, conditioning the
      amplifier circuit A.sub.1 and A.sub.2 as described above. During clock
      periods 5 and 6, switches S.sub.2 and S.sub.6 are sequentially turned on,
      allowing the output of the cuvette photocell 30 to be amplified and stored
      in capacitor C.sub.cuv in the same manner as described above with
      reference to the output of the reference photocell 34 and capacitor
      C.sub.ref (note amplified cuvette photocell waveform 102 in FIG. 4a).
PAR  Refer again to FIG. 3. A period of time after L.sub.M is set, on the order
      of 3-15 seconds, the switch 74 is moved to the normally closed pole N/C,
      which returns G.sub.DH to its low state. G.sub.DH becomes high,
      preconditioning L.sub.D. When the output of the decoder 58 is zero,
      G.sub.MO goes high, further preconditioning G.sub.LS. When C.sub.DA
      momentarily goes high with the falling edge of the clock pulse, G.sub.LS
      goes low setting L.sub.D, which turns on switch S.sub.7 and resets
      L.sub.M. This 3 - 15 second time delay is provided to allow turbidity
      conditions in the blood sample to stabilize and to allow the charging of
      capacitors C.sub.cuv and C.sub.ref to also stabilize, as described above.
      It will be understood that the switching functions of switch 74, and
      switch 75 described below, may be made responsive to the mechanical
      position of the probe, or similar means, which may be used to inject the
      blood sample and a saline solution into the cuvette 22. A hemoglobin and
      red blood cell count machine manufactured by Fisher Scientific
      Instruments, Inc., of Pittsburgh, Pa., referred to as the Model 400
      Hemalyzer, employs a mechanical probe of this type.
PAR  Refer again to FIG. 2. The turning on of switch S.sub.7 connects R.sub.10
      to a voltage provided across potentiometer R.sub.14, which is divided
      through resistors R.sub.13 and R.sub.12. This causes the charge stored on
      capacitor C.sub.ref to decrease logarithmically toward the junction of
      resistors R.sub.13 and R.sub.12. When the charge on capacitor C.sub.ref is
      drained to a level equal to the charge stored in capacitor C.sub.cuv, the
      output of C.sub.o of comparator A.sub.5 goes low, which snaps the NAND
      Schmitt trigger 72, resetting G.sub.LS and L.sub.D, and setting L.sub.EP.
      This turns off switch S.sub.7 (note output L.sub.D in FIG. 3). At this
      point, it should be noted that the network formed by resistors R.sub.12
      and and R.sub.13 and potentiometer R.sub.14 provides means for adjusting
      the ground reference of resistor R.sub.10, thereby allowing the discharge
      rates of capacitors C.sub.ref and C.sub.cuv to be altered in the event
      that a constant output error from amplifier A.sub.2 is present.
PAR  During the period when switch S.sub.7 is closed, oscillator pulses enter
      the register L.sub.SD through gate G.sub.D from C.sub.D. When switch
      S.sub.7 is open, this oscillator pulse train is terminated and the number
      of pulses representative of the time required to discharge capacitor
      C.sub.ref to the level of capacitor C.sub.cuv is stored in the three
      registers 71, 73 and 77. It will be understood that resistor R.sub.10
      (FIG. 2) provides a means for adjusting the period of closure of switch
      S.sub.7, much in the same manner as the proportionality adjustment would
      be made to the galvanometer 36 in FIG. 1.
PAR  Switch 75 of FIG. 3 is then closed grounding the normally open contact N/O;
      as noted previously, this may be accomplished manually, or automatically
      by detecting the lifting of a probe or the cuvette 22 (FIG. 1). Upon the
      closing of switch 75, G.sub.DS goes high, preconditioning the
      capacitor-resistor network of R.sub.23, R.sub.22, and C.sub.5. Switch 75
      is returned to the normally closed N/C position, causing L.sub.P to set,
      activating the printer control circuit 76 and printer 78. The hematocrit
      ratio is then read out of the three data registers 71, 73 and 77 via the
      decoders 79.
PAR  As noted above, an essential aspect of the present invention is the
      recognition that the hematocrit ratio of a diluted blood sample is
      directly proportional to the amount of light absorbed by the diluted
      sample. Stated conversely, the hematocrit ratio is proportional to the
      amount of light transmitted through the diluted sample as is set forth
      above in equation 3.
PAR  The method of determining hematocrit set forth above lends itself to
      electronic processing techniques as incorporated in the system described.
      It will be appreciated by those skilled in the medical electronics art
      that this system may be readily integrated with commercially available
      systems capable of measuring the blood indices, excepting hematocrit.
PAR  Since hematocrit is used by physicians as a diagnostic tool, it is
      essential that the electronically measured hematocrit be free from offset
      voltage errors. In the system described above, this is accomplished
      through the use of a reference capacitor and associated switching means to
      detect the offset voltage error an an output from the amplifier, and
      thereafter correct subsequent each amplified output by the amount of the
      offset error.
PAR  It will be understood by those skilled in the art that the logarithmic
      determination of transmission for purposes of expression (1) above is
      inverted in the circuit 50 of FIG. 2, thus arriving at the result of 2 -
      log.sub.10 T, 2 being the logarithm of 100.
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     ______________________________________                                    

     Element            Value                                                  

     ______________________________________                                    

     R.sub.1    =       8.2 Kohm                                               

     R.sub.2    =        1 Kohm                                                

     R.sub.3    =        10 Kohm                                               

     R.sub.4    =        47 Kohm                                               

     R.sub.5    =        1 Mohm                                                

     R.sub.6    =       4.7 Kohm                                               

     R.sub.7    =       4.7 Kohm                                               

     R.sub.8    =       100 Kohm                                               

     R.sub.9    =        1 Kohm                                                

     R.sub.10   =       selected according to clock                            

                        frequency and C.sub.ref                                

     R.sub.12   =                                                              

                        selected according to                                  

     R.sub.13   =       amplifier ground referenced                            

                        output                                                 

     R.sub.14   =                                                              

     R.sub.20   =        10 Kohm                                               

     R.sub.21   =        10 Kohm                                               

     R.sub.22   =        10 Kohm                                               

     R.sub.23   =       2.2 Kohm                                               

     R.sub.24   =        10 Kohm                                               

     R.sub.25   =        10 Kohm                                               

     R.sub.26   =        1 Kohm                                                

     R.sub.27   =        1 Kohm                                                

     C.sub.1    =       0.1 microfarad                                         

     C.sub.ref  =       1 to 5 dependent on clock                              

                        frequency                                              

     C.sub.cuv  =       see C.sub.ref                                          

     C.sub.5    =       0.01 microfarad                                        

     C.sub.6    =       0.001 microfarad                                       

     S.sub.1 - S.sub.7                                                         

                =       RCA CD4016 AE                                          

     A.sub.1, 3, 4                                                             

                =       National Semiconductor LM-308                          

     A.sub.2    =       National Semiconductor Corp-                           

                        oration LM-741                                         

     A.sub.5    =       National Semiconductor Corp-                           

                        oration LM-311                                         

     71. 73 and 77                                                             

                =       Texas Instruments 7490                                 

     58         =       Texas Instruments 7442                                 

     60         =       Texas Instruments 7490                                 

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A system for determining the volumetric ratio of solids suspended in a
      liquid, comprising:
PA1  means for passing a beam of electromagnetic energy through a sample of a
      liquid having solids suspended therein;
PA1  means for measuring a characteristic representative of the amount of said
      energy absorbed by said sample;
PA1  means for computing said volumetric ratio by electronically applying a
      proportionality factor to an output of said measuring means;
PA1  means for passing said beam through a standard sample of said liquid having
      a known volumetric ratio, said measuring means further comprising means
      for measuring a characteristic representative of the amount of said energy
      absorbed by said standard liquid sample; and
PA1  means for electronically calculating said proportionality factor as a ratio
      of said known volumetric ratio to the amount of said beam absorbed by said
      standard liquid sample.
NUM  2.
PAR  2. The system recited in claim 1 further comprising means for diluting said
      liquid sample.
NUM  3.
PAR  3. The system recited in claim 1 wherein said beam passing means comprises:
PA1  means for holding a liquid sample container;
PA1  said beam of electromagnetic energy comprising a source of light positioned
      adjacent said container-holding means such that said container is
      interposed in said beam;
PA1  first means for receiving energy in said beam after having passed through a
      portion of said container filled with said liquids; and
PA1  second means for receiving a light output directly from said source.
NUM  4.
PAR  4. The system recited in claim 3 wherein said source comprises a light
      source complementary to said solids suspended in said liquids.
NUM  5.
PAR  5. The system recited in claim 3 further comprising
PA1  reference charge storing means coupled to said second receiving means
      whereby charge is stored therein corresponding to the amount of light
      received directly from said source.
NUM  6.
PAR  6. The system recited in claim 5 wherein said measuring means comprises
      other charge storing means coupled to said first receiving means, whereby
      charge is stored therein corresponding to the amount of light received
      through said liquidfilled portion of said container.
NUM  7.
PAR  7. The system recited in claim 6 further comprising:
PA1  amplifying means coupled between both said charge storing means and first
      and second receiving means;
PA1  first switching means interposed between said first and second receiving
      means and said amplifying means for alternately switching said amplifier
      between said receiving means; and
PA1  second switching means coupled between said amplifying means and said two
      charges storing means for alternately switching said amplifying means
      between said two charge storing means.
NUM  8.
PAR  8. The system recited in claim 7 further comprising stabilizing circuit
      means coupled to said amplifier for correcting offset voltages out of said
      amplifier.
NUM  9.
PAR  9. The system recited in claim 8 further comprising sequencing means for
      alternatively energizing said first and second switching means and said
      stabilizing circuit means.
NUM  10.
PAR  10. The system recited in claim 9 wherein said stabilizing circuit means
      comprises:
PA1  a capacitor coupled to the output of said amplifying means; and
PA1  third switching means coupled between said capacitor and the output of said
      amplifier.
NUM  11.
PAR  11. The system recited in claim 10 wherein said sequencing means comprises
      means for energizing said third switching means prior to each energization
      of each of said first and second switching means.
NUM  12.
PAR  12. The system recited in claim 6 further comprising:
PA1  means for draining charge from said reference charge storage means; and
PA1  means for measuring the time required for draining the difference in charge
      stored in said reference charge storing means with respect to said other
      charge storing means.
NUM  13.
PAR  13. The system recited in claim 12 wherein said charge draining means
      comprises:
PA1  an impedance; and
PA1  means for sequentially applying said impedance across said reference charge
      storing means.
NUM  14.
PAR  14. The system recited in claim 13 wherein said time measuring means
      comprises:
PA1  repetitive pulsing means; and
PA1  means for counting the number of repetitive pulses from said pulsing means
      during said charge difference draining time.
NUM  15.
PAR  15. The system recited in claim 14 further comprising a comparator circuit
      coupled to both said charge storing means for interrupting said counting
      means when both said charge storing means have equal charges stored
      therein.
NUM  16.
PAR  16. The system recited in claim 12 further comprising means for altering
      the discharge rate from said two charge storing means.
NUM  17.
PAR  17. The system recited in claim 16 further comprising means for adjusting
      said correction voltage to the sum of any offset voltage out of said
      amplifier and any noise voltage across said charge storing means.
NUM  18.
PAR  18. The system recited in claim 1 wherein said solid consists essentially
      of blood cells, and wherein said volumetric ratio comprises the hematocrit
      ratio of said blood cells.
NUM  19.
PAR  19. The system recited in claim 18 wherein said measuring means comprises
      means for measuring the amount of said electromagnetic energy transmitted
      through said sample.
NUM  20.
PAR  20. A system for determining the hematocrit ratio of blood cells suspended
      in a liquid, comprising:
PA1  means for passing a beam of electromagnetic energy through a sample of said
      liquid having said blood cells therein;
PA1  means for determining a characteristic representative of the amount of
      energy absorbed by said blood cells in said sample;
PA1  means for storing a charge corresponding to the magnitude of said absorbed
      energy characteristic;
PA1  means for storing a charge corresponding to the magnitude of energy in said
      beam before passing through said sample;
PA1  means for determining the logarithm of the difference of charges stored in
      said two charge storing means;
PA1  means for computing said volumetric ratio by electronically applying a
      proportionality factor to an output of said logarithm determining means;
PA1  means for passing said beam through a standard blood sample having a known
      hematic ratio, said determining means further comprising means for
      determining a characteristic representative of the amount of energy
      absorbed by said standard blood sample; and
PA1  means for electronically calculating said proportionality factor as a ratio
      of said known hematic ratio to the amount of said energy absorbed by said
      standard blood sample.
NUM  21.
PAR  21. The system recited in claim 20, further comprising:
PA1  repetitive pulsing means; and
PA1  means for counting the number of said repetitive pulses during operation of
      said stored charge difference determining means.
NUM  22.
PAR  22. The system recited in claim 21, further comprising means for providing
      a visual indication of the number of said repetitive pulses counted.
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ABST
PAL  A spectrometer is scanned across a desired frequency range. A selective
      filter is automatically varied to alter its characteristics according to
      the spectrometer's scanning rate by a single control voltage; to assure
      that the filter's characteristics are optimum for both fast and slow
      scanning rates.
PAL  This invention relates to spectrometers and more particularly to apparatus
      for enabling automatic tracking of filter characteristics during the
      scanning of a spectrometer.
PARN
PAR  This is a division of U.S. Pat. application Ser. No. 283,399, filed Aug.
      24, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  There presently exist instruments which are referred to as spectrometers.
      Such spectrometers may be utilized over a broad range of optical wave
      lengths to analyze different light sources. Basically, certain
      spectrometers have been referred to as infra-red spectrometers or IR
      spectrometers. These instruments may be scanning type instruments and
      utilize a dual beam or two channel system to provide at an output a ratio
      between the energy absorbed by a sample and the energy used as a
      reference. In this manner, one channel is designated as a sample channel
      while the other channel is referred to as a reference channel. A light
      source is broken up into two separate paths which are the sample and the
      reference paths. The light is broken up by typical optical techniques such
      as the utilization of prisms, lenses and so on. In such a system, the
      light from the sample channel is shined through a suitable aperture or
      lens assembly where it is directed to be absorbed by a sample. The sample
      used will absorb different wave lengths of light according to its
      characteristics. The output of the sample is eventually applied to
      monochromator after combination with the reference signal. The
      monochromator functions as an optical filter and passes a relatively
      narrow band of energy at a given wave length for a setting or position of
      the monochromator. In such a spectrometer, the monochromator is scanned at
      a given rate to allow the instrument to pass all energy at various wave
      lengths which are being absorbed by the sample. In such a system, the
      output from the monochromator is converted by an optical to electrical
      conversion detector assembly to convert the light signal from the
      monochromator into an electrical signal. The output of the device is
      basically a ratio which is representative of the light absorbed by the
      sample as compared to the reference light. The scanning of the
      monochromator may be synchronized with a pen recorder or other type
      display device. In this manner, the abscissa (x axis) is in wave length
      while the ordinate (y axis) is the ratio between absorbed light and the
      reference light, referred to as transmittance.
PAR  For example, if the sample absorbs no light, then the light or energy in
      the sample path is equal to the reference energy and one would develop a
      DC level at the recorder. On the other hand, if the sample absorbs 100
      percent of the light then the output at the recorder would go towards
      zero. In this manner, as a sample is scanned one sees at the output of the
      recorder a series of peaks and valleys which are representative of the
      wave lengths and energy content which is being absorbed by the sample. If
      the system is scanned slowly, these peaks and valleys would change slowly.
      As one could see, the rate of change is a function of the scanning rate of
      the system. In order to eliminate detector noise, Johnson noise and other
      spurious signals, one would utilize a low pass filter with a relatively
      narrow band for a low scanning rate. The low pass filter required due to
      the fact that the output could be DC if there was no absorption by the
      sample. The band width of the filter is determined by the scanning rate
      and the slower the scanning the narrower the band width. This, of course,
      is to eliminate noise in order to obtain good resolution. It is, of
      course, known that such noise is broad band and is present at all
      frequencies. An inherent difficulty with low scanning rates is that it
      takes greater time to analyze a given sample.
PAR  One could, therefore, desire to increase the scanning rate in order to
      perform more rapid analysis. However, a rapid scanning rate requires
      greater band width filters as the energy level changes more rapidly. If
      the band width of the filter was widened arbitrarily, or by a fixed number
      of cycles, one begins to pass more noise. The additional noise would
      adversely affect the resolution of the instrument. Therefore, one would
      desire to change the band width of the filter for increasing scanning
      rates but the change has to be optimum so that a minimum amount of noise
      would propagate through at a given scanning rate.
PAR  The prior art contemplated a manual selection of filter characteristics.
      These were selected by the operator for a change in the scan rate. For
      example, if the selective filter network consisted of a three pole
      arrangement, one would conventionally require three capacitors and five
      resistors. To effectuate a time constant change, either all the capacitors
      or all the resistors would have to be changed. To obtain twelve different
      time constants, as in a typical spectrometer, one would therefore require
      switching between 60 resistors and 36 capacitors. Such a switching
      arrangement is, of course, both expensive and bulky and further requires
      continuous adjustment and selection by the operator of the analyzer.
PAR  It would therefore be desirable to provide an improved filter arrangement
      for use with a scanning spectrometer wherein the filter characteristics
      are continuously and automatically varied according to the scanning rate.
PAC  BRIEF DESCRIPTION OF PREFERRED EMBODIMENT
PAR  A spectrometer or similar apparatus of the type for determining the
      frequencies or wave lengths and the energy at these wave lengths as
      contained in an unknown signal source includes scanning means operative to
      scan said source at a desired rate and over a predetermined range of
      frequencies, in combination with such apparatus there is provided a
      variable filter having an input terminal adapted to receive said unknown
      signal and a control terminal operative upon application of a control
      voltage thereto to vary said filter characteristics, control means
      responsive to the rate of said scan provide a control voltage proportional
      to said rate, which voltage is applied to said control terminal of said
      filter means to vary said characteristics according to the rate of scan.
DRWD
PAC  BRIEF DESCRIPTION OF FIGURES
PAR  FIG. 1 is a block diagram of a scanning spectrometer having a variable
      filter controlled according to the the invention.
PAR  FIG. 2 is a block diagram of a test instrument useful in explaining the
      operation of the invention.
PAR  FIG. 3 is a detailed schematic diagram of a variable filter used in the
      invention.
PAR  FIG. 4 is a detailed schematic circuit diagram of a modulator useful for
      controlling the filter of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF FIGURES
PAR  Referring to FIG. 1, there is shown a block diagram of a spectrometer,
      which can be of the type generally described in the Background of the
      Invention.
PAR  Light from an unknown source is directed via a suitable lens or otherwise
      to an optical system 10. The light may be that given off by a flame due to
      the selective burning of a chemical in an oven and so on. The sample, as
      indicated, would emit one or more wavelengths of light, depending upon the
      chemical content of the ignited specimen. As is known, each spectral color
      corresponds to a particular wavelength of light. The spectrum of an
      incandescent solid or liquid or a compressed gas is continuous and
      contains all spectrum colors from red to violet. In any event, the colors
      which are analogous to discrete frequencies enable one to analyze the
      contents of a specimen by use of the spectrometer as indicated above.
PAR  The light as directed to the optical system 10 is caused to propagate
      through a series of lenses and prisms where it is broken up into
      respective components and directed along two paths. The optical system 10
      is scanned by means of an optical or mechanical scanner 11. The function
      of the scanner 11 is to control the optical system such that energy from
      the source is scanned over a predetermined range of frequencies, so that
      each component as contained in the light emitted and thence absorbed by
      the sample can be isolated and separated from the unknown signal.
PAR  The scanner 11 causes the optical system 10 to commence operation at one
      frequency or wavelength of the spectrum towards another frequency or
      wavelength. The optical energy is eventually applied to an optical to
      electrical conversion module or detector 12 where the optical energy is
      converted to electrical energy for further processing and for an eventual
      display of the frequency constituents of the light sample.
PAR  There are a plurality of devices which convert optical energy into
      electrical energy. Many such devices are semi-conductors elements and are
      generally referred to as opto-electrical semi-conductors. Basically, such
      devices include photo-conductors and photovoltaic devices.
      Photo-conductors include a variety of different devices which are cadmium
      sulfide, cadmium selenide and lead sulfide, each having different spectral
      responses and therefore responsive to different frequencies. These devices
      can be fabricated so that their spectral response can be altered by
      changing the doping and so on. For an example of many different
      photo-sensitive devices, reference is made to an article entitled
      "SPOTLIGHT ON SEMICONDUCTOR OPTO-ELECTRONICS" by Saul A. Ritterman,
      published in EDN on February, 1967, pages 90 to 105.
PAR  The conversion of the optical signal into a related electrical signal is
      accommodated by module 12 having its output coupled to a low pass filter
      13.
PAR  Filter 13 is a variable filter and is used to selectively respond to the
      frequencies contained in the converted signal to separate out the desired
      components from the interfering energy components, such as those due to
      noise and so on.
PAR  As indicated, the low pass filter 13 has to be varied to accommodate the
      scanning of the optical system 10 and according to the rate of scan. If
      filter 13 were unduly broad, it would be propagate all spurious
      frequencies due to noise as contained in the signal. Hence during the
      scanning process, the operator must adjust the characteristics of filter
      13 according to the scan rate being accommodated at that particular time.
PAR  As previously indicated, this is done in the prior art by a mechanical or
      other switching technique and one has to provide a plurality of different
      filter arrangements and elements which are switched by the operator as a
      function of the frequency scanned and the rate of scanning.
PAR  Shown in FIG. 1 is a speed to voltage converter module 15. The function of
      module 15 is to convert the speed or rate of the scanner into a voltage or
      current signal, which signal is coupled to the narrow band filter 13.
PAR  For example, if the scanner uses a motor, one could use a typical photocell
      arrangement for speed detection. In this manner, the shaft of the motor
      has a light reflecting spot located thereon and a source of light
      illuminating the shaft will be reflected by the spot and sensed by a
      photocell to produce pulses related to speed. These pulses can be
      rectified and converted to a DC level. Magnetic pickups and other devices
      can be used as well. The output from converter 15 is applied to the filter
      13 and as will be explained is used to control the characteristics or time
      constant of the filter 13 according to the speed as detected by the module
      15.
PAR  Referring to FIG. 2 there is shown a module 20 generally referenced as a
      front end module. As such, module 20 may be the front or head end of a
      spectrometer, monochromator or a spectrum analyzer. The function of module
      20 being to receive a complex signal from a light or frequency source
      within a given bandwidth. The front end is scanned across a predesired
      range of frequencies by means of scanner means 21. As indicated, the
      scanning means 21 may be mechanical, electrical or optical and serves to
      control the front end 20 to cause the same to "sweep" across a desired
      band in order to accommodate a wide range of frequencies.
PAR  Coupled to the output of the front end module is a switch 22. Another input
      of the switch 22 is coupled to a pulse width modulator circuit 23 (PWM).
      The function of the pulse width modulator 23 is to provide at an output a
      pulse train, whose pulse width varies as a function of a control voltage
      Vc applied to an input terminal.
PAR  The control voltage Vc is directly related to the scanning rate. As the
      scanning rate changes, the time constant of the filter 26 must change to
      keep the time constant at an optimum value so the filter 26 can
      accommodate the desired frequencies without excessive interference due to
      noise.
PAR  There is shown a half wave rectifier configuration 27 coupled between the
      scanning means 21 and the PWM 23, for developing the control voltage Vc.
      This is only by way of example and other circuit configurations as
      indicated above could be used as well. The rectifier 27 would provide a DC
      voltage (Vc) related to the speed or rate of the scanning means. In any
      event, speed to voltage or current convertors are well known in the art
      and not considered to be part of this invention.
PAR  In this manner, the switch 22 has an output coupled to a voltage divider
      comprising resistors 24 and 25, which resistors are part of the time
      constant network of the filter 26. The junction between resistors 24 and
      25 is coupled to the input of the filter 26, whose output (V out)
      accommodates the frequencies included in the unknown input signal source.
PAR  Essentially the control arrangement for the filter time constant can be
      designated as a resistance multiplication technique.
PAR  The switch 22 appears in series with an equivalent resistance represented
      by resistors 24 and 25. The effective resistance of the filter, which
      determines the time constant, is multiplied by a factor N. The factor N is
      equal to the switching period T divided by the on period (T on), hence:
      ##EQU1##
PAR  With this arrangement, equivalent resistors in the range of R to hundreds
      of times R can be obtained. Referring to FIG. 2 assume that
      ##EQU2##
      where: V out = voltage of filter
PA1  T = switching period
PA1  V(t) = input voltage to filter
PAL  then:
      ##EQU3##
      where: Ton = on period of the switch
PA1  Vin = instantaneous input voltage
PAL  and
      ##EQU4##
      K = integration constant Vc = control voltage to modulator
PAR  From the above relations, it can be seen that the switching times Ton and T
      determine the effective resistance of the network and hence the effective
      time constant. If the switch were continuously on, then the effective
      resistance would be equal to the parallel combination of R24 and R25. If
      the switch were continuously off, the effective resistance would be
      infinity. For intermediate values of on and off times the effective
      resistance is between the two values. Since the switch 22 in actual
      practice can never approach infinite resistance, the upper limit of the
      actual resistance is finite but hundreds of times greater than the
      equivalent resistance determined by R24 and R25.
PAR  Referring to FIG. 3, there is shown a detailed schematic diagram of a
      filter used with this invention and capable of being controlled
      accordingly.
PAR  The filter is essentially a Dessel type active five-pole filter including a
      plurality of field effect transistors which serve as switch elements for
      affording time constant change.
PAR  An input voltage Vin is applied to the drain (D) electrode of a first field
      effect transistor or FET 30. The source electrode(s) of FET 30 is coupled
      through a resistor 31 to the drain of a second FET 32. A capacitor 34 is
      coupled from the drain of FET 32 to a point of reference potential or
      ground, and serves as the capacitive component of the filter section.
      Accordingly, the source of FET 32 is likewise coupled to the drain of
      another FET 36, through a resistor 37. The drain of FET 36 is further AC
      coupled to reference potential by a filter capacitor 38. The gates of the
      FET's 30, 32 and 36 are respectively controlled and coupled to a pulse
      width modulator 40, for providing a varying width pulse according to an
      applied control valve Vc derived from the scanning means and according to
      the rate of scanning. Coupling to the gate electrodes is accomplished by a
      parallel diode and capacitor arrangement to protect the gate and assure
      proper response to the pulse modulated input.
PAR  Essentially, the FET's 30, 32 and 36 operate as variable resistances, whose
      value is a function of the pulse width applied to the gates via the PWM
      40. The three FETs and associated resistor and capacitors form a passive
      filter section capable of supplying a variable time constant according to
      the switching rate and under control of PWM 40.
PAR  The source electrode of FET 36 is coupled via resistor 42 to the gate
      electrode of a source follower circuit 43. The source follower 43 serves
      to drive the inverting input of a high gain operational amplifier 44.
      Biasing for the operational amplifier 44 is supplied to the non-inverting
      input via a source follower, bias source 45.
PAR  The output of the operational amplifier 44 is coupled back to the input
      circuit via a frequency selective feedback network including capacitor 47
      coupled between the output of op AMP 44 and the gate of source follower
      43. A second feedback loop comprises resistor 48 in series with an FET 49,
      coupled between the output of the op AMP 44 and the drain of FET 36. The
      gate of this FET 49 is also coupled to PWM 40, for varying its resistance
      and hence the response of this active filter section.
PAR  Basically, the operational amplifier 44 is a gain providing device and as
      such forms an active filter with a time constant which can be varied by
      controlling FET 49.
PAR  The output of op AMP 44 is further coupled to the drain of FET 50. This FET
      50 is in series with the resistor 51 and the drain to source path of still
      another FET 52. These FET's 50 and 52 form another passive filter section
      and have their gates controlled from PWM 40.
PAR  The source electrode of FET 52 is coupled to the gate of source follower
      55, which drives another active filter section including op AMP 56. The op
      AMP 56 has its output feedback via capacitor 57, resistor 58 and FET 60,
      FET 60 also being controlled via its gate electrode by PWM 40.
PAR  The output of the op AMP 56 is the filtered signal to be applied to a
      suitable display as a recorder for deriving an energy display versus
      wavelength characteristic for the unknown signal.
PAR  Thus it can be seen that the filter described is capable of providing a
      continuous variation of time constant and therefore filtering
      characteristics all under control of the PWM 40.
PAR  The PWM 40 as controlled by Vc can therefore serve to vary filter
      characteristics according to Vc and therefore according to the scanning
      rate of the instrument in which this invention is used.
PAR  Referring to FIG. 4, there is shown a pulse width modulator circuit
      schematic which can be used as PWM 40 to vary the filter time constant
      according to the scanning rate.
PAR  Briefly, a pulse width modulator develops a train of pulses that have
      widths proportional to the amplitude of the modulating signal Vc.
PAR  The modulating signal Vcis derived from an emitter follower 70. Emitter
      follower 70 is provided for power gain and isolation. Coupled to the base
      electrode of the transistor emitter follower 70 is a switch 71 operative
      between a manual and automatic position. In the manual position, a
      variable DC is applied to the base and hence appears at the emitter, which
      voltage is used for manual variation of the filter characteristics by
      adjusting potentiometer 78. In the automatic position, a voltage related
      to the scanning rate is applied to the base and hence in this position
      serves to automatically vary the filter characteristics.
PAR  An operational amplifier 72 is arranged in a triangular waveform generator
      configuration. The operational amplifier 72 employs feedback from output
      to input via transistor 73, resistors 74 and 75, and the frequency
      selective "T" network 79. Biasing for the op AMP 72 is supplied via
      transistor 76 and potentiometer 77. The triangular waveform is applied to
      the inverting input of a second operational amplifier 80, operative as a
      comparator. The non-inverting input of op AMP 80 is driven by the emitter
      follower 70.
PAR  The comparator 80 switches states when the amplitude of the modulating
      signal equals the amplitude of the triangular signal. The over-all
      linearity of the pulse width modulated signal is a function of the
      linearity of the triangular reference and of the offset of the comparator,
      and the maximum response linearity is limited by the response of the
      comparator 80.
PAR  The output of comparator 80 is a pulse width modulated signal at a rate
      determined by the triangular waveform and of a width determined by the
      amplitude of the modulating signal. The rate of the triangular waveform is
      selected to be higher than the frequency range being scanned, as
      determined by the Nyquist criterion. The pulse width modulated waveform is
      applied to the base of output emitter follower 82 and the low impedance
      emitter output is used to drive the FET's as indicated.
PAR  It is, of course, understood that other filter arrangements and modulator
      configurations can be utilized as well without departing from the scope
      and extent of the invention.
PAR  By way of example, the following component values operated satisfactorily
      for the variable filter as shown in FIG. 3.
TBL  __________________________________________________________________________

     FET 45                 U-233                                              

     FET 30, 32, 36, 49, 50, 52, 60, 43 and 55                                 

                            2N4222                                             

     Resistors 31, 37, 42, 51, 48 and 58                                       

                            10,000 ohms                                        

     Capacitors 34          6.1 mf.                                            

           38               3.0 mf.                                            

           57               .69 mf.                                            

           47               1.0 mf.                                            

     Parallel Diode and Capacitor                                              

                            Diodes - 1N4004                                    

     Circuit at FET gates   Capacitors - 220 uuf.                              

     Operational AMPS 44 and 56                                                

                            741 - Fairchild semiconductor                      

     __________________________________________________________________________

PAR  The following components were used in the PWM of FIG. 4.
TBL  ______________________________________                                    

     Transistor 70, 76, 73                                                     

                     2N3704                                                    

     Transistor 82   2N3702                                                    

     Comparator 80   709 Fairchild semiconductor                               

     op AMP 72       741 Fairchild semiconductor                               

     Resistor 74     5100 ohms                                                 

     Resistor 75     510,000 ohms                                              

     ______________________________________                                    

PAR  The components not designated by reference numerals are shown by their
      respective circuit values.
PAR  In summation, there has been provided a filter whose time constant is
      varied according to a scanning rate used to control or "sweep" the front
      or receiving end of a test instrument. The time constant and
      characteristics of the filter are thus varied as a function of the
      scanning rate and hence are always at the optimum values to afford optimum
      filtering and automatic control, thus eliminating the need for the
      instrument user to manually and in discrete steps vary the filter
      characteristics.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a spectrometer of the type used for scanning an light source
      containing a pluality of unknown frequencies, by optically viewing and
      scanning said source over a predetermined range of frequencies, to develop
      electrical signals having frequency components related to those present in
      said source, and in combination, means for selectively filtering said
      electrical signals comprising:
PA1  a. variable low pass filter means responsive to said electrical signals,
      and capable of providing a plurality of different time constants related
      respectively to possible frequency components in said electrical signals
      to effectively respond to any one of said frequency components, said
      filter means having a control input terminal for application thereto of a
      control voltage signal for varying said time constant to any value
      included in said plurality of different time constants,
PA1  b. modulating means having an input responsive to the rate of scanning and
      providing at an output a modulated control voltage signal manifesting a
      variation according to said scanning rate, and
PA1  c. means coupling said modulated control voltage signal to said control
      input terminal of said filter means to vary said time constant according
      to said scanning rate.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said modulating means is a
      pulse width modulator.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein said variable filter means
      includes at least one active semiconductor device, having an input, output
      and control electrode, said control electrode operative upon application
      of a control signal thereto to vary the impedance of said active device
      between said input and output electrode, said input electrode adapted to
      be responsive to said electrical signals.
NUM  4.
PAR  4. The apparatus according to claim 3 wherein said active semiconductor
      device is a field effect transistor.
NUM  5.
PAR  5. In a spectrometer for determining the frequencies contained in optical
      signals wherein variable rate scanning means scans the optical signals at
      a selected rate and over a predetermined range of frequencies for
      isolating the frequencies contained in said range and wherein the scanned
      optical signals are converted into electrical signals which are filtered
      by filter means to separate out desired components and then further
      processed to identify the frequencies present in said range, and in
      combination:
PA1  a variable pulse width modulator for producing pulsed electrical signals,
PA1  means for varying the widths of the electrical pulses from the pulse width
      modulator in relation to changes in the scan rate of the scanning means,
PA1  said filter means comprising a variable frequency low pass filter,
PA1  said electrical signals being connected to said filter through on-off
      switch means,
PA1  the time constant of the filter being variable in proportion to the ratio
      of the on to off time of said switch means as means for varying the
      characteristic frequency of the filter means, and
PA1  said pulse width modulator being connected to actuate said switch means
      between its on and off conditions in proportion to the width of electrical
      pulses therefrom,
PA1  whereby the time constant of the filter means and hence its characteristic
      frequency are continuously and automatically varied in relation to changes
      in the scan rate for maintaining an optimum characteristic frequency of
      the filter for the selected scan rate.
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PAL  Monochromator comprising a concave grating, the lines of which are situated
      at the intersection of the concave surface with a family of surfaces
      geometrically like the equiphasic surfaces obtained as loci of the
      luminous intensity maxima produced by the interference of two beams from
      two point sources C and D, an entry slit A and an exit slit B, wherein the
      polar coordinates of the points C and D and of the entry slit A and exit
      slit B in a system of polar coordinates having as its origin the apex of
      the grating and as reference axis the axis of the grating in a plane of
      reference passing through this axis are connected by the following
      relationships:
      ##EQU1##
      in which (.alpha., l.sub.A), (.beta., l .sub.B), (.beta., l.sub.C) and
      (.delta., l.sub.D) are the polar coordinates of A,B,C and D, respectively,
      R is the radius of curvature of the grating, .omega.=(.alpha.+.beta.) /2
      and .phi.=(.alpha.-.beta.)/2.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a monochromator having a concave grating in which
      the lines of the grating are situated at the intersection of the concave
      surface with a family of surfaces which geometrically are like the
      equiphasic surfaces obtained as loci of luminous intensity maxima produced
      by the interference of two beams emitted from two point sources.
PAR  By "geometrically like" is meant that the said surfaces have the same
      relative positions as the equiphasic surfaces.
PAC  BACKGROUND OF THE INVENTION
PAR  The invention applies in particular to monochromators with holographically
      made concave gratings, that is to say that although the holographic
      process is the only one at present available for obtaining such gratings,
      the scope of the present invention is not restricted to this particular
      process of manufacture.
PAR  The principle of the process of manufacturing a grating by holography is
      already known. Reference may be had, for example, to French Pat. No.
      2,036,613.
PAR  For the purpose of the present description, it will
PA1  .omega. to recall the broad outlines of the manufacturing process with
      reference to FIG. 1 of the attached drawing.
PAR  The process consists of causing two coherent light waves .SIGMA..sub.C and
      .SIGMA..sub.D emitted from two points C and D and originating from a laser
      to fall on a layer S under such conditions that the surfaces of
      interference of the two waves intersect the layer, the light energy
      concentrated on these surfaces producing sufficient modification of the
      layer at the zones of intersection.
PAR  This layer may be, for example, a layer of photopolymerisable resin
      deposited on an optically bright, polished surface of a support made of
      any suitable material and having any suitable form, for example a support
      made of glass or silica, the sensitive surface of which is concave and may
      have, for example, the form of a spherical calotte.
PAR  A solvent is then applied to dissolve selectively either the resin which
      has been polymerised by the light energy or the resin which has not been
      polymerised, so that the lines of the grating appear.
PAR  If it is desired to obtain a grating by reflection, the surface of the
      grating is subsequently metallised under vacuum.
PAR  The production of monochromators with such gratings has already been
      envisaged, see for example French Patent 70 27186.
PAR  A disadvantage commonly found in conventional monochromators having a
      concave grating is that they require a multiplicity of mechanical
      movements including translations and rotations to obtain the desired
      separation of the spectrum. A type of monochromator which does not have
      this disadvantage is known but in it the freedom from this defect is
      achieved only at the expense of the qualities of resolution and
      luminosity.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention seeks to provide a monochromator which has the double
      advantage of simplicity of its movements, which are limited to a rotation
      of the grating, and of luminosity, which is achieved by reduction of the
      astigmatism, in addition to an improvement in the power of resolution.
PAR  The object of the present invention is to define a monochromator which has
      good correction in the wavelength region of 3000-7000 A combined with a
      good quality factor, that is to say good qualities of luminosity and
      resolution.
PAR  To illustrate the description, FIG. 2 of the attached drawing shows the
      basic principle of a monochromator having a grating S, an entry slit A and
      an exit slit B. It is assumed that the grating S has been obtained by the
      interference of coherent light waves from two foci C and D, as shown in
      FIG. 1.
PAR  In a reference plane containing the normal to the grating at its apex, if
      one takes as origin the apex of the grating and as axis the normal to the
      grating, the polar coordinates in this plane of the entry slit A and the
      exit slit B of the monochromator and of the points C and D which define
      the foci of the family of quadric generatrices of the grating will be
      defined by:
PA1  A (.alpha., l.sub.A)
PA1  B (.beta., l.sub.B)
PA1  C (.gamma., l.sub.C)
PA1  D (.delta., l.sub.D)
PAL  the angles being taken as positive in the trigonometric sense.
PAR  It has been discovered that a monochromator with the desired performance
      characteristics is obtained if the following relations are observed
      between these coordinates:
      ##EQU2##
      in which: R is the radius of curvature of the grating, .omega.=
      (.alpha.+.beta.)/2 (where .omega. is the angle of rotation of the grating)
PA1  .phi. = (.alpha.-.beta.)/2 (where 2.phi. is the angle at which the two
      slits at the summit of the grating are viewed.)
PAR  The following embodiments which have the minimum residual aberrations are
      preferred:
TBL  1500 .ltoreq.                                                             

            N      .ltoreq. 2000                                               

                             (N being the number of lines                      

     51.degree..ltoreq.                                                        

            .gamma.                                                            

                   .ltoreq.  76.degree.                                        

                             per millimeter of the grating)                    

     2.degree..ltoreq.                                                         

            .delta.                                                            

                   .ltoreq.   6.degree.                                        

     0.8R .ltoreq.                                                             

            l.sub.C                                                            

                   .ltoreq.  1.1R                                              

     3R .ltoreq.                                                               

             l.sub.D                                                           

                   .ltoreq.  35R                                               

     75.degree..ltoreq.                                                        

            2.phi. .ltoreq.  95.degree.                                        

     0.9R .ltoreq.                                                             

             l.sub.A                                                           

                   .ltoreq.  1.1R                                              

     0.4R .ltoreq.                                                             

             l.sub.B                                                           

                   .ltoreq.  0.6R                                              

DRWD
PAC  GENERAL DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a process for manufacturing a grating for use in the
      monochromator of the present invention.
PAR  FIG. 2 is a diagram showing the principal parameters of the monochromator
      of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the Figures,
PA1  A is the entry slit
PA1  B is the exit slit
PA1  S is the grating
PA1  C and D are the points from which the coherent light waves are emitted to
      produce the grating S.
PA2  (.alpha., l.sub.A) is the polar coordinate of A
PA2  (.beta., l.sub.B) is the polar coordinate of B
PA2  (.gamma., l.sub.C) is the polar coordinate of C
PA2  (.delta., l.sub.D) is the polar coordinate of D
PAR  Two examples of monochromators constructed in accordance with the invention
      are described in the following Examples.
PAC  EXAMPLE 1
PAR  A monochromator with the following parameters is produced:
PAL  Grating: a concave spherical calotte with 1584 lines to per mm, corrected
      for 5772.2 A.
TBL  ______________________________________                                    

     Constructions points of the grating:                                      

     C :        l.sub.C = 0.929 R                                              

                               .gamma. = 59.2.degree.                          

     D :        l.sub.D = 6.630 R                                              

                               .delta. =  5.degree.                            

     Slits of the monochromator:                                               

     A :        l.sub.A = 1.055 R                                              

                               2.phi. = 85.7.degree.                           

     B :        l.sub.B = 0.536 R                                              

     ______________________________________                                    

PAR  The relative defocalisation of the different wavelengths which is directly
      connected to the resolution, is as follows:
TBL  .lambda.                   .DELTA. l.sub.B                                

                                l.sub.B                                        

     4000                       0.019%                                         

     5000                       0.006%                                         

     6000                       0.001%                                         

PAC  EXAMPLE 2
PAR  A monochromator with the following parameters is produced:
PAL  Grating: a concave spherical calotte having 1683 lines per mm.
TBL  ______________________________________                                    

     Construction points of the grating:                                       

     C :        l.sub.C = 1.03 R                                               

                               .gamma. = 65.3.degree.                          

     D :        l.sub.D = 9.68 R                                               

                               .delta. =  5.degree.                            

     ______________________________________                                    

PAL  Slits of the monochromator:
PAR  As in example 1.
PAR  The relative defocalisation of the different wavelengths, which is directly
      connected with the resolution, is as follows:
TBL  .lambda.                   .DELTA. l.sub.B                                

                                l.sub.B                                        

     4000                       0.021%                                         

     5000                       0.000%                                         

     6000                       0.002%                                         

CLMS
STM  We claim:
NUM  1.
PAR  1. A monochromator comprising a concave grating the lines of which are
      situated at the intersection of the concave surface with a family of
      surfaces geometrically like the equiphasic surfaces obtained as loci of
      the luminous intensity maxima produced by the interference of two beams
      from two point sources C and D, means defining an entry slit A and means
      defining an exit slit B, wherein the polar coordinates of said points C
      and D and of said entry slit A said exit slit B in a system of polar
      coordinates having as its origin the apex of said grating and as reference
      axis the axis of said grating in a plane of reference passing through the
      axis are connected by the following relationships:
      ##EQU3##
      in which (.alpha., l.sub.A), (.beta., l.sub.B), (.gamma., l.sub.C) and
      (.delta., l.sub.D) are the polar coordinates of A, B, C and D,
      respectively, R is the radius of curvature of said grating, .omega. =
      (.alpha.+.beta.)/2, .omega. being the angle of rotation of the grating,
      and .phi.=(.alpha.-.beta.)/2, 2.phi. being the angle at which the two
      slits at the summit of the grating are viewed.
NUM  2.
PAR  2. Monochromator according to claim 1, wherein
     1500 .ltoreq.                                                             

            N      .ltoreq. 2000                                               

                             (N being the number of                            

     51.degree..ltoreq.                                                        

            .gamma.                                                            

                   .ltoreq.  76.degree.                                        

                             lines per mm of said                              

     2.degree..ltoreq.                                                         

            .delta.                                                            

                   .ltoreq.  grating)e.                                        

     0.8R .ltoreq.                                                             

            l.sub.O                                                            

                   .ltoreq.  1.1R                                              

     3R .ltoreq.                                                               

             l.sub.D                                                           

                   .ltoreq.  35R                                               

     75.degree..ltoreq.                                                        

            2 l    .ltoreq.  95.degree.                                        

     0.9R .ltoreq.                                                             

            l.sub.A                                                            

                   .ltoreq.  1.1R                                              

     0.4R .ltoreq.                                                             

             l.sub.B                                                           

                   .ltoreq.  0.6.                                              

NUM  3.
PAR  3. Monochromator according to claim 2, wherein said grating is a concave
      spherical calotte having 1584 lines per mm, and:
TBL  l.sub.C = 0.929R     .gamma. = 59.2.degree.                               

     l.sub.D = 6.630R     .delta. =   5.degree.                                

     l.sub.A = 1.055R                                                          

     l.sub.B = 0.536R     2.phi. = 85.7.degree..                               

NUM  4.
PAR  4. Monochromator according to claim 2, wherein said grating is a concave
      spherical calotte having 1683 lines to the mm and:
TBL  l.sub.C = 1.03R      .gamma. = 65.3.degree.                               

     l.sub.D = 9.68R      .delta. =   5.degree.                                

     l.sub.A = 1.055R                                                          

     l.sub.B = 0.536R     2.phi. = 85.7.degree..                               
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PAL  An interferometer arrangement of either the transmission or reflection type
      incorporating at least a pair of partially spherical or spherical elements
      having an index of refraction of approximately two is disclosed. In a
      preferred embodiment, the spherical or radiation directing elements are
      glass spheres having an index of refraction of approximately two at the
      wavelength of a light source being utilized. In a transmission type
      interferometer, both the spherical or radiation directing elements are
      utilized as beam splitters and collimators while, in the reflection type
      interferometer, one of these spheres is used as a beam splitter and
      collimator while the other is utilized as a retroreflector. The complete
      spherical symmetry of such radiation directing elements permits them to
      function with any orientation relative to the optical path between them.
PAL  Mechanisms in which desired motions are controlled with high precision by
      applying mechanical feedback to position a movable body relative to a
      fixed reference body, using the above described interferometer arrangement
      are also disclosed. The same mechanisms are capable of being controlled
      from a programmed computer causing the movable body to exhibit a desired
      motion using interference fringe detection schemes to both monitor and
      accurately position the movable body relative to a reference body.
PAL  Also disclosed is an actuator based on a hollow hydraulic cylinder having a
      given longitudinal axis which includes an interferometer arrangement
      incorporating at least a pair of spherical elements which have an optical
      axis substantially coincident with the longitudinal axis of the actuator.
      Also disclosed are transducer arrangements disposed in series with the
      actuator which are utilized to meet high frequency stability requirements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention generally relates to interferometer arrangements and to
      mechanical systems which incorporate such interferometer arrangements for
      the precise measurement and positioning of related parts which have
      relative motion between such parts. More specifically it relates to an
      interferometer arrangement which utilizes a pair of spherical elements
      having an index of refraction substantially equal to two at a source
      wavelength as collimators and/or retroreflectors. In an arrangement shown,
      the centers of the spherical elements define known points on bodies which
      exhibit relative motion. Actuators which interconnect these points are
      mechanically positioned so that the centers of the spherical elements and
      the mechanical interconnection points are substantially coincident. Also,
      the actuators are arranged such that their longitudinal axes are
      substantially coincident with the optical axis of the interferometer
      arrangement. In this way, extremely accurate measurements are possible
      using known interferometer fringe detection circuits, the outputs of which
      may be utilized to energize the actuators so as to maintain the position
      of a movable body relative to a reference body or to cause the movable
      body to move in a desired way relative to the reference body. The
      arrangements shown have the advantage of permitting more complicated
      motion than rotation about an axis or rectilinear translation and of
      permitting the accuracy achievable by optical interferometry to be
      exploited to the utmost, without requiring any accurate mechanical guiding
      members such as ways or bearings. The arrangements shown also have the
      advantage of being able to provide absolute values of measurements rather
      than relative values of measurements.
PAR  2. Description of the Prior Art
PAR  Standard forms of interferometers measure the distance in optical
      wavelengths between two surfaces, the images of which can be superimposed
      by means of an optical system. For metrological purposes, however, the
      distance between two discrete points is often a more useful measurement.
      To do this with conventional interferometers requires that the two
      surfaces be accurately aligned and that the relationship of these surfaces
      to the points be determined. The necessity for alignment imposes
      undesirably stringent mechanical constraints if the measurement is to be
      made of the variable distance between two components of a mechanism. This
      difficulty has been overcome in the past by using retroreflectors.
      However, the types of retroreflectors which have been used can operate
      only with light incident from a limited range of directions and require
      the careful alignment of several optical surfaces within each
      retroreflector. The cube corner type, for example, requiring three
      reflecting planes to be set accurately perpendicularly, operates only to
      30.degree. off-axis; and suffers from second order errors of optical path
      lengths when constructed in the usual form of a trihedral prism. The
      cat's-eye form, consisting of concentric convex and concave spherical
      mirrors, can work up to 90.degree.  off-axis, but returns a hollow beam
      and requires accurate concentricity. In neither case is the center of
      reflection easy to locate accurately with respect to the structure,
      because of the lack of spherical symmetry.
PAR  To overcome these difficulties accurate spherical elements of optical
      material with a refractive index substantially equal to two at the
      wavelength of the light source are used as retroflectors. A spherical
      element with a refractive index of two has the property of bringing an
      incident parallel beam of light to a focus exactly on the rear surface of
      the sphere. The light which is internally reflected therein returns along
      the same path forming a collimated beam returning along the path of the
      incident beam. The useful return beam is not, of course, as large as the
      diameter of the sphere because of spherical aberrations, but these are
      negligible over an appreciable aperture.
PAR  Such a retroreflector consists of a single optical surface (a complete
      sphere) which is a particularly easy form to generate with accuracy. The
      center of reflection corresponds to the center of the sphere, and is thus
      easy to locate with precision. The complete spherical symmetry results in
      an ability to return light incident from any direction.
PAR  The apparatus summarized hereinabove provides an extremely accurate
      interferometer arrangement for measuring distances which can be combined
      with actuators to position a movable body relative to a reference body or
      to provide rather complicated motions to the movable body relative to the
      reference body. The arrangements shown use feedback to maintain the
      movable body in a desired position or utilize controlled actuation of a
      plurality of actuators to obtain a desired motion of the movable body
      relative to the reference body.
PAR  It is therefore an object of the present invention to provide a
      point-to-point interferometer which incorporates as retroreflectors
      accurate spheres of optical material with a refractive index of
      approximately 2.
PAR  Another object is to provide an interferometer arrangement which can be
      utilized either as a reflection or transmission type interferometer.
PAR  Another object is to provide an improved interferometer arrangement by
      eliminating the limited angular range of prior art retroreflectors.
PAR  Still another object is to provide mechanisms which incorporate such
      interferometers for controlling relative motion between portions of such
      mechanisms.
PAR  Another object is to provide an actuator in which the longitudinal axis of
      the actuator is coincident with the optical axis of an interferometer.
DRWD
PAR  The foregoing and other objects and features of the present invention will
      be apparent from the following more particular description of a preferred
      embodiment of the present invention as illustrated in the accompanying
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a transmission type interferometer which
      incorporates a pair of spherical or radiation directing elements having an
      index of refraction of two at the wavelength of an associated light
      source. A block entitled "Fringe Detector and Counter" is utilized to
      detect relative motion between the spherical elements.
PAR  FIG. 2 is a schematic diagram of a reflection type interferometer in which
      one spherical or radiation directing element is utilized as a collimator
      and the other is utilized as a retroreflector. A beam splitter for viewing
      is also shown. A block entitled "Fringe Detector and Counter" represents a
      means for detecting and measuring relative motion between the spherical
      elements.
PAR  FIG. 3A is a top view of a mechanical arrangement in which a plurality of
      actuators interconnect three non-collinearly disposed points on a
      reference body and three on a movable body. Each linear actuator
      preferably incorporates an interferometer of the type shown in FIG. 2 in a
      form shown in FIG. 5.
PAR  FIG. 3B is a side view of the mechanical arrangement of FIG. 3A.
PAR  FIG. 4 is a side view of a mechanical arrangement which incorporates a
      plurality of actuators and interferometers which permits continuous
      rotation about axes covering a limited range of directions. In this
      instance, the movable body is a crankshaft-like structure.
PAR  FIG. 5 is a partial block diagram-partial cross-sectional view of an
      actuator in accordance with the teaching of the present invention in which
      the longitudinal axis of the actuator and the optical axis of an
      internally disposed interferometer are coincident. The axes of rotation of
      portions of the actuator are also shown to be coincident with the centers
      of the spherical or radiation directing elements of the interferometer.
PAR  FIG. 6A shows a transducer disposed in series with a trunnion and piston
      rod which may be utilized to apply small motions to meet the high
      frequency stability requirements of a feedback system which incorporates
      hydraulic actuators.
PAR  FIG. 6B shows a cross-sectional view of a magnetostrictive transducer
      having the ability to generate small displacements which is disposed
      within the movable piston rod, for example, of FIG. 5.
PAR  FIG. 6C shows a partial cross-sectional-partial block diagram of a
      hydrostatic bearing which may be utilized as an interconnection bearing
      for connecting the actuator of FIG. 5 to either the movable piston or
      hollow annular cylinder portions of that actuator.
PAR  FIG. 7A is a cross-sectional view of an overhung spindle showing an axial
      spindle controlled by radial and axial hydrostatic bearings, each having
      pairs of differentially actuated opposing pads. Internally disposed
      interferometers of the type shown in FIG. 2 control the position of the
      spindle by introducing hydraulic fluid into the various inlets at
      appropriate rates when errors are detected by fringe detectors and
      counters (not shown).
PAR  FIG. 7B is a sectional view of the arrangement of FIG. 7A taken along line
      7B--7B of FIG. 7A.
PAR  FIG. 8 is a perspective view of a plurality of point-to-point
      interferometers similar to that shown in FIG. 2. Each interferometer
      consists of a sphere of index of refraction 2 disposed at a known position
      on a planar surface and a movable sphere of index of refraction 2. The
      latter is common to each of the plurality of interferometers.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 there is shown therein a partial-schematic,
      partial-block diagram of a transmission type interferometer shown
      generally at 1. A source of electromagnetic energy shown at 2 is
      preferably a continuous wave laser which, for example, may have a
      wavelength of 6328A. This is the characteristic frequency of a helium-neon
      gas laser which is commercially available. Any laser or other source of
      electromagnetic wave energy ccould be utilized, but the choice is a
      function of price, and, as will be seen hereinafter, a function of the
      availability of materials which give a desired index of refraction at the
      wavelength of light source 2. In FIG. 1, lens 3 is a condenser lens which
      focuses a beam from light source 2 onto a spherical radiation directing
      element 4 which partially reflects and partially transmits the incident
      light from collimating surfaces 5 to another spherical radiation directing
      element 6 where the transmitted beam is bent at collimating surfaces 7 to
      focus at a point on a partially reflecting surface 8. The reflected
      portion of the beam incident on surface 8 is recollimated by refracting
      surfaces 7 and sent back along the same path, so that sphere 6 acts as a
      retroreflector. The returned beam is again focused by refracting surfaces
      5 of sphere 4 upon the partially reflecting surface 10. The reflected
      portion is once more collimated, interfering with the original beam. In
      this manner, interference fringes which result from the cancellation and
      augmentation of the twice-reflected and unreflected portions of the
      incident light beam are obtained. The interference fringes are detected
      and counted by fringe detecting and bidirectional counter means which are
      well known to those skilled in the interferometry art. A fringe detector
      and counter of commercially available type is represented in FIG. 1 by
      block 9 and is otherwise indicated therein as fringe detector and counter.
      In FIG. 1, spherical radiation directing elements 4, 6 are designed to
      have a refractive index of approximately two at the wavelength of source
      2. Spherical radiation directing elements 4, 6 may be fabricated from
      commercially available glasses such as Hoya Ta FD16 available from Hoya
      Glass Works Ltd., Tokyo, Japan, which have approximately an index of
      refraction of two at the wavelength of 6328A. An important feature of the
      arrangement of FIG. 1 is that the components at each end of interferometer
      1 have complete spherical symmetry, so that they can accommodate angular
      variations while being rigidly attached to bodies, the distance between
      which one wishes to determine. Also, spherical radiation directing
      elements 4, 6 define easily located points (the centers of the spheres)
      through which the interferometer path always passes and whose separation
      is equal to the interferometer path, minus the optical radii of the
      spheres. Since the radii of spherical radiation directing elements 4, 6
      are known, the arrangement of FIG. 1 may be utilized for absolute
      measurement of distance since the fringe count can be reset when spherical
      elements 4, 6 of known radii are in contact.
PAR  When spherical radiation directing elements 4, 6 have a refractive index of
      two, they have the property of bringing light from infinity of a focus
      exactly on the rear surface of the spherical elements. Also, light which
      is internally reflected from the rear surface of the spherical element
      returns along the same path forming a collimated beam returning to the
      point of origin at infinity. Thus the spherical elements act as
      retroreflectors. Of course, the useful return beam is not as large as the
      diameter of the spherical element, because of spherical abberations, but
      these are negligible over an appreciable aperture. Such a retroreflector
      consists of a single optical surface (a complete sphere) which is of a
      particularly easy form to fabricate with accuracy. The center of
      reflection corresponds to the center of the sphere, and is thus easy to
      locate with precision. The complete spherical symmetry results in an
      ability to return light incident from any direction.
PAR  In FIG. 1, radiation directing spherical element 4 may be replaced by
      conventional interferometer elements such as a half-silvered mirror. The
      latter permits the transmission and reflection of light from source 2 in a
      manner similar to that described in connection with spherical element 4.
      While an interferometer arrangement incorporating a half-silvered mirror
      does not possess complete spherical symmetry, the presence of one
      spherical radiation directing element is sufficient to provide an
      advantage over known prior art arrangements especially in terms of
      accuracy and ease of fabrication.
PAR  FIG. 2 shows an arrangement in which one spherical element is utilized as a
      retroreflector and another is used as a beam splitter and as a collimator.
PAR  Referring now to FIG. 2, an interferometer arrangement shown generally at 1
      of the reflection type is shown. Electromagnetic energy from a source 2,
      preferably a laser, is projected at a beam splitter 11 from which the
      incident energy is partially reflected and partially transmitted. The
      partially transmitted component is focused by a condenser lens 3 onto a
      partially reflecting surface 12 of spherical radiation directing element
      4. The transmitted energy is incident upon collimating surfaces 5 and is
      transmitted to the surface of a spherical radiation directing element 6
      where, at collimating surface 7, the incident beam is focused on the rear
      surface 8 of sphere 6 from whence it is partially reflected via
      collimating surfaces 7 and 5 back to partially reflecting surface 12 where
      it interferes with the component of the beam from lens 3 which was
      originally partially reflected from surface 11, producing interference
      fringes. The resulting interference fringe patterns are transmitted via
      lens 3 and beam splitting mirror 11 to block 9 which represents well known
      fringe detector and counting circuits.
PAR  In FIG. 2, block 13 represents an actuating means which, in response to an
      output from fringe detector and counter 9, generates a signal which causes
      a motion or force applying means, represented by block 14, to directly
      move radiation directing element 6 or to indirectly move it by applying
      forces to movable elements to which element 6 is connected. Thus, in one
      mode, fringe detector and counter 9 may perform a purely monitoring
      function and count fringes which are ultimately converted to distance. In
      another mode, where a desired distance is required, a desired count may be
      introduced into a register associated with counter 9 and an output
      provided to actuating means 13 until a comparator (not shown) indicates
      zero difference between the desired and actual counts.
PAR  It should be noted in connection with FIGS. 1 and 2 that the functions of
      collimation and partial reflection are each performed by a spherical
      radiation directing element 4 or 6. In FIG. 2, it is the same spherical
      element 4 which does both, leaving spherical element 6 to act only as a
      retroreflector. Spherical element 6 is thus free of optical encumbrances,
      and is hence particularly convenient for use as a freely movable target.
      In this connection, it should be appreciated that spherical radiation
      directing element 6 can be substituted for by a prior art cube corner
      reflector. While this subjects the arrangement of FIG. 2 to limitations
      which are inherent with the use of cube corner reflectors, such as
      arrangement is still superior in terms of accuracy and ease of fabrication
      to prior art systems. Like the arrangement of FIG. 1, interferometer 1 of
      FIG. 2 is particularly adaptable to the absolute measurement of distance,
      since the fringe count can be reset when spherical elements 4, 6 (of known
      radii) are in contact.
PAR  In connection with FIGS. 1 and 2, it should be appreciated that spherical
      radiation directing elements 4, 6 can be simply mounted relative to light
      source 2 such that the optical axis of the arrangement passes through the
      center of spherical elements 4, 6. However, because of the complete
      spherical symmetry of the arrangements of FIGS. 1 and 2, spherical element
      6 may be moved up or down from its position in FIG. 2, for example,
      without limiting the distance measuring ability or the accuracy of the
      arrangement. In actual practice, however, both spherical radiation
      directing elements 4, 6 are arranged such that the optical axis of the
      system can be drawn through the centers of spherical elements 4, 6, lens 3
      and source 2. As has been indicated hereinabove, absolute measurements of
      distances can be made by resetting fringe detector and counter when
      spherical elements 4, 6 are placed in contact. Then, if spherical element
      6 is moved, and the interference fringes counted in a bidirectional
      counter, for example, the range of spherical element 6 is known at all
      times to within one-half wavelength or less if a counter is used which
      records fractional fringe displacements.
PAR  Until this point, spherical radiation directing elements 4, 6 have been
      characterized as spheres having an index of refraction of two at the
      wavelength of the source being used. It should be appreciated that
      elements 4, 6 need not be spheres but may take the form of a truncated
      sphere. All that is required is that the incident radiation or light
      encounter reflecting and refracting surfaces which are normally
      encountered in elements having spherical geometry. Thus, a radiation
      directing element in FIG. 1, 2 may have flattened surfaces, for example,
      as long as reflecting and refracting surfaces 5, 7, 8, 10, and 12 preserve
      their sphericity and appear as concentric spherical surfaces to indicent
      light.
PAR  Because the arrangements of FIGS. 1 and 2 have the ability to accept large
      angular misalignments both between their retroreflectors and between each
      retroreflector and the optical path, certain mechanisms which were
      previously not available become attainable when the transmission
      interferometer arrangement of FIG. 2 is combined with linear actuators as
      will be seen hereinafter in connection with the discussion of FIGS. 3A,
      3B. Before addressing the interferometer-actuator arrangements, the
      following background discussion should indicate some of the problems which
      the mechanisms disclosed overcome and some of the applications to which
      said mechanisms may be put.
PAR  There is a large class of mechanisms in which the object of the device is
      to constrain accurately the motion of a rigid body. This motion may be
      rotation about an axis, rectilinear translation or more complicated, and
      it may take place as a step-wise adjustment, motion in response to an
      external force in response to a control signal, or in response to the
      motion of another body. Such mechanisms commonly embody links, hinges,
      slideways, bearings, gears, cams and other mechanical elements. They are
      always of limited accuracy due to errors of part geometry, elastic
      deflection and unwanted but necessary clearances. The more accurate
      mechanisms are very expensive due to the amount of skilled handwork
      required in their fabrication.
PAR  In the past, attempts have been made to overcome these difficulties with
      active structures in which the position of a movable component is
      compared, either with the surface of a load-bearing guide member (e.g., a
      slideway), or with a nonload-bearing reference (e.g., a straight-edge or
      light beam). An error signal is then derived and a force is applied to the
      body so as to reduce the error in accordance with the standard principles
      of negative feedback. An example of the first type of system is a
      hydrostatic slide-bearing, while the second does not yet seem to have come
      into use although working models have been made. A disadvantage of both
      types of mechanism is that the reference must have a geometrical form
      which reproduces the motion desired and must be capable of being
      fabricated with the accuracy required. This limits the motions available,
      in practice, to rotation about an axis and rectilinear translation and
      does not permit the accuracy achievable by optical interferometry to be
      exploited to the full.
PAR  All of these difficulties can, however, be overcome, and a number of other
      advantages obtained, by abandoning the concept of references having the
      same geometry as the path to be followed. All that is actually required is
      to define the position of a movable body relative to a fixed reference
      body, and this can be done by imposing any six geometrical constraints on
      their relationship. If interferometry is to be exploited, these
      constraints must be linear measurements. A convenient arrangement is to
      define three noncollinear reference points on a movable body and three on
      a reference body; the six contraints are then any six distances between
      points on the two bodies. If the movable body is to follow a prescribed
      path, the six distances must vary in a complicated way which, in the past,
      would have ruled out such a mechanism. However, with the rapidly
      decreasing cost of digital computation, it is now possible to operate the
      system in the following way: Given the required position, the six required
      distances are calculated digitally and compared with the actual distances
      as obtained from the outputs of six optical interferometers and fringe
      counters. The six resulting error signals may each be applied to a linear
      actuator acting collinearly with the measured distance in such a way as to
      decrease the error. The movable body is thus brought into the required
      position.
PAR  The required position, generated as a set of numbers by a program in a
      computer, for example, may be varied with time in a number of different
      ways depending upon the application. The position can be changed on an
      external command to provide an adjustment or point-to-point control. The
      position can be incremented regularly, to move the body along a prescribed
      path of any shape at arbitrary velocities. If one or more actuators is
      omitted or disconnected while its associated interferometer is retained,
      the movable body acquires a corresponding number of degrees of freedom
      and, if the required position is then defined in the computer program as a
      locus, the movable body can be moved along this locus in response to
      external forces. More complicated schemes may be envisioned in which the
      body, although having one or more degrees of freedom for static
      displacement, still has forces exerted along all six axes when in motion.
      If these forces are made to depend on its velocity or acceleration, its
      motion can be made to simulate arbitrary viscous or inertial forces. Other
      bodies, linked to the same reference body by additional sets of
      interferometers and actuators, can have their positions defined as
      functions of the position of the first body and, thus complicated
      mechanisms can be built up. Such a structure might be described as a
      universal mechanism, for the same physical structure can be adapted to act
      in a great many different ways merely by a change in software in a
      computer.
PAR  Since the six linear measurements mentioned above must be made along
      directions variable with respect to the movable and reference bodies, a
      form of interferometer is required which can accept large angular
      misalignments both between its end mirrors and the optical path, and
      between the mirrors themselves. This problem can be overcome by the use of
      retroreflectors which return light exactly back along its direction of
      incidence. Such an arrangement is shown in FIG. 2. As indicated in
      connection with the discussion of FIG. 2, an important feature of the
      reflection type interferometer 1 is that the optical components at each
      end of the interferometer have complete spherical symmetry so that they
      can accommodate angular variations while rigidly attached to their
      respective bodies. The spherical elements define easily located points
      through which the interferometer path always passes and whose separation
      is equal to the interferometer path minus the optical radii of the
      spheres. Thus, using the interferometer arrangement of FIG. 2, six
      distances mentioned hereinabove can be established exactly without the
      intervention of any mechanical swivels which could lead to inaccuracy.
PAR  As indicated in connection with FIGS. 1 and 2, the six distances can be
      detected in the usual way by counting interference fringes with a
      bidirectional counter, for example. However, the absolute values of the
      distances, not just changes, enter into the calculation of the position of
      the body being moved. In this respect, spherical retroreflectors have
      another advantage in that a well defined reference point is established
      when the two spheres of an interferometer are in contact. As has been
      indicated previously, the separation of the reference points is then equal
      to the sum of the radii of the spheres, a quantity which is easily and
      accurately measured in other ways. Thus, if the fringe counter is
      simultaneously set to the equivalent of this distance, subsequent counts
      can be interpreted absolutely. Given a digital measure of each of the six
      distances (the contents of six fringe counters associated with six
      interferometer arrangements), comparison with the six correct values, and
      generation of digital, and then analog, error signals can be done
      straightforwardly. Feedback can be accomplished by applying the error
      signals to actuators, which then develop forces tending to reduce the
      errors. The simplest arrangement is to have the actuators collinear with
      the interferometer paths, applying forces through gimbals centered
      approximately on the spheres, but separately fixed to the bodies.
      Mechanical errors in the gimbals have no affect on the accuracy, and each
      actuator affects only the corresponding interferometer path (orthogonal
      feedback loops). However, if this is not convenient, the actuators can act
      along lines different from the interferometers, but there will then be
      interactions between the error signals. This complicates the problem of
      stability, but the feedback loops can be made orthogonal again, if
      necessary, by generating suitable composite error signals.
PAR  A convenient geometry for achieving the results of the sort suggested in
      the above discussion is shown in FIGS. 3A and 3B. FIG. 3A is a top view of
      a mechanical arrangement in which a plurality of actuators interconnect
      three noncollinearly disposed points on a reference body and a movable
      body and, FIG. 3B is a side view of the arrangement of FIG. 3A. In FIG.
      3A, a movable body 20 is connected to a reference body 21 by a plurality
      of combined actuators and interferometers 22 wherein the longitudinal axes
      and optical axes of the combined actuators and interferometers are
      coincident and has a geometry such that three reference points on each of
      the bodies 20, 21 are arranged in roughly equilateral triangles.
      Alternatively, actuators and interferometers 22 need not take the form
      where the optical axes and longitudinal axes are coincident but may also
      take the form wherein these axes are offset or displaced from each other.
      Thus, in the former instance, actuators 22 join each point 23 on movable
      body 20 with the two nearest points 24 on reference body 21. This can best
      be seen in FIG. 3B where center point 23 is joined by actuators 22 to the
      end points 24 on reference body 21. To obtain the best mechanical
      advantage, the two forces acting at any point should be approximately at
      right angles. In practice, points 23, 24 to which actuators 22 are
      connected can be spherical joints or gimballed bearings which permit
      forces from two actuators acting on a point to position reference body 20
      in a desired manner. An arrangement wherein the longitudinal axes and
      optical axes are coincident will be shown and discussed hereinbelow in
      connection with FIG. 5.
PAR  While accurate partial rotations about any axis are possible utilizing the
      arrangements of FIGS. 3A, 3B, the arrangement shown does not permit
      continuous rotation. Continuous rotation about axes covering a limited
      range of directions, however, can be accommodated by the crankshaft like
      structure shown in FIG. 4. FIG. 4 is a side view of a mechanical
      arrangement which incorporates a plurality of actuators and
      interferometers which permit continuous rotation about a selected axis
      covering a limited range of directions. Where possible, elements of FIG. 4
      which are similar to those shown in FIGS. 3A, 3B are given the same
      reference characters. In FIG. 4, reference body 21 is arranged to have a
      pair of surfaces disposed in juxtaposition with the mechanical arrangement
      shown. One surface 25 contains three noncollinear points 24 disposed in
      the same manner as shown in FIG. 3A. Movable body 26 carries three
      spherical bearings 27, 28, 29. Movable body 26 has a crank shaft like
      aspect and, when properly actuated, is capable of rotation about an
      arbitrarily selected axis of rotation 30, for example. Actuators 22 which
      are similar to the actuators 22 shown in FIGS. 3A and 3B are
      interconnected in such a way that a spherical bearing or point 29, for
      example, is connected to the nearest bearings or points 24 on reference
      surface 25. Similarly, spherical bearing 28 is connected to the two
      nearest points 24 on surface 25 and spherical bearing 27 is connected to
      its two nearest points on reference surface 25. An interferometer
      arrangement shown at 31 in FIG. 4 utilizes another reference surface 32 of
      reference body 21 to act as a reference surface for a movable body 33
      which is connected to spherical bearing 29. In interferometer arrangement
      31, a plurality of interferometers similar to that shown in FIG. 1B is
      utilized to position movable body 26 along axis of rotation 30 so that
      movable body 26 can be rotated about axis of rotation 30. In this
      instance, interferometer signals must be processed by computer to provide
      composite error signals for actuators, as mentioned above. Interferometers
      must be of tracking type wherein the interference pattern itself is used
      to detect misalignment of the collimator axis with its associated
      retroreflector sphere. A signal generated by misalignment of the
      retroreflector sphere from its collimator axis can be used to steer the
      axis back into alignment with the retroreflector sphere. Thus, if the
      retroreflector sphere of interferometer arrangement 31 moves, it can be
      tracked by detecting the presence of interference fringes.
PAR  Referring now to FIG. 5, there is shown therein, a partial block
      diagram-partial cross-sectional view of an actuator in which the
      longitudinal axis of the actuator and the optical axis of an internally
      disposed interferometer are coincident. In FIG. 5, an embodiment of an
      actuator in accordance with the teaching of the present invention is shown
      generally at 22. In FIG. 5, a movable body 20 is shown connected via an
      actuator 22 to a reference body 21 (not shown) in a manner similar to that
      shown in FIG. 3B. Actuator 22 consists of a hollow annular hydraulic
      cylinder 40 into which a hollow piston rod 41 is inserted. Piston rod 41
      has an annular piston 42 which extends from the end of rod 41 across the
      annular chamber of hollow cylinder 40. Annular cylinder 40 is filled with
      hydraulic fluid on both sides of annular piston 42 in the manner of a
      double acting hydraulic cylinder such that a differential pressure between
      the fluids on either side of piston 42 causes piston rod 41 to be moved in
      a rectilinear manner along the longitudinal axis of actuator 22 which in
      the instance of FIG. 5 is coincident with the optical axis 43 of an
      interferometer similar to that shown in FIG. 2. Annular piston 42 divides
      annular cylinder 40 into two chambers, each of which has hydraulic fluid
      entrance and exit ports (not shown) into which hydraulic fluid is
      introduced or from which hydraulic fluid is withdrawn to provide
      differential hydraulic pressures on either side of piston 42 in a manner
      well known to those skilled in the hydraulics art. These ports and the
      seals which prevent the leakage of hydraulic fluid have not been shown
      inasmuch as they form no part of the present invention and do not depart
      in any significant way from arrangements already known in the prior art.
      Hollow annular cylinder 40 is connected via a trunnion 44 and pins 45 to a
      gimbal ring 46 in such a way that actuator 22 is rotatable about the axis
      of rotation 47 of pins 45. Gimbal ring 46 is connected via pins 48 (one of
      which is shown in phantom in FIG. 5) disposed on the outer periphery of
      gimbal ring 46 to a reference surface, not shown, such that actuator 22 is
      rotatable about the axis of rotation of pins 48. Piston rod 41 is
      connected via a forked piston rod trunnion 49 (one tine of which is shown
      in FIG. 5) to an inner gimbal ring 50 by means of pins 51 (one of which is
      shown in phantom in FIG. 5) disposed on the inner periphery of gimbal ring
      50. Another actuator 22 having a forked trunnion 49 is connected via pins
      to the outer periphery of a second gimbal ring 52. The axis of rotation of
      the pins for gimbal ring 52 is coincident with the axis of rotation of
      pins 51 and, as such, are coincident with the phantom pin 51 shown in FIG.
      5. Both gimbal rings 50, 52 are pinned via shaft 53 to movable body 20 in
      such a way that body 20 is capable of rotating about shaft 53.
PAR  A glass sphere 6 similar to that shown in FIGS. 1 and 2 is shown in FIG. 5
      interposed in shaft 53 with its center intercepting the optical axis 43
      which is coincident with the longitudinal axis of actuator 22. Another
      glass sphere 4 is shown mounted internally of cylinder trunnion 44 by
      means of extensions (not shown) of trunnion pin 48. Sphere 4, like sphere
      6, has its center coincident with the optical axis 43 and with sphere 6
      forms a reflection type interferometer similar to that shown in FIG. 2.
      Light or other electromagnetic energy is projected along optical axis 43
      from a source such as a laser and the interference fringes are counted in
      a fringe counter using well known bidirectional counters and these are
      represented in FIG. 5 by element 54 which is attached to cylinder trunnion
      44.
PAR  In operation, light from a source disposed within element 54 is collimated
      by sphere 4 and passes unimpeded through the opening in annular cylinder
      40 between the tines of forked trunnion 49 to sphere 6 where the incident
      energy is retroreflected back via the same path to sphere 4 where the
      interference fringes are detected in the same manner described in
      connection with FIG. 2 and counted in a bidirectional counter, for
      example. This count may be compared with a desired count in a comparator
      circuit and an analog signal developed to drive the piston rod 41 in a way
      which will contribute to the positioning of movable body 20 in a desired
      position. It should be appreciated that each of the actuators shown in
      FIG. 3B is constructed in a manner similar to actuator 22 shown in FIG. 5
      and that each of the six actuators is operating in a desired way to
      position movable body 20 in a desired manner under control of a programmed
      computer. Alternatively, the signals obtained from a bidirectional counter
      disposed within element 54 could be utilized to maintain movable body 20
      in a desired position by opposing, by means of forces on actuators 22,
      forces applied to movable body 20 which would move it from a desired
      position. Movable body 26 of FIG. 4 may be controlled in a manner similar
      to that just described in connection with the arrangement of FIG. 3B.
      Thus, body 26 may be positioned under computer control of actuators 22 or
      body 26 may be maintained in a desired position using signals obtained
      from bidirectional counters to generate forces which oppose forces which
      tend to move body 26 from a desired position.
PAR  What has been shown in FIG. 5 is a form of actuator based on the principle
      of a double acting hydraulic cylinder. Hydraulic mechanisms have the
      advantage of generating large forces while occupying only a small space,
      but have only a limited frequency response. To use the arrangements
      described hereinabove to the best advantage, each feedback loop which
      controls the differential pressures within the hydraulic actuators should
      have substantial gain up to the lowest mechanical resonant frequency of
      the movable or fixed body considered alone. Above that frequency, fixing
      three points does not fix any other point on the body and accuracy is
      degraded. Of course, gain (or rather a prescribed rate of decrease of
      gain) is still required at higher frequencies to meet stability
      requirements. To meet the high frequency requirements, another transducer
      can be disposed mechanically in series with cylinder 40 or piston rod 41.
      Such an arrangement is shown in FIG. 6A wherein a transducer 55 is shown
      disposed between hollow piston rod 41 and a trunnion 49. Transducer 55 is
      adapted to generate only small displacements (determined by the high
      frequency mechanical output admittance of actuator 22), but is required to
      have the full output force capability of the system. Transducer 55 may be
      either a piezoelectric or magnetostrictive transducer. In the latter case,
      a magnetostrictive transducer, for example, can be part of the actuator
      itself as shown in FIG. 6B.
PAR  In FIG. 6B, piston rod 41 is double-walled and has an annular recess 60
      into which a solenoid 61 is placed. Solenoid 61 is positioned within
      recess 60 and leads 63 are led out at the ends opposite to the piston
      through axial holes 64 in the outer wall 65. Both walls 64, 60 are
      fabricated from magnetostrictive material. Thus, piston rod 41 forms a
      rigid member the dimensions of which can be changed in response to a
      signal applied to solenoid 61. In this manner, very small changes in
      dimension can be applied very quickly to cause incremental changes in the
      distance between spherical elements of the interferometer.
PAR  Another approach which utilizes a hydrostatic bearing in the gimballed
      connections at one end of actuators 22 to control the clearance between
      the bearing and trunnion by differentially varying the flow of hydraulic
      fluid through opposing pads of the bearing by means of a servo valve is
      shown in FIG. 6C. In FIG. 6C, the tine of a trunnion 49 is shown
      containing a plurality of hydraulic fluid flow channels 66 which terminate
      in bearing pads 67 formed in trunnion 49. Hydraulic fluid under pressure
      is led directly from an input labelled "In," through fixed restrictors 68
      to upper and lower bearing pads 67. Hydraulic fluid which enters servo
      valve 69 is differentially controlled in a well known manner to apply
      different fluid pressures on left and right bearing pads 67. The
      differential pressures on either side of a bearing member 70 controls the
      position of bearing member 70 relative to left and right bearing pad 66
      and, as a result, its position relative to trunnion 49. In effect, bearing
      member 70 is converted into a hydraulic actuator of very short strokes,
      equal to the clearance.
PAR  The same approach may also be applied in the special case where motion is
      limited to rotation about a single, precisely defined axis as in a machine
      spindle. This axis may be defined by a pair of spheres and radial error
      control can be accomplished by means of two hydrostatic bearings, each
      with two pairs of differentially actuated opposing pads. Axial control can
      be obtained by means of a similarly arranged thrust bearing. FIG. 7A-7B
      shows an end view and a cross-sectional view, respectively, of an overhung
      spindle incorporating such an arrangement.
PAR  FIG. 7A is a cross-sectional view of a spindle taken along lines 7A of FIG.
      7B showing a housing 80 and a spindle 81 disposed internally of housing
      80. In FIGS. 7A, 7B, a spider 82 holds a spherical element 83 such that
      the center of spherical element 83 is coincident with the longitudinal
      axis 84 of spindle 81. A plurality of pairs of bearing pads 85 formed in
      housing 80 are disposed circumferentially about spindle 81 and are
      connected to servo valves (not shown) via hydraulic fluid channels 86. Two
      other spherical elements 87 and 88 (as shown in FIG. 7A) are mounted in
      the back wall of housing 80 and are disposed therein 90.degree. apart.
      Another spherical element 89 is similarly mounted in the back wall of
      housing 80 and is disposed such that its center is coincident with the
      longitudinal axis 84 of spindle 81. In addition to bearing pads 85,
      housing 80 contains a plurality of pairs of bearing pads 90 which are
      disposed circumferentially about spindle 81 in the same manner as bearing
      pads 85. Bearing pads 90 are connected to servo valves (not shown) by
      hydraulic fluid channels 91. In addition, FIG. 7B shows a pair of thrust
      bearing pads 92 disposed on either side of a flange 93 which extends
      radially from spindle 81. The application of differential pressures via a
      servo valve (not shown) and via hydraulic fluid channels 94 controls the
      position of spindle 81 axially. FIGS. 7A and 7B do not show seals and
      drainage channels which prevent the leakage of hydraulic fluid and ensure
      its return to a hydraulic reservoir. The disposition of such seals and
      channels is obvious to one skilled in the hydraulic arts and has not been
      shown for purposes of clarity.
PAR  In operation, spherical elements 87, 88 and 89 each form a collimating
      sphere in combination with spherical element 83 which acts as a
      retroreflector for each of the collimating spheres. In addition to
      retroreflector sphere 83, an additional retroreflector sphere 95 is
      fixedly mounted on a portion of spindle 81 such that its center is
      coincident with the longitudinal axis 84 of spindle 81. In a manner
      similar to the arrangement just described, spheres 87 and 88 form a
      plurality of interferometer arrangements with spherical element 95 acting
      as a retroreflector for each of the spherical elements 87 and 88. In
      addition, spherical element 89 which is mounted on a rear wall of housing
      80 acts as a collimator of another interferometer with spherical element
      83 acting as its retroreflector. Thus, sphere 87 transmits light from a
      source (not shown) along interferometer path 96 to spherical element 95
      from whence it is reflected back along path 96 to spherical element 87
      where, in a manner similar to that discussed in connection with FIG. 2,
      interference fringes appear and are detected by a fringe detector and
      counter (not shown). Another similarly arranged interferometer which
      includes spherical elements 88 and 95 operates in a manner similar to that
      just described, each interferometer arrangement has its own source and
      fringe detector and counter. Referring again to spherical element 87 of
      FIG. 7B, another source (not shown) projects light at spherical element 87
      wherein it is collimated and projected along optical path 97 to spherical
      element 83 which acts as a retroreflector, reflecting the incident light
      back along interferometer path 97 to spherical element 87 wherein
      interference fringes are generated which are detected by an associated
      fringe detector and counter (not shown). In a similar manner, an
      interferometer with its own light source and fringe detector and counter
      is formed with spherical elements 88 and 83. Finally, spherical element 89
      in combination with spherical element 83 forms another interferometer with
      its own light source and fringe detector and counter (not shown). In the
      arrangement shown, interferometers formed from spherical elements 87-95,
      88-95 are utilized to control the differential pressures applied to pairs
      of bearing pads 90 via hydraulic flow channels 91 from servo valves which
      in turn are controlled by outputs from fringe detectors and counters. In
      like manner, interferometers formed from spherical elements 87-83, 88-83
      control pairs of bearing pads 85 which are differentially actuated via
      hydraulic flow channels 86. Finally, the interferometer which includes
      spherical elements 89-83 is used to control the differential pressures
      applied via hydraulic fluid channels 94 to thrust bearing pads 92.
PAR  In operation, spindle 81 is brought up to operating position and the fringe
      counters associated with each of the interferometer arrangements sets to
      zero under no-load conditions. Since it is departures from a given
      position, both radially and axially, which are to be controlled, such
      departures can be detected when load is applied to spindle 81 and, in
      accordance with well known feedback and hydraulic techniques, the position
      of spindle 81 can be adjusted to maintain a desired position.
PAR  The linear velocities at which control can be maintained depend, apart from
      the dynamic response of feedback loops, on cycle times of the circuitry
      which controls the calculation of errors and the like. One error signal
      per microsecond (a very conservative calculation rate) maintains accuracy
      within one fringe (3 .times. 10.sup.-.sup.5 cm.) at velocities up to about
      (3 .times. 10.sup.-.sup.5)/(10.sup.- .sup.6) = 30 cm/sec.sup.-.sup.1,
      which is comparable with machine tool cutting speeds of 30-60
      cm/sec.sup.-.sup.1 (60 to 120 feet per minute), and much faster than
      needed in most other precise mechanisms.
PAR  Referring now to FIG. 8, there is shown a perspective view of a plurality
      of point-to-point interferometers similar to that shown in FIG. 2. In the
      arrangement shown, glass spheres of refractive index 2 serve as the
      reflecting and beam splitting elements in a system which forms the basis
      of an extremely accurate and versatile measuring machine for inspecting
      the accuracy of other machines and of workpieces. In FIG. 8, only a
      plurality of beam splitter and collimator spheres 100A-100D similar to
      sphere 4 in FIG. 2 and a retroreflector sphere 101 similar to sphere 6 in
      FIG. 2 have been shown. It should be appreciated that each of the
      point-to-point interferometers formed by spheres 100A-100D and sphere 101
      have associated therewith a laser source 2 similar to that shown in FIG.
      2, a beam splitter from which the incident energy is partially reflected
      and partially transmitted similar to beam splitter 11 shown in FIG. 2, a
      condenser lens by which the partially transmitted component is focused
      onto a partially reflecting surface of spheres 100A-100D, similar to
      condenser lens 3 shown in FIG. 2 and a fringe detector and counter similar
      to that indicated by block 9 in FIG. 2. Thus, each of the interferometer
      arrangements formed by spheres 100A-100D with sphere 101 operates in the
      same manner as the point-to-point interferometer described hereinabove in
      connection with FIG. 2. In FIG. 8, each of the spheres 100A-100D is shown
      disposed at the corners of a planar surface 102. Sphere 101, which forms a
      retroreflector for each of the spheres 100A-100D, is movable in all
      directions and, as such, can be positioned adjacent a workpiece 103 to
      determine certain of the dimensions of workpiece 103 without moving it.
      Thus, the length L of workpiece 103 may be determined by positioning
      sphere 101 at two successive positions at the extremities of workpiece 103
      as shown in FIG. 8 and determining the position of planes in which the
      extremities of workpiece 103 lie in a manner to be described hereinbelow.
PAR  Before proceeding with the determination of the planes in which the
      extremities of workpiece 103 lie, it should be noted that spheres
      100A-100D which act as collimators and beam splitters also form an image
      of sphere 101 which acts as a retroreflector. It is possible, by standard
      image scanning techniques or by using the interference pattern itself to
      detect misalignment of the collimator axis with the retroreflector sphere
      101. Collimator axes for each of the interferometer arrangements in FIG. 8
      are indicated by centerlines 104. A signal generated by this misalignment
      from an axis 104 can be used to steer the axis back into alignment with
      retroreflector sphere 101. Under such circumstances, if retroreflector
      sphere 101 is moved, it can be tracked by detecting the presence of
      interference fringes and, if the interference fringes are counted in a
      bidirectional counter, the distance of retroreflector sphere 101 is known
      at all times to within .lambda./2 (or less if a counter is used which
      would sense fractional fringe displacements). It should be appreciated
      that the alignment tracking need only be accurate enough to maintain a
      continuous fringe count; it plays no other part in locating retroreflector
      sphere 101. The absolute range can be established by resetting the fringe
      counter when the two spheres (of known radii) are in contact.
PAR  By using three such tracking collimator arrangements formed from spheres
      100A and 101, 100D and 101, 100C and 101, respectively, each operating
      with spheres 100A, 100C and 100D in a known position, the position in
      space (except for mirrorplane ambiguity) of movable retroreflector 101 can
      be calculated at any time by a small digital processor (not shown) using
      the three fringe counts as inputs. If, for example, retroreflector 101 is
      moved by hand into contact with workpiece 103 to be measured and an
      instruction is sent to the processor to calculate and store its position,
      a piece of information is generated about the surface of workpiece 103,
      namely, that it is tangent to a sphere of known center and radius (that of
      retroreflector 101). On repeating this process several times, enough
      information can be built up to characterize the position and dimensions of
      an element of the surface of workpiece 103. For example, the length L of
      workpiece 103 may be measured by setting workpiece 103 in a fixed (but
      randomly oriented) position, resting retroreflector sphere 101 at three
      non-collinear positions against one face of workpiece 103 and instructing
      the processor to interpret the three sets of results as defining a plane.
      On repeating the process with the other extremity of workpiece 103 with
      sphere 101 (shown dotted in FIG. 8), and calculating the separation of the
      planes, the length L of workpiece 103 can be determined. In a similar
      manner, four points can be interpreted as defining a sphere of calculable
      radius and position; five as a circular cylinder with position, radius,
      and orientation and so on. It should be appreciated that all this is done,
      with an accuracy of the order of an optical wavelength, with only four
      parts (glass spheres 100A, 100C, 100D and 101) which have to be finished
      to a comparable accuracy. The use of a digital processor permits the
      measurements to be transformed in any way which is convenient; projections
      on arbitrary sets of axes or planes, rigid rotations, etc. By making
      redundant measurements, followed by a least squares fit, departures from
      the assumed form (plane, sphere, etc.) can be measured.
PAR  In practice, it is desirable to introduce some redundancy in the tracking
      of the retroreflector by adding a fourth tracking collimator formed from
      spheres 100B and retroreflector sphere 101. This allows an internal check
      of the results, or permits any one beam to be interrupted accidentally
      (say by the operator's hand) and removes the mirror plane ambiguity if the
      four spheres 100A, 100B, 100C, 100D do not lie in one plane.
PAR  In connection with the arrangement shown in FIGS. 3A and 3B, it should be
      appreciated that a degenerate form of the mechanism shown would be a
      single actuator and interferometer with feedback arranged to keep the
      length permanently constant. Such an infinitely rigid link would have uses
      in eliminating otherwise unavoidable elastic deflections from a structure.
PAR  While only a few mechanical arrangements have been shown which incorporate
      interferometers, hydraulic actuators and hydraulic bearings, it should be
      appreciated that the arrangements shown have applications in the machine
      tool, inspection, optical and data processing arts. For example, in the
      machine tool art the present teaching has application with very large
      machines (horizontal boring mills) where attaining even limited alignment
      accuracy and rigidity are long-standing problems. Application can also be
      found in very accurate machines such as jig borers and grinders where
      extremely accurate table movements are required. As shown in connection
      with FIG. 7B, the teaching of the present application can be utilized in
      controlling accurately the spindles for grinders, boring mills, lathes and
      the like. Other applications include accurate thread cutting and indexing
      of rotary tables which act as work holders. In the inspection area, the
      teaching of the present application can be utilized in coordinate
      measuring machines and in roundness measurement. In optics, the teaching
      of the present application can be utilized in connection with mask
      alignment, art work generation, step and repeat mechanisms and in focusing
      and pointing adjustments on large cameras, telescopes and collimators.
PAR  Finally, in the data processing area, the teaching of the present
      application can be utilized for positioning magnetic heads and in the
      accurate positioning of disk pack spindle bearings.
PAR  While the invention has been particular shown with reference to a preferred
      embodiment thereof, it will be understood by those skilled in the art that
      the foregoing and other changes in form and details may be made therein
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An interferometer arrangement comprising:
PA1  a source of electromagnetic radiation for projecting said radiation along a
      given path; and
PA1  a pair of at least partially spherical, transparent elements disposed in
      said given path, said elements having an index of refraction of
      approximately 2 at the wavelength of said source.
NUM  2.
PAR  2. An interferometer arrangement according to claim 1 wherein one of said
      pair of elements is a retroreflector and the other is a collimator.
NUM  3.
PAR  3. An interferometer arrangement according to claim 1 wherein both of said
      elements are collimators.
NUM  4.
PAR  4. An interferometer arrangement according to claim 1 wherein at least one
      of said elements is a beam splitter.
NUM  5.
PAR  5. An interferometer arrangement according to claim 1 wherein said elements
      are glass spheres.
NUM  6.
PAR  6. An interferometer arrangement according to claim 1 wherein said source
      is a laser.
NUM  7.
PAR  7. An interferometer arrangement according to claim 1 further including
      means connected to at least one of said elements for applying relative
      motion between said elements.
NUM  8.
PAR  8. An interferometer arrangement according to claim 7 further including
      means disposed in electromagnetically coupled relationship with said
      elements for detecting interference fringe patterns.
NUM  9.
PAR  9. An interferometer arrangement according to claim 8 further including
      means responsive to said detecting means for actuating said means for
      applying relative motion.
NUM  10.
PAR  10. An interferometer-mechanical arrangement for controlling the movement
      of a movable body relative to a reference body comprising, in combination:
PA1  at least one actuator having a given longitudinal axis connected between at
      least a point on each of said bodies;
PA1  at least a source of electromagnetic radiation for projecting radiation of
      given wavelength along at least a given path said at least a given path
      extending between each of said bodies; and
PA1  a pair of at least partially spherical elements disposed in said at least a
      given path, said elements having an index of refraction of approximately 2
      at the wavelength of said source.
NUM  11.
PAR  11. An interferometer-mechanical arrangement according to claim 10 wherein
      said elements are glass spheres.
NUM  12.
PAR  12. An interferometer-mechanical arrangement according to claim 10 further
      including interference fringe detection means disposed in said at least a
      given energy path.
NUM  13.
PAR  13. An interferometer-mechanical arrangement according to claim 10 further
      including interference fringe counting means disposed in said at least a
      given energy path for monitoring the relative motion applied by said at
      least one actuator to said movable body and said reference body.
NUM  14.
PAR  14. An interferometer-mechanical arrangement according to claim 10 wherein
      said pair of elements is disposed internally of said at least one actuator
      and said given path and said given longitudinal axis are coincident.
NUM  15.
PAR  15. An interferometer-mechanical arrangement according to claim 10 further
      including transducer means integral with said at least an actuator to
      generate small displacements along a desired path.
NUM  16.
PAR  16. An interferometer-mechanical arrangement according to claim 12 further
      including means responsive to said fringe detection means for actuating
      said at least one actuator to move or maintain said movable body and said
      reference body to or in a desired relationship.
NUM  17.
PAR  17. An interferometer-mechanical arrangement according to claim 13 further
      including means connected to said at least one actuator for applying
      relative motion between said movable body and said reference body.
NUM  18.
PAR  18. An interferometer-mechanical arrangement according to claim 15 wherein
      said transducer means is a magnetostrictive transducer including a
      magnetostrictive member integral with said actuator and a solenoid
      disposed in magnetostrictively coupled relationship with said member.
NUM  19.
PAR  19. An interferometer-mechanical arrangement according to claim 15 wherein
      said transducer means is an hydrostatic transducer comprising:
PA1  a fixed bearing member;
PA1  a movable bearing member containing a plurality of flow channels each
      terminating in a bearing pad, said bearing pads being disposed in
      circumferential space of relationship about said fixed member; and
PA1  means connected to certain of said flow channels for applying differential
      pressure to their oppositely disposed associated bearing pads to apply
      motion to said movable bearing member along said desired path.
NUM  20.
PAR  20. An interferometer-mechanical arrangement according to claim 16 wherein
      said means for actuating said actuator includes:
PA1  means for comparing measured interference fringe counts with desired fringe
      counts;
PA1  means for generating error signals determined by differences between
      counts; and
PA1  means responsive to said means for generating error signals for producing a
      force in said at least one actuator which tends to reduce the difference
      between said measured and desired fringe counts.
NUM  21.
PAR  21. An interferometer-mechanical arrangement according to claim 17 wherein
      said means connected to said at least one actuators for applying relative
      motion between said movable and said reference bodies includes:
PA1  means coupled to said at least one actuator for applying a force to said at
      least one actuator;
PA1  means for comparing measured interference fringe counts with desired fringe
      counts;
PA1  means for generating error signals determined by differences between
      counts; and
PA1  means connected to said means for applying for halting the application of
      said force when the difference between said counts is zero.
NUM  22.
PAR  22. An interferometer-mechanical arrangement for controlling the movement
      of a movable body relative to a reference body comprising, in combination:
PA1  a plurality of actuators each having a given longitudinal axis connected
      between points on said bodies at least three points on each of said bodies
      being disposed thereon in noncollinear relationship;
PA1  a plurality of sources of electromagnetic radiation for projecting
      radiation of given wavelength along a plurality of given paths said given
      paths extending between each of said bodies; and
PA1  a pair of at least partially spherical elements disposed in each of said
      given paths, said elements having an index of refraction of approximately
      2 at the wavelength of said source.
NUM  23.
PAR  23. An interferometer-mechanical arrangement according to claim 22 wherein
      said elements are glass spheres.
NUM  24.
PAR  24. An interferometer-mechanical arrangement according to claim 22 further
      including interference fringe detection means disposed in each of said
      given energy paths.
NUM  25.
PAR  25. An interferometer-mechanical arrangement according to claim 22 further
      including interference fringe counting means disposed in each of said
      given energy paths for monitoring the relative motion applied by each
      actuator to said movable body and said reference body.
NUM  26.
PAR  26. An interferometer-mechanical arrangement according to claim 22 wherein
      said pair of elements is disposed internally of each of said actuators and
      said given paths and said given longitudinal axes are coincident.
NUM  27.
PAR  27. An interferometer-mechanical arrangement according to claim 22 further
      including transducer means integral with each of said actuators to
      generate small displacements along a desired path.
NUM  28.
PAR  28. An interferometer-mechanical arrangement according to claim 24 further
      including means responsive to said fringe detection means for actuating
      each of said actuators to move or maintain said movable body and said
      reference body to or in a desired relationship.
NUM  29.
PAR  29. An interferometer-mechanical arrangement according to claim 25 further
      including means connected to each of said actuators for applying relative
      motion between said movable body and said reference body.
NUM  30.
PAR  30. An interferometer-mechanical arrangement according to claim 27 wherein
      said transducer means is a magnetostrictive transducer including a
      magnetostrictive member integral with said actuator and a solenoid
      disposed in magnetostrictively coupled relationship with said member.
NUM  31.
PAR  31. An interferometer-mechanical arrangement according to claim 27 wherein
      said transducer means is an hydrostatic transducer comprising:
PA1  a fixed bearing member;
PA1  a movable bearing member containing a plurality of flow channels each
      terminating in a bearing pad, said bearing pads being disposed in
      circumferential space of relationship about said fixed member; and
PA1  means connected to certain of said flow channels for applying differential
      pressure to their oppositely disposed associated bearing pads to apply
      motion to said movable bearing member along said desired path.
NUM  32.
PAR  32. An interferometer-mechanical arrangement according to claim 28 wherein
      said means for actuating said actuators includes:
PA1  means for comparing measured interference fringe counts with desired fringe
      counts;
PA1  means for generating error signals determined by differences between
      counts; and
PA1  means responsive to said means for generating error signals for producing
      forces in said actuators which tend to reduce the difference between said
      measured and desired fringe counts.
NUM  33.
PAR  33. An interferometer-mechanical arrangement according to claim 29 wherein
      said means connected to each of said actuators for applying relative
      motion between said movable and said reference bodies includes:
PA1  means coupled to each of said actuators for applying a force to each of
      said actuators;
PA1  means for comparing measured interference fringe counts with desired fringe
      counts;
PA1  means for generating error signals determined by differences between
      counts; and
PA1  means connected to each of said means for applying for halting the
      application of said force when the difference between said counts is zero.
NUM  34.
PAR  34. An interferometer-spindle arrangement comprising:
PA1  a spindle having a circular hollow portion given a longitudinal axis, and a
      flange extending outwardly from said portion, a housing into which the
      hollow portion of said spindle is receivable containing a plurality of
      flow channels certain of which terminate in bearing pads disposed in
      circumferential spaced relationship about said spindle and certain others
      of which terminate in thrust bearing pads disposed in spaced relationship
      on opposite sides of said outwardly extending flange;
PA1  a first plurality of at least partially spherical radiation directing
      elements having an index of refraction of approximately 2 at a given
      wavelength mounted in a wall of said housing, one of said first elements
      being coincident with said longitudinal axis the remainder being spaced
      from said one of said first elements by a given radius, and a second
      plurality of at least partially spherical elements having an index of
      refraction of approximately 2 at a given wavelength disposed internally of
      said hollow portion of said spindle, the centers of said second plurality
      of elements being coincident with said longitudinal axis;
PA1  a first plurality of light sources operating at said given wavelength one
      of which is in conjunction with said one of said first elements and one of
      said second plurality of elements comprises a first interferometer having
      a first optical axis others of which in conjunction with said remainder of
      said first plurality of elements and with said one of said second
      plurality of elements comprises a first plurality of interferometers,
      having a first plurality of optical axes;
PA1  a second plurality of light sources operating at said given wavelength each
      of which in conjunction with each of the remainder of said first elements
      and another of said second plurality of elements comprises a second
      plurality of interferometers having a second plurality of optical axes;
      and
PA1  interference fringe counting means disposed in electromagnetically coupled
      relationship with said first interferometer and said first and second
      pluralities of interferometers.
NUM  35.
PAR  35. An interferometer-spindle arrangement according to claim 34 further
      including means connected to said certain of said plurality of flow
      channels for applying differential pressure to their oppositely disposed
      associated bearing pads and to said certain others of said plurality of
      flow channels for applying differential pressure to their associated
      thrust bearing pads to control the radial and axial position of said
      spindle relative to said housing.
NUM  36.
PAR  36. An interferometer arrangement for measuring distances to surfaces of
      members disposed in juxtaposition to a planar surface comprising:
PA1  at least three at least partially spherical radiation directing elements
      disposed on said planar surface said elements having an index of
      refraction of 2 at a given wavelength;
PA1  a movable at least partially spherical radiation directing element having
      an index of refraction of 2 at said given wavelength said at least three
      at least partially spherical radiation directing elements and said movable
      element forming at least three interferometers the optical axes of which
      intersect at the center of said movable element; and
PA1  means for projecting electromagnetic radiation at said given wavelength
      along said optical axes.
NUM  37.
PAR  37. An interferometer arrangement according to claim 36 further including
      interference fringe counting means disposed in electromagnetically coupled
      relationship with said optical axes.
NUM  38.
PAR  38. An interferometer arrangement according to claim 36 wherein said
      radiation directing elements are glass spheres having an index of
      refraction of 2 at said given wavelength.
NUM  39.
PAR  39. An interferometer arrangement according to claim 36 wherein said means
      for projecting electromagnetic radiation is a laser.
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PAL  An interferometric device is provided for measurement of the variations in
      length of a sample under the influence of temperature, the length of the
      sample being within a plane of reference and a plane of measurement
      defined by two plane terminal faces of the sample. The device comprises a
      source of monochromatic light, means to form parallel beams from the light
      source, a controllable temperature thermostatic enclosure containing a
      sample holder, a reflecting measurement surface joined to the plane of
      measurement for receiving one of the beams, a reflecting reference surface
      for receiving the other beam, a bearing face presented by the sample
      holder for the terminal reference face of the sample which is elastically
      applied against the bearing face, and support means for supporting the
      reflecting reference surface inside the enclosure and ensuring that the
      variation of distance between the two reflecting surfaces will always be
      equal to the variation in length of the sample when the temperature of the
      thermostatic enclosure is varied. The two beams reflected respectively by
      the two reflecting surfaces are caused to interfere, and a sensor observes
      and measures interference fringes.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a device for interferometric measurement
      of variations in length of a sample, under the influence of temperature.
PAC  BACKGROUND AND SUMMARY
PAR  Interferometric measuring devices for determination of length are known
      which are suitable for study of samples that are of sufficient dimensions.
PAR  But these known devices are poorly adapted to the measurement of small
      samples with a low coefficient of dilatation, as in the case when a
      material is received for the first time, for example material obtained by
      crystal growth, in very small dimensions. It is important in numerous
      cases to be able to determine with good precision the coefficient of
      thermal dilatation of this new material, to decide if it is suitable for
      the purpose that is sought before engaging large amounts of money to get
      larger samples.
PAR  The invention is intended to remedy these drawbacks, with development of a
      device that can be rapidly and readily adapted to samples of different
      sizes, and that assures rapid placement and precise positioning of the
      sample that is to be measured.
PAR  According to the invention, an interferometric device for measurement of
      variations in length of a sample under the influence of temperature, said
      length being between a plane of reference and a measurement plane defined
      by the two plane terminal faces of the sample, comprising a source of
      monochromatic light, means to form parallel beams from said source, a
      thermostatic enclosure, means to vary the temperature in the enclosure, a
      sample holder disposed in the enclosure, a reference reflecting surface, a
      measuring reflecting surface connected to the measurement plane, means to
      cause the two beams reflected respectively by the two reflecting surfaces
      to interfere, and a sensor to observe and measure interference fringes, is
      improved in that the reference reflecting surface is disposed inside the
      thermostatic enclosure, and in that the sample holder presents a bearing
      surface for the terminal reference face of the sample, elastic means are
      provided to apply the sample against said bearing surface, and a support
      is provided for the reference reflecting surface, so designed that the
      variation of distance between the two reflecting surfaces is constantly
      equal to the variation in length of the sample when the temperature of the
      thermostatic enclosure is modified.
PAR  Other features of the invention will become evident from the detailed
      description that is to follow.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the attached drawings which are given as non limitative examples,
      several embodiments of the device are shown.
PAR  FIG. 1 is an optical schema corresponding to the device that is the subject
      of the invention.
PAR  FIG. 2 is a view in vertical section representing the whole of the device
      of the invention.
PAR  FIG. 3 is a view in elevation of a first embodiment of the sample holder
      which is part of the device of FIG. 2.
PAR  FIG. 4 is a view in section along IV--IV of FIG. 3.
PAR  FIG. 5 is a view in plan of the sample holder of FIG. 3.
PAR  FIG. 6 is a view in elevation of a second embodiment of the sample holder
      that is part of the device of FIG. 2.
PAR  FIG. 7 is a view in section along VII--VII of FIG. 6.
PAR  FIG. 8 is an elevation of a third embodiment of the sample holder of the
      invention, which is part of the device of FIG. 2.
PAR  FIG. 9 is a view in section along IX--IX of FIG. 8.
PAR  FIG. 10 is a plan view of the sample holder of FIG. 8.
DETD
PAR  According to the optical schema shown in FIG. 1, a sample 1 is placed on a
      sample holder 2 in a thermostatic enclosure 3, indicated in dot and dash
      lines. Said enclosure 3 comprises means for adjustment of its temperature
      and for production of a vacuum, in order to avoid the effect of possible
      turbulance of the air. Sample 1 presents, at one end, a reference face 4
      in a plane of reference P.sub.1, bearing on sample holder 2 and, at the
      other end, a measurement face 5, defining a plane of measurement P.sub.2
      parallel to plane P.sub.1. A reflecting reference surface 6 is rigidly
      connected to sample holder 2. In the case of the schema, it is in
      reference plane P.sub.1. A measurement reflecting surface 7 is connected
      to the measurement face 5. Said reflecting surface may, as shown farther
      on, coincide in plane P.sub.2 with measurement face 5. It will be seen
      subsequently that reflecting surfaces 6 and 7 can be outside planes
      P.sub.1 and P.sub.2.
PAR  A source 8 of monochromatic light having a certain coherence which may be,
      but not necessarily so, a laser, is furnished with an optical system
      whereby it is possible to obtain a parallel beam 9. Said beam is deflected
      by a mirror 11 inclined at 45.degree. along a beam 12 toward a
      semitransparent orientable blade 13. Said blade reflects a part of beam 12
      and deflects this part orthogonally toward reference surface 6, along a
      beam 14, itself reflected by surface 6 along a beam 15 that passes through
      blade 13. Beam 16 issuing from this passage penetrates into a sensor 17.
      Another part of incident beam 12 passes through blade 13 along a beam 18,
      then is deflected orthogonally by a mirror 19 that is orientable and
      movable, toward measurement surface 7 along a beam 21. Said beam is
      reflected by surface 7 along a beam 22, itself reflected by mirror 19
      along a beam 23 that blade 13 reflects along a beam 20 of the same path as
      beam 16.
PAR  To take into account a possible difference between the coefficients of
      reflection of surfaces 6 and 7, there can be intercalated an optical
      density, which is not illustrated, on the path of one of the said beams.
PAR  A sensor 17 makes it possible visually to observe and to record
      interferences between beams 16 and 20.
PAR  The arrangement is such that the difference in length between the optical
      paths of the beams reflected respectively by reference surface 6 and
      measurement surface 7 is sufficiently small so that the interferences can
      be observed even with a source 8 that is not very coherent, such as a
      standard source of monochromatic light. In other words d.sub.1 is
      substantially equal to the sum of d.sub.2 and d.sub.3 (FIG. 1), these
      symbols designating optical paths. For this, mirror 19 may be moved
      parallel to the direction of incident beam 12, in correspondence with the
      various sample holders 2 that are used.
PAR  The device just described is controlled as follows, enclosure 3 being at
      ambient temperature:
PA0  the orientation of semitransparent blade 13 is adjusted so that the
      incident beam 14 and reflected beam 15 coincide.
PA0  the orientation of mirror 19 is adjusted so that incident beam 21 and
      reflected beam 22 coincide.
PA0  the setting of mirror 19 is improved by observation of the interference
      figure in sensor 17. Adjustment is finished when there are no longer
      localized fringes on reflecting surfaces 6 and 7. In this case there are
      interference rings to infinity.
PAR  If it is preferred to work with a system of fringes, it suffices to touch
      up the adjustment of mirror 19 to cause appearance of fringes at the
      desired separation.
PAR  When the temperature is raised in enclosure 3, the dilatation of sample 1
      causes a difference in length between the optical paths of beams 14 and 15
      on the one hand and 18, 21, 22, and 23 on the other. It will be shown that
      the dispositions that are provided by the invention ensure that the
      variation of the distance between the two reflecting surfaces 6 and 7 is
      constantly equal to the variation in length of the sample. In these
      conditions, the variation of the difference between the optical paths is
      equal to double the variation of length of the sample which can thus be
      measured by counting the interference fringes.
PAR  It will be noted that fixed mirror 11 is not indispensible. This mirror
      serves solely to make the device more compact.
PAR  The assembly of the device according to the optical schema of FIG. 1 is
      shown in FIG. 2.
PAR  Sample 1 is placed in a seat 31 of sample holder 2, its reference face 4
      being applied against a flat part of the base of said seat by a spring 33
      fixed by a screw 34.
PAR  Enclosure 3 comprises a body 35, a cover 36 and a window 37 for passage of
      luminous beams. Said window is obturated by a transparent blade 38 which,
      to avoid parasitic reflections, has its faces slightly inclined with
      reference to the direction of the light beams that pass through window 37.
PAR  Sample holder 2 is positioned in enclosure 3 by two centering feet 39 whose
      axes are in reference plane P.sub.1. The device comprises also a base 41,
      of material with a low coefficient of thermal dilatation. Body 35 of
      enclosure 3 is positioned on base 41 by centering feet 42 whose axes are
      in plane P.sub.1 and which are rigidly connected to centering feet 39.
PAR  On base 41 there rests a support 43 which bears the optical part of the
      device, namely source 8, mirrors 11 and 19, blade 13 and sensor 17. The
      mirrors are positioned with reference to support 43 by centering feet 44
      and support 43 itself is positioned with reference to base 41 by centering
      feet 45, the axes of feet 44 and 45 being in a plane P.sub.3 parallel to
      planes P.sub.1 and P.sub.2.
PAR  The assembly just described offers the following advantages:
PAR  Thermostatic enclosure 3 can dilate freely with reference to base 41 and
      similarly dilatation of sample holder 2 is possible with reference to the
      thermostatic enclosure. In this way:
PAR  The separation between planes P.sub.1 and P.sub.3 is not influenced by
      changes of temperature of enclosure 3. If the ambient temperature remains
      stable during the measurement, base 41 undergoes no dilatation and the
      distance between planes P.sub.1 and P.sub.3 remains the same.
PAR  Planes P.sub.1 and P.sub.3 in any case remain parallel and their possible
      slight variation in separation does not affect the difference between the
      optical paths of the beams reflected respectively by reference surface 6
      and measurement surface 7.
PAR  Positioning by centering feet furthermore allows rapid change of sample
      holder to correspond to the samples to be measured.
PAR  A first embodiment of sample holder 2 will now be described, shown in FIGS.
      3 to 5, suitable for the case in which the reflecting measurement surface
      7 coincides with measurement face 5 in plane P.sub.2.
PAR  The sample holder comprises a sample seat 31 with straight trapezoidal
      section, closed at the back by a bottom 32. This presents an elevation 51
      whose plane surface serves as a stop for reference face 4 of sample 1,
      said surface defining reference plane P.sub.1. On one side, sample holder
      2 presents, on the other hand, a second elevation 52 with plane surface 6
      in plane P.sub.1, preferably at the same level with reference to the base
      of the sample holder as the surface of elevation 51. Sample 1 thus also
      has a trapezoidal section.
PAR  Surface 6 is made reflecting by polishing or by coating with a thin film
      constituting the reflecting reference surface. Measurement face 5 of
      sample 1 is similarly made reflecting and in this case constitutes the
      reflecting measurement surface 7 defined above.
PAR  At its base, the sample holder presents two recesses 53 to receive
      centering feet 39 of enclosure 3: the axes of recesses 53 are in plane
      P.sub.1. The sample holder also presents two seats 54 and 55 opening on
      the rear face and intended to receive thermocouples for measurement of the
      temperature in the vicinity of sample 1.
PAR  It is to be seen that this device allows determination of the variation of
      the length of sample 1 with rigorous precision, even if the sample is of
      small dimensions and if its coefficient of thermal dilatation is low.
PAR  Because of the trapezoidal configuration of seat 31 and of sample 1, the
      sample is rigorously positioned with reference to the sample holder no
      matter what the temperature may be in enclosure 3 and even if the
      coefficients of dilatation of sample and sample holder are different.
PAR  Duration of manipulations is reduced to the minimum. Sample 1 is mounted
      directly on sample holder 2 and this is placed very rapdily in the
      enclosure 3 because of centering feet 39. Removal of sample holder 2 from
      enclosure 3 is also very easy. If a series of experiments has to be run on
      different samples 1, they can be mounted ahead of time on a series of
      sample holders 2 which are then placed in enclosure 3 in succession.
PAR  A second embodiment of sample holder 2 is shown in FIGS. 6 and 7,
      constituting a variant of the first embodiment. It differs from the first
      in that the plane surface of elevation 51 extends above seat 31 of the
      sample, and is made reflecting in its upper part to constitute the
      reference reflecting surface 6.
PAR  A third embodiment of sample holder 2, represented in FIGS. 8 and 10, is
      referred particularly to the case in which measurement face 5 of sample 1
      cannot be made reflecting by polishing or by application of an adequate
      thin film.
PAR  As in the first embodiment, the sample holder presents, on its bottom 32,
      an elevation 51 that presents a plane terminal surface determining
      reference plane P.sub.1, against which reference 4 of sample 1 abuts.
PAR  Reflecting measurement surface 7 is on the forward face of a support 61 of
      thickness a.sub.1 at ambient temperature and with coefficient
      .lambda..sub.1 of thermal dilatation. Said support is applied against
      measurement face 5 of sample 1 by straps 62 engaged in hollows 63 that
      pass through the sample holder. Each strap 62 presents at its rear end a
      threaded part 64 on which a nut 67 is threaded. A spring 65 bears on the
      one hand on the bottom of the sample holder and on the other hand on a
      washer 66 held by nut 67.
PAR  Surface 7 determines a plane P.sub.2 ' parallel to plane of measurement
      P.sub.2, the separation between the two said planes being equal to a.sub.1
      at ambient temperature.
PAR  The sample holder has an elevation 52 whose plane face 6 constitutes the
      reflecting reference surface in a plane P.sub. 1 ' parallel to reference
      plane P.sub.1 and shifted with reference thereto by a distance a.sub.2 at
      ambient temperature. In the illustrated embodiment, elevation 52 is placed
      on the side of the sample holder, but it may of course be disposed above
      the seat of the sample as in the embodiment described above.
PAR  By designating the coefficient of thermal dilatation .lambda..sub.2 of the
      material constituting the sample holder, the invention provides that
      magnitudes a.sub.1, a.sub.2, .lambda..sub.1, .lambda..sub.2 will satisfy
      the equation:
EQU   a.sub.1 .lambda..sub.1 = a.sub.2 .lambda..sub.2           (1)
PAR  It will readily be seen that distance D between planes P.sub.1 ' and
      P.sub.2 ' that contain the reflecting reference and measurement surfaces
      is joined to length L of the sample by the equation:
EQU   D = L + a.sub.1 - a.sub.2                                 (2)
PAR  Equation (1) shows that the variations with the temperature of a.sub.1 and
      a.sub.2 are equal. Consequently according to equation (2), variations as a
      function of the temperature of D and L are also equal to each other.
PAR  In the case in which support 61 is made of the same material as the sample
      holder, we have of course a.sub.1 = a.sub.2 and D = L.
PAR  Of course the invention is not limited to the described embodiments, and
      there may be numerous variations of execution without exceeding the scope
      of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an interferometric device for measurement of the variations in length
      of a sample under the influence of temperature, the length of the sample
      being within a plane of reference and a plane of measurement defined by
      two plane terminal faces of the sample, the device comprising a source of
      monochromatic light, means to form parallel beams from said source, a
      controllable temperature thermostatic enclosure, a sample holder placed in
      the enclosure, a reflecting reference surface for receiving one of said
      beams, a reflecting measurement surface joined to the plane of measurement
      for receiving the other of said beams, means to cause interferences of the
      two beams reflected respectively by the two reflecting surfaces, and a
      sensor to observe and measure interference fringes, the improvement
      comprising a bearing face presented by said sample holder for the terminal
      reference face of the sample, elastic means for applying the sample
      against said bearing face, and support means for supporting said
      reflecting reference surface inside said enclosure and ensuring that the
      variation of distance between the two reflecting surfaces will be equal to
      the variation in length of the sample when the temperature of the
      thermostatic enclosure is varied, said sample holder comprising a support
      for the reflecting measurement surface, of thickness a.sub.1 and with
      coefficient of thermal dilatation .lambda..sub.1, applied against the
      terminal measurement face of the sample, the support means for the
      reflecting reference surface having a thickness a.sub.2, measured from the
      plane of reference, and a coefficient of dilatation .lambda..sub.2, and
      these thicknesses and these coefficients of dilatation satisfying the
      equation a.sub.1 .lambda..sub.1 equals a.sub.2 .lambda..sub.2.
NUM  2.
PAR  2. Device as in claim 1, wherein the support means for the reflecting
      reference surface is an integral part of the sample holder.
NUM  3.
PAR  3. Device as in claim 1 wherein the support of the reflecting measurement
      surface presents straps that bear elastically against the rear part of the
      sample holder to apply the support of the reflecting measurement surface
      against the measurement face of the sample.
NUM  4.
PAR  4. In an interferometric device for measurement of the variations in length
      of a sample under the influence of temperature, the length of the sample
      being within a plane of reference and a plane of measurement defined by
      two plane terminal faces of the sample, the device comprising a source of
      monochromatic light, means to form parallel beams from said source, a
      controllable temperature thermostatic enclosure, a sample holder placed in
      the enclosure, a reflecting reference surface for receiving one of said
      beams, a reflecting measurement surface joined to the plane of measurement
      for receiving the other of said beams, means to cause interferences of the
      two beams reflected respectively by the two reflecting surfaces, and a
      sensor to observe and measure interference fringes, the improvement
      comprising a bearing face presented by said sample holder for the terminal
      reference face of the sample, elastic means for applying the sample
      against said bearing face, said sample holder presenting a straight
      concave seat for the sample of substantially trapezoidal section as viewed
      parallel to said other of said beams such that said sample lies within the
      concave seat and is supported by the diverging walls of the trapezoidal
      section to facilitate maintenance of alignment of the axis of the sample
      and prevent pinching, swinging or compression of the sample, and support
      means for supporting said reflecting reference surface inside said
      enclosure and ensuring that the variation of distance between the two
      reflecting surfaces will be equal to the variation in length of the sample
      when the temperature of the thermostatic enclosure is varied.
NUM  5.
PAR  5. Device as in claim 4, wherein the reflecting measurement surface
      coincides with the measurement plane of the sample, the reflecting
      reference surface is in the plane of reference, and said support means is
      an integral part of the sample holder.
NUM  6.
PAR  6. In an interferometric device for measurement of the variations in length
      of a sample under the influence of temperature, the length of the sample
      being within a plane of reference and a plane of measurement defined by
      two plane terminal faces of the sample, the device comprising a source of
      monochromatic light, means to form parallel beams from said source, a
      controllable temperature thermostatic enclosure, a sample holder placed in
      the enclosure, a reflecting reference surface for receiving one of said
      beams, a reflecting measurement surface joined to the plane of measurement
      for receiving the other of said beams, means to cause interferences of the
      two beams reflected respectively by the two reflecting surfaces, and a
      sensor to observe and measure interference fringes, the improvement
      comprising a bearing face presented by said sample holder for the terminal
      reference face of the sample, elastic means for applying the sample
      against said bearing face, support means for supporting said reflecting
      reference surface inside said enclosure and ensuring that the variation of
      distance between the two reflecting surfaces will be equal to the
      variation in length of the sample when the temperature of the thermostatic
      enclosure is varied, at least two centering feet and corresponding mating
      formations carried by respective ones of said sample holder and said
      enclosure for releasably positioning the sample holder in the enclosure,
      the axes of said centering feet and said mating formations lying
      substantially in said plane of reference.
NUM  7.
PAR  7. Device as in claim 6 further comprising a base bearing the enclosure and
      the means to cause interference of the beams, and at least two centering
      feet and cooperating mating formations carried by respective ones of said
      enclosure and said base for positioning the enclosure on the base, the
      axes of these second-mentioned centering feet and mating formations lying
      substantially in said plane of reference.
NUM  8.
PAR  8. Device as in claim 7 further comprising at least two further centering
      feet, whose axes are in a plane parallel to the plane of reference, for
      cooperation with mating formations to position on the base supports for
      said means to cause interference of the beams.
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PAL  A laser gyroscope is disclosed wherein a polarization dispersive structure,
      disposed in the path of the laser beam, includes an anisotropic crystal as
      a half-wave retarder. The crystallographic axes of such crystal are
      oriented with respect to the plane of the path to produce different delays
      to oppositely polarized waves passing through the crystal structure.
BSUM
PAC  RELATED CASES
PAR  Reference is made to the following related case: U.S. Pat. No. 3,854,819,
      "Laser Gyroscope," Inventor Keimpe Andringa, filed Oct. 2, 1972, issued
      Dec. 17, 1974, assigned to the same assignee as the present patent
      application which is a Continuation-In-Part of Ser. No. 120,581 filed Mar.
      3, 1971, U.S. Pat. No. 3,741,657.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to laser gyroscopes and more particularly
      to polarization dispersive structures used therein.
PAR  As described in my U.S. Pat. No. 3,741,657, assigned to the same assignee
      as the present invention, a laser gyroscope is shown to include a
      rectangular shaped laser resonator formed by providing four reflectors at
      the corners of such resonator. A polarization dispersive structure, made
      up of a Faraday rotator and a crystal rotator, is disposed in the path of
      "contra-rotating" laser beams in such resonator. With such an arrangement
      the laser beams are comprised of four radiant energy waves, one pair
      thereof having right hand and left hand circularly polarized waves
      traveling in a clockwise direction and the other pair thereof having right
      hand and left hand circularly polarized waves traveling in a
      counterclockwise direction. Because the crystal rotator and Faraday
      rotator provide different delays to the right hand circularly polarized
      waves and the left hand circularly polarized waves and because the Faraday
      rotator is a nonreciprocal device which provides a different delay to the
      clockwise traveling waves than to the counterclockwise traveling waves,
      each one of the four waves has a different path length and, therefore, a
      different frequency. Also, the propagation times of the waves are such
      that the pair of frequencies of the waves traveling in one direction, say
      the counterclockwise direction, is positioned between the frequencies of
      the waves traveling in the opposite, or clockwise, direction. Movement of
      the laser, for example, by rotation of the system about an axis
      perpendicular to the plane of the laser path, produces frequency shifts of
      the pair of waves propagating in one direction through the laser which are
      opposite to the frequency shifts of the waves moving in the opposite
      direction through the laser. This, in turn, changes the frequency
      separation between the lower frequencies of each said pair oppositely to a
      change in the frequency separation between the higher frequencies of said
      pair. The difference between such changes is, substantially, a linear
      function of the rate of said rotation and the relative sense of such
      difference is indicative of the direction of said rotation.
PAR  It is first noted that with the arrangement described above, in particular,
      the fact that an even number, i.e. four, reflectors are used to define the
      laser resonator, the sense of circular polarization (i.e. right hand or
      left hand), at any point in the laser path will not change for each
      revolution of the waves around the resonator. This is because each
      reflector may be viewed as reversing the sense of the circular
      polarization of the wave reflected thereby. In applications where the
      laser resonator is defined by an odd number of reflectors, as when
      V-shaped or W-shaped laser discharge tube assemblies are used in the laser
      gyroscope, the sense of circular polarization of any wave at any point in
      the laser path reverses from revolution to revolution of the waves around
      the resonator.
PAR  It is further noted that the relative delay between the right hand and left
      hand circularly polarized waves is related to the physical length of the
      crystal rotator used in the polarization dispersive structure. Hence,
      where it is desired to adjust relative delay (as in initial calibration of
      the gyroscope) different crystal rotators, each having a different length,
      must be inserted one by one in the laser path until a desired relative
      delay is achieved. While such a procedure may be adequate in many cases,
      it is obviously not desirable when adjustment of relative delay must be
      accomplished most quickly and easily.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention an anisotropic crystal structure is
      disposed in a laser resonator for oppositely polarized waves, the
      crystallographic axes of such crystal being oriented to produce different
      delays to the different waves in accordance with such orientation.
PAR  In a preferred embodiment a laser gyroscope having a folded capillary laser
      amplifying medium includes, in a polarization dispersive structure
      disposed in a laser path, a half wave retarder, such retarder including an
      anisotropic crystal. When such retarder is used in a laser resonator
      defined by an odd number of reflectors, such retarder (in combination with
      such odd number of reflectors) provides different delays to the oppositely
      sensed polarized waves passing therethrough and also provides a reversal
      in the sense of polarization of such waves, thereby maintaining the
      polarization sense of such waves at any point in the resonator from
      revolution to revolution of the waves in the resonator.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of this invention, reference is now made
      to the following description and to the drawings, in which:
PAR  FIG. 1 is an isometric drawing, exploded, partially broken away and
      somewhat simplified, of a V-shaped laser discharge tube assembly useful in
      a laser gyroscope according to the invention;
PAR  FIG. 2 is a plan view, somewhat simplified, of a laser gyroscope according
      to the invention using the V-shaped laser discharge tube shown in FIG. 1;
PAR  FIGS 2A and 2B are sketches useful in understanding the effects of
      half-wave retarders used in a polarization dispersive structure of the
      laser gyroscope shown in FIG. 2;
PAR  FIG 2C is an isometric drawing, partially broken away and somewhat
      simplified, of a mounting means for a half-wave retarder;
PAR  FIG. 3 is a schematic diagram of a pathlength stabilizer used in the laser
      gyroscope shown in FIG. 2;
PAR  FIG. 4 is a plan view of an alternative embodiment of the gyroscope shown
      in FIG. 2;
PAR  FIG. 5 is an isometric drawing, exploded, partially broken away and
      somewhat simplified, of a W-shaped laser discharge tube assembly according
      to the invention; and
PAR  FIG. 6 is a plan view, somewhat simplified, of a laser gyroscope using the
      W-shaped laser discharge tube assembly shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a laser discharge tube assembly 10 is shown to
      include a pair of blocks 12, 14, each made of the same vitreous material
      such as fuzed quartz or the ceramic vitreous material manufactured by
      Owens-Illinois, Inc., Toledo, Ohio and known as "Cer-Vit." Block 12 is
      polished to provide an optically smooth surface 15. A pair of holes (not
      numbered) is formed transversely through such block 12. Conventional anode
      electrodes 11, 13 are inserted within such holes, the ends (designated by
      the numerals 11a, 13a respectively) being recessed slightly within block
      12. The anode electrodes 11, 13 are affixed to block 12 by a suitable
      metal-to-glass sealing material (not shown) disposed between the flanges
      11b, 13b of such electrodes and the block 12.
PAR  Block 14 is polished to provide an optically smooth surface 16. Such block
      is then milled, as shown, using conventional glass grinding techniques, to
      form a pair of grooves 18, 20, here arranged in a V-shape. The grooves 18,
      20 are formed along axes 19, 25 respectively as shown and the walls of
      such grooves 18, 20 are polished in a conventional manner. Here such
      grooves 18, 20 and 50 millimeters in length, with the maximum deviation of
      .+-. 0.050 millimeter from axes 19, 25 and have rectangular
      cross-sectional areas of 1 square millimeter. The axes 19, 25 of such
      grooves 18, 20 intersect in the plane of surface 26, here within a
      tolerance of .+-. 0.050 millimeter. The angle .alpha. between axes 19, 25
      is here 20.degree.. Such angle .alpha. is bisected by an axis 28, such
      axis 28 being the normal to the plane of surface 26. Grooves 18, 20 are
      milled so that axis 28 bisects the angle .alpha., here within a tolerance
      of 2 minutes of arc.
PAR  A hole 29 is drilled through a portion of block 14, normal to surface 16,
      along an axis 30, such axis 30 here being disposed 10 millimeters from the
      plane of surface 26 along axis 28, as shown. Here the diameter of such
      hole 29 is 5 millimeters. Another hole 31 (here also of 5 millimeter
      diameter) is drilled through a portion of block 14 along axis 32, such as
      axis here being orthogonal to axis 30. The holes 29, 31 are oriented so
      that axes 32, 30 intersect at point 34. The hole 31 is counterbored as
      shown to a diameter, here 15 millimeters, to form a cavity 36. Inserted
      into cavity 36 is a conventional cup-shaped cathode electrode 38, here
      having a diameter of 14 millimeters. After insertion of cathode electrode
      38 the cavity 36 is enclosed by affixing a suitable disk 40, here having a
      diameter 17 millimeters, to the block 14. Passing through disk 40 is a
      hollow copper conduit 42 for a helium-neon gas mixture in the cavity 36,
      via hole 41, after the gas discharge tube 10 is assembled and also for
      providing a suitable connection between a voltage source (not shown) and
      the cathode electrode 38.
PAR  Blocks 12, 14 are aligned so that anode electrodes 11, 13 are disposed over
      grooves 18, 20, respectively, when the surfaces 15, 16 are placed in
      contact with each other. Blocks 12, 14 then are effectively affixed to
      each other because of the optical contact between surfaces 15, 16. Grooves
      18, 20 and the surface 15 thereby form a V-shaped capillary in the affixed
      blocks 12, 14. It is here noted, however, that while opitcal contact
      provides sufficient means for affixing blocks 12, 14 together, a suitable
      bracket arrangement (not shown) may be used to provide an additional
      fastening means for the blocks 12, 14. After blocks 12, 14 are fastened,
      laser windows 46, 48 here are fastened in any conventional manner, as with
      a suitable epoxy, to the blocks 12, 14 at the open ends of the V-shaped
      capillary, as shown. Here such windows 46, 48 are, for reasons to become
      apparent, focusing lenses, such lenses having a flat surface facing the
      blocks 12, 14. Also, a reflector, here a plane mirror 50, is affixed to
      such blocks 12, 14 adjacent the point of inflection of the V-shaped
      capillary, as shown. It is here noted that the reflecting surface of such
      mirror 50 is disposed, as shown, in the plane of surface 26 and the normal
      to such mirror is along axis 28. Having so assembled the laser discharge
      tube 10, the helium-neon gas mixture is introduced from a source (not
      shown) into cavity 36 by way of conduit 42 and hole 41. A portion of such
      gas mixture passes through the holes 29, 31 to fill the V-shaped
      capillary. The gas mixture is stored at a desired pressure, here about 2
      Torr. After reaching such desired pressure conduit 42 is sealed closed and
      is disconnected from the gas mixture source. The mirror 50, windows 46, 48
      and disk 40, inter alia, provide sufficient means for enclosing the
      capillary to thereby enable storage of the gas mixture at such desired
      pressure. On application of a voltage between the cathode electrode 38 and
      the anode electrodes 11, 13 an electrical discharge is produced through
      the gas mixture.
PAR  Referring now to FIG. 2, a laser gyroscope 52 is shown assembled generally
      in accordance with my invention described in the above-referenced U.S.
      Pat. No. 3,741,657 and mounted to a suitable platform (not shown). Here
      such laser gyroscope 52 uses the laser discharge tube assembly 10 shown in
      FIG. 1 as a laser amplifier medium. A triangular shaped "ring" or closed
      path resonator for the laser beams is defined by reflectors 54, 56 in
      combination with mirror 50. The laser beams are in a common plane
      hereinafter sometimes referred to as the "plane of the laser."
PAR  Positioned in the base of the triangular shaped "ring" laser resonator is a
      polarization dispersive structure 58. Such structure here includes a
      conventional quartz half-wave retarder 60 and a conventional Faraday
      rotator 62. The laser beam passing from the discharge tube assembly 10 to
      reflector 56 (i.e. the counterclockwise traveling beam) is focused by the
      laser windows 46, 48 (here lenses) at the entrance to the capillary
      segment formed by groove 18. The clockwise traveling laser beam is focused
      by the laser windows 46, 48 (here lenses) at the entrance to the capillary
      segment formed by groove 20. The polarization dispersive structure 58 is
      disposed in the path of both the clockwise and counterclockwise traveling
      laser beams. As described in my referenced U.S. patent, both such
      clockwise and counterclockwise traveling laser beams contain oppositely
      sensed circularly polarized waves. The half-wave retarder 60 produces, in
      combination with an odd number of reflectors 50, 54, 56 (for reasons to be
      discussed hereinafter), a delay for circularly polarized waves that is
      different for one sense of circular polarization than for the opposite
      sense. Further, such half-wave retarder 60 is reciprocal, that is, the
      same delay will be produced for both the clockwise and counterclockwise
      traveling laser beams. The reason for the difference in delay for
      oppositely sensed circularly polarized waves may be explained by referring
      to FIG. 2A where a beam of circularly polarized wave is shown to pass
      through a pair of exemplary half-wave retarders 200, 202. Such half-wave
      retarders 200, 202 are assumed to be uniaxial crystals, here crystalline
      quartz. Each half-wave retarder 200, 202 is assumed to have a set of
      orthogonal crystallographic axes X, Y, Z and X', Y', Z', respectively, as
      shown. Here the X axis and the X' axis are codirectional with the beam and
      the Y axis and Y' axis are rotated with respect to each other, about the X
      and X' axes, through an angle .gamma. (radians). The Z and Z' axes are
      commonly referred to as the optic-axes or the "distinguished direction"
      axes and the X, X' and Y, Y' axes are sometimes referred to as the
      "equivalent direction" axes as described in "Principles of Optics" by M.
      Born and E. Wolf, 4th Edition, 1970 Pergamon Press, New York, page 678.
      Let us represent the beam entering half-wave retarder 200 as:
EQU  R.sub.i = Ae.sup.i.sup..pi./2 Y + AZ
PAL  The effect of half-wave retarder 200 is to retard the Y component of the
      entering beam one-half wavelength with respect to the Z component of such
      beam. Therefore, the beam exiting half-wave retarder 200 may be
      represented as
EQU  R.sub.o = Ae.sup.i3.sup..pi./2 Y + AZ
PAL  It is first noted that the sense of circular polarization of such exiting
      beam is reversed (with respect to the entering beam) by the half-wave
      retarder 200. That is, if the beam entering half-wave retarder 200 is of
      right hand circular polarization, the beam exiting such retarder is of
      left hand circular polarization. Transforming R.sub.o into the X', Y', Z'
      coordinate system associated with half-wave retarder 202, the beam
      entering half-wave retarder 202 may be represented as:
TBL  R.sub.o =                                                                 

        [Ae.sup. i3.sup..pi./2 cos .gamma. + A sin .gamma.] Y' +               

        [A cos .gamma. - A (sin .gamma.) e.sup.i3.sup..pi./2 ] Z'              

     =  [Ae.sup.i3.sup..pi./2 cos .gamma. + A sin .gamma.] Y' + [A cos .gamma. 

PAL  The effect of half-wave retarder 202 on the beam is to retard the Y'
      component of such beam one-half wavelength with respect to the Z'
      component of such beam. Therefore, the beam exiting half-wave retarder 202
      may be represented as:
TBL  R.sub.o '= [Ae.sup.i.sup..pi./2 cos .gamma. + Ae.sup. i.sup..pi. cos      

                .gamma.] Y' +                                                  

                [A cos .gamma. + A (sin .gamma.) e.sup.i.sup..pi./2 ] Z'       

     =          Ae.sup.i.sup..pi./2 . e.sup.i.sup..gamma. Y + Ae.sup.i.sup..gam

                ma. Z'                                                         

PAL  It is noted that the sense of circular polarization has been reversed by
      the half-wave retarder 202. That is, if the beam entering the half-wave
      retarder 202 is of left hand circular polarization the beam exiting such
      retarder 202 is of right hand circular polarization. Or, expressing
      R.sub.o ' in the X, Y, Z coordinates:
TBL         R.sub.o '=                                                         

                 Ae.sup.i.sup..pi./2. e.sup.2i.sup..gamma. Y                   

                 + Ae.sup.2i.sup..gamma. Z                                     

            =    R.sub.i [e.sup.2i.sup..gamma. ]                               

PAR  Therefore, the beam exiting half-wave retarder 202 has the same sense of
      polarization as the beam entering half-wave retarder 200. However, such
      exiting beam has 2 .gamma.   (radian) pathlength change from such entering
      beam. Using a beam entering half-wave retarder 200 which has an opposite
      sense of circular polarization from that in the discussion above, (i.e.
      one which may be represented as:
EQU  L.sub.o = Ae.sup.-.sup.i.sup..pi./2 Y + AZ
PAL  it may be shown that such beam exits from half-wave retarder 202 with a
      -2.gamma. (radian) pathlength change with respect to the entering beam
      half-wave retarder 200. It follows that, if the beam entering half-wave
      retarder 200 has right hand circularly polarized waves and left hand
      circularly polarized waves and if such waves are "in phase" as then enter
      such half-wave retarder 200, then when they exit half-wave retarder 202
      they are not in phase. It follows from the discussion above the phase
      difference will be 4.gamma. radians.
PAR  Let us now replace one of the half-wave retarders, say half-wave retarder
      200, with a reflector 204 as shown in FIG. 2B. Reflector 204 has the
      effect of reversing the sense of circular polarization of a beam incident
      thereon. That is, a reflected beam from the reflector 204 has an opposite
      sense of circular polarization from the sense of circular polarization of
      a beam incident thereon. It follows that if one of the "equivalent
      direction axes," say X', (FIG. 2A) is considered to be disposed in the
      plane defined by the beam incident on and the beam reflected by reflector
      204, and if the Y' axis of such half-wave retarder 202 is considered to be
      at an angle .gamma. with respect to a normal to such plane, then the sense
      of circular polarization of the beam incident on reflector 204 is the same
      as the sense of circular polarization of the beam exiting half-wave
      retarder 202. Further, if the beam incident on reflector 204 has right
      hand circularly polarized waves and left hand circularly polarized waves
      then if such waves are "in phase" as they strike such reflector 204 such
      right hand circularly polarized waves and left hand circularly polarized
      waves have, when they exit half-wave retarder 202, a pathlength or phase
      difference of 4.gamma. (radians).
PAR  Referring to FIG. 2C, a convenient means, 206, is shown for mounting and
      orienting the half-wave retarder 60. Such half-wave retarder 60 is held by
      metal ring 208 with the one of the "equivalent direction" crystallographic
      axis, say the X axis, of such retarder aligned codirectionally with the
      laser beams. Metal ring 208 is rotatably mounted within support 210 by
      means of bearing (not shown). Support 210 is mounted in any convenient
      manner to the platform (not shown) of the laser gyrsocope. Metal ring 208
      has a bevelled outer edge in the form of a bevelled gear. Such gear is
      meshed with a drive pinion gear 210 which may be rotated in any convenient
      manner within the support 210. Such rotation of drive pinion gear 212, in
      turn, causes the half-wave retarder to rotate its Y and Z crystallographic
      axis about its X crystallographic axis. Therefore, drive pinion gear 212
      is rotated until the Y crystallographic axis is at a desired angle with
      respect to the plane of the laser. It is here noted that, because an odd
      number (i.e. 3) of reflectors (i.e. reflectors 50, 54, 56) are used to
      define the laser resonator and because each one of such reflectors causes
      a reversal in the sense of polarization of the circularly polarized waves
      in the beams being reflected thereby, the sense of polarization of the
      clockwise traveling beam (or in the counterclockwise traveling beam) will,
      absent the half-wave retarder 60, reverse for each revolution of each
      beam. Therefore, in addition to providing the desired aforementioned
      delay, the half-wave retarder 60 is included to provide a reversal in the
      sense of polarization of each beam passing therethrough, thereby
      maintaining the sense of the polarization of the circularly polarized
      waves in the beams at any point within the closed laser resonator. It is
      also noted, for reason discussed above, that the half-wave retarder 60 is
      disposed in the path of the laser beams with one of the equivalent
      direction crystallographic axes (say the X' axis) thereof disposed in the
      plane of the laser. The phase difference, or delay, between the right hand
      circularly polarized wave and the left hand circularly polarized wave of
      each one of the beams passing through such half-wave retarder 60 is
      proportional to 4.gamma. , where .gamma. is the angle between the other
      one of the equivalent direction crystallographic axis (say the Y' axis) of
      such retarder 60 and the normal to the plane of the laser path.
PAR  Faraday rotator 62 also delays the circularly polarized waves, but is
      nonreciprocal and produces different delays for the clockwise and
      counterclockwise traveling laser beams. As described in detail in my
      referenced U.S. patent, the clockwise traveling laser beam has a right
      hand circularly polarized wave with a frequency f.sub.24 and a left hand
      circularly polarized wave with a frequency f.sub.21 and the
      counterclockwise traveling laser beam has a right hand circularly
      polarized wave with a frequency f.sub.23 and a left hand circularly
      polarized wave with a frequency of f.sub.22, where f.sub.22 &gt; f.sub.21 ;
      f.sub.23  &gt; f.sub.22 ; and f.sub.24 &gt; f.sub.23. Further, the frequencies
      f.sub.21, f.sub.22, f.sub.23 and f.sub.24 are positioned symmetrically
      about the center maximum gain frequency of the gain curve associated with
      the particular laser medium here used.
PAR  When the platform (not shown) is rotated about an axis orthogonal to the
      plane of the laser path, the frequencies f.sub.21, f.sub.22, f.sub.23,
      f.sub.24 shift, as described in my referenced U.S. patent, in accordance
      with the rate of such rotation.
PAR  A small portion (i.e. less than a tenth of a percent) of the clockwise
      traveling laser beam is reflected from the flat surface of window 48 back
      to reflector 56 (as shown by dotted line 57). Such portion of the beam is
      reflected then from reflector 56 successively to reflectors 54 and 70. A
      portion of the beam reflected by reflector 70 passes through a
      half-silvered mirror 72 to a quarter wave retarder 73 and a polarizer 74,
      here a Wollaston prism, and another portion of the beam is reflected by
      the half-silvered mirror 72, to a pathlength stabilizer 76, the details of
      which will be described in connection with FIG. 3. Suffice it to say here,
      however, that pathlength stabilizer 76 provides an electrical signal to a
      piezoelectric crystal 78 which is included in support structure (not
      otherwise shown) for reflector 54. The piezoelectric crystal 78 is
      responsive to such signal to produce movement of such reflector 54 and
      thereby compensate for mechanical motions of the system so that symmetry
      of frequencies f.sub.21, f.sub.22, f.sub.23, f.sub.24 about the center of
      maximum gain is maintained as described in my referenced U.S. patent.
PAR  Similarly, a small portion (i.e. less than one-tenth of a percent) of the
      counterclockwise traveling laser beam is reflected by the flat surface of
      window 16 (as indicated by dotted line 59) to pass through the quarter
      wave retarder 73 and polarizer 74 and pathlength stabilizer 76 by
      successive reflections from reflectors 54, 56, 71 and half-silvered mirror
      72. It follows, then, that portions of the clockwise and counterclockwise
      traveling beams are combined into a first composite beam passing to
      quarter wave retarder 73 and polarizer 74 and a second composite beam
      passing to pathlength stabilizer 76, each such beam containing both right
      hand circularly polarized waves and left hand circularly polarized waves.
      The quarter wave retarder 73 and polarizer 74 are constructed according to
      well known principles to spatially separate the circularly polarized beams
      passed thereto into two beams, 80, 82, beam 80 being a linearly polarized
      wave with frequency components f.sub.23, f.sub.24 and beam 82 being a
      linearly polarized wave (having an orientation orthogonal to the
      polarization of beam 80) with frequency components f.sub.21, f.sub.22. The
      beams 80, 82 are passed to photodetectors 84, 86 as shown. The signal
      produced by photodetector 84 has a frequency component f.sub.23 -f.sub.24
      and the signal produced by photodetector 85 has a frequency component
      f.sub.21 -f.sub.22. The counters 88, 90 and adder 92 are included, as
      shown, to provide an output signal representative of the angular rate
      measured by the gyroscope as described in my referenced above U.S. patent.
PAR  Referring now to FIG. 3, the details of the pathlength stabilizer 76 are
      shown to include a modulator 94, here a conventional switchable quarter
      wave plate. Modulator 94 is responsive to a periodic voltage (having a
      fundamental frequency component .omega./2 .pi.) from oscillator means 96.
      The periodic voltage causes the modulator 94 to switch between a first
      state and a second state within each period, thereby causing such
      modulator to act as either a "plus" quarter wave retardation plate or a
      "minus" quarter wave retardation plate, respectively. That is, when the
      modulator 94 is operated in the first state, the portion of the second
      composite beam made up of right hand circularly polarized waves will be
      converted by such modulator to, say, a vertically polarized wave and the
      portion of such beam made up of left hand circularly polarized waves will
      be converted by such modulator to a horizontally polarized wave. When the
      modulator 94 is operated in the second state, however, the portion of the
      second composite beam made up of right hand circularly polarized waves
      will be converted by such modulator to a horizontally polarized wave and
      the portion of such beam made up of left hand circularly polarized waves
      will be converted into a vertically polarized wave.
PAR  A polarizer 98 is oriented to pass therethrough only vertically polarized
      waves. Consequently, during operation of modulator 94 in the first state
      the right hand circularly polarized wave portions of the second composite
      beam directed to pathlength stabilizer 76 will pass through polarizer 98
      to a photodetector 100. During operation of modulator 94 in the second
      state, only the left hand circularly polarized wave portions of such beam
      will pass to photodetector 100. Therefore, the signal produced at the
      output of photodetector 100 is, during operation of modulator 94 in the
      first state, representative of the average power in the right hand
      circularly polarized waves in the laser beam (i.e. frequencies f.sub.23,
      f.sub.24) and is, during operation of such modulator in the second state,
      representative of the average power in the left hand circularly polarized
      waves in such beam (i.e. frequency f.sub.21, f.sub.22). The output signal
      produced by photodetector 100 is passed to amplifier 102 and band-pass
      filter 104. The output of band-pass filter 104 is a substantially
      sinusoidal signal of the form [A sin (.omega.t + .phi.)] where: .omega./2
      .pi. is the fundamental frequency component of the signal produced by the
      photodetector 100; A is proportional to the difference between the average
      power in the right hand circularly polarized wave detected by
      photodetector 100 and the average power in the left hand circular
      polarized wave detected by such photodetector; and, .phi. is the phase
      angle between such output signal and the signal produced by the oscillator
      means 96. Such phase angle 100  will be either 0.degree. or 180.degree.,
      depending on the relative power of the right hand and left hand circularly
      polarized waves detected by photodetector 100. The output of band-pass
      filter 104 is passed to a synchronous detector 106. The signal produced by
      oscillator means 96 is fed to an amplifier 108 and band-pass filter 110 to
      produce a reference signal for synchronous detector 106. It follows then
      that the signal produced at the output of synchronous detector 106 will
      include a D.C. signal, the level of such D.C. signal being proportional to
      the difference between the average power in the right hand circularly
      polarized waves and the average power in the left hand circularly
      polarized waves. The polarity of such D.C. signal is indicative of the
      relative power level between the right hand and left hand circularly
      polarized waves. Such D.C. signal is passed to an integrator 112. The
      output of such intergrator 112 is fed to piezoelectric crystal 78 to
      complete a feedback control loop and thereby maintain the frequencies
      f.sub.21, f.sub.22, f.sub.23, f.sub.24 dispersed about the center of the
      maximum gain curve.
PAR  Referring now to FIG. 4, a laser gyroscope 52' is shown. Such gyroscope 52'
      is similar to that shown in FIG. 2 (all common elements having the same
      numbers) but here, however, a half silvered mirror 114 is disposed in the
      path of the portion of the clockwise traveling beam reflected by reflector
      54. In such arrangement a portion of the clockwise traveling beam
      reflected by reflector 54 passes to reflector 70 and another portion of
      such reflected beam is passed to pathlength stabilizer 76. Therefore,
      pathlength stabilizer 76 responds to a single beam of energy having both
      right hand and left hand circularly polarized waves derived from the
      clockwise traveling laser beam. The half silvered mirror 114 and the
      pathlength stabilizer 76 are disposed so that no waves derived from the
      counterclockwise traveling laser beam may be passed to such stabilizer. It
      follows then that the resulting mechanical motion compensation is
      effective to change the pathlength of the laser resonator to maintain
      frequencies f.sub.21 and f.sub.24 centered about the center maximum gain
      frequency of the gain curve associated with the laser medium.
PAR  Referring now to FIG. 5, an alternative laser discharge tube assembly 10'
      is shown to include a pair of blocks 12', 14', each made of the same
      vitreous material, such as fuzed quartz or Cer-Vit. Block 12' is polished
      to provide an optically smooth surface 15'. A pair of holes (not numbered)
      is formed transversely through such block 12'. Conventional anode
      electrodes 11', 13' are inserted within such holes, the ends (designated
      by the numerals 11a', 13a' respectively) being recessed slightly within
      block 12'. The anode electrodes 11', 13' are affixed to block 12' by a
      suitable metal-to-anode sealing material (not shown) disposed between the
      flanges 11b', 13b' of such electrodes and the block 12'.
PAR  Block 14' is polished to provide an optically smooth surface 16'. Such
      block is then milled, as shown, using conventional glass grinding
      techniques, to form four grooves 18', 18", 20', 20", such grooves being
      arranged in a W-shape. The grooves 18', 18", 20', 20" are formed along
      axes 19', 19", 25', 25" respectively as shown and the walls of such
      grooves are polished in a conventional manner. Here such grooves 18', 18",
      20', 20" are 50 millimeters in length with a maximum deviation of .+-.
      0.050 millimeter from axes 19', 19", 25', 25" and a rectangular
      cross-sectional area of 1 millimeter square (1 mm..sup.2). The axes 19',
      19" of grooves 18', 18" intersect in the plane of surface 26', here to a
      tolerance of .+-. 0.050 millimeters. Likewise the axes 19", 20" intersect
      in the plane of surface 26" also here to a tolerance of .+-. 0.050
      millimeters. The angles .alpha.' , .alpha." , .alpha.'" , formed between
      axes: 19', 19"; 19", 25"; and, 25", 25', respectively, are here all
      20.degree.. Angle .alpha.' is bisected by axis 28' and angle .alpha.'" is
      bisected by axis 28'", such axes 28' and 28'" being normal to the plane of
      surface 26'. Angle .alpha.' is bisected by axis 28", such axis 28" being
      normal to the plane of surface 26". Grooves 18', 18", 20', 20" are milled
      so that the angle .alpha.' is bisected by axis 28', the angle .alpha." is
      bisected by axis 28", and the angle .alpha.'" is bisected by axis 28'",
      here to tolerances of two minutes of arc.
PAR  A hole 29' is drilled through a portion of block 14', normal to surface
      16', along an axis 30', such axis 30' here being disposed 10 mm. from the
      plane of surface 26" along axis 28", as shown. Here the diameter of hole
      29' is 5 millimeters. Another hole 31' (here also of 5 millimeter
      diameter) is drilled through a portion of block 14' along axis 32', here
      such axis being orthogonal to axis 30'. The holes 29', 31' are oriented so
      that axes 32', 30' intersect at point 34'. The hole 31' is counterbored to
      a diameter, here 15 millimeters, for form a cavity 36'. Inserted into
      cavity 36' is a conventional cup-shaped cathode electrode 38', here having
      a diameter of 14 millimeters. After insertion of cathode electrode 38' the
      cavity 36' is enclosed by affixing a suitable disk 40', here having a
      diameter 17 millimeters to the block 14'. Passing through disk 40' is a
      hollow copper conduit 42' for a helium-neon gas mixture in the cavity 36',
      via hole 41', after the gas discharge tube assembly 10' is assembled and
      also for providing a suitable connection between a voltage source (not
      shown) and the cathode electrode 38'.
PAR  Blocks 12', 14' is aligned so that anode electrodes 11', 13' are disposed
      over grooves 18', 25', respectively when the surfaces 15', 16' are placed
      in contact with each other. Blocks 12', 14' then are effectively affixed
      to each other because of the optical contact 15', 16'. Grooves 18', 18",
      20', 20" and the surface 15' thereby form a W-shaped capillary in the
      affixed blocks 12', 14'. After blocks 12', 14' are fastened together
      windows 46', 48' are fastened in any conventional manner, as with a
      suitable epoxy, to blocks 12', 14' at the open ends of the W-shaped
      capillary, as shown. Here such windows 46', 48' are focusing lenses. Also,
      reflectors 50', 50", 50'", here plane mirrors, are affixed to blocks 12',
      14'. Reflectors 50', 50'" are affixed adjacent the outer points of
      inflection of the W-shaped capillary as shown. It is here noted that the
      reflecting surfaces of mirrors 50', 50'" are disposed, as shown, in the
      plane of surface 26' and the normals to such mirrors are along axes 28',
      28'", respectively. Mirror 50" is affixed adjacent the middle point of
      inflection of the W-shaped capillary, as shown, the reflecting surface of
      such mirror being disposed, as shown, in the plane of surface 26" and the
      normal to such mirror 50" being along axis 28". Having so assembled the
      laser discharge tube 10', a helium-neon gas mixture is introduced from a
      source (not shown) into cavity 36' by way of conduit 42' and hole 41' to
      fill the W-shaped capillary. On application of a voltage between the
      cathode electrode 38' and the anode electrodes 11', 13' an electrical
      discharge is produced through the gas mixture. It is noted that such
      discharge is close to the walls of grooves 18", 20" which are away from
      the surface of reflector 50". Therefore, such discharge does not effect
      the surface of such reflector.
PAR  Referring now to FIG. 6, a laser gyroscope 52" is shown, such gyroscope
      being similar to the laser gyroscope 52 shown in FIG. 4 except that the
      W-shaped capillary laser discharge tube assembly 10' is substituted for
      the laser discharge tube assenbly 10. It is noted that with the laser
      discharge tube assembly 10' the length of the W-shaped capillary is
      increased as compared with the V-shaped capillary of the laser discharge
      tube assembly 10.
PAR  Having described the foregoing embodiments of this invention, it is now
      evident to those of skill in the art that other embodiments incorporating
      its concepts may be used. For example, the pathlength stabilizer 76 may be
      replaced with the pathlength stabilization arrangement described in my
      U.S. patent referenced above by using, in such arrangement, the signals
      produced by photodetectors 84, 86. Further, while a single half-wave
      retarder was shown included in the polarization dispersive structure for a
      resonator defined by an odd number of reflectors, a pair of half-wave
      retarders may be used in a resonator defined by an even number of
      reflectors.
PAR  It is felt, therefore, that this invention should not be limited to its
      disclosed embodiments but rather should be limited only by the spirit and
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination:
PA1  a. means for directing a first pair of oppositely polarized laser waves
      through a laser medium in a first direction and a second pair of
      oppositely polarized laser waves through said laser medium in a direction
      opposite to such first direction, each of such polarized waves having a
      different frequency; and,
PA1  b. a polarization dispersive structure disposed in the path of the two
      pairs of waves comprising: an anisotropic crystal the crystallographic
      axes of such crystal being oriented to produce different delays to the
      oppositely sensed polarized laser waves passing therethrough, such delays
      being related to such orientation.
NUM  2.
PAR  2. The combination recited in claim 2 wherein the waves have circular
      polarization.
NUM  3.
PAR  3. The combination recited in claim 2 wherein the anisotropic crystal
      includes a half-wave retarder.
NUM  4.
PAR  4. In combination:
PA1  a. means for directing a first pair of oppositely polarized laser waves
      through a laser medium in a first direction and a second pair of
      oppositely polarized laser waves through said laser medium in a direction
      opposite to such first direction, each one of such waves having a
      different frequency; and
PA1  b. polarization dispersive means disposed in the path of such waves, such
      means including an anisotropic crystal and means for positioning such
      crystal in a predetermined orientation to enable the frequencies of the
      first pair of oppositely polarized laser waves to be positioned between
      the frequencies of the second pair of oppositely polarized laser waves.
NUM  5.
PAR  5. The combination recited in claim 4 including means for orienting the
      crystallographic axis of such crystal to produce different delays between
      the pair of waves.
NUM  6.
PAR  6. The combination recited in claim 5 wherein the path of the laser waves
      is bounded by an odd number of reflectors.
NUM  7.
PAR  7. The combination recited in claim 5 including a second anisotropic
      crystal wherein the path of the laser waves is bounded by an even number
      of reflectors.
NUM  8.
PAR  8. The combination recited in claim 4 wherein the anisotropic crystal is a
      half-wave retarder.
NUM  9.
PAR  9. The combination recited in claim 6 wherein the anisotropic crystal is a
      half-wave retarder.
NUM  10.
PAR  10. The combination recited in claim 7 wherein each one of the anisotropic
      crystals is a half-wave retarder.
NUM  11.
PAR  11. The combination recited in claim 1 wherein the polarization dispersive
      structure comprises means for positioning such crystal in a predetermined
      orientation to enable the frequencies of the first pair of oppositely
      polarized laser waves to be positioned between the frequencies of the
      second pair of oppositely polarized laser waves.
NUM  12.
PAR  12. The combination recited in claim 11 including means for maintaining the
      frequencies of the first pair of oppositely polarized laser waves and the
      frequencies of the second pair of oppositely polarized laser waves
      disposed symmetrically about a predetermined frequency.
NUM  13.
PAR  13. The combination recited in claim 4 including means for maintaining the
      frequencies of the first pair of oppositely polarized laser waves and the
      frequencies of the second pair of oppositely polarized laser waves
      disposed symmetrically about a predetermined frequency.
NUM  14.
PAR  14. In a laser gyroscope having a polarization dispersive structure for
      enabling two pairs of oppositely polarized laser waves to pass through a
      laser medium in opposite directions, such structure comprising: An
      anisotropic crystal disposed in the path of the waves; and, means for
      adjusting the orientation of the crystal to enable the frequencies of one
      of the pairs of waves to be positioned between the frequencies of the
      other one of the pairs of waves in said laser gyroscope.
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ABST
PAL  Device and process for testing the optical transfer function of a lens
      system which comprise employing as the object or target the laterally
      moving-fringe pattern produced by convergence of two monochromatic
      coherent-radiation beams of equal size and intensity and slightly
      different frequency. A second fringe pattern may be employed as the
      reference standard. Both the target and reference patterns can be varied
      simultaneously in spatial frequency or fringe period. The system and
      process can test both modulation transfer function and phase transfer
      function accurately at any monochromatic wavelength produced by an
      available coherent-radiation source to which the test lens system is
      transparent, e.g., ultraviolet or shorter, visible, and infrared or
      longer. When polarized monochromatic radiation is used, the invention can
      also be employed to determine the polarization characteristics of the
      lens. The system and process can also test chromatic aberration by
      successive use of different coherent monochromatic radiation wavelengths.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Quality control or testing of a lens system to determine whether it is
      capable of functioning adequately within its design parameters is of great
      importance, particularly in the case of high performance lens systems, and
      is becoming increasingly important with the development of lens systems
      for highly sophisticated applications. Lens systems have been developed
      which require very high contrast in terms of lines/mm (modulation transfer
      function (MTF)), and minimum phase shift (phase transfer function (PTF)).
      Both MTF and PTF define the optical transfer function (OTF) of the lens.
      In many instances, particularly in the case of lens systems with high
      refractive index elements and low F number, it is also important to
      determine the polarization characteristics of the lens.
PAR  The prior art has developed a limited number of practical systems for
      testing the MTF of a lens, which employ a blackbody or monochromatic
      incoherent light source and a physical object or target device, such as a
      grating having parallel lines of fixed spatial frequency employed in
      conjunction with a narrow slit. By rotating the grating relative to the
      spatiallyfixed object slit, spatial frequency can be changed within
      limits. To extend the range of test spatial frequencies, the grating or
      relay optics must be changed. A second slit positioned in the image plane
      at right angles to the object slit provides a small rectangular scanning
      aperture for the transmitted modulated light. It should be noted that this
      cumbersome means of generating different spatial frequencies also
      generates a continuously changing pattern shape of the target with related
      distortions. Except for the most complex and expensive system presently
      available, PTF cannot be effectively measured and, in the exception, can
      be measured only within a minimum error of 5 percent. For a detailed
      description of the present state-of-the-art in OTF testing, see D. F.
      Horne, Optical Production Technology, Crane, Russak & Co., New York, 1972,
      pp. 363-382.
PAR  Other disadvantages of the prior art systems include the following:
PAR  They operate practically only in the visible optical wavelength range -- a
      serious problem for the rapidly developing and important art in infrared
      and ultra violet optics.
PAR  The normalized or absolute amplitude level, which is obtainable only at
      zero cycles per second of spatial frequency, is difficult to obtain with a
      desired degree of accuracy. Normalization error as low as 1 percent
      appears to be attainable only with the most highly complex and expensive
      monitoring systems presently available. Failure to normalize the MTF curve
      accurately at zero results in considerable scaling error of the curve at
      all points.
PAR  The characteristic generation of a one-dimensional line pattern or array of
      dark and light zones, e.g., along the y-axis, tends to introduce
      distortions in comparision with the two-dimensional array in the x and y
      directions produced by the test lens in actual use.
PAR  The present prior art systems also do not determine the polarization
      characteristics of the lens.
PAR  The present invention employs a laser interferometer system capable of
      producing, by convergence of two coherent-radiation beams of equal size
      and intensity and of slightly different frequency f.sub.o and
      f.sub.o.sub.', the .DELTA.f of which is in the radio frequency range, a
      laterally-moving-fringe pattern. The generation of laser interferometer
      fringe patterns and their use in sensing particle velocity and size in a
      moving fluid medium by separating the AC and DC signal components of the
      radiation scattered by the particles and determining contrast from the
      AC/DC ratios, are disclosed in detail in the following articles: (1) W. M.
      Farmer, "Measurement of Particle Size, Number Density and Velocity Using a
      Laser Interferometer," Applied Optics, Vol. 11, No. 11, Nov. 1972, pp.
      2603-2612; (2) W. M. Farmer et al, "Two-Component, Self-Aligning Laser
      Vector Velocimeter," Applied Optics, Vol. 12, No. 11, Nov. 1973, pp.
      2636-2640; and (3) W. M. Farmer, "Observations of Large Particles With a
      Laser Interferometer," Applied Optics, Vol. 13, No. 3, March 1974, pp.
      610-622.
PAR  The laser interferometer systems, as disclosed by the prior art and
      particularly the laterally-moving-fringe pattern system described by
      Farmer (3) supra, is employed as a basic element of the present apparatus
      and process with additions and modifications essential to accomplish the
      purposes of the invention. An appropriately positioned beam splitter is
      positioned downstream of the initial laser beam splitter, to divide the
      original f.sub.o and f.sub.o.sub.'  beams into two sets of f.sub.o and
      f.sub.o.sub.' beams of the same size and intensity, with one set
      functioning as the test channel and the other as the reference channel.
      Each beam set is converged to form first and second spatially separated,
      laterally moving-fringe patterns. The first functions in the object plane
      of the test lens as the test target and the second as the reference. The
      first test pattern is formed into a real image by an appropriate,
      radiation-scattering, imaging plate positioned across the fringe pattern
      of the object plane. The target light pattern formed on the real-imaging
      plate is then reimaged by the test lens system and analyzed through a
      first slit of appropriate size positioned in the image plane of the lens
      system being tested. The second reference fringe pattern is simultaneously
      analyzed through a second slit. The scattered radiation transmitted
      through the test and reference slits are each collected and separated into
      AC and DC signal components. The AC/DC ratios, which are a measure of
      contrast (MTF), are computed and compared with the aid of associated
      conventional electronics. The phase of the test and reference AC signal
      components are also electronically compared and any phase shift (PTF) is
      simultaneously determined.
PAR  Spatial period of the test fring-pattern target (.lambda..sub.s) and
      reference (.lambda.".sub.s) can be continuously or incrementally varied
      from infinity through a finite range determined by the design
      characteristics of the OTF measuring system and the design requirements of
      the test lens and its diffraction limits, simply by varying the angle of
      convergence .theta. of the f.sub.o and f.sub.o.sub.' beams from zero
      through a predetermined degree of arc. The target pattern is always the
      same in shape except for the spatial frequency of the fringes, since the
      fringes are parallel to each other and to the plane defined by the x and z
      axes of the fringe planes. Although splitting of the initial laser beam
      into test and reference channels is the preferred embodiment, other means
      of providing the requisite reference can also be used.
PAR  The test lens can be rotated around its optical axis and turned around the
      nodal point in a fashion similar to that employed in present
      state-of-the-art techniques.
PAR  The advantages of the system of the present invention include but are not
      limited to the following:
PAR  The system can be employed to test optical systems in a .lambda..sub.o
      range from ultra violet or shorter through far infrared or longer by
      employing a laser source producing the required wavelength, optics, such
      as the Bragg cell, the converging lenses and real-image forming plate,
      which are transparent to the particular wavelength and detectors sensitive
      to the particular .lambda..sub.o, all of which, with the possible
      exception of the real-image forming plate which at present would probably
      require custom fabrication, are conventionally available.
PAR  The test fringe target eliminates the cumbersome physical target means and
      means for generating different spatial frequencies presently employed and
      provides a more uniformly patterned and, therefore, less distorted target
      as spatial frequency is varied to determine OTF.
PAR  PTF can be determined within about 1 percent or less, a degree of accuracy
      which is not presently available. The use of a polarized radiation source
      makes it possible to test polarization characteristics of the lens system.
PAR  The fringe zone comprises a two-dimensional pattern in the plane of the x-
      and y- axis, which provides more accurate test readings in terms of actual
      performance of the test lens during use.
PAR  The normalized zero MT reading is obtained by a convergent angle equal to
      zero so that the f.sub.o and f.sub.o.sub.' beams are coincident, thereby
      producing a fringe pattern having a fringe period of infinity. The
      resulting pattern is a single spot of radiation of uniform illumination at
      any given instant in time. The percentage of error is generally one
      percent or less, whereas such accuracy can only be obtained with the most
      sophisticated prior art equipment presently available.
PAR  Use of a moving fringe pattern as the target means provides both improved
      accuracy of the test pattern and an extended range of spatial frequency in
      terms of lines/mm by eliminating a mechanically produced target and by the
      dependence of the test pattern solely on the wavelength of the radiation
      source and the converging angle, so long as the converging beams are
      diffraction-limited by use of high quality optics.
PAR  System imperfections generally can be minimized or compensated because of
      the fewer optical components required, as compared with the present
      state-of-the-art systems and by the fact that, except for the real-imaging
      screen, all of the optical components can be paired in the test and
      reference channels and can be, therefore, compensated.
PAR  The system of the invention can also test the lens system at different
      levels of contrast of the object merely by changing the RF driver power of
      the initial laser beam-splitter, such as a Bragg cell. Measurement at
      different contrast levels is apparently not feasible with present prior
      art test equipment. The present invention, in addition to its versatility
      and its capability for accurately measuring both the MTF and PTF
      comprising the OTF of a lens system, as well as its polarization and
      chromatic aberration characteristics, has the advantage of relative
      simplicity, reduced number of optical components and reduced cost.
PAR  None of the available art, to the extent known, discloses the present
      invention. It will be understood that the terms "lens" or "lens system"
      (namely, the imaging system) as employed in this specification and claims
      encompasses a single lens, a plurality of adjacent lenses, or a lens or
      plurality of adjacent lenses associated with conventional electronic
      imaging tubes, such as image intensifiers, vidicon tubes, IR imaging
      tubes, image dissectors, and the like.
PAR  It will also be understood that the wavelengths .lambda..sub.o and
      .lambda..sub.o.sub.' corresponding to the split f.sub.o and f.sub.o.sub.'
      beams, are so minutely different in size that comparison of wavelength
      size to such elements as image slit size or scattering-center size refers
      to both .lambda..sub.o and .lambda..sub.o.sub.' and in this context the
      terms .lambda..sub.o and .lambda..sub.o.sub.' are interchangeable.
PAC  SUMMARY
PAR  The invention broadly relates to a process and apparatus for testing a lens
      system, including its OTF in terms of both its MTF and PTF; its
      polarization characteristics; and its refraction of different radiation
      wavelengths (chromatic aberration). The test system of the invention can
      be employed at any radiation wavelength produced by an available source of
      monochromatic, coherent radiation, such as a laser, for which transparent
      optical components are also available.
PAC  I. THE OPTICAL TEST SYSTEM
PAR  In general the invention comprises the following features:
PAR  1. Providing a laser source capable of producing radiation at a wavelength
      .lambda..sub.o suitable for the test lens system, e.g., UV, visible, or
      IR. If the polarization characteristics of the lens is also to be tested,
      a polarized laser source is used.
PAR  2. Dividing the coherent laser beam into two coherent beams of equal size
      and intensity and slightly different frequency f.sub.o and f.sub.o.sub.',
      the difference .DELTA.f being within the radio frequency band. Such
      shifting of the frequency of one of the beams can, for example, be
      produced by diffraction of an incident laser beam by means of an
      ultrasonic Bragg cell, which can be made to divide the incident beam into
      two diverging beam components of equal size and intensity, one being a
      nondiffracted beam having the incident beam frequency and the other being
      a diffracted component having its frequency shifted by an amount equal to
      the Bragg cell frequency. .DELTA.f is equal to the Bragg cell frequency
      produced by its RF power driver, which can be changed if desired to
      produce a different Bragg cell frequency and .DELTA.f.
PAR  3. Dividing equally the aforedescribed initial pair of f.sub.o and
      f.sub.o.sub.' beams into a first and a second pair of f.sub.o and
      f.sub.o.sub.' beams with the pairs moving spatially in different
      directions. The first pair is employed in the test channel and the second
      pair in the reference channel. Equal division into the first and second
      pairs of f.sub.o and f.sub.o.sub.' beams can be accomplished by
      conventional means, such as a high quality beam-splitter which reflects
      and transmits half of the incident radiation without change in the angle
      of reflection or transmission of the incident f.sub.o and f.sub.o.sub.'
      beams, and which for convenience will be called the second beam splitter.
      For maximum range of performance in terms of range of line density
      (lines/mm) it is desirable to provide an optical system between the
      initial or first beam splitter (e.g., Bragg cell) and the second beam
      splitter, which is capable of first further diverging the initial
      diverging f.sub.o and f.sub.o.sub.' beams and then converging them to
      focus in the plane of the .sub.'beam splitter in such manner that both the
      test f.sub.o -f.sub.o.sub.' beam pair and the reference f.sub.o
      -f.sub.o.sub.' beam pair emerge from the beam splitter at a desired beam
      pair angle, which can equal zero or a divergent finite angle and the
      maximum size of which is determined by the performance parameters of the
      aforesaid optical system. It should be noted that the aforedescribed
      division of the laser beam into test and reference channels is the
      preferred embodiment because of its convenience and accuracy in
      establishing a comparison standard. However, it should be understood that
      the reference channel as aforedescribed is optional and can be replaced by
      other reference channel means, such as electronic means activated by other
      components of the test system, e.g., the Bragg cell driver and/or the
      optical element positioned in the initial f.sub.o -f.sub.o.sub.' beam pair
      for changing .theta.. Such other reference channel means are designed,
      with the use of conventional electronics, to produce an AC/DC signal
      ratio, which is essentially a measure of and, therefore, essentially the
      equivalent of the AC/DC signal ratio producible by the fringe pattern
      formed in the object plane of the test channel.
PAR  4. By means of suitable conventional optics, such as convex lenses
      positioned downstream of the second beam splitter, the first test f.sub.o
      and f.sub.o.sub.' beam pair and the second reference f.sub.o and
      f.sub.o.sub.' beam pair are converged respectively through angle .theta.
      and .theta." to form first and second laterally-moving fringe patterns,
      the first fringe pattern being formed in the object plane of the test
      lens. It will be understood that angles .theta. and .theta." can be equal
      to or different from each other and can equal zero as well as finite
      convergent angles. In the case where .theta. and .theta." equal zero, the
      first and second f.sub.o and f.sub.o.sub.' beam pairs are superimposed or
      coincident when they leave the second beam splitter.
PAR  Within the volume of convergence of the two f.sub.o and f.sub.o.sub.'
      beams, an interference fringe pattern zone is formed in which the fringe
      pattern continuously moves laterally in the y-axis direction at a rate
      equal to .DELTA.f; the fringe planes lie parallel to the plane defined by
      the x and z axes; and the spatial frequency and fringe period
      .lambda..sub.s and .lambda.".sub.s respectively of the test and reference
      fringes are determined by converging angles .theta. and .theta." and the
      wavelength .lambda..sub.o of the radiation in accordance with the
      following relationship:
      ##EQU1##
PAR  It is obvious, therefore, that the size of the fringe period can be varied
      by varying either or both .lambda..sub.o and the angle of convergence. In
      general, it is easier and less cumbersome to vary the angle of convergence
      rather than .lambda..sub.o. It should be noted that since the test and
      reference channels employ converging beam pairs f.sub.o and f.sub.o.sub.'
      of equal size and intensity, the angle of convergence .theta." and
      resulting .lambda.".sub.s in the reference channel can be the same or
      different from .theta. and .lambda..sub.s forming the real-image fringe
      pattern in the test channel without changing equivalent AC/DC ratios.
PAR  In the case where .theta. and .theta." equal zero and .lambda..sub.s and
      .lambda.".sub.s therefore equal .infin., the laterally moving fringe
      pattern becomes a spot of radiation which is uniformly illuminated within
      the gaussian envelope at any given instant in time and which, as in the
      case also of the finitely spaced fringes, varies sinusoidally in intensity
      at a rate equal to .DELTA.f. The time of a complete 360.degree. phase
      cycle equals 1/.DELTA.f. Spatial distribution of the radiation is gaussian
      in intensity in both the x and y directions and provides a two-dimensional
      light intensity distribution which can be collected and measured by
      detection optics and electronics.
PAR  The spatial frequency of the fringe pattern can be varied over a very wide
      range from zero cycles/mm (fringe period = .infin.) to a finite value in
      terms of lines/mm  1/fringe period , which is determined by the design
      characteristics of the OTF measuring system. The readings taken at zero
      cycles/mm provide the information necessary for proper normalization of
      the MTF curve within a high degree of accuracy, generally within about 1
      percent or better.
PAR  It will be understood that the term "fringe pattern" as used herein in the
      specification and claims includes both the pattern wherein the fringe
      period = .infin. and a finite dimension.
PAR  5. The variation in convergent angle to provide the desired changes in
      spatial frequency of the test and reference fringe patterns can be
      accomplished by conventional optics, such as a double-sided mirror, which
      can be used as the means for changing the angle over a range from zero to
      a desired finite angle to provide a line density, within diffraction
      limits, dictated by the design specification of the particular test lens,
      by being turned around its x-axis.
PAR  Additional change in convergent angle can be achieved by shifting the
      lenses employed to converge the first test and second reference f.sub.o
      -f.sub.o.sub.' beam pairs longitudinally along the z-axis in either
      direction. The degree of shift can be the same or different to produce
      angle .theta. in the test channel and angle .theta." in the reference
      channel.
PAR  6. The test fringe pattern is formed into a real-image target in the object
      plane as, for example, by means of a flat plate which is positioned across
      the fringe pattern in the x - y plane, has radiation-scattering centers on
      its downstream surface, and is made of material transparent to the
      wavelength of the coherent radiation.
PAR  The flat-plate, real-image former can have scattering centers produced in
      any suitable manner, as, for example, by pitting of the surface as in the
      case of ground glass, or by application of a thin layer of small,
      preferably uniformly-sized glass beads, which are made an integral,
      partially protruding part of the surface. The latter can be produced, for
      example, by heat-softening the surface of a glass plate, applying a thin
      layer of glass beads which have a higher softening point, and then
      cooling.
PAR  The scattering centers can be randomly distributed so long as they are in
      the form of a homogeneous layer of substantially uniform density. The
      average mean width d.sub.s and depth h.sub.s of the scattering centers are
      important to preserve the high contrast of the fringe pattern target. In
      general, it is desirable that the mean deviation in average width and
      depth over the surface of the plate be less than about 10 percent. The
      average means width d.sub.s is preferably at least about 0.1
      .lambda..sub.s or smaller, .lambda..sub.s being the smallest fringe period
      employed in the given test, and not less than 0.05 .lambda..sub.o or
      larger:
EQU  0.05 .lambda..sub.o .ltoreq. d.sub.s .ltoreq. 0.1 .lambda..sub.s
PAL  the preferred relationship being:
EQU  0.05 .lambda..sub.o &lt; d.sub.s &lt; 0.1 .lambda..sub.s
PAR  The average mean depth h.sub.s preferably is within the following
      relationship:
EQU  d.sub.s .ltoreq. h.sub.s .ltoreq. 0.1 .lambda..sub.s
PAL  the preferred relationship being:
EQU  d.sub.s &lt; h.sub.s &lt; 0.1 .lambda..sub.s
PAR  Since the real-imaging screen should maintain the contrast and phase of the
      fringe pattern as closely as possible and is the only optical element not
      duplicated and, therefore, not compensated for in the reference channel,
      it is important to ensure that this element be of very high quality.
      However, some predetermined deterioration of fringe pattern properties,
      such as a decrease in intensity caused by absorption or reflection, can be
      compensated for by appropriate electronics.
PAR  7. The lens system under test is positioned downstream of the object plane,
      at a distance consonant with its design characteristics, in such manner
      that the bisector of the convergent angle .theta. passes through the nodal
      point of the test lens system or, additionally, in certain facets of the
      test procedure, through the optical axis of the test lens system. The test
      lens reimages the fringe pattern in the image plane of the test lens.
PAR  The size of the reimaged fringe pattern relative to the size of the
      real-image fringe pattern is, of course, determined by the test lens
      magnification. Thus, it can be smaller, equal to, or larger than the
      real-image pattern. At test lens magnifications other than unity, the
      fringe period of the imaged pattern in the image plane is also changed
      proportionately to the change in image size in the following relationship:
EQU  .lambda.'.sub.s = M.lambda..sub.s
PAL  where M is the magnification of the test lens; .lambda.'.sub.s is the
      fringe period of the reimaged fringe pattern; and .lambda..sub.s is the
      fringe period of the real-image test fringe pattern and the reference
      channel fringe pattern. At a magnification of unity, it is obvious that
      .lambda.'.sub.s = .lambda..sub.s.
PAR  8. Measurement of the MTF and PTF of the test lens is accomplished by means
      of a narrow slit positioned in the moving-fringe pattern image in the
      image plane in such manner that:
PA1  a. its longitudinal axis is parallel to the fringe plane, namely the plane
      defined by the x and z axes, and
PA1  b. the plane of the optical slit and associated slitted plate lies across
      the image pattern in the x-y plane. Preferably, though not essentially,
      the slit is positioned so that the optical axis of the system (colinear
      with the bisector), as extended through the lens under test, passes
      through the slit.
PAR  Slit width is an important parameter. If too narrow, it can create
      excessive diffraction and light loss to the detector. If too wide, it can
      alter the contrast readings by inclusion of the slit MTF as well as the
      lens MTF. In general, slit width W' of the test slit should be
      substantially narrower than .lambda.'.sub.s and substantially wider than
      .lambda..sub.o, preferably within the following relationships, where
      .lambda.'.sub.s is the smallest test image fringe period obtained in the
      given test:
EQU  2 .lambda..sub.o .ltoreq. W'.ltoreq. 0.5 .lambda.'.sub.s
PAL  the preferred relationship being:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s
PAL  Preferably W' is larger than 3 .lambda..sub.o.
PAR  It will be seen from the foregoing relationship that the resolution of the
      maximum spatial frequency by means of the present invention is primarily
      limited by the wavelength of the laser radiation, the shorter the
      wavelength, the greater being the resolution.
PAR  For example, in the case of a HeNe laser producing a wavelength of 0.63.mu.
      in the red portion of the visible spectrum, and employing the
      relationship:
EQU  2 .lambda..sub.o = W' = 0.5 .lambda.'.sub.s,
PAL  then
EQU  1.26.mu. = W' = 0.5 .lambda.'.sub.s
EQU  .lambda.'.sub.s = 2.5.mu.,
PAL  and the maximum spatial frequency which can be achieved while
      simultaneously satisfying the above condition is 400 1/mm.
PAR  Using the relationship
EQU  3.lambda..sub.o = W'= 0.5 .lambda.'.sub.s,
PAL  then
EQU  1.89.mu. = W' = 0.5 .lambda.'.sub.s
EQU  .lambda.'.sub.s = 3.8.mu.,
PAL  in which case the maximum spatial frequency achievable is 263 1/mm.
PAR  In the case of .lambda..sub.o = 0.4.mu. in the violet end of the visible
      spectrum:
EQU  2.lambda..sub.o = W' = 0.5.lambda.'.sub.s,
PAL  then
EQU  0.8.mu. = W' = 0.5.lambda.'.sub.s,
EQU  .lambda.'.sub.s = 1.6.mu.
PAL  in which case the maximum spatial frequency achievable is 625 1/mm.
PAR  Using the relationship:
EQU  3.lambda..sub.o = W' = 0.5.lambda.'.sub.s,
PAL  then
EQU  1.2.mu. = W' = 0.5.lambda.'.sub.s,
EQU  .lambda.'.sub.s = 2.4.mu.
PAL  in which case the maximum spatial frequency achievable is 416 1/mm.
PAR  The slit width is preferably adjustable so that it can be varied as
      required for a particular test, including such parameters as particular
      test lens magnification.
PAR  9. The radiation transmitted by the slit is collected by a sensitive
      detector, such as a photomultiplier tube (PMT) and, with the aid of
      conventional associated electronics, is separated into the AC and DC
      signal components. Its modulation depth or contrast is then determined by
      the AC/DC ratio. The test AC/DC ratios are compared with the reference
      AC/DC ratios, thereby providing a measurement of any degradation of
      contrast produced by the test lens. The associated electronics can also be
      used to compare the phase of the AC signal of the test lens with that
      produced by the reference channel to determine the phase errors introduced
      by the test lens within a high degree of accuracy.
PAR  10. The reference channel, as aforedescribed, consists of a pair of f.sub.o
      and f.sub.o.sub.', beams and converging optics. Convergence of the f.sub.o
      and f.sub.o.sub.' beams produces a moving-fringe pattern. Measurement of
      the AC/DC signal ratio produced by the reference fringe pattern is
      essentially the same as that which would be obtained from the test channel
      fringe in the object plane if it were measured at that position in the
      test channel system. To obtain the reference AC/DC signal ratio, a slit is
      positioned in the reference fringe pattern in the same way as the test
      slit is positioned in the pattern image in the image plane of the test
      channel. The reference slit should have a width W"  relative to the
      radiation frequency and the fringe period within relationships similar to
      those defined in I(8) supra, namely:
EQU  2 .lambda..sub.o .ltoreq. W" .ltoreq. 0.5 .lambda.".sub.s
PAL  preferably:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s
PAL  wherein .lambda.".sub.s is the smallest reference fringe period obtained in
      the given test. Preferably W" is larger than 3 .lambda..sub.o. Associated
      electronics, similar to those employed with the test channel, separate the
      signal in the collected radiation transmitted by the reference slit into
      AC and DC signal components and determine the AC/DC ratios and the phase
      of the reference AC signal. As aforedescribed, these are compared with the
      test AC/DC ratios and phase of the test AC signal.
PAR  11. Polarization characteristics of the test lens can be determined simply
      by rotating the polarization plane of polarized lasar beams around the
      z-axis to a predetermined angle between 0.degree. and 180.degree.,
      preferably including at least one test scanning at 90.degree., with the
      test lens in its on-axis and/or off/axis position. One example of a
      situation where a polarization scan is very useful is in the case of a
      lens found to have an unacceptable degree of angular asymmetry. The
      polarization scan can determine an orientation of the lens which would
      give improved performance. Rotation of the polarization plane can be
      accomplished by any conventional means such as rotating the laser.
PAR  12. In the case of high-performance lens systems which must meet
      particularly exacting requirements, the following additional tests can be
      performed in an off-axis position of the test lens: o.sub.'
PA1  a. The test and reference fringe patterns can be rotated around the z-axis
      to a predetermined angle between 0.degree. and 180.degree., preferably
      including at least one scanning at 90.degree., with the test lens in at
      least one off-axis position. This test procedure provides a determination
      of the test lens resolution for two orthogonal patterns of variable
      frequency. The test requires rotation of both the test and reference slits
      through the same predetermined angle as the fringe patterns so that they
      remain in the same relative positions in the fringe patterns. Rotation of
      the fringe patterns can readily be accomplished by use of conventional
      optical rotation means at a convenient position in the f.sub.o and
      f.sub.o, beams transmission system. In general, it is preferably
      positioned downstream of the beam splitter that is used to separate the
      test and reference channel beam pairs.
PA1  b. A polarization scan can be performed as described in section I (11)
      supra with the fringe patterns in the rotated position described in
      I(12)(a).
PAR  13. Chromatic aberration can be determined by repeating the aforedescribed
      procedures at at least two different wavelengths, which can be provided by
      different laser sources or by the same laser source if it produces
      different wavelengths separable by conventional means. The different
      radiation wavelengths employed should be within the operative wavelengh
      range of the optical components of the testing system and the test lens.
PAR  In summary, from the foregoing description, it is apparent that the use of
      a test target and a reference target comprising moving-fringe patterns in
      accordance with the invention, provides a test system having many
      important advantages over present prior art systems, including great
      versatility; improved accuracy; extension of the range and types of tests
      that can be accomplished with a given system without component change; and
      extension of the wavelength range of testing simply by replacement of the
      laser source or selection of a different wavelength produced by the same
      laser source and possible replacement of other components which require
      matching to the different .lambda..sub.o, such as the first and second
      beam splitters, the converging lenses, the real-image-forming plate, and
      the test and reference detector optics. The front-coated mirror optics in
      the system do not require replacement. It should be noted that the
      substitutions are essential only for a change of test lens wavelength from
      within a given range to a different range determined by the wavelength
      range of transparency of and wavelength-sensitive anti-reflection coatings
      on the optical components of the testing system and the test lens system.
PAR  Bragg cells are presently available commercially in a range from about
      10.mu. in the IR to about 2000A in the UV. Optical beam splitters and
      lenses are similarly available over this wide range of the optical
      spectrum. Optical and electronic detector components are available
      throughout this spectrum with sufficient sensitivity and response time.
      Bandwidths up to tens of Mc would typically be needed. In the IR bands of
      3-5.mu. and 8-12.mu., which are in atmospheric windows, presently
      available detectors would require cooling. Examples of useful detectors
      include, for example, lead sulfide, lead selenide, and indium antimonide
      in the 3-5.mu. bands; and the lead tin telluride, mercury cadmium
      telluride, and mercury- or gold-doped germanium in the 8-12.mu. band. The
      real-image forming screens for use at different .lambda..sub.o would
      probably have to be custom made to meet their exacting requirements.
PAR  Although the foregoing description has been directed primarily to the use
      of a single laser source and a Bragg cell means for acoustically splitting
      the coherent lasar beam into the two f.sub.o and f.sub.o.sub.' beams,
      other means for accomplishing this can be employed. For example, the
      desired f.sub.o and f.sub.o.sub.' beams can be obtained by means of two
      lasers, each producing one of the desired different frequencies when their
      respective frequencies can be interlocked. Alternatively, a single laser
      source can be employed to provide separate f.sub.o and f.sub.o.sub.'
      beams. A laser usually oscillates at a set of different frequencies
      simultaneously. These frequencies are determined by the cavity resonances
      and separated by a frequency .DELTA.f = c/2L, where c is the velocity of
      the radiation in the laser medium and L is the mirror to mirror optical
      distance in the lasar cavity. Typical frequency separations of tens or
      hundreds of Mc result depending on the optical cavity length. Two adjacent
      lines can be taken out, for example, one each on opposite sides of the
      laser by using etalon pairs as reflectors tuned to the respective lines,
      thereby providing the desired separate f.sub.o and f.sub.o.sub.' beams.
      Another method to obtain two laser beams with a fixed .DELTA.f frequency
      is by using the Doppler shift associated with moving optical components
      (such as gratings, etc.). A single lasar may also be able to provide
      different wavelengths within a range determined by the laser, to test the
      optical wavelength range of a test lens and its chromatic performance.
PAC  II. THE TEST PROCEDURES PERFORMED ON THE TEST LENS SYSTEM
PAR  The mounting of the test lens and its maneuverability in terms of on- and
      off-axis test positioning and rotation are state-of-the-art, as are the
      detector optics and associated analyzing and comparison electronics. These
      facets of the test apparatus and procedure are, therefore, not considered
      to be part of the inventive contribution of the invention.
PAR  All of the following test procedures, which can be performed with the
      testing optical system of the invention, are not mandatory but can be
      individually selected depending on the performance design and requirements
      of the particular test lens. For reasons of convenience and to avoid
      unnecessary repetition, discussion of the reference fringe pattern and
      analyzing slit will be omitted, sinve they have already been described. It
      will also be understood that conditions of the tests, such as range of
      fringe period or lines/mm, off-axis angles, etc., are determined by the
      design parameters of the lens system being tested. 1. The test lens, in a
      stationary on-axis position, is scanned by employing a target fringe
      pattern with continuously varying .lambda..sub.s from .infin. to a
      predetermined finite value to produce a continuously varying fringe
      density in terms of lines/mm. Comparison of the test and reference AC/DC
      signal ratios and AC signal phases gives the MTF and PTF of the test lens
      in this on-axis position. It will be understood that similar comparison of
      AC/DC contrast ratios and phase can similarly be performed in the test
      procedures described below. 2. The test lens in the on-axis position is
      rotated continuously around its optical axis and scanned with a fringe
      pattern at at least one and preferably at several predetermined dimensions
      of .lambda..sub.s. This test determines the angular symmetry of the test
      lens. 3. If an unacceptable degree of angular asymmetry is found, the
      polarization plane of the test radiation is rotated to at least one
      predetermined angle, e.g., 90.degree., and the procedure of II(1) is
      repeated. By means of this test, it can be determined whether the test
      lens can be oriented in a manner which can provide adequate performance.
      4. The test lens is incrementally tilted by tilting its optical axis in
      the y-z plane around the nodal point to successive predetermined angles
      .alpha..sub.1, .alpha..sub.2, etc., through a total arc .DELTA..alpha.
      with the optical axis of the lens in the y-z plane. The procedure of II(1)
      is repeated with the stationary, tilted lens at each .alpha. increment.
      This procedure determines the MTF and PTF characteristics of the test lens
      at successively increasing radial distances from the center of the object
      plane as defined by the instantaneous optical axis of the lens. 5. The
      off-axis test lens is rotated around its optical axis at one or more
      preselected values of .alpha. and the procedure of II(2) is repeated to
      determine angular symmetry of the test lens in off-axis position. 6. If an
      unacceptable degree of angular asymmetry is found in the off-axis testing,
      the polarization procedure of II(3) can be repeated to determine whether
      the polarization with respect to the lens tilt plane can be acceptably
      oriented for adequate performance. 7. For test lenses whic have
      particularly exacting performance requirements, the following tests are
      performed with the lens in off-axis position:
PA1  a. Rotate the test and reference fringe patterns and their respective
      analyzing slits to an angle between 0.degree. and 180.degree., preferably
      90.degree., and repeat the procedure of II(1). These test results
      determine the resolution for two orthogonal patterns of variable spatial
      frequency targets;
PA1  b. With the fringes and slits at the rotated angle, the polarization test
      described in II(3) can be made. 8. The test lens can be checked for
      performance at different magnifications from .infin. to zero as desired by
      positioning a high quality auxiliary lens of known OTF characteristics
      between the object plane and test lens and moving it back or forth along
      the z-axis or by moving the test lens in similar manner. Any or all of the
      aforedescribed test procedures can be performed at any desired test lens
      magnifications.
PAR  By means of the foregoing operations II(1)-(8), any achromatic aberration
      cam be found which could interfere with the desired imaging performance of
      the particular test lens. 9. To determine chromatic characteristics of the
      test lens, any or all of the aforedescribed procedures can be repeated at
      different wavelengths, the range of which is determined by the design
      parameters of the test lens and the operating wavelength range of the
      optical components. The different test wavelengths can be produced by
      different laser sources, or by the same laser which can produce different,
      separable wavelengths.
PAR  It will be understood that, although the foregoing description has been in
      terms of a polarized laser source since this is essential if it is desired
      to determine polarization characteristics of a test lens system,
      polarization tests are, in fact, optional. In the case of testing
      apparatus or process employed in applications which do not require
      polarization tests, the coherent radiation beam produced by the laser need
      not be polarized.
DRWD
PAC  FIGURES
PAR  FIG. 1 is a diagrammatic illustration showing an embodiment of an optical
      system of the invention for implementing the OTF measurement system
      employing moving-fringe patterns and the coherent light beams and their
      relationships.
PAR  FIG. 2 is an enlarged diagrammatic illustration of a portion of FIG. 1,
      without the f.sub.o -f.sub.o.sub.', superimposed beams, showing the object
      plane, test lens and image plane of the test channel.
PAR  FIG. 2A is a diagrammatic three-dimensional plan view.
PAR  FIG. 3 shows the test lens in off-axis position.
PAR  FIG. 4 is a schematic illustration of components which can be used in the
      detection and data analyzing electronics parts of the system.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in FIG. 1, laser source 1, with associated means 2 for rotating it
      around its optical axis, emits coherent radiation beam 3 of frequency
      f.sub.o. Rotation means 2 is optionally employed for rotating the laser
      through an angle within the range of 0.degree. to 180.degree. when the
      laser beam is polarized and polarization characteristics of the test lens
      system is to be tested. Beam 3 enters, at a slight angle, Bragg cell 4
      which consists of a transparent medium, such as water or glass, which is
      compressionally driven by crystal transducer 5 at an imposed oscillation
      frequency, e.g., 10 to 50Mc, to form acoustic wavelengths .lambda..sub.a
      in the cell medium. The input laser beam is divided into two coherent
      radiation beams of the same size, intensity and polarity, one beam 6 being
      nondiffracted and having the original f.sub.o frequency, and the other
      beam 7 being diffracted and acoustically modified into having slightly
      shifted frequency f.sub.o,. The difference in frequency .DELTA.f is the
      Bragg cell acoustic frequency which is within the radio frequency range.
PAR  The diverging f.sub.o and f.sub.o.sub.', beams are further symmetrically
      diverged by conventional optical means, such as a rooftop type of front
      surface mirror 8, and then symmetrically converged by front-surface
      mirrors 9a and 9b onto double-mirror-surfaced mirror 10, beam f.sub.o
      being incident on one of the mirrored surfaces and beam f.sub.o.sub.',
      being incident on the opposite mirrored surface. Mirror 10 can be rotated
      around an axis which is perpendicular to the paper through an angle of
      .+-. 45.degree., as shown, to change equally the angle of incidence and
      reflection of beam f.sub.o and f.sub.o.sub.', respectively. For purposes
      of convenience, the f.sub.o and f.sub.o.sub.', beams at two different
      mirror 10 angles are shown. The two illustrated pairs of f.sub.o and
      f.sub.o.sub.', beams are shown being reflected and transmitted by means of
      an optical system comprising identical front surface mirrors 12a and 12b
      and converging lenses 11a and 11b. The f.sub.o  and f.sub.o.sub.', beams
      which pass respectively through the optical axes of lenses 11a and 11b are
      additionally identified as the system axes since their pair will converge
      at .theta. = zero. Incremental or continuous rotation of mirror 10 changes
      the fringe period of the moving-fringe target and reference patterns,
      incrementally or continuously, through a wide range from infinity in the
      case of .theta. = zero to a very small fringe period (spatial frequency or
      lines/mm from zero to a maximum value in the case of .theta. and .theta.'
      = maximum) with the assistance of the divergence of beams f.sub.o and
      f.sub.o.sub.', provided by element 10 and its associated lens and mirror
      system.
PAR  Identical front-surface mirror pair 12a and 12b converge the f.sub.o and
      f.sub.o.sub.', beams onto beam splitter 13, which, by 50 percent
      transmission and reflection, divides each beam into two beams of equal
      size, intensity, frequency and polarity. The two resulting f.sub.o and
      f.sub.o.sub.', beam pairs form the test and reference channels
      respectively. Identical image rotators 14a and 14b are rotatable around
      the optical axes of the test and reference channels through an angle of
      0.degree. to 180.degree. and are optionally employed for rotation of the
      test and reference fringe patterns. The rotator means can be any
      conventional mirror or prism means which can receive two beams of light,
      rotate their plane and transmit them otherwise unchanged. Examples include
      but are not limited to mirrors or prisms such as the Dove, Abbe, Taylor,
      Schmidt and Uppendahl optical devices, sometimes referred to as image
      rotators. Convex lenses 15a and 15b converge the test and reference beam
      pairs to form, at cross-over zones, moving fringe patterns 16a and 16b at
      respective angles .theta. and .theta.". Within the zones of convergence,
      the patterns consist of laterally-moving, alternately dark and light
      interference fringes 17a and 17b, shown out of proportion in FIG. 1. The
      test channel fringe pattern 17a is more clearly shown in enlarged detail
      in FIGS. 2 and 2A. The fringes move in the direction shown by arrows 18a
      and 18b at a rate equal to .DELTA.f. FIGS. 1 and 2 show the relative
      positions of the y and z axes, which lie in the plane of the paper. FIG.
      2A additionally shows the direction of the x-axis. The bisectors of the
      two converging f.sub.o and f.sub.l.sub.', beam pairs lie along the optical
      axes of the test and reference channels; the normals to the fringe planes
      (y-axis) are perpendicular to the converging beam bisectors (z-axis) in
      the test channel; the fringe planes are parallel to the x-z plane; and the
      fringes move in the y-direction.
PAR  The test channel fringe pattern 17a is formed in the object plane. The
      real-image-forming plate 19 is positioned across fringe pattern 17a in the
      x-y plane and held in place by adjustable means not shown. The scattering
      centers are on the downstream face of plate 19. The real-image former
      scatters the incident fringe pattern illumination, thereby forming a real
      image of the moving-fringe pattern in the object plane. The radiation is
      scattered in essentially a Lambertian distribution. Radiation from the
      real-image fringe pattern is received by test lens 21 (shown in FIGS. 1, 2
      and 2A on-axis) which reforms it as an image 22 in the image plane. As
      shown, magnification is unity. Test lens 21 can be adjusted in position,
      rotated around its optical axis, or tilted around its nodal point by
      conventional means 20.
PAR  A narrow slit 23a in slit plate 24a is positioned in the test channel in
      the image plane of the test lens, by means not shown, in such manner that
      the longitudinal axis of the slit is parallel to the fringe planes and the
      slit plate lies in the x-y plane. Preferably associated with the slit
      plate is means 25a for adjusting the position of the slit and varying the
      width w' of the slit. Radiation transmitted through analyzer slit 23a is
      received by detector 26a and associated electronics, which separate the
      test radiation into AC and DC signal components, compute the AC/DC ratios,
      and sense the phase of the AC test signal.
PAR  In the reference channel moving-fringe pattern 16b having the same
      .lambda..sub.s as 16a is analyzed by slit 23b in plate 24b positioned in
      the same way with respect to the reference fringe pattern as slit 23a and
      slit plate 24a in the test channel. Slit 23b as shown is identical with
      slit 23a in width w" size, orientation and adjustability. Means 25 b is
      provided for the desired adjustability. It will be understood, however,
      that with test lens magnifications other than unity, the width of slit 23a
      must be adjusted proportionally to the change in image size. Radiation
      transmitted through slit 23b is received by sensitive detector 26b and
      associated electronics, which separate the reference radiation into AC and
      DC signal components, compute the AC/DC ratios, and sense the phase of the
      AC reference signal. The test and reference AC/DC ratios and AC phases are
      then compared by appropriate conventional electronics.
PAR  In a lens test procedure wherein rotation means 14a and 14b are used to
      rotate and reference channel fringe patterns, scanning slits 23a and 23b
      must be rotated through the same angle as the fringe pattern to maintain
      the required relative orientation as aforedescribed.
PAR  It should be noted that because of the scattering produced by the
      real-image forming plate 19, total illumination in terms of AC and DC
      radiation received by the test lens is reduced. The AC/DC ratio and the AC
      signal phase, however, remain unchanged and, in the case of a perfect
      (diffraction-limited) test lens, would compare to the reference channel
      values.
PAR  In the embodiment illustrated in FIG. 1, incremental or continuous change
      in angle .theta. which, as aforedescribed, changes the spatial frequency
      or line density of the real-image fringe pattern target in the object
      plane, is accomplished by double-sided mirror 10. To provide an angle
      .theta. equal to zero (and corresponding .lambda..sub.s equal to
      infinity), the mirror 10 is positioned in such manner as to converge the
      initial f.sub.o and f.sub.o.sub.', beams onto beam splitter 14 at an angle
      such that the f.sub.o and f.sub.o.sub.', beam components of the test and
      reference pairs respectively become superimposed with .theta. and .theta."
      equalling zero and coincident respectively with the optical axes of the
      test and reference channels.
PAR  In FIG. 3, the test lens system is shown off-axis with the z-axis of the
      system passing through its nodal point 27 and its optical axis 28 at an
      angle .alpha. to the z-axis.
PAR  The detectors and electronics associated with the test and reference
      channels are within the state of the art and, therefore, do not require
      detailed description. An illustrative type is shown in FIG. 4. The
      electronics associated with the test channel detector and the reference
      channel detector, which preferably are photomultiplier tubes 26a and 26b,
      each equipped with a narrowband interference filter having maximum
      transmission at the particular operating wavelength .lambda..sub.o, are
      essentially the same and include components for separating the signals
      into AC and DC components, amplifying, rectifying and filtering them, and
      then determining respectively the AC/DC ratios of the test and reference
      channel AC and DC components. The final stage of the electronics then
      compares the test and reference AC/DC values. The output of this final
      ratio-taking circuit can then be displayed against the instantaneous value
      of fringe period as the MTF of the lens under test. The instantaneous
      value of the fringe period can be monitored, for example, by recording the
      angular position of the angularly-rotatable, fringe period-varying element
      10. The PTF of the test lens can simultaneously be monitored by passing
      the AC test signal and the AC reference signal into appropriate phase
      detector and comparison electronics. In the case of both MTF and PTF
      testing, the output can be passed to a data acquisition system, which can
      be employed to produce visual displays or recordings.
PAR  For flexibility and for being able to normalize the signals to unity, e.g.,
      at zero spatial frequency, DC amplifiers with variable gain may be
      included in the MTF section of the electronics and variable phase shifters
      operating at the RF Bragg cell frequency can be included in the PTF
      section of a complete OTF system.
PAR  It will be understood that various mechanical stabilizers and
      noise-reducing elements and different optical and electronics means known
      to the art can be employed to practice the invention.
PAR  Although this invention has been described with reference to illustrative
      embodiments thereof, it will be apparent to those skilled in the art that
      the principles of this invention can be embodied in other forms but within
      the scope of the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for testing the optical transfer function of a lens,
      comprising a radiation source; object-forming means in the object plane of
      the test lens, said object-forming means having a spatial-frequency which
      is adapted to being incrementally or continuously changed; adjustable
      mounting means for the test lens in the test channel; slit means for
      analyzing the image formed by the test lens; a reference channel; an
      detector means with associated electronics for measuring and comparing the
      modulation transfer function of the test lens and reference channel
      systems, the improvement comprising:
PA1  1. means for forming a moving-fringe interference pattern in the object
      plane of the test lens in the test channel, said means for forming said
      pattern comprising two converging, monochromatic, coherent-radiation beams
      of substantially the same intensity and size and respectively different
      frequencies f.sub.o and f.sub.o .sub.', the difference in frequency
      .DELTA.f being in the ratio frequency range;
PA1  2. means for changing the fringe period .lambda..sub.s of said pattern
      equally and simultaneously in the range from infinity to a finite
      .lambda..sub.s determined by the design characteristics of the test lens;
PA1  3. means positioned across the x-y plane of said fringe pattern for forming
      said pattern into a real-image target for said test lens in the object
      plane;
PA1  4. slit means positionable in the image plane of said test lens and,
      thereby, in the reimaged fringe pattern formed by said test lens in the
      test channel, said slit means being characterized by:
PA2  a. being positionable in such manner that its longitudinal axis is parallel
      to the reimaged fringe pattern planes;
PA2  b. being in a slit element positionable in the x-y plane of said reimaged
      fringe pattern and having a width W' adapted to being within the following
      relationship:
EQU  2 .lambda..sub.o .ltoreq. W' .ltoreq. 0.5 .lambda.'.sub.s
PAL  wherein .lambda..sub.o is the radiation wavelength and .lambda.'.sub.s is
      the smallest fringe period of said reimaged fringe pattern produced with
      said test lens;
PA1  5. detector means and associated electronics positionable downstream of
      said slit means for detecting the radiation transmitted by the slit,
      separating the AC and DC signal components of the transmitted radiation,
      and determining the AC/DC ratio of said signal components;
PAR  6. a reference channel comprising means for producing an AC/DC ratio
      equivalent to the AC/DC ratio producible by the movingfringe pattern in
      the object plane of the test lens in the test channel; and
PA1  7. means for comparing the AC/DC ratios produced by the reimaged fringe
      pattern in the test channel and the AC/DC ratios produced by the reference
      channel.
NUM  2.
PAR  2. In apparatus for testing the optical transfer function of a lens,
      comprising a radiation source; object-forming means in the object plane of
      the test lens, said object-forming means having a spatial-frequency which
      is adapted to being incrementally or continuously changed; adjustable
      mounting means for the test lens in the test channel; slit means for
      analyzing the image formed by the test lens; a reference channel; and
      detector means with associated electronics for measuring and comparing the
      modulation transfer function of the test lens and reference channel
      systems, the improvement comprising:
PA1  1. means for forming a first moving-fringe interference pattern in the
      object plane of the test lens in the test channel and a second
      moving-fringe interference pattern in the reference channel, said first
      and second fringe patterns having respective fringe periods .lambda..sub.s
      and .lambda..sub.s " said means for forming each of said first and second
      patterns comprising two converging, monochromatic, coherent-radiation
      beams of substantially the same intensity and size and respectively
      different frequencies f.sub.o and f.sub.o .sub.', the difference in
      frequency .DELTA.f being in the radio frequency range;
PA1  2. means for continuously changing the fringe period of both said first and
      second patterns simultaneously in the range from infinity to a finite
      fringe period determined by the design characteristics of the test lens;
PA1  3.
NUM  3.
PAR  3. means positioned across the x-y plane of said first fringe pattern for
      forming said pattern into a real-image target in the object plane;
PA1  4. first slit means positionable in the image plane of the test lens and,
      thereby, in the reimaged fringe pattern formed by the test lens, said
      first slit means being characterized by:
PA2  a. being positionable in such manner that its longitudinal axis is parallel
      to the fringe planes of the reimaged fringe pattern;
PA2  b. being in a slit element positionable in the x-y plane of said reimaged
      fringe pattern; and
PA2  c. having a width W' adapted to being within the following relationship:
EQU  2 .lambda..sub.o .ltoreq. W' .ltoreq. 0.5 .lambda.'.sub.s,
PAL  wherein .lambda..sub.o is the radiation wavelength and .lambda.'.sub.s is
      the smallest reimaged fringe period produced by said test lens;
PA1  5. second slit means positionable in said second moving-fringe pattern in
      the reference channel, said second slit means being characterized by:
PA2  a. being positionable in such manner that its longitudinal axis is parallel
      to the fringe planes of said second fringe pattern;
PA2  b. being in a slit element positionable in the x-y plane of said second
      fringe pattern; and
PA2  c. having a width W" adapted to being within the following relationship:
EQU  2 .lambda..sub.o .ltoreq. W" .ltoreq. 0.5 .lambda.".sub.s,
PAL  wherein .lambda.".sub.s is the smallest fringe period produced by said
      second fringe pattern;
PAR  6. detector means and associated electronics positionable downstream of
      said first slit means for detecting the radiation transmitted by the slit;
      separating the AC and DC signal components of the transmitted radiation;
      and determining the AC/DC ratio of said signal components;
PA1  7. detector means and associated electronics positionable downstream of
      said second slit means for detecting the radiation transmitted by the
      slit; separating the AC and DC signal components of the transmitted
      radiation; and determining the AC/DC ratio of said signal components;
PA1  8. means for comparing the AC/DC ratios produced by the reimaged fringe
      pattern in the test channel and the AC/DC ratios produced by the reference
PAR   channel. 3. The apparatus of claim 2 wherein the test lens is associated
      with means for rotating and/or tilting the lens.
NUM  4.
PAR  4. The apparatus of claim 2 wherein the detector means and associated
      electronics include means for comparing the phase of the AC signal
      produced by the test channel and the AC signal produced by the reference
      channel.
NUM  5.
PAR  5. The apparatus of claim 3 wherein the detector means and associated
      electronics include means for comparing the phase of the AC signal
      produced by the test channel and the AC signal produced by the reference
      channel.
NUM  6.
PAR  6. The apparatus of claim 3 which includes means for incrementally changing
      the fringe period of both said first and second fringe patterns.
NUM  7.
PAR  7. The apparatus of claim 5 which includes means for incrementally changing
      the fringe period of both said first and second fringe patterns.
NUM  8.
PAR  8. The apparatus of claim 3 which includes means for rotating said first
      and second fringe patterns through the same angle from 0.degree. to
      180.degree. and means for rotating said first and second slit means
      through the same angle as said fringe patterns.
NUM  9.
PAR  9. The apparatus of claim 5 which includes means for rotating said first
      and second fringe patterns through the same angle from 0.degree. to
      180.degree. and means for rotating said first and second slit means
      through the same angle as said fringe patterns.
NUM  10.
PAR  10. The apparatus of claim 6 which includes means for rotating said first
      and second fringe patterns through the same angle from 0.degree. to
      180.degree. and means for rotating said first and second slit means
      through the same angle as said fringe patterns.
NUM  11.
PAR  11. The apparatus of claim 7 which includes means for rotating said first
      and second fringe patterns through the same angle from 0.degree. to
      180.degree. and means for rotating said first and second slit means
      through the same angle as said fringe patterns.
NUM  12.
PAR  12. The apparatus of claim 3 which includes means for equally polarizing
      said coherent-radiation beams and means for rotating the polarization
      means through an angle from 0.degree. to 180.degree. .
NUM  13.
PAR  13. The apparatus of claim 5 which includes means for equally polarizing
      said coherent-radiation beams and means for rotating the polarization
      means through an angle from 0.degree. to 180.degree. .
NUM  14.
PAR  14. The apparatus of claim 6 which includes means for equally polarizing
      said coherent-radiation beams and means for rotating the polarization
      means through an angle from 0.degree. to 180.degree. .
NUM  15.
PAR  15. The apparatus of claim 7 which includes means for equally polarizing
      said coherent-radiation beams and means for rotating the polarization
      means through an angle from 0.degree. to 180.degree..
NUM  16.
PAR  16. The apparatus of claim 8 which includes means for equally polarizing
      said coherent-radiation beams and means for rotating the polarization
      means through an angle from 0.degree. to 180.degree. .
NUM  17.
PAR  17. The apparatus of claim 9 which includes means for equally polarizing
      said coherent-radiation beams and means for rotating the polarization
      means through an angle from 0.degree. to 180.degree..
NUM  18.
PAR  18. The apparatus of claim 10 which includes means for equally polarizing
      said coherent-radiation beams and means for rotating the polarization
      means through an angle from 0.degree. to 180.degree..
NUM  19.
PAR  19. The apparatus of claim 11 which includes means for equally polarizing
      said coherent-radiation beams and means for rotating the polarization
      means through an angle from 0.degree. to 180.degree..
NUM  20.
PAR  20. The apparatus of claim 2 wherein said first and second moving-fringe
      patterns are formed by means comprising:
PA1  1. means for producing a pair of coherent-radiation beams of substantially
      same size, intensity, and said different frequencies f.sub.o and f.sub.o
      .sub.' ,
PA1  2. means for first diverging and then converging said pair of f.sub.o and
      f.sub.o .sub.' beams onto a rotatable optical means adapted to diverge
      said beams at an angle determined by the angle of rotation of said
      rotatable optical means;
PA1  3. means for converging said pair of diverging f.sub.o and f.sub.o .sub.'
      beams onto a second beam splitter adapted to divide said f.sub.o and
      f.sub.o .sub.' beams substantially equally into a first f.sub.o and
      f.sub.o .sub.' beam pair adapted to form the test channel and a second
      f.sub.o and f.sub.o .sub.' beam pair adapted to form the reference
      channel; and
PA1  4. means for converging said first and second beam pairs to form said first
      and second moving-fringe patterns.
NUM  21.
PAR  21. The apparatus of claim 3 wherein said first and second moving-fringe
      patterns are formed by means comprising:
PA1  1. means for producing a pair of coherent-radiation beams of substantially
      same size, intensity, and said different frequencies f.sub.o and f.sub.o
      .sub.',
PA1  2. means for first diverging and then converging said pair of f.sub.o and
      f.sub.o .sub.' beams onto a rotatable optical means adapted to diverge
      said beams at an angle determined by the angle of rotation of said
      rotatable optical means;
PA1  3. means for converging said pair of diverging f.sub.o and f.sub.o .sub.'
      beams onto a second beam splitter adapted to divide said f.sub.o and
      f.sub.' beams equally into a first f.sub.o and f.sub.o .sub.' beam pair
      adapted to form the test channel and a second f.sub.o and f.sub.o .sub.'
      beam pair adapted to form the reference channel; and
PA1  4. means for converging said first and second beam pairs to form said first
      and second moving-fringe patterns.
NUM  22.
PAR  22. The apparatus of claim 4 wherein said first and second moving-fringe
      patterns are formed by means comprising:
PA1  1. means for producing a pair of coherent-radiation beams of substantially
      same size, intensity, and said different frequencies f.sub.o and f.sub.o
      .sub.',
PA1  2. means for first diverging and then converging said pair of f.sub.o and
      f.sub.o .sub.' beams onto a rotatable optical means adapted to diverage
      said beams at an angle determined by the angle of rotation of said
      rotatable optical means;
PA1  3. means for converging said pair of diverging f.sub.o and f.sub.o .sub.'
      beams onto a second beam splitter adapted to divide said f.sub.o and
      f.sub.o .sub.' beams substantially equally into a first f.sub.o and
      f.sub.o .sub.' beam pair adapted to form the test channel and a second
      f.sub.o and f.sub.o .sub.' beam pair adapted to form the reference
      channel; and
PA1  4. means for converging said first and second beam pairs to form said first
      and second moving-fringe patterns.
NUM  23.
PAR  23. The apparatus of claim 5 wherein siad first and second moving-fringe
      patterns are formed by means comprising:
PA1  1. means for producing a pair of coherent-radiation beams of substantially
      same size, intensity, and said different frequencies f.sub.o and f.sub.o
      .sub.',
PA1  2. means for first diverging and then converging said pair of f.sub.o and
      f.sub.o .sub.' beams onto a rotatable optical means adapted to diverge
      said beams at an angle determined by the angle of rotation of said
      rotatable optical means;
PAR  3. means for converging said pair of diverging f.sub.o and f.sub.o .sub.'
      beams onto a second beam splitter adapted to divide said f.sub.o and
      f.sub.o .sub.' beams substantially equally into a first f.sub.o and
      f.sub.o .sub.' beam pair adapted to form the test channel and a second
      f.sub.o and f.sub.o .sub.' beam pair adapted to form the reference
      channel; and
PA1  4. means for converging said first and second beam pairs to form said first
      and second moving-fringe patterns.
NUM  24.
PAR  24. The apparatus of claim 6 wherein said first and second moving-fringe
      patterns are formed by means comprising:
PA1  1. means for producing a pair of coherent-radiation beams of substantially
      same size, intensity, and said different frequencies f.sub.o and f.sub.o
      .sub.',
PA1  2. means for first diverging and then converging said pair of f.sub.o and
      f.sub.o .sub.' beams onto a rotatable optical means adapted to diverge
      said beams at an angle determined by the angle of rotation of said
      rotatable optical means;
PA1  3. means for converging said pair of diverging f.sub.o and f.sub.o .sub.'
      beams onto a second beam splitter adapted to divide said f.sub.o and
      f.sub.o .sub.' beams substantially equally into a first f.sub.o and
      f.sub.o .sub.' beam pair adapted to form the test channel and a second
      f.sub.o and f.sub.o .sub.' beam pair adapted to form the reference
      channel; and
PA1  4. means for converging said first and second beam pairs to form said first
      and second moving-fringe patterns.
NUM  25.
PAR  25. The apparatus of claim 7 wherein said first and second moving-fringe
      patterns are formed by means comprising:
PA1  1. means for producing a pair of coherent-radiation beams of substantially
      same size, intensity, and said different frequencies f.sub.o and f.sub.o
      .sub.',
PA1  2. means for first diverging and then converging said pair of f.sub.o and
      f.sub.o .sub.' beams onto a rotatable optical means adapted to diverage
      said beams at an angle determined by the angle of rotation of said
      rotatable optical means;
PAR  3. means for converging said pair of diverging f.sub.o and f.sub.o .sub.'
      beams onto a second beam splitter adapted to divide said f.sub.o and
      f.sub.o .sub.' beams substantially equally into a first f.sub.o and
      f.sub.o .sub.' beam pair adapted to form the test channel and a second
      f.sub.o and f.sub.o .sub.' beam pair adapted to form the reference
      channel; and
PA1  4. means for converging said first and second beam pairs to form said first
      and second moving-fringe patterns.
NUM  26.
PAR  26. The apparatus of claim 11 wherein said first and second moving-fringe
      patterns are formed by means comprising:
PA1  1. means for producing a pair of coherent-radiation beams of substantially
      same size, intensity, and said different frequencies f.sub.o and f.sub.o
      .sub.',
PA1  2. means for first diverging and then converging said pair of f.sub.o and
      f.sub.o .sub.' beams onto a rotatable optical means adapted to diverge
      said beams at an angle determined by the angle of rotation of said
      rotatable optical means;
PA1  3. means for converging said pair of diverging f.sub.o and f.sub.o .sub.'
      beams onto a second beam splitter adapted to divide said f.sub.o and
      f.sub.o .sub.' beams substantially equally into a first f.sub.o and
      f.sub.o .sub.' beam pair adapted to form the test channel and a second
      f.sub.o and f.sub.o .sub.' beam pair adapted to form the reference
      channel; and
PA1  4. means for converging said first and second beam pairs to form said first
      and second moving-fringe patterns.
NUM  27.
PAR  27. The apparatus of claim 19 wherein said first and second moving-fringe
      patterns are formed by means comprising:
PA1  1. means for producing a pair of coherent-radiation beams of substantially
      same size, intensity, and said different frequencies f.sub.o and f.sub.o
      .sub.',
PA1  2. means for first diverging and then converging said pair of f.sub.o and
      f.sub.o ' beams onto a rotatable optical means adapted to diverge said
      beams at an angle determined by the angle of rotation of said rotatable
      optical means;
PA1  3. means for converging said pair of diverging f.sub.o and f.sub.o .sub.'
      beams onto a second beam splitter adapted to divide said f.sub.o and
      f.sub.o .sub.' beams substantially equally into a first f.sub.o and
      f.sub.o .sub.' beam pair adapted to form the test channel and a second
      f.sub.o and f.sub.o .sub.' beam pair adapted to form the reference
      channel; and
PA1  4. means for converging said first and second beam pairs to form said first
      and second moving-fringe patterns.
NUM  28.
PAR  28. The apparatus of claim 1 wherein width W' of the slit means is adapted
      to being within the following relationship:
EQU  2 .lambda. .sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s.
NUM  29.
PAR  29. The apparatus of claim 2 wherein width W' of the first slit means is
      adapted to being within the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit means is adapted to being within the
      following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
NUM  30.
PAR  30. The apparatus of claim 3 wherein width W' of the first slit means is
      adapted to being within the following relationship:
EQU  2 .lambda. .sub.o &lt; W' &lt;&lt;0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit means is adapted to being within the
      following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
NUM  31.
PAR  31. The apparatus of claim 4 wherein width W' of the first slit means is
      adapted to being within the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit means is adapted to being within the
      following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
NUM  32.
PAR  32. The apparatus of claim 5 wherein width W' of the first slit means is
      adapted to being within the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit means is adapted to being within the
      following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
NUM  33.
PAR  33. The apparatus of claim 6 wherein width W' of the first slit means is
      adapted to being within the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit means is adapted to being within the
      following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
NUM  34.
PAR  34. The apparatus of claim 7 wherein width W' of the first slit means is
      adapted to being within the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit means is adapted to being within the
      following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
NUM  35.
PAR  35. The apparatus of claim 8 wherein width W' of the first slit means is
      adapted to being within the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit means is adapted to being within the
      following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
NUM  36.
PAR  36. The apparatus of claim 9 wherein width W' of the first slit means is
      adapted to being within the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit means is adapted to being within the
      following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
NUM  37.
PAR  37. The apparatus of claim 10 wherein width W' of the first slit means is
      adapted to being within the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit means is adapted to being within the
      following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
NUM  38.
PAR  38. The apparatus of claim 11 wherein width W' of the first slit means is
      adapted to being within the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit means is adapted to being within the
      following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
NUM  39.
PAR  39. The apparatus of claim 20 wherein width W' of the first slit means is
      adapted to being within the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit means is adapted to being within the
      following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
NUM  40.
PAR  40. In a process for testing the optical transfer function of a lens
      system, comprising providing a radiation source; providing an object of
      fixed spatial frequency and an associated device for incrementally or
      continuously changing said spatial frequency in the object plane;
      adjustably mounting in the test channel a test lens; analyzing the image
      formed by the test lens by means of a slit positioned in said image;
      providing a reference channel; and detecting, measuring, and comparing the
      modulation transfer function of the test lens and reference channel
      systems, the impprovement comprising:
PA1  1. forming a moving-fringe interference pattern in the object plane of the
      test lens in the test channel, said fringe pattern being formed by
      converging two monochromatic, coherent-radiation beams of substantially
      same intensity and size and different frequency f.sub.o and f.sub.o
      .sub.', the difference in frequency .DELTA.f being in the radio frequency
      range;
PA1  2. incrementally or continuously changing the fringe period of said fringe
      pattern in the range from infinity to a finite .lambda..sub.s determined
      by the design characteristics of the test lens;
PAR  3. positioning a real-image former across the x-y plane of said fringe
      pattern, thereby forming said pattern into a real-image target;
PA1  4. positioning the test lens downstream of the object plane;
PA1  5. positioning a slit element having a slit in the image plane of the test
      lens and, thereby, in the reimaged fringe pattern formed by the test lens,
      said slit being characterized by:
PA2  a. being positioned in such manner that its longitudinal axis is parallel
      to the fringe planes of the reimaged fringe pattern;
PA2  b. being in a slit element positioned in the x-y plane of said reimaged
      fringe pattern; and
PA2  c. having a width W' within the following relationship:
EQU  2 .lambda..sub.o .ltoreq. W' .ltoreq. 0.5 .lambda.'.sub.s,
PAL  wherein .lambda..sub.o is the radiation wavelength and .lambda.'.sub.s is
      the smallest reimaged fringe period produced by said test lens;
PA1  6. continuously determining the AC/DC ratio produced by a reference
      channel, said reference channel producing an AC/DC ratio equivalent to
      that prodicible by the moving-fringe pattern in the object plane of the
      test lens in the test channel; and
PA1  7. continuously comparing the AC/DC ratios produced by the reference
      channel.
NUM  41.
PAR  41. In a process for testing the optical transfer function of a lens
      system, comprising providing a radiation source; providing an object of
      fixed spatial frequency and an associated device for incrementally or
      continuously changing said spatial frequency in the object plane;
      adjustably mounting in the test channel a test lens; analyzing the image
      formed by the test lens by means of a slit positioned in said image;
      providing a reference channel; and detecting, measuring, and comparing the
      modulation transfer function of the test lens and reference channel
      systems, the improvement comprising:
PAR  1. forming a first moving-fringe interference pattern in the object plane
      of the test lens in the test channel and a second moving-fringe
      interference pattern in the reference channel, said first and second
      fringe patterns having respectively fringe periods .lambda..sub.s and
      .lambda.".sub.s, each of said first and second fringe patterns being
      formed by converging two monochromatic, coherent-radiation beams of
      substantially same intensity and size and different frequency f.sub.o and
      f.sub.o .sub.', the difference in frequency .DELTA.f being in the radio
      frequency range;
PA1  2. incrementally or continuously changing the fringe period of both of said
      first and second fringe patterns simultaneously in the range of infinity
      to a finite fringe period determined by the design characteristics of the
      test lens;
PA1  3. positioning a real-image former across the x-y plane of said first
      fringe pattern, thereby forming said pattern into a real-image target;
PA1  4. positioning the test lens downstream of the object plane;
PA1  5. positioning a first slit element having a firt slit in the image plane
      of the test lens and, thereby, in the reimaged fringe pattern formed by
      the test lens, said first slit being characterized by:
PA2  a. being positioned in such manner that its longitudinal axis is parallel
      to the fringe planes of the reimaged fringe pattern;
PA2  b. being in a slit element positioned in the x-y plane of said reimaged
      fringe pattern; and
PA2  c. having a width W' within the following relationship:
EQU  2 .lambda..sub.o .ltoreq. W' .ltoreq. 0.5 .lambda.'.sub.s,
PAL  wherein .lambda..sub.o is the radiation wavelength and .lambda.'.sub.s is
      the smallest reimaged fringe period produced by said test lens;
PAR  6. positioning a second slit element having a second slit in said second
      moving-fringe pattern, said second slit being characterized by:
PA2  a. being positioned in such manner that its longitudinal axis is parallel
      to the fringe planes of said second fringe pattern;
PA2  b. being in a slit element positioned in the x-y plane of said second
      fringe pattern; and
PA2  c. having a width W" within the following relationship:
EQU  2 .lambda..sub.o .ltoreq. W" .ltoreq. .05 .lambda.".sub.s,
PAL  wherein .lambda.".sub.s is the smallest fringe period produced by said
      second fringe pattern; and
PA1  7. continuously determining and comparing the ratio of the AC to DC signal
      components of the radiation transmitted through each of said first and
      second slits.
NUM  42.
PAR  42. The process of claim 41 wherein the test lens is rotatable and/or
      tiltable.
NUM  43.
PAR  43. The process of claim 41 which includes continuously determining and
      comparing the phase of the AC signal of the radiation transmitted through
      each of said first and second slits.
NUM  44.
PAR  44. The process of claim 42 which includes continuously determining and
      comparing the phase of the AC signal of the radiation transmitted through
      each of said first and second slits.
NUM  45.
PAR  45. The process of claim 42 which includes the additional steps comprising:
PA1  1. rotating said first and second fringe patterns equally through an angle
      from 0.degree. to 180.degree.;
PA1  2. rotating said first and second slit through the same angle as said
      fringe patterns; and
PA1  3. continuously determining and comparing the ratio of the AC to DC signal
      components of the scattered radiation transmitted through each of said
      first and second slits.
NUM  46.
PAR  46. The process of claim 44 which includes the additional steps comprising:
PA1  1. rotating said first and second fringe patterns equally through an angle
      from 0.degree. to 180.degree.;
PA1  2. rotating said first and second slit through the same angle as said
      fringe patterns; and
PA1  3. continuously determining and comparing the ratio of the AC to DC signal
      components of the scattered radiation transmitted through each of said
      first and second slits.
NUM  47.
PAR  47. The process of claim 42 wherein said coherent-radiation beams are
      equally polarized and said process includes the steps of:
PA1  1. rotating the source of the polarized beams through an angle from
      0.degree. to 180.degree., and
PA1  2. continuously determining and comparing the ratio of the AC to DC signal
      components of the scattered radiation transmitted through each of said
      first and second slits.
NUM  48.
PAR  48. The process of claim 44 wherein said coherent-radiation beams are
      equally polarized and said process includes the steps of:
PA1  1. rotating the source of the polarized beams through an angle from
      0.degree. to 180.degree., and
PA1  2. continuously determining and comparing the ratio of the AC to DC signal
      components of the scattered radiation transmitted through each of said
      first and second slits.
NUM  49.
PAR  49. The process of claim 45 wherein said coherent-radiation beams are
      equally polarized and said process includes the steps of:
PA1  1. rotating the source of the polarized beams through an angle from
      0.degree. to 180.degree., and
PA1  2. continuously determining and comparing the ratio of the AC to DC signal
      components of the scattered radiation transmitted through each of said
      first and second slits.
NUM  50.
PAR  50. The process of claim 46 wherein said coherent-radiation beams are
      equally polarized and said process includes the steps of:
PA1  1. rotating the source of the polarized beams through an angle from
      0.degree. to 180.degree., and
PA1  2. continuously determining and comparing the ratio of the AC to DC signal
      components of the scattered radiation transmitted through each of said
      first and second slits.
NUM  51.
PAR  51. The process of claim 41 wherein said first and second moving fringe
      patterns are formed by:
PA1  1. producing a pair of coherent-radiation beams of substantially same size,
      intensity and said different frequencies f.sub.o and f.sub.o .sub.';
PA1  2. first diverging and then converging said pair of f.sub.o and f.sub.o
      .sub.' beams onto a rotatable optical means which diverges said beams at
      an angle determined by the angle of rotation of said rotatable optical
      means;
PA1  3. converging said pair of diverging f.sub.o and f.sub.o .sub.' beams;
PA1  4. dividing said converged pair of f.sub.o and f.sub.o .sub.' beams
      substantially equally into a first f.sub.o and f.sub.o .sub.' beam pair
      which forms the test channel and a second f.sub.o and f.sub.o .sub.' pair
      which forms the reference channel; and
PA1  5. converging said first and second beam pairs to form said first and
      second moving-fringe patterns.
NUM  52.
PAR  52. The process of claim 42 wherein said first and second moving fringe
      patterns are formed by:
PA1  1. producing a pair of coherent-radiation beams of substantially same size,
      intensity and said different frequencies f.sub.o and f.sub.o .sub.';
PA1  2. first diverging and then converging said pair of f.sub.o and f.sub.o
      .sub.' beams onto a rotatable optical means which diverges said beams at
      an angle determined by the angle of rotation of said rotatable optical
      means;
PA1  3. converging said pair of diverging f.sub.o and f.sub.o .sub.' beams;
PAR  4. dividing said converged pair of f.sub.o and f.sub.o .sub.' beams
      substantially equal into a first f.sub.o and f.sub.o .sub.' beam pair
      which forms the test channel and a second f.sub.o and f.sub.o .sub.' pair
      which forms the reference channel; and
PA1  5. converging said first and second beam pairs to form said first and
      second moving-fringe patterns.
NUM  53.
PAR  53. The process of claim 43 wherein said first and second moving fringe
      patterns are formed by:
PA1  1. producing a pair of coherent-radiation beams of substantially same size,
      intensity and said different frequencies f.sub.o and f.sub.o .sub.';
PA1  2. first diverging and then converging said pair of f.sub.o and f.sub.o
      .sub.' beams onto a rotatable optical means which diverges said beams at
      an angle determined by an angle of rotation of said rotatable optical
      means;
PA1  3. converging said pair of diverging f.sub.o and f.sub.o .sub.' beams;
PA1  4. dividing said converged pair of f.sub.o and f.sub.o .sub.' beams
      substantially equally into a first f.sub.o and f.sub.o .sub.' beam pair
      which forms the test channel and a second f.sub.o and f.sub.o .sub.' pair
      which forms the reference channel; and
PA1  5. converging said first and second beam pairs to form said first and
      second moving-fringe patterns.
NUM  54.
PAR  54. The process of claim 44 wherein said first and second moving fringe
      patterns are formed by:
PA1  1. producing a pair of coherent-radiation beams of substantially same size,
      intensity and said different frequencies f.sub.o and f.sub.o .sub.';
PA1  2. first diverging and then converging said pair of f.sub.o and f.sub.o
      .sub.' beams onto a rotatable optical means which diverges said beams at
      an angle determined by the angle of rotation of said rotatable optical
      means;
PA1  3. converging said pair of diverging f.sub.o and f.sub.o .sub.' beams;
PAR  4. dividing said converged pair of f.sub.o and f.sub.o .sub.' beams
      substantially equally into a first f.sub.o and f.sub.o .sub.' beam pair
      which forms the test channel and a second f.sub.o and f.sub.o .sub.' pair
      which forms the reference channel; and
PA1  5. converging said first and second beam pairs to form said first and
      second moving-fringe patterns.
NUM  55.
PAR  55. The process of claim 45 wherein said first and second moving fringe
      patterns are formed by:
PA1  1. producing a pair of coherent-radiation beams of substantially same size,
      intensity and said different frequencies f.sub.o and f.sub.o .sub.';
PA1  2. first diverging and then converging said pair of f.sub.o and f.sub.o
      .sub.' beams onto a rotatable optical means which diverges said beams at
      an angle determined by the angle of rotation of said rotatable optical
      means;
PA1  3. converging said pair of diverging f.sub.o and f.sub.o .sub.' beams;
PA1  4. dividing said converged pair of f.sub.o and f.sub.o .sub.' beams
      substantially equally into a first f.sub.o and f.sub.o .sub.' beam pair
      which forms the test channel and a second f.sub.o and f.sub.o .sub.' pair
      which forms the reference channel; and
PA1  5. converging said first and second beam pairs to form said first and
      second moving-fringe patterns.
NUM  56.
PAR  56. The process of claim 47 wherein said first and second moving fringe
      patterns are formed by:
PA1  1. producing a pair of coherent-radiation beams of substantially same size,
      intensity and said different frequencies f.sub.o and f.sub.o .sub.';
PA1  2. first diverging and then converging said pair of f.sub.o and f.sub.o
      .sub.' beams onto a rotatable optical means which diverges said beams at
      an angle determined by the angle of rotation of said rotatable optical
      means;
PA1  3. converging said pair of diverging f.sub.o and f.sub.o .sub.' beams;
PAR  4. dividing said converged pair of f.sub.o and f.sub.o .sub.' beams
      substantially equally into a first f.sub.o and f.sub.o .sub.' beam pair
      which forms the test channel and a second f.sub.o and f.sub.o .sub.' pair
      which forms the reference channel; and
PA1  5. converging said first and second beam pairs to form said first and
      second moving-fringe patterns.
NUM  57.
PAR  57. The process of claim 48 wherein said first and second moving fringe
      patterns are formed by:
PA1  1. producing a pair of coherent-radiation beams of substantially same size,
      intensity and said different frequencies f.sub.o and f.sub.o .sub.';
PA1  2. first diverging and then converging said pair of f.sub.o and f.sub.o
      .sub.' beams onto a rotatable optical means which diverges said beams at
      an angle determined by the angle of rotation of said rotatable optical
      means;
PA1  3. converging said pair of diverging f.sub.o and f.sub.o .sub.' beams;
PA1  4. dividing said converged pair of f.sub.o and f.sub.o .sub.' beams
      substantially equally into a first f.sub.o and f.sub.o .sub.' beam pair
      which forms the test channel and a second f.sub.o and f.sub.o .sub.' pair
      which forms the reference channel; and
PA1  5. converging said first and second beam pairs to form said first and
      second moving-fringe patterns.
NUM  58.
PAR  58. The process of claim 49 wherein said first and second moving fringe
      patterns are formed by:
PA1  1. producing a pair of coherent-radiation beams of substantially same size,
      intensity and said different frequencies f.sub.o and f.sub.o .sub.';
PA1  2. first diverging and then converging said pair of f.sub.o and f.sub.o
      .sub.' beams onto a rotatable optical means which diverges said beams at
      an angle determined by the angle of rotation of said rotatable optical
      means;
PA1  3. converging said pair of diverging f.sub.o and f.sub.o .sub.' beams;
PAR  4. dividing said converged pair of f.sub.o and f.sub.o .sub.' beams
      substantially equally into a first f.sub.o and f.sub.o .sub.' beam pair
      which forms the test channel and a second f.sub.o and f.sub.o .sub.' pair
      which forms the reference channel; and
PA1  5. converging said first and second beam pairs to form said first and
      second moving-fringe patterns.
NUM  59.
PAR  59. The process of claim 50 wherein said first and second moving fringe
      patterns are formed by:
PA1  1. producing a pair of coherent-radiation beams of the substantially same
      size, intensity and said different frequencies f.sub.o and f.sub.o .sub.';
PA1  2. first diverging and then converging said pair of f.sub.o and f.sub.o
      .sub.' beams onto a rotatable optical means which diverges said beams at
      an angle determined by the angle of rotation of said rotatable optical
      means;
PA1  3. converging said pair of diverging f.sub.o and f.sub.o .sub.' beams;
PA1  4. dividing said converged pair of f.sub.o and f.sub.o .sub.' beams
      substantially equally into a first f.sub.o and f.sub.o .sub.' beam pair
      which forms the test channel and a second f.sub.o and f.sub.o .sub.' pair
      which forms the reference channel; and
PA1  5. converging said first and second beam pairs to form said first and
      second moving-fringe patterns.
NUM  60.
PAR  60. The process of claim 40 wherein width W' of the slit is within the
      following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s.
NUM  61.
PAR  61. The process of claim 41 wherein width W' of the first slit is within
      the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit is within the following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
NUM  62.
PAR  62. The process of claim 42 wherein width W' of the first slit is within
      the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit is within the following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt;0.5 .lambda.".sub.s.
NUM  63.
PAR  63. The process of claim 43 wherein width W' of the first slit is within
      the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit is within the following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt;0.5 .lambda.".sub.s.
NUM  64.
PAR  64. The process of claim 44 wherein width W' of the first slit is within
      the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit is within the following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
NUM  65.
PAR  65. The process of claim 45 wherein width W' of the first slit is within
      the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit is within the following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
NUM  66.
PAR  66. The process of claim 51 wherein width W' of the first slit is within
      the following relationship:
EQU  2 .lambda..sub.o &lt; W' &lt;&lt; 0.5 .lambda.'.sub.s,
PAL  and width W" of the second slit is within the following relationship:
EQU  2 .lambda..sub.o &lt; W" &lt;&lt; 0.5 .lambda.".sub.s.
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PAL  Process and apparatus for sensing the angular orientation of a line or slit
      element, which comprise producing a laterally moving interference fringe
      zone wherein the fringe period is substantially wider than the element or
      the positive difference between the width of the element and a integer
      multiple of the fringe period, by converging two beams of coherent light
      of equal intensity and different frequency; positioning the portion of the
      article bearing the element within the fringe zone such that the article
      lies in a plane defined by the x and y axes in the fringe pattern and the
      element is in a position, relative to the article, such that its
      longitudinal axis is substantially parallel to the fringe plane or can, by
      rotation of the fringe zone relative to the article around the z-axis, be
      brought into fringe-plane parallel position; rotating the fringe zone
      and/or the article around the z-axis to produce relative angular rotation
      between them; and determining the ratio of AC to DC signal components of
      the radiation scattered by the line or transmitted by the slit as rotation
      around the z-axis continues. The maximum AC/DC ratio indicates parallel
      fringe-plane alignment of the element and the degree of angular rotation
      from a given relative position of the fringe plane and the element to a
      succeeding position of parallel fringe-plane and element alignment
      indicates the angular orientation of the element on the article.
BSUM
PAC  BACKGROUND
PAR  There has long been a need for rapidly and accurately sensing the angular
      orientation of lines or slits on manufactured articles, such as
      microcircuits, optical masks, semiconductors, grills, gratings, meshes,
      patterns, and the like, without actual physical contact, for such purposes
      as quality control, control of the manufacturing process, and assembly
      line orientation of the article. It will be understood that the terms
      "line" and "slit," as used in this specification and claims, include both
      continuous and discontinuous straight lines or slits. In the latter case,
      it is essential only that the centers of discontinuous components making
      up the "line" or "slit" be arranged along the same longitudinal axis and
      the fringe period be substantially wider than the widest component, or the
      positive difference between the width of the component and a whole integer
      multiple of the fring period. Within these limitations, the components can
      be of any desired shape and size, e.g., rectangular, triangular,
      trapezoidal, round, oval, and the like. The line can also be a line
      defining an edge of the article.
PAR  Monitoring of angular orientation on manufactured articles is generally
      accomplished by such manual and visual means as superimposing an image on
      a standard or master. Such methods are laborious, tiring, and are subject
      to human error. Another method, which is more accurate but is very
      expensive and complex, involves the use of an image which is converted to
      electronic signals and compared by a computer with a master image. The
      rotation of the monitored image must be accomplished in very small
      increments, each of which must be compared by the computer. In some cases,
      no reliable or feasible automatic method has hitherto been available.
PAR  Laser Doppler Velocimeters (LDV) have recently been developed for
      determining the rate of fluid flow in wind and water tunnels by suspending
      small particles in the fluid and determining their velocity and size by
      means of the velocimeter. Such velocimeters generally comprise convergent
      laser beams of equal size, intensity, and frequency which produce a
      stationary interference fringe pattern within the zone of convergence,
      sometimes called the probe volume. The interference fringes are planes
      which are normal to the plane defined by the center lines of the two
      converging laser beams and parallel to the bisector of the converging
      beams. In operation, the apparatus is set up so that the fluid-borne
      particles move across the fringes in a plane normal to the fringe planes,
      the radiation scattered by the moving particles is optically collected,
      separated electronically into AC and DC signal components, and the AC/DC
      ratio is used as a means of determining the size of the particles. Such
      Laser Doppler Velocimeters are described in detail in the article by W. M.
      Farmer, "Measurement of Particle Size, Number Density, and Velocity Using
      a Laser Interferometer," Applied Optics, Vol. 11, No. 11, Nov. 1972, pp.
      2603-2612, and G. J. Rudd, U.S. Pat. No. 3,680,961.
PAR  In more recent development of the Laser Doppler Velocimeter, the art
      discloses the use of probe volumes in which the fringes are caused to move
      continuously in a direction normal to the fringe planes by employing
      converging laser beams of the same intensity but slightly different
      frequency, the frequency difference .DELTA.f being within the radio
      frequency band. Such shifting of the frequency of one of the beams can,
      for example, be produced by diffraction of an incident laser beam by means
      of an ultrasonic Bragg cell, which can be made to divide the incident beam
      into two diverging beam components of the same intensity, one
      nondiffracted component having the incident beam frequency and the other
      diffracted component with its frequency shifted by an amount equal to the
      Bragg cell frequency. Since the two coherent light beams which leave the
      Bragg cell are diverging, it is required that the beams be converged by an
      appropriate optical system to form the desired interference fringe
      pattern. The moving fringe pattern moves at a rate equal to .DELTA.f which
      in turn is equal to the Bragg cell frequency.
PAR  The moving fringe technique has been applied to the LDV primarily to
      provide a means for determining the direction of movement of the particles
      moving across the fringe planes. It provides no improvement in
      determination of particle size. The application of single and
      two-dimensional Bragg cell systems to the LDV is disclosed in Chu et al,
      "Bragg Diffraction of Light by Two Orthogonal Ultrasonic Waves in Water,"
      Appl. Phys. Lett., Vol. 22, No. 11, 1 June 1973, pp. 557-59; and W. M.
      Farmer et al, "Two-Component, Self-Aligning Laser Vector Velocimeter,"
      Applied Optics, Vol. 12, No. 11, Nov. 1973, pp. 2636-2640.
PAR  None of the available art recognizes or discloses the present invention,
      its principle of operation, or its use for sensing the angular orientation
      of line or slit elements of an article. The present invention utilizes
      known fringe spacings (which can be calculated or otherwise determined by
      conventional art techniques) and rotation of the fringe zone and article
      relative to each other to determine the angle of orientation of line or
      slit elements on the article. Any observed deviation of angular
      orientation can, by means of appropriate conventional electronics, be
      employed, either in a simple display showing the deviation or as a
      feedback means for regulating the article production process.
PAR  Because the measurement does not require absolute measurement of laser
      light intensity, but only the detection of angular position(s) where
      maximum occurs, the process and apparatus of the invention have additional
      advantages including but not limited to the following. Accuracy of
      measurement is largely independent of intensity fluctuations of the laser
      source. Accuracy is not affected or compromised by the reflectivity or
      refractivity of the line elements. Accuracy does not depend on the
      calibration accuracy of the signal detector devices or the distortions or
      nonlinearities of components of the optical system, either per se or in
      terms of sensitivity to changing environmental conditions. Thus, the
      system and components can be relatively low-cost and can be used in
      uncontrolled environments, such as manufacturing facilities.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a process (and apparatus therefor) for sensing the
      angular orientation of at least one line or slit element of an article by
      providing a laser source; dividing the coherent laser beam into two
      coherent beams of equal size and intensity which differ in frequency, the
      difference being within the radio frequency band; converging the two beams
      to form, within the volume of convergence, an interference fring pattern
      zone; positioning at least the portion of the article bearing the element
      within the fringe zone in such manner that the article lies in a plane
      defined by the axis normal to the plane of the convergent beams (x-axis)
      and the axis normal to the fringe planes (y-axis) and the element is in a
      position, relative to the article, such that its longitudinal axis is
      substantially parallel to the fringe plane or can, by relative rotation of
      the fringe zone and article, each to the other, around the axis defined by
      the converging beam bisector (z-axis), be brought parallel to the fringe
      plane; rotating the fringe zone and/or the article around the z-axis to
      produce relative angular rotation between them; and determining, by
      suitable conventional equipment, the ratio of AC to DC signal components
      of the radiation scattered by the line element or transmitted by the slit
      element as rotation around the z-axis continues.
PAR  The width of the fringe spacing (fringe period) should be substantially
      wider than the element or, in the case of an element which is wider than
      at least one fringe period, the difference between the width of the
      element and a whole integer multiple of the fringe period. The fringe
      period is a known quantity since it can be determined by conventional
      techniques from such factors as laser wavelength and angle of convergence
      of the beams. Adjustment of the system to provide a given fringe period
      can be accomplished in various ways as, for example, by changing the input
      laser wavelength. Generally, it is most easily achieved by adjusting the
      convergent angle of the beams by such conventional means as shifting the
      converging optics along the z-axis. Where the width of the element is
      known, the fringe period can be set at the beginning of the scanning
      operation, as aforedescribed. Where such information is not available, it
      can be adjusted after an initial scanning, in accordance with the
      invention, to provide a fringe period of the desired width relative to the
      width of the element.
PAR  A substantial difference in width between the fringe period and the
      element, as aforedescribed, is essential since sensing of the angular
      orientation of the element is determined by the degree of angular roation
      of fringe zone to article required to bring the element from its initial
      position to a position parallel to the fringe plane and, thereby, to a
      position giving a maximum AC/DC ratio. An element width equal to the
      fringe period (or a whole integer multiple of the fringe period) would
      produce an AC/DC ratio equal to zero or a minimum approaching zero for any
      angular orientation of the element with respect to the fringe plane, so
      that its orientation cannot be sensed by the method of the invention.
PAR  Optimum conditions for angular orientation resolution, though not essential
      for operation of the invention, can be obtained in the following ways:
PAR  1. Reducing ratio of element width (w) and fringe period width (l or
      .lambda..sub.s). This can be accomplished, for example, by adjustment of
      the fringe period. Preferably the .lambda..sub.s is adjusted to be wider
      than the element with the ratio of w to .lambda..sub.s being one-half or
      less. In the case where the element is wider than an integer multiple of
      .lambda..sub.s, the aforedescribed width difference is preferably about
      one-half .lambda..sub.s.
PAR  2. Decreasing the ratio of the fringe period width to the illuminated
      length (IL) of the element. Maximum resolution in this case is obtained
      with an element whose illuminated length is coextensive with the fringe
      plane with which it is parallely aligned in the fringe zone. Such a ratio
      results in the smallest angle of relative rotation (.PSI.) required to
      produce an AC/DC ratio varying from maximum to zero or a minimum
      approaching zero and, thereby, maximum angular resolution. Optimization of
      illuminated length can be obtained, for example, by adjustment of the size
      (diameter) of the fringe zone. Size of the fringe zone is primarily a
      function of the width of the two convergent beams, which in turn is a
      function of the width of the laser beam. Thus, zone size for a given laser
      can be changed, for example, by such means as positioning a divergent or
      convergent optical means, e.g., a lens, in the path of the laser beam
      prior to splitting it into the two coherent light beams or in the path of
      each of the equally split beams. The former is generally less cumbersome
      than the latter and is, therefore, preferred.
PAR  From the foregoing, it will be seen, therefore, that signal resolution and,
      thereby, angular resolution improves in accordance with the following
      relationship: w &lt; l &lt;&lt;IL.
PAR  In the case where the element is wider than l (.lambda..sub.s), the
      relationship is 0 &lt; (w - n l) &lt; l &lt;&lt;IL wherein n is an integer.
PAR  The requisite relative rotation of the fringe zone and the article can be
      obtained by rotating either one. Rotation of the fringe zone can be
      accomplished, for example, by rotation of the means for dividing the laser
      beam into the two coherent beams, such as a Bragg cell. Since this may be
      somewhat cumbersome, it is preferred to employ rotating optical means,
      such as mirrors or prisms, designed receive and transmit the two coherent
      light beams without change other than rotation around the z-axis. This is
      a preferred embodiment in cases where correct positioning of the article
      with respect to angular orientation of its elements is not essential as a
      step in a manufacturing process as is, for example, the case for certain
      types of microcircuits. In such case, the article can be rotated by
      conventional means while in the fringe zone and rotation stopped by use of
      conventional electronic feedback means activated by an AC/DC ratio circuit
      when proper element angular orientation has been sensed as aforedescribed.
      It is, of course, also possible to rotate both the fringe zone and the
      article with respect to each other in opposite directions or in the same
      direction at a different rate of rotation.
PAR  As aforementioned, the invention can be employed to determine the angular
      orientation of one or a plurality of line or slit elements on an article.
      The elements can be parallel or angularly oriented to each other, as in
      the case of a pattern.
PAR  When the article is initially positioned in the fringe zone in a
      predetermined manner, (e.g., a rectangular article positioned with one
      side or "base line" parallel to the y-axis) the degree of angular rotation
      required to achieve the first AC/DC ratio maximum indicates the angular
      orientation of one element or plurality of parallel elements relative to
      the initial base line of the article. When additional angularly oriented
      elements are present, a second AC/DC ratio maximum is obtained when the
      differently oriented element (or plurality of parallel elements) is
      rotated into fringe-plane alignment. The degree of angular rotation from
      the first maximum required to achieve the second maximum indicates the
      angular orientation of the second element with respect to the first
      element. The number of differently oriented lines or slits on the article
      determines the number of AC/DC ratio maxima in the course of a complete
      rotation, e.g., through 0.degree. - 180.degree. or 0.degree. -
      360.degree., as required by the angular orientation of all of the
      elements. In the case of parallel lines, the AC/DC ratio maximum is
      reached when all of the lines are brought into parallel relationship with
      the fringe planes. For enhanced resolution of equally spaced parallel
      elements, it is desirable, though not essential, to adjust the fringe
      periods so that they coincide with the spacing of the elements. Some
      articles, e.g., photo masks, grids, microcircuits, or the like, may bear
      arrays of parallel elements at different angles to each other. In such a
      case, as the fringe zone and article rotate relative to each other, a
      first AC/DC ratio maximum is obtained when one array of parallel elements
      comes into fringe plane alignment, a second AC/DC ratio maximum occurs as
      rotation continues and a second array of parallel lines comes into fringe
      plane alignment, etc.
PAR  The invention has important use in determining accuracy of a pattern
      defined by a finite number of straight lines (as distinguished from a
      circle or oval), such as a triangle, rectangle, parallelogram, hexagon,
      and the like. In the course of a half rotation (0.degree. - 180.degree.),
      the angular orientation of each line, side, or slit of the pattern
      relative to each succeeding line, side, or slit can be accurately sensed,
      recorded or compared with a standard. Generally, the orientation of the
      pattern relative to a base line of an article bearing it is not of
      importance. However, if required, this can also be determined by
      predetermined initial positioning of the article.
PAR  The invention also has important application in sensing the position and
      shape of line or line-bordered elements in an array of differently shaped
      items on an article, such as photographic prints and transparencies,
      biological slides, and the like. In such case, the AC/DC ratio signals are
      employed in a data acquisition system, which may include, for example,
      conventional data buffer, computing logic, and display.
PAR  In the case of opaque, line-bearing articles, the scattered radiation is
      reflected and the optical system for gathering the scattered light is set
      up, in conventional manner, to pick up back-scatter. In the case of
      line-bearing transparent articles and slits, the radiation is transmitted
      and should be collected downstream of the fringe zone. It should also be
      noted that, in the case of transparent articles, lines at different levels
      within and/or on opposite sides of the article can be sensed for angular
      orientation.
PAR  The AC/DC ratio signals can be relayed by means of conventional electronics
      to a data acquisition system, such as a recording or display, and compared
      with a master; to means, such as a stepping or servomotor to rotate the
      article into desired position; or to the manufacturing process for
      automatic angular orientation control by such conventional means as
      employing a ratio meter which can generate an error voltage proportional
      to the degree of deviation.
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PAC  DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration showing an embodiment of an optical
      system for implementing the angular-orientation monitoring system of the
      invention and the coherent light beam paths and relationships.
PAR  FIG. 1A is an enlarged diagrammatic illustration showing the cross-over of
      the converging beams and resulting moving interference fringe zone in FIG.
      1.
PAR  FIG. 1B shows a cross-section of FIG. 1A.
PAR  FIG. 1C is similar to 1B but shows rotation of the article relative to the
      fringe zone.
PAR  FIG. 2 is a graph showing the relationship of the AC/DC ratio to the angle
      of rotation for a given fringe and element.
PAR  FIG. 3 is exemplary of a pattern, the angular accuracy of which can be
      sensed by the process and apparatus of the invention.
PAR  FIG. 4 is similar to FIG. 1 but shows the use of a means to rotate the
      fringe zone.
PAR  FIG. 5 is a schematic illustration of an embodiment with associated systems
      components employing "on-axis" transmitted radiation detection for use
      with slit elements or transparent linebearing articles.
PAR  FIG. 6 is a schematic illustration of a modified system employing "on-axis"
      back-scatter detection for use with opaque line-bearing articles.
PAR  FIG. 7 is a schematic illustration of components which can be used for the
      "electronics" system of FIGS. 5 or 6.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, laser beam 1 of frequency f.sub.o enters at a slight angle,
      diffraction Bragg cell 2 which is filled with a liquid such as water and
      compressionally driven by crystal transducer 3 at an imposed oscillation
      frequency, e.g., 10 or 15 Mc, to form acoustic wavelengths .lambda..sub.s
      in the cell medium. The input laser beam is divided by the Bragg cell into
      two coherent light beams of equal intensity, one beam 4 being
      nondiffracted and having the original f.sub.o frequency, and the other
      beam 5 being diffracted and acoustically modified into slightly shifted
      frequency f.sub.o '. The difference in frequency .DELTA.f is within the
      radio frequency range. The diverging beams leaving the cell are passed
      through appropriately designed convex lens 6, which converges the beams at
      cross-over zone 7 at an angle of convergence .theta.. Within the zone of
      convergence a pattern of alternating dark and light interference fringes
      8, shown out of proportion in FIG. 1, is more clearly defined in FIG. 1A.
      The fringes move in the direction shown by arrow 9 at a rate equal to
      .DELTA.f. FIGS. 1 and 1A show the relative positions of the x, y, and z
      axes. It will be seen in FIG. 1A that the y and z axes lie in the plane of
      the paper and the x axis is perpendicular to the paper. The bisector of
      the two diverging-converging f.sub.o and f.sub.o.sub.'  beams produced by
      the Bragg cell lie along the z axis; the normal to the fringe planes (y
      axis) is perpendicular to the converging beam bisector (z axis), the
      fringe planes are in the x-z plane; and the fringes move in the y
      direction. Article 10 bearing line or slit elements 11 is positioned in
      the x-y plane and held, by means not shown, within the fringe zone,
      preferably at or near its geometric center as shown.
PAR  The fringe spacing or period .lambda..sub.s is determined by the equation:
      ##EQU1##
      where .lambda. is the wavelength of the incident laser beam. It is
      obvious, therefore, that the size of the fringe period .lambda..sub.s can
      be varied by varying either or both .lambda. and .theta.. In general, it
      is easier to vary .lambda..sub.s by adjusting the convergent beam angle
      .theta., as, for example, by shifting the position of the converging lens
      in the system shown in FIGS. 5 and 6.
PAR  FIG. 1B shows, in cross-sectional expanded view, the relationship of line
      or slit elements 11 on article 10 to the fringe planes, as initially
      positioned. In this case, the x and y axes lie in the plane of the paper
      and the z axis is perpendicular to the plane. All of the elements, as
      schematically shown, are narrower than the fringe period.
PAR  It will be noted that, as shown in FIG. 1B, the parallel elements 11 are
      angularly positioned nonparallel to the fringe plane so that they
      effectively reduce the AC signal component of the scattered radiation and,
      thereby, the AC/DC signal ratio. In FIG. 1C, article 10 has been rotated
      around the z-axis through angle .PSI. to bring the elements into a
      position parallel to the fringe plane. In this position, the AC signal
      component and the AC/DC ratio are at a maximum. A similar situation
      prevails when the fringe zone instead of the article is rotated around the
      z-axis.
PAR  FIG. 2 is a graph which plots the AC/DC ratio versus the relative angle of
      rotation around the z-axis in the case of an article bearing a single line
      or slit element. The fringe zone has a diameter of 1 mm and a fringe
      period equal to 50 .mu.. The width of the single element is less than
      one-half the width of the fringe period and has a length at least equal to
      the illuminated length. The graph starts at an initial position of
      parallel element-fringe-plane alignment. It will be noted that in this
      position the AC/DC ratio is normalized to unity and is at its maximum. As
      the element or fringe zone is rotated through angle of rotations .PSI.,
      the angular orientation of the element relative to the fringe plane
      changes with corresponding decrease in AC/DC ratio until a first minimum
      at .PSI. = 2.86.degree. is observed when the element is at an angle such
      that its length traverses the width of one fringe spacing. As rotation
      continues and the length of the element rotates across adjacent fringe
      spacings, the AC/DC ratio increases again to peak at a much lower level
      than the parallel alignment maximum, with successive peaks becoming
      progressively shallower. In the case where the article bears additional
      nonparallel elements, as in the case of a pattern such as shown in FIG. 3,
      successive AC/DC ratio maxima occur as sides a, b, and c of the triangle
      rotate into parallel fringe plane alignment and can be readily
      distinguished from the shallow intermediate peaks shown in FIG. 2.
PAR  FIG. 4 is similar to FIG. 1 but shows the rotation of the fringe zone by
      means of image rotator 12. Angle .PSI. illustrates the degree of rotation
      of the rotator, the two beams 4 and 5, as shown at the converging lens 6,
      and the fringe zone 7. The rotator means can be any conventional mirror or
      prism means, which can receive two beams of light, rotate their plane and
      transmit them otherwise unchanged. Examples include, but are not limited
      to, mirrors or prisms such as the Dove, Abbe, Taylor, Schmidt, and
      Uppendahl optical devices, sometimes referred to as image rotators. The
      image rotator is preferably positioned upstream of the converging lens 6
      as shown, although it can optionally be positioned downstream.
PAR  FIG. 5 illustrates an embodiment such as previously described with
      associated devices for obtaining and utilizing the desired signals. All of
      the associated optical and electronic components shown in this and
      succeeding Figures are within the state of the art and, therefore, do not
      require detailed description. This embodiment is designed to collect
      "on-axis" transmitted radiation produced by slit elements or transparent
      line-bearing articles. The radiation 13 transmitted by article 10 is
      passed into photomultiplier 14. From there the signal passes into an
      electronics system 15, an illustrative type of which is shown in FIG. 7.
      The electronics system separates the signal into its AC and DC components,
      amplifies, rectifies, and filters them, and then passes them into a ratio
      circuit which then passes the output to a data acquisition system, which
      can be employed to produce visual displays or recordings, or relays it
      into a closed loop process control electronics system 16 which feeds back
      to a manufacturing process to eliminate angular deviations, if necessary.
      Chopper 17 may optionally be inserted between the laser and Bragg cell and
      a reference signal at the chopping frequency, from chopper driver 18, can
      be fed into the electronics to allow synchronous detection of the signals.
      In addition, a reference signal with frequency equal to the RF frequency
      of the Bragg cell may be used to demodulate the RF component of the total
      signal. Alternatively, a narrow band amplifier tuned to the RF frequency
      may be used followed by a conventional demodulator (as shown in FIG. 7).
      FIG. 5 shows both image rotator 12 for rotation of the fringe zone and
      servomotor 19 for rotation of the article for alternative or simultaneous
      use, as desired.
PAR  FIG. 6 shows a system generally similar to that of FIG. 5 except that it
      uses lens 6 and annular mirror 20 to collect the radiation 21
      back-scattered by the article line elements and to focus it onto
      photomultiplier 14.
PAR  FIG. 7 shows schematically an electronics system 15 in detail which is
      adequately defined by the legends.
PAR  It will be understood that different optical and electronics means known to
      the art can be employed to practice the invention.
PAR  Although this invention has been described with reference to illustrative
      embodiments thereof, it will be apparent to those skilled in the art that
      the principles of this invention can be embodied in other forms but within
      the scope of the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for sensing the angular orientation of at least one line or
      slit element of an article, comprising:
PA1  1. producing two coherent light beams of the same intensity, one of said
      beams having a different frequency from said other beam, the frequency
      difference being within the radio frequency range;
PA1  2. converging said beams to form an interference zone comprising a
      laterally moving fringe pattern within the zone of convergence, said
      pattern having a fringe period which is substantially wider than said
      element or the positive difference between the width of the element and a
      whole integer multiple of the fringe period;
PA1  3. positioning at least the portion of said article bearing said element
      within the interference zone in such manner that said article lies in a
      plane defined by the axis normal to the plane of the convergent beams and
      the axis normal to the fringe planes, and said element is in a position,
      relative to said article, such that the longitudinal axis of said element
      is substantially parallel to the fringe plane or can, by rotation of said
      fringe zone and/or said article relative to each other around the z-axis
      by the converging beam bisector, be brought into fringe-plane parallel
      position;
PA1  4. rotating the fringe zone and/or the article positioned within said
      fringe zone around the z-axis in such manner as to produce relative
      angular rotation between them; and
PA1  5. continuously determining the ratio of AC to DC signal components of the
      resulting scattered or transmitted radiation as rotation continues,
      whereby varying AC/DC ratios are obtained in the course of said rotation,
      a maximum AC/DC ratio indicates parallel fringe plane alignment of the
      element, and the degree of angular rotation from a given relative position
      of the fringe plane and the element to a succeeding position of parallel
      fringe-plane and element alignment indicates the angular orientation of
      the element on the article.
NUM  2.
PAR  2. The process of claim 1 wherein the fringe period is at least twice as
      wide as the element.
NUM  3.
PAR  3. The process of claim 1 wherein the illuminated length of the element is
      substantially larger than the fringe period.
NUM  4.
PAR  4. The process of claim 2 wherein the illuminated length of the element is
      substantially larger than the fringe period.
NUM  5.
PAR  5. The process of claim 1 wherein the said at least one element is a
      plurality of elements.
NUM  6.
PAR  6. The process of claim 2 wherein the said at least one element is a
      plurality of elements.
NUM  7.
PAR  7. The process of claim 3 wherein the said at least one element is a
      plurality of elements.
NUM  8.
PAR  8. The process of claim 4 wherein the said at least one element is a
      plurality of elements.
NUM  9.
PAR  9. The process of claim 5 wherein at least two of said elements are at a
      nonparallel angle each to the other.
NUM  10.
PAR  10. The process of claim 6 wherein at least two of said elements are at a
      nonparallel angle each to the other.
NUM  11.
PAR  11. The process of claim 7 wherein at least two of said elements are at a
      nonparallel angle each to the other.
NUM  12.
PAR  12. The process of claim 8 wherein at least two of said elements are at a
      nonparallel angle each to the other.
NUM  13.
PAR  13. The process of claim 5 wherein said elements comprise at least one
      array of parallel elements.
NUM  14.
PAR  14. The process of claim 6 wherein said elements comprise at least one
      array of parallel elements.
NUM  15.
PAR  15. The process of claim 7 wherein said elements comprise at least one
      array of parallel elements.
NUM  16.
PAR  16. The process of claim 8 wherein said elements comprise at least one
      array of parallel elements.
NUM  17.
PAR  17. The process of claim 1 wherein the AC/DC ratio signals are transmitted
      to angle-orientation adjustment controls in a manufacturing process.
NUM  18.
PAR  18. The process of claim 2 wherein the AC/DC ratio signals are transmitted
      to angle-orientation adjustment controls in a manufacturing process.
NUM  19.
PAR  19. The process of claim 3 wherein the AC/DC ratio signals are transmitted
      to angle-orientation adjustment controls in a manufacturing process.
NUM  20.
PAR  20. The process of claim 4 wherein the AC/DC ratio signals are transmitted
      to angle-orientation adjustment controls in a manufacturing process.
NUM  21.
PAR  21. The process of claim 5 wherein the AC/DC ratio signals are transmitted
      to angle-orientation adjustment controls in a manufacturing process.
NUM  22.
PAR  22. The process of claim 6 wherein the AC/DC ratio signals are transmitted
      to angle-orientation adjustment controls in a manufacturing process.
NUM  23.
PAR  23. The process of claim 7 wherein the AC/DC ratio signals are transmitted
      to angle-orientation adjustment controls in a manufacturing process.
NUM  24.
PAR  24. The process of claim 8 wherein the AC/DC ratio signals are transmitted
      to angle-orientation adjustment controls in a manufacturing process.
NUM  25.
PAR  25. The process of claim 9 wherein the AC/DC ratio signals are transmitted
      to angle-orientation adjustment controls in a manufacturing process.
NUM  26.
PAR  26. The process of claim 10 wherein the AC/DC ratio signals are transmitted
      to angle-orientation adjustment controls in a manufacturing process.
NUM  27.
PAR  27. The process of claim 11 wherein the AC/DC ratio signals are transmitted
      to angle-orientation adjustment controls in a manufacturing process.
NUM  28.
PAR  28. The process of claim 12 wherein the AC/DC ratio signals are transmitted
      to angle-orientation adjustment controls in a manufacturing process.
NUM  29.
PAR  29. The process of claim 5 wherein the AC/DC ratio signals are employed in
      a data acquisition system capable of producing a display or recording.
NUM  30.
PAR  30. The process of claim 6 wherein the AC/DC ratio signals are employed in
      a data acquisition system capable of producing a display or recording.
NUM  31.
PAR  31. The process of claim 7 wherein the AC/DC ratio signals are employed in
      a data acquisition system capable of producing a display or recording.
NUM  32.
PAR  32. The process of claim 8 wherein the AC/DC ratio signals are employed in
      a data acquisition system capable of producing a display or recording.
NUM  33.
PAR  33. The process of claim 9 wherein the AC/DC ratio signals are employed in
      a data acquisition system capable of producing a display or recording.
NUM  34.
PAR  34. The process of claim 10 wherein the AC/DC ratio signals are employed in
      a data acquisition system capable of producing a display or recording.
NUM  35.
PAR  35. The process of claim 11 wherein the AC/DC ratio signals are employed in
      a data acquisition system capable of producing a display or recording.
NUM  36.
PAR  36. The process of claim 12 wherein the AC/DC ratio signals are employed in
      a data acquisition system capable of producing a display or recording.
NUM  37.
PAR  37. Apparatus for sensing the angular orientation of at least one line or
      slit element of an article comprising:
PA1  1. means for producing two convergent coherent light beams of the same
      intensity, one of said beams having a different frequency from said other
      beam, the frequency difference being within the radio frequency range;
PA1  2. means for positioning at least the portion of said article bearing said
      element within the interference fringe zone produced by the convergence of
      said two beams, said interference fringe zone comprising a laterally
      moving fringe pattern having a predetermined fringe period, said article
      being positioned in such manner that it lies in a plane defined by the
      axis normal to the plane of the convergent beams and the axis normal to
      the fringe planes, and said element is in a position, relative to said
      article such that the longitudinal axis of said element is substantially
      parallel to the fringe plane or can by rotation of said fringe zone and
      said article relative to each other around the z-axis defined by the
      converging beam bisector, be brought into fringe-plane parallel position;
PA1  3. adjustment means capable of setting said predetermined fringe period at
      a size substantially wider than said element or the positive difference
      between the width of the element and a whole integer multiple of the
      fringe period;
PA1  4. means for continuously rotating said fringe zone and/or said article
      positioned within said fringe zone relative to each other around the
      z-axis;
PA1  5. means for separating radiation scattered by said line element or
      transmitted by said slit element into AC and DC signal components; and
PA1  6. means for continuously determining the AC/DC ratio during rotation.
NUM  38.
PAR  38. The apparatus of claim 37 wherein the rotating means comprises means
      for rotating said fringe zone.
NUM  39.
PAR  39. The apparatus of claim 37 wherein the rotating means comprises means
      for rotating said article.
NUM  40.
PAR  40. The apparatus of claim 37 which includes means for transmitting the
      AC/DC ratio signals to angle-orientation controls in a manufacturing
      process.
NUM  41.
PAR  41. The apparatus of claim 38 which includes means for transmitting the
      AC/DC ratio signals to angle-orientation controls in a manufacturing
      process.
NUM  42.
PAR  42. The apparatus of claim 39 which includes means for transmitting the
      AC/DC ratio signals to angle-orientation controls in a manufacturing
      process.
NUM  43.
PAR  43. The apparatus of claim 37 which includes means for transmitting the
      AC/DC ratio signals to a data acquisition system capable of producing a
      display or recording.
NUM  44.
PAR  44. The apparatus of claim 38 which includes means for transmitting the
      AC/DC ratio signals to a data acquisition system capable of producing a
      display or recording.
NUM  45.
PAR  45. The apparatus of claim 39 which includes means for transmitting the
      AC/DC ratio signals to a data acquisition system capable of producing a
      display or recording.
NUM  46.
PAR  46. The process of claim 1 wherein the fringe period is about twice as wide
      as the positive difference between the width of the element and a whole
      integer multiple of the fringe period.
NUM  47.
PAR  47. The process of claim 46 wherein the illuminated length of the element
      is substantially larger than the fringe period.
NUM  48.
PAR  48. The process of claim 46 wherein the said at least one element is a
      plurality of elements.
NUM  49.
PAR  49. The process of claim 47 wherein the said at least one element is a
      plurality of elements.
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PAL  Process and apparatus therefor for sensing the magnitude and direction of
      lateral displacement of at least one line or slit element of an article
      which comprises producing two coherent light beams of the same intensity,
      one of the beams having a different frequency from that of the other beam,
      the frequency difference .DELTA.f being within the radio frequency range;
      converging the two beams to form an interference zone comprising, within
      the zone of convergence, a fringe pattern characterized by continuous
      lateral movement at a rate equal to .DELTA.f; adjusting the fringe period
      of the pattern to a width which is substantially wider than the element or
      the positive difference between the width of the element and an integer
      multiple of the fringe period; positioning at least the portion of the
      article bearing the element within the interference zone in such manner
      that the article lies in a plane defined by the x and y axes of the fringe
      pattern and the element is in a position, relative to the article, such
      that its longitudinal axis is substantially parallel to a fringe plane;
      laterally shifting the fringe zone and/or the article along the y-axis to
      produce relative lateral displacement between them while maintaining the
      element in substantially parallel fringe-plane alignment at least within
      the central portion of the fringe zone; continuously determining the phase
      of the RF signal component of the radiation scattered or transmitted by
      the element as the relative lateral displacement between the zone and
      article continues from a first to a second position of the element within
      the fringe zone; simultaneously and continuously comparing the phase of
      the scattered or transmitted radiation RF signal with the phase of a
      constant reference RF of .DELTA.f frequency; and sensing the magnitude and
      direction of phase shift between the RF signal component of the scattered
      or transmitted radiation and the RF reference between the first and second
      positions, whereby the magnitude indicates the extent of lateral
      displacement of the element between the two positions and the direction
      indicates the direction of relative lateral displacement. The element can
      comprise a single element, two essentially parallel elements, or a
      plurality of elements wherein at least each two adjacent elements are
      substantially parallel. The process and apparatus are particularly useful
      for accurate measurement of fractional distances between two elements with
      a high degree of fine resolution; the total magnitude and direction of
      displacement of elements of a measuring device, such as an encoder; and
      the distance from a reference element to a desired position on the
      article.
BSUM
PAC  BACKGROUND
PAR  There has been a long-felt need for a non-contact system for accurately
      measuring a fractional distance between two substantially parallel line or
      slit elements; the total magnitude and direction of displacement of a
      reticled measuring device, such as an encoder, including fractional
      resolution of a final position between two adjacent lines of a reticle;
      the distance from a reference element to a desired position on an article
      as, for example, for an operation, such as a spot weld, in a production
      process; and the like, wherein the system is relatively simple and
      provides a greater degree of fine resolution and smaller margin of error
      than is generally available in the present state of the art.
PAR  Various means have been employed to provide increasingly fine distance
      resolution. These include, for example, maximizing reticle density on a
      linear encoder or on the outer periphery of a disc encoder. This has
      limitations imposed by such factors as the maximum practical diameter of
      the disc, maximum practical line density possible in the manufacturing
      process, and exponentially-increasing cost with increasing disc size and
      reticle density. Optical and electronic systems have been devised for
      resolution of fractional distances between two adjacent reticle elements.
      These generally require the use of at least two separate optical systems
      with associated electronics, such as at least two slit detector arrays,
      which require even higher element densities than the article, which must
      be delicately positioned spatially (with associated error) and which,
      generally, can at best resolve only equally-sized increments, thereby
      limiting fineness of resolution. With such prior art fraction resolution
      systems, it is very difficult to determine accurately multiple element
      displacement.
PAR  The present invention, by use of a single laser interferometer system, can
      measure lateral displacement from a single element, any fractional
      distance between two elements, and total displacement from one position to
      another, including multiple adjacent element integers plus any fractional
      distance from the last determined element, in a single operation, which
      also includes a determination of the direction of lateral displacement or
      distance and the accurate determination of smaller distances than has
      hitherto been possible.
PAR  Laser Doppler Velocimeters (LDV) have recently been developed for
      determining the rate of fluid flow in wind and water tunnels by suspending
      small particles in the fluid and determining their velocity and size by
      means of the velocimeter. Such velocimeters generally comprise convergent
      laser beams of equal size, intensity, and frequency which produce a
      stationary interference fringe pattern within the zone of convergence,
      sometimes called the probe volume. The interference fringes are planes
      which are normal to the plane defined by the center lines of the two
      converging laser beams and parallel to the bisector of the converging
      beams. In operation, the apparatus is set up so that the fluid-borne
      particles move across the fringes in trajectories normal to the fringe
      planes, the radiation scattered by the moving particles is optically
      collected, separated electronically into AC and DC signal components, and
      the AC/DC ratio is used as a means of determining the size of the
      particles. Such Laser Doppler Velocimeters are described in detail in the
      article by W. M. Farmer, "Measurement of Particle Size, Number Density,
      and Velocity Using a Laser Interferometer," Applied Optics, Vol. 11, No.
      11, Nov. 1972, pp. 2603-2612, and G. J. Rudd, U.S. Pat. No. 3,680,961.
PAR  In more recent development of the Laser Doppler Velocimeter, the art
      discloses the use of probe volumes in which the fringes are caused to move
      continuously in a direction normal to the fringe planes by employing
      converging laser beams of the same intensity but slightly different
      frequency, the frequency difference .DELTA.f being within the radio
      frequency band. Such shifting of the frequency of one of the beams can,
      for example, be produced by diffraction of an incident laser beam by means
      of an ultrasonic Bragg cell, which can be made to divide the incident beam
      into two diverging beam components of the same intensity, one
      nondiffracted component having the incident beam frequency and the other
      diffracted component with its frequency shifted by an amount equal to the
      Bragg cell frequency. Since the two coherent light beams which leave the
      Bragg cell are diverging, it is required that the beams be converged by an
      appropriate optical system to form the desired interference fringe
      pattern. The moving fringe pattern moves at a rate equal to .DELTA.f which
      in turn is equal to the Bragg cell frequency. As in the case of stationary
      fringes, the AC/DC ratio technique is employed to determine particle
      sizes. The application of single and two-dimensional Bragg cell systems to
      the LDV is disclosed in Chu et al., "Bragg Diffraction of Light by Two
      Orthogonal Ultrasonic Waves in Water," Appl. Phys. Lett., Vol. 22, No. 11,
      June 1, 1973, pp. 557-59; and W. M. Farmer et al., "Two-Component,
      Self-Aligning Laser Vector Velocimeter", Applied Optics, Vol. 12, No. 11,
      Nov. 1973, pp. 2636-2640.
PAR  None of the available art recognizes or discloses the present invention,
      its principle of operation, or its use in sensing the magnitude and
      direction of lateral displacement of or lateral distance from a line or
      slit element of an article. The present invention utilizes known fringe
      spacings (which can be calculated or otherwise determined by conventional
      art techniques), a fringe pattern moving at a rate determined by the
      .DELTA.f radio frequency, relative lateral shifting of the zone and
      element, and continuous comparison of the RF (AC) component of scattered
      or transmitted radiation produced by the at least one element with a
      .DELTA.f RF reference to determine the magnitude and direction of phase
      shift between the RF radiation signal and the RF reference from one
      position of the element to another within the fringe zone.
PAR  Because the measurement does not require absolute measurement of laser
      light intensity, but only the detection of the RF component of scattered
      or transmitted radiation and its phase shift comparison with a constant RF
      reference, the process and apparatus of the invention have additional
      advantages including but not limited to the following. Accuracy of
      measurement is largely independent of intensity fluctuations of the laser
      source. Accuracy is not affected or compromised by the reflectivity or
      refractivity of the line elements. Accuracy does not depend on the
      calibration accuracy of the signal detector devices or the distortions or
      nonlinearities of components of the optical system, either per se or in
      terms of sensitivity to changing environmental conditions. Thus, the
      system and components can be relatively low-cost and can be used in
      uncontrolled environments, such as manufacturing facilities. In the case
      of structures with periodically spaced elements, such as linear or angular
      encoder plates, slight errors in periodicity of the elements are averaged
      out because a relatively large number of adjacent elements can be
      simultaneously sensed in the fringe zone at any given time.
PAR  It will be understood that the terms "line" and "slit," as used in this
      specification and claims, include both continuous and discontinuous
      straight lines or slits. In the latter case, it is essential only that the
      centers of discontinuous components making up the line or slit be arranged
      along the same longitudinal axis and the fringe period be substantially
      wider than the widest component, or the positive difference between the
      width of the component and a whole integer multiple of the fringe period.
      Within these limitations, the components can be of any desired shape and
      size, e.g., rectangular, triangular, trapezoidal, round, oval, and the
      like.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a process (and apparatus therefor) for sensing the
      magnitude and direction of lateral displacement of at least one line or
      slit element of an article by providing a laser source; dividing the
      coherent laser beam into two coherent beams of equal size and intensity
      which differ in frequency, the difference .DELTA.f being within the radio
      frequency band; converging the two beams to form, within the volume of
      convergence, an interference fringe pattern zone in which the fringe
      pattern moves laterally at a rate equal to .DELTA.f; positioning at least
      the portion of the article bearing the element within the fringe zone in
      such manner that the article lies in a plane defined by the axis normal to
      the plane of the convergent beams (x-axis) and the axis normal to the
      fringe planes (y-axis) and the element is in a position, relative to the
      article, such that its longitudinal axis is substantially parallel to a
      fringe plane, i.e., parallel to the x-axis, and laterally shifting the
      fringe zone and/or the article along the y-axis to produce relative
      lateral displacement between them while maintaining the element in
      substantially parallel fringe-plane alignment at least within the central
      portion of the fringe. In the course of such relative lateral
      displacement, the RF signal component of the radiation scattered or
      transmitted by the element, the frequency of which is the .DELTA.f rate of
      the moving fringe pattern, modified by the relative rate of displacement
      between the fringe zone and the elements, is continuously determined by
      suitable conventional equipment as the element shifts laterally within the
      zone and its phase coninuously compared with the phase of a constant RF
      reference of .DELTA.f frequency. By means of conventional electronic
      equipment, the magnitude and direction of phase shift between the
      scattered or transmitted radiation RF signal and the constant RF reference
      can be determined between initial, succeeding, and final positions. The
      magnitude of phase shift indicates the extent of lateral displacement of
      the element and, thereby, the distance between a first element position on
      the article and a desired final position on the article.
PAR  It will be seen, therefore, that since the displacement or distance
      resolution (including a fractional distance between two elements, e.g.,
      two adjacent elements of a scale reticle) is a function of phase shift
      continuously and simultaneously compared between the phase of the RF
      radiation signal and the phase of the RF reference, the degree of
      resolution is very high and is limited mainly by the sophistication of the
      particular optics and electronics components employed in the particular
      apparatus. The direction of phase shift indicates the direction of
      relative lateral displacement and is determined simultaneously with
      determination of the magnitude of displacement.
PAR  The width of the fringe spacing (fringe period) .lambda..sub.s should be
      substantially wider than the element or, in the case of an element which
      is wider than at least one fringe period, the difference between the width
      of the element and a whole integer multiple of the fringe period. The
      fringe period is a known quantity since it can be determined by
      conventional techniques from such factors as laser wavelength and angle of
      convergence of the beams. Adjustment of the system to provide a given
      fringe period can be accomplished in various ways as, for example, by
      changing the input laser wavelength. Generally, it is most easily achieved
      by adjusting the convergent angle of the beams by such conventional means
      as shifting the converging optics along the z-axis or by changing the RF
      frequency of the .DELTA.f-producing means, such as a Bragg cell.
PAR  A substantial difference in width between the fringe period and the
      element, as aforedescribed, is essential to obtain an adequate RF signal
      from the radiation scattered or transmitted by the element and, thereby,
      an adequate phase signal for phase comparison. An element width
      substantially equal to the fringe period (or a whole integer multiple of
      the fringe period) produces a RF signal equal to zero or a minimum
      approaching zero so that it cannot be sensed by the method of the
      invention. The element is preferably substantially parallel to the fringe
      plane, at least within the center portion of the zone since this provides
      the optimum RF radiation signal.
PAR  Size of the fringe zone is primarily a function of the width of the two
      convergent beams, which in turn is a function of the width of the laser
      beam. Thus, zone size for a given laser can be changed, for example, by
      such means as positioning a divergent or convergent optical means, e.g., a
      lens, in the path of the laser beam prior to splitting it into the two
      coherent light beams or in the path of each of the equally split beams.
      The former is generally less cumbersome than the latter and is, therefore,
      preferred.
PAR  The invention can be practiced with an article bearing a single element,
      two substantially parallel elements, or a plurality of elements wherein
      the elements are substantially equally spaced and, preferably, also of
      equal width, and any two adjacent elements are substantially parallel to
      each other.
PAC  Case I
PAR  In the case of a single element, lateral distance and direction measurement
      by the method of the invention is primarily useful as a highly accurate
      means for determining a specific point or position on the article
      requiring a spatially precise production step, such as positioning of a
      microcircuit part, an aperture, a spot weld, or the like. The single
      element on the article can be a reference line or a functional element. In
      operation, the fringe zone diameter (D) is adjusted to be wider than the
      distance between the element and the spatial distance of lateral
      displacement to be established; relative lateral movement between the
      article and fringe zone is set in motion with continuous monitoring and
      comparison of the phase of the radiation RF signal and the constant RF
      reference until the degree of phase shift indicates the precise lateral
      displacement required. At this point, with the use of appropriate
      associated conventional electronics, relative lateral shifting is stopped
      and the article is appropriately marked.
PAR  It should be noted that in order to obtain the required RF signal of the
      scattered or transmitted radiation in the course of relative lateral
      movement, the fringe zone diameter D must be wider than the distance
      between the element and the lateral spatial point to be determined so that
      the element can be scanned throughout the course of lateral relative
      displacement of the zone and/or article until the desired
      laterally-displaced positioning point is reached. Relative phase
      measurement is determined by continuously comparing the phases of the
      constant RF reference and the phase of the radiation RF signal obtained
      from the detector. The phase difference between the signals provides
      information for determining in terms of .lambda..sub.s the distance from a
      given position to another position. Assuming that at the start the RF
      reference is adjusted electronically to bring it into exact phase with the
      starting radiation RF signal, as relative lateral shifting continues,
      relative phase shift occurs through the distance .lambda..sub.s until it
      achieves unity at .lambda..sub.s, namely, completes a full phase cycle
      with the phase signals again in registry. Any comparative phase shift
      which is a fraction of a complete phase cycle can be translated into an
      accurate lateral displacement of the article by electronically computing
      the proportion of shift to .lambda..sub.s.
PAC  Case II
PAR  In the case of an article bearing two parallel elements, it may be desired
      to determine a fractional distance between the two. In operation, the
      diameter of the fringe zone is adjusted to be larger than the distance d
      between the two elements, and the fringe period .lambda..sub.s or
      n.lambda..sub.s (wherein n equals an integer) is adjusted to equal d. The
      latter dimensioning of d = .lambda..sub.s or n.lambda..sub.s is essential
      so that the radiation RF signals produced in the detector by each of the
      elements at any given instant in time add up in the same phase relative to
      each other and, thereby, make possible the phase shift comparison with the
      reference RF phase, as aforedescribed, with maximum signal to noise ratio.
      Although it is not essential for the two elements to be present within the
      fringe zone simultaneously, so long as at least one is present, zone
      diameter and the number of fringes are preferably adjusted so that the two
      elements are within the zone throughout relative phase determination since
      the periodically adjusted elements will then augment the RF radiation
      signal and improve clarity of resolution. Any fractional distance between
      the two elements can be sensed by determining the relationship of the
      phase shift at a particular fractional distance to .lambda..sub.s as
      aforedescribed.
PAC  Case III
PAR  In the case of an article which bears a plurality of successively arranged
      elements as, for example, the reticle array on a linear scale, e.g.,
      microscope micrometer, or linear encoder scales, or on a circular scale
      wherein preferably the reticles are adjacent the outer periphery, e.g.,
      disc encoders, it may be desired to determine the distance (or lateral
      displacement) from an initial reticle position to a final reticle
      position, including, if necessary, a fractional distance between the final
      and the next succeeding element of the reticle, or it may merely be
      desired to determine the fractional distance between the final reticle and
      the next succeeding reticle. The former type of measurement will generally
      be preferred, particularly where total measurement is done electronically,
      since the entire operation can be accomplished in a single continuous
      process by the method of the invention. This approach is particularly
      useful with disc encoders, since it can eliminate the present
      state-of-the-art need for interiorly positioned tracks that provide the
      more significant bits for digital output. It can also diminish the
      increasingly expensive requirement for maximizing outer disc reticle
      density to increase magnitude resolution.
PAR  For purposes of the invention, the plural array of elements should be
      periodic, namely, equidistant and the fringe period should be adjusted to
      be equal to the distance d between the adjacent elements. Alternatively, d
      can equal n.lambda..sub.s, but the former relationship is preferable.
      Since .lambda..sub.s must be substantially wider than the width (w or w -
      n.lambda..sub.s) of the individual elements, which should be of
      substantially equal width, it follows that d must be substantially larger
      than w or w - n.lambda..sub.s. The fringe zone diameter D can be adjusted
      to include two elements as described in Case II or to include a plurality
      of elements, the number, in practice, being determined by such factors as
      zone size limitations of the particular apparatus, degree of light
      intensity diminishment with increasing zone size, and the like.
PAR  Each element shold be substantially parallel to the next adjacent element
      so that, when laterally displaced into the center portion of the fringe
      zone (which has the greatest illumination intensity and, therefore,
      provides the strongest signals), they are substantially parallel to the
      fringe planes. Parallelism, of course, is not problem with a linear array
      or scale. However, in the case of a circular-disc reticle array, as in a
      disc encoder, adjacent scale elements are positioned along radii of the
      disc and are tilted relative to each other to a degree determined by their
      density and the length of the radius or of the disc. In a disc of
      relatively large radius and relatively high reticle density, adjacent
      elements are substantially parallel. Since lateral displacement of the
      elements of the disc is produced by rotation of the disc, tilting of
      adjacent elements relative to the fringe planes is greatest as they first
      advance into the outer periphery of the fringe zone and becomes
      progressively less as they enter the central portion of the zone where
      they become substantially parallel to the fringe planes, a condition which
      is adequate to provide the desired RF signal for phase comparison
      purposes.
PAR  In operation, the linear or circular article is continuously advanced
      through the fringe zone with continuous and simultaneous RF phase
      detection and comparison between radiation RF phase and the phase of the
      constant .DELTA.f reference. Successive complete phase cycles, each of
      which, as aforedescribed, represents a linear shift of a dimension equal
      to .lambda..sub.s and, therefore, a unit phase shift, are electronically
      recorded to provide total displacement information from a starting to a
      final element. Since the phase shifts provide both total magnitude and
      directional information, the need for complex, multi-track encoder systems
      is eliminated. If the final position of the article lies between two
      adjacent elements, the fractional distance or displacement can be
      determined from the degree of phase shift with respect to .lambda..sub.s.
      Maximum rate of relative fringe zone-article displacement generally
      depends on the particular band width of the conventional associated
      electronics. The higher the rate of displacement the wider the electronic
      band width that is required. The band width can be designed in
      conventional manner to accommodate any given application.
PAR  The invention provides still another important advantage in the case of
      circular scales, such as disc encoders. Circular scales, which must be
      rotated in the course of performing their measuring function, are
      generally mounted on a central rotating shaft, which may be subject to
      wobble or slight off-centering with resulting eccentricity in the
      peripheral measuring scale during rotation. Additionally, the disc scale
      itself may not be perfectly circular. Cyclic error of first and higher
      orders introduced in these ways can result in significant measurement
      deviation if not compensated for. Detection of cyclic error and
      compensation therefor has hitherto required such methods as positioning of
      two, four, eight, or more separate optical devices, each associated with
      electronics, at spaced intervals around the encoder. In addition to being
      expensive and cumbersome, these methods are subject to error caused by
      deviations in the separate optical systems and the need for very accurate
      spacing and positioning with respect to the disc reticles. The method of
      the invention can obviate the need for such separate optical systems to
      determine and compensate for cyclic error by the simple expedient of
      splitting the fringe-forming beams into two or more sets of moving
      fringe-forming beams and thereby forming moving fringe-pattern zones at
      appropriate peripheral positions, e.g., at diagonally opposite locations,
      on the disc. By positioning the beam splitter(s) and any optics, such as
      mirrors, required to deflect the split beams into the desired spatial
      angle relative to the disc, in such manner that the angle of convergence
      of any beam pairs remains unaltered, two or more fringe zones having the
      same characteristics are produced from a single known laser source. The
      radiation RF signals obtained from each zone can, by use of appropriate
      conventional averaging electronics, be used to determine and compensate
      for most cyclic errors.
PAR  Optimum conditions for phase shift resolution, though not essential to the
      invention, can be obtained in the following ways:
PAR  1. In all cases: reducing ration of element width to fringe period
      .lambda..sub.s. Preferably the ratio of w/.lambda..sub.s is one-half or
      less. In the case of w-n.lambda..sub.s, the preferred ratio
      (w-n.lambda..sub.s)/.lambda..sub.s is about one-half. The w/.lambda..sub.s
      ratio is generally preferred.
PAR  2. For the case of two or more parallel elements in a linear array:
EQU  .lambda..sub.s = d &lt; D
PAR  3. For the case of circular array of elements:
EQU  .lambda..sub.s =d &lt; D &lt;&lt; r (radius)
PAR  The constant reference RF signal can be produced in any conventionally
      known manner. Preferably the constant RF reference signal is obtained from
      the same power oscillator that serves to drive the Bragg cell. This RF
      reference signal may be brought through a phase shifter that allows
      zeroing any phase difference at start of measurement if desired.
PAR  In the case of opaque, line-bearing articles, the scattered radiation is
      reflected and the optical system for gathering the scattered light is set
      up, in conventional manner, to pick up back-scatter. In the case of
      line-bearing transparent articles and slits, the radiation is transmitted
      and should be collected downstream of the fringe zone. It should also be
      noted that, in the case of transparent articles, lines at different levels
      within and/or on opposite sides of the article can be sensed.
PAR  Although it is generally preferred to shift the article relative to the
      fringe zone, it is also possible, if desired, to shift the fringe zone
      laterally relative to the electronics, by means such as appropriately
      moved mirrors.
PAR  The components of the apparatus for carrying out the method of the
      invention, including the optics and associated electronics, are
      conventional state-of-the-art and will be more fully described below.
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PAC  DRAWINGS
PAR  FIG. 1 is a diagrammatic illustation showing an embodiment of an optical
      system for implementing the lateral displacement measurement system of the
      invention and the coherent light beam paths and relationships.
PAR  FIG. 1A is an enlarged diagrammatic illustration showing the cross-over of
      the converging beams and resulting moving interference fringe pattern zone
      shown in FIG. 1.
PAR  FIG. 1B shows a cross-section of FIG. 1A and the effect of lateral
      displacement of the article.
PAR  FIGS. 2A and 2B are diagrammatic illustrations showing in 2A an initial
      relationship of periodic elements, the y-axis spatial distribution of
      instantaneous fringe field intensity, the phase of the RF reference and
      the phase of the scattered or transmitted radiation RF signal. 2B
      illustrates the fringe and phase shift relationships resulting from
      lateral displacement of the elements through a distance .delta..
PAR  FIG. 3 is a fragmentary plan view showing another embodiment of the
      invention employing a circular scale or encoder.
PAR  FIG. 4 is a schematic illustration of an embodiment with associated systems
      components employing "on-axis" transmitted radiation detection for use
      with slit elements or transparent line-bearing articles.
PAR  FIG. 5 is a schematic illustration of a modified system employing "on-axis"
      back-scatter detection for use with opaque line-bearing articles.
PAR  FIG. 6 is a schematic illustration of components which can be used for the
      "electronics" system of FIGS. 4 or 5.
PAR  FIG. 7 is an illustration in fragmentary view showing still another
      embodiment of the invention wherein the fringe-forming beams are split to
      form two fringe zones.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, laser beam 1 of frequency f.sub.0 enters at a slight angle,
      diffraction Bragg cell 2 which is filled with a transparent medium, such
      as water, and compressionally driven by crystal transducer 3 at an imposed
      oscillation frequency, e.g., 10 to 50 Mc, to form acoustic wavelengths
      .lambda..sub.s in the cell medium. The input laser beam is divided by the
      Bragg cell into two coherent light beams of equal intensity, one beam 4
      being nondiffracted and having the original f.sub.0 frequency, and the
      other beam 5 being diffracted and acoustically modified into slightly
      shifted frequency f.sub.0.sub.'. The difference in frequency .DELTA.f is
      within the radio frequency range. The diverging beams leaving the cell are
      passed through appropriately designed convex lens 6, which converges the
      beams at cross-over zone 7 at an angle of convergence .theta.. Within the
      zone of convergence a pattern of alternating dark and light interference
      fringes 8, shown out of proportion in FIG. 1, is more clearly defined in
      FIG. 1A. The fringes move in the direction shown by arrow 9 at a rate
      equal to .DELTA.f. FIGS. 1 and 1A shown the relative positions of the x,
      y, and z axes. It will be seen in FIG. 1A that the y and z axes lie in the
      plane of the paper and the x axis is perpendicular to the paper. The
      bisector of the two diverging-converging f.sub.0 and f.sub.0.sub.' beams
      produced by the Bragg cell lie along the z axis; the normal to the fringe
      planes (y axis) is perpendicular to the converging beam bisector (z axis),
      the fringe planes are in the x-z plane; and the fringes move in the y
      direction. Article 10 bearing line or slit elements 11 is positioned in
      the x-y plane and held, by means shiftable along the y-axis not shown,
      within the fringe zone.
PAR  The fringe spacing or period .lambda..sub.s is determined by the equation:
      ##EQU1##
      where .lambda. is the wavelength of the incident laser beam. It is
      obvious, therefore, that the size of the fringe period .lambda..sub.s can
      be varied by varying either or both .lambda. and .theta.. In general, it
      is easier to vary .lambda..sub.s by adjusting the convergent beam angle
      .theta., as, for example, by shifting the position of the converging lens
      in the system shown in FIGS. 4 and 5.
PAR  FIG. 1B shows, in cross-sectional expanded view, the relationship of line
      or slit elements 11 on article 10 to the fringe planes, both in initial
      and laterally displaced position. In this case, the x and y axes lie in
      the plane of the paper and the z axis is perpendicular to the plane. All
      of the elements, as schematically shown, are narrower than fringe period
      .lambda..sub.s, parallel each to the other and to the fringe plane, and
      spaced apart a distance d equal to .lambda..sub.s. After displacement of
      article 10 relative to fringe zone 7 in the direction of the arrow 9A, the
      elements 11 are laterally displaced a distance .delta. as shown by dotted
      elements 11a. By means of associated collecting optics and electronics, as
      shown in greater detail in FIGS. 4 and 5, the radiation scattered or
      transmitted by elements 11 are separated into its RF and DC components,
      the radiation RF signal thus obtained is then passed to an electronic
      phase sensitive detector and compared with the RF reference phase, as
      shown in FIGS. 4, 5, and 6.
PAR  FIGS. 2A and 2B illustrate diagrammatically the relationship of a series of
      parallel, equidistant elements; the spatial distribution of the fringe
      field intensity at an instantaneous point in time, the base line
      indicating minimum or zero light intensity; the phase of the RF reference
      of frequency .DELTA.f; and the phase of the RF signal obtained by the
      electronic detector circuitry from the radiation scattered or transmitted
      by the elements. FIG. 2A illustrates an initial position wherein the
      radiation signal is exactly in phase with the reference signal and .phi.
      equals zero. .phi. is a dimensionless time quantity used to indicate a
      point in time with respect to a complete .lambda..sub.s period or phase
      cycle. At full cycle .phi. = 360.degree.. At intermediate points .phi. =
      360.degree..delta./.lambda..sub.s. FIG. 2B illustrates the effect of
      moving the parallel elements laterally, in the direction shown by the
      arrow, through a linear displacement distance .delta.. It will be noted
      that the fringe and RF reference curve remain the same and the RF
      radiation phase signal has shifted relative to the RF reference phase in
      the same direction as the traverse of the elements through a partial cycle
      .delta. = 360.degree..delta./.lambda..sub.s. Continued lateral movement of
      the elements through the distance .lambda..sub.s completes the phase shift
      through a full cycle and brings both RF signals into exact phase again. It
      is, of course, not essential that the RF radiation signal and RF reference
      be in exact phase registry initially, as shown in FIG. 2A, since
      appropriate electronics can be employed to adjust for any initial
      difference in phase position.
PAR  FIG. 3 illustrates diagrammatically the substitution of a rotatable disc
      scale or disc encoder 10a of radius r, taken to the longitudinal center of
      the elements, provided with central shaft 30 oriented along the z-axis
      through angles of rotation indicated by .alpha.. It should be noted that
      with the relatively small ratio of D/r and the relatively close spacing of
      the elements 11, the adjacent elements, at least within the central
      portion of the fringe zone 7, are substantially parallel each to the other
      and to the fringe plane.
PAR  FIG. 4 illustrates an embodiment such as previously described with
      associated devices for obtaining and utilizing the desired signals. All of
      the associated optical and electronic components shown in this and
      succeeding Figures are within the state of the art and, therefore, do not
      require detailed description. This embodiment is designed to collect
      "on-axis" transmitted radiation produced by slit elements or transparent
      line-bearing articles. The radiation 13 transmitted by article 10 is
      passed into photomultiplier 14. From there the signal passes into an
      electronics system 15, an illustrative type of which is shown in FIG. 6.
      The electronics system separates the signal to obtain its RF component,
      amplifies, rectifies, and filters it, and then passes it and the RF
      reference into an appropriate phase comparator and phase shift direction
      detector system which then passes the output to appropriate period counter
      and arithmetic circuits, from which the output goes to a data acquisition
      system, which can be employed to produce visual displays or recordings, or
      relays it into a closed loop process control electronics system 16 which
      feeds back to controls in a manufacturing process. Chopper 17 may
      optionally be inserted between the laser and Bragg cell and a reference
      signal at the chopping frequency, from chopper driver 18, can be fed into
      the electronics to allow synchronous detection of the signals. In
      addition, a reference with frequency equal to the RF frequency of the
      Bragg cell may be used to provide the RF reference for phase comparison.
PAR  FIG. 5 shows a system generally similar to that of FIG. 4 except that it
      uses lens 6 and annular mirror 20 to collect the radiation 21
      back-scattered by article line elements and to focus it onto
      photomultiplier 14.
PAR  FIG. 6 shows schematically an electronics system 15 in detail which is
      adequately defined by the legends.
PAR  FIG. 7 shows diagrammatically a system for dividing the fringe-zone-forming
      f.sub.0 and f.sub.0.sub.' beams into two sets of equal intensity beams by
      means of an appropriate beam splitter and deflecting mirrors to form two
      fringe zones of equal size and fringe period, and spaced 180.degree. apart
      on diagonally opposite sides of a disc encoder in a manner such that
      opposite elements pass through the two fringe zones. With the aid of
      associated conventional signal averaging electronics, not shown, the
      radiation RF signals from the two zones can be employed to determine and
      compensate for cyclic error. Multiples of the two zones, e.g., 4, 8, etc.,
      can be produced with the use of additional appropriately positioned beam
      splitters and mirrors.
PAR  It will be understood that different optical and electronics means known to
      the art can be employed to practice the invention.
PAR  Although this invention has been described with reference to illustrative
      embodiments thereof, it will be apparent to those skilled in the art that
      the principles of this invention can be embodied in other forms but within
      the scope of the claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for sensing the magnitude and direction of lateral
      displacement of at least one line or slit element of an article
      comprising:
PA1  1. producing two coherent light beams of the same intensity, one of said
      beams having a different frequency from said other beam, the frequency
      difference .DELTA.f being within the radio frequency range;
PA1  2. converging said beams to form an interference zone comprising a fringe
      pattern within the zone of convergence, said fringe pattern continuously
      moving laterally at a rate equal to .DELTA.f;
PA1  3. adjusting the fringe period .lambda..sub.s of the pattern to a width
      which is substantially wider than the width w of said element or the
      positive difference between the width of the element and an integer
      multiple of the fringe period n.lambda..sub.s ;
PA1  4. positioning at least the portion of said article bearing said element
      within the interference zone in such manner that said article lies in a
      plane defined by the x-axis normal to the plane of the convergent beams
      and the y-axis normal to the fringe planes, and said element is in a
      position, relative to said article, such that the longitudinal axis of
      said element is substantially parallel to a fringe plane;
PA1  5. laterally shifting the fringe zone and/or the article positioned within
      said fringe zone along the y-axis in such a manner as to produce relative
      lateral displacement between them while maintaining said element
      substantially parallel to the fringe plane at least at the central portion
      of the fringe zone;
PAR  6. continuously determining the phase of the RF signal component of the
      radiation scattered or transmitted by said element as said relative
      lateral displacement between said zone and article continues from a first
      position to a second position of said element within the fringe zone;
PA1  7. simultaneously continuously comparing the phase of the scattered or
      transmitted radiation RF signal with the phase of a constant RF reference
      having a frequency equal to .DELTA.f; and
PA1  8. sensing the magnitude and direction of phase shift between said
      radiation RF signal and said RF reference between first and second
      positions, whereby said magnitude indicates the extent of lateral
      displacement of the element between said first and second position and
      said direction indicates the direction of relative lateral displacement.
NUM  2.
PAR  2. The process of claim 1 wherein said element is a single element and said
      second position is a desired spatial position on said article.
NUM  3.
PAR  3. The process of claim 1 wherein said at least one element comprises two
      substantially parallel elements; the fringe period .lambda..sub.s or its
      integer multiple n.lambda..sub.s is additionally adjusted to be
      substantially equal to the distance d between the elements; and the
      diameter D of the fringe zone is adjusted to be wider than d.
NUM  4.
PAR  4. The process of claim 3 wherein said two elements respectively represent
      said first and second positions.
NUM  5.
PAR  5. The process of claim 1 wherein said at least one element comprises a
      plurality of substantially equidistant elements; each of said plurality of
      elements is substantially parallel to the next adjacent element; the
      fringe period .lambda..sub.s or its integer multiple n.lambda..sub.s is
      additionally adjusted to be substantially equal to the distance d between
      the elements; and the diameter D of the fringe zone is adjusted to be
      wider than d.
NUM  6.
PAR  6. The process of claim 5 wherein the distance between said first and
      second positions includes an integer multiple of d.
NUM  7.
PAR  7. The process of claim 5 wherein said elements comprise a linear array of
      substantially parallel elements.
NUM  8.
PAR  8. The process of claim 6 wherein said elements comprise a linear array of
      substantially parallel elements.
NUM  9.
PAR  9. The process of claim 5 wherein said elements comprise a circular array
      of elements positioned adjacent the outer periphery of a circular article.
NUM  10.
PAR  10. The process of claim 6 wherein said elements comprise a circular array
      of elements positioned adjacent the outer periphery of a circular article.
NUM  11.
PAR  11. The process of claim 9 wherein the article is a disc encoder.
NUM  12.
PAR  12. The process of claim 10 wherein the article is a disc encoder.
NUM  13.
PAR  13. The process of claim 9 wherein the two beams of different frequency are
      each equally divided to form at least two sets of two beams having the
      same frequency characteristics as the parent beams; said at least two sets
      of beams are oriented to converge and form at least two moving fringe
      patterns at predetermined spatially-separated positions with respect to
      said circular array of elements.
NUM  14.
PAR  14. The process of claim 10 wherein the two beams of different frequency
      are each equally divided to form at least two sets of two beams having the
      same frequency characteristics as the parent beams; said at least two sets
      of beams are oriented to converge and form at least two moving fringe
      patterns at predetermined spatially-separated positions with respect to
      said circular array of elements.
NUM  15.
PAR  15. The process of claim 11 wherein the two beams of different frequency
      are each equally divided to form at least two sets of two beams having the
      same frequency characteristics as the parent beams; said at least two sets
      of beams are oriented to converge and form at least two moving fringe
      patterns at predetermined spatially-separated positions with respect to
      said circular array of elements.
NUM  16.
PAR  16. The process of claim 12 wherein the two beams of different frequency
      are each equally divided to form at least two sets of two beams having the
      same frequency characteristics as the parent beams; said at least two sets
      of beams are oriented to converge and form at least two moving fringe
      patterns at predetermined spatially-separated positions with respect to
      said circular array of elements.
NUM  17.
PAR  17. The process of claim 1 wherein the fringe period is at least twice as
      wide as the element.
NUM  18.
PAR  18. The process of claim 2 wherein the fringe period is at least twice as
      wide as the element.
NUM  19.
PAR  19. The process of claim 3 wherein the fringe period is at least twice as
      wide as the element.
NUM  20.
PAR  20. The process of claim 4 wherein the fringe period is at least twice as
      wide as the element.
NUM  21.
PAR  21. The process of claim 5 wherein the fringe period is at least twice as
      wide as the element.
NUM  22.
PAR  22. The process of claim 6 wherein the fringe period is at least twice as
      wide as the element.
NUM  23.
PAR  23. The process of claim 7 wherein the fringe period is at least twice as
      wide as the element.
NUM  24.
PAR  24. The process of claim 8 wherein the fringe period is at least twice as
      wide as the element.
NUM  25.
PAR  25. The process of claim 9 wherein the fringe period is at least twice as
      wide as the element.
NUM  26.
PAR  26. The process of claim 10 wherein the fringe period is at least twice as
      wide as the element.
NUM  27.
PAR  27. The process of claim 11 wherein the fringe period is at least twice as
      wide as the element.
NUM  28.
PAR  28. The process of claim 12 wherein the fringe period is at least twice as
      wide as the element.
NUM  29.
PAR  29. The process of claim 13 wherein the fringe period is at least twice as
      wide as the element.
NUM  30.
PAR  30. The process of claim 14 wherein the fringe period is at least twice as
      wide as the element.
NUM  31.
PAR  31. The process of claim 15 wherein the fringe period is at least twice as
      wide as the element.
NUM  32.
PAR  32. The process of claim 16 wherein the fringe period is at least twice as
      wide as the element.
NUM  33.
PAR  33. The process of claim 3 wherein d equals .lambda..sub.s.
NUM  34.
PAR  34. The process of claim 4 wherein d equals .lambda..sub.s.
NUM  35.
PAR  35. The process of claim 5 wherein d equals .lambda..sub.s.
NUM  36.
PAR  36. The process of claim 6 wherein d equals .lambda..sub.s.
NUM  37.
PAR  37. The process of claim 7 wherein d equals .lambda..sub.s.
NUM  38.
PAR  38. The process of claim 8 wherein d equals .lambda..sub.s.
NUM  39.
PAR  39. The process of claim 9 wherein d equals .lambda..sub.s.
NUM  40.
PAR  40. The process of claim 10 wherein d equals .lambda..sub.s.
NUM  41.
PAR  41. The process of claim 11 wherein d equals .lambda..sub.s.
NUM  42.
PAR  42. The process of claim 12 wherein d equals .lambda..sub.s.
NUM  43.
PAR  43. The process of claim 13 wherein d equals .lambda..sub.s.
NUM  44.
PAR  44. The process of claim 14 wherein d equals .lambda..sub.s.
NUM  45.
PAR  45. The process of claim 15 wherein d equals .lambda..sub.s.
NUM  46.
PAR  46. The process of claim 16 wherein d equals .lambda..sub.s.
NUM  47.
PAR  47. The process of claim 19 wherein d equals .lambda..sub.s.
NUM  48.
PAR  48. The process of claim 20 wherein d equals .lambda..sub.s.
NUM  49.
PAR  49. The process of claim 21 wherein d equals .lambda..sub.s.
NUM  50.
PAR  50. The process of claim 22 wherein d equals .lambda..sub.s.
NUM  51.
PAR  51. The process of claim 23 wherein d equals .lambda..sub.s.
NUM  52.
PAR  52. The process of claim 24 wherein d equals .lambda..sub.s.
NUM  53.
PAR  53. The process of claim 25 wherein d equals .lambda..sub.s.
NUM  54.
PAR  54. The process of claim 26 wherein d equals .lambda..sub.s.
NUM  55.
PAR  55. The process of claim 27 wherein d equals .lambda..sub.s.
NUM  56.
PAR  56. The process of claim 28 wherein d equals .lambda..sub.s.
NUM  57.
PAR  57. The process of claim 29 wherein d equals .lambda..sub.s.
NUM  58.
PAR  58. The process of claim 30 wherein d equals .lambda..sub.s.
NUM  59.
PAR  59. The process of claim 31 wherein d equals .lambda..sub.s.
NUM  60.
PAR  60. The process of claim 32 wherein d equals .lambda..sub.s.
NUM  61.
PAR  61. Apparatus for sensing the magnitude and direction of displacement of at
      least one line or slit element on an article, comprising:
PA1  1. means for producing two convergent coherent light beams of the same
      intensity, one of said beams having a different frequency from said other
      beam, the frequency difference .DELTA.f being within the radio frequency
      range;
PA1  2. means for positioning at least the portion of said article bearing said
      element within the interference fringe zone produced by the convergence of
      said two beams, said interference fringe zone comprising a laterally
      moving fringe pattern having a predetermined fringe period, said article
      being positioned in such manner that it lies in a plane defined by the
      axis normal to the plane of the convergent beams and the axis normal to
      the fringe planes, and said element is in a position, relative to said
      article such that the longitudinal axis of said element is substantially
      parallel to the fringe plane;
PA1  3. adjustment means capable of setting said predetermined fringe period at
      a size substantially wider than said element or the positive difference
      between the width of the element and a whole integer multiple of the
      fringe period;
PA1  4. means for shifting said fringe zone and/or said article positioned
      within said fringe zone relative to each other along the y-axis;
PA1  5. means for separating the RF signal component from the radiation
      scattered by said line element or transmitted by said slit element;
PA1  6. means for producing a constant RF reference having a frequency .DELTA.f;
PA1  7. means for continuously detecting and comparing the phase of the
      radiation RF signal and the phase of the RF reference.
NUM  62.
PAR  62. The apparatus of claim 61 wherein the shifting means comprises means
      for shifting the article.
NUM  63.
PAR  63. The apparatus of claim 61 wherein the means for producing the RF
      reference is the means for producing the two light beams of different
      frequency, the frequency difference .DELTA.f being in the radio frequency
      range.
NUM  64.
PAR  64. The apparatus of claim 62 wherein the means for producing the RF
      reference is the means for producing the two light beams of different
      frequency, the frequency difference .DELTA.f being in the radio frequency
      range.
NUM  65.
PAR  65. The apparatus of claim 61 which includes means for computing the extent
      of phase shift between the radiation RF phase and the RF reference phase.
NUM  66.
PAR  66. The apparatus of claim 62 which includes means for computing the extent
      of phase shift between the radiation RF phase and the RF reference phase.
NUM  67.
PAR  67. The apparatus of claim 63 which includes means for computing the extent
      of phase shift between the radiation RF phase and the RF reference phase.
NUM  68.
PAR  68. The apparatus of claim 64 which includes means for computing the extent
      of phase shift between the radiation RF phase and the RF reference phase.
NUM  69.
PAR  69. The apparatus of claim 65 which includes means for transmitting the
      phase shift information to a data acquisition system capable of producing
      a display or recording.
NUM  70.
PAR  70. The apparatus of claim 65 which includes means for transmitting the
      phase shift information to controls in a manufacturing process.
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ABST
PAL  This invention is of a traffic survey system in which an aerial photo
      survey transparency is first made of a significant survey area, for
      example, two kilometers square. The transparency is then optically scanned
      to check the position and size of vehicles on roadways in the area. By
      computer control comparison with a reference transparency wherein areas
      other than roadways are made opaque and roadways are made clear, scanning
      may be directed solely to roadway regions. Vehicle size analysis is
      accomplished by means of discrete holographic filters corresponding to
      selected size vehicles.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by an employee of the United States
      Government and may be manufactured and used by or for the Government of
      the United States of America for governmental purposes without the payment
      of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and system for surveying traffic on
      roadways, and particularly to an automated survey method and system
      capable of determining both location and size of vehicles on roadways.
PAR  2. General Description of the Prior Art
PAR  Since the early 1930's when the number of cars on American highways and in
      American cities began to tax the capacity of assigned vehicle routes,
      attempts have been made to study traffic flow with the goal of improving
      traffic handling facilities and maximizing the flow in existing
      facilities. Basic to this goal is the timely and accurate gathering of
      traffic flow data. Although the models arising from traffic flow studies
      have been vigorously and exhaustively analyzed by competent transportation
      experts versed in abstract mathematics, the results obtained from these
      studies can be no more reliable than the data from which the models were
      abstracted and the degree to which the models represent reality.
      Therefore, the problem remains primarily one of data gathering.
PAR  In the past, techniques for gathering traffic flow data have varied widely
      in methodology and applicability of obtained data. One method was simply
      to place an observer at a point of interest such as a bridge or tunnel and
      have the observer count the number of vehicles passing this point. Usually
      a count was made for six minutes and this number multiplied by ten to
      obtain an average hourly flow. This method has met with a fair degree of
      success and applicability in the study of bottlenecks and other critical
      points in traffic flow; however, it is obvious that to generalize point
      functions to the continuum of traffic flow in a district would require a
      prohibitively large number of personnel to provide enough sample points
      and sample times to achieve realiable, timely data. Other methods have
      sought simply to automate this counting procedure. These have included
      photoelectric and electromagnetic transducers for vehicle detection and
      the familiar air-filled hose across the road for volume of flow
      measurements. Speed detection has relied primarily on radar speed
      detectors. Whether the method is a man on the street with a manual counter
      or a closed circuit camera tied to a digital computer, the results are
      essentially the same; and the cost of a thorough, reliable study is
      prohibitive.
PAR  It is, accordingly, an object of the present invention to provide an
      improved system of gathering and processing traffic data which is thorough
      and reliable and at the same time is much less expensive.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, an aerial photograph is made of an area
      having roads to be surveyed, for example, an area two kilometers square.
      From the photographs two transparencies are prepared, one being simply
      identical with the photograph, and the other, a reference transparency,
      would be modified to contrast roadway and non-roadway regions by making
      one region clear and the other opaque. Means are provided for optically
      comparing the transparencies and scanning the survey transparency whereby
      only objects on roadways would be detected as significant data. By
      optically filtering a scanning beam in terms of object size, the size of a
      vehicle on a transparency is determined. The position of the scanning beam
      is detected as an indication of the location of a vehicle on a roadway.
      Object location data and corresponding object size data are stored in a
      memory and may be readily recalled in a selected manner by an
      appropriately programmed address counter.
PAR  The vehicle size filtering is uniquely achieved by employing as the
      scanning beam a monochromatic light beam and sequentially interposing for
      each increment of roadway sample, e.g., a 2 meter square set of
      holographic replicas of different size vehicles. When there is a
      transmission from the transparency of a vehicle corresponding to the
      vehicle depicted by a particular holographic filter, a correlation
      condition exists and a significantly greater amount of light is passed by
      the filter than otherwise would be the case. Thus, by intensity detection,
      particular vehicle sizes are determined. By employing a memory having an
      address for each discrete area to be scanned on a roadway and as many
      subaddresses for each address as there are size filters. Vehicle location
      and size data may both be readily stored and recalled.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of an embodiment of the invention.
PAR  FIG. 2 is a diagrammatic illustration of the arrangement of vehicle size
      filters employed by the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The first function performed by the present invention is that of storing,
      as computer control data, information as to the location of roadways in a
      particular survey area. This data is initially in the form of
      phototransparencies on roll film 10 and selectively made available by film
      transport 12. Each transparency typically covers a block 2 kilometers
      square of terrain. The transparencies on roll film 10 are reference
      transparencies, that is, transparencies which have been modified to make
      opaque all portions other than where roadways exist and to make the
      roadways completely transparent. One of the reference transparencies,
      transparency 14, representantive of a particular square of terrain, is
      shown as being illuminated by white light source 16. The resulting image
      is projected by means of lenses 18 and 20, through image splitter 22, onto
      beam splitter 24, and then to optical scanner 26.
PAR  An example of optical scanner 26 would be a mosaic of phototransistors
      arranged in X-Y coordinate address positions and operated by X-Y scan
      generator 28. In this example, each phototransistor would view a discrete
      portion of transparency 14, representative of, for example, a two by two
      meter area of terrain portion of transparency 14. A phototransistor
      viewing a light or roadway area would thus respond with a maximum output,
      and one viewing a dark or non-roadway area would respond with a minimum
      output. Thus, in the computer would be a logical 1 output for light areas
      and a logical 0 output for dark or non-roadway areas. The outputs of
      scanner 26 are fed to reference memory 30 which contains storage locations
      or addresses for each coordinate. With a matrix arranged memory, the
      location of the stored 1's would together duplicate the picture pattern of
      the roadways. It is to be appreciated, of course, that other scanning and
      memory systems may be employed.
PAR  The next step to be performed is that of optical alignment within the
      system of reference transparency 14 with that of an actual survey
      transparency of the same area showing traffic as it exists and is to be
      surveyed. This will enable the synchronized or coordinate recordation of
      data for an actual survey transparency with respect to that of the
      reference transparency and enable scanning of only portions of the survey
      transparency containing roadways.
PAR  To accomplish the alignment procedure, reference transparency 14 is again
      illuminated as before and the resulting image is projected onto TV camera
      32. A corresponding survey transparency 33 is contained on roll film 34
      and positionable by film transport 36 in the same manner as described
      above for film transport 12. Light source 38 projects a white light which
      illuminates transparency 33 to effect projection from the transparency
      through lens 42; mirror 44; mirrors 46, 48, and 50; through image splitter
      22; lens 20; and image splitter 24 and to TV camera 32. In this manner,
      both images are projected on TV camera 32 and this alignment is achieved
      by positioning one of the film transports until visual alignment of the
      images are observed on TV monitor 52. During this operation, vehicle size
      filter 54 is withdrawn from the optical path and galvanometers 56 and 58,
      which effect the scanning function during size analysis, are not operated.
      Thus, mirrors 46 and 48 remain stationary. With alignment completed,
      computer control scanning of transparency 33, limited only to roadway
      areas of the transparency, may be effected.
PAR  The next function to be performed is that of recording the location and
      size of vehicles on roadways recorded on transparency 33. During this
      procedure, light source 38 comprises a scannable laser and is scanned in
      an X-Y coordinate format by conventional control mechanical means (not
      shown) under the control of X-Y scan generator 28. For example, the laser
      is possibly pointed to scan along columns and rows in X-Y coordinate
      steps, transparency 33. In order to achieve the selective scanning process
      mentioned above, laser 38 is only turned "on," or operative, during
      periods when its coordinate position is illuminating a roadway on
      transparency 33, scan generator 28 providing an X-Y signal to memory 30
      coordinate with training of laser 38 which functions as an address signal
      to readout memory 30 for the same coordinate positions. Thus, memory 30
      provides an indication, when so scanned, as to whether or not a portion of
      roadway is being instantaneously scanned by reading out a 1 or a 0
      previously stored therein. 0 signals provide blanking signals to laser 38
      to turn it off, and 1 signals function to turn laser 38 on. There is a
      beam output of laser 38 and illumination of transparency 33 only when its
      beam is directed on a roadway region recorded on transparency 14. At the
      same time, scan generator 28 provides coordinate address signals to
      location-size memory 60 to enable, in a manner to be described, the fact
      of resonance of a vehicle and its size whenever the vehicle is on a
      roadway.
PAR  Since transparency 33 is scanned by laser 38, the resulting image light
      pattern from the transparency is gathered by spherical lens 42 and
      transmitted by mirror 44 through filter 55 and mirrors 46 and 48 and
      through beam splitter 50 and photocell 62. A predetermined change in
      contrast of the image indicates the presence of a vehicle. This is
      detected by photocell 62. This change, as an output, of photocell 62 is
      coupled from photocell 62 to an input of AND gate 64 which is enabled for
      an interval determined by an unblanking pulse from reference memory 30. As
      a result, an output of AND gate 64 is coupled as an input to vehicle
      presence detector 66 and as an input to second AND gate 68. Vehicle
      presence detector 66 provides an output control signal during the presence
      of an input. One of its outputs is coupled as an inhibit signal to input
      70 of scan generator 28. This inhibit signal causes scan generator 28 to
      stop its scan and its then X-Y coordinate output to select the location in
      reference memory 30 and in location-size memory 60 indicative of the
      coordinate location of a detected vehicle. Scanning laser 38 remains
      deflected in its then position so as to maintain illumination of the
      vehicle during the next step, which is the establishment of the size of
      the vehicle.
PAR  Coincident with the inhibit signal supplied to scan generator 28, an output
      of vehicle presence detector 66 is also applied to vehicle size filter
      control 72 which then functions to remove filter 55 and to move filter 54
      to intercept the image beam. Further, an output from vehicle presence
      detector 66 enables AND gate 68 at input 74 to accept an output of AND
      gate 64. Still further, an output of presence detector 66 is applied to
      delay 76, which responsively provides a delayed output as a scan initiate
      signal to scan generator 78. Thus, scan generator 78 is enabled after
      filter control 72 has moved size filter 54 into its operative position.
PAR  Size filter 54 consists of, for example, three discrete filter elements a,
      b, and c (FIG. 2), each of which is uniquely responsive to a particular
      size vehicle to pass a discrete intensity of light when illuminated by a
      diffraction pattern of a vehicle corresponding to the size of the vehicle
      encoded by that filter. For example, it will be assumed that filter
      element a encodes a large vehicle, element b encodes a medium size
      vehicle, and element c encodes a small size vehicle. As a particular
      feature of this invention, each of the filter elements comprises a
      hologram of one of these size vehicles, the hologram being recorded by
      phototransparencies. Thus, the designated filter elements a, b, and c are
      representative of discrete holograms. By virtue of the illumination of
      transparency 33 by laser 38, there occurs a holographic image pattern
      which simultaneously illuminates all of the holograms, this being
      accomplished by virtue of light gathering produced by lens 42. As is well
      known, the resulting interference patterns constituting the hologram are
      such that image information emanating from any point on transparency 33
      will be distributed over the cross-section of the hologram, and thus
      although the holograms comprising filters a, b, and c are spaced as shown,
      each will receive the same information. The spacing is in accordance with
      a coded X-Y coordinate position arrangement, and thus by means of mirrors
      46 and 48, which are positionable in an X-Y scanning mode by galvanometers
      56 and 58, the light output from each hologram may be sequentially
      directed in a known coded time-sequence onto photocell 62.
PAR  Location-size memory 60 contains a memory address for each possible vehicle
      location which makes a scan (the area of transparency 33, representative
      of a two-by-two meter area). In addition, each address is broken down into
      three subaddresses so that when X-Y scan generator 28 stops scanning as a
      result of the detection of a vehicle at a particular X-Y location, scan
      generator 78 causes simultaneous scanning of filters or filter elements a,
      b, and c and subaddressing of the three subaddresses for that location,
      and thereby the recording in one of the subaddresses of a bit
      corresponding to the size vehicle encountered.
PAR  To examine the size detection process, it will be assumed that X-Y scan
      generator 28 has halted in response to a vehicle having been detected,
      size filter 54 is in an operative position, and scan generator 78
      providing a first coordinate output whereby galvanometers 56 and 58 cause
      mirrors 46 and 48 to scan holographic filter a. At the same time, the scan
      coordinate signal from scan generator 78 is fed to location-size memory 60
      to address an a subaddress for the location of the vehicle which has
      already been determined by a coordinate signal from scan generator 28.
      Thus, the output from filter a is detected by photocell 62 and if there
      occurs correlation between filter a and the holographic information being
      projected onto the filters from transparency 33, this condition will
      provide a maximum output. If no correlation exists, photocell 62 is
      adapted to provide a minimum output. If a maximum output, size detector 75
      is adapted to provide a 1 logic output through AND gate 64 (enabled from a
      scan pulse from scan generator 28) and now enabled AND gate 68 to the a
      subaddress position for that vehicle address location of location-size
      memory 60. This would indicate that at this location there existed an a or
      large size vehicle. Next, scan generator 78 would provide a second
      coordinate signal to galvanometers 56 and 58, causing mirrors 46 and 48 to
      scan filter b and subaddress b of memory 60 to be enabled and, of course,
      the resulting output of photocell 62 would not be responsive to a
      correlated output from filter b which encodes a medium size vehicle, and
      thus a 0 would be recorded at that subaddress and address in location-size
      memory 60. The same events would occur to filter c and subaddress memory
      location c.
PAR  Thus, by the process outlined above, there would be recorded in
      location-size memory 60 a 1 in a subaddress for each address corresponding
      to the location of the vehicle. In this way, the presence of a "size"
      signal and an address would thus denote both the location and size of a
      vehicle.
PAR  Once the scanning of the three filters is completed, a "scan complete"
      signal is coupled from scan generator 78 as an output to delay 82, an
      output of which initiates scan generator 28 and causes scanning laser 38
      to resume scanning and thus search for the next vehicle recorded on
      transparency 33.
PAR  In order to facilitate positive amplitude detection of the presence of a
      vehicle and a correlation condition between an image and a size filter,
      the light output from laser 38 may be either manually or automatically
      adjusted in accordance with the particular exposure characteristics of a
      particular transparency. This will ensure that only a single output is
      recorded in any one of three addresses for a given address.
PAR  The stored information in location-size memory 60 may be recalled and
      displayed by a conventional readout 84, its makeup depending upon the form
      of readout desired, e.g., coded cards or printed sheets. Data may be
      correlated to totalize the vehicles of a particular size, vehicle density,
      and by means of two or more adjacent area transparencies, vehicle speed of
      a particular vehicle may be determined. Thus, the present invention
      provides a versatile system for recording traffic survey information and
      one which enables surveys to be accomplished with reduced requirements
      insofar as manpower of monitoring roadways is concerned. Further, the data
      recorded is in such a form as to enable an almost unlimited data analysis
      of the information so gathered and without unduly large equipment
      requirements.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A traffic survey system comprising:
PA1  holding means for holding a transparency image frame of a discrete area
      containing at least one roadway;
PA1  light means including a beam of light positioned to project light on said
      transparency image frame and including beam positioning means responsive
      to an input scanning signal for causing said beam to scan discrete
      coordinately located areas of roadways on said transparency;
PA1  first scan generating means for generating a said scanning signal and
      supplying it to said light means, whereby said transparency image frame is
      scanned;
PA1  detection means responsive to light passed by said transparency for
      indicating the presence of a vehicle on a said roadway; and
PA1  memory means responsive to said scan generating means and said detection
      means for storing an indication of the presence of a vehicle in a coded
      memory location.
NUM  2.
PAR  2. A traffic survey system as set forth in claim 1 wherein said detection
      means further comprises filter means responsive to light passed by said
      transparency for indicating the size of a vehicle.
NUM  3.
PAR  3. A traffic survey system as set forth in claim 2 wherein said light means
      comprises a source of monochromatic light, and said filter means comprises
      a plurality of holograms, each hologram comprising a holographic filter of
      a vehicle of a discrete size, whereby the vehicle size of a photographed
      vehicle is indicated by the particular filter emitting a discrete output
      of light.
NUM  4.
PAR  4. A traffic survey system as set forth in claim 3 wherein:
PA1  said memory means includes a plurality of memory stage addresses, one for
      each selected said discrete coordinately located area of roadway to be
      scanned, and each said address comprising a plurality of memory stage
      subaddresses at least equal to the number of said holographic filters;
PA1  light detection means responsive to light from a said filter for providing
      an output upon the receipt of a selected amplitude of light;
PA1  said memory means is further responsive to a second scanning signal for
      storing a said indication of the presence of a vehicle in one of said
      subaddresses;
PA1  filter scanning means responsive to said second scanning signal for
      sequentially scanning light from said filters and directing the light from
      each filter to said light detection means; and
PA1  second scan generating means for generating said second scanning signal and
      supplying said second scanning signal to said memory means and to said
      filter scanning means, whereby a location of a said vehicle is storable
      and indicated from the particular address of storage in said memory means
      and the size of the vehicle storable in and indicated by a particular one
      of said subaddresses where said indication of a said vehicle is stored.
NUM  5.
PAR  5. A traffic survey system as set forth in claim 4 further comprising:
PA1  second holding means for holding a reference transparency image frame, a
      transparency image frame of the same overall area as that contained on
      said first-named transparency image frame but wherein, on said reference
      transparency, roadway areas and other areas are of opposite
      transmissivity;
PA1  second light means including means for illuminating said reference
      transparency image frame;
PA1  reference transparency scanning means responsive to said input scanning
      signal for scanning said reference transparency image frame and providing
      a first discrete output for scanned areas wherein there are roadways and a
      second discrete output where there are no roadways;
PA1  second memory means responsive to a said input scanning signal for storing
      in coordinate addresses, to addresses contained in said first-named memory
      means, said first discrete outputs indicative of coordinate areas of said
      reference transparency image frame wherein there are roadways, and storing
      second discrete outputs indicative of coordinate areas where there are no
      roadways; and
PA1  memory read means responsive to the output of said second memory means for
      selectively enabling said light means responsive to a said first discrete
      output for operating said light means "on" and responsive to a said second
      discrete output for operating said light means "off," whereby only
      roadways are illuminated by said light means.
NUM  6.
PAR  6. A traffic survey system as set forth in claim 5 wherein:
PA1  said system further comprises means for optically comparing the system
      position of a said transparency image frame and a said reference image
      transparency frame; and
PA1  one of said holding means further comprising means for positioning a
      transparency image frame whereby the system position of a said
      transparency image frame may be made identical whereby memory location of
      image information in said memory means are coordinately located.
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ABST
PAL  An apparatus used in a particle measuring device where liquid suspensions
      of particles to be measured are brought into contact with the apparatus.
      The apparatus includes an aperture tube and a thief conduit which are
      secured to one another and form a unitary structure. The unitary structure
      has its exterior surface constructed and arranged so as to minimize
      contamination via carry over from one suspension to another.
BSUM
PAC  CROSS REFERENCE TO RELATED PATENTS
PAR  The apparatus described herein can be employed in the apparatus shown and
      described in U.S. Pat. No. 3,743,424 which is owned by the same assignee,
      and which is incorporated herein by this reference to the extent
      necessary.
PAC  BACKGROUND OF THE INVENTION
PAR  In apparatus such as disclosed in the above noted patent an electronic
      particle counting device operating on the Coulter principle is combined
      with an optical hemoglobinometer such that at some step in the sequence of
      events of the operation of the counting device, the operation of the
      optical hemoglobinometer is started. The same sample suspension that is
      utilized in the counting device is also utilized in the hemoglobinometer
      by means of a fluid connection from the counting device to the
      hemoglobinometer so that there is no need to handle the sample twice.
PAR  The electronic particle counting device includes an aperture tube such as
      is commonly known in the art. The fluid connection to the hemoglobinometer
      is, in the above identified patent, by means of a thief, hereinafter
      termed a thief conduit. In operation, a liquid suspension of particles is
      placed in a beaker which is brought into contact with the aperture tube
      and thief conduit. When the analysis of the liquid supsension is complete,
      the beaker with remaining liquid suspension is removed and another beaker
      with a new liquid suspension to be analyzed is brought into contact with
      the aperture tube and thief conduit so that the analyzing cycle can be
      repeated.
PAR  When the first beaker is removed, a small amount of the liquid suspension
      can adhere to the exterior surface of the aperture tube and thief conduit.
      This small amount of liquid suspension will carry over to the liquid
      suspension in the next beaker, slightly contaminating that liquid
      suspension and possibly affecting the results of the analysis process.
      Minimizing this carry over would be extremely desirable.
PAR  If the thief conduit draws suspension from the same height in the
      suspension as the aperture in the aperture tube, it can be assumed that
      the particles being counted are substantially the same as those being
      passed through the optical hemoglobinometer. As a result, the probability
      of a correct analysis is statistically increased. Much time and effort
      must be spent by a technician to properly align the aperture tube and
      thief conduit so that when liquid suspension is brought into contact with
      the aperture tube and thief conduit, they will be at the same height in
      the liquid suspension. Furthermore, the apparatus must be regularly
      checked to ensure continued proper alignment, causing a continued
      expenditure of effort on unproductive activity.
PAR  If the aperture tube and thief conduit are positioned at the same height in
      a suspension, the draw of fluid by the thief conduit can disturb the fluid
      adjacent the aperture in the aperture tube. if the fluid is disturbed the
      particle count can be adversely affected. The technician, in setting up
      the equipment, must exercise great care to ensure that the aperture tube
      and thief conduit are positioned so as to reduce the possibility of one
      affecting the operation of the other. Again, there is a continued
      expenditure of time and effort on what can be considered unproductive
      activity.
PAC  SUMMARY OF THE INVENTION
PAR  In practicing this invention an apparatus is provided for use in a particle
      measuring device where liquid suspensions of particles to be measured are
      brought into contact with the apparatus. The liquid suspensions can adhere
      to the apparatus and carry over from one suspension to another causing
      contamination. The apparatus includes an aperture tube and a thief conduit
      which are attached to one another and form a unitary structure. This
      unitary structure has its exterior surface constructed and arranged to
      minimize carry over from one liquid suspension to another.
PAR  In one embodiment, the aperture tube and thief conduit outer surfaces are
      attached along a line forming a junction between the two. The exterior
      surfaces of the aperture tube and thief conduit form a V shaped depression
      on each side of this junction. the V shaped depression is filled with
      material so as to form a substantially smooth exterior surface, thus
      minimizing the possibility of carry over.
PAR  In a second embodiment, the thief is elongate and is positioned in the
      aperture tube. The opposite ends of the thief conduit open through the
      walls of the aperture tube to the exterior of the aperture tube.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a section view showing one embodiment of the aperture tube and
      attached thief of this invention;
PAR  FIG. 2 is a cross section of the aperture tube and attached thief along the
      lines 1--1 of FIG. 1;
PAR  FIG. 3 is a section view of another embodiment of the aperture tube and
      attached thief of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, there is shown an aperture tube with attached
      thief conduit 10. The aperture tube with attached thief conduit 10
      includes an elongate cylindrical aperture tube 12 with an aperture 14
      formed in the side wall thereof. Aperture tube 12 is of the type well
      known in the art, reference being made to U.S. Pat. No. 2,656,508 for a
      more detailed description of the aperture tube itself. It is sufficient to
      further identify only bottom end 16, which is closed, and open top end 18
      of aperture tube 12.
PAR  A thief conduit 20 has a bore 22 passing therethrough, and an open top and
      bottom end 24 and 26, respectively. Open end 24 attaches to an optical
      hemoglobinometer such as is shown in the above noted U.S. Pat. No.
      3,743,424. Thief conduit 20 and aperture tube 12 are attached to one
      another along a line forming a junction and identified generally at 28 in
      FIG. 2. The side walls of aperture tube 12 and conduit thief 20, on each
      side of junction 28, form V shaped depressions 30.
PAR  When aperture tube and attached thief conduit 10 is inserted into a liquid
      suspension of particles such as suspension 32 in beaker 34, a small amount
      of the liquid suspension 32 will adhere to the surfaces of V shaped
      depressions 30. When aperture tube and attached thief conduit is removed
      from suspension 32 and then inserted into the next or following liquid
      suspension, the portion of liquid suspension 32 adhering to the side walls
      of V shaped depressions 30 will be carried over to the new liquid
      suspension, contaminating that liquid suspension.
PAR  In order to eliminate this problem, material 36 is formed in V shaped
      depressions 30, filling the depressions and resulting in a smooth circular
      or eliptical external surface. By providing a smooth external surface and
      eliminating unusual contours such as V shaped depressions 30, the external
      surface is constructed and arranged to minimize carry over of liquid
      suspension from one suspension to another. Furthermore, by smoothing out
      the external surface of aperture tube and thief conduit 10, the external
      surface area is minimized thus minimizing the contact area with liquid
      suspension 32 and the carry over which can result from the adhesion to the
      surface area itself.
PAR  The aperture tube 12, thief conduit 20 and material 36 must be impervious
      to deterioration when brought into contact with different types of liquid
      suspension. In the preferred embodiment, aperture tube 12, conduit tube 20
      and material 36 are glass. Material 36 will be formed by the V shaped
      depressions as the aperture tube 12 and the conduit 20 are formed
      resulting in a unitary structure.
PAR  Although aperture tube 12 and thief conduit 20 are shown as having a
      circular configuration in FIG. 2, it is to be understood that they need
      not be perfectly circular. In fact, it may be found preferable that they
      not be circular but rather ellipsoidal so that when formed together with
      material 36 filling the V shaped depressions formed by the junction, the
      entire outer surface will be circular in shape when viewed from the top
      end as in FIG. 2. A circular exterior surface will provide the minimum
      surface area for contact with liquid suspension 32.
PAR  In the embodiment shown in FIGS. 1 and 2, thief conduit 20 is secured to
      aperture tube 12 such that bottom end 26 is at substantially the same
      height in liquid suspension 32 as aperture 14. This allows liquid
      suspension to be drawn into bore 22 of thief conduit 20 which is
      substantially the same as the liquid suspension entering aperture 14, so
      that the particles counted will be substantially the same as those being
      passed through the optical hemoglobinometer attached to top end 24 of
      thief conduit 20. In addition, thief conduit 20 is secured to aperture
      tube 12 along a line substantially radially opposite to aperture 14. By
      positioning thief conduit 20 substantially radially opposite to aperture
      14 the fluid drawn into bottom end 26 of thief conduit 20 will not disturb
      the liquid suspension surrounding aperture 14 so that the particle count,
      based upon particles passing through aperture 14 will not be detrimentally
      affected.
PAR  Refferring now to FIG. 3, another embodiment of the aperture tube and
      attached thief conduit of this invention is shown generally at 10. An
      elongate cylindrical aperture tube 12 is again shown having an aperture 14
      positioned in the side wall thereof. Aperture tube 12 has a closed bottom
      end 16 and open top end 18 as shown in FIGS. 1 and 2. A thief conduit 40,
      having a bore 42 passing therethrough, is positioned in the interior 41 of
      aperture tube 12. The top end 44 and the bottom end 46 extend through the
      side wall of aperture tube 12. In the embodiment shown, end 46 of thief
      conduit 40 terminates at an opening 48 in the side wall of aperture tube
      12 with the axis of bore 42 axially aligned with opening 48. Top end 44 of
      thief conduit 40 passes through the side wall of aperture tube 12 at a
      point 50 and terminates at a point 52 beyond side wall of aperture tube
      50. This allows end 44 to be attached to the optical hemoglobinometer such
      as shown in the above noted U.S. Pat. No. 3,743,424.
PAR  The connection between thief conduit 40 and opening 48 in the side wall of
      aperture tube 12 is fluid tight so that liquid suspension entering opening
      48 will only pass through bore 42 and will not enter interior 41 of
      aperture tube 12. The connection between thief conduit 40 and aperture
      tube 12 at 50 is also fluid tight preventing any liquid suspension in the
      interior 41 of aperture tube 12 from escaping.
PAR  Again, as with the embodiments shown in FIGS. 1 and 2, aperture tube 12 and
      thief conduit 40 are glass. The opening 48 in the side wall of aperture
      tube 12 is substantially radially opposite to aperture 14 and is located
      at substantially the same height below open end 18 of aperture tube 12 as
      aperture 14, both for the same reasons noted above with respect to the
      embodiment shown in FIGS. 1 and 2.
PAR  By positioning thief conduit 40 internal to aperture tube 12, the only
      surface area to which liquid suspension could adhere is the exterior
      surface of aperture tube 12 itself. Any suspension which adheres to the
      side walls of thief conduit 40 would not affect or contaminate a
      subsequent suspension into which aperture tube 12 is placed because the
      suspension adhering to thief conduit 40 would only contaminate the new
      suspension after the suspension has passed through aperture 14 and has
      been counted. Once the counting has occurred, contamination is of no
      consequence. Furthermore, positioning thief conduit 20 internal to
      aperture tube 12 minimizes the external surface area and eliminates
      unusual external contours so as to minimize the possibility of carry over
      from one liquid suspension to another.
PAR  As can be seen, an aperture tube with attached thief conduit has been
      provided for use in a particle measuring device. The unitary structure
      minimizes external surface area, thus minimizing the possibility of carry
      over of liquid suspension. By combining the aperture tube and thief,
      problems associated with placing them in contact with a suspension to be
      measured at substantially the same height and in a position such that the
      action of one does not affect the action or operation of the other are
      substantially reduced.
CLMS
STM  What it is desired to secure by Letters Patent of the United States is:
NUM  1.
PAR  1. an apparatus for use in a particle measuring device wherein liquid
      suspensions of particles to be measured are brought into contact with the
      apparatus and wherein the liquid suspensions can adhere to the apparatus
      and carry over from one suspension to another causing contamination, the
      apparatus including in combination,
PA1  an aperture tube having a top end, a bottom end and an aperture formed
      therein a predetermined height below said top end,
PA1  a thief conduit attached to said aperture tube and forming a unitary
      structure therewith for reducing exterior surface area whereby said
      unitary structure minimizes carry over from one suspension to another for
      that portion of the unitary structure brought into contact with said
      liquid suspensions of particles.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said unitary structure is further
      constructed and arranged to have a substantially minimum total exterior
      surface area for exposing a minimum surface area to said liquid suspension
      whereby carry over for that portion of the unitary structure brought into
      contact with said liquid suspensions of particles is minimized.
NUM  3.
PAR  3. the apparatus of claim 1 wherein said thief conduit has an open bottom
      end, the aperture tube aperture and the open bottom end of said thief
      conduit veing located at substantially the same height below said top end
      on said apparatus.
NUM  4.
PAR  4. the apparatus of claim 1 wherein said aperture tube has at least a first
      radius extending from the center of said tube to the aperture and said
      thief conduit is secured to said aperture tube along a line substantially
      radially opposite the aperture tube aperture.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said aperture tube is an elongate
      cylinder having a first thief opening formed therein, said thief conduit
      having a first thief end secured to the periphery of said first opening
      and extending interior said aperture tube from said first end to a point a
      predetermined distance above said first end, said thief conduit passing
      through said cylinder from interior to exterior at said second point and
      terminating at a second end exterior to said aperture tube.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said aperture tube and thief conduit
      are each elongate cylinders and are attached to one another at their outer
      surfaces and at substantially a single line along the length thereof to
      form a junction, said cylinders forming a substantially V shaped
      depression on each side of said junction, and wherein material
      substantially fills said V shaped depression and forms a portion of said
      exterior surface for minimizing carry over of said liquid suspension in
      said V shaped depression.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said aperture tube, thief conduit and
      material are glass.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said aperture tube is an elongate
      cylinder having an open top end and a closed bottom end, said cylinder
      having a first thief opening formed therein, said thief conduit having a
      first end secured to the periphery of said first thief opening with said
      thief conduit bore being axially aligned with said thief opening, said
      thief conduit extending from said first end towards said aperture tube top
      end interior said elongate cylinder for a predetermined distance, said
      thief conduit exiting said cylinder at a point on said cylinder below said
      open end.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said first thief opening is formed at
      substantially the same height with respect to said aperture tube top end
      as said aperture tube aperture.
NUM  10.
PAR  10. The apparatus of claim 8 wherein said aperture tube has at least a
      first radius extending from the center thereof to said aperture tube and
      wherein said first thief opening is formed substantially radially opposite
      said aperture tube aperture.
NUM  11.
PAR  11. The apparatus of claim 1 wherein said thief conduit is an elongate
      cylinder positioned in said aperture tube, said thief conduit opening
      through said aperture tube exterior surface at opposite ends of the thief
      conduit.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said thief conduit and aperture tube
      are glass.
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ABST
PAL  A stud assembly produced by holding in fixed position a head portion having
      a gripping surface extending from a base. A deformable washer is then
      extended over the base. A stud member is provided with a receptacle end
      portion and positioned with respect to the base of the head so that
      interengaging and cooperating surfaces on the receptacle and base are
      aligned and provide locking apertures for receiving the washer. Finally,
      the washer is deformed so that it extends into the locking apertures
      thereby locking the stud member to the head and forming a unitary stud
      assembly.
PARN
PAR  This application is a diversional application of Ser. No. 412,707 filed
      Nov. 5, 1973, and now U.S. Pat. No. 3,874,065.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In many fastener arrangements it is desirable to use an elongated stud
      member having a wing type head portion. This design arrangement presents
      obvious manufacturing difficulties. With the unusual shape of the head
      rather complex and difficult machining processes would be necessary in
      order to make a one-piece fastener element. In contrast, there is no known
      successful means for manufacturing a low-cost multicomponent stud design
      to accommodate the wing head design.
PAR  It should also be kept in mind that working with extremely elongated stud
      members presents increased manufacturing difficulties when a wing head
      design is to be employed therewith. Once again machining of such a member
      is extremely costly and, additionally, well known methods for constructing
      a multi-piece unit would be prohibitive from a cost and efficiency
      standpoint.
PAR  Consequently, it is readily apparent that a stud assembly having an
      elongated stud member and a wing head portion which can be efficiently
      manufactured at low cost would be extremely advantageous to the fastener
      art.
PAC  SUMMARY OF THE INVENTION
PAR  With the above background in mind, it is a primary objective of the present
      invention to provide a multi-piece stud assembly which is quick and easy
      to manufacture and assemble, is of low cost and incorporates members which
      are positively interengaged to prevent disassembly. The stud assembly is
      adaptable for use with many types of stud configurations and is
      particularly designed to be adaptable for use with elongated studs which
      require a winged head.
PAR  In summary, the stud assembly is produced by holding in fixed position a
      head portion having a gripping surface extending from a base portion. A
      deformable washer is extended over the base and a stud member is provided
      with a receptacle end portion which is positioned with respect to the base
      so that interengaging and cooperating surfaces on the receptacle and base
      are aligned and provide locking apertures for receiving the washer.
      Finally, the washer is deformed so that it extends into the locking
      apertures thereby locking the stud member to the head and forming a
      unitary stud assembly.
PAR  With the above objects, among others, in mind reference is had to the
      attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PA1  Fig. 1 is an exploded perspective view of the stud assembly of the
      invention;
PA1  Fig. 2 is a sectional elevation view of a holding jig arrangement designed
      to facilitate the assembly of the stud assembly of the invention;
PA1  Fig. 3 is a sectional elevation view thereof with the plane of the section
      being 90.degree. out of phase with the plane of the sectional view of FIG.
      2;
PA1  Fig. 4 is a sectional elevation view thereof taken along the same plane as
      FIG. 2 and showing the wing head portion in position in the holding jig;
PA1  Fig. 5 is a sectional elevation view thereof in the same plane as the plane
      of the section view of FIG. 3 and showing the washer in position in the
      holding jig along with the wing head;
PA1  Fig. 6 is a sectional elevation view thereof in the same plane as the
      sections of FIGS. 2 and 4 and showing the stud member, washer and wing
      head in position in the holding jig for final interengagement;
PA1  Fig. 7 is a sectional elevation view thereof along the same plane as the
      planes of FIGS. 3 and 5 and showing a plunger interengaging with the
      washer so as to deform the washer and complete formation of the unitary
      stud assembly of the invention; and
PA1  Fig. 8 is a perspective view of a stud assembly of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Stud assembly 20 as shown in assembled form in FIG. 8. The components of
      stud assembly 20 are shown prior to assembly in FIG. 1. They include a
      head 21, a washer 22 and a stud member 23. Materials for the components
      are of readily available conventional material which is used for fasteners
      such as steel. It is preferable that washer 22 be deformable in nature so
      as to achieve the proper fastening interengagement between components.
PAR  The head 21 includes a generally rectangular shaped base 24 and a pair of
      wings extending from one end of the base and laterally therefrom so as to
      form a gripping surface 25 for the stud assembly. Base 24 has a beveled
      end portion 26 distal from the wing gripping portion 25 so as to
      facilitate assembly of head 21 with the remaining components of the
      assembly. Intermediate the ends of head 24 is a pair of opposing notches
      27 which form locking recesses for interengagement of the components.
      Preferably, a notch 27 is provided on each of the two shorter sides of the
      base portion 24, however, it is readily apparent that the configuration of
      base 24 can be readily altered as well as the number, configuration and
      placement of the notches 27.
PAR  Washer 22 in unassembled position is flat in the portion adjacent to the
      opening 28 in its center and is curved or arcuate in its outer portion 29.
PAR  Stud member 23 includes a receptacle and portion 30 for interengagement
      with washer 22 and head 21 and a shank portion 31. As shown, shank portion
      31 is generally cylindrical in configuration with a larger diameter
      portion distal from receptacle portion 30 than the portion of stud 31
      therebetween. Additionally, as shown in FIG. 8, the larger portion of
      shank 31 includes a cam slot 32 therein for interengagement with a
      receptacle for the entire stud assembly.
PAR  The receptacle portion 30 of stud member 23 includes a pair of spaced
      annular shoulders 33 and 34 projecting laterally from stud member 23. The
      space therebetween forms a circular groove 35. A lateral slot 36 cut
      diametrically with respect to stud member 23 extends through receptacle
      portion 30 so as to be open at the engaging end of receptacle portion 30
      and on opposing sides of the receptacle portion. Slot 36 is designed so as
      to receive base 24 therein.
PAR  In actual assembly, washer 22 is extended over head 21 with base 24 passing
      through opening 28 in the washer. Stud 23 is then pushed through opening
      28 in the washer and base 24 is received in slot 36 of receptacle portion
      30. The stud, washer and base are then aligned so that washer 28 is in
      alignment with annular groove 35 and locking recesses 27. The washer is
      then flattened and being deformable will extend into groove 35 and locking
      recesses 27 and remain therein thereby locking stud 23 and head 21
      together. In this manner, a stud assembly with a wing head is formed of
      component parts which are rigidly and positively interlocked.
PAR  To facilitate manufacture of the stud assembly 20, appropriate jigs and
      assembly mechanisms can be employed as depicted. As shown in FIG. 1, the
      assembling structure includes a holding jig 37, a locking ring 38, and a
      plunger 39. Holding jig 37 includes appropriate recesses to receive the
      components and to cooperate with plunger 39 to interlock the components in
      the sequence depicted in FIGS. 4-7 to arrive at a completed stud assembly
      20 as depicted in FIG. 8. FIGS. 2 and 3 depict the details of the holding
      jig 37 with the appropriate recesses to receive the component parts. Jig
      37 is generally cylindrical in configuration and includes an annular
      shoulder 40 intermediate its ends extending from its outer surface. A
      central bore 41 terminates at its upper end in stepped portions of larger
      diameter to accommodate the various components. In sequence, smaller bore
      41 opens into enlarged intermediate bore portion 42 which in turn opens
      into a larger upper bore portion 43. The enlargement of the central bore
      forms a pair of annular shoulders 44 and 45 which serve as stop means for
      parts during the assembly process. The upper end of larger central bore
      portion 43 terminates in a beveled rim 46 which facilitates insertion of
      parts into the various diameter portions of 41, 42 and 43 of the central
      bore. A rectangular diametrically located slot 47 extends across the width
      of holding jig 37 and is cut deep enough so as to extend through portions
      41, 42 and 43 of the central bore. Slot 47 is open at the top and is wide
      enough to receive the winged portion of head 21 which forms gripping
      surface 25.
PAR  The initial assembly step as depicted in FIG. 4 includes positioning head
      21 so that it is located in slot 47 and is entirely within holding jig 37.
      The locking ring 38 which is of slightly larger inner diameter than the
      outer diameter of holding jig 37 is then slid onto the upper portion
      thereof so that its lower surface is in interengagement with the upper
      surface of annular shoulder 40. The locking ring 38 then closes the
      openings at the edges of slot 47 and fixes the position of the wing head
      therein from a lateral standpoint. The bottom of the wing head rests
      against the bottom of slot 47. Base portion 24 is located approximately
      centrally with respect to the central bore in position to receive the
      further components. Deformable washer 22 is then inserted into the central
      bore until it rests on shoulder 45 where it is in lateral alignment with
      notches 27 in head 21. The flat portion of washer 22 rests on the shoulder
      while the arcuate outer portion 29 is spaced from the shoulder as shown in
      FIG. 5.
PAR  Thereafter, stud member 23 is inserted into the central bore until the
      undersurface of receptacle portion 30 comes into engagement with shoulder
      44. This position is depicted in FIG. 6 and brings groove 35 into
      alignment with the inner edge of washer 22 and locking notches or recesses
      27. Alignment of slot 36 with respect to base 24 permits reception of the
      base within the slot. The slot 36 having a slightly greater diameter than
      the outer diameter of base 24.
PAR  With the components of stud assembly 20 in that position, as shown in FIG.
      7, plunger 39 having a central bore 49 therethrough is then utilized to
      complete the assembly operation. Bore 49 is of slightly larger diameter
      than the largest outer diameter of shank 31 of stud member 23. This
      permits plunger 39 to be extended over the shank 31 of the stud member
      which serves as a guide for facilitating the accurate lowering of the
      plunger into proper position within holding jig 37.
PAR  Plunger 39 is lowered as guided by shank 31 until it enters the central
      bore of the holding jig and comes into engagement with the upper surface
      of washer 22. Continued downward pressure of plunger 39 causes the washer
      to deform and be displaced in the only possible direction which is into
      groove 35 and locking notches or recesses 27. Sufficient pressure is
      utilized by means of plunger 39 so as to flatten washer 22 as shown in
      FIG. 7. The deformed washer will remain in the flattened position when the
      plunger is removed thereby retaining the head 21 and stud 23 in locked
      position with respect to one another and forming the unitary stud assembly
      20.
PAR  Removal of complete assembly 20 from holding jig 37 is facilitated by the
      presence of an opening 48 in the underside of the holding jig which
      permits access to the bottom end of bore 41. An appropriate tool can be
      inserted through opening 41 and up through bore 41 into engagement with
      assembly 20 and forcing assembly 20 out from the upper end of holding jig
      37. The resultant product is depicted in FIG. 8 after removal from the
      jig.
PAR  Thus, the above objectives of the present invention, among others, are
      effectively attained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A stud assembly comprising:
PA1  a head portion having opposing gripping surfaces extending from a base with
      at least one locking recess therein;
PA1  a stud member with a receptacle end portion having a slot therein and a
      circumferential groove adjacent the edge thereof;
PA1  the stud member positioned so that the base of the head portion is located
      in the slot and the circumferential groove is aligned with the recess;
PA1  a deformable washer in deformed condition so as to extend into the groove
      and slot of the stud and the locking recess of the head thereby locking
      the stud member to the head and forming a unitary stud assembly;
PA1  the stud member being substantially cylindrical in configuration; and
PA1  the receptacle end portion including the slot having a pair of spaced
      annular rings extending laterally therefrom with the spaced therebetween
      forming the circumferential groove and the slot extending through the
      rings.
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ABST
PAL  A structure for anchoring a sill assembly to a wall or foundation structure
      comprising a clip member adapted for cooperation with said assembly and
      which may be fastened without the use of bolts, screws or the like. Said
      clip member comprises a structural support means adapted for connection to
      the wall or foundation structure and a sill connecting means including a
      wedge-shaped fastener for holding said clip member in fixed relation to
      said sill assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to building structures, and
      particularly to clip means and arrangement for anchoring a sill assembly
      to a wall or foundation structure.
PAR  In the construction of structures employing primarily masonry materials,
      the installation of sill structures, such as windows and doorways is
      generally accomplished by the use of metallic frame members which are held
      in position by anchor members usually fastened to the sill by bolts or the
      like. The nature of such installation is extremely time consuming and, in
      particular instances, such as the installation of vertically pivoted
      windows, requires a considerable expenditure of effort to accomplish in a
      manner which provides a structurally sound unit. In the instance of
      vertical pivoted windows, for example, the anchor members must be bolted
      into position against the sill through holes which must be drilled
      therein. This gives rise to possible difficulties, as the bolt must be set
      flush in the sill or the window will not be permitted to pivot freely, and
      waterproofing or other insulation must be thoroughly applied to the area
      or leakage may result.
PAR  A further disadvantage of the conventional anchoring system discussed above
      relates to the efficiency of production and latitude of installation of
      the various sill assemblies. The conventional anchors employing bolt
      attachment require that the sill assemblies be pre-drilled for use on the
      construction site. This is an additional operation which must be conducted
      before assembly, and further limits the location of the anchor to the
      areas pre-drilled. Thus, if a change in either the number or location of
      the anchors should be desirable on the site, the assemblies would in all
      likelihood have to be extensively altered or replaced.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, the present invention is directed to a clip member for use in a
      sill anchoring assembly which serves to eliminate substantially all of the
      foregoing difficulties.
PAR  The assembly of this invention comprises a clip member comprising a
      structural support means and a sill connecting means wherein said sill
      connecting means is adapted for slideable engagement with longitudinally
      extending parallel slots provided in the frame member of a sill structure,
      and a fastener possessing means on its surface for securing said clip
      member in fixed engagement with said sill structure. The clip member of
      this invention is adapted for easy and rapid installation on the sill
      structure at the construction site as neither holes in the sill structure
      nor bolts are required. Likewise, the location and number of clips
      employed on a given sill structure may be varied on site to suit the
      particular requirements of a given installation.
PAR  Therefore, it is a principal object of the present invention to provide a
      sill anchoring assembly which eliminates the use of bolt fastening
      systems.
PAR  It is a further object of the present invention to provide a sill anchoring
      assembly as aforesaid which reduces the cost of sill structure fabrication
      and on-site assembly.
PAR  It is yet a further object of the present invention to provide a sill
      anchoring assembly as aforesaid which may be easily adjustable in position
      on said sill.
PAR  Further objects and advantages will appear to those skilled in the art as a
      detailed description of the preferred embodiments proceeds with reference
      to the following drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view partly in phantom showing the clip member of the
      presnt invention in place in a sill structure.
PAR  FIG. 2 is an exploded view in perspective illustrating the anchoring
      assembly of FIG. 1.
PAR  FIG. 3 is a perspective view showing a modification of the clip member of
      the present invention.
PAR  FIG. 4 is a sectional view of yet a further modification of the clip member
      of the present invention.
PAR  FIG. 5 is an exploded view in perspective illustrating the parts of the
      clip member shown in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Specifically, FIG. 1 shows, in vertical section, the lower portion of a
      window sill assembly 10 anchored in place in a typical masonry wall
      structure 11. Assembly 10 comprises window 12 and window sill frame member
      13. Window 12 is adapted to pivot on a vertical axis in relation to frame
      member 13 to effect the opening of the window, and consequently is spaced
      apart from frame member 13 in the manner shown in the figure. An airtight
      seal is maintained between window 12 and frame member 13 by insulation
      means 14 herein illustrated as conventional rubber stripping. The exterior
      face 15 of frame member 13 is provided with weather-proofing in the form
      of caulking 16 or the like which is placed between face 15 and wall 11.
PAR  As can be appreciated, the sill assembly 10 must be firmly and positively
      anchored to the wall structure 11, and this anchor construction must
      continue for the life of the building.
PAR  In accordance with the present invention, window sill assembly 10 is
      positively anchored at one or more points by sill anchoring assembly 17
      which comprises clip member 18 and wedge-shaped fastener 19. Clip member
      18 comprises structural support means 20 which is a generally L-shaped
      member adapted to be fixedly engaged with wall structure 11. Thus, for
      example, in FIG. 1 support means 20 is fastened to wall structure 11 by
      bolt 21 passing through hole 22, shown in phantom. In this illustration,
      shims 23 are employed to compensate for the configuration of support means
      20. As will be shown hereinafter, support means 20 may assume a wide
      variety of configurations depending on the requirements of a particular
      installation, and the use of shims 23 could thus be obviated.
PAR  Clip member 18 further includes generally V-shaped connecting means 24
      which is comprised of base portion 25 which projects in a perpendicular
      direction one end of the upper portion support means 20 and which bears on
      its proximal and distal ends arm portions 26 and 27, respectively. As can
      be better appreciated by reference to FIG. 2, arm portions 26 and 27, in
      turn, terminate in lip portions 28 and 29, respectively, which are
      slidably engageable and communicate with slots or grooves which are
      defined by longitudinally extended ribs 30 and 31 provided on frame member
      13. It should be noted that, though frame member 13 is particularly suited
      as a component of a vertically pivoted window, other sill and frame
      structures are contemplated herein which may be modified by the provision
      of ribs such as 30 and 31 for cooperation with the clip member of this
      invention, and, therefore, the invention should not be construed as
      limited to the embodiments illustrated herein.
PAR  As can be seen from FIGS. 1 and 2, clip member 18 is capable of adjustable
      engagement along the entire length of frame member 13, and it is
      contemplated that several clip members may be employed at variable points
      along a given frame member in accordance with particular installation
      requirements. This adjustability comprises one of the notable features of
      the invention, as clip member 18 can be moved into place along frame
      member 13 at the construction site without the need of pre-drilling or
      fastening of bolts and the like.
PAR  Referring again to the Figures and particularly to FIG. 1, the novel
      fastening means of the present invention is shown in engagement in sill
      anchoring assembly 17. Wedge-shaped fastener 19 is adapted for insertion
      in truncated cross-sectional space 32 which is defined by the
      complementary surfaces of base 25, arms 26 and 27 of clip member 18, and
      web 33 of frame member 13. In actual use, fastener 19 is driven into space
      32 after the engagement and positioning of clip member 18 with frame
      member 13, in a conventional manner as by the blows of a hammer. Due to
      its configuration, fastener 19 serves to force lips 28 and 29 against ribs
      30 and 31, respectively, while it moves into fixed engagement with web 33.
      Fastener 19 possesses a means for holding clip member 18 in fixed
      engagement with frame member 13 which comprises a plurality of laterally
      directed serrations 34 located, respectively, on longitudinally extended
      upper inclined surface 35 and lower inclined surface 36. Serrations 34
      serve to firmly grip web member 33 and clip member 18 to prevent any
      relative movement thereof. Installation of fastener 19 is expeditiously
      carried out on the construction site and eliminates the time consuming
      preparation conventionally required for the attachment of anchor clips to
      sill structures.
PAR  As stated earlier, a plurality of clip members 18 and fasteners 19 can be
      employed along the length of a sill structure such as frame member 13, the
      exact number being dependent upon the length dimension of the sill
      structure, the length of the clip members and the amount of anchoring
      deemed desirable and necessary for a given type of building construction.
      Accordingly, variations such as number and size would be within the
      ordinary skill of the art determinable within the scope of the present
      invention.
PAR  In accordance with the above, it is contemplated that clip member 18 may
      vary in its dimensions. Specifically, and with reference to FIGS. 1 and 3,
      clip member 18 is illustrated as possessing a structural support means 20
      which, as noted earlier, comprises a longitudinally extending generally
      L-shaped member. In FIG, 1, support means 20 comprises two integral
      surfaces lying in longitudinal planes which subtend an acute angle with
      respect to each other defined by the bend in the cross-sectional
      configuration of support means 20. In the illustration, the subtended
      angle is approximately 90.degree. as the two aforementioned integral
      surfaces lie in planes which are perpendicular to each other. In FIG. 3, a
      further embodiment of the clip member of FIG. 1 is illustrated wherein
      support means 20 possesses greater extension in the horizontal direction,
      and two holes 22' are provided therein to enable fastening to a wall
      structure.
PAR  In an alternative embodiment of the present invention, illustrated in FIG.
      4, the clip member, labeled 18", is modified by the provision of a
      sectional structural support means 20' comprising a first planar section
      38 which is integral with connecting means 24', and a second generally
      L-shaped section 39 which is held together with planar section 38 by an
      adjustable fastening means described in detail hereinafter. L-shaped
      section 39 is adapted for fixed engagement with a wall structure in like
      manner to support means 20 shown in FIG. 1, and is, accordingly, provided
      with hole 22" for the passage therethrough of a bolt or the like.
PAR  As noted above, the clip member described and illustrated in FIG. 4
      includes a unique adjustable fastening means which engages sections 38 and
      39 in a fixed position. The employment of such fastening means facilitates
      the adjustment of the longitudinal length dimension of the clip member, on
      the construction site, if desired, to meet the individual requirements of
      a particular installation, by either the movement of L-shaped section 39
      relative to planar section 38 or the replacement of section 39 by a more
      suitably dimensioned member. Thus, for example, the shims employed in FIG.
      1 might be obviated in the above manner.
PAR  The adjustable fastening means shown in FIG. 4, and in greater detail in
      FIG. 5, comprises an adjustment means consisting of a longitudinally
      extended first passageway 40 extending from proximal terminus 41 to distal
      terminus 42. As better illustrated in FIG. 5, passageway 40 facilitates
      fastening, such as with bolt 43 and mating hex nut 44, at any point along
      its length, and thereby provides a corresponding adjustment in length of
      support means 20'.
PAR  In addition to the adjustment means discussed above, a fastening means is
      disclosed in cooperation therewith which comprises a plurality of
      laterally extended serrations 45 provided on proximal surface 46 of planar
      section 38, adjacent to proximal arm 26', and a washer 47 possessing a
      plurality of complementary serrations 48 on a lateral surface thereof.
      Also, washer 47 is provided with second passageway 49 which is restricted
      in diameter to accommodate a fastener such as bolt 43 in only one
      position. A third passageway 50 is provided in L-shaped section 39, which
      is similarly dimensioned to passageway 49 for alignment therewith during
      the fastening operation.
PAR  Referring now to both FIGS. 4 and 5, the adjustable fastening of sections
      38 and 39 is commenced by the alignment of passageways 40 and 49 of planar
      section 38 and washer 47 to the length dimension desired, so as to effect
      the cooperation of serrations 45 and 48. Following this step, L-shaped
      section 39 is then aligned with washer 47 in such manner that passageways
      49 and 50 are likewise aligned, and a fastener such as bolt 43 is then
      inserted into passageway 50 so as to emerge from passageway 40, where hex
      nut 44 may then be attached, and the entire assembly firmly secured.
PAR  It is to be understood that the invention is not limited to the
      illustrations described and shown herein which are deemed to be merely
      illustrative of the best modes of carrying out the invention, and which
      are susceptible of modifications of form, size, arrangement of parts and
      detail of operation, but rather is intended to encompass all such
      modifications which are within the spirit and scope of the invention as
      set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A clip member adapted to anchor a frame member to a wall structure which
      comprises:
PA1  a longitudinally extending generally L-shaped member adapted at one end
      thereof to fixedly engage said wall structure and provided at the opposite
      end thereof with a connecting means adapted to engage a pair of opposed
      grooves provided on the underside of said frame member, said connecting
      means being generally V-shaped, and the joined portion thereof comprising
      a base portion projecting perpendicularly from one end of said L-shaped
      member, said base portion possessing a proximal and a distal end in
      relation to said L-shaped member, and arm portions diverging from said
      proximal and said distal ends and from each other, said arm portions
      provided at the unconnected ends thereof with generally oppositely
      extending lip portions adapted to seat within the respective opposed
      grooves of said frame member; and
PA1  a wedge shaped fastener adapted to clamp said L-shaped member to said frame
      member by insertion in an opening defined by the surfaces of said frame
      member, said base portion and said arm portions, said fastener possessing
      longitudinally extended inclined surfaces with a plurality of laterally
      directed serrations for fixing said fastener in engagement with said
      surfaces.
NUM  2.
PAR  2. The clip member of claim 1 wherein said L-shaped member includes means
      for attachment to said wall structure.
NUM  3.
PAR  3. The clip member of claim 2 wherein said attachment means comprises one
      or more holes provided in said L-shaped member and a corresponding number
      of bolts or the like passing through said holes to fasten said L-shaped
      member to said structure.
NUM  4.
PAR  4. The clip member of claim 2 wherein said L-shaped member comprises at
      least two integral surfaces lying in longitudinal planes which subtend an
      acute angle with respect to each other.
NUM  5.
PAR  5. The clip member of claim 4 wherein said planes are perpendicular to each
      other.
NUM  6.
PAR  6. The clip member of claim 2 wherein said L-shaped member comprises a
      first planar section integral with said connecting means, a second
      generally L-shaped section fastenable thereto and means for the
      reciprocally adjustable fastening of said first and said second sections.
NUM  7.
PAR  7. The clip member of claim 6 wherein said adjustable fastening means
      comprises a longitudinally extended first passageway provided in said
      first planar section and a plurality of laterally extended serrations on a
      longitudinal surface of said planar section, and a washer possessing
      serrations on a lateral surface thereof for cooperation with the
      serrations of said planar section, and a second passageway leading in a
      direction perpendicular to the plane of said serrations, a third
      passageway provided in said second L-shaped section for respective
      communication with said second and said first passageways, and a device
      for fixedly engaging said first planar section, said washer and said
      second L-shaped section by passage through the respective passageways
      defined thereby.
NUM  8.
PAR  8. The clip member of claim 7 wherein said fastening means comprises a
      suitably dimensioned bolt and mating hex nut.
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ABST
PAL  A manhole frame with adjustment screws for raising and lowering said frame
      has in its inner surface pockets or recesses each communicating with a
      hole for guiding of the adjustment screws. The recesses serve to receive
      nuts for the screws and the recesses are shaped so as to permit the
      sideways of said nuts. The recesses also constitute drainages for the
      screw holes.
PARN
PAR  The present application is a continuation-in-part of our copending
      application Ser. No. 282,829, filed Aug. 22, 1972, now U.S. Pat. No.
      3,858,998 which issued Jan. 7, 1975.
BSUM
PAR  This invention refers to a manhole frame provided with adjustment screws
      for raising and lowering said frame.
PAR  Manhole frames intended to be located in roadways and the like have to be
      given correct position relative to the street-paving, In resurfacing of a
      street or a highway the manhole frame has to be raised to accomodate
      itself to the new level of the street-paving. A lowering is actual when
      the level of the street has been lowered. In order to solve this problem
      manhole frames having adjustment screws have been designed. As the manhole
      frames are generally made from pig iron and as it further cannot be
      avoided that water, dirt, and the like may reach the screws and the
      threaded parts of the frame it is obvious that these adjustable manhole
      frames are very exposed to function disturbances and that the lifetime of
      such manhole frames is relatively short.
PAR  Thus the main object of the invention is to eliminate these and other
      disadvantages.
DRWD
PAR  Reference is made to the accompanying drawing illustrating two preferred
      embodiments of the invention
PAR  FIG. 1 is a section through part of the manhole frame according to the
      first embodiment and the upper part of the manhole cooperating therewith.
PAR  FIG. 2 is a similar view through the second embodiment.
PAR  FIG. 3 is a perspective view of the manhole frame.
DETD
PAR  Referring to the drawing numeral 1 designates a conical concrete ring
      constituting the upper part of the manhole. The new manhole frame is
      generally designated 2 and comprises an outer ring 3 which may be made
      from wood, concrete on the like and an inner ring, generally designated 4,
      and preferably made from pig iron. Said inner ring is provided with an
      inwardly directed preferably annular portion 5 intended to serve as a
      guide and support for a cover or grating 6. The ring 4 further has a
      number of radially extending lugs 7. The lugs 7 are intended to receive
      adjustment screws 8. For this purpose a hole 9 is provided in each lug.
      Said hole communicates with a narrower hole coaxial therewith, 10. The
      last-mentioned hole continues according to the first embodiment in a
      threaded part 11 the thread of which cooperates with the thread 12 of the
      adjustment screw. The screw 8 has a square end 14. The hole or opening 9
      may be closed by means of a closure 15 preferably made from a plastic
      material and intended to prevent that water, dirt and the like may reach
      the screw. The outer ring 3 is provided with grooves 16 for the lugs 7 of
      the inner ring and has centering means for cooperation with the upper part
      of the manhole as well as support surfaces against which the free ends of
      the adjustment screws are intended to act. For this purpose there are
      secured to the outer ring a number of elements having the general
      designation 17. In the illustrated embodiment these elements comprise a
      horisontal relatively thick plate 18 having its under side flush with the
      under side of the outer ring 3. Welded to the plates 18 are relatively
      weak irons 19 which are directed towards the centre of the outer ring,
      Initially they are plan or feably pre-bent so as to be accomodated to the
      actual manhole opening by being bent to form downwardly extending ends 20
      serving to center the outer ring relative to the manhole opening. The
      relatively weak irons 19 make it possible to adapt the frame for manholes
      of different widths. A further advantage is that damages upon the manhole
      which may occur when a caterpillar or the like during installation of the
      manhole frame unintentionally comes into contact with the frame are
      eliminated in that the irons 19 deflect. Each plate 18 is fastened to the
      outer ring by means of securing means such as studs 21 or similar which
      may be molded in the part of the outer ring 3 in which the lugs of the
      inner ring are to be guided. The grooves 16 adapted in the outer ring for
      said purpose are somewhat bigger than the corresponding shape of the lugs
      such that a certain clearance is apparent between the grooves and the
      lugs. In a similar manner the inner diameter of the outer ring 3 somewhat
      exceeds the outer diameter of the inner ring 4.
PAR  In order to prevent as much as possible that coarse sand, asphalt or the
      like may enter between the frame parts and also into the threads of the
      adjustment screws a resiliently compressible sealing 22 may be fitted in
      an internal groove 23 adapted in the upper part of ring 3. Said sealing
      may be glued to the ring and also serves as a shock absorber.
PAR  It is evident that the outer ring in this embodiment will always be
      centered relative to the manhole opening at the same time as the inner
      ring within the tolerances between the outer dimension of the inner ring
      and the inner dimension of the outer ring may be inclined relative to this
      one and consequently also in relation to the upper part of the well. By
      means of the elements molded in the outer ring there is obtained in
      addition to the exact centering of the manhole frame also that the plates
      18 which are intended to take up the load from the adjustment screws and
      consequently the total load upon the manhole frame are always correctly
      located and must only be dimensioned according to the actual load.
PAR  The inner ring is provided with recesses or side openings 28 which open
      into the interior of the ring and extend beyond the holes 10 in a
      horizontal direction. These recesses are preferably rectangular in section
      and serve as drainage holes for water and the like which may have reached
      the holes 10. The lower surfaces 29, 30 of said recesses also serve as
      support surfaces for for instance a plastic cup 31 having in its bottom 32
      (facing upwardly) a threaded hole 32 cooperating with the thread of the
      screw 8. Such a cup may be filled with grease and then maintains the screw
      in a good well greased condition. At the same time it forms an effective
      sealing between the hole 10 and the threaded part 11. The main object of
      the recess is however according to FIG. 2 to receive a block 34 having a
      threaded hole 35 for cooperation with the screw 8. Thus - when the
      threaded part 11 has been worn or damaged it may be drilled up and
      substituted by the block 34. Of course the threaded part 11 may also be
      omitted from the beginning, the block serving the purpose of said threaded
      part which is the case in the embodiment illustrated in FIG. 2. In order
      to facilitate the removal of the block it may have a groove 36 permitting
      an iron bar or a similar tool to be introduced therein. It is obvious that
      the possibility of easy and rapid substitution of the blocks 34 solves the
      problems referred to in the preamble of the specification.
CLMS
STM  We claim:
NUM  1.
PAR  1. Manhole frame comprising a lid, adjustment screws, an annular member
      adapted to cover the manhole opening and having a rim for supporting said
      lid, said annular member having at least three axially extending holes
      located at a peripheral distance from each other and each having a
      diameter which slightly exceeds the diameter of a corresponding one of
      said adjustment screws, said annular member having further non-circular
      openings extending radially from the interior surface thereof and crossing
      said holes, removable blocks each having a shape and dimension
      corresponding to and being radially inserted in one of said side openings
      and a threaded hole having one of said screws extending therethrough and
      said screws being provided at their upper end with means for facilitating
      their turning, cup-shaped flexible members each having a threaded bottom
      opening having one of said screws extending therethrough and end portions
      positioned on one of said blocks.
NUM  2.
PAR  2. Manhole frame comprising a lid, adjustment screws, an annular member
      adapted to cover the manhole opening and having a rim for supporting said
      lid, said annular member having at least three axially extending holes
      located at a peripheral distance from each other and each having a
      diameter which slightly exceeds the diameter of a corresponding one of
      said adjustment screws, said annular member having further non-circular
      openings extending radially from the interior surface thereof and crossing
      said holes, removable blocks each having a shape and dimension
      corresponding to and being radially inserted in one of said side openings
      and a threaded hole having one of said screws extending therethrough, and
      said screws being provided at their upper end with means for facilitating
      their turning, an outer annular member surrounding, but spaced from said
      first mentioned annular member, at least three irons extending inwardly
      from said outer annular member and capable of being bent so as to project
      into the manhole opening thereby centering said outer member relative to
      the manhole opening, support members extending inwardly from said outer
      member with one of said screws supported on one of said support members,
      lugs projecting radially from said first mentioned member, said outer
      member being correspondingly shaped with internal recesses for said lugs
      and said support members each bridge one of said recesses.
NUM  3.
PAR  3. Manhole frame comprising a lid, adjustment screws, an annular member
      adapted to cover the manhole opening and having a rim for supporting said
      lid, said annular member having at least three axially extending holes
      located at a peripheral distance from each other and each having a
      diameter which slightly exceeds the diameter of a corresponding one of
      said adjustment screws, said annular member having further non-circular
      openings extending radially from the interior surface thereof and crossing
      said holes, removable blocks each having a shape and dimension
      corresponding to and being radially inserted in one of said side openings
      and a threaded hole having one of said screws extending therethrough, and
      said screws being provided at their upper end with means for facilitating
      their turning, an outer annular member surrounding, but spaced from said
      first mentioned member, at least three irons extending inwardly from said
      outer annular member and capable of being bent so as to project into the
      manhole opening thereby centering said outer member relative to the
      manhole opening, support members extending inwardly from said outer member
      with one of said screws supported on one of said support members, said
      outer member having a groove following the interior surface of said member
      and a sealing ring seated in said groove and positioned for contacting
      said first mentioned member.
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ABST
PAL  A method for forming non-repeating stone patterns in fresh concrete
      including preparing the surface of the fresh concrete by bullfloating and
      the addition of color, if desired, imprinting into the fresh concrete
      indentations representative of the corners only of the stones in the
      pattern, imprinting separately connecting grooves between the imprinted
      corners. The method may further include the use of a plastic overlay on
      the fresh concrete prior to imprinting so as to provide a well rounded
      edge to the formed stones. A number of tools for forming the non-repeating
      patterns are also disclosed. One of such tools is a walking tool including
      a flat platform having a plurality of apertures, a shaft rotatably
      extended through each aperture, a hub on each shaft below the platform on
      which the platform rests, a flange on each shaft engaging the top of the
      platform, a plurality of imprinting blades extending from each hub to form
      a group, the top of each shaft having an anvil head to be pounded, and at
      least one of said apertures being elongated to render one group of blades
      both rotatably and laterally adjustable for varying the stone patterns to
      be imprinted in fresh concrete. Other tools suitable for use with the
      method include an individual group of blades arranged in the form of the
      corners of the stone to be imprinted, together with a striking area by
      which the blades can be pounded into the surface of the fresh concrete.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a division of my copending application, Ser. No.
      459,266, filed Apr. 9, 1974 for Method for Imprinting Non-Repeating Stone
      Patterns in Fresh Concrete and Tools for Use Therein, now U.S. Pat. No.
      3,887,293, which was a continuation-in-part of application Ser. No.
      288,672, filed Sept. 13, 1972 for Imprinting Tool for Non-Repeating Stone
      Patterns in Fresh Concrete, now U.S. Pat. No. 3,807,888.
BSUM
PAR  The method and walking tool in U.S. Pat. No. 3,406,618, issued on Oct. 22,
      1968 to Bradshaw Bowman, worked eminently for forming a predetermined
      pattern in concrete. However, problems arose when non-repeating patterns
      were desired. The fixed pattern of blades on the previous walking tools
      were incapable of producing non-repeating patterns.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  The primary object of this invention is to provide tools wherein groups of
      blades may be adjusted angularly or rotatably and also laterally relative
      to each other thereby to combine in producing non-repetitive patterns in
      fresh concrete. The tool is light in weight and easily manipulated.
PAR  A particular object of the invention is to provide a tool which includes a
      single blade group which can individually be forced into fresh concrete
      providing a pattern which has the appearance only of the corners of the
      stones to be laid out.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top plan view of a walking tool in accordance with the
      invention;
PAR  FIG. 2 is a side view of the walking tool shown in FIG. 1;
PAR  FIG. 3 is a developed perspective view of parts of the walking tool shown
      in FIGS. 1 and 2;
PAR  FIG. 4 is a perspective view illustrating the imprinting operation with the
      walking tool shown in FIGS. 1 through 3;
PAR  FIG. 5 is a bottom view of one of the blade groups shown in FIGS. 1 through
      3;
PAR  FIG. 6 is an illustrative view of the non-repeating stone patterns produced
      by the method and tools of the invention;
PAR  FIG. 7 is a perspective view of a single blade group tool in accordance
      with the invention for imprinting one group of interconnected corners of
      the stone pattern;
PAR  FIG. 8 is a bottom view of a blade group which may be used either in the
      tool shown in FIGS. 1 through 3 or in the tool shown in FIG. 7;
PAR  FIG. 9 is a view similar to FIG. 8 but showing an angular tool having
      configurations somewhat in between that of the T-shape shown in FIG. 8 and
      the equiangular star shown in FIG. 5;
PAR  FIG. 10 is a perspective view of a tool used in accordance with the
      invention to imprint into fresh concrete the grooves interconnecting the
      various corners which may have been imprinted by the tools of FIGS. 1
      through 3, or FIG. 7;
PAR  FIG. 11 is a bottom view of the tool shown in FIG. 10;
PAR  FIG. 12 is a bottom view similar to FIG. 11 but showing a tool having an
      alternative shape for interconnecting the various corners;
PAR  FIG. 13 is a view similar to FIG. 6 but showing non-repeating stone
      patterns which may be produced by utilizing tools of various shapes such
      as shown in FIGS. 7, 8 and 9;
PAR  FIG. 14 is another view similar to FIG. 6 but showing a non-repeating stone
      pattern which may be produced solely by use of a T-shaped tool such as
      shown in FIG. 8;
PAR  FIG. 15 is a perspective diagramatic view showing the final preparation of
      the fresh concrete surface prior to employing the method of the invention
      herein;
PAR  FIG. 16 is a perspective diagramatic view illustrating an optional step in
      the method of invention of laying a sheet of plastic over the fresh
      concrete prior to imprinting;
PAR  FIG. 17 is a perspective diagramatic view illustrating the imprinting into
      the fresh concrete corners of the various stones to be included in the
      pattern;
PAR  FIG. 18 is a perspective diagramatic view showing the imprinting of
      interconnecting grooves between the corners; and
PAR  FIG. 19 is a perspective diagramatic view showing the finished surface of
      the concrete in the form of a non-repeating star pattern.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The illustrative embodiment of the walking tool herein includes a platform
      1 capable of supporting the weight of a workman. The platform 1 is made of
      a light material such as aluminum and is slotted to reduce weight, and
      view blades to facilitate positioning same. The platform 1 is elongated in
      shape and has several journal apertures therethrough, such as a hole 2
      near one end thereof, and an elongated aperture 3 near its other end. The
      aperture 3 is longitudinal on the elongated platform 1.
PAR  Blade groups 6 are beneath the platform 1. Each blade group 6 has a hub 7
      and three radially extending blades 8. Each blade has downwardly
      converging sides 9 which taper to a penetrating edge 11.
PAR  A ring flange 12 on the top of the blades 8 has spokes 10 along the top of
      the respective blades connected to the hub 7. The diameter of the ring
      flange 12 is substantially the same as the width of the elongated platform
      1. This prevents the respective blade groups from tilting relatively to
      the platform and also prevents the blades from being caught in the
      elongated aperture 3. The groups of blades are interchangeable. A tubular
      stem 13 extends from the hub 7. The stem 13 rotatably fits into the hole 2
      or into the elongated aperture 3. The stem 13 is partially threaded on its
      outer periphery so as to leave a smooth portion 14 between the hub 7 and
      the exterior threads, to be journalled in the hole 2 or aperture 3. An
      internally threaded bushing 16 is threaded on the stem 13 at the top of
      the platform 1. A flange 17 on the bushing 16 bears against the top of the
      platform 1 so that the smooth portion 14 is rotatably held in the hole 2
      and in the aperture 3. A hollow shaft 18 is screwed into the top of the
      bushing 16 and an anvil cap 19 is screwed on the upper end of the shaft
      18.
PAR  As shown in FIG. 5, the blade group 6 is made in a triangular star shape
      with concave connecting sides, which imprint such triangular star shape
      impression or groove to form a corner imprint 21 as shown in the stone
      pattern in FIG. 6. This is an illustrative embodiment. After the pattern
      grooves are imprinted into the fresh concrete, the workman connects the
      points of the blade imprints, by means of a suitable hand tool, so that
      the connecting grooves 22 complete the non-repeating stone pattern. Such
      hand tool is usually a single blade on an anvil shaft.
PAR  The operation of this walking tool is shown in FIG. 4. Usually the workman
      uses several units. The workman stands on one or two platforms and pounds
      with a sledge hammer 23 or the like, on the anvil 19 of the shaft 18. Then
      the workman rests one blade group on the concrete slab and lifts the other
      end of the platform so as to lift the other blade group off the slab and
      rotates the same until the desired offset is reached and then lowers it on
      the slab. In addition, while the blade group under the elongated apertures
      3 is off the concrete slab the workman may slide it to suitably change the
      spacing. After the walking tool is so adjusted on the fresh concrete, the
      workman pounds on the respective anvil heads 19 of both blade groups
      thereby to form the design in the fresh concrete. Then with a hand tool
      the workman connects the respective corners or apices of the adjacent
      triangular imprints. This arrangement forms the stone pattern in such a
      manner that there is no continuous line beyond any corner imprint. Each
      corner imprint 21 forms a joint always outlining an individual stone
      pattern.
PAR  Rather than use the platform walking tools, shown in FIGS. 1 to 3, an
      individual tool for imprinting the corners, such as that shown in FIG. 7
      may be employed. The tool of FIG. 7 includes but a single blade group 31
      which is formed with a hub 33 and radially extending blades 35. As in the
      tool shown in FIGS. 1 to 3, each blade 35 has downwardly converging sides
      37 which taper to a penetrating edge 39.
PAR  The tool of FIG. 7 also includes radially extending reinforcing ribs 41
      which not only serve to strengthen the blade group 31 itself but also to
      act as an alternative surface upon which the blade group may be hammered
      or pounded into the fresh concrete. The reinforcing ribs 41 converge to
      form an internally threaded collar 43 which receives a shaft 45 having an
      anvil cap 47 secured to the top thereof.
PAR  A bottom view of the tool shown in FIG. 7 is identical to FIG. 5 except for
      the elimination of the ring flange 12.
PAR  The star shaped blade group need not be the equiangular triangular star
      shape of the tools described thus far. Rather, it may be in the form of a
      T, such as shown in FIG. 8, including one penetrating edge 49 intersected
      at substantially a right angle by a second penetrating edge 51. Another
      variation is the tool shown in FIG. 9 which, although still of the
      triangular star shape, is not equiangular as that shown in FIG. 5 but
      rather includes wide angle penetrating edges 53 and 55 each forming a
      smaller angle with penetrating edge 57.
PAR  The use of tool shapes, as shown in FIGS. 8 and 9 in conjunction with that
      shown in FIG. 5, provides a more versatile combination of patterns as will
      be seen hereinafter. Still additional shapes may be usefully employed such
      as an exceptionally narrow angle triangle or an L-shape tool for specific
      purposes.
PAR  In order to complete the connecting grooves, a tool such as shown in FIGS.
      10 and 11 is employed. This tool includes a single blade 59 having
      downwardly converging sides 61 terminating in a straight penetrating edge
      63. A strengthening rib 65 may be included along the top of the blade, the
      rib 65 being joined to a collar 67 in the center of the tool. Collar 67 is
      threaded and receives a shaft 69 terminated at its upper end with an anvil
      71. The operation of the tool, shown in FIGS. 10 and 11, is similar to
      that of the previously described tool of FIG. 7 such that the blade 59 is
      penetrated into the fresh concrete by hammering or pounding either on the
      anvil 71 or on the reinforcing rib 65.
PAR  Rather than the connecting groove tool being absolutely straight, as shown
      in FIGS. 10 and 11, the tool may take the form of a slight curve so as to
      provide a still more naturally shaped stone. The bottom view of such a
      curved tool is shown in FIG. 12 wherein penetrating edge 73 is in the form
      of a slight arch, rather than in a straight line as is the penetrating
      edge 63 of the previously described tool. In all other respects the tool
      of FIG. 12 is identical to that shown in FIGS. 10 and 11.
PAR  Referring specifically to FIG. 13, there is shown a stone pattern formed by
      using several different tools as shown in FIGS. 8 and 9 as well as shown
      in FIGS. 7 and 5, it being recognized that tools having the shape of those
      shown in FIGS. 8 and 9 may be employed with the platform shown in FIGS. 1
      through 3, or in the single blade group tool shown in FIG. 7. In the
      pattern shown in FIG. 13 corner imprints 75 are produced by using an
      equiangular star shape shown in FIG. 5 while corners 77 are made by the
      T-shaped tool of FIG. 8 and corners 79 by the open wide tool of FIG. 9.
      With the additional shaped tools a wider variety of non-repetitive pattern
      can be easily produced. In the pattern of FIG. 13 the interconnecting
      grooves 81 are formed with the tools shown in FIGS. 10 and 11 but slightly
      curved or rounded interconnecting grooves 83 may be formed with the tool
      shown in FIG. 12.
PAR  Still another stone pattern is shown in FIG. 14 wherein a T-shaped tool, as
      shown in FIG. 8, is employed for all the corners. With this arrangement a
      non-repeating pattern of rectangular stones such, for instance, as flag
      stone, may easily be accomplished.
PAR  Referring to FIGS. 15 through 19, the method of imprinting the
      non-repeating stone patterns in the concrete is shown. Referring
      specifically to FIG. 15, there is shown a freshly poured concrete which
      may be poured, screeded, leveled, bull-floated and colored all in
      accordance with the teachings of Bowman U.S. Pat. No. 3,406,618, issued
      Oct. 22, 1968. However, rather than continuing the method as shown in that
      earlier patent, the remainder of the steps are in accordance with the
      present invention. Specifically in FIG. 16, the still freshly poured
      concrete is covered with a sheet 85 of plastic. A suitable plastic is a 1
      mil thick film of polyethylene, such as that manufactured by Visking
      Company, Division of Union Carbide Corporation, under the trademark
      VISQUEEN. The use of the plastic is an option which provides more rounding
      of the edges and corners of the imprinted stone than would be if the
      plastic were eliminated. Generally the plastic sheet 85 is held in place
      by spare lumber pieces 87 and is generally smoothed to eliminate air
      pockets underneath.
PAR  Referring to FIG. 17, the corner imprinting tools shown generally as 89,
      are employed to make the impressions of corners such, for instance, as
      shown at 75, 77 and 79 of FIG. 13. The tools 89 are shown only generally
      and may either be of the platform type shown in FIGS. 1 through 3 or the
      individual type as shown in FIG. 7.
PAR  Referring to FIG. 18, the tools 91 of the general type shown in FIG. 10 are
      employed to imprint the interconnecting grooves between the various
      corners. After the interconnecting grooves are imprinted, the plastic
      sheet 85 may be removed and the finished slab, such as shown in FIG. 19,
      is allowed to season.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tool for forming stone patterns in fresh concrete in non-repeating
      patterns consisting of a single blade group, said glade group including a
      plurality of blades all of which are joined together at a common point and
      forming that part of the pattern comprising the corners of the stones in
      the stone pattern, each blade of the group having sides downwardly
      converging to a penetrating edge, the penetrating edges of each of said
      blades defining a plane, and a shaft on the blade group extending upward
      generally normally from said plane.
NUM  2.
PAR  2. A tool as defined in claim 1, wherein the blades of said group are
      generally radial relative to said shaft.
NUM  3.
PAR  3. A tool as defined in claim 2 wherein the radially extending blades are
      spaced equiangularly from each other.
NUM  4.
PAR  4. A tool as defined in claim 1 wherein said blades form a right angle with
      each other.
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ABST
PAL  A compactor tool for use in conjunction with a mobile prime mover having a
      vibratory frame to which said tool is mounted. A tool shank is adapted for
      selective mounting to the vibratory frame and carries a compactor shoe
      pivotally mounted to the shank lower end, said shoe compacting filled or
      partially filled conduit burial trenches. Shoes of different widths are
      readily attachable to said shank for the compacting task at hand. Fluid
      dispersal means delivers fluid in a metered manner to the shoe when used
      for compacting paved surfaces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to earth compacting equipment and
      more particularly to a tool for compacting backfilled trenches and related
      tasks.
PAR  Commonly used today for the insertion of buried conduit, both electrical
      and fluid, are vibratory blades normally having a trailed conduit shoe or
      guide progressively depositing the conduit within the blade formed kerf.
      Standard cable laying practice includes the depositing of fines over the
      deposited conduit which it has been found highly desirable to compact
      prior to placement of a second conduit thereover. The same is true for
      conduit laid in a trench formed by a digging operation which trench, of
      course, is of substantially greater width than the plow formed kerf. A
      common objective in both modes of conduit placement is the return of the
      soil to its original, highly compacted state to better protect the buried
      conduit and to avoid later sinking of the backfilled material. To
      accomplish compacting presently, manually held vibratory compactors are
      used to tamp both trench deposited fines and backfill earthen material.
      Such hand held compacting equipment is slow as compared with mechanized
      compactors and, of course, requires additional man hours and costly
      equipment for a conduit laying operation. Such compactors are often air
      powered requiring the use of a costly air compressor at the job site.
PAR  A related problem occurs in the laying of conduit across roadways and
      driveways where the backfill material is subject to severe loading by
      reason of passing vehicles. If such material is not adequately compacted
      before repaving, premature pavement failure can occur, resulting in costly
      repaving. Accordingly, it is highly desirable to fully compact backfill
      material for several inches immediately below a paved roadway. Soil
      compactors associated with road construction are clearly not suitable for
      trench compaction by reason of size and mode of operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed toward providing a compacting tool for
      use in conjunction with a wheel supported vehicle with the tool being
      mounted in an interchangeable manner with a vibratory cable laying blade.
      In wide use today are a number of different makes of small, highly
      maneuverable machines, termed trenching machines in the trade, which
      additionally mount a variety of earth working instrumentalities such as
      cable laying blades, ditching chains, backfill blades, back hoes, etc.,.
      The obvious objective of such multi-purpose machines is to provide the
      contractor with a machine capable of performing all tasks encountered in
      the subterranean burial of electrical or fluid conduit thereby minimizing
      costly man hour effort. While the several makes of machines intended for
      this purpose are highly adapted for their intended objective, they make no
      provision for mechanized compacting.
PAR  The present tool includes a shank adapted at its upper end for attachment
      to a prime mover of the above type having integrally mounted vibratory
      means. An elongate compaction shoe is pivotally mounted at the lower end
      of the shank which shoe may "walk" over uneven earthen material to affect
      progressive compaction. Upturned leading and trailing surfaces of the
      rockable shoe permit successive passes along the trench in opposite
      directions allowing the shoe to ride over the uneven surface being
      compacted while limit stop means, acting intermediate the shank and shoe,
      prevent excessive shoe oscillations. Provision is made for convenient shoe
      substitution without lifting the tool shank above the ground surface to
      permit compaction along paths of different widths as may be encountered in
      a conduit laying operation.
PAR  Important objectives of the present invention include the provision of: a
      compactor tool highly adaptable for use with a wide variety of different
      trenching machines to permit mechanized compacting heretofore unavailable
      with such machines; a compactor tool capable of utilizing existing
      vibratory means found on trenching machines to accomplish optimum
      compacting by forward and rearward passes of the tool along a trench in a
      rapid, inexpensive manner without the use of pneumatic compactors; a
      compactor tool having a pivotally mounted shoe at its lower end which is
      readily interchangeable with a shoe of different width to compact paths of
      various widths as may be encountered in a conduit laying operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a side elevational view of the present compacting tool in place
      on a vibratory frame carried by a mobile prime mover,
PAR  FIG. 1A is a horizontal sectional view taken along line 1A--1A of FIG. 1
      showing the shoe compacting a trench bottom,
PAR  FIG. 2 is an enlarged detail view of the lower end of the tool shank and
      shoe there attached,
PAR  FIG. 3 is a view similar to FIG. 1 with the vibratory frame elevated for
      surface compaction of a filled trench,
PAR  FIG. 3A is a horizontal sectional view taken along line 3A--3A of FIG. 3
      showing the shank end and attached shoe,
PAR  FIG. 4 is a fragmentary side elevational view of a modified form of the
      invention for dispersing fluid to the underside of the shoe, and
PAR  FIG. 5 is a front elevational view of the shoe taken from the left hand
      side of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With continuing reference to the accompanying drawings wherein applied
      reference numerals indicate parts similarly identified in the following
      specification, the reference numeral 1 indicates a mobile prime mover of
      the type used for conduit burial and normally including multiple
      instrumentalities such as, for example a backfill blade 2, all being
      usable in trench formation, conduit deposit and backfilling operations.
      Such prime movers are in wide use by contractors and utility departments
      for burial of conduit along roadways, drop line service to buildings as
      well as for burial of fluid carrying conduits. Prime movers of the present
      type commonly incorporate an auxiliary framework on which is mounted a
      vibrator for imparting reciprocal motion to a cable laying blade with the
      auxiliary framework serving to isolate the prime mover and its operator
      from, to a large extent, the vibratory motion. A typical auxiliary
      framework is indicated at 3 having a draft connection 4 with the framework
      being positionable via hydraulic cylinders 5. A vibrator mounting frame 6
      is trailed from frame 3 by means of a pair of links 7 constituting a
      parallelogram linkage between the frames with each of the links
      terminating in a resilient shock mounting means. A vibrator 8 imparts
      reciprocal motion along an upright vector to blade mounting plates 9 which
      are apertured at 9A for the conventional purpose of mounting a cable
      plowing blade not shown. The above is intended to describe a typical blade
      support structure to which the present tool may be coupled and in no way
      is intended to imply any restriction of present tool use.
PAR  Indicated generally at 10 is the present compactor tool in attachment with
      vibratory frame 6 by means of pins 11 passing through mounting plates 9
      and apertures 12A formed within the upper portion of a tool shank
      indicated at 12. Shank 12 is formed of high grade steel approximately
      five-eighths inch thickness with the apertures 12A located so as to permit
      selective shank attachment to mounting plates 9. The same shank by reason
      of such aperture location may be coupled with different vibratory frames
      associated with other prime movers.
PAR  As viewed in FIG. 1, the shank is perpendicularly disposed to the
      compaction surface and a slight rake on its leading edge terminating
      downwardly in an enlarged end 13 apertured at 13A to receive a removable
      pin 14. Pin 14 is preferably of the quick release type used with
      construction equipment permitting quick detachment for purposes of a wider
      shoe such as substitution of the later described shoe.
PAR  A compactor shoe 15 comprises an imperforate plate reinforced by lengthwise
      orientated bars 16 spaced from the shoe lengthwise centerline to receive
      shank portion 13 in a manner permitting shoe movement about the axis of
      pin 14. The bars 16 are welded along their lower edges to the upper side
      of shoe 15 to reinforce the shoe against compaction loads. An inclined
      surface of the shoe is indicated at 17 and is embodied within an upwardly
      inclined shoe portion while similarly the trailing inclined surface of the
      shoe is indicated at 18. The leading and trailing edges are relieved at
      17A and 18A to avoid penetration of the trench walls. With the tool
      traveling in the direction of the applied arrow in FIG. 2, leading edge 17
      will cause the shoe to assume an inclined attitude as it progressively
      compacts the material traversed. The extremes of shoe travel about the
      axis of pin 14 are shown in broken lines. A helical spring 19
      interconnects the shoe and shank 12 for pre-positioning the shoe upwardly
      prior to ground contact. While the terms leading and trailing are applied
      to the shoe it is to be understood that the shoe is operative in both
      directions.
PAR  As viewed in FIG. 1A, shoe 15 is of a width permitting passage through a
      trench T approximately 6 inches in width to compact fines deposited
      therein over a previously laid conduit. Compaction of earthen fines about
      a buried conduit is desirable with such compaction being performed
      subsequent to the laying of each conduit in a trench bottom containing
      multiple conduit runs. Accordingly, the vertical distance separation
      required between each run of conduit may be lessened as compared with
      conduit runs deposited in uncompacted trench bottoms thus permitting the
      trench to be of lesser depth.
PAR  With attention to FIG. 3 the vibratory frame 6 has been elevated by powered
      components of the prime mover with shank 12 being repositioned upwardly
      relative to mounting plates 9 on said frame. Such upward repositioning of
      shank 12 and the substition of a wider compactor shoe at 20 enables the
      tool to be used for compaction of backfill within a trench T
      simultaneously with compaction of marginal earthen areas MA. During the
      formation of the trench by a digging instrumentality, earthen material
      constituting the trench walls is disturbed resulting in its being in a
      loosely compacted state which if not compacted prior to paving may
      subsequently sink resulting in early pavement fractures. The width of shoe
      20 is adequate to compact the marginal areas for a number of inches to
      either side of the trench during one pass of the shoe to return the ground
      to a compact condition very similar to its prior state. If necessary, a
      second or rearward pass may be made with the shoe which, by reason of the
      prime mover speed, may be accomplished in a short period. Shoe 20, in
      addition to reinforcing bars at 21 which also serve to mount pivot means
      22, includes a second pair of reinforcing bars 23. The action of shoe 20
      during a compacting operation is similar to that above described for the
      first mentioned shoe 15.
PAR  In FIGS. 4 and 5, a shoe 20' is provided with fluid dispersal means
      including a reservoir 24 detachably mounted by bolts as at 25 with the
      reservoir mounted in place across reinforcing bars 21' and 23'. An outlet
      conduit 26 delivers a flow of oil to a manifold 27 apertured as at 28 for
      fluid discharge upon the underside of the shoe. In repaving an asphalt
      strip to complete a conduit burial operation, shoe 20 may be further
      utilized to compact asphalt or other road surface material with the
      deposit of oil on said surface by the fluid dispersal means contributing
      towards optimum finishing of the material.
PAR  While I have shown but a few embodiments of the invention it will be
      apparent to those skilled in the art that the invention may be embodied
      still otherwise without departing from the spirit and scope of the
      invention.
CLMS
STM  Having thus described the invention what is desired to be secured under a
      Letters Patent is:
NUM  1.
PAR  1. A tool for compacting earthen material within and covering a conduit
      burial trench by successive passes in opposite directions, said tool for
      attachment to a mobile prime mover having vibratory means thereon, said
      tool comprising,
PA1  a shank in perpendicular relationship to the surface being compacted and
      adapted at its upper end for pinned attachment to shank mounting means on
      the prime mover,
PA1  a shoe having upturned leading and trailing surfaces and an imperforate
      bottom surface,
PA1  reinforcing bars extending lengthwise of the shoe,
PA1  pivot means coupling said shoe to the lower end of said shank permitting
      inclination of the shoe about the axis of said pivot means during a
      compacting operation so as to permit the forwardly or rearwardly moving
      shoe to ride over material being compacted, and
PA1  said shoe contactable with said shank at points spaced from said axis to
      limit shoe inclination about said axis during tool operation.
NUM  2.
PAR  2. The tool as claimed in claim 1 wherein said reinforcing bars are in
      spaced parallel relationship, said shank terminating at its lower end
      between said bars, said pivot means embodied within a quick release pin
      extending through said bars and the shank end, said quick release pin
      permitting shoe substitution for compacting subterranean surfaces of
      greater width than a conduit burial trench.
NUM  3.
PAR  3. The tool as claimed in claim 1 additionally including fluid dispersal
      means affixed to the forward portion of the shoe, said dispersal means
      including a reservoir, means detachably mounting said reservoir on the
      shoe reinforcing bars, a conduit disposed transversely along an edge of
      said shoe in communication with said reservoir for metering fluid to the
      underside of the shoe.
NUM  4.
PAR  4. The tool as claimed in claim 1 additionally including means
      interconnecting one extremity of the shoe to a point on said shank to bias
      the forward end of the shoe toward an upwardly inclined position.
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ABST
PAL  A method and apparatus for sensing the velocity of a fluid flow, especially
      within the boundary layer of a fluid flow path through a compressor. A
      reference flow under constant pressure is established through an orifice
      dividing two plenum chambers, and directed through a flow sensing opening
      in a probe positioned in the flow to be sensed. The flow sensing opening
      is slightly larger than the orifice. A relative pressure indicator
      connected to the two plenum chambers indicates the velocity of the sensed
      fluid flow. The flow sensing opening is arranged so that the normal
      reference flow of fluid therethrough is in the same direction as the
      normally expected flow direction of the flow to be sensed.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a Continuation-in-Part of Application Ser. No. 408,809
      filed Oct. 23, 1973 entitled: "METHOD AND APPARATUS FOR COMPRESSOR SURGE
      CONTROL", and the subject matter of that application is hereby wholly
      incorporated by reference in the present application.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The invention relates to a velocity probe for measuring the velocity of a
      fluid stream, and particularly for measuring the change in flow patterns
      of a fluid stream. Prior art devices have had several problems associated
      therewith. Many prior art devices in the general field of the invention,
      such as that shown in U.S. Pat. No. 3,759,098, require at least two sets
      of orifices within members disposed within a flow stream, or within the
      flow stream confining member itself. This may require extra expense and
      the necessity of forming a plurality of orifices (which should be sealed)
      within structural members, affecting the transferability of a measuring
      device from one system to another. Also, many prior art devices, U.S. Pat.
      No. 1,834,392 for example, have a tendency to clog up when placed in the
      flow stream if the fluid has impurities and contaminants therein.
PAR  According to the teachings of the present invention, the above problems are
      avoided. A velocity probe is provided that has only a single connection to
      a chamber confining a fluid stream to be sensed. The probe has an opening
      in a sensing portion thereof that is orientated in a particular manner so
      that the probe opening will not clog up during normal use in a
      contaminated fluid stream, yet will effectively sense the velocity of the
      stream.
PAR  The velocity probe of the present invention is especially useful in sensing
      the flow reversal occurring in the boundary layer of material flowing
      through a compressor and thereby controlling impending surge conditions in
      a compressor, as more fully described in the abovementioned parent
      application Ser. No. 408,809. The probe of the present invention is
      adapted to be inserted into the boundary layer of material flowing through
      a compressor, and will not clog up as a result of the contaminated flow
      often associated with a compressor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic cross-sectional view of a probe according to the
      present invention with the probe arranged to sense the fluid flow velocity
      of the boundary fluid layer in the outlet or discharge chamber of a
      compressor.
PAR  FIG. 2 is a schematic view of the probe shown in FIG. 1 with the fluid to
      be sensed flowing in the normal flow direction; and
PAR  FIG. 3 is a schematic view of the probe shown in FIGS. 1 and 2 with the
      probe sensing a reversal of boundary layer fluid flow from the direction
      shown in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A velocity probe, shown generally at 10, for sensing the fluid flow in a
      chamber, shown generally at 12, is depicted in FIG. 1. The probe consists
      of a supply conduit 15 for supplying fluid at a constant pressure to a
      pair of plenum chambers, 20 and 22. The plenum chambers function as
      transient energy storage means to remove pulsations from the flow of fluid
      to an indicating means, such as the differential gauge shown generally at
      30. Since separate plenum chambers are provided for the supply conduit 15
      and for the conduit 40 connected to the flow to be sensed in chamber 12,
      it follows that pulsations from either source are effectively damped by
      the plenum chambers.
PAR  A plate 25 having an orifice 27 therein is disposed between the plenum
      chambers 20 and 22. The orifice 27 restricts the flow of fluid from one
      chamber to the other and is so dimensioned that substantial pressure drop
      occurs thereacross and so that the drop is linear with respect to the
      sensed flow velocity in the flow range of interest. The flow A of fluid
      from the supply conduit 15 takes a path through chamber 20, through
      orifice 27, to chamber 22, through probe sensing portion 40, and out
      through probe opening 42. The quantity of flow A is determined by the
      pressure of the fluid supplied through conduit 15 and the size of orifice
      27.
PAR  The probe sensing portion 40 is at least partially inserted within the
      chamber 12 to sense both the direction and magnitude -- which is
      proportional to the pressure, the pressure of the flow A being known -- of
      the flow within chamber 12. The sensing portion 40 is relatively thin so
      as not to affect the flow in the chamber in which it is injected. In the
      case where the probe 10 is used to sense flow reversal in a boundary layer
      of material flowing through a compressor, it is located adjacent the wall
      of chamber 12, near the compressor outlet as shown in the drawings. The
      probe opening 42 is orientated with respect to the chamber 12 and the
      sensing portion 40 so that fluid passing from the interior of sensing
      portion 40 through opening 42 has the same direction as the normally
      expected direction of the normal fluid flow B within the chamber 12; that
      is the opening 42 is protected from any fluid flow contaminants within the
      chamber 12 by the back surface of the sensing portion 40 within the
      chamber 12. Even when the flow is quite contaminated, it only impinges on
      opening 42 for a slight period of time during normal operation of the
      device so no clogging of the opening 42 will normally result. However,
      even if slight clogging thereof should result, the normal flow A of fluid
      after the reversal in chamber 12 has been sensed will usually result in
      automatic purging of the contaminants from the opening 42 and conduit 40.
PAR  The probe opening 42 -- and the conduits 15 and 40 -- are made slightly
      larger than the orifice 27 so that flow restriction will occur only at
      orifice 27. The opening 42 may be only slightly larger than the orifice
      27, however, otherwise the pressure gauge 30 will indicate an
      impractically large pressure difference in the static condition of the
      device (FIG. 1).
PAR  The probe 10 is shown sensing a static air condition in chamber 12 in FIG.
      1. In this case, the steady state pressure in chambers 20 and 22 is
      substantially equalized, therefore the heights of the liquid in legs 32
      and 34 of differential gauge 30 are substantially the same. A normal flow
      condition in chamber 12 is shown in FIG. 2. Here the flow B in chamber 12
      is in the same direction as the fluid coming from the opening 42 in
      sensing portion 40 as a result of the constant pressure A. The flow B
      causes the flow of fluid through the opening 42 to be much more rapid than
      it is under static conditions within chamber 12, thus fluid from flow A
      cannot bleed fast enough through orifice 27 to make up for the loss, and a
      pressure differential between the chambers 20 and 22 results. The pressure
      in chamber 20 will be greater than the pressure in chamber 22 by an amount
      proportional to the velocity of the flow B in chamber 12. The legs 32 and
      34 of the differential gauge 30 may be calibrated to indicate the
      magnitude of the difference.
PAR  An abnormal flow direction C is shown in FIG. 3. The flow C is a result of
      a reversal of the normal flow direction B in chamber 12 (such as ensues in
      the boundary layer flow impending surge in a compressor), and this flow
      reversal is sensed by the probe 10 as shown in FIG. 3. In this case, the
      flow C will impinge directly on the surface of the sensing portion 40
      having opening 42 therein, resulting in some fluid flow entering opening
      42, and consequently increasing the pressure within the chamber 22 over
      that in the chamber 20. This pressure differential is sensed by the
      differential gauge 30 as the liquid within legs 32, 34 moves to the
      position indicated in FIG. 3. Again the legs 32 and 34 may be calibrated
      to indicate the magnitude of the pressure difference.
PAR  In the method of operation of the exemplary velocity probe illustrated, a
      reference flow A under constant pressure is established in conduit 15,
      damped in plenum chamber 20, and then restricted by orifice 27 in divider
      25. During normal conditions, it then is expanded in plenum chamber 22,
      and passes through conduit 40 and opening 42 along a path whereby it is
      directed in the same direction as the normal flow direction B in chamber
      12. The indicating means 30 senses the pressure differential on either
      side of flow restricting means 25, 27. When flow reversal to direction C
      occurs in chamber 12, part of reversed flow C passes through opening 42
      against the pressure of the reference flow A (or causes the "backing up"
      of fluid flow A through opening 42), oscillations in the back-flow being
      damped by the plenum chamber 22.
PAR  Pressure differential on either side of restricting means 25, 27 is again
      sensed by indicating means 30. As shown in FIG. 1, the indicating means 30
      may also be operatively connected to a control for a compressor connected
      to the chamber 12. Such a means may take the form of a simple light source
      and photoelectric cell, indicated generally at 50, which controls an
      electrically controlled valve 52 in response to the level of liquid in
      pressure gauge 30. The valve 52 when operated then allows a small portion
      of boundary layer fluid at the outlet of the compressor to bleed through
      lines 54 and 56 back to the compressor inlet 57 to delay the onset of
      surge (as more fully explained in copending parent application No.
      408,809). Of course other suitable sensing means could be used, or
      alternatively, after visually reading the indicating means 30 an operator
      could appropriately act on the compressor connected to chamber 12.
PAR  It will thus be seen that a velocity probe, and velocity sensing method,
      have been provided that include means for damping out any pulsations in a
      flow to be sensed and/or in a reference flow, a probe that provides a
      reference flow, a probe that will not be impaired or fail to function even
      when sensing a contaminated flow, a probe that is substantially self
      correcting even if contaminated by brief exposure to a contaminated
      reverse flow, and one that is capable of sensing both the direction and
      magnitude of a fluid flow while not substantially affecting the flow it
      senses. Although the invention has been disclosed in what is presently
      conceived to be the most practical and preferred embodiment, it will be
      obvious to one of ordinary skill in the art that many modifications of the
      velocity probe and method of the invention may be made within the scope of
      the invention, which scope is not to be limited except by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, a compressor having a fluid inlet and a fluid outlet in
      which fluid outlet a flow of fluid is to be sensed, and
PA1  a velocity probe assembly for sensing the velocity of fluid flow, said
      assembly comprising,
PA2  a. first and second plenum chambers,
PA2  b. a divider between said plenum chambers,
PA2  c. an orifice in said divider for providing limited fluid communication
      between said first and second chambers,
PA2  d. indicating means for sensing the pressure differential between said
      chambers,
PA2  e. means for supplying a source of fluid under constant pressure to said
      first plenum chamber,
PA2  f. a sensing portion leading from and in fluid communication with said
      second plenum chamber, said sensing portion having an opening therein
      larger than said orifice and being mounted in the compressor adjacent a
      wall thereof near its outlet and situated in the boundary layer of the
      material flowing in the compressor outlet for detecting flow direction
      reversal in said boundary layer and thus detecting an impending surge
      condition.
NUM  2.
PAR  2. A combination as recited in claim 1 wherein said sensing portion is
      disposed within said outlet such that fluid flowing through said opening
      from the interior of said sensing portion will have substantially the same
      direction as the direction of normally expected fluid flow in said outlet.
NUM  3.
PAR  3. A combination as recited in claim 2 including a bleed line extending
      between the boundary fluid layer in the compressor outlet and the
      compressor inlet, said bleed line having a valve positioned therein, said
      indicating means having means responsive to said indicating means
      functioning to operate said valve to bleed back a portion of the boundary
      layer fluid at the outlet of the compressor back into the inlet when flow
      reversal in said outlet boundary layer occurs so as to eliminate the flow
      reversal and delay the onset of surge conditions.
NUM  4.
PAR  4. In combination:
PA1  a compressor having a fluid inlet and a fluid outlet in which fluid outlet
      a flow of fluid is to be sensed, and
PA1  a velocity probe assembly for sensing the velocity of fluid flow, said
      assembling comprising,
PA2  a. means for supplying a source of fluid under constant pressure,
PA2  b. means for restricting the flow of fluid from said source,
PA2  c. means for damping out pulsations in said fluid flow under constant
      pressure and in a flow to be sensed, said means including first and second
      plenum chambers located on either side of said means for restricting the
      flow of fluid from said source, said first plenum chamber being in
      communication with said source of fluid under constant pressure,
PA2  d. indicating means for indicating the pressure differential between said
      first and second plenum chambers,
PA2  e. a sensing portion leading from and in fluid communication with said
      second plenum chamber, said sensing portion having an opening therein
      larger than said restricting means and being mounted in the compressor
      adjacent a wall thereof near its outlet and situated in the boundary layer
      of the material flowing in the compressor outlet for detecting flow
      direction reversal in said boundary layer and thus detecting an impending
      surge condition.
NUM  5.
PAR  5. A combination as recited in claim 4 further comprising means for
      ensuring that said opening in said sensing portion is not closed or
      constricted by contaminants in said fluid flow to be sensed, said means
      including location of said opening in said sensing portion so that fluid
      flowing therethrough will have substantially the same direction as the
      normally expected direction of fluid flow to be sensed.
NUM  6.
PAR  6. A combination as recited in claim 4 wherein said means for restricting
      the flow of fluid from said source includes a divider between said first
      and second plenum chambers having an orifice therein, said orifice being
      smaller than the opening in said sensing portion so that flow restriction
      occurs only at said orifice.
NUM  7.
PAR  7. A combination as recited in claim 4 wherein said indicating means
      includes a leg conduit connected at one end to said first plenum chamber,
      a leg conduit connected at one end to said second plenum chamber, means
      connecting said legs in common fluid communication at their remaining
      ends, and a fluid responsive to the pressure differential between said
      plenum chambers disposed within said means connecting said legs.
NUM  8.
PAR  8. A combination as recited in claim 4 including a bleed line extending
      between the boundary fluid layer in the compressor outlet and the
      compressor inlet, said bleed line having a valve positioned therein, said
      indicating means having means responsive to said indicating means
      functioning to operate said valve to bleed back a portion of the boundary
      layer fluid at the outlet of the compressor back into the inlet when flow
      reversal in said chamber boundary layer occurs so as to eliminate the flow
      reversal and delay the onset of surge conditions.
NUM  9.
PAR  9. A method of sensing the velocity of fluid flowing in a compressor outlet
      and for controlling the compressor thereby, comprising the steps of
PA1  a. establishing a first flow of fluid under constant pressure,
PA1  b. damping out pulsations in said first fluid flow at a damping position,
PA1  c. restricting said first fluid flow at a restricting position downstream
      of said damping position,
PA1  d. allowing expansion of said first fluid flow at an expansion position
      downstream of said restricting position,
PA1  e. establishing said first fluid flow along a path to said compressor
      outlet,
PA1  f. sensing the pressure differential between said expansion position and
      said damping position, and
PA1  g. controlling the by-passing of boundary layer fluid from the outlet of a
      compressor to its input in dependence upon the pressure differential
      sensed between said expansion and damping positions.
NUM  10.
PAR  10. A method as recited in claim 9 comprising the further step of insuring
      that contaminants in said flow to be sensed will not interfere with
      sensing of said flow by establishing said first fluid flow along a path to
      said compressor outlet in a direction substantially the same as the
      normally expected direction of flow to be sensed in said compressor
      outlet.
NUM  11.
PAR  11. A method as recited in claim 10 comprising the further step of damping
      out pulsations in said flow to be sensed, when flowing in a direction
      opposite said normally expected direction, at said expansion position.
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ABST
PAL  A fluidic governor system for controlling the speed of a drive shaft output
      of a prime mover, comprising a fluidic governor, a reciprocating or vane
      compressor, a fluidic RC filter, and a valve. The compressor is
      mechanically coupled to and driven by the drive shaft output of the prime
      mover, and generates both pneumatic power and a pulsating fluidic signal
      which has a frequency proportional to the rotation of the drive shaft
      output of the prime mover. The fluidic RC filter blocks the passage of the
      pulsating fluidic signal and converts the power output to a steady
      pneumatic power supply which powers the fluidic governor, while the
      pulsating fluidic signal is acoustically sensed by the governor. A speed
      error signal whose magnitude is proportional to the error in the frequency
      of the pulsating fluidic signal, is generated from a control output port
      of the fluidic governor for regulating the energy supply to the prime
      mover by means of the valve to correct the speed of the drive shaft output
      of the prime mover.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a fluidic governor system, and, more
      particularly, to a fluidic governor system which is capable of controlling
      the output of any prime mover where no separate fluidic energy is
      available to power the governor.
PAR  2. Description of the Prior Art
PAR  Fluidic governor systems have been used to control the output of prime
      movers, such as steam turbines, gas turbines and air motors. In all cases,
      pneumatic or hydraulic, power has to be available for this system to be
      operative. In a steam turbine, plant instrument air is both used to power
      the fluidic governor and a turbine mounted interrupter which produces a
      pulsating fluidic signal. In a gas turbine, the compressor discharge air
      is used to power the fluidic governor and to provide the power for the
      pulsating fluidic signal from the output shaft of the prime mover. In an
      air motor, its gaseous exhaust is used as the fluidic signal having a
      frequency proportional to the output of the air motor, wherein the fluidic
      signal is coupled to a control input port of a fluidic governor, and an
      external power source is needed to supply the power to a power input port
      of the fluidic governor. For the above prime movers, a speed error signal
      is generated from the control output port of the fluidic governor, and
      this speed error signal is used to stroke a valve to adjust the fuel, air
      or steam feed to the prime mover, and thereby control the shaft output
      speed of the prime mover.
PAR  The above prior art systems could only be used in limited applications and
      are not adaptable to any prime mover, unless pneumatic power is available
      to drive the governor and generate the pulsating fluidic signal.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of this invention to provide a fluidic governor
      system which is capable of controlling the output of any prime mover.
PAR  It is another object of this invention to provide a fluidic governor system
      which does not rely upon an external source for supplying pneumatic power
      to the fluidic governor.
PAR  Other objects of the invention will be pointed out in and understood from
      the following.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a broad aspect of the invention there is provided a
      fluidic governor system for controlling the speed of a drive shaft output
      of a prime mover, comprising a fluidic governor, a compressor, a fluidic
      RC filter and a valve. The compressor is mechanically coupled to and
      driven by the drive shaft output of the prime mover, and generates both
      pneumatic power and a pulsating fluidic signal which has a frequency
      proportional to the rotation of the drive shaft output of the prime mover.
      The fluidic RC filter blocks the pulsating fluidic signal and converts the
      power output to a steady pneumatic power supply which is applied to a
      power input port of the fluidic governor, while the pulsating fluidic
      signal is being acoustically sensed by the governor. A speed error signal,
      whose magnitude is proportional to the error in the frequency of the
      pulsating fluidic signal, is generated from a control output port of the
      fluidic governor for regulating the energy supply to the prime mover by
      means of the valve to correct the speed of the drive shaft output of the
      prime mover.
PAR  The fluidic RC filter is comprised of a fluidic resistor and a fluidic
      capacitor. One terminal of the fluidic resistor is fluidically coupled to
      the pneumatic power from the compressor, and the other terminal of the
      fluidic resistor is fluidically coupled to one terminal of the fluidic
      capacitor. The other terminal of the fluidic capacitor is fluidically
      coupled to the power input port of the fluidic governor.
PAR  The fluidic governor system can further contain a contamination filter and
      a pressure regulator interposed between the second terminal of the fluidic
      capacitor and the power input port of the fluidic governor. The filter
      insures that clean gas is supplied to the fluidic governor to prevent the
      contamination of the governor, and the regulator insures that the
      pneumatic power supply to the fluidic governor is at a relatively constant
      pressure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing provides a block diagram illustration of the fluidic governor
      system in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, the invention will now be described.
PAR  In accordance with the invention, the fluidic governor system is comprised
      of a prime mover 10, a gear train 12, a compressor 14, a fluidic governor
      16, a fluidic resistor 18, a fluidic capacitor 20, an air filter and
      pressure regulator 22, and a valve 24. Prime mover 10 has a power input
      26, for receiving the drive feed (energy supply) necessary to drive the
      prime mover, and an output drive shaft 28. The prime mover can be
      comprised of any standard air motor, steam or gas turbine, gasoline engine
      or any other similar equipment. Gear train 12 is used to mechanically
      couple output drive shaft 28 of prime mover 10 to the input of compressor
      14. Compressor 14 can be comprised of a standard vane or piston pump, and,
      more particularly, a pneumatic vane blower having a standard
      tacho-generator drive pad and spline capable of mating with the prime
      mover tachometer gear drive. The compressor generates both pneumatic power
      and a pulsating fluidic signal. The pneumatic power serves as the source
      of power for the fluidic governor, and the pulsating fluidic signal
      provides a pulse train at a frequency which is proportional to the
      rotation of the drive shaft output of the prime mover.
PAR  Fluidic governor 16 has a control input port 30, a set point adjust 31, a
      power input port 32 and a control output port 34. The governor can be the
      same type as described in U.S. Pat. No. 3,580,086, inventor Martin C.
      Doherty, entitled "Fluidic Speed Governor", and assigned to the same
      assignee as the assignee of the present invention, or can be the same as
      Model CR280AG24 or CR280AG33 made by the Speciality Fluidics Operation of
      the General Electric Company, Schenectady, N.Y. The pulsating fluidic
      signal from the output of compressor 14 is fluidically coupled to control
      input port 30 of fluidic governor 16, wherein the governor acoustically
      senses the frequency of the pulsating fluidic signal. At this point it
      should be noted that the pneumatic power and the pulsating fluidic signal
      can be comprised of air or any other suitable gas.
PAR  Fluidic resistor 18 has one terminal 36 fluidically connected to the output
      of compressor 14, and its other terminal 38 fluidically connected to one
      terminal 40 of fluidic capacitor 20. The other terminal 42 of fluidic
      capacitor 20 is fluidically connected to the input of air filter and
      pressure regulator 22. Fluidic resistor 18 can be comprised of any
      suitable component, such as the "RF32 FIXED RESISTOR" supplied by the
      Specialty Fluidics Operation of the General Electric Company, while
      fluidic capacitor 20 can also be comprised of any suitable component, such
      as the "CF32 CAPACITOR" also supplied by the Specialty Fluidics Operation
      of the General Electric Company. Fluidic resistor 18 in combination with
      fluidic capacitor 20 provide a means for blocking the passage of the
      pulsating fluidic signal to the power input port of the governor and for
      converting the pneumatic power to a (smooth) steady fluidic power supply.
      In this instance, the combination of fluidic resistor 18 and fluidic
      capacitor 20 functions as a fluidic RC filter, wherein the series
      connection of the fluidic capacitor in the fluid line provides a
      characteristic similar to an electrical shunt capacitance for blocking the
      "AC" component of pneumatic flow from the compressor. It should also be
      noted that the fluidic filter formed by fluidic resistor 18 and fluidic
      capacitor 20 can be replaced by any standard restrictor and a pneumatic
      accumulator or volume.
PAR  As described in U.S. Pat. No. 3,580,086, the pulsating fluidic signal from
      the output of compressor 14 is imposed on input port 30 of governor 16,
      wherein a fluidic blocking capacitor or a first fluidic signal amplifier
      receives the pulsating fluidic signal. The fluidic governor acts to
      convert the frequency of the pulsating fluidic signal into a proportional
      fluidic signal and suitably amplifies its power level. The governor
      further compares the proportional fluidic signal with a speed set point
      provided by set point adjust 31, and generates a speed error signal from
      its output port 34 for driving valve 24.
PAR  Air filter and pressure regulator 22 is interposed between terminal 42 of
      fluidic capacitor 20 and power input port 32 of fluidic governor 16, or
      any other suitable location in the line leading to input port 32 of the
      governor, to insure that a clean pneumatic power source at a constant
      pressure is supplied to the governor. The air filter is, of course, a
      standard component, while the pressure regulator can be comprised of a
      diaphragm operated poppet valve. Such a filter-regulator combination is
      supplied by the Norgren Company.
PAR  Valve 24 receives the speed error signal generated from control output port
      34 of fluidic governor 16, whereby the magnitude of the speed error signal
      is proportional to the error in the frequency of the pulsating fluidic
      signal from the compressor. The speed error signal adjusts a drive feed
      (energy supply) flowing through valve 24 to power input 26 of prime mover
      10, and thereby corrects the rotational speed of output drive shaft 28 of
      the prime mover. If the prime mover is an air motor, the drive feed is
      comprised of a source of compressed air, while the valve is comprised of a
      needle valve which is stroked by the speed error signal. Alternatively, if
      the prime mover is comprised of a steam turbine, the valve can be
      comprised of a sleeve or globe or butterfly valve for controlling the
      steam supply. If the prime mover is a gasoline engine, the valve is
      comprised of either a butterfly valve or a throttle, while the drive feed
      is provided by gasoline. In a gas turbine prime mover, the valve will be
      the fuel valve controlling the fuel supply to a burner.
PAR  In operation, if there is an increase in speed of output drive shaft 28 of
      prime mover 10, the frequency of the pulsating fluidic signal from the
      compressor increases. This, in turn, causes an increase in the magnitude
      of the speed error signal from the control output port of the fluidic
      governor, which, in turn, causes valve 24 to be so adjusted that the drive
      feed to the prime mover decreases. The decrease in drive feed (energy
      supply) to the prime mover causes a corresponding decrease in the speed of
      output drive shaft 28. Similarly, if the speed of the output drive shaft
      28 has decreased, the frequency of the pulsating fluidic signal from the
      compressor also decreases, thus causing a corresponding decrease in the
      magnitude of the speed error signal at the control output port of the
      fluidic governor. This, in turn, causes adjustment of valve 24 to allow a
      greater quantity of drive feed to pass therethrough and to the prime
      mover, which, in turn, causes the speed of output drive shaft 28 to
      increase.
PAR  Although the invention has been described with reference to a specific
      embodiment thereof, numerous modifications are possible without departing
      from the invention, and it is desirable to cover all modifications falling
      within the spirit and scope of this invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A fluidic governor system for controlling the speed of a drive shaft
      output of a prime mover, comprising:
PA1  a. a fluidic governor having a control input port, a power input port and a
      control output port;
PA1  b. a compressor, mechanically coupled to and driven by the drive shaft
      output of the prime mover, for generating both pneumatic power and a
      pulsating fluidic signal having a frequency proportional to the rotation
      of the drive shaft output of the prime mover, the pulsating fluidic signal
      being fluidically coupled to said control input port of said fluidic
      governor;
PA1  c. means for blocking the passage of said pulsating fluidic signal to said
      power input port of said governor and for converting the pneumatic power
      to a steady fluidic power supply, the steady fluidic power supply being
      fluidically coupled to said power input port of said fluidic governor; and
PA1  d. means for adjusting a drive feed supplied to a power input of the prime
      mover to correct the speed of the drive shaft output of said prime mover
      in response to a speed error signal which is generated from said control
      output port of said fluidic governor and whose magnitude is proportional
      to the error in the frequency of the pulsating fluidic signal from said
      compressor.
NUM  2.
PAR  2. A fluidic governor system according to claim 1, wherein said converting
      means is comprised of a fluidic RC filter.
NUM  3.
PAR  3. A fluidic governor system according to claim 2, wherein said fluidic RC
      filter is comprised of:
PA1  a. a fluidic resistor having a first and a second terminal, said first
      terminal being fluidically coupled to the generated output from said
      compressor; and
PA1  b. a fluidic capacitor having a first and a second terminal, said first
      terminal of said fluidic capacitor being fluidically connected to said
      second terminal of said fluidic resistor, and said second terminal of said
      fluidic capacitor being fluidically coupled to said power input port of
      said fluidic governor.
NUM  4.
PAR  4. A fluidic governor system according to claim 3, further comprising a gas
      filter and a fluidic regulator interposed between said second terminal of
      said fluidic capacitor and said power input port of said fluidic governor.
NUM  5.
PAR  5. A fluidic governor system comprising:
PA1  a. a fluidic governor having a control input port, a power input port and a
      control output port;
PA1  b. a prime mover having a power input and a drive shaft output;
PA1  c. a compressor, mechanically coupled to and driven by said drive shaft
      output of said prime mover, for generating both pneumatic power and a
      pulsating fluidic signal having a frequency proportional to the rotation
      of said drive shaft output of said prime mover, the pulsating fluidic
      signal being fluidically coupled to said control input port of said
      fluidic governor;
PA1  d. means for blocking the passage of said pulsating fluidic signal to said
      power input port of said governor and for converting the pneumatic power
      to a steady fluidic power supply, the steady fluidic power supply being
      fluidically coupled to said power input port of said fluidic governor; and
PA1  e. means for adjusting a drive feed supplied to said power input of said
      prime mover to correct the speed of said drive shaft output of said prime
      mover in response to a speed error signal which is generated from said
      control output port of said fluidic governor and whose magnitude is
      proportional to the error in the frequency of the pulsating fluidic signal
      from said compressor.
NUM  6.
PAR  6. A fluidic governor system according to claim 5, wherein said converting
      means is comprised of a fluidic RC filter.
NUM  7.
PAR  7. A fluidic governor system according to claim 6, wherein said fluidic RC
      filter is comprised of:
PA1  a. a fluidic resistor having a first and a second terminal, said first
      terminal being fluidically coupled to the generated output from said
      compressor; and
PA1  b. a fluidic capacitor having a first and a second terminal, said first
      terminal of said fluidic capacitor being fluidically connected to said
      second terminal of said fluidic resistor, and said second terminal of said
      fluidic capacitor being fluidically coupled to said power input port of
      said fluidic governor.
NUM  8.
PAR  8. A fluidic governor system according to claim 7, further comprising a gas
      filter and a fluidic regulator interposed between said second terminal of
      said fluidic capacitor and said power input port of said fluidic governor.
PATN
WKU  039307441
SRC  5
APN  4050924
APT  1
ART  343
APD  19731010
TTL  Pressure gas engine
ISD  19760106
NCL  11
ECL  1
EXA  Look; Edward
EXP  Husar; C. J.
NDR  2
NFG  7
INVT
NAM  Theis, Jr.; James V.
CTY  Delray Beach
STA  FL
ASSG
NAM  Hollymatic Corporation
CTY  Park Forest
STA  IL
COD  02
CLAS
OCL  415 53R
XCL  415 63
XCL  415 80
XCL  415122
XCL  415202
EDF  2
ICL  F04D  500
FSC  415
FSS  80;92;60;63;64;69;202;53;122
UREF
PNO  111538
ISD  18710200
NAM  Herron
OCL  415 63
UREF
PNO  685967
ISD  19011100
NAM  Boquist
OCL  415 63
UREF
PNO  812795
ISD  19060200
NAM  Keller
OCL  415202
UREF
PNO  858500
ISD  19070700
NAM  Dake
OCL  415202
UREF
PNO  925127
ISD  19090600
NAM  McDonald
OCL  415 63
UREF
PNO  980504
ISD  19110100
NAM  Edgar
OCL  415 63
UREF
PNO  982035
ISD  19110100
NAM  Clapp
OCL  415 80
UREF
PNO  988990
ISD  19110400
NAM  Fisher, Jr.
OCL  415 81
UREF
PNO  1079177
ISD  19131100
NAM  Jones et al.
OCL  415 63
UREF
PNO  1110302
ISD  19140900
NAM  Flatau
OCL  415 80
UREF
PNO  1454286
ISD  19230500
NAM  Johnson
OCL  415 80
FREF
PNO  350,070
ISD  19040700
CNT  FR
OCL  415 92
FREF
PNO  152,673
ISD  19201000
CNT  UK
OCL  415 53
FREF
PNO  68,264
ISD  19510200
CNT  NL
OCL  415 53
LREP
FRM  Hofgren, Wegner, Allen, Stellman & McCord
ABST
PAL  A pressure gas engine having an inner first member of circular cross
      section with a periphery containing first energy conversion means for
      converting gas pressure to power and an outer second member extending
      around the first member and with a generally circular inner surface facing
      the outer surface of the first member and having second energy conversion
      means in the inner surface facing the first member and for converting gas
      velocity to power. In certain embodiments the inner and outer arrangements
      of the first and second members will be reversed. At least one of these
      first and second members is rotatable about an axis of rotation by the
      force exerted thereon due to the gas acting on its energy conversion means
      with one of the energy conversion means in either the first member or the
      second member comprising at least one and preferably a plurality of spaced
      converging-diverging nozzles each lying on a chord of its member that is
      less than the diameter and exhausting toward the other energy conversion
      means with the other energy conversion means comprising a series of
      impulse turbine buckets facing the nozzles. Each bucket is inclined with
      respect to its member and is adapted to be aligned with the nozzle exhaust
      on relative movement of the first and second members with respect to each
      other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One of the features of this invention is to provide a pressure fluid engine
      having an inner first member as one stage and an outer second member as a
      second stage extending around the first member and with one of the stages
      having at least one converging-diverging nozzle exhausting into at least
      one and preferably a series of turbine buckets located in the other member
      with the nozzle and bucket being on a chord of its respective member or
      stage that is other than a diameter, that is, being inclined with respect
      to the circumference of the respective members.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a pressure gas engine embodying the
      invention.
PAR  FIG. 2 is an enlarged longitudinal sectional view taken through the center
      of the engine except angled to pass through the centers of a pair of
      adjacent buckets at the bottom of the engine and with portions of the
      engine broken away for clarity of illustration.
PAR  FIG. 3 is a transverse fragmentary sectional view taken substantially along
      line 3--3 of FIG. 2.
PAR  FIG. 4 is an enlarged sectional view illustrating a converging-diverging
      nozzle of this invention.
PAR  FIG. 5 is a perspective view illustrating the outer rotor in the embodiment
      of FIG. 2 showing a replaceable pair of buckets.
PAR  FIG. 6 is a schematic fragmentary sectional view through a nozzle and
      associated turbine buckets of a second embodiment of the invention.
PAR  FIG. 7 is a view similar to FIG. 6 but illustrating the bucket-nozzle
      combination of the first embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the first embodiment of FIGS. 1-5 the pressure gas engine or turbine 10
      is a multi-stage turbine using pressurized gas which may be either a cold
      gas such as compressed air or with proper insulation and other specialized
      features applicable thereto can be a hot gas turbine such as those using
      combustible fuel mixtures and the gaseous combustion products thereof. In
      this embodiment the engine 10 comprises a casing 11 having an enlarged
      portion 12 containing two sets of peripherally spaced vent holes 13 and in
      which is located the two stages of this engine.
PAR  A first stage 14 may be of the type disclosed in the copending application
      Ser. No. 353,456, assigned to the same assignee as the present
      application. This inner first stage 14 is of circular cross section having
      first energy conversion means 15 at its periphery 16 for converting gas
      pressure to power. In the disclosed embodiment this energy conversion
      means 15 is in the form of a plurality of straight through nozzles here
      shown as converging-diverging nozzles illustrated semi-schematically in
      enlarged sectional detail in FIG. 4. The interior 17 of this first stage
      14 which in the illustrated embodiment is an inner rotor is supplied with
      gas under pressure such as compressed air through a hollow axle 18 on
      which this rotor 14 is mounted for rotation therewith and which
      communicates with the rotor 14 through four equally spaced radial openings
      19. By this means pressure gas flowing from the left in FIG. 2 into the
      hollow interior 20 changes direction from axial to radial to flow under
      pressure through the spaced openings 19 into the hollow interior 17 and
      outwardly to the converging ends 21 of the nozzles 15 (FIG. 4). The
      pressurized gas then flows through the throat 22 of each nozzle and exits
      through the diverging end 23 of each nozzle 15.
PAR  The end 24 of the axle beyond the rotor 14 extends through a gear box 25
      and is attached to a power take-off shaft 26. As is customary the various
      rotatable parts including the shafts are mounted in the casing 11 on
      suitable ball bearings as illustrated.
PAR  The pressure gas engine is also provided with a second stage or outer
      second member rotor 27 surrounding the first member or inner rotor 14 and
      provided with second energy conversion means in the form in this
      embodiment of turbine buckets which convert gas velocity to power. Means
      are provided for mounting at least one of the first 14 and second 27
      members or stages for rotation relative to the other by force exerted
      thereon. In the illustrated embodiment both stages are mounted as rotors
      for rotation.
PAR  As can be seen in FIG. 3 each nozzle 15 and each bucket 28 lies along a
      chord of its member 14 and 27 that is less than a diameter or, in other
      words, is inclined with respect to the circumference of the respective
      member.
PAR  In order to illustrate in FIG. 2 the embodiment in which the buckets 28 are
      in two side-by-side circumferentially extending sets the section line of
      FIG. 2 is angled at the bottom of the outer rotor 27 to pass symmetrically
      through a horizontally aligned pair of buckets 28 in the two sets.
PAR  As is illustrated in FIG. 3 rotation of either or both inner members 14 and
      outer member 27 relative to each other within the casing enlargement 12
      causes each nozzle 15 to be aligned with the series of buckets 28
      successively. This causes an efficient conversion of force from the
      velocity in the pressurized gas flowing from each nozzle exit 29 to act
      upon the buckets 28 and convert this force into rotational power.
PAR  As is illustrated in FIG. 2 the exhaust from each nozzle 15 first strikes
      adjacent one edge 30 of a bucket 28 and then flows along the surface of
      the respective bucket to exhaust from the opposite edge 31 and finally
      through the casing vent holes or slots 13. This passage of the gas in a
      wiping action across the convex surface of the buckets 28 results in the
      conversion of the remaining energy of the gas in this embodiment into
      rotary power. In order to aid the efficiency of the conversion of this
      energy into power each bucket 28 is of substantially constant radius and
      extends transversely to the direction of rotation 32 of its outer rotor 27
      which is opposite to the direction of rotation 33 of the inner rotor 14.
      Thus as can be seen the inner rotor 14 in the illustrated embodiment
      functions as a reaction rotor while the outer rotor 27 functions as an
      impulse rotor both powered by the same flow of gas therethrough and with
      the converging-diverging nozzles 15 being necessary for an efficient
      conversion of gas pressure into velocity in the reaction rotor.
PAR  As is illustrated, this embodiment has a plurality of buckets 28 arranged
      in two circular sets with corresponding buckets being side-by-side
      adjacent each other. The adjacent buckets in adjacent sets as illustrated
      at the bottom of FIG. 2 as well as in the embodiments of FIGS. 5, 6 and 7
      have a common edge 34 positioned opposite the exit or exhaust end 29. With
      this arrangement the exhaust 35 (FIG. 4) is divided substantially equally
      into the two circular sets of buckets 28. In addition, in the preferred
      embodiment the outer sides 36 forming each side-by-side pair of buckets is
      extended inwardly toward the axis of rotation 37 to the outer extremities
      of the inner rotor 14 but spaced therefrom. This construction tends to aid
      in preventing pumping of the gas by the rotating rotors 14 and 27 which
      would have a severe effect in reducing the efficiency of the conversion of
      gas energy to power.
PAR  The transverse arcuate surface forming each bucket 28 extends for about
      90.degree.-270.degree. and conveniently about 180.degree. in the
      illustrated embodiments. Furthermore, the converging-diverging nozzles may
      be of the customary type, one type having the sides of the converging end
      21 arranged at about 60.degree. included angle and the sides forming the
      diverging end 23 being at about 15.degree. included angle.
PAR  Although in the illustrated embodiment both of the first and second members
      14 and 27 rotate relative to each other it is within the province of this
      invention to have the nozzles positioned in either the inner or outer
      member with the buckets being in the other member and also to have the
      nozzle containing member fixed to function as a nozzle plate leaving the
      impulse bucket member to serve as the only rotor. Furthermore, although in
      the illustrated embodiment there are two sets of buckets 28 it is believed
      obvious that more could be employed or even a single set of buckets if
      desired as the exhaust 29 of the nozzles are adjacent an edge 30 of the
      bucket 28 for flow therearound to the opposite exhaust edge.
PAR  As illustrated in FIG. 3 this engine has each nozzle 15 exhausting into
      each set of buckets 28 successively. If desired each nozzle could exhaust
      simultaneously into a plurality of buckets by enlarging the dimensions of
      the nozzle. Thus in one embodiment with each diverging end 23 of a nozzle
      exhausting into three buckets simultaneously the throat 22 was made
      substantially three times as large as the throat area for a nozzle
      exhausting into a single set of buckets.
PAR  As shown in FIG. 5 the outer rotor 27 may be in the form of a ring with the
      inner surface provided with overlapping slots 38 in which may be
      releasably secured slugs 39 so dimensioned as to fit snugly within the
      slots 38 and with each slug 39 containing the pair of buckets 28, the edge
      or peak 34 and the overlapping sides 36, all as previously described.
PAR  In the embodiment of FIG. 6 the inner rotor 40 which contains the plurality
      of nozzles 41 may itself contain two circular series of buckets 42 that
      are essentially the same as the buckets 28 and that receive at an inner
      edge section 43 the gas exhaust from the outer edge 31 of the buckets 28.
      The showing in FIG. 6 is of course semi-schematic.
PAR  Although the buckets 28 are most conveniently located in the outer rotor 27
      and face inwardly with the nozzles of the inner rotor 14 exhausting
      outwardly, the reverse of these conditions may be used if desired.
PAR  With the double rows of buckets 18 and the nozzles 15 exhausting at the
      common edge 34 of each pair of laterally adjacent buckets the gas from the
      nozzles is divided equally to flow through the two sets of buckets. In one
      example each nozzle (FIG. 4) was a 60.degree. included
      converging-15.degree. included diverging nozzle with a 0.140 inch throat
      and with a 0.5 inch diameter entrance and 0.188 inch diameter exit. The
      exit 29 was centered at the adjacent edge of the pairs of buckets and each
      bucket was arcuate through 180.degree. with a 5/8 inch diameter.
PAR  As the gas enters each nozzle and flows through the converging portions 21
      it loses pressure as the cross sectional area of the end of the nozzle is
      reduced with corresponding increase in velocity until the velocity is at a
      maximum at the nozzle throat 22. The largest velocity that can be achieved
      in the throat is sonic velocity. Then as the gas flows from the throat
      through the diverging section 23 to the nozzle exhaust end or exit 29 the
      gas escapes the nozzle at a velocity greater than sonic velocity.
PAR  It is not necessary to have two sets or circular rows of side-by-side
      buckets 28 in either the outer or inner rotor as power can be generated
      with even a single row of buckets so long as the nozzle exhaust gas enters
      each bucket adjacent one edge 30, is directed around the arcuate surface
      28 and leaves the buckets at the opposite edge 31 and the buckets 18 are
      inclined with respect to a radius or, in other words, are aligned with a
      chord that is not a diameter. In this device there can be a single nozzle
      exhausting into a plurality of circularly arranged buckets or a single
      bucket supplied serially by a number of nozzles arranged in a circle.
PAR  Because the entrance to each bucket in the circumferential series is on a
      radius of the bucket and adjacent a bucket edge, there is very little loss
      of power due to a pumping action exerted on the gas. In a practical design
      the buckets are arranged in two side-by-side sets with laterally adjacent
      buckets being joined at a sharp edge crest and the nozzles arranged so
      that they exhaust into the buckets at the crests. This distributes the gas
      evenly into the pairs of buckets. By gearing the inner 14 and outer 27
      rotors together as with the gear 43 and gear trains 44 and 45 shown in the
      illustrated embodiments, both rotors 14 and 27 may drive the single common
      power shaft 26. If desired, of course, each inner 14 and outer 27 rotor
      may be connected to drive a separate shaft.
PAR  By counter-rotating the inner reaction rotor 14 and the outer impulse rotor
      27 (or vice versa) the speed of each is reduced, centrifugal loading is
      reduced and substantially twice the torque is achieved on a common driven
      shaft 24 at about one-half the shaft rpm that would be achieved with a
      single stage.
PAR  The horsepower achieved by a counter-rotating reaction-impulse pressure gas
      engine quickly reaches a peak at an rpm that is about midway between zero
      and the maximum rpm. Thus in one example the horsepower achieved was about
      18 at 20,000 rpm and a nozzle center speed of about 500 feet per second.
      As the shaft rpm is further increased the horsepower dropped toward zero.
PAR  By omitting the nozzle reaction stage and exerting straight impulse power
      developed by the buckets only, the maximum horsepower was again 18 but at
      an rpm of approximately 40,000 and a nozzle center speed of about 1,000
      feet per second. Thus with the reaction-impulse counter-rotating engine
      the maximum horsepower was achieved at a lower rpm and at a lower nozzle
      center speed. In both instances the horsepower was approximately double
      that achieved by a single stage reaction rotor.
PAR  In order to achieve peak efficiency of operation the buckets 28 in the
      impulse stage should all be substantially filled with high velocity gas
      under pressure at any given time while the engine is running. The bottoms
      of the buckets in the impact stage or stages are rounded in order to
      maintain smoooth flow into and out of each bucket especially when the
      relatively moving outer buckets split the gas stream from each nozzle.
      This results in smooth continuous power being developed at low noise
      levels.
PAR  Although the illustrated embodiments show counter-rotating inner and outer
      rotors with the outer rotor being a combined stator and rotor the
      counter-rotating is not essential to the invention. Thus if desired either
      rotor may be held stationary while permitting the other to rotate. In this
      instance with all other factors being equal the single rotor would operate
      at approximately twice the combined speed of the counter-rotating rotors.
PAR  The engine where the reaction rotor and impulse rotor counter-rotate has a
      number of advantages. Thus it reduces the bucket speed to approximately
      one-half as it involves the relative speed of rotation between the two
      counter-rotating parts. It also serves to reduce the number of stages
      required for peak efficiency at a given rpm and permits achieving
      approximately the entire designed or theoretical power. This means that
      the invention is applicable to all types of pressurized gas engines from
      small air motors to extremely large hot gas motors of as large as 100,000
      horsepower for example. This is true because the combined reaction-impulse
      stages of the nozzles and the buckets as explained herein is a
      fundamentally sound design for achieving maximum efficiency of power
      development.
PAR  In the illustrated embodiments the two series of circularly arranged
      buckets have each pair of side-by-side buckets separated by a sharp edge
      34. If desired, however, this edge could be rounded without significant
      loss of power.
PAR  Observations have shown that having counter-rotating inner and outer rotors
      as described herein produces higher efficiency and high performance as it
      reduces the number of direction of flow changes in the fluid flowing
      through the engine for a given working rpm velocity. Furthermore, the
      inner rotor that contains the converging-diverging nozzles provides a very
      efficient source of rotary power in and of itself as illustrated in the
      above application Ser. No. 353,456 and also efficiently supplies high
      velocity gas under dynamic flow conditions to the impulse stage which is
      here illustrated as the outer rotor. Thus in one embodiment at a nozzle
      speed of 485 feet per second and using convergent-divergent nozzles a flow
      rate of air of 15 cubic feet per minute of gas flow per horsepower
      developed was achieved from a source of air at about 80.degree.F. and 85
      psig.
PAR  Although certain statements of theory are contained herein the invention is
      not to be limited to any particular theory of construction or operation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pressure gas engine, comprising: an enclosing casing with spaced
      outlet openings; an inner first member in said casing of substantially
      circular cross section having first energy conversion means at its
      periphery for converting dynamic gas velocity to power; an outer second
      member in said casing surrounding said first member and having second
      energy conversion means facing said inner first member also for converting
      dynamic gas velocity to power; power means including a work output power
      shaft for mounting one of said first and second members additional means
      for mounting the other of said first and second members to effect relative
      rotation therebetween when said power is exerted on one of said first and
      second members, one of said energy conversion means comprising a straight
      through gas nozzle having a converging entrance, a throat and a diverging
      exhaust, said nozzle lying on a chord of its said member that is less than
      a diameter and exhausting into the other energy conversion means, said
      other energy conversion means comprising a series of impulse turbine
      buckets each spaced in its entirety from said member containing said
      nozzles and facing said nozzles, each bucket having an arcuate surface of
      constant radius transverse to the direction of said rotation, each said
      nozzle having its exhaust entering each bucket adjacent one edge for
      generally arcuate travel around said arcuate surface of the bucket and
      leaving the bucket at an exhaust edge that is opposite said one edge in an
      energy transmitting wiping action; means for supplying pressure gas to the
      converging end of said nozzle; and means for exhausting gas from said
      exhaust edges of said buckets in substantially unrestricted gas flow
      substantially directly into said casing for escape through said outlet
      openings in the casing.
NUM  2.
PAR  2. The engine of claim 1 wherein said inner first member and said outer
      second member are both rotatable about a common axis with one of said
      members containing a plurality of said nozzles and the other of said
      members containing said impulse turbine buckets for receiving gas exhaust
      from the nozzles, and there is provided a single said work output power
      shaft and said additional means comprises gearing means connecting both
      said rotatable first and second members to said single shaft for driving
      the same.
NUM  3.
PAR  3. The engine of claim 1 wherein said impulse turbine buckets are arranged
      in a plurality of circular side-by-side series with adjacent buckets in
      adjacent series having a common sharp edge positioned opposite the nozzle
      exhaust whereby the exhaust is divided by said edge for simultaneous flow
      into the adjacent buckets.
NUM  4.
PAR  4. The engine of claim 1 wherein said buckets are arranged in two
      side-by-side circular series with the adjacent edges of adjacent buckets
      being joined at a sharp edge and the opposite exhaust edges of the buckets
      being extended to overlap the side of the member containing the nozzle as
      an aid in preventing pumping of the gas by the rotating member.
NUM  5.
PAR  5. The engine of claim 1 wherein said arcuate surface of each said bucket
      extends for about 90.degree.-270.degree..
NUM  6.
PAR  6. The engine of claim 1 wherein said arcuate surface of each said bucket
      extends for about 180.degree..
NUM  7.
PAR  7. The engine of claim 1 wherein said inner first member is rotatable and
      has a hollow interior bounded by a peripheral wall in which are located a
      circular series of said nozzles each communicating with said hollow
      interior.
NUM  8.
PAR  8. The engine of claim 7 wherein each said nozzle discharges generally
      tangentially and in the same direction relative to the circumference of
      said wall.
NUM  9.
PAR  9. The engine of claim 1 wherein said inner first member and said outer
      second member are both rotatable about a common axis with one of said
      members containing said nozzle and the other of said members containing
      said impulse turbine buckets for receiving gas exhaust from the nozzle.
NUM  10.
PAR  10. The engine of claim 9 wherein there are a plurality of said nozzles
      arranged in circular series around the periphery of said first member
      rotor and exhausting toward said second member rotor and said buckets are
      arranged in a pair of circular series with an adjacent pair of buckets in
      the series being aligned substantially parallel to the axis of rotation
      and having closely adjacent sides.
NUM  11.
PAR  11. The engine of claim 1 wherein said buckets are arranged in a pair of
      closely adjacent circular series with each pair of laterally adjacent
      buckets in the two series being joined at a common sharp edge for
      receiving the exhaust of said nozzle and the opposite edge of each bucket
      exhausting into a circular series of buckets arranged in the same member
      containing the nozzle and with the nozzle member buckets being in two sets
      circularly arranged on opposite sides of said nozzle.
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ABST
PAL  A double action fluid pump consisting of the combination of a rotor with
      multiple blades feathered at an angle perpendicular to the fluid surface,
      all enclosed within a casing which is contoured to the said rotor-blade
      assembly and its its related fluid movement area, said casing having a
      main suction chamber and a discharge chamber in line with each other and
      in line with the lower one third periphery of the rotor which requires the
      fluid to flow in a straight line through the pump. A supplementary suction
      chamber is located in the upper quadrant of the casing on its discharge
      side which furnishes additional fluid to the main suction chamber to
      balance the vacuum-pressure relationship of the two suction chambers and
      cause a rise of pressure behind the blade travel path, thereby minimizing
      or eliminating blade cavitation as well as increasing the supply and
      momentum of fluid through the main suction chamber.
BSUM
PAC  CROSS REFERENCE
PAR  Application for Letters Patent by Donald V. Gassie, dated April 4, 1974,
      Ser. No. 458,763 (Fluid Pumps). This application is not part of referenced
      material, but results from sufficient additional information to justify a
      separate application without disturbing the status of the referenced
      application.
PAR  The present invention relates to double action fluid pumps and consists of
      the combination of a rotor formed by two discs mounted in parallel on a
      common axle. Multiple feathering blades on their own axles are mounted
      between the said discs on bearings in each of the discs. The outer edges
      of the blades, when in direct line with the rotor axle, are even with and
      at right angles to the periphery of the discs. The said rotor and blade
      assembly is installed within a casing contoured to the said rotorblade
      assembly and its related fluid movement area. The casing has a main
      suction chamber and a discharge chamber with inlets and outlets in line
      with each other and in line with approximately one third of the lower
      periphery of the said rotor. The cross section shapes of the said main
      suction and discharge chambers and their openings may be of any practical
      shape that will duct fluids in a laminar fashion. Bearings are installed
      on the walls of the said casing or its sub-structure to support the rotor
      axle. A vane is installed as the upper wall of the discharge chamber, its
      width being the tolerable distance between the said two discs, and
      extending from the discharge chamber outlet to a point adjacent to the
      furthest point of blade travel in the direction of the discharge inlet.
      This vane serves as a guide to fluid flow. A supplementary suction chamber
      is formed in the upper quadrant of the casing on its discharge side with
      the said vane serving as its lower wall with its inlet located
      approximately one third the distance of the rotor diameter above the said
      vane. A fluid control valve is installed outside of the said inlet of the
      supplementary suction chamber, and hydraulicly connected to the said
      inlet. The feathering of the said blades may be accomplished by any
      conventional method, all with the idea of feathering the blades so they
      will enter and emerge from the fluid in a perpendicular or near
      perpendicular angle to the fluid surface line, and upon rotation of the
      rotor will cause the blades to rotate on their own axles but remain at the
      same plane angle throughout the entire revolution of the rotor. The FIGURE
      is a sectional view of the invention.
PAR  This invention consists of the combination of nine main components, some of
      which, with their operational flow plan, are schematically shown on the
      accompanying drawing, namely; (1) a rotor formed by two discs mounted in
      parallel on a common axle; (2) Multiple feathering blades on their own
      axles are mounted between the said discs on bearings in each of the discs,
      with the outer edge of the blades, when in direct line with the rotor
      axle, are even with and at right angles to the periphery of the discs; (3)
      a casing in which the said rotor-blade assembly is installed, and which is
      contoured to the said rotor and its related fluid movement area. The
      casing has a main suction chamber (4) and a discharge chamber (5) with
      their inlets and outlets in line with each other and in line with
      approximately one third of the lower periphery of the said rotor. Bearings
      are installed on the casing walls or sub-structure to support the rotor
      axle; (6) a blade feathering system (not shown because it may be any of
      several of the systems previously invented and used); (7) a vane forming
      the upper wall of the discharge chamber and extending between the said
      discs from the outlet of the discharge chamber toward and to a point
      adjacent to the furthest point of blade travel in the direction of the
      discharge chamber inlet; (8) a supplementary suction chamber which is
      located within the upper quadrant on the discharge side of the said casing
      with the said vane serving as its lower wall, and its inlet through the
      casing wall at a point approximately one third the distance of the rotor
      diameter above the said vane; (9) a fluid control valve is installed
      outside of and hydraulically connected to the said inlet. Arrows (10)
      shows the direction of fluid flow and at (11) the direction of rotor
      rotation.
PAR  In operation, the device is so situated where the fluid level is level with
      or higher than the top of the main suction chamber inlet, with the duct
      from the supplementary suction chamber also being immersed in the fluid,
      but at a point away from the main suction chamber inlet. The rotor
      assembly is then rotated in a direction away from the main suction chamber
      toward the discharge chamber area. The blades, while rotating on their own
      axles, retain their perpendicular angles to the fluid surface to enter and
      emerge from the fluid at the same angles. This will cause the fluid to
      flow straight through the main suction chamber and out of the discharge
      chamber outlet. At the same time, as each blade moves away from the
      supplementary suction chamber, a vacuum is formed which sucks fluid into
      this area through the supplementary suction chamber inlet and its valve.
      The blade following will sling this fluid thus sucked against the inner
      portion of the casing where it will follow the casing wall and enter the
      main suction chamber in a direction slightly downward and with the
      direction of flow within the said main suction chamber. The resultant of
      these forces is a direct reactive thrust between the device and the fluid
      flowing through it. The supplementary suction chamber and its related
      fluid movements to the main suction chamber have the effect of preventing
      or minimizing any cavitation near the blades by increasing the pressure
      behind the said blades, as well as increasing the supply and momentum of
      the fluid through the main suction chamber. The control valve is utilized
      to balance the vacuum-pressure relationship between the supplementary
      suction and the outfall of its fluids into the main suction chamber. A
      prototype of this fluid pump was tested as a water-craft propulsor, and
      the various tests therewith have proven that the foregoing operational
      data is correct. A photograph of a portion of this operation is attached.
PAR  While this invention has been described with particular reference to the
      construction and operation shown in the accompanying drawing and explained
      in the specifications and while various changes may be made in the
      detailed construction, it shall be understood that such changes shall be
      within the spirit and scope of the present invention as defined by the
      following claim.
CLMS
STM  Having thus completely and fully described the invention, what is now
      claimed and desired to be protected by Letters Patent of the United States
      of America:
NUM  1.
PAR  1. A double action fluid pump which consists of the combination of the nine
      following main components, viz; a rotor formed by two discs mounted in
      parallel on a common axle; multiple feathering blades on their own axles
      mounted between the said discs on bearings in each of the discs, with the
      outer edges of the blades, when in direct line with the said rotor axle,
      are even with and at right angles to the periphery of the said discs; a
      casing in which the said rotor-blade assembly is installed on bearings at
      the said casing's side, said casing being contoured to the said rotor and
      its related fluid movement area, and having a main suction chamber and a
      discharge chamber with their inlets and outlets in line with each other
      and in line with approximately one third of the lower periphery of the
      said rotor; a conventional blade feathering system; a vane forming the
      upper wall of the discharge chamber and extending from the outlet of the
      discharge chamber toward and to a point adjacent to the furthest point of
      blade travel in the direction of the discharge chamber inlet; a
      supplementary suction chamber which is located within the upper quadrant
      on the discharge side of the said casing, with the said vane serving as
      its lower wall, and its inlet through the casing wall at a point
      approximately one third the distance of the rotor diameter above the said
      vane; and a fluid control valve located outside of and connected
      hydraulically to the said supplementary suction chamber inlet.
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ABST
PAL  An outlet diffusor for a centrifugal compressor built up from two planar
      discs and a number of elements shaped as segments of a circle interposed
      therebetween; each element is defined by two opposed shaped edge faces,
      which together with corresponding faces in adjacent segments form tubular
      passages in the diffusor; the geometrical form of these passages may be
      varied by altering the cross section of the channels or the spacing
      between the segments, and by mounting the segments so they are angularly
      adjustable so that the flow characteristics of the diffusor may be altered
      and during use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A centrifugal compressor is often provided with an outlet diffusor, which
      may be of the passage or of the vane type. A common example of the first
      type is the so called tubular passage diffusor, which basically consists
      of a number of inclined, radial passages formed in a plane disc, for
      instance by boring or by milling.
PAR  Most tubular diffusors are expensive to manufacture due to the high
      precision necessary, and it is very difficult to machine the substantially
      edge-shaped portion between the entrances to two adjacent passages. The
      diffusor, further, is often manufactured from light metal, so sand and
      other foreign matter passing through the filter, usually located at the
      entrance to the compressor, will rapidly wear down these edge-shaped
      portions. If the diffusor is produced as an integral unit, repairs are
      impossible. If, on the other hand, the diffusor is composed of a number of
      separate components having thin sections and limited sealing areas it will
      be difficult to prevent leakage transversely to the main direction of flow
      at these edge-shaped portions. With tubular diffusors of known type,
      finally, it has not been possible, during actual use, to perform any
      adjustment of the passages and of the flow characteristics in order to
      influence surge or choking, respectively, as well as of the efficiency
      between these two border values.
PAC  SUMMARY OF THE INVENTION
PAR  Due consideration to above mentioned facts will, however, be taken, if the
      diffusor according to the invention includes a number of elements, each
      formed as a segment of a circle, and each defined by two channel-shaped
      edge faces meeting at the edge of the segment, the segments being fitted
      between two parallel, planar discs in such a manner that a tubular
      expansion passage will be formed between confronting edge faces of any two
      adjacent segments.
PAR  A channel shaped side face may be designed as part of the envelope surface
      of a cylinder or of a cone, or have any other suitable geometric shape.
      The individual segments may easily be machined or precision cast and may
      be manufactured from a wear resistant material, at least within its nose
      portion, or be subjected to surface treatment with the aim of increasing
      its wear resistant properties with respect to abrading matter carried by
      the fluid to be compressed. It is finally furthermore possible to arrange
      the segments so they, wholly or in part, are angularly adjustable between
      the discs, whereby a changing of the flow characteristics will be possible
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PA1  Fig. 1 is a fragmentary axial section of a two stage compressor provided
      with an outlet diffusor according to the invention,
PA1  Fig. 2 is an enlarged fragmentary perspective view of a portion of the
      diffusor,
PA1  Fig. 3 shows a segment of the diffusor adapted for adjustment to alter the
      flow characteristics,
PA1  Fig. 4 shows a segment, similar to that of FIG. 2, but in which the channel
      shaped side faces are different,
PA1  Fig. 5 is an end view of the inlets to adjacent passages taken
      substantially on the plane of line V--V of FIG. 6,
PA1  Fig. 6 shows a detail of a diffusor having segments, the nose portions of
      which are rounded, and
PA1  Fig. 7 shows a segment having a nose portion of wear resistant material and
      means for varying the inlet contraction during use.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The air compressor shown in FIG. 1 includes a conventional centrifugal
      compressor 10, as well as centripetal compressor 11 acting as a
      precompressor for the centrifugal compressor. A diffusor, generally
      denoted by 12, is provided at the outlet from the centrifugal compressor,
      and may be of any of the types to be described herebelow, having, as
      shown, adjustable channel defining segments. The centripetal compressor is
      provided with adjustable inlet vanes 13, and the operating mechanism 14
      for the latter is operatively connected to an operating gear 15 for the
      diffusor segments, in such a manner that the inlet vanes and the diffusor
      segments will be adjusted simultaneously.
PAR  A portion of an outlet diffusor according to the invention, and having
      fixed passage defining segments, is schematically shown in FIG. 2. This
      diffusor includes two parallel, planar discs 16 and 17, respectively, as
      well as a number of elements 18 formed as segments of a circle fitted
      therebetween. Each segment 18 is defined by two plane side faces for
      abutment against the discs 16, 17, and are attached to the latter in
      arbitrary, known manner (not shown). Each segment is furthermore defined
      by two channel shaped edge faces 19 and 20, respectively. These channel
      faces may be formed as portions of the envelope surface of a cone or of a
      cylinder, or may have any other suitable geometric shape, whereby two
      adjacent segments between themselves will define a tubular expansion
      channel having slightly flattened side walls.
PAR  The two channel faces 19 and 20 merge into each other at the nose portion
      of the segment along an arcuate edge 21, the deepest portion of which,
      located about at a middle plane through the nose portion, will be
      noticeably retracted with respect to the geometric point of the segment.
      For practical reasons the radial lines defining the segments will not meet
      at a sharp point, but the nose portion is somewhat rounded as is
      illustrated at 22. An extended contact and sealing surface will thus be
      provided just at the nose portion of each segment, to each side of the
      edge, where the segment rests against the discs 16 and 17.
PAR  The gas flowing through a passage exerts a higher pressure at one side wall
      thereof than at the opposite wall, and if the pointed end of the segment
      is very narrow, a leakage from the side wall of one passage, subjected to
      the highest pressure to the low pressure side wall in the adjacent passage
      would occur. Hereby a substantial disturbance of the flow is brought
      about.
PAR  FIG. 2 shows, as has been mentioned, a fixed mounting of these segments. As
      is evident from FIG. 3, it is simple to arrange the segments in such a
      manner that they may be angularly displaceable with respect to the discs.
      Each segment 23 will then, adjacent to its nose portion, be provided with
      a trunnion pin 24, which is journalled in the discs. At its end remote
      from the nose portion, the segment is provided with a radially directed
      slot 25, into which an excentric member 26 is fitted. This member is
      mounted on a shaft 27, which extends through at least one of the discs 16
      or 17, respectively, and is connected to the mechanism 15 mentioned in
      connection with FIG. 1 and making it possible to alter the inclination of
      the segments, while the compressor is in operation.
PAR  The shape of the channel-shaped side faces may, as initially mentioned,
      vary in many ways. FIG. 4 shows an embodiment where the side faces of a
      segment 28 are formed as portions of the envelope surface of a cone,
      directed with its apex outwards from the center of the compressor. By a
      suitable arrangement of the spacing between the segments, it is possible,
      also with this embodiment, to obtain efficient tubular diffusor channels.
      As mentioned before, these side faces do not necessarily run straight
      between inlet and outlet, but may be arcuate according to any suitable
      geometric profile, while they of course simultaneously are channel shaped
      in cross section. In FIG. 4, a circle 29 denotes the cross sectional area
      through the cone at the outlet end of the segment, while circle 30 denotes
      the corresponding area a short distance upstream of the inlet.
PAR  FIG. 5 shows a detail at the end portions at the entrances to adjacent
      passages, from which it is evident that the channel surfaces 19 and 20 are
      formed as portions of circles.
PAR  FIG. 6 shows a further modification of the invention. The rotor of the
      compressor is denoted by 10, as in FIG. 1. The diffusor includes a number
      of segments 31, which in the manner above described are fitted between
      discs 16 and 17, respectively, of which only disc 16 is shown in FIG. 6. A
      main portion of each segment is fixedly mounted between the discs, but the
      nose portion 32 of each segment is angularly adjustable by means of a
      pivot 33, in such a manner that the shape of the inlet to each passage may
      be altered.
PAR  FIG. 7 shows a further modification of a segment according to the
      invention. The main portion 34 may be manufactured from light metal, while
      the nose portion 35 is manufactured from a more wear resistant material,
      and is a dove-tailed into the main portion.
PAR  The arcuate edge line 21, which defines the contour of the nose merges into
      extended foot portions 37, joining the parallel side faces of the segment.
      In order to reduce the local contraction, which occurs at these portions,
      a passage 36 is bored, or formed in any other suitable manner, from each
      foot portion at the nose, upstream through the latter, and opens at the
      low pressure side of the segment, where the most critical boundary layer
      occurs. Simultaneously with reducing the contraction at the inlet it will
      be possible to bring about an advantageous acceleration of the boundary
      layer.
PAR  As the nose portions 35 may be manufactured by a casting process, or
      through a special machining, a high degree of flexibility in shaping the
      cross sections of the passages 36 is obtained. These may be designed
      otherwise than with the circular cross section provided through a boring
      operation. The passages may thus be designed with a triangular, or any
      other suitable cross section at the inlet, as well as along their
      extensions. A passage may possibly also be formed as a diffusor. In this
      manner it is possible to obtain two small built in diffusor passages from
      the foot portions of the segment. The outlet of a passage may be located
      and shaped in different ways, for instance as a slot, or the like, at the
      low pressure side of the segment, as indicated at 36a in the lower portion
      of FIG. 7.
PAR  These embodiments provide a desired tubular shape at the main diffusor, an
      extended latteral sealing surface and the possibility to use adjustable
      segments at tubular diffusors, avoiding disturbing blocking effects at the
      edges of the segments and a control of the boundary layer within the
      diffusor passages. Either of the contact faces between a disc and a
      segment may be covered by polytetrafluoreten or similar material, which is
      sprayed upon the surface, or is fitted into recesses. The passages may
      furthermore also be covered by such material.
CLMS
STM  I claim:
NUM  1.
PAR  1. An outlet diffusor in combination with a centrifugal compressor
      comprising a rotor for discharging radially and tangentially of the axis
      of rotation of the rotor, the diffusor comprising parallel, planar discs
      having an inner and outer periphery circumposed about the rotor, a
      plurality of individual separated elongated passage-forming elements
      circumferentially spaced, transversely between said discs, said elements
      comprising opposed planar, parallel side faces defining a segment of a
      circle along their length and extending in juxtaposed relation on the
      opposed inner surfaces of said discs and substantially from the inner to
      the outer periphery of said discs, said elements including opposed channel
      shaped edge faces converging in a concave transverse edge between said
      side faces and adjacent the inner periphery of said discs, the parallel
      side faces of the elements terminating in a rounded ends flanking the
      transverse edge at the inner periphery of the discs, the channel shaped
      edge faces merging into each other along the transverse edge, adjacent
      edge faces of adjacent elements combining to form divergent expansion
      passages from the inner to the outer periphery of said discs.
NUM  2.
PAR  2. The structure according to claims 1, in which each element is pivotably
      mounted on the discs by means of a trunnion pin located adjacent to its
      inner end, each element being provided with an elongated slot, remotely
      located with respect to the said pin, and means operatively connected in
      said slots for adjusting the angular position of the element, relative to
      the outer periphery of said rotor.
NUM  3.
PAR  3. The structure according to claim 1, in which each element includes a
      rear portion which is fixed in relation to the discs and an inner portion
      including the transverse edge, said inner portion being angularly
      displaceable with respect to a pivot located in the plane separating the
      two portions of the segment, whereby the entrance of the diffusor passages
      is adjustable.
NUM  4.
PAR  4. The structure according to claim 2 including an inlet portion for the
      centrifugal compressor, adjustable inlet vanes, operatively associated
      with said inlet portion, the means for adjusting the position of the
      diffusor elements being operatively connected to means for adjusting the
      position of the inlet vanes.
NUM  5.
PAR  5. The structure according to claim 1 in which the transverse arcuate edge
      by way of the flanking rounded ends merge into the parallel side faces of
      the elements, and a passage, extending from each of said rounded ends runs
      within the element for a distance upstream of the transverse edge, and
      opens at the low pressure side of the element.
NUM  6.
PAR  6. The structure according to claim 1 in which said elements comprise a
      separate main portion and nose portion, and means connecting said main and
      nose portions in integrated relationship, said nose portion comprising a
      material of greater wear resistence than said main portion and being
      replaceable if excess wear occurs.
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ABST
PAL  This invention relates to a turbine housing which includes at least two
      separate passageways for receiving a flow of fluid and carrying same to a
      volute section for introduction to a turbine wheel, a first of said
      passageways being arranged to surround at least 160.degree. of a second of
      said passageways at the termination of said second passageway, the
      termination of said second passageway being at or upstream of the start of
      the volute section of the housing. The invention also includes a turbine
      and a turbocharger including the housing of the invention and an internal
      combustion engine in combination with such a turbocharger, and further
      includes the turbine housing of the invention in combination with an
      exhaust system in which exhaust ducts merge together at least one duct
      surrounding at least 160.degree. of another duct at the point of juncture.
BSUM
PAR  The present invention relates to turbine housings.
PAR  The purpose of a turbine housing is firstly to contain the turbine wheel
      and secondly, and of more importance, to introduce the fluid to the wheel
      in such a manner as to allow the wheel to extract as much energy from the
      fluid as possible.
PAR  One mechanical design configuration which has been extensively used in the
      past, is a nozzle ring located around the periphery of the turbine wheel,
      the purpose of which is to increase the speed of the fluid prior to its
      introduction to the turbine wheel and to direct the fluid toward the wheel
      at the proper angle of approach. Since the nozzle ring provided the
      velocity increase necessary to drive the turbine wheel, early turbine
      housings used in connection with nozzle rings merely distributed the gas
      flow as evenly as possible around the periphery of the nozzle ring at a
      relatively low approach velocity.
PAR  One widespread use of turbines is in combination with a centrifugal
      compressor to form a device called a turbo compressor, e.g. a
      turbocharger, which may be used in supercharging the cylinders of an
      internal combustion engine or in producing a supply of compressed air. The
      drive for the turbine in such a device is normally supplied by the exhaust
      gases discharged from the cylinders of the internal combustion engine. In
      such an arrangement the exhaust system of the internal combustion engine
      is connected through appropriate ducting to the turbine housing and the
      turbine must function on intermittent or pulsating exhaust gas flow. As
      the output requirement of the internal combustion engine is increased, it
      becomes advantageous to use a divided manifold system in which exhaust
      gases from the various cylinders are ducted through one of several
      separate branches, the arrangement desirably being such that exhaust gases
      are alternately fed through the branches, e.g, in a 6-cylinder engine
      having a firing order 1-5-3-6-2-4- exhaust gases from cylinders 1, 2 and 3
      may be ducted through one branch and exhaust gases from cylinders 4, 5 and
      6 ducted through another branch.
PAR  The advantage of using separate branches for the exhaust gases is that the
      static pressure in each branch is allowed to fall to a low value between
      each exhaust pulse through that branch thereby lowering the pumping loss
      of the engine. In systems using a single branch for exhaust gases from all
      cylinders the static pressure remains at a high level as the exhaust
      pulses are closer together than when the exhaust gases are passed into
      separate branches.
PAR  In one conventional type of turbine housing used on tubochargers the gases
      from two separate manifold branches arefed to two volute passages which
      are then used to carry the separated exhaust gas flow to the turbine
      wheel, each volute passage introducing gas to approximately 180.degree. of
      the turbine wheel periphery. Such an arrangement knwon as a "double flow"
      turbine housing involves alternate pulses being fed to opposite sides of
      the turbine wheel, resulting in efficiency losses associated with partial
      admission operation of the turbine, and also resulting in bearing system
      difficulties caused by alternating lateral forces being applied to
      opposite sides of the turbine wheel.
PAR  In another arrangement, known as the "twin flow" turbine housing, the
      turbine housing volute is separated into two passages side by side each
      receiving exhaust gases from one of the two branches and each feeding
      approximately 360.degree. of the turbine wheel periphery.
PAR  By appropriate sizing of the passages of the turbine housing leading to the
      volute section in both the above types of housing, the speed of the
      exhaust gases may be maintained or increased and the costly nozzle ring
      thus may be eliminated.
PAR  The twin flow turbine housing eliminates the partial admission loss problem
      of the double flow type and also the problems associated with alternate
      introduction of gases at opposite sides of the turbine wheel. The twin
      flow housing however contains inherent efficiency loss since the effluent
      annulus of each of the twin flow passages is clearly much small than the
      inlet annulus of the turbine wheel. The gas flow occurs alternately in
      each of the twin flow passages and results in a sudden expansion of the
      gas as it emerges from the twin volute and before it enters the turbine
      wheel. In addition, the twin flow turbine housing has a serious mechanical
      problem in that the meridianal wall dividing the volute is subject to heat
      distortion and cracking when subjected to intense temperature fluctuations
      present in the exhaust gas flow. The double flow turbine housing also
      includes an internal hot dividing wall but since it is attached to the
      housing outer wall at both ends the distortion and cracking problem is not
      as serious as with the twin flow type.
PAR  A third type of prior art turbine housing disclosed in U.S. Pat. No.
      3,408,046, is one which also eliminates the partial admission losses of
      the double flow type, eliminates the meridinal divider wall of the twin
      flow type and accepts exhaust gas flow from a two branch divided exhaust
      manifold. This type known as a "semi-divided type", contains a divider
      wall beginning at the housing inlet flange and terminating prior to or at
      the start of the volute section of the housing. This partial divider wall
      separates two side by side convergent passageways which function to
      increase the velocity of the exhaust gases prior to entering the volute
      section of the housing.
PAR  The present invention provides a turbine housing which retains advantages
      of the semi-divided type, but embodies the important additional advantage
      of a means of aspirating each of the divided manifold branches to which it
      is connected.
PAR  According to the present invention there is provided a turbine housing
      comprising at least two inlets each arranged to receive a pulsating or
      intermittent flow of fluid e.g. exhaust gas, a separate passageway
      connected to each said inlet, a first of said passageways being arranged
      to surround at least 160.degree. of a second of said passageways at the
      termination of said second passageway.
PAR  In a preferred embodiment of the present invention the termination of said
      second passageway being at or upstream of the start of the volute section
      of the housing.
PAR  Preferably said first passageway surrounds at least 180.degree. of said
      second passageway and more preferably from 270.degree. to 360.degree. of
      the second passageway at the termination of said second passageway.
PAR  In order to avoid flow problems through the passageways they are preferably
      gradually altered from the inlet, where they are usually side by side to
      the point of merger where one at least partially surrounds another.
PAR  Each passageway may remain constant in cross-sectional area to the point at
      which it merges with another passageway or if desired or necessary the
      cross-sectional area of each passageway may be reduced (preferably
      gradually) from the inlet to the point of merger with another passageway
      so as to maintain or increase the speed of fluid through the passage. In a
      further arrangement a so-called "supersonic nozzle" effect may be achieved
      by sizing each passageway so as to have an axial section in which the
      cross-sectional area decreases (preferably gradually) followed by a
      section in which the cross-sectional area increases (preferably
      gradually). The passageways may thus be in the form of nozzles of varying
      area ratios and area schedules.
PAR  Where the housing includes three inlets and three passageways the three
      passageways may merge at a single point (at/or near the start of the
      volute section of the housing) or two of the passageways may merge first
      with the third passageway subsequently merging with the passageway formed
      by merging the first and second passageways. In the former case preferably
      each of two passageways surrounds at least a 160.degree. portion of the
      third passageway at the point of merger. In the latter case the first
      passageway surrounds at least 160.degree. of the second passageway at the
      point of merger and the third passageway surrounds at least 160.degree. of
      the merged first and second passageways at the point of memrger of the
      third passageway therewith.
PAR  According to a further feature of the present invention there is provided a
      turbine housing comprising at least two inlets each arranged to receive a
      flow of fluid, a separate passageway connected to each said inlet, one or
      more of said passageways being arranged to surround at least 270.degree.
      of a further one of said passageways at the termination of said further
      passageway and a volute section in communication with said passageways,
      the termination of said further passageway being at or upstream of the
      start of the volute section of the housing.
PAR  The effect of the housing of the present invention is that as fluid e.g.
      exhaust gas from different cylinders of an internal combustion engine is
      alternately passed through the passageways (as in the case of divided
      exhaust gas flow from an internal combustion engine) an induced gas flow
      (or aspirating effect) is achieved in the other passageway or passageways
      in which little gas flow is occurring thereby reducing the static pressure
      existing in that passageway or passageways.
PAR  Although the turbine housing of the invention preferably includes only a
      single volute, it is envisaged that more than one volute may be used if
      desired. For example it may be convenient where the gas flow to the
      housing is from a V - 8 internal combustion engine, to feed the exhaust
      gases from one bank of cylinders to one volute and the exhaust gases from
      the other bank of cylinders to a second volute. Each bank of cylinders
      will have at least two exhaust branches connected to separate inlets on
      the housing, the housing including a separate series of merging
      passageways for each volute section.
PAR  Where reference is made throughout the specfication and claims to internal
      combustion engines, this is intended to include all types of internal
      combustion engine including diesel engines, rotary engines etc.
PAR  The housing of the present invention may result in one mor more of the
      following advantages:
PAR  i. no hot internal wall extending around the periphery of the turbine wheel
      is necessary as in the twin flow housing. Thus the problem of cracking and
      distortion of this wall is avoided.
PAR  ii. the partial admission loss of the double flow housing is eliminated
PAR  iii. the sudden expansion loss of the twin flow housing is eliminated
PAR  iv. the housing may be designed to produce a definite direction to the gas
      flow emerging from the passageways into the volute
PAR  v. the alternating lateral force exerted on the turbine wheel in the double
      flow housing is eliminated since the gas flow is substantially uniformly
      introduced around the periphery of the wheel.
PAR  vi. A smaller and less costly housing may be obtained than the double flow
      and twin flow housing types.
PAR  vii. When in combination with an internal combustion engine, the engine
      pumping loss is reduced by the aspirating effect which creates lower
      static pressure in the exhaust manifolds resulting in improvement in fuel
      consumption and/or power output.
PAR  Various advantages result from the combination of a turbine housing
      constructed according to the present invention with an exhaust system
      comprising two ducts joining to form a common duct in such a manner that
      one of said ducts surrounds at least 160.degree. of the other duct at the
      point at which they join, and two further ducts where merge to form a
      further common duct, one of said two further ducts surrounding at least
      160.degree. of the other further duct at the point of merger, and said
      common ducts connecting one with each inlet of the turbine housing.
PAR  The above exhaust system is for a four-cylinder internal combustion engine.
      However an exhaust system for a six-cylinder engine can also be
      advantageously coupled with a turbine housing constructed according to the
      present invention. In such a case the exhaust system comprises three ducts
      which merge to form a common duct, one direct first merging with a second
      duct and the duct so formed subsequently merging with the third duct,
      three further ducts merging in the same manner to form a further common
      duct, said common ducts connecting with the turbine housing inlets.
      Alternatively the three ducts and said three further ducts can
      simultaneously merge to form said common ducts.
PAR  To increase the velocity of the exhaust gases, the ends of the exhaust
      ducts connecting with the turbine housing can be modified to form tapered
      nozzle sections.
DRWD
PAR  The invention will now be further described by way of example with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a cross-sectional view of a turbine housing embodying the present
      invention,
PAR  FIG. 2 is a view of the turbine housing of FIG. 1 illustrating the inlets
      to the turbine housing, the remainder of the housing being omitted for the
      sake of clarity,
PAR  FIGS. 3 to 13 are cross-sectional view of the inlet of the turbine of FIG.
      1 along the lines III--III, IV--IV, V--V, VI--VI, VII--VII, VIII--VIII,
      IX--IX, X--X, XI--XI, XII--XII and XIII--XIII respectively, the
      backgrounds of each sectional view being omitted for the sake of clarity,
PAR  FIG. 14 is a view similar to FIG. 1 of a modified turbine housing in
      accordance with the invention,
PAR  FIG. 15 is a graph comparing static pressures in an exhaust system feeding
      a conventional turbine and an exhaust system feeding a turbine having a
      housing in accordance with the present invention,
PAR  FIGS. 16 to 19 are views, (some sectional) of a further modified housing in
      accordance with the invention,
PAR  FIG. 20 is a side view partly cut away of a further modified housing in
      accordance with the invention,
PAR  FIG. 21 is a view of the inlet configuration of the housing of FIG. 20,
PAR  FIGS. 22 to 25 are cross-sectional views taken along lines A--A, B--B, C--C
      and D--D respectively of FIG. 20, and
PAR  FIG. 26 is a diagrammatic view showing the manner in which a turbine
      including a housing of the present invention may be used in connection
      with the supercharging of an internal combustion engine.
PAR  FIG. 27 illustrates diagrammatically an exhaust system for a four cylinder
      engine connected with a turbine housing constructed according to the
      present invention,
PAR  FIG. 28 is a sectional view along X--X of FIG. 27,
PAR  FIG. 29 illustrates diagrammatically an exhaust system for a six cylinder
      engine connected with a turbine housing constructed according to the
      present invention,
PAR  FIG. 30 is a sectional view along line Y--Y of FIG. 29,
PAR  FIG. 31 shows an alternative arrangement to that shown in FIGS. 29 and 30
      for merging three exhaust ducts,
PAR  FIG. 32 shows a further alternative arrangement to that shown in FIGS. 29
      and 30 for merging three exhaust ducts,
PAR  FIG. 33 is a sketch showing a rotary engine in combination with a turbine
      housing constructed according to the present invention, and
PAR  FIG. 34 is a cross-sectional view of a turbine housing constructed
      according to the present invention, connected to an exhaust duct via a
      nozzle section.
DETD
PAR  Referring to FIGS. 1 to 13 there is shown a turbine housing indicated
      generally by the numeral 10. The turbine wheel rotates about axis 12 and
      the blades of the turbine are of a length so as to just clear the housing
      at 14 when rotating. It can be seen that outer wall 16 of the housing
      defines a volute 18 which will progressively introduce fluid entering the
      volute to the turbine wheel over nearly the whole 360.degree. of its
      periphery.
PAR  Face 20 of the housing 10 includes two inlet passageways 22, 24 located
      side by side. These inlets may be connected to separate branches of an
      exhaust manifold of an internal combustion engine. Connected to inlets 22,
      24 are passageways 26, 28 and it can be seen from FIGS. 3 to 9 that
      passageways 26, 28 gradually alter in shape so that at the point of
      termination of the passageways 30, which coincides with the start of the
      volute 18 passageway 28 surrounds approximately 280.degree. of the
      periphery of passageway 26. Both passageways are also gradually reduced in
      cross-sectional area over their length in order to increase the speed of
      fluid passing therethrough.
PAR  In operation exhaust gas is fed alternately through inlets 22, 24 to
      passageways 26, 28 respectively. The fluid leaves passageways 26, 28 at 30
      and passes through volute 18 into the turbine wheel (not shown) causing
      its rotation. As exhaust gas leaves passageway 28 it exerts an aspirating
      effect on passageway 22 thereby lowering the static pressure in this
      passageway and thus in the exhaust manifold connected thereto.
PAR  Similarly as exhaust gas leaves passageway 26 it exerts an aspirating
      effect on passageway 28, lowering the static pressure in passageway 28 and
      thus in the exhaust manifold connected thereto.
PAR  Referring now to FIG. 14 there is shown a view similar to that of FIG. 1
      but of a modified turbine housing. In this Figure the same numerals have
      been used as in FIGS. 1 to 13 to designate similar parts. The housing is
      similar to that of FIGS. 1 to 13 but modified by increasing the length of
      the passageways 24, 26 so that at the termination of passageways 24, 26
      (which coincides with the start of the volute section 18), passageway 28
      surrounds the full 360.degree. of the periphery of passageway 26.
PAR  Referring now to FIG. 15 the graph shown plots static pressure in each of
      two branches of a divided exhaust manifold which is connected to a
      turbo-charger against the degree of rotation of the crankshaft of a six
      cylinder internal combustion engine. The solid line indicates the static
      pressure in the branch connected to cylinders 1, 2 and 3 and the dotted
      line indicates the static pressure in the branch connected to cylinders 4,
      5 and 6 when the turbine housing is of a conventional type. The dot-dashed
      line indicates the static pressure when the turbo-charger includes a
      turbine housing in accordance with the present invention. It can be seen
      that lower static pressures in each branch of the manifold may be achieved
      when using a turbine housing made in accordance with the present
      invention.
PAR  Referring now to FIGS. 16 to 19 a series of views is shown similar to FIGS.
      2 to 12 but for a turbine housing for connecting directly to a three
      branch exhaust system (not shown). Three inlets 30, 32, 34 located side by
      side are provided each for connection to a separate branch of the exhaust
      system and these inlets 30, 32 34 connect to passageways 36, 38 and 40
      respectively which develop in the manner shown in FIGS. 17, 18 19 to a
      point (shown in FIG. 19) at which the passageways merge into a single
      passageway. This point coincides with the start of the volute section (not
      shown) of the housing. At this point each of the passageways 36, 40
      surrounds at least 160.degree. of the periphery of the passageway 38. As
      the passageways alter in shape from the inlet to the point shown in FIG.
      19 their cross-sectional areas are also gradually decreased in order to
      produce a nozzle effect.
PAR  In operation pulses of exhaust gas leaving passageway 38 will have an
      aspirating effect on passageways 36 and 40 and similarly pulses of exhaust
      gas leaving each of passageways 36 and 40 will have an aspirating effect
      on the other two respectively.
PAR  FIGS. 20 and 25 show a further modified turbine housing for use in direct
      connection with a three branch exhaust system of an internal combustion
      engine. Three inlets 30, 32, 34 are located in side-by-side relationship
      and connect with passageways 36, 38, 40 respectively. The manner in which
      these passageways develop can be seen from FIG. 21 and FIGS. 22 to 25.
      Again as the passageways change crosssectional shape their cross-sectional
      area may be gradually reduced thereby forming a nozzle. Alternately, each
      passage may be constant in cross sectional area along its length. At a
      point upstream of the start of the volute 18, passageway 36 terminates,
      and it can be seen from FIG. 24 that at this point passageway 38 surrounds
      approximately 280.degree. of the periphery of the passageway 36.
      Passageways 36, 38 thus merge to form passageway 42. At the point of
      termination of passageway 40, 42 which coincides with the start of the
      volute section 18, passageway 40 surrounds approximately 280.degree. of
      the periphery of the passageway 42.
PAR  The portion of the housing wall indicated at 18' may be extended as shown
      by the dotted line to provide a single transition section before the start
      of the conventional volute section of the housing.
PAR  In operation pulses of exhaust gas leaving passageway 40, will have an
      aspirating effect on passageway 42, which in turn lowers the static
      pressures in each of passageways 36, 38. Pulses of exhaust gas leaving
      passageway 42 have an aspirating effect on passageway 40. A similar effect
      is achieved between passageways 36 and 38, pulses of exhaust gas leaving
      one of these passageways has an aspirating effect on the other passageway
      as well as on passageway 40.
PAR  Referring now to FIG. 26 and internal combustion engine 44 includes six
      cylinders (not shown), which feed exhaust gases into a pair of exhaust
      branches 46, 48. Cylinders 1, 2 and 3 feed exhaust gases into branch 46
      and cylinders 4, 5 and 6 feed exhaust gases into branch 48. The
      turbo-charger indicated generally at 50 comprises a turbine component 52
      and a compressor component 54. The compressor may be of any suitable
      design and receives air through an intake 56 and drives compressed air
      through passage 58 into the inlet manifold 60 of the internal combustion
      engine 44 thereby supercharging the cylinders. The turbine 52 includes a
      turbine housing of the present invention and receives exhaust gases from
      the branches 46, 48 which drive the turbine which in turn drives the
      compressor 54. Exhaust gases after passing through the turbine exhaust
      from the outlet 62 to the atmosphere through suitable exhaust cleaning
      devices or other conventional types of exhaust gas systems.
PAR  Referring now to FIGS. 27 and 28 of the drawings, a four cylinder internal
      combustion engine indicated by the reference numeral 110 exhausts via four
      ducts 112, 114, 116 and 118. Ducts 112 and 114 merge at 120 to form a
      single duct 122 and it can be seen from FIG. 28 that at this point duct
      114 surrounds 360.degree. of duct 112. Ducts 116 and 118 combine in
      similar manner at point 124, to form a single duct 126. Ducts 122 and 126
      are connected to a turbine 10 as described hereabove.
PAR  In operation the cylinders exhaust in the order 1-3-2-4 and it can be seen
      that pulses of exhaust gas passing through duct 112 will aspirate duct 114
      and pulses of exhaust gases passing through duct 114 will aspirate duct
      112. Likewise exhaust gases passing through ducts 116 and 118 will have an
      aspirating effect on the other of these two ducts. A similar effect is
      achieved between ducts 122 and 126 at the point at which they merge. At
      each point of merger of the various ducts, an aspirating effect is
      obtained and this results in lower static pressures in the exhaust ducts
      with consequent reduction in the pumping effect necessary by the engine to
      overcome this static pressure.
PAR  Referring now to FIGS. 29 and 30, a six cylinder internal combustion engine
      indicated by the numeral 110A exhausts into ducts 132, 134, 136, 138, 140
      and 142. Ducts 132 and 134 merge to form a common duct 144 at point 146,
      and this duct 144 subsequently merges with duct 136 at point 148 to form
      duct 150. At point 146 duct 134 surrounds 360.degree. of duct 132 and as
      can be seen from FIG. 30 duct 136 surrounds 360.degree. of duct 144 at
      point 148. Ducts 138, 140 and 142 combine in similar manner to form a
      single duct 152. Ducts 150 and 152 are lead into a turbine housing 10 as
      illustrated in FIGS. 1 to 13. The turbine housing 10 forms part of a
      turbine of a turbocharger used to super-charge the engine 110A.
PAR  In operation the engine exhausts gases from the cylinders in the order
      1-5-3-6-2-4- and in a similar manner to that described in connection with
      FIG. 27 and it can be seen that the exhaust gas passing through each of
      the various ducts will have an aspirating effect on any other ducts with
      which it merges. By following the path of a single exhaust pulsation from
      any one of the six cylinders it will be seen that taking into effect the
      aspirating effect created by the turbine housing 54 this operation will
      have an aspirating effect on all five of the remaining exhaust manifold
      pipes thereby lowering the static pressure in each pipe.
PAR  Referring now to FIG. 31 this shows an alternative manner in which three
      ducts may be merged to form a single duct. In this arrangement three ducts
      156, 158, 160 are merged simultaneously to form a single duct (not shown).
      At the point of merger duct 156 surrounds approximately 270.degree. of
      duct 158 which in turn surrounds approximately 280.degree. of duct 160.
PAR  FIG. 32 shows a further alternative embodiment in which three ducts are
      simultaneously merged to form a common duct. In this embodiment each of
      ducts 156, 158 surround approximately 160.degree. of duct 160 at the point
      of merger.
PAR  Referring now to FIG. 33, a multi-lobe rotary combustion engine 162 is
      connected via manifolds 164, 166 with a turbine housing 10. The turbine
      housing is of the type described hereabove with reference to FIGS. 1 to 13
      and like reference numerals will be used hereafter for equivalent parts of
      housing. The two inlets 22, 24 of the housing 10 are connected
      respectively to manifolds 164, 166. Each inlet develops into a passageway
      26, 28 and the two passageways merge at a point at or just upstream of the
      volute section 18 of the housing, one of said passageways 26 surrounding
      at least 160.degree. (preferably at least 180.degree., more preferably
      from 270.degree. to 360.degree.) of the second passageway 28 at the
      termination of the second passageway 28. The turbine wheel (not shown) is
      mounted on a shaft (not shown) which also carries a compressor component
      167.
PAR  In operation exhaust gases are alternately fed by the two lobes (not shown)
      of the engine 162, through passageways 164 and 166 and thence into the
      turbine 10. It can be seen from this Figure that the passageways 164, 166
      connecting the engine exhaust ports to the turbine housing inlets 22, 24,
      are extremely short and are of simple shape.
PAR  In a modified arrangement the passageways 164, 166 may be eliminated by
      matching the inlet ports of the turbine housing 10 with the exhaust ports
      of the engine 162. The turbine housing will then be mounted directly onto
      the engine exhaust ports.
PAR  To attain the desired velocity of the exhaust gases on entry into the
      volute section of turbine housing 10, a nozzle 168 (FIG. 34) is provided
      at the end of each exhaust duct 164, 166 connecting with the inlets (22,
      24) of the turbine housing 10. Alternatively this nozzle section can be
      formed within the turbine housing. All the above described embodiments may
      be provided with such a nozzle section. However, if the exhaust gas
      velocity is sufficient the nozzle section may, if desired, be omitted.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a centripetal flow turbine housing having a first inlet and a first
      inlet passageway receiving fluid flow and a volute section connected to
      said first inlet passageway for discharging said fluid flow, the
      improvement comprising at least one additional inlet spaced from said
      first inlet means forming at least one additional inlet passageway for
      receiving fluid flow from said additional inlet and defining an outlet for
      directing said fluid flow in a direction which is substantially parallel
      to the direction of flow through said first inlet passageway, said
      additional inlet passageway being surrounded at some point downstream from
      said inlets by at least 160.degree. of said first inlet passageway as
      viewed in a plane generally normal with respect to the flow through said
      additional inlet passageway.
NUM  2.
PAR  2. In a centripetal flow gas driven turbine adapted to receive gas from at
      least two gas supply ducts, the improvement of a turbine housing forming a
      volute section, said housing including means forming a first inlet and a
      first passageway leading from said first inlet to said volute section,
      said first inlet being adapted to be connected to one of said supply
      ducts, said housing further including means forming a second inlet spaced
      from said inlet and connected to another of said supply ducts and a second
      passageway leading from said second inlet to an outlet, said outlet being
      surrounded at some point downstream from said inlets by said first
      passageway to an extent of at least 160.degree. as viewed in a plane
      generally normal with respect to the flow of gas through said passageways.
NUM  3.
PAR  3. In an internal combustion engine including a plurality of combustion
      chambers which fire in a sequential firing order, an intake manifold for
      supplying fresh intake air to said chambers, and a turbocharger including
      a compressor connected to said intake manifold, the improvement comprising
      a divided exhaust duct system connected to conduct exhaust gases from said
      chambers, said duct system including a first branch connected to one of
      said chambers and a second branch connected to another of said chambers,
      and a housing of a centripetal turbine of said turbocharger, said housing
      including a volute section, means forming a first inlet and a first
      passageway leading from said first inlet to said volute section, said
      first inlet being adapted to be connected to one of said branches, said
      housing further including means forming a second inlet spaced from said
      first inlet and connected to another of said branches, and a second
      passageway leading from said second inlet to an outlet, said outlet being
      surrounded at some point downstream from said inlets by said first
      passageway to an extent of at least 160.degree. as viewed in a plane
      generally normal with respect to the flow of gas through said passageways.
NUM  4.
PAR  4. In a centripetal flow turbine housing having a first inlet opening and
      an inlet passage receiving fluid flow and a volute section for discharging
      said fluid flow, the improvement comprising at least one additional inlet
      opening spaced from said first inlet opening, means for forming at least
      one additional inlet passage also receiving fluid flow from said
      additional inlet opening and defining an outlet surrounded at some point
      downstream from said inlet openings by at least 160.degree. of said inlet
      passage as viewed in a plane generally normal with respect to the flow
      through said additional inlet passage.
NUM  5.
PAR  5. A housing according to claim 1, wherein said first passageway surrounds
      at least 180.degree. of said second passageway.
NUM  6.
PAR  6. A housing according to claim 1, wherein the first passageway surrounds
      from 270.degree. to 360.degree. of the second passageway.
NUM  7.
PAR  7. A housing according to claim 1, wherein the passageways are gradually
      altered in shape from the inlet to the point of merger where one at least
      partially surrounds another.
NUM  8.
PAR  8. A housing according to claim 1, where the cross-sectional area of each
      passageway is gradually reduced from the inlet to the point of merger with
      another passageway.
NUM  9.
PAR  9. A housing according to claim 1 which includes only two passageways,
      which passageways merge at the start of the volute section of the housing.
NUM  10.
PAR  10. A housing according to claims 1 which includes only two passageways,
      which merge at a point upstream of the start of the volute section of the
      housing.
NUM  11.
PAR  11. A housing according to claim 1, which includes three passageways which
      merge at the start of the volute section of the housing.
NUM  12.
PAR  12. A housing according to claim 1, which includes three passageways which
      merge at a point upstream of the start of the volute section of the
      housing.
NUM  13.
PAR  13. A housing according to claim 11 wherein each of two passageways
      surrounds at least a 160.degree. portion of the third passageway at the
      point of merger.
NUM  14.
PAR  14. A housing according to claim 12, wherein each of two passageways
      surrounds at least a 160.degree. portion of the third passageway at the
      point of merger.
NUM  15.
PAR  15. A housing according to claim 1, which includes three passageways two of
      which merge to form a common passageway which merges with the third
      passageway, the first passageway surrounding at least 160.degree. of the
      second passageway at the point of merger and the third passageway
      surrounding at least 160.degree. of the merged first and second
      passageways at the point of merger of the third passageway therewith.
NUM  16.
PAR  16. A turbine including a housing according to claim 1.
NUM  17.
PAR  17. A turbocharger including a turbine according to claim 16.
NUM  18.
PAR  18. In combination an internal combustion engine and a turbocharger
      according to claim 16.
NUM  19.
PAR  19. A turbine housing according to claim 1, in combination with an exhaust
      system comprising two ducts joining to form a common duct in such a manner
      that one of said ducts surrounds at least 160.degree. of the other duct at
      the point at which they join, and two further ducts which merge to form a
      further common duct, one of said two further ducts surrounding at least
      160.degree. of the other further duct at the point of merger, said common
      ducts connecting one with each inlet passageway of the turbine housing.
NUM  20.
PAR  20. A turbine housing according to claim 1, in combination with an exhaust
      system comprising three ducts which simultaneously merge to form a single
      duct, each of two of said ducts surrounding at least 160.degree. of the
      third duct, and three further ducts which merge together simultaneously to
      form a further single duct each of two of said further ducts surrounding
      at least 160.degree. of the third further duct, said single ducts
      connecting with the turbine housing inlet passageways.
NUM  21.
PAR  21. A turbine housing according to claim 1, in combination with an exhaust
      system comprising three ducts which merge to form a common duct, one duct
      first merging with a second duct and the duct so formed subsequently
      merging with the third duct, three further ducts merging in the same
      manner to form a further common duct, said common ducts connecting with
      the turbine housing inlets.
NUM  22.
PAR  22. A turbine housing according to claim 1, in combination with a rotary
      engine.
NUM  23.
PAR  23. A turbine housing according to claim 19, in combination with a rotary
      engine.
NUM  24.
PAR  24. A turbine housing according to claim 20, in combination with a rotary
      engine.
NUM  25.
PAR  25. A housing according to claim 21, in combination with a rotary engine.
NUM  26.
PAR  26. A turbine housing according to claim 22, characterised in that an
      exhaust duct connects with an inlet of the housing, a tapered nozzle
      section of the duct connecting with the inlet.
NUM  27.
PAR  27. A turbine housing according to claim 19, characterised in that an
      exhaust duct connects with an inlet of the housing, a tapered nozzle
      section of the duct connecting with the inlet.
NUM  28.
PAR  28. A turbine housing according to claim 20, characterised in that an
      exhaust duct connects with an inlet of the housing, a tapered nozzle
      section of the duct connecting with the inlet.
NUM  29.
PAR  29. A turbine housing according to claim 21, characterised in that an
      exhuast duct connects with an inlet of the housing, a tapered nozzle
      section of the duct connecting with the inlet.
NUM  30.
PAR  30. A turbine housing according to claim 1, characterised in that an
      exhaust duct connects with an inlet passageway of the housing, a tapered
      nozzle section of the duct connecting with the inlet passageway.
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ABST
PAL  A hollow cooled blade or vane for a gas turbine engine has a cooling air
      entry tube sealed to its hollow interior at spaced apart locations to
      provide a space which is divided into longitudinal sections by
      longitudinal partitions. Each section is provided with cooling air through
      apertures in the tube and at least one has film cooling holes extending to
      the blade surface.
BSUM
PAR  The invention relates to a hollow cooled vane or blade for a gas turbine
      engine. Throughout this specification the term blade is to be understood
      to include rotor and stator blades and vanes.
PAR  It is well known to cool blades for gas turbine engines by passing cooling
      air up the hollow interior of the blades and allowing it to flow through
      film cooling holes which pass from the inside to the outside of the blade.
      However, the pressure on the surface of the blade varies from being very
      high at the leading edge to relatively low on the convex, low pressure
      face of the blade. Thus the pressure of cooling air sufficient to cause
      air to flow satisfactorily from holes at one position on the blade profile
      may be too high or too low to cause air to flow satisfactorily from holes
      at other positions on the blade.
PAR  The present invention provides a construction in which the cooling air
      pressure may be arranged to be different at different portions of the
      interior surface of the blade.
PAR  According to the present invention a hollow cooled blade for a gas turbine
      engine comprises a cooling air entry tube extending longitudinally of the
      blade interior and sealed onto the blade interior at spaced apart
      locations to provide a substantially sealed space between the tube and the
      blade interior, and longitudinally extending partitions which seal between
      the blade interior and the external surface of the tube, said partitions
      dividing said space between the tube and the blade interior into a
      plurality of separate longitudinal sections, apertures in the tube adapted
      to allow air at different pressures into the different sections, and film
      cooling air holes extending from at least one of said sections through the
      blade wall to the exterior blade surface.
PAR  Said hollow blade may comprise a single hollow central portion within which
      the tube is located or may comprise a leading hollow portion within which
      the tube is located, the trailing portion of the blade being provided with
      a sinuous passage for cooling air.
PAR  Alternatively there may be two said tubes located in the forward and
      rearward parts of the hollow in the blade; these forward and rearward
      parts may be separated by a web.
PAR  Said partitions may comprise longitudinally extending projections from the
      internal surface of the blade, or they may comprise hollow tubes or other
      deformable sealing members which are trapped between the tube and the
      blade.
PAR  The tube may be solely located in the blade by the partitions or there may
      be chordwise extending fins from the blade interior which additionally
      support the tube.
PAR  In the simplest case there may be two separate longitudinal sections
      between the tube and the blade, although there may clearly be a greater
      number as required.
DRWD
PAR  The invention will now be particularly described, merely by way of example,
      with reference to the accompanying drawings in which:
PAR  FIG. 1 is a partly broken away view of a gas turbine engine incorporating
      vanes in accordance with the invention,
PAR  FIG. 2 is an enlarged side elevation of one of the vanes of FIG. 1,
PAR  FIG. 3 is a section on the line 3--3 of FIG. 2,
PAR  FIG. 4 is a section similar to that of FIG. 3 but of a further embodiment,
PAR  FIG. 5 is a broken-away perspective view of a further embodiment and
PAR  FIG. 6 is a section similar to that of FIGS. 3 and 4 of the embodiment of
      FIG. 5.
DETD
PAR  In FIG. 1 there is shown a gas turbine engine comprising a compressor
      section 10, combustion section 11, turbine section 12 and final nozzle 13.
      The casing of the engine is broken away at 14 to show the combustion
      chamber 15, nozzle guide vanes 16 and turbine rotor 17. The nozzle guide
      vanes 16 are shown enlarged in FIG. 2.
PAR  The guide vane comprises an inner platform section 18, an aerofoil section
      19 and an outer platform section 20. The aerofoil section 19 is hollow and
      inside its hollow center is retained a cooling air entry tube 21 which
      projects slightly below the inner platform 18. A cooling air supply is
      arranged to deliver cooling air to the lower surface of the platform 18
      and hence to the interior of the cooling air tube 21; the platform 18 is
      sealed to the tube and the tube is sealed at its other end to the platform
      20 so as to seal this end of the tube, and thus to produce a substantially
      sealed space between the tube and the blade interior.
PAR  In FIG. 3 there are shown details of the interior construction of the
      blade. The internal surface of the aerofoil section is provided with
      chord-wise extending fins 22 and 23 from the concave and convex interior
      surface respectively, and which support the tube 21. The fins merge at
      their trailing edges to form a single strut across the blade interior.
      This single strut does not extend completely to the blade trailing edge
      and at the trailing edge a longitudinal slot 24 is formed. There are also
      pedestals 25 which interconnect the two blade faces adjacent the trailing
      edge slot 24.
PAR  In order to divide the space between the tube 21 and the blade inner
      surface into longitudinal sections, resilient sealing tubes 26 and 27 are
      held in cut-away portions of the fins 22 and 23 respectively and are
      trapped between the tube 21 and the blade interior. The resilience of the
      tubes enables them to be put under compression to hold them in place and
      to effect a proper seal against the blade and tube, although it may be
      desirable to braze or otherwise metallurgically fasten the tubes; the seal
      may in practice be not completely perfect.
PAR  It will be seen that the tubes 26 and 27 effectively divide the area
      between the air tube 21 and the blade interior into two longitudinally
      extending sections, a leading section 28 and a trailing section 29, the
      leading section extending mainly round the concave, high pressure face of
      the blade and the trailing section extending mainly round the convex, low
      pressure face of the blade. The cooling air feed tube 21 has separate sets
      of apertures 30 and 31 which feed air from the interior of the tube 21 to
      the leading section 28 and trailing section 29 respectively. These
      apertures are sized to provide predetermined different pressures of
      cooling air in the sections 28 and 29, and since the tube 21 is sealed to
      the platforms 18 and 20 the only source of air to these sections is
      through the tube 21, although as explained above, the sealing may in
      practice not be perfect and there may be some leakage.
PAR  To cool the outside of the blade film cooling holes are provided, one set
      32 of which passes from the section 29 to the outer face of the blade
      while the other set 33 passes from the section 28 to the outer face of the
      blade. The set 32 comprises three parallel rows of holes, the rows
      extending longitudinally of the blade, while the set 33 comprises five
      similar rows of holes.
PAR  Operation of the cooling system of this embodiment is as follows:
PAR  The cooling air is fed to the inside of the tube 21 where it projects from
      the platform 18 and flows from there through the sets of apertures 30 and
      31. Air flowing through the apertures 30 blows on the inside of the blade,
      providing impingement cooling on the inner surface of the blade. Part of
      the air then flows through the set of holes 32 to the outer surface of the
      blade, where it provides film cooling, while the remainder flows
      rearwardly of the blade to exhaust through the trailing edge slot 24.
PAR  Since the set of holes 32 exhausts to the convex, low pressure face of the
      blade, the pressure of cooling air required to eject film cooling air
      satisfactorily through the holes is relatively low, and consequently the
      apertures 30 are arranged to produce a reduction in the pressure of the
      cooling air passing from the interior of the tube 21 to the section 29.
PAR  Air flowing through the apertures 31 similarly provides some impingement
      cooling of the inner blade surface of the section 28 and then it all
      exhausts through the set of film cooling holes 33. This provides film
      cooling of the concave, high pressure surface of the blade. Since the
      external pressure over this surface is high, it is desirable to arrange
      that the pressure of the air in the section 28 is as high as possible, at
      least being in excess of the external pressure. Hence the apertures 31 are
      arranged to provide little or no restriction to the air flowing from the
      tube 21.
PAR  In FIG. 4 there is shown the cross-section of a second embodiment of blade.
      The side elevation of the blade is similar to that shown in FIG. 2, and it
      has inner and outer blade platforms and an aerofoil section but in this
      case in addition to a cooling air tube 40 projecting from the lower
      platform, a separate aperture is provided to supply cooling air to a
      different trailing section cooling arrangement described below. The
      arrangement of the blade is best seen from FIG. 4.
PAR  It will be seen that the hollow interior of the blade is divided by
      longitudinal diaphragms 41 and 42 into a relatively large forward hollow
      section and a rearward section comprising two longitudinal passages 43 and
      44 which are interconnected adjacent the upper platform where the
      diaphragm 42 does not reach to the platform. The passage 44 is provided
      with a trailing edge slot 45 which extends through the trailing edge of
      the blade. The passage 43 is provided with cooling air from an aperture in
      the lower platform of the blade adjacent the projection of the tube 40.
PAR  The large hollow front portion of the blade is provided with longitudinally
      extending ribs 46, 47 and 48 which locate the tube 40 and seal against it,
      the other location of the tube being provided by the diaphragm 41. The
      tube may be located between the ribs 46, 47 and 48 and the diaphragm 41 by
      being compressed between these elements or may if necessary be brazed,
      welded or otherwise fastened to them.
PAR  The ribs 46, 47 and 48 are unbroken and form the partitions which divide
      the space between the tube and the inner surface of the blade into
      longitudinally extending sections 49, 50, 51 and 52. In a similar fashion
      to the previous embodiment, apertures are provided in the tube 40 to allow
      air to flow into these separate sections; thus the sets of apertures 53,
      54, 55 and 56 respectively supply air to the sections 49, 50, 51 and 52.
      Once more film cooling holes are disposed in longitudinal rows and each
      section is provided with at least one row of holes to allow air to flow to
      the blade surface. The sets of film holes 57, 58, 59 and 60 respectively
      connect between the sections 49, 50, 51 and 52 and the blade outer
      surface.
PAR  Operation of the cooling system of the forward blade section is rather
      similar to that of FIG. 3, in that cooling air flows into the tube 40, out
      through the sets of apertures 53, 54 55 and 56 to impinge on the inner
      surfaces of the separate sections and then to provide some impingement
      cooling. The air then flows through the respective sets of film cooling
      holes to provide film cooling of the outer surface of the blade.
PAR  Since the sections are separate, the apertures in the air entry tube can be
      sized to provide different pressures in each section and thus to provide a
      pressure for each set of holes which is tailored to the external pressure
      on the blade at this set.
PAR  The rearmost section of the blade is cooled in the normal multi-pass
      fashion; thus air is fed into the passage 43, along this passage and into
      passage 44. It then flows out of the trailing edge slot 45. Additionally,
      film cooling holes 61 extend from the passage 43 to the high pressure
      surface of the blade, providing some film cooling on this part of the
      blade.
PAR  It should be noted that in the FIG. 4 embodiment the pressure in the space
      52 must be relatively high and consequently the pressure drop across the
      tube 40 to the space 52 is relatively small. Consequently the impingement
      cooling of the inner face of the blade adjacent the space 52 may not be
      very effective.
PAR  To improve this cooling it is proposed in a further embodiment (not
      illustrated) to blank off the holes 60 and to arrange passages adjacent
      the diaphragm 41 connecting the space 52 with the space 49. Since the
      pressure on the convex flank of the blade is relatively low, the pressure
      in space 52 can now be made relatively low and a high pressure drop
      arranged across the tube 40. Hence the impingement cooling may be
      improved.
PAR  In FIG. 5 there is shown a further embodiment again comprising an inner
      blade platform 70, outer platform 71 and aerofoil section 72. The interior
      of the hollow aerofoil section 72 is divided into two portions, a forward
      portion 73 and a rearward portion 74, by a web 75 which in this case is
      cast integrally with the blade and seals the portions off from each other.
PAR  Within the forward portion 73 is located a forward cooling air feed tube 76
      which is similar to the tubes 21 and 40 and which projects beyond the
      lower platform to be fed with cooling air. At its other end the tube is
      sealed to the platform 77. The tube 76 is located in the portion 73
      inbetween a longitudinally extending rib 77 similar to the ribs 46, 47 and
      48 of the FIG. 4 embodiment, and two resilient sealing tubes 78 and 79
      similar to the tubes 26 and 27 of the FIG. 3 embodiment.
PAR  Support for the tube 76 is provided by chordwise extending ribs or fins
      (not shown in FIG. 5 but similar to those shown in FIG. 3) which project
      from the inner surface of the blade and engage with the outer surface of
      the tube. As in the previous embodiment the rib 77 and tubes 78 and 79
      engage with the outer surface of the tube 76 to divide the area between
      the 76 and the inner surface of the blade in the portion 73 into three
      separate longitudinally extending sections 80, 81 and 82. In similar
      fashion to the cases described above the tube 76 is provided with sets of
      apertures to allow air to flow from its interior into the sections 80, 81
      and 82; these apertures are not enumerated in detail but are visible in
      the drawings. Similarly film cooling holes in the blade allow air which
      has impinged on the blade interior to flow from the sections 80, 81 and 82
      to the outer surface of the blade. These holes are not enumerated since
      they are similar to those described in the previous embodiments.
PAR  The rearward portion 74 of the blade is provided with a rearward cooling
      air feed tube 85 which is again supported by chordwise extending ribs or
      fins (not shown in FIG. 5 but similar to those shown in FIG. 3). Once
      again, the tube 85 seals against the platform 71 and extends through the
      inner portion 70 to communicate with a supply of cooling air. The outer
      surface of the tube is sealed to the inner surface of the portion 74 by a
      longitudinally extending rib 86 similar to the rib 77 and by a resilient
      sealing tube 87 similar to the tubes 78 and 79. Once more, the rib 86 and
      tube 87 define spaces 88 and 89 between the tube 85 and the inner surface
      of the portion 74. The space 88 is fed with air through holes in the tube
      85 and air escapes solely through film cooling holes, while the space 89
      is fed with air through further holes in the tube. In this case, however,
      only part of the air flows through the film cooling holes communicating
      with this space, the remainder flowing rearwardly in between sets of
      pedestals 90 to exhaust through trailing edge apertures 91; these
      apertures are formed in the trailing edge portion of the concave flank of
      the blade and are close to one another to form in effect a complete slot.
PAR  Operation of this embodiment will be understood with the assistance of the
      description of the previous embodiments. Each cooling air tube is provided
      with cooling air which then flows through the sets of holes in the tube
      walls to impinge on the inside of the blade to provide cooling, and to
      provide the required pressures in the sections 80, 81, 82, 88 and 89. The
      air from these sections is then at the required pressure to discharge
      through the film cooling holes and provide further cooling of the blades.
      In the case of the section 89, the majority of the air flows through the
      trailing edge holes 91 rather than through the film cooling holes; the
      holes 91 and the pedestals 90 help to maintain the cooling of the thin
      trailing edge of the blade.
PAR  It will be seen that in this embodiment the blade is strengthened by the
      web 75 and that five separate longitudinal sections are provided. It may
      be desirable in some circumstances to make the web 75 into a `ladder`
      member by forming holes in the web; this may reduce any ill effects due to
      the rigid web 75 operating in a thermal gradient.
PAR  It will also be noted that it may be desirable to delete the web altogether
      and to have the tubes contiguous in a single hollow blade space.
PAR  It will be seen that although the film cooling holes in the above
      embodiments have been laid out in longitudinal rows in particular
      locations, it is quite possible to vary this layout; thus the holes may be
      spaced all over the blade surface, may be in non-longitudinal lines and
      may be of differing sizes. Again, the number and form of partitions may be
      varied; obviously the more partitions that are used, the more nearly may
      the pressure required for each set of film cooling holes be provided, but
      improvement may be achieved with the simple embodiment of FIG. 3. The
      partitions themselves may comprise the ribs or tubes of the embodiments,
      or they may be ribs from the air entry tube, or wires, or separate rib
      structures.
PAR  It is also clear that the principle of the invention may be used for
      cooling all or any part of a vane or blade, the remainder of which may be
      cooled by any convenient method.
CLMS
STM  We claim:
NUM  1.
PAR  1. A blade assembly for a gas turbine engine comprising: a hollow cooled
      blade having a wall defined by an exterior and an interior surface, a
      cooling air entry tube positioned interior of the blade and extending
      longitudinally of the same, said cooling air entry tube being sealed to
      the blade interior surface at spaced apart locations at or adjacent the
      tip and root of the blade to provide a space between the blade and the
      blade interior surface, means to operatively support said air entry tube
      from the interior surface of said blade, longitudinally extending
      partitions which seal between the blade interior surface and the exterior
      surface of the tube, said partitions dividing said space between the tube
      and the interior surface of said blade into a plurality of separate
      longitudinal sections, at least one of said partitions comprising a
      longitudinally extending deformable sealing member trapped between the
      respective tube and the interior surface of said blade, apertures in the
      tube arranged to allow air at different pressures into the different
      longitudinal sections, and film cooling holes extending from at least one
      of said sections through the blade wall to the exterior blade surface.
NUM  2.
PAR  2. A blade as claimed in claim 1 in which at least some of said
      longitudinal partitions support said cooling air tube.
NUM  3.
PAR  3. A blade as claimed in claim 1 and comprising a single hollow central
      portion within which said tube is located.
NUM  4.
PAR  4. A blade as claimed in claim 3 and in which there is a single said tube
      located within said hollow central portion.
NUM  5.
PAR  5. A blade as claimed in claim 1 and in which there are two said tubes
      located in the forward and rearward parts respectively of said hollow
      blade.
NUM  6.
PAR  6. A blade as claimed in claim 4 and in which there is a trailing edge slot
      in communication with at least one said longitudinal section.
NUM  7.
PAR  7. A blade as claimed in claim 1 and comprising a leading hollow portion
      within which the tube is located and a trailing portion which is provided
      with a sinuous passage for the flow therethrough of cooling air.
NUM  8.
PAR  8. A blade as claimed in claim 7 and in which there is a trailing edge slot
      through which the air from said sinuous passage may discharge.
NUM  9.
PAR  9. A blade as claimed in claim 1 and comprising a forward hollow portion
      within which one said tube is located and a rearward hollow portion within
      which a second said tube is located, said forward and rearward hollow
      portions being separated by a longitudinally extending web.
NUM  10.
PAR  10. A blade as claimed in claim 9 and in which there is a trailing edge
      slot with which at least part of the rearward tube communicates so as to
      discharge air therethrough.
NUM  11.
PAR  11. A blade as claimed in claim 9 and in which the space between each said
      tube and the interior of its respective hollow portion is divided into a
      plurality of longitudinal sections.
NUM  12.
PAR  12. A blade as claimed in claim 1 and in which at least one said partition
      comprises an integral longitudinally extending projection from the
      interior surface of the blade and extending to said tube.
NUM  13.
PAR  13. A blade as claimed in claim 1 and in which said deformable sealing
      member comprises a resilient tube.
NUM  14.
PAR  14. A blade as claimed in claim 1 and in which there are chordwise
      extending ribs projecting from the blade interior which support the
      cooling air tube.
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ABST
PAL  A turbodrill comprises a housing in which there are fixed stators having
      blades forming a circular pattern and defining guide passages for the flow
      of drilling fluid fed by mud pumps, and a shaft mounted on a thrust
      bearing and having rotors fixed thereto, the blades of the rotors also
      forming a circular pattern and having the direction opposite to the stator
      blades so that the rotor rotates relative to the stator. The rotor and
      stator blades are shaped such a manner that an angle .theta. between the
      tangents to the middle line of the profile at the inlet and outlet edges
      of the blade determining the profile camber is selected in accordance with
      the relationship .theta. = 180.degree. - (from 4.5 to 7).alpha..sub.1, an
      angle .alpha..sub.2 between the line perpendicular to the axis of the
      pattern and the tangent to the middle line of the profile at the outlet
      edge of the blade is selected in accordance with the relationship
      .alpha..sub.2 = (from 3.5 to 6).alpha..sub.1, wherein .alpha..sub.1 is an
      angle between the line perpendicular to the axis of the pattern and the
      tangent to the middle line of the profile at the inlet edge thereof as
      measured in the direction towards the concave portion of the profile, and
      the ratio of maximum thickness ".DELTA." of the blade profile to the chord
      "1" thereof is selected within the range .delta./1 = from 0.09 to 0.19.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to hydraulic bottom-hole motors for drilling wells
      for the purposes of prospecting for and production of oil, gas and other
      mineral resources, and more specifically to turbodrills for drilling
      wells, preferably with the employment of diamond bits.
PAR  At present diamond bits are being widely employed, and they are efficient
      with rotational speeds exceeding the values generally used for rotary
      bits.
PAR  Known in the art is a turbodrill for drilling wells comprising a housing
      with stators fixed therein having blades forming a circular pattern and
      defining guide passages for the flow of drilling fluid, which is fed by
      means of mud pumps, and a shaft mounted in the housing by means of an
      axial support having rotors fixed thereto, the blades of the rotors
      forming a circular pattern and being directed oppositely to the stator
      blades so as to change the direction of flow of drilling fluid, the stator
      and rotor blades being mounted in a manner such as to form the turbodrill
      turbine stages in which the linear motion of drilling fluid transformed
      into the rotary motion of the rotors, and means for fixing the turbine
      stages to the shaft and housing, respectively.
PAR  During the operation of the above-described turbodrill with diamond bits,
      the shaft rotates at high speeds as compared to those used for
      conventional turbodrills. Since the rotational speed of turbodrills cannot
      be controlled, the incidence angle of flow at the blades may vary over a
      wide range during the drilling to attain its maximum in the zone of
      extreme operating conditions (breaking or idling). The flow through the
      blade patterns occurs with the angles of attack which are larger than
      those inherent in conventional turbodrills thus resulting in considerable
      energy losses. In practice, this brings about a large growth of the
      pressure difference in the turbodrill during the braking when using a
      turbine having slightly cambered blades or during the idling when using a
      turbine having strongly cambered blades. Such an abrupt change in the
      pressure difference in a turbodrill causes heavy problems in operation
      (frequent damages to the protective diaphragms of pumps and the like). In
      addition, strongly cambered blades have a relatively low efficiency.
PAR  When using patterns with axial entrance of the flow and blades with
      relatively thin inlet edges, the flow is separated from the blade
      surfaces, and a considerable growth of the pressure difference occurs
      during the braking, which also makes the operation of a turbodrill
      difficult. With thickened inlet edges of the blades, this effect is
      reduced, but in this case, a considerable reduction of the turbodrill
      efficiency occurs due to increased profile energy losses, thereby
      impairing the power characteristics, and primarily, the torque value. It
      is this value that determines the load taken by the turbodrill, that is
      the opportunity of attaining necessary drilling conditions, with other
      conditions being equal.
PAR  The attempts to use a known turbodrill for diamond drilling were
      ineffective either due to an abrupt growth of the pressure difference in
      the delivery line of the pump unit during the braking of the turbodrill
      shaft, or due to a low efficiency of the motor impairing its torque
      response.
PAR  In known constructions of turbodrills, the thrust bearing can be also used
      as a seal to limit the leakage of drilling fluid at the turbodrill shaft
      outlet. Since in this case, the main flow of drilling fluid through the
      passages of a coupling member or through the passages of the shaft is
      directed to the central passage of the shaft, a low velocity zone is
      formed in the space between the shaft and housing, wherein the thrust
      bearing is accommodated. As a result, the heaviest fractions may be
      precipitate from the drilling fluid to penetrate into the bearing
      assembly. The absence of any protection of the turbodrill bearing against
      penetration of coarse abrasive particles results in premature wear. A
      failure of the turbodrill support will require premature pulling of the
      bit out of the hole. In case of using diamond bits, every additional
      pulling of the bit results in losses of diamonds, whereby the service life
      of the bit is shortened, thus reducing the efficiency of drilling. For
      that reason, the problem of increasing the bearing life is of prime
      importance for turbodrills used with diamond bits.
PAR  The disadvantages of known turbodrills also include complicated and
      unreliable fastening of parts to the shafts.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a turbodrill having a high
      efficiency. Another object of the invention is to provide a turbodrill
      exhibiting a pressure difference varying over the range providing for
      normal operation thereof.
PAR  Still another object of the invention is to provide a turbodrill having a
      prolonged service life of the bearing assembly.
PAR  The invention may be used either in turbodrills having the thrust bearing
      accommodated in one of the turbodrill sections, or in turbodrills with the
      thrust bearing forming an independent assembly spindle, or in turbodrills
      of other types. The invention will be described herein with reference to
      the spindle-type construction of turbodrill.
PAR  These and others objects are accomplished by the provision of a turbodrill
      for drilling wells comprising a housing with stators fixed therein having
      blades forming a circular pattern and defining guide passages for the flow
      of positively fed drilling fluid, and a shaft mounted in the housing on a
      thrust bearing having rotors fixed thereto, the rotor blades forming a
      circular pattern and having the direction opposite to that of the stator
      blades to thereby change the direction of flow of drilling fluid, the
      stator and rotor blades being mounted in a manner such as to form stages
      of the turbodrill turbine in which the linear motion of the drilling fluid
      is transformed into the rotary motion of the rotors, and means for fixing
      the turbine stages to the shaft and housing, respectively, wherein,
      according to the invention, the the blades of the stator and rotor are
      shaped in such a manner that an angle (.theta.) between the tangents to
      the middle line of the profile of the blades at the inlet and outlet edges
      of the blades is determined by the relationship .theta. = 180.degree. -
      (4.5 .div. 7) .alpha..sub.1 wherein .alpha..sub.1 is an angle between the
      line perpendicular to the axis of the pattern and the tangent to the
      middle line of the profile of the blades at the inlet edge thereof as
      measured in the direction towards the concave portion of the blade
      profile, an angle (.DELTA..sub.2) between the line perpendicular to the
      axis of the pattern and the tangent to the middle line of the blade
      profile at the outlet edge thereof is determined by the relationship
      .alpha. .sub.2 = (3.5 .div. 6).alpha..sub.1, and the ratio of maximum
      thickness (".delta.") of the blade profile to the chord ("1") thereof is
      selected within the range .delta./1 = 0.09 + 0.19.
PAR  The geometrical proportioning of the blade profile according to the
      invention is the optimum one to obtain, on the one hand, the elimination
      of the possibility of any considerable growth of the pressure difference
      during the braking of the turbodrill, and on the other hand, the
      achievement of the improved efficiency of turbine under operating
      conditions.
PAR  The invention provides a turbodrill having improved efficiency, increased
      torque, limited change in the pressure difference upon changes in the
      operating conditions, and prolonged service life of the thrust bearing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will now be described with reference to a specific embodiment
      thereof illustrated in the accompanying drawings, in which:
PAR  FIG. 1 schematically shows a longitudinal section of a turbodrill according
      to the invention;
PAR  FIG. 2 is a detail A in FIG. 1 (a turbine stage in section);
PAR  FIG. 3 is a developed view in the plane of section along the circumference
      of stator and rotor blades of the turbine stage;
PAR  FIG. 4 is a detail B in FIG. 1 (longitudinal section of the cage);
PAR  FIG. 5 is a developed view in the plane of section along the circumference
      of the stator and rotor blades and the direction of flow velocities under
      the braking conditions;
PAR  FIG. 6 is a developed view in the plane of section along the circumference
      of the stator and rotor blades and the direction of flow velocities under
      the rated operating conditions;
PAR  FIG. 7 is a sectional view taken along the line VII--VII in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A turbodrill shown in FIGS. 1 to 4, its top portion to be coupled with the
      lower end of the drilling string for receiving drilling fluid positively
      fed therethrough, comprises a turbine "a" consisting of stages "b", each
      having a stator 2 fixed in a housing 1 and provided with vanes 3, and a
      rotor 5 with blades 6 fixed to the shaft 4.
PAR  The stator blades 3 form a circular pattern "c" and define guide passages
      "d" through which there flows the drilling fluid. The blades 3 are shaped
      in such a manner that an angle .theta. between the tangents to the middle
      line of the profile at the inlet and outlet edges of the blade is selected
      in accordance with the relationship; .theta. = 180.degree. - (4.5 .div.
      7).alpha..sub.1, and an angle (.alpha..sub.2) between the line
      perpendicular to the axis 0--0, axis 0--0 being perpendicular to the
      vertical axis of the housing, of the pattern "c" and the tangent to the
      middle line of the profile at the outlet edge of the blade is selected in
      accordance with the relationship; .alpha..sub.2 = (3.5 .div.
      6).alpha..sub.1, wherein .alpha..sub.1 is an angle between the line
      perpendicular to the axis 0--0 of the pattern "c" and the tangent to the
      middle line of the profile at the inlet edge of the blade as measured in
      the direction of the concave portion of the blade profile. The ratio of
      maximum thickness ".delta." of the profile, as measured normally to the
      generatrix line thereof to the chord "1", is selected within the range
      .delta./1 = 0.09 .div. 0.19.
PAR  The blades 6 of the rotor 5 also form a circular pattern "e", are made with
      the following geometrical proportioning: .theta. = 180.degree. - (4.5
      .div. 7).alpha..sub.1, .alpha..sub.2 = (3.5 .div. 6).alpha..sub.1 and
      .delta./1 = 0.09 - 0.19, and directed oppositely with respect to the
      blades 3 of the stator 2 so as to change the direction of flow of the
      drilling fluid, whereby the rotor 5 rotates relative to the stator 2 to
      transmit torque to the shaft 4.
PAR  The blades 3 of the stator 2 and the blades 6 of the rotor 5 form the
      stages "b" of the turbodrill turbine "a", in which the linear motion of
      the drilling fluid is transformed into the rotary motion of the rotors.
PAR  In the bottom part of the turbodrill there is fixed to the housing 1
      thereof a spindle "f", including a casing 7 and a spindle shaft 8
      connectible to a rock-desintegrating tool, and a thrust bearing "g" and
      radial bearings 9, of which one only is shown in FIG. 4, are located
      between the casing and shaft.
PAR  The top portion of the spindle incorporates a cage "h" comprising
      shouldered busings 10 and 11. The bushing 10 is rigidly fixed to the shaft
      to define an annular space "i" accommodating, with a gap "j", a part of
      the bush 11 which is rigidly fixed in the casing. The above-mentioned
      annular space "i" communicates with a central passage "n" of the spindle
      shaft via passages "k" of the bush 10 and a passage "m" of the shaft 8 of
      the spindle.
PAR  The fastening of parts to the shaft 4 is effected by means of a coupling
      member 12 with a taper thread 13 having an internal bearing end face 14,
      and the fastening to the spindle shaft 8 is made by means of a coupling
      member 15 of the spindle and a taper thread 16 of the spindle shaft having
      internal bearing end face 17.
PAR  With the braked shaft of the turbodrill, the drilling fluid leaving the
      passages "d" (FIG. 5) of the stator is admitted to the rotor blades 6 at
      an angle .beta..sub.1 = .alpha..sub.2 (the equality of angles .beta..sub.1
      and .alpha..sub.2 is due to the fact that with the stationary rotor,
      absolute velocity c.sub.1 and relative velocity w.sub.1 of the liquid
      entering the rotor blades are equal). This incidence angle of the liquid
      corresponds to the angle of attack .gamma. = .beta..sub.1 - .alpha..sub.1
      = .alpha..sub.2 - .alpha..sub.1, or, taking into account the relationship
      .alpha..sub.2 = (3.5 .div. 6).alpha..sub.1 limiting the value of angle of
      attack under the braking conditions, .gamma. = (0.71 .div.
      0.83).alpha..sub.2.
PAR  This limitation considerably reduces the possibility of growth of the
      pressure difference in the turbodrill during the braking as compared to
      the pressure difference under the operating conditions which corresponds
      to one half of the rotational speed under the idling conditions. In this
      case the growth of pressure difference will not substantially exceed 20%.
PAR  As the rotational speed "u" of the rotor 5 (FIG. 2) increases (FIG. 6), and
      the operating conditions approach to the rated ones; the liquid leaving
      the passages "d" of the stator is admitted to the rotor blades 6 in the
      course of the relative motion at an angle .beta..sub.1 which is different
      from the angle .alpha..sub.2 determining the direction of flow of the
      liquid in the course of absolute motion. Thus, neither the directions, nor
      values of velocities c.sub.1 and w.sub.1 are not identical in this case.
PAR  While gaining the rated operating conditions, the values of angles
      .beta..sub.1 and .gamma. decreases, so that under the rated operating
      conditions .beta..sub.1 = .alpha..sub.1 and .gamma. = 0. With the angle of
      attack .gamma. = 0 the flow of fluid around the blades takes place
      substantially without a surging shock, whereby the pressure difference due
      to the shock losses also decreases. Since such losses under the rated
      operating conditions are negligible, the value of power losses is mainly
      determined by the amount of camber of the blade profile, which is given by
      the angle .theta. (FIG. 3) and relative thickness .delta./1.
PAR  The relationship .theta. = 180.degree. - (4.5 .div. 7).alpha..sub.1, taking
      into account the relationship .alpha. = (3.5 .div. 6).alpha. .sub.1, may
      be expressed in the form .theta. = 180.degree. - (1.17 .div.
      1.29).alpha..sub.2, from which it follows that the camber of the blade
      profile is limited with predetermined values of .alpha..sub.2. The
      relative thickness of the profile is limited by the relationship .delta./1
      = 0.09 .div. 0.19.   Such a relatively small thickness of the profile
      results in a reduced resistance to the flow of liquid through the blade
      patterns, due to a decrease in energy losses for flowing through the blade
      patterns. Therefore, the camber of profile and the relative thickness
      thereof are substantially limited by the above-specified relationships so
      that an elevated efficiency can be attained under the rated operating
      conditions.
PAR  The drilling fluid is directed from the turbine into the spindle "f" having
      the cage "h" located in the top portion thereof above the thrust bearing
      "g". At the abrupt turn of the flow, upon passing through the annular
      space "i", the heaviest fractions of drilling fluid precipitate in this
      space enter the central passage "n" of the spindle shaft via the passages
      "k" and "m", while the cleaned drilling fluid is fed into the thrust
      bearing "g" of the turbodrill through a gap "p" of the radial bearing 9.
PAR  The fastening of the stages "b" of the turbine "a" as well as of the parts
      of the thrust bearing "g" and radial bearing 9, to the shaft 4 by means of
      the coupling member 12 with the taper thread 13 and with the internal
      bearing end face 14, permits the simplification of the structure and
      improves the reliability of the assembly for fastening parts to the
      spindle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A turbodrill for drilling wells having a top portion for coupling with
      the bottom end of the drilling string for receiving drilling fluid which
      is positively fed therethrough and a bottom portion provided with a
      coupling member for a rock-disintegrating tool, said turbodrill
      comprising: a housing; stators fixed in said housing; said stators having
      blades arranged to form a circular patterns and to define guide passages
      for the flow of drilling fluid positively fed through the drilling string;
      a shaft having a central passage accommodated in said housing; bearing
      means mounted in said housing for rotation of said shaft relative to said
      housing and for transmitting the load from the drilling string to the
      rock-disintegrating tool; rotors fixed to said shaft, said rotors having
      blades arranged to form a circular pattern, said blades being directed
      oppositely relative to said stator blades and mounted in a manner such
      that said stator and rotor blades form turbodrill turbine stages in which
      the linear motion of the drilling fluid is transformed into the rotary
      motion of said rotors; means for fixing said stators and rotors of the
      turbine stages to said shaft and housing, respectively; the blades of said
      rotor and stator being shaped in such a manner that an angle (.theta.)
      between tangents to a middle line of the profile of said blades at the
      inlet and outlet edges of said blades is determined by the relationshihp
      .theta. = 180.degree. - (4.5 .div. 7).alpha..sub.1, wherein .alpha..sub.1
      is an angle between a line perpendicular to an axis of said blade patterns
      and the tangent to the middle line of the profile of said blades at the
      inlet edge thereof as measured in the direction towards the concave
      portion of the blade profile, an angle (.alpha..sub.2) between the line
      perpendicular to the axis of said blade patters and the tangent to the
      middle line of said blades at the outlet edge thereof is determined by the
      relationship .alpha..sub.2 = (3.5 .div. 6) .alpha..sub.1, and a ratio of
      maximum thickness (".delta.") of the profile of said blades to the chord
      ("1") thereof is selected within the range .delta./1 = 0.09 + 0.19.
NUM  2.
PAR  2. A turbodrill for drilling wells having a top portion for coupling with
      the bottom end of the drilling string for receiving drilling fluid which
      is positively fed therethrough, and a bottom portion provided with a
      coupling member for a rock-disintegrating tool, said turbodrill
      comprising: a housing; stators fixed in said housing, said stators having
      blades arranged to form a circular pattern and to define guide passages
      for the flow of drilling fluid positively fed through the drilling string;
      a shaft having a central passage accommodated in said housing; bearing
      means mounted in said housing for rotation of said shaft relative to said
      housing and for transmitting the load from the drilling string to the
      rock-disintegrating tool; rotors fixed to said shaft, said rotors having
      blades arranged to form a circular pattern, said blades being directed
      oppositely relative to said stator blades and mounted in such a manner
      that said stator and rotor blades form turbodrill turbine stages in which
      the linear motion of the drilling fluid is transformed into the rotary
      motion of said rotors; means for fixing said stators and rotors of the
      turbine stages to said shaft and housing, respectively; the blades of said
      rotor and stator being shaped in such a manner that an angle (.theta.)
      between tangents to a middle line of the profile of said blades at the
      inlet and outlet edge of said blades is determined by the relationship
      .theta. = 180.degree. - (4.5 .div. 7) .alpha..sub.1, wherein .alpha..sub.1
      is an angle between the line perpendicular to an axis of said blade
      patterns and the tangent to the middle line of profile of said blades at
      the inlet edge thereof, as measured in the direction towards the concave
      portion of the blade profile, and angle (.alpha..sub.2) between a line
      perpendicular to the axis of said blade patterns and the tangent to the
      middle line of said blades at the outlet thereof is determined by the
      relationship .alpha..sub.2 = (3.5 .div. 6) .alpha..sub.1, and the ratio of
      maximum thickness (".delta.") of the profile of said blades to the chord
      ("1") thereof is selected within the range .delta./1 = 0.09 + 0.19; a cage
      mounted below said thrust bearing comprising: a first shouldered bushing
      fixed to said shaft and provided with passages defining, together with
      said shaft, an annular space, and a second shouldered bushing accommodated
      in the annular space of said first bushing and fixed in said housing, the
      annular space communicating with the central passage of said shaft through
      the passages of said bushing.
NUM  3.
PAR  3. The turbodrill as claimed in in claim 2 wherein the thrust bearing is
      mounted on an independent assembly spindle.
PATN
WKU  039307506
SRC  5
APN  4590333
APT  1
ART  343
APD  19740408
TTL  Wind power plant
ISD  19760106
NCL  2
ECL  1
EXP  Powell, Jr.; Everette A.
NDR  2
NFG  6
INVT
NAM  Schultz; Wilderich C.
STR  696 Wrelton Drive
CTY  San Diego
STA  CA
ZIP  92109
CLAS
OCL  416197
EDF  2
ICL  F03D  300
FSC  416
FSS  197
UREF
PNO  303585
ISD  18840800
NAM  Morehouse
OCL  416197
UREF
PNO  625614
ISD  18990500
NAM  Thompson
XCL  416197
UREF
PNO  1359180
ISD  19201100
NAM  Levesque
OCL  416197
UREF
PNO  1609883
ISD  19261200
NAM  Potts
XCL  416197
UREF
PNO  1812741
ISD  19310600
NAM  Espinosa
OCL  415  2
UREF
PNO  2252788
ISD  19410800
NAM  Sparr
OCL  416197
UREF
PNO  2518611
ISD  19500800
NAM  Geiger
OCL  416197
FREF
PNO  78,640
ISD  19500000
CNT  CS
OCL  416197
FREF
PNO  913,964
ISD  19460900
CNT  FR
OCL  416197
FREF
PNO  916,370
ISD  19461200
CNT  FR
OCL  416197
FREF
PNO  19,401
ISD  18910000
CNT  UK
OCL  416197
FREF
PNO  265,754
ISD  19270000
CNT  UK
OCL  416197
ABST
PAL  A power plant of the windmill type is provided which includes a multi-arm
      horizontal propellor unit mounted for rotation about a vertical axis. Each
      propellor vane of the unit includes an external shell configured to form
      an elongated trough with an open trailing edge. A webbing is mounted
      within the shell to form a series of cells which are exposed through the
      open trailing edge. The shell has a parabolic cross section, and its
      leading edge has an airfoil shape. The propellor unit responds to wind
      from any direction so that the need for wind tracking mechanisms is
      obviated. Moreover, the construction is such that gyroscopic vibrations
      due to wind changes are also minimized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of the kinetic energy in the earth's atmosphere to perform useful
      work has been practiced for many hundreds of years. This use is carried
      out by windmills which extract wind power from horizontal air movements
      along the earth's surface due to atmospheric energy changes.
PAR  In the past, windmills have usually extracted power from the wind by
      propellors in the form of sails, flats, or foils, positioned on rotary
      mounts in a vertical plane for rotation about a horizontal axis. Such
      prior art windmills also usually include an appropriate tracking mechanism
      which acts continually to turn the propellor unit into the wind.
PAR  With the development of the airfoil propellor for aircraft, this form of
      propellor has come into widespread use in windmills for the last 50 years.
PAR  Windmills for the generation of electric power have been introduced into
      commercial use with the advent of the storage battery. The propellors for
      such windmills are usually mounted directly on the shaft of an electric
      generator, and the resulting power plant constitutes an inexpensive source
      of electric power, in which the batteries are charges so long as the wind
      is blowing to store electricity for use on calm days.
PAR  In the operation of a windmill, the rotating vanes intercept a mass of air
      entering at a given velocity. Adjacent air moves at a constant velocity
      past the area swept by the vanes, but the intercepted air decellerates in
      transferring energy to the vanes. This decellerated portion of the air
      must retain enough velocity to exit from the vanes. This means that the
      windmill cannot extract all the kinetic energy from the approaching wind.
      However, downstream from the windmill, the decellerated air mixes
      turbulently with the adjacent air, and the resulting energy exchange
      serves to reduce back pressure to some extent.
PAR  As mentioned above, the invention is concerned with a windmill type of
      power plant which comprises a multiple-vane propellor unit rotating in a
      horizontal plane about a vertical axis. The horizontal propellor unit of
      the invention may be mounted on the top of an appropriate supporting
      structure. The propellor unit serves to drive an electric generator, pump,
      or instrumentality, positioned within the supporting structure, the drive
      being either direct of through an appropriate gear box.
PAR  The horizontal propellor unit of the invention comprises a hub with a
      plurality of vanes mounted for rotation about the hub. Each of the vanes
      has a webbing member of zig-zag shape positioned within an external shell
      to form a series of triangular shaped cells or pockets. The shell has a
      parabolic cross-section, with an open trailing edge, and with a leading
      edge of a symmetrical airfoil shape. The internal cells provide structural
      rigidity for the shell and reduce vortex disturbances due to angular
      airflow. The propellor unit of the invention responds to wind from any
      direction, so that there is no need for tracking mechanism to maintain the
      unit turned into the wind.
PAR  The propellor unit of the invention may be constructed of fiberglass, light
      metal, or any other suitable material. The unit is simple, light, and
      inexpensive, and it is easy to build and to install.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a propellor unit constructed in accordance
      with one embodiment of the invention, and with one of the propellor vanes
      broken away to reveal the internal cell structure;
PAR  FIG. 2A is a cross-section of one of the vanes of the propellor unit of
      FIG. 1, taken along the lines 2a-2a of FIG. 1, and showing the airflow
      pattern at the leading edge of the vane;
PAR  FIG. 2B is a cross-section taken along the lines 2b-2b of FIG. 1, and
      showing the airflow pattern at the trailing edge of the vane;
PAR  FIG. 3 is a side elevation of the unit of FIG. 1, taken essentially along
      the lines 3-3 of FIG. 1;
PAR  FIG. 4 is a perspective representation, partly broken away, of a six vane
      propellor unit in accordance with the invention, and which incorporates a
      multiplicity of instrumentalities within the supporting structure driven
      by the propellor unit to constitute a power plant; and
PAR  FIG. 5 is a perspective view of a second embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The power plant shown in FIGS. 1 and 3 includes a propellor unit
      constructed in accordance with the invention, in one of its embodiments.
      The propellor unit, in turn, includes a hub 1 which is rotatable about a
      vertical axis, and which supports a plurality of radially extending
      trough-like cantilever vanes 2 in a horizontal plane. The radial vanes are
      supported on the hub by means of appropriate studs 2a. Each of the vanes 2
      has an external shell 3 with an open trailing edge to provide a
      trough-like configuration for the vane. The shell has a parabolic
      cross-section, and a leading edge in the shape of a symmetrical airfoil.
PAR  A webbing member 4 is mounted in the shell 3 of each of the vanes 2 and, as
      shown, the webbing member has a zig-zag shape to form a series of cups or
      cells 5. The cells 5 have a triangular shape, and are exposed through the
      open trailing edge of the shell.
PAR  The propellor unit of FIGS. 1 and 2 is supported on an appropriate
      structure 9. The propellor unit is coupled to a vertical drive shaft
      within the structure which, in turn, is coupled to an instrumentality 7
      which may, for example, be an electric generator.
PAR  As best shown in FIG. 1, the open trailing edge of each vane 2 is aligned
      with the vertical axis of rotation of the hub 1. This provides for an even
      centrifugal stress distribution across the hub, and it also provides
      maximum leverage of force-torque transmission from the vanes to the hub.
PAR  The flow pattern of the wind at the leading edge of shell 3 is shown in
      FIG. 2A. The flow pattern of the wind at the trailing edge of the shell 3
      is shown in FIG. 2B. It will be appreciated that the airfoil shape of the
      leading edge of the shell 3 is such that the wind flow has a minimum of
      turbulence and its flow pattern is such to reduce drag to a mininum. Also,
      the wind flow pattern at the open trailing edge of the shell 3, and in the
      interior of the shell is such that back pressure is minimized. As
      mentioned above, the zig-zag webbing member 4 within the shell, and which
      forms the triangular shaped cells or pockets 5, provides rigidity for the
      cell and also reduces vortex disturbances in the presence of angular
      airflow.
PAR  The result is a propellor unit which is mounted in a horizontal plane for
      rotation about a vertical axis, and which operates efficiently and
      responds to air flow from any direction, so as to obviate the need for
      providing extraneous mechanisms for continually turning the propellor unit
      into the wind.
PAR  In the embodiment of FIG. 4, the propellor unit includes six radial vanes
      2. The shaft 6 is coupled to a gear box 8, instead of being directly
      connected to the instrumentality 7, as was the case in the embodiment of
      FIG. 3. The gear box 8 in the embodiment of FIG. 4 is coupled to a
      plurality of instrumentalities 7A, as shown. A standby internal combustion
      engine 10 is also provided to drive the instrumentality 7 at times when
      wind pressure is insufficient.
PAR  In the embodiment of FIG. 5, the vanes 2 are mounted vertically and spaced
      a particular radial distance from the hub 1 by an appropriate support
      structure 11. The support structure 11 is rotatably mounted on the hub 1.
PAR  The invention provides, therefore, a simple and inexpensive propellor unit
      for use in a power plant, and which operates with a minimum of components,
      and with a high degree of efficiency, to provide a driving torque for the
      power plant.
PAR  It will be appreciated that although particular embodiments of the
      invention have been shown and described, modifications may be made. It is
      intended in the claims to cover the modifications which come within the
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A power plant of the windmill type comprising: a supporting structure, a
      propeller unit mounted on said supporting structure for rotation about a
      vertical axis and including a hub, a plurality of vanes affixed to said
      hub, each of said vanes having a shell of a generally parabolic
      cross-section defining a leading edge with a symmetrical air foil
      configuration and further defining an open trailing edge, and a zig-zag
      shaped webbing member mounted within said shell to define a series of
      essentially triangular individual cells extending the length of the shell
      and exposed to the open trailing edge thereof.
NUM  2.
PAR  2. The power plant defined in claim 1, in which each of said vanes extends
      as a cantilever radially from said hub in a horizontal plane.
PATN
WKU  039307514
SRC  5
APN  4858670
APT  1
ART  343
APD  19740705
TTL  Bucket locking mechanism
ISD  19760106
NCL  4
ECL  1
EXP  Powell, Jr.; Everette A.
NDR  2
NFG  4
INVT
NAM  Straslicka; William A.
CTY  Norvelt
STA  PA
INVT
NAM  Miller; Arthur J.
CTY  Irwin
STA  PA
ASSG
NAM  Carrier Corporation
CTY  Syracuse
STA  NY
COD  02
CLAS
OCL  416220
XCL  416193A
XCL  416500
EDF  2
ICL  F01D  532
FSC  416
FSS  220;219;221;500;193 A
UREF
PNO  2867408
ISD  19590100
NAM  Kolb et al.
OCL  416220
UREF
PNO  3088708
ISD  19630500
NAM  Feinberg
OCL  416215
UREF
PNO  3198485
ISD  19650800
NAM  Melenchuk
OCL  416220
LREP
FR2  Curtin; J. Raymond
FR2  Wall; Thomas J.
ABST
PAL  A locking mechanism for preventing axial movement of side entry buckets
      mounted upon a rotor disc. The locking mechanism includes a pin loosely
      supported within a disc tang, the pin having a recessed shoulder arranged
      to abut against the platform of a first bucket and an extended section
      arranged to be received in a complementary slot formed in the platform of
      the next adjacent bucket. A further mechanism is provided for preloading
      the pin against the buckets whereby the dampening characteristics of the
      system are enhanced and balancing of the buckets is facilitated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for holding a series of buckets to a
      rotary disc and, in particular, to a locking mechanism for preventing
      axial shifting of buckets slidably mounted upon a rotary support disc.
PAR  In many typical rotary machine structures, the rotating blades are
      supported within a disc by inserting the blade roots into complementary
      slots formed in the disc structure. In order to secure these side entry
      blades against axial movement in assembly, it has been the general
      practice to either peen the blade structure over the disc or dowel the
      blade roots into the support disc. These operations, however, involve a
      great deal of hand machining and are thus time consuming and costly to
      carry out. Similarly, once the blade is assembled, removal of the blade
      for replacement or repair becomes extremely difficult. Furthermore, the
      dampening characteristics of these prior art devices have generally been
      poor and balancing of the assembled structure difficult to obtain.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to improve apparatus for
      locking a side entry bucket blade to a support disc.
PAR  Another object of the present invention is to improve the dampening
      characteristics of rotary blade structures utilizing side entry blades.
PAR  A further object of the present invention is to simplify the locking means
      for preventing axial movement of a side entry blade in respect to the
      support disc.
PAR  Yet another object of the present invention is to provide a removable blade
      locking mechanism for facilitating replacement of side entry blades from a
      support disc.
PAR  These and other objects of the present invention are attained by means of a
      blade assembly including a rotary support disc having a plurality of axial
      openings for receiving in sliding relationship therein complementary roots
      of a bucket series, each bucket in the series having an extended platform
      arranged to span across the outer periphery of the support disc with the
      side walls of each platform being positioned in close proximity and
      adjacent to the side wall of an adjacent bucket platform, a locking pin
      loosely supported within a hole formed in the outer periphery of the
      support disc between the adjacent side walls of the bucket platforms, the
      pin having a recessed shoulder extending beneath one of the adjacent
      platforms to prevent the pin from moving out of the hole and an extended
      section passing upwardly into an aperture in the other adjacent platform
      to prevent the bucket from moving axially out of the support disc opening.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is had to the following detailed
      description of the invention to be read in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a partial plan view of a bucket and disc assembly employing the
      locking mechanism of the present invention;
PAR  FIG. 2 is an enlarged sectional view taken along lines 2--2 in FIG. 1;
PAR  FIG. 3 is an enlarged view of a locking mechanism embodying the teachings
      of the present invention; and
PAR  FIG. 4 is a second enlarged view illustrating a locking mechanism for
      securing the last bucket in the assembly shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 2, there is illustrated a blade and disc assembly,
      generally referenced 10, including a rotary support disc 11 and a series
      of radially extended buckets 12, supported therein. The assembly herein
      described is of the type generally employed in turbo machinery, however,
      it should be clear that the mechanism embodied in the present invention is
      not necessarily limited to this particular usage, and the invention is
      contemplated as having broader application. The root 15 of each bucket in
      the series is generally triangular in cross-sectional form and contains a
      series of outwardly extended projections 16 describing what is generally
      referred to as a "double dove tail" or "fir tree" configuration. The
      support disc is provided with a series of slots or grooves complementing
      the fir tree configuration of the bucket roots by which each blade is
      slidably received thereon. In assembly, the blade roots are slidably
      mounted within the disc slots and the blades moved axially into an
      operative position as shown in FIG. 1. This type of mounting arrangement
      is commonly referred to as "side entry blading," and this term shall be
      used herein in this regard.
PAR  The individual buckets are comprised of the heretofore mentioned root
      section 15, a longitudinally extended platform 18, generally arranged to
      overly the outer periphery of the disc, and a radially extended air foil
      20. As more clearly seen in FIG. 1, the axially extended side walls 21, 22
      of each bucket platform are orientated to span across the disc
      substantially parallel to the axis thereof. In assembly, one side wall of
      a bucket in the series is positioned adjacent to that of the next adjacent
      bucket. One side wall 21 of each platform describes a continuous or
      unbroken planar radial surface, while the opposing side wall 22 contains a
      centrally located slotted hole 23 formed therein. The slotted hole, as
      shown in the present embodiment, is arcuate in form, however, any desired
      shape can be similarly employed without departing from the teachings of
      the present invention.
PAR  In assembly, the adjacent side walls 21, 22 of adjoining bucket platforms
      span across a raised tang 27 located between the blade receiving side
      entry grooves in the disc. A radially extending hole 30 is machined or
      otherwise formed in each tang. The tang hole is positioned so that it can
      be axially aligned with the arcuate-shaped slot 23 formed in the overlying
      platform when the blades are mounted in an operative position upon the
      disc. The buckets are assembled so that the continuous planar side wall 21
      of the one bucket platform faces the slotted side wall 22 of the next
      subsequent bucket platform. As a result, the platform of the first
      adjacent bucket partially covers the tang hole, while the slotted hole in
      the adjacent platform cooperates with the hole to provide a passage
      extending through the platform into the tang structure.
PAR  A locking pin is bottomed in each of the tang holes. The pin 35, as
      illustrated in FIG. 3, has a recessed shoulder 36 formed therein, arranged
      to extend beneath the bottom surface of one adjacent platform describing
      the continuous side wall thereof. The pin is also provided with an
      elongated section 37 arranged to pass outwardly from the tang hole into
      the slotted hole formed in the adjacent blade platform. A close running or
      sliding fit is maintained between the extended pin section and the slotted
      hole which limits the axial movement of the bucket within the rotor
      structure to prevent the bucket from shifting out of its assembled
      position. The axial length of the pin is such that the end of the extended
      section lies substantially parallel with the upper surface of the
      platform.
PAR  In the particular arrangement shown in FIG. 3, the locking pin is prevented
      from moving radially out of the tang hole by one of the adjoining
      platforms while the extended section of the pin passes upwardly into the
      next bucket platform and prevents the blade from shifting axially in
      assembly. As can be seen, each bucket is thus adapted to support one pin
      in the series in a bottomed position and to receive in close sliding
      relationship the raised portion of the next subsequent pin. As a result,
      when the circumferentially arranged series of buckets are all mounted upon
      the disc, each of the buckets will be locked in place by one of the
      locking pins.
PAR  To facilitate assembly between the first bucket and the last bucket mounted
      on the disc, the platforms of which will be adjacent to each other in
      final assembly, a short pin 40, as illustrated in FIG. 4, is herein
      provided. In practice, the short pin is structurally similar to that of
      the longer pin 35, except that the bottom portion of the pin is cut away
      to the extent that the extended section of the pin is recessible into the
      tang hole to permit the bucket platform to pass thereover. The retracted
      position of the short pin is shown by the dotted lines in FIG. 4. A
      threaded hole, extending axially through the pin, is adapted to receive a
      set screw 41, the length of which is equal to or slightly less than the
      axial length of the pin.
PAR  The first step in assembling the buckets to the disc is to insert a short
      pin and set screw assembly into a first tang hole with the pin in a
      recessed position. The first bucket in the series is then moved into place
      with the unbroken side wall 21 of the platform positioned over the
      recessed pin. A first longer locking pin 35 is then inserted in the tang
      hole with the extended portion of the pin being seated in the slotted hole
      carried by the opposite side wall of the first bucket platform. The root
      of the next subsequent bucket in series is then slidably received in the
      support disc with the unbroken platform of the second bucket being placed
      over the shoulder of the first long pin, thus locking the pin in position.
      This series of operations is repeated until the last bucket is mounted
      upon the disc. At this time, the short pin is screwed upwardly, by turning
      the set screw, until the extended section of the short pin is positioned
      within the slot of the last bucket platform thereby closing the assembly.
      The metal of the set screw in the short pin is then preferably upset to
      prevent it from becoming loosened or withdrawn from the assembly when
      exposed to vibrations.
PAR  In the present assembly, each bucket in the series is secured to the rotor
      structure in a relatively loose arrangement so that the vibration
      dampening characteristics of the system are enhanced over assemblies
      requiring a more positive or secure binder between the cooperating
      elements. The dampening characteristics of the system can be further
      facilitated by providing each of the locking pins with an axial aligned
      set screw as herein described with reference to the short pin. This
      particular embodiment is illustrated in FIG. 2, where both the short pin
      assembly 40 and the longer pin assemblies 51 are shown with a set screw
      acting against the bottom of the tang holes. In this arrangement, the
      individual locking pins are raised upwardly by the screws to position the
      pin shoulders in abutting contact against the bottom of the overlying
      bucket platforms. The load exerted by the pin against the bucket can be
      adjusted to fine tune the buckets to avoid resonance, thus further
      enhancing the dampening properties of the system.
PAR  Preloading each pin against one of the buckets in the series has the
      further advantage of providing a means by which the assembly can be
      balanced in a relatively simple manner. The loosely fitted buckets can be
      repositioned slightly under the influence of the locking pin assembly by
      adjusting the pin position via the set screw. As can be seen, by use of
      the pin and set screw arrangement, any imbalance in the system can be
      offset or compensated for.
PAR  While this invention has been described with reference to the structure
      herein disclosed, it is not confined to the details as set forth, and this
      application is intended to cover any modifications or changes as may come
      within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotor assembly of the type wherein a series of side entry blades
      are mounted upon a rotor disc by sliding the blade roots into
      complementary grooves formed within the disc, each blade further having a
      platform overlying the tang formed in the disc between each root receiving
      groove, the side edges of each platform being in close proximity with that
      of the next adjacent blade platform, the improvement comprising
PA1  a radially extending hole formed in each tang, the hole being formed so
      that it is substantially centered between adjacent blade platforms with
      the hole extending beneath each of said adjacent platforms,
PA1  a locking pin having a close sliding fit with said holes being mounted
      within each hole, said pin having a shoulder being arranged to pass
      beneath one of said adjacent platforms and an extended section passing
      outwardly from said hole and being slidably received within a
      complementary groove formed in the other of said adjacent platforms, and
PA1  screw means operatively associated with each of said pins for raising the
      pin within said hole to lock the shoulder of said pin against said one
      adjacent platform whereby the damping characteristics and balance of each
      blade is adjustable.
NUM  2.
PAR  2. The assembly of claim 1 wherein one of said pins is of a length
      substantially equal to or less than the depth of the hole whereby the
      platform of the last mounted blade upon said disc is able to pass over the
      pin when said pin is recessed within the hole and said pin is capable of
      being raised into a locking position when said last blade platform is
      positioned upon said disc.
NUM  3.
PAR  3. The assembly of claim 2 wherein said screw means comprises a set screw
      threadably passing through the axis of said pin and being arranged to seat
      against the bottom of said hole.
NUM  4.
PAR  4. The assembly of claim 1 wherein said hole is of a circular cross section
      of a substantially greater diameter than the space between each adjacent
      blade.
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ABST
PAL  A valve in the production flow line of an oil well closes a reed switch
      indicative of fluid being pumped through the line. The switch closure
      activates a first oscillator whose count is compared with a variable
      frequency oscillator having a frequency of approximately one-half that of
      the first oscillator. The comparison is made over a given period of time
      to ascertain the percentage of time the valve has been open and passing
      fluid. Theoretically, the valve should be open approximately fifty percent
      of the time because almost that much time is taken on the downstroke of
      the pumping assembly when no production is occurring. The integrated timer
      is adjusted to shut down the system when the percentage of time the valve
      is open drops to the preselected amount, usually equal to or less than
      around 50 percent. In response to the integration timer producing a
      signal, a shutdown timer is turned on which restarts the cycle after a
      preselected amount of time. The length of shutdown time for the pumping
      unit is preset according to the well fill-in rate. When the system is
      restarted by the shutdown timer, a pump-up timer is turned on which is
      adjusted to allow for a desired pump-up time. As the pump-up timer is
      allowing the system to recycle, the integration timer is reset and the
      recycling is completed if the requirements of the integration timer are
      met. Otherwise, the unit is shut down again and the system recycled. A
      variable electronic scaler is connected to the output of the integration
      timer which monitors the output signals from this timer.
PAL  A reset circuit between the integrator and the scaler resets the scaler to
      zero after a successful recycle of the system. A successful recycle occurs
      when fluid is pumped at a flow rate equal to or greater than the preset
      minimum when the pump has been restarted after a shutdown period. If the
      pumped fluid flow rate achieves the minimum preset flow value during or at
      the end of the pump-up period, a reset signal is conveyed to the scaler to
      reset it to zero and continue pump operation and system recycling
      indefinitely, or until malfunctions interfere with the pumping operation
      or production drops below a level economically feasible for pumping
      operations.
PAL  When malfunctions do occur, such as parting of the sucker rod, the pumped
      fluid flow rate will remain below the desired preset value and no reset
      signal will be conveyed to the scaler. At the end of the pump-up cycle the
      pump will not be pumping fluids and will be shut down in response to the
      signal from the integrator assembly. Since there will be no reset signal
      to the scaler, it will begin to accumulate the shutdown signals. After the
      preset number of times the integration timer produces a shutdown signal,
      the scaler turns off the whole system. It can then be restarted manually.
      This provides a safety device for equipment failure such as breaking of
      the sucker rod. Means are also provided for recording the various timed
      cycles and also for monitoring the number of signals transmitted to the
      scaler, thus being indicative of the number of times the system has
      automatically shut down and successfully recycled.
PAL  Also a circuit is provided to determine the exact percentage of time that
      the pump is producing fluid flow, whether above or below the preset
      minimum percentage. A continuous recorder may be used with this circuit to
      maintain a constant record of the percentage of time the pump is flowing
      well fluids to allow the operator to determine if the preset minimum
      percentage should be lowered, and how much it should be lowered to obtain
      successful recycling of the pumping system.
PARN
PAC  CROSSREFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of an original application, Ser.
      No. 365,881, filed June 1, 1973, now U.S. Pat. No. 3,854,846, by Bobby L.
      Douglas, entitled "OIL WELL PUMPOFF CONTROL SYSTEM UTILIZING INTEGRATION
      TIMER."
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to oil wells and more particularly to an automatic
      well cutoff system for pumping oil wells.
PAR  In the production of oil, a well is drilled to the oil bearing strata. At
      the bottom of the well, a pump is installed to pump oil to the surface of
      the earth from the pool that gathers at the bottom of the well. A
      desirable mode of operation is to pump the oil when ever there is oil in
      the pool and to stop the pumping when there is no oil in the pool.
PAR  Advantages of this desirable mode of operation are that the pump
      automatically reaches its optimum pumping rate with a result in a saving
      of man hours and equipment. The pump thus operates at a greater efficiency
      in pump displacement, thereby reducing the total number of pumping hours
      which in itself results in a saving of power and power cost.
PAR  Those in the prior art have long recognized the desirability of control
      systems for providing such an automatic pumpoff control of oil wells.
      Examples of such prior are include U.S. Pat. No. 2,550,093 to G. A. Smith
      and U.S. Pat. No. 2,316,494 to R. Tipton. In the Smith patent, a valve
      activates an electrical circuit which causes the pump to be shut down
      after a predetermined time interval in the event the produced oil ceases
      to flow through the valve. In the Tipton patent, a clock is caused to run
      in response to there being no produced fluid, thus causing the pump to
      periodically cycle in response to the well being pumped dry.
PAR  These two patents exemplify the prior art in that various means and systems
      are provided which monitor the lack of produced fluid and which in turn
      cause the system to recycle in response thereto.
PAR  However, the prior art, to the best of my knowledge, has failed to provide
      a system which provides satisfactory pump-off control for the various oil
      well pumping facilities having varying conditions and components thereof.
PAR  A need therefore exists in the oilfield for a means for controlling the
      operation of oil well pumps in such a manner that the duration of their
      pumping periods will be substantially or approximately in accordance with
      the actual time periods required for the pumping off of the wells. Such a
      need exists for a means of control whereby an oil well can continue in
      operation so long as it is pumping oil, but which will automatically stop
      when it has pumped off the oil, or for breakage, in response to cessation
      of discharge of oil from the pump.
PAR  It is therefore the primary object of the present invention to provide a
      well pumping control system wherein the pump control is a factor of the
      percentage of time during which oil is being pumped during a given period;
PAR  It is also an object of the invention to provide a new and improved well
      pumping control system wherein the operation of the pump is automatically
      stopped when the fluid in the borehole is depleted; and
PAR  Another object of this invention is to provide a system having a variable
      timing subsystem providing greater flexibility than heretofore known in
      the prior art.
PAR  The objects of the invention are accomplished, generally, by a system which
      utilizes a valve in the production flow line to create an event indicative
      of produced fluids within the line. The produced event is utilized in
      conjunction with a timer which determines the percentage of time during
      which fluid is being produced, and based upon such determination, either
      allows the system to continue or to shut down. As additional features of
      the invention, means are provided for the system to recycle indefinitely
      as long as there is no malfunction in the equipment and then to completely
      shut down after a predetermined number of recycles should there be a
      malfunction in the equipment or should the well drop below a production
      level which can economically be produced.
DRWD
PAR  These and other objects, features and advantages of the invention will be
      more readily understood from the following description taken with
      reference to the attached drawing, in which:
PAR  FIG. 1 is a diagrammatic sketch illustrating the component parts of the
      present invention;
PAR  FIG. 2 is a view, partly in cross section, illustrating the valve and
      sensor means utilized to show produced fluid within the flow line;
PAR  FIG. 3 schematically illustrates the timing system, partly as a flow
      diagram, according to the present invention; and
PAR  FIG. 4 schematically illustrates, partly in block diagram, the electrical
      circuitry of the invention;
PAR  FIG. 5 schematically illustrates an alternate timing system partly as a
      flow diagram;
PAR  FIG. 6 is a schematic illustration, partly in block-flow diagram, of the
      electrical circuitry of the alternate system;
PAR  FIG. 7 is a schematic block-flow diagram of the components of the analyzer
      of FIG. 6.
DETD
PAR  Referring now to the drawings in more detail, especially to FIG. 1, a
      subsurface pump (not shown) located in well 10 is actuated in a well-known
      manner by means of a sucker rod string 11, the well fluid lifted to the
      surface being directed to storage through a pipe 12. The sucker rod string
      11 is reciprocated in the well by the offsetting motion of a walking beam
      13, which is driven through a pitman 14, crank 15 and speed reducing
      mechanism 16 by a prime-mover 17 such as an electric motor receiving its
      power through lead 18. It should be appreciated that any suitable type of
      motor or engine may be used as the prime-mover 17, for example, a gasoline
      engine having its energizing ignition current supplied through lead 18.
PAR  A valve assembly 19, shown in more detail in FIG. 2, is located within the
      pipe 12 and has an electrical conductor 20 leading from the valve assembly
      19 to a controller panel 21 shown in more detail in FIG. 3.
PAR  Referring now to FIG. 2, the valve assembly 19 is illustrated in greater
      detail. This valve assembly is substantially cylindrical in shape and has
      threaded connections 22 and 23 on opposite ends to facilitate assembly
      within the flow pipe 12 of FIG. 1. A cylindrical valve housing 24
      constructed, for example, of plastic and fabricated perpendicularly to the
      axis between threaded ends 22 and 23, has mounted on its exterior surface
      a proximity switch 25, for example, a reed switch, having an electrical
      conductor 20 leading therefrom to the controller panel 21.
PAR  A valve 30 is located within the valve housing 24 and has an elongated
      cylindrical body portion 31 and a frusto-conical sealing section 32 at its
      lower end adapted to engage a frusto-conical valve seat 33 in the lower
      portion of the valve housing 24. Although the valve 30 could be fabricated
      in various ways, it should be appreciated that it can be constructed in
      accordance with my co-pending U.S. patent application Ser. No. 301,557,
      filed on Oct. 22, 1972, now U.S. Pat. No. 3,861,646, for "Dual Sealing
      Element Valve for Oil Well Pumps and Method of Making Same", assigned to
      the assignee of the present invention. The full disclosure of said
      application is incorporated herein by reference.
PAR  A magnet 35 is attached to the uppermost section of the valve body 31 and
      is adapted to close the proximity switch 25 whenever the valve is lifted
      from the valve seat 33. A non-magnetic spring 36 is used between the upper
      end of the housing 24 and the valve 30 to spring load the valve 30 into
      its seating arrangement with the valve seat 33. It should be appreciated
      that although the housing 24 is illustrated as being of a plastic
      material, other non-magnetic housings can be used, for example, certain
      series of the stainless steel family.
PAR  The lower section of the cylindrical valve housing 24 above the valve seat
      33 is enlarged with respect to the upper section of the valve housing 24,
      thus forming a chamber 37 for movement of the sealing member 32 as it
      rises from the valve seat 33. The periphery of such enlarged section has
      two or more openings 38 and 39 to allow fluid to pass therethrough.
PAR  In the operation of the system described with respect to FIGS. 1 and 2, it
      should be appreciated that as the fluid is pumped from the well 10, it
      enters the flow pipe 12 and is pumped through the valve assembly 19. In
      reference especially to FIG. 2, the flow is from the threaded end 22
      towards the threaded end 23. Each time the subsurface pump (not shown)
      causes a surge of fluid, the valve 30 is lifted off the valve seat 33 and
      the fluid passes out through the ports 38 and 39 and on to the threaded
      end 23 and out through the flow pipe 12. As the valve 30 is lifted off the
      valve seat 33, the magnet 35 travels near the proximity switch 25, thereby
      closing the switch and allowing the conductor 20 to be grounded.
PAR  Referring now to FIG. 3, there is illustrated in greater detail the control
      panel 21. The conductor 20, which is grounded each time the proximity
      switch 25 of FIG. 2 is closed, is connected into an integrator timer 40,
      the output of the integrator timer 40 being connected to a shutdown timer
      41 whose output is connected to a pump-up timer 42. The output of the
      integrator timer 40 is also connected to the variable electronic scaler 45
      whose output drives a visual monitor 46 bearing the legend "EQUIPMENT
      MONITOR". The output of the pump-up timer 42, through a reset line 43,
      causes each of the three timers to be reset upon a recycling of the
      system. It should be appreciated that the illustration of FIG. 3 is
      included primarily to show the physical layout of the timing mechanisms
      and the visual monitor 46. As will be explained in more detail with
      respect to FIG. 4, the visual monitor 46 has any given number of lights
      but the preferred number is three, bearing the numerals "1", "2" and "3",
      respectively.
PAR  As previously set forth, the shutdown signal from integrator circuit 40 is
      communicated to scaler 45 which accumulates these signals. A successful
      restart of the pumping operation after the shutdown period, which restart
      features a pumped fluid flow equal to or higher than the preset minimum in
      the integrator assembly, serves to reset the scaler to zero and wipe out
      any previous accumulated shutdown signal or signals less than three.
PAR  The scaler is brought into the operation of the system when the system
      begins to repeatedly cycle and recycle without ever obtaining a pumped
      flow rate at least equal to the minimum rate preset into the integrator
      assembly 40. As the shutdown signals after repeated unsuccessful
      recyclings are received sequentially by the scaler 45 from the integrator
      timer cirucit 40, the lights in the monitor 46 are activated in succession
      to indicate the number of times the system has been shut down. For
      example, during the operation of the system, the first time the system is
      shut down, the number "1" will be lighted by a red light on the monitor 46
      and the numerals "2" and "3" will be sequentially illuminated on
      subsequent shutdowns. A recorder connection 47 is provided for utilizing a
      strip chart recorder or the like in providing a permanent monitor of the
      operation of the system.
PAR  The integrator 40, shutdown timer 41 and pump-up timer 42 are commercially
      available from the Eagle Bliss Division of Gulf-Western Industries, Inc.
      of 925 Lake Street, Baraboo, Wisconsin 53193, such items bearing the
      following part numbers: integrator 40, Part No. HP51A6; shutdown timer 41,
      Part No. HP510A6; and pump-up timer 42, Part No. HP56A6.
PAR  Referring now to FIG. 4, the electrical circuitry of the system is
      illustrated in greater detail. The proximity switch 25 is shown as
      applying, upon its closure, a ground to the conductor 20. The conductor 20
      is connected to one of the outputs of the oscillator 50 within the
      integrator timer circuit 40. The oscillator 50 can be set at any frequency
      desired, but as is explained hereafter, is preferably operating at
      approximately twice the frequency of the variable frequency oscillator 51.
      By way of further example, the oscillator 50 has a nominal frequency of 10
      kHz and the variable frequency oscillator 51 is set at 5 kHz. The outputs
      of the oscillator 50 and the oscillator 51 are connected to digital
      counters 52 and 53, respectively. The outputs of the counters 52 and 53
      are connected into a comparator circuit 54. If the output of the counter
      53 exceeds the output of the counter 52, as shown by the comparator 54,
      this is indicative that the system is pumping oil less than 50 percent of
      the time. In response to such an adverse comparison, the comparator 54
      generates a signal which in turn triggers the single shot multivibrator
      circuit 55 which in turn is connected into other of the components of the
      circuitry of FIG. 4. although the oscillator 50 has been described as
      being set at twice the frequency of the oscillator 51, other frequencies
      can be used to provide different percentages. Thus, if the oscillator 50
      is set at four times the frequency of the oscillator 51, then the system
      ascertains whether the oil is being pumped 25 percent of the time. It
      should also be appreciated that it is preferable to provide a comparison
      over a given period of time; for example, during 1 minute.
PAR  For this purpose, a clock 56 having an output connected to counters 52 and
      53 is used to supply the given period of time and can be preset for any
      desirable time period, such as 1 minute. The clock runs only during the
      normal pumping period and is started by the signal output of the pump-up
      timer 42 transmitted along conductor 44. The clock is stopped by the
      shutdown signal from multivibrator 55 transmitted along conductor 48.
PAR  Counters 52 and 53 can be of the type having conventional shift registers
      which are clocked out into the comparator 54 upon receiving the clock
      pulse periodically; for example, every minute. Thus during the time
      between the termination of the pump-up period and the shutdown signal
      generated by the multivibrator 55, the clock will transmit output pulses
      to the shift registers at the predetermined intervals. By then comparing
      the outputs of counters 52 and 53, the apparatus determines whether the
      percentage of time the flow valve 30 has been open is at, above, or below
      the preset value.
PAR  This eliminates problems such as might be occasioned by an infrequent gas
      bubble or the like which might cause the valve to not come off the seat 33
      upon any given stroke of the pump. Since a percentage of 50 percent is
      theoretically the perfect condition, a reasonable setting of the variable
      frequency oscillator would be 4 kHz in conjunction with the 10 kHz output
      of the oscillator 50. Under these conditions, a signal would not be
      produced from the single shot multivibrator 55 until there was a showing
      that the system was operating less than 40 percent of the time.
PAR  The output of clock 56 is also connected to an AND gate 57 which is used in
      the reset circuit for the scaler 45. A reset line 76 connects the AND gate
      57 to scaler 45. The AND circuit receives as a second input, the output
      from an inverter 58. The inverter receives the output signal from
      comparator 54, inverts the signal, and transmits it to the AND gate.
PAR  The AND gate 57 may be of any of the commercially available logic circuits
      of this type, which components are known to those skilled in the art.
PAR  The particular AND gate utilized is a solid state circuit which, when
      receiving two input signals will generate an output signal; but when
      receiving only one input signal or no input signal, will generate not
      output signal.
PAR  The output of the single shot multivibrator 55 is connected by conductor 60
      to the input of the shutdown timer 41 which can be adjusted to any
      predetermined period, for example, 4 hours. The output of the shutdown
      timer 41 is connected to the input of a pump-up timer 42 which can also be
      adjusted to any preselected time, for example, 20 minutes. The shutdown
      timer 41 and the pump-up timer 42 each contains a single shot
      multivibrator for producing a single pulse at their respective outputs at
      the conclusion of the given time periods.
PAR  The conductor 60 is also connected to the coil 63 of a relay 64, the other
      side of the coil 63 being grounded. The relay 64 has a pair of normally
      open and normally closed contacts. The output of the shutdown timer is
      also connected to the coil 65 of a relay 66, the other side of the coil 65
      being grounded. The relay 66 also has a pair of normally open and normally
      closed contacts. The output of the pump-up timer 42 is connected to the
      coil 67 of a relay 68, the other side of the coil 67 being grounded. The
      relay 68 also has a pair of normally open and normally closed contacts.
PAR  The lower normally open contact of relay 64 is connected to a power supply,
      illustrated as being a battery 70 which is of adequate voltage to maintain
      the relay 64 in the latched position. The lower normally open contact of
      relay 66 is similarly connected to a power supply 71 for similar reasons.
      The upper normally closed contact of relay 64 is connected to a conductor
      72 which in turn is connected to the upper normally open contact of relay
      66. The upper wiper arm of relay 64 is connected to conductor 73 which is
      connected directly to the prime-mover power supply 74. The conductor 73 is
      also connected to the upper wiper arm of relay 66. The lower wiper arm of
      relay 64 is connected to the upper wiper arm of relay 68. The lower wiper
      arm of relay 66 is connected to the lower wiper arm of relay 68. The
      ungrounded side of the coil 65 in relay 66 is connected to the lower
      normally closed contact of relay 68. The upper normally closed contact of
      relay 68 is connected to the ungrounded side of the coil 63 in relay 64.
PAR  The output of the single shot multivibrator 55 is also connected thru
      conductor 80 to the input of a variable electronic scaler 45 which, for
      example, produces one pulse out for each three pulses in from the single
      shot multivibrator 55. The output of the scaler 45 is connected to the top
      of a coil 82 of a relay 83, the other side of the coil 82 being grounded.
      The upper normally closed contact of relay 83 is connected directly to the
      prime-mover 17. The upper wiper arm of relay 83 is connected to conductor
      72. The lower wiper arm of relay 83 is connected to a power supply 84
      suitable for latching the relay 83. The lower normally open contact of
      relay 83 is connected through a spring-loaded normally closed switch 85
      back to the ungrounded side of the coil 82 of relay 83.
PAR  In the operation of the circuit of FIG. 4, there has already been described
      the effect of an adverse comparison being made in the circuit 54 to thus
      produce a single voltage pulse from the output of the single shot
      multivibrator 55 which occurs on the conductors 60 and 80. Such a pulse
      appearing on the input of the shutdown timer 41 causes the timer 41 to
      count for a predetermined time interval, for example, 4 hours.
      Simultaneously with the production of this signal upon conductor 60, the
      relay 64 is momentarily energized and latched into a position such that
      the wiper arms are in contact with the normally open contacts,
      respectively. The action of the power supply 70 causes the relays to be
      latched in such a position. This removes the prime-mover power supply 74
      from the prime-mover 17 and the pumping action terminates. As soon as the
      preselected time of the shutdown timer 41 has expired, a single pulse is
      generated at the output of the timer 41 which activates the relay 66. This
      causes the relay 66 to latch in position such that the wiper arms are in
      contact with the normally open contacts, respectively. This causes the
      output of the prime-mover power supply 74 to be connected to the
      prime-mover 17 and the pumping action is again commenced. Simultaneously
      with the activation of the relay 66, the output of the timer 41 is coupled
      into the pump-up timer 42 which is set for a predetermined time, for
      example, 20 minutes, and thereafter which generates a single pulse of its
      own which is coupled back to reset the pump-up timer 42, the shutdown
      timer 41 and the counters 52 and 53 in the integration timer 40.
      Simultaneously with this resetting operation, the output of the pump-up
      timer 42 activates the relay 68 which causes the relays 64 and 66 to be
      unlatched and their wiper arms to be returned to the positions as
      illustrated in FIG. 4. This allows the output of the prime-mover power
      supply 74 to remain connected to the prime-mover 17 and the system has
      thus been recycled.
PAR  Each time the output of the single shot multivibrator 55 produces a voltage
      pulse on the conductor 80, the pulse is coupled into the variable scaler
      45 which is set, by way of example, to produce a single output pulse for
      each three pulses in. The reset system for scaler 45 operates to send a
      reset signal to scaler 45 as long as the pump operates efficiently (i.e.
      above the preset desired level) and prevents the scaler from completely
      shutting down the pumping assembly. This method of operation can be
      clearly seen by considering what occurs in the system after the pump-up
      timer has operated to pump a sufficient time hopefully to fill the tubing
      with well fluids again after the preceding shutdown period has allowed the
      pumped fluids to leak back down the well. At the end of the pump-up
      period, the signal from the pump-up timer will reset the system and will
      begin clock 56 to running. After the first time period has run on clock
      56, a signal is generated by the clock to the counters 52 and 53 and to
      the AND gate 57. The counters will signal their outputs to the comparator
      54 and if the well fluid flow is satisfactory, the comparator will refrain
      from signaling the multivibrator and no input will occur from the
      comparator to the inverter 58. The inverter will read the zero signal as a
      "low level" signal and will invert this to a "high level" signal which
      will be transmitted to the AND gate. Upon receiving the input signals from
      the inverter and the clock 56, the AND gate 57 will generate a reset
      signal which will be transmitted along reset line 76 to the scaler 45,
      setting the scaler back to zero.
PAR  If, on the other hand, the comparator makes an adverse comparison, i.e. the
      wellfluid being pumped has dropped below the desired flowrate, the
      comparator will transmit a high level signal to the inverter which, in
      turn, will signal a zero signal to the AND gate simultaneously with the
      clock signal, and no reset will be transmitted to the scaler.
PAR  After the predetermined downtime has run, if the system again fails to
      achieve the desired flowrate at the end of the pumpup cycle, the AND gate
      will again refrain from signaling a reset and scaler 45 will record a
      second shutdown. Upon a third shutdown of the system under these
      circumstances, the scaler will completely shutdown the system.
PAR  After the system has been unsuccessfully restarted and then shut down three
      times, the three pulses produced by the single shot multivibrator 55 will
      have been transmitted to the scaler circuit 45 which then produces a
      single pulse at its output and activates the relay 83 which is latched in
      such a position by the power supply 84. This causes the prime-mover power
      supply 74 to be removed from the prime-mover 17 and the pumping action is
      terminated. The system cannot be recycled at this point until the
      spring-loaded switch 85 is manually activated to the open position to
      unlatch the relay 83 and thus allow the system to be recycled.
PAR  Usually, three recycles of the system without a reset of the scaler
      indicates pump or sucker rod malfunction or that pumpoff of the well is no
      longer economically feasible.
PAR  After inspecting the physical equipment, if the operator should determine
      that there is no equipment malfunction, he may wish to set a longer
      downtime into the downtime timer to determine if the well can still be
      pumped economically by increasing the down-time, thereby allowing a
      greater amount of wellfluids to seep into the wellbore before restarting
      the pump.
PAR  Alternatively, rather than having the operator guess at a new downtime,
      additional circuits may be added to the control system to calculate and
      continuously record the actual percentage of time that pumped fluid has
      flowed from the well.
PAR  Thus, upon checking the well and discovering that it has been shutdown
      completely by the scaler circuit, the operator may then check the
      percentage recorder to see how close to the preset minimum flow rate the
      actual flow rate was before shutdown. If it appears to be only slightly
      lower, he may then either increase the preset downtime on the shutdown
      timer, or alternatively, he may want to reset the minimum percentage by
      varying the variable frequency oscillator to obtain a minimum percentage
      just below the actual pumping percentage as indicated by the recorder.
PAR  The recording circuit is indicated in FIG. 4 and includes a multiplier 59,
      a divide circuit 61, a recorder 62, and a gang tuner 69. Multiplier 59
      receives the output of counter 53 which counts the variable frequency
      oscillator output.
PAR  The multiplier 59 is a variable multiplier and exhibits a multiplying value
      dependent upon the frequency selected for the variable frequency
      oscillator (VFO) and the ratio of the frequency of the VFO to that of the
      other oscillator 50. The gang tuner 69 is connected to the VFO and the
      multiplier so that adjustment of the VFO simultaneously makes a
      corresponding change in the multiplier. The gang tuner is chosen to make
      the multiplication factor inversely proportional to the VFO frequency.
PAR  The amount of multiplication obtained in the multiplier is designed to
      equal the ratio of the frequency of oscillator 50 to the frequency of the
      VFO. This offsets the originally adjusted-in disparity between the
      frequencies of the two oscillators and allows the actual flow percentage
      to be calculated from the oscillator outputs.
PAR  For instance, using the figures of the previous example, with a VFO
      frequency of 5 kHz, and a frequency of 10 kHz in oscillator 50, the
      multiplier will utilize a multiplication factor of 10 divided by 5, or 2.
      This adjusts the ratio of oscillator frequencies back to where a direct
      flow percentage may be calculated. Calculation of flow percentage is
      achieved in the divide circuit 61 which receives as inputs the outputs of
      multiplier 59 and counter 52. The output of counter 52, transmitted to the
      divide circuit by conductor 75, is divided by the output of multiplier 59
      to obtain the exact flow percentage.
PAR  This percentage is transmitted from the divide circuit to a recorder 62
      which preferably has a visible, lighted panel showing the instant flow
      percentage if the pump is presently running, or the last calculated
      percentage of the immediately preceding cycle when the pump is shutdown.
      The recorder also preferably utilizes a chart or graph recorder to
      maintain a continuous written record of the pumping efficiency to allow
      the well operator to review past pumping operations.
PAR  The components utilized in the gang tuner, multiplier, divide circuit, and
      recorder are readily known to those skilled in the electronics art and are
      obtainable commercially.
PAR  For example, with an integrator circuit utilizing an oscillator 50 with a
      frequency of 20 kHz and a setting on the VFO of 7 kHz, the pumpoff control
      system is set to shutdown the system when the pumping efficiency drops
      below 35%. This is determined by the calculation:
      ##EQU1##
PAR  Should the pump be pumping fluid at a rate greater than 35% and then drop
      to a level such as 33%, the system would recycle as previously described.
      If, during the subsequent pump-up cycle, the flow rate should reach only
      33%, then at the end of the pump-up period the system will shut down and
      no reset signal will be conveyed to the scaler. After three unsuccessful
      recycles during which the flow rate never exceeded 33% during the pump-up
      period, the scaler will completely shut down the system, requiring a
      manual reset and restart of the apparatus.
PAR  During the pump-up period when the flow rate is 33%, the VFO will be
      generating a signal with a frequency of 7 kHz, and, during one time period
      (60 seconds) of clock 56, will emit 7 .times. 1000 .times. 60 impulses, or
      4.2 .times. 10.sup.5 impulses. The oscillator 50 will emit 20 .times. 1000
      .times. 60 .times. 0.33 pulses, or 4.0 .times. 10.sup.5 pulses. Since
      counter 53 registers a greater number of pulses than counter 52,
      comparator 54 generates an adverse signal and the system is shutdown at
      the end of the pump-up period.
PAR  Prior to the pump-up period, the setting of the VFO and the frequency of
      oscillator 50 have determined a frequency ratio of 20/7. The setting of
      the VFO operates via gang tuner 69 to obtain a multiplication factor of
      20/7 (approx. 2.86) in the multiplier 59. During the pump-up period, the
      count of counter 53 from the VFO is multiplied in the multiplier by 2.86
      to obtain a count of 2.86 .times. 4.2 .times. 10.sup.5 pulses, or 1.2
      .times. 10.sup.6 pulses. The divider then divides this sum into the number
      from counter 52 thusly, 4.0 .times. 10.sup.5 /1.2 .times. 10.sup.6 and
      obtains a percentage of 33, which as noted earlier, is the actual pumped
      flow percentage achieved during the pump-up period. This figure will be
      visible on the display panel as well as being recorded on a chart or
      graph.
PAR  The operator may then want to increase the downtime period or change the
      VFO to a frequency below 33% of that of the oscillator 50. For instance, a
      VFO frequency of 6 kHz would give a minimum flow percentage of 30% and
      would allow the pump to operate and cycle successfully at the 33% level.
PAR  In FIGS. 5, 6, and 7 a second pumpoff control system is illustrated wherein
      the shutdown timer system is replaced with a runtime analyzer to further
      optimize pumping operations at the well. Instead of using a preset
      downtime such as was obtained by the setting of timer 41, this system,
      utilizing the runtime analyzer, calculates the ratio of a preset desirable
      runtime to the actual runtime of the previous cycle, and, calculating the
      upcoming downtime by multiplying the previous downtime by this ratio,
      adjusts the actual runtime indirectly by varying the downtime to achieve
      an actual runtime as close as possible to the desirable preset runtime.
PAR  Thus, by adjusting the preset desirable runtime over an extended period of
      time, the operator can determine the longest period of runtime obtainable
      without causing a disproportionate increase in the downtime required to
      maintain that runtime. This optimizes the pumping efficiency and minimizes
      the number of times per day the pumping system will be cycled on and off.
PAR  For example, with a low pressure producing well which has to be pumped for
      production and the maximum amount of oil that will seep into the borehole
      from the formation during a 24 hour period being about 500 barrels, with a
      1500 barrel per day pump the optimum runtime of the pump would be 8 hours
      per day. But it is obvious that the pump cannot be simply turned on for 8
      straight hours and then shut off for 16 hours each day because, due to the
      low formation pressure, the borehole cannot accumulate 500 barrels of oil
      at one time no matter how long the pump is shut down.
PAR  Thus, the pump must be run for a period of time equal to approximately
      one-half the time required for the borehole to fill up to its highest
      level under the existing formation pressure, since, in this example, the
      optimum runtime is one-half of the optimum downtime.
PAR  Other wells may exhibit different ratios, for instance a 1000 barrel per
      day well with a 2500 barrel per day pump would have an optimum runtime -
      downtime ratio of 2:3. When the time is determined for the borehole to
      fill with well fluids to its highest level, then this is the optimum
      downtime and the runtime of the pump should be two-thirds of this optimum
      downtime.
PAR  The system operates upon the basis of the following equation:
      ##EQU2##
      where t.sub.n = time of the upcoming downtime period;
PA1  T.sub.s = reference pump running time set manually by the operator on a
      variable timer;
PA1  T.sub.(n.sub.-1) = elapsed runtime of the immediately preceding pumping
      cycle;
PA1  t.sub.(n.sub.-1) = downtime of immediately preceding pumping cycle.
PAR  This equation is used in the runtime analyzer to vary the downtime,
      t.sub.n, to achieve an actual runtime T.sub.(n.sub.-1) as close as
      possible to the preset desirable runtime T.sub.s.
PAR  Looking at FIG. 5, a schematic layup of the control panel of this system
      having a partial flow diagram is shown. An integration timer 40 identical
      to that of FIG. 3 has an output directed to the reference runtime timer
      101. The panel also has a pump-up timer 42, a scaler 45, equipment monitor
      46, and recorder connection 47. A manual switch 103 is located in the
      output conduit from the integrator 40 to the scaler 45 to allow the scaler
      and automatic shutdown subsystem to be manually cut out of the control
      system.
PAR  Referring now to FIG. 6, the partial schematic flow diagram of the
      circuitry of the system is illustrated. The integrator circuit 40 is
      identical to that of FIGS. 3 and 4. The output of the single shot
      multivibrator 55 moves through conductor 60 to a runtime analyzer 104
      shown in more detail in FIG. 7. Analyzer 104 utilizes the previous
      runtime, reference runtime, and previous downtime in the formula explained
      above to calculate a new downtime for the present cycle. It should be
      noted here that the previous runtime was terminated exactly as it was in
      the system of FIGS. 1-4, that being by a signal generated in the
      integrator circuit when pumping efficiency dropped below the predetermined
      level set in the variable frequency oscillator 51. The reference runtime
      does not directly affect the actual runtime but is an arbitrary desirable
      figure chosen by the operator.
PAR  Almost simultaneously with the signal from the multivibrator 55, the
      analyzer 104 calculates the downtime and sets the downtime timer running.
PAR  The shutdown signal from multivibrator 55 to relay 64 energizes the coil 63
      therein and moves the upper wiper arm of relay 64 to the normally open
      contact thereby breaking the circuit from the prime-mover power supply 74
      to the prime-mover 17, shutting down the pumping apparatus. Energizing
      coil 63 also moves the lower wiper arm of relay 64 to the normally closed
      contact thereby placing voltage source 70 into contact with the ungrounded
      side of coil 63 via relay 68. This maintains coil 63 energized and locks
      relay 64 into this position thereby maintaining an open switch between the
      prime-mover and its power supply.
PAR  Upon completion of the downtime phase of the cycle, as calculated by
      analyzer 104 and obtained by the downtime timer therein, a second signal
      is generated which moves along conductor 105 to coil 65 of relay 66. This
      moves the upper wiper arm of relay 66 from the normally open contact to
      the normally closed contact thereby creating a circuit from the
      prime-mover power supply 74 to the prime-mover 17. Simultaneously, the
      lower wiper arm of relay 66 moves downward from the normally open contact
      to the normally closed contact thereby placing voltage source 71 in
      communication with the ungrounded side of coil 65 via relay 68. This
      maintains coil 65 energized and locks relay 66 into this position,
      momentarily, thereby supplying power to the prime-mover once again for
      pump operation during the pump-up period.
PAR  Upon running of the pump-up period, as determined by the preset pump-up
      timer, a signal is generated by the pump-up timer and transmitted to coil
      67 of relay 68, energizing the coil, and moving the upper and lower wiper
      arms to the normally open contacts associated therewith. Movement of the
      lower wiper arm to the normally open contact breaks the circuit from the
      voltage source 71 to coil 65, thereby deenergizing the coil and allowing
      the wiper arms to return to their upper positions. This breaks the
      temporary circuit from the prime-mover 17 to its power source.
PAR  The movement of the upper wiper arm of relay 68 to the normally open
      contact in response to energization of coil 67 by the pump-up timer 42
      breaks the circuit from voltage source 70 to coil 63. This deenergizes
      coil 63, allowing the wiper arms to return to their upper contacts,
      thereby reestablishing the normal power supply circuit from power supply
      74 to the prime-mover 17 via the upper wiper arm and the upper, normally
      closed contact of relay 64.
PAR  During the pump-up cycle the pump is run without regard to the amount of
      fluid being produced. The shutdown circuit is temporarily removed from the
      pumping circuit to allow the pump to run long enough to bring fluid all
      the way back up the borehole and out the flowpipe to the flow sensing
      means. This is necessary because most of the fluid left in the wellbore
      above the pump from the previous pumping cycle will eventually, during the
      shutdown period, leak back around the pump and go back down into the
      formation.
PAR  Excluding the shutdown mechanism from the pump-up period allows the pump to
      run the entire pump-up period and obtain a flow of wellfluids before
      activating the cycling circuits again.
PAR  At the point where the pump-up period ends and wellfluids are being pumped
      again, the integrator circuit is reset and pumping will continue until the
      flow sensing means 19 signals to the integrator 40 that fluid flow from
      the well has dropped below the preset desired level, at which time the
      shutdown cycle will begin again with a newly calculated downtime value.
PAR  It should also be noted that the output signal of the downtime timer in the
      analyzer is also returned to the analyzer as a reset signal along a
      conductor 108.
PAR  Referring now to FIG. 7, a partial schematic flow diagram of the runtime
      analyzer 104 is shown in which the abovementioned calculation is
      performed. The analyzer has a previous elapsed runtime module 109 for
      receiving the shutdown signal along conductor 60 from multivibrator 55 and
      also the startup signal from the downtime timer 110 along conductor 111.
      Utilizing the shutdown signal from integrator 40 and the signal from timer
      110 as input signals, the module 109 generates an output signal linearly
      proportional to the time lapsed between the two input signals and
      transmits the output signal along conductor 112 to a division circuit 113.
      This output signal could be, for example, an electrical signal such as a
      linear ramp voltage.
PAR  A reference runtime module 114 is also applying a signal such as a linear
      ramp voltage to the division circuit, with the reference signal from
      circuit 114 being determined by the operator who presets the value into
      the analyzer by variable control means such as a rheostat. The reference
      runtime signal may be a continuous signal or can be a pulse signal
      generated by command from either module 109 or integrator 40.
PAR  The division circuit divides the reference runtime value by the previous
      runtime value and generates a signal proportional to this quotient and
      transmits the signal via conductor 115 to a multiplication circuit 116. A
      previous downtime module 117 simultaneously calculates the downtime of the
      immediately previous cycle from inputs received along conductor 106 from
      the downtime timer 110, and conductor 102 from a comparator 124, and
      generates a signal proportional to the previous downtime, transmitting the
      signal via conductor 118 to a comparator 119. A minimum downtime signal
      generator 120, which can be varied by the well operator, also generates a
      signal proportional to this preset minimum downtime, which signal is
      transmitted via conductor 121 to the comparators 119 and 124. The
      comparator 119 receives the two signals described and transmits the larger
      of the two received signals via conductor 122 to the multiplier 116 which
      receives the compared downtime value and multiplies it by the quotient of
      the reference runtime by the previous runtime as indicated by the signal
      from the division circuit 113.
PAR  It should be noted that during initial startup of the system, the previous
      downtime is zero, therefore comparator 119 utilizes the preset minimum
      downtime to relay to the multiplication circuit 116.
PAR  The result of the multiplication is the generation of a new signal
      indicative of the newly calculated downtime, which signal is conveyed via
      conductor 123 to a comparator 124 which compares it to the preset minimum
      downtime received from the minimum downtime signal generator 120 via
      conductor 121. If the new downtime is greater than the preset minimum
      time, the comparator relays this value to the new downtime timer 110 via
      conductor 125, otherwise, the minimum downtime value is transmitted to the
      downtime timer. The new downtime signal starts the downtime timer running
      while simultaneously setting the length of time the downtime timer is to
      run. The downtime timer can be any device which receives a linear
      electrical signal such as a linear analog voltage.
PAR  After the downtime timer has run the length of time required, the startup
      signal, as previously described, is generated and transmitted via
      conductor 105 to the pump-up timer 42. This starts the pumping apparatus
      back up as previously described.
PAR  After the pump-up period is completed, the prime-mover will then continue
      to operate on this second cycle until the flow production drops below the
      desired percentage set into the integrator 40 at which time the above
      shutdown cycle will occur again.
PAR  As an example of the above operation in a hypothetical well, the well
      operator chooses a reference runtime of 1 hour, a minimum pump flow of
      40%, and a minimum downtime of 2 minutes. The system is energized and the
      pump operates for 3.5 hours before dropping below the desirable 40% level
      at which time the integrator signals the shutdown of the pump prime-mover.
      Since this is the initial cycle the comparator 119 signals a time of 2
      minutes (minimum downtime).
PAR  The calculation performed by the analyzer will be thus:
PA1  t.sub.1 = (Ts/To) to
PA1  t.sub.1 = (1.0/3.5) 2 min
PA1  t.sub.1 = 0.57 minutes.
PAR  Since the newly calculated downtime t.sub.1 for this cycle is less than the
      minimum downtime, comparator 124 will signal a new downtime of 2 minutes
      to the downtime timer 110.
PAR  On the next cycle the pump runs for the 20 minute pump-up period, at the
      end of which production is below 40% and the system shuts the pump down.
      The new downtime is calculated:
EQU  t.sub.2 = (1.0/0.33) 2.0 = 6 minutes.
PAR  After the 6 minute downtime, the pump again runs for the 20 minute pump-up
      period and 4 additional minutes before the system shuts it down, and
      t.sub.3 is calculated as:
PA1  t.sub.3 = (1.0/0.4)6
PA1  t.sub.3 = 15 minutes.
PAR  The system will continue to cycle as the well is repeatedly pumped below
      the 40% flow capacity. The downtime will be varied until the actual
      runtime approaches one hour as previously determined desirable.
PAR  When the downtime has stabilized, for example at 45 minutes and the well
      operator has observed this leveling off, he can then take the ratio of
      actual ontime, 1 hour, to stable downtime, 45 minutes or: 1.0/0.75 = 1.33,
      and raise the reference runtime; for example, to 2 hours. If, after the
      control system has once again stabilized, and the ratio of runtime to
      downtime has not varied too much from the 1.33 calculated with the
      previous runtime of one hour, he may want to leave the runtime at 2 hours
      or, he may want to try to increase the runtime again to see if the ratio
      remains unchanged with an even longer runtime.
PAR  Over a period of several weeks or months as the oil level in the formation
      near the well begins to drop appreciably, the operator may have to cut
      back the referene runtime if he notes a significant increase in downtime
      to maintain the previously arrived at optimum ontime.
PAR  From the description above it is clear that further modules could be added
      to the analyzer circuit 104 to automatically adjust the reference runtime
      to an optimum value as it was done manually at the end of the hypothetical
      example above. This would require a division circuit module to obtain the
      ratio of actual runtime to latest downtime and retain these ratios until a
      maximum is reached, then automatically adjust the reference runtime upward
      until a predetermined deviation downward from the maximum ratio
      T(n-1)/t(n-1) occurs, for example, a 10% decrease in the optimum ratio.
PAR  It is clear that one skilled in the electro-mechanical arts could arrive at
      such a modification utilizing known components and the structure of the
      apparatus herein disclosed.
PAR  Also, while the above examples and embodiment of the invention utilized the
      immediately preceding elapsed pump run time to calculate the new downtime,
      it is possible to utilize any other elapsed previous runtime than the
      immediately preceding one. Alternatively, circuits could be provided to
      utilize an average of any two or more previous elapsed runtimes to
      calculate the new downtime.
PAR  It should also be noted that whereas only a minimum down-time regulating
      means is disclosed, it would be possible to utilize additional circuits to
      allow a maximum downtime to be set for the cycles. This could also be made
      inherent in the circuits previously described; for example, the downtime
      timer could incorporate such a limitation and it could be made variable at
      the well operator's control.
PAC  ADVANTAGES OF THE INVENTION
PAR  In order to produce a well at its maximum rate, the downhole pump and
      surface equipment must raise the fluid to the surface just as fast as the
      formation will give it up. This would be very easily accomplished if well
      conditions never changed, and if downhole and surface pumping equipment
      could be sized exactly to each individual well. Since oil wells and oil
      field equipment rarely behave like laboratory models, the industry has
      been faced with pumping problems ever since the first rod pumped well was
      connected to a flowline.
PAR  Normally, if the well operator has installed and adjusted his pumping
      equipment to produce a well at its absolute maximum rate, the bottom hole
      fluid level is so low that most of the time the subsurface pump is not
      being filled to capacity on each stroke and the well is "pumping off."
      When this condition exists, fluid pound occurs and equipment starts
      breaking due to excessive stresses. If there is enough equipment available
      to pump the well down and it is not "pumping-off," then the well is not
      producing at its absolute maximum capacity and adjustments need to be
      made.
PAR  In a well which has the capability to "pump-off" this invention will detect
      and make appropriate corrections for two major conditions. First, when the
      well is pumping down, the system will detect the "pumped-off" condition;
      automatically regulate the pumping time to pump only when fluid is
      available; and stop pumping when sufficient fluid is not available to fill
      the subsurface pump thus reducing the occurrence of rod parts and
      equipment breakage. Secondly, the system will shut down the pump and
      signal the well operator whenever there is a lifting equipment failure
      which will require remedial action or replacement.
PAR  For wells which are prolific producers or where it is not economically
      practical to install large enough equipment to keep the well pumped down,
      the present invention affords the well operator a means of detecting
      developing decreases in lifting efficiency and a means of quick detection
      of problems which require immediate attention. Without an automatic
      detection system, the normal response time for a well which has gone off
      production runs anywhere from 15 hours to 2 weeks. With this system,
      response time for any well should be shortened to a minimum of just a few
      minutes where a central monitoring station is set up, or a maximum of 24
      hours where a once-a-day visual well check by the pumper is used.
PAR  Since the system recognizes a pumped-off condition within the first minute
      of pump nonfilling, fluid pound is reduced to a bare minimum. By not
      allowing the well to pound fluid more than a minute, sucker rod life is
      extended, tubing parts are reduced, downhole pump and pumping unit service
      is lengthened, and the well operator's cost per barrel of crude is
      reduced.
PAR  Whenever a well has parted the sucker rods, worn out the stuffing box, has
      tubing leaks, or when the pump gas locks, very little, if any, fluid will
      be put into the flowlines. When any of these conditions exist, the pumping
      unit is shut down.
PAR  For easy detection of a nonproducing well, the control panel also has an
      external green light which goes off only when the nonproduction cycle
      counter has exceeded the preset number of cycles and has shut the pump
      down permanently.
PAR  A reduced production capability can be recognized by the pumper as he
      records the production monitor reading daily. The monitor advances one
      count everytime the pump is shut down by the control panel. Since this is
      the accumulated numbers of shutdowns, the pumper can tell every day how
      long the pump was down during the past 24 hours by taking the difference
      of the numbers every day. If the number of shut-down periods start
      increasing markedly, this should alert the pumper that the well is not
      capable of producing as much fluid as previously.
PAR  If the pumper notices a marked decrease in the number of times the pump has
      been shut down, this indicates that more fluid is being produced. This
      will be especially advantageous in water-flood projects where the
      production of a well can change daily. This is one of the greatest
      benefits of the production monitoring system in that it will keep the pump
      running as long as fluid is available to be pumped. It only shuts down the
      pump when there is insufficient fluid to fill the subsurface pump.
PAR  As slippage between plunger and barrel increases due to normal pump wear,
      slightly less fluid is produced on every pump stroke. When this slight
      loss of production is multiplied by eight to seventeen thousand pump
      strokes per day, the total production loss becomes considerable and
      worsens as pump wear continues. This increasing loss in pump efficiency
      can also be recognized with the production monitoring system. Under these
      conditions, the production monitor will register a fewer number of
      shutdown cycles per day and the percent production reading will also be
      lower. The pump efficiency can be determined by using this information and
      repairs can be made to remedy the problems.
PAR  The production monitoring system can also be applied to wells which do not
      normally pump off. Under these conditions, the device is used to monitor
      the pumping equipment and shut down the unit should there be a rod part,
      tubing leak or stuffing box failure. If a shutdown is registered, then a
      problem is indicated which should be immediately investigated. If there is
      no surface pumping equipment or rod string problem located, then the
      shutdown would indicate that the pump efficiency has decreased and repairs
      should be made to prevent further loss of production.
PAR  The system is designed so that whenever there is a power failure (such as
      electrical storm), the pumping unit will not come on immediately when
      power is restored. The control panel will start on the last digit of the
      down-time cycle, so that all wells do not start up simultaneously and
      overload the power transformers and blow power line fuses. This will be
      especially advantageous when power failures occur during the night when
      the pumper is not readily available to stagger pumping unit start-ups.
PAR  A downstream pressure sensing system may be used with the production
      monitoring and control system. This will be particularly useful where
      flowlines are exposed to freezing temperatures and where excessive parafin
      build up is encountered. The over-pressurized flowline monitor can
      energize its own external warning light whenever the flowline pressure
      exceeds a predetermined maximum pressure, for example 250 PSI, thus giving
      the pumper an indication that the flowline is becoming plugged. If no
      remedial action is taken after the warning light is energized, the
      flowline monitor will shut the pumping unit down automatically when
      flowline pressure reaches some value above the preset maximum, for example
      300 PSI. This could be a permanent shut down requiring that remedial work
      be done and the system be restarted manually.
PAR  The monitor and control circuitry has been designed so that line drivers
      can be installed to any of the monitoring functions for signal
      transmission to remote and computerized central locations.
PAR  Thus it should be appreciated that there have been described and
      illustrated herein the preferred embodiments of the present invention
      wherein a vastly new and improved system has been provided for making a
      determination as to the percentage of time in which fluid is being
      produced from an oil well, and to control the pumping operation based upon
      such determination. Those skilled in the art will recognize that
      modifications can be made to these embodiments as illustrated and
      described. For example, other types of valves and sensing mechanisms can
      be used to create an event indicative of the flow of oil through the flow
      line. By way of a specific example, the use of a float valve well known in
      the art can be used to generate an electrical signal or some other such
      event and such use is contemplated by the invention hereof. Such an event
      can then be used to aid in the determination of the percentage of time in
      which the oil is flowing through the flow line. Likewise, while the
      preferred embodiment contemplates the use of various electrical,
      mechanical and electro-mechanical timing mechanisms, as well as the use of
      solid state devices such as the scaler circuit 45, those skilled in the
      art will recognize that equivalent devices can be used to provide the
      results of the invention. For example, the entire circuitry of FIG. 4 can
      be fabricated from solid state components to provide greater space saving
      and cost reduction, as well as vastly improved reliability. Furthermore,
      although the preferred embodiment of the invention contemplates the use of
      electrical signals in determining the percentage of time in which the oil
      is flowing through the flow pipe, those skilled in the art will recognize
      that pneumatic signals can also be used in making such a determination.
      Likewise, although not illustrated, a ramp voltage device can be used and
      its amplitude compared at a given time with a known amplitude to provide a
      determination of the percentage of time during which the oil is being
      pumped.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A system for controlling the operation of a well pumping installation
      including a pump, a motor for operating said pump and a pumped fluid
      flowpipe, said system comprising:
PA1  flow detection means responsive to the flow of fluid from the well;
PA1  signal means for generating signals indicative of said response;
PA1  means for determining if the percentage of time during a given time
      interval that such signals are occurring is below a predetermined
      desirable value;
PA1  means for terminating the pumping operation when the percentage of time
      said signals are occurring is less than the predetermined desirable value;
PA1  means for restarting said pumping operation after a predetermined period of
      shutdown time in said system; and,
PA1  recycle means in said system for resetting said determining means and said
      terminating means to allow recycling of the pumping operation.
NUM  2.
PAR  2. The control system of claim 1 further comprising shutdown means for
      preventing recycling of the operation after such operation has been
      recycled a predetermined number of times.
NUM  3.
PAR  3. The control system of claim 1 wherein said restarting means comprises
      pump-up timing means in said system arranged to provide a definite period
      of pumping time immediately after said shutdown time, said pump-up timing
      means adapted to override said terminating means during said definite
      period of pumping time and further adapted to remove said override at the
      end of said pumping period.
NUM  4.
PAR  4. The control system of claim 3 further comprising resetting means between
      said determining means and said recycle preventing means; said resetting
      means arranged to reset said preventing means to zero when the percentage
      of time that signals are occurring is at or above said predetermined
      desirable value, thereby preventing shutdown of the system during
      successful recycling.
NUM  5.
PAR  5. The control system of claim 1 further comprising means for determining
      the exact percentage of time that fluid is flowing from the pumped well.
NUM  6.
PAR  6. The control system of claim 5 wherein said percentage determining means
      has a continuous recording means and a visible readout, said readout being
      capable of indicating either the flow-time percentage when the pumping
      system is operating, or the last flow-time percentage of the previous
      pumping cycle when the system is not pumping.
NUM  7.
PAR  7. The control system of claim 1 wherein said flow detection means
      comprises valve means having magnetic means therein, with proximity switch
      means thereon, said magnetic means and proximity switch means adapted to
      energize said signal means when said valve means is opened by fluid flow
      from the well.
NUM  8.
PAR  8. The control system of claim 1 wherein said signal means comprises a
      first oscillator having a known frequency wave-train output; and said
      determining means comprises a variable frequency oscillator, counter means
      connected to said oscillators, means for comparing the outputs of said
      counter means, means connected to said comparing means for generating a
      pulse signal in response to the output of said comparing means, and clock
      means connected to said counter means arranged to empty said counter means
      periodically into said comparing means.
NUM  9.
PAR  9. The control system of claim 4 wherein said resetting means comprises a
      logic gate having two inputs and an output, and adapted to emit a reset
      signal only when receiving signals through both of said inputs; signal
      inverting means between said determining means and one of said logic gate
      inputs; clock means arranged to generate a periodic signal pulse to the
      second of said logic gate inputs; and, signal conducting means from said
      logic gate output to said recycle preventing means.
NUM  10.
PAR  10. Well pump-off control apparatus for controlling the operation of a well
      pumping installation having a pump, pump motor, and pumped fluid flowpipe;
      said apparatus comprising:
PA1  sensing means in said flowpipe adapted to sense the flow of fluid
      therethrough;
PA1  signal means responsive to said sensing means and adapted to generate
      signals indicative of said fluid flow;
PA1  comparison means for receiving said generated signals and comparing the
      time of fluid flow during a given interval to a predetermined reference
      value;
PA1  terminating means in communication with said comparison means and arranged
      to terminate the pumping operation when the time of fluid flow during the
      given interval drops below said predetermined reference value;
PA1  shutdown timing means in said apparatus arranged to maintain the well
      pumping operation shutdown for a predetermined period of time;
PA1  pump-up timing means communicating with said shutdown timing means and
      arranged to restart the pumping operation after said shutdown period and
      maintain the pumping for a predetermined period of time regardless of the
      flow condition from the well;
PA1  recycle means in communication with said pump-up timing means and said
      comparison means and arranged to recycle said well control apparatus to
      begin another pumping cycle;
PA1  system shutdown means in said well control apparatus, communicating with
      said recycle means and said terminating means, and adapted to count the
      number of times the pumping operation has been terminated and arranged to
      completely shut down the well control apparatus upon counting a
      predetermined number of times the pumping has been terminated; and
PA1  resetting means between said comparison means and said system shutdown
      means and arranged to generate and transmit a resetting signal to said
      system shutdown means when said time of fluid during a given interval is
      greater than said predetermined reference value; said system shutdown
      means further adapted upon receiving said resetting signal to restart
      counting from zero the number of times the pumping operation has been
      terminated.
NUM  11.
PAR  11. The well control apparatus of claim 10 further comprising means for
      calculating the actual percentage of time that well fluid is being pumped
      from the well, said calculating means also comprising recorder means for
      continuously recording said calculated percentage, and display means for
      displaying the most recently calculated flow time percentage.
NUM  12.
PAR  12. The well control apparatus of claim 10 wherein said signal means
      comprises a magnetic proximity switch connected to a first oscillator, and
      said comparison means comprises a variable frequency oscillator, counter
      means connected to said oscillators, comparator means receiving the
      outputs of said counter means and comparing them, pulse signal means
      connected to said comparator means, and, clock means connected to said
      counter means and arranged to empty said counter means periodically into
      said comparing means.
NUM  13.
PAR  13. The well control apparatus of claim 11 wherein said calculating means
      comprises a multiplier circuit, a divide circuit, a gang tuner, and a
      recorder.
NUM  14.
PAR  14. The well control apparatus of claim 12 wherein said resetting means
      comprises a logic gate having two inputs and an output and adapted to emit
      a reset signal to said system shutdown means when receiving signals
      through both inputs; signal inverting means between said comparator means
      and one of said logic gate inputs; signal conducting means from said clock
      means to the other of said logic gate inputs; and signal conductor means
      from said logic gate output to said system shutdown means.
NUM  15.
PAR  15. Apparatus for controlling the operation of a well pumping installation
      utilizing a pump, pump motor, and pumped fluid flowpipe; said apparatus
      comprising:
PA1  flow sensing means responsive to the flow of fluid through the flowpipe;
PA1  signal generating means arranged to generate signals indicative of the flow
      of fluid;
PA1  means for determining if the percentage of time during a given time
      interval that such signals are occurring is below a predetermined
      desirable value;
PA1  means for terminating the pumping operation when the percentage of time
      said signals are occurring is less than the predetermined desirable value;
PA1  means for generating a pumping signal indicative of the duration of pump
      on-time during a given cycle;
PA1  means for restarting the pumping operation after a period of shutdown time;
      and,
PA1  means functionally related to said on-time signal for automatically
      adjusting the period of time the pump will be shutdown during a subsequent
      pumping cycle.
NUM  16.
PAR  16. The well control apparatus of claim 15 further comprising:
PA1  recycle means in said apparatus for resetting said determining means and
      said terminating means to allow recycling of the pumping operation; and
PA1  system shutdown means for counting the number of system recycles and for
      preventing recycling of the operation after such operation has been
      recycled a predetermined number of times.
NUM  17.
PAR  17. The well control apparatus of claim 16 further comprising:
PA1  resetting means between said determining means and said system shutdown
      means arranged to reset said system shutdown means to zero when the
      percentage of time that signals are occurring is at or above said
      predetermined desirable value; and
PA1  means for determining and recording the exact percentage of time during a
      given interval that fluid is flowing from the pumped well.
NUM  18.
PAR  18. The well control apparatus of claim 15 wherein said adjusting means
      comprises:
PA1  means for determining the pump running time fo the immediately preceding
      cycle;
PA1  means for dividing said pump running time into a preset value of desirable
      running time;
PA1  means for multiplying the obtained quotient by the shutdown time of the
      immediately preceding cycle; and,
PA1  timing means in communication with said multiplying means adapted to
      receive a signal proportional to the product of said multiplying means to
      establish a time period directly proportional thereto and emit a signal at
      the end of said time period.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said adjusting means further
      comprises comparator means between said multiplying means and said timing
      means adapted to receive said product signal and compare it to a preset
      minimum value signal, thereafter transmitting a signal proportional to the
      larger of said two incoming signal values to said timing means.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said adjusting means further
      comprises second comparator means communicating with said multiplying
      means and adapted to receive a signal proportional to a preset minimum
      shutdown time and a signal proportional to the shutdown time of the
      immediately preceding pump cycle and to transmit to said multiplying means
      a signal proportional to the larger of the two values represented by the
      two incoming signals.
NUM  21.
PAR  21. The apparatus of claim 20 wherein said timing means is adapted to
      receive a signal proportional to a precalculated shutdown time and deliver
      a startup signal to said restarting means at the end of said precalculated
      shutdown period.
NUM  22.
PAR  22. A well control system for automatically controlling the operation of a
      well pumping installation having a pump, a pump motor, and a pump motor
      power supply source; said well control system comprising:
PA1  flow sensing means on the well adapted for sensing the flow of pumped well
      fluids therefrom;
PA1  signal generating means communicating with said sensing means and adapted
      to transmit signals indicative of said sensed flow;
PA1  integrator means adapted to receive said signals and compare them to a
      preset minimum flow value, said integrator means having means for
      generating a shutdown signal when the pumped fluid flow value drops below
      the preset minimum flow value;
PA1  cycle shutdown means communicating with said integrator means and located
      between the pump motor and its power supply source, said shutdown means
      adapted to receive said shutdown signal and interrupt the flow of power
      from the power supply source to the pump motor;
PA1  restart means in communication with said shutdown means and adapted to
      reestablish flow of power to the pump motor and recycle said well control
      system;
PA1  system shutdown means communicating with said cycle shutdown means and
      arranged to completely shut down said well control system after counting a
      preset number of system recycles;
PA1  resetting means between said integrator means and said system shutdown
      means arranged to reset said system shutdown means to zero when the pumped
      fluid flow value equals or exceeds said preset minimum flow value;
PA1  means for generating a pumping signal indicative of the duration of pump
      on-time during a given cycle;
PA1  pump-up timing means communicating with said restart means and adapted to
      operate the pumping assembly by overriding said cycle shutdown means for a
      predetermined period of time; and
PA1  analyzing means in communication with said integrator means and said
      restart means, said analyzing means adapted to energize said restart means
      after determining and timing a shutdown period calculated to alter the
      actual pump running time to a value closer to a preset desirable running
      time.
NUM  23.
PAR  23. The well control system of claim 22 further comprising percentage
      determining and recording means for determining and recording the amount
      of time during a given time interval that the well fluid is being pumped
      from the well.
NUM  24.
PAR  24. The well control system of claim 22 wherein said analyzing means
      comprises means for performing the calculation:
      ##EQU3##
      where t.sub.n is the time of the upcoming shutdown period,
PA1  T.sub.s is a preset desirable running time,
PA1  I.sub.(n.sub.-1)  is the runtime of the preceding pump cycle, and
PA1  t.sub.n.sub.-1 is the shutdown period of the preceding pumping cycle.
NUM  25.
PAR  25. The well control system of claim 24 wherein said analyzing means
      further comprises:
PA1  means for determining the pump running time of the immediately preceding
      cycle;
PA1  means for dividing said pump running time into the value of a preset
      desirable run time;
PA1  means for multiplying the obtained quotient by the shutdown time of the
      immediately preceding cycle;
PA1  timing means in communication with said multiplying means adapted to
      receive a signal proportional to the product of said multiplying means to
      establish a time period directly proportional thereto and emit a signal at
      the end of said time period;
PA1  comparator means between said multiplying means and said timing means
      adapted to receive said product signal and compare it to a preset minimum
      value signal, thereafter transmitting a signal proportional to the larger
      of the said two incoming signal values to said timing means; and,
PA1  second comparator means communicating with said multiplying means and
      adapted to receive a signal proportional to a preset minimum shutdown time
      and a signal proportional to the shutdown time of the immediately
      preceding pump cycle and to transmit to said multiplying means a signal
      proportional to the larger of the two values represented by the two
      incoming signals.
NUM  26.
PAR  26. A method of controlling an oil well pumping installation having an oil
      well pump, a prime mover, a power supply and a pumped fluid flowpipe, said
      method comprising:
PA1  sensing the flow of fluid pumped through the flowpipe;
PA1  comparing the time fluid flows through the flowpipe during a given unit of
      time to a predetermined desirable flow time;
PA1  disconnecting the power supply from the prime mover when said fluid flow
      time drops below the predetermined desirable flow time thereby shutting
      down the pumping installation;
PA1  reconnecting the power supply to the prime mover after a predetermined
      shutdown time, thereby restarting the pumping installation; and
PA1  repeating the above steps an indefinite number of times.
NUM  27.
PAR  27. The method of claim 26 further comprising the steps of:
PA1  counting the number of times the pumping installation has been shut down;
      and
PA1  completely shutting down the pumping installation and control apparatus and
      preventing reconnecting of the power supply to the prime mover when the
      counted number of shutdowns reaches a predetermined amount.
NUM  28.
PAR  28. The method of claim 27 further comprising:
PA1  restarting said counting step at zero each time the fluid flow time exceeds
      said preset flow time after the power supply has been reconnected to the
      prime mover.
NUM  29.
PAR  29. The method of claim 28 further comprising varying the shutdown time of
      the pumping installation to achieve a predetermined, desirable continuous
      pumping run-time.
NUM  30.
PAR  30. The method of claim 29 wherein said varying step is performed
      automatically and comprises:
PA1  measuring the run-time of a preceding pumping cycle;
PA1  measuring the shutdown time of a preceding cycle; and
PA1  determining a new shutdown time according to the formula:
      ##EQU4##
      where: t.sub.n is the time of the upcoming shutdown period,
PA1  T.sub.s is a preset desirable runtime,
PA1  T.sub.(n.sub.-m) is the runtime of a preceding cycle,
PA1  t.sub.(n.sub.-p) is the shutdown of a preceding cycle.
NUM  31.
PAR  31. The method of claim 30 wherein said preceding cycles are both the same
      cycle which is the immediately preceding cycle.
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ABST
PAL  The invention relates to a method and apparatus for improving the
      performance of back-to-back turbocompressor or turbopump systems, or, more
      generally, of internal-separation energy separators. A helicoidal or
      spiral baffle is used to impart simultaneously a positive prerotation to
      the flow which is to be de-energized and a negative prerotation to the
      flow which is to be energized.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder with the Department of the Navy.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method and apparatus for imparting opposite
      prerotations to the two sub-flows into which the input flow is divided in
      back-to-back turbocompressor or turbopump systems, or, more generally, in
      internal-separation energy separators as described in my U.S. Pat. No.
      3,361,336, the subject matter of which is incorporated herein by
      reference.
PAR  Theory and experiment have shown that significant improvements in the
      performance of energy separators, at any given rotor peripheral speed, are
      obtained when, prior to entering the rotor discharge passage, the subflow
      which is to be de-energized (hereinafter to be referred to as the "cold"
      flow) is imparted a positive prerotation, i.e., an angular momentum of the
      same sign as the angular velocity of the rotor, while the subflow which is
      to be energized (hereinafter to be referred to as the "hot" flow) is
      imparted a negative prerotation, i.e., an angular momentum of the sign
      opposite to that of the angular velocity of the rotor. I have found a
      method for imparting both prerotations simultaneously in a single step,
      with lower flow losses than are generated by conventional guidevanes.
PAR  It is, therefore, a principal object of this invention to provide a means
      for improving the performance of apparatus for pumping, lifting, or
      compressing of fluids of all kinds, and for heating, cooling,
      refrigerating, air conditioning and related purposes.
PAR  Further objects and advantages of this invention will be apparent from the
      following description.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a side elevational view, partially in section, of an apparatus
      constructed in accordance with the present invention;
PAR  FIG. 2 is a sectional view along the lines of 2--2 of FIG. 1, looking in
      the direction of the arrows;
PAR  FIG. 3 shows, in diagrammatic form, another illustration of apparatus for
      energy separation with dual prerotation in accordance with the present
      invention;
PAR  FIGS. 4 and 5 are side elevational views, partially in section and broken
      away for convenience, of other embodiments of apparatus for carrying out
      the present invention;
PAR  FIG. 6 is a side elevational view, partially in section, of yet another
      embodiment of apparatus suitable for carrying out the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now in detail to FIGS. 1 and 2 of the drawings, 1 is a stationary
      cylindrical body coaxially positioned with respect to a bearing-mounted
      rotatable shaft 2, which supports and rigidly connects hot-output disc 3
      and cold-output disc 4 of the energy separator rotor for rotation with
      respect to surrounding stationary housing 5. In the configuration shown,
      body 1 houses the bearings which support shaft 2, but, as one alternative,
      the bearings could be placed elsewhere (for example, on shaft extensions
      beyond discs 3 and 4), or, as another alternative, fluid-film support of
      the rotor could be provided in the clearance gaps between housing 5 and
      discs 3 and 4. These clearance gaps are exaggerated in the figure for the
      sake of clarity, but in fact leakage through them is to be minimized.
PAR  6 is the input fluid supply duct, and 7 is the input port. 8 and 9 are
      rotor discharge passages extending through discs 3 and 4, respectively,
      for discharging fluids in the direction of arrows A and B, respectively.
      The total discharge area of passages 9 is greater than that of passages 8,
      and the ratio of the two areas is so proportioned that under the combined
      action of the issuing jets the rotor periphery moves at a predetermined
      velocity in the direction of arrows C. Thus, in a coordinate system fixed
      to housing 5, the total specific energy of the jets issuing through
      passages 8 is higher, and that of the jets issuing through passages 9 is
      lower, than that of the input flow, in accordance with the theory set
      forth in my U.S. Pat. No. 3,361,336. 10 is a substantially helicoidal
      baffle, extending radially from the outer surface of body 1 to the inner
      surface of housing 5, and of pitch almost equal to the distance between
      discs 3 and 4. The edges 11 and 12 of baffle 10 are welded or otherwise
      secured to body 1 and to housing 5, respectively. Baffle 10 divides the
      space between body 1 and housing 5 into two tapered conduits 13 and 14,
      and the input flow, on being fed into this space through port 7, is
      divided by body 1 into two flows, one of which is constrained to acquire a
      negative prerotation as it enters conduit 13, which leads it to the
      hot-discharge disc, while the other is imparted a positive prerotation as
      it enters conduit 14, which leads it to the cold-discharge disc. The
      tapering of the conduits tends to compensate for the fact that the mass
      flow rate decreases in each in the direction of the flow, and contributes,
      therefore, to the maintenance of a constant rate of flow through the
      discharge orifices on each side and to the reduction of fluctuations and
      losses in both flows.
PAR  The characterization of baffle 10 as "substantially helicoidal" is intended
      to describe a configuration similar to a helix but with such departures
      from an exact helix and with such variations of thickness along its length
      as may be deemed desirable to produce a better flow on each side. Baffle
      10 may also perform the structural function of supporting body 1, whether
      or not this body houses the bearing assembly which supports shaft 2.
PAR  FIG. 3 shows an arrangement in which the centerline of the prerotation
      channel follows a path which is a modified helix or spiral. Components
      shown in FIG. 3 corresponding to similar components in FIGS. 1 and 2 have
      been given the same reference numbers with the subscript b.
PAR  In the arrangement shown in FIG. 4, enshrouding wall 15 corresponds to
      enshrouding wall 5 of the arrangement shown in FIG. 1 but is part of the
      rotor 16 and connects the two rotor discharge ends 3c and 4c. Therefore,
      baffle 10.sub.c is not attached along its edge 12.sub.a to wall 15, but
      its inner edge 11.sub.c is attached to stationary member 1.sub.c. The
      fluid supply duct 6.sub.c extends through the interior of body 1.sub.c and
      feeds the input flow radially outwardly, through port 7.sub.c, into
      conduits 13.sub.c and 14.sub.c.
PAR  In FIG. 5, there is shown an arrangement similar to that shown in FIG. 4,
      in which, however, the hot and cold flows discharge through nozzles
      8.sub.d and 9.sub.d in the enshrouding portion 15.sub.d of the rotor.
      Nozzles 8.sub.d and 9.sub.d have substantially opposite orientations and
      are placed in two different planes of rotation, on opposite sides of port
      7.sub.d, thus making possible the separate collection of the two issuing
      flows, through separate collectors. Baffle 10.sub.d is attached along its
      inner edge to stationary body 1.sub.d.
PAR  FIG. 6 shows the central portion of an arrangement similar to those shown
      in FIGS. 4 and 5, in which, however, two helicoidal channels 13.sub.e and
      14.sub.e are formed by two helicoidal baffles 20 and 22 positioned with
      respect to one another in the manner of the threads of a multi-threaded
      screw. Each of the two channels is fed through one of the two ports
      7.sub.e discharging radially outwardly from the interior of member 1.sub.e
      at diametrically opposite sides. It is clear that the two channels could,
      alternatively, be fed inwardly from ports in the enshrouding wall, as in
      the arrangement shown in FIG. 1. It is also clear that three ports could
      discharge into three helical conduits in a similar multi-threaded screw
      arrangement, and so on.
PAR  It is to be understood that in all of the above-described embodiments of
      apparatus for carrying out this invention each group of nozzles or
      openings may be replaced by a cascade. The two groups may differ from one
      another in the size, number, radial position, and orientation of the
      discharge openings. It is also obvious that various modifications of the
      embodiments described are possible within the scope of the invention
      claimed.
PAR  In the following, the designations "helicoidal" and "spiral" will be used
      interchangeable, in accordance with common usage and with the definitions
      of these words given, e.g., in the Random House Dictionary of the English
      language.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of dividing a first flow of a fluid into two subflows while
      simultaneously imparting to said subflows angular momenta of opposite
      signs, comprising feeding said first flow transversely into, and at some
      location along, a conduit formed by the space between two coaxial surfaces
      of revolution and generally helicoidal stationary surfaces substantially
      spanning said space, whereby one of said subflows flows in one direction
      away from said location and the other of said subflows flows in the other
      direction away from said location, and said subflows are, by virtue of
      said geometry, constrained to acquire angular momenta of opposite signs.
NUM  2.
PAR  2. The method of dividing the fluid input to an internal-separation energy
      separator having energizing and deenergizing components into two flows
      while simultaneously imparting to said flows angular momenta of opposite
      signs, comprising feeding said input transversely, and at some location
      along, a substantially helicoidal stationary conduit leading in one
      direction away from said location to the energizing component and in the
      other direction away from said location to the de-energizing component of
      said energy separator, whereby the portion of said fluid which flows
      toward said energizing component and the portion of said fluid which flows
      toward said de-energizing component are constrained to acquire angular
      momenta of opposite signs.
NUM  3.
PAR  3. A device for dividing the fluid input to an internal-separation energy
      separator into two flows while simultaneously imparting to said two flows
      angular momenta of opposite signs, and for reducing fluctuations and
      losses in said two flows, comprising a substantially helicoidal stationary
      conduit, means for supplying said fluid transversely into said conduit at
      some location along its length, said energy separator having energizing
      and de-energizing discharges, said conduit leading in one direction away
      from said location to said energizing discharge and in the other direction
      away from said location to said de-energizing discharge, whereby the
      portion of said fluid which flows toward said energizing discharge and
      that which flows toward said de-energizing discharge are constrained to
      acquire angular momenta of opposite signs.
NUM  4.
PAR  4. A device for dividing the fluid input to an internal-separation energy
      separator having a rotor with energizing and de-energizing components into
      two flows while simultaneously imparting to said two flows angular momenta
      of opposite signs, and for reducing fluctuations and losses in said two
      flows, comprising means defining two surfaces of revolution coaxially
      positioned with respect to said rotor, a generally helicoidal stationary
      partition substantially spanning the space between said two surfaces and
      defining a passage between said surfaces and said partition, said passage
      leading in one direction toward said energizing component and in the
      opposite direction toward said de-energizing component, the orientation of
      said partition being such that the angular momentum acquired by particles
      advancing within said passage toward said de-energizing component is of
      the same sign as the angular velocity of said rotor while the angular
      momentum acquired by particles advancing within said passage toward said
      energizing component is of the opposite sign, and means for feeding said
      fluid input transversely into, and at some location along, said passage.
NUM  5.
PAR  5. A device for dividing the input flow to an internal-separation energy
      separator having a rotor with energizing and de-energizing components into
      two flows while simultaneously imparting to said two flows angular momenta
      of opposite signs, and for reducing fluctuations and losses in said two
      flows, comprising a stationary inner body and a stationary outer body
      laterally enshrouding said inner body, the outer surface of said inner
      body and the inner surface of said outer body being substantially
      coaxially positioned with respect to said rotor, the space between said
      surfaces leading in one axial direction to said energizing component and
      in the opposite direction to said de-energizing component, a substantially
      helicoidal stationary partition laterally spanning said space, thereby
      forming with said surfaces a substantially helicoidal stationary conduit
      in said space, means for supplying said input flow transversely into said
      conduit at a location between its two ends, whereby the portion of said
      fluid which flows toward said energizing component is constrained to
      acquire an angular momentum of sign opposite to that acquired by the
      portion of said fluid which flows toward said de-energizing component.
NUM  6.
PAR  6. A device as set forth in claim 4, in which said input flow is supplied
      to a plurality of substantially helicoidal conduits formed in said space
      by said surface and a plurality of substantially helicoidal partitions.
NUM  7.
PAR  7. A device as set forth in claim 4, in which said energizing component is
      a compressor and said de-energizing component is a turbine.
NUM  8.
PAR  8. A device as set forth in claim 4, in which said energizing component is
      a pump and said de-energizing component is a turbine.
PATN
WKU  039307549
SRC  5
APN  5359066
APT  1
ART  343
APD  19741223
TTL  Portable water sampling apparatus
ISD  19760106
NCL  5
ECL  1
EXA  Gluck; Richard E.
EXP  Husar; C. J.
NDR  1
NFG  3
INVT
NAM  Mogg; Joe L.
CTY  Roseville
STA  MN
INVT
NAM  Paulson; Rueben E.
CTY  Minneapolis
STA  MN
ASSG
NAM  Universal Oil Products Company
CTY  Des Plaines
STA  IL
COD  02
CLAS
OCL  417108
XCL  166264
XCL  417172
XCL   73155
EDF  2
ICL  F01D 2526
ICL  F03B 1100
ICL  E21B 4700
FSC  417
FSS  108;109;156;172;90
FSC   73
FSS  155
FSC  166
FSS  264
UREF
PNO  640463
ISD  19000100
NAM  Gildea
OCL  417172
UREF
PNO  3722589
ISD  19730300
NAM  Smith et al.
OCL  166264
FREF
PNO  60,708
ISD  19480300
CNT  NL
OCL  417108
LREP
FR2  Hoatson, Jr.; James R.
FR2  Clark; Barry L.
FR2  Page, II; William H.
ABST
PAL  Portable, self powered water pumping apparatus for use in sampling water in
      remotely located wells comprises a wheeled hose reel cart which supports a
      long length of plastic hose or tubing. The tubing has a small diameter
      length of inner tubing telescoped inside itself throughout most of its
      length. The inner tubing passes through the wall of the outer tubing near
      the upper end thereof and is connected to a pressurized cylinder of gas
      such as a standard 14 oz. propane gas cylinder. When the lower ends of the
      tubes are well submerged beneath the water level in a well, admission of
      gas to the inner tube at its upper end will force water up through an
      annular space between the tubes and out the upper end of the outer tube
      where it can be collected. A channeled plug at the bottom of the tubes
      prevents the tubes from collapsing, helps to keep them straight and
      together as they are lowered into the well and provides partial support
      for a weight hanging from the bottom of the tubes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to sampling devices and particularly to devices for
      sampling water from remotely located wells such as non-active wells and
      observation wells as well as from new wells. It is common to place small
      diameter observation wells of about 2 or 3 inch diameter in a uniform
      pattern around much larger diameter water producing wells and in the same
      aquifer. By analyzing the drawdown of the observation wells in response to
      a drawdown of the pumping well, the permeability and transmissibility of
      the aquifer as well as its coefficient of storage, can be calculated. It
      is also important to sample the water in the observation wells to detect
      possible or potential contamination of the pumped well. Observation wells
      are also used in connection with injection wells wherein dangerous
      polluting liquids such as acids are injected into the earth to dispose of
      them. By taking periodic samples from observation wells in the vicinity of
      the injection well it is possible to determine if the pollutants are being
      contained as desired or whether they are spreading to a degree where they
      could contaminate water wells in the general area.
PAR  As a rule, the small observation wells or other wells which one might wish
      water samples from are situated in relatively remote locations which are
      inaccessible to sources of power for pumping up water samples. It would be
      desirable to have a low cost, self-powered, light weight piece of sampling
      equipment which could be easily carried to the job site in a utility
      vehicle rather than have to bring in heavy air compressors, generators or
      other bulky, expensive equipment for powering an air lift or other form of
      pump. It is among the objects of the present invention to provide such a
      piece of sampling equipment.
PAC  SUMMARY OF THE INVENTION
PAR  The invention basically comprises a pair of long concentric flexible
      plastic tubes which are wound around a reel which is mounted for rotation
      on a mobile cart which can be easily manually moved to the site of the
      well to be sampled. The inner tubing, which may, for example, have inner
      and outer diameters of 0.12 inch and 0.17 inch, respectively, is passed
      through a hole bored in the side of the larger tubing about one or two
      feet from one end thereof. The outer tubing, which may, for example, have
      inner and outer diameters of 0.375 inch and 0.500 inch, respectively,
      cooperates with the inner tube to form a cylindrical annular space having
      a radial thickness of about 0.10 inch. The outer tubing is wound on the
      reel so that the upper end thereof which has the inner tubing projecting
      from its side is positioned so as to project through the side of the reel
      a sufficient distance from the reel hub to permit the outer end of the
      outer tube to discharge pumped water into a container. The projecting
      portion of the inner tubing projects sufficiently far from the reel hub
      and outer tubing to facilitate the connection thereof to a gas cylinder
      and valve such as the universally available type used with a propane blow
      torch or a camp stove. The major portion of the tubing is wound about the
      reel for convenience in transporting it to a well and to simplify the
      lowering of the free end thereof into the well. Since the tubing assumes a
      degree of curvature when it is wound on the reel, a heavy weight is hung
      from its free end to help straighten out the tubing and facilitate its
      insertion into a well casing. An elongated channeled plug is placed inside
      the outer tube at its lower end to stiffen it and protect it. The plug
      also is attached to the inner tube and serves to maintain the annular
      spacing between the tubes, hold the free ends of the two tubes in a fixed
      relationship, and provide a rigid support for the heavy weight which might
      weigh 6 or 8 pounds, for example.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the water sampling apparatus in
      operation;
PAR  FIG. 2 is a partially sectioned, fragmentary view of the gas and water
      carrying sampling tubes and their relation to a well casing; and
PAR  FIG. 3 is a cross-sectional view taken on line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The portable water sampling apparatus is adapted to draw a sample of water
      12 from within the well casing 14 and deliver it to a sample container 16.
      The sampling apparatus includes a hose reel 20 adapted to be rotated by a
      handle 22. The reel 20 is mounted for rotation on mobile cart 24 which has
      wheels to facilitate its movement over rough terrain. Wound about the reel
      20 is a long length of outer tubing 28 which may be formed of polyethylene
      or other suitable material. The outer tube 28 has an upper end portion 30
      from which water samples may be dispersed to a sample container 16, and a
      lower end portion 32 which is submerged beneath the level of water 12 in
      the well casing 14. Enclosed within the outer tube 28 for the major
      portion of its length is a smaller diameter inner tube 36 which may also
      be made of polyethylene or other suitable material. The inner tube 36
      preferably extends through an opening 38 in the side wall of upper portion
      30 of tube 28 but could also exit from tube 28 through the end thereof or
      through an appropriate tube fitting. The upper end 40 of the inner tube 36
      is preferably pressed over a nozzle 42 on a gas cylinder 44 having a gas
      valve 46. Although the cylinder 44 could contain air, nitrogen or other
      low cost gas, it is generally more convenient to utilize small disposable
      cylinders of butane or propane gas which are readily available for use in
      blow torches and camp stoves. The lower end 48 of the inner tube 36 has
      openings 50 which communicate with the annular space 52 which is defined
      by the fact that the outer diameter of the inner tube 36 is less than the
      inner diameter of the outer tube 28.
PAR  A plug member 54 made of plastic or other suitable material and having a
      diameter for most of its length approximately equal to the inner diameter
      of the outer tubing 28 has a reduced neck portion 56 which engages the
      inside wall of inner tubing end portion 48 and is held thereto by a rivet
      58 and, if desired, an appropriate cement. The plug 54 includes a
      plurality of longitudinal grooves 60 around its periphery which permit
      free flow of water 12 from the inside of the casing 14 to the annular
      space 52 between the two tubes. The plug 54 may be anchored to the outer
      tube 28 by means of cement and is additionally held by a formed wire
      member 64 which locks the tube 28 and plug 54 together and serves as a
      carrier ring for a heavy weight such as a lead weight member 66 which has
      a bail engaged by the holder 64. To prevent distortion of the tubing while
      it is being transported, the heavy weight 66 is preferably hooked onto a
      hook member 70 on the handle 22 of the mobile cart 24.
PAR  In operation, the weight 66 and the tubing 28 and 36 attached to it are
      lowered into the well casing 14 a sufficient distance to permit air lift
      pumping. With this type of pumping the minimum operating submergence is
      approximately 30 percent of the depth of the water inlet. In other words,
      approximately 30 percent of the length of the tube which is down the hole
      must be submerged. Assuming the gas exit openings 50 are sufficiently
      submerged to permit pumping to take place, the valve 46 on the gas
      cylinder 44 is opened to permit gas to pass down through the inner tube 36
      and out the openings 50 where it will force the water in the annular space
      52 upwardly through the space between the tubes and out the end 30 of the
      tube 28 into the container 16. If the openings 50 are not sufficiently
      submerged, no water will be pumped but gas will come to the surface. If
      the gas is butane or propane it will of course have an odor which may be
      detected so that the operator will know that the intake openings 50 are
      not sufficiently submerged. Commercially available propane cylinders
      generally have a pressure of 120 to 140 psi when new and warm which is
      generally sufficient to lift several gallons of water. For example, in one
      test where the ambient temperature was 75.degree.F, the static water level
      was 76 feet and the sample intake was at 109 feet a single 14 ounce
      propane cylinder was able to lift a total of 8.6 gallons of water before
      its contents were exhausted. Since the gas cylinder must have a
      substantial pressure in order to pump water it is possible that a
      particular gas cylinder will still have a substantial charge remaining for
      blow torch or other use if the valve 46 is turned off as soon as the
      pumping rate decreases substantially. Since the gas cylinder 44 will exert
      a higher pressure when warm than when cold it is good practice in cold
      weather to keep the cylinder at room temperature until just before use.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A portable water pumping apparatus for sampling water from a well
      comprising: a storage reel having a hub and side flanges and storing a
      pair of elongated, flexible, telescopically positioned, radially spaced
      inner and outer tubing members and for supporting the upper end portion of
      each of said tubing members; handle means on said storage reel for reeling
      and unreeling the lower end portion of said tubing members into a well; a
      cylinder of pressurized gas and complementary means on said cylinder and
      on the upper end portion of the inner tubing member for attaching said
      cylinder to the upper end of said inner tubing member, valve means for
      controlling the flow of gas from said cylinder into said inner tubing
      member; weight means attached to said outer tubing member at its lower end
      portion; the lower end portions of the inner and outer tubing member
      communicating with each other, means communicating the space between the
      inner and outer tubing members with water to be pumped; and discharge
      opening means at the upper end of the outer tubing member for discharging
      water forced up through the space between the inner and outer tubing
      members by gas passing down through the lower end portion of said inner
      tubing member from said cylinder when the lower end portion of each tubing
      member is submerged beneath the water in a well.
NUM  2.
PAR  2. The water pumping apparatus of claim 1 wherein the upper end of said
      inner tubing member passes through the wall of said outer tubing member at
      a location spaced from the end thereof.
NUM  3.
PAR  3. The water pumping apparatus of claim 1 wherein a plug member is fastened
      to the lower ends of said inner and outer tubing members to prevent
      relative movement between said tubing members and to maintain radial
      spacing between them.
NUM  4.
PAR  4. The water pumping apparatus of claim 3 wherein the means communicating
      the space between the inner and outer tubing members with water to be
      pumped comprises longitudinal grooves in the peripheral surface of said
      plug member.
NUM  5.
PAR  5. The water pumping apparatus of claim 4 wherein said weight means is
      attached to said outer tubing member by a fastener which passes through
      the wall of said tubing and engages the walls of aperture means in said
      plug.
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ABST
PAL  A slurry pump including a pressure tank with an inlet and a lower outlet
      and having a pneumatically operated, inwardly opening closure at the inlet
      and a hinged, outwardly opening door at the outlet swingable between
      opened and closed positions. An external source of air under pressure
      hydraulically shuts the closure and pressurizes the tank, forcing a
      semi-liquid slurry such as liquid manure contained within the tank through
      the outlet and into a duct leading to a lagoon or the like. A slurry level
      sensor shuts off the supply of air to the tank when the slurry reaches a
      given level in the tank.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The disposal or use of farm animal waste has become increasingly important
      due not only to the pollution such wastes can cause, but also to the value
      of such wastes as fertilizers. In barns or other feeding areas for cattle,
      the cattle feces and urine are ordinarily scraped into cement troughs, and
      the resultant semi-liquid manure is collected for eventual use as
      fertilizer. Such manure may be placed in compost heaps, or may be conveyed
      to a lagoon for storage. Lagoon storage is often desirable because the
      manure is often stored in a location removed several hundred yards from
      the barn, and because the surface of the waste material in the lagoon
      solidifies, rendering the lagoon substantially odorless. The semi-liquid
      manure slurry (hereinafter referred to as "liquid manure") eventually is
      pumped from the lagoon and is spread upon the ground in the usual manner.
PAR  Automatic barn cleaning devices which carry animal wastes from the barn to
      storage areas have been used for many years. In one device, the liquid
      manure is conveyed to a collection point and is then pumped, using a
      large, reciprocating pump, through a line leading to a storage lagoon.
      Manure pumps of this type often clog up because of encounters with
      substantially solid chunks of hay or straw or other material which becomes
      entrained in the liquid manure. When this happens, the pump assembly can
      be cleared of the obstruction only with some difficulty and waste of time.
      Such manure pumps, moreover, have many moving parts, and the pumping
      action depends upon reasonably close tolerances being maintained between
      the pump piston and cylinder. Because the cylinder interior is ordinarily
      exposed to receive liquid manure for pumping, such pumps also provide a
      safety hazard to one working in the immediate vicinity, and ordinarily are
      carefully monitored during operation.
PAR  A simple, comparatively inexpensive pump for liquid manure or other slurrys
      which would avoid the safety hazards and substantially constant monitoring
      associated with piston pumps of the type described would greatly benefit
      the farming industry, and is much to be desired.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The invention relates to a slurry pump, particularly useful for pumping
      liquid manure from a barn to a storage lagoon. The pump includes a
      pressure tank with upper and lower walls provided with an inlet and an
      outlet, respectively. The inlet has an inwardly and downwardly opening
      closure hinged thereto with a pneumatic cylinder mounted within the tank
      and connected to the closure to close the latter with an air-tight seal.
      The outlet is connectable exteriorly with a discharge duct for carrying
      liquid manure or other slurry to a storage area such as a lagoon. The
      outlet is provided with an outwardly opening door swingable between opened
      and closed positions in response to outward and inward flow of slurry,
      respectively, through the outlet; the door prevents backflow of slurry
      through the outlet port. An external source of air under pressure
      communicates with the pneumatic cylinder to sealingly close the closure,
      and communicates with the tank interior to pressurize the latter, whereby
      a slurry within the tank is forced downwardly and outwardly through the
      outlet and discharge duct. A slurry level sensor means provided within the
      tank senses the level of slurry in the tank, and a control responds
      thereto to shut off the supply of air to the tank when the slurry in the
      tank has decreased to a given level.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic, elevational view showing the location of a slurry
      pump of the invention with respect to a barn and storage lagoon;
PAR  FIG. 2 is a perspective, partially schematic view of a slurry pump of the
      invention;
PAR  FIG. 3 is a cross-sectional view, taken generally along line 3--3 of FIG.
      2; and
PAR  FIGS. 4 and 5 are respective schematic representations of a
      pressure-actuated directional valve and a float employable in the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1 and 2, the slurry pump of the invention is
      designated generally as 10 and includes a pressure tank 12 having an inlet
      12.1 and an outlet 12.2, the latter being connectable to a slurry duct 14.
      The tank preferably is buried underground with its lower end and a portion
      of the slurry duct encased in concrete, as shown in FIG. 1, the slurry
      duct 14 leading from the lower end of the tank to a lagoon depicted
      generally as 16. At its upper end, the tank is provided with an upward
      chute 18, the open top 18.1 of which receives liquid manure from a trench
      or trough 18.2 within a barn 20 or other cattle feeding area. Briefly,
      liquid manure enters the tank through its inlet 12.1 and thereafter is
      forced by air pressure through the outlet 12.2 and through the duct 14
      into the lagoon 16.
PAR  Referring now in detail to FIGS. 2 and 3, the tank 12 is provided with
      cylindrical side walls 12.3 and domed top and bottom walls 12.4, 12.5
      respectively. The tank is of sturdy construction, and is adapted to
      withstand internal pressures of, for example, 67 p.s.i.g. The domed top
      and bottom walls overlie and are welded to the cylindrical side wall, as
      shown best in FIG. 3.
PAR  A substantially square inlet 12.1 is provided centrally in the top wall
      12.4 of the tank, and the inner surface of the top wall adjacent the edges
      of the inlet are provided with a steel flange 12.6 to thus provide a lower
      inlet periphery which lies in a horizontal plane. Cemented to the steel
      flange 12.6 is a resilient gasket 12.6a of foam rubber or other
      manure-resistant material.
PAR  To the periphery of the opening 12.1 in the domed upper wall 12.4 is welded
      an upright chute 18. A transverse trough 18.2, which may be a
      manure-receiving trough in a barn 20, is attached into a recessed side
      wall of the chute 18, and a manure-conveying device such as an auger 18.3
      is caused to rotate about its central supporting shaft 18.4, the end of
      which is journaled into the opposed side wall of the chute.
PAR  A closure, such as a steel plate 12.7, is carried within the tank 12 and
      has a generally planar upper surface of appropriate size to contact the
      gasket 12.6a and thus seal shut the inlet 12.1 of the tank. A pair of
      elongated brackets 12.8 are connected to the underside of the plate 12.7,
      and have outwardly extending ends which are hinged to a pair of lugs 12.9
      extending inwardly from the adjacent interior surface of the top wall
      12.4. It will thus be understood that the plate 12.7 must move upwardly in
      order to come into sealing contact with inlet gasket 12.6a, and is thus
      continuously urged open by the force of gravity.
PAR  An air-operated pneumatic cylinder 22 is carried within the tank and is
      swingably mounted at one end to a supporting brace 22.1 projecting
      inwardly from an edge of the top wall 12.4. At its other end, the piston
      22.2 of the pneumatic cylinder is pivotally connected to the underside of
      the cover 12.7, such tath when the piston extends, the cover is caused to
      move between the open, lower dotted line position shown in FIG. 3 upwardly
      to its closed position sealed tightly against the gasket 12.6a in the
      upper wall of the tank. The pneumatic cylinder 22 is provided with a pair
      of ports 22.3, 22.4 on opposite sides of the piston. The port 22.4 nearest
      the cover 12.7 is provided with a filter cannister 22.5 through which air
      from within the tank may enter the cylinder as the piston is retracted
      during opening of the cover 12.7. The other port 22.3 of the cylinder
      includes a flexible air line communicating with an interior
      pressure-actuated directional valve 22.6 such as a pressure relief valve
      within the tank, and the latter in turn communicates with a source of air
      under pressure, as will now be described.
PAR  A source of air under superatmospheric pressure, such as an electrically
      driven air compressor 24, may be suitably positioned within the barn
      adjacent the chute 18. The compressor desirably is capable of providing
      air at a pressure of 30 p.s.i.g. or above. Pressurized air from the
      compressor passes through an air line 24.1 and through an exterior safety
      valve 24.2, the air line passing then through an air-tight port in the top
      wall 12.4 of the tank and communicating with the interior pressure relief
      valve 22.6 adjacent the pneumatic cylinder 22. The latter valve includes
      an air escape port 22.7 within the tank, and is pre-set to open at a
      pressure lower than that at which the safety valve 24.2 opens. The small
      port through which the air line 24.1 passes preferably is lined with a
      resilient gasket of rubber or other material which provides an air-tight
      seal between the top wall 12.4 and the air line. As shown in FIG. 4, the
      valve 22.6 may be a common pressure relief valve having a plug 22.8
      spring-pressed against a valve seat 22.9. When the plug is seated, air
      flows in the direction shown by arrow A. When pressure within the plug
      increases to a predetermined value, the plug is unseated and air follows
      the path shown generally by arrow B. A bleeder valve 24.4 in the air line
      24.1 may be opened to bleed air from the cylinder.
PAR  The domed, bottom wall 12.5 of the tank is provided with a wide slot 13.1
      (shown best in FIG. 2) extending approximately from the center of the
      lower wall to the edge thereof. To the edges of the slot are welded
      arcuately cut walls of a channel 26, the channel itself being generally
      U-shaped in cross section and having an outwardly extending, generally
      rectangular lip 26.1 forming a rectangular passage or duct leading from
      the tank and terminating abruptly a short distance outwardly from the
      cylindrical tank walls 12.3, as best shown in FIG. 3. Welded to the lip
      26.1 is a tubular connector 28 which varies from a rectangular cross
      section at its attachment to the lip 26.1 to a circular cross section at
      its outer end 28.1. Attached to the circular outer end 28.1 is a
      relatively long length of large diameter, rigid, polyvinylchloride tubing
      14, the latter being tightly attached to the connector 28 by means of an
      adhesive or the like. As previously described, the polyvinylchloride
      tubing 14 forms an outlet duct (FIG.1) leading to the lagoon 16, and
      preferably rising into the lagoon near its center.
PAR  A rectangular door 26.3 is swingably connected by means of a hinge 26.4 to
      the upper surface of the connector 28 at its point of connection to the
      channel lip 26.1 such that the door is freely swingable within the
      connector 28, as shown in dotted lines in FIG. 2. The dimensions of the
      door 26.3 are such that the periphery of the door engages the shoulder
      formed by the terminal end of the lip 26.1 when the door shuts, and it
      will be noted that the door, when mounted as shown in FIG. 3, operates
      under the influence of gravity to assume a normally substantially shut
      position. The purpose of the door 26.3 is to prevent backflow of slurry
      through the port 12.2 and into the tank. The seal which is formed between
      the door 26.3 and the outer end 26.2 of the channel need not be air-tight.
PAR  An elongated slurry level sensor 30 is positioned within the tank to ride
      or float upon the liquid manure contained therein. Within the float is an
      orientation detecting device, which may take the form of a mercury switch
      30.2 of known design (FIG. 5). The purpose of the float is to follow the
      depth of liquid manure within the tank as manure is pressured out through
      the outlet 12.2, and to halt the flow of compressed air to the tank when
      the liquid manure has reached a given level. For example, when floating in
      a substantially horizontal position as shown in solid lines in FIG. 3, the
      mercury pool 30.3 within the float may lie across two electrical contacts
      30.4, 30.5, the contacts leading to a control box 30.1 associated with the
      compressor and electrically connected thereto so that when a conductive
      path between the contacts is extablished, the compressor may operate. When
      the level of liquid manure in the tank has decreased to a level permitting
      the float 30 to hang substantially vertically, as shown in dotted lines in
      FIG. 3, the mercury pool may move by force of gravity to a position in
      which it is no longer in electrical connection with each of the
      electrodes; the circuit through the float is then broken and the
      compressor 24 is caused to stop. A tubular tether 32 of rubber or other
      water-proof, manure-resistant, flexible material is connected at one end
      to one end of the float and its other end protrudes through an air-tight
      opening 13 in the top wall of the tank. Wires 32.2 leading from the
      electrical contacts within the float pass upwardly through the tether 32
      and are connected into the control box 30.1. The tether 32 is attached, at
      a point along its length, to a projection 32.1 depending from the inner
      surface of the top wall 12.4, and the tube 32 has sufficient strength to
      not only easily carry the weight of the float but also to withstand the
      shocks which the float suffers when liquid manure or other slurry is
      introduced into the tank through the inlet 12.1.
PAR  A hose 34 or other source of water under pressure is connected through a
      valve 34.1 with a water line 34.2 which passes through an air-tight
      fitting in the top wall 12.4 of the tank and terminates in a sprayhead
      34.3. The latter is generally centrally positioned with respect to the
      vertical axis of the tank and is oriented to deliver a spray of water
      under pressure against the vertical tank walls to wash down portions of
      the slurry which may become stuck to the walls. Since, for proper pumping,
      the contents of the tank 12 must be a semi-liquid slurry, water issuing
      through the spray head 34.3 also tends to more completely liquefy and
      reduce the viscosity of the tank contents.
PAR  An air outlet pipe 15.1 passes through another air-tight fitting in the top
      wall 12.4 of the tank, and includes an exterior, manually operated valve
      15 for bleeding air under pressure from the tank.
PAR  As discussed previously, the compressor may be electrically powered and is
      controlled not only by its usual on-off switch (not shown), but also by
      the position of the float 30 in the tank and by a pressure limit switch
      shown schematically as 24.3 on the control box 30.1 in FIG. 3, the latter
      switch shutting off the compressor when a given pressure is developed, and
      turning on the compressor when the pressure has fallen below the given
      valve. In order for the compressor to operate, the on-off switch to the
      compressor must be on, the elongated float 30 must be in a generally
      horizontal position as shown in FIG. 3, and the developed pressure must be
      less than a given value. A variety of controls suitable for this purpose
      may be readily devised by the skilled artisan. For example, the pair of
      wires leading to the float may be in series with the compressor power
      source such that the compressor will run only when the float is in its
      floating, or level position with its contacts closed by the pool of
      mercury. The mercury switch in the float may, in another embodiment,
      control operation of a solenoid switch in the compressor. It will be
      understood that when the float is in its "off" position, the limit switch
      24.3 will not turn the compressor on. Although the float as described
      above is preferred since it can be made completely water-proof and is
      generally not subject to becoming fouled during operation, it will be
      understood that level sensors of various types may be employed, such as
      floats carried by arms pivotally connected to the side walls of the tank.
PAR  In operation, liquid manure or other semi-liquid slurry is conveyed to the
      tank 12, as by means of the auger 18.3, until the tank is at least
      partially filled, the level of the slurry desirably remaining below the
      open plate 12.8. At this point, the level sensor float floats on top of
      the liquid manure 31. The air compressor 24 is then started, and air under
      pressure flows through the air line 24.1 and the exterior and interior
      valves 24.2, 22.6 to the pneumatic cylinder 22 as shown by arrow A in FIG.
      4, causing the piston 22.2 to extend and the plate 12.7 to seal against
      the gasket 12.6a. The pressure in the air line 24.1 now rises rapidly,
      since the position of the piston 22.2 in the cylinder 22 is fixed, and
      when the pressure reaches a predetermined value, such as 20 p.s.i.g., the
      interior valve 22.6 opens and air under pressure flows through port 22.7
      as shown by arrow B in FIG. 4 into the interior of the tank to pressurize
      the latter. As the pressure in the tank increases, the downward force
      exerted on the liquid manure 31 eventually becomes sufficiently great to
      force the liquid manure through the channel 26 and outwardly through the
      duct 14 and into a storage lagoon. If the consistancy of the liquid manure
      is too great to allow flow, the viscosity of the manure may be lowered by
      adding water through the nozzle 34.3.
PAR  The safety valve 24.2 may be set to open at a pressure of, for example, 50
      p.s.i.g., the latter representing the maximum safe pressure for the tank.
      The compressor limit switch 24.3 is ordinarily set to operate at the
      desired internal pumping pressure of the tank, which may, for example, be
      30 p.s.i.g. Air from the compressor may enter the tank at a rate far
      exceeding the outflow rate of liquid manure, unless the slurry is very
      watery and easily pumped. The pressure in the tank will thus build up to,
      for example, 30 p.s.i.g. before the compressor shuts off, the compressor
      coming back on again when the tank pressure has dropped below 30 p.s.i.g.
      due to outflow of the liquid manure from the tank. The on-off cycling of
      the compressor thus provides an indication of the flow of liquid manure
      from the tank, and maintains the tank pressure at about 30 p.s.i.g.,
      although the limit switch may be pre-set to turn the compressor on when
      the pressure has reached a lower value, for example, 20 p.s.i.g., thus
      producing a pressure cycling effect in the tank. This effect agitates
      slightly the liquid manure at the constricted outlet 12.2, and may improve
      the flow of unusually viscous slurry. The pressure drop across the top
      plate 12.7, e.g.; 20-30 p.s.i.g., is primarily responsible for maintaining
      the plate sealingly against the gasket 12.6a.
PAR  When the level of liquid manure in the tank has decreased to a given level
      and the float reaches the end of its tether to the projection 32.1, the
      float assumes a more or less vertical position, as shown in FIG. 3, and
      the compressor is shut off as described above. The pressure within the
      tank then gradually recedes due to the continued passage of manure
      outwardly of the tank through the duct 14. Pressure may also be released
      by opening the air valve 15 in the top of the tank. As the pressure in the
      tank drops, liquid manure in the duct 14 may tend to flow back into the
      tank. The hinged door 26.3, no longer being held open by the outflow of
      liquid manure, swings into its closed position under the backflow force of
      the liquid manure or by force of gravity or both. When the pressure in the
      tank has decreased to ambient pressure, and the bleeder valve 24.4 is
      opened, the plate 12.7 at the top of the tank opens under its own weight,
      forcing the piston 22.2 to retract within the cylinder and causing air to
      be drawn through the filter 22.5 into the forward end of the cylinder, the
      filter maintaining the cleanliness of the cylinder. Water may then be
      introduced into the tank through the sprayhead 34.3 to wash down the walls
      of the tank and to provide a small amount of water in the tank bottom to
      reduce the viscosity of the next batch of liquid manure so that that batch
      of liquid manure may readily begin its passage through the duct 14.
PAR  The pump of the invention may be used for various semi-liquid slurrys, but
      is particularly useful on farms in pumping liquid manure, as described
      above. As an example, for a herd of 125 dairy cows, a tank having a liquid
      manure capacity of 1000 gallons will be adequate. To allow space for the
      inward opening of the plate 12.7, this tank may have a total internal
      volume of about 1700 gallons, and may be fabricated throughout from 5/16
      inch cold rolled steel with the dished top and bottom walls welded to the
      cylindrical side wall. A rectangular inlet 12.1, 14 .times. 18 inches, may
      be provided in the top wall 12.4, and the closure plate may be 18 .times.
      22 inches to contact the inlet and provide a 2 inch overlap margin. The
      slot 13.1 in the bottom wall of the tank may be approximately 12 inches in
      width, and the channel 26 may be of 1/4 inch steel to provide a 1/4 inch
      wide shoulder against which the door 26.3 abuts.
PAR  While we have described a preferred embodiment of the present invention, it
      should be understood that various changes, adaptations, and modifications
      may be made therein without departing from the spirit of the invention and
      the scope of the appended claims.
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STM  What is claimed:
NUM  1.
PAR  1. A slurry pump particularly useful for pumping liquid manure and
      comprising:
PA1  a pressure tank with an inlet for admission of slurry to the tank and a
      lower outlet for passage of slurry from the tank, the inlet having a
      hinged plate swingable inwardly from the inlet and including an
      air-operated pneumatic cylinder and piston attached internally of the tank
      and oriented to force the plate upwardly and outwardly to provide an
      air-tight seal at the inlet when the piston is extended from the cylinder,
      and the outlet having means preventing backflow of slurry through the
      outlet;
PA1  a source of air under pressure and an air line extending from the source of
      air and passing through a wall of the tank and communicating internally of
      the tank with the pneumatic cylinder to actuate the same, the air line
      including a pressure-actuated directional valve communicating in its
      closed position with the pneumatic cylinder and in its opened position
      with the tank to supply air under pressure to the latter when the pressure
      of air driving the pneumatic cylinder has reached a predetermined value;
PA1  level sensor means for sensing the recedence of slurry below a
      predetermined level as slurry is pumped from the pressure tank; and
PA1  control means responsive to the level sensor means for discontinuing the
      flow of pressurized air to the tank when the slurry level has decreased to
      the predetermined level.
NUM  2.
PAR  2. The slurry pump of claim 1 wherein the closure plate is of sufficient
      weight to swing open under the force of gravity when otherwise
      unrestrained, retracting the piston into the cylinder.
NUM  3.
PAR  3. The slurry pump of claim 1 wherein the level sensor means comprises a
      float tethered within the tank and having a first position in which the
      float floats upon the slurry within the tank and a second position wherein
      the float is suspended from its tether, the float having internal
      electrical contacts communicating electrically with the source of air
      under pressure and means closing and opening the contacts in response to
      movement of the sensor between its first and second positions to shut off
      the flow of pressurized air to the tank when the sensor moves from the
      first position to the second position.
NUM  4.
PAR  4. The slurry pump of claim 3 wherein the source of air under pressure is
      an electric motor-driven air compressor including a limit switch for
      shutting off the compressor when the pressure pumped against exceeds a
      predetermined upper pressure and turning on the compressor when the
      pressure pumped against has fallen below a lower predetermined pressure,
      whereby the slurry within the tank during the pumping operation is
      subjected to pressure cycling between the upper and lower predetermined
      pressures.
NUM  5.
PAR  5. The slurry pump of claim 1 including a door hinged to the outlet of the
      tank and oriented to open outwardly against the force of gravity and
      closeable inwardly of the tank to prevent the backflow of slurry
      therewithin.
NUM  6.
PAR  6. A slurry pump particularly useful for pumping liquid manure and
      comprising
PA1  a. a pressure tank with top and bottom walls, the top wall having an inlet
      for admission to the tank of liquid manure and having an internal,
      gasketed peripheral surface, closure plate openable inwardly of the tank
      and internally hinged to the top wall, the closure plate being swingable
      upwardly into sealing contact against the gasketed inner periphery of the
      inlet, a pneumatic cylinder mounted internally of the tank at one end and
      having an extendable piston attached to the closure plate, the pneumatic
      cylinder and piston being oriented to force the plate upwardly into
      sealing engagement with the inlet periphery upon extension of the piston
      from the cylinder, the bottom wall of the tank including a channel opening
      generally transversely outwardly of the tank and having an outer end
      connectable to a duct for conveying liquid manure to a storage area, the
      outer end of the channel including a top-hinged door swingable outwardly
      and upwardly to permit outflow of liquid manure through the channel, and
      closeable inwardly to prevent backflow of liquid manure into the tank;
PA1  b. an electrically operated air compressor including a limit switch for
      shutting the compressor off when the pressure pumped against by the
      compressor exceeds a predetermined upper pressure and turning on the
      compressor when the pressure pumped against has fallen below a lower
      predetermined pressure;
PA1  c. an air line for carrying air under pressure from the compressor to the
      tank, the air line extending through the top wall of the tank and
      including internally of the tank a pressure actuated directional valve
      communicating in its closed position with the pneumatic cylinder and in
      its opened position with the tank to supply air under pressure to the tank
      when the pressure of air driving the cylinder has reached a predetermined
      value;
PA1  d. a level sensor float tethered to the top wall internally of the tank and
      having a first position in which the float is carried upon the surface of
      liquid manure within the tank and a second position wherein the float is
      suspended from its tether when liquid manure within the tank has receded
      to a predetermined level, the float having internal electrical contacts,
      and means closing and opening the contacts in response to movement of the
      sensor between its first, floating position and its second,
      tether-supported position; and
PA1  e. control means electrically connected to the electrical contacts of the
      float for shutting off the air compressor in response to movement of the
      float from its floating to its tether-supported position.
NUM  7.
PAR  7. The slurry pump of claim 6 including a source of water under pressure, a
      water line extending through the top wall of the tank and terminating
      internally of the tank in a generally centrally positioned sprayhead to
      wash down the tank walls.
NUM  8.
PAR  8. A slurry pump particularly useful for pumping liquid manure and
      comprising:
PA1  a pressure tank with an inlet for admission of slurry to the tank and a
      lower outlet for passage of slurry from the tank, the inlet having a
      hinged closure for closing the inlet with an air-tight seal;
PA1  a source of air under pressure;
PA1  a pneumatic cylinder attached to the closure to close the latter upon
      application of air under pressure to the cylinder; and
PA1  air conveying means including a pressure-actuated directional valve for
      conveying air under pressure from the source of pressurized air to the
      cylinder and to the tank, said valve conveying pressurized air to the tank
      only when the closure has been closed and the pressure of air driving the
      cylinder has increased to a predetermined value.
NUM  9.
PAR  9. The slurry pump of claim 8 in which the tank has a top wall with the
      inlet positioned centrally thereof.
NUM  10.
PAR  10. The slurry pump of claim 9 in which the tank has a floor sloping
      towards its center and said outlet extending substantially to the center
      of the floor.
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ABST
PAL  A metering pulse pump for metering an additive liquid into a liquid carrier
      under high pressure. A high-pressure, rapidly reciprocating piston pump is
      provided at its outlet end with a pressure-relief valve including a spring
      pressure control permitting the valve to open under varying pre-set
      pressure differentials across the valve. A diaphragm pump having first and
      second chambers separated by a diaphragm is provided with one of the
      chambers communicating directly with the outlet of the piston pump
      upstream of the pressure-relief valve, liquid carrier emitted under
      pressure from the piston pump serving to drive the diaphragm pump in a
      pumping stroke, the second chamber of the diaphragm pump having inflow and
      outflow ports with respective check valves permitting only inflow and
      outflow of an additive liquid into and out of the second chamber. The
      first and second chambers of the diaphragm pump are communicated through a
      manually closable bleeder duct having a check valve permitting flow only
      from the first chamber to the second chamber when the duct is open. The
      length of a diaphragm pumping stroke corresponding to a rapid piston pump
      stroke is controlled by the pressure differential setting of the
      pressure-relief valve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various devices have been employed for automatically metering small amounts
      of an additive liquid to the mainstream of a liquid carrier. When the
      liquid carrier is under high pressure, however, highly sophisticated and
      hence expensive metering pumps such as gear pumps ordinarily are employed.
      An inexpensive apparatus which would permit an additive liquid to be
      metered to a liquid carrier under high pressure is much to be desired.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a metering pulse pump for metering an
      additive liquid into a liquid carrier under high pressure. The pulse pump
      comprises a piston pump with an inlet connectable to a source of liquid
      and an outlet, and which is capable of rapid reciprocation to deliver
      liquid at high pressures. A diaphragm pump is provided with a housing and
      a movable diaphragm separating the housing into a first chamber
      communicating directly with the outlet of the piston pump and a second
      chamber having inflow and outflow ports. The latter ports respectively
      have check valves permitting flow only into and out of the second chamber.
      Mounted at the outlet of the piston pump is a unidirectional flow
      pressure-relief valve having a plug, a valve seat, a spring urging the
      plug and valve seat into a closed position, and a control such as an
      externally operable valve stem for varying pressure of the spring to
      control the pressure differential across the pressure-relief valve at
      which the valve will open. The length of a diaphragm pumping stroke
      corresponding to a rapid piston pump stroke may thus be pre-set by control
      of the spring pressure of the check valve at the outlet of the piston pump
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top view, partially schematic and partially broken away, of a
      metering pulse pump of the invention;
PAR  FIG. 2 is a partially schematic side view of the pump of FIG. 1, shown
      partially broken away;
PAR  FIG. 3 is a semi-schematic top view in partial cross section and partially
      broken away of a pulse pump of the invention; and
PAR  FIG. 4 is a broken away, cross section view taken along line 4--4 of FIG. 3
     .
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, the metering pulse pump of the invention is
      designated generally as 10 and includes a multi-piston pump and a
      diaphragm pump designated generally as 12 and 14, respectively. The
      multi-piston pump 12 includes a rotating drive shaft 12.1 driven by an
      external power source and has one or more cylinders 12.2 through which
      pistons reciprocate, as will be more fully described below. The
      multi-piston pump has an inlet port 12.3 through which water or other
      liquid is introduced into an inlet manifold 12.4. The pump has outlet
      ports 12.5 which are joined to an outlet manifold 12.6 by unidirectional
      flow valves 16.8 which permit liquid to flow only into the latter
      manifold. To one or more of the outlets 12.5 of the multi-piston pump are
      connected diaphragm pumps 14, and each diaphragm pump is connected
      directly to its respective piston pump outlet 12.5 upstream from the
      associated unidirectional flow valve. Each of the latter valves which are
      associated with a piston pump connected to a diaphragm pump is a
      spring-loaded pressure-relief valve and is provided with a control for
      pre-setting spring pressure so that each such valve may be made to open
      when a pre-set pressure differential is applied across the valve, the
      water or other liquid which is pumped by the piston pump passing into the
      outlet manifold 12.6 once the spring-loaded check valve has opened. Prior
      to opening of the latter valve, the pressure of liquid pumped by the
      piston pump serves to drive the diaphragm pump in a pumping stroke.
PAR  The diaphragm pump has a conduit 17.1 communicating with a reservoir of
      additive liquid and a conduit 17.2 which conveys the additive liquid
      pumped by the diaphragm pump outwardly. The latter conduit 17.2 may have a
      needle valve 17.3 serving as a downstream obstruction to retard the flow
      of additive liquid and to thus retard the speed of the stroke of the
      diaphragm pump. The additive liquid conduits 17.1 and 17.2 are connected
      to the diaphragm pump by check valves 17.4 and 17.5 which respectively
      permit the additive liquid to flow only into and only out of the diaphragm
      pump. Downstream from the needle valve 17.3, the conduit 17.2 communicates
      with an outlet line 12.8 leading from the outlet manifold 12.6 of the
      multi-piston pump.
PAR  As the controlled, spring-loaded pressure-relief valve at the outlet of a
      piston pump is adjusted so as to require greater and greater pressure
      differentials there-across before opening, the pressure of liquid from the
      piston pump upon the diaphragm increases, and the diaphragm is more
      speedily moved through its pumping stroke. If the pressure-relief valve is
      adjusted so as to open only when extremely high pressure differentials are
      applied across it, then the diaphragm pump will essentially complete its
      pumping stroke before its associated, rapidly reciprocating piston pump
      begins its return stroke. On the other hand, if the pressure-relief valve
      is adjusted so as to open under application of only a very small pressure
      differential, then the pressure differential across the diaphragm will
      likewise be small, resulting in a reduction in the speed of the pumping
      stroke of the diaphragm pump so that the latter pump does not complete its
      stroke before the piston pump begins its return stroke. Since the quantity
      of additive liquid which is pumped through the diaphragm pump is dependent
      upon how far the diaphragm moves, e.g., upon the degree to which the
      diaphragm pump completes its pumping stroke, the amount of additive liquid
      which is pumped by the diaphragm pump is dependent upon the speed of
      movement of the diaphragm in its pumping stroke. By judicious adjustment
      of the controlled, spring-loaded pressure-relief valve, the amount of
      additive liquid which is pumped by the diaphragm pump in each pumping
      stroke may be controlled. Fine adjustments in the flow of additive liquid
      from the diaphragm pump may be made by adjusting the needle valve 17.3
      downstream from the diaphragm pump.
PAR  The multi-piston pump shown in the drawing includes three piston and
      cylinder combinations, and in FIG. 3, only one of the piston-cylinder
      combinations is shown connected to a diaphragm pump. It will be understood
      that one or more of the remaining piston-cylinder combinations may also be
      connected to diaphragm pumps, if desired, to meter several additive
      liquids into a mainstream of carrier liquid. The presence of a second
      diaphragm pump in FIG. 3 is denoted by dashed line 50 and is also
      represented in dashed lines in FIG. 1.
PAR  With reference now to FIG. 3, each piston-cylinder combination of the
      multi-piston pump 12 includes a piston rod 16.1 which is journaled for
      reciprocation in the piston pump housing and which extends into the
      cylinder 12.2. A lightweight, reciprocable tube 16.2 is centered
      longitudinally within the cylinder 12.2 and is supported within the
      cylinder solely by an annular packing 16.3, the tube 16.2 being slidable
      axially within the cylinder against the packing. The piston rod 16.1
      extends through the reciprocable tube 16.2 and is provided with a valve
      disc 16.4 and a perforate retainer disc 16.5 rigidly mounted on the rod in
      spaced, confronting relationship and separated by a spacer 16.6, the space
      between the discs 16.5 and 16.4 being slightly greater than the length of
      the reciprocable tube 16.2. The discs 16.4 and 16.5 alternately bear
      against the ends of the reciprocable tube 16.2 during reciprocation of the
      piston rod 16.1. In the topmost piston-cylinder combination shown in FIG.
      3, the piston rod 16.1 has completed a pumping stroke and is part way
      through its return stroke. Liquid entering the inlet manifold 12.4 through
      the port 12.3 thus enters the cylinder 12.2 by traveling inwardly through
      the space separating the reciprocable tube 16.2 from the valve disc 16.4,
      and thence through the interior of the tube 16.2 and outwardly through the
      perforated retainer disc 16.5, the return stroke of the piston rod drawing
      substantially no vacuum within the downstream end 16.7 of the cylinder. In
      the bottom-most piston-cylinder arrangement shown in FIG. 3, the piston
      has nearly completed its pumping stroke, the valve disc 16.4 bearing
      against and sealing the open, rearmost end of the reciprocable tube 16.2
      so that the forward motion of the tube through the annular gasket 16.3
      carries liquid forwardly of the cylinder and through the outlet port 12.5.
      In FIG. 3, the bottom two piston-cylinder combinations are not connected
      to diaphragm pumps, and may employ simple, spring-loaded unidirectional
      flow valves 16.8 which permit flow into the manifold during the pumping
      stroke but prevent return flow.
PAR  The topmost piston-cylinder combination in FIG. 3 is provided with
      controllable, spring-loaded unidirectional flow pressure-relief valve
      designated generally as 13. The latter valve includes an annular valve
      seat 13.1 against which is seated a dished valve disc 13.2. The valve disc
      13.2 is held against the seat 13.1 by a pair of helical compression
      springs 13.3, 13.4, the former spring being retained within the housing of
      the valve so as to exert continuous pressure against the valve disc 13.2,
      urging the valve disc against the seat 13.1. A valve stem 13.5 is threaded
      into the adjustable check valve housing and protrudes from the housing to
      terminate in a slotted end adapted to receive a screwdriver. Internally of
      the check valve housing, the stem 13.5 is provided with a shoulder which
      abuts the compression spring 13.4, and includes a centering rod 13.6 which
      extends into the helical spring 13.4 to center the spring on the stem
      13.5. The centering rod 13.6 terminates in an end which may, if desired,
      abut against the valve 13.2 when the stem has been turned fully into the
      check valve housing, thereby providing a positive barrier to flow of
      liquid between the valve 13.2 and valve seat 13.5. As the stem 13.5 is
      turned outwardly from the housing, the compressive force exerted by the
      shoulder of the stem against the compression spring 13.4 is diminished,
      lessening the pressure differential which must be applied across the valve
      13.2 in order to open the valve and permit liquid to escape into the
      outlet manifold 12.6. Because of the presence of compression spring 13.3,
      however, some pressure differential will always be required to open the
      pressure-relief valve 13.
PAR  The diaphragm pump 14 has a housing defining a compartment, and has movable
      diaphragm 14.1 which separates the compartment into a first chamber 14.2
      and a second chamber 14.3. A reciprocable pin 14.4 is attached at its
      upper end to the center of the diaphragm by retaining discs 14.5 and 14.6,
      the housing of the diaphragm pump including walls defining an elongated
      extension 14.7 of the chamber 14.2 and which encloses the pin 14.4. The
      walls of the chamber are threaded at their outer end into the housing of
      the pressure-relief valve 13, the chamber 14.7 communicating directly with
      the outlet 12.5 of the piston pump through an orifice 13.8. A series of
      bladelike projections 18 which are rigidly mounted internally to the
      diaphragm pump housing and are oriented axially with respect to the pin
      14.4 extend into the chamber 14.2 to terminate at their outer ends in
      stationary bearing surfaces against which the retaining disc 14.5 may rest
      when the diaphragm has completed its return stroke and is in its retracted
      position as depicted in FIG. 3. The projections 14.8 are spaced
      circumferentially of the pin 14.4 so that the first chamber 14.2 of the
      diaphragm pump communicates freely between the bladelike projections with
      the chamber extension 14.7 and the outlet 12.5 of the piston pump. A
      helical compression spring 14.9 is centered about the pin 14.4, and is
      retained upon the pin at one end by lock nuts 15 which provide an
      outwardly extending shoulder against which one end of the spring may rest,
      the other end of the spring resting against the inwardly extending
      shoulder 15.1 of the bladelike projections 14.8. The lock nuts 15 may be
      moved axially on the pin 14.4 to vary the force exerted by the spring 14.9
      on the diaphragm. The compression spring 14.9 need not be of great
      strength, the spring serving only to return the diaphragm to its retracted
      position following a pumping stroke of the piston pump, since there is
      substantially no vacuum produced at the outlet 12.5 of the piston pump
      when the piston rod is engaged in its return stroke. Because of the large
      area of the diaphragm which encounters pressurized liquid within the first
      chamber 14.2, the force exerted by the helical spring 14.9 is negligible,
      the pressure differential required to move the diaphragm in a pumping
      stroke being always less than the pressure differential reuired to open
      the pressure-relief valve 13.
PAR  The second chamber 14.3 of the diaphragm pump extends through a port 15.1
      into an enlarged manifold 15.2. A bleeder duct 15.3 joins the manifold
      15.2 with the first chamber 14.2 of the diaphragm pump through a check
      valve 15.4. The latter valve includes aa valve seat 15.5 and a ball plug
      15.6 which seats against the valve seat, the valve seat and valve being
      oriented to permit flow only from the first chamber 14.2 into the manifold
      15.2 of the second chamber 14.3. The check valve 15.4 includes a valve pin
      15.7 threaded into the check housing and terminating in an end adapted to
      contact the ball 15.6 and force the same into seating engagement against
      the valve seat 15.5. The stem 15.7 has an exterior handle 15.8 so that the
      stem may be turned into or out of the valve. As will be explained more
      fully below, the check valve 15.4 and pin 15.7 are employed during start
      up of the pulse pump of the invention.
PAR  The diaphragm pump is provided with inflow and outflow ports 20, 21
      communicating with the manifold 15.2 of the second chamber 14.3. Inflow
      port 20 is provided with a check valve 17.4 permitting additive liquid to
      flow only into the manifold 15.2, and outflow port 21 is provided with a
      check valve 17.5 permitting additive liquid only to flow out of the
      manifold. These check valves may be of the ball and valve seat type
      previously described. To the check valve 17.4 is attached an inflow
      conduit 17.1 which in turn may lead to a reservoir of additive liquid. An
      outflow conduit 17.2 is attached to the check valve 17.5 and extends
      outwardly for eventual communication with fluid conduit 12.8 which leads
      outwardly from the outlet manifold 12.6 and which provides liquid under
      pressure, including a metered amount of additive liquid, to a destination
      downstream, the downstream destination providing resistence to flow so
      that pressures within the manifold and conduit 12.8 are maintained at a
      high level.
PAR  The outflow conduit 17.2 is provided along its length with a needle valve
      17.3, or a restricted orifice, or some other flow restricting means which
      retards the flow of additive liquid through the conduit 17.2 and thus
      tends to retard the speed of the pumping stroke of the diaphragm pump 14.
PAR  In operation, the lower two piston pumps of FIG. 3 continuously deliver
      water or other fluid under pressure into manifold 12.6, the pumped liquid
      proceeding through the outlet port 12.7 in the manifold and through the
      conduit 12.8 to an eventual destination. The output from the uppermost
      piston pump in FIG. 3, however, is blocked from entering the manifold 12.6
      by the controllable, spring-loaded pressure-relief valve 13, and when the
      stem 13.5 has been adjusted so that the spring 13.4 exerts considerable
      pressure against the valve disc 13.2, the pressure within the outlet 12.5
      of the upper piston pump may substantially exceed the pressure within the
      manifold 12.6. The liquid thus pumped by the uppermost piston pump in FIG.
      3 passes through the orifice 13.8 in the pressure-relief valve housing,
      and through the annular chamber extension 14.7 into the first chamber 14.2
      of the diaphragm pump, exerting force upon the diaphragm. When the
      pressure differential across the diaphragm reaches some minimum value, the
      diaphragm will begin its pumping stroke (upward in FIG. 3), causing
      additive liquid which is contained within the chamber 14.3 to flow
      outwardly through the port 21, check valve 17.5 and conduit 17.2 through
      the needle valve 17.3 and thence into the conduit 12.8 leading from the
      piston pump manifold 12.6. Depending upon the spring pressure in the
      controllable pressure-relief valve 13, the continuously rising pressure
      differential across the adjustable check valve disc 13.2 will eventually
      become sufficient to overcome the tension provided by helical springs 13.4
      and 13.3, and the valve 13 will open and permit liquid under pressure to
      pass into the manifold 12.6. As the uppermost piston pump in FIG. 3 begins
      its return stroke, the pressure-relief valve 13 immediately closes as does
      the outflow check valve 17.5 of the diaphragm pump. The pressure
      differential across the diaphragm 14.1 thus is lost, and the diaphragm is
      returned to its retracted position by action of the compression spring
      14.9 upon the pin 14.4, the retaining disc 14.5 of the diaphragm coming to
      rest against the bearing surfaces of the bladelike projections 14.8.
      Return of the diaphragm in this manner creates a vacuum within the second
      chamber 14.3, additive liquid thus being drawn into the latter chamber
      through the inflow conduit 17.1, check valve 17.4 and inflow port 20. As
      the piston pump begins another pumping stroke, the pressure generated by
      the corresponding pumping stroke of the diaphragm pump closes the check
      valve 17.4 and opens the check valve 17.5, and the process thus described
      is repeated.
PAR  The downstream flow resistence in the outflow conduit 17.2 of the diaphragm
      pump, as represented by needle valve 17.3, resists the flow of additive
      liquid through the outflow conduit. As the diaphragm moves through its
      pumping stroke, the pressure within the conduit 17.2 increases more
      rapidly than if the flow restriction were absent, and this back pressure,
      together with the back pressure generated downstream as the liquid is
      passed to its ultimate destination, tends to retard the speed at which the
      diaphragm moves during its pumping stroke. Since the piston pump
      reciprocates very rapdily (500-1000 reciprocations per minute), there is
      only a very short time interval during which a pressure differential is
      applied across the diaphragm. If, during this interval, the diaphragm does
      not complete its pumping stroke, a reduced quantity of additive liquid
      will be metered into the conduit 12.8 leading from the piston pump
      manifold 12.6. The speed with which the diaphragm moves during its pumping
      cycle thus determines the quantity of additive liquid which is metered,
      and is dependent on the pressure differential across the diaphragm,
      increasing pressure differentials giving rise to increasing speeds of the
      diaphragm in its pumping stroke. The pressure differential across the
      diaphragm, in turn, is a function of the degree of flow restriction
      provided by the needle valve 17.3, and the pressure within the conduit
      12.8 leading from the piston pump manifold. The pressure differential is
      also dependent upon the pressure generated within the first chamber 14.2
      of the diaphragm pump during the pumping stroke of the associated piston
      pump. The latter pressure, in turn, depends upon the setting of the
      pressure-relief valve 13. If the valve spring 13.4 is highly compressed,
      relatively high pressures will be generated within the first chamber 14.2
      of the diaphragm pump before the adjustable check valve opens. On the
      other hand, if the valve spring 13.4 of the adjustable check valve is only
      minimally stressed, then the pressure in the first chamber 14.2 of the
      diaphragm pump will exceed the pressure within the piston pump manifold
      12.6 only to a small extent, and the resulting pressure differential
      across the diaphragm 14.1 will be minimal.
PAR  In the embodiment depicted in the drawing, the liquid which is pumped
      directly by the multi-piston pump is the liquid carrier to which the
      additive liquid pumped by the diaphragm pump is added. It will be
      understood that the liquid directly pumped by the multi-piston pump need
      not be the liquid carrier, such liquid may be for the sole purpose of
      driving the diaphragm pump 14 and may be recycled to the piston pump if
      desired.
PAR  To start operation of the diaphragm pump, the handle 15.8 of the check
      valve 15.4 may be opened to permit the check valve to operate. Liquid
      which is pumped by the uppermost piston pump in FIG. 3 will thus be
      afforded a bypass from the first chamber 14.2 of the diaphragm pump to the
      enlarged manifold 15.2 of the second chamber 14.3, this liquid serving to
      fill the latter chamber to thus "prime" the diaphragm pump. When the
      diaphragm pump is operating properly, the handle 15.8 of the valve 15.4
      may be turned inwardly to lock the valve in a closed position, the
      diaphragm pump during its return stroke pulling additive liquid into the
      second chamber 14.3 from a reservoir of additive liquid (not shown).
PAR  From the drawing, and particularly FIG. 3, it will be evident that the
      pulse pump of the invention may be easily assembled and disassembled. The
      diaphragm pump housing has three main sections, between two of which is
      seated the periphery of the diaphragm 14.1. The third main diaphragm pump
      housing defines the chamber extension 14.7. The housing of the
      pressure-relief valve 13 may similarly be easily disassembled for repair
      and replacement of worn parts.
PAR  The pulse pump of the invention has many uses in metering one liquid into
      another, and is particularly useful when harsh chemicals such as
      hydrofluoric acid, sulfuric acid, and the like are to be metered into a
      liquid stream. When such harsh chemicals are to be metered, the parts of
      the diaphragm pump and conduits 17.1 and 17.2 may be made of appropriate,
      chemical-resistant materials, and the diaphragm itself may be of buna N
      rubber with an outer, chemical-resistant surface or layer of Teflon or
      other flexible, chemical-resistant material. As noted above, a
      multi-piston pump may be provided with several diaphragm pumps which may
      be employed to meter different liquids, if desired, at various flow rates,
      into a liquid carrier under high pressure. Various measuring devices such
      as venturi meters may be employed to monitor the flow rate of the additive
      liquid, and fine adjustment of the additive liquid flow rate may be
      obtained by adjustment of a downstream restriction such as needle valve
      17.3 in the outflow conduit of the diaphragm pump.
PAR  Manifestly, I have provided a high pressure metering pulse pump of
      inexpensive design and of unique operation whereby an additive liquid may
      be accurately metered into a high pressure stream of liquid carrier.
PAR  While I have described a preferred embodiment of the present invention, it
      should be understood that various changes, adaptations, and modifications
      may be made therein without departing from the spirit of the invention and
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A metering pulse pump for metering an additive liquid into a liquid
      carrier under high pressure comprising:
PA1  a rapidly reciprocable piston pump with an inlet connectable to a source of
      liquid and an outlet, and an outlet line carrying liquid from the outlet
      under high pressure;
PA1  a pressure-relief valve at the outlet of the piston pump and permitting
      one-way flow therethrough into the outlet line, the pressure relief valve
      including a plug and valve seat, a spring biasing the valve into a closed
      position, and means for varying the spring pressure to control the
      pressure differential across the valve at which the valve will open;
PA1  a diaphragm pump having a housing defining a compartment having a movable
      diaphragm separating the compartment into a first chamber communicating
      directly with the outlet of the piston pump upstream of the
      pressure-relief valve and a second chamber having an inflow port
      connectable to a source of additive liquid and an outflow port through
      which additive liquid is pumped by movement of the diaphragm, the inflow
      and outflow ports respectively having check valves permitting flow only
      into and out of the second chamber; and
PA1  a manually closable bleeder duct communicating the first and second
      diaphragm pump chambers for priming the second chamber with liquid from
      the first chamber, the bleeder duct having a check valve permitting flow
      of liquid only from the first chamber to the second chamber when the duct
      is open.
NUM  2.
PAR  2. A metering pulse pump for metering an additive liquid into a liquid
      carrier under high pressure comprising:
PA1  a rapidly reciprocable piston pump with an inlet connectable to a source of
      liquid carrier, an outlet, and an outlet line carrying the liquid carrier
      from the outlet under high pressure;
PA1  a diaphragm pump having a housing defining a compartment having a movable
      diaphragm separating the compartment into a first chamber communicating
      directly with the outlet of the piston pump and a second chamber having an
      inflow port connectable to a source of additive liquid and an outflow port
      communicating with the high pressure outlet line of the piston pump and
      through which additive liquid is pumped by movement of the diaphragm, the
      inflow and outflow ports respectively having check valves permitting flow
      only into and out of the second chamber; and
PA1  a unidirectional flow pressure-relief valve mounted at the outlet of the
      piston pump to limit the pressure developed in the first chamber of the
      diaphragm pump during a pumping stroke of the piston pump, the pressure
      relief valve having a valve seat, inner and outer coaxial helical valve
      springs, and a plug having a surface configured to receive adjacent ends
      of the helical springs, the opposite end of the outer spring being rigidly
      supported within the valve, and the opposite end of the inner spring being
      axially movable to vary the continuous compressive force exerted by the
      latter spring upon the valve plug, the pressure-relief valve being
      openable upon application of a pre-set pressure differential thereacross,
      the length of a diaphragm pumping stroke corresponding to a rapid piston
      pump stroke thus depending upon said pre-set pressure differential.
NUM  3.
PAR  3. A metering pulse pump for metering an additive liquid into a liquid
      carrier under high pressure comprising:
PA1  a piston pump with an inlet connectable to a source of liquid, and an
      outlet and capable of rapid reciprocation;
PA1  a pressure relief valve at the outlet of the piston pump and comprising a
      plug, a valve seat receiving the plug, inner and outer coaxial helical
      valve springs biasing the plug against the valve seat, a housing enclosing
      the plug, valve seat, and helical springs, a valve stem threaded into the
      housing for axial movement in response to axial rotation of the stem, the
      outer end of the stem projecting from the housing for external, manual
      rotation, and the inner end of the stem terminating in a centering rod
      which extends into and centers the inner helical spring, the centering rod
      having spaced from its inner end an outwardly projecting shoulder defining
      a spring seat against which one end of the inner helical spring abuts,
      axial movement of the valve stem thus varying the pressure which the inner
      helical spring exerts upon the plug;
PA1  a diaphragm pump having a housing defining a compartment having a movable
      diaphragm separating the compartment into a first chamber communicating
      directly with the outlet of the piston pump upstream of the
      pressure-relief valve, and a second chamber having an inflow port
      connectable to a source of additive liquid and an outflow port through
      which the additive liquid is metered, the inflow and outflow ports
      respectively having check valves permitting flow only into and out of the
      second chamber.
NUM  4.
PAR  4. A metering pulse pump for metering an additive liquid into a liquid
      carrier under high pressure comprising:
PA1  a piston pump with an inlet connectable to a source of liquid, and an
      outlet and capable of rapid reciprocation;
PA1  a pressure-relief valve at the outlet of the piston pump;
PA1  a diaphragm pump having a housing defining a compartment having a movable
      diaphragm separating the compartment into a first chamber communicating
      directly with the outlet of the piston pump upstream of the
      pressure-relief valve, and a second chamber having an inflow port
      connectable to a source of additive liquid and an outflow port through
      which additive liquid is metered, the inflow and outflow ports
      respectively having check valves permitting flow only into and out of the
      second chamber; and
PA1  a manually closable bleeder duct communicating the first and second
      diaphragm pump chambers for priming the second chamber with liquid from
      the first chamber, the bleeder duct having a check valve permitting flow
      of liquid only from the first chamber to the second chamber when the duct
      is open.
NUM  5.
PAR  5. The metering pulse pump of claim 4 wherein said piston pump is one unit
      of a multi-piston pump having an inlet manifold and an outlet manifold for
      collectively supplying liquid to and receiving high pressure liquid from
      each piston pump, the outflow port of the diaphragm pump communicating
      with the outlet manifold of the multi-piston pump.
NUM  6.
PAR  6. The metering pulse pump of claim 4 wherein the bleeder duct includes a
      housing defining a conduit communicating the first and second chambers of
      the diaphragm pump, a valve seat internally of the housing, a ball plug
      seatable against the valve seat to restrain flow from the second to the
      first chamber of the diaphragm pump, and a valve pin threaded into the
      bleeder duct housing, the valve pin having one end extending from the
      housing for external operation and having its other end extending inwardly
      of the housing to engage the ball plug and to seat the latter against the
      valve seat when the pin is advanced inwardly of the housing.
NUM  7.
PAR  7. The metering pulse pump of claim 4 wherein the housing of the diaphragm
      pump defines an elongated chamber extending between the first chamber of
      the diaphragm pump and the outlet of the piston pump, the diaphragm pump
      including a helical spring, a spring centering pin extending through the
      helical spring into the elongated chamber and there terminating in a
      helical spring seat abutting one end of the helical spring, the centering
      pin being attached at its other end centrally of the diaphragm, the
      diaphragm pump housing including a plurality of internal projections
      extending into the first chamber, the projections being spaced
      circumferentially from each other and from the spring centering pin to
      allow axial movement of the centering pin and to permit free liquid
      communication between the first chamber of the diaphragm pump and the
      elongated chamber, the projections defining at one end of a seat against
      which the diaphragm may rest when in its retracted position, and the
      projections at their other ends defining an inwardly extending helical
      spring seat against which the other end of the helical spring abuts.
NUM  8.
PAR  8. The metering pulse pump of claim 7 wherein the helical spring seat at
      the end of the spring centering pin is movable axially of the pin to
      permit the compressive force of the spring to be varied.
NUM  9.
PAR  9. A metering pulse pump for metering an additive liquid into a liquid
      carrier under high pressure and comprising:
PA1  a piston pump with an inlet connectable to a source of liquid and an
      outlet, and capable of rapid reciprocation through pumping and return
      strokes and drawing substantially no vacuum at its outlet during the
      return stroke;
PA1  a diaphragm pump having a housing and a diaphragm dividing the housing into
      a first chamber communicating directly with the outlet of the piston pump
      and a second chamber having an inflow port connectable to a source of
      additive liquid and an outflow port through which additive liquid is
      metered, the diaphragm moving from a retracted position through its
      pumping stroke in response to pressure within the first chamber generated
      by the piston pump, the inflow and outflow ports of the second chamber
      respectively having check valves permitting flow only into and out of the
      second chamber, the diaphragm pump including a spring urging the diaphragm
      into its retracted position for returning the diaphragm to the latter
      position following a pumping stroke; the first and second chambers
      communicating through a manually closable bleeder duct having a check
      valve permitting flow only from the first chamber to the second chamber
      when the duct is open to prime the second chamber;
PA1  a unidirectional flow pressure-relief valve mounted at the outlet of the
      piston pump to limit pressure developed in the first chamber of the
      diaphragm pump during a pumping stroke of the piston pump, the
      pressure-relief valve having a plug and valve seat and a valve spring
      biasing the valve into a closed position, the valve including an
      externally operable valve stem having an internal spring seat against
      which the valve spring bears, operation of the valve stem varying the
      force exerted by said valve spring to thus vary the pressure differential
      across the valve at which the valve will open,
PA1  whereby the pressure developed in the first chamber of the diaphragm pump,
      and hence the length of a diaphragm pumping stroke corresponding to a
      rapid piston pump stroke, may thus be predeterminally varied by varying
      the spring force of the pressure-relief valve spring.
NUM  10.
PAR  10. The metering pulse pump of claim 9 including an outlet manifold
      communicating with the piston pump downstream of the pressure-relief
      valve, and an outflow conduit communicating the outflow port of the
      diaphragm pump with the outlet manifold, whereby the additive liquid
      metered by the diaphragm pump is added to the liquid pumped by the piston
      pump.
NUM  11.
PAR  11. A metering pulse pump for metering an additive liquid into a liquid
      carrier under high pressure and comprising:
PA1  a multi-piston pump having inlet and outlet manifolds, the inlet manifold
      communicating with a source of liquid carrier, the multi-piston pump
      including a plurality of piston pumps each having an inlet and an outlet
      communicating respectively with the inlet and outlet manifolds and each
      capable of rapid reciprocation through pumping in return strokes and
      drawing substantially no vacuum at its outlet during the return strokes;
PA1  at least one of the piston pumps having an associated diaphragm pump, the
      latter having a housing and a diaphragm dividing the housing into a first
      chamber communicating directly with the outlet of the piston pump and a
      second chamber having an inflow port connectable to a source of additive
      liquid and an outflow port through which additive liquid is metered, the
      diaphragm moving from a retracted position through its pumping stroke in
      response to pressure within the first chamber generated by the piston
      pump, the inflow and outflow ports of the second chamber respectively
      having check valves permitting flow only into and out of the second
      chamber and the outflow port having a conduit communicating with the
      outlet manifold of the multi-piston pump to inject additive liquids into
      the carrier liquid pumped by the multi-piston pump, the diaphragm pump
      including a spring urging the diaphragm into its retracted position for
      returning the diaphragm to the latter position following a pumping stroke
      and a manually closable bleeder duct communicating the first and second
      chambers, the duct having a check valve permitting flow only from the
      first chamber to the second chamber when the duct is open;
PA1  each piston pump which has an associated diaphragm pump additionally
      including a unidirectional flow pressure-relief valve mounted at the
      outlet of the piston pump to limit pressure developed in the first chamber
      of the diaphragm pump during a pumping stroke of the piston pump, the
      pressure-relief valve having a plug and a valve seat and a valve spring
      biasing the valve into a closed position, the valve including an
      externally operable valve stem having an internal spring seat against
      which the valve spring bears, operation of the valve stem varying the
      force exerted by the valve spring to thus vary the pressure differential
      across the valve at which the valve will open,
PA1  whereby the length of a diaphragm pumping stroke corresponding to a rapid
      piston pump stroke may thus be predeterminally varied by varying the
      spring force of the pressure-relief valve.
NUM  12.
PAR  12. The metering pulse pump of claim 11 wherein said diaphragm pump
      includes confronting spring seats attached respectively to the diaphragm
      pump housing and the diaphragm, and a helical spring mounted between the
      spring seats.
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ABST
PAL  A gear-driven transport ring rotates around a toroidal chamber. Spaced
      sealing rings carried by the transport ring divide the chamber into
      compartments which serve to transport liquid from a feed station to a
      discharge station. Gas or vapor pressure is employed at the discharge
      station to bring the liquid up to desired discharge pressure and to
      transport it to, for example, the feed water intake of a steam boiler.
BSUM
PAR  The essential object of the invention is to provide a high volume, high
      pressure, high speed pump which can be substituted for conventional
      centrifugal pumps to great advantage with reference to, for example, the
      operating power required, the elimination of cavitation and other wear
      problems, the prevention of the leakage of ambient air into the pump both
      at speed and at standstill.
DRWD
PAR  These and other objects and advantages of the invention will be apparent
      from the following description taken in conjunction with the drawings
      forming part of this specification, and in which:
PAR  FIG. 1 is a view of the overall pump of the invention;
PAR  FIG. 2 is an enlarged view in perspective of the transport ring of the
      pump;
PAR  FIG. 3 is a view partly in elevation and partly in section of the transport
      ring;
PAR  FIG. 4 is an enlarged detail view in section taken along lines 4--4 of FIG.
      1; and
PAR  FIG. 5 is an enlarged detail view in section taken along lines 5--5 of FIG.
      1.
DETD
PAR  Referring to FIG. 1, the pump comprises a toroidal casing 10 having defined
      therein a toroidal chamber 12. A transport ring indicated generally at 14
      is slidably or rotatably disposed within the chamber 12. The ring 14 is
      provided with gear teeth 16 of involute design and with sealing discs 18
      provided with expansible sealing rings 20. The discs 18 and rings 20
      divide the chamber 12 into a continous series of volumetric pumping
      chambers.
PAR  The transport ring 14 is rotatably driven by spur gear 22 which is driven
      by a suitable motor or mechanical drive, not shown. The gear 22 is
      disposed within housing 24.
PAR  The pump is provided with a filling station 26 with which the volumetric
      chambers communicate through filling ports 8. For example, the feed
      chamber 26 may be supplied with feed water which is to be brought up to
      pressure by passage through the pump and then delivered by the pump to the
      feed water inlet of a steam boiler.
PAR  Counter-clockwise rotation of the transport ring in FIG. 1 moves the
      volumetric chambers from the feed station 26 to the discharge station 28
      provided with discharge conduit 30. The liquid content of the volumetric
      chamber in communication with the discharge conduit 30 is brought up to
      pump discharge pressure by fluid pressure applied to the volumetric
      chamber through conduit 32. The pressure medium applied through conduit 32
      may, for example, be steam from the mentioned steam boiler. This steam is
      therefore effective to bring the feed water up to pressure and feed it
      into the feed water side of the steam boiler. Such a pump as this is
      capable of high speed operation, and the pump liquid will therefore be
      discharged through conduit 30 under the combined effect of the pressure
      medium applied through conduit 32 and the centrifugal force caused by the
      rotation of the transport ring 14.
PAR  Further rotation of the transport ring 14 brings the volumetric chambers
      into communication through ports 34 and discharge conduit 36 with a
      suitable manifold system, not shown, for the discharge from the volumetric
      chambers and recovery of the high pressure gas within the volumetric
      chambers.
PAR  Further rotation of the ring 14 brings the chambers into communication
      through ports 38 with another manifold recovery system comprising conduit
      40. Thus is the residual low pressure gas discharged from the ring
      chambers. This residual gas may be delivered to the drive housing 24 and
      the filling station housing 26 to provide a low pressure atmosphere
      therein of the medium being pumped and to prevent the influx of
      contaminants and ambient air.
PAR  The outer ends of the discs 18 are machined to form some of the gear teeth
      16. The sealing or piston rings 20 are therefore located in part within
      the configuration of gear teeth. This pumping system has the following
      features and advantages, among others:
PAR  Fluid sealing is simply and efficiently provided by expansible rings which
      have proven their value in other environments and applications;
PAR  The buildup of static pressure is effected by the admission of pressurized
      vapor to compartments transporting the liquid being pumped;
PAR  The operation of the transport ring at higher speeds provides additional
      static pressure by way of the centrifugal force caused by rotation of the
      transport ring;
PAR  The leakage into the system of ambient air is completely prevented both at
      speed and at standstill by the pressure of vapor which is maintained above
      ambient pressure in all sections of the ring and bore;
PAR  Driving power for pumping is drastically reduced in comparison with
      conventional centrifugal pumps as increased pump output head is
      principally derived from the equalizing pressure of, for example, the
      steam from the steam boiler;
PAR  Vapor at lower pressures can be provided at regulated levels, e.g. at
      outputs 36 and 40, below the equalizing vapor pressure at conduit 32,
      thereby reducing the requirements for reducing stations and permitting
      higher efficiencies in many thermal plant cycles;
PAR  The independence of boiler and process plants from outside sources of power
      is made practical, either for standby or for start from complete shutdown;
PAR  The high pressure of pumped liquid is accomplished in a single rotating
      stage in contrast to the use of multiple stages in centrifugal pumps to
      obtain such high pressure;
PAR  Damage from the erosion caused by cavitation is completely eliminated;
PAR  A complete range of operating speed is provided from zero to maximum, there
      being no minimum speed required for effective performance;
PAR  No auxiliary liquids or fluids are needed for sealing or for recirculation
      at low flows, as is the case with centrifugal pumps;
PAR  Costly alloys are not required for wearing surfaces or to cope with
      cavitation problems.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Pumping apparatus comprising a casing, a toroidal chamber defined by a
      surface within the casing, said chamber having angularly spaced inlet and
      outlet openings a ring of reduced transverse cross-section disposed within
      the chamber, spaced discs on the ring, expansible rings carried by the
      discs and disposed in engagement with said surface, said discs and rings
      dividing said chamber into a plurality of separate compartments, and means
      to rotatably drive said ring around said chamber comprising gear teeth
      formed around said ring at one side thereof, each of said discs being
      formed in part by one or more of said gear teeth, said expansible rings
      being positioned within grooves formed in those teeth which form in part
      said discs.
NUM  2.
PAR  2. The apparatus of claim 1 including a drive housing connected to the
      casing, and a drive gear rotatably mounted within the housing and disposed
      in mesh with the ring gear teeth.
NUM  3.
PAR  3. The apparatus of claim 2 including a liquid input conduit angularly
      spaced from said housing and disposed in communication with said inlet
      opening of said chamber and successively with said compartments as they
      are moved thereby, a liquid output conduit angularly spaced from said
      input conduit and disposed in communication with said outlet opening of
      said chamber and successively with said compartments as they are moved
      thereby, and a pressurized fluid supply conduit adapted to be disposed in
      communication with said output conduit through said compartments
      successively to pump therefrom the liquid charges obtained from said input
      conduit.
NUM  4.
PAR  4. The apparatus of claim 3 including one or more fluid discharge conduits
      angularly spaced from said fluid supply conduit and disposed in
      communication with said chamber and successively with said compartments as
      they are moved thereby enabling the venting from said compartments of
      pressurized fluid received from said supply conduit.
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ABST
PAL  A six-cylinder swash plate air conditioning compressor having reciprocal
      double-acting pistons within a swash plate chamber positioned centrally
      between axially spaced front and rear cylinder blocks having intermediate
      suction and discharge gas crossover passageways in the cylinder blocks.
      The swash plate chamber provides a crankcase for receiving lubricant
      returned from the front head suction chamber by means of piston blow-by
      during the compression stroke of the pistons. The suction pressure in the
      crankcase is at a higher level than the pressue in the suction gas
      crossover passageway while being at a lower level than the pressure in the
      cylinder head gas discharge chamber creating the necessary positive
      pressure gradient to circulate the lubricant internally within the
      compressor. Radial slots are formed in the cylinder block outer faces to
      provide first and second internal lubricant differential pressure flow
      passages between the shaft thrust and journal bearings and the cylinder
      block suction cavities communicating via the suction crossover passageway
      to the front head suction chamber.
BSUM
PAR  This invention relates to a swash plate air conditioning compressor having
      double-acting pistons therein driven by the swash plate, and more
      particularly to an improved lubricating system for such compressors.
PAR  Present swash plate automotive air conditioning compressors as exemplified
      in U.S. Pat. No. 3,057,545, issued to Ransom et al. and assigned to the
      same assignee as the instant invention have proved highly successful. As
      shown in the Ransom et al. patent there is provided a rotor gear oil pump
      on the extension of the drive shaft which serves to withdraw oil from a
      distended sump formed in the compressor outer casing through an oil pickup
      tube which communicates with aligned passages in the compressor components
      to convey the oil throughout the compressor for return to the sump. In
      order for the sump to be positioned at the lowermost portion of the
      cylinder it has necessitated that the cylinders, which are arranged on the
      corners of a regular triangle, be oriented with a single piston on top and
      two pistons down to allow the oil pickup tube to be located between the
      two lower pistons for communication with the oil sump. Consequently the
      prior art swash plate compressor lubricating system not only requires
      additional parts and increased manufacturing costs but limits the axial
      positioning of the compressor to a single orientation.
PAR  Accordingly, it is an object of the present invention to provide a swash
      plate air compressor with an improved lubricating system which is more
      reliable in operation while eliminating a lubrication pump and bulged
      casing pump of prior art swash plate compressors to reduce manufacturing
      operations and material costs.
PAR  It is another object of the present invention to provide an improved swash
      plate six-cylinder axial drive compressor incorporating three
      double-acting pistons arranged on the corners of a regular triangle which
      provides a differential pressure lubrication system between the swash
      plate crankcase oil chamber and the drive shaft thrust and journal
      bearings of the compressor whose inlet and outlet lines communicate with
      only one of the cylinder heads disposed within opposite ends of the
      compressor cylindrical casing such that the compressor can be axially
      oriented over a range of positions.
PAR  These and other objects and advantages of the present invention will be
      apparent from the following description, reference being had to the
      accompanying drawings wherein a preferred embodiment of the present
      invention is clearly shown.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of the swash plate compressor with
      portions rotated into the vertical plane for clarity;
PAR  FIG. 2 is a view taken on the line 2--2 of FIG. 1, showing the outer end of
      the front cylinder block;
PAR  FIG. 3 is a view taken on line 3--3 of FIG. 1, showing a portion of the
      outer face of the front outlet valve plate;
PAR  FIG. 4 is a view taken on line 4--4 of FIG. 1, showing the inner face of
      the front cylinder head;
PAR  FIG. 5 is an enlarged fragmentary sectional view taken substantially on the
      line 5--5 of FIG. 2.
DETD
PAR  Referring now to the drawings wherein a preferred embodiment of the
      invention has been shown, reference numeral 20 designates an outer case or
      housing element, preferably fabricated from aluminum, which is cylindrical
      in shape and serves to support a pair of front and rear cylinder heads 22
      and 23, respectively, which close the front and rear opposite ends of the
      housing 20 in a sealed manner by suitable means, such as by O-rings 24 and
      25. Reference numeral 26 designates the compressor axial drive shaft,
      located in front and rear axial bores 27 and 27 and 27', respectively,
      which has keyed to it a swash plate 28. The swash plate 28 serves to
      actuate three double-acting die cast pistons 30 which are arranged
      120.degree. apart on the corners of a regular triangle to reciprocate in a
      direction parallel to the axis of the shaft 26.
PAR  A pair of front and rear cylinder halves or blocks 32 and 33 are provided,
      as shown, and these cylinder blocks are supported within the outer casing
      20 and are each provided with three cylindrical bores 34 in which their
      associated double-acting pistons 30 reciprocate in response to rotation of
      the shaft 26. Each of the pistons 30 has a central part on its one side
      cut away as shown so as to straddle the outer edge of the swash plate 28.
      Rotation of the swash plate 28 causes reciprocation of the pistons 30. In
      order to minimize the fricton between the swash plate and the pistons,
      there is provided a series of ball bearings 36 which are disposed between
      ball sockets 38 formed in the piston elements 30 and thrust bearing shoes
      39 which are arranged to slide on the swash plate 28 as shown in FIG. 1.
      For details of the construction of a swash plate compressor reference
      should be had to U.S. Pat. No. 3,057,545, issued Oct. 9, 1962, to G. P.
      Ransom et al., assigned to the assignee of the instant invention, the
      disclosure of which is incorporated by reference herein.
PAR  By virtue of the bearing construction shown herein, the piston pumping
      loads are taken both by front and rear radial or journal needle bearings
      40 and 40' and front and rear needle thrust bearings 42 and 42',
      respectively. Inner and outer thrust washers 43 and 44 are positioned on
      either side of the front and thrust bearings 42, 42' and shaft end play is
      adjusted by means of selecting outer thrust washers 44 of the proper
      thickness.
PAR  Separate front and rear outlet or refrigerant gas discharge valve plates 45
      and 46 having reed valves, such as the reed valves 47, shown in FIG. 3 for
      front valve plate 45, are provided adjacent each end of the cylinder
      blocks 32 and 33 for covering three outlet ports 48. The reed valves 47
      are held against the valve plate 45 by rivet fasteners 49 and backup
      strips 50. Each valve plate is also provided with suction inlet ports 51
      registering with the suction reed valve plate openings (not shown) while
      the valve plate outlet ports 48 provide communication between the pumping
      cylinder bores 34 and front and rear head discharge gas chambers 52 and
      52', respectively. As seen in FIG. 4 the front cylinder head 22 has an
      intermediate generally quadrilateral closed loop island 55 defining the
      front head low pressure or suction chamber 54 which communicates with all
      three suction gas inlet ports 51 while the outlet valve plate opening 57
      and suction reed valve plate opening 56 provide communication with a
      suction gas crossover passageway 53 to be described. Conventional front
      and rear intake or suction reed valves 58 and 59 respectively, are
      provided adjacent each end face of the cylinder blocks for control of the
      inlet ports 51. The details of a typical intake reed valve plate are shown
      in the Ransom et al patent and reference should be had thereto.
PAR  As seen in FIG. 1, the gas to be compressed is admitted to the rear suction
      chamber 54' through suction inlet line 60 and inlet cup-shaped filter
      screen 67. The rear head 23, shown formed of steel material, has a suction
      relief valve 61. The rear head suction chamber 54' communicates with rear
      cylinder block 33 cutaway suction cavity, shown at 65 in FIG. 1 in an
      axially revolved position relative to front cylinder bore 34, via rear
      valve plate opening 64 and rear reed valve opening 64'. A longitudinally
      extending cutaway suction gas passage 53 in block 32, shown in FIGS. 2 and
      5, and its counterpart passage in block 33 (not shown) mate and when
      enclosed by a cover member 62 communicates at each end with the front and
      rear suction cavities so as to convey a portion of the suction gas from
      the rear suction chamber 54' in the rear cylinder head 23 to the
      corresponding front suction chamber 54 in the front cylinder head 22.
PAR  Compressed gas is discharged into both the front and rear cylinder head
      discharge chambers 52 and 52' and, therefore, it is essential to provide
      means for connecting the discharge chambers by means of a discharge gas
      crossover tube, the front block opening for which is shown in FIG. 2 at 63
      and whose front end communicates with opening 63' in front valve plate 45.
      The details of one such tube are shown in the above-mentioned Ransom et
      al. patent. The compressed refrigerant gas leaves the compressor discharge
      chambers through outlet valve 70.
PAR  The swash plate chamber or crankcase 68 positioned centrally between the
      axially spaced front and rear cylinder blocks provides an oil sump region
      having a liquid level sufficient to immerse the outer edge portion of the
      swash plate 28. The use of the crankcase 68 as the oil sump which is
      within the confines of cylindrical casing 20 is to be contrasted with the
      prior art lubricating systems as shown by the Ransom et al. U.S. Pat. No.
      3,057,545, which provides a bulge portion in the lowermost position of the
      casing to form the oil sump. The prior art oil sump is located remotely
      from the lower edge of the swash plate 28 and thereby requires a pumping
      means such as a gear type oil pump shown in the Ransom et al. patent
      rotatably driven by being affixed on a rearward extension of the shaft 26.
      The Ransom pump is required to withdraw oil from the sump through an oil
      pickup tube, located between the pair of lower positioned cylinders, to
      convey oil to the inlet side of such gear type oil pump.
PAR  In the present invention the lubricant returned from the air conditioning
      system to the compressor is received into the swash plate chamber or
      lubricant crankcase 68 by means of piston blow-by during the compression
      stroke of the pistons 30. At the same time, the pressure P.sub.1 in the
      crankcase chamber 68 is increased beyond the suction pressure P.sub.2 in
      the suction gas rear cavity 65, front cavity 66 and connecting crossover
      passageway 53 formed on each of the cylinder blocks and enclosed by a
      sheet metal cover plate 62 the edges of which are shown flexibly received
      in longitudinal slots. This condition exists because the only
      communication between the swash plate chamber 68 is via lubricant passage
      means provided therebetween which will be described. This structure is to
      be contrasted with the Ransom et al patented compressor which provides
      pressure equilization passage means between the suction cavities 65, 66
      and the swash plate chamber 68.
PAR  Thus, when pressure P.sub.3 is created at the top of the compression stroke
      of the pistons 30 in the piston cylinders and in the discharge chamber 52,
      which P.sub.3 pressure is greater than crankcase pressure P.sub.1 whereby
      the necessary internal pressure differential gradient lubricant driving
      means required to circulate the lubricant from one component of the
      compressor pump to another is established. The high pressure buildup
      P.sub.1 in the crankcase chamber 68 is relieved through the lubricant
      passage means or route provided which include the front and rear thrust
      bearings 42 and 42'; and the front and rear shaft journal bearings 40, 40'
      and front and rear radial slot means formed on both outer end surfaces of
      the front and rear cylinder blocks 32 and 33. Front radial slot 74 in
      front block 32, shown in FIGS. 2 and 5, serves to connect the shaft bore
      27 to the front head suction cavity 54 by means of passage 56 in the
      suction reed valve plate 58 aligned with passage 57 in the front outlet
      valve plate 45.
PAR  A first internal flow path for the pump lubrication system is established
      by oil being drawn by differential pressure from the crankcase chamber 68
      past rear thrust bearings 42' through rear shaft bore 27', rear journal
      bearings 40' and upwardly via differential pressure through rear radial
      slot 76 for differential pressure flow into the rear suction cavity 65 for
      mixture with the suction refrigerant gas flow through crossover passageway
      53, front suction cavity 66 and into front head suction chamber 54 for
      return differential pressure flow back to the compressor crankcase chamber
      68 by means of piston blow-by during the outward compressor stroke of
      piston 30 toward front head 22 independent of the external oil gas flow
      through the air conditioning system.
PAR  A second internal flow path for the pump lubrication system is established
      by oil being drawn by the differential pressure gradient from the
      crankcase chamber 68 past forward thrust bearings 42 through forward shaft
      base 27, front journal bearings 40 and upwardly via differential pressure
      through front radial slot 74 into front suction cavity 66 for mixture with
      the refrigerant suction gas so as to flow via suction reed valve plate
      passage 56 and discharge valve plate opening 57 into the front head
      suction chamber 54 for return differential pressure flow back to the
      crankcase 68 by means of piston blow-by. It will also be noted that the
      oil may be drawn by differential pressure through the shaft opening 82 in
      the suction reed valve plate and the shaft opening 84 in the discharge
      valve plate into the front head suction chamber 54.
PAR  Thus, it will be appreciated that by placing the shaft 26 forward end in
      communication with the front head suction chamber 54 so as to place the
      bore 27 at suction pressure P.sub.2 rather than at crankcase pressure
      P.sub.1, as shown by the Ransom et al patent, applicant provides a second
      differential pressure flow path from bore 27 into chamber 54 via shaft
      openings 82 and 84. This insures sufficient oil flow into chamber 54 for
      mixture with the refrigerant suction gas for external circulation
      throughout the refrigeration system via the outlet crossover tube into
      discharge chamber 52' and outlet valve 70 for external circulation
      throughout the refrigeration system and eventual return via suction inlet
      line 60 and screen filter 67 into rear head suction chamber 54' which is
      in communication with the rear cylinder block suction cavity 65 via
      openings in the rear valve plate 46 and rear suction reed valve plate 59
      similar to the openings shown for the front cavity 66 and chamber 54. In
      other words, there are two loops of oil circulation system, i.e. one
      internal differential pressure system not leaving the compressor pump and
      the external system through the air conditioning system. It has been
      verified in tests conducted with the disclosed compressor that the
      pressure gradient between the crankcase chamber 68 pressure P.sub.1 and
      the suction pressure P.sub.2 in cavities 65, 66 that there is always a
      positive suction pressure gradient at all operating conditions resulting
      in a system where the lubricant is constantly being internally circulated
      through the compressor journal and thrust bearings.
PAR  It will be appreciated that by elimination of the gravity feed oil sump
      bulge and pickup tube of the Ransom patent it is not necessary that the
      compressor be orientated with the one piston bore at top center and two
      bores below as shown in FIG. 2. This arrangement is necessary with the
      Ransom patent to allow for the gravity return to the sump through a
      vertical passage and also because the Ransom oil pickup tube must be
      located between a pair of the cylinder piston bores.
PAR  With reference to FIG. 4 the inner face of the front head 22 is molded to
      provide five radial ribs 91 through 95 defining three discharge pockets,
      namely cavities between ribs 91 and 92, 93 and 94, and 94 and 95. These
      discharge pockets will provide a muffler effect on the discharge gas while
      also serving to reinforce the intermediate closed loop island by
      connection with outer peripheral rim 96. It will be noted that
      intermediate low radial reinforcement ribs 97, 98 and 99 are provided,
      having about one-half thickness relative to ribs 91-95, maintaining a
      clearance space with the backup strips 50 of the discharge reed valves 47.
      Also, the high ribs 91-95, defining three head discharge pockets
      therebetween, function to enclose each of the discharge reed valves 47 and
      prevent any broken reeds 47 or strips 50 from "floating" around the
      otherwise annular discharge chamber 54. Grooves 91'-95' are formed in the
      high ribs 91-95 to allow the passage of discharge gas between the three
      discharge pockets. It is within the contemplation of the invention that
      the rear head 23 may also be molded of plastic material and have similar
      discharge gas pockets for muffling sound energy in gases flowing
      therethrough.
PAR  It will be noted in FIG. 1 that a mounting plate 102, suitably secured as
      by welding to the outer casing 20, is provided to mount in axial fashion a
      clutch assembly (not shown) by means of bracket 104. The clutch, for
      example, may be of the type disclosed in U.S. Pat. No. 3,759,058 and
      assigned to the same assignee as the subject application. A suitable shaft
      seal 106 is shown positioned in the mounting plate 102. While the rear
      head 23 is shown formed of metal and secured by radial flange ears 108 to
      threaded lugs 110 it will be appreciated that the rear head 23 could be
      molded of plastic material in the manner of front head 22. It will also be
      noted that the end 112 of shaft 26 is spaced a defined axial distance from
      reed valve plate 59 to provide a clearance or closed end space 114 from
      which the lubrication oil is drawn upwardly into rear radial slot 76 from
      the rear journal bearings 40'.
PAR  While the embodiment of the present invention as herein disclosed
      constitutes a preferred form, it is to be understood that other forms
      might be adopted.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a compressor, a cylindrical casing element, a pair of cylinder blocks
      disposed intermediate the ends of said cylindrical casing element defining
      a crankcase therebetween, front and rear cylinder heads disposed within
      opposite ends of said cylindrical casing element, said rear cylinder head
      having an inlet suction line and an outlet discharge line, valve plate
      means interposed between said cylinder heads and said cylinder blocks and
      having inlet and outlet ports therein, said cylinder heads each having a
      circular peripheral rib and an intermediate closed rib island defining an
      inner suction inlet chamber and an outer discharge outlet chamber adjacent
      said inlet and outlet ports respectively, the inlet and outlet chambers in
      said rear cylinder head being in communication with said inlet suction
      line and said outlet discharge line, respectively; a compressor drive
      shaft having its ends rotatably mounted in front and rear axially spaced
      bores of said cylinder blocks by means of front and rear needle journal
      bearings, said cylinder blocks having first passage means for conveying
      compressed gas between said head outlet chambers, each of said cylinder
      blocks each having a suction cavity in their outer end faces to provide
      front and rear suction cavities, said cylinder blocks having second
      suction crossover passage means therein for connecting said front and rear
      suction cavities, said cylinder blocks having three pairs of aligned
      pumping chambers spaced radially outward from the central axis of said
      shaft, three double ended pistons arranged to reciprocate within
      associated pairs of said pumping chambers, a swash plate disposed between
      said cylinder blocks and secured to said shaft so as to rotate therewith,
      means whereby rotation of said swash plate imparts reciprocation to said
      double ended pistons, front and rear drive shaft needle thrust bearing
      assemblies between said swash plate and the inner ends of said front and
      rear shaft bores so as to be in communication with the crankcase chamber,
      wherein the improvement comprising having the rear end surface of said
      shaft spaced a defined distance from the inner surface of said rear valve
      plate means, the front end of said shaft extending through aligned
      openings in said front valve plate means and through said front head
      suction chamber whereby said front shaft bore is in communication
      therewith, said aligned openings of a sufficient diameter to permit oil to
      flow from said front shaft bore into said front head suction chamber, said
      rear cylinder block having a radial slot formed in its outer transverse
      face providing communication between said rear suction cavity and the
      outer end of said rear shaft bore, whereby a differential suction pressure
      gradient is created therebetween which cooperates with the oilrefrigerant
      gas piston chamber blow-by during each compressive stroke of the pistons
      to provide a first flow of lubricating oil through the compressor rear
      needle thrust and journal bearings, said first oil flow being from said
      crankcase through said rear thrust bearings and rear journal bearings via
      said rear shaft bore for radially outward flow in said rear radial slot
      into said rear suction cavity, and thence via said suction crossover
      passage into said front suction cavity for differential pressure flow into
      said front head suction chamber and thence via piston blow-by into said
      front piston chambers for differential pressure return to said crankcase,
      and said second oil flow being from said crankcase through said front
      thrust and front journal bearings and thence via said front shaft bore
      through said aligned shaft openings into said front head suction chamber
      for return to said crankcase with said first oil flow.
NUM  2.
PAR  2. In a compressor, a cylindrical casing element, a pair of cylinder blocks
      disposed intermediate the ends of said cylindrical casing element defining
      a crank case therebetween, front and rear cylinder heads disposed within
      opposite ends of said cylindrical casing element, said rear cylinder head
      having an inlet suction line and an outlet discharge line, front and rear
      valve plates interposed between said front and rear cylinder heads and
      said cylinder blocks respectively, and having inlet and outlet ports
      therein, said cylinder heads each having a circular peripheral rib and an
      intermediate closed rib island defining an inner suction inlet and an
      outer discharge chamber adjacent said inlet and outlet ports respectively,
      the inlet and outlet chambers in said rear cylinder head being in
      communication with said inlet suction line and said outlet discharge line,
      respectively; a compressor drive shaft having its ends rotatably mounted
      in front and rear axially spaced bores of said cylinder blocks by means of
      front and rear bearings, said cylinder blocks having first passage means
      for conveying comprsssed gas between said head outlet chambers, each of
      said cylinder blocks each having a suction cavity in their outer end faces
      to provide front and rear suction cavities, said cylinder blocks having
      second suction crossover passage means therein for connecting said front
      and rear suction cavities, said cylinder having six aligned pumping
      chambers spaced radially outward from the central axis of said shaft,
      three double ended pistons arranged to reciprocate within said pumping
      chambers, a swash plate disposed between said cylinder blocks and secured
      to said shaft so as to rotate therewith, means whereby rotation of said
      swash plate imparts reciprocation to said double ended pistons, said front
      and rear valve plate having three reed valves thereon for controlling the
      discharge of gas through said outlet ports wherein the improvement
      comprises said front head having a plurality of radial reinforcement ribs
      extending between said intermediate closed rib and said peripheral rib
      defining three discharge gas pockets muffling sound energy in gases
      flowing therethrough during operation of the compressor, said radial ribs
      having notches therein to allow the gases to flow between said pockets to
      the discharge line.
NUM  3.
PAR  3. In a compressor, a cylindrical casing element, a pair of cylinder blocks
      disposed intermediate the ends of said cylindrical casing element defining
      a crankcase therebetween, front and rear cylinder heads disposed within
      opposite ends of said cylindrical casing element, said rear cylinder head
      having an inlet suction line and an outlet discharge line, valve plate
      means interposed between said cylinder heads and cylinder blocks and
      having inlet and outlet ports therein, said cylinder heads each having a
      circular peripheral rib and an intermediate closed rib island defining an
      inner suction inlet chamber and an outer discharge outlet chamber adjacent
      said inlet and outlet ports respectively, the inlet and outlet chambers in
      said rear cylinder head being in communication with said inlet suction
      line and said outlet discharge line, respectively; a compressor drive
      shaft having its ends rotatably mounted in front and rear axially spaced
      shaft bores of said cylinder blocks by means of front and rear journal
      bearing means, said cylinder blocks having first passage means for
      conveying compressed gas between said head outlet chambers, each of said
      cylinder blocks each having a suction cavity in their outer end faces to
      provide front and rear suction cavities, said cylinder blocks having
      second suction crossover passage means therein for connecting said front
      and rear suction cavities, said cylinder blocks having a plurality of
      paired aligned pumping chambers spaced radially outward from the central
      axis of said shaft, a double ended piston arranged to reciprocate within
      each pair of the aligned pumping chambers, a swash plate disposed between
      said cylinder blocks and secured to said shaft so as to rotate therewith,
      means whereby rotation of said swash plate imparts reciprocation to said
      double ended pistons, front and rear drive shaft thrust bearing means
      between said swash plate and the inner ends of said front and rear shaft
      bores so as to be in communication with the crankcase chamber, wherein the
      improvement comprising having the rear end surface of said shaft spaced a
      defined distance from the inner surface of said rear valve plate means,
      the front end of said shaft extending through aligned openings in said
      front valve plate means and through said front head suction chamber
      whereby said front shaft bore is in communication therewith, said aligned
      openings of a sufficient diameter to permit oil to flow from said front
      shaft bore into said front head suction chamber, said rear cylinder block
      having a radial slot formed in its outer face providing communication
      between said rear suction cavity and the outer end of said rear shaft bore
      whereby a differential suction pressure gradient is created therebetween
      which cooperates with the oil-refrigerant gas piston chamber blow-by
      during each compressive stroke of the pistons to provide a first flow of
      lubricating oil through the compressor rear thrust and journal bearing
      means, said first oil flow being from said crankcase through said rear
      thrust bearing means and rear journal bearing means via said rear shaft
      bore for generally upward flow in said rear radial slot into said rear
      suction cavity, and thence via said suction crossover passge into said
      front suction cavity for differential pressure flow into said front head
      suction chamber and thence via piston blow-by into said front piston
      chambers for differential pressure return to said crankcase, and said
      second oil flow being from said crankcase through said front thrust and
      front journal bearing means via said front shaft bore, through said
      aligned shaft openings into said front head suction chamber for return to
      said crankcase with said first oil flow.
PATN
WKU  039307590
SRC  5
APN  475784&
APT  1
ART  343
APD  19740603
TTL  Integral housing pump with servo controlled cheek plate
ISD  19760106
NCL  12
ECL  1
EXA  Look; Edward
EXP  Croyle; Carlton R.
NDR  2
NFG  4
INVT
NAM  Drutchas; Gilbert H.
CTY  Birmingham
STA  MI
ASSG
NAM  TRW Inc.
CTY  Cleveland
STA  OH
COD  02
CLAS
OCL  417283
EDF  2
ICL  F04B 4902
FSC  417
FSS  283
UREF
PNO  2755741
ISD  19560700
NAM  Erskine
OCL  417283
UREF
PNO  2818813
ISD  19580100
NAM  Pettibone et al.
OCL  417283
UREF
PNO  3671143
ISD  19720600
NAM  Clark
OCL  417283
UREF
PNO  3822965
ISD  19740700
NAM  Drutchas
OCL  417283
ABST
PAL  An integral housing type rotary positive displacement fluid flow device
      such as a power steering pump is provided with a servo valve sensitive to
      a pressure gradient on opposite sides of an orifice in the fluid flow
      path, controlling the unloading of a fluid pressure loaded cheek plate
      which unseats to directly bypass fluid from the outlet to the inlet in
      amounts exceeding the flow control set point and has an efficiently cored
      housing providing cavities for the components and passages connecting them
      in operative relation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the art of rotary fluid displacement devices such
      as power steering pumps for automotive vehicles wherein flow control is
      accomplished with a small servo valve controlling a pressure loaded cheek
      plate and particularly deals with the coring of integral or cast housings
      for such devices to accommodate the flow control mechanism.
PAR  2. Description of the Prior Art
PAR  Heretofore known pumps with integral flow control valves required valve
      structure to bypass the full pump outlet to inlet and located the valve
      structure either exteriorly of the pump or as a package incorporated in
      passages in the pump housing or as a part of various components in a
      pumping cartridge. In all of these arrangements, flow through the valve at
      high flow rates produced high Bernoulli reaction forces that had to be
      offset by heavy springs so that the ports could be closed. These heavy
      springs increased flow orifice pressure drop, caused heat rise, and
      frequently required heat sinks or coolers to maintain the fluid at a safe
      temperature level.
PAC  SUMMARY OF THE INVENTION
PAR  In a copending U.S. Pat. application of myself and George A. Berman
      entitled, "Pumps with Servo Type Actuation for Cheek Plate Unloading",
      Ser. No. 303,115 filed Nov. 2, 1972, now U.S. Pat. No. 3,822,965 the
      disclosure of which is incorporated herein by reference, we have disclosed
      and claimed controlling flow in a pump by a pressure loaded cheek plate
      directly bypassing fluid from the outlet to the inlet which is in turn,
      controlled by a servo valve. In this pump, fluid is metered at discharge
      pressure into a static cavity behind the cheek plate. A pumping circuit
      which includes the pump outlet and pump inlet is provided with an orifice
      and the servo valve is actuated by pressure drop across the orifice to
      selectively vent the fluid behind the cheek plate, thereby unloading the
      plate to bypass fluid from the pump outlet to the pump inlet. In the pump
      of this application, the passageways connecting the chamber behind the
      cheek plate with the servo valve and the pump inlet are provided by a
      hollow dowel pin and registering orifices in a train or stack of pump
      components in a housing composed of an end head and a cup-shaped shell.
PAR  The present invention now eliminates the necessity for hollow dowel pins,
      registering ports in stacked pump components and the like and incorporates
      all of the required passages for the servo valve loading and unloading in
      an integral housing. This housing is generally cup-shaped with a closed
      end providing a support bearing for the driving shaft of the pump rotor
      and a cylindrical cavity receiving the train or stack of pump components
      and closed by a cup-shaped shell bottomed on the open end face of the
      housing and providing a fluid reservoir around the housing. The cheek
      plate may be mounted at the inboard or outboard end of the train or stack
      of pump components and the chamber for the servo valve and passages
      connecting the static chamber behind the cheek plate controlling the
      loading and unloading of the plate as the slave function of the master
      servo valve are formed in the housing without the aid of separate parts.
      The housing can be a cored metal casting requiring little or no machining.
      The open end of the housing is closed by a cup-shaped shell of stamped
      metal telescoped around the housing and providing a reservoir chamber
      therebetween. Thus, only a single casting and a single stamping provide a
      complete package for a reservoir and a pump with a servo control system
      having a servo valve operating as a master and a cheek or unloading plate
      operating as the slave and eliminating additional components to form
      conduits for flow of fluid to and from the valve and the static pressure
      loading chamber behind the cheek plate.
PAR  It is then an object of this invention to incorporate the master servo
      valve and the slave unloading cheek plate of the U.S. patent application
      Ser. No. 303,115 filed Nov. 2, l972 U.S. Pat. No. 3,822,965 in an integral
      housing positive displacement device.
PAR  A further object of this invention is to provide an integral housing power
      steering pump for automotive vehicles with a servo valve controlled
      unloading plate to bypass fluid from the pump outlet to the pump inlet by
      unloading the plate whenever flow exceeds the flow control set point.
PAR  A specific object of the invention is to provide a compact integral housing
      power steering pump with cored passages in the housing accommodating the
      servo valve control of a cheek plate.
PAR  Another object of the invention is to provide a compact integral housing
      type power steering pump with internal cheek plate unloading controls
      without requiring additional components for passageways and the like.
PAR  Other and further objects of this invention will become apparent to those
      skilled in this art from the following detailed description of the annexed
      sheets of drawings which, by way of preferred examples only, illustrate
      two embodiments of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view, with parts in elevation, of an
      integral housing pump according to this invention;
PAR  FIG. 2 is a cross sectional view along the line II--II of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1 but illustrating another embodiment of
      the invention;
PAR  FIG. 4 is a cross section taken generally along the line IV--IV of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The pump 10 of FIGS. 1 and 2 includes an integral metal housing 11,
      preferably formed of cast iron or steel of generally cup-shape and cored
      to provide cavities and passageways for pump and valve components. A drawn
      steel cup-shaped shell 12 is telescoped over the open end of the
      cup-shaped housing 11 to close the end and form a reservoir around the
      housing 11. A train or stack 13 of pump components is mounted in the
      housing and the rotating parts of this train are driven by a shaft 14
      rotatably mounted in the closed end of the housing and projecting
      therefrom. A servo valve 15 is also mounted in the housing to control pump
      flow as a function of pressure drop across an orifice.
PAR  The train or stack 13 of pump components is mounted in a large diameter
      cylindrical cavity 16 of the housing 11 extending inwardly from the open
      end of the housing to an end wall 17. A smaller diameter cylindrical
      cavity 18 also extends inwardly from the open end of the housing to an end
      wall 19 and rceives the servo valve 15. The cavity 16 has a boss portion
      20 projecting into the center thereof from the end wall 17 to increase the
      bearing support for the shaft 14.
PAR  The housing 11 has a cylindrical raised land or pilot portion 21 with a
      groove receiving a sealing ring 22 and the cylindrical wall 12a of the
      shell 12 fits tightly around this land 21 and is sealed by the ring 22.
      The end 12b of the shell 12 is bottomed on the open end face 11a of the
      housing and held there by the head of a plug 23 which is threaded into the
      cavity 18. An annular reservoir 24 is thus provided around the periphery
      of the housing 11 covered by the shell 12. The shell has an upstanding
      neck 25 closed by a cap 26 providing a filling opening for the reservoir
      24.
PAR  The train 13 of pump components in the housing cavity 16 includes a lower
      or outboard plate 27 restrained in the cavity by a snap ring 28 locked in
      a groove 29 in the mouth of the cavity 16, a cam ring or pump stator 30,
      an upper or inboard unloading plate 31, and a coil spring 32 compressed
      between the plate 31 and the bottom 17 of the cavity. A set of dowel pins
      33 and 34 hold the train components in registration with one of the dowel
      pins 33 anchored in a hole 35 of the housing 11 to hold the components
      against rotation in the housing.
PAR  The cam ring 30 is of smaller diameter than the bore 16 and an annular
      chamber 36 is provided around the cam ring 30 between the plates 27 and
      31.
PAR  The plate 27 has a cylindrical periphery slidable in the cavity 16 and
      grooved to receive seal rings 37. The plate 31 is annular with a
      cylindrical outer periphery also sliding in the cavity 16 and with an
      inner cylindrical periphery sliding on the boss 20. The outer periphery is
      grooved to receive a seal ring 38 and the inner periphery is grooved to
      receive a seal ring 39. The spring 32 urges the stack or train 13 of
      components against the snap ring 28 and thus loads the unloading plate 31
      against the cam ring 30.
PAR  The cam ring surrounds a pump rotor 40 splined to the shaft 14 and having
      circumferentially spaced pockets 41 around the periphery thereof slidably
      supporting spring loaded slippers 42 which ride on the inner elliptical
      periphery 43 of the cam ring and provides the pumping chamber for the
      slipper pump.
PAR  Fluid from the reservoir 24 flows through cored passages 44 and 45 to fill
      the chamber 36 and flows through ports (not shown) in the unloading plate
      31 to the intake side of the pumping chamber or chambers of the pump and
      is discharged through ports and passages (not shown) to the pump outlet
      46.
PAR  The servo valve 15 has a spool body 47 slidable in the cavity 18 with a
      groove 48 therearound adapted to selectively register with the passage 45
      and a core passage 49 communicating with a chamber 50 surrounding the boss
      20 behind the unloading plate 31. As shown, the passage 49 extends beyond
      the cavity 18 to the outside of the housing 11 but is sealed at its outer
      end with a pressed-in or welded-in metal ball 49a. This makes for an easy
      coring of a passage sloping from the bottom of the cavity 16 toward the
      mouth of the cavity.
PAR  Flow emanating from the pump outlet port (not shown) flows through a cored
      passage 51 in the plate 27 and through a channel 51a in the housing 11 to
      a chamber 52 in the cavity 18 between the valve 47 and the plug 23. From
      this chamber 52, as shown in FIG. 2, the fluid flows through a cored
      passageway 53 and through an orifice 54 to the outlet 46.
PAR  A chamber 55 at the end 19 of the cavity registers with a cored passage 56
      to the outlet 46. An orifice disk 57 is provided in this passage 56
      upstream from the orifice 54.
PAR  A spring 58 in the chamber 55 bottomed on the end wall 19 of the cavity 16
      urges the spool valve body 47 against the pin end 23a of the plug 23. The
      valve body 47 has a chamfer 59 at the right-hand end of the groove 48 and
      when pressure in the chamber 52 shifts the valve body to the right against
      the bias of the spring 58, the passage 49 will be uncovered to vent the
      chamber 50 behind the unloading plate 31 to the valve groove 48. The
      chamber 50 is filled with fluid from the pressure side of the pump through
      an orifice 60. The groove 48 communicates through an orifice 61 with a
      bore 62 in the body 47 and an orifice 63 connects this bore 62 with the
      chamber 55. A spring loaded ball 64 in the bore 62 closes the orifice 63.
      By this arrangement, when pressure in the chamber 55 acting on the ball 64
      exceeds the force of spring 62, the ball 64 will be unseated to bleed
      fluid from the chamber 55 into the inlet passage 45.
PAR  As pressure in the cavity 52 builds up beyond a desirable level, the valve
      body 47 will be shifted to the right so that the chamfer 59 will uncover
      the passage 49 to vent fluid from the chamber 50 to the inlet passage 45,
      thus, unloading the plate 31 and permitting it to unseat from the cam ring
      30 to directly bypass fluid from the outlet to the inlet of the pump.
      Further motion of the spool valve body 47 due to rising flow will open the
      chamber 52 to the passage 45.
PAR  Thus, pressure relief is accomplished when pressure rising in chamber 55
      forces the ball 64 off of its seat momentarily thereby dropping pressure
      in the chamber 55 and causing the valve to move to the right to unload the
      plate 31 and accomplish the bypass function. A supercharge effect is
      accomplished by flow of fluid through the bypass passage 45 which
      interfaces with the intake hole 44 at a convenient oblique angle to
      aspirate fluid into the passage 45.
PAR  From the above description it will be understood that pressure in the pump
      outlet 46 is limited as it approaches the preset setting of the ball 64
      and spring 62. When this pressure exceeds a predetermined maximum, the
      ball 64 will be unseated opening up orifice 63 for connecting the chamber
      55 through the bore 62 and port 61 of the spool valve body 47 with the
      inlet passage 45 whereupon pressure in the chamber 52 will be greater than
      the pressure in the chamber 55 and the spool valve body 47 will be shifted
      to the right to vent the chamber 50 behind the unloading plate 31 with the
      inlet 45. Thus, the servo valve 15 acts as a master to control the slave
      unloading plate 31.
PAR  In the modification 10a of FIGS. 3 and 4, parts substantially identical
      with parts described in FIGS. 1 and 2 have been marked with the same
      reference numerals.
PAR  In FIG. 3, the unloading plate 31 is positioned at the outboard end of the
      cavity 16 and the spring 32 rests on a disk 70 in the cavity restrained by
      the snap ring 28. Outlet ports 71 in the housing behind the plate 27
      communicate with the cavity 18 at the end 19 thereof. This cavity 18
      slidably mounts a modified spool valve 72 with a body 73 having lands 74,
      75, and 76 riding on the cylindrical wall of the cavity and isolating an
      end chamber 77, a groove chamber 78, a second groove chamber 79, and an
      opposite end chamber 80. The chamber 77 is vented to the end chamber 79
      through a port 81, a bore 82 and an end orifice 83 controlled by a spring
      loaded ball 84.
PAR  A spring 85 resting in a cavity face in the plug 23 urges the nose end 73a
      of the valve body 73 against the end wall 19 of the cavity 18.
PAR  In the position illustrated in FIG. 3, the annular chamber 79 registers
      with the inlet 44 while the annular chamber 78 registers with the
      passageway 49 to the static loading chamber 50 behind the unloading plate
      31.
PAR  The chamber 80 is vented to the outlet 46 through a cored passage 86
      containing an orifice 87 determining the set flow rate for the pump. A
      passage, analogous to passage 56 of FIG. 2 is provided for communication
      between chamber 77 and the downstream side of orifice 87
PAR  When the flow rate exceeds the set point, the valve 72 is shifted to the
      left moving valve chamfer into a bias position connecting static cavity 50
      with cavity 18 through passage 49 and cavity 78, thus unloading plate 31
      and sustaining a flow control action. A similar action ensues in pressure
      relief. On reaching a predetermined pressure setting, pressure in the
      chamber 77 will momentarily unseat the ball 84, venting the fluid to the
      inlet 44 so that the pressure in the chamber 80 will shift the valve to
      the left against the bias of the spring 85 venting the passage 49 to the
      inlet 44 and relieving pressure in the chamber 50 thereby permitting the
      unloading plate 31 to be unseated from its sealing position and
      communicate the outlet and inlet ports. The pump 10a thus operates in the
      same manner as the pump 10 with the servo valve 72 acting as a master to
      control the slave unloading plate 31.
PAR  From the above descriptions it should, therefore, be understood that this
      invention provides an integral housing type rotary positive displacement
      pump especially suited for automotive power steering usage where the
      housing provides cavities and passageways accommodating operation of a
      flow control master servo valve controlling a slave unloading plate to
      directly bypass fluid from the pump outlet to the pump inlet whenever pump
      flow rate exceeds a predetermined amount. The invention eliminates
      heretofore required additional pump components, tubing and the like.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A positive displacement pump which comprises a one-piece housing having
      an outlet and first and second cavities open at one end, a train of pump
      components in the first cavity including a cam ring defining an interior
      pumping chamber with inlet and outlet sides, a rotor carrying pumping
      means riding in the cam ring and a fluid pressure loaded cheek plate
      pressed against one side of the cam ring, said first cavity providing a
      static fluid pressure chamber behind said cheek plate, servo valve
      components in the second cavity, a shaft rotatably carried by the housing
      coupled to said rotor, a cup-shaped shell telescoped over the housing
      closing the open end thereof and providing a fluid reservoir around the
      housing, and passages in said housing from the reservoir to the inlet side
      of the pumping chamber and from the outlet side of the pumping chamber to
      the outlet, an orifice in the passage to the outlet, and passages in the
      housing from the upstream side of said orifice to the second cavity, from
      the inlet side of the pumping chamber to the second cavity and from the
      static fluid pressure chamber to the second cavity whereby the servo valve
      is sensitive to pressure drop on opposite sides of the orifice and
      controls the unloading of the cheek plate and all components in the
      housing are placed in operating fluid communication by housing passages.
NUM  2.
PAR  2. The pump of claim 1 wherein the cheek plate is positioned in the inboard
      end of the first cavity.
NUM  3.
PAR  3. The pump of claim 1 wherein the cheek plate is positioned in the
      outboard end of the first cavity.
NUM  4.
PAR  4. The pump of claim 3 including a cover plate closing the outboard end of
      the first cavity and cooperating therewith to form a static fluid chamber
      behind the cheek plate.
NUM  5.
PAR  5. The pump of claim 1 wherein the pumping means riding in the cam ring are
      spring loaded slippers.
NUM  6.
PAR  6. The pump of claim 1 wherein the train of pump components is bottomed on
      a snap ring in the first cavity.
NUM  7.
PAR  7. The pump of claim 1 including an additional passage connecting the
      second cavity to the downstream side of the orifice to aspirate fluid from
      the second cavity.
NUM  8.
PAR  8. An integral housing slipper pump adapted for automotive power steering
      gear having a servo valve controlling an unloading plate to bypass fluid
      for controlling pump flow output which comprises a housing with a large
      cavity and an adjacent smaller cavity, said cavities opened at one end of
      the housing and closed at the other end of the housing, a shell telescoped
      over said one end of the housing closing both cavities and forming a
      reservoir around the housing, a shaft rotatably supported by said housing,
      a train of pump components in said large cavity of the housing including a
      cam ring, end plates bottomed on both sides of the cam ring, a rotor
      coupled to said shaft having fluid displacement means riding in said cam
      ring, and a spring biasing one of said end plates against the cam ring,
      said large cavity having a static fluid chamber behind said spring biased
      end plate, a servo valve slidable in said small cavity, and core passages
      in said housing joining the cavities to direct fluid for shifting the
      servo valve to control the unloading of fluid from the static chamber and
      thereby permit the spring loaded end plate to unseat from the cam ring for
      directly bypassing fluid from the inlet to the outlet sides of the cam
      ring.
NUM  9.
PAR  9. The slipper pump of claim 8 wherein the servo valve has a spring loaded
      cheek valve for relieving fluid from one end of the servo valve.
NUM  10.
PAR  10. The slipper pump of claim 8 wherein the servo valve is a spool valve,
      has an axial bore vented to the periphery thereof intermediate the ends
      thereof and has a spring loaded ball closing the mouth of the bore.
NUM  11.
PAR  11. The slipper pump of claim 8 including a cylindrical boss projecting
      into the central portion of the large cavity and an annular cheek plate
      riding on said boss.
NUM  12.
PAR  12. The slipper pump of claim 8 wherein the housing is a metal casting and
      the cavities and passages are formed in the casting.
PATN
WKU  039307603
SRC  5
APN  4434900
APT  1
ART  343
APD  19740219
TTL  Hydraulic pump incorporating means for limiting volume of flow
ISD  19760106
NCL  5
ECL  1
EXA  Smith; Leonard E.
EXP  Freeh; William L.
NDR  2
NFG  2
INVT
NAM  Winter; Klaus
CTY  Schwalbach
CNT  DT
ASSG
NAM  ITT Industries, Inc.
CTY  New York
STA  NY
COD  02
PRIR
CNT  DT
APD  19730411
APN  2318080
CLAS
OCL  417310
EDF  2
ICL  F04B 4900
FSC  417
FSS  284;310
UREF
PNO  3465679
ISD  19690900
NAM  Adey et al.
XCL  417284
UREF
PNO  3600108
ISD  19710800
NAM  Tomita
XCL  417284
UREF
PNO  3813187
ISD  19740500
NAM  Winter
XCL  417310
FREF
PNO  485,547
ISD  19380500
CNT  UK
OCL  417310
LREP
FR2  Raden; J. B.
FR2  Warner; D. P.
ABST
PAL  A pump is disclosed which incorporates regulator means to limit the
      discharge volume of the pump. The regulator means includes an operating
      piston which responds to pressure differentials caused by excessively
      rapid flow through a duct. The pressure difference is used to overcome a
      spring bias and operate a pressure relief valve.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present invention is related to the subject matter of U.S. Pat.
      application No. 353,228, now patent No. 3,813,187, directed to "A Vane
      Type Hydraulic Pump", which was filed on Apr. 22, 1973 in the name of
      Klaus Winter.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  This invention relates to a vane-type hydraulic pump for use in hydrostatic
      systems, the discharge volume thereof being limited by a by-pass regulator
      which is made responsive to pressure differences which arise when volume
      exceeds a desired level.
PAR  2. Description of the Prior Art.
PAR  It is known in the prior art to control pressure-medium pumps by means of a
      by-pass regulator. In the known embodiments, however, necessary valves
      have been placed either in the housing member or in the pump housing
      cover. A disadvantage of this prior construction has been that special
      ducts and bores had to be provided in the housing resulting in relatively
      large overall dimensions of such pumps.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an efficient
      pressure-medium pump of particularly light weight and small dimensions. It
      is an additional object with such a pump to provide means to limit the
      volume of pressure medium discharged. Furthermore, it is an object to
      arrange pressure-medium connectors or parts to function independently of
      the position of said means to limit volume of flow.
PAR  In accordance with the present invention, the various objects are achieved
      by positioning the operating piston of the flow-control valve in a
      concentric pump-shaft bore communicating with the pressure chambers of the
      pump. Furthermore, the pump-shaft bore may preferably include a
      pressure-relief valve limiting the pressure which tends to close the
      overflow lines by moving the operating piston. By this means it is
      accomplished that the relief valve acts as an anticipatory control for the
      flow-control valve, to the effect that upon opening of the relief valve
      the pressure loading the operating piston in closing direction will
      decrease, thus causing the operating piston to be moved to open the
      overflow line. Simplification of manufacture is advantageously achieved by
      accommodating the orifice of the flow-control valve between the
      delivery-sided port of the pump and the pressure accumulator. In order to
      increase pump efficiency, the suction chamber of the pump contains an
      annular collar spaced from the pump shaft and embracing it concentrically,
      said collar forming together with the side wall of the pump housing an
      annular opening wherein there are terminating essentially radially
      extending ducts provided in the pump shaft and forming the overflow line,
      so that overflow of pressure medium will result in an injection effect.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention allows for a large variety of embodiments. One embodiment
      will be described with reference to the attached drawing in which:
PAR  FIG. 1 is a longitudinal view of the hydraulic pump; and
PAR  FIG. 2 is a cross-sectional view of the pump on the lines A-B of FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In essence, the pump includes the pump housing 1, comprising the suction
      connector 2 and the pressure connector 3; the pump shaft 4 supported in
      the housing 1 and comprising the rotor 5 and the vanes 43 (radially
      movable lamellae); the stationary cam disc 6; the side plates 7, 8; and
      the housing cover 9 tightly sealing the pump housing 1.
PAR  The pump shaft 4 is provided with a blind bore 10 closed by means of a disc
      11 and containing a piston 13 which is movable in longitudinal direction
      against the force of a pressure spring 12. The blind bore 10 also contains
      a pressure-relief valve indicated generally by numeral 14. In addition, a
      plurality of radially extending ducts are provided in the pump shaft 4,
      connecting the longitudinal bore 10 with the pump working chambers filled
      with pressure medium and disposed radially outwardly. Said ducts are: Duct
      15 connecting the chamber behind the pressure-relief valve 14 with the
      ring duct 16 for lubricating the pump-shaft bearing 17; the radial bores
      18 connecting the chamber between the piston 13 and the relief valve 14,
      via the duct 32 in the side plate 7, to the delivery-sided annular chamber
      19; the radially extending ducts 20 connecting the pocket 21 in the side
      plate 8 with the blind bore 22 of piston 13; and finally the radially
      extending ducts 23 connecting the blind bore 10 of the pump shaft 4 with
      the annular chamber 24 disposed between the side plate 8 and the collar
      35.
PAR  When the pump shaft 4 is driven, the pressure medium to be supplied will be
      sucked in via the suction connector or suction port 2, flowing therefrom
      to chamber 25 between the housing cover 9 and the collar 35. The medium
      then flows through the space or annular port, 40 between the rim 26 of the
      collar 35 and the pump shaft 4 into the annular chamber 24 until it
      reaches the working chambers 28 of the rotor 4 via an axially extending
      duct 27. Flow is then directed into the pockets 48 and 21 and through duct
      38 into the annular chamber 19 from which the pressure medium will be
      supplied to the pressure connector or pressure port 3.
PAR  The cross-sectional area of duct 38 being small, it will serve as a
      throttle, thus producing a differential pressure which is less at the
      output than at the input of duct 38 when pressure medium flows through.
      This differential pressure acts, via the ducts 19, 32, 18, on the
      spring-loaded side of the operating piston 13, and via the pocket 21, and
      the ducts 29, 20, 30, on the other side of the operating piston 13 serving
      as a piston manometer. So long as the force acting on the operating piston
      13 and ensuing from the differential pressure occasioned by duct 38 is
      smaller than the biasing force of the spring 12, the operating piston 13
      will be urged against the disc 11, thereby first blocking the ducts 23
      which constitute the overflow line.
PAR  When the pump discharge volume increases, for example due to increases in
      its driving speed, the differential pressure across duct 38 will also
      increase until the force acting on the operating piston 13 overcomes the
      force of the spring 12 and moves the operating piston 13 towards the
      spring 12 and opens the ducts 23. Part of the pump discharge volume is now
      allowed to flow into the suction chamber 24 via the pocket 21, the ducts
      29, 20, 30, the bore 22 and the ducts 23, so as to avoid an increase in
      the amount of fluid discharged at the pressure connector 3.
PAR  If an undesirably high pressure builds up at the pressure connector 3, in
      the annular chamber 19 and, consequently, also at the front end of the
      operating piston 13 loaded by the spring 12 and communicating with the
      annular chamber 19 via the ducts 32, 18, the ball 33 of the
      pressure-relief valve 14 will be lifted from its seat, thus opening the
      pressure-medium passageway towards the duct 15 and the ring duct 16,
      respectively. From ring duct 16, pressure medium is allowed to flow back
      through a duct 34 to the suction-sided pocket 21.
PAR  As the pressure-relief valve 14 is opened, the pressure prevailing on the
      spring-loaded side of the operating piston 13 will decrease
      simultaneously, thus causing the operating piston 13, under the influence
      of the higher pressure prevailing on its opposite side, to be moved
      towards the pressure-relief valve 14 against the force of the spring 12,
      thereby causing the ducts 23 to be opened and allowing the pressure medium
      fed to flow into the suction chamber. During this control cycle, the
      pressure-relief valve 14, in combination with the operating piston 13,
      acts like a pilot-operated relief valve.
PAR  The pressure-medium pump described above includes both a flow-control valve
      13, 30 and a pressure-relief valve 14. Both valves are disposed
      concentrically in the pump shaft.
PAR  The injection effect, i.e., the effect produced by the injection of
      pressure medium into the annular chamber 24 within the area of the annular
      port 40 has proved to be particularly advantageous, the specially designed
      collar 35, 26, in combination with the duct 23, serving as an aid to
      improve pump performance. The guide for the bypass spring 12 is coated
      with suitable plastics material (e.g., PTFE) in order to minimize the
      influence of friction in the event of buckling, e.g., due to centrifugal
      forces occasioned at high rotational speeds.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vane-type hydraulic pump, a rotor formed about a pump shaft within
      a pump housing, and flow control means for regulating discharge volume of
      the pump comprising an operating piston and a pressure relief valve
      disposed in a concentric bore within walls of the pump shaft, inlet and
      outlet means extending through said housing, duct means and chambers
      providing paths through a pressure line interconnecting said inlet and
      outlet means through walls of the piston and the pump shaft, means for
      sensing volume of flow in said pressure line and for providing the
      transfer of pressure signals through ducts in said piston to govern the
      position of said operating piston relative to an overflow line to thereby
      control volume of flow.
NUM  2.
PAR  2. The invention as claimed in claim 1, in which the overflow line includes
      a duct of restricted diameter through the pump shaft wall between the
      concentric bore and the pressure line, whereby movement of the operating
      piston to open the overflow line permits pressure medium in the piston to
      flow into the pressure line to enhance the pump effect.
NUM  3.
PAR  3. The invention as claimed in claim 1, in which the means for sensing
      volume of flow includes a duct in said pressure line which provides a
      differential pressure between two chambers in the pressure line and duct
      means which couple said two chambers to respective sides of the operating
      piston within the concentric bore, said operating piston responding to a
      selected difference in pressure to open said overflow line and reduce
      pressure in said pressure line.
NUM  4.
PAR  4. The invention as claimed in claim 1, in which the pump includes a
      suction chamber bounded by an annular collar spaced from the pump shaft
      and embracing it concentrically, said collar forming together with a side
      wall of the pump housing an annular opening wherein there are terminating
      essentially radially extending ducts provided in the pump shaft and
      forming the overflow line.
NUM  5.
PAR  5. The invention as claimed in claim 4, in which injection of a pressure
      medium is provided by an annular port formed between the side wall of the
      pump housing and the annular collar, where the annular port enlarges
      towards a suction duct in the direction of rotation.
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ABST
PAL  A peristaltic pump comprising a portable housing capable of being held in
      the hand and which carries means defining an elongated surface, a tube
      leading past the housing in contact with the elongated surface that
      includes near one end of the housing, a non-return valve that allows fluid
      to flow only in the direction that leads away from the housing, the tube
      being a flexible tube along at least that part of its length in contact
      with the elongated surface, a roller which is reciprocable along the
      flexible tube, means for squeezing the tube against the surface by the
      roller and thereby closing the tube and for moving the roller along the
      tube towards the non-return valve while thus squeezing the tube, means for
      continuously biasing the roller away from the non-return valve and means
      to withdraw the roller from said tube during or subsequent to its return
      to its initial position whereby the flexible tube returns substantially to
      its normal configuration.
BSUM
PAR  This invention relates to a portable and manually operable pump by which
      liquid can be dispensed in predetermined amounts by manual operation of
      the pump, and in particular it relates to pumps that can be used for
      vaccination of living bodies, including both humans and animals.
PAR  Vaccination pumps generally comprise, for example, a simple syringe having
      a piston that moves through a cylinder to expel liquid from the cylinder.
      However it is also known, for example from U.S. Pat. No. 1,961,489, to
      include the liquid to be injected in a flexible cylindrical container and
      then to press a flat surface against one side of the container so as to
      expel the liquid from the container.
PAR  Peristaltic pumps are well known and are usually designed for supplying
      continuously a continuous feed of liquid. Thus liquid may be led to a
      resilient tube and a series of rollers may pass along the tube while
      squeezing it against a backing surface and thereby peristaltically forcing
      the liquid through the tube. These pumps are usually fairly complicated
      and are neither conveniently portable nor conveniently manually operable.
PAR  A peristaltic pump according to the invention comprises a portable housing
      capable of being held in the hand and which includes or carries means
      defining an elongated surface, a tube leading over or through the housing
      along the elongated surface and that includes, at or near one end of the
      housing, a non-return valve that allows fluid to flow only in the
      direction that leads away from the housing, the tube being a flexible tube
      along at least that part of its length that leads over the elongated
      surface, a roller which is reciprocable along the flexible tube, and means
      for squeezing the tube against the surface by the roller and thereby
      closing the tube and for moving the roller along the tube towards the
      non-return valve while thus squeezing the tube.
PAR  Generally the pump contains just one roller, unlike conventional
      peristaltic pumps where there are usually several rollers.
PAR  The particular advantage of the pump according to the invention is that it
      can conveniently be used for vaccination of humans or animals and thus in
      use will have an injection needle outside the housing fitted to the tube
      at or near the non-return valve.
PAR  The pump is also useful for delivering doses of a variety of other liquids,
      e.g., as jets or sprays. Thus in place of having a needle it may be fitted
      with a nozzle, designed to give a spray or jet. The injection needle or
      nozzle may be permanently fitted, and may even be moulded with the tube,
      or may be replaceable. Unless the needle or nozzle is moulded with the
      tube then the tube will terminate at or near the non-return valve in a
      fitting in which the needle or nozzle may be fitted, either permanently or
      replaceably.
PAR  Liquid may be supplied to the tube, for peristaltic pumping along the tube
      and through the non-return valve, from any convenient source, the end of
      the tube distant from the non-return valve extending into the source.
      Usually the source of liquid is outside the housing. Thus, for example,
      the tube may lead to a reservoir for liquid. For example in veterinary use
      the operative may carry a flexible reservoir and the tube may lead from
      this to the pump, which the operative will hold in his hand. Conveniently
      the reservoir is a sealed flexible reservoir that collapses as liquid is
      pumped out of it.
PAR  An essential characteristic of the invention is that as the roller moves
      along the tube it shall squeeze the tube against a backing surface
      sufficient that during the travel of the roller the tube is closed,
      whereby peristaltic pumping occurs. As a result the backing surface must
      be sufficiently elongated to serve as a backing surface over the desired
      travel of the roller. In practice it must also be fairly smooth, in order
      that the tube is closed as the roller moves along it. Of course if desired
      the surface can be ribbed or ridged provided the ribs are not so deep as
      to prevent closing of the tube. The means defining the elongated surface
      can be, for example, a second roller that moves with the first and against
      which the first roller presses the tube, but most usually the housing
      includes or carries the elongated surface.
PAR  The elongated surface may be outside the housing in which event the tube
      will be outside the housing. Thus the roller pair may be outside the
      housing or a surface outside the housing, e.g. an outside surface of the
      housing, may serve as the elongated surface. Usually however the elongated
      surface and the tube are inside the housing. For example the surface may
      be an inside surface of the housing.
PAR  By choosing appropriately the length of travel of the roller along the tube
      towards the valve so one controls the dose of liquid pumped through the
      valve, and hence through any needle fitted to the tube. In order that the
      dose can be selected for any particular operation it is preferred that the
      pump should include adjustable stop means capable of being adjusted to
      limit the travel of the roller to a predetermined amount.
PAR  After the roller has followed its maximum travel towards the non-return
      valve, and the desired dose or doses have been expelled, it is necessary
      that the roller should return to a position distant from the non-return
      valve, ready for the next pumping operation. The pump therefore
      conveniently includes means for continuously biasing the roller away from
      the non-return valve, the biasing means usually being a spring.
PAR  It is necessary that after the desired dose or doses of liquid have been
      ejected through the valve and the roller has returned to its rest position
      that liquid can flow back into the tube, ready for ejection upon the next
      operation of the pump. Accordingly the roller must not squeeze and close
      the tube continuously. When the elongated surface is defined by a backing
      roller there must therefore be means for allowing this second, backing,
      roller to move away from the first roller. In general, the elongated
      surface usually has a depression in it at a point distant from the
      nonreturn valve so as to permit the tube to have substantially its normal
      diameter despite contact with the roller.
PAR  The pump is portable and manually operable and for convenience the housing
      therefore has a pistol grip and the means for squeezing the tube and
      moving the roller are operable by operation of a member in or on the
      pistol grip. Conveniently this member is a trigger pivoted on the housing.
PAR  Normally the housing forms a solid outer casing, having an outlet for the
      tube if the tube is inside the housing, but it may merely be, for example,
      a framework carrying the tube and all the moving parts.
PAR  The preferred pump according to the invention has extreme simplicity of
      design and in it the elongated surface is an arcuate surface and the means
      for squeezing and moving the roller comprise a lever pivoted at the centre
      of curvature of the surface and one end of which, upon rotation about the
      pivot, causes the roller to move towards the non-return valve while
      squeezing the tube. Means for causing the lever to rotate about its pivot
      usually extend out of the housing. For example the second end of the lever
      may extend out of the housing and be directly operable by hand or, more
      usually, this end of the lever engages a trigger mounted on the housing in
      such a way that depression of the trigger causes rotation of the lever.
PAR  Other systems of achieving peristaltic pumping may be used but in general
      are less satisfactory since although they can usually be simpler than any
      known peristaltic pumps they are not usually quite as simple as the
      preferred system described, having an arcuate surface and lever. For
      example the smooth surface may be a flat surface and the roller may be
      caused to move along parallel with the surface, for example by passage
      between the surface and a parallel thrust plate. Movement of the roller in
      this way may be effected by, for example, a lever having a slot in which
      the roller is slideably and rotatably engaged. In another method the
      surface again does not have to be an arcuate surface and the lever can
      consist of two parts pivoted to one another, one part being pivoted on the
      housing and the roller being carried by the other part which is biased,
      for example by a spring, up against the tube. In fact this mechanism can
      conveniently be used also when the elongated surface is an arcuate surface
      and the lever is pivoted at a point that is not the centre of curvature of
      the surface.
PAR  It is often particularly important that air should not enter the tube and
      thus joints in the tube are kept to a minimum. Preferably the entire tube,
      i.e., both the flexible part and any non-flexible part, for example the
      part containing the non-return valve, should be moulded as a single piece.
DRWD
PAR  The invention is illustrated in the accompanying drawings. In these:
PAR  FIG. 1 is a vertical cross section through one pump according to the
      invention,
PAR  FIG. 2 is a similar cross section through another pump according to the
      invention, and
PAR  FIG. 3 is a side view of a pump connected up with a reservoir ready for
      use.
PAR  The pumps illustrated are all designed for use as a medical or veterinary
      syringe and thus are fitted with an injection needle.
DETD
PAR  Referring to FIG. 1, the pump comprises a portable housing 1 capable of
      being held in a user's hand having a pistol grip 2 and having a
      substantially smooth, arcuate, inside top surface 3. A flexible tube 4
      enters the housing 1 through a circular inlet opening 5 and extends over
      the surface 3 from the inlet 5 towards and into an outlet 6 from the
      housing. This tube merges at its end near the outlet with an enlarged part
      of tube, shown as 7 in the drawing, that includes a non-return valve 7a.
      This valve is of conventional construction and is designed to allow liquid
      to flow through the tube at the outlet only in the direction from the back
      of the housing to the front of the housing, i.e., in the direction from
      the inlet 5 to the outlet 6. The tube finally terminates in a cylindrical
      fitting 8 over which a sleeve 9 carrying a needle 10 forms a tight and
      air-proof fit.
PAR  A roller 11 is rotatably mounted in one end of a member 12 that is pivoted
      at 13 about the end of an elongated member 14. The other end of the member
      12 is biased by spring 15 downwards, as shown in the drawing, the roller
      11 thus being biased upwards and against the tube 4. The member 14 is
      itself pivoted at point 16 on the housing and to which the spring 15 is
      secured. A coil spring 17 is fitted and serves to bias the member 14 to
      rotate to the position where point 13 is near the back of the housing.
PAR  A trigger 18 is mounted in the pistol grip part, 2, of the housing about a
      pivot 19. This trigger is U-section in form and the end of the member 14
      distant from the point 13, labelled 20 in the drawing, is in slideable
      engagement with the inner surface of the front of the trigger 21, i.e.,
      with the bottom of the U-section.
PAR  In FIG. 1 the roller is shown in the rest position, at its backwardmost
      point of travel, and at this position there is a shallow recess 22 in the
      smooth surface with the result that although the roller presses against
      the tube the tube is depressed into the depression 22 and so retains most
      at least of its original diameter.
PAR  Upon depressing the trigger 18 the inside surface of the front 21 of this
      trigger presses against the end 20 of the member 14 and causes the member
      to rotate in an anti-clockwise direction and this in turn causes the
      member 12 and the roller 11 to move from right to left. The spring 15
      causes the roller to press against the tube sufficiently to seal it, the
      liquid thereby being pumped forward through the tube. Thus, in use, the
      operator holds the pump in his hand, inserts the needle 10 into the
      patient or animal, and presses the trigger, whereupon liquid is forced
      through the non-return valve and needle into the animal or patient. At the
      end of the desired injection stroke the trigger is released and the roller
      and the trigger return to their original position under the action of the
      spring 17. The non-return valve prevents entry of atmospheric air into the
      tube via the needle. Liquid in the rear section of the tube, outside the
      housing, can then enter the tube by passage between the roller and the
      depression 22.
PAR  One or more openings 23 may be provided in the trigger capable of receiving
      pegs that serve as stops to control the travel of the trigger, and thus
      the travel of the roller and thereby the amount of liquid ejected.
PAR  In FIG. 1 surface 3 is curved but pivot 16 is not necessarily at its centre
      of curvature, although it can be. Also it is not absolutely essential for
      the surface to be an arcuate surface in view of the presence of the member
      12 and the spring 15.
PAR  The pump illustrated in FIG. 2 differs from that in FIG. 1 in that the
      members 12 and 14 are replaced by a single lever 24 in one end of which
      the roller 11 is rotatably mounted. In place of the coil spring 17 a
      helical spring 25 is provided to bias the lever and the roller to the rest
      position. The surface 3 is an arcuate surface and the pivot 16 is at the
      centre of curvature of the surface. Another minor modification is that the
      tube is moulded as an integral piece and the non-return valve, not shown,
      is thus included in a part 7 that is of the same diameter as the remainder
      of the tube.
PAR  In FIG. 3 is shown diagrammatically how the pump illustrated in FIG. 2 may
      conveniently be put into operation for injecting vaccine or other liquid
      into humans or living animals. In this drawing the tube 4 extends out of
      the back of the housing 1 through the opening 5 to a container 26. The
      tube extends through the seal 27 of the container, making a tight fit with
      the seal, to the bottom of the container. The container is formed of
      flexible plastic material so that as liquid is pumped out of it the walls
      of the container collapse.
PAR  The pump illustrated in FIGS. 1 or 2 can be modified in many ways. For
      example the tube can lay over the top surface of the housing and the lever
      24 or the lever system 12 and 14 can extend out of the housing and press
      the roller down onto top surface of the housing.
CLMS
STM  I claim:
NUM  1.
PAR  1. A peristaltic pump comprising a portable housing capable of being held
      in the hand and which carries means on an inner surface of the housing
      defining an elongated surface, a tube leading across the housing in
      contact with the inner surface of the housing defining an elongated
      surface and that includes, near one end of the housing, a non-return valve
      that allows fluid to flow only in the direction that leads away from the
      housing, the tube being a flexible tube along at least that part of its
      length in contact with the inner surface of the housing defining an
      elongated surface, a roller which is reciprocable along the flexible tube,
      means for squeezing the tube against the inner surface of the housing by a
      roller and thereby closing the tube and for moving the roller along the
      tube towards the non-return valve while thus squeezing the tube, means for
      continuously biasing the roller away from the non-return valve, and means
      to withdraw the roller from squeezing contact with said tube during or
      subsequent to its return to its initial position consisting of a
      depression in said inner surface of the housing defining an elongated
      surface at a point distant from the non-return valve, whereby the flexible
      tube returns substantially to its normal configuration while the
      non-return valve closes.
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ABST
PAL  A gas compressor or blower comprising a cylinder having air intake and
      exhaust ports; a piston which is rotatably and reciprocably movable in the
      cylinder; valve means for admitting air into and exhausting air from at
      least one chamber lying to one side of the piston; a piston shaft to which
      the piston is secured, the piston shaft passing through seals at the axial
      ends of the cylinder; means for applying a rotary drive to the piston rod;
      and a cam arrangement for causing reciprocation of the piston rod as this
      rotates; the arrangement of ports and valve means being such that as the
      piston rotates and reciprocates air is induced into the chamber, is
      compressed in the chamber and then exhausted from the chamber.
BSUM
PAR  This invention relates to apparatus that can be used either as a gas
      compressor or as a gas blower.
PAR  The invention provides a compressor or blower operating on entirely
      different principles to existing equipment and capable of being made more
      cheaply than existing equipment, with increased efficiency and less need
      for maintenance.
PAR  According to the present invention a gas compressor or blower comprises a
      cylinder having air intake and exhaust ports; a piston which is rotatably
      and reciprocably movable in the cylinder; valve means for admitting air
      into and exhausting air from at least one chamber lying to one side of the
      piston; a piston shaft to which the piston is secured, the piston shaft
      passing through seals at the axial ends of the cylinder; means for
      applying a rotary drive to the piston shaft; and a cam arramgement for
      causing reciprocation of the piston shaft as this rotates; the arrangement
      of ports and valve means being such that as the piston rotates and
      reciprocates air is induced into the chamber, is compressed in the chamber
      and then exhausted from the chamber.
PAR  By appropriate selection of the piston size and of the port and valve means
      the apparatus can be designed to act as a blower or as a compressor. By
      mounting two cylinders in axial alignment, and providing a single piston
      shaft extending through both cylinders with cam arrangements provided only
      at each extreme end of the assembly, it is possible to provide a two-stage
      compressor or twin blowers operated by only a single driven shaft. In
      fact, more than two cylinders can be mounted in this way to provide
      multi-stage apparatus with a single drive.
PAR  Preferably, valve means are provided for admitting air into and exhausting
      air from first and second chambers lying to opposite sides of the piston.
      However, it is possible to use only a single compression chamber to one
      end of the piston, particularly in a two-stage compressor valved so that
      compression occurs in one cylinder as expansion occurs in the other
      cylinder.
PAR  Preferably, the valve means comprise valving grooves formed in the
      circumference of the piston. Alternatively the valve means can comprise
      conventional pressure operated inlet and outlet valves in suitable
      positions on the cylinder or cylinders, or other valving arrangements may
      be employed.
PAR  Preferably, the apparatus includes means for axially balancing the piston
      shaft. In one embodiment this means comprises support means, and means
      mounting said cylinder on said support means so that said cylinder has
      free axial movement on said support means. Thus the piston shaft and the
      cylinder move oppositely and the apparatus is axially balanced. In an
      alternative arrangement the piston shaft is hollow and the means for
      axially balancing comprises a plunger suitable within said piston shaft,
      closed fluid-containing end chambers at each end of the piston shaft,
      means for controlling leakage from the chambers in response to the
      position of the plunger relative to the piston shaft and means for
      supplying make-up fluid to said end chambers. The plunger then acts as a
      counterbalance and any tendency for it to drift to an extreme position is
      compensated for by leakage of fluid from the respective end chamber to
      stop the drift.
PAR  Conveniently, the cam arrangement comprises a first cam at a first end of
      the cylinder for driving the piston shaft in a first axial direction and a
      second cam at a second end of the cylinder for driving the piston shaft in
      a second axial direction. Alternatively two opposed cams or opposed faces
      of a single cam may be mounted at the same end of the cylinder.
PAR  Preferably, each cam is a face cam secured to rotate with the piston shaft
      and bearing on roller means carried at the respective end of the cylinder,
      and each roller means comprises two roller assemblies bearing on a common
      face cam, the roller assemblies being opposed by 180.degree. and spaced
      equidistantly from the centre line of the piston shaft, and both roller
      assemblies are mounted on a carrier which is mounted on the cylinder for
      pivotal movement about an axis perpendicular to the axis of the piston
      shaft. This ensures that no appreciable force perpendicular to the piston
      shaft is exerted on the piston shaft.
PAR  A similar balanced cam arrangement can be used where reciprocation is
      caused by two opposed cams or cam faces at the same end of the cylinder.
PAR  Preferably, the means for applying rotary drive to the piston shaft
      comprise projections extending axially from and spaced radially from an
      end member secured to the piston shaft, a drive shaft, and means rotatable
      with the drive shaft and bearing on the projections to drive the piston
      shaft in the same sense as the drive shaft while allowing axial movement
      of the piston shaft relative to the drive shaft, and the projections are
      spaced equidistantly to each side of the piston shaft and the means
      rotatable with the drive shaft are such as to apply equal force to each of
      the projections.
PAR  Thus, there is a complete absence of any significant side thrust on the
      piston and piston rod due to the cam arrangement and drive means. By then
      arranging the piston rod to run in non-lubricated or sealed bearings at
      the axial ends of the cylinder, and providing a very small clearance
      between the piston and the cylinder, the apparatus can be run entirely
      without lubrication within the cylinder. Thus, any gas can be compressed
      without danger of contamination by oil.
DRWD
PAR  The invention will be better understood from the following description,
      given with reference to the accompanying drawings, in which:
PAR  FIG. 1 shows schematically a cross-section through apparatus illustrating
      the principle of the invention;
PAR  FIG. 2 is a cross-section on the line II--II of FIG. 1;
PAR  FIG. 3 shows the development of a cam surface used in the apparatus;
PAR  FIG. 4 is a plan view of a two-stage compressor according to the invention;
PAR  FIG. 5 is a side elevation in the direction of arrow V of FIG. 4;
PAR  FIG. 6 is an end elevation in the direction of arrow VI of FIG. 4;
PAR  FIG. 7 is a cross-section through the part enclosed in broken lines VII in
      FIG. 4;
PAR  FIG. 8 is a cross-section through part of the compressor of FIG. 4;
PAR  FIG. 9 is an end elevation and part section of part of the apparatus, in
      the direction of arrow IX of FIG. 4;
PAR  FIG. 10 is a schematic view of part of an alternative form of the
      apparatus; and
PAR  FIGS. 11 and 12 are respectively axial and radial partial sections through
      part of a further modified form of the apparatus.
DETD
PAR  Referring now to FIGS. 1 to 3 the apparatus comprises a cylinder 1 having a
      barrel 2 and axial end plates 3 and 4. Formed in the wall of the barrel
      are two diametrically opposed intake ports 5 and 6 and two diametrically
      opposed exhaust ports 7 and 8, the centre line of each port lying at
      substantially 90.degree. to the centre lines of the two adjacent ports.
PAR  Fitted within the cylinder barrel is a piston 9, there being a very small
      clearance between the piston and the barrel. The piston is formed with two
      diametrically opposed valving grooves 10, 11 opening into one surface 12
      of the piston, and a further two diametrically opposed valving grooves 13,
      14 opening into the other surface 15 of the piston. The centre lines of
      the valving grooves each lie at 90.degree. to the centre lines of adjacent
      valving grooves.
PAR  The piston 9 is keyed to rotate with a piston rod 16 which is supported by
      journal or rolling bearings 17 and 18 in the end plates 3 and 4. At each
      end of the piston rod there is keyed thereto a contoured end cam 19 and 20
      respectively, the developed contour of each cam being shown in FIG. 3. It
      will be seen that each cam has two diametrically opposed peaks and two
      diametrically opposed valleys, spaced by 90.degree. from the peaks. The
      cams are mounted on the piston rod so that one is turned through
      90.degree. relative to the other, i.e. the peaks of one cam are axially
      aligned with the valleys of the other.
PAR  Secured to the end plate 3 of the cylinder are arms 21, 22 supporting a pin
      23 about which a roller 24 is journalled for rotation, and arms 25, 26
      supporting a pin 27 about which a roller 28 is journalled for rotation.
      The two rollers 24, 28 run in contact with the cam 19. A similar
      arrangement is provided at the opposite end of the cylinder, with rollers
      29, 30 running in contact with cam 20.
PAR  Operation of the apparatus will readily be understood. As piston rod 16 is
      rotated by a drive means (not shown) the reaction between cams 19 and 20
      and their respective rollers will cause the piston rod and piston to
      reciprocate in the cylinder. The valving grooves 10 and 11 will, when the
      piston is at the right hand limit of its travel uncover the intake ports 5
      and 6 and gas will be induced into the cylinder to the right of the
      piston, induction continuing as the piston moves to the left until the
      valving grooves 10 and 11 have moved away from the intake ports. Also, as
      the piston moves to the left, air already induced to the left of the
      piston on the preceding rightward movement of the piston is compressed,
      until further rotation moves valving grooves 14 and 13 to uncover exhaust
      ports 7 and 8. The compressed air is thus released. It will be understood
      that this operation occurs twice during each revolution of the piston, in
      alternation with a similar induction to the left of, and compression to
      the right of, the piston, the complete cycle during a 360.degree. rotation
      of the piston consisting of two inductions and two compressions to each
      side of the piston.
PAR  The apparatus shown in FIGS. 1 to 3 has been described to show the
      principle of the invention, and a preferred embodiment of a two-stage
      compressor will now be described in detail.
PAR  The apparatus is mounted on a base 51 having two upstanding sections 52, 53
      between which extend two circular cylindrical guide rods 54, 55. Mounted
      on the base is a cylinder assembly 56 having two mounting elements 57, 58
      each with arms carrying sleeves 59, 60 and 61, 62 respectively which are
      slidable on the guide rods 54, 55. Compression springs 63 to 66 are
      mounted between the sleeves and the upstanding sections 52, 53. The
      cylinder assembly 56 comprises two stages, a low pressure cylinder 67 and
      a high pressure cylinder 68. An air intake 69 is mounted on the low
      pressure cylinder and flexible ducts 70, 71 lead to intake ports into low
      pressure cylinder 67. Exhaust ports from this cylinder communicate with a
      flexible duct 76 which is connected to an intercooler (not shown). From
      the intercooler the first stage compressed air passes through flexible
      ducts 77, 78 to intake ports into the high pressure cylinder 68. From
      exhaust ports compressed air at the required pressure is led to an outlet
      83.
PAR  Mounted at each end of the cylinder assembly 56 is a roller assembly 84,
      85, and as these two assemblies are identical only assembly 84 will be
      described in detail. The assembly comprises a carrier 86 pivotally mounted
      on upper and lower lugs 87, 88. The carrier has side members 89, 90 on
      which the rollers proper are mounted. The two rollers 91, 92 (and rollers
      93, 94 of assembly 85) are identical and only roller 91 will be described
      in detail. The side member 89 is in the form of a yoke with arms 95, 96
      between which extends a pin assembly 97 supporting the inner races of
      three bearings 98 to 100. A sleeve roller element 101 is supported on the
      outer races of the bearings. The bearings and the sleeve roller element
      are located in their respective positions by circlips 102 to 104, spacing
      sleeves 105, 106 and a shoulder 107 on the element 101.
PAR  The cylinder assembly 56 is shown in more detail in the cross-sectional
      view of FIG. 8. The assembly is symmetrical about the centre line A--A, so
      for simplicity only one half is shown in the Figure. The assembly
      comprises an outer casing 108, part 109 of which surrounds the low
      pressure cylinder and part 110 of which surrounds the high pressure
      cylinder. The low pressure cylinder proper is defined by a cylindrical
      sleeve 111 and end pieces 112 and 113. The high pressure cylinder proper
      is defined by a cylindrical sleeve 114 and end pieces 112 and 115. The two
      sleeves 111 and 114 are joined by being welded to an annulus 116 which is
      bolted by bolts such as 117 to the end piece 112. The end piece 113 is
      bolted by bolts such as 118 to casing 108, and the end piece 115 is bolted
      by bolts such as 119 to casing 108. Sealing rings 120 to 123 are
      positioned between the cylindrical sleeves and end pieces.
PAR  Four port elements (two intake and two exhuast) such as 124 are spaced at
      90.degree. intervals around the low pressure cylinder, being secured to
      the casing 108 by bolts such as 125. A sealing ring 126 is positioned
      between the port elements and the sleeve 111. Similarly, four port
      elements (two intake and two exhaust) such as 128 are spaced at 90.degree.
      intervals around the high pressure cylinder, being secured to the casing
      108 by bolts such as 129. A sealing ring 130 is positioned between the
      port element and the sleeve 114. The space 132 between the casing 108 and
      sleeve 111, 114 can be used for a flow of cooling water. In an alternative
      construction the casing 108 could be omitted and the cylinders defined by
      appropriately mounted sleeves 111, 114 provided with fins to assist air
      cooling.
PAR  Mounted for rotation and reciprocation within the cylinder assembly is a
      hollow piston shaft 133. The piston shaft is supported by two bearing
      assemblies 134, 135 each comprising an annular race and a number of balls
      equiangularly spaced around the race. In a particular construction 18
      balls were used in each race. The balls run in contact with both the
      piston shaft 133 and a hardened liner 136, 137 respectively of end pieces
      112 and 115. The bearing assembly 134 can reciprocate relative to liner
      136 between limit circlips 138, 139, and the bearing assembly 135 can
      reciprocate relative to liner 137 between limit circlips 140, 141.
PAR  Seal assemblies 142 to 144 are positioned between the shaft 133 and the end
      pieces 112, 113 and 115 respectively. Each seal assembly is identical and
      comprises a sleeve 145 with a running clearance between itself and shaft
      133 and a clearance between itself and the respective end piece, spacing
      washer 146, 147 to each end of the sleeve 145, circlips 148, 149 on which
      the spacing washers bear and soft packing rings 150, 151 between the
      sleeve and the respective end piece.
PAR  The shaft 133 carries two pistons 152, 153, which are both of similar
      construction. Piston 152 in low pressure cylinder 67 comprises a bobbin
      154 keyed to rotate with shaft 133 by a key 155 and constrained to
      reciprocate with shaft 133 by spacer washers 156, 157 and circlips 158,
      159. Welded to the bobbin 154 and to support vanes 160 extending radially
      from the bobbin is a surface member 161 which is of general circular
      cylindrical form but is formed with valving grooves such as 162. A valving
      groove identical to groove 162 is formed on the surface member but with
      its centre line spaced 180.degree. therefrom, and valving grooves similar
      to groove 162 but extending in the opposite direction, i.e. towards end
      piece 112 are formed on the surface member with their centre lines spaced
      90.degree. to either side of that of groove 162. Corresponding valving
      grooves of piston 153 may be angularly displaced from those of piston 152.
      Parts of piston 153 (in high pressure cylinder 68) corresponding to those
      of piston 152 are shown by the same reference numerals with the suffix a.
PAR  The piston shaft 133 has keyed and axially secured at each end thereof an
      end member 163, 164 to which is welded a cylindrical face cam 165, 166
      having a contoured edge. The edge of cam 165 bears on the sleeve roller
      element 101 of roller assembly 84, and the edge of cam 166 bears on the
      sleeve roller element of roller assembly 85. Thus, as the shaft 133 is
      rotated the action of the cams 165, 166 on the roller assemblies 84, 85
      will cause reciprocation of the shaft.
PAR  The shaft 133 is rotated by means of a drive transmission 167 through a
      shaft 168 supported in bearings in upstanding section 53 and a further
      upstanding section 169. The shaft 168 has secured thereto a drive pulley
      170 to which drive may be transmitted from a motor (not shown).
PAR  The drive transmission includes two opposed projections 171, 172 from end
      member 164 of shaft 133. These projections have hardened bearing sections
      173, 174 respectively. A bell crank lever 175 with first and second pairs
      of axially spaced arms is secured by a key to rotate with shaft 168. A
      lever 179 is pivotally mounted between first arms such as 180 of the bell
      crank lever, and a further lever 182 is pivotally mounted between second
      arms such as 183 of the bell crank lever. The lever 182 extends partly
      round shaft 168 and has a hardened tip 185 engaging a hardened pad 186 at
      one end of lever 179. At their non-engaging ends the levers 179, 182 each
      carry a rotatably mounted roller 187, 188 respectively which engage
      respectively the bearing sections 173, 174.
PAR  The drive transmission also includes a further bell crank lever 189
      supported by bearings on shaft 168. A lever 192 is pivotally mounted
      between first arms such as 193 of the lever 189 and a further lever 195 is
      pivotally mounted between second arms such as 196 of the bell crank lever
      189. The lever 195 extends partly round shaft 168 and has a hardened tip
      198 engaging a hardened pad 199 at one end of lever 192. At their
      non-engaging ends the levers 192, 195 each carry a rotatably mounted
      roller 200, 201 respectively which engage respectively the bearing
      sections 173, 174 on the opposite sides of these to rollers 187, 188. The
      two bell crank levers 175 and 189 are joined by a tension spring 202.
PAR  The lever systems described are such that the moment arms of lever 179,
      i.e. the distances from the pivot to the centre line of the roller 187 and
      to the point of engagement of levers 179, 182, are equal (distances A on
      FIG. 9), and the similar moment arms of lever 182 are equal (distances B
      on FIG. 9). Similar relationships apply to the moment arms of levers 192
      and 195.
PAR  Operation of the apparatus will now be apparent. As shaft 168 is driven the
      bell crank lever 175 is driven and this in turn drives levers 179 and 182
      so that rollers 187 and 188 bear on the pads 173 and 174. The equal moment
      arms ensure that if, during rotation of the shaft 168, the lever 179
      should move roller 187 on to pad 173 before roller 188 contacts pad 174
      then the contact of roller 187 will drive lever 179 about its pivot on arm
      180 to cause engagement of pad 186 with tip 185 and thus drive lever 182
      about its pivot on arm 175 to drive roller 188 on to pad 174. A similar
      effect occurs if roller 188 contacts pad 174 first, and it will thus be
      seen that the drive on to the projections 173, 174 is always equalised and
      there is no side thrust. A similar action will occur to keep rollers 200
      and 201 in contact with pads 173 and 174 to prevent backlash in the drive
      and so give a uniform transmission.
PAR  Drive onto pads 173, 174 as described obviously drives shaft 133 to rotate
      this. As it rotates the face cams 165, 166 run on the roller assemblies 91
      to 94 and thus cause the shaft 133 to reciprocate. Reciprocation of shaft
      133 relative to drive shaft 168 is of course allowed by the rollers 187,
      188, 200, 201 without affecting the rotational drive.
PAR  As the shaft 133 rotates and reciprocates the pistons 152 and 153 rotate
      and reciprocate in the cylinders 67 and 68. Gas is admitted to alternate
      sides of piston 152 in the low pressure cylinder, is compressed as
      described with reference to FIGS. 1 to 3 and the compressed gas is
      exhausted and transferred through duct 76 to the intercooler and thence to
      the inlet ports into the high pressure cylinder 68, where it is admitted
      to opposite sides of piston 153. Further compression occurs in cylinder 68
      and the finally compressed gas is taken off through outlet 83. As the
      shaft 133 reciprocates the cylinder assembly moves oppositely on the guide
      rods 54, 55 so that no axial forces are transmitted to the base plate 51.
      Thus, there is axial balance and there is also balanced torque on to the
      shaft 133, so that the apparatus is free from out of balance forces.
PAR  The axial balancing obviously results in an axial vibration of the cylinder
      assembly which may be undesirable. FIG. 10 shows an alternative form of
      axial balancing which can be used with an arrangement wherein the cylinder
      assembly is secured to a fixed base, or which may be used in conjunction
      with the axially floating cylinder assembly described, whereupon axial
      oscillation of the cylinder assembly will be reduced.
PAR  Such a balance arrangement comprises a balance weight 203 within a hollow
      piston shaft 204 (equivalent to shaft 133). The balance weight is centred
      in shaft 204 by sleeves 205, 206 giving a running and a leakage clearance.
      An annular chamber 207 is defined between balance weight 203 and shaft
      204. Fixed open ended cylinders 208, 209 are provided at each end of the
      shaft, and the shaft is free to rotate and oscillate in these cylinders,
      being driven as already described. Each cylinder 208, 209 has an inlet
      210, 211 for fluid, which may be supplied through non-return valves 212,
      213 and a pressure relief valve 214 from a pump 215. Each end of the
      balance weight 203 is tapered as at 216, 217.
PAR  It will be seen that as the shaft 204 moves to one side fluid is displaced
      in the respective cylinder to move the counterweight in the opposite
      direction, so balancing the axial forces. Fluid leaks past the sleeves
      205, 206 into chamber 207 from where it may flow to a sump, and also past
      the outer surface of the piston rod to the sump. Make-up fluid is supplied
      to the cylinders through inlets 210, 211. If the counterweight tends to
      settle in a position too far to one side of the centre then the tapered
      end 216 or 217 will allow fluid to leak more rapidly from the cylinder 208
      or 209 at the other end into the chamber 207 so that the drift is limited.
PAR  It will be evident that the principle of the invention can be extended to a
      compressor having three or more stages or more than one cylinder per
      shaft. The particular cam, drive, piston and balancing arrangements are
      all capable of being changed or modified as desired.
PAR  Thus, it is not necessary to have separate cam assemblies at each end of
      the cylinder and the piston rod may carry at or near one end thereof a cam
      having opposed faces. Two roller assemblies such as 84 or 85 are then
      pivotally mounted on a common or separate mounting to bear one on each
      face of the cam.
PAR  The bearing assemblies for piston shaft 133 may be replaced by the
      arrangement shown in FIGS. 11 and 12. In this arrangement the piston shaft
      133 has a ball bearing 218 axially secured thereto by circlips 219, 220
      and lying outside the end piece 113 of the cylinder assembly. The outer
      race of bearing 218 has a hardened sleeve 220a which is supported by three
      follower assemblies equally spaced 120.degree. apart round the shaft. Each
      follower assembly has a carrier 221 secured by bolts 222 to the end piece
      113 and forming a yoke. A spindle 223 is mounted to extend between the
      arms of the yoke and is located by circlips 224. A hardened sleeve
      follower 225 is rotatably supported by a bearing 226 on spindle 223 and
      engages sleeve 220a. It will be seen that bearing 218 allows the shaft 133
      to rotate and the follower assemblies allow the bearing to reciprocate
      relative to the cylinder assembly.
PAR  Obviously heat is generated during operation and it is important that the
      piston should not expand so far relative to the cylinder that it seizes
      up. Sufficient clearance can be left to ensure that this does not occur
      but this may impair the efficiency of the apparatus. A heater, which may
      be electrical or of a fluid circulation type, may be applied to the outer
      surfaces of the sleeves 111, 114 to ensure that these expand more than the
      pistons. Alternatively the material of the pistons may be chosen to have a
      lower coefficient of expansion than the material of the sleeves.
PAR  Further changes or modifications are possible.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A gas compressor or blower comprising a cylinder having air intake and
      exhaust ports; a piston which is rotatably and reciprocably movable in the
      cylinder; valve means for admitting air into and exhausting air from at
      least one chamber lying to one side of the piston; a piston shaft to which
      the piston is secured, the piston shaft passing through seals at the axial
      ends of the cylinder; means for applying a rotary drive to the piston rod;
      and a cam arrangement for causing reciprocation of the piston rod as it
      rotates; the arrangement of ports and valve means being such that as the
      piston rotates and reciprocates air is induced into the chamber, is
      compressed in the chamber and then exhausted from the chamber; means for
      axially balancing the piston shaft comprising support means, and means for
      mounting said cylinder on said support means so that said cylinder has
      free axial movement on said support means.
NUM  2.
PAR  2. A gas compressor or blower comprising a cylinder having air intake and
      exhaust ports; a piston which is rotatably and reciprocably movable in the
      cylinder; valve means for admitting air into and exhausting air from at
      least one chamber lying to one side of the piston; a piston shaft to which
      the piston is secured, the piston shaft passing through seals at the axial
      ends of the cylinder; means for applying a rotary drive to the piston rod;
      and a cam arrangement for causing reciprocation of the piston rod as it
      rotates; the arrangement of ports and valve means being such that as the
      piston rotates and reciprocates air is induced into the chamber, is
      compressed in the chamber and then exhausted from the chamber; said cam
      arrangement comprising a first cam at a first end of the cylinder for
      driving the piston shaft in a first axial direction and a second cam at a
      second end of the cylinder for driving the piston shaft in a second axial
      direction, each cam being a face cam secured to rotate with the piston
      shaft and bearing on roller means carried at the respective end of the
      cylinder, each said roller means comprising two roller assemblies bearing
      on a common face cam, the roller assemblies being opposed by 180.degree.
      and spaced equidistantly from the center line of the piston shaft, and
      both roller assemblies mounted on a carrier which is mounted on the
      cylinder for pivotal movement about an axis perpendicular to the axis of
      the piston shaft.
NUM  3.
PAR  3. A gas compressor or blower comprising a cylinder having air intake and
      exhaust ports; a piston which is rotatably and reciprocably movable in the
      cylinder; valve means for admitting air into and exhausting air from at
      least one chamber lying to one side of the piston; a piston shaft to which
      the piston is secured, the piston shaft passing through seals at the axial
      ends of the cylinder; means for applying a rotary drive to the piston rod;
      and a cam arrangement for causing reciprocation of the piston rod as it
      rotates; the arrangement of ports and valve means being such that as the
      piston rotates and reciprocates air is induced into the chamber, is
      compressed in the chamber and then exhausted from the chamber; the means
      for applying rotary drive to the piston shaft comprising projections
      extending axially from and spaced radially from an end member secured to
      the piston shaft, a drive shaft, and means rotatable with the drive shaft
      and bearing on the projections to drive the piston shaft in the same sense
      as the drive shaft while allowing axial movement of the piston shaft
      relative to the drive shaft; said projections spaced equidistantly to each
      side of the piston shaft and the means rotatable with the drive shaft
      applies equal force to each of the projections and comprises a bell crank
      lever, a first lever having a first end and a second end and pivoted to a
      first arm of the bell crank lever and bearing at said first end on a first
      one of said projections, a second lever having a first end and a second
      end and pivoted to a second arm of the bell crank lever and bearing at a
      first end on a second one of said projections, said first and second
      levers bearing against each other at said second ends, the moment arm from
      the pivot point of each lever to its point of contact with the respective
      projection being equal to the moment arm from said pivot point to the
      point of contact with the other lever.
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ABST
PAL  A rotary cell pump is provided for the conveying of sausage stuffing and
      the like. The pump has a stationary hub and a stator surrounding the hub
      in concentric relation therewith and an eccentric rotor. The rotor divides
      the pump into an inner pumping chamber for the sausage mix and an outer
      pump chamber forming an air pump to evacuate air from the sausage mix.
BSUM
PAR  The invention relates to a rotary cell pump for the conveying of sausage
      stuffing or the like. The pump has a stationary hub and a stator
      surrounding the hub concentrically at a distance between which a
      ring-shaped rotor is placed which is turnable around an axle eccentric to
      the hub axle. The pump also has an inlet and an outlet for the material to
      be conveyed.
PAR  It has been known to use such rotary cell pumps for the conveying of
      sausage or stuffing. In the manner customary in connection with rotary
      cell pumps, the conveyed material is transported in the chambers formed
      between stator and rotor and also the vanes by having inlet and outlet
      arranged in the area of the pointed ends of the generally crescent or
      sickle-shaped space between stator and rotor.
PAR  One of the main problems in connection with the conveying of sausage
      stuffing is caused by its sensitivity to friction. Friction of conveyed
      sausage stuffing on stationary walls leads to smearing, leadking out of
      fat, etc. especially because of the heating that occurs in this
      connection. It is true, friction cannot be prevented entirely in feed
      pumps -- in which it is most critical -- but efforts must be made to
      reduce the friction between feed pump and conveyed material as well as its
      harmful effect.
PAR  It is the problem of the invention to attain this with the feed pump
      described in the beginning.
PAR  For the solution of this problem the invention starts out from the premise
      that for the intensity of the influence of the friction there is
      determination both the size of the friction surfaces and also the pressure
      which is effective between the conveyed material and the friction surfaces
      of the feed pump. The friction on the radially outer walls in a rotary
      cell pump of the present type is greater than the pressure on the radially
      inner chamber walls because of the centrifugal force exerted by the
      conveyed material on the chamber walls, which lie radially outside. The
      invention consists in that the inlet and the outlet are disposed at the
      space between hub and rotor (inner pump room) and that the rotor forms the
      radially outside walls of the conveying chambers.
PAR  Accordingly the outer chamber wall, which is especially pressure-loaded,
      rotates with the conveyed material so that there is no friction at this
      location because of the absence of relative movement. According to a
      preferred further development of the invention, the relative movement and
      thereby the influence of friction is reduced further by the fact that the
      part of the bottom of the pump housing forming the stator, that lies below
      and radially within the rotor, also rotates with the rotor.
PAR  Preferably the conveying effect of the chambers between stator and rotor is
      utilized by connecting, for the air removal from the conveyed material,
      the suction area of the space between rotor and stator (outer pump room)
      with the suction area of the inner pump room by means of a stationary
      channel.
PAR  For a better connection of inlet and outlet and axes of the stator and
      rotor preferably are inclined by 45.degree. relative to the vertical while
      in the pump housing the inlet channel is led over 45.degree. and therefore
      is vertical, while the outlet channel is led over 45.degree. and therefore
      is horizontal. For the same purpose the inlet channel and the outlet
      channel preferably are at least partly worked into the hub.
DRWD
PAR  The drawings illustrate the invention schematically on a typical example
      and there shows:
PAR  FIG. 1 is a view from above on the rotary cell pump with the cover of the
      housing removed; and
PAR  FIG. 2 is a section essentially according to line II--II in FIG. 1.
DETD
PAR  The stator, designated as a whole by 1, consists of a cup-shaped pump
      housing 2 whose peripheral wall 3 is lined inside by a bushing 4. In the
      bottom 5 of the housing 2 there is eccentrically placed the rotor 6
      designated as a whole by 6. In FIG. 1 the eccentricity between the axle 7
      of the stator 1 and thereby of the pump housing 2 in relation to the axle
      8 of the rotor 6 is readily seen. The rotor 6 is designed cupshaped in a
      similar manner as the pump housing 2. It consists of a circular ring 9
      with an integral bottom 10 which is a continuation of the bottom 5 of the
      pump housing 2. The bottom 10 and with it the entire rotor 6 is rotatable
      around an axle journal 11 which is part of the stationary hub 12 and
      extends from this hub through the bottom 10 of the rotor 6.
PAR  Toward the top the pump housing is closed by a cover 13 on which the
      connecting pieces 14 for the inlet 15 and 16 for the outlet 17 are
      disposed. The channels of the inlet 15 and the outlet 17 open essentially
      axially into the inside space of the pump and are directed 45.degree. to
      the axes in opposite directions so that the connecting pieces of inlet 15
      and outlet 17 form a right angle. FIG. 2 shows clearly how the entire pump
      is inclined 45.degree. in such a way that the inlet 15 stands vertical and
      the outlet 17 runs horizontally. A filling funnel 18 is mounted on the
      connecting piece 14 of the inlet 15. The vanes 19 are arranged radially
      movable (in relation to axle 8) in the circular ring 9 of the rotor 6.
      They slide on the inside of bushing 4 in the pump housing 2 and outside a
      bushing 20 corresponding to bushing 4. Bushing 20 surrounds hub 12. The
      circular ring 9 subdivides the inner space of the pump into an inner pump
      chamber 21 between hub 12 or bushing 20, and circular ring 9, and an outer
      pump chamber 22 between circular ring 9, and housing wall 3 or bushing 4.
      Both pump room 21 and 22 are (opposing) crescent or sickle-shaped and are
      subdivided into individual chambers by means of vanes 19. The channels of
      inlet 15 and outlet 17 open into pump chambers 21 and continue in the pump
      in the form of recesses 23 and 24 worked into the hub 12 and the bushing
      20. The continuations of the recesses 23 and 24 which are drawn by broken
      lines in FIG. 1, indicate what the total cross section of the inlet and
      outlet channels in cover 13 look like at the transition from the cover to
      the pump housing 2.
PAR  The conveyed material entering through the previously mentioned inlet cross
      section enters into the inner pump chamber 21 and is taken along by the
      vanes 19 when these move with the circular ring 9 of the rotor 6 in the
      direction of arrow 25. While the chambers formed by the vanes 19 in the
      inner pump chamber extend during the passing of the inlet and also shortly
      afterwards because of the eccentric arrangement of the circular ring 9,
      they get smaller subsequently in the direction of the outlet 17 and when
      the conveyed material reached the outlet, it is moved out through it.
PAR  Not shown is a stationary channel which goes through the cover 13 and
      which, at 26, opens into the suction area of the outer pump chamber 22
      and, at 27, into the suction area of the inner pump chamber 21, namely in
      the direction of the rotor 6, before the inlet. With the help of the
      sections of vanes 19 -- effective in the outer pump chamber 22 -- which
      also subdivide the outer pump chamber 22 into chambers, reduced pressure
      (or vacuum) is applied in this manner to the inner pump chamber which
      removes air from the conveyed material entering through the inlet. It is
      to be noted that the outer pump chamber is considerably bigger than the
      inner pump chamber so that relatively large quantities of air can be
      moved. In connection with this there is the advantage, which is important
      for clean conveying of the conveyed material, that the conveyed material
      in the inner pump chamber moves only relatively short distances. The
      specific example herein shown and described is for illustrative purposes
      only. Various changes in structure will occur to those skilled in the art
      and form a part of the present invention insofar as they fall within the
      spirit and scope of the appended claims.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A rotary pump for pumping material mixed with air comprising; a
      stationary hub and a stator surrounding the hub in concentric spaced
      relation therewith, a rotor disposed between said hub and said stator and
      eccentric relative to said hub and stator, said rotor with said hub and
      said stator comprising an inner material pump chamber and an outer air
      removal pump chamber respectively, said inner pump chamber receiving
      material having entrapped air therewith, means providing an inlet to said
      inner pump chamber to receive material and entrapped air therein, and
      means providing an outlet from said inner pump chamber and means to force
      said material therefrom and fluid flow means connected between said inner
      and outer chambers to extract entrapped air from the material within said
      inner chamber, means for venting said outer chamber.
NUM  2.
PAR  2. A pump according to claim 1 wherein the inlet means and the outlet means
      both extend generally in the same direction axially of said hub.
NUM  3.
PAR  3. A pump as set forth in claim 2 wherein the hub and stator axes are
      inclined at substantially 45.degree. to the vertical, and wherein the
      inlet means and the outlet means are provided with branches respectively
      substantially vertical and substantially horizontal.
NUM  4.
PAR  4. A pump as set forth in claim 1 wherein the outer pump chamber comprises
      an air pump, and means providing a connection for the said inner chamber
      and said outer pump chambers for pumping air from the material mix.
NUM  5.
PAR  5. A pump as set forth in claim 1 wherein the pump has a housing with a
      bottom plate at least part of which rotates with the rotor.
NUM  6.
PAR  6. A pump as set forth in claim 5 wherein the rotor bottom part of the
      housing is integral with the rotor.
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ABST
PAL  An overspeed shutoff device for use in a rotary pneumatic tool is
      disclosed. The device is operable to shut off air supply to the motor on
      failure of its governor to function properly in preventing overspeeding of
      the motor. The device includes a valve closing plate positioned in the
      path of air flow to the pneumatic motor, just upstream of an inlet port
      for passage of air into the motor. In normal operation of the tool the
      valve plate, which rotates with the motor drive shaft, is retained in a
      position spaced from the air inlet port by a locking mechanism engaging
      the drive shaft of the tool to prevent axial movement therealong. The
      plate locking device comprises a cantilever mounted spring wire in
      engagement with a groove in the drive shaft and a centrifugally responsive
      weight operably connected to disengage the wire from the groove in
      response to the attainment of a predetermined rotary speed. Upon failure
      of the main governor of the tool and consequent acceleration of the motor
      to such predetermined speed, the wire is disengaged from the shaft groove
      and the air pressure drop across the valve inlet port causes the closure
      plate to move toward and cover the inlet port, thereby stopping the flow
      of air to the motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to rotary pneumatic tools, and more particularly to
      such tools which employ a governor to control the speed of the motor.
PAR  In rotary pneumatic tools, it is desirable to prevent overspeeding of the
      motor, particularly when the tool is used to rotate a grinding wheel. The
      operating speed of such a tool is generally controlled by a centrifugally
      operated governor which throttles down the flow of air to the motor in
      response to the attainment of a specified operating speed. This main
      governor can malfunction for a variety of reasons, including the presence
      of wear, dirt, rust, air line moisture which may condense and freeze in
      the tool, or improper lubrication of the tool. Such malfunctions prevent
      the desired speed control, so that the tool can quickly exceed the safe
      speed of rotation of a grinding wheel. The resulting centrifugal force
      will cause the grinding wheel to disintegrate, posing a danger of serious
      injury and damage.
PAR  To prevent the overspeeding of such rotary pneumatic tools, various
      overspeed regulators and shutoff devices have been suggested. See, for
      example, U.S. Pat. Nos. 2,422,733, 2,586,968, 3,002,495, 3,043,273,
      3,071,115, 3,257,913, 3,279,485, 3,519,372, 3,587,752 and 3,749,530. In
      operation, the overspeed devices generally rotate with the motor shaft and
      are activated in response to centrifugal forces above those associated
      with the intended operating speed of the tool. The overspeed devices
      generally shut off air supply to the motor, stopping the tool, and are
      often designed to remain in the shutoff position until the tool is
      dismantled to enable resetting of the device. In this way, repair of the
      defect which caused malfunction of the tool's speed governor is
      encouraged.
PAR  The tools referenced above utilize various structural arrangements to
      accomplish their common objective. In some of the arrangements certain
      shortcomings are inherent. For example, in devices which utilize a
      "frictionless" type movement of the overspeed device (comprising a
      deflectable spring washer) into the shutoff position, problems are
      inherent with the manner in which the device is rotatably driven. The
      frictional engagement of an annular rubber grommet is depended upon to
      drive such a device. Deterioration of the grommet can result in failure of
      the overspeed device to rotate at motor speed and consequently to prevent
      overspeeding of the tool. Also, virtually all of the referenced devices
      are unprotected from contaminants such as hose residue, pipe scale and
      other foreign material which can cause malfunction of the overspeed device
      as well as of the operating speed governor.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a simple and effective overspeed safety
      device for shutting off a rotary pneumatic tool in response to the
      rotation of the tool at speeds above designed level. The overspeed shutoff
      of the invention includes a valve closure plate mounted for rotation with
      the motor shaft and positioned in the path of air flow to the motor just
      upstream of an air inlet port to the motor. If the operating governor of
      the tool fails to function and the motor reaches a predetermined speed in
      excess of the design speed, the valve closure plate is released from its
      normal position along the shaft and moved axially under the influence of
      air pressure to cover the air inlet port and stop the flow of air to the
      motor. The closure plate remains in the shutoff position until the tool is
      dismantled and the closure plate mechanism is reset.
PAR  The mechanism employed to regulate the closure of the valve plate includes
      a housing connected to the plate and forming a chamber, and a cantilevered
      spring wire or rod extending through the central area of the chamber,
      engaged under normal operation in a groove formed on the rotary shaft of
      the tool. To bias the spring wire toward the groove, the wire is flexed by
      means of its cantilever mounting into engagement with the groove. The wire
      includes a bend, so that a portion of the wire beyond the shaft extends
      generally radially with respect to the center of the shaft. On this
      portion of the shaft is a slidable weight which normally resides in a
      pocket defined in a portion of the housing. The weight is urged by a
      compression spring, also on the wire, toward the bend, which defines the
      zero position of the weight. During the rapid acceleration of the tool to
      normal operating speed, which may occur in only two revolutions, the
      pocket confines the movement of the weight to a radial path. This prevents
      the weight's inertia from causing it to move circumferentially opposite
      the direction of rotation of the overspeed device, which would pull the
      wire out of the shaft groove prematurely. When the tool reaches its design
      operating speed, the weight has moved out of the pocket against the bias
      of the compression spring, and it remains directly above the pocket due to
      the flexure bias on the wire.
PAR  In response to the attainment of a predetermined level of motor speed above
      the normal operating level, on malfunction of the operating governor of
      the tool, the increased centrifugal force on the weight causes it to move
      circumferentially as well as radially. The compression spring is fully
      compressed at this point so that in order to further move radially, the
      weight must move circumferentially as well as radially. This movement acts
      to pull outwardly on the wire. Since the wire includes a bend, the outward
      pulling force is effective to pull the portion of the wire adjacent the
      shaft out of the groove of the shaft, against the bias force on that
      portion of the wire. This allows the valve closure plate and housing to
      move toward the air inlet ports in response to a pressure difference on
      either side of the plate.
PAR  At the end of the wire opposite the end on which the weight is slidable,
      the wire is connected to the housing on a cantilevered pivotal mount. A
      screw is provided to adjust the rotational position of the mount, thereby
      introducing the bias force of the wire against the shaft groove prior to
      assembly of the overspeed device into the tool.
PAR  The air tool overspeed safety shutoff of the invention is advantageous in
      that it is not subject to wear in normal operation, it is easily adjusted
      to provide for the desired shutoff speed, and it is relatively simple,
      free of the complexities of prior devices. In addition, the operating
      mechanism of the overspeed device is completely enclosed to prevent
      contamination and malfunction. The device is virtually fail-safe, since if
      a premature deployment would occur, the tool would simply shut off. The
      position of the rotating components of the shutoff device, adjacent the
      tool's main bearing, also adds to reliability of the tool by minimizing
      overhung load and chance of metal fatigue. After activation of the shutoff
      device of the invention, the tool cannot be restarted until it is
      dismantled, at which time the defective speed governor of the tool can be
      inspected and repaired.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a rotary pneumatic grinder incorporating
      the overspeed safety device of the invention;
PAR  FIG. 2 is a sectional view of the tool showing the overspeed device in the
      normal operating position;
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 3; and
PAR  FIG. 5 is a sectional view showing the safety overspeed device in the
      shutoff position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a horizontal type portable rotary pneumatic grinder 10
      including a grinding wheel 11, a grinder guard 12 and a motor compartment
      13. The grinding tool 10 is an example of the type of pneumatic tool in
      which the overspeed shutoff device of the invention may be included.
PAR  FIG. 2 is a sectional view through the motor compartment 13 showing a
      portion of a pneumatic motor 14, a motor shaft extension 17 which is
      rotatable with the motor 14, an operating speed governor 18 of the sleeve
      type on the shaft 17, operable to regulate the flow of air through an
      inlet port 19 en route to the motor 14, and an overspeed safety shutoff 21
      according to the invention. Although a sleeve type main governor 18 is
      shown in FIG. 2, a proximity or other type governor (not shown) can also
      be used in an air tool in conjunction with the safety overspeed device 21.
PAR  As FIG. 2 shows, the safety overspeed device 21 under normal operating
      conditions is positioned just upstream of an air inlet port 22 which
      admits working air to the motor 14. A small pressure drop exists from the
      upstream side of the device 21 to the downstream side adjacent the inlet
      port 22. The pressure drop may be, for example, about three p.s.i. A valve
      closure plate 23 forming the downstream side of the shutoff device 21 is
      adapted to close off the air inlet port 22, thereby shutting off the tool
      10, in the event that the shutoff device 21 is allowed to move axially
      downstream along the shaft 17 under the influence of the pressure drop. To
      prevent the shutoff assembly 21 from moving axially toward the shutoff
      position in normal operation, the assembly includes a rod or spring wire
      24 which normally engages a groove 26 of the shaft 17. To this end, the
      shutoff assembly 21 includes a housing 27 and an inner hub portion 28
      connected to the closure plate 23 and supporting the spring wire 24.
PAR  The structure of the shutoff assembly 21 is best seen in FIG. 3. The
      housing 27, closure plate 23 and hub portion 28 of the assembly 21 are
      preferably made of a high strength lightweight material such as "Lexan", a
      polycarbonate resin manufactured by General Electric Company, Pittsfield,
      Massachusetts. The use of such lightweight material aids in dynamic
      balancing of the assembly 21, reduction of total tool weight, and
      prevention of wear on the closure plate 23 and air inlet port 22, as will
      be seen below. The weight of the assembly 21 may be, for example,
      approximately one ounce.
PAR  The complete spring wire assembly is preferably enclosed within the housing
      27 and closure plate 23, with the shaft 17 forming an inner closure
      boundary. This enclosure prevents contamination by foreign particles which
      might cause malfunction of the assembly. The spring wire 24 passes through
      the hub portion 28 transversely to the shaft 17, thereby engaging the
      groove 26. The hub portion 28 has a slot 29 defined for the spring wire
      24, the bottom 31 of the slot being shown in FIG. 3. The slot 29, more
      clearly shown in FIG. 2, provides the spring wire 24 access for flexing in
      and out of the shaft groove 26, as will be seen below.
PAR  The spring wire 24 is held in place by a wire mount assembly 33 shown in
      FIG. 3. The mounting assembly 33 includes a sleeve 34 through which the
      spring wire 24 passes radially to provide a cantilevered mount, an arcuate
      adjusting plate 36 to which the sleeve 34 is affixed, and an adjusting
      screw 37 threaded through a nut member 38 connected to the end of the
      adjusting plate opposite the sleeve 34. The plate 36, preferably of
      lightweight synthetic material, is rotatably fastened to the housing 27 at
      a pivot point 39 by any suitable connection which affords rotation about
      the center of the mounting sleeve 34. A set screw 32, seated in the sleeve
      34, may be provided to lock the spring wire 24 in place. When the
      adjustment screw 37 is rotated, that end of the adjustment plate 38 is
      moved toward or away from the outer surface of the hub portion 28, thereby
      rotating the adjustment plate about the point 39. This rotation adjusts
      the amount of flexure force that the cantilevered spring wire 24 exerts
      against the shaft groove 26. Rotation of the screw 37 in one direction
      will increase the bias force of the spring wire 24 against the shaft
      groove 26, while rotation in the opposite direction will lessen the bias
      force. As will be seen below, this adjustment regulates the speed at which
      centrifugal force acts to pull the spring wire 24 out of the groove 26.
PAR  The wire mounting assembly 33 also includes a locking fastener 40 passing
      through a slotted opening 35 in the plate 36 and through a portion of the
      housing 27. When the adjustment screw 37 has been properly set for the
      desired safety shutoff speed, the fastener 40 is tightened. The mounting
      plate 36 may also be affixed to the housing 27 by solvent welding. After
      the mounting assembly 33 has been properly set, the housing 27 is closed
      and sealed to prevent the intrusion of dirt or other contaminating matter.
PAR  At the end of the spring wire 24 opposite the spring mount assembly 33 is a
      bend 41, above which is a slidable weight 42 through which the wire 24
      passes. The weight 42 may comprise, for example, a steel ball with a
      diametric hole drilled therethrough. The weight 42 normally resides in a
      bore or pocket 43 extending inward from the outer cylindrical surface of
      the hub portion 28 and straddling either side of the hub slot 29. To bias
      the weight toward the pocket 43, a compression coil spring 44 is
      positioned on the wire between the weight 42 and a head 46 affixed to the
      end of the wire 24.
PAR  As the weight 42 moves outwardly along the spring wire 24 against the bias
      of the compression spring 44, under the influence of centrifugal force
      associated with rotational speed of the shutoff assembly 21, initial rapid
      acceleration of the motor tends to drag the weight in the opposite
      rotational direction from that of the tool, tending to pull the wire out
      of the groove. The radially oriented pocket 43 keeps the weight 42 in a
      radial path of movement until operating speed is reached and acceleration
      is terminated. At this point, the weight is outside the confines of the
      pocket 43, where it resides at the tool's operating speed. The flexure
      bias of the spring wire toward the groove 26 prevents further movement of
      the weight at operating speed. Under these conditions, the compression
      spring 44 is preferably fully compressed, although a stiffer spring can be
      provided which would not be fully compressed.
PAR  If the tool's governor 18 fails, the tool will tend to overspeed. This
      increases the centrifugal force on the weight 42, further pushing radially
      outwardly on the head 46 of the spring wire 24, thereby further pulling on
      the remainder of the spring wire below the bend 41. A component of the
      force exerted on the lower portion of the spring wire 24 by the weight 42
      is in a direction away from the normal position of that portion of the
      wire 24 within the shaft groove 26. In order to move farther outward, the
      weight 42 must also move in a circumferential direction (counterclockwise
      in FIG. 3). Therefore, when sufficient speed is developed, the weight 42
      will pull the spring wire 24 out of the shaft groove 26. The speed at
      which this occurs depends upon the bias force of the spring wire 24
      against the shaft groove 26, which is determined by the position of the
      adjustment screw 37. Displacement of the wire from the groove releases the
      shutoff assembly 21 from its normal position spaced from the air inlet
      port 22, allowing the pressure differential across the assembly 21 to move
      the assembly toward the inlet port 22.
PAR  It should be understood that since the direction of rotation of the
      overspeed shutoff assembly is clockwise in FIG. 3, the effect of overspeed
      acceleration aids in releasing the assembly 21 from the shaft groove 26.
      Such acceleration causes the weight to pull in a counterclockwise
      direction with respect to the assembly 21, thereby tending, along with
      centrifugal force, to pull the wire 24 out of the groove 26.
PAR  As shown in FIG. 2, a counterweight 48 is provided at an appropriate
      location on the safety shutoff assembly 21 for balancing the assembly 21
      against the effects of the weight 42, the spring wire 24, the pocket 43,
      the compression spring 44 and the mounting assembly 33. The assembly 21 is
      balanced so that its center of gravity is at the center of the shaft 17
      when the weight 42 is in the normal operating position just above the
      pocket 43.
PAR  As shown in FIGS. 3 and 4, a pair of drive pins 49 are provided to key the
      safety overspeed assembly 21 into the governor 18 so that the assembly 21
      rotates along with the governor 18 and the motor shaft 17 in normal
      operation. The guide pins 49 are rigidly connected to the assembly 21 and
      normally are engaged by bores 50 in a portion of the governor 18, in which
      the pins are slidable. When the assembly 21 is released by overspeeding
      and moves along the shaft 17 toward the air inlet port 22, the pins 49
      slip out of driving engagement with the governor 18, allowing the assembly
      21 to rotate freely under its own inertia. Thus, the lightweight assembly
      21 quickly comes to rest on engaging the inlet port 22, preventing
      significant wear.
PAR  When the assembly 21 has decelerated below the overspeed level, the weight
      42 is urged back toward the pocket 43 by the flexed spring wire 24. At
      this point, the wire 24 is not over the groove 26, so that the shaft 17
      prevents it from fully returning to its original position.
PAR  As shown in FIGS. 2, 4 and 5, a second groove 53 is provided in the motor
      shaft extension 17, downstream and spaced from the groove 26. The groove
      53 is shaped in such a way to prevent unauthorized removal of the safety
      governor device 21 when the tool is dismantled, as shown in FIG. 2. Thus,
      with the spring wire 24 in its disengaged position biased against the
      shaft 17, an operator or serviceman would not succeed in sliding the
      assembly past this second groove 53. The spring wire 24 would become
      firmly locked in position in the groove 53. The shape of the groove 53
      allows the governor assembly 21 to slide into the assembled position on
      the shaft 17 when the tool is first assembled or when the overspeed
      assembly 21 is reset.
PAR  In operation of the air tool 13 including the overspeed safety device 21,
      the tool in normal operation is controlled by the main governor 18 to
      rotate at a predetermined operating speed which may be, for example, 6000
      r.p.m. If the operating governor 18 malfunctions, failing to properly
      throttle air flow to the motor 14, the tool will overspeed, exceeding 6000
      r.p.m. When a second predetermined speed level is reached, which may be,
      for example, about 7000 r.p.m., the safety overspeed governor 21 will be
      activated. The weight 42 will be urged by increased centrifugal force to
      further move radially outwardly, thereby pulling the spring wire 24 out of
      the shaft groove 26 as described above. At that instant, the overspeed
      device 21 will begin sliding axially downstream along the motor shaft 17
      under the influence of the pressure drop between the upstream and
      downstream sides of the device 21. As the valve closure plate 23 moves
      toward the air inlet 22, the pressure drop across the device 21 increases,
      so that the air inlet 22 is snapped closed by quickly accelerating
      movement of the assembly 21. The rotation of the assembly 21 is instantly
      stopped upon engagement with the air inlet port 22, since it is no longer
      driven by the shaft 17 and because of its low mass. As discussed above,
      after the safety overspeed device 21 has shut the tool off, the spring
      wire 24 cannot be re-engaged in the shaft groove 26 without dismantling of
      the tool.
PAR  The shutoff of the tool 10 and its inability to restart indicate the
      malfunction of the speed governor 18. An operator is unable to reset the
      overspeed assembly 21 in the assembled tool 10 after it has been
      activated, so that the tool must be dismantled to correct the condition.
      When the governor 18 has been repaired, cleaned or replaced, the safety
      overspeed device 21 can be reset on the shaft 17 by aligning the drive
      pins with the bores 50 and sliding the assembly 21 up the shaft to snap it
      into place in the shaft groove 26.
PAR  The above described preferred embodiment provides an air tool overspeed
      shutoff device which is dependable, inexpensive to manufacture and
      substantially tamper-proof. Numerous other embodiments and alterations to
      the preferred embodiment will be apparent to those skilled in the art and
      may be made without departing from the spirit and scope of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a rotary tool having a pneumatic motor, a rotary shaft connected to
      the motor, means defining a first inlet port through which pressurized air
      is supplied to drive the motor, a centrifugally operated rotatably driven
      governor including a valve cooperating with said first port to control the
      flow of air through said first port in relation to the rotational speed of
      said governor, and means defining a second inlet port, downstream of said
      governor, through which pressurized air from the first port travels to the
      motor, the improvement of a safety overspeed device operable to shut off
      the motor in response to a predetermined motor speed level, comprising
      valve closure means for engaging and closing the second inlet port, said
      closure means being slidably mounted for axial movement on the shaft and
      spaced from the second inlet port in normal operation, means connected to
      the shaft for rotating said closure means in its normal operating
      position, and means responsive to centrifugal force associated with a
      predetermined motor speed for moving said closure means toward and into
      engagement with the second inlet port.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said rotating means further includes
      means for releasing the closure means from rotation with the shaft in
      response to axial translation of the closure means toward the inlet port.
NUM  3.
PAR  3. In a rotary tool having a pneumatic motor, a rotary shaft connected to
      the motor, means defining a first inlet port through which pressurized air
      is supplied to drive the motor, a centrifugally operated rotatably driven
      governor incuding a valve cooperating with said first port to control the
      flow of air through said first port in relation to the rotational speed of
      said governor, and means defining a second inlet port, downstream of said
      governor, through which pressurized air from the first port travels to the
      motor, the improvement of a safety overspeed device operable to shut off
      the motor in response to a predetermined motor speed level, comprising a
      valve closure means in the path of airflow upstream of said second inlet
      port for engaging and closing the second inlet port, said closure means
      being slidably mounted on the shaft for axial movement with respect
      thereto and positioned in spaced, upstream relationship to the second
      inlet port in normal operation, means connected to the shaft for rotating
      the closure means in its normal operating position and for releasing the
      closure means from rotation with the shaft in response to axial
      translation of the closure means toward the second air inlet port, means
      retaining the closure means in its position spaced from the second air
      inlet port in normal operation, and means responsive to centrifugal force
      associated with a predetermined motor speed for releasing said retaining
      means, whereby, when said predetermined motor speed is reached, said valve
      closure means is moved by a pressure differential between its upstream and
      downstream sides toward and into engagement with the second inlet port to
      shut off the motor.
NUM  4.
PAR  4. In a rotary tool having a pneumatic motor, an inlet port through which
      pressurized air is supplied to drive the motor, and a rotary shaft
      connected to the motor, the improvement of a safety overspeed device
      operable to shut off the motor in response to a predetermined motor speed
      level, comprising a valve closure means for engaging and closing the inlet
      port, said closure means being slidably mounted for axial movement on said
      shaft and positioned in spaced relationship from the inlet port in normal
      operation, means connected to the shaft for rotating the valve closure
      means in its normal operating position, means axially urging the valve
      closure means toward the inlet port, a groove extending in a
      circumferential direction in the shaft, a wire extending transversely to
      the shaft and operable to engage said groove and retain the valve closure
      means in its position spaced from the inlet port, means affixing one end
      of the wire to the valve closure means, means biasing the wire toward the
      groove, and means responsive to centrifugal force associated with a
      predetermined motor speed for pulling the wire out of the groove, whereby,
      when said predetermined motor speed is reached, said valve closure means
      is moved by said urging means toward and into engagement with the inlet
      port to shut off the motor.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said urging means comprises the
      positioning of the valve closure means in the path of airflow upstream of
      the inlet port, whereby, when said predetermined motor speed is reached,
      the valve closure means is moved by a pressure differential between its
      upstream and downstream sides toward the inlet port.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said centrifugal responsive means
      comprises a weight slidable along the wire toward the end of the wire
      opposite said one end, a bend in the wire between the shaft and the weight
      defining a generally radial orientation of said opposite end of the wire,
      and means biasing the weight radially inwardly on the wire, whereby, when
      centrifugal force associated with said predetermined motor speed acts on
      the weight, the weight is urged radially outwardly sufficiently to
      overcome the bias force on said spring wire, thereby translating the
      weight in a circumferential as well as a radial direction to pull the wire
      out of the groove in the shaft.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the direction of rotation of said
      overspeed device is opposite said circumferential direction of movement of
      the weight, and wherein said overspeed device further includes guide means
      for restricting the movement of the weight to a radial direction during an
      initial portion of the outward travel of the weight.
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ABST
PAL  A rotary positive displacement pump of the internally-meshing screw type
      having a stator, a rotor and an inlet or outlet chamber at one end of the
      rotor has a drive comprising a connecting member rigidly secured to the
      rotor and extending through the chamber, which connecting member, beyond
      the end of the chamber remote from the rotor, is joined by a connecting
      rod with two universal joints to a drive shaft, connecting member in the
      chamber being supported by a bearing flexibly carried on a resilient
      support member which is sealed to the outer race of the bearing and also
      to the chamber wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to rotary positive displacement pumps of the
      internally-meshing screw kind in which a helical rotor, e.g., a member of
      circular section formed into a helix or a member having an external
      helical shape, is rotated inside a stator with a rounded helical groove,
      the rotor longitudinal axis being radially offset from the stator
      longitudinal axis and the rotor and stator being co-operatively shaped so
      that the rotor has moving contact with the stator around the helical
      groove in the stator to form a displacement pump. Such a pump is
      well-known and will hereinafter be referred to as a rotary positive
      displacement pump of the internally-meshing screw kind.
PAR  2. Prior Art
PAR  The stator of such a pump is usually formed of an elastomer, such as a hard
      rubber, whilst the rotor is preferably of metal. In a pump of this kind,
      the rotor does not turn about its axis but has to be moved around a
      circular path as it rotates. It is therefore the common practice to drive
      such rotor from a drive shaft by means of a connecting shaft which is
      coupled at one end by a first universal joint to one end of the rotor and
      is coupled at its other end by a second universal joint to the drive
      shaft. Since the material to be pumped has to pass axially through the
      stator from one end to the other, the connecting shaft with the universal
      joints is commonly in the inlet or outlet chamber for the fluid being
      pumped. This causes problems when particulate material, particularly
      abrasive material has to be pumped; flexible protective covering have to
      be provided for the universal joints.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved form of
      rotary positive displacement pump of the internally-meshing screw kind in
      which the universal joints are isolated from the fluid being pumped.
PAR  According to the present invention, in a rotary positive displacement pump
      of the internally meshing screw kind having a stator, a rotor and an inlet
      or outlet chamber at one end of the stator, a connecting member is rigidly
      secured to the rotor and extends into said chamber, the connecting member,
      near its end remote from the rotor, passing through a bearing, which
      bearing is carried in a resilient support member extending completely
      around and sealed to the bearing, the support member being sealed also to
      the wall of said chamber, the connecting member at the end beyond said
      bearing being connected by a first universal joint to a connecting rod
      connected by a second universal joint to a drive shaft. The resilient
      support member is conveniently of the general form of a frustum of a cone
      with its smaller end sealed to the bearing and its wider end sealed to the
      wall of the chamber.
PAR  With this construction, the rotor and connecting member can turn and move
      around the required circular path, the resilient member flexing to permit
      the bearing to move around this circular path. Preferably a seal is
      provided around the connecting member adjacent the bearing to prevent any
      ingress of fluid along the shaft into the bearing. It will be seen that,
      by this construction, the universal joints are protected from any ingress
      of material being pumped. The chamber around the connecting member
      provides a substantially unobstructed path for the fluid to enter or leave
      the stator. The rotary movement of the connecting member prevents the
      chamber in the region of the entry to (or exit from) the stator becoming
      clogged when pumping a fluid containing large particles.
PAR  The resilient support member is formed of neoprene rubber or other suitable
      material. Preferably, for sealing this resilient member to the chamber, it
      is shaped to have an annular flange which is clamped between an end member
      of the chamber and an end flange on an annular wall of the chamber.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying drawing is a diagrammatic section through a pump
      constituting one embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing there is shown an eccentric worm positive
      displacement pump having a helical rotor 10, conveniently formed of metal,
      which rotor is located within a stator 11 formed of an elastomer such as a
      hard rubber. The rotor, at any one point along its point, is of circular
      section but is shaped to form a helix and is rotated inside a stator
      having a rounded helical groove, the rotor axis being offset from the
      stator axis in the known way so that the rotor, as it is rotated and moved
      in a circular path, has moving contact with the stator along the helical
      groove to form a displacement pump.
PAR  In this particular embodiment, the rotor is driven from the inlet end
      although it will be readily apparent that it could equally well be driven
      from the outlet end. At the inlet end of the stator, there is a
      cylindrical inlet chamber 12 connected to an inlet port 13. Extending
      through this chamber is a connecting member 15 rigidly secured to the
      rotor. This connecting member is of circular form but is parallel to but
      offset from the axis of the chamber. The member 15, near the end remote
      from the rotor 10, is carried in a bearing 16. This bearing 16 is
      supported in a resilient mount 17 having the general form of a frustum of
      a cone, the narrower end of the mount being sealed to the outer bearing
      race. A sealing member 19 is provided around the connecting member 15
      adjacent the end of the bearing 16 to prevent any ingress of fluid into
      the bearing 16 along the connecting member 15. At its wider end, the
      conical resilient member 17 has an outwardly directed flange 21 which is
      clamped between a flange 22 on the end of an annular wall of the chamber
      12 and an end plate for the chamber so as to form a fluid-tight seal
      between the member 17 and the wall of the chamber. Beyond the bearing 16,
      the connecting member 15 is connected by a first universal joint 23 to a
      connecting shaft 24 which in turn is connected by a second universal joint
      25 to a drive shaft 26 in bearings 27, 28. It will be seen that, with the
      construction described, the two universal joints 23, 25 are completely
      sealed from the fluid in the inlet chamber 12. In this chamber 12, the
      connecting member 15 moves around a circular path permitting large
      particles to pass freely into the pump. The movement of the connecting
      member 15 helps to prevent any possibility of clogging the region around
      the inlet to the stator 11.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a rotary positive displacement pump of the internally-meshing screw
      kind having a stator, a rotor and a chamber at one end of the stator the
      chamber being defined by a surrounding wall; the improvement comprising
      drive means for the rotor comprising an elongated connecting member of
      circular cross section, one end of said member being rigidly secured to
      the rotor and extending into said chamber, a bearing for said connecting
      member within said chamber, the connecting member, near its end remote
      from the rotor, passing through said bearing, a resilient support member
      for said bearing, said resilient support member being liquid-impermeable
      and having the form of a frustum of a cone extending completely around and
      having its smaller end sealed to the bearing, the support member at its
      larger end being sealed also to the wall of said chamber thereby to form a
      fluidtight barrier between the bearing and said wall of the chamber, a
      drive shaft, first and second universal joints, and a connecting rod
      between said universal joints, said connecting member at the end beyond
      said bearing being connected by said first universal joint to said
      connecting rod, which connecting rod is connected by said second universal
      joint to said drive shaft, said chamber being elongated, said connecting
      member being secured to the rotor at one end of said chamber, said bearing
      being disposed at the other end of said chamber, and an inlet for material
      to be pumped opening into said chamber between said bearing and said one
      end of said chamber, said connecting member having a length to diameter
      ratio greater than three and extending at least most of the length of said
      chamber.
NUM  2.
PAR  2. A pump as claimed in claim 1 wherein a seal is provided around the
      connecting member adjacent the bearing to prevent any ingress of fluid
      along the shaft into the bearing.
NUM  3.
PAR  3. A pump as claimed in claim 1 wherein said chamber is of generally
      cylindrical form and has an annular wall with an end flange at the end
      remote from said rotor and wherein an end wall extends at least partly
      across that end of said chamber, said end wall having an aperture for said
      drive means, and wherein said resilient support member has an annular
      flange which is clamped between said end wall and said end flange on said
      annular wall of the chamber.
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PAL  An improved radial, pressure-balancing arrangement for fluid-operated
      devices of the geroter type wherein an externally-toothed star member is
      eccentrically disposed within an internally-toothed ring member to form a
      plurality of expanding and contracting volume chambers by tooth
      interaction. The ring member has a plurality of pockets receiving a like
      number of rollers rotatable therein which define the teeth of the ring
      member. Particularly configured recesses are located at predetermined
      positions within each pocket. The recesses are effective to provide a
      predetermined pressure pattern behind a selective roller at any particular
      time during the operation cycle. The pressure pattern thus formed biases
      the selective roller against a mating star tooth to seal volume chambers
      at high pressure from those at low pressure.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 357,421, filed May 4, 1973 and now abandoned.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  This invention relates to hydraulic devices of the geroter type and more
      particularly to a pressure-balancing arrangement for geroter type devices
      employing rollers as teeth of one of the displacement members therein.
PAR  Hydraulic devices of the type commonly referred to as geroters comprise an
      internally-toothed ring member eccentrically receiving an
      externally-toothed star member. The star member usually has one less tooth
      than the ring member to define a number of volume chambers which expand
      and contract upon one member's hypocycloidal movement about the axis of
      the other. To maintain volumetric efficiency within such devices, leakage
      between volume chambers at high pressure and those at low pressure must be
      minimized. Thus the fit between mating teeth is critical and the teeth of
      one member must be precisely formed to provide an accurate fit with the
      teeth of the other member. When the teeth wear, clearance between the
      members becomes excessive and leakage with resultant inefficiency occurs.
PAR  The prior art has attempted to overcome the problems associated with the
      close fit between the ring member and star member by forming the teeth of
      the ring member from cylindrical rollers rotatably positioned in pockets
      formed in the ring member. Geroter gear sets utilizing rollers as the
      teeth of the ring member may be classified, or distinguished, by the
      relationship, for each particular geroter set, between the roller diameter
      and pocket diameter, as well as by the relationship between the "tangent
      circle" of the ring-roller assembly (i.e., a circle tangent to the inner
      peripheries of the rollers centered within their respective pockets) and
      the "average diameter" of the star member (i.e., the average of the major
      and minor diameters of the star member).
PAR  Thus, a geroter set is referred to as having an "interference fit". When
      each of the rollers has substantially a bearing fit with its respective
      pocket (i.e., a diametral clearance between the roller and pocket of less
      than about .0015 inches (.038 mm) ), and the average diameter of the star
      member "interferes" with the tangent circle of the ring roller assembly
      (i.e., the average diameter is larger than the tangent circle by as much
      as about .0010 inches (.025 mm), or more). In such a geroter set, the
      interference fit precludes any biasing or inward radial movement of the
      rollers.
PAR  A geroter set is referred to as having a "non-interference fit" when each
      roller has a bearing fit with its respective pocket, as in the case of the
      interference fit, but there is a clearance between the average diameter of
      the star member and the tangent circle of the ring-roller assembly (i.e.,
      the average diameter is dimensionally larger than the tangent circle by
      about .0010 inches (.025 mm), or more). In a geroter set having a
      non-interference fit, radial movement or biasing of the rollers is
      possible because of the clearance between the average diameter and the
      tangent circle.
PAR  A geroter set is referred to as having a "loose fit" when each roller and
      its respective pocket have more diametral clearance than the running
      clearance attributable to a bearing fit relationship. Typically, with a
      loose fit geroter set there is a diametral clearance between each roller
      and its respective pocket of about .003 inches (.076 mm) to about .005
      inches (.127mm). With the rollers loosely received in the pockets, the
      relationship of the average diameter and the tangent circle is less
      critical and there may be a nominal interference between the average
      diameter and the tangent circle, although, typically, a clearance is
      provided.
PAR  Therefore, because the present invention relates to biasing of the rollers,
      it will be understood by those skilled in the art that the invention would
      be advantageous only when utilized with a geroter set having a
      non-interference fit or with a geroter set having a loose fit, and,
      preferably, with a geroter set having a non-interference fit to minimize
      leakage problems.
PAR  Among the prior art methods of biasing the rollers inward into the sealing
      contact with the star member, one known balancing arrangement taps high
      pressure from a source, such as the valving or one of the volume chambers,
      and directs it constantly to the pocket behind the roller. With such an
      arrangement, volumetric efficiency is seriously reduced because of
      constant leakage which occurs when the rollers remain continuously biased
      by fluid at high pressure.
PAR  It is thus a principal object of the subject invention to provide a
      hydrostatic pressure biasing arrangement for rollers used as
      chamber-forming elements in a geroter type device, which arrangement is
      operable to control the magnitude and direction of the force applied to
      the rollers to fully balance the geroter arrangement by use of pressure
      from adjacent chambers while also providing means to support the rollers
      in their proper geometric arrangement with respect to the teeth of the
      star member.
PAR  In accordance with the invention, there is provided a geroter comprising a
      roller-type, internally-toothed ring member eccentrically receiving an
      externally-toothed star member having fewer teeth to define a plurality of
      volume chambers. Each roller in the ring member is rotatably disposed
      within a pocket of diameter slightly greater than that of the roller. Each
      pocket has a plurality of recesses formed therein which are separated from
      one another by a roller support surface or land and communicated with one
      another by grooves or depressed areas extending around or through the
      support surfaces.
PAR  The recesses are particularly configured and positioned to develop a
      controlled, essentially hydrostatic, pressure pattern biasing the roller
      toward the corresponding star tooth when the roller is positioned between
      chambers at high and low pressures. The pressure pattern is characterized
      by being symmetrically distributed over a portion of the pocket to produce
      a controlled, resultatnt force directed radially-inwardly and of
      sufficient magnitude to adequately seal high pressure chambers from low
      pressure chambers.
PAR  Additionally, the roller support surfaces maintain the rollers in their
      proper geometric relationship even though the recesses provide an
      "excessive clearance" necessary to establish a sufficient resultant force.
PAR  It is thus an object of the subject invention to provide high volumetric
      efficiency in a fluid-operated device of the geroter type even though
      tooth contact wear has occurred.
PAR  Yet another object of the invention is to provide pressure-balancing means
      in a fluid-operated device of the geroter type acting in a
      substantially-radial direction and exerting a predetermined resultant
      force between the teeth of the ring and star members to effectively seal
      high pressure chambers from low pressure chambers therein.
PAR  Still other objects of the invention reside in a radial, pressure-balancing
      arrangement employed in fluid-operated devices of the geroter type which
      provides a high starting torque and a compensation for pressure
      deflection.
DRWD
PAR  The invention may take physical form in certain parts and an arrangement of
      parts, a preferred embodiment of which will be described in detail herein
      and illustrated in the accompanying drawings which form a part hereof and
      wherein:
PAR  FIG. 1 is a sectional view of a geroter device employing the subject
      invention;
PAR  FIG. 2 is an axial end view of the star and ring members taken along Line
      2--2 of FIG. 1;
PAR  FIG. 3 is a developed view of a roller-pocket taken along Line 3--3 of FIG.
      2;
PAR  FIG. 4 is an enlarged end view of a roller applied within a pocket; and
PAR  FIG. 5 is a view similar to FIG. 4 showing a prior art construction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The basic configuration of the geroter device shown in FIG. 1 to which this
      invention relates is well known in the fluid transmission art and may be
      appreciated in greater detail than will be described herein by reference
      to U.S. Pat. No. 3,572,983 to McDermott.
PAR  Referring now to the drawings wherein the showings are for the purpose of
      illustrating a preferred embodiment of the invention only and not for the
      purpose of limiting same, there is generally shown in FIG. 1 a housing 2
      having inlet and outlet ports 4,6 communicating through ports 7a and 7b in
      a rotatable valve member 7 with flow ports 8a and 8b, respectively in a
      port plate 8 to define a known commutator-type valving arrangement. The
      valve member is connected by a splined shaft member 9 for driving rotation
      with an externally-toothed star member 10. Housing 2 also includes a ring
      member 12 eccentrically receiving the star member 10 to define a plurality
      of increasing and decreasing volume chambers 14 in communication at one
      axial end with port plate 8. Ring member 12 has a plurality of pockets 16
      axially-extending therethrough, each of which receive a cylindrical roller
      18 rotatably disposed therein. Each pocket is semi-cylindrical and
      configured to define axially-extending recesses 20 spaced from one another
      by a roller support surface 22 and communicating with one another by
      grooves or depressed areas 24 extending around support surface 22.
PAR  Referring now to FIG. 2 there is shown a ring member 12 having a plurality
      of N roller teeth 18 and a star member 10 having a plurality of N-1 teeth
      26. In the embodiment illustrated the designation "N" refers to the number
      7 and correspondingly "N-1" refers to the number 6. Ring member 12
      eccentrically receives the star member 10 and the eccentricity of the
      arrangement is shown as the distance between the ring axis 32 and the star
      axis 28. Circumferentially-spaced and opening to the internal periphery of
      the ring member 12, are N semi-cylindrical, axially-extending pockets 16.
      Each pocket 16 is adapted to rotatably receive a cylindrical roller 18,
      each different roller individually lettered "A" through "G". Rollers 18
      interact with the star teeth 26 to form variable volume chambers 14 which
      are individually identified by letters a through g.
PAR  As thus described, the star and ring members 10,12 will interact with one
      another in the usual manner. More particularly with the ring member 12
      fixed from rotating, the star member 10 will orbit hypocycloidally within
      the ring member 12 whereby the star center defines a circle 34 about the
      ring center, of radius equal to the eccentricity of the device. This
      movement of the star member opens and closes volume chambers a through g
      while the star member rotates a peripheral distance equal to one tooth
      spacing.
PAR  More particularly the commutator valving will supply high pressure to three
      chambers and low pressure to three chambers with the seventh or odd
      chamber operating as a changeover chamber and being at any pressure
      between high and low. Thus in the chamber position illustrated in FIG. 2
      the axis of eccentricity defined as a line extending between the ring and
      star member's axes 32,28, and shown as the Y--Y axis separates high
      pressure chambers b, c and d from the low pressure chambers e, f and g
      with pressure chamber a being a changeover chamber at that instant.
      Furthermore, it will be appreciated that the Y--Y axis of eccentricity
      will rotate at an angular speed equal to the orbiting speed of the star
      member 10. Thus when the star member has orbited one tooth position in the
      direction of orbiting arrow 36, which represents a motor application of
      the geroter, the Y--Y axis will also have rotated and now will bisect
      roller C and pressure chamber g; chambers c, b and a being at high
      pressure and chambers d, e and f at low pressure. Thus, all volume
      chambers 14 lying on one side of the Y--Y axis are either expanding or
      contracting and all expanding and contracting volume chambers are
      connected by the valving to either inlet or outlet ports 4,6 in the
      housing respectively.
PAR  Now referring to FIGS. 3 and 4, it will be seen that the circular pockets
      16 in ring member 12 are defined by a radius R nominally larger than the
      radius R' of the rollers 18. Each pocket's configured surfaces includes a
      pair of axially-extending recesses 20 symmetrically spaced from the pocket
      centerline 34 and shown as having a rectangular configuration defined by
      inner, outer and rearward edge surfaces 31,33,35. Recesses 20 are
      separated from one another between their inner edge surfaces 31 by an
      arcuate roller support surface or land 22 and communicate with one another
      by means of grooves or depressed areas 24 shown extending around the
      roller support surface 22. Extending from the outer edge surface 31 of
      each recess 20 and opening to the internal periphery of ring member 12 is
      a pocket leading edge support surface 38 which is in radial alignment with
      roller support surface 22. In the embodiment shown, tests have indicated
      that an included angle X of at least 120.degree. between centers of
      recesses 20 having effective peripheral widths intercepting arcs Y of at
      least 30.degree. results in an efficient balancing arrangement. It will be
      appreciated that the position and configuration of lands 22 and depressed
      areas 24 can be varied to provide geometric configurations other than that
      shown, whereby recesses 20 can communicate with one another.
PAR  The position of roller D within its pocket 16 is believed to result partly
      from the direction of the contact force exerted on roller D by its mating
      star tooth 26 as will now be described in detail with reference to
      roller-pocket configurations of the present invention shown in FIG. 4 and
      that of the prior art shown in FIG. 5 wherein like numbers designated by a
      prime (') indicate like parts where applicable. In both figures the
      geometric arrangements are similar in that a cylindrical roller D, D' is
      disposed within an oversized cylindrical pocket 16,16'. Importantly the
      position of the roller within its pocket determines the placement of the
      line of tangency between the roller and pocket surface which by definition
      establishes line-to-line contact between roller and pocket.
PAR  Thus in the prior art shown in FIG. 5, fluid under high pressure from
      volume chamber d' enters into the clearance Z' at one end between pocket
      and roller and exerts a gradient hydrostatic pressure between pocket and
      roller, with the clearance approaching zero at the line of tangency. The
      position of the line of tangency in turn is determined by the direction
      and magnitude of the resultant force of the hydrostatic pressure, and the
      resultant contact force between star tooth and roller. Importantly the
      direction of the contact force changes as the star member moves relative
      to the ring member and the line of tangency moves proportionately (i.e.,
      compare tooth contact of roller D with that of roller C in FIG. 2 to
      determine limits of roller-star tooth contact for roller D,D'). Thus the
      peripheral portion of roller D' over which a constant hydrostatic force is
      exerted, increases and decreases as the star member moves relative to the
      ring member. The peripheral force distribution thus shown vectorially in
      FIG. 5 for an instantaneous position of star tooth contact represents a
      summation of the gradient and constant hydraulic pressure over the roller
      surface which resolves itself into a changing resultant balancing force
      42' of higher magnitude having a larger, lateral force component and a
      much smaller balancing component in the Y--Y direction than that which is
      obtained in the present invention. In the prior art the risk exists of the
      resultant force 42' taking a direction which results in an outward
      directed "balancing" force in the Y--Y direction. In such case, contact or
      sealing is lost between the star and roller members.
PAR  In accordance with the present invention, the tangency line of contact is
      constantly maintained at the leading edge support surface 38 adjacent low
      pressure volume chamber e because fully hydrostatic pressure is
      communicated through clearance Z (normally between .0005 inches (.0127mm)
      to .0010 inches (.0254mm) as shown) to each recess 20 by lands 24. More
      particularly, if the tangency line tends to be positioned between recesses
      20 because of star tooth loading, the hydrostatic pressure in that recess
      20 and that portion of land 24 adjacent the peripheral portion of roller D
      which would otherwise be sealed is sufficient to bias roller D inwardly to
      establish hydrostatic pressure between the roller and pocket surfaces.
      This is more clearly shown by the vectorial peripheral force distribution
      shown in FIG. 4 which represents a summation of the pressures acting
      axially along the depth of roller D. The force distribution shown is
      essentially a uniform radial load extending around the periphery of roller
      D from the recess 20 closest low pressure volume chamber e and a gradient
      radial load in the support surface 38 and resolves itself into a constant
      resultant force 42 of lesser magnitude but much better orientation than
      the resultant force 42' of the prior art.
PAR  To complete the force analysis, it should be noted that in both FIGS. 4 and
      5, a bearing lubricating film exists between the leading edge support
      surface 38, 38' adjacent low pressure chamber e, e' and the pocket. This
      film may develop a hydrodynamic force upon rotation of roller D,D'
      although such force, if developed, is considered insignificant when
      compared to the hydrostatic forces.
PAR  The resultant force 42 in the present invention thus sufficiently biases
      the star member 10 downwardly forcing tooth contact to occur at points
      44,46 on rollers G and A respectively. High pressure chambers b, c and d
      are thus sealed from low pressure chambers e, f and g and the geroter is
      balanced at this instant. In this connection, it will be noted that some
      pressure differential may occur between volume chambers a and b and a and
      g which will tend to displace rollers A,G within their pockets 16 in a
      position opposite to that shown as the pressure in changeover chamber a
      rapidly changes. However it is believed that the magnitude of the
      resultant force 42 is sufficient to bias rollers A, G toward the position
      shown. In any event if either or both of the rollers A, G were to receive
      any significant pressure buildup in their recesses 20, the forces
      developed would tend to increase the sealing effect.
PAR  It should also be noted that a pressure gradient does not exist behind
      rollers B, C, E, and F because the respective volume chambers on each side
      of these rollers are both at either high or low pressure. However, it will
      be noted that high pressure rollers B and C are biased into the position
      of roller D by the teeth of star member 10 and fluid is entrapped behind
      the rollers during this time. Thus when roller C is exposed to volume
      chambers which are at high and low pressure on each of its sides during
      the orbiting of the star member as explained above, the fluid behind
      roller C is rapidly pressurized to form the above-defined pressure
      pattern.
PAR  While the preferred embodiment has been explained as operating as a motor
      with the star member orbiting in the direction of arrow 36, it should be
      apparent from the symmetry of the pocket construction that the radial
      balancing means disclosed herein will operate satisfactorily if the
      orbiting motion of the star member 10 is reversed resulting in reversed
      motor shaft rotation. Similarly, the radial pressure balancing means,
      while described above in a motor application, will likewise function in a
      pump application.
PAR  It is also appreciated that the magnitude and direction of resultant force
      42 is achieved by the particular pressure pattern established behind the
      roller 18 which is characterized by being symmetrically distributed about
      the pocket periphery between recesses 20. Thus, the symmetrical pressure
      distribution will not be adversely effected if a third recess is placed in
      line with the pocket center, although satisfactory balancing has been
      achieved with only two recesses.
PAR  The invention has been described with reference to a preferred embodiment.
      Obviously, modifications and alterations will occur to others upon reading
      and understanding of the specification. It is my intention to include all
      such modifications and alterations insofar as they come within the scope
      of the present invention.
PAR  It is thus the essence of my invention to provide a radial,
      pressure-balancing arrangement in a fluid-operated device of the geroter
      type which utilizes a predetermined rollerpocket recess configuration to
      produce a predetermined pressure gradient which effectively biases a
      ring-roller tooth to produce sealing engagement between the star and ring
      roller assembly.
CLMS
STM  Having thus defined my invention, I claim:
NUM  1.
PAR  1. An internally-toothed member for use in a rotary fluid pressure device
      of the geroter type, said internally-toothed member comprising a ring
      member having a plurality of substantially semi-cylindrical pockets
      therein, a substantially cylindrical roller received in each of said
      pockets, each of said pockets having a configured surface including
      axially-extending recesses therein and roller support surfaces
      intermediate said recesses, said roller support surfaces defining at least
      one groove communicating between adjacent recesses.
NUM  2.
PAR  2. The device of claim 1 wherein said recesses are symmetrically spaced
      about the centerline of said pockets.
NUM  3.
PAR  3. Pressure-balancing means in a hydraulic device of the geroter type
      having an internally-toothed ring member with a plurality of spaced,
      axially-extending pockets formed along its internal periphery and a roller
      loosely disposed in each pocket to define the teeth thereof, an
      externally-toothed star member having less teeth than said ring member and
      eccentrically disposed within said ring member, said ring and said star
      member cooperating with one another to define increasing and decreasing
      volume chambers, the improvement comprising:
PA1  each of said pockets having a plurality of axially-extending recesses
      therein spaced symmetrically about the centerline of said pocket, and
      means for communicating pressure between said recesses, and said
      communicating means comprising at least one land between said recesses,
      said land adapted to support said roller and defining grooves
      communicating said recesses with each other.
NUM  4.
PAR  4. The improvement of claim 3 wherein each pocket has a circular
      cross-sectional configuration extending beyond 180.degree. and said
      recesses which comprise two in number are spaced apart from one another
      less than 180.degree. to define two opposed circular leading edge support
      surfaces, each edge surface adjacent at one end to the internal periphery
      of said ring member and adjacent at its other end to a recess.
NUM  5.
PAR  5. The improvement of claim 4 wherein said roller support surface and said
      leading edge surfaces are radially-aligned.
NUM  6.
PAR  6. A rotary fluid pressure device comprising:
PA1  a housing having inlet and outlet ports;
PA1  an internally-toothed ring member disposed within said housing, and an
      externally-toothed star member having less teeth than said ring member and
      eccentrically disposed within said ring member to define a line of
      eccentricity passing through the axes of said members;
PA1  one of said members having a plurality of generally semi-cylindrical
      pockets and a generally cylindrical roller disposed within each pocket to
      define the teeth thereof;
PA1  said teeth of said members intermeshing as one member orbits about the axis
      of the other to define expanding volume chambers on one side of said line
      and contracting volume chambers on the other side of said line;
PA1  valving means communicating with said inlet and outlet ports to supply high
      pressure to those chambers on one side of said line and low pressure to
      those chambers on the other side of said line;
PA1  balancing means biasing a roller momentarily positioned between a volume
      chamber at high pressure and a volume chamber at low pressure by exerting
      fluid pressure about the pocket centerline in a substantially symmetrical
      distribution which extends over a portion of the pocket periphery;
PA1  said balancing means comprising a plurality of axially-extending recesses
      defined by said pocket, said recesses being symmetrically spaced about the
      pocket periphery in relation to the pocket centerline;
PA1  the spacing between adjacent recesses defining at least one roller support
      surface and at least one depressed area in said roller support surface
      communicating adjacent recesses with one another; and
PA1  said pocket further defined by diametrically-opposed leading support edge
      surfaces extending from the recesses furthest-removed from the pocket
      centerline to the internal periphery of said ring member.
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ABST
PAL  A multi-apex rotary combustion engine rotor has simplified side face
      circular compression seals mounted in circular grooves passing across the
      face of corner button seals. The button seals are of a substantially
      enlarged diameter permitting machining of the circular seal grooves in the
      rotor side face.
BSUM
PAR  This invention relates to rotary combustion engine rotor compression seals
      and more specifically to circular compression seals being mounted in rotor
      side face grooves passing through apex corner button seals.
PAR  In the presently commercial rotary engine having a two-lobe internal
      peripheral wall and a three-lobe substantially triangularly shaped rotor
      planetating relative to the two-lobe wall, a pair of gas seals are mounted
      in grooves machined adjacent the three rotor peripheral sides connecting
      with corner button seals at each rotor apex. This arrangement necessarily
      requires several separate machining operations as the groove adjacent each
      rotor peripheral face is in the form of a separate discontinuous arc.
      Accordingly, it is a purpose of this invention to simplify the structure
      and the manufacturing process of rotor side face mounted compression seal
      assemblies by making them circular in form. Obviously the forming of a
      circular seal groove in a rotor side face can be accomplished by a single
      machining operation as compared to the aforementioned three separate
      machining operations required when the seal is substantially parallel to
      the rotor peripheral faces in the form of a discontinuous arc. Likewise, a
      single split sealing ring which can be installed in a single assembly step
      can be accommodated in the continuous circular groove instead of a three
      step operation required when three separate seal segments are used in
      accordance with the present practice.
PAR  Since the maximum radius of a singular compression gas seal is limited by
      the radius at a point midway between the rotor apices, the gas seals are
      located substantially radially inwardly from the apex seals. In order to
      provide the necessary seal between the compression seals and the apex
      seals it is necessary to enlarge the corner button seals so that they
      extend a distance sufficient to connect the apex seal with a side face
      mounted compression seal. In a preferred form, the button seals are of an
      enlarged circular form and the circular compression seal grooves pass
      through the button seals in completing their circular path. The face of
      the button seals can be relieved in their central portions so as to reduce
      the amount of force required for sealing them against the engine housing
      end walls. Small cylindrical plug seals are provided in apertures in the
      bottom of the circular compression seal grooves and are spring biased into
      continuous engagement with the bottom of the compression seal assemblies.
      This arrangement prevents flow of pressurized gases through the open
      passage that normally exists underneath the seal assemblies.
PAR  An object of the present invention is the provision of a simplified
      compression seal assembly for a rotary internal combustion engine.
PAR  Another object of the present invention is the provision of a rotary engine
      rotor side face compression seal assembly having a circular form fitting
      into mating side face grooves which in part encompass arcuate grooves
      machined in enlarged apex corner button seals.
PAR  A further object of the present invention is the provision of a rotor side
      face compression seal, circular in form, for a rotary internal combustion
      engine and including circular grooves containing split circular sealing
      rings passing through enlarged cylindrical corner button seals, the button
      seals being relieved in their central portions reducing the force
      necessary to engage them with engine housing end walls, the button seals
      containing spring biased plug seals engaging the underneath side of the
      circular seal assembly closing a normally open passage beneath the rings
      in the circular grooves.
DRWD
PAR  The novel features which I believe to be characteristic of my invention are
      set forth with particularity in the appended claims. My invention itself,
      however, both as to its organization and method of operation, may best be
      understood by reference to the following description taken in connection
      with the accompanying drawings in which:
PAR  FIG. 1 is a longitudinal view, with parts in section, of a rotary engine
      having circular compression seals constructed in accordance with the
      present invention.
PAR  FIG. 2 is a view taken along line 2--2 in FIG. 1 showing one rotor side
      having circular compression seals mounted therein.
PAR  FIG. 3 is an enlarged fragmentary view, partly in section, showing the
      assembly relationship of an enlarged button seal with circular compression
      seals of the present invention.
PAR  FIG. 4 is a sectional view taken alaong line 4--4 of FIG. 3.
PAR  FIG. 5 is a perspective view of a plug seal slidably mounted within the
      enlarged button seals of my invention.
DETD
PAR  The present invention concerns improved rotor side face compression seals
      for use in rotary machines having particular application in rotary
      internal combustion engines of the planetary type shown in FIGS. 1 and 2.
      The rotary engine shown in FIG. 1 includes a housing 10, which in a single
      rotary arrangement as shown, has three basic elements; namely, a rotor
      housing 12 defining an inwardly facing peripheral wall 14 and a pair of
      end housings 16 and 18 having parallel oppositely facing spaced inner end
      walls 20 and 22, respectively. The housing parts are secured together by
      bolts, not shown, and the inner housing walls 14, 20 and 22 define a
      cavity 24. As shown in FIG. 2, the cavity 24 defined by the peripheral
      wall 14 is a two-lobe cavity with a center axis at 26. A crankshaft 28
      extends through the cavity and is rotatably supported in sleeve bearings
      30 and 32 having flanges 34 and 36, respectively, secured to end housings
      16 and 18 by a plurality of bolts 38. An eccentric 40 is provided on the
      crankshaft 28 for rotation within cavity 24 as is best illustrated in FIG.
      1. A three-lobe rotor 42 having a sleeve bearing 44 secured therein is
      received upon the eccentric 40 so that the rotor is thereby supported in
      cavity 24 for rotation about the eccentric in the usual manner by virtue
      of engagement of phasing gears 41 and 43.
PAR  The rotor 42 has the general shape of an arcuate sided triangle with two
      parallel side faces 46 and 48 at right angles to the axis of crankshaft 28
      which coincides with axis 26 of cavity 24. The side faces 46 and 48 face
      and rotate close to the end walls 20 and 22, respectively. The rotor 42
      also has an outer peripheral wall including three arcuate outer faces 50
      which face the peripheral wall 14 and cooperate therewith along with end
      walls 20 and 22 to define three variable volume working chambers 52. As
      shown in FIG. 2, the rotor housing 12 contains an intake port 51 and an
      exhaust port 53 permitting the variable volume working chambers 52 to
      receive, compress, expand and exhaust working fluids during operation of
      the rotary engine. Sealing of these working chambers 52 is effected by
      three apex seal assemblies including apex seals 54 mounted in respective
      axially extending grooves 56 at each rotor apex. The apex seals 54
      continually engage the peripheral wall 14 by virtue of their being
      continuously biased outwardly of the grooves 56 by springs 57. In present
      practice the space between the rotor side faces 46 and 48 and end walls 20
      and 22 are sealed by discontinuous arcuate compression seals mounted in
      grooves substantially parallel to the rotor peripheral faces 50. In this
      manner the work chambers 52 are substantially fluid sealed from one
      another so as to permit the intake, compression, expansion and exhaust
      cycles of a four-cycle engine.
PAR  In accordance with my invention continuous circular gas seal assemblies 58
      and 60 are provided in circular grooves 62 and 64 machined in each of the
      rotor side faces 46 and 48. The grooves 62 and 64 are easily machined in a
      single operation thereby a necessity of three separate operations required
      with respect to use of the above-described discontinuous arcuate segments.
      Split sealing rings 66 and 68 are formed to fit within the grooves 62 and
      64 and of course provide a complete seal across the rotor side faces when
      their respective gaps 70 and 72 are positioned out of alignment as shown
      in FIG. 1.
PAR  Since the diameter of the outer sealing groove 62 is physically limited by
      a radius from the center of the rotor to a line tangent at the midpoint of
      one of the outer rotor faces 50, the path of the sealing groove 62 passes
      each apex at an increased distance radially inwardly thereof as compared
      to the path when three separate arcuate seal segments are used.
      Consequently, it is necessary to use enlarged corner button seal
      assemblies 74 engaging end walls 20 and 22 and cooperating with the apex
      seal 54 and the seal rings 66 and 68 for sealing each working chamber 52
      from adjoining chambers as the rotor 42 rotates within cavity 24. As shown
      in FIGS. 3 and 4 the button seals 74 have arcuate groove segments 76 and
      78 formed therein for alignment with rotor grooves 62 and 64 thereby
      providing a continuous circular groove capable of receiving the sealing
      rings. A preferred method of forming these segments includes mounting the
      button seals 74 in rotor recesses 80 and simultaneously forming the groove
      segments 76 and 78 while machining the circular grooves 62 and 64.
PAR  Fluid sealing of the working chambers 52 is accomplished by the apex seals
      54 being continuously biased into engagement with the inner peripheral
      wall 14 of the rotor housing 12 by the previously described springs 57.
      Springs 82 are placed behind button seal 74 in recesses 80 insuring
      constant contact with the housing end walls 20 and 22. The sealing rings
      66 and 68 are placed in the grooves 62 and 64 compressing wave springs 84
      and 86 as they engage the end walls 20 and 22 so that the rings are
      continuously urged into engagement therewith. In order to prevent fluid
      leakage underneath the rings 66 and 68 and past the wave springs 84 and
      86, holes 88 and 90 are provided in the button seals substantially at the
      midpoints of the groove segments 76 and 78. Plugs 92 are slidably received
      in each of the holes and are biased outwardly thereof by springs 94. The
      plugs are formed to contain a slot 96 snuggly receiving the rings 66 and
      68, as best illustrated in FIG. 4, so that the spaces between the rings
      and the bottoms of the grooves 62 and 64 are sealed and fluid leakage from
      one working chamber 52 into another is substantially prevented. The
      configuration of the plugs 92 is best shown in FIG. 5. The button seals,
      in preferred form, contain a relieved area 98 thereby reducing the force
      required to obtain engagement of the button seals with engine housing end
      walls 20 and 22.
PAR  From the above description it is apparent that by my invention I have
      provided a rotor side face seal arrangement having substantial economic
      advantages. The machining of circular seal grooves greatly simplifies
      current practices and eliminates assembly procedures in that one ring
      replaces the usual three individual seal segments.
PAR  While I have shown and described a specific embodiment of my invention it
      will, of course, be understood that various modifications and alternative
      constructions thereof may be made without departing from the true spirit
      and scope of my invention and that I intend by the appended claims to
      cover all such modifications and alternative constructions as fall within
      the true spirit and scope of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a rotary machine comprising a housing having a cavity; a rotor
      disposed in said cavity; said rotor having a plurality of adjoining and
      intersecting peripheral faces and a pair of opposite side faces; an apex
      seal at each intersection of said peripheral faces; an output shaft
      rotatably supported by said housing and having an eccentric rotatably
      supporting said rotor; said rotor peripheral faces, said rotor side faces
      and said housing cooperatively defining a plurality of sealed variable
      volume working chambers spaced around said rotor that move with said rotor
      within said housing, an intake port periodically connected to said working
      chambers as said rotor rotates, an exhaust port periodically connected to
      each of said working chambers as said rotor rotates; the improvement
      comprising: said rotor side faces having circular seal grooves formed
      therein; a circular compression seal assembly mounted in each groove; a
      corner seal assembly at each intersection of said rotor peripheral faces,
      said corner seal assemblies being of substantial size and containing a
      segment of said circular seal grooves and said compression seal
      assemblies, said corner seal assemblies also containing a portion of said
      apex seals, and a plug seal assembly mounted in each of said corner seal
      circular seal groove segments in sealing relationship with each said
      compression seal assembly therein thereby providing a complete side seal
      arrangement permitting sealing of said working chambers.
NUM  2.
PAR  2. In a rotary internal combustion engine comprising a housing including
      end walls and central member having a two-lobed internal peripheral
      surface, the end walls and said surface defining a cavity; a triangularly
      shaped rotor having three apices disposed in said cavity; said rotor
      having three peripheral faces intersecting at said apices and having a
      pair of opposite side faces facing said housing end walls; an apex seal
      mounted in an axial groove in said rotor at each apex; an output shaft
      rotatably supported by said housing and having an eccentric rotatably
      supporting said rotor; said rotor peripheral faces, said rotor side faces
      and said housing end walls cooperatively defining a plurality of sealed
      variable volume working chambers spaced around said rotor and moving with
      said rotor as it rotates within said cavity; intake and exhaust ports in
      said housing periodically connected to each of said working chambers as
      said rotor rotates; the improvement comprising: said rotor side faces
      having circular seal grooves formed therein; a spring positioned in the
      bottom of each seal groove; a circular seal ring positioned in each of
      said seal grooves and being biased outwardly of said rotor side faces by
      said springs forming compression seals; a circular corner button seal
      positioned in a like recess in said rotor side face at each rotor apex,
      said recess being sufficiently large in diameter to intersect the path of
      said circular seal grooves and said apex seal grooves at each rotor apex;
      said button seal containing a segment of said circular seal grooves, and a
      plug seal assembly mounted in each of said button seal circular seal
      groove segments in sealing relationship with each said seal ring therein
      whereby said apex seals, said button seals, said plug seal assemblies and
      said circular side compression seals complete a rotor side seal
      arrangement permitting sealing of said working chambers.
NUM  3.
PAR  3. In a rotary internal combustion engine comprising a housing including
      end walls and central member having a two-lobed internal peripheral
      surface, the end walls and said surface defining a cavity; a triangularly
      shaped rotor having three apices disposed in said cavity; said rotor
      having three peripheral faces intersecting at said apices and having a
      pair of opposite side faces facing said housing end walls; an apex seal
      mounted in an axial groove in said rotor at each apex; an output shaft
      rotatably supported by said housing and having an eccentric rotatably
      supporting said rotor; said rotor peripheral faces, said rotor side faces
      and said housing end walls cooperatively defining a plurality of sealed
      variable volume working chambers spaced around said rotor and moving with
      said rotor as it rotates within said cavity; intake and exhaust ports in
      said housing periodically connected to each of said working chambers as
      said rotor rotates; the improvement comprising: said rotor side faces
      having circular seal grooves formed therein; a circular wave spring
      mounted in each groove; a circular compression seal ring mounted in each
      groove upon said wave springs and being biased outwardly of said grooves
      thereby; said rotor having cylindrical recesses in said side faces
      adjacent each apex; said cylindrical recesses being of sufficient diameter
      to extend across said seal grooves and said apex seal grooves; a corner
      button spring mounted in each of said recesses; a corner button seal
      mounted in each of said cylindrical recesses upon said springs and being
      biased outwardly of said cylindrical recesses thereby for continual
      engagement with said housing end walls; said button seals each containing
      a segment of said circular seal grooves and having a recessed area in
      their outer faces reducing the force required to obtain the continual
      engagement with said housing end walls; said button seals containing a
      plug seal cylindrical hole in each of said seal groove segments; a spring
      disposed in the bottom of each of said plug seal holes; and a plug seal
      slidably received in each of said holes and each containing a groove
      receiving respective seal rings providing a seal underneath said rings;
      said button seals providing a closed sealed path from said circular seal
      rings outwardly across said button seals to said apex seals thereby fluid
      sealing each working chamber from its adjoining chambers.
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ABST
PAL  In a blow-head for producing tubular film from thermoplastic molten
      material and comrising a housing with a central supply conduit for the
      molten material and distributing passages radiating from the supply
      conduit to a respective distributing helix of an insert member, means for
      internally cooling the blown film comprise concentric air inlet and outlet
      passages extending axially of the housing and each connected to at least
      one inlet tube and one outlet tube, respectively, the tubes being disposed
      between adjacent said radiating distributing passages and extending to the
      exterior of the housing.
BSUM
PAR  The invention relates to a blow-head for producing tubular film from
      thermoplastic molten material, comprising a housing with a central supply
      conduit for the molten material, and distributing passages which radiate
      from the supply conduit and each open into a respective distributing helix
      of an insert member which forms with the housing an overflow gap located
      downstream of the helix.
PAR  Blow-heads are nowadays provided with means for internally cooling the
      blown film by means of an exchange of cooling air and such internal
      cooling means have enabled a considerably higher production rate to be
      achieved. Since the internal cooling means are particularly important for
      blow-heads which have a small nominal size and yet are to be operated to
      give a high output but have a much larger consumption of cooling air in
      comparison with blow-heads of large nominal size because of the less
      favourable surface/mass ratios of the smaller hoses, it is usual to depart
      from the arrangement of a central supply conduit for the molten material.
      Instead, the molten material is introduced laterally so as to permit the
      accommodation of large central apertures in the blow-head housing for the
      passage of the cooling air and the withdrawal of the heated air. However,
      one-sided lateral introduction of the molten material causing uneven
      heating of the blow-head could result in difficulties so that, every time
      the output rate or the nature of the material is changed and corresponding
      alterations in the temperature of the molten material occur, undesirable
      adjustment of the nozzle or of the blow-head must be carried out.
PAR  The invention aims to provide a blow-head that avoids these disadvantages,
      i.e., a blow-head which, even if there are large passages for cooling air
      in its interior, is insensitive to changes in the output or in the
      plastics material that is being employed and need therefore not be
      constantly adjusted. With this purpose in mind, the invention employs
      particular internal cooling means with replacement of the cooling air,
      which cooling means could not hitherto be used for a blow-head having a
      central supply conduit for the molten material.
PAR  According to the invention, a blow-head for producing tubular film from
      thermoplastic molten material comprises a housing with a central supply
      conduit for the molten material, and distributing passages which radiate
      from the supply conduit and each open into a respective distributing helix
      of an insert member which forms with the housing an overflow gap,
      including means for internally cooling the blown film, said cooling means
      comprising concentric air inlet and outlet passages extending axially of
      the housing and each connected to at least one inlet tube and one outlet
      tube, respectively, the said tubes being disposed between adjacent said
      radiating distributing passages and extending to the exterior of the
      housing.
PAR  By means of the invention, a high through-put of cooling air is obtainable
      despite the central feeding of molten material and it is therefore
      possible to employ the advantages of cooling means with air exchange for
      the interior of the blown film in the case of blow-heads having a central
      supply for the molten material.
PAR  The distributing passages may be formed in an obtuse-angled conical
      surface, the inlet and outlet tubes extending substantially normal to said
      conical surface. By having the distributing passages in an obtuse-angled
      conical surface, inlet and outlet tubes of large diameter can be employed
      even for blow-heads of small nominal size.
PAR  There is preferably an equal even number of distributing passages and inlet
      and outlet tubes, the inlet and outlet tubes being provided in an
      alternating arrangement in the circumferential direction. In a
      particularly advantageous construction, the outlet tubes constitute the
      diverging branches of a breeches pipe of which the leg is disposed
      centrally of the housing and defines the air outlet passage, whilst the
      inlet tubes open into a collecting chamber leading to the aforementioned
      air inlet passage which is disposed concentrically around the leg of the
      breeches pipe and is connected to an internal air nozzle of the blow-head.
DRWD
PAR  Examples of the invention will now be described with reference to the
      accompanying drawings wherein:
PAR  FIG. 1 is a cross-section through a blow-head;
PAR  FIG. 2 is a section taken on the line II--II in FIG. 1;
PAR  FIG. 3 is a section similar to FIG. 2 but taken through an embodiment
      employing four sets of air tubes and distributing passages for the
      plastics material; and
PAR  FIGS. 4 and 5 are enlarged cross-sections similar to FIGS. 2 and 3 but
      taken through embodiments employing six and eight sets, respectively, of
      air tubes and distributing passages.
DETD
PAR  Referring to FIG. 1, an extruder 1 delivers molten thermoplastic material,
      through a connecting member 2 having a curved bore, to a distributing
      member 3 of a blow-head housing 4. The housing is equipped with nozzle
      rings 5 and 6 between which the plastics material is ejected to form a
      blown bubble 10. Blades 7 provided in the distributing member 3 divert the
      molten material into distributing passages 8', 8" formed in the surface of
      an obtuse-angled cone. The distributing passages open into respective
      distributing helices 9', 9" out of which the molten material passes from
      the initially circumferential flow to axially directed flow towards the
      nozzle orifice. The region of the axial flow is defined by an annulus that
      constitutes an overflow gap 9(A) located downstream of the helices. The
      bubble 10 of blow film is taken off in conventional manner, flattened and
      coiled.
PAR  For the exterior cooling of the blown film, there is a cooling ring 11 to
      which air is supplied by a diagrammatically indicated fan 12 which,
      through a branch conduit fitted with a throttle 13, also supplies air for
      the internal cooling of the film. The internal cooling air is fed to a
      collecting chamber 15 through an inlet tube 14 and passes through an
      annular air inlet passage 16 to an internal cooling ring 17 at which the
      air enters the blown film. The heated internal cooling air is discharged
      through an air outlet passage that preferably extends upwardly right up to
      a level at which the blown film is flattened. This air outlet passage is
      defined by a pipe 18 extending concentrically through the inlet passage 16
      and leading to an air outlet tube 19. The heated air is passed through the
      pipe 18 and tube 19 by means of a suction fan 20. If a plurality of the
      tubes 14 and 19 is provided, as hereinafter described with reference to
      FIGS. 3 to 5, the blow-head would also comprise distributing and
      collecting tubes (not shown in FIG. 1) for respectively distributing or
      collecting the streams of air.
PAR  The or each inlet tube 14 and the or each outlet tube 19 extend
      substantially perpendicular to the conical surface in which the
      distributing passages 8', 8" are formed, the tubes being provided in an
      alternating arrangement. It should be noted that, if there is a plurality
      of outlet tubes 19, these would constitute the diverging branches of a
      breeches pipe of which the leg is the pipe 18, the centre lines of the
      pipes 14 and 19 being disposed on an acute-angled conical surface.
PAR  As will be evident from FIG. 1, the air tubes 14 and 19 open to the
      exterior of the blow-head in the vicinity of the connecting member 2. They
      can be readily connected to spiral hoses without danger of the latter
      becoming damaged by touching the hot parts of the blow-head.
PAR  FIG. 2 indicates the alternative arrangement of outlet tube 19,
      distributing passage 8, inlet tube 14, and distributing passage 8, in the
      case of the FIG. 1 construction employing a total of two tubes 14, 19 and
      two distributing passages. The inlet and outlet tubes are also provided
      with the reference letters E and A, respectively. FIGS. 3 to 5 show the
      alternating arrangements for embodiments employing a total of four, six
      and eight tubes, respectively, between four, six and eight distributing
      passages 8 leading to four, six and eight distributing helices 9. For the
      sake of clarity, thermal insulators that would normally be provided for
      the members 14, 15, 16 and 19 have been omitted from the drawings.
PAR  By providing the distributing passages 8 and the tubes 14, 19 along
      respective cones that are substantially normal to one another, the basic
      dimensions of the blow-head (diameter and length) can be influenced within
      a comparatively wide range by appropriate selecting the angles of the
      cones, thereby permitting the tubes 14, 19, which have as large a
      cross-section as possible, to be accommodated between the inlet ends of
      the distributing helices 9 and the distributing blade 7.
CLMS
STM  We claim:
NUM  1.
PAR  1. A sheet blow head for the manufacture of sheet tubes from a
      thermoplastic material with central melt feed line and with distributing
      bores that extend radially from it to the blow head casing, and which open
      into one distributing helical member of the blow head insert forming an
      increasingly larger overflow gap with the blow head casing, wherein the
      distributing bores take their course in the generated surface of an
      obtuse-angled cone, and an internal air cooling system, the improvement
      comprising channels supplying and exhausting interior air consisting of
      concentric pipes that penetrate the blow head axially, while the co-axial
      air supply channels are connected with the pertinent air conduits outside
      the blow head via, at least, one feed pipe and outlet pipe, each which
      extend substantially vertically through the generated surface of the cone
      and between adjoining distributor bores.
NUM  2.
PAR  2. A blowhead for producing tubular film from thermoplastic molten material
      comprising:
PA1  a housing with a central supply conduit for the molten material;
PA1  an insert member inserted into said housing having a plurality of
      distributing helices which form with said housing an overflow gap located
      downstream of said helices;
PA1  distributing means for conducting molten material from said central supply
      conduit to said plurality of distributing helices comprising a plurality
      of distributing passages having one end connected to said central supply
      conduit and the other end connected to one of said plurality of helices,
      said one ends being connected to said central supply conduit so that said
      plurality of distributing passages form the conical surface of an
      obtuse-angled cone and radiate from said central supply conduit with said
      central supply conduit coincident with the apex of said obtuse-angled
      conical surface; and
PA1  means for internally cooling blown film comprising concentric air inlet and
      outlet passages extending axially of said housing, and at least one inlet
      tube connected to said inlet passage and one outlet tube having one end
      connected to said outlet passage, said one ends being connected to said
      concentric air inlet and outlet passages and extending to the exterior of
      the housing intersecting the conical surface of said obtuse-angled cone at
      substantially right angles.
NUM  3.
PAR  3. A blow head according to claim 2 wherein there is an equal even number
      of distributing passages and tubes and wherein the inlet and outlet tubes
      are provided in an alternating arrangement.
NUM  4.
PAR  4. A blow head according to claim 2, wherein the at least one inlet tube
      and said at least one outlet tube constitute the diverging branches of a
      breeches pipe of which one leg is disposed centrally of the housing and
      defines the said air outlet passage, and wherein the at least one inlet
      tube opens into a collecting chamber leading to the said air inlet passage
      which is disposed concentrically around the leg of the breeches pipe and
      is connected to an internal air nozzle of the blowhead.
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ABST
PAL  The invention relates to apparatus for producing strudel dough and the
      like. The apparatus generally comprises rolling apparatus for rolling
      dough into a flat sheet, a conveyor and stretcher for conveying the dough
      from the rolling apparatus and stretching it in a direction transverse to
      the direction in which it is rolled, clamping and conveying apparatus for
      conveying the dough from the stretching apparatus while maintaining it in
      its substantially most stretched condition, and apparatus for facilitating
      the removal of moisture from the flat sheet to preferably reduce its
      moisture content 80-83%. The moisture removing apparatus may comprise a
      hot-air blower and/or an absorptive band or the like.
PARN
PAR  This is a continuation, of application Ser. No. 319,394 filed Dec. 29, 1972
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process and an apparatus for producing a
      thin dough material from stretchable doughs, particularly doughs rich in
      gluten, e.g., for producing so called "strudel" dough.
PAC  PRIOR TECHNIQUES
PAR  Such thin dough material has, as a rule, up until now been produced by
      first manually rolling a portion of dough and then manually stretching the
      rolled dough in all directions until the desired thickness, approximately
      0.15 mm, of the stretched dough material has been obtained. When producing
      thin dough materials by rolling dough in machines, it was, however, not
      possible to produce a dough material having such a small thickness as when
      manually stretching pre-rolled dough material. When reducing the thickness
      of dough material by rolling, the dough material is always stretched in
      the same direction and by stretching the dough in this manner, the
      structure of the dough respectively of the gluten network becomes
      disturbed or destroyed to such an extent that when rolling the dough
      material to the desired final thickness, a product is obtained which does
      not show the quality as expected of strudel dough. By rolling the dough
      the gluten network of the dough will be excessively elongated in one
      direction and with this, the dough will lose its elasticity and become
      tough during baking instead of becoming crisp. Furthermore, rolling dough
      material down to a low thickness results in the drawback that components
      of the dough are expelled thereof. For producing thin dough material,
      e.g., strudel dough, of good quality one had to do with manual work.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  The invention now aims at avoiding the mentioned drawbacks. The process for
      producing a thin dough material from stretchable doughs essentially
      consists in that the dough is formed in a manner known per se by rolling
      in one direction into a flat sheet having a thickness exceeding the
      thickness of the desired final product and that the sheet material
      obtained is subsequently extended only in the transverse direction or
      nearly only in the transverse direction to the rolling direction,
      whereupon the width of the stretched sheet of dough is maintained until
      the stretched sheet of dough has been at least partially dried, preferably
      the water content thereof has been lowered to about 17 to 20 percent by
      weight. By streching the dough during rolling in the rolling direction,
      the gluten network will be elongated, however, such elongation does not
      have a detrimental effect on the gluten network because stretching of the
      dough by rolling is only effected to such an extent that the thickness of
      the dough material is still greater than the thickness of the final
      product. By extending or drawing the dough material subsequently to
      rolling in the transverse direction to the rolling direction, the gluten
      network is extended in this other direction in which the gluten network is
      still fully stretchable and will not become adversely affected. The rolled
      dough sheet can be extended in the transverse direction to such an extent
      that it has twice to three times, preferably 21/2 times, the width of the
      rolled width.
PAR  By maintaining the width of the extended dough material until it has at
      least partially become dried, it is avoided that the still extendable and
      thus elastic dough material will reduce again its width.
PAR  In this manner, a final product can be produced which retains the necessary
      elasticity. The thin dough material respectively strudel dough produced
      becomes crisp and tenderly foliated on baking. By attaining the final
      thickness by a drawing process, the drawback can be avoided that
      components of the dough are expelled. The quality of the dough material
      obtained will be equal to the quality of a dough material produced by
      manually stretching or drawing dough.
PAR  It has been found that it is convenient to select such conditions that the
      time interval for continuously drawing or extending the dough
      approximately corresponds to one half of the time interval selected for
      seizing the dough sheet to maintain the width attained on drawing or
      extending the dough sheet. In this manner, drawing of the dough sheet will
      require such a time interval that extending or drawing is effected
      according to the stretchability of the dough without excessively stressing
      the gluten network. With this embodiment, it is also considered that the
      thin dough material, while being seized for maintaining its width attained
      on drawing, can be heated respectively aerated for reducing the time
      interval necessary for drying the dough material while being seized, and
      thus for making the process more economic. While seizing the dough
      material in its final width, the dough material can be kept in contact
      with water absorptive material for removing water from the dough material
      and for simultaneously supporting the dough material and thus avoiding
      excessive stretching of this material under the influence of its own
      weight. According to the invention, the dough sheet is, while being
      extended or stretched or drawn in the transverse direction to the rolling
      direction and while being seized in its final width, moved in the rolling
      direction with a velocity corresponding to the rolling velocity in the
      last rolling stage.
PAR  Such a process makes it possible to mechanically produce thin dough
      materials, e.g., strudel dough, in an advantageous manner. An apparatus
      for performing a process according to the invention is essentially
      characterized in that seen in the rolling direction behind a rolling
      means, clamping means for seizing the edges of the dough sheet are guided
      along diverging paths and that the diverging paths have, as a
      continuation, parallel paths the distance of which approximately
      corresponds to the greatest distance between said diverging paths, with
      the clamping means seizing the edges of the dough sheet being guided
      within said paths. Conveniently, the clamping means are positively moved
      in the feeding direction of the dough sheet with a speed equal to the
      feeding speed of the dough sheet and it has been found advantageous to
      drive the clamping means guided along the diverging paths as well as the
      clamping means guided along said parallel paths by means of a drive means
      continuously adjustable in driving speed. A favorable drawing velocity in
      the transverse direction results when said paths are diverging for 1/3 to
      1/7, preferably approximately for 1/5, of the length of said paths.
PAR  According to a preferred embodiment of an apparatus according to the
      invention, the clamping means seizing the edges of the dough sheet are
      formed of pairs of belts or like paired members, the belts engaging the
      dough sheet at the area of the edges from above and from below and being
      driven with equal velocities in direction of the paths. These pairs of
      belts or like paired members can be formed by V-belts or by contacting
      plates connected to a chain, the surfaces of said members cooperating with
      the dough sheet optionally being provided with a cover of felt or fiber
      material for enabling these members to correctly seize the dough sheet and
      for avoiding any sticking on the dough sheet. The dough sheet extended in
      the transverse direction and to be retained in its extended width can be
      transmitted from the drawing station to the width stabilizing station by
      arranging the diverging pairs of belts with its ends having the greatest
      distance laterally outwardly of the parallel arranged pairs of belts.
PAR  The stretched dough sheet, after having been sufficiently dried and thus
      having become dimensionally stable to such an extent that it can be
      released by the clamping means, may be subdivided in a manner known per se
      by cutting means, whereupon the dough portions obtained may be, after
      optional folding, mechanically or manually packed up.
PAR  The invention is further illustrated with reference to the drawing
      illustrating several embodiments.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 represent an embodiment of an apparatus according to the
      invention, with FIG. 1 being a side elevation and FIG. 2 a top plan view,
PAR  FIG. 3 shows, in a larger scale and in a top plan vies, the drawing station
      for drawing the dough in a apparatus according to FIGS. 1 and 2.
PAR  FIGS. 4 and 5 show in a still larger scale the guiding means for the belts
      forming the clamping means, FIG. 4 showing a side elevation and FIG. 5 a
      cross section along line V--V of FIG. 4.
DETD
PAR  A pre-rolled dough sheet 2 is fed from a rolling station 1, and a conveyor
      belt to rolling stations 3 and 4. In correspondance to the gradual
      decrease of the thickness of the dough sheet the rolling speed in the
      subsequent rolling stations 2 and 4 is to be increased. The rolling speed
      is controlled by light barriers 5, 6 and 19, in which the sagging dough
      sheet 2 shuts off a light beam. The dough sheet 2 is further rolled in
      these rolling stations 3 and 4 by roll pairs 7 and 8. Before and
      subsequently of each roll pair 7 and 8 the dough sheet 2 is passing guide
      rolls 9 and 10, respectively. A conveyor belt 11 running over rolls 12 and
      a driven roll 12' is conveying the dough sheet 2, which has been rolled in
      the rolling stations 3 and 4 down to a thickness of about 0.4 mm, into a
      drawing station 13 within which the dough sheet is stretched in direction
      of arrows 14 in transverse direction to the rolling direction. In this
      drawing station 13, clamping means seizing the edges of the dough sheet 2
      are guided along diverging pathes 15. As is shown in FIGS. 4 and 5 in a
      greater scale, these clamping means are formed of pairs of V-belts
      comprising an upper V-belt 16 and a lower V-belt 17. These V-belts are
      provided at their surfaces engaging the edges of the dough sheet 2 with
      layers 18 of felt which is well suitable for seizing the dough without
      adhering thereto. In view of said pairs 16, 17 of V-belts being guided
      along diverging paths 15, the dough sheet is being stretched in transverse
      direction to the rolling direction 14 according to the divergence of the
      diverging paths. The conveyor belt 11, the clamping means in the drawing
      station 13 and the clamping means in the stabilizing station 22 are driven
      by a common continuously controllable drive means. The control of the
      rolling stations 1, 3 and 4 is effected by light barriers. The distance of
      the diverging paths 15 at the output end 20 is approximately 21/2 times
      the distance of the input end. The dough sheet 2 is thus stretched in
      transverse direction to approximately 21/2 times its original width so
      that the thickness of the dough sheet at the output end 20 is
      approximately 0.15 mm.
PAR  At the output end 20 of the drawing station the dough sheet extended in
      transverse direction is transmitted to a stabilizing station 22 in which
      pairs of V-belts 16, 17 of the same construction as in the drawing station
      clamp the edges of the dough sheet 2 and are moved along parallel paths
      23. Transmission of the dough sheet from the drawing station 13 to the
      stabilizing station 22 can simply be effected by arranging the diverging
      pairs of belts 16, 17 such that the most distant portion of the belts of
      the drawing station are located laterally outwardly of the ends of the
      paths 23 at the transmitting area 20. The stretched dough sheet 2 is now
      fed to the output end 24 by the pairs of belts 16, 17 moved along said
      paths 23. The width of the stretched dough sheet is maintained constant by
      the pairs of belts clamping the edges thereof. The conveying speed within
      the stabilizing station 22 is again adjusted such that the dough sheet 2
      is moved in rolling direction 14 with the same speed as in the drawing
      station 13. Within the stabilizing station the dough sheet is dried to
      such an extent that the width of the dough sheet will become stabilized.
      The dough sheet now stabilized is passing guide rolls 25 and then fed onto
      a belt conveyor 26, where a cutting means 27 is provided by which the
      dough sheet is subdivided in transverse and in longitudinal direction. The
      dough material portions obtained by cutting the dough sheet are fed to a
      packing station 28.
PAR  At the drawing station 13, between the diverging paths 15 additional belts
      29 are provided for supporting the dough sheet said belts 29 being driven
      with a speed having the same speed component in rolling direction 14 as
      have the belts 16, 17 running on paths 15 in rolling direction. Within the
      stabilizing station 22 an endless band 30 of absorptive material, e.g. of
      felt, is provided on which the dough sheet is supported and which is moved
      with the same speed as the pairs of belt 16, 17 are moved along paths 23.
      This endless band 30 of felt promotes removal of water from the dough
      sheet. Furthermore, heating fans 31 are provided above the felt band 30
      for accelerating drying of the dough sheet 2.
PAR  In FIGS. 4 and 5 it is shown how the pairs of belt 16, 17 are guided,
      noting that the input end of the stabilizing station 22 is shown in an
      enlarged scale at the transmitting area 20. The arrangement shown applies
      as well for the belts 16, 17 within the drawing station 13 as well as for
      the belts 16, 17 in the stabilizing station 22. The lower belt 17 is
      supported by a roller chain 32 of usual construction, the roller chain 32
      being stationarily arranged and forming a roller path for belt 17. The
      upper belt 16 of the pair of belts is pressed in direction to the lower
      belt 17 by rollers 33 urged in downward direction by spring members 37.
      These rollers 33 are rotatably supported on single-arm levers 34 which are
      at 35 pivotally connected to a frame 36, said levers 34 being loaded by
      said spring member 37. The frame 36 is connected to the base frame 39 of
      the apparatus by means of posts 38.
PAR  17' is the returning strand of belt 17 and 16' is the returning strand of
      belt 16. 40 is the return roller for the upper belt 16 and 41 is the
      return roller for the lower belt 17.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for producing a thin dough material from stretchable doughs,
      particularly doughs rich in gluten, comprising
PA1  a. rolling means for rolling the dough in a first direction into a flat
      sheet having a thickness exceeding the thickness of the final dough
      material to be produced,
PA1  b. means for continuously conveying said dough sheet from said rolling
      means while stretching said rolled sheet of dough in a second direction
      substantially transverse to said first direction,
PA1  c. means for continuously conveying said dough sheet from said stretching
      means while clamping the edges of said rolled and stretched dough sheet to
      maintain said rolled stretched dough sheet in substantially its most
      stretched condition, and
PA1  d. means for removing moisture from said rolled stretched dough sheet, at a
      rate greater than it would be removed by mere evaporation by exposure to
      ambient air, while said sheet is maintained in its stretched condition so
      that the moisture content of the dough sheet is lowered and the final
      desired dough material is produced.
NUM  2.
PAR  2. Apparatus as recited in claim 1 wherein said dough sheet is conveyed by
      said clamping and conveying means a distance at least twice as great as
      the distance said dough sheet is conveyed by said stretching and conveying
      means during stretching thereof.
NUM  3.
PAR  3. Apparatus as recited in claim 1 wherein said means for stretching said
      rolled dough sheet includes means for clamping said dough arranged in
      straight line diverging paths.
NUM  4.
PAR  4. Apparatus as recited in claim 3 wherein the extent of divergence of said
      paths is from 1/3 to 1/7 of the length of said paths.
NUM  5.
PAR  5. Apparatus as recited in claim 4 wherein the extent of divergence of said
      paths is 1/5 the length of said paths.
NUM  6.
PAR  6. Apparatus as recited in claim 3 wherein said clamping means associated
      with said stretching means, and said clamping means for maintaining said
      stretched sheet in a stretched condition are driven by a continuously
      speed adjustable drive means.
NUM  7.
PAR  7. Apparatus as recited in claim 3 wherein said stretching means clamping
      means includes a plurality of pairs of V-belts arranged in said diverging
      paths, each pair comprising an upper belt and a lower belt, and means for
      resiliently pressing said belts together.
NUM  8.
PAR  8. Apparatus as recited in claim 7 wherein said means for resiliently
      pressing said belts together include resiliently loaded rollers spaced
      from one another above the upper belts, and wherein the lower belts run on
      stationary rollers of a roller chain.
NUM  9.
PAR  9. Apparatus as recited in claim 7 further comprising a layer of felt
      material provided on the surfaces of said belts cooperating with said
      dough sheet.
NUM  10.
PAR  10. Apparatus as recited in claim 1 wherein said means for removing
      moisture from said sheet include a heating member for blowing hot air on
      said sheet.
NUM  11.
PAR  11. Apparatus as recited in claim 1 wherein said means for removing
      moisture from said sheet includes an endless band of absorptive material.
NUM  12.
PAR  12. Apparatus as recited in claim 11 wherein said band of absorptive
      material is arranged between shaped sheet edge engaging portions of said
      clamping means and is driven at substantially the same speed as said
      clamping conveying means.
NUM  13.
PAR  13. Apparatus as recited in claim 1 wherein said clamping and conveying
      means includes two pairs of clamping members for clamping the edges of
      said sheet, each pair clamping a sheet edge, said two pairs of clamping
      members being driven at substantially the same speed.
NUM  14.
PAR  14. Apparatus as recited in claim 13 wherein said stretching means include
      clamping means, said clamping means of said stretching means overlapping
      said clamping members of said clamping and conveying means.
NUM  15.
PAR  15. Apparatus as recited in claim 3 wherein said stretching means clamping
      means includes paired plate chain members.
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ABST
PAL  An expandable poincon assembly to be used for forming a headpiece onto a
      preformed thin-walled plastic or laminate tube or bag provides a poincon
      upon which the loose fitting preformed thin-walled tube can be loaded.
      After tube loading, the poincon is inserted into a female forming member.
      Toward the end of the poincon's insertion stroke, a soupape which is
      mounted for axially movement within the head end of the poincon contacts
      the female forming member and then partially retracts into the head end of
      the poincon as the poincon continues to advance to the end of its
      insertion stroke. A conically-shaped washer mounted on the bottom end of
      the soupape is peripherally expanded by the continued advancement of the
      poincon after the top end of the soupape has contacted the female forming
      member. As the poincon reaches the end of its forward stroke, which will
      be the closed position of the poincon relative to the female forming
      member, the expanding periphery of the washer makes contact with the
      preformed tube body at a location below the portion of the tube body which
      extends beyond the poincon to effect a tight sealing fit between the
      poincon, the tube body and the female forming member to define a mold
      cavity in which the headpiece to the tube body may be formed.
PARN
PAR  This is a continuation of application Ser. No. 308,563, filed Nov. 21,
      1972, which is a divisional application prior application Ser. No. 72,083,
      filed on Sept. 14, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates broadly to a method and apparatus for forming
      a headpiece on a preformed tubular body, and is more particularly
      concerned with providing a mold cavity in which to form a headpiece on a
      thin-walled preformed plastic or laminate tube, such as a bag intended for
      use in an aerosol can.
PAR  Various methods are used for forming a headpiece on a preformed tubular
      body. In one commonly-used method, a preformed tubular body is placed upon
      a poincon which had a diameter smaller than the inside diameter of the
      tubular body which allows a slight tolerance or clearance between the
      poincon and the tubular body. Then the poincon is inserted into an
      opposing female forming member such that the top end of the tubular body
      carried on the poincon extends beyond the head end of the poincon and
      abuts an inwardly curved inside surface of the opposing female member. The
      curved inside surface of the female member forms and bends or rolls the
      end of the tubular body inwardly effecting a tight sealing fit with the
      outside surface of the tubular body.
PAR  In order to prevent thermoplastic material from escaping through the
      tolerance or clearance between the inside surface of the tubular body and
      the poincon, or so-called "blow-up" of the molten material during the
      molding of the headpiece, it is necessary to maintain a tight sealing fit
      also between the poincon and the inside surface of the tubular body. Up to
      the present time, this has been accomplished by providing the inside
      surface of the female forming member, at a location directly opposite the
      top outer edge of the poincon, with a slightly smaller inside diameter
      than its overall inside diameter so that simultaneously as the poincon
      reaches the end of its insertion stroke this portion of the female member
      with the reduced diameter, together with the top outer edge of the
      poincon, will "squeeze" the tubular body to form a tight seal.
PAR  However, the above approach requires the maintenance of extremely precise
      tolerances and presents complications when one desires to automatically
      load preformed tubes onto the poincon, particularly, in the case of
      loading small tubes with thin-walled constructions, such as contemplated
      for use as bag elements in aerosol cans.
PAR  The present invention overcomes this problem by using a poincon, with a
      substantially undersized diameter relative to the inside diameter of the
      tube body, having an expandable washer at its head end. The use of this
      expandable washer, in conjunction with the undersized diameter of the
      poincon, enables a loose fitting installation of the tube body
      automatically onto the poincon prior to the headpiece forming operation.
PAR  The conically-shaped washer is normally in a contracted form, being
      retained by the bottom end of the cylindrical head of a soupape which is
      mounted for axial movement within the head end of the poincon. After the
      poincon with the tube body loosely fitted thereon is inserted into the
      female forming member and when it has moved therein toward its closed
      position relative to the female member at the end of its forward stroke,
      the top end of the cylindrical head of the soupape makes contact with the
      female member and depresses or retracts into the poincon as the poincon
      continues to advance forward to the end of the stroke. As the final
      advance of the poincon cause the soupape to retract, the head end of the
      advancing poincon expands the periphery of the washer to effect a
      peripheral contact of the washer with the inside diameter of the tube body
      establishing a tight sealing fit between the poincon, the tube body and
      the female forming member to define a mold cavity. While the forming
      elements are maintained in this position, molten thermoplastic material is
      introduced into the mold cavity to form the headpiece on the preformed
      tube body.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method and apparatus for forming a
      headpiece on a preformed tubular body. A poincon having an undersized
      diameter is loosely fitted with the preformed tubular body. Provision is
      also made for air assist means within the poincon to lubricate the outside
      surface of the poincon concurrently as the preformed tube body is being
      loosely fitted on the poincon. Toward the end of the forward stroke of the
      poincon, a conically-shaped washer mounted on the bottom of the
      cylindrical head of a soupape, which is mounted for axial movement within
      the head of the poincon, peripherally expands when the top of the
      cylindrical head of the soupape contacts the female forming member and
      retracts into the poincon as the poincon continues to advance to the end
      of its stroke. The advancing head of the poincon actually forces the
      washer to peripherally expand. At the end of the forward stroke, the
      poincon has assumed a closed position in relation to the female forming
      member and the periphery of the expanding washer has contacted the tube
      body to effect a tight sealing fit between the poincon, the tube body and
      the female member to define a mold cavity in which the headpiece is
      subsequently formed by the introduction of molten thermoplastic material
      therein.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view through the forming apparatus showing
      the conical, expandable washer in its initial contracted position;
PAR  FIG. 2 is a vertical sectional view through the forming apparatus showing
      the conical, expandable washer in its expanded position just before
      introduction of the molten thermoplastic material to form the headpiece on
      the preformed tube body;
PAR  FIG. 3 is a vertical sectional view through the forming apparatus showing
      the conical, expandable washer in its expanded position just after
      formation of the headpiece.
PAR  FIG. 4 is a vertical sectional view through the forming apparatus showing
      the conical, expandable washer in its final contracted position; and
PAR  FIG. 5 is a perspective enlarged view of the conical, expandable washer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 of the drawings, forming apparatus, generally designated 10, is
      shown embodying the novel concept of the present invention. The apparatus
      10 comprises in the exemplary embodiment illustrated a female forming
      member, generally designated 11, having a stationary die housing 12 which
      may be formed of separable parts retained in position by a ring member 14.
      The housing 12 is of generally an inverted cup shape and interiorly
      thereof is provided with a flat wall 16 and an inclined wall 18 which
      receive an external neck forming means 20 taking the form of a plurality
      of separable thread plates spring-pressed outwardly in a manner known to
      the art.
PAR  The resilient force urging the thread plates 20 outwardly is opposed by a
      collar member, or matrice, 22 retained within the die housing 12 by the
      ring member 14, the matrice 22 being maintained in the position of FIG. 1
      by an outer movable sleeve member, or chemise, 24. The chemise 24 is
      supported in a known manner, such as that shown in U.S. Pat. No. 3,207,833
      which issued on Sept. 21, 1965.
PAR  An inner sleeve member, or manchon, 26 is axially passaged as at 28 and
      receives therein the stem portion 30 of an internal shoulder forming
      member, or poincon, generally designated 32, shown as also having an
      enlarged head portion 34 engageable with the upper end of the manchon 26.
      The manchon 26 and the poincon 32 are bolted or otherwise secured together
      by a set screw 36 so as to be movable in unison.
PAR  The poincon 32 has a central passageway 38 in which is axially movably
      mounted an internal neck forming member, or soupape, generally designated
      40, which has a hollow stem portion 42 and a substantially cylindrical
      head portion 44. The hollow stem portion 42 of the soupape 40 has a
      central bore 46 and openings 48 which communicate with channels 50 through
      the head portion 34 of the poincon 32 by which path an air flow is used to
      "lubricate" the outside surface 52 of the poincon 32 during the loose
      fitting installation of a tube body 54 onto the poincon 32 prior to the
      headpiece forming operations which will be described hereinafter.
PAR  An expandable BELLEVILLE washer, generally designated 56, shown separately
      in FIG. 5, which has a conically-shaped wall 58 and a flat top 60 with a
      center hole, generally designated 62, therein is secured by conventional
      means to the peripheral bottom end 64 of the cylindrical head portion 44
      of the soupape 40, with the stem portion 42 of the soupape 40 extending
      through the hole 62 of the washer 56.
PAR  In FIGS. 1 and 4, the washer 56 appears in its normal or contracted
      position, while in FIGS. 2 and 3, it appears in its expanded position. The
      washer 56 is actuated between these two positions through contact of its
      conically-shaped wall 58 with the head portion 34 of the poincon 32 during
      axial movement of the poincon 32 in relation to the female forming member
      11 when the poincon 32 is close to the end of its inward stroke within the
      female member 11, or, in other words, when the poincon 32 and the female
      member 11 have nearly assumed a closed relationship or position.
PAR  The poincon 32 is axially movable relative to the female member 11 under
      the action of suitable hydraulic or pneumatic means or the like (not
      shown).
PAR  When the poincon 32 with the tube body 54 loosely fitted thereon is
      inserted into the female forming member 11, the top end 61 of the tube
      body 54 extends beyond the outer edge 63 of the head end 34 of the poincon
      32 and abuts an inwardly curved inside surface 65 of the opposing female
      member 11. The curved surface 65 of the female member 11 forms and bends
      the top end 61 of the tube body 54 inwardly effecting a tight sealing fit
      with the outside surface 66 of the top end 61 of the tube body 54.
      However, if it was not for the provision of the washer 56, there would be
      no sealing fit between the inside surface 68 of the tube body 54 and the
      outside surface 70 of the head end 34 of the poincon 32, in view of the
      fact that the tube body 54 was initially loosely fitted onto a poincon 32
      having an undersized diameter relative to the inside diameter of the tube
      body 54.
PAR  The soupape 40 has a spacer ring 72 at the bottom end of its hollow stem
      portion 42 which regulates the amount of peripheral expansion which the
      washer 56 may undergo. Normally the resiliency of the washer 56 to retain
      its unexpanded or contracted condition, causes the axially movable soupape
      40 to maintain what may be termed an "up" position as shown in FIGS. 1 and
      4. In this position the spacer ring 72 is flush against the bottom of the
      poincon 32. As shown in FIGS. 2 and 3, the soupape 40 is in a "down"
      position, such resulting from the movement of the poincon 32 into a closed
      position relative to the female forming member 11. When the poincon 32
      reaches this closed relationship, a kiss-off element 74 on the top of
      cylindrical head portion 44 of the soupape 40 makes contact with the die
      housing 12 of the female forming member 11 and terminates the upward or
      forward movement of the soupape 40 while the poincon 32 still continues to
      move forward. From this point on, only the poincon 32 moves upward or
      forward, all the while, peripherally expanding the washer 56 as it moves
      forward until it reaches the end of its insertion stroke at which time the
      upper surface 76 of the poincon head 34 becomes contiguous with the
      conically-shaped wall 58 of the washer 56. At this point, the outer
      peripheral edge 78 of the washer has contacted the inside surface 68 of
      the tube body 54 adjacent to the top end 61 of the tube body 54 and has
      functionally effected a tight sealing fit, generally designated 79,
      between the poincon 32, the tube body 54 and the female forming member 11
      to define a mold cavity 80, generally designated, into which molten
      thermoplastic material 82 is subsequently introduced to form the headpiece
      84 of the tube body 54.
PAR  Following the formation of the headpiece 84, the poincon 32 is partially
      retracted out of the female forming member 11 causing the washer 56 to
      contract or return to its normal position, as shown in FIG. 4, and the
      formed article is ejected from the female forming member substantially as
      described in U.S. Pat. No. 3,207,833.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description and it will be apparent that
      various changes may be made in the form, construction and arrangement of
      the parts and that changes may be made in the steps of the method
      described and their order of accomplishment without departing from the
      spirit and scope of the invention or sacrificing all of its material
      advantages, the form hereinbefore described being merely a preferred or
      exemplary embodiment thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for molding a headpiece on a tubular body, comprising:
PA1  a female forming member having a surface defining a mold cavity with an
      opening thereinto, said cavity being configured to define the external
      surface of a headpiece;
PA1  a washer configured to define at least a portion of the internal surface of
      a headpiece, said washer being expandable to dispose a continuous
      peripheral portion thereof in close proximity to said cavity-defining
      surface;
PA1  means for disposing said washer within said cavity of said forming member
      adjacent said opening thereinto said female forming member and said washer
      cooperatively defining at least a portion of a head-piece forming space in
      said apparatus;
PA1  means for expanding said washer; and
PA1  means for introducing a flowable synthetic resinous material into said
      headpiece-forming space, said apparatus being adapted to receive an
      open-ended tubular body with the open end thereof seated within said
      cavity adjacent said opening thereinto, and with said washer at least
      partially disposed within the tubular body adjacent its open end so that,
      upon expansion of said washer, said peripheral portion thereof may be
      urged into sealing engagement with the inner surface of the tubular body,
      in turn urging the outer surface of the tubular body into sealing
      engagement with said cavity-defining surface, the tubular body thereby
      sealing said forming space and cooperatively defining a mold cavity
      therewith, for forming a headpiece on the body.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said female forming member has a
      passageway thereinto at a location spaced from said opening, to provide
      said resin-introducing means.
NUM  3.
PAR  3. Apparatus for molding a headpiece on a tubular body, comprising:
PA1  a female forming member having a mold cavity with an opening thereinto,
      said cavity being configured to define the external surface of a
      headpiece;
PA1  a male member supported for movement between a withdrawn position, and an
      inserted position with one end disposed within said cavity;
PA1  a generally conical hollow washer disposed on said male member adjacent
      said one end thereof and configured to define therewith the internal
      surface of a headpiece, said washer being expandable to dispose, in said
      inserted position of said male member, a continuous circumferential
      portion thereof in close proximity to the cavity-defining surface of said
      forming member adjacent said opening and to define, in cooperation with
      said cavity-defining surface, a headpiece-forming space therebetween;
PA1  means for expanding said washer; and
PA1  means for introducing a flowable synthetic resinous material into said
      headpiece-forming space, said male member being adapted for mounting of an
      open-ended tubular body thereon with said washer disposed therewithin
      adjacent an open end thereof, and said female member being adapted to
      receive the body with the open end thereof seated within said cavity
      adjacent said opening thereinto so that, in said inserted position of said
      male member, said circumferential portion of said washer may be urged by
      said expanding means into sealing engagement with the inner surface of the
      body, in turn urging the outer surface of the body into sealing engagement
      with said cavity-defining surface, the tubular body thereby sealing said
      forming space and cooperatively defining a mold cavity therewith, for
      forming a headpiece on the body.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said female forming member has a
      passageway thereinto at a location spaced from said opening, to provide
      said resin-introducing means.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said male member comprises an elongated
      body having an axial bore extending therethrough, and a post slidably
      received therewithin and having an end portion protruding from a first end
      thereof at said one end of said member, wherein said washer is mounted on
      said end portion of said post with its apex disposed away from said
      elongated body, and wherein said first end of said body is configured to
      spread said washer upon engagement therewith, so that relative sliding
      movement of said post toward said elongated body may cause said washer to
      engage said first end, to thereby effect expansion of said washer.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said male member has at least one
      channel extending from said axial bore to an outer surface thereof, and
      wherein said axial bore communicates with an air source, so that air may
      be supplied through said channel to said outer surface of said male
      member, to thereby lubricate said male member and assist in the facile
      mounting of a tubular body thereon.
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PAL  An apparatus for making a dual seal insulator including an insert and a
      pair of elastomeric seals each united to one of the ends of the insert,
      wherein portions of the insert and the seals define a plurality of bores.
      The insulator is formed by mounting the insert in a mold to form a pair of
      mold cavities at each end of the insert and placing core pins in the bores
      of the insert so that they extend from the insert across the cavities. A
      keyway, disposed longitudinally on the circumference of the insert between
      the ends thereof, cooperates with the enclosure to define a passage
      between the mold cavities. An elastomeric material is pressed into one of
      the cavities so that a portion of the material is forced through the
      passage into the other of the cavities. In this manner, the pair of
      elastomeric seals is simultaneously molded at opposite ends of the insert.
      The insulator is then cured and removed from the enclosure and the core
      pins are extracted from the bores. The invention includes the apparatus
      for manufacturing the article which constitutes the dual seal insulator.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This is a divisional application of application Ser. No. 317,926, filed on
      Dec. 26, 1972 now U.S. Pat. No. 3,879,517, for METHOD FOR MAKING A DUAL
      SEAL INSULATOR FOR MULTIPLE CONDUCTOR CONNECTORS.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to apparatus for molding seals on opposite
      ends of an insert to form an insulator for use in multiple conductor
      connectors.
PAR  2. Description of the Prior Art
PAR  Multiple conductor electrical connectors are used for providing continuity
      between associated conductors in a pair of multiple conductor cables. Each
      of the connectors includes a pair of opposing registerable portions which
      are individually connected to the end of one of the pair of cables. The
      opposing portions each have included an encasing member and an insert
      disposed therein. A grommet seal has been united with the forward end of
      the insert and a wafer seal has been united with the rearward end of the
      insert.
PAR  The insert in combination with the grommet seal and the wafer seal form a
      dual seal insulator having a plurality of bores extending longitudinally
      with the respective cable. A plurality of control elements are connected
      individually to one of the conductors and resiliently fixed within an
      associated one of the bores by the grommet seal. The wafer seal provides
      an insulating face at the rear of the insulator.
PAR  Multiple conductor insulators having an insert united with a grommet seal
      have been fabricated in accordance with a method disclosed by John E. Meyn
      in U.S. Pat. No. 3,525,786 and assigned of record to the assignee of
      record of the present application. That patent discloses the mounting of a
      multiplebore insert in a first mold wherein a first mold cavity is defined
      at one end of the insert. A multiplicity of core pins are placed into each
      of the bores of the insert to extend across the mold cavity. One of the
      ends of the insert is coated with uncured thermal setting adhesive and,
      with the mold heated, an uncured elastomeric material is forced under heat
      and pressure into the first mold cavity to form the grommet seal around
      the core pins. By curing the elastomeric material and the insert under
      pressure, the seal is bonded to the face of the insert.
PAR  In cases where it has been desirable to have a seal at both ends of the
      insert, the process has been repeated. Thus, the insert has been mounted
      in a second mold which forms a second mold cavity with the opposite end of
      the insert, and the core pins extend across the second mold cavity. The
      opposite end of the insert is coated with the uncured thermal setting
      adhesive and the elastomeric material is extruded under heat and pressure
      into the second mold cavity to form a second seal.
PAR  It can be appreciated that it is desirable to unite the insert with the
      grommet and wafer seals in a subassembly which provides for the alignment
      of the bores within the insulators and seals. However, the formation of a
      seal at each end of the insulator has called for an iteration of each step
      in the process. For this reason, the fabrication of the composite bodies
      has been relatively time consuming and expensive. It is desirable to
      equalize the bonding of the seals to the insert but it has been difficult
      to maintain identical molding pressures in the separate molding operation.
      Furthermore, since separate molds have been used to form each of the
      seals, there has been an additional burden in cleaning the molds.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing deficiencies of the prior art have been overcome by the
      present invention which provides for the simultaneous molding of the first
      and second seals. An insert having multiple bores extending longitudinally
      between its ends is provided with keyways spaced on the circumference of
      the insert to maintain its radial alignment within a connector. The insert
      is enclosed in a mold so that a first mold cavity is defined at one end of
      the insert and a second mold cavity is defined at the other end of the
      insulator. Contact elements can be mounted in at least some of the bores
      of the insert to extend through the first and second mold cavities.
PAR  A passage which is defined at least in part by the insert connects the
      first mold cavity with the second mold cavity. As an elastomeric material
      is extruded under heat and pressure into one of the mold cavities, a
      portion of the material is forced through the passage into the other mold
      cavity whereby the seals are molded simultaneously. A longitudinal recess
      in the wall of the mold can combine with the side of the insert to define
      the passage between the first and second mold cavities. However, the
      passage is desirably provided by the keyways which extend longitudinally
      between the ends of the insert.
PAR  It will be noted that the temperature and pressure which accompanies the
      extruding of the elastomeric material is the same for each of the seals so
      that the seals have identical bonding characteristics. Also, since the
      dual seal insulators can be formed using a single mold, there is less of
      an investment in equipment. Furthermore, since the two seals are molded
      simultaneously, there is only one cleanup operation. Of particular
      importance is the savings in time which can result from simultaneously
      molding the grommet and the wafer seals. For example, the simultaneous
      molding process typically provides a 40 percent savings in time over the
      processes of the prior art.
PAR  Further features of the invention will appear from the following
      description in which the preferred embodiments of the invention have been
      set forth in detail in conjunction with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the presently preferred embodiment of
      the dual seal insulator, the view being in cross section through the axis
      of the composite body;
PAR  FIG. 2 is a front elevational view of the embodiment shown in FIG. 1; and
PAR  FIG. 3 is a sectional view of apparatus which may be employed for the
      molding of the dual seal insulator shown in FIGS. 1 and 2, wherein the
      area of the bore and the pin is substantially enlarged; and
PAR  FIG. 4 illustrates a fragmentary sectional view of another apparatus that
      may be employed for the molding of the dual seal insulator.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The concepts of this invention can be embodied in the configuration shown
      in FIG. 1 wherein a dual seal insulator is shown generally at 11. The dual
      seal insulator is a composite body including an insert 13, a grommet seal
      19, and a wafer seal 21. The insert 13 is defined in part by a first end
      face 15 and a second end face 17. The grommet seal 19 is preferably bonded
      to the first end face 15, and the wafer seal 21 is preferably bonded to
      the second end face 19 to form a composite body with the insert 13.
PAR  The insert 13 can be a rigid body having insulating properties which is
      preferably made of a thermal setting resin such as epoxy reinforced by
      glass fibers. In addition, materials such as diallyl phthalate, melamine,
      phenol, formaldehyde, resin, and alkyd molding compounds can be used to
      form the insert 13. The grommet and wafer seals 19 and 21 are preferably
      made of silicone rubber but other commonly known elastomers may be used
      such as butyl, nitrile, neoprene, SBR, EPR, or natural rubber.
PAR  The dual seal insulator 11 has a plurality of bores, such as the bore 23,
      which extend longitudinally through the insert 13 and the seals 19 and 21.
      The bore 23 can include a shoulder 25 defined by the insert 13 and
      providing the bore 23 with a step configuration having a larger diameter
      in the wafer seal 21 and a smaller diameter in the grommet seal 19. In
      addition, the bore 23 can include a circumferential restriction 27 in the
      elastomeric material forming the grommet seal 19. By virtue of the
      resilient yieldability of the elastomeric material, the circumferential
      restriction 27 functions in the manner of an O-ring. Thus, in a multiple
      conductor electrical connector, a contact element having an enlarged shank
      narrowing to form a pin can be inserted into the bore 23 so that the shank
      abuts the shoulder 25 and the circumferential restriction 27 creates a
      seal with the pin of the contact element. It can be appreciated that the
      circumferential restriction 27 also functions to yieldably retain the
      contact element within the associated bore 23.
PAR  A frontal view of the dual seal insulator 11 and the bores 23 is shown in
      FIG. 2. A plurality of slots such as the keyways 29 are longitudinally
      disposed at the circumference of the insulator 13 on an inside radius 30.
      Each of the keyways 29 cooperates with an associated key in the connector
      (not shown) to maintain the angular disposition of the dual seal insulator
      11 within the connector.
PAR  To carry out the contemplated method of fabrication the insert 13 can be
      molded in advance and its end faces 15 and 17 coated with an adhesive
      primer that is compatible with the materials used in the insert 13 and the
      seals 19 and 21. For example, in the preferred embodiment wherein the
      insert 13 is formed of an epoxy material and the seals are formed from a
      silicone rubber, the adhesive primer can include the following ingredients
      and parts by weight:
TBL  Diallyl phthalate         90                                              

     Diallyl phthalate monomer 10                                              

     Tertiary butyl perbenzoate                                                

                                5                                              

     Toluol                    150                                             

     Methyl ethyl ketone       50                                              

PAL  Desirably, two coats of adhesive primer are applied to each of the end
      faces 15 and 17, and the first coat is cured by baking at a temperature of
      300.degree.F for 15 minutes.
PAR  Further fabrication of the dual seal insulator 11 can be accomplished by
      use of a mold apparatus such as that shown in FIG. 3. A base plate 31 and
      a pin plate 33 cooperate to loosely hold a plurality of contact elements
      such as the contact element shown generally enlarged at 35. For the
      purpose of illustration the single contact element 35 is shown in FIG. 3
      it being understood that there can be a contact element for each of the
      bores 23 in the insert 13. The contact element 35 is provided with a
      ferrule 37, a shank 39, and a pin 41 which have progressively smaller
      diameters. The pin plate 33 is provided with a bore 43 for each of the
      contact elements 35, the bore 43 having a larger diameter in contact with
      the base plate 31 and a smaller diameter in contact with the shank 39. The
      contact elements 35 can be mounted in the bores 43 and the pin plate 33
      fixed to the base plate 31 by a multiplicity of screws 44.
PAR  An ejection plate 45 can be aligned with the pin plate 33 by the use of a
      plurality of dowel pins 47. The ejection plate 45 can be provided with a
      bore 49 in substantially close relationship with each of the contact
      elements 35.
PAR  A first cylinder 51 can be aligned with the ejection plate 45 by the use of
      dowel pins 53. In the preferred embodiment, the first cylinder 51 is
      provided with first wall portion 55 of relatively smaller diameter
      extending from the ejection plate 45, and second wall portions 57 of
      relatively larger diameter extending from the first wall portions 55.
PAR  In the preferred method of operating the apparatus shown in FIG. 3, the
      insert 13 is mounted over the contact elements 35 to occupy that portion
      of the cylinder 51 defined by the second wall portions 57. In this manner
      a first mold cavity 59 is defined by the end face 17 of the insert 13, the
      first wall portions 55, and the ejection plate 45. With the insert 13
      mounted over the contact elements 35, the shanks 39 of each of the contact
      elements 35 extend from the pin plate 33, across the first mold cavity 59
      and into the insert 13. In this manner, the contact elements 35 define
      interstices among the shanks 39 within the first cavity 59. The radius of
      the first wall portion 55 is preferably less than the radius of the second
      wall portion 57 but greater than the inside radius 30 (FIG. 2) of the
      keyways 29. With this configuration, each of the keyways 29 will provide a
      passage into the first mold cavity.
PAR  A second cylinder 61 can be seated on the cylinder 51 and aligned therewith
      by the use of dowel pin 63. The second cylinder 61 can be provided with a
      cylindrical inner surface 64 concentric with the first and second wall
      portions 55 and 57, respectively, and having a diameter substantially
      equivalent to the diameter of the second wall portions 57.
PAR  A top plate 65 can be mounted on a plurality of dowel pins 69 which extend
      from the second cylinder 61. In this manner, a second mold cavity 71 is
      defined by the top plate 65, the inner surface 64 of the second cylinder
      61, and the first end face 15 of the insert 13. The top plate 65 can be
      provided with an opening 67 extending into the second mold cavity 71 and a
      plurality of recesses 66 each receiving the head 41 of one of the contact
      elements 35. With the insert 13 disposed over the contact elements 35, the
      heads 41 of the contact elements 35 extend from the insert 13, across the
      second mold cavity 71, into the recesses 66. In this manner, the contact
      elements 35 define interstices among the heads 41 within the second mold
      cavity 71. It can be appreciated that since the inside radius of the
      keyways 29 is less than the radius of either the first mold cavity 51 or
      the second mold cavity 71, the keyways 29 provide a passage between the
      cavities 51 and 71.
PAR  A pot 73 having an opening 75 in the base thereof can be placed on the top
      plate 65 so that the opening 67 and the opening 75 align to form a sprue.
      The pot 73 can be charged with an elastomeric material 77 and provided
      with a ram 79 capable of forcing the material 77 through the openings 75
      and 67 into the second mold cavity 71 to form the grommet seal 19. With
      the keyways 29 each providing a passage between the second mold cavity 71
      and the first mold cavity 51, a portion of the elastomeric material 77
      will extend through the keyways 29 into the first mold cavity 51 to form
      the wafer seal 21. In this manner the grommet and wafer seals 19 and 21
      respectively can be simultaneously molded under the same temperature and
      pressure, and with the same molding apparatus.
PAR  It can be appreciated that other means for providing a passage between
      first and second mold cavities 59 and 71 respectively can comprise a
      plurality of longitudinal recesses one of which is shown generally at 85
      in FIG. 4. In this embodiment the second wall portions 57 are slotted to
      define a first portion 87 of the longitudinal recess 85 which combines
      with a portion of the circumferential surface of the insert 13 to form a
      passage beside the insert 13. A second portion 89 of the longitudinal
      recess 85 is defined by the second end face 17 and the first wall portions
      55 to provide the passage with access to the first mold cavity 59. A third
      portion 91 of the longitudinal recess 85 can comprise a slot in the inner
      surface 64 of the second cylinder 61. The third portion 91 provides the
      passage with access to the second mold cavity 71. This embodiment of the
      mold apparatus is preferred when the insert 13 does not include keyways
      29.
PAR  In either of the foregoing embodiments, each of the bores 23 in the insert
      13 is occupied by a portion of one of the contact elements 35. To prevent
      the elastomeric material 77 from entering the bores 23 of the insert 13,
      it is desirable to maintain relatively close tolerances at least where the
      contact elements 35 enter and leave the insert 13. For example, the pins
      41 of the contact elements 35 can be provided with a radius 0.0003 inches
      less than the radius of the bores 23 to establish a shut off point 81
      where the pins extend from the insert 13 into the second cavity 71.
      Similarly, the shanks 39 of the contact elements 35 can be provided with a
      radius 0.0003 inches less than the radius of the bores 23 to establish a
      shut off point 83 where the shank 39 extends from the insert 13 into the
      first cavity 51.
PAR  In the preferred embodiment an initial downward pressure by the ram 79 of
      700 pounds per square inch will cause a portion of the elastomeric
      material 77 to pass through the second mold cavity 71 and the keyways 29
      into the first mold cavity 59. After the cavities 71 and 59 have been
      filled, the pressure applied by the ram 79 can be increased to 1000 pounds
      per square inch for approximately 15 seconds. At the end of this period of
      time the ram 79 can be allowed to drift for a cure period of approximately
      5 minutes after which the first cylinder 51 and the second cylinder 61 can
      be removed from the insulator 11. Then insulator 11 can be baked at a
      temperature such as of 350.degree.F for a final cure period of
      approximately 8 hours. Finally, the dual seal insulator 11 can be removed
      from the contact elements 35 by lifting the ejection plate 45 from the pin
      plate 33.
PAR  During the final cure period, the elastomeric material will shrink to the
      desired tapered configuration shown best in FIG. 1 from the dimensions of
      the second mold cavity 71 shown by dotted lines 93. The diameter of bores
      23 will not shrink, however, due to the presence of the contact elements
      35 within the bores 23 during the cure period.
PAR  It can be appreciated that this method and apparatus for fabricating the
      dual seal insulator 11 offers significant advantages over the methods and
      molding apparatus of the prior art. A significant advantage is associated
      with the simultaneous fabrication of the grommet seal 19 and the waver
      seal 21 which can provide a savings in time of approximately 40 percent.
      The savings in time can be accounted for in part by the fact that only a
      single fabricating apparatus need be cleaned after the insulator 11 is
      fabricated.
PAR  Furthermore, the prior art methods of molding relied upon different molds
      for each of the seals 19 and 21. Thus, the single mold disclosed herein
      provides a significant savings in molding. Only a single pot need be
      charged with the elastomeric material 77 and a single charge can be
      sufficient to fill both of the mold cavities 59 and 71.
PAR  These savings in time and equipment can be realized without significantly
      altering the configuration of the insert 13. The keyways 29 which are
      relied upon to maintain the configuration of the composite body 11 within
      the connector can provide passage means for connecting the first mold
      cavity 59 with the second mold 71. By using the existing keyways 29 as
      disclosed herein, the grommet and the wafer seals 19 and 21, respectively,
      can be molded simultaneously.
PAR  It can also be appreciated that the pressure which is applied to the
      elastomeric material 77 will be the same for the grommet seal 19 and the
      wafer seal 21 if they are simultaneously fabricated. This can assure
      greater uniformity in the bonding of the seals 19 and 21 to the insert 13.
      In this way, the grommet seal 19 and the wafer seal 21 will be maintained
      in firmly bonded relationship with the insert 13 even when considerable
      forces such as shear forces are applied to the seals.
PAR  Although this application has been disclosed and illustrated with reference
      to a particular embodiment, the principles involved are susceptible of
      numerous other applications which will be apparent to persons skilled in
      the art. The invention is therefore to be limited only as indicated by the
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for simultaneously molding a seal on each end of a plastic
      insert having first and second end faces and multiple bores extending
      therebetween; first means cooperating with the first end face to define a
      first cavity shaped to the configuration desired for one of the seals;
      said first means cooperating with the second end face to define a second
      cavity shaped to the configuration desired for another of the seals;
      second means for sealing the bores in the insert which are of two
      different diameters, the ends of said second means of one diameter
      extending across the first cavities, the ends of said second means of the
      other diameter extending across said second cavities, and third means for
      pressing a curable elastomeric material into the first cavity to occupy
      the area about said second means therein; the edge of the insert has at
      least one passage between the first and second cavities.
NUM  2.
PAR  2. An apparatus as recited in claim 1 wherein the insert has at least one
      portion which defines at the periphery of the insert at least one
      longitudinal recess extending between the end faces thereof, the portion
      cooperating with the first means to define the passage between and
      communicating with the first and second cavities.
NUM  3.
PAR  3. A combination as recited in claim 2 wherein a plurality of longitudinal
      recesses are provided in the edge of the insert to form a plurality of
      passageways which function as keyways which orient the insert in a
      connector.
NUM  4.
PAR  4. The apparatus as recited in claim 1 wherein the first means comprises:
PA1  first wall portions in substantial contact with the circumference of the
      insert;
PA1  second wall portions extending from the first wall portions to at least
      partially define the first mold cavity;
PA1  third wall portions extending from the first wall portion to at least
      partially define the second mold cavity;
PA1  the first wall portions including at least one longitudinal recess which
      cooperates with the insert to at least partially define the passage.
NUM  5.
PAR  5. In an apparatus for simultaneously molding at least first and second
      seals into a multiple bore insert, mold means having characteristics for
      enclosing the insert and cooperating with the insert to define first and
      second cavities; a multiplicity of like contact elements having the
      forward and rearward ends of different diameter for sealing the top and
      bottom edges of the bores in the insulator and with the ends of one
      diameter extending across the first said cavities, and the ends of the
      other diameter extending across the second cavities; means for charging
      the first cavities with a curable elastomeric material whereby the
      material fills the spaces among the contact elements in the first cavity
      to form the first seal; the insert having portions which at least
      partially define a plurality of passages extending from the first cavity
      into the second cavity whereby the charging of the first cavity forces a
      portion of the material through the passages into the second cavity to
      form the second seal having apertures of different diameter in the
      elastomeric material at opposite ends of the insert.
NUM  6.
PAR  6. An apparatus as recited in claim 5 wherein the mold means comprises:
PA1  first wall portions shaped in the configuration the first seal and
      cooperating with the insert to form the first cavity;
PA1  second wall portions shaped in the configuration of the second seal and
      cooperating with the insert to form the second cavity; and
PA1  third wall portions disposed between the first and second wall portions and
      in juxtaposition to the insert, said third wall portions cooperating with
      the insert to define the passages.
NUM  7.
PAR  7. An apparatus for receiving a multiple bore rigid insert and molding a
      seal onto each of the ends thereof, comprising: first wall portions
      configured to contact the edge of an insert; second wall portions
      cooperating with one end of said insert to define a first mold cavity;
      third wall portions cooperating with another end of said insert to define
      a second mold cavity; a plurality of contact elements having one end of
      greater diameter than the other, the ends of different diameters sealing
      the top and bottom ends of the insert bores; the ends of the contact
      elements of smaller diameter extending across the first mold cavity, the
      ends of the contact elements of greater diameter extending across the
      second mold cavities.
PATN
WKU  039307727
SRC  5
APN  4573536
APT  1
ART  323
APD  19740402
TTL  Manufacture of conjugate filaments
ISD  19760106
NCL  5
ECL  1
EXA  Joyce; Margaret
EXP  Kelly; Donald G.
NDR  1
NFG  4
INVT
NAM  Rees; David Anthony
CTY  Pontypool
CNT  EN
INVT
NAM  Price; Desmond Alfred
CTY  Pontypool
CNT  EN
ASSG
NAM  Imperial Chemical Industries Limited
CTY  London
CNT  EN
COD  03
PRIR
CNT  UK
APD  19700601
APN  26320/70
RLAP
COD  74
APN  330624
APD  19730208
PSC  03
RLAP
COD  81
APN  146057
APD  19710524
PSC  03
CLAS
OCL  4251315
EDF  2
ICL  B29C 2300
FSC  425
FSS  131;131.5;463
FSC  264
FSS  171
UREF
PNO  3457342
ISD  19690700
NAM  Parr
OCL  264171
UREF
PNO  3672802
ISD  19720600
NAM  Matsui
OCL  425131
UREF
PNO  3778208
ISD  19731200
NAM  Bisset
OCL  264171
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  Conjugate filaments containing components located in a side-by-side or
      eccentric sheath/core structure are formed by directing superposed layers
      of the polymer components across the surface of a spinneret plate into
      narrow channels, the channels being contained in a member integral with
      the spinneret plate, to form narrow streams which are extruded through
      extrusion orifices located below the narrow channels in a spinneret plate.
PARN
PAR  This is a division of application Ser. No. 330,624, filed Feb. 8, 1973, now
      abandoned, which is a continuation of Ser. No. 146,057 filed May 24, 1971,
      now abandoned.
BSUM
PAR  The present invention is concerned with a process and apparatus for the
      manufacture of conjugate filaments comprising two components which may be
      in a side-by-side or sheath/core relationship.
PAR  It is known to manufacture side-by-side and sheath/core conjugate filaments
      by processes and apparatus such as are described in British Pat.
      Specification Nos. 805,033 and 830,411, in which streams of polymer are
      presented to an extrusion orifice for forming into filaments in the
      appropriate relationship. It is also known from British Pat. Specification
      No. 1,100,430 to produce conjugate filaments, especially those of the
      sheath/core type, by supplying narrow superposed layers of polymer to
      confined zones located behind a spinneret plate and extruding the polymers
      through orifices contained therein.
PAR  It is also known that the resultant positions of the components in a
      conjugate filament and also their cross sectional shapes can be determined
      by controlling the flow of one or both of the polymer components in the
      region surrounding the extrusion orifices.
PAR  Thus British Pat. Specification No. 1,101,452 discloses the use of baffles
      associated with the extrusion orifices in apparatus such as that disclosed
      in British Pat. Specification No. 830,441 to control the flow of streams
      of polymer to the extrusion orifice and thus to produce highly eccentric
      sheath/core filaments.
PAR  The use of baffles to control the flow of polymer in the area adjacent the
      extrusion orifices is also disclosed in British Pat. Specification No.
      1,167,390 and also in British Pat. Specification No. 1,100,430.
PAR  In British Patent Specification No. 1,167,390 the flow of polymer is
      controlled by directing one polymer component along sub-channels to an
      extrusion orifice and injecting the second component into the polymer
      interface from a point above the said extrusion orifice. In this
      arrangement the angle subtended by the sub-channels may be varied to
      affect the cross sectional arrangement of the polymer components.
PAR  Similar arrangements are also disclosed in British Patent Specification No.
      1,050,191 which is concerned with the production of conjugate filaments in
      which the components exist in a side-by-side configuration.
PAR  We have now found that conjugate filaments having a side-by-side or
      sheath/core configuration may be produced, by directing the flow of the
      polymer components, in the form of superposed layers, across portions of
      the surface of a spinneret plate as narrow streams that flow towards
      extrusion orifices, contained in the spinneret plate, in a plane
      perpendicular thereto and are extruded through the said orifices as
      conjugate filaments.
PAR  Accordingly, therefore, the present invention provides a method for the
      manufacture of conjugate filaments wherein superposed layers of
      fibre-forming polymers are formed into narrow streams that flow across the
      surface of a spinneret plate towards extrusion orifices contained therein
      in paths perpendicular to the said orifices and are extruded therethrough
      as conjugate filaments having a side-by-side or sheath/core configuration.
PAR  The superposed layers of polymer are preferably formed by the method
      described in British Patent Specification No. 1,100,430 in which the
      polymer components are supplied in a band-like composite stream to the
      periphery of a confined region bounded on one side by the spinneret plate
      containing the extrusion orifices, in which confined region the stream
      forms superposed layers of polymer which are then directed towards the
      extrusion orifices.
PAR  Alternatively, the superposed layers may be formed from streams of polymers
      in which the components are in a sheath/core relationship, which streams
      are directed on to the surface of the spinneret plate to form superposed
      layers. Such sheath/core streams may be formed by known assemblies, for
      example the assembly described in British Patent Specification No. 830,441
      may be employed for this purpose.
PAR  When the extrusion orifices contained in the spinneret plate are located,
      at the extreme ends of the narrow streams, the polymers are extruded in a
      side-by-side configuration. However, if the streams are permitted to flow
      beyond the extrusion orifices, the polymers are then extruded in a
      sheath/core configuration.
PAR  The invention also includes conjugate filaments prepared by the above
      described processes.
PAR  The narrow streams of superposed layers are formed by directing the said
      layers of polymer into narrow channels formed in a member, to which
      polymer has access from all sides, located in contact with the upper
      surface of the spinneret plate. The extrusion orifices are located below
      the closed end portions of these channels.
PAR  Accordingly, therefore, from another aspect the invention provides
      apparatus for the production of conjugate filaments comprising a spinneret
      plate, a member to which polymer has access from all sides located on the
      upper surface of the spinneret plate and having formed therein narrow
      channels with closed end portions, extrusion orifices contained in the
      spinneret plate and positioned directly below the closed end portions of
      the said narrow channels and means located above and in contact with the
      aforesaid member to supply polymers to the upper surface of the spinneret
      plate in the form of superposed layers.
PAR  Preferably the aforementioned member containing the narrow channels is
      integral with the spinneret plate.
PAR  The extrusion orifices may be located by the extreme ends of the closed end
      portions of the narrow channels in which case the polymers are extruded
      therethrough in a side-by-side configuration, or the orifices may be
      located at some distance before the closed end portion of the channel in
      which case the polymers will be extruded in a sheath/core configuration,
      the nearer the location of the extrusion orifices to the closed end
      portion of the narrow channels the more highly eccentric the sheath/core
      configuration becomes.
PAR  The means for providing the polymer components in superposed layers is
      preferably that described in British Patent Specification No. 1,100,430
      which means comprises a plate defining a confined space above the
      spinneret plate and permits polymers to flow as a band-like composite
      stream around the periphery thereof into said confined space in the form
      of superposed layers. The said plate being in contact with the member
      located on the spinneret surface.
PAR  Alternatively, the means may comprise upper and lower plates containing
      axially aligned orifices, the lower plate being in contact with the member
      located on the surface of the spinneret plate, means for supplying one
      polymer component between the said plate and a polymer supply means
      located behind the upper plate and in communication with the orifices
      therein to permit streams of polymer in a sheath/core configuration to be
      directed on to the upper surface of the spinneret plate.
DRWD
PAR  The invention will now be more fully described with reference to the
      accompanying drawings.
PAR  In the drawings:
PAR  FIG. 1 is a cross section of a spinneret assembly across A-A' of FIG. 2;
PAR  FIG. 2 is a plan view of the spinneret plate of FIG. 1;
PAR  FIG. 3 is a plan view of an alternative form of spinneret plate;
PAR  FIG. 4 is a cross section of a filament.
DETD
PAR  In FIGS. 1 and 2 a pack holder 1 contains a spinneret assembly comprising a
      spinneret plate 2 containing orifices 3 located in the base of counter
      bores 4, a distributor plate 5 is mounted on the spinneret plate and a
      bottom screen 6 rests on top of the said distributor plate, above which is
      filter pack 7 and an upper screen 8. The distributor plate 5 has its lower
      face 9 cut away to provide a recess 10 into which a baffle plate 11 is
      secured. An annular space 12 is provided between the recess 10 and the
      upper face of the baffle plate which is shaped to conform with the contour
      of the lower face of the distributor plate. The depth of the baffle plate
      11 is arranged to provide a confined space 13 defined by the upper surface
      of the spinneret plate and the lower surface of the baffle plate. The
      distributor plate 5 contains inner feed orifices 14 which provide
      communication for polymer between the bottom of the filter pack 7 and the
      annular region 12, and outer feed orifices 15 which provide communication
      for polymer between the bottom of the filter pack and the annular region
      16 defined by the outer wall of the spinneret assembly and the outermost
      portion 17 of the baffle plate. The spinneret plate 2 contains a raised
      portion 18 which contacts the lower surface of the baffle plate 11 and
      thus breaks up the confined space 13 into four areas 19. Elongate channels
      20 are formed in the raised portions 18 of the spinneret plate. The
      extrusion orifices counter bores 4 being so located in the spinneret plate
      that they are positioned below the closed end portions of the channels 20.
PAR  In FIG. 3 the spinneret plate 2 contains a circular raised portion 21 in
      which elongate channels 22 are formed; extrusion orifices 23 being
      positioned immediately below the closed end portions of the said channels.
PAR  In FIG. 4 the filament contains a sheath portion 24 and a core portion 25.
PAR  When using the apparatus of FIGS. 1 and 2 the molten fibre-forming polymers
      which are to form the components of a conjugate filament are introduced
      into the top of the filter pack 7 through screen 8 in the form of two
      annular streams, the innermost stream forming a core. The polymers are
      forced through the filter pack and bottom screen 6 and arrive at the top
      of the distributor plate 5 such that only the core stream passes through
      the inner feed holes 14 into the annular space 12 and the outer annular
      stream passes down the outer feed orifices 15 into the annular region 16,
      where it forms a liquid interface with the core stream to reform into two
      annular concentric streams. The streams pass around the outermost portion
      17 of the baffle plate into the confined space 13 where they form two
      superposed layers, the inner stream forming the upper layer. The two
      layers flow around the raised portion 18 of the spinneret plate into the
      areas 19 and thence into the elongate channels 20 where they are extruded
      through extrusion orifices 3 as sheath/core conjugate filaments in which
      the core portion 25 is located eccentrically within the sheath 24 as
      depicted in FIG. 4.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for the production of conjugate filaments comprising a
      spinneret plate having an upper surface and containing extrusion orifices
      formed therethrough, a member to which viscous liquid polymers have access
      from all sides located on the upper surface of said spinneret plate and
      having narrow channels formed therein, each channel extending from a side
      of said member in a direction substantially perpendicular to the extrusion
      orifices and terminating in a closed end portion, each end portion being
      connected to a separate extrusion orifice formed below said end portion,
      and means located above and in contact with said member for supplying
      viscous liquid polymers to the upper surface of said spinneret plate in
      the form of superposed layers.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein said member is integral with said
      spinneret plate.
NUM  3.
PAR  3. Apparatus as in claim 1 wherein the means for supplying the polymer
      components as superposed layers comprises a plate in contact with said
      member located on the spinneret surface and defining a confined space
      above said spinneret plate, which plate permits the polymer components to
      flow as a band-like composite stream around the periphery thereof into the
      said confined space to form superposed layers.
NUM  4.
PAR  4. Apparatus as in claim 1 wherein the means for supplying the polymer
      components as superposed layers comprises an upper and lower plate
      containing axially aligned orifices, the lower plate being in contact with
      the member on the surface of the spinneret plate, means for supplying one
      polymer component between the said plates and a polymer supply means
      located behind the upper plate and in communication with the orifices
      therein to permit streams of polymer in a sheath/core configuration to be
      directed on to the upper surface of the spinneret plate.
NUM  5.
PAR  5. Apparatus for the production of conjugate filaments comprising a
      spinneret plate having an upper surface and containing extrusion orifices
      formed therethrough, said upper surface having a raised portion with sides
      and containing channels therein, and means located above and in contact
      with said sides for supplying two viscous liquids in the form of two
      superposed layers thereto, each of said channels extending from a side of
      the raised portion in a direction perpendicular to the extrusion orifices
      and terminating in a closed end portion having an extrusion orifice
      located therein.
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ABST
PAL  A machine for making cinnamon rolls and the like with dough fed from a
      reciprocating hopper through forms inside dough discharge outlets to
      provide a simple spiral, or other, configuration into expressed dough, the
      forms having tubular portions through which flavoring material is added, a
      cut-off knife reciprocating across the discharge outlets determining the
      thickness of the individual rolls which drop onto a removable pallet or
      moving belt for transfer thereof to an electronic oven or its equivalent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Cinnamon rolls, snail rolls, whirls and honey twists have long been made,
      after the dough has been prepared, by forming the dough into a flat
      rectangle, the cinnamon or other flavoring added, rolling the rectangle
      into a long spiral and then sliced into discs for baking. Prior art
      forming means include the well known variously configured tips for piston
      type cake decorators and cookie cutters and applicant's own patented
      doughnut making machine disclosed in U.S. Pat. No. 2,905,110 and U.S. Pat.
      No. 3,286,661. There is a need, however, for a machine capable of rapid
      and economical handling of the dough for sweet roll making on a commercial
      scale.
PAC  SUMMARY OF THE INVENTION
PAR  As claimed herein, this invention meets the immediately above mentioned
      need being, in brief, a means for hoppering a supply of dough and forcing
      this dough in small increments through forming means configured as
      desired, as for example a simple spiral, with the forming means including
      means to distribute flavoring material such as liquified cinnamon into the
      rolls, the individual rolls being severed by a horizontally reciprocated
      knife as the dough is expressed through dough discharge outlets, the
      amount of flavoring being easily adjustable and the entire assembly being
      capable of adaptation as an accessory assembly to replace the doughnut
      configuring means in machines constructed according to the above mentioned
      patents.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of the cinnamon roll making machine;
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged sectional view taken on line 4--4 of FIG. 3; and
PAR  FIG. 5 is a further enlarged sectional view taken on line 5--5 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated, the invention is adapted as a replacement accessory
      assembly for the doughnut configuring assembly of a machine similar to
      those disclosed in applicant's prior issued U.S. Pat. Nos. 2,905,110 and
      3,286,661. The frame 10 is adapted to replace its counterpart in the
      patented devices, is separable from the hopper-piston assembly 12 for the
      dough which is not necessarily altered from that shown in the issued
      patents. No change from the patented structure, excepting their
      incorporation as a part of a new combination of elements in the claimed
      accessory assembly, is necessary in respect to the hydraulic cylinders 14
      used to reciprocate the hopper-piston 12 but these are illustrated in
      FIGS. 1 and 2 to make the present description more readily intelligible.
      These hydraulic cylinders are shown mounted on the frame 10 with the
      piston elements 16 thereof connectable to a spider plate 18 fixed to the
      hopper-piston assembly 12. The pistons 16 are activated by hydraulic fluid
      or air to rythmically raise and lower the hopper-piston of assembly 12 so
      that the piston portion 20 reciprocates vertically within the fixed
      cylinder 22. Dough which has been previously conditioned according to well
      known procedures is charged into that hopper-piston 12 and is fed
      incrementally into the fixed cylinder 22 through a one-way valve 24 in the
      lower end of the hollow piston 20. The fluting 26 and piston ring follower
      28 are useful in this invention to accomodate escape of gas bubbles from
      the dough but these features are not claimed herein as new per se, and the
      mounting arm means 30 for the valve 24 and its spring case 32 also
      represent prior art disclosed in the above mentioned co-owned prior
      patents.
PAR  In the lower end of the fixed cylinder 22 there is at least one and as
      illustrated there are two dough discharge tubular outlets 34 of tubular
      form having their lower ends 36 in a common plane, shown as horizontal.
      Within each tubular outlet 34 is a pass-through form means 38 comprising,
      as illustrated, a spiral strap fixed at at 40 to the inner surface of the
      tubular outlet 34. The inner ends of the spiral straps are fixed to
      support spindles 42 which are mounted axially of the tubular discharge
      outlets by diametrically extending arms 44, illustrated in FIG. 3.
PAR  A cut-off means is provided in the form of a knife 46 having a leading edge
      38 and horizontally slidably mounted on rails 50 so as to cleave the
      formed extruded dough along at the horizontal plane 36. In a machine with
      a plurality of discharge outlets as shown a single knife 46 cuts off a
      similar number of "rolls" 52 of dough at each thrust of the knife and
      these rolls 52 fall by gravity onto a removable pallet 54 or, if desired,
      onto a moving belt, not shown, having the equivalent function of removing
      the cut-off rolls for the necessary baking process. The knife 46 is
      reciprocated by a hydraulic or pneumatic cylinder 56 supported on the
      frame 10 and a pair of rollers 58, spring biased upwardly as at 60 against
      the lower side edges of the knife 46 assure clean cleavage of the dough.
PAR  In making cinnamon rolls a flavoring material is added with the greatest
      concentration thereof along the spiral depression in the roll 52 formed by
      the spiral strap 38 and this is accomplished by forcing the flavoring
      material in fluid or semi-fluid form into a distributing tube 62, shown
      best in FIG. 5, in the upper edge of each spiral strap. The distributing
      tubes 62 are perforated as at 64 to permit egress of the fluidized
      material and a force pump 66 is inserted in the fluid line 68 leading from
      a supply tank 70 to the distributing tubes 62 with the necessary one-way
      valves diagrammatically illustrated at 72 and an adjustable stroke means
      such as that indicated at 74 as a simple extensible piston actuator
      spindle which is depressed by a lip 76 on the hopper-piston assembly 12 on
      the dough compression stroke of the assembly 12. A spring 78 can be made
      to return the piston of the pump 66. The operation of the machine will be
      clear from the foregoing description and it will be understood that the
      dough will be pre-conditioned before being changed into the hopper-piston
      12, and the rolls 52 will ordinarily be considerably smaller, usually
      about one-half size, than the finished baked product, so that the pallot
      or belt 54 need not be bulky. The configuration and dimensioning of the
      discharger outlets 34 and pass-through form means 38 may vary considerably
      but a satisfactory spiral strap for making ordinary cinnamon rolls may be
      two inches in outside diameter and approximately one inch in vertical
      dimension.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for making cinnamon rolls and the like comprising:
PA1  a dough hopper;
PA1  a hollow piston having an open end connected to said hopper and the outer
      end having one-way means therein;
PA1  a fixed cylinder operatively within which said piston is mounted, said
      cylinder having a substantially closed end with at least one open bottomed
      dough discharge outlet therein;
PA1  spiral pass-through form means operatively mounted in said discharge outlet
      to receive and form dough expressed therethrough in a spiral shape;
PA1  said spiral means comprising a rigid planar spiral strap having a lower
      edge defining a plane coincident with the bottom of said dough discharge
      outlet, and an apertured fluid distribution tube integral with the upper
      edge of said strap;
PA1  means to inject flavored fluid into said fluid distribution tube;
PA1  means to reciprocate said hopper and piston relative to said fixed
      cylinder, whereby dough is expressed through said spiral form means; and
PA1  cut-off means operatively mounted to move across said discharge outlet and
      the lower edge of said spiral form means for periodically cutting off
      dough expressed through said spiral form means, whereby said strap serves
      as a positioning wall to maintain the shape of the expressed dough while
      cutting.
NUM  2.
PAR  2. A machine according to claim 1 wherein said fixed cylinder, pass-through
      form means, means to reciprocate, and means to inject are connected
      together as parts of a unitary removable assembly.
NUM  3.
PAR  3. A machine according to claim 2 and wherein said cut-off means is also
      connected as a part of said removable assembly.
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ABST
PAL  Thickness of a sheet being produced by an extruder is controlled in
      response to measurements of: sheet thickness, the speed at which material
      is fed through a screw of the extruder, as determined by screw speed, and
      the speed with which material is taken away from the extruder, as
      determined by sheet speed. Measured thickness is compared with a setpoint
      for sheet thickness and a determination is made as to whether the
      thickness is in a predetermined, deadband region relative to the setpoint,
      or if the sheet is out of the deadband because it is excessively thin or
      excessively thick. In response to the sheet thickness being in the
      deadband region, the screw speed is changed in response to a signal
      indicative of the product of sheet speed error and rate of change of screw
      speed with respect to sheet speed. Sheet speed is controlled by
      multiplying sheet speed error by a predetermined constant. In response to
      the sheet being excessively thin, screw speed, if it has not reached a
      maximum value, is changed by multiplying sheet thickness error by rate of
      change of screw speed with respect to sheet thickness; if the screw speed
      has reached a maximum value, sheet speed is changed by multiplying the
      thickness error by the rate of change of sheet speed with respect to
      thickness. In response to the sheet being excessively thick outside of the
      deadband region and the sheet speed has not reached a predetermined
      maximum, line speed is changed by multiplying sheet thickness error by the
      rate of change of sheet speed with respect to sheet thickness; if the line
      speed has reached the predetermined maximum, screw speed is changed in
      response to an indication of the product of sheet thickness error and rate
      of change of screw speed with respect to sheet thickness. The various
      rates of change are calculated from an equation which models sheet
      thickness, T, screw speed, V.sub.S, and sheet speed, V.sub.L, in
      accordance with:
      ##EQU1##
      where: A, B AND C ARE PREDETERMINED CONSTANTS DETERMINED FOR EACH EXTRUDER
      MACHINE AND ASSOCIATED APPARATUS.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to extruder controllers and more
      particularly to an extruder controller for throughput and thickness,
      wherein the control is based upon a model equation of the extruder.
PAC  BACKGROUND OF THE INVENTION
PAR  In extruder devices, it is desired to control sheet thickness and
      throughput, the rate at which extruder sheet is produced by the extruder.
      Throughput is determined, inter alia, by the rate at which plastic
      material is fed through the extruder by a screw, or the rate at which a
      sheet is removed from the extruder by a roller responsive to the plastic
      sheet coming from a die head of the extruder. The rate at which the sheet
      is removed from the extruder is frequently referred to as take-away speed.
      Take-away speed is directly related to throughput because it controls the
      amount of material fed by the extruder to a processor or a windup reel
      downstream of the extruder. Take-away speed also has an effect on sheet
      thickness because the sheet is in a plastic, deformable state as it is
      withdrawn from the extruder die by a take-away or cold roll. Another
      factor controlling take-away speed and thickness of an extruded sheet is
      the rate at which material is fed through the extruder, i.e., screw speed.
      Thickness is controlled by screw speed because the amount of material fed
      through the extruder in a predetermined time interval is directly related
      to the amount of material withdrawn from the extruder during a time
      interval of the same duration. Because plastic material in an extruder can
      be considered as having constant density and the direct relationship
      between input and output material of the extruder, thickness is a linear
      function of screw speed. Screw speed has an effect on throughput because
      the thickness of a sheet is directly related to throughput.
PAR  Throughput is properly defined in the prior art as sheet weight per unit
      area multiplied by sheet width multiplied by take-away speed. Since the
      sheet has a constant density, its weight per unit area is directly
      proportional to its thickness, which in turn is controlled as a direct
      function of screw speed. In modern extruders, sheet width is maintained
      constant by knives positioned downstream of the extruder die head so that
      sheet width is not generally a throughput variable factor. Thereby,
      throughput can be controlled in response to screw speed or take-away
      speed.
PAR  One prior art reference, U.S. Pat. No. 3,286,302 to Doering, for
      controlling throughput and thickness of a plastic sheet produced by an
      extruder includes, in one embodiment, a sheet thickness gauge for deriving
      a signal that controls take-away speed of a sheet from an extruder and
      screw speed for supplying material to the extruder. The thickness signal
      is compared with a thickness set point to derive a sheet thickness error
      signal that is employed to activate a controller for the speed with which
      the sheet is taken away from the extruder. The sheet thickness signal is
      also multiplied by a sheet speed indicating signal to derive an indication
      of measured throughput. The indication of measured throughput is compared
      with a setpoint for throughput to derive an error signal for controlling
      screw speed.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, we have found that control of
      sheet thickness and throughput can be more accurately provided by
      providing a mathematical model representing sheet thickness, sheet
      take-away speed (line speed) and the rate at which material is fed to an
      extruder die, as indicated by screw rotational speed. Through a regression
      analysis performed on data taken from measurements of many actual on-line
      extruders, we have found that the following equation relates these three
      variables:
      ##EQU2##
      where: T = sheet thickness,
PA1  V.sub.L = line or sheet speed,
PA1  V.sub.S = screw speed,
PA1  a, b and c are predetermined constants determined for each extruder machine
      and associated apparatus, as ascertained by the regression analysis from
      the machine measurements.
PAR  From Equation (1), it is possible to determine certain rates of change
      which are important in controlling an extruder in accordance with the
      present invention. In particular, the rate of change of screw speed with
      respect to line speed is determined as:
      ##EQU3##
      the rate of change of screw speed with respect to thickness is determined
      from:
      ##EQU4##
      and rate of change of line speed with respect to sheet thickness is
      determined from:
      ##EQU5##
PAR  Equation (2) is helpful, in certain instances in accordance with the
      specifically disclosed embodiment, in computing a change to be made to
      screw speed, while Equations (3) and (4) are used under other conditions
      for determining changes to be made to screw speed and line speed,
      respectively.
PAR  In accordance with one particular aspect of the invention, the type of
      control employed is based upon a determination of the magnitude of the
      thickness error. In response to the thickness error not exceeding a
      predetermined deadband value, screw speed and line speed are
      simultaneously or concomitantly controlled. Screw speed change is
      calculated by multiplying rate of change of screw speed with respect to
      line speed, as derived by Equation (2), by an indication of line speed
      error, as determined by comparing measured line speed and a line speed
      setpoint. Line speed changes are calculated by multiplying a predetermined
      constant by line speed error.
PAR  In response to the sheet thickness being outside of the deadband such that
      the sheet is excessively thin, a determination is made as to whether screw
      speed has reached a maximum value. In response to the screw speed being
      less than maximum, the screw speed is increased by multiplying the
      thickness error by the rate of change of screw speed with respect to
      thickness, as determined by Equation (3). If screw speed is not at its
      maximum value, no change in line speed is provided. However, if the screw
      speed is at the maximum value, beyond which it cannot go without
      detrimental effects on the extruder or extruded product, screw speed is
      not changed, but line speed is decreased by multiplying sheet thickness
      error by rate of change of line speed with respect to sheet thickness, as
      determined from Equation (4).
PAR  In response to sheet thickness being outside of the deadband such that the
      sheet is excessively thick, a determination is made as to whether the line
      speed has reached a maximum level. In response to the line speed being
      less than the maximum level, beyond which increases in line speed can
      result in detrimental effects to the extruder or extruded product, the
      line speed is increased by multiplying sheet thickness error by the rate
      of change of sheet speed with respect to sheet thickness, as derived from
      Equation (4). If the line speed has reached the maximum value, screw speed
      is decreased by multiplying sheet thickness error by the rate of change of
      screw speed with respect to sheet thickness, as derived from Equation (3).
PAR  It is accordingly, an object of the present invention to provide a new and
      improved extruder controller wherein sheet thickness and throughput are
      controlled.
PAR  An additional object of the present invention is to provide a new and
      improved sheet thickness and throughput controller for an extruder wherein
      line speed and screw speed of the extruder are controlled in response to
      parameters derived from an equation modeling sheet thickness, screw speed
      and line speed.
PAR  An additional object of the present invention is to provide a new and
      improved extruder controller for substantially maximizing throughput while
      controlling sheet thickness.
PAR  A further object of the invention is to provide a new and improved extruder
      controller where different types of controls are provided in response to
      indications of predetermined limits being reached.
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of one specific embodiment thereof, especially when
      taken in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of a preferred embodiment of the invention;
PAR  FIG. 2 is a block diagram of a rate of change of screw speed with respect
      to line speed computer employed in the system of FIG. 1;
PAR  FIG. 3 is a block diagram of a change in line speed computer utilized in
      the system of FIG. 1; and
PAR  FIG. 4 is a block diagram of a change in screw speed computer employed in
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Reference is now made specifically to FIG. 1 of the drawing wherein there
      is illustrated a block diagram of a system for controlling the thickness,
      T, and throughput of a plastic sheet 11 formed by a plastic sheet
      extruding machine 12, which may be of the type disclosed in U.S. Pat. No.
      3,015,129 to Hays et al. Extruder 12 and the material therein are such
      that plastic sheet 11 is deformable as it is fed to chrome rolls 15 from
      extruder die head 16. From chrome rolls 15, sheet 11 is constantly
      supplied to an output station, such as windup reel 17, or in the
      alternative to the station that intermittently processes individual sheet
      segments. In either case, sheet 11 is constantly withdrawn from die heat
      16 and continuously passes around chrome rolls 15 to the output station.
PAR  Throughput of the extruder machine is thereby dependent upon the take-away
      or line speed, V.sub.L, of sheet 11 from extruder 12, which speed is in
      turn responsive to the rotational velocity of rolls 15 which are driven by
      variable speed motor 18. Throughput is also dependent on the weight per
      unit area of formed sheet 11, which is equivalent to sheet thickness, T,
      since sheet density may be considered as constant. Another factor
      affecting throughput is sheet width, which can be considered constant
      since knives (not shown) are provided to trim the sheet edges. Throughput
      of the extruder machine can therefore be determined from V.sub.L T. Sheet
      thickness, however, is directly proportional to the amount of material
      supplied to die head 16, which in turn is directly proportional to the
      rotational speed, V.sub.S, of screw 14 which is driven at variable
      rotational speeds by motor 19. Sheet thickness is an inverse function of
      take-away speed, V.sub.L because of the drawing effect on the sheet as it
      is pulled from die head 16.
PAR  To control the thickness of sheet 11 and throughput of the process, sheet
      line speed and the rotational velocity of screw 14 are measured, as is the
      thickness of sheet 11 after the sheet thickness has been stabilized,
      between chrome rolls 15 and take-away rolls 17. To these ends, a
      non-contacting sheet thickness gauge 21 is provided between rolls 15 and
      17. The non-contacting sheet thickness gauge is preferably a radiation
      type gauge, familiar to those skilled in the art, and including a
      penetrating radiation source 22 and detector 23, positioned on opposite
      sides of sheet 11. Detector 23 derives a signal having an amplitude
      directly related to the thickness of sheet 11, and for the purposes of the
      present disclosure the signal derived from detector 23 can be considered
      as directly proportional to the sheet thickness. To monitor line speed,
      V.sub.L, a tachometer generator 24 is connected to the shaft of one of
      chrome rolls 15. The output signal of tachometer generator 24 is,
      therefore, directly proportional to the sheet take-away speed or line
      speed. The rotational speed, V.sub.S, of screw 14 is monitored by
      tachometer generator 25 that is mounted to be responsive to the rotatinal
      speed of screw 14.
PAR  Control of the thickness of sheet 11 and throughput is provided by varying
      the speed of sheet 11 and screw 14 by applying control signals to motors
      18 and 19. The control signals for motors 18 and 19 are responsive to the
      measurements of sheet thickness, T, line speed, V.sub.L, and screw speed,
      V.sub.S. Controllers for the values of V.sub.L and V.sub.S are based upon
      Equation (1), supra, which we found relates these three variables. In
      response to the sheet thickness being within a predetermined magnitude on
      either side of the sheet thickness setpoint (referred to as sheet
      thickness deadband) both line speed, V.sub.L, and screw speed, V.sub.S,
      are simultaneously or concomitantly controlled. In response to the sheet
      thickness being outside of the deadband region, only one of screw speed or
      line speed is controlled at a time until the thickness is again in the
      deadband region or a maximum screw or line speed is reached. Thereby, it
      is necessary initially to determine if the sheet thickness is within or
      outside of the deadband region.
PAR  To this end, the sheet thickness indicating output signal of gauge 21 is
      compared with a sheet thickness setpoint, T.sub.SP, in a subtraction
      network 31 which derives an output signal .DELTA.T = T - T.sub.SP. The
      .DELTA.T indicating output signal of substraction network 31 is fed in
      parallel to absolute value circuit 32 and polarity indicating circuit 33.
      Absolute value circuit 32 derives a position output signal, regardless of
      the polarity of the .DELTA.T output signal of network 31. The magnitude of
      the output signal of absolute value circuit 32 is equal to the magnitude
      of the .DELTA.T signal derived from network 31. The magnitude of the
      signal derived from absolute value circuit 32 is compared with the
      magnitude of a signal indicative of the deadband limit, T.sub.DB, about
      the thickness setpoint. The comparison is preformed in subtraction network
      34 which derives a position valued output signal in response to the
      thickness of sheet 11 being outside of the deadband and a negative or zero
      magnitude signal in response to the sheet thickness being within the
      deadband.
PAR  To derive bilevel signals indicative of the thickness being within or
      outside of the deadband, the output signal of difference network 34 is
      supplied to polarity indicating network 35 which includes a pair of output
      leads 36 and 37. Polarity indicating network 35 responds to the polarity
      of the output signal of network 34 to derive on lead 36 a binary 1 signal
      value indicative of the output signal of network 34 being greater than
      zero, thereby indicating the sheet thickness being outside of the
      deadband. In response to the output signal of network 34 being zero or
      negative, polarity indicating circuit 35 derives a binary 1 level on
      output lead 37. The binary 1 output signals on leads 36 and 37 are
      mutually exclusive, whereby one and only one of the leads derives a binary
      1 signal at a time.
PAR  Polarity indicating circuit 33 is similar to polarity indicating circuit
      35, but derives mutually exclusive binary one signals on output leads 38
      and 39 which respectively indicate that the thickness of sheet 11 is
      greater than and less than the setpoint thickness. To this end, polarity
      indicating circuit 33 responds to the output signal of subtraction network
      31 to derive a binary 1 signal on lead 38 in response to the output signal
      of network 31 being positive. A binary 1 signal is derived by circuit 33
      on output lead 39 in response to the output signal of subtraction circuit
      31 being zero or negative.
PAR  In response to the sheet thickness being within the deadband region, as
      indicated by a binary 1 output signal on lead 37 of polarity indicating
      circuit 35, the values of screw speed, V.sub.S, and line speed, V.sub.L,
      are simultaneously or concomitantly controlled.
PAR  Required changes in screw speed, .DELTA.V.sub.S, to achieve desired
      thickness and throughput are found by determining the line speed error,
      i.e., the deviation between measured line speed and a setpoint for line
      speed, and multiplying the error signal by a signal proportional to rate
      of change of screw speed with respect to line speed. The line speed error
      signal is derived from tachometer generator 24 with a line speed setpoint,
      V.sub.LSP, in subtraction network 41 which derives an output line speed
      error signal, (V.sub.L -  V.sub.LSP). The output signal of subtraction
      network 41 is combined with an output signal of computer circuit 42 which
      is indicative of the rate of change of screw speed with respect to line
      speed, (.delta.V.sub.S /.delta.V.sub.L). Computer circuit 42, described
      infra in detail, responds to the thickness output signal, T, of gauge 21
      and the line speed signal, V.sub.L, from tachometer 24, as well as the
      system constants a, b and c, to derive the rate of change of screw speed
      with respect to line speed signal as indicated by Equation (2) supra. The
      (.delta.V.sub.S /.delta.V.sub.L) and (V.sub.L - V.sub.LSP) output signals
      of circuits 42 and 41 are combined in multiplying network 43 which derives
      an output signal in accordance with:
      ##EQU6##
      The value of .DELTA.V.sub.S in Equation (5) is indicative of the change
      which should be imparted to the speed of screw 14 to correct for
      deviations in line speed from the setpoint value for a particular
      thickness and throughput of sheet 11.
PAR  Since the sheet thickness is in the deadband region, the output signal of
      multiplier 43 is supplied to a conventional motor speed controller 44 for
      motor 19 that drives screw 14. To this end, the output signal of
      multiplier 43 is passed through gate 45, enabled by the binary 1 output
      level on lead 37 which indicates that the sheet thickness is within the
      deadband region. The .DELTA.V.sub.S output signal of gate 45 is applied as
      one input to summing circuit 46. The value of .DELTA.V.sub.S supplied to
      summing network 46 modifies the screw speed value, V.sub.S, as derived
      from tachometer generator 25. Because of the transport lag between screw
      14 and thickness gauge 21 the value of V.sub.S is delayed in delay network
      47 by a time equal to the transport lag time from approximately the middle
      of screw 14 to thickness gauge 21. The output signal of delay network 47
      is added to the value of .DELTA.V.sub.S in addition network 46, the output
      of which is fed to motor speed controller 44.
PAR  To provide concomitant control of line speed and screw speed while the
      sheet thickness is in the deadband region, the line speed error signal,
      V.sub.L -  V.sub.LSP, derived from subtraction network 41 is multiplied by
      a predetermined, fixed constant in network 48. The output signal of
      network 48 controls the speed of motor 18 via motor speed control circuit
      49. Since the thickness of sheet 11 is within the deadband region, the
      binary one output of polarity indicator 35 on lead 37 opens gate 50 to
      pass the output signal of circuit 48 to one input of adding network 51. A
      second input of adding circuit 51 is responsive to the line speed
      indicating output signal of tachometer generator 24, and the resultant sum
      derived from network 51 is applied as an input signal to motor speed
      controller 49. Thereby, the line speed error signal modifies the actual
      line speed to provide a virtually instantaneous correction to line speed
      and therefore throughput.
PAR  In response to the measured sheet thickness being excessively thin outside
      of the deadband region, the speed of screw 14 is increased, thereby
      increasing the thickness of sheet 11, until the sheet thickness reaches
      the deadband region or until the screw speed reaches a maximum value where
      detrimental effects to the sheet or the machine are likely to occur. While
      the speed of screw 14 is being changed, the speed of sheet 11 is
      maintained constant at a setpoint value commensurate with desired
      throughput. If the speed of screw 14 reaches the maximum value, sheet
      thickness is controlled to approach its setpoint value at the expense of
      decreased throughput by reducing line speed and holding screw speed at the
      maximum value.
PAR  To these ends, an indication that the sheet thickness is outside of the
      deadband and the sheet is excessively thin is derived by combining in AND
      gate 61 the binary 1 output signals on leads 39 and 36 of polarity
      indicating circuits 33 and 35. The output signal of AND gate 61 is a
      binary one level only in response to the sheet thickness being outside of
      the deadband region and the sheet thickness being excessively thin. The
      binary 1 output signal of AND gate 61 is combined with binary 1
      indications indicative of the speed of screw 14 relative to the maximum,
      predetermined value for screw speed to derive binary signals indicative of
      the speed of screw 14 being less than the maximum value or equal to or
      above the maximum value.
PAR  To derive the binary signals indicative of the speed of screw 14 relative
      to the maximum value, the output signal of tachometer generator 24 is
      compared with the value of maximum screw speed, V.sub.MAX, in difference
      network 62. The output signal of difference network 62, V.sub.S -
      V.sub.SMAX, is supplied to polarity indicating circuit 63 which derives
      output signals on leads 64 and 65 having mutually exclusive binary one
      values. In response to the output signal of network 62 being negative,
      polarity indicating circuit 63 derives a binary one level on output lead
      64 to indicate that the speed of screw 14 is less than the maximum value.
      To indicate that the speed of screw 14 is at or above the maximum value,
      polarity indicating circuit 63 derives a binary one signal on lead 65 in
      response to a zero or positive output signal being derived by difference
      circuit 62. The binary 1 signals on leads 64 and 65 are respectively
      combined with the output signal of AND gate 61 in AND gates 66 and 67.
      Thereby, AND gate 66 derives a binary 1 signal only in response to the
      sheet thickness being excessively thin outside of the deadband region and
      the speed of screw 14 being less than the maximum value for it. AND gate
      67 derives a binary one signal only in response to the thickness of sheet
      11 being excessively thin outside of the deadband region and the speed of
      screw 14 being equal to or greater than the maximum value.
PAR  in response to a binary one signal being derived from AND gate 66, the
      speed of screw 14 is increased in accordance with:
      ##EQU7##
      where: .DELTA.T = T - T.sub.SP, the thickness error output signal of
      difference circuit 31.
PAL  The value of (.delta.V.sub.S /.delta.T) is determined in computer 71,
      discussed infra, in accordance with Equation (3) supra in response to the
      measured line speed, V.sub.L, as derived from tachometer 24 and the
      predetermined constants b and c. In computer 71, the value of .DELTA.T is
      multiplied by (.delta.V.sub.S /.delta.T) to derive an output signal
      indicative of .DELTA.V.sub.S, the increase in the speed of screw 14
      necessary to achieve the desired sheet thickness. The output signal of
      computer 71 modifies the previous speed of screw 14 by being coupled to an
      additional input of summing network 46 via gate 72. Gate 72 is enabled in
      response to the binary 1 output of AND gate 66 which is coupled through OR
      gate 73, whereby the screw speed is increased in accordance with Equation
      (6) in response to the sheet thickness being excessively thin outside of
      the deadband region and the speed of screw 14 being less than the maximum
      value. The output signal of computer 71 is continued to be gated to one of
      the inputs of summing network 46 to the exclusion of the output signal of
      multiplier 43 until the sheet thickness again reaches the deadband region
      or the screw speed reaches the predetermined maximum value. In the former
      case concomitant screw and line speed control are provided, while in the
      latter case, gate 72 is disabled and the speed of screw 14 is clamped to
      the maximum value which is monitored by tachometer 25.
PAR  In response to the screw speed reaching the maximum value while the sheet
      thickness is excessively thin outside of the deadband region, a binary 1
      signal is derived from AND gate 67, as described supra. The binary 1
      output signal from gate 67 results in decreased throughput since the speed
      of sheet 11 must be decreased to provide the desired increased sheet
      thickness. The sheet speed is decreased by combining the thickness error
      signal, .DELTA.T, as derived from difference network 31, with a signal
      indicative of rate of change of line speed with respect to thickness,
      (.delta.V.sub.L /.delta.T), in accordance with:
      ##EQU8##
      The value of (.delta.V.sub.L /.delta.T) is determined by computer 74 in
      response to measurements of line speed and screw speed as derived from
      tachometers 24 and 25 in accordance with Equation (4) supra. Computer 74
      is also responsive to the .DELTA.T indicating output signal of difference
      circuit 31, as well as predetermined constants b and c. The output signal
      of computer 74 decreases the speed of motor 18 by being applied through
      gate 75 to one input of adding circuit 51. Gate 75 is enabled to couple
      the output of computer 74 to an input of network 51 in response to a
      binary 1 signal being derived from AND gate 67 and coupled through OR gate
      76. Gate 75 remains enabled until the thickness of sheet 11 has increased
      sufficiently to reach the deadband region, at which time the deadband
      control discussed supra again prevails.
PAR  In response to the sheet thickness being outside of the deadband region and
      the sheet being excessively thick, the sheet thickness is controlled by
      increasing throughput, i.e., by increasing the line speed V.sub.L until a
      maximum line speed is reached or the sheet thickness achieves the deadband
      region. In response to the line speed reaching the maximum value, sheet
      thickness is further decreased by reducing the speed of screw 14.
PAR  To these ends, the measured line speed, V.sub.L, as derived from tachometer
      24 is compared with a predetermined value for maximum line speed,
      V.sub.LMAX, in subtraction network 74. The output signal of subtraction
      network 74, (V.sub.L - V.sub.LMAX), is supplied to polarity indicating
      circuit 75 which derives a binary 1 signal on output lead 76 in response
      to the output signal of subtraction circuit 74 being negative to indicate
      that the maximum line speed of sheet 11 has not been reached. In response
      to the maximum line speed having been reached or exceeded, subtraction
      circuit 74 derives a zero or positive output signal which actuates
      polarity indicating circuit 75 such that a binary 1 signal is derived on
      output lead 77. Thereby, the derivation of binary 1 signals on output
      leads 76 and 77 of polarity indicating circuit 75 are mutually exclusive.
      To derive an indication that the sheet is excessively thick outside of the
      deadband region, binary 1 output signals on leads 36 and 38 of polarity
      indicating circuits 35 and 33 are combined in AND gate 78. A binary 1
      level is thereby derived from AND gate 78 only in response to the sheet
      being excessively thick outside of the deadband region. The binary 1
      signal derived from AND gate 78 is combined in AND gates 79 and 80 with
      the binary signals on leads 76 and 77. Thereby, AND gate 79 derives a
      binary 1 level only in response to the sheet being excessively thick
      outside of the deadband region and the line speed being less than the
      maximum value, while AND gate 80 derives a binary 1 level only in response
      to the sheet being excessively thick and the line speed being equal to or
      greater than the maximum value for it.
PAR  The binary 1 output signal of AND gate 79 is coupled through OR gate 76 to
      the enable input of gate 75, whereby the speed of sheet 11 is increased in
      accordance with Equation (7) until the sheet thickness reaches the
      deadband region or the line speed reaches the maximum value. In response
      to the line speed reaching the maximum value, the line speed is clamped to
      that value since gate 75 is closed. Simultaneously, a binary 1 signal is
      derived from AND gate 80 and coupled through OR gate 72 to the enable
      input of gate 72, whereby the speed of screw 14 is decreased in response
      to the output signal of computer 71, as represented by Equation (6).
PAR  Reference is now made to FIG. 2 of the drawing wherein there is illustrated
      in block diagram form computer 42 for determining rate of change of screw
      speed with respect to line speed, as calculated in response to signals
      derived from thickness gauge 21 and tachometer generator 24 which
      respectively derive signals indicative of T and V.sub.L. Computer 42 is
      also responsive to predetermined constants a, b and c indicative of
      properties of the extruding machine.
PAR  The line speed indication derived from tachometer generator 24 is
      multiplied by the predetermined constant b in scaling network 101 which
      drives adding networks 102 and 103 in parallel. Adding circuit 103 is
      responsive to a signal representing the predetermined constant c to derive
      an output signal indicative of bV.sub.L + C. The output signal of adding
      circuit 103 is supplied to squaring circuit 104. Adding circuit 102 is
      responsive to a signal indicative of 2c to derive an output signal
      indicative of 2c +  bV.sub.L. The output signal of adding circuit 102 is
      multiplied by the value of V.sub.L in multiplier 105, the output of which
      is fed to one input of multiplier 106, having a second input indicative of
      (T-a) as derived from difference network 107 that is responsive to the
      output signal of thickness gauge 21 and the predetermined constant a. The
      output signal of multiplier 106 is divided by the output signal of
      squaring circuit 104 in division network 107 which derives an output
      signal representing:
      ##EQU9##
      As indicated supra, the output signal of computer 42 is multiplied by the
      value of line speed error in multiplier 43 to derive a signal indicative
      of line speed correction.
PAR  Reference is now made to FIG. 3 of the drawing wherein there is illustrated
      computer 74 which responds to signals respectively derived from tachometer
      generator 24 and 25 and indicative of the line and screw speed, as well as
      the value of .DELTA.T derived from substraction network 31 and the
      predetermined values of b and c to derive the value .DELTA.V.sub.L for the
      change in line speed when sheet thickness is outside of the deadband. The
      signal from tachometer representing V.sub.L is applied to a pair of
      parallel channels, one of which includes cubing network 111 for deriving
      an output signal representing V.sub.L.sup.3. The other channel includes a
      scaling network 112 for multiplying the line speed value by the
      predetermined constant b. The output of scaling network 112 is added to a
      signal indicative of the constant 2c in addition network 113, the output
      of which is multiplied in multiplier 114 by the screw speed output signal
      of tachometer generator 25. The output signal of cubing network 111 is
      divided by the output signal of multiplier 114 in division network 115,
      the output of which is inverted in polarity by inverting network 116 which
      derives an output signal commensurate with the rate of change of line
      speed with respect to sheet thickness as represented by:
      ##EQU10##
      The output signal of inverting circuit 116 is combined in multiplier 117
      with the thickness error signal .DELTA.T derived from subtraction circuit
      31. The output signal of multiplying circuit 117 is thereby indicative of
      the change in line speed. The magnitude of the signal derived from
      computer 74 selectively modifies the speed of motor 18 in response to the
      thickness of sheet 11 being outside of the deadband region, as described
      supra.
PAR  Reference is now made to FIG. 4 of the drawing wherein there is illustrated
      a circuit diagram for computer 71 which derives an output signal for the
      change in the speed of screw 14 when the thickness of sheet 11 is outside
      of the deadband region. Computer 71 is responsive to the line speed signal
      derived from tachometer 24, as well as to the thickness error signal
      derived from difference network 31 and the predetermined system constants
      b and c. The signal derived from tachometer 24 indicative of V.sub.L is
      applied to a pair of parallel channels, one of which includes squaring
      circuit 118. The other channel includes scaler circuit 119 which
      multiplies the value of V.sub.L by the system constant b. The output
      signal of scaler circuit 119 is added to a signal commensurate with the
      value of c in addition network 121. The output signal of squaring circuit
      118 is divided by the output signal of adding circuit 121 in division
      circuit 122 which derives an output signal in accordance with:
      ##EQU11##
      The output signal of division circuit 122 is multiplied in multiplier 123
      by the thickness error signal of subtraction network 31. The output signal
      of multiplier 123 is therefore a signal magnitude representing change in
      screw speed. The change in screw speed indicating signal derived from
      multiplier 123 selectively increases and decreases the speed of motor 19
      in response to the thickness of sheet 11 being outside of the deadband
      region.
PAR  While there has been described and illustrated one specific embodiment of
      the invention, it will be clear that variations in the details of the
      embodiment specifically illustrated and described may be made without
      departing from the true spirit and scope of the invention as defined in
      the appended claims. For example, the described analog computer type
      control system can be replaced with a hard wired digital computer or a
      general purpose digital computer properly programmed to operate in
      response to the various measurement signals to derive control signals for
      the speed of sheet 11 and screw 14. Gauge 21 is preferably a scanning
      gauge which is periodically traversed at right angles to the edges of
      moving sheet 11. After a traversal of the scanning gauge, the average
      value of the sheet thickness over a scan is computed and intermittently
      supplied to the controller of the present invention. In such a case, the
      other inputs to the controller are also intermittently derived and a new
      control action is performed only once in response to each scan of the
      gauge, in a manner well known to those skilled in the art. Also,
      appropriate substitutions in the mathematical relationships for the
      various rates of changes can be made by appropriate substitution. For
      example, the value of T from the basic model equation can be substituted
      into the equation for rate of change of screw speed with respect to line
      speed. In addition, visual and/or aural signals can be derived as safety
      indicators for an operator in response to the speed of screw 14 or sheet
      11 reaching the maximum values.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder and means for taking a
      sheet product formed by the extruder away from the extruder, said screw
      and means for taking the product away from the extruder being capable of
      affecting thickness and throughput of the sheet; means for measuring the
      thickness of the formed sheet, means for establishing a signal indicative
      of a deadband region for the sheet thickness, means comparing a signal
      indicative of the measured sheet thickness and the deadband region
      indicating signal for deriving first and second signals respectively
      indicative of the thickness being within and outside of the deadband
      region, means for measuring take-away speed of the sheet product, means
      responsive to the first signal and a signal indicative of measured
      take-away speed for concomitantly controlling screw speed and take-away
      speed, and means responsive to the second signal and a signal indicative
      of measured thickness for controlling at least one of screw speed and
      take-away speed.
NUM  2.
PAR  2. A system for controlling an extruder system responsive to a supply of
      input material, said extruder system including a screw for feeding the
      input material through an extruder and means for taking a sheet product
      formed by the extruder away from the extruder, the thickness, T, of the
      sheet product being related to rotational speed of the screw, V.sub.S, and
      take-away speed of the sheet from the extruder, V.sub.L, by:
      ##EQU12##
      where: a, b, and c are predetermined constants,
PAL  comprising means responsive to a measured value of V.sub.L for computing a
      signal indicative of the rate of change of a variable of said equation
      with respect to another variable of said equation, means responsive to a
      measured value of one of the variables of said equation for deriving an
      error signal for said one variable, and means responsive to the rate of
      change indicating signal and the derived error signal for controlling the
      speed of at least one of the screw rotational velocity and the take-away
      speed.
NUM  3.
PAR  3. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder, means for taking the
      product away from the extruder, said screw and means for taking the
      product away from the extruder being capable of affecting thickness and
      throughput of the sheet, the thickness of the sheet product, the screw
      rotational speed and the take-away speed being variables related by a
      predetermined equation, comprising means for measuring take-away speed of
      the sheet, means for measuring another variable of the equation related to
      the thickness of the formed sheet, means combining signals indicative of
      the measured sheet speed and the another variable for deriving a signal
      indicative of the rate of change of one of said variables with respect to
      another of said variables, means responsive to a measured value of one of
      the variables of said equation for deriving an error signal for said one
      variable, and means responsive to the rate of change indicating signal and
      the derived error signal for controlling the speed of at least one of the
      screw rotational velocity and the take-away speed.
NUM  4.
PAR  4. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder and means for taking a
      sheet product formed by the extruder away from the extruder, the
      thickness, T, of the sheet product being related to rotational speed of
      the screw, V.sub.S, and take-away speed of the sheet from the extruder,
      V.sub.L, by:
      ##EQU13##
      where: a, b, and c are predetermined constants,
PAL  means responsive to a measured value of V.sub.L for computing a signal
      indicative of the rate of change of a variable of said equation with
      respect to another variable of said equation, means responsive to a
      measured value of one of the variables of said equation for deriving an
      error signal for said one variable, and means responsive to the rate of
      change indicating signal and the derived error signal for deriving a
      control signal for the speed of at least one of the screw rotational
      velocity and the take-away speed, and means responsive to the control
      signal for controlling the speed of the at least one of the screw
      rotational velocity and the take-away speed.
NUM  5.
PAR  5. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder and means for taking a
      sheet product formed by the extruder away from the extruder, the
      thickness, T of the sheet product being related to rotational speed of the
      screw, V.sub.S, and take-away speed of the sheet from the extruder,
      V.sub.L, by:
      ##EQU14##
      where: a, b, and c are predetermined constants,
PAL  means responsive to a measured value of V.sub.L for computing a signal
      indicative of the rate of change of a variable of said equation with
      respect to another variable of said equation means responsive to a
      measured value of one of the variables of said equation for deriving an
      error signal for said one variable, and means responsive to the rate of
      change indicating signal and the derived error signal for deriving a
      control signal for the speed of the screw rotational velocity, said means
      for deriving the rate of change indicating signals including means for
      deriving a signal representing rate of change of screw speed with respect
      to take-away speed, the error signal deriving means including means for
      deriving an error signal for take-away speed, and the control signal
      deriving means including means for multiplying the take-away speed error
      signal and the signal representing rate of change of screw speed with
      respect to take-away speed, and means responsive to the control signal for
      controlling the screw rotational velocity.
NUM  6.
PAR  6. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder and means for taking a
      sheet product formed by the extruder away from the extruder, the
      thickness, T, of the sheet product being related to rotational speed of
      the screw, V.sub.S, and take-away speed of the sheet from the extruder,
      V.sub.L, by:
      ##EQU15##
      where: a, b, and c are predetermined constants
PAL  means responsive to a measured value of V.sub.L for computing a signal
      indicative of the rate of change of a variable of said equation with
      respect to another variable of said equation, means responsive to a
      measured value of one of the variables of said equation for deriving an
      error signal for said one variable, and means responsive to the rate of
      change indicating signal and the derived error signal for deriving a
      control signal for the speed of the take-away speed, said means for
      deriving the rate of change indicating signals includes means for deriving
      the signal respresenting rate of change of take-away speed with respect to
      sheet thickness, the error signal deriving means including means for
      deriving an error signal for sheet thickness, and the control signal
      deriving means including means for multiplying the sheet thickness error
      signal and the signal representing rate of change of take-away speed with
      respect to sheet thickness, and means responsive to control signal for
      controlling the take-away speed.
NUM  7.
PAR  7. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder and means for taking a
      sheet product formed by the extruder away from the extruder, the
      thickness, T, of the sheet product being related to rotational speed of
      the screw, V.sub.S and take-away speed of the sheet from the extruder,
      V.sub.L, by:
      ##EQU16##
      where: a, b, and c are predetermined constants
PAL  means responsive to a measured value of V.sub.L for computing a signal
      indicative of the rate of change of a variable of said equation with
      respect to another variable of said equation, means responsive to a
      measured value of one of the variables of said equation for deriving an
      error signal for said one variable, and means responsive to the rate of
      change indicating signal and the derived error signal for deriving a
      control signal for the speed of the screw rotational velocity, said means
      for deriving the rate of change indicating signals includes means for
      deriving a signal respresenting rate of change of screw speed with respect
      to sheet thickness, the error signal deriving means including means for
      deriving an error signal for sheet thickness and the control signal
      deriving means including means for multiplying the sheet thickness error
      signal and the signal representing rate of change of screw speed with
      respect to sheet thickness, said means for deriving the signal
      representing rate of change of screw speed with respect to thickness
      includes means for deriving the rate of change signal in accordance with:
      ##EQU17##
      and means responsive to the control signal for controlling the screw
      rotational velocity.
NUM  8.
PAR  8. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder and means for taking a
      sheet product formed by the extruder away from the extruder, said screw
      and means for taking the product away from the extruder being capable of
      affecting thickness and throughput of the sheet; means for measuring the
      thickness of the formed sheet, means for measuring the rate at which the
      input material is fed through the extruder, means for measuring take-away
      speed of the sheet product from the extruder, and means responsive to the
      measured speed, the measured rate, and the measured sheet thickness for
      deriving a control signal for at least one of the take-away means and the
      screw rotational velocity, and means responsive to the control signal for
      controlling the speed of the at least one of the screw rotational velocity
      and the take-away speed.
NUM  9.
PAR  9. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder and means for taking a
      sheet product formed by the extruder away from the extruder, said screw
      and means for taking the product away from the extruder being capable of
      affecting thickness and throughout of the sheet; means for measuring the
      thickness of the formed sheet, means for measuring the rate at which the
      input material is fed through the extruder, means for measuring take-away
      speed of the sheet product from the extruder, and means responsive to the
      measured speed, the measured rate, and the measured sheet thickness for
      deriving a control signal for the screw rotational velocity, said means
      for deriving including: means for deriving a signal representing rate of
      change of screw speed with respect to take-away speed and an error signal
      for take-away speed, and means for multiplying the take-away speed error
      signal and the signal representing rate of change of screw speed with
      respect to take-away speed, and means responsive to the control signal for
      controlling the screw rotational velocity.
NUM  10.
PAR  10. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder and means for taking a
      sheet product formed by the extruder away from the extruder, said screw
      and means for taking the product away from the extruder being capable of
      affecting thickness and throughput of the sheet; means for measuring the
      thickness of the formed sheet, means for measuring the rate at which the
      input material is fed through the extruder, means for measuring take-away
      speed of the sheet product from the extruder, and means responsive to the
      measured speed, the measured rate, and the measured sheet thickness from
      deriving a control signal for the take-away means, said means for deriving
      including: means for deriving a signal representing rate of change of
      take-away speed with respect to sheet thickness and an error signal for
      sheet thickness, and means for multiplying the sheet thickness error
      signal and the signal representing rate of change of take-away speed with
      respect to sheet thickness, and means responsive to the control signal for
      controlling the take-away speed.
NUM  11.
PAR  11. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder, and means for taking the
      product away from th extruder being capable of affecting thickness and
      throughput of the sheet, the thickness of the sheet product, the screw
      rotational speed and the take-away speed being variables related by a
      predetermined equation, means for measuring take-away speed of the sheet,
      means for measuring another variable of equation related to the thickness
      of the formed sheet, means combining signals indicative of the measured
      sheet speed and the another variable for deriving a signal indicative of
      the rate of change of one of said variables with respect to another of
      said variables, means responsive to a measured value of one of the
      variables of said equation for deriving an error signal for said one
      variable, and means responsive to the rate of change indicating signal and
      the derived error signal for deriving a control signal for the speed of at
      least one of the screw rotational velocity and the take-away speed, and
      means responsive to the control signal for controlling the speed of the at
      least one of the screw rotational velocity and the take-away speed.
NUM  12.
PAR  12. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder, and means for taking the
      product away from the extruder, said screw and means for taking the
      product away from the extruder being capable of affecting thickness and
      throughput of the sheet, the thickness of the sheet product, the screw
      rotational speed and the take-away speed being variables related by a
      predetermined equation, means for measuring take-away speed of the sheet,
      means for measuring another variable of the equation related to the
      thickness of the formed sheet, means combining signals indicative of the
      measured sheet speed and the another variable for deriving a signal
      indicative of the rate of change of one of said variables with respect to
      another of said variables, means responsive to a measured value of one of
      the variables of said equation for deriving an error signal for said one
      variable, and means responsive to the rate of change indicating signal and
      the derived error signal for deriving a control signal for the speed of
      the screw rotational velocity, said means for deriving the rate of change
      indicating signals including means for deriving a signal representing rate
      of change of screw speed with respect to take-away speed, the error signal
      deriving means including means for deriving an error signal for take-away
      speed, and the control signal deriving means including means for
      multiplying the take-away speed error signal and the signal representing
      rate of change of screw speed with respect to take-away speed, and means
      responsive to the control signal for controlling the screw rotational
      velocity.
NUM  13.
PAR  13. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder, and means for taking the
      product away from the extruder, said screw and means for taking the
      product away from the extruder being capable of affecting thickness and
      throughput of the sheet, the thickness of the sheet product, and the screw
      rotational speed and the take-away speed being variables related by a
      predetermined equation, means for measuring take-away speed of the sheet,
      means for measuring another variable of the equation related to the
      thickness of the formed sheet, means combining signals indicative of the
      measured sheet speed and the another variable for deriving a signal
      indicative of the rate of change of one of said variables with respect to
      another of said variables, means responsive to a measured value of one of
      the variables of said equation for deriving an error signal for said one
      variable, and means responsive to the rate of change indicating signal and
      the derived error signal for deriving a control signal for the speed of
      the take-away speed, said means for deriving the rate of change indicating
      signals including means for deriving a signal representing rate of change
      of take-away speed with respect to sheet thickness, the error signal
      deriving means including means for deriving an error signal for sheet
      thickness, and the control signal deriving means including means for
      multiplying the sheet thickness error signal and the signal representing
      rate of change of take-away speed with respect to sheet thickness, and
      means responsive to the control signal for controlling the take-away
      speed.
NUM  14.
PAR  14. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder and means for taking a
      sheet product formed by the extruder away from the extruder, said screw
      and means for taking the product away from the extruder being capable of
      affecting thickness and throughput of the sheet, means for measuring the
      rate at which material is fed through the extruder, means for measuring
      another parameter related to sheet thickness, and means combining signals
      indicative of the measured screw rotational speed and the measured sheet
      thickness related parameter for deriving a control signal for one of the
      actuators affecting the sheet thickness, and means responsive to the
      control signal for controlling the one actuator.
NUM  15.
PAR  15. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder and means for taking a
      sheet product formed by the extruder away from the extruder, said screw
      and means for taking the product away from the extruder being capable of
      affecting thickness and throughput of the sheet, means for measuring the
      rate at which material is fed through the extruder, means for measuring
      another parameter related to sheet thickness, and means combining signals
      indicative of the measured screw rotational speed and the measured sheet
      thickness related parameter for deriving a control signal for screw speed
      changes, said means for deriving including: means for deriving a signal
      representing rate of change of screw speed with respect to take-away speed
      and an error signal for take-away speed, and means for multiplying the
      take-away speed error signal and the signal representing rate of change of
      screw speed with respect to take-away speed, and means responsive to the
      control signal for controlling the screw rotational velocity.
NUM  16.
PAR  16. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder and means for taking a
      sheet product formed by the extruder away from the extruder, said screw
      and means for taking the product away from the extruder being capable of
      affecting thickness and throughput of the sheet, means for measuring the
      rate at which material is fed through the extruder, means for measuring
      another parameter related to sheet thickness, and means combining signals
      indicative of the measured screw rotational speed and the measured sheet
      thickness related parameter for deriving a control signal for take-away
      speed changes, said means for deriving including means for deriving a
      signal representing rate of change of take-away speed with respect to
      sheet thickness and an error signal for sheet thickness, and means for
      multiplying the sheet thickness error signal and the signal representing
      rate of change of take-away speed with respect to sheet thickness, and
      means responsive to the control signal for controlling the take-away
      speed.
NUM  17.
PAR  17. In an apparatus for controlling an extruder system responsive to a
      supply of input material, said extruder system including a screw for
      feeding the input material through an extruder and means for taking a
      sheet product formed by the extruder away from the extruder, said screw
      and means for taking the product away from the extruder being capable of
      affecting thickness and throughput of the sheet, means for measuring the
      rate at which material is fed through the extruder, means for measuring
      another parameter related to sheet thickness, and means combining signals
      indicative of the measured screw rotational speed and the measured sheet
      thickness related parameter for deriving a control signal for screw speed
      changes, said means for deriving including: means for deriving a signal
      representing rate of change of screw speed with respect to sheet thickness
      and an error signal for sheet thickness, and means for multiplying the
      sheet thickness error signal and the signal representing rate of change of
      screw speed with respect to sheet thickness, and means responsive to the
      control signal for controlling the screw rotational velocity.
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ABST
PAL  A method and apparatus for off-line testing and correcting the metering
      accuracy of a split multihole spinneret fed by a single metered stream by
      determining end to end variations in flow rate and by reworking a number
      of holes in the lower flow rate side of the split spinneret, calculated by
      multiplying the average test percent bias of the split spinneret by a
      predetermined constant, so as to bring end to end variations in flow rate
      to within a required accuracy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to split multihole spinnerets for the production of
      multiple yarn ends and, more particularly, to a method and apparatus for
      diagnosing and correcting non-uniformities in construction of split
      multihole spinnerets to thereby control denier split in multiple end
      spinning while employing only one metered feed stream.
PAR  Throughout the present specification and claims, the term "yarn" is
      employed in a general sense to indicate a continuous, often plied, strand
      comprised of fibers, filaments, glass, metal or plastic. An "end" is a
      single such strand of yarn. A "split multihole spinneret" is a spin pot
      spinneret which is divided into two or more parts by means of an unpierced
      stripe or stripes wide enough to form a visible split between the multiple
      yarn ends below the spinneret. By "unpierced stripe" is meant that no
      spinneret holes are drilled in a narrow area across the face of the
      spinneret. As used herein, the term "fluid" indicates any substance
      exhibiting laminar flow characteristic. In this discussion, a "Newtonian
      fluid" is one that under given conditions has a viscosity which is
      constant and independent of the rate of shear; conversely, a
      "non-Newtonian fluid" is one that exhibits an apparent viscosity which
      varies with the rate of shear.
PAR  The conversion from single end spinning to multiple end spinning can be
      extremely expensive if special equipment is required to meter and
      segregate each yarn end. Aside from initial equipment costs there is the
      added factor of restricted equipment space. A simple method of reducing
      these limitations is to feed one metered stream and determine the flow
      split by the hydraulics of the fluid and the geometry of the split
      multihole spinneret. This method of multiple end spinning has a further
      advantage in that a single spin pot and metering system design can be used
      for spinning both single and multiple ends, thereby increasing the
      operational flexibility of the equipment. Uniform fluid properties and
      dynamic similarity between ends in the split multihole spinneret are
      prerequisites for adequate denier control. Ideally, end to end variations
      in denier or flow rate are small enough to be inconsequential; in
      practice, however, there are often relatively wide denier differences
      between ends when using spinnerets produced to normal tolerances by
      conventional manufacturing processes.
PAR  Some of the factors contributing to denier variability in both single and
      multiple end spinning are: incorrect spin pump settings, temperature
      profile across the spinneret face, filament to filament variability due to
      the range of tolerable hole dimensions within the spinneret, random
      unfiltered sludge particles variable across and within a given yarn end,
      air differential in the quench chamber, combinations of these factors,
      etc. An additional factor, peculiar to multiple end spinning, is filament
      crossover from end to end as the filaments are extruded from the split
      multihole spinneret. Denier variability can be reduced by the periodic
      cleansing of process equipment and by the installation of adequate
      monitoring equipment; research is continuing to further decrease denier
      differences.
PAR  One of the more important facets dealt with in the prior art is the
      metering accuracy of spinnerets. Various methods have been proposed for
      determining the metering accuracy of holes, such as that disclosed by Levy
      in U.S. Pat. No. 1,676,831 wherein fluid flow rate is measured by first
      passing a fluid at a given pressure through a hole, and then collecting
      and weighing the fluid at fixed time intervals. It has also been
      recognized by Hitchner in U.S. Pat. No. 2,925,692 that the measurement of
      back pressure exerted due to the resistance to flow of air through a
      capillary is a means of obtaining metering accuracy. Air is not suitable
      for measuring the metering accuracy of some spinneret holes because in the
      range of pressures that are useful for measuring flow resistance
      accurately, the air flow is turbulent rather than having the laminar flow
      characteristics of the fluid to be spun. The resultant measurements vary
      widely and, as a consequence, are not accurate enough for a determination
      of acceptable denier variation, particularly in fiber forming polymers
      such as nylon and polyester. Additionally, Booy et al. teach in U.S. Pat.
      No. 3,433,055 another method of obtaining metering accuracy whereby the
      holes of a spinneret plate are sequentially positioned under a valve
      supplied with pressurized liquid and then injected with the liquid. The
      back pressure due to the flow resistance of each hole is measured and
      compared to the back pressure generated by a previously tested standard
      hole to determine deviation in flow resistance of the hole, and finally,
      the liquid flow is interrupted at the valve to maintain the system under
      pressure for purging the next capillary too be tested.
PAR  Adequate end to end denier control could be achieved by testing all of the
      individual holes by a prior art method. However, the teachings of the
      prior art are both costly and time-consuming as spinnerets may have
      hundreds of holes to be inspected, and in multiple end spinning where the
      same number of filaments per yarn end may be desirable, this figure can be
      multiplied by a constant factor. A solution to this problem would be to
      eliminate the necessity of inspecting all of the holes in a spinneret
      plate. We have now discovered a novel method of doing this in the
      extrusion of multiple ends from a split multihole spinneret plate fed by a
      single metered stream.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method for off-line testing and correcting
      the metering accuracy of a split multihole spinneret fed by a single
      metered stream. The method comprises the steps of: (a) feeding through the
      split spinneret a fluid having a viscosity such that its flow through the
      holes of the split spinneret is laminar, by a single metered stream which
      hydraulically splits to each of the sides of the split spinneret; (b)
      collecting in segregation according to the sides of the split spinneret
      the fluid as it flows therefrom; (c) weighing separately the segregated
      collections of fluid; ((d) determining the percent bias of the split
      spinneret, preferably by dividing the absolute difference in weights of
      test fluid collected from each side of the split multihole spinneret by
      the lower weight and multiplying by 100; (e) choosing the side of the
      split spinneret with the lower flow rate for reworking of its respective
      holes; (f) calculating the number of holes to be reworked in said side of
      the split spinneret by the equation
EQU  N = k .times. D
PAL  where N is the number of holes to be reworked,
PA1  k is a constant between 15 and 150, preferably between 40 and 60, and
PA1  D is the percent bias of the split spinneret; and
PAL  (g) reworking approximately the number of holes N in the side of the split
      spinneret having said lower flow rate.
PAR  Preferably, the testing and correcting method is repeated until the test
      percent bias in step (d) does not exceed 0.35 percent.
PAR  The reworking of the holes of the split spinneret is accomplished by
      conventional methods used in manufacture of spinnerets, e.g., biased flow
      is corrected by reducing the length of holes on the lower flow rate side
      of the split multihole spinneret. To simplify the reworking procedure, a
      standard hole length reduction is made. The size of this standard
      reduction is generally the largest possible within the tolerance allowed
      for the spinneret manufacture. Holes to be shortened are selected in a
      scattered or random pattern. When the spinneret is used for the extrusion
      of heat sensitive materials and when the operational spin pot temperature
      is higher than the bulk fluid temperature, it is preferred that peripheral
      holes be avoided in the rework process.
PAR  The apparatus for carrying out the above-described method is conventional
      except for the portion of the apparatus which divides the fluid flowing
      from the exit end of an inverted split spinneret to be tested and channels
      it to a collection point. The split spinneret is divided into two or more
      parts by means of an unpierced stripe or stripes wide enough to form a
      visible split in the fluid flow at its exit end. The essential elements of
      the flow divider apparatus include an enclosed wall and sealing means. The
      enclosed wall has a base which is adapted to form a seal with the
      periphery of the exit end of the split spinneret without blocking any of
      the holes therethrough. The enclosed wall also has at least one divider
      plate, the ends of which terminate at the interior of the enclosed wall.
      The number and disposition of divider plates corresponds to the number and
      disposition of the unpierced stripes in the split spinneret. The sealing
      means is affixed to the bottom of said divider plate of the enclosed wall
      so as to form a seal with the unpierced stripe of the split spinneret; the
      enclosed wall with its divider plate thereby defines a plurality of open
      chambers, the bases of which are formed by the exit end of the split
      spinneret. The portion of the enclosed wall defining each of the open
      chambers has an aperture therein with a tube leading outwardly therefrom.
      Fluid flowing through the split spinneret is thus divided as it exits
      therefrom and is channeled through the tubes to a collection point.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic front view of the preferred apparatus used in the
      method of this invention.
PAR  FIG. 2 is a plan view of the flow divider labeled 24 in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment of this invention provides a method for off-line
      testing and correcting the metering accuracy of a split multihole
      spinneret fed by a single metered stream for the extrusion of two yarn
      ends. The method comprises the steps of: (a) feeding a fluid, having a
      viscosity between 1.0 and 100 centipoises at the testing temperature such
      that its flow through the holes of the split spinneret is laminar, by a
      single metered stream which hydraulically splits to each of the two sides
      of the split spinneret at a predetermined flow rate for a predetermined
      length of time; (b) collecting in segregation according to the sides of
      the split spinneret the fluid as it flows therefrom; (c) recording the
      weights of the segregated collections of fluid and their absolute
      difference; (d) repeating steps a through c; (e) rotating the split
      spinneret approximately 180.degree.; (f) repeating steps a through d with
      the split spinneret in its rotated position; (g) determining the percent
      bias of the split spinneret for each reading; (h) averaging the percent
      biases obtained for each reading to determine the test percent bias; (i)
      repeating steps a through h at least once so that at least two
      determinations of the test percent bias of the split spinneret will be
      made; (j) choosing, if the test percent bias for any test exceeds 0.35
      percent, the side of the split spinneret with a lower flow rate for
      reworking of its holes; (k) calculating the number of holes to be reworked
      in the side of the split spinneret with the lower flow rate by the
      equation
EQU  N = k .times. D
PAL  where
PA1  N is the number of holes to be reworked,
PA1  k is a constant between 40 and 60, and
PA1  d is the test percent bias of the split spinneret plate; and
PAL  (1) reworking approximately the number of holes N in the side of the split
      spinneret with the lower flow rate, avoiding the peripheral holes when the
      split spinneret is used for the extrusion of heat sensitive materials and
      when the operational spin pot temperature is higher than the bulk fluid
      temperature.
PAR  Referring to FIG. 1, a pipe line forms a circulation loop 13 from a tank 10
      containing a test fluid 11. The test fluid 11 is removed from the tank 10
      and passed through a centrifugal pump 14 and then a first flow control
      valve 15 before returning to the tank 10 via a dip pipe. The temperature
      of the test fluid 11 can be read on a thermometer 12 which is inserted
      into the test fluid 11 through the side of the tank 10. A branch line 16
      is taken off the circulation loop 13 between the centrifugal pump 14 and
      the first flow control valve 15. Test fluid 11 flowing through the branch
      line 16 will pass through a second flow control valve 17, an on/off valve
      18, a first shutoff valve 20, an expansion chamber 21, a filter 22, a
      split multihole spinneret 23, a flow divider 24, and into flow collectors
      25 and 25', in that order. A pressure indicator 19 is teed off the branch
      line 16 between the on/off valve 18 and the first shutoff valve 20. A
      drain line 26 with a second shutoff valve 27 is provided between the point
      at which the pressure indicator 19 is teed off the branch line 16 and the
      first shutoff valve 20. The drain line 26, which leads to a sewer (not
      shown), is used only for the periodic cleansing of the test system. An
      optional second filter 28 can be placed in the branch line 16 between the
      on/off valve 18 and the point at which the pressure indicator 19 is teed
      off the branch line 16.
PAR  With reference to FIGS. 1 and 2, the flow divider 24 comprises an enclosed
      wall 30, at least one divider plate 31, and at least two tubes 32 and 32'.
      The enclosed wall 30 is substantially circular and has a base 35. The
      enclosed wall 30, along with its base 35, is adapted to form a seal with
      the periphery of the exit end of a split multihole spinneret 23 without
      blocking any of the holes therethrough. Divider plate 31 has its ends
      secured in the enclosed wall 30. The number and disposition of the divider
      plates corresponds to the number and disposition of the unpierced stripes
      in the split multihole spinneret. To the bottom of divider plate 31 is
      affixed sealing means 33; when the enclosed wall 30 is sealed against the
      periphery of the split multihole spinneret 23, the sealing means 33 forms
      a seal along the unpierced stripe and divider plate 31 defines with the
      enclosed wall 30 a plurality of open chambers. The portion of the enclosed
      wall 30 defining each open chamber has an aperture 34 therein from which a
      tube 32 leads. The distance of the apertures 34 and 34' from the base 35
      of the enclosed wall 30 should be such that any test fluid 11 entering the
      open chambers of the flow divider 24 from the split multihole spinneret 23
      will exit via the tubes 32 and 32' to a collection point.
PAR  Pressures during testing will generally be less than 100 p.s.i.g. and
      temperatures between 15.degree.C. and 70.degree.C. are preferred.
      Selection of the flow rate and test fluid should be such that the flow
      will be substantially laminar in the range of pressures utilized. Fluids
      having a viscosity preferably from 1.0 to 100 centipoises at testing
      temperature are particularly suitable for use in the test system; it is
      preferred that the fluid be one that is fairly insensitive to temperature
      changes and is Newtonian under test conditions. The temperature of the
      test fluid should be such that its viscosity is maintained in the desired
      laminar range. Heat produced from the operation of the centrifugal pump 14
      may be adequate to give the required temperature. Should additional heat
      be required, provisions for heating by either electricity or steam can be
      made with suitable on/off controls to maintain desired temperature; this
      is shown diagramatically in FIG. 1 by a representative electrical heating
      element 29.
PAR  In operation, the centrifugal pump 14 is cut on with the second flow
      control valve 17 closed and the first flow control valve 15 partially
      open. If the centrifugal pump 14 cannot adequately heat the test fluid 11
      to the required temperature, then the heating element 29 can be cut on
      also. Assuming that the centrifugal pump 14 is adequate, simply permit it
      to heat the test fluid 11 to the required temperature. The expansion
      chamber 21, the filter 22, the clean split multihole spinneret 23 to be
      tested, and the flow divider 24 are sandwiched together. The split
      multihole spinneret 23, the flow divider 24, and the expansion chamber 21
      should be perfectly level in the horizontal plane. The disposition of the
      valves is as follows: first flow control valve 15, open; second flow
      control valve 17, open; on/off valve 18, closed; first shutoff valve 20,
      open; and second shutoff valve 27, closed. The tubes 32 of the flow
      divider 24 should lead at this point to disposal containers (not shown)
      rather than the flow collectors 25 and 25'. By quickly opening and closing
      the on/off valve 18, a visual check can be made for blocked holes in the
      split multihole spinneret 23. If any blocked holes are found, appropriate
      means should be taken to open them. When all the holes are open, the first
      flow control valve 15 is adjusted to give a desirable flow rate through
      the split multihole spinneret 23 with on/off valve 18 fully open. A visual
      check for leaks in the test system should be made, and if any leaks are
      present, they should be repaired. When leaks are repaired, the on/off
      valve 18 is closed and the test system, from the on/off valve 18, is
      allowed to drain. After the draining period, the disposal containers are
      replaced by clean, preweighed flow collectors 25 and 25'. The on/off valve
      18 is open for a predetermined length of time and then closed; the test
      system, from the on/off valve 18, is again allowed to drain. The flow
      collectors 25 and 25' are removed, and the weights of their fluid contents
      as well as the difference in these weights are recorded. This constitutes
      one reading. The fluid collected in the disposal containers and the flow
      collectors 25 and 25' may be recycled, if desired, by emptying their
      contents into the tank 10.
PAR  The number of readings taken is important only insofar as the statistical
      accuracy desired. It is preferred that four readings be taken per
      spinneret; after two readings, the split multihole spinneret 23 is rotated
      and two additional readings are taken. This is to check for flow bias in
      the test system. The degree of rotation depends upon the disposition of
      the divider plates. For example, if two ends are to be extruded from a
      split multihole spinneret 23 which has an unpierced stripe bisecting its
      face, a flow divider 24 with a single divider plate 31 bisecting it will
      be used, and the degree of rotation will be 180.degree.. It is recommended
      that spinnerets be well cleaned between tests. Whenever necessary the test
      system should also be cleaned. The tank 10 can be drained of test fluid 11
      by closing the first shutoff valve 20 and opening all of the other valves.
      The tank 10 is then washed out with a solvent and drained. When refilling
      the tank 10, enough test fluid 11 should be supplied to cover the
      thermometer 12, the heating element 29 if used, and the recirculation dip
      pipe. The filters 22 and 28 should also be periodically cleaned.
PAR  The following examples further illustrate said preferred process and are
      not be be considered limiting of the invention in any manner.
PAC  EXAMPLE 1
PAR  Test apparatus was set up as shown schematically in FIG. 1. The fluid to be
      simulated was polyethylene terephthalate having a viscosity of about
      1,000,000 centipoises, and the test fluid used was polyethylene glycol
      (Carbowax) having a viscosity of about 40 centipoises at the testing
      temperature. Split spinnerets having a single unpierced stripe dividing
      their faces into two halves, each having 192 holes, were tested. Within
      the tolerance allowed for the spinneret manufacture, the length of each
      hole was approximately twice the diameter of each hole. The flow divider
      had a single divider plate bisecting it into two open chambers, each of
      which had a tube leading therefrom to flow collectors. The temperature to
      which the polyethylene glycol (Carbowax) was heated by the centrifugal
      pump alone was 40.degree. .+-. 3.degree.C. The desired flow rate was
      approximately 20 pounds/minute, and the pressure was maintained at
      approximately 6 p.s.i.g. The Carbowax was pumped through the spinneret and
      the difference in throughput from the two sides of the spinneret was
      measured. It was found that a spinneret percent bias of 0.35 percent or
      less was required to maintain the total polyethylene terephthalate yarn
      product to within 1000 .+-. 20 for 1000 denier yarn.
PAR  Of 86 split spinnerets tested, only 32, or approximately 37.2 percent, had
      acceptable percent biases of 0.35 percent or less. The remaining 54 had to
      be reworked. The size of the standard hole length reduction was the
      largest possible within the tolerance range allowed for conventional
      spinneret manufacture and varied approximately 5.0 percent and 6.0 percent
      of the nominal hole length; holes with a length dimension in the higher
      end of the tolerance range had a smaller percentage of their length
      reduced while holes with a length dimension in the lower end of the
      tolerance range had a larger percentage of their length reduced. The
      number of holes to be reworked in the lower flow rate side was determined
      by the equation
EQU  N = K .times. D
PAL  where
PA1  N is the number of holes to be reworked,
PA1  k is a constant, preferably between 40 and 60, and
PA1  D is the test percent bias of the split spinneret.
PAL  Twenty-six split spinnerets were reworked with a value of k between 40 and
      60. Seventeen, or 65.4 percent, of the split spinnerets had to be reworked
      once to bring end to end variations in flow rate to within the required
      accuracy; seven, or 26.9 percent, of the split spinnerets had to be
      reworked twice to bring end to end variations in flow rate to within the
      required accuracy; and two, or 7.7 percent, had to be reworked 3 times to
      bring end to end variations in flow rate to within the required accuracy.
PAC  EXAMPLE 2
PAR  Example 2 was carried out substantially in accordance with Example 1. The
      fluid to be simulated was polycaproamide having a viscosity of about
      300,000 centipoises, and the test fluid used was silicone oil having a
      viscosity of about 45 centipoises at the testing temperature. Results were
      similar to the results obtained in Example 1.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for dividing and channeling the fluid flow from the exit
      end of an inverted split multihole spinneret, said split multihole
      spinneret being divided into parts by means of an unpierced stripe wide
      enough to form a visible split in said fluid flow at the exit end of said
      split multihole spinneret, said apparatus for dividing and channeling the
      fluid flow from the exit end of said split multihole spinneret comprising:
PA1  a. an enclosed wall, said enclosed wall having a base, said enclosed wall
      along with said base being adapted to form a seal with the periphery of
      said exit end of said split multihole spinneret, without blocking any of
      the holes therethrough;
PA1  b. a divider plate, said divider plate having its ends secured in said
      enclosed wall;
PA1  c. sealing means, said sealing means being affixed to the bottom of said
      divider plate to form a seal with said unpierced stripe when said base of
      said enclosed wall is sealed against said periphery of said exit end of
      said split multihole spinneret, said enclosed wall with said divider plate
      thereby defining a plurality of open chambers the bases of which are
      formed by said exit end of said split multihole spinneret, the portion of
      said enclosed wall defining each of said open chambers having an aperture
      therein; and
PA1  d. a plurality of tubes, the number of said tubes corresponding to the
      number of said apertures in said enclosed wall and leading outwardly
      therefrom; whereby the fluid flowing through said split multihole
      spinneret divides as it exits therefrom to flow through said tubes to a
      plurality of collection points.
NUM  2.
PAR  2. An apparatus for dividing and channeling the fluid flow from the exit
      end of an inverted split multihole spinneret, the split spinneret being
      divided into two parts by means of an unpierced stripe wide enough to form
      a visible split in said fluid flow at the exit end of said split
      spinneret, said apparatus for dividing and channeling the fluid flow from
      the exit end of said split spinneret comprising:
PA1  a. an enclosed wall, said enclosed wall having a base, said base being
      adapted to form a seal with the periphery of said exit end of said split
      spinneret without blocking any of the holes therethrough, said enclosed
      wall also having one divider plate, said divider plate having its ends
      terminating at the interior of said enclosed wall; and
PA1  b. sealing means, said sealing means being affixed to the bottom of said
      divider plate of said enclosed wall so as to form a seal with said
      unpierced stripe of said split spinneret, said enclosed wall with its said
      divider plate thereby defining two open chambers the bases of which are
      formed by said exit end of said split spinneret, the portion of said
      enclosed wall defining each of said open chambers having an aperture
      therein with a tube leading outwardly therefrom, said apertures being at
      such distance from said base of said enclosed wall that the fluid flowing
      through said split spinneret is divided as it exits therefrom to flow
      through said tubes to two collection points.
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ABST
PAL  A hydraulic wrench has a support, and a drive assembly which is mounted
      thereon and which includes a shaft that is turnable, a pair of sector
      drive plates which are mounted on the shaft turnable relative to the same
      and spaced from one another, each drive plate having an arcuate edge face
      formed with a plurality of slots that are spaced about the axis of the
      shaft and extend substantially parallel to this axis, and a square drive
      member which is turnable with the shaft and can be inserted into a mating
      drive socket. A transmission arrangement transmits motion from the sector
      drive plates to the shaft in order to turn the latter when the sector
      drive plates are turned. A hydraulic cylinder unit is also mounted on the
      support for pivotal movement about an axis parallelling that of the shaft
      and spaced therefrom, and the cylinder unit has a reciprocable piston rod
      having a working stroke and being provided with a projection that can
      engage in the respective slots of the sector drive plates, in order to
      turn the latter during the working stroke of the piston rod.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  The present invention relates generally to wrenches, and more particularly
      to hydraulic wrenches. Specifically the invention relates to a novel
      hydraulic torque wrench.
PAR  Wrenches of many different kinds, including torque wrenches, are well known
      in the art. Particularly when heavy industrial equipment must be serviced,
      special tools such as torque wrenches are required to tighten and loosen
      the large threaded fasteners used in such equipment. These special
      wrenches must be capable of developing a high, controllable torque.
PAR  It is known from the prior art to provide for such applications either
      impact wrenches, geared wrenches or hydraulic wrenches. All of these are
      capable of developing high torque, but all of them are subject to various
      disadvantages that make further developments in this field desirable.
PAR  Impact wrenches do develop the same driving torque when operating in two
      opposite directions. However, they operate constantly at peak power and
      thus make it impossible in many cases to loosen a fastener, e.g. a
      corroded nut or bolt, with the same impact that previously tightened it,
      because corroded fasteners evidently require a higher loosening torque.
      This cannot be provided in an impact wrench, because such wrenches do not
      have variable torquing. This may require a mechanic to bring two impact
      wrenches to the job site, one wrench to loosen the fasteners and another
      wrench to tighten the fasteners. Moreover, poor control of the striking
      blows of an impact wrench is frequently observed, resulting in fasteners
      which are either over-torqued or under-torqued. Evidently, this can lead
      to damaged fasteners, or to additional time spent in retightening loose
      fasteners, leading therefore to higher servicing costs.
PAR  Gear wrenches are not possessed of the same disadvantages as impact
      wrenches: however, gear wrenches develop their high torque through large
      gear reductions, meaning that they operate at a relatively slow rate of
      speed, which increases the servicing time required for tightening or
      loosening fasteners with such wrenches. Moreover, because of the large
      number of gears required in order to obtain the desired speed reduction,
      gear wrenches are inefficient, and furthermore because of this number of
      gears the wrenches are necessarily large and cannot be used in many
      instances where space is limited.
PAR  Prior-art hydraulic wrenches, finally are of such construction that they
      cannot be employed universally. In other words, as a general rule, wrench
      sockets and reaction members on these wrenches must be exchanged every
      time a fastener of a different type or size than the previous one is to be
      tightened or loosened. Evidently, this is time-consuming, quite aside from
      the fact that different wrench sockets and reaction members must be
      available at all times for switching over to different jobs. Also, the
      prior-art hydraulic wrenches require frequent operator adjustment and are
      subject to frequent jamming, so that they have not found wide acceptance
      in the industry.
PAC  SUMMARY OF THE INVENTION:
PAR  Accordingly, it is an object of the invention to overcome the disadvantages
      of the prior art.
PAR  More particularly, it is an object of the present invention to provide an
      improved hydraulic torque wrench which is not possessed of any of the
      disadvantages of the prior-art wrenches, whether they be of the hydraulic
      or any other type.
PAR  A further object of the invention is to provide such a hydraulic torque
      wrench which is capable of applying a high, controlled torque to a
      fastener via an intermediate socket wrench.
PAR  An additional object of the invention is to provide such a novel hydraulic
      torque wrench which is simple and uncomplicated in its construction.
PAR  Still a further object of the invention is to provide such a hydraulic
      torque wrench which is semiautomatic in operation.
PAR  A concomitant object of the invention is to provide such a novel hydraulic
      torque wrench which can be handled easily and used by skilled or unskilled
      operators alike.
PAR  In keeping with these objects, and with others which will become apparent
      hereafter, one feature of the invention resides in a hydraulic torque
      wrench which, briefly stated, comprises a support, a drive assembly
      mounted on the support and including a shaft turnable about a first axis,
      a sector drive plate turnable on the shaft and having an arcuate edge face
      formed with a plurality of slots spaced about the first axis and extending
      substantially parallel to the same, and a square drive member turnable
      with the shaft and adapted for insertion into a mating drive socket.
      Transmission means is provided for transmitting motion from the sector
      drive plate to the shaft so as to turn the latter. A hydraulic cylinder
      unit is mounted on the support for pivotal movement about a second axis
      spaced from and parallel to the first axis, and this cylinder unit
      includes a reciprocable piston rod having a working stroke. A projection
      is provided on the piston rod for engagement in the respective slots, so
      as to turn the sector drive plate on the shaft during the working stroke
      of the piston rod.
DRWD
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is an exploded isometric view of a hydraulic torque wrench according
      to the present invention;
PAR  FIG. 2 is a side-elevational view of the torque wrench in FIG. 1, with
      portions omitted to show the interior assembly;
PAR  FIG. 3 is a top-plan view of the torque wrench in FIG. 1 in assembled
      condition;
PAR  FIG. 4 shows the hydraulic circuit of the torque wrench in FIGS. 1-3;
PAR  FIG. 5 is an electrical block diagram showing the electrical circuit of the
      torque wrench in FIGS. 1-3; and
PAR  FIG. 6 is a fragmentary side view, partly sectioned, of another embodiment
      of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PA1  Referring now to FIGS. 1-5, wherein a single currently preferred embodiment
      of the invention has been illustrated, it will be seen that reference
      numerals 1 and 2 identify a pair of transversely spaced side plate members
      constituting part of the support or frame of the novel torque wrench. The
      plate members 1 and 2 are provided with respective elongated slots 1a and
      2a, respectively, and at one end they are each provided with an outwardly
      projecting boss 1b (only one visible in FIG. 1, both shown in FIG. 3) to
      which a reaction arm 20 can be releasably connected.
PAR  Mounted between the side plates 1 and 2 is a drive assembly comprising a
      pair of sector drive plates 6a and 6b, each having an arcuate edge face
      formed with a plurality of spaced slots 6c. A shaft 5 extends through
      aligned holes 5a in the drive plates 6a, 6b and the plate members 1 and 2;
      it is held against displacement relative to the plates and plate members
      by circlips 26 which are snapped onto the shaft 5 at the outwardly
      directed sides of the plate members 1 and 2, respectively. Intermediate
      the sector drive plates 6a and 6b the shaft 5 is provided with a ratchet
      wheel 8 having the illustrated teeth. Unlike the sector drive plates 6a
      and 6b, which can turn relative to the shaft 5, the ratchet drive wheel 8
      is fixedly connected with the shaft 5 so as to turn with the same, but not
      relative to the same. It could, of course, be made of one piece with the
      shaft 5. A pawl 9 is turnably journalled on a post 11 which extends
      through registering holes 11a in the pawl 9 and the sector drive plates 6a
      and 6b. Circlips 11b are snapped on to the end portions of the post 11
      adjacent the outwardly sides of the sector drive plates 6a, 6b to prevent
      shifting of the post 11 in longitudinal direction of the latter. A pin 32
      is provided on the pawl 9, and a pin 31 is provided on one or both of the
      sector drive plates 6a, 6b; a spring 33 is connected with its opposite
      ends to the pins 31 and 32, respectively, so that in FIG. 1 and FIG. 2,
      the pawl 9 will always be urged to pivot in the counterclockwise
      direction, so as to engage with the teeth of the ratchet wheel 8. A spacer
      post 10 extends into aligned holes 10a in the sector drive plates 6a, 6b
      to provide further stability to the assembly; it, also, is secured by
      circlips (not shown) analogous to the circlips 11b.
PAR  A hydraulic cylinder unit 36 is provided at one end with pivots 36b, by
      means of which it is connected with the plate members 1 and 2 at a
      location that is spaced longitudinally of the plate members 1 and 2 from
      the shaft 5. The cylinder unit 36 can therefore tilt or pivot about a
      pivot axis, defined by the pivots 36b, which extends parallel to the axis
      of rotation of the shaft 5. The cylinder unit 36 has a double-acting
      piston 37 in its interior (see FIG. 4) which piston 37 is provided with a
      piston rod 36a that extends outwardly from the unit 36 and carries a
      handlebar 18 on which a handle 27 is provided for engagement by an
      operator. Provided on the handlebar 18 is a pin 14 which projects to
      opposite lateral sides of the handlebar 18 in substantial parallelism with
      the pivot axis defined by the pivots 36b, so that the end portions of the
      pin 14 can engage into the slots 6c of the respective sector drive plates
      6a, 6b. To assure such engagement, the handlebar 18 is also provided with
      a hook 38 to which one end of a spring 34 is secured, which spring forms
      in the region of its other end a loop that is received in an exterior
      groove 16' formed in a spacer bar 16 that is formed in its opposite axial
      ends with tapped holes into which bolts 16b are threaded that extend
      through slots 16a formed in the plate members 1 and 2, respectively. The
      spring 34 thus permanently tends to tilt the unit 36 about the pivot axis
      defined by the pivots 36b in counterclockwise direction, so as to assure
      engagement of the pin end portions of the pin 14 in the slots 6c of the
      sector drive plates 6a, 6b, respectively. The pivots 36b extend into holes
      36c formed in the plate members 1 and 2, respectively. The end of the
      wrench where the pivots 36b are located, is closed by a curved end plate 4
      formed with tapped bores into which bolts 4a can be threaded which extend
      through appropriate holes in the plate members 1 and 2, respectively. A
      reaction drive socket 21 is mounted in one of the slots 1a (and can be
      made releasable so that it can be placed into the other slot 2a) and
      formed with a recess so dimensioned that it can receive a portion of a
      fastener adjacent to that fastener which is to be loosened or tightened
      with the novel wrench. If the socket 21 is not to be used alone, then the
      arm 20 is put in place and used as the reaction arm in combination with
      the socket 21. Socket 21 could also be replaced by a standard socket
      wrench and a fastener for retaining it on the respective plate 1 or 2. A
      reaction member temporarily fastened to plate members 1 and 2 and
      projecting outwardly in direction of elongation of the drive member 15 but
      exceeding the projecting length of the same, could also be used to react
      against stationary objects adjacent to the fastener to be loosened or
      tightened. Such a reaction member could be magnetic to overcome the tool's
      tendency to lift away from the reaction point during the retracting
      stroke.
PAR  The opposite axial ends of the shaft 5 are formed with polygonal recesses
      15a which extend axially inwardly (only one shown) and into which a square
      drive member 15 in form of a bar or the like is inserted, to be retained
      therein in suitable manner, for instance by means of a set screw or the
      like. This square drive member 15 projects outwardly of that end of the
      shaft 5 where it is mounted (depending upon at which side of the wrench
      the square drive member 15 is to be utilized) and is to be inserted into a
      standard socket wrench (see FIG. 1) which, in turn, is engaged with the
      fastener that is to be loosened or tightened.
PAR  The novel wrench thus far described has a hydraulic circuit that is shown
      in FIG. 4, and an electrical circuit that is shown in FIG. 5.
PAR  In FIG. 4, reference numeral 40 identifies a reservoir for hydraulic fluid,
      reference numeral 41 a pump which is driven by a motor 42, reference
      numeral 43 a relief valve, reference numeral 44 a two position one-way
      valve that is operated by a solenoid 45. A filter 46 is provided for
      filtering contaminants out of the hydraulic fluid. Reference numeral 47
      identifies a two position four-way valve which is operated by a solenoid
      48. Reference numeral 49 identifies a pressure gauge, reference numeral 50
      a pressure switch and reference numeral 51 a further pressure switch both
      of which are either preset or adjustable to certain pressures. Reference
      numeral 52 identifies a pair of flexible lines by means of which the
      hydraulic circuit is connected via a pair of quick disconnect couplings 53
      (shown only diagrammatically) with the cylinder unit 36.
PAR  The electrical circuit is shown in FIG. 5, and the various solenoids
      described with respect to FIG. 4 are indicated in FIG. 5 with the same
      reference numerals. Reference numeral 54 identifies a control switch which
      operates a latching relay 55, reference numeral 56 identifies a circuit
      breaker of conventional type, and reference numeral 57 an
      operator-operable motor switch for the motor 42. The arrows at the
      left-hand side of the diagram in FIG. 5 indicate the connection to a
      source of electrical energy, for instance an outlet for 110-115 volts A/C.
      It will be seen that a socket wrench into which the square drive member 15
      has been inserted, and which in turn is engaged with a fastener to be
      loosened or tightened, is driven via the unit 36 through the two
      illustrated ratchet mechanisms. The first mechanism, which can also be
      considered the input mechanism, has the plates 6a and 6b, and these plates
      are driven by the pin 14 of the piston rod 36a. When they turn about the
      shaft 5, the pawl 9 moves with them and, since it engages the teeth of the
      ratchet wheel 8, turns the ratchet wheel and therefore the shaft 5. This
      second or output ratchet mechanism thus turns the square drive member 15.
      Activation of the output ratchet mechanism is accomplished by manually
      resetting the sector plates 6a, 6b to their original positions after the
      piston 37 and cylinder rod 36a have completed their working stroke and all
      of the slots 6c have been engaged by the pin 14.
PAR  Because of the arcuate configuration of the edge faces of the sector drive
      plates 6a, 6b wherein the slots 6c are formed, the unit 36 can act through
      a large driving radius, resulting in a smaller force being required to
      produce a given torque and permitting a smaller cylinder unit 36 to be
      used. A further advantage of the use of the sector drive plates 6a, 6b,
      for example vis-a-vis the use of drive plates of circular configuration,
      is that they permit the tool to be used in spaces where the employment of
      circular drive plates will make the tool so large that it could no longer
      be used.
PAR  The conversion of the linear motion of the piston rod 36a into the circular
      motion of the drive affects the torque output, because of the chordal
      height change which results from the geometry of this motion. This affect
      is, however, minimized by using a short cylinder unit 36 and driving
      through a large radius, whereby a more efficient drive is obtained, and
      whereby the short cylinder unit 36 and the short stroke of the piston 37
      assure that a small overall size of the wrench can be maintained.
PAR  The short cylinder stroke requires the drive to move through small angular
      increments. To accomplish this, a conventional single ratchet drive would
      have to have a large number of teeth that are subjected to high load,
      meaning that many large teeth and a large-diameter ratchet wheel, or a
      multi-pawl mechanism with load-sharing problems would have to be employed.
      All of these disadvantages are, however, avoided in the present
      construction where the input ratchet arrangement utilizing the sector
      drive plates 6a, 6b performs the small angular movements on a large radius
      where the loading is smallest, whereas the output ratchet arrangement
      incorporating the ratchet wheel 8 performs larger angular movements. This
      makes is possible to utilize for the ratchet wheel 8 a few large teeth and
      to make the wheel 8 of a small diameter. Also, a single pawl 9 can be
      used, which eliminates load-sharing problems.
PAR  It is evident that rotation of the square drive member 15 can be effected
      in one direction or in an opposite direction merely by changing the square
      drive member 15 from one side to the other side of the tool, so that the
      wrench can be used to tighten as well as loosen any fasteners.
PAR  In operation of the novel wrench, a suitable socket wrench is attached to
      the free end of the square drive member 15 and is placed onto a fastener
      that is to be tightened or loosened. The reaction arm 20 is placed onto
      one of the bosses 1b, if the arm 20 is to be used. If the arm 20 is not to
      be used, then the reaction drive member 21 is connected with another one
      of the fasteners, but not the one that is to be tightened or loosened. The
      hydraulic unit of FIG. 4 is connected by means of the quick disconnect
      couplings 53 with the unit 36, and the pressure switch 50 is adjusted to
      the desired torque setting. The hydraulic pump motor 42 is switched on by
      means of the motor switch 57, and the cylinder rod 36a begins to extend,
      turning the square drive member 15 and the socket wrench attached to it,
      in the manner previously described. When the piston rod 36a reaches full
      extension, the system pressure in the system of FIG. 4 builds up,
      activating the pressure switch 50 which transmits a signal to the
      electrical latching relay 55 which, in turn, activates the solenoid 48 to
      change the position of the valve 47. With the valve 47 in the new
      position, the cylinder piston rod 38a retracts until the pin 14 engages in
      the next-following slot 6c of the sector drive plates 6a, 6b, that is the
      slot which is spaced circumferentially of the shaft 5 from the slot in
      which the pin 14 has heretofore been engaged. When the rod 36a is fully
      retracted, system pressure in the hydraulic system of FIG. 4 builds up
      again, until the pressure switch 51 is actuated which then opens the valve
      44, allowing the output of the pump 41 to flow to the hydraulic reservoir
      40.
PAR  In order to turn the fastener that is to be tightened or loosened further,
      the electrical switch 54 is closed by the operator in order to relieve the
      latching relay 55. This deenergizes the solenoid 48 of the valve 47,
      allowing the valve 47 to return to its original position with the result
      that the pressure switch 51 opens and the valve 44 closes, thereby
      starting the operating cycle over again.
PAR  The cycle is repeated as often as necessary. If, during such operation, the
      last of the slots 6c in the sector drive plates 6a and 6b has been engaged
      by the pin 14 and the sector drive plates have been turned for the final
      increment, the operator grips the handle 27 and pivots the cylinder unit
      36 upwardly to disengage the pin 14 from the slots 6c, whereupon he
      manually tilts the sector drive plates 6a, 6b to their starting position,
      that is to the position that is shown in FIGS. 1 and 2. This motion
      engages the pawl 9 in the next tooth of the ratchet wheel 8.
PAR  The preceding operations are now repeated until the threaded
      fastener--assuming that it requires to be tightened--has been tightened to
      the desired torque. When reaching the desired torque, as determined by the
      setting of the pressure switch 50, the piston rod 36a returns to its
      retracted position and the wrench may now be removed.
PAR  In certain operating positions of the tool the center of gravity of the
      sector drive plates 6a, 6b may be so located that these plates will tilt
      about the shaft 5 (in clockwise direction in FIG. 1) under their own
      weight. Since the pawl 9 is attached to and moves with the drive plates
      6a, 6b it will then be lifted out of engagement with the ratchet drive
      wheel 8. To overcome this problem, the embodiment of FIG. 6 --wherein like
      reference numerals identify like components as before-- utilizes a
      spring-loaded bolt plunger having a housing 60 that is threaded into or
      otherwise secured in a bore formed in the ratchet wheel-engaging portion
      of the pawl 9. The housing 60 has a bore 61 provided with an open end
      which is of a smaller diameter than the remainder of the bore 61, to
      retain a ball 62 therein. The edge bounding the open end may be secured
      over to achieve this, after ball 62 is inserted. A spring 63 is located in
      bore 61 and urges the ball 62 outwardly of the open end and into
      engagement with a respective tooth of ratchet wheel 8.
PAR  In this arrangement, the force of spring 63 which urges the ball 62
      resiliently into contact with the ratchet wheel 8, overcomes the
      gravity-caused turning movement of the drive plates 6a, 6b (note the
      location of pawl shaft 11 in relation to ratchet wheel 8) so that, as long
      as the plunger movement is less than the movement of pawl spring 33,
      contact is maintained between pawl 9 and ratchet wheel 8 in all operating
      positions of the tool.
PAR  Of course, the housing 60 might be omitted and the ball 62 and spring 63 be
      directly accommodated in a bore of pawl 9.
PAR  It is clear that the wrench according to the present invention is simple in
      its construction and operates semiautomatically. It provides a high,
      controlled torque which is the same irrespective of whether the tool is
      used to tighten or to loosen a threaded fastener. The torque control is
      automatically accomplished through the preset adjustable pressure switch
      and the operator need not watch any gauges to assure that the desired
      torque is obtained. The semiautomatic operation speeds the work and
      provides for high efficiency. The overall dimensions of the novel wrench
      are small and the wrench can therefore be used even in applications where
      the availability of space is extremely limited. The final drive, that is
      the connection between the square drive member 15 and the threaded
      fastener to be tightened or loosened, is accomplished via standard socket
      wrenches that are readily available. The socket wrench that is used stays
      on the square drive member 15 until the operation is complete, and no
      periodic resettings of the drive sockets are required. The ratchet design
      of the novel wrench is uncomplicated, eliminating load sharing and other
      problems, and overall the novel wrench according to the present invention
      is a tool that can provide the user with a torquing system capable of
      handling the majority of industrial and private applications, such as
      overhaul and repair jobs. Because of its great simplicity, the wrench
      according to the present invention can be handled easily, and can be
      employed quite readily by unskilled labor, thus eliminating the expenses
      involved in the use of specially trained operators while at the same time
      assuring that none of the mishandling difficulties will occur which would
      ordinarily be expected when allowing the use of such a tool by an
      unskilled operator.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the type described above.
PAR  While the invention has been illustrated and described as embodied in a
      hydraulic torque wrench, it is not intended to be limited to the details
      shown since various modifications and structural changes may be made
      without departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A hydraulic wrench, comprising a support; a drive assembly including a
      shaft journalled on said support and turnable relative thereto about a
      first axis, a sector drive plate turnable on said shaft and having an
      arcuate edge face formed with a plurality of slots spaced about said first
      axis and extending substantially parallel to the same, and a square drive
      member turnable with said shaft and adapted for insertion into a mating
      drive socket; transmission means for transmitting motion from said sector
      drive plate to said shaft so as to turn the latter; a hydraulic cylinder
      unit also mounted on said support for pivotal movement about a second axis
      spaced from and parallel to said first axis, said cylinder unit including
      a reciprocable piston rod having a working stroke; and a projection on
      said piston rod for engagement in the respective slots, so as to turn said
      sector drive plate on said shaft during the working stroke of said piston
      rod.
NUM  2.
PAR  2. A hydraulic wrench as defined in claim 1, wherein said drive assembly
      includes on said shaft an additional turnable sector drive plate spaced
      from and substantially parallel to the first-mentioned one and also
      provided with an arcuate edge face having slots corresponding to the
      first-mentioned slots; and wherein said projection on said piston rod
      comprises a first portion engageable in the respective first-mentioned
      slots, and a second portion engageable in said slots of said additional
      sector drive plate.
NUM  3.
PAR  3. A hydraulic wrench as defined in claim 2, wherein said transmission
      means comprises a ratchet wheel surrounding said shaft intermediate said
      sector drive plates and being turnable with said shaft, and a
      spring-loaded pawl pivotably mounted on said sector drive plates for
      movement with the latter and being in engagement with said ratchet wheel.
NUM  4.
PAR  4. A hydraulic wrench as defined in claim 3; and further comprising a pair
      of circlips engaging said sector drive plates and maintaining the same
      against movement away from said ratchet wheel in axial direction of said
      shaft.
NUM  5.
PAR  5. A hydraulic wrench as defined in claim 3, wherein said support comprises
      a pair of transversely spaced plate members located outwardly adjacent to
      the respective sector drive plates, and connecting means rigidly
      connecting said plate members to one another.
NUM  6.
PAR  6. A hydraulic wrench as defined in claim 1, wherein said hydraulic
      cylinder unit includes a double-acting piston provided with said piston
      rod, and a hydraulic circuit for selectively moving said piston in
      mutually opposite directions.
NUM  7.
PAR  7. A hydraulic wrench as defined in claim 6; further comprising
      quick-connect and -disconnect couplings for connecting said circuit with
      said hydraulic cylinder unit.
NUM  8.
PAR  8. A hydraulic wrench as defined in claim 7, wherein said piston rod has a
      free end portion provided with a handle structure for engagement by an
      operator; and further comprising biasing means connected between said
      handle structure and said support so as to urge said hydraulic cylinder
      unit to tilt about a second axis and to maintain said projection in
      engagement with the respective slots.
NUM  9.
PAR  9. A hydraulic wrench, comprising a support; a drive assembly mounted on
      said support and including a shaft turnable about a first axis, a sector
      drive plate turnable on said shaft and having an arcuate edge face formed
      with a plurality of slots spaced about said first axis and extending
      substantially parallel to the same, and a square drive member turnable
      with said shaft and adapted for insertion into a mating drive socket;
      transmission means for transmitting motion from said sector drive plate to
      said shaft so as to turn the latter, said transmission means comprising a
      ratchet wheel surrounding said shaft and turnable with the same and a
      spring-loaded pawl pivotably mounted on said sector driver plate for
      movement with the latter and being in engagement with said ratchet wheel;
      a hydraulic cylinder unit mounted on said support for pivotal movement
      about a second axis spaced from and parallel to said first axis, said
      cylinder unit including a reciprocable piston rod having a working stroke;
      and a projection on said piston rod for engagement in the respective
      slots, so as to turn said sector drive plate on said shaft during the
      working stroke of said piston rod.
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ABST
PAL  A molded plastic J-shaped trap or conduit has a U-portion with a laterally
      curved or slightly helical configuration to provide for automatically
      producing the conduit within a multiple cavity injection mold. The mold
      includes a set of mold sections which define a U-shaped cavity having a
      slight helical configuration, and a slight helical U-shaped core member is
      supported within the cavity by a core support rod and a set of core slides
      which engage opposite ends of the core member. The core member and one of
      the core slides are adapted to be elevated after the mold sections are
      opened to remove a molded conduit from the cavity, and the core member
      remains supported by the core support rod which extends through the one
      core slide. The molded conduit is stripped from the core member by an
      annular stripping plate which is moved by an actuator along the core
      member in a helical path, and the conduit is directed past the core
      support rod as the conduit is being stripped.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the production of J-traps which are molded of a rigid plastics material,
      it is desirable for the U-shaped channel or passage to be of substantially
      uniform circular cross-section with minimum internal seams and without
      internal flash. Thus it is desirable to use a one-piece U-shaped core
      element instead of sectional core elements or members such as those
      disclosed, for example, in U.S. Pat. No. 454,186 for molding lead traps. A
      one-piece U-shaped core element may be used in the molding of a flexible
      J-trap or tube, for example, as disclosed in U.S. Pat. No. 3,028,630,
      since the flexible trap may be deformed when it is removed from the core
      element. However, a one-piece U-shaped core element is difficult or
      awkward to remove from a molded J-trap or tubular conduit when the conduit
      is molded of a rigid plastics material.
PAR  It is also desirable to eliminate all manual operations involved in
      inserting and removing core sections or elements during the molding of a
      rigid plastics J-trap or conduit so that the molding operation may be
      completely automatic and the cost of the conduit is minimized. In the art
      of injection molding L-shaped conduits or elbows, multiple cavity molds
      have been constructed or proposed for automatically producing the elbows
      without any manual operations. For example, U.S. Pat. Nos. 3,632,277 and
      3,746,493 disclose multiple cavity molds for automatically producing
      elbows of rigid plastics material. However, the molds disclosed in these
      patents are not adaptable for molding U-shaped or "return" conduits such
      as J-traps or other conduits having a "return bend."
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to the automatic production of return
      conduits including J-traps and any other conduits having a U-shaped
      portion. A return conduit produced in accordance with the invention
      differs from a conventional return conduit in that the U-shaped portion of
      a conduit of the invention has a slight helical configuration or a center
      line which curves laterally outwardly relative to a plane defined by the
      parallel axes of the circular end portions of the return conduit. This
      configuration of the return conduit provides for automatically producing
      the conduits without manually handling or positioning any inserts or core
      elements within the mold and also permits the conduits to be produced in a
      multiple cavity mold. The specific construction of the mold and other
      features and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a J-trap constructed in accordance with the
      invention;
PAR  FIG. 2 is a bottom view of the J-trap shown in FIG. 1;
PAR  FIG. 3 is a fragmentary edge view of the J-trap shown in FIGS. 1 and 2;
PAR  FIG. 4 is a fragmentary plan view of a lower section of the mold
      constructed in accordance with the invention to produce the J-trap shown
      in FIGS. 1-3 and with a portion of the mold shown in section;
PAR  FIG. 5 is a fragmentary vertical section of both sections of the mold,
      taken generally on the line 5--5 of FIG. 4;
PAR  FIG. 6 is a fragmentary section of the mold taken generally on the line
      6--6 of FIG. 4;
PAR  FIG. 7 is a fragmentary section of the mold taken generally on the line
      7--7 of FIG. 4;
PAR  FIG. 8 is a fragmentary section of only the lower mold section taken
      generally on the line 8--8 of FIG. 4 and showing a molded J-trap after it
      is elevated from its corresponding mold cavity; and
PAR  FIG. 9 is a fragmentary section similar to FIG. 8 and showing the molded
      J-trap as it is being stripped from the core member.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1-3, a return conduit in the form of a J-trap 15 is
      molded of a rigid plastics material in accordance with the invention and
      includes a U-shaped portion 16 which integrally connects opposite
      cylindrical end portions 18 and 21. The portions 16, 18 and 21 cooperate
      to define a J-shaped channel or passage 22 of circular cross-section, and
      external threads 24 are molded as an integral part of each of the end
      portions 18 and 21 to provide for connecting the trap 15 to corresponding
      fluid lines or other conduits. The end portions 18 and 21 have
      corresponding parallel axes 27 and 28 which define a reference plane P
      (FIGS. 2 and 3). As also illustrated in FIGS. 2 and 3, the U-shaped
      portion 16 of the trap 15 has a slight helical configuration with a helix
      axis 31 extending at an acute angle B relative to the reference plane P.
      Thus the center line of the U-shaped portion 16 curves outwardly and
      laterally on opposite sides of the reference plane P as is apparent from
      FIG. 3.
PAR  The return conduit or J-trap shown in FIGS. 1-3 is adapted to be
      automatically produced within a generally rectangular multiple cavity mold
      which is shown in FIGS. 4-9. Since the mold is symmetrical with respect to
      a plane extending laterally through the center of the mold, only one end
      portion of the mold is shown and will be described in detail. In general,
      the mold includes an upper mold plate or platen 36 (FIG. 5) and a parallel
      spaced lower mold plate or platen 38. The upper platen 36 is supported for
      vertical movement relative to the lower platen 38 by a set of corner guide
      rods 42 and corresponding bearings 43.
PAR  An upper mold section 44 is secured to the upper mold platen 36, and mating
      lower mold section 46 is secured to the lower mold platen 38 so that the
      mold sections move between open and closed positions in response to
      movement of the upper mold platen 36 relative to the lower mold platen 38.
      A sprue bushing 48 extends through the center of the upper mold section 44
      and is adapted to receive the nozzle of an injection molding machine (not
      shown) which projects through a concentric cylindrical opening 49 formed
      within the center of the upper mold platen 36. The sprue bushing 48
      extends to a runner cavity 52 defined by the mold sections 44 and 46, and
      the fluid plastics material is fed through a set of inclined ports 53
      within the upper mold section 44 to a corresponding set of J-shaped
      cavities 55 defined between the mating mold sections 44 and 46. Each of
      the mold cavities 55 has a configuration which corresponds to the external
      surface of the J-trap 15, with the U-shaped portion of the cavity having a
      slight helical configuration. A set of split nuts or inserts 58 are
      secured to the corresponding mold sections 44 and 46 at the opposite ends
      of the cavity 55 and provide for molding the threads 24 on the opposite
      ends of the trap 15.
PAR  A rectangular slide support platform or plate 62 has a tapered outer
      peripheral surface and is recessed within a correspondingly shaped cavity
      63 formed within the lower mold platen 38. A set of parallel spaced guide
      tracks 66 (FIG. 4) are secured to the lower mold platen 38 and support a
      slide member 68 (FIGS. 4 and 6) for lateral movement relative to the mold
      sections 44 and 46. The slide member 68 supports a core element 69 (FIG.
      8) which projects into one end portion of the cavity 55 and cooperates
      therewith to form the end portion 21 of the trap 15.
PAR  The lateral movement of the slide member 68 and the core element 69 on the
      guide tracks 66 is produced by an elongated camming member or rod 72 (FIG.
      6) which is rigidly secured to the upper mold platen 36 and projects
      downwardly at an inclined angle through an inclined opening or hole 73
      formed within the slide member 68. Thus the slide member 68 moves from its
      closed or extended position (FIG. 6) to its retracted position (FIG. 8) in
      response to movement of the upper mold platen 36 and mold section 44 from
      its closed position (FIG. 6) to its open position. When the slide member
      68 is in its closed position an inclined wedge surface 76 (FIG. 6) on the
      upper mold section 44 engages a mating inclined surface on the outer end
      of the slide member 68 and is effective to clamp the slide member in its
      extended position shown in FIG. 5 so that the core element 69 is firmly
      positioned within one end of the cavity 55.
PAR  Referring to FIG. 5, the slide support plate 62 has a set of guide tracks
      82 which extend parallel to the guide tracks 66 and support a slide member
      84 for movement between an extended position (FIG. 5) and a retracted
      position (FIG. 8). The slide member 84 supports an annular core element 86
      which is adapted to project into the opposite end of the cavity 55 and
      cooperate therewith for molding the shorter end portion 18 of the trap 15.
      As shown in FIG. 4, when the core elements 69 and 86 are in their extended
      positions, they engage opposite ends of a generally U-shaped core member
      88 which has a slight helical configuration corresponding to that of the
      cavity 55.
PAR  The core member 88 is also supported by an elongated tubular rod 92 (FIG.
      5) which extends through the slide member 84 and the annular core element
      86 and has one end portion rigidly connected to the adjacent end of the
      core member 88. The opposite end portion of the rod 92 is rigidly
      supported by a block 94 mounted on the slide support plate 62. The
      cylindrical opening within the slide member 84 and core element 86 has
      sufficient clearance to permit the slide member and core element to move
      laterally along the guide tracks 82 on the slide support plate 62.
      Preferably, the center passage within the tubular rod 92 provides for
      directing coolant through the core element 86 and the U-shaped core member
      88. As also shown in FIG. 5, an inclined clamping surface 96 is formed on
      the upper mold section 44 for engaging a corresponding mating surface on
      the slide member 84 when the mold sections are closed for clamping the
      core element 86 firmly against the corresponding end of the core member
      88.
PAR  Referring to FIGS. 4, 6 and 8, a U-shaped slot or recess 98 is formed
      within a side surface of the slide member 68 and receives a pin or stud
      101 which projects outwardly from the adjacent side of the slide member
      84. The stud 101 and slot 98 assure that the slide member 84 shifts or
      moves laterally with the slide member 68, while permitting the slide
      member 84, the support rod 92 and the core member 88 to move vertically
      with the slide support plate 62 and relative to the slide member 68, as
      illustrated in FIG. 8.
PAR  A pair of tubular posts 105 (FIG. 5) extend through corresponding clearance
      holes within the lower mold platen 38 and project downwardly from the
      slide support plate 62 to an actuating plate 108 which is positioned below
      the lower mold platen 38 in parallel spaced relation. A set of elongated
      screws 109 extend through the posts 105 for rigidly securing the support
      plate 62 to the actuating plate 108. The actuating plate 108 is positioned
      for vertical movement between a pair of parallel spaced stationary side
      plates 110 (FIG. 7) which are mounted on a stationary base plate 112 and
      support the lower mold platen 38. The vertical movement of the actuating
      plate 108 is produced by vertical movement of a set of rods 114 which
      project upwardly through clearance holes within the base plate 112 and
      engage the bottom of the actuating plate 108. The rods 114 form part of
      the "knock out" or ejector system of the injection molding machine.
PAR  A rotary actuator such as a hydraulic or fluid actuated motor 118 (FIG. 7)
      of the oscillating vane type, is mounted on the actuating plate 108 for
      movement therewith and includes a shaft 119 which is rigidly connected to
      a shaft extension 121 aligned axially with a shaft 124 which projects
      upwardly through the center of an opening 126 formed within the lower mold
      platen 38. An annular stripping member 125 (FIG. 4) is rigidly secured to
      the upper end portion of the shaft 124 and is adapted to receive the core
      element 86 adjacent the corresponding end of the cavity 55. A cam member
      in the form of a coupling 128 (FIG. 7) is rigidly secured to the shaft 124
      and is keyed or splined to the shaft extension 121 so that the coupling
      128 may move axially on the shaft extension.
PAR  The coupling 128 has external threads which engage internal threads formed
      within a cam follower in the form of a cylindrical sleeve 132 secured to
      the actuating plate 108. The pitch of the helical threads corresponds to
      the pitch of the helical cavity 55 and helical core member 88 so that when
      the stripping member 125 is rotated or oscillated about the axis of the
      motor shaft 119, the stripping member 125 follows the U-shaped core member
      88, since the coupling 128 and shaft 124 are free to shift axially on the
      splined shaft extension 121.
PAR  When the mold described above in connection with FIGS. 4-8 is operated or
      used for producing J-traps 15, the fluid plastics material is injected
      into the J-shaped cavities 55 after the mold sections 44 and 46 are moved
      to their closed position shown in FIGS. 5 and 6. A J-trap 15 is formed or
      molded within each of the cavities 55, and the mold sections are cooled by
      the circulation of coolant within passages (not shown) formed within the
      mold sections. The mold sections 44 and 46 are then opened by movement of
      the upper mold section 44 relative to the lower mold section 38, causing
      the slide members 68 and 84 and their corresponding core elements 69 and
      86 to be cammed or shifted laterally to their retracted positions (FIG.
      8).
PAR  The actuating plate 108 is then elevated so that the rod 92 and the
      U-shaped core member 88 move upwardly and thereby lift the molded trap or
      conduit out of the portion of the cavity 55 within the lower mold section
      46 (FIG. 8). The motor 118 is actuated to rotate the stripping member 125
      clockwise (FIG. 4) and in a helical path so that the molded J-trap is
      stripped from the U-shaped core member 88, as shown in FIG. 9. When the
      J-trap 15 is stripped from the core member 88, the movement of the J-trap
      in the helical path permits the end portion 21 to pass above the rod 92
      (FIG. 9) which supports and carries the core member 88. After the J-trap
      is stripped from the core member, it is free to drop into a receiving bin
      or container, or be otherwise automatically removed from between the mold
      sections.
PAR  As apparent from FIG. 5, when the actuating plate 108 is elevated by
      movement of the ejector rods 114, a sprue removal pin 135 moves with the
      actuating plate 108 for ejecting the scrap material formed within the
      sprue bushing 48 and runner cavity 52 from the portion of the cavity
      within the lower mold section 46. As a result of each port 53 being formed
      within the upper mold section 44, the scrap material within the port 53 is
      sheared from the molded J-trap 15 when the upper mold section 44 is
      elevated to open the mold. Thus when each J-trap 15 is stripped from the
      corresponding core member 88, it is a finished part, and no secondary
      operation is required to remove a scrap runner or sprue.
PAR  From the drawings and the above description, it is apparent that a return
      conduit constructed in accordance with the present invention, provides the
      important feature of completely automated production or molding of a
      return conduit without requiring any manual positioning of inserts within
      the mold and/or manual removing of core elements from a molded conduit. In
      addition, there is no internal seam within the U-shaped portion 16, and
      internal flash is eliminated by the cooperation between the core elements
      69 and 86 and the core member 88. Furthermore, while the trap and method
      and apparatus for producing the trap herein described constitute a
      preferred embodiment of the invention, it is to be understood that the
      invention is not limited to the precise trap and method and apparatus
      described, and that changes may be made therein without departing from the
      scope and spirit of the invention as described in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for molding a U-shaped tubular conduit, comprising a first
      mold section and a second mold section adapted to be moved between opened
      and closed positions and cooperating to define a generally U-shaped
      cavity, a generally U-shaped core member disposed within said cavity and
      having opposite end portions, a first support member connected to one of
      said end portions of said core member, a second support member connected
      to the other of said end portions of said core member, means for injecting
      a moldable material into said cavity to form a molded conduit, means for
      retracting said second support member from said core member when said mold
      sections are in their open position, means for stripping the molded
      conduit from said core member after said second support member is
      retracted, and means for directing the molded conduit past said first
      support member when the conduit is stripped from said core member.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said second support member
      includes a core element projecting into said cavity for engaging said core
      member, a first slide member supporting said core element, and means for
      moving said slide member between retracted and extended positions in
      response to movement of said mold sections between said open and closed
      positions.
NUM  3.
PAR  3. Apparatus as defined in claim 2 wherein said means for moving said slide
      member comprise an elongated inclined rod supported by one of said mold
      sections, and said rod is effective to cam said slide member between said
      retracted and extended positions.
NUM  4.
PAR  4. Apparatus as defined in claim 2 wherein said first support member
      includes an elongated support rod, an annular core element surrounding
      said rod and projecting into said cavity adjacent said core member, and a
      second slide member supported for longitudinal movement relative to said
      support rod and supporting said annular core element for movement between
      extended and retracted positions relative to said core member.
NUM  5.
PAR  5. Apparatus as defined in claim 4 including means for moving said second
      slide member, said support rod and said annular core element as a unit
      between retracted and elevated positions relative to said second mold
      section to facilitate removing a molded conduit from said core member when
      said mold sections are in said open positions.
NUM  6.
PAR  6. Apparatus as defined in claim 4 including means for moving one of said
      slide members between its retracted and extended positions in response to
      movement of the other of said slide members between said retracted and
      extended positions.
NUM  7.
PAR  7. Apparatus as defined in claim 1 wherein said means for stripping a
      molded conduit from said core member, comprise an annular stripping
      member, means supporting said stripping member for both rotary and axial
      movement on a predetermined axis, and power actuated means for moving said
      stripping member.
NUM  8.
PAR  8. Apparatus as defined in claim 7 including means for moving said
      stripping member along a predetermined helical path in response to
      operation of said power actuated means.
NUM  9.
PAR  9. Apparatus for molding a U-shaped tubular conduit, comprising a first
      mold section and a second mold section adapted to be moved between opened
      and closed positions and cooperating to define a generally U-shaped cavity
      having a slight helical configuration, a generally U-shaped core member
      having a slight helical configuration and disposed within said cavity,
      said core member having opposite end portions, a first core element
      connected to one of said end portions of said core member, a first slide
      member supporting said first core element, a second core element connected
      to the other of said end portions of said core member, a second slide
      member supporting said second core element, means for injecting a moldable
      material into said cavity to form a molded conduit, means for retracting
      said slide members and said core elements from said core member when said
      mold sections are in their open position, a support rod extending through
      said first core element and supporting said core member when said slide
      members and core elements are retracted, and means for stripping the
      molded conduit from said core member and past said support rod after said
      second core element is retracted.
NUM  10.
PAR  10. Apparatus as defined in claim 9 wherein said means for stripping the
      molded part from said core member comprise a stripping member connected to
      a rotary actuator, and means for moving said stripping along a helical
      path in response to operation of said actuator.
NUM  11.
PAR  11. A method of molding a U-shaped conduit, comprising the steps of forming
      a generally U-shaped cavity within a set of mating first and second mold
      sections, adapted to be moved between opened and closed positions,
      supporting a generally U-shaped core member within said cavity by first
      and second support members connected to opposite ends of said core
      members, supporting said second support member for lateral movement
      between retracted and extended positions relative to the corresponding end
      of said core member, injecting a fluid plastics material into said cavity
      and around said core member to form a molded conduit, moving said mold
      sections to said open position after the material has cured, moving said
      second support member to said retracted position, stripping the molded
      conduit from said core member, and directing the molded conduit past said
      first support member as the conduit is being stripped from said core
      member.
NUM  12.
PAR  12. A method as defined in claim 11 including the steps of forming said
      cavity with a slight helical configuration, and constructing said core
      member with a corresponding slight helical configuration to provide for
      directing the molded conduit past said first support member during the
      stripping operation.
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ABST
PAL  Ejector pins are carried by an ejector device, and are releasably secured
      in said device by latch means. Release of the ejector pins by said latch
      affords withdrawal, or replacement, or redistribution of said pins through
      a mold support plate, without removal of the ejector device from the
      molding machine assembly. A plurality of holes in the support plate
      coincides in number and distribution with a plurality of sockets in a
      carriage plate in the ejector device, to afford alternative groupings of
      ejector pins to accommodate various mold contours of interchangeable mold
      plates.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The field of invention lies in the area of replaceable ejector means for
      injection molds.
PAC  BACKGROUND OF THE INVENTION
PAR  In prior practice, a first mold plate having a first mold cavity is
      disposed within a usually rectangular hole in a cavity plate, so that the
      surfaces of the mold plate and the cavity plate are substantially flush.
      Both the first mold plate and the cavity plate are secured to a support
      plate to constitute a first mold assembly. A second, complementary mold
      assembly, having a second mold cavity is then juxtaposed with the first
      described mold assembly to form a complete mold cavity, and material to be
      molded is injected into said cavity and allowed to set. The complementary
      mold assembly is then withdrawn and it becomes necessary to remove the
      molded article from the first mold cavity. This is normally done with
      ejector pins, which are movable in unison through said holes in the
      support plate, and are grouped in a pattern dictated by the contour of the
      first mold cavity.
PAR  Consequently, each time new mold cavity plates are inserted in a molding
      machine assembly, a new pattern for the ejector pins may be required. If
      so, the support plate must then be redrilled to establish such a pattern,
      conforming to the contour of the new mold cavity. Eventually, the support
      plate has such numerous holes that there is not enough metal left to
      accommodate new patterns, and the support plate must be replaced.
PAR  Further, the pins are normally headed pins, received in sockets in an
      ejector carriage plate, and are secured in said sockets by a retaining
      plate, apertured to pass the shanks of the headed pins, but not their
      head. Thus, to change a pattern of ejector pins, an ejector housing must
      be disassembled from the support plate, so that the ejector drive may be
      removed. Then the retainer plate must be removed so that the then existing
      pins may be withdrawn. Then the carriage plate must be redrilled to
      receive a new pattern of ejector pins, and, of course, accommodations must
      be made for the heads of the ejector pins. Eventually, of course, the
      carriage plate, like the support plate, must be replaced, because its
      metal will have been drilled and machined to the point that it cannot
      accommodate any further patterns of pins.
PAC  SUMMARY OF INVENTION
PAR  Invention resides in the provision of headless pins, each having an end
      portion received in a socket of the ejector carriage plate. Each said end
      portion is formed with an annular groove, whereby said latch member may
      slidingly engage with or disengage from said groove, to retain the ejector
      pins in the sockets or afford their withdrawal.
PAR  The ejector carriage plate is formed, as aforesaid, with a plurality of
      sockets, and the support plate is formed with a complementary plurality of
      holes. When a new mold plate with a new mold contour is to be placed in
      the assembly, the old mold plate must first be removed. The latch
      mechanism may then be slid to release the ejector pins, which may be
      withdrawn through the support plate.
PAR  The mold cavity of the new mold plate will have appropriate holes for
      ejector pins predrilled to correspond to holes in the support plate and
      sockets in the ejector carrying plate. Normally it is desirable to have a
      master template so that the positioning of the ejector holes in the mold
      plate will correspond with the holes in the support plate. New ejector
      pins are inserted in a pattern determined by the contour of the mold
      cavity, and the latch member is slid to its latching position, and thus
      the pattern of ejector pins has been changed without the necessity of
      drilling new holes in the support plate nor of drilling new sockets in the
      ejector carrying plate. A retainer plate is removably superimposed upon
      the carriage plate to retain the latches thereon, and said retainer plate
      is formed with a plurality of holes corresponding in number and
      distribution to the holes in the support plate, and the sockets in the
      carriage plate.
DRWD
PAR  This invention is embodied in the construction hereinafter described and
      illustrated in the accompanying drawings, wherein:
PAR  FIG. 1 is a horizontal view in partial section taken on line 1--1 of FIG.
      2, with the complementary mold assembly not shown.
PAR  FIG. 2 is an end, elevational view of the device taken on line 2--2 of FIG.
      1, with the first mold assembly and the complementary mold assembly
      illustrated in the position for injection molding of an article.
PAR  FIG. 3 is a longitudinal, vertical, sectional view taken on line 3--3 of
      FIG. 1, showing the first mold assembly and the second mold assembly
      juxtaposed for molding an article, and showing the ejector pin device in
      its retracted position.
PAR  FIG. 4 is a view similar to FIG. 3, showing the second mold removed from
      the first mold, and showing the ejector pins and the ejector pin device in
      a ejecting position, with the various pins protruding into the mold
      cavity.
PAR  FIG. 5 is a longitudinal, partial, sectional view taken on line 5--5 of
      FIG. 1 to illustrate a latch mechanism having sliding travel to engage or
      disengage the ejector pins.
PAR  FIG. 6 is a partial, horizontal, sectional view taken on line 6--6 of FIG.
      5 to further illustrate the configuration of the aforesaid sliding latch.
DETD
PAR  In these views, the reference character 1 designates a lower, or first mold
      assembly, and the reference character 2 designates an upper, or second
      mold assembly, complementary to the lower mold assembly. The second mold
      assembly includes an upper cavity plate 3 having secured thereto, as by
      screws (not shown), a cover plate 4. The upper cavity plate is formed with
      a rectangular opening to receive a correspondingly shaped upper mold plate
      5, secured to said cover plate as by screws 6.
PAR  The first mold assembly 1 includes a lower cavity plate 10 secured as by
      screws (not shown) to support plate 11, and rectangularly apertured to
      receive a lower mold plate 12. Screws 13 removably secure said lower mold
      plate to the support plate 11.
PAR  A housing 14 of general U-shape as seen in FIG. 2, is secured to the
      support plate as by screws (not shown). Support plate reinforcing pillars
      15 are disposed in said housing, and extend between the bottom wall
      thereof and the bottom surface of the support plate, as may be clearly
      seen in FIGS. 3 and 4.
PAR  To insure that a mold plate may be installed only in its correct
      orientation in a cavity plate, it is desirable to truncate a corner 12 of
      such plate, and to weld excess material 16 in the corresponding corner of
      the mold cavity plate (as illustrated in FIG. 1) so that only the
      truncated corner will fit in the corner with the welded material.
PAR  The ejector assembly 18 includes a carriage plate 19 provided with
      kick-back pins 20, which extend slidably through the support plate 11. The
      kick-back pins are formed with heads 21, and the headed ends of said pins
      may be inserted into slots 22, formed in the carriage plate 19. The
      carriage plate has formed in its upper surface a plurality of
      predeterminedly spaced sockets 23. Slideways 24 receive slidable latches
      25. Said latches are formed with a plurality of notches 26 spaced so as to
      leave protruding lugs 27. Ejector pins 28 each have an end portion formed
      with an annular groove 29, and said end portion is received in a socket
      23. A retainer plate 30 is formed with holes respectively registering with
      the respective sockets 23 and is secured to the carriage plate as by
      screws (not shown). The retainer plate secures the latches 25 against
      escape from the carriage plate, and the latches, as hereinafter explained,
      restrain the ejector pins from escape from sockets 23.
PAR  The support plate 11, is also formed with a plurality of holes which
      conforms in number and distribution to the sockets 23 in the carriage
      plate 19, and to the holes 31 in the retainer plate 30, and which holes
      are respectively in registration with said respective holes 31 and sockets
      23. FIG. 1 shows in dash line the plurality of holes 32 in the support
      plate 11, and as may be seen in FIG. 1, the pattern of knock-out pins 28
      may be determined by the configuration of the mold cavity. The positioning
      of the holes in the mold plate 12 will be determined from a master
      template (not shown) from which the selection of holes in the support
      plate 11, and in the retainer plate 30, as well as the sockets in the
      carriage plate 19 will also be determined.
PAR  A special sprue ejector pin is shown, having a shank 35 downwardly
      terminating in a square head 36 to be received in a groove 37, as may best
      be seen in FIGS. 1, 3, and 4. The groove 37 extends between two of the
      slideways 24. The sprue ejector pin is formed with an upward extension 38,
      which, at 39, has a threaded connection with the shank 35. It is sometimes
      desirable to have a contour of some nature, such as a slot 40, formed in
      the top face of the upward extension 38 of the sprue ejector pin. It is
      also sometimes desired to orient said contour always in the same
      direction, even when different mold plates are installed. It should be
      noted that the slot 40 would enable the sprue pin extension 38 to be
      applied and withdrawn by means of a screwdriver, without removal of the
      housing 14, and further, without disassembling the ejector device 19, 25,
      and 30.
PAR  The mold cavity comprises two partial cavities, an upper, or second mold
      cavity 44 and a lower, or first mold cavity 45. Obviously, the two
      cavities must be juxtaposed as seen in FIG. 3 in order to function as a
      mold cavity. The upper mold plate 5 is formed with an injection hole 47,
      which further extends through the cover plate 4. It is understood, that as
      the injection hole forms no part of the invention, and the disclosure
      thereof in the drawings is merely illustrative, and would not necessarily
      be in the form such a hole would take. Sprue channels 48 permit the flow
      of molding material through the gate holes 49, and into the mold cavity. A
      hole 46 is formed in the first mold plate to receive the extension 38 of
      the sprue knock-out pin.
PAR  Thus, the arrangement is such that when an article has been molded and the
      material has set, the upper mold assembly is retracted from the lower mold
      assembly, and the ejector device is moved to drive the ejector pins into
      the cavity to simultaneously eject the molded article, and the sprue.
      Ejection of the molded article and sprue breaks the connecting material at
      the gates 49, so that the molded article is separated from the sprue which
      is necessarily formed by the design of the mold.
PAR  Wear pads 50 may be positioned on the bottom wall of the housing 14, to
      resist wear from the repeated operation of the ejector device. Holes 51
      are formed through the lower mold cavity plate 10, and receive bushings
      54. The upper mold assembly carries guide pins 52, having heads 53 secured
      in the cover plate 4. As may be obvious from FIGS. 2, 3, and 4, the guide
      pins are received in said bushings 54 to guide the upper mold assembly
      into the necessary juxtaposition with the lower mold assembly for the
      molding of an article.
PAR  It should be noted that the bottom wall of the housing 14 is apertured as
      at 55 to receive an actuating mechanism (not shown) which will drive the
      ejector assembly to the position shown in FIG. 4 to effect the ejection of
      a molded article. A further drive mechanism (not shown) carries the upper
      mold assembly to and from the necessary mold forming juxtaposition with
      the lower mold assembly.
PAR  To limit the sliding travel of the latches 25, said latches are provided
      (as seen at the right of FIGS. 1, 2, and 4) with downwardly dependent pins
      56. Grooves 57 are formed in the upper face of the lower cavity plate 10
      to receive the lower portions of said pins, and, of course, the length of
      the grooves limits the sliding travel of said latches 25.
PAR  The above described mechanism is believed to be superior to various earlier
      mechanisms, in that the sockets 23, in conjunction with the holes 32 in
      the support plate 11, and the holes 31 in the retainer plate 30, allow the
      utilization of a substantial variety of ejector pin patterns as determined
      by the mold cavities of various mold plates which may be installed in the
      respective upper and lower cavity plates 3 and 10. Clearly the positioning
      of the mold cavity in the mold plates may be guided by the predetermined
      location of the plurality of said holes. It is therefore possible to
      relocate ejector pins to conform to virtually any configuration of mold
      cavity without the necessity of redrilling holes in the support plate 11
      and the retainer plate 30, and, of course, without redrilling the sockets
      23 in the carriage plate 19.
PAR  A further and distinct advantage is derived from the employment of the
      latches 25. In previous practice, as was noted earlier, headed ejector
      pins would be imprisoned as by a retainer plate 30 in grooves or sockets
      formed in the carriage plate 19. Consequently, when it is desired under
      prior practice to change the positions of ejector pins to conform to new
      mold configurations, it would be necessary to removed the housing 14 and
      withdraw the ejector assembly. It would then be necessary to remove the
      retainer plate 30 from the ejector assembly, and then remove the ejector
      pins. It would then be necessary to remove the support plate from the
      cavity plate, and drill new holes conforming to the contour of the new
      mold, and of course, either replace the carriage plate or rework it to
      receive the headed ejector pins.
PAR  With the present invention, it is necessary only to remove the lower mold
      plate 12, and slide the latches 25, so that the lugs 27 are disengaged
      from the annular grooves 29 of the ejector pins. Once this is done, the
      ejector pins can be readily slipped out through the top of the support
      plate, and relocated to conform to the mold cavity of a new mold plate to
      be installed. Also, the sprue ejector pin may be similarly replaced,
      should a longer or shorter extension be required. The square head 37 of a
      sprue ejector pin being engaged in the groove 38 will not rotate, and thus
      the threaded connection to 39 of the shank 35 and the extension 38 may be
      employed to remove the old extension and install a longer or shorter
      extension as may be determined by the requirements of a new mold cavity.
PAR  It may sometimes be desired to impose a specific contour on the upper
      surface of an ejector pin 28a, and orient said contour in a specific
      direction. If so, the annular groove is omitted, and a slot 28b is formed
      in place of such groove, and so disposed on the pin that engagement in
      said slot of a lug on said latch will resist rotation of the pin.
PAR  As stated above, it is proposed that a master template will be used to
      locate the rows of holes 31, 32, and the sockets 23 prior to assembly of
      the lower mold. Also, for each new mold plate to be installed in the
      device, the master template can be used to establish the location of the
      mold contour in the most suitable location to take advantage of a
      particular arrangement of the plurality of ejector pin holes. When the
      upper mold assembly is brought into molding juxtaposition with the lower
      mold assembly, the upper assembly contacts ejector pins 20 to return the
      ejector device to its retracted position.
PAR  While the machine is illustrated with its components oriented for vertical
      movement, it may be rotated 90.degree., so that an ejected sprue, and
      molded article will drop from between the mold plates.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a machine for molding articles, including a mold member having a mold
      cavity,
PA1  one or more headless ejector pins having reciprocable travel from said mold
      member to a rest position, and toward said mold member to an ejection
      position to eject a molded article from said mold cavity,
PA1  a carriage to carry said ejector pins in said reciprocable travel, said
      ejector pins being releasably mounted in said carriage,
PA1  latch means movable on said carriage, between a locking position to engage
      said ejector pins and resist their withdrawal from said carriage, and a
      release position to release said ejector pins and afford their withdrawal
      from said carriage,
PA1  means adapting said ejector pins for said engagement,
PA1  means to retain said latch means movably on said carriage.
NUM  2.
PAR  2. A machine as set forth in claim 1, including,
PA1  a support member to support said mold member, said support member being
      interposed between said mold member and said carriage,
PA1  one or more holes in said support member to afford said travel of said
      ejector pins through said support member.
NUM  3.
PAR  3. In a machine as set forth in claim 2,
PA1  means to limit the travel of said carriage from said mold member and
      establish the rest position of said ejector pins,
PA1  said ejector pins being removably insertable through said holes in said
      support member, when said latch means is in its release position.
NUM  4.
PAR  4. In a machine as set forth in claim 3,
PA1  one or more sockets formed in said carriage, said sockets being
      respectively registered with said respective holes in said support member,
      and
PA1  an end portion of each said ejector pin being removably received in a
      socket.
NUM  5.
PAR  5. In a machine as set forth in claim 1,
PA1  said ejector pins being distributed in a predetermined pattern on said
      carriage,
PA1  said carriage being addapted to accommodate alternative predetermined
      patterns of distribution of saids ejector pins.
NUM  6.
PAR  6. In a machine as set forth in claim 5,
PA1  a support member to support said mold member, said support member being
      interposed between said mold member and said carriage,
PA1  a plurality of holes in said support member to afford said travel of said
      ejector pins,
PA1  said holes being distributed to accommodate said alternative patterns of
      ejector pins.
NUM  7.
PAR  7. In a machine as set forth in claim 6,
PA1  said carriage being formed with a plurality of sockets,
PA1  said sockets conforming in number and distribution to said holes in said
      support member,
PA1  each respective hole being registered with a respective socket,
PA1  an end portion of each ejector pin being received in a respective socket.
NUM  8.
PAR  8. In a machine as set forth in claim 7,
PA1  a housing enclosing said carriage, and secured to said support member,
PA1  said latch means being elongated, and having opposite parallel side
      portions,
PA1  a series of lugs formed on at least one of said marginal edge portions,
PA1  a slideway on said carriage to receive each latch member for longitudinally
      directed reciprocable sliding travel,
PA1  means adapting an end portion of each ejector pin for engagement or
      disengagement by a lug on said latch member,
PA1  each ejector pin being removably insertable into a respective socket
      through a respective hole in said support member.
NUM  9.
PAR  9. In a machine as set forth in claim 8,
PA1  said means adapting said end portion being an annular groove releasably
      engageable by a lug on said latch member.
NUM  10.
PAR  10. In a machine as set forth in claim 1,
PA1  said molded article having a sprue,
PA1  a sprue ejector pin comprising,
PA1  an elongated shank, and
PA1  an elongated extension removably applicable to said shank,
PA1  said shank being received in said carriage,
PA1  means on said shank to resist rotation of said shank about its longitudinal
      axis,
PA1  means on said carriage co-acting with said means on said shank to resist
      such rotation.
NUM  11.
PAR  11. In a machine as set forth in claim 10,
PA1  a support member to support said mold member,
PA1  a hole in said support member to afford passage therethrough of said sprue
      ejector pin,
PA1  whereby said elongated extension may be removed and replaced through said
      hole in said support means.
NUM  12.
PAR  12. In a machine as set forth in claim 4,
PA1  said latch means being elongated, and having opposite parallel marginal
      side portions,
PA1  a series of lugs formed on at least one of said marginal edge portions,
PA1  a slideway on said carriage to receive each latch member for reciprocable
      sliding travel,
PA1  means adapting said end portion of said ejector pin for engagement by a lug
      on said latch member in the locking position of said latch member, and to
      be disengaged by such lug in a release position of said member.
NUM  13.
PAR  13. In a machine as set forth in claim 12,
PA1  said means adapting said end portion being an annular groove formed on said
      end portion of said ejector pin for releasable engagement by a lug.
NUM  14.
PAR  14. In a machine as set forth in claim 3,
PA1  said means to limit the travel of said carriage being a housing,
PA1  means securing said housing to said support member, said carriage being
      confined within said housing.
NUM  15.
PAR  15. In a machine as set forth in claim 1,
PA1  said means adapting said ejector pin for said engagement being a groove
      formed in said ejector pin and, having a flat bottom, and releasably
      engageable by said latch means to resist rotation of said ejector pin
      about its longitudinal axis.
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ABST
PAL  This invention cools the blowing mold and the plastic article blown therein
      to shorten the time that a core rod must remain at a blowing station of a
      blow molding machine for making plastic articles. The cooling is performed
      by conditioned air that is dried to lower its dew point. An air curtain is
      used to prevent other air from contacting with and depositing moisture on
      the mold. In order to take advantage of the shorter time at the blowing
      station, an auxiliary injection device is used to also shorten the time
      required for the injection operation; and auxiliary cooling is supplied to
      the core rod at the stripper station.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention is concerned with blow molding machines for making plastic
      articles. It is intended primarily for machines having a table with side
      faces located at equiangular distances around a center of rotation of the
      table. For a three station machine, the side faces are at 120.degree.
      angular relation to one another; and one or more core rods extend from
      each face.
PAR  An injection station is located in position to receive one core rod or
      group of core rods in an injection mold. Parisons are coated on the core
      rods in the injection mold by injecting plastic from a plasticizer which
      supplies the plastic in a molten condition.
PAR  A blowing mold is located 120.degree. beyond the injection mold so that
      while a core rod is receiving a parison in the injection mold, another
      core rod can be located in a blowing mold at a blow station where the
      parison is expanded into contact with walls of a mold cavity shaped to the
      desired shape of the finished product.
PAR  At a third station 120.degree. removed from each of the other stations,
      there is a stripper which ejects blown articles from the core rod so that
      the core rod is free to return to the injection station to receive another
      parison.
PAR  Such machines can be made with more than three stations so as to include a
      conditioning station and such other operations as may be desirable,
      especially the controlling of the temperature of the plastic. The
      invention will be described as applied to a three-station machine; but
      application of the invention to other machines will be apparent.
PAR  The time that elapses from the closing of the injection mold around a core
      rod, the injection of the parison, the transfer of the parison to the
      blowing mold, the blowing and stripping operations and up to the closing
      of the injection mold again on the same core rod constitutes one cycle of
      the machine. This invention is concerned with a reduction in the time of
      the cycle of the machine so that the production of the machine is
      increased.
PAR  In many blown molding machines of the type referred to herein, the length
      of time that a core rod must remain at the blowing station is usually
      longer than the time required for injection or the time required for
      stripping. However, the core rods must remain at the injection and
      stripping stations just as long as at the blowing stations since all of
      the core rods are connected with the same head and have to move
      simultaneously.
PAR  This invention reduces the length of time required for the blowing
      operation by cooling the blown article much more quickly so that it
      becomes stiff enough to be lifted from the blow mold cavity and
      transferred to the stripping station in a shorter time than with prior art
      machines.
PAR  The invention reduces the time for the blowing operation to such an extent
      that the injection operation becomes the longest operation in the cycle of
      the machine and thus prevents the programming of the machine from taking
      full advantage of the time saved in the long operation.
PAR  In order to take full advantage of the shortened blowing operation, this
      invention also provides, in combination with the more rapid cooling at the
      blowing station, a plastic pump unit which cooperates with the plasticizer
      to reduce the time required for the injection of a parison on a core rod
      at the injection station.
PAR  The speed-up in the injection and molding operation introduces another
      problem in that the core rods are returned to the injection station so
      often and in such a short period of time that there is not sufficient time
      for the core rods to cool but another feature of the invention includes a
      special auxiliary cooler for the core rods and this combination of
      features at the injection, blowing and stripping stations reduces the time
      of the blowing machine cycle by approximately 40-60 percent. It will be
      evident that this provides a very substantial increase in the production
      rate of the apparatus.
PAR  Other objects, features and advantages of the invention will appear or be
      pointed out as the description proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing, forming a part hereof, in which like reference characters
      indicate corresponding parts in all the views:
PAR  FIG. 1 is a diagrammatic top plan view of a blow molding machine equipped
      with the time saving features of this invention;
PAR  FIG. 2 is a view showing the plasticizer and plastic pump means of FIG. 1
      with the positions that the parts occupy during the drawback period of the
      injection molding operation;
PAR  FIG. 3 is a view similar to FIG. 2 but showing the positions of the parts
      during the high pressure injection portion of the injection operation;
PAR  FIG. 4 is a greatly enlarged, fragmentary, sectional view taken on the line
      4--4 of FIG. 3;
PAR  FIG. 5 is an elevation, partly in section, through the blow mold and
      associated structure at the blowing station of FIG. 1;
PAR  FIG. 6 is an enlarged vertical sectional view showing a modified form of
      the apparatus shown in FIG. 5;
PAR  FIG. 7 is an elevation, partly in section, taken on the line 7--7 of FIG.
      1;
PAR  FIG. 8 is a diagrammatic vertical sectional view, on an enlarged scale,
      taken on the line 8--8 of FIG. 1;
PAR  FIG. 9 is a greatly enlarged side elevation, partly broken away, showing
      the apparatus at the stripper station of the machine illustrated in FIG.
      1; and
PAR  FIG. 10 is an enlarged front view of the upper part of the structure of
      FIG. 9, but partly broken away for clearer illustration.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  FIG. 1 shows a plastic molding machine 14 which includes a core rod support
      or indexing head 16 that rotates intermittently about a center axis 18 in
      a counterclockwise direction as indicated by the arrows on the table 16.
      Core rods 20 extend from three faces of the table 16 in angular relation
      of 120.degree. with respect to one another. There is an injection mold 22
      at an injection station 24; a blowing mold 26 at a blowing station 28; and
      a stripper 30 at a stripper station 32. These stations 24, 28 and 32 are
      at 120.degree. with respect to one another, about the center axis 18, so
      that when a core rod is at any one of the stations, the other two core
      rods are located for operations at the other two stations.
PAR  There is an injection cavity 34 in the injection mold 22 and this injection
      cavity is slightly larger in cross section than the core rod 20 so that
      there is clearance around the core rod for receiving plastic material that
      forms a parison 36.
PAR  Molten plastic material is injected into the injection mold cavity 34
      through a runner 38 at one end of the mold 22. This runner 38 receives
      molten material from a nozzle 40 of a plasticizer 42.
PAR  The plasticizer 42 includes a barrel 44 in which there is a feed screw 46.
      The feed screw 46 has a helical thread; and in the illustrated
      construction a double thread 48.
PAR  The space within the barrel 44 ahead of the forward end of the screw 46
      provides a chamber 50. The size of this chamber depends upon the position
      of the screw 46. This screw can be reciprocated back and forth like a
      piston in the barrel 44 and it can be rotated to feed plastic material,
      which is introduced into the barrel 44 near the rearward end of the screw
      46, forward into the chamber 50. During the charging of the chamber 50 by
      rotating the screw 46, the screw moves rearwardly as the chamber 50 fills
      with plastic material.
PAR  The operation of the plasticizer 42, and thus far described in conventional
      and no illustration of the apparatus for operating it is necessary for a
      complete understanding of this invention.
PAR  Plastic material in the chamber 50 of the plasticizer is injected into the
      mold 22 through a passage 52 by which the chamber 50 communicates with the
      nozzle 40. There is, however, a valve 54 located along the passage 52 and
      when this valve is in closed position, as shown in FIG. 1, the chamber 50
      of the plasticizer barrel is isolated from the rest of the chamber 52
      leading to the injection mold 22.
PAR  In the operation of a conventional plasticizer, the screw is advanced like
      a piston to force plastic into the injection mold. The pressure exerted by
      the screw as a piston is then reduced when the mold is filled, and
      additional plastic is injected into the mold cavity to compensate for any
      shrinkage of the plastic as it cools down from the temperature at which it
      came from the plasticizer. During this low pressure time, the plasticizer
      screw is rotated to accumulate ahead of the screw sufficient plastic to
      provide material to fill the cavity or cavities of the injection mold at
      the next injection operation. This time during which the plastic is being
      accumulated for the next injection operation is referred to as the
      "recovery period" of the plasticizer. The plasticizer screw is then moved
      back enough to suck the plastic material out of the runner or runners of
      the injection mold and the movement of the plasticizer screw is then
      stopped and the injection mold can be opened to permit the core rod to
      move the parison to the blowing station.
PAR  In the construction shown in FIG. 1, the valve 54 is used to isolate the
      plasticizer from the injection mold as soon as the plasticizer has
      injected material into the injection mold cavities at high pressure. A
      plastic pump 58 is located along the passage 52 between the valve 54 and
      the runner 38 of the injection mold. The wall of the passage 52 has a boss
      60 which gives the wall of the passage a substantial thickness at the
      location where the plastic pump 58 is attached to the wall of the passage
      52.
PAR  An opening 62 is drilled through the boss 60 into the passage 52. This
      opening 62 serves as a cylinder for a shaft or piston 64 which slides in
      the cylinder 62 for limited distances. In the construction illustrated,
      the lower end of the piston 64 is sloped to correspond to the slope of the
      passage 52 and it is also curved to correspond to the curve of the passage
      62 as shown in FIG. 4. In order to maintain this orientation of the piston
      64 with respect to the passage 52 there is a fixed stud 66 that projects
      into a groove 68 in the surface of the piston 64. The stud 66 is secured
      to a fixed part of the plastic pump 58 and thus prevents rotation of the
      piston 64 as it moves up and down in the cylinder 62.
PAR  Immediately after the injection of molten plastic into the injection mold
      22 and the closing of the valve 54, the plastic pump 58 is operated to
      maintain a downward pressure on its piston 64 and the piston moves
      downward to the extent necessary to displace plastic material into the
      mold 22 as necessary to compensate for shrinkage of the plastic in the
      mold as it cools down from the injection temperature.
PAR  The operation of the plastic pump 52 is then reversed so as to move its
      piston 64 upward, as shown in FIG. 2. This upward movement draws back
      plastic material from the mold runner 38 to break connection between the
      parison 36 and the plastic in the runner 38 (FIG. 1).
PAR  During these operations of the plastic pump 58, the screw of the
      plasticizer 44 is rotated to accumulate sufficient plastic in the chamber
      50 of the next injection operation. This accumulation of plastic in the
      chamber 42 is what is known as the "recovery" of the plasticizer which
      prepares it for the next injection operation.
PAR  FIG. 3 shows the end of the next injection operation. The valve 54 opens
      prior to the start of the injection operation, and the screw 46 moves
      forward as a piston to force the plastic material at high pressure from
      the nozzle 40 into the injection mold. During this time the plastic pump
      58 also operates to discharge from the cylinder 62 the plastic material
      which was drawn into the cylinder during the suck back operation. Upon
      completion of the injection operation by the plasticizer 42, the valve 54
      again closes and during the recovery of the plasticizer the plastic pump
      58 performs the cooling compensation and suck back operations already
      described in connection with FIGS. 1 and 2.
PAR  When the injection operation including the shrinkage compensation and the
      suck back operation have been completed, the injection mold 22 opens, the
      table 16 raises the core rod 20 sufficiently to clear the stationary lower
      mold sections and the core rods 20 turn as a unit with the table through
      an angle 120.degree..
PAR  During the travel of the core rod 20 and parison 36 from the injection
      station 24 to the blowing station 28, they pass through a conditioning
      chamber 70 which is covered at its top and bottom but open on its sides so
      that the core rod and parison 36 can pass freely through the chamber 70
      with continuous motion. Air or other gas is blown through the chamber 70
      from a supply passage 72 which leads from a temperature control device 74
      that regulates the temperature of the air supply so as to bring the
      parison 36 to an orientation temperature by the time it is brought into
      the blowing mold 26. A section through the conditioning chamber 70 is
      shown in FIG. 7.
PAR  When the core rod 20 and parison 36 reach the blowing mold 26, the table 16
      lowers the core rod 20 into the a cavity 76 in the mold 26 and the mold
      then closes. The parison is blown to make a container 78, or other
      article; and the blowing operation brings the plastic material into
      contact with the wall of the cavity 76 which is cooled by the circulation
      of cooling fluid through chambers 80 in the mold 26, as shown in FIG. 5.
PAR  FIG. 5 shows the mold 26 in open position with a stationary lower section
      26a and a movable upper section 26b. The lower half of the mold cavity is
      indicated by the reference character 82a and the upper half of the mold
      cavity by the reference character 82b. The upper mold section 26b has
      cooling chambers such as the chamber 80 shown in the sectional view of the
      lower mold section 26a. The walls of the cavity can be cooled to low
      temperature quickly by circulating cold water, ethylene glycol, or other
      cold liquid through the cooling chambers. However, one problem with rapid
      cooling has been that the cold surfaces of the mold sweat and the presence
      of drops of water on the wall of the mold cavity has an injurious effect
      on the outside surface of the blown article or container 78. The
      appearance of the surface is badly marred and the container produced is
      commercially unacceptable.
PAR  FIG. 5 shows a construction for preventing sweating of the mold surfaces
      and particularly the wall of the mold cavity. A plenum 86 completely
      surrounds the side walls of the lower mold section 26a. This plenum is
      supplied with dry air at relatively low temperature through a supply duct
      88. Except for the supply duct 88, the plenum 86 is closed except for a
      slot 90 which extends around the entire periphery at the upper edge of the
      side of the mold 26a. The air is discharged upwardly through the slot 90
      in the directions indicated by the arrows 92 and it forms an air curtain
      of substantial velocity. A similar construction of the upper mold section
      26b has slots 90' which open downwardly and discharge a high velocity air
      curtain in the direction indicated by the arrows 92'.
PAR  These air curtains 92 and 92' meet one another and are turned back as
      indicated by the arrows 92 and 92'. Surrounding the outside wall of the
      plenum 86, there is another plenum 94 which is open at the top and from
      which air is withdrawn through exhaust conduits 96. Thus the air curtains
      92 and 92' when turned back by contact with one another, are sucked into
      the plenum 94 and a corresponding plenum 94' that surrounds the plenum 90'
      of the upper mold section 26b.
PAR  The exhaust ducts 96 lead to an air conditioning unit 98 (FIG. 1). The air
      conditioning unit removes moisture from the air and then circulates the
      air by means of a blower 100 back to the plenums 86 through the inlet
      ducts 88.
PAR  The air conditioning unit 98 preferably removes moisture from the air by
      passing the air across cooling coils 102 and the air is cooled to a
      temperature substantially lower than that at which it is to be discharged
      from the plenums to form the air curtain. After condensing moisture from
      the air, the air is heated to reduce its relative humidity before being
      discharged for the air curtains. This heating can be done in various ways
      and there is a coil 104 shown in FIG. 1 which is representative of means
      for heating the air as it passes through the duct 88.
PAR  If the air supplied for the air curtain is considerably cooler than the
      blow mold, then it is not necessary to have the heating coil 104 to lower
      the relative humidity of the air because the air will be heated by the
      mold and this will lower the relative humidity of the air so that there is
      no risk of sweating. If the mold is at a lower temperature than the air so
      that it will reduce the air temperature then the relative humidity with
      which the air is supplied to the curtains around the mold must be such
      that the dew point of the air curtains is lower than the temperature to
      which the air will be cooled by the mold. The purpose of the air curtains
      is to prevent any other air from the ambient atmosphere from entering
      between the mold sections 26a and 26b as they move apart to open the mold
      and to prevent any of the ambient atmosphere from contacting with the cold
      walls of the mold cavity when the blown article or container 78 is out of
      contact with the walls of the cavity, as is the case in FIG. 5.
PAR  FIG. 6 shows a modification of the construction shown in FIG. 5. Instead of
      producing a curtain of air by blowing streams from both the upper and
      lower sections of the blow mold, FIG. 7 has a plenum 108 with a slot 110
      from which a curtain of air is discharged at high velocity as indicated by
      the arrows 112. This curtain of air is discharged into a plenum 114 which
      has an open bottom and which surrounds the upper mold section 26b'. The
      air discharged into the plenum 114 is sucked out of the plenum by the air
      conditioning unit through a duct 96'. Other parts corresponding to FIGS. 1
      and 5 are indicated in FIG. 6 by the same reference characters with a
      prime appended.
PAR  The time saved in the blowing operation by reducing the blow mold
      temperature so much less as the result of the air curtains provided by
      this invention around the blow mold, makes the blowing operation shorter
      in time than the injection operation. It is necessary, therefore, that
      this invention reduce the time that a core rod must remain at the
      injection station.
PAR  There is considerable reduction in time at the injection station, as a
      result of the use of the plastic pump 58 which has already been described.
      Another problem arises, however, when the parison is removed from the
      injection cavity without sufficient cooling of the plastic. As a high
      temperature parison cools after leaving the injection mold, the plastic
      shrinks and the neck end of the parison pulls away from the shoulder of
      the core rod. This causes the neck portion, which generally has threads on
      it, to no longer occupy the position that it should in order to fit the
      neck portion of the blowing mold.
PAR  FIG. 8 shows a construction for the blow mold 22 which prevents shrinkage
      of the parison after it leaves the injection mold. Lower and upper
      sections 22a and 22b, respectively, of the injection mold have cooling
      chambers 118, 120 and 122. Since part of the mold 22 is broken away in
      FIG. 8, there may be other cooling chambers for the broken away portion.
PAR  A cooling unit No. 1, designated by the reference character 124, has
      passages 126 leading to the cooling chamber 122 and cooling fluid from the
      unit 124 is circulated through the cooling chamber 122 by a pump 128.
PAR  Cooling fluid to the cooling chamber 120 is supplied from a cooling unit
      130 and circulated by a pump 132. In like manner cooling fluid for the
      cooling chamber 118 is supplied by a cooling unit 134 having a pump 136.
PAR  The cooling units 124, 130 and 134 may supply different amounts of cooling
      so that the cooling is progressively greater toward the neck end of the
      parison 36; or the cooling for most of the length of the parison may be
      substantially the same; but the feature of FIG. 8 is that the neck portion
      of the parison is cooled to a much lower temperature and is at least
      partially solidified before it is removed from the injection mold. There
      are circumferential grooves 140 in the neck portion of the core rod 20.
      These grooves 140 are filled with plastic when the parison is applied to
      the core rod and when the neck portion of the parison solidifies, the
      beads formed by the plastic in the grooves 140 locks the neck portion of
      the parison against any axial movement with respect to the core rod.
PAR  The balance of the parison 36, beyond the neck portion, must be maintained
      at a temperature high enough for blowing. Any shrinkage that occurs in the
      parison 36 after leaving the injection mold 22 will cause a stretching of
      the parison between the neck portion, which cannot move becuase of the
      beads in the circumferential grooves 140, and the other end of the parison
      which cannot move because it is in contact with the end of the core rod.
      This thins the wall of the parison to some extent; and if it is enough to
      effect the wall of the finished article adversely, compensation can be
      made by shaping the injection mold cavity to provide some extra thickness
      of the original parison plastic to compensate for the shrinkage.
PAR  The upper mold section 22b is cooled in the same way as the lower mold
      section 22a and passages 126 for the upper mold section cooling chambers
      can be supplied with cooling fluid from the same cooling units as are used
      for the lower mold section 22a.
PAR  The depth of the grooves 140 must be limited and the sides of the grooves
      should slope so that after the parison is blown into a container, the
      container can be stripped from the core rod 20. This stripping requires
      that the neck portion of the container expand slightly so that the beads
      in the grooves 140 can expand enough to slip out of the grooves.
PAR  FIG. 9 is a diagrammatic view of the stripper station 32. The actual
      stripper consists of the arms 30 which extend on either side of the core
      rod 20 for pushing a container off the core rod at the stripper station.
      The stripper arms 30 are secured to a block 145 attached to the upper end
      of an arm 146 which moves angularly about a cylindrical support 148. The
      arm 146 is jointed at a pivot 150 which has a bolt for clamping the upper
      and lower sections of the arm 146 in a fixed relation to one another; and
      which can be loosened to adjust the direction of extent of the arm 146 to
      accommodate the stripper to core rods and blow articles of different
      length. This construction is not a part of the present invention.
PAR  The block 145 has a discharge outlet 152 from which air is blown upward to
      cool the core rod 20. This is a conventional construction. The novelty of
      the apparatus shown in FIGS. 9 and 10 consist in a ring 156 which is
      provided with a stem 158 that extends down to the block 145 and that
      communicates with a chamber 158 inside the block.
PAR  The ring 154 is concentric with the core rod 20 and moves as a unit with
      the stripper arms 30 since both the stripper 30 and the stem 156 are
      rigidly secured to the block 145.
PAR  Cooling air is supplied to the ring 154 and it discharges from orifices 160
      angularly spaced around the inside surface of the ring 154. Air jets
      indicated by the arrows 162, in FIGS. 9 and 10 are discharged from the
      orifices 160 into contact with the core rod 20 to provide extra cooling
      for the core rod 20. When necessary to provide adequate cooling, the air
      supplied to the orifices 160 may be refrigerated air.
PAR  Air supply for the ring 154 shows up through the stem 156 from the chamber
      158. The chamber 158 is connected by a hose 166 which leads to a valve
      housing 168. A valve in the housing 168 controls the flow of air from a
      passage 170.
PAR  The ultimate supply of air to the passage 170 and to the orifice 152 is
      controlled ultimately by the programming apparatus of the machine.
      However, the valve in the housing 168 is controlled by a valve stem 172
      operated by a cam follower 174 which moves along the top surface of a cam
      176.
PAR  The cam 176 is connected with a stationary part of the molding machine so
      that as the arm 146, which carries the valve housing 168, swings angularly
      about its cylindrical bearing 168, the follower 174 moves along the top
      surface of the cam 176. The cam 176 is shaped so that as the ring 154
      approaches the portions of the core rod 20, which are thicker than the
      other portions, more air is supplied to the orifices 160. Thus there is an
      increase in the flow of air and a consequent increase in the rate of
      cooling, as the ring 154 approaches the portions of the core rod which
      have more metal in their cross section and which therefore require more
      cooling to bring down the temperature of the metal.
PAR  The preferred embodiment of the invention has been illustrated and
      described, but changes and modifications can be made, and some features
      can be used in different combinations without departing from the invention
      as defined in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A blow molding machine for making plastic articles including an
      injection station, a blowing station, and a stripper station; a core rod
      support that moves horizontally disposed core rods horizontally,
      successively from one station to the next through a cycle, a blow mold at
      the blowing station including a cavity into which successive core rods
      extend for blowing parisons on the core rods while in said cavity, a
      cooling chamber in the blow mold and through which cooling fluid
      circulates, an air conditioner that removes moisture from air to lower the
      dew point of the air, and means for supplying the dried air in a
      continuous curtain transversely disposed to the horizontally disposed core
      rods so as to prevent other air from contacting and depositing moisture on
      the mold, characterized by the blow mold having two sections that move
      toward and from each other to open and close the mold, and air discharge
      means located adjacent to one end of the space that is formed between the
      mold sections as they move away from one another, the dried air being
      supplied to said air discharge means and flowing therefrom as a curtain of
      air around said space and wherein said curtain is spaced from said blow
      article, characterized by the air discharge means comprising a jacket
      around the sides of one of the mold sections and forming with said sides a
      plenum having a slot at the end thereof which is closest to the other mold
      section and from which air is discharged around the entire periphery of
      the space between the mold sections when the mold sections are separated
      from one another.
NUM  2.
PAR  2. The blow molding machine described in claim 1 characterized by another
      plenum at the other end of the air curtain and into which the air curtain
      flows, and a duct system through which air in said other plenum is
      recirculated back to the air conditioner.
NUM  3.
PAR  3. A blow molding machine for making plastic articles including an
      injection station, a blowing station, and a stripper station; a core rod
      support that moves core rods successively from one station to the next
      through a cycle, a blow mold at the blowing station including a cavity
      into which successive core rods extend for blowing parisons on the core
      rods while in said cavity, a cooling chamber in the blow mold and through
      which cooling fluid circulates, an air conditioner that removes moisture
      from air to lower the dew point of the air, and means for supplying the
      dried air to exposed surfaces of the blow mold at the time of discharge of
      a blown article therefrom to prevent sweating of said surfaces,
      characterized by a mold at the injection station and in which a parison is
      applied to a core rod, a plasticizer that injects molten material into the
      injection mold, valve means for shutting off the plasticizer from the mold
      to shorten the cycle of the plasticizer by permitting the plasticizer to
      recover sooner after each injection in preparation for the next injection,
      and an auxiliary plastic pump that performs some of the operations of the
      injection cycle in place of the plasticizer, characterized by auxiliary
      cooling means for the core rods to compensate for the shorter cycle of the
      molding machine resulting from the shorter blowing operation and the
      shorter injection cycle, said auxiliary cooling means including a fluid
      supply head in position to discharge cooling fluid from said head into
      contact with an outside surface of the core rod after stripping of the
      blown article from the core rod, characterized by a stripper at the
      stripper station movable into contact with a blown article and lengthwise
      of the core rod to strip the blown article from the core rod, and
      auxiliary cooling means for the core rod including a head with jet
      orifices that blow fluid streams against the outside of the core rod
      around the circumference of the core rod, bearing means on which the head
      is movable lengthwise of the core rod to blow the cooling fluid against
      the different parts of the length of the core rod, and valve means that
      change the rate at which the fluid is blown against the core rod in
      accordance with the position of the head along the length of the core rod
      and in accordance with different cross sections of materials of the core
      rod at different regions along the length thereof.
NUM  4.
PAR  4. The blow molding machine described in claim 3 characterized by a cam and
      cam follower, one of which has relative movement with respect to the other
      proportional to the movement of the head along the length of the core rod,
      the cam being contoured to change the rate of flow of cooling fluid from
      the jets in proportion to the amount of heat to be removed from the
      various portions of the core rod along its length.
NUM  5.
PAR  5. A blow molding machine for making plastic articles including an
      injection station, a blowing station, and a stripper station; a core rod
      support that moves core rods successively from one station to the next
      through a cycle, a blow mold at the blowing station including a cavity
      into which successive core rods extend for blowing parisons on the core
      rods while in said cavity, a cooling chamber in the blow mold and through
      which cooling fluid circulates, an air conditioner that removes moisture
      from air to lower the dew point of the air, and means for supplying the
      dried air to exposed surfaces of the blow mold at the time of discharge of
      a blown article therefrom to prevent sweating of said surfaces
      characterized by an injection mold at the injection station, and an
      enclosure between the injection station and the blowing station through
      which each core rod passes on its way from the injection mold to the blow
      mold, said enclosure being open at both ends for passage of the core rods
      through the enclosure with continuous motion, means for blowing dry air
      over a parison on the core rod while passing through the enclosure, and
      means for controlling the temperature of the air supplied to said
      enclosure.
NUM  6.
PAR  6. A blow molding machine for making plastic articles including an
      injection station, a blowing station, and a stripper station; a core
      support that moves core rods successively from one station to the next
      through a cycle, auxiliary cooling means for the core rods including a
      fluid supply head in position to discharge cooling fluid from said head
      into contact with an outside surface of the core rod after the stripping
      of a blown article from the core rod, a stripper at the stripper station
      movable into contact with a blown article and lengthwise of the core rod
      to strip the blown article from the core rod, the auxiliary cooling means
      for the core rod including a head with a jet orifice that blows fluid
      streams against the outside of the core rod around the circumference of
      the core rod, bearing means on which the head is movable lengthwise of the
      core rod to blow the cooling fluid along different portions of the length
      of the core rod, and valve means that change the rate at which fluid is
      blown against the core rod in accordance with the position of the head
      along the length of the core rod.
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ABST
PAL  An injection mold is disclosed for making an article having a plurality of
      side walls defining an enclosure. The mold elements during opening and
      closing of the mold move in a coordinated manner via mechanical
      interlocks. A first mold section carries plural side wall members that
      slide between a closed position and an open position. A second mold
      section interlocks with the side wall members to carry them from their
      closed to their open position and the side wall members are themselves
      linked to a stripper ring that strips the article from the mold. Other
      features are disclosed.
BSUM
PAC  INTRODUCTION
PAR  The present invention relates generally to apparatus for manufacture of
      injection molded plastic articles. More particularly, the invention is
      directed to new and improved apparatus for injection molding partitioned
      containers, such as battery casings or the like.
PAC  SUMMARY OF THE INVENTION
PAR  The invention molding apparatus of the invention is of a comparatively
      simple and economical construction while also affording exceptional
      operational reliability. The mold utilizes a system of mechanical
      interlocks between the individual mold and components to establish the
      required coordinated movement therebetween as opposed to the hydraulic
      cylinder mechanisms typically used in the prior art.
PAR  Accordingly, the invention is directed to an injection mold for manufacture
      of an article having a plurality of side walls defining an enclosure.
      Specifically, the mold comprises a first mold means including a first base
      member and a plurality of side wall members movable between a closed
      position in which the side wall members are adjacent to the base member
      and cooperatively form a mold cavity conforming to the desired exterior
      dimensions of the enclosure and an open position in which the side wall
      members are displaced along a predetermined angular path relative to the
      side walls of the article away from the base member and laterally
      outwardly from one another. Second mold means comprises a second base
      member movable between a closed position abutting one end of each of said
      side wall members and an open position in which the second mold means is
      displaced relative to the first mold means by a predetermined distance and
      along a path parallel to the side walls of the article. A stripper ring
      means comprises a ring member of interior peripheral dimensions
      corresponding to the perimeter of the article and disposed adjacent the
      end of the side wall members opposite the aforesaid one ends and
      mechanically interlocked with the side wall members for coordinated
      movement therewith and for engagement of the adjacent ends of the side
      walls of the molded article to strip the article from the mold upon
      movement of the side wall members from the closed to the open position.
      There is further provided an interlock means for mechanically coupling the
      side wall members to the second mold means for coordinated movement from
      the closed position toward the open position of the second mold means and
      for releasing the side wall members from the second mold means at
      approximately the open position of the side wall members and for
      permitting continued movement of the second mold means to its open
      position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features of the present invention are set forth with
      particularity in the appended claims. The invention together with further
      objects and advantages thereof may best be understood, however, by
      reference to the following description taken in conjunction with the
      accompanying drawings in the several figures of which like reference
      numerals identify like elements and in which:
PAR  FIG. 1 is a perspective view of a plastic article, namely, a portion of a
      battery casing, manufactured by the injection mold apparatus of the
      present invention;
PAR  FIG. 2 is an enlarged, detail view of a part of the battery casing and
      taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a perspective view of the mold apparatus of the invention shown
      in its open position with a molded casing having just been ejected
      therefrom;
PAR  FIG. 4 is a cross-sectional view of the mold apparatus taken along lines
      4--4 of FIG. 3 but showing the mold apparatus in movement toward an open
      position with the molded plastic casing being stripped from the core
      elements of the upper mold section;
PAR  FIG. 4a is a sectional view similar to that of FIG. 4 but showing the lower
      half of the mold apparatus in its open position and with the molded
      battery casing being ejected from the core elements of the lower mold
      section by the action of upwardly projecting ejector rods;
PAR  FIG. 5 is a cross-section view transverse to that of FIG. 4 and taken along
      lines 5--5 of FIG. 4; but showing the mold in its fully closed or molding
      position with thermoplastic material having been injected within the mold
      cavity to form a casing therein; and
PAR  FIG. 6 is a cross-sectional view of the mold apparatus taken along lines
      6--6 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is illustrated a molded plastic article 10
      manufactured by the mold apparatus of the invention presently to be
      described. The article 10 comprises a portion of a battery casing of the
      type typically used in the manufacture of electric storage batteries for
      automobiles. The rectangular casing portion 10 includes first and second
      pairs of opposed side walls 12, 14 and 16, 18, respectively, and, as seen
      in the drawing, has an open top and a similarly open bottom (not visible
      in the drawing). A plurality of parallel and equally spaced partition
      walls 20 extend between the side walls 12 and 14 and are integrally formed
      therewith, the partition walls being effective to divide the peripheral
      enclosure formed by the outer walls into a plurality of equal sized cells.
      Peripheral flange portions 22 and 24 of like construction are integrally
      molded adjacent the top and bottom, respectively, of the casing portion 10
      and are useful in effecting a proper interfit with top and bottom covers
      (not shown). The top and bottom covers are separately molded by methods
      and apparatus not pertinent to the present invention.
PAR  The casing portion 10 further includes along the length of the casing
      adjacent each of the side walls 12 and 14 a series of integrally molded
      plastic supports each formed by two parallel struts as depicted by the
      exemplary support struts 26a, 26b for securely holding lead metal
      connector slugs (not shown) that electrically interconnect the plural
      cells of the casing portion 10. The metal connector slugs or inserts are
      actually disposed in the mold during the molding process so that the
      plastic supports are intimately formed thereabout and the connector is
      securely positioned in a proper location. The structures of the connectors
      themselves, their particular location in the casing 10 and the manner and
      techniques for disposing them in the mold are accomplished by procedures
      that are familiar to those skilled in the art. Accordingly, the connectors
      have been omitted from the drawing of FIG. 1 for simplicity and to promote
      clarity and for like reasons a description of their disposition in the
      mold is omitted. The identical plastic supports are, however, themselves
      illustrated; the exemplary support comprises a pair of parallel plastic
      segments 26a, 26b extending between a partition wall 20 and the adjacent
      end wall 16. Similar supports are disposed respectively between each of
      the adjacent partition walls and the end wall 18 in axial alignment with
      the exemplary support 26a, 26b to define a first series of connector
      support while a second series of such supports are located between the
      partition walls and end walls in parallel, adjacent relationship to the
      opposite side wall 14.
PAR  The casing portion 10 further includes an integrally formed plastic lattice
      work disposed intermediate the opposed side walls 12 and 14 and extending
      between respective adjacent pairs of the partition walls 20 and between
      these partition walls and the respective end walls 16 and 18. The
      thermoplastic material to form the casing portion 10 is injected into the
      mold apparatus at respective points corresponding to the central pads 28a
      of each of the lattice work elements 28. The gating method and techniques
      for introducing the thermoplastic material into the mold apparatus of the
      invention are conventional and accordingly will not be described in detail
      herein.
PAR  Referring now to FIG. 3, the mold apparatus 40 of the invention there
      illustrated comprises a pair of separable mold sections or platens which
      in their closed position cooperatively define a mold cavity corresponding
      to the article of FIG. 1 but which separate to an open position as shown
      in FIG. 3 to permit ejection of a completed article therefrom. Although it
      will be understood that the apparatus 40 may, consistent with the present
      invention, be arranged for use in any of a wide variety of injecting
      molding machines, the mold apparatus 40 is herein illustrated as arranged
      for use in a Stokes type vertical injection molding machine (not shown).
PAR  The mold apparatus 40 comprises a first mold means including a first base
      member or upper platen 42 that is fixedly mounted to the injection molding
      machine (not shown). A second mold means comprising a second base member
      or lower platen 44 is movable along a vertical path between its fully open
      position as seen in FIG. 3 and a fully closed position as seen in FIG. 5.
      As will presently become apparent to those skilled in the art, it is only
      a matter of convenience as to which of the mold platens 42,44 actually
      moves as long as there is the requisite relative movement between the mold
      platens.
PAR  The first mold means in addition to the base member 42 further includes
      four side wall members disposed on the underside of the base member 42 and
      vertically movable relative thereto, a first pair of the side walls 46 and
      48 being visible in FIG. 3 in their fully open position. A second pair of
      side wall members 50 and 52 that are respectively identical to members 46
      and 48 are visible in the sectional views of FIGS. 4 and 5. Although not
      specifically shown, it will be understood that the side wall members 50,
      52 in their open position occupy a location similar to that of the side
      walls 46, 48 and furthermore, as will presently be explained, all of the
      side wall members move between their open and closed positions in a
      coordinated fashion.
PAR  The side wall members in their closed positions, as seen in FIG. 5 wherein
      side wall members 46 and 50 are visible, cooperatively form a rectangular
      mold cavity enclosure conforming to the desired exterior dimensions of the
      plastic battery casing 10. In movement to their open position, the four
      side wall members are displaced along a predetermined angular paths
      relative to the side walls of the casing 10 so as to move away from the
      underside of the first base member and laterally outwardly from one
      another and thereby release the molded plastic article. The path of
      movement of the four side wall members is established by the inclination
      or slope of their outer surfaces and the matched slope of a surrounding
      rectangular yoke member 54 that carries each of the side wall members for
      slidable movement between their open and closed positions. The rectangular
      yoke enclosure 54 is fixedly secured to the first base member 42 as for
      example by bolts. A pair of such bolts, 56 and 58, journaled in the first
      base member 42 and threadably secured to the yoke 54 are depicted in FIG.
      5.
PAR  Each of the side wall members 46, 48, 50 and 52 is slidably interconnected
      with the yoke 54 through conventional T-type tongue and groove interlocks
      as seen most clearly in FIG. 6 with reference to the exemplary side wall
      46 and its associated interlocks 46b and 46c. The tongue and groove
      interconnections are each effected so as to cause the side wall members to
      lift clear of a contiguous relationship with the yoke 54 upon a small
      initial sliding movement of the side walls from their closed position
      toward their open position. In other words, the mated slopes of the tongue
      and groove interconnections are slightly less than the outward slope of
      the yoke 54 such that the side walls are contiguous the yoke only when
      seated in their closed position, but gradually lift out of contact with
      the yoke as the side walls are moved toward their open position, thereby
      to prevent galling of the facing surfaces of the side wall members and the
      yoke 54. Thus, only the tongue and groove surfaces of the side wall and
      yoke engage during the bulk of the movement of the side walls between
      their open and closed positions.
PAR  As additionally seen in FIG. 6, each of the side wall members 46, 48, 50
      and 52 is of a generally rectangular configuration. The side wall members
      46, 50 extend only along a partial length of each opposing side of the
      cavity while the longer pair of side wall members 48, 52 extend the full
      length of their respective cavity sides and around the end corners of the
      cavity thereby to abutt the respective side wall segments 46, 48 along a
      straight side portion of the cavity rather than at the corners.
PAR  The internal partition walls 20 of the article 10 are formed by providing
      within the enclosure defined by the mold side wall members a plurality of
      core elements spaced predetermined distances from one another and from the
      four side wall members corresponding in dimension to the desired
      thicknesses of the side and partition walls. The core elements are in fact
      composed of first and second sets of core elements rigidly secured
      respectively to the upper and lower mold platens 42 and 44 and adapted to
      interfit with one another in a properly aligned relationship. The first
      set of core elements, comprising in the present exemplary embodiment six
      individual core components, are seated in a rectangular recess in the
      upper mold platen 42 as seen in FIGS. 4 and 5. The individual ones of the
      first set of core elements 60 each include a portion projecting into the
      mold cavity defined by the side walls 46, 48, 50 and 52 and a support
      portion extending outside of the mold cavity and into the recessed face of
      the first mold platen 42. As illustrated in FIGS. 4 and 5, the support
      portions of the core elements 60 are of complementary wedge shaped
      contours so as to facilitate relative sliding motion between each of the
      core components. In this regard, it will be observed in FIG. 4 that the
      second, fourth and sixth core components of the first set 60 are rigidly
      secured to the first base member 42 while the odd numbered core
      components, i.e., one, three and five, are movable from closed positions
      in registry with the even numbered core elements as seen in FIG. 5 to open
      positions as seen in FIG. 4 wherein the odd numbered core elements have
      moved downwardly by a predetermined short distance.
PAR  The structural mounting of the odd numbered core elements to permit
      longitudinal movement as aforesaid, is illustrated in FIG. 5. As there
      seen, an exemplary odd numbered core component 60a is situated in its
      closed position with its upper support disposed in the recess of the first
      mold platen 42. Coil springs 62 and 64 are disposed in respective recesses
      of the platen 42 above the core component 60a so as to tend to force it
      downwardly toward its open position. A pair of guide and limit bolts 66
      and 68 are loosely journaled in the platen 42 and are threadably secured
      to the exemplary odd numbered core component 60a. The bolts 66, 68 limit
      downward travel of the core component 60a to a predetermined distance
      corresponding to the space between the base of the illustrated bolt recess
      in the platen 42 and the enlarged head portions of the respective bolts
      66, 68. The exemplary odd numbered core component 60a and its similar odd
      numbered counterparts are held in a closed position against the bias of
      the springs 62, 64 by the action of a mold component associated with the
      side wall members 50, 52 engaging peripheral shoulder portions 60b, 60c of
      the core component 60a, as seen in FIG. 5. However, movement of the side
      wall members toward their open position causes the odd numbered core
      components to be released thereby permitting them to move to their
      respective open positions.
PAR  The second set of core elements 70 and an exemplary component 70a of the
      second set are seen most clearly in FIGS. 4 and 5. As seen in these
      figures, the first set of core elements 60 extend over the major length of
      the mold cavity while the second set 70 extend upwardly into the mold
      cavity only a comparatively short distance, but are aligned with the
      components of the first set so as to effect a properly registered and
      severable connection with the components of the first set.
PAR  The second set of core elements 70 may be formed from a singular block
      fixedly secured to the second mold platen 44 and having milled slots in
      its upper surface corresponding in width to the desired thickness of the
      partition and side walls of the article 10. It is important that the
      individual elements of the first and second sets of core elements 60 and
      70, respectively, interlock securely with one another so that the extreme
      hydraulic pressures encountered during the molding operation will not
      cause deflection of the elongated first set of core elements 60 and
      resultant distortion in the partition and side wall thicknesses. To this
      end, each of the core elements of the first set 60 includes a pair of
      spaced nose portions of generally trapezoidal cross-section which seat in
      corresponding recesses of the core elements of the second set 70. In FIG.
      5, the spaced nose portions 72 and 74 of the exemplary core element 60a
      are shown situated in contoured recesses 72a and 74a respectively of the
      exemplary lower core element 70a. It will be understood that all of the
      core elements of the first and second sets interlock in like fashion.
PAR  The second or lower mold platen 44 is movable relative to the mold platen
      42 along a path determined by four parallel guide posts 76, 78, 80 and 82
      that are slidably journaled in respective bores located adjacent the four
      corners of the mold platen 44. The four posts are rigidly secured to a
      lower base member 84 and at their upper ends are secured in appropriately
      dimensioned bores of the rectangular yoke member 54, as seen in FIG. 6.
      Movement of the platen 44 along the four guide posts between its open and
      closed positions is controlled by means of conventional hydraulic
      apparatus (not shown).
PAR  In accordance with the invention, an interlock means is provided for
      mechanically coupling the four side wall members 46, 48, 50 and 52 to the
      second mold means 44 to effect a coordinated movement of the side walls
      from their closed position to their open position whereat the interlock is
      released so as to permit continued movement of the second mold means 44 to
      its fully open position. Specifically, this interlock means comprises
      first interlock members integral with the four side wall members and
      comprising the respective transverse notches 46a, 48a, 50a and 52a near
      the lower ends of the corresponding side wall members. The horizontal or
      lateral notches from abuttments or shoulders for engaging complementary
      shoulder portions of second interlock means that are secured to the second
      mold platen 44. Second interlock members engaging side wall interlock
      members 52a and 48a are depicted by numerals 86 and 88 in FIG. 4 while in
      FIG. 5 second interlock means 90 and 92 are depicted in engagement with
      the first interlock means 50a and 46a. The second interlock means 86, 88,
      90 and 92 are each of identical cross-section comprising inverted L-shaped
      members in which the laterally extending leg of each L-member overlies the
      corresponding shoulder portion of the associated first interlock means.
      Specifically, with the mold in its fully closed position as seen in FIG.
      5, the first and second interlock members 90. 50a and 92, 46a there
      visible are seen to be in a fully overlapped condition; the remaining
      interlock members not visible in the drawing are similarly disposed.
PAR  Any downward movement of the lower mold platen 44 will result in each of
      the four side walls 46, 48, 50 and 52 being drawn downwardly with the
      second mold platen 44 by virtue of the interconnection of the interlock
      members. However, as seen in FIG. 4, downward movement of the second mold
      member 44 also results in an angular outward movement of each of the four
      side walls thereby progressively reducing the overlap of the four sets of
      first and second interlock members. In FIG. 4, the shoulder portions 48a,
      52a of the corresponding side walls 48, 52 have moved outwardly by a
      substantial amount so as to be just barely engaged by their corresponding
      second interlock members 86 and 88, respectively. With slight additional
      downward movement of the mold platen 44, the side wall members will all
      concurrently move to a sufficient laterally outward position so as to
      release the interlocks between each side wall and the second mold means
      44. The second mold means 44 thereafter continues in a downward movement
      to its fully open position as seen in FIG. 4a.
PAR  The outward movement of the four side wall members 46, 48, 50 and 52 during
      opening of the mold releases these side walls from the molded article.
      However, it is still necessary to strip the molded article from the first
      set of core elements 60. This is accomplished by provision of a stripper
      ring means comprising a rectangular ring member 96 of interior peripheral
      dimensions corresponding to the perimeter of the article 10 and disposed
      adjacent the end of the side wall members contiguous the underside of the
      first mold platen 42. The stripper ring 96, seen most clearly in FIG. 5,
      overlies the upper end of the mold cavity so as to bear on the perimeter
      of the upper end of the molded article.
PAR  As seen in FIG. 4, the stripper ring 96 seats in complementary notches
      formed in each of the four side wall members and furthermore is
      interlocked to each of the side wall members. One of these interlocks
      comprising a rigid bar member 98 secured to the side wall 52 by bolts 99
      and extending an overlying relation to the stripper ring 96 is seen in
      FIG. 4. Corresponding interlock members 100, 102 and 104 secured
      respectively to side walls 50, 48 and 46 and extending in overlying
      relation to the stripper ring 96 are seen in FIG. 6. It will be observed
      that the side walls and the stripper ring 96 are both appropriately
      notched so as to seat the interlock bars 98, 100, 102 and 104 flush with
      the co-planar top surfaces of the side walls and the stripper ring 96.
      Although the stripper ring 96 is interlocked to the side wall members for
      vertical movement, it will be understood that the stripper ring may move
      laterally independently of the side walls.
PAR  In order to properly guide stripper ring 96 and also to limit downward
      travel of the stripper ring and interlocked side walls members there is
      provided a limit means. Preferably, the limit means comprises four bolts,
      two of which 106 and 108 are visible in FIG. 4. The bolts 106 and 108 and
      the two companion bolts 110 and 112 (FIG. 6) are loosely journaled in
      recessed bores of the first platen 42 with their lower ends threadably
      secured to the stripper ring 96 adjacent each of its four corners. The
      limit of downward travel of the stripper ring 96 and the interlocked side
      wall members is determined by the interception of the heads of the bolts
      106, 108, 110 and 112 with the base of the recessed bores in the platen
      42. The bolts 106, 108 and the two similar bolts 110 and 112 are secured
      only to the stripper ring 96 and thus the side walls 46, 48, 50 and 52 are
      not restricted in their lateral movement.
PAR  Once the molded plastic article has been stripped from the first set of
      core members 60, it is necessary to complete the ejection of the article
      from the mold by displacing the article from the second set of core
      elements 70. To this end, there is provided an ejector means supported by
      the second mold means 44 and comprising a series of ejector rods, two of
      which 112 and 114 are visible in the drawings. The ejector rods 112, 114
      and the additional rods (not visible in the drawing) are slidably
      journaled in bores in the mold means 44 and are secured at their lower end
      to a transverse ejector plate 116. The ejector plate 116 is normally
      disposed in its lower most position shown in FIG. 4 with the upper ends of
      the ejector pins 112 and 114 flush with the surface of the mold cavity.
      Downward movement of the second mold means 44 so as to bring the ejector
      plate 116 into engagement with a pedestal portion 84a of the base 84
      results in the ejector pins 112, 114 being displaced upwardly so as to
      push the battery casing 10 off of the core members, as seen in FIG. 4a.
PAR  The particular mechanism for introducing the thermoplastic material into
      the mold cavity forms no part of the present invention. However, for the
      sake of completeness, the technique for gating the mold cavity is
      illustrated in semischematic fashion in FIG. 4. Specifically, the
      thermoplastic material enters the mold apparatus 40 at a heated primary
      inlet sprue 120 disposed on the underside of the second mold member 44 and
      from there is coupled through a plurality of parallel hot runner channels
      121 to respective inlet gates intermediate each of the pair of partition
      walls corresponding in position to the points 28a of the article 10 of
      FIG. 1.
PAR  The operation of the mold structure of the invention may be best understood
      by referring again initially to FIG. 5. The mold as there shown is in its
      closed position with the thermoplastic material having been injected
      therein through the main inlet sprue 120 and the parallel hot runner gates
      just described.
PAR  When the molded article has solidified, the lower mold platen 44 is
      actuated so as to move downwardly from the upper mold platen 42 as seen
      most clearly in FIG. 4. Downward movement of the mold platen 44 results in
      each of the four side walls 46, 48, 50 and 52 being drawn downwardly at a
      corresponding vertical rate by virtue of the mechanical interlock between
      the side walls and the lower mold platen 44. Two of the interlock members
      86, 88 on the lower mold platen 44 and the corresponding shoulder portions
      52a and 48a of the side walls 52 and 48 are seen in FIG. 4. The downward
      movement of the mold platen 44 and the interlocked side wall members also
      results in a downward movement of the stripper ring 96. The stripper ring
      96 engages the periphery of the upper end of the molded article 10 and
      strips the article from the first or upper set of core elements 60. This
      stripping occurs in a progressive fashion by virtue of the fact that the
      odd numbered core elements are initially free to move downwardly with the
      stripper ring and at a like rate. Thus, initially the battery casing is
      stripped only from the stationary or even numbered core elements of the
      first set 60. However, once the odd numbered core elements have moved to
      their lower limit positions as determined by the limit bolts secured to
      each of these movable core elements, the stripper ring initiates stripping
      of the article from these additional core elements.
PAR  The interlocked downward movement of the mold platen 44, the side wall
      members and the stripper ring 96 continues until the article 10 is fully
      stripped from each of the core components of the first set of core
      elements 60. Thereafter, the interlocks between the side walls and the
      lower mold platen 44 clear to permit continued downward movement of the
      mold platen 44. Substantial additional downward movement of the side wall
      members is precluded by the limit bolts associated with each side wall,
      limit bolts 106 and 108 for the side walls 52 and 48 being visible in FIG.
      4.
PAR  The lower mold platen 44 continues in its downward path causing the ejector
      plate 116 to intercept the pedestal 84a of the base plate 84 thereby
      moving the ejector pins 112 and 114 upwardly so as to lift the molded
      casing 10 off of the second or lower set of core components 70, all as
      seen in FIG. 4a. The molded article 10 is then withdrawn either manually
      or by appropriate mechanical apparatus from the mold and the mold
      apparatus is ready for return movement to its closed position and
      initiation of a successive operational cycle.
PAR  While particular embodiments of the present invention have been shown and
      described, it is apparent that various changes and modifications may be
      made, and it is therefore intended in the following claims to cover all
      such modifications and changes as may fall within the true spirit and
      scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An injection mold for manufacture of an article having first and second
      pairs of opposed sidewalls defining a generally rectangular enclosure with
      an open top and bottom and having a plurality of partition walls extending
      between one of said pairs of opposed sidewalls for dividing said enclosure
      into a plurality of cells, comprising:
PA1  first mold means including a first base member and four sidewall members
      being movable between a closed position in which said four sidewall
      members are adjacent said first base member and cooperatively form a
      rectangular mold cavity conforming to the desired exterior dimensions of
      said generally rectangular enclosure and an open position in which said
      sidewall members are displaced along a predetermined angular path relative
      to the sidewalls of the article away from said first base member and
      laterally outwardly from one another;
PA1  core mold means disposed within the rectangular enclosure formed by said
      four sidewall members;
PA1  second mold means comprising a second base member movable between a closed
      position abutting one end of each of said four sidewall members for
      defining in conjunction with said core mold means and first mold means,
      when said four sidewall members are in said closed position, a mold cavity
      corresponding to said article and an open position in which said second
      mold means is displaced relative to said first mold means by a distance
      greater than the sidewall length of said article and along a path parallel
      to said four sidewalls of said article;
PA1  said core mold means comprising a first set of core elements rigidly
      secured to said first mold means and extending the major length of said
      sidewall members and a second set of core elements rigidly secured to said
      second mold means in registry with said first set of core elements and
      extending upwardly the remaining length of said sidewall members, said
      first and second sets of core elements being constructed and arranged for
      interlocking with one another when said second mold means is in its closed
      position to maintain a predetermined alignment of said first and second
      sets of core elements during molding of said article;
PA1  stripper ring means comprising a rectangular ring member of interior
      peripheral dimensions corresponding to the perimeter of said article and
      disposed adjacent the end of said sidewall members opposite said one ends
      and mechanically interlocked with said sidewall members for co-ordinated
      movement therewith and for engagement of the adjacent ends of the four
      sidewalls of the molded article to strip said article from said first set
      of core elements upon movement of said sidewall members from said closed
      to said open position; said stripper ring means further including ejector
      means supported by said second mold means and comprising a plurality of
      ejector rods for ejecting said article from said second set of core
      elements; and
PA1  interlock means for mechanically coupling said four sidewall members to
      said second mold means for co-ordinated movement from said closed position
      toward said open position of said second mold means and for releasing said
      sidewall members from said second mold means at approximately the open
      position of said sidewall members and for permitting continued movement of
      said second mold means to its open position.
NUM  2.
PAR  2. The mold of claim 1 in which said side wall members are each notched at
      their said opposite ends for cooperatively defining a shoulder portion of
      rectangular outline for seating said rectangular ring member of said
      stripper ring means and further in which said first mold means includes
      abutment members fixedly secured to each of said side wall members and
      overlying said ring member for interlocking said ring member with said
      side walls for motion along a first path parallel to said article side
      walls and for permitting free relative movement of said side wall members
      and said ring member along a path transverse to said first path.
NUM  3.
PAR  3. The mold of claim 2 and further including limit means comprising a
      plurality of bolt members journaled in said first mold means for sliding
      movement and each having one end fixedly secured to said stripper ring
      means and having respective enlarged head portions for engaging said first
      mold means at a predetermined limit of travel of said bolt means for
      correspondingly limiting the travel of said retainer ring means and said
      four side wall members.
NUM  4.
PAR  4. The mold of claim 3 in which said interlock means comprises respective
      first interlock members integral with said four side wall members and
      including first shoulder portions and further comprising respective second
      interlock members fixedly secured to said second mold means and including
      second shoulder portions overlying said first shoulder portions when said
      side wall members are in their closed position and said first and second
      shoulder portions moving laterally relative to one another as said second
      mold means and said sidewall members move toward their respective open
      positions so that said first and second shoulder portions clear one
      another as said four sidewall members reach their open position to release
      the interlock between said first and second interlock members thereby to
      permit independent movement of said four sidewall members and said second
      mold means.
NUM  5.
PAR  5. The mold of claim 4 in which said first mold means includes an enlarged
      rectangular yoke portion surrounding and supporting said four sidewall
      members with said yoke portion having interior sidewalls contiguous
      respective outer walls of said four sidewall members and forming therewith
      respective planes inclined outwardly at an acute angle from the
      corresponding side walls of the article to be molded and further with
      tongue and groove interconnections being provided between respective ones
      of said sidewall members and corresponding interior side walls of said
      yoke portion to provide sliding motion between said yoke portion and said
      respective sidewall members, said tongue and groove interconnections being
      effected so as to cause said sidewall members to lift clear of a
      contiguous relationship with said yoke portion upon sliding movement of
      said sidewall members from their closed position to their open position
      thereby to prevent galling of the facing surfaces of said sidewall members
      and said yoke portion.
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ABST
PAL  Apparatus for air-cooling blown tubular thermoplastic film downstream of a
      position where the film has already solidified comprises a ring having air
      outlets directed onto the tubular film, the ring comprising a plurality of
      blow pipes which are pivotally interconnected in pairs at adjacent ends
      and hinged at their other ends to holding elements which are radially
      adjustable with respect to the tubular film. The hinge axes at the holding
      elements are disposed so that the blow pipes form a uniform polygon and
      the lengths of the individual pipes is such that, when the holding
      elements are at their radially outermost adjustment, the pipes extend in
      an obtuse angled zig-zag line circumferentially of the tubular film.
BSUM
PAR  The invention relates to a post-cooling apparatus for blown film of
      thermoplastic material comprising at least one cooling air ring
      surrounding the tubular film downstream of the solidification line of the
      film, the ring having air outlets directed onto the tube.
PAR  In the manufacture of tubular film in extruder-film blowing installations,
      ever increasing outputs have been achieved in the course of development.
      These higher outputs required increasingly better film-cooling apparatuses
      so that the temperature of the tubular film would not exceed an allowable
      maximum in the vicinity of the flattening and take-off apparatus. On the
      other hand, considerable disadvantages were to be expected in subsequent
      processing, for example blocking of the film or damage of the marginal
      folds by so-called fold fracture.
PAR  In film-cooling apparatuses, a distinction is to be drawn between the
      so-called main cooling for the still plastic region between the film
      blowhead and the film solidification line and the post-cooling apparatus
      which has to cool the already solidified film to an acceptable extent. For
      the latter purpose it is known to cool the tubular film with the aid of
      cooling spirals through which cooling water passes or by means of an
      annular shower with use of a sealing sleeve which collects the cooling
      water again. The disadvantage here is that such cooling apparatuses can be
      designed only for one tube diameter and thus when the size is changed the
      cooling elements have to be replaced.
PAR  It is also known to provide in the region of the take-off and flattening
      apparatus cooling elements through which water flows and which cool the
      already flattened tube to an acceptable extent. These post-cooling
      apparatuses can be used for all film widths without reconstruction. A
      disadvantage with these post-cooling apparatuses is, however, that in the
      cooling of films with side pleats having side folds introduced in the
      region of the flattening apparatus the resulting cooling is only uneven
      because the region of the side folds is practically inaccessible to the
      cooling elements. Consequently one must still reckon with the known
      disadvantages such as blocking of the film or fold fracture in the region
      of the side folds.
PAR  It is also known to provide one or more cooling air rings above one another
      for post-cooling the already solidified tubular film, the rings cooling
      the tubular film by means of air jets. This post-cooling apparatus is
      likewise associated with the defect that with a marked change in the film
      sizes the cooling rings have to be replaced.
PAR  The problem of the invention is therefore to provide a post-cooling
      apparatus which permits uniform cooling of all regions of the tubular film
      but on the other hand is rapidly adjustable, without the replacement of
      individual parts, to the new size when the diameter of the blown tube is
      changed.
PAR  In the solution of this problem, the invention is based on the recognition
      that the cooling effect with air-cooling rings is most marked when the air
      is led onto the tubular film at high speed along a short distance.
      According to the invention, to solve the set problem the cooling air ring
      comprises a plurality of individual blow pipes which are pivotally
      interconnected in pairs at their adjacent ends and are hinged at their
      outer ends, about axes perpendicular to the longitudinal axis of the blow
      pipe, to holding elements that are radially adjustable with respect to the
      tube axis, the hinge axes on the holding elements being disposed so that
      the blow pipes form a uniform polygon as viewed longitudinally of the
      tube, and the length of the individual blow pipes being selected so that,
      with a radially outermost setting of the holding elements, the pipes
      extend in an obtuse angled zig-zag line circumferentially of the tube. On
      a change in diameter of the tubular film, the holding elements can be
      moved along and will take the blow pipes with them so that their close
      spacing to the tubular film is maintained and only the angles of the
      zig-zag line are altered. For each diameter the individual film sections
      will always be subjected to the same amount of blown cooling air, that is
      to say with a large tubular film diameter (which generally means that
      there is a low take-off speed) the cooling air from one of the individual
      blow pipes is distributed over a larger film periphery, whereas with
      smaller tubular film diameters (which generally means that there are
      higher take-off speeds) the cooling air from one individual blow pipe is
      concentrated on a smaller region of the film periphery.
PAR  In a further development of the invention, universal joints can be provided
      for the pivotal connection of the individual blow pipes and the individual
      blow pipes of each pair can include the same angle, as viewed lengthwise
      of the tube, as do each of two individual blow pipes hinged to a holding
      element. With this preferred embodiment, the corners of the polygon formed
      by the individual blow pipes are located not only at the holding elements
      but in each case also at the pivotal joint between two individual blow
      pipes of a pair. The larger the number of corners of the polygon, the
      closer will the latter approach the circular cross-section of the tubular
      film. The universal joints may preferably consist of ball joints.
PAR  According to the invention it is also advantageous if the holding elements
      of the post-cooling apparatus are connected to the radially adjustable
      holding elements for the supporting and calibrating segments of a
      steplessly adjustable film calibrating apparatus particularly of the kind
      described in an older patent of the Applicants. The diameter adjustment is
      then effected in the same operation for the calibrating segments and for
      the cooling air ring constructed according to the invention.
PAR  In a further embodiment of the invention, each individual blow pipe is
      connected by an air hose to a compressed air supply conduit which is
      preferably in the form of an annular channel. The independent supplying of
      each individual blow pipe with cooling air from the annular channel
      permits a particularly large throughput of air.
PAR  Further, it is possible according to the invention to arrange a plurality
      of cooling air rings, each comprising individual blow pipes, in
      superposition so as to increase the cooling effect if this is necessary.
DRWD
PAR  In the following description the invention is explained in more detail with
      reference to the drawing showing one example. In the drawing
PAR  FIG. 1 is a diagrammatic representation of a film-blowing installation with
      a calibrating apparatus and a post-cooling apparatus according to the
      invention;
PAR  FIG. 2 is a section on the line II--II in FIG. 1 looking down on the
      calibrating apparatus with the individual blow pipes that are connected
      thereto in a central position;
PAR  FIG. 3 is a fragmentary view in the direction of the arrow III in FIG. 2
      and in a developed representation, the calibrating and cooling apparatus
      being in a maximum diameter position, and
PAR  FIG. 4 is a fragmentary view as in FIG. 3 but with the calibrating and
      cooling apparatus in a minimum diameter position.
DETD
PAR  The plastic material melted by the diagrammatically illustrated screw press
      1 is formed to tubular film 4 by the film blowhead 2 having the cooling
      air ring 3. The diagrammatically illustrated calibrating apparatus 5', 5"
      (the holding frame being omitted for the sake of clarity) comprising the
      supporting and calibrating elements 6' and 6" ensures that a uniform
      diameter is maintained for the tubular film. Mounted on the holding frames
      5', 5" of the calibrating elements 6', 6" are the holders 7', 7" to which,
      in turn, the individual blow pipes 8' and 8" are pivotally connected. The
      individual blow pipes 8' and 8" of each pair of blow pipes are
      interconnected by ball joints 9.
PAR  The air supply for the blow pipes 8' and 8" is diagrammatically illustrated
      in the form of the blower 10, the U-shaped hose 11 (to permit height
      adjustment of the calibrating and post-cooling apparatus), the annular
      distributing channel 12 and the connecting hoses 13. Each individual blow
      pipe 8', 8" is separably connected to the annular distributing channel 12
      by means of a connecting hose 13.
PAR  If the cooling effect of one cooling air ring formed of individual blow
      pipes in accordance with the invention is insufficient, it is readily
      possible to provide one or more additional rings as indicated in
      chain-dotted lines in FIG. 1 for the case of one further cooling air ring.
PAR  The cooled film 4 is flattened by the flattening and take-off apparatus 15
      installed on the platform 14, this apparatus possibly including a side
      pleating apparatus 16, and is fed over two further guide rolls 17 to a
      coiler (not shown).
PAR  According to the invention, twice the number of individual blow pipes 8',
      8" than the calibrating and supporting elements 6', 6" are so arranged
      that they form a uniform polygon. In the FIG. 2 example with a four-part
      calibrating and supporting apparatus, the individual blow pipes 8', 8"
      form a uniform octagon, i.e. the angle between one blow pipe and the next
      is 45.degree.. Since the pivotal axes of the individual blow pipes 8', 8"
      at the holders 7', 7" in each case extend perpendicular to the
      longitudinal axis of the blow pipe, the angle of 45.degree. from one blow
      pipe to the next is maintained for each setting of diameter. Since the
      pivotal axes of the individual blow pipes of each pair at the holders 7',
      7" are not parallel to one another, in the illustrated embodiment the
      connecting joints 9 must be in the form of universal joints, preferably
      ball joints, because with a diameter adjustment the individual blow pipes
      of each pair are not pivoted relatively to one another in a single plane.
      In order that the cooling air strikes the film in the same direction in
      all blow pipe positions, the individual blow pipes are preferably provided
      with outlet apertures which are directed radially onto the axis of the
      tubular film.
PAR  In a very much simplified diagrammatic form and in a representation that is
      developed in the plane of the drawing, FIGS. 3 and 4 show in greater
      detail the position of the blowers for the different diameter settings.
      FIG. 3 shows the maximum diameter setting at which the ends of the
      calibrating elements 6', 6" just overlap one another, the individual blow
      pipes 8' and 8" extending in a flat zig-zag line. If they were to extend
      in a straight line in this position, then trouble-free folding together
      would not be ensured when adjusting in the direction of minimum diameter
      setting.
PAR  FIG. 4 shows the position for minimum tube diameter, at which the ends of
      the calibrating elements 6' or 6" almost touch one another, the individual
      blow pipes 8',8" having been pushed together to form a steep zig-zag line.
      The interruptions in the cooling air ring at the holding elements 7', 7"
      or at the hinge points 9 have no effect on the uniformity of cooling
      because an overlap of the individual air streams results from the hinge
      points of the individual blow pipes 8' and 8".
PAR  The illustrated embodiment with a four-part calibrating apparatus and an
      eight-part cooling air ring is only one of several possible embodiments.
      It is readily possible to extend the described constructional principle to
      multi-part, for example six-part and eight-part calibrating apparatuses
      etc., twice the number of individual blow pipes than calibrating elements
      being provided in each case.
CLMS
STM  I claim:
NUM  1.
PAR  1. Post-cooling apparatus for blown thermoplastic film comprising at least
      one cooling air ring surrounding the tubular film downstream of the
      solidification line of the film, the ring having air outlets directed onto
      the tube, characterised in that the cooling air ring comprises a plurality
      of individual blow pipes (8', 8") which are pivotally interconnected in
      pairs at their adjacent ends and are hinged at their outer ends, about
      axes perpendicular to the longitudinal axis of the blow pipe, to holding
      elements (7', 7") that are radially adjustable with respect to the tube
      axis, the hinge axes on the holding elements being disposed so that the
      blow pipes form a uniform polygon as viewed longitudinally of the tube,
      and the length of the individual blow pipes being selected so that, with a
      radially outermost setting of the holding elements, the pipes extend in an
      obtuse angled zig-zag line circumferentially of the tube.
NUM  2.
PAR  2. Post-cooling apparatus according to claim 1, characterised in that
      universal joints (9) are provided for the pivotal connection of the
      individual blow pipes (8', 8") and that the individual blow pipes of each
      pair include the same angle, as viewed lengthwise of the tube, as do each
      of two individual blow pipes hinged to a holding element (7', 7").
NUM  3.
PAR  3. Post-cooling apparatus according to claim 2, characterised in that the
      universal joints (9) comprise ball joints.
NUM  4.
PAR  4. Post-cooling apparatus according to claim 1, characterised in that the
      holding elements (7', 7") of the post-cooling apparatus are connected to
      the radially adjustable holding elements (5', 5") for the supporting and
      calibrating segments (6', 6") of a steplessly adjustable film calibrating
      apparatus.
NUM  5.
PAR  5. Post-cooling apparatus according to claim 1, characterised in that each
      individual blow pipe (8', 8") is connected by an air hose (13) to a
      compressed air supply conduit (12).
NUM  6.
PAR  6. Post-cooling apparatus according to claim 5, characterised in that the
      compressed air supply conduit is in the form of an annular channel (12).
NUM  7.
PAR  7. Post-cooling apparatus according to claim 1, characterised in that a
      plurality of cooling air rings, each comprising individual blow pipes (8',
      8") are arranged in superposition.
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ABST
PAL  Apparatus for extruding plastic materials through a die and including a
      screw extruder in which compounding is to be carried out, a feed means for
      the compounded material, and a positive displacement delivery means
      through which compounded materials can be passed to said die, said
      positive displacement delivery means serving to meter the compounded
      materials and generate the required extrusion pressure at the die head.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention concerns the extrusion of plastics materials. The term
      `plastics materials` as used in this specification is to be construed as
      including within its scope elastomeric materials such as natural and
      synthetic rubbers, as well as thermoplastic materials such as polyvinyl
      chloride, polyethylene, polypropylene and the like.
PAR  It is generally accepted that extruders for plastics materials have three
      main functions to perform namely compounding, which is the mixing of a
      plastics material, which usually enters the extruder in particulate or
      granular condition, to produce a homogeneous softened or plastics state
      extrudable mass; metering, which is the controlling of the output through
      an extrusion die and which ideally should be for all practical purposes
      constant; and pressurising which is the generating of sufficient pressure
      whilst compounding is being carried out to force the softened homogeneous
      mass through the extrusion die.
PAR  Clearly the compounding, metering and pressurizising of the plastics
      material must be carried out in an extruder which will give a through-put
      rate which is economically feasible.
PAR  Since the properties of plastics materials differ considerably depending
      upon their chemical and molecular composition there should ideally be an
      extruder for every different material to be extruded and also there should
      be a different die head for each of these materials but of course this is
      not practical economically and thus all extruders are designed in an
      attempt to reach the best possible compromise so that they can be used to
      extrude a range of different materials, additionally die head design is
      also a compromise.
PAR  It should also be borne in mind that even if an extruder were always to be
      used for extruding the same material whose chemical and molecular
      structure is carefully controlled it is not possible to design the
      extruder to meet all of the operating conditions ideally. For example, if
      compounding, metering and pressure creation were achieved to a high degree
      of accuracy the likelihood is that the residence time of the material in
      the extruder screw barrel will be uneconomically lengthy or, of course,
      the extruder size will be undesirably large.
PAR  Alternatively whilst it is possible to provide for very high output rates
      it may, for example, result that the compounding capabilities of the
      extruder are such that an inferior quality compound will result.
PAR  In the case in which the extruder were designed to give very high operating
      pressures the mechanism would be required to have bearings for the
      extruder screw which were either very expensive in order to give a long
      useful life, or are less expensive but suffer from having only a short
      useful life and thus require a frequent replacement.
PAR  Metering per se presents special problems of extruder screw design which if
      met to give optimum metering capability may well result in the extruder
      not being acceptably efficient with regard to one or more of the other
      requirements.
PAR  The difficulties briefly outlined above serve to illustrate some of the
      problems facing the designer of extruders and to illustrate the need for
      the designer always to decide upon a compromise which will result in the
      production of a screw extruder which is acceptable. These difficulties are
      applicable to all types of screw extruders to varying degrees. For
      example, there are three main types of screw extruder namely the single
      screw extruder in which a single screw is contained within a single
      barrel; the multi-screw extruder which comprises two or more intermeshing
      screws in a single barrel, and the compound extruder which may comprise a
      number of single or multi-screw extruders which collectively feed a single
      die or in which the outlet from one extruder feeds the inlet of the next.
      For simplicity these types of extruder will be referred to in this
      specification simply as `screw extruders` unless the context requires
      otherwise for clarity.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is based upon the appreciation that a more acceptable
      mechanism than has hitherto been the case can be achieved by carrying out
      the compounding in machinery not required to control metering or pressure
      generation at the die head.
PAR  The object of the present invention therefore is to provide an apparatus
      which will meet the requirements of known screw extruders in a more
      efficient manner.
PAR  Thus according to the present invention an apparatus for extruding plastics
      materials through a die includes a screw extruder in which compounding is
      to be carried out, a feed means for the compounded material, and a
      positive displacement delivery means through which compounded materials
      can be passed to said die, said positive displacement delivery means
      serving, in use, to meter the compounded materials and generate the
      required extrusion pressure at the die head.
PAR  Conveniently the positive displacement delivery means is a gear pump.
PAR  The screw extruder may incorporate a single screw, multi screw, or compound
      screw.
PAR  There may also be provided a pressure sensing means adapted to control
      extruder speed and thus maintain a pre-determined pressure at the inlet to
      the positive displacement delivery means, said sensing means being located
      in the extruder adjacent its outlet; in a feed pipe from the extruders or
      at the inlet to the positive displacement delivery means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described further, by way of example only, with
      reference to several practical forms thereof and with reference to the
      accompanying schematic drawings in which:
PAR  FIG. 1. shows a simple extruder arrangement from which a single extrusion
      can be produced.
PAR  FIG. 2. is a modification showning an extruder arrangement from which
      several extrusions can be produced simultaneously.
PAR  FIG. 3. shows a further modification from which a tubular extrusion can be
      produced, and
PAR  FIGS. 4 to 8 illustrate still further modifications.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In the accompanying drawings like parts are given like reference numerals.
PAR  In the arrangement shown in FIG. 1. there is provided a single screw
      extruder 10 in which a mass of material, fed to an inlet at 11 in the form
      of granules or small pieces, is compounded to produce a homogeneous
      softened or plastic state extrudable mass. As the outlet end of the
      extruder is provided a feed pipe 12 which leads to the inlet side of a
      gear pump 13 having at its outlet side a die 14 from which issues a formed
      extrusion 15.
PAR  It is possible as shown in FIG. 4. to provide two extruders 10 each having
      a feed pipe 12 and gear pump 13. In this case there will be outlet pipes
      12a from each gear pump 13, arranged to feed a single die head 14. This
      allows for the feeding of two different materials to the die head 14, the
      materials being capable of being fed at the same or different rates.
PAR  As shown in FIG. 2. there is again provided a single screw extruder 10 with
      an inlet 11 at or near one end and a feed pipe 12 at its other end. In
      this case, however, the feed pipe 12 feeds a manifold 16 from which, for
      example, four subsidiary feed pipes 17 lead to a group of four gear pumps
      13 each having a die 14 in which an extrusion 15 is formed.
PAR  In the arrangement of FIG. 3. there is provided a single extruder 10 with
      inlet 11 and feed pipe 12 leading to a manifold 16 from which subsidiary
      feed pipes 17 lead each to a gear pump 13. In this case, however, the gear
      pumps 13 are provided with outlet conduits 21 which feed to different
      peripheral locations of a single die 22 by which can be produced, for
      example a tubular film extrusion.
PAR  Whilst the description above relating to FIGS. 1, 2 and 3 makes reference
      throughout to the use of a single screw extruder it should be borne in
      mind that in each case a multi-screw extruder may be used or in fact a
      compound extruder comprising single screws or multi-screws can be used.
      Additionally whilst gear pumps have been referred to these may be replaced
      by any other form of positive displacement mechanism such as intermeshing
      positive displacement multi-screw pumps. The three examples described with
      reference to FIGS. 1 to 3 are examples only of many forms of mechanism.
      For example the arrangements of FIGS. 2, 3 or 4 may be modified by
      providing a multi-layer die or, as shown in FIG. 7. by providing two
      separate die heads 14 and 14a so that successive coatings can be extruded
      one on top of the other. In the apparatus shown there are two extruders 10
      each feeding its own gear pump 13 via lines 12, subsidiary feed lines 12a
      feed the dies 14, 14a and in this case coatings of different materials can
      be extruded. If two or more coatings of the same material are required
      then only one extruder is necessary and this latter would feed all of the
      gear pumps via a manifold and subsidiary feed lines, one to each gear
      pump. If it is desired to coat part only of the periphery of the element
      being coated with a material from each gear pump 13 this can be achieved
      using a single multi-part die 14b fed from two or more gear pumps 13 and
      two or more extruders 10 are used. In this case, for example,
      multi-colored coatings can be applied. FIG. 8. illustrates an apparatus
      that can be used for this purpose.
PAR  In a further, modification, shown in FIGS. 5 and 6 applicable to all of the
      arrangements illustrated and referred to above a pressure sensing device
      23 may be incorporated into the feed pipe 12, as shown in FIG. 5, or the
      outlet region of the barrel of the extruder 10, as shown in FIG. 6. The
      pressure sensing device 23 serves to feed back a signal to the extruder
      drive control the speed of the screw and thus control and maintain
      constant the pressure of the material. By virtue of providing the pressure
      sensing means referred to it is possible, independent of the die head
      pressure requirements, to obtain substantially constant compounding.
      Additionally by providing a means for sensing and thus keeping constant
      the pressure it is possible to maintain a relatively low pressure and thus
      use, when required, rotary seals of simple construction between the supply
      pipe and the pump or manifold.
PAR  A further advantage stems from operating the screw extruder at low pressure
      and this lies in the fact that small, low cost, bearings can be used for
      the screw or screws and at the same time long operational life is achieved
      in the bearings. The use of small bearings is advantageous in the case in
      which multi-screw extruders or compound extruders are to be used since the
      size of the apparatus can be relatively small whilst maintaining
      reliability.
PAR  In so far as the die head resistance is concerned is has always been the
      case, with known apparatus in which the die head is attached directly to
      the output end of the screw extruder, that this is high when using small
      dies and desirable when larger dies are used if a high quality produce is
      to be produced and if good distribution of material around the die is to
      be achieved.
PAR  It is also known that all materials to be extruded have a temperature in
      which they can be worked and often it is necessary to cool the materials
      after extrusion. Bearing this in mind efforts have been made to work the
      material at a temperature which is as near as possible to the lowest
      temperature at which extrusion can be carried out. Clearly with a high die
      head resistance the output temperature of the material is somewhat higher
      than is desirable due to the heating effect of viscous friction in the
      material as it passed through the screw and die head. To combat this
      problem either the extruder has been run at output rates lower than that
      which could be achieved, or alternatively the die head has been designed
      to give a lower resistance to the passage of the material therethrough
      than is required for optimum performance. This results in loss of
      uniformity of distribution of the material over the whole of the die head
      aperture or alternatively to the risk of degradation of the material.
PAR  When high die head pressures are present with the resultant high
      temperature of the material issuing therefrom it has been necessary to use
      relatively expensive cooling systems to cool the product after extrusion.
PAR  As a result of the present invention the extruder can now be run at a lower
      pressure and thus the material issues from the extruder into the feed pipe
      at a temperature which is nearer to the lowest possible working
      temperature than was hitherto possible. Thus even though the die head
      pressure may be high and the temperature of the material is raised, in the
      die head, the product issuing from the die is at a lower temperature than
      has hitherto been the case and thus cooling problems are somewhat reduced.
PAR  The invention is also applicable to the case in which the extruder is
      provided with venting means (indicated at V in FIG. 1.) and applicable to
      the extruder of all of the apparatuses illustrated, whereby undesirable
      gases or liquids in the mass are to be extracted or alternatively where
      gas or liquid is to be introduced in controlled quantity to produce a
      cellular mass.
PAR  The requirements of such an extruder is that over part of the length of the
      screw the space between adjacent flights is to be only partially filled
      with the plastics material to be extruded so that a separation zone for
      the plastics material and gas or liquid is created or alternatively a gas
      or liquid can be introduced into the free space between adjacent flights
      for absorption into the plastics material. In such an extruder the outlet
      region must be filled with plastics material to ensure that the output is
      consistant.
PAR  Extruders provided with venting means are known but are expensive and
      difficult to operate. By using the positive displacement delivery means 13
      of this invention with the extruder and providing a means, either in the
      feed pipe or extruder, for controlling the pressure of the mass being fed
      from the screw, optimum operation conditions can be achieved more
      economically than has hitherto been possible.
PAR  Refinements to the apparatus described above may be made. For example, the
      gear pumps 13 of FIGS. 2, 3, 4, 7 and 8 can be geared together as
      indicated by the chain lines 24 on the drawings to ensure that they each
      deliver pre-determined proportions of the output. Additionally in the
      arrangement of FIG. 4. for example, there may be more than two extruders
      10 and two gear pumps 13 to supply material to a single die head 14. This
      arrangement allows for the delivery of more than two different materials
      in a pre-determined proportions to the die head 14.
PAR  It is also possible to gear together the extruder or extruders and the gear
      pump or pumps, and in this case there is no necessity to provide a
      pressure sensing means 23. Whilst such gearing is illustrated in broken
      line at 25 in FIG. 1. only it can be applied to the arrangement of any one
      of the apparatuses illustrated.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for extruding plastic materials comprising a screw extruder
      in which said plastic mterials are plasticized, drive means for the screw
      extruder, a feed means for supplying plastic materials to said screw
      extruder, an extruder die for shaping said plasticized material, positive
      displacement delivery means disposed between said screw extruder and said
      extruder die for receiving plasticized material from said extruder and for
      conveying plasticized materials to said die, and gear means operably
      connected between said positive displacement delivery means and said drive
      means whereby said delivery means and drive means are geared together for
      regulating the flow of plasticized material from said delivery means in
      response to flow from said screw extruder.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 in which the positive displacement
      delivery means is a gear pump.
NUM  3.
PAR  3. An apparatus as claimed in claim 1 in which the positive displacement
      delivery means is an intermeshing positive displacement multi-screw pump.
NUM  4.
PAR  4. An apparatus as claimed in claim 1 in which there are a plurality of
      positive displacement delivery means connected to the outlet of an
      extruder, each of said positive displacement delivery means being
      connected to its own die head.
NUM  5.
PAR  5. An apparatus as claimed in claim 1 in which there are a plurality of
      positive displacement delivery means, each connected to an extruder and
      each connected to a common die head.
NUM  6.
PAR  6. An apparatus as claimed in claim 4 in which the positive displacement
      delivery means are geared together.
NUM  7.
PAR  7. An apparatus as claimed in claim 5 in which the positive displacement
      delivery means are geared together and each positive displacement delivery
      means is geared to an extruder.
NUM  8.
PAR  8. An apparatus for extruding plastic materials comprising plasticizing
      means including a least one screw extruder in which said plastic materials
      are plasticized, drive means for said plasticizing means, a feed means for
      supplying plastic materials to said plasticizing means, at least one
      extruder die for shaping said plasticized material, a plurality of
      positive displacement delivery means, each of said positive displacement
      delivery means disposed between a screw extruder and a die and receiving
      plasticized material from said extruder and for conveying plasticized
      materials to said die under pressure and at a uniform rate of flow, and
      gear means operably connected between each of said positive displacement
      delivery means for controlling the pressure and rate of flow of
      plasticized material from each of said positive displacement delivery
      means with respect to the others.
NUM  9.
PAR  9. The extruding apparatus set forth in claim 8 wherein said positive
      displacement delivery means are gear pumps.
NUM  10.
PAR  10. The extruding apparatus set forth in claim 8 wherein said plasticizing
      means includes a plurality of screw extruders and said delivery means are
      connected to a separate screw extruder and wherein said delivery means are
      connected to the same extruder die.
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ABST
PAL  Primary control means for furnaces and the like including burner control
      means, means including solid state means effective to control said burner
      control means in response to a flame detector signal, bimetallic safety
      switch means, and means for interfacing between an isolated low voltage
      control circuit and said burner control means.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of the applicant's co-pending application
      Ser. No. 363,325, filed May 24, 1973 now U.S. Pat. No. 3,873,955.
      Application Ser. No. 363,325, now U.S. Pat. No. 3,873,955, is a
      continuation of co-pending application Ser. No. 109,487, filed Jan. 25,
      1971, now abandoned, and application Ser. No. 109,487 is a division of
      co-pending application Ser. No. 866,528, filed Oct. 15, 1969, now U.S.
      Pat. No. 3,624,407.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to primary control means for furnaces and the like
      and, more particularly, to an improved primary control incorporating an
      improved control circuit and an improved bimetallic type safety switch and
      effective to control a burner of a furnace.
PAR  In the past, primary controls have been utilized to control the burners in
      furnaces and such prior primary controls have incorporated relatively
      bulky, heavy and complicated main motor relays and safety circuit relays
      which function to control the furnace burner. Prior primary controls for
      furnaces have become increasingly complicated and expensive in the
      attempts to control reliably the furnace burners and such prior primary
      controls have many complicated, interrelating parts which are heavy, bulky
      and expensive and incorporate numerous moving parts with the result that
      prior primary controls have a relatively short life and are often plagued
      with service problems.
PAR  An object of the present invention is to overcome the aforementioned as
      well as other disadvantages of prior primary controls for furnaces and to
      provide an improved primary control which eliminates the necessity of
      providing main motor and safety circuit relays, which provides improved
      furnace burner control, and which is extremely reliable in operation.
PAR  Another object of the invention is to provide an improved primary control
      for furnaces which is relatively compact and light in weight, which
      operates with relatively little heat generation, and which is readily
      adaptable to meet the control requirements of various types of furnaces.
PAR  Another object of the invention is to provide an improved primary control
      for furnaces which incorporates improved and greatly simplified means for
      controlling furnace burner operation.
PAR  Another object of the invention is to provide an improved primary control
      for furnaces which is economical and commercially feasible to manufacture,
      assemble and test with mass production labor and methods and which is
      durable and efficient in operation.
PAR  Another object of the invention is to provide an improved primary control
      for furnaces incorporating improved means assuring fail-safe operation of
      the unit and associated furnace burner.
PAR  The above as well as other objects and advantages of the present invention
      will become apparent from the following description, the appended claims
      and the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram of a primary control embodying the
      present invention;
PAR  FIG. 2 is a perspective view of a primary control structure embodying the
      present invention;
PAR  FIG. 3 is a top view of the base of the primary control illustrated in FIG.
      2;
PAR  FIG. 4 is a top view of the circuit board of the primary control
      illustrated in FIG. 2, showing the components of the circuit illustrated
      in FIG. 1 assembled thereon;
PAR  FIG. 4A is a bottom view of the structure illustrated in FIG. 4 and
      indicating the circuitry embodied thereon;
PAR  FIG. 5 is a partial cut away section of the primary control illustrated in
      FIG. 2 and illustrating the bimetallic type safety switch embodied therein
      with the contacts thereof in the open position;
PAR  FIG. 6 is a partial cut away section of the structure illustrated in FIG.
      5, showing the same during the resetting operation thereof; and
PAR  FIG. 7 is a partial cut away section of a portion of the structure
      illustrated in FIG. 5, showing the safety switch contacts in the closed
      condition.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, and more particularly to FIG. 1 thereof, the
      circuitry for a primary control, generally designated 10, embodying the
      present invention is schematically illustrated therein. As shown in FIG.
      1, the primary control 10 is comprised of a step down transformer 12
      having a primary winding 14 and secondary windings 16 and 18, the primary
      winding 14 being adapted to be connected to a conventional source of 120
      volt alternating current while, in the embodiment of the invention
      illustrated, each of the secondary windings 16 and 18 of the isolated
      step-down transformer has a potential of approximately 8 volts AC. The
      primary control 10 also includes a bimetallic type safety switch generally
      designated 20, including normally closed contacts 21 and 22 and a heater
      coil 23; a conventional thermostat generally designated 24; a reed switch,
      generally designated 25, having contacts 26 and 28 and independent
      concentrically wound coils RC1 and RC2, the contacts 26 and 28 being
      enclosed within a hermetically sealed glass envelope 30 while the coils
      RC1 and RC2 are concentrically wound therearound; a triac Q1 and a silicon
      controlled rectifier SCR1. The primary control 10 also includes a cadmium
      sulfide flame detector 32, resistors R1, R2, R3, R4, R5, R6, R8, and R9;
      capacitors, C2 and C3; a potentiometer R7 and diodes D1 and D2. As shown
      in FIG. 1, the primary control 10 is connected to and adapted to control a
      conventional burner 34 of a furnace (not shown). The terminal 35 of the
      burner 34 is connected to the source of power by the lead L1 while the
      terminal 36 of the burner is connected to the terminal 37 of the triac Q1
      by the lead L2, the terminal 38 of the triac Q1 being connected to the
      source of power by the lead L3 through a fuse F1. The contact 28 of the
      reed switch 25 is connected by the lead L4 to the lead L2 through the
      resistor R8 while the contact 26 is connected to the gate 39 of the triac
      Q1 by the lead L5, the resistor R9 and the capacitor C3 being connected
      across the leads L2 and L3 by the leads L4 and L6 to protect the triac Q1.
PAR  The terminal 40 of the secondary winding 16 is connected to the contact 21
      of the safety switch 20 by the lead L7 while contact 22 of the safety
      switch is connected to the terminal 42 of the thermostat 24 by the lead
      L8, the terminal 44 of the thermostat being connected by the lead L9
      through the resistors R5 and R6 and the coil RC1, to the terminal 46 of
      the diode D1. The terminal 48 of the diode D1 is connected to the center
      tap 50 of the secondary windings of the transformer 12 by the lead L10.
      The capacitor C2 is connected across the resistor R6 and the coil RC1 of
      the reed switch 25 by the lead L11 while the resistor R3 is connected
      between the leads L9 and L10 by the lead L12 as illustrated in FIG. 1. The
      terminal 44 of the thermostat 24 is also connected to the terminal 52 of
      the diode D2 by the lead L13 through the resistor R4, the terminal 54 of
      the diode D2 being connected to the center tap 50 of the transformer 12 by
      the lead L10. As shown in FIG. 1, the contact 22 of the safety switch 20
      is connected to the terminal 56 of the silicon controlled rectifier SCR1
      through the heater coil 23 and the coil RC2 of the read switch 25, the
      potentiometer R7 being connected across the coil RC2. The terminal 58 of
      the silicon controlled rectifier SCR1 is connected to the center tap 50 of
      the transformer 12 by the leads L14 and L10 while the gate 60 of the
      rectifier SCR1 is connected to the terminal 52 of the diode D2 by the lead
      L15 and to the terminal 62 of the secondary winding 18 of the transformer
      by the lead L16 through the resistor R1, the cadmium sulfide flame
      detector 32 and the resistor R2.
PAR  The above described components are preferably mounted on one side of the
      circuit board 65 as illustrated in FIG. 4 and the entire circuit structure
      is integrated as by soldering as illustrated in FIG. 4A. In use, the
      circuit board 65 is mounted on a base 66 within a housing 67.
PAR  Referring in greater detail to the components of the primary control 10,
      the safety switch 20 illustrated schematically in FIG. 1 and illustrated
      structurally in FIGS. 4, 5, 6 and 7 is comprised of a mounting base 68
      adapted to be secured to the circuit board 65 of the primary control, the
      circuit board 65 being formed of plastic or other suitable non-conducting
      material having sufficient strength to withstand the forces exerted
      thereon in carrying the components of the primary control as illustrated
      in FIG. 4 and the various electrical leads as illustrated in FIG. 4A. The
      mounting base 68 is generally U-shaped in side view, as illustrated in
      FIGS. 4, 5, 6 and 7, and includes a substantially flat, horizontally
      extending web portion 72 having upwardly projecting flange portions 74 and
      76 at the opposite ends thereof. A support bracket 78 is provided which is
      riveted or otherwise fixed to the upper end of the flange portion 74 as
      viewed in FIG. 5 and the support bracket 78 carries a bimetallic blade 80
      one end of which is fixed to the free end of the bracket 78 while the
      opposite end of the bimetallic blade 80 carries a substantially flat
      bimetallic blade 82 the free end of which is provided with an integral
      flange 84 that projects angularly downwardly from the flat body portion of
      the blade 82. A pair of contact blade springs 86 and 88 are provided
      having struck out portions 90 and 92, respectively, which function as the
      normally closed contacts 21 and 22 in the safety switch 20. The blade 86
      includes a generally upwardly projecting portion 94 which carries the
      struck out portion 90 and an integral generally horizontally extending
      portion 96 which is secured to the web portion 72 of the mounting base 68
      by a rivet 100, the portion 96 being electrically insulated from the
      mounting base 68 by an electrical insulator (not shown) disposed between
      the portion 96 and the web portion 72 of the mounting base 68. The blade
      88 includes a generally upwardly projecting portion 102 which carries the
      struck out contact portion 92 and an integral generally horizontally
      extending portion 104 which is also secured to the web portion 72 of the
      mounting base 68 as by a rivet 106.
PAR  As shown in FIG. 7, in the normally closed condition, the upper end portion
      102 of the blade 88 is adapted to engage the free edge of the downwardly
      projecting portion 84 of the bimetallic blade 82 whereby the contact
      portion 92 is maintained in engagement with the contact portion 90 of the
      blade 86, an adjusting screw 108 being provided which threadably engages a
      projecting portion 109 on the flange 74 to permit initial adjustment of
      the blade 82.
PAR  The bimetallic blade 80 is adapted to bend upwardly upon an increase in
      temperature whereas the bimetallic blade 82 is adapted to bend downwardly
      upon an increase in temperature, the bimetallic blade 82 thus acting as a
      compensator for variations in ambient temperature. The heater element 23
      surrounds the bimetallic blade element 80, the heater element 23
      functioning to heat the bimetallic element 80 as will be described
      hereinafter in greater detail whereby the bimetallic elements 80 and 82
      move upwardly so that the upper end portion of the blade spring 88
      disengages from the free end of the flange portion 84 of the bimetallic
      blade 82 and moves to the right, as viewed in FIGS. 5, 6 and 7 so as to
      open the contacts 21 and 22 of FIG. 1.
PAR  Means are provided for resetting the safety switch and returning the
      contacts 21 and 22 to their normally closed position. Such means is
      comprised of an elongate plunger 110 which is preferably formed of plastic
      or other suitable non-conducting material and which is supported for
      sliding movement by the upwardly projecting flange portion 76 of the
      mounting base 68 and by the end wall 112 of the housing 67 of the primary
      control 10, the flange portion 76 and the wall 112 of the housing 67
      having openings 116 and 118, respectively, which function as bearing
      supports for the plunger 110. The plunger 110 is of stepped construction
      and includes a button portion 120 and an enlarged annular flange portion
      122 which is joined to the button portion 120 by a radially extending
      flange 124 adapted to seat in a recess 125 provided in the end wall 112 of
      the housing. A reduced diameter portion 126 is also provided on the
      plunger 110 as well as a further reduced diameter portion 128, the portion
      126 being adapted to pass through the opening 116 defined by the flange 76
      while the portion 128 is adapted to pass through an opening 130 defined by
      the blade 88 and to engage the upper end portion 94 of the blade 86. A
      spring 132 is provided one end portion of which engages the flange 76 of
      the mounting base 68 while the opposite end of the spring 132 engages the
      flange 124 of the plunger 110 so as to bias the plunger toward the wall
      112 of the housing 67. With such a construction, when the contact portions
      90 and 92 are in the open condition, as illustrated in FIG. 5, the contact
      portions 90 and 92 may be moved to the normally closed position by
      manually pushing the button portion 120 of the plunger 110 to the left as
      viewed in FIG. 5. The shoulder 127 intermediate the portions 126 and 128
      of the plunger 110 then engages the blade element 88 while the portion 128
      of the plunger 110 passes through the opening 130 in the blade 88 and
      engages the blade 86 so that the blades 86 and 88 move to the left and
      assume the position illustrated in FIG. 6, the upper end of the blade 88
      engaging the outer surface of the portion 84 of the bimetallic blade 82 so
      as to move the bimetallic blade 82 upwardly during such operation due to
      the cam action of the portion 84 of the blade 82 whereby the components
      assume the position illustrated in FIG. 6. Closing the contact portions 90
      and 92 is effected upon release of manual pressure on the end of the
      button portion 120 of the plunger 110, the spring 132 functioning to
      return the plunger 110 to the inoperative position illustrated in FIG. 7
      with the flange 124 of the plunger abutting the wall 112 of the housing
      67. The spring blades 86 and 88 then move back to the right as viewed in
      FIG. 7, and since the upper end portion 102 of the blade 88 is stopped by
      the free end of the downwardly inclined portion 84 of the blade element
      82, the contact portions 90 and 92 close and remain closed until the
      switch is again opened by upward movement of the blade 82.
PAR  The rectifier SCR1 is a conventional silicon controlled rectifier and may,
      for example, carry a rating of approximately four amperes. The thermostat
      24 may be of any desired or conventional construction while the reed
      switch 25 is preferably of the type disclosed in the applicant's
      co-pending application entitled "Switch Construction." As previously
      mentioned, such a switch is comprised of a pair of contacts 26 and 28
      carried by reeds hermetically sealed within a glass envelope 30. Such a
      reed switch also includes the electrically insulated, independently wound
      concentric coils RC1 and RC2, the magnetic fluxes of such coils being
      additive when in phase. The reed switch 25 preferably has a very large
      differential between pull-in and drop-out ampere turns or coil power. By
      way of example, the reeds preferably will pull in at about 60 ampere
      turns, but will not drop out until below 20 ampere turns, a ratio of at
      least 3 to 1. In the embodiment of the invention illustrated in FIG. 1 the
      maximum power to the coil RC1 is well below that required to pull-in the
      reed switch and close the contacts 26 and 28. The power is, however,
      enough to hold the reed switch contacts 26 and 28 closed once pull-in has
      been established, due to the very large differential. The reed switch coil
      RC2, on the other hand, has sufficient power when combined with RC1 to
      pull in the reed switch. Since reed switches are very fast they are
      capable of following an alternating current voltage to open or close 60 or
      120 times per second. To avoid this opening and closing and the associated
      wear, the diode D1 and capacitor C2 are provided. The diode D1 is
      preferably a 200 milliampere diode which supplies half wave rectified
      current to the capacitor C2 to establish a DC supply for the reed switch
      coil RC1. The capacitor C2 is preferably a 47 microfarad 15 volt DC
      capacitor. The diode D1 and capacitor C2 function to form a DC supply for
      the holding coil RC1 so that flux is always present on the coil RC1 when
      the thermostat call for heat. This flux is very small however. With such a
      construction and since relatively small current passes through the
      contacts 26 and 28, such contacts are very reliable over a relatively long
      life.
PAR  The triac Q1 is a bidirectional thyrister which may be gate triggered from
      a blocking to a conducting state for either polarity of applied voltage,
      and is preferably mounted in a recess 135 defined by an integral flange
      136 projecting outwardly from one side of the base 66 and functioning to
      isolate the other components of the control 10 from the heat generated by
      the triac Q1. The resistors R1 and R2 are preferably carbon resistors
      having ratings of 150 ohms and 560 ohms, respectively, 1/2 watt, the
      purpose of the resistor R1 being to prevent the accidental destruction of
      the diode D1, transformer 12 or silicon controlled rectifier SCR1 by a
      serviceman in the field. In this connection the resistors R1, R2, R5 and
      R9, the diode D2 and the capacitor C3 are all provided in the primary
      control 10 solely for the purpose of protecting other components and to
      protect against erroneous wiring in the field. The resistors R1, R2, R5
      and R9, the diode D2 and the capacitor C3 are thus not essential to the
      basic circuit performance.
PAR  Typical values for the components in the control system described above are
      as follows:
TBL  SCR1    4 AMP Silicon controlled rectifier                                

     D1      200 Ma diode                                                      

     D2      200 Ma diode                                                      

     R1      Carbon resistor 150 ohms, .+-. 20%, 1/2 watt                      

     R2      Carbon resistor 560 ohms, .+-. 20%, 1/2 watt                      

     R3      Wirewound resistor 20 ohms, .+-. 20%, 5 watt                      

     R4      Carbon resistor 3300 ohms, .+-. 20%, 1/2 watt                     

     R5      Carbon resistor 47 ohms, .+-. 20%, 1/2 watt                       

     R6      Wirewound resistor 680 ohms, .+-. 20%, 1 watt                     

     R7      Wirewound potentiometer 1 ohm, .+-. 20%, 2 watt                   

     R8      Carbon resistor 82 ohms, .+-. 20%, 1/2 watt                       

     R9      Carbon resistor 82 ohms, .+-. 20%, 1/2 watt                       

     C2      Capacitor 47 mfd 15 VDC                                           

     C3      Capacitor 22 mfd 200 V Mylar foil                                 

PAR  It will be understood, however, that these values may be varied depending
      upon the particular application of the principles of the present
      invention.
PAR  Assuming a basic knowledge of the triac Q1, the silicon controlled
      rectifier SCR1, and the cadmium sulfide flame detector 32, a typical
      thermostat cycle operates in the following manner. It should be noted
      initially that whenever the reed contacts 26 and 28 are closed, current
      will flow from the source of electric power through the lead L1, the
      burner 34, the lead L2, the resistor R8 and the contacts 26 and 28, to the
      gate of the triac Q1 and the lead L3. When the gate of the triac Q1 is
      energized the full motor current will then pass through the triac Q1. This
      starts the burner and has the same effect as closing a set of relay
      contacts between the lead L2 and the lead L3.
PAR  Whenever the thermostat contacts close, a continuous holding flux is
      established in the coil RC1 by the DC supply network comprised of the
      diode D1 and the capacitor C2. Current also flows through the resistor R4
      to the gate 60 of the silicon controlled rectifier SCR1. If the cadmium
      sulfide flame detector 32 registers darkness, no current can be shunted
      away from the gate 60 of the silicon controlled rectifier SCR1 and SCR1
      will conduct. When SCR1 conducts, current also passes through the pull-in
      coil RC2 of the reed switch 25 and the heater 23 of the safety switch 20.
      With a flux established in the coil RC2 and the coil RC1, the reed switch
      contacts 26 and 28 will pull in and the triac Q1 will start the burner. If
      the cadmium sulfide flame detector 32 does not register flame, the silicon
      controlled rectifier SCR1 will continue to conduct and the safety switch
      20 will open the contacts 21 and 22 due to the heating action of the
      heater 23 raising the bimetallic blade 82 through the raising of the
      bimetallic blade 80. It is preferred that the contacts 21 and 22 open and
      lock out after approximately 15 seconds. If the cadmium sulfide flame
      detector registers flame, then the flame detector 32 decreases in
      resistance and shunts current away from the gate 60 of the rectifier SCR1.
      SCR1 will no longer conduct, the heating coil 23 of the safety switch will
      be deenergized but the coil RC1 will continue to hold in the reed relay
      contacts 26 and 28. If the cadmium cell 32 registers flame and for some
      reason the flame should go out during the thermostat cycle, the rectifier
      SCR1 will again conduct and the heating coil 23 will be energized so as to
      open the contacts 21 and 22 into a lock-out condition. When the
      thermostatic conditions are satisfied and the contacts thereof open, the
      coil RC1 is deenergized thereby opening the contacts 26 and 28 and also
      deenergizing the triac Q1. No current is then available through the
      resistor R4 to energize SCR1 even though the cadmium cell 32 registers no
      flame. It should also be understood that the same cycle would occur if the
      thermostat were connected to line voltage and placed in one leg of the
      transformer primary control.
PAR  An important aspect of the present invention resides in the fact that if
      there is a failure in the primary control 10, the primary control 10 will
      fail in a safe condition. For example, if the silicon controlled rectifier
      SCR1 is shorted from anode to cathode it will conduct electric current
      supplied by the secondary winding 16 of the transformer. The cadmium
      sulfide flame detector 32 will have no effect on the control circuit.
      Since current through the rectifier SCR1 must also pass through the safety
      switch heater 23, the safety switch contacts 21 and 22 will open after
      approximately 8 seconds into a lock-out condition. The only way to start
      the burner again is by depressing the manual reset plunger 110. An open
      circuit in the rectifier SCR1 will render the control circuit inoperative
      since no starting current is provided in the coil RC2. The burner will
      thus never start. A short circuit from the gate to the cathode of the
      rectifier SCR1 has the same effect as an open circuit between the anode
      and cathode of SCR1. An open circuit from gate to cathode of the rectifier
      SCR1 also has this effect.
PAR  Failure of the diode D1 in the short circuit causes AC voltage to appear
      across the capacitor C2 and since AC voltage is destructive to the
      capacitor C2 it will generally cause it to fail short circuited. Hence,
      there is no coil power to the reed switch coil RC1 and the reed switch is
      incapable of holding. The burner would then become inoperative. If the
      diode D1 fails open circuited, there is likewise no power to the coil RC1
      and the burner becomes inoperative.
PAR  A short circuit failure of the diode D2 reacts the same as a gate to
      cathode short of the rectifier SCR1 as previously described. An open
      circuit failure of the diode D2 will generally be destructive to the
      rectifier SCR1 and any failure of the SCR1 will render the control circuit
      inoperative as previously described.
PAR  An open or short circuit failure of the capacitor C2 will prevent the reed
      switch 25 from pulling in and the burner from operating. The burner will
      also be prevented from operating if either of the coils RC1 or RC2 of the
      reed switch 25 become open or short circuited since such failure will
      prevent the reed switch from pulling in and closing the contacts 26 and
      28.
PAR  The resistor R1 prevents the accidental destruction of the diode D2 by a
      serviceman in the field. This could happen if a serviceman accidentally
      shorted one of the thermostat terminals with the proper terminal of the
      cadmium sulfide flame detector 32. Open circuit failure would react in the
      same manner as an open circuit in the flame detector 32. Short circuit of
      either of the resistors R1 or R2 would simply eliminate the protection
      measure from the equipment.
PAR  The resistor R3 is a wirewound type so that short circuit failure can be
      beglected. Open circuit failure of the resistor R3 would result in
      elimination of thermostat bias current used for conventional thermostat
      "pre-heaters." The resistor R3 plays no other role in the circuit other
      than for this home comfort feature.
PAR  Continuing the description of the fail-safe operation of the primary
      control 10, the resistor R4 is utilized for the purpose of calibrating the
      cadmium sulfide flame detector 32. If the resistor R4 is open circuited
      then SCR1 never receives current from gate to cathode and will never turn
      on. Since the rectifier SCR1 must conduct to pull in the reed switch
      through the coil RC2, the burner will never turn on. If the burner is in
      the middle of a cycle when the resistor R4 fails open, then the burner
      will fail to start on the next cycle. If the resistor R4 fails in a short
      circuit condition, then neither of the coils RC1 or RC2 will be energized
      and the reed switch contacts will not close so that the burner will be
      inoperative.
PAR  The resistor R5 protects the diode D1 from current surges to the capacitor
      C2 during normal operation. If the resistor R5 were to short circuit then
      the diode D1 may fail shorted and the burner would become permanently
      inoperative in the manner previously described in connection with the
      failure of the D1. If the resistor R5 fails open circuited, then no power
      will be furnished to the coil RC1 and the reed switch contacts will not
      close. The burner would then be inoperative.
PAR  The resistor R6 functions to limit the power to the coil RC1. The resistor
      R6 is calibrated and calibrates the coil RC1 to within a specified
      drop-out range for the reed switch. As is well known, wire wound resistors
      do not fail short. If open circuit failure results, then no power is
      supplied to the coil RC1 and the reed switch will not pull in. The burner
      will thus be inoperative if the resistor R6 fails open circuited.
PAR  The wire wound potentiometer R7 is used to calibrate the pull-in voltage of
      the reed switch. This is accomplished by shunting current away from the
      reed switch coil RC2. An open circuit in the potentiometer R7 allows the
      reed switch to pull in at lower line voltage than the set-point voltage,
      as for example 90 volts. Short circuit of the potentiometer R7 prevents
      power from flowing to the reed switch coil RC2 and the reed switch will
      not close the contacts 26 and 28. The burner will then be inoperative.
PAR  The heating coil of the safety switch 20 cannot fail shorted. An open
      circuit failure functions in the same manner as an open circuit failure of
      the anode to cathode on the rectifier SCR1 previously described. With
      respect to the cadmium sulfide flame detector 32, this flame detector
      maintains approximately 1,500 ohms at 1 foot candle illumination. Short
      circuit results in the failure to start the burner when the thermostat
      closes. An open circuit causes the safety switch 20 to lock out.
PAR  While a preferred embodiment of the invention has been illustrated and
      described, it will be understood that various changes and modifications
      may be made without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrical primary control system for furnaces, the combination
      including burner control means adapted to be connected to a main line
      source of AC current, a low voltage control circuit including burner
      ignition detection means, means providing a substantially lower voltage
      than line voltage in said control circuit, means in said low voltage
      control circuit including solid state means effective to actuate said
      burner control means in response to a signal from said ignition detection
      means, energy conversion means effective to interrupt the flow of current
      through said solid state means, said energy conversion means including a
      mounting base, first and second bimetallic blades, one end portion of said
      first blade being fixed to said base, the other end portion of said first
      blade being fixed directly to one end portion of said second blade, said
      first and second blades bending in opposite directions upon an increase in
      temperature, stop means carried by the other end portion of said second
      blade, a pair of contact members fixed to said base, said contact members
      being in electrical contact with each other when one of said members is in
      engagement with said stop means, electrical heating means encompassing
      said first blade and effective to heat said first blade to cause said stop
      means to be disengaged from said one contact member responsive to bending
      of said first blade, the directions of bending of said first and second
      blades responsive to change in temperature being such that an increase in
      temperature of said second blade will tend to counteract deflection of
      said stop means responsive to an equivalent increase in temperature of
      said first blade, manually operable means supported by said base and
      effective to move said contact member into engagement with said stop
      means, and means interfacing between said low voltage control circuit and
      said burner control means.
NUM  2.
PAR  2. In an electrical primary control system for furnaces, the combination
      including burner control means adapted to be connected to a furnace burner
      connected to a main line source of AC current, a low voltage control
      circuit including burner ignition detection means, means providing a
      substantially lower voltage than line voltage in said control circuit,
      means in said low voltage control circuit including solid state means
      effective to actuate said burner control means in response to a signal
      from said ignition detection means, electrical switch means effective to
      interrupt the flow of current through said solid state means, said
      electrical switch means including a hoursing having an end wall, a
      U-shaped mounting base having a web portion and a pair of spaced flange
      portions disposed in said housing, first and second bimetallic blades, one
      end portion of said first blade fixed to one of said flange portions, the
      other end portion of said first blade being fixed directly to one end
      portion of said second blade, said first and second blades bending in
      opposite directions upon an increase in temperature, stop means carried by
      the other end portion of said second blade, a pair of resilient contact
      members fixed to said web portion of said base, said contact members being
      in electrical contact with each other when one of said members is in
      engagement with said stop means, electrical heating means encompassing
      said first blade and being effective to heat said first blade to cause
      said stop means to be disengaged from said one contact member responsive
      to bending of said first blade, the directions of bending of said first
      and second blades responsive to a change in temperature being such that an
      increase in temperature of said second blade will tend to counteract
      deflection of said stop means responsive to an equivalent increase in
      temperature of said first blade, a manually operable plunger, said plunger
      being supported for axial movement by the other of said flange portions
      and said end wall of said housing, said plunger sequentially engaging said
      contact members upon the application of manual force thereto and
      maintaining separation of said members until said one contact member
      engages said stop means, resilient means biasing said plunger away from
      said one contact member and toward said end wall, and means interfacing
      between said low voltage control circuit and said burner control means.
NUM  3.
PAR  3. In an electrical primary control system for furnaces, the combination
      including a burner control triac adapted to be connected to a main line
      source of AC current, a low voltage control circuit including burner
      ignition detection means, means providing a substantially lower voltage
      than line voltage in said control circuit, means in said low voltage
      control circuit including solid state means effective to actuate said
      burner control triac in response to a signal from said ignition detection
      means, energy conversion means including a switch means effective to
      interrupt the flow of current through said solid state means, and means
      interfacing between said low voltage control circuit and said burner
      control triac.
NUM  4.
PAR  4. The combination as set forth in claim 3 wherein said switch means
      includes time delay means.
NUM  5.
PAR  5. The combination as set forth in claim 3 wherein said ignition detection
      means controls the flow of current through said solid state means.
NUM  6.
PAR  6. The combination as set forth in claim 3 wherein said interfacing means
      controls the conduction of said burner control triac.
NUM  7.
PAR  7. In an electrical primary control system for furnaces, the combination
      including a burner control triac, said triac including one main terminal
      adapted to be connected to a furnace burner, said triac including another
      main terminal adapted to be connected to a main line source of AC current,
      said triac also including a gate for rendering said triac conductive
      across said main terminals when said gate is energized, a low voltage
      control circuit including burner ignition detection means and energy
      conversion means, means providing a substantially lower voltage than line
      voltage in said control circuit, means in said low voltage control circuit
      including solid state means effective to energize said gate of said burner
      control triac in response to a signal from said ignition detection means,
      electrical switch means controlled by said energy conversion means and
      effective to interrupt the flow of current through said solid state means,
      and means interfacing between said low voltage control circuit and said
      gate of said burner control triac.
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ABST
PAL  Beads of glass or plastic are placed around the lead-in wires in the bottom
      part of a flash lamp. This prevents metal debris in a flashed lamp from
      electrically shorting across the lead-in wires at the bottom of the lamp.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is in the field of photoflash lamps of the type having a pair
      of lead-in wires carrying a filament or other electrical ignition means
      inside a bulb containing combustible material such as shredded metal foil
      and a combustion-supporting gas such as oxygen.
PAR  Flash lamps are conventionally constructed with a pair of lead-in wires
      extending through a seal region at the bottom of the bulb. If strands of
      the shredded foil in the lamp should short across the lead-in wires, it
      may be impossible to flash the lamp, especially in the case of a high
      voltage type of lamp. Cameras and other apparatus for using flash lamps
      are arranged to normally position the lamps base-down when they are
      flashed, so that the hot burning metal particles will fall down onto the
      relatively thick seal region of the bulb and will be less likely to cause
      cracking of the bulb and explosion of the lamp than if they were to fall
      against the relatively thin sides or top of the bulb. Occasionally
      incompletely burned particles of metal (from either or both of the
      shredded foil and the lead-in wires) fall to the bottom of the bulb and
      cause shorts, or partial shorts, across the lead-in wires. This is
      undesirable because the shorted or partially shorted lamp draws and wastes
      electrical energy from the battery or other source of firing voltage.
      Also, certain electrical circuits which sequentially flash the lamps of a
      flash array such as the FlashBAr array, now commercially available,
      require that the lamps have an open circuit, or at least a relatively high
      impedance compared to that of an unflashed lamp, internally across their
      lead-in wires after being flashed in order that the circuit can function
      to flash the next lamp in the array.
PAR  U.S. Pat. No. 3,816,054 to Baldrige and Sobieski discloses a flash lamp
      construction having a glass sleeve around one of the lead-in wires for
      reducing the likelihood of after-flash shorting. Another known technique
      for reducing the likelihood of shorting, both before and after flashing,
      is to enclose the lead-in wires with glass extending from the bottom of
      the bulb.
PAC  SUMMARY OF THE INVENTION
PAR  Objects of the invention are to provide improved photoflash lamps, and to
      provide photoflash lamps which will almost invariably have an open circuit
      or high impedance both before and after being flashed.
PAR  The invention comprises, briefly and in a preferred embodiment, a
      photoflash lamp of the type having a pair of lead-in wires extending
      through the base of a bulb containing combustible metal and a
      combustion-supporting gas, there being a filament or other flash ignition
      means connected across the lead-in wires within the bulb. A glass bead may
      be sealed to the lead-in wires to hold them correctly spaced apart in the
      bulb. In accordance with the invention, small beads of glass or plastic or
      other electrically insulative material are positioned around at least one
      of the lead-in wires near the bottom of the bulb, and they function to
      prevent remanents of incompletely burned metal particles from causing
      shorts between the lead-in wires. The beads, which may be spherical in
      shape and either solid or hollow, can be poured into the bulb after the
      lead-in wire assembly has been sealed to the bottom of the bulb, and then
      the shredded foil combustible metal is placed in the bulb over the beads
      and functions to hold the beads in place in the lower portion of the bulb.
      Alternatively, a binder material can be mixed with or poured onto the
      beads to hold them in place. Although the plurality of beads displaces
      some of the volume in the bulb which would otherwise be usefully occupied
      by oxygen, they do not displace as much volume as would a solid mass of
      material, because the oxygen can occupy the spaces between and among the
      beads. If the beads are hollow and are provided with openings through
      their walls, their displacement of oxygen space is reduced. This can also
      be accomplished by making the beads in the shape of hollow hemispheres or
      other cup-like configurations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view of a photoflash lamp in accordance with a preferred
      embodiment of the invention.
PAR  FIG. 2 is a side view of a photoflash lamp in accordance with an
      alternative embodiment of the invention.
PAR  FIG. 3 is a perspective view of a hollow spherical bead having an opening
      through the wall thereof, which may be used in the embodiments of FIGS. 1
      and 2.
PAR  FIG. 4 is a perspective view of a cup-like hollow hemispherical bead member
      which may be used in the embodiments of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The lamp shown in FIG. 1 of the drawing is generally the same as that shown
      in FIG. 5 of U.S. Pat. No. 3,506,385 to Kurt Weber and George Cressman,
      and comprises a tubular envelope 11, preferably made of a borosilicate
      glass or other suitable vitreous material having a stem press seal 12 at
      one end thereof through which a pair of lead-in wires 13, 14 extend from
      the exterior to the interior of the bulb 11 in a mutually parallel
      spaced-apart manner.
PAR  A support bead 16 of glass or other suitable vitreous material secures the
      lead-in wires 13 and 14 in spaced apart relationship within the bulb 11,
      and a filament 19 coated with suitable primer ignition material is held
      near the ends thereof by the ends of the lead-in wires 13 and 14 within
      the bulb 11. Alternatively, primer material may be applied over the ends
      of the lead-in wires within the bulb, instead of or in addition to being
      coated on the filament 19. The support bead 16 is not required for the
      purposes of the invention. The bulb 11 is substantially filled with a
      loose mass of filamentary or shredded metal wire or foil 21 of zirconium
      or hafnium or other suitable combustible metal. Air is exhausted from the
      bulb 11, and the bulb is filled with oxygen at a pressure of at least
      several atmospheres, such as about 5 to 10 atmospheres, and the bulb is
      sealed off at an exhaust tip 22 at the upper end thereof. The lamp may be
      coated with the usual lacquer or plastic protective coating. A flash lamp
      having a filament as shown is a so-called low voltage type and can be
      flashed with only a few volts of electricity. Alternatively, the lamp can
      be a so-called high voltage type having, instead of a filament, primer
      material bridging across the lead-in wires and requiring hundreds or
      thousands of volts (at low energy) for ignition.
PAR  In accordance with the invention, a plurality of small beads 23 are
      provided inside the bulb 11 near the bottom thereof, and surrounding at
      least one of the lead-in wires 13, 14 for at least a part of its distance
      of inwardly extension into the bulb. In the embodiment of FIG. 1, the
      small beads occupy the bottom portion of the bulb up to the support bead
      16, and in the embodiment of FIG. 2, the small beads 23 fill the lower
      part of the bulb up to near the filament 19.
PAR  When the lamp is flashed, the combustible metal 21 burns, and occasionally
      fails to burn completely, whereby particles of unburned or partly burned
      metal fall to the bottom of the bulb. In accordance with the invention,
      the plurality of small glass beads 23 prevents these metal particles from
      accumulating on the bottom of the bulb and short-circuiting, or partially
      shorting, across the lead-in wires within the lamp. In the embodiment of
      FIG. 1, the metal particles tend to slide off the curved upper surface of
      the support bead 16, and the small beads 23 catch these particles and
      prevent them from reaching the lead-in wires. In the embodiment of FIG. 2,
      the irregular upper surface provided by the small beads 23 tends to catch
      and trap the metal particles at various angles, thus preventing them from
      lying flat across and between the upper ends of the lead-in wires, and
      thus prevents shorting from occurring.
PAR  The plurality of small beads 23 may be poured or inserted into the bulb 11
      after the lead-in wires 13, 14 have been sealed into the base 12,
      whereupon the combustible metal 21 is inserted into the bulb 11. In the
      embodiment of FIG. 2, the shredded metal foil 21 substantially occupies
      the interior of the bulb not occupied by the small beads 23, thereby
      holding the beads 23 in position at the bottom portion of the bulb 11. In
      manufacturing the embodiment of FIG. 1, it may be desirable to mix a
      liquid binder with, or pour it over, the plurality of small glass beads
      23, the binder preferably being in liquid form when applied, which then is
      dried and evaporated, leaving at least the upper layer of the small beads
      23 adhered together by the adhesive material. A suitable binder solution
      is nitrocellulose resin in amyl acetate. If a lead-in support bead 16 is
      employed, the small short-preventing beads 23 should be of a size small
      enough so that they will fit in the space between the support bead 16 and
      wall of the bulb 11 as they drop into place below the support bead 16.
PAR  Although the plurality of beads 23 occupy some space within the bulb that
      would otherwise be occupied by oxygen, and hence reduce the amount of
      oxygen fill that can be placed within the bulb at a given pressure, this
      is a trade-off in exchange for the after-flash short-preventing feature
      achieved by the invention. However, since the oxygen can occupy spaces
      between and among the beads 23, the reduced amount of oxygen fill is not
      as great as if the beads were replaced by a solid material. If the beads
      23 are hollow and provided with one or more openings 24 as shown in FIG.
      3, the presence of the beads 23 in the bulb 11 will not substantially
      reduce the amount of volume available for the oxygen gas fill. This
      advantage can also be achieved by providing the beads in a cup-shaped form
      such as a hollow hemisphere as shown in FIG. 4.
PAR  Although the small beads 23 are shown as being spherical or hemispherically
      shaped, they may be square, irregular, or any other shape which achieves
      the objectives of the invention. The invention is a feasible and
      economical construction of a flash lamp which is desired to be an open
      circuit, or high impedance such as a few hundred ohms or more, internally
      thereof between the lead-in wires after being flashed.
PAR  While preferred embodiments of the invention have been shown and described,
      various other embodiments and modifications thereof will become apparent
      to persons skilled in the art and will fall within the scope of the
      invention as defined in the following claims.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A photoflash lamp of the type comprising a bulb having a base, a pair of
      lead-in members extending through said base and into said bulb, and flash
      initiation means connected between said lead-in members within said bulb,
      said bulb containing combustible material ignitable by said flash
      initiation means, wherein the improvement comprises a plurality of bead
      members of electrically insulative material positioned within said bulb
      near siad base thereof and around at least one of said lead-in members
      thus reducing the possiblity of shorting between the lead-in members.
NUM  2.
PAR  2. A lamp as claimed in claim 1, in which said combustible material engages
      against the upper surface of said bead members and holds said plurality of
      bead members in position.
NUM  3.
PAR  3. A lamp as claimed in claim 1, including an adhesive material on at least
      the uppermost of said bead members thereby holding said plurality of bead
      members in place.
NUM  4.
PAR  4. A lamp as claimed in claim 1, in which said bead members have spherical
      shapes.
NUM  5.
PAR  5. A lamp as claimed in claim 1, in which said bead members are hollow and
      have one or more openings through the walls thereof.
NUM  6.
PAR  6. A lamp as claimed in claim 1, in which said bead members are cup-shaped.
NUM  7.
PAR  7. A lamp as claimed in claim 6, in which said bead members are hollow
      hemispheres.
NUM  8.
PAR  8. A lamp as claimed in claim 1, in which said plurality of bead members
      extends upwardly from said base to near said flash initiation means.
NUM  9.
PAR  9. A lamp as claimed in claim 1, including a support bead sealed to said
      lead-in members at a position between said base and said flash initiation
      means, said plurality of beads extending in said bulb from said base to
      said support bead.
NUM  10.
PAR  10. A lamp as claimed in claim 1, in which said plurality of bead are made
      of glass.
NUM  11.
PAR  11. A method of making a photoflash lamp, comprising the steps of providing
      a bulb, sealing lead-in members through a base of said bulb, placing a
      plurality of bead members in said bulb and onto said base and around at
      least one of said lead-in members, placing combustible material in said
      bulb and over said plurality of bead members, providing a
      combustion-supporting gas in said bulb, and sealing the bulb.
NUM  12.
PAR  12. A method as claimed in claim 11, in which said combustible material is
      positioned against the top of said plurality of bead members thereby
      holding them in position in the finished lamp.
NUM  13.
PAR  13. A method as claimed in claim 11, including the step of combining an
      adhesive material with said bead members to hold them in place.
NUM  14.
PAR  14. A method as claimed in claim 11, including the step of providing a
      support bead sealed to said lead-in members at a position spaced from said
      base of the bulb and spaced from the wall of the bulb, said plurality of
      bead members being sufficiently small in size to pass between said support
      bead and said wall of the bulb.
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ABST
PAL  An ignition rod combined with a casing is provided with a tip for ignition
      normally placed within the casing, the tip holding a striking piece which
      is firmly but detachably mounted on its end, the striking piece being
      firmly held by the tip for ignition at the time of striking but easily
      removed therefrom at the time of replacement.
BSUM
PAR  The present invention relates to a portable lighter, and more particularly
      relates to an improvement of a portable lighter having an ignition surface
      and an ignition rod, which is strongly struck against a striking surface
      for ignition.
PAR  A portable lighter of the above-described type is usually provided with a
      striking piece and ignition wicks disposed on one end of the tip of its
      ignition rod. At the time of ignition, the ignition rod is taken out of a
      casing of the lighter and the striking piece of the ignition rod tip is
      strongly struck against a striking surface formed on one side face of the
      casing.
PAR  In order to withstand the big shock at the time of the striking for
      ignition, it is required that the striking piece should be secured on the
      ignition rod tip very firmly. In other words, accidental falling-off of
      the striking piece from the ignition rod tip must be very effectively
      prevented.
PAR  On the other hand, when the striking piece is accidentally broken during
      use and or when the ignition wicks are worn out after a long use, it is
      preferable that these members can be very easily removed from the ignition
      rod for replacement.
PAR  The object of the present invention is to provide a portable lighter which
      can satisfy the above-described requirements.
PAR  In accordance with the basic aspect of the present invention, a striking
      piece is received in slits formed diametrally transverse the tip end of
      the ignition rod and firmly held therein by a fixing sleeve screwed over
      the tip end. When necessary, the striking piece and the ignition wicks can
      be very easily removed from the tip end of the ignition rod by loosening
      the fixing sleeve screwed over the tip end.
DRWD
PAR  Further features and advantages of the present invention will be explained
      in more detail, reference being made to the accompanying drawings, in
      which;
PAR  FIG. 1 is a side view, partly in section, of an embodiment of the present
      invention,
PAR  FIG. 2 is a side view, partly in section, of an embodiment of an ignition
      rod used for the portable lighter shown in FIG. 1,
PAR  FIG. 3 is a cross sectional view taken along the line III--III in FIG. 2,
      and
PAR  FIG. 4 is a perspective view of a striking piece used for the ignition rod
      shown in FIG. 2.
DETD
PAR  Now referring to FIG. 1, a hollow casing 1 is provided with a striking
      surface 2 disposed on one side surface thereof, a center hole 3 which
      converges towards the inner hollow of the casing 1 and fuel padding 4
      impregnated with suitable fuel material.
PAR  An ignition rod 5 is inserted into the inner hollow of the casing 1 through
      the above-described center hole 3. This ignition rod 5 is provided with a
      head 51 which is suited for handling by fingers and is to be exposed out
      of the casing 1 when the ignition rod 5 is combined with the casing 1. The
      rod 5 also has a conical stem 52 which is suited for a snug engagement
      with the wall of center hole 3 and a cylindrical tip 53 which is suited
      for holding of a later described striking piece and formed axially
      integrally of the conical stem 52.
PAR  The structure of the ignition rod 5, especially its cylindrical tip 53, is
      shown in detail in FIGS. 2 and 3, in which the cylindrical tip 53
      converges towards its open end and, in the portion near the open end, is
      provided with an outer thread 54. The cylindrical tip 53 is further
      provided with an axial center hole 55 which is open at one end thereof.
PAR  As is clearly shown in FIG. 3, slits 56 are formed diametrally through the
      peripheral wall of the cylindrical tip 53 and these slits 56 are suited
      for receiving snugly a striking piece 6 such as shown in FIG. 4. This
      striking piece 6 is made up of such a hard material as steel and is
      preferably a thin rectangular plate. Ignition wicks 7 are inserted into
      the center hole 55 of the cylindrical tip 53 with their ends being partly
      exposed outside the open end of the cylindrical tip 53. Loss of the
      ignition wicks 7 is prevented by clamping between the striking piece 6 and
      the peripheral wall of the cylindrical tip 53.
PAR  A fixing sleeve 8 provided with an inner thread is screwed over the
      outwardly threaded end position of the cylindrical tip 53 in order to
      firmly hold the striking piece 6 within the diametral slits 56. Because
      the striking piece 6 is very firmly held within the diametral slits 56
      being fastened by the fixing sleeve 8 screwed over the end portion of the
      cylindrical tip 53, undesirable loss of the same from its associated
      ignition rod 5 at the time of strong striking for ignition can be
      effectively prevented.
PAR  On the other hand, by removing the fixing sleeve 8 from the end position of
      the cylindrical tip 53, both the ignition wicks 7 and the striking piece 6
      can be very easily disassembled from the ignition rod 5. This assures very
      easy replacement of the broken striking pieces and worn-out ignition
      wicks. In addition, because of the simplicity of the shape of the striking
      piece such as shown in FIG. 4, the same can be manufactured very easily
      with reduced manufacturing cost.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a portable lighter including a hollow casing enclosing fuel padding
      impregnated with a fuel, and having a hole extending into the fuel padding
      and a striking surface on one outer surface thereof, and an ignition rod
      assembly removably insertable in said hole, the ignition rod assembly
      including a rod-shaped holder having one end adapted to be inserted in
      said hole, and an ignition wick and a striker piece mounted on said one
      end of said holder, whereby the ignition rod assembly may be manually
      removed from said holder to enable engagement of the striking piece with
      the striking surface to effect ignition of the wick; the improvement
      wherein said one end of said holder is externally threaded and has a
      diametral slit extending thereacross and a hole extending axially therein,
      said striker piece being mounted in said slit and extending across said
      hole, said wick being positioned within said hole at the side of said
      striker piece, and further comprising a sleeve having internal threads
      engaging said threads of said holder for holding said striker piece in
      said slit.
NUM  2.
PAR  2. The portable lighter of claim 1, wherein said end of said holder is
      cylindrical, and said hole extends coaxially therein.
NUM  3.
PAR  3. The portable lighter of claim 1, wherein said striker piece comprises a
      thin rectangular plate.
NUM  4.
PAR  4. The portable lighter of claim 3, wherein said striker piece is of steel.
NUM  5.
PAR  5. The portable lighter of claim 3, wherein said holder has a conical stem
      for cylindrically engaging said hole of said casing.
NUM  6.
PAR  6. The portable lighter of claim 1, wherein said end of said holder is
      cylindrical, the hole extending therein extending coaxially therein, said
      striker piece comprising a thin rectangular plate extending beyond said
      end of said holder and engaging said slit on both sides of the hole in
      said holder, said wick extending in said hole on both sides of said plate
      and beyond said end of said holder.
NUM  7.
PAR  7. The portable lighter of claim 6, wherein said wick extends into said
      hole in said holder beyond the edge of said plate therein.
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PAL  Pieces of steel scrap are charged into a ladle by a magnet on a crane so
      that the central part of the charge is substantially denser than the
      peripheral part. A cover having a plurality of natural gas-oxygen burners
      mounted around its periphery is then placed on top of the ladle to obtain
      a substantially gas tight container except for a flue opening and some
      small openings due to a non-tight fit between ladle and cover adjacent the
      top. The burners direct their flames downwardly parallel to the sidewall
      of the ladle and the combustion gases are discharged through the flue
      opening. The flames are reducing in nature and the container is under a
      positive pressure. The heating is continued until the scrap is at a
      temperature of at least approximately 1,500.degree.F and preferably
      approaching the melting point of the scrap. Molten iron in substantially
      greater weight that the scrap and having a substantially higher carbon
      content is then poured into the ladle so that the majority of the scrap is
      melted. The mixture is then easily poured from the ladle into the oxygen
      converter.
PARN
PAR  This is a division of application Ser. No. 432,387, filed Jan. 10, 1974,
      now U.S. Pat. No. 3,880,649.
BSUM
PAR  Ths invention relates to apparatus for heating pieces of steel scrap and
      particularly to the heating of light steel scrap for use in an oxygen
      converter. Many heating methods and preheaters for scrap have been
      proposed and used with electric melting furnaces and oxygen converters.
      Patents of which I have knowledge are Brooke U.S. Pat. No. 2,804,295 dated
      Aug. 27, 1967, Davies U.S. Pat. No. 2,805,143 dated Sept. 3, 1957, Brooke
      U.S. Pat. No. 3,180,724 dated Apr. 27, 1965,  Jensen et al. U.S. Pat. No.
      3,514,279 dated May 26, 1970 and Turpin et al. U.S. Pat. No. 3, 645,516
      dated Feb. 29, 1972. In most cases it is necessary that no melting of the
      scrap take place in the preheater because this would cause pieces of the
      scrap to fuse together and drip downward onto the bottom scrap discharge
      mechanism and make it inoperative.
PAR  It has also been proposed to provide a removable cover and direct a flame
      downwardly through the scrap and out the bottom. This has the problem of
      keeping the flues at the bottom open and is relatively inefficient.
PAR  Other problems include oxidation of the scrap, non-uniform and/or slow
      heating, inefficient operation and costly equipment.
PAR  It is therefore an object of my invention to provide apparatus for heating
      scrap which are efficient and inexpensive.
PAR  Another object is to provide such apparatus which heats scrap more rapidly
      than was previously possible.
PAR  These and other objects of the invention will become apparent to one
      skilled in the art after referring to the following specification and
      attached drawings.
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PAR  FIG. 1 is an elevation, with parts cut away and shown in section, of the
      apparatus of my invention,
PAR  FIG. 2 is a view taken on line II--II of FIG. 1; and
PAR  FIG. 3 is a view of one of the burners and fuel and air connections thereto
     .
DETD
PAR  Referring more particularly to the drawings, reference numeral 2 indicates
      a scale for receiving a refractory lined ladle L and having a pouring
      spout S. The ladle L is guided to a centered position on scale 2 by means
      of guide plates 4 and guide rollers 8. A refractory lined cover 10 is
      provided for covering the major part of the open top of the ladle. The
      cover 10 does not cover the pouring spout S, and has a leg 12 extending
      upwardly in spaced relationship with the upwardly extending portion of
      spout S so as to provide a gas exhaust flue 14 therebetween. Burners 16
      are mounted on top of cover 10 in spaced apart relationship around its
      periphery. These are commercial natural gas oxygen burners such as Linde
      Ab-4U. While other types of fuel, such as oil, by product gases, etc., may
      be used, natural gas is preferred. The burners are preferably equally
      spaced and extend downwardly through the cover 10 with their flames being
      directed downwardly generally parallel to the inside wall of the ladle and
      adjacent thereto. A valve 18 in each fuel supply line 20 connected to
      manifold 21 and a valve 22 in each oxygen supply line 24 connected to
      manifold 25 serve to control the fuel-oxygen ratio as well as the total
      amount of each. Other means, such as a proportional valve, may be used for
      this purpose. The leg 12 serves as a heat shield to protect the burners,
      piping and the steel frame work 26 of the cover from the exhaust gases and
      also serves to keep the ladle spout substantially free of slag. This is
      done by directing the hot flue gases against the spout to heat shock the
      slag and cause it to spall off.
PAR  The cover 10 is mounted for movement about horizontal pivot pins 27 at the
      end of framework 26 opposite leg 12. The pins 27 are mounted on a vertical
      cover support 28 which is pivotally mounted on horizontal pivot 30
      adjacent its lower end. The upper end of support 28 is pivotally connected
      by pin 32 to piston rod 34 of a fluid motor 36 having its cylinder 38
      pivotally connected to a stationary pivot 40. The cover 10 is rotated
      about its pivot 27 by means of cable 42 and motor 44. For ease of
      operation of counterweight 46 is provided for cover 10.
PAR  With the cover 10 in inoperative or open position as shown in broken lines
      in FIG. 1, scrap is charged into ladle L by means of a magnet 50 supported
      by crane 52. After the desired weight of scrap is charged as determined by
      scale 2 the motor 44 is operated to lower cover 10 about pivot 27, after
      which motor 36 is operated to move the support 28 and cover 10 inwardly to
      operative or closed position shown in full lines in FIG. 1. This results
      in a relatively gas tight container with the only openings being the flue
      14 and those due to the lack of a tight fit between the cover 10 and the
      top of ladle L. The burners 16 are then started in operation and continue
      to fire until the desired heat is supplied to the scrap. The cover 10 is
      then retracted by operation of motor 36 which moves support 28 to its
      broken line position of FIG. 1 after which the cover 10 is pivoted about
      pivot pins 27 by operation of motor 44 to its broken line position.
PAR  My method is carried out as follows: With the cover 10 open, scrap is
      charged into the ladle L by means of the magnet 50 on the crane 52. The
      scrap is light (as compared to ingots, large castings, thick plates or
      slabs, etc.) silicon or other relatively low carbon steel. For example,
      silicon steel strip edge trimmings having a density of 47 lbs. per cu.ft.,
      edge chopped and chopped sheets having a density of 64 lbs. per cu.ft.,
      and mandrel and heavy bundles having a density of 168 lbs. per cu.ft. may
      be used in a single charge. Preferably the lighter scrap is charged first.
      The most dense scrap will be charged in the center under the magnet center
      because of the greater lines of magnet flux at this point. Sheets are
      pulled generally parallel to the bottom of the magnet due to stronger flux
      lines developed in a continuous sheet. As the scrap is charged into the
      ladle L, the center of the ladle is more heavily loaded with scrap than
      the outside periphery of the scrap load. Chopped, continuous, membrane
      type sheets, which impede the flow of hot burner gases in the center of
      the load, have their corners only touching the ladle walls. Light scrap
      having the 47 lb. per cu.ft. density will fill the ladle evenly from wall
      to wall across the ladle, but it is composed of many voids which do not
      seriously impede the flow of hot gases.
PAR  With a load charge that is most dense vertically in the center of the ladle
      and least dense at the periphery, the path of least resistance to gas flow
      is adjacent the refractory lined walls of the ladle. This path has
      considerably less flow resistance from top to bottom of the ladle than the
      inner area of the scrap and allows hot gas flow from the burner flame to
      penetrate to the ladle bottom.
PAR  A scrap charge of 28,000 lbs. may be placed in the ladle. After charging,
      the cover 10 is placed on the ladle L and the burners 16 turned on with a
      molar oxygen-natural gas ratio set preferably at approximately 1.4 to 1 so
      that the burners will operate at 17% reducing which prevents oxidization
      of the scrap. Since the ladle L with the cover 10 in place is generally
      gas tight, except for the flue 14 and openings between the ladle L and
      cover 10 which necessarily occur because of unevenness of the ladle top,
      and the burners are operated to maintain a positive ladle pressure no
      atmospheric oxygen can leak into the ladle. The flames pass downwardly
      parallel to the ladle sidewall and the refractory walls keep the flame
      temperature high enough to permit considerable preheat of the bottom
      scrap. The high velocity and downward flow of the hot combustion gases
      causes exhaust of some of the hot gases inwardly into the center of the
      scrap while the remainder passes upwardly adjacent the walls between the
      burners 16. As the center of the scrap is heated above its plastic
      temperature slumping of the entire mass of scrap occurs. The scrap which
      has a melting point of approximately 2,750.degree.F was heated to an
      average temperature 2,388.degree.F. After the cover was removed 86,000
      lbs. of molten cupola iron at 2,700.degree.F was added to the charge to
      obtain a mixture temperature 2,500.degree.F. Sufficient time is generally
      not available before charging the oxygen converter to dissolve all the
      scrap. However, the solid scrap remaining is lubricated and softened by
      the hot metal so that it flows with the hot metal out of the ladle into
      the oxygen converter.
PAR  Using six gas burners each rated at a maximum input of 10,000,000 B.T.U.
      per hour with 10 lbs. per sq. in. natural gas and 8 lbs. per sq. in.
      oxygen burner pressure, a burner flame about 12 in. in diameter and 5 to 6
      feet long is obtained. I have found that with a 14,000 lbs. scrap load,
      one scrap melting unit can supply sufficient scrap for two oxygen
      converters on a continuous basis. The burners have been fired for about 1
      minute per 1000 lbs. of scrap or a total of 14 minutes for 14,000 lbs.
PAR  20,000 tons of scrap of .165 B.T.U. per pound degree F. specific heat have
      been heated in 17 minutes to an average temperature of 2,388.degree.F at a
      rate of 34,000,000 B.T.U. per hour.
PAR  I have found that the scrap must be heated in a reducing atmosphere to a
      temperature of at least 1,500.degree.F and preferably to a temperature
      approaching the melting point of the scrap. The weight of molten iron
      added to the scrap must be substantially greater than the weight of scrap
      and preferably is at least approximately three times the scrap weight.
      Blast furnace iron or other available iron having a high carbon content
      may be used in place of the cupola iron. In using the mixture in an oxygen
      converter solid scrap is charged into the converter prior to adding the
      mixture. The entire charge is then made into steel of the desired analysis
      by means of oxygen and the necessary additives.
PAR  While several embodiments have been shown and described herein, I intend to
      cover as well any change or modification therein which may be made without
      departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for heating pieces of steel scrap which comprises a refractory
      lined container having an open top, means for charging said steel scrap
      into said container with the central part of the charge substantially
      denser than the peripheral part, a cover for closing the top of said
      container, means for moving said cover between an open and closed
      positions, a flue opening from said container adjacent the top thereof
      when said cover is in closed position, a plurality of spaced apart
      fuel-oxygen burners mounted around the periphery of said cover, said
      burners being positioned to direct their flames downwardly into said
      container generally parallel to the inside wall thereof, and means for
      controlling said burners to obtain a reducing atmosphere under pressure in
      said container.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said means for charging scrap
      includes a crane having a magnet thereon.
NUM  3.
PAR  3. Apparatus according to claim 1 in which said means for moving said cover
      includes a horizontal axis support, means connecting said cover to said
      axis support, and means for moving said cover about said axis support.
NUM  4.
PAR  4. Apparatus according to claim 3 in which said means for charging scrap
      includes a crane having a magnet thereon.
NUM  5.
PAR  5. Apparatus according to claim 1 in which said container has a generally
      horizontal main top portion and a spout extending upwardly from the said
      main portion, and said cover includes a generally horizontal leg resting
      on said horizontal main top portion and a vertical leg extending upwardly
      from said horizontal leg and spaced from the wall of said spout to provide
      said flue opening, said burners being mounted on said horizontal leg.
NUM  6.
PAR  6. Apparatus according to claim 5 in which said means for moving said cover
      includes a vertical support extending upwardly adjacent said container at
      a position on the side away from said support, means pivotally mounting
      said vertical support on a horizontal axis adjacent the lower end thereof,
      means for moving said vertical support about its axis to move its upper
      end toward and away from said ladle, a support attached to said cover and
      pivotally supported on said vertical support for movement about a
      horizontal axis, and means for moving said cover support about its axis
      between a horizontal operative position and an inoperative raised
      position.
NUM  7.
PAR  7. Apparatus according to claim 2 in which container has a generally
      horizontal main top portion and a spout extending upwardly from the said
      main portion, and said cover includes a generally horizontal leg resting
      on said horizontal main top portion and a vertical leg extending upwardly
      from said horizontal leg and spaced from the wall of said spout to provide
      said flue opening, said burners being mounted on said horizontal leg.
NUM  8.
PAR  8. Apparatus according to claim 7 in which said means for moving said cover
      includes a vertical support extending upwardly adjacent said container at
      a position on the side away from said support, means pivotally mounting
      said vertical support on a horizontal axis adjacent the lower end thereof,
      means for moving said vertical support about its axis to move its upper
      end toward and away from said ladle, a support attached to said cover and
      pivotally supported on said vertical support for movement about a
      horizontal axis, and means for moving said cover support about its axis
      between a horizontal operative position and an inoperative raised
      position.
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ABST
PAL  A heated furnace for sintering structures of uranium oxide containing
      composition being introduced to the furnace. The furnace receives an
      atmosphere comprising a mixture of hydrogen and carbon dioxide as
      initially introduced to the furnace, and this mixture reacts in the
      furnace to give the presence of water vapor and carbon monoxide.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 299,222, filed Oct. 20,
      1972, now abandoned, which application is a division of Ser. No. 62,353,
      filed Aug. 10, 1970, now abandoned in favor of continuation-in-part
      application Ser. No. 358,737, now U.S. Pat. No. 3,872,022.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the production of sintered uranium oxide
      containing compositions. One of the very important utilities of uranium
      oxide, especially uranium dioxide, is in nuclear power plants as a fuel in
      the generation of electric power. The uranium dioxide, either alone or in
      a mixture with other ceramics such as gadolinium oxide or plutonium oxide,
      is compacted to a given size and shape and sintered to achieve dense
      bodies for use in a nuclear fuel rod. The uranium present in uranium
      dioxide must be enriched with the U-235 isotope which is done in a gaseous
      state, the preferred practice being to use uranium hexafluoride. After
      enrichment it is necessary to convert the uranium hexafluoride to uranium
      dioxide. The resulting uranium dioxide can contain undesired fluoride ion
      concentrations and an oxygen to metal ratio above the desired ratio of
      about 1.98:1 to about 2.04:1.
PAR  The sintering of uranium dioxide structures has been used to attempt to
      reduce the oxygen and the fluoride content of the uranium dioxide. The
      current practice has been the use of wet hydrogen atmospheres at
      temperatures preferably greater than 1600.degree.C to achieve dense bodies
      of uranium dioxide. Past experience indicates a certain amount of water
      vapor with the hydrogen is required to remove the fluoride content from
      compacted ceramic structures during sintering, but the wet hydrogen
      process has not been satisfactory when the ceramic has high fluoride
      concentrations.
PAR  Another method presented in U.S. Pat. No. 3,375,306 for sintering dense
      uranium dioxide structures with or without ceramic additives is to heat
      the compressed powder at a temperature of 1300.degree.to 1600.degree.C in
      a sintering atmosphere of carbon dioxide or a mixture of carbon dioxide
      and carbon monoxide and cooling the sintered structure in a reducing
      atmosphere which varies as the composition of the structure varies. Where
      the structure being sintered is uranium dioxide the cooling gas is dry
      hydrogen, wet hydrogen or a mixture of carbon dioxide and carbon monoxide.
      Where the structure is uranium dioxide with an additive of plutonium
      dioxide, the cooling gas is steam or carbon dioxide mixed with carbon
      monoxide. The use of a mixture of carbon dioxide and carbon monoxide is
      more costly than use of wet hydrogen but enables the use of lower
      temperatures to achieve sintered structures of high density. However this
      carbon monoxide-carbon dioxide sintering atmosphere does not appreciably
      decrease the fluoride content of the uranium dioxide structures.
PAR  Sintering temperatures of about 1600.degree.C or higher produce uranium
      dioxide structures having large grain sizes with undesirable properties
      for some fuel applications. Uranium dioxide structures of smaller grain
      size have higher creep rates when compared to the creep rates of uranium
      dioxide structures of larger grain size. A higher creep rate for a uranium
      dioxide structure is desirable for better fuel performance. It has also
      been determined that other mechanical properties of finer grain size
      uranium dioxide are superior to the properties of coarser grain size
      uranium dioxide. The foregoing has made it desirable to lower the
      sintering temperature of uranium dioxides, and more generally of
      structures rich in uranium oxide, in addition to controlling the oxygen to
      metal ratio of the sintered structure and removing undesirable impurities
      from the sintered structure such as fluoride ions.
PAR  Lower sintering temperatures have other desirable features including cost
      savings as less power is expended in heating the sintering furnace, a
      longer functional life for the sintering furnace and its associated
      fixtures, less corrosion of the furnace components and the possibility of
      adapting a continuous conveyor belt or other means of transporting the
      structures rich in uranium oxide through the furnace.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly it is an object of this invention to lower the temperature at
      which the sintering of structures of compacted powders rich in uranium
      oxide is accomplished and still obtain dense structures of the sintered
      ceramic.
PAR  A further object of this invention is the use of an atmosphere of a mixture
      of hydrogen and carbon dioxide to remove impurities such as fluoride ions
      from compacted structures of uranium oxide containing compositions during
      sintering.
PAR  A still further object of this invention is the use of an atmosphere of a
      mixture of hydrogen and carbon dioxide to control the ratio of oxygen to
      metal atoms during sintering compacted structures of uranium oxide
      containing compositions.
PAR  Still another object of this invention is the sintering of uranium oxide
      under an atmosphere of a mixture of hydrogen and carbon dioxide which
      reacts to give carbon monoxide and water vapor and removes fluoride ions
      and other undesirable constituents from the uranium oxide during
      sintering.
PAR  A still further object of this invention is the use of an atmosphere of a
      mixture of hydrogen and carbon dioxide for sintering structures of
      compacted uranium dioxide powders.
PAR  Other objects and advantages of this invention will become apparent from
      the following specification and the appended claims.
PAR  The above objects, and others, are accomplished according to this invention
      by providing a striking improvement in the sintering of ceramic structures
      of compacted powder rich in uranium oxide involving heating the structures
      at a temperature in the range of about 900.degree. to about 1500.degree.C
      in a sintering atmosphere of a mixture of hydrogen and carbon dioxide. The
      carbon dioxide and hydrogen react to give carbon monoxide and water vapor
      which enables the removal of undesirable impurities from the ceramic
      structures such as fluoride ions and the control of the oxygen content of
      the ceramic. After undergoing the above reaction, the carbon
      dioxide-hydrogen atmosphere controls the partial pressure of oxygen during
      sintering and provides water vapor promoting the removal of fluoride ions
      from the ceramic being sintered.
PAR  While this process is especially useful with ceramic compositions of
      uranium dioxide and mixtures of uranium oxides having an oxygen to uranium
      ratio of up to 2.25, it is particularly useful with uranium dioxide
      containing ceramic compositions with one or more ceramic additives such as
      gadolinium oxide and plutonium oxide.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The practice of the disclosed process will be further understood by
      reference to the accompanying drawings in which
PAR  FIG. 1 presents a graph of the partial pressure of oxygen versus the
      hydrogen content of the carbon dioxide-hydrogen atmosphere at various
      temperatures and
PAR  FIG. 2 presents a furnace adapted to receive a sintering atmosphere as
      disclosed in this invention for ceramic shapes being sintered in the
      furnace.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has been surprisingly discovered that compacted powders of uranium oxide
      containing compositions, with or without ceramic additives, may be
      sintered to very high density by heating to a temperature in the range of
      about 900.degree. to about 1500.degree.C in an atmosphere consisting of a
      mixture of hydrogen and carbon dioxide. The sintering process of this
      invention produces a ceramic composition having a controlled ratio of
      oxygen to metal atoms, a fluoride ion content of about 25 parts per
      million or less and a density up to about 98 percent of theoretical
      density and preferably a density in the range of 92 to 96 percent of
      theoretical density. The sintering process of this invention, in addition
      to controlling the fluoride content, density and oxygen to metal ratio of
      the resulting sintered ceramic, removes other undesired impurities and
      contamination from the uranium oxide containing compositions such as
      entrapped hydrocarbons, entrapped gases, greases, oils, voids, etc.
PAR  The phrase "uranium oxide containing compositions" is used herein to cover
      compositions capable of being sintered in the practice of this invention
      which include uranium dioxide (UO.sub.2) and mixtures of uranium oxide
      having an oxygen to metal ratio of up to 2.25 which could include mixtures
      of uranium dioxide with one or more of the following: uranium trioxide
      (UO.sub.3), uranium tritaoctoxide (U.sub.3 O.sub.8), uranium sesquioxide
      (U.sub.2 O.sub.3), uranium pentoxide (U.sub.2 O.sub.5), or uranium
      tetroxide (UO.sub.4). The invention is also applicable for the foregoing
      uranium oxide containing compositions with one or more ceramic additives
      including the plutonium oxides such as plutonium dioxide (PuO.sub.2),
      gadolinium oxide (Gd.sub.2 O.sub.3), titanium dioxide (TiO.sub.2), silicon
      dioxide (SiO.sub.2), aluminum oxide (Al.sub.2 O.sub.3) and combinations
      thereof. The plutonium dioxide can be present in amounts up to about 30
      percent by weight of the composition; the gadolinium oxide can be present
      in amounts up to about 15 percent by weight of the composition; the
      titanium dioxide can be present in amounts up to about 5 percent by weight
      of the composition; the silicon dioxide can be present in amounts up to
      about 5 percent by weight of the composition; and the aluminum dioxide can
      be present in amounts up to about 5 percent by weight of the composition.
PAR  The composition of the sintering atmosphere can vary greatly depending on
      the fluoride ion content of the ceramic and the oxygen to metal ratio of
      the ceramic before sintering and the ratio desired after sintering as well
      as the density to be achieved for the sintered ceramic. A sintering
      atmosphere in the range of about 0.5 to about 90 percent hydrogen by
      volume with the balance carbon dioxide can be employed, and a preferred
      range is about 2 to about 20 percent hydrogen by volume with the balance
      carbon dioxide. Any source of hydrogen can be employed such as cylinders
      and tanks of hydrogen or a gas such as ammonia which dissociates to
      provide a source of hydrogen. The sintering atmosphere can contain carrier
      gases such as nitrogen and argon in addition to the essential constituents
      of hydrogen and carbon dioxide.
PAR  The mixture of carbon dioxide and hydrogen constituting the sintering
      atmosphere undergoes a thermodynamic equilibrium of the following
      reaction: CO.sub.2 + H.sub.2 .fwdarw. CO + H.sub.2 O. The degree of
      reaction between these two gases is determined by the equilibrium constant
      of the above reaction which is a function of the temperature of the
      atmosphere. The atomic ratio of oxygen to metal of the material being
      sintered equilibrates with the partial pressure of oxygen in the system
      with a fixed value at a given temperature. The desired oxygen to metal
      ratio of the uranium oxide compositions are obtained by adjusting the
      partial pressure of oxygen in the sintering atmosphere. The partial
      pressure of oxygen in the sintering atmosphere can be reduced by an
      increase in the hydrogen constituent of the sintering atmosphere and an
      increase in the partial pressure of oxygen in the sintering atmosphere is
      achieved by an increase in the carbon dioxide constituent of the sintering
      atmosphere.
PAR  In the practice of this invention, an enhanced sintering rate results
      during the sintering of the uranium oxide containing compositions due to
      the lower activation energy required for the diffusion of the slower
      moving species of metallic ions in the sintered composition. By choosing a
      gas composition having a mixture of carbon dioxide and hydrogen determined
      by the partial pressure of oxygen desired for the sintering atmosphere at
      a given sintering temperature, the uranium oxide containing composition
      can be sintered at the desired oxygen to metal ratio giving enhanced
      sintering at lower temperatures than practiced in the prior art. FIG. 1
      presents a graph of the relationship between the partial pressure of
      oxygen and the hydrogen content in the carbon dioxide-hydrogen atmosphere
      for given temperatures. The water vapor so produced from the reaction
      given above acts as a hydrolysis agent for removing fluoride ions and when
      the hydrogen component is within the range set forth above the final
      fluoride content of the uranium oxide composition will be reduced to less
      than 25 parts per million. This represents a significant reduction in the
      fluoride content of the uranium oxide as commercially available uranium
      oxide powders suitable for sintering can contain up to 0.5% by weight or
      more of fluoride ions. As stated previously, a certain amount of water
      vapor is needed to promote the removal of fluoride from compacted uranium
      oxide structures during sintering. The amount of water vapor in the carbon
      dioxide-hydrogen atmosphere decreases as the gas composition is selected
      from a carbon dioxide rich or a hydrogen rich mixture. But relatively
      small amounts of water vapor in the sintering atmosphere disclosed in this
      invention achieves a much greater reduction in the fluoride content at the
      same sintering temperature than can be achieved using a sintering
      atmosphere without the presence of water vapor (e.g., dry carbon dioxide
      or dry hydrogen).
PAR  The following is representative of the preliminary processing of the
      uranium oxide powder into pellet form before it is introduced to the
      furnace, but this is in no way meant to be a limitation on the teaching of
      this invention. The uranium oxide employed in the process of this
      invention can be commercial grades of the ceramic having up to 0.5% by
      weight fluoride ions or greater and varying oxygen to metal ratios. The
      uranium oxide in powder form is pressed in a press at pressures up to
      about 10,000 pounds per square inch into desired shapes, such as small
      cylinders, cubes, parallelepipeds, etc. These desired shapes are then
      granulated in a granulator and screened through a screen having openings
      in the range of about 5 to about 20 mesh. This processing sequence
      increases the flow properties and bulk density of the uranium oxide
      powder. The granulated powder is then pressed into desired shapes such as
      small cylinders, cubes, parallelepipeds, etc., in a press with applied
      pressure up to 40,000 pounds per square inch. Representative dimensions of
      cylindrical shapes of pellets made by this invention are pellets having a
      diameter of about 1/2 inch and a height of about 1/2 inch.
PAR  The invention can be applied in a batch process where the pellets of
      uranium oxide are placed in a suitable container in a cold furnace, heated
      to temperature under the hydrogen-carbon dioxide atmosphere as described
      in this invention and maintained at this temperature for a period of from
      about 1 to about 5 hours followed by cooling the pellets in the same
      atmosphere or another atmosphere such as a different mixture of hydrogen
      and carbon dioxide, wet hydrogen or dry hydrogen. Another embodiment of
      the process of this invention as shown in FIG. 2 has placing of the
      uranium oxide pellets 12 in a series of ceramic boats 11 placed in a
      furnace generally represented by number 10 having a gas outlet 16 going to
      an exhaust. The furnace has three zones of temperature as generally
      indicated in the drawing and designated a preheating zone, a sintering
      zone and a cooling zone. The boats 11 are pushed through the furnace 10 by
      introduction of additional boats 11. Each boat 11 passes through door 21
      to the purge chamber 20 with door 21 then being closed followed by lifting
      of door 13 so the boat can be pushed into furnace cavity 22 by a device
      such as a pushing rod (not shown). The first region through which the boat
      passes is a preheating zone which has an increasing temperature as the
      boat moves closer to heating elements 14. In the preheating zone the
      atmosphere of the furnace 10 is a mixture of hydrogen and carbon dioxide
      as taught in the practice of this invention. It is thought that an
      appreciable amount of the fluoride and oxygen to be removed from the
      pellets 12 is accomplished before the ceramic boat reaches the sintering
      zone. When the boat 11 reaches the sintering zone, the temperature is
      maintained in the range of 900.degree. to 1500.degree.C during which a
      substantial proportion of the sintering practiced in this invention
      occurs. The atmosphere in the sintering zone is the same as maintained in
      the preheat zone with the atmosphere varying between about 0.5 to about 90
      percent by volume hydrogen with the balance being carbon dioxide. When a
      boat reaches the cooling zone the temperature falls as the distance from
      heating elements 14 is increased. In FIG. 2 there are shown two gas inlets
      18 and 19, with gas inlet 18 being located toward the heating element 14
      while gas inlet 19 is located toward the door 17 which could be a lift
      door opening into purge chamber 23. Door 24 is opened to enable removal of
      boats 11 from purge chamber 23. As previously stated the atmosphere in the
      cooling zone can be either dry hydrogen, wet hydrogen or a mixture of
      hydrogen and carbon dioxide within the range disclosed in this invention.
      Where dry hydrogen or wet hydrogen is maintained in the cooling zone, the
      hydrogen gas is fed into inlet 19 from a tank 25 with carbon dioxide being
      fed into the furnace in gas inlet 18 from tank 26, both gases being fed
      into the furnace in amounts sufficient to ultimately form a mixture as
      disclosed in this invention. Where a mixture of hydrogen and carbon
      dioxide is maintained in the cooling zone, both hydrogen and carbon
      dioxide are fed into inlet 19 from tanks 25 (hydrogen) and 27 (carbon
      dioxide) with inlet 18 being closed. If a different mixture of carbon
      dioxide and hydrogen is desired in the cooling zone than in the sintering
      zone, the cooling zone mixture is fed into inlet 19 from tank 25
      (hydrogen) and tank 27 (carbon dioxide) and the sintering zone mixture is
      fed into inlet 18 from tank 26 (carbon dioxide) and tank 28 (hydrogen).
      From the figure it can be seen that the sintering atmosphere flows in the
      direction opposite the direction the ceramic boats are being moved through
      the furnace. This insures maintaining the desired oxygen to metal ratio
      and the removal of fluoride content from the sintered uranium oxide
      structure. The sintering atmosphere can flow in the same direction in
      which the ceramic boat is being moved if desired but a higher flow rate of
      gas is preferred for this arrangement. The flow rate of gas through an
      experimental tube furnace would be in the range of about 1 to about 10
      cubic feet per hour in a furnace having a heating chamber 22 of 1 1/2
      inches in diameter and 3 feet in length.
PAR  The heating means of the furnace can be commerically available heating
      elements such as resistance heating elements and induction coils. The
      furnace walls can be made of ceramic such as alumina or high temperature
      metals such as high temperature stainless steels.
PAR  A stoichiometric uranium oxide product, for example, a uranium dioxide
      product in which the ratio of oxygen atoms to metal atoms is substantially
      within the range of about 1.98:1 to about 2.04:1 and preferably about
      2.00:1, may be produced by cooling the sintered material in an atmosphere
      such as dry hydrogen, wet hydrogen or a mixture of carbon dioxide and
      hydrogen. It is possible to select a mixture of hydrogen and carbon
      dioxide such that preheating, sintering and cooling can be carried out in
      the same atmosphere to achieve high density and an oxygen to metal ratio
      of substantially about 1.98:1 to about 2.04:1.
PAR  The discovery of this invention has the advantage of sintering uranium
      oxide structures at lower temperatures of about 900.degree. to about
      1500.degree.C, thus avoiding the necessity for heating at temperatures in
      excess of 1600.degree.C when utilizing a wet hydrogen atmosphere for
      sintering uranium oxides. The present invention also has the advantage of
      controlling the partial pressure of oxygen in the furnace by controlling
      the relative proportions of carbon dioxide and hydrogen maintained in the
      furnace.
PAR  Another feature of this invention is the range of processing parameters
      enabling a person skilled in the art great flexibility in selecting the
      precise operating parameters depending on the properties desired for the
      sintered uranium oxide containing composition.
PAR  The sintering atmosphere disclosed in this invention is either comparable
      or cheaper in cost than gas atmospheres currently being utilized in
      commercial sintering of uranium oxide structures. The sintering atmosphere
      of this invention enables the use of lower furnace temperatures with lower
      operating costs for heating the furnace and gives a longer furnace life
      due to less corrosive conditions associated with fluoride containing
      atmospheres at lower furnace temperatures.
PAR  The teaching of this invention and the methods by which it is to be
      performed will become apparent from the following examples which are
      offered to be illustrative of the invention but are not to serve as a
      limitation of the teaching of this invention.
PAC  EXAMPLE 1
PAR  A batch of cylindrical structures of compacted uranium dioxide powder of
      about 0.5 inches in diameter and 0.6 inches in height is placed in an
      alumina boat and charged to a cold furnace. The furnace is heated to
      1100.degree.C in 2 hours and maintained at that temperature for 4 hours in
      an atmosphere of 10% by volume hydrogen with the balance being carbon
      dioxide. The same atmosphere is maintained throughout this heating cycle.
      The structures are then cooled in dry hydrogen to room temperature giving
      a structure having an average density of 95.0 percent of theoretical
      density and an oxygen to uranium ratio of 2.006. The initial fluoride ion
      content of the structures before sintering is 570 parts per million and
      the fluoride ion content of the sintered structures is 5 parts per
      million.
PAC  EXAMPLE 2
PAR  Another batch of cylindrical structures of compacted uranium dioxide powder
      (about 0.5 inches in diameter and 0.6 inches in height) is placed in an
      alumina boat and charged to a cold furnace. The furnace is heated to
      1100.degree.C in 2 hours and maintained at that temperature for 4 hours in
      an atmosphere of 5% by volume hydrogen and 95% by volume carbon dioxide.
      The sintered pellets are then cooled to room temperature in the same
      atmosphere giving a structure having an average density of 97.2 percent of
      theoretical density, a final oxygen to uranium ratio of 2.007, fluoride
      ion content of six parts per million, entrapped gas in the ceramic of 3.7
      microliters per gram and a grain size of about 1 micron. Before sintering,
      the fluoride ion content of the cylindrical structures was 134 parts per
      million and the oxygen to metal ratio was 2.085.
PAC  EXAMPLE 3
PAR  Another batch of cylindrical structures of compacted uranium dioxide powder
      (about 0.5 inches in diameter and 0.6 inches in height) having a fluoride
      ion content of 151 parts per million are placed in an alumina boat in a
      cold furnace. The furnace is heated to 1300.degree.C in 2 1/2 hours and
      maintained at that temperature for 4 hours in an atmosphere of 10%
      hydrogen by volume with the balance being carbon dioxide, this atmosphere
      being maintained throughout the heating cycle. The structures are then
      cooled in the same atmosphere to room temperature giving a structure
      having an average density of 95.7 percent of theoretical density, an
      oxygen to uranium ratio of 2.012 and a fluoride ion content of 2 parts per
      million.
PAC  EXAMPLE 4
PAR  A batch of uranium dioxide powder (fluoride ion content of about 80 parts
      per million) was mixed with an additive of three percent by weight
      gadolinium oxide and the powder was pressed into cylindrical pellets of
      about 0.5 inches in diameter and 0.6 inches in height. These pellets were
      sintered at 1425.degree.C for 4 hours at this temperature in an atmosphere
      of 20% hydrogen by volume with the balance of the atmosphere being carbon
      dioxide. This atmosphere was maintained throughout the heating cycle and
      during cooling to room temperature. The sintered structure has an average
      density of 95% of theoretical density and a fluoride content of 5 parts
      per million.
PAR  It is to be understood that, although the invention has been described with
      specific reference to particular embodiments thereof, it is not to be so
      limited, since changes and alterations therein may be made which are
      within the full intended scope of this invention as defined by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An enclosed heated sintering furnace for controlling the partial
      pressure of oxygen in the furnace and for removing impurities from
      structures of uranium oxide containing compositions being sintered in the
      furnace, the furnace having means for introducing an atmosphere comprising
      a mixture of hydrogen and carbon dioxide as initially introduced to the
      furnace and the furnace having means for passing the structures
      countercurrently to the atmosphere.
NUM  2.
PAR  2. An enclosed heated sintering furnace according to claim 1 in which there
      is from about 0.5 to about 90 percent hydrogen by volume and the balance
      is carbon dioxide.
NUM  3.
PAR  3. An enclosed heated sintering furnace according to claim 1 in which there
      is from about 2 to about 20 percent hydrogen by volume and the balance is
      carbon dioxide.
NUM  4.
PAR  4. An enclosed heated sintering furnace according to claim 1 in which the
      atmosphere has in addition a carrier gas.
NUM  5.
PAR  5. An enclosed heated sintering furnace according to claim 1 in which the
      carrier gas is nitrogen.
NUM  6.
PAR  6. An enclosed heated sintering furnace according to claim 1 in which the
      carrier gas is argon.
NUM  7.
PAR  7. An enclosed heated sintering furnace according to claim 1 in which the
      hydrogen in the atmosphere is from dissociated ammonia and the atmosphere
      has a carrier gas of nitrogen.
NUM  8.
PAR  8. An enclosed heated sintering furnace according to claim 1 in which the
      interior of the furnace is maintained at a temperature in the range of
      about 900.degree. to about 1,500.degree.C.
NUM  9.
PAR  9. An enclosed heated sintering furnace according to claim 1 in which the
      furnace has therein structures comprised of uranium oxide with fluoride
      impurities.
NUM  10.
PAR  10. An enclosed heated sintering furnace according to claim 1 in which the
      furnace has therein structures comprised of uranium dioxide with fluoride
      impurities.
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PAL  An oven for heating tubular parisons to a target or orientation
      temperature. A first plenum on one side of the oven and a second plenum on
      the opposite side of the oven, both exhaust to a common chamber disposed
      therebetween. The parisons are heated by a high velocity fluid above the
      target temperature in the zone defined by the first plenum and the chamber
      and the parisons are tempered by a lower velocity fluid at the target
      temperature in the zone defined by the second plenum and the chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to blow molding of oriented hollow articles of
      thermoplastic material and more specifically to an oven for heating the
      parisons to a predetermined target or orientation temperature.
PAR  In recent years, there has developed techniques whereby blow molded
      articles can be produced having biaxial orientation, which articles have
      exceptional strength and highly desirable physical properties such as
      clarity. This technique involves forming of parison, cooling it to well
      below its melting point, and thereafter heating it to orientation
      temperature. The orientation temperature is just below the crystalline
      melt point in the case of crystalline materials and 40.degree. to
      225.degree. F. below the homogeneous melt point for amorphous materials.
      Such techniques are disclosed in U.S. Pat. Nos. 3,288,317 and 3,390,426.
PAR  Ovens for heating such parisons can be found in U.S. Pat. Nos. 3,752,641
      and 3,740,868, both of which are assigned to the present assignee. In
      ovens of this type, parisons are disposed on pin structures carried by a
      movable chain through the oven. Parisons were carried along a plurality of
      generally parallel paths in an upright position and hot air was forced
      from the bottom of the oven and exhausted through the top. An improvement
      was made in this type of oven in U.S. Pat. No. 3,801,623 and assigned to
      the present assignee in which an oven of this same general construction
      was utilized whereby the heated air was blown across the oven from one
      side to another for more effective heating. Two specific problems
      occurred: (a) it took considerable time to heat certain materials, such as
      polypropylene, and (b) there was a tendency for the outer parison wall in
      an axial direction to be hotter than the corresponding inner parison wall
      in an axial direction resulting in the formation of a nonuniform
      container.
PAR  What is desired then is a parison oven which can reduce the time needed for
      heating parisons and thereby increase production thereof, and an oven for
      more uniformly heating the parisons so that the peripheral walls of the
      parisons have a temperature approximately equal to corresponding portions
      on the interior walls of the parisons.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, an oven is provided for heating tubular
      thermoplastic parisons up to a target temperature approximately equal to
      its orientation temperature. The oven includes transporting means for
      carrying the parison through the oven. Furthermore, on one wall of the
      oven is means defining a first plenum chamber for supplying a first
      heating fluid in a cross flow direction. On the opposite side of the oven
      is means defining a second plenum chamber for supplying a second heating
      fluid in a cross flow direction opposed to said first heating means.
      Disposed between the first and second plenum is an exhaust chamber. The
      exhaust chamber and the first plenum define a first heating zone and the
      exhaust chamber and the second plenum define a second heating zone.
PAR  In the first zone, parisons are quickly heated by a heating fluid supplied
      at high velocity and at a temperature higheer than the target temperature.
      In the second zone, the parisons are tempered by a lower velocity heating
      fluid supplied to said second zone at a temperature approximately equal to
      the target temperature. Therefore, in the first zone the parisons are
      quickly heated and in the second zone, the parisons are tempered to enable
      equalization between the temperatures of the periphery of the parison and
      those correspondingly on the inside of the parison.
PAR  What is disclosed then is an oven which substantially decreases the heating
      time required for the parisons, and furthermore, provides more uniformly
      heated parisons for the subsequent blow molding operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a plan view of the blow molding
      machine utilizing the oven formed in accordance with the principles of the
      present invention; and
PAR  FIG. 2 is a view taken along lines II--II in FIG. 1 and on an enlarged
      scale.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, there is generally shown an oven 10. The oven 10
      is supported on a base structure 11. The oven 10 is generally comprised of
      an outer wall member 13 and an inner wall member 15. Disposed therebetween
      is a suitable insulating wall member 16.
PAR  A first plenum 18 is disposed on a first wall 17 of the oven 10. The plenum
      18 has a wall member 19 facing the interior of the oven which includes a
      solid bottom portion 20, a solid top insulated portion 21 and a perforated
      plate middle portion 22. The perforated plate 22 is fastened to the bottom
      and top portions 20 and 21 by any suitable means, not shown. An inlet
      opening 24 is disposed in the bottom wall of the plenum 18.
PAR  On a second wall 26 of the oven 10, there is disposed a second plenum 28. A
      wall 29 of the plenum 28 facing the oven includes a solid bottom portion
      30, a solid top portion 31, and a middle portion comprising a perforated
      plate member 32. The perforated plate 32 is securely fastened to the
      bottom and top portions 30 and 31, respectively, by any suitable means,
      not shown. In the bottom wall partially defining the second plenum 28, is
      a suitable inlet opening 34.
PAR  An exhaust chamber 36 is disposed between the first plenum 18 and the
      second plenum 28. The exhaust chamber 36 includes a wall 39 extending
      between the top and bottom of the oven 10. The wall 39 includes a bottom
      portion 40, a top portion 41, and an intermediate portion comprising a
      perforated plate 42, fastened thereto. The wall 39 of the exhaust chamber
      36 and the wall 19 of the plenum 18 define a first heating zone 44.
      Another wall 46, which defines another portion of the exhaust chamber 36,
      includes a bottom portion 47, a top portion 48, and an intermediate
      portion 49, which includes a perforated plate. The perforated plate 49 is
      firmly secured to the bottom and top portions 47 and 48, by any suitable
      means, not shown. On the bottom of the exhaust chamber 36 is disposed an
      outlet opening 51, which is disposed in the bottom wall thereof. The wall
      46 of the exhaust chamber 36 and the wall 29 of the second plenum define a
      second heating zone 53.
PAR  The parison transporting means includes a chain 55 which defines six passes
      through the first heating zone 44 and two passes through the second
      heating zone 53. A driving roll 57, disposed outside of the oven 10,
      drives the chain 55 around idler rolls 58 through 67 in substantially back
      and forth parallel passes.
PAR  As best seen in FIG. 2, the chain 55 is enclosed within support structures
      69 which are fastened to the bottom of the oven 10. On the upper portion
      of support structure 69, is a friction member 70 disposed on alternate
      sides of the support structures 69 depending on the numbered pass. Conical
      shaped pin members 73 are carried by the chain 55 at spaced intervals and
      rotatable star wheels are secured thereto. As the chain 55 is driven by
      the roll 57, the star wheels 72 engage the friction members 70 to rotate
      the star wheels, pin members 73, and any parisons disposed thereon (shown
      in phantom).
PAR  Electrical resistance strip heaters 75 are disposed between the last two
      chain passes in the first heating zone 44. Strip heaters 76 are disposed
      between the two passes in the second heating zone 53. After the last pass,
      in the second heating zone 53, the chain continues to the picking station
      78 and goes between strip heaters 79, which are generally used for oval
      shaped bottles.
PAR  Two or more parisons can be picked at the picking station 78 by a picker
      arm (not shown) and carried to the mold station 81. At the mold station
      81, there is shown two oval shaped cavities 82 and 83 for blowing the
      tubular shaped parison into an oval container, although any suitable
      shaped container can be formed.
PAR  The chain 55 continues around idler roll 67 and leaves the oven 10. Any
      parisons left on the star wheels 72 and pins 73 are removed at the missed
      parison removal station 84. The chain then continues to driving roll 57
      where parisons are fed onto the star wheels and pin members at loading
      station 86 by means, not shown.
PAR  Heated air is circulated by centrifugal blower 88 through heater 89 to the
      inlet opening 24 of first plenum 18 where the heated air is forced through
      the perforated plate 22 of the wall 19. The air is forced across the first
      heating zone 44 and is removed through the perforated plate 42 of the wall
      member 39 partially defining the exhaust chamber 36. Air is also known
      through centrifugal blower 91, and heater 92 to the inlet opening 34 of
      second plenum 28. The air is forced through the perforated plate 32 of the
      wall 29 and flows across the second heating zone 53. The air exits through
      the perforated plate 49 of the wall 46 partially defining the exhaust
      chamber 36. The air is then exhausted through the outlet opening 51 of the
      exhaust chamber 36 and is recirculated to both centrifugal blowers 88 and
      91. Any necessary makeup air if fed in through line 94.
PAR  As previously indicated, the main problems experienced in the previous
      ovens were the length of time required to heat parisons, and nonuniformity
      in the heating of the parisons. It has been unexpectedly discovered that
      by dividing the oven into two heating zones, the velocity and temperature
      of the heating fluid in a first zone can be increased substantially above
      prior velocity and temperature of the heating fluid. Furthermore, by
      increasing the velocity, there will be a corresponding decrease in the
      scale of stray air or eddy currents which enables a more uniform heating
      of the parisons. Another effect of increased velocity is less heat loss
      (per lb. of air flowing through the oven) due to heat exchange with the
      oven walls. There is also a reduction in any natural convection air
      currents and consequently, a more uniform and constant air temperature
      throughout the heating chamber. Finally, by adding a second zone or
      tempering zone, a more uniform and equally heated parison can result. This
      unexpectedly substantially reduces cycle time and also forms a much more
      uniform, clearer, and stronger container.
PAR  It is desirable to reheat parisons just below the crystalline melt point in
      the case of crystalline materials and between 40.degree. to 225.degree. F.
      between the homogeneous melt point for amorphous materials. This is
      commonly called the orientation temperature. The final temperature the
      parisons are heated to is in this instance slightly higher than the
      orientation temperature since there will be some small temperature loss in
      moving the parisons from the picking station 78 to the mold 81. In the
      prior art ovens, it was common to have the heated air blown through the
      heating zone at approximately 800 cubic feet per minute. Because of the
      large volume of the single zone, plus the relatively poor air flow, there
      was substantially stray eddy currents and nonuniform temperatures in the
      oven. Temperature variations at the same point in the oven were as high as
      20.degree. F. The outer walls of the parisons were subjected to localized
      hot spots and the inner walls of the parisons, because of low thermal
      conductivity, had substantial temperature variations at an axial point
      versus the corresponding radial points on the outer walls.
PAR  According to the principles of this invention, the oven was divided into
      the two zones 44 and 53. High velocity and a higher temperature heating
      fluid is introduced in the first zone and high velocity fluid at the
      target temperature equalizes or tempers the parisons in the second zone.
      An increase of the velocity of the heating fluid in zone 44 greatly
      minimizes the eddy currents, thereby forming an atmosphere of
      substantially more uniform temperature. For example, in zone 44 the
      velocity of the heating fluid was increased from about 800 cubic feet per
      minute to about 3,000 cubic feet per minute.
PAR  However, there is a theoretical upper limit to the increase in velocity of
      the heating fluid as well as a practical cost limitation. The parisons are
      supported on one end by the star wheel 72 and conical member 73. This in
      effect is a cantilevered structure. By increasing the velocity of the
      fluid, there is a greater deflection on the free end or unsupported end of
      the parison. If there is sufficient deflection at the free end of the
      parison, the parison picking arm at the picking station 78 will not
      effectively pick the parison, and when a deflected parison is deposited in
      the mold 81, a defective container is formed. The amount of deflection
      which is acceptable varies depending on the material used, the diameter
      and thickness of the parison, and the height of the parison. The oven is
      designed so that the velocity of the heating fluid forced from the first
      plenum 18 into the first zone 44 is just below the velocity causing
      sufficient deflection to the parison so that an unsatisfactory container
      is formed, this upper limit hereinafter being defined as the "distortion
      velocity." The concept of distortion velocity is also applicable to, for
      example, a parison supported at both ends whereby the deflection occurs in
      the middle of the parison.
PAR  Another theoretical upper limit to air velocity is the "tipping" velocity
      or velocity which the parison would tip over before actual distortion
      occurred. Therefore, either the distortion velocity or the tip over
      velocity is the theoretical upper limit, depending on the type of material
      and the size of the parison used.
PAR  By increasing the velocity of the heating fluid to a velocity less than,
      but approaching the distortion velocity or tipping velocity, there is a
      substantial reduction in scale of eddy currents, and a marked reduction of
      temperature variation. The heating rate is also increased and there is a
      corresponding reduction in cycle time. A more uniform temperature in the
      oven heats the parison more uniformly resulting in an improved blow molded
      container.
PAR  It has also been found that by increasing the velocity of the heating fluid
      at the same temperature, there is even a greater temperature variation
      between the inner and outer walls of the parisons. The temperature in the
      second zone is maintained at the target temperature and the heating fluid
      is supplied at a rate to minimize air currents and effect proper heat
      transfer from the outer surface to the inner surface of the parison to
      obtain a temperature leveling.
PAR  It has also been discovered that the heat transfer effectiveness can be
      increased by supplying heating fluid of a higher temperature than was
      previously supplied to the first zone 44. The parisons will be heated to
      just below the distortion temperature, i.e., that temperature which if the
      material is heated to, will cause sufficient damage to at least a portion
      of the parison surface so that an unsatisfactory container is formed. The
      upper limit of the distortion temperature will be just below the
      crystalline melting point for crystalline materials and just below the
      homogeneous melt point for amorphous materials. The lower level for this
      temperature will be just above its target temperature.
PAR  As the parisons are heated in the first zone by the high velocity, high
      temperature heating fluid, nonuniform localized hot spots on the outer
      periphery of the parisons result. Portions of the outer walls are above
      the target temperature and the inner walls of the parisons are below the
      target temperature. The parisons are then conveyed to the second zone 53
      which is maintained by heated fluid from the second plenum at the target
      temperature. The heating fluid blowing across the parisons at the target
      temperature provides a tempering zone so that equalization of temperatures
      or a temperature leveling between the inner and outer walls can be
      achieved, i.e., hot areas on the outer walls, cool and the cool inner
      walls increase in temperature, both walls approaching the target
      temperature.
PAR  Additional heating means may be used, such as the strip heaters 75 and 76
      to program the parisons for forming certain shaped containers. In the
      fifth and sixth passes, certain portions of the parisons in an axial
      direction can be additionally heated by means of strip heater 75. This
      localized heating in an axial direction is continued in the seventh and
      eighth passes in the second zone 53 by means of strip heater 76. The
      tempering zone in the second chamber 53 also tends to equalize the
      temperature of the parisons even when programmed, i.e., the temperature at
      a given height in an axial direction will tend to be hotter on both the
      internal wall and the exterior wall depending on the placement of the
      programmed heater. Finally, heaters 79 can be utilized to heat parisons on
      each side which can be specifically utilized for oval shaped bottles. The
      parisons going through the area defined by the heater 79 do not rotate in
      contrast to the continuing rotation of the parison through the first and
      second zones 44 and 53, respectively.
PAC  EXAMPLE 1:
PAR  In a previous machine, parisons made of polypropylene were utilized having
      a 6 inch axial length, 1.3 inch outside diameter, and a 0.175 inch wall
      thickness. The oven temperature was approximately 326.degree. F. and the
      air volume going through the oven was 800 cfm. The resultant bottle, with
      five oven passes, took 34.5 minutes to heat, and provided six to seven
      parisons per minute to the blow molding station.
PAC  EXAMPLE 2:
PAR  An oven formed in accordance with the principles of the present invention
      and utilizing polypropylene parisons of substantially the same dimensions
      and characteristics as those given in Example 1, have the following
      parameters. In the first heating zone, the air was provided at 3,000 cfm
      at 350.degree. F. The heating air was 326.degree. in the tempering zone at
      a flow rate of 1,000 cfm. There were six passes in the primary zone and
      two passes in the tempering zone. Eighteen parisons per minute were
      provided to the blow molding station. Besides having a one-third decrease
      in heating time, and an increase in the amount of parisons provided per
      minute, the resulting molded containers showed a marked increase in
      homogeneity, clarity, and material distribution because of the increased
      accuracy and uniformity in heating.
PAR  The above examples are given for the purpose of showing the magnitude of
      improvement between the prior art oven vs. the improved oven, but of
      course the flow rates, temperatures, time cycles, etc., will substantially
      change depending upon the type of material, wall thickness, and size of
      parisons used.
PAR  In summary then, it can be seen that the parison oven disclosed has divided
      the functions between quickly heating the parisons and uniformly heating
      the parisons. In the first zone, the parisons are heated at a temperature
      above the target temperature, but below the melting point of the parisons.
      The air velocity in the first zone is slightly below the distortion
      velocity. The higher velocity fluid also tends to miminize eddy currents
      and flow distribution, therefore also providing more uniformly heated
      parisons. The parisons are transferred to the second zone whereby a lower
      temperature fluid substantially equal to the target temperature, is
      provided to equalize the wall temperatures between the inner and outer
      walls of the parisons.  The resulting oven heats the parisons to the
      target temperature more quickly and more uniformly than presently
      possible.
PAR  While only one embodiment has been shown, it will be obvious to those
      skilled in the art that various modifications can be made without
      departing from the scope and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oven for heating tubular thermoplastic parisons to a target
      temperature including:
PA1  means for transporting said parisons through the oven;
PA1  means for defining a first plenum in said oven;
PA1  means defining a second plenum in said oven;
PA1  said first plenum being disposed on one wall of the oven and said second
      plenum being disposed on a second wall of the oven, said second wall being
      opposite said first wall;
PA1  means defining an exhaust chamber disposed between said plenums;
PA1  said first plenum and said chamber defining a first heating zone;
PA1  means for supplying heating fluid to said first zone from said first plenum
      for fast heating of said parisons;
PA1  said second plenum and said chamber defining a second heating zone;
PA1  means for supplying heating fluid to said second zone from said second
      plenum for tempering said parisons and substantially equalizing the
      temperature of the parisons.
NUM  2.
PAR  2. The oven recited in claim 1 and including means to supply heating fluid
      to said first zone at a temperature above the target temperature of said
      parisons, and means to maintain said heating fluid in said first zone at a
      temperature above the target temperature of said parisons.
NUM  3.
PAR  3. The oven recited in claim 1 including means to supply said heating fluid
      to said second zone at a temperature approximately equal to the target
      temperature of the parisons.
NUM  4.
PAR  4. The oven recited in claim 1 and including means to maintain the heating
      fluid supplied to the chamber at a velocity slightly below the distortion
      velocity of the parisons.
NUM  5.
PAR  5. The oven recited in claim 1 and including means to provide the heating
      fluid to the chamber at a velocity slightly below either the tipping
      velocity or the distortion velocity of the parisons, whichever velocity
      being lower in magnitude.
NUM  6.
PAR  6. An oven for heating hollow thermoplastic parisons having inner and outer
      walls to a target temperature including:
PA1  means defining a first plenum in said oven, said first plenum cooperating
      with said oven to define a first heating zone;
PA1  means supplying heating fluid at a temperature above the target temperature
      from said first plenum in said oven to said first heating zone for heating
      at least a portion of said parisons to a temperature above said target
      temperature in said first zone;
PA1  means defining a second plenum in said oven, said second plenum cooperating
      with said oven to define a second heating zone;
PA1  means supplying heating fluid at the target temperature from said second
      plenum in said oven to said second heating zone, for tempering said
      parisons.
NUM  7.
PAR  7. The oven recited in claim 6 and further including means to maintain the
      temperature above the target temperature and below the melting point of
      the parisons.
NUM  8.
PAR  8. The structure recited in claim 6 and further including means to
      transport parisons from said first to said second zone.
NUM  9.
PAR  9. An oven for heating hollow thermoplastic parisons to a target
      temperature including:
PA1  means to heat fluid to at least said target temperature of the parisons;
PA1  means defining a first plenum, said first plenum cooperating with said oven
      to define a first heating zone;
PA1  means defining a second plenum in said oven, said plenum cooperating with
      the oven to define a second heating zone;
PA1  means to supply said heating fluid from said first plenum to said first
      zone at a velocity slightly below the distortion velocity of the parisons.
NUM  10.
PAR  10. The oven recited in claim 9 wherein means are provided to supply the
      heating fluid at a temperature slightly below the melting temperature of
      the heated parisons and means to supply heating fluid thereafter to the
      parisons at the target temperature to equalize the temperature of the
      parisons.
NUM  11.
PAR  11. The oven recited in claim 9 and further including means
PA1  to supply heating fluid at a temperature slightly below the melting
      temperature of the parisons to said first heating zone; and
PA1  means to supply heating fluid at the target temperature to said second
      heating zone.
NUM  12.
PAR  12. The oven recited in claim 9 and including means to supply fluid to the
      second heating zone at a velocity which is below the velocity being
      supplied to the fluid in the first heating zone.
NUM  13.
PAR  13. The oven recited in claim 9 and further including additional heating
      means to program the parisons.
NUM  14.
PAR  14. The oven recited in claim 9 wherein means are provided to maintain the
      velocity of the heating fluid below the tipping velocity of the parisons.
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ABST
PAL  A device for preheating gases of waste lines, particularly for the
      catalytic purification of exhaust gases comprises a conduit for the
      passage of the waste gases which is provided with a widened portion
      defining an annular flow passage around a portion of the conduit for
      preheated gases with a through flow for the heated gases and the waste
      gases out the opposite end of the conduit. The preheated gases are
      generated in a tubular burner which is tangentially connected into the
      waste gas conduit at the location of the widened section thereof. The
      burner includes means for feeding air and fuel into the end of the tubular
      burner and igniting them in a combustion chamber thereof for flow into a
      partially annular space around a portion of the waste gas conduit through
      an intermediate convergent section into the flow path of the gases through
      the conduit.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates in general to the construction of waste gas heating
      devices and, in particular, to a new and useful device particularly for
      heating exhaust gases of internal combustion engines for the catalytic
      purification thereof which includes a conduit for the passage of the
      exhaust gases having a tubular burner affixed thereto which generates high
      temperature gases which are passed into the conduit into association with
      the exhaust gases for flow through the connecting conduit.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The present invention has particular application for the catalytic
      purification of exhaust gases. Another field of application is the
      preheating of combustion air in the suction pipe of diesel engines. In
      both fields, improved combustion, and thereby reduction of the toxic
      content of the exhaust gases, is of primary concern. Experience has shown
      that the invention may be successfully applied in any stationary device in
      which combustion takes place, for example in garbage incinerators, petrol
      chemical plants, or even in household heating installations where a
      catalytic purification of the flue gases may also be provided at least for
      the purpose of reducing the toxic content of the exhaust gases.
PAR  It has been known for some time to use catalysts for the detoxication of
      waste gases. It is also known that a catalyst requires a certain working
      temperature range for successful operation, and this is preferably in the
      range of from 400 to 600.degree.C. Only after such a temperature has been
      reached can the detoxication set in.
PAR  It is also known that just at the start of a combustion process, an
      exceptionally strong emission of toxic materials takes place. In the known
      devices for catalytic purification, those particularly unfavorable
      conditions are known to take approximately 60 sec., that is, during this
      time not only no detoxication takes place, but also a considerable volume
      of toxic substances is blown off. The so-called California test for
      automobiles requires that the waste gases be cleaned at the very beginning
      of the starting operation because of this.
PAR  In order to reduce the response time of the catalyzer, it is known to
      locate the catalyzer as close as possible to the engine. Such a location
      has the advantage of an early response of the catalyst whose temperature
      is rapidly increased in most cases by the hot exhaust gases. However,
      there is a considerable drawback in that in the course of the subsequent
      operation, the temperature of the hot exhaust gases will rise to about
      1000.degree.C and the catalyst will be "burnt down", that is, it will
      become completely ineffective. The life of the catalyzers in such
      arrangements is so short that their mounting, for example, in motor
      vehicles cannot be recommended.
PAR  It has also been proposed to associate the catalyzer with an additional
      combustion chamber and to bring it directly to the working temperature. In
      such cases again, however, the burning down of the catalysts cannot be
      prevented. In order to further improve the catalytic oxidation of the
      toxic substances contained in the waste gases, it is also known to supply
      secondary air to the catalyzer. To this end, a "Saginaw" pump is used,
      which is driven off the engine through a V-belt transmission.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, there is provided an arrangement in which
      the air or the waste gas which is usually and preferably supplied to a
      catalyzer, is heated up quickly and independently of the engine power
      output. This makes it possible to mount the catalyzer at the most suitable
      location where it is protected against overheating or burning by the hot
      exhaust gases of the engine but where it still becomes fully effective,
      that is, able to perform an efficient detoxication rapidly, that is
      approximately from 1 to 2 seconds after the start of the engine.
PAR  In view of the fact that the air purifying operation requires that the
      catalyzer be supplied with fresh air and heat, the invention provides a
      separate burner which is connected to the conduit for the exhaust gases
      which is supplied with fuel and air to generate gaseous products of
      combustion which are directed into heating association with the waste
      gases and subsequent combined flow therewith. The invention provides a
      connection to the conduit for the waste gases by a tubular burner such
      that the flow of the gases generated by the burner is through an annular
      passage and then radially inwardly into the central flow stream for the
      exhaust gases in the conduit. The burner is designed as a precombustion
      chamber having a tangential excess air inlet which is intermittently
      intermixed with the fuel directed through the end of the tubular burner
      and ignited in a combustion chamber which connects directly to an annular
      space surrounding the exhaust conduit. The combustion gases which are
      generated in the burner flow initially around a portion of the exhaust
      conduit and then join the gas flow in an exit portion of the connecting
      conduit for the exhaust gases.
PAR  It has been proved that with the inventive device, the catalyst can be
      brought to its working temperature almost instantly after the starting of
      the engine. In normal cases, a simultaneous ignition in the engine and in
      the combustion chamber of the burner will take place. After some 1 or 2
      seconds, the burner is up to its operating temperature and the gaseous
      products of combustion heat the exhaust gases to a temperature suitable
      for reaction with the catalyst. This process is assisted by the rapidly
      heated secondary air which is supplied into the combustion chamber by the
      "Saginaw" pump or by a small compressore. In the normal case, the
      detoxicated gases which are present are expelled during the first 1 or 2
      seconds. When even this is not acceptable, the inventive device may be
      operated as follows:
PAR  A known time-delay element is mounted between the ignition of the engine
      and the ignition of the inventive device. This element has the effect that
      the inventive device is ignited instantly while the engine is ignited with
      delay, for example, one or two seconds later. During this delay time, the
      Saginaw pump must be driven by the battery of the automobile or, as is
      usual with diesel engines, by a vehicle-borne compressed air supply.
      Thereby, the waste gas is heated up without delay and the catalyst becomes
      effective instantly.
PAR  In accordance with a development of the invention, a partition baffle
      extending over an annular sector of from 60.degree. to 120.degree. is
      provided between the end of the tubular burner and the connecting conduit
      for the waste gases which extends centrally within the baffling. The
      baffle is arranged parallel to the front wall of the combustion chamber of
      the burner and serves to improve the combustion process in the combustion
      chamber by stabilizing the flame. The baffle also prevents the flame from
      being drawn in the direction of the exhaust conduit. The strong whirling
      motion in the precombustion chamber is produced in a long time with a most
      favorable turbulence of the fuel air mixture so that the combustion flame
      is rotated also.
PAR  A connection socket for igniting the gases in the burner is provided on the
      end of the tubular burner at a location overlying a mixing chamber neck
      portion. The ignition of the inflammable mixture is brought about by
      introducing combustion air and fuel into the combustion chamber,
      preferably in a whirling motion, and preferably so as to atomize the fuel
      which is ignited by an igniter element. An attachment is advantageously
      provided before the mixing nozzle in the form of a valve with connections
      for fuel and combustion air, and another mixing passage of a smaller
      diameter is provided between the nozzle and the mixer neck. Thus, the fuel
      and the necessary combustion air can be supplied in a particularly
      favorable manner, the fuel air mixture being produced in the mixing nozzle
      and, in accordance with the invention, made still more homogeneous in the
      follwing mixing passage.
PAR  Also, in accordance with the invention, the attachment for the burner,
      which comprises a mixing nozzle, and separate fuel and combustion air
      connections also is provided with an additional mixing passage with a
      connection for a control line. For example, a thermostat may be provided,
      and the ignition may be cut off as soon as the necessary temperature is
      reached. Another advantageous feature of the invention is that the
      combustion chamber includes a cylindrical portion and an adjacent conical
      portion which narrows in the direction of the waste gas flow. A conduit
      for the heated waste gas which passes to the catalyzer is axially aligned
      with, and spaced from, the waste gas supply conduit portion. A
      particularly strong heating effect is thereby obtained. That is, the
      heated waste gas is supplied to the catalyzer together with the hot
      combustion gas and air coming from the burner.
PAR  Experience has shown that aside from the application of the device to a
      catalytic purification of waste gases, the inventive device may also be
      used with considerable advantage in a suction conduit of diesel engines
      for preheating the combustion air.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its uses, reference
      should be had to the accompanying drawings and descriptive matter in which
      there is illustrated a preferred embodiment of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a longitudinal sectional view of a waste gas connecting conduit
      constructed in accordance with the invention;
PAR  FIG. 2 is a top plan view of the device shown in FIG. 1;
PAR  FIG. 3 is an end elevational view of the device shown in FIG. 1; and
PAR  FIG. 4 is an enlarged partial longitudinal view of the mixing nozzle
      portion of the burner shown in FIG. 3.
DETD
PAC  GENERAL DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawings in particular, the invention embodied therein,
      comprises a device for preheating waste gases, particularly for treating
      exhaust gases, which are delivered through an exhaust conduit 50
      particularly of an internal combustion engine of an automobile. The device
      comprises a connecting conduit assembly, generally designated 52, which is
      located between exhaust conduit 50 and a connection 54 leading to a
      catalytic material chamber.
PAR  In accordance with the invention, the connection assembly 52 comprises a
      connection conduit made up of an entrance conduit portion 2, a transition
      conduit portion 54 and a discharge conduit portion 6. The entrance conduit
      portion 2 is aligned with the discharge conduit portion 6, and the
      transition conduit portion 54 includes an enlarged intermediate
      cylindrical portion 8 which surrounds conduit portion 2 and is closed at
      its rear end by an annular wall 8a. In addition, enlarged conduit portion
      8 is connected through a transition 15 having converging walls to the
      continuation conduit portion 6.
PAR  In accordance with a feature of the invention, a combustion gas generator
      or burner, generally designated 58, includes a tubular combustion chamber
      or mixer neck 3 defining a precombustion chamber 60 which communicates
      into the enlarged portion 8 and to an interior annular passage 1 defined
      around the periphery of the inlet conduit portion 2. A partition baffle 7
      is connected between the end of the gas conduit located inside the
      enlarged portion 8 and the outer periphery of the enlarged portion 8 and
      it advantageously extends through a portional annular range, for example
      approximately 80.degree., and it is perpendicular to the axis of flow
      through conduit 2. Baffle 7 ensures that the flame of the combustion gases
      generated in the burner 58 is first directed around conduit 2 and not
      drawn out through the exit to the conduit portion 6.
PAR  The treated exhaust gases pass through conduit 2 and join with the high
      temperature combustion gases in transition portion 56 and flow into
      conduit 6 for further flow into a catalyzer connected to conduit 54. The
      catalyzer is located in the most suited place in the engine exhaust gas
      system. Due to the high temperatures which are produced by the combustion
      gases in the annular chamber 1, the end portion of the exhaust gas conduit
      portion 2 becomes red hot so that the exhaust gases flowing through this
      conduit are heated up to some hundred degrees centigrade.
PAR  As shown in particular in FIGS. 2 and 3, the tubular burner 3 forms a mixer
      neck acting as a precombustion chamber and it is tangentially connected
      into the enlarged cylindrical portion 8 of device 52. In addition, an
      excess air conduit 4 is connected tangentially into combustion chamber 60
      so that the fuel components and the gaseous products of combustion which
      are generated are given a whirling motion as they pass through tubular
      burner 3. Because of the tangential radial feeding of the secondary air, a
      cooling screen is produced along the walls of the precombustion chamber 3
      so that they are kept at a relatively low temperature and no detrimental
      radiation takes place. In addition, this whirling motion results in a
      delay time for the supplied fuel and combustion air so that a very
      convenient turbulence of the mixture is obtained and excellent combustion
      ensues. The secondary air may be fed in either by a small compressor or
      supplied from a vehicle-borne compressed air system. A connection socket 9
      for an ignition device, such as a spark plug, is provided at the outer end
      of burner 58. An attachment 12 for supplying combustion components extends
      axially outwardly from the outer end of burner 58 and it comprises a
      mixing nozzle 5. Combustion air connections 14 connects to an axial flow
      passage 61 and a control conduit 10 is provided with a thermostat 62
      communicating with passage 61 in order to provide means for regulating the
      starting and stopping of the device. The separate conduit 11 connects into
      a radial passage 64 which is in communication with central passage 61.
PAR  A rich fuel air mixture of high ignition quality is produced by atomization
      of the fuel in the air jet in nozzle 5, and this mixture is ignited by an
      ignition means mounted on connection socket 9 of mixer wall 3. Mixing
      nozzle 5 includes a sleeve 17, as shown in FIG. 4, which is arranged
      radially inwardly of an outer sleeve 16 so as to define a passage 70
      therebetween for the fuel supply. An atomizing ring 18 is mounted at the
      discharge end of the sleeve 17 in spaced relationship therewith and serves
      for atomizing the fuel supply. The inflammable mixture produced in the
      zone of atomizing ring 18 mixes further in an additional mixing passage
      13, and passes into mixer combustion chamber 60.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for the rapid and independent preheating of admixing air,
      preferably secondary air for a catalytic exhaust gas treatment device in
      internal combustion engines, comprising an exhaust gas conduit having
      separated and aligned entrance and discharge portions for the flow of
      exhaust gases therethrough, means defining an annular chamber around said
      entrance portion adajcent the end thereof closest to said discharge
      portion and having an inwardly tapered transition connected to said
      discharge portion and enclosing the separation between said entrance and
      discharge portions, a burner having tubular discharge connected into said
      annular chamber, said annular chamber having an opening at the discharge
      end thereof adjacent said transition covering a sector of 60.degree. to
      120.degree., combustion means for generating combustion gases in said
      burner housing and delivering the combustion gases through said tubular
      discharge for partial annular flow around said annular chamber and exit
      through the opening of said annular chamber to said discharge, the opening
      being substantially diametrically opposite said entrance connection
      whereby the gases are whirled around the annular chamber before they are
      directed outwardly therefrom and into the transition and they are whirled
      in a whirling motion for admixing with the exhaust gases for combined flow
      of the combustion gases and exhaust gases through said discharge.
NUM  2.
PAR  2. A device according to claim 1, including a conduit for secondary air,
      connected into said burner tubular discharge.
NUM  3.
PAR  3. A device for preheating gases, according to claim 1, wherein said
      tubular burner has a connection socket for ignition means on a side wall
      thereof, and having an end wall with a connection for fuel and combustion
      air.
NUM  4.
PAR  4. A device for preheating gases, according to claim 1, wherein said
      combustion means for includes a separate connection for an igniter and an
      end fitting for fuel and combustion air having a mixing nozzle portion
      with a central passage for mixed fuel and air and a further mixing passage
      located downstream of said mixing passage.
NUM  5.
PAR  5. A device for preheating gases, according to claim 4, including a further
      connection for control means on said burner.
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ABST
PAL  A process and apparatus for shrinking plastic film over grouped articles.
      The apparatus includes a frame having a base and upstanding support
      members. A heater assembly is movably attached to the upstanding support
      members and is adapted to be passed over a group of products surrounded by
      a biaxially or preferentially oriented plastic film capable of being heat
      shrunk. The heater assembly carries one or more flameless, fuel gas
      powered, infrared heating units.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for shrinking plastic film
      around an article or a group of articles.
PAR  2. Description of the Prior Art
PAR  The use of biaxially or preferentially oriented plastic film capable of
      being heat shrunk has found wide application in packaging articles and
      groups of articles. Many apparatuses and processes are currently in use in
      the marketplace for wrapping articles in both uniaxially oriented and
      biaxially oriented plastic film. These apparatuses use film in the form of
      endless sheets which are cut into panels and wrapped around articles or
      groups of articles and also utilize performed bags which are placed over
      groups of articles. One area which has experienced exceptionally fast
      growth in the last few years is the area of pallet packaging using
      preformed heat shrinkable bags or sheets of plastic to surround the
      articles carried on a conventional pallet which can be handled by a
      forklift truck. At present there are generally two systems utilized for
      shrink wrapping palleted articles in shrink film. One system utilizes a
      heat tunnel wherein the palleted articles are encased either in a
      preformed plastic bag or are wrapped with sheets of oriented plastic and
      then passed through a heat tunnel where the temperature is rapidly raised
      to cause the plastic film surrounding the pallet to shrink tightly to the
      articles on the pallet and the base of the pallet itself. The second form
      of apparatus used is where the pallet is placed on a base, or either set
      on the floor, and the articles are covered by either a plastic preformed
      bag or by sheets of plastic material, and a heating device is passed down
      over or around the palleted products encased in the plastic bag, and heat
      is applied from the heating device to the plastic to cause it to shrink
      about the articles carried on the pallet. Some of these machines are
      relatively simple and do not require the extensive investment as do the
      heat tunnel type shrinking installations.
PAR  However, one of the shortcomings of the single pallet, stationary, shrink
      apparatuses is found in their heat application assemblies. Most of the
      pallet shrink apparatuses equipped with a moving heat source now utilize
      either open gas flames, electrical resistance heaters of the calrod type,
      banks of quartz heating elements, or banks of heat lamps. The prior art
      devices have experienced considerable difficulty in achieving a uniform
      heat application whereby an even and controlled shrinkage of the plastic
      wrap about the palleted articles occurs. Open flame shrink devices have
      the disadvantage that the flames are difficult to control and cannot be
      used in a hazardous atmosphere. Additionally, they cause burn spots and
      overheating of the plastic wrap on occasions. Electrical powered heaters
      suffer deficiencies in that they do not provide a high efficiency for the
      power utilized. All of the foregoing methods of applying heat to shrink
      film palleted articles are rather slow and involve excessive use of the
      energy sources such as gas or electricity.
PAR  Thus, there is a need in the field of shrink wrapping palleted articles to
      provide a method and apparatus which can rapidly and economically shrink a
      plastic film around a group of palleted articles.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a method and apparatus
      for efficiently shrinking plastic film around an article or a group of
      articles.
PAR  It is another object of the present invention to provide a method and
      apparatus for shrinking the film around an article or group of articles
      which utilizes an efficient heat source.
PAR  It is also an object of the present invention to provide an apparatus for
      shrinking plastic film around an article or a group of articles which
      utilizes an apparatus of simple construction.
PAR  It is still another object of the present invention to provide a method and
      an apparatus for shrinking plastic film around an article or group of
      articles which utilizes a portable apparatus that may be operated at any
      location.
PAR  It is still another object of the present invention to provide a method and
      apparatus for shrinking plastic film around an article or a group of
      articles which utilizes energy sources readily absorbed by the plastic
      film.
PAR  The foregoing objects and other advantages that are brought out hereinafter
      are realized in the apparatus aspects of the present invention in an
      apparatus for shrinking plastic film around an article or a group of
      articles which includes a support frame having a substantially vertical
      support member. A heater assembly is mounted on the vertical support
      member for up and down movement. Heater means are mounted on the heater
      assembly to direct heat inwardly. Power means are mounted on the support
      frame and coupled to the heater assembly for moving the heater assembly up
      and down.
PAR  The process aspects of the present invention are realized in a process for
      shrinking plastic around an article or group of articles which includes
      the steps comprising at least partially surrounding the article or group
      of articles with a heat shrinkable plastic film and applying infrared
      energy having a wavelength of from about two to about six microns.
PAR  The process and apparatus of the present invention are characterized in
      their use of an extremely efficient and economical heat source for the
      heater assembly used to shrink the film. The shrinking assembly, or heater
      assembly, of the apparatus utilizes a flameless hydrocarbon gas fuel,
      infrared heater unit for applying heat to the plastic film surrounding the
      packaged or grouped products. These flameless gas, infrared heaters are
      substantially explosion proof and may be used in some hazardous areas.
      Additionally, they may be used on natural gas or liquefied petroleum gas
      and burn without a flame. The heaters are further characterized in that
      they give off a very intense infrared radiant energy which is peaked in
      the two to six micron range. Heat in this range is readily absorbed by
      plastic film material such as polyethylene, polyvinyl chloride and other
      sheet plastic material used for shrink wrapping commodities. The apparatus
      is also characterized by simplicity of construction and its ready
      portability which permit its use at a number of sites.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational, perspective view of an apparatus for shrinking
      plastic film around articles constructed in accordance with the present
      invention;
PAR  FIG. 2 is a cross-sectional view of a portion of the apparatus of FIG. 1
      taken along line 2--2;
PAR  FIG. 3 is an exploded, perspective view of one of the flameless, infrared
      heating units utilized in the apparatus of the present invention;
PAR  FIG. 4 is a front elevational view of the pneumatic power assembly for
      raising and lowering the heater assembly in the apparatus of the present
      invention;
PAR  FIG. 5 is a left-hand side view of the pneumatic power source of FIG. 4;
      and
PAR  FIG. 6 is a front elevational view of the pedestal or pallet support
      portion of the invention shown in FIG. 1 having a pallet containing a
      group of products with the plastic film thereover.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, the embodiment shown for the apparatus for
      shrinking plastic film over grouped articles is designated generally by
      the numeral 15. The device includes a base or support frame, designated
      generally by the numeral 16. The base or support frame is generally
      U-shaped and includes a pair of spaced apart, horizontally extending leg
      members 17--17. As shown, the leg members 17--17 can be made from steel I
      beams; however, any other type material or shape may be used for these
      members. The spaced apart leg members 17--17 are joined together near
      their lower end by means of cross member 18. Cross member 18 is attached
      to the leg members by means of welding or other suitable attachment means
      at a position slightly forward of the lower ends of the leg members. A
      pair of vertically extending, spaced apart support members 19--19 are
      attached at their lower ends to the cross member 18 adjacent each end
      thereof. The vertical support members 19--19 are preferably constructed
      from metal structural I beams as seen in FIG. 1 and are connected together
      by upper cross member 20 adjacent their upper ends. Each of the support
      members 19 is connected at its lower end to a leg member 17 by means of
      triangular brace 21 and a fillet member 22 to provide increased rigidity
      for the leg member 19.
PAR  A heater assembly, designated generally by the numeral 23, is movably
      attached to the upright support members 19--19 by means of rollers or
      wheels 24. A pair of rollers or wheels 24--24 are received between the
      outer channels of each of the I beam vertical support members 19--19 and
      are movable therein. The heater assembly includes a frame structure,
      designated generally 25, which is generally rectangular in shape. Frame
      structure 25 includes upper horizontal frame members 26 and lower
      horizontal frame members 27 which are joined together by vertically
      extending frame members 28 at the four corners of the rectangular frame
      structure. The components used for the frame members may be rectangular
      shaped, hollow, steel channels or solid steel structural members, if
      desired. Further, they may be assembled by welding or other suitable means
      into a rigid frame structure. A pair of wheels 24--24 on each side of the
      frame structure are carried by U-shaped brackets 29--29, which are welded
      to a reinforcing strap 30 which is, in turn, attached by welding or other
      suitable means to both sides of the rearmost upper and lower frame members
      and opposed vertical frame members. A reinforcing triangular bracket 31 is
      attached by welding or other suitable means to the top of the two opposed
      upper horizontal frame members 26--26 and is also attached to the
      reinforcing strap 30 to thereby provide additional rigidity for the frame
      structure 25 as it is moved up and down on the support members by means of
      the wheels engaged therewith. Instead of being rectangular in shape, the
      heater assembly may be circular and utilize one continuous heater element.
      Also, the heater assembly may utilize a single heater unit mounted
      vertically on the frame 25 and movable around the frame to apply heat to
      the plastic film covered products if desired.
PAR  The heater assembly also includes at least one generally rectangular heater
      unit, designated generally by the numeral 32. In the embodiment
      illustrated, four heater units are utilized with one heater unit being
      mounted on each of the inner surfaces of the rectangular frame structure
      25. Each heater unit is a separate component and may be attached to the
      frame structure 25 by means of nuts and bolts (not shown) or other
      suitable means. A gas manifold 33 made of rigid pipe or other suitable
      conduit is mounted above the heater assembly and is connected into each of
      the heater units 32 by means of short connector pipes 33a. A flexible
      supply hose 34 is connected to the gas manifold 33 and is, in turn,
      connected at its other end to suitable pressure regulators and control
      valves (not shown) which are, in turn, connected to a source of gas fuel
      supply, e.g., natural gas, liquified petroleum gas, or manufactured gas or
      other suitable fuel (not shown). Each heater unit 32 is supplied with
      electrical power by means of electrical wires carried in conduit 34 which
      extends around the inside perimeter of the support frame 25. Electrical
      power is supplied to the wiring in the conduit by means of flexible
      electrical cable 35 which is connected to a source of electrical power
      inside control box 36.
PAR  The heater assembly 23 is moved up and down on the spaced apart support
      members 19--19 by means of a double-acting, pneumatic power assembly,
      designated generally 37. The power assembly 37 is attached at its lower
      end to cross brace member 18 and at its upper end to upper cross member 20
      and is spaced approximately equidistant between the two vertical support
      members 19--19. The pneumatic power assembly includes flexible drive cable
      38 which is attached to the heater ring assembly by means of bracket 39.
      Alternatively, the heater assembly can be moved up and down by means of an
      electric motor connected to a gear box which drives a chain passing over
      sprocket wheels instead of pulleys.
PAR  Resting on the floor between the leg members 17--17 of the base support
      frame is a pedestal or base, designated generally 40, adapted to support a
      group of products which are at least partially wrapped in plastic film. In
      normal practice the products will be mounted on a pallet 41, as seen more
      clearly in FIG. 6 The pallet pedestal 40 includes a top wall 42 having a
      plurality of openings 43 adjacent its perimeter as seen in FIG. 1.
      Attached to the underside of the top wall 42 are four sidewalls 44. As
      seen more clearly in FIG. 2, the sidewalls 44 terminate at their top and
      bottom in a T-shaped upper portion 44a and lower base portion 44b to
      provide increased strength and rigidity to the structure. The sidewalls 44
      may be conveniently made from structural I beam steel material. The pallet
      pedestal has two of its opposed sidewalls 44--44 provided with openings 45
      therein. As seen in FIG. 2, a centrifugal fan assembly 46 is attached to
      the sidewall 44 at each of the openings 45. As seen in FIG. 1, the
      electrical power for the pair of centrifugal fan assemblies 46--46 is
      supplied to the pedestal 40 through electrical cord 47 which is connected
      to electrical power source inside the control box 36. Electrical control
      box 36 is attached by welding or other suitable means to right-hand
      vertical support member 19 and to a vertical brace rod 48 which extends
      between cross members 18 and 20 and is attached thereto at its ends.
PAR  As mentioned hereinbefore, the heater assembly 23 is moved up and down on
      support members 19--19 by means of the pneumatic power assembly 37.
      Referring now to FIGS. 4 and 5, the pneumatic power assembly includes an
      elongated, hollow, cylinder member 49 which contains a cylindrical,
      slidable piston 50 therein. The cylinder is provided with a flange member
      51 at each of its ends which is provided with holes to accept bolts 52
      which couple the cylinder into the pulley support members 53 at each end
      thereof. The base of the support members 53--53 is provided with openings
      therein (not shown) which are connected to a source of fluid under
      pressure, such as compressed air, compressed nitrogen, or oil under
      pressure, if desired, which is used to power the double-acting piston 50
      within the cylinder 49. A flexible steel cable, designated generally 54,
      connects the power piston 50 to the heater assembly 23 through bracket 39.
      Flexible cable 54 includes an upper section 54a which has one end fixedly
      attached to the piston 50 and the other end attached to the top portion of
      cable bracket 39 by means of bolt 55. The lower portion 54b of the cable
      54 is attached in a similar manner to the piston 50 and to the bracket 39
      through a like bolt 55. Upper cable section 54a passes over pulley 56
      carried by the upper pulley support member 53 and the lower cable section
      54b passes over a like pulley 56 carried by the lower pulley support
      member 53. A seal ring (not shown) surrounds the cable sections 54a and
      54b where they pass through the respective support members 53--53 to
      prevent loss of air or oil pressure from the cylinder 49.
PAR  Referring now to FIG. 3, the heater unit 32 is a catalytically activated,
      flameless, infrared, hydrocarbon fuel gas powered heater. The infrafred
      heater unit includes a gas tight, generally rectangular housing,
      designated generally by the numeral 57. The housing includes a back wall
      58 and opposed longitudinal sidewalls 59--59 and opposed short end walls
      60--60 which are welded or attached by other suitable means to the back
      wall 58. A conduit box 61 is attached to the back wall of the housing. A
      metal fuel disperser plate 62 is received in the housing and is seated
      against the back wall 58 when the device is assembled. The fuel disperser
      plate 62 may be made of any suitable metal with small openings therein,
      e.g., aluminum, steel. The next component is a porous, flameproof,
      combination insulation and fuel distributor pad 63. The pad 63 can be made
      of any nonflammable material such as porous asbestos, glasss fibers, etc.
      Insulated electrical heating elements 64--64 are mounted on the pad 63 and
      are connected to electrical energy through conduit box 61 as described
      hereinbefore. A porous, nonflammable, catalyst-carring pad 65 is
      positioned over the heating elements 64--64. This pad may be made from
      porous asbestos or glass fibers. The catalyst pad is protected by outer
      metallic screen 66, and all of the components are retained within the
      housing 57 by means of the locking frame 67. As pointed out hereinbefore,
      an assembled heating unit 32 is carried by each of the sides of the heater
      assembly and is adapted to direct its heat inwardly of the heater
      assembly.
PAR  Catalyst pad 65 is impregnated with a platinum oxide activated type
      catalyst which is capable of producing flameless oxidation of hydrocarbon
      fuels such as methane, ethane, propane, normal butane, etc. In normal
      burning of natural gas, ignition temperatures in the neighborhood of
      1200.degree.-14,000.degree.F are required to maintain oxidation or
      combustion of the gas. However, in the flameless, infrared gas heater
      utilized in the present invention, the electrical heating elements 64--64
      can be activated and set by means of a variable transformer (not shown) to
      bring the catalyst carried by the pad 65 to a temperature in the
      neighborhood of 225.degree.F at which point natural gas or other
      hydrocarbon gases will undergo flameless oxidation within the pad 65 to
      produce an exceptionally efficient infrared flameless heater. Preferably,
      the fuel flow is regulated to produce temperatures of from about
      700.degree.F to about 1,000.degree.F from the heater units. The infrared
      heater of the present invention can be made explosion proof is desired.
      The heater generates an extremely high percentage of infrared heat within
      the wavelengths of 2 to 16 microns; in particular, the device of the
      present invention has its maximum, i.e., over 50 percent, of its infrared
      heat radiated within the radiant energy range of from about 2 microns to
      about 6 microns. The heater of the present invention will provide a
      surface temperature of from about 200.degree.F to about 700.degree.F for
      an object positioned about six inches away from the face of the heater
      unit, depending upon the material and color. Further, the flameless heater
      unit used in the shrink device of the present invention provides radiant
      energy which is in the preferred 4 to 7 micron range that is readily
      absorbed with more than 90 percent efficiency by all of the ordinary
      plastic films used in shrink wrapping articles. Infrared, flameless gas
      heaters constructed in conformance with the above description and suitable
      for use in the film shrinking apparatus of the present invention are
      commercially available from a number of suppliers, e.g., Bruest, Inc.,
      Independence, Kansas.
PAR  In carrying out the process of the present invention, the apparatus
      described hereinbefore is positioned at a suitable location in a warehouse
      or at any other packaging installation, and electrical power supplied to
      the control box 36, and suitable fuel gas, such as natural gas or
      vaporized liquefied petroleum gases, e.g., propane, butane, are supplied
      through the gas line 34. Compressed air or nitrogen, or oil under
      pressure, is supplied to the power assembly 37. Electrical controls are
      actuated to energize the heating elements contained in each of the heater
      units 32 to raise the catalyst to its operating temperature. After this
      temperature has been achieved, fuel gas flow is initiated and flameless
      oxidation of the gaseous fuel takes place within each of the heating units
      32.
PAR  Referring now to FIG. 6, a forklift truck then places a pallet 41 on the
      shrink apparatus pedestal 40. The pallet 41 may be of any type, the one
      shown in FIG. 6 being constructed from wood. The pallet supports on its
      upper surface a plurality of packages or articles 68 which are arranged in
      a generally rectangular fashion on the top of the pallet 41. Next, an
      operator or a machine, if desired, places a large shrinkable plastic bag
      69 over the stacked articles and pulls the lower end of the bag down
      around the base of the pallet 41 and over the top edge of the pedestal 40.
      The operator then actuates the electrical switch on controlling the fans
      46--46 in the pedestal and evacuates the excess air within the plastic bag
      through the openings 43 in the top of the pedestal and exhausts the air
      out the openings 45 in the sidewalls of the pedestal. This causes the bag
      to pull in tightly and snugly around the articles 69 in order to enhance
      the snugness of the fit after the bag is shrunk. Next, the operator
      actuates the pneumatic power assembly 37 through suitable controls (not
      shown) lowering the heater assembly 23 down over the plastic bag 69
      surrounding the product 68. The rate of travel of the piston in the
      cylinder of the pneumatic power device 37 is controlled whereby the
      shrinking assembly 23 proceeds over the plastic encased articles 68
      rapidly on its downward cycle. A very carefully controlled, slow rate of
      movement is taken by the shrinking assembly 23 on the upward travel cycle
      where the infrared heat energy is absorbed by the plastic material and the
      plastic bag 69 is tightly shrunk around the products 68. It can be readily
      experimentally determined what rate of upward movement to provide for the
      heater assembly 23 in order to produce a tight fit for various plastic
      materials of various thicknesses.
PAR  While the device is shown in exemplary form in FIG. 6 utilizing a plastic
      bag with one end open, it is understood that the articles 68 may be
      conveniently wrapped in sheets of shrinkable plastic material, one sheet
      looped in one direction and one sheet looped in the other direction to
      surround the articles on the top and four sides, and then a band or strap
      applied to hold the ends of the sheets around the pallet may be utilized
      to secure the ends of the sheet material to the pallet. Then the shrink
      assembly may be used to shrink and tightly bond the plastic material to
      the articles. Additionally, the apparatus of the present invention may be
      utilized to shrink film around articles which are not carried by pallets,
      if so desired. Suitable films for shrinking around bundled or palleted
      articles are polyethylene, polyvinyl chloride, polypropylene, and other
      suitable industrially available shrink films.
PAR  While there has been described what is at present some of the preferred
      embodiments of the present invention, it is understood that the scope of
      the present invention is limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for shrinking plastic film around an article or group of
      articles, the combination comprising:
PA1  a. a support frame having a base and a substantially vertical support
      member;
PA1  b. a heater assembly mounted on said vertical support member for up and
      down movement;
PA1  c. heater means including at least one flameless fuel gas infrared heater
      unit mounted on said heater assembly to direct heat inwardly, said heater
      unit emitting more than fifty percent of its energy as infrared energy
      having a wavelength of from about two to about six microns and generating
      temperatures in the range of from about 700.degree.F to about
      1,000.degree.F; and
PA1  d. power means mounted on said support frame and coupled to said heater
      assembly for moving said heater assembly up and down said power means
      including a double-acting, solely fluid powered assembly mounted
      vertically on said support frame and having a length equal to or greater
      than the length of the path traversed by said heater assembly during up
      and down movement.
NUM  2.
PAR  2. In the apparatus of claim 1 wherein said double-acting, fluid-powered
      assembly includes a pneumatically powered piston received in a cylinder,
      said piston having flexible connector means coupling said piston to said
      heater assembly.
NUM  3.
PAR  3. In the apparatus of claim 2 wherein said support frame includes a pair
      of spaced apart, substantially vertically extending support members and
      said double-acting, fluid-powered assembly is mounted between said pair of
      vertically extending support members and has one end attached to said base
      and the other end attached to the upper ends of said support members by
      means of a cross brace.
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ABST
PAL  A process for the continuous dyeing of textile materials consisting of, or
      containing, synthetic fibrous materials of the group consisting of high
      molecular polyamides, polyolefins, polyacrylonitriles, polyurethanes,
      polyvinylchlorides, polyvinylacetates, cellulose-21/2-acetate,
      cellulose-triacetate and high molecular polyesters, which comprises
      impregnating the said fibrous materials with an organic dyebath containing
      at least one dyestuff of the formula
      ##SPC1##
PAL  In which R represents a linear or branched alkylcarbonyl radical of at most
      20 carbon atoms or the naphthoyl group being unsubstituted or substituted
      on the naphthalene nucteus by lower alkyl, X represents an oxygen or
      sulfuratom, Y represents hydrogen, chlorine or bromine, A represents a
      linear or branched alkylene groups of 1 to 4 carbon atoms unsubstituted or
      substituted by methoxy, ethoxy, phenoxy or R being defined as above, and B
      represents (1) phenyl unsubstituted or substituted by fluorine chlorine,
      bromine, alkyl or 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon atoms,
      trifluoromethyl, cyano, carboalkoxy, nitro, acetyl, benzoyl, phenoxy or
      phenyl, or (2) naphthyl, and heating the impregnated and heated fibrous
      materials to a temperature between 100.degree. and 240.degree.C.
BSUM
PAR  This invention provides a novel process for the continuous dyeing of
      textile materal consisting of synthetic fibers of containing the same,
      from organic solvents which comprises impregnating the fibrous material
      with an organic dyeing liquor containing dyestuffs of the formula (1)
      ##SPC2##
PAL  In which R stands for a linear or branched alkyl carbonyl radical or a
      substituted or unsubstituted aryl carbonyl radical with 20 carbon atoms at
      most, X represents an oxygen atom or a sulfur atom, Y stands for a
      hydrogen, chlorine or bromine atom, A stands for a linear or branched
      alkylene group containing 1 to 4 carbon atoms which can be substituted by
      a methoxy, ethoxy or phenoxy group or the radical R, B represents a phenyl
      radical that can be substituted by fluorine, chlorine or bromine atoms, by
      alkyl and/or alkoxy groups having 1 to about 4 carbon atoms, by
      trifluoromethyl, cyano, carbalkoxy, nitro, acetyl, benzoyl, phenoxy and/or
      phenyl groups, or may represent a naphthyl radical, and subsequently
      fixing the dyestuffs by subjecting the impregnated fibrous material to a
      heat treatment.
PAR  Preferably used are dyeing liquors containing dyestuffs of the formula (2)
      ##SPC3##
PAL  In which R' stands for a linear or branched alkyl carbonyl radical
      containing 2 to about 12 carbon atoms and has the meaning given above.
PAR  It is possible by means of the dyestuffs used in the process of dyeing
      synthetic fiber material from organic solvents, to obtain dyeings which
      are characterized by a high color yield, a very good build-up as well as
      outstanding fastness properties, in particular excellent fastness to
      sublimation (ironing), fastness to washing, to rubbing and to light.
      Another advantage of the dyestuffs to be used in this process in their
      good solubility in organic solvents, as for example, in alcohols and
      especially in halogenated hydrocarbons, whereby the dyeing process may be
      optionally carried out also without solubilizers. The above-mentioned
      dye-bath, preferably used which contain the particularly valuable
      dyestuffs of the formula (2) yield on the said fiber materials dyeings
      having a very good fastness to light and to sublimation (ironing).
PAR  Mixtures of the dyestuff being used according to the process of this
      invention yield sometimes a better color yield than the individual
      dyestuffs and they show sometimes a better solubility in the organic
      medium.
PAR  As synthetic fiber materials there may be used those consisting of
      high-molecular polyamides, polyolefins or polyacrilonitriles, furthermore
      materials consisting of polyurethanes, polyvinyl chlorides, polyvinyl
      acetates as well as cellulose-2 1/2-acetate and cellulose triacetate, in
      particular those of high-molecular polyesters, such as polyethylene
      terephthalate. The said synthetic fibers may also be blended with one
      another or with natural fibers, such as cellulosic fibers or wool. These
      fibrous materials may be dyed in any state of processing suitable for a
      continuous operation, for example, as cables, combed material, filaments,
      yarns, knit or woven fabrics or as non-woven articles.
PAR  As organic solvents to be used for the process of the invention, such
      substances are suitable which boil at temperatures not exceeding
      150.degree.C under normal conditions, for example aliphatic hydrocarbons,
      such as the corresponding "Special boiling point spirits (cuts)" (DIN --
      51 631/I. 59), aliphatic halogenated hydrocarbons, such as methylene
      chloride, dichloro-ethane, trichloro-ethane, tetrachloro-ethane,
      dichloro-fluoromethane, dichloro-tetrafluoro-ethane and
      octafluoro-cyclobutane; aromatic hydrocarbons such as toluene and xylene;
      aromatic halogenated hydrocarbons, such as chlorobenzene and
      fluorobenzene. Especially suitable are trichlorofluoromethane,
      1,2,2-trichloro-1,1,2-trifluoro-ethane, tetrachloro-ethylene,
      trichloro-ethylene and 1,1,1-trichloro-ethane.
PAR  Suitable solvents for this invention are also, for example, alcohols,
      preferably aliphatic alcohols having up to 4 carbon atoms. Mixtures of
      various solvents have proved to be suitable, especially, for example,
      mixtures of halogenated aliphatic hydrocarbons and/or aliphatic alcohols.
PAR  The padding liquors are prepared by dissolving the dyestuffs in the solvent
      or solvent mixture while stirring, and where required, while heating. For
      this purpose, the dyestuffs may be used in various forms, for example free
      from standardizing agents, as a concentrated solution in a solvent used
      according to the invention or in a mixture thereof or as a composition
      using auxiliaries soluble in solvents, for example oxalkylation products
      of fatty alcohols, alkyl-phenols, fatty acids and fatty acid amides.
PAR  The dyestuff solutions are applied onto the material most advantageously by
      padding, but also by other impregnation methods, such as spraying,
      slop-padding or immersing.
PAR  The impregnation operation is preferably carried out at room temperature
      but it may also be performed at higher or lower temperatures.
PAR  Prior to the dyestuff fixation, the textile material which has been treated
      with the dyeing liquor is then preferably dried, for example, by treating
      it with hot air, suctioning an inert gas (such as nitrogen) or air through
      it or applying superheated vapors, for example steam or solvent vapor, or
      by establishing a vacuum.
PAR  Subsequently, the dyestuffs are fixed by elevated temperatures, for example
      by means of hot air, dry heat, steam or solvent vapor.
PAR  The fixation temperature to be observed depend on the melting point of the
      fiber type chosen and are generally between 100.degree. and 240.degree.C
      for the padding method. The heat treatment may be carried out in
      superheated steam or in vapors of organic solvents, moreover with the aid
      of molten metals, paraffins, waxes, oxalkylation products of alcohols or
      fatty acids or in eutectic mixtures of salts, preferably by means of dry
      heat, i.e. according to the so-called Thermosol Process. It is also
      possible to carry out the drying operation and the heat treatment in a
      single operation.
PAR  The solvent vapors which escape during the drying or fixing operation are
      generally collected in suitable devices. The solvents thus recovered may
      then be used once more for the described dyeing process.
PAR  After the dyestuffs have been fixed, the unfixed dyestuff portion, if any,
      is removed by a suitable after-treatment of the dyed material in order to
      improve the fastness properties regaring utilization of the goods. This
      aftertreatment is preferably performed in the same organic solvent as
      already used for the dyeing but it may also be carried out in different
      organic solvents or in aqueous liquors according to known methods.
PAR  The dyestuffs used in the process of this invention are prepared in known
      manner by acylation dyestuffs of the above formula (1) or (2), but with
      the proviso that R or R' represent a hydrogen atom, with a carboxylic acid
      of the formula (3) or (4),
EQU  R--OH                                                      (3)
EQU  R'--OH                                                     (4)
PAL  in which R or R' stand as defined above, or preferably with a functional
      derivative such as the acid anhydride or an acid halide, for example acid
      bromide or preferably acid chloride, at temperatures between 20.degree.
      and 100.degree.C approximately, advantageously in an inert organic solvent
      and optionally in the presence of an acid-binding agent. Preferably used
      as an acid-binding agent is pyridine, a mixture of pyridine bases,
      quinoline or a low-molecular trialkylamine, for example triethylamine.
PAR  When using a halide of the acid with the named formula (3), it is
      advantageous to add an acid-binding agent to the esterification mixture.
PAR  Suitable as inert organic solvents are for example hydrocarbons such as
      benzene, toluene, xylene; halogenated hydrocarbons such as chloroform,
      carbon tetrachloride, methylene chloride, trichloroethylene,
      chlorobenzene, bromobenzene; ketones such as acetone, methyl ethyl ketone,
      methyl isobutyl ketone; furthermore ether as for example diethyl ether,
      diisopropyl ether, dioxane, 1,2-dimethoxy ethane, methoxybenzene or
      ethoxybenzene as well as sulfolane (tetramethylene sulfolane).
DETD
PAR  The following Examples illustrate the invention. Parts and percentages are
      by weight unless stated otherwise.
PAC  EXAMPLE 1
PAR  8 Parts of the dyestuff of the formula
      ##SPC4##
PAL  were dissolved in 1000 parts by volume of trichloro-ethylene at room
      temperature. This dyestuff solution was used to pad-dye a fabric made of
      polyester fibers on a padding machine, the squeezing effect being 75%
      (weight of the padding liquor calculated on the weight of the dry
      meterial). The pad-dyed material was then dried in a suitable apparatus
      and thermosoled for 1 minute at 210.degree.C. A fast yellow dyeing was
      obtained.
PAR  Similar results could be obtained when using instead of trichloroethylene
      the same amount by volume of perchloroethylene.
PAR  The dyestuff was obtained by dissolving the dyestuff of the formula
      ##SPC5##
PAL  in chloroform and by acylation through heating with the acid chloride of
      the formula in known manner
EQU  CH.sub.3 -- (CH.sub.2).sub.4 -- CO -- Cl
PAL  in the presence of pyridine.
PAC  EXAMPLE 2
PAR  10 Parts of the dyestuff of the formula
      ##SPC6##
PAL  and 10 parts of the dyestuff of the formula
      ##SPC7##
PAL  were dissolved in 1000 parts by volume of perchloro-ethylene at room
      temperature. This padding liquor was used to pad-dye a fabric of polyester
      fibers on a padding machine, the squeezing effect being 80 % by weight.
      Then, the fabric was dried, thermosoled for 1 minute at 210.degree.C and
      washed for 5 minutes in cold perchloro-ethylene. A fast yellow dyeing was
      obtained. The dyestuffs were obtained by dissolving the dyestuff of the
      formula
      ##SPC8##
PAL  in toluene and by acylating in known manner by heating with the acid
      chloride of the formula
EQU  CH.sub.3 -- (CH.sub.2).sub.8 -- CO -- Cl
PAL  in the presence of pyridine, and by acylating the dyestuff of the formulla
      ##SPC9##
PAL  in corresponding manner with the acidchloride of the formula
EQU  CH.sub.3 -- (CH.sub.2).sub.4 -- CO -- Cl
PAC  EXAMPLE 3
PAR  8 Parts of the dyestuff of the formula
      ##SPC10##
PAL  were dissolved in 1000 parts by volume of perchloroethylene at about
      25.degree.C. This dyestuff solution was used to pad-dye the following
      textile materials: fabrics made of polyester fibers, polyamide-6 and
      polyamide-6,6 fibers, cellulose-2 1/2-acetate fibers, cellulose-triacetate
      fibers and fabrics made of polyvinyl chloride and polypropylene fibers.
      The squeezing effect varied, according to the kind of material used,
      between 60 and 85 %. After padding, the textile materials were dried,
      steamed for about 40 minutes and then after-washed for 10 minutes in cold
      perchloroethylene. In all cases, fast yellow dyeings were obtained. The
      dyestuff was obtained by acylating the dyestuff of the formula
      ##SPC11##
PAL  in toluene in the presence of pyridine as acid-binding agent with the acid
      chloride of the formula
EQU  CH.sub.3 -- (CH.sub.2).sub.6 -- CO -- Cl
PAC  EXAMPLE 4
PAR  10 Parts of the dyestuff of the formula
      ##SPC12##
PAL  were dissolved at room temperature in a mixture of 1000 parts by volume of
      50.5 % 1,2,2-trifluoro-trichloro-ethane and 49.5 % methylene chloride.
      This liquor was used to pad-dye a fabric of polyester fibers on a padding
      machine, the squeezing effect being 80 %; then the material was dried,
      thermosoled at 210.degree.C for 1 minute and washed in cold state for 5
      minutes in the same solvent mixture. A fast yellow dyeing was obtained.
      The dyestuff was obtained as described in Example 3 by acylating it with
      the acid chloride of the formula
EQU  CH.sub.3 -- (CH.sub.2).sub.6 -- CO -- Cl
PAC  EXAMPLE 5
PAR  5 Parts of the dyestuff of the formula
      ##SPC13##
PAL  were dissolved at room temperature in 1000 parts by volume of the solvent
      mixture defined in Example 4. This padding liquor was used to pad-dye a
      fabric of polyester fibers on a padding machine, the squeezing effect
      being about 80 %. Then the material was dried, thermosoled at 210.degree.C
      for 1 minute and washed in cold state for 5 minutes in perchloroethylene.
      A fast yellow dyeing was obtained.
PAR  The dyestuff was obtained as described in Example 3 by acylating it with
      the acid chloride of the formula
EQU  CH.sub.3 -- (CH.sub.2).sub.4 -- CO -- Cl
PAC  EXAMPLE 6
PAR  7 Parts of the dyestuff of the formula
      ##SPC14##
PAL  were dissolved at room temperature in 1000 parts by volume of methylene
      chloride. This padding liquor was used to pad-dye a fabric of poyester
      fibers on a padding machine, the squeezing effect being 65 %. Then the
      material was dried and thermosoled for 1 minute at 210.degree.C. A fast
      yellow dyeing was obtained.
PAR  The dyestuff was prepared in known manner by acylating the dyestuff of the
      formula
      ##SPC15##
PAL  in benzene solution and by adding triethylamine as an acid-binding agent
      with the acid chloride of the formula
EQU  CH.sub.3 -- (CH.sub.2).sub.6 -- CO -- Cl
PAC  EXAMPLE 7
PAR  5 Parts of the dyestuff
      ##SPC16##
PAL  were dissolved at room temperature in 1000 parts by volume of the solvent
      mixture mentioned in Example 4. This padding liquor was used to pad-dye
      fabrics made of polyester fibers, polyamide-6, polyamide 6,6 and celluoose
      triacetate fibers on a padding machine and then dried. The squeezing
      effects varied according to the fiber material used between 65 and 80 %.
      After drying, the fabrics were thermosoled for 1 minute at 190.degree.C
      (polyester fabrics at 210.degree.C) and subsequently washed cold for 5
      minutes in perchloroethylene. Fast yellow dyeings were obtained.
PAR  The dyestuff was prepared as described in Example 6, but without use of the
      acid chloride of the formula
EQU  CH.sub.3 --(CH.sub.2).sub.6 --CO--Cl
PAC  EXAMPLE 8
PAR  5 Parts of the dyestuff of the formula
      ##SPC17##
PAL  were dissolved in 1000 parts by volume of 1,1,1-trichloroethane at about
      25.degree.C. This padding liquor was used to pad-dye a fabric of polyester
      fibers on a padding machine with a squeezing effect of 65 %. Then the
      material was dried and thermosoled for 1 minute at 210.degree.C. A fast
      yellow dyeing was obtained.
PAR  The dyestuff was prepared as describes in Example 6, but by using the acid
      chloride of the formula
EQU  CH.sub.3 -- (CH.sub.2).sub.8 -- Co -- Cl
PAC  EXAMPLE 9
PAR  10 Parts of the dyestuff of the formula
      ##SPC18##
PAL  were dissolved at room temperature in 1000 parts by volume of
      perchloroethylene. This dyestuff solution was used to pad-dye a fabric of
      polyester fibers on a padding machine with a squeezing effect of 80 %.
      Then the material was dried, thermosoled for 1 minute at 210.degree.C and
      washed cold for 5 minutes in perchloroethylene. A fast yellow dyeing was
      obtained.
PAR  Similar results could be obtained when the dyestuff was fixed not by hot
      air but by a steaming process (30 minutes at 102.degree. to 103.degree.C
      in water steam or 10 minutes at 150.degree.C in overheates
      perchloroethylene vapor).
PAR  The dyestuff was prepared as described in Example 3, but by using the acid
      chloride of the formula
EQU  (CH.sub.3).sub.3 C -- CO -- Cl
PAC  EXAMPLE 10
PAR  5 Parts of the dyestuff of the formula
      ##SPC19##
PAL  were dissolved in a mixture of 70 % by volume of perchloroethylene and 30 %
      by volume of methanol at room temperature. This padding liquor was used to
      pad-dye a fabric of polyester fibers on a padding machine. The squeezing
      effect amounted to about 70 %. After padding, the material was dried and
      thermosoled for 1 minute at 210.degree.C. A fast yellow dyeing was
      obtained.
PAR  The dyestuff was obtained by acylating the dystuff of the formula
      ##SPC20##
PAL  with the acid chloride of the formula
EQU  CH.sub.3 -- (CH.sub.2).sub.10 -- CO -- Cl
PAC  EXAMPLE 11
PAR  6 Parts of the dyestuff describes in Example 1 were dissolved in 1000 parts
      by volume of perchloroethylene at room temperature. This padding liquor
      was used to pad-dye a mixed fabric of 67 % of polyester fibers and 33 % of
      cotton on a padding machine, the squeezing effect being 85 %; then the
      material was dried and thermosoled for 1 minute at 210.degree.C. Then the
      dyeing was washed cold for 5 minutes in perchloroethylene. A fast yellow
      dyeing was obtained on the polyester portion of the mixed fabric.
PAC  EXAMPLE 12
PAR  2 Parts of the dyestuff mentioned in Example 6 were dissolved in 1000 parts
      by volume of methanol at 40.degree.C. This liquor was used to pad-dye a
      fabric of polyester fibers on a padding machine, the sqeezing effect being
      about 40 %. After padding, the material was dried and thermosoled for 1
      minute at 210.degree.C. A fast yellow dyeing was obtained.
PAC  EXAMPLE 13
PAR  7 Parts of the dyestuff of the formula
      ##SPC21##
PAL  were dissolved in 1000 parts by volume of perchloroethylene at room
      temperature. This liquor was used to pad-dye a fabric of polyester fibers
      on a padding machine, the sqeezing effect being about 80 %. Then the
      fabric was dried and thermosoled for 1 minute at 210.degree.C. A fast
      yellow dyeing was obtained.
PAR  A similar result could be obtained when replacing the perchloroethylene by
      the same amount of a mixture containing 49.5 % of methylene chloride and
      50.5 % of 1,2,2-trifluorotrichluoro-ethane.
PAR  The dyestuff was prepared as defined in Example 1, but by the use of the
      acid chloride of the formula
EQU  CH.sub.3 (CH.sub.2).sub.6 -- CO -- Cl
PAL  Further dyestuffs to be used according to the process of this invention are
      listed in the following Table under the general formula (1)
      ##SPC22##
PAL  These dyestuffs yield according to the above-described dyeing prescription
      yellow to orange dyeings on polyester fibers.
TBL  __________________________________________________________________________

     Example                                                                   

     No.  X Y    A              B          R                                   

     __________________________________________________________________________

     14   O H  --C.sub.2 H.sub.4 --                                            

                          4-t-Butyl-phenyl                                     

                                      CH.sub.3 Co--                            

     15   O H  --C.sub.2 H.sub.4 --                                            

                          4-t-Butyl-phenyl                                     

                                      (CH.sub.3).sub.2 CHCO--                  

     16   O H  --C.sub.2 H.sub.4 --                                            

                          4-t-Butyl-phenyl                                     

                                      (CH.sub.3).sub.2 CH(CH.sub.2).sub.4      

                                      CO--                                     

     17   O H  --C.sub.2 H.sub.4 --                                            

                          .alpha.-Naphthyl                                     

                                      CH.sub.3 (CH.sub.2).sub.4 CO--           

     18   O H  --C.sub.2 H.sub.4 --                                            

                          4-Fluoro-phenyl                                      

                                      CH.sub.3 (CH.sub.2).sub.4 CO--           

     19   O H  --C.sub.2 H.sub.4 --                                            

                          2-Bromo-phenyl                                       

                                      CH.sub.3 (CH.sub.2).sub.4 CO--           

     20   O H  --C.sub.2 H.sub.4 --                                            

                          3-Trifluoromethyl-phenyl                             

                                      CH.sub.3 (CH.sub.2).sub.4 CO--           

     21   O H  --C.sub.2 H.sub.4 --                                            

                          2-Nitro-phenyl                                       

                                      CH.sub.3 (CH.sub.2).sub.4 CO--           

     22   O H  --C.sub.2 H.sub.4 --                                            

                          3-Cyano-phenyl                                       

                                      CH.sub.3 (CH.sub.2).sub.4 CO--           

     23   O H  --C.sub.2 H.sub.4 --                                            

                          2-Carbobutoxy-phenyl                                 

                                      CH.sub.3 (CH.sub.2).sub.4 CO--           

     24   O H  --C.sub.2 H.sub.4 --                                            

                          4-n-Butoxy-phenyl                                    

                                      CH.sub.3 (CH.sub.2).sub.4 CO--           

     25   O H  --C.sub.2 H.sub.4 --                                            

                          3-Acetyl-phenyl                                      

                                      CH.sub.3 (CH.sub.2).sub.6 CO--           

     26   O H  --C.sub.2 H.sub.4 --                                            

                          3-Benzoyl-phenyl                                     

                                      CH.sub.3 (CH.sub.2).sub.6 CO--           

     27   O H  --C.sub.2 H.sub.4 --                                            

                          2-Ethoxy-phenyl                                      

                                      CH.sub.3 (CH.sub.2).sub.6 CO--           

     28   O H  --C.sub.2 H.sub.4 --                                            

                          4-Phenoxy-phenyl                                     

                                      CH.sub.3 (CH.sub.2).sub.6 CO--           

     29   O H  --C.sub.2 H.sub.4 --                                            

                          4-Phenyl-phenyl                                      

                                      CH.sub.3 (CH.sub.2).sub.6 CO--           

     30   S H  --C.sub.2 H.sub.4 --                                            

                          4-i-Propyl-phenyl                                    

                                      CH.sub.3 (CH.sub.2).sub.6 CO--           

     31   S 6-Br                                                               

               --C.sub.2 H.sub.4 --                                            

                          4-t-Butyl-phenyl                                     

                                      CH.sub.3 (CH.sub.2).sub.6 CO--           

     32   S H  --C.sub.2 H.sub.4 --                                            

                          4-Bromo-phenyl                                       

                                      CH.sub.3 (CH.sub.2).sub.6 CO--           

     33   S H  --C.sub.2 H.sub.4 --                                            

                          4-Methyl-phenyl                                      

                                      (CH.sub.3 ).sub.3 CCO--                  

     34   O 5-Cl                                                               

               --C.sub.2 H.sub.4 --                                            

                          2,4.Dimethyl-phenyl                                  

                                      CH.sub.3 (CH.sub.2).sub.4 CO--           

     35   O H  --CH.sub.2 --                                                   

                          4-Phenyl-phenyl                                      

                                      CH.sub.3 (CH.sub.2).sub.4 CO--           

     36   O H  --CH.sub.2 CHCH.sub.2 --                                        

                          .alpha.-Naphthyl                                     

                                      CH.sub.3 (CH.sub.2).sub.2 CO--           

               .vertline.                                                      

               OCO(CH.sub.2).sub.2 CH.sub.3                                    

     37   O H  --(CH.sub.2).sub.3 --                                           

                          4-t-Butoxy-phenyl                                    

                                      CH.sub.3 (CH.sub.2).sub.8 CO--           

     38   O H  --CH--CH.sub.2 --                                               

                          4-t-Butoxy-phenyl                                    

                                      CH.sub.3 (CH.sub.2).sub.8 CO--           

               .vertline.                                                      

               CH.sub.2 --O--C.sub.6 H.sub.5                                   

     39   O H  --CH--CH.sub.2 --                                               

                          4-Ethyl-phenyl                                       

                                      CH.sub.3 (CH.sub.2).sub.2 CO--           

               .vertline.                                                      

               CH.sub.2 --OCH.sub.3                                            

     40   O H  --C.sub.2 H.sub.4 --                                            

                          4-t-Butyl-phenyl                                     

                                      C.sub.6 H.sub.5 CO--                     

     41   O H  --C.sub.2 H.sub.4 --                                            

                          4-i-Propyl-phenyl                                    

                                      4--CH.sub.3 --C.sub.6 H.sub.4            

     __________________________________________________________________________

                                      CO--                                     

CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the continuous dyeing of textile materials consisting of,
      or containing, synthetic fibrous materials of the group consisting of high
      molecular polyamides, polyolefins, polyacrylonitriles, polyurethanes,
      polyvinylchlorides, polyvinylacetates, cellulose-2 1/2-acetate,
      cellulose-triacetate and high molecular polyesters, which comprises
      impregnating the said fibrous materials with an organic dyebath containing
      at least one dyestuff of the formula
      ##SPC23##
PAL  in which R represents a linear or branched alkylcarbonyl radical of at most
      20 carbon atoms or the naphthoyl group being unsubstituted or substituted
      on the naphthalene nucteus by lower alkyl, X represents an oxygen or
      sulfuratom, Y represents hydrogen, chlorine or bromine, A represents a
      linear or branched alkylene groups of 1 to 4 carbon atoms unsubstituted or
      substituted by methoxy, ethoxy, phenoxy, or R being defined as above, and
      B represents (1) phenyl unsubstituted or substituted by fluorine,
      chlorine, bromine, alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon
      atoms, trifluoromethyl, cyano, carboalkoxy, nitro, acetyl, benzoyl,
      phenoxy or phenyl, or (2) naphthyl, and heating the impregnated fibrous
      materials to a temperature between 100.degree. and 240.degree.C.
NUM  2.
PAR  2. The process as claimed in claim 1, wherein the organic solvent in the
      dyebath is an organic solvent having a boiling point of at most
      150.degree.C under standard conditions.
NUM  3.
PAR  3. The process as claimed in claim 1, wherein the organic solvent in the
      dyebath is an aliphatic hydrocarbon, aliphatic chlorinated hydrocarbon,
      aromatic hydrocarbon, chlorinated aromatic hydrocarbon, aliphatic alcohol
      having 1 to 4 carbon atoms, or mixtures thereof, the boiling point of
      which not exceeding 150.degree.C under standard conditions.
NUM  4.
PAR  4. The process as claimed in claim 1, wherein the organic solvent in the
      dyebath is a special boiling point spirit, methylenechloride,
      dichloroethane, trichloroethane, trichloro-fluoro-methane,
      trichloroethylene, tetrachloroethane, tetrachloroethylene,
      dichlorofluoromethane, trichloro-trifluoro-ethane,
      dichloro-tetrafluoro-ethane, octafluoro-cyclobutane, toluene, xylene,
      chlorobenzene or fluorobenzene, or mixtures thereof.
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ABST
PAL  A semi-permanent hair dye composition that simultaneously dyes and
      conditions hair to make it more manageable including a direct dyeing nitro
      dye capable of dyeing hair, certain quaternary amine compounds and certain
      N-oxyalkylated fatty acid amides.
PARN
PAC  RELATED CASES
PAR  This application is a continuation-in-part of application Ser. No. 278,970
      filed Aug. 9, 1972 now abandoned.
BSUM
PAR  This invention relates to nitro-dye containing hair dye compositions of the
      so-called semi-permanent type which are designed to impart color to human
      gray hair and/or pigmented hair with a semi-permanent fastness. The
      nitro-dye containing semi-permanent hair dye compositions are to be
      distinguished from oxidation dye compositions in that the former are of
      the direct dyeing type and do not require an oxidizing agent for the
      development of their color. They are further to be distinguished from the
      temporary hair dye rinses in which the color, after application to the
      hair is washed out with relative ease. They are also unlike basic dye hair
      dye compositions which are characterized by the fact that the basic dyes
      which comprise the chief coloring component tend to be unstable in water
      and to give skin staining.
PAR  Nitro-dye hair dye compositions of the semi-permanent type mentioned above
      are widely used commercially both in the home and in beauty salons. These
      have gained wide acceptance because of their effectiveness and because of
      their ease of application. However, their use has often been accompanied
      by the disadvantage that after their application the hair when wet has a
      tendency to snarl. Moreover, when dried after application of these dye
      compositions the manageability of the hair becomes a problem and the
      condition of the hair leaves something to be desired.
PAR  It has now been found that the above-noted disadvantages may be
      substantially eliminated by incorporating in said semi-permanent hair dye
      compositions a hair substantive quaternary amine compound and an
      N-oxyalkylated long chain fatty acid amide as hereinafter described. It
      has been more particularly found that by including both of these materials
      in said hair dye compositions that products are obtained which when
      applied to hair prevent the hair from snarling when wet and improves the
      combability of the hair. Moreover, after application of this product to
      the hair and drying, the hair is more manageable. There is also an
      improved sheen and texture imparted to the hair when compared with hair
      which has been given a treatment with products not containing this
      combination of materials.
PAR  It is, accordingly, an object of this invention to provide nitro-dye hair
      dye compositions of the semi-permanent type in which hair snarling and
      unmanageability after use are reduced to a minimum and which improves the
      sheen and texture of the hair.
PAR  It is also an object of this invention to provide a process which employs
      such hair dye compositions.
PAR  It is another object of this invention to provide nitro-dye hair dye
      compositions of the semi-permanent type which have incorporated therein a
      hair-substantive quaternary amine compound and a hair-substantive
      N-oxyalkylated long chain fatty acid amide as hereinafter defined.
PAR  It is still another object of this invention to provide a process for
      simultaneously imparting to human hair, living or otherwise,
      semi-permanent color and at the same time greater combability,
      manageability, improved condition and sheen by applying a nitro-dye hair
      dye composition containing a hair-substantive quaternary amine compound
      and a hair-substantive N-oxyalkylated long chain fatty acid amide.
PAR  Other and more detailed objects of this invention will be apparent from the
      following description and claims.
PAR  It is known prior art to include certain quaternary amine compounds in
      nitro-dye containing hair dye compositions for the purpose of dispersing
      the ingredients contained in these compositions and to facilitate the
      application of dye. By way of illustration, mention may be made of U.S.
      Pat. Nos. 3,119,867; 3,634,478 and 3,642,423. However, these patents were
      not concerned with the problems toward which the present invention is
      directed; namely, the improvement of the condition, manageability,
      combability, etc. as described above. The quaternary amine compounds are
      used in these patents for a totally different purpose. Moreover, as will
      become clearer from the discussion below, these patents do not employ the
      particular class of quaternary amine compounds which have been found to be
      particularly advantageous for use in the present context. Furthermore,
      these patents do not teach the use of the combination of the quaternary
      amine compounds together with the N-oxyalkylated fatty acid amides which
      is characteristic of the present invention, nor the advantages attending
      the use of this combination.
PAR  It has also been suggested in U.S. Pat. No. 3,369,970 that certain cationic
      surface-active agents may be included as a dispersing agent in a viscous
      mixture in which a powdered basic dye is distributed in the viscous
      carrier. Among the surfactants mentioned for use in this patent are
      included cationics such as cetyltrimethylammonium bromide,
      tetradecyltrimethylammonium chloride and non-ionics such as lauric acid
      diethanol amide. However, this patent does not teach or suggest the use of
      a nitro-dye in the compositions described therein, this being a feature of
      the present invention. The disadvantages of using basic dyes are quite
      apparent from the description given in U.S. Pat. 3,369,970 e.g.
      instability, skin staining, etc. (See Column 1, paragraph 4). Furthermore,
      the basic dye compositions tend to give uneven dyeing, the dye uptake
      being greater along certain portions of the hair shaft than others.
      Moreover, this patent does not teach use of the combination of quaternary
      amine compounds and N-oxyalkylated fatty acid amide which forms part of
      the instant invention nor the advantages flowing from this use. Finally,
      the function which this combination of quaternary amine compound and
      N-oxyalkylated fatty acid amide has in the present compositions is not
      taught at all in this patent.
PAR  It is further shown in the prior art to include in hair rinse compositions
      certain quaternary amine compounds as hair conditioning agents. This is
      exemplified by such U.S. Pat. Nos. as 3,155,591 and 3,272,712. These
      patents, however, do not suggest that it would be possible or even
      feasible to advantageously incorporate such quaternary amine compounds in
      a nitro-dye containing composition of the semi-permanent type nor whether
      the conditioning function of the quaternary amine compound could be
      carried over into such a composition. Furthermore, there is no teaching in
      these patents of the use of the combination of the quaternary amine
      compounds employed in this invention together with the N-oxyalkylated
      fatty acid amide utilized herein nor the advantages attending the same.
PAR  As mentioned above, it is a feature of the present invention to
      incorporated in nitro-dye semi-permanent hair dye compositions of interest
      certain hair-substantive quaternary amine compounds. These will be
      hair-substantive and non-toxic compounds described by the formula:
      ##EQU1##
      wherein R.sup.1, R.sup.2 and R.sup.3 are alkyl radicals having 1 to 3
      carbons and preferably 1 carbon atom; R is a long chain hydrocarbon
      radical having from 12 to 24 carbon atoms and preferably from 16 to 18
      carbon atoms; and X.sup.- is an anion. The anion can be any one of a large
      variety of anions which are known in the prior art to be capable of
      forming part of a quaternary amine compound. Illustrative, but not
      limitative, of the anions which may have the value of X in formula (1)
      mention can be made of hydroxide (i.e. OH.sup.-) halide (e.g. chloride,
      bromide, iodide, fluoride); sulfate, nitrate; --SO.sub.4 CH.sub.3 ;
      phosphate, acetate, sulfonate, etc. Equally useful for the purposes of the
      present invention are the compounds of formula (1) above in which the
      anion X is ethyl sulfate (i.e. --SO.sub.4 C.sub.2 H.sub.5). The ethyl
      sulfate anion is an equivalent for the anions already listed above in
      defining anion X.
PAR  It is within the purview of the present invention to include one or more
      quaternay amine compounds falling within formula (1) in said
      semi-permanent hair dye compositions. As a matter of fact, some of the
      commercially available quaternary amine compounds that are useful herein,
      in fact, constitute mixtures of compounds falling within formula (1) in
      which, for example, the value of R for each such compound in the mixture
      is a hydrocarbon radical having from 16 to 18 carbon atoms.
PAR  R.sup.1, R.sup.2 and R.sup.3 in formula (1) above may be the same or a
      different alkyl radical. Illustratively, they may be methyl, ethyl,
      n-propyl or isopropyl. By way of further illustrating the hydrocarbon
      radical R in formula (1) mention may be made of lauryl, myristyl,
      n-hexadecyl, oleyl, n-octadecyl, n-octadecenyl, n-octadecadienyl,
      arachidyl, behenyl, lignoceryl, etc. More specifically to illustrate
      particular quaternary amine compounds that are useful herein, mention may
      be made of lauryltrimethylammonium chloride, -bromide and -iodide;
      hexadecyltrimethylammonium chloride; octadecyltrimethylammonium chloride;
      octadecenyltrimethylammonium chloride; octadecadienyltrimethylammonium
      chloride; laurylmethyldiethylammonium sulfate;
      n-hexadecyldimethylethylammonium nitrate; octadecyltrimethylammonium
      acetate, lauryldimethylethylammonium ethyl sulfate, etc. and mixtures
      thereof.
PAR  The quantity of quaternary amine compound that may be incorporated in the
      hair dye compositions of this invention will vary depending upon the other
      ingredients contained in the composition as well as the results desired.
      Ordinarily, however, it will constitute between about 0.1% and 3.0% by
      weight of the total composition.
PAR  As also mentioned above, it is another feature of the present invention to
      incorporate in said nitro-dye hair dye compositions a hair-substantive
      N-oxyalkylated long chain fatty acid amide together with the aforesaid
      quaternary amine compound. The N-oxyalkylated fatty acid amides that are
      useful herein are defined as hair-substantive non-toxic compounds of the
      formula:
      ##EQU2##
      in which: a. R.sup.4 is a long chain hydrocarbon radical having from 12 to
      24 carbon atoms and preferably 16 to 18 carbon atoms;
PA1  b. R.sup.5 is hydrogen or the radical (A'--O).sub.x H; and in which:
PAR  A and A' are the same or different and are divalent alkylene radicals
      having 2 to 4 carbon atoms; and x and y are the same or different and are
      whole numbers from 1 to 100. By way of illustration, A and A.sup.1 in
      formula (2) may be dimethylene (--CH.sub.2 --CH.sub.2 --); trimethylene
      (--CH.sub.2 --CH.sub.2 --CH.sub.2 --); isopropylene
      ##EQU3##
      tetramethylene (--CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --). Further
      by way of illustration, R.sup.4 in formula (2) above may be lauryl,
      myristyl, palmityl, stearyl, behenyl, oleyl, linolyl, linolenyl, etc. It
      is also within the scope of this invention to employ a mixture of
      N-oxyalkylated fatty acid amides falling within formula (2) above. Several
      commercially available products that are useful herein are, in fact, of
      this character.
PAR  In a preferred form of this invention, the N-oxyalkylated fatty acid amide
      is of the polyoxyethylated type. These may best be described by the
      formula:
      ##EQU4##
      in which R.sup.4 has the same value ascribed to it above in connection
      with formula (2) and x and y are numbers, the sum of x + y being in the
      range of from 40 to 100. These materials have a virtue in that they are
      water soluble and tend to keep the product as a homogeneous product.
PAR  To illustrate more specifically the N-oxyalkylated fatty acid amides that
      are useful for the present purposes, mention may be made of the following:
      lauric -monoethanol and -diethanol amide; stearyl -monoethanol and
      -diethanol amide; palmityl monoethanol and diethanol amides; compounds of
      formula (3) in which (a) R.sup.4 = oleyl, x + y = 5;  (b) R.sup.4 =
      stearyl, x + y = 5;  (c) R.sup.4 = palmityl, x + y = 5;  (d) R.sup.4 =
      myristyl, x + y = 5;  (e) R.sup.4 = linoleyl, x + y = 5  and mixtures
      thereof; also compounds of formula (3) in which (f) R.sup.4 = oleyl, x + y
      = 50;  (g) R.sup.4 = stearyl, x + y = 50; (h) R.sup.4 = palmityl, x + y =
      50; (i) R.sup.4 = myristyl, x + y = 50; (j) R.sup.4 = linoleyl, x + y = 50
      and mixtures thereof. Ethomid HT-60 is an example of a commercial product
      that is useful as the N-oxyalkylated fatty acid amide herein. This is
      prepared by the ethoxylation of tallow fatty acid amides with 50 moles of
      ethylene oxide. This may further be described as a mixture of amides of
      formula (3) above in which R.sup.4 is (37- 43%) oleyl, (24-32%) palmityl,
      (20-25%) stearyl, (3-6%) myristyl and (2-3%) linoleyl; and the sum of x +
      y is equal to about 50. Among other N-polyoxyethylated fatty acid amides
      that are useful herein, mention may be made of
PAL  oleyl
      ##EQU5##
      palmityl
      ##EQU6##
      stearyl
      ##EQU7##
      myristyl
      ##EQU8##
      linoleyl
      ##EQU9##
      and mixtures thereof.
PAR  The particular quantity of N-oxyalkylated fatty acid amide that will be
      contained in the hair dye compositions of this invention will vary
      depending upon the relative quantities of other ingredients and the
      particular results that are sought after. In general, however, this will
      constitute between about 0.2% to 3.5% by weight based on the total weight
      of the composition.
PAR  An essential component of the compositions of this invention is the direct
      dyeing nitro-dye. This generally gives the composition its character as a
      semi-permanent hair dye composition, largely because of its good affinity
      for hair when applied at ambient temperatures. There are a large number of
      direct dyeing nitro-dyes that are known in the prior art that may
      constitute the nitro-dye component of this composition either alone or in
      combination. In this connection, attention is directed to the following
      U.S. Pat. Nos.: 2,750,326; 2,750,327; 2,983,651; 3,049,393; 3,088,978;
      3,168,442; 3,088,877; 3,119,867; 3,088,878; 3,488,138, 3,634,478;
      3,642,423; 3,632,582 and 3,591,638. Of special interest are the direct
      dyeing nitro aminobenzene dyes series. As is evident from the terminology,
      the nitro aminobenzene dyes have a benzene nucleus which is substituted by
      both a nitro and an amino group. The benzene nucleus of such dyes can
      contain more than one nitro group, such as up to three nitro groups, more
      than one amino group, such as up to three amino groups, and can further be
      substituted with from 1 to 3 hydroxyls and with from 1 to 3 lower
      aliphatic radicals. Illustrative of the lower aliphatic radicals which can
      be substituted on the benzene nucleus, there can be mentioned alkyls and
      hydroxyalkyls. The amino group or groups can be primary or can be
      substituted with various aliphatic or aryl radicals to form secondary or
      tertiary amines. Illustrative of the amino substituents, there can be
      mentioned lower aliphatic radicals such as alkyls, hydroxyalkyls,
      carboxyalkyls, polyalkylene-glycol radicals, and the like. The aryl amino
      substituent can be phenyl or substituted phenyl.
PAR  A type of preferred nitroaminobenzene dye can be represented by the
      formula:
      ##SPC1##
PAL  wherein each of R.sup.1 and R.sup.2 is hydrogen, or lower aliphatic e.g.
      containing 1 to 8 carbon atoms, phenyl or substituted phenyl; p is an
      integer from 1 to 2; X is hydroxyl, nitro, chlorine, lower alkyl or lower
      alkoxy or NR.sup.1 R.sup.2 ; n is an integer from 0 to 1; and n + p is 1
      to 3 and preferably 1 to 2.
PAR  To further illustrate the nitroaminobenzene dyes that may be used in this
      invention, the following can be mentioned:
PA1  1. N.sup.4,N.sup.4 -bis-(2'-hydroxyethyl)-N.sup.1
      -methyl-2-nitro-p-phenylenediamine
PA1  2. N.sup.1,N.sup.4,N.sup.4
      -tris-(2'-hydroxyethyl)-2-nitro-p-phenylenediamine
PA1  3. N.sup.1 -(2'-hydroxyethyl)-2-nitro-p-phenylenediamine
PA1  4. N(2'-hydroxyethyl)-2-nitroaniline
PA1  5. N,N-bis(2'-hydroxyethyl)-2-amino-5-nitrophenol
PA1  6. 2-nitro-p-phenylenediamine
PA1  7. 4-nitro-o-phenylenediamine
PA1  8. 1-anilino-4-amino-2-nitrobenzene
PA1  9. 1-methylamino-2-amino-4-nitrobenzene
PA1  10. 1-ethylamino-4-amino-2-nitrobenzene
PA1  11. 1-(2'-hydroxyethylamino)-2-amino-4-nitrobenzene
PA1  12. 1-[2'-(2"-hydroxyethoxy)ethylamino]-4-amino-3-nitrobenzene
PA1  13. 1,4,bis-(2'-hydroxyethylamino)-2-nitrobenzene
PA1  14. 1-(2',3'-dihydroxypropylamion)-4-amino-3-nitrobenzene
PA1  15. 1-methylamino-4-amino-2-nitrobenzene
PA1  16 1-methylamino-4-[2"-hydroxyethoxy)ethylamino]-2-nitrobenzene
PA1  17 5-nitro-2-aminophenol
PA1  18 4-nitro-2-aminophenol
PA1  19. 2-nitro-4-aminophenol
PA1  20 4-nitro-2-(2'-hydroxyethylamino)phenol
PA1  21 N-(p-nitrophenyl)glycine
PA1  22 N-(2-hydroxy-5-nitrophenyl)glycine
PA1  23 1-methylamino-2-nitro-4-propylaminobenzene
PA1  24 1-methylamino-2-nitro-4-hydroxymethylaminobenzene
PA1  25 1-methylamino-2-nitro-4-(3'-hydroxypropyl) aminobenzene
PA1  26 1-methylamino-2-nitro-4-(2',3'-dihydroxypropyl)aminobenzene
PA1  27 1-methylamino-2-nitro-4(4'-hydroxybutyl) aminobenzene
PA1  28 1-hydroxymethylamino-2-nitro-4-methylaminobenzene
PA1  29 1-(3'-hydroxypropyl)amino-2-nitro-4-methylaminobenzene
PA1  30 1-(2',3'-dihydroxypropyl)amino-2-nitro-4-methylaminobenzene
PA1  31 1-hydroxymethylamino-2-nitro-4-ethylaminobenzene
PA1  32 1-(2'-hydroxyethyl)amino-2-nitro-4-ethylaminobenzene
PA1  33 2-nitro-5-methoxy-p-phenylenediamine
PA1  34 5-methyl-2-nitro-p-phenylenediamine
PA1  35 5-chloro-2-nitro-p-phenylenediamine
PAR  The quantity of nitro-dye or nitroaminobenzene dye that will be contained
      in the compositions of this invention will vary depending on the shade
      desired and the quantity and nature of the other components. All that is
      required is that a tinctorially effective amount of the dye be employed.
      Ordinarily, this will comprise about 0.01% to 3.0% by weight based on the
      total weight of the composition.
PAR  Aside from the aforesaid components, the composition of this invention may
      contain other components which are ordinarily contained in nitro-dye
      containing semi-permanent hair dye compositions. Thus, the major component
      of these compositions is usually water and consequently they will
      ordinarily be aqueous compositions. The quantity of water contained in
      these compositions will vary depending upon the quantity and types of
      other ingredients. Usually, however, it will constitute between 80% and
      99.7% by weight of the composition.
PAR  The pH of the present dye compositions can vary widely e.g. from about 2.5
      to 11. It is preferred, however, that the present dye compositions be in
      the acid range, and particularly at a pH of about 4.5 to 6.5. The pH of
      the compositions may be adjusted with any inorganic or organic acid or
      acid salt which is compatible with the composition. As illustrative of
      these acids or acid salts there can be mentioned: sulfuric, formic,
      acetic, lactic, citric or tartaric acid, or ammonium sulfate, sodium
      dihydrogen phosphate, or potassium bisulfate. When using citric acid, the
      weight percent of the composition can vary from about 0.1 to 2.0% and
      preferably from about 0.4 to 0.6%.
PAR  In adjusting the pH of the composition, particularly in the alkaline range,
      a variety of alkalizing agents can be used, e.g. ammonia, alkali or
      alkaline earth metal hydroxides, amines, etc. The quantity of the
      alkalizing agent employed can vary over a wide range, depending on the dye
      and the particular alkalizing agent employed and the pH desired.
      Illustratively, the alkalizing agent can vary from about 0.1% to about
      2.0% and preferably from about 0.3% to about 1.2% by weight of the
      composition.
PAR  The alkalizing agents of choice, however, are water-soluble organic amines
      of low volatility (b.p. higher than about 50.degree.C), having less than
      about 12 carbon atoms, such as n-propylamine, isobutylamine,
      2-ethylbutylamine, diethylamine, diethylamine, triethylamine.
      Particularly, suitable are the following: (A) primary aliphatic diamines,
      such as ethylenediamine; 1,2-diaminopropane; 1,3-diaminopropane;
      diethylenetriamine; triethylenetetramine; 2,2'-iminodipropylamine;
      3,3'-iminodipropylamine; and bis-hexamethylenetriamine; (B) alkanolamines,
      such as ethanolamine; isopropanolamine; diethanolamine;
      di-isopropanolamine; triethanolamine; triisopropanolamine;
      N-methyldiethanolamine; diisopropylethanolamine; dimethylisopropanolamine;
      2-amino-2-methylpropane-1,3,diol; tris(hydroxymethyl)methylamine and the
      like, which may also have a phenyl substituent, e.g.
      N(2-hydroxyethyl)aniline; N-methyl-N(2-hydroxyethyl)aniline;
      N,N-bis(2-hydroxyethyl)aniline; and (C) heterocyclic amines, such as
      morpholine, N-methylmorpholine, N-ethylmorpholine,
      N-hydroxyethylmorpholine, N-phenylmorpholine, piperidine,
      N-hydroxyethylpiperidine, and piperazine.
PAR  A thickening agent can also be incorporated in the dyeing compositions of
      this invention which may be one of several of those commonly used in hair
      dyeing, such as gum arabic, or cellulose derivatives, such as
      methylcellulose e.g. Methocel 60HG, or hydroxyethylcellulose e.g.
      Cellosize QP-40, or acrylic polymers, or inorganic thickeners, such as
      bentonite. The quantity of this thickening agent can vary over a wide
      range, such as that of from about 0.1% to 8.0%, but preferably will be in
      the range of from about 0.5% to 5% by weight.
PAR  The dyeing compositions of this invention, as mentioned above, will
      ordinarily be aqueous compositions. The term "aqueous composition" is used
      herein in its usual generic sense as embracing any water-containing
      composition useful for the present purposes. This includes true solutions
      of the dye in an aqueous medium, either alone or in conjunction with other
      materials which are also dissolved or dispersed in the aqueous medium. The
      term "aqueous composition" also emcompasses any mixture of dye with the
      aqueous medium either alone or together with other ingredients. The dye
      may be colloidally dispersed in the medium or may merely be intimately
      mixed therein.
PAR  The term "aqueous medium" as used herein, includes any medium which
      contains water. Thus, the aqueous medium may be an aqueous alkaline,
      aqueous neutral or aqueous acid medium. Moreover, the aqueous medium may
      comprise water and a solvent, e.g. ethanol. The latter may be employed as
      a common solvent to enhance the solution of the dye or some other organic
      material.
PAR  Typical dyeing compositions of the various classes described above are set
      forth below:
TBL                TABLE I                                                     

     ______________________________________                                    

     ACID COMPOSITIONS                                                         

                 General Range                                                 

                             Preferred Range                                   

     ______________________________________                                    

     Nitro-dye     0.01% to 3.0% 0.2% to 0.4%                                  

     Quaternary Amine                                                          

                   0.1 % to 3.0% 1.5% to 2.0%                                  

     N-oxyalkylated Fatty                                                      

      Acid Amide   0.2 % to 3.5% 2.0% to 3.0%                                  

     Thickening Agent                                                          

                   0.1 % to 8.0% 1.5% to 2.0%                                  

      Adjust  pH to                                                            

                   3.0  to 7.0   4.5 to 6.5                                    

     Water QS to 100                                                           

     ______________________________________                                    

PAL  When citric acid is employed in the compositions of Table I, the general
      range will be about 0.1% to 2.0% by weight and the preferred range will be
      about 0.4% to 0.6%. In this event, sufficient alkali may then be added to
      adjust the pH of the compositions within the range specified.
PAR  Any of the dyes, surface active agents, alkalies, thickening agents, acids
      and combinations thereof set forth above may be used in the proportions
      specified in the Table immediately above.
PAC  ALKALI COMPOSITIONS
PAR  The alkali compositions are similar to the above acid compositions, except
      that alkali is in excess over acid, and the alkali is added to a pH of
      7-11, preferably 8.0-9.0.
PAR  The dyeing compositions used in this invention can be prepared by the
      conventional methods used in the hair dyeing art. Thus, they can be
      prepared by dissolving or suspending the dye in water in the desired
      concentrations. Water miscible organic solvents e.g. ethanol, can be
      employed to facilitate solution of the dye; in this event, the dye can be
      dissolved first in the solvent and then diluted with water. The dispersion
      of the various ingredients can also be facilitated by heating the
      composition at temperatures varying from 40.degree. to 110.degree.C,
      either before dilution with water or afterwards.
PAR  The compositions of this invention may also take the form of aerosol
      compositions. In this event, the nitro-dye compositions described above
      and containing the quaternary amine compound and the N-oxyalkylated fatty
      acid amide will be contained in an aqueous phase concentrate. Any of the
      propellants well known to those skilled in the art may be used in this
      aspect of the invention.
PAR  These compositions can be applied to hair by the conventional techniques
      used in this art. Illustratively, when applied to living hair on the human
      head or otherwise, the compositions can be applied to the hair with a
      brush, sponge, from an aerosol container or other means of contact, such
      as pouring the composition directly onto the hair until saturated.
PAR  The reaction time or time of contact of the dyeing composition with the
      hair is not critical and can vary over a wide range used in the hair
      dyeing art, such as periods of about 1 minute to about 2 hours.
      Preferably, a period of from about 5 minutes to about 60 minutes is
      utilized and most often a period of 10 to 30 minutes. The dyeing
      temperature can vary over wide limits as is conventional in the art. Thus,
      the dyeing temperature can vary from about room temperature, e.g. about
      20.degree. to about 60.degree.C and preferably from about 20.degree. to
      about 45.degree.C.
DETD
PAR  The following Examples are given to further illustrate this invention. It
      is to be understood, however, that they are not intended to be limitative
      but merely exemplary of the present invention.
PAR  The compositions given in Table II below were prepared using the following
      procedure:
PAR  The dyestuffs were first placed in a container and sufficient organic
      solvent e.g. ethyl alcohol or diethylene glycol monoethyl ether was added
      to said dye-stuffs to thoroughly wet them out and to form a slurry. The
      quaternary ammonium compound or compounds; the N-ethoxylated fatty acid
      amide or amides; the alkali (monoethanolamine or diethanolamine) and the
      citric acid were then added to the slurry. About 70% of the required
      water, preheated to about 70.degree.C was then added thereto and the
      mixture was stirred until a uniform solution was obtained. To this was
      then added the thickener (methylcellulose) and the resulting mixture was
      again stirred for an hour while maintaining it at a temperature of between
      65.degree. to 70.degree.C. The perfume was then added and then the
      remainder of the water (at room temperature) to 100% was added and the
      mixture stirred for ten minutes. The perfume was obviously added to give
      elegance to the product. It can be omitted from these compositions without
      influencing their effectiveness.
TBL                                    TABLE II                                

     __________________________________________________________________________

                     Ex. Ex. Ex. Ex. Ex. Ex. Ex. Ex.                           

                     1   2   3   4   5   6   7   8                             

     __________________________________________________________________________

     N.sup.4,N.sup.4 -bis(2'-hydroxy-                                          

      ethyl)-N.sup.1 -methyl-2-                                                

      nitro-p-phenylenediamine                                                 

                     0.4 0.4 0.4 --  --  --  --  --                            

     N.sup.1,N.sup.4,N.sup.4 -tris(2'-hydroxy-                                 

      ethyl)-2-nitro-p-phenyl-                                                 

      enediamine     --  --  --  0.4 0.4 0.4 --  --                            

     N.sup.1 -(2'-hydroxyethyl)-2-                                             

      nitro-p-phenylenediamine                                                 

                     0.01                                                      

                         0.01                                                  

                             0.01                                              

                                 0.01                                          

                                     0.01                                      

                                         0.01                                  

                                             0.16                              

                                                 0.004                         

     1-anilino-4-amino-2-nitro-                                                

      benzene        0.01                                                      

                         0.01                                                  

                             0.01                                              

                                 0.01                                          

                                     0.01                                      

                                         0.01                                  

                                             0.12                              

                                                 0.004                         

     N,N-bis(2'-hydroxyethyl)-                                                 

      2-amino-5-nitrophenol                                                    

                     0.07                                                      

                         0.07                                                  

                             0.07                                              

                                 0.07                                          

                                     0.07                                      

                                         0.07                                  

                                             0.16                              

                                                 0.040                         

     N(2'-hydroxyethyl)-2-nitro-                                               

      aniline        0.06                                                      

                         0.06                                                  

                             0.06                                              

                                 0.06                                          

                                     0.06                                      

                                         0.06                                  

                                             0.13                              

                                                 0.060                         

     Ethyl alcohol   5.0 5.0 5.0 --  --  --  --  --                            

     Diethylene glycol monoethyl                                               

      ether          --  --  --  5.0 5.0 5.0 5.0 5.0                           

     Hexadecyltrimethyl ammonium                                               

      chloride       2.0 --  1.0 2.0 --  1.0 --  --                            

     Octadecenyltrimethyl                                                      

      ammonium chloride                                                        

                     --  1.8 0.9 --  1.4 0.9 1.5 1.5                           

     Octadecadienyltrimethyl                                                   

      ammonium chloride                                                        

                     --  --  --  --  --  --  1.5 1.5                           

     Ethoxylated (50 Moles E.O.)                                               

      oleyl diethanolamide                                                     

                     2.0 2.0 --  --  1.5 1.0 2.5 2.5                           

     Ethoxylated (50 Moles E.O.)                                               

      palmityl diethanolamide                                                  

                     --  --  2.0 2.0 0.5 1.0 --  --                            

     Monoethanolamine                                                          

                     0.4 0.4 0.4 --  --  --  --  --                            

     Diethanolamine  --  --  --  0.71                                          

                                     0.71                                      

                                         0.71                                  

                                             0.71                              

                                                 0.71                          

     Citric Acid     0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5                           

     Methyl Cellulose*                                                         

                     2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0                           

     Perfume         0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1                           

     Water           q.s. to 100%                                              

     __________________________________________________________________________

      *Methyl cellulose referred to herein and elsewhere is characterized as   

      follows: Methoxyl content 28-30%; viscosity of a 2.0% aqueous solution at

      20.degree.C - 2700-3700 cps, average M.W. 86,000.                        

PAR  The dye compositions of Table II are applied to human hair (the hair may be
      dry or slightly wet) and are spread uniformly throughout, insuring that no
      areas are omitted. The compositions are allowed to remain on the hair for
      10 to 30 minutes then thoroughly rinsed out of the hair with water. The
      hair is then allowed to dry.
PAR  The compositions of Examples 1 to 6 when applied to grey hair in the manner
      described above, colored it a brown shade. Moreover, the combability of
      the hair, when wet, was greatly improved. Upon drying, it was noted that
      the overall condition of the hair had improved considerably as the hair
      became more manageable and exhibited improved sheen and texture.
PAR  The composition of Example 7, when applied to grey hair in the manner
      described above, colored it an auburn shade with the same creme rinse and
      conditioning properties shown in Examples 1 to 6. When applied to medium
      or dark brown hair, it will impart color highlights with the same creme
      rinse and conditioning properties shown in Examples 1 to 6.
PAR  The composition of Example 8, when applied to grey hair in the manner
      described above, colored it a blonde shade with the same creme rinse and
      conditioning properties shown in Examples 1 to 6. When applied to light
      brown or blonde hair, it will impart color highlights with the same creme
      rinse and conditioning properties shown in Examples 1 to 6.
TBL                TABLE II (Cont.)                                            

     ______________________________________                                    

                        Ex. 9                                                  

     ______________________________________                                    

     N.sup.4,N.sup.4 -bis(2'-hydroxyethyl)-                                    

      N.sup.1 -methyl-2-nitro-p-phenylene-                                     

      diamine             0.4                                                  

     N.sup.1 -(2'-hydroxyethyl)-2-nitro-p-                                     

      phenylenediamine    0.01                                                 

     1-anilino-4-amino-2-nitrobenzene                                          

                          0.01                                                 

     N,N-bis(2'-hydroxyethyl)-2-amino-                                         

      5-nitrophenol       0.07                                                 

     N(2'-hydroxyethyl)-2-nitroaniline                                         

                          0.06                                                 

     Diethylene glycol monethyl ether                                          

                          5.0                                                  

     Lauryldimethylethylammonium                                               

      ethyl sulfate       1.1                                                  

     Ethoxylated (50 moles E.O.)                                               

      oleyl diethanolamide                                                     

                          2.7                                                  

     Triethanolamine      0.9                                                  

     Citric Acid          0.3                                                  

     Methyl Cellulose     2.0                                                  

     Perfume              0.1                                                  

     Water        q.s. to 100%                                                 

     ______________________________________                                    

PAR  The composition of Example 9 is applied to human hair in the same fashion
      as described above in connection with the composition of Examples 1
      through 8 with comparable results.
PAR  Although the invention has been described with reference to specific forms
      thereof, it will be understood that many changes and modifications may be
      made without departing from the spirit of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aqueous hair dye composition of the semi-permanent type comprising
PA1  a. a tinctorial amount of a direct-dyeing nitroaminobenzene hair dye having
      good affinity for hair when applied at ambient temperatures;
PA1  b. from about 0.1% to 3% by weight based on the total weight of the
      compositions of a hair-substantive quarternary amine compound of formula:
      ##EQU10##
      in which: i. R.sup.1, R.sup.2 and R.sup.3 are alkyl having from 1 to 3
      carbons;
PA2  ii. R is a long chain hydrocarbon having from 12 to 24 carbons; and
PA2  iii. X is an anion; and
PA1  c. from 0.2% to 3.5% by weight based on the total weight of the composition
      of a hair-substantive N-oxyalkylated fatty acid amide of formula:
      ##EQU11##
      in which: i. R.sup.4 is a long chain hydrocarbon having from 12 to 24
      carbons;
PA2  ii. R.sup.5 is hydrogen or (A'--O).sub.x H in which A and A' are the same
      or different divalent alkylene having 2 to 4 carbons; and x and y are the
      same or different whole numbers from 1 to 100.
NUM  2.
PAR  2. A composition according to claim 1 in which anion X is ethyl sulfate.
NUM  3.
PAR  3. A composition according to claim 1 in which the said quaternary amine
      compound is lauryldimethylethylammonium ethyl sulfate.
NUM  4.
PAR  4. An aqueous hair dye composition of the semi-permanent type comprising
PA1  a. a tinctorial amount of a direct-dyeing nitroaminobenzene hair dye having
      good affinity for hair when applied at ambient temperatures;
PA1  b. from about 0.1% to 3% by weight based on the total weight of the
      composition of a hair-substantive quaternary amine compound of formula:
      ##EQU12##
      in which: i. R.sup.1, R.sup.2 and R.sup.3 are alkyl having from 1 to 3
      carbons;
PA2  ii. R is long chain hydrocarbon having from 12 to 24 carbons; and
PA2  iii. X is an anion selected from the group consisting of hydroxide,
      chloride, bromide, iodide, fluoride, sulfate, nitrate, methyl sulfate,
      phosphate, acetate and sulfonate; and
PA1  c. from 0.2% to 3.5% by weight based on the total weight of the composition
      of a hair-substantive N-oxyalkylated fatty acid amide of formula:
      ##EQU13##
      in which: i. R.sup.4 is a long chain hydrocarbon having from 12 to 24
      carbons;
PA2  ii. R.sup.5 is hydrogen or (A'--O).sub.x H in which A and A' are the same
      or different divalent alkylene having 2 to 4 carbons; and x and y are the
      same or different whole numbers from 1 to 100.
NUM  5.
PAR  5. A composition according to claim 4 wherein R of said quaternary amine
      compound contains 16 to 18 carbons.
NUM  6.
PAR  6. A composition according to claim 5 wherein a mixture of quaternary amine
      compounds of formula (1) in claim 4 is contained in the composition.
NUM  7.
PAR  7. A composition according to claim 4 wherein the N-oxyalkylated fatty acid
      amide is of the polyoxyethylated type of formula:
      ##EQU14##
      in which R.sup.4 has the same value ascribed to it in claim 4 and x and y
      are whole numbers, the sum of x + y being in the range of from 40 to 100.
NUM  8.
PAR  8. A composition according to claim 4 wherein the nitroaminobenzene dye is
      N.sup.4,N.sup.4 -bis(2'-hydroxyethyl)-N.sup.1
      -methyl-2-nitro-p-phenylenediamine.
NUM  9.
PAR  9. A composition according to claim 4 wherein the nitroaminobenzene dye is
      1-anilino-4-amino-2-nitrobenzene.
NUM  10.
PAR  10. A composition according to claim 4 wherein the nitroaminobenzene dye is
      N(2'-hydroxyethyl)-2-nitroaniline.
NUM  11.
PAR  11. A composition according to claim 4 wherein the nitroaminobenzene dye is
      N.sup.1 -(2'-hydroxyethyl)-2-nitro-p-phenylenediamine.
NUM  12.
PAR  12. A composition according to claim 4 wherein the nitroaminobenzene dye is
      N,N-bis(2'-hydroxyethyl)-2-amino-5-nitrophenol.
NUM  13.
PAR  13. A composition according to claim 4 wherein the nitroaminobenzene dye is
      N.sup.1,N.sup.4,N.sup.4 -tris(2'-hydroxyethyl)-2-nitro-p-phenylenediamine.
NUM  14.
PAR  14. A process for simultaneously dyeing conditioning hair which comprises
      applying the composition of claim 4 to hair and allowing said composition
      to remain in contact therewith for sufficient time to impart color to said
      hair and to condition the same whereby said hair becomes more manageable
      and there is an improvement in its sheen and texture.
NUM  15.
PAR  15. An aqueous hair dye composition of the semi-permanent type comprising
PA1  a. a tinctorial amount of a direct-dyeing nitroaminobenzene hair dye having
      good affinity for hair when applied at ambient temperatures;
PA1  b. from about 0.1% to 3% by weight based on the total weight of the
      composition of a hair-substantive quaternary amine compound of formula:
      ##EQU15##
      in which: i. R.sup.1, R.sup.2 and R.sup.3 are alkyl having from 1 to 3
      carbons;
PA2  ii. R is long chain hydrocarbon selected from the group consisting of
      lauryl, myristyl, n-hexadecyl, oleyl, n-octadecyl, n-octadecenyl,
      n-octadecadienyl, arachidyl, behenyl and lignoceryl;
PA2  iii. X is an anion selected from the group consisting of hydroxide,
      chloride, bromide, iodide, fluoride, sulfate, nitrate, methyl sulfate,
      phosphate, acetate and sulfonate; and
PA1  c. from about 0.2% to 3.5% by weight based on the total weight of the
      composition of a hair-substantive N-oxyalkylated fatty acid amide of
      formula:
      ##EQU16##
      in which: i. R.sup.4 is a long hydrocarbon selected from the group
      consisting of laurly, myristyl, palmityl, stearyl, behenyl, oleyl,
      linolyl, linolenyl; and
PA2  ii. R.sup.5 is hydrogen or (A'--O).sub.x H in which A and A' are the same
      or different divalent alkylene having 2 to 4 carbons; and x and y are the
      same or different whole numbers from 1 to 100.
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ABST
PAL  A process for the continuous dyeing of textile material containing or
      consisting of synthetic fibers from organic solvents, which comprises
      impregnating the said textile materials with an organic dyebath containing
      at least one dyestuff of the formula
EQU  R.sub.2 O -- A.sub.1 -- N = N -- Y -- N -- A.sub.2 -- OR.sub.1
PAL  in which A.sub.1 and A.sub.2 each represent, independently of each other,
      phenylene, lower alkyl-phenylene, lower alkoxy-phenylene, chlorophenylene,
      bromophenylene or naphthylene, Y represents phenylene, lower
      alkyl-phenylene, lower alkoxy-phenylene, di(lower alkyl)-phenylene,
      di(lower alkoxy)-phenylene, lower alkyl-lower alkoxy-phenylene,
      chlorophenylene, bromophenylene, biphenylene, di(lower alkyl)-biphenylene,
      di(lower alkoxy)-bi-phenylene, di(chloro)-biphenylene or
      di(bromo)-biphenylene, R.sub.1 represents a straight chain or branched
      alkylcarbonyl of at most 18 carbon atoms, benzoyl, lower alkyl-benzoyl,
      chlorobenzoyl or bromobenzoyl, and R.sub.2 represents a straight chain or
      branched alkylcarbonyl of at most 18 carbon atoms, benzoyl, lower
      alkyl-benzoyl, chlorobenzoyl, bromobenzoyl or lower alkyl
      ##EQU1##
      (of 2 to 4 carbon atoms, and an organic solvent and subsequently fixing
      the dyestuffs by a heat treatment.
BSUM
PAR  We have found that textile materials consisting of, or containing,
      synthetic fibers can be dyed continuously by impregnating the said textile
      materials with organic dyeing liquors which contain dyestuffs of the
      general formula (1)
EQU  R.sub.2 O -- A -- N = N -- B -- N = N -- C -- OR.sub.1     ( 1)
PAL  in which A represents represents an arylene radical, for example a
      phenylene or naphthylene radical, preferably the radical of the formula
      (2)
      ##SPC1##
PAL  In which R.sub.3 and R.sub.4 represent, indenpendently of each other,
      hydrogen atoms, halogen atoms, preferably chlorine or bromine atoms, or
      alkyl or alkoxy groups of preferably 1 to 4 carbon atoms, said radical A
      may be substituted by halogen atoms, preferably chlorine or bromine atoms,
      or alkyl or alkoxy groups of preferably 1 to 4 carbon atoms, B represents
      a 1,4-phenylene, 1,4-naphthylene, 4,4'-biphenylene, 4,4-phenylazophenyl or
      a 4,4'-naphthylazonaphthyl group which may be substituted by halogen
      atoms, preferably chlorine or bromine atoms, or alkyl or alkoxy groups of
      preferably 1 to 4 carbon atoms, C represents an arylene radical, for
      example a phenylene or naphthylene radical, preferably the radical of the
      formula (3)
      ##SPC2##
PAL  In which R.sub.5 and R.sub.6 represent, independently of each other,
      hydrogen atoms, halogen atoms, preferably chlorine or bromine atoms, alkyl
      or alkoxy groups of preferably 1 to 4 carbon atoms, the said radical C may
      be substituted by halogen atoms, preferably chlorine or bromine atoms, or
      alkyl or alkoxy groups of preferably 1 to 4 carbon atoms,
PA1  R.sub.1 represents a straight chain or branched alkyl-carbonyl radical or
      an aryl-carbonyl group which may be substituted by alkyl or alkoxy groups
      of 1 to 4 carbon atoms or by halogen atoms, preferably chlorine or bromine
      atoms, R.sub.1 containing at most 18 carbon atoms, and R.sub.2 has the
      same meaning as R.sub.1 or represents the grouping of the formula (4)
EQU  R.sub.1 -- O -- X --                                       (4)
PAL  in which R.sub.1 has the meaning given above, and X represents a straight
      chain or branched alkylene group of 2 to 4 carbon atoms,
PA1  and subsequently fixing the dyestuffs by a heat treatment.
PAR  The dyestuffs which are preferably used in the process of the invention are
      those which correspond to the general formula (5)
EQU  R.sub.2 ' -- O -- A -- N = N -- B -- N = --C -- O -- R.sub.1 '(5)
PAL  in which A, B and C have the meanings given above, R.sub.1 ' represents an
      alkyl-carbonyl radical of 5 to 10 carbon atoms and R.sub.2 ' has the same
      meaning as R.sub.1 ' or represents the grouping of the formula (6)
EQU  R.sub.1 ' -- O -- X --                                     (6)
PAL  in which X represents a straight chain or branched alkylene radical of 2 to
      4 carbon atoms.
PAR  The dyestuffs which are most preferably used in the process of the
      invention are those which correspond to the general formula (7)
      ##SPC3##
PAL  in which B, R.sub.1 ', R.sub.3, R.sub.4, R.sub.5 and R.sub.6 have the
      meanings given above.
PAR  With the aid of the dyestuffs used according to the process of the
      invention it is possible in the dyeing of synthetic fibrous materials from
      organic solvents to obtain dyeings which are distinguished by a high
      tinctorial yield, very good build-up and outstanding fastness properties,
      in particular very good fastness to thermosetting, to washing, to rubbing
      and to light. Another advantage of the dyestuffs used according to the
      invention is their high solubility in organic solvents, for example
      alcohols and in particular halogenated hydrocarbons, which in some cases
      permits dyeing without the use of solubilizers.
PAR  The dyestuffs used according to the invention are better suitable for the
      dyeing from organic solvents than the phenolic starting dyestuffs of the
      general formula (1), in which R.sub.1 = R.sub.2 = H, in that they yield
      distinctly more intense dyeings. In addition, the dyeings produced with
      the dyestuffs used according to the invention often have a better fastness
      to sublimation and show a clearer and brighter shade than dyeings produced
      with the phenolic starting dyestuffs.
PAR  Mixtures of the dyestuffs used according to the invention sometimes give a
      better tinctorial yield than the individual dyestuffs themselves and in
      some cases also have a better solubility in the organic solvent used.
PAR  The synthetic fiber materials may be those made of high molecular
      polyamides, polyolefins, polyacrylonitriles, furthermore of polyurethanes,
      polyvinyl chlorides, polyvinyl acetates and cellulose --21/2 acetate and
      cellulose-triacetate, in particular, however, those of high molecular
      polyesters such as polyethylene terephthalate. The above-mentioned textile
      materials may also be used in mixtures one with the other or in mixtures
      with natural fibers such as cellulose fibers or wool. The fiber materials
      may be present in any processing stages which are suitable for a
      continuous method of operation, for example in the form of cable, combed
      material, filaments, yarns, fabrics, knit fabrics or "non-woven" articles.
PAR  As organic solvents, there may be used those the boiling points of which
      under normal conditions are not higher than 150.degree. C, for example
      aliphatic hydrocarbons such as the boiling limit benzines (DIN 51 631/I,
      59), aliphatic halogenated hydrocarbons such as methylene chloride,
      dichloroethane, trichloroethane, tetrachloroethane,
      dichloro-fluoromethane, dichlorotetrafluoromethane and
      octafluorocyclobutane, aromatic hydrocarbons such as toluene and xylene,
      or aromatic halogenated hydrocarbons such as chlorobenzene and
      fluorobenzene. Particularly suitable are trichloro-fluoromethane,
      1,2,2-trichloro-1,1,2-trichloro-ethane, tetrachloroethylene,
      trichloroethylene and 1,1,1-trichloroethane.
PAR  Furthermore, there may be used as organic solvents alcohols, preferably
      aliphatic alcohols containing up to 4 carbon atoms. Mixtures of different
      solvents have proved advantageous. Thus, for example mixtures of
      halogenated aliphatic hydrocarbons and aliphatic alcohols are particularly
      suitable.
PAR  For preparing the padding liquors, the dyestuffs are dissolved in the
      solvent or mixture of solvents by stirring, if necessary with heating. The
      dyestuffs may be used in various forms, for example in the form without
      filler, in the form of a concentrated solution in one of the solvents used
      according to the invention or in a mixture of solvents used according to
      the invention or in the form of a preparation with the use of
      solvent-soluble auxiliary agents, for example oxalkylation products of fat
      alcohols, alkylene phenols, fatty acids and fatty acid amides.
PAR  The dyestuff solutions are applied in the easiest way by padding, but they
      can also be applied by other impregnation methods, for example spraying,
      nip-padding or immersion.
PAR  The impregnation is carried out preferably at room temperature, but it is
      also possible to operate at lower or elevated temperatures.
PAR  Prior to the fixation of the dyestuff, the textile material treated with
      the dyeing liquor is preferably dried, which may be effected, for example
      by hot air, by passing through an inert gas (such as nitrogen) or air or
      by the application of super-heated vapours, for example steam or solvent
      vapour, or under application of reduced pressure.
PAR  The dyestuffs are then fixed by the application of elevated temperatures,
      for example by hot air, dry heat, steam or solvent vapour.
PAR  The fixing temperatures depend on the type of the fibers and are in general
      between 100.degree. and 240.degree. C in padding processes. The heat
      treatment can be effected in superheated steam or in vapours of organic
      solvents. The fixation may also be effected by molten metals, paraffins,
      waxes, oxalkylation products of alcohols or fatty acids or in eutectic
      mixtures of salts. It is preferred, however, to carry out the fixation by
      dry heat, i.e. according to the so-called thermosol process. It is also
      possible to carry out drying and heat treatment in one working step.
PAR  The solvent vapours obtained during drying or fixing are generally
      recovered by suitable installations. The recovered solvents may then be
      used again for the described dyeing process.
PAR  If necessary, the unfixed dyestuff proportion is removed after fixation of
      the dyestuffs, if necessary, by a suitable after-treatment, whereby the
      fastness properties regarding utilization may be improved. This
      aftertreatment is preferably carried out in the same organic solvent used
      for dyeing, but it may also be effected in other organic solvents or in
      aqueous liquors according to known methods.
PAR  The dyestuffs of the mentioned formula (1) used according to the invention
      are new and may be prepared according to known methods by reacting known
      phenolic dis- or tris-azo dyestuffs of the mentioned formula (1), in
      which, however, R.sub.1 and R.sub.2 each represent a hydrogen atom, in a
      suitable medium, for example chloroform, benzene, methyl-ethyl ketone,
      dioxane or Sulfolan, with aliphatic or aromatic acid chlorides or
      anhydrides in the presence of an acid-binding agent, for example soda,
      pyridine or triethylamine.
DETD
PAR  The following Examples illustrate the invention.
PAC  EXAMPLE 1
PAR  6 Parts by weight of the dyestuff of the formula
      ##SPC4##
PAL  were dissolved at about 20.degree. C in 1000 parts by volume of
      perchloroethylene. With this dyestuff solution a fabric of polyester
      fibers was padded on a foulard at room temperatures with a squeezing
      effect of about 70% (weight of the padding liquor referred to the weight
      of the fabric). The fabric was then dried in a suitable apparatus by
      removing the solvent vapours by suction. In order to fix the dyestuff, the
      fabric was thermosoled for 1 minute at 220.degree. C. An orange dyeing
      having good fastness properties regarding utilization was obtained.
      Similar results were obtained when using instead of the above-mentioned
      solvent the same amount of trichloroethylene.
PAR  The dyestuff had been prepared as follows:
PAR  15.9 g (0.05 mole) of the dyestuff of the formula
      ##SPC5##
PAL  28.5 g (0.15 mole) of capric acid chloride and 11.9 g (0.15 mole) of
      pyridine were heated for about 8 hours under reflux to the boiling
      temperature in 300 ml of methylethyl ketone. When the reaction was
      completed, the dyestuff was precipitated from the organic medium by the
      addition of water. The dyestuff was filtered off with suction, washed with
      water and dried at about 50.degree. C in a vacuum drier.
PAC  EXAMPLE 2
PAR  7 Parts by weight of the dyestuff of the formula
      ##SPC6##
PAL  were dissolved at about 25.degree. C in 1000 parts by volume of
      1,1,1-trichloro-ethane. With this padding liquor, a mixed fabric of 67 %
      of polyester fibers and 33 % of cotton was padded on a foulard with a
      squeezing effect of about 85 %. Drying and fixation of the dyestuff was
      carried out as described in Example 1. The dyeing was subsequently washed
      cold for 2 minutes in 1,1,1-trichloro-ethane. A fast orange dyeing was
      obtained on the polyester portion of the mixed fabric.
PAR  The dyestuff had been prepared as follows:
PAR  22.5 g (0.05 mole) of the dyestuff of the formula
      ##SPC7##
PAL  20.1 g (0.15 mole) of caproic acid chloride and 11.9 g (0.15 mole) of
      pyridine were heated for about 8 hours under reflux to the boiling
      temperature in 150 ml of chloroform and 150 ml of methylethyl-ketone. When
      the reaction was completed, the organic solvent was completely removed by
      evaporation. The residue was dissolved in a mixture of ethanol and
      acetone. The dyestuff was precepitated by slowly and dropwise adding
      ice-water, filtered off with suction, washed with water and dried at about
      50.degree. C in a vacuum drier.
PAC  EXAMPLE 3
PAR  4 Parts by weight of the dyestuff of the formula
      ##SPC8##
PAL  were dissolved at about 30.degree. C in 1000 parts by volume of a mixture
      of 90% by volume of 1,2,2-trifluoro-trichloro-ethane and 10% by volume of
      methanol. With this liquor, a fabric of polyester fibers was padded on a
      foulard. The squeezing effect was about 65 %. Drying and dyestuff fixation
      was carried aout as described in Example 1. The dyeing was then washed
      cold in the same solvent mixture for about 5 minutes. A fast yellow dyeing
      was obtained.
PAR  The dyestuff had been prepared by acylating the dyestuff of the formula
      ##SPC9##
PAL  with caproic acid chloride as the acylating agent and further proceeding as
      described in Example 1.
PAC  EXAMPLE 4
PAR  6 Parts by weight of the dyestuff used in Example 1 were dissolved at room
      temperature in 1000 parts by volume of perchloroethylene and applied by
      padding as described in Example 1 on the following fibrous materials,
      dried and thermosoled under the indicated conditions:
TBL  fabric of 2 1/2-acetate fibers                                            

                          30 seconds at 160.degree. C                          

     fabric of triacetate fibers                                               

                          30 seconds at 170.degree. C                          

     fabric of polyamide-6,6 fibers                                            

                          40 seconds at 190.degree. C                          

     yarn of polyvinyl chloride fibers                                         

     (type Thermovyl)     30 seconds at 130.degree. C                          

     combed material of polypropylene                                          

     fibers               30 seconds at 145.degree. C.                         

PAR  The dyeings were subsequently washed cold for 5 minutes with
      perchloroethylene. Dependent on the fiber material used, fast yellow
      orange to brown orange dyeings were obtained.
PAC  EXAMPLE 5
PAR  3 Parts by weight of the dyestuff of the formula
      ##SPC10##
PAL  were dissolved at about 30.degree. C in 1000 parts by volume of methanol.
      With this padding liquor, a fabric of polyester staple fibers was padded
      on a foulard with a squeezing effect of about 35 %, dried and thermosoled
      for 1 minute at 210.degree. C. The dyeing was then washed cold for 5
      minutes with methanol. An orange dyeing having good properties of fastness
      was obtained.
PAR  The dyestuff had been prepared as follows:
PAR  15.90 g (0.05 mole) of the dyestuff of the formula
      ##SPC11##
PAL  were dissolved in 250 ml of methylethyl-ketone and combined with 8.0 g
      (0.075 mole) of soda. 20.1 g (0.15 mole) of caproic acid chloride were
      added dropwise, while well cooling externally. The reaction mixture was
      heated for about 12 hours under reflux to the boiling temperature. When
      the reaction was completed, the organic solvent was completely removed by
      evaporation, and the residue was dissolved in a mixture of ethanol and
      acetone. The dyestuff was precipitated from the dyestuff solution by the
      addition of ice-water. The product was filtered off with suction, washed
      with water and dried at about 50.degree. C in a vacuum drier.
PAC  EXAMPLE 6
PAR  8 Parts by weight of the dyestuff of the formula
      ##SPC12##
PAL  were dissolved in 1000 parts by volume of a mixture of 50 % of
      1,2,2-trifluoro-trichloroethane and 50 % of methylene chloride at room
      temperature. With this solution, a fabric of polyester fibers was padded
      on a foulard with a squeezing effect of about 65 %, dried and thermosoled
      for 1 minute at 210.degree. C. The dyeing was then washed cold for about 5
      minutes in the same solvent mixture. A fast orange dyeing was obtained.
PAR  Similar results were obtained when using, instead of the hot air treatment,
      the following methods for the dyestuff fixation:
PAR  20 minutes steaming in steam at 102.degree. - 103.degree. C;
PAR  5 minutes steaming in superheated perchloroethylene vapour at about
      150.degree. C.
PAR  The dyestuff had been prepared by reacting the dyestuff of the formula
      ##SPC13##
PAL  with caproic acid chloride as the acylating agent and further proceeding as
      described in Example 2.
PAC  EXAMPLE 7
PAR  3 Parts by weight of the dyestuff of the formula
      ##SPC14##
PAL  present in the form of a mixture of mono- and diacylation products, were
      dissolved at about 25.degree. C in 1000 parts by volume of a mixture of 70
      % of perchloroethylene and 30 parts by volume of methanol. With this
      solution, a fabric of polyester fibers was impregnated on a foulard. The
      squeezing effect was about 60 %. After padding, the dyeing was dried,
      subsequently thermosoled for 1 minute at 210.degree. C and then washed
      cold for about 5 minutes in the same solvent mixture. A yellow orange
      dyeing having good properties of fastness was obtained.
PAR  The dyestuff had been prepared as follows:
PAR  32 g (0.1 mole) of the dyestuff of the formula
      ##SPC15##
PAL  were dispersed in 350 ml of chloroform and combined with 23.7 g (0.3 mole)
      of pyridine. 32.4 g (0.3 mole) of trimethylacetic acid chloride (0.3 mole)
      were added slowly, while cooling externally. The reaction mixture was then
      heated for about 8  hours under reflux to the boiling temperature.
      Isolation of the dyestuff was effected in the manner described in the
      preceding examples.
PAC  EXAMPLE 8
PAR  4 Parts by weight of the dyestuff of the formula
      ##SPC16##
PAL  were dissolved at about 20.degree. C in a mixture of 950 cc. of methylene
      chloride and 50 cc. of methanol. With this liquor, combed material of
      polyester fibers was padded on a foulard with a squeezing effect of about
      72 %, dried and, in order to fix the dyestuff, thermosoled for 1 minute at
      210.degree. C. The dyeing was further treated by cold washing for 5
      minutes with perchloroethylene. A fast yellow orange dyeing was obtained.
PAR  The dyestuff had been prepared as follows:
PAR  32 g (0.1 mole) of the dyestuff of the formula
      ##SPC17##
PAL  were dispersed in 350 ml of chloroform and combined with 23.7 g (0.3 mole)
      of pyridine. 48.6 g (0.3 mole) of caprylic acid chloride were added
      slowly, while cooling externally. After having heated for 8 hours,
      reaction had taken place to a large extent. The dyestuff was then isolated
      in the manner described above.
PAR  The following Table indicates further dyestuffs which were used and
      prepared in the manner described in the preceding Examples. They yielded
      very fast dyeings on polyester fibers in the indicated shades.
      ##SPC18##
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the continuous dyeing of textile material containing or
      consisting of synthetic fibers from organic solvents, which comprises
      impregnating the said textile materials with an organic dyebath containing
      at least one dyestuff of the formula
EQU  R.sub.2 O -- A.sub.1 -- N = N -- Y -- N = N -- A.sub.2 -- OR.sub.1
PAL  in which A.sub.1 and A.sub.2 each represent, independently of each other,
      phenylene, lower alkyl-phenylene, lower alkoxy-phenylene, chlorophenylene,
      bromophenylene or naphthylene, Y represents phenylene, lower
      alkyl-phenylene, lower alkoxy-phenylene, di(lower alkyl)-phenylene,
      di(lower alkoxy)-phenylene, lower alkyl-lower alkoxy-phenylene,
      chlorophenylene, bromophenylene, biphenylene, di(lower alkyl)-biphenylene,
      di(lower alkoxy)-bi-phenylene, di(chloro)-biphenylene or
      di(bromo)-biphenylene, R.sub.1 represents a straight chain or branched
      alkylcarbonyl of at most 18 carbon atoms, benzoyl, lower alkyl-benzoyl,
      chlorobenzoyl or bromobenzoyl, and R.sub.2 represents a straight chain or
      branched alkylcarbonyl of at most 18 carbon atoms, benzoyl, lower
      alkyl-benzoyl, chlorobenzoyl, bromobenzoyl or lower alkyl
      ##EQU2##
      (of 2 to 4 carbon atoms, and an organic solvent and subsequently fixing
      the dyestuffs by a heat treatment.
NUM  2.
PAR  2. The process as claimed in claim 1, wherein at least one halogenated
      hydrocarbon is used as organic solvent.
NUM  3.
PAR  3. The process as claimed in claim 1, wherein at least one aliphatic
      alcohol is used as organic solvent.
NUM  4.
PAR  4. The process as claimed in claim 1, wherein a mixture consisting of a
      halogenated organic hydrocarbon and an aliphatic alcohol is used as
      organic solvent.
NUM  5.
PAR  5. The process as claimed in claim 1, wherein the boiling limit benzines,
      methylene chloride, dichloroethane, trichloroethane, tetrachloroethane,
      dichloro-fluoromethane, dichlorotetrafluoromethane,
      octafluoro-cyclobutane, toluene, xylene, chlorobenzene, fluorobenzene,
      trichloro-fluoromethane, 1,2,2-trichloro-1,1,2-trichloroethane,
      tetrachloroethylene, trichloroethylene and 1,1,1-trichloroethane are used
      as organic solvent.
NUM  6.
PAR  6. The process as claimed in claim 1, wherein the dyeing is aftertreated in
      an organic solvent.
NUM  7.
PAR  7. The process as claimed in claim 1, wherein the dyeing is aftertreated in
      the same organic solvent or mixture of organic solvents which had been
      used in the preceding dyeing process.
NUM  8.
PAR  8. The process as claimed in claim 1, wherein textile material consisting
      of polyamides, polyurethanes, polyolefins, polyacrylonitriles, polyvinyl
      chlorides, polyvinyl acetates, cellulose-21/2-acetate,
      cellulose-triacetate or polyester is dyed.
PATN
WKU  039307948
SRC  5
APN  4080750
APT  1
ART  223
APD  19731019
TTL  Process for the dyeing of synthetic fiber materials from organic solvents
ISD  19760106
NCL  8
ECL  1
EXA  Leland: David
EXP  Padgett; Benjamin R.
INVT
NAM  Birke; Walter
CTY  Frankfurt am Main
CNT  DT
INVT
NAM  Schickfluss; Rudolf
CTY  Frankfurt am Main
CNT  DT
INVT
NAM  Schon; Franz
CTY  Frankfurt am Main
CNT  DT
INVT
NAM  Steckelberg; Willi
CTY  Hofheim, Taunus
CNT  DT
ASSG
NAM  Hoechst Aktiengesellschaft
CTY  Frankfurt am Main
CNT  DT
COD  03
PRIR
CNT  DT
APD  19721021
APN  2251704
CLAS
OCL    8 41B
XCL    8 41R
XCL    8 41A
XCL    8 41C
XCL    8 41D
XCL    8 50
XCL  260174
XCL  260185
XCL  260189
XCL  260190
XCL  260191
EDF  2
ICL  C08K  523
ICL  C09B 4318
ICL  D06P  104
FSS  173;174;41 A;41 B;41 C;41 D;41 R;6
FSC  260
FSS  174;189;190;191;185
UREF
PNO  1738978
ISD  19291100
NAM  Whitehead
XCL    8173
UREF
PNO  2691027
ISD  19541000
NAM  Grossmann et al.
XCL    8  6
UREF
PNO  2888452
ISD  19590500
NAM  Schmid et al.
XCL    8  6
UREF
PNO  3663161
ISD  19720500
NAM  Litzler et al.
OCL    8174
UREF
PNO  3684431
ISD  19720800
NAM  Bischof et al.
OCL    8137
UREF
PNO  3738803
ISD  19730600
NAM  Blanc et al.
XCL    8174
FREF
PNO  525,042
ISD  19400800
CNT  UK
OCL    8  6
FREF
PNO  1,288,063
ISD  19691000
CNT  DT
LREP
FRM  Curtis, Morris & Safford
ABST
PAL  A process for the continuous dyeing of textile materials containing or
      consisting of synthetic fibrous materials from organic solvents, which
      comprises impregnating the said textile materials with an organic dyebath
      containing at least one dyestuff of the formula
      ##SPC1##
PAL  In which the phenyl radical A is unsubstituted or substituted by 1 to 3
      substituents of the group consisting of halogen, nitro, cyano,
      trifluoromethyl, lower alkyl, lower alkoxy and lower alkoxy-lower
      alkylene--O--, B represents naphthylene or
      ##SPC2##
PAL  R.sub.2, r.sub.3, r.sub.4 and R.sub.5 each represent hydrogen, halogen,
      lower alkyl, lower alkoxy or lower alkoxy-lower alkylene--O--, and R.sub.1
      stands for a linear or branched alkylcarbonyl of at most 18 carbon atoms,
      ##SPC3##
      ##SPC4##
      ##SPC5##
      ##SPC6##
PAL  And an organic solvent, and fixing the dyestuffs by submitting the
      impregnated materials to a heat treatment.
BSUM
PAR  We have found that valuable fast dyeings can be produced in continuous
      manner on textile materials consisting of, or containing, synthetic fibers
      by impregnating the said textile materials with organic dyeing liquors
      which contain dyestuffs of the general formula (1)
EQU  A -- N = N -- B -- N = N -- C -- O -- R.sub.1              ( 1)
PAL  in which A represents a benzene radical which may contain up to 3
      substituents from the series of halogen atoms, preferably chlorine or
      bromine atoms, nitro, cyano, trifluoromethyl and alkyl groups preferably
      containing 1 to 4 carbon atoms and alkoxy groups preferably containing 1
      to 4 carbon atoms optionally substituted by alkoxy groups containing 1 to
      4 carbon atoms, B represents the radical
      ##SPC7##
PAL  Or the radical of the formula (2)
      ##SPC8##
PAL  In which R.sub.2 and R.sub.3, independently of each other, represent
      hydrogen atoms, halogen atoms, preferably chlorine or bromine atoms,
      and/or alkyl groups preferably containing 1 to 4 carbon atoms and/or
      alkoxy groups preferably containing 1 to 4 carbon atoms optionally
      substituted by alkoxy groups containing 1 to 4 carbon atoms,
PA1  C represents a radical of the formula (3)
      ##SPC9##
PAL  In which R.sub.4 and R.sub.5, independently of each other, represent
      hydrogen atoms, halogen atoms, preferably chlorine or bromine atoms,
      and/or alkyl groups preferably containing 1 to 4 carbon atoms and/or
      alkoxy groups preferably containing 1 to 4 carbon atoms optionally
      substituted by alkoxy groups containing 1 to 4 carbon atoms, and R.sub.1
      represents a branched or unbranched alkylcarbonyl radical or an
      arylcarbonyl radical optionally substituted by alkyl or alkoxy groups
      containing 1 to 4 carbon atoms or by halogen atoms, preferably chlorine or
      bromine atoms, R.sub.1 containing at most 18 carbon atoms, and
      subsequently fixing the dyestuffs by a heat treatment.
PAR  The dyestuffs which are preferably used in the process of the invention are
      those which correspond to the general formula (4)
EQU  A -- N = N -- B -- N = N -- C -- O -- R.sub.1 '            (4)
PAL  in which A, B and C have the meanings given above and R.sub.1 ' represents
      alkylcarbonyl groups of preferably 5 to 10 carbon atoms.
PAR  The dyestuffs which are most preferably used in the process of the
      invention are those which correspond to the general formula (5)
      ##SPC10##
PAL  in which B, R.sub.1 ', R.sub.4 and R.sub.5 have the meanings given above
      and R.sub.6 and R.sub.7, independently of each other, represent hydrogen
      atoms or halogen atoms, preferably chlorine or bromine atoms, alkyl or
      alkoxy groups of 1 to 4 carbon atoms.
PAR  With the dyestuffs used according to the invention it is possible in the
      dyeing of textile materials consisting of, or containing, synthetic
      fibrous materials from organic solvents to obtain dyeings which are
      distinguished by a high tinctorial yield, very good built-up and
      outstanding fastness properties, in particular very good fastness to
      thermofixation, to washing, to rubbing and to light. Another advantage of
      the dyestuffs used is their high solubility in organic solvents, for
      example alcohols and in particular halogenated hydrocarbons which in some
      cases permits dyeing without the use of solubilizers.
PAR  The dyestuffs used according to the invention are better suitable for the
      dyeing from organic solvents than the phenolic starting dyestuffs (R.sub.1
      = H in the general formula (1) in that they yield distinctly better
      dyeings. In addition, the dyeings produced with the dyestuffs used
      according to the invention often have a better fastness to sublimation and
      show a clearer and brighter shade than dyeings produced with the phenolic
      starting dyestuffs.
PAR  Mixture of the dyestuffs used according to the invention sometimes show a
      better tinctorial yield than the individual dyestuffs and in some cases
      also have a better solubility in the organic solvent used.
PAR  The synthetic fiber materials may be those made of high molecular
      polyamides, polyolefins, polyacrylonitriles, furthermore of polyurethanes,
      polyvinyl chlorides, polyvinyl acetates and cellulose--21/2 acetate and
      cellulose-triacetate, in particular, however, those of high molecular
      polyesters such as polyethylene terephthalate. The above-mentioned textile
      materials may also be used in mixtures one with the other or in mixtures
      with natural fibers such as cellulose fibers or wool. The fiber materials
      may be present in any processing stages which are suitable for a
      continuous method of operation, for example in the form of cable, combed
      material, filaments, yarns, fabrics, knit fabrics or "non-woven" articles.
PAR  As organic solvents, there may be used those the boiling points of which
      under normal conditions are not higher than 150.degree. C, for example
      aliphatic hydrocarbons such as the boiling limit benzines (DIN 51 631/I,
      59), aliphatic halogenated hydrocarbons such as methylene chloride,
      dichloroethane, trichloroethane, tetrachloroethane,
      dichloro-fluoromethane, dichlorotetrafluoromethane and
      octafluorocyclobutane, aromatic hydrocarbons such as toluene and xylene,
      or aromatic halogenated hydrocarbons such as chlorobenzene and
      fluorobenzene. Particularly suitable are trichloro-fluoromethane,
      1,2,2-trichloro-1,1,2-trichloro-ethane, tetrachloroethylene,
      trichloroethylene and 1,1,1-trichloroethane.
PAR  Furthermore, there may be used as organic solvents alcohols, preferably
      aliphatic alcohols containing up to 4 carbon atoms. Mixtures of different
      solvents have proved advantageous. Thus, for example mixtures of
      halogenated aliphatic hydrocarbons and aliphatic alcohols are particularly
      suitable.
PAR  For preparing the padding liquors, the dyestuffs are dissolved in the
      solvent or mixture of solvents by stirring, if necessary with heating. The
      dyestuffs may be used in various forms, for example in the form without
      filler, in the form of a concentrated solution in one of the solvents used
      according to the invention or in a mixture of solvents used according to
      the invention or in the form of a preparation with the use of
      solvent-soluble auxiliary agents, for example oxalkylation products of fat
      alcohols, alkylene phenols, fatty acids and fatty acid amides.
PAR  The dyestuff solutions are applied in the easiest way by padding, but they
      can also be applied by other impregnation methods, for example spraying,
      nip-padding or immersion.
PAR  The impregnation is carried out preferably at room temperature, but it is
      also possible to operate at lower or elevated temperatures.
PAR  Prior to the fixation of the dyestuff, the textile material treated with
      the dyeing liquor is preferably dried, which may be effected, for example
      by hot air, by passing through an inert gas (such as nitrogen) or air or
      by the application of super-heated vapors, for example steam or solvent
      vapor, or under application of reduced pressure.
PAR  The dyestuffs are then fixed by the application of elevated temperatures,
      for example by hot air, dry heat, steam or solvent vapour.
PAR  The fixing temperatures depend on the type of the fibers and are in general
      between 100.degree. and 240.degree. C in padding processes. The heat
      treatment can be effected in superheated steam or in vapors of organic
      solvents. The fixation may also be effected by molten metals, paraffins,
      waxes, oxalkylation products of alcohols or fatty acids or in eutectic
      mixtures of salts. It is preferred, however, to carry out the fixation by
      dry heat, i.e., according to the so-called thermosol process. It is also
      possible to carry out drying and heat treatment in one working step.
PAR  The solvent vapors obtained during drying or fixing are generally recovered
      by suitable installations. The recovered solvents may then be used again
      for the described dyeing process.
PAR  If necessary, the unfixed dyestuff proportion is removed after fixation of
      the dyestuffs, if necessary, by a suitable after-treatment, whereby the
      fastness properties regarding utilization may be improved. This
      aftertreatment is preferably carried out in the same organic solvent used
      for dyeing, but it may also be effected in other organic solvents or in
      aqueous liquors according to known methods.
PAR  The dyestuffs of the mentioned formula (1) used according to the invention
      are new and may be prepared according to known methods by reacting known
      phenolic disazo dyestuffs of the formula (1), in which, however, R.sub.1,
      represents a hydrogen atom, in a suitable medium, for example chloroform,
      benzene, methylethyl ketone, dioxane or Sulfolan, with aliphatic or
      aromatic acid chlorides or anhydrides in the presence of an acid-binding
      agent, for example soda, pyridine or triethylamine.
DETD
PAR  The following Examples illustrate the invention.
PAC  EXAMPLE 1
PAR  8 Parts by weight of the dyestuff of the formula
      ##SPC11##
PAL  were dissolved in 1000 parts by volume of perchloroethylene at about
      20.degree. C. A fabric of polyester fibers was padded on a foulard with a
      squeezing effect of about 70% (weight of padding liquor referred to the
      weight of the goods) at room temperature with this dyestuff solution. The
      fabric was then dried in a suitable apparatus by removing the solvent
      vapors by suction. For dyestuff fixation, the fabric was subsequently
      thermosoled for 1 minute at 220.degree. C. An orange brown dyeing having
      good fastness properties regarding utilization was obtained.
PAR  Similar results were obtained when using instead of the above-mentioned
      solvent the same amount of trichloroethylene.
PAR  The dyestuff had been prepared as follows:
PAR  35.2 g (0.1 mole) of the dyestuff of the formula
      ##SPC12##
PAL  16.1 g (0.12 mole) of caproic acid chloride and 9.5 g (0.12 mole) of
      pyridine were heated under reflux to the boiling temperature for about 8
      hours in 250 ml of chloroform. When the reaction was completed, the
      organic solvent was completely evaporated. The residue was dissolved in a
      mixture of ethanol and acetone. The dyestuff was precipitated by slowly
      and dropwise adding ice-water to the stirred solution. The dyestuff was
      filtered off with suction, washed with cold water and dried at about
      50.degree. C in a vacuum drier.
PAC  EXAMPLE 2
PAR  7 Parts by weight of the dyestuff of the formula
      ##SPC13##
PAL  were dissolved in 1000 parts by volume of 1,1,1-trichloroethane at about
      25.degree. C. With this padding liquor, a mixed fabric of 67% of polyester
      fibers and 33% of cotton was padded on a foulard with a squeezing effect
      of about 85%. Drying and dye-stuff fixation were carried out as described
      in Example 1. The dyeing was then washed cold for 2 minutes in
      1,1,1-trichloroethane. A fast orange dyeing was obtained on the polyester
      portion of the mixed fabric.
PAR  The dyestuff had been obtained by acylating the dyestuff of the formula
      ##SPC14##
PAL  with caprylic acid chloride as acylating agent and further proceeding as
      described in Example 1.
PAC  EXAMPLE 3
PAR  4 Parts by weight of the dyestuff of the formula
      ##SPC15##
PAL  were dissolved at about 30.degree. C in 1000 parts by volume of a mixture
      of 90% by volume of 1,2,2-trifluoro-trichloroethane and 10% by volume of
      methanol. A fabric of polyester fibers was padded on a foulard with this
      liquor. The squeezing effect was about 65%. Drying and dyestuff fixation
      was effected as described in Example 1. The dyeing was subsequently washed
      cold for about 5 minutes with the same solvent mixture. A fast orange
      dyeing was obtained.
PAR  The dyestuff had been obtained by acylating the dyestuff of the formula
      ##SPC16##
PAL  with capric acid chloride as the acylating agent and further proceeding as
      described in Example 1.
PAC  EXAMPLE 4
PAR  6 Parts by weight of the dyestuff used in Example 1 were dissolved at room
      temperature in 1000 parts by volume of perchloroethylene and applied, as
      described in Example 1, by padding onto the fiber materials described
      hereafter, dried and thermosoled under the indicated conditions:
TBL  fabric of 21/2-acetate fibers                                             

                            30 seconds 160.degree.C                            

     fabric of triacetate fibers                                               

                            30 seconds 170.degree.C                            

     fabric of polyamide-6,6 fibers                                            

                            40 seconds 190.degree.C                            

     yarn of polyvinyl chloride fibers                                         

     (type Thermovyl)       30 seconds 130.degree.C                            

     combed material of polypropylene fibers                                   

                            30 seconds 145.degree.C                            

PAR  The dyeings were subsequently washed cold for 5 minutes in
      perchloroethylene. Dependent on the fiber material used, fast yellow
      orange to brown orange dyeings were obtained.
PAC  EXAMPLE 5
PAR  3 Parts by weight of the dyestuff of the formula
      ##SPC17##
PAL  were dissolved at about 30.degree. C in 1000 parts by volume of methanol.
      With this padding liquor, a fabric of polyester staple fibers was padded
      on a foulard with a squeezing effect of about 35%, dried and thermosoled
      for 1 minute at 210.degree. C. Subsequently, the dyeing was treated cold
      for 5 minutes in methanol. A yellow orange dyeing having good fastness
      properties was obtained.
PAR  The dyestuff had been prepared as follows:
PAR  37.7 g (0.1 mole) of the dyestuff of the formula
      ##SPC18##
PAL  were dissolved in 250 ml of methylethyl ketone and combined with 8.0 g
      (0.075 mole) of soda. 28.5 g (0.15 mole) of capric acid chloride were
      added dropwise, while cooling well externally. The reaction mixture was
      heated for about 12 hours under reflux to the boiling temperature. When
      the reaction was completed, the organic solvent was completely evaporated,
      the residue was dissolved in a mixture of ethanol and acetone and the
      dyestuff was precipitated from the dyestuff solution by the addition of
      ice-water. The product was filtered off with suction, well washed with
      water and dried at about 50.degree. C in a vacuum drier.
PAC  EXAMPLE 6
PAR  8 Parts by weight of the dyestuff used in Example 1 and 8 parts by weight
      of the dyestuff used in Example 3 were dissolved in 1000 parts by volume
      of perchloroethylene at about 25.degree. C and then applied by padding
      (squeezing effect about 70%) onto a fabric of polyester fibers. After
      impregnation, the fabric was dried and subsequently thermosoled for 1
      minute at 215.degree. C. A deep orange brown dyeing having good properties
      of fastness was obtained.
PAC  EXAMPLE 7
PAR  3 Parts by weight of the dyestuff of the formula
      ##SPC19##
PAL  were dissolved in 1000 parts by volume of a mixture of 70% by volume of
      perchloroethylene and 30% by volume of methanol at about 25.degree. C.
      With this solution, a fabric of polyester fibers was impregnated on a
      foulard. The squeezing effect was about 60%. After padding, the dyeing was
      dried, then thermosoled for 1 minute at 210.degree. C and washed cold for
      about 5 minutes in the same solvent mixture. A yellow dyeing having good
      properties of fastness was obtained.
PAR  The dyestuff had been prepared as follows:
PAR  31.6 g (0.1 mole) of the dyestuff of the formula
      ##SPC20##
PAL  16.1 g (0.12 mole) of caproic acid chloride and 9.5 g (0.12 mole) of
      pyridine were heated for about 8 hours under reflux to the boiling
      temperature in 250 ml of chloroform. Isolation of the dyestuff was
      effected in the manner described in the preceding examples.
PAC  EXAMPLE 8
PAR  4 Parts by weight of the dyestuff of the formula
      ##SPC21##
PAL  were dissolved at about 20.degree. C in a mixture of 950 parts by volume of
      methylene chloride and 50 parts by volume of methanol. Combed material of
      polyester fibers was padded on a foulard with this liquor, with a
      squeezing effect of about 70%, dried and thermosoled for 1 minutes at
      210.degree. C in order to fix the dyestuff. The dyeing was further treated
      by washing it cold for 5 minutes with perchloroethylene. A fast yellow
      orange dyeing was obtained.
PAR  The dyestuff had been prepared as follows:
PAR  34.6 g (0.1 mole) of the dyestuff of the formula
      ##SPC22##
PAL  19.4 g (0.12 mole) of caprylic acid chloride and 9.5 g (0.12 mole) of
      pyridine were heated for about 8 hours under reflux to the boiling
      temperature in 250 ml of chloroform. Isolation of the dyestuff was carried
      out as described in the preceding examples.
PAC  EXAMPLE 9
PAR  5 Parts by weight of the dyestuff of the formula
      ##SPC23##
PAL  were dissolved at room temperature in 1000 parts by volume of a mixture of
      50% of 1,2,2-trifluoro-trichloroethane and 50% of methylene chloride. A
      fabric of polyester fibers was padded on a foulard with this solution,
      with a squeezing effect of about 65%, dried and thermosolved for 1 minute
      at 210.degree. C. The dyeing was then washed cold for about 5 minutes with
      the same solvent mixture. A fast orange dyeing was obtained.
PAR  Similar resulsts were obtained when using, instead of the hot air
      treatment, the following methods for fixing the dyestuffs: 20 minutes
      steaming in steam at 102.degree. - 103.degree. C; 5 minutes steaming in
      superheated perchloroethylene vapor at about 150.degree. C.
PAR  The dyestuff had been prepared by reacting the dyestuff of the formula
      ##SPC24##
PAL  with caprylic acid chloride as the acylating agent and further proceeding
      as described in Example 5.
PAR  The following Table 1 indicates a selection of dyestuffs which can be used
      according to the described dyeing methods and yield yellow to orange
      dyeings on polyester fibers.
PAC  TABLE
      ##SPC25##
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the continuous dyeing of textile materials containing or
      consisting of synthetic fibrous materials from organic solvents, which
      comprises impregnating the said textile materials with an organic dyebath
      containing at least one dyestuff of the formula
      ##SPC26##
PAL  in which the phenyl radical A is unsubstituted or substituted by 1 to 3
      substituents of the group consisting of halogen, nitro, cyano,
      trifluoromethyl, lower alkyl, lower alkoxy and lower alkoxy-lower
      alkylene--O--, B represents naphthylene or
      ##SPC27##
PAL  R.sub.2, r.sub.3, r.sub.4 and R.sub.5 each represent hydrogen, halogen,
      lower alkyl, lower alkoxy or lower alkoxy-lower alkylene--O--, and R.sub.1
      stands for a linear or branched alkylcarbonyl of at most 18 carbon atoms,
      ##SPC28##
      ##SPC29##
      ##SPC30##
      ##SPC31##
PAL  and an organic solvent, and fixing the dyestuffs by submitting the
      impregnated materials to a heat treatment.
NUM  2.
PAR  2. The process as claimed in claim 1, wherein at least one halogenated
      hydrocarbon is used as organic solvent.
NUM  3.
PAR  3. The process as claimed in claim 1, wherein at least one aliphatic
      alcohol is used as organic solvent.
NUM  4.
PAR  4. The process as claimed in claim 1, wherein a mixture consisting of a
      halogenated organic hydrocarbon and an aliphatic alcohol is used as
      organic solvent.
NUM  5.
PAR  5. The process as claimed in claim 1, wherein the boiling limit benzines,
      methylene chloride, dichloro-ethane, trichloro-ethane, tetrachloro-ethane,
      dichloro-fluoromethane, dichloro-tetrafluoro-methane,
      octafluoro-cyclobutane, toluene, xylene, chlorobenzene, fluorobenzene,
      trichloro-fluoro-methane, 1,2,2-trichloro-1,1,2-trichloro-ethane,
      tetrachloroethylene, trichloroethylene and 1,1,1-trichloro-ethane are used
      as organic solvent.
NUM  6.
PAR  6. The process as claimed in claim 1, wherein the dyeing is aftertreated in
      an organic solvent.
NUM  7.
PAR  7. The process as claimed in claim 1, wherein the dyeing is aftertreated in
      the same organic solvent or mixture of organic solvents which had been
      used in the preceding dyeing process.
NUM  8.
PAR  8. The process as claimed in claim 1, wherein a textile material consisting
      of or containing polyamides, polyurethanes, polyolefins,
      polyacrylonitriles, polyvinyl chlorides, polyvinyl acetates,
      cellulose--21/2-acetate, cellulose-triacetate or polyethylene
      terephthalate is dyed.
PATN
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      pp. 93-100.
LREP
FRM  Curtis, Morris & Safford
ABST
PAL  Process for the level dyeing of wool, having an anti-felting finish
      consisting of a coating layer of polyimine or polyamine resin, according
      to the exhaustion method with reactive dyestuffs which contain two or more
      sulfonic acid or sulfonate groups -- without considering the sulfonic acid
      or sulfonate groups which may be contained in the fiber-reactive groupings
      -- in the molecule or with conbinations of such dyestuffs having a
      different absorbing capacity from an aqueous bath at elevated temperature,
      in which process benzene sulfonic acids, alkylbenzene sulfonic acids,
      naphthalene sulfonic acids, alkylnaphthalene sulfonic acids or the
      condensation products of naphthalene sulfonic acids with formaldehyde or
      cresols are added to the dyeing liquor.
BSUM
PAR  The present invention relates to a process for the level dyeing of wool.
PAR  When dyeing wool, especially woolen material having an anti-felting finish
      and most especially woolen fibers which have a polyimine or a polyamine
      coating layer (as it is disclosed in Melliand Textilberichte 9/1971, page
      1100 or in Journal of the Society of Dyers and Colorists volume 88, number
      3/1972, pages 93-100) preventing them from felting, level dyeings are
      until now very difficult to obtain. This undesired property is due to the
      fact that novel groups of the wool having affinity to the dye are
      activated by the anti-felting finish to effect the salt-like or reactive
      binding of dyestuff. The higher the affinity of the wool, however, the
      greater the difficulties to obtain level dyeings on that fibrous material.
      These difficulties are even increased when combinations of two or more
      dyestuffs are applied their affinity to the fiber generally being
      different from one another. Such woolen material having an anti-felting
      finish can, however, only be dyed with reactive dyestuffs for the sake of
      fastness, because a textile article of that kind stands a repeated washing
      without felting in household washing machines at 60.degree.C using at the
      same time perborate-containing detergents and must, therefore, be
      color-fast.
PAR  Only dyeings prepared by fiber-reactive dyestuffs which are sufficiently
      fast to wet processing can meet the high requirements necessary to stand
      several washings at 60.degree.C. Among those dyestuffs just the reactive
      dyestuffs generally used strongly mark the differences of the affinity
      depending on the material in the case of polyamide fibers. This
      disadvantage is especially caused when dyeing with dyes in combinations
      which show an absorption capacity different from one another on account of
      their different content of --SO.sub.3 H groups in the dyestuff molecule
      (without considering --SO.sub.3 H groups which may be contained in the
      reactive groups). This phenomenon is especially mentioned in Journal of
      the Society of Dyers and Colorists, loc. cit., page 96. The usual
      anti-felting finishes or the treatments of the wool which reduce felting,
      however, make the differences of affinity depending on the material even
      greater. Attempts have already been made to master the problem of unlevel
      reactive dyeings on wool with the preparation of suitable dyestuffs.
      Experience shows, however, that in this field the dyestuffs can be adapted
      to the conditions given only to a limited extent because of other dyeing
      and fastness properties which are required. [cf. Textilveredlung 7,
      (1972), No. 5, pages 297-307].
PAR  The levelling property of a dyestuff or a dyestuff combination is examined
      by means of a knitted or woven fabric made of yarn dyed in the hank. As
      soon as this test material shows barriness in the individual knitting rows
      the dyeing is considered to be unuseful. This examination is carried out
      in the manner described because wool having an anti-felting finish is
      especially used for knitting yarns, and the corresponding dyeings must
      meet these requirements in view of the levelness in the knitting
      procedure.
PAR  It has been found that the disadvantages and difficulties mentioned above
      which hitherto arose in the dyeing of wool, having an anti-felting finish
      consisting of a coating layer of polyimine or of polyamine resin according
      to the exhaustion method with reactive dyestuffs can be overcome and that
      completely level dyeings with reactive dyestuffs containing two or more
      sulfonic acid or sulfonate groups -- without the sulfonic acid or
      sulfonate groups which may be contained in the fiber-reactive groupings --
      in the molecule can be obtained on these textile materials which dyeings
      meet the fastness requirements which the articles made thereof must
      possess, when the dyeings are carried out with such a dyestuff or with
      combinations of such dyestuffs having a different absorbing property from
      an aqueous bath at elevated temperature and with the addition of compounds
      of the general formulae
      ##SPC1##
PAL  in which X stands for a hydrogen atom or the radical of the formula
      --SO.sub.3 (H,Na), R.sub.1 stands for an alkyl radical having 2 to 14
      carbon atoms, R.sub.2 stands for a hydrogen atom or an alkyl radical
      having 2 to 14 carbon atoms and A is a bridge-member of the formula
      --CH.sub.2 -- or
      ##SPC2##
PAR  These products of the formulae I, II and III which are known as wetting or
      dispersing agent show a certain levelling action due to their dispersing
      effect in the dyeing of synthetic fibers with water-insoluble disperse
      dyes. It could, however, not be foreseen that they can equalize the
      differences of the affinity given by the wool itself and by the dyestuffs
      when they are applied with water-soluble reactive dyestuffs on wool having
      an anti-felting finish.
PAR  It could, neither, be foreseen and, therefore, was surprising that the
      levelling action described above was only obtained with dyestuffs or
      dyestuff combinations when two or more unreactive --SO.sub.3 H groups are
      contained in the dyestuff molecule. Thus the process of the invention
      allows to dye even the fairest shades in a satisfactory and level manner.
PAR  As it is disclosed in Journal of the Society of Dyers and Colourists,
      loc.cit., page 97, the wool having an anti-felting finish is, in
      principle, washed before carrying out the dyeing operations and then
      thoroughly rinsed. The following operation steps are important for the
      levelness of the dyeings obtained in accordance with the invention and
      should therefore be observed. The dyebath is prepared with water of about
      40.degree.C with a goods-to-liquor ratio of 1:10 to 1:60, preferably, 1:10
      to 1:30, and mixed with the usual chemical substances, such as penetrating
      adjuvants and those regulating the pH, except the acids required for
      dyeing, but above all, with the products of the formulae I, II or III
      applied in amounts of from 0.2 to 2 % preferably from 0.5 to 1 %
      calculated on the weight of the dry wool.
PAR  To be completely distributed the liquor is brought for about 10 minutes
      into contact with the wool to be dyed and having an anti-felting finish.
      The reactive dyestuffs mentioned above having two or more unreactive
      sulfonic acid groups in the dyestuff molecule are dissolved with hot water
      poured over them and added to the dyebath after the period of the
      pretreatment operation is over. Now, too, the dyeing operation is
      continued for another 10 minutes at 40.degree.C to distribute the dyestuff
      equally before the amounts of acid required for dyeing are added to the
      dyebath. These amounts of acid are adapted to the dyestuff amounts and are
      used in the following order:
PA1  up to 0.3 % of dyestuff the pH 6.5 is adjusted with acetic acid
PA1  up to 1 % of dyestuff the pH 6.3 is adjusted with acetic acid
PA1  above 1 % of dyestuff the pH 6 is adjusted with acetic acid
PAR  above 2.5 % of dyestuff the pH 5.5 is adjusted with acetic acid
PA1  above 3.5 % of dyestuff the pH 5 is adjusted with acetic acid.
PAR  After a short period of adjustment the dyebath is heated to 85.degree.C
      within 45 minutes and maintained at that temperature for 25 to 30 minutes.
      In the course of the operation the reactive dyestuffs initially undergo
      with the wool a salt-like addition which is then converted to become a
      reactive bond progressively while slowly increasing the temperature by
      about 1.degree. to 2.degree.C per minute. (cf. Textil-Praxis 1971, 3rd
      edition pages 164-167). The dyeing is completed at the boiling temperature
      or at 110.degree.C during 30 to 50 minutes. In the case of dark dyeings,
      i.e. using about 1 % dyestuff and more, the dyeings are generally
      after-treated in the same bath at elevated pH (about 6.8) in order to
      assure the fastness properties required for the dyed woolen material to
      stand a treatment in the washing machine at 60.degree.C. For this purpose,
      an alkali-yielding agent, preferably sodium trichloroacetate, is
      introduced into the bath, in accordance with the invention, in amounts
      capable of changing the pH of the liquor during the after-treatment
      gradually from the acid in direction to the neutral range.
PAR  According to the invention, the dyeing of the wool having an anti-felting
      finish can be performed in any processing stage on suitable dyeing
      machines, for example, exhaustion dyeing apparatus, winch vat, paddle
      dyeing machine and others. The material is present in the form of combed
      material, yarn, woven and knitted fabric, finished pullover or finished
      pullover parts or of piece goods.
PAR  Even fast running dyeing machines, for example, the yarn dyeing machine of
      the System of Bellmann, allow to dye very sensitive shades, for example,
      beige, fair blue with the use of, for example, three dyestuffs, by means
      of the products of the formulae I, II or III, when changing the process in
      corresponding manner which is necessary because of the high liquor
      through-put in the machine. Under these conditions useful dyeings could
      not be obtained until now.
PAR  Suitable reactive dyestuffs for the process of the invention are, for
      example, the following dyestuff types:
PAR  Dyestuffs which contain a vinylsulfone group or form such a group under
      given dyeing conditions, and which react over that group with the reactive
      groups of the polyamide fibers, for example, dyestuffs containing
      sulfatoethylsulfone groups, chloroethylsulfone groups,
      methyltaurinoethylsulfone groups or thiosulfatoethylsulfone groups;
PAR  Dyestuffs which react with the fiber over a substituted or unsubstituted
      acrylamide group, for example, those containing .alpha.-bromoacrylamide or
      .beta.-(2,2,3,3-tetrafluoro-cyclobutyl)-acryloylamino groups;
PAR  Dyestuffs which contain the following atom grouping as reactive group:
PAR  Mono- and dichlorotriazine, trichloropyrimidine,
      monochlorodifluoropyrimidine, monochloroacetic acid amide, chloro- or
      sulfatopropyl amide, alkylsulfone propyl amide, dichlorophthalazine,
      benzochlorothiazole, dichloropyridazone, dichloropyrazine and
      methylsulfonyl-methyl-chloropyrimidine groups.
PAR  This synopsis of dyestuffs which can be used in the process of the
      invention is to be applied under the condition the the colour-yielding
      molecule contains two or more sulfonic acid or sulfonate groups, the
      --SO.sub.3 H or --SO.sub.3 Na groups optionally in the fiber-reactive
      groups not being counted because they are, generally, split off. The
      chromophorus part of these water-soluble dyestuffs may, itself, have the
      most varying structure; however, azo and anthraquinone dyestuffs are,
      preferably, used. Dyestuffs of the type used according to this invention
      are described in Colour Index, 3rd Edit., Vol. 3 under the designation
      "Reactive Dyes".
PAR  The products of the formulae I, II and III used in the novel process are
      described in H. Rath, Lehrbuch der Textilchemie, 2nd edition, 1963 pages
      660-661.
DETD
PAR  The following Examples illustrate the invention:
PAC  EXAMPLE 1
PAR  Finished pullover parts made of wool, having an anti-felting finish, were
      dyed on a paddle-dyeing machine with a goods-to-liquor ratio of 1 : 20.
      The anti-felting finish of the wool was effected according to the process
      described in Melliand Textilberichte 9/1971, page 1100 and in Journal of
      the Society of Dyers and Colourists, volume 88, page 93 et seq.
PAR  To dye the textile material the dyebath was prepared at 40.degree.C and the
      aqueous liquir was mixed with the following products (in % each calculated
      on the dry weight of the wool):
PA1  0.74 % of the reaction product of 1 mol of stearyl amine with 10 mols of
      ethylene oxide,
PA1  0.26 % of dodecylsulfonic acid
PA1  2.0 % of ammonium acetate
PA1  0.5 % of the condensation product of formaldehyde and naphthalene sulfonic
      acid.
PAR  The liquor so prepared was allowed to contact with the material to be dyed
      during 10 minutes at 40.degree.C and then 0.7 % of the reactive dyestuff
      of the formula
      ##SPC3##
PAL  1.7 % of the reactive dyestuff of the formula
      ##SPC4##
PAL  and 0.7 % of the reactive dyestuff of the formula
      ##SPC5##
PAL  in the commercial form adjusted with methyl taurine and dissolved in hot
      water, were added to this bath. After a further 10 minutes the dyebath was
      ajusted to pH 5.5 with acetic acid and heated from 40.degree. to
      85.degree.C within 45 minutes. The material was dyed at 85.degree.C during
      25 minutes, then the liquor was brought to the boiling point by raising
      the temperature by 1.degree. to 2.degree.C per minute and dyeing was
      continued for a further 60 minutes under these conditions. Within this
      boiling period 2.5 % of sodium trichloroacetate were added to the dyebath
      40 minutes after boiling began to improve the fastness properties of the
      dyeing.
PAR  Finally, the material dyed was rinsed gradually with hot and cold water. A
      very level and fast brown dyeing was obtained.
PAR  Without adding the formaldehyde-naphthalene-sulfonic acid condensation
      product the same dyeing operation yielded an unlevel dyeing which was so
      unuseable.
PAC  EXAMPLE 2
PAR  Woolen knitting yarn, having an anti-felting finish was dyed on a hank
      dyeing machine of the System of Bellmann with a goods-to-liquor ratio of 1
      : 60.
PAR  The bath was prepared with water of 70.degree.C, to which the following
      products (in % calculated on the dry weight of the wool) were added:
PA1  0.74 % of the reaction product of 1 mol of stearyl amine with 10 moles of
      ethylene oxide,
PA1  0.26 % of dodecylsulfonic acid,
PA1  0.5 % of the condensation product of formaldehyde and naphthalene sulfonic
      acid and
PA1  2.0 % of ammonium acetate
PAL  and it was adjusted to pH 6.3 with acetic acid. The liquor so prepared was
      allowed to contact the material to be dyed at 70.degree.C for 2 minutes to
      which 0.75 % of the reactive dyestuff of the formula
      ##SPC6##
PAL  0.005 % of the reactive dyestuff of the formula
      ##SPC7##
PAL  and 0.0035 % of the reactive dyestuff of the formula
      ##SPC8##
PAL  in commercial form adjusted with methyl taurine and dissolved in hot water
      were added. After a further 2 minutes of contact of the goods with the
      liquor, the dyebath was heated to 110.degree.C during about 10 minutes and
      the material was dyed at that temperature during 10 minutes. The dyebath
      was then rapidly cooled (within about 5 minutes) to 90.degree.C, the dyed
      fibrous material was removed from the dyeing apparatus to be rinsed. The
      dyeing was rinsed gradually with hot and cold water. A very level dyeing
      was obtained.
PAR  A dyeing produced under the same conditions without the addition of the
      condensation product of formaldehyde with naphthalene sulfonic acid could
      absolutely not be used for knitting because it was not level.
PAC  EXAMPLE 3
PAR  Knitted fabrics in pieces made of wool, having an anti-felting finish, were
      dyed on a winch vat with a goods-to-liquor ratio of 1 : 30.
PAR  The dyebath was prepared with water of 40.degree.C, to which the following
      products (in % calculated on the dry weight of the wool) were added:
PA1  0.74 % of the reaction product of 1 mol of stearyl amine with 10 mols of
      ethylene oxide,
PA1  0.26 % of dodecylsulfonic acid,
PA1  0.8 % of dibutylnaphthalene sulfate and
PA1  2.0 % of ammonium acetate,
PAL  and the material was dyed in that liquor. After a period of 10 minutes of
      pretreatment at 40.degree.C, 4 % of the reactive dyestuff of the formula
      ##SPC9##
PAL  and 0.6 % of the reactive dyestuff of the formula
      ##SPC10##
PAL  in commercial form adjusted with methyl taurine and dissolved in hot water
      were added to the bath and the dyeing operation was continued for another
      10 minutes. The pH of the bath was adjusted to 5 with acetic acid, then
      the temperature of the dyeing liquor was raised to 85.degree.C within 45
      minutes and the material was dyed at 85.degree.C for 25 minutes. The
      liquor was brought to the boil by raising the temperature by 1.degree. to
      2.degree.C per minute and dyeing was continued for another 70 minutes
      under these conditions whereafter 2.5 % of sodium trichloroacetate were
      added to the bath, after a boiling period of 50 minutes, to improve the
      fastness properties of the dyeing. Finally the dyed material was rinsed
      gradually with hot and cold water. A very level fast red dyeing was
      obtained.
PAC  EXAMPLE 4
PAR  Combed material made of wool having an anti-felting finish was dyed on the
      dyeing apparatus with a goods-to-liquor of 1 : 12.
PAR  The bath was prepared as in Example 1, but in this case 0.5 % of the
      condensation product of 1 mol of m-cresol with 2 mols of naphthalene
      sulfonic acid were used instead of the condensation product of
      formaldehyde with naphthalene sulfonic acid, and to that liquor 4 % of the
      reactive dyestuff of the formula
      ##SPC11##
PAL  and 0.2 % of the reactive dyestuff of the formula
      ##SPC12##
PAL  in commercial form adjusted with methyl taurine and acidified to pH 5 with
      acetic acid, were added. The further course of the operation and the
      after-treatment were analogous to that of Example 1, but the dyeing
      temperature of the liquor was brought to 106.degree.C (instead of the
      boiling temperature). A very level claret dyeing having very good fastness
      properties on the wool was obtained.
PAR  When using the same amounts of sodium dodecylbenzene sulfonic acid instead
      of the condensation product of 1 mol of m-cresol with 2 mols of
      .beta.-naphthalene sulfonic acid under the dyeing conditions given in
      Example 1 the dyeings were equally level.
PAC  EXAMPLE 5
PAR  Yarn in hanks made of wool, having an anti-felting finish was dyed on the
      hand dyeing machine with a goods-to-liquor ratio of 1 : 20.
PAR  The bath was prepared with the adjuvants used in the same amounts indicated
      in Example 1 and, after a pretreatment of 10 minutes with the material,
      0.1 % of the reactive dyestuff of the formula
      ##SPC13##
PAL  and 0.008 % of the reactive dyestuff of the formula
      ##SPC14##
PAL  in commercial form adjusted with methyl taurine and dissolved in hot water
      were added to the bath. After a further 10 minutes the pH of the dyebath
      was adjusted to 6.5 with acetic acid and the dyeing operation was effected
      in the manner analogous to that described in Example 1. After a boiling
      period of 30 minutes the dyeing was completed and the material so dyed was
      rinsed, without after-treatment with sodium trichloroacetate, with hot and
      cold water. A very level fair blue dyeing was obtained which did not show
      any shade differences in the knitting row when knitting the yarn.
PAC  EXAMPLE 6
PAR  Yarn in hanks made of wool, having an anti-felting finish, was dyed on the
      hand dyeing machine with a goods-to-liquor ratio od 1 : 20.
PAR  The dyebath was prepared with the adjuvants used in Example 1 and, after a
      pretreatment of 10 minutes with the material, 0.1 % of the reactive
      dyestuff of the formula
      ##SPC15##
PAL  in commercial form and dissolved in hot water were added to the liquor. The
      pH of the dyebath was adjusted to 6.5 with acetic acid after a further 10
      minutes and the dyeing operation was carried out as in Example 1. After a
      30 minutes' boiling period the dyeing operation was completed and the
      material so dyed was rinsed with hot and cold water, without the
      after-treatment with sodium trichloroacetate. A very level pink dyeing
      useable according to the knitting test was obtained.
PAC  EXAMPLE 7
PAR  Knit goods in pieces made of wool, having an anti-felting finish, were dyed
      on the winch vat with a goods-to-liquor ratio of 1 : 30.
PAR  The following commercial dyestuffs were added to the bath: 0.2 % of the
      reactive dyestuff of the formula
      ##SPC16##
PAL  0.2 % of the reactive dyestuff of the formula
      ##SPC17##
PAL  0.15 % of the reactive dyestuff of the formula
      ##SPC18##
PAR  The pH of the liquor was adjusted to 6.3 with acetic acid and the dyeing
      operation was the same as described in Example 1. A very level beige
      dyeing was obtained.
PAC  EXAMPLE 8
PAR  Knitting yarn made of wool, having an anti-felting finish, was dyed on the
      dyeing machine with a goods-to-liquor ratio of 1 : 12.
PAR  The bath was prepared as in Example 1 the dyestuff used, however, being 0.1
      % of the reactive dyestuff of the formula
      ##SPC19##
PAL  in commercial form. The pH of the liquor was adjusted to 6.5 with acetic
      acid and the dyeing operation was effected in the manner described in
      Example 1. The after-treatment of the material so dyed with sodium
      trichloroacetate was not necessary. A fair blue dyeing having a perfect
      levelness was obtained.
PAR  Without adding the condensation product of formaldehyde and naphthalene
      sulfonic acid and carrying out the same working method as described in the
      preceding example an unuseable dyeing with differences of levelness in the
      knitting was obtained.
PAC  EXAMPLE 9
PAR  Knit goods in pieces (pullover parts) made of wool, having an anti-felting
      finish, were dyed on the paddle dyeing machine with a goods-to-liquor
      ratio of 1 : 20 according to the method indicated in Example 1 while using
      0.06 % of the reactive dyestuff of the formula
      ##SPC20##
PAL  0.03 % of the reactive dyestuff of the formula
      ##SPC21##
PAL  0.03 % of the reactive dyestuff of the formula
      ##SPC22##
PAL  in commercial form. The pH of the liquor was adjusted to 6.5 with acetic
      acid and the dyeing operation was effected as in Example 1. The
      after-treatment of the dyed material with sodium trichloroacetate was not
      necessary. A very level and well penetrated dyeing of the knitted pieces
      was obtained.
PAR  Without adding the condensation product of formaldehyde with naphthalene
      sulfonic acid and proceeding in the same manner as unlevel, unuseable
      dyeing was obrained which became visible when tearing the loops of the
      knitted fabric.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the level dyeing of wool, having an anti-felting finish
      consisting of a coating layer of polyimine or of polyamine resin,
      according to the exhaustion method, with reactive dyestuffs which contain
      two or more sulfonic acid or sulfonate groups, other than sulfonic acid or
      sulfonate groups contained in the fiber-reactive groupings, which process
      comprises: carrying out the dyeings with a dyestuff or with a combination
      of dyestuffs having different absorbing capacity, from an aqueous bath at
      elevated temperature and adding at least one compound of the formula
      ##SPC23##
PAL  wherein X is hydrogen or the radical of the formula --SO.sub.3 (H,Na),
      R.sub.1 is alkyl having 2 to 14 carbon atoms, R.sub.2 is hydrogen or alkyl
      having 2 to 14 carbon atoms and A is a bridge-member of the formula
      --CH.sub.2 -- or
      ##SPC24##
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the compounds of the formulae
      I, II or III are used in amounts of from 0.2 to 2 %, calculated on the
      weight of the dry wool.
NUM  3.
PAR  3. A process as claimed in claim 2, wherein the compounds of the formulae
      I, II or III are used in amounts of from 0.5 to 1 %, calculated on the
      weight of the dry wool.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein an alkali-yielding agent is
      allowed to act on the dyeings in the same bath in an amount capable of
      changing the pH of the liquor gradually from the acid to the neutral range
      in the course of the after-treatment operation.
NUM  5.
PAR  5. A process as claimed in claim 4, wherein the alkali-yielding agent is
      sodium trichloroacetate.
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ABST
PAL  An electric lamp bulb type of heat furnishing unit is provided with a
      covering of active oxidation catalyst such that fumes and odors in the
      confines of a room that are drawn over the catalytic surface will be
      converted to less objectionable products. A light bulb type of catalyst
      supporting device is of particular advantage in that it can readily be
      screwed into a lamp base or other form of current supplying receptacle
      and, in addition, will provide a hot surface for inducing natural air
      convection current flow past the catalytic surface. Various types of
      coatings and/or catalytic wrappings may be used on the bulb to provide any
      particular type or form of catalytic surface.
BSUM
PAR  The present invention provides a small, portable form of catalytic fume
      control device which is particularly adapted for a room or other
      relatively small confined zone. More particularly, there is provided a
      coating of active oxidation catalyst around a light bulb or a similar form
      of heat producing unit such that it may be readily mounted in a lamp base
      or other available electric current supplying receptacle.
PAR  Most catalytic converters used in industrial installations for converting
      oxidizable noxious fumes, or used for effecting the conversion of
      automobile exhaust gases, prefer relatively high temperature levels of the
      order of 600.degree. F. or more to provide good conversion efficiencies,
      although it is realized that with an extended period of time, even at
      conventional room temperature conditions, there can be catalytically
      promoted oxidation reactions and conversions. For example, in connection
      with large commercial processing units, or with drying oven fumes, etc.,
      where objectionable gases and vapors are being released, it is customary
      to heat the gaseous stream to at least the 600.degree. F. to 700.degree.
      F. level prior to passing such fumes through catalytic mats such as taught
      and described in U.S. Pat. Nos. 2,720,494 and 2,658,742. Also in
      connection with auto exhaust gas converters, it has been deemed desirable
      to position the catalytic type of reactors closely adjacent the exhaust
      gas manifolds such that the high temperature of exhaust gas stream will
      improve the start-up and overall efficiency of the catalytic conversions
      taking place.
PAR  Although a conventional incandescent lamp bulb, of even the 250 to 300 watt
      size, will not provide a catalyst surface temperature thereon of the order
      of 600.degree. F., it may readily provide a temperature of the order of
      200.degree. F. or more and definitely enhance catalytic conversions of
      smoke, cooking odors, and other objectionable fumes, particularly in
      comparison with the rate of reaction which would take place at ambient,
      room temperature, conditions. It is thus a principal object of the present
      invention to provide a light bulb type of supporting element for holding a
      catalytic coating or catalyst covering such that the particular coating
      will be indirectly heated by means of the electric power being supplied to
      the bulb from a conventional lamp base or other form of electrical lamp
      bulb socket.
PAR  It may be considered a further object of the present invention to have the
      convenience and portability of inserting a conventional light bulb, as
      well as obtain and use the heat output of the bulb to cause natural
      convection current air flow past the bulb and the catalytic surface
      therearound.
PAR  In one embodiment, the present invention provides a catalytic converter for
      use in purifying the air in a room or generally small zone, which
      comprises, an electric lamp bulb adapted to be mounted in an electric
      current supplying receptacle, and a covering of oxidation catalyst on at
      least the lower external wall portion of said bulb, whereby the heat from
      the lamp element therein will maintain a hot catalyst surface to assist in
      the catalytic conversion of fumes and odors passing thereover in natural
      convection current flow.
PAR  It is not intended to limit the present invention to any one type of
      coating or covering for the lamp bulb support means, inasmuch as various
      types of catalytic coatings may be applied directly to the glass surface
      of the lamp bulb and various methods utilized for effecting the coating of
      the surface. Also, various types of coverings may be wrapped or otherwise
      placed directly around the bulb surface in order to obtain the benefit of
      the heat generation from the lamp bulb. In other words, the term
      "covering" as used herein shall apply to a coating which is directly
      applied to the lamp bulb surface or may encompass a wrapped or preformed
      covering which is adapted to be directly adjacent to the bulb surface.
PAR  The oxidation catalyst coating on the bulb or incorporated with a covering
      may include the metals of Groups I, V, VI and VIII of the Periodic Table,
      particularly, copper, silver, vanadium, chromium, iron, cobalt, nickel,
      platinum or palladium, with the components being used singly or in
      combination with one or more other active components. Of course, for the
      conversion of fumes and noxious components in a room at ambient
      conditions, it is preferable to use a highly active noble metal component
      such that there is more efficient conversion of oxidizable components at
      the low temperature conditions. The active component(s) may be composited
      with, or supported by, a suitable refractory inorganic oxide, such as
      alumina or alumina combined with one or more other refractory inorganic
      oxides. Typically, the oxide supporting layer will be applied to the bulb
      surface prior to the coating of an active catalytic component although
      there may be a mixture made of the refractory metal oxide support material
      with the active component and the mixture sprayed, dipped, or otherwise
      coated onto the bulb surface. Also, where deemed desirable, it may be of
      advantage to provide an etching or other roughening step with respect to
      the outside surface of the lamp bulb such that there is improved adhesion
      for the catalytic coating on the bulb surface. Additional methods of
      applying coatings will be noted more specifically hereinafter.
PAR  As an alternative embodiment, there may be the utilization of a
      catalytically coated refractory gauze, mineral wool, fiber glass, alumina
      fibers, etc., which may be wound or otherwise wrapped around at least a
      portion of the bulb surface such that there is direct contact with the
      bulb and both radiant and conductive heat supplied to the catalytic
      wrapping. Again, preferred oxidation catalysts which are impregnated on
      the refractory support material will be those types of catalysts which are
      highly active and will serve to effect sufficient conversion of
      combustible products at ambient temperature or at such temperature that
      will be obtained from the lamp bulb heating.
PAR  In still another embodiment, there may be the utilization of a coated metal
      screening, thin sheet metal material, or a foil-like material such as
      aluminum foil, and the like, which in turn is directly coated. For
      example, aluminum foil may be heated to a high temperature to provide an
      oxidized surface which, in turn, may be coated with a further refractory
      inorganic oxide coating material and then with a coating of oxidation
      catalyst component, such as platinum and/or palladium. The foil-like
      material may be pleated to provide additional surface area but will
      preferably be wrapped or otherwise placed around the lamp bulb so that it
      conforms to and is directly adjacent the bulb surface and can obtain
      conducted heat from the bulb.
PAR  In a preferred apparatus arrangement, relatively high wattage light bulbs
      will be utilized such that there is a relatively large surface area for
      each conversion device and a relatively high heat output from the
      incandescent filament within each light bulb to, in turn, provide a
      relatively high temperature to the bulb surface so as to improve the
      efficiency of the catalytic conversion taking place on the catalyst
      surface as fumes pass thereover. The individual bulb members may be
      provided in a size to be inserted in standard sized sockets or within the
      conventional oversized sockets, sometimes referred to as "mogul" sized
      sockets. It is also desirable to provide spaced baffle means, which may be
      in the nature of a cylinder, or have a frustra-conical configuration, that
      will encompass the lower portion of the lamp bulb at a spaced distance and
      enhance natural convection currents in the room air and maintain greater
      air flow rates upwardly over the bulb surface.
PAR  Reference to the accompanying drawing and the following description thereof
      will serve to illustrate variations in the means for coating or covering
      the lamp bulb type of conversion device as well as point out additional
      advantages which may be obtained from the utilization of this type of
      convenient portable fume oxidation device.
DRWD
PAR  FIG. 1 of the drawing is an elevational view, partially in section, which
      indicates a construction having a catalytic coating applied directly to
      the bulb surface.
PAR  FIG. 2 of the drawing indicates diagrammatically that a catalytic covering
      may be applied directly over the surface of the lamp bulb.
PAR  FIGS. 3 and 4 of the drawing indicate diagrammatically still another form
      of catalytic covering material, such as crimped foil which may be sized
      and shaped to wrap around at least the portion of the lamp bulb.
DETD
PAR  Referring now particularly to FIG. 1 of the drawing, there is indicated the
      utilization of what may be a standard lamp bulb 1, preferably of large
      size and high wattage, that is adapted to be screwed into an electric
      current socket 2 that in turn receives suitable electric current by way of
      lines 3 and 4. At least a lower portion of the lamp bulb 1 is indicated as
      being catalytically coated at 5 such that when the lamp bulb 1 is turned
      on by being supplied with electrical power there will be a relatively high
      surface heating provided for the coating 5 which will permit the latter to
      effect relatively efficient catalytic conversion of all oxidizable fumes
      which may pass thereover.
PAR  All energized light bulbs automatically tend to cause natural convection
      currents thereover within any room or any other confined space; however,
      in order to enhance convection current flow over the surface of the bulb 1
      and the coating 5, there may be provided a spaced baffle or wall-like
      member 6 that encompasses the lower portion of the bulb 1 and the socket
      means 2 such that the heat from the lamp itself will tend to draw an air
      stream upwardly through the annular-form passageway between wall 6 and the
      lower portion of the bulb 1 and cause an annular-form convection current
      stream to sweep closely across the catalytic surface 5. The wall means 6
      may be supported by rods or bar means 7 attached to the lower socket
      member 2 or it may be supported from suitable leg means connective with a
      lamp base (not shown) or, in still another instance, the spaced wall 6 may
      be hung by suitable strap means that would extend over the top portion of
      bulb 1.
PAR  As set forth briefly hereinbefore, it is not intended to limit the present
      invention to any particular active catalytic component for the surface 5
      or be limited to any particular method of effecting the application of the
      coating over the bulb surface. Generally, it is believed advisable to
      provide a roughening or acid etching of the bulb surface, such as with
      hydrofluoric acid, in order to provide a porous surface which will more
      tenaciously hold the catalytic coating materials. The refractory inorganic
      oxide support for the catalyst component may be sprayed, dipped or
      otherwise applied to the roughened surface and as heretofore noted may
      comprise various types of refractory materials. Reference may be made to
      U.S. Pat. No. 3,565,830 to provide various teachings for the application
      of refractory base coatings, as well as for the active catalytic coating;
      however, still other methods and materials may well be utilized such as
      taught in the voluminous prior patent art pertaining to this subject
      matter. For example, U.S. Pat. No. 3,409,390 provides a teaching where
      calcium, strontium, and barium may be composited with alumina whereby to
      provide an improved heat resistant catalyst support material. In carrying
      out the calcining and/or reducing step for producing the catalytic coating
      directly on the bulb surface, it will, of course, be necessary to limit
      the calcining and/or reducing temperature to the order of 250.degree. to
      300.degree. C. or to whatever will be the maximum limit for the glass
      bulb. However, in order to obtain the largest crystallite sizes and
      greatest porosity or surface area for the refractory base material, it is
      of advantage to use the maximum temperature allowable for the bulb
      surface.
PAR  With reference to FIG. 2 of the drawing, there is indicated a bulb 1' with
      catalytic covering means 8. Such covering means may comprise a high
      temperature resistant gauze or fabric, such as may be made from fiber
      glass, mineral wools, asbestos fibers, alumina fibers, and the like.
      Actually, alumina fibers as elongated single strands such as prepared
      under the teachings of U.S. Pat. No. 3,632,709, could be wound around the
      bulb 1' or could be woven into a fabric such as indicated at 8.
PAR  Regardless of the form of temperature resistant covering, such material may
      be impregnated with a suitable active oxidation catalyst of the type
      heretofore described by various methods to result in an active surface
      available for the conversion of fumes which are passed thereover. In
      addition, reference may be made to U.S. Pat. No. 3,560,408 which sets
      forth the utilization of mineral fibers and the catalytic activation of
      such fibers for fume oxidation purposes. Although the present FIG. 2
      indicates bulb means 1' to be merely covered on the lower portion
      thereover, it is to be understood that within the scope of the present
      invention the bulb means may be entirely covered with a suitable active
      refractory material whereby maximum utilization is made to the heated bulb
      surface to in turn provide a maximum surface area to effect conversion of
      noxious fumes within the confined zone.
PAR  With reference to FIGS. 3 and 4 of the drawing, there is indicated a lamp
      bulb means 1" having a partial covering 9 which may comprise a foil-like
      material adapted to conform with and be positioned adjacent to the bulb
      surface so as to have maximum heating from the bulb. The covering 9 will,
      in turn, have an active catalytic coating such as described in connection
      with FIG. 1 of the drawing where there is a first coating of a refractory
      oxide material in turn impregnated with an active catalytic component or,
      alternatively, there may be a composite of refractory inorganic material
      and a catalytic component intermixed therewith applied to the foil-like
      material. As a specific example, aluminum foil may be heated to provide a
      roughened surface, at least partially in the aluminum oxide state, that
      can be sprayed, dipped, or otherwise coated to effect the final catalytic
      composite on its exterior surface.
PAR  In connection with the embodiments of both FIGS. 2 and 3, it may be noted
      that there is some advantage to utilizing separate covering materials in
      that such materials can be preconstructed and precoated at suitable
      oxidation and/or reduction conditions so as to obtain the most optimum
      catalytic state for the resulting surface of the covering material, with
      such coating being perhaps more active than that applied directly to the
      surface of the lamp bulb. In any event, for all of the embodiments there
      will be at least partially covering of the bulb surface to provide a
      desirable form of catalytic device which is of a portable nature and at
      the same time is inherently heated from the normal heat output of the
      light bulb supporting member.
PAR  From the foregoing descriptions relating to modifications in construction
      and design, it is apparent that still further designs and arrangements may
      be made utilizing the lamp bulb type of support member which, in turn,
      provides the desired contact surface in a heated state to enhance
      catalytic conversion conditions particularly when compared to that which
      would be obtained at normal room temperature without any external heating
      means whatever. Regardless of the design and arrangement, it is a
      particular feature of the present invention to utilize conventional or
      special light lamp bulb means which can readily be screwed or otherwise
      mounted into a conventional type of electrical receptacle means and, in
      turn, provide the maximum ease in mobility and interchangeability with
      respect to location in any room or confined space. Of course, where
      desired, a plurality of catalyst covered bulb elements may be utilized in
      a multiple socket electrical outlet or a plurality of separate sockets
      each of which having a catalytically coated light bulb means may be used
      within the same room or confined space.
CLMS
STM  I claim:
NUM  1.
PAR  1. A catalytic converter for use in purifying air in a room or generally
      small zone, which comprises an electric lamp bulb adapted to be mounted in
      an electric current supplying receptacle and having on at least a portion
      of its external surface a covering of a refractory inorganic material and
      an oxidation catalyst comprising at least one metal of Groups I, V, VI and
      VIII of the Periodic Table, whereby the heat from the bulb will maintain a
      hot catalyst surface to assist in the catalytic conversion of fumes and
      odors passing over the bulb in natural convection current flow.
NUM  2.
PAR  2. The catalytic converter of claim 1 further characterized in that a
      separate wall means is held in a spaced position around at least the lower
      portion of said lamp bulb to provide an annular space therebetween and
      enhance convection air stream flow in such annular space.
NUM  3.
PAR  3. The catalytic converter of claim 1 further characterized in that said
      electric lamp bulb is provided with a threaded end and is adapted to be
      inserted into a threaded electric current supplying receptacle.
NUM  4.
PAR  4. The catalytic converter of claim 1 further characterized in that said
      covering comprises a mixture of said refractory material and catalyst.
NUM  5.
PAR  5. The catalytic converter of claim 1 further characterized in that said
      covering comprises separate layers of said refractory material and said
      catalyst, the refractory layer tightly encompassing at least a portion of
      the bulb surface and being coated with the catalyst layer.
NUM  6.
PAR  6. The catalytic converter of claim 5 still further characterized in that
      said covering comprises a catalytic coated foil-like material.
NUM  7.
PAR  7. The catalytic converter of claim 5 still further characterized in that
      said refractory material comprises wound refractory inorganic fibers.
NUM  8.
PAR  8. The catalytic converter of claim 5 still further characterized in that
      said refractory material comprises a fabric type of material in turn
      formed from heat resistant fibers.
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ABST
PAL  A container is mounted in an air duct, the container having an open top and
      adjustable opening means on the opposite side. An air dispersible
      substance is placed in the container and is released into the air stream
      of the duct according to the degree of opening of the opening means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to means for treating the air in a duct, for
      example, the placement of an air freshener chemical in an air conditioning
      or heating duct.
PAR  2. Statement of Prior Art
PAR  Air treatment means with screen enclosures, and the like, incorporated in
      duct work, have been previously proposed. Examples of such prior proposals
      are found in the following patents:
TBL  Patent No.   Patentee      Issue Date                                     

     ______________________________________                                    

       60,394     Lockwood      Dec. 11, 1866                                  

      257,104     Tayman        Apr. 25, 1882                                  

      402,714     Benson        May  7, 1889                                   

      441,573     Macdonald     Nov. 25, 1890                                  

     1,310,511    Summers       July 22, 1919                                  

     1,932,379    Ballentine    Oct. 24, 1933                                  

     2,460,335    Buss          Feb.  1, 1949                                  

     2,585,339    Miller        Feb. 12, 1952                                  

     3,055,066    Duncan        Sept. 25, 1962                                 

     3,138,432    Kleinhans     June 23, 1964                                  

     3,178,255    Neuwald et al Apr. 13, 1965                                  

     3,418,068    Gilbertson    Dec. 24, 1968                                  

     ______________________________________                                    

PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a convenient and noncomplex means for the
      introduction of air dispersible chemicals, such as deodorants, air
      fresheners, perfumes, insecticides or the like into a building or other
      enclosure. Many buildings are provided with a duct system which normally
      is used for heating and/or air conditioning. The device hereof is readily
      incorporated in such existing duct work without major modification or
      disturbance thereof.
PAR  The invention comprises a container mounted in the duct, and provided with
      an access door. Moreover, the device includes an adjustable lower grate
      which permits modification of the rate of release of the substance to be
      distributed. Thus, the user may experimentally determine a correct grate
      opening to provide the degree of distribution of the substance desired.
PAR  Other and further objects and advantages of the invention will become
      apparent to those skilled in the art from a consideration of the following
      specification when read in conjunction with the annexed drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view showing a partial section of duct with an air
      treatment device according to this invention in place therein;
PAR  FIG. 2 is an enlarged cross sectional view of the device per se, taken on
      line 2--2 of FIG. 1, looking in the direction of the arrows;
PAR  FIG. 3 is a top elevational view of the unit of FIG. 2, showing the access
      door in open position in phantom lines;
PAR  FIG. 4 is a sectional view showing details of the grate, taken on line 4--4
      of FIG. 3, looking in the direction of the arrows; and
PAR  FIG. 5 is a view similar to FIG. 4 showing the grate fully closed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The environment of this invention is best illustrated in FIG. 1 wherein a
      unit hereof is generally identified by reference character 10. The unit 10
      is mounted in an air movement duct 12 adjacent a blower means such as a
      heater or air conditioner. The duct, for purposes of description here, has
      an outer duct wall 14 formed of sheet metal or the like. In FIG. 3, it
      will be observed that an opening 16 is formed in the duct wall, the
      opening being of a size sufficient to admit the main portion of the unit.
PAR  A substantially rectangular open frame face plate 18 is fixedly secured to
      the duct wall about the opening 16. The face plate defines a port 20
      aligned with the opening 16. A series of hinge sleeves 22 project from one
      side of the face plate. Access to the unit is provided via a door 24 which
      is of a configuration to fit over the port 20. The door has hinge sleeves
      26 aligned with the sleeves 22, and hinge pins 28 extend therethrough. The
      interior side of the door may be provided with a resilient seal 30 to
      prevent air loss therethrough when closed. A handle 32 of any convenient
      type is applied to the outer side of the door.
PAR  A main enclosure or box 34 is secured to the face plate and extends
      therefrom into the airstream portion of the duct. The box has an
      imperforate back wall 36, imperforate side walls 38,40, and an open top
      frame 42. An important feature of the invention resides in the
      construction and operation of the base wall assembly. This assembly
      includes a fixed lower base wall 44 secured to the side and back walls.
      The lower base wall has a series of generally rectangular holes 46 formed
      therein and arranged in columns and rows throughout the extent thereof.
PAR  A pair of elongated, L-shaped flange members 48 and 50 is provided. Each
      flange member has a vertical portion fixedly secured to the box side wall,
      and a horizontal foot portion 52 and 54, respectively, said foot portions
      projecting inwardly over the lower base wall in upwardly spaced relation
      thereto. The second major component of the base wall assembly is an upper
      base wall 56. The wall 56 has a lip 58 at one end, and has a series of
      holes 60 arranged in columns and rows and of identical size and shape as
      the holes 46. A handle 62 projects upwardly from the upper base wall, the
      wall being slidable longitudinally under the foot members 52 and 54.
PAR  In FIG. 4, the holes 46 and 60 are in full registry, permitting
      unrestricted air passage therethrough. In FIG. 5, the upper base wall has
      been longitudinally adjusted to completely misalign the holes, thereby
      fully closing the box to air passage. Of course, intermediate locations
      may be selected to vary the air flow.
PAR  A quantity 64 of an air dispersible substance of any suitable type is
      positioned in the box, for example in a screen enclosure 66 on the upper
      base wall. Such material is emitted into the airstream when the grate is
      fully or partially open. This in turn causes the substance to be
      distributed throughout the duct work system and ultimately into the areas
      served by the duct work.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, with an air duct having a duct wall, said wall having an
      opening therein, an air treatment device comprising:
PA1  A substantially rectangular face plate fixedly secured to the duct wall,
      the face plate defining a port, and the port being aligned with the
      opening in the duct wall;
PA1  hinge sleeves on one side of the face plate;
PA1  an imperforate door configured to fit over the face plate, the door having
      hinge sleeves on one side thereof aligned with the hinge sleeves of the
      face plate;
PA1  hinge pins extending through the aligned hinge sleeves, and hingedly
      connecting the door to the face plate, the door being movable from a
      pivoted open position providing access through the port and opening to a
      closed position over said port;
PA1  a box secured to the face plate and projecting through the opening into the
      duct;
PA1  the box having an imperforate back wall, imperforate side walls, and an
      open top frame;
PA1  the box further having a lower base wall secured to the side and back
      walls;
PA1  a pair of L-shaped flange members, one of said flange members being secured
      to each of the side walls, the flange members including horizontal foot
      portions which extend upwardly in closely spaced relation to the lower
      base wall;
PA1  an upper base wall mounted for a limited sliding movement within the box
      between the lower base wall and the foot portions of the flanges;
PA1  the upper base wall having a handle thereon to facilitate sliding movement
      thereof;
PA1  the upper and lower base walls each having a series of holes formed
      therein, said holes being spaced apart and having imperforate sections
      therebetween, the holes of the respective walls being selectively
      alignable and movement of the upper base wall serving to fully close,
      fully or partially align the holes; and
PA1  a quantity of air dispersible substance in an enclosure, said substance
      being conveyed through the duct when the holes are fully or partially
      aligned, said enclosure being supported on the upper base wall.
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ABST
PAL  Method and apparatus for simultaneously and continuously determining the
      total inorganic carbon, total organic carbon (TOC) and chemical oxygen
      demand (COD) of an aqueous sample. The method involves first converting
      all inorganic carbon to CO.sub.2, the amount of which is determined. The
      organic carbon is converted, by treatment with an excess of an oxidizing
      agent, into CO.sub.2, which is conductimetrically determined (TOC), and
      the amount of remaining oxidizing agent is determined in a redox cell to
      ascertain how much of the oxidizing agent was consumed by the organic
      carbon. This is the COD.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to methods and apparatus for monitoring aqueous
      samples, in particular, waste waters, to determine their suitability for
      discharge into large bodies of water such as lakes, rivers and seas. In
      particular, the invention relates to methods and apparatus for determining
      the carbon content of such aqueous samples.
PAR  2. Description of the Prior Art
PAR  There is a known method for determining the total carbon content and the
      inorganic carbon content of an aqueous sample. According to this method,
      each of these quantities is measured difference between the two. According
      to this method, the organic carbon is catalytically burned to form carbon
      dioxide, and any inorganic carbon is thermally decomposed to form carbon
      dioxide.
PAR  Another known method determines the consumption of oxidizing agent by
      catalytic combustion, with the oxygen required for the oxidation being
      determined by physical chemical measurement methods.
PAR  The known methods all involve the use of relatively complicated apparatus
      and it is therefore an object of the present invention to provide methods
      and apparatus which enable one to operate continuously in a far simpler
      manner than has been heretofore possible.
PAR  In addition, the known methods can only be used for one determination at a
      time, namely, either the determination of the carbon content of the sample
      or the determination of the consumption of oxidizing agent. This
      represents a disadvantage since the ability to obtain both values
      simultaneously would make the results substantially greater in probative
      value for judging the quality of a water sample. Thus, another object of
      the present invention is to provide a method which can simultaneously
      determine the consumption of oxidizing agent and the inorganic and organic
      carbon content of an aqueous sample.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method and apparatus for continuously
      determining the inorganic carbon content and the organic carbon content
      (TOC) of an aqueous sample and the consumption of an oxidizing agent
      (chemical oxygen demand -- COD) by such a sample. These three data, when
      simultaneously available, will give a quite useful picture of the state of
      an aqueous sample and in particular its suitability for discharge into a
      body of water.
PAR  According to the invention, a stream of an aqueous sample to be analyzed is
      continuously subjected to treatment with a strong acid such as sulfuric
      acid, which converts any inorganic carbon and/or chlorides to a gas which
      is analyzed to determine the total inorganic carbon content. The remaining
      liquid is then continuously treated with an excess of an oxidizing agent
      at constant temperature to convert all the organic carbon contained
      therein to carbon dioxide. The thus produced carbon dioxide is removed
      from the gas-liquid mixture and is introduced to a conductivity measuring
      cell where the TOC is determined using a sodium hydroxide solution as the
      reaction medium. The excess, unreacted oxidizing agent is then determined
      in a redox potential measuring cell by titrating it with a redox reagent
      system such as a mixture of ferric and ferrous ammonium sulfate. The
      difference between the amount of added oxidizing agent and the unreacted
      oxidizing agent is a measure of how much oxidizing agent was consumed by
      the sample and thus gives the COD.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic representation of apparatus according to the
      invention for performing the method of the invention;
PAR  FIG. 2 is an enlarged view of a portion of the apparatus of FIG. 1, which
      is the gas-liquid separator shown therein;
PAR  FIG. 3 is a schematic diagram showing the operation of the apparatus for
      determing COD alone;
PAR  FIG. 4 is a schematic diagram showing the operation of the apparatus for
      determining TOC and COD together.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the invention, a homogeneous aqueous sample to be analyzed is
      continuously treated with a strong acid to convert the inorganic carbon
      contained therein to a gas. The gas is then removed from the resulting
      gas-liquid mixture and the content of inorganically bound carbon is
      determined. The liquid portion of the mixture is then continuously treated
      with an excess of an oxidizing agent at a constant temperature to oxidize
      the organic carbon to carbon dioxide. The carbon dioxide is then removed
      and the TOC is determined in a conductivity measuring cell. The amount of
      unreacted or excess oxidizing agent is determined in a redox cell to
      ascertain how much oxidizing agent was consumed by the sample. This data
      is the COD, the determination of which is one of the objects of the
      invention.
PAR  The method of the invention has the advantage that all three of these
      values, i.e., inorganic carbon, total organic carbon (TOC) and chemical
      oxygen demand (COD) can be determined simultaneously. Moreover, the method
      makes it possible to use a continuously operating apparatus with
      continuous recording measurement of all three values. Since, in contrast
      to the methods used until now, the organic substances are digested in a
      wet state, a substantially larger volume of sample can be used for the
      analysis.
PAR  It is preferred, according to the invention, to use a mixture of potassium
      dichromate and silver sulfate (Ag.sub.2 SO.sub.4) as the oxidizing agent,
      and concentrated sulfuric acid as the strong acid.
PAR  The invention will now be described in more detail with reference to the
      drawings.
PAR  As seen in FIG. 1, a multi-channel, peristaltic pump 1 is provided for
      introducing the sample stream and the several reactant streams in the
      process. A sample stream is drawn through channel 4, concentrated sulfuric
      acid through channel 2, and CO.sub.2 -free air through channel 3 of the
      multi-channel peristaltic pump 1 and are mixed with each other in a
      collector 14, where the inorganically bound carbon is converted to carbon
      dioxide by the action of the sulfuric acid. The resulting gas-liquid
      mixture passes into gas-liquid separation chamber 15, and a CO.sub.2 -free
      stream of air is blown into the lower part thereof by means of a gas pump
      16 and CO.sub.2 absorber 17. This stream of gas absorbs the CO.sub.2
      derived from the inorganically bound carbon and the stream is conducted,
      via outlet 18 of the gas-liquid separating chamber 15 to a conventional
      CO.sub.2 analyzer (not shown) where the content of inorganic carbon is
      determined.
PAR  The remaining liquid portion of the sample is drawn, via channel 11 of pump
      1, out of the separating chamber 15 and is mixed in the collector 21 with
      an oxidation mixture fed through channel 13 of pump 1 and consisting of
      potassium dichromate and silver sulfate and with CO.sub.2 -free air which
      is brought by gas delivery pump 19 and pressure valve 20 to a pressure
      greater than atmospheric pressure and fed through channel 12 of pump 1.
      This mixture is conducted through a conduit 22 into a conventional
      oxidation reactor 23, where the reaction takes place as the mixture flows
      through a helical glass tube maintained at constant temperature by a
      thermostatically controlled oil bath. In this reactor, the oxidation
      mixture reacts with the sample to convert the organic carbon to carbon
      dioxide which eventually is analyzed to determine the TOC. The excess of
      the oxidation mixture, of course, remains unreacted and will be used to
      determine the COD.
PAR  After passing through the oxidation reactor 23, the gas-liquid mixture
      passes through conduit 25 into gas-liquid separating chamber 24 which is
      shown in greater detail in FIG. 2. As seen in FIG. 2, the gas, which
      contains the CO.sub.2 derived from the organic carbon, is separated from
      the gas-liquid mixture in riser 26 and is drawn off through outlet 27 via
      channel 8 of the pump 1. Pressure variations are equalized by means of
      vent 28.
PAR  A portion of the liquid is withdrawn from separater 24 by outlet 29 and
      thence, through channel 10 of the pump 1 for use in determining the
      consumption of oxidizing agent. The remainder of the liquid flows, via
      riser 30 into discharge tube 31 which is in communication with the ambient
      atmosphere via opening 32.
PAR  In order to determine the consumption of oxidizing agent, and thus, the
      COD, air is introduced via channel 9 of pump 1 into collector 33 where it
      mixes with the stream of liquid sample introduced via channel 10 of pump
      1. At the same time, a solution of ferric and ferrous ammonium sulfate is
      added, via channels 5 and 6 of the pump 1, from whence it is conducted to
      redox cell 34. Redox cell 34 is shown in greater detail in FIG. 3 and the
      following description of the operation of redox cell 34 to determine the
      COD will be given with reference to FIG. 3.
PAR  As seen in FIG. 3, the sample, introduced via channel 10 and the air,
      introduced via channel 9, are mixed in collector 33 from whence it is
      conducted, via conduit 50 to homogenizer 35. The ferric and ferrous
      ammonium sulfate solution, introduced by channels 5 and 6 into redox cell
      34 by means of conduit 51 pass into coiled tube 52 having electrode 53
      disposed therein. The potential of this stream is measured by electrode 53
      and then the sample is conducted via conduit 54 into collector 33 where it
      is mixed with the sample. In the homogenizer, the excess of the oxidizing
      agent is reacted with the ferric and ferrous ammonium sulfate, and then
      the mixed samples are conducted, via conduit 55 into coiled tube 56 having
      a second electrode 57 disposed therein. The potential of the mixed samples
      is measured by electrode 57 and the difference between the two potentials
      is recorded on recording device 58. This difference in potential is a
      measure of the COD. The sample, after having been analyzed, passes from
      the redox cell 34 via conduit 59 and thence out of the system via opening
      32.
PAR  In order to determine the TOC, the CO.sub.2 which is derived from the
      organic carbon present in the original sample is withdrawn from gas-liquid
      separater 24 via outlet 27 and channel 8 of the pump 1. From the pump 1,
      this stream is introduced to chamber 36, where it is mixed with a stream
      of CO.sub.2 -free air pumped into the system by pump 19.
PAR  The remaining description of the determination of the TOC will be given
      with reference to FIG. 4 which, in addition to giving a schematic diagram
      of the operation of the apparatus for determining TOC, also includes a
      representation of the simultaneous determination of the COD. This latter
      portion of FIG. 4 is similar to FIG. 3 which has already been described
      above.
PAR  As seen in FIG. 4, the CO.sub.2 stream is mixed with CO.sub.2 -free air in
      chamber 36, from whence it passes into chlorine absorber 37 filled with
      tin granulate to remove any chlorine gas which may be present in the
      stream of CO.sub.2. The amount of CO.sub.2 present in the sample is
      determined by the relative conductivity method against a standard NaOH
      solution. This NaOH solution is introduced, via channel 7 of pump 1 into
      tube 70 of conductivity cell 38 having a pair of electrodes 71 disposed
      therein. The electric conductivity of the NaOH is determined by electrodes
      71. After the electric conductivity measurement is taken by electrodes 71,
      the NaOH is conducted to mixer 72 where it is mixed with the CO.sub.2
      sample coming from chlorine absorber 37. The mixture of NaOH and CO.sub.2
      is then conducted, via tube 73 to a second pair of electrodes 74 where the
      electric conductivity is again measured. The difference in the
      conductivity measurements is a function of the total carbon present in the
      sample and therefore, the TOC. The results of the electric conductivity
      measurements are recorded on recording device 75. The sample, after having
      been analyzed, passes from the system via outlet 76.
PAR  Variations can, of course, be made without departing from the spirit and
      scope of the invention.
CLMS
STM  Having thus described the invention, what is desired to be secured by
      Letters Patent and hereby claimed is:
NUM  1.
PAR  1. A method of simultaneously and continuously determining the amount of
      inorganic carbon and organic carbon contained in an aqueous sample, and of
      determining the amount of an oxidizing agent consumed by such sample, this
      method comprising continuously treating a homogeneous aqueous sample with
      a strong acid to convert all the inorganically bound carbon contained in
      said sample to carbox dioxide and thereby form a first gas-liquid mixture
      including said formed carbon dioxide and the treated sample, separating
      the gas, which is carbon dioxide, from said first gas-liquid mixture and
      determining the amount thereof, treating the liquid portion of said first
      gas-liquid mixture with an excess of an oxidizing agent to thereby convert
      all the organically bound carbon contained therein to carbon dioxide and
      thus form a second gas-liquid mixture, separating the gas, which is carbon
      dioxide, from said second gas-liquid mixture and determining the amount
      thereof, said amount being a measure of the total organic carbon of said
      sample and measuring the amount of unreacted oxidizing agent contained in
      the liquid portion of said second gas-liquid mixture to thereby determine
      the amount of said oxidizing agent which has been consumed by the sample.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the strong acid is concentrated
      sulfuric acid.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein the oxidizing agent is a mixture
      of potassium dichromate and silver sulfate (I).
NUM  4.
PAR  4. A method as claimed in claim 1 wherein the amount of carbon dioxide
      contained in the second gas-liquid mixture is determinined by
      conductimetrically titrating said carbon dioxide with sodium hydroxide in
      a conventional conductivity measuring means.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the amount of unreacted oxidizing
      agent contained in the liquid portion of said second gas-liquid mixture is
      determined by reacting said unreacted oxidizing agent with a redox reagent
      having a previously determined potential and thereafter determining the
      potential of the reaction mixture, the difference between said two
      potentials being a measure of the amount of unreacted oxidizing agent.
NUM  6.
PAR  6. A method as claimed in claim 5 wherein the redox reagent is a mixture of
      ferrous ammonium sulfate and ferric ammonium sulfate.
NUM  7.
PAR  7. A method as claimed in claim 4 comprising removing chlorine gas
      contained in the carbon dioxide portion of the second gas-liquid mixture
      before said carbon dioxide is conductimetrically titrated with sodium
      hydroxide.
NUM  8.
PAR  8. A method as claimed in claim 7 wherein said chlorine gas is removed by
      passing said carbon dioxide through a chlorine removal zone having tin
      granulate disposed therein.
NUM  9.
PAR  9. Apparatus for analyzing aqueous samples comprising, in combination, a
      multi-channel peristaltic pump for continuously introducing measured
      amounts of a plurality of samples and reagents into said apparatus,
      reacting means connected to and operatively associated with said pump for
      reacting an aqueous sample with a strong acid to convert inorganically
      bound carbon in said sample to carbon dioxide, separating means connected
      to said reacting means for separating said carbon dioxide from said
      sample, an oxidation reactor connected to and operatively associated with
      the separating means, for reacting the sample, from which carbon dioxide
      has been removed, with an oxidizing agent to convert organically bound
      carbon in said sample to carbon dioxide, gas-liquid separation means for
      separating said carbon dioxide from the sample having the oxidizing agent
      added thereto, means for determining the amount of carbon dioxide obtained
      from said organically bound carbon, measuring means for determining the
      amount of oxidizing agent remaining in said sample after the separation of
      said carbon dioxide, and recording means for continuously recording the
      results of the determinations of carbon dioxide and remaining oxidizing
      agent, said recording means being connected to and operatively associated
      with said measuring means.
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ABST
PAL  In an apparatus for making organic fertilizer from waste organic materials
      by aerobic fermentation, the interior of an inclined slowly rotating
      digester cylinder is provided with a series of knives which gradually cut
      and shred the softer components of the raw material and a series of heavy
      chains located downstream from said knives, which said chains have
      overlapping loops which crush and grind hard and brittle components of the
      raw material, all while the material is in process of aerobic
      fermentation. Materials which resist the comminuting action of both the
      knives and chains are discharged with the digested organic materials and
      are then separated therefrom. The apparatus is capable of accepting and
      treating municipal garbage and refuse without prior separation of unwanted
      material, and without preliminary grinding of the material prior to its
      introduction into the digester.
PARN
PAR  This application is a continuation-in-part of my co-pending application
      Ser. No. 295,349, filed Oct. 5, 1972, now abandoned.
BSUM
PAR  This invention relates to apparatus for making organic fertilizer,
      sometimes referred to as compost or humus, from organic waste materials by
      aerobic fermentation thereof. Suitable organic waste materials are
      municipal garbage and refuse, sewage wastes, farm wastes such as corn
      cobs, straw, manure and animal bedding, feed lot wastes, canning plant
      wastes and the like. A prime source of the materials is the municipalities
      where, in many cases, the disposal of garbage and refuse materials is an
      increasingly critical problem. Many municipalities have relied on
      incineration, but this is now being frowned upon because of the resulting
      air pollurtion. Other municipalities have resorted to dumping at sea, or
      to trucking such materials over long distances for dumping in remote
      places. Both practices are expensive and unsatisfactory. Aerobic
      fermentation of such materials, on the other hand, can be practiced within
      or close to the territorial limits of most municipalities since it
      produces little or no pollution of either air or water, and produces a
      useful compost or humus product which is saleable.
PAR  Various processes for the aerobic fermentation of such materials have been
      proposed, but although some have been capable of reasonably satisfactory
      operation, and are capable of producing a satisfactory product, they have
      met with only limited commercial success because of expense. One such
      process is disclosed in my prior U.S. Pat. Nos. 3,138,447 and 3,235,369.
      One of the principal obstacles to the successful use of such processes for
      the digestion of municipal garbage and refuse has been the problem and
      expense of handling and segregating of certain predominantly inorganic
      materials normally found in garbage and refuse, such as metal objects
      which are frequently of considerable size and weight, including metal
      cans, flatirons and discarded automobile parts such as old mufflers and
      oil filters, glass and ceramic objects, bricks, stones, rubber and plastic
      objects, and the like.
PAR  In most plants for carrying out such processes, it has been the practice to
      separate out some salvageable materials and some useless inorganic
      materials from the raw garbage and waste materials as delivered to the
      plant, leaving a residue for further processing. Then, it has been common
      practice to subject such residue to a preliminary grinding or shredding
      action to reduce the components of the residue to suitable size for
      efficient microbial action prior to introducing them into the digester.
      However, the grinding and shredding operation has proven to be very
      expensive and troublesome for the grinding machines are not only costly
      and expensive to operate, but also they are frequently damaged by objects
      which have escaped the preliminary separation. See, for example, the
      volume entitled Gainesville Compost Plant, An Intermim Report published in
      1969 by the U.S. Department of Health, Education, and Welfare, Public
      Health Service, Consumer Protection and Environmental Health Service,
      Environmental Control Administration, Bureau of Solid Waste Management.
      This report details the problems and expense of segregating and removing
      the unwanted materials from the original mass. In my prior patents above
      referred to, I proposed a combined preliminary screening and grinding
      operation to separate out and dispose of such materials, prior to
      introducing the organic residue into the digester.
PAR  According to the present invention, it is intended that the aerobic
      fermentation process be carried out substantially as described in my prior
      patents. Moreover, the apparatus will be substantially similar to that
      disclosed in my prior patents in that, as hereinafter described, I propose
      the use of a rotary cylindrical digester in which optimum conditions for
      the propagation of the aerobic bacteria may be created and maintained. The
      axis of rotation of the digester is tilted at an angle to the horizontal
      to facilitate movement of material through the cylinder and to discharge
      the processed material therefrom.
PAR  It is an object of the present invention to construct the digester in such
      manner as to enable it to accept minicipal garbage and refuse
      substantially as delivered to the plant by the standard types of
      compacting collection trucks. No prior separation of unwanted materials
      would be required, except perhaps to remove occasional exceptionally large
      objects such as furniture, automobile tires, mattresses, or very large
      metal objects, or wooden boxes or crates. No preliminary grinding would be
      required.
PAR  It is a further object of the invention to equip the interior of the
      digester with means for mechanically disintegrating the constituent
      components of the raw materials during the progress of the aerobic
      fermentation. For this purpose, I equip the interior of the digester with
      means for cutting and shredding the softer components of the mass such as
      paper and paper board, food wastes, textiles and the like to reduce them
      to a size suitable for efficient action thereon by the aerobic
      microorganisms. I also equip the interior of the digester with means to
      crush and grind hard or brittle components such as glass, ceramics, rock
      and the like to reduce a considerable portion of such components to a size
      which is tolerable in the finished compost product, i.e., to a granular
      size capable of passing through a mesh screen having 16 openings per
      square inch, sometimes referred to as a 4 mesh screen, for example. In
      some circumstances, depending on the nature of the components of the raw
      materials, the knives may be dispensed with, and the grinding action of
      the chains alone may be relied upon to reduce the components to the
      desired size.
PAR  In the use of the apparatus, the aerobic activity is largely completed by
      the time the material enters a final compartment of the cylinder which may
      be used as a partial drying compartment in which the moisture content of
      the material is reduced to about 35%. Thus, the material which is
      discharged at the discharge end of teh digester consists of a partially
      dried mass including composted organic material, and a small quantity of
      undigested inorganic material. The latter will consist of a variety of
      small pieces of glass, ceramics, rock and the like which have been crushed
      or ground to small granular size, and a variety of larger pieces,
      particularly of metal, plastics or rubber which have resisted both the
      cutting and shredding action and the crushing or grinding action.
PAR  Therefore, in order to dispose of the larger pieces, the discharged
      material is carried to a separator such as a vibrating screen, for
      example, which separates and discards the larger pieces, leaving as
      screenings the composted organic material mixed with the small granular
      inorganic material which is not only not harmful, but may be beneficial in
      reasonable quantities.
PAR  Other objects and advantages of the invention will appear hereinafter.
DRWD
PAR  A preferred embodiment of the apparatus selected for purposes of
      illustration is shown in the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation of the apparatus, partly in section.
PAR  FIGS. 2, 3 and 4 are elevations of various forms of cutting blades.
PAR  FIG. 5 is a section on the line 5--5 of FIG. 1.
PAR  FIG. 6 is a section on the line 6--6 of FIG. 1.
DETD
PAR  Referring to the drawings, the digester apparatus comprises a cylindrical
      drum 1 mounted for rotation about a longitudinal axis 2 which is tilted
      slightly to the horizontal to facilitate slow movement of material through
      the digester as the drum rotates. The drum is supported on a plurality of
      bearing blocks 3 and is provided with annular rails 4 which ride on
      rollers 5 on the bearing blocks. The drum may be rotated by a motor 6
      having a reduction gear 7 connected thereto which has a pinion 8 mounted
      on shaft 9 which meshes with the annular ring gear 10 on the drum.
PAR  For reason which will appear hereinafter, the dimensions of the drum and
      its rate of rotation are of some importance, not only to provide
      sufficient time for substantial completion of the aerobic fermentation as
      the material moves slowly through the drum, but also to cause the cutting,
      shredding and crushing devices to operate efficiently as hereinafter
      described.
PAR  Thus, in an apparatus embodying the present invention now in satisfactory
      operation in Pleasant Hill, Iowa, the digester drum is a cylinder 11 feet
      in diameter and 120 feet long. Raw material is introduced to a depth
      approximately 6 feet to 9 feet. Water or wet sewage sludge may also be
      introduced to maintain a moisture content of 45% to 55% as required for
      active aerobic fermentation. In a typical operation, a charge of raw
      material for a drum of these dimensions might consist of 30 tons of
      municipal garbage and 10 tons of raw sewage sludge, for example. A
      suitable bacterial culture may also be introduced. The rate of rotation of
      the drum has averaged approximately 25 revolutions per hour. From
      observation of the apparatus in operation, I have concluded that the
      diameter of the drum should not be less than 9 feet and that the depth of
      the material therein should not be less than 5 feet to insure efficient
      cutting, shredding and grinding action. The diameter of the drum and the
      depth of the material therein may, of course, be increased, depending on
      the volume of the raw material to be treated. I have also concluded that
      the rate of rotation of the drum should not be less than 10 revolutions
      per hour for efficient operation. A rate of 20 to 30 revolutions per hour
      is preferred, although a higher rate not exceeding 60 revolutions per hour
      may be used if desired. Higher rates of revolution will, however, reduce
      the efficiency of the biological process.
PAR  The end plate 11 which closes the inlet end of the drum is provided with an
      opening to receive the raw material which is introduced into the drum
      through a stationary hopper 12 having an inlet opening of large size to
      accomodate the usual run on municipal garbage and rubbish, excepting only
      exceptionally large and unwieldy pieces. A hydraulic ram 13 of
      conventional construction may be located at the bottom of the hopper to
      shove the material from the hopper into the drum.
PAR  As in my prior patents above referred to, I prefer that the interior of the
      drum be provided with a plurality of transverse partitions 14 which divide
      the interior into a plurality of compartments within which the desired
      climatic conditions for optimum bacterial activity may be maintained in
      the manner described in said patents. In the Iowa installation previously
      referred to, there are two partitions which divide the drum into three
      compartments. As processing continues, the material is allowed to move in
      stages toward the discharge end of the drum, moving from one compartment
      to the next through apertures 15 in the partitions 14 under controlled
      conditions as described in said patents. Raw material is introduced at the
      inlet end of the drum and composted material (mixed with some trash as
      previously described) is discharged through apertures 16 in the
      cylindrical wall of the drum in the last compartment.
PAR  In order to cut or shred the material in the drum, a multiplicity of knives
      17 are mounted on the interior wall of the drum extending inwardly toward
      the axis. In FIG. 1 of the drawings only the first compartment is shown as
      equipped with such knives, but it will be understood that the second
      compartment may be so equipped, if desired. The knives may be of various
      shapes as shown in FIGS. 2, 3 and 4, although I prefer the shape shown in
      FIG. 2. Such knives are mounted in planes perpendicular to the axis of
      rotation and move in the direction indicated by the arrow 18 so that as
      the drum rotates the cutting edges 19 push slowly through the material
      with a very effective cutting action. The knives may be made of standard
      steel plate of a thickness of 1/8 inch to 1/4 inch with the cutting edges
      sharpened. Hardened steel may be used if desired, or the cutting edges may
      be hardened or edged or capped with hardened steel. If desired, the
      cutting edges may be serrated.
PAR  Preferably, the knives are arranged in circumferential rows, as shown, or
      they may be staggered. Rows may be spaced apart from 1 foot to 2 feet.
      Knives according to FIG. 2 having cutting edges approximately 2 feet long
      may be spaced circumferentially by approximately 2 feet to 4 feet. The
      base edges of the knives may be curved slightly to fit the contour of the
      cylindrical wall, and the knives may be welded to the wall along those
      edges.
PAR  It is necessary to understand that the cutting and shredding of the softer
      components of the material results solely from the action of the knives as
      they move with the material. That is, as the drum rotates, the surface of
      the material assumes an angle of about 45.degree. to the horizontal, and
      the material on the high side peels away from the cylinder and rolls down
      to the low side where it falls onto the exposed knives. Then, as rotation
      continues, the material which is stapled over the edges of the knives is
      torn and shredded as the increasing weight of the falling material
      compacts the lower material and forces it downwardly. The knives do not
      work against any fixed edge and there is no shearing or scissors action.
      It is necessary to understand, too, that the material is a wet mass having
      a moisture content of 45% or 55%, and that the mass is maintained by the
      microbial activity at a temperature of 135.degree. to 170.degree.F. during
      processing. Under these conditions, and taking into consideration the
      depth of the material, the knives cut or shred the useful soft organic
      material including food wastes, paper, paper board, textiles and the like,
      and at the same time merely shove aside the harder and tougher materials
      such as metals, plastics, glass, rocks, bricks and the like.
PAR  In order to deal with the latter, a series of heavy chains are preferably
      located downstream from the inlet end of the drum and from the knives.
      Thus, as shown, chains 21 are mounted near the downstream end of the
      second compartment, although it will be understood that in practice they
      may be located in any convenient position within either the first or
      second compartment if desired. Such downstream location of the chains is
      preferred because they will perform their intended crushing and grinding
      functions more efficiently when the bulk of the softer material has been
      previously reduced to small pieces by the knives 17.
PAR  The length of the chains and the manner of mounting them is also of
      importance. Thus, the ends of each chain are attached to the wall of the
      drum at diametrically opposed positions 22 as shown in FIG. 6, and the
      length of each chain is slightly greater than the circumferential distance
      between the points of attachment to the wall in order to form a loose loop
      between the points of attachment. As shown in FIG. 6, four chains are
      provided with the eight points of attachment all lying in a plane
      perpendicular to the axis of rotation and spaced at 45.degree.. Each chain
      is attached at points spaced at 180.degree. and the length of each chain
      is slightly greater than one-half the circumference of the drum so that
      the loop of each chain partially overlaps the loop of each adjacent chain.
      Preferably, the chain is of the very heavy type used as anchor chains for
      mooring large ships. Typically, such chains are made up of links about 12
      inches in length from stock at least 2 inches in diameter. Each link of
      such a chain will weigh in excess of 20 lbs.
PAR  Thus, as the drum rotates the overlapping portions of the loose loops of
      chain rub together and crush and grind material between them. The loops
      also crush and grind the material against the wall of the drum. The action
      is very effective in breaking up brittle materials such as glass and
      ceramics and it tends to break up and erode rocks, bricks, and the like.
      It also aids importantly in shredding the soft organic materials.
      Examination of composted material discharged from the drum shows only tiny
      granules of glass and ceramic materials.
PAR  Both the knives and the chains aid in continuously stirring the mass of the
      material in process to expose new surfaces, all of which aids in promoting
      the microbial activity and the breakdown of the raw materials.
PAR  In most operations, while the aerobic fermentation together with the
      combined action of the knives and chains will disintegrate substantially
      all of the useful organic material, they will fail to disintegrate some of
      the inorganic material and there will be a residue of such material of
      various sizes which must be separated from the composted material. For
      this purpose, various kinds of known equipment are available. For purposes
      of illustration, I have shown in FIG. 1, a conveyor 23 located below the
      drum in position to receive material discharged from the drum through the
      apertures 16. The conveyor drops the material onto a vibrating screen 24
      of conventional construction. A mesh screen will provide satisfactory
      separation. Discarded material may be salvaged to be recycled or used for
      landfill.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. Apparatus for making organic fertilizer comprising a cylindrical drum
      having an inlet end and a discharge end, means for rotating said drum on a
      longitudinal axis tilted at an angle to the horizontal, a plurality of
      chains located within said drum, each of said chains having its ends
      mounted on the interior wall of the drum at diametrically opposed
      positions, the length of each chain being slightly greater than the
      circumferential distance between the points of attachment so as to form a
      loop therebetween, the points of attachment of each chain being spaced
      circumferentially from the points of attachment of other chains with the
      loop of each chain partially overlapping the loop of each adjacent chain,
      with all of said points of attachment lying substantially in a common
      plane whereby the loops of adjacent chains rub against each other as the
      drum rotates.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, including a multiplicity of knives
      mounted on the interior wall of said drum, said knives lying in planes
      perpendicular to the axis of rotation of said drum and extending inwardly
      toward the axis of rotation, and in which said chains are located between
      at least some of said knives and said discharge end.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 in which the interior of said drum is
      divided into a plurality of compartments by transverse partitions, each of
      which has apertures therein to permit passage of material from one
      compartment to the next, and in which said knives are mounted in a first
      compartment and said chains are mounted in a second compartment between
      said first compartment and said discharge end.
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ABST
PAL  Fluidized bed desubliming apparatus for directly desubliming gaseous
      aluminum chloride to solid form in a fluidized bed of solid particles of
      aluminum chloride in a chamber at controlled temperatures for production
      of selectively constituted solid particulate aluminum chloride, for
      example including cooling means within the bed for maintaining such
      controlled temperatures, means for introducing such gaseous aluminum
      chloride into the bed remote from all contact surfaces within the chamber
      which are below the ambient desublimation temperature, gas distribution
      inlet means, residual gaseous effluent outlet means and means for
      withdrawing aluminum chloride particles from the bed.
PARN
PAR  This application is a division of our application Ser. No. 180,277 filed
      Sept. 14, 1971 and now abandoned.
BSUM
PAR  This invention relates to the production of aluminum chloride, and more
      particularly to an improved apparatus for effecting the condensation of
      gaseous aluminum chloride to a selectively constituted and advantageous
      solid form in a fluidized bed of solid particles of aluminum chloride.
PAR  Although the potential advantages of utilizing aluminum chloride as a
      source material in the electrolytic production of aluminum have long been
      recognized, commercial realization thereof has been precluded by the
      inability of the art both to provide aluminum chloride of sufficiently
      high purity as to be utilizable therein and to provide aluminum chloride
      in any significant required quantity therefor in an economically
      acceptable manner. The long standing incentive and need for economically
      producible high purity aluminum chloride has resulted in extensive
      experimental exploration and evaluation of numerous suggested expedients
      for obtaining such long desired result. However, to date none of these
      suggested expedients has succeeded in satisfying the desired objective of
      commercial quantity production of economically producible high purity
      aluminum chloride.
PAR  In general, the reduction of aluminum-containing materials with chlorine in
      the presence of reducing carbon in some form to produce aluminum chloride
      is an old and generally well-known reaction. Such reaction proceeds
      vigorously and usually results in the provision of aluminum chloride in
      gaseous form in the elevated temperature gaseous effluent thereof.
PAR  One of the problems heretofore faced by the art has been the efficient and
      economical separation and recovery of such aluminum chloride values from
      the reaction effluent and, in particular, the actual separation and
      recovery of the produced gaseous aluminum chloride in readily usable form
      by condensation techniques has proved particularly troublesome because of
      the inherent characteristics of aluminum chloride during the condensation
      operations, and especially because of the influence of the vapor pressure
      of aluminum chloride on the degree of condensation under ambient
      conditions.
PAR  The invention may be briefly described as an improved apparatus for the
      efficient and continuous recovery of selectively sized and contoured
      aluminum chloride from an essentially contaminant free gaseous effluent
      containing such aluminum chloride, chlorine, phosgene and carbon monoxide
      emanating from the chlorination of alumina by the direct desublimation of
      such gaseous aluminum chloride in a self-replenishing fluidized bed
      thereof maintained at a predetermined temperature substantially below the
      upper ambient solidification temperature of aluminum chloride.
PAR  Among the advantages of the subject invention is the permitted economical
      and efficient recovery of aluminum chloride from the gaseous effluent
      emanating from the chlorination of alumina containing material; a
      permitted commercial quantity production of aluminum chloride and the
      production of selectively sized and contoured particles of aluminum
      chloride of advantageous character and which is particularly suited for
      the electrolytic production of aluminum therefrom.
PAR  The object of this invention is the provision of an efficient economical
      process and apparatus for the continuous commercial quantity production of
      selectively constituted aluminum chloride from the residual hot gaseous
      effluent of the chlorination of alumina.
PAR  Another object of the invention is to provide an improved apparatus for the
      continuous commercial quantity production of solid particles of aluminum
      chloride that, because of its readily handleable and flowable character,
      is particularly well suited for direct utilization in the electrochemical
      production of metallic aluminum.
PAR  It is a further object of the invention to provide an improved and
      apparatus for carrying out the direct desublimation of gaseous aluminum
      chloride in a fluidized bed maintained at a temperature substantially
      below the upper ambient condition solidification temperature of aluminum
      chloride.
PAR  A further object of this invention is the provision of improved apparatus
      for effecting the selective introduction of the gaseous aluminum chloride
      substantially without loss of heat into a fluidized bed of particles of
      aluminum chloride remote from all contact surfaces to localize
      desublimation thereof on the particles of the fluidized bed material.
PAR  A still further object of this invention is the provision of solid
      selectively sized particles of aluminum chloride of generally lobular
      contour and characterized by the effective absence of planar exterior
      surfaces and relatively sharp protuberant angles.
DRWD
PAR  Other and further objects of the present invention will become apparent
      from the within specification and from the accompanying drawing which
      illustrates the principles of the invention as embodied in certain
      presently preferred apparatus elements therefor, in which:
PAR  FIG. 1 is a schematic representation of apparatus elements utilizable in
      the practice of this invention.
PAR  FIG. 2a, 2b and 2c are photomicrographs, at 30, 200, and 500 magnifications
      respectively, illustrative of the selective configuration of a preferred
      product obtained through the practice of this invention.
PAR  FIGS. 3a, 3b and 3c are photomicrographs, at 30, 200 and 500 magnifications
      respectively, illustrative of the selective configuration of a smaller
      sized product obtained through the practice of this invention.
DETD
PAR  In accordance with the principles of the present invention, a process for
      the efficient and economical commercial quantity recovery of solid
      aluminum chloride of advantageous physical character from a gaseous
      aluminum chloride-containing carrier, such as the residual hot gaseous
      effluent of the chlorination of alumina, is now provided. Included therein
      is the selective desublimation of gaseous aluminum chloride in a fluidized
      bed of particles of aluminum chloride maintained at a temperature
      substantially below the upper ambient condition solidification temperature
      of aluminum chloride. Such desired operating temperature of the fluidized
      bed will range between 30.degree.-100.degree.c, suitably within about
      60.degree.-90.degree.C and preferably within the range of about
      50.degree.-70.degree.C. "Desublimation" as utilized herein refers to the
      direct formation of solid aluminum chloride from the gaseous phase thereof
      without any noticeable formation of an intermediate liquid phase.
PAR  The described desublimation of the aluminum chloride can be carried out at
      a negative or vacuum pressures, e.g, down to about 0.1 atmosphere
      absolute, as well as at positive or elevated pressures, up to the pressure
      at which aluminum chloride would condense as a liquid under ambient
      conditions, subject to considerations of partial pressure of the aluminum
      chloride present under the ambient conditions. A preferred operating
      pressure is about 1.5 atmospheres gauge.
PAR  In the practice of the invention, any relatively pure gaseous aluminum
      chloride-containing gaseous carrier from any convenient source can be
      utilized as a source material. Suitably, a gaseous effluent of the type
      obtained from a precursor chlorination of sodium contaminated alumina in
      the presence of carbon and from which concomitant entrained particles of
      solids and liquids and condensable volatile constituents or impurites
      which condense at a higher temperature than the upper condensation
      temperature of aluminum chloride under the corresponding ambient
      conditions have been preliminarily removed, are preferably employed as the
      desired relatively pure source material.
PAR  The aluminum chloride-containing effluent source material which suitably
      comprises the residual hot gaseous effluent of the chlorination of sodium
      contaminated alumina may also contain chlorine, phosgene and carbon
      monoxide and dioxide, is of such character that, at a temperature of
      between about 150.degree.-250.degree.C, it is contacted directly within
      such fluidized bed of solid particles of aluminum chloride to directly
      desublime thereon and thereby endow the bed with a self-replenishing
      character as well as providing for production of aluminum chloride of
      selective size and configuration providing advantageous handling and flow
      characteristics. More particularly, such aluminum chloride will have an
      average particle size distribution of about 40-350 mesh, and predominantly
      about 100-350 mesh. The herein described fluidized bed condensation or
      desublimation process leads to an acceptably fine solid aluminum chloride
      product at a low level of cooling energy which is particularly suited,
      especially because of its particle size, configuration, and purity, for
      direct utilization in the electrolytic production of aluminum metal.
PAR  Advantageously, the residual gaseous mixture that remains after the direct
      desublimation of the aluminum chloride values has been effected and which
      will normally be constituted mainly of carbon monoxide and carbon dioxide
      along with small amounts of hydrogen chloride, carbon tetrachloride,
      phosgene and chlorine, may be recovered as effluent from the fluidized bed
      and portions thereof may desirably be recycled as fluidizing gas for the
      bed of aluminum chloride particles. Alternatively, any suitable
      substantially dry and non-reactive gas such as nitrogen, methane, air,
      carbon dioxide and/or carbon monoxide may be used to fluidize the bed.
PAR  The use of markedly low ambient desublimating or condensing temperatures in
      comparison to the solidification temperature of aluminum chloride, e.g.
      30.degree.-100.degree.C as compared to 180.degree.C, and the agitation
      inherently present in the fluidized bed of particles of aluminum chloride
      surprisingly results in the formation of a preferred range of size of
      particles as compared to that developed by desublimation at substantially
      higher temperatures in the vicinity of the actual ambient condition
      solidification temperature of aluminum chloride as well as selectively
      contoured particles of generally lobular configuration characterized by
      the substantial absence of generally planar exterior surfaces. Since such
      configuration and range of particle sizes contribute to easy handling for
      subsequent electrochemical conversion of the aluminum chloride to metallic
      aluminum, the use of desublimation temperatures well below the
      upper-ambient limits thereof according to the principles of this invention
      is highly advantageous. Thus, rapidly quenching the gaseous aluminum
      chloride in the fluidizing bed from a temperature of about
      150.degree.-250.degree.C to below 100.degree.C, and preferably to about
      60.degree.C, in a single stage or step, one would not have expected that
      readily handled and flowable particles of selective size and configuration
      would form.
PAR  Thus, by careful selection and control of the temperature of desublimation,
      and by using a fluidized bed of aluminum chloride particles in the
      condensation zone, it has been found that particles of selective
      configuration are produced and that the particle size of the solidified
      aluminum chloride can be selectively controlled. At lower temperatures
      within the specified range of about 35.degree.-100.degree.C, the average
      particle size of the desublimed product is generally smaller than those
      obtained at higher temperatures within such range. Depending on the
      particular temperature chosen, the aluminum chloride particles recovered
      will have an average particle size of about 40 to 350 mesh, and
      predominantly about 100-350 mesh. Operating temperatures of lower than
      about 35.degree.C for the fluidized bed are generally uneconomic and
      undesired since excessive coolant costs are necessitated and excessive
      amounts of titanium tetrachloride when present are condensed out of the
      effluent together with an increased amount of fines of aluminum chloride,
      whereas temperatures above about 100.degree.C under the contemplated
      operating conditions result in an undue amount of incomplete desublimation
      of the gaseous aluminum chloride and undesirable loss thereof in the
      gaseous effluent, considering that a portion of such effluent gas is
      separated, usually continuously, from the system for scrubbing out the
      obnoxious and/or toxic substances therein.
PAR  For example, even at a relatively low temperature of about 90.degree.C, as
      compared with an aluminum chloride solidification temperature of about
      180.degree.C at 1 atmosphere absolute and of about 150.degree.C at about
      0.5 atmosphere absolute, a certain amount of the gaseous aluminum chloride
      values will not desublime since the vapor pressure conditions in the
      fluidized bed favor retention of a portion thereof in the gaseous state.
      In this regard, under the ambient conditions of about 0.5 atmosphere, the
      vapor pressure of AlCl.sub.3 is 1 mm at 100.degree.C, 0.32 mm at
      90.degree.C and 0.004 mm at 60.degree.C, which confirms the desirability
      of using condensation temperatures at the lower end of the stated range of
      35.degree.-100.degree.C, especially where lower ambient pressures are
      employed. Naturally, the presence of other volatile or gaseous materials
      mixed with the aluminum chloride may modify somewhat the aluminum chloride
      partial pressure in the system and thus the condensation temperature
      thereof.
PAR  In accordance with one aspect of the invention, the gaseous aluminum
      chloride-containing effluent is introduced into the fluidizing bed
      chamber, through an inlet maintained at a temperature above the
      condensation temperature of aluminum chloride under the ambient conditions
      and preferably in the range of about 180.degree.-250.degree.C. Such inlet
      is also so located that the gaseous aluminum chloride is introduced into
      the bed at a location remote from any contact surfaces in or of the vessel
      as for example, on cooling surfaces or the like, to prevent undesired or
      premature condensation of the gaseous aluminum chloride to liquid or solid
      phase at the inlet and at any such contact surfaces. Such premature
      condensation would soon lead to deleterious scale formation and a layered
      build-up of hard coating of solid aluminum chloride on the vessel walls as
      well as on any cooling surfaces in the vessel and even in the inlet
      entrance. This would not only constitute a loss of valuable product but
      also would lead to a relatively rapid plugging of the inlet entrance, and
      obstruction of the usable vessel space and insulating deterioration of the
      necessary cooling surfaces. Such undesired deposits would be difficult to
      remove yet without their removal inefficient heat exchange cooling,
      decrease in usable vessel space and possible plugging of the inlet
      entrance would eventually be effected.
PAR  The above noted problems involved in effecting the condensation of
      relatively pure gaseous aluminum chloride directly to solid form in a
      single stage are not generally encountered in condensation of other
      materials in a fluidized bed. For example, materials such as phthalic
      anhydride which are condensed in a fluid bed are soft enough to abrade
      away from any given contact surface of the condenser vessel under the
      scouring action of the moving fluidized particles. Thus, in the instant
      situation the temperature, vapor pressure and locus of desublimation must
      be controlled to avoid premature and detrimental condensation of the
      gaseous aluminum chloride to liquid form and at locations other than that
      heretofore described to effectively avoid agglomeration of the bed
      particles and eventual failure of the bed, clogging of the inlet entrance
      and deposition on cold surfaces of the chamber. Likewise, the gaseous
      effluent should comprise relatively pure aluminum chloride, since of
      course, any significant impurity content, e.g. of sodium aluminum chloride
      as a complex mixture with aluminum chloride, if not removed from the
      intended influent before it reaches the inlet entrance, would soon clog
      such entrance as a collected liquid condensate thereat due to its
      relatively higher condensation temperature as compared with the relatively
      cool environment of the chamber.
PAR  While normally the gaseous aluminum chloride-containing carrier subjected
      to the condensation fluidized bed treatment according to the invention
      will be the gaseous effluent recovered from a chlorination reaction of the
      foregoing type, such carrier can be effluent from a different type
      chlorination procedure or reaction or can be a gaseous aluminum chloride
      containing carrier supplied from any convenient source, so long as the
      particular carrier is substantially free from undesired contaminants which
      would detract from the intended desublimation step.
PAR  As illustrated in the drawing, an aluminum chloride containing gaseous
      effluent from a chlorinator 1 is initially passed through purification
      apparatus 2 wherein entrained particles and condensable volatile
      constituents that condense above the upper ambient condition
      solidification temperature of aluminum chloride are removed. The residual
      gas which will be at a temperature that is sufficiently high to preclude
      condensation of aluminum chloride therefrom under the ambient condition is
      introduced through the feed line 3 into a fluidized bed of particles of
      aluminum chloride disposed within a chamber 4. The fluidized bed condenser
      chamber 4 includes a fluidizing gas distribution inlet 12 at its lower end
      supplied with fluidizing gas through line 11. A separator 21, suitably a
      permeable filter medium 23 and a residual gaseous effluent outlet 13 at
      its upper end connected to an outlet conduit 14 and an aluminum chloride
      outlet 16 at the dependent terminus of an inclined or sloped perforated
      distribution plate 5 disposed adjacent the bottom of the chamber for
      directing the heavier particles toward the outlet for effecting withdrawal
      of condensed aluminum chloride solids therefrom are also included therein.
      Examplarly disposed within the upper portions of the illustrated fluidized
      bed is a heat exchanger such as finned coils 10, for cooling the contents
      thereof and for maintaining the temperature of the bed within
      predetermined ranges. The purified residual gas exiting from the purifier
      2 and containing the gaseous aluminum chloride values is introduced into
      the fluidized bed at a location remote from the cooling fins and from any
      contact surfaces therein.
PAR  A residual gaseous effluent recycle conduit 17 is connected intermediate
      the residual gaseous effluent outlet conduit 14 and the fluidizing gas
      distribution inlet 12 to permit the recycling and use of portions of the
      residual gaseous effluent as fluidizing gas. For such purpose, a
      compressor or pump 18 is desirably interposed in the outlet conduit 14.
      Alternatively, an independent source of fluidizing gas can be fed via
      supply line 19 for fluidizing for bed, instead of or in addition to the
      residual effluent gas fed via recycle conduit 17. Where the recycle
      conduit 17 is employed for supplying fluidizing gas for the system, such
      gas of course will contain mainly carbon dioxide and carbon monoxide and
      perhaps some residual amounts or traces of unreacted chlorine, hydrogen
      chloride, phosgene or carbon tetrachloride, since it represents the final
      off gas residuum from the chlorination reaction. A portion of such off gas
      is removed via line 20 and scrubbed to remove obnoxious constituents
      before discarding. When an independent source of fluidizing gas is used,
      all of the off gas is normally removed via such line 20.
PAR  More specifically, this off gas removed from the closed system at line 20,
      containing predominantly chlorine, hydrogen chloride and phosgene as
      obnoxious and toxic constituents must be cleaned before the gas can be
      vented to the atmosphere. Thus, the off gas can be scrubbed of these
      constituents with caustic, e.g. sodium hydroxide, or with sodium
      carbonate, etc., in the conventional manner, and then be vented.
      Furthermore, the gas can be burned in a furnace with hydrogen (or a source
      thereof, such as methane) to produce hydrogen chloride from the chlorine
      and phosgene, followed by scrubbing of the so-treated gas before venting
      or any other conventional method of removing these obnoxious and toxic
      constituents from the off gas can be utilized.
PAR  In accordance with a further feature of the invention, the inlet 15 for the
      gaseous aluminum chloride-containing gas is provided with means to
      maintain the temperature of the incoming gas at an elevated value, such
      means shown schematically at 24, may suitably comprise auxiliary heating
      means, such as electrical resistance heating means, or may comprise heat
      insulation material, such as quartz, alumina, graphite, asbestos and the
      like, at the entrance thereof to minimize, if not prevent, premature
      cooling and liquification or solidification of the gaseous aluminum
      chloride passing therethrough which would tend to clog the same to impede
      or otherwise deleteriously affect the desired condensation or
      desublimation operation. Thus, the means for controlling the temperature
      of the inlet gas contemplated herein will function to permit introduction
      of the flow of gaseous aluminum chloride-containing fluid substantially
      without loss of heat into the interior of the fluidized bed.
PAR  Because of the need to avoid premature condensation of the gaseous aluminum
      chloride at locations other than in the fluidized bed itself, considering
      the ambient conditions, the entrance of inlet 15 desirably prejects
      appreciably into the bed and terminates remote from all contact surfaces
      therewithin including the walls of the chamber and the cooling means 10.
      In this way, as the incoming gaseous chloride-containing carrier enters
      the condenser chamber 4 in such manner as to immediately contact the bed
      particles and the aluminum chloride values therein will condense before
      there is any chance of contact thereof with the adjacent apparatus
      surfaces. By the time the mixture of residual gaseous effluent and
      fluidizing gas exits from the top of the bed, the aluminum chloride values
      therein have sufficiently changed to solid phase and built up in solid
      particle form to avoid significant entrainment in the exiting gaseous
      mixture and are heavy and hard enough to operate as a particle component
      of the fluidized bed in the vicinity of the chamber walls and cooling
      means without danger of deposition thereon.
PAR  The ambient conditions at the locus of condensation should be such that the
      vapor pressure of the aluminum chloride is just low enough to desublime
      the same to solid form without causing any deposition of residual aluminum
      chloride either in solid or liquid form on the surface of the permeable
      filter medium 23 of the separator 21.
PAR  The singular nature of the product resulting from the hereinabove described
      direct desublimation recovery of aluminum chloride values is illustrated,
      under various magnifications in FIGS. 2 and 3 of the drawings. As best
      shown in FIG. 2a (under 30X magnification) the particles of aluminum
      chloride are of generally spheroidal character presenting a generally
      lobate curvilinear external contour and characterized by a marked absence
      of planar exterior surfaces and relatively sharp protuberant angles that
      are normally characteristic of fracture planes or the like. As becomes
      apparent from FIGS. 2b and 2c the particles of aluminum chloride are
      compositely constituted of agglomerated, cemented or otherwise
      autogenerously bonded pluralities of smaller sized particles of rather
      widely varying dimension but of generally spheroidate character. Because
      of such composite constitution the exterior surfaces of the particles,
      while still curvilinear in character, are of generally lobular and bullate
      character and present marked localized departures from true spheroidal
      character and hence the term "lobular" will be herein hutilized to
      describe the general character of the resultant particles.
PAR  FIG. 3a illustrates (under 30X magnification) a much finer aluminum
      chloride product obtainable by the practice of this invention. As
      evidenced by FIGS. 3b and 3c however the particles here are of markedly
      more lobate character. It is equally apparent however that the particles
      again present a generally lobular ourvilinear external contour and are
      characterized by a marked absence of planar exterior surfaces and
      relatively sharp protuberant angles and are compositely constituted of
      agglomerated or otherwise joined pluralities of smaller sized particles of
      widely varying dimensions but of spheroidate or lobate character.
PAR  The solid lobular aluminum chloride particles of generally curvilinear
      contour of the invention essentially contain rounded lobes or lobules
      which often impart an apparent bullate, blistered and/or nodular composite
      surface configuration.
PAR  As will now be apparent to those skilled in this art the generally lobate
      character of this product differs markedly from conventionally produced
      aluminum chloride that is commercially available. Not only does this new
      material provide marked advantages in both handling and flowability but
      the herein described invention avoids any crushing or grinding operation
      with their attendant contamination with impurities from the equipment
      employed but more significantly avoids exposure of the aluminum chloride
      product to the air with its ever attendant hazard of contamination by air
      borne moisture.
PAR  The new product obtained through the practice of this invention has a bulk
      density in the range of about 75 to 105 lbs. per cu. ft. (for a particle
      size range of from about 40 to 350 mesh). Samples of FIG. 3 type product
      have been found to have an angle of repose in the range of about
      35.degree. to about 41.degree., and a mean of about 38.degree., when
      measured in a dry nitrogen atmosphere by the international standards
      Organization Method ISO/PC 47 (Secretariat 247) 424 for measurement of the
      angle of repose of alumina. Because of the greater spheroidicity of the
      FIG. 2 type product lower angles of repose will normally be characteristic
      thereof. As a matter of caution however, it should be noted that values
      for the angle of repose depends largely upon the measurement techniques
      employed and there is little, if any, standardization in such measurement
      techniques generally, and the requirement of maintaining this particular
      product in a contaminant free environment further complicates the problems
      of measurement thereof.
PAC  EXAMPLE
PAR  The following example is set forth to illustrate, without limitation,
      various features of the present invention.
PAR  Carbon impregnated or cooked porous alumina particles were chlorinated at
      elevated temperature and the resulting gaseous reaction mixture treated to
      remove entrained particles of solids and liquids and condensable volatile
      impurities which condense at a higher temperature than the condensation
      temperature of aluminum chloride under the ambient conditions, so as to
      provide a relatively pure gaseous effluent containing essentially only
      aluminum chloride, carbon dioxide and carbon monoxide as well as trace
      amounts of other impurities, e.g. chlorine, hydrogen chloride, phosgene,
      carbon tetrachloride, and the like.
PAR  Such relatively pure gaseous effluent at about 200.degree.C entered the
      desublimer or condenser chamber 4 shown in the drawing via the heat
      insulated inlet 15 at a rate of about 885 cubic feet per hour. Condenser
      chamber 4 on the average contained a bed of about 90 pounds of relatively
      pure aluminum chloride solid particles of an average size distribution of
      about 40 to below 100 mesh maintained in fluidized condition by passage of
      fluidizing gas (i.e. dry air) via line 19 upwardly through distribution
      inlet 12.
PAR  The heat exchanger 10 was cooled by passing water at about 20.degree.C
      through cooling coils so that the average 200.degree.C inlet gas entering
      through feed conduit 3 was quenched to about 60.degree.C on the relatively
      pure aluminum chloride particles maintained in the fluidized bed.
PAR  The quenched or cooled gaseous aluminum chloride apparently formed solid
      nuclei particles which built up to larger particles and/or deposited on
      other solid aluminum chloride particles already present in the bed. As the
      particles of aluminum chloride increased in size, they were removed
      constantly from the bed via outlet 16 and in an average particle size
      distribution as noted above. Under the specified conditions no appreciable
      or troublesome deposition of condensed aluminum chloride occurred either
      in the heat insulated inlet nor on any contact surfaces within the
      chamber, i.e. including the chamber walls and the cooling coils.
PAR  The off gas from the fluidized bed maintained in condenser chamber 4 was
      passed through the filter assembly 21 and the separated entrained aluminum
      chloride solids and dust were returned directly back to the bed. Such off
      gas contains primarily carbon dioxide, carbon monoxide and air with trace
      amounts of unreacted chlorine, hydrogen chloride, phosgene, carbon
      tetrachloride and the like.
PAR  The aluminum chloride product recovered at a rate of 72 pounds per hour via
      outlet 16 was a relatively fine solid product of generally lobate and
      spheroidate character as described earlier, having less than about 0.3% by
      weight total content of combined oxygen impurities, a low content of
      adsorbed carbon dioxide and phosgene (trace amounts), an average particle
      size distribution of:
TBL  +40 mesh (retained)   8%                                                  

     100 mesh              22%                                                 

     (passes through)      40%                                                 

PAL  an a density of about 75-105 lbs./ft..sup.3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for effecting the desublimation of gaseous aluminum chloride
      to solid form, comprising
PA1  chamber means for confining a self replenishing fluidizable bed of
      particles of aluminum chloride,
PA1  a gas distribution plate defining the bottom of said fluidizable bed of
      particles,
PA1  a gas distribution inlet disposed beneath said distribution plate for
      introduction of substantially aluminum chloride free gas into said chamber
      to maintain said bed of particles of aluminum chloride in fluidized
      condition,
PA1  cooling means disposed within said chamber and in the portion thereof
      occupied by said bed of fluidized particles for maintaining the
      temperature of said bed of particles at a predetermined value below the
      upper ambient conditon desublimation temperature of aluminum chloride.
PA1  means disposed remote from said gas distribution plate and from said
      cooling means for introducing a flow of gas containing gaseous aluminum
      chloride into said bed of fluidized aluminum chloride particles remote
      from all contact surfaces within said chamber which are at a temperature
      below the ambient desublimation temperature of aluminum chloride to
      desublime at least a substantial portion of said gaseous aluminum chloride
      on the surfaces of said aluminum chloride particles of said bed,
PA1  heating means for maintaining the temperature of said last mentioned means
      and the temperature of the gas emanating therefrom above the ambient
      desublimation temperature of aluminum chloride to prevent premature
      cooling and deleterious condensation of the gaseous aluminum chloride
      values thereon,
PA1  a residual gaseous effluent outlet disposed at the upper end of said
      chamber and remote from the upper surface of the bed of fluidized
      particles disposed therewithin, and
PA1  means disposed adjacent said gas distribution plate for withdrawing
      aluminum chloride particles from said bed.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said gas distribution plate is
      angularly positioned to direct a flow of heavier particles of aluminum
      chloride toward said particle withdrawing means concurrently with the
      passage of fluidizing gas therethrough.
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ABST
PAL  An extracting apparatus comprising at least one screw conveyor divided into
      cells, in which to form the solidmaterial supply compartment, the drum is
      extended beyond the conveyor last winding without substantial diameter
      differential by a circumferential perforated casing which is pervious to
      the liquid and which extends up to a terminal diametral wall provided with
      a central supply opening for the solid materials; said supply compartment
      comprises as many liquid-pervious axial elements for raising the solid
      materials as there are cell series in the drum; to each one of said axial
      raising elements is associated a slanting channel for conveying the solid
      materials from the supply compartment to the last cell in each cell
      series.
BSUM
PAR  This invention relates to an apparatus for liquid-extracting of products
      which are part of solid materials, by counter-flow feeding of the liquid
      and the solid materials, which comprises a revolving drum housing means, a
      pair of impervious to liquid wall means being mounted in said revolving
      drum housing means and being integral therewith, which solid wall means
      define windings of two staggered helical screws, said staggered helical
      screws defining two screw conveyors for conveying liquid into two separate
      flows along one axial direction of the drum housing means, there being a
      first winding and a last winding for each of said helical screws, which
      define respectively a screw conveyor inlet end and an outlet end for the
      liquid, central axial partition walls extending between the succeeding
      windings of the screws, and being integral with said drum housing means to
      separate said windings into half portions of windings and to manage two
      series of cells for solids, each cell being defined between a partition
      wall, said drum housing means and succeeding half portions of windings,
      said axial partition walls being previous to the liquid at the peripheral
      portions thereof which extend from said drum housing means up to a
      distance from the drum housing means axis so that for each partition wall
      the peripheral portions comprise a raising portion for the solids of one
      cell during revolution of the drum housing means, channel means for the
      interconnection of adjacent cells in each series of cells through openings
      being present in said half windings adjacent the central part of said
      partition walls, to convey solids from said solids raising portions along
      the central part of the axial partition walls from cell to cell in each
      series of cells in counteraxial direction to the liquid flow direction,
      and means for feeding liquid at the inlet side of each of said screw
      conveyors.
PAR  The invention has for object an improvement in extracting apparatus of this
      kind and it relates more specifically to the supplying of the apparatus
      with solid materials.
PAR  It is known notably in the case of the sugar extracting from sugar-beet
      cossettes, to bring the solids, i.e. cossettes to the temperature suitable
      for extracting by mixing before the entry in the apparatus, solids with an
      amount of heating liquid. Said liquid has to be separated from the solids
      before said solids enter the terminal compartment for liquid and which
      corresponds to the first cells for the solids. of the one conveyor of the
      apparatus and to be discharged from the drum. The extracting liquid fed in
      counter-flow and present in the last conveyor compartment has also to be
      discharged from the drum.
PAR  In a known extracting apparatus as disclosed notably in U.S. Pat. No.
      2,569,199, the supply compartment has to provide a large enough liquid
      filtering and discharging area, a diameter substantially larger then the
      drum diameter; this causes a lack of balance in the apparatus geometry and
      consequently difficulties in the mounting and the driving of such
      apparatus as well as a limitation in the apparatus nominal capacity.
PAR  The invention has for object to obviate the above drawbacks and to improve
      the separation of the solid materials and the liquid in the supply
      compartment. For this purpose according to the invention, to form the
      solid-material supply compartment, the drum is extended beyond the
      conveyor last winding without substantial diameter differential by a
      circumferential perforated casing which is pervious to the liquid and
      which extends up to a terminal diametral wall provided with a central
      supply opening for the solid materials; said supply compartment comprises
      as many liquid-pervious axial elements for raising the solid materials as
      there are cell series in the drum; to each one of said axial raising
      elements is associated a slanting channel for conveying the solid
      materials from the supply compartment to the first cell for solids in each
      cells series.
PAR  Particularly according to the invention, the terminal diametral wall is
      located when considering the zone where lies the solid material raising
      element of the first cell for solids from each cells series, at a distance
      from the last winding of the screw conveyor which is in the range of the
      width of a conveyor cell, while on that side diametrically opposite the
      side where lies the solid material raising element of the first cell for
      solids in each cell series, the supply compartment has a capacity
      continuity between the terminal wall and the corresponding winding portion
      of the conveyor first cell for solids. There results therefrom that while
      the supply compartment only extends the drum by one cell width, the width
      of the supply compartment in that area where falls the inlet mixture of
      solid materials and liquid, corresponds approximately to two conveyor cell
      widths, which thus gives a large filtering area. Consequently the
      materials raised by the raising portions of the supply compartment are
      adequately drained, which even with the reduced width of the compartment
      in the raising zone, prevents the danger of the liquid being taken along
      with the solid materials.
PAR  In a preferred embodiment of the invention, that drum casing portion which
      is pervious to the liquid, forms a cylinder which extends from the
      terminal diametral wall up to the winding before one of each screw, in
      that zone thereof which contains the raising element of the first for the
      solids cell, the circumferential wall of the drum which is impervious to
      the liquid ending by the boundary of the cylindrical portion pervious to
      the liquid. This arrangement has the advantageous result that the liquid
      in the last conveyor compartment for liquid is discharged from the drum
      without entering the supply compartment.
DRWD
PAR  Other details and features of the invention will stand out from the
      description given below by way of non limitative example and with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic perspective view with parts broken away of an
      apparatus for liquid-extracting of solids with double screw conveyor as
      described in U.S. Pat. No. 2,569,199, in which the teachings of the
      invention have been embodied.
PAR  FIG. 2 is an end perspective view with parts broken away of the solids
      supply side of the apparatus shown in FIG. 1, the drum terminal wall being
      considered as transparent.
PAR  FIG. 3 is a schematic cross-section of the apparatus of FIG. 1, the baffle
      means and header not being shown, the apparatus being considered from the
      opposite side in ralation to the drawing sheet to that side considered on
      FIG. 1;
PAR  FIG. 4 is a section along lines IV--IV of FIG. 3;
PAR  FIG. 5 is a cross-section along lines V--V of FIG. 4;
PAR  FIGS. 3 and 5 show consequently cross-sections of the apparatus of FIG. 1,
      at the same time of rotation thereof, FIG. 3 showing the apparatus seen on
      the side of arrow III and FIG. 4 showing the apparatus seen on the side of
      arrow IV when considering FIG. 3;
PAR  The conveyor shown in the figures comprises a rotating drum 1 which is
      rotated in the direction shown by arrow 4 by usual driving means not
      shown. The drum circumferential housing 2 is impervious to the liquid.
      Inside the drum are arranged solid windings 3 of two staggered helical
      screws A, B which are made fast at the circumference thereof to the drum
      housing 2 and which define together with the drum 1, two screw conveyors
      overlapping one another; the succeeding windings 3 define when considering
      the drum lower part, liquid compartments comprised of the adjacent
      windings 3 which pertain alternately to screw A and screw B. In FIG. 1
      said compartments bear references I to N.
PAR  Each one of both screw conveyors is supplied at the inlet thereof, with
      extracting liquid, for example through a pipe 17, the liquid consequently
      being conveyed along the direction of arrow 5 as two separate streams and
      advances by each drum revolution over one conveyor pitch step, which
      corresponds to the width of two compartments I . . . N.
PAR  Between the succeeding windings 3 of the conveyors and in the center of the
      drum extend axial walls 6 which divide the drum into two series of cells
      for the solids arranged back to back and duplicating the compartments I .
      . . N. The cells bear respectively the references I' to N' and I" to N".
      The central area of the windings 3 is hollow as usual in screw conveyors,
      so that on each side of the central part of the axial walls 6 there is for
      each winding 3 an opening 25 extending between the central part of the
      axial wall 6 and the winding 3; on FIG. 1 the edges of the openings 25
      bear references a, b, c. Through said openings 25, adjacent cells of one
      series are interconnected. To the edges a, c of adjacent openings 25,
      there is attached a slanting wall 27 whereas to edges b and facing edge of
      said slanting wall 27 there are attached closing walls 26 in such a manner
      to form central channels 7 slanting along the direction opposite the
      liquid movement in the conveyors; consequently the solid material portions
      raised by each drum revolution by means of that axial wall portion 6'
      located on the drum casing side, fall back along the central part of the
      axial wall and of channel 7, to the drum bottom in the adjacent cell of
      the same series. Those parts of the axial walls 6' located on the side of
      the casing 2 and which are used to raise the solid materials are pervious
      to the liquid; actually said parts are comprised of perforated sheets to
      let the liquid after each contacting with a solid material portion, pass
      from a cell of the one series to a cell of the other series and thus to
      advance all along the drum with a speed twice as fast as the speed of the
      solid materials. In the description hereinbelow the axial parts 6'
      pervious to the liquid will be called raising screens.
PAR  It must be understood that the extracting apparatus  has been described
      without giving those construction details thereof which do not contribute
      to the understanding of this invention; particularly, it is well known
      that to the raising sheets 6' are associated perforated side sheets which
      increase the liquid filtering area by the raising of solid material
      portions and form together with the raising screens 6' so-called baskets.
PAR  It is necessary for understanding the following part of the specification,
      to point out that the axial walls 6 divide each of the windings 3 of the
      screw conveyors A, B into two half portions of windings; for the last
      winding of each screw conveyor, the terminal half portion bears the
      reference numeral 3N' and 3N". It is further necessary to point out that
      because of the opposite direction of movement of solids, the last
      compartment N for the liquid corresponds to the first cell N', N" for the
      solids of each series of cell.
PAR  According to the invention, the following construction has been provided
      for the supply solids and the liquid discharge: the drum 1 is axially
      extended beyond the end of the last winding 3 of each screw A, B, whose
      terminal half portions are 3N' and 3N" by a circular housing portion 8
      which is pervious to the liquid, said circular housing portion 8 having
      substantially the same diameter as the drum 2, up to a terminal diametral
      wall 9.
PAR  The terminal wall 9 has a central opening forming an inlet for the solids
      said opening being provided outwardly with a cone 11 converging towards a
      supply tube 12 with a smaller diameter than the opening 10. The terminal
      wall is preferably pervious to the liquid over some of the width thereof
      from the circumference thereof.
PAR  The spacing between the terminal wall 9 and the end of the last winding 3
      of each screw A, B is about equal to the spacing between two adjacent
      windings 3 of the conveyors.
PAR  The terminal wall 9, the screws terminal windings half portions and the
      circular housing portion 8 bound a head or supply compartment for solids
      O; said supply compartment which is divided into two supply cells O', O"
      by an axial wall arrangement 13 similar to the axial wall arrangements 6.
      This means that the axial wall 13 comprises a central part impervious to
      liquid and two peripheral parts 13 ' which are pervious to the liquid, and
      serve as portions for the solids. To the central part of the axial wall 13
      and on either side thereof is associated a channel 14 similar to the
      channels 7, which each connects one cell O', O" to the first cell for
      solids N', N", through the openings 25 in the final half portion 3N', 3N"
      of the screws A, B. The supply cells O', O" have a first portion with a
      width shown by the reference L1 in the zone containing the raising portion
      13' for that supply cell, which correspond substantially to the width of
      one cell along the drum housing 2 and a second portion with a width shown
      by the reference L2 located in the diametrically opposite zone which
      correspond substantially to two cells widths.
PAR  Between the channels 14 of the supply compartment and the opening 10 in the
      terminal wall 9, there is no axial wall 13 and consequently there remains
      a free space L3 for the entry of the solid materials into the cells O',
      O"; between the top of each channel 14 and the portion thereof facing the
      opening in the terminal wall 9 has been provided a baffle element 15.
PAR  Preferably according to the invention, the circular housing portion 8 which
      is pervious to the liquid forms a revolution cylinder in such a way that
      it surrounds the first cell for solids N', N" in each cell series in that
      zone thereof where the raising screen 6' is located.
PAR  Finally, a fixed liquid header 16 surrounds that drum portion which is
      pervious to the liquid, seals 18, 19 of flexible material bounding the
      header 16.
PAR  The operation of the above-described extracting apparatus will now be
      described as it is used for extracting sugar from beet cossettes.
PAR  The extracting liquid is fed alternately to the last cell I', I" of each
      cells series for solids, i.e. the first compartment I for the liquid flows
      through the corresponding pipe 17 when said pipe passes through the drum
      bottom zone; out that side of the housing the cossettes portion after
      soaking in such pure juice in the last cell I, I' and after being raised
      by the raising screen 6' which they engage after one drum half-revolution,
      fall out of the drum housing 2 through the channel 7 associated to the
      opening 25 in the first half portion of winding 3 bounding each cell I,I".
      An arrow 28 shows on FIGS 1, 3 and 5 the path of solids when they fall
      from the last cell for solids I, I" out of the drum 1".
PAR  On the drum opposite the cossettes enter continuously together with many
      times the volume thereof of heating juice, the supply compartment O,
      through the diverging cone 11 and the opening 10 in the drum terminal wall
      9. Said cossettes are distributed as shown by arrow 29 according to the
      momentary position of the drum between cells O' and O". Twice by each drum
      revolution, a cossettes portion is raised and thus is separated from the
      heating liquid by the raising screen 13' to then fall in the first cell
      N', N" while being guided by the corresponding channel 14 and the solid
      central part of the axial wall 13. It is noted that during an interval of
      the drum revolution which corresponds to the raising of a cossette portion
      by the raising portion 13' of one supply cell, the mixture of beet roots
      and heating liquid falls in large-width portion L2 of the other supply
      cell. This aids the spreading of the mixture liquid-cossettes and using
      the largest area of the drum length 8 which is pervious to the outflow of
      the heating liquid. Consequently, when the cossettes-liquid portion under
      consideration lies in the smaller-width zone L1 of the supply compartment
      i.e. when it begins to be raised, the liquid is discharged for the most
      part, which aids lowering the weight of materials to be raised. The danger
      of damaging the beet roots and of plugging the supply compartment raising
      screens is thus reduced.
PAR  The baffles 15 avoid the gathering of beet roots in the dead angle areas of
      the supply compartment and direct the entering mixture of beet roots and
      heating juice towards the larger zone of the supply cells as soon as the
      raising portion 13' of one of said supply cells has run past the drum
      bottom zone.
PAR  As regards discharge of the loaded with sugar extracting liquid, which
      enters the last compartment for the liquid, i.e. the first cells for the
      solids N', N", such liquid essentially flows out through the
      liquid-pervious part of the casing length 8 which extends in that zone of
      the first cells N', N" of each cell series that contains the raising
      screen 6' for this cell. This disposition avoids overloading the supply
      compartment with the extracting liquid.
PAR  The working explained herein above results clearly from FIGS. 3 to 5. At
      the moment shown on the FIGS., cossettes fall into the supply cell O'
      along arrow 29 into the large width part 22 thereof, before the raising
      parts 13' and 6' which raise cossettes of supply cell O" and of the first
      cell for solids N". At this precise moment, the raising part 13' of the
      supply cell O" begins to raise along arrow 30 the cossettes which have
      fallen into said cell O' during the preceding 180.degree. of the rotation
      of the apparatus; that raising action after a 180.degree. rotation of the
      apparatus in relation to what is shown on the FIGS. will conduct to
      falling of the cossettes into the first cell N" for solids of that series
      as shown by arrow 31. Furthermore, the moment shown in FIGS. 3 to 5
      corresponds to the final moment when cossettes raised by the raising
      portion 13 of the supply cell O' fall into the first cell N' of the series
      of cells I' . . . N' as shown by arrow 32.
PAR  It must be understood that the invention is in no way limited to the above
      embodiments and that many changes can be brought therein without departing
      from the scope of the invention as defined by the appended claims.
PAR  For instance the invention can also be applied to extracting apparatus that
      comprise but one screw conveyor or more than two screw conveyors. In such
      a case and when the drum is also divided into two cell series by an axial
      wall arrangement of the type described, the supply compartment will have a
      construction similar to the construction described but there will result
      therefrom that the width of a supply cell can be different from the width
      of the other supply cell and the same will consequently be true for the
      slanting of the channels of the two cells.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for extracting materials from solids by contacting the
      solids with counterflowing liquid, having:
PA1  a revolving drum housing means,
PA1  a pair of impervious to liquid wall means being mounted in said revolving
      drum housing means and being integral therewith, which wall means define
      windings of two staggered helical screws said staggered helical screws
      defining two screw conveyors for conveying liquid into two separate flows
      along one axial direction of the drum housing means, there being a first
      winding and a last winding for each of said helical screws which define
      respectively a screw sonveyors inlet end and outlet end for the liquid,
PA1  central axial partition walls extending between the screws succeeding
      windings and being integral with said drum housing means to separate said
      windings into half portions of windings and to define two series of cells
      for solids, each cell being defined between a partition wall, said drum
      housing means and succeding half portions of windings, said axial
      partition walls being pervious to the liquid at peripheral portions
      thereof which extend from said housing means up to a distance from the
      drum housing means axis so that for each partition wall the peripheral
      portions comprise raising portions for the solids of one cell during
      revolving of the drum housing means,
PA1  channel means for interconnection of adjacent cells in each series of cells
      through openings in said half windings adjacent the central part of said
      partition walls, to convey solids from said solids raising portions along
      the central part of the axial partition walls from cell to cell in each
      series of cells in counteraxial direction in relation to the liquid flows
      direction, and
PA1  means for feeding liquid at the inlet side of each of said two screw
      conveyor:
PA1  the improvements comprising a first cell for solids in each series of cells
      which first cell is defined between the terminal half portion of the last
      winding of one of said helical screws and the succeeding half portion of
      the last winding of the second of said helical screws,
PA1  a supply compartment for solids, which supply compartment comprises a
      circular housing means being in axial extension of said drum housing means
      beyond said first cells for solids, said extension having a substantially
      equal diameter to that of said drum housing means, which circular housing
      means being pervious to the liquid, a terminal diametral wall provided
      with a central inlet opening for the solid being attached to said circular
      housing means at a distance from each screw conveyor last winding, a
      supply compartment axial partition wall being mounted in said supply
      compartment in extension of the partition wall defining the first cell for
      the solids of each series of cells, said supply compartment partition wall
      stopping at a distance from said central inlet opening in said diametral
      wall, said supply axial partition having its peripheral portions pervious
      to the liquid and being each one in extension of the partition wall
      raising portion of one series of cells first cell, said supply compartment
      axial partition wall dividing said supply compartment into two cupply
      cells, each one having along the generatrix corresponding to the raising
      part of the supply compartment partition wall of said cell, a width (L1)
      equal to said raising part of the partition wall and along the generatrix
      corresponding to the raising part of the partition wall of the second
      supply cell, a width (L2) corresponding to the sum of said raising part
      and of the raising part of the adjacent to said second supply cell first
      cell,
PA1  channel means being provided between said diametral terminal wall and said
      last screw conveyors half windings to convey the solids raised by the
      raising portion of the partition wall of each supply cell into the first
      cell for solids of each series of cells, and
PA1  said drum housing means comprises a portion which is pervious to the
      liquid, said pervious portion being situated in the extension of said
      circular housing means defining said supply compartment, said pervious
      portion of the drum housing means and said pervious circular housing means
      defining a cylindrical pervious housing means which extend from said
      terminal diametral wall on a distance corresponding to the sum of the
      width of one raising part of the partition wall of the supply compartment
      and to the width of the partition wall raising part of one of the adjacent
      to said supply cell first cells.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 in which between the top of each
      central channel located in the supply compartment, when considering said
      channel by the fall of the solid materials, and the portion facing the
      supply opening in the terminal wall, is arranged a baffle element for the
      solid material bounding said supply opening.
NUM  3.
PAR  3. An apparatus as claimed in claim 1 in which the terminal diametral wall
      is located when considering the zone where lies the solid material raising
      element of the first cell from each cell series, at a distance from the
      last half winding of the screw conveyor which is in the range of the width
      of a conveyor cell.
NUM  4.
PAR  4. An apparatus as claimed in claim 1 in which the supply compartment
      terminal wall is pervious to the liquid between the drum circumference and
      a distance from the supply opening and in which a fixed ring liquid header
      surrounds said cylindrical pervious housing means part of the apparatus as
      at least that portion which is pervious to the liquid of the terminal
      wall.
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ABST
PAL  An upright generally cylindrical casing forms a gas passageway
      communicating with the exhaust of a flue for receiving its heated exhaust
      gases. A burner, axially mounted below the casing in the heated gas
      stream, heats the gases and refractory material contained by the casing to
      a combustion temperature. Baffles in the casing direct the heated gases
      toward refractory vanes contained by the casing. Additional air is
      admitted to the depending end of the casing to support combustion of
      unburned hydrocarbons.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to afterburners and more particularly to an
      upright secondary incinerator for use with primary combustion devices,
      such as incinerators or industrial flues.
PAR  Air pollution has become a major health problem in most larger metropolitan
      areas primarily as a result of inefficient burning of fuel or waste in
      primary combustion chambers. This inefficient burning results in large
      quantities of hydrocarbons suspended in the exhaust gases or smoke as well
      as larger particles which remains suspended in the atmosphere and in some
      instances settles out on buildings, or the like, in the form of soot.
      Various attempts have been made to eliminate this air pollution such as by
      utilizing an electrostatic type smoke eliminator for large flues which are
      intended to remove particles of carbon from the smoke stream, however,
      such devices are relatively expensive and require frequent maintenance to
      maintain their efficiency. Other attempts have been made to provide
      secondary burners to continue the combustion of exhaust gases but these
      devices, for the most part, have not been generally accepted. One of the
      reasons being that to attain efficient burning of exhaust gases it is
      necessary that the temperature of the gases be elevated to a combustion
      temperature and mixed with additional air to initiate and continue the
      afterburning.
PAR  This invention provides a novel smoke stream heating means including a
      combustion chamber supplied with a large quantity of additional combustion
      air which is added to the smoke stream as it moves through the combustion
      chamber.
PAR  2. Description of the Prior Art
PAR  The most pertinent prior patent is U.S. Pat. No. 3,560,165.
PAR  The principal distinction of this invention over this patent is the manner
      of increasing the temperature of flue gases to a combustion temperature
      while adding additional air to support combustion in combination with
      refractory material maintaining combustion.
PAC  SUMMARY OF THE INVENTION
PAR  An upright elongated generally cylindrical casing is placed with its
      depending end in communication with the outlet of a flue. The depending
      end portion of the casing is axially provided with a refractory cylinder
      having an overlying vertical fin supported refractory baffle radially
      deflecting heated gases entering the casing toward the refractory
      cylinder. A burner, axially disposed below the casing heats exhaust gases
      from the flue which, in turn, heats the refractory material to a
      combustion temperature while additional air is supplied to the heated
      gases by perimeter openings in the depending end and wall portion of the
      casing. After the refractory material reaches a combustion temperature
      continued burning of the waste gases is self-generating. Screen means,
      mounted on the uppermost end of the casing, traps fly ash and the like.
PAR  The principal object of this invention is to provide afterburner means for
      initiating and maintaining the burning of unburned hydrocarbons in
      suspension in a smoke stream in a self sustaining action.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the incinerator in operative position on a
      smoke flue, or the like.
PAR  FIG. 2 is a vertical cross sectional view, to an enlarged scale, taken
      substantially along the line 2--2 of FIG. 1; and,
PAR  FIGS. 3 and 4 are horizontal cross sectional views taken substantially
      along the lines 3--3 and 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Like characters of reference designate like parts in those figures of the
      drawings in which they occur.
PAR  In the drawings:
PAR  The reference numeral 10 indicates the uppermost end portion of a smoke
      stack or flue having its upward normally open end closed by a cap or cover
      12 and provided with a lateral opening 14 adjacent its upper end. The
      opening 14 is surrounded by and communicates with a lateral flue chamber
      16 formed by a horizontal ledge 18, opposing side walls 20 and an upwardly
      inclined wall 22.
PAR  The numeral 24 indicates the incinerator, as a whole, comprising an upright
      elongated casing, cylindrical in general configuration, having a
      combustion chamber 26 in its depending end portion defined by a high
      temperature resistant refractory material wall 28 contiguously contacting
      the inner surface of the casing wall 30. The casing wall 30 and refractory
      wall 28 are provided with cooperating circumferentially and vertically
      spaced air admitting openings 31 for the purposes presently explained. The
      depending end of the casing wall 30 is partially closed by a bottom wall
      32 which overlies the ledge 18 in vertically spaced relation and is
      supported by a plurality of gussets 34 radially disposed edgewise between
      the positions of a like plurality of apertures 36 formed through the
      casing bottom wall 32. The casing bottom wall 32 and ledge 18 are
      centrally provided with vertically aligned apertures 38 and 40,
      respectively, joined by an annular flange 41 which cooperatively receives
      a cylindrical-like bushing 42 formed from high temperature resistant
      refractory material. The bushing 42 slightly converges upwardly and
      extends from the depending limit of the ledge 18 to a point intermediate
      the vertical extent of the refractory wall 28.
PAR  An inverted, generally U-shaped in cross section, deflector or baffle 44,
      having a horizontal bight portion 45 and being formed from high
      temperature resistant refractory material, concentrically overlies in
      loosely surrounding relation the upper end portion of the bushing 42 with
      the depending end of the bushing wall 46 being supported by a plurality of
      radially spaced vanes 48. The vanes 48 are generally rectangular being
      similarly formed of refractory material and overlying the position of a
      like plurality of the gussets 34. One vertical edge surface, of each vane
      48, contacts the adjacent inner vertical surface of the refractory wall 28
      while its opposite vertical edge surface is disposed in spaced-apart
      relation with respect to the adjacent outer surface of the bushing 42. The
      area containing the vanes 48, namely between the perimeter of the bushing
      42, inner surface of the refractory wall 28 and between the upper surface
      of the bottom wall 32 and depending limit of the baffle 44, forms an
      annular expansion zone in which the heated gases are homogeneously mixed
      with additional combustion air.
PAR  A downwardly open sleeve 50 loosely surrounds the depending end portion of
      the casing 24 to form an annular air chamber 52. The sleeve 50 extends
      upwardly from the plane of the bottom wall 32 a distance at least
      coextensive with the casing and refractory wall openings 31 and is
      connected, at its upper end as by welding, to the periphery of the casing
      24. A safety screen 54 circumferentially surrounds the depending end
      portion of the sleeve 50 and is supported by the upper surface of the
      ledge 18 to prevent objects being drawn into the air chamber 52 by the
      draft generated by combustion as presently explained.
PAR  Burner means 56 is mounted within the lateral flue chamber 16 and is
      supplied with a source of fuel by a pipe 58. The upper end portion of the
      casing 25 is provided with a fly ash trap 60 comprising a metallic frame
      62 loosely surrounding and projecting above the upper end portion of the
      casing which is covered by screen material 64.
PAC  OPERATION
PAR  In operation, the incinerator 24 is installed, as described hereinabove.
      Obviously, the incinerator 24 may be used as an afterburner for other
      waste material burning devices, if desired. Smoke containing unburned
      hydrocarbons from the flue 10 entering the lateral chamber 16 flows
      upwardly through the bushing 42 while being heated by the burner means 56
      and is directed downwardly in a settling action by the baffle 44, in the
      direction of the arrows, into contact with the refractory vanes 48 and
      wall 28 while being supplemented by air entering the combustion chamber
      through the bottom wall apertures 36 and side wall openings 31. When the
      refractory material, including the bushing 42, baffle 44 and wall 28, has
      been heated to a combustion temperature, the combustion is self-generating
      and fuel to the burner means 56 may be discontinued or at least reduced to
      a minimum. The relative sizes and arrangement of the bushing, baffle,
      casing and casing apertures 31 generates a Venturi effect through the
      combustion chamber 26. After passing through the combustion chamber 26 the
      burned gases are exhausted to the atmosphere through the screen cap 60. As
      an example of the efficiency of the incinerator 24, we have found that the
      normally black smoke discharged by a conventional incinerator, burning
      discarded vehicle tires, when entrained through our incinerator is
      discharged as exhaust gases slightly gray in color, as viewed by the naked
      eye.
PAR  Obviously the invention is susceptible to changes or alterations without
      defeating its practicability, therefore, we do not wish to be confined to
      the preferred embodiment shown in the drawings and described herein.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for oxidizing residual combustible hydrocarbons in a flue
      gas stream, comprising:
PA1  an upright casing having an internal high temperature resistant refractory
      lined lower end wall portion forming a combustion chamber and having a
      centrally apertured bottom wall defining the lower limit of the combustion
      chamber;
PA1  flue gas inlet means including a centrally apertured horizontally disposed
      ledge underlying said casing in supporting relation and walls depending
      from said ledge for forming a flue gas chamber communicating with the
      combustion chamber;
PA1  burner means in the flue gas chamber;
PA1  an inner tubular bushing of high temperature resistant refractory material
      coaxial with the casing bottom wall aperture and spaced inwardly of the
      combustion chamber refractory wall to define an annular expansion zone
      therebetween;
PA1  baffle means overlying said inner tubular bushing to cause initial settling
      and downward flow of gases and entrained particulate matter,
PA2  said baffle means including an inverted generally U-shaped in transverse
      section member formed from high temperature resistant refractory material
      loosely surrounding the upper end portion of said bushing, and,
PA2  a plurality of vertically disposed circumferentially spaced refractory
      material vanes interposed between said bottom wall and said inverted
      member for supporting the latter;
PA1  and,
PA1  means for introducing excess combustion air into the expansion zone and its
      downstream end portion including a plurality of circumferentially
      spaced-apart radial gussets interposed between said horizontal ledge and
      the depending surface of said bottom wall,
PA2  said bottom wall having a like plurality of circumferentially spaced
      apertures, the apertures being respectively disposed between the position
      of said gussets, and a sleeve coextensive with the combustion chamber and
      loosely surrounding the depending end portion of said casing and forming a
      downwardly open excess combustion air chamber,
PA2  said refractory wall portion and the depending end portion of said casing
      having a plurality of cooperating circumferentially and vertically spaced
      openings extending horizontally therethrough.
NUM  2.
PAR  2. The apparatus according to claim 1 and further including:
PA1  screen cap means surrounding the upper end portion of said casing.
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ABST
PAL  Apparatus for purifying an air or gas flow of combustible vaporous or
      gaseous impurities by passing the air or gas through an adsorption filter
      and charging the filter to a predetermined level. After the filter is so
      charged, the air or gas flow is interrupted and the filter is desorbed by
      passing a heated inert gas generated by stoichiometric burning of
      hydrocarbons through the filter.
PARN
PAR  This is a division of application Ser. No. 153,345 filed June 15, 1971, now
      U.S. Pat. No. 3,853,985.
BSUM
PAR  My invention relates to the minimization of pollutants in the air, and,
      more particularly to apparatus for purifying an air or gas flow of
      combustible vaporous or gaseous impurities or pollutants by means of
      adsorption filters.
PAR  Methods and apparatus are available for purifying the air or other carrier
      gases but are very difficult to operate or require an unjustifiable
      expense to remove or to destroy harmful gaseous or vaporous substances.
      Initially, it was attempted to dispose of these substances, which are
      emitted in large quantities, for instance, due to incomplete burning
      processes, by their rarefaction with atmosphere. Also, for instance, the
      expulsion of the impurities from stationary plants into higher air layers
      has been attempted. However, no fundamental solution of the problem was
      achieved, since a heavy rarefaction with the atmosphere or an expulsion
      into the higher air layers is acceptable in remote and windy areas, but
      not in calm areas, which are mostly densely populated, and where such air
      pollutants are created in huge quantities.
PAR  In order to control the most harmful portions of exhaust gases, as long as
      these pollutants are combustible gases and vapors, previously it was
      attempted either to separate them from the carrier gas by adsorption
      filters, such as, activated charcoal, or to pass them through an
      after-burner and to change them into harmless substances therein. For
      example, in the ideal case, pure hydrocarbons are burned and changed
      without residue into carbon dioxide and water. In this method, it was also
      attempted to lower the burning temperatures by utilization of catalysts.
      However, both of these methods have not resulted in achieving the desired
      aim, as in both cases, the disposal of the polluting gases or vapors is
      possible only with an enormous expense. The utilization of activated
      charcoal filters alone, for instance, is considered to be economically
      justifiable only if the concentration of the impurities does not exceed
      five milligrams per standard cubic meter, as the filtering substance is
      consumed too rapidly if the concentration of pollutants or impurities is
      higher. An afterburning of the combustible air pollutants in catalysts is
      economical only if the concentration of the above mentioned pollutants is
      not less than one hundred milligrams per standard cubic meter of air. For
      the heating of all substances used in the burning process to the required
      temperature of reaction, the concentration is even substantially higher.
PAR  However, in order to prevent unburned gaseous particles reaching the
      purified air side if the gaseous mixture temperatures are too low, an
      additional heating of the gas mixture follows to support the combustion
      process. Therefore, the exhaust gas heat was attempted to be used for the
      burning process in the heat exchanger, and for supplemental heat, an
      additional heating apparatus is available. However, such devices become so
      expensive, that the disposal of these mostly harmful or ill-smelling air
      pollutants in the present catalytic afterburning devices is not worthwhile
      if the concentration is lower than one hundred milligrams per cubic meter.
      Consequently, a satisfactory solution at present is not available for the
      removal of the combustible air pollutants from the air having a
      concentration range of between five and one hundred milligrams per
      standard cubic meter.
PAR  In order to remedy this problem, there has already been devised a process
      for purifying an air or gas flow of combustible vaporous or gaseous
      impurities by means of adsorption filters, wherein the air or gas flow is
      purified by means of an adsorption filter after being charged with a
      predetermined amount of combustible impurities. The filter is desorbed by
      a heated air flow in counterflow, the desorbate is burned in a catalytic
      afterburner, and a portion of the mixture of air and burned desorbate is
      repeatedly passed through the filter until the filter charge decreases to
      a level where the filter can again be used for purifying the air or gas
      flow. However, so-called catalyst poisons are created in this process, for
      instance, organic phosphorous compounds, and the device slowly becomes
      ineffective.
PAR  There is also already known a process, in which the gases are retained in
      the adsorption filter until the filter reaches its saturation level, then
      the adsorption filter is heated and the gases expelled therefrom and
      burned in a burning device or in the heated catalyst layer. Subsequently,
      the heat supply to the adsorption filter and to the burner or the catalyst
      layer is discontinued and the adsorption process is restarted. This method
      uses a concurrent flow, so that the harmful gas particles pass from the
      polluted air side to the purified air side of the repeatedly used
      activated charcoal filter and are not completely desorbed because the
      heated air flow is subject to cooling along its path of travel through the
      filter. As already known, the heating temperature has an upper limit of
      approximately 400.degree.C because of the inflammability of the activated
      charcoal, which cannot be exposed to the influence of the oxygen present
      in the heated air at this temperature. Moreover, this process is
      inefficient because the entire air flow has to be heated, not only the
      necessary portion thereof.
PAR  An object of my invention is to provide apparatus for purifying an air or
      gas flow of combustible vaporous or gaseous impurities by means of
      adsorption filters, which eliminate the above drawbacks.
PAR  Another object of my invention is to provide such apparatus which is
      efficient and economical.
PAR  Yet another object of my invention is to provide such apparatus which lends
      itself to being easily automated.
PAR  Other objects, advantages and features of this invention will become more
      apparent from the following description.
PAR  These objects are achieved according to the principles of my invention in
      that the air or gas flow is purified by an adsorption filter, and after
      the charge of the filter with combustible impurities has reached a
      predetermined level, it is desorbed in counterflow by a hot inert gas
      generated by stoichiometric burning of hydrocarbons, and then the
      desorbate, carried away by the inert gas, is subsequently burned with an
      additional supply of air or oxygen. This method is utilized to advantage
      when the adsorption filter is saturated with impurities. Preferably,
      activated charcoal is used as the adsorption material, but also silica gel
      for adsorption of moisture and zeolites could also be used.
DRWD
PAR  The invention will be further described with reference to embodiments
      thereof, illustrated by way of example on the accompanying drawing in
      which:
PAR  The FIGURE is a diagrammatic view of an embodiment of my invention for
      purifying the gas flow of impurities or pollutants.
DETD
PAR  Referring to the FIGURE my apparatus is shown including two burning
      chambers 4 and 5. The first burning chamber 4 is connected via a closing
      member to a gas discharge outlet on the purified air side and the second
      burning chamber 5 is connected via an another closing member to the gas
      supply inlet on the polluted air side of the adsorption zone or filter 1.
      The gas inlet and outlet can be closed by similar closing members. when
      the apparatus commences operation, only closing members 21 and 31 of the
      inlet 2 and the outlet 3 are open, so that the air or gas flow to be
      treated passes through the adsorption filter 1, which adsorbs the gaseous
      or vaporous impurities. Closing members 51 and 41, which are located
      behind the closing member 21 and before the closing member 31,
      respectively, in the direction of gas flow, are closed.
PAR  When the filter is charged by the impurities to a predetermined level, such
      as the saturation limit of the adsorption material with combustible
      impurities, the closing members 21 and 31 are closed and the closing
      members 41 and 51 are opened. An inert gas, generated in the first burning
      chamber 4 by stoichiometric burning of hydrocarbons and heated to a
      predetermined temperature, passes through the open closing member 41 and
      desorbs the adsorption filter 1 in counterflow. Subsequently, the inert
      gas enriched with the desorbate flows through the closing member 51 in the
      second burning chamber 5. An air or oxygen surplus is added to this
      mixture of inert gas and vaporous desorbate is produced in this burning
      chamber 5. The air or oxygen surplus is chosen so as to enable a complete
      burning of the desorbate.
PAR  The inert gas serving as carrying gas may be generated, for instance
      without excess air by burning oil or propane gas. For example,
      approximately 400 m.sup.3 /h of inert gas are necessary to desorb 100 kg
      of vaporous impurities, stored in approximately one cubic meter of
      activated charcoal after purifying an air flow of approximately 10,000
      m.sup.3 /h having a harmful gases content of approximately 500 mg/.sup.3
      m. The inert gas is heated to a temperature of approximately 500.degree.C
      after the moisturizing cooling, and is subsequently supplied to the
      burning devices.
PAR  After the adsorption filter is ready to resume its purifying function by
      utilization of the method according to the invention, the closing members
      41 and 51 are closed and the gas to be cleaned is again subjected to a
      purification process by opening the closing members 21 and 31 so that the
      gas passed through the adsorption filter 1.
PAR  The present invention may be used for removing combustible, annoying or
      harmful vaporous of gaseous pollutants of the air or other gases. The
      concentration of these annoying or harmful impurities in their carrier
      gases is of a secondary importance influencing only the time required for
      desorbing to be completed. If a plurality of adsorption filters is used,
      it is possible to switch the gas flow to be treated from a saturated to a
      regenerated adsorption filter, and, consequently, a simultaneous
      adsorption of the impurities of the gas flow and a desorption of a filter
      previously charged with separated and adsorbed impurities can be
      conducted. The device according to the invention can also be automated, so
      that it does not need human control, if all the closing members are
      provided with a conventional remote control device, and the concentration
      and quantity of supplied air are continuously measured.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above apparatus and method
      without departing from the scope of the invention, it is intended that all
      matter contained in the above description and shown in the accompanying
      drawing shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for purifying an air or gas flow of combustible vaporous or
      gaseous impurities comprising an adsorption chamber, an adsorption filter
      disposed in said adsorption chamber, inlet means in said adsorption
      chamber for the introduction of an air or gas flow of combustible vaporous
      or gaseous impurities for passage to one side of said filter permitting
      said air or gas to pass therethrough and charge said filter to a
      predetermined level, outlet means in said adsorption chamber for the
      discharge of said air or gas passing through said filter and leaving the
      side of the filter opposite the side of introduction of said air or gas, a
      first gas inlet closing member on the inlet side for introduction of said
      air or gas containing impurities and a second gas outlet closing member on
      the discharge side of said air and gas for blocking the flow of said air
      or gas, a first burning chamber outside said adsorption chamber for
      generating an inert gas, connecting means for introducing said inert gas
      into said adsorption chamber at a point between said gas outlet closing
      member and said opposite side of the filter, thereby passing said inert
      gas through said filter in a direction of flow opposite that of said air
      and gas to desorb said filter and a third inert gas flow closing member to
      block the flow of said inert gas.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 comprising said first and second
      closing members disposed in said inlet and outlet means, respectively,
      said first and second closing members being in an open position to permit
      the passage of said air or gas through said filter and a closed position
      when said filter is desorbed, said first burning chamber being connected
      with said outlet through said third closing member, a second burning
      chamber being connected with said inlet through a fourth closing member,
      said third and fourth closing members being closed when said air or gas
      passes through said filter and being open when said filter is desorbed.
NUM  3.
PAR  3. Apparatus as set forth in claim 2, wherein said inert gas is generated
      in said first burning chamber, said first burning chamber comprising means
      for stoichiometrically burning a hydrocarbon.
NUM  4.
PAR  4. Apparatus as set forth in claim 3, wherein a desorbate is produced when
      said filter is desorbed, said second burning chamber comprising means for
      supplying oxygen to completely burn said desorbate.
NUM  5.
PAR  5. Apparatus as set forth in claim 1, wherein said filter comprises
      activated charcoal, silica gel or zeolite.
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ABST
PAL  A device for generating gas at a constant rate for raising a water profiler
     uring measurement of different parameters of the sea. The device is of a
      specific construction including a housing with end caps. LiH is placed
      into the housing and capped. A blasting cap ruptures one end cap
      permitting water to enter the housing. The water mixed with the LiH
      generates hydrogen gas and LiOH which provides lift for a profiler. A
      plurality of the gas generators are assembled onto a profiler for causing
      the profiler to ascend as many times as the number of devices carried by
      the profiler.
BSUM
PAC  CROSS REFERENCE TO RELATED CASE
PAR  This invention relates to a copending patent application identified as Navy
      Case No. 58,594 Ser. No. 520,818, filed on the same day, Nov. 4, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to gas generation devices and more particularly to a
      hydrogen gas generator useful in lifting underwater measuring
      instrumentation.
PAR  Heretofore instrumentation useful for detecting underwater phenomena has
      been lowered into the water by use of weights on a housing, which housing
      has a positive buoyance when floated to the surface by dropping the
      weights. Other instrumentation has been secured to a buoy and lowered into
      the water suspended from a buoy. Other instrumentation has been secured
      within a buoy and phenomena near the surface has been measured. Such
      devices require periodic or constant care and usually measures the
      phenomena at only one depth within the water. Other systems require an
      attending ship with cables extending therefrom with sensors attached to
      the cable.
PAC   SUMMARY OF THE INVENTION
PAR  This invention is directed to a hydrogen gas generator useful with
      underwater research instrumentation which upon activation raises the
      instrumentation from the depths to a point on or beneath the surface so
      that measurements may be made along the path of travel.
PAR  It has become of great importance to underwater research personnel to
      obtain a profile of the water depths at various locations throughout the
      oceans and other waters. Amplitude, phase and frequency fluctuations of
      acoustic signals as well as other measurements in the ocean environment
      severely restrict applications of underwater acoustics as well as other
      undertakings for different purposes. Therefore, it has become important to
      determine the acoustical properties and other phenomena at different
      depths and in different areas of the waters. The hydrogen gas generator is
      designed to move a detector assembly upwardly along a fixed cable and then
      permit the assembly to descend to the bottom and a second, hydrogen
      generator raises the assembly all on programmed command. This is repeated
      for as many times as there are hydrogen gas generators assembled within
      the assembly, and over a period of time programmed into the system. The
      system may be dropped and left unattended for long periods of time. After
      the programmed time period has elapsed, the assembly is acoustically
      released from its anchor, collected and the recorded history of the up and
      down measurements of the sea parameters may be analysed. As can be seen,
      different measuring systems may be placed anywhere within the oceans,
      seas, etc., for measuring profiles of the water along a specific depth.
PAR  The hydrogen gas generator-system has been set forth in an article
      "Hydrogen Gas Generator for Deep Sea Sensor" by W. H. Barber et al., AIAA
      paper No. 73-1202. AIAA/SAE 9th Propulsion Conference, Las Vegas, Nev.,
      Nov. 5-7, 1973 by American Institute of Aeronautics and Astronautics 750
      3rd Avenue, New York N.Y. 10017.
DRWD
PAC   BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a single hydrogen generator; and
PAR  FIG. 2 illustrates a gas generator detector device by which different sea
      parameters may be measured, and
PAR  FIG. 3 illustrates a buoy-anchor system for positioning the system in the
      water in which a sea parameter profile is desired.
DETD
PAC   DETAILED DESCRIPTION
PAR  Now referring to the drawing there is shown by illustration a hydrogen
      generator made in accordance with the teaching of the invention. As shown,
      the hydrogen generator includes a solid slug of lithium hydride 20 and
      binder formed under 12 tons of pressure. The solid slug of LiH is slid
      into a rubber boot 21 or housing of extensible material having an inside
      diameter equal to the outside diameter of the slug. The boot is closed at
      the bottom and top by use of plastic or plexiglass end caps 22 which are
      of a greater outer diameter than the inner diameter of the boot. The
      inside surface of the boot is smooth so that good contact is made with the
      plexiglass end caps making a water tight seal which increases with
      pressure. The bottom end cap is provided with a threaded hole therein on
      the axis thereof by which the hydrogen generator may be held in place on a
      partition 24 or shelf within the sensor assembly. The upper end cap is
      provided with a 45.degree. angle hole 25 directed toward the axis of the
      device from the upper surface with the hole extending to within 1/4 inch
      of the bottom surface of the upper end cap. A standard blasting cap 26 is
      secured within the hole for rupturing the end cap on command.
PAR  As an example, the rubber boot may be 2 inch inside diameter, 1/8 inch
      thick and 53/4 inches in length. The LiH solid slug has a 2 inch outside
      diameter, 33/4 in length placed within the boot with equal lengths of the
      boot extending beyond each end of the slug. The plexiglass end caps are
      21/4 inches in outside diameter with 1 inch thickness and inserted into
      the ends of the boot, as shown. The inner surface of the end caps press
      against the ends of the slug.
PAR  Since the LiH slug is formed under 12 tons of pressure the hydrogen gas
      generator may be placed at great depths without further compression of the
      LiH slug. Further, the pressure of the water at the depths will be
      inwardly against the boot, thereby producing greater pressure on the boot
      against the slug and end caps. Which pressure will aid in holding the end
      caps within the boot. Since the LiH is water active, the slug must be
      placed in the boot in a dry surrounding.
PAR  It has been determined that the above described LiH slug will displace 3
      liters of water from the assembly, producing 7 pounds of lift at a depth
      of 3000 ft.
PAR  In use of the hydrogen gas generator for determining profiles of the sea
      from just below the surface to a depth of 3000 feet, a plurality of the
      above described hydrogen generators are assembled in different trays 24,
      within a housing 27, within which are contained the power supply 28,
      control timer mechanism and recorder equipment 31, sensors 32, etc., which
      forms no part of this invention. The assembly is secured onto a line or
      cable 33 for movement along the cable.
PAR  The assembly is made to have a negative buoyancy so that the assembly will
      descend along the cable held between a buoy 34 and an anchor 35. The
      anchor may be placed in any desired depth of water and the buoy may be 200
      feet below the surface, on the surface or at any desired depth. The sensor
      assembly will move up and down along a 3000 feet cable or any other
      desired length between the buoy and anchor depending upon a desired
      program. A hydrogen gas generator is activated to force the assembly
      upwardly and then the negative buoyance will force the device downwardly
      once the LiH is expended in a particular generator and vented from the
      assembly on command.
PAR  In operation, the buoy, anchor, gas generator sensor assembly is deployed
      with all desired sensors, recorders, etc., ready to be activated for use.
      The gas generator-sensor assembly will sink due to its negative buoyance
      and will be guided by the cable to the desired depth depending upon the
      length of the cable above the anchor. On command, by a timer control, the
      standard blasting cap in the end cap of one hydrogen gas generator will be
      activated causing the end cap to shatter. Once the end cap has shattered,
      water within the assembly housing enters the end of the boot to mix with
      and chemically activate the LiH to produce hydrogen. The reaction of the
      water with the LiH is as follows:
EQU  LiH + H.sub.2 O .fwdarw. LiOH + H.sub.2.
PAL  A 5 or 6 fold of excess water is required to force the reaction to
      completion. The hydrogen gas generated rises to a gas accumulator 36
      displacing the water in the accumulator thereby producing a positive
      buoyancy causing the sensor assembly to rise along the cable. The housing
      is provided with vents through which water may enter the housing on
      descent and from which water is forced by the hydrogen gas during ascent.
      Once the assembly has reached the upper limits of the cable and all
      hydrogen has been expended from the activated hydrogen gas generator
      element, a vent valve 37 is programmed to open to permit the hydrogen gas
      to escape from the accumulator. Water will enter through vents into the
      accumulator and assembly housing. The assembly will have a negative
      buoyance and will sink to the bottom of the cable length above the anchor.
      The assembly is then ready for a programmed time activation of another
      hydrogen generator to repeat the process previously described.
PAR  The sensor assembly will record desired information during descent, during
      ascent, while at the bottom depth, and at the top depth, depending upon
      the type of sensor equipment carried by the sensor assembly and depending
      upon the programmed operation. Thus, a profile of the information along
      the length of the cable may be obtained as well as at the upper and lower
      limits of the cable.
PAR  A more efficient reaction may be obtained in a hydrogen generator by the
      addition of aluminum mixed in the LiH. Such a mixture has been set forth
      in U.S. Pat. No. 3,674,702 and has the following reaction:
EQU  2LiH + 2Al + 4H.sub.2 O .fwdarw. 2LiAlO.sub.2 + 5H.sub.2
PAL  lithium and aluminum in powdered form are pressed together with or without
      binders into slugs of the size as described above for LiH.
PAR  It is understood that one skilled in the art could use large slugs of LiH
      if desired or one can use the same size with the firing of more than one
      generator if greater buoyance is required to raise the sensor payload.
      Further, larger slugs should be used at greater depths to obtain
      sufficient lift.
PAR  Once the LiH is activated by exposure to water, hydrogen generation is
      initiated and continues to completion in approximately 30 minutes. The
      generated hydrogen gas accumulates in a reservoir replacing the water
      which entered the assembly on descent. Any gas in excess of the
      accumulation will also be vented from the assembly. A hydrogen gas vent
      valve is provided and programmed to open for venting the hydrogen to the
      water. As the hydrogen is vented, water begins to enter the accumulator
      and assembly. Once the negative buoyance takes over, the assembly will
      descend to the bottom depth of the length of cable.
PAR  The assembly, using a plurality of the gas generators, programmed to fire
      at desired times, permits one to locate the cable-sensor system at any
      desired place to be left unattended for a desired period and collected
      later. The device will collect data as programmed during descent, during
      ascent, while at the bottom, and while at the top. Thus, one can collect
      data at all depths along a vertical line to determine the differences in
      current flow, salinity, temperature or any other data for which
      instrumentation has been provided.
PAR  It is obvious that batteries, sensors, instrumentation, electrical
      equipment, etc., provide weight which would cause the system to sink at a
      fast rate therefore the weight is naturally overcome by use of flotation
      material which will compensate for the weight of the various elements. It
      is necessary that the system have a slight negative buoyance so that the
      system will descend as desired and be lifted by the hydrogen gas
      generators as programmed.
PAR  The line 38 between the end of the cable 33 upon which the sensor assembly
      is guided and the anchor 35 is provided with an acoustical switch 39 which
      will release the cable from the anchor upon command. Therefore the
      sensor-assembly may be collected when desired by activation of the
      acoustical switch.
PAR  Obviously many modification and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by letters patent of the United
      States is:
NUM  1.
PAR  1. In a gas generator which comprises a slug of material which reacts with
      water to produce a gas, the improvement which includes,
PA1  an elongated open ended housing of extensible material,
PA1  said housing having an inside diameter substantially equal to the outside
      diameter of said slug of material,
PA1  a plastic end cap enclosing each end of said housing thereby confining said
      slug within said housing,
PA1  said plastic end caps having an outer diameter greater than the inner
      diameter of said housing of extensible material, said end caps extending
      said housing about the outer surface thereof,
PA1  an aperture extending from the outer surface of and into one end cap, the
      axis of the aperture being at an angle relative to and directed toward the
      long axis of said housing;
PA1  a blasting cap secured within said aperture,
PA1  whereby activation of said blasting cap ruptures said end cap permitting
      water to enter said housing thereby activating said slug of material to
      produce gas from the reaction.
NUM  2.
PAR  2. The gas generator as claimed in claim 1 in which
PA1  said aperture in which said blasting cap is placed is at a 45.degree. angle
      relative to the long axis.
NUM  3.
PAR  3. The gas generator as claimed in claim 1 in which
PA1  the end cap not apertured for the blasting cap includes an axially aligned
      threaded hole for securing said generator to a holder.
NUM  4.
PAR  4. The gas generator as claimed in claim 1 in which
PA1  said slug of material is pressed LiH with a suitable binder for generating
      a hydrogen gas.
NUM  5.
PAR  5. The gas generator as claimed in claim 1 in which
PA1  said slug of material is mixed lithium and aluminum in powder form pressed
      into a slug for generating hydrogen.
PATN
WKU  039308057
SRC  5
APN  3920550
APT  1
ART  171
APD  19730827
TTL  Apparatus receiving catalysts for the decontamination of exhaust gas of
      internal combustion engines
ISD  19760106
NCL  5
ECL  1
EXA  Marcus; Michael S.
EXP  Wolk; Morris O.
NDR  2
NFG  4
INVT
NAM  Vogt; Wilhelm
CTY  Hurth-Efferen
CNT  DT
INVT
NAM  Goedicke; Eitel
CTY  Hurth-Efferen
CNT  DT
INVT
NAM  Mietens; Gerhard
CTY  Hurth-Efferen
CNT  DT
INVT
NAM  Glaser; Hermann
CTY  Erftstadt Lechenich
CNT  DT
ASSG
NAM  Hoechst Aktiengesellschaft
CTY  Frankfurt am Main
CNT  DT
COD  03
CLAS
OCL   23288F
XCL   23288FB
EDF  2
ICL  B01J  802
ICL  F01N  315
FSC   23
FSS  288 F;288 R;288 FB
FSC  210
FSS  350;351;352
FSC   55
FSS  475
UREF
PNO  2253516
ISD  19410800
NAM  Haldeman
XCL  210351
UREF
PNO  3001605
ISD  19610900
NAM  Hill
XCL   55475
UREF
PNO  3018841
ISD  19620100
NAM  Gerlich
XCL   23288F
UREF
PNO  3094394
ISD  19630600
NAM  Innes et al.
OCL   23288F
UREF
PNO  3441382
ISD  19690400
NAM  Keith et al.
OCL   23288F
UREF
PNO  3449086
ISD  19690600
NAM  Innes
OCL   23288F
UREF
PNO  3503715
ISD  19700300
NAM  Haensel
OCL   23288FB
UREF
PNO  3649213
ISD  19720300
NAM  De Palma
OCL   23288F
UREF
PNO  3729936
ISD  19730500
NAM  De Palma
XCL   23288FB
UREF
PNO  3755534
ISD  19730800
NAM  Graham
UCL   23288FB
UREF
PNO  3838977
ISD  19741000
NAM  Warren
OCL   23288F
LREP
FRM  Connolly and Hutz
ABST
PAL  Apparatus adapted to receive one or more catalysts for the decontamination
      of exhaust gas of internal combustion engines. The apparatus, which
      includes a closed container for one or more beds of catalyst, is provided
      with an inlet for introducing exhaust gas thereinto and with an outlet for
      removing decontaminated exhaust gas therefrom. The catalyst beds are
      maintained in position by means of a spring-actuated clamping device which
      comprises a thrust rod, a mounting therefor and a spring element. The
      spring element, which bears against the mounting, urges the thrust rod
      into close contact with the catalyst beds.
BSUM
PAR  The present invention relates to an apparatus adapted to receive one or
      more catalysts for the decontamination of exhaust gas of internal
      combustion engines, the apparatus including a closed container for one or
      more beds of catalyst, which closed container is provided with an inlet
      adapted to introduce exhaust gas thereinto and with an outlet adapted to
      remove decontaminated exhaust gas therefrom.
PAR  Various catalysts for the decontamination of exhaust gas of internal
      combustion engines have already been described, and they are commonly
      employed in granulated form, e.g. in the form of pelletized or moulded
      material.
PAR  Under the conditions, including substantial temperature changes and
      mechanical shocks, which normally prevail in internal combustion engines,
      the catalysts are subject to heavy stress. This is liable to cause serious
      catalyst abrasion, which may culminate in unacceptably high loss of
      material. It is accordingly desirable for granulated catalysts used in the
      decontamination of exhaust gas to be positioned in a manner which avoids
      catalyst-abrading flow. A further factor to consider in connection with
      the accommodation of the catalysts in a metal container is their
      coefficient of thermal expansion, which normally differs from that of the
      container.
PAR  In the catalytic converter described in U.S. Pat. No. 3,197,287, a
      granulated catalyst is accommodated in an annular chamber comprising two
      perforated sleeves which are arranged concentrically with respect to one
      another. One end of the annular chamber terminates in a seal which is
      rigidly connected thereto, and the other terminates in a spring-mounted
      annular disc. The annular chamber in turn is housed in a cylindrical
      casing, which is also provided with, inter alia, means permitting the
      introduction of exhaust gas coming from an internal combustion engine,
      means permitting the introduction of secondary air, and means permitting
      decontaminated gas to be removed therefrom. As a natural result, the
      springs forcing the annular disc into contact with the annular chamber are
      also exposed to temperatures up to 1000.degree.C. These temperatures soon
      deprive the springs of their resilience, so that the springs then fail to
      subject the annular disc to the surface pressure which is necessary to
      avoid movement of the catalyst.
PAR  It is accordingly an object of the present invention to provide an
      apparatus adapted to receive one or more catalysts for the decontamination
      of exhaust gas of internal combustion engines, which enables the surface
      pressure necessary to avoid movement or flow of a granulated catalyst to
      be exerted in a reliable manner.
PAR  According to the present invention, we provide an apparatus adapted to
      receive one or more catalysts for the decontamination of exhaust gas of
      internal combustion engines, the apparatus including a closed container
      for one or more beds of catalyst, which closed container is provided with
      an inlet adapted to introduce exhaust gas thereinto and with an outlet
      adapted to remove decontaminated exhaust gas therefrom, the apparatus also
      comprising at least one clamping device actuated by means of one or more
      spring elements and adapted to maintain the one or more beds of catalyst
      in position, the spring element(s) being positioned outside the container.
PAR  Preferred features of the apparatus of the present invention, which can be
      used singly or in combination, provide:
PAR  a. for the (or each) clamping device to comprise a thrust rod, a mounting
      therefor, and a spring element, the spring element, which bears against
      the mounting, urging the thrust rod into close contact with the catalyst
      bed;
PAR  b. for the spring element to comprise a helical spring;
PAR  c. for the spring element to comprise a leaf or other non-coiled spring;
      and
PAR  d. for the said leaf or other non-coiled spring to comprise one or more
      springy wires.
PAR  The spring elements, which subject the granulated catalyst to surface
      pressure, are positioned, as already specified, outside the container
      receiving the hot exhaust gas. As a result, the springs remain cold, and
      retain their original mechanical properties, so that the surface pressure
      necessary to avoid movement or flow of the catalyst is reliably exerted.
DRWD
PAR  Exemplifying embodiments of the apparatus of the present invention are
      shown diagrammatically in longitudinal section in the accompanying
      drawings, wherein:
PAR  FIG. 1 shows a type of apparatus comprising two discoid beds of catalyst
      and two clamping devices;
PAR  FIG. 2 shows a type of apparatus comprising two discoid beds of catalyst
      and one clamping device;
PAR  FIG. 3 shows a type of apparatus comprising a bed of catalyst, which takes
      the form of a hollow cylinder, and one clamping device; and
PAR  FIG. 4 shows a type of apparatus comprising a V-shaped bed of catalyst and
      one clamping device.
DETD
PAR  As can be seen from FIGS. 1 to 4, a closed container 1 is provided with an
      inlet 2 adapted to introduce exhaust gas thereinto, with an outlet 3
      adapted to introduce exhaust gas thereinto, with an outlet 3 adapted to
      remove decontaminated exhaust gas therefrom and, if desired (cf. FIG. 1),
      with a further inlet 4 adapted to feed secondary air thereinto.
      Accomodated in container 1 is (or are) one or more beds of catalyst 5
      which may (as in the cases of FIGS. 1 and 2) be spaced apart from each
      other by means of spacers 6.
PAR  Positioned outside of the container 1 is at least one clamping device 7
      (two being provided in the case of FIG. 1), comprising a thrust rod 9, a
      spring element (10 in FIGS. 1 to 4 and a mounting, shown in FIGS. 1-4 at
      8. Disposed centrally in at least one end of the container 1 is a sleeve
      15 through which is passed the thrust rod 9, which carries a nut 14 on
      that end which lies outside the container 1. The sleeve 15 may incorporate
      a labyrinth packing, for example.
PAR  In the embodiments shown in FIGS. 1 to 4, the (or each) mounting 8, which
      may be in the nature of a frame, and which is adapted to allow the thrust
      rod 9 to extend therethrough, is disposed outside the container 1, so as
      to encircle the thrust rod 9. Interpositioned between the (or each)
      mounting 8 and nut 14, and disposed around the thrust rod 9, is a helical
      spring 10.
PAR  In the embodiments shown in FIGS. 1 and 2, use is made of springs urging
      the (or each) thrust rod 9 into close contact with catalyst bed 5 through
      pressure plates 17, which are permeable to gas.
PAR  In the embodiments shown in FIGS. 3 and 4, the thrust rod 9 transmits the
      force of the respective springs 10 to pressure rings 18 which are
      impermeable to gas. In these latter embodiments, the catalyst bed 5 is
      bounded by walls which are also permeable to gas.
PAR  By the use of the apparatus of the present invention, surface pressures
      between 0.2 and 2 kg per square metre can be produced, and these are the
      pressures which are necessary to minimize catalyst abrasion.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an apparatus receiving catalysts for the decontamination of exhaust
      gas of internal combustion engines, wherein a container having a
      longitudinal axis and being disposed between a pair of covers is provided
      with an inlet for introducing exhaust gas thereinto and an outlet for
      removing decontaminated exhaust gas therefrom, said inlet and outlet being
      spaced from each other and at least one bed of particulate catalyst being
      confined between a pair of pressure plates permeable to gas being disposed
      in the space between the inlet and outlet, the improvement which comprises
      a clamping device being arranged outside and parallel with respect to the
      longitudinal axis of the container and being rigidly secured to at least
      one of the pair of container covers; said clamping device being an open
      frame-shaped mounting including two supporting beams disposed
      substantially parallel to said longitudinal axis and which are spaced
      apart and held in position by means of a cross beam; a thrust rod being
      extended through said cross beam and through said at least one of said
      pair of covers by means of a central passageway forming part of said
      cover; the thrust rod portion projecting outwardly through said passageway
      being threaded and carrying a nut positioned between said cross beam and
      said cover; and a helical spring concentrically surrounding said thrust
      rod, being clamped between said cross beam of said frame-shaped mounting
      and said nut and elastically urging the thrust rod into contact with at
      least one of the pair of pressure plates confining the bed of catalyst,
      whereby the bed of catalyst is maintained under compression.
NUM  2.
PAR  2. The apparatus as claimed in claim 1, wherein the central passageway is
      provided with a sleeve incorporating a labyrinth packing, receiving the
      thrust rod and sealing the cover of the container.
NUM  3.
PAR  3. The apparatus as claimed in claim 1, wherein the container contains two
      beds of catalyst being spaced apart by means of spacers and being disposed
      with one downstream of the other, with respect to exhaust gas travelling
      therethrough.
NUM  4.
PAR  4. The apparatus as claimed in claim 3, wherein the container is penetrated
      in the area of the spacers by a further inlet for feeding secondary air
      thereinto.
NUM  5.
PAR  5. The apparatus as claimed in claim 3, wherein a pair of clamping devices
      are disposed on opposite sides of the beds of catalyst.
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ABST
PAL  A multiply durable laminated cookware unit includes components having a
      ferrous steel core ply roll plated with second and third aluminum plies
      which are softer and anodic relative to the core ply and which are bonded
      to the core ply under pressure so as to provide exposed surfaces on the
      unit which exhibit the properties of rolled solid aluminum sheets. The
      exposed edge of the steel core can be protected by drawing at least one of
      the softer anodic aluminum cover sheets such that it extends beyond the
      harder steel core and the extended portion of the aluminum sheet is folded
      over the steel core to seal the edge end of the steel core therebeneath.
PARN
PAC  OTHER RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 3,044, filed Jan. 15, 1970, now U.S. Pat. No. 3,788,513.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to cookware and, more particularly, to durable
      laminated cookware components of roll plated multiply construction.
PAR  In my U.S. Pat. No. 3,788,513 laminated cookware constructions are
      disclosed in which inexpensive mild or carbon steel is employed as a core
      ply which is covered by thin plies of aluminum and/or other non-ferrous
      materials. These laminates minimize the use of the latter relatively
      expensive materials without detracting from the ability to fire the
      cookware at or near aluminum annealing temperatures for the purpose of
      sinter bonding porcelain enamels or sintered non-stick coating anchor
      frits to the container and without an attendant loss of container strength
      as the result of exposure to high sintering temperatures.
PAR  The present invention is directed to laminated cookware having all of the
      advantages of the construction as disclosed in U.S. Pat. No. 3,788,513 but
      offering additional advantages and improved performance features. In the
      present invention, cookware units are cold formed of a laminate in which
      the opposite sides of a steel core ply, such as for example a sheet of
      inexpensive carbon steel of deep drawing quality, are roll plated, clad or
      otherwise pressure bonded with sheets of commercially pure aluminum or
      sheets of aluminum alloys suitable for cookware use. Such novel cookware
      units made of roll plated laminated sheets of carbon steel and aluminum,
      which are suitably pressure bonded together, offer several advantages over
      utensils or cookware made of solid metal or other multiply materials, e.g.
      dip coated, spray coated or electrically deposited. The term roll plated
      as employed herein is intended to include laminate combinations which are
      made by pressure bonding sheets of carbon steel and pure aluminum or
      aluminum alloys suited for cookware.
PAR  Carbon steel cookware is susceptible to rust, unless protected with a
      suitable impervious coating. For this reason solid stainless steel or
      aluminum cookware is in widespread use. As noted in U.S. Pat. No.
      3,788,513, although stainless steel cookware has a long life, it also
      exhibits inferior thermal conductivity and is much more expensive than
      either carbon steel or aluminum cookware. Accordingly, the more
      moderatedly priced aluminum utensils are popular.
PAR  Regardless, however, of the price, metal cookware should (1) withstand
      rusting or other corrosion to provide a long service life and prevent
      contamination of food, (2) be easily cleaned both inside and outside, and
      (3) have a sufficiently aesthetic appearance. In addition, cookware should
      also exhibit various thermal and mechanical properties such as noted in
      U.S. Pat. No. 3,788,513. For these reasons, uncoated metallic cookware
      must provide polishable surfaces which must be thoroughly polished to
      provide smooth surfaces which are free of crevices and pits both on the
      interior as well as the exterior of the utensil.
PAR  If the interior cooking surfaces are not smooth, food particles settle
      rapidly into even the smallest microscopic pits and crevices which make
      the utensil uncleanable, either by the normal cleaning procedures employed
      by the housewife or by dishwashing machines. The remnants of caked-on food
      particles promote the attraction of new particles to the unclean metal
      during successive cooking and will rapidly render the cookware unhygenic,
      unappetizing and stained and pose health risks to the members of the
      household, unless the utensil is thrown away. Disposal, in turn, produces
      ecologically undesirable solid wastes and necessitates the premature
      repurchase of replacements.
PAR  The exterior of uncoated utensils must also be polished for several
      reasons. First, it is not uncommon during cooking that food contents
      overrun the rim. Such overruns tend to cake onto the hot and usually dry
      exterior of the utensil firmly and instantaneously. Such caked-on food
      remnants are practically unremovable, unless the exterior surfaces of the
      pot are smooth and free of crevices or pits. Aside, however, from this
      functional prerequisite, it is also a commercial fact that the exterior of
      uncoated utensils must be polished because consumers buy only clean and
      shiny uncoated utensils. Thus, uncoated cookware must be formed of
      material which is at least as polishable as rolled solid aluminum sheet,
      unless additional organic or inorganic coatings are applied on the
      utensils.
PAR  A great majority of metal cookware is formed of stamped, pressdrawn, spun
      or otherwise cold formed solid flat sheets. Rolled solid aluminum sheets
      with a commercial "mill finish" or prepunched discs thereof are both
      polishable and are available to the cookware industry and are suited for
      such forming operations. The surfaces of these sheets are free of pits,
      burrs, crevices or slates which easily loosen, rupture or delaminate in
      cold forming. When viewed under a microscope, the surfaces of such solid
      sheets exhibit grooves which are arranged in the direction of rolling.
      However, the depth of these grooves is only microscopic and thus
      polishability is not impeded. Observation with a similar microscope also
      shows that the surface of a "roll plated" laminate of steel and aluminum
      sheets, to which the present invention is directed, is substantially
      identical with that of a solid rolled aluminum sheet, and thus the
      polishability of such laminate is at least as good as that of rolled
      aluminum sheets proper. Moreover, no discernable difference exists in
      appearance to the naked eye between rolled solid and laminate sheets after
      polishing with conventional polishing equipment.
PAR  In contrast to the smooth and homogeneous surfaces of solid aluminum sheets
      and to those of "roll plated" laminates of sheets of steel and aluminum,
      schistous, inhomogeneous, castlike and porous aluminum layers are
      exhibited on the surfaces of sheets covered by methods other than roll
      plating. Therefore, the polishability of cookware made of the latter
      sheets is vastly inferior as compared to cookware made of either solid
      aluminum or of "roll plated" laminates, the latter of which is subject of
      this invention. Cookware made of "roll plated" laminates will at least
      match the life, cleanability and appearance of solid, uncoated aluminum
      utensils and will be vastly superior as compared to uncoated utensils made
      of sheets covered by methods other than roll plating.
PAR  In one form of prior art cookware, a "tri-component" utensil wall structure
      is purported to be formed of a "hot-dip" aluminized composite steel core
      sheet. Such "hot-dip" wall structure consists of an approximate 0.9 mm
      thick steel core and two aluminum layers, each of approximately 25 microns
      or 1 mil in thickness, covering the opposite faces of the steel core.
      Actually such "hot-dip" prior art cookware is formed of a material known
      commercially as "aluminized steel" and, as such, is not a "tricomponent"
      at all, but is a "quint-component". Specifically, an AlFe layer interface
      is formed between the steel core and its aluminum cover layers in
      "aluminized steel". This AlFe interface is both intentionally and
      inherently formed during the "hot-dip" aluminization of steel sheets to
      form this "quint-component" wall structure of such "aluminized steel"
      cookware. In contrast, the "roll plated" laminates of sheets of steel and
      aluminum of the present invention are of true "tri-component" wall
      construction and such AlFe interfacial layer is neither discernable nor
      measurable in these "roll plated" laminates.
PAR  One important drawback of the presence of the AlFe interfacial layer in the
      "aluminized steel" wall structure is the reduction in the effective
      thickness of the already thin aluminum layers to, at maximum, 18 microns,
      and frequently substantially lesser thicknesses. This lost aluminum
      thickness, moreover, can not be recovered by applying more aluminum during
      the dipping process, since any additional aluminum applied by this method
      substantially reduces the ability to draw or otherwise mechanically form
      the sheet material into the finished cookware shape, due to an increase in
      the likelihood of delamination of the aluminum and steel. These drawbacks
      are avoided by the "roll plated" laminate construction of the present
      invention.
PAR  The more homogeneous, pore-free and the thicker the aluminum cover layers
      on a steel core are, the more completely will corrosive attack be arrested
      and thus the longer lasting and more effective will be the protection of
      the rust prone steel core against corrosion. The castlike structure of
      aluminum in the "aluminized steel" which is deposited at random on the
      steel sheet by dipping, can not provide the pore free continuity and
      homogeneity of aluminum sheets or foils which are pressure bonded to the
      faces of a steel core by roll plating as in the present invention. Further
      the inferior resistance of "hot-dip" aluminized sheets to corrosion is
      further accentuated by press drawing, stamping and other cold forming
      steps as employed in the shaping of the cookware.
PAR  In shaping cookware, the limits of elastic deformation must be exceeded to
      effect the plastic deformation of the substrate. Rolled sheets of steel
      and aluminum of suitable properties, such as the "roll plated" laminates
      of the present invention, readily lend themselves to plastic deformation
      or "flowing" into the die with no adverse effects on the initially pore
      free continuity of the aluminum cover layers. In contrast, the castlike
      structures of the schistous and porous cover layers of "hot-dip"
      "aluminized steel" sheets are extremely prone to rupture, breaks, or
      tears, rather than to "flow" into the die when press drawn. Finally, and
      quite important, the substantial reduction in the aluminum thickness of
      "aluminized steel", substantially increases the likelihood of exposure of
      the steel core material through the already coarse, porous dipped aluminum
      layer.
PAR  In addition, the AlFe layers themselves in "aluminized steel" are highly
      brittle and thus lack the ductility essential for "flowing" in the press
      dies without ruptures and fractures. Another drawback of the AlFe
      interfacial layers increases the likelihood of corrosion due to the
      composition of the layers themselves. Metal substrates made by the
      "hot-dip" process exhibit various compositions of AlFe, such as Al.sub.3
      Fe, Al.sub.5 Fe.sub.2, etc. When cookware having such interfacial
      substrates is used, the carbon in the steel core and the effect of
      elevated temperatures encountered during cooking can contribute to the
      development of aluminum-carbode compositions such as Al.sub.4 C.sub.3.
      Such aluminum-carbide compositions are highly unstable in the presence of
      water or vapors thereof without which very few cooking or dishwashing
      operations can be carried out. Cookware cold formed of "roll plated"
      laminates of sheets of steel and aluminum according to the present
      invention is substantially free of these AlFe interfacial layers and thus
      resist such corrosion.
PAR  Returning again to the subject of the thickness of the aluminum cover
      layers, this thickness will generally govern the corrosion resistance,
      life and value of the cookware. Since the thickness of the aluminum cover
      layers of a substrate formed by the "hot-dip" process is limited to
      approximately an 18 micron maximum as mentioned previously, the corrosion
      resistance, life and value of cookware made of "hot-dip" aluminized steel
      is substantially diminished. In contrast, the aluminum cover layers of the
      cookware of the present invention can be easily varied up to 10% of the
      thickness of the steel core. Not only is this important for the foregoing
      reasons, but such increased thicknesses also insures sufficient stability,
      without the excessive warp of the utensil and avoids spot heating which
      might burn the food.
PAR  The absolute minimum wall thickness of any metallic "top of the stove"
      cookware container is 0.7 mm. Thus, when the laminate of the present
      invention is employed, aluminum layers of up to 70 microns may be easily
      realized, which is 10% of the thickness of the steel core, and this
      thickness will not impede drawability, etc. In contrast, the maximum of
      only an 18 micron thickness is obtainable with dipped "aluminized steel"
      regardless of the core thickness.
PAR  In addition to the superior polishability, pore free homogeneity, superior
      cold forming or "flow" capability, and the much larger thickness of the
      aluminum cover layers of the roll plated cookware of the present
      invention, another extremely important feature of the present invention is
      its ability to be coated.
PAR  At the present state of the art, examples of some coating finishes are
      tabulated in Table No. 1 as follows:
TBL                                    TABLE NO. 1                             

     __________________________________________________________________________

     Cookware Type                                                             

               Interior Coating                                                

                              Comment  Exterior Coating                        

                                                 Comment                       

     __________________________________________________________________________

     Press drawn carbon                                                        

               (a) 2-coat vitreous                                             

                              preferred                                        

                                       (same as in-                            

                                                 preferred                     

     steel sheet                                                               

               porcelain enamel.       terior)                                 

     do.       (b) single coat "direct                                         

                              substandard                                      

                                       (same as in-                            

                                                 substandard                   

               on" procelain vitreous                                          

                              spall resis-                                     

                                       terior)   spall re-                     

               enamel.        tance              sistance                      

     Press drawn solid                                                         

               (c) high buffed polish-                                         

                              "hot dip" not                                    

                                       (same as in-                            

                                                 "hot dip"                     

     aluminum sheets or                                                        

               ed surface.    suited   terior)   not suited                    

     aluminum covered                                                          

     steel sheets                                                              

     do.       (d) single coat PTFE                                            

                              do.      (same as interior                       

                                                   do.                         

               dispersion on acid      except PTFE is                          

               pickled aluminum.       pigmented)                              

     do.       (e) single coat PTFE dis-                                       

                              do.      (same as interior                       

                                                   do.                         

               persion on acid pickled except PTFE is                          

               aluminum and ceramic    pigmented)                              

               anchor matrix is flame                                          

               sprayed on metal under                                          

               PTFE.                                                           

     do.       (f) 2-coat pigmented                                            

                              do.                                              

               PTFE system on grit                                             

               blasted metal.                                                  

     do.       (g) 2-coat pigmented                                            

                              do.                                              

               PTFE system on grit                                             

               blasted metal and cer-                                          

               amic anchor matrix is                                           

               flame sprayed on metal                                          

               under PTFE                                                      

     do.       (h) 2-coat pigmented                                            

                              do.                                              

               PTFE system on grit                                             

               blasted metal and                                               

               vitreous frit anchor is                                         

               deposited on blasted me-                                        

               tal and heat bonded in                                          

               excess of 500.degree.C.                                         

     do.       (i) same as next above                                          

                              life is sub-                                     

                                       (j) single coat                         

                                                 life is sub-                  

               coating, but vitreous                                           

                              standard where                                   

                                       "direct-on" in-                         

                                                 standard                      

               frit anchor applied on                                          

                              metal is "hot                                    

                                       organic alumin-                         

                                                 where                         

               unblasted, alkaline                                             

                              dip"     um enamel on                            

                                                 metal is                      

               micro-etched metal      alkaline cleaned                        

                                                 "hot dip"                     

               and heat bonded in ex-  micro-etched                            

               cess of 500.degree.C.   metal and heat                          

                                       bonded in excess                        

                                       of 500.degree.C.                        

     __________________________________________________________________________

PAR  Most non-stick coating systems for aluminum cookware interiors employ
      materials in the PTFE (polytetrafluorethylene) family. The most widely
      used application techniques of these coatings are set forth in Table No.
      1, at (d), (f) and (h). Approximately half of the external coatings on
      aluminum cookware are of "direct-on", one coat vitreous porcelain enamel
      as set forth in Table No. 1, in (j). The other half of external coatings
      on aluminum cookware utilize an organic material as applied by the method
      set forth for interior coatings in Table No. 1, in (d).
PAR  It is highly desirable that cookware lends itself for the maximum number or
      ideally, of course, for all of the surface finishing possibilities which
      are available and in demand. The cookware made of solid aluminum or of
      "roll plated" laminates of sheets of carbon steel and aluminum as in the
      present invention perform identically to each other with respect to the
      abovenoted finishing possibilities and therefore the cookware of the
      present invention fulfills the requirement for diverse surface finishes.
      Conversely, cookware made of "hot-dip" aluminized steel sheets or steel
      sheets covered in a manner other than by roll plating, falls short of this
      requirement in most respects.
PAR  A PTFE finish is by definition a self-lubricating, non-stick coating. Thus,
      it is designed to resist adhesion to everything, which, unfortunately,
      includes the surfaces of the cookware which are intended to be coated with
      such material. The adhesion of a 25 micron strip of a PTFE top coat to a
      prime coated metal is only between 10 to 20 pounds as determined by the
      laboratories of du Pont de Nemours.
PAR  For purposes of cookware coatings, aqueous suspensoids of PTFE are used.
      These suspensoids can contain coloring pigments and various wetting
      agents, as well as certain inorganic constituents in so-called
      "prime-coat" preparates. A "PTFE dispersion" as employed herein, denotes
      such suspensoids which are free of inorganic constituents and are applied
      directly onto the metal as prepared for reception of the PTFE. A "PTFE top
      coat" as employed herein, denotes suspensoids which are applied over a
      "prime coat", rather than onto the metal directly. A "PTFE prime coat" as
      employed herein denotes such suspensoids which contain inorganic
      constituents, and may include other mentioned constituents, and which is
      applied directly to the metal as prepared for reception of the PTFE.
PAR  All three of these PTFE suspensoids are deposited on cookware by
      conventional paint application methods, usually by spraying. The wet film
      is then furnace "sintered" at a temperature range from 400 to
      460.degree.C. At these temperatures, the aqueous carrier of the suspensoid
      and the wetting agents are volatilized and the PTFE particles form a film.
      Unlike thermosetting paints, PTFE particles do not form a film by
      crosslinking and, unlike thermoplastic paints, PTFE particles do not
      coalesce or "flow" together during heat bonding. It is only, in lieu of a
      better description, that the film forming mechanism of PTFE coatings is
      denoted by the term "sintering".
PAR  The tensile strength of a sintered PTFE film at room temperature is between
      1500 to 3500 PSI, depending on thickness. (ASTM test D 638). The industry
      standards for non-stick cookware coatings call for a dry and free film
      thickness of only 25 microns, thus its strength is likely to be lower than
      these values.
PAR  A sintered PTFE film is soft, it scratches easily and thus it can abrade
      quite rapidly. In general, the life of such coatings is considerably
      shorter than the life of the metallic body of the cookware proper.
PAR  A sintered PTFE film is also ductile. Its elongation, at room temperature,
      is between 200 and 400 percent as determined by ASTM test No. D 638. A
      PTFE coated flat metal disc can thus be deep drawn into the form of a
      utensil without rupturing its finish.
PAR  A sintered PTFE film on cookware is also considerably and intentionally
      porous. Experiments and actual use tests substantiate that capillary
      liquids which are volatilized during cooking, tend to lift up PTFE films
      of low porosity from the metal.
PAR  Due to the intentional and necessary porosity of PTFE coatings, the
      metallic surface of the cookware underneath such coatings is exposed to
      the aggressive media of food contents in very much the same manner as the
      cooking surfaces of uncoated cookware. But while a slightly oxidized or
      corroded uncoated aluminum cookware may still be used without health
      hazard, any substantial interfacial corrosion between a PTFE coating and
      metal will cause the separation of the PTFE film and will render the
      non-stick cookware, as such, inoperative. Thus, it is at least as
      important to protect the metal interface from corrosion beneath a nonstick
      coating as it is to protect the surface of an uncoated utensil against
      corrosion. For the foregoing reasons the non-stick coating on cookware
      formed of "roll plated" laminates as in the present invention will have a
      life identical to solid aluminum cookware and both will provide a longer
      life than non-stick cookware covered by methods other than roll plating.
PAR  PTFE is inert to nearly all chemicals, except molten alkalis and a few
      perfluorinated compounds. Pure aluminum and aluminum alloys suitable for
      cookware contain no such constituents. Thus, during sintering the coating
      on the aluminum surface of the cookware, no known or discernable chemical
      reaction bonding occurs at the interface between the PTFE particles and
      the metal. A sintered film of "PTFE dispersion", can only be coupled
      mechanically to a metallic substrate, such as the aluminum surface of a
      cookware. Accordingly, this smooth aluminum surface must be made receptive
      to PTFE before the dispersion is spray-deposited.
PAR  In order to obtain a mechanical coupling between a film of "PTFE
      dispersion" and metal, and to assure a peel strength which meets industry
      standards, a controlled degree of cavities must be imparted into the
      initially smooth aluminum surface. The neck size of the intrusions of
      these cavities must considerably exceed the larges size PTFE particles in
      the dispersion and the intrusions then must widen to form flask-like
      ballooning cavities underneath the metal surface. Through their wide
      necks, a large number of anchor cavities can thus fill with the aqueous
      dispersions of PTFE before the water carrier evaporates. Then, during
      firing, the PTFE particles which fill the cavities beneath the metal
      surface, cohere into ball-shapes larger than the cavity necks, as well as
      cohere to the PTFE above the necks and on the metal surface through the
      necks of the anchor cavities. In this manner the PTFE film on the face of
      the cookware is bonded to the captured ball-shapes at a very large number
      of points on the film.
PAR  The method of imparting such flask-like ballooning cavities into aluminum
      sheets for coupling a PTFE film mechanically was devised by Tefal S.A. of
      France. The Tefal process consists of (1) masking all metal surfaces which
      are not to be PTFE coated, (2) cleaning of the unmasked aluminum surfaces,
      (3) immersion pickling of unmasked metal surfaces in concentrated aqueous
      solutions of hydrochloric and hydrofluoric acids, (4) immersing into a
      neutralizing solution, and (5) removing of the masking and thorough
      cleaning of the metal prior to spraying and firing the PTFE coating.
PAR  In commercially available dispersions, the size of the largest PTFE
      particles can reach 0.5 microns or more. Experience substantiates that the
      open necks of anchor or cavities underneath the aluminum surface should be
      approximately 10 times larger than this particle size to permit the
      intrusion of sufficient amounts of PTFE into the anchor cavities beneath
      the metal surface. The depth of the anchor cavities must be at least 5
      times greater than the diameter of their necks to secure a sufficient PTFE
      flow by capillary action. This then demands that the metal be penetrated
      by the acid pickling media to a depth of 25 to 35 microns. Intrusions of
      such depths pose no problems in cookware made of either solid aluminum
      sheet or "roll plated" laminates which offer a minimum of 70 micron thick
      aluminum cover layers, since even where the cavity depth is 35 microns, a
      minimum of 35 micron aluminum thickness remains. However, cookware made of
      steel covered by other than roll plating are limited in thickness of the
      aluminum cover layers to only approximately 18 microns. Therefore,
      cookware of the latter wall construction is clearly inoperative for
      coupling and carrying PTFE coatings by way of acid pickled anchor
      cavities.
PAR  Due to several considerations with respect to the coupling of PTFE on an
      acid pickled aluminum, a "2-coat" PTFE cookware finish system was devised
      by du Pont de Nemours. In this 2-coat system, the aluminum surface is made
      receptive by grit blasting. Usually, non-ferrous abrasives of about 60 to
      80 mesh are shot from close proximity onto the fully annealed surface of
      aluminum by blast guns powered with compressed air at approximately 100
      PSI pressure.
PAR  The roughness of the blasted surface of the "2-coat" system should be 200
      micro inches as measured by a "profilometer" or, as measured by a
      "permascope" which measures the height of the metal "peaks", should
      average 9.2 microns of "peak" height or "valley" depth on an area of
      approximately 100 mm.sup.2 of the metal surface. As is well known by those
      skilled in the cookware coating art, the deepest individual "valleys" in
      the soft aluminum will be approximately twice as deep as the average depth
      of "valleys" which result from the most careful blast. A deepest valley
      depth somewhat in excess of 18 microns poses no problem for non-stick
      cookware made either of solid aluminum or of "roll plated" laminates as in
      the present invention which provides a minimum thickness of 70 microns for
      the aluminum cover layers over the rust prone steel core. In contrast,
      cookware made of steel sheets covered by methods other than roll plating
      offer a maximum thickness of only 18  microns for the aluminum cover
      layers. Accordingly, in the latter, the metal substrate deepest valleys
      break through the aluminum cover layers and will free the way for the
      aggressive media in the food or dishwashing agents to attack the steel
      core and will rapidly render such cookware and its non-stick coating
      inoperative.
PAR  In approving a non-stick utensil for service, among other qualitative
      requirements, the peel strength of the non-stick film must meet industry
      standards, for example the internationally followed quality control and
      test procedures of du Pont de Nemours.
PAR  The Tefal system, which couples a "PTFE dispersion" onto an acid pickled
      face of aluminum, meets the peel strength standard by a purely mechanical
      coupling between PTFE and the substrate. The theoretical maximum of the
      peel strength of such mechanically coupled non-stick coatings is
      essentially equal to the tensile strength of the PTFE film.
PAR  In contrast, in the "2-coat" system -- or other PTFE multiple coat systems,
      a "prime coat" of low PTFE content is deposited on the cookware first and
      then a "top coat", which is richer in PTFE is applied over the "prime
      coat". The "prime coat" is deposited onto rough surfaces, such as either
      directly onto grit blasted aluminum or onto hybrid substrates, such as
      where a flame sprayed or heat bonded matrix is applied to the metal
      surface. Such surfaces lack the flask-like ballooning cavities of acid
      pickled aluminum and, thus, their mechanical coupling capability is
      inferior as compared to that of acid pickled aluminum. Therefore, the peel
      strength of a film of "PTFE dispersion" applied with no "prime coat",
      directly onto such blasted or hybrid surfaces will be substandard. The
      "prime coat" is intended to augment the mechanical coupling deficiency of
      these surfaces, so that the peel strength of the complete "2-coat" system
      meets industry standards.
PAR  Most cookware "prime coats" differ from "top coats" and from "PTFE
      dispersions" in the following major aspects: (1) generally prime coats
      contain less PTFE, (2) prime coats have inorganic constituents in addition
      to the organic constituents, (3) the thickness of prime coats on cookware
      is substantially less than that of top coats, and (4) prime coats are not
      sintered fully prior to spraying and firing the "top caot". The bonding
      mechanism between a PTFE prime coat and a cookware substrate is not
      exactly known. Electron microscopic and electron probe studies relative to
      the bonding mechanism of aluminum/-enamel systems show certain analogies,
      however, with the bond between "2-coat" PTFE systems and cookware
      substrates. These studies suggest that the predominant bonding mechanism
      is an interaction or diffusion of the inorganic constituents of the
      coating and the aluminum. In a system employing a frit matrix, the diverse
      inorganic constituents of the frit and the metal appear to interact or
      diffuse, on the one hand, and then the inorganic constituents of the PTFE
      prime coat and the hybrid substrate, appear to interact or diffuse, on the
      other hand. In order to achieve a suitable bond by such mechanism, the two
      coating materials, i.e. the frit matrix and PTFE "prime coat", must have
      sufficient "affinity" to interact or diffuse and at the same time, each of
      these two coating materials and the aluminum must also be able to interact
      or diffuse. The solid particles in both the frit and the PTFE prime coat
      are comparatively small. Thus diffusion among the constituents of coating
      materials can occur on a substantially larger area than the diffusion or
      interaction of coating materials and aluminum. Indeed, only in rare cases
      can product failures be traced to separation between the frit and the PTFE
      prime coat. The failures of most "2-coat" systems are predominantly
      separations between the metal and either the frit or the prime coat or
      both.
PAR  The above mentioned electron microscopic studies also suggest that
      diffusion of aluminum and inorganic constituents of its coatings is more
      intensive along the grain boundaries of a rolled metal sheet than over its
      grains proper. Therefore, the larger the percentage of the area of grain
      boundaries in the total area of the coated surface of the metal, the
      higher is the probability for obtaining a solid and uniformly strong bond
      of the coatings. In other words, inhomogeneity of the metal surface and
      coarse grains are archenemies of solid bonds and durable coatings.
PAR  Appropriately rolled and annealed aluminum sheets exhibit homogeneous and
      fine grained metallographic structures. The same is true for the cover
      layers of "roll plated" laminates as in the present invention, since these
      cover layers are rolled aluminum sheets. Both of these substrates thus
      fulfill the prerequisites of long life coatings. On the other hand, the
      schistous, porous, cast-like structure of the cover layers of aluminum
      steel, where the steel is covered by methods other than roll plating, do
      not meet this prerequisite. The inferiority of the latter substrate in
      sheet form is accentuated by the incapability of the crystal lattice of
      its aluminum cover layers to rehomogenize after cold forming the sheet
      into the shape of a utensil.
PAR  Press drawing causes plastic deformation of the metal sheet. The
      unavoidable result is coarse graining of the metal through the stretching
      of its crystal lattice. The most severe coarse graining and other
      distortions in the metallographic structure of aluminum cookware occurs in
      the vicinity of the transition between its bottom and side wall and at
      bulges above the "skirts" of covers. The crystal lattice of deep drawn
      aluminum should be rehomogenized by heating the cookware and cover rapidly
      to a temperature of approximately 280.degree. to 320.degree. C prior to
      the spraying of any coating, either frit or PTFE. In this respect,
      cookware made of both solid aluminum and "roll plated" laminates as in the
      present invention exhibit homogeneous and fine grain structures. Steel
      covered by other methods does not.
PAR  In summary, the cookware formed of a "roll plated" laminate of sheets of
      carbon steel and aluminum as in the present invention exhibits durability,
      life and other qualitative features equal to that of solid aluminum
      cookware and each finish or coating applicable on the latter is suited for
      the former. In contrast, cookware made of steel sheets covered with
      aluminum by methods other than roll plating will be either substandard or
      inoperative.
PAR  Another noteworthy feature of the cookware of the present invention is the
      ability of its metal substrate to be cold worked to protect the sheared
      edges of the mild steel core which would otherwise be exposed, for
      example, about the upper rim of the cookware container or around the
      "skirt" of the cover. Such edges must be sealed in some manner to prevent
      corrosion and rust which will occur during use of the cookware units.
PAR  One way in which these corrodible plies could be protected is by the use of
      rust proof rim elements or by coating electrolytically, galvanically or
      otherwise, the exposed edges of the steel core to prevent corrosion during
      use. Laminated cookware units of mild steel-stainless steel lamina have
      been employed in the past in which the exposed sheared end edge of the
      mild or carbon steel core is protected by drawing the harder stainless
      steel cladding material over the edge of the mild steel to seal the
      exposed edge. However, an important feature of these prior containers
      includes deforming the mild steel core which is softer than the external
      stainless steel plies. Accordingly, in these prior cookware units of mild
      steel-stainless steel laminate construction, the mild steel core ply is
      the ply which is primarily deformed during the edge sealing operation such
      that the mild steel core is drawn into a sharp knife edge which
      necessitates further fabrication steps of folding and other forming.
      Moreover, since the mild steel core in the sealed end product is anodic
      relative to the non-corrosible stainless steel ply which is to protect it
      in these prior constructions, electrochemical deterioration and corrosion
      of the mild steel will frequently occur during use, particularly if the
      stainless steel layer is broken in any manner.
PAR  In the laminated cookware unit of the present invention, an otherwise sheet
      edge of the rust prone mild steel core may be readily protected by the
      relatively inert aluminum cover sheet without deforming the steel core
      which is to be protected and without the need for further forming steps to
      neutralize sharp knife edges and the like. In the present invention, the
      exposed edge of the ferrous steel core may be protected simply by drawing
      the softer non-ferrous roll plated aluminum cover sheet such that a
      portion of the latter extends beyond the edge of the steel core and this
      portion is then folded over the exposed ferrous steel edge. Moreover, edge
      corrosion resistance is substantially enhanced, since the aluminum is
      anodic relative to the ferrous steel.
PAR  In a principal aspect of the invention, a laminated cookware unit component
      includes a first sheet comprising a ferrous metal core and pore free
      second and third cover sheets of aluminum or aluminum alloys suited for
      cookware. The second and third sheets are roll plated and bonded to
      opposite faces of the first sheet, the first core sheet being sandwiched
      between the second and third cover sheets. The second and third sheets may
      be polished or buff finished or, alternatively, the exterior or the
      interior or both of these sheets of the cookware unit may be coated.
PAR  In another principal aspect of the invention, a cookware unit includes an
      exposed edge and a protective covering overlies the normally exposed end
      of the first ferrous core adjacent the edge, the protective layer
      comprising a portion of one of the non-ferrous cover sheets being drawn to
      a length to extend beyond the end of the first steel core and folded over
      its end.
PAR  Another principal aspect of the invention involves a method for sealing the
      edge of a laminated cookware component having a first steel core which is
      subject to deterioration. The method includes the steps of drawing a
      second, softer cover sheet such that the cover sheet extends beyond the
      end of the first steel core adjacent the edge of the cookware component
      which is to be sealed, and this extended portion of the cover sheet is
      then folded over the end of the first core to seal the end beneath the
      folded over portion of the second sheet.
PAR  These and other objects, features and advantages of the present invention
      will be clearly understood upon consideration of the following detailed
      description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the course of this detailed description, the drawing will be frequently
      referred to in which:
PA1  Fig. 1 is a broken perspective view of a cookware unit including a cookware
      container and a cover as components and in which the principles of the
      present invention are incorporated, the thickness of the components being
      somewhat exaggerated to emphasize the roll plated laminated construction;
      and
PAR  FIGS. 2-4 are broken, enlarged, cross-sectional views of the side wall of
      the cookware container shown in FIG. 1 and showing the steps contemplated
      by the present invention for sealing the edges of the cookware components.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring particularly to FIG. 1, a cookware unit, generally 10,
      incorporating the principles of the present invention is shown which may
      include, as components, a cookware container 12 and a cover 14 therefor.
      The container 12 is of generally conventional shape in which an open
      topped cavity 16, for receipt of the materials to be prepared in the
      container, is defined by a bottom wall 18 and an upstanding, generally
      cylindrical side wall 20 having a suitable insulative handle 22 attached
      thereto. The upper end of the side wall 20 is sheared to define an upper
      edge or rim 24.
PAR  The cover 14 comprises a generally disc-shaped portion 26 having a handle
      27 thereon. The portion 26 is formed inward and downward about its
      perimeter to define a downward extending annular flange or skirt 28 having
      a lower edge 29. The external diameter of annular skirt 28 is preferably
      somewhat smaller than the disc portion 26 and approximately the same
      diameter as the internal diameter of the container side walls 20 such that
      when the cover is positioned on the container, the skirt 28 will easily
      fit inside the container and the overhanging portion 30 of the cover will
      rest upon container edge 24 to secure the cover against inadvertent
      removal from the container during use. It will be understood that numerous
      other suitable cover constructions, other than the described skirt
      construction, may be employed to secure the cover to the container during
      use.
PAR  Preferably both the container 12 and the cover 14 are formed of a roll
      plated laminated material which is stamped, press drawn or flow formed
      cold otherwise into the shape of the finished unit. One, and preferably
      both, of the laminated cookware unit components comprise a rolled ferrous
      steel core sheet 32 formed of a relatively hard mild or carbon steel of
      cold forming quality and this relatively thick core sheet is roll plated
      on one and preferably both sides, by relatively thin, continuous and dense
      sheets 33 and 35 of a softer, inert rolled sheet material, preferably
      aluminum or alloys thereof suited for cookware.
PAR  The already rolled aluminum sheets 33 and 34 are roll plated or otherwise
      pressure bonded upon the core ply 32 such that the aluminum sheet is
      pressure bonded to the steel core substrate. The thickness of each of the
      aluminum sheets 33 and 34 is preferably up to 10% of the thickness of the
      steel core. In any event, the minimum thickness of sheets 33 and 34 should
      preferably be at least 35 microns after their surfaces have been made
      receptive to coatings. At such thicknesses the roll plated cover layers on
      the cookware unit will exhibit all of the qualities of units formed of
      solid aluminum sheets, e.g. metallurgical properties, homogeneity and
      other physical and chemical properties. Thus, these aluminum cover sheets
      may be readily drawn, polished, acid pickled and blasted or otherwise
      scored after they have been roll plated to the steel core ply and even
      after they have been formed into the shape of the cookware unit. Blasting
      and pickling or other preparation of the external surfaces of the clad
      aluminum cover sheets is preferred in order that these surfaces will be
      receptive to cookware coatings, such as interior vitreous frit anchor base
      for non-stick PTFE coatings or exterior coating, organic and vitreous
      inorganic alike, examples of which are set forth in TABLE NO. 1. In
      addition, the thickness of the aluminum cover sheets should be sufficient
      to accommodate the drawing of the roll plated laminate for the shaping of
      the cookware unit without rupture or damage to the aluminum cover layers
      and the drawing of at least one of these cover layers, as will hereinafter
      be described, for sealing the exposed edge end 36 of the ferrous steel
      core 32 of container or cover. Where the edge 36 is to be sealed as
      described herein, the ratio of the thickness of the aluminum cover layers
      or layers 33 and 34 to the thickness of the steel core 32 should
      preferably be between 1 to 6 and 1 to 20.
PAR  Thus, it will be understood that the container 12 and cover 14 may be
      readily finished in several different ways. The interior of the container
      12 and/or cover 14 may be coated with a suitable PTFE nonstick system,
      including any one of the several set forth in TABLE NO. 1. In addition,
      the exterior of container 12 and/or cover 14 may be coated with a suitable
      decorative enamel high temperature or otherwise, also as set forth in
      TABLE NO. 1. Finally, in the alternative, either the exteriors or
      interiors of either or both the container or cover may be highly polished.
PAR  Referring now to FIGS. 2-4, although the aluminum cover layers 33 and 34
      protect the major surfaces of the ferrous steel core 32 against corrosion
      during use of the cookware unit, some provision must be made to seal the
      exposed edge end 36 of the ferrous steel core of both the container 12 and
      the cover 14.
PAR  To seal this sheared end edge, a suitable drawing wheel W is urged against
      one of the aluminum cover layers, such as the internal layer 33 as shown
      in FIG. 2. The wheel W initially is positioned well beneath the upper edge
      38 of the aluminum ply 33 and is brought to bear against the aluminum ply
      so as to effect a force F against the material. Either the wheel W is then
      moved upward from the position shown in solid in FIG. 2 toward that shown
      in dot and dash while maintaining its force F against the aluminum ply 33,
      or the wheel W is fixed and the container is moved downward against the
      wheel. In either event, either the wheel or the container is moved
      relative to the other while the force F is exerted by the wheel so as to
      cause a drawing or flow forming action on the aluminum cover layer 33 in
      the direction of arrow D.
PAR  Since the aluminum layer 33 is substantially softer than the ferrous steel
      core 32, the aluminum will elongate so as to become thinner at 40 and
      longer, while the harder ferrous steel core will remain substantially
      unchanged in thickness or shape. Thus, cover layer 33 will become longer
      than the steel core 32 such that a portion 42 of the aluminum sheet will
      now extend beyond the edge end 36 of the steel core as shown in FIG. 3.
      The aluminum cover sheet is elongated by an amount which is sufficient to
      insure that this extended portion 42 extends by an amount which is at
      least as great as the thickness of the ferrous steel core 32, but that the
      thickness of the elongated aluminum sheet 40 is still sufficient to
      protect the ferrous core.
PAR  Once the aluminum cover layer 33 has been elongated so as to form the
      extended portion 40, this portion is then rolled or folded over the
      exposed edge end 36 of the ferrous core by wheel W to seal the edge
      beneath the protective covering now formed by the folded-over drawn
      portion 40.
PAR  Although in the above description of the preferred embodiment of the
      invention, cover sheets 33 and 34 have been described as being aluminum,
      it will be understood that these plies may be rolled of aluminum alloys
      and other materials which are softer than the steel core to arrive at the
      clad construction and/or the edge sealing operation hereinabove described.
      In addition, although a roll plated laminate of sheets of ferrous steel
      and aluminum is preferred since aluminum is anodic relative to the ferrous
      steel to substantially reduce the likelihood of electrolytic corrosion of
      the ferrous steel during use of the cookware unit, other roll plated
      laminate materials may be employed in which the external cover layer is
      anodic relative to the core. Moreover, where the rolled edge of the
      present invention is to be practiced, the plies 33 and 34 may be formed of
      different materials so long as the ply which is to be elongated and folded
      is softer than the core ply.
PAR  It should be understood that the embodiments of the present invention which
      have been described are merely illustrative of a few of the applications
      of the principles of the invention. Numerous modifications may be made by
      those skilled in the art without departing from the true spirit and scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiply, laminated cookware unit component comprising
PA1  a core comprising mild steel,
PA1  continuous second and third layers comprising substantially homogeneous and
      pore-free rolled non-ferrous sheets of aluminum or alloys thereof pressure
      bonded directly to said steel core, said core being sandwiched between the
      sheets of said second and third layers such that one of said second and
      third layers is positioned on the side of said core facing the food which
      is to be prepared by said cookware unit component.
NUM  2.
PAR  2. The multiply unit component of claim 1 wherein said core is a sheet.
NUM  3.
PAR  3. The multiply unit component of claim 1 wherein the minimum thickness of
      said second and third layers is at least 35 microns.
NUM  4.
PAR  4. The multiply unit component of claim 1 wherein at least one of said
      second or third layers is polished.
NUM  5.
PAR  5. The multiply unit component of claim 1 wherein at least one of said
      second or third layers is coated with a heat bonded cookware finish.
NUM  6.
PAR  6. The multiply unit component of claim 5 wherein said heat bonded coating
      comprises an inorganic coating heat bonded to at least one of said second
      and third layers at a temperature in excess of 500.degree. C.
NUM  7.
PAR  7. The multiply unit component of claim 5 wherein said heat bonded coating
      is of the PTFE family.
NUM  8.
PAR  8. The multiply unit component of claim 1 including an exposed edge on said
      unit at which the end of said core is exposed, a protective covering
      comprising a portion of one of said second and third layers adjacent said
      edge drawn to a length to extend beyond said edge and folded over the end
      of said core.
NUM  9.
PAR  9. The multiply unit component of claim 8 wherein said second and third
      layers are anodic relative to the material of said core.
NUM  10.
PAR  10. The multiply unit component of claim 1 wherein at least one of said
      second and third layers is substantially inert and anodic relative to said
      core and softer than the mild steel of said core and having a minimum
      thickness of at least 35 microns, and
PA1  an inorganic vitreous coating bonded directly to the surface of at least
      one of said second and third layers at a temperature in excess of
      500.degree. C.
NUM  11.
PAR  11. The multiply laminated component of claim 10 wherein said second and
      third layers are roll plated to said mild steel core.
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ABST
PAL  The present invention relates to a plastic molding having satin finish type
      metallic luster. More particularly, it provides a molding of high accuracy
      and good appearance. The plastic molding of the present invention is
      produced by first applying satin finishing to the surface of the molding,
      providing a conductive coating thereon, applying polishing treatment on
      the surface of the coating, and forming a metal film thereon by metal
      plating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to plastic molding having satin finish type metallic
      luster.
PAR  2. Description of the Prior Art
PAR  Satin finishing has been applied to the surface of metallic article so as
      to provide good appearance thereto. The treatment is carried out using
      abrasive grains such as iron powder, glass powder, silicon oxide,
      carborundum, alumina and the like.
PAR  The treatment can be easily carried out and no technical difficulties have
      been encountered. However, in the satin finishing of articles other than
      metallic articles, there have been many problems to be solved.
PAR  The typical one is the satin finishing of plastic articles. Recently,
      plastic molding has been plated so as to coat the surface thereof with a
      metal so that the molding may be provided with metallic appearance. The
      satin finish is applied to the metal coating and thus a plastic molding
      having satin finish type metallic luster is obtained.
PAR  For the satin finishing of plastic molding, two methods have been
      conventionally employed. One of them is a method in which the surface of
      plastic molding is roughened by a mixture of chromic acid, sulfuric acid,
      and phosphonic acid, is subjected to pre-treatment by stannous chloride
      SnCl.sub. 2) and palladium chloride, is provided with a conductive layer
      (for instance by applying chemical plating using metallic salt solution
      with a reductant dissolved therein), and is provided with a metal film of
      proper thickness (for example, several to ten microns; by applying
      electric plating using acid copper salt plating bath) to thereby produce a
      satin finish type metallic luster thereon. In order to provide desired
      appearance, plating using nickel, chromium, gold, rhodium and the like may
      be applied. This method is of practical value in the satin finishing, but
      there are many problems to be solved.
PAR  The metal coating should be set to a thickness sufficient to be durable to
      the satin finish, i.e., generally more than 20.mu.. Thus, the formation of
      the metal film requires a long period, e.g., 0.5 to 1 hours, which is not
      preferred from the economic point of view. Furthermore, there occurs a
      problem that there are produced uneven portions because of difference of
      current density during plating, e.g. thin portion is about 20.mu. thick
      and thick portion is about 200.mu. thick. Such unevenness of the metal
      film reduces accuracy and appearance, thereby seriously deteriorating the
      product value. Moreover, since the satin finish is applied after formation
      of metal film, the molding is deformed (since metal is of high
      malleability and the abrasive grain is sprayed thereon). In addition, a
      part of the metal film is often peeled off, and thus appearance and
      accuracy of the finished product is deteriorated. For these reasons, the
      above method is not applicable to a plastic molding for which good
      appearance and accuracy is required.
PAR  According to the other method, the satin finishing is applied directly to a
      plastic article to form a conductive coating thereon and then a metal film
      is formed on the coating by electric plating. This method can avoid the
      foregoing defects such as the limited thickness and the deformation of
      metal film, and the like. However, since the treatment is applied directly
      on the molding, there occurs other problems and it is not possible to
      produce excellent finished product. That is, since plastic molding has
      defects which are not visible such as weed mark, sink, stress during
      molding and the like, a finished product suffers from stain of conductive
      film, difference of luster, coarse surface and the like during the
      formation of conductive film. These defects cannot be removed by plating
      to the thickness of 10 to 15.mu.. Thus, the final product has stain,
      difference of luster and is coarse, an article having good appearance
      cannot be produced.
PAR  On the other hand, when plating is carried out to remove the defects to the
      thickness more than 20.mu., the satin finish is made even or flat by the
      plating and a good satin finish can not be obtained.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is to provide a novel satin finishing technique whose use
      results in the formation of a product having a good appearance and
      accuracy, and to provide a plastic molding having satin finish metallic
      luster whose possibility of being applied to all the industrial fields is
      markedly improved.
PAR  The second object of this invention is to reduce production cost for
      producing the plastic article and to simplify the process.
PAR  This invention is characterized in that a plastic molding having satin
      finish type metallic luster is produced by applying a satin finishing on
      the surface of a plastic molding to form fine concave and convex grooves
      thereon, applying a chemical plating to form a conductive coating on the
      satin finished surface, applying a polishing treatment by mechanical
      friction to make the surface of the conductive coating even or flat and
      applying a metal plating to form a metal film on the conductive film. This
      invention is based upon the fact that a conductive coating is provided
      after applying a satin finishing directly on a plastic molding and a
      polishing treatment by mechanical friction is applied, and thus a final
      product prepared by applying metal plating has an ideal satin finish type
      metallic luster.
PAR  The technical feature of the present invention resides in polishing
      treatment and the desired object can be attained by applying the polishing
      treatment on the conductive coating.
PAR  The reason why soft and fine satin finish can be obtained by the polishing
      treatment is not clear, but it is confirmed that uneven defects such as
      stain of the conductive layer, uneven brightness, coarseness and the like
      can be removed by the polishing treatment and thus the desired final
      product having satin finish can be obtained. As stated above, the
      aforementioned drawbacks of conductive coating are caused by those defects
      of plastic article, but where the polishing treatment is applied before or
      after the satin finishing, a soft and fine satin finish cannot be
      obtained. Moreover, where the polishing treatment is applied prior to the
      formation of the conductive film, the desired satin finish cannot be
      obtained. Thus, the polishing treatment of the present invention is
      required to be applied to the conductive coating. The conductive coating
      is formed by chemical plating and the educion and its density of metal
      vary according to the surface roughness of plastic molding and the surface
      activity thereof. It is considered that the unevenness of conductive
      coating indirectly brought about by the above variation can be removed by
      polishing treatment. The effect of the polishing treatment can be
      confirmed at the formation of metal film and it cannot be confirmed just
      after the polishing treatment. The reason is that the levelling of the
      conductive coating is a phenomenon in the order of microns.
PAR  The advantages brought about by the practice of this invention are that the
      formation of metal film for satin finishing is not needed and a metal film
      having the desired luster can be formed by plating, and thus a great
      reduction of production cost is possible. Moreover, since it is made
      physically, a metal film of uniform thickness can be formed in the
      formation by electric plating. Hence, the thickness of metal film is
      limited only by the use of the product and it does not suffer from the
      limitation of its being employed for covering the surface defects of the
      conductive coating. For instance, when the polishing treatment is not
      applied, the film thickness of at least 30.mu. is required while the
      thickness of at least 5.mu. is sufficient in the present invention. The
      satin finishing is generally carried out by spraying the abrasive grain.
      The size of the abrasive grain can be determined depending upon the satin
      finish to be obtained and it is generally in the range of 80 to 150 mesh.
      The abrasive grains include iron powder, glass powder, silicon oxide,
      carborundum, alumina powder and the like. The jetting of the abrasive
      grain is carried out at pressures of 1 to 5 kg/cm.sup.2.
PAR  In one of the other satin finishing methods, abrasive grain is dispersed in
      a liquid and a plastic article is rotated in the dispersion. In addition,
      there may be used other conventional methods in which an article is dipped
      in an organic solvent to dissolve the surface thereof, or an article is
      dipped in an organic solvent to bring it in a half-melted state and then
      it is dipped in a non-solvent to harden the half melted state.
PAR  The formation of the conductive coating is carried out by pre-treatment for
      chemical plating and then by chemical plating. The pre-treatment is
      carried out to educe uniformly metal on the surface of the resin. They are
      carried out by conventional methods. Those methods are described in
      "Electroless plating" pages 151- 164, published by Asakura Shoten. This
      invention is explained with reference to typical methods.
PAR  An article is dipped in an etching solution containing a major portion of
      chromic acid to form fine roughness on the surface thereof. In case of ABS
      resin, rubber component is dissolved in the grooves to increase anchor
      action and mainly increase adhesion strength. The --C=C-- portion of the
      resin is oxidized to --COO and --CN group is oxidized to --CONH.sub.2 and
      further to --COO by chromic acid. Thus, the surface of the resin is made
      more hydrophilic and capability for chemically bonding is enhanced.
      Plastic article is treated with a mixture of anhydrous chromic acid and
      sulfuric acid or a mixture of anhydrous chromic acid, sulfuric acid and
      phosphoric acid. The treatment is referred to as surface roughtening
      treatment.
PAR  In order to facilitate chemical plating on a resin surface, the resin
      surface is activated by distributing fine particles of palladium of high
      catalytic activity uniformly on the resin surface. That is, the article is
      dipped in a solution of stannic chloride to deposit reductive
      Sn.sup.2.sup.+ thereof, and then it is dipped in palladium chloride
      solution to deposit palladium by reduction effect of Sn.sup.2.sup.+ as
      deposited previously. Hence, the article is treated in a mixed solution of
      stannic chloride 10g/l and hydrochloric acid 40 ml/l and in a mixed
      solution of palladium chloride solution 0.5g/l and hydrochloric acid 10m
      l/l. Thereafter, it is subjected to chemical plating in a chemical plating
      bath to educe conductive coating thereon. Although the ingredients
      contained in the chemical plating bath vary depending upon the kind of
      plating, the main components are nickel sulfate, sodium citrate, sodium
      hypophosphite and sodium acetate. For instance, the composition of plating
      bath for educing copper is as follows:
     Copper sulfate       29g/l                                                

     Sodium carbonate     25g/l                                                

     Potassium sodium     140g/l                                               

      tartrate                                                                 

     EDTA triethanol amine                                                     

                          17g/l                                                

     Caustic soda         40g/l                                                

     37% Formalin liquid  166g/l                                               

PAR  The composition of plating liquid for educing copper is as follows:
TBL  Nickel sulfate       35g/l                                                

     Sodium citrate       10g/l                                                

     Sodium acetate       10g/l                                                

     Sodium hypophosphite 15g/l                                                

     Magnesium sulfate    20g/l                                                

PAR  Metals usable for forming the conductive coating although limited to those,
      include copper, nickel, silver and the like. Preferred thickness of the
      conductive coating is in the range of 0.2 to 25.mu. and more particularly
      0.2 to 10.mu.. When the conductive coating is made from nickel, the range
      of 0.2 to 0.5.mu. is preferred. In this invention, chemical plating
      treatment means chemical plating including pre-treatment.
PAR  The polishing treatment is intended to make the conductive coating even or
      flat and is carried out under the conditions that the already formed satin
      finished surface is protected from deterioration and peeling of the
      conductive coating is prevented. In this sense, necessary conditions are
      set. The conditions of polishing treatment should be determined depending
      upon the kind and form of plastic molding and the kind and form of the
      conductive coating. Thus, the polishing treatment is a mechanical friction
      to secure formation of uniform metal film in the formation of metal film
      in the stage of chemical plating and is carried out to such extent that
      fine satin finish can be prevented from deterioration and peeling of the
      conductive coating is prevented.
PAR  As the polishing treatment, spraying of abrasive grain, such as polishing
      by blast machine is employed (of course, in this case, there are employed
      more moderate conditions than in the satin finishing, i.e. it is carried
      out by lower spraying pressure in barrel or by rotation together with
      polishing liquid containing abrasive grain). That is, there are employed
      conventional mechanical polishing treatments such as polishing by barrel,
      liquid honing in which abrasive grain is sprayed together with water and
      compressed air.
PAR  After the polishing treatment, a metal film is formed by chemical plating.
PAR  The plating is carried out using any metal so as to provide the desired
      appearance to the product. The metal film is usually formed by metal
      plating using chromium, gold, rhodium and the like. Particularly, a metal
      film prepared by nickel plating followed by chromium plating is preferred.
      Electric plating is carried out by conventional methods. Preferred
      thickness of the metal film is set to 5 to 20.mu., particularly 5.mu. to
      15.mu..
PAR  It is to be noted that addition and modification can be applied to the
      embodiment as described above. For instance, the formation of metal film
      may be carried out using the same metal as the conductive coating. And the
      metal film may be formed by the method for forming the conductive coating.
      By chemical plating method used for the formation of conductive coating,
      the pre-treatment for chemical plating can be deleted. Moreover, the metal
      film may be composed of two kinds of metal films.
PAR  The plastic molding having the satin finish metallic luster may have the
      fine satin finish of the order of 3 to 5.mu.. Thus, the use of plastic
      molding can be markedly developed. Particularly, application thereof to
      super precision apparatus for which soft and fine satin finish and hitting
      accuracy are required, can be expected.
DETD
PAC  EXAMPLE 1
PAR  A rewind nob shaft holder for steel camera made from ABS resin (trade name:
      Kaneace S-10) was subjected to satin finish treatment with a blast
      machine, iron powder of 100 mesh, and at 2600 R.P.M. to provide chemical
      plating thereon and then it was subjected to barrel finishing with
      spherical plastic media of 2m/m diameter compound of E7 on the market
      (Torowahl) in a barrel machine. The article was applied to plating rack
      and was subjected to nickel plating of 4A/dm.sup.2 for 10 minutes to form
      a layer of 10.mu. and then chromium plating of 20A/dm.sup.2 in Sargent
      bath for 2 minutes to form a layer of 0.2.mu. thickness. Then a good satin
      finish having neither stain nor uneven brightness was obtained.
PAR  Generally, satin finish of super-precision apparatus is required to have
      peak to peak width of 30 to 100.mu. and depth of 5 to 8.mu.. The satin
      finish as obtained in this example has a depth of 5.mu. and peak to peak
      width of 80.mu., and it can be satisfactorily used as a superprecision
      apparatus.
PAC  EXAMPLE 2
PAR  ABS resin was subjected to satin finishing with dry blast machine of
      1.5kg/cm.sup.2 air pressure using aluminum abrasive grain of 100 mesh.
      After pre-treatment, it was dipped in a solution of 40g/l of nickel
      sulfate, 24g/l of sodium citrate, 20g/l of sodium hypophosphite, 14g/l of
      sodium acetate to form a nickel coating thereon.
PAR  After drying, the nickel coating was subjected to slight polishing with a
      dry blast machine of 1.0kg/cm.sup.2 air pressure using glass beads of 200
      mesh. Then, it was provided with nickel coating of 10.mu. and chromium
      coating of 0.25.mu. by conventional method. Uniform satin finish having
      neither stain nor uneven brightness was obtained.
PAR  Surface roughness of the product is of H max 5.mu. (depth) and of good
      touching suitable for camera part.
PAC  EXAMPLE 3
PAR  An upper cover for camera of polypropyrene resin was subjected to liquid
      honing of 5kg/cm.sup.2 air pressure with a mixture of carborundum of 120
      mesh. Then, after it was subjected to washing with neutral detergent, it
      was dipped in a solution of 17g/l of chromic acid, and 900g/l of sulfuric
      acid, and 300g/l of phosphoric acid at 70.degree.C for 10 minutes and then
      it was subjected to conventional pre-treatment followed by chemical copper
      plating. After drying, the same liquid honing as applied to plastic resin
      was applied to the copper plated product (at air pressure of
      2kg/cm.sup.2). Then, nickel plating of 10.mu. and chromium plating of
      0.25.mu. were provided. Then the upper cover for camera of uniform satin
      appearance having neither stain nor uneven brightness was obtained.
PAC  COMPARATIVE EXAMPLE 1
PAR  An plastic molding provided with a satin finish by the procedure of Example
      2 was subjected to conduction treatment by conventional method. Then, it
      was plated in nickel plating bath having the following composition to
      obtain nickel coating of 10.mu. followed by chromium coating of 0.25.mu..
TBL  ______________________________________                                    

     Nickel sulfate       300g/l                                               

     Nickel chloride      60g/l                                                

     Boric acid           40g/l                                                

     Brightening agent I  10g/l                                                

     (manufactured by Murata                                                   

     Kagaku Co.)                                                               

     Brightening agent II 0.25g/l                                              

     (manufactured by Murata                                                   

     Kagaku Co.)                                                               

     ______________________________________                                    

PAR  Where the thickness of nickel coating was increased to 20.mu., stain and
      uneven brightness appearing on the surface thereof were slightly removed.
      However, by levelling effect of nickel coating, satin appearance was
      removed. Thus, finally, the appearance was substantially similar to that
      which was prepared by applying satin finishing onto the surface of plastic
      molding and then applying chemical plating.
PAC  COMPARATIVE EXAMPLE 2
PAR  Conductivity treatment was applied to plastic molding which was provided
      with satin finish by the procedure of Example 2 and then it was plated in
      nickel plating bath of the following composition to obtain 5.mu. of nickel
      coating.
TBL  ______________________________________                                    

     Nickel sulfate       300g/l                                               

     Nickel chloride      60g/l                                                

     Boric acid           40g/l                                                

     Brightening agent I  4g/l                                                 

     (manufactured by Murata                                                   

     Kagaku Co.)                                                               

     Brightening agent II 0.25g/l                                              

     (manufactured by Murata                                                   

     Chemical Co.)                                                             

     ______________________________________                                    

PAR  This plating bath characterized by lowered levelling effect of nickel
      coating and thus there can be obtained a substantially nonlustrous nickel
      coating.
PAR  Then, it was dipped in a nickel bath of Comparative Example 1 to obtain
      nickel coating of 7.mu.. and then chromium coating of 0.25.mu..
PAR  The thus obtained product had an appearance in which uneven brightness was
      removed by effect of nonlustrous nickel plating, but stain could not be
      removed and it was of no practical value.
CLMS
STM  We claim:
NUM  1.
PAR  1. A metal-coated plastic molding having a satin finish type metallic
      luster comprising:
PA1  a. A plastic molding having a satin finish;
PA1  b. An intermediate electroless plated layer of electrically conductive
      material bonded to said satin finished base, said intermediate layer
      having a mechanically polished uniform surface; and
PA1  c. An electroplated metal outer layer bonded to said intermediate layer.
NUM  2.
PAR  2. A plastic molding according to claim 1 wherein said outer electroplated
      layer comprises a chromium layer overlying a nickel layer.
NUM  3.
PAR  3. A plastic molding according to claim 1 wherein the thickness of the
      metal film is 5 to 20 .mu..
NUM  4.
PAR  4. In the method for forming a plastic molding having a satin finish type
      metallic luster by applying satin finishing to the surface of the plastic
      molding to make the surface uneven, electrolessly applying a chemical
      plating to the satin surface to form a conductive coating, and applying an
      electroplated metal layer over said conductive coating, the improvement
      which comprises mechanically polishing the conductive coating to form a
      uniform surface thereon prior to applying said electroplated layer whereby
      the minimum thickness of said outer layer is about 5 microns, peeling
      tendencies of said conductive layer are reduced, and said satin finish is
      protected from deterioration during manufacture.
NUM  5.
PAR  5. A plastic molding according to claim 4 wherein the satin finishing is
      carried out using an abrasive grain of 80 to 150 mesh.
NUM  6.
PAR  6. A plastic molding according to claim 4 wherein the polishing treatment
      of the conductive coating is carried out using an abrasive grain.
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ABST
PAL  An automatic collet hinge/screw placement machine comprising a reservoir
      for bulk storage of screws, a vibrator segregating the screws into a
      plurality of magazines and an escapement mechanism for dispensing a set of
      screws essentially concurrently in time, the machine further comprising a
      table upon which the work, e.g., a cabinet door, is placed between stop
      structure for correctly locating the work. A hinge-holding/screw-placing
      head containing a collet for each screw of the set is mounted upon a
      reciprocating frame whereby the head is pneumatically lowered to position
      a hinge and a set of screws for placement following which the screws are
      inserted into the work through apertures in the hinge using a driver
      mechanism comprised of universal joints for each screw.
PARN
PAC  CONTINUITY
PAR  This application is a division of our copending U.S. patent application
      Ser. No. 403,747, filed Oct. 5, 1973, now U.S. Pat. No. 3,889,343, issued
      June 17, 1975.
BSUM
PAC  BACKGROUND
PAR  1. Field of Invention
PAR  The present invention relates generally to the placement of screws in work
      and more particularly to an automatic collet hinge-holding screw-placing
      machine.
PAR  2. Prior Art
PAR  Typically, hinge placement on doors has been achieved manually, using a
      power driven, hand held screw driver. This procedure has been time
      consuming, exepensive and often inaccurate.
PAC  BRIEF SUMMARY AND OBJECTS OF THE INVENTION
PAR  In summary, the present invention provides apparatus and methods for
      automatically dispensing a set of screws from bulk storage, holding the
      set of screws in desired orientation above a pre-positioned workpiece at a
      screw placement site, insuring that the screws and workpiece are
      juxtaposed and simultaneously driving the screws from their holders into
      the workpiece through hinge apertures.
PAR  With the foregoing in mind, it is a paramount object of the present
      invention to provide apparatus and methods for automatically installing
      screw-secured hinges on workpieces.
PAR  These and other objects and features of the present invention will be
      apparent from the following detailed description, taken with reference to
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of one presently preferred embodiment according
      to the present invention;
PA1  Fig. 2 is a fragmentary and enlarged perspective representation of the
      vibrating screw dispenser, the screw-placing head and screw driver
      mechanisms together with the mechanisms for reciprocating the head and
      rotating the driver mechanisms and workpiece stop structures for correctly
      orienting the workpiece respecting the head;
PAR  FIG. 3 is an enlarged fragmentary side elevation with parts broken away for
      clarity of the screw vibrating dispenser of FIG. 1;
PAR  FIG. 4 is a plan view taken along lines 4--4 of FIG. 3;
PAR  FIGS. 5a and 5b are fragmentary enlarged perspective representations of the
      screw dispensing escapement mechanism of FIG. 1;
PAR  FIG. 6 is an enlarged fragmentary exploded perspective of the fixed and
      reciprocating frames, one universal joint screw driving mechanism, a
      double acting pneumatic cyclinder and a fluid motor whereby the head is
      lowered to the work and the screws are rotated into the work through hinge
      apertures;
PAR  FIG. 7 is a perspective representation of the driver end of one of the
      screw driver mechanisms;
PAR  FIG. 8a is an enlarged fragmentary side elevation of the screw placing head
      shown in its lowered position against a door workpiece with a hinge held
      by the head contiguous with the door;
PAR  FIGS. 8b and 8c are cross-sectional views similar to FIG. 8a illustrating
      the location of one screw within a collet of the head prior to engagement
      of the screw by the associated driver mechanism and the actual engagement
      of the screw and placement of the screw in the work through an aperture in
      the hinge, respectively;
PAR  FIG. 9 is an exploded enlarged perspective representation of one of the
      three collets contained within the screw-placing head;
PAR  FIGS. 10a and 10b are fragmentary enlarged perspective representations of
      stop structure for correctly orienting the workpiece on a machine table
      top shown respectively in down and up conditions;
PAR  FIG. 1. illustrates a crank/cam mechanism for lifting and lowering the
      table to facilitate proper location of the workpiece in respect to the
      head;
PAR  FIG. 12 is a schematic representation of the presently preferred pneumatics
      for the apparatus of FIG. 1; and
PAR  FIG. 13 is a diagram of the presently preferred electric circuit for the
      apparatus of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Reference is now made to the Figures wherein like numerals are used to
      designate like parts throughout. FIG. 1 shows in isometric perspective a
      presently preferred embodiment of this invention consisting of an
      automatic collet hinge-holding screw-placing machine, generally designated
      20. Machine 20 comprises a frame 22 comprising a front wall 24, side walls
      26, a back wall (not shown), side abutments 28 and central support 30. A
      control panel, generally designated 32 is located at the front wall 24. A
      work-receiving table 34, which is placed in either an up or a down
      position by a crank mechanism 36 bridges between side panels 26 and
      extends beyond the side panels, the back panel and the front panel 24. A
      pair of button switches 38 are exposed at the upper surface 40 of the
      table 34 and are actuated by the work in a manner and for purposes
      hereinafter mentioned. A pair of hexagonal rods 42 extend in a common
      plane above the table 34 adjacent the back edge 44 thereof. Each hexagonal
      rod 42 is mounted by a lug 46 to the central support 30 and by a like lug
      48 to one of the outside abutments 28. A door edge orienting stop
      mechanism 50 is slidably disposed upon each hexagonal rod 42 in
      non-rotatable fashion. Also, a pneumatic actuated door end orienting stop
      structure 52 is slidably and non-rotatably carried upon each of the
      hexagonal rods 42.
PAR  The central support 30 carries a safety switch 460 which must be actuated
      before the machine is operable and which also serves as a door edge
      orienting stop structure.
PAR  The upper portion of the central support 30 is held against horizontal and
      vertical movement by and may be located slidably along a pair of
      horizontal shafts 62 bridging between and anchored at each end to the
      abutments 28.
PAR  The central support 30 carries a vibrating screw dispenser 64. The
      vibrating screw dispenser 64 stores screws for the machine 20 in bulk,
      segregates them into sets of screws, loads the sets into a magazine and
      dispenses each set using an escapement mechanism 66. In the illustrated
      embodiment each set of screws consist of three screws which pass along
      hollow tubes 68 (preferably comprised of polyflow tubing) after being
      released by the escapement mechanism 66 to a hinge-holding screw-placing
      head 70. It is to be appreciated that more than one head 70 can be
      provided where it is desired to screw secure more than one hinge to a
      workpiece concurrently. The head is suspended from a reciprocating frame
      72 which also carries three screw driver mechanisms 74. Reciprocation of
      the frame 72 is accommodated by a fixed frame 76 against which the
      reciprocating frame 72 moves up and down. The fixed frame 76 also carries
      a two-way pneumatic cylinder 78 by which the reciprocating frame 72 is
      displaced. The reciprocating frame 72 has three fluid motors mounted at
      its top plate by which the three screw driver mechanisms are actuated.
PAR  Having generally described the mechanism 20, a more specific description
      ensues.
PAR  As best seen in FIGS. 2-4, the vibrating screw dispenser mechanism 64 is
      mounted to the central support 30 upon an I-beam 80, which is supported by
      a side gusset plate 82. The bottom of the I-beam 80 is suitably secured to
      the top of the support 30 as by welding or bolts while the top of the
      I-beam 80 and the top of the gusset plate 82 are integrally secured to a
      plate 84. The left edge of the gusset as viewed in FIG. 3 is welded to the
      web of the I-beam 80. Pedestals 86 at the top of the plate 84 receive legs
      88 of a pedestal 90, which in turn carries a top plate 92 from which
      eccentric anchor lugs 94 integrally project. A diagonal brace 96 is
      connected to each eccentric anchor 94 and held in position by a washer 98
      and an Allen-head screw 100. Similar Allen-head screws 102 and washers 104
      connect the top portion of each diagonal brace 96 to an eccentric anchor
      106 integrally depending from a top plate 108. A cylindrical metal skin
      110 conceals the components which are interposed between the plates 92 and
      108.
PAR  A vibrator 112 is bolt secured at 114 to the top plate 108 and comprises a
      housing 116 the interior of which comprises a cylindrically hollow center
      in which a ball is located. The ends of the cylinder are plugged at 118.
      Air is introduced into the vibrator and across the ball at conduit 120 and
      fitting 122, causing the ball and the housing 116 to vibrate at a
      relatively high frequency. Exhaust fluid escapes from the hollow through
      fitting 124 and conduit 126. A conventional air pressure system is all
      that is required to allow the vibrator 112 to function.
PAR  A vibrator bowl 130 comprises a reservoir for bulk storage of screws and
      comprises a bottom 132, which is secured to the top plate 108 by an
      Allen-head screw 134. The Allen-head screw 134 may be tightened somewhat
      or loosened somewhat to vary the amplitude of the bowl vibration for
      optimum screw feeding capability. The bottom 132 merges into a 450.degree.
      ramp 136. At about the 90.degree. point, a deflection plate 138 is secured
      so as to force screws walking up the ramp 136 as a result of the
      vibrations to be deflected so as to provide from the 90.degree. point
      forward the optimum number of screws needed to service the machine 20. As
      can be seen from FIG. 3, the ramp 136 comprises three tiers elevating the
      screws to the vicinity of an escapement mechanism 66, where dividers 152
      separate the influent screws into three groups.
PAR  The operation of the vibrator bowl 130 and the condition of screws on the
      ramp 136 and in the escapement mechanism 66 may be observed by the user of
      the machine by visually glancing at mirror 154 (FIGS. 1 and 2) from time
      to time. Mirror 154 is carried by a conventional casing 156 and is held by
      an angular support arm 158, which is mounted to the lower plate 192 (not
      shown).
PAR  The escapement mechanism 66, as best seen in FIGS. 3-5b comprises three
      magazines comprising slots 160 interposed between plate members 162, the
      plate members being secured at the elevated effluent end of the ramp 136,
      the dividers 152 causing the screws to fall, threaded end first, into the
      respective slots, the slots being tapered on each side near the top of the
      plate portions 162 and spaced such that the head of each screw is received
      in the tapered portion but unable to pass through the slot. Accordingly,
      the screws hang by force of gravity in the illustrated positions
      comprising three magazines. The leading screw in each magazine is
      introduced into the escapement 164 in a manner more fully hereinafter
      described. The escapement 164 comprises a pneumatic cylinder 166 by which
      air under pressure is introduced through tubing 168 and fitting 170. Air
      is exhausted through hose 172 and effluent fitting 174. The cylinder 166
      has a load position shown in FIG. 5a and a discharge position shown in
      FIG. 5b. The cylinder 166 is mounted by nut 176 to a bracket 178 such that
      the piston rod 180 extends beyond the nut 176 a considerable distance. The
      distal end of the piston rod 180 is threaded and receives in threaded
      engagement another nut 182. Nut 182 is located within a bifurcation 184 of
      an upstanding arm 186. The arm 186 merges at its lower inside edge with an
      actuation plate 188. The plate 188, under force of the cylinder 166 slides
      between the two positions illustrated in FIGS. 5a and 5b. The actuation
      plate 188 is flanked at the top by a plate 190 having U-shaped recesses
      192 and by a base plate 194, also having U recesses 196. The lower plate
      194 is suitably secured to the distal end of the plates 162 which in turn
      are held in fixed position by the bowl. Each recess 196 receives and holds
      in secured relation a discharge tube 198 along which a single screw is
      dropped by force of gravity as hereinafter more fully explained. The
      actuation plate 188 comprises three spaced key hole shaped slots 202. Each
      slot opens an edge 204 of the actuation plate 188, the initial part of the
      key hole shaped slot comprising opening and the distance of which is
      smaller than the head of the screw used in conjunction with machine 20.
      The nethal portion of the slot enlarges in each case to a larger dimension
      greater than the size of the head of the screw. Thus, when the magazines
      have by vibration delivered three screws into the slots 202 with the
      cylinder 166 and actuation plate 188 in the "at rest"  position of FIG.
      5a, the screws are held by the plate 188 against deposition in the tube
      198. When the cyclinder 166 moves the actuation plate 188 to the position
      of FIG. 5b, the screw head is instantaneously immediately above the
      enlarged portion 210 of the associated key hole slot 202. Thus, the three
      screws fall into and through the three discharge tubes 198 and the plastic
      flexible screw delivery tubes 68. The actuation plate 188 comprises a
      series of depending stop fingers 200. These fingers are interposed between
      the three magazines and the three screw sites in the escapement 164 in the
      screw release, open position of FIG. 5b so that only one screw is
      discharged into each tube upon actuation of the cylinder 166.
PAR  It is to be appreciated that the vibrating screw dispenser mechanism 64 is
      a commercially available unit and that other known or commercially
      available units for segregating screws into a plurality of groups and for
      discharging the requisite number of screws per set to the hinge-holding,
      screw-placing head 70 may be used. As one example, TRU-TORK screw feeding
      systems, available from Clyde Corporation of 1800 West Maple Road, Tacey,
      Michigan 84084 are suitable.
PAR  The mechanisms including stationary frame 76 and reciprocating frame 72 for
      displacing the screw placing head 70 up and down will now be described in
      detail with particular reference to FIG. 6. The fixed frame 76 may be
      formed as a single casting or may be assembled as a plurality of
      components. As illustrated fixed frame 76 comprises a top plate 220
      apertured to receive in bolt-secured relations the anchor plate 222 of a
      double acting air cylinder 224 which is serviced by conduits 226 and 228.
      The piston rod 230 extends through and is movable in respect to the plate
      220 and also passes loosely through the central aperture 232 of top plate
      220. Vertically aligned lug sets 234 and 236 anchor upper and lower ends
      of cylindrical posts 238 each of which is surrounded by a return spring
      240. Set screws or the like (not shown) hold the posts 238 within the
      vertical bores of the lugs 234 and 236. The frame 76 comprises upper and
      lower beams 242 and 244 as well as columns 246 and 248. A bracket 250
      integrally depends from the beam 244 and terminates in a horizontally
      extending leg 252. The side edges of the vertical portion of bracket 250
      comprises grooves 254, used to secure the fixed frame 76 in the assembled
      illustrated position in a manner hereinafter explained. As best shown in
      FIGS. 1 and 2 the fixed frame 76 is mounted to the front face of the
      support 30 using anchor plates 255. Anchor plates 255 comprise a tongue
      portion adapted to mate firmly with one groove 254 of the bracket 250. By
      securing each plate 255 to the face of the support 30 using cap screws or
      the like, the tongue and groove union at 254 on each side supports the
      fixed frame 76 in rigid orientation as shown in the Figures. The
      horizontal leg 252 includes three apertures 256 through which the screw
      driver mechanism 74 pass. A plurality of holes 258 accommodate bolt
      fastening of the screw placement mechanism 70 to the horizontal leg 252 of
      the bracket 250.
PAR  The reciprocating bracket 72 comprises an upper platform 270, a lower
      platform 272 and a pair of forward columns 274, the top and bottom plates
      270 and 272 being cantilever supported by the columns. The top plate 270
      comprises three apertures 276, the lower mounting plate 278 of one of
      three fluid motors 280 being secured to the plate vertically above the
      associated aperture 276 so that the output drive shaft 283 of the motor
      extends through and rotates free of the associated aperture 276. The
      distal end of the piston rod 230 extends through an aperture 280 in the
      plate 270 and is secured thereto by nuts or the like so that retraction
      and extension of the piston rod 230 elevates and lowers the reciprocating
      frame 72, respectively. Vertical reciprocation is insured by upper and
      lower aligned bushings 282 and 284 press fit into suitable openings in the
      top and bottom flanges 270 and 272 through which the previously mentioned
      vertical posts 238 pass permitting relative sliding motion of the
      reciprocating frame 72 along the post 238 in respect to the fixed frame
      76. In the absence of force exerted by cylinder 224 the pair of springs
      240 return the reciprocating frame 72 to its elevated position.
PAR  The lower plate 272 comprises three apertures 280 through which the driver
      mechanisms respectfully pass to the head 70, the spacing and location of
      the apertures 286 being selected to correspond to the particular hinge
      apertures through which screws will be driven into the work by head 70.
      Naturally, the screw locations may be varied from embodiment to embodiment
      to suit the hinge needs of a particular application.
PAR  With continued reference to FIG. 6, each driver mechanism 74 comprises a
      female coupling 300 adapted to receive a male spline drive shaft 283 of
      the adjacent motor 280 and held in position by a set screw 302 or the
      like. A central, spring loaded shaft 304 is joined by universal joint 306
      to a female coupling 300. A compressed spring 308 yokes the shaft 304 to a
      lower shaft 310 in such a way that exact alignment between the shafts is
      not necessary for adequate rotation. The lower shaft 310 is joined at
      universal connection 312 to a female coupling 314, the male blade 316 of
      which fits into a female slot 318 of a coupling 320. Coupling 320 fits
      within a bearing 322, accommodating rotation across the plate 272. A
      fitting 220 is non-rotatably coupled to a coupling 324, from which a
      driver shaft 326 non-rotatably depends. Driver shaft 326 is also shown in
      FIG. 7 where it is non-rotatably coupled by sleeve 328 to a driver head
      330 having a male end 332 adapted to mate with the female end of the
      screws to be placed in the work through a hinge. The above-described screw
      driver mechanisms function to rotate as drive shaft when the respective
      motors 280 are on and, upon lowering by the double acting cylinder 224 of
      the reciprocating frame 72, each driver head 330 at male end 332 will
      engage and rotate a screw causing it to be advanced from the head 70 into
      the work through an aperture in the hinge as more fully hereinafter
      described.
PAR  For the purpose of describing the hinge-holding, screw-placing head 70,
      reference is now made to FIGS. 8a, 8b and 8c. It is to be appreciated that
      head 70 comprises three separate screw-receiving and screw-dispensing
      stations. Since each station is substantially identical to the next, only
      one will be described.
PAR  Each screw site of the head 70 comprises a receiving tube 350 having a
      barrel female end 352 into which one of the tubes 68 is press-fit. The
      lower end 354 of each tube is anchored to the head housing 356 with the
      interior 358 of each receiving tube 350 alignedly communicating with a
      diagonal passage 360 in the housing 356. The diagonal passage 360
      intersects a vertical, centrally located cylindrical bore 362 in the head
      at a location below the midpoint. Each vertical bore 362 terminates in an
      enlarged counterbore 364 at the bottom of the housing 356. Each vertical
      bore 362 slidably receives in snug relation a collet 370. The coupling
      sleeve 328 of the associated driver mechanism fits slidably and rotatably,
      but snugly within the central bore 372 of the associated collet 370. As
      best illustrated in FIG. 9, the collet comprises a hollow cylindrical
      member comprising a top cylindrical section 374 containing a snap ring
      groove 376. A reduced diameter portion 378 merges with the top portion 374
      and has a diameter slightly less than the diameter of section 374. The
      central portion 378 comprises the beginning of three slots 380 which
      extend downward through the remaining length of the collet 370. A bearing
      guide 379 is adjacent portion 378. A set screw slot 382 also exists in one
      of the three downwardly extending fingers 384 formed by the slots 380. The
      fingers in question are resilient, although preferably of metal and are
      pre-biased to spring outwardly when unrestrained. Thus, when unrestrained,
      each slot becomes progressively larger in a downward direction. Each slot
      380 is interrupted by a tier shaped opening 386 which, in the assembled
      position, is aligned with the associated diagonal passage 360 of the
      housing 356 to periodically receive gravity dispenser screws emerging from
      the associated tube 68. The lower end of each finger 384 comprises a
      bearing guide 390. A return spring 392, in the assembled condition bears
      against the top surface 394 of the head 356 and also against the exposed
      snap ring 398, which is fitted in the groove 376 as illustrated in the
      Figures. Thus, in the absence of countervaling force, the spring 392 will
      elevate its associated collet 370 to the position of 8a and 8b.
PAR  Each collet also has an interior reduced diameter shoulder 400, the
      diameter of which is less than the diameter of the screw head when the
      collet 370 is in the elevated position of FIG. 8b. Thus, when a screw is
      received by gravity through the tube 68, the hollow interior 358 of the
      receiving tube 350, the passage 360 and the tier drop opening 386, it will
      fall thread first into the position of FIG. 8b being retained in that
      position by engagement of the screw head with the reduced diameter neck
      400. As can be seen from FIG. 8b, the set screw 402 placed in threaded
      bore 404 of the housing 356 has a projecting male extension 406, which
      fits within the slot 382 to restrict the upward and the downward motion of
      the collet respecting the housing 356.
PAR  Normally, a hinge locator or nest 410 (FIG. 8a) receives one or more edges
      of a hinge 412 such that the hinge is held to the nest 410 in a ready to
      be assembled condition by the lateral force of a contoured leaf spring
      414, which engages one side of the hinge at location 416 and is mounted by
      a thumb screw 418 to the head 356 at a tapped and threaded bore (not
      shown). The nest 410 and the hinge are constructed so that one aperture
      420 (FIGS. 8b and 8c) is vertically aligned with each collet held screw.
PAR  Rotation and lowering of the driver mechanisms will bring each driver head
      332 into non-rotatable engagement with the female slots of the associated
      screw head, initially causing the screw to rotate. Continued downward
      displacement of the screw driver mechanisms will cause the associated
      collets 370 to follow the drivers in a downward direction counter to the
      bias of the springs 392. Naturally, the three screws continue to rotate
      and are advanced through apertures 420 in the hinge 412, bite into and are
      displaced into the wood. When the lower bearing guides 390 of the
      vertically depending fingers 384 of each collet 370 are downwardly
      displaced until juxtaposed the counterbore 364, the fingers 384 will
      spread allowing the screws to move downward relative to the collet and
      emerge from the collet as best seen in FIG. 8c. The finger 384 most near
      the passage 360 blocks the passage when the collet is in the down position
      making it impossible for an additional screw to be received in the collet
      or to jam the machanisms at the collet. Thus, when the screw drivers have
      completed their rotation, the screws will be fully inserted and will be
      disposed exterior of the collets. At this point rotation of the screw
      driving mechanism is terminated and the head returned to its elevated
      position preparatory to another hinge-holding screw-placing cycle. The
      return springs 392 elevate the three collets 370 to a height permitted by
      set screws 402, this position being shown in FIG. 8b.
PAR  The correct position for receiving a hinge in screws for the work 430 is
      illustrated in FIGS. 8a, 8b and 8c. This position is best accomplished by
      rotating the crank mechanism 36 thereby displacing the handle 424 and the
      non-rotatable cam 426 which is non-rotatably secured to the handle 424
      from the solid to the dotted line position of FIG. 11. The work is then
      easily placed on the table and inserted beneath the head 70. When the edge
      and ends of the work, usually a door, are correctly oriented as
      hereinafter set forth, the crank 424 and cam 426 are returned to the solid
      line position of FIG. 11. The continuous hinge 428, interposed between the
      frame 22 of the machine 20 and the cable 40 permits the indicated rotation
      at the front lip of the table, the back end of the table resting on the
      cam 426 by force of gravity.
PAR  The previously mentioned edge stops 50, mounted on each bar 42 are slidably
      disposed along a boss 450. The boss comprises a hexagonal bore 452 which
      mates with the cross-sectional configuration of the bar 42. Boss 450 also
      has a set screw 451 for holding the stop 50 in a desired location. An
      abutment surface 450 projects toward the front of the table and extends a
      short distance across and slightly above the table so as to be engaged by
      the work. The abutment 454 is anchored to the projection 456 which is
      integral with the boss 450. A safety switch 460 is mounted to the central
      support 30 and has a switch actuating plunger 462, which when depressed
      turns the machine 20 on and serves also as an edge stop so that when the
      edge of the work along which a hinge is to be placed is against one
      abutment 454 and the abutment 464 of the plunger 460, the edge will be in
      proper alignment with the head 70.
PAR  Each end stop mechanism 52 comprises a support including a boss 470 having
      a central hexagonal bore 472 mating with and slidably related to the
      hexagonal rod 42, with a set screw 474 for critically holding the stop 52
      in a selected position. The button switches 38 are located forward of the
      mechanisms 50 and 52 and project a short distance above the surface 40 of
      the table 34 such that when the work is displaced along the surface 40 of
      the table 34 and across the right button switch 38, the right stop
      mechanism 52 is caused to be elevated and the stop of the left mechanism
      52 is lowered. In like manner, the left button switch elevates the stop of
      the left mechanism 52 and lowers the stop of the right mechanism 52. A
      bracket 476 projects forward from the boss 470 and holds a pneumatic
      cylinder 478 in a vertical position at cross plate 480. The piston rod 482
      extends freely through the plate 480 for extending and retracting the edge
      stop abutment 484, which is integrally secured to the piston 482. The two
      stops 484 of the machine are oppositely directed and it is preferred that
      only one be actuated at a time. Commonly, when a cabinet door comprises
      the work, two hinges will be placed along one edge of the cabinet door.
      The stop structures 50 and 52 are placed along the two rods 42 and secured
      in their placed positions to accommodate placing two hinges with a single
      head 70 through two cycles of the machine first actuating one end stop
      mechanism and then the other. When the left stop mechanism 52 is down and
      the right stop mechanism 52 up, the left end of the work will engage the
      left stop 484 and the back edge of the work will engage the depressed stop
      464 of switch 460 and the stop 454 of the right mechanism 50. In this
      condition, one hinge is screw secured to the door in the previously
      described fashion. Thereafter, the left end stop mechanism 52 is elevated
      and the right end stop mechanism 52 lowered such that the right end of the
      work engages the right stop 484 and the back edge of the work engages the
      left stop 454 and the depressed plunger 464 following which the second
      hinge is automatically screw secured to the door.
PAR  Specific reference is now made to FIG. 12 which comprises a diagrammatic
      representation of the pneumatic system associated with the machine 20. A
      source of pressure 500 preferably on the order of 80 to 130 PSI, depending
      upon the type of wood or material comprising the workpiece. The air under
      pressure is controlled by a master valve 502 and is filtered at 504 to
      remove impurities. Incidentally, it is preferred that the conduit
      channeling air under pressure throughout the pneumatic system of FIG. 12
      be conventional plastic tubing with conventional metal fittings. The air
      at source pressure is delivered by conduit 506 to a solenoid valve 508,
      which is designed to be always on when the master power switch is on.
      Thus, the pressure is regulated across regulator 510 and delivered to the
      vibrator 112 following which the air is exhausted to the cross flow
      control 512 and through a muffler 514 to atmosphere. Thus, vibrator 112 is
      always vibrating when the system is on. Pressure available at conduit 506
      is delivered across regulator 516 to a solenoid valve 518 which, when
      actuated, causes the fluid motors 280 to rotate the screw driver
      mechanisms as henceforth explained. The air influent to the fluid motors
      is lubricated at 520 and is exhausted to a suitable corructor 522. Source
      air crosses pressure reducing regulator 524 and is lubricated at 526.
      Pressure emanating from the lubricator 526 is passed to solenoid valve
      528, pressure operated spool valve 530, the solenoid valve 532, solenoid
      valve 534 and solenoid valve 536 (across regulator 538). When actuated
      solenoid valve 528 delivers air under pressure to the left side of
      pressure operated valve 530, shutting the valve for air flow thereacross
      to the lower side of two way pneumatic cylinder 222 causing the head 70
      and reciprocating frame 72 to elevate. Whenever solenoid valve 528 is
      actuated, solenoid valve 534 is inactive and vice versa. When solenoid
      valve 534 is actuated, air emanating from lubricator 526 is delivered to
      the right side of pressure operated valve 530 causing air to pass from the
      valve to the upper portion of the cylinder 224 lowering the head 70
      together with the reciprocating frame 72.
PAR  When activated, solenoid valve 532 actuates escapment 164 causing three
      screws to drop into tubes 68 and the gravity displaced into ready
      positions within the respective three collets of the head 70.
PAR  Actuation of solenoid valve 536 places the two (left and right) button
      switches 38 in a state of readiness such that depression of the left
      button causes the right end stop 52 to be lowered and the left end stop to
      be elevated and actuation of the right button switch 38 causes the
      opposite to occur. It is to be appreciated that the various pressure
      regulators mentioned are adjustable and are set for optimum operation by
      the user as circumstances may require from time to time.
PAR  A reference is now made to FIG. 13 which illustrates a presently preferred
      electrical schematic for operating the machine 20 heretofore described. A
      110 volt AC electrical source is made available to the master switch 550
      and, when closed, by the operator a fuse 552 prevents overload damage and
      a pilot light 554 is illuminated indicating to the operator the
      availability of power to the machine 20. At the same time, the transformer
      556 is energized delivering 24 volts across its secondary coil. The
      solenoid of solenoid valve 508 is energized causing the vibrator 112 to
      operate. The source power is also communicated to the timer 558.
      Electrical power is made available for auxiliary purposes at outlet 560.
PAR  The 24 volt power is delivered to a starter switch 562 and when safety
      switch 460 is actuated the 24 volt source energizes relay 564 closing the
      switch 566 of the relay permitting operation of the system.
PAR  When the operator actuates the two-way switch 568 into the top position,
      the coil of solenoid 534 is energized causing the cylinder 224 to lower
      head 70. When switch 568 is positioned in its lower position, solenoid 528
      is energized causing the head and cylinder 224 to be oppositely
      positioned. A feedback signal to the timer from solenoid 528 causes the
      timer to energize solenoid 532 causing a set of screws to be dropped at
      the appropriate time.
PAR  Closing by the operator of the stops up switch supplies power to the
      solenoid mechanism of valve 556 and, upon closing of the left button
      switch 38, the right solenoid is energized dropping the stop of the right
      stop structure 52 and holding the stop structure of the left stop
      mechanism 52 in the elevated position. Accordingly, when the right button
      switch 38 is actuated, the left solenoid is energized causing the stop
      structure of the left mechanism 52 to lower and stop structure of the
      right mechanism 52 to be in an elevated position for securing by screws a
      hinge to the workpiece as heretofore described.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiment is therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  We claim:
NUM  1.
PAR  1. An automatic screw insertion machine comprising:
PA1  means for storing, delivering and inserting screws into a workpiece
      adjacent one edge thereof;
PA1  a table upon which the workpiece is placed to receive said screws, one edge
      portion of the table being generally below the first-mentioned means;
PA1  means for relatively lowering and elevating said table edge to facilitate
      placement of said workpiece edge directly beneath said first-mentioned
      means;
PA1  first stop means physically locating said workpiece edge exactly along a
      predetermined line on said table;
PA1  second stop means physically locating the ends of said workpiece in a
      predetermined position on said table in respect to said first-mentioned
      means.
NUM  2.
PAR  2. In an apparatus for inserting a screw into a workpiece comprising:
PA1  means for inserting screws into the workpiece;
PA1  a table upon which the workpiece is placed;
PA1  a plurality of edge stop abutments, at least one said edge stop abutment
      comprising a master switch enabling the apparatus, when actuated by
      engagement with one edge of the workpiece upon the table, said edge stop
      abutments serving to engage and precisely orient said workpiece edge along
      a pre-defined line on the table;
PA1  a plurality of selectively operable end stop abutments, the end stop
      abutments serving to selectively engage and precisely orient respective
      ends of the workpiece on the table;
PA1  means for relatively displacing each end stop abutment between interfering
      and non-interfering locations respecting the workpiece;
PA1  whereby the workpiece is precisely three dimensionally located on the
      table.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the screw inserting means comprise:
PA1  a head simultaneously holding at least one screw for insertion into the
      workpiece;
PA1  driver means advancing and rotating the screw into the workpiece; and
      further comprising:
PA1  means relatively displacing the head to a position adjacent the workpiece;
      the screw inserting means further comprising:
PA1  power means causing the driver means to advance and rotate;
PA1  control means enabling the power means only when the head is adjacent the
      workpiece.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said end stop abutments comprise two,
      wherein said displacing means oppositely simultaneously displace said two
      end stop abutments and further comprising two switches exposed at the
      surface of the table spaced such that one or the other but not both is
      actuated by the work piece upon the table to elevate one and lower the
      other end stop abutment whereby the work piece can be accurately placed in
      either or both, sequentially, of two predetermined positions to receive
      screws.
NUM  5.
PAR  5. In an automatic screw insertion machine:
PA1  a frame;
PA1  a waist level table supported by the frame;
PA1  a plurality of horizontally oriented rods carried by the frame;
PA1  a plurality of workpiece edge and end stop abutments slidably disposed upon
      at least one of said rods;
PA1  means for locking each stop abutment in a selected position along said at
      least one rod;
PA1  at least one mechanism, comprising a screw storage reservoir, screw feeding
      means, screw holding means and screw driving means movably mounted upon
      one or more of said rods for simultaneously inserting sets of screws into
      a workpiece;
PA1  means for locking said at least one mechanism in a selected position along
      said one or more rods.
NUM  6.
PAR  6. An automatic machine for simultaneously placing a plurality of screws
      into the body of a workpiece comprising:
PA1  a screw delivery mechanism comprising:
PA2  a. means for storing, in bulk, a supply of screws;
PA2  b. means for segregating screws, received from storage, into at least one
      set;
PA2  c. means orienting said segregated screws in a head up/threads down
      condition;
PA2  d. means releasing said at least one set of segregated and oriented screws
      from time to time into at least one chute;
PA1  a screw holding mechanism for receiving said set of screws from said at
      least one chute and releasably holding the screws of said set in a
      vertically erect condition;
PA1  a screw driving mechanism comprising screw drivers equal in number to the
      number of screws in said set and power means for simultaneously rotating
      and advancing the screw drivers whereby the screws are engaged and
      advanced into the workpiece and free of the screw holding mechanism.
NUM  7.
PAR  7. A screw insertion machine comprising:  means receiving a workpiece;
PA1  a screw placement mechanism comprising:
PA2  a. at least one screw receiving body;
PA2  b. a plurality of screw holding means carried by the body each defining a
      screw holding site;
PA2  c. screw drivers, each reciprocably and rotatably disposed in respect to
      each screw holding means above the associated screw holding site;
PA2  d. power means for selectively and simultaneously advancing and rotating
      all of said screw drivers to simultaneously engage, rotate and advance the
      screws into the workpiece;
PA1  a relatively reciprocable carriage carrying the screw placement mechanism;
      and
PA1  power means for relatively displacing the screw placement mechanism between
      positions remote from and juxtaposed the workpiece.
NUM  8.
PAR  8. The machine of claim 7 comprising driver site defining means contiguous
      with all screw drivers establishing an array for the drivers in exact
      alignment with the screw holding sites, whereby the number and nature of
      the array may be varied by correspondingly varying the driver site
      defining means and the screw holding means.
NUM  9.
PAR  9. The machine of claim 7 further comprising means for releasably holding a
      hinge, having aperture sites corresponding in number and location to the
      screw holding sites, the hinge being disposed between the work piece and
      the body whereby insertion of the screws affixes the hinge to the work
      piece.
NUM  10.
PAR  10. An automatic screw placement apparatus comprising:
PA1  at least one screw receiving body having a plurality of screw retaining
      sites;
PA1  retention means at each site for releasably retaining a body received screw
      oriented for insertion into a work piece, each said retention means
      comprising means releasing the screw from retention as the screw is being
      inserted into the work piece;
PA1  means interposed between the retention means and the work piece for
      releasably retaining a hinge having an array of apertures corresponding to
      and aligned with said sites;
PA1  power driven screw driver means at each site cooperating with the
      associated retention means, said screw driver means comprising a male
      driving end whereby all retained screws are simultaneously engaged,
      rotated and advanced by the screw driver means through apertures in the
      hinge into the work piece to affix the hinge to the work piece.
NUM  11.
PAR  11. The screw placement apparatus of claim 10 wherein said screw receiving
      body comprises a plurality of chutes along which sets of screws pass by
      force of gravity to said sites and said retention means each comprise a
      collet disposed in a bore in said body, each collet having a lateral
      opening through which screws are received from an associated one of said
      chutes.
NUM  12.
PAR  12. The automatic screw placement apparatus of claim 10 wherein said
      retention means each comprise a collet slidably mounted for reciprocation
      within a bore of the body and biased toward an inactive position, each
      said body bore being dimensionally enlarged at the lower end, each collet
      comprising a lateral screw receiving port, downwardly projecting slidably
      resilient fingers together defining an axial screw driver receiving
      passage with a dimensionally reduced lower end opening against which a
      screw rests in head up/threads down relation after passing through the
      lateral port,
PA1  a power driven screw driver slidably disposed in the axial passageway of
      each collet, which screw drivers are simultaneously advanced to engage,
      rotate and advance a set of screws held by the collets by displacing the
      lower opening of each collet adjacent the dimensionally enlarged lower end
      of the body bores where the resilient fingers of each collet spread under
      screw driver force applied to the head of each screw and the screws escape
      the collets when at least partly inserted within the workpiece.
NUM  13.
PAR  13. The apparatus of claim 12 wherein each said collet comprises guide
      means adjacent the body bore to insure smooth reciprocation of the
      associated collet.
NUM  14.
PAR  14. An automatic screw driver assembly comprising:
PA1  a plurality of screw driver shafts, the driving ends of which are adapted
      to be received in a screw insertion head;
PA1  a relatively reciprocable carriage causing the screw driver shafts to be
      placed adjacent a workpiece;
PA1  placement means carried by the carriage, through which each screw driver
      shaft rotatably passes, defining an array formed by the shafts to
      correspond to aperture locations in a pre-selected hinge and at least in
      part aligning the shafts in parallel relation;
PA1  motor means carried by the carriage for selectively rotating the shafts;
PA1  power transfer means carried by the carriage and spanning between the motor
      means and each screw driver shaft, each power transfer means comprising at
      least two universal joints non-rotatably coupled one to the other by a
      diagonal drive and respectively coupled to the motor means and one shaft
      for conveying rotation from the motor to the shaft.
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PAL  A fixture for assembling a probe card adapted to test integrated circuit
      patterns having contacts deployed thereon. The card includes an opening
      providing access to a pattern and a ring of spaced conductive pads
      surrounding the opening. Anchored on selected pads are blade-like
      needle-holders having needles extending therefrom to engage the contacts
      in the pattern being tested. The fixture is designed to facilitate
      attachment of each needle-holder blade to its pad on the card and to
      orient the blade before such attachment so that the needle point is
      precisely aligned with the related contact.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of the copending application of Evans, Ser.
      No. 390,184, filed Aug. 21, 1973, now U.S. Pat. No. 3,849,728, entitled
      Fixed Point Probe Card and Assembly and Repair Fixture Therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the testing of integrated circuits,
      and, in particular, to a fixture for assembling and repairing fixed point
      probe cards for facilitating such tests.
PAR  Many circuits and complex multi-stage electronic systems that previously
      were regarded as economically unfeasible and impractical are now
      realizable with integrated circuits. The fabrication of a single-crystal
      monolithic circuit involves the formation of diodes, transistors,
      resistors and capacitors on a single microelectronic substrate. In
      practice, a microelectronic substrate for semiconductor integrated
      circuits is formed on a silicon wafer, the patterns for circuit processing
      being applied to the wafer by photolithography. Each wafer contains the
      patterns of many identical integrated circuits. After the patterns are
      tested, the wafer is sliced into "dice," each die containing a single
      circuit.
PAR  In an integrated circuit (IC) pattern, the input output, power supply and
      other terminals of the circuit are formed by metallized contacts, usually
      deployed along the margins of the pattern. The outline of the pattern is
      either square or rectangular, and the marginal locations of the contact
      thereon depend on the circuit configuration and the available marginal
      space. Thus in a relatively simple circuit pattern, all of the marginal
      space may be available for contacts, whereas in more complex circuits,
      portions of the circuit may invade the marginal areas so that contact
      placement is restricted to the free marginal areas. In some instances,
      therefore, the contacts may lie in more or less uniform rows along the
      margins, and in other cases, the contacts may be randomly spaced from each
      other.
PAR  For the purpose of testing any type of integrated-circuit patterns, test
      probe cards have been developed and are now commercially available. Each
      test probe card consists of a printed circuit board having an opening to
      provide access to an IC pattern. The opening is surrounded by a ring of
      conductive pads connected by the printed circuit to card terminals for
      connection to test equipment appropriate to the circuit. The number of
      pads in the ring determine the maximum capacity of the probe card. If, for
      example, the card has 48 pads, it is capable of testing IC patterns having
      48 contacts or less.
PAR  In setting up a probe card for a particular IC pattern, probes in the form
      of needles of tungsten are affixed to selected pads, the needles extending
      over the opening. The length and orientation of each needle is such that
      its point is adapted to engage a respective contact on the IC pattern.
PAR  Let us assume, by way of example, a very simple IC pattern lying within a
      rectangular outline and having five contacts at different marginal
      positions, such as two contacts adjacent on the upper and lower left
      corners of the rectangle and one contact adjacent to the lower right
      corners.
PAR  To assemble a probe card for this five contact, IC pattern, one must attach
      needles to those pads which are most conveniently located with respect to
      the contacts, and since the pattern is rectangular whereas the pads lie in
      a circular array, the stretch of each needle depends on the distance
      between its pad and the particular contact to be engaged. Hence the
      needles in a conventional probe card vary in length.
PAR  Since all of the contacts in the IC pattern lie in a common plane, and must
      be simultaneously engaged in order to carry out testing, it is essential
      that all needle points lie in a plane parallel to the common IC plane.
      Consequently, a fundamental requirement of a probe card is planarization
      of the needle points. The nature of conventional probe cards and the
      character of the assembly fixtures for setting up the probe positions for
      such cards are such that it is virtually impossible to assemble probes
      with needle points lying exactly in the same plane.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is the main object of this invention to
      provide a fixture for assembling and repairing a fixed probe card in which
      all probe needles have points lying precisely in the same plane, all
      needles producing the same optimum contact force whereby positive
      connections are made with all contacts on the IC pattern being tested
      without damage to the contacts.
PAR  Briefly stated, in a fixture in accordance with the invention adapted to
      facilitate assembly and repair of fixed point probe cards, the fixture is
      provided with a vacuum chuck for presenting a substrate or wafer
      containing IC patterns, and an X-Y platform mechanism for supporting the
      card relative to the chuck and for positioning the card with respect to an
      IC pattern on the wafer, the chuck being adjustable in both the theta and
      the Z direction whereby the IC pattern may be aligned and raised or
      lowered relative to the opening in the card.
PAR  The fixture also includes an X-Y-Z needle-holder positioning mechanism
      adapted to grip the holder as well as to orient the holder relative to its
      pad and the needle point relative to its IC contact so that the probe
      position may be properly set before the holder is soldered to the pad. At
      its set position, the holder is slightly raised relative to the pad to
      render its position independent of any warpage in the board.
DRWD
PAC  OUTLINE OF THE DRAWING
PAR  For a better understanding of the invention as well as other objects and
      features thereof, reference is made to the following detailed description
      to be read in conjunction with the annexed drawings wherein:
PAR  FIG. 1 is a plan view of a typical integrated circuit pattern;
PAR  FIG. 2 is a perspective view of a probe card for testing integrated circuit
      and thin film patterns;
PAR  FIG. 3 is a plan view of the underside of the probe card showing the
      printed circuit for effecting connections between the probes and the card
      terminals;
PAR  FIG. 4 is a separate perspective view of one of the needle-holders included
      in the probe card;
PAR  FIG. 5 shows a needle, side mounted in the holder illustrated in FIG. 4;
PAR  FIG. 6 shows another embodiment of a needle-holder, with a needle
      bottom-mounted thereon;
PAR  FIG. 7 shows still another embodiment of a needle holder with a breakaway
      tab;
PAR  FIG. 8 is a modified form of printed circuit board for a probe card;
PAR  FIG. 9 is a perspective view of a probe card assembly and repair fixture in
      accordance with the invention;
PAR  FIG. 10 is an enlarged view of the operating table of the fixture shown in
      FIG. 9;
PAR  FIG. 11 is an elevational view of the gripper in the fixture for clamping
      the needle-holder in the positioning mechanism therefor;
PAR  FIG. 12 is a bottom view of the gripper; and
PAR  FIG. 13 is a sketch illustrating the operation of the fixture.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there is shown, in enlarged form, a typical
      integrated circuit pattern 10 whose actual dimensions are 149 .times. 150
      mils, so that the outline of the pattern is almost square. The IC pattern
      illustrated is a timing circuit which was integrated from a breadboard
      containing over a thousand discrete elements.
PAR  The contacts 11 of the IC are deployed along the four margins of the
      pattern, more than thirty contacts being shown. It will be seen that
      portions of the circuit invade the marginal zones, hence the contacts are
      placed only in free marginal areas. Several such patterns are fabricated
      on a common substrate or wafer. The manner of fabricating the wafers forms
      no part of the present invention.
PAR  In order to test an IC pattern of the type shown in FIG. 1 or any other
      type, a probe card is provided which, as illustrated in FIGS. 2 and 3,
      includes a printed circuit board 12 having a central opening 13, providing
      access to the IC pattern to be tested. Opening 13 is surrounded by a ring
      of equi-spaced conductive pads 14, having a wedge-shaped formation.
      Cantilevered from selected pads are several probes, each formed by a
      needle-holder 15 and a needle supported thereby. The probes overlie the
      opening and are so positioned that the points of the needles occupy the
      same place and are each in registration with an IC contact in the pattern.
PAR  In practice, the array of conductive pads surrounding the opening need not
      be in a circular formation as shown, nor need the pads be equi-spaced or
      wedge-shaped. The formation of pads is determined by the configuration of
      the device to be tested and in some instances, the formation of pads may
      be oval, generally rectangular or in other appropriate geometric forms.
PAR  The number of probes on the card and their respective orientations are
      determined by the number and placement of the contacts on the IC pattern
      to be probed. The probe card shown has a ring of 48 pads; hence the
      maximum capacity of this card is 48. However, if the IC pattern to be
      tested has, say, 25 contacts, then this card is set up with 25 probes
      oriented to simultaneously engage all 25 contacts.
PAR  The printed circuit or the underside of the card is arranged to connect
      even-numbered pads 14 to a row of 24 terminals 17 mounted along the edge
      of the card on the underside, and to connect odd-numbered pads to a like
      row of terminals 18 secured to the face of the card. Though the card shown
      has a maximum capacity of 48 probes, in practice the cards may be made
      with a smaller or larger capacity. In fact, the structure of the probes is
      such that the card lends itself to an exceptionally large capacity, for
      the probes are relatively thin and a larger number thereof may be safely
      crowded into a small space without danger of interference.
PAR  As shown in FIG. 4, each needle-holder is fabricated from a thin strip of
      metal, such as brass, which is mounted in the vertical plane, so that the
      resultant cantilever beam is rigid and highly resistant to deflection. The
      strip is contoured to define an arm 15A having at its free end a
      downwardly extending tooth 15B. A slot 15C is formed on one side of tooth
      15B, adjacent to the bottom edge thereof, to accommodate the shank of
      needle 16 which is soldered to the tooth. This slotted-tooth arrangement
      produces an exceptionally thin probe, making it possible to set up probes
      in a high density arrangement.
PAR  Alternatively the needle may be soldered to the bottom edge of the tooth,
      as shown in FIG. 6. In this instance, the holder thickness must be wide
      enough to accommodate the needle. In FIG. 7, the holder is shown with a
      break-away tab 19 to facilitate gripping of the needle by the fixture. The
      tab is broken off after the probe is mounted on a pad.
PAR  FIG. 8 shows only the bottom of a modified printed circuit board for a
      probe card, and it will be seen that a reinforcing metal washer 20 is
      provided to encircle the access opening and to rigidify the board to
      resist warping or distortions thereof which disturb planarization.
PAR  Referring now to FIGS. 9 and 10, there is shown an assembly and repair
      fixture serving as a station for setting up probes on probe cards in
      accordance with the invention. The fixture includes a base 21 having a
      pedestal 22 mounted thereon for supporting a microscope 23 to permit an
      operator to observe and thereby control the assembly or repair operation.
PAR  Shunted within an opening in the center of base 21 a vacuum chuck 24, onto
      which a wafer containing several patterns is placed, the wafer being held
      to the chuck by a suction force. The chuck is surrounded by a rotary
      turntable 25 on which is supported a platform 26 adapted to receive a
      probe card PC to be set up. The platform is shiftable in the X and Y
      directions relative to the chuck by means of a suitable mechanism (not
      shown), and the chuck may be raised or lowered in the Z direction relative
      to the card by means including a control knob 27.
PAR  Fixedly mounted on platform 21 is a needle-holder X-Y-Z positioning
      mechanism, generally designated by numeral 28, the mechanism including an
      L-shaped arm 29 adapted to grip the needle-holder.
PAR  The needle-holder positioning mechanism arm 29, as shown separately in FIG.
      11, includes at its free end a spring-biased clamp formed by complementary
      jaw elements 30A and 30B which grip the arm 15A of the needle-holder. The
      position of the holder is stabilized by a front rest 31 which abuts the
      inclined top edge of tooth 15B, and a backrest 32 which abuts the rear
      portion of the upper edge of holder arm 15A.
PAR  It will be seen that the jaws are relieved to define two pairs of teeth
      T.sub.1, T.sub.2, T.sub.3 and T.sub.4 directly opposite each other. These
      teeth resist any movement of the holder, for the teeth grip the holder
      firmly at spaced positions and prevent bending of the holder. The teeth
      also minimize physical contact with the holder to avoid a heat sink
      effect. The reason this avoidance of a heat sink is important is that it
      allows solder to flow during the soldering operation without drawing heat
      away from the soldering site.
PAR  The needle-holder positioning mechanism is adapted to shift the gripped
      holder relative to the wafer on the chuck and the pad on the printed
      circuit card which lies below the gripper arm, in either the X or Y
      direction, or in the Z direction. The details of the mechanism for
      effecting X and Y motion and for effecting X-Y-Z motion are not explained,
      for these are commonplace.
PAR  We shall now explain in connection with FIG. 13, the procedure by which a
      probe is brought into position with respect to a pad 14 in the ring
      thereof surrounding the access opening 13 so that the point of needle 16
      extending from the needle-holder gripped by arm 29 of the X-Y-Z mechanism,
      is in registration with a particular contact of an IC pattern formed on a
      wafer held by the chuck.
PAR  As pointed out previously, the position of the X-Y-Z needle-holder
      positioning mechanism is fixed. Hence one must first, by means of the X-Y
      mechanism for adjusting the card position, shift the card platform 26 in
      the X and Y directions until the IC pattern on the wafer is centered with
      respect to opening 13 on the card. Then turntable 25, which carries the
      platform and the chuck, is turned to radially align contact C.sub.1 on the
      IC pattern with the arm 29 on the needle-holder positioning mechanism.
PAR  The holder positioning mechanism is then adjusted in the X and Y directions
      so that (a) the point on needle 16 is in line in the Z direction with
      contact C.sub.1 and (b) the longitudinal axis of the holder lies about
      midway along pad 14. At this junction, the holder mechanism is shifted in
      the Z direction to bring the lower edge of the needle-holder slightly
      above the pad 14. A shim or spacer may be placed between the pad and the
      holder to insure a predetermined slight spacing therebetween.
PAR  Then the Z mechanism for the chuck is operated to raise the wafer until
      contact C.sub.1 on the IC pattern is engaged by the tip of needle 16 and
      the needle is slightly deflected to produce a predetermined optimum
      contact force such as 1.5 grams per mil of deflection. Now the holder may
      be soldered to the pad to perpetuate the set relationships.
PAR  In the procedure described above, the operator depends on the microscope 23
      to determine when the tip of the needle engages the contact. This
      procedure may be facilitated by means of a continuity checker operating
      with a light indicator, making it possible to train an operator more
      quickly and also speeding up the production of probe cards. The continuity
      checker is constituted by a lamp placed under the microscope and operating
      in conjunction with a low voltage supply (i.e., 10 volts). The circuit
      between the power supply and the lamp includes a connection between one
      terminal of the supply and a gripper arm which is insulated from the
      holder positioning mechanism, and a connection between the other terminal
      of the supply and the base casting of the fixture. This circuit is
      completed only when the needle is lowered and touches the contact on the
      IC device, causing the lamp to light up. Thus when the chuck is raised and
      the wafer makes contact with the needle, no further Z motion is necessary.
      If the wafer is non-conductive, a slight deflection of the needle will be
      noted. Now the holder may be soldered to the pad to perpetuate the set
      relationship.
PAR  In subsequent probe assembly operations, one does not touch the Z control
      of the chuck, for the first assembly operation establishes a reference for
      the level of the IC pattern. However, after the holder positioning
      mechanism is adjusted in the X and Y directions to bring the needle-holder
      into its proper position with respect to the appropriate pad, the Z
      control of this mechanism is operated to bring the needle holder down
      toward the pad to a level slightly spaced therefrom, at which level the
      needle point engages its related contact. The holder is then soldered to
      the pad. This procedure is repeated until all contacts on the IC are
      provided with probes on the card.
PAR  While there have been shown and described preferred embodiments of a fixed
      point probe card and an assembly fixture therefor in accordance with the
      invention, it will be appreciated that many changes and modifications may
      be made therein without, however, departing from the essential spirit
      thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fixture for assembling a probe card adapted to test an integrated
      circuit pattern formed on a substrate, said card including a board having
      an opening providing access to said pattern and surrounded by an array of
      conductive pads and probes cantilevered from the pads, each probe being
      constituted by a needle-holding blade disposed in the vertical plane at a
      position slightly raised above its associated pad and having a needle
      extending therefrom to engage a contact on the pattern; said fixture
      comprising:
PA1  A. a chuck for holding said integrated circuit substrate to present the
      pattern thereof;
PA1  B. a platform for supporting said probe card board at a position in which
      the opening of the board is aligned with the chuck,
PA1  C. means for shifting said platform in the X and Y directions to orient
      said array of pads surrounding the board opening relative to the presented
      pattern,
PA1  D. an arm for gripping the blade of a probe to be assembled to hold the
      blade in the vertical plane, and
PA1  E. means to shift said arm in the X, Y and Z directions to align said blade
      at a raised position with respect to a selected pad and to align the point
      of the needle extending from the blade with a contact on said pattern,
      whereby when the blade is properly oriented it may be soldered to said
      pad.
NUM  2.
PAR  2. A fixture as set forth in claim 1, further including means to adjust the
      position of said chuck in the theta and Z directions to present said
      substrate.
NUM  3.
PAR  3. A fixture as set forth in claim 1, wherein said gripping arm is
      constituted by a pair of jaws which are relieved to define two pairs of
      opposing teeth which grip the holder at spaced positions to prevent
      bending thereof without a heat sink effect that inhibits a soldering
      operation.
NUM  4.
PAR  4. A fixture as set forth in claim 1, further including a microscope
      trained on said chuck to facilitate the alignment operations.
NUM  5.
PAR  5. A fixture as set forth in claim 4, further including a continuity tester
      to determine where the needle makes electrical and physical connection
      with a selected contact on said pattern, said tester including a power
      source connected in series with a light indicator to said arm for gripping
      the needle-holder, said arm being electrically insulated from said fixture
      whereby a circuit to said indicator is completed only when said needle
      makes said connection.
NUM  6.
PAR  6. A fixture as set forth in claim 5, wherein said indicator is mounted
      below said microscope whereby one looking through the microscope sees said
      light when the circuit is completed.
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ABST
PAL  Additive formulations for use in petroleum distillates such as gasoline
      which provide improved properties will comprise a mixture of a solution of
      the polymeric reaction product between an epihalohydrin and an N-alkyl
      polyamine in an aromatic solvent, a solution of the polymeric reaction
      product of an epihalohydrin and a primary amine in an aromatic solvent, a
      lower molecular weight alcohol and a demulsifier.
BSUM
PAR  This invention relates to additive formulations for use in petroleum
      distillates. More particularly the invention is concerned with additive
      formulations for use in petroleum distillates such as gasoline whereby
      said distillate will possess advantageous physical properties.
PAR  Petroleum distillates such as gasoline, naphtha, fuel oils, diesel oils,
      jet fuel, kerosene, lubricating oils, cutting oils, soluble oils, slushing
      oils, rolling oils, which may be of mineral, animal or vegetable origin,
      etc., will tend, during storage or in use, to undergo deterioration with
      the concurrent formation of sediment, undesirable discoloration, etc., or
      pick up water. The formation of sediment is objectionable due to the fact
      that sediment tends to plug strainers, burner tips, injectors, etc. The
      presence of water in petroleum distillates such as gasoline is
      disadvantageous inasmuch as the engine of an automobile, bus, truck, etc.,
      may stall due to the formation of ice in the fuel lines. It is also well
      known in the art that, at temperatures ranging from about 30.degree. to
      about 60.degree. F. and at periods of relatively high humidities, such
      stalling has been encountered under idling or low load conditions. This
      stalling is caused by the airborne moisture undergoing freezing due to the
      refrigerating effect which is encountered in normal fuel vaporization
      within the carburetor. The ice is formed on the throttle plate and
      adjacent carburetor walls thereby restricting the narrow air openings and
      causing the engine to stall. This icing problem is of increasing
      importance because of the design of newer automobiles. For example, for
      many years automobiles have not been equipped with a manual throttle and
      therefore the operator of the car no longer is able to increase the idling
      speed during the warm-up period to prevent such stalling. Furthermore, the
      use of automatic transmissions adds to the problem inasmuch as the idle
      speed must be kept relatively low to avoid creeping and, accordingly, the
      idle speed is not sufficiently fast to avoid stalling due to icing. Still
      another development which appears to add to this problem is the increased
      volatility of commercial gasolines, because more frequent stalling is
      encountered with the more volatile fuels.
PAR  In this respect, it has now been discovered that an additive may be
      prepared which, when used in petroleum distillates such as gasoline,
      either leaded or unleaded, will protect against icing stalls and, in
      addition, will also protect against rust and corrosion. This anti-rust
      protection will reduce any deposits which may form in the fuel tank, fuel
      lines, etc. Furthermore, the formulation of the present invention will
      provide improved water interaction properties and has been found to be
      unique in its ability to improve water shedding properties of a fuel which
      contains only a carburetor detergent and de-icer combination.
PAR  It is therefore an object of this invention to provide an additive for
      petroleum distillates which will protect said distillates against
      deterioration.
PAR  A further object of this invention is to provide an additive formulation
      for petroleum distillates whereby certain physical properties will possess
      enhanced values.
PAR  In one aspect an embodiment of this invention resides in an additive
      formulation for petroleum distillates which comprises from about 50% to
      about 90% by weight of a solution of the polymeric reaction product of an
      epihalohydrin and an N-alkylpolyamine in an aromatic solvent, from about
      10% to about 50% by weight of a solution of the polymeric reaction product
      of an epihalohydrin and a primary amine in an aromatic solvent, from about
      1% to about 10% by weight of a lower molecular weight alcohol and from
      about 1% to about 10% by weight of an oil demulsifier.
PAR  A specific embodiment of this invention is found in an additive formulation
      for petroleum distillates which comprises from about 50% to about 90% by
      weight of a solution of the polymeric reaction product of epichlorohydrin
      and N-tallow-1,3-propanediamine in an aromatic solvent, from about 10% to
      about 50% by weight of a solution of the polymeric reaction product of
      epichlorohydrin and hydrogenated tallow amine in an aromatic solvent, from
      about 1% to about 10% by weight of isopropyl alcohol and from about 1% to
      about 10% by weight of an oil demulsifier.
PAR  Other objects and embodiments will be found in the following further
      detailed description of the present invention.
PAR  As hereinbefore set forth the present invention is concerned with additive
      formulations which, when added to petroleum distillates, will provide
      certain beneficial effects such as maintaining the cleanliness of engine
      parts, protect against icing, stalling, provide anti-rust protection by
      acting as a corrosion inhibitor, function as a fuel oil
      stabilizer-dispersant, etc., the importance of preventing stalling in
      automotive engines being of primary importance. In addition, when
      utilizing the additive formulation of the present invention, the petroleum
      distillate such as gasoline, fuel oil, etc., will be protected during
      storage and, in addition, the equipment which is necessary for handling
      said petroleum distillate during production, storage and use will be
      protected against rust and corrosion.
PAR  The additive formulation of the present invention consists of 4 components,
      namely, (1) a solution of the polymeric reaction product resulting from
      the reaction between an epihalohydrin and an N-alkylpolyamine in an
      aromatic solvent; (2) a solution of the polymeric reaction product of an
      epihalohydrin and a primary amine in an aromatic solvent; (3) a lower
      molecular weight alcohol and (4) an oil demulsifier. The first component
      which is present in the additive formulation, namely, the polymeric
      reaction product of an epihalohydrin and an N-alkylpolyamine is prepared
      by effecting the reaction at temperatures ranging from about 20.degree. to
      about 100.degree. C. The N-alkylpolyamine which is reacted with the
      epihalohydrin preferably comprises N-alkyl-1,3-diaminopropanes in which
      the alkyl group contains at least 12 carbon atoms and a straight chain of
      at least 3 carbon atoms attached to the nitrogen atom. Illustrative
      examples include N-dodecyl-1,3-diaminopropane,
      N-tridecyl-1,3-diaminopropane, N-tetradecyl-1,3-diaminopropane,
      N-pentadecyl-1,3-diaminopropane, N-hexadecyl-1,3-diaminopropane,
      N-heptadecyl-1,3-diaminopropane, N-octadecyl-1,3-diaminopropane,
      N-nonadecyl-1,3-diaminopropane, N-eicosyl-1,3-diaminopropane,
      N-heneicosyl-1,3-diaminopropane, N-docosyl-1,3-diaminopropane,
      N-tricosyl-1,3-diaminopropane, N-tetracosyl-1,3-diaminopropane,
      N-pentacosyl-1,3-diaminopropane, N-hexacosyl-1,3-diaminopropane,
      N-heptacosyl-1,3-diaminopropane, N-octacosyl-1,3-diaminopropane,
      N-nonacosyl-1,3-diaminopropane, N-triacontyl-1,3-diaminopropane,
      N-hentriacontyl-1,3-diaminopropane, N-dotriacontyl-1,3-diaminopropane,
      N-tritriacontyl-1,3-diaminopropane, N-tetratriacontyl-1,3-diaminopropane,
      N-pentatriacontyl-1,3-diaminopropane, N-hexatriacontyl-1,3-diaminopropane,
      N-heptatriacontyl-1,3-diaminopropane, N-octatriacontyl-1,3-diaminopropane,
      N-nonatriacontyl-1,3-diaminopropane, N-tetracontyl-1,3-diaminopropane,
      etc. As before mixtures are available commercially, usually at lower
      prices, of suitable compounds of this class and advantageously are used
      for the purposes of the present invention. One such mixture is "Kemamine
      D-970" which is N-hydrogenated-tallow-1,3-diaminopropane and predominates
      in alkyl groups containing from 16 to 18 carbon atoms each, although the
      mixture contains a small amount of alkyl groups containing 14 carbon atoms
      each. Another mixture available commercially is N-coco-1,3-diaminopropane
      which contains alkyl groups predominating in 12 to 14 carbon atoms each.
      ll
PAR  While the N-alkyl-1,3-diaminopropanes are preferred compounds of this
      class, it is understood that suitable N-alkyl ethylene diamines,
      N-alkyl-1,3-diaminobutanes, N-alkyl-1,4-diaminobutanes,
      N-alkyl-1,3-diaminopentanes, N-alkyl-1,4-diaminopentanes,
      N-alkyl-1,5-diaminopentanes, N-alkyl-1,3-diaminohexanes,
      N-alkyl-1,4-diaminohexanes, N-alkyl-1,5-diaminohexanes,
      N-alkyl-1,6-diaminohexanes, etc. may be employed, but not necessarily with
      equivalent results. Also, it is understood that polyamines containing
      three or more nitrogen atoms may be employed provided they meet the
      requirements hereinbefore set forth. Illustrative examples of such
      compounds include n-dodecyl-diethylene triamine, N-tridecyl-diethylene
      triamine, N-tetradecyldiethylene triamine, etc., N-dodecyl-dipropylene
      triamine, N-tridecyldipropylene triamine, N-tetradecyl-dipropylene
      triamine, etc., N-dodecyldibutylene triamine, N-tridecyl-dibutylene
      triamine, N-tetradecyl-dibutylene triamine, etc., N-dodecyl-triethylene
      tetramine, N-tridecyl-triethylene tetramine, N-tetradecyl-triethylene
      tetramine, etc., N-dodecyl-tripropylene tetramine, N-tridecyl-tripropylene
      tetramine, N-tetradecyl-tripropylene tetramine, etc.,
      N-dodecyl-tributylene tetramine, N-tridecyl-tributylene tetramine,
      N-tetradecyl-tributylene tetramine, etc., N-dodecyl-tetraethylene
      pentamine, N-tridecyl-tetraethylene pentamine, N-tetradecyl-tetraethylene
      pentamine, etc., N-dodecyl-tetrapropylene pentamine,
      N-tridecyl-tetrapropylene pentamine, N-tetradecyl-tetrapropylene
      pentamine, etc., N-dodecyl-tetrabutylene pentamine,
      N-tridecyl-tetrabutylene pentamine, N-tetradecyltetrabutylene pentamine,
      etc.
PAR  In another embodiment, polyaminoalkanes meeting the requirements
      hereinbefore set forth may be employed but generally such materials are
      not available commercially and, therefore, generally are not preferred.
      Illustrative examples of such compounds include 1,12-diaminododecane,
      1,13-diaminotridecane, 1,14-diaminotetradecane, etc.
PAR  In general, unsaturated compounds may be employed, provided they meet the
      other requirements hereinbefore set forth. Such amine compounds may be
      prepared from unsaturated fatty acids and, therefore, may be available
      commercially at lower cost. Illustrative examples of such amine compounds
      include dodecylenyl amine, N-dodecylenyl ethylene diamine,
      N-dodecylenyl-1,3-diaminopropane, oleyl amine, N-oleyl ethylene diamine,
      N-oleyl-1,3-diaminopropane, linoleyl amine, N-linoleyl ethylene diamine,
      N-linoleyl-1,3-diaminopropane, etc. Mixtures are commercially available
      which contain predominantly unsaturated carbon chains, and one such
      mixture is "Duomeen O" which is N-oleyl-1,3-diaminopropane in which the
      unsaturated C.sub.18 chain is the main constituent. In addition, mixtures
      of alkyl and alkenyl amines may also be employed. One such mixture is
      "Duomeen T" which is a mixture of N-substituted 1,3-diaminopropanes in
      which the carbon chain consists of saturated and unsaturated groups
      containing 16 to 18 carbon atoms. It is understood that these amine
      compounds are included in the present specifications and claims by
      reference to amine or amine compounds.
PAR  As hereinbefore set forth, the amine compound is reacted with an
      epihalohydrin compound. Epichlorohydrin is preferred. Other
      epichlorohydrin compounds include 1,2-epoxy-4-chlorobutane,
      2,3-epoxy-4-chlorobutane, 1,2-epoxy-5-chloropentane,
      2,3-epoxy-5-chloropentane, etc. In general, the chloro derivatives are
      preferred, although it is understood that the corresponding bromo and iodo
      compounds may be employed. In some cases epidihalohydrin compounds may be
      utilized. It is understood that the different epihalohydrin compounds are
      not necessarily equivalent in the same or different substrate and that, as
      hereinbefore set forth, epichlorohydrin is preferred.
PAR  In general, one or two moles of amine compound is reacted with one or two
      moles of epihalohydrin compound. It is understood that, in some cases, an
      excess of amine or of epihalohydrin may be supplied to the reaction zone
      in order to ensure complete reaction, the excess being removed
      subsequently in any suitable manner. When two moles of amine are reacted
      per mole of epihalohydrin compound, the amine may comprise the same or
      different amine compound.
PAR  The desired quantity of alkylamine and epihalohydrin compounds may be
      supplied to the reaction zone and therein reacted, although generally it
      is preferred to supply one reactant to the reaction zone and then
      introduce the other reactant step-wise. Thus, usually it is preferred to
      supply the alkylamine to the reaction zone and to add the epihalohydrin
      compound step-wise, with stirring. When it is desired to react two
      different alkylamines with the epihalohydrin compound, one of the amines
      is supplied to the reaction zone, the epihalohydrin compound added
      gradually, and the reaction completed, followed by the addition of the
      second alkylamine. Generally, it is preferred to utilize a solvent and, in
      the preferred embodiment, a solution of the alkylamine in a solvent and a
      separate solution of the epihalohydrin compound in a solvent are prepared,
      and these solutions are then commingled in the manner hereinbefore set
      forth. Any suitable solvent may be employed, a particularly suitable
      solvent comprising an alcohol including ethanol, propanol, butanol, etc.,
      2-propanol being particularly desirable. Other solvents such as those of
      the aromatic type as benzene, toluene, xylenes, etc., are also desirable.
PAR  As hereinbefore set forth the reaction is effected at temperatures which
      generally will be within the range of from about 20.degree. to about
      100.degree. C. and preferably within the range of from about 50.degree. to
      about 75.degree. C. If so desired, higher reaction temperatures ranging
      from about 30.degree. to about 150.degree. C. or more and preferably of
      from about 50.degree. to about 100.degree. C. may be employed if the
      reaction is effected at superatmospheric pressures, the combination of
      superatmospheric pressures and elevated temperatures increasing the
      reaction velocity.
PAR  Either before or after removal of the reaction product from the reaction
      zone, the product is treated to remove the halogen, generally in the form
      of an inorganic halide salt as, for example, the hydrogen halide salt.
      This may be effected in any suitable manner and may be accomplished by
      reacting the product with a strong inorganic base such as sodium
      hydroxide, potassium hydroxide, etc., to form the corresponding metal
      halide, the removal of the halogen being effected at substantially the
      same conditions as were employed in the reaction between the alkylamine
      and the epihalohydrin. Upon completion of this reaction the metal halide
      is removed in any suitable manner such as by filtration, centrifugal
      separation, etc. In addition, it is to be understood that the reaction
      product is also heated to a sufficient temperature to remove alcohol and
      water, the removal of said alcohol and water being effected either before
      or after the treatment to remove the inorganic halide. The reaction
      product is thus present in a typical case as a 50 wt. % solution in an
      aromatic solvent.
PAR  The second component of the additive formulation will comprise the
      polymeric reaction product of an epihalohydrin and a primary amine.
      Illustrative examples of primary alkylamines in which the alkyl portion
      contains at least 12 carbon atoms include dodecyl amine, tridecyl amine,
      tetradecyl amine, pentadecyl amine, hexadecyl amine, heptadecyl amine,
      octadecyl amine, nonadecyl amine, eicosyl amine, heneicosyl amine, docosyl
      amine, tricosyl amine, tetracosyl amine, pentacosyl amine, hexacosyl
      amine, heptacosyl amine, octacosyl amine, nonacosyl amine, triacontyl
      amine, hentriacontyl amine, dotriacontyl amine, tritriacontyl amine,
      tetratriacontyl amine, pentatriacontyl amine, hexatriacontyl amine,
      heptatriacontyl amine, octatriacontyl amine, nonatriacontyl amine,
      tetracontyl amine, etc. Conveniently, the long chain amines are prepared
      from fatty acids or more particularly mixtures of fatty acids formed as
      products or by-products. Such mixtures are available commercially,
      generally at lower prices and, as another advantage of the present
      invention, the mixtures may be used without the necessity of separating
      individual amines in pure state.
PAR  An example of such a mixture is hydrogenated tallow amine which is
      available under various trade names including "Alamine H26D" and "Armeen
      HTD." These products comprise mixtures predominating in alkylamines
      containing 16 to 18 carbon atoms per alkyl group, although they contain a
      small amount of alkyl groups having 14 carbon atoms, and also meet the
      other requirements hereinbefore set forth.
PAR  It is also contemplated that the primary amine may also consist of an
      unsaturated material; the amine compounds being prepared, if so desired,
      from unsaturated fatty acids. Illustrative examples of such amine
      compounds include dodecylenyl amine, oleyl amine, linoleyl amine, etc.
      Mixtures are commercially available which contain predominantly
      unsaturated carbon chains, and one such mixture is "Armeen O." In
      addition, mixtures of alkyl and alkenyl amines may also be employed. One
      such mixture is "Armeen T" which is a mixture of primary amines in which
      the carbon chain consists of saturated and unsaturated groups containing
      16 to 18 carbon atoms.
PAR  The epihalohydrin compound which is reacted with the aforementioned
      alkylamines will be selected from the same group which was hereinbefore
      set forth in the discussion relating to the reaction between the
      N-alkylpolyamine and the epihalohydrin. In addition, the same method of
      preparation and same reaction conditions of temperature and pressure are
      also employed in the formation of this polymeric reaction product, which
      upon product work-up is typically present as a 50 wt. % solution in an
      aromatic solvent.
PAR  The third component of the additive formulation of the present invention
      comprises a lower molecular weight alcohol which contains from 1 to about
      5 carbon atoms, some specific illustrative examples of these alcohols
      being methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol,
      n-butyl alcohol, sec-butyl alcohol, t-butyl alcohol, n-amyl alcohol,
      sec-amyl alcohol, etc.
PAR  The fourth component of the additive formulation of the present invention
      will comprise an oil demulsifier. In the preferred embodiment of the
      invention the demulsifier which is used comprises a copolymer of ethylene
      oxide and propylene oxide, these compounds being polymerized in such a
      manner so that the molecular weight of the oil demulsifier will be about
      4000. A specific type of demulsifier which is employed in the additive
      formulation of the present invention is sold under the trade name
      Tretolite R-77 sold by the Petrolite Company.
PAR  The components of the additive formulation of the present invention are
      admixed by any means known in the art such as stirring, agitation, etc.,
      and will be present in the formulation in such a manner so that the
      solution of the polymeric reaction product of an epihalohydrin and an
      N-alkylpolyamine in an aromatic solvent is present in an amount in the
      range of from about 50% to about 90% by weight, the solution of the
      polymeric reaction product between an epihalohydrin and a primary amine in
      an aromatic solvent is present in an amount in the range of from about 10
      to about 50 wt. %, the lower molecular weight alcohol is present in an
      amount in the range of from about 1 to about 10 wt. % and the demulsifier
      is present in a range of from about 1 to about 10 wt. %.
PAR  In general, the additive formulation will be present in the petroleum
      distillate in an amount in the range of from about 10 to about 1,000 ppm.
      by weight of the petroleum distillate, although it is contemplated within
      the scope of this invention that lesser or greater amounts of the
      formulation may be present, the specific amount being dependent upon the
      particular petroleum distillate which acts as the substrate for the
      formulation. As will hereinafter be shown in the appended examples, the
      presence of the additive formulation in the petroleum distillate will
      provide improved activity in carburetor detergency, de-icing activity,
      improved water interaction properties, over the petroleum distillates
      which do not contain the additive formulation of the present invention.
PAR  The following examples are given to illustrate the additive formulations of
      the present invention and the ability of the same to provide improved
      properties to petroleum distillates. However, these examples are not
      intended to limit the generally broad scope of the present invention in
      strict accordance therewith.
DETD
PAC  EXAMPLE I
PAR  As an illustration of the improved water interaction properties of the
      additive formulations of the present invention when used in gasoline, a
      series of experiments were performed using a water emulsibility test
      method as developed by Union Oil Company. The test method which was used
      comprised adding approximately 600 cc. of gasoline to a mixing vessel,
      following which exactly 6 cc. of distilled water is then pipetted into the
      gasoline. The water and gasoline are then stirred for a period of exactly
      10 minutes utilizing a stopwatch which is started with water addition. At
      the end of the 10-minute period, the stopwatch is quickly set to zero and
      started to that all subsequent times are measured from the moment that
      stirring is stopped.
PAR  A siphon tube is then placed into the liquid and clamped into such a
      position which has been preset to siphon the correct volume. At exactly 30
      seconds from the time that stirring is stopped, the siphon is started
      using a suction bulb and 450 cc. of the gasoline-water mixture is
      transferred to a settling vessel. The settling vessel is provided at the
      lower end thereof with a 15 cc. calibrated centrifuge tube. The siphon
      tube is then removed and a loose stopper is placed on the settling vessel.
      The volume of water which has dropped to the bottom of the settling vessel
      is recorded at intervals of 1.5 minutes, 2 minutes and at each minute
      thereafter through 10 minutes. Following this the volume of water is
      further recorded at intervals of 15, 20, 30, 60, 90 and 120 minutes. After
      the fuel has reached the clear point, any water drops which remain on the
      walls of the settling tube are loosened by use of a rubber policeman and a
      final water volume is read.
PAR  Additional quantitative data which may be taken include a time for the
      gasoline to reach a light haze point and a clear point. Also the percents
      by volume of water phase that is emulsion is recorded at each water volume
      reading through the 2-hour period. The light haze point is defined as the
      time when two parallel red lines on a white card which are observed
      horizontally through the gasoline can first be resolved as two separate
      lines. These two lines are from 0.3 to 0.5 mm. thick and are separated by
      a distance of 0.3 to 0.5 mm. The card containing these lines is held at
      the bottom of the main point of the settling vessel just above the
      shoulder of the vessel. The clear point is the time at which the gasoline
      first reaches a bright and clear condition. This point is best judged by
      looking vertically down into the vessel. Observation of both the light
      haze and the clear point are made each 15 minutes following 30 minutes and
      beyond 120 minutes as necessary to catch the points.
PAR  The water emulsibility rating which is set forth in the following table is
      calculated from the following equation:
PAR  Emulsibility Rating = D.sub.1 + D.sub.2 - T.sub.1 - T.sub.2 - E + 400
PA1  d.sub.1 = percent by volume of water which drops out in 30 seconds
PA1  D.sub.2 = Percent by volume of water which drops out in 10 minutes
PA1  T.sub.1 = Minutes for gasoline to reach the light haze point
PA1  T.sub.2 = Minutes for gasoline to clear
PA1  E = Percent by volume of water layer in the settling vessel that is
      emulsion after 2 hours of settling
PAR  The constant of 400 is added to give positive ratings for any additives.
PAR  Normally, the emulsion, if present, is a clearly recognized fraction of the
      water layer. If the water is cloudy, it is considered to be 20% emulsion;
      very cloudy water is considered to be 100% emulsion.
PAR  In the table below the results of four different tests are reported. Test A
      was run with gasoline which contained no additives. Test B was run with a
      sample of gasoline which contained 34 ppm. of an additive comprising 75%
      of a 50 wt. % solution of the polymeric reaction product between
      epichlorohydrin and N-tallow-1,3-diaminopropane in an aromatic solvent and
      25% of a 50 wt. % solution of the polymeric reaction product of
      epichlorohydrin and oleyl amine in an aromatic solvent. Test C was run
      using 600 cc. of gasoline containing 34 ppm. of the additive used in Test
      B plus 4 ppm. of isopropyl alcohol. Test D was run with gasoline which
      contained 35 ppm. of the additive formulation of the present invention,
      namely, 70% by weight of a 50 wt. % solution of the polymeric reaction
      product of epichlorohydrin and N-tallow1,3-propanediamine in an aromatic
      solvent, 23% by weight of a 50 wt. % solution of the polymeric reaction
      product of epichlorohydrin and oleyl amine in an aromatic solvent, 5% by
      weight of isopropyl alcohol and 2% by weight of an oil demulsifier
      comprising a copolymer of ethylene oxide and propylene oxide. The results
      of these tests are set forth in Table I below:
TBL                TABLE I                                                     

     ______________________________________                                    

             TOTAL                     EMULSIBILITY                            

     TEST    H.sub.2 O, cc                                                     

                          % EMULSION   RATING                                  

     ______________________________________                                    

     A       0            0            508                                     

     B       3.5          100          282.2                                   

     C       3.5          97           350.22                                  

     D       0.9          0            538                                     

     ______________________________________                                    

PAR  It will be noted from the above comparative tests that the gasoline sample
      which contained the additive formulation of the present invention
      approached the values of the blank gasoline, that is, practically no water
      came over as compared to the 3.5 cc. of water which came over with the
      additives used in Tests B and C. Likewise, there was no emulsion found in
      the gasoline which contained the additive formulation of the present
      invention and, in addition, the emulsibility rating of the gasoline with
      additive formulation of the present invention was higher than that of the
      blank gasoline. This contrasted again with the emulsion percentage of the
      gasolines containing the additives of Tests B and C as well as a lower
      emulsibility rating of these two samples.
PAC  EXAMPLE II
PAR  As a further illustration of the ability of the additive formulation of the
      present invention to impart desirable characteristics to petroleum
      distillates, a carburetor icing test was performed in which both regular
      and premium type gasoline were evaluated with and without the additive
      formulation of the present invention.
PAR  The anti-icing properties were determined in a carburetor icing
      demonstration apparatus consisting of a vacuum pump equipped so that cool
      moisture-saturated air from an ice tower is drawn through a simulated
      carburetor. The gasoline sample passes from a fuel reservoir through a
      flow meter into the carburetor at a rate of 1.4 lb/hr. The air from the
      ice tower is passed at a flow rate of 14.4 lb/hr at a temperature of
      40.degree. F. In addition, the manifold vacuum is 9.5 inches of mercury at
      the start and 12.5 at the end of the test. Evaporation of the gasoline in
      the carburetor further cools the cold moist air, with resulting ice
      formation on the throttle plate. The time in seconds is measured until a
      drop of 3 inches of mercury vacuum occurs which indicates stalling
      conditions. The regular type gasoline which was used in this experiment
      reached stalling conditions within about 16.5 seconds. In contrast to
      this, when an additive formulation of the present invention consisting of
      70% by weight of a 50 wt. % solution of the polymeric reaction product of
      epichlorohydrin and N-tallow-1,3-propanediamine in an aromatic solvent,
      23% by weight of a  50 wt. % solution of the polymeric reaction product of
      epichlorohydrin and oleyl amine in an aromatic solvent, 5% by weight of
      isopropyl alcohol and 2% by weight of an oil demulsifier comprising a
      copolymer of ethylene oxide and propylene oxide was added in
      concentrations of 10, 30 and 50 ppm. of gasoline, the stalling times were
      23.2, 31.6 and 44.1 seconds respectively.
PAR  Likewise when commercial premium grade gasoline was evaluated in like
      manner, it was found that the stalling time of the premium grade gasoline
      which contained no additive was 24.7 seconds while the stalling time of
      the premium base gasoline with 10 ppm. of the additive formulation
      described above increased to 34.6 seconds.
PAR  It is thus readily apparent that the addition of the additive formulation
      of the present invention was effective in increasing the icing time of
      both regular base and premium base gasoline.
PAC  EXAMPLE III
PAR  As an additional example of the ability of an additive formulation of the
      present invention to afford desirable characteristics to petroleum
      distillates, an additive having the formulation as set forth in Examples I
      and II above was utilized in a carburetor detergency test. Again the
      additive formulation was used in connection with both regular base and
      premium base gasoline. The blank fuels afforded very dirty carburetor
      throat bodies after the standard 5-hour test cycle. In contradistinction
      to this, the additive formulation, when added to both regular base and
      premium base gasolines in concentrations of 30 and 50 ppm., were effective
      in keeping these deposits to a low level at the 30 ppm. dosage level and
      keeping the area of the carburetor clean at the 50 ppm. dosage level. A
      summary of these tests is set forth in Table II below:
TBL                                    TABLE II                                

     __________________________________________________________________________

                            % Reduction in Deposits                            

                    Concentration                                              

                            (Keep Clean)                                       

     Fuel Type                                                                 

            Additive                                                           

                    (ppm)   Upper      Lower                                   

     __________________________________________________________________________

     Regular                                                                   

            None            .rarw.                                             

                                Very Dirty                                     

            Additive A*                                                        

                    30      25         35                                      

                    50      35         25                                      

     Premium                                                                   

            None            .rarw.                                             

                                Very Dirty                                     

                                       .fwdarw.                                

            Additive A*                                                        

                    30      35         25                                      

                    50      80         75                                      

     __________________________________________________________________________

      *Additive A is 70% by weight of a 50 wt. % solution of the polymeric     

      reaction product of epichlorohydrin and N-tallow-1,3-propanediamine in an

      aromatic solvent, 23% by weight of a 50 wt. % solution of the polymeric  

      reaction product of epichlorohydrin and oleyl amine in an aromatic       

      solvent, 5% by weight of isopropyl alcohol and 2% by weight of an oil    

      demulsifier comprising a copolymer of ethylene oxide and propylene oxide.

PAL  The results set forth in Table II above clearly illustrate the ability of
      the additive formulation of the present invention to reduce deposits on
      the throttle plate of a carburetor which tend to build up when using
      gasoline which does not contain the aforesaid additive formulation.
PAC  EXAMPLE IV
PAR  In this example an additive formulation is prepared by thoroughly admixing
      70% by weight of a solution of the polymeric reaction product of an
      epichlorohydrin and N-soya-1,3-propanediamine in an aromatic solvent, 23%
      by weight of a solution of the polymeric reaction product of
      epichlorohydrin and hydrogenated tallow amine in an aromatic solvent, 5%
      by weight of ethyl alcohol and 2% by weight of an oil demulsifier
      comprising a copolymer of ethylene oxide and propylene oxide, said
      copolymer having a molecular weight of about 4,000. The formulation is
      utilized as an additive for gasoline and is subjected to water
      emulsibility, anti-icing and carburetor detergency tests similar to that
      set forth in Examples I through III above. It will be determined that this
      additive formulation will impart desirable characteristics to the gasoline
      similar in nature to the characteristics which were imparted to gasoline,
      both regular base and premium base, when the additive formulation of
      Examples I through III was used.
PAC  EXAMPLE V
PAR  In addition to the tests which were performed utilizing the additive
      formulation of the present invention, it was also used in a stability test
      to illustrate the activity of the formulation as a fuel oil stabilizer.
      The one-day fuel oil stability test which was used consisted in filtering
      the fuel oil through coarse filter paper to remove any sediment or
      emulsion which may have been present. Following this, 1 liter of the fuel
      oil was measured into a flask containing 4 mild cold-rolled steel strips 5
      .times. 1/2 .times. 1/16 inches in size which had been sand blasted and
      rinsed with a solvent. In one flask 10 ppm. of an additive formulation of
      the type set forth in Example I above were added to the fuel oil and the
      two flasks were swirled to thoroughly admix the mixture. An oxygen line
      was then placed in the flask and the air space was purged with oxygen for
      a period of 5 minutes. Following this, a Teflon sleeve was placed on the
      stopper of the flask, the flask was stoppered and the stopper was secured
      with steel springs. The flasks were then placed in an oil bath for a
      period of 16 hours while maintaining the temperature of the bath at
      212.degree. F. At the end of the 16 hours, the flasks were removed from
      the bath and allowed to return to room temperature for a period of 1 hour.
      An AA Millicore filter disc was weighed in a Petri dish. The fuel oil was
      then filtered through the disc into a clean suction flask, using a soft
      vacuum at the start of the filtration to avoid any possible damage to the
      filter. Upon completion of the filtration, a portion of the filtered oil
      was removed for a color determination. The flask and iron strips were then
      rinsed three times with 100 cc. portions of solvent, said solvent being
      also filtered through the filter. The filter was then rinsed with a small
      amount of additional solvent to insure that all of the oil was washed
      through the filter. Thereafter the filter was suction dried by an
      additional vacuum treatment.
PAR  The filter was then removed and placed in the same Petri dish in which it
      had previously been weighed. The filter was then baked in an oven for 1
      hour at a temperature of 95.degree. C., following which the dish was
      removed, cooled in a dessicator for a period of 16 hours and reweighed.
      The net gain in weight was calculated as milligrams of sediment per liter.
      The total sediment which is formed is taken as an important criterion of
      fuel oil stability due to the fact that it correlates roughly with field
      performance.
PAR  The stability test hereinbefore described was utilized with two separate
      fuel oils. The characteristics of these fuels are set forth in the
      following table.
TBL  __________________________________________________________________________

     Characteristics       Fuel 1   Fuel 2                                     

     __________________________________________________________________________

     Gravity, API 60.degree. F.                                                

                           32.8 (0.8612)                                       

                                    30.8 (0.8718)                              

     Flash, PMCC, .degree.F                                                    

                           178      168                                        

     Color, ASTM D-1500    0.5      &lt;1.0                                       

     Cloud Point, ASTM D-2500                                                  

                           5        -2                                         

     Pour Point, ASTM D-97 0        -15                                        

     Viscosity, Kin CS at 100.degree. F.                                       

                           2.88     3.35                                       

     Saybolt Color         --       --                                         

     Dist. ASTM D-87                                                           

      IBP.degree.          370      373                                        

      10%                  447      456                                        

      50%                  524      539                                        

      90%                  586      610                                        

      EP.degree. F         620      642                                        

     Total Sulfur, wt-%    0.258    0.226                                      

     Mercaptan Sulfur, wt-%                                                    

                           0.0021   0.0003                                     

     Hydrogen Sulfide, wt-%                                                    

                           &lt;0.0001  &lt;0.0001                                    

     Total Nitrogen, ppm   64.+-.1  105.+-.1                                   

     Acid No., mg KOH/gm   &lt;0.001                                              

     Alkali extractable Phenols, by UV/ppm                                     

                           175      510                                        

     Alkali extractable Thiophenol by UV/ppm                                   

                           &lt;10      40                                         

     Copper by AAS, ppb    15       &lt;10                                        

     Photo Color           93.0     93.0                                       

     Color ASTM D-1500 converted                                               

                           1/2      1/2                                        

     Sediment, mg/100 ml            0.5                                        

     __________________________________________________________________________

PAR  The results of the two tests utilizing, as hereinbefore set forth, 10 ppm.
      of the additive formulation of Example I above, is as follows:
TBL  ONE-DAY FUEL OIL                                                          

     STABILITY TEST                                                            

           Additive                                                            

     Fuel  (at 10 ppm.) ASTM Color  Sediment mg/100 ml                         

     ______________________________________                                    

     1     None         1           0.3                                        

     1     A            1           0.1                                        

     2     None         1           0.3                                        

     2     A            1           0.1                                        

     ______________________________________                                    

      A = Additive formulation of Example I                                    

PAR  It is readily apparent from the above data that the fuel oils containing
      the additive formulation retarded the tendency of the oils to form
      sediment and, in addition, maintained the color of the oil in an
      acceptable form.
PAC  EXAMPLE VI
PAR  To illustrate the corrosion protection activity of the additive
      formulations of the present invention, another test is performed in which
      an iron strip has one surface thereof freshly polished. The iron strip is
      placed with the polished side up on the bottom of an 800 ml beaker which
      contains 500 ml of fuel oil in order to prewet the surface. The 500 ml of
      fuel oil is transferred to a Waring blender and mixed with 5,000 ppm. of
      distilled water for 1 minute. The resulting hazed fuel is returned to the
      beaker which is thereafter covered with a glass. After a 24-hour period of
      settling, the iron strip is examined for rust and the percentage of the
      surface covered by rust is determined. The test is repeated after aging
      the fuel oil at 110.degree. F. for a period of 6 weeks and again after 18
      weeks. When the additive formulation of the present invention is admixed
      with fuel oil in an amount of 10 ppm. it will be found that the freshly
      polished surface of the iron strip will have a smaller area of rust than
      will the iron strip which has been immersed in a fuel oil which does not
      contain the additive.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An additive formulation for petroleum distillates which comprises from
      about 50% to about 90% by weight of a solution of the polymeric reaction
      product of an epihalohydrin and an N-alkylpolyamine in which the alkyl
      group contains at least 12 carbon atoms, from about 10% to about 50% by
      weight of a solution of the polymeric reaction product of an epihalohydrin
      and a primary alkylamine in which the alkyl portion contains at least 12
      carbon atoms, from about 1% to about 10% by weight of an alcohol of from 1
      to 5 carbon atoms, and from about 1% to about 10% by weight of a copolymer
      of ethylene oxide and propylene oxide.
NUM  2.
PAR  2. The additive formulation of claim 1 in which said epihalohydrin is
      epichlorohydrin.
NUM  3.
PAR  3. The additive formulation of claim 2 in which said N-alkylpolyamine is
      N-tallow-1,3-propanediamine.
NUM  4.
PAR  4. The additive formulation of claim 2 in which said N-alkylpolyamine is
      N-soya-1,3-propanediamine.
NUM  5.
PAR  5. The additive formulation of claim 2 in which said primary amine is
      hydrogenated tallow amine.
NUM  6.
PAR  6. The additive formulation of claim 2 in which said primary amine is oleyl
      amine.
NUM  7.
PAR  7. The additive formulation of claim 2 in which said N-alkylpolyamine is
      N-tallow-1,3-diaminopropane and said primary alkylamine is oleyl amine.
NUM  8.
PAR  8. The additive formulation of claim 1 in which said alcohol is ethyl
      alcohol.
NUM  9.
PAR  9. The additive formulation of claim 1 in which said alcohol is isopropyl
      alcohol.
NUM  10.
PAR  10. Petroleum distillate containing from about 25 to about 1,000 ppm. by
      weight of the addition formulation of claim 1.
NUM  11.
PAR  11. The composition of claim 10 in which said petroleum distillate is
      gasoline.
NUM  12.
PAR  12. The composition of claim 10 in which said petroleum distillate is a
      distillate fuel oil.
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ABST
PAL  A reactor for the continuous gasification of coal under superatmospheric
      pressures and elevated temperatures with gaseous gasifying agents
      containing free oxygen and with oxygen-free gasifying agents such as steam
      and/or carbon dioxide is disclosed. The reactor includes a substantially
      conical rotary grate which is rotatably mounted in the lower portion of
      the reactor housing. The rotary grate feeds the gasifying agent and/or
      discharges the gasification residues. Notwithstanding the inside diameter
      of the reactor housing, the clearance a between the rotary grate and the
      housing is 100-200 millimeters, the height b of the annular rim of the
      rotary grate is 100-350 millimeters, and the vertical distance c from the
      rotary grate to the housing bottom is 100-350 millimeters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a reactor for a continuous gasification of coal
      under superatmospheric pressure and at elevated temperatures with gaseous
      gasifying agents which contain free oxygen and with oxygen-free gasifying
      agents such as water vapor and/or carbon dioxide, comprising a
      substantially conical grate which is rotatably mounted in the lower
      portion of the reactor housing (rotary grate) and serves for feeding the
      gasifying agent and/or discharging the gasification residues.
PAR  It has been found that difficulties arise in such gas producers under
      certain operating conditions in connection with the discharge of the ash
      from the gas-producing space. Particularly under partial-load conditions,
      an irregular behavior occurs, which may have the result, e.g., that a
      reduction of the speed of the grate in proportion with the load is by no
      means accompanied by a corresponding reduction of the ash discharge rate,
      which may be either too high or too low, depending on the design of the
      grate. Additional influences, such as the height of the ash bed, the state
      of the ash, and the composition of the gasifying agents are significant.
      This may necessitate intermittent additional steps for removing the ash
      from the grate plane of the gas producer. In case of difficulties of that
      kind, a great attention and high qualification are required on the part of
      the operators so that they can recognize the position and state of the ash
      bed in the gas producer.
PAR  Disturbances in operation arise also, e.g., in case of change of the
      composition of the ash and a resulting change of its melting and sintering
      behavior. In known gas producers this also influences the ash discharge
      rate so that the gas production rate and the composition of the product
      gas are affected too. If additional means are provided to avoid a
      retention of ash and this results in a withdrawal of ash at an excessive
      rate, the core portion of the coal bed may descend too close to the grate.
      As this core of the coal bed is at the highest temperatures (above
      800.degree.C.), a local overheating and destruction of the grate may
      result. The difficulties involved in the correct adjustment of the grate
      sometimes cause also an unequal distribution of the gasifying agents
      emerging from the grate so that existing irregularities, such as an
      inclination of the ash bed, may be intensified although this is not
      desired. Such phemomena may result in a unintended decrease of the output
      of the gas producer for hours and in a steep rise of the content of
      unburnt coal in the ash. On the other hand, the carbon dioxide content in
      the product gas increases compared to its combustible constituents.
PAR  Changes in design which have been adopted in the past have not basically
      improved the situation because they have changed also the flow behavior of
      the ash. When the cross-section of flow of the ash was decreased, larger
      lumps of ash or an accumulation of sintered ash particles resulted in a
      clogging whereas in case of an increased flow area in conjunction with a
      high gas production rate a large amount of the material to be gasified
      suddenly flowed down into the ash lock without apparent cause and in spite
      of a constant speed of the grate.
PAC  SUMMARY
PAR  It has surprisingly been found that the difficulties arising with known gas
      producers can be avoided and a perfectly stable gas producer operation may
      be adjusted even under changed load conditions and fluctuating ash
      contents and ash properties if the measures according to the invention are
      adopted. These reside in that, regardless of the inside diameter of the
      reactor housing, the clearance a between the rotary grate and the housing
      is 100-200 millimeters, the height b of the annular rim of the rotary
      grate is 100-350 millimeters and the vertical distance c from the rotary
      grate to the housing bottom is 100-350 millimeters.
PAR  A further optimization will be achieved if the conical surface of the
      rotary grate has an angle of elevation between 35.degree. and 50.degree..
      It has been surprisingly found that the latter range and the
      above-mentioned ranges are applicable virtually independently of the
      diameter of the gas producer and are not influenced, e.g., by the
      locations of the inlets for the gasifying agents.
PAC  DESCRIPTION
PAR  A gas producer designed in accordance with the specification taught by the
      invention can be satisfactory operated under partial-load conditions down
      to a load of 10-20% of the rated load and with grate speeds which have a
      fixed and reproducible ratio to the throughput rate of the reactor.
      Changes in the composition of the ash no longer result in an obstruction
      nor in an excessively fast downflow of the ash. This result is apparently
      due to a more uniform distribution of the coal-ash bed as it descends
      inside the gas producer and in a more uniform flow through the outlet
      cross-section as a result of the measures taught by the invention.
DRWD
PAR  An illustrative embodiment of the reactor will now be explained more fully
      with reference to the drawing which shows the lower portion of the reactor
      in vertical sectional view whereas the rotary grate contained in the
      reactor is shown in elevation.
DETD
PAR  The reactor housing consists of an inner wall 1 and an outer wall 2 which
      together define a cooling water jacket. The rotary grate 3 has
      approximately the shape of a cone, and its outside surface is composed of
      parts 3a, 3b, and 3c, which extend one into the other. The upper part 3a
      partly covers the intermediate part 3b and the latter partly covers the
      lower part 3c so that the material to be gasified resting on the grate 3
      cannot enter the interior thereof.
PAR  The rotary grate is mounted on a supporting cylinder 4 and by means (not
      shown) is rotated about its vertical axis by a shaft 5. Gasifying agents
      are conducted from the outside in at least one conduit 6 first into the
      interior of the grate and are then distributed into the reactor through
      the spaces between the parts 3a and 3b and 3b and 3c.
PAR  At least one scraper 7 which is similar to a plowshare is provided on the
      lower part 3c of the grate and during a rotation of the grate feeds the
      ash to a discharge lock 8, from which the ash is withdrawn through a
      pressure lock (not shown). The ash collects on the housing bottom 1a to a
      certain height, and ungasified coal is disposed above said ash outside of
      the grate in upwardly increasing amounts. The umbrella shape of the
      conical grate promotes the downflow of the ash toward the scraper 7. For
      the same purpose, the lower part 3c has an annular rim 9, which slopes
      down toward the lower edge of the grate at a small angle to the vertical.
PAR  It has been found that for an operation without disturbances of the kind
      explained hereinbefore, certain dimensions must be adopted which are
      related to the rotary grate and to its relation to the reactor housing.
      The clearance a between the rotary grate and the inside wall 1 must be
      100-200 millimeters, the height b of the rim 9 of the grate must be
      100-350 millimeters, and the vertical distance c from the lower edge of
      the lower part 3c and the housing bottom 1a must be 100-350 millimeters.
      In a preferred embodiment of the gas producer, the clearance a is about
      150-200 millimeters and the distance c between 150 and 250 millimeters.
PAR  The optimum mode of operation of the reactor is also influenced by the
      angle of elevation .alpha. of the upper part 3a of the grate. With slight
      deviations, this equals the mean angle of elevation of the conical surface
      of the entire grate. This angle of elevation .alpha. is desirably about
      35.degree.-50.degree. and in the abovementioned embodiment is about
      45.degree.. Small deviations of the design of the grate from the form
      shown are possible within the scope of the invention. For instance, e.g.,
      the top of the upper part 3a may be somewhat rounded.
PAC  EXAMPLE 1 (The Invention)
PAR  Long-flaming gas coal containing 20% ash and 8% moisture were gasified in a
      reactor according to the invention having the dimensions a = 170
      millimeters, b = 200 millimeters, c = 200 millimeters and .alpha. =
      45.degree.. Oxygen at a rate of 1500  standard cubic meters per hour and
      water vapor at a rate of 11,730 kilograms per hour were used as gasifying
      agents. At a rate of 10,640 standard cubic meters per hour, a raw gas was
      produced which at the outlet of the gas producer had the following
      composition in % by volume on a dry basis:
TBL  CO.sub.2                30.8                                              

     C.sub.n H.sub.m other than CH.sub.4                                       

                             0.4                                               

     O.sub.2                 0.1                                               

     CO                      15.9                                              

     H.sub.2                 41.7                                              

     CH.sub.4                10.6                                              

     N.sub.2                 0.5                                               

PAR  The coal throughout amounted to 6,300 kilograms per hour. The ash contained
      60 kilograms carbon per hour and tar was produced at a rate of 550
      kilograms per hour. No difficulties at all were involved in the discharge
      of ash, not even during a change of the load range.
PAC  EXAMPLE 2 (Prior Art)
PAR  The coal described in Example 1 was gasified in a gas producer which is
      known in the art and had the dimensions a = 250 millimeters, b = 80
      millimeters, c = 500 millimeters, and .alpha.= 30.degree.. Oxygen at a
      rate of 1500 standard cubic meters per hour and steam at a rate of 12,000
      kilograms per hour were added as gasifying agents. At a rate of 9,410
      standard cubic meters per hour, a raw gas was produced which had the
      following composition in % by volume on a dry basis:
     CO.sub.2                33.6                                              

     C.sub.n H.sub.m other than CH.sub.4                                       

                             0.4                                               

     O.sub.2                 0.1                                               

     CO                      15.1                                              

     H.sub.2                 41.9                                              

     CH.sub.4                8.3                                               

     N.sub.2                 0.6                                               

PAR  The coal throughput amounted to 5,700 kilograms per hour. The ash contained
      90 kilograms carbon per hour, and tar was produced at a rate of 470
      kilograms per hour.
PAR  Compared to Example 1, the data obtained in Example 2 are inferior as
      regards the coal throughput and the gas production rate. Example 1 had the
      advantage of resulting in a lower CO.sub.2 content and a higher methane
      content, which meant a higher calorific value of the product gas. The more
      intense gasification and the resulting improved utilization of the feed
      coal in Example 1 were also apparent from the lower carbon content of the
      ash. It was also found in Example 2 that under partial-load conditions the
      ash discharge rate was not proportional to the load and a frequent
      readjustment and change of the grate speed was required to enable a
      continued control of the operation of the gas producer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Reactor for the continuous gasification of coal under superatmospheric
      pressures at elevated temperatures with gaseous gasification agents which
      contain free oxygen and with oxygen-free gasifying agents such as water
      vapor and/or carbon dioxide, comprising substantially conical rotary grate
      means rotatably mounted in the lower portion of the stationary reactor
      housing, said reactor housing having a central ash discharge conduit below
      the rotary grate means, said rotary grate means being adapted to feed
      gasifying agent and/or discharge gasification residues, notwithstanding
      the inside diameter of the reactor housing, the clearance a between the
      rotary grate means and the housing is 100-200 millimeters, the height b of
      the annular rim of the rotary grate means is 100-350 millimeters, and the
      vertical distance c from the rotary grate means to the housing bottom is
      100-350 millimeters, said rotary grate means having at least one scraper
      affixed thereto to withdraw ash from the housing bottom and move it to
      said central ash discharge conduit.
NUM  2.
PAR  2. Reactor of claim 1 wherein the clearance a amounts to at least 150
      millimeters and the clearance c to 150-250 millimeters.
NUM  3.
PAR  3. Reactor of claim 1 wherein the angle of elevation .alpha. of the conical
      surface of the rotary grate is 35.degree.-50.degree..
NUM  4.
PAR  4. Reactor of claim 3 wherein the angle of elevation .alpha. is about
      45.degree..
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ABST
PAL  A process is provided for the catalytic production of methane from carbon
      oxides and hydrogen wherein water is introduced into the reaction vessel
      for the removal of the heat of reaction by the production of steam with
      the use of a catalyst effective at a temperature below 500.degree.F. The
      catalyst is a Group 8 metal, preferably mixtures of nickel and metals of
      the platinum group. Feedstock gas is normally obtained by gasification of
      fossil fuels or aliphatic alcohols with steam and/or oxygen.
BSUM
PAR  This invention relates to a process for the production of methane by
      reaction of hydrogen with carbon monoxide and/or carbon dioxide and to
      catalysts to be used therein.
PAR  The synthesis of methane from carbon oxides is well known for the
      purification of gases containing small proportions of carbon monoxide and
      carbon dioxide. It is now of increasing interest and importance as a means
      of producing synthetic natural gas.
PAR  The methanation process is normally envisaged as the reaction of carbon
      monoxide with hydrogen according to the following equation
EQU  Co + 3H.sub.2 .fwdarw. CH.sub.4 + H.sub.2 O
PAL  In the production of synthetic natural gas from fossil fuels, a gas
      containing hydrogen and carbon oxides is first produced. It is then normal
      practice to react these gases with steam in order to produce more hydrogen
      by reaction with carbon monoxide, known as shift conversion, according to
      the following equation
EQU  Co + H.sub.2 O .fwdarw. CO.sub.2 + H.sub.2
PAL  This shift conversion is carried out to the extent that the final gas has a
      carbon monoxide:hydrogen ratio of 1:3. The carbon dioxide produced may be
      removed either before or after the methanation of carbon monoxide with
      hydrogen.
PAR  According to the present invention there is provided a process for the
      production of methane by the reaction of hydrogen with carbon monoxide
      and/or carbon dioxide in the presence of water for the removal of the heat
      of reaction and with the use of a catalyst which is effective at a
      temperature below 500.degree.F.
PAR  In the practice of the present invention it is not essential to carry out a
      shift conversion reaction in the preparation of an initial feed gas
      mixture because both carbon monoxide and carbon dioxide are reacted with
      hydrogen to produce methane, and the product gas composition approaches
      equilibrium for the following three reactions simultaneously
EQU  CO + 3H.sub.2 .fwdarw. CH.sub.4 + H.sub.2 O
EQU  CO.sub.2 + 4H.sub.2 .fwdarw. CH.sub.4 + 2H.sub.2 O
EQU  CO + H.sub.2 O .fwdarw. CO.sub.2 + H.sub.2
PAL  This fact, however, does not represent the main benefit secured by the
      present invention the major advantage of which resides in the removal of
      the heat of reaction. In all methane synthesis processes, a major problem
      lies in the question of removal of exothermic heat of reaction. The
      exothermic methanation reactions of both carbon monoxide and carbon
      dioxide have heats of reaction (.DELTA. H.sub.25 .sub..degree..sub.C) of
      -49.27 and -39.44 kcal/mole of carbon oxide respectively. The theoretical
      temperature rise therefore for a typical methanator gas composition is
      74.degree.C per 1% of carbon monoxide converted and 60.degree.C per 1% of
      carbon dioxide converted. Techniques proposed to overcome this heat
      removal problem have included, either alone or in combination,
PA1  1. The re-cycling of very large quantities of product gas in order to
      reduce the concentration of carbon oxide and limit the temperature rise.
      In this way the heat is removed from the system in the recycled gas.
PA1  2. The amount of methanation in any single reactor can be limited by the
      conditions of temperature, pressure and steam content so producing a safe
      temperature rise, and this technique is employed in multi-stage reactors
      with heat removal between stages.
PA1  3. Proposals have also been made to remove the heat of reaction through the
      wall of a tube or tubes, in which the catalyst is placed. This may be
      employed in either a fixed catalyst bed or a fluid bed.
PAR  The present invention does not employ any of the above mentioned
      techniques, but involves the use of a trickle type of reactor into which
      water is introduced in the liquid phase. As the gas and water pass over a
      catalyst and methanation takes place, the temperature rise is controlled
      by the evaporation of part of the water. The water may be introduced as a
      spray over the catalyst, and the flows of gas and water over the bed of
      the catalyst may be co-current. The spray may be introduced at one or more
      places in the reaction chamber.
PAR  This technique has not been considered possible in the past because the
      steam produced has an unfavourable effect on the methanation reaction
      equilibra. The technique however, becomes possible with the use of
      catalysts which are able to function at temperatures below 500.degree.F
      and which we have now found. At these temperatures the equilibrium under
      most normal conditions, favours methane production to an extent which
      permits the presence of large excesses of steam. The use of this lower
      temperature also permits some of the water to remain in the liquid phase
      at most operating pressures and temperatures. The reactor and the process
      are intrinsically safe because it is impossible in the presence of liquid
      water for the catalyst to become overheated. The reaction is near to
      isothermal conditions.
PAR  The catalyst employed is conveniently a Group 8 metal. Catalysts
      particularly suitable for the present methanation process include those
      containing raney nickel and metals of the platinum group. Binary mixtures
      of nickel and/or platinum group metals have also been found to be
      effective.
PAR  A number of variations are possible. The water and synthesis gases may, for
      example, pass over the catalyst counter-current to each other. This
      however suffers from the disadvantage that there may be a danger of
      flooding as water is held up in the reactor due to high gas rates, and
      co-current operation is accordingly preferred.
PAR  The process itself may be operated at pressures between 0 and 2000 psig,
      preferably super-atmospheric pressure, most preferably from 250 to 350
      psig, and is preferably operated at a temperature below 550.degree.F, most
      preferably from 350.degree. to 400.degree.F.
PAR  The methanation may be completed in two or more stages. With such operation
      it may be possible for only one of the stages to incorporate the principle
      of an aqueous trickle reaction. With a multi-stage system, water or carbon
      dioxide may be removed between stages. Preferably carbon dioxide is
      removed from the off-take after separation of water.
PAR  It is not normally necessary to shift convert the synthesis gas used as
      feedstock in order to produce a 3:1 hydrogen carbon monoxide ratio. This
      however is optional and the present process can readily accept such a
      process gas.
PAR  The feedstock for the process will, however, normally be procduced by the
      gasification of fossil fuels or aliphatic alcohols with steam and/or
      oxygen. For example, methanol may be reacted with steam over an iron
      oxide/chromium oxide catalyst to provide a feedstock for further
      methanation. Methanation will also normally be followed by removal of
      carbon dioxide from the gaseous reaction product.
PAR  The heat of reaction is normally recovered after the methanation by cooling
      and condensing the major portion of the steam present in the product
      gases. This heat can be used to generate steam or to pre-heat boiler feed
      water. It is not normally possible to raise steam at a sufficiently high
      pressure to pass to a gasification stage preceding the methanation step.
      This is however true if the gas, after production and purification, has
      been compressed into the methanator. It may also be desirable to provide a
      reactor having a number of reaction beds with re-distribution between them
      of water collected at intervals along the reactor. It is also possible,
      and some times desirable to inject water at various points in the reactor.
      Water is in any case recovered after use in the reaction and is recycled.
DRWD
PAR  The accompanying drawing represents schematically and not to scale a plant
      for carrying out a process in accordance with the invention.
DETD
PAR  In the drawing a main reaction vessel or methanator is represented at 10
      and is fed at its upper end with gas from a LURGI coal gasification plant
      having a composition CO, 25.0%; CO.sub.2, 25.0%; CH.sub.4, 10.0%; H.sub.2,
      35.0%; N.sub.2, 2.5%. The gas is fed at a temperature of 363.degree.F at
      310 psig at the rate of 7,350,000 NCFH by the inlet line 11 to the reactor
      10 having supports 12 for catalyst and water inlets 13 fed by line 14 from
      the pump 15. A water re-distributor is indicated at 42. The specific
      gravity of the feedstock gas supplied to the reactor is 0.32 relative to
      air. Water collected at the base of the reactor is recycled by pump 15
      from pipeline 16 while reaction product gas is taken by off-take line 17
      to a low pressure steam boiler 18. The product gas has a composition of
      CO, 0.1% v/v; CO.sub.2, 55.0%; CH.sub.4, 40.8%; H.sub.2, 0.9%; and
      N.sub.2, 3.2%. The specific gravity is 2.02, temperature 382.degree.F and
      pressure 300 psig. Off-take is at the rate of 4,600,000 NCFH. Water
      supplied to the reactor is about 350,000 lbs per hour and the catalyst is
      a Raney nickel catalyst containing metals of the platinum group.
PAR  The product gas leaves steam generator 18 by the line 19 at 293 psig and a
      temperature of 330.degree.F and passes to a water separator 20 emerging by
      line 21 with a specific gravity of 0.356. The line 21 leads to a feed
      water heater 22 and the exit 23 therefrom passes to a further water
      separator 24. Off-take line 25 from the second water separator leads to
      the CO.sub.2 removal tower 26. Gas in line 25 is at a temperature of
      190.degree.F and pressure of 288 psig. The product gas from the CO.sub.2
      remover (exit shown at 27) has a composition of CO, 0.1% v/v; CO.sub.2,
      0.1%; CH.sub.4, 90.6%; H.sub.2, 2.1%; and N.sub.2, 7.1%; and is delivered
      at a rate of 2,080,000 NCFH.
PAR  The boiler feed water heater 22 is fed with water at 100.degree.F through
      the line 28 at a rate of 578,000 lbs per hour and off-take through the
      line 29 at 290.degree.F supplies 204,000 lbs per hour feed water for other
      boilers and the remainder through line 30 to the low pressure boiler 18
      which delivers 374,000 lbs per hour of steam at 50 psig.
PAR  The first water separator 20 supplies 373,200 lbs per hour of water to the
      off-take line 32 to which is added 78,490 lbs per hour of water from the
      second water separator 24 in the line 33 leading to pump 34 which returns
      water by the line 35 to the line 16 for recirculation by pump 15. Line 36
      is an off-take for excess water amounting to 114,190 lbs per hour.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A process for the production of methane comprising reacting hydrogen and
      at least one carbon oxide selected from the group consisting of carbon
      monoxide and carbon dioxide, said hydrogen and carbon oxide comprising a
      gas, by passing said gas over a Group VIII metal-containing catalyst,
      which catalyst is effective for the reaction at a temperature below
      500.degree.F., at a temperature sufficient to vaporize water and below
      550.degree.F. and at a pressure of 0 to 2000 psig. in the presence of
      water in the liquid phase to form methane and to vaporize water to remove
      the heat of the reaction.
NUM  2.
PAR  2. A process for producing a product gas containing increased methane by
      the reaction of hydrogen with carbon monoxide and/or carbon dioxide
      comprising feeding a gaseous feedstock produced by gasification of fossil
      fuels or aliphatic alcohols with steam and/or oxygen to a reaction chamber
      which contains a catalyst of a Group VIII metal and is effective for the
      reaction at a temperature below 500.degree.F., spraying water in the
      liquid phase over the catalyst so that the water evaporates and removes
      the heat of reaction within the chamber, the reaction in the chamber being
      carried out below a temperature of 550.degree.F. and at a pressure of 0 to
      2000 psig, to form the product gas of increased methane content.
NUM  3.
PAR  3. A process for the production of methane comprising reacting hydrogen
      with carbon monoxide or carbon dioxide in the presence of water in the
      liquid phase, removing the heat of reaction by evaporation of the water,
      said reaction being conducted with the use of a catalyst which is
      effective for the reaction at a temperature below 500.degree.F.
NUM  4.
PAR  4. The process of claim 17 wherein the reaction temperature is below
      550.degree.F.
NUM  5.
PAR  5. The process of claim 3 wherein the reaction is carried out at a
      super-atmospheric pressure up to 2000 psig.
NUM  6.
PAR  6. The process of claim 3 wherein the reaction is carried out at a
      temperature of from 350.degree. to 400.degree.F. and at a pressure of from
      250 psig to 350 psig.
NUM  7.
PAR  7. The process of claim 3 wherein the hydrogen and carbon monoxide or
      carbon dioxide are produced by gasification of fossil fuels or aliphatic
      alcohols with steam and/or oxygen.
NUM  8.
PAR  8. The process of claim 7 wherein the gasification product is subjected to
      a shift conversion reaction prior to methanation.
NUM  9.
PAR  9. The process of claim 3 in which liquid water is introduced into a
      reaction chamber which contains the catalyst for methanation.
NUM  10.
PAR  10. The process of claim 9 wherein the liquid water is recycled through the
      reaction chamber.
NUM  11.
PAR  11. The process of claim 9 wherein off-take from the methanation contains
      carbon dioxide and water, and carbon dioxide is removed from the off-take
      after separation of water.
NUM  12.
PAR  12. The process of claim 11 wherein the off-take from the reaction chamber
      and water separation are effected with recovery of heat from the off-take.
NUM  13.
PAR  13. The process of claim 3 wherein the water is present as a spray over the
      catalyst and the gas and liquid water flows are co-current.
NUM  14.
PAR  14. The process of claim 9 wherein the water is present as a spray and is
      introduced at at least one place in the reaction chamber over the catalyst
      and the gas and water flows are co-current.
NUM  15.
PAR  15. The process of claim 3 wherein the methanation is effected in at least
      two stages.
NUM  16.
PAR  16. The process of claim 3 wherein the catalyst comprises a Group VIII
      metal.
NUM  17.
PAR  17. The process of claim 16 wherein the catalyst comprises Raney nickel and
      at least one metal of the platinum group.
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ABST
PAL  Membrane permeation processes to produce oxygen-enriched gas from
      atmospheric air are improved by initially contacting an ambient air feed
      with triethanolamine to substantially reduce the nitrogen dioxide content
      in the air and thereafter feeding the nitrogen dioxide depleted air to an
      array of membrane cells and finally withdrawing the oxygen-enriched
      permeate output therefrom, substantially free of nitrogen dioxide, for
      further use.
BSUM
PAR  The present invention relates to a process for gas separation by means of
      permeable membranes, and more specifically to an improved process for
      enriching atmospheric air with oxygen, while decreasing the content of
      nitrogen dioxide pollutants to essentially nil.
PAC  BACKGROUND OF THE INVENTION
PAR  In the treatment of patients suffering from respiratory ailments, such as
      emphysema where the patient's lung capacity is severely restricted, it is
      common practice to provide the patient with a source of oxygen-enriched
      gas. Typically, this source of oxygen-enriched gas is provided from a
      pressurized oxygen cylinder which may be located remotely from the patient
      in a hospital and supplied through suitable tubing (central storage type)
      or may be an individual cylinder located at the patient's bedside. Since
      many of these ailments are chronic and require extended therapy, portable
      oxygen cylinders which the patient may use at home have been developed.
PAR  While the use of individual cylinders provides the necessary
      life-sustaining therapy for these patients, the cylinders themselves
      present several problems when used in the home. Specifically, since these
      cylinders contain enriched-oxygen gas, they present a constant danger of
      fire and explosion during use. The individual cylinders have limited
      capacity, and therefore must be serviced and replaced routinely, thereby
      increasing the cost of therapy. In addition, there may also be leakage
      problems which may unexpectedly diminish the capacity of a cylinder so
      that the patient is left with inadequate therapy gas.
PAR  Atmospheric air, which contains about 20% oxygen and 78% nitrogen, provides
      a vast and abundant source of oxygen. However, until recently, technology
      for extracting oxygen economically for individual use has been lacking.
      With the development of thin permselective membranes, such as those of
      plastics, such as silicone rubber, polyphenylene ethers, and the like, and
      associated systems technology, feasible separation of gases has been
      achieved.
PAR  The separation of gases in such membrane systems technology is based on the
      selective permeability of certain materials. The term "selective
      permeability" means that one gas in a mixture will permeate through a
      membrane faster than a second gas, but this is not to suggest that one gas
      passes through the membrane to the complete exclusion of all others.
      Rather, a difference in the flow rate of two molecular species through a
      permeable membrane results so that the gas mixture on one side of the
      membrane is depleted in concentration of the more permeable component and
      the gas on the opposite side of the membrane is enriched with the more
      permeable component.
PAR  In either case, because of the nature of the system, nitrogen dioxide
      (NO.sub.2), which is in equilibrium with dinitrogen tetroxide (N.sub.2
      O.sub.4), has a two-fold detrimental effect on membrane oxygen enrichers:
      (i) the membrane array enriches the NO.sub.2 in permeate output because
      NO.sub.2 has a very high rate of permeation through membranes, as compared
      to oxygen and nitrogen (more than 12.times. higher with a dimethyl
      silicone membrane, for example); and (ii) most membrane materials are
      chemically attacked and ultimately destroyed by NO.sub.2. Nitrogen dioxide
      is contraindicated in therapeutic gas streams because it is poisonous, and
      it reacts with body fluids to form acids. For these reasons, it is
      important to remove NO.sub.2 from such membrane enrichment processes and
      techniques for this are known, but are not entirely satisfactory. For
      example, the ambient air feed can be wet-scrubbed with caustic, but this
      unduly entrains moisture. The ambient air can be passed over a molecular
      sieve, but this is not rapid and efficient. Finally, the air can be passed
      over soda lime, but this is rapidly exhausted, generates heat and is
      generally inefficient.
PAR  It has now been discovered that feeding the ambient air into contact with
      triethanolamine efficiently and rapidly removes nitrogen dioxide to only a
      small fraction of that which is originally present. Then the so-treated
      air, depleted in nitrogen dioxide, can be delivered to the membrane cell
      array without fear of having this pollutant increased to therapeutically
      dangerous levels, and with minimization of membrane deterioration due to
      adverse chemical reactions.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, in a membrane permeation process to
      produce oxygen-enriched gas from atmospheric air comprising delivering a
      flow of atmospheric air feed to an array of selectively permeable membrane
      cells having a greater permeability of oxygen and nitrogen dioxide
      relative to nitrogen and maintaining a pressure differential across the
      array to produce an oxygen-enriched permeate therethrough, there is
      provided an improvement for reducing the nitrogen dioxide content in the
      permeate to substantially nil comprising:
PA1  i. initially passing the atmospheric air feed containing at least an
      ambient content of nitrogen dioxide into contact with triethanolamine
      until removal of the nitrogen dioxide from the air feed is substantially
      complete; and
PA1  ii. thereafter delivering the air depleted in nitrogen dioxide to the
      membrane cell array.
PAR  The triethanolamine can be in liquid or vapor or fog form for contact,
      e.g., by bubbling, or in a spray mist chamber, or the like. However, in
      preferred features of the invention, the triethanolamine will be
      supported, e.g., spread on the surface, or impregnated in, a particulate
      substance, e.g., crushed firebrick, molecular sieve rods, porcelain
      shapes, glass beads, and the like. In other preferred features, the
      triethanolamine loading will comprise from 10 to 35% by weight; and the
      atmospheric air will be compressed before being fed to the supported
      triethanolamine; and the supported triethanolamine will be in a pressure
      tight vessel acting as a scrubber in the high pressure conduit feeding the
      membrane cell array or stack.
PAR  In further preferred features, the ambient oxygen feed will contain about
      0.1 parts per million of nitrogen dioxide and the membrane cell array is
      adapted to deliver oxygen-enriched gas having about 40% oxygen content and
      less than 0.0075 parts per million of nitrogen dioxide. A preferred cell
      membrane material is polyphenylene ether, e.g.,
      poly(2,6-dimethyl-1,4-phenylene)ether.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Understanding of the invention is facilitated by reference to the drawings
      in which:
PAR  FIG. 1 illustrates, in vertical section, a cannister-type scrubber
      containing triethanolamine on a particulate support adapted for use as an
      element in the process of this invention; and
PAR  FIG. 2 illustrates in flow diagram form a preferred apparatus for carrying
      out the process of the present invention, the flow diagram comprising an
      oxygen enricher incorporating an air scrubber, as shown in FIG. 1, in the
      line for feeding compressed air to the membrane array.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will hereinafter be described in detail
      a system in which a preferred embodiment may be carried out, with the
      understanding that the present disclosure is to be considered as an
      exemplification of the principles of the invention and is not intended to
      limit the invention to the embodiments illustrated.
PAR  Referring to FIG. 1, scrubber 2 comprises a pressure vessel containing the
      active pollutant remover particles 4 comprising triethanolamine,
      impregnated on a crushed support, e.g., firebrick (Chromosorb A) or
      molecular sieve rods or spread on glass beads, and the like. The
      construction of the outer walls can be designed to fit the application,
      but for pressure use, the scrubber 2 comprises a pipe 6, of metal or the
      like, e.g., galvanized steel, having end caps 8a and 8b and nipples 10a
      and 10b for air entrance and exit ports, respectively. In accordance with
      conventional practice, the active pollutant removal particles 4 are
      supported on screen 3 and a top screen 5 can be included. Glass wool, or
      similar plugs, 7 and 9 can be included to filter out suspended fine solid
      particles. Scrubber 2 can be used in the embodiment illustrated in FIG. 2
      or in any system in which it is desirable to remove nitrogen dioxide from
      the ambient air fed to the membrane array.
PAR  In FIG. 2 is shown a total oxygen enricher system which will be described
      to disclose a preferred embodiment.
PAR  In FIG. 2 is shown an oxygen enricher 10 in which atmospheric air is
      compressed and passed over an array of selectively permeable membranes
      which permit oxygen to permeate therethrough at a greater rate than
      nitrogen to provide a flow of oxygen-enriched gas for inhalation by a
      patient. Enricher 10 includes a housing 12 which is formed by two box-like
      structures to form a compressed air supply structure 12a and a pressure
      vessel structure 12b, which are in fluid communication with each other by
      means of a flow channel 12c. A one way flapper valve 12d is positioned in
      channel 12c to permit air to flow from structure 12b to 12a to cool the
      pressure vessel, described below.
PAR  Air supply structure 12a defines an atmospheric air intake port 14 and a
      hot exhaust port 16. The interior of structure 12a is subdivided into
      three chambers or regions including a cool air region 18, an intake region
      20 separated from region 18 by a divider member 22, which is apertured at
      24 to provide a flow path therebetween, and an exhaust chamber 26. Chamber
      26 is separated from chamber 20 by means of a dividing wall 28 which forms
      an air passage 30 between the chambers. Atmospheric air is drawn through
      the air supply structure 12a by means of a fan 32 positioned within the
      structure, preferably within chamber 30.
PAR  A compressor 34 for producing the flow of compressed air for the enricher
      is positioned within chamber 20 and draws a supply of air through intake
      muffler 36 from the atmospheric air circulating through the air supply
      structure. Muffler 36 is designed to attenuate the noise level created by
      the compressor intake, preferably to less than 20 decibels, since the
      enricher is designed for use in the home and in close proximity to the
      patient. In addition to supplying the compressor with a source of air, it
      will be appreciated that the air circulating through the air supply
      structure provides a source of cooling air for the compressor. It will
      also be appreciated that a compressor having a fan mounted on its rotor
      may be used in place of separate fan 32 to circulate air through the
      structure.
PAR  Compressor 34 is designed to deliver a flow rate of from about 1.5 to about
      1.7 cubic ft. per minute at 175 psi. The membrane cells in this embodiment
      are designed to deliver about 8 liters per minute of enriched gas
      containing about 40% oxygen when operating at 95.degree.F. To remove the
      heat of compression from the compressed air, the compressed air is
      directed into an air fin heat exchanger 40 positioned in cool air chamber
      18 so that the air entering through port 14 passes directly over the heat
      exchanger before entering the chamber 20. Heat exchanger 40 lowers the
      temperature of the compressed air to about 95.degree.F. and also condenses
      water vapors which are present in the compressed air. After being cooled,
      the compressed air passes through a check valve 42 to a water vapor
      separator 44 in which the condensate is removed from the compressed air
      and held in the trap of the separator until a float 46 is raised and the
      condensate is delivered for vaporization, as described below.
PAR  After condensate has been separated from the compressed air, the air passes
      through scrubber 2 which contains triethanolamine  to remove nitrogen
      dioxide according to the process of this invention to prevent this
      pollutant from becoming enriched beyond ambient conditions by the
      selectively permeable membrane cells. The compressed air, substantially
      depleted in nitrogen dioxide, is then directed to a pressure vessel 50
      through a check valve 51 and pressure relief valve 52 in line 53. A
      membrane arrary 60 is positioned in pressure vessel 50. Vessel 50 includes
      a generally U-shaped chamber portion 50a and a cover portion 50b which is
      in sealing engagement with portion 50a by means of a gasket and suitable
      clamping means (not shown) as is known in the art.
PAR  The system pressure is controlled by an adjustable relief valve 110 located
      in the raffinate line 90. Valve 110 may be a needle valve or any other
      type of valve with an adjustable orifice to control the flow rate by
      changing the pressure drop across the membrane stack. At a fixed
      temperature, the enriched air output from the membrane stack is directly
      proportional to the pressure differential across the membranes. Thus,
      raffinate flow measurement provides a means for accurately controlling
      oxygen enrichment without the need for a direct oxygen sensor. In this
      manner, by adjusting the flow rate at valve 110, the flow through the
      membrane stack and ultimately the oxygen enriched gas concentration may be
      controlled.
PAR  It has been found that when 25 liters per minute of compressed air at
      95.degree.F. and 175 psi. are delivered to the membrane array, the
      membranes comprising poly(2,6-dimethyl-1,4-phenylene)oxide, the stack will
      produce oxygen-enriched gas containing about 40% oxygen at the rate of 8
      liters per minute. This enrichment results in the raffinate containing
      about 13% oxygen.
PAR  The raffinate flow is monitored by a combined pressure gauge and pneumatic
      switch 112 which are positioned upstream of a choke 114 in line 90. If the
      pressure in line 90 drops below the operating range of the array, an
      electro-pneumatic switch 112 actuates an alarm system. Should the pressure
      in raffinate line 90 experience an excursion, a pressure relief valve 116
      is provided to relieve the line. The pressure in line 90 upstream of
      control 110 also may be monitored visually by gauge 118.
PAR  The raffinate is carried by conduit 90 to an exhaust muffler 120 positioned
      within exhaust chamber 26 so that the oxygen depleted air is mixed with
      atmospheric air and discharged into the atmosphere through port 16.
      Condensate from separator 44 is directed into the raffinate line and
      carried along with the raffinate flow to a water evaporator 121 positioned
      within exhaust chamber 26, so that the water is evaporated to the
      atmosphere as the raffinate is discharged through muffler 120.
PAR  With further reference to FIG. 2, the split output of oxygen enriched gas
      carried by conduits 101 and 102 serves as a membrane array leak detector
      by monitoring the flow ratio of the two groups of membrane cells. Leak
      detection is accomplished by comparing the pressure drops across orifices
      122 and 123. Orifice 122 is a fixed cell group reference orifice and
      orifice 123 is an adjustable orifice which is initially matched to orifice
      122 for given cell groups performance. In addition to monitoring the
      pressure drop ratio between orifices 122 and 123, the split cell group
      output is also utilized to measure the flow rate of the oxygen enriched
      gas, as explained above.
PAR  In FIG. 2, a preferred membrane cell group monitor can comprise a
      two-legged manometer 124 having a variable capacity reservoir 126 (e.g.,
      bellows) so that the manometer may function as a combination differential
      and total pressure gauge. The variable capacity reservoir 126 contains a
      fluid 128 which is exposed to the pressure in the legs of the manometer
      and moves therein to provide a visual indication of the pressure and flow.
      The level of fluid 128 is set at a null point by means of a set screw 129.
      The bellows 126 is biased by a spring 130 to permit the reservoir to
      expand in volume in response to the total pressure in the manometer legs
      which are in fluid communication with conduits 122 and 123, respectively.
PAR  An imbalance in the pressures in conduits 101 and 102 will result in a
      difference in liquid level in the legs of the manometer, and the average
      depression is a measure of total pressure. Such a pressure differential
      indicates a leak in one of the two groups of cells of the membrane array,
      calling for correction.
PAR  In addition to the use of a manometer, a flow gauge 130 is also provided
      for determining the flow rate in one leg of the split stack which is
      proportional to the total output flow. Conduits 101 and 102 are joined to
      a single flow line 132 and passed through a bacteria filter 134 to a hose
      barb 136 on which a hose and associated inhalation mask may be secured. In
      this manner, oxygen-enriched gas is delivered to a patient. To accommodate
      back pressure introduced into the output line 132, such as might be caused
      by the patient coughing into the face mask, a relief line 127 provides
      communication between line 132 and the exterior expansible boundary of
      reservoir 126 to balance the manometer during such periods so that the
      average liquid height is unaffected.
PAR  In a first example, a 10% by weight solution of triethanolamine in water is
      prepared. Crushed firebrick (Chromosorb A, Johns-Manville Company) is
      soaked in the solution, removed therefrom after one hour and dried for 2
      hours at 105.degree.C. The loading of triethanolamine is 10-15% by weight.
      A galvanized 2 inch, 1.0 steel pipe with threaded end caps is filled with
      the active absorbant, being kept in place with screens and glass wool
      plugs. The filled scrubber is then installed in the high pressure feed
      line of an oxygen enricher of the general type described above. It is
      found that the scrubber removes greater than 90% of the NO.sub.2 which
      enters it, resulting in a much decreased concentration of NO.sub.2 which
      the membrane array is required to treat.
PAR  In a second example, a scrubber is fabricated as in the first and filled
      with 40 g. of absorbant having a 26.5% triethanolamine loading. The unit
      is placed in an oxygen enricher in the high pressure line and it is found
      that the initial NO.sub.2 removal efficiency is 95% at 4 parts per
      million. After 240 hours of operation, the efficiency decreases only to
      74%, a value which corresponds to 9600 running hours at 0.1 parts per
      million of nitrogen dioxide, which is a typical NO.sub.2 ambient air
      concentration.
PAR  In a third example, an absorbant is prepared as in the first, but
      substituting molecular sieve rods (Union Carbide Company) for the crushed
      firebrick as a support. The absorbant is placed in a scrubber and tested.
      It is found to remove 90% of the nitrogen dioxide from the ambient air
      feed.
PAR  From the above description, it will be readily appreciated that a process
      is provided to produce oxygen-enriched gas from atmospheric air, with a
      low content of nitrogen dioxide. Modifications thereto in addition to
      those described may be made by those skilled in the art without departing
      from the spirit and scope of the invention as pointed out in the claims. A
      pressure oxygen enricher system such as that described above is disclosed
      in pending U.S. patent application Ser. No. 476,298 of Richard H. Blackmer
      and Jonathan W. Hedman, filed June 4, 1974, incorporated herein by
      reference.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a membrane permeation process to produce oxygen-enriched gas from
      atmospheric air comprising delivering a flow of atmospheric air feed to an
      array of selectively permeable membrane cells having a greater
      permeability of oxygen and nitrogen dioxide relative to nitrogen and
      maintaining a pressure differential across said array to produce an
      oxygen-enriched permeate therethrough, the improvement for reducing the
      nitrogen dioxide content in said permeate to substantially nil comprising:
PA1  i. initially passing the atmospheric air feed containing at least an
      ambient content of nitrogen dioxide into contact with triethanolamine
      until removal of the nitrogen dioxide from the air feed is substantially
      complete; and
PA1  ii. thereafter delivering the air depleted in nitrogen dioxide to the
      membrane cell array.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the triethanolamine is supported
      on a particulate substance.
NUM  3.
PAR  3. A process as defined in claim 2 wherein said inert particulate substance
      is crushed firebrick.
NUM  4.
PAR  4. A process as defined in claim 3 wherein the triethanolamine loading on
      the crushed firebrick comprises from about 10 to about 35% by weight.
NUM  5.
PAR  5. A process as defined in claim 2 including the step of compressing the
      atmospheric air before feeding it into contact with the triethanolamine
      supported on said inert particulate substance.
NUM  6.
PAR  6. A process as defined in claim 5 wherein the triethanolamine supported on
      said inert particulate substance is maintained in a pressure tight vessel
      in the high pressure conduit feeding the membrane cell array.
NUM  7.
PAR  7. A process as defined in claim 1 wherein the ambient oxygen feed contains
      about 0.1 parts per million of nitrogen dioxide and said membrane cell
      array is adapted to deliver oxygen-enriched gas having about 40% oxygen
      and less than 0.0075 parts per million of nitrogen dioxide.
NUM  8.
PAR  8. A process as defined in claim 1 wherein said cell membranes are formed
      of a polyphenylene ether.
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ABST
PAL  Membrane permeation processes to produce oxygen-enriched gas from
      atmospheric air are improved by feeding the air to membrane cells divided
      into two groups, independently withdrawing the permeate output from the
      two groups of cells into two conduits containing restrictions, and
      referencing the pressure of one output against the other. A subsequent
      imbalance of pressure between the two permeate outputs indicates a
      membrane leakage in one of the two groups of cells.
BSUM
PAR  The present invention relates to a process for gas separation by means of
      permeable membranes, and more specifically to an improved process for
      enriching atmospheric air with oxygen, in which membrane leakage failures
      are readily determined.
PAC  BACKGROUND OF THE INVENTION
PAR  In the treatment of patients suffering respiratory ailments, such as
      emphysema where the patient's lung capacity is severely restricted, it is
      common practice to provide the patient with a source of oxygen enriched
      gas. Typically, this source of oxygen enriched gas is provided from a
      pressurized oxygen cylinder which may be located remotely from the patient
      in a hospital and supplied through suitable tubing (central storage type)
      or may be an individual cylinder located at the patient's bedside. Since
      many of these ailments are chronic and require extended therapy, portable
      oxygen cylinders which the patient may use at home have been developed.
PAR  While the use of individual cylinders provides the necessary
      life-sustaining therapy for these patients, the cylinders themselves
      present several problems when used in the home. Specifically, since these
      cylinders contain enriched oxygen gas, they present a constant danger of
      fire and explosion during use. The individual cylinders have limited
      capacity, and therefore must be serviced and replaced routinely thereby
      increasing the cost of therapy. In addition, there may also be leakage
      problems which may undetectedly diminish the capacity of a cylinder so
      that the patient is left with inadequate therapy gas.
PAR  Atmostpheric air, which contains about 20% oxygen and 78% nitrogen,
      provides a vast and abundant source of oxygen. However, until recently
      technology for extrating oxygen economically for individual use has been
      lacking. With the development of thin permselective membranes, such as
      those of plastics, such as silicone rubber, polyphenylene ethers and the
      like, and associate systems technology, feasible separation of gases has
      been achieved.
PAR  The separation of gases in such membrane systems technology is based on the
      selective permeability of certain materials. The term "selective
      permeability" means that one gas in a mixture will permeate through a
      membrane faster than a second gas, but this is not to suggest that one gas
      passes through the membrane to the complete exclusion of all others.
      Rather, a difference in the flow rate of two molecular species through a
      permeable membrane results so that the gas mixture on one side of the
      membrane is depleted in concentration of the more permeable component and
      the gas on the opposite side of the membrane is enriched with the more
      permeable component.
PAR  The oxygen-enricher systems associated with the membranes can comprise (i)
      those adapted to receive and compress atmospheric air before feeding
      compressed such air to the membranes for separation; and (ii) those in
      which the atmospheric air is fed to the membranes at ambient pressures and
      the oxygen enriched air, the so-called "permeate output" is drawn off
      under a partial vacuum.
PAR  In either case, to provide the highest efficiency as well as the most
      compact design, the membranes in oxygen enrichers are usually mounted on
      frames, to form envelope-like cells, and a plurality of such cells are
      arranged into layer-like stacks or arrays. It is important in all such
      systems to carry out the process with membranes that are leak-free,
      because air passing through leaking systems is obviously not efficiently
      enriched in oxygen, causing at best a reduced degree of oxygen enrichment
      and, at the worst, aggravation of the patient's condition due to no
      enrichment of the prescribed oxygen at all.
PAR  Previously, membrane leakage was determined by using an oxygen sensor in
      the extract line, or a valve to set up a reference flow to which the
      enriched air flow was compared. Neither method was entirely satisfactory,
      the former because frequent standardization was required, and the latter
      because the technique did not readily compensate for variations in stack
      output due to fluctuations in pressure, temperature and increasing age of
      the membranes.
PAR  The present invention is based on the discovery that if the membrane array
      is divided into two groups, or stacks, one can be used as an internal
      reference and membrane leakage is readily determined by pressure changes.
      The major advantages of this discovery are that there is no longer any
      need for an oxygen sensor; and that there is automatic compensation for
      variations in pressure, temperature, increasing age of the membranes, and
      changes in the ratio of permeate flow to feed flow.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, in a membrane permeation process to
      produce oxygen enriched gas from atmospheric air comprising delivering a
      flow of atmospheric air to an array of series flow, selectively permeable
      membrane cells having a greater permeability of oxygen relative to
      nitrogen and maintaining a pressure differential across said array to
      produce an oxygen enriched permeate therethrough, there is provided an
      improvement comprising:
PA1  i. dividing the selectively permeable membrane into two groups of cells;
PA1  ii. independently collecting the oxygen-enriched permeate output from each
      of the groups of cells;
PA1  iii. passing each collected permeate output through independent conduit
      means including means for restricting the flow of the oxygen enriched
      permeate output to initially produce zero pressure differential between
      each conduit means, the pressure being measured in each conduit means at a
      location upstream of the flow restricting means;
PA1  iv. continuously determining the presence or absence of a pressure
      differential between the conduit means; and
PA1  v. discontinuing the process when a pressure differential is determined to
      exist between the conduit means indicating a membrane leakage failure in
      one of the two groups of membrane cells.
PAR  A preferred feature of the invention will include the step of measuring the
      pressure differential across one of the restrictions whereby the total
      oxygen enriched permeate flow delivered in the process is determined.
PAR  Another preferred feature of the invention is to use a system in which the
      array comprises at least four cells and the two groups are provided by
      dividing alternate cells.
PAR  In preferred embodiments, the process will be carried out in an apparatus
      in which the restricting means is adjustable and the initial production of
      zero pressure differential between each conduit means is achieved by
      adjusting the respective restricting means.
PAR  As has been mentioned, the invention can be used with both pressure- and
      vacuum- enriching systems. Thus, one preferred feature will comprise a
      process, as above defined, including the steps of compressing the
      atmospheric air and delivering it to the array of cells in a compressed
      state. And a second preferred feature will comprise a process, as above
      defined, including the steps of delivering the atmospheric air to the
      array of cells at substantially ambient pressure and maintaining a partial
      vacuum within the cells for independently collecting the oxygen-enriched
      permeate for transfer into the independent conduit means.
PAR  In preferred embodiments, the present invention will be carried out in
      systems adapted to provide oxygen-enriched gas having about 40% oxygen;
      those in which the cell membranes are formed of a polyphenylene ether,
      e.g., poly(2,6-dimethyl-1,4-phenylene)ether, preferably of about 1000
      Angstrom membrane thickness; and those adapted to deliver oxygen-enriched
      permeate for further use at a rate in the range of about 4 to 8 liters per
      minute.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Understanding of the invention is facilitated by reference to the drawings
      in which:
PAR  FIG. 1 illustrates, in flow diagram form, the splitting of permeate outputs
      according to the present invention;
PAR  FIG. 2 illustrates in schematic, cross-sectional form a typical membrane
      cell array split or divided into two groups, or stacks, as contemplated by
      the invention; and
PAR  FIG. 3 illustrates in flow diagram form a preferred apparatus for carrying
      out the process of the present invention, the flow diagram comprising an
      oxygen enricher incorporating a split membrane array, and independent
      permeate output conduits containing restrictions, one being referenced
      against the other.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will hereinafter be described in detail
      a system in which a preferred embodiment may be carried out, and
      modifications thereof, with the understanding that the present disclosure
      is to be considered as an exemplification of the principles of the
      invention and is not intended to limit the invention to the embodiments
      illustrated.
PAR  Referring to FIG. 1, membrane cell array 60 is shown split into two groups,
      designated I and II, and the oxygen enriched permeate, or extract, outputs
      from each group is separately manifolded into respective conduit means 101
      and 102, each of which contains flow restrictions 122 and 123 (typically
      of the order of 1 psi full flow). In practice, it is simplest to divide
      the membrane array by manifolding alternating cells (FIG. 2), but this is
      not essential. For convenience, conduits 101 and 102 are united and
      brought out to the user through conduit 132, which may terminate in a hose
      nipple, face mask, nebulizer, and other well known accessories.
      Differential pressure measuring means 124, e.g., a guage or manometer or
      "U"-tube filled with liquid, and the like is connected between the two
      permeate conduits 101 and 102 upstream of restrictions 122 and 123, which
      can be orifices, chokes, needle valves, and the like. Preferably, at least
      one, or both, of restrictions 122 and 123 are adjustable. In optional, but
      preferred, embodiments, a second measuring means 130, e.g., a flow gauge,
      or the like, is connected across one of the restrictions (in this case
      122) to provide a measurement of oxygen-enriched permeate flow. In
      operation, atmospheric air is directd over the cells in a conventional
      fashion and the oxygen enriched permeate therethrough passes through for
      collection in the manifolded conduits. Initially, restrictions 122 and 123
      are matched to the particular membrane array group characteristics, either
      by selecting properly sized orifices or, more preferably, by using
      adjustable restrictions, e.g., tubing with screw clamps or needle valves,
      matching being reached when indicating means 124 is at a null position,
      indicating zero pressure differential. Operation is continued as long as
      there is a zero pressure differential between conduits 101 and 102. Should
      a membrane leak occur, it will show up as a deflection on indicating means
      124 and operation should be discontinued to locate and correct the
      malfunction. The more serious the leak, the greater the indicator reading
      of imbalance will be. However, because the entire cell array 60 is at the
      same pressure and temperature, variation of the parameters will have no
      undue effect on indicator means 124. Of course, if two matching membrane
      leakage failures occur simultaneously, the pressure differential will
      remain zero. However, such simultaneous failure is extremely unlikely
      statistically.
PAR  To facilitate understanding, reference is made to FIG. 2 which shows a
      membrane cell array in which two groups of five cells each in series are
      divided by manifolding to provide two oxygen enriched permeates (A and B)
      suitable for feeding independent conduit means 101 and 102 according to
      this invention. Array 60 includes two groups of cells 61 and 62. Each cell
      includes a substrate 64 which is generally rectangular in shape.
      Selectively permeable membranes 66, which may also include a porous
      backing material are positioned on the major surfaces of each substrate.
      Membranes 66 are also rectangular in shape but smaller in dimensions than
      substrate 64 to provide an exposed peripheral portion of the substrate
      when the membranes are attached thereto in conventional manner, e.g., by
      tape or other suitable means (not shown), which overlies the periphery of
      the membrane and the exposed portions of the substrate. Each substrate
      defines a central passageway 70 extending transversely between the major
      surfaces thereof so that enriched gas may be drawn off therethrough from
      the interface between the membranes and substrate. Extending upwardly from
      passage 70 is a tube 72 carried within a bore in each substrate. Each tube
      72 is suitably connected to independent manifolds terminating in conduits
      101 and 102. In this manner, oxygen enriched permeate is collected in the
      manifolds and directed to the control system, described above.
PAR  With further reference to FIG. 2, membrane cells 61 and 62 are in sealing
      engagement with two end plates 82 and 84 by means of gaskets 86 which
      extend around the periphery of each cell. End plates 82 and 84 and cells
      61 and 62 are maintained in sealing engagement with the gaskets through
      clamping means such as bolts (not shown). End plate 82 includes an air
      inlet port 82a adjacent the upper end of the array through which air
      enters the stack. Substrate 64 of each cell 61 includes a flow port 61 a
      at its lower end so that air entering port 82a flows downwardly along the
      left hand membrane 66 on cell 61 through port 61a and upwardly between
      cells 61 and 62. Substrate 64 of cell 62 also includes a flow port 62a
      located at the upper end thereof to provide a cross-over flow port for
      compressed air to flow downwardly along the right hand membrane of cell
      62. End plate 84 includes an exhaust port 84a at the lower end thereof
      which delivers the oxygen depleted air or raffinate to an exhaust conduit
      (not shown) which passes out of the system.
PAR  Membrane 66 may be of several types, including silicone rubber and
      polyphenylene ether. Since the present invention is designed for use of a
      source of enriched oxygen for inhalation therapy, the oxygen enriched gas
      should contain 40% oxygen. For this level of enrichment membranes of
      polyphenylene ether are preferred. Preferably, each membrane cell has a
      permeation thickness in the order of about 1000 Angstroms or less.
PAR  Stack 60 may be used in the embodiments illustrated in FIG. 1 or FIG. 3, or
      in any system in which it is desirable to monitor the stack to determine
      whether leakage between the cells has occurred. Although the membrane
      cells 61 and 62 are illustrated as being flat and rectangular in shape, it
      will be appreciated that other shapes including cylindrical and circular
      cells also may be utilized.
PAR  The flow diagram in FIG. 3 illustrates a total system, which will now be
      described to disclose a preferred embodiment.
PAR  In FIG. 3 is shown an oxygen enricher 10 in which atmospheric air is
      compressed and passed over an array of selectively permeable membranes
      which permit oxygen to permeate therethrough at a greater rate than
      nitrogen to provide a flow of oxygen enriched gas for inhalation by a
      patient. Enricher 10 includes a housing 12 which is formed by two box-like
      structures to form an air supply structure 12a and a pressure vessel
      structure 12b, which are in fluid communication with each other by means
      of a flow channel 12c. A one way flapper valve 12d is positioned in
      channel 12c to permit air to flow from structure 12b to 12a to cool the
      pressure vessel, described below.
PAR  Air supply structure 12a defines an atmospheric air intake port 14 and a
      hot exhaust port 16. The interior of structure 12a is subdivided into
      three chambers or regions including a cool air region 18, an intake region
      20 separated from region 18 by a divider member 22, which is apertured at
      24 to provide a flow path therebetween, and an exhaust chamber 26. Chamber
      26 is separated from chamber 20 by means of a dividing wall 28 which forms
      an air passage 30 between the chambers. Atmospheric air is drawn through
      the air supply structure 12a by means of a fan 32 positioned within the
      structure, preferably within chamber 30.
PAR  A compressor 34 for producing the flow of compressed air for the enricher
      is positioned within chamber 20 and draws a supply of air through intake
      muffler 36 from the atmospheric air circulating through the air supply
      structure. Muffler 36 is designed to attenuate the noise level created by
      the compressor intake, preferably to less than 20 decibels, since the
      enricher is designed for use in the home and in close proximity to the
      patient. In addition to supplying the compressor with a source of air, it
      will be appreciated that the air circulating through the air supply
      structure provides a source of cooling air for the compressor. It will
      also be appreciated that a compressor having a fan mounted on its rotor
      may be used in place of separate fan 32 to circulate air through the
      structure.
PAR  Compressor 34 is designed to deliver a flow rate of from about 1.5 to about
      1.7 cubic ft. per minute at 175 psi. The membrane cells in this embodiment
      are designed to deliver about 8 liters per minute of enriched gas
      containing about 40% oxygen when operating at 95.degree.F. To remove the
      heat of compression from the compressed air, the compressed air is
      directed into an air fin heat exchanger 40 positioned in cool air chamber
      18 so that the air entering through port 14 passes directly over the heat
      exchanger before entering the chamber 20. Heat exchanger 40 plus lowers
      the temperature of the compressed air to about 95.degree.F. and also
      condenses water vapors which are present in the compressed air. After
      being cooled, the compressed air passes through a check valve 42 to a
      water vapor separator 44 in which the condensate is removed from the
      compressed air and held in the trap of the separator until a float 46 is
      raised and the condensate is delivered for vaporization, as described
      below.
PAR  After condensate has been separated from the compressed air, the air passes
      through a scrubber 48 which removes nitrogen dioxide and sulfur dioxide as
      well as other pollutants which might otherwise be enriched beyond ambient
      conditions by the selectively permeable membrane cells. The compressed air
      is then directed to a pressure vessel 50 through a check valve 51 and
      pressure relief valve 52 in line 53. A membrane stack 60 of the type shown
      in FIG. 2 is positioned in pressure vessel 50. Vessel 50 includes a
      generally U-shaped chamber portion 50a and a cover portion 50b which is in
      sealing engagement with portion 50a by means of a gasket and suitable
      clamping means (not shown) as is known in the art.
PAR  The system pressure is controlled by an adjustable relief valve 110 located
      in the raffinate line 90. Valve 110 may be a needle valve or any other
      type of valve with an adjustable orifice to control the flow rate by
      changing the pressure drop across the membrane stack. At a fixed
      temperature, the enriched air output from the membrane stack is directly
      proportional to the pressure differential across the membranes. Thus,
      raffinate flow measurement provides a means for accurately controlling
      oxygen enrichment without the need for a direct oxygen sensor. In this
      manner, by adjusting the flow rate at valve 110, the flow through the
      membrane stack and ultimately the oxygen enriched gas concentration may be
      controlled.
PAR  It has been found that when 25 liters per minute of compressed air at
      95.degree.F. and 175 psi are delivered to the membrane stack, the stack
      will produce oxygen enriched gas containing about 40% oxygen at the rate
      of 8 liters per minute. This enrichment results in the raffinate
      containing about 13% oxygen.
PAR  The raffinate flow is monitored by a combined pressure gauge and pneumatic
      switch 112 which are positioned upstream of a choke 114 in line 90. If the
      pressure in line 90 drops below the operating range of the stack, an
      electro-pneumatic switch 112 actuates an alarm system. Should the pressure
      in raffinate line 90 experience an excursion, a pressure relief valve 116
      is provided to relieve the line. The pressure in line 90 upstream of
      control 110 also may be monitored visually by gauge 118.
PAR  The raffinate is carried by conduit 90 to an exhaust muffler 120 positioned
      within exhaust chamber 26 so that the oxygen depleted air is mixed with
      atmospheric air and discharged into the atmosphere through port 16.
      Condensate from separator 44 is directed into the raffinate line and
      carried along with the raffinate flow to a water evaporator 121 positioned
      within exhaust chamber 26, so that the water is evaporated to the
      atmosphere as the raffinate is discharged through muffler 120.
PAR  With further reference to FIG. 1, the split output of oxygen enriched gas
      carried by conduits 101 and 102 serves as the stack leak detector
      according to this invention by monitoring the flow ratio of the two groups
      of membrane cells. Leak detection is accomplished by comparing the
      pressure drops across orifices 122 and 123. Orifice 122 is a fixed cell
      group reference orifice and orifice 123 is an adjustable orifice which is
      initially matched to orifice 122 for given cell groups performance. In
      addition to monitoring the pressure drop ratio between orifices 122 and
      123, the split cell group output is also utilized to measure the flow rate
      of the oxygen enriched gas, as explained above.
PAR  In FIG. 3, a preferred membrane cell group monitor can comprise a
      two-legged manometer 124 having a variable capacity reservoir 126 (e.g.,
      bellows) so that the manometer may function as a combination differential
      and total pressure gauge. The variable capacity reservoir 126 contains a
      fluid 128 which is exposed to the pressure in the legs of the manometer
      and moves therein to provide a visual indication of the pressure and flow.
      The level of fluid 128 is set at a null point by means of a set screw 129.
      The bellows 126 is biased by a spring 130 to permit the reservoir to
      expand in volume in response to the total pressure in the manometer legs
      which are in fluid communication with conduits 122 and 123, respectively.
PAR  If the pressures in conduits 101 and 102 are equal the liquid level will
      depress according to the following equation:
      ##EQU1##
      where D = reservoir diameter
PA1  d = tube diameter
PA1  P = pressure
PA1  R = spring constant
PA1  .DELTA.h = liquid depression
PAR  An imbalance in the pressures in conduits 101 and 102 will result in a
      difference in liquid level in the legs of the manometer, and the average
      depression is a measure of total pressure.
PAR  In addition to the use of a manometer, a flow gauge 130 is also provided
      for determining the flow rate in one leg of the split stack which is
      proportional to the total output flow. Conduits 101 and 102 are joined to
      a single flow line 132 and passed through a bacteria filter 134 to a hose
      barb 136 on which a hose and associated inhalation mask may be secured. In
      this manner, oxygen enriched gas is delivered to a patient. To accommodate
      back pressure introduced into the output line 132, such as might be caused
      by the patient coughing into the face mask, a relief line 127 provides
      communication between line 132 and the exterior expansible boundary of
      reservoir 126 to balance the manometer during such periods so that the
      average liquid height is unaffected.
PAR  From the above description, it will be readily appreciated that a
      pressurized oxygen enricher is provided with efficient membrane leakage
      control and indicating means. Modifications thereto in addition to those
      described may be made by those skilled in the art without departing from
      the spirit and scope of the invention as pointed out in the claims. For
      example, the present split flow invention can also be used with a vacuum
      extract system such as that described in pending U.S. patent application
      Ser. No. 476,260 of Richard H. Blackmer and Jonathan W. Hedman, filed June
      4, 1974, incorporated herein by reference.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a membrane permeation process to produce oxygen enriched gas from
      atmospheric air comprising delivering a flow of atmospheric air to an
      array of series flow, selectively permeable membrane cells having a
      greater permeability of oxygen relative to nitrogen and maintaining a
      pressure differential across said array to produce an oxygen enriched
      permeate therethrough, the improvement for controlling and detecting
      membrane failure comprising:
PA1  i. dividing the selectively permeable membrane into two groups of cells;
PA1  ii. independently collecting the oxygen-enriched permeate output from each
      of said groups of cells;
PA1  iii. passing each collected permeate output through independent conduit
      means including means for restricting the flow of said oxygen enriched
      permeate output to initially produce zero pressure differential between
      each conduit means, said pressure being measured in each conduit means at
      a location upstream of the flow restricting means;
PA1  iv. continuously determining the presence or absence of a pressure
      differential between said conduit means; and
PA1  v. discontinuing the process when a pressure differential is determined to
      exist between the conduit means indicating a membrane leakage failure in
      one of the two groups of membrane cells.
NUM  2.
PAR  2. A process as defined in claim 1 including the step of measuring the
      pressure differential across one of said restrictions whereby the total
      oxygen enriched permeate flow delivered in the process is determined.
NUM  3.
PAR  3. A process as defined in claim 1 wherein the array comprises at least
      four cells and the two groups are provided by dividing alternate cells.
NUM  4.
PAR  4. A process as defined in claim 1 wherein at least one of said restricting
      means is adjustable and the initial production of zero pressure
      differential between each conduit means is achieved by adjusting the
      respective restricting means.
NUM  5.
PAR  5. A process as defined in claim 1 including the steps of compressing the
      atmospheric air and delivering it to the array of cells in a compressed
      state.
NUM  6.
PAR  6. A process as defined in claim 1 including the steps of delivering the
      atmospheric air to the array of cells at substantially ambient pressure
      and maintaining a partial vacuum within said cells for independently
      collecting the oxygen-enriched permeate for transfer into said independent
      conduit means.
NUM  7.
PAR  7. A process as defined in claim 1 wherein said cell array is adapted to
      provide enriched gas having about 40% oxygen.
NUM  8.
PAR  8. A process as defined in claim 1 wherein said cell membranes are formed
      of a polyphenylene ether.
NUM  9.
PAR  9. A process as defined in claim 8 wherein each of said membranes is about
      1000 Angstroms in thickness.
NUM  10.
PAR  10. A process as defined in claim 1 wherein the independent conduit means
      are adapted to deliver oxygen-enriched permeate for further use at a rate
      in the range of about 4 to 8 liters per minute.
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PAL  Masuda et al.-Electrodynamic Behavior of Charged Aerosol Particles in
      Non-Uniform Alkynating Fields and Its Application in Dust Control, Staub
      Reinhaltung der Luft Vol. 30, (1970), No. 11, pp. 4-15.
ABST
PAL  Apparatus for removing dust from a gas stream comprises a duct with an
      inlet at its top, a hopper spaced beneath the inlet, and a lateral outlet
      at a level between inlet and hopper. Gas flowing from inlet to outlet must
      traverse a vertically extending filter comprising elongated parallel
      electrodes laterally spaced from one another at small intervals. Each
      electrode is connected with a terminal of an alternating voltage source
      different from that with which its adjacent electrodes are connected. The
      constantly varying alternating electric fields at the filter repel
      particles so that they fall into the hopper.
PARN
PAR  This application is a continuation of my copending application Ser. No.
      248,176, filed Apr. 27, 1972 now abandoned.
BSUM
PAR  This invention relates to apparatus by which particulate materials such as
      dust, small fibres, cement powder, fine ash and the like can be separated
      from a flowing gas stream in which they are entrained.
PAR  The invention is based upon the discovery by the inventor that small, light
      bodies such as dust particles, when electrically charged as by subjection
      to a corona discharge, are repelled and can be electrodynamically driven
      in one direction by a series of constantly varying alternating electric
      fields produced by applying an alternating voltage to a plurality of
      elongated parallel electrodes that are spaced apart laterally by small
      distances. Because the repelled particles are more or less levitated at
      one side of the array of electrodes, in a curtain-like cloud, the inventor
      has termed this effect an electric field curtain. If the electrodes are
      disposed in proximity to, or in contact with, a sheet or lamina of
      dielectric material, uncharged particles receive a charge when they come
      into contact with the surface of the dielectric material and are thereupon
      immediately repelled and strongly driven away from the dielectric surface
      by the constantly varying alternating electric fields. The inventor
      designates such apparatus as an electric field curtain of contact type.
PAR  If single-phase alternating voltage is applied to the electrodes, the
      particle bodies tend to be held in equilibrium positions between pairs of
      electrodes, but they can be moved from such positions by the force of
      gravity or of a flowing gas stream. The inventor designates this effect a
      stationary wave electric field curtain. If the electrodes are properly
      connected with the terminals of a polyphase alternating voltage source,
      the net electric field produced by the array of electrodes has a wave-like
      variation across the electrodes, and by reason of this travelling wave
      effect the particles tend to be advanced in one direction transversely to
      the electrodes as they are repelled from them. The inventor designates
      this latter effect a travelling wave electric field curtain.
PAR  The present invention relates to apparatus by which the electric field
      curtain effect can be advantageously utilized for removing particulate
      material from a gas stream in which it is entrained, and by which
      apparatus such material is collected in a manner that facilitates its
      reuse or other disposition. As distinguished from the well known
      electrostatic precipitator and from conventional filters, the apparatus of
      this invention tends to move particles directly to the interior of a
      hopper or similar collection zone, rather than causing them to be
      deposited upon a surface from which they must be removed from time to time
      by percussion, washing or a similar cleaning operation.
PAR  Thus the general object of this invention is to provide apparatus by which
      particulate materials entrained in a gas stream can be separated from the
      gas stream and moved directly to a collection zone such as the interior of
      a hopper.
PAR  It is also an object of the invention to provide apparatus that takes
      advantage of the electric field curtain effect to separate from a gas
      stream particles such as dust, fibres, paint and coloring powder, cement
      powder and the like, and wherein such particulate material is collected in
      a manner that facilitates its reuse or other disposition.
PAR  It will be apparent that the apparatus of this invention is useful in many
      industrial applications and processes such as electrostatic painting,
      electrostatic hair and fibre setting, electroprinting and electrostatic
      dyeing.
DRWD
PAR  The invention will now be described with particular reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a diagrammatic view of an electric field curtain of contact type
      of stationary wave type for the explanation of the principle and the
      method of constitution of the present invention.
PAR  FIG. 2 is a diagrammatic view of an electric field curtain of contact type
      of traveling wave type for the same purpose as the above.
PAR  FIGS. 3 and 4 are respectively longitudinal sectional view of embodiments
      of the present invention, the left half portion in each case being an
      embodiment in which the electrodes are arranged on the exterior surface of
      the filter cloth and the right half portion being one in which the
      electrodes are on the interior surface of the filter cloth.
PAR  FIG. 5 is a longitudinal sectional view of another embodiment according to
      the present invention,
PAR  FIG. 6 is an enlarged plan and a connection diagram of a filter cloth for
      constituting an electric field curtain of contact type of stationary wave
      type.
PAR  FIG. 7 is a sectional view showing the section XV--XV in FIG. 6,
PAR  FIG. 8 is a still another enlarged plan and a connection diagram of a
      filter cloth for constituting an electric field curtain of contact type of
      traveling wave type,
PAR  FIG. 9 is a sectional view showing the section XVII--XVII in FIG. 8,
PAR  FIG. 10 is a plan and a connection diagram showing another embodiment of
      the filter cloth,
PAR  FIG. 11 is a longitudinal sectional view of a dust collecting apparatus
      incorporating the filter cloth shown in FIGS. 6 and 8, the left filter
      cloth cylinder comprising electric yield curtain apparatus of stationary
      wave type while the right one comprises such apparatus of traveling wave
      type.
PAR  FIG. 12 is a longitudinal sectional view of another embodiment of the dust
      collecting apparatus incorporating the present filter cloth.
PAR  FIG. 13 is a perspective view of the filter cloth box in the embodiment in
      FIG. 12.
DETD
PAR  Referring now to FIG. 1, a group of columnar electrodes 1, 2, 1', 2', . . .
      are arranged parallel with each other at equal intervals on one and the
      same plane (or curved surface) in insulating relation with each other.
      They are connected alternately with conductors 3, 4 and each conductor is
      connected to a terminal of an AC power source 5. There is created a series
      of stationary wave alternating constantly varying electric fields 7, 7',
      7", . . . neighboring each other as shown by the electric lines of force 6
      in the space between said electrodes and also in their environment. This
      series of stationary wave alternating constantly varying electric fields
      7-7'-7"- . . . , as already stated, has a strong electrodynamical
      repulsive action on the electrified light bodies in its neighborhood in
      the direction away from said series of electrodes 1, 2, 1', 2', . . . ,
      i.e. in the directions of the arrows 8, 9 and thus is called the electric
      field curtain of stationary wave type. If a dielectric layer 10 is
      arranged in proximity or in contact with said series of electrodes 1, 2,
      1', 2', . . . and if light bodies of conductor, semiconductor or
      dielectric, in the nature of dust particles, fibre, or the like, are
      brought into contact with the upper surface of said dielectric layer 10,
      then said light bodies 11 are electrified intensely immediately by contact
      electrification and then by the action of said alternating unequal
      electric field of stationary wave type 7, 7', 7", . . . penetrating
      through said dielectric layer 10 they receive the alternating electric
      force in the direction of the strong electric lines of force as well as
      the strong electrodynamical repulsive force in the direction of the arrow
      8, so that the light bodies are peeled off from said dielectric layer 10
      and are levitated in the space above it. When said light bodies 11 are
      piled on said dielectric layer 10 comparatively thickly, they may not
      always be peeled off and made to float but in general an intense perturbed
      motion is imparted to them by the alternating electric force. In this case
      those which are within the piled up layer and do not contact with said
      dielectric layer are in general electrified by contact with each other in
      reversed polarity by the contact electrification occuring between said
      light bodies, and then the same perturbation effect or peeling off and
      floating effect will be given.
PAR  As shown in FIG. 2, a group of columnar electrodes 12, 13, 14, 12', 13',
      14', . . . is arranged parallel to each other and at equal intervals, in
      insulating relation, on one and the same plane (or curved surface). The
      electrodes are divided into three groups by connecting every third
      electrode with one of the conductors 15, 16, 17 and the conductors are
      then connected to the secondary terminals U', V', W' of three transformers
      21, 22, 23 in order, with the neutral points of Y connections connected to
      a three-phase AC power source U, V, W, so that a series of traveling
      alternating constantly varying electric fields 20, 20', . . . are produced
      in the space between and in the environment of said group of electrodes,
      having the electric lines of force as indicated with 18 and traveling in
      the direction of the arrow 19. This series of traveling alternating
      constantly varying electric fields 20, 20', . . . powerfully repels the
      light bodies in its neighborhood electrodynamically in the direction away
      from said group of electrodes 12, 13, 14, 12', 13', 14'3 . . . , i.e., in
      the direction of the arrows 8, 9 and at the same time exerts a driving
      action on the light bodies, irrespective of the polarity of the charges on
      them, in the direction of travel of said traveling wave, i.e., in the
      direction of the arrow 19. If a dielectric layer 10 is arranged in
      proximity to or in contact with said series of electrodes 12, 13, 14, 12',
      13', 14', . . . and the light bodies 11, of conductor, semiconductor or
      insulator material, and of the shape of dust particles, fibre, or the
      like, are put on its upper surface, thus effecting contact electrification
      between the bodies and said dielectric layer 10, then the light bodies are
      peeled off the dielectric layer 10 and made to float over it, receiving an
      intense electrodynamical repulsive force in the direction of the arrow 8
      as well as an alternating electric force in the direction of the electric
      lines of force 18, and they are transported in the direction of the
      driving force. If said light bodies 11 are piled in comparatively large
      thickness on said dielectric layer 10, said light bodies are not
      necessarily peeled off and floated, but they are shifted in the direction
      of the arrow 19 by receiving in general an intense perturbing motion from
      the alternating electric force. In this case even the light bodies which
      do not contact said dielectric layer 10 receive quite equally the actions
      of peeling off, floating and transporting effects as they are electrified
      in reverse polarity to each other as the result of contact electrification
      between one another. In the example of the present figure there is shown
      the case where a three-phase AC power source is used as the power source,
      but the traveling wave alternating constantly varying electric field in
      the electric field curtain of contact type of traveling wave type is in
      general formed by dividing a group of electrodes into n groups and
      connecting every nth electrode in order to an n-phase AC power source.
PAR  In the constitution of the above mentioned electric field curtain of
      contact type of stationary wave type or traveling wave type, as the
      dielectric, those of plate state, layer state, fibrous layer state, porous
      layer state, cloth state, net state or of any other arbitrary shapes,
      states and materials may be utilized, and as the group of electrodes for
      forming the electric field curtain the insulator coated conductors
      arranged on a surface, woven in network or in cloth are used and then
      these conductors are employed as a group of electrodes for the formation
      of the electric field curtain, or else these may be constituted by the
      organic dielectrics in the interior of which are embedded said group of
      electrodes. Further the dielectric should not necessarily be in a plane
      shape, but those of cylindrical shape, rectangular duct shape, conical
      shape, hopper shape or any other arbitrary shape will do as well. In
      responding to this the group of electrodes for the constitution of
      electric field curtain need not necessarily be a group of straight
      electrodes, but those of annular shape, spiral shape or any other
      arbitrary shape and of columnar state, foil state or any other arbitrary
      state, and further coated with suitable insulators will do as well.
      Further said group of electrodes can be arranged not only in one row but
      two, three or more arbitrary rows in proximity to or in contact with said
      dielectric.
PAR  Further the electric field curtain of contact type comprising the group of
      electrodes and the dielectric layer may not only be utilized by simply
      making use of it as a single layer, but also for poly layers, and, as
      occasion demands, may also be utilized by giving mechanical vibration or
      by sending an air current through the dielectric layer which is made
      permeable. Moreover said group of electrodes may simply be applied with a
      single-phase or a poly-phase AC voltage, or a DC voltage may be
      superimposed upon the former. Besides the charge to be given to said light
      bodies can originate not only from contact electrification, but also as
      necessity demands can be imparted by means of corona discharge or any
      other suitable methods.
PAR  FIG. 3 is one of the embodiments of the apparatus utilizing the electric
      field curtain of contact type, of stationary wave type according to the
      present invention for the filter dust collection of dust particles and
      especially it is applied to a bag filter having a cylindrical filter cloth
      layer such as is described below. The main body 80 of the dust collecting
      apparatus is divided into an upper portion 83, a middle chamber 84 and a
      lower hopper 85 by the horizontal partitions 81 and 82. In the middle
      chamber 84 there are arranged in fixed relation, vertically as shown in
      the figure, cylindrical cloth filters 86, 87. Each filter can comprise
      either a single cloth layer or plural layers, and in the latter case the
      layers can be of the same kind or in combinations of several kinds. In
      said filter 86, . . . there are arranged a pair of spiral electrodes 88,
      89, coated with insulator, in the interior of the layers and in contact to
      their inner surface, at an interval of 2 cm, in parallel. On the outside
      of the filter cloth 87 a pair of the spiral electrodes 90, 91 coated with
      insulator are arranged, in contact with the exterior surface of said cloth
      and in parallel with each other at intervals of 2 cm. Of the spiral
      electrodes 88, 89 and 90, 91, those designated 88, 90 are electrically
      connected with the upper partition 81, which is made of a metal and is
      grounded together with the main body of the dust collecting apparatus to
      the grounded terminal of a single-phase A.C. power source 5. The
      electrodes 89, 91 are connected with the ungrounded terminal of the power
      source 5 via the conductor 92 through the insulation tubes 93. Therefore
      the cylindrical filter cloth layers 86, 87 produce an electric field
      curtain of contact type of stationary wave type. The dust containing gas
      introduced into the upper chamber 83 from the inlet 95 passes through said
      group of cylindrical filters 86, 87 from the interior thereof to the
      exterior and is filtered of its contained dust by them and then the gas is
      exhausted outward from the outlet 96 in a purified state. The dust piled
      up on the interior surface of the cloth filters is swept off by the
      above-mentioned electrodynamical peeling off action and after having
      fallen into the lower hopper 85 is exhausted outward via the dust
      exhausting outlet 98 by means of the transporting machine 97. The needle
      electrodes for corona discharge 99, 99' are supported by the porcelain
      tubes 103, 103' and applied with negative high DC voltage from the DC high
      voltage power source 100 via the protective resistance 101 and the
      conductor 102. A negative corona discharge is established between the
      needle electrodes and the coaxial confronting grounded annular electrodes
      104, 104, thus supplying a negative ionic current. Accordingly when the
      gas passes this portion the contained dust is charged intensely and the
      peeling off and the sweeping off action of the electric field curtain of
      contact type of stationary wave type in the filters 86, 87 is promoted.
PAR  FIG. 4 shows one of the embodiments of the apparatus utilizing the electric
      filed curtain of contact type of traveling wave type according to the
      present invention. A bag filter having the same cylindrical filter cloth
      layer as above is applied also to this. The elements indicated with
      numerals from 15 to 104 are the same as those indicated with the same
      numerals in FIG. 3. In the interior of each cylindrical filter cloth layer
      86 are arranged three spiral electrodes with insulator coating in contact
      with the inner surface of the layer and at an interval of 2 cm. Further on
      the outside portion of another group of cylindrical filter cloth layers 87
      are arranged three similar spiral electrodes 108, 109, 110 with insulator
      coating as above, in parallel to each other and at an interval of 2 cm.
      These groups of electrodes 105, 106, 107 and 108, 109, 110 are applied
      respectively with three-phase alternating voltages through the conductors
      15, 16, 17, so that the cylindrical filter layers 86, 87 are constituting
      an apparatus of electric field curtain of contact type of traveling wave
      having the alternating constantly varying electric field traveling
      downward along the inner surface of said layers. Accordingly the dust
      introduced with the gas from the inlet 95 is electrified beforehand while
      passing between the corona discharge electrodes 99, 99', . . . and the
      grounded annular electrodes 104, 104', . . . The dust adhered to and piled
      on the inner surface of said cylindrical filter cloth layers is peeled off
      vehemently by the electrodynamical action and driven downward at the same
      time, and thus falls into the lower hopper. If the group of the spiral
      electrods 90, 91 or 108, 109, 110 are arranged for the constitution of the
      electric field curtain of contact type, in the down stream side of the
      filter cloth layer 87 with respect to the gas flow in the embodiments
      shown in FIG. 4 and in contact with its outside, then the electrodes act
      as a suitable support against the load originating from the wind pressure
      received by the filter cloth and thus an advantage will be obtained in
      prolonging the life of the filter cloth. It will be evident that the
      electrodes 88, 89 and 90, 91 or 105, 106, 107 and 108, 109, 110 may be of
      spiral shape, annular shape, columnar shape, polygonal shape, strip shape
      or of any other suitable shape.
PAR  Further according to circumstances it goes without saying that a conductive
      coating of suitable shape may be shaped, painted or evaporated on the
      surface of the filter cloth by means of conductive coating materials, and,
      further, may be formed by attaching suitable conductive fibres onto the
      filter cloth layer or by weaving them into its interior. The material of
      the filter cloth may be synthetic resins such as nylon, tetron and teflon,
      glass fibre or any other dielectric substances.
PAR  FIG. 5 is another embodiment of the apparatus utilizing the electric field
      curtain of contact type of traveling wave type according to the present
      invention for collection of dust particles, in which a group of electrodes
      are arranged in contacting relation on both sides of the dielectric filter
      cloth layer and further, as occasion demands, promotion of filtering and
      dust collecting effects is achieved by superposing a DC electric field on
      the alternating constantly varying electric field produced within the
      filter cloth layer. The elements indicated by numerals from 80 to 110 in
      the figure are the same as those indicated by corresponding numerals in
      FIG. 4. The three groups of spiral electrodes with insulator coatings are
      arranged, the in parallel to each others and at equal intervals, in
      contact on the inner and outer surfaces of the cylindrical filter cloth
      layer 86. Now the group of spiral electrodes 105, 106, 107 in the interior
      are connected via the conductors 15, 16, 17 through the porcelain tube 93
      to the terminals U', V', W' of the secondary of the transformers 111, 112,
      each of which has two secondary windings, and the group of electrodes 108,
      109, 110 on the exterior are connected via the conductors 15', 16', 17'
      through the porcelain tube 93 to other terminals U", V", W". And the DC
      power source 114 is inserted at neutral points of the group of the
      secondary windings. Then an electric field curtain of contact type of
      traveling wave type having the alternating constantly varying electric
      field traveling in downward direction is produced in the neighboring of
      the inner and outer surfaces of and in the interior of the filter cloth
      layer 86; and though the field itself as already described offers very
      effective filtering and dust collecting action, yet a DC electric field is
      formed between the two inner and outer groups of electrodes 105, 106, 107
      and 108, 109, 110, penetrating the filter cloth layer, so that even the
      electrified particles of very minute diameters which tend to pass through
      the filter cloth layers are more effectively made to adhere to and be
      captured by the filter cloth by reason of the DC electric force. If such
      an action is not required, it is of course only necessary to connect the
      switch 115 to the left side and to cut off the DC power source 114.
      Further the outside group of electrodes 108, 109, 110 may be grounded and
      in that case the multiple switch 116 is closed in the upward direction,
      thus cutting off the secondary windings U", V", W".
PAR  FIG. 6 and FIG. 7 show examples of filter cloth of the system of the
      electric field curtain of contact type of stationary wave type woven of
      conductive fibrous string (hereinafter called conductive string) and
      insulating dielectric fibrous string (hereinafter called dielectric
      string). There is shown the case of a plain weave but the use of a cross
      weave, a satin weave or a duplicate weave will do as well.
PAR  The electrodes 244-247 and 254-256 comprise conductive strings alternating
      in the woof with dielectric strings 264-271, while the warp is made up
      solely of dielectric strings 274-282.
PAR  The conductive strings are connected in two groups, so that alternate
      conductive strings 244, 245, 246, 247 are connected by conductors 284,
      285, 286, and the intermediate conductive strings are similarly connected,
      as electrodes 254, 255, 256 by conductors 294, 295. When each of the
      conductor string groups is connected to one of the terminals of a
      single-phase AC power source 234 via the conductors 235, 236 as shown in
      the figure, a filter cloth is constituted which can be applicable for
      constituting an electric field curtain of contact type of stationary wave
      type.
PAR  Now let it be assumed that the dust containing gas passes toward the
      surface of the filter cloth from the top of the paper sheet in the figure,
      then the dust is suppressed at the surface of the filter cloth by ordinary
      filtering action and is piled up on it, and is electrified by contact at
      the same time. Therefore the dust receives the perturbation effect as well
      as the repulsive force in the directions of the arrows 241, 242 by the
      electric field curtain of contact type and so is peeled off compulsorily.
      Now if the second characteristic of the present invention is added to this
      and so the dust is charged beforehand by means of a suitable method such
      as a corona discharge, etc., a part of the dust is suppressed in
      non-contacting manner by the action of the electric field curtain at the
      front of the filter cloth before reaching it. Then the dust falls and is
      collected, and the remaining dust reaching the filter cloth receives
      violently the above action of the electric field curtain of contact type
      more than in the case of no preliminary electrification.
PAR  FIG. 8 and FIG. 9 show the constitution of the filter cloth of the system
      of the electric field curtain of contact type of travelling wave type. In
      the figure there is shown the case of the use of the three-phase AC power
      source and this method may of course be extended easily to the method of
      using a poly-phase AC power source in general.
PAR  In this case the conductive strings comprising the electrodes are connected
      in three groups, and each group is connected with one of the terminals of
      a three-phase A.C. power source R, S, T. It will be understood that the
      conductive strings of each group can be connected with one another in
      series, in parallel or in series-parallel, so long as they will be always
      at the same potential.
PAR  In the above embodiments of the filter cloth of the system of electric
      field curtain of contact type carbon fibre is most suitable for the
      electrode strands as it is stable chemically as well  as physically and
      withstands high temperature. However any conductive or semi-conductive
      fibre string other than this, for example metallic fibre string,
      conductive glass fibre string or mixed string may be applicable as well.
      As occasion demands the wires such as polimide wire and amideimide wire,
      etc., are possible to be applicable. As the dielectric wire glass fibre is
      especially adequate as it is stable chemically and withstands high
      temperature, but, organic synthetic fibre of every kind processed
      adequately on the surface or not, for example nylon fibre string,
      polyester fibre wire or fibre string NOMEX (trade mark) can be applicable
      as well.
PAR  FIG. 10 shows another method of constituting the filter cloth of the system
      of the electric field curtain of contact type. The group of electrodes 304
      - 309, 314 - 318 are arranged in parallel with and insulated from each
      other on the insulating cloth by attaching and impregnating a conductive
      painting, pigment or dyestuff such as carbon black to the cloth, or are
      woven with conductive fibre string or insulating, gas permeable, unwoven
      cloth 237, or by textile printing or printing, etc., or juxtaposing or
      sewing together a conductive strip body such as a carbon tape. Besides
      this it is possible to arrange a group of electrodes for the electric
      field curtain of contact type in parallel with and insulated from each
      other by attaching, stratifying or molding the conductive fibre by the
      electrostatical setting method on one side or both sides of an insulating
      unwoven cloth or porous plate.
PAR  The filter cloth constituted as above can be easily processed with fluorine
      resin or silicon even afte the arrangement of the electrodes so that by
      this means it is possible to maintain the specific character of the
      insulation for a long time by preventing the production of a rough nap in
      the conductive string.
PAR  The electrode to be arranged in the filter layer as the characteristic of
      the present invention is in general adequate if of a width of less than 5
      cm and of the interval between the electrodes, measured by the shortest
      distance, is less than 5 cm. And the frequency of the alternating current
      of the power source to be used is suitably of less than 200 Hz.
PAR  FIG. 11 shows an embodiment of the invention for use in combination with a
      machine that produces a great deal of dust such as an electric furnace, a
      cement mill, etc.
PAR  The main body of the dust collecting apparatus is divided into the upper
      chamber 330, the middle chamber 331 and the the lower hopper 332 by the
      partition plates 328, 329 and these partition plates 328, 329 and the
      external wall 327 are grounded. In the middle chamber 331 is arranged the
      novel cylindrical filter cloth or filter layer 333 or 334 open at both top
      and bottom ends and oriented vertically. In the filter cloth tube 333 are
      woven six electrodes 335-340 of carbon fibre conductive string
      constituting an electric field curtain of contact type of traveling wave
      type in spiral configuration encircling the filter cloth tube. The
      dielectric string of the filter cloth is made of glass fibre. A lead-out
      wire 342-347 from each of the six stripes comprising the spiral electrodes
      is connected to the AC-DC change over switch 348 as shown in the figure.
      By means of the AC-DC change over switch 348 the electrodes can be
      supplied with a DC voltage from the DC power source 319 or a three-phase
      voltage from the three-phase transformer 320. In the filter cloth tube 334
      the electrodes 349, 350 of carbon fibre conductive string constitute an
      electric field curtain of contact type of stationary wave type are woven
      to spirally encircle the filter cloth tube.
PAR  The electrodes 349, 350 are each connected to the single-phase AC power
      source 322 and DC power source 321 through the AC - DC change over switch
      353 via the leading-out wires 351, 352. The electrode 350 is grounded to
      the partition plate 328.
PAR  Now let a dust containing gas be introduced into the upper chamber 330
      through the inlet 323 while an AC voltage is applied on the filter cloth
      layer 333, then the gas passes from the interior of the filter cloth layer
      333 or 334 toward the exterior and at this time by the filtering action of
      the filter cloth and the action due to the electric field curtain of
      contact type of stationary wave type or traveling wave type the gas
      becomes purified due to the removal of the contained dust particles and
      then is exhausted outward from the outlet 324. The dust particles adhering
      to the filter cloth are swept off by the peeling off action of the
      electric field curtain of contact type, fall into the lower hopper 332 and
      are exhausted outward from the exhaust outlet 325 by means of the
      transporting machine 354.
PAR  The corona discharge electrodes 356, 357 are supplied with the negative DC
      high voltage from the DC high voltage power source 326 via the protective
      resistance 358 and the conductor 359, supported by the porcelain tubes
      361, 362. These produce a negative corona discharge with the grounded
      coaxial annular confronting electrodes 363, 364 and supply a negative
      ionic current. Accordingly when the gas passes through this portion the
      contained dust is charged beforehand, assisting the dust collecting effect
      in non-contacting manner by the electric field curtain of contact type
      comprising the filter cloth tubes 333, 334 and as the coarser particles
      are for the most part collected in front of the filter cloth the load on
      the filter cloth itself is largely alleviated.
PAR  FIG. 12 shows another embodiment of the filter dust collecting apparatus of
      the system of electric field curtain of contact type to be used in
      combination with machines that produce a great deal of dust.
PAR  The dust collecting apparatus itself 366 is divided into the upper chamber
      373, the middle chamber 374 and the lower hopper 375 by the horizontal
      partition plates 371, 372, and the partition plates 371, 372 and the
      exterior wall are grounded. In the middle chamber 374 is a filtering box
      of wedge shape 376 comprising the novel filter cloth 377 and 377' (refer
      to FIG. 13) of the system of the electric field curtain of contact type of
      stationary wave type according to the present invention, fixed on a frame
      that is illustrated in FIG. 16 and described hereinafter. The leading out
      wires 391, 391', 392, 392' are taken out respectively from the electrodes
      378, 379 and 378', 379' arranged on said filter layer of filter cloth 377
      and 377', and then are connected to the AC - DC change-over switch 390 as
      shown in the figure. The D.C. voltage of the DC power source 400 or the
      secondary single-phase voltage of the single-phase transformer 401 is
      applied on the electrodes 378, 379, 378', 379' of the filter layer or
      filter cloth by means of the AC-DC change-over switch 390. The leading out
      wire 391 and the electrodes 378, 378' on the filter that are connected
      with this leading out wire are grounded.
PAR  Now if an AC voltage is applied on the electrodes 378, 379, 378', 379' in
      the filter cloth 377, 377' and a dust containing gas is introduced into
      the upper chamber 373 from the inlet 368, then the gas is sent downward
      from the upper hole 388 of the filter box, and it passes from the inside
      to the outside of the box through the filter cloth of the system of
      electric field curtain of contact type and is exhausted outside, passing
      through the middle chamber 374 and the outlet 369 in a purified state. The
      dust particles adhering to and piling on the filter cloth are swept off by
      the peeling off action of the electric field curtain of contact type of
      stationary wave type, fall into the lower hopper 375 from the lower hole
      389 of the filter box and are exhausted outward from the exhaust outlet
      370 by means of the transporting machine 394. The line electrode for the
      corona discharge 396 is supplied with negative DC voltage from the DC high
      voltage power source 404 via the protective resistance 398 and the
      conductor 399. It produces a negative corona discharge with the grounded
      plate-shaped confronting electrode 381 set on the upper flange frame of
      the filter box. Accordingly when the gas passes through this portion the
      dust particles contained therein are electrified to promote dust
      collection in the non-contact mode by the electric field curtain of
      contact type arranged in the filter cloths 377, 377.' Since the greater
      the portion of the coarser particles is collected in front of the filter
      the load on the filter itself is largely alleviated.
PAR  FIG. 13 shows the details of the wedge-shaped filter box in the dust
      collecting apparatus of FIG. 12. In the upper portion of the filter box
      376 there is a mounting flange 380 made of iron plate and as shown in the
      figure the confronting electrode of plate shape 381 for the corona
      discharge is set by welding or in an integral structure to its one side of
      the flange. In the lower portion there is a flange frame plate 382 made of
      an iron plate or a reinforced plastic for fixing the filter box to the
      lower partition plate 372, and it is connected with the flange 380 through
      side plates 383, 384. The filter cloths 377 and 377' of glass fibre are
      extended on both surfaces of the frame work comprising the flange frame
      380, 382 and the frame plates 383, 384, and the electrodes for the
      electric field curtain of contact type of traveling wave type 378, 379,
      378', 379, ' having width of 3 cm and spaced at intervals of 3 cm, are
      formed afterwards by painting carbon black on the surfaces of these two
      filters and then the leading-out wires 391, 392, 391', 392' are taken out
      from each of them.
PAR  Although the above dust collecting apparatus shown in FIGS. 12 and 13 is
      based on the operational principle of the electric field curtain of
      contact type of stationary wave type, yet, as will be obvious from the
      embodiment of FIG. 11, it is easy to constitute the apparatus in FIGS. 12
      and 13 as an apparatus following the operational principle of the electric
      field curtain of contact type of traveling wave type. And as a DC electric
      field is produced between the electrodes by applying a DC voltage instead
      of an AC voltage, by an AC-DC change-over switch 390, it is possible to
      obtain a filter dust collecting apparatus capable of realizing the
      ordinary electric dust collecting principle and the filter dust collecting
      principle at the same time.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for removing particulate material from a gas stream in which
      it is entrained, comprising:
PA1  A. wall means defining
PA2  1. a downwardly opening inlet for a gas stream in which particles are
      entrained,
PA2  2. an outlet for cleaned gas, spaced from said inlet and having its axis
      substantially out of alignment with that of said inlet, and
PA2  3. a passage for constraining gas entering the inlet to flow to the outlet
      and wherein there is a zone in which gas flowing from the inlet to the
      outlet undergoes a change in flow direction in the course of such flow;
PA1  B. a substantially tubular filter element of cloth-like material through
      which gas can pass, said filter element having its axis substantially
      coinciding with the axis of the inlet and having an upper end near the
      inlet, but being otherwise radially spaced from said wall means, said
      filter element being disposed at least in part in said zone and being
      arranged to have gas entering the inlet flow into the interior of the
      filter element and pass through the material thereof in flowing towards
      the outlet;
PA1  C. a plurality of elongated electrodes contiguous to said filter element,
      said electrodes being laterally spaced apart by substantially uniform
      distances along their lengths and being disposed entirely around and along
      the filter element;
PA1  D. means for connecting each of said electrodes with one terminal of an
      alternating voltage source, each electrode with a terminal other than that
      which its laterally adjacent electrodes are connected, to produce a
      constantly varying alternating electric field between every pair of
      laterally adjacent electrodes whereby particles in a gas stream flowing
      between the electrodes are repelled from the electrodes; and
PA1  E. means defining an upwardly opening receptacle beneath the filter
      element, into which particles repelled by the electrodes are induced to
      move.
NUM  2.
PAR  2. The apparatus of claim 1, further characterized in that said electrodes
      are disposed at the outer surface of the filter element.
NUM  3.
PAR  3. The apparatus of claim 1 further characterized in that said electrodes
      are disposed at the inner surface of the filter element.
NUM  4.
PAR  4. The apparatus of claim 1, further characterized in that said electrodes
      comprise electrically conductive filaments woven into the material of the
      filter element.
NUM  5.
PAR  5. The apparatus of claim 1, further characterized in that said electrodes
      are connected with the three terminals of a three-phase alternating
      voltage source.
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ABST
PAL  An elongated cylindrical casing defines a contacting chamber of the type
      used in a gas effluent processing system. The casing is disposed with its
      longitudinal axis in a vertical orientation and has conduit means disposed
      to direct gas and liquid flows into the upper end of the chamber for
      generally downward concurrent intermixing progression whereby particulate
      matter is transferred from the gas flow to the liquid prior to discharge
      of the separate flows from the lower end of the contacting chamber. The
      lower discharge end of the casing has an improved structural configuration
      that overcomes certain problems inherent in prior art apparatus designed
      for accomplishing the same purpose. Flow control means is also disclosed
      for use within the chamber to further enhance the operational efficiency
      of the contacting chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to apparatus and method for intimately
      contacting an effluent gas flow with a treating liquid such as water
      whereby fine particulate solids carried in the gas flow are transferred to
      the liquid flow prior to further treatment of the gas or its exhaustion
      into the atmosphere. More particularly, the invention pertains both to the
      structural design and the use of a gas and liquid contacting chamber that
      may comprise a part of a gas effluent processing system.
PAR  It is a known practice to utilize a contacting chamber, often referred to
      as a dust collector, to subject a particle-laden gas flow to a liquid flow
      by centrifugally whirling the gas flow to insure thorough intermixing with
      the liquid flow and thereby cleanse the gas of the particulate solids
      carried therein. Once the transfer action has been completed within the
      chamber whereby the particulate matter is picked up by liquid droplets,
      the cleaned gas and the liquid are discharged as separate flows from the
      chamber. Where the aforementioned method is carried out through the use of
      a cylindrical casing defining the contacting chamber and the liquid and
      gas are introduced to the chamber to move generally concurrently
      therethrough from the upper end toward the lower, it is a known practice
      to have the lower end wall of the cylindrical casing converge to a
      funnel-like discharge outlet for the liquid, and to have a substantially
      large gas outlet in the form of a cylindrical duct of smaller diameter
      than the chamber disposed concentrically within the chamber's lower end
      and projecting outwardly therefrom to exhaust the gas flow from the
      chamber. The arrangement heretofore described is to enable the liquid,
      which progresses downwardly through the chamber along the inner sidewall
      surface thereof because of the centrifugal forces of the whirling gas
      flow, to be channeled by the casing's converging lower end to a relatively
      small liquid outlet conduit. Two examples of a lower end arrangement for
      such a chamber are shown in a Czechoslovakian Pat. No. 96056. FIG. 1
      thereof discloses a contacting chamber having an oblique bottom wall for
      directing liquid flow to a discharge conduit and a large tubular duct for
      exhausting gas from the chamber. The patent also has a FIG. 4 showing a
      pair of gas ducts each projecting through inwardly converging surfaces,
      with the latter surfaces meant to guide liquid flow to a common axially
      aligned outlet conduit.
PAR  Several problems have been recognized in the construction and use of
      collecting chambers or separators of the aforementioned types. In the
      lower end of such a chamber, the circumferential force of the centrifugal
      gas whirl acts upon the liquid flow and tends to prevent it from following
      the desired course established by the converging or oblique lower end of
      the chamber. This inhibiting of the liquid flow effectively retards it
      from direct rapid entry to the outlet conduit such that particulate solids
      are lost from the water flow. These solids then tend to build up on the
      converging surface of the chamber's lower end. Moreover, the described
      prior art arrangements for a collecting chamber lower end often constitute
      a substantially large and bulky portion representing high material and
      manufacturing costs not commensurate with its relatively poor functional
      efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  In one of its aspects, the present invention provides a tubular casing
      establishing a contacting chamber that may be one of several distinct
      components in a gas effluent processing system. The tubular casing is
      disposed with its longitudinal axis extending generally in a vertical
      direction and has means preferably at its upper end for directing separate
      gas and liquid flows into the casing to the chamber defined thereby.
      Tangentially arranged conduits are provided whereby an initial concurrent
      intermixing flow of gas and liquid is established that spirals
      progressively downwardly through the chamber. The casing also includes
      structural means at its lower end for discharging separate gas and liquid
      flows from the chamber. The discharge means or arrangement includes a gas
      exhaust conduit having a diameter less than the diameter of the chamber
      and having its upper end extending centrally upwardly into the chamber and
      preferably concentrically therewith whereby it establishes, in cooperation
      with the chamber's sidewall, an annular surrounding space or liquid flow
      passage. The lower termination of the annular liquid passage is a
      downwardly spiraling surface that may be described as a screw-like flat
      member descending to a liquid outlet conduit directed laterally outwardly
      from the chamber' s sidewall. The liquid outlet conduit is arranged to
      receive liquid flow directed thereto by the downwardly spiraling surface
      and to drain the liquid out of the chamber.
PAR  In another aspect, the present invention in its preferred form may include
      means or structure for effecting or controlling both the gas flow and the
      liquid flow whereby the intermixing and total contact of the liquid flow
      with the gas flow is significantly increased. This structure may include a
      plurality of vertically spaced-apart rigid ring-like segments or members
      disposed to define annular channels therebetween, and may further include
      a flow control element comprising a central flow interrupting portion
      acting to force the whirling gas flow outwardly through an annular passage
      having a plurality of spaced apart flow-directing blade-like elements
      disposed in a uniformly pitched circumferential arrangement therein.
PAR  The aforementioned apparatus enables significant improvement in the rate of
      particle transfer from the gas flow to the liquid within the chamber such
      that a substantially cleaner gas is discharged from the contacting
      chamber. The method of accomplishing this improvement will be better
      appreciated from the ensuing detailed description of the apparatus and the
      explanation of its use and operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational view illustrating a gas effluent processing system
      comprising several separate gas treating components:
PAR  FIG. 2 is a perspective view of a contacting chamber, which may be utilized
      as a component in the system of FIG. 1, having a portion thereof cut away
      to reveal the internal elements thereof; and
PAR  FIG. 3 is a fragmentary elevational view of the lower end of a contacting
      chamber apparatus illustrating a known prior art configuration for
      achieving separate discharge of liquid and gas flows after intermixing
      contact for removal of particulate solids from the gas flow has been
      completed.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 there is shown a system 10 including components 12, 14 and 16 for
      treating industrial gases whereby particulate matter is cleansed from the
      gas in order to render the gas substantially free of such pollutants
      before the gas is exhausted into the atmosphere. Components 12 and 14 are
      a pair of co-extending cyclone separators adapted to receive effluent gas
      flow through an inlet conduit 18. Within the cyclone separators the gas
      flow is centrifugally whirled such that substantially heavy particulate
      matter is dislodged from the flow to funnel downwardly through a
      collecting chamber 20. After this initial treatment the contaminated gas
      flow moves through a connecting duct 22 toward a component 16 wherein the
      gas flow is thoroughly intermixed with a liquid flow to achieve further
      removal of particulate solids from the gas flow through a transfer of the
      particles to the liquid. In accordance with the present invention the gas
      flow, after treatment in the component 16, is conducted through a duct 24
      to a plenum 26 having blower means therein for drawing the gas flow
      through the aforedescribed components and finally exhausting it outwardly
      through a stack 28.
PAR  The component 16 of the system in FIG. 1 may be a contacting apparatus as
      shown in enlarged scale in FIG. 2. The contacting apparatus in FIG. 2
      comprises a tubular casing or cylindrical chamber 30 defining a vertically
      elongated internal contacting chamber 32 having enclosed therein an upper
      end flow control arrangement 34, an intermediate flow control means 36,
      and lower end flow separating means or structure including a gas exhaust
      conduit 38 and a downwardly spiraling liquid flow quiding surface 40.
PAR  The upper end of the casing 30 has means therewith for directing separate
      gas and liquid flows into the chamber 32 including a tangentially arranged
      gas inlet conduit 42 and a tangentially arranged water inlet pipe 44 for
      providing a relatively low pressure water flow to the chamber 32.
PAR  The flow control means or assembly 36 mounted intermediate the chamber 32
      comprises a generally tubular body or interrupter portion 46 having an
      integral dome-shaped cap 48. The diameter of the interrupter portion 46 is
      such that an annular space is defined between the side wall thereof and
      the inside surface of the tubular casing 30. Interspersed in this annular
      space is a plurality of spaced-apart identically pitched or canted
      blade-like elements 50. The interrupter portion 36 is stationarily mounted
      in its intermediate position within the chamber 32 preferably by means of
      a certain few of the blade-like elements 50 being weldably attached at
      their respective outer edges to the inside surface of the casing 30.
PAR  At the lower end of the contacting chamber 32 the gas exhaust conduit or
      tube 38 projects upwardly into the chamber 32 a sufficient distance to
      establish an annular surrounding space or water passage 52 defined by the
      outer surface of the tube 38 and the inside surface of the casing 30. The
      annular space 52 is terminated downwardly by a screw-like flat or floor
      portion presenting the aforementioned downwardly spiraling surface 40
      descending gradually to a laterally situated funneling passage 54 having a
      liquid outlet conduit 56 in flow communication therewith.
PAR  In the use and operation of the contacting chamber 32 the gas stream
      entering through the tangentially oriented conduit 42 initially follows a
      horizontal circular pathway in the upper end of the chamber 32. A liquid
      bath, preferably a relatively low pressure water stream, is provided from
      the tangentially oriented water inlet pipe 44 whereby moving water
      droplets extend across the gas inlet opening or gate 58. The way in which
      the flow effecting means 34, having channels and ledges formed by a
      vertically spaced-apart plurality of ring-like segments 59, effects the
      gas and liquid flows is quite similar to the effect obtained by the
      presence of such ring-like segments in a countercurrent type of contacting
      chamber disclosed in my U.S. Pat. No. 3,722,185 issued Mar. 27, 1973. The
      water and gas flows are temporarily impeded in the upper end of the
      chamber by the flow effecting means 34 to insure thorough intermixing of
      the gas flow with the water flow in the upper end of the chamber 32. At
      the point where contaminated gases are moving into the chamber 32 from the
      conduit 42, the gate 58 is somewhat restricted relative to the conduit 42
      whereby the incoming gas flow is accelerated so that it impinges against
      the inside chamber sidewall at a relatively increased velocity. The water
      flow entering through the tangentially oriented pipe 44 is of sufficient
      velocity that it begins an initial circumferential sweep about the upper
      end of the chamber 32 and is held in the upper end chamber area by the
      presence of the segments 59 until the flow attains such volume that it is
      forced to cascade downwardly in a spiraling path against the sidewall of
      the chamber 32 despite the presence of the segments. The effect of the
      water flow progressing downwardly is to form a spiraling water flow sheet
      against the internal surface of the chamber 32.
PAR  In the area of the contacting chamber immediately below the flow effecting
      means 34 the centrifugally whirling gas flow tends to occupy the central
      portion of the chamber and causes the cascading water flow to move against
      the chamber wall, thereby influencing it to form a downwardly spiraling
      tubular water sheet. The presence of the flow control means 36 at a point
      directly above the gas exhaust conduit 38 serves to decelerate or, if
      necessary, to accelerate the circumferential components of the gas flow
      without significantly effecting the flow of the water sheet running down
      the inside surface of the casing 30. The orientation or pitch of the
      elements 50 may be varied to obtain the desired deceleration or
      acceleration effect on the gas flow. Predetermination of the slant of the
      elements 50 will in turn establish the direction of the channels 60 such
      that the velocity of the gas flow immediately below the flow control means
      36 is properly established in accordance with the other characteristics of
      the chamber 32 whereby significantly high operational efficiency of the
      apparatus is obtained. For example, the orientation of the elements 50 may
      be generally against the direction of gas flow to have the effect of
      decelerating the whirling gas flow moving down across the control means 36
      whereby a relatively small consumption of energy from the flow is required
      to obtain entry of the gas into the outlet tube 38.
PAR  The dome-shaped cap 48 of the interrupter 46 serves to divert the gas flow
      from the central or axial space of the contacting chamber toward the
      inside surface of the casing 30 whereby liquid droplets being carried in
      the gas flow are transferred to the water sheet on the casing wall. It is
      preferred that most of the elements 50 projecting radially from the
      interrupter 46 do not touch the inside wall of the casing 30 so that the
      water sheet flowing downwardly against the casing wall surface is not
      significantly interrupted or disturbed by the elements 50.
PAR  In the area beneath the flow control means 36 the spiraling action of the
      gas flow is continued and again has the effect of causing the water flow
      to move as a circumferentially descending sheet against the inside surface
      of the casing 30. The disclosed configuration of the lower end of the
      chamber 32, as shown in FIG. 2, takes advantage of the centrifugal force
      of the gas flow to achieve rapid and thorough drainage of the chamber 32
      without the undesirable build up of particulate solids within the lower
      end of the chamber 32 that would materially detract from the efficiency of
      the chamber's operation. The whirling gas flow tends to push the
      descending water sheet outwardly against the inside surface of the casing
      30 whereby the water is channeled downwardly into the annular space 52
      while the gas flow escapes from the chamber 32 through the substantially
      larger centrally disposed tube 38. Because the water sheet progresses
      through the space 52 in a descending spiral pathway, it tends to be guided
      by the gradually descending surface 40 to enter the funnel passage 54 and
      exit through the drain conduit 56. It has been determined that by having
      the lower terminus of the annular space 52 slanted in the natural
      direction of flow as shown in FIG. 2, the water is driven rapidly by the
      gas whirl, which also moves circumferentially in the annular space 52,
      directly to the water outlet such that particulate matter carried in the
      flow is not dislodged therefrom to cause undesirable flow-impeding
      buildup.
PAR  To fully appreciate the advantages of the aforementioned lower end chamber
      construction, it is believed desirable to briefly consider the effect
      obtained by a known configuration in the prior art. FIG. 3 shows such a
      configuration for the lower end of a contacting chamber including a
      tubular casing 64 having a radially widened portion 66. The bottom 68 of
      the portion 66 is constructed with downwardly-outwardly diverging or
      oblique flat sections providing water drainage surfaces 70 and 72. A
      central tubular gas exhaust conduit 74 projects upwardly through the
      bottom 68. It has been determined, in this type of construction, that the
      whirling gas flow moving downwardly from the casing 64 and into the area
      defined by the widened portion 66 tends to drive the water flow in a
      concurrent direction against the inside surface of the portion 66, and as
      the water flow reaches the lower end of the widened portion 66, abruptly
      against the slanting surfaces 70 and 72. The circular progression of the
      water flow and its tendency to move laterally across the surfaces 70 and
      72, and transverse to drain conduits 76 and 78 provided therefor, results
      in undesirable particulate solid buildup against the surfaces 70 and 72
      that can, in turn, result in early blocking of the drain conduits 76 and
      78.
PAR  The structure of the present invention, as shown in FIG. 2, wherein the
      configuration of structural components relating to drainage of the chamber
      32 is made compatible with the circumferential direction of flow within
      the chamber, eliminates the problems encountered in prior art apparatus,
      such as shown in FIG. 3, wherein the inclination of surfaces 70 and 72
      acts in opposition to the motive power of the gas whirl to cause the
      buildup of an undesirable solid crust that will effectively reduce
      usefulness of the apparatus. In the present invention, the particulate
      matter accompanies the water flow out of the chamber rather than departing
      from the flow as heretofore described, and this effect is obtained by
      taking advantage of the force and direction of the gas flow to sweep the
      water flow from the chamber. In comparison with devices of the prior art,
      as heretofore described with reference to FIG. 3 and as shown for example
      in the aforementioned Czechslovakian Pat. No. 96056, it has been
      conclusively determined that the structure of the present invention
      enables a smooth and undisturbed draining of liquid out of the space 52.
PAR  The preceding description and the illustration in FIG. 2 of the drawing
      pertain only to the presently preferred form of the invention. It is
      intended that the appended claims define the subject matter of the
      invention and it is specifically not intended that the invention be
      limited to the particular details of construction in the example given;
      therefore, although the invention has been described with a certain degree
      of particularity, it is understood that numerous changes or modifications
      in the details of the construction and the combination or arrangement of
      parts may be resorted to without departing from the spirit or scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a gas effluent processing system, gas and liquid contacting apparatus
      adapted to separate particulate matter from a contaminated gas flow
      comprising an elongated cylindrical casing defining a contacting chamber,
      said casing disposed with its longitudinal axis extending generally
      vertically and having inlet conduit means disposed to direct contaminated
      gas and scrubbing liquid flows into contact within said chamber whereby
      said flows progress downwardly in a spiraling flow path therethrough and
      particulate matter is transferred from said gas flow to said liquid flow,
      means disposed at the lower end of said casing for exhausting gas flow
      from said chamber comprising an exhaust conduit having an upper end
      portion extending centrally upwardly into said chamber whereby surrounding
      space for liquid flow is defined between said upper end of said conduit
      and the sidewall of said casing, the lower end of said surrounding space
      being defined by a floor portion having a gradually downwardly spiraling
      surface which descends in a direction concurrent with the path of said
      whirling gas flow, leading to a liquid outlet conduit, said liquid outlet
      conduit being located below said floor portion and being directed
      generally outwardly for the purpose of receiving liquid flow guided
      thereto by said downwardly spiraling surface and draining said liquid flow
      with particulate matter therein away from said chamber, means located in
      the upper end of said chamber on a level of said inlet conduit means
      adapted to effect intermixing contact between the entering contaminated
      gas flow and the liquid flow comprising a plurality of ring-like segments
      disposed generally concentric to the chamber's longitudinal axis, each of
      said ring-like elements being generally planar in cross-section and having
      an outer pheripheral edge fastened in firm abutment against the inside
      surface of said casing and being extended radially-inwardly toward said
      chamber's longitudinal axis such that each of said segments forms a ledge
      for intersecting liquid flow moving downward to the chamber, the ring-like
      elements being vertically spaced apart to form a plurality of annular flow
      channels oriented in a descending arrangement, and said channels being
      disposed relative to the inlet conduit means so that the contaminated gas
      flow moves initially through said chamber circumferentially within said
      channels.
NUM  2.
PAR  2. In a gas effluent processing system, gas and liquid contacting apparatus
      adapted to separate particulate matter from a contaminated gas flow
      comprising an elongated cylindrical casing defining a contacting chamber,
      said casing disposed with its longitudinal axis extending generally
      vertically and having inlet conduit means disposed to direct contaminated
      gas and scrubbing liquid flows into contact within said chamber whereby
      said flows progress downwardly in a spiraling flow path therethrough and
      particulate matter is transferred from said gas flow to said liquid flow,
      means disposed at the lower end of said casing for exhausting cleansed gas
      flow from said chamber comprising an exhaust conduit having an upper end
      portion extending centrally upwardly into said chamber whereby surrounding
      space for liquid flow is defined between said upper end of said conduit
      and the sidewall of said casing, the lower end of said surrounding space
      defined by a floor portion having a gradually downwardly spiraling surface
      descending in a direction concurrent with the path of said whirling gas
      flow and leading to a liquid outlet conduit, said liquid conduit being
      located below said floor portion and being directed generally outwardly
      for the purpose of receiving liquid flow guided thereto by said downwardly
      spiraling surface and draining said liquid flow with particulate matter
      therein away from said chamber, gas flow control means within said chamber
      adapted to influence said gas flow to progress downwardly through said
      chamber in a winding pathway, said gas flow control means comprising a
      stationary flow diverting device disposed within said chamber at a point
      intermediate its length, said diverting device having a flow interrupter
      portion centrally located above the entrance into said exhaust conduit,
      said interrupter portion having blade-like elements therewith projecting
      radially outwardly toward the sidewall of said casing, said blade-like
      elements are disposed in a spaced-apart relation whereby flow channels are
      formed between adjacent elements, and said elements are inwardly attached
      to said interrupter portion, and at least a majority of said elements
      terminate short of the side wall of said casing whereby an unobstructed
      passage for liquid flow is defined at the outer end of most of said
      elements.
NUM  3.
PAR  3. The apparatus of claim 2 further including means for increasing the
      velocity of the contaminated gas flow at a point preceding the initial
      contact of the contaminated gas flow with the liquid flow within said
      chamber.
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PAL  A mobile dust extraction apparatus having a self cleaning filter feature
      has an extractor blower in fixed position; a lower storage chamber having
      a valved inlet at one end; an upper plenum chamber having a valved outlet
      at one end and a valved vent at the other, a filter between the storage
      and plenum chambers and a detachable connection between the blower and the
      plenum chamber so that the plenum and storage chambers may be moved
      relative to the blower.
BSUM
PAR  This invention relates to material extraction apparatus and to extraction
      apparatus which is adapted for storage and/or transportation of the
      extracted material.
PAR  According to one aspect of the invention material extraction apparatus
      comprises a storage chamber and a plenum chamber, the plenum chamber being
      connected to the storage chamber by means including a filter and also
      communicating with an outlet which is adapted to be connected to an
      extractor unit.
PAR  Preferably, the filter is a ceramic filter such as an assembly of ceramic
      filter tiles.
PAR  Advantageously, the tiles are removably mounted in a framework. This
      facilitates replacing the tiles, e.g. if a breakage or fracture occurs.
PAR  It is desirable that the storage and plenum chambers be movable between a
      first position for extraction and storage and a second position for
      discharge of stored material.
PAR  Conveniently, the outlet from the plenum chamber is adapted to be
      detachably connected to the extractor unit when the storage and plenum
      chambers return to the first position. Advantageously, the plenum chamber
      outlet is detachably connected to the extractor unit by connecting means
      including a seal which is self-aligning so that it is not necessary to
      effect or adjust the seal by hand.
PAR  In one form of the invention a blower unit is provided, the blower unit
      being connectable to a blowing chamber so that material collected in the
      storage chamber may be removed by blowing. Conveniently, the extractor
      unit also serves as a blower unit.
PAR  It is often convenient to provide a self-cleaning system which system
      includes a first valve connected in a vent to atmosphere from the plenum
      chamber and a second valve in the plenum chamber outlet.
PAR  By virtue of this system the first valve closed, the second valve open and
      the storage chamber also closed, the extraction unit may be operated to
      cause a reduction in pressure in the storage chamber. The second valve is
      then closed and the first valve opened which causes an in-rush of air from
      atmosphere into the storage chamber via the plenum chamber and the filter
      thus causing a reverse flow of air through the filter and removing any
      particles of dust which have become trapped therein.
PAR  In a particularly preferred form of the invention a position is provided to
      define a filter chamber between the filter and the storage chamber.
      Preferably the filter chamber and storage chamber are arranged to
      communicate with one another by communicating means adapted to be either
      open or closed.
PAR  The communicating means advantageously is disposed at or near an end of the
      storage tank remote from an inlet for material to be stored.
PAR  The provision of a separate filter chamber and communicating means enables
      the apparatus to be used for extracting and storing either wet or dry
      materials. For wet materials the communicating means is normally closed
      and for dry materials it is normally open. In order to facilitate
      extraction and storage of wet materials an auxilliary extractor unit may
      be provided.
PAR  The apparatus of the present invention is conveniently mounted on a mobile
      vehicle chassis to permit extraction and discharge at various locations
      and to permit transportation of stored materials.
PAR  The mobile apparatus can include an exhaust system which includes a
      connector whereby it may be connected to atmosphere and/or to a material
      blowing chamber.
PAR  In order to help reduce the noise of the apparatus in use, the exhaust
      system may be, at least partially, located in the storage chamber.
DRWD
PAR  The invention is hereinafter more particularly described with reference to
      the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic view of a road vehicle carrying extraction
      apparatus in accordance with the invention, the extraction apparatus being
      shown partly in cross-section;
PAR  FIG. 2 is a plan view of the filter construction between the plenum chamber
      and the storage chamber;
PAR  FIG. 3 is an end view of the vehicle shown in FIG. 1 with the storage
      chamber and plenum chamber partly in cross-section; and
PAR  FIG. 4 is a diagrammatic cross-section of a part of the filter illustrating
      its construction.
PAR  FIG. 5 is a diagrammatic cross-section of part of a modified apparatus
      according to the invention;
PAR  FIG. 6 is a diagrammatic plan view of the part of the modified apparatus
      shown in FIG. 5;
PAR  FIG. 7 is a diagrammatic sectional view of a modified method of attaching
      the filter tiles;
PAR  FIG. 8 is a diagrammatic cross-section of part of an apparatus having an
      alternative form of exhaust; and
PAR  FIG. 9 is a diagrammatic cross-section of part of an apparatus modified to
      extract, store and transport both dust-laden products and moisture-laden
      products.
DETD
PAR  The dust extraction plant includes a tank, indicated generally by the
      reference numeral 10, mounted on a road vehicle chassis II and comprises a
      storage chamber 12, a filter 13 and plenum chamber 14, extending along the
      upper region of the storage tank 12. The tank 10 is capable of being
      tipped from its normal horizontal position as shown so as to cause
      material stored in the storage chamber 12 to move under gravity towards
      the rear of the storage chamber 12.
PAR  The plenum chamber is provided with an outlet 15 in which is located a
      valve 16 for a purpose to be described hereinafter. The outlet 15 is
      connected to the upper part of a seal 17 comprising an annular rubber
      sealing member 17a and is sealable with a similar annular rubber sealing
      member 17b mounted at the upper extremity of a duct 18 connected to an
      extractor/blower unit 19. In addition the plenum chamber also includes an
      auxilliary outlet 15a including a valve 16a also for a purpose to be
      described hereinafter.
PAR  The storage chamber 12 includes two input pipes, an upper input pipe 20 and
      a lower input pipe 21. These pipes are flanged on the exterior of the
      storage chamber in order to permit the securement thereto of an external
      pipe in order to transmit dust to be stored into the storage chamber.
PAR  Also mounted on the chassis of the vehicle is an exhaust connector 22,
      which is connected via a silencer 19b and a pipe 19a to the outlet of the
      extractor/blower unit 19 whereby air from which dust has been extracted is
      exhausted to atmosphere via the valve unit 25.
PAR  The valve unit 25 may be connected for example by means of flexible hoses,
      to a blowing chamber 23 mounted at the rear end of the storage chamber 12
      and communicating with a blower outlet duct 32 which is flanged so as to
      enable it to be connected to external pipe for delivery of the stored
      material.
PAR  In order to improve the flow of stored material from the storage chamber 12
      into the blowing chamber 23 a second hose is provided and connected to a
      material aeration pipe 24, comprising an elongated tube having a plurality
      of radially extending apertures therein, which serves to aerate the
      material in the vicinity of the blowing chamber 23 and thus prevent the
      stored material from "bridging" and thus failing to enter into the blowing
      chamber 23.
PAR  The connector is also provided with an adjustment valve unit 25 which
      includes control valves 25a and 25b for controlling the flow of air into
      the blowing chamber 23 and the material aeration pipe 24 respectively and
      a control valve 25c which enables air to be partially vented to atmosphere
      in order to reduce the volume of air supplied to the blowing chamber 23
      and the material aeration pipe 24.
PAR  The filter 13 comprises a plurality of tiles of porous ceramic material the
      tiles being individually mounted in an angle section frame 26. The tiles
      27 are secured in the frame by the application of uncured silicone rubber
      composition to the periphery of the tiles and also to the angle section
      frame 26 placing the tiles 27 in position and then allowing the silicone
      rubber to cure. In order to make absolutely sure that the ceramic tiles do
      not become displaced in use a further angle section frame 28 (FIG. 4) is
      firmly secured to the first angle section frame 26 beneath the ceramic
      tiles 27. Finally, a layer of sealing compound 29 such as a plastic
      compound, comprising, for example, a plastics filled polyester resin, is
      applied to the joints between the frames 26 and 28 and the tiles 27 in
      order to give an airtight seal. In addition to providing a seal the
      sealing compound also serves to indicate when an air leak has occurred in
      that air passing through a crack in the sealing compound will tend to
      leave a clean zone round the crack which is readily visible upon
      inspection by an operative.
PAR  In order to ensure that the seal 17 between the outlet 15 from the plenum
      chamber and the duct connected to the extractor/blower unit 19 is
      maintained in operation it is necessary to provide anti-vibration
      mountings, such as springs or rubber blocks, beneath the plate 30 upon
      which the motor 31 and the extractor/blower 19 are mounted. When rubber
      mounting blocks are used they are preferably made from neoprene which is
      resistant to degradation by oils.
PAR  In operation, one or both of the input pipes 20 and 21 to the storage
      chamber 12 are connected by a suitable duct, such as a flexible hose, to a
      source of material to be stored and the storage chamber 12 is maintained
      in a horizontal position so that the outlet 15 from the plenum chamber 14
      is in sealed communication with the extractor/blower unit 19 via the seal
      17. By operating the extractor/blower unit 19 the pressure in the plenum
      chamber 14, and hence the storage chamber 12 is reduced so that material
      is drawn into the storage chamber 12 and retained therein by virtue of the
      presence of the filter 13. It is found, in practice, that the material
      drawn into the storage chamber 12 is drawn to the end of the chamber
      remote from the inputs 20 and 21 so that the chamber will gradually fill
      from that end.
PAR  The operation of the extractor/blower unit 19 is continued until the tank
      is full or until all the desired material has been drawn into the storage
      chamber. If clogging of the filter occurs then it is cleaned by a reverse
      cleaning method which is carried out as follows:
PAR  The valve 16a is closed and the input pipes 20 and 21 to the storage
      chamber are also closed. With the valve 16 open the extractor/blower unit
      is operated to cause a reduction in pressure in the plenum chamber 14 and
      thus also in the storage chamber 12. When the desired reduction pressure
      has been achieved the valve 16 is closed and the valve 16a which vents the
      plenum chamber to atmosphere is opened. This causes an inrush of air into
      the plenum chamber 14 and via the filter 13 into the storage chamber 12
      thus removing any particles clogging the filter. The cleaning operation
      may be carried out when the storage chamber is empty or when it is
      partially filled.
PAR  Whilst the filters can be cleaned merely by the evacuation of the storage
      chamber and subsequent venting to atmosphere of the plenum chamber it is
      desirable that further cleaning means provided for "out of service"
      cleaning of the filter. For this purpose the duct by which the plenum
      chamber is vented to atmosphere is adapted to be connected to a removable
      pipe which, in turn, is connected to the outlet of the extractor/blower
      unit. By this means air may be blown into the plenum chamber and through
      the filter in order to effect efficient cleaning thereof.
PAR  When it is desired to removed stored material from the storage chamber the
      tank 10 is tilted to its tipped position so that the stored material tends
      to fall under gravity to the lower end thereof.
PAR  The blower is then operated and by virtue of being connected to the blowing
      chamber 23 causes stored material to be blown out of the blower outlet
      duct so that the stored material may be delivered to the desired point. In
      order to assist the flow of the material into the blowing chamber 23 the
      material aeration pipe 25 is also operated by connecting it to the blower
      connector unit 22 via the valve 25b. The material aeration pipe 25
      comprises an elongated tube having a series of radially extending
      apertures in order that air delivered thereto can cause stored material in
      the vicinity of the blowing chamber 23 to be aerated and thus prevent
      bridging. By virtue of this arrangement the whole of the stored material
      can eventually fall into the blowing chamber 23 and thus be discharged via
      the outlet duct therefrom.
PAR  If desired, of course, the stored material may be evacuated from the
      chamber merely by tipping and opening the rear door so that the stored
      material is deposited from the door.
PAR  A modification of the embodiment is shown in FIG. 5. In this embodiment the
      arrangement of filters and inspection covers is different. The tank 50
      includes a storage tank 51, a filter support framework 53 defining a
      plenum chamber 54 and a row of eight inspection covers 55.
PAR  The arrangement of inspection covers can be more readily seen in the plan
      view of FIG. 6, from which it can also be appreciated that the inspection
      hatches provide ready access to filter tiles 52 in the framework 53 to
      permit changing or maintenance thereof.
PAR  The manner in which the filters are held is shown in detail in FIG. 7. The
      framework 53 comprises angle section members which support the tiles 52,
      each tile being supported on all four sides. The tile is supported on the
      frame by means of a series of bolts 56 and sealing is achieved by the use
      of suitable seals 57.
PAR  The above arrangement of the filter tiles 52 in the framework 53
      facilitates removal and replacement of tiles and the seal 57 serve to
      prevent ingress of dust to the plenum chamber 54.
PAR  Referring now to FIG. 8 of the drawings an alternative form of exhaust
      system is described. The extractor/blower unit (not shown) is mounted
      rigid with the chassis and the exhaust pipe 61 is taken to a flange type
      seal 62 which is provided with a sealing member 63 and operates in a
      similar manner to seal 17 described above for the connection to the plenum
      chamber. Thus when the tank 50 is in its lowered position sealed contact
      is made between the exhaust pipe 61 from the extractor/blower unit to the
      exhaust system but contact is not made when the storage chamber is in the
      raised position.
PAR  The remaining part of the exhaust system is similar to that shown in FIG. 1
      but in this case the system is mounted inside the storate tank 51. It
      comprises a pipe 69a communicating with a silencer 69b and finally a valve
      unit 65 similar to the unit 25 in FIG. 1 and mounted externally of the
      chamber 51. In this case however the valve 65c communicated with a
      vertical stack pipe 66 which extends out of the storage chamber and is
      vented to atmosphere at or above the top of the vehicle. It will be
      appreciated that exhaust systems can be taken along either side of the
      storage chamber 51.
PAR  FIG. 9 shows a further modification of the extractor unit which is arranged
      so as to be capable of eatracting either dust-laden materials or
      moisture-laden materials. As can be seen from the drawings the
      construction is similar to that described above with the exception of the
      provision of an additional plate 59 which separates the storage tank 51
      from a filter chamber 58 situated immediately below the filters 52 in the
      framework 53. The storage tank 51 communicates with the filter chamber 58
      by means of an aperture 60 which can be either open or closed. Closure of
      the aperture 52 may be effected by means of a bolt-on-plate such as a
      hinged plate or by means of a valve system (shown schematically at 64)
      such as a wedge-type valve.
PAR  The inlet for material to the tank is, in this embodiment, at the opposite
      end of the tank from that shown in FIG. 1 and is shown schematically at
      67.
PAR  If it is desired to use the extractor for dust-laden materials the aperture
      60 is open and the extractor/blower unit is caused to evacuate the plenum
      chamber 54. This causes a reduction of pressure in the filter chamber 58
      and the storage tank 51 and thus material can be drawn through the inlet
      67 into the storage tank 51. In this respect the operation of the
      apparatus is virtually identical to that of the apparatus described above
      except that the dust-laden air passes through the aperture 60 into the
      filter chamber 58 before being filtered. It is found in practice that a
      relatively small proportion of the dust is deposited on the plate 59 and
      this can to a large extent be cleared by the reverse cleaning system
      described above. In order to permit access to the filter chamber 58
      inspection hatches having suitable inspection covers (not shown) are
      provided in the plate 59.
PAR  The inlet 67 is preferably angled to produce a swirling motion inside the
      tank 51. More than one inlet can be provided if desired, e.g. one near
      each end of the tank 51.
PAR  When the apparatus is to be used for moisture-laden materials the aperture
      60 is closed by means of the valve system 64 and the storage tank 51
      connected to an auxiliary exhaust pump (not shown). In this matter the
      vehicle operates as an extractor-storage apparatus without any filtering
      provision as the filter is now sealed off from the storage tank 51.
PAR  A further modification which may be incorporated in the apparatus is the
      rigid mounting of the engine and the extractor/blower unit with respect to
      the vehicle. Such an arrangement is satisfactory provided that suitable
      flexible drives are used and this avoids the requirement of a resiliently
      mounted plate such as the plate 30 shown in FIG. 1.
PAR  A further additional device which may be included is a boom mounted on the
      vehicle for carrying a flexible duct to an auxiliary device, such as
      brushing equipment so that brushing and extraction can be carried out
      simultaneously.
PAR  In addition the storage chamber may be provided with a rear door which can
      hinge either sideways or upwards and which may, if desired, be operated
      hydraulically.
PAR  It will be apparent that the extraction apparatus in accordance with the
      present invention is extremely convenient in use. In particular it
      provides in a single unit a storage chamber, a filter and a facility for
      blowing. Hitherto the filter has been provided in a tank separate from the
      storage chamber which has meant that a considerable amount of space has
      been taken up with the attendant disadvantages particularly when the plant
      is mounted on a mobile vehicle.
PAR  In addition, the use of a relatively large area of tiles as a filter medium
      presents a considerable advantage over the prior art method in which
      pencil filters are employed. With the tiles of the present invention there
      is considerably less tendancy for the filter to choke and in addition it
      is of course, a relatively simple matter to clean the tile filters by
      virtue of the reverse cleaning system.
PAR  In addition, considerable advantages accrue from the use of a self-aligning
      and self-sealing connection between the outlet from the plenum chamber and
      the duct connected to the extractor/blower unit. By virtue of this
      arrangement the extractor duct is automatically connected to the plenum
      chamber when the storage chamber is in the horizontal position and thus
      ready to receive material to be stored.
PAR  The invention also provides an extraction apparatus which can be used for
      moisture-laden or dust-laden materials.
CLMS
STM  We claim:
NUM  1.
PAR  1. Extraction apparatus mounted on a roadway wheeled vehicle and
      comprising:
PA1  a. a storage chamber at the lower part of a detachably mounted tank;
PA1  b. a plenum chamber at the upper part of said tank;
PA1  c. means, including filter means, inter-connecting said storage chamber and
      said plenum chamber;
PA1  d. outlet means at one end of said plenum chamber and in communication
      therewith;
PA1  e. an extractor blower unit mounted in fixed position on said wheeled
      vehicle;
PA1  f. detachable means connecting said extractor unit to said plenum-chamber
      outlet means, said connecting means being adapted to be disconnected to
      allow said outlet means, said plenum chamber and said storage chamber to
      be moved relative to said fixed extractor unit;
PA1  g. a vent to atmosphere at said one end of said plenum chamber;
PA1  h. inlet means at the opposite end of said storage chamber;
PA1  i. valve means in said storage-chamber inlet means, in said plenum-chamber
      outlet means and in said plenum-chamber vent, whereby when said valves are
      placed in certain positions said extractor unit is effective to draw air
      through said inlet means into said storage chamber and through said filter
      means into said plenum chamber, and in other positions of said valves, air
      is sucked through said vent into said plenum chamber and through said
      filter means in the reverse direction into said storage chamber, thereby
      to effect self-cleaning of said filter means.
NUM  2.
PAR  2. Apparatus according to claim 1 in which a partition is provided to
      define a filter chamber between the filter and the storage chamber.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein:
PA1  a. a blower chamber is provided at the inlet end of said storage chamber,
      said blower chamber having an outlet;
PA1  b. said extractor unit includes a blower;
PA1  c. conduit means connect said blower to said blowing chamber, whereby
      material in said storage chamber is removable by blowing.
NUM  4.
PAR  4. Apparatus according to claim 1 in which the filter is a ceramic filter.
NUM  5.
PAR  5. Apparatus according to claim 4 in which the filter comprises ceramic
      filter tiles.
NUM  6.
PAR  6. Apparatus according to claim 5 in which the tiles are removably mounted
      in a framework.
NUM  7.
PAR  7. Extraction apparatus mounted on a roadway wheeled chassis, said
      apparatus comprising:
PA1  a. an enlongated storage chamber at the lower part of a detachably mounted
      tank;
PA1  b. a plenum chamber above and substantially coextensive with said storage
      chamber;
PA1  c. filter means between and substantially coextensive with said storage and
      plenum chambers;
PA1  d. input means at the rearward end of said storage chamber;
PA1  e. valve means in said input means;
PA1  f. outlet means in the forward end of said plenum chamber;
PA1  g. vent means to atmosphere in said plenum-chamber outlet means;
PA1  h. valve means in said vent means;
PA1  i. blower means mounted in fixed position on said chassis forward of said
      storage chamber;
PA1  j. disconnectable joint means connecting said blower means and said
      plenum-chamber outlet means through valve means mounted in fixed position
      on said chassis;
PA1  k. said joint means adapted to be uncoupled to allow said plenum-chamber
      outlet means to be moved relative to said blower means and blower valve
      means;
PA1  l. a blower chamber at the rearward end of said storage chamber;
PA1  m. conduit means connecting said blower means and said blower chamber;
PA1  n. said blower means adapted to create a low-pressure condition on the
      plenum-chamber outlet side of said blower means and a high-pressure
      condition on the blower chamber side; and
PA1  o. a discharge outlet in said blower chamber.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein:
PA1  a. aeration pipe means are provided at the rearward end of said storage
      chamber;
PA1  b. hose means are provided between said aeration pipe means and said
      conduit means which connect said blower means to said blower chamber.
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ABST
PAL  An air cleaner is described for removing airborne contaminants in a room.
      The air cleaner includes a housing defining a linearly elongated duct in
      which is mounted, in stated order, a low efficiency filter, a high
      efficiency filter, and a blower. Suitable baffling is mounted to the
      housing to isolate the intake and discharge orifices of the blower and the
      blower is oriented to discharge air from the duct in a direction
      substantially coinciding with the direction of flow of air through the
      duct.
BSUM
PAR  This invention relates generally to air cleaners and, more particularly, to
      an improved air cleaner for removing airborne contaminants in a room.
PAR  Many and varied designs for air cleaners have been developed. These designs
      include units which are either portable or adapted to be mounted in a room
      and which are self-contained in that they do not employ external ducting
      such as an existing forced-air furnace or cooling system. Typically, such
      self-contained units employ some type of filter arrangement, such as an
      electrostatic filter or a forced-air filter with associated blower units.
PAR  Air cleaners employing forced-air filters and associated blowers are
      sometimes preferable over electrostatic type air cleaners because of their
      lower cost, easier installation and maintenance, and higher capacity.
      Nevertheless, air cleaners utilizing forced air filters and associated
      blowers and employing prior art designs have often suffered from certain
      deficiencies. Among these deficiencies is an inability to process large
      amounts of highly contaminated air, such as may be present in bars,
      restaurants, and other commercial establishments where relatively large
      amounts of people congregate and where large amounts of dust and cigarette
      smoke are present. Typical prior art units have often been unable to cope
      with highly contaminated air either because of inherent high resistance to
      air flow or because air circulation in the room itself is improper, such
      as short circuiting from the output to the input of the air cleaning unit.
      Prior art devices often have had a tendency to clog quickly, contributing
      to a further reduction of efficiency in the use of power for operating the
      device. Often such prior art units have also been difficult to service in
      that access to the filters for cleaning or replacing has been
      inconvenient.
PAR  It is an object of the present invention to provide an improved air cleaner
      for removing airborne contaminants in a room.
PAR  Another object of the invention is to provide an air cleaner of simple
      construction and which is therefore easily manufactured and readily
      serviced.
PAR  A further object of the invention is to provide an air cleaner which is low
      in cost and which can process a very high volume of air in relation to its
      size.
PAR  A further object of the invention is to provide an improved room air
      cleaner of high efficiency which is capable of circulating the air around
      the room in a vigorous manner and with a definite path.
DRWD
PAR  Other objects of the invention will become apparent to those skilled in the
      art from the following description, taken in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of an air cleaner constructed in accordance
      with the invention;
PAR  FIG. 2 is a sectional view of the air cleaner of FIG. 1 taken on a vertical
      plane through the line 2--2 of FIG. 1; and
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2.
DETD
PAR  Very generally, the air cleaner of the invention comprises a housing 11
      defining a linearly elongated duct 12. A low efficiency filter 13 is
      mounted spanning the duct at one end thereof and a high efficiency filter
      14 spans the duct immediately adjacent the low efficiency filter on the
      side of the low efficiency filter toward the opposite end of the duct 12
      from the end at which the low efficiency filter is mounted. A blower 15 is
      mounted within the duct on the side of the high efficiency filter opposite
      the low efficiency filter. The blower has an intake orifice 16 and a
      discharge orifice 17. Baffle means 18 mounted on the housing 11 isolate
      the intake and discharge orifices of the blower. The dishcarge orifice of
      the blower is oriented to discharge air from the duct 12 in a direction
      substantially coinciding with the direction of flow of air through the
      duct.
PAR  Referring now in greater detail to the drawings, a particular embodiment of
      the invention is illustrated. The illustrated embodiment comprises a
      housing 11 which is in the shape of a rectangular parallelepiped forming a
      linearly elongated duct 12 of substantially rectangular cross section. The
      walls forming the housing 11 may be of any suitable material such as
      plywood or aluminum sheet. Plywood having a polyester woodgrain coating or
      a vinyl covering has been successfully used. The walls of the housing are
      suitably secured at the corners by means not shown.
PAR  The low efficiency filter 13 may be of any suitable type generally known to
      those skilled in the art as low efficiency filters. Such filters typically
      comprise a plurality of fibers such as glass fibers woven together and
      typically provide an efficiency of between about 8 and about 12 percent by
      the ASHRAE Discoloration Test Method (Standard 52-68). Other low
      efficiency filters such as metal screen and foam types of filters may also
      be used. The purpose of the filter 13 is to filter out large particles in
      the air being cleaned, such as particles of dust and pollen. The filter 13
      may or may not be provided with a rigid outer frame, not shown, of
      cardboard or aluminum, and is held in place at one end of the housing 11
      by means of a rectangular frame 21 of L-shaped cross section. The frame 21
      extends inward a short distance about the periphery of the filter 13 to
      secure the filter against displacement away from the housing 11, and is
      suitably mounted to the housing by means, not shown.
PAR  A second filter 14, of the type generally known to those skilled in the art
      as a high efficiency filter, is mounted within the housing 11 in the duct
      12. The filter 14 spans the duct immediately adjacent the low efficiency
      filter 13 on the side of the low efficiency filter toward the opposite end
      of the duct from the end at which the low efficiency filter is mounted.
      The high efficiency filter 14 illustrated is of the pleated type known in
      the art and available from the Cambridge Filter Company under the trade
      name "Hi-Flo" filter. By high efficiency it is meant that the efficiency
      of the filter is between about 93 and about 97 percent as measured by the
      ASHRAE Discoloration Test Method (Standard 52-68). The tests referred to
      herein are designated by the ASHRAE standards numbered 52 through 68.
PAR  The filter 14 is provided with a peripheral metal mounting frame 23 at one
      end thereof. A shoulder 25 is provided on the interior of the housing 11
      by means of a peripheral structural strip 27 mounted on the interior walls
      of the housing. The shoulder 25 faces toward the filter 13 and provides a
      surface against which the frame 23 of the filter 14 abuts. During
      operation of the air cleaner of the invention, described below, the air
      pressure is such as to force the frame 23 against the shoulder 25 and
      thereby effect a peripheral seal about the filter 14 to prevent
      contaminated air from bypassing the filter 14.
PAR  The blower 15 is of the centrifugal type and is mounted within the duct 12
      on the opposite side of the filter 14 from the filter 13. The blower 15 is
      supported on a support plate 29 and is spaced from the support plate by a
      plurality of mounting spacers 31. The intake duct 16 is located on the
      axis thereof on the underside of the blower and the blower is driven by
      means of a suitable motor 33. The motor 33 may be of the ball bearing type
      and rotates the centrifugal blower 15, as is known in the art, to
      discharge air through the discharge orifice 17. By mounting the blower
      such that the axis is perpendicular to the larger dimension of the
      rectangular cross section duct 12, a larger wheel diameter may be
      accommodated within the duct allowing more air to be pumped with fewer
      revolutions per minute. The result is that less noise is generated per
      revolution and the air exits in a substantially horizontal plane.
PAR  In order to isolate the intake orifice 16 from the discharge orifice 17,
      the baffle means 18 are provided. In the illustrated embodiment, the
      baffle means comprise a baffle plate which extends across the mouth of the
      duct 12 at the opposite end of the housing 11 from the filter 13. The
      baffle plate has a suitable opening therein aligned with the discharge
      orifice of the blower 15. Diffusion and regulation of the direction in
      which air is discharged from the air cleaner is provided by a suitable
      directional grill 35.
PAR  The motor 33 is of the variable speed type and is controlled by a suitable
      speed control 37 mounted to the panel 18. A knob 39 allows for manual
      regulation of the speed of the blower and the control 37 may also be
      provided with an on-off feature to turn the air cleaner completely off. An
      operating light 41 may also be provided on the front panel to indicate
      whether the unit is turned on or off.
PAR  By attaching the metal strip or frame 21 to the housing 11 by means of
      holding clips, not shown, the trim may be readily removed to change the
      prefilter or low efficiency filter 13 when such becomes necessary. Access
      to the filter 14 is achieved by removing the metal frame 21 and the low
      efficiency filter 13. The filter 14 may then be slipped out of the open
      end of the duct 12 for replacement.
PAR  Access to the blower 15 and motor 33 is achieved by removing suitable
      screws 43 retaining the front panel 18 in place. The front panel, the
      grill 35, the blower support 29, the blower 15 and the motor 33 are all
      secured together as a unit and may then be slipped out of the housing 11
      as a single assembly.
PAR  The air cleaner of the invention effectively removes dust, pollen and smoke
      from the air in a room and may be successfully utilized in places of high
      contamination such as bars and restaurants. The straight through linear
      design of the air cleaner circulates the air around the room vigorously to
      ensure that all of the air in the room is processed. Contaminants are
      therefore passed through the filter immediately after they are generated,
      resulting in a clean contaminant-free atmosphere. The unit may be readily
      hung from a ceiling or mounted to the wall as a permanent fixture in the
      room. By passing the air first through the filters and then into the
      blower, clogging and contamination of the blower is minimized. Short
      circuiting of air from inlet to outlet is avoided by the discharge and
      intake alignment and the unit is readily serviced.
PAR  An air cleaner constructed in accordance with the invention utilizing
      panels of 5/8 inch thick plywood for the walls of the housing 11, and
      using an overall dimension of 40 .times. 16 .times. 24 inches is capable
      of processing 1,600 cubic feet per minute of air using a motor developing
      one-third horsepower. Under these conditions, the unit processes 180 cubic
      feet per minute of air per cubic foot of air cleaner volume.
PAR  Various modifications of the invention in addition to those shown and
      described herein will become apparent to those skilled in the art from the
      foregoing description and accompanying drawings. Such modifications are
      intended to fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An air cleaner for removing airborne contaminants in a room, comprising,
      a housing adapted to be hung from a ceiling or mounted to a wall and
      defining a linearly elongated duct of rectangular cross section, a low
      efficiency filter mounted spanning said duct at one end thereof, a high
      efficiency filter mounted spanning said duct on the side of said low
      efficiency filter toward the opposite end of said duct from the end at
      which said low efficiency filter is mounted, said high efficiency filter
      having an efficiency of at least about 93 percent of the ASHRAE
      Discoloration Test Method (Standard 52-68), a centrifugal blower mounted
      within said duct on the side of said high efficiency filter opposite said
      low efficiency filter, said blower having an axis of rotation which is
      perpendicular to the direction of elongation of said housing and having
      intake and discharge orifices, baffle means mounted to said housing for
      isolating said intake and discharge orifices of said blower, said baffle
      means including a substantially planar panel closing said duct at the end
      thereof opposite said low efficiency filter and having an orifice therein,
      means detachably securing said panel to said duct, said blower having said
      discharge orifice engaging said panel at said panel orifice through which
      said discharge orifice of said blower discharges in a direction
      substantially coinciding with the direction of flow of air through said
      duct, a directional air diffuser mounted across the path of discharge of
      said blower, and means mounting said blower and said air diffuser to said
      panel for removal therewith as a unit from said housing.
NUM  2.
PAR  2. An air cleaner according to claim 1 wherein said housing includes a
      shoulder extending about said duct adjacent the periphery of said high
      efficiency filter, and wherein said high efficiency filter has a mounting
      frame, said shoulder having a surface engaging said mounting frame of said
      high efficiency filter on the side thereof toward said blower.
NUM  3.
PAR  3. An air cleaner according to claim 1 wherein said mounting means comprise
      a support plate secured to said panel, and means securing said blower to
      said support plate, said support plate being removable with said panel.
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PAL  In a conjunction with a glassware press-molding machine, an arrangement of
      Bernoulli nozzles is employed to remove the articles from the mold,
      complete the forming of the articles, cool them, heat treat them and
      transfer them to a conveyor. The cooling and heat treating is effected by
      air from the nozzle combined with an airflow directed onto the underside
      of the articles while supported by the Bernoulli nozzles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Glassware press-molding machines for manufacturing for example, dinner
      plates, cups, tumblers, glassbrick halves and the like are quite well
      known. Conventionally these machines employ a two-part lower mold, the
      central portion of which is movable to elevate the pressed article above
      the surface of the outer portion of the mold to permit it to be grasped by
      some sort of handling means for transfer to a conveyor for heat treating,
      decorating, glazing or other operations. The usual mechanism for taking
      the pressed ware out of the molds employs radial tongs in which the two
      tong halves, 180.degree. apart, support the ware along sectors of
      approximately 30.degree. each. Such tongs must be accurately centered and
      properly operated to avoid injury of the ware and further, the ware must
      be cooled while in the mold to a point where it is completely self
      supporting as otherwise, it would sag once engaged by the tongs.
PAR  Due to highly concentrated and therefore uneven heat transfer at localized
      contacts between the tong lifts and the surface of the ware, the ware is
      prone to develop what is known in the art as "cold checks." These are
      small star-like surface cracks which can later function as a starting
      point for catastrophic failure of the entire article. Prior art attempts
      to reduce these cold checks include forming the tong jaws of hard asbestos
      or covering the jaws with a rope made of asbestos or glass wool. This
      produces improved results but fails to eliminate the problem completely.
PAR  Another approach to the problem has been the use of vacuum cups made of
      porous metal plates or screens. Some of these have been covered with an
      asbestos or glass fabric to reduce metal contact and consequently avoid
      cold checks. The problem here has been that the suction cups have to have
      a very precise contour which matches the ware as atmospheric pressure will
      deform the ware to the shape of the vacumm cup unless the ware is cool
      enough to be self supporting. Another problem with this approach is the
      localized cooling which results in areas of mismatch between the surface
      of the ware and the surface of the suction cup which concentrates a stream
      of cold atmospheric air at this location producing undesirable strains in
      the ware and tending also to produce catastrophic failure. From the
      foregoing, it will be apparent that the speed of operation of glass
      press-molding machines is necessarily limited by the time required to cool
      the ware and the molds until the ware is sufficiently self supporting to
      permit safe handling with the mechanical contact means now employed.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The above noted problems of handling hot freshly press-molded glass ware
      are solved by the present invention through the use of a series of movably
      arranged Bernoulli nozzles. These are mounted with respect to the press
      molding machine so that once the press member has been retracted to expose
      the upper surface of the ware, one of the Bernoulli nozzles can be aligned
      with and placed in close but non-contacting relation with the ware. The
      flow of air along the under surface of the nozzle member is effective,
      upon vertical elevation of the nozzle, to remove the ware from the mold
      and suspend it in closely spaced but non-contacting relation with respect
      to the nozzle. The body of the nozzle is such that the under surface which
      faces the ware to be handled has a configuration which matches the upper
      surface of the ware. The nozzle can then be rotatably indexed about a
      supporting structure to move the ware over a conveyor which will transport
      it to a remote location for other operations. During a part of the
      aforesaid indexing movement, a flow of air is also directed along the
      underside of the ware and the net result of these two air flows is that
      the ware is cooled simultaneously and heat treated. In addition, it does
      not matter whether the ware is sufficiently cooled before removal from the
      mold to be self supporting because it will actually conform to the
      configuration of the nozzle member if it is still at that high a
      temperature.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation partially in section of a preferred embodiment
      of the present invention;
PAR  FIG. 2 is a top plan view of the apparatus shown in FIG. 1; and
PAR  FIGS. 3, 4, 5 and 6 are each sectional views showing different forms of
      glassware and the corresponding nozzle shapes for handling such ware.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring first to FIG. 1 of the drawings, a manifold 10 in the form of a
      hollow torus is supported on a sleeve 12 for rotation around a hollow
      column 14 which in turn is supported on a base member 16. A thrust bearing
      18 sustains the vertical load and reduces the power necessary to rotate
      the manifold assembly about the column 14. A ring gear 20 on the lower end
      of the sleeve 12 engages with the pinion 22 which is driven by a suitable
      indexing mechanism schematically indicated at 24. Air under pressure is
      forced into the lower end of the sleeve 14 by means of a blower indicated
      at 26 in order to maintain a positive air pressure within the manifold 10
      which communicates with the sleeve 14 through the openings 28.
PAR  A plurality of Bernoulli nozzle member assemblies 30 are mounted for
      vertical sliding movement within the manifold 10. Each nozzle assembly 30
      includes a sleeve 32 having a series of openings 34 which are normally in
      fluid communication with the interior of the manifold 10. The actual
      Bernoulli nozzle members 36 are supported at the lower end of the sleeve
      32 and each includes fluid passageways 38 which establish fluid
      communication between the interior of the sleeves 32 and the under surface
      of the nozzle member 36.
PAR  Each of the nozzle assemblies is normally biased by means of springs 40 to
      the position of those assemblies which in FIG. 1 lie closest to the column
      14. In this position, the interior of the sleeves 32 is in full fluid
      communication with the interior of manifold 10 and thus air under pressure
      is constantly flowing outwardly and along the under surfaces of the nozzle
      members 36.
PAR  As shown in the left hand portion of FIG. 1, a piece of freshly molded
      glassware 42 is shown lying in the mold 44, the press member (not shown)
      having been moved out of the way. It should be noted at this point that
      the mold 44 may be a one piece mold because the ware will be removed from
      the mold by means of the Bernoulli nozzles. This avoids having to utilize
      the two piece molds of the prior art which require a vertically
      reciprocating ram to lift the ware into a position to be grasped by tongs
      or the like. Preferably, however, there are fluid passageways 46 which
      extend completely through the mold and which may be almost capillary in
      size to act as vacuum breakers as the ware is lifted vertically upwardly
      from the mold by the nozzle members.
PAR  Also supported on the column 14 is a yoke member 48 supporting a pair of
      cylinders 50 and for operating push rods 52 which engage the upper closed
      ends of the sleeves 32 at appropriately indexed positions of the manifold
      10 to effect removal of the ware from the mold and subsequent transfer of
      the ware from the nozzle member to a takeoff conveyor 54.
PAR  Referring now to FIG. 2 of the drawings, it will be seen that the actual
      position of the takeoff conveyor 54 is at about 11 o'clock rather than as
      indicated in FIG. 1. This is to permit adequate time following removal of
      the ware from the mold to permit completion of forming, cooling and heat
      treating the ware prior to depositing on the takeoff conveyor. To assist
      in the cooling and heat treating operations, a second segment shaped
      manifold 60 is positioned beneath the manifold 10 as appears most clearly
      in FIG. 2. Substantially the entire upper surface of the manifold 60 is
      perforated so as to direct air upwardly along the undersurface of the ware
      supported by the nozzle assemblies as the manifold 10 is indexed between
      the starting and discharge positions. The manifold 60 may be fed with air
      under pressure by any convenient means indicated schematically by a pipe
      62 in FIG. 2.
PAR  Referring again to FIG. 1, the mold 44 may be supported on a base 64 which
      is indexable between the position shown in FIGS. 1 and 2 and another
      position underlying the ram of the press (not shown).
PAC  OPERATION
PAR  Assuming therefore that the molding machine has completed a cycle to form,
      for example, a dinner plate 42 in the mold 44, the mold support 64 is then
      indexed to the position shown in FIGS. 1 and 2. The cylinder 50 is then
      actuated to depress the nozzle assembly to the position shown in the left
      hand side of FIG. 1 so that the nozzle member 36 closely overlies the
      plate 42 but is maintained in non-contacting spaced relation therefrom.
      Since air under pressure from the blower 26 is flowing through the
      passageways 38 in the nozzle 36 and along the under surfaces of the
      nozzle, the reduction in pressure between the nozzle 36 and the plate 42
      is effective when the rod 52 is withdrawn permitting elevation of the
      sleeve 32, to remove the plate from the mold and support it in spaced but
      non-contacting relation. The manifold 10 is then indexed around through
      the various positions indicated in FIG. 2 and as will be noted the plate
      during three of these positions will overlie the manifold 60 so that air
      will be directed along both the upper and lower surfaces of the ware to
      complete the cooling and heat treating steps. When each nozzle assembly
      approaches the 11 o'clock position of FIG. 2, the cylinder 50 at that
      location is actuated as indicated in the right hand portion of FIG. 1 to
      position the sleeve 32 so that its openings 34 are outside of the manifold
      10. This of course cuts off the flow of air to the nozzle 36 and therefore
      permits the ware to fall by gravity onto the takeoff conveyor 54.
PAR  One of the outstanding advantages of the present invention is that the ware
      at the time that it is removed from the mold need not be cool enough to be
      self supporting. Since the nozzle members do not actually contact the ware
      but are nevertheless shaped to conform to the desired upper surface of the
      ware the differential in pressure between the under and upper sides of the
      ware is effective to actually complete the forming operation while
      simultaneously cooling and heat treating the ware. Obviously, this results
      in a greatly increased speed of operation because it eliminates completely
      the need for first cooling the ware in the mold to a point where it is
      self supporting. The fact that by the same apparatus, the necessary
      cooling and heat treating steps are simultaneously performed further
      increases the speed of production of press molded ware.
PAR  Referring lastly to FIGS. 3, 4, 5 and 6, these figures merely illustrate
      different types and shapes of press molded ware which can be handled in
      accordance with the teaching of the present invention so long as the
      actual nozzle has a configuration conforming to the uppersurface of the
      ware. Thus in FIG. 3, a cup shaped ware 42A is shown in the mold with a
      correspondingly shaped nozzle 36A positioned to remove the ware from the
      mold. In FIG. 4, the ware 42B is cup shaped and the nozzle 36B is shaped
      accordingly. In FIG. 5, the ware 42C is one half of a hollow glass brick
      with a correspondingly shaped nozzle 36C. In FIG. 6, the ware 42B is a
      reflector button 42D for laying on pavement or the like and the nozzle 36D
      has an under surface configuration conforming to the upper surface of the
      button.
PAR  From the foregoing it will be apparent to those skilled in the glass making
      art that there is herein shown and disclosed a new and useful apparatus
      for handling of freshly press-molded ware. While preferred embodiments
      have been herein shown and disclosed, applicant claims the benefit of a
      full range of equivalents within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of removing freshly molded glass articles such as plates, cups,
      tumblers and the like from the mold in which they were formed, said mold
      having means communicating atmospheric pressure to the underside of the
      molded article, the steps comprising:
PA1  removing the press member from the mold to expose the upper surface of the
      molded article while still in the mold:
PA1  positioning a Bernoulli nozzle member having a surface of the same
      configuration as the upper surface of the molded article in vertically
      closely spaced non-contacting alignment therewith, said nozzle member
      having fluid passageways extending therethrough and opening substantially
      tangentially into said surface;
PA1  forcing air under pressure through said fluid passageways along said nozzle
      surface to create a thin film of high velocity air at less than
      atmospheric pressure between said surface and the upper surface of said
      molded article;
PA1  elevating said nozzle member to remove the article from the mold while
      maintaining closely spaced non-contacting relation between the nozzle and
      the article; and
PA1  directing a flow of air onto the underside of the article while supported
      by said nozzle; whereby said article is simultaneously formed, heat
      treated and cooled without the necessity of mechanical contact therewith.
NUM  2.
PAR  2. The method defined by claim 1 including the additional steps of moving
      said nozzle and article horizontally away from the mold, then out of the
      path of air flow on the underside of the article, and then over a
      conveying means and finally stopping the flow of air to said nozzle to
      deposit the article on said conveying means.
NUM  3.
PAR  3. The method defined by claim 1 in which said article is removed from its
      mold while still too hot to be self supporting.
NUM  4.
PAR  4. A method defined by claim 2 including continuously repeating all said
      steps in timed relation to the operation of an associated molding
      apparatus.
NUM  5.
PAR  5. Apparatus for removing freshly pressed glassware from a mold while still
      too hot to be self supporting said mold having means communicating
      atmospheric pressure to the underside of the molded article comprising:
PA1  a Bernoulli nozzle member having a surface of substantially the same size
      and shape as the upper surface of the glass ware, said nozzle member
      including a plurality of passageways therethrough terminating in openings
      directed substantially tangentially to said surface;
PA1  means for forcing air under positive pressure through said passageways to
      create a moving film of air along said surface;
PA1  means for supporting said member so that said surface is in closely spaced
      alignment with the glassware to be removed from its mold;
PA1  means for elevating said member together with the glassware to remove it
      from the mold; and
PA1  means for moving said support means in a plane parallel to the plane of the
      mold to permit a succession of molding and removal steps.
NUM  6.
PAR  6. Apparatus as defined by claim 5 in which said support means includes a
      manifold supporting a plurality of nozzle members in a circular array and
      means for indexing said support means in circular fashion to align
      successive nozzle members with the mold.
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ABST
PAL  By the addition of a small quantity of potassium chloride or arsenous
      sulfide to commercial grades of molten potassium nitrate, the potassium
      nitrate may be activated or purified sufficiently to produce strengthened
      glass by ion exchange equal to glass strengthened by use of highly
      purified laboratory reagent grades of potassium nitrate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an improved method for activating or reactivating
      potassium nitrate for use in the ion exchange method of strengthening
      sheet glass.
PAR  Glass sheets have previously been strengthened by the well known ion
      exchange method in which glass sheets are emersed in a molten bath of
      potassium nitrate. The potassium nitrate, however, must be of a highly
      purified variety such as that used in the laboratory reagent grades.
      Untreated commercial grades of potassium nitrate such as NF grade or high
      "K" technical grade potassium nitrate do not serve to strengthen sheet
      glass and, additionally, the treatment may result in staining.
PAR  In U.S. Pat. No. 3,415,637 a successful commercial method of activating
      commercial grades of potassium nitrate or reactivating contaminated highly
      purified grades of potassium nitrate is disclosed. As disclosed in U.S.
      Pat. No. 3,415,637, potassium nitrate of a commercial grade could be
      activated or purified by the addition thereto of a small quantity of
      potassium silicate. The amount of potassium silicate added to the
      potassium nitrate being dictated by the degree of contamination of the
      potassium nitrate with impurities, notably lithium. It has now been found
      that potassium chloride and arsenous sulfide may be advantageously used to
      activate or purify commercial grades of potassium nitrate.
PAC  SUMMARY OF THE INVENTION
PAR  A small quantity of As.sub.2 S.sub.3 or KCl is added to a commercial grade
      of molten KNO.sub.3 to activate or purify the potassium nitrate thus
      making it suitable for strengthening glass by the ion exchange method. The
      quantities of arsenous sulfide or potassium chloride used depend upon the
      degree of contamination of the potassium nitrate and also upon which of
      the two purifying agents is being used. For example, 0.2% As.sub.2 S.sub.3
      will show improved results with N. F. grade potassium nitrate suplied by
      Stauffer Chemical Company (hereinafter referred to as "A" salt); however,
      about 0.4% As.sub.2 S.sub.3 is required to fully activate the same. With
      high K Technical Grade potassium nitrate (hereinafter referred to as "B"
      salt) supplied by Southwest Potash Company, full activation is achieved
      using 1.2% arsenous sulfide although lesser quantities do show some
      improvement. For full activation a 0.6% addition of potassium chloride to
      the A salt is required and 11% addition of potassium chloride is required
      for full activation of the B salt.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  Arsenous Sulfide in A Salt
PAR  A 31/2  quart stainless steel beaker was filled with 2000 grams of the A
      salt, the salt melted and the temperature of the bath was held at
      485.degree.C. 1 .times. 5 inch single strength window glass samples were
      treated in this bath for 20 hours. After treatment they were found to be
      stained and to have zero stress. Four grams of As.sub.2 S.sub.3 were
      slowly added to the molten potassium nitrate thus giving an equivalent of
      0.2% As.sub.2 S.sub.3 in the bath. After complete decomposition had
      occurred additional 1 .times. 5 inch samples of single strength window
      glass were treated in the bath. for 20 hours at 485 C. At the end of this
      treatment the glass samples were removed, washed, dried and examined. A
      stress of 0.7950 kg./mm..sup.2 was measured in each of the samples of
      those treated; however, all of the samples had a light stain on their
      surfaces.
PAR  Another 4 grams of As.sub.2 S.sub.3 was added to the bath making a total of
      0.4% by weight As.sub.2 S.sub.3 in the bath. The test was again repeated
      with new 1 .times. 5 inch pieces of single strength glass for 20 hours at
      485.degree.C. Upon completion of this treatment, examination of the glass
      samples showed them to be free from any stain and to have a stress of
      0.8215 kg./mm.sup.2. This value is considered to be normal and is the same
      as produced in a bath of highly purified grades of potassium nitrate such
      as a CP grade. The permanence of this activation or purification of the A
      salt by the 0.4% of As.sub.2 S.sub.3 was tested daily over a period of
      21/2  months with a total of 41 treatments. During all of this period no
      surface stain was noted and the stress in the glass treated was 0.8215
      kg./mm.sup.2.
PAR  In another experiment the arsenous sulfide concentration was increased to
      0.8% by weight. 1 .times. 5 inch single strength glass samples were
      treated at 485.degree.C for 20 hours. The test yielded a stress of 0.8215
      kg./mm.sup.2 with no surface stain. It will be seen, therefore, that with
      the A salt no advantage is gained in adding more then about 0.4% of
      arsenous sulfide. Although, no disadvantage is experienced either. The
      upper limit of the quantity of arsenous sulfide employed, is, essentially
      economical once full action of the salt has been achieved.
PAC  Arsenous Sulfide in B Salt
PAR  A 2,000 gram bath of the B salt was prepared by melting the same in a 31/2
      2 quart stainless steel beaker at 485.degree.C. Then 1 .times. 5 inch
      single strength sheet glass samples were treated in this bath for 20 hours
      at 485.degree.C. Upon completion of the treatment it was found that the
      samples were heavily stained and with zero stress. Ten grams of arsenous
      sulfide (equivalent to 0.5% by weight) were added to the molten B salt. 1
      .times.  5 inch single strength glass samples were again treated in the
      bath for 20 hours at 485.degree.C. Upon completion of the treatment the
      samples showed a lightly stained surface and a stress of 0.6095
      kg./mm.sup.2. An additional 2 grams of As.sub.2 S.sub.3 was added to the
      bath leaving a total of 0.6% As.sub.2 S.sub.3. Again, 1 .times.  5 inch
      single strength glass samples were treated in the molten B salt for 20
      hours at 485.degree.C. Examination upon completion of the treatment showed
      these samples to have a good surface with a stress of 0.7400 kg./mm.sup.2.
PAR  The amount of arsenous sulfide was then increased to 0.8% tested and then
      increased further to 1.0%. At 1.0% the glass samples showed a stress of
      0.7950 kg./mm.sup.2 after 20 hours at 485.degree.C. Finally, the arsenous
      sulfide was increased to 1.2% by weight in the B salt bath and 1 .times. 5
       inch single sheet strength glass samples treated in this bath for 20
      hours at 485.degree.C. These samples (in the bath containing 1.2% by
      weight) showed a stress of 0.8215 kg./mm.sup.2 with stain free surfaces.
      Thus, it takes approximately three times the amount of arsenous sulfide to
      activate the B salt as it does to activate the A salt.
PAC  Potassium Chloride in A Salt
PAR  2,000 grams of the A salt were melted in a 31/2  quart stainless steel
      beaker at 485.degree.C. 1 .times. 5  inch single strength window glass
      samples were treated in this molten A salt for 20 hours at 485.degree.C.
      Upon examination they were stained and developed no stress. 4 grams (0.2%)
      of potassium chloride was added to the bath and single strength glass
      samples 1 .times. 5  inch were again tested for 20 hours at 485.degree.C
      but they developed no stress and were stained. An additional 4 grams of
      potassium chloride was added to the A salt bath making a total of 8 grams
      (0.4%) then in the bath. Again single strength window glass samples 1
      .times. 5  inch were treated for 20 hours at 485.degree.C and upon
      examination the samples were found to be stain free and to have developed
      a stress of 0.7685 kg./mm.sup.2.
PAR  Further addition of 4 grams of potassium chloride was made to the A salt
      bath making a total of 12 grams (0.6%) in the molten bath. Single strength
      glass sheets 1 .times. 5  inch were again treated for 20 hours at
      485.degree.C and were found to be free from surface stain and to have the
      normal stress of 0.8215 kg./mm.sup.2.
PAR  The last bath (A salt having 0.6% by weight of potassium chloride) was then
      retested 13 times over the succeeding three (3) weeks and in all of the
      tests the glass treated had good surfaces and the stress remained at
      0.8215 kg./mm.sup.2.
PAC  Potassium Chloride in B Salt
PAR  2,000 grams of B salt was melted at 485.degree.C in a 31/2  quart stainless
      steel beaker. Single strength window glass samples 1 .times. 5  inch were
      treated for 20 hours at 485.degree.C in this B bath. After treatment they
      were found to be heavily stained and to produce no stress. An addition of
      1.0% potassium chloride by weight (20 grams) was added to this bath and
      glass samples of the same kind were treated for 20 hours at 485.degree.C
      and upon completion of the treatment were found to be stained and have no
      stress. An additional 0.3% potassium chloride was added to the bath making
      a total of 1.3% by weight in the bath. Glass samples treated for the same
      time and temperature as previously, developed no stress and were stained.
      A further addition of 0.7% potassium chloride was made to the bath making
      a total of 2.0% in the B salt bath. Single strength glass samples were
      again tested for the same time and temperature. The surface after
      treatment was found to be slightly etched but not stained. No stress was
      developed. A further addition of 0.3% potassium chloride (a total of 2.3%)
      showed a slight surface improvement but still no stress was developed in
      the glass. With an additional 0.7% potassium chloride (a total of 3.0%)
      added to the bath, tests showed no improvement either in stain or stress.
      With the addition of an additional 1.0% potassium chloride (for a total of
      4% potassium chloride in the bath) the single strength window glass
      samples were treated for 20 hours at 485.degree.C, they showed a surface
      that was lightly pitted and a stress had developed of 0.5890 kg./mm.sup.2.
      With the addition of another 1.0% potassium chloride by weight to the bath
      (a total of 5% potassium chloride in the B salt) the glass samples were
      shown, after treatment, to have a good surface with no stains or pits and
      the stress developed was 0.6360 kg./mm.sup.2. With a still further
      addition of 1.0% of potassium chloride (a total of 6%) no improvement in
      the stress was noted over the previous test. At 7% by weight of potassium
      chloride in the B salt bath the glass treated had good surface and a
      stress of 0.7420 kg./mm.sup.2.
PAR  Addition of 1.0% potassium chloride was made daily to the bath until there
      was a total of 10% by weight of potassium chloride in the B salt bath. At
      this level treatment of the glass samples produced stain free surfaces and
      a stress of 0.7950 kg./mm.sup.2.
PAR  Finally, with the addition of still another 1.0% potassium chloride by
      weight (the B bath now having 11% potassium chloride by weight) single
      strength window glass samples treated in this bath for 20 hours at
      485.degree.C developed the normal stress of 0.8215 kg./mm.sup.2 with good
      surfaces. Thus it takes 11% potassium chloride to completely activate the
      B salt of potassium nitrate while only 0.6% of potassium chloride is
      required to activate the A salt bath.
PAR  Thus it will be seen that both arsenous sulfide and chloride will fully
      activate commercial grades of potassium nitrate salt making these salts
      suitable for chemical strengthening of soda-lime glass by ion exchange.
      Further, the potassium salts so treated do not stain or attack the glass
      surface being treated. Tests have also shown that once the potassium
      nitrate bath has been purified to the extent that it strengthens the glass
      samples to a value of 0.8215 kg./mm.sup.2 with good surfaces no further
      improvement is obtained by further additions of arsenous sulfide or
      potassium chloride.
PAR  It is believed that calcium and magnesium impurities in potassium nitrate
      react with the potassium chloride to form calcium chloride and magnesium
      chloride respectively. Calcium chloride has a melting point of
      772.degree.C and a boiling point of 1600.degree.C and magnesium chloride
      has a melting point of 712.degree.C and a boiling point of 1,412.degree.C,
      all of which temperatures are well above the operating range of the
      potassium nitrate salt bath which is generally operating between about
      400.degree.C to about 500.degree.C. It is further believed that the
      arsenous sulfide combines with calcium and magnesium to form,
      respectively, calcium sulfate with a melting point of 1,450.degree.C and
      magnesium sulfate with a melting point of 1,185.degree.C. The precise
      chemistry involved in supressing the deleterious effects of calcium and
      magnesium impurities in commercial grades of potassium nitrate is not
      known; however, as the tests above clearly show the arsenous sulfide and
      potassium chloride do serve to make these commercial grades of potassium
      nitrate useable.
PAR  For an activator or purifier for such salts to be suitable, it must render
      the salt capable of producing stress in soda-lime glass equal to that
      produced by reagent of CP grades of potassium nitrate salts under the same
      conditions. Further, the activator of commercial grades of potassium salt
      must produce a suitable bath that will not stain, pit, etch or otherwise
      attack the surface of the glass being treated. Lastly, the activator
      should be permanent in the molten potassium nitrate bath.
PAR  A number of other compounds have also been tested as possible activators
      for commercial grades of potassium nitrate salt for use in strengthening
      of soda-lime glass by ion exchange. Some of the compounds tested were
      sodium silicate, copper nitrate, potassium chromate, potassium bromide,
      arsenic pentoxide, arsenic trioxide, potassium bisulfate, stannic oxide
      and sulfur dioxide. None of these met these requirements for complete
      activation of commercial grades of potassium nitrate salts.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the method of activating a molten bath of chemically impure potassium
      nitrate for use in strengthening glass by an ion exchange method, the
      improvement comprising adding to said molten potassium nitrate bath, an
      effective amount of potassium chloride or arsenous sulfide to remove
      substantially all of the calcium and magnesium impurities as compounds
      that are insoluble in potassium nitrate.
NUM  2.
PAR  2. The method of claim 1 in which the effective amount of arsenous sulfide
      added to the chemically impure potassium nitrate bath is at least o.4% by
      weight of the potassium nitrate.
NUM  3.
PAR  3. The method of claim 1 in which the effective amount of potassium
      chloride added to the chemically impure potassium nitrate bath is at least
      0.6% by weight of the potassium nitrate.
PATN
WKU  039308219
SRC  5
APN  5442877
APT  1
ART  173
APD  19750127
TTL  Process for making carbon-containing glass resistors
ISD  19760106
NCL  6
ECL  1
EXA  Miga; Frank W.
EXP  Bashore; S. Leon
NDR  1
NFG  1
INVT
NAM  Elmer; Thomas H.
CTY  Corning
STA  NY
ASSG
NAM  Corning Glass Works
CTY  Corning
STA  NY
COD  02
CLAS
OCL   65 32
XCL   65 60
XCL  427101
XCL  427122
XCL  427228
XCL  428426
EDF  2
ICL  C03C 1500
ICL  C03C  700
FSC   65
FSS  32;30 R;60
FSC  427
FSS  101;122;228
FSC  428
FSS  426
UREF
PNO  3378431
ISD  19680400
NAM  Smith et al.
XCL   65 32
UREF
PNO  3390452
ISD  19680700
NAM  Huang
XCL   65 32
UREF
PNO  3628984
ISD  19711200
NAM  Ishikawa et al.
OCL  428228
UREF
PNO  3632385
ISD  19720100
NAM  Schmitt et al.
OCL  427228
UREF
PNO  3640906
ISD  19720200
NAM  Wojcik
XCL   65 30R
UREF
PNO  3775078
ISD  19731100
NAM  Elmer et al.
OCL   65 32
UREF
PNO  3810780
ISD  19740500
NAM  Ardary et al.
OCL  427228
UREF
PNO  3813232
ISD  19740500
NAM  Forker, Jr. et al.
XCL   65 32
LREP
FR2  van der Sterre; Kees
FR2  Janes, Jr.; Clinton S.
FR2  Patty, Jr.; Clarence R.
ABST
PAL  An improved process for the production of carbon-containing glass resistors
      comprising impregnating porous glass with a furfuryl alcohol solution,
      polymerizing the furfuryl alcohol retained in the glass by contacting the
      glass with hydrochloric acid to produce a resin, drying the glass to
      remove moisture therefrom, and firing the glass in a non-oxidizing
      atmosphere to convert the resin to carbon, is described. Substantially
      improved yields of high value resistors are obtained by the process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Processes for carbon-impregnating glasses in order to impart electrical
      conductivity thereto are known. U.S. Pat. No. 2,556,616, for example,
      describes the impregnation of porous glasses with soluble carbohydrates,
      particularly sugars, followed by drying and firing to convert the sugars
      to a continuous conductive carbon phase. Problems attending the use of
      sugar solutions for this purpose include those relating to the high
      viscosity and low stability of the solutions, and to the difficulty of
      obtaining uniform and reproducible carbonization of the sugar impregnant
      on firing the impregnated glass.
PAR  U.S. Pat. No. 3,813,232 describes a method of providing conductive porous
      glasses which comprises impregnating the porous glass with acetophenone
      and sulfuric acid, and thereafter heating the impregnated glass to
      decompose the impregnants and provide a conductive carbon phase in the
      glass. Disadvantages of this process include the hazards associated with
      the handling of hot (100.degree.C.) organic and sulfuric acid solutions,
      and the evolution of copious amounts of noxious sulfur-containing
      compounds from the glass on heating.
PAR  A more convenient method of providing a continuous carbon phase in a porous
      glass comprises the use of polymerizable furan derivatives as impregnants
      for this purpose. U.S. Pat. NO. 3,775,078 describes the production of
      carbon-containing porous glasses exhibiting increased refractoriness and
      also electrical conductivity, by impregnating a porous 96% silica glass
      with a solution of furfuryl alcohol in a suitable solvent, polymerizing
      the furfuryl alcohol in situ in the pores of the glass to provide a resin,
      and firing the glass in a non-oxidizing atmosphere to convert the resin to
      carbon.
PAR  In attempting to adapt the furfuryl alcohol method to the production of
      electrical resistance elements, serious difficulties were encountered in
      obtaining reproducible resistance values, even among resistors processed
      in the same lot or taken from the same section of resistor cane stock. It
      was recognized that a broad range of resistance characteristics, including
      room temperature DC resistivities ranging from about 10.sup.0.01
      -10.sup.10 ohm centimeters, could be obtained in the product by
      controlling the amount of furfuryl alcohol and thus the amount of carbon
      introduced into the pore structure of the glass. However, considerable
      variations in resistivity were observed, particularly in the higher
      resistivity range of about 10.sup.1.5 - 10.sup.10 ohm centimeters, despite
      attempts to reduce these variations through careful control of glass pore
      characteristics, temperature, impregnating solution composition,
      impregnation time, drying schedules, and firing treatments.
PAR  It is a principle object of the present invention to provide an improved
      process for the production of electrical resistive elements using furfuryl
      alcohol to provide a continuous carbon phase in a porous glass, which
      permits significantly better control over the resistivity of the product.
PAR  It is a further object to provide high resistivity electrical resistance
      elements produced in accordance with this improved process.
PAR  Other objects and advantages of the invention will become apparent from the
      following description thereof, and from the appended DRAWING which
      comprises a graph showing the relationship between the electrical
      resistivity of a carbon-impregnated porous glass produced by impregnation,
      polymerization, and carbonization of a furfuryl alcohol impregnant and the
      concentration of furfuryl alcohol present in the solution utilized to
      impregnate the porous glass.
PAC  SUMMARY OF THE INVENTION
PAR  Part of the problem of obtaining reproducible resistance values in
      carbon-containing glasses produced by the furfuryl alcohol process resides
      in the fact, evidenced by the graph shown in the DRAWING, that resistance
      is highly dependent on the furfuryl alcohol content of the impregnating
      solution, particularly in that concentration region where the higher
      resistivity products (log DC volume resistivity of 1.5-10) are produced.
      The resistivity of the product is apparently very strongly affected by
      even minor changes in the carbon content of the glass in this range. Yet
      it was not understood why wide variations in resistance among samples
      impregnated with the same solution and having the same processing history
      were observed. For example, variations in resistivity of as much as a
      factor of 50 among 3/4 inch long resistors cut from a single 3-inch length
      of resistor cane stock were not uncommon.
PAR  I have now discovered that the rate and uniformity of polymerization of the
      furfuryl alcohol impregnant present in the glass to a resin, prior to
      firing to obtain conversion to carbon, are important factors affecting the
      reproducibility of resistance values in carbon-containing glasses produced
      by this process. I have further found that slow heating rates or heating
      at moderate temperatures, such as were utilized in the prior art to
      gradually remove solvents from the glass and polymerize the alcohol,
      appear to increase the variability of resistance values obtained in the
      product, for reasons not fully understood. In contrast, I have found that
      inducing very rapid polymerization of the furfuryl alcohol to a resin by
      contacting the glass with a concentrated hydrochloric acid solution
      appears to substantially improve the uniformity of resistance in the
      product. Thus substantially higher yields of electrical resistance
      materials having resistivity values within a specified range may be
      obtained.
DETD
PAC  DETAILED DESCRIPTION
PAR  Porous glasses which are the preferred starting materials for the
      production of electrical resistors in accordance with the invention are
      the porous 96 percent silica glasses described by Hood et al in U.S. Pat.
      No. 2,106,774. These glasses are produced by leaching phase-separated
      alkali borosilicate glasses to remove the soluble phase, providing a
      porous glass product comprising a multiplicity of submicroscopic
      interconnecting pores, the residual glass typically consisting of at least
      about 94% silica by weight.
PAR  Glasses prepared by the process of the aforementioned Hood et al. patent
      are known in the art by the general designation "96 percent silica
      glasses," without particular regard for the exact silica content thereof,
      and this general designation will be used herein with that meaning. Thus
      this designation is used in the generic sense to include all porous
      glasses produced in accordance with the above-described method from alkali
      borosilicate glasses, irrespective of the exact silica content of the
      porous glass.
PAR  The initial step of producing electrical resistors according to the
      invention comprises conventionally impregnating a suitable glass such as a
      porous 96 percent silica glass with a furfuryl alcohol solution. Prior to
      impregnation the glass may be dried to remove mechanically-held water from
      the pores, if desired. However, drying is not required. Impregnation is
      typically accomplished by immersing the porous glass in the solution for a
      length of time at least sufficient to insure thorough penetration by the
      impregnant into the pore structure of the material. Porous 96 percent
      silica glasses can normally be fully impregnated within an interval of 24
      hours, usually much less, by this procedure.
PAR  Solutions of furfuryl alcohol which are useful for this purpose include
      aqueous solutions and aqueous solutions containing stabilizing agents.
      Such agents prevent the phase separation on standing which is typical of
      aqueous furfuryl alcohol solutions of low or moderate concentration. I
      have discovered that the lower alkanols of one to four carbon atoms per
      molecule, e.g., methanol, ethanol, propanol and butanol, are particularly
      useful stabilizing agents for dilute aqueous furfuryl alcohol solutions.
      Dilute solutions are those comprising about 1-50 percent furfuryl alcohol
      by volume, which are particularly useful in providing electrical
      resistance materials with resistivities in the 10.sup.1.5 -10.sup.10
      ohm-centimeter range. These alcohols may be utilized in such solutions in
      amounts ranging, for example, from about 10-50 percent by volume.
      Preferred solutions consist essentially of furfuryl alcohol, ethanol, and
      water wherein the ethanol to water ratio ranges up to about 1:1 by volume.
      Higher concentrations of ethanol may be employed, but are not of
      significant practical benefit.
PAR  Following the impregnation of the porous 96 percent silica glass with an
      aqueous furfuryl alcohol solution, the furfuryl alcohol is polymerized in
      situ in the glass to a non-volatile resin, and the glass article
      containing the polymerized resin is then fired in a non-oxidizing
      atmosphere to a temperature of at least about 1,200.degree.C. to convert
      the resin to carbon. This firing treatment, which is conventional, is
      typically also effective for consolidating the porous glass around the
      carbon phase, providing an electrically-insulating barrier which
      additionally protects the carbon phase from oxidation at elevated
      temperatures during use.
PAR  Whereas the firing treatment utilized in converting the resin in the porous
      glass to carbon may be any suitable thermal treatment utilized for this
      purpose in the prior art, gradual heat treatments such as were utilized in
      the prior art to remove solvents from the impregnating furfuryl alcohol
      solution and to polymerize the residual alcohol to a resin should be
      avoided. The porous glass impregnated with the furfuryl alcohol solution
      should instead by contacted with a concentrated aqueous solution (at least
      about 6 Normal) of hydrochloric acid, as by immersion therein, for a time
      sufficient to achieve polymerization of the furfuryl alcohol to a resin.
PAR  Thereafter the glass is removed from the hydrochloric acid, preferably
      washed to reduce the concentration of acid in the pores and on the surface
      thereof, dried to remove moisture from the glass pore structure, and fired
      in a non-oxidizing atmosphere to a temperature of at least 1,200.degree.C.
      to convert the resin in the glass to carbon, and to consolidate the glass.
PAR  The HCl polymerization method utilized to condense the furfuryl alcohol
      impregnant to a resin in accordance with the present invention produces
      substantially higher yields of electrical resistors having resistance
      values within a specified range than do the heat polymerization methods of
      the prior art. Also, lower resistivity values from equivalent
      concentrations of furfuryl alcohol impregnant are obtained. These benefits
      are attributed to the fact that HCl polymerization is apparently more
      rapid and efficient than prior art heating methods.
PAR  The lower limit on concentration for aqueous HCl solutions utilized to
      obtain polymerization of the alcohol in situ in the porous glass is
      established because lesser concentrations are less effective in converting
      the alcohol to a resin, and permit the escape of small but uncontrollable
      amounts of alcohol from the pores of glass into the acid solution during
      immersion. In fact, when acid solutions of a concentration as low as 6
      Normal HCl are employed, it is preferred to utilize hot (e.g.,
      95.degree.C.) acid solutions to further accelerate the polymerization
      process. However heating is not required, and concentrated room
      temperature HCl solutions (8-12 Normal) also give extremely rapid
      polymerization results as evidenced by nearly instantaneous blackening of
      impregnated glass upon immersion in such solutions.
PAR  The time of immersion in acid utilized to obtain polymerization of the
      alcohol in the glass is not critical, but depends somewhat upon the
      thickness of the glass and the concentration of the acid employed. Typical
      immersion treatments range from about 15-60 minutes in duration, with
      longer times normally providing slightly lower resistivity values for
      equivalent alcohol impregnant concentrations.
PAR  Following polymerization of the alcohol in the glass to a resin, the glass
      is preferably subjected to a water washing treatment to remove HCl from
      the pores and surface of the glass. The removal of HCl by washing is
      preferable to the volatilization thereof which would occur during firing,
      because of the corrosive nature of HCl fumes. However, the removal of HCl
      from the pores of the glass by heating is not detrimental to the end
      properties of the glass.
PAR  Washing may be accomplished by the immersion of the glass in water or
      dilute aqueous solutions. Preferred water washing treatments comprise two
      separate washing steps in hot (95.degree.C.) distilled H.sub.2 O, the
      final wash solution in this two-stage treatment normally having a pH not
      exceeding about 3 at the end of the treatment.
PAR  After washing the glass is dried to remove water from the pore structure
      thereof and fired in a nonoxidizing atmosphere to a temperature of at
      least about 1,200.degree.C. to convert the resin to a continuous carbon
      phase and to consolidate the porous glass. The firing treatment may
      comprise any suitable treatment utilized for this purpose in the prior
      art, but preferably involves heating the glass in flowing forming gas (8%
      H.sub.2 + 92% N.sub.2) to 1,200.degree.C. or above to achieve full
      consolidation of the glass around the carbon phase. This consolidation
      protects the carbon phase from contamination or oxidation in use and thus
      enhances the stability of the resistance characteristics of the glass.
PAR  Drying of the porous glass prior to firing is utilized to gradually remove
      water from the pore structure of the glass, and may be carried out
      separately as by heating at moderate temperature (e.g.,
      80.degree.-150.degree.C.) in an oven. Alternatively, drying may be
      accomplished in the early stages of the firing treatment by initiating
      firing at moderate temperatures and utilizing low heating rates in the
      early stages of the treatment.
PAR  The effectiveness of HCl polymerization to provide substantially improved
      uniformity of resistivity in carbon-containing glass electrical resistance
      materials produced using the furfuryl alcohol impregnation process is more
      fully demonstrated by the following illustrative example.
PAC  EXAMPLE
PAR  Eight three-inch sections of porous glass cane stock, each section having a
      diameter of 0.07 inches, are selected for treatment. It is desired to make
      3 resistors of 3/4 inch length, each having a resistance value in the
      range of about 0.06 .times. 10.sup.6 to 2 .times. 10.sup.6 ohms, from each
      section of stock.
PAR  The eight sections of cane are dried for 1 hour at 150.degree.C. in a hot
      air oven to remove mechanically held water, and thereafter cooled in a
      desiccator.
PAR  Four of the sections, designated Samples 1, 2, 3 and 4, are then immersed
      in an impregnating solution consisting of 40 percent furfuryl alcohol, 30
      percent ethanol and 30 percent water by volume. After a 2-hour immersion
      treatment at room temperature, the samples are removed from solution and
      placed in an oven operating at 80.degree.C. to polymerize the furfuryl
      alcohol to a resin and remove ethanol and water from the pore structure of
      the glass. A treatment of 1 hour at this temperature is sufficient to
      complete the polymerization and solvent removal processes.
PAR  Thereafter the samples are fired in a tube furnace to convert the resin in
      the glass to carbon. The firing comprises heating in a forming gas
      atmosphere (92% N.sub.2 + 8% H.sub.2 by volume) at a rate of 100.degree.C.
      per hour from 160.degree.C. to 1,240.degree.C., holding at 1,240.degree.C.
      for 15 minutes, and cooling to 600.degree.C. prior to removing from the
      furnace. This firing also results in consolidation of the porous glass,
      the linear shrinkage on firing being approximately 10 percent.
PAR  Finally the carbon-containing glass sections are cut into three pieces,
      designated top (T), middle (M), and bottom (B) segments, and each segment
      is trimmed to 3/4 inches in length, discarding small end sections
      therefrom to provide freshly fractured end surfaces. These end surfaces
      are then silvered to provide electrical contact with the carbon phase in
      the glass.
PAR  The remaining four sections of porous glass, designated Samples 5, 6, 7 and
      8, are impregnated with a furfuryl alcohol impregnant according to the
      procedure utilized for Samples 1-4, except that a solution consisting of
      35 percent furfuryl alcohol, 32.5 percent ethanol, and 32.5 percent water
      by volume is utilized.
PAR  Following impregnation with the furfuryl alcohol solution the samples are
      wiped and immersed in aqueous 8 Normal HCl at 95.degree.C., being allowed
      to remain in the acid for 10 minutes. Thereafter the samples are removed,
      immersed in a first hot distilled water (95.degree.C.) bath for a 10
      minute wash, immersed in a second hot distilled water bath for an
      additional 30 minute wash, and finally dried in an oven at 150.degree.C.
      to remove mechanically-held water. Polymerization of the furfuryl alcohol
      to the resin occurs rapidly during the acid immersion step of the above
      procedure, with substantial polymerization occurring within seconds after
      immersion as evidenced by rapid darkening of the glass. The 10-minute
      exposure to acid is more than sufficient to insure substantially complete
      polymerization of all of the alcohol in the glass.
PAR  Following polymerization, rinsing and drying in accordance with the above
      procedure, the four samples are fired in accordance with the procedure
      utilized and described above to fire Samples 1-4. They are then cut,
      trimmed and silvered to provide three resistors from each of Samples 5-8,
      as described for Samples 1-4.
PAR  The following Table sets forth the results of electrical resistance testing
      of all of the resistors prepared according to the foregoing Example.
      Included in the Table are the sample numbers (1-8) and locations from
      within the sample (T, M, B) for each resistor, and the room temperature
      electrical resistance of each sample in ohms. Reported separately for the
      group of heat-polymerized resistors from Samples 1-4 and the
      HCl-polymerized resistors from Samples 5-8 are the percent yield of
      resistors from each group falling within the target resistance range of
      0.06 .times. 10.sup.6 - 2 .times. 10.sup.6 ohms. The substantially more
      uniform resistance characteristics of the HCl-polymerized resistors are
      evident.
TBL                                    TABLE                                   

     __________________________________________________________________________

     Heat-Polymerized Samples 1-4                                              

                       HCl-Polymerized Samples 5-8                             

     Sample Number and                                                         

                Resistance                                                     

                       Sample Number and                                       

                                  Resistance                                   

     Location    (ohms)                                                        

                       Location    (ohms)                                      

     __________________________________________________________________________

     1 T         &gt;&gt;10.sup.7                                                    

                       5 T        0.21 .times. 10.sup.6                        

     M            &gt;10.sup.7                                                    

                       M          0.23 .times. 10.sup.6                        

     B          0.5 .times. 10.sup.6                                           

                       B          0.17 .times. 10.sup.6                        

     2 T        1.5 .times. 10.sup.6                                           

                       6 T        0.15 .times. 10.sup.6                        

     M          1.3 .times. 10.sup.6                                           

                       M          0.15 .times. 10.sup.6                        

     B          0.05 .times. 10.sup.6                                          

                       B          0.15 .times. 10.sup.6                        

     3 T        2 .times. 10.sup.7                                             

                       7 T        0.12 .times. 10.sup.6                        

     M           &gt;&gt;10.sup.7                                                    

                       M          0.18 .times. 10.sup.6                        

     B          0.6 .times. 10.sup.6                                           

                       B          0.12 .times. 10.sup.6                        

     4 T        1 .times. 10.sup.7                                             

                       8 T        0.13 .times. 10.sup.6                        

     M          &gt;2 .times. 10.sup.7                                            

                       M          0.18 .times. 10.sup.6                        

     B          2 .times.  10.sup.7                                            

                       B          0.12 .times. 10.sup.6                        

     Yield - 33%        Yield - 100%                                           

     __________________________________________________________________________

PAR  The data set forth in the Table clearly illustrates the utility of the
      method of the present invention for improving the uniformity of
      resistivity, and thus the yield, of electrical resistance materials,
      comprising carbon-containing glasses. Thus the present method permits the
      attainment of highly reproducible results, particularly in the resistivity
      range of 10.sup.1.5 - 10.sup.10 ohm centimeters wherein the achievement of
      electrical uniformity in furfuryl alcohol-impregnated glasses is
      difficult.
PAR  Although the obtainment of uniform resistance values at lower
      resistivities, e.g., 10.sup.0.01 - 10.sup.1.5 ohms centimeters, utilizing
      furfuryl alcohol impregnation methods is less difficult, the present
      method offers a further unexpected advantage, even in the preparation of
      lower resistivity materials, in that lesser concentrations of furfuryl
      alcohol impregnants are required to produce equivalent resistivities. This
      is shown in the above Example by the fact that the heat-polymerized
      resistors which were impregnated with a 40 volume percent furfuryl alcohol
      solution exhibit generally higher resistances than the HCl-polymerized
      resistors produced using a 35 volume percent furfuryl alcohol solution.
PAR  The improved efficiency and uniformity of HCl polymerization methods in the
      production of electrical resistance materials by the furfuryl alcohol
      impregnation of porous glasses has thus been clearly shown.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved process for making a carbon-impregnated glass electrical
      resistance material which comprises the steps of:
PA1  a. impregnating a porous 96% silica glass with an aqueous solution of
      furfuryl alcohol;
PA1  b. contacting the impregnated porous glass with an aqueous solution
      containing HCl in a concentration of at least about 6 Normal for a time
      sufficient to polymerize the furfuryl alcohol in the glass to a resin;
PA1  c. drying the glass to remove water from the pore structure thereof, and
PA1  d. firing the glass in a non-oxidizing atmosphere to a temperature of at
      least about 1,200.degree.C. to convert the resin in the glass to carbon
      and to consolidate the porous glass.
NUM  2.
PAR  2. A process according to claim 1 which further comprises water-washing the
      impregnated porous glass, subsequent to contacting said glass with the
      aqueous solution containing HCl, to reduce the concentration of HCl in the
      porous glass.
NUM  3.
PAR  3. A process according to claim 1 wherein the aqueous solution of furfuryl
      alcohol contains a stabilizing agent selected from the group consisting of
      the lower alkanols of from 1 to 4 carbon atoms per molecule, said
      stabilizing agent being present in said solution in an amount ranging from
      about 10-50 percent by volume.
NUM  4.
PAR  4. A process according to claim 3 wherein said aqueous solution of furfuryl
      alcohol consists essentially of furfuryl alcohol, ethanol, and water.
NUM  5.
PAR  5. A process according to claim 1 wherein the aqueous solution containing
      HCl comprises HCl in a concentration ranging from 8 to 12 Normal.
NUM  6.
PAR  6. A process according to claim 1 wherein the aqueous solution of HCl is at
      a temperature of at least about 95.degree.C.
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PAL  An improved process for the production of carbon-containing glass resistors
      comprising impregnating porous glass with a furfuryl alcohol solution,
      flash-heating the impregnated glass at temperatures in the range of
      150.degree.-225.degree.C. to polymerize the alcohol to a resin, and firing
      in a non-oxidizing atmosphere to convert the resin to carbon, is
      described. Substantially improved yields of high value resistors are
      obtained by the process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Processes for carbon-impregnating glasses in order to impart electrical
      conductivity thereto are known. U.S. Pat. No. 2,556,616, for example,
      describes the impregnation of porous glasses with soluble carbohydrates,
      particularly sugars, followed by drying and firing to convert the sugars
      to a continuous conductive carbon phase. Problems attending the use of
      sugar solutions for this purpose include those relating to the high
      viscosity and low stability of the solutions, and to the difficulty of
      obtaining uniform and reproducible carbonization of the sugar impregnant
      on firing the impregnated glass.
PAR  U.S. Pat. No. 3,813,232 describes a method of providing conductive porous
      glasses which comprises impregnating the porous glass with acetophenone
      and sulfuric acid, and thereafter heating the impregnated glass to
      decompose the impregnants and provide a conductive carbon phase in the
      glass. Disadvantages of this process include the hazards associated with
      the handling of hot (100.degree.C.) organic and sulfuric acid solutions,
      and the evolution of copious amounts of noxious sulfur-containing
      compounds from the glass on heating.
PAR  A more convenient method of providing a continuous carbon phase in a porous
      glass comprises the use of polymerizable furan derivatives as impregnants
      for this purpose. U.S. Pat. No. 3,775,078 describes the production of
      carbon-containing porous glasses exhibiting increased refractoriness and
      electrical conductivity through a process impregnating a porous 96% silica
      glass with a solution of furfuryl alcohol in a suitable solvent,
      polymerizing the furfuryl alcohol in situ in the pores of the glass to
      provide a resin, and firing the glass in a non-oxidizing atmosphere to
      convert the resin to carbon.
PAR  In attempting to adapt the furfuryl alcohol method to the production of
      electrical resistance elements, serious difficulties were encountered in
      obtaining reproducible resistance values, even among resistors processed
      in the same lot or taken from the same section of resistor cane stock. It
      was recognized that a broad range of resistance characteristics, including
      room temperature DC resistivities ranging from about 10.sup.0.01 -
      10.sup.10 ohm centimeters, could be obtained in the product by controlling
      the amount of furfuryl alcohol and thus the amount of carbon introduced
      into the pore structure of the glass. However considerable variations in
      resistivity were observed, particularly in the higher resistivity range of
      about 10.sup.1.5 -10.sup.10 ohm centimeters, despite attempts to reduce
      these variations through careful control of glass pore characteristics,
      impregnating solution composition, impregnation time, drying schedules,
      and firing treatments.
PAR  It is a principle object of the present invention to provide an improved
      process for the production of electrical resistive elements using furfuryl
      alcohol to provide a continuous carbon phase in a porous glass, which
      permits significantly better control over the resistivity of the product.
PAR  It is a further object to provide high resistivity electrical resistance
      elements produced in accordance with this improved process.
PAC  SUMMARY OF THE INVENTION
PAR  Part of the problem of obtaining reproducible resistance values in
      carbon-containing glasses produced by the furfuryl alcohol process resides
      in the fact, evidenced by the graph comprising FIG. 1 of the DRAWING, that
      resistance is very strongly dependent on the furfuryl alcohol content of
      the impregnating solution, particularly in that concentration region where
      the higher resistivity products (log DC volume resistivity of 1.5 -10) are
      produced. The resistivity of the product is apparently very strongly
      affected by even minor changes in the carbon content of the glass in this
      range. Yet it was not understood why wide variations in resistance among
      samples impregnated with the same solution and having the same processing
      history were observed. For example, variations in resistivity of as much
      as a factor of 50 among 1/2  inch long resistors cut from a single 3 inch
      length of resistor cane stock were not uncommon.
PAR  I have now discovered that the rate and uniformity of polymerization of the
      furfuryl alcohol impregnant present in the glass to a resin, prior to
      firing to obtain conversion to carbon, are important factors affecting the
      reproducibility of resistance values in carbon-containing glasses produced
      by this process. I have further found that slow heating rates or heating
      at moderate temperatures, such as were utilized in the prior art to
      gradually remove solvents from the glass and polymerize the alcohol,
      appear to increase the variability of resistance values obtained in the
      product, for reasons not fully understood. In contrast, I have found that
      flash-heating of the impregnated glass at temperatures within the range of
      about 150.degree.-225.degree.C. appears to substantially improve the
      uniformity of resistance in the product. Thus substantially higher yields
      of electrical resistance materials having resistivity values within a
      specified range may be obtained.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following description thereof, and from the appended DRAWING wherein:
PAR  FIG. 1 is a graph showing the relationship between the electrical
      resistivity of a carbon-impregnated porous glass produced by impregnation,
      polymerization, and carbonization of a furfuryl alcohol impregnant and the
      concentration of furfuryl alcohol present in the solution utilized to
      impregnate the porous glass, and
PAR  FIG. 2 illustrates the improved yields of high resistivity electrical
      resistance elements which may be obtained utilizing improved thermal
      treatments in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Porous glasses which are the preferred starting materials for the
      production of electrical resistors in accordance with the invention are
      the porous 96 percent silica glasses described by Hood et al. in U.S. Pat.
      No. 2,106,744. These glasses are produced by leaching phase-separated
      alkali borosilicate glasses to remove the soluble phase, providing a
      porous glass product comprising a multiplicity of submicroscopic
      interconnecting pores, the residual glass typically consisting of at least
      about 94% silica by weight.
PAR  Glasses prepared by the process of the aforementioned Hood et al patent are
      known in the art by the general designation "96 percent silica glasses,"
      without particular regard for the exact silica content thereof, and this
      general designation will be used herein with that meaning. Thus this
      designation is used in the generic sense to include all porous glasses
      produced in accordance with the above-described method from alkali
      borosilicate glasses, irrespective of the exact silica content of the
      porous glass.
PAR  The initial step of producing electrical resistors according to the
      invention comprises conventionally impregnating a suitable glass such as a
      porous 96 percent silica glass with a furfuryl alcohol solution.
      Impregnation is typically accomplished by immersing the porous glass in
      the solution for a length of time at least sufficient to insure thorough
      penetration by the impregnant into the pore structure of the material.
      Porous 96 percent silica glasses can normally be fully impregnated within
      an interval of 24 hours, usually much less, by this procedure.
PAR  Solutions of furfuryl alcohol which are useful for this purpose include
      aqueous solutions and aqueous solutions containing stabilizing agents.
      Such agents prevent the phase separation on standing which is typical of
      aqueous furfuryl alcohol solutions of low or moderate concentration. I
      have discovered that the lower alkanols of from 1 to 4 carbon atoms per
      molecule, e.g., methanol, ethanol, propanol, and butanol, are particularly
      useful stabilizing agents for dilute aqueous furfuryl alcohol solutions.
      Dilute solutions are those comprising about 1-50 percent furfuryl alcohol
      by volume, which are particularly useful in providing electrical
      resistance materials with resistivities in the 10.sup.1.5 -10.sup.10
      ohm-centimeter range. These alkanols may be utilized in such solutions in
      amounts ranging, for example, from about 10-50 percent by volume, although
      greater amounts can be used if desired. Preferred solutions consist
      essentially of furfuryl alcohol, ethanol, and water wherein the ethanol to
      water ratio ranges up to about 1:1 by volume. Higher concentrations of
      ethanol may be employed, but are not of significant practical benefit.
PAR  Following the impregnation of the porous 96 percent silica glass with an
      aqueous furfuryl alcohol solution, the furfuryl alcohol is polymerized in
      situ in the glass to a non-volatile resin, and the glass article
      containing the polymerized resin is then fired in a non-oxidizing
      atmosphere to a temperature of at least about 1,200.degree.C. to convert
      the resin to carbon. This firing treatment, which is conventional, is
      typically also effective for consolidating the porous glass around the
      carbon phase, providing an electrically-insulating barrier which
      additionally protects the carbon phase from oxidation at elevated
      temperatures.
PAR  Whereas the firing treatment utilized in converting the resin in the porous
      glass to carbon may be any suitable thermal treatment utilized for this
      purpose in the prior art, gradual heat treatments such as were utilized in
      the prior art to remove solvents from the impregnating furfuryl alcohol
      solution and to polymerize the residual alcohol to a resin should be
      avoided. The porous glass impregnated with the furfuryl alcohol solution
      should instead be flash-heated to a temperature in the range of about
      150.degree.-225.degree.C. for a time at least sufficient to remove
      volatile alkanol and water solvents and to polymerize the furfuryl alcohol
      to a resin. In this way, substantially higher yields of electrical
      resistors having resistance values within a specified resistance range may
      be obtained.
PAR  Removal of volatile solvents and stabilizers, and polymerization of the
      furfuryl alcohol to a resin rarely require heating for more than about 2
      hours at temperatures in the useful range; in fact, initial polymerization
      of the alcohol, as evidenced by a darkening of the impregnated glass to a
      black coloration, can be observed after a period of seconds at the
      prescribed temperatures. In general, higher temperatures within the useful
      range are preferred, except where the impregnated porous glass is bulky
      enough to risk fracture due to rapid vaporization and escape of volatile
      constituents, because higher temperature treatments typically produce a
      more uniform product. Heating beyond a time sufficient to volatilize
      solvents and polymerize the furfuryl alcohol impregnant is not
      detrimental, but does not provide any particular advantage. Heating in air
      at temperatures in excess of 225.degree.C. during the polymerization step
      is not desirable because of the possibility that oxidation and loss of the
      polymerized resin will occur.
PAR  Flash-heating polymerization treatments in accordance with the invention
      can present glass breakage problems if the dimensions of the impregnated
      glass are too large. Therefore the selection of porous glass articles
      having at least one dimension (e.g., thickness) not exceeding a value of
      about 4 millimeters is preferred to avoid the possibility of breakage
      during flash-heating.
PAR  Flash-heating in accordance with the present description means heating
      rapidly to a temperature in the prescribed 150.degree.-225.degree.C.
      range, and may comprise sudden exposure to hot air or other hot gases or
      fluids which have been heated to such temperatures. Alternate means of
      flash-heating include radiant infrared or microwave heating methods. In
      general, such treatments will provide conditions which are effective to
      heat the impregnated glass, or at least the impregnating solution, at
      rates of at least 750.degree.C. per hour to the useful temperature range.
PAR  Following flash-heating to the selected temperature and holding for a time
      sufficient to achieve solvent volatilization and furfuryl alcohol
      polymerization, the impregnated porous glass may be cooled to room
      temperature at any convenient rate. Alternatively it may be immediately
      subjected to high temperature firing in a non-oxidizing atmosphere to
      convert the resin to carbon.
PAR  The advantages of the method of the present invention in producing
      electrical resistance materials of improved uniformity are more fully
      illustrated by the following example.
PAC  EXAMPLE
PAR  Eight three-inch sections of resistor cane stock, each consisting of a
      porous 96 percent silica glass rod of about 0.07 inches diameter, are
      heated at 150.degree.C. for 1 hour to remove mechanically-held water from
      the pores of the glass. It is desired to make 3 resistors, each 3/4 inches
      in length by 0.07 inches in diameter, and each having a resistance in the
      range of about 0.06 .times. 10.sup.6 -  2 .times. 10.sup.6 ohms, from each
      section of stock.
PAR  The dry sections are cooled to room temperature in a desiccator and then
      immersed in an impregnating solution composed of 40 percent furfuryl
      alcohol, 30 percent water and 30 percent ethanol by volume, immersion
      being continued for 2 hours at room temperature. This immersion period is
      sufficient to completely impregnate the pore structure of the glass.
PAR  After the impregnation treatment, 4 of the impregnated sections, designated
      Samples 1, 2, 3 and 4, are removed from solution, wiped, and placed in an
      oven operating at 80.degree.C. for 1 hour to volatilize and remove the
      ethanol and water, and to polymerize the furfuryl alcohol impregnant.
      Darkening of the samples evidencing polymerization of the furfuryl alcohol
      to a resin commences within several minutes at this temperature, and
      solvent removal and polymerization are complete within the 1 hour heating
      period.
PAR  The other four impregnated sections, designated Samples 5, 6, 7 and 8, are
      removed from solution and placed in an oven operating at 150.degree.C. for
      1 hour to volatilize the solvent constituents and polymerize the furfuryl
      alcohol impregnant. Darkening of the samples evidencing polymerization of
      the furfuryl alcohol to a resin commences within seconds at this
      temperature, and both solvent removal and polymerization are completed
      within the 1 hour heating period.
PAR  Following heat treatment of all samples to obtain polymerization of the
      furfuryl alcohol, the samples are inserted into tube furnaces and heated
      in flowing forming gas (92% N.sub.2 + 8% H.sub.2) at a rate of
      100.degree.C./hour from 160.degree.C. to 1,240.degree.C., held at
      1,240.degree.C. for 15 minutes, and cooled to about 600.degree.C. prior to
      removal from the furnace. This treatment is effective in converting the
      polymerized furfuryl alcohol resin to carbon and in consolidating the
      porous glass. A linear shrinkage on firing of about 10 percent is
      observed.
PAR  The samples are then cut into top (T), middle (M) and bottom (B) segments,
      discarding small end sections from each segment to provide 3/4 inch
      lengths and freshly fractured end surfaces. The end surfaces are then
      silvered and the samples are tested for electrical resistance.
PAR  The results of electrical resistance measurements on resistors cut from
      each of the eight sample sections are set forth in the Table below.
      Included are the sample numbers, the location within each sample (T, M or
      B) from which each resistor was cut, and the resistance measured for each
      resistor. Also included are the percent yields of resistors falling in the
      desired resistance range of 0.06 .times. 10.sup.6 - 2 .times. 10.sup.6
      ohms reported separately for the conventionally polymerized Samples 1-4
      and the rapidly polymerized Samples 5-8. The importance of carrying out
      the polymerization step by exposure to elevated temperature in accordance
      with the invention is evident when comparing the uniformity of resistance
      values and yield from Samples 5-8 with those of Samples 1-4.
TBL                TABLE                                                       

     ______________________________________                                    

     SAMPLES 1-4     SAMPLES 5-8                                               

     (conventional polymerization)                                             

                     (rapid polymerization)                                    

              Resistance                                                       

     Sample No.                                                                

              (ohms)     Sample No. Resistance (ohms)                          

     ______________________________________                                    

     1 T      &gt;&gt;10.sup.7 5 T        0.34 .times. 10.sup.6                      

     M         &gt;10.sup.7 M          0.12 .times. 10.sup.6                      

     B        0.5 .times. 10.sup.6                                             

                         B          0.02 .times. 10.sup.6                      

     2 T      1.5 .times. 10.sup.6                                             

                         6 T        0.80 .times. 10.sup.6                      

     M        1.3 .times. 10.sup.6                                             

                         M          1.5 .times. 10.sup.6                       

     B         0.05 .times. 10.sup.6                                           

                         B          0.05 .times. 10.sup.6                      

     3 T      2.0 .times. 10.sup.7                                             

                         7 T        1.5 .times. 10.sup.6                       

     M        &gt;&gt;10.sup.7 M          1.0  .times. 10.sup.6                      

     B        0.6 .times. 10.sup.6                                             

                         B          0.13 .times. 10.sup.6                      

     4 T      1.0 .times. 10.sup.7                                             

                         8 T        0.13 .times. 10.sup.6                      

     M        &gt;2.0 .times. 10.sup.7                                            

                         M          0.26 .times. 10.sup.6                      

     B        2.0 .times. 10.sup.7                                             

                         B          0.05 .times. 10.sup.6                      

     Yield 33%           Yield 75%                                             

     ______________________________________                                    

PAR  Even higher levels of uniformity, and thus higher yields of resistors
      having values within a specified range, may be obtained where higher
      temperatures are utilized to achieve even more rapid furfuryl alcohol
      polymerization. Thus by utilizing the procedures of the above Example, but
      carrying out the polymerization step by flash heating at 200.degree.C.,
      yields of up to 92 percent of resistors having 0.06 .times. 10.sup.6 -
      2.times. 10.sup.6 ohm resistances have been obtained.
PAR  The relationship between polymerization temperature and yield which may be
      derived from the above data is set forth in FIG. 2 of the DRAWING. FIG. 2
      comprises a graph showing a plot of resistor yield in percent, as
      hereinabove defined, versus the flash heating polymerization temperature
      utilized to polymerize the furfuryl alcohol in situ in the porous glass.
      The substantial improvements obtained by flash heating in the
      150.degree.-225.degree.C. temperature range in accordance with the present
      invention are readily apparent.
PAR  From the above description the advantages of the method of the present
      invention in producing carbon-containing glass electrical resistance
      materials, particularly in the resistivity range of 10.sup.1.5 -
      10.sup.10 ohm-centimeters, are evident. Such materials are particularly
      useful in the production of electrical resistors offering unique
      resistance stability at high temperatures.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved process for making a carbon-impregnated glass electrical
      resistance material having an electrical resistivity in the 10.sup.1.5 -
      10.sup.10 ohm-centimeter range which comprises the steps of:
PA1  a. impregnating a porous 96% silica glass with an aqueous solution of
      furfuryl alcohol wherein furfuryl alcohol is present in an amount ranging
      about 1-50 percent by volume;
PA1  b. flash heating the solution impregnated porous 96% silica glass to a
      temperature in the range of about 150.degree.-225.degree.C. and
      maintaining it at a temperature in that range for a time at least
      sufficient to polymerize the furfuryl alcohol present in the glass to a
      resin; and
PA1  c. firing the glass containing the resin in a non-oxidizing atmosphere to a
      temperature of at least about 1,200.degree.C. to convert the resin to
      carbon.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein flash-heating the
      solution-impregnated porous 96% silica glass comprises heating the glass
      at a rate of at least about 750.degree.C. per hour to a temperature in the
      range of 150.degree.-225.degree.C.
NUM  3.
PAR  3. A process in accordance with claim 2 wherein the aqueous solution of
      furfuryl alcohol comprises a stabilizing agent selected from the group
      consisting of the lower alkanols of from one to four carbon atoms per
      molecule, said stabilizing agent being present in an amount ranging from
      about 10-50 percent by volume of said solution.
NUM  4.
PAR  4. A process in accordance with claim 3 wherein the stabilizing agent is
      ethanol.
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ABST
PAL  A dielectrically isolated pressure transducer comprises a silicon diaphragm
      having on a surface thereof at least one piezoresistive sensor mounted in
      close proximity with a dielectric insulator, the diaphragm is secured
      about a non-active peripheral area to an annular ring housing by a glass
      bond fabricated from a glass material having a low melting temperature
      when compared to ordinary glass.
PARN
PAR  This is a division of application Ser. No. 234,616 filed on March 14, 1972,
      now U.S. Pat. No. 3,800,264, 3/26/74.
BSUM
PAR  This invention relates to high temperature, pressure transducers and more
      particularly to methods for fabricating and novel structures associated
      with such transducers.
PAC  BACKGROUND OF INVENTION
PAR  Due to more stringent applications there is a need for pressure transducers
      capable of operating at high temperature, while further being of small
      physical dimensions to enable use of the same in small areas.
PAR  Such uses exist in many areas, such as satellite applications, nuclear
      power, chemical processing, aerodyromics, engine testing and so on.
PAR  The semiconductor piezoresistive transducers are in widespread application
      due to the high output signals available.
PAR  The high signal output is desirable, and coupled with this is the fact that
      when one wishes to provide small transducers (less than 1/8 inch in
      diameter) the use of semiconductor technology is essential.
PAR  The prior art is replete with various techniques for fabricating such
      transducers.
PAR  Certain techniques use organic epoxy adhesives to bond several sensors to a
      central, metal diaphragm. The metal diaphragm deflects under force and the
      transducers bonded thereon sense the surface strains on the diaphragm.
      Difficulties at high temperature operation are paramount due to the
      "plastic" behavior of the epoxy; and sensors which use epoxy exhibit
      hysterisis and zero instability. Both terms indicating that such a
      transducer would exhibit varying quiescent condition operation due to such
      temperature changes.
PAR  With the introduction of monolithic devices, sensors were fabricated
      integrally with a silicon diaphragm. The integral configuration permitted
      higher temperature operation; but at temperatures of about 350.degree.F
      the isolation between the sensors and the substrate deteriorated. This was
      caused by thermally generated carriers which served to short circuit the
      sensors to the substrate.
PAR  It is therefore an object of this invention to provide improved pressure
      transducers and techniques for fabricating the same capable of operating
      at high temperatures. Such transducers being capable of operating at
      temperatures above 600.degree.F.
PAR  A preferred embodiment of the invention comprises a pressure transducer
      comprising a silicon disc-like diaphragm having located on a first surface
      thereof at least one dielectric insulating member, said insulating member
      having a piezoresistive sensor element on a surface thereof to thereby
      form a composite transducer structure wherein said sensor is
      dielectrically isolated from said diaphragm, an annular ring housing
      generally cylindrical in shape having an open top end of a diameter less
      than the diameter of said disc and a glass bond coupling said disc to said
      housing, located about the periphery of said disc, with the area defined
      by said open top end of said housing surrounding said sensor.
PAR  Further embodiments include methods of securing pressure transducing
      assemblies to housing for high temperature operation.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a sectional side view of a pressure transducer according to this
      invention.
PAR  FIG. 2 is a top perspective view of a pressure transducer.
PAR  FIG. 3 is a side elevation cross-sectional view of a pressure transducer
      coupled to a housing.
PAR  FIG. 4 is a perspective view of a pressure transducer and housing
      arrangement.
PAR  FIG. 5 is a side elevational view in cross section showing a pressure
      transducer coupled to a housing utilizing an intermediate silicon ring.
PAR  FIG. 6 is a perspective view of the transducer assembly of FIG. 5 showing
      slotted wire accommodating portions in greater detail.
DETD
PAR  Referring to FIG. 1, there is shown a pressure transducer which is capable
      of high temperature operation and is fabricated according to certain novel
      techniques which will be described subsequently. Numeral 10 references an
      epitaxial silicon diaphragm. The diaphragm has deposited on the surface
      thereof a first oxide layer 11 and a second oxide layer 12. As can be seen
      the layers 11 and 12 emanate from and extend above the diaphragm 10.
      Positioned on each oxide layer as 11 and 12 are single crystal sensors 14
      and 15. These sensors for example may be semiconductor piezoresistive
      elements. The use of such piezoresistive elements in sensing stress and
      strain are well known in the art. Such devices have been used in a great
      many applications as stress and strain gages. For an example of such gage
      configurations as well as the implementation of such devices, references
      can be made to a publication entitled "Semiconductor Transducers Using
      Transverse And Shear Piezoresistance" by Anthony D. Kurtz and Charles L.
      Gravel published by the Instrument Society of America, Preprint No.
      P4-1PHYMM 10-67 (1967).
PAR  Despite the widespread use of such piezoresistive elements in transducing
      assemblies difficulty was encountered in using such devices in high
      temperature operation. The reason is that the isolation in prior art
      devices between the sensing element and the silicon substrate was
      effective only up to certain temperatures. The reason that these devices
      failed to operate at relatively high temperatures was that thermally
      generated carriers were produced which effectively shorted the substrate.
      Since the response of the transducer depends on the relative junction
      isolation, it is therefore desirable to maintain a junction in such
      devices at as high a temperature as possible. Basically, the transducer
      shown in FIG. 1 can be referred to generally as a dielectrically isolated
      device. Such devices are well known but as will be explained the device of
      FIG. 1 differs in many respects to those shown in the prior art.
PAR  The advantages of using dielectric isolation in the fabrication of
      transducers are many. Dielectric isolation provides higher temperature
      operation in general because the silicon dioxide insulation resistance is
      relatively unaffected by temperature. Hence, the fundamental thermal
      limitation on device performance will be that temperature at which the
      piezoresistive elements no longer exhibit repeatable and useful
      piezoresistive properties (i.e., greater than 800.degree.C). The
      difficulty with such devices is that fabrication is inherently more
      difficult as well as geometric or dimensional control as compared to the
      monolithic devices of the prior art. Hence, these devices suffer in that
      the overall geometry of the sensor is affected and therefore one can
      anticipate variations from device to device.
PAR  In the configuration shown in FIG. 1, the oxide layers 11 and 12 are
      directed upwards from the surface of the silicon diaphragm 10. This
      particular configuration as will be further explained, therefore permits a
      closer control of geometric structure. In fabricating the device shown,
      the first step in the procedure would be to first grow a layer of silicon
      dioxide approximately 10,000 to 15,000 angstrom units thick on the surface
      of a silicon wafer. This can be accomplished by a thermal oxidation
      process. The process is known and uses an oxidation furnace operating at
      about 1150.degree.C, to heat silicon wafers located within a quartz tube
      in a high oxygen or steam atmosphere. The next step is to now deposit a
      relatively thick layer of polycrystalline silicon by epitaxial techniques.
      The function of the polycrystalline layer is to provide a support for the
      single crystal regions which are to be the strain sensors. A basic
      chemical reaction which can be used for the growth of epitaxial silicon is
      the hydrogen reduction of silicon tetrachloride. This reaction takes place
      only at a surface and can be arranged to occur only on the oxidized
      surface of the wafer. The growth rate of the epitaxial layer is dependent
      upon the flow rate of the silicon tetrachloride, the ratio of hydrogen and
      the temperature. The next step would be to preferentially remove the
      undesired single crystal silicon and oxide portions. The removal can be
      accomplished by a photolithographic method. This method is conventionally
      utilized to remove silicon or silicon dioxide from predetermined areas in
      conjunction with an etching technique. Thereafter, the sensor can be
      fabricated with a minimum of difficulty by conventional mechanical lapping
      and photolithographic chemical milling techniques.
PAR  FIG. 2 shows a perspective view of such a sensor wherein the sensor is
      shown separated at the center portion thereof to expose the raised oxide
      layers which are the support members for the piezoresistive transducing
      elements.
PAR  For examples of how such epitaxial devices can be constructed, reference is
      further made to the following papers entitled "Development and Application
      of High Temperature UltraMiniature Pressure Transducers" by Anthony D.
      Kurtz and John Kicks and "Advances in High Temperature Ultra-Miniature
      Transducers" by Joseph Mallon and Damon Germanton, both presented at the
      ISA Silver Jubilee Conference, October 1970, Philadelphia, Pa.
PAR  A further problem which will be explained is the implementation of contacts
      to the sensing arrangements. Referring again to FIG. 1 and FIG. 2, there
      is shown contacts 16 which are platinum contacts and are deposited upon
      the wafer assembly.
PAR  The contacts are preferably fabricated from platinum because of its good
      conductivity and temperature characteristics, however other metals which
      are suitable are molybendum and tungsten or any metal which does not react
      metalurgically with silicon at the desired operating temperature and can
      be made to form an ohmic contact.
PAR  Platinum is sputtered by an RF sputtering process and the platinum is
      reacted with the silicon of the diaphragm 10 to form platinum-silicide.
      The platinum silicide is then overlayed with another layer of platinum, to
      thereby form the contact areas 16. On then can bond platinum leads to the
      platinum metallized contact areas 16. This assures an adequate contacting
      surface to which additional leads can be attached by welding, brazing,
      soldering or other materials.
PAR  In general, the fabrication of the dielectrically isolated structure as
      shown in the figures provides a diaphragm 10 with piezoresistive sensors
      14 and 15, which are isolated from the diaphragm by the silicon dioxide
      mounts 12 and 11. The combination has high temperature platinum lead or
      lead contact areas 16. This therefore provides a transducing assembly,
      whereby the resultant structure provides the following advantages:
PAR  1. Transducer exhibits negligible creep or hysterisis at elevated
      temperatures;
PAR  2. The maximum operating temperature is basically a function of the lead
      attaching process;
PAR  3. Individual sensors comprising a bridge arrangement on the diaphragm are
      relatively isolated one from the other by the insulator silicon dioxide,
      which has a high resistivity (10.sup.10 ohm-cm). Moreover, the dielectric
      properties of silicon dioxide are essentially independent of temperature
      over a greater range and useful isolation exists at temperatures in excess
      of 1500.degree.F.
PAR  However, these advantages must further be maintained when such a
      dielectrically isolated transducer is coupled to a housing. Briefly
      referring to FIG. 2, there is shown a dashed line 20 of a smaller diameter
      than the diameter of the transducer. The transducer, in order to operate
      in a particular environment, is associated with a housing used for
      maintaining the transducer in a fixed position and further effective to
      aid in the direction and location of leads and so on. It is important that
      the edges of the diaphragm be well bonded, since a simply supported
      diaphragm will have significantly lower sensitivity than a clamped
      diaphragm. In addition the seal or bond must exhibit good mechanical
      properties and be leak-free even at elevated temperatures. The diaphragm
      of FIG. 2 is clamped or bonded to a housing within the area between the
      dashed line 20 and the periphery of the disc-like diaphragm. This clamping
      area is sometimes referred to as the non-active area, as compared to the
      active area of the diaphragm. The active area being that area which
      deflects upon application of a force to the diaphragm.
PAR  As can be seen the active area includes the piezoresistive sensing
      elements, while the non-active area includes the larger area of the
      contacts 16. The advantages of using this type of construction are
      discussed in greater detail in a patent application entitled
      "Electromechanical Transducers and Housings", Ser. No. 36,169, now U.S.
      Pat. No. 3,654,579, filed on May 11, 1970 by Anthony D. Kurtz, Joseph
      Mallon and Charles Gravel and assigned to the same assignee herein.
PAR  Basically, the bonding of the diaphragm to the housing has to be done in a
      manner to retain high temperature operating capability as afforded by the
      dielectrically isolated transducer assembly.
PAR  Referring to FIGS. 3 and 4 there is shown a transducer assembly 30
      fabricated as a dielectrically isolated configuration, where
      piezoresistive sensors 31 are found on insulating blocks 32.
PAR  An annular housing 35 is shown. The housing 35 is fabricated from a ceramic
      or high temperature steel alloy as kovar. A bond 36 secures the diaphragm
      transducing assembly 30 to the housing 35.
PAR  As indicated, the properties of this bond 36 are important to the overall
      high temperature performance of the unit.
PAR  The bond 36 is formed by a material known as solder glass. Such glasses
      have relatively low melting points, as pyroceram, manufactured and
      distributed by the Corning Glass Company. These glasses are thermosetting
      and devitrify at a temperature compatible with temperatures (450.degree.C)
      associated with lead attachment techniques. Upon devitrification, the
      glass develops a crystalline structure which results in a strong seal as
      the crystallized material's softening point is higher than conventional
      glass.
PAR  In prior art techniques of bonding the diaphragm 30 to the housing 35 an
      organic epoxy adhesive could be used. Such adhesives have good mechanical
      properties within their design limits. However, as operating temperatures
      are increased, they begin to exhibit plastic behavior causing hysterisis
      and zero instability for the transducer assembly.
PAR  Solder glass on the other hand exhibits excellent mechanical properties at
      temperatures well in excess of 600.degree.F ambients.
PAR  Heating the solder glass to a temperature above the softening point causes
      the glass to flow, and as the heating is continued, crystals nucleate and
      grow. The rate of the crystal growth is temperature dependent as the
      higher the temperature, the faster the crystal growth. Upon reheating
      (even to temperatures above the initial curing cycle), the bond remains
      stable.
PAR  The formation of a good, high temperature bond between the silicon
      transducer and the metal housing 35 is dependent upon the control of
      several basic steps.
PAR  The finely powdered solder glass is mixed with a proper suspension vehicle,
      such as a mixture of nitrocellane in anylacetate, to a desired consistency
      to form a paste-like mixture or frit. This frit is then placed about the
      top edge of the annular cylinder 35, in that area on which the transducer
      is to be bonded. The semiconductor transducer 30 is then placed in
      position over the top edge of the housing 35, to contact the area where
      the frit is placed, which is within the non-active area of the diaphragm.
      The structure is heated for about forty-five minutes at 170.degree.F to
      insure full evaporation of the suspension vehicle or solvent. Finally, the
      structure is fired at about 800.degree.F for about forty-five minutes.
PAR  This process provides a good bond between the housing 35 and transducer 30.
      However, when a semiconductor transducer as 30 is bonded to a metal
      housing having a larger coefficient of linear expansion, and the bond 36
      therebetween is made with an intermediate material such as glass, that is
      cured at an elevated temperature, the gage will be subjected to
      compressive strain when cooled to room temperature. This is undesirable,
      since the sensitivity of the gage is somewhat nonlinear under high
      compressive stress. However, this characteristic can be accounted for in
      the design technique and alloted for.
PAR  The assembly, shown in FIGS. 3 and 4 have slots 37 in the sidewall of the
      cylindrical housing for accommodating wires 38. The advantages of such
      slots for the direction of wires from the assembly are further explained
      in the above-noted patent application.
PAR  Referring to FIGS. 5 and 6, there is shown a transducer 50 of the
      dielectrically isolated type, having silicon dioxide insulating support
      members 52 located on a surface of the silicon diaphragm, with
      piezoresistive sensors 51 fabricated thereon. Platinum contact areas 53
      emanate from the sensors 51 and are directed to the periphery of the
      disc-like diaphragm as shown in FIG. 2.
PAR  The diaphragm 50 is bonded to an intermediate slotted annular housing or
      ring 55 by means of a solder glass bond 54. The ring 55 may be fabricated
      from silicon or quartz. The intermediate ring 55 has slots therein which
      communicate with the wire accommodating slots 59 of the metal housing 57.
      The annular ring 55 is likewise bonded to housing 55 via a glass bond 56
      as above described.
PAR  The function of the ring 55 is important to alleviate the above-noted
      compression force disadvantage.
PAR  The intermediate ring serves to provide improved thermal matching between
      the housing 57 and the diaphragm 50. A metallic housing 57 typically has a
      higher coefficient of expansion than the silicon disc, therefore, if a
      seal is accomplished at an elevated temperature, a compressive force is
      exerted on the dielectrically isolated sensor, resulting in a distortion
      which causes a deterioration in transducer characteristics. The
      intermediate ring fabricated from silicon or quartz, or other materials
      having lower expansion properties than the housing serve to provide
      thermal matching to thereby greatly alleviate the diaphragm from the
      undesirable thermal forces. Quartz even has a lower expansion property
      then silicon and serves to slightly tense the diaphragm after the glass
      bonding process. Such a pretension is desirable to provide for more
      reliable operation.
PAR  It is understood that various other approaches to structures are known in
      the art, such as silicon on sapphire, silicon on spinel or on glass.
      Another technique known as anodic bonding can be used, see for example,
      U.S. Pat. No. 3,397,278, entitled "Anodic Bonding" by Daniel I. Pomeranz,
      issued Aug. 13, 1968 and assigned to P. R. Mallory and Company. This
      invention is not to be limited by the fabrication techniques of such
      transducers without regard to the bonding of the same to the housings and
      alternate structures, as further defined and covered by the claims
      presented herein.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for securing a disc-like diaphragm of the type having located
      on the surface thereof, a dielectrically isolated piezoresistive sensing
      element, to a silicon annular ring housing, said silicon ring having a
      substantially lower expansion property than a metal, comprising the steps
      of:
PA1  a. mixing a fine powdered solder glass compound with a suspension vehicle
      to thereby form a frit of a paste-like consistency,
PA1  b. placing the frit about the top periphery of said silicon annular ring,
PA1  c. securing the diaphragm in congruency with the annular ring with the
      sensing element positioned in the aperture,
PA1  d. heating the structure for a predetermined period at a first elevated
      temperature to insure full evaporation of said suspension vehicle,
PA1  e. heating the bonded diaphragm and ring at a second higher temperature for
      a second period to provide a bond between said diaphragm and said ring,
      said bond having a crystalline structure, and
PA1  f. solder glass bonding said silicon annular ring to a second housing of an
      annular configuration, fabricated from a metal.
NUM  2.
PAR  2. The method according to claim 1 wherein said first period is for
      approximately forty-five minutes at a temperature of about 170.degree.F.
NUM  3.
PAR  3. The method according to claim 1 wherein said second higher temperature
      is about 800.degree.F and said second period is also about forty-five
      minutes.
NUM  4.
PAR  4. The method according to claim 1 wherein said solder glass is of the
      thermosetting type having a relatively low melting point when compared
      with ordinary glass.
NUM  5.
PAR  5. The method according to claim 1 wherein said suspension vehicle is a
      mixture of nitrocellane and anylacetate.
PATN
WKU  039308243
SRC  5
APN  4902041
APT  1
ART  173
APD  19740719
TTL  Method of forming laser components
ISD  19760106
NCL  3
ECL  1
EXA  Miga; Frank W.
EXP  Lindsay, Jr.; Robert L.
NDR  1
NFG  13
INVT
NAM  Knowles; Carl Harry
CTY  Moorestown
STA  NJ
ASSG
NAM  Metrologic Instruments, Inc.
CTY  Bellmawr
STA  NJ
COD  02
CLAS
OCL   65 37
XCL   65 49
XCL   65 59
XCL   65 61
XCL   65107
XCL  350206
XCL  350288
XCL  350319
EDF  2
ICL  C03B 1108
ICL  C03B  900
ICL  C03B 1900
FSC   65
FSS  59;107;37;61;49;59 B
FSC  350
FSS  206;288;319
UREF
PNO  1048227
ISD  19121200
NAM  Straubel
OCL   65 61
UREF
PNO  1466973
ISD  19230900
NAM  Takanashi
OCL   65 37
UREF
PNO  2699014
ISD  19550100
NAM  Van Steenis
XCL   65107
UREF
PNO  3258434
ISD  19660600
NAM  Mackenzie et al.
XCL   65 59
UREF
PNO  3288585
ISD  19661100
NAM  Clarke
OCL   65 59
UREF
PNO  3347651
ISD  19671000
NAM  Lueck
XCL   65 59
UREF
PNO  3582300
ISD  19710600
NAM  Coombes et al.
OCL   65 59
UREF
PNO  3888205
ISD  19750600
NAM  Vitticore et al.
XCL   65 59B
LREP
FRM  Paul & Paul
ABST
PAL  Glass compatible metal matrices are mounted in a glass forming boat and
      slugs of glass are applied to each. Heat is provided such that openings in
      the matrix are glassed, whereupon the entire sheet may be ground,
      polished, or otherwise processed as desired. Alternatively, open ended
      metallic portions may be utilized to control the amount of sag to which
      heated glass is subjected, thereby providing glass components of a desired
      radius of curvature. When metal framed optical components are secured in
      lasers by weldment, controlled crimping and deflection of the metallic
      laser jacket portion is utilized for precise alignment of the instrument.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus and methods for the effective
      construction of laser tubes and associated apparatus. More particularly,
      it relates to the fabrication and installation of laser lens and mirror
      components.
PAR  As laser apparatus moves gradually from the status of scientific curiosity
      into the realm of large scale commercial applications, more stringent
      requirements are generally being imposed. As in any field, increasing
      demands are being placed on the durability and reliability of the lasers.
      Moreover, designers and ultimate users are increasingly demanding laser
      apparatus which performs in accordance with well defined and rigidly
      controlled specifications, and which furthermore maintains performance
      within the specifications over a long useful life span. Finally, more and
      more applications are being developed in which polarized coherent light is
      called for.
PAR  Within the foregoing framework of general demands being placed upon lasers,
      manufacturers perpetually are seeking laser designs, components, and
      fabrication methods which not only produce apparatus of the desired
      characteristics, but furthermore which may be produced economically,
      preferably on a large scale, mass-production basis.
PAR  The present invention is directed to achieving the foregoing specification
      and quality control goals, while operating on a profitable production
      basis. Furthermore, the principles of the present invention are also
      directed to solution of many of the more particular problems faced in the
      laser production business, some of which are as follows.
PAR  After the laser structure is generally assembled, but prior to evacuation
      and insemination with the lasing gases, it is desirable to purify the
      elements with a fast, hot, dry bake. Ideally, the parameters of this step
      are sufficient to drive out all parasitic substances which later might
      interact with, and cause the plasma to decompose with use. In accordance
      with the present state of the art, however, which typically seals lenses
      and mirrors to the tube either by means of a glass frit or epoxy resin,
      the use of the purifying bake step is necessarily limited. For example,
      epoxies typically possess a coefficient of thermal expansion as much as an
      order of magnitude larger than that of glass. Furthermore, the glass
      itself may be subjected to displacement or bending upon application of
      heat, thereby vitiating any adjustment in the laser tube.
PAR  It is therefore one specific object of the present invention to afford
      laser materials and components which are relatively impervious to
      conditions experienced in purification bakes of laser materials.
PAR  With regard to the optical components themselves, very specific and rigid
      requirements apply. First, it is necessary that lens and mirror components
      have a perfect or near perfect optical finish. This includes a smooth
      unblemished surface as well as an internal composition having a virtually
      zero density of striae. Moreover, when installed, the lenses and mirrors
      must be relatively strain free. It is clear that even in a perfect optical
      component, if unduly stressed when installed in the laser tube,
      birefringence will occur, thereby diminishing operational effectiveness.
      While the balance between overly tight installation, and risk of
      birefringence, is a severe one, it is correspondingly apparent that if the
      optical component is installed too loosely, the instrument may lase
      intermittently or not at all. It is preferable, furthermore, that epoxies
      be avoided as a sealant, since when subjected to heat either in the
      fabrication process or during operation, organic vapors are produced which
      interact wtih the plasma, causing it also to decompose. If these organic
      materials are still present after completion of fabrication, deposits will
      eventually form on the mirror and lens elements of the laser, with
      consequent degradation of power. Finally, it is desirable that optical
      components, once permanently installed, be amenable to various techniques
      for adjustment of the instrument to optimum lasing conditions.
PAR  It is accordingly a further object of the principles of the present
      invention to afford optical components and methods for installation of the
      same which achieve, as nearly as possible, the foregoing specific
      operational requirements.
PAR  Finally, it is to be noted that, notwithstanding the increasingly exacting
      specification burden placed upon manufacturers, overall production
      efficiency and economy always is mandated. It is accordingly a further
      object of the present invention that optical components be produced,
      installed, and adjusted to achieve the desird operating conditions in the
      most economical way available.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, as set forth both in its apparatus and method
      aspects, presents substantial advances toward achievement of the foregoing
      general and particular laser fabrication goals and constraints by
      utilizing metal in combination with glass to fabricate and to install the
      optical components. Lenses and mirrors are fabricated having the glass
      portion surrounded or encased by a compatible metal in an essentially
      strain free configuration. The metal itself may constitute a large grid
      work, thereby allowing for multiple lens processing. Once the glass is
      ground, as desired, the metal framed lens or mirror may be welded onto a
      metal encasing portion of a laser tube, in the position desired.
      Furthermore, the tightness of the metal bonds, without exerting undue
      stress on the lens, allows for heat purification, evacuation and glass
      insertion, and post fabrication alignment procedures whereby the metal
      casing may be displaced slightly, as desired, about the laser axis to
      achieve optimal lasing without disturbing the configuration or the balance
      of forces upon the lenses and mirrors.
PAR  In an illustrative embodiment for fabricating lenses, a Kovar grid work
      including interconnected annular portions is placed in a mold and optical
      glass pellets are introduced into each ring. Heat is applied and the glass
      melts and forms, in accordance with the shape of the mold, about each of
      the annular portions. The entire sheet may be polished to the desired
      optical characteristics, and each annulus is cut from the grid work and
      thereby is ready for installation by weldment into a metallic portion of a
      laser tube casing. Alternative embodiments feature glass compatible
      metallic cans for formation of lenses or mirrors, rather than the
      interconnected annular Kovar grid work.
PAR  By utilizing apparatus as set forth in the foregoing illustrative
      embodiments, and thereby facilitating use of metallic laser tube casings,
      final alignment procedures are made possible whereby the metallic casing
      may be selectively deformed in order to move mirrors and lenses affixed
      thereto into proper alignment with capillary and electrode portions of the
      laser for a fine tuning effect.
PAR  It is a primary feature of the present invention that high quality optical
      components for laser applications may be fabricated relatively cheaply on
      a mass production basis. Another feature of the principles of the present
      invention is that the metal framed components produced in accordance
      therewith may be secured into laser apparatus by weldments, thereby
      obviating many of the structural and functional problems of prior art
      lasers. More specifically, lasers fabricated in accordance with the
      principles of the present invention feature optically pure, relatively
      strain free and inexpensive components, and mounted in a fashion to permit
      simple yet high precision adjustment.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a metallic array suggested for production of one type of lens
      which embodies the principles of the present invention;
PAR  FIG. 2 shows a side view of the matrix of FIG. 1 located in molding
      apparatus for producing lenses;
PAR  FIGS. 3a through 3d show, at various steps in the procedure, lenses
      produced in accordance with use of the FIG. 1 and FIG. 2 apparatus;
PAR  FIGS. 4a through 4d show an alternative configuration for a metal framed
      optical component;
PAR  FIGS. 5a and 5b show an alternative method for producing optical
      components;
PAR  and FIG. 6 shows laser apparatus embodying the principles of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  As set forth hereinbefore, one of the chief difficulties in laser
      fabrication involves the use of epoxies or the like to secure the
      components to the laser structure. Although this problem is present
      relative to mounting of end mirrors, it is even more acute in the
      application of brewster windows inserted in the cavity along the laser
      optical path for purposes of polarization. Brewster windows must be
      optically polished to a very fine degree of flatness on both surfaces.
      Moreover, they must be strain free when mounted because, if strain is
      introduced, optical birefringence will occur within the brewster window,
      thereby producing considerable optical loss. In turn, such optical loss
      decreases the effectiveness of a brewster window by cutting down the total
      power of the laser. In the prior art, strain in brewster windows typically
      is introduced first in the formation and finishing of the windows, and
      secondly in the mounting thereof into the optical cavity. The principles
      of the present invention are directed to reducing internal strain in both
      steps of the process.
PAR  As set forth in FIGS. 1 through 3d, brewster angle windows of high optical
      quality and virtually zero internal strain may be produced cheaply and
      efficiently on a large scale basis. It is to be understood, moreover, that
      the procedures and techniques involved in fabrication of components such
      as set forth in FIGS. 1 through 3d may be utilized advantageously for
      other optical components than brewster angle windows, including mirrors.
PAR  FIG. 1 shows a top view of a metallic matrix suitable for use in accordance
      with the principles of the present invention. The matrix in FIG. 1
      includes an array of annular portions such as 101 through 104
      interconnected at points such as 106 through 109. The interior of the
      annular portions 101 through 104 is hollow, as are the interstices formed
      between the rings and the connecting portions. The matrix of FIG. 1,
      generally designated 100, is preferably embodied by a glass compatible
      metal such the one known as Kovar, which is well known and readily
      available. Alternatively, any such metal which is compatible to bond with
      glass is acceptable. The configuration shown in FIG. 1 may be either
      photoformed or punched out of a relatively large sheet of metal, for
      example 30cm by 30cm. For preferred embodiments, the sheet is
      approximately 0.1mm thick, and the annular portions such as 101 through
      104 are located approximately 1cm apart. In such preferred embodiments,
      approximately 1,000 windows could be fabricated from each sheet of Kovar
      material.
PAR  In order to produce a number of windows from the sheet 100 shown in FIG. 1,
      each of the openings in the annular portions 101 through 104 and the like
      is to be spanned with clear glass which is bonded to the Kovar. In FIG. 2,
      there is shown a mold arrangement whereby glass slugs may be inserted into
      each of the openings for formation of a window, and where each may be
      fired and molded, as desired. In FIG. 2, the matrix sheet 100 is
      sandwiched between top and bottom portions, 201 and 202 respectively, of a
      carbon boat fixture for firing and molding the windows. In particular, the
      boat 201 and 202 includes corresponding top and bottom openings, such as
      203 with 205 and 204 with 206, which encapsulate the annular portions such
      as 101 through 104, allowing some overlap of the opening relative to the
      metallic portion of the annulus. When the top and bottom portions 201 and
      202 of the boat are sandwiched over the sheet 100, glass slugs, which may
      be cut from a glass rod and cleaned by conventional techniques, may be
      placed individually in the openings such as 203 and 204, for example by
      shaking.
PAR  One type of glass which is quite acceptable for laser optics application
      and which is compatible with the Kovar metal constituting the sheet 100 is
      the type commercially known as "7052." Once the glass slugs are in place,
      the entire fixture is subjected to sufficient heat for the glass slugs to
      melt into place, thereby glassing the annular openings in the Kovar. When
      the glass has been cooled sufficiently to solidify to and bond around the
      sheet 100, the mold portions 201 and 202 may be withdrawn to yield a sheet
      generally of the configuration shown in cross section in FIG. 3a. As there
      set forth, glass has been formed in and around the openings in the sheet
      100, and is ready for grinding and polishing, as desired.
PAR  As set forth in FIG. 3b, the entire sheet of FIG. 3a may be mounted on a
      conventional polishing fixture for forming the glass such as 301 and 302
      into the desired shape for functioning as brewster windows. One of the
      advantages of the configuration shown is that the matrix may be mounted
      and held in a fixture in a manner which easily avoids contamination of the
      polishing compound by contact thereof with the metal of the matrix.
      Thereby, high optical quality is maintained for the glass. Once the
      polishing steps are completed, the sheet of FIG. 3b may be sliced apart
      either for direct use or for such further processing as is desired.
PAR  In summary, FIGS. 1 through 3d set forth apparatus and methods whereby
      strain free optical components such as brewster windows may be efficiently
      and economically produced, while yielding high optical qualities.
PAR  An alternative approach is shown in FIGS. 4a through 4d, which utilize for
      the production of optical components a metallic can, similar in
      configuration to those utilized for encapsulating transistors and other
      semiconductor products. Again, the metal utilized in accordance with the
      apparatus of FIGS. 4a through 4d is Kovar or some similarly
      glass-compatible metal. As set forth in FIGS. 4a through 4d, a can 401
      having a top flange and an opening therethrough is filled with glass in a
      manner similar to that set forth hereinbefore, and may then be polished
      and/or silvered for use as a laser component. A plurality of cans such as
      shown in variouss views in 4a and 4b may be mounted separately in matrix
      fashion in a carbon boat similar to the one shown in FIG. 2 but configured
      appropriately to the can. Slugs of glass are thereupon placed, as by
      shaking, in each of the cans, and the glass is fired to fill the inside of
      the can and sealed thereto in a normal glass-to-Kovar bonding method.
PAR  In accordance with alternative embodiments of the present invention, the
      configuration of the glass 403 which is melted from slugs and formed in
      bonded relation to the can 401 may either be only roughly formed, and
      later ground and polished to the desired shape, or may be heated or cooled
      in a controlled manner such that the glass attains a predetermined
      curvature in accordance with the desired optical characteristics thereof.
      In other words, when the glass slugs are sealed in the can 401, they may
      then be advanced for individual grinding in accordance with known methods.
      However, for some applications, the radius of curvature of end mirrors is
      not extremely crucial, and need not be attained to the precision involved
      in a grinding process. Rather, once the glass slugs are bonded in the cans
      401, the entire boat in which the cans are mounted may be refired at
      carefully controlled temperatures and times, such that the glass will sag
      by a predetermined controlled amount. The surface of the glass is then
      concave in formation, having a predetermined desired radius of curvature.
      Furthermore, if the firing conditions are rate regulated, the cooling
      glass forms a smooth optically finished surface. Therefore, the component
      is ready for final coating or other processing, utilizing simple cleaning
      methods or, depending upon the application, even without cleaning prior to
      coating of the glass surface.
PAR  While the can configuration of FIGS. 4a through 4d is shown individually,
      it is to be understood that rapid and efficient processing may dictate
      that a plurality of the cans be united in a matrix configuration such as
      shown in FIG. 1, thereby facilitating batch processing such as set forth
      in conjunction with FIGS. 2 through 3d. FIG. 4c depicts a component in
      which the glassed can has been refired under controlled conditions to
      achieve the desired sag. In FIG. 4d, the glass filled can has been
      mechanically ground to achieve the desired configuration. Likewise, it is
      to be understood that in the controlled refiring and sagging operation,
      supplemental steps such as used in plastic vacuum formation may be
      employed to achieve the desired sag. Also, the FIG. 4c version may be
      ground as shown to avoid metal contact while polishing.
PAR  FIGS. 5a and 5b suggest an alternative approach to the controlled sagging
      embodiment. In those figures, a sheet of glass 502 is sandwiched between
      an appropriate heat resistant metal 501 and 503. When the glass 502 is
      clamped between the metallic sheets 501 and 503, and the aggregate is
      subjected to application of heat at carefully controlled temperatures for
      controlled periods of time, the glass in the circular open portion of the
      metal sheets 501 and 503 will sag to a desired curvature. When the desired
      sag has been achieved, the heat is removed and the glass allowed to
      harden. Again, the resulting optical surface is very smooth and suitable
      for laser applications, subject only to cleaning and/or coating.
PAR  In the embodiment of FIGS. 5a and 5b, it is preferred that the sheet of
      glass 502 be on the order of three inches in diameter and on the order of
      1/8 inch thick. When the sagging operation has been completed, several
      hundred mirrors may be cut from each curved sheet of glass. Again, the
      bulk processing nature of the methods set forth drastically reduces the
      cost of some of the most expensive steps in the manufacturing process.
PAR  In another alternative version of the method set forth in FIGS. 5a and 5b,
      the metallic sheets 501 and 503 as shown may constitute but a portion of a
      large sheet, in which the central openings, which are arrayed in matrix
      fashion as in FIG. 1, are dimensioned approximately to the size of
      individual mirror components. Then, when the sagging occurs, each lens
      already is preformed, and may be cut individually from the entire sheet.
PAR  In the foregoing embodiments wherein controlled glass heating and sagging
      is utilized, it is convenient to monitor the deformation of the glass
      either by a light beam below and transverse to the glass, which is broken
      when the desired sag occurs, or alternatively by reflection of a beam
      impinging on the glass from the top. In the embodiment of FIGS. 5a and 5b,
      as well as those of 4a through 4c, plastic vacuum forming operations may
      be used to advantage.
PAR  In summary, the methods and apparatus set forth in FIGS. 1 through 5b
      involve the efficient and economical bulk processing of optical components
      for lasers. FIG. 6 sets forth in schematic fashion a laser construction
      method designed to utilize the components set forth hereinbefore. In FIG.
      6, a laser involves a central capillary 601 and an outer casing 602. The
      outer casing 602 may be constructed of glass, as is conventional, or
      alternatively of a metallic composition, thereby forming a cathode
      element, but in any event it is desired that the terminal neck portions
      such as 607 be metallic in composition. Not shown in the FIG. 6 laser are
      the anode elements, or other such necessary, but conventional items.
      Neither is the corresponding other side of the laser shown, but it is to
      be understood that any symmetry may be employed such as is known in the
      art.
PAR  As shown, a brewster window 603 is attached by means of weldment around the
      annular frame 606 to the metallic neck portion 607 of the laser. The
      advantages of this construction are set forth in detail hereinbefore. At
      the end of the neck portion 607 is a mirror 604 within a can 605 such as
      is represented in FIG. 4d. The can 605 is secured to the end of the
      metallic neck portion 607 by weldment. Thus, at the stage of production
      shown in FIG. 6, it is to be understood that the laser has been rigidly
      and permanently assembled, filled with gases as desired, and is
      structurally complete. However, as has always been a problem in the laser
      fabrication arts, fully fabricated lasers may be found initially to lase
      weakly or not at all due to imprecise mounting of the various components,
      and particularly of the end mirrors, relative to each other and to the
      central capillary 601. Due to the rigid and permanent mounting of the
      mirror 604 and window 603 by weldment, however, it is possible to deform
      the neck portion 607 in a manner desired and thereby to displace the end
      mirror 604 by an amount sufficient to align it in fine tuned relationship
      to the remainder of the apparatus. Of course, similar procedures may be
      taken at either end. In preferred embodiments, deformation of the metallic
      neck portion 607 and corresponding displacement of the end mirror 604
      occurs while the tube is energized and lasing, and the status of fine
      tuning may be observed by direct observation and measurement of the
      coherent light output of the tube. Shown situated on the neck portion 607
      of the FIG. 6 laser, between the brewster angle window 603 and the end
      mirror 604, is a metal processing vise, 611 and 612, arranged such that
      the top portion 611, when subjected to downward pressure against the fixed
      base member 612, will cause a crimp or other similar deformation of the
      metallic neck portion 607 of the laser. Correspondingly, the end mirror
      604 will be deflected by a predetermined amount, and thereby moved in
      precise alignment with the window 603 and the capillary 601. It is to be
      understood that the crimping may occur on any or all parts of the neck
      portion 607. Likewise, the neck 607 may be somewhat longer in
      configuration, such that another crimping as desired, might be conducted
      between the brewster window 603 and the capillary 601.
PAR  While the vise mechanism 611 and 612 is only shown symbolically in FIG. 6,
      it will be apparent that many well known tools, including hand held or
      bench mounted, and hand powered or mechanically powered, may be utilized,
      it only being important that a controlled amount of crimp may be placed on
      the neck portion while the laser is energized, such that the varying
      output of the instrument may be measured to determine when the optical
      component being deflected is in proper precise alignment with the other
      components of the laser.
PAR  It is to be understood that the apparatus and methods set forth herein are
      intended to be illustrative of the principles of the present invention,
      but that other alternatives may well occur to those of ordinary skill in
      the art without departing from the spirit or the scope of the present
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of manufacturing laser components comprising the steps of:
PA1  providing a plurality of metallic annular elements interconnected in an
      integral matrix structure;
PA1  placing said matrix elements between top and bottom mold portions to define
      cavities around each of said annular elements, each cavity closing against
      the corresponding annular element between the inner and outer
      circumference thereof, for partial overlap by the mold portions of each
      annular element;
PA1  providing glass slugs in each of said cavities; melting and cooling said
      slugs to conform to the shape of said cavities, thereby partially to
      overlap each associated annular element with glass;
PA1  optically finishing said glass; and
PA1  separating each element from the matrix at points which were overlapped by
      said mold portions and which therefore were not overlapped by melted
      glass.
NUM  2.
PAR  2. A method as in claim 1 wherein said finishing step comprises:
PA1  mounting said matrix on polishing fixture;
PA1  grinding all glass portions to a desired configuration; and polishing all
      glass portions to a desired finish.
NUM  3.
PAR  3. A method as in claim 1 wherein the slugs are composed of a material
      compatible for bonding with the metal of said matrix.
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ABST
PAL  This application teaches a method of producing an article of glass by
      cutting it out of a sheet of flat glass. Flat glass is formed in a glass
      ribbon forming apparatus and is discharged therefrom at a temperature in
      excess of 1000.degree.F. The hot flat glass is moved under at least a pair
      of focused laser beams which cut patterns in the glass having a common
      starting and ending point. In such a manner, a glass article is cut from
      the ribbon. The article is removed from the remaining portion of the
      ribbon and cooled in a controlled manner to produce a final glass article.
      The cooling operation may be rapid or slow so as to produce a tempered or
      an annealed article.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years the float process of manufacturing flat glass has been
      adopted by the glass industry for the manufacture of flat glass. The
      process produces a continuous ribbon of glass delivered from a float glass
      chamber at an elevated temperature. The glass ribbon is moved through an
      annealing lehr in which the glass is cooled in a controlled manner to
      obtain stresses suitable for cutting the ribbon. When the glass is cooled
      to room temperature, it is cut into rectangular brackets. These brackets
      are subsequently cut by off-line cutting devices to produce flat glass
      articles such as windows for automotive vehicles. The flat glass articles
      are heated and subjected to a shaping operation to shape them into curved
      configurations. Such heated articles may be quenched from the higher
      temperature in order to temper the glass.
PAR  My copending U.S. Pat. application Ser. No. 484,903, filed July 1, 1974 and
      entitled "Method of Cutting Glass," now U.S. Pat. No. 3,885,943, issued
      May 27, 1975 teaches a method of cutting flat glass as it emerges from the
      float glass manufacturing process prior to entering into an annealing
      lehr. My copending application is hereby incorporated into this
      application by reference. The application discloses the use of a single
      laser device for making cuts across a continuous ribbon of glass emerging
      from a float bath chamber in order to cut the ribbon into individual
      blocks of glass which subsequently may be processed through an annealing
      lehr to produce a finished block of glass. That application teaches that
      there is a specific relationship between the rate at which the glass
      ribbon may be cut, the power of the laser and the thickness of the glass.
PAR  It is object of this invention to provide a method for producing a final
      shape of an article of glass in which it is not necessary to reheat the
      glass in order either to bend and/or temper it. It is a further object of
      this invention to use the heat already found in a ribbon of glass produced
      by the float process for shaping and/or tempering glass articles produced
      therefrom.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method of forming an article of glass and, more
      particularly, to a method of forming an article of glass in which the
      article is cut directly from a continuous ribbon of glass, bent, if
      required, into a shape desired and cooled in such a manner as to produce a
      final glass article having the characteristics desired.
PAR  In accordance with the teachings of the method of this invention, glass
      forming materials are melted and formed into a ribbon of flat glass in a
      glass ribbon forming apparatus. The flat glass is withdrawn from the
      ribbon forming apparatus with the temperature thereof being in excess of
      1000.degree.F. The hot flat glass is moved under at least a pair of
      focused laser beam devices which project laser beams onto the glass ribbon
      capable of cutting through the hot glass. The laser beam devices are moved
      in a controlled manner toward and away from one another as the hot flat
      glass moves thereunder so that one laser beam cuts out a first side
      portion of the article of glass and the other laser beam cuts out a second
      side portion of the article of glass thereby to shape the article of
      glass. The so-produced article is removed from the rest of the glass
      ribbon and cooled in a controlled manner to produce a final glass article.
      If desired, prior to cooling, the glass may be shaped or bent, such as by
      placing a radius of curvature therein, by many of the different types of
      the devices already known in the art. Also, the cooling of the article can
      be controlled so that it occurs rapidly enough to produce a tempered glass
      article or, in the alternative, slow enough so that the completed article
      is annealed.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view, partly in cross-section, showing the
      general details of apparatus in which the process of this invention is
      employed.
PAR  FIG. 2 is a side elevation view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a schematic, plan view of a portion of the apparatus shown in
      FIG. 1.
PAR  FIG. 4 is a detailed drawing showing a focused laser beam device employed
      in the apparatus of FIG. 1.
PAR  FIG. 5 is a view taken along line 5--5 of FIG. 4 showing the laser cutting
      device in greater detail.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is seen an apparatus, generally designated
      by the numeral 10, which is capable of performing a method in accordance
      with the teachings of this invention. In a known manner, glass forming
      materials are melted in a glass melting furnace (not shown) and delivered
      to a float glass chamber 12. The chamber contains a bath of molten tin 14
      upon which a ribbon of glass 16 is formed. At an exit end 18 of the
      chamber the glass ribbon is lifted from the tin bath by an exit roll 20.
      Drapes 21 are provided to keep both the heat and the protective atmosphere
      of the float chamber contained therewithin. The glass ribbon exiting from
      the chamber has a temperature in the range from 1000.degree.F to
      1250.degree.F. Conveying rolls 22, 24 and 26 are provided for conveying
      the glass ribbon away from the chamber.
PAR  Mounted outside of the float glass chamber 12 at its exit end 18 are a
      first laser cutting device 28 and a second laser cutting device 30. The
      laser cutting devices are constructed in an identical manner such as
      illustrated in FIG. 4 which shows the first device 28 in detail.
PAR  The laser devices 28 and 30 are identical so only one device will be
      described. In the case of the first laser cutting device 28, its
      supporting structure is identified by the numeral 32. An I-beam 34 is
      mounted by posts 36 and 38 so that the I-beam extends across the path
      travel of the glass ribbon 16 near the exit end 18 of the float glass
      chamber 12. The I-beam has a rack 40 extending across one side of its
      lower portion. This rack is engaged by a pinion 42 which, in turn, is
      driven by a motor 44 operating through drive belts 46. Electrical signals
      developed from a suitable control device, deliver electrical pulses to the
      motor 44 to operate the drive belt 46 to drive the pinion over the rack
      and thereby position the first laser cutting device 28 at any selected
      position along its path of travel. A support wheel 48 is also rotatably
      connected to the support structure 32 so as to help in supporting the
      weight of the first laser cutting device on the I-beam. The second laser
      cutting device is supported in an identical manner on another I-beam for
      movement thereacross. Thus the two laser cutting devices are independently
      movable in response to signals developed by any suitable control device.
      In any known manner, the control device produces signals which cause the
      motors to drive the laser cutting devices back and forth over the support
      I-beams.
PAR  Reference is now made to FIGS. 2, 4 and 5 in order to understand the
      construction of the laser cutting devices. A laser beam is generated in a
      laser beam generating device (not shown) and projected by a lense system
      50 mounted on the post 36 into a beam receiving opening 52 of the first
      laser cutting device 28. A 45.degree. prism 54 redirects the beam to a
      focusing lens which, in turn, develops a focused beam 58 which is directed
      downwardly onto the hot glass ribbon 16. The operating conditions
      necessary in order to have a laser beam cut glass are discussed in my
      aforementioned patent application Ser. No. 484,903, which has been
      incorporated herein by reference.
PAR  A shielding gas atmosphere is delivered through a gas inlet 60
      telescopically interfitting with a gas atmosphere delivery system 62. The
      shielding gas is directed downwardly to the area of beam cutting by a
      channeling member 64. The shielding gas and the vapor and dust
      accompanying the laser burning operation are brought upwardly between the
      channeling member 64 and an outside housing 66 to an exhaust port 68
      which, in turn, is telescopically interfitting with an exhaust duct 70. In
      this manner the focused laser beam 58 is effective to cut through the
      glass and the material generated as a result of that cutting is removed.
PAR  As is best seen in FIG. 3, the first and second laser cutting devices 28
      and 30 respectively cut one or the other side portion of an article. For
      example, for the article illustrated, the laser cutting device 28 cuts the
      left hand side of the article as indicated by the continuous dashed line
      whereas the second laser device cuts the right hand side of the article as
      defined by the long and short line representation. During the cutting
      operation, the laser cutting devices are individually controlled and
      movable toward and away from one another so as to cut the particular shape
      desired. Since the devices have a common start and stop location in their
      cutting pattern, they cut the article entirely around its perimeter to
      free it from the remainder of the glass ribbon. An individual glass
      article 72 is defined once the glass cutting operation is completed.
PAR  As best understood by reference to FIGS. 1 and 3, cullet return rollers 74
      are employed to strip the excess glass ribbon from the cut glass articles.
      This excess glass is looped downwardly and dropped on to a cullet return
      belt 76. This excess glass may be mixed with new glass batch feed
      materials and delivered to the glass melting apparatus for remelting.
PAR  As seen best in FIG. 1, the individual glass articles 72 are conveyed into
      a glass handling furnace 78. The glass articles are still at about the
      temperature they were coming from the chamber 12. The glass handling
      furnace 78 can be designed in any number of ways in order to process the
      glass articles as desired. For example, as shown in FIG. 1, the glass
      handling furnace contains a gas hearth 80 over which the individual glass
      articles are moved. As is well known by those skilled in the art, such a
      gas hearth may be used to shape the glass by letting it sag into a
      configuration defined by the shape of the bed of the gas hearth unit.
      After the glass article has been bent into the desired shape, it may be
      rapidly quenched by an impingement of cold air thereon in order to temper
      the same. In such a manner, a tempered glass article is produced directly
      from the hot glass delivered from the float chamber. It is thus not
      necessary to reheat a glass bracket in order to shape and temper it. In
      such a manner, the heat required to reheat the article to bending and
      shaping temperatures is saved.
PAR  As an alternative, the individual glass articles entering the glass
      handling furnace 78 may be cooled slowly, with or without shaping, in
      order to produce a final article of annealed glass. Once again, the
      shaping of the glass, if carried out, can be accomplished without
      reheating of the glass.
PAR  A method has been described herein for producing a final glass article
      directly from the ribbon of glass produced by a flat glass manufacturing
      apparatus. Many modifications of this invention will be apparent to those
      skilled in the art in view of this specification. It is intended that all
      such modifications which fall within the true spirit and scope thereof
      included within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of forming an article of glass comprising:
PA1  melting glass forming materials;
PA1  forming a ribbon of flat glass in a ribbon forming apparatus;
PA1  withdrawing the flat glass from the ribbon forming apparatus with the
      temperature of the flat glass being in excess of 1000.degree.F.;
PA1  moving the hot flat glass under at least a pair of focused laser beam
      devices which project laser beams onto the glass capable of cutting
      through the hot flat glass;
PA1  moving the laser beams in a controlled manner having at least a lateral
      component for each beam as the hot flat glass moves thereunder so that one
      laser beam cuts out a first side portion of the article of glass and the
      other laser beam cuts out a second side portion of the article of glass
      whereby a complete article shape is formed said laser beam paths having a
      common intersecting point at the beginning and end of each article;
PA1  removing the excess of the flat glass not forming a part of the article;
      and
PA1  cooling the glass article in a controlled manner to produce a final glass
      article.
NUM  2.
PAR  2. The method of forming a glass article as defined in claim 1 wherein:
      prior to cooling the glass article is formed into an article having a
      curved configuration by a glass-shaping operation.
NUM  3.
PAR  3. The method of forming a glass article as defined in claim 1 wherein: the
      cooling of the glass article takes place at a rapid rate to produce a
      tempered glass article.
NUM  4.
PAR  4. The method of forming a glass article as defined in claim 1 wherein: the
      cooling of the glass article takes place at a slow rate to produce an
      annealed glass article.
NUM  5.
PAR  5. The method of forming a glass article as defined in claim 2 wherein: the
      cooling of the glass article takes place at a rapid rate to produce a
      tempered glass article.
NUM  6.
PAR  6. The method of forming a glass article as defined in claim 2 wherein: the
      cooling of the glass article takes place at a slow rate to produce an
      annealed glass article.
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ABST
PAL  Flat glass is produced by advancing a layer of molten glass along the
      surface of molten metal while cooling it sufficiently to form a continuous
      sheet of glass which is lifted upwardly from the surface of a supporting
      pool of molten metal and conveyed from it for further processing. The
      molten metal substantially immediately beneath the location at which the
      glass is lifted upwardly from the pool of molten metal is cooled to a
      temperature below that of a surrounding molten metal in order to provide
      for the free release of the formed sheet of glass from the molten metal
      and to provide for the production of an extremely flat sheet of glass.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to application Ser. No. 483,508, entitled,
      "Manufacture of Glass" filed June 27, 1974, by Gerald E. Kunkle and
      assigned to the present assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention: This invention relates to a method for the
      manufacture of a continuous sheet of glass by supporting molten glass on a
      pool of molten metal while forming and cooling the glass. More
      particularly, this invention relates to a method for cooling the molten
      metal in a manner so as to enhance the lifting of the sheet of glass
      upwardly from the pool of molten metal and to produce glass of superior
      flatness.
PAR  Description of the prior art: Molten glass may be delivered onto molten
      metal and formed into a continuous sheet or ribbon of glass according to
      the teachings of Heal, U.S. Pat. No. 710,357 or of Hitchcock, U.S. Pat.
      No. 789,911, according to the teachings of Pilkington, U.S. Pat. No.
      3,083,551 and U.S. Pat. No. 3,220,816 or according to the teachings of
      Edge and Kunkle, application Ser. No. 338,497, filed Mar. 6, 1973. These
      patents describe processes in which continuous sheets of flat glass are
      formed while the glass being formed is supported on molten metal. After a
      continuous sheet of glass has been formed, it has been shown to be removed
      from the surface of a pool of supporting molten metal by lifting it
      slightly and conveying it away from the pool of molten metal. U.S. Pat.
      No. 3,233,995 to Javaux and U.S. Pat. No. 3,420,647 to Charnock describe
      the removal of a partially formed layer of glass from the surface of the
      pool of molten metal and drawing and forming this into a continuous sheet
      of glass by drawing it upwardly from the surface of the pool of molten
      metal in the manner of the Pittsburgh, Colburn or Fourcault processes.
PAR  In a process wherein a finished continuous sheet of glass is lifted from
      the surface of a pool of molten metal on which it is formed there is
      invariably some affinity for the molten metal to the formed sheet of
      glass. This is most pronounced when the molten metal, for example, molten
      tin, becomes partially oxidized and adheres to the newly formed glass as
      dross. There is also an affinity between such molten metals in a reduced
      state and a freshly formed surface of glass. This is evident in the fact
      that flat glass produced by supporting the glass on molten metal using any
      of the known processes for doing so has approximately an order of
      magnitude higher tin concentration in its surface region that has been
      adjacent to molten metal during forming as in its other surface region
      that has been facing away from the molten metal during forming.
PAR  It has been observed that the bottom surface of glass which has been in
      contact with molten metal during its formation is characterized by a
      series of very fine transverse ridges and valleys extending across the
      width of the sheet and repeating periodically along its length in a
      direction of glass movement along the surface of the molten metal and away
      from the pool of molten metal. It has now been discovered that these
      transverse ridges and valleys can be substantially eliminated from the
      surface of flat glass that has been in contact with molten metal during
      forming. This is accomplished most conveniently when the continuous sheet
      of flat glass that is formed is lifted from the surface of the pool of
      supporting metal at a relatively large angle, such as, for example, when
      the formed glass is lifted upwardly from the pool of molten metal and
      conveyed vertically upward therefrom.
PAC  SUMMARY OF THE INVENTION
PAR  A continuous sheet of flat glass is produced by a method including the
      following steps: Molten glass is delivered onto the surface of a pool of
      molten metal maintained within a forming chamber. The molten metal is
      preferably tin, an alloy of tin or some other metal having a specific
      gravity greater than the glass and having a melting point lower than the
      glass to be formed while being substantially nonreactive to the glass and
      its melting temperature. The layer of molten glass is advanced along the
      surface of the pool of molten metal and is cooled during such advance to
      form a dimensionally stable, continuous sheet of glass.
PAR  Forces are applied to the glass while it is advanced along the surface of
      the pool of molten metal. Forces may be applied to the glass which are
      aligned substantially along its path to cause it to be advanced. These
      forces may be sufficient to cause the glass to be attenuated to a
      thickness less than an equilibrium thickness during its advance. These
      forces are characterized as longitudinal tractive forces and may be
      applied to any location along the length of the glass sheet. They are
      preferably applied to the glass at locations well along its path of
      advance and are transferred to the hot or more fluid glass primarily by
      the surface tension of the glass. Other forces may be applied to the glass
      in a manner such that they are aligned substantially across or transverse
      to the path of glass advance. These forces are characterized as transverse
      forces. The resultant forces caused by the application of the described
      forces in combination with the reactive surface tension and gravity forces
      acting on the glass cause the glass to be formed into a continuous, flat
      sheet of desired thickness.
PAR  After the glass has been cooled sufficiently to become dimensionally stable
      (that is, if it has reached its final width and thickness) it is advanced
      further along the surface of molten metal and then is lifted from the
      surface of the pool of molten metal and conveyed from the forming chamber.
      It may be lifted slightly and conveyed along a substantially horizontal
      path from the forming chamber, but it preferably is lifted and conveyed
      upwardly from the pool of molten metal in the manner described by Gerald
      E. Kunkle in his copending, commonly assigned patent application which is
      incorporated by reference herein.
PAR  The glass is cooled sufficiently prior to lifting it from the surface of
      the pool of molten metal so that its width and thickness remain unchanged
      during lifting and conveyance from the forming chamber. It is desirable to
      adjust or control the temperature of the glass so that its viscosity will
      be within the range from about 10.sup.5 to 10.sup.12.5 poises
      (gram/centimeter/second) at the time of lifting. It is further desirable
      to adjust and maintain the temperature of the glass during its upward
      conveyance so that the temperature will be decreased sufficiently to cause
      the viscosity to be greater than about 10.sup.13 poises while maintaining
      the glass in flat, planar alignment. While it is possible to contact the
      continuous sheet of glass by rolls or other devices at the location where
      it is lifted from the surface of the pool of molten metal, it is preferred
      that the continuous sheet of glass be permitted to freely form a curved,
      lifting region having a radius as dictated by the temperature and
      viscosity of the glass rather than by any externally imposed force from a
      roll or other contacting device.
PAR  As the glass is being formed during its advance along the surface of the
      pool of molten metal and as it is conveyed from the pool of molten metal,
      it is controllably cooled. It has now been found desirable to establish a
      well-defined region of cooling substantially immediately beneath the
      location of lifting the continuous sheet of glass from the pool of molten
      glass within that pool of molten metal so that the temperature of the pool
      of molten metal immediately beneath the location of lifting and extending
      transversely across the pool of metal within the forming chamber is colder
      than the immediately surrounding portions of the pool of molten metal.
      This is thought to both cool the metal-glass interface substantially
      immediately before it is separated and to cause a region of downwardly
      circulating molten metal flow within the pool of molten metal immediately
      beneath the location of lifting the glass upwardly from the pool of molten
      metal.
PAR  A pipe or other conduit may be extended across the forming chamber. Coolant
      is directed through such a conduit during the production of glass in order
      to provide the necessary cooling in the molten metal immediately beneath
      the location of lifting a continuous sheet of glass from the pool of
      molten metal. For example, in a forming chamber for the production of
      soda-lime-silica glass and having a pool of molten metal with a depth of 2
      inches and a width of 10 feet, a 1-inch outside diameter, stainless steel
      pipe may be positioned across the chamber beneath the location for lifting
      glass midway between the bottom of the chamber and the surface of the pool
      of molten metal. Water having an inlet temperature of from 50.degree. to
      100.degree.F. (10.degree. to 40.degree.C), may be directed through such a
      pipe at a rate of from 10 to 50 gallons per minute (35 to 200 liters/min)
      while producing a continuous sheet of glass at a rate of 50 tons (4.55
      .times. 10.sup.4 kilograms) per day. Glass produced in this manner has a
      bottom surface that has been in contact with the pool of molten metal
      during forming which is characterized as being extremely smooth and flat
      without apparent transverse ridges and valleys such as are encountered
      when glass is produced without such cooling.
PAR  The downward, circulating flow of molten metal beneath the location for
      lifting the continuous sheet of glass from the pool of molten metal may be
      provided in ways other than by local cooling of the molten metal. For
      example, a downward flow of molten tin may be induced at such a location
      by applying magnetohydrodynamic forces to the molten glass or by providing
      a transverse drain in the bottom of the forming chamber for continuously
      removing molten metal from the chamber which molten metal may then be
      recirculated to the pool of molten metal in the chamber. This invention
      will be further understood from the drawings accompanying this application
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional elevation view of an apparatus for producing flat
      glass in accordance with this invention;
PAR  FIG. 2 is a partial sectional view of the liftoff location in such a
      forming chamber showing in greater detail a particular embodiment of this
      invention;
PAR  FIG. 3 is a perspective view showing a suitable cooler for use in an
      apparatus for carrying out this invention;
PAR  FIG. 4 is an enlarged partial sectional view of the liftoff of a continuous
      sheet of glass from a pool of molten metal showing the desired circulating
      molten flows beneath the location of liftoff which provides for the
      production for glass having superior flatness;
PAR  FIG. 5, like FIG. 2, is an enlarged partial sectional view of the liftoff
      of a continuous sheet of glass showing an alternative embodiment of this
      invention; and
PAR  FIG. 6 is a perspective view of the cooler employed in the embodiment of
      this invention shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 there is shown a view of a suitable apparatus for
      carrying out the present invention. The glassmaking apparatus comprises a
      furnace 11, delivery means 13 and a forming chamber 15 and a vertical
      conveyor 17 which may be, and preferably is, included in an annealing
      lehr. It will be understood that the lifting and conveying apparatus
      employed in the practice of this invention may be designed to cause the
      glass to be conveyed along an upwardly extending path that need not be
      vertical as shown in FIG. 1.
PAR  The glassmaking furnace 11 includes a melting section (not shown) and a
      refiner or conditioner, the end of which is shown. The refining or
      conditioning section of the furnace 11 comprises a furnace bottom 19,
      sidewalls 21 and a front basin wall 23. The front basin wall 23 is
      maintained in position by structural members 24. The furnace further
      comprises an upper front wall 25 which is preferably suspended or
      supported from above and a roof overlying the upper portion of the
      furnace, the roof not being shown.
PAR  The delivery means 13 includes a threshold 31 resting on a cooling block 33
      or other support, which is supported by structural members 34. A cast
      refractory seal 35 or the like exposed between the threshold 31 and the
      cooling block 33 extending through the holes in the threshold are conduits
      or pipes 36 for transporting coolant or the like through the interior of
      the threshold 31 and for controlling its temperature during use. At the
      ends of the threshold 31 there are sidewall portions or jambs 37 on the
      sides of the channel through which molten glass may be delivered from the
      pool of molten glass 27 residing in the bottom portion of the furnace 11.
      The top of the delivery means 13 is defined by a roof 39. The roof is
      preferably a flat arch which is supported by supporting means (not shown)
      extending above it and connected to flat arch supporters 40 embedded in
      the flat arch itself. Extending transversely across the delivery means 13
      are two gates or tweels. The first tweel is a backup tweel 41 connected to
      a support assembly 43 (not fully shown) for raising or lowering it into
      engagement in the pool of molten glass 27. The second tweel is a control
      tweel 45 supported by support assembly 47 (not fully shown) for raising
      and lowering the tweel. The tweel is held in operating position in contact
      with the molten glass to be delivered for forming. The control tweel 45,
      along with the threshold 31 and the jambs 37, defines an opening through
      which a layer of molten glass 49 may be delivered for forming.
PAR  The forming chamber 15 comprises a bottom casing 51 supported on support 62
      in addition to support 34. This casing is preferably a casing constructed
      of metal, such as steel. The casing is preferably impervious to the molten
      metal in the chamber. The forming chamber 15 further comprises a top
      casing 53 and an end casing 55. Both of these casing members are also
      preferably constructed of impervious metal. Disposed within the bottom
      casing 51 is a refractory bottom 57, preferably a refractory bottom that
      has been cast in place inside the bottom casing 51. Preferably embedded
      within the bottom refractory 57 are pipes 59 through which coolant or
      other fluid may be directed for controlling the temperature of the forming
      chamber 15 at discrete locations along its length. Also extending
      transversely across the forming chamber 15 are dams or weirs 61 mounted in
      the refractory bottom 57 and extending across its width. These dams are
      preferably vertically movable and are held down at their ends at each side
      of the forming chamber. They are preferably constructed of material that
      is less dense than the molten metal in the forming chamber so that their
      vertical position may be varied upwardly or downwardly by controlled
      adjustment of their holddown devices at their ends.
PAR  The forming chamber 15 further comprises refractory sidewalls 63 and a
      refractory exit lip 65. These, along with the bottom refractory 57 and the
      threshold 21, define a container in which a pool of molten metal 66,
      preferably molten tin or an alloy of tin, is disposed. At the downstream
      end of the forming chamber there is provided extension 67 of the bottom
      container portion of the forming chamber which serve as cavities into
      which dross floating on the surface of the molten metal 66 may be
      withdrawn for removal from the forming chamber. The upper portion of the
      forming chamber includes an end wall liner 69 preferably constructed of
      refractory material. This liner 69 and the end casing 55 to which it is
      connected may include a suitable opening 70 through which a continuous
      sheet of glass may be withdrawn from the forming chamber along a
      substantially horizontal path in the event that such removal is
      temporarily desired.
PAR  The upper portion of the chamber further includes a lintel 71 at its
      upstream end. This lintel 71 may be used as a means for supporting
      delivery means roof 39. Additionally the upper portion of the chamber
      includes a ceiling or roof 73 preferably constructed of refractory
      material suitable for radiating or absorbing heat uniformly over the area
      facing the glass beneath it during operation. Extending through the
      ceiling of the forming chamber are controllable heating elements 75 used
      to control the rate of heat removal from the glass during forming. These
      heating elements are connected to bus bars 77 which are connected, in
      turn, to a source of power (not shown). The upper portion of the forming
      chamber 15, preferably includes a top casing end wall 79 providing a space
      between the upper portion of the forming chamber 15 and the upstream or
      furnace side of the conveyor mechanism 17. During operation a protective
      gas, such as a mixture of hydrogen and nitrogen or other non-oxidizing
      gas, is preferably directed into the forming chamber and conveyor.
PAR  Advancing along the surface of the pool of molten tin 66 is a continuous
      sheet of glass 81 formed from the layer of molten glass 49 delivered onto
      the pool of molten tin for forming. Extending into the forming chamber
      through its sidewalls there may be provided edge contacting devices 83 for
      applying outward tractive forces to the layer of glass 49 during its
      advance along the pool of molten metal for forming. These devices are
      preferably driven wheels disposed and driven in such manner as to apply
      opposing outward or transverse forces to the glass to maintain its width
      during its attenuation. The resultant forces resulting from the
      combination of longitudinal and transverse forces acting on the glass
      cause it to be attenuated to a thickness that is less than that which
      would be attained by molten glass if allowed to remain on the surface of
      the pool of molten metal for a sufficient time to come to equilibrium with
      it.
PAR  Extending into the molten tin beneath the conveyor 17 at a location near
      where the glass is to be lifted from the pool of molten metal, there is a
      cooler 87 disposed transversely across the forming chamber in the pool of
      molten metal 66 and providing for the localized cooling of the molten
      metal substantially immediately beneath the location where a continuous
      sheet of glass 81 is to be lifted from the pool of molten metal 66. It is
      through the use of such a cooler 87 that the molten metal may be locally
      cooled and local molten metal flows may be established within the molten
      metal which together are sufficient to cause the glass being produced to
      have an extremely smooth bottom surface as it is lifted from the pool of
      molten metal and conveyed away from it.
PAR  The vertical conveyor 17 comprises a machine casing 91 and thermally
      insulated machine wall 93. The machine walls 93 are preferably constructed
      of refractory material. Within a vertical conveyor there is a series of
      supporting rolls 95 for engaging a continuous sheet of glass 81 for
      conveying it upwardly through the conveyor. These machine rolls are
      operated in a coordinated manner. They are used to apply sufficient
      tractive forces to the glass to convey it upwardly and to transmit
      tractive forces along the glass downwardly and about the curved glass at
      liftoff to the hot or more fluid glass within the advancing layer of glass
      49 where the glass is hotter and fluid and susceptible to forming and
      attenuation.
PAR  Disposed across the internal space within the conveyor casing at several
      locations along its length are machine seals 97 for retarding the flow of
      gases either upwardly or downwardly through the enclosed space surrounding
      the rolls 95. Extending through the walls of the enclosed conveyor are
      openings 99 through which cullet may be directed in the event the
      continuous sheet of glass is chipped or broken in the upper portion of the
      conveyor. A space is provided between the top casing of the forming
      chamber and the walls of the vertical conveyor for accommodating cullet
      removal. This space is characterized as a cullet chamber 101.
PAR  In a preferred embodiment of this invention coolers 103 are disposed across
      the bottom portion of the vertical conveyor to control the removal of heat
      from a continuous sheet of glass 81 as it is conveyed upwardly from the
      surface of the pool of molten metal of the forming chamber.
PAR  Referring now to FIGS. 2 and 3, there is shown in greater detail suitable
      apparatus for practicing this invention. A cooler 87 comprising a suitably
      shaped length of pipe (stainless steel or even ordinary carbon steel, for
      example) is provided with pipe connectors 89 to which may be connected
      flexible or fixed conduits external to the forming chamber. The cooler 87
      includes a transverse portion 90, and the cooler is inserted into the
      forming chamber 15, preferably through opening 70 and positioned so that
      the transverse portion 90 of the cooler extends across the forming chamber
      immersed in the molten metal 66. The transverse portion 90 of the cooler
      89 is preferably aligned parallel to the rolls 95 and at a uniform depth
      beneath the surface of the molten metal 66. The transverse portion 90 of
      the cooler 89 is preferably positioned close to the plane defined by the
      adjacent facing surfaces of the series of paired rolls 95 in the conveyor
      17. In the production of thin glass (that is glass having a thickness on
      the order of 1/8 inch (3.2 mm) thick or less) it is desirable to locate
      the transverse portion 90 of the cooler 89 slightly upstream from the
      plane defined by the facing surfaces of the rolls 95.
PAR  In FIG. 4 there is shown by arrows 92 the expected locally circulating
      convective flow of molten metal induced in the pool of molten metal 66
      just below the liftoff of the sheet of glass 81. This flow 92 and the
      relatively quiescent molten metal 94 near the surface of the molten metal,
      as well as the local cooling of the glass-metal interface at liftoff, are
      thought to contribute to the benefits obtained when practicing this
      invention. Although local cooling is the preferred method for carrying out
      this invention, any convenient method of establishing the local metal flow
      shown and described here is now contemplated as benefiting the process.
      The downward flow should be near or directly beneath the glass being
      lifted from the pool of molten metal. If a drain is placed remote from
      this location a horizontal parallel flow, rather than a downward flow, is
      established near the location for lifting glass.
PAR  Another preferred embodiment of this invention is illustrated in FIGS. 5
      and 6. FIG. 5, like FIG. 2, is an enlarged elevation section of the
      liftoff region of a forming chamber. In this embodiment of the invention
      the bottom 57 of the chamber is provided with a transverse trough or
      deepened portion so that a greater depth of molten metal is provided
      immediately beneath the location for lifting a continuous sheet of glass
      81 from the pool of molten metal 66. Disposed transversely across the
      chamber in this trough and beneath the surface of the pool of molten metal
      66 is a cooler 87' having at its ends connectors 89' for connection to a
      source and sink (not shown) for coolant. A particular advantage of this
      embodiment of the invention is that heat is efficiently removed from the
      molten metal due to the large surface area of the cooler 87' while two
      downward flows of molten metal adjacent the cooler sides (the upstream and
      downstream sides) cause a large quiescent region 94 to develop near the
      surface of the molten metal beneath the location for lifting glass.
PAR  Although this invention has been described with reference to specific
      embodiments, it will be understood that variations from these illustrative
      examples may be made without departing from the invention contemplated
      here. For example, in the practice of this invention, glass may be
      delivered for forming by pouring or flowing a stream of molten glass onto
      molten metal, or a preformed ribbon of glass may be delivered and then
      reheated for forming. For the purpose of describing this invention, all
      glass delivery is described as molten glass to indicate that the glass may
      be formed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of making flat glass comprising the steps of delivering
      molten glass onto the surface of a pool of molten metal contained in an
      enclosed chamber, supporting the glass on the molten metal, advancing the
      delivered glass as a single layer of glass in a path along the surface of
      the pool of molten metal while cooling the glass to form a dimensionally
      stable, continuous sheet of glass and continuing to advance the
      dimensionally stable, continuous sheet of glass along the path of advance,
      freely lifting the dimensionally stable, continuous sheet of glass
      substantially vertically upwardly from the surface of the pool of molten
      metal and conveying the lifted, dimensionally stable, continuous sheet of
      glass substantially vertically upwardly from the pool of molten metal
      wherein, as the dimensionally stable, continuous sheet of glass is freely
      lifted from the pool of molten metal, it assumes a continuously curved
      shape along its length and an exposed meniscus of molten metal is formed
      across the width and against one surface of the dimensionally stable,
      continuous sheet of glass, which surface had been in contact with the
      molten metal prior to lifting, the improvement which comprises:
PA1  cooling the molten metal from within the pool of molten metal substantially
      beneath the glass being lifted and beneath the exposed meniscus of molten
      metal at a depth and in an amount sufficient to induce a downward flow of
      molten metal for drawing the meniscus downwardly whereby the elevations
      and depressions characterizing the surface of the dimensionally stable,
      continuous sheet of glass which had been in contact with the molten metal
      are observably diminished.
NUM  2.
PAR  2. The method according to claim 1 wherein the pool of molten metal is
      provided with greater depth beneath where the dimensionally stable,
      continuous sheet of glass is lifted and the cooling is at a depth and in
      an amount sufficient to cause a downward flow of molten metal into the
      greater depth of molten metal.
NUM  3.
PAR  3. In an apparatus for making flat glass comprising means for preparing
      molten glass, means for delivering molten glass from the molten glass
      preparation means to a forming chamber, a forming chamber comprising an
      enclosed chamber having a bottom, a roof, spaced sidewalls and upstream
      and downstream ends and containing a pool of molten metal having a general
      depth in a lower portion and a head space for maintaining a protective
      atmosphere over the pool of molten metal in an upper portion and further
      comprising means for advancing the glass along the surface of the pool of
      molten metal and means for cooling the glass during its advance to form a
      continuous sheet of flat glass therefrom and means for lifting the
      continuous sheet of flat glass upwardly from the pool of molten metal at a
      lifting location and for conveying it upwardly therefrom, the improvement
      comprising:
PA1  a trough extending transversely across the bottom of the chamber at the
      lifting location beneath the lifting means for providing a portion of the
      pool of molten metal with a depth sufficiently greater than the general
      depth of the pool of molten metal to provide for substantially greater
      thermally induced circulation in the portion of greater depth than in the
      remainder of the pool of molten metal; and
PA1  means for selectively cooling the molten metal in the portion of the pool
      of molten metal beneath the lifting location to a temperature below the
      temperature of the molten metal upstream of the lifting location and below
      the temperature of the molten metal downstream of the lifting location,
      said cooling means extending at least partially lengthwise in the trough
      in the bottom of the forming chamber and extending at least partially
      beneath an exposed surface of the molten metal.
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PAL  Marginal edge portions of an advancing layer or sheet of glass supported on
      molten metal are selectively heated or cooled by direct radiant and
      convective heat transfer in order to control the alignment of the glass
      along a preselected path of advance. In a process wherein molten glass is
      delivered substantially horizontally onto the molten metal, the depth of
      molten metal beneath the glass is made to differ across the width of the
      glass layer transverse to the intended path of glass advance to further
      provide for stabilizing the alignment of the advancing glass through
      controlled heat transfer between the glass and the supporting molten
      metal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for the manufacture of a
      continuous sheet of flat glass by supporting molten glass on a pool of
      molten metal and advancing it along the surface of the pool of molten
      metal while cooling it to form a continuous sheet of flat glass. More
      particularly, this invention relates to a method for selectively adjusting
      and maintaining the condition of the glass at different locations across
      its width to stabilize the path of movement of the glass as it advances
      along the surface of the pool of molten metal.
PAR  2. Description of the Prior Art
PAR  Flat glass may be produced in many different ways. Several methods have
      been disclosed in the past which involve floating or supporting glass on
      the surface of a pool of molten metal as it is advanced along that surface
      and cooled to form a continuous sheet of flat glass. For example, molten
      glass may be delivered onto a pool of molten metal and formed into a
      continuous sheet or ribbon of glass according to the teachings of Heal,
      U.S. Pat. No. 710,357 or of Hitchcock, U.S. Pat. No. 789,911 or according
      to the methods disclosed in the patents of Pilkington, U.S. Pat. No.
      3,083,551 and U.S. Pat. No. 3,220,816 or according to the teachings of
      Edge and Kunkle found in U.S. Pat. No. 3,843,346. These patents describe
      processes in which molten glass delivery techniques vary, yet they share
      the common disclosure that a continuous sheet of flat glass may be formed
      by advancing a layer of glass along the surface of a pool of molten metal
      while cooling the glass until it assumes a final width and thickness as a
      dimensionally stable, continuous sheet of glass.
PAR  In the method of Heal, molten glass is delivered over a refractory bridge
      and then flows slightly downwardly onto the surface of a pool of molten
      metal confined between two side walls of a forming chamber. This layer of
      glass advances along the surface of the pool of molten metal between the
      side walls and remains in contact with them as it is advanced and cooled
      to form a dimensionally stable, continuous sheet of glass. In the method
      of Hitchcock, molten glass is delivered through a slot in a refractory
      wall and flows horizontally onto the surface of a pool of molten metal in
      a forming chamber. The glass advances along the surface of the pool of
      molten metal as a layer of constant width and is cooled and advanced at a
      sufficient speed to form a dimensionally stable, continuous sheet of glass
      of desired thickness. In the method described by Pilkington, molten glass
      is delivered through a long, narrow canal and over a refractory lip and
      then falls freely downwardly onto the surface of a pool of molten metal.
      It then spreads laterally, outwardly and rearwardly in an unhindered
      fashion. An advancing layer of glass is drawn along the surface of the
      pool of molten metal from this laterally, outwardly moving body of molten
      glass. This layer of glass is advanced as its width diminishes and as it
      is cooled to form a dimensionally stable, continuous sheet of glass of
      desired thickness and width. In the method disclosed by Edge and Kunkle,
      molten glass in a pool of molten glass is conditioned to establish a
      region of forward flow near its surface, and this forwardly flowing glass
      is delivered over a threshold member substantially horizontally onto the
      surface of a pool of molten metal maintained at or near the elevation of
      the threshold over which the glass is delivered. This flowing molten glass
      is advanced along the surface of the pool of molten metal as it is
      initially cooled either having its marginal edges free of contact with
      side members or having them in contact with selected side members for a
      short distance. The glass is thereafter advanced along the surface of the
      pool of molten metal while being further cooled to form a dimensionally
      stable, continuous sheet of glass. In the method of Heal and the
      embodiment of the method of Edge and Kunkle wherein the marginal edge
      portions of the advancing layer of glass in the forming chamber are in
      contact with side walls or side members, the alignment of the path of the
      advancing glass is fixed and invariant. However, in the method described
      by Hitchcock and the embodiment of the method of Edge and Kunkle wherein
      extended side members are not employed, the alignment of the path of the
      advancing glass is not fixed by any mechanical means and may be subject to
      occasional movement or misalignment. In the practice disclosed by
      Pilkington, alignment of the path of advance of a layer of glass emanating
      from a spreading body or pool of glass beneath a lip from which molten
      glass is poured is easily varied since there is neither a physical barrier
      resisting its movement, nor any directed forward flow within the body of
      glass which is aligned with the intended path for advancing the layer of
      glass as it is formed into a continuous sheet of glass. Consequently, in
      the practice of the method disclosed by Pilkington, instability of the
      glass position and alignment is persistent. This persistent tendency to
      become misaligned is characterized as "drifting" or "snaking" of the
      glass. As indicated, it is a persistent and chronic problem. In the
      practice disclosed by Hitchcock and in that disclosed by Edge and Kunkle,
      there is considerably less tendency for the advancing glass to drift from
      its intended path of advance but some drifting may from time to time occur
      even in those processes.
PAR  Certain solutions to the problem of glass drifting or snaking have been
      proposed by Barradell-Smith et al. in U.S. Pat. Nos. 3,223,503 and
      3,223,509. Methods and apparatus are disclosed in these patents for
      steering and advancing layer or ribbon of glass on a pool of molten metal
      in the forming chamber. Disclosed in these patents are a method and
      apparatus for creating surface movement in the supporting molten metal of
      a forming chamber so that the movement of molten metal in contact with the
      undersurface of the glass will act upon the bottom surface of the glass to
      move the glass. The flow of molten metal within the pool of molten metal
      may be established using coolers disposed in the molten metal at some
      location adjacent to the edge of an advancing layer of glass or remote
      from it to establish thermally induced convection flows. The flow of
      molten metal may be established using electromagnetic forces from a linear
      induction motor, such as disclosed by Butler in U.S. Pat. No. 3,453,460.
      In using the apparatus described in these patents to carry out the methods
      described in them, the conditions within the supporting molten metal are
      first altered. These conditions are employed to cause flows in the molten
      metal beneath the glass supported on it, and these flows then are caused
      to impose steering forces to the glass itself. Because of this long chain
      of interactions, the glass responds somewhat sluggishly to changes in the
      controlled steering devices whether they be linear-induction motors or
      coolers.
PAR  A variety of devices have been disclosed in the art for stabilizing the
      position of an advancing layer of glass through a forming chamber which
      involve physically or mechanically engaging a marginal edge portion or
      both marginal edge portions of the advancing layer, ribbon or sheet of
      glass, depending upon the location in the forming chamber along the path
      of advance in which such contact is made. Representative patents
      disclosing such mechanical steering or ribbon stabilizing devices and
      methods are as follows: U.S. Pat. No. 3,528,795 to Swillinger shows cooled
      edge-engaging guide members located on one side of an advancing layer of
      glass in a forming chamber, particularly in the upstream region of the
      forming chamber. U.S. Pat. No. 3,506,428 to Itakura shows a device
      including edge-engaging members for contacting both marginal edges of a
      continuous sheet of glass that has already been removed from a forming
      chamber. This device can align a continuous sheet of glass after it is
      formed but is ineffective to prevent "snaking" or sideward movement of the
      advancing glass in the forming chamber. U.S. Pat. No. 3,326,653 to de
      Lajarte et al. shows a method for inserting a flexible, heat-resistant
      material into each marginal edge portion of an advancing layer of glass,
      maintaining these in contact with the glass during its cooling and
      formation as a continuous ribbon of glass and thereafter removing them.
      U.S. Pat. No. 3,353,943 to Loutte illustrates edge rolls or discs for
      contacting both marginal edge portions of an advancing layer of glass in
      the forming chamber and for mechanically maintaining it in a predetermined
      position.
PAR  Functionally, of course, all of the mechanical devices for maintaining the
      alignment of a continuous sheet or layer of glass advancing along the
      surface of a pool of molten metal in the forming chamber resist the
      transverse, lateral movement of the glass in the same general way as do
      the side walls of the glass forming chamber of Heal. These all provide a
      positive and direct steering and stabilizing action upon the glass itself,
      but they typically mark or damage the marginal edge portions of the glass
      directly due to surface contact or because of the development of optical
      distortion in the marginal edge portion of the glass due to the drag
      imposed by the stationary edge-contacting devices acting upon the flowing
      glass. The steering methods and apparatus of Barradell-Smith et al., on
      the other hand, do not appear to cause any marking of the marginal edge
      portions of a continuous sheet of glass, but these methods and apparatus
      do not provide for rapid and efficient response to variations in glass
      alignment caused by varying conditions within the glass as it is delivered
      to the surface of a pool of molten metal.
PAR  The present invention provides a method and apparatus for steering and
      stabilizing an advancing layer or ribbon of glass supported on molten
      metal in a forming chamber without marking the marginal edge portions of
      the glass or causing them to develop optical distortion characteristics.
      The present method and apparatus provide for rapid and efficient response
      to any intermittent movement of the glass from its intended path of
      advance.
PAR  This invention is practiced in combination with and as an improvement to
      flat glassmaking processes in which the glass is formed on molten metal.
      In this process a continuous sheet of flat glass is produced by a method
      including the following steps: A layer of molten glass is delivered onto
      the surface of a pool of molten metal maintained within a forming chamber.
      The molten metal is preferably tin, an alloy of tin or some other metal
      having a specific gravity greater than the glass and having a melting
      point lower than the glass to be formed while being substantially
      nonreactive to the glass at its melting temperature. The layer of molten
      glass is advanced along the surface of the pool of molten metal and is
      cooled during such advance to form a dimensionally stable, continuous
      sheet of glass.
PAR  Forces are applied to the glass while it is advanced along the surface of
      the pool of molten metal. Forces are applied to the glass which are
      aligned substantially along its path to cause it to be advanced. These
      forces may be sufficient to cause the glass to be attenuated to a
      thickness less than an equilibrium thickness during its advance. These
      forces are characterized as longitudinal tractive forces and may be
      applied to the glass at any location along the length of the glass sheet.
      They are preferably applied to the glass at locations well along its path
      of advance, preferably beyond the supporting pool of molten metal, and are
      transferred to the hot or more fluid glass primarily due to the surface
      tension of the glass. Other forces may be applied to the glass in a manner
      such that they are aligned substantially across or transverse to the path
      of glass advance. These forces are characterized as transverse forces. The
      resultant forces caused by the application of the described forces in
      combination with the reactive surface tension and gravity forces acting on
      the glass cause the glass to be formed into a continuous, flat sheet of
      desired thickness.
PAR  After the glass has been cooled sufficiently to become dimensionally stable
      (that is, if it has reached its final width and thickness) it is advanced
      farther along the surface of molten metal and then is lifted from the
      surface of the pool of molten metal and conveyed from the forming chamber.
      It may be lifted slightly and conveyed along a substantially horizontal
      path from the forming chamber, or it may be lifted and conveyed upwardly
      from the pool of molten metal in the manner described by Gerald E. Kunkle
      in his copending, commonly assigned patent application, Ser. No. 483,508,
      filed June 27, 1974, which is incorporated by reference herein. The glass
      is cooled sufficiently prior to lifting it from the surface of the pool of
      molten metal so that its width and thickness remain unchanged during
      lifting and conveyance from the forming chamber.
PAR  As the glass is being formed during its advance along the surface of the
      pool of molten metal and as it is conveyed from the pool of molten metal,
      it is controllably cooled. The cooling is coordinated with the rate of
      glass advance to form a continuous sheet of glass of desired width and
      thickness. If the layer of glass is permitted initially to spread
      laterally outwardly in an unhindered manner, the cooling and rate of glass
      advance are advantageously coordinated to simultaneously attenuate the
      thickness and the width of the glass in the manner disclosed by Charnock
      in U.S. Pat. No. 3,352,657 and by Dickinson et al. in U.S. Pat. No.
      3,695,859. Nevertheless, a preferred practice involves maintenance of the
      width of the glass equal to or less than the width of the initially
      delivered layer of glass for this in and of itself helps to stabilize the
      path of advance of the glass.
PAR  During the advance of the glass along the surface of the pool of molten
      metal, its path of advance is maintained by practicing this invention.
PAC  SUMMARY OF THE INVENTION
PAR  The temperature of at least one, and preferably the temperatures of both
      marginal edge portions (preferably about one-tenth of the full width of
      the glass layer or sheet as the case may be) of the glass are individually
      subjected to temperature control by separately heating or cooling them.
      This selective temperature control is effective to steer the glass along a
      preselected or desired path of advance usually parallel to the forming
      chamber side walls with the advancing glass centered with the centerline
      of the chamber extending from the upstream inlet end of the chamber to the
      downstream or outlet end of the chamber.
PAR  The temperature control is accomplished primarily by direct radiant heat
      transfer between the glass and a pair of heaters or coolers (or
      combination), each positioned in the forming chamber over the glass and
      extending along one of its marginal edges a sufficient distance to
      effectively interact with the advancing glass moving beneath it. By acting
      directly upon the glass, it is possible to guide or steer the glass along
      a stable path of advance with the glass responding quickly and surely to
      control actions. This direct control is believed superior to attempts to
      steer an advancing layer or sheet of glass by first establishing flows in
      a supporting pool of molten metal beneath a layer of glass and then having
      the movement of the metal adjacent the undersurface of the glass drag it
      to a desired path. Due to the limited wetting (friction or adhesion as may
      be postulated) of glass to tin, which is the common metal employed,
      movement of an advancing layer of glass in response to movement of the
      metal beneath it is sluggish.
PAR  In the practice of this invention, advantage is taken of the fact that
      glass, at temperatures typical for forming, is an excellent absorber and
      radiator of heat having a thermal emissivity which is much greater than
      the emissivity of molten tin. This invention also takes advantage of the
      fact that the viscosity of a glass at temperatures in the forming range is
      highly responsive to and dependent upon the temperature of the glass.
      Since longitudinal tractive forces acting upon a layer of glass to advance
      it and to form or attenuate it into a continuous sheet of glass are
      transmitted through the glass itself due to the surface tension of the
      glass, it has been discovered that the effectiveness of such force
      transfer is subject to thermal control. Thus, it is now possible to
      effectively adjust and maintain the extent of force transfer along one
      marginal edge portion of the glass independently with respect to
      adjustment and maintenance of force transfer along the other marginal edge
      portion of the glass. In this manner the advancing glass may be steered.
      As a greater force is transmitted to more fluid glass in the upstream
      portion of a forming chamber the greater that glass tends to accelerate,
      and at its marginal edge, it then tends to seek a shorter (and, thus,
      straighter) path of advance. Thus, by transmitting more force through the
      glass along one marginal edge, it is possible to move that marginal edge
      into more perfect alignment with the side walls of the forming chamber.
      For example, if a marginal edge of the glass has drifted or bulged
      outwardly toward a side wall, the transmission of more longitudinal force
      to the glass in the region of such bulge or drift will move the glass away
      from the side wall.
PAR  The steering devices of this invention may be located at one or more
      locations along the length of a forming chamber. Preferably at least one
      pair of devices is used, and these devices are positioned sufficiently
      downstream from the location of molten glass delivery so that a developed
      body or layer of glass exists between the delivery location and the
      steering devices. It is to the marginal edge portions of this developed
      body or layer of glass that the longtudinal forces are controllably
      transmitted. When more than one pair of steering devices are employed, it
      is possible to cool a first edge more than a second edge at a downstream
      location while cooling the second edge more than the first edge at an
      upstream location and to thereby transmit more force to the upstream
      location along the first edge while making that first edge at the upstream
      location more susceptible to straightening. This procedure, characterized
      as "crossover differential cooling (or heating as the case may be)," is
      effective for providing highly responsive steering or stabilizing of an
      advancing layer or sheet of glass even in a float process such as
      disclosed by Pilkington wherein "snaking" or "drifting" is often rather
      difficult to control. While a plurality of pairs of steering devices may
      be used, the same effect can be achieved by providing elongated steering
      devices having separately controllable sections along their lengths.
PAR  The present steering devices may be used in combination with the glass edge
      detection devices shown in U.S. Pat. No. 3,794,477 to Farabaugh and
      Gulotta. The disclosure of that patent is incorporated by reference
      herein. Such a combination may be used to automatically control the
      position of an advancing layer or sheet of glass within a forming chamber.
PAR  In another aspect, this invention provides an improved bottom extending
      beneath the molten metal in a forming chamber, particularly at the
      upstream or inlet end of a forming chamber wherein the surface of the
      molten metal is maintained at or near the elevation of a layer of molten
      glass flowing through a delivery facility connected to the forming
      chamber. The bottom of a preferred forming chamber provides for a deeper
      pool of molten metal in the central portion of the chamber than in the
      marginal portions of the chamber adjacent the side walls. Thus, conductive
      heat transfer from the glass to the molten metal is enhanced in the
      central portion of the chamber relative to similar heat transfer in the
      marginal portions of the chamber. This causes the marginal portions of an
      advancing layer of glass to lose their fluidity more slowly upstream of
      the steering devices making them more susceptible to manipulation by
      transmitted forces. Even in the absence of steering devices, such bottom
      construction is beneficial in a glass forming apparatus such as described
      by Edge and Kunkle in U.S. Pat. No. 3,843,346, which is incorporated
      herein to illustrate an apparatus and process for delivering molten glass
      along a substantially horizontal path between side wall members or jambs
      onto a pool of molten metal for forming it into a continuous sheet of
      glass while supporting it thereon. In that environment a bottom, such as
      described here, has the particular utility of enhancing the forward flow
      of glass in the marginal edge portions of an advancing layer of glass
      relative to the forward flow of glass in the central portion of the
      advancing layer of glass. This materially assists in further minimization
      of "herringbone" distortion in the marginal edge portions of a sheet of
      glass being produced. "Herringbone" distortion is, of course, an optical
      distortion pattern of repeating angular regions of differing optical
      thickness along the length (direction of advance) of a continuous sheet of
      glass.
PAR  In a preferred embodiment of this invention, the bottom of a forming
      chamber immediately downstream of a glass delivery facility is scooped out
      in its central portion with the depth for a pool of molten metal over the
      bottom gradually increasing to a maximum depth near the centerline of the
      chamber. The depth also gradually increases as one moves along the chamber
      centerline or central portion downstream from the delivery facility. At a
      convenient distance downstream from the delivery facility, preferably at a
      location where a delivered layer of glass will reach either an equilibrium
      thickness or half its delivery thickness, whichever distance is shorter,
      the bottom of the forming chamber may be flat without adversely affecting
      the beneficial effects obtained through use of a scooped bottom upstream
      of that location.
PAR  In a particularly preferred embodiment of this invention wherein a layer of
      glass is delivered along a substantially horizontal path onto a pool of
      molten metal, the scooped-out, central portion of the forming chamber
      bottom is preferably in the shape of a truncated paraboloid. Since the
      thermal conductivity of molten metal is much greater than that of glass
      and since the heat transfer from the delivered glass to the adjacent
      molten metal beneath it is directly proportional to the temperature
      difference between them and consequently directly proportional to the
      thermal gradients in the molten metal, the differing molten metal
      thickness serves to balance heat transfer rates across the width of the
      delivered layer of glass and to favor heat transfer from the glass in the
      central portion of the layer. Just as conductance is inversely
      proportional to the cross-sectional area of a conductor so, too, is the
      rate of heat transfer made to vary across the width of the pool of molten
      metal. This tends to stabilize the path of advance of the glass. As
      relatively more heat is removed from the central portion of the advancing
      glass, longitudinal tractive forces are more effectively transferred along
      the central portion of the glass. Since any occasional imbalance in
      transmitted force acts with less leverage on the layer of glass if it acts
      near the center of the glass than if it acts near a margin of the glass,
      any relative concentration of transmitted forces along the central portion
      of the glass, rather than along its marginal edges, tends to stabilize the
      path of advance of the glass.
PAR  This invention will be further understood with reference to the
      accompanying drawings and the detailed description of the illustrated
      embodiments which follows.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional elevation view of an apparatus for producing flat
      glass in accordance with this invention;
PAR  FIG. 2 is a sectional plan view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a partial sectional elevation view taken along section line 3--3
      of FIG. 2 showing a suitable steering device or cooler for use in an
      apparatus for carrying out this invention;
PAR  FIG. 4 is a partial sectional elevation view of an alternate steering
      device including a heater seen along a similar section line as FIG. 3;
PAR  FIG. 5, like FIGS. 3 and 4, is a partial sectional elevation view of a
      steering device, showing in greater detail a preferred construction of the
      device;
PAR  FIG. 6 is a partial sectional plan view of the steering device shown in
      FIG. 5 illustrating one controllable section of the device;
PAR  FIG. 7 is a partial sectional elevation view of the delivery facility and
      upstream end of the forming chamber shown in FIG. 1 illustrating the
      preferred forming chamber bottom;
PAR  FIG. 8 is a partial sectional plan view of the delivery facility and
      upstream end of the forming chamber seen in FIG. 7 and taken along section
      line 8--8 of FIG. 7; and
PAR  FIG. 9 is a partial sectional elevation of the bottom of the forming
      chamber taken along section line 9--9 of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2 there is shown a view of a suitable
      apparatus for carrying out the present invention. The glass-making
      apparatus comprises a furnace 11, delivery means 13 and a forming chamber
      15 and a glass removal facility 17. It will be understood that the lifting
      and conveying apparatus employed in the practice of this invention may be
      designed to cause the glass to be conveyed along either a horizontally
      extending path as shown or along an upwardly extending path.
PAR  The glassmaking furnace 11 includes a melting section (not shown) and a
      refiner or conditioner, the end of which is shown. The refining or
      conditioning section of the furnace 11 comprises a furnace bottom 19
      preferably with a raised section 10, side walls 21 and a front basin wall
      23. The furnace further comprises an upper front wall 25 which preferably
      is suspended or supported from above by a structural support 26 and a roof
      overlying the upper portion of the furnace.
PAR  The delivery means 13 includes a threshold 31 resting on a cooling block 33
      or other support. A cast refractory seal 35 or the like is disposed
      between the threshold 31 and the cooling block 33. Extending through the
      holes in the threshold are conduits or pipes 36 for transporting coolant
      or the like through the interior of the threshold 31 and for controlling
      its temperature during use. At the ends of the threshold 31 there are side
      wall portions or jambs 37 on the sides of the channel through which molten
      glass may be delivered from the pool of molten glass 27 residing in the
      bottom portion of the furnace 11. The top of the delivery means 13 is
      defined by a roof 39. The roof is preferably a flat arch which is
      supported by supporting means (not shown) extending above it and connected
      to flat arch supporters embedded in the flat arch itself. Extending
      transversely across the delivery means 13 are two gates or tweels. The
      first tweel is a backup tweel 41 connected to a support assembly (not
      shown) for raising or lowering it into engagement in the pool of molten
      glass 27. The second tweel is a control tweel 45 supported by support
      assembly (not shown) for raising and lowering the tweel. The tweel is held
      in operating position in contact with the molten glass to be delivered for
      forming. The control tweel 45, along with the threshold 31 and the jambs
      37, defines an opening through which a layer of molten glass may be
      delivered for forming.
PAR  The forming chamber 15 comprises a bottom casing 51. This casing is
      preferably a casing constructed of metal, such as steel. The casing is
      preferably impervious to the molten metal in the chamber. The forming
      chamber 15 further comprises a top casing 53 including a top, ends and
      side portions. The top casing is also preferably constructed of impervious
      metal. An end piece or lip casing 55 is disposed across the forming
      chamber at its downstream end and, connected to the bottom casing 51.
      Disposed within the bottom casing 51 is a refractory bottom 57, preferably
      a refractory bottom that has been cast in place inside the bottom casing
      51 between the inlet end bottom 35 and an exit lip 59 mounted or cast
      against the lip casing 55. Preferably embedded within the bottom
      refractory 57 are pipes such as shown in the copending application of
      Kunkle which is incorporated by reference herein. Coolant or other fluid
      may be directed through such pipes for controlling the temperature of the
      forming chamber 15 at discrete locations along its length. Particularly in
      a short forming chamber, dams or weirs are mounted in the refractory
      bottom 57, and these extend across its width. These dams are preferably
      vertically movable and are held down at their ends at each side of the
      forming chamber. They are preferably constructed of material that is less
      dense than the molten metal in the forming chamber so that their vertical
      position may be varied upwardly or downwardly by controlled adjustment of
      their holddown devices at their ends.
PAR  The forming chamber 15 further comprises refractory side walls 61. These,
      along with the bottom refractory 57, the threshold 31 and the exit lip 59,
      define a container for holding a pool of molten metal.
PAR  The upper portion of the chamber further includes a lintel 63 at its
      upstream end. This lintel 63 may be used as a means for supporting
      delivery means roof 39. Additionally the upper portion of the chamber
      includes a ceiling or roof 65 preferably constructed of refractory
      material suitable for radiating or absorbing heat uniformly over the area
      facing the glass beneath it during operation. Extending through the
      ceiling of the forming chamber are controllable heating elements 67 used
      to control the rate of heat removal from the glass during forming. These
      heating elements are connected to bus bars (not shown) which are
      connected, in turn, to a source of power (not shown). The upper portion of
      the forming chamber 15, preferably includes a top casing end wall that
      extends over the glass removal or withdrawal facility 17 at the downstream
      end of the forming chamber 15. Disposed within the bottom container
      portion of the forming chamber is a pool of molten metal 69, preferably
      molten tin or an alloy of tin.
PAR  At the downstream end of the forming chamber is the glass removal facility
      17 for withdrawing a continuous sheet of glass from the surface of the
      pool of molten metal 69 and for conveying a withdrawn sheet of glass from
      the forming chamber 15. The glass removal facility includes curtains 71 or
      other barriers or seals to segregate the headspace of the forming chamber
      from the outside environment. These are preferably flexible curtains of
      heat resistant cloth (e.g., asbestos) or the like. The glass removal
      facility further includes liftoff rolls 73 mounted in a position to lift
      and convey a glass sheet from the forming chamber. These rolls 73 are
      provided with seals 75, usually of graphite, to seal the bottom portion of
      the forming chamber from the outside environment.
PAR  When making flat glass using the apparatus described, a layer of molten
      glass 77 is delivered onto the molten metal 69 in the upstream end of the
      forming chamber. This glass is cooled and forces are imparted to the
      glass, for example, by the action of rolls 73. This causes the glass to
      advance along the surface of the pool of molten metal and to form a
      continuous sheet of glass that is dimensionally stable (that is, it
      assumes a stable thickness and width that is maintained as the glass is
      withdrawn from the forming chamber).
PAR  Extending into the forming chamber 15 near each side wall 61 is a steering
      device 81 comprising facilities for controlling or adjusting and
      maintaining particularly desired thermal conditions in the glass passing
      immediately beneath it. These devices 81 are conveniently termed "glass
      edge radiators" since their primary effect upon the marginal edge portions
      of glass passing beneath them is believed due to radiant heat transfer,
      although it is recognized that some convective heat transfer must also
      occur. The glass edge radiators are elongated along the intended path for
      glass advance through the forming chamber. Their long dimensions are
      preferably aligned with the chamber side walls when it is desired to
      maintain the width of the advancing glass relatively unchanged from
      delivery to withdrawal. Their long dimensions are preferably angled
      inwardly toward the center of the forming chamber with their downstream
      ends closer than their upstream ends when delivered glass is initially
      permitted to spread and the spread glass is then drawn down to a lesser
      width during forming. In any event, the radiators are aligned over the
      intended path for the marginal edges of an advancing layer of glass.
PAR  The radiators are preferably positioned a short distance downstream from
      the location of molten glass delivery to the forming chamber. When the
      delivered glass is initially permitted to spread, the radiators are
      preferably located just downstream of the location of maximum desired
      width of the advancing glass.
PAR  As may be seen in FIG. 2, the radiators 81 are supported over an advancing
      layer of glass in a forming chamber and are connected to conduits 83 which
      are preferably surrounded by thermal insulation 87 where they extend over
      exposed molten metal between the advancing glass and a chamber side wall
      61. The conduits 83 are connected to a source of coolant (not shown). The
      conduits 83 may be connected to separate chambers in the radiator 81 and
      coolant (such as water) may be independently fed through separate conduits
      to such separate chambers to obtain particularly desired control of the
      glass temperature, such as crossover differential thermal control
      described above for highly responsive steering of an advancing layer of
      glass.
PAR  Referring now to FIG. 3, there is seen in greater working detail a radiator
      according to this invention. The radiator 81 comprises an outer shell or
      enclosure 82 having an elongated slit for alignment with an intended path
      of advance for a marginal edge of an advancing layer of glass 77. Inside
      the shell 82 and connected to and in communication with the conduits 83 is
      a cooler 85. It is aligned with and faces the slit in the bottom of the
      shell 82. Surrounding the conduit 83 is a layer of thermal insulation 87
      to shield the conduit 83 from the outboard or exposed molten metal 69
      between the glass 77 and the side wall 61. The bottom, glass- and molten
      metal-facing surfaces 89 of the radiator shell are preferably highly
      reflective surfaces. A shell constructed of stainless steel can provide
      sufficiently reflective surfaces. The radiator 81 is spaced sufficiently
      from a furnace side wall so that a field of view 91 for the radiator
      cooler 85 through the slit in the shell 82 will generally intercept only
      the glass. Since the molten metal is much more reflective than molten
      glass with the glass having a much greater emissivity than the molten
      metal, radiant heat transfer is much more effective between the cooler 85
      and the glass 77 than between the cooler 85 and the metal 69. Since the
      radiator is intended to steer as well as stabilize glass movement, it is
      understood that the field of view 91 will, from time to time, embrace some
      exposed molten metal. The radiator 81 acts as an excellent radiator (being
      an approximation of a black body radiator) for receiving heat from the
      glass. It may be moved inwardly and outwardly to affect more or less of
      the glass as a method of controlling the rate of heat transfer, or it may
      be provided with remotely adjustable bottom surfaces 89' to adjust the
      slit width in the manner of adjusting an aperture of a camera. It is also
      practical and sufficient when stabilization of advancing glass in a steady
      state operation is desired to merely control the rate at which coolant is
      directed to the cooler 85 through the conduits 83.
PAR  For more sensitive temperature control of the glass and, thus, for more
      sensitive control of the path of advance of the glass, a radiator is
      provided with one or more controllable heaters. Such an embodiment of the
      invention is shown in FIG. 4. The radiator 81' is essentially the same as
      the radiator 81 shown in FIG. 3. It includes a shell 82', conduits 83'
      connected to a cooler 85' inside the shell 82' and thermal insulation 87'
      surrounding the conduits 83'. On the bottom face of the shell are mounted
      reflectors 93 with radiant heaters 95 mounted beneath them and facing the
      glass 77. The reflectors 93 are preferably focusing reflectors to direct
      the heat from the heaters 95 primarily toward the glass. The heaters 95
      preferably comprise individually controllable segments along the length of
      the radiator 81'. Each segment is small enough to respond quickly to
      changes in power input. The heaters 95 are connected to an external source
      of electrical power (not shown).
PAR  The preferred heater/cooler combination radiator is shown in greater detail
      in FIGS. 5 and 6. It includes, in addition to elements similar to those in
      the already described embodiments, a gas conduit 97 for directing a
      non-oxidizing, protective gas into the shell 82". Such a gas purges the
      interior of the shell 82" and the glass-facing surfaces 89" of the shell
      as it flows out into the forming chamber head space through the slit in
      the bottom of the shell. In the illustrated embodiment of this invention,
      the gas conduits coaxially surround the coolant conduits 83" providing an
      annular space between them for delivering the protective gas. The electric
      power cable 96, serving the heaters 95', is also placed in this annular
      space which is kept relatively cool due to the presence of the inner,
      coolant conduit. The outer, gas conduit is surrounded by thermal
      insulation 87". The portion of the gas conduit extending between the shell
      82" and the cooler 85" is provided with a plurality of orifices or
      apertures for distributing the protective gas into the space between the
      shell and the cooler. The space between the shell 82"  and the cooler 85"
      is preferably filled with a thermal insulation 99 that permits the free
      passage of gases through it. This thermal insulation 99 may be a mat or
      packed loose fibers of mineral wool or the like. Screens 101 are mounted
      in the shell to prevent the thermal insulation 99 from separating from the
      enclosed space. The screens 101 and the conduits may be thermally isolated
      from the shell 82" by providing thermally insulated gaskets between the
      shell and each of them, respectively. The cooler 85" is provided with
      baffles 103 for distributing coolant and improving the efficiency of the
      cooler. A shutter 90 is provided to adjust the size of the slit in cooler
      face 89" to adjust the cooling rate.
PAR  Referring now to FIGS. 7, 8 and 9, the details of the preferred bottom
      structure of a preferred forming chamber may be appreciated. The bottom
      seal portion 35 of the upstream end of a forming chamber is provided with
      a top portion 105 comprising a forming chamber entrance floor. This may be
      a separate refractory piece or may merely be the upper portion of the
      refractory bottom at that location.
PAR  The forming chamber entrance floor 105 generally slopes downwardly from its
      upstream end which is adjacent a threshold 31 in the preferred embodiment
      of this invention. This downward slope is apparent along the sides of the
      entrance floor 105 closest the side walls 61 of the forming chamber. In
      the central portion of the entrance floor 105 is a depression or
      scooped-out portion 107 providing for a greater depth of molten metal
      under the central portion of a delivered layer of glass 77 than under the
      marginal edge portions of a delivered layer of glass. In an apparatus
      wherein a layer of glass is delivered substantially horizontally onto the
      molten metal, the depression 107 in the entrance floor 105 preferably has
      the shape of a section of a paraboloid as shown in the drawings. Such a
      shape enhances development of a heat transfer pattern between delivered
      glass and the molten metal beneath it which preferentially cools the
      central portion of the glass and increases its viscosity relative to the
      viscosity of the glass in the marginal edge portions of the glass. This,
      in turn, provides a counteracting resistance to the otherwise favored
      velocity gradient in an advancing layer of molten glass.
PAR  When carrying out the method of glass manufacture using the described
      apparatus, a layer of molten glass (for example, soda-lime-silica glass)
      is delivered onto the surface of the molten metal in the forming chamber
      at a rate of about 40 tons per day (36 .times. 10.sup.3 kilograms per
      day). The average temperature of the delivered glass is about
      2050.degree.F. (1120.degree.C). The glass is delivered as a layer having a
      depth of one-half inch (1.27 cm) and a width of 6 feet (1.83 meter). The
      chamber has an entrance floor extending 6 feet (1.83 meter) from a
      threshold. A molten metal depth of one-half inch (1.27 cm) is provided at
      the upstream end of the entrance floor and a depth of 2.5 inches (7.6 cm)
      is provided at the downstream end of the entrance floor. This depth is
      maintained for 6 feet (1.87 meter) farther downstream in the chamber;
      thereafter the bottom provides for a metal depth of two inches (5.1 cm).
      The depression in the entrance section begins about 6 inches (15.3 cm)
      from the threshold; its width at the downstream end of the entrance floor
      is about 5 feet (1.52 meter); and it is approximately parabolic.
PAR  Radiators, each having a length of 6 feet (1.87 meter) and each having two
      separately controllable sections of equal length, are mounted in the
      chamber extending from about 6 feet (1.87 meter) to about 12 feet (3.64
      meters) downstream from the threshold. The radiators are of the design
      shown in FIGS. 5 and 6. The radiators are initially cooled to only a
      limited and equal extent simply to maintain them at a temperature to
      prevent warping.
PAR  The advancing glass is observed for an extended time and it remains in a
      path aligned along the center of the forming chamber. This is in contrast
      to the drift commonly experienced in operating forming chambers of the
      kind where glass is poured onto molten metal and allowed to spread before
      forming.
PAR  A rod is inserted into the forming chamber through the right side wall
      about 6 feet (1.87 meter) from the threshold, and the glass is pushed
      about 6 inches (15.3 cm) toward the left side wall. The glass is observed
      and in about 15 minutes the glass has almost returned to its original
      alignment; within 30 minutes its path appears to be in perfect alignment
      with the forming chamber. This realignment is accomplished without resort
      to use of the steering radiators.
PAR  The glass is again pushed out of alignment as before. The downstream
      section of the left radiator is operated at a lower temperature than its
      upstream section, while the downstream section of the right radiator is
      operated at a higher temperature than its upstream section. The average
      left and right temperatures of the radiators are maintained about the
      same, while the average upstream-to-downstream (or vice versa) temperature
      differences are about 20.degree.F. (11.1.degree.C). Within about 5 minutes
      the advancing glass appears to be perfectly aligned once again.
PAR  During the operation nitrogen is fed to the radiators although a mixture of
      nitrogen and hydrogen may be used.
PAR  Although this invention has been described with reference to particular
      embodiments of it which are illustrated here, those skilled in the art of
      glassmaking will appreciate that the specific embodiments described may be
      modified without departing from the spirit or scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for making flat glass wherein molten glass is delivered
      onto the surface of a pool of molten metal in an enclosed forming chamber
      having a bottom, an upstream inlet end, a downstream outlet end, and a
      roof and side walls extending from the upstream end to the downstream end
      of the chamber and providing an enclosed space between them and beneath
      the roof; advancing the glass along the surface of the pool of molten
      metal from the upstream end toward the downstream end of the chamber;
      cooling the advancing glass to form a dimensionally stable, continuous
      sheet of glass therefrom; and removing the continuous sheet of glass from
      the forming chamber, wherein the advancing glass has tendency to drift
      from a direct path of advance; the improvement comprising
PA1  selectively adjusting and maintaining the temperature of at least one
      marginal edge portion of the advancing glass to maintain the advancing
      glass in a preselected path by controlling the transfer of heat between
      the marginal edge portion of the glass and a radiant cooler, wherein such
      control is achieved by partially shielding the cooler from the glass by a
      heat reflective enclosure having an elongated aperture facing a marginal
      edge portion of the advancing glass and substantially aligned with its
      edge.
NUM  2.
PAR  2. The method according to claim 1 wherein the temperature of each marginal
      edge portion of the glass is adjusted and maintained at least at a
      location spaced downstream sufficiently from the upstream end of the
      chamber to provide for the development of an advancing layer of freely
      flowable glass of substantially uniform transverse thickness between the
      upstream end of the chamber and the location and sufficiently close to the
      upstream end of the chamber so that the affected glass has not yet reached
      dimensional stability.
NUM  3.
PAR  3. The method according to claim 2 wherein the width of the glass is
      decreased as it is formed and the temperature of each marginal edge
      portion of the glass is adjusted and maintained at least as the width of
      the advancing glass is decreasing.
NUM  4.
PAR  4. The method according to claim 2 wherein the temperature of each marginal
      edge portion of the glass is adjusted and maintained at least two
      locations respectively spaced a first distance and a second, greater
      distance downstream from the upstream end of the chamber, wherein the
      second location that is spaced a greater distance downstream from the
      upstream end of the chamber is sufficiently spaced therefrom to provide
      for the development of the advancing layer of freely flowable glass
      between the upstream end of the chamber and the second location of glass
      temperature adjustment and maintenance.
NUM  5.
PAR  5. The method according to claim 4 wherein the glass of one marginal edge
      portion is cooled more at its first location than at its second location
      while the glass of the other marginal edge portion is cooled more at its
      second location than at its first location.
NUM  6.
PAR  6. The method according to claim 1 wherein the marginal edge portions of
      the glass are supported by molten metal having lesser depth than that
      supporting the central portion of the glass as the glass is advanced from
      its location of delivery at the upstream end of the chamber to a location
      for said selective adjustment and maintenance of the temperature of each
      marginal edge portion of the advancing glass.
NUM  7.
PAR  7. The method according to claim 6 wherein the glass is delivered along a
      substantially horizontal path onto the pool of molten metal and wherein
      the depth of molten metal supporting the central portion of the glass has
      a depth that is maintained to vary with respect to distance from the
      upstream end of the chamber and with respect to distance from the
      centerline of the chamber extending from the upstream end of the chamber
      to the downstream end midway between its side walls.
NUM  8.
PAR  8. The method according to claim 7 wherein the depth of the molten metal
      beneath the central portion of the advancing glass substantially
      immediately following its delivery is such that the molten metal in that
      central portion is maintained as a truncated paraboloid having its
      truncated section as a plane substantially parallel to the glass
      supporting surface of the molten metal and its apex facing the upstream
      end of the forming chamber.
NUM  9.
PAR  9. In an apparatus for making flat glass comprising a forming chamber;
      means for delivering a layer of molten glass to the forming chamber; and
      means for removing a formed continuous sheet of flat glass from the
      forming chamber; wherein the forming chamber includes a bottom, an
      upstream end adjacent the molten glass delivery means, a downstream end
      adjacent the glass sheet removal means, side walls extending from the
      upstream end to the downstream end and upwardly from the bottom and a roof
      extending between the side walls and between the upstream and downstream
      ends providing an enclosed space, the enclosed space containing a pool of
      molten metal on the bottom for receiving and supporting glass delivered
      thereto and a headspace overlying the pool of molten metal; means for
      advancing glass along the surface of the pool of molten metal; and means
      for cooling the glass during its advance for forming it into a continuous
      sheet; the improvement comprising
PA1  a pair of radiators disposed in the headspace of the chamber, one radiator
      spaced inwardly from each side wall to overlie a marginal edge portion of
      an advancing layer of glass, each being individually controllable for
      separately adjusting and maintaining the temperature of the marginal edge
      portion of the glass it overlies, said radiators being spaced sufficiently
      from the upstream end of the chamber to provide for the development of an
      advancing layer of glass between them and the upstream end of the chamber
      and spaced sufficiently close to the upstream end of the chamber for
      overlying the glass before it is cooled sufficiently to reach dimensional
      stability, wherein each of said radiators comprises a cooler within an
      enclosure having a surface providing an aperture for facing a marginal
      edge portion of an advancing layer of glass.
NUM  10.
PAR  10. The apparatus according to claim 9 wherein each of said radiators is
      elongated having a long dimension defining its length and a short
      dimension defining its width and each is disposed within the chamber so
      that its long dimension lies in a line extending from the upstream end to
      the downstream end of the chamber.
NUM  11.
PAR  11. The apparatus according to claim 10 wherein each of said radiators is
      disposed within the chamber so that its long dimension is substantially
      aligned with a centerline joining the upstream and downstream ends of the
      chamber at their mid-points.
NUM  12.
PAR  12. The apparatus according to claim 9 wherein each of said enclosures has
      a surface providing an elongated aperture having a long dimension and a
      short dimension and wherein said radiator is disposed within the chamber
      so that the aperture faces a marginal edge portion of an advancing layer
      of glass with its long dimension substantially aligned with an intended
      path of advance for the edge of the advancing layer of glass.
NUM  13.
PAR  13. The apparatus according to claim 12 wherein the surface providing the
      aperture is a heat reflecting surface.
NUM  14.
PAR  14. The apparatus according to claim 9 wherein each of said radiators
      further comprises a heater mounted thereon for facing a marginal edge
      portion of an advancing layer of glass.
NUM  15.
PAR  15. The apparatus according to claim 14 wherein said heater is an electric
      heater.
NUM  16.
PAR  16. The apparatus according to claim 9 wherein each of said radiators
      comprises a plurality of individually controllable sections along its
      length.
NUM  17.
PAR  17. The apparatus according to claim 9 wherein each of said radiators
      further comprises means for directing a gas through its enclosure.
NUM  18.
PAR  18. The apparatus according to claim 9 wherein each of said radiators
      further includes thermal insulation at least partially surrounding said
      cooler separating it from its enclosure.
NUM  19.
PAR  19. The apparatus according to claim 9 wherein the bottom of the chamber in
      a region adjacent the upstream end of the chamber provides for a greater
      depth of molten metal in a central portion of the chamber than along the
      bottom adjacent the side walls of the chamber.
NUM  20.
PAR  20. The apparatus according to claim 19 wherein the region of the bottom of
      the chamber providing for a greater depth of molten metal in the central
      portion of the chamber at least partially underlies said radiators.
NUM  21.
PAR  21. A radiator for use in a glass forming chamber, wherein glass is
      supported on and advanced along a pool of molten metal for forming the
      glass into a continuous sheet of flat glass, comprising
PA1  a. a shell including a face with a glass facing surface having an elongated
      opening therein;
PA1  b. a cooler disposed within said shell and facing the opening of the glass
      facing face thereof and providing a space between said cooler and said
      shell;
PA1  c. coolant conduits connected to said cooler through said shell; and
PA1  d. means for supporting said shell and said cooler in a glass forming
      chamber over a marginal edge portion of advancing glass contained therein
      and for aligning the elongated opening substantially along a desired path
      of advance for the marginal edge portion of the glass.
NUM  22.
PAR  22. The radiator according to claim 21 wherein the glass facing surface of
      said shell is a heat reflecting surface.
NUM  23.
PAR  23. The radiator according to claim 21 wherein said coolant conduits are
      thermally insulated adjacent said shell.
NUM  24.
PAR  24. The radiator according to claim 21 wherein thermal insulation is
      disposed in at least a portion of the space between said cooler and said
      shell.
NUM  25.
PAR  25. The radiation according to claim 21 further comprising a heater mounted
      on said shell for facing advancing glass in a glass forming chamber.
NUM  26.
PAR  26. The radiator according to claim 21 further comprising means for
      directing a protective gas into the space between said cooler and said
      shell.
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ABST
PAL  Glass advancing along the surface of a pool of molten metal and being
      formed into a continuous sheet of flat glass is controllably cooled by
      advancing over successive molten metal containing compartments partially
      separated from one another by barriers and each provided with individually
      controllable cooling facilities.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 483,508,
      entitled "Manufacture of Glass" filed June 27, 1974 by Gerald E. Kunkle.
      The complete disclosure of that application is incorporated by reference
      herein and priority as to all commonly disclosed subject matter is
      asserted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention: This invention relates to a method for the
      manufacture of a continuous sheet of flat glass by supporting molten glass
      on a pool of molten metal while forming and cooling glass. More
      particularly, this invention relates to a method for controllably cooling
      the glass as it advances along the molten metal during forming.
PAR  Description of the Prior Art: Molten glass may be delivered onto molten
      metal and formed into a continuous sheet or ribbon of glass according to
      the teachings of Heal, U.S. Pat. No. 710,357 or of Hitchcock, U.S. Pat.
      No. 789,911 or according to the patents of Pilkington, U.S. Pat. No.
      3,083,551 and U.S. Pat. No. 3,220,816. These patents describe processes in
      which molten glass delivery techniques vary. In one practice disclosed by
      Pilkington, molten glass is delivered through a long, narrow canal and
      over a lip from which the molten glass falls onto molten metal and spreads
      laterally outwardly on the molten metal for forming.
PAR  In the methods of Heal and Hitchcock, molten glass is delivered over a
      refractory bridge or wall onto molten metal. In the method of Heal the
      glass flows downwardly from a supporting bridge onto the surface of a pool
      of molten metal. In the method of Hitchcock, the molten glass is delivered
      substantially horizontally through an opening in a wall onto the surface
      of a pool of molten metal which is maintained at substantially the same
      elevation as the bottom of the opening in the wall over which the molten
      glass is delivered.
PAR  Following delivery of molten glass onto molten metal in the processes
      described above, the glass is advanced along the surface of the pool of
      molten metal as a layer and is cooled to form a dimensionally stable,
      continuous sheet or ribbon of glass. This is so in all of the described
      methods. In the methods of Hitchcock and Heal, the continuous sheet of
      glass is removed horizontally from the pool of molten metal and is
      thereafter conveyed away from the apparatus which is formed. In the
      process described by Hitchcock, an annealing chamber is provided so that
      the glass may be annealed while supported on a shallow segmented pool of
      molten metal. In the processes of Pilkington, the glass is removed from
      the pool of molten metal by lifting it slightly and supporting it on rolls
      to convey it away from the apparatus containing the pool of molten metal
      on which the glass is formed.
PAR  In the patent to Hitchcock there is shown a plurality of barriers for
      segregating the bottom of a forming chamber into a series of compartments
      for containing different metal alloys having different melting points. The
      compartments are provided with heating elements submerged in the molten
      metal for controlling the temperature of the molten metal in each
      compartment and maintaining it in a molten state. Barriers are also
      illustrated in U.S. Pat. No. 3,241,939 to Michalek and in U.S. Pat. No.
      3,485,617 to Lawrenson. These barriers are disclosed as being useful to
      retard the flow of molten metal along or counter to the direction of glass
      advance on the surface of a pool of molten metal that is presumably of
      like composition throughout. Temperature regulators are illustrated in the
      bottom of the chamber disclosed by Michalek and in the molten metal in the
      chamber disclosed by Lawrenson.
PAR  In the practice of this invention, as in known forming methods, a
      continuous sheet of flat glass is produced by a method including the
      following steps: molten glass is delivered onto the surface of a pool of
      molten metal maintained within a forming chamber. The molten metal is
      preferably tin, an alloy of tin or some other metal having a specific
      gravity greater than glass, having a melting point lower than the glass to
      be formed, and being substantially non-reactive with the glass at its
      melting temperature. The molten glass is advanced along the surface of the
      pool of molten metal and is cooled during such advance to form a
      dimensionally stable, continuous sheet of glass.
PAR  Forces are applied to the glass while it is advanced along the surface of
      the pool of molten metal. There are forces applied to the glass which are
      aligned substantially along its path and which cause it to be advanced in
      that path and to be attenuated or thinned during its advance. These
      forces, characterized as longitudinal tractive forces, may be applied to
      the glass at any location along its path. They are preferably applied to
      the glass at locations well along its path of advance and are transferred
      to the hotter, more fluid, glass primarily by the surface tension of the
      glass.
PAR  After the glass has been cooled sufficiently to become dimensionally stable
      (that is, it has reached its final width and thickness) it is advanced
      farther along the surface of the molten metal a short distance and then is
      lifted from the surface of the pool of molten metal. It may be lifted and
      conveyed upwardly, slightly upwardly then horizontally, or horizontally
      from the pool of molten metal by applying a tractive force to the sheet of
      glass. Such a tractive force is preferably applied at a location
      sufficiently remote from the pool of molten metal so that the means
      employed to apply such a force to the glass does not impart a permanent
      marking or imprint to the surface of the glass. In the practice of this
      invention, this force may be effectively transferred along the glass
      through the location of glass removal or lifting and to hotter, more
      fluid, glass in the upstream region of the forming chamber so as to cause
      attenuation of the glass. In a preferred embodiment the glass is conveyed
      upwardly along a path that forms an angle of at least about 60.degree.
      with the horizontal surface of the pool of molten metal upon which the
      molten glass has been formed into a continuous sheet. More preferably, the
      glass is lifted and conveyed upwardly along a substantially vertical path
      that is from 80.degree. to 100.degree. from the horizontal path of the
      advancing glass prior to lifting.
PAR  In the practice of this invention, it is preferred that a layer of molten
      glass be delivered along a substantially horizontal path onto the pool of
      molten metal with the upper surface of the pool of molten metal upon which
      the glass is supported and maintained at substantially the same elevation
      as such delivery. Nevertheless, this invention may be successfully
      practiced to improve methods wherein glass is delivered for forming by
      pouring as in U.S. Pat. No. 3,220,816 or by delivering a preformed ribbon
      as in U.S. Pat. No. 3,083,551.
PAC  SUMMARY OF THE INVENTION
PAR  During the advance of the glass along the surface of the pool of molten
      metal, the temperature of the glass is adjusted and maintained at a
      plurality of discrete locations along its path. Preferably, the glass is
      continuously and monotonically cooled during its advance. Such cooling is
      characterized by the fact that the temperature of the glass at each of the
      discrete locations at which its temperature is adjusted and maintained is
      less than the temperature of the glass at the next previous discrete
      location and greater than the temperature of the glass at the next
      succeeding discrete location. In other words, as the glass moves from an
      upstream location to a downstream location through the forming chamber on
      the surface of the molten metal, its temperature continues to decline, and
      the glass is not subjected to reheat as in many conventional float
      processes. As a practical matter, it is difficult to measure the
      temperature of the glass at adjacent locations closer together than about
      six inches. Therefore, the glass will be detected to be undergoing
      monotonic cooling if the temperature of the glass measured and successive
      locations that are 6 inches apart and the measured temperatures indicate a
      continuing decline of temperature without any intervening measured
      temperature being greater than a preceding measured temperature. The glass
      temperature may be easily measured using a conventional pyrometer such as
      a Radiamatic.sup. TM pyrometer sold by Honeywell Co., Washington Park,
      Pennsylvania.
PAR  The temperature of the glass is adjusted and maintained at discrete
      locations by advancing it over molten metal (preferably tin or an alloy of
      tin) in separate compartments partially segregrated from one another by
      barriers submerged in the pool of molten metal. The separate compartments
      of molten metal communicate with one another just below the advancing
      glass as the upper surface of each barrier is spaced from the upper
      surface of the pool of molten metal. Each compartment of molten metal for
      providing temperature control has a cooler in thermal communication with
      it. The coolers are preferably embedded in the bottom of the forming
      chamber between adjacent barriers although they may be submerged in the
      molten metal itself. If submerged in the molten metal the coolers are
      preferably closer to the bottom of the compartment than to the upper
      surface of the pool of molten metal.
PAR  During operation, heat is transferred from glass advancing over a
      compartment to the molten metal in the compartment and by conduction and
      convection through the molten metal and to the cooler associated with the
      compartment. In this way the rate of heat transfer from the glass is
      controlled and gentle.
PAR  In order to establish a desirable pattern of convection within the molten
      metal of a compartment it is preferred that the cooler associated with the
      compartment provide for substantial cooling in the upstream portion of the
      compartment which is the portion of the compartment over which advancing
      glass first passes. Thus, in a preferred embodiment of this invention a
      cooler is placed transversely across the width of a compartment midway
      between the adjacent barriers defining the compartment. In other preferred
      embodiments of the invention a cooler is placed between the upstream
      barrier and such a midway location. In these embodiments of the invention
      a circulating convective flow of molten metal is established which is
      counter to the glass advance near the surface of the pool of molten metal
      and in the direction of glass advance near the bottom of the compartment.
      The glass that has advanced farther encounters cooler molten metal and, as
      the glass and molten metal pass one another, the metal warms and,
      therefore, cools less drastically the glass that has advanced less. Were
      the convective metal flow cocurrent with the glass advance the glass would
      be cooled more drastically immediately after passing over the upstream
      portion of the compartment.
PAR  In the production of some thicknesses of glass at high speeds and short
      residence times it may be desirable to position coolers in the downstream
      portions of metal compartments. This may be done to increase cooling
      sufficiently to quickly cool the glass in a short time without regard to
      the rate of heat transfer at different locations within a particular
      compartment.
PAR  In the practice of this invention, it is desirable to adjust or control the
      temperature of the glass so that its viscosity will be within the range
      from about 10.sup.5 to 10.sup.12.5 poises at the time of lifting or
      removal from the pool of molten metal in the forming chamber. It is
      further desirable when the glass is lifted upwardly to adjust and maintain
      the temperature of the glass during its upward conveyance so that its
      temperature will be decreased sufficiently to cause its viscosity to be
      greater than about 10.sup.13 poises by uniformly cooling the glass at one
      rate of cooling and thereafter, while maintaining the glass in planar
      alignment, cooling it at a relatively more rapid rate while continuing to
      convey the glass upwardly, and then maintaining the glass in substantially
      planar alignment while cooling it relatively more slowly until its
      viscosity is greater than about 10.sup.14.5 poises. During the cooling of
      the glass as it is conveyed from the pool of molten metal, it is desirable
      to cool it sufficiently so that its viscosity is greater than about
      10.sup.13 poises before the central portion of the sheet of glass is
      contacted by any solid object, particularly any object that contacts it
      with sufficient pressure to apply upward force to it. The glass,
      nevertheless, may be contacted at its edges by rolls substantially at or
      immediately above the location where it is lifted or removed from the
      surface of the pool of molten metal.
PAR  When the glass is lifted slightly and then supported and conveyed
      horizontally it is desired to cool the glass to have a viscosity of at
      least about 10.sup.13.5 poises prior to lifting it. When the present
      method is employed to produce glass having a thickness substantially less
      than the thickness which would be obtained by the glass at equilibrium
      with the molten metal when it is supported by the molten metal, it is
      desirable to apply transverse, outwardly aligned forces to the glass
      substantially immediately following its delivery as it is being advanced
      and cooled. Such forces are effective to laterally or transversely
      attenuate or thin the glass. This may be, and preferably is, accomplished
      in a manner such that the width of the layer, and ultimately the sheet of
      glass, being advanced along the surface of the pool of molten metal is
      maintained substantially constant and equal to the width of the layer
      delivered onto the surface of the pool of metal. The outward transverse
      forces may be applied in a manner such that the width of the formed sheet
      of glass advancing along the surfaces of the molten metal prior to lifting
      is greater than or less than the layer of molten glass delivered to the
      surface of the molten metal.
PAR  The present method has been found to be particularly suitable for producing
      thin, flat glass of soda-lime-silica composition. When producing such
      glass, the molten metal employed in the forming chamber consists
      essentially of tin and there is provided within the forming chamber a
      protective atmosphere containing an inert gas such as nitrogen and an
      oxygen scavenger such as hydrogen. Other protective atmospheres are
      contemplated; for example, carbon monoxide or hydrocarbon mixtures may be
      employed.
PAR  Forming chambers suitable for producing soda-lime-silica glasses may be
      quite short. By providing means for delivering molten glass onto molten
      metal along a substantially horizontal path, it is possible to
      successfully construct and operate a forming chamber on the order of 10
      feet long and 10 feet wide. Such a forming chamber may be conveniently
      constructed in place of a conventional Pittsburgh or Fourcault drawing
      kiln so that a Pittsburgh or Fourcault drawing machine may be employed as
      a conveyor for the glass. Thus, suitable apparatus for forming glass
      according to this method may be easily and cheaply constructed to replace
      a drawing kiln of a sheet glass furnace in an existing factory. It is
      possible to take advantage of the presence of an existing glassmaking
      furnace, existing drawing machines, existing cutting equipment and an
      existing wareroom by converting a sheet glass factory to one employing
      this process.
PAR  In order to make a full range of flat glass products, it has been found
      desirable to construct a glassmaking facility having several forming
      chambers connected to a common furnace. The present process may be carried
      out successfully using a forming chamber connected to the refiner of an
      existing sheet glass furnace to which there are connected one or more
      sheet drawing kilns such as Pittsburgh drawing kilns. The present process
      is a sufficiently broad range of acceptable temperatures for delivering
      molten glass for forming so that sheet drawing kilns connected to the same
      refiner as the present forming chamber may be operated in the conventional
      manner with the molten glass in the refiner having its temperatures and
      flows controlled to satisfy the more sensitive and less stable sheet
      drawing processes being carried out from the drawing kilns. It is more
      preferred, however, to employ a glassmaking facility having no sheet
      drawing kilns attached to the furnace but, rather, having several forming
      chambers of the present vertical or horizontal lift-off kind attached to
      it.
PAR  The forming chambers that are connected to the sides of a furnace. as well
      as any connected at an end wall, are preferably employed in conjunction
      with an apparatus for enhancing or accelerating glass flow into the
      forming chambers in the manner of the process described and claimed in
      application Ser. No. 338,497, now U.S. Pat. No. 3,843,346. Preferably, a
      submerged cooler extends across the opening into the forming chamber. The
      cooler is inserted in the pool of molten glass in the refiner of the
      furnace and beneath the elevation of the molten glass delivery means. Such
      coolers are particularly beneficial in converted sheet glass furnaces
      having relatively deep refiners and are most useful in furnaces serving
      sheet glass kilns in addition to one or more of the present forming
      chambers.
PAR  In a forming chamber constructed according to the principles of this
      invention the barriers may be graphite or other carbon material which is
      less dense than molten tin which is the common and preferred molten metal
      for supporting glass during forming. The barriers may, alternatively, be
      refractory material or a nonreactive metal such as tungsten or
      molybdenumtungsten alloy or the like. The bottom of the forming chamber is
      preferably a refractory having a relatively high thermal conductivity that
      is substantially uniform throughout. The cooling conduits used in
      conjunction with the molten metal compartments are pipes, such as iron,
      steel or stainless steel pipes, preferably the latter. Water, steam, air,
      nonoxidizing gases or commercial, high heat capacity, organic coolants may
      be employed. It is beneficial for the establishment of different heat
      transfer patterns in different compartments or different portions of a
      single compartment to use two or more coolants having different heat
      capacities in separate conduits and to vary their flows in a controlled
      manner to achieve any desired heat transfer pattern.
PAR  The cooling of the advancing glass through the molten metal by heat
      transfer to coolant passing through the conduits may be supplemented by
      general cooling of the exterior of the bottom of the forming chamber. This
      may be accomplished by natural or forced convection utilizing ambient air
      around and beneath the forming chamber or utilizing pressurized air
      supplied to blowers or nozzles located beneath the forming chamber.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional elevation of a suitable apparatus for practicing this
      invention;
PAR  FIG. 2 is a partial sectional plan of an apparatus for practicing this
      invention; and
PAR  FIGS. 3 and 4 are partial sectional elevations of portions of a forming
      chamber illustrating in detail the relationship between barriers and
      coolers employed in combination to practice this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, there are shown two views of suitable
      apparatus for carrying out the present invention. The glassmaking
      apparatus shown in FIGS. 1 and 2 comprises a furnace 11, delivery means 13
      and a forming chamber 15 and a vertical conveyor 17 which may be, and
      preferably is, included in an annealing lehr.
PAR  The glassmaking furnace 11 which is shown in FIGS. 1 and 2 includes a
      melting section (not shown) and a refiner, the end of which is shown. The
      refiner or conditioning section of the furnace 11 comprises a furnace
      bottom 19, side walls 21 and a front basin wall 23. The front basin wall
      23 is maintained in position by structural members 24. The furnace further
      comprises an upper front wall 25, which is preferably suspended or
      supported from above, and a roof overlying the upper portion of the
      furnace, the roof not being shown.
PAR  The delivery means 13 includes a threshold 31 resting on a cooling block 33
      or other support which is supported by structural member 34. A cast
      refractory seal 35 or the like is disposed between the threshold 31 and
      the cooling box 33. Extending through holes in the threshold 31 are
      conduits or pipes 36 for transporting coolant or the like through the
      interior of the threshold 31 and for controlling its temperature during
      use. At the ends of the threshold 31 there are side wall portions or jambs
      37 which define the sides of a channel through which molten glass may be
      delivered from the pool of molten glass 27 residing in the bottom portion
      of the furnace 11. The top of the delivery means 13 is defined by a roof
      39, generally of flat arch construction, which is supported by supporting
      means (not shown) extending above it and connected to flat arch holders 40
      embedded in the flat arch itself. Extending transversely across the
      delivery means 13 are two gates or tweels. The first is a backup tweel 41
      connected to a support assembly 43 (not fully shown) for raising and
      lowering it into engagement with the molten glass in the pool of molten
      glass 27. The second tweel is a control tweel 45 supported by a support
      assembly 47 (not fully shown) for raising and lowering the tweel. The
      tweel is held in operating position in contact with the molten glass to be
      delivered for forming. The control tweel 45, along with the threshold 31
      and the jambs 37, defines an opening through which a layer of molten glass
      49 may be delivered for forming.
PAR  The forming chamber 15 comprises a bottom casing 51 supported on support 52
      in addition to support 34. This casing is preferably a casing constructed
      of metal, such as steel. The casing is preferably impervious to the molten
      metal in the chamber. The forming chamber 15 further comprises a top
      casing 53 and an end casing 55. Both of these casing members are also
      preferably constructed of impervious metal. Disposed within the bottom
      casing 51 is a refractory bottom 57, preferably a refractory bottom that
      has been cast in place inside the bottom casing 51. Preferably embedded
      within the bottom refractory 57 are pipes 59 through which coolant or
      other fluid may be directed for controlling the temperature of the forming
      chamber 15 at discrete locations along its length.
PAR  Also extending transversely across the forming chamber 15 are barriers 61
      mounted in the refractory bottom 57 and extending across its width. These
      barriers may be characterized as dams and they are preferably inserted in
      slots and are held down at their ends at each side of the forming chamber.
      They are preferably constructed of a material that is less dense than the
      molten metal in the forming chamber so that their vertical position may be
      varied upwardly or downwardly by controlled adjustment of their holddown
      devices at their ends.
PAR  The forming chamber 15 further comprises refractory side walls 63 and a
      refractory exit lip 65. These, along with the bottom refractory 57 and the
      threshold 21, define a container in which a pool of molten metal 66,
      preferably molten tin or an alloy of tin, is disposed. At the downstream
      end of the forming chamber there are provided extensions 67 of the bottom
      container portion of the forming chamber which serve as cavities into
      which dross floating on the surface of the molten metal 66 may be drawn
      for removal from the forming chamber. The upper portion of the forming
      chamber includes an end wall liner 69, preferably constructed of
      refractory material. This liner 69 and the end casing 55 to which it is
      connected may include a suitable opening 70 through which a continuous
      sheet of glass may be withdrawn from the forming chamber along a
      substantially horizontal path in the event that such horizontal removal is
      desired. The upper portion of the chamber further includes a lintel 71 at
      its upstream or inlet end. This lintel 71 may be used as a means for
      supporting the delivery means roof 39. Additionally, the upper portion of
      the chamber includes a ceiling or roof 73 preferably of refractory
      material which is suitable for radiating and absorbing heat uniformly over
      the area facing the glass beneath it during operation. Extending through
      the ceiling of the forming chamber are controllable heating elements 75
      used to control the rate of heat removal from the glass during forming.
      These heating elements 75 are connected to bus bars 77 which are connected
      in turn to a source of power (not shown). The upper portion of the forming
      chamber 15 preferably includes a top casing end wall 79 which provides a
      space between the upper portion of the forming chamber 15 and the upstream
      or furnace side of the conveyor mechanism 17. During operation a
      protective gas is directed into the forming chamber and conveyor
      enclosure. This prevents oxidation of the tin.
PAR  Advancing along the surface of the pool of molten tin 66 is a continuous
      sheet of glass 81 formed from the layer of molten glass 49 delivered onto
      the pool of molten tin for forming. The glass is preferably formed and
      delivered in the manner described in copending application Ser. No.
      338,497 filed Mar. 6, 1973 now U.S. Pat. No. 3,843,346, however, the glass
      may be delivered and formed in any convenient manner, such as for example,
      the manner described in U.S. Pat. Nos. 3,083,551 and 3,220,816.
PAR  Extending into the forming chamber through its side walls are edge
      contacting devices 83 for applying outward tractive forces to the layer of
      glass 49 during its advance along the surface of the pool of molten metal
      for forming. These devices 83 are preferably driven wheels disposed and
      driven in such manner as to supply opposing outward forces to the glass to
      maintain its width during attenuation and to cause it to be attenuated to
      thicknesses less than that which would be attained by the glass if allowed
      to remain on the surface of the molten metal for sufficient time to come
      to equilibrium with it.
PAR  The vertical conveyor 17 comprises a machine casing 91 and thermally
      insulated machine walls 93. The machine walls 93 are preferably
      constructed of refractory material. Within the veritcal conveyor there is
      a series of supporting rolls 95 for engaging a continuous sheet of glass
      81 and for conveying it upwardly through the conveyor. These machine rolls
      are operated in a coordinated manner. They are used to apply sufficient
      tractive force to the glass to convey it upwardly and to transmit tractive
      forces along the glass downwardly and about the curved glass to the
      hotter, more fluid glass within the advancing layer of glass on the
      surface of the pool of molten metal in the forming chamber. Disposed
      across the internal space within the conveyor casing at several intervals
      along its length are machine seals 97 for retarding the flow of gases
      either upwardly or downwardly through the enclosed space surrounding the
      rolls 95. Extending through the walls of the enclosed conveyor are
      openings 99 through which cullet may be directed in the event the
      continuous sheet of glass is chipped or broken in an upper portion of the
      conveyor. A space is provided between the top casing of the forming
      chamber and the wall of the vertical conveyor for accommodating cullet
      removal. This space is characterized as a cullet chamber 101.
PAR  In a preferred embodiment of this invention, coolers 103 are disposed
      across the bottom of the vertical conveyor to control the removal of heat
      from a continuous sheet of glass 81 as it is conveyed upwardly from the
      surface of the pool of molten metal in the forming chamber.
PAR  With an understanding of a suitable apparatus for use in practicing this
      invention, the method of making glass according to this invention may be
      readily appreciated. The following embodiment of this invention
      exemplifies it:
PAR  Raw batch materials are blended and fed along with cullet to the melter of
      a glassmaking furnace. These materials are melted to form a pool of molten
      glass, filling the lower portion of both the melter and refiner of the
      furnace. Molten glass flows from the melter to the refiner and, by control
      of temperatures within the pool of molten glass, convective flows also
      occur within the pool. As the molten glass passes through the refiner, it
      is gradually cooled and refined.
PAR  Molten glass is then delivered from the pool of molten glass 27, in the
      refiner 11 over the threshold 31 and onto the surface of the pool of
      molten metal 66 in the forming chamber 15. There, the delivered layer 49
      of molten glass is advanced from the vicinity of the threshold 31 toward
      the location for lifting a sheet of glass 81 from the pool of molten
      metal. As the glass is advanced, it is gradually cooled and outward forces
      are applied to it by the rotation of the angled edge wheels 83.
PAR  Water is directed through the pipes 59 embedded in the bottom 57 of the
      forming chamber 15 and the dams 61 are positioned so that their upper
      surfaces are in close proximity to the surface of the pool of molten
      metal. In this way the glass is uniformly cooled as it advances over the
      spaces between adjacent dams. Sufficient cooling is provided between
      adjacent dams to provide a circulating convective flow of tin in the
      compartment between the adjacent dams. By adjusting the rate of cooling
      the temperature of the glass smoothly declines as it passes over each dam.
PAR  The heating elements 75 in the ceiling 73 of the forming chamber form a
      matrix having at least three separately controllable heater zones across
      the width of the chamber. They are separately controlled to cause the
      central portion of the advancing layer of glass to cool at least as
      rapidly as the marginal portions of the advancing layer of glass.
PAR  The glass is steadily and monotonically cooled as it advances along the
      surface of the pool of molten metal. Shortly after the glass has passed
      from beneath the final pair of edge wheels, it has assumed its ultimate
      width and thickness and is sufficiently cooled as to lack susceptibility
      to further stretching or attenuation. The glass is then a dimensionally
      stable, continuous sheet 81 of glass.
PAR  As the dimensionally stable, continuous sheet 81 of glass is advanced along
      the surface of the pool of molten metal 66, it is further cooled, and
      desirably its temperatures at all locations through its thickness and
      across its width are caused to approach a common temperature by
      controllably cooling the glass from both above using cooler 64 and from
      below using the embedded coolers 59 in the vicinity of glass lift-off. In
      this way the glass will be substantially free of stress as it approaches
      the location at which it is to be lifted from the pool of molten metal.
      Desirably, the glass is cooled to a temperature such that its viscosity
      will be between 10.sup.5 to 10.sup.10 poises for lifting.
PAR  The dimensionally stable, continuous sheet of glass is then lifted upwardly
      from the surface of the molten metal and is conveyed upwardly a
      substantial distance before engaging a pair of conveying rolls which
      support and convey it. During this upward conveyance the sheet of glass
      passes between coolers 103 and is cooled sufficiently to prevent it from
      being marked when contacted by the rolls. The cooling of the glass is
      monotonic and gradual to cause the temporary stresses induced in the glass
      by bending as it is lifted to be fully relaxed before the glass is cooled
      to its annealing point. The glass is conveyed upwardly while being
      maintained in planar alignment during cooling. That is, the glass is kept
      flat during cooling. Alternatively, the continuous sheet of glass may be
      lifted slightly and conveyed horizontally from the forming chamber.
PAR  After the glass is cooled to its annealing point, it is cooled relatively
      more rapidly than previously and cooling is then continued at that
      relatively rapid rate or at a lesser rate until the glass temperature
      falls below its strain point.
PAR  As the glass sheet is conveyed upwardly, it passes closely between several
      seals 97 extending from the conveyor walls 91 into close proximity to the
      sheet of glass. These seal members retard the ingress of ambient,
      oxygen-containing air into the forming chamber 15, particularly near the
      edges of the sheet where downdrafts are likely.
PAR  Referring now to FIGS. 3 and 4, details of the present thermal control
      scheme may be appreciated. In each illustration a portion of a forming
      chamber is shown with two adjacent compartments of molten metal 66 defined
      by three successive barriers or dams 61 extending upwardly from the
      chamber bottom 57. Embedded within the chamber bottom are cooling
      facilities 59 which comprise conduits or pipes in the illustrated
      embodiments. A layer or sheet of glass 81 is seen advancing from left to
      right in each illustration. The direction of glass advance defines the
      left side of each illustration as the upstream end of the apparatus and
      process and the right side of each illustration as the downstream end of
      the apparatus and process.
PAR  The right or downstream compartment in FIG. 3 has a cooler associated with
      it that is located about midway between the barriers defining the
      compartment. The convection currents in the molten tin in the compartment
      are represented by the streamlines illustrated by the arrows. A general
      circulation of tin in a convection cell about the outer perimeter of the
      compartment is established by the transfer of heat from the glass to the
      tin. A hot spot extending through the depth of the molten tin in the
      upstream end of the compartment develops because the hottest glass
      advancing over the compartment first encounters that portion of tin. The
      tin rises, flows along with the advancing glass and descends to flow along
      the bottom of the compartment back to its upstream end. Meanwhile, a cold
      spot associated with the cooler 59 develops causing a localized downflow
      of tin near the center of the compartment. Thus, two interior convection
      cells develop, the downstream cell being slightly smaller than the
      upstream cell due to momentum and heat transfer between them and the
      perimeter cell. A series of compartments operated like this downstream
      compartment are useful to control the removal of heat from an advancing
      layer or sheet of glass. Nevertheless, more refined thermal control is
      possible.
PAR  The left or upstream compartment in FIG. 3 has a cooler associated with it
      that is upstream of the midpoint between the adjacent barriers defining
      the compartment. The effect of locating the cooler in this position is to
      permit the alteration of the relative sizes of the interior convection
      cells as shown by the streamlines. This retards the concurrent flow of tin
      adjacent the advancing glass and enhances the transfer of heat between the
      glass and the tin. If there is perfect cocurrent flow and glass advance at
      equal speed the temperature differential to drive heat from the glass to
      the tin rapidly diminishes from the upstream end to the downstream end of
      a compartment and in the absence of a velocity differential between the
      glass and tin the interfacial heat transfer resistance becomes larger than
      when a velocity differential exists. Both of these occurrences are
      detrimental to heat transfer from the glass to and through the tin. Thus,
      the rate of heat transfer is enhanced by the arrangement of barriers and
      cooler in the upstream compartment of FIG. 3 relative to that of the
      downstream compartment of FIG. 3.
PAR  The left or upstream compartment of FIG. 4 has a cooler 59' of larger
      capacity than those illustrated before and this cooler 59' is located in
      the extreme upstream portion of this compartment. Sufficient cooling is
      provided to develop a convection flow that is counter to the advance of
      the glass at and near the surface of the molten tin. The overall rate of
      interfacial heat transfer is enhanced relative to that for the previously
      described compartments, and the rate of heat transfer is relatively
      constant over the length of the compartment as the temperature
      differential driving the heat transfer is maintained from the upstream end
      to the downstream end of the compartment.
PAR  The right or downstream compartment of FIG. 4 has several coolers
      associated with it. When all of these are used to provide substantially
      equal cooling, the convection flow in the compartment is substantially
      reduced and the heat transfer rate is primarily influenced by the thermal
      conductivity of the tin. The upstream coolers in this compartment may be
      operated by directing water through them as steam is directed through the
      downstream coolers. In this way heat transfer and convection patterns
      similar to those of the left, upstream compartment of FIG. 4 may be
      established. By varying coolants and coolant flows these patterns may be
      adjusted and controlled to optimize controlled cooling of the advancing
      glass.
PAR  While the several embodiments of this invention have been described and
      illustrated by reference to detailed specific examples, those skilled in
      the art will recognize that variations may be made from the described
      methods and devices without departing from the substance of this invention
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of making glass comprising the steps of delivering molten
      glass onto the surface of a pool of supporting molten metal; advancing the
      glass along the surface of the pool of molten metal while cooling it and
      applying forces to it to form a continuous sheet of glass; removing the
      continuous sheet of glass from the surface of the pool of molten metal;
      and conveying the continuous sheet of glass from the pool of molten metal
      by applying a force to the glass; the improvement comprising
PA1  advancing the glass in a path along the surface of the pool of molten metal
      over a plurality of compartments of molten metal; separated from one
      another by barriers disposed across the path of advance of the glass, the
      molten metal of adjacent compartments being in communication immediately
      beneath the advancing glass; and cooling the molten metal within a
      compartment by removing sufficiently more heat from the molten metal in an
      upstream portion of the compartment closest the barrier over which glass
      first advances than from the molten metal in a downstream portion of the
      compartment closest the barrier over which the glass advances after
      advancing over molten metal in the compartment to provide a circulating
      flow of molten metal in the compartment to cool the glass advancing over
      the molten metal in the compartment.
NUM  2.
PAR  2. The method according to claim 1 wherein the molten metal in the upstream
      portion of the compartment is cooled by transferring heat from the molten
      metal in the compartment to a coolant flowing through a conduit disposed
      transversely across the upstream portion of the compartment.
NUM  3.
PAR  3. The method according to claim 2 wherein the flow of coolant is adjusted
      and maintained to control the rate at which heat is transferred from the
      molten metal to the coolant.
NUM  4.
PAR  4. The method according to claim 2 wherein a plurality of coolants having
      different heat capacities are directed through a plurality of separate
      conduits at least some of which are disposed transversely across the
      upstream portion of the compartment to control the rate of heat transfer
      from the molten metal to the coolants at separate locations along the path
      of advance of the glass.
NUM  5.
PAR  5. In an apparatus for making flat glass comprising a glassmaking furnace
      for supplying molten glass for forming, means for delivering molten glass
      from the furnace to a forming chamber, a glass forming chamber for forming
      a continuous sheet of glass connected to the glassmaking furnace through
      the molten glass delivery means; and means for removing and conveying a
      formed continuous sheet of glass from the forming chamber; wherein the
      forming chamber comprises a bottom, an upstream end in the vicinity of the
      molten glass delivery means, a downstream end in the vicinity of the glass
      sheet removing means, side walls and a roof providing an enclosed chamber
      having in its upper portion a space for containing a protective
      non-oxidizing atmosphere and having in its lower portion a pool of molten
      metal for supporting glass during forming, the pool of molten metal having
      an upper glass-supporting surface and a bottom portion adjacent the
      chamber bottom; means for advancing the glass along the surface of the
      pool of molten metal and for applying forces to the glass during its
      advance, the improvement comprising a plurality of barriers disposed
      across the forming chamber having upper surfaces at elevations beneath the
      upper surface of the pool of molten metal and segregating the pool of
      molten metal into a plurality of molten metal compartments, and means for
      cooling the molten metal of a compartment disposed beneath the upper
      surface of the pool of molten metal between adjacent barriers defining the
      compartment and closer to a first adjacent barrier closest to the upstream
      end of the chamber than to a second adjacent barrier closest to the
      downstream end of the chamber.
NUM  6.
PAR  6. The apparatus according to claim 5 wherein the cooling means is disposed
      beneath a portion of the bottom of the forming chamber.
NUM  7.
PAR  7. The apparatus according to claim 6 wherein the cooling means is disposed
      within the bottom of the forming chamber.
NUM  8.
PAR  8. An apparatus for making flat glass comprising a glassmaking furnace for
      supplying molten glass for forming, means for delivering molten glass from
      the furnace to a forming chamber, a glass forming chamber for forming a
      dimensionally stable, continuous sheet of glass connected to the
      glassmaking furnace through the molten glass delivery means; and means for
      lifting and conveying a dimensionally stable, formed continuous sheet of
      glass vertically upwardly from the forming chamber; wherein
PA1  the forming chamber comprises a bottom, an upstream end in the vicinity of
      the molten glass delivery means, a downstream end in the vicinity of the
      glass sheet removing means, side walls and a roof providing an enclosed
      chamber having in its upper portion a space for containing a protective
      non-oxidizing atmosphere and having in its lower portion a pool of molten
      metal for supporting glass during forming, the pool of molten metal having
      an upper glass-supporting surface at substantially the same elevation as a
      glass supporting member of said molten glass delivery means and a bottom
      portion adjacent the chamber bottom; means for advancing the glass along
      the surface of the pool of molten metal and for applying forces to the
      glass during its advance; and a plurality of barriers disposed across the
      forming chamber having upper surfaces at elevations beneath the upper
      surface of the pool of molten metal and segregating the pool of molten
      metal into a plurality of molten metal compartments; and means for cooling
      the molten metal of a compartment disposed beneath the upper surface of
      the pool of molten metal between adjacent barriers defining the
      compartment.
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ABST
PAL  Movable lateral and longitudinal dam barriers are provided in a glass
      forming chamber of the type containing a molten metal. The movable lateral
      dam barriers control longitudinal convection currents in the molten metal
      to control the temperature of the glass as it moves through the forming
      chamber. The lateral dam barriers can be moved to change longitudinal
      convection currents to achieve the optimum temperature conditions in the
      glass ribbon for producing flat glass of a specific thickness at any
      desired ribbon speed. The lateral dam barrier can also be moved to change
      convection currents and glass ribbon temperature to facilitate the change
      over from producing a glass ribbon of one thickness to a glass ribbon of a
      different thickness. The movable longitudinal dam barriers control lateral
      convection currents in the molten metal to flatten the edge-to-edge
      temperature profile across the ribbon of a glass ribbon moving through the
      chamber supported on the molten metal.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The dam barriers of this invention may be used with the teachings of U.S.
      Pat. No. 3,843,346 granted to Charles K. Edge and Gerald L. Kunkle and
      U.S. Pat. application Ser. No. 483,508 filed on June 27, 1974, in the name
      of Gerald E. Kunkle and entitled "Manufacture of Glass."
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of and device for controlling the
      temperature of molten glass and/or a glass ribbon moving through a forming
      chamber of the type having molten metal. More particularly, the invention
      relates to the use of improved lateral and longitudinal dam barriers
      positioned in the molten metal at selected locations to control
      longitudinal and lateral convection currents, respectively in the molten
      metal.
PAR  2. Discussion of the Prior Art and Technical Problems
PAR  The advantages of dam barriers in the glassmaking art have been recognized.
      For example, in U.S. Pat. No. 789,911 granted to Hitchcock, there is
      disclosed a glassmaking process in which a molten metal or liquid bed
      contained in a tank is divided into a series of compartments by stationary
      partitions or dam barriers. The partitions extend from the bottom of the
      tank to the surface of the liquid bed. In successive compartments, there
      is provided a metal or metal alloy having successively lower melting
      points. The molten metal in the compartments is maintained at a selected
      temperature by way of a heater. In this manner, the glass sheet, as it
      moves along the molten metal, is gradually cooled or annealed by contact
      with different portions of the molten metal.
PAR  Another type of dam barrier is disclosed in U.S. Pat. No. 3,607,199.
      Disclosed in the above-mentioned patent is a float process for the
      manufacture of float glass on a molten metal bath. Physical dam barriers
      are disposed longitudinally and laterally in the bath in a U-shaped form
      in plan view so as to form predetermined and separate backflow currents at
      laterally opposed sides of the glass ribbon being formed. The backflow
      currents flow from the downstream and progressively cooled end of the
      molten bath back toward the hottest or upstream end thereof flowing around
      and through the longitudinal barrier ends as spaced from the upstream end
      walls of the bath tank. The molten metal re-enters and rejoins the bath
      flow beneath the glass ribbon at the upstream or glass entering end to
      become gradually and sufficiently reheated thereby serving to remove a
      potential cause for affecting irregularities in the flatness of glass.
PAR  Still another type of dam barrier is disclosed in U.S. Pat. No. 3,485,617.
      Disclosed in the above-mentioned patent is an apparatus for the
      manufacture of flat glass by advancing it over a molten metal bath in
      ribbon form. One or more buoyant upwardly projecting barriers are provided
      in the molten metal for obstructing the longitudinal flow of the molten
      metal in the bath. The barriers are easily depressible by the advancing
      glass if touched thereby. The barriers also project through the exposed
      bath surface at the sides of the glass ribbon.
PAR  In the manufacture of a continuous glass ribbon by the float process,
      refined molten glass is normally moved onto a molten metal bath at a glass
      temperature of about 2,000.degree.F. (1095.degree.C). Within a temperature
      range of about 1,500.degree.F. to 2,000.degree.F. (815.degree.C. to
      1095.degree.C.), the molten glass is in the plastic state and is normally
      sized. The glass can be sized by (1) permitting the molten glass on the
      molten bath to reach equilibrium thickness, e.g., about 0.270 inches (0.68
      centimeters) and then cooling the glass to provide a dimensionally stable
      continuous glass sheet or ribbon; or (2) providing coolers about the
      molten glass to contain the glass in a confined area sufficient to
      increase the glass thickness and then cooling the glass to provide a
      dimensionally stable continuous glass sheet or ribbon; or (3) applying
      outward forces, i.e., attenuating the glass while in the plastic state to
      increase the glass area and then cooling the glass to provide a
      dimensionally stable continuous glass sheet or ribbon.
PAR  Preferably the glass is sized when the glass temperature is in the upper
      region of the sizing temperature range, e.g., between about
      1,850.degree.F. to 2,000.degree.F. (1010.degree.C to 1095.degree.C). This
      is because the glass is sufficiently plastic from edge-to-edge to permit
      increasing or decreasing the ribbon thickness from equilibrium thickness.
      More particularly, if the glass temperature is in the lower region, e.g.,
      between about 1,500.degree.F. to 1,850.degree.F. (815.degree.C. to
      1010.degree.C.) the glass can have different degrees of plasticity from
      edge-to-edge. When this condition exists and the glass is attenuated, the
      resulting glass ribbon will have strain lines which make the resulting
      glass ribbon optically unacceptable.
PAR  As the glass is cooled through the lower region of the sizing temperature
      range, it is recommended that the dropping of the temperature be steady
      and controlled. When this is so, the glass will be uniformly cooled
      throughout its mass. More particularly, it is preferred that the glass
      temperature drop is gradual to prevent uneven cooling of the glass
      surfaces that can cause optical distortion.
PAR  As can be appreciated by those skilled in the art, when glass is attenuated
      or compressed, the glass is normally maintained in the upper region of the
      sizing temperature range for a longer period of time. For example, when
      attenuating glass, the attenuation must be graduated to prevent strain
      lines in the glass ribbon which causes optical defects.
PAR  In the conventional float process for manufacturing glass such as disclosed
      in U.S. Pat. No. 3,083,551, the problem of achieving the criteria for
      manufacturing glass ribbons of different thickness, e.g., a glass ribbon
      of equilibrium thickness and a glass ribbon having a thickness greater
      than or less than equilibrium thickness is not a problem. This is because
      the float chamber normally has a length as measured from the feed end to
      the exit end of approximately 200-240 feet (61-73 meters).
PAR  Since the float chamber has a length of greater than about 200 feet (61
      meters) stationary dam barriers or passive dam barriers are acceptable.
      This is because the stationary dam barriers provide discrete compartments
      of molten metal on which heaters act to control the temperature of the
      molten metal in the compartments. When glass ribbons of thickness less
      than equilibrium thickness are to be manufactured, a selected number of
      compartments greater than the number of compartments for manufacturing
      glass ribbons of equilibrium thickness are maintained at the upper region
      of the sizing temperature range to permit gradual attenuation of the glass
      ribbon. The temperature of the remaining compartments are adjusted to
      provide a gradual, steady and controlled lowering of the temperature
      through the lower region of the sizing temperature range.
PAR  Although fixed dam barriers can advantageously be used in the float process
      of the type disclosed in the above-mentioned U.S. Pat., there are
      limitations when using passive dam barriers in glassmaking process where
      the forming chamber has length of about 10 feet (3 meters). Such a
      process, for example, is disclosed in U.S. Pat. application Ser. No.
      483,508 filed on June 27, 1974, in the name of Gerald E. Kunkle and
      entitled "Manufacture of Glass."
PAR  The manufacture of glass as disclosed in above-mentioned Kunkle application
      includes delivery of molten glass onto the surface of a pool of molten
      metal and monotonically cooling the molten glass while attenuating same to
      form a dimensionally stable, continuous sheet of glass. The dimensionally
      stable, continuous sheet of glass is then lifted upward and conveyed
      vertically upwardly from the pool of molten metal. The glass is further
      monotonically cooled until it is below the annealing point for the glass.
      The glass is cooled in such a manner that at the time of its lifting from
      the molten pool of metal, it is sufficiently viscous to prevent its
      further attenuation while being conveyed upwardly and its major surface
      temperatures are sufficiently equalized so that permanent stresses are
      avoided in the glass.
PAR  The distance between the entrance end of the forming chamber to move the
      molten glass into the forming chamber and the liftoff position to
      vertically convey the sheet of glass upward from the pool of molten metal
      is preferably less than about 100 inches (2.54 meters). Using fixed dam
      barriers in the forming chamber are adequate to manufacture glass ribbons
      of one thickness. However, because the distance which the glass travels
      prior to liftoff is relatively short using fixed dam barriers, i.e.,
      controlling the molten glass in compartments by coolers, has limitations.
      For example, merely controlling the temperature of the molten metal in the
      compartments with coolers does not provide adequate flexibility for
      maintaining the glass within the upper region of the sizing temperature
      range for the required period of time when changing from thick glass
      ribbon, e.g., glass ribbons having a thickness of about 0.270 inches (0.68
      centimeters) to thin glass ribbon, e.g., glass ribbon having a thickness
      of about 0.100 inch (0.254 centimeters) or less or vice versa.
PAR  More particularly, when the process as described in the above-mentioned
      Kunkle application is employed for manufacturing flat glass of equilibrium
      thickness using stationary dam barriers of the type taught in the prior
      art, a change to manufacturing flat glass of less than equilibrium
      thickness requires a shutting down of the process. This is because the
      floor in the forming chamber has to be modified to reposition the
      stationary dams to manufacture flat glass having a thickness less than
      equilibrium thickness.
PAR  As can be appreciated, shutting down the glassmaking process is expensive
      because no glass is produced and because of the labor required to modify
      the floor of the forming chamber.
PAR  It would therefore be advantageous if dam barriers were provided that did
      not have the limitation of the passive dam barriers of the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an improved method of producing a continuous
      ribbon of flat glass. The method includes the steps of providing a layer
      of molten glass on the surface of a pool of supporting molten metal and
      advancing the layer of glass along the surface of the pool of molten
      metal. The temperature of the layer of glass is controlled to cool the
      layer of glass to form a dimensionally stable ribbon of flat glass of a
      specified thickness. At least a portion of the cooling of the advancing
      layer of glass is by transfer of heat to the molten metal. The improvement
      includes the step of positioning movable dam barriers in the molten metal
      to change the pattern of heat removal from the layer of glass.
PAR  In one embodiment at least one of the dam barriers has reciprocal movement
      along a path generally parallel to the advance of the layer of glass.
      Moving the at least one dam barrier along the reciprocating path alters
      convection currents in the molten metal to change the pattern of heat
      removal from the layer of glass.
PAR  In an alternate embodiment at least one of the dam barriers has reciprocal
      movement toward and away from the layer of glass to increase or decrease
      the number of convection currents in the molten metal. In this manner, the
      pattern of heat removal from the layer of glass may be changed.
PAR  In still another embodiment at least two dam barriers have reciprocal
      movement along a path transverse to the advance of the layer of glass.
      Movement of the at least two dam barriers along the reciprocating path
      transverse to the advance of the layer of glass alters convection currents
      in the molten metal to change the heat removal pattern between edges of
      the layer of glass.
PAR  This invention further relates to a method of changing the thickness of a
      continuous ribbon of flat glass during production thereof. The glass
      ribbon is produced by providing a layer of molten glass on the surface of
      a pool of supporting molten metal. The temperature of the glass is
      adjusted and maintained at a plurality of discrete compartments along the
      glass path such that the glass temperature at each of the plurality of
      discrete compartments is less than the glass temperature at the next
      previous discrete compartment and greater than the glass temperature at
      the next succeeding discrete compartment to cool the layer of glass to
      provide a continuous glass ribbon of a specified thickness. At least a
      portion of the cooling of the advancing layer of glass is by the transfer
      of heat to the molten metal. Thereafter the ribbon is removed from the
      pool of molten metal. The method includes the step of providing movable
      dam barriers in the molten metal to define the discrete compartments and
      positioning the dam barriers in the molten metal to change the pattern of
      heat removal from the layer of glass.
PAR  This invention also relates to an improved apparatus for making flat glass.
      The apparatus is of the type having a glass melting furnace for supplying
      molten glass for forming and a glass forming chamber having a bottom and
      side portions for containing a pool of supporting molten metal. A delivery
      facility connects the exit end of the furnace and entrance end of the
      forming chamber for moving the molten glass from the furnace to the
      forming chamber to provide a layer of molten glass on the pool of
      supporting molten metal. The molten glass as it advances along the molten
      metal is cooled to form a continuous glass ribbon of a specified thickness
      with at least a portion of the cooling being by transfer of heat to the
      molten metal. Facilities are also provided for continuously removing the
      glass ribbon from the forming chamber. The improvement includes movable
      dam barriers mounted on the bottom of the forming chamber.
PAR  In one embodiment the dam barriers each include a roll body made of
      molybdenum or an alloy of molybdenum and tungsten covered with an asbestos
      cloth. A plate is advantageously mounted to the roll body to prevent
      movement of the roll body in the molten metal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a sectional elevation of a glassmaking apparatus that may be used
      for practicing the invention;
PAR  FIG. 2 is a view taken along lines 2--2 of FIG. 1 showing the forming
      chamber and having portions removed for purposes of clarity;
PAR  FIG. 3 is a graph showing the preferred temperature profile for glass
      ribbons of different thickness moving through a forming chamber;
PAR  FIG. 4 is a cross-sectional longitudinal view of a forming chamber having
      stationary dam barriers;
PAR  FIG. 5 is a graph showing the temperature profile of glass ribbons of
      different thickness moving through the forming chamber of FIG. 4;
PAR  FIGS. 6 and 8 are each a cross-sectional longitudinal view of a forming
      chamber using dam barriers incorporating features of the invention for
      practicing the invention;
PAR  FIGS. 7 and 9 are each a graph showing the temperature profile of a glass
      ribbon as it moves through the forming chambers of FIGS. 6 and 8
      respectively;
PAR  FIG. 10 is a lateral cross-section view of a prior art forming chamber;
PAR  FIG. 11 is a graph showing the edge-to-edge temperature of a glass ribbon
      moving through the forming chamber of FIG. 10;
PAR  FIG. 12 is a lateral cross-sectional view of a forming chamber using dam
      barriers incorporating features of the invention to practice the
      invention;
PAR  FIG. 13 is a graph showing the edge-to-edge temperature of a glass ribbon
      moving through the forming chamber of FIG. 12;
PAR  FIG. 14 is a view of a forming chamber, the forming chamber similar to that
      of FIG. 2 illustrating various positions of dam barriers incorporating
      features of the invention for practicing the invention;
PAR  FIGS. 15-20 are illustrations of various embodiments of dam barriers
      incorporating features of the invention for practicing the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there is shown a glassmaking apparatus of the type
      disclosed in U.S. Pat. application Ser. No. 483,508 filed on June 27,
      1974, in the name of Gerald E. Kunkle and entitled "Manufacture of Glass."
      The teachings of the above-identified application are hereby incorporated
      by reference. As will be appreciated, the invention is not limited to the
      glassmaking apparatus of the above-mentioned application and has
      applicability in conventional float processes as well as the manufacture
      of glass disclosed in U.S. Pat. No. 3,843,346 granted to Charles K. Edge
      and Gerald E. Kunkle.
PAR  In FIG. 1, the glassmaking apparatus 30 includes a glassmaking furnace 32
      and a forming chamber 34 (see also FIG. 2). The glassmaking furnace 32
      includes a melting section (not shown) and a refiner or conditioning
      section 36, the end of which is shown. The refiner section 36 of the
      furnace 30 includes a furnace bottom 38 and sidewalls 40 and a front basin
      wall 42. The conditioning section 36 of the furnace delivers molten glass
      44 to the forming chamber 34 by way of delivering facility 46.
PAR  In general, the delivery facility 46 includes a threshold 48 resting on a
      cooling block 50 or other support which is supported by structural member
      52. Extending through holes in the threshold 48 are conduits or pipes 54
      for transporting coolant or the like through the interior of the threshold
      48 and for controlling its temperature during use. At the ends of the
      threshold 48 there are sidewall portions or jambs 56 which define the size
      of the channel through which the molten glass may be delivered from a pool
      of molten glass 58 residing in the bottom portion of the conditioning
      section 36 of the furnace 32.
PAR  The top of the delivery facility 46 is defined by a roof 60 generally of
      flat arch construction which is supported by supporting facilities (not
      shown). Extending above the roof 60 and connected to it are flat arch
      holders 62 embedded in the roof 60 of the delivery facility 46. Extending
      transversely across the delivery facilities 46 are two gates or tweels.
      The first is a backup tweel 64 connected to a support facility 66 (not
      fully shown) for raising and lowering the tweel 64 into engagement with
      the molten glass 44. The second tweel is a control tweel 68 supported by a
      support assembly 70 (not fully shown) for raising and lowering the control
      tweel 68. The control tweel 68 is held in operating position in contact
      with the molten glass 44 to be delivered into the forming chamber 34 for
      forming. The control tweel 68 along with the threshold 48 and the jambs 56
      defines an opening through which a layer of molten glass 72 may be
      delivered to the forming chamber 34 for forming.
PAR  The forming chamber 34 includes a bottom casing 74 supported on a support
      76 in addition to the support 52. Disposed within the bottom casing 74 is
      a refractory bottom 78 preferably a refractory bottom that has been cast
      in place inside the bottom casing 74. Preferably embedded within the
      bottom refractory 78 are pipes 80 through which coolant or other fluid may
      be directed for controlling the temperature of the forming chamber 34 at
      discrete locations along its length.
PAR  Referring to FIGS. 1 and 2, the forming chamber 34 further includes side
      casing 81 and an exit casing 82. Disposed within the side casing 81 and
      exit casing 82 are refractory sidewalls 83 and a refractory exit lip 84,
      respectively. The sidewalls 83, refractory exit lip 84, along with the
      bottom refractory 78, and the threshold 48, define a container into which
      a molten pool of metal 86 (shown in FIG. 1) preferably molten tin or an
      alloy of tin is disposed. At the downstream end of the forming chamber 34
      there are provided extensions 88 in the bottom container portion of the
      forming chamber which serve as cavities into which dross floating on the
      surface of the molten metal 86 may be withdrawn for removal from the
      forming chamber 34.
PAR  Referring now to FIG. 1, the upper portion of the forming chamber 34
      includes an end wall liner 90 preferably constructed of refractory
      material. This liner 90 and end casing 92 to which it is connected may
      include a suitable opening 94 through which a continuous sheet of glass
      may be withdrawn from the forming chamber 34 along a substantially
      horizontal path in the event that such removal is desired. Generally,
      however, during the glass forming operation, such an opening will be
      closed and sealed as shown.
PAR  The upper portion of the chamber 34 further includes a lintel 96 at its
      upstream or inlet end. This lintel 96 may be used as a means for
      supporting the roof 60 of the delivery facility 46. Additionally, the
      upper portion of the forming chamber 34 includes a ceiling or roof 98
      preferably made of a refractory material which is suitable for radiating
      and absorbing heat uniformly over the area facing the glass beneath it
      during operation. Extending through the ceiling 98 of the forming chamber
      are controllable heating elements 100 used to control the rate of heat
      removal from the glass during forming. The heating elements 100 are
      connected to bus bars 102 which are advantageously connected in turn to a
      source of power (not shown) such as the type known in the art. The upper
      portion of the forming chamber 34 preferably includes a top casing end
      wall 104 which provides a space between the upper portion of the forming
      chamber 34 and the upstream or furnace side of a conveyor mechanism 106
      for vertically withdrawing a sheet of glass 108 from the forming chamber
      34.
PAR  The continuous sheet of glass 108 is formed from the layer of molten glass
      72 delivered onto the pool of molten metal 86 for forming. The glass is
      preferably formed and delivered in the manner described in the
      above-mentioned U.S. Pat. No. 3,843,346. However, as will be appreciated,
      the glass may be delivered and formed in any conventional manner such as
      for example the manner described in U.S. Pat. Nos. 3,083,551 and
      3,220,816.
PAR  Extending into the forming chamber 34 through its sidewalls 82 are edge
      contact devices 112 for applying outward tractive forces to the layer of
      glass 72 during its advance along the surface of the pool of molten metal
      86 for forming. The edge contact devices which attenuate the glass, i.e.,
      apply outward tractive forces are of the type known in the art.
PAR  The edge contacting devices 112 are preferably driven wheels disposed and
      driven in such a manner as to apply opposing outward forces to the glass
      to maintain its width during attenuation and to cause it to be attenuated
      to thicknesses less than that which would be attained by the glass if
      allowed to remain on the surface of the molten metal for sufficient time
      to come to equilibrium with it, e.g., a thickness of about 0.270 inches
      (0.68 centimeters).
PAR  The vertical conveyor 106 includes a machine casing 114 and thermally
      insulated machine walls 116. The machine walls 116 are preferably
      constructed of a refractory material. Within the conveyor there is
      disposed a series of pairs of supporting rolls 118 operated in a
      coordinated manner for engaging the continuous sheet of glass 108 and for
      conveying it upwardly through the conveyor 106 in any conventional manner.
      Extending from the machine casing 114 toward the rolls are a series of
      pairs of troughs 122 for collecting cullet in the event the continuous
      sheet of glass 108 is chipped or broken in an upper portion of the
      conveyor. The cullet may be removed from the troughs 122 through openings
      124. In normal operations, the openings 124 are closed. A space or cullet
      chamber 126 is provided between the top casing end wall 104 of the forming
      chamber 34 and the wall of the vertical conveyor for accommodating cullet
      removal.
PAR  Preferably coolers 128 are disposed across the bottom of the vertical
      conveyor 106 to control the removal of heat from the continuous sheet of
      glass 108 as the sheet is conveyed upwardly from the surface of the pool
      of molten metal 86 in the forming chamber 34.
PAR  Referring now to FIGS. 1 and 2, the interior of the forming chamber 34 is
      provided at selected intervals with lateral dam barriers or weirs 129,
      130, 131, 132, and 133. The lateral dam barriers preferably extend between
      sidewalls 83 of the forming chamber 34 to provide discrete longitudinal
      compartments 134, 135, 136, 137, 138 and 139 (shown better in FIG. 2) of
      molten metal which control the temperature of the molten glass 72 and/or
      glass ribbon 108 as it moves over the compartments in a manner to be
      discussed below.
PAR  Referring specifically to FIG. 2, positioned between the lateral dam
      barriers, e.g., lateral dam barriers 132 and 133 and spaced from the
      sidewalls 83 are longitudinal dam barriers 140 and 141 to divide the
      compartment 138 into discrete lateral compartments 142, 143 and 144 of
      molten metal. The lateral compartments control the edge-to-edge
      temperature profile of the molten metal and/or the glass ribbon as it
      moves over the lateral compartments in a manner to be discussed below.
PAR  The dam barriers are preferably submerged below the top surface of the
      molten metal bath 86 (see FIG. 1) to prevent surface contact between the
      dam barriers and glass which can degrade the optical quality of the
      subsequently formed glass ribbon and cause drag on the glass ribbon.
PAR  As will be appreciated, the number of dam barriers employed and their
      respective positions in the forming chamber and to one another are not
      limiting to the practice of the invention.
PAR  The discussion will now be directed to the effect of the prior art lateral
      dam barriers, i.e., fixed lateral dam barriers and the lateral dam
      barriers incorporating features of the invention, i.e., movable lateral
      dam barriers. The term "fixed lateral dam barrier" as used herein is
      defined as dam barriers securely positioned between sidewalls of the
      forming chamber to provide discrete compartments of molten metal so that
      coolers and/or heaters can act on the molten metal to control the
      temperature of the molten metal in the compartments. The term "movable
      lateral dam barrier" as the term is used herein are dam barriers
      positioned between the sidewalls of the forming chamber and (1) are
      longitudinally movable, i.e., upstream and downstream in the forming
      chamber and/or (2) vertically movable, i.e., toward and away from the
      surface of the molten metal in the forming chamber. The movable lateral
      dam barriers are adjusted, e.g., longitudinally and/or vertically to
      control the temperature gradient of the glass extending from the
      downstream end, e.g., the feed end to the exit end or the liftoff end of
      the forming chamber. The temperature gradient of the glass is controlled
      by controlling the convection currents in the molten metal bath and/or by
      the coolers in a manner to be discussed below.
PAR  To simplify the following discussion of the operation of the lateral dam
      barrier to control the temperature gradient of the glass, it is assumed
      that (1) the controllable heating elements 100 shown in FIG. 1 are
      adjusted to provide heating zones of successively decreasing temperature
      with the hottest heating element at the upstream end of the forming
      chamber 34, i.e., closest to the threshold 48 and (2) that each of the
      controllable heating elements are set at a predetermined temperature that
      is changed accordingly to maintain the glass at a preselected temperature.
      As can be appreciated by those skilled in the art, the following
      conditions are acceptable and do not alter or render invalid the following
      discussion. This is because the heating elements 100 are used as auxiliary
      heating and/or cooling facilities. More particularly, as the molten glass
      moves into the forming chamber, heat is radiated from the molten glass
      into the forming chamber and through the walls of the forming chamber. The
      controllable heating elements 100 provide a sufficient amount of heat
      until the interior portion of the forming chamber above the glass is at
      the preselected temperature at which time the molten glass moving past a
      zone of a controllable heater will not dissipate any more heat into the
      upper portion of the forming chamber as viewed in FIG. 1.
PAR  Referring to FIG. 3, there is shown a graphic illustration of a typically
      preferred temperature profile for a glass ribbon of equilibrium thickness
      (curve 150) and for a glass ribbon having a thickness of less than
      equilibrium thickness (curve 152) manufactured in accordance to the
      teaching of the above-identified Kunkle application. It is noted that for
      glass thickness of less than equilibrium thickness, curve 152, the glass
      remains in the upper region of the sizing temperature range for a longer
      distance, i.e., for a longer period of time when the ribbon speed is
      constant as the ribbon moves through the forming chamber. This is to
      permit gradual attenuation of the glass ribbon to a thickness of less than
      equilibrium thickness.
PAR  Preferably, the glass is sized when the glass temperature is in the upper
      region of the sizing temperature range, e.g., between about
      1,850.degree.F. to 2,000.degree.F. (1010.degree.C. to 1093.degree.C.).
      This is because the glass is sufficiently plastic from edge-to-edge to
      permit increasing or decreasing the ribbon thickness from equilibrium
      thickness. More particularly, if the glass temperature is in the lower
      region, e.g., between about 1,500.degree.F. to 1,850.degree.F.
      (816.degree.C. to 1010.degree.C.) the glass can have different degrees of
      plasticity from edge-to-edge. When this condition exists and the glass is,
      for example, attenuated, the resulting glass ribbon will have strain lines
      which make the resulting glass ribbon optically unacceptable.
PAR  With continued reference to FIG. 3 the temperature profile of the glass
      ribbon represented by the curve 150 and the glass ribbon represented by
      the curve 152 within the lower region of the sizing temperature range have
      substantially the same shape, e.g., the same slope.
PAR  As can be appreciated by those skilled in the art, as the glass is cooled
      through the lower region of the sizing temperature range, it is preferred
      that the temperature decline be gradual, steady and controlled. This is so
      the glass will be uniformly cooled throughout its mass. If the glass is
      cooled rapidly there is uneven cooling which can cause optical distortion
      in the subsequently formed glass ribbon. Although there is no standard
      temperature profile for glass passing through the lower region of the
      sizing temperature range, it is generally acknowledged that the
      temperature decline should be gradual to permit even cooling of the glass
      ribbon.
PAR  Below the sizing temperature range it is preferred to cool the glass
      rapidly and uniformly so that the glass can be removed without unnecessary
      delay from the forming chamber.
PAR  Referring now to FIG. 4, there is shown a longitudinal side view of a
      forming chamber 154 similar to the forming chamber 34 of FIG. 1 but more
      simplified. The forming chamber 154 includes a back end wall 156, a front
      end wall 158 mounted on a base or floor 160 to provide a container for
      containing molten metal 162. Mounted on the floor 160 of the forming
      chamber 154 and extending toward the surface of the molten metal 162 are
      dam barriers 164, 165 and 166 of the type used in the prior art to divide
      the molten metal bath into compartments 168, 169, 170 and 171,
      respectively. The temperature of the molten metal in the compartments 168,
      169, 170 and 171 is controlled by the coolers 172, 173, 174 and 175,
      respectively, embedded in the bottom 160 of the chamber 158. In each of
      the compartments 168, 169, 170 and 171 there are longitudinal convection
      currents 176, 177, 178 and 179, respectively, each having a similar
      circuitous path direction as shown in FIG. 4.
PAR  As the glass moves over the compartments heat is radiated into the upper
      portion of the forming chamber as previously discussed and heat is
      extracted from the glass ribbon by the molten metal.
PAR  Molten glass 180 is moved over the back end 156 of the forming chamber 154.
      As the molten glass moves downstream from the back end 156 to the front
      end 158, the molten glass is monotonically and constantly cooled to
      provide a glass ribbon 182. The glass ribbon 182 is horizontally withdrawn
      from the chamber 154 as shown in FIG. 4.
PAR  The dam barriers 164, 165 and 166 are spaced a predetermined distance apart
      and acted on by the coolers 172, 173, 174 and 175 to manufacture glass
      ribbon having equilibrium thickness. Referring to FIG. 5, curve 184 is
      typical of the temperature profile of the glass ribbon having equilibrium
      thickness moving through the forming chamber 158.
PAR  Comparing the curve 184 of FIG. 5 to the curve 150 of FIG. 3, it is noted
      that the curves are generally similar with the exception that the slopes
      of the curve 184 have accentuated changes in slope. This is due to the
      effect of the dam barriers which generally provide an accentuated change
      in the temperature profile curve as the glass ribbon moves downstream over
      to the next succeeding compartment.
PAR  Consider now the temperature profile curve in the instance where the cooler
      173 is adjusted to extract less heat to produce a glass ribbon having a
      thickness less than equilibrium thickness. As previously mentioned, the
      glass is preferably held in the upper region of the sizing temperature
      range for a longer period of time to permit gradual attenuation of the
      glass. To accomplish this using prior art dam barriers, the cooler 173
      acting on compartment 177 extracts less heat, and coolers 172, 174 and 175
      extract the same amount of heat as for producing a glass ribbon of
      equilibrium thickness.
PAR  As shown by the curve 186, the effect of extracting less heat by
      compartment 169 provides the curve 186 with an upper region temperature
      profile similar to the upper region temperature profile of the curve 152
      which is desirable for attenuation. This is because the attenuation of the
      glass can be performed gradually while the glass is in the upper region of
      the sizing temperature range.
PAR  Attention is now directed to the slope of the temperature curve 186 as the
      glass passes over the compartment 170. Comparing the slope of the curve
      186 in the lower region of the sizing temperature range to the slope of
      the curve 152 of FIG. 3 for the same region it can be seen that the curve
      186 has a steeper slope. This indicates that the glass ribbon is rapidly
      cooled. This rapid cooling of the glass is not desirable because, as
      previously mentioned, rapid cooling of the glass through the lower region
      of the sizing temperature range does not permit gradual, even cooling of
      the glass.
PAR  There are provisions that can be made to maintain the glass within the
      lower region of the sizing temperature range for a longer period of time
      but these have limitations. For example, the speed of the ribbon can be
      reduced to maintain the glass within the sizing temperature for a longer
      period of time. This is not desirable because it reduces output. Another
      alternative is to increase the number of fixed lateral dam barriers in the
      chamber. This is not desirable because it increases the cost of
      fabricating the chamber. Still further to install fixed lateral dam
      barriers the glassmaking process has to be shut down to reposition the dam
      barriers. This is not desirable because of reduced output and labor costs
      to accomplish the repositioning of the dam barriers.
PAR  All of the above limitations are obviated using the movable dam barriers of
      the invention in a manner now to be discussed. With reference to FIG. 6,
      there is shown a forming chamber 190 similar to the forming chamber 154 of
      FIG. 4 with the differences now to be discussed. The forming chamber 190
      is provided with movable dam barriers 192, 194 and 196 constructed in
      accordance to the teachings of the invention; more particularly, the dam
      barriers 192, 194 and 196 are movable toward and away from the top surface
      of the molten metal bath 162. A plurality of grooves 197 are provided in
      the floor 160 of the forming chamber 190 to receive a respective dam
      barrier as it is moved away from the surface of the molten metal bath in a
      manner to be discussed, infra.
PAR  In the arrangement selected for this discussion, the dam barriers 194 and
      196 are extended their full length out of their respective grooves 197 to
      a position spaced from the surface of the molten metal 162 similar to the
      position of the passive dam barriers 165 and 166 of FIG. 4 to provide
      compartments 198 and 200, respectively. Longitudinal convection currents
      202 and 204 in the compartments 198 and 220, respectively, of the forming
      chamber 190 shown in FIG. 6 are similar to the convection currents 178 and
      179 in the compartments 170 and 171 of the forming chamber 154 shown in
      FIG. 4.
PAR  The active dam barrier 192 is partially recessed in its respective groove
      197 spaced a greater distance from the top surface of the molten metal 162
      than the dam barrier 164 of FIG. 4. With this arrangement, there is
      provided a compartment 206 between the dam barriers 192 and back end 156;
      a compartment 208 between the dam barriers 192 and 194; and a compartment
      210 between the back end 156 and the dam barrier 194 above the top end of
      the dam barrier 192 as viewed in FIG. 6. In the compartments 206, 208, and
      210, there are convection currents 212, 214 and 216, respectively.
PAR  The temperature of the molten metal in compartment 206 is controlled by the
      cooler 172; the temperature of the molten metal in compartment 208 by the
      cooler 173; and the temperature of the molten metal in compartment 210 by
      coolers 172 and 173. As can now be appreciated, as the dam barrier 192 is
      further lowered into its respective groove 197, the size of the
      compartment 210 increases as the size of the compartments 206 and 208
      decrease. The result is to further blend the molten metal in compartments
      206 and 208 so that cooling of the glass provides a temperature profile
      that has no abrupt change as the glass passes over the compartment 210.
PAR  In practice, the forming chamber 190 of FIG. 6 is operated as was the
      forming chamber 154 of FIG. 4 for producing glass ribbon of equilbrium
      thickness. To produce glass thickness of less than equilibrium thickness,
      the dam barrier 192 is lowered into its respective groove 197. The coolers
      173 of the forming chamber 190 does not have to be readjusted to extract
      less heat as was the cooler 173 of the forming chamber 154. This is
      because the molten metal in the chamber 206 blends with the molten metal
      in the chamber 208. The blending occurs in the chamber 210.
PAR  Although the discussion has not considered the effect of extracting more or
      less heat by the coolers embedded in the floor 160 of the forming chamber
      190, it is within the teachings of the invention to combine lowering the
      dam barriers with changing heat extraction by the coolers. As can now be
      appreciated by those skilled in the art, the effect of extracting more
      heat tends to lower the temperature of the glass while extracting less
      heat tends to raise the temperature of the glass with all other parameters
      remaining constant.
PAR  With reference to FIG. 7, curve 218 is a typical temperature profile of a
      glass ribbon moving through the forming chamber 190 arranged per the above
      discussion.
PAR  The overall effect of lowering the dam barrier 192 is to maintain the glass
      ribbon in the upper region of the sizing temperature range for a longer
      period of time with a smooth transition to decreasing temperature. The
      glass ribbon at dam barrier 194 is approximately the same temperature as
      was the temperature of the glass ribbon of equilibrium thickness at dam
      barrier 194. With this arrangement and as shown in FIG. 7, the glass can
      be gradually attenuated while in the upper region of the sizing
      temperature range and thereafter gradually, steadily and constantly cooled
      through the lower region of the sizing temperature range to prevent
      optical distortion in the subsequently formed glass ribbon.
PAR  The discussion will now be directed to an alternate embodiment of the
      invention for changing the temperature profile of glass moving through a
      forming chamber to change from producing glass ribbon having equilibrium
      thickness to a glass ribbon of less than equilibrium thickness or vice
      versa.
PAR  Referring now to FIG. 8, there is shown a forming chamber 220 similar to
      the forming chamber 190 of FIG. 6 with the differences now to be
      discussed. In place of the vertically movable dam barrier 192, there is
      provided a longitudinally movable dam barrier 222 for movement toward and
      away from the end wall 156. The distance of the dam barriers 222, 194 and
      196 from the surface of the molten metal 162 is the same and equal to the
      distance between the dam barriers 194 and 196 as positioned in FIG. 6 for
      the previous discussion. Between the dam barriers 222 and 194 and between
      the dam barrier 222 and end wall 156 is compartment 224 and 226,
      respectively.
PAR  The volume of molten metal in the compartments 224 and 226 vary as a
      function of position of the dam barrier 222. As illustrated in FIG. 8, the
      dam barrier 222 is moved closer ro the dam barrier 194 than was the dam
      barrier 192 of FIG. 6.
PAR  Shown in the compartment 226 is convection current 228 and in the
      compartment 228 is convection current 230. The temperature of the
      compartment 224 is controlled by the coolers 172 and by the cooler 173.
      The temperature of the compartment 226 is controlled by the cooler 173. As
      can now be appreciated, as the dam barrier 222 is moved closer to the dam
      barrier 197, the effect cooler 173 becomes more pronounced.
PAR  Consider now changing from manufacturing glass of equilibrium thickness to
      a glass ribbon having a thickness less than equilibrium thickness.
PAR  The dam barriers 222, 194 and 196 are arranged similar to the dam barrier
      164, 165 and 166 as shown in FIG. 4. The coolers 172, 173, 174 and 175 are
      arranged to provide a temperature profile for the glass ribbon similar to
      the curve 184 shown in FIG. 5.
PAR  Referring now to FIG. 8, the forming chamber 220 is arranged to manufacture
      glass ribbon of a thickness less than equilibrium thickness by
      longitudinally displacing the dam barrier 222 downstream, i.e., away from
      the end wall 156.
PAR  With reference to FIG. 9, there is shown curve 232 which is a typical
      profile of a glass ribbon as it moves through the forming chamber arranged
      as shown in FIG. 8. It can be seen from the curve that the glass remains
      in the upper region of the sizing temperature for a sufficient period of
      time to gradually attenuate the glass ribbon. Thereafter the glass ribbon
      while passing through the lower region of the sizing temperature range is
      gradually, steadily and controllably cooled to prevent optical distortion
      in the subsequently formed glass ribbon.
PAR  As can now be appreciated by those skilled in the art, other embodiments of
      lateral dam barrier arrangements can be made and are contemplated by the
      scope of the invention. For example, more than one dam barrier can be
      longitudinally moved in the chamber. Still further, more than one dam
      barrier can be lowered in its respective groove to reposition the dam
      barrier in spaced relation to the surface of the molten metal. Still
      further, the dam barriers may be arranged such that the distance from the
      top of the dam to the top surface of the molten metal is different for
      each dam barrier.
PAR  As can now be appreciated, using dam barriers of the invention, e.g.,
      movable dam barriers, the problems encountered with the prior art dam
      barriers are eliminated. This is because the dam barriers of the invention
      (1) can be used in cooperation with coolers, (2) maintain the glass within
      the sizing temperature range, e.g., the upper region of the sizing
      temperature range for a sufficient period of time to gradually increase or
      decrease the glass ribbon thickness from or to equilibrium thickness and
      (3) provide for gradual, steady and uniform cooling of the glass ribbon as
      the glass ribbon is cooled through the lower region of the sizing
      temperature range.
PAR  The discussion will now be directed to the longitudinal dam barriers of the
      invention which act upon lateral convection currents.
PAR  With reference to FIG. 10, there is shown a lateral, cross-sectional view
      of the forming chamber 154 of FIG. 4. In the molten metal 162 there are
      convection currents 240 and 242 which move along their circuitous path in
      opposed directions. The lateral convection current 240 follows a path
      below and adjacent the surface of the molten metal 162 from the center of
      the bath toward adjacent sidewall 244 down the sidewall and along the
      bottom of the forming chamber toward the center and up toward the surface
      of the molten metal 162. The lateral convection currents follow a path
      below and adjacent the surface of the molten metal 162 from the center of
      the bath toward adjacent sidewall 246 down the sidewall and along the
      bottom of the forming chamber toward the center and up toward the surface
      of the molten metal 162.
PAR  Referring to FIG. 11, there is a curve 248 typical of the edge-to-edge
      temperature of the glass ribbon 182 passing through a uniformly heated
      roof, for example, prior to lift-off. As the distance from the sidewall
      244 increases toward the center, the temperature increases and as the
      distance further increases toward the opposite sidewall 246, the
      temperature decreases approximately at the same rate as the temperature
      increases to provide a generally bell-shaped curve.
PAR  Referring now to FIG. 12, there is shown the forming chamber 154 provided
      with a pair of longitudinal dam barriers 250 and 252. Dam barrier 250 is
      spaced from the sidewall 244 and the dam barrier 252 is spaced from the
      sidewall 246. It will be noted that instead of the two lateral convection
      currents 240 and 242 as shown in FIG. 10, that there are now four
      convection currents; namely, convection current 254 between the sidewall
      244 and the dam barrier 250, i.e., in compartment 253; between
      longitudinal dam barrier 250 and 252, i.e., in compartment 255 there are
      convection currents 256 and 258 similar to the convection currents 240 and
      242 shown in FIG. 11 but having a smaller path; and between the dam
      barrier 252 and adjacent sidewall 246, i.e., in compartment 259 there is
      convection current 260.
PAR  Referring to FIG. 13, there is shown a curve 262 typical of the temperature
      profile of the glass ribbon as it moves over the compartment 253. In
      comparing the curve 262 in FIG. 13, with the curve 248 in FIG. 11, it will
      be noted that the curve 262 has a more uniform temperature distribution in
      the compartment 253 and a greater temperature gradient in compartments 255
      and 257 for corresponding portions of the curve 248 (FIG. 11).
PAR  This change, i.e., flattening of the curve, is attributed to the fact that
      the effect of heat loss through the sidewalls on the molten metal in
      compartment 255 is negligible. Therefore the temperature profile is more
      uniform.
PAR  As can now be appreciated, as the dam barriers 250 and 252 are displaced
      toward each other and spaced an increased distance from their adjacent
      sidewalls with all the other parameters remaining constant, the portion of
      the curve reflecting the temperature profile of the molten metal between
      the dam barriers becomes more flat, i.e., the temperature is more uniform.
      Further, as the dams are moved farther apart and all the other parameters
      remain constant the shape of the curve approaches that of curve 248 in
      FIG. 11.
PAR  Further as now can be appreciated, lowering the dam barriers 250 and 252
      all the other parameters remaining constant, the curve 262 approaches the
      shape of the curve 248 of FIG. 11.
PAR  Although the discussion was directed to longitudinal dam barriers that are
      below the surface of the molten metal it is within the scope of the
      invention to have the longitudinal dam barriers extend out of the molten
      metal adjacent edges of the glass ribbon moving through the forming
      chamber.
PAR  As can now be appreciated, the invention is not limited to the number of
      lateral dams used or their position relative to the sidewalls. For
      example, and with reference to FIG. 14, there is shown various embodiments
      of lateral dam barriers positioned in the forming chamber 34.
PAR  The dam barriers may be angled toward each other as are dam barriers 280
      shown in FIG. 14 in an upstream direction. Dam barriers may be provided
      along the length of the forming chamber 34 as are dam barriers 282 shown
      in FIG. 14. Further more than one dam barrier may be provided adjacent a
      sidewall as are dam barriers 282 and 284 shown in FIG. 14.
PAR  In the conventional float process for manufacturing glass longitudinal dams
      were employed at the hot end of the forming chamber to provide a
      temperature gradient for removing potential cause for affecting
      irregularities in the flatness of the glass. For example, reference may be
      made to U.S. Pat. No. 3,607,199.
PAR  in the glassmaking process as disclosed in U.S. Pat. application Ser. No.
      483,584, the glass is vertically removed from the molten metal and pulled
      upwardly. The importance of maintaining a uniform temperature from
      edge-to-edge of the glass can best be appreciated by the following
      example. If the temperature between the edges is hotter than at the edges,
      as the glass is pulled the center portion of the ribbon tends to sag which
      optically distorts the glass. Maintaining the temperature uniform across
      the ribbon as it is vertically pulled provides a uniform distribution of
      forces which does not affect the optical quality of the glass.
PAR  The discussion will now be directed to various types of dam barrier
      construction that may be used in the practice of the invention. However,
      as can now be appreciated, the dam barrier structures to be discussed as
      merely illustrative of those that may be used and the invention is not
      limited thereto.
PAR  Referring to FIGS. 15 and 16 there is shown a dam barrier 300 which
      includes a cylindrical body 302 having a flat 304 or other expediencies
      such as legs to prevent the dam from rolling in the forming chamber 34.
      The body 302 and flat 304 are preferably made of a material that is
      non-reactive with the molten metal. For example, in the instance where the
      molten metal bath is tin or an alloy of tin, the cylindrical body 302 may
      be made of graphite or an alloy of tungsten and molybdenum covered with an
      asbestos cloth 306. The diameter of the cylindrical body with the cloth
      306, if used, determines the height of the dam barrier, i.e., the distance
      from the uppermost portion of the dam barrier and the top surface of the
      molten metal.
PAR  As can be appreciated, in those instances where the cylindrical body is
      made of a material that has a density less than the density of the molten
      bath, it is recommended that the cylindrical body be provided with weights
      to maintain the dam barrier in the molten metal. For example, in the
      instance where the molten bath is tin or an alloy of tin and the
      cylindrical body is made of graphite, it is recommended that weights be
      provided to maintain the graphite submerged in the molten tin. For
      example, the weights may be bars of molybdenum or an alloy of tungsten and
      molybdenum embedded within the graphite body.
PAR  To facilitate (1) moving the dam barrier in the molten bath and (2)
      increasing or decreasing the number of dam barriers, it is recommended
      that the dam barriers be made up of two sections. In this manner a section
      can be lowered into the molten bath between the edge of the glass ribbon
      and adjacent sidewall. Thereafter the section of the dam barrier can be
      moved under the glass ribbon.
PAR  The discussion will now be directed to dam barriers which are movable
      toward and away from the surface of the molten bath. Referring to FIG. 17,
      there is shown a dam barrier 310. In general, the dam barrier 310 includes
      a member 312 made of a material that is non-reactive with the molten metal
      bath. The ends of the member are slideably mounted in slots 314 provided
      on the interior surface of the sidewalls 83 of the forming chamber 34. A
      groove 317 extends along the bottom of the forming chamber interconnected
      to the slots 314 to provide for movement of the dam barrier toward and
      away from the top surface of the molten metal.
PAR  As can be appreciated, the invention is not limited to the facilities for
      moving the dam barrier 310 toward or away from the top surface of the
      molten tin. Shown in FIG. 17 are facilities for displacing the member
      which may be used and are merely illustrative of types that may be
      employed.
PAR  The moving facilities 316 include a member 318 having bifurcated ends 320
      and 322. The member 318 is pivotally mounted at 324 to the plate 81 of the
      forming chamber. Each of the bifurcated ends 320 and 322 receives a double
      headed nut 326 and 328, respectively. The nut 326 is threaded to a shaft
      330 vertically mounted at one end to a stationary ledge member 332. The
      nut 328 is threaded to a shaft 334 in a vertical position operating on the
      dam barrier 312.
PAR  In the instance where the dam barrier is made of material that has a
      density less than the density of the molten metal, for example, graphite
      when the molten metal bath is tin, the moving facilities 316 are operated
      to prevent the dam barrier 312 from being raised by the molten tin. This
      may be accomplished by rotating the nuts 328 and/or 320 to pivot the
      member 318 away from the molten bath. When the dam barrier is to be
      lowered, the nuts 326 and/or 328 are rotated to pivot the end 322 toward
      the molten bath.
PAR  In the instance where the dam barrier has a density greater than the
      density of the molten metal, the threaded shaft 334 is securely mounted to
      the dam barrier. The arm 318 is pivoted to raise and lower the dam barrier
      in a similar manner as previously discussed.
PAR  Shown in FIGS. 18 and 19 is another type of dam barrier which has fewer
      operating positions. The dam barrier 350 is provided with a body 351
      having an isoceles triangular cross-section. A shaft 352 is mounted at one
      end and off center. The shaft is rotatably mounted in the wall of the
      forming chamber at 354 in any conventional manner. The other end of the
      body is provided with a shaft 356 which is rotatably mounted in the
      opposed wall of the forming chamber at 358 in any conventional manner. A
      gear wheel 360 is advantageously securely mounted on the shaft 358.
PAR  A power gear wheel 362 is operatively connected with the gear wheel 360 and
      is operated by a shaft 364 extending through the sidewall of the forming
      chamber. To provide different positions, the shaft 362 is rotated in a
      first direction which rotates the dam barrier by way of gears 362 and 360
      to decrease the distance between the dam barrier and the top surface of
      the molten metal.
PAR  Referring to FIG. 20, there is shown an end view still of another
      embodiment of a dam barrier that may be used. Dam barrier 370 includes a
      plurality of cylindrical rods 372, e.g., 3 cylindrical rods that are held
      together by an asbestos cloth 374. The dam barrier 370 can be used in
      place of the member 351 of the dam barrier 350 (see FIGS. 18 and 19) or
      can be used in a similar manner as is the dam barrier 300 (see FIGS. 15
      and 16).
PAR  Although the dams of the invention were discussed with the glassmaking
      process as disclosed in U.S. Pat. application No. 483,508, it can now be
      appreciated that the invention is not limited thereto and has utility in
      any glassmaking process in which a sheet or ribbon of glass is moved
      through a forming chamber on a pool of supporting molten metal.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The dam barriers incorporating features of the invention will be used with
      the glassmaking furnace disclosed in U.S. Pat. application Ser. No.
      483,508 filed on June 27, 1974, in the name of Gerald E. Kunkle and
      entitled "Manufacture of Glass."
PAR  Referring to FIG. 1, there is shown a glassmaking apparatus 30 similar to
      the one disclosed in the above mentioned patent. In general, the
      glassmaking apparatus 30 includes a glassmaking furnace 32, delivery
      facility 46 connecting the furnace 32 to a forming chamber 34.
PAR  Glassmaking ingredients (not shown) are feed into a melting section of the
      furnace 36 and are melted to form a molten pool of glass 58. The molten
      pool of glass moves into a refining section 36 of the furnace 32 where the
      molten glass is refined. The refined molten glass 44 flows over a
      threshold 48 of the delivery facility onto molten tin 86 contained in the
      forming chamber.
PAR  Pipes 54 are embedded in threshold 48 which can advantageously control the
      temperature of the molten glass. The flow of molten glass is controlled by
      a control tweel 68 which is raised and lowered by a support assembly 70
      (not fully shown).
PAR  The forming chamber 34 includes a bottom casing 74 made of steel and
      supported on a support 76 in addition to support 52. Disposed within the
      bottom casing 74 is a refractory bottom 78 that has been cast in place
      inside the bottom casing. The dimensions of the forming chamber 34 are
      approximately 10 feet by 10 feet.
PAR  Embedded within the bottom refractory 78 are 6 pipes 80 through which
      coolant may be drawn, if desired, to extract heat from the molten tin. The
      pipes are on a center-to-center spacing of 15 inches with the pipe 80
      adjacent the threshold spaced about 31 inches from the downstream end of
      the threshold 48.
PAR  With reference to FIGS. 1 and 2, the refractory sidewalls 83, exit lip 84,
      the downstream end of the threshold 48 and bottom 78 define a container
      into which a molten pool of tin 86 is disposed. The molten tin has a depth
      to about 23/8 inches adjacent the exit lip 84 and a depth of about 21/2
      inches adjacent the downstream end of the threshold 48.
PAR  At the downstream end of the forming chamber 34 there are provided
      extensions 88 in the bottom container portion of the forming chamber which
      serve as cavities into which dross floating on the surface of the molten
      tin 86 may be withdrawn for removal from the forming chamber 34.
PAR  Referring now to FIG. 1, the upper portion of the forming chamber includes
      an end wall liner 90 made of refractory material. At the upstream end or
      inlet end of the forming chamber is a lintel 96 which supports roof 60 of
      the delivery facility 46. Additionally, the upper portion of the forming
      chamber includes a roof 98 made of a refractory material.
PAR  Extending through the forming chamber are heating elements 100 extending
      from the downstream end toward the upstream end of the forming chamber.
      Each of the heating elements 100 are connected to bus bar 102 which are
      advantageously connected in turn to a source of power (not shown) such as
      the type shown in the art.
PAR  The molten glass 72 is delivered onto the tin 86. As the molten glass moves
      downstream through the forming chamber the temperature of the glass is
      monotonically and constantly cooled to form a glass ribbon 108. At a point
      about 101 inches from the center of the control tweel the glass ribbon is
      vertically raised and vertically conveyed out of the forming chamber 34 by
      way of rollers 118 of vertical conveyor 106.
PAC  EXAMPLE I
PAR  The dam barriers of the invention will be used with the glassmaking
      apparatus as previously discussed to produce a continuous glass ribbon of
      equilibrium thickness, e.g., about 0.270 inches (0.68 centimeters) thick.
PAR  Referring to FIGS. 1 and 2, there is positioned dam barriers 129, 130, 131,
      132, and 133 spaced 24 inches (61 centimeters), 39 inches (99
      centimeters), 54 inches (137.2 centimeters), 69 inches (175.3 centimeters)
      and 84 inches (213.4 centimeters), respectively, from the downstream end
      of the threshold 48. The dam barriers 129-133 are of the type shown in
      FIGS. 15 and 16. The dam barriers each include a pair of cylindrical roll
      bodies 302 about 41/2 feet (1.4 meters) in length made of an alloy of
      tungsten and molybdenum. Covering the pair of cylindrical rolls is an
      asbestos cloth 306, 1/8 inch thick (3.1 millimeters). A plate 304 made of
      an alloy of tungsten and molybdenum is provided on each roll body to
      prevent the dam barrier from rolling along the bottom of the forming
      chamber.
PAR  The dam barriers 129, 130, 131, 132 and 133 are spaced about 1 inch (2.54
      centimeters); 1 inch (2.54 centimeters); 1 inch (2.54 centimeters); 7/8
      inch (2.2 centimeters); and 7/8 inch (2.2 centimeters) respectively, from
      the top surface of the molten tin. In this example the coolers 80
      immediately downstream of the threshold 48 are turned off and do not
      extract any heat from the molten tin.
PAR  The temperature of the glass at selected points as the glass moves through
      the forming chamber is as shown in Table I. The temperature was taken with
      radiation pyrometers mounted through the roof 98 of the forming chamber
      34.
TBL                TABLE I                                                     

     ______________________________________                                    

     Distance from centerline                                                  

     of control tweel 68   Temperature                                         

     ______________________________________                                    

     32 inches (81.3 centimeters)                                              

                           1850.degree.F. (1010.degree.C)                      

     72 inches (182.9 centimeters)                                             

                           1550.degree.F. (845.degree.C)                       

     ______________________________________                                    

PAC  EXAMPLE II
PAR  The dam barriers of the invention will now be used to manufacture a
      continuous glass sheet or ribbon having a thickness of about 0.125 inches
      (3.1 millimeters).
PAR  The apparatus is as discussed in Example I with the following exceptions.
PAR  The dam barrier 129 is about 1 inch (2.54 centimeters) from the top surface
      of the molten tin and spaced about 24 inches (61 centimeters) from the
      downstream end of the threshold 48. The dam barrier 130 is spaced about 1
      inch (2.54 centimeters) from the top surface of the molten tin and spaced
      about 41 inches (104.1 centimeters) from the downstream end of the
      threshold 48. The dam barrier 131 is spaced about 1 inch (2.54
      centimeters) from the top surface of the molten tin and spaced about 56
      inches (142.2 centimeters) from the downstream end of the threshold 48.
      The dam barrier 59 is spaced about 7/8 inch (2.2 centimeters) from the top
      surface of the molten tin and spaced about 59 inches (150 centimeters)
      from the downstream end of the threshold.
PAR  The dam barrier 133 was removed from the forming chamber.
PAR  As before, the coolers 80 immediately downstream of the threshold 48 were
      not used.
PAR  Extending into the forming chamber 34 through its sidewalls 82 are two edge
      contact devices 112 of the type used in the art for applying outward
      tractive forces to opposed edges of glass.
PAR  The temperature of the glass as it moves through the forming chamber is as
      shown in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     Distance from centerline                                                  

     of control tweel 68  Temperature                                          

     ______________________________________                                    

     32 inches (81.3 centimeters)                                              

                          1875.degree.F. (1020.degree.C.)                      

     72 inches (182.9 centimeters)                                             

                          1600.degree.F. (870.degree.C.)                       

     ______________________________________                                    

PAR  While the several embodiments of this invention have been described and
      illustrated by reference to detailed specific examples, those skilled in
      the art will recognize that variations may be made from the described
      methods and devices without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of making a continuous ribbon of flat glass which comprises
      providing a layer of molten glass on the surface of a pool of supporting
      molten metal; advancing the layer of glass along the surface of the pool
      of molten metal in a downstream direction from upstream locations to
      succeeding downstream locations; and controlling the temperature of the
      layer of glass to cool the layer of glass to form a dimensionally stable
      ribbon of flat glass of a specified thickness wherein at least a portion
      of the cooling of the advancing layer of glass being by transfer of heat
      to the molten metal, the improvement, associated with changing from
      forming glass of a first specified thickness to forming glass of a second
      thinner specified thickness, comprising:
PA1  positioning movable dam barriers in the molten metal and extending at least
      partially transversely to the direction of glass advance to change the
      pattern of heat removal from the layer of glass within a sizing region in
      which the glass is at a temperature within its sizing temperature range by
      decreasing the spacing between at least two adjacent dam barriers in a
      downstream portion of the region from their spacing when forming glass of
      the first specified thickness.
NUM  2.
PAR  2. The improved method as set forth in claim 1 wherein said positioning
      step is accomplished by:
PA1  moving a dam barrier in the downstream portion of the sizing region in a
      direction opposite to the direction of advance of the layer of glass.
NUM  3.
PAR  3. The method as set forth in claim 1 comprising the further step of
      increasing the spacing between two adjacent dam barriers in an upstream
      portion of the sizing region from their spacing when forming glass of the
      first specified thickness.
NUM  4.
PAR  4. The improved method as set forth in claim 3 wherein said positioning
      step is accomplished by:
PA1  moving a dam barrier in an upstream portion of the sizing region in the
      same direction as the advance of the layer of glass.
NUM  5.
PAR  5. The improved method as set forth in claim 4 wherein said positioning
      step is accomplished by:
PA1  removing a dam barrier from the molten metal in the upstream portion of the
      sizing region.
NUM  6.
PAR  6. The improved method as set forth in claim 1 wherein said positioning
      step is accomplished by:
PA1  inserting a dam barrier in the molten metal in the downstream portion of
      the sizing region.
NUM  7.
PAR  7. In a method of making a continuous ribbon of flat glass which comprises
      providing a layer of molten glass on the surface of a pool of supporting
      molten metal; advancing the layer of glass along the surface of the pool
      of molten metal in a downstream direction from upstream locations to
      succeeding downstream locations; and controlling the temperature of the
      layer of glass to cool the layer of glass to form a dimensionally stable
      ribbon of flat glass of a specified thickness wherein at least a portion
      of the cooling of the advancing layer of glass being by transfer of heat
      to the molten metal, the improvement, associated with changing from
      forming glass of a first specified thickness to forming glass of a second
      thicker specified thickness, comprising:
PA1  positioning movable dam barriers in the molten metal and extending a least
      partially transversely to the direction of glass advance to change the
      pattern of heat removal from the layer of glass within a sizing region in
      which the glass is at a temperature within its sizing temperature range by
      increasing the spacing between at least two adjacent dam barriers in a
      downstream portion of the region from their spacing when forming glass of
      the first specified thickness.
NUM  8.
PAR  8. The improved method as set forth in claim 7 wherein said positioning
      step is accomplished by:
PA1  moving a dam barrier in the downstream portion of the sizing region in the
      same direction as the advance of the layer of glass.
NUM  9.
PAR  9. The method as set forth in claim 7 comprising the further step of
      decreasing the spacing between two adjacent dam barriers in an upstream
      portion of the sizing region from their spacing when forming glass of the
      first specified thickness.
NUM  10.
PAR  10. The improved method as set forth in claim 9 wherein said positioning
      step is accomplished by:
PA1  moving a dam barrier in an upstream portion of the sizing region in a
      direction opposite to the direction of advance of the layer of glass.
NUM  11.
PAR  11. The improved method as set forth in claim 10 wherein said positioning
      step is accomplished by:
PA1  inserting a dam barrier in the molten metal in the upstream portion of the
      sizing region.
NUM  12.
PAR  12. The improved method as set forth in claim 7 wherein said positioning
      step is accomplished by:
PA1  removing a dam barrier from the molten metal in the downstream portion of
      the sizing region.
NUM  13.
PAR  13. In a method of making a continuous ribbon of flat glass which comprises
      providing a layer of molten glass on the surface of a pool of supporting
      molten metal; advancing the layer of glass along the surface of the pool
      of molten metal in a downstream direction from upstream locations to
      succeeding downstream locations; and controlling the temperature of the
      layer of glass to cool the layer of glass to form a dimensionally stable
      ribbon of flat glass of a specified thickness wherein at least a portion
      of the cooling of the advancing layer of glass is by transfer of heat to
      the molten metal, the improvement comprising:
PA1  arranging at least two pairs of dam barriers in the molten metal such that
      a line drawn through each dam barrier of a pair of dam barriers in a
      direction opposite to the advance of the glass intersects with a similar
      line drawn through the other dam barrier of the pair, said two pairs of
      dam barriers providing compartments of molten metal between adjacent dam
      barriers which provide for the free circulation of molten metal between an
      upstream location spaced a first distance inwardly from a side of the pool
      of molten metal beneath the advancing glass and a downstream location
      spaced a second lesser distance inwardly from the same side of the pool of
      molten metal.
NUM  14.
PAR  14. In an apparatus for making flat glass wherein the apparatus is of the
      type having a glass melting furnace for supplying molten glass for
      forming; a glass forming chamber having a bottom and side portions for
      containing a pool of supporting molten metal; delivery means connecting
      the exit end of the furnace and entrance end of the forming chamber for
      moving the molten glass from the furnace to the forming chamber to provide
      a layer of molten glass on the pool of supporting molten metal wherein the
      molten glass as it advances along the molten metal is cooled to form a
      continuous glass ribbon of a specified thickness wherein at least a
      portion of the cooling of the glass being by transfer of heat to the
      molten metal and means for continuously removing the glass ribbon from the
      forming chamber, the improvement comprising:
PA1  movable dam barriers mounted on the bottom of the forming chamber, each of
      said dam barriers comprising an outer cover of material which is
      substantially non-reactive with the molten metal and an inner body of
      material having a density greater than that of the molten metal.
NUM  15.
PAR  15. The apparatus as set forth in claim 14 wherein at least one of said dam
      barrier comprises:
PA1  a cylindrical body; and
PA1  means mounted on said body to prevent rolling motion of said body.
NUM  16.
PAR  16. The apparatus as set forth in claim 15 wherein said cylindrical body is
      in at least two sections to permit insertion of the dam barrier beneath
      the glass ribbon.
NUM  17.
PAR  17. The apparatus as set forth in claim 14 wherein said body is made of an
      alloy of tungsten and molybdenum.
NUM  18.
PAR  18. The apparatus as set forth in claim 17 wherein said cover is an
      asbestos cloth.
NUM  19.
PAR  19. The apparatus as set forth in claim 14 wherein the cover is made of
      graphite and the body has a density sufficiently greater than the density
      of the molten metal to increase the density of the body and cover in
      combination to be effectively greater than that of molten metal.
NUM  20.
PAR  20. The apparatus as set forth in claim 14 wherein the body of said dam
      barrier is made of a plurality of cylindrical roll members securely joined
      together.
NUM  21.
PAR  21. The apparatus as set forth in claim 20 wherein each of said plurality
      of cylindrical roll members is made of an alloy of tungsten and molybdenum
      and the cover comprises an asbestos cloth around said plurality of
      cylindrical rolls.
NUM  22.
PAR  22. The apparatus as set forth in claim 14 further comprising:
PA1  means for vertically removing the glass sheet from the forming chamber.
NUM  23.
PAR  23. The apparatus as set forth in claim 14 further comprising:
PA1  means for horizontally removing the glass sheet from the forming chamber.
NUM  24.
PAR  24. In an apparatus for making flat glass wherein the apparatus is of the
      type having a glass melting furnace for supplying molten glass for
      forming; a glass forming chamber having a bottom and side portions for
      containing a pool of supporting molten metal; delivery means connecting
      the exit end of the furnace and entrance end of the forming chamber for
      moving the molten glass from the furnace to the forming chamber to provide
      a layer of molten glass on the pool of supporting molten metal wherein the
      molten glass as it advances along the molten metal is cooled to form a
      continuous glass ribbon of a specified thickness wherein at least a
      portion of the cooling of the glass being by transfer of heat to the
      molten metal and means for continuously removing the glass ribbon from the
      forming chamber, the improvement comprising:
PA1  a dam barrier member having a triangular cross-section extending at least
      partially across the chamber within the pool of molten metal; and
PA1  means for rotating said dam barrier members to vary the distance between
      said dam barrier member and the top surface of the molten metal.
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PAL  A method for forming a glass article of a devitrifiable glass having an
      optimum working temperature in the vicinity of its liquidus temperature,
      wherein the temperature of the molten glass is, during the molding
      operation, maintained at considerably higher temperature than both the
      optimum working temperature and the liquidus temperature, the molded
      article is passed through water or a layer of wet granular materials
      floating in water before the temperature of the molded article drops down
      to the liquidus temperature and before the molded article is deformed to
      rapidly cool the article to a temperature below the devitrifying
      temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for producing a glass article of a
      devitrifiable glass without occurence of any devitrification.
PAR  Generally, glass articles are produced by molding molten glass and then
      cooling the molded glass. Various molding methods have been known such as
      casting, blowing, drawing, swaging and rolling, and a suitable method is
      employed for an article to be molded.
PAR  The glass molding operation is effected at a temperature in the workable
      temperature range of the glass, and the optimum working temperature is
      determined by the composition of the glass to be used, the shape of the
      article and, therefore, the method employed.
PAR  In cooling the molded glass, devitrifications may disadvantageously develop
      if the molded glass is maintained for a considerable period at a certain
      temperature range below the liquidus temperature of the glass, which has
      been usually referred as a devitrifying temperature range.
PAR  If the working temperature in producing a glass article is within the
      devitrifying temperature range of the glass, devitrification may take
      place during the molding operation to cause loss of transparency,
      deterioration of the mechanical strength and deterioration of the
      commercial value of the product.
PAR  In order to avoid these disadvantages, the composition of glass has been so
      selected that the working temperature is sufficiently removed from the
      liquidus temperature to be outside the devitrifying temperature range.
PAR  There are, however, certain cases where such selection of the glass
      composition is not possible because of the properties of the glass article
      to be obtained.
PAR  A method for obtaining a glass article without devitrification of a glass
      having a working temperature within or close to the devitrifying
      temperature range is of great benefit.
PAR  Such a method is disclosed in Japanese Pat. Publication NO. 38519/1971.
      According to this method, a devitrifiable glass is prepared in the form of
      powdery glass and then such powdery glass is molded into a desired article
      by using an extrusion molding method at a temperature below the
      devitrifying temperature range. In this method, since the temperature of
      the glass is not elevated above the devitrifying temperature range during
      the producing process, there is no chance for devitrification to take
      place. This method, however, requires enlarged producing installations.
      Moreover, since the glass must be prepared in the form of powdery glass
      and then again heated and shaped, the producing steps are extremely
      complicated and pose an economical problem.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a method for forming a glass
      article of a devitrifiable glass whose working temperature is in the
      vicinity of the liquidus temperature without developing any
      devitrification and with simple production facilities, at low cost and in
      commercial quantities.
PAR  This invention provides a method for forming a glass article of a glass
      having a working temperature in the vicinity of the liquidus temperature
      thereof, which comprises the steps of preparing molten glass at an
      elevated temperature higher than the working temperature and the liquidus
      temperature, molding the molten glass into an article, putting the molded
      glass article into water before the temperature of the molded article
      drops down to the liquidus temperature and before the molded article is
      deformed to rapidly cool the article to a temperature below the
      devitrifying temperature range of the glass, and subjecting the article to
      the annealing treatment.
PAR  The molded article may be, preferably, put into a layer of wet granular
      materials, for example cork grains, which float in water.
PAR  Further objects and features of this invention will be understood from the
      following detailed description relating to embodiments of this invention
      with reference to the annexed drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1a diagrammatically shows a sectional view of an embodiment of this
      invention,
PAR  FIG. 1b shows a sectional view taken along the line IB--IB of FIG. 1a,
PAR  FIG. 2a diagrammatically shows a sectional view of another embodiment, and
PAR  FIG. 2b shows a sectional view taken along the line IIB--IIB in FIG. 2a.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Briefly stated, this invention intends to maintain the temperature of the
      molten glass during the molding operation at a considerably higher
      temperature than the working temperature and the liquidus temperature of
      the glass and to rapidly cool the molded glass from the higher temperature
      to a temperature below the devitrifying temperature range of the glass, to
      permit producing a glass article without devitrification from a
      devitrifiable glass having a working temperature in the vicinity of the
      liquidus temperature of the glass.
PAR  Referring first to FIGS. 1a and 1b, which illustrate a first embodiment of
      this invention as adapted for producing glass tubes, the feeder 1 is
      connected to a glass melting chamber (not shown) and supplied with molten
      glass 2 therefrom, as is well known. Feeder 1 comprises a spout 11, a
      downwardly opened orifice 12, and tubes 13 inserted downwardly into the
      molten glass in spout 11 and arranged symmetrical to each other on both
      sides of the central axis of the opening of orifice 12. A mandrel 14 is
      inserted vertically downwardly through molten glass 2 so as to project
      downwardly from the opening of orifice 12. A ring-shaped space is formed
      between the outer periphery of mandrel 14 and the inner periphery of the
      opening of orifice 12. Mandrel 14 also has axial bore 15 that extends
      along the length of the mandrel so that air is blown in from the top end
      opening of the bore.
PAR  The end portion of the mandrel 14 that extends downwardly from the orifice
      12 has a curved surface gently converging toward the center axis. A
      downwardly extending muffle 16 surrounds the mandrel 14 and orifice 12 and
      is secured to the underside of the spout 11.
PAR  As is well known, a temperature control device is provided for feeder 1 to
      control the temperature of the molten glass at a predetermined
      temperature.
PAR  Water tank 3 is fixedly arranged under the feeder 1 and the bottom end of
      the muffle 16. The water tank 3 is a long one elongating in a horizontal
      direction and so disposed that the top surface at its one end portion
      faces the bottom end of the muffle 16. Two opposed side walls 31 and 32
      extending longitudinally of the water tank are provided with water feeding
      ports 33. A water discharging port 36 is provided in one of the shorter
      oppposed side walls 34 and 35 which is located at the end portion adjacent
      to muffle 16.
PAR  The water feeding ports 33 can be moved to the best suited positions which
      are determined according to the size of the product, tube drawing speed
      and other factors, while the vertical position of the water discharging
      port 36 is so selected that water in the water tank will maintain a
      desired water level.
PAR  The water tank is provided with a cover 37 over the top opening of the
      water tank. At a portion of cover 37 facing the muffle 16, a hole 38 is
      formed at the position just below the mandrel 14. In the side wall 35, a
      hole 39 is formed at a position higher than the water level in the water
      tank.
PAR  Rollers 41, 42, 43 and 44, are arranged spaced-apart from each other
      longitudinally along the center axis of the water tank and are so disposed
      that the axis of revolution of each roller crosses the center axis of the
      water tank at an angle other than the right angle. These rollers 41, 42,
      43 and 44 facilitate continuous advancement of the molded glass tube and
      secure the vertical position thereof, as more fully described later. These
      rollers are driven by a power source (not shown). For instance, an
      electric motor may be used as a power source for rotating these rollers,
      in which the rotating force of the motor is transmitted through a
      chain-and-sprocket drive. The roller driving mechanism is of a type well
      known in the art, so no further explanation of such mechanism will be
      necessary here. The rollers 41 are disposed in the water tank at a
      vertical level lower than but close to the water surface in the tank,
      while the roller 42 is located at a vertical position suitable for guiding
      the glass tube to the hole 39.
PAR  The glass material is melted in the melting chamber and molten glass 2 is
      continuously supplied from said chamber into feeder 1. The molten glass 2
      is kept at a temperature higher than the optimum working temperature and
      the liquidus temperature of the glass. The spout 11 may be provided with a
      known type of heating means for maintaining the temperature of molten
      glass 2.
PAR  The molten glass 2 supplied to the feeder 1 passes through the ring-shaped
      space formed between the inner surface of the orifice 12 and the periphery
      of the mandrel 14 and flows down along the surface of mandrel 14. Since
      the end of the mandrel 14 converges, the molten glass flowing down along
      the mandrel surface tends to join at the end of the mandrel. However, as
      air is being fed into the central bore 15 of the mandrel 14, the molten
      glass is molded into the form of a tube having a central bore.
PAR  After leaving the mandrel 14, the molded tube further descends to enter the
      water tank 3 through the opening 38 in the cover 37 and is immersed and
      cooled by water in the water tank.
PAR  Upon entering the water tank 3, the molded glass is bent in the
      longitudinal direction of the water tank and further guided forward by the
      rollers 41, 42 which are rotating about their respective center axes to
      impart forward motion to the glass tube. The glass tube is then discharged
      out from the water tank through the hole 39 and carried to the next
      working station, for example a tube cutting machine, by means of rollers
      43, 44.
PAR  When emerging from the water tank 3, the glass tube is already cooled to a
      temperature below the devitrifying temperature range. That is, the glass
      tube which has been molded by the mandrel and which still maintains a
      temperature higher than the working temperature and the liquidus
      temperature is rapidly cooled to a temperature below the devitrifying
      temperature range during a short period of time from entrance into the
      water tank to emergence therefrom, so that a nondevitrified glass tube is
      discharged from the water tank.
PAR  The feed and rotation of the glass tube can be accomplished by means of a
      traction device disposed at the feed end of the glass tube.
PAR  Since the molten glass 2 has an extremely high temperature and hence is
      very flowable, the thickness of the tube wall, during a pass from the
      mandrel 14 to the water tank, as well as the tube diameter are gradually
      reduced.
PAR  It is, thus, possible to obtain a desired tube by suitably dimensioning not
      only the bore of the orifice 12 and the diameter of the mandrel 14 but
      also the distance between the mandrel and the water tank according to the
      desired tube diameter and wall thickness.
PAR  In the above embodiment, a glass rod may be molded if the mandrel 14 (FIG.
      1a) is not used or is not provided with a central hole 15. Furthermore if
      the orifice 12 is a slit, a plate may be molded.
PAR  In the above-described embodiment, although no devitrification occurs, some
      tubes which emerged from the water tank were rugged in their general
      configuration. Such deformation can be avoided by passing the glass tube
      through a layer of water-wetted grains, such as corks 5, floated in the
      water in the water tank 3, as shown in FIG. 2a.
PAR  An example of easily devitrifyable glass to which this invention is
      applicable is shown in Table 1. The working temperature of this glass for
      tube drawing is approximately 1,330.degree.C (viscosity 10.sup.4.0
      poises). This temperature is very close to the liquidus temperature of
      this glass (about 1,310.degree.C), so that devitrification inevitably
      occurs in the ordinary producing methods.
TBL                Table 1                                                     

     ______________________________________                                    

     Ingredients       Weight ratio (%)                                        

     ______________________________________                                    

            SiO.sub.2     64.4                                                 

            Al.sub.2 O.sub.3                                                   

                          22.9                                                 

            Li.sub.2 O    4.3                                                  

            MgO           0.5                                                  

            P.sub.2 O.sub.5                                                    

                          1.4                                                  

            ZrO.sub.2     2.3                                                  

            TiO.sub.2     1.5                                                  

            Na.sub.2 O    0.5                                                  

            K.sub.2 O     0.2                                                  

            As.sub.2 O.sub.3                                                   

                          1.4                                                  

            Sb.sub.2 O.sub.3                                                   

                          0.6                                                  

     ______________________________________                                    

PAR  If the molten glass having the composition of Table 1 is supplied to the
      feeder at its working temperature (1,330.degree.C) and then drawn out
      through the ring-shaped space between the mandrel and the orifice in the
      similar way as in FIG. 1, the molten glass begins to cool down upon
      emerging from the orifice. Therefore, the temperature of the molten glass
      drops down to a temperature within the devitrifying temperature range of
      the glass during the molding operation so that devitrification may
      develop.
PAR  However, according to this invention, since molten glass of a temperature
      considerably higher than the working temperature and the liquidus
      temperature, for example 1,385.degree.C (viscosity 10.sup.3.7 poises) is,
      molded by combination of the mandrel and orifice into a tube, which, in
      turn, is immersed in water before cooling down to the devitrifying
      temperature range of the glass so as to be rapidly cooled to a temperature
      below the devitrifying temperature range, it is possible to obtain a glass
      tube of the composition of Table 1 without causing devitrification.
PAR  It will be apparent that this invention can be employed for producing glass
      articles without causing devitrification by using glass not only of the
      composition of Table 1 but also of other compositions in which the working
      temperature lies near the liquidus temperature of the glass.
PAR  It will be also noted that the method of this invention can be preferably
      applied not only to a pressing method and pull-up method but to a
      down-draw method and a dunner method in which the molten glass is flown
      downwardly from the feeder to mold a product. It is also possible with the
      method of this invention to produce not only tubes but also other articles
      that can be molded by the molding methods in which this invention is
      employable.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An improved method for producing an article of a molten glass having an
      optimum working temperature and a liquidus temperature, comprising the
      steps of
PA1  1. molding the molten glass into the article at a temperature higher than
      the optimum working and liquidus temperatures, and
PA1  2. placing the molded glass article into contact with water before the
      temperature of the molded glass article drops down to the liquidus
      temperature whereby the molded glass article passes rapidly through the
      devitrifying temperature of the glass and devitrification of the glass is
      inhibited.
NUM  2.
PAR  2. The improved method of claim 1, wherein the molded glass article is
      placed into contact with water by passing it through a water bath.
NUM  3.
PAR  3. The improved method of claim 1, wherein the molded glass article is
      placed into contact with water by passing it through a layer of
      water-wetted granular material floating on water.
NUM  4.
PAR  4. The improved method of claim 3, wherein the granular material is cork.
NUM  5.
PAR  5. An improved method for producing an elongated article of a devitrifiable
      glass having an optimum working temperature in the vicinity of the
      liquidus temperature thereof, comprising the steps of
PA1  1. heating the glass to a temperature higher than the optimum working and
      liquidus temperatures thereof to melt the glass,
PA1  2. feeding the molten glass to a molding station whereat the molten glass
      is maintained at the higher temperature,
PA1  3. continuously leading the molten glass at the higher temperature through
      a molding orifice at the molding station, and
PA1  4. leading the molded glass article into contact with water before the
      temperature of the molded glass article drops down to the liquidus
      temperature whereby the molded glass article passes rapidly through the
      devitrifying temperature of the glass and devitrification of the glass is
      inhibited.
NUM  6.
PAR  6. The improved method of claim 5, wherein the molded glass article is
      placed into contact with water by passing it through a water bath.
NUM  7.
PAR  7. The improved method of claim 5, wherein the molded glass article is
      placed into contact with water by passing it through a layer of
      water-wetted granular material floating on water.
NUM  8.
PAR  8. The improved method of claim 7, wherein the granular material is cork.
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PAL  A furnace for heat treating glass sheet material including a circular
      enclosure having top, bottom and side walls of refractory material. Inlet
      and outlet openings are formed in the side walls. The side walls have an
      outer insulating layer and an inner layer of material having a low
      coefficient of thermal expansion, the inner layer having spaced end
      portions projecting beyond the outer layers and the periphery of the side
      walls to define said inlet and outlet openings. Each opening is controlled
      by doors, and each door includes an elongated support bar with a plurality
      of blocks of refractory material supported on the bar in end-to-end
      relationship. The blocks are adjustably secured to the bar to accommodate
      irregularities in the openings.
PARN
PAR  This application is a division of application Ser. No. 435,130, filed Jan.
      21, 1974, now U.S. Pat. No. 3,907,132 the latter application being a
      continuation-in-part of application Ser. No. 365,939, filed June 1, 1973,
      now abandoned. The entire disclosures of application Ser. No. 435,130 and
      application Ser. No. 365,939 are incorporated herein by reference.
BSUM
PAR  This invention relates generally to heat treating furnaces, and is
      particularly concerned with furnaces used for heating glass sheet material
      and the like in a tempering process.
PAR  The tempering of glass sheets by first heating the sheet and then suddenly
      cooling the heated sheet increases the mechanical strength of the glass
      sheet, which, in and of itself, increases the safety and the use of the
      glass. In addition, however, the safety is increased because the tempered
      glass, when broken, disintegrates and shatters into small, relatively dull
      and harmless particles instead of into large sharp slivers as is the case
      with untempered glass.
PAR  Conventional glass tempering processes include systems wherein untempered
      glass sheets are suspended by tongs on a carrier. The carrier with the
      sheets supported thereon are then conveyed into a furnace and heated to a
      desired temperature, after which the carrier with the heated sheet is
      conveyed to a blasthead or quenching apparatus to suddenly cool and reduce
      the temperature of the glass to complete the tempering process.
PAR  During the heating of the glass in the furnace, if different portions of
      the glass sheet are exposed to uneven temperatures, the resulting stresses
      can cause warpage or breakage of the sheet. As the sheet being treated is
      conveyed from one stage to another of the process, it is of course
      undesirable for any of the moving parts to strike obstructions and cause
      breakage or mechanical damage to any of the components and parts of the
      system. It is of course also desirable to maintain a high rate of
      production with the glass tempering system.
PAR  An object of this invention is to provide a furnace for heat treating glass
      sheet material and the like wherein the exposure of different parts of the
      material being treated to different temperatures during the heat treating
      is minimized.
PAR  A still further object of the invention is to provide a furnace for heat
      treating glass sheet material and the like having one or more doors at
      openings through which the material enters and leaves the furnace, which
      doors are constructed to cooperate with the surfaces of the furnace
      surrounding the openings in such a manner as to minimize heat losses.
PAR  A furnace according to the present invention may include an enclosure
      having top, bottom and side walls of fire brick, ceramic material or other
      refractory material with a transverse partition spaced between the top and
      bottom walls and dividing the interior of the enclosure into two zones.
      The upper zone is the material treating zone, and the lower zone is
      primarily a gas mixing and heating zone. Electrical heating elements or
      other sources of heat are mounted in both zones. Gas treating and
      distributing means is provided in the lower zone and is operable to (1)
      draw gas from the upper zone into the lower zone, (2) draw ambient air or
      other gas from the exterior of the furnace enclosure into the lower zone,
      (3) mix the exterior gas and gas from the upper zone to provide a mixture
      having a substantially homogeneous temperature, (4) heat the homogeneous
      mixture of gases and (5) force the heated, homogeneous mixture of gases
      into the upper zone past the heating elements in both zones at the sides
      of the furnace for uniformly heating the sheet material being treated and
      for pressurizing the upper zone. The gas is recirculated into the upper
      glass treatment zone in a manner to minimize turbulence and to maintain a
      substantially uniform temperature over the entire surface of the glass
      sheet. A differential temperature control is provided to control the
      temperature of the heating elements in the upper and lower zones in order
      to maintain an adequate, uniform temperature in the furnace during the
      treatment stage.
PAR  The furnace is provided with a door for closing the inlet and outlet
      openings for the entry and exit of the material being treated which is
      made up of individual segments of refractory material that can be adjusted
      to accommodate irregularities on the surface surrounding the openings and
      minimize the loss of pressurized heated air from the upper zone.
DRWD
PAR  Other objects, advantages and features of the invention will become
      apparent from the following description taken in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a plan view of a glass tempering system of the type that can
      utilize a furnace embodying the invention;
PAR  FIG. 2 is a top plan view, partially in section, of a heat treating furnace
      embodying the invention and of the type that may be used in the system
      shown in FIG. 1;
PAR  FIG. 3 is a sectional elevational view of the furnace of FIG. 2 taken on
      lines 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional elevational view of the furnace of FIG. 2 taken on
      lines 4--4 of FIG. 2;
PAR  FIG. 5 is a sectional view taken approximately on lines 5--5 of FIG. 3;
PAR  FIG. 6 is a sectional view taken approximately on lines 6--6 of FIG. 5;
PAR  FIG. 7 is an elevational view of one of the furnace doors as viewed on
      lines 7--7 of FIG. 1;
PAR  FIG. 8 is a detailed view of one segment of the furnace door as viewed on
      lines 8--8 of FIG. 7; and
PAR  FIG. 9 is a sectional view taken along lines 9--9 of FIG. 7.
DETD
PAR  FIG. 1 illustrates a system including a treatment zone for glass sheet
      material and the like comprised of a furnace collectively designated by
      reference character A and a blasthead collectively designated by reference
      character B. A loading station C is defined at one end of the treatment
      zone, and an unloading station D is defined at the other end of the
      treatment zone. Glass sheets to be tempered by the furnace A and the
      blasthead B are loaded onto a conveying system at the loading station C
      and are removed from the conveying system at the unloading station D after
      the tempering operation is completed. The conveying system includes a
      drive conveyor designated collectively by reference character E extending
      from the loading station C through the treatment zone to the unloading
      station D, and a return conveyor F. The glass sheets G (FIGS. 3 and 4) are
      suspended from carriers designated collectively by reference numeral 2 by
      a plurality of tongs 4. The tongs 4 may be of conventional construction,
      several types of such tongs being disclosed in U.S. Pat. Nos. 2,677,918;
      2,370,381; 3,392,006; 3,010,753 and 1,879,699. The glass sheets G are
      placed on the carriers 2 by the tongs 4 at the loading station C, and the
      drive conveyor E moves the carrier 2 with the glass sheet G suspended
      therefrom through the treatment zone to the unloading station D in a
      manner set forth in greater detail below. When the treated sheet of glass
      G is removed from the carrier 2 at the unloading station D, the return
      conveyor F carries the carrier 2 from the unloading station D to the
      loading station C for another treatment cycle.
PAR  The construction of the furnace A is illustrated in detail in FIGS. 2
      through 9. As shown in FIGS. 3 and 4, the furnace A comprises an enclosure
      having a top wall 6, a bottom wall 8, and a side wall 10. The top and side
      walls 6 and 10 are formed of an outer, insulating layer 12 of refractory
      material and an inner layer 14 of firebrick or other refractory material.
      The layers 12 and 14 may both be of castable material. The inner layer 14
      of the side wall 10 is formed integrally with outwardly projecting
      T-sections 16. Adjacent pairs of the T-sections 16 form supports for
      electrical heating elements 18. The elements making up the layers 12 and
      14 are cast with appropriate openings and recesses for receiving rod
      connectors 20 of conventional construction for securing the layers 12 and
      14 together, and to the shell 10a.
PAR  A transverse partition 22 (FIGS. 3 and 4) is spaced between the top and
      bottom walls 6 and 8 and divides the interior of the enclosure into a
      first, or lower gas or air heating zone 24, and a second, upper glass
      heating zone 26. The heating elements 18 in the side wall 10 are located
      in both the lower and upper zones 24 and 26, respectively.
PAR  As is pointed out in greater detail below, gas or air treating and
      distributing means is located in the first, lower zone 24 which is
      operable to (1) draw relatively low temperature gas from the lower portion
      of the second, upper zone 26 into the lower zone 24, (2) draw ambient air
      or other gas from the exterior of the furnace A into the lower zone 24,
      (3) mix the exterior gas and the gas drawn from the upper zone 24 to
      provide a mixture having a substantially homogeneous temperature
      throughout, (4) heat the homogeneous mixture of gases, and (5) force the
      heated, homogeneous mixture of gases into the second, upper zone 26 along
      the side wall to help maintain a uniform, tempering temperature on the
      glass sheet G located in the upper zone 26, and to pressurize the upper
      zone.
PAR  The entire periphery 28 of the partition 22 is spaced from the inner side
      wall of the enclosure, and a plurality of vanes 30 in the form of blocks
      of refractory material are seated on the edge of the partition and span
      the gap between the peripheral edge 28 and the T-sections 16. The vanes 30
      are spaced from each other to define a series of slots 32 at the periphery
      of the partition 22. The vanes 30, as shown in FIG. 3, have a lip which
      seats on the upper edge of an upstanding wall 34 formed by firebrick or
      other refractory material around the periphery of the partition 22, except
      at the central portion thereof in which are mounted additional horizontal
      heating elements 18 (FIGS. 2 and 3).
PAR  Spaced inwardly from the periphery of the partition 22 are openings 36 for
      providing a passage for the gases from the lower portion of the zone 26
      into the lower zone 24.
PAR  Defined in the lower zone 24 is an intake chamber 38 and a discharge
      chamber 40. The openings 36 communicate with the intake chamber 38, and
      the slots 32 communicate with the discharge chamber 40.
PAR  A chimney 42 extends between the bottom wall 8 and the transverse partition
      22. The chimney 42, in the illustrated embodiment, is enclosed by a
      rectangular wall 44 which also defines the inner walls of the intake
      chamber 38. The lower end of the chimney communicates with ambient
      atmosphere, and an adjustable damper 46 is mounted in the chimney near the
      lower end thereof. The damper is adjusted by a handle 47 (FIG. 5) mounted
      on the end of a rod 49 extending through the lower side wall of the
      furnace. A vertical wall 48 surrounds the chimney 44 and defines the outer
      wall of the intake chamber 38 and the inner wall of the discharge chamber
      40. The outer wall of the discharge chamber 40 is defined by the side wall
      of the furnace enclosure.
PAR  A plurality of blowers 50 are mounted in the discharge chamber 24. In the
      illustrated embodiment, four such blowers are located within the discharge
      chamber 24 (FIG. 5). In the illustrated embodiment, the blowers are
      conventional scroll type blowers driven by motors 52 mounted externally of
      the furnace enclosure. In the illustrated embodiment, as shown in FIG. 3,
      each motor 52 drives the shaft 56 of its respective blower through gearing
      54. The shaft 56 of the blower extends through an opening 58 in the side
      wall of the furnace enclosure. The opening 58 is of greater diameter than
      the shaft 56, and the shaft 56 is in unsealed relationship with the
      opening 58 so that operation of the blower draws ambient air through the
      opening 58 into the blower. The blower 50 also has its intake side
      connected with the intake chamber 38 through an opening 60 formed in the
      wall 48. Each of the blowers 50 has its discharge opening 62 directed
      along the length of the discharge chamber 24. As shown in FIG. 6, a ramp
      64 extends from the lower end of the discharge opening 62 of one blower
      upwardly to the adjacent, downstream blower 50. The ramp 64 thus has its
      lower end disposed adjacent the discharge opening of the blower on the
      lower side of the discharge opening 62, and its upper end spaced from the
      lower end along the length of the discharge chamber and nearer to the
      slots 32 for deflecting the flow from the blower toward the slots into the
      second, upper zone 26.
PAR  As shown in FIGS. 3 and 4, a plurality of openings 66 are provided at the
      upper end of the chimney 42. Hence, operation of the blower draws air
      through the chimney 42 and openings 66 into chamber 38 as well as from the
      upper zone 26 through openings 36 to the intake sides of the blowers 50.
      The ambient air from the chimney 42 and the openings 58 surrounding the
      shafts 56 of the blower is mixed with the higher temperature gases drawn
      through the openings 36 from the upper gas treating zone 26. The action of
      the blowers in the lower zone 24, together with the arrangement of the
      chimney, intake chamber and discharge chamber, as well as the ramp 64,
      thoroughly mixes and homogenizes the air or other gases in the lower zone
      24 to provide a substantially uniform temperature of the gas discharged
      through the peripheral slots 32 past the heating elements 18. The vanes 30
      deflect the gases upwardly in the direction of the arrows 62 (FIG. 3) and
      reduce the spiraling, turbulent motion of the gas discharged from the
      blowers 50.
PAR  The gases are additionally heated by the heating elements 18 in the lower
      zone 24 at the slots 32 so that the heated gas rises along the heating
      elements 18 in the side wall of the upper zone 26 toward the inner surface
      of the top wall 6. The gases then circulate inwardly toward the glass
      sheet G and then downwardly to the openings 36. The circulation is such as
      to provide a minimum amount of turbulence and a minimum amount of
      temperature differential along the surface of the glass sheet G during the
      time that it is disposed in the furnace A, as well as to reduce the
      temperature differential over the inner surfaces of the upper zone 26.
      Thus, the heated gases from the lower zone 24 are forced upwardly along
      the periphery of the glass treating zone 26 to be exposed directly to the
      electrical heating elements 18 located in the side wall 10, and are drawn
      through the intake chamber 38 by the blowers at a location spaced inwardly
      from the side wall 10 so that the gases move downwardly along the surfaces
      of the glass sheet G. As pointed out previously, the vanes 30 reduce the
      turbulence of the gas flowing into the upper zone 26 from the lower zone
      24 and deflect the gases upwardly in a slightly spiral path.
PAR  The electrical heating elements 18 in the lower and upper zones 24 and 26
      are controlled by a differential air heat controller 72. The controller 72
      responds to the temperature differential between the slots 32 and the
      upper zone 26 as sensed by a pair of thermocouples 68 and 70. The
      thermocouple 68 is disposed in the upper zone 26 and the thermocouple 70
      is disposed in the slot 32. If a temperature differential is sensed by the
      controller 72 as a result of a low temperature condition at thermocouple
      70, additional energy is supplied to the heating elements 18 in the lower
      zone 24 to reduce or eliminate the temperature differential. The
      temperature of the upper zone 26 is controlled by a separate thermocouple
      and temperature controller (not shown).
PAR  In order to permit the glass sheet G to move through the furnace,
      diametrically opposed openings 74 are formed in the side wall 10.
      Similarly, a slot 76 extends between the openings 74 in the top wall 6 to
      permit the carrier 2 to pass through the furnace. With reference to FIG.
      9, the inner layer 14 of silica material has end portions 78 which project
      beyond the insulating layer 12 and define the opening 74. The illustrated
      furnace A, as shown in FIGS. 2 and 5, is of substantially circular
      cross-section. Hence the inner layer 14 comprises two semi-circular
      sections in cross-section with outwardly curved and slightly thickened
      portions 80 terminating in the end portions 78 projecting beyond the
      periphery of the side wall 10. The space between the end portions 78, as
      pointed out previously, defines the opening 74 through which the
      vertically suspended glass sheet passes to enter into or exit from the
      furnace. Due to the low coefficient of thermal expansion of the silica
      material 14 held to the shell 10a by rod connectors 20, the surfaces
      surrounding the opening 24 maintain a constant shape at all temperatures.
      The T-sections 16 are also formed with outwardly curved end portions 82
      conforming to the configuration of portions 80. The heating elements 18
      additionally have outwardly curved portions 84a terminating at the opening
      74 so that heat losses through the opening 74 are minimized when the
      opening is uncovered.
PAR  As pointed out previously, heating elements 18 are also provided in the top
      wall 6 on each side of the slot 76 (FIG. 3) to minimize heat losses
      through the slot 76. Additional heating elements 18 may, if desired, be
      mounted in the lower surface of the partition 22 at the upper end of the
      chimney 42 to add heat to the air in chimney 42 before it passes through
      the openings 66.
PAR  The openings 74 on the inlet and outlet sides of the furnace A are each
      controlled by doors which may be of identical construction. The
      construction of one of the doors is illustrated in detail in FIGS. 7, 8
      and 9. Reference numeral 84 collectively designates a door movable between
      open and closed positions with respect to the opening 74 and which is made
      up of a plurality of segments 88, each adjustably secured to an elongated
      support bar 86.
PAR  Each of the segments 88 is comprised of a block 90 of ceramic or other
      refractory material, which material may be the same as the material of
      layer 14, supported in jackets or sheaths 92 of metal such as steel. The
      jackets 92 each include outwardly projecting support bar flanges 94 and
      inwardly projecting block engaging flages 96 (FIG. 9). The flanges 96 are
      received in slots formed in the respective blocks 90 to secure the blocks
      to the jackets 92. The flanges 94 are formed with elongated slots 98, and
      conventional bolts 100 are inserted through openings in the support bar 86
      aligned with the slots 98 to secure the segments 88 individually to the
      support bar 86. The slots 98 permit the segments to be individually
      adjusted with respect to the support bar 86 to accommodate any
      irregularities in the surfaces of the projections 78 with which the door
      is engaged when it is in the closed position as shown in FIG. 9 so that
      each segment 88 may have as tight a fit as possible with the projections
      78 to assure a minimum loss of heat when the doors are closed.
PAR  Two of the segments 88 are designated in FIG. 7 by reference numerals 88a
      and 88b. Door actuating arms 102 are secured to the support bar 86 at
      segments 88a and 88b. The actuating arms 102 are each welded to plates 104
      which in turn are secured by conventional bolts 106 to the support bar 86.
      Slotted openings are provided either in the support bar 86 or plates 104
      to permit adjustment of the segments 88a and b in the same manner as the
      remaining blocks 88. The actuating arm 102 is pivotally connected at
      spaced points to the ends of parallel links 108 and 110. Link 108 has its
      other end nonrotatably secured to a rod 114, and link 110 has its other
      end nonrotatably secured to a rod 112. Rods 112 and 114 are rotatably
      supported at their upper end to a bracket 116. Rod 112 is rotatably
      supported at its lower end in a bracket 120 and rod 114 is rotatably
      supported at its lower end in a bracket 118.
PAR  The door 84 is moved between its open and closed positions by a hydraulic
      ram 122 having its cylinder end pivotally connected at 123 to a bracket
      125 and its piston end pivotally connected to an operating lever 124
      nonrotatably secured to rod 114. When the ram 122 is retracted from the
      position shown in FIGS. 7 and 9, the links 108 and 110 pivot about the
      axes of the respective rods 114 and 112 in a counterclockwise direction to
      move the door 84 away from the opening 74.
PAR  In summary, FIGS. 3 through 9 illustrate a furnace having a substantially
      circular cross-section with a plurality of blower units 50, 52 disposed
      about the periphery of the furnace in a zone below and separated from the
      glass treating zone 26. Make-up air can be supplied through the
      rectangular chimney 24 and its openings 66 in addition to recirculating
      the air from the glass treating upper zone 26 past the heating elements 18
      at the sides of the furnce. Furthermore, the layer or blocks 14 of
      material at the top or roof of the furnace is also integrally formed with
      T-sections 16 forming grooves into which the elongated heating elements 18
      at the roof of the glass treating zone 26 can be slipped into and secured
      into place. When the blowers are operating, make-up air can be drawn into
      the furnace through openings 46a at the lower end of the chimney 42 at a
      rate depending upon the position of the adjustable damper 46. The ramps 64
      associated with the blowers 50 (FIG. 6) serve to mix and recirculate the
      air upwardly and tangentially toward the return passages defined by the
      slots 32, while the vanes or blocks 30 deflect the recirculated air
      vertically and somewhat tangentially along the side walls of the furnace
      and the heating elements 18 located at the side walls. The openings 58
      surrounding the blower shaft also prevent overheating of the blowers when
      the blowers are not operating because the chimney effect causes outside
      air to always be drawn through the openings 58 to cool the blowers.
PAR  Again referring to FIG. 3, reference numeral 126 designates a collection
      tray suspended from the top or roof 6 of the furnace by rods 128. The tray
      126 collects any pieces of glass that are broken during the heat treating
      process and facilitates removal of the broken glass from the furnace and
      prevents the pieces from falling into places of difficult access in the
      furnace.
PAR  While a specific form of the invention has been illustrated and described
      in the foregoing specification and accompanying drawings, it will be
      apparent to those skilled in the art that the invention is not limited to
      the exact construction shown, and that alterations and modifications in
      the construction and arrangement of parts, all falling within the scope of
      the invention, can be made by those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A furnace for heat treating glass sheet material and the like
      comprising: an enclosure having walls of refractory material, said walls
      having an outer insulating layer and an inner layer of material having a
      low coefficient of thermal expansion; at least one opening defined in said
      enclosure; said inner layer having spaced end portions projecting
      externally beyond said outer layer and the outer periphery of said
      enclosure to define said opening.
NUM  2.
PAR  2. A furnace as claimed in claim 1 further including a door for controlling
      said opening, said door comprising an elongated support bar, a plurality
      of blocks of refractory material supported on said bar in end-to-end
      relationship, and means adjustably securing each of said blocks to said
      bar to accommodate irregularities in said opening.
NUM  3.
PAR  3. A furnace as claimed in claim 2 wherein said last named means comprises
      a metal jacket for each of said blocks partially enclosing the respective
      block; flanges projecting from said jackets and receiving said bar; and
      means securing said flanges to said rod to permit selective adjustment of
      said blocks transversely of said bar.
NUM  4.
PAR  4. A furnace for heat treating glass sheet material and the like
      comprising: a top, bottom and side walls of refractory material; an inlet
      opening and an outlet opening in the side walls; said side walls having an
      outer insulating layer and an inner layer of material having a low
      coefficient of thermal expansion; said inner layer having spaced end
      portions projecting externally beyond the outer layer and the periphery of
      the side walls to define said inlet and outlet openings.
NUM  5.
PAR  5. A furnace as claimed in claim 4 wherein said furnace is cylindrical and
      said inner layer comprises two semi-circular sections in cross-section
      having slightly thickened portions terminating at said end portions.
NUM  6.
PAR  6. A furnace as claimed in claim 5 further including a pair of doors, each
      controlling one of said openings, each of said doors comprising an
      elongated support bar, a plurality of blocks of refractory material
      supported on said bar in end-to-end relationship and means adjustably
      securing each of said blocks to said bar to accommodate irregularities in
      the opening controlled thereby.
NUM  7.
PAR  7. A furnace as claimed in claim 6 wherein said last named means comprises
      a metal jacket for each of said blocks partially enclosing the respective
      block; flanges projecting from said jackets and receiving said bar; and
      means securing said flanges to said rod to permit selective adjustment of
      said blocks transversely of said bar.
NUM  8.
PAR  8. A door for controlling the opening of a furnace for heat treating glass
      sheet material and the like comprising: an elongated support bar; a
      plurality of blocks of refractory material supported on said bar in
      end-to-end relationship to define said door and means adjustably securing
      each of said blocks to said bar to permit the blocks to be individually
      adjusted with respect to said bar to accommodate irregularities in the
      opening to be controlled by said door said last named means comprising a
      metal jacket for each of said blocks partially enclosing the respective
      block; flanges projecting from said jackets and receiving said bar; and
      means securing said flanges to said rod to permit selective adjustment of
      said blocks transversely of said bar.
NUM  9.
PAR  9. A furnace for heat treating glass sheet material and the like
      comprising: an enclosure having a cyclindrical side wall of circular
      cross-section; said side wall having an outer insulating layer and an
      inner layer of material having a low coefficient of thermal expansion; a
      pair of diametrically opposed openings formed in said side wall each
      extending substantially the full length of said side wall in parallel
      relationship with the longitudinal axis thereof; said inner layer having a
      pair of spaced end portions at each of said openings projecting externally
      beyond said outer layer and the outer periphery of said side wall and
      defining the walls of said openings; a pair of doors, each controlling one
      of said openings; each of said doors comprising a plurality of blocks of
      refractory material supported in end-to-end relationship and for selective
      adjustment relative to each other toward and away from the longitudinal
      axis of said cyclindrical side wall to accommodate irregularities in the
      walls of the opening controlled thereby.
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ABST
PAL  Corrosion of carbon steel by an aqueous solution of zinc nitrate, ammonium
      nitrate, and urea is inhibited by incorporating therein an effective
      amount of ammonium thiosulfate. The solution is particularly useful in
      correcting zinc deficiencies in plants when applied as a foliar spray.
BSUM
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is related to U.S. application Ser. No. 553,953, filed
      Feb. 28, 1975, on "Zinc-Containing Foliar Spray".
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fertilizer solution comprising zinc nitrate,
      ammonium nitrate and urea in aqueous solution; in particular, it relates
      to the inhibition of the corrosive action thereof on carbon steel.
PAR  The use of micronutrients as fertilizers is experiencing increased use. The
      elements such as zinc, manganese, boron, copper, molybdenum and iron are
      fully as important as the primary nutrients, nitrogen, phosphorus, and
      potassium, although the former are used in much smaller quantities.
      Agronomic tests in a large number of states have been concerned with
      establishing where the need for micronutrients exists, comparing sources
      and carriers and indicating amounts that may be needed.
PAR  It is now known that plants growing on soils having pH values over 7.0
      usually suffer from lack of zinc availability in the soil due to the
      presence of various calcium compounds. Therefore, zinc is usually supplied
      to the plants by foliar means. However, foliar application of zinc
      compositions has been the subject of considerable research in recent years
      because of relatively low absorption of the micronutrient by the leaves of
      the plant. The most effective zinc composition discovered to date is
      described in U.S. application Ser. No. 553,953, filed Feb. 28, 1975, by
      Dr. James Benton Storey.
PAR  Said Storey application discloses that an aqueous solution containing a
      specified mixture of zinc nitrate, ammonium nitrate, and urea is
      surprisingly effective in correcting zinc deficiencies in pecan and other
      plants when applied as a foliar treatment. Unfortunately, these mixtures
      are extremely corrosive to the common steel equipment generally used in
      transporting and applying foliar spray solutions. Moreover, none of the
      common materials used to inhibit corrosion by fertilizer solutions such as
      phosphates, chromates, and borates, are satisfactory for use with these
      mixtures. Accordingly, an effective corrosion inhibitor is urgently
      needed. Desirably, the corrosion inhibitor should reduce corrosion to 1 to
      10 mils per year or less; it should be in water-soluble form for easy
      mixing with the aqueous zinc-containing foliar spray solution; and it
      should not cause environmental problems upon use.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide an aqueous solution
      comprising zinc nitrate, ammonium nitrate, and urea, which solution
      contains a corrosion inhibitor for protection of carbon steel.
PAR  Another object of the present invention is to provide a zinc
      nitrate--ammonium nitrate-urea foliar spray solution containing a
      corrosion inhibitor for protection of carbon steel, which inhibitor is not
      detrimental to environmental quality.
PAR  A further object of the invention is to provide an aqueous zinc
      nitrate-ammonium nitrate-urea foliar spray concentrate of low
      corrosiveness toward carbon steel, which concentrate when added to water
      produces a highly effective zinc-containing foliar spray for use in
      prevention or control of zinc deficiencies in pecan and other plants.
PAR  Briefly stated, the process of our invention comprises incorporating in an
      aqueous zinc nitrate-ammonium nitrate-urea solution containing at least 8
      percent by weight zinc nitrate, at least 14 percent by weight ammonium
      nitrate, at least 10 percent by weight urea, and the balance substantially
      consisting of water, about 0.1 to 5 percent by weight of a water-soluble
      thiosulfate compound selected from the group consisting of ammonium
      thiosulfate, sodium thiosulfate, and potassium thiosulfate. The resulting
      solution is a new composition of matter of low corrosiveness toward carbon
      steel because of the presence of the thiosulfate compound. For use as a
      foliar spray, the relatively concentrated solution is diluted with water,
      preferably to a concentration of about 0.1 to 0.2 percent by weight of
      zinc nitrate.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Our preferred process for controlling corrosiveness to carbon steel of a
      solution of zinc nitrate, ammonium nitrate, and urea in water, said
      solution containing 12 to 20 percent by weight of zinc nitrate, 21 to 30
      percent by weight of ammonium nitrate, 15 to 23 percent by weight of urea,
      and the balance consisting essentially of water, comprises incorporating
      in said solution about 0.1 to 0.5 percent by weight of a water-soluble
      thiosulfate compound selected from the group consisting of ammonium
      thiosulfate, sodium thiosulfate and potassium thiosulfate. Solutions thus
      prepared contain as essential ingredients zinc nitrate, ammonium nitrate,
      urea, water, and the thiosulfate, and permissibly contain additional
      fertilizer materials such as sodium nitrate. For improved stability of the
      solutions in storage, sufficient ammonia may be added to adjust the pH of
      the solution to about pH 4-5.
DETD
PAR  In order to demonstrate the invention, the following examples are given.
      These examples show that the presence of the thiosulfate compound in the
      aqueous zinc nitrate-ammonium nitrate-urea solutions serves to protect
      against corrosion carbon steels which are attacked by these solutions.
      Carbon steels commonly used in equipment for handling fertilizer solutions
      which are protected against corrosion by our invention include Carbon
      Steel 7-CT and Carbon Steel 7-285.
PAC  EXAMPLE 1
PAR  A fertilizer solution containing 21 percent by weight of urea, 28 percent
      by weight of ammonium nitrate, 16 percent by weight of zinc nitrate, and
      35 percent by weight of water was prepared. In this example no corrosion
      inhibitor was added. Corrosivity of the solution was determined by
      suspending weighed and measured coupons of carbon steel in the solution at
      room temperature in lightly capped bottles. At the end of 30 days contact
      with the solution, the rate of corrosion in mils per year average
      penetration were determined from the loss of weight of the metal. The
      fertilizer solution with no added inhibitor gave a rate of 95 mils per
      year.
PAC  EXAMPLE 2
PAR  The fertilizer solution of Example 1 was inhibited by adding 0.15 percent
      by weight of ammonium thiosulfate based on the total weight of the
      solution, and corrosivity was determined as in Example 1. The inhibited
      fertilizer solution gave a corrosion rate of only 0.3 mils per year, and
      the solution remained clear during the 30 day test. Similar results are
      obtained when sodium thiosulfate and potassium thiosulfate are substituted
      for the ammonium thiosulfate.
PAC  EXAMPLE 3
PAR  A fertilizer solution containing 21 percent by weight of urea, 28 percent
      by weight of ammonium nitrate, 17.5 weight percent of zinc nitrate, and
      33.5 weight percent of water was prepared. A portion of this solution was
      kept uninhibited while another portion was inhibited with 0.25 weight
      percent ammonium thiosulfate based on the total weight of the solution.
      The corrosivity of the inhibited and uninhibited solutions was determined
      both in a static test as in Example 1 and in a dynamic test where the
      solution was stirred so as to give about 3 feet per second linear velocity
      of the liquid passing the metal surface (a more severe corrosion test).
      Results of the tests are as follows for Carbon Steel 7-CT and Carbon Steel
      7-285.
TBL  ______________________________________                                    

     Carbon Steel 7-CT                                                         

     ______________________________________                                    

     Fertilizer    Static       Dynamic                                        

     Solution      Test         Test                                           

     ______________________________________                                    

     Uninhibited    94          390                                            

     Inhibited      1           2.5                                            

     Carbon Steel 7-285                                                        

     ______________________________________                                    

     Uninhibited   140          400                                            

     Inhibited      5            8                                             

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  This example shows that phosphate and chromate are not suitable as
      corrosion inhibitors for the instant solutions, although they are commonly
      used to inhibit corrosion by fertilizer solutions, for example, fertilizer
      solutions containing ammonium nitrate and urea.
PAR  The fertilizer solution of Example 1 was mixed with 0.15 percent by weight
      of ammonium phosphate based on the total weight of the solution and
      corrosivity of the resulting solution was determined as in Example 1. The
      phosphate-containing solution corroded carbon steel at the rate of 75 mils
      per year. In addition, after three days of exposure of the carbon steel
      coupon, the test solution developed a voluminous precipitate of iron
      hydroxide.
PAR  In a similar test using 0.10 percent by weight of sodium dichromate instead
      of the ammonium phosphate, the chromate-containing solution gave a
      corrosion rate of 100 mils per year and also developed iron hydroxide.
PAC  EXAMPLE 5
PAR  This example demonstrates dilution of the concentrated aqueous zinc
      nitrate-ammonium nitrate-urea fertilizer solution with water to provide a
      foliar spray solution.
PAR  The ammonium thiosulfate-containing fertilizer solution of Example 2 is
      diluted with sufficient water to provide a foliar spray solution
      containing about 0.18 weight percent of zinc nitrate. The resulting
      diluted zinc nitrate-ammonium nitrate-urea solution is used as a foliar
      spray to treat pecan trees suffering from severe zinc deficiency.
PAR  Pecan trees suffering from severe zinc deficiency are characterized by
      rosette and die-back. More subtle symptoms, however, such as smaller than
      average leaves, reduced yields and pronounced alternate bearing are more
      commonly experienced.
PAR  Zinc is not available to pecan roots in soil high in calcium carbonate in
      quantities sufficient to insure normal pecan tree growth development. Even
      though zinc may be abundant in calcareous soils, trees may suffer from
      lack of zinc because it is in the form of insoluble compounds such as zinc
      carbonate. Therefore, zinc is usually supplied by foliar means. Best
      application times seem to be as buds are breaking, one week later, 2 weeks
      later, and then at about three week intervals until shoot elongation has
      ceased. About 1.25 acres may be sprayed with about 500 gallons of the
      instant dilute foliar spray solution containing about 0.18 weight percent
      of zinc nitrate.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process of preparing a zinc-containing fertilizer solution of low
      corrosiveness toward carbon steel which comprises incorporating in an
      aqueous zinc nitrate-ammonium nitrate-urea solution containing at least 8
      percent by weight zinc nitrate, at least 14 percent by weight ammonium
      nitrate, at least 10 percent by weight urea, and the balance substantially
      consisting of water, about 0.1 to 5 percent by weight of a water-soluble
      thiosulfate compound selected from the group consisting of ammonium
      thiosulfate, sodium thiosulfate, and potassium thiosulfate.
NUM  2.
PAR  2. The process of claim 1 wherein the thiosulfate compound is ammonium
      thiosulfate.
NUM  3.
PAR  3. The process of claim 1 wherein the thiosulfate compound is sodium
      thiosulfate.
NUM  4.
PAR  4. The process of claim 1 wherein the thiosulfate compound is potassium
      thiosulfate.
NUM  5.
PAR  5. The process of claim 1 wherein the solution is diluted with sufficient
      water to provide a foliar spray solution containing about 0.1 to 0.2
      weight percent of zinc nitrate.
NUM  6.
PAR  6. A process for controlling corrosiveness to carbon steel of a solution of
      zinc nitrate, ammonium nitrate, and urea in water, said solution
      containing 12 to 20 percent by weight of zinc nitrate, 21 to 30 percent by
      weight of ammonium nitrate, 15 to 23 percent by weight of urea, and the
      balance consisting essentially of water, comprising incorporating in said
      solution about 0.1 to 0.5 percent by weight of a water-soluble thiosulfate
      compound selected from the group consisting of ammonium thiosulfate,
      sodium thiosulfate and potassium thiosulfate.
NUM  7.
PAR  7. The process of claim 6 wherein the thiosulfate compound is ammonium
      thiosulfate.
NUM  8.
PAR  8. The process of claim 6 wherein the thiosulfate compound is sodium
      thiosulfate.
NUM  9.
PAR  9. The process of claim 6 wherein the thiosulfate compound is potassium
      thiosulfate.
NUM  10.
PAR  10. The process of claim 6 wherein the solution is diluted with sufficient
      water to provide a foliar spray solution containing about 0.1 to 0.2
      weight percent of zinc nitrate.
NUM  11.
PAR  11. As a new composition of matter of low corrosiveness to carbon steel, an
      aqueous zinc nitrate-ammonium nitrate-urea solution consisting essentially
      of at least 8 percent by weight zinc nitrate, at least 14 percent by
      weight ammonium nitrate, at least 10 percent by weight urea, about 0.1 to
      5 percent by weight of a water-soluble thiosulfate compound selected from
      the group consisting of ammonium thiosulfate, sodium thiosulfate, and
      potassium thiosulfate, and the balance substantially consisting of water.
NUM  12.
PAR  12. The composition of claim 11 wherein the thiosulfate compound is
      ammonium thiosulfate.
NUM  13.
PAR  13. The composition of claim 11 wherein the thiosulfate compound is sodium
      thiosulfate.
NUM  14.
PAR  14. The composition of claim 11 wherein the thiosulfate compound is
      potassium thiosulfate.
NUM  15.
PAR  15. The composition of claim 11 wherein sufficient ammonia is incorporated
      to adjust the pH of the composition to pH 4-5.
NUM  16.
PAR  16. As a new composition of matter of low corrosiveness to carbon steel, a
      solution of zinc nitrate, ammonium nitrate, and urea in water, said
      solution consisting essentially of 12 to 20 percent by weight of zinc
      nitrate, 21 to 30 percent by weight of ammonium nitrate, 15 to 23 percent
      by weight of urea, 0.1 to 0.5 percent by weight of a water-soluble
      thiosulfate compound selected from the group consisting of ammonium
      thiosulfate, sodium thiosulfate and potassium thiosulfate, and the balance
      consisting essentially of water.
NUM  17.
PAR  17. The composition of claim 16 wherein the thiosulfate compound is
      ammonium thiosulfate.
NUM  18.
PAR  18. The composition of claim 16 wherein the thiosulfate compound is sodium
      thiosulfate.
NUM  19.
PAR  19. The composition of claim 16 wherein the thiosulfate compound is
      potasium thiosulfate.
NUM  20.
PAR  20. The composition of claim 16 wherein sufficient ammonia is incorporated
      to adjust the pH of the composition to pH 4-5.
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ABST
PAL  Glass compositions are disclosed that are particularly useful in comminuted
      form as sources of micronutrient elements for soils. The glasses are based
      on phosphorus as P.sub.2 O.sub.5 and contain a nutrient amount of a
      micronutrient metal in oxide form, such as zinc, copper, manganese,
      molybdenum, or boron oxides or mixtures thereof, plus a solubility control
      agent. The control agent is a metal compound or mixture of metal
      compounds, usually potassium or sodium oxide or potassium or sodium
      chloride, and is present in the glass to provide a controlled release of
      the micronutrient metal, both as to amount and rate.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  Ferrous iron-containing phosphate glasses are disclosed and claimed in an
      application entitled, "Micronutrient Iron-Containing Phosphate Glasses",
      filed Nov. 6, 1972, in the names of Gordon J. Roberts and Shelton E.
      Allred and assigned Ser. No. 303,830.
PAC  BACKGROUND OF THE INVENTION
PAR  The importance of minor amounts of certain elements in nutrition, such as
      plant nutrition, is well established. It has been demonstrated that minor
      amounts of such elements as iron, manganese, copper, boron, zinc, cobalt
      and molybdenum are all important and essential to the proper physiological
      functioning of plants. Since such elements are present in most soils and
      some of such elements are present in all soils, and since the requisite
      nutritional amount is quite small, it might be assumed that whatever
      nutritional elements might be present would be adequate for nutritional
      needs. However, even where a soil contains sufficient amounts of zinc and
      other nutrient elements, deficiencies of these elements still occur in
      plants growing in that soil due to chemical and physiological processes
      which render such elements unavailable to the plants or make them inactive
      in the physiological functions within the plant. Moreover, actual iron
      deficiency is fairly widespread in soil which is alkaline or calcareous,
      such as in soil roughly west of the Mississippi River, and in sandy soil
      such as is found in Florida.
PAR  Still further, soil conditions can affect assimilation by a plant of zinc
      and other nutrient elements that may be present even in adequate amounts.
      In particular, an alkaline soil, that is, one having an alkaline pH, is
      generally regarded as being more difficult from which to supply
      nutritional elements for plant life than from an acidic soil. For example,
      iron deficiency causes chlorosis in plants in which normally green leaves
      turn white. Lime, which is often added to soils to reduce acidity, can
      induce chlorosis in plants. This is thought to be due to a high calcium
      carbonate content of the soil which raises the pH value of the soil to
      such an extent that iron is precipitated and made unavailable to plants.
      Still other causes become important under certain conditions.
PAR  In order to combat such soil deficiencies, it has been proposed to
      incorporate salts of the nutrient elements into the soil. This use has
      been generally unsatisfactory and of limited application, since conditions
      existing in the soil that caused the original deficiencies still exist. To
      combat the influence of disturbing soil factors, resort has also been made
      to spraying or injection salts of the nutrient elements. Injections of the
      salts can generally be applied to only relatively large plants such as
      trees and, while generally effective on some trees, may give rise to
      gumming of stone fruits and is tedious to carry out. Sprays are also
      cumbersome and at times unsatisfactory since they are damaging at high or
      otherwise effective concentrations.
PAR  A much more successful technique resides in preparing fritted glasses
      containing nutrient elements which are added directly to the soil. Under
      wet or damp growing conditions, small amounts of the nutrient element are
      made available in the immediate vicinity of seeds and plant roots.
      However, it is not a simple matter to fabricate a glass for this purpose.
      For example, the solubility of the glass in water should be relatively
      small in order to prevent a quick release of nutrient elements and also to
      prevent them from being rendered unavailable to the plants through
      chemical reaction in the soil. Yet the solubility cannot be so small that
      the rate of release of the nutrients from the glass is inadequate for
      plant growth. Further, the glass must be non-toxic in high concentrations
      to plants or seeds, so that large amounts of the glass can be applied at
      one time to furnish an ample supply of the nutrient in the soil over an
      extended period of time. One successful fritted glass composition for this
      purpose is disclosed in U.S. Pat. No. 2,732,290 to Vana et al. This is a
      silicate based glass adapted to furnish a number of nutrient elements such
      as iron, manganese, copper, zinc, boron, cobalt, and molybdenum.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the present invention is to provide novel glass
      compositions and, more particularly, glass compositions that are adapted
      to provide a number of nutrient elements, especially for plants grown in
      various soils including soils having both an acidic and alkaline pH.
PAR  These and related objects are realized by a phosphate-base glass containing
      in oxide form a nutrient amount of a micronutrient metal and a sufficient
      amount of a control agent to control the water-solubility of the glass.
      The water-solubility must be so regulated that the micronutrient metal is
      released from the glass at a rate within a predetermined range and over a
      predetermined period of time.
PAR  The micronutrient metals useful in the present invention are zinc, copper,
      manganese molybdenum, and boron oxides and mixtures thereof. The
      solubility-control agent comprises R.sub.2 O or RCl or mixtures thereof,
      in which R is potassium or sodium, provided that when the micronutrient
      metal is manganese, no more than 50% by weight of R.sub.2 O or RCl is
      Na.sub.2 O or NaCl.
PAR  In some cases, still other materials may be used in conjunction with
      R.sub.2 O or RCl as the solubility-control agent, such as minor amounts of
      B.sub.2 O.sub.3, CaO, SiO.sub.2, etc. With oxides of zinc, copper,
      manganese, or molybdenum, the difficulty in achieving proper
      water-solubility of the glass lies in making the glass more water soluble.
      With an oxide of boron, the difficulty is just the reverse. Glasses with
      B.sub.2 O.sub.3 are usually too water soluble, and the solubility must be
      somehow sufficiently reduced to make the glass composition useful by
      having a slow release of the nutrient metal as herein contemplated.
PAR  In prior glasses having nutrient elements, the significance of the
      oxidation state of certain elements has not been realized or controlled.
      The valency state of a nutrient element of variable valency like manganese
      and iron has been found to be important. For example, Fe.sup.2.sup.+ and
      Mn.sup.2.sup.+ are both much more easily assimilated by plants than the
      more common forms Fe.sup.3.sup.+ and Mn.sup.3.sup.+. Silicate and
      borate-based glasses, that is, glass compositions in which these oxide
      formations comprise the principal ingredient, have not been entirely
      satisfactory as glass bases for micronutrient elements. Moreover, silicate
      and borate-based glasses are basically oxidizing systems. Accordingly, if
      manganese or iron of variable valency is dissolved in such a glass, at
      least the majority if not all of it is present in a higher valence form.
      Silicate and borate-base glasses are, therefore, handicapped in releasing
      the preferred ferrous form of iron or manganous form of manganese, since
      such glasses must somehow undergo a rather vigorous chemical reduction to
      provide an element of variable valence in the lower valence state.
PAR  The present glasses may be conventionally prepared by heating a mixture of
      batch ingredients in the proper weight ratios which upon smelting convert
      to the form and amount desired in the ultimate glass. As a nutrient, the
      glass preferably should be comminuted for admixture with a soil to be
      enriched. This is conventionally accomplished by fritting the glass melt
      after its formation by known techniques and subsequently grinding.
PAR  In use, the present glasses have a desired rate of release of the
      micro-nutrient metal over a period of time. Aqueous leaching as by soil
      water produces an extract having an acidic pH. This is particularly
      significant in soils having an alkaline pH which militate against
      assimilation by plants of the micronutrient metal components. In the
      present invention, the acid extract provides isolated pockets of less
      alkaline or even acidic microenvironment around roots of plants or around
      seeds and in this manner can nourish the plants or seeds with the desired
      micronutrient metals.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The concept of the present glasses, which are adapted in comminuted form to
      serve as a micronutrient in both acidic and alkaline soils, resides in:
PA1  1. A phosphate-base glass, present as P.sub.2 O.sub.5,
PA1  2. having a nutrient amount of a metal oxide selected from the group
      consisting of the oxides of zinc, copper, manganese, molybdenum, boron and
      mixtures thereof,
PA1  3. In which the water-solubility of the glass (representing conditions
      extant in soils) is controlled by an agent comprising an alkaline oxide
      and/or alkaline chloride, so that the micronutrient metal has a controlled
      release to the soil both in amount and rate.
PAR  Within the use of the metal oxides specified and control agents defined,
      the compositional limits of a phosphate-base glass having these components
      and designed for nutritional enrichment of soils can easily be determined
      by trial and error. Naturally, the more nutrient metal present without
      upsetting the glass technology, the better. Preferred ranges for each
      metal oxide of these phosphate glasses comprise the following in weight
      percent. Except as may be noted, it is understood that the Control Agent
      is R.sub.2 O or RCl in which R is potassium or sodium. Na.sub.2 O and NaCl
      normally render the glasses less water soluble than K.sub.2 O or KCl,
      respectively. In the case of phosphate-base glasses containing manganese
      oxide, R.sub.2 O or RCl should contain no more than 50% by weight of
      Na.sub.2 O or NaCl.
TBL  ______________________________________                                    

     PHOSPHATE-ZINC OXIDE GLASSES                                              

     ______________________________________                                    

     P.sub.2 O.sub.5       25% to 65%                                          

     Zinc Oxide            30% to 60%                                          

     Control Agent          5% to 20%                                          

     ______________________________________                                    

PAR  As a modified embodiment of the phosphate-zinc oxide glasses, the Control
      Agent may include up to 5% by weight of B.sub.2 O.sub.3. This modification
      makes the glasses more water soluble. As a still further modification, the
      Control Agent for phosphate-zinc oxide glasses may include up to 15% by
      weight of CaO or SiO.sub.2 or mixtures thereof. Alternatively, the
      additions of two or more of B.sub.2 O.sub.3, CaO, and SiO.sub.2 may be
      simultaneously made in the same compositions.
TBL  ______________________________________                                    

     PHOSPHATE-COPPER OXIDE GLASSES                                            

     ______________________________________                                    

     P.sub.2 O.sub.5        25% to 65%                                         

     Copper Oxide           30% to 65%                                         

     Control Agent           5% to 10%                                         

     PHOSPHATE-MANGANESE OXIDE GLASSES                                         

     ______________________________________                                    

     P.sub.2 O.sub.5        30% to 55%                                         

     Manganese Oxide        30% to 70%                                         

     Control Agent          0.5% to 15%                                        

     PHOSPHATE-MOLYBDENUM OXIDE GLASSES                                        

     ______________________________________                                    

     P.sub.2 O.sub.5        20% to 60%                                         

     Molybdenum Oxide       10% to 35%                                         

     Control Agent          15% to 30%                                         

     ______________________________________                                    

PAR  As a modified embodiment of a phosphate-molybdenum oxide glass, the Control
      Agent may include up to 10% by weight of CaO.
TBL  ______________________________________                                    

     PHOSPHATE-BORON OXIDE GLASSES                                             

     ______________________________________                                    

     P.sub.2 O.sub.5          5% to 20%                                        

     B.sub.2 O.sub.3         30% to 65%                                        

     First Control Agent     15% to 30%                                        

     Second Control Agent     5% to 20%                                        

     ______________________________________                                    

PAR  In the case of phosphate-boron oxide glasses, the first control agent is
      R.sub.2 O or RCl as previously defined. However, it is preferred to use an
      additional or second control agent in combination with the first
      comprising CaO or SiO.sub.2 or mixtures thereof. Adventitious impurities
      may also be present.
PAR  The present glasses may be prepared from any batch ingredients which upon
      smelting yield the indicated glass compositions. While the following
      examples list certain batch formulations that are useful, it is understood
      that still other compounds of the desired metals may be used initially, as
      long as they decompose or otherwise convert to the ultimate desired form
      as a result of smelting, taking into account normal losses due to smelting
      emissions. Impure raw materials may be used, so long as the impurities do
      not detract from the desirable solubility characteristics of the product.
PAR  The selected batch ingredients are thoroughly mixed and then smelted by
      standard techniques. The present glasses fuse in the range of about
      1000.degree.C to about 1400.degree.C. When the entire mass becomes molten,
      it is fritted. That is, the molten glass is quickly quenched causing it to
      shatter into relatively small solid chunks because of strains created
      within the vitreous mass. Fritting may be accomplished by running the
      molten mass into water, or by running it between steel rolls, or by still
      other known means.
PAR  The fritted glass may now be used as a source of nutrient ferrous iron.
      When the glass is to be placed in soil for enriching its plant life, the
      frit is preferably comminuted. As an example, the comminuted glass may
      have a maximum particle size of about 90 percent through a 20 U.S.
      Standard mesh screen to a minimum particle size of about 90 percent
      through a 200 U.S. Standard mesh screen. The comminuted glass should be
      placed in the soil as near as possible to the plant roots or seeds in view
      of limited mobility of iron in soil.
PAR  The following nutrient metal extraction test for the present glasses was
      followed except for those containing boron as the nutrient. The extraction
      test for the boron glasses is described in examples given for those
      glasses. A glass frit having a particle size of minus 200 to plus 325
      mesh, U.S. standard sieve, was washed on a 325 mesh screen and dried. From
      the frit so prepared, two samples of 0.2 gram each were placed in two
      different 1-liter flasks. The extraction solutions for the two flasks
      consisted of dilute ammonium acetate having two different pH values. The
      extraction solutions were prepared by adding 6.25 ml of glacial acetic
      acid to each of two different 230 ml volumes of distilled water and
      adjusting with concentrated ammonium hydroxide and additional distilled
      water to a volume of 250 ml, so that the pH values of the two solutions
      were 5.7 and 8.0, respectively. Also, a similar test can be carried out on
      a 0.2 gram sample of the frit when ground to a fineness suitable for
      application to the soil. This is referred to herein as "as ground".
PAR  The two adjusted charges of 250 ml each were then added to each of the two
      1-liter flasks containing the sample glass frit under test. The stoppered
      flasks were then uniformly shaken for 16 hours at room temperature
      (70.degree. to 75.degree.F) by a mechanical Burrell wrist action shaker. A
      0.5 inch ashless paper plug and a porcelain filter plate were placed
      sequentially in the neck of a suction flask. For each liter flask
      containing a test glass composition, about 20 ml of the slurry produced in
      the liter flasks was passed through the plug and then discarded. This step
      was repeated once more before the remaining slurry was filtered, applying
      just enough suction to obtain a broken flow of filtrate into the suction
      flask. This produced a clear filtrate. The nutrient metal content of the
      resulting filtrate was determined by either atomic absorption or
      colorimetric analysis. Here and in the claims, this extraction test is
      referred to as the "ammonium acetate extraction test". In the following
      examples, the extraction result is given as weight percent of the sample
      tested.
PAR  Another important attribute of the present glasses is the pH developed upon
      water contact, simulating that which occurs in wet or damp soil. In the
      present case, the glasses provide an acidic extract. Thus, the glasses are
      useful not only in acidic soils but, more significantly, in alkaline soils
      as well. In an alkaline soil, an acidic, aqueous leach or extract of the
      glass helps maintain the immediate surroundings of the frit particles less
      alkaline than the bulk of the soil or even provides an actual acidic
      microenvironment adjacent the plants and seeds. In either case, the pickup
      of nutrient metal by the plants and seeds is facilitated.
PAR  A 1:1 weight ratio of frit: water was used to determine the pH of the
      extract solution. The mixture was stirred for five minutes and the pH then
      determined on the resulting slurry by conventional means. Under these test
      conditions, glasses of the present invention gave acidic water extracts
      ranging from a pH from about 2.0 to a pH of about 5.3.
DETD
PAR  The following examples are intended only to illustrate the invention and
      should not be construed to impose limitations on the claims. Compositions
      are by weight unless otherwise indicated, and mesh sizes are U.S. Standard
      sieve.
PAC  EXAMPLE 1
PAR  Examples 1 through 14 illustrate phosphate-zinc oxide glasses. A glass was
      prepared having this composition in weight percent:
TBL         ZnO            49.1%                                               

            B.sub.2 O.sub.3                                                    

                           6.3%                                                

            P.sub.2 O.sub.5                                                    

                           35.3%                                               

            KCl            9.5%                                                

PAR  This glass melted easily at 900.degree. to 1000.degree.C to form a
      homogenous liquid which was then quenched and ground. The relatively low
      fusion temperature of this composition is important in that it tends to
      reduce the loss of zinc oxide by volatilization. A typical set of
      solubility results of this glass composition when fritted is shown by
      Table A. These extraction tests were carried out on an as-ground basis,
      that is, without segregation based on particle size, using 5 grams of
      sample in 250 milliliters of buffer for 16 hours.
TBL                TABLE A                                                     

     ______________________________________                                    

     Extraction                                                                

             ppm Zn    % Zn Extracted                                          

                                    % Zn Extracted                             

     pH      in Extract                                                        

                       of Total Wt. of Total Zn                                

     ______________________________________                                    

     5       830       4.2          10.5                                       

     6       430       2.2          5.5                                        

     7       100       0.5          1.25                                       

     8       260       1.3          3.25                                       

     ______________________________________                                    

PAR  It will be noticed that the extractability of the zinc is lowest at pH 7,
      but at a pH of 8 the solubility has again increased to a greater level. A
      silicate-based glass would not have shown this recovery in extractability.
PAR  The glass of this example may be considered to be a chloroborophosphate. In
      this case, the chlorine also played a significant role in rendering
      soluble in the melt the relatively large amount of zinc oxide present.
PAC  EXAMPLE 2
PAR  A glass was prepared from this batch formulation:
TBL  Zinc Oxide              57.13 grams                                       

     Powdered Quartz         8.67 grams                                        

     Triple Superphosphate   30.10 grams                                       

     KCl                     5.00 grams                                        

PAR  Triple or concentrated superphosphate is essentially monocalcium phosphate
      and is made by treating rock phosphate with phosphoric acid. It contains
      about 19% to 22% phosphorous (44 to 52% P.sub.2 O.sub.5) and up to 3%
      sulfur. A portion of this batch was smelted at 1325.degree.C and another
      portion at 1350.degree.C. The material smelted at 1325.degree.C was
      slightly opalescent, while that smelted at 1350.degree.C was clear and
      homogenous. The glasses smelted at both temperatures were fluid enough for
      roll-quenching. Both resulting glasses were dry-ground and grains of
      -200+325 mesh were separated by water-washing and drying. Extraction tests
      were performed at pH values of 5.7 and 8.0 with a sample size of 0.2 grams
      using the procedure previously described. The results are shown in Table B
      in which the zinc extraction is given as weight percent of the sample
      tested.
TBL                TABLE B                                                     

     ______________________________________                                    

     Zinc Extractabilities (Wt.%) From 0.2 gm Samples of                       

     -200+325 Mesh Grains at Specified pH Values                               

     ______________________________________                                    

     Material        pH 5.7          pH 8.0                                    

     ______________________________________                                    

     1325.degree.C smelt                                                       

                     22.5%           26.9%                                     

     1350.degree.C smelt                                                       

                     44.4%            6.9%                                     

     ______________________________________                                    

PAC  EXAMPLES 3 to 6
PAR  Additional batch recipes are given in Table C. All batches were smelted at
      1325.degree.C, and all needed a stirring to incorporate floating material
      into the melt. The frits became more easily fusible as the replacement of
      quartz by alkali proceeded. No metallic zinc was observed either in the
      melt or in the rolled flake frit.
TBL                TABLE C                                                     

     ______________________________________                                    

     Batch Weight Recipes for 40% Zn Glasses Using                             

     Unroasted, Ground Zinc                                                    

     ______________________________________                                    

     Example      3        4        5      6                                   

     ______________________________________                                    

     Zinc Oxide   57.0     57.0     57.0   57.0                                

     Triple Super-                                                             

     phosphate    30.1     30.1     33.8   30.1                                

     Ground Quartz                                                             

                  8.7      3.7      --     --                                  

     KCl          5.0      5.0      5.0    8.7                                 

     NaNO.sub.3   --       13.7     13.7   13.7                                

     ______________________________________                                    

PAR  The rolled flake products were dry-milled and -200+325 mesh grains were
      prepared for extraction testing, the results of which are shown in Table
      D.
TBL                TABLE D                                                     

     ______________________________________                                    

     Zinc Extractability (Wt. %)                                               

     ______________________________________                                    

     Example        pH 5.7           pH 8.0                                    

     ______________________________________                                    

     3              14.4             2.5                                       

     4              21.3             6.9                                       

     5              22.5             5.0                                       

     6              22.5             6.3                                       

     ______________________________________                                    

PAC  EXAMPLES 7 through 14
PAR  Additional batch recipes for phosphate-zinc oxide glasses are given in the
      following Table E.
TBL                                    TABLE E                                 

     __________________________________________________________________________

     Batch Weight Recipes for 40% Zn Frits                                     

     __________________________________________________________________________

     Example     7   8   9   10   11  12   13   14                             

     __________________________________________________________________________

     Zinc Oxide  50.0                                                          

                     50.0                                                      

                         50.0                                                  

                             50.0 50.0                                         

                                      --   --   --                             

     Impure Zinc Oxide                                                         

                 --  --  --  --   --  57.1 57.1 57.1                           

     Triple Super-                                                             

     phosphate   --  10.0                                                      

                         20.0                                                  

                             30.0 25.0                                         

                                      30.0 25.0 20.0                           

     KCl         10.0                                                          

                     10.0                                                      

                         10.0                                                  

                             10.0 10.0                                         

                                      5.0  5.0  5.0                            

     85% H.sub.3 PO.sub.4 (Aqueous)                                            

                 65.0                                                          

                     48.8                                                      

                         32.5                                                  

                             16.25                                             

                                  24.4                                         

                                      14.3 22.4 30.5                           

     [.quadbond. P.sub.2 O.sub.5 ]                                             

                 40.0                                                          

                     30.0                                                      

                         20.0                                                  

                             10.0 15.0                                         

                                      8.8  13.8 18.8                           

     __________________________________________________________________________

PAR  The batches for Examples 7 through 11 reacted vigorously in the early
      stages, with much heat being evolved, and a slow but continuing production
      of hydrogen gas. The batches of Examples 12, 13, and 14 were formulated
      with zinc oxide in order to speed the batch-forming reaction by
      eliminating the relatively slow metal/acid interaction. Example 6 reacted
      very rapidly and was solid (i.e. dry) in about 30 seconds. Example 7 was
      slower, the damp crumb stage being reached in a few minutes, while Example
      8 took several hours to solidify sufficiently for smelting. The last three
      batches were smelted at 1225.degree.-1250.degree.C and the frits were
      ready to pour in about 20 minutes. The samples of roll-quenched flake were
      dry-ground, graded grains -200+325 mesh prepared and extraction tests
      performed. The results are given in Table F. All are good.
TBL                TABLE F                                                     

     ______________________________________                                    

     Zinc Extractability (Wt.%) on -200+325 Mesh Grains                        

     (0.2 gm) of 40% Zn Frits                                                  

     ______________________________________                                    

     Example        pH 5.7           pH 8.0                                    

     ______________________________________                                    

     12             27.5             4.4                                       

     13             21.5             5.6                                       

     14             17.8             4.1                                       

     ______________________________________                                    

PAC  EXAMPLE 15
PAR  Examples 15 through 24 illustrate phosphate-copper oxide glasses. A glass
      was prepared having this batch recipe:
TBL  CuO                     50 grams                                          

     Monoammonium Phosphate  94 grams                                          

     K.sub.2 CO.sub.3        7.3 grams                                         

PAR  The batch melted to a fluid liquid at 900.degree. to 1000.degree.C, and
      when roll-quenched a black glass resulted having a coppery or gold sheen
      on the surface. The glass was dry ground for two hours and submitted for
      extraction testing, a 0.2 gram sample being used. At both pH 5.7 and pH
      8.0, 33% of the copper was extracted in 16 hours.
PAC  EXAMPLES 16 and 17
PAR  Another glass was prepared having this batch recipe:
TBL  CuO                     56.1 grams                                        

     Monoammonium Phosphate  94 grams                                          

     KNO.sub.3               10.7 grams                                        

PAR  In place of the KNO.sub.3, 7.3 grams of K.sub.2 CO.sub.3 was used in
      another glass preparation. In each case, the glass was ground, then sieved
      and washed between 200 and 325 mesh. A 0.2 gram sample was submitted for
      extraction by the usual test procedures. At pH 5.7, 31.9% copper was
      extracted, while at pH 8, 30.6% copper was extracted for each glass.
PAC  EXAMPLE 18
PAR  In place of the monoammonium phosphate of Examples 16 and 17, the batch of
      this example used sodium tripolyphosphate as follows:
TBL  Copper Oxide              51.25 grams                                     

     Sodium Tripolyphosphate   27.10 grams                                     

     Powdered Quartz           19.79 grams                                     

     Sodium Nitrate            4.85 grams                                      

PAR  After smelting a batch of this formulation, half of the resulting glass was
      roll-quenched, and half was water-quenched. Each type of frit so produced
      was crushed roughly and graded by dry-sieving into various sized
      fractions. Each fraction was extraction-tested at pH values of 5.7 and
      8.0, the standard weight of 0.2 gram being used throughout. The results
      are shown in Table G.
TBL                TABLE G                                                     

     ______________________________________                                    

     Copper Extractabilities (Wt.%) on Various Size Fractions of               

     40% Cu Frit in Both Roll-Quenched and Water-Quenched Forms                

     ______________________________________                                    

     Size    Roll-Quenched Frit                                                

                              Water-Quenched Frit                              

     ______________________________________                                    

     Fraction                                                                  

             pH 5.7     pH 8.0    pH 5.7   pH 8.0                              

     ______________________________________                                    

     -7+10   5.6        7.5       6.9      12.8                                

     -10+14  6.9        10.4      7.5      13.4                                

     -14+20  8.1        14.4      10.4     15.3                                

     -20+35  9.4        17.5      14.4     18.8                                

     -35+48  22.2       20.9      21.6     28.1                                

     ______________________________________                                    

PAC  EXAMPLES 19 through 22
PAR  Table H provides batch recipes, analyses, and extraction results for four
      additional examples.
TBL                TABLE H                                                     

     ______________________________________                                    

     Batch Weight Recipes, Theoretical Analyses and Extraction -Results        

     (Wt.% Cu) on -16+30 Mesh Frit Grains of 40% Cu Frits                      

     ______________________________________                                    

     Example       19       20       21     22                                 

     ______________________________________                                    

             CuO       51.25    51.25  51.25  51.25                            

     Batch   K.sub.2 CO.sub.3                                                  

                       7.3%     7.3    14.6   11.0                             

     Recipe  K.sub.2 SO.sub.4                                                  

                       --       5.0    --     2.5                              

             85% H.sub.3 PO.sub.4                                              

             (Aqueous) 73.2     65.0   65.0   65.0                             

     Theoretical                                                               

             CuO       50.0     50.0   50.0   50.0                             

     Analysis                                                                  

             K.sub.2 O 5.0      5.0    10.0   7.5                              

             K.sub.2 SO.sub.4                                                  

                       --       5.0    --     2.5                              

             P.sub.2 O.sub.5                                                   

                       45.0     40.0   40.0   40.0                             

     Extr.   pH 5.7             10.9   14.1   12.2                             

             pH 8.0             16.6   25.0   16.3                             

     ______________________________________                                    

PAR  All these glasses smelted to a homogenous fluid in about 15 to 20 minutes
      at 1225.degree.C. The rolled frits were good black glasses. The glasses of
      Examples 20, 21, and 22 were graded at -16+30 mesh and were extracted as
      before. The extraction results are also shown in Table H and were quite
      good.
PAC  EXAMPLES 23 and 24
PAR  The glasses of these examples had higher copper contents than those of
      Examples 19 through 22. Table I provides batch recipes, copper contents,
      and extraction values of these glasses.
TBL                TABLE I                                                     

     ______________________________________                                    

     Batch Weight Recipes, Theoretical Cu Contents and Extraction              

     Behavior on -200+325 Mesh Grains of High Copper Content                   

     ______________________________________                                    

     Frits                                                                     

     Example         23              24                                        

     ______________________________________                                    

     CuO             56.2            62.5                                      

     K.sub.2 CO.sub.3                                                          

                     7.3             7.3                                       

     85% H.sub.3 PO.sub.4                                                      

                     63.0            52.8                                      

     % Cu            45              50                                        

     pH 5.7                                                                    

     extraction      37.5            35.0                                      

     pH 8.0                                                                    

     extraction      32.5            31.2                                      

     ______________________________________                                    

PAR  Both batches melted easily to fluid liquids at 1200.degree.C. The frits
      produced from the glasses of these two examples were crushed and graded at
      -200+325 mesh and extraction tests carried out in the same manner as
      previously described.
PAC  EXAMPLE 25
PAR  Examples 25 through 34 illustrate phosphate-manganese oxide glasses. A
      glass was prepared from this formulation:
TBL  Manganese dioxide       63.7 grams                                        

     H.sub.3 BO.sub.3        28.2 grams                                        

     Sodium tripolyphosphate 39.0 grams                                        

PAR  The melt obtained from this batch was quite fluid at 1100.degree.C. There
      was complete solution of the manganese dioxide and only a trace of
      crystallization on cooling. The glass was fritted and dry-ground.
      Extraction tests were then performed at pH values of 5.7 and 8.0 on sieved
      but unwashed grains at 200-325 mesh. All of these tests indicated good
      solubility as shown in Table J.
TBL                                    TABLE J                                 

     __________________________________________________________________________

     Time Extracted                                                            

              pH  ppm Mn in Solution                                           

                             % of Sample Extracted                             

     __________________________________________________________________________

     16 hr.   5.7 465        2.32                                              

     16 hr.   8.0 416        2.08                                              

     8 hr.    5.7 133        0.67                                              

     8 hr.    8.0  63        0.30                                              

     4 hr.    5.7 330        1.65                                              

     4 hr.    8.0  80        0.40                                              

     __________________________________________________________________________

PAC  EXAMPLES 26 through 30
PAR  Previously, the oxidation state of manganese has not been a matter of
      concern is agronomy. However, data obtained in the development of the
      present glasses show that Mn.sup.2.sup.+ was more desirable as a nutrient
      than Mn.sup.3.sup.+, because the former has greater solubility. Two
      approaches to a manganous frit were made, firstly, by reduction of
      MnO.sub.2 and secondly, by the use of manganous carbonate with additional
      reduction. Weight batches used are shown in Table K.
TBL                TABLE K                                                     

     ______________________________________                                    

     Example                                                                   

            26       27       28     29     30                                 

     ______________________________________                                    

     MnO.sub.2                                                                 

            63.7     63.7     --     --     --                                 

     MnCO.sub.3                                                                

            --       --       73.2   73.2   73.2                               

     H.sub.3 BO.sub.3                                                          

            28.2     28.2     28.2   28.2   28.2                               

     STPP   39.0     39.0     39.0   39.0   39.0                               

     Starch 5.0      10.0     --     2.5    5.0                                

     ______________________________________                                    

PAR  Herein the designation "STPP" means sodium tripolyphosphate. The two
      manganese dioxide-based frits melted easily but left a small residue of
      undissolved material when the melt was poured. The roll-flake made from
      this glass was opaque. While these glasses were useful as herein
      contemplated, a substantial part of the manganese was still in the
      trivalent state.
PAR  Frits made with the batches containing manganese carbonate gave a brown
      rolled flake, indicating the presence of only a little Mn.sup.3.sup.+.
      Both levels of starch (used as a reducing agent) gave lighter ground
      products, showing a quite low Mn.sup.3.sup.+  content. A glass made from
      the batch of Example 29 was smelted and ground. An extraction test showed
      that the glass of this example had low solubility on the wash grains used
      which measured 200-325 mesh. Table L shows the results.
TBL                TABLE L                                                     

     ______________________________________                                    

     Time                  ppm Mn      % of Sample                             

     Extracted                                                                 

              Buffer pH    in Solution Extracted                               

     ______________________________________                                    

     16 hrs.  5.7          198         1.0                                     

     16 hrs.  8.0           96         0.5                                     

     8 hrs.   5.7          192         1.0                                     

     8 hrs.   8.0          124         0.6                                     

     4 hrs.   5.7          156         0.8                                     

     4 hrs.   8.0          148         0.7                                     

     ______________________________________                                    

PAC  EXAMPLE 31
PAR  A glass was prepared having the following composition in mole percent:
TBL         MnO            45%                                                 

            K.sub.2 O       5%                                                 

            P.sub.2 O.sub.5                                                    

                           50%                                                 

PAR  In the preparation of this glass, starch was used in an amount of 5% by
      weight of the batch as a reducing agent, and the manganese was introduced
      as the carbonate. The batch melted easily at 1100.degree.C, and when
      rolled into flake the resulting glass was transparent and had a very pale
      rose tint, indicative of complete reduction of the manganese to the
      Mn.sup.2.sup.+  state. A sample of 200-325 mesh, washed grains was tested
      for solubility. The results showed 0.44% extraction at pH 5.7 and 0.56%
      extraction at pH 8.0. The water extract pH was 4.2.
PAC  EXAMPLES 32 through 34
PAR  Three batches were prepared in which the K.sub.2 O contents were 5%, 10%,
      and 15%, respectively, the P.sub.2 O.sub.5 content being adjusted to
      compensate. All batches melted easily at 1250.degree.C and yielded good,
      well reduced glasses on roll-quenching. Samples of grains measuring
      -200+325 mesh were prepared and tested for extraction behavior at pH
      values of 5.7 and 8.0. Details of the batch mixes and extraction data are
      given in Table M. Herein the term "MAP" means monoammonium phosphate.
TBL                TABLE M                                                     

     ______________________________________                                    

     Batch Mixes by Weight and Extractabilities of 35% Mn.sup.2.sup.+          

     Frits Made Using MnCO.sub.3 and Starch Reduction                          

     ______________________________________                                    

     Example        32         33        34                                    

     ______________________________________                                    

     Batch   MnCO.sub.3 73.2       73.2    73.2                                

             MAP        80.7       72.6    64.5                                

             K.sub.2 CO.sub.3                                                  

                        7.3        14.6    21.9                                

             Starch     5.0        5.0     5.0                                 

     Wt.%    MnO        45.2       45.2    45.2                                

             K.sub.2 O  5.0        10.0    15.0                                

             P.sub.2 O.sub.5                                                   

                        49.8       44.8    39.8                                

     Extr.                                                                     

     (wt.%   pH 5.7     6.0        9.3     17.5                                

     Mn)     pH 8.0     3.4        4.0     2.3                                 

     ______________________________________                                    

PAC  EXAMPLES 35 through 41
PAR  Examples 35 through 45 illustrate phosphate-molybdenum oxide glasses.
      Glasses were prepared from the seven batch recipes of Table N.
TBL                                    TABLE N                                 

     __________________________________________________________________________

     Batch Weight Recipes for Various 20% Mo Micronutrient                     

     Frits and Solubility Test Results                                         

     __________________________________________________________________________

     Example                                                                   

           35   36   37   38   39   40  41                                     

     __________________________________________________________________________

     TTPP  9    10   10   10   --   --  --                                     

     STPP  --   --   --   --   50   40  30                                     

     Hygrade                                                                   

           30   25   20   15   20   30  40                                     

     MoO.sub.3                                                                 

           30   30   30   30   30   30  30                                     

     MAP   50.3 60.0 68.1 76.2 --   --  --                                     

     Extraction                                                                

     (% Mo)                                                                    

           0.5  0.5  0.6  0.6  10.4 4.7 2.7                                    

     __________________________________________________________________________

PAR  The term "TPPP" means tetrapotassium pyrophosphate. As previously
      indicated, "STPP" means sodium tripolyphosphate. The term "Hygrade" is a
      trademark for a product of the Olin Corporation and has this general
      analysis in weight percent:
TBL         P.sub.2 O.sub.5                                                    

                           43%                                                 

            CaO            13%                                                 

            Fe.sub.2 O.sub.3                                                   

                           12%                                                 

            Al.sub.2 O.sub.3                                                   

                           8%                                                  

            Na.sub.2 O     7%                                                  

            H.sub.2 O      2%                                                  

PAR  The balance of the composition of the Hygrade product is loss on ignition.
      The batches of Examples 35 through 38 melted satisfactorily in 30 minutes
      at 1200.degree.C, that of Example 35 being the most fluid and that of
      Example 38 being the least fluid. The fluidity apparently is proportional
      to the amount of the Hygrade product and inversely proportional to the
      total P.sub.2 O.sub.5 content of the frit. The batches of Examples 39
      through 41 melted easily in 25 minutes at 1250.degree.C.
PAR  Extraction tests in distilled water were performed on Examples 39 through
      41, the as-ground powder being used, that is, without separating the
      ground frit as to particle sizes. The extraction data is also given in
      Table N.
PAC  EXAMPLES 42 through 45
PAR  Four additional glasses were prepared from the following formulations. Frit
      prepared from these examples was ground with mortar and pestle and sieved
      to -200+325 mesh. Samples were then extracted in water for 16 hours. The
      formulations and extraction results are shown in Table O. The first
      extraction percentage is that of molybdenum based on the weight of the
      glass. The second extraction percentage is that of molybdenum based on the
      weight of molybdenum present.
TBL                TABLE O                                                     

     ______________________________________                                    

     Phosphate-MoO.sub.3 Glasses                                               

     ______________________________________                                    

     Example      42       43       44     45                                  

     ______________________________________                                    

     MoO.sub.3    45       45       45     45                                  

     Hygrade      20       25       20     20                                  

     STPP         35       30       30     25                                  

     CaCO.sub.3   --       --       9      9                                   

     NaCO.sub.3   --       --       --     85                                  

     % Mo Extracted                                                            

                  7.98     3.04     8.28   25.41                               

     T of Total Mo                                                             

                  26.6     10.1     27.6   84.7                                

     ______________________________________                                    

PAC  EXAMPLES 46 through 54
PAR  Examples 46 through 59 illustrate phosphate-boron oxide glasses. These
      glasses are normally readily soluble in water, the problem being to reduce
      their solubility to a degree where the glasses are useful as a soil
      nutrient with relatively slow release of boron.
PAR  The water-solubility test for the phosphate-boron glasses was therefore
      somewhat different to that used for the other micronutrient element frits
      described herein. The granular boron frit was extracted with distilled
      water for 16 hours and the boron in the solution then estimated by the
      quinalizarin method.
PAR  Table P lists batch recipes for nine examples in which three coloring
      oxides were used at relatively low levels to obtain distinctive colors and
      also to check whether the colorant had any effect on the boron
      extractability of the frit. All batches smelted in 30 minutes at
      1100.degree.C with one stirring at 20 minutes. Frits obtained from a
      colorant of MnO.sub.2 were quite dark; those obtained with a colorant of
      Fe.sub.2 O.sub.3 showed a color change from light to darker brown as the
      amount of the Hygrade component was increased; while those obtained with a
      colorant of CoO changed from blue to greenish blue as the Hygrade product
      was increased in amount. Grains measuring -16+30 mesh were tested by the
      extraction method reserved for the phosphate-boron oxide glasses, the
      results also being shown in Table P.
TBL                                    TABLE P                                 

     __________________________________________________________________________

     Batch Weight Recipes and Extraction Test Results on Granular,             

     Colored Boron Frits Based on Borox and Hygrade Product                    

     __________________________________________________________________________

            MnO.sub.2 Series                                                   

                           Fe.sub.2 O.sub.3 Series                             

                                          CoO Series                           

     __________________________________________________________________________

     Example                                                                   

            46   47   48   49   50   51   52   53   54                         

     __________________________________________________________________________

     Hygrade                                                                   

            10   15   20   10   15   20   10   15   20                         

     FM Borax                                                                  

            88   83   78   88   83   78   90   85   80                         

     MnO.sub.2                                                                 

            2    2    2    --   --   --   --   --   --                         

     Fe.sub.2 O.sub.3                                                          

            --   --   --   2    2    2    --   --   --                         

     CoO    --   --   --   --   --   --   0.1  0.1  0.1                        

     Theoretical                                                               

     B (wt. %)                                                                 

            17.6 16.6 15.6 17.6 16.6 15.6 18.0 17.0 15.9                       

     Extracted                                                                 

     B (wt. %)                                                                 

            17.8 11.0 10.0 16.9 10.0 8.0  18.5 10.3 8.1                        

     __________________________________________________________________________

PAR  Considering that commercial borax of the same grain size would dissolve
      completely in a few minutes in water under the conditions of the test, a
      50% extraction of available boron in 16 hours indicates a relatively
      insoluble material.
PAC  EXAMPLES 55 and 56
PAR  The batch recipes for these examples consisted essentially of borax and the
      Hygrade product (note Examples 35 through 41) as shown in the following
      Table Q.
TBL                TABLE Q                                                     

     ______________________________________                                    

     Batch Weight Recipes for Borax/Hygrade Frits                              

     ______________________________________                                    

     Example           55            56                                        

     ______________________________________                                    

     Borax             65.0          75.0                                      

     Hygrade           41.0          29.4                                      

     % B in Glass      13.3          15.0                                      

     ______________________________________                                    

PAR  Both batches melted and were homogenous in 20 minutes at 1250.degree.C.
      After roll-quenching, the frits were dry-ground and tested in this as
      ground state. These glasses yielded about 5% boron on extraction as
      compared to an average amount of about 14% boron actually present.
PAC  EXAMPLES 57 through 59
PAR  A series of three melts were made in which the Hygrade product was used at
      10%, 15%, and 20% levels, respectively. A boron content of about 20% of
      the finished frit was obtained by proportioning anhydrous boric acid and
      borax. A small amount of MnO.sub.2 was added to provide color. The batch
      recipes and extraction data are shown in Table R.
TBL                TABLE R                                                     

     ______________________________________                                    

     Batch Weight Recipes for 20% B Frits containing Hygrade and               

     MnO.sub.2                                                                 

     ______________________________________                                    

     Example           57       58       59                                    

     ______________________________________                                    

     Hygrade           11.7     17.6     23.5                                  

     MnO.sub.2         2.0      2.0      2.0                                   

     Borax             62.6     53.1     40.0                                  

     Anhydrous Boric Acid                                                      

                       25.4     29.9     38.0                                  

     Extraction % - B  14.5     13.5     13.0                                  

     ______________________________________                                    

PAR  All batches melted quickly and easily at 1100.degree.C, 15 to 25 minutes
      being sufficient. The glasses of Examples 57 and 58 had a deep
      reddish-brown color, while the glass of Example 59 was much lighter. The
      frits were crushed and graded -16+30 mesh, no water-washing being used
      prior to the distilled water extraction test. For comparison, the percent
      boron extracted from borax by the same test was 20.8% based on the weight
      of the sample.
PAR  The chief advantages of the present glasses include:
PA1  1. They have good metal nutrient solubility in aqueous media, including an
      aqueous media of alkaline pH;
PA1  2. they provide an acid extract in water. This creates a less alkaline and
      even acid microenvironment around each frit particle in a soil, enabling
      more efficient pickup of the nutrient metal by the plant;
PA1  3. They provide a good source of nutrient metal in adequate amounts; and
PA1  4. They are stable, easily melted glasses having a low overall cost.
PAR  As used here and in the claims, the term "plants" or seeds thereof are
      taken to mean plants or their seeds which become rooted in soil during
      growth and which obtain nutrients from that soil. The major crops showing
      a response to micronutrient iron are the citrus fruits, corn, nuts, grass,
      rice, soy beans, sorghum, and still other vegetables. The growth of still
      many other plants is enriched by use of the present glass compositions.
PAR  It is understood that still other ingredients than those named may be
      present in these glasses without unduly adversely affecting their
      advantages. Normally, impurities are present in trace amounts, but up to
      ten percent by weight of impurities may be tolerated in most cases.
      Impurities are usually other oxides, such as one or more of SiO.sub.2,
      CaO, TiO.sub.2, B.sub.2 O.sub.3, Al.sub.2 O.sub.3, CoO, CuO, Fe.sub.2
      O.sub.3, MgO, MnO.sub.2, but other types of impurities may also be
      present. Some colorants, usually oxides, may also be added to the glasses
      to impart a desired identifying color.
PAR  Although the foregoing describes several embodiments of the present
      invention, it is understood that the invention may be practiced in still
      other forms within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A glass composition adapted in comminuted form to act as a micronutrient
      in both acidic and alkaline soils consisting essentially of a
      non-oxidizing phosphate base glass containing a nutrient amount of zinc
      oxide to nourish plant and seed growth in such acidic or alkaline soils,
      and a metal control agent to control the water-solubility of said glass
      composition and provide a water-extraction of said zinc oxide from said
      phosphate base glass at a rate within a predetermined range, said glass
      composition consisting essentially in weight percent of about:
TBL                       Percent                                              

     ______________________________________                                    

     P.sub.2 O.sub.5        25 to 65                                           

     Zinc Oxide             30 to 60                                           

     Control Agent           5 to 20                                           

     ______________________________________                                    

PAL  said control agent being R.sub.2 O or RCl or mixtures thereof, in which R
      is sodium or potassium.
NUM  2.
PAR  2. The glass composition of claim 1 in which said amount of control agent
      includes B.sub.2 O.sub.3 up to 5% by weight of said amount.
NUM  3.
PAR  3. The glass composition of claim 1 in which said amount of control agent
      includes CaO up to 15% by weight of said amount.
NUM  4.
PAR  4. The glass composition of claim 1 in which said amount of control agent
      includes SiO.sub.2 up to 15% by weight of said amount.
NUM  5.
PAR  5. A process for preparing a micronutrient glass adapted to be added to
      soil to enrich the life of plants and seeds plated therein, comprising:
      preparing a non-oxidizing phosphate base glass containing from about 30%
      to about 60% by weight of zinc oxide to nourish plant and seed growth in
      such soil, and controlling the water-solubility of the glass by including
      in the glass from about 5% to about 20% by weight of a metal control agent
      to provide a water-extraction of said zinc oxide from said phosphate base
      glass at a rate within a predetermined range, said metal control agent
      being R.sub.2 O or RCl or mixtures thereof, in which R is potassium or
      sodium.
NUM  6.
PAR  6. A process for enriching the life of plants and seeds thereof planted in
      soil comprising adding to said soil a comminuted glass comprising a
      non-oxidizing phosphate base glass containing from about 30% to about 60%
      by weight of zinc oxide to nourish said plant and seed growth in such
      soil, and from about 5% to about 20% by weight of a metal control agent to
      control the water-solubility of said glass and provide a water-extraction
      of said zinc oxide from said phosphate base glass at a rate within a
      predetermined range, said metal control agent being R.sub.2 O or RCl or
      mixtures thereof, in which R is potassium or sodium.
NUM  7.
PAR  7. The process of claim 6 in which said soil has an acidic pH.
NUM  8.
PAR  8. The process of claim 6 in which said soil has an alkaline pH.
NUM  9.
PAR  9. The process of claim 6 in which said soil is alkaline, and said glass
      composition is adapted to form an aqueous acid extract containing the zinc
      oxide, and including leaching said glass with water to provide a less
      alkaline microenvironment adjacent said plants and seeds in said alkaline
      soil and thereby facilitate assimulation by the plants and seeds of said
      micronutrient metal.
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ABST
PAL  A method of preparing a copper complex for use in eliminating the growth of
      marine plant life such as algae. The copper complex is provided by
      initially reacting an insoluble copper compound with an aqueous solution
      of an acid to dissociate the copper ions, and thereafter chelating the
      released copper ions to form a copper complex. The resulting complex has
      improved stability to both heat and light and contains an increased amount
      of copper compared to copper complexes formed by prior methods, thereby
      making the complex more effective as an algaecide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Rivers, lakes, streams, drinking water supplies, swimming pools, shower
      rooms, industrial water systems, and the like, are frequently polluted by
      the excessive growth of algae and other microorganisms which impart a
      distasteful appearance and odor to the water and generally interfere with
      the flow of the water and may be harmful to health.
PAR  Copper ions are known to be effective against the growth of algae. In the
      past water-soluble copper compounds, such as copper sulfate, have been
      used extensively as algaecides. Copper ions released by copper sulfate
      when added to water, react with carbonates or bicarbonates found in water
      to produce insoluble copper compounds which precipitate and cause
      turbidity or cloudiness in the treated water. If excessive amounts of
      insoluble copper compounds settle out, the compounds can form a sludge or
      deposit, which in the case of a lake or stream, may tend to destroy the
      fish life or zooplankton which is essential as fish food.
PAR  To overcome the problems associated with the use of copper sulfate, a
      complex formed by the reaction of copper sulfate and an alkanolamine, as
      disclosed in U.S. Pat. No. 2,734,028, has been used and has achieved wide
      success as an algaecide. A complex of this type has the ability to
      maintain the copper ions in solution, even when the algaecide is added to
      alkaline water containing high proportions of carbonates or bicarbonates,
      as well as soft water situations.
PAR  The copper alkanolamine complex of the type disclosed in U.S. Pat. No.
      2,734,028 is normally packaged as a concentrated aqueous solution in
      glass, plastic or metal containers and is apt to be stored for extended
      periods. It has been found that when this complex is stored over long
      periods of time, and particularly when the containers may be subjected to
      sunlight and/or warm temperatures, decomposition of the complex occurs,
      resulting in a precipitation of copper. Precipitation of the copper
      removes the toxic copper ions from the solution and thus decreases the
      effectiveness of the complex when subsequently diluted and added to the
      water to be treated.
PAR  The copper complex prepared from copper sulfate has a further disadvantage
      in that the sulfate ions tend to combine with hydrogen in the aqueous
      solution to form sulfuric acid, which is highly corrosive, thereby
      presenting problems in handling, shipment and storage of the concentrated
      product.
PAR  The presence of the sulfate ions has a further disadvantage in that when
      the complex is added to the water to be treated in the recommended dosage,
      a sulfate content results of approximately 0.5 ppm per acre foot of water
      being treated. This high concentration of sulfates can be conducive to
      diatom blooms. Diatom requires sulphates for the uptake of silica for the
      cell walls. Furthermore, when copper sulphate is used as the starting
      material in forming the complex, the concentration of toxic copper ions is
      limited in the concentrated product, with a concentration of approximately
      7% being the upper limit.
PAR  To avoid problems associated with the use of copper sulfate, attempts have
      been made in the past to utilize other copper-containing materials, such
      as copper carbonate as an algaecide, as disclosed in U.S. Pat. No.
      3,634,061. Copper carbonate is relatively insoluble in water and large
      amounts of this material have to be used to obtain minimum algae control.
      Not only is this procedure costly, but the undissolved copper carbonate
      remains ineffectual as an algaecide in the aquatic environment and remains
      on the bottom of the body of water and can be toxic to fish and fish food
      organisms.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a novel method of preparing a copper complex for
      use as an algaecide. In accordance with the invention, the copper complex
      is produced by initially reacting a water-insoluble copper compound, such
      as copper hydroxide, copper carbonate, or copper oxide, with an acid in
      aqueous solution. In the case of copper carbonate, the reaction generates
      carbon dioxide and water, and after complete liberation of the carbon
      dioxide from the solution, a chelating agent, such as an alkanolamine, is
      added to chelate the released copper ions and form the copper complex.
PAR  The resulting complex has improved effectiveness as an algaecide due to the
      fact that the complex contains more than 9% elemental copper which is a
      substantial increase in elemental copper over a copper complex formed
      through the use of copper sulfate.
PAR  The complex formed by the method of the invention has improved stability to
      both heat and light with the result that copper will not precipitate from
      the solution over extended periods of exposure to high temperatures and/or
      sunlight. The improved stability provides a longer shelf life and greatly
      simplifies the storage and shipment requirements.
PAR  As the complex is formed without the use of sulfates, the concentrated
      solution contains no sulfate ions so that the concentrate is less
      corrosive than a complex formed through use of copper sulfate. The
      elimination of sulfates also eliminates the potential toxicity to fish and
      zooplankton which occurs in the presence of sulfates, and decreases the
      potential of a diatom bloom following application of the algaecide to
      water.
PAR  The method of the invention enables a lesser amount of the chelating agent
      to be utilized in forming the complex, and in the case of
      nitrogen-containing chelating agents, such as alkanolamines, reduces the
      overall nitrogen concentration of the treating solution and consequently
      decreases the polluting effect caused by the addition of the
      nitrogen-containing compound to the body of water.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The copper complex of the invention is produced by initially reacting an
      insoluble copper compound with an aqueous acidic solution to dissociate
      the copper ions and thereafter chelating the released copper ions with a
      chelating agent.
PAR  The copper compound is water insoluble and may take the form of copper
      hydroxide, copper benzoate, cuprous oxide, cupric oxide, copper
      bicarbonate, copper carbonate, copper thiocyanate, and minerals, such as
      tenorite, paralmelaconite, cuptite, malachite, azurite, or chessylite,
      containing one or more of the above-named copper compounds as their
      components.
PAR  The acid to be used can be any conventional organic or inorganic acid. It
      is preferred, however, to use organic acids as certain inorganic acids may
      generate ions in the solution which are undesirable from either a toxicity
      or pollution standpoint. For example, nitric and phosphoric acid are not
      preferred, because they will contribute nitrogen and phosphate ions to the
      body of water being treated. Sulfuric acid is not preferred because it
      will add sulfate ions, and similarly, hydrochloric acid will add chlorine
      ions which can be toxic to fish and marine life. Thus, it is preferred to
      employ organic acids, such as citric, tartaric, oxalic, acetic, maleic,
      boric, gluconic, lauric, stearic, palmitic, adipic, caprinic, formic,
      gallic, lactic, malic, malonic, oleic, phthalic, salicylic, suberic,
      tannic, propionic, and the like. In general, the organic acid can contain
      from 1 to 22 carbon atoms. Amino acids, while they can be used, are not
      preferred in that they contribute nitrogen to the body of water being
      treated.
PAR  The finely divided or powdered copper compound is added to the aqueous
      solution of the acid and the amount of water in the acidic solution is not
      critical and can vary within wide limits. From a practical standpoint, the
      acidic solution preferably has a concentration of 10 to 30% acid on a
      volume to volume basis.
PAR  The acid is preferably used in a stoichiometric amount with respect to the
      copper compound so as to completely dissociate all the copper ions. An
      excess of the acid is not critical, although it will reduce the pH of the
      solution and tend to reduce the rate of chelation, for it has been found
      that the rate of chelation of the copper is increased as the pH of the
      solution is increased.
PAR  When copper carbonate is used and is added to the acidic solution, a
      reaction occurs which generates carbon dioxide and water. After all of the
      carbon dioxide has been evolved from the solution, as evidenced by the
      termination of effervescence, the chelating agent is added to the solution
      to chelate the copper ions. It is important to wait until all of the
      carbon dioxide has been discharged before adding the chelating agent to
      the solution, for it is believed that carbon dioxide will be absorbed by
      the chelating agent, thereby reducing the effectiveness.
PAR  The chelating agent is preferably an alkanolamine. The alkanolamine
      includes at least one or more alkanol groups containing 1 to 10 carbon
      atoms and may consist of one or more of the following compounds:
      aminoethylethanolamine, diethanolamine, triethanolamine,
      dimethylethanolamine, diethylethanolamine, monoethanolamine,
      monoisopropanolamine, diisopropanolamine, triisopropanolamine,
      methyldiethanolamine, or the like. Of the above named compounds,
      triethanolamine has been found to be a very effective material, because it
      requires a smaller amount of the triethanolamine, than the other amines to
      keep the copper ions in solution. In addition, the salts or esters of the
      above alkanolamines can be employed with equal results. To form the
      complex, the alkanolamine is generally used in a weight ratio of 1 : 2
      parts per 1 part of the copper.
PAR  Other chelating agents which can be employed are tertiary amines such as
      methyldodecylbenzyl trimethyl tertiary amine, methyldodecylxylylene bis
      (trimethyl) tertiary amine, diisobutylphenoxyethoxy dimethyl benzyl
      tertiary amine, stearyl triemthyl tertiary amine, and the like;
      polyethylene glycols having an average molecular weight in the range of
      200 to 4000; and water soluble organic acids containing 1 to 22 carbon
      atoms such as citric acid, gluconic acid, lactic acid, tartaric acid,
      ethylene diamine tetraacetic acid, and their water soluble salts.
PAR  The resulting complex will maintain the copper in solution in a variety of
      hard waters containing substantial concentrations of alkaline earth metal
      carbonates and bicarbonates, or in water containing high concentrations of
      dissolved carbon dioxide.
PAR  The solution containing the copper complex has a pH generally in the range
      of 8.0 to 10.0 and usually about 8.8. This pH is considerably higher than
      the pH of a solution containing the complex formed through use of copper
      sulfate, which is generally about 7.56. This increased pH is believed to
      contribute to the increased amount of elemental copper in the complex, for
      the rate of chelation is increased with an increase in pH. Thus, the
      solution containing the copper complex as prepared by the invention
      contains 9% by weight or more of elemental copper, as compared with an
      elemental copper concentration of about 7% in the solution containing the
      complex prepared from copper sulfate. This substantial increase in the
      amount of elemental copper produces a marked increase in effectiveness of
      the solution as an algaecide.
PAR  The complex prepared by the method of the invention has improved heat and
      light stability over the complex prepared from copper sulfate and the
      copper will not precipitate from solution over extended periods when
      exposed to either extreme temperatures or sunlight. The increase in
      stability is completely unexpected in that one would expect the copper
      complex, whether it be derived from copper sulfate or copper carbonate, to
      have approximately the same stability to various environmental parameters,
      such as light and temperature. However, the copper complex derived through
      the invention demonstrates a substantial increase in stability as compared
      to the copper complex derived from copper sulfate. It is believed that
      this increase in stability is achieved because of the elimination of the
      sulfate ions in solution, for the sulfate ions can form sulfuric acid in
      solution which act on the chelated complex to release copper over extended
      periods of time.
PAR  Because the copper is retained in solution, the entire toxic effect of the
      copper as an algaecide is realized thereby achieving a saving in the
      amount of copper and in total algaecide used, with a resulting saving in
      total cost per acre treated.
PAR  As a further advantage, a lesser amount of the alkanolamine is required per
      unit volume in preparing the complex and this reduces the overall nitrogen
      content of the solution and reduces unwanted nutrients which are
      contributed by the nitrogen.
PAR  The solution containing the copper complex is normally stored, handled and
      transported as a concentrate containing about 8 to 35% by weight of
      elemental copper and generally about 9.5% and containing about 50 to 80%
      by weight of the complex. The concentrated solution normally is diluted at
      the time of use in a ratio of 5 to 20 parts of water for each part of the
      concentrated solution. The diluted solution is applied to the body of
      water such that the body of water contains from about 0.25 to 20.0 ppm by
      weight of elemental copper.
PAR  Instead of using the copper complex in the form of an aqueous solution, the
      complex can be adsorbed on an inert particulate carrier and the dry
      carrier can then be applied to the water surface. In this case, the
      concentrated solution of the complex is sprayed onto the carrier particles
      to coat and impregnate the particles with the complex. The particles are
      then air dried, preferably in a rotating drum or tumbler to evaporate the
      water. The resulting particles, while containing some moisture, are
      free-flowing and essentially dry to the touch. In the dry state, the
      impregnated carrier particles contain from about 1 to 50% by weight of the
      complex and 99 to 50 % by weight of the inert material.
PAR  When applied to the water surface, the particles impregnated with the
      copper complex will sink to the bottom, and as such, the impregnated
      particles are particularly useful in treating bottom-attached algae, such
      as Chara, Nitella and Tolypella, and in treating bottom growths of
      filamentous algae. To achieve this function, the particle size of the
      particles is important, and should be in the range of 8 to 16 mesh. If the
      particle size is smaller than this range, the particles may tend to float
      and not sink to the bottom and have a greater tendency to be windblown
      during application. On the other hand, if the particle size is larger than
      the above-mentioned range, the surface area per unit volume of the
      particles is reduced, with the result that a lesser quantity of the
      copper-complex can be adsorbed on the particles, thereby requiring
      additional quantities of the impregnated particles to achieve algaecidal
      control.
PAR  In addition, the carrier particles should have a bulk density in the range
      of 0.5 to 15gr/cc in order to obtain the desired absorption of the copper
      complex.
PAR  It has been found that Attapulgite clay (soft, RVM type) and Celaton clay
      are particularly satisfactory for use as the carrier. These clays have
      bulk densities in the aforementioned range and tend to break down to a
      fine powder when immersed in water. A mixture of about 50 to 95 % by
      weight of Attapulgite clay and 5 to 50 % by weight of Celaton clay is
      preferred.
PAR  The algaecideal composition is effective against all common forms of algae,
      including filamentous algae such as Cladaphora and Spirogya, planktonic
      algae such as Anacystis and Anaebena, chara algae such as Chara vulgaris
      and Nitella and swimming pool algae such as black, brown and red algae.
PAR  In addition, the copper complex formed by the method of the invention has
      been found to be effective as a herbicide against certain vascular aquatic
      plants, such as Hydrilla verticillata and Potamogeton crispus (curly leaf
      pond weed).
DETD
PAR  The following examples illustrate the preparation of the copper complex of
      the invention.
PAC  EXAMPLE I
PAR  5 gallons of copper triethanolamine complex were prepared by mixing 5625 ml
      of water with 1875 ml of 98% by weight glacial acetic acid. To this
      mixture, 2270 grams of powdered copper carbonate were added and the
      reaction was allowed to proceed to completion as evidenced by the
      termination of the discharge of carbon dioxide. 500 ml of triethanolamine
      was then added to the solution to chelate the copper ions and the
      resulting aqueous solution contained 9.5% by weight of elemental copper.
PAC  EXAMPLE II
PAR  25 grams of oxalic acid was dissolved in 75 ml of water. 50 grams of copper
      carbonate was slowly added and the reaction was allowed to go to
      completion. This was evidenced by the termination of effervescing of
      carbon dioxide from the reaction media. Finally 100 grams of
      monoethanolamine was added for the purpose of chelating the dissociated
      cupric ions. The resulting solution had a clear, dark blue color and
      contained approximately 10 % by weight of elemental copper.
PAC  EXAMPLE III
PAR  20 ml of concentrated nitric acid was added to 80 ml of water. 50 grams of
      copper carbonate was slowly added and the reaction was allowed to go to
      completion, as evidenced by the termination of effervescing of carbon
      dioxide from the reaction media. Finally, 100 grams of Quadrol
      [N,N,N',N',-tetrakis(2-hydroxy-propyl) ethylenediamine] was added for the
      purpose of chelating the dissociated cupric ions. The resulting color of
      the solution was a clear, dark blue color indicating a high concentration
      of elemental copper of approximately 9.5%
PAC  EXAMPLE IV
PAR  25 grams of citric acid anhydrous was added to 75 ml of water. 62.5 grams
      of cupric hydroxide was added and the reaction was allowed to go to
      completion. 50 ml of triethanolamine and 50 ml of tridecyldimethyl benzyl
      tertiary amine were then added for the purpose of chelating the cupric
      ions. The resulting color of the solution was a clear, dark blue color
      indicating a stable copper complex. This complex was approximately 20%
      elemental copper.
PAC  LIGHT STABILITY TEST
PAR  A series of samples of the concentrated solution prepared in accordance
      with Example I were stored in glass containers and subjected to ultra
      violet light. After a period of three months there was no visible deposit
      or precipitation in the containers, as well as no significant measurable
      loss of copper from solution as measured by instrumentation designed for
      copper assay measurements.
PAR  A second series of samples were prepared using copper sulfate to produce
      the complex as disclosed in U.S. Pat. No. 2,734,028. In preparing these
      samples, 100 ml of triethanolamine was added to 90 ml of water and enough
      copper sulfate was dissolved in the solution to produce a 7.1% by weight
      solution of elemental copper. Samples of the concentrated solution
      containing the complex produced through use of copper sulfate were stored
      in glass containers and subjected to ultra violet light. After a period of
      91 days, over one-half percent of the copper had precipitated out on the
      sides and bottom of the vessel.
PAR  This test indicates the substantial improvement in stability to light of
      the complex produced by the method of the invention, as compared to that
      produced from copper sulfate.
PAC  HEAT STABILITY TEST
PAR  A series of samples of the concentrated solution prepared in Example I were
      stored in an incubation oven at a temperature of 104.degree.F. After a
      period of three months there was no visible deposit or precipitation of
      copper in the containers and there was no measurable loss of copper from
      the solutions as determined by instrumentation.
PAR  Similar samples of the concentrated solution of the complex produced from
      copper sulfate, prepared by the method outlined above, were similarly
      subjected to a temperature of 104.degree.F in an incubation oven. After a
      period of 91 days, the solution prepared from copper sulfate had lost over
      one half percent of the copper as a precipitate on the sides and bottom of
      the vessel.
PAR  The heat stability test shows the substantial improvement in heat stability
      achieved by the complex prepared by the method of the invention, as
      compared to that prepared from copper sulfate.
PAC  WATER HARDNESS STABILITY
PAR  The concentrated solutions prepared in accordance with Example I were
      diluted with water to one gallon samples containing 0.4 ppm of elemental
      copper. The water of dilution used in one group of samples had a hardness
      of 30 ppm as carbonate hardness, the water of dilution used in a second
      group of samples had a harndess of 100 ppm and the water used in a third
      group of samples had a hardness of 300 ppm. Over a period of 7 days, no
      copper was observed as precipitating out of the diluted solutions.
PAC  ALGAECIDAL EFFECTIVENESS TESTS
PAR  Cultures of Cladophora, a green filamentous algae, were grown in one gallon
      glass containers in the laboratory, under a 16 hour photoperiod and a
      temperature of 75.degree.F. Cladophora is one of the most common nuisance
      algae which occurs in lakes and ponds. To the vigorously growing algae,
      evidenced by heavy green growth, the copper complex prepared according to
      Example I was added to obtain a copper concentration of 0.2 ppm in the
      gallon container. Within 48 hours, the Cladophora turned white and sank to
      the bottom of the container. Microscopic examination of this algae showed
      that the algae cells were chlorotic and either in the dead or dying
      condition. Examination of the surrounding solution resulted in a copper
      content of 0.06 ppm, as compared to 0.2 ppm originally, which suggests
      that the missing copper was taken up or absorbed by the algae, resulting
      in the death of the algae. Control samples of algae to which only
      distilled water was added after the 48 hours were still exhibiting
      vigorous growth.
PAC  EXAMPLE B
PAR  Cultures of Aphanizomenon flos-aqua, a green planktonic algae, were grown
      under conditions described in Example A. The copper complex prepared as
      described in Example I was added to the cultures to obtain a copper
      concentration of 0.2 ppm. After 24 hours the cultures to which the copper
      complex was added were practically clear of planktonic algae. The algae
      had turned white and had sunk to the bottom of the containers.
PAC  EXAMPLE C
PAR  A body of water one-half acre in size with an average depth of 8 feet and
      having a heavy infestation of Chara, a bottom attached algae, was treated
      with the copper complex prepared as described in Example I and adsorbed
      onto an inert clay carrier composed of, 41% by weight of Attapulguite clay
      and 16% by weight of Celaton clay. The resulting dry granular preparation
      contained 96% by weight of the inert carrier and 4% by weight of the
      copper complex and was applied at a rate of 60 pounds per surface acre,
      resulting in a copper concentration in the bottom two feet of water of 0.4
      ppm of copper. Three days after application, the Chara was under complete
      control. It had turned white and was breaking apart. No fish deaths were
      observed and no noticeable harm was done to the aquatic environment or
      ecosystem.
PAC  EXAMPLE D
PAR  The copper complex as prepared in Example I was added to a swimming pool to
      obtain a copper concentration of 0.2 ppm. No staining of the pool walls
      resulted from the addition of the algaecide to the pool water and even
      super chlorination following the addition of the algaecide did not result
      in staining. Algae which were present in the pool were controlled, as well
      as any reinfestation of new algae. The algae which was present in the pool
      was Oscillatoria.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An algaecide composition having improved stability, comprising an
      aqueous solution containing an algaecidal effective amount of a copper
      complex produced by reacting a water-insoluble copper compound selected
      from the group consisting of (a) copper carbonate, (b) copper oxide, (c)
      copper hydroxide, (d) copper bicarbonate, (e) copper benzoate, (f) copper
      thiocyanate and (g) naturally occurring copper minerals containing at
      least one of said (a)-(f) inclusive with an aqueous solution of an acid in
      sufficient amount to dissociate the copper ions from said compound, said
      acid selected from the group consisting of an inorganic acid and an
      organic acid having from 1 to 22 carbon atoms in the molecule, and
      thereafter chelating the copper ions with a chelating agent selected from
      the group consisting of (a) an alkanolamine having at least one alkanol
      group containing from 1 to 10 carbon atoms in the molecule, (b)
      polyethylene glycols having an average molecular weight in the range of
      200 to 4000, (c) tertiary amines and (d) carboxylic acids having 1 to 22
      carbon atoms in the molecule and (e) water soluble salts of (d), to
      provide the complex.
NUM  2.
PAR  2. The composition of claim 1, wherein said aqueous solution contains at
      least 9% by weight of elemental copper.
NUM  3.
PAR  3. The composition of claim 1, wherein the copper compound is copper
      carbonate, and the chelating agent is triethanolamine.
NUM  4.
PAR  4. The composition of claim 1, wherein the alkanolamine is used in a weight
      ratio of 1 to 2 parts per 1 part of copper.
NUM  5.
PAR  5. An algaecide composition, comprising a plurality of generally inert
      particles and a copper complex absorbed on said particles, said complex
      produced by reacting a water-insoluble copper compound selected from the
      group consisting of (a) copper carbonate, (b) copper oxide (c) copper
      hydroxide, (d) copper bicarbonate (e) copper benzoate, (f) copper
      thiocyanate and (g) naturally occuring copper minerals containing at least
      one of said (a)-(f) inclusive with an aqueous solution of an acid in
      sufficient amount to dissociate the copper ions from said compound, said
      acid selected from the group consisting of an inorganic acid and an
      organic acid having from 1 to 22 carbon atoms in the molecule, and
      thereafter chelating the copper ions with a chelating agent selected from
      the group consisting of (a) an alkanolamine having at least one alkanol
      group containing from 1 to 10 carbon atoms in the molecule, (b)
      polyethylene glycols having an average molecular weight in the range of
      200 to 4000, (c) tertiary amines and (d) carboxylic acids having 1 to 22
      carbon atoms in the molecule and (e) water soluble salts of (d), to
      provide the complex.
NUM  6.
PAR  6. The composition of claim 5, wherein the particles, have a size in the
      range of 8 to 16 mesh.
NUM  7.
PAR  7. The composition of claim 6 wherein the particles have a bulk density in
      the range of 0.5 to 15 gr./cc.
NUM  8.
PAR  8. The composition of claim 6 wherein the particles are clay and are
      characterized by the ability to break up into a fine powder when exposed
      to water.
NUM  9.
PAR  9. The composition of claim 8 wherein the particles are selected from the
      group consisting of Atapulgite clay and Celaton clay.
NUM  10.
PAR  10. The method of preparing an algaecide composition having improved
      stability, comprising the steps of reacting a water insoluble copper
      compound selected from the group consisting of (a) copper carbonate (b)
      copper oxide, (c) copper hydroxide, (d) copper bicarbonate, (e) copper
      benzoate, (f) copper thiocyanate and (g) naturally occurring copper
      minerals containing at least one of said (a)-(f) inclusive with an aqueous
      solution of an acid in sufficient amount to dissociate the copper ions
      from said compound, said acid selected from the group consisting of an
      inorganic acid and an organic acid having from 1 to 22 carbon atoms in the
      molecule, and thereafter chelating the copper ions with a chelating agent
      selected from the group consisting of (a) an alkanolamine having at least
      one alkanol group containing from 1 to 10 carbon atoms in the molecule,
      (b) polyethylene glycols having an average molecular weight in the range
      of 200 to 4000, (c) tertiary amines and (d) carboxylic acids having 1 to
      22 carbon atoms in the molecule and (e) water soluble salts of (d), to
      provide the complex.
NUM  11.
PAR  11. The method of claim 10, wherein the solution contains more than 9% by
      weight of elemental copper in the form of the copper complex.
NUM  12.
PAR  12. The method of claim 10, wherein the chelating agent is alkanolamine and
      is used in a weight ratio of 1 to 2 parts per 1 part of copper.
NUM  13.
PAR  13. The method of claim 10, wherein said copper compound is copper
      carbonate, said first named acid is acetic acid and said chelating agent
      is triethanolamine.
NUM  14.
PAR  14. The method of claim 10 wherein the acid is substantially free of
      nitrogen, sulfur, phosphorus and halogens.
NUM  15.
PAR  15. A method of controlling the growth of algae in a body of water,
      comprising the step of bringing into contact with the algae an aqueous
      solution of a copper complex produced by reacting a water-soluble copper
      compound selected from the group consisting of (a) copper carbonate, (b)
      copper oxide, (c) copper hydroxide, (d) copper bicarbonate, (e) copper
      benzoate, (f) copper thiocyanate and (g) naturally occurring copper
      minerals containing at least one of said (a)-(f) inclusive with an aqueous
      solution of an acid in sufficient amount to dissociate the copper ions
      from said compound, said acid selected from the group consisting of an
      inorganic acid and an organic acid having from 1 to 22 carbon atoms in the
      molecule, and thereafter chelating the copper ions with a chelating agent
      selected from the group consisting of (a) an alkanolamine having at least
      one alkanol group containing from 1 to 10 carbon atoms in the molecular,
      (b) polyethylene glycols having an average molecular weight in the range
      of 200 to 4000, (c) tertiary amines and (d) carboxylic acids having 1 to
      22 carbon atoms in the molecule and (e) water soluble salts of (d), to
      provide the complex.
NUM  16.
PAR  16. The method of claim 6, wherein the solution is added to the body of
      water in an amount such that the body of water contains from 0.25 to 20
      ppm of the complex.
NUM  17.
PAR  17. The method of claim 15, wherein the first named acid is substantially
      free of nitrogen, sulfur, phosphorus and halogens.
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ABST
PAL  Disclosed herein are substituted oxirane compounds corresponding to the
      formula
      ##SPC1##
PAL  Wherein X represents halogen; Z represents hydrogen, halogen, cyano or
      lower alkyl; R and R' each independently represent hydrogen, halogen,
      cyano, nitro, alkoxy, trifluoromethyl, benzyloxy or lower alkyl, with the
      proviso that when R' is hydrogen, R is other than hydrogen. The compounds
      are especially useful as pesticides in preventing germination of undesired
      plant seeds and controlling noxious weeds and fungal organisms and can be
      formulated to provide pesticidal compositions.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of my copending
      application Ser. No. 61,848, filed Aug. 6, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years, the use of chemicals for controlling various biological
      forms has found widespread acceptance among many people. This is
      especially true among agriculturalists interested in controlling fungal
      and terrestrial plants. For example, chemical compositions have previously
      been applied to the soil or to the foliage of fully developed plants,
      thereby destroying certain types of plants in a selective manner and
      allowing others to continue their growth in a more favorable environment.
      This type of control, enabling certain plants to grow freely unhampered by
      competing noxious plants, has also been achieved by the application of
      chemical compositions to the soil, which chemical compositions either
      prevent germination of undesirable seeds or destroy the emerging seedlings
      immediately after germination. Other dangers confronting plant growth and
      crop yields occur in the form of plant diseases. These threats to
      desirable plant life have been lessened by the application of fungicides
      to the soil, foliage of the plants, and surrounding atmosphere.
PAR  Very effective control and protection of desirable plant life is therefore
      possible through the use of chemicals formulated to provide protection as
      selective herbicides and fungicides. However, all requirements for
      effectiveness and selectivity among pesticides have not been satisfied.
      There are still many demands to satisfy among agriculturalists and others,
      either for more effective pesticides with selectivity comparable to old
      pesticides, or for pesticides with a different selectivity.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to pesticidal compositions and methods utilizing
      substituted oxirane compounds as active ingredients. According to the
      present invention, there are provided pesticidal compositions containing
      compounds of the formula:
      ##SPC2##
PAL  Wherein X represents halogen; Z represents hydrogen, halogen, cyano or
      lower alkyl; R and R' each independently represent hydrogen, halogen,
      cyano, nitro, lower alkoxy, trifluoromethyl, benzyloxy or lower alkyl,
      with the proviso that when R' is hydrogen, R is other than hydrogen. An
      additional preferred class of compounds are those wherein R is hydrogen
      and R' is as previously defined. A preferred class of compounds are those
      wherein R and R' each independently represent hydrogen, halogen, nitro,
      lower alkoxy, trifluoromethyl or lower alkyl, with the proviso that when
      R' is hydrogen, R is other than hydrogen. A further preferred class of
      compounds are those wherein R and R' each independently represent
      hydrogen, halogen, trifluoromethyl or lower alkyl, with the proviso that
      when R' is hydrogen, R is other than hydrogen. An especially preferred
      class of compounds are those wherein R and R' each independently represent
      hydrogen, halogen or trifluoromethyl, with the proviso that when R' is
      hydrogen, R is other than hydrogen. A most preferred class of compounds
      are those where R represents hydrogen and R' represents halogen or
      trifluoromethyl.
PAR  Also provided herein are methods of controlling undesired fungal organisms
      and weed growth by application of the compounds of this invention. At low
      application rates certain of the compounds are useful as selective
      herbicides in desirable crops such as corn, cotton, soybeans, rice and the
      like.
PAR  As used herein, the term "lower alkyl" means saturated, monovalent
      aliphatic radicals, including straight and branched-chain radicals of from
      1 to about 4 carbon atoms, as illustrated by, but not limited to, methyl,
      ethyl, propyl, isopropyl, butyl, sec.-butyl and the like. The term "lower
      alkoxy" includes straight and branched-chain radicals of from 1 to about 4
      carbon atoms, as illustrated by, but not limited to, methoxy, ethoxy,
      propoxy, isopropoxy, butoxy, and the like. The term "halogen" represents
      bromine, chlorine, fluorine and iodine.
PAR  The substituted oxirane compounds of the present invention, hereinafter
      referred to as "oxirane" compounds, are generally oils or crystalline
      solids at room temperature which are soluble in the usual organic solvents
      such as, for example, 1,2-dichlorobenzene, methylene chloride, chloroform
      and the like. They are readily prepared by the reaction of a substituted
      styrene compound of the formula:
      ##SPC3##
PAL  wherein R, R', X and Z are as hereinbefore defined, with a suitable
      percarboxylic acid reactant. Representative and suitable percarboxylic
      acids which can be employed in the preparation of the substituted oxirane
      compounds include, for example, peracetic acid, trifluoroperacetic acid,
      perbenzoic acid and the like. In the present invention, buffer solutions
      of the acid reactants are preferably employed and are prepared by the use
      of a buffer agent, such as, for example, sodium acetate, sodium benzoate
      and the like.
PAR  In carrying out the reaction, the percarboxylic acid reactant is added,
      dropwise or portionwise over a period of about 5-10 minutes, to the
      substituted styrene reactant. While the amounts of the reactants to be
      employed are not critical, the reaction generally consumes the reactants
      in the proportion of one mole of substituted styrene reactant to one or
      more moles of percarboxylic acid reactant. A suitable ratio of reactants
      is from about 1:1 to about 1:6 (substituted styrene:percarboxylic acid)
      and the employment of the reactants in a mole ratio of about 1:4 is
      preferred. The reaction is allowed to proceed at a temperature between
      about 20.degree. and about 40.degree.C. and is preferably maintained at
      room temperature. The pressure is not critical and is usually maintained
      at ambient atmospheric pressure. The reaction mass is maintained for a
      period of time sufficient to assure substantial completion of the
      reaction, generally from about 12 to about 20 hours or longer. Recovery of
      the product from the reaction mass is achieved by employing conventional
      procedures. Typically, the reaction mass is washed with water and
      neutralized with a sufficient amount of base, e.g., sodium carbonate,
      before being evaporated to dryness under reduced pressure.
PAR  The desirable properties of the present products are inherent in the pure
      compounds; when highly selective properties are to be relied, the purified
      compounds will be preferred. However, for many applications and especially
      wherein low cost is a major consideration, incompletely purified products
      can be employed since by-products of the reaction are often
      unobjectionable.
PAR  The substituted styrene compounds employed as starting materials can be
      prepared in accordance with known or analogous methods. See, for example,
      U.S. Pat. Nos. 3,391,203 and 3,336,401.
DETD
PAR  The following examples are presented to illustrate preparation of typical
      compounds employed in the invention, but the scope of the invention is not
      to be considered limited to the specific examples given.
PAC  EXAMPLE 1
PAR  A buffer solution of 40% peracetic acid (24 milliliters; 0.160 mole) and
      sodium acetate trihydrate (2.0 grams; 0.025 mole) was added dropwise with
      stirring to p-nitro-.alpha.-(2,2,2-trichloroethyl)styrene (12.0 grams;
      0.043 mole) dissolved in 75 milliliters of methylene chloride. The
      addition was carried out over a period of about 5-10 minutes and at a
      temperature of about 25.degree. to about 35.degree.C. Following the
      addition, the reaction mass was maintained at a temperature of about
      35.degree.C. for a period of about 16 hours, in order to assure
      substantial completion of the reaction. Upon completion of the reaction,
      the reaction mass was washed with water to remove water-soluble impurities
      and neutralized with a sufficient amount of base, e.g., sodium carbonate.
      The reaction mass was again washed with water, dried over anhydrous sodium
      sulfate, and reduced to dryness by rotary evaporation. As a result of
      these operations, the 2-(p-nitrophenyl)-2-(2,2,2-trichloroethyl)oxirane
      product was recovered as a yellow crystalline solid. Recrystallization
      from chloroform gave the purified product as white plates having a melting
      point of 113.degree.-114.5.degree.C. Elemental analysis calculated for
      C.sub.10 H.sub.8 Cl.sub.3 No.sub.3 (percent): C, 40.5; H, 2.7; N, 4.7.
      Found (percent) C, 40.1; H, 2.7; N, 4.7.
PAC  EXAMPLES 2-33
PAR  Other representative products of the present invention, are prepared in
      accordance with the procedures reported in Example 1 above, using the
      respective corresponding substituted styrene reactant and percarboxylic
      acid reactant. These other representative products corresponding to the
      formula below are identified in the following table.
      ##SPC4##
TBL                TABLE I                                                     

     ______________________________________                                    

     Ex.  Identity of Compound  Characterizing                                 

     No.  R        R'        X    Z     Property                               

     ______________________________________                                    

      2   H        NO.sub.2  Cl   Cl    *M.W. 296.5                            

      3   H        Br        Cl   Cl    *n.sub.D.sup.25 1.5735                 

                                         (88% pure)                            

      4   H        CF.sub.3  Cl   Cl    *B.P. 86-88.degree.C.                  

      5   Cl       Cl        Cl   Cl    B.P. 75.degree.C. at                   

                                         0.5 mm Hg                             

      6   H        Br        Cl   C.sub.2 H.sub.5                              

                                        M.W. 324                               

      7   H        Cl        Cl   Cl    n.sub.D.sup.25 1.5604                  

                                        (95% pure)                             

      8   NO.sub.2 H         Cl   C.sub.4 H.sub.9                              

                                        M.W. 318                               

      9   H        CH.sub.3  Cl   Cl    B.P. 97.degree.C.                      

     10   -CN      H         Cl   H     M.W. 242                               

     11   CH.sub.3 O                                                           

                   H         Cl   Cl    M.W. 281.5                             

     12   H        CH.sub.3 O                                                  

                             Cl   Cl    B.P. 98.degree.C.                      

     13   H        CH.sub.3 O                                                  

                             F    -CN   M.W. 255.5                             

     14   H        CH.sub.3 CH.sub.2 O                                         

                             Cl   Cl    n.sub.D.sup.25 1.5475                  

                                         (90% pure)                            

     15   CH.sub.3 O                                                           

                   CH.sub.3 O                                                  

                             Cl   C.sub.3 H.sub.7                              

                                        M.W. 319                               

     16   H        C.sub.6 H.sub.5 CH.sub.2 O                                  

                             Cl   Cl    n.sub.D.sup.25 1.5703                  

                                         (61% pure)                            

     17   NO.sub.2 NO.sub.2  Br   C.sub.2 H.sub.5                              

                                        M.W. 379.5                             

     18   -CN      -CN       Cl   Cl    M.W. 301.5                             

     19   H        F         Cl   Cl    M.W. 269.5                             

     20   C.sub.3 H.sub.7                                                      

                   H         F    C.sub.2 H.sub.5                              

                                        M.W. 270.5                             

     21   C.sub.4 H.sub.9                                                      

                   C.sub.4 H.sub.9                                             

                             Cl   Cl    M.W. 363.5                             

     22   CH.sub.3 -CN       Cl   Cl    M.W. 290.5                             

     23   NO.sub.2 C.sub.2 H.sub.5                                             

                             Cl   C.sub.2 H.sub.5                              

                                        M.W. 318                               

     24   Br       Br        Cl   H     M.W. 375                               

     25   CF.sub.3 H         Cl   Cl    M.W. 319.5                             

     26   H        CF.sub.3  F    C.sub.3 H.sub.7                              

                                        M.W. 310.5                             

     27   C.sub.4 H.sub.9 O                                                    

                   H         Cl   Cl    M.W. 323.5                             

     28   C.sub.4 H.sub.9 O                                                    

                   C.sub.4 H.sub.9 O                                           

                             Cl   Cl    M.W. 395.5                             

     29   Cl       H         Cl   Cl    B.P. 80.degree.C.                      

     30   Br       H         Cl   Cl    M.P. 43.5-                             

                                         44.5.degree.C.                        

     31   C.sub.2 H.sub.5                                                      

                   H         Cl   -CN   M.W. 270                               

     32   NO.sub.2 H         Cl   -CN   M.W. 287                               

     33   H        CH.sub.3 O                                                  

                             Cl   -CN   M.W. 272                               

     ______________________________________                                    

      *M.W. = Molecular Weight                                                 

      *B.P. = Boiling Point                                                    

      *n.sub.D.sup.25 = Refractive Index                                       

      *M.P. = Melting Point                                                    

PAR  Compounds of this invention are useful as pesticides. The most distinctive
      utility of the compounds is based upon their ability to inhibit the growth
      of objectionable plant life. This inhibition or herbicical activity may be
      demonstrated by contacting a plant structure with the subject compounds,
      which may take place either pre-emergently or on established plants.
      Pre-emergence application may be accomplished in either of two ways -- by
      application of the compounds to the surface of the soil or by
      incorporation of the compounds into the surface layer of soil. In addition
      to herbicidal activity, some of the compounds of this invention possess
      activity as fungicides. Some of the compounds possess multiple activity in
      two or more of the above mentioned areas. Hence the user may benefit from
      the application of these compounds in a dual or multiple manner, depending
      upon which compound or mixture of compounds is selected. Accordingly, the
      term pesticidal activity refers to a toxic activity in one or more of the
      above areas of herbicidal or fungicidal activity.
PAR  In particular, it has been discovered that undesirable plants and fungal
      organisms can be controlled by contacting such plants or organisms and/or
      their habitats with compositions containing an effective
      growth-controlling amount of at least one of the oxirane compounds
      disclosed herein. Complete control and kill of various fungal organisms is
      obtained when such organisms are contacted with compositions containing at
      least one of the oxirane compounds in dosages sufficient to supply from
      about 100 to about 1000 or more parts by weight of compound per million
      parts of ultimate treating composition. When the germinant seeds and
      emerging seedlings of many terrestrial plant species are contacted with
      compositions containing one of the oxirane compounds in dosages sufficient
      to supply from about 1.0 to about 50.0 pounds of the compound per acre, a
      persistent inhibition of the growth of such seeds and seedlings is
      obtained.
PAR  In selective applications to plants and/or their habitats for the
      pre-emergent control of the germinant seeds and seedlings of many
      undesirable plants, especially those of small-seeded grasses in areas
      planted with the seeds of desired broadleaf plants or supporting the
      growth of such plants, compositions containing certain of the oxirane
      compounds in dosages of from about 0.03 to about 0.5 pounds or more of the
      oxirane compound per acre have been found satisfactory. The application of
      larger dosages to terrestrial plants and/or their habitats controls the
      growth of germinant seeds, of all types, including broadleaf plants, as
      well as grasses. In all selective applications, the exact dosage to be
      employed is dependent upon the resistance of the broadleaf crop plants or
      their seeds to the particular oxirane composition employed and related
      factors.
PAR  It has also been found that compositions employing certain of the oxirane
      compounds of dosages of from about 250 to about 4000 or more parts by
      weight per million parts of ultimate treating composition are effective in
      controlling the growth of the established plants of many plant species. In
      many instances, the application of the compositions containing certain
      oxirane compounds in dosages of from about 250 to about 1000 parts per
      million by weight per million parts of treating composition results in the
      selective post-emergent control of many undesirable plant species,
      especially those of small-seeded grasses in areas supporting the growth of
      the established plants of desired crop plants, e.g., cotton, corn,
      cultured rice and white winter wheat. In all selective operations, the
      exact dosage to be employed is dependent upon the resistance of the crop
      plants to the particular oxirane composition employed and other related
      factors apparent to those skilled in the art.
PAR  The application to plants, plant-parts and/or their habitats of a
      composition containing a growth-suppressing amount of an oxirane compound
      is essential and critical for the practice of the present invention. The
      exact dosage to be supplied by the composition in a given operation is
      dependent upon the fungal and plant species and the stage of growth and
      hardiness thereof as well as the plant part to be exposed to the
      pesticidal composition. Other factors, such as, for example, the weather
      conditions of temperature and moisture, the weathering action of sun and
      rain, the possibly the decomposition of the compositions and the oxirane
      compounds contained therein by the action of bacterial and other soil
      organisms which eventually frees the plant, plant part, and/or their
      habitats of the composition must also be considered. Thus, while the
      application of low amounts of active compounds per acre may be sufficient
      for good control of a light infestation of weeds growing under adverse
      conditions, applications of from 5 to 10 pounds or more of active compound
      per acre may be required for good control of a dense infestation of hardy
      weeds growing under favorable conditions.
PAR  Compositions comprising an oxirane compound and a liquid or solid carrier
      allow the growth-suppressing amount of the active agent to be mixed in
      such quantity of ultimate treating material that adequate coverage of all
      plants and plant-parts or adequate admixture with their habitats (e.g.,
      soil) can be obtained. Good growth-suppressing results are obtained when
      employing a carrier material in relatively small, but effective amounts.
      Generally, however, the best results are obtained by employing either a
      suface-active dispersing agent, in an amount sufficient to emulsify the
      oxirane compound with water as a carrier, for example, an amount which
      represents from 0.1 to 15 percent, by weight, of the total treating
      material; or a finely divided carrier solid, in an amount which represents
      from 40 to 99.5 percent, by weight, of the total treating material.
PAR  The exact concentration of the oxirane compounds employed in the
      compositions for application to plants, plant-parts and/or their habitats
      is not critical and can vary considerably provided the required dosage of
      effective agent is supplied on the plant, plant-part and/or habitat
      treated. The concentration of the oxirane compound in liquid compositions
      employed to supply the desired dosage generally is from about 0.0001 to
      about 50 percent by weight, although concentrations as high as 90 percent
      by weight are sometimes conveniently employed. In finely divided solid
      carrier compositions, the concentration of the oxirane compound can be
      from 0.1 to 60 percent by weight. In compositions to be employed as
      concentrates, the oxirane compound can be present in a concentration of
      from 5 to 98 percent by weight.
PAR  The quantity of treating compositions to be applied can vary considerably
      provided that the required dosage of active ingredient is applied in
      sufficient of the finished composition to facilitate the distribution of
      the active agent on the plant or plant-part, or the penetration of the
      active agent in the plant habitat. The required amount of the active agent
      conveniently can be supplied per acre treated in from 10 to 27,000 gallons
      or more of the liquid carrier or in from 10 to 2,000 pounds of the finely
      divided solid carrier.
PAR  Liquid compositions containing the desired amount of active ingredient can
      be prepared by dissolving the oxirane compound in an organic liquid
      carrier or by dispersing the oxirane compound in water with or without the
      aid of a suitable surface-active dispersing agent such as an ionic or
      non-ionic emulsifying agent. Suitable organic liquid carriers include the
      agricultural spray oils and the petroleum distillates such as diesel fuel,
      kerosene, fuel oil, naphthas and Stoddard solvent. Among the organic
      liquid carriers, the petroleum distillates are generally preferred. The
      aqueous compositions can contain one or more water immiscible solvents for
      the oxirane compound. In such compositions, the carrier comprises an
      aqueous emulsion, i.e., a mixture of water, emulsifying agent and water
      immiscible solvent. The choice of dispersing and emulsifying agent and the
      amount thereof employed is dictated by the nature of the composition and
      by the ability of the agent to facilitate the dispersion of the oxirane
      compound in the carrier to produce the desired composition. Dispersing and
      emulsifying agents which can be employed in the compositions include the
      condensation products of alkylene oxides with phenols and organic acids,
      alkyl aryl sulfonates, polyoxyalkylene derivatives of sorbitan esters,
      complex ether alcohols, mahogany soaps, and the like.
PAR  In the preparation of dust compositions, the active ingredient is dispersed
      in and on a finely divided solid carrier such as clay, talc, chalk,
      gypsum, bentonite, fuller's earth, attapulgite, and the like. In such
      operation, the finely divided carrier is mechanically mixed or ground with
      the oxirane compound. Depending upon the proportion of ingredients, these
      dust compositions can be employed as concentrates and subsequently diluted
      with additional solid carrier or with liquid or solid surface-active
      dispersing agent to obtain the desired amount of active ingredient in a
      composition adapted to be employed for the suppression of the growth of
      the plants. Also, such dust compositions can be dispersed in water,
      preferably with the aid of a surface-active dispersing agent, to form
      spray mixtures.
PAR  Satisfactory results are obtained when the oxirane compositions are
      combined with other agricultural materials intended to be applied to
      plants, plant-parts, and/or their habitats. Such materials include
      fertilizers, fungicides, insecticides, soil conditioning agents, and the
      like.
PAR  When operating in accordance with the present invention, compositions
      containing growth-suppressing amounts of the oxirane compounds are applied
      to plants, plant-parts and/or their habitats in any convenient fashion.
      Applications to a plant habitat, e.g., soil, can be carried out by simply
      mixing with the habitat, such as by applying to the surface of soil and
      thereafter dragging or discing into the soil to the desired depth or by
      employing a liquid carrier to accomplish the penetration and impregnation.
      The application of spray and dust compositions to the surface of soil can
      be carried out by conventional methods, e.g., power dusters, boom and hand
      sprayers and spray dusters.
PAR  In a further method, the distribution of the oxirane compositions in soil
      can be accomplished by introducing the agent in the water employed to
      irrigate the soil. In such procedures, the amount of water can be varied
      with the porosity and water holding capacity of the soil to obtain a
      desired depth of distribution of the agent.
PAR  Other components of the habitat of a plant can be employed in the transfer
      of the agent of the present invention to a plant or plant part.
PAR  In addition, the present method also comprehends the employment of an
      aerosol composition containing an oxirane compound as an active compound.
      Such a composition is prepared according to conventional methods wherein
      the active ingredient is dispersed in a solvent, and the resultant
      dispersion mixed with a propellant in liquid state. Such variables as the
      paticular active ingredient to be used and the particular plant part to be
      treated will determine the identity of the solvent and the concentration
      of the active ingredient therein. Examples of suitable solvents are water,
      acetone, isopropanol, and 2-ethoxyethanol. Also, employment of the oxirane
      compound in pastes, gels, foams, invert emulsions, and the like, as well
      as pigmented or unpigmented pelleted solids is comprehended.
PAR  The following examples further illustrate the present invention.
PAC  EXAMPLE 34
PAR  Separate aqueous compositions containing
      2-(m-bromophenyl)-2-(2,2,2-trichloroethyl)oxirane,
      2-(p-chlorophenyl)-2-(2,2,2-trichloroethyl)oxirane,
      2-(m-nitrophenyl)-2-(2,2,2-trichloroethyl)oxirane, and
      2-(p-bromophenyl)-2-(2,2,2-trichloroethyl)oxirane were prepared as
      follows:
PAR  Four parts by weight of the compound, 0.08 part of sorbitan trioleate (Span
      85), and 0.02 part of a sorbitan monooleate polyoxyethylene derivative
      (Tween 80) are dispersed in 40 milliliters of acetone to produce a
      concentrate composition in the form of a water-dispersible liquid
      containing the predetermined oxirane compound as the sole active agent.
PAR  A portion of each of these concentrate compositions were separately
      dispersed in portions of water to provide aqueous compositions, containing
      0.44 pound of the oxirane compound per 100 gallons of ultimate aqueous
      mixture.
PAR  The aqueous compositions were then employed for the treatment of seed beds
      of good agricultural soil which had been prepared and seeded with the
      seeds of various grass species and broadleaf plants. The grass species
      included white winter wheat, cultured rice, pigweeds, crabgrass, cheat
      grass, wild oats, Johnson grass, barnyard grass and yellow foxtail; and
      the broadleaf plants included corn. In the treating operations, a
      predetermined quantity of each of the compositions was applied to separate
      seedbeds as a soil drench at a rate of about 0.43 acre inch of aqueous
      composition per acre. The quantities were controlled to supply a
      substantial uniform dosage in a seedbed equivalent to 1.0, 2.0 and 5.0
      pounds of the oxirane compound per acre. These dosages correspond,
      respectively, to a concentration, within the soil depth penetrated of
      about 1.6, 3.2 and 8.0 parts by weight of the oxirane compound per million
      parts by weight of soil. Other seedbeds were similarly seeded with the
      named plant species but were left untreated to serve as checks.
PAR  After about 2 weeks the seedbeds were examined to acertain what control of
      the growth of seeds had been obtained. The results are set forth in the
      following Table II.
TBL                                    Table II                                

     __________________________________________________________________________

     Percent Pre-Emergent Control of Seed Germination at Various               

     Indicated Toxicant Concentrations (in Pounds per Surface Area)            

                   2-(m-bromophenyl)-                                          

                               2-(p-bromophenyl)-                              

                                           2-(m-nitrophenyl)-                  

                                                       2-(p-chlorophenyl)-     

     2-(2,2,2-trichloro-                                                       

     2-(2,2,2-trichloro-                                                       

     2-(2,2,2-trichloro-                                                       

     2-(2,2,2-trichloro-                                                       

     Seed Species  ethyl)oxirane                                               

                               ethyl)oxirane                                   

                                           ethyl)oxirane                       

                                                       ethyl)oxirane           

     __________________________________________________________________________

                                                       1                       

                   1.0 2.0 5.0 1.0 2.0 5.0 1.0 2.0 5.0 1.0 2.0 5.0             

     1.  Pigweeds  95  100 100 50  50  90  85  95  95  50  100 100             

     2.  Crabgrass 0   100 100 0   100 100 95  100 100 95  100 100             

     3.  Johnson Grass                                                         

                   95  95  100 95  95  95  70  85  95  95  100 100             

     4.  Barnyard Grass                                                        

                   95  95  95  95  95  95  50  50  95  95  95  100             

     5.  Wild Oats 100 100 100 95  95  90  40  50  80  100 100 100             

     6.  Cheat Grass                                                           

                   --  --  --  --  --  --  --  80  100 --  --  --              

     7.  Cultured Rice                                                         

                   --  100 100 --  100 100 100 95  100 100 100 100             

     8.  Yellow Foxtail                                                        

                   100 100 95  0   0   80  100 --  --  95  95  95              

     9.  White Winter                                                          

          Wheat    100 100 100 95  95  95  95  50  95  95  100 100             

     10. Corn      30  95  95  0   50  95  100 50  0   85  95  95              

     __________________________________________________________________________

      At the time of the observations, the check areas showed populous and     

      vigorous growing stands of the named plant species.                      

PAC  EXAMPLE 35
PAR  Aqueous compositions containing one of each of the following compounds:
PA1  2-(m-tolyl)-2-(2,2,2-trichloroethyl)oxirane;
PA1  2-(m-methoxyphenyl)-2-(2,2,2-trichloroethyl)oxirane;
PA1  2-(m-chlorophenyl)-2-(2,2,2-trichloroethyl)oxirane;
PA1  2-(m-fluorophenyl)-2-(2,2,2-trichloroethyl)oxirane;
PA1  2-(3,4-dichlorophenyl)-2-(2,2,2-trichloroethyl)oxirane;
PA1  2-(m-ethoxyphenyl)-2-(2,2,2-trichloroethyl)oxirane; and
PA1  2-(m-(benzyloxy)phenyl)-2-(2,2,2-trichloroethyl)oxirane
PAL  were prepared as in Example 34 and similarly employed for the pre-emergence
      treatment of various plant species.
PAR  As a result of such operations, it was found that the
      2-(m-tolyl)-2-(2,2,2-trichloroethyl)oxirane compound gave substantially
      complete control of pigweeds, crabgrass, Johnson grass, barnyard grass,
      wild oats and yellow foxtail when the seeds of such species were contacted
      with compositions containing the active compound in amounts sufficient to
      supply a dosage of 2.0 pounds per acre.
PAR  In other similar operations, the
      2-(m-methoxyphenyl)-2-(2,2,2-trichloroethyl)oxirane compound gave
      substantially complete pre-emergence control of pigweeds, crabgrass,
      Johnson grass and barnyard grass and the
      2-(m-ethoxyphenyl)-2-(2,2,2-trichloroethyl)oxirane compound gave
      substantially complete control of crabgrass, Johnson grass, barnyard grass
      and wild oats when the seeds of such plant species were contacted with
      compositions containing the respective active compounds in amounts
      sufficient to supply a dosage of 2.0 pounds per acre.
PAR  In further pre-emergence operations, the
      2-(m-(benzyloxy)phenyl)-2-(2,2,2-trichloroethyl) oxirane compound gave
      substantially complete control of pigweed, crabgrass, barnyard grass, wild
      oats and yellow foxtail when the seeds of such species were contacted with
      sufficient composition to supply a dosage of 20 pounds per acre.
PAR  The treatment of the seeds of pigweeds, crabgrass, Johnson grass and wild
      oats with a composition containing the
      2-(3,4-dichlorophenyl)-2-(2,2,2-trichloroethyl)-oxirane compound at a rate
      of 2.0 pounds per acre likewise gave substantially complete control of the
      species.
PAR  Substantially complete pre-emergence control of crabgrass, Johnson grass,
      barnyard grass, wild oats and yellow foxtail was also obtained by the
      application of compositions containing
      2-(m-chlorophenyl)-2-(2,2,2-trichloroethyl)oxirane and
      2-(m-fluorophenyl)-2-(2,2,2-trichloroethyl)oxirane, respectively, at
      dosage rates of 0.25 and 0.5 pounds per acre, respectively.
PAC  EXAMPLE 36
PAR  Separate aqueous compositions containing the
      2-(m-chlorophenyl)-2-(2,2,2-trichloroethyl)oxirane (Cmpd. A) and
      2-(m-bromophenyl)-2-(2,2,2-trichloroethyl)oxirane (Cmpd. C) compounds of
      the present invention were prepared as in Example 34 for comparative
      pre-emergence herbicide tests against noxious grass species with the known
      2-(p-chlorophenyl)-2-(2,2,2-trichloroethyl)oxirane (Cmpd. B) compound and
      2-(p-bromophenyl)-2-(2,2,2-trichloroethyl)oxirane (Cmpd. D). The
      pre-emergence tests were conducted as in Example 34 and the results of
      such tests are set forth below in Table III.
TBL                Table III                                                   

     ______________________________________                                    

     Cmpd.    Rate         % Control                                           

                   Water-  Crab       Johnson                                  

     Lb/Acre       Grass   Grass      Grass                                    

     ______________________________________                                    

     A       1. 1/8    90      100      100                                    

             2. 1/16   85      100      100                                    

     B       1. 1/8    90      20       30                                     

             2. 1/16   60       0        0                                     

     C       1. 1/8    95      95       95                                     

             2. 1/16   90      70       95                                     

     D       1. 1/8    60       0       25                                     

             2. 1/16   30       0        0                                     

     ______________________________________                                    

PAR  At the same low dosage rates as set forth in the above table, no
      pre-emergence effect on the seeds of cotton and corn plants was observed.
PAC  EXAMPLE 37
PAR  An aqueous composition containing 2-(.alpha.,.alpha. ,.alpha.
      -trifluoro-m-tolyl)-2-(2,2,2-trichloroethyl)oxirane was prepared as
      described in Example 34. The composition was then employed according to
      the procedures of Example 34 except that lower concentrations of the
      oxirane compound were employed in the composition.
PAR  The percent control of the various plant species at the employed dosage
      rate of the 2-(.alpha.,.alpha. ,.alpha.
      -trifluoro-m-tolyl)-2-(2,2,2-trichloroethyl) supplied by the composition
      is set forth in the following Table IV.
TBL                                    Table IV                                

     __________________________________________________________________________

     Percent Pre-Emergent Control of Seed                                      

     Germination at Various Indicated Concentra-                               

     tions (in Pounds per Surface Area)                                        

     Seed Species 0.03                                                         

                      0.07                                                     

                          0.13                                                 

                              0.25                                             

                                  0.5 1.0                                      

     __________________________________________________________________________

     1.  Pigweeds 0   30  50  100 100 100                                      

     2.  Crabgrass                                                             

                  60  75  100 100 100 100                                      

     3.  Johnson                                                               

          Grass   0   80  100 100 100 100                                      

     4.  Barnyard                                                              

          Grass   50  95  95  95  95  95                                       

     5.  Wild Oats                                                             

                  30  85  95  95  95  95                                       

     6.  Yellow                                                                

          Foxtail 30  0   95  100 100 100                                      

     7.  Soybeans 0   0   100 40  50  60                                       

     8.  Cotton   0   0   0   0   30  20                                       

     9.  White Winter                                                          

          Wheat   0   50  100 100 100 100                                      

     10. Corn     0   0   0   90  95  95                                       

     11. Beans    30  30  30  60  70  95                                       

     12. Cultured Rice                                                         

                  0   30  100 100 100 100                                      

     __________________________________________________________________________

      At the time of the observations, the check areas showed populous and     

      vigorous growing stands of the named plant species.                      

PAC  EXAMPLE 38
PAR  An aqueous composition containing
      2-(m-bromophenyl)-2-(2,2,2-trichloroethyl)oxirane was prepared as
      described in Example 34. Separate portions of this composition were
      thereafter dispersed in a further quantity of water to prepare aqueous
      spray compositions containing 250, 500, 1000, 2000, and 4000 parts,
      respectively, of the compound per million parts by weight of ultimate
      treating composition. These compositions were applied as foliage sprays to
      various grass and broadleaf plant species, the plants being of 2 to 4
      inches in height and growing in seed beds. The treatments were carried out
      with conventional spray equipment, the plants being sprayed to the point
      of run-off. Similar beds of the plant species were left untreated to serve
      as checks. After about two weeks, the beds were examined to ascertain what
      control of the growth of plants had been obtained. The plant species
      employed, together with the percent control obtained at the employed
      dosage rate of the composition is set forth in the following Table V.
TBL                Table V                                                     

     ______________________________________                                    

     Percent Post-Emergent Control of Seed                                     

     Germination at Various Indicated                                          

     Concentrations                                                            

     Seed Species   250    500    1000  2000  4000                             

     ______________________________________                                    

     1.    Crabgrass    30     65   95    95    95                             

     2.    Johnson Grass                                                       

                        95     95   95    95    95                             

     3.    Barnyard Grass                                                      

                        95     95   95    95    95                             

     4.    Yellow Foxtail                                                      

                        40     95   95    95    95                             

     5.    Soybean      30     30   50    75    85                             

     6.    Cotton       0      0    50    50    65                             

     7.    White Winter                                                        

            Wheat       0      0    50    50    50                             

     8.    Corn         0      30   50    95    95                             

     9.    Pinto Beans  50     50   50    75    75                             

     10.   Wild Oats    50     70   85    85    95                             

     11.   Cultured Rice                                                       

                        0      0    0     40    50                             

     ______________________________________                                    

      At the time of the observations, the check areas showed populous and     

      vigorous growing stands of the named species.                            

PAC  EXAMPLE 39
PAR  Separate acetone compositions containing 100 and 500 parts, respectively,
      of each of 2-(p-nitrophenyl)-2-(2,2,2-trichloroethyl)oxirane and
      2-(m-nitrophenyl)-2-(2,2,2-trichloroethyl)oxirane compounds per million
      parts by weight of ultimate mixture were prepared by dissolving a
      pre-determined amount of each of the above comounds in acetone to give the
      desired concentrations. The solutions were dispersed in melted nutrient
      agar to produce culture media for fungal plants. The agar solutions were
      poured into petri dished and allowed to solidify. The solidified agar
      surface in each petri dish was inoculated with one species of a fungal
      plant; the plants employed being Staphylococcus aureus, Candida albicans,
      Tichophton mentagrophytes, Bacillus subtilis, Aspergillus terreus, Candida
      pelliculosa, Pullularia pullulans, Mycobacterium phlei, Cephaloascus
      fragans and Aerobacter aerogenes.
PAR  The inoculation was carried out by applying droplets of a solution
      containing the fungal plants to the agar surfaces. The inoculated petri
      dishes were then incubated for an appropriate period of time and under
      conditions conducive to the growth of the fungal plants involved.
PAR  After incubation, the petri dishes were examined to determine the degree of
      control of the fungal plants. In these operations, it was found that the
      composition containing 100 parts per million by weight of the
      2-(p-nitrophenyl)-2-(2,2,2-trichloroethyl)oxirane compound gave complete
      control and kill of Bacillus subtilis and Aerobacter aerogenes. The
      composition containing 500 parts by weight of 2
      -(m-nitrophenyl)-2-(2,2,2-trichloroethyl)oxirane gave complete control and
      kill of Staphylococcus aureus, Candida albicans, Trichophton
      mentagrophytes, Bacillus subtilis, Aspergillus terreus, Candida
      pelliculosa, Pullularia pullulans, Mycobacterium phlei and Cephaloascus
      fragans.
PAR  In similar operations, it was found that compositions containing 500 parts
      per million by weight of composition of one of each of the following
      compounds:
PAR  2-(m-tolyl)-2-(2,2,2-trichloroethyl)oxirane;
      2-(m-methoxyphenyl)-2-(2,2,2-trichloroethyl)oxirane;
      2-(m-chlorophenyl)-2-(2,2,2-trichloroethyl)oxirane;
      2-(m-fluorophenyl)-2-(2,2,2-trichloroethyl)oxirane;
      2-(3,4-dichlorophenyl)-2-(2,2,2-trichloroethyl)oxirane;
      2-(m-ethoxyphenyl)-2-(2,2,2-trichloroethyl)oxirane;
      2-(m-(benzyloxy)phenyl)-2-(2,2,2-trichloroethyl)oxirane;
      2-(p-chlorophenyl)-2-(2,2,2-trichloroethyl)oxirane;
      2-(p-bromophenyl)-2-(2,2,2-trichloroethyl)oxirane; and
      2-(m-bromophenyl)-2-(2,2,2-trichloroethyl)oxirane gave complete control
      and kill of Trichophyton mentagrophytes, Bacillus subtilis and
      Mycobacterium phlei.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for controlling undesirable plants which comprises applying
      thereto an effective herbicidal amount of a substituted oxirane compound
      corresponding to the formula:
      ##SPC5##
PAL  wherein X represents halogen; Z represents hydrogen, halogen, cyano or
      lower alkyl; R and R' each independently represent hydrogen, halogen,
      cyano, nitro, alkoxy of from 1 to 4 carbon atoms, trifluoromethyl,
      benzyloxy or lower alkyl, with the proviso that when R' is hydrogen, R is
      other than hydrogen.
NUM  2.
PAR  2. A method according to claim 1 wherein said oxirane compound is applied
      to soil containing seeds of undesired plants.
NUM  3.
PAR  3. A method according to claim 1 wherein said oxirane compound is applied
      to established plants.
NUM  4.
PAR  4. A method according to claim 1 wherein R is hydrogen.
NUM  5.
PAR  5. A method according to claim 1 wherein R and R' each independently
      represent hydrogen, halogen, nitro, trifluoromethyl, lower alkoxy or lower
      alkyl, with the proviso that when R' is hydrogen, R is other than
      hydrogen.
NUM  6.
PAR  6. A method according to claim 1 wherein R is hydrogen and R' is halogen or
      trifluoromethyl.
NUM  7.
PAR  7. The method of claim 1 wherein the compound is
      2-(m-nitrophenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  8.
PAR  8. The method of claim 1 wherein the compound is
      2-(p-nitrophenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  9.
PAR  9. The method of claim 1 wherein the compound is 2-(.alpha.,.alpha.
      ,.alpha. -trifluoro-m-tolyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  10.
PAR  10. The method of claim 1 wherein the compound is
      2-(m-bromophenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  11.
PAR  11. The method of claim 1 wherein the compound is
      2-(p-bromophenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  12.
PAR  12. The method of claim 1 wherein the compound is
      2-(m-chlorophenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  13.
PAR  13. The method of claim 1 wherein the compound is
      2-(p-chlorophenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  14.
PAR  14. The method of claim 1 wherein the compound is
      2-(m-fluorophenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  15.
PAR  15. The method of claim 1 wherein the compound is
      2-(3,4-dichlorophenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  16.
PAR  16. The method of claim 1 wherein the compound is
      2-(m-tolyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  17.
PAR  17. The method of claim 1 wherein the compound is
      2-(m-methoxyphenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  18.
PAR  18. The method of claim 1 wherein the compound is
      2-(m-ethoxyphenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  19.
PAR  19. The method of claim 1 wherein the compound is
      2-(m-(benzyloxy)phenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  20.
PAR  20. The method according to claim 1 wherein R and R' each independently
      represent hydrogen, halogen, trifluoromethyl or lower alkyl, with the
      proviso that when R' is hydrogen, R is other than hydrogen.
NUM  21.
PAR  21. A method for the selective control of weedy grasses in the presence of
      desirable crops which comprises applying to soil containing desirable
      crops before the plants to be destroyed emerge in a concentration toxic to
      weedy grasses, but not toxic to desirable crops, a compound of the formula
      ##SPC6##
PAL  wherein X represents halogen; Z represents hydrogen, halogen, cyano or
      lower alkyl; R represents hydrogen and R' is halogen or trifluoromethyl.
NUM  22.
PAR  22. The method of claim 21 wherein R' is halogen.
NUM  23.
PAR  23. The method of claim 2 wherein the compound is
      2-(m-chlorophenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  24.
PAR  24. The method of claim 21 wherein the compound is
      2-(m-bromophenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  25.
PAR  25. The method of claim 21 wherein the compound is 2-(.alpha.,.alpha.
      ,.alpha. -trifluoromethyl-m-tolyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  26.
PAR  26. A herbicidal composition which comprises an inert carrier and as the
      active agent a herbicidally-effective amount of a compound of the formula:
      ##SPC7##
PAL  wherein X represents halogen; Z represents hydrogen, halogen, cyano or
      lower alkyl; R and R' each independently represent hydrogen, halogen,
      cyano, nitro, alkoxy of from 1 to 4 carbon atoms, trifluoromethyl,
      benzyloxy or lower alkyl, with the proviso that when R' is hydrogen, R is
      cyano, nitro, alkoxy, trifluoromethyl, benzyloxy or lower alkyl.
NUM  27.
PAR  27. The composition of claim 26 wherein R represents hydrogen and R'
      represents halogen or trifluoromethyl.
NUM  28.
PAR  28. The composition according to claim 26 whrein R and R' each
      independently represent hydrogen, halogen, trifluoromethyl or lower alkyl,
      with the proviso that when R' is hydrogen, R is other than hydrogen.
NUM  29.
PAR  29. The composition of claim 26 wherein the compound is
      2-(m-chlorophenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  30.
PAR  30. The composition of claim 26 wherein the compound is
      2-(m-bromophenyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  31.
PAR  31. The composition of claim 26 wherein the compound is 2-(.alpha.,.alpha.
      ,.alpha. -trifluoromethyl-m-tolyl)-2-(2,2,2-trichloroethyl)oxirane.
NUM  32.
PAR  32. Aqueous dispersion of the composition claimed in claim 26, the oxirane
      compound in such dispersion being present in a herbicidal amount of at
      least 0.0001 percent by weight.
NUM  33.
PAR  33. The composition of claim 26 in intimate admixture with an inert finely
      divided solid, the oxirane compound in such admixture being present in a
      herbicidal amount of from 0.1 to 60 percent by weight.
PATN
WKU  039308367
SRC  5
APN  4606647
APT  1
ART  124
APD  19740412
TTL  Substituted sulfonate antidote compounds and method of use with
      herbicides
ISD  19760106
NCL  1
ECL  1
EXP  Hollrah; Glennon H.
INVT
NAM  Arneklev; Duane R.
CTY  Sunnyvale
STA  CA
ASSG
NAM  Stauffer Chemical Company
CTY  Westport
STA  CT
COD  02
RLAP
COD  72
APN  68529
APD  19700831
PSC  03
RLAP
COD  74
APN  100770
APD  19701222
PSC  03
CLAS
OCL   71 93
XCL   71 76
XCL   71100
XCL   71103
XCL   71117
XCL  260456R
XCL  260456P
EDF  2
ICL  A01N  922
FSC   71
FSS  93;77;100
UREF
PNO  3131509
ISD  19640500
NAM  Hoffman
OCL   71 77
UREF
PNO  3749566
ISD  19730700
NAM  Hoffman
OCL   71100
LREP
FR2  Block; Daniel C.
ABST
PAL  New compounds corresponding to the formula:
EQU  X--(CH.sub.2).sub.n --O--SO.sub.2 --R
PAL  wherein X can be halogen, R can be selected from the group consisting of
      alkyl, haloalkyl, halogen, acetoxyalkyl, acetoxy haloalkyl, aryl and
      substituted aryl, and n can be a whole number ranging between 1 and 5. The
      compositions described herein are used to protect corn from injury by
      thiolcarbamate herbicides.
PARN
PAR  This application is a continuation-in-part of copending application, Ser.
      No. 68,529, filed Aug. 31, 1970 and a division of Ser. No. 100,770, filed
      Dec. 22, 1970, both now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Among the many herbicidal compounds commercially available, the N,N-dialkyl
      thiolcarbamate herbicides alone or mixed with other herbicides such as
      triazines have reached a relatively high degree of commercial success.
      These herbicides are immediately toxic to a large number of weed pests at
      different concentrations varying with the resistance of the weeds
      mentioned. Some examples of these compounds are described and claimed in
      U.S. Pat. Nos. 2,913,327, 3,037,853, 3,175,897, 3,185,720 and 3,198,786.
      It has been found in practice that the use of the thiolcarbamates as a
      herbicide in corn fields sometimes causes serious injury to the corn
      plants. When used in the recommended amounts in the soil to control many
      broadleaf weeds and grasses, serious malformation and stunting of the corn
      plants results. This abnormal growth in the corn plants results in loss of
      crop yield.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  It has been discovered that corn plants can be protected against injury by
      the thiolcarbamates of the above-noted U.S. Patents by adding to the soil
      an antidote composition having the following formula:
EQU  X--(CH.sub.2).sub.n --O--SO.sub.2 --R
PAL  wherein X can be halogen, R can be selected from the group consisting of
      alkyl, haloalkyl, halogen, acetoxyalkyl, acetoxy haloalkyl, aryl and
      substituted aryl, and n can be a whole number from 1 to 5.
PAR  The compounds represented by the above formula can be synthesized by mixing
      together an appropriate alcohol with an appropriate sulfonyl chloride. A
      solvent such as ethyl ether can be used, if desired. Then, an acid
      acceptor such as triethylamine is added to the mixture. Essentially
      quanitative yields of the end product are obtained.
PAR  In order to illustrate the merits of the present invention, reference is
      made to the following examples:
PAC  EXAMPLE 1
PAC  2-Bromoethyl methanesulfonate
PAR  A mixture of 12.5 ml. of 2-bromoethanol, 7.6 ml. of methanesulfonyl
      chloride and 100 ml. of ether was formed. Then, 14 ml. of triethylamine
      was added dropwise over a 55 minute period to the formed solution at
      5.degree.-10.degree.C. and stirred for 1 hour at 5.degree.-10.degree.C.
      The mixture was then allowed to stand at room temperature and was stirred
      for another 15 minutes. To the mixture was added 100 ml. of water, the
      ether layer separated, dried over magnesium sulfate and evaporated to
      yield 16 grams of a very light yellow oil. n.sub.D.sup.30 1.4801.
PAC  EXAMPLE 2
PAC  2-Bromoethyl ethanesulfonate
PAR  A mixture containing 12.5 ml. of 2-bromoethanol, 12.9 ml. of ethane
      sulfonyl chloride and 100 ml. of ether was formed. Then, 14 ml. of
      triethylamine was added dropwise over a 55 minute period at
      5.degree.-10.degree.C. and stirred for 1 hour. The mixture was allowed to
      come to room temperature and stirred for an additional 15 minutes. To the
      mixture was added 100 ml. of water, the ether layer was separated, dried
      over magnesium sulfate and evaporated to yield 17.6 grams of a yellow oil.
      n.sub.D.sup.30 1.4760.
PAC  EXAMPLE 3
PAC  3-Bromopropyl methanesulfonate
PAR  A mixture containing 13.9 ml. of 3-bromo-1-propanol, 7.6 ml. of methane
      sulfonyl chloride and 100 ml. ether was formed. The mixture was mixed
      together and 14 ml. of triethylamine was added over a period of 45 minutes
      at 5.degree.-10.degree.C. and then stirred at 5.degree.-10.degree.C. for 1
      hour. The mixture was allowed to come to room temperature and was stirred
      for an additional 15 minutes. To the mixture was added 100 ml. of water
      and the ether solution dried over magnesium sulfate and evaporated to
      yield 14.5 g. of a colorless oil. n.sub.D.sup.30 1.4749.
PAC  EXAMPLE 4
PAC  2-Chloroethyl isobutane-sulfonate
PAR  A mixture was formed containing 6.7 ml. of ethylene chlorohydrin, 70 ml. of
      ether and 15.6 g. of isobutane sulfonyl chloride. Then, 14 ml. of
      triethylamine was added dropwise to the mixture with stirring in an ice
      bath over a period of 30 minutes at 12.degree.-14.degree.C. While stirring
      the mixture was allowed to warm to 23.degree.C. (1 hour) and was then
      washed with water (100 ml.), dried over magnesium sulfate and evaporated
      to yield 19.7 g. of a colorless oil. n.sub.D.sup.30 1.4502.
PAR  Other compounds were prepared in an analogous manner starting with the
      appropriate starting materials as outlined above. The following is a table
      of compounds representative of those embodied by the present invention.
      Compound numbers have been assigned to them and are used for
      identification throughout the balance of the specification.
TBL                TABLE I                                                     

     ______________________________________                                    

     X--(CH.sub.2 .sub.n --O--SO.sub.2 --R                                     

     Compound                                                                  

     Number  n         X         R                                             

     ______________________________________                                    

      1      2         Br        CH.sub.3                                      

      2      2         Br        C.sub.2 H.sub.5                               

      3      3         Br        CH.sub.3                                      

                                 CH.sub.3                                      

                                 .vertline.                                    

      4      2         Cl        CH.sub.2 --CH                                 

                                 .vertline.                                    

                                 CH.sub.3                                      

                                 CH.sub.3                                      

                                 .vertline.                                    

      5      3         Br        CH.sub.2 --CH                                 

                                 .vertline.                                    

                                 CH.sub.3                                      

                                 CH.sub.3                                      

                                 .vertline.                                    

      6      2         Br        CH.sub.2 --CH                                 

                                 .vertline.                                    

                                 CH.sub.3                                      

      7      2         Br                                                      

      8      2         Br        (CH.sub.2).sub.3 CH.sub.3                     

      9      2         Cl        CH.sub.3                                      

                                 O                                             

                                 .parallel.                                    

     10      2         Br        CH.sub.2 --C--O--CH.sub.2 --CH.sub.2 --Br     

     11      2         Br        CH.sub.2 Cl                                   

     12      2         Br        (CH.sub.2).sub. 5 CH.sub.3                    

     13      3         Br        CH.sub.2 Cl                                   

     14      3         Br        (CH.sub.2).sub.5 CH.sub.3                     

     15      2         Cl        OCH.sub.2 CH.sub.2 Cl                         

     16      2         Br        Cl                                            

     17      4         Br        CH.sub.3                                      

     18      2         Br                                                      

     19      2         I         CH.sub.3                                      

     20      2         Br        CH.sub.2 CH.sub.2 CH.sub.2 Cl                 

     ______________________________________                                    

PAR  The compositions of this invention were tested in the following manner.
PAC  Test 1: Soil Incorporation
PAR  Metal flats measuring 8 .times. 12 .times. 3 inches in area were filled
      with 10 lbs. of Felton loamy sand soil. The herbicide and herbicide
      antidote were applied separately or in combination to the soil as it is
      mixed in a five-gallon cement mixer. The following stock solutions were
      made up of each compound when the herbicide and antidote were applied
      separately. In making the stock solutions of the herbicide, 936 mg. of
      75.5 % active ingredient was diluted with 100 ml. of water. For the
      antidote, 700 mg. of technical material was diluted with 100 ml. of
      acetone. One ml. of these stock solutions is equivalent to 7 mg. active
      ingredient or one pound per acre when this treated soil was placed into 8
      .times. 12 .times. 3 inch flats. After the soil was treated with the
      herbicide and the antidote at the desired rates, the soil was transferred
      from the cement mixer back into 8 .times. 12 .times. 3 inch flats where it
      was now ready for planting corn seed. A pint sample of soil was then
      removed from each flat and retained for covering the seeds after planting.
      The soil was leveled and rows one-half inch deep were made in each flat.
      Enough DeKalb XL 374 corn seeds were planted to obtain good stands in each
      treatment. Seeds were then covered up with the one pint of soil which had
      been removed just prior to planting.
PAR  The flats were then placed on greenhouse benches where temperatures were
      between 70.degree.-90.degree.F. The flats were watered by sprinkling as
      needed to assure good plant growth until rated. The crop tolerance was
      rated after two or three weeks. The results of these tests are set forth
      in Table II.
PAC  Test 2: Corn Seed Treatment
PAR  Metal flats measuring 8 .times. 12 .times. 3 inches in area were filled
      with 10 lbs. of Felton loamy sand soil. Soil incorporated herbicides were
      applied at this time. The soil from each flat was placed into a
      five-gallon cement mixer where the soil was mixed as the herbicides were
      applied as a stock solution by adding 936 mg. of 75.5% active ingredient
      to 100 ml. of water. One ml. of stock solution was applied to the soil in
      a volumetric pipet for each pound of herbicide desired. One ml. of stock
      solution contains seven mg. of herbicide which equals one pound per acre
      when applied to soil in 8 .times. 12 .times. 3 inch flats. After the
      herbicide incorporation, the soil was placed back into the flats.
PAR  Flats of herbicide-treated and untreated soil were then ready to be
      planted. A pint sample of soil was then removed from each flat and placed
      next to each flat for later use in covering up the seeds. The soil was
      leveled and rows one-half inches deep were made for planting seeds.
      Alternating rows of treated and untreated crop seeds were sown. In each
      test six DeKalb XL 374 field corn seeds were planted in each row. Rows
      were approximately 11/2 inches apart in the flat. Seed treatment was
      applied by placing 50 mg. of the seed treatment compound with 10 grams of
      corn seed in a suitable container and shaking them until the seeds were
      uniformly covered with the seed treatment. Seed treatment compounds were
      applied as liquid slurries and powder or dust treatments. In some cases
      acetone was used to dissolve powdered or solid compounds so they could be
      more effectively applied to the seeds.
PAR  After flats were seeded they were covered with the one pint of soil which
      had been removed just prior to planting. Flats were placed on greenhouse
      benches where temperatures ranged from 70.degree.-90.degree.C. Flats were
      watered by sprinkling as needed to assure good plant growth. Percent
      control ratings were taken two to three weeks after treatments were
      applied.
PAR  In each test, the herbicide is applied alone, in combination with the seed
      protectant and the seed protectant is applied alone to check for
      phytotoxicity. The results of these tests are tabulated in Table III. It
      should be noted that Run Nos. 7 thru 10 were carried out in styrofoam
      flats measuring 5 .times. 7 .times. 23/4 inches with all other conditions
      remaining the same.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Herbicide        Rate                                                     

                          Compound No. 1                                       

                                   Compound No. 2                              

                                            Compound No. 3                     

                                                     Injury to Corn            

                      lb/A                                                     

                          lb/A     lb/A     lb/A     %                         

     __________________________________________________________________________

     EPTC*            6   1                          30 ST MF                  

     EPTC*            6   10                         10 ST                     

     EPTC*            6   100                        90 ST                     

     EPTC*            6            1                 50 ST MF                  

     EPTC*            6            10                20 ST                     

     EPTC*            6                     1        40 ST MF                  

     EPTC*            6                     10       10 ST                     

     EPTC*            6                              98  MF                    

                          1                          10 ST                     

                          10                         20 ST                     

                          100                        90 ST                     

                                   1                  0                        

                                   10                20 ST                     

                                            1         0                        

                                            10       10 ST                     

     EPTC*            3   1                           0                        

     EPTC*            3   10                         20 ST                     

     EPTC*                                           98   MF                   

     EPTC* +          6+                                                       

     2-Chloro-4-ethylamino-6-                                                  

      isopropylamino-s-triazine                                                

                      1   1                          10   MF                   

     EPTC* +          6+                                                       

     2-Chloro-4-cyclopropylamino-                                              

      6-isopropylamino-1,3,5-                                                  

      triazine        1   1                           0                        

     EPTC + 2,4-dichlorophenoxy-                                               

      acetic acid     3+11/2                                                   

                          1                          20 ST                     

     EPTC + 2,4-dichlorophenoxy-                                               

      acetic acid     3+11/2                                                   

                          0                          75 ST MF                  

     S-propyl dipropylthiocarbamate                                            

                      6   1                          10   MF                   

     S-propyl dipropylthiocarbamate                                            

                      6   0                          98   MF                   

     S-ethyl cyclohexylethyl-                                                  

      thiocarbamate   6   1                          25   MF                   

     S-ethyl cyclohexylethyl-                                                  

      thiocarbamate   6   0                          90   MF                   

     S-ethyl diisobutylthiocarbamate                                           

                      12  2                           0                        

     S-ethyl diisobutylthiocarbamate                                           

                      12  1                           0                        

     S-ethyl diisobutylthiocarbamate                                           

                      12  0                          75   MF                   

     __________________________________________________________________________

      ST = Stunt;                                                              

      MF = Malformation                                                        

      *EPTC = S-ethyl-N,N-dipropylthiolcarbamate                               

TBL                TABLE III                                                   

     ______________________________________                                    

                      Percent Injury to Corn                                   

     Run  Com-    EPTC    Seed    Treated                                      

                                         Untreated Seed                        

     No.  pound   lb/A    Treatment                                            

                                  Seed   in Adjacent Row                       

          No.             % W/W                                                

     ______________________________________                                    

     1    1       6       0.5     90 ST  20 ST MF                              

     2    2       6       0.5     50 ST  20 ST MF                              

     3    3       6       0.5     25 ST  30 ST MF                              

     4    1       --      0.5     90 ST   0                                    

     5    2       --      0.5     50 ST   0                                    

     6    3       --      0.5     20 ST   0                                    

     7    1       6       0.005   75 MF  94   MF                               

     8    1       6       0.05    13 ST  15 ST MF                              

     9    1       --      0.005    0      0                                    

     10   1       --      0.05    23 ST   0                                    

     ______________________________________                                    

      ST = Stunt;                                                              

      MF = Malformation                                                        

PAR  The antidote compounds of the present invention can be used in any
      convenient form. Thus, the antidote compounds can be made into
      emulsifiable liquids, emulsifiable concentrates, liquid, wettable powder,
      powders, granular or any other convenient form. In its preferred form, the
      antidote compounds are admixed with the N,N-dialkyl thiolcarbamates and
      incorporated into the soil prior to or after planting the corn seed. It is
      to be understood, however, that the thiolcarbamate herbicide can be
      incorporated into the soil and thereafter the antidote compound can be
      incorporated into the soil. Moreover, the corn seed can be treated with
      the antidote compound and planted into the soil which has been treated
      with herbicides or untreated with the herbicide and subsequently treated
      with the herbicide. The addition of the antidote compound does not affect
      the herbicidal activity of the carbamate compounds.
PAR  The amount of antidote composition present can range between about 0.01 to
      about 15 parts by wt. per each part by wt. of thiolcarbamate herbicide.
      The exact amount of antidote compound will usually be determined on
      economic ratios for the most effective amount usable.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method of controlling weeds wherein a herbicide is added to the
      habitat thereof, said herbicide containing an effective amount of a
      mixture of a thiocarbamate and a triazine, the improvement comprising
      adding to the habitat thereof from 0.01 to about 15 parts by weight for
      each part by weight of the herbicide mixture, an antidote compound
      represented by the formula:
      ##EQU1##
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ABST
PAL  Biologically active compositions of matter comprising substituted
      isoquinolines and salts thereof. Certain of the compounds and their salts
      are novel. Acaricidal, fungicidal, herbicidal and insecticidal activity is
      demonstrated. In particular 3-chloro-5-acetamido-isoquinoline shows good
      activity as a selective pre-emergence herbicide, and
      4-bromo-5-nitro-isoquinoline shows good fungicidal activity against
      Erysiphe graminis (wheat powdery mildew).
BSUM
PAR  This invention relates to organic compounds having biological activity and
      in particular to organic compounds exhibiting herbicidal, insecticidal,
      acaricidal or fungicidal activity, to compositions containing them, to
      processes for controlling undesired vegetation and fungi, and to processes
      for eradicating undesired insects, mites and ticks.
PAR  We have found that certain substituted isoquinoline compounds and their
      salts exhibit biological activity, particularly herbicidal, insecticidal,
      acaricidal and fungicidal activity.
PAR  According to the present invention we provide biologically active
      compositions exhibiting herbicidal, insecticidal, acaricidal, and
      fungicidal activity, said compositions comprising as active ingredient at
      least one substituted isoquinoline compound of formula:
      ##SPC1##
PAL  Wherein each of R.sup.1, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7 and
      R.sup.8, which may be the same or different, is selected from the group
      consisting of hydrogen, alkyl, halo, nitro, amino, mono- and di-alkyl
      substituted amino, mono- and di-aryl substituted amino, acyl substituted
      amino, cyano, arylthio, alkylthio, and alkoxy, with the proviso that if
      R.sup.3 is amino or substituted amino, then R.sup.1 may not be halogen,
      alkylthio, or arylthio.
PAR  We also provide biologically active compositions exhibiting herbicidal,
      insecticidal, acaricidal, or fungicidal activity, said compositions
      comprising as active ingredient an isoquinoline salt of formula:
      ##SPC2##
PAL  Wherein R.sup.1, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7 and R.sup.8
      are as defined hereinabove and in addition, one or more of R.sup.1,
      R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7 and R.sup.8 may be the amine
      salt group having the formula:
      ##EQU1##
      wherein P and Q are selected from the group consisting of hydrogen, alkyl,
      substituted alkyl, aryl, and substituted aryl; HX is any inorganic acid,
      organic acid, or acidic phenol capable of forming a salt with an
      isoquinoline compound of the general formula (I) hereinabove.
PAR  Preferably HX is selected from the group consisting of hydrogen halides,
      sulphuric acid, organic carboxylic acids capable of forming stable
      isoquinoline salts of general formula (II), and phenols substituted in at
      least one of the 2, 4 or 6 positions of the aromatic nucleus with a
      strongly electro-negative group, to render the phenols sufficiently acidic
      to form stable isoquinoline salts of general formula (II) hereinabove.
PAR  Most preferably HX is selected from the group of inorganic acids consisting
      of hydrogen fluoride, hydrogen chloride, hydrogen bromide, hydrogen
      bromide, hydrogen iodide and sulphuric acid; or from the group of organic
      carboxylic acids consisting of trifluoroacetic acid, trichloroacetic acid,
      monochloro-difluoro-acetic acid, .alpha.,.alpha. -dichloro-propionic acid,
      pentafluoropropionic acid, mono- or poly-nitro-substituted benzoic acid;
      or from the group of acidic phenols consisting of pentachlorophenol,
      tetrabromo-m-cresol, 2,6-dichloro-4-nitro-phenol,
      2,6-dibromo-4-nitro-phenol, and 2,4-dinitrophenol.
PAR  Examples of typical compounds of the general formulae (I) and (II) are set
      out below in Table (I) wherein appropriate substituents for R.sup.1,
      R.sup.3 to R.sup.8 inclusive and HX are indicated.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     R.sup.1                                                                   

          R.sup.3                                                              

              R.sup.4                                                          

                  R.sup.5                                                      

                        R.sup.6                                                

                           R.sup.7                                             

                               R.sup.8                                         

                                   HX                                          

     __________________________________________________________________________

     H    methyl                                                               

              H   H     H  H   H   --                                          

     H    methyl                                                               

              H   nitro H  H   H   --                                          

     n-butyl                                                                   

          H   H   H     H  H   H   --                                          

     H    methyl                                                               

              H   amino H  H   H   --                                          

     H    amino                                                                

              H   H     H  H   H   --                                          

     chloro                                                                    

          chloro                                                               

              H   H     H  H   H   --                                          

     bromo                                                                     

          bromo                                                                

              H   H     H  H   H   --                                          

     H    chloro                                                               

              H   H     H  H   H   --                                          

     H    bromo                                                                

              H   H     H  H   H   --                                          

     chloro                                                                    

          chloro                                                               

              H   nitro H  H   H   --                                          

     chloro                                                                    

          chloro                                                               

              H   amino H  H   H   --                                          

     H    chloro                                                               

              H   H     H  H   H   hydrogen chloride                           

     H    H   H   H     H  H   H   hydrogen chloride                           

     H    methyl                                                               

              H   H     H  H   H   hydrogen chloride                           

     H    methyl                                                               

              H   nitro H  H   H   hydrogen chloride                           

     H    chloro                                                               

              H   amino H  H   H   --                                          

     H    chloro                                                               

              H   nitro H  H   H   --                                          

     H    chloro                                                               

              H   chloro                                                       

                        H  H   H   --                                          

     H    H   H   nitro H  H   H   --                                          

     H    H   H   nitro H  H   H   hydrogen chloride                           

     H    H   H   amino H  H   H   --                                          

     H    H   H   H     H  H   H   --                                          

     H    H   H   fluoro                                                       

                        H  H   H   --                                          

     H    H   H   H     H  H   H   trifluoroacetic                             

                                   acid                                        

     H    H   H   nitro H  H   H   trifluoroacetic                             

                                   acid                                        

     H    methyl                                                               

              H   nitro H  H   H   hydrogen bromide                            

     H    methyl                                                               

              H   nitro H  H   H   trifluoroacetic                             

                                   acid                                        

     H    methyl                                                               

              H   nitro H  H   H   hydrogen iodide                             

     H    H   H   nitro H  H   H   hydrogen iodide                             

     H    H   H   H     H  H   H   hydrogen iodide                             

     H    H   H   chloro                                                       

                        H  H   H   --                                          

     H    H   H   H     H  H   H   trichloroacetic                             

                                   acid                                        

     H    H   H   H     H  H   H   hydrogen bromide                            

     H    H   H   bromo H  H   H   --                                          

     H    H   H   bromo H  H   H   hydrogen chloride                           

     H    H   H   fluoro                                                       

                        H  H   H   hydrogen chloride                           

     H    H   H   chloro                                                       

                        H  H   H   hydrogen chloride                           

     H    chloro                                                               

              H   fluoro                                                       

                        H  H   H   --                                          

     H    methyl                                                               

              H   H     H  H   H   hydrogen iodide                             

     methyl                                                                    

          H   H   H     H  H   H   hydrogen iodide                             

     methyl                                                                    

          H   H   nitro H  H   H   --                                          

     H    H   H   H     H  H   H   pentachlorophenol                           

     bromo                                                                     

          H   H   nitro H  H   H   --                                          

     H    H   H   chloro                                                       

                        H  H   nitro                                           

                                   --                                          

     H    H   H   nitro H  H   H   2,6-dibromo-4-                              

                                   nitro-phenol                                

     H    H   H   nitro H  H   H   tetrabromo-m-cresol                         

     H    H   H   nitro H  H   H   hydrogen bromide                            

     methyl                                                                    

          H   H   nitro H  H   H   trifluoroacetic                             

                                   acid                                        

     methyl                                                                    

          H   H   nitro H  H   H   hydrogen iodide                             

     butyl                                                                     

          H   H   nitro H  H   H   hydrogen iodide                             

     H    H   H   H     H  H   H   mono-chlorodifluoro-                        

                                   acetic acid                                 

     H    H   H   H     H  H   H   .alpha.,.alpha.-dichloro-                   

                                   propionic acid                              

     H    H   H   nitro H  H   H   mono-chlorodiflu-                           

                                   oro-acetic acid                             

     H    H   H   nitro H  H   H   pentafluoroprop-                            

                                   ionic acid                                  

     H    H   H   nitro H  H   H   pentachlorophenol                           

     methyl                                                                    

          H   H   H     H  H   H   --                                          

     H    H   H   nitro H  H   H   2,6-dichloro-4-                             

                                   nitrophenol                                 

     H    chloro                                                               

              H   H     H  H   H   hydrogen iodide                             

     H    chloro                                                               

              H   H     H  H   H   hydrogen bromide                            

     H    H   H   nitro H  H   H   2,4-dinitro-ben-                            

                                   zoic acid                                   

     H    methyl                                                               

              H   H     H  H   nitro                                           

                                   hydrogen bromide                            

     H    H   H   chloro                                                       

                        H  H   nitro                                           

                                   hydrogen bromide                            

     H    H   H   nitro H  H   H   2,4-dinitrophenol                           

     nitro                                                                     

          H   H   H     H  H   H   --                                          

     nitro                                                                     

          H   H   H     H  H   H   hydrogen chloride                           

     nitro                                                                     

          H   H   H     H  H   H   trifluoroacetic                             

                                   acid                                        

     H    nitro                                                                

              H   H     H  H   H   hydrogen chloride                           

     H    nitro                                                                

              H   H     H  H   H   --                                          

     H    nitro                                                                

              H   H     H  H   H   trifluoroacetic                             

                                   acid                                        

     H    H   nitro                                                            

                  H     H  H   H   --                                          

     H    H   nitro                                                            

                  H     H  H   H   hydrogen chloride                           

     H    H   nitro                                                            

                  H     H  H   H   trifluoroacetic                             

                                   acid                                        

     H    H   H   H     H  nitro                                               

                               H   --                                          

     H    H   H   H     H  nitro                                               

                               H   hydrogen chloride                           

     H    H   H   H     H  nitro                                               

                               H   trifluoroacetic                             

                                   acid                                        

     nitro                                                                     

          H   H   nitro H  H   H   --                                          

     nitro                                                                     

          H   H   H     H  nitro                                               

                               H   --                                          

     H    H   H   nitro H  nitro                                               

                               H   --                                          

     H    nitro                                                                

              H   nitro H  H   H   --                                          

     cyano                                                                     

          H   H   H     H  H   H   --                                          

     H    cyano                                                                

              H   H     H  H   H   --                                          

     H    H   cyano                                                            

                  H     H  H   H   --                                          

     H    H   cyano                                                            

                  H     H  H   H   hydrogen chloride                           

     H    H   H   cyano H  H   H   --                                          

     H    H   H   cyano H  H   H   trifluoroacetic                             

                                   acid                                        

     chloro                                                                    

          H   H   H     H  H   H   --                                          

     iodo H   H   H     H  H   H   --                                          

     methoxy                                                                   

          H   H   H     H  H   H   --                                          

     bromo                                                                     

          H   H   H     H  H   H   --                                          

     H    H   H   iodo  H  H   H   --                                          

     H    cyano                                                                

              H   nitro H  H   H   --                                          

     cyano                                                                     

          H   H   nitro H  H   H   --                                          

     chloro                                                                    

          H   H   nitro H  H   H   --                                          

     H    H   bromo                                                            

                  nitro H  H   H   --                                          

     chloro                                                                    

          methyl                                                               

              H   nitro H  H   H   --                                          

     H    chloro                                                               

              H   acetamido                                                    

                        H  H   H   --                                          

     __________________________________________________________________________

PAR  The biologically active compositions of this invention may comprise, in
      addition to the compounds of the general formulae (I) and (II) described
      hereinabove, one or more other compounds having biological activity.
PAR  The compounds and compositions of the invention may be used for animal
      husbandry, agricultural or horticultural purposes and may be formulated in
      a variety of ways, depending upon the particular purpose for which they
      are to be used.
PAR  For most purposes liquid formulations to be used as sprays are most
      convenient and amongst these again aqueous liquid formulations are
      preferred. These sprays are generally aqueous solutions, dispersions, or
      emulsions, and may be prepared by dissolving the active ingredient or
      ingredients of general formulae (I) and (II) in a liquid inert carrier;
      suitable liquid inert carriers are solvents which are non-toxic to the
      media to which the formulation is to be applied. The compositions of our
      invention may comprise one or more wetting, dispersing, or emulsifying
      agents. Such compositions are normally diluted with water which may
      likewise contain one or more wetting, dispersing, or emulsifying agents.
      Suitable organic solvents are for example toluene, kerosene, methylated
      naphthalenes, xylenes, trichloroethylene, ethylene dichloride, isopropyl
      alcohol, diacetone alcohol and propylene glycol.
PAR  The compositions to be used as sprays may also be in the form of aerosols
      wherein the formulation is held in a container under pressure in the
      presence of a propellant such as dichlorodifluoromethane or
      fluorotrichloromethane.
PAR  Alternatively our compositions may also be formulated in the form of
      dusting powders or granules wherein the active ingredient is mixed with a
      solid inert carrier. Suitable solid inert carriers may be, for example,
      kaolin, powdered chalk, talcs, kieselguhr, dolomite, calcium carbonate,
      powdered magnesia, Fuller's earth, gypsum, Hewitt's earth, diatomaceous
      earth, china clay, bentonite, and other colloidal clays.
PAR  The compositions may also be in the form of dispersible powder or grains
      comprising, in addition to the active ingredient an inert carrier
      comprising a wetting agent to facilitate the dispersion of the powder or
      grains in liquids. Such powders or grains may include fillers, suspending
      agents and the like. The preferred dispersible powders comprise the active
      ingredient mixed with a finely ground colloidal clay together with a
      dispersing agent.
PAR  Suitable wetting agents, dispersing agents and emulsifying agents are known
      from the prior art and may be of the cationic, anionic or non-ionic type.
      Suitable agents of the cationic type include for example quaternary
      ammonium compounds such as cetyltrimethylammonium bromide. Suitable agents
      of the anionic type include for example soaps, salts of aliphatic
      monoesters of sulphuric acid, for example sodium lauryl sulphate, salts of
      sulphonated aromatic compounds, for example sodium dodecyl-benzene
      sulphonate, sodium, calcium, or ammonium lignosulphonate, butylnaphthalene
      sulphonate and a mixture of the sodium salts of di-isopropyl and
      tri-isopropylnaphthalene sulphonic acids. Suitable agents of the non-ionic
      type include for example the condensation products of an alkylene oxide
      such as ethylene oxide or propylene oxide with fatty alcohols such as
      oleyl alcohol or cetyl alcohol, or with alkylphenols such as octyl-phenol,
      nonyl-phenol and octyl-cresol. Other non-ionic agents are the partial
      esters derived from long chain fatty acids and hexitol anhydrides, the
      condensaion products of the said partial esters with an alkylene oxide
      such as ethylene oxide or propylene oxide and the lecithins.
PAR  Suitable suspending agents are for example, hydrophilic colloids, for
      example polyvinyl pyrrolidone and sodium carboxymethyl cellulose, and the
      vegetable gums, for example gum acacia and gum tragacanth.
PAR  By the inclusion of suitable additives, for example for improving the
      distribution, adhesive power, and resistance to rain on treated surfaces,
      the different compositions can be better adapted for the various uses for
      which they are intended.
PAR  The compositions which are to be used in the form of aqueous dispersions or
      emulsions are generally supplied in the form of a concentrate containing a
      high proportion of the active ingredient or ingredients, the said
      concentrate to be diluted with water before use. These concentrates are
      often required to withstand storage for prolonged periods, and after such
      storage, to be capable of dilution with water so as to form aqueous
      preparations which remain homogeneous for a sufficient time to enable them
      to be applied by conventional spray equipment. Suitable formulations will
      depend on the nature of the active ingredient or ingredients and those
      most suited for any particular purpose may be determined by those persons
      skilled in the art by a few simple experiments. The concentrates may
      conveniently contain from 1 to 10% by weight of the active ingredient or
      ingredients and generally from 2 to 5% by weight of the active ingredient
      or ingredients. When diluted to form aqueous preparations, such
      preparations may contain varying amounts of the active ingredient or
      ingredients, depending upon the purpose for which they are to be used, but
      an aqueous preparation containing between 0.0001% and 1% by weight,
      preferably between 0.01 and 0.5% by weight may be used. A typical
      concentrate of this type would comprise 4% 5-nitro-isoquinoline and 96% of
      an alkyl aryl polyether alcohol dispersing agent, all quantities being
      expressed on a weight basis.
PAR  Preferred herbicidally active compositions are those comprising as active
      ingredient organic compounds of formula (I) wherein at least one of
      R.sup.1, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7 and R.sup.8 is
      selected from the group consisting of halo, nitro, cyano, methyl, and
      acylamino groups.
PAR  More preferred herbicidally active compositions are those comprising as
      active ingredient isoquinolines of the formula (I) wherein R.sup.1,
      R.sup.4, R.sup.6 and R.sup.8 are each as above defined, R.sup.3 is
      selected from the group consisting of hydrogen, halogen, and methyl,
      R.sup.5 is selected from the group consisting of hydrogen, nitro, cyano,
      halogen, and acylamino, and R.sup.7 is selected from the group consisting
      of hydrogen, cyano, and nitro, with the provisos that when R.sup.5 is
      acylamino then of R.sup.1, R.sup.3, R.sup.4, R.sup.6 and R.sup.8 at least
      one is halogen, and R.sup.5 may be selected from the group consisting of
      hydrogen and halogen only when R.sup.7 is selected from the group
      consisting of nitro and cyano.
PAR  Further preferred herbicidally active compositions are those comprising as
      active ingredient isoquinoline salts of the general formula (II) and
      wherein R.sup.1, R.sup.4, R.sup.6, and R.sup.8 are each as above defined,
      R.sup.3 is selected from the group consisting of hydrogen, halogen, and
      methyl, R.sup.5 is selected from the group consisting of hydrogen, nitro,
      cyano, halogen, and acylamino, R.sup.7 is selected from the group
      consisting of hydrogen, cyano, and nitro, and HX is selected from the
      group consisting of hydrogen chloride, hydrogen bromide, hydrogen iodide,
      trifluoroacetic acid, monochlorodifluoroacetic acid, pentafluoropropionic
      acid, 2,6-dichloro-4-nitro-phenol and trichloroacetic acid, with the
      provisos that when R.sup.5 is acylamino then of R.sup.1, R.sup.3, R.sup.4,
      R.sup.6, and R.sup.8 at least one is halogen, and R.sup.5 may be selected
      from the group consisting of hydrogen and halogen only when R.sup.7 is
      selected from the group consisting of nitro and cyano.
PAR  Further preferred herbicidally active compositions according to the present
      invention are those comprising as active ingredient isoquinolines of the
      general formula (I) wherein R.sup.1, R.sup.4, R.sup.6, and R.sup.8 are
      each hydrogen, R.sup.3 is selected from the group consisting of hydrogen,
      methyl, and halogen, R.sup.5 is selected from the group consisting of
      nitro, acylamino, and cyano, and R.sup.7 is selected from the group
      consisting of hydrogen, nitro and cyano, with the proviso that when
      R.sup.5 is acylamino, R.sup.3 is halogen.
PAR  In addition, further preferred herbicidally active compositions according
      to the present invention are those comprising as active ingredient
      isoquinoline salts of the general formula (II), and wherein R.sup.1,
      R.sup.4, R.sup.6 and R.sup.8 are each hydrogen, R.sup.3 is selected from
      the group consisting of nitro, acylamino, and cyano, R.sup.7 is selected
      from the group consisting of hydrogen, nitro, and cyano, and HX is
      selected from the group consisting of hydrogen chloride, hydrogen bromide,
      hydrogen iodide, trifluoroacetic acid, monochlorodifluoroacetic acid,
      pentafluoropropionic acid, 2,6-dichloro-4-nitro-phenol, and
      trichloroacetic acid, with the proviso that when R.sup.5 is acylamino,
      R.sup.3 is halogen.
PAR  Most preferred herbicidally active compositions according to the present
      invention are those comprising as active ingredient a compound selected
      from the group consisting of 3-chloro-5-acetamido-isoquinoline and the
      hydrochloride, hydrobromide, hydro-iodide, trifluoroacetate,
      monochlorodifluoroacetate, pentafluoropropionate,
      2,6-dichloro-4-nitro-phenoxide and trichloroacetate salts thereof.
PAR  Especially preferred herbicidally active compositions according to the
      present invention are those comprising as active ingredient
      3-chloro-5-acetamido-isoquinoline.
PAR  As stated above the compounds and compositions of this invention have
      useful herbicidal properties; thus compounds of the formulae:
      ##SPC3##
PAL  wherein R.sup.1, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7, and R.sup.8
      and HX are as defined hereinabove, have shown high activity as general
      purpose weed killers, soil sterilants, in soil foliage applications, as
      selective weed killers, and for either pre- or post- emergent weed
      control. The compounds control both annual and perennial broad-leaved
      weeds and grasses, and they may be applied to weeds growing in economic
      crops, to obtain selective results. In particular the isoquinoline
      compounds of formulae (I) and (II) are effective in regulating the growth
      of wild oats, wheat, barley, wimmera rye grass, phalaris, lucerne, wild
      mustard, peas, safflower, cotton, oil seed rape, linseed, lupin, soya bean
      and carrots.
PAR  The amount of isoquinoline compound used as herbicide will depend on the
      vegetation conditions, the degree of control desired, the formulation
      used, the nature of the compound, the mode of application, the climate and
      the season of the year at the time of application, the rainfall during the
      treatment period and other variables. We have found that in general,
      quantities of active ingredient ranging from 0.25 to 10 lb/acre are
      required for pre-emergence control; usually 1 pound per acre is effective,
      while 1 - 2 pounds per acre is a preferred quantity. For soil foliage
      applications we have found that larger amounts are generally necessary; 4
      pounds per acre generally being required, while the preferred amount
      applied for this purpose is generally 5 - 10 pounds per acre.
PAR  Accordingly we provide a process of controlling or eradicating undesired
      vegetation, which process comprises treating areas infested with undesired
      vegetation, with the compounds and compositions according to this
      invention.
PAR  Preferred insecticidal and acaricidal compositions are those comprising as
      active ingredient organic compounds of general formula (I) hereinabove,
      wherein at least one of R.sup.1, R.sup.3, R.sup.4, R.sup.5, R.sup.6,
      R.sup.7 and R.sup.8 are selected from the group consisting of fluoro,
      chloro, bromo, methyl, n-butyl, nitro, amino and cyano groups.
PAR  Most preferred insecticidal and acaricidal compositions are those
      comprising as active ingredient compounds of formula (I) hereinabove,
      wherein R.sup.1, R.sup.3, R.sup.4, R.sup.6, R.sup.7 and R.sup.8 are each
      hydrogen, and R.sup.5 is selected from the group consisting of chloro,
      nitro, cyano and amino groups.
PAR  Further preferred insecticidal and acaricidal compositions according to the
      present invention are those comprising as active ingredient isoquinoline
      salts of general formula (II) hereinabove, and wherein R.sup.4, R.sup.6,
      R.sup.7 and R.sup.8 are each hydrogen, R.sup.1 is selected from the group
      consisting of hydrogen, methyl, and n-butyl, R.sup.3 is selected from the
      group consisting of hydrogen, chloro and amino, R.sup.5 is selected from
      the group consisting of hydrogen, nitro, fluoro, chloro, bromo, cyano and
      methyl, and HX is selected from the group consisting of hydrogen chloride,
      hydrogen, bromide, hydrogen iodide, trifluoroacetic acid,
      monochlorodifluoroacetic acid, pentafluoropropionic acid,
      pentachlorophenol, 2,4-dinitro-phenol, 2,6-dichloro-4-nitro-phenol,
      2,6-dibromo-4-nitro-phenol, and tetrabromo-m-cresol.
PAR  As stated hereinabove the compounds and compositions of this invention have
      useful insecticidal and acaricidal properties; thus the compounds of
      general formulae (I) and (II) hereinabove have shown high contact and
      residual activity against various species of insects, mites, and ticks,
      e.g. Musca domestica (house fly), Lucilia cuprina (sheep blow fly),
      Plutella maculipennis (cabbage moth), Cydia pomonella (codling moth),
      Tortrix postvittana (light brown apple moth), Tetranychus telarius (red
      spider), Calandra granaria (grain weevil), Pseudoccus maritimus (mealy
      bug), Aphis craccivora (cowpea aphid), Thorimaea operculella  (potato
      moth), Aonidiella aurontii (red scale), Tribolium confusium (confused
      flower beetle) and Boophilus microplus (cattle tick).
PAR  The amount of isoquinoline compound used as insecticide or acaricide
      depends amongst other things on the compound selected, the species and
      strain of insects or acarina to be controlled, the type of formulation to
      be applied and the conditions under which it is applied. We have found
      that generally, insecticidally and acaricidally effective compositions
      according to our invention comprise from 0.0001% w/w to 2.0% w/w of active
      ingredient based on weight of the total composition and preferably
      comprise between 0.05% w/w and 1.0% w/w based on the weight of the total
      composition.
PAR  Accordingly we provide a process of controlling or eradicating undesired
      insects, which process comprises treating media infested with insects with
      the compounds and compositions according to this invention.
PAR  We also provide a process of controlling or eradicating undesired acarina,
      which process comprises treating media including plants and animals
      infested with acarina with the compounds and compositions according to
      this invention.
PAR  Preferred fungicidally active compositions according to our invention are
      those comprising as active ingredient organic compounds of formula (I)
      hereinabove, wherein at least one of R.sup.1, R.sup.3, R.sup.4, R.sup.5,
      R.sup.6, R.sup.7 and R.sup.8 is selected from the group consisting of
      fluoro, chloro, bromo, iodo, cyano, nitro, amino, methyl and n-butyl
      groups.
PAR  More preferred fungicidal compositions according to the present invention
      are those comprising as active ingredient organic compounds of formula (I)
      hereinabove, and wherein R.sup.1 is selected from the group consisting of
      hydrogen and methyl, R.sup.3 is selected from the group consisting of
      hydrogen, chloro, amino, and methyl, R.sup.4 is selected from the group
      consisting of hydrogen, chlorine, bromine, and iodine, R.sup.5 is selected
      from the group consisting of chloro, amino, and nitro, R.sup.6 and R.sup.7
      are each hydrogen, and R.sup.8 is selected from the group consisting of
      hydrogen and nitro.
PAR  Further preferred fungicidally active compositions according to the present
      invention are those comprising as active ingredient isoquinoline salts of
      general formula (II) and wherein R.sup.1 is selected from the group
      consisting of hydrogen and methyl, R.sup.3 is selected from the group
      consisting of hydrogen and methyl, R.sup.4 is selected from the group
      consisting of hydrogen, chloro, bromo, and iodo, R.sup.5 is selected from
      the group consisting of hydrogen, nitro, amino, and chloro, R.sup.6,
      R.sup.7 and R.sup.8 are each hydrogen, and HX is selected from the group
      consisting of hydrogen chloride, hydrogen bromide, hydrogen iodide,
      trifluoroacetic acid, pentachlorophenol, 2,6-dibromo-4-nitro-phenol and
      tetrabromo-m-cresol.
PAR  Most preferred fungicidal compositions according to the present invention
      are those comprising as active ingredient a compound selected from the
      group consisting of 4-bromo-5-nitro-isoquinoline and the hydrogen
      chloride, hydrogen bromide, hydrogen iodide, trifluoroacetic acid,
      pentachlorophenoxide, 2,6-dibromo-4-nitro-phenoxide, and
      tetrabromo-m-cresoxide salts thereof.
PAR  Especially preferred fungicidal compositions according to the present
      invention are those comprising as active ingredient
      4-bromo-5-nitro-isoquinoline.
PAR  As stated hereinabove the compounds and compositions of this invention have
      useful fungicidal properties; thus we have found that the compounds of
      general formulae (I) and (II) hereinabove are effective in eradicating or
      controlling undesired fungi, for example Venturia inaquelis (black spot),
      Ustilago hordei (covered smut), Tilletia foetida (stinking bunt of wheat),
      Peronospora tabacina (blue mould of tobacco), Erysiphe graminis (wheat
      powdery mildew), Alternaria solani (early blight of tomatoes) and Puccinia
      coronata (oat rust).
PAR  The amount of isoquinoline compound required for effective control of fungi
      depends amongst other things on the active ingredients selected, the
      strains of fungi to be treated, the degree of control required, the type
      of medium infected, the type of formulation used, and the conditions under
      which it is applied. We have found that generally, 1 ppm of the
      isoquinoline compounds according to our invention based on the weight of
      the total composition is effective for control of fungi, while our
      preferred concentration range is from 5 ppm to 1000 ppm, based on the
      weight of the total composition.
PAR  Accordingly we provide a process of controlling or eradicating undesired
      fungi, which proces comprises treating media infested with fungi with
      compositions according to our invention.
PAR  Certain of the compounds of general formula (I) described hereinabove are
      novel and are useful as intermediates in the preparation of isoquinoline
      salts or exhibit biological activity.
PAR  Accordingly we provide new compounds of the general formula:
      ##SPC4##
PAL  wherein, of R.sup.1, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7 and
      R.sup.8, when any two are nitro, or cyano, or any one is cyano and any
      other one nitro, then the remainder are hydrogen; and wherein when any one
      of R.sup.1, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7 and R.sup.8 is
      halogen, and any other one alkyl and any other one nitro, then the
      remainder are hydrogen with the proviso that when R.sup.1 is methyl, and
      R.sup.5 is chloro, R.sup.8 may not be nitro; and wherein when R.sup.3 is
      chloro and R.sup.1, R.sup.4, R.sup.6, R.sup.7 and R.sup.8 are each
      hydrogen, then R.sup.5 is selected from the group consisting of fluoro,
      chloro, nitro, and amino and acylamino; and wherein when R.sup.5 is nitro,
      and R.sup.3, R.sup.4, R.sup.6, R.sup.7 and R.sup.8 are each hydrogen, then
      R.sup.1 is n-butyl; and wherein when R.sup.3 is nitro, then R.sup.1,
      R.sup.4, R.sup.5, R.sup.6, R.sup.7 and R.sup.8 are each hydrogen; and
      wherein when R.sup.3 is methyl and R.sup.8 is nitro, then R.sup.1,
      R.sup.4, R.sup.5, R.sup.6 and R.sup.7 are each hydrogen.
PAR  Further we provide as new compounds isoquinoline salts of the general
      formula:
      ##SPC5##
PAL  wherein each of R.sup.1, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7 and
      R.sup.8 are selected from the group consisting of hydrogen, alkyl, halo,
      nitro, amino, mono- and di-alkyl substituted amino, mono- and di-aryl
      substituted amino, acyl substituted amino, cyano, arylthio, alkylthio,
      alkoxy, and amine salt groups of the formula:
      ##EQU2##
      wherein P and Q are as defined hereinabove for the isoquinoline salts of
      general formula (II) and HX is as defined hereinbelow, with the proviso
      that if R.sup.3 is amino or substituted amino, then R.sup.1 may not be
      halogen, alkylthio or arylthio; and HX may be any inorganic acid, organic
      acid, or acidic phenol capable of forming a salt with the isoquinoline
      nucleus, with the provisos that HX may not be hydrogen chloride or
      sulphuric acid except when at least one of R.sup.1, R.sup.3, R.sup.4,
      R.sup.5, R.sup.6, R.sup.7 and R.sup.8 is a nitro, acylamino, or cyano
      group, that if each of R.sup.1, R.sup.3, R.sup.4, R.sup.5, R.sup.6,
      R.sup.7 and R.sup.8 is hydrogen then HX may not be an inorganic acid, and
      that HX may not be chloroplatinic acid, perchloric acid, picric acid,
      picrolinic acid, maleic acid, p-toluene-sulphonic acid, or thiocyanic
      acid.
PAR  The compounds of our invention as disclosed hereinabove can be prepared by
      methods known in the art for analogous compounds.
PAR  Thus, for example, for the preparation of the compounds of formula (I) and
      (III) described hereinabove, nitro groups may be introduced into the
      isoquinoline nucleus by the known method of reaction with a mixture of
      concentrated sulphuric acid and potassium nitrate followed by working up
      in the normal manner; amino-isoquinolines may be obtained in known manner
      by reduction of the corresponding nitro derivative; halo and poly-halo
      isoquinolines may be prepared in known manner by diazotisation of the
      corresponding amino-isoquinoline, followed by reaction with an appropriate
      cuprous halide according to the Sandmeyer reaction; or by a Schiemann
      reaction, or from homophthalimide by the method of Osborn and Schofield
      (J.C.S. (1956) p. 4191); and alkyl groups may be introduced by treatment
      of the isoquinoline nucleus with the appropriate alkyl lithium compound
      followed by hydrolysis and dehydrogenation.
PAR  The isoquinoline salts of formulae (II) and (IV) may be prepared by
      dissolving the free base, prepared as described hereinabove, in an excess
      of the appropriate acid, where the acid is in liquid form, then
      evaporating the mixture to dryness, slurrying the residue with a lower
      alcohol for example, ethanol, filtering and recrystallizing the filter
      cake from a suitable solvent.
PAR  Alternatively the free base, prepared as described hereinabove, may be
      mixed with the appropriate acid in the presence of a solvent chosen to
      precipitate the salt. The salt is then filtered off, and recrystallized
      from a suitable solvent.
DETD
PAR  The following examples illustrate the preparation of the compounds and
      compositions of our invention, and their biological effects, but are not
      to be construed as limiting.
PAC  EXAMPLE 1
PAR  This example illustrates the preparation of 3-chloro-5-nitro-isoquinoline
      having the formula:
      ##SPC6##
PAL  3-chloro-isoquinoline (16.35 g., 0.1 mole) was dissolved in concentrated
      sulphuric acid (80 ml) and the solution was cooled to approximately
      5.degree.C in an ice-water bath. Potassium nitrate (11 g. 0.11 mole) was
      dissolved in concentrated sulphuric acid (60 ml), the solution was cooled
      to approximately 5.degree.C and added dropwise, with stirring, over a
      period of 2 hours to the 3-chloro-isoquinoline solution, the temperature
      of the reaction mixture being maintained in the region of from 3 to
      8.degree.C by means of the ice-water bath. The bath was then removed and
      the mixture stirred for a further 2 hours, and allowed to stand overnight.
      Next day the reaction mixture was poured into a water (800 ml)-ice (800
      g.) mixture, and 3-chloro-5-nitro-isoquinoline precipitated as fine white
      crystals. The precipitate was filtered off, slurried with water, filtered
      again, washed thoroughly with water, and then recrystallized from a 3:1
      v/v mixture of ethanol/acetone to yield 16.33 g. of 3-chloro-5
      -nitro-isoquinoline of melting point 163.degree. - 164.degree.C.
PAC  EXAMPLE 2
PAR  1-n-butyl-5-nitro-isoquinoline having the formula:
      ##SPC7##
PAL  was prepared by the procedure of Example 1, except that the
      3-chloro-isoquinoline of that example was replaced by 0.1 mole of
      1-n-butyl-isoquinoline to yield 1-n-butyl-5-nitro-isoquinoline of melting
      point 69.degree. - 69.5.degree.C.
PAC  EXAMPLE 3
PAR  1,5-dinitro-isoquinoline having the formula:
      ##SPC8##
PAL  was prepared by the procedure of Example 1, except that the
      3-chloro-isoquinoline of that example was replaced by 0.1 mole of
      1-nitro-isoquinoline to yield 1,5-dinitro-isoquinoline melting over the
      range 195.degree. - 200.degree.C. The product was not recrystallized.
PAC  EXAMPLE 4
PAR  This example illustrates the preparation of 4-bromo-5-nitro-isoquinoline
      having the formula:
      ##SPC9##
PAL  4-bromo-isoquinoline (10.4 g) was dissolved in concentrated sulphuric acid
      (50 ml) and the solution was cooled to approximately 5.degree.C. A
      solution of potassium nitrate (8.6 g) in concentrated sulphuric acid (50
      ml) was then added in dropwise fashion to maintain the temperature of the
      reaction mixture in the range 0.degree.C to 10.degree.C. After the
      addition was completed the reaction mixture was poured onto a mixture of
      ice (300 g) and water (300 ml), and ammonia was then slowly added until
      the mixture became alkaline. The reaction mixture was then filtered, and
      the yellow material thus isolated was washed with water and allowed to
      dry, to provide 9.0 g of 4-bromo-5-isoquinoline, melting at 177.degree. -
      178.degree.C.
PAC  EXAMPLE 5
PAR  This example illustrates the preparation of 3-methyl-8 -nitro-isoquinoline
      having the formula:
      ##SPC10##
PAL  This compound is produced in small quantities along with its isomer
      3-methyl-5-nitro-isoquinoline when a sulphuric acid solution of
      3-methyl-isoquinoline is treated with potassium nitrate dissolved in
      sulphuric acid according to the method of Example 1. This example
      illustrates the separation and isolation of 3-methyl-8-nitro-isoquinoline
      and 3-methyl-5-nitro-isoquinoline.
PAR  Thus a mixture of compounds of the formulae:
      ##SPC11##
PAL  was prepared by the procedure of Example 1, except that the
      3-chloro-isoquinoline of that example was replaced by 0.1 mole of
      3-methyl-isoquinoline and no purification was attempted.
PAR  The crude reaction product was recrystallized from ethanol to yield a
      yellow solid A and a filtrate B. The filtrate B was discarded. The solid A
      was found to melt in two portions: 87.degree. - 90.degree.C and 96.degree.
      - 106.degree.C. Thin layer chromatography tests indicated that two
      compounds were in fact present.
PAR  The solid A was again recrystallized from ethanol to yield a solid A.sup.1
      and a filtrate B.sup.1. The volume of B.sup.1 was reduced to half, chilled
      in an ice bath and filtered to yield a solid A.sup.2 and filtrate B.sup.2.
      This process was repeated with the filtrate B.sup.2 to yield a solid
      A.sup.3 and filtrate B.sup.3.
PAR  The solid A.sup.1 was again recrystallized from ethanol to yield crystals
      of melting point 107.degree. - 108.5.degree.C. The melting point and
      infra-red and nuclear magnetic resonance data indicated that this compound
      was 3-methyl-5-nitro-isoquinoline. The solid A.sup.2 was discarded.
PAR  The solid A.sup.3 was dissolved in a small quantity of ethyl acetate and
      column chromatographed over silica gel with ethyl acetate. Fourteen ethyl
      acetate fractions were collected from the column, and thin layer
      chromatography tests were run on each of these fractions. The tests
      indicated the presence of one compound in fractions numbered 5 to 11
      inclusive, and another compound in fractions numbered 13 and 14.
PAR  Fractions numbered 13 and 14 were combined and evaporated to yield a yellow
      solid of m.p. 108.degree.C., analysis of which by infra-red spectroscopy
      and nuclear magnetic resonance showed that the compound was
      3-methyl-5-nitro-isoquinoline.
PAR  The fractions numbered 5 to 11 inclusive were combined and the solvent was
      removed under reduced pressure to yield a yellow crystalline solid of
      melting point 142.5.degree.C to 143.5.degree.C. By infra-red spectroscopy
      and nuclear magnetic resonace it was shown that this compound was
      3-methyl-8-nitro-isoquinoline.
PAC  EXAMPLE 6
PAR  This example illustrates the preparation of 5,8-dinitro-isoquinoline having
      the formula:
      ##SPC12##
PAR  5-nitro-isoquinoline (5 g) was dissolved in concentrated sulphuric acid (50
      ml) and potassium nitrate (10 g) was added. The mixture was then heated at
      180.degree.C for seven hours, allowed to cool to room temperature
      (20.degree.C), and then poured onto 100 ml of an ice/water mixture.
PAR  This aqueous reaction mixture was made alkaline with ammonia, and then
      extracted with methylene dichloride. The methylene dichloride extract was
      dried, the solvent was evaporated off, and the residue thus obtained was
      recrystallized from benzene, to yield 0.6 g of product melting at
      241.degree. - 242.degree.C.
PAR  Nuclear magnetic resonance spectra confirmed that the product was
      5,8-dinitro-isoquinoline.
PAC  EXAMPLE 7
PAR  This example illustrates the preparation of 3-chloro-5-amino-isoquinoline
      having the formula:
      ##SPC13##
PAL  3-chloro-5-nitro-isoquinoline (20.9 g., 0.1170 mole, prepared according to
      the method of Example 1 hereinabove) was suspended in glacial acetic acid
      (160 ml), and water (160 ml) was then added while the temperature of the
      mixture was being raised to 60.degree.C. Keeping the temperature between
      60.degree. and 70.degree.C, powdered iron (15.2 g) was added slowly to the
      stirred mixture, and stirring was continued for 2 hours after addition of
      the iron was completed. The reaction mixture was allowed to stand
      overnight, and was then made alkaline with 20% w/v aqueous sodium
      hydroxide solution, and filtered. The residue was dried overnight, over
      silica gel in a vacuum oven at 50.degree.C. The dried cake was then broken
      up and extracted -- three times with ether under reflux. The ether extract
      was boiled with charcoal, dried over anhydrous sodium sulphate, filtered,
      and the ether evaporated off to yield 9.25 g of
      3-chloro-5-amino-isoquinoline of m.p. 176.degree. - 177.degree.C. Further
      ether extraction of the filter cake yielded another 4.2 g of
      3-chloro-5-amino-isoquinoline of m.p. 175.degree. - 177.degree.C.
PAC  EXAMPLE 8
PAR  This example illustrates the preparation of
      3-chloro-5-acetamido-isoquinoline having the formula:
      ##SPC14##
PAL  3-chloro-5-amino-isoquinoline (6 g) was dissolved in glacial acetic acid
      (20 ml), and acetic anhydride (4 g) was added dropwise. The temperature of
      the reaction mixture rose to 30.degree.C and it solidified. The reaction
      mixture was placed on a filter, washed with a small quantity of glacial
      acetic acid and then with a small quantity of diethyl ether, and then
      allowed to dry, to yield 6.7 g of product melting at 207.5.degree. -
      208.degree.C.
PAR  Infra-red and nuclear magnetic resonance spectra confirmed that the product
      was 3-chloro-5-acetamido-isoquinoline.
PAC  EXAMPLE 9
PAR  This example illustrates the preparation of 3-chloro-5-fluoro-isoquinoline
      having the formula:
      ##SPC15##
PAL  3-chloro-5-amino-isoquinoline (12 g) was dissolved in a mixture of 40%
      fluoroboric acid (150 ml) and ethanol (130 ml), and then 5.3 g of a cold
      saturated aqueous solution of sodium nitrite was added. Diethyl ether (65
      ml) was then added to precipitate the diazonium fluoroborate salt of the
      3-chloro-5-amino-isoquinoline.
PAR  The diazonium fluoroborate salt was washed with an ethanol/diethyl ether
      mixture and allowed to dry, and the solid product was heated until the
      evolution of nitrogen ceased. The residue was added to a small quantity of
      water, and sufficient aqueous 20 % w/v sodium hydroxide was added to
      render the mixture strongly alkaline. This reaction mixture was then steam
      distilled, and the distillate was extracted with dietyhyl ether. The ether
      extract was dried, and the solvent was then evaporated off to yield 6.7 g
      of 3-chloro-5-fluoro-isoquinoline, melting over the range 64.degree. -
      66.degree.C.
PAC  EXAMPLE 10
PAR  This example illustrates the preparation of
      1-chloro-3-methyl-5-nitro-isoquinoline having the formula:
      ##SPC16##
PAL  3-methyl-5-nitro-isoquinoline-2-oxide (12 g) was added to phosphorus
      oxychloride (60 ml) and the mixture was refluxed with stirring for 1 hour,
      and then allowed to cool to room temperature (20.degree.C). The reaction
      mixture was then poured onto ice, and the crude product, weighing 6.2 g,
      was isolated by filtration. This product was then recrystallized twice
      from acetone to yield 1-chloro-3-methyl-5-nitro-isoquinoline melting at
      112.degree.C.
PAC  EXAMPLE 11
PAR  This example illustrates the preparation of 3-methyl-5-nitro-isoquinoline
      hydrochloride, having the formula:
      ##SPC17##
PAL  3-methyl-5-nitro-isoquinoline (6 g), prepared according to the method of
      Example 5 hereinabove, was dissolved in concentrated hydrochloric acid (30
      ml). The excess acid was then removed by means of a rotary evaporator, and
      the residue was digested with boiling ethanol (100 ml). The mixture was
      cooled and filtered, and the residue was dried in vacuo for several hours,
      to yield 6.9 g of 3-methyl-5-nitro-isoquinoline hydrochloride melting over
      a temperature range from 178.degree. to 183.degree.C.
PAC  EXAMPLES 12 TO 18 INCLUSIVE
PAR  Compounds of the formula:
      ##SPC18##
PAL  were prepared by the procedure of Example 11 except that the
      3-methyl-5-nitro-isoquinoline of that example was replaced by the
      appropriate substituted isoquinoline to yield compounds of the above
      formula, and wherein the substituents X.sup.1 and Y.sup.1 are listed in
      Table II below.
TBL                TABLE II                                                    

     ______________________________________                                    

     Example                    Melting point of                               

     Number     X.sup.1 Y.sup.1 Product (.degree.C)                            

     ______________________________________                                    

     12         --Cl    --H     106 - 116                                      

     13         --H     --H     164 - 172                                      

     14         --CH.sub.3                                                     

                        --H     178 - 180                                      

     15         --H     --NO.sub.2                                             

                                169 - 175                                      

     16         --H     --Br    167 - 171                                      

     17         --H     --F     170 - 180                                      

     18         --H     --Cl    167 - 182                                      

     ______________________________________                                    

PAC  EXAMPLE 19
PAR  1-Chloro-isoquinoline hydrochloride having the formula:
      ##SPC19##
PAL  was prepared by the procedure of Example II except that the
      3-methyl-5-nitro-isoquinoline of that example was replaced by
      1-chloro-isoquinoline to yield 1-chloro-isoquinoline hydrochloride melting
      over the range 78.degree. - 84.degree.C.
PAC  EXAMPLE 20
PAR  4-Cyano-isoquinoline hydrochloride having the formula:
      ##SPC20##
PAL  was prepared by the procedure of Example 11 except that the
      3-methyl-5-nitro-isoquinoline of that example was replaced by
      4-cyano-isoquinoline to yield 4-cyano-isoquinoline hydrochloride, melting
      at 105.degree.C.
PAC  EXAMPLES 21 TO 23 INCLUSIVE
PAR  Compounds of the formula:
      ##SPC21##
PAL  were prepared by the procedure of Example 11 hereinabove, except that the
      3-methyl-5-nitro-isoquinoline of that example was replaced by the
      appropriate substituted isoquinoline, and the concentrated hydrochloric
      acid of Example 11 was replaced by concentrated hydrobromic acid, to yield
      compounds of the above formula, and wherein the substituents X.sup.2,
      Y.sup.2 and Z.sup.2 are listed in Table III below.
TBL                TABLE III                                                   

     ______________________________________                                    

     Example                        Melting point of                           

     Number   X.sup.2 Y.sup.2 Z.sup.2                                          

                                    Product (.degree.C)                        

     ______________________________________                                    

     21       --CH.sub.3                                                       

                      --NO.sub.2                                               

                              H     149 - 151                                  

     22       --H     --Cl    --NO.sub.2                                       

                                    199 - 203                                  

     23       --CH.sub.3                                                       

                      --H     --NO.sub.2                                       

                                    198 - 207                                  

     ______________________________________                                    

PAC  EXAMPLES 24 TO 27 INCLUSIVE
PAR  Compounds of the formula:
      ##SPC22##
PAL  were prepared by the procedure of Example 11 hereinabove, except that the
      3-methyl-5-nitro-isoquinoline of that example was replaced by the
      appropriate substituted isoquinoline, and the concentrated hydrochloric
      acid of Example 11 was replaced by concentrated hydriodic acid, to yield
      compounds of the above formula, and wherein the substituents X.sup.3 and
      Y.sup.3 are listed in Table IV below.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Example                    Melting point of                               

     Number     X.sup.3 Y.sup.3 Product (.degree.C)                            

     ______________________________________                                    

     24         --H     --H     170 - 175                                      

     25         --H     --CH.sub.3                                             

                                174                                            

     26         --CH.sub.3                                                     

                        --H     166 - 178                                      

     27         --Cl    --H      86 - 88                                       

     ______________________________________                                    

PAC  EXAMPLE 28
PAR  5-Chloro-8-nitro-isoquinoline hydro-iodide having the formula:
      ##SPC23##
PAL  was prepared by the procedure of Example 11 hereinabove, except that the
      3-methyl-5-nitro-isoquinoline of that example was replaced by
      5-chloro-8-nitro-isoquinoline, and the concentrated hydrochloric acid of
      Example 11 was replaced by concentrated hydriodic acid, to yield
      5-chloro-8-nitro-isoquinoline hydro-iodide, melting over the range
      161.degree.-5.degree.C.
PAC  EXAMPLE 29
PAR  This example illustrates the preparation of 5-nitro-isoquinoline
      hydrobromide having the formula:
      ##SPC24##
PAL  5-nitro-isoquinoline (3 g) was dissolved in warm ethanol (40 ml) and
      hydrogen bromide was added (4.5 ml of a 48% w/v aqueous solution). The
      salt precipitated immediately, and the reaction mixture was cooled to room
      temperature, filtered, the residue washed with ethanol, and dried, to
      yield 3.95 g of 5-nitro-isoquinoline hydrobromide of melting point
      250.5.degree.C.
PAC  EXAMPLE 30
PAR  3-Chloro-isoquinoline hydrobromide, having the formula:
      ##SPC25##
PAL  was prepared by the procedure of Example 29 hereinabove, except that the
      5-nitro-isoquinoline of that example was replaced with
      3-chloro-isoquinoline to yield 3-chloro-isoquinoline hydrobromide, melting
      over the range 146.degree. - 156.degree.C.
PAC  EXAMPLE 31
PAR  1-Methyl-5-nitro-isoquinoline hydrobromide, having the formula:
      ##SPC26##
PAL  was prepared by the procedure of Example 29 hereinabove,, except that the
      5-nitro-isoquinoline of that example was replaced with
      1-methyl-5-nitro-isoquinoline to yield 1-methyl-5-nitro-isoquinoline
      hydrobromide, melting at 239.degree.C.
PAC  EXAMPLES 32 TO 36 INCLUSIVE
PAR  Compounds of the formula:
      ##SPC27##
PAL  were prepared by the procedure of Example 29 hereinabove, except that the
      5-nitro-isoquinoline was replaced by the appropriate substituted
      isoquinoline, and the hydrogen bromide was replaced by hydrogen iodide, to
      yield compounds of the above formula, and wherein the substituents
      X.sup.4, Y.sup.4 and Z.sup.4 are listed in Table V below.
TBL                TABLE V                                                     

     ______________________________________                                    

     Example                        Melting range of                           

     Number X.sup.4   Y.sup.4 Z.sup.4                                          

                                    Product (.degree.C)                        

     ______________________________________                                    

     32     --H       --CH.sub.3                                               

                              --NO.sub.2                                       

                                    180 - 188                                  

     33     --H       --H     --NO.sub.2                                       

                                    174 - 178                                  

     34     --CH.sub.3                                                         

                      --H     --NO.sub.2                                       

                                    173 - 178                                  

     35     --n--C.sub.4 H.sub.9                                               

                      --H     --NO.sub.2                                       

                                    140 - 148                                  

     36     --H       --Cl    --H   142 - 153                                  

     ______________________________________                                    

PAC  EXAMPLES 37 TO 47 INCLUSIVE
PAR  Compounds of the formula:
      ##SPC28##
PAL  were prepared by the procedure of Example 29 hereinabove, except that the
      5-nitro-isoquinoline of that example was replaced by the appropriate
      substituted isoquinoline, and the hydrogen bromide was replaced with an
      ehtanolic solution of the appropriate carboxylic acid, to yield compounds
      of the above formula, and wherein substituents X.sup.5, Y.sup.5, X.sup.5
      and R, are listed below in Table VI.
TBL                                    TABLE VI                                

     __________________________________________________________________________

     Example                      Melting point of                             

     Number                                                                    

          X.sup.5                                                              

              Y.sup.5                                                          

                  Z.sup.5                                                      

                         R        Product (.degree.C)                          

     __________________________________________________________________________

     37   --H --H --H CF.sub.3 -- 118                                          

     38   --H --H --NO.sub.2                                                   

                      CF.sub.3 -- 109-111                                      

     39   --H --CH.sub.3                                                       

                  --NO.sub.2                                                   

                      CF.sub.3 -- 111-112                                      

     40   --CH.sub.3                                                           

              --H --NO.sub.2                                                   

                      CF.sub.3 -- 124-128                                      

     41   --H --H --H CCl.sub.3 --                                             

                                  89-90.5                                      

     42   --H --H --H CClF.sub.2 --                                            

                                  95-100                                       

     43   --H --H --NO.sub.2                                                   

                      CClF.sub.2 --                                            

                                  93.5                                         

     44   --H --H --H CH.sub.3.CCl.sub.2 --                                    

                                  55-57                                        

     45   --H --H --NO.sub.2                                                   

                      CF.sub.3.CF.sub.2 --                                     

                                  98-100                                       

     46   --H --H --NO.sub.2      183-187                                      

     47   --H --H --CN                                                         

                      CF.sub.3 -- &gt;140                                         

     __________________________________________________________________________

PAC  EXAMPLES 48 TO 53 INCLUSIVE
PAR  Compounds of the formula:
      ##SPC29##
PAL  were prepared by the procedure of Example 29 hereinabove, except that the
      5-nitro-isoquinoline of that example was replaced by the appropriate
      isoquinoline compound, and the hydrogen bromide was replaced with an
      ethanolic solution of the appropriate substituted phenol, to yield
      compounds of the above formula, and wherein the substituents Z.sup.6 and
      R.sup.1 are listed below in Table VII.
TBL                TABLE VII                                                   

     ______________________________________                                    

     Example                         Melting range of                          

     Number Z.sup.6      R.sup.1     Product (.degree.C)                       

     ______________________________________                                    

     48     --H                      114-119                                   

     49     --NO.sub.2               158-167                                   

     50     --NO.sub.2               131-133                                   

     51     --NO.sub.2               146-147                                   

     52     --NO.sub.2               139-140                                   

     53     --NO.sub.2               103-105                                   

     ______________________________________                                    

PAC  EXAMPLE 54
PAR  1-Methyl-isoquinolinium pentachlorophenoxide having the formula:
      ##SPC30##
PAL  was prepared by the procedure of Example 29 hereinabove, except that the
      5-nitro-isoquinoline of that example was replaced by 1-methyl-isoquinoline
      and the hydrogen bromide was replaced by an ethanolic solution of
      pentachlorophenol, to yield 1-methyl-isoquinolinium pentachlorophenoxide
      melting over the range 148.degree. - 150.degree.C.
PAC  EXAMPLE 55
PAR  5-Amino-isoquinoline dihydro-iodide having the formula:
      ##SPC31##
PAL  was prepared by the procedure of Example 29 hereinabove, except that the
      5-nitro-isoquinoline of that example was replaced by 5-amino-isoquinoline,
      and the hydrogen bromide was replaced with hydrogen iodide to yield
      5-aminoisoquinoline dihydro-iodide melting over the temperature range
      184.degree.C to 193.degree.C.
PAC  EXAMPLE 56
PAR  Formulations of the compounds of the invention were prepared to give a 4%
      w/v concentration of active ingredient, and these were diluted with water
      to give concentrations of the active ingredient suitable for demonstrating
      biological activity. The concentrated formulations were prepared as
      follows.
PAR  Four parts by weight of the compound of the invention were added to 96
      parts by weight of "Lubrol" E (a registered trade mark for a condensation
      product of alkylphenol with ethylene oxide) and the mixture was ball
      milled to produce a stable suspension. The concentrated suspension was
      then diluted with water to give aqueous sprayable compositions containing
      0.05, 0.1 and 0.2% w/v of active material.
PAR  The compounds used in this example and the following examples 57 to 71
      inclusive are designated numerically in Table VIII below.
TBL                                    TABLE VIII                              

     __________________________________________________________________________

     No.  Compound                                                             

     __________________________________________________________________________

     1    isoquinoline                                                         

     2    isoquinoline hydrochloride                                           

     3    isoquinoline hydrobromide                                            

     4    isoquinoline hydro-iodide                                            

     5    isoquinolinium trichloroacetate                                      

     6    isoquinolinium trifluoroacetate                                      

     7    isoquinolinium .alpha., .alpha.-dichloropropionate                   

     8    isoquinolinium hydrogen sulphate                                     

     9    isoquinolinium pentachlorophenoxide                                  

     10   1-chloro-isoquinoline                                                

     11   1-chloro-isoquinoline hydrochloride                                  

     12   1-chloro-isoquinoline hydro-iodide                                   

     13   1,3-dichloro-isoquinoline                                            

     14   1,3-dichloro-5-nitro-isoquinoline                                    

     15   1,3-dichloro-5-amino-isoquinoline                                    

     16   1-chloro-5-nitro-isoquinoline                                        

     17   1-chloro-3-methyl-5-nitro-isoquinoline                               

     18   1,3-dibromo-isoquinoline                                             

     19   1-iodo-isoquinoline                                                  

     20   1-iodo-isoquinoline hydro-iodide                                     

     21   1-methyl-isoquinoline                                                

     22   1-methyl-isoquinoline hydro-iodide                                   

     23   1-methyl-5-nitro-isoquinoline                                        

     24   1-methyl-5-nitro-isoquinoline hydrobromide                           

     25   1-methyl-5-nitro-isoquinoline hydro-iodide                           

     26   1-methyl-5-nitro-isoquinolinium trifluoroacetate                     

     27   1-methyl-isoquinolinium pentachlorophenoxide                         

     28   1-n-butyl-isoquinoline                                               

     29   1-n-butyl-5-nitro-isoquinoline                                       

     30   1-n-butyl-5-nitro-isoquinoline hydro-iodide                          

     31   1-cyano-isoquinoline                                                 

     32   1-nitro-isoquinoline                                                 

     33   1,5-dinitro-isoquinoline                                             

     34   3-chloro-isoquinoline                                                

     35   3-chloro-isoquinoline hydrochloride                                  

     36   3-chloro-isoquinoline hydrobromide                                   

     37   3-chloro-isoquinoline hydro-iodide                                   

     38   3-chloro-5-acetamido-isoquinoline                                    

     39   3-chloro-5-fluoro-isoquinoline                                       

     40   3-chloro-5-nitro-isoquinoline                                        

     41   3-bromo-isoquinoline                                                 

     42   3-methyl-isoquinoline                                                

     43   3-methyl-isoquinoline hydro-iodide                                   

     44   3-methyl-5-nitro-isoquinoline                                        

     45   3-methyl-5-nitro-isoquinoline hydrochloride                          

     46   3-methyl-5-nitro-isoquinoline hydrobromide                           

     47   3-methyl-5-nitro-isoquinoline hydro-iodide                           

     48   3-methyl-5-nitro-isoquinolinium trifluoroacetate                     

     49   3-methyl-8-nitro-isoquinoline hydrobromide                           

     50   3-amino-isoquinoline                                                 

     51   4-bromo-isoquinoline                                                 

     52   4-bromo-5-nitro-isoquinoline                                         

     53   5,8-dinitro-isoquinoline                                             

     54   4-cyano-isoquinoline                                                 

     55   4-cyano-isoquinoline hydrochloride                                   

     56   5-fluoro-isoquinoline                                                

     57   5-fluoro-isoquinoline hydrochloride                                  

     58   5-chloro-isoquinoline                                                

     59   5-chloro-isoquinoline hydrochloride                                  

     60   5-chloro-8-nitro-isoquinoline                                        

     61   5-chloro-8-nitro-isoquinoline hydrobromide                           

     62   5-chloro-8-nitro-isoquinoline hydro-iodide                           

     63   5-bromo-isoquinoline                                                 

     64   5-bromo-isoquinoline hydrochloride                                   

     65   5-iodo-isoquinoline                                                  

     66   5-cyano-isoquinoline                                                 

     67   5-cyano-isoquinolinium trifluoroacetate                              

     68   5-nitro-isoquinoline                                                 

     69   5-nitro-isoquinoline hydrochloride                                   

     70   5-nitro-isoquinoline hydrobromide                                    

     71   5-nitro-isoquinoline hydro-iodide                                    

     72   5-nitro-isoquinolinium trifluoroacetate                              

     73   5-nitro-isoquinolinium monochloro-difluoroacetate                    

     74   5-nitro-isoquinolinium penta-fluoro-propionate acid                  

     75   5-nitro-isoquinolinium 2,4-dinitro-phenoxide                         

     76   5-nitro-isoquinolinium 2,6-dichloro-4-nitro-phenoxide                

     77   5-nitro-isoquinolinium 2,6-dibromo-4-nitro-phenoxide                 

     78   5-nitro-isoquinolinium pentachlorophenoxide                          

     79   5-nitro-isoquinolinium tetrabromo-m-cresoxide                        

     80   5-nitro-isoquinolinium 2,4-dinitro-benzoate                          

     81   5-amino-isoquinoline                                                 

     82   5-amino-isoquinoline dihydrochloride                                 

     83   5-amino-isoquinoline dihydro-iodide                                  

     __________________________________________________________________________

PAC  EXAMPLE 57
PAR  This example describes the pre-emergent herbicidal activity of compositions
      according to the present invention.
PAR  Aqueous sprays comprising 0.5% w/v of compounds No's. 5, 6, 40 and 48 were
      prepared according to the method of Example 56 above.
PAR  Japanese Millet seeds were sprinkled onto the surface of soil in each of
      five boxes and covered with a thin layer of sand. Each box was then
      sprayed with a quantity of one of the aqueous sprays according to the
      present invention providing an application rate equivalent to 5 lbs/acre
      of active ingredient compound, and the remaining box was sprayed with 100
      ml of water for comparision purposes. The boxes were then lightly watered
      with an overhead spray, and placed in a glasshouse to encourage
      germination of the seeds. Three weeks later the boxes were removed from
      the glasshouse and assessed on a scale of 0 to 3 inclusive, where 0
      represents substantially complete germination and 3 represents
      substantially complete prevention of germination. The results obtained are
      presented in Table IX below.
TBL                TABLE IX                                                    

     ______________________________________                                    

     Compound No. Pre-emergence Herbicidal Activity                            

                  (rating)                                                     

     ______________________________________                                    

      5           3                                                            

      6           2                                                            

     40           2                                                            

     48           3                                                            

     Control      0                                                            

     ______________________________________                                    

PAC  EXAMPLE 58
PAR  This example describes the post-emergent herbicidal activity of
      compositions according to the present invention.
PAR  Aqueous sprays comprising as active ingredient compounds No's. 5, 7, 9, 23,
      24, 27, 44, 45, 46, 47, 48, 68, 69, 70, 71, 72, 73, 78 and 80, and present
      in concentrations of 0.1% w/v, 0.5% w/v, and 1.0% w/v were prepared
      according to the method of Example 56 above.
PAR  Japanese Millet seeds and Ryegrass seeds were sprinkled onto soil in
      separate boxes, and then in each case covered with a thin layer of sand.
      The boxes were then lightly watered with an overhead spray, and placed in
      a glasshouse for one week to permit germination of the seeds and plant
      growth to a height of 4 to 5 inches. The boxes were then removed from the
      glasshouse, and each box was sprayed with one of the aqueous sprays
      described above. In each case the total spray volume was chosen to provide
      1, 5 or 10 lbs/acre of active ingredient compound. For comparison purposes
      two boxes, one containing one week old Ryegrass seedlings and one
      containing one week old Japanese Millet seedlings, were sprayed lightly
      with water only. After spraying the boxes were returned to the glasshouse
      for a further 3 weeks and then assessed on a scale of 0 to 3 inclusive,
      where 0 represents substantially no damage to plant growth, and 3
      represents substantially complete kill of the plants. The results are
      presented in Table X below:
TBL                TABLE X                                                     

     ______________________________________                                    

     Active Ingre-                                                             

                Application Post emergent Herbicidal                           

     dient Compound                                                            

                Rate(lbs/acre)                                                 

                            Activity (rating)                                  

     No.                                                                       

                      Ryegrass                                                 

                             Japanese Millet                                   

     ______________________________________                                    

     5          10          3        3                                         

                5           1        2                                         

     7          5           3        2                                         

                1           1        1                                         

     9          10          1        3                                         

                5           1        3                                         

     23         10          2        3                                         

                5           0        3                                         

     24         10          3        3                                         

                5           1        3                                         

     27         10          2        3                                         

                5           2        2                                         

                1           1        3                                         

     44         10          3        3                                         

                5           0        3                                         

     45         5           3        3                                         

                1           1        3                                         

     46         10          3        3                                         

                5           0        3                                         

     47         10          2        3                                         

                5           0        3                                         

     48         10          3        3                                         

                5           1        3                                         

     68         10          2        3                                         

                5           0        3                                         

     69         10          3        3                                         

                5           1        3                                         

     70         5           2        3                                         

                1           0        2                                         

     71         10          3        3                                         

                5           1        3                                         

     72         10          3        3                                         

                5           2        3                                         

     73         5           2        3                                         

                1           0        2                                         

     78         5           1        3                                         

                1           0        1                                         

     80         10          2        3                                         

                5           0        1                                         

     Control    --          0        0                                         

     ______________________________________                                    

PAC  EXAMPLE 59
PAR  This example further describes the post-emergent herbicidal activity of
      compositions according to the present invention.
PAR  Aqueous sprays comprising as active ingredient compounds No's. 9, 45, 46,
      47, 69, 70, 71, 72, 73, 74, 76 and 77 and present at concentrations of
      0.2% w/v and 0.4% w/v were prepared according to the method of Example 56
      above.
PAR  One-week-old seedlings of wheat, phalaris, wild oats, maize, sorghum,
      barley, lucerne, safflower, and cotton were cultivated in boxes in a
      glasshouse in the manner described in Example 58 hereinabove.
PAR  These one-week-old seedlings were then sprayed with each of the aqueous
      sprays described above, in each case the total spray volume being chosen
      to provide an application rate equivalent to 2 and 4 lbs per acre. In
      addition for comparison purposes one box of each plant species was sprayed
      ligthly with water. The seedlings were then returned to the glasshouse for
      3 weeks, and then assessed on a scale of 0 to 5 inclusive, where 0
      represents substantially no plant damage, and 5 represents substantially
      complete kill of plants. The results are presented in Table XI below.
TBL                                    TABLE XI                                

     __________________________________________________________________________

     Active Ingred-                                                            

                Application                                                    

                        Post-Emergent Herbicidal Activity (rating)             

     ient Compound No.                                                         

                Rate (lb/acre)                                                 

                        Wheat                                                  

                            Phalaris                                           

                                 Wild Oats                                     

                                        Maize                                  

                                            Sorghum                            

                                                 Barley                        

                                                     Lucerne                   

                                                          Safflower            

                                                                Cotton         

     __________________________________________________________________________

      9         4       1   3    3.5    1   3    3   4.5  5     4.5            

                2       0   0    0      0.5 2.5  1   3.5  5     4              

     45         4       4   5    5      4   0    4   --*  5     2              

                2       3   3    3      2   0    3   0    5     1              

     46         4       2   5    4      1   4    4   5    4     1              

                2       2   5    1      1   4    1   5    3     3              

     47         4       4   5    4      3   5    4   5    1     1              

                2       2   4    2      4   5    2   5    0     0              

     69         4       0.5 3    1      0   3    2.5 5    4     4.5            

                2       --  --   --     --  --   --  --   --    --             

     70         4       2.5 3    3      4.5 4.5  4.5 5    5     5              

                2       0   1    0      1.5 1.5  2.5 4    0     4              

     71         4       3   5    4      2   5    4   5    4     3              

                2       3   4    4      1   4    4   5    2     1              

     72         4       4   5    4      3   5    4   5    3     3              

                2       3   3    3      1   3    3   5    0     0              

     73         4       --  --   --     --  --   --  --   --    --             

                2       1   0    1      2   2    3   5    3     3              

     74         4       3   3.5  2.5    1.5 3.5  3   5    3.5   3              

                2       2.5 1    2      1.5 2.5  2.5 4.5  1     1.5            

     76         4       --  --   --     --  --   --  --   --    --             

                2       1   3    1      2   4    4   5    5     4              

     77         4       1   4    1      2   4.5  1   4.5  5     0              

                2       2.5 0    2.5    4.5 3.5  0   0    5     0              

     Control    0       0   0    0      0   0    0   0    0     0              

     __________________________________________________________________________

      *A dash "--" in the table indicates that no test was carried out at this 

      concentration.                                                           

PAC  EXAMPLE 60
PAR  This example describes the selective pre- and post- emergence herbicidal
      activity of certain of the compositions according to the present
      invention, and comprising as active ingredient compound No. 38.
PAR  Aqueous sprayable compositions comprising compound No. 38 present in
      concentrations of 0.1% w/v, 0.5% w/v, and 1.0% w/v were prepared according
      to the method of Example 56 hereinabove.
PAR  Seeds of ipomoea, mustard, sunflower, wheat, wild oats, ryegrass, Japanese
      Millet and peas were sprinkled onto the surface of soil in separate boxes
      and covered with a thin layer of sand. Each box was then sprayed with one
      of the aqueous compositions described above and comprising 0.1% w/v, 0.5%
      w/v and 1.0% w/v of active ingredient compound, in a quantity suitable for
      providing an application rate equivalent to 1, 5, and 10 lbs per acre
      respectively. The boxes were then lightly watered with an overhead spray
      and placed in a glass-house to encourage germination of the seeds. Three
      weeks later the boxes were removed from the glass-house and the
      pre-emergence herbicidal activity of these compositions comprising
      compound No. 38 was assessed on a scale of 0 to 3 inclusive, where 0
      denotes substantially complete germination and 3 represents substantially
      complete prevention of germination. The results obtained are presented in
      Table XII below.
PAR  In addition seeds of ipomoea, mustard, sunflower, wheat, wild oats,
      ryegrass, Japanese Millet, and peas were sprinkled onto soil in separate
      boxes, covered with sand, and lightly watered in the manner described
      above, and then placed in a glass house for one week to permit germination
      of the seeds and plant growth to a height of 4 to 5 inches. The boxes were
      then removed from the glass-house and each box was sprayed with one of the
      aqueous compositions described above in an amount providing an application
      rate of active ingredient compound equivalent to 1, 5 or 10 lbs per acre.
      After spraying the boxes were returned to the glass-house for a further 3
      weeks. The post emergence herbicidal activity of the compositions
      according to the present invention and described above was then assessed
      on a scale of 0 to 3 inclusive, where 0 denotes substantially no damage to
      plant growth, and 3 represents substantially complete kill of the plants.
      The results are presented in Table XII below.
TBL                TABLE XII                                                   

     ______________________________________                                    

     Plant   Pre-emergence herbicidal                                          

                              Post-emergence herbi-                            

     Species activity (rating) at                                              

                              cidal activity (rating)                          

             application rate* of:-                                            

                              at application rate of:                          

     10          15       1       10    5      1                               

     ______________________________________                                    

     Ipomoea 3       3        2     3     3      1                             

     Mustard 3       3        1     3     3      2                             

     Sunflower                                                                 

             3       3        1     3     3      0                             

     Wheat   0       0        0     0     0      0                             

     Wild Oats                                                                 

             0       0        0     0     0      0                             

     Ryegrass                                                                  

             0       0        0     0     0      0                             

     Japanese                                                                  

     Millet  0       0        0     0     0      0                             

     Peas    0       0        0     0     0      0                             

     ______________________________________                                    

      *application rate -- given in lbs/acre of active ingredient compound.    

PAR  These results illustrate the selective herbicidal activity of compositions
      according to the present invention and comprising as active ingredient
      compound No. 38, when applied in both the pre- and post- emergent manner.
      Thus these herbicidal compositions may be utilised to effectively prevent
      or eradicate the growth of undesired plant species such as ipomoea,
      mustard, and sunflower, in areas under cultivation to economically
      significant crops such as wheat and peas, or in areas supporting the
      growth of grasses useful for grazing sheep and cattle, such as ryegrass,
      Japanese millet, and wild oats.
PAC  EXAMPLE 61
PAR  This example describes the insecticidal acitivity of compositions according
      to the present invention against larvae of the species Plutella
      maculipennis (cabbage moth).
PAR  Aqueous sprayable compositions comprising as active ingredients compounds
      No's. 9, 27, 59, 63, 68, 75, 76 and 77 and present at concentrations of
      0.1% w/v and 0.2% w/v were prepared according to the manner of Example 56
      hereinabove.
PAR  Each of these aqueous compositions was then sprayed onto four healthy young
      uninfested cabbage plants. The plants were allowed to dry and then the
      leaves of each plant were removed and placed in a petri dish. Five
      Plutella maculipennis larvae were placed in each petri dish, and the petri
      dishes were then allowed to stand in the laboratory for 48 hours. At the
      end of this period the number of larvae which had died was counted, and
      the results were then averaged and expressed as the following mortality
      rating.
TBL  ______________________________________                                    

     Number of larvae                                                          

                    0        2                                                 

     killed (per plant)                                                        

                    or       or       4       5                                

                    1        3                                                 

     Mortality Rating                                                          

                    0        1        2       3                                

     ______________________________________                                    

PAR  The results obtained are presented in Table XIII below:
TBL                TABLE XIII                                                  

     ______________________________________                                    

     Active ingredient                                                         

                 Insecticidal activity -- Mortality                            

     Compound No.                                                              

                 Rating at concentration of active                             

                 ingredient (% w/v).                                           

               0.2          0.1                                                

     ______________________________________                                    

      9          3              3                                              

     27          3              3                                              

     59          3              --*                                            

     63          3              0                                              

     68          3              --                                             

     75          3              0                                              

     76          3              3                                              

     77          3              3                                              

     ______________________________________                                    

      *A dash "--" in the table indicates that no test was carried out at this 

      concentration.                                                           

PAC  EXAMPLE 62
PAR  This example describes the acaricidal activity of compositions according to
      the present invention on ova of Tetranychus urticae (two spotted mite).
PAR  Aqueous sprays comprising as active ingredient compounds No's. 14, 25, 43,
      47, 68, 69, 70, 71, 72, 73, 74, 76, 78 and 79 and present in
      concentrations of 0.1% w/v and 0.2% w/v were prepared according to the
      method of Example 56 above.
PAR  French bean plants with leaves cut to 1 inch square were infested with
      approximately 30 ova of Tetranychus urticae each. Two days after
      infestation any adult mites which had developed were blown off the leaves
      by means of a jet of air. The infested leaves of two plants per treatment
      were sprayed to drip point with each of the aqueous sprays described
      above, and 6 days after spraying the number of ova which had hatched was
      determined. The control of ova obtained by these tests is presented in
      Table XIV below as a mortality rating, on a scale of 0 to 3, where 0
      represents no damage to the ova, and 3 represents complete kill.
TBL                TABLE XIV                                                   

     ______________________________________                                    

     Active Ingredient                                                         

                 Acaricidal activity -- mortality rating                       

     Compound No.                                                              

                 at % w/v concentration of active                              

                 ingredient.                                                   

               0.1          0.2                                                

     ______________________________________                                    

     14          1              2                                              

     25          0              3                                              

     43          2              2                                              

     47          1              2                                              

     68          0              3                                              

     69          2              3                                              

     70          --*            2                                              

     71          3              2                                              

     72          2              3                                              

     73          0              3                                              

     74          2              3                                              

     76          1              3                                              

     78          1              3                                              

     79          0              2                                              

     ______________________________________                                    

      *No test was carried out at this concentration                           

PAC  EXAMPLE 63
PAR  To demonstrate the acaricidal effect of compounds 9, 59, 68, 69, 71, 72,
      75, 76, 77 and 78, on adult Tetranychus urticae, aqueous sprays were
      prepared as in Example 56 and containing 0.025% w/v, 0.05% w/v, and 0.1%
      w/v of active ingredient.
PAR  French bean plants with leaves cut to 1 inch squares were infested with
      approximately 30 adult mites of Tetranychus urticae (two spotted mite)
      each. Twenty-four hours after infestation the leaves of two plants per
      treatment were sprayed to drip point with formulations as set out in Table
      XV below, and 4 days after spraying the live and dead adult mites were
      counted. The control of mites obtained by these tests is given in Table XV
      as a percentage mortality.
TBL                TABLE XV                                                    

     ______________________________________                                    

     Active Ingredi-                                                           

                Acaricidal activity -- percentage mortal-                      

     ent Compound No.                                                          

                ity at % w/v concentration of active ingredient                

              0.025    0.05        0.1                                         

     ______________________________________                                    

      9         93         96          99                                      

     59         --*        92          76                                      

     68         --         90          100                                     

     69         --         66          78                                      

     71         84         96          --                                      

     72         --         71          71                                      

     75         48         89          100                                     

     76         32         53          97                                      

     77         --         36          100                                     

     78         --         23          100                                     

     ______________________________________                                    

      *A dash "--" in the Table indicates that no test was carried out at this 

      concentration.                                                           

PAC  EXAMPLE 64
PAR  This example describes the acaricidal activity of compositions according to
      the present invention on the larval and adult female stages of Boophilus
      microplus (cattle tick).
PAR  Aqueous compositions were prepared according to the method of Example 56
      above, comprising the active ingredient compounds and concentrations set
      out in Tables XVI and XVII below.
PAR  Twenty engorged adult female cattle ticks were then treated individually by
      the microsyringe technique with an aqueous composition according to the
      present invention and selected from those set out in Table XVI below. One
      microdrop (freely falling) of the aqueous composition was dropped onto the
      neutral portion of each tick to be treated with a microsyringe having a
      carefully cleaned needle of 0.15 mm internal bore and 0.4 mm external
      diameter. After 14 days the mortality count of the adult ticks were
      assessed by counting the number of eggs laid by them and the percentage
      hatching of these eggs. The control of adult female cattle tick for each
      aqueous composition, assessed as a percentage mortality, is presented in
      Table XVI below.
PAR  In addition approximately 100 larval ticks were immersed briefly in an
      aqueous composition according to the present invention and selected from
      those set out in Table XVII below. After 48 hours the control of larval
      ticks were assessed as a mortality rating of 0 to 5 inclusive, as defined
      hereinbelow.
TBL  ______________________________________                                    

     Estimated                                                                 

     percentage                                                                

     kill of larval                                                            

               0 - 9  10 - 29 30 - 69                                          

                                    70 - 89                                    

                                          90 - 99                              

                                                100                            

     cattle ticks.                                                             

     Mortality                                                                 

     rating    0      1       2     3     4     5                              

     ______________________________________                                    

PAR  The results are presented in Table XVII below.
TBL                TABLE XVI                                                   

     ______________________________________                                    

     Active Ingred-                                                            

              Acaricidal activity -- percentage mortality of                   

     ient Compound                                                             

              adult ticks - 1.0% w/v of active ingredient                      

     No.                                                                       

     ______________________________________                                    

     2        100                                                              

     3        75                                                               

     4        100                                                              

     8        50                                                               

     12       70                                                               

     20       95                                                               

     22       80                                                               

     25       100                                                              

     30       100                                                              

     37       80                                                               

     43       100                                                              

     47       100                                                              

     57       30                                                               

     62       100                                                              

     68       50                                                               

     69       75                                                               

     70       85                                                               

     71       100                                                              

     72       95                                                               

     81       70                                                               

     82       85                                                               

     83       100                                                              

     ______________________________________                                    

TBL                TABLE XVII                                                  

     ______________________________________                                    

     Active Ingred-                                                            

              Acaricidal activity - mortality of larval                        

     ient Compound                                                             

              cattle ticks after 48 hours (rating).                            

     No.                                                                       

            At 0.1% (w/v) of                                                   

            At 1.0% (w/v) of                                                   

            active ingredient                                                  

                          active ingredient                                    

     ______________________________________                                    

     1        0               5                                                

     3        0               4                                                

     4        3               5                                                

     9        5               5                                                

     10       0               5                                                

     11       0               5                                                

     12       1               5                                                

     13       5               5                                                

     19       5               5                                                

     20       5               5                                                

     21       3               5                                                

     23       5               5                                                

     24       3               3                                                

     27       5               5                                                

     28       0               5                                                

     29       5               5                                                

     31       5               5                                                

     32       5               5                                                

     34       5               5                                                

     35       0               5                                                

     36       1               5                                                

     37       0               4                                                

     39       5               5                                                

     42       0               5                                                

     44       5               5                                                

     45       0               3                                                

     50       3               5                                                

     51       5               5                                                

     54       5               5                                                

     55       5               5                                                

     58       5               5                                                

     63       0               5                                                

     64       3               3                                                

     65       5               5                                                

     66       0               5                                                

     67       0               5                                                

     68       5               5                                                

     72       1               5                                                

     75       5               5                                                

     76       1               5                                                

     77       0               4                                                

     78       1               5                                                

     ______________________________________                                    

PAC  EXAMPLE 65
PAR  This example further describes the acaricidal activity of compositions
      according to the present invention against Boophilus microplus (cattle
      tick).
PAR  For each of the compounds No's. 3, 4, 5, 9, 13, 20, 38, 63 and 68, a
      sprayable emulsified concentrate was prepared by adding 1 g of the active
      ingredient compound to 5 ml of cyclohexanone, adding 1 ml of "Teric" N8
      ("Teric" is a Registered Trade Mark of ICI Australia Limited, for a
      nonionic surfactant obtained by condensing an alkylphenol with ethylene
      oxide), and then making up the total volume of the mixture to 100 ml by
      adding water.
PAR  Nine calves, each aged between 12 and 24 months, weighing between 150 and
      350 lbs, and each heavily infested with the "Yeerongpilly" strain of
      cattle tick, were treated in the following manner. A selected patch
      measuring approximately 6 inches square in the vicinity of the shoulders
      of each animal was lightly shaved with an electric razor. Each of the
      calves was then treated by spraying the patch thus prepared with a
      composition according to the present invention and selected from the group
      of emulsified concentrates prepared as described above.
PAR  After the treated patch on each calf had dried, those engorged adult female
      ticks close to dropping off were carefully stroked off, collected in a
      petri dish, and placed in an incubator for observations on egg laying and
      egg hatching. The mortality of the engorged adults collected in each case
      is prepared as a percentage mortality in Table XIX below.
PAR  The calves were then returned to a small yard for approximately 6 hours,
      after which period the control of the nymph and unengorged adult stages of
      cattle tick were assessed using the mortality rating system presented
      below in Table XVIII.
TBL                TABLE XVIII                                                 

     ______________________________________                                    

     MORTALITY RATING SYSTEM                                                   

     ______________________________________                                    

     Control                 Mortality Rating                                  

     ______________________________________                                    

     100% kill               + + +                                             

     Almost 100% kill but with                                                 

     1 or 2 survivors        + + +                                             

     Good (over 75%) kill     + +                                              

     Fair (under 75%) kill    + +                                              

     Poor kill                +                                                

     Slight effect only       +                                                

     No effect                0                                                

     ______________________________________                                    

PAR  The control obtained of the nymph, adult, and engorged adult stages of the
      "Yeerongpilly" strain of cattle tick is presented in Table XIX.
TBL                                    TABLE XIX                               

     __________________________________________________________________________

     Active Ingredient                                                         

               Concentration of                                                

                         Mortality of                                          

                                Mortality of                                   

                                         Mortality of                          

     Compound No.                                                              

               Active Ingredient                                               

                         Engorged                                              

                                Unengorged                                     

                                         Nymphs                                

               Compound (% w/v)                                                

                         Adults (%)                                            

                                Adults (rating)                                

                                         (rating)                              

     __________________________________________________________________________

     4         1.0       100    + + +    + + +                                 

     9         1.0       100     + +      + +                                  

     19        1.0       70      + +      + +                                  

     34        1.0       50      + +      +                                    

     39        1.0       --*     + +      +                                    

     47        1.0       50     + + +    + + +                                 

     51        1.0       --*     + +      + +                                  

     54        1.0       40      + +      + +                                  

     71        1.0       44     + + +     + +                                  

     __________________________________________________________________________

      *No test was carried out.                                                

PAC  EXAMPLE 66
PAR  This example describes the fungicidal activity of compositions according to
      the present invention.
PAR  Aqueous sprayable compositions were prepared according to the method of
      Example 56 above, comprising the active ingredient compounds and
      concentrations set out in Table XX below.
PAR  In each case 200 milliliters of the aqueous composition was sprayed in a
      spray cabinet on to the following group of plants: a pot of 30 5 inch tall
      wheat plants; a pot of 30 5 inch tall oat plants; a pot of 30 5 inch tall
      tomato plants; and a box of nine 4 week old tobacco plants. Twenty-four
      hours after spraying the plants were infected in the following manner. The
      wheat plants were inoculated with Erisyphe graminis (wheat powdery
      mildew), the oat plants were inoculated with Puccinia coronata (oat rust),
      the tomato plants were inoculated with Alternaria solani (early blight of
      tomatoes), and the tobacco plants were inoculated with Peronospora
      tabacina (blue mould of tobacco), in each case inoculation being effected
      by dusting the plants with a concentrated spore suspension of the
      appropriate fungus taken from infected plant material.
PAR  After inoculation the wheat was returned to the glass-house, and the oats,
      tomato plants, and tobacco plants were placed in a high humidity cabinet
      for 24 hours and then returned to the glass-house.
PAR  The wheat was assessed for disease 4 days, and the oats and tomato plants 8
      days, after inoculation. The tobacco plants were returned to the humidity
      cabinet 6 days after inoculation for a period of 24 hours and then
      returned to the glass-house and assessed on the seventh day.
PAR  Each set of plants was assessed on a scale of 0 to 3 inclusive, where 0
      denotes substantially no inhibition of development of disease, and 3
      represents complete inhibition of development of disease. The results are
      presented in Table XX below.
TBL                                    TABLE XX                                

     __________________________________________________________________________

     Active Ingredient                                                         

                Fungicidal activity (rating) at 0.2% w/v and 0.05% w/v         

     Compound Number                                                           

                of active ingredient                                           

                Erisyphe                                                       

                        Puccinia                                               

                                Alternaria                                     

                                        Peronospora                            

                graminis                                                       

                        coronata                                               

                                solani  tobacina                               

                0.2 0.05                                                       

                        0.2 0.05                                               

                                0.2 0.05                                       

                                        0.2 0.05                               

     __________________________________________________________________________

     1          --* --  2   --  --  --  2   --                                 

     6          --  --  --  --  --  --  3   --                                 

     8          --  --  3   0   --  --  3   0                                  

     9          3   3   3   --  --  --  --  --                                 

     17         --  2   --  3   --  --  --  --                                 

     18         --  --  --  --  3   3   --  --                                 

     23         3   0   3   3   --  --  --  --                                 

     24         --  --  3   0   --  --  --  --                                 

     25         2   1   3   --  --  --  --  --                                 

     26         --  --  2   --  --  --  --  --                                 

     27         3   3   3   3   --  --  --  --                                 

     28         --  --  3   0   --  --  --  --                                 

     29         --  --  --  --  --  2   --  --                                 

     33         --  --  --  --  2   2   --  --                                 

     34         --  --  --  --  3   0   --  --                                 

     40         3   0   --  --  2   0   --  --                                 

     43         --  --  3   3   --  --  --  --                                 

     44         3   0   3   0   --  --  --  --                                 

     45         3   0   3   0   --  --  --  --                                 

     47         --  --  3   0   --  --  --  --                                 

     48         2   0   3   0   --  --  --  --                                 

     49         --  2   --  --  --  --  --  --                                 

     50         --  3   --  3   --  3   --  --                                 

     52         3   3   --  --  --  --  --  --                                 

     59         --  --  --  3   --  --  --  --                                 

     60         --  3   --  3   --  --  --  --                                 

     61         --  2   --  --  --  --  --  --                                 

     62         --  2   --  --  --  --  --  --                                 

     68         --  --  3   0   --  --  --  --                                 

     69         --  --  3   0   --  --  --  --                                 

     70         --  --  3   0   --  --  --  --                                 

     71         3   0   3   0   --  --  --  --                                 

     72         3   0   3   --  --  --  --  --                                 

     76         --  2   --  3   --  --  --  --                                 

     77         3   3   3   --  --  --  --  --                                 

     78         --  2   --  3   --  --  --  --                                 

     79         3   3   --  --  --  --  --  --                                 

     81         3   0   2   0   --  --  --  --                                 

     __________________________________________________________________________

      *A dash "--" in the table indicates that no test was carried out at this 

      concentration.                                                           

PAC  EXAMPLE 67
PAR  Aqueous dispersions of each of the compounds listed below in Table XXI were
      prepared according to the method of Example 56, and diluted with water and
      mixed with molten agar to give in each case weight per volume
      concentrations of active ingredient compound of 25 p.p.m. and 10 p.p.m. in
      the final product. The prepared agar mixtures were poured over microscopic
      slides. When the mixture had solidified on each slide, the slides were
      inoculated under a settling tower with spores of Tilletia foetida
      (stinking bunt of wheat). A slide containing no active ingredient was
      prepared in a similar manner. After incubation of the slides at
      10.degree.C for 6 days the inhibition of the spores was assessed on a
      scale of 0 to 3 inclusive where 0 represents substantially no inhibition,
      and 3 represents substantially complete inhibition of the spores. The
      control obtained is shown Table XXI below.
TBL                TABLE XXI                                                   

     ______________________________________                                    

     Active Ingred-                                                            

                 Concentration of                                              

                               Fungicidal Activity-                            

     ient Compound                                                             

                 active ingredient                                             

                               Inhibition of Spores                            

     No.         (p.p.m)       (rating)                                        

     ______________________________________                                    

      4          25            2                                               

     12          10            3                                               

     13          25            3                                               

     14          25            2                                               

     15          25            2                                               

     16          10            3                                               

     17          10            3                                               

     19          25            3                                               

     20          25            3                                               

     23          25            3                                               

     25          25            21/2                                            

     27          25            3                                               

                 10            1                                               

     29          25            3                                               

     32          10            3                                               

     33          25            3                                               

                 10            3                                               

     39          25            3                                               

     40          25            3                                               

                 10            1.5                                             

     41          25            2                                               

     44          25            2                                               

                 10            3                                               

     45          25            3                                               

     47          25            2                                               

     51          25            2                                               

     52          25            3                                               

     56          25            3                                               

     58          25            3                                               

                 10            3                                               

     59          25            3                                               

     60          25            3                                               

                 10            3                                               

     61          10            3                                               

     62          25            3                                               

                 10            3                                               

     63          25            3                                               

                 10            2                                               

     64          25            2                                               

     65          25            2                                               

                 10            2                                               

     69          10            3                                               

     70          25            3                                               

                 10            3                                               

     71          25            3                                               

     75          25            3                                               

     78          25            3                                               

     79          25            3                                               

                 10            3                                               

     81          25            3                                               

                 10            3                                               

     82          25            3                                               

                 10            3                                               

     ______________________________________                                    

PAC  EXAMPLE 68
PAR  This example describes the protective action of fungicidal compositions
      according to the present invention and comprising as active ingredient
      4-bromo-5-nitro-isoquinoline, against Erysiphe graminis (wheat powdery
      mildew).
PAR  0.2 parts by weight of 4-bromo-5-nitro-isoquinoline was added to a solution
      of 0.25 parts by weight of "Lubrol" E ("Lubrol" is a registered trade
      mark) in 100 parts by weight of water, and the mixture was ball milled to
      produce a stable 0.2% w/v sprayable aqueous suspension. This suspension
      was then diluted with water to give sprayable compositions containing
      0.0016, 0.008 and 0.04% w/v of active ingredient.
PAR  Fifty milliliters of each of these compositions was sprayed in a spray
      cabinet onto two 4-inch pots each containing 20 7 day old wheat plants.
      The plants were allowed to stand for 24 hours and were then infected with
      Erysiphe graminis by shaking infected plant material above them. The
      plants were then returned to a glass-house for 4 days and then assessed
      for disease on a scale of 0 to 5 inclusive, where 0 denotes substantially
      no reduction of disease compared to a control set of plants, and 5
      represents complete prevention of disease.
PAR  For comparison purposes the procedure described above was substantially
      repeated but with the 4-bromo-5-nitro-isoquinoline replaced with a
      "Karathane" dispersible powder ("Karathane" is a trade mark for a
      proprietory fungicidal composition comprising
      2-(1-methylheptyl)-4,6-dinitro-phenyl crotonate available commercially
      from Imperial Chemical Industries Limited).
PAR  The procedure described above for 4-bromo-5-nitro-isoquinoline was also
      substantially repeated but with the active ingredient isoquinoline
      compound omitted, to provide an untreated control set of plants, also for
      comparison purposes.
PAR  For each case the results are presented below in Table XXII.
TBL                TABLE XXII                                                  

     ______________________________________                                    

     Active Ingred-                                                            

                 Concentration of                                              

                                Prevention of                                  

     ent Compound                                                              

                 Active Ingredient                                             

                                Erysiphe graminis                              

                 Compound (% w/v)                                              

                                (rating)                                       

     ______________________________________                                    

     4-bromo-5-nitro                                                           

                    0.0016      0                                              

     isoquinoline   0.008       5                                              

                    0.04        5                                              

                    0.2         5                                              

     "Karathane"    0.0016      0                                              

                    0.008       5                                              

                    0.04        5                                              

     0.2            5                                                          

     Control        0           0                                              

     ______________________________________                                    

PAC  EXAMPLE 69
PAR  This example describes the action of fungicidal compositions according to
      the present invention and comprising as active ingredient
      4-bromo-5-nitro-isoquinoline, in eradicating Erysiphe graminis from wheat
      plants after infection has taken place.
PAR  Stable aqueous sprayable compositions comprising
      4-bromo-5-nitro-isoquinoline as active ingredient present in
      concentrations of 0.0016, 0.008, 0.04, and 0.2% w/v were prepared
      according to the method of Example 68 hereinabove.
PAR  Seven-day-old wheat plants in 4 inch pots, also as described in Example 68
      hereinabove, were infected with Erysiphe graminis by shaking infected
      plant material above them, and the disease was allowed to develop for 4
      days. Two of the 4 inch pots, each containing 20 infected 11 day old wheat
      plants were then sprayed with 50 milliliters of each of the
      4-bromo-5-nitro-isoquinoline aqueous sprays described above. The pots were
      then returned to a glass-house for 4 days, and then assessed for disease,
      on a scale of 0 to 5 inclusive, where 0 denotes substantially no control
      of disease, and 5 represents substantially complete eradication of
      disease.
PAR  For comparison purposes, stable aqueous sprays were prepared comprising
      "Milstem" as active ingredient present in concentrations of 0.0016, 0.008,
      0.04, and 0.2% w/v ("Milstem" is a registered trade mark of Plant
      Protection Limited for a fungicidal composition comprising
      5-n-butyl-2-ethylamino-4-hydroxy-6-methyl-pyrimidine as active
      ingredient). These sprays were then applied to infected 11 day old wheat
      plants, the plants being subsequently placed in a glass-house for 4 days
      and then assessed for disease as above.
PAR  Again, the procedure described above for 4-bromo-5-nitro-isoquinoline was
      substantially repeated but with the active ingredient isoquinoline
      compound omitted, to provide a control set of plants, also for comparison
      purposes.
PAR  For each case the results are presented below in Table XXIII.
TBL                TABLE XXIII                                                 

     ______________________________________                                    

     Active Ingredi-                                                           

                 Concentration of                                              

                                Eradication of                                 

     ent Compound                                                              

                 Active Ingredient                                             

                                Erysiphe graminis                              

                 Compound (% w/v)                                              

                                (rating)                                       

     ______________________________________                                    

     4-bromo-5-nitro-                                                          

                 0.0016         0                                              

     isoquinoline                                                              

                 0.008          0                                              

                 0.04           2                                              

                 0.2            3                                              

     "Milstem"   0.0016         0                                              

                 0.008          0                                              

                 0.04           2                                              

                 0.2            3                                              

     Control     0              0                                              

     ______________________________________                                    

PAC  EXAMPLE 70
PAR  This example further describes the fungicidal activity of compositions
      according to the present invention.
PAR  Aqueous sprayable compositions were prepared to the method of Example 56
      above, comprising as active ingredient compounds No's. 9, 17, 43, 77 and
      79, present in concentrations of 0.008% w/v, 0.04% w/v and 0.2% w/v.
PAR  In each case two hundred milliliters of the aqueous compositions was
      sprayed in a spray cabinet onto a pot of 30 5 inch tall oat plants, and 24
      hours after spraying the plants were inoculated with Puccinia coronata
      (oat rust) by dusting with a concentrated spore suspension taken from
      infected plant material. After inoculation the oat plants were placed in a
      high humidity cabinet for 24 hours and then returned to the glass-house.
      The plants were then examined 8 days after inoculation, and assessed for
      disease on a scale of 0 to 5 inclusive, where 0 denotes substantially no
      inhibition of development of disease, and 5 represents substantially
      complete inhibition of development of disease. The results are presented
      in Table XXIV below.
TBL                TABLE XXIV                                                  

     ______________________________________                                    

     Active Ingred-                                                            

               Fungicidal Activity -- Inhibition of spores                     

     iend Compound                                                             

               (rating) at 1% w/v concentration of active                      

     No.       ingredient compound                                             

             0.2       0.04        0.008                                       

     ______________________________________                                    

      9        4           3           3                                       

     17        5           5           3                                       

     43        4           3           2                                       

     77        5           5           5                                       

     79        4.5         4.5         2                                       

     ______________________________________                                    

PAC  EXAMPLE 71
PAR  Aqueous dispersions of compounds No's. 4, 12, 13, 19, 33, 40, 47, 58, 62,
      69, 70 and 71, were prepared according to the method of Example 56 above,
      and diluted with water and mixed with molten agar to give in each case
      weight per volume concentrations of active ingredient compound of 0.4
      p.p.m., 2 p.p.m., and 10 p.p.m., in the final product. The prepared agar
      mixtures were poured over microscopic slides. When the mixture had
      solidified on each slide, the slides were inoculated under a settling
      tower with spores of Ustilago hordei (covered smut). A slide containing no
      active ingredient was prepared in a similar manner. After incubation of
      the slides at 25.degree.C for 24 hours the inhibition of the spores was
      assessed on a scale of 0 to 3 inclusive, where 0 represents substantially
      no inhibition and 3 represents substantially complete inhibition of the
      spores. The control obtained is shown in Table XXV below.
TBL                TABLE XXV                                                   

     ______________________________________                                    

     Active Ingred-                                                            

               Fungicidal Activity -- Inhibition of Spores                     

     ient Compound                                                             

               (rating) at concentration (p.p.m.) of                           

     No.       active ingredient compound.                                     

             10        2           0.4                                         

     ______________________________________                                    

      4        2           1           0                                       

     12        2           2           0                                       

     13        3           2           0                                       

     19        3           3           2                                       

     33        3           3           0                                       

     40        3           2           1                                       

     47        2           1           0                                       

     53        2           1           1                                       

     58        3           3           0                                       

     62        3           3           3                                       

     69        3           1           0                                       

     70        3           1           1                                       

     71        3           2           1                                       

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A herbicidal composition comprising as active ingredient an effective
      ambient of 3-chloro-5-acetamidoisoquinoline and an inert carrier therefor.
NUM  2.
PAR  2. A process of controlling or eradicating undesired vegetation, which
      process comprises treating areas infested with undesired vegetation with a
      composition according to claim 1 and providing 0.25 to 10 lb/acre of
      active ingredient.
NUM  3.
PAR  3. A process for selectively controlling or eradicating undesired
      vegetation in areas under cultivation to grain or peas, which process
      comprises applying to the said areas a composition according to claim 1,
      said composition providing from 0.25 to 10 lb/acre of active ingredient.
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ABST
PAL  S-benzyl-N,N-disec.butylthiocarbamate, a new compound, has the unique
      combination of properties of being both an efficient rice field weed
      killer and a rice growth stimulant.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This is a continuation of application Ser. No. 178,662, filed Sept. 8, 1971
      and now abandoned.
BSUM
PAR  The present invention relates to a particular compound of the class of
      benzyl-N,N-dialkylthiocarbamates, which compound has not heretofore been
      described in the literature, namely,
      S-benzyl-N,N-disec.butylthiocarbamate. The invention also relates to the
      use of this compound to stimulate rice growth while at the same time
      killing the weeds growing in the rice fields, as well as to compositions
      containing the compound and their utilization.
PAR  In the herbicide field, research has been carried out for many years
      throughout the world in an effort to find very effective products which
      exert a highly specific action, namely the killing of weeds while leaving
      undamaged the useful, structurally similar agricultural plants. Such
      products, moreover, should be characterized by a particular balance of
      properties, as they must associate specificity of action (selectivity)
      with other characteristics, including low toxicity towards warm-blooded
      and cold-blooded animals, degradability in soil, activity persistence, and
      relatively low manufacturing cost.
PAR  A complete specificity of action is particularly difficult to attain when
      the weed control is carried out on cultivations of useful plants which are
      very similar, from a botanical viewpoint, to the infesting plants to be
      killed and, consequently, more likely to be damaged by the herbicides.
PAR  Such specificity is particularly required for weeding rice from the most
      common and noxious infesting weeds hindering its growth, such as Panicum
      spp., and Echinocloa spp., in particular the latter graminaceous plant
      which, at least during its early life periods, also is very similar to
      rice morphologically.
PAR  Of course, it is advisable to kill the infesting weeds as early as
      possible, that is, during the very first periods of the rice growth.
      However, the weed killing under these conditions is particularly difficult
      since the herbicide also easily attacks the rice seedlings. Besides, there
      are also some environmental difficulties when the weeding is conducted in
      submerged cultures.
PAR  2. Description of the Prior Art
PAR  Among the herbicides which are employed to weed rice during its
      pre-emergence period, ethyl-1-hexamethylene-imino-carbothiolate, known
      under the common name of "molinate" (ISO) has come into common use.
PAR  However, even treatments with this widely utilized compound, carried out in
      submerged cultures during pre-emergence, may shock the rice seedlings and
      casue growth retardation which can vary in duration and degree and
      sometimes also affects the harvest.
PAR  Belgian Pat. No. 728,265 discloses and claims, for selective weeding in
      rice fields, the use of compositions containing, as the principle active
      ingredients compounds having the general formula
      ##EQU1##
      wherein R is monoalkylamino or dialkylamino; and
PA1  X is chlorine, bromine, or methyl. One of the preferred compounds is
      S-(4-chlorobenzyl)-N,N-diethylthiocarbamate,
      ##EQU2##
      These products too are not free from toxicity towards the useful plant, so
      that they cannot be suitably utilized in rice fields before sowing, but
      only 7-10 days after the rice transplantation, so that the herbicide comes
      into contact with the useful plant when the plant has already gotting over
      the transplantation crisis and has grown enough so as not to be affected
      by the herbicide.
PAR  In the above cited patent, the monothiocarbamates having a substituent in
      the benzyl ring are compared with the analogous unsubstituted (in the
      benzyl ring) monothiocarbamate, S-benzyl-N,N-diethylthiocarbamate, which
      latter compound is shown to be less active towards the weeds and more
      aggressive towards the rice.
PAR  There is also other patent literature disclosing the use of benzyl lower
      alkyl thiocarbamates as weed killers. Particularly pertinent are U.S. Pat.
      Nos. 2,919,182; 2,992,091 and 3,144,475 to Harman and D'Amico. The latter
      patent discloses and claims benzyl dibutylthiocarbamate as a weed killer.
      However, as already indicated, nowhere in the literature have we been able
      to find any indication of the unique properties of the particular compound
      of the present invention, S-benzyl-N,N-disec.butylthiocarbamate.
PAC  SUMMARY OF THE INVENTION
PAR  We have now surprisingly found that the characteristics of being an
      efficient herbicide towards rice field weeds and of stimulating the rice
      growth are exceptionally combined in
      S-benzyl-N,N-disec.butylthiocarbamate, a new product not yet described in
      the literature.
PAR  Accordingly, the present invention provides a compound which is capable of
      weeding a rice field in an efficient and at the same time thoroughly safe
      way, avoiding any possible damage to the useful plant. The compound of the
      present invention also has the unusual property of simultaneously
      stimulating the growth of the useful plant to thereby put it in the best
      condition to most quickly overcome the environmental adversities of both
      physical and biological nature, and to strengthen the inherent
      capabilities of the plant to absorb and assimilate nourishment. In
      addition, the product of the present invention is a versatile weed killer,
      that is, a weed killer capable of giving good results under the most
      diverse climatic conditions and adaptable to the most diverse cultivation
      techniques. Accordingly, the present invention affords increased
      production and the realization of a considerable saving in seed, for a
      given investment.
PAR  On the basis of the literature and prior knowledge in the art, this
      discovery was thoroughly unexpected because of the aggressiveness of
      similar compounds which are not substituted in the benzene ring towards
      rice.
PAR  S-benzyl-N,N-disec.butylthiocarbamate is a liquid, oily product which is
      practically insoluble in water, and soluble in most of the organic
      solvents such as, for example, benzene, ether, heptane, methanol,
      cyclohexanone, acetone, methyl chloride, and dichloroethane. It has the
      following characteristics:
TBL  d.sub.23.sup.4 = 1.044                                                    

                        n.sub.D.sup.25.5 = 1.5325                              

PAL  boiling point = 130.degree. to 132.degree.C at 0.1 mm. Hg.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing, FIG. 1 is a sketch comparing the growth of rice 21 days
      after treatment with a 4 kg./hectare dose of the product of the present
      invention with that of an untreated control; and FIG. 2 is a sketch
      similar to FIG. 1 but showing the relative results when a 6 kg./hectare
      dose is employed. The experimental data upon which FIGS. 1 and 2 are based
      is reported hereinafter in Example 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  S-benzyl-N,N-disec.butylthiocarbamate can be prepared by means of known
      reactions for compounds of this class, of which the following are
      examples:
PA0  1. Reaction between disec.butylcarbamoyl chloride and benzyl mercaptan:
      ##EQU3##
       One operates in an inert solvent or diluent. A tertiary base (for
      instance pyridine) is used as an HCl acceptor. Alternatively, one may use
      the mercaptan in the form of a salt, e.g., the sodium salt, which can be
      obtained from the reaction of the mercaptan with sodium metal or, even
      better, with caustic alkali in an aqueous medium, and subsequent
      dehydration.
PA0  2. Reaction between disec.butylamine, carbon oxysulfide, NaOH and a benzyl
      halide (e.g., benzyl chloride), according to the following equation:
      ##EQU4##
       The reaction may be easily conducted by reacting the carbon oxysulfide
      with the amine in the presence of the stoichiometric quantity of caustic
      alkali (for instance NaOH), in a first step. The disec.butylthiocarbamate
      thus formed is reacted, in situ, with the benzyl halide, in a second step.
PA0  3. Reaction between benzylthiocarbonyl chloride (a product already known
      from Chem. Berichte 80 pages 2293-2301, 1956) and disec.butylamine:
      ##EQU5##
       This reaction can be carried out in the presence of an inert solvent (for
      instance: benzene, ether, dichloroethane). The HCl can be neutralized
      either by a second mole of amine or, more suitably, by caustic alkali (for
      instance, NaOH in aqueous solution).
PAR  The following detailed examples are presented to further illustrate our
      invention.
PAC  PREPARATION
PAC  Example 1
PAR  2.3  G. of sodium metal (0.1 mole) cut into small pieces were suspended in
      25 ml. of anhydrous benzene. 18.6 G. (0.15 mole) of benzyl mercaptan were
      added and the mixture heated under countercurrent stirring until gas
      generation ceased. 19.1 G. (0.1 mole) of disec.butylcarbamoyl chloride
      were then added, and the heating continued under reflux for 2 hours. After
      cooling to 20.degree.C, the sodium chloride which formed was removed by
      filtration, and the benzene solvent was evaporated at 50.degree. to
      60.degree.C under a reduced pressure of about 15 mm. Hg. The residue was
      then distilled under a pressure of 0.1 mm. Hg. and the fraction distilling
      at 130.degree.-132.degree.C was recovered. 20 G. of
      S-benzyl-N,N-disec.butylthiocarbamate were thus obtained.
PAR  Analysis: N.sub.found = 4.90%; N.sub.calculated = 5.01%. S.sub.found =
      11.50%; S.sub.calculated = 11.47%.
PAR  Disec.butylcarbamoyl chloride has not yet been described in the chemical
      literature. It has been prepared by reacting phosgene with
      disec.butylamine as follows:
PAR  250 G. (2.5 moles) of phosgene were absorbed, at about 5.degree.C, under
      thoroughly anhydrous conditions, in 1,000 ml. of anhydrous benzene. 645 G.
      of anhydrous disec.butylamine (5 moles) were subsequently added under
      stirring, while keeping the temperature at 0.degree. to 5.degree.C. A
      voluminous white precipitate consisting of amine hydrochloride thereupon
      formed.
PAR  Stirring was continued for about 3 hours, and then 500 ml. of ice water
      introduced in order to dissolve the precipitate. The two liquid phases
      thus formed were separated. The organic phase was washed with 500 ml. of
      ice water, then dried over CaCl.sub.2 and concentrated under reduced
      pressure (15 mm. Hg.) at 50.degree. to 60.degree.C.
PAR  The resulting liquid (450 G.) was distilled under high vacuum. 425 G. of
      disec.butylcarbamoyl chloride were thus obtained, having distilled at
      85.degree. to 90.degree.C at 0.1 mm. Hg. The yield was 89% of the
      theoretical value.
PAR  Analysis: Cl.sub.calculated = 18.5%; Cl.sub.found = 18.22 to 18.33%.
PAC  Example 2
PAR  1,000 Ml. of benzene, 205 G. of benzylmercaptan (1.65 moles) and 66 G. of
      NaOH (1.65 moles) dissolved in 500 ml. of water were introduced into a 3
      l. flask provided with stirrer, thermometer, reflux condenser and a device
      for azeotropic distillation. The mixture was heated to boiling while
      stirring, and the water was thoroughly eliminated azeotropically. 316 G.
      (1.65 moles) of disec.butylcarbamoyl chloride were then added and the
      heating continued at reflux for 4 hours while continually stirring.
PAR  After cooling to 20.degree.C, 1,000 ml. of water were added and the two
      liquid phases separated. The benzene phase was washed twice with 500 ml.
      of water each time and then concentrated under reduced pressure (15 mm.
      Hg.) at 50.degree. to 60.degree.C. 415 G. of
      S-benzyl-N,N-disec.butylthiocarbamate were obtained by distilling the
      resulting liquid as described in Example 1 (at a pressure of 0.1 mm. Hg.
      and a temperature of 130.degree. to 132.degree.C).
PAC  Example 3
PAR  A mixture consisting of 12.4 G. of benzyl mercaptan (0.1 mole), 7.9 G. of
      anhydrous pyridine (0.1 mole) and 19.1 G. disec.butylcarbamoyl chloride
      was heated to 130.degree.C and kept at this temperature for 5 hours.
PAR  After cooling, 15 ml. of methylene chloride and 30 ml. of water were added.
PAR  The aqueous layer was removed, and the organic layer was then washed with
      water and concentrated under reduced pressure. By then treating the
      residue as described in Examples 1 and 2, 13 G. of
      S-benzyl-N,N-disec.butylthiocarbamate were obtained.
PAC  Example 4
PAR  27 G. (0.45 mole) of carbon oxysulfide ware bubbled in 2 hours and 30
      minutes into a mixture consisting of 49 G. of disec.butylamine (0.38
      mole), 15.2 G. of NaOH (0.38 mole) and 165 G. of water, keeping the
      temperature between 0.degree. and 3.degree.C. Thereafter, 6.6 G. of
      potassium iodide (0.04 mole) and 50.4 G. of benzyl chloride (0.4 mole)
      were introduced into the reaction mixture which was then heated under
      vigorous stirring in a first step to 30.degree.C, kept at this temperature
      for 2 hours, and then heated in a second step to 50.degree.C and
      maintained at this temperature for 12 hours. After cooling to room
      temperature, 250 ml. of methylene chloride were added and a separation was
      then carried out. The organic liquid phase was washed with water,
      concentrated at reduced pressure and finally distilled according to the
      procedure described in Examples 1 and 2. 25 G. of
      S-benzyl-N,N-disec.butylthiocarbamate were thus obtained.
PAC  Example 5
PAR  18.6 G. of benzylthiocarbonyl chloride were introduced into a solution
      consisting of 25.8 G. of disec.butylamine (0.2 mole) and 150 ml. of
      anhydrous benzene. An exothermic reaction with formation of
      disec.butylamine hydrochloride crystals took place.
PAR  The mixture was then heated to 65.degree.C, kept at this temperature for 30
      minutes, and then cooled to 20.degree.C. 250 Ml. of water were added and,
      after separation of the layers, the aqueous layer was removed. This
      treatment was repeated once more with 250 ml. of water. The organic layer
      was then treated as described in Examples 1 and 2. 25 G. of distilled
      S-benzyl-N,N-disec.butylthiocarbamate were thus obtained.
PAC  Example 6
PAR  18.6 G. of benzylthiocarbonyl chloride (0.1 mole) dissolved in 26 cc. of
      dichloroethane were added to a solution consisting of 14.2 G. of
      disec.butylamine (0.11 mole) in 50 cc. of 1,2-dichloroethane, under strong
      stirring at about 0.degree.C, and then 40 G. of a 10% aqueous solution of
      NaOH (0.1 mole) were added while maintaining the temperature at
      0.degree.C. The cooling bath was then removed and the temperature allowed
      to rise spontaneously to 20.degree.C. The organic and aqueous layers were
      then separated. The organic solution was recovered, washed twice with 50
      ml. of water and then treated as described in Examples 1 and 2. 21 G. of
      distilled S-benzyl-N,N-disec.-butylthiocarbamate were obtained.
PAC  Weeding
PAR  The weeding action of S-benzyl-N,N-disec.butylthiocarbamate hereinafter
      referred to as M3432) towards several weeds, and in particular towards
      Echinocloa spp. (barnyard grass) occurs when average quantities between
      about 2 and 6 kg. per hectare, are used. Even when employing only 4 to 6
      kg./ha., the stimulating action of M3432 on rice is also very evident, so
      that an unusual combination of weeding action with stimulating effect
      towards the useful plant can be achieved. The stimulating effect is
      exhibited by a more vigorous growth of the plant and a larger development
      of the root apparatus; no malformations are noticed, while the stand is
      also increased.
PAR  Some data proving the stimulating effects of treatments with M3432 carried
      out on rice seedlings under different conditions, both in comparison with
      molinate and with products which are homologues and isomers of M3432, are
      reported hereinafter. As already indicated M3432 is not only harmless
      towards the rice, but even stimulates the germination and development of
      both the root apparatus and the shoot, as is demonstrated in the following
      examples.
PAC  Example 7
PAR  Into a set of cylindrical pots having a 200 cm.sup.2 internal surface,
      sieved rice field earth in a quantity of 1 kg. per pot was introduced.
      After leveling and wetting with 200 cc. of water, the earth surface of the
      pots was uniformly sprayed with hydroacetone solutions containing,
      respectively, 0, 0.2, 0.3, and 0.4% active product (a.p.). 4 Ml. of the
      solution were sprayed onto each pot, so that the amount of active product
      in a set of four pots was 0, 4, 6, and 8 kg./ha., respectively.
      Immediately after spraying, each pot was filled with water to a level of 7
      cm. over the soil surface. Thereafter, the sowing was carried out at the
      rate of 15 pre-germinated rice seeds per pot. Three repetitions were
      performed for each treatment. The pots were kept in an air-conditioned
      atmosphere with a daily temperature variation between 10.degree. and
      25.degree.C and a 14 hour per day light period. After 24 days, the
      percentage of sprouted plants and the length of the shoot were recorded.
      The results are reported in Table 1 below.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Results obtained from a comparative selectivity test on                   

     rice performed in a submerged culture, in air-conditioned                 

     atmosphere with M3432 and molinate.                                       

                 Sprouted                                                      

                         Average values per plant                              

                   plants    Main root  Shoot                                  

     Treatment     (%)       (cm.)      (cm.)                                  

     ______________________________________                                    

     Control       42.3      7.0        17.2                                   

     M3432, 4 kg./ha.                                                          

                   60.0      8.3        17.8                                   

     M3432, 6 kg./ha.                                                          

                   53.3      10.4       21.1                                   

     M3432, 8 kg./ha.                                                          

                   77.7      10.1       23.9                                   

     Molinate, 4 kg./ha.                                                       

                   42.3      7.4        15.3                                   

     Molinate, 6 kg./ha.                                                       

                   20.0      3.9        8.2                                    

     Molinate, 8 kg./ha.                                                       

                   11.0      4.6        6.6                                    

     ______________________________________                                    

PAR  From the data reported in Table 1, the stimulating action exerted by M3432
      on rice in submerged culture appears evident, while the molinate exhibits,
      under the same conditions, a narrow margin of safety, having unfavorably
      affected the rice plant growth even in quantities of 6 kg./ha.
PAC  Example 8
PAR  In view of the foregoing results, a further test was conducted according to
      the methodology of Example 7. During such test, M3432 was employed in
      quantities of 10, 20, and 30 kg./ha. The results were gathered 33 days
      after the treatments. The resulting average values are reported in Table 2
      below.
TBL                TABLE 2                                                     

     ______________________________________                                    

                                          Secondary                            

                 Sprouted Main            roots                                

                 plants   root     Shoot  (number                              

     Treatment   (%)      (cm.)    (cm.)  per plant)                           

     ______________________________________                                    

     Control     46.6     3.8      9.9    1.07                                 

     M3432 10 kg./ha.                                                          

                 71.1     11.3     19.97  4.4                                  

     M3432 20 kg./ha.                                                          

                 77.7     10.6     20.9   5.1                                  

     M3432 30 kg./ha.                                                          

                 80.0     11.1     23.4   5.4                                  

     ______________________________________                                    

PAC  Example 9a
PAR  A test was arranged in a hothouse on a set of boxes having a 1,000 cm.sup.2
      internal surface. 18 Kg. of sieved rice field earth were put into each
      box. After leveling, the earth surfaces of each of a set of six boxes were
      uniformly sprayed with hydroacetone solutions containing, respectively, 0,
      0.5, 0.75, 1, 1.25, and 1.5% of M3432. 20 Cc. of solution was sprayed into
      each box, corresponding to 0, 10, 15, 20, 25, and 30 kg./ha.,
      respectively. Each box was flooded with a 10 cm. water layer measured from
      the earth surface. The sowing was carried out immediately afterwards with
      a pre-germinated (cv) RIBE rice seed, employing a quantity of 40 seeds per
      box.
PAR  During the test, the hothouse temperature ranged from +10.degree.to
      +28.degree.C. 27 Days after the treatment, all the rice plants were
      recovered from each box and subjected to biometric controls. The average
      values, based on the 40 rice seeds introduced into each box, are shown in
      Table 3 below.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

      Sprouted plants                                                          

                    Main root                                                  

                             Shoot     Secondary                               

                                       roots                                   

     M3432     % of     % of      % of     % of                                

     (kg./ha.)                                                                 

           %   control                                                         

                    cm. control                                                

                             cm.  control                                      

                                       No. control                             

     __________________________________________________________________________

     0     40.0                                                                

               100  3.10                                                       

                        100  5.92 100  2.22                                    

                                           100                                 

     10    52.5                                                                

               131  4.82                                                       

                        150  11.70                                             

                                  198  2.82                                    

                                           127                                 

     15    57.5                                                                

               144  4.06                                                       

                        131  11.99                                             

                                  203  2.95                                    

                                           133                                 

     20    77.5                                                                

               193  8.29                                                       

                        267  12.15                                             

                                  205  4.42                                    

                                           199                                 

     25    85.0                                                                

               212  6.77                                                       

                        218  16.77                                             

                                  283  4.66                                    

                                           210                                 

     30    87.5                                                                

               219  8.84                                                       

                        285  14.59                                             

                                  246  4.90                                    

                                           220                                 

     __________________________________________________________________________

PAC  Example 9b
PAR  A second test was carried out in a hothouse, employing the identical method
      and under the identical conditions as in Example 9a. The relevant results
      were gathered 66 days after the treatment had occurred, and are reported
      in Table 4 below.
TBL                                    TABLE 4                                 

     __________________________________________________________________________

     Results gathered 66 days after treatment, obtained from a test            

     with M3432 conducted on rice in flooded culture in a hothouse.            

                               WEIGHT ON DRY BASIS                             

           Sprouted                                                            

                Main     Secondary                                             

                               Roots Shoot                                     

     M3432 plants                                                              

                root Shoot                                                     

                         roots (g. per                                         

                                     (g. per                                   

     (kg./ha.)                                                                 

           (%)  (cm.)                                                          

                     (cm.)                                                     

                         (No.) 100 plant)                                      

                                     100 plant)                                

     __________________________________________________________________________

     0     30.0 7.24 10.44                                                     

                         5.12  2.675 4.250                                     

     10    45.0 12.64                                                          

                     16.74                                                     

                         12.20 5.550 8.000                                     

     15    45.0 13.54                                                          

                     18.16                                                     

                         13.30 6.800 11.800                                    

     20    60.0 17.16                                                          

                     26.00                                                     

                         21.00 10.480                                          

                                     18.050                                    

     25    40.0 10.26                                                          

                     15.00                                                     

                         10.05 4.250 6.875                                     

     30    40.0 8.21 14.50                                                     

                         8.00  2.800 5.050                                     

     __________________________________________________________________________

PAC  Example 10
PAR  In the province of Novara, Italy, a test was performed outdoors in clay
      soil. For each treatment, a 600 m.sup.2 plot provided with independent
      water feed was prepared. After soil working and leveling, the treatment
      was effected on Apr. 23, 1970, using formulations in emulsifiable oils of
      M3432 and of molinate, sprayed by means of mechanical devices. Only the
      plot treated with molinate was harrowed just after treatment in order to
      incorporate the product and to avoid any losses of same due to
      volatilization. Immediately afterwards, the plots were flooded to a water
      level of 10-12 cm.
PAR  Pre-germinated cv. RIBE rice was mechanically sowed broadcast on Apr. 25,
      1970.
PAR  36 Days after the treatment, 50 rice plants were taken at random from each
      plot and subjected to biometric controls. The average results obtained
      therefrom are reported in Table 5 below.
TBL                                    TABLE 5                                 

     __________________________________________________________________________

     Data found during a test carried out in the open field. Treat-            

     ment with a water emulsion on a non-flooded soil immediately              

     followed by flooding and by sowing.                                       

                               AVERAGE WEIGHT PER                              

                               PLANT CALCULATED ON                             

               Main      Secondary                                             

                               DRY BASIS                                       

               root Shoot                                                      

                         roots Roots                                           

                                    Shoot                                      

                                         Total                                 

     Treatment (cm.)                                                           

                    (cm.)                                                      

                         (no.) (g.) (g.) (g.)                                  

     __________________________________________________________________________

     Control   6.46 25.99                                                      

                         9.50  1.675                                           

                                    3.273                                      

                                         4.948                                 

     Molinate  7.67 25.72                                                      

                         9.06  1.866                                           

                                    3.257                                      

                                         5.123                                 

      4 kg./ha.                                                                

     M3432 4 kg./ha.                                                           

               9.29 29.22                                                      

                         9.64  2.431                                           

                                    4.073                                      

                                         6.504                                 

     M3432 6 kg./ha.                                                           

               10.19                                                           

                    30.17                                                      

                         10.42 3.123                                           

                                    4.209                                      

                                         7.341                                 

     __________________________________________________________________________

PAR  Periodical checks were carried out on the four plots. The results obtained
      therefrom two months after the treatment are set forth in Table 6 below.
      8n
TBL                TABLE 6                                                     

     ______________________________________                                    

                   (.degree.)                                                  

                            Rice plants                                        

                                       Average                                 

     Treatment     Stand    appearance height                                  

     ______________________________________                                    

     Control       normal   normal     40-45 cm.                               

     Molinate, 4 kg./ha.                                                       

                   normal   normal     35-45 cm.                               

     M3432, 4 kg./ha.                                                          

                   very     excellent  about 60 cm.                            

                   high                                                        

         6 kg./ha. very     excellent  about 60 cm.                            

                   high                                                        

     ______________________________________                                    

      (.degree.) Number of tillers per unit of area.                           

PAC  Example 11
PAL  Comparison between the stimulating action exerted by M3432 and that exerted
      by its lower homologues and isomers
PAR  In the province of Pavia, a test was carried out with outdoor treatments in
      a loam soil, on rice plots having a 12 m.sup.2 surface each.
PAR  Formulations of 20% M3432 in emulsifiable oil were compared with 20%
      formulations in emulsifiable oil of S-benzyl-N,N-diisopropyl
      thiocarbamate; S-benzyl-N,N-diisobutylthiocarbamate; and
      S-benzyl-N,N-din.butylthiocarbamate employing quantities of 4, 6 and 20
      kg./ha.
PAR  For each treatment, the results were gathered on 20 plants 21 days after
      the sowing.
PAR  The values obtained are set forth in Table 7 below.
TBL                                    TABLE 7                                 

     __________________________________________________________________________

                   Quantity of                                                 

                   active Main    Secondary                                    

                   product                                                     

                          roots                                                

                              Shoot                                            

                                  roots                                        

     Treatments    (kg./ha.)                                                   

                          (No.)                                                

                              (cm.)                                            

                                  (No.)                                        

     __________________________________________________________________________

     Control              4.36                                                 

                              6.07                                             

                                  2.15                                         

     M3432         4      5.55                                                 

                              7.11                                             

                                  2.52                                         

                   6      5.73                                                 

                              7.34                                             

                                  2.63                                         

                   20     6.76                                                 

                              7.68                                             

                                  2.63                                         

     S-benzyl-N,N-diiso-                                                       

                   4      3.45                                                 

                              5.36                                             

                                  2.52                                         

     propylthiocarbamate                                                       

                   6      3.67                                                 

                              5.44                                             

                                  1.63                                         

                   20     2.79                                                 

                              4.03                                             

                                  1.21                                         

     S-benzyl-N,N-diiso-                                                       

                   4      3.21                                                 

                              5.25                                             

                                  1.68                                         

     butylthiocarbamate                                                        

                   6      2.76                                                 

                              4.21                                             

                                  1.57                                         

                   20     2.59                                                 

                              3.96                                             

                                  1.52                                         

     S-benzyl-N,N-din.butyl-                                                   

                   4      3.26                                                 

                              4.76                                             

                                  1.78                                         

     thiocarbamate                                                             

                   6      2.81                                                 

                              5.24                                             

                                  1.94                                         

                   20     1.94                                                 

                              2.34                                             

                                  2.05                                         

     __________________________________________________________________________

PAR  The data in the foregoing tables demonstrates that M3432 enhances rice
      growth, stimulating not only the development of the shoots emerging from
      the earth, but also, and in particular, the development of the roots.
PAR  Roots are longer, bigger and more numerous, as is shown in the enclosed
      drawings, wherein FIG. 1. compares the appearance of the rice 21 days
      after treatment with a dose of 4 kg./ha. of M3432 (1,2 and 3) with that of
      an untreated control (4, 5 and 6); and FIG. 2 compares the appearance of
      the rice 21 days after treatment with a dose of 6 kg./ha. of M3432 (7, 8
      and 9) with that of an untreated control (10, 11 and 12).
PAR  This growth enhancement does not modify the normal physiology of the plant.
      There are no malformations which, conversely, do develop when products
      exerting a para-hormonal action are used. The vegetative apparatus grows
      according to normal proportions, but the development occurs more rapidly,
      so that the plant can more quickly overcome biological and physical
      adversities which it faces during the early stages of its growth.
PAR  From an agronomical point of view this discovery is of the utmost
      importance, as the plant derives immediate and lasting advantages
      therefrom. The larger development of the roots enables the rice plant to
      better anchor to the soil and, consequently, to better avoid the danger of
      being uprooted by the wind, which happens very often in flooded rice
      fields during the first weeks after sowing. The quicker development of the
      shoot, especially during the early growth stages, also enables the rice
      plants to escape more rapidly the suffocating action of the algae which,
      as is well known, can even prevent the rice from emerging from the water
      surface.
PAR  The effect of the M3432, which stimulates the development of the shoots as
      well as that of the roots, lasts long, thus allowing the rice plants to
      get stronger, to shoot better and to better utilize the fertilizers
      introduced into the soil. It follows that, in the soil treated with the
      product of the present invention, it is possible to use fewer seeds per
      hectare to achieve equivalent results to those presently achieved without
      M3432. Also, the fertilizers are better utilized as they are more easily
      and quickly absorbed.
PAR  It follows that the product of the present invention can be suitably
      employed in mixture with the fertilizers commonly used in rice growing, as
      it indirectly magnifies the efficacy of the fertilizers and enables the
      plant to better utilize them.
PAR  To increase the stimulating action, it may be advisable, from an economical
      viewpoint, to employ the product in quantities far exceeding those
      sufficient for effective weeding, although the product, as already noted,
      exerts a highly stimulating effect even in these lower quantities. With
      such increased stimulation it may be suitable also to use larger
      quantities of fertilizers in order to influence the rice production in the
      best possible way.
PAR  The possibilities of utilization outlined herein are thoroughly new;
      nothing of this sort can be detected in products heretofore used in rice
      weeding and nothing of the like is reported in the literature. Herbicides
      which had a good selectivity (meaning that they do not permanently damage
      the useful plants) even in quantities considerably higher than their
      normal herbicidal doses were known in the past. The product of the present
      invention exhibits more than mere selectivity (which is substantially a
      lack of negative biological action towards the useful plant) inasmuch as
      it exerts a positive biological action which is helpful to the agrarian
      plant.
PAR  Weeding efficiency of M3432 during the pre-emergence stage is high on
      various graminae and very weak on dicotyledons. The product is not
      volatile and therefore need not be incorporated or turned into the soil,
      as is required, on the other hand, by the molinate.
PAC  ACTIVITY IN SCREENING CONDITIONS
PAC  Example 12
PAR  Two sets of small square tanks having 11 cm. sides, filled with field earth
      admixed with 30% of sand, were sowed at a depth of 0.5-1 cm. with the
      following grass species: Echinocloa crus galli, Setaria italica,
      Alopecurus myosiuroides, Lolium italicum, Digitaria sanguinalis, Avena
      fatua, Agrostis segetum, and Dactylis glomerata. After sowing, the earth
      surface of the tanks was uniformly sprayed with 2.4 cc./tank of
      hydroacetone solutions containing, respectively, 0, 0.05, 0.10, 0.20 and
      0.30% of M3432 and of molinate, respectively, in order to obtain doses
      thereof corresponding to 0, 1, 2, 4, and 6 kg./ha., respectively.
PAR  Only one set of small tanks was covered with a 1 cm. layer of earth just
      after the treatment. All of the tanks were kept in an air-conditioned
      chamber identical with that described in Example 7, and were watered every
      day. 25 days after the treatment, the final results were examined,
      attributing to each treatment the following scale of values:
PA1  0 = regular emergence and development;
PA1  1 = slightly poorer emergence and development than the control;
PA1  2 = moderate activity with partial damage which still does not in general
      jeopardize the plant's life;
PA1  3 = considerable activity causing a damage which definitely jeopardizes the
      further growth of most of the plants (activity useful for practical
      utilizations); and
PA1  4 = thorough prevention of the emergence, or stopping of the development at
      0.5 cm. and successive death of the plants.
PAL  Table 8 contains the relevant data.
TBL                                    TABLE 8                                 

     __________________________________________________________________________

                    Weeding activity (infesting plants)                        

     Treatment                                                                 

           Product                                                             

                Con-                                                           

                    Echinocloa                                                 

                          Setaria                                              

                               Alopecurus                                      

                                     Lolium                                    

                                         Digitaria                             

                                               Avena                           

                                                   Agrostis                    

                                                        Dactylii               

                cent-                          fatua                           

                ra- spp.       sp.   sp. sp.       sp.  sp.                    

                tion                                                           

                kg./                                                           

                ha.                                                            

     __________________________________________________________________________

     Surface                                                                   

           M3432 6  4     4/3  4     4   4     3   4    4                      

                 4  4/3   4/3  3     4   4     3   --   4/3                    

                 2  3/4   3    2     4   4     3   4    4                      

                 1  3     3    1/2   4   3     2/3 4    3/4                    

           Molinate                                                            

                 6  1/2   0/1  3     2/3 4     4/3 4    3                      

                 4  1/2   0/1  2     2   3/4   3/2 4    1/2                    

                 2  2     0/1  1/2   0/1 0     1   2    1/2                    

     Treated                                                                   

           M3432 6  4     4    4     4   4     4   4    4                      

     surface     4  4     4/3  4     4   4     4   4    4                      

     covered     2  4/3   3/4  4     4   4     4   4    4                      

     with  Molinate                                                            

                 6  3/4   3    4/3   4   4     4   4    4/3                    

     1 cm        4  3     3    4/3   3/4 4     4   4    4/3                    

     earth       2  3     3    3     3/2 4     4   4    3                      

     layer                                                                     

     __________________________________________________________________________

PAC  ACTIVITY IN FLOODED CULTURES
PAR  In flooded cultures, M3432 exerts on Echinocloa spp. in pre-emergence a
      high degree of activity, at least of the same order as that exerted by
      molinate. The Echinocloa plants emerge from the soil, but their growth is
      then stopped between 0.5 and 6 cm., depending upon the M3432 doses and the
      type of formulation the plants were given. In every case, rotting and
      death followed.
PAC  Example 13
PAR  The same method described in Example 7 was adopted, the only variations
      being the doses (0, 0.5, 1, 2 and 4 kg./ha.). the type of formulation and
      the sowing of Echinocloa spp. (25 slightly pre-germinated seeds per pot)
      instead of rice. The results are reported in Tables 9-11.
TBL                                    TABLE 9                                 

     __________________________________________________________________________

     Test No. 1 -- Results gathered 22 days after treatment                    

                 Stand                                                         

                 (Sprouted                                                     

                       Main                                                    

                 plants)                                                       

                       root                                                    

                           Shoot                                               

     Treatment   (%)   (cm.)                                                   

                           (cm.)                                               

                                  Remarks                                      

     __________________________________________________________________________

     Control     84    5.5 11.7 Alive plants                                   

     M3432, hydroacetone                                                       

     solution, 4 kg./ha.                                                       

                 0     0   0    small plants                                   

                                stopped at 1.5-                                

       2 kg./ha. 0     0   0    3 cm., and then                                

                                died                                           

     Molinate,,  0     0   0    small plants                                   

     hydroacetone solution,     stopped at 1.5-                                

     4 kg./ha.                  3 cm., and then                                

                                died                                           

     __________________________________________________________________________

TBL                                    TABLE 10                                

     __________________________________________________________________________

     Test No. 2 -- Results gathered 21 days after the treatment                

                  Stand                                                        

                       Main Shoot                                              

                       root                                                    

     Treatment    (%)  (cm.)                                                   

                            (cm.)                                              

                                   Remarks                                     

     __________________________________________________________________________

     Control      86   4.63 13.50                                              

                                 Alive plants                                  

     M3432, hydroacetone                                                       

     solution, 2 kg./ha.                                                       

                  0    0    0     small plants                                 

                                  stopped at                                   

          1 kg./ha.                                                            

                  0    0    0     2-5 cm.                                      

                                  height and                                   

                                  then died                                    

          0.5 kg./ha.                                                          

                  62   3.28 8.81 Alive plants                                  

     __________________________________________________________________________

TBL                                    TABLE 11                                

     __________________________________________________________________________

     Test No. 3 -- Results gathered 27 days after the treatment                

                   Stand                                                       

                        Main Shoot                                             

                 Treatmentot                                                   

                   (%)  (cm.)                                                  

                             (cm.)                                             

                                   Remarks                                     

     __________________________________________________________________________

     Control       80   0.03 15.66                                             

                                  Alive plants                                 

     M3432, hydroacetone                                                       

     solution, 4 kg./ha.                                                       

                   0    0    0     small plants,                               

                                   stopped at                                  

          2 kg./ha.                                                            

                   0    0    0     0.5 cm., and                                

                                   then dried                                  

     M3432, 50% emulsifiable                                                   

     oil, 4 kg./ha.                                                            

                   0    0    0     small plants,                               

                                   stopped at                                  

       2 kg./ha.   0    0    0     2-3 cm., and                                

                                   then died                                   

     __________________________________________________________________________

PAC  Example 14
PAR  The same method described in Example 9 was followed, the only variation
      being in sowing Echinocloa spp. (40 slightly pregerminated seeds per box)
      instead of rice.
PAR  24 Days after the treatment, the results were observed. The resulting
      values are reported in Table 12 below.
TBL                TABLE 12                                                    

     ______________________________________                                    

                   Stand    Shoot                                              

     Treatment     (%)      (cm.)      Remarks                                 

     ______________________________________                                    

     Control           98.7     15.4   All plants alive                        

     M3432, 2 kg./ha.  2.5      8.5    1 plant only was                        

            4 kg./ha.  0        0      alive                                   

            6 kg./ha.  0        0                                              

            8 kg./ha.  0        0                                              

     ______________________________________                                    

PAR  After the Echinocloa spp. plants were killed, a second sowing with grass
      was carried out in the same boxes, 24 days after the treatment, employing
      20 slightly pre-germinated seeds per box. The results collected after an
      additional 24 day period, are reported in Table 13.
TBL                TABLE 13                                                    

     ______________________________________                                    

                   Stand    Shoot                                              

     Treatment     (%)      (cm.)      Remarks                                 

     ______________________________________                                    

     Control           100      27.5   All plants alive                        

     M3432, 2 kg./ha.  100      26.5   All plants alive                        

            4 kg./ha.   65      27.0   13 plants alive                         

            6 kg./ha.   0       0                                              

            8 kg./ha.   0       0                                              

     ______________________________________                                    

PAC  Example 15
PAR  A clear confirmation of the efficiency of M3432 towards Echinocloa spp. was
      obtained outdoors, where the test was carried out under conditions which
      are characteristic of Italian rice growing. The experimental conditions
      are described in Example 10.
PAR  36 Days after treatment, the data set forth in Table 14 was observed.
TBL                TABLE 14                                                    

     ______________________________________                                    

                 Infestation degree due to                                     

                   Echinocloa Alisma sp.                                       

                                        Scirpus                                

     Treatment      spp.                 sp.                                   

     ______________________________________                                    

     Control       considerable                                                

                              moderate  moderate                               

     Molinate, 4 kg./ha.                                                       

                   almost nil moderate  moderate                               

     M3432 4 kg./ha.                                                           

                   nil        low (.degree.)                                   

                                        low (.degree.)                         

        6 kg./ha.  nil        low (.degree.)                                   

                                        low (.degree.)                         

     ______________________________________                                    

      (.degree.) The limited presence of Alisma sp. and of Scirpus sp. in the  

      plots treated with M3432 is ascribable, at least partially, to the       

      particular bloom of the rice which choked such infesting plants after    

      their sprouting.                                                         

PAR  It should be noted that only the levee of the plots treated with M3432 were
      thoroughly free from barnyard grass.
PAR  2 Months after the treatment, the following was noticed:
PA1  Considerable = 10-15 plants per m.sup.2
PA1  moderate = 1 - 4 plants per m.sup.2
PA1  low = 0.5-1 plants per m.sup.2
PA1  almost nil = 0.1 plants per m.sup.2
TBL                TABLE 15                                                    

     ______________________________________                                    

                     Infestation degree due to                                 

                     Echinocloa spp.                                           

                     Plants per 10 square meters                               

     Treatment       (no.)                                                     

     ______________________________________                                    

     Control         150                                                       

     Molinate, 4 kg./ha.                                                       

                     1-2                                                       

     M3432, 4 kg./ha.                                                          

                     0.25                                                      

         6 kg./ha.   0.33                                                      

     ______________________________________                                    

PAC  Example 16
PAR  This example demonstrates that M3432 exerts a considerable effect on
      Echinocloa spp. in post emergence.
PAL  Test No. 1
PAR  A set of boxes having a 1,000 cm.sup.2 internal surface was prepared in a
      hothouse according to the method described in Example 9. The boxes were
      sowed with Echinocloa spp. (70 seeds per box). After saturation of the
      soil, and as soon as the infesting plants emerged from the soil, the boxes
      were flooded with a 7 cm. layer of water. When the plants reached a
      maximum height of 3-4 cm., the treatment was effected by spraying the
      flooding water surfaces with hydroacetone solutions according to the
      modalities employed in Example 9. 3 days after the treatment, the
      following results were observed:
TBL                TABLE 16                                                    

     ______________________________________                                    

                  Stand   Shoot                                                

     Treatment    (%)     (cm.)      Remarks                                   

     ______________________________________                                    

     Control      64      25-30    All plants alive                            

     M3432, 4, 6, and                                                          

                   0      0        Maximum height:                             

      8 kg./ha.                    3-4 cm.; rotting                            

     ______________________________________                                    

PAL  Test No. 2
PAR  A second test was carried out in the same manner as Test No. 1 except that
      the treatment took place when the infesting plants had reached a maximum
      of 10 cm. 26 days after such treatment, the following was observed:
TBL                TABLE 17                                                    

     ______________________________________                                    

                  Stand    Shoot                                               

     Treatment    (%)      (cm.)      Remarks                                  

     ______________________________________                                    

     Control      66.5     25-32    All plants alive                           

     M3432, 4, 6, and                                                          

                  0        0        Maximum height:                            

      8 kg./ha.                     10 cm.; rotting                            

     ______________________________________                                    

PAL  Test No. 3
PAR  Some plots, 12 m.sup.2 each, delimited by artificial levees, were prepared
      outdoors. AFter soil working and grading, the plots were sowed with
      Echinocloa spp. on May 18, 1970 and then flooded to a height of 10 cm.
      with water on May 20, 1970. The same day, rice was sowed in quantities
      corresponding to 150 kg. of seed per ha. Both rice and Echinocloa emerged
      from the soil 5 days after the flooding.
PAR  When the barnyard grass reached an average height of 12-14 cm., the
      treatment was effected by uniformly spraying the flooded water surface.
PAR  Products being tested: M3432 and molinate, in emulsifiable oil base.
PAR  Doses: 0, 4, and 6 kg./ha.
PAR  The first effects on Echinocloa spp. were noticed for both products 7 days
      after treatment, 45 Days after treatment the following was observed:
TBL                                    TABLE 18                                

     __________________________________________________________________________

     Treatment      Rice        Echinocloa spp.                                

     __________________________________________________________________________

     Control    35-40 cm. high in normal                                       

                               Several plants 15-50                            

                shooting; partly suffering                                     

                               cm. high                                        

                owing to the presence of                                       

                the infesting plants                                           

     M3432 4 kg./ha.                                                           

                Stronger and thicker than                                      

                               Complete killing of                             

                the control and than the                                       

                               the previously                                  

                rice treated with                                              

                               existing plants;                                

                molinate       no new emergence                                

     M3432 6 kg./ha.                                                           

                Stronger and thicker than                                      

                               Complete killing of                             

                the control and than the                                       

                               the previously                                  

                rice treated with                                              

                               existing plants;                                

                molinate       no new emergence                                

     Molinate 4 kg./ha.                                                        

                Stronger than the control                                      

                               Complete killing of                             

                               the previously                                  

                               existing plants;                                

                               no new emergence                                

     Molinate, 6 kg./ha.                                                       

                Stronger than the control                                      

                               Complete killing of                             

                               the previously                                  

                               existing plants;                                

                               no new emergence                                

     __________________________________________________________________________

PAC  EXAMPLE 17
PAR  This example demonstrates that M3432 in exerting its weed killing action,
      not only does not damage the rice, but also stimulates its development,
      even when the product is distributed on the seed surface before sowing.
PAL  Test No. 1
PAR  A set of glass pots was prepared as described in Example 7. Immediately
      after such preparation the pots were filled with water to a level of 7 cm.
      above the ground surface. Cv. RIBE rice seeds, which were previously
      allowed to swell in water, were divided into four groups. Each group was
      treated, by application with a micro syringe with a quantity of M3432
      composition; containing 70% active product, corresponding to the following
      doses of a.p. per ha.: 0, 2.5, 5, and 10 kg. 15 seeds coated with the
      compound were placed into each pot and subsequently covered with a thin
      layer of earth. After 41 days, the following results were obtained.
TBL                TABLE 19                                                    

     ______________________________________                                    

                  Stand   Main     Shoot  Secondary                            

                  (%)     root     (cm.)  roots                                

     Treatment            (cm.)           (no.)                                

     ______________________________________                                    

     Control      55.50   7.92     11.97  3.11                                 

     M3432 2.5 kg./ha.                                                         

                  68.80   8.93     17.16  3.90                                 

        5 kg./ha. 62.20   8.48     16.83  4.02                                 

        10 kg./ha.                                                             

                  62.20   10.07    16.92  4.23                                 

     ______________________________________                                    

PAL  Test No. 2
PAR  A similar test was conducted outdoors on clay soil, operating on 12 square
      meter plots delimited by artificial, waterproof levees.
PAR  After flooding, the plots were sowed broadcast with seeds treated as in
      Test No. 1 with doses corresponding, respectively, to 0, 5 and 10 kg./ha.
      In all cases the quantity of seed amounted to 150 kg./ha. 45 days after
      sowing, the following was ascertained:
TBL                TABLE 20                                                    

     ______________________________________                                    

             Infestation degree                                                

     Treatment                                                                 

             due to Echinocloa spp.                                            

                                 Rice plants                                   

     ______________________________________                                    

     Control Many plants about 40 cm.                                          

                               Several plants about                            

             high              40 cm. high                                     

     M3432                                                                     

      5 kg./ha.                                                                

             All plants stopped                                                

                               Several plants about                            

             growing at 1 cm. height                                           

                               50 cm. high and very                            

             and then died     strong                                          

     10 kg./ha.                                                                

             All plants stopped                                                

                               Several plants about                            

             growing at 1 cm. height                                           

                               60 cm. high and very                            

             and then died     strong                                          

     ______________________________________                                    

PAL  Test No. 3
PAR  A further test was carried out outdoors on loam soil on plots of about 5000
      square meters surface.
PAR  After flooding each plot, seeds treated as in Test No. 1 with doses
      corresponding to 0, 3, and 4 kg./ha. were mechanically sowed broadcast. In
      all cases, the seen quantity was 150 kg./ha. 67 days after sowing, the
      results were gathered on 5 representative testing areas of 1 square meter
      each for each dosage level. Table 21 below contains a summary of the
      results.
TBL                TABLE 21                                                    

     ______________________________________                                    

                               Barnyard                                        

                 Rice          grass                                           

                   Tiller    Tiller                                            

                   (no.)/    dry weight                                        

                                       Tiller                                  

     Treatment     m.sup.2   (g.)/m.sup.2                                      

                                       (no.)/m.sup.2                           

     ______________________________________                                    

     Control       351       252.20    23                                      

                   145       94.80     99                                      

     (Rice field area:                                                         

                   233       143.53    103                                     

     3000 m.sup.2 ;data for                                                    

                   180       120.20    100                                     

     5 random 1 m.sup.2                                                        

                   240       169.63    50                                      

     plots)                                                                    

     Average on 5 test-                                                        

                   229.8     156.07    75.0                                    

     ing areas for the                                                         

     control                                                                   

     M3432 - 3.4 kg./ha.                                                       

                   432       254.50    0                                       

                   430       331.10    0                                       

     (Rice field area:                                                         

                   421       301.08    0                                       

     4800 m.sup.2) 417       373.50    0                                       

                   392       332.00    0                                       

     Average on 5 test-                                                        

                   418.4     318.44    0                                       

     ing areas for M3432-                                                      

     3.6 kg./ha.                                                               

     M3432 - 4.0 kg./ha.                                                       

                   599       473.98    0                                       

                   440       316.91    0                                       

     (Rice field area:                                                         

                   687       484.50    0                                       

     5400 m.sup.2) 523       423.55    0                                       

                   546       491.10    0                                       

     Average on 5 test-                                                        

                   559.0     438.01    0                                       

     ing areas for M3432-                                                      

     4.0 kg./ha.                                                               

     LSD* (.05)    86.0      89.51                                             

        (.01)      125.1     130.24                                            

     ______________________________________                                    

      *LSD Least Significant Difference.                                       

PAR  The possibility of weeding the rice fields by distributing the herbicide
      together with the seed during the sowing, that is, the possibility of
      utilizing the seed as a "carrier" for the herbicide (see Example 17), must
      be considered a particularly exceptional experimental development. This
      means of utilization of the herbicide of the present invention allows, in
      fact, the achievement of a considerable technical simplification,
      combining sowing and weeding in a single operation. The resulting economy
      is particulary advantageous for the wide rice growing areas where sowing
      operations and weed killing treatments are carried out by airplane.
PAR  To the several exceptionally favorable characteristics exhibited by the
      product of the present invention, discussed above, a further
      extraordinarily important property, namely the absence of any toxicity
      towards warm blooded animals must be added. Thus M3432, whose acute
      toxicity towards rats per os LD.sub.50 is 10,250 mg./kg. and towards mice
      is 8,000 mg./kg., is to be considered in practice as non-toxic,
      particularly in comparison with the actual toxicity values indicated in
      the literature and summarized in Table 22 below for the main prior art
      herbicides used or suggested to kill the graminae in rice fields.
TBL                TABLE 22                                                    

     ______________________________________                                    

                ACUTE TOXICITY                                                 

                  rats,         mice,                                          

     Herbicide    os LD.sub.50 mg./kg.                                         

                                os LD.sub.50 mg./kg.                           

     ______________________________________                                    

     Molinate     500-725                                                      

     Propanil     1384                                                         

     Swep          552                                                         

     Pentachlorophenol                                                         

                  78-280                                                       

     Saturn                     560                                            

     Nitrofen     3000                                                         

     ______________________________________                                    

PA1  Molinate is ethyl-1-hexamethyleneimino carbothiolate;
PA1  Propanil is N(3,4-dichlorophenyl)-propionamide;
PA1  Swep is methyl-N-(3,4-dichlorophenyl)carbamate;
PA1  Saturn is S(4-chlorobenzyl)N,N-diethylthiocarbamate;
PA1  Nitrofen is 2,4-dichlorophenyl-4'-nitrophenylether.
PAR  For weeding or for stimulating the rice growth, the product of the present
      invention can be prepared in a suitable treating composition without any
      difficulty, using solid or liquid diluents, solvents, emulsifying agents,
      and dispersants in order to obtain compositions or formulations fit for
      being stored, handled and, if necessary, further diluted to the required
      concentration for utilizing in the fields.
PAR  Formulations may be prepared in solid, granulated, or liquid form or in the
      form of pastes of various concentrations. Depending upon the ambient
      conditions and the technical means available, one type of composition
      rather than another may be preferred.
PAR  Solid compositions in the form of pellets are prepared either by intimately
      mixing the dry, active product with inert solid carriers such as
      bentonite, calcite, dolomite, vermiculite, attapulgite, pyrophyllite,
      sepiolite, phosphorite, kieselguhr, hydrated silica and synthetic calcium
      silicates, as well as with fertilizers such as ammonium sulphate, urea,
      phosphorite, superphosphates, complex fertilizers, etc., with optional
      addition of a surfactant, or by causing the carriers to absorb a solution
      of the active compound.
PAR  An example of a suitable granulated formulation is the following:
PA1  M3432 -- 5% by weight;
PA1  Bentonite 16/40 mesh -- 94% by weight
PA1  Surfactant comprising sodium iso-octylsulphosuccinate -- 1 % by weight.
PAR  In preparing the formulation, the active compound and the surfactant are
      mixed with the minimum quantity of methylene chloride necessary to wet all
      of the bentonite and the mass is mixed in a mixer provided with a vapor
      suction device, until all the methylene chloride has evaporated.
PAR  The active product content of the granulated formulation may vary within
      wide limits, for example, between about 0.25% and about 80%, preferably
      between about 0.50% and about 20% (by weight). The size of the granulated
      carrier particles may be between about 0.1 mm. and about 4 mm., preferably
      between about 0.15 mm. and about 0.7 mm.
PAR  The so-called "wettable powders" are obtained by admixing one or more
      surfactants with the powders.
PAR  By dispersing such wettable powders in water, aqueous suspensions of the
      desired concentrations are obtained. Such aqueous suspensions are sprayed
      on the soil. An example of a suitable wettable powder is the following:
PA1  M3432 -- 40% (by weight);
PA1  Celite-209 CYA by Johns Mansville Italiana -- 53% (by weight);
PA1  Atlox 4860 by Atlas Chem. Ind. -- 4% (by weight)
PA1  Geropon TA 72 by Geronazzo -- 3% (by weight).
PAR  Emulsifiable liquid formulations (emulsifiable concentrates) are prepared
      by dissolving the active compound in a solvent or mixture of solvents
      which are insoluble in water and by adding one or more surfactants.
PAR  The active compound content of these formulations ranges from about 70 to
      about 15% by weight. When these compositions are admixed with water,
      emulsions are obtained in which the solvent phase is dispersed in the
      aqueous phase and the active product is kept in solution in the dispersed
      phase. In this way it is possible to obtain a uniform distribution of the
      active product in the aqueous compositons used for spraying.
PAR  The following is an example of a suitable emulsifiable liquid formulation:
PA1  M3432 -- 50% (by weight);
PA1  Xylol -- 25%;
PA1  Tetrachloroethylene -- 15%;
PA1  Mixture of organic, vegetable ethoxylated sulfonates -- 10%.
PAR  An example of another concentrated liquid formulation which can be sprayed
      directly onto the rice seeds is the following:
PA1  M3432 -- 70% (by weight);
PA1  Apa 106 by D.A.C. -- 30%.
PAR  As emulsifying dispersing agents (surfactants) which are employed for
      preparing wettable powders and emulsifiable concentrates, surfactants of
      the anionic, nonionic, and cationic types can be used.
PAR  Suitable surfactants of the anionic type include sodium
      dodecyl-benzene-sulfonate, calcium naphthalene-sulfonate, and sodium
      lauryl-sulfate; suitable surfactants of the cationic type include
      quaternary ammonium compounds such as cetylpyridinium bromide,
      dodecyl-benzyl-methyl-ammonium chloride, and
      di-(hydroxy-ethyl)-benzyldodecylammonium chloride; suitable nonionic
      surfactants include the condensation products of ethylene oxide with
      aliphatic alcohols, amines, fatty acids, and alkyl phenols.
PAR  Owing also to the excellent solubility exhibited by the compound of this
      invention in a large number of solvents, the preparation of any type of
      composition containing it presents no difficulties; herbicides exerting a
      complementary action, or algacides, pesticides, fertilizers and the like,
      may be incorporated in the compositions, if desired.
PAR  The use of the compound of the present invention in any type of composition
      for weeding -- independent of the techniques adopted -- is within the
      contemplation and scope of the present invention.
PAR  The quantities of weeding composition employed to carry out the weeding
      vary considerably according to the active compound concentration, the
      plant species, and the treatment technique. On the average, these
      quantities should be such as to apply from about 2 to about 8 kg./ha. of
      soil.
PAR  If one wants to obtain an enhanced stimulating effect, greater than that
      obtainable with the doses sufficient for weeding, doses even higher than
      the ones indicated may be employed, for example, 30 kg./ha. or even
      higher.
PAR  Variations can, of course, be made without departing from the spirit and
      scope of this invention.
CLMS
STM  What we desire to secure by Letters Patent and hereby claim is:
NUM  1.
PAR  1. A composition for controlling and killing rice field weeds and
      simultaneously stimulating the growth of rice, said composition comprising
      an effective amount of S-benzyl N,N-disec.butyl-thiocarbamate and an inert
      vehicle therefor.
NUM  2.
PAR  2. A method for controlling rice field weeds and stimulating the growth of
      rice, said method comprising applying to a rice field an amount of
      S-benzyl-N,N-disec. butyl-thiocarbamate which is effective to
      simultaneously control rice field weeds and stimulate the growth of rice.
NUM  3.
PAR  3. The method of claim 2 wherein the S-benzyl-N,N-disec.
      butyl-thiocarbamate is employed in a composition containing a product
      selected from the group consisting of a solid carrier and a liquid solvent
      or dispersion medium therefor.
NUM  4.
PAR  4. The method of claim 2 wherein the S-benzyl-N,N-disec.butyl-thiocarbamate
      is applied to the rice field before germination of the rice.
NUM  5.
PAR  5. The method of claim 2 wherein the S-benzyl-N,N-didec.butyl-thiocarbamate
      is applied to the rice field after germination of the rice.
NUM  6.
PAR  6. The method of claim 2 wherein the S-benzyl-N,N-disec.butyl-thiocarbamate
      is applied to the rice field in the form of an aqueous dispersion.
NUM  7.
PAR  7. The method of claim 2 wherein the S-benzyl-N,N-disec.butyl-thiocarbamate
      is applied to the rice field in the form of an aqueous emulsion.
NUM  8.
PAR  8. The method of claim 3 wherein the S-benzyl-N,N-disec.butyl-thiocarbamate
      composition is in the form of a paste.
NUM  9.
PAR  9. The method of claim 2 wherein the S-benzyl-N,N-disec.butyl-thiocarbamate
      is applied to the rice field in the form of dry powder or pellets.
NUM  10.
PAR  10. The method of claim 2 wherein the
      S-benzyl-N,N-disec.butyl-thiocarbamate is applied to the rice field by
      coating pre-soaked rice seeds therewith and thereafter sowing the coated
      rice seeds in the rice field.
NUM  11.
PAR  11. The method of claim 3 wherein the carrier is selected from the group
      consisting of bentonite, calcite, dolomite vermiculite, attapulgite,
      pyrophyllite, sepiolite, phosphorite, kieselguhr, hydrated silica and
      synthetic calcium silicates.
NUM  12.
PAR  12. The method of claim 2 wherein said amount is between about 2 and about
      30 kg./ha.
NUM  13.
PAR  13. The method of claim 2 wherein said amount is between about 2 and about
      8 kg./ha.
NUM  14.
PAR  14. The composition of claim 1, wherein the inert vehicle is selected from
      the group consisting of water, organic solvents for said
      S-benzyl-N,N-disec.butyl-thiocarbamate, and solid carriers compatible
      therewith.
PATN
WKU  039308391
SRC  5
APN  4606639
APT  1
ART  124
APD  19740412
TTL  Substituted sulfonate antidote compositions and method of use with
      herbicides
ISD  19760106
NCL  1
ECL  1
EXP  Hollrah; Glennon H.
INVT
NAM  Arneklev; Duane R.
CTY  Sunnyvale
STA  CA
ASSG
NAM  Stauffer Chemical Company
CTY  Westport
STA  CT
COD  02
RLAP
COD  74
APN  100770
APD  19701222
PSC  03
RLAP
COD  75
APN  68529
APD  19700831
PSC  03
CLAS
OCL   71100
XCL   71 76
XCL   71 93
XCL   71103
XCL   71117
XCL  260456R
XCL  260456P
EDF  2
ICL  A01N  912
FSC   71
FSS  93;100;77
UREF
PNO  3131509
ISD  19640500
NAM  Hoffman
OCL   71 77
LREP
FR2  Block; Daniel C.
ABST
PAL  New compounds corresponding to the formula:
EQU  X--(CH.sub.2).sub.n --O--SO.sub.2 --R
PAL  wherein X can be halogen, R can be selected from the group consisting of
      alkyl, haloalkyl, halogen, acetoxyalkyl, acetoxy haloalkyl, aryl and
      substituted aryl, and n can be a whole number ranging between 1 and 5. The
      compositions described herein are used to protect corn from injury by
      thiolcarbamate herbicides.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of copending application, Ser.
      No. 68,529, filed Aug. 31, 1970 and a division of Ser. No. 100,770 filed
      Dec. 22, 1970 both abandoned.
BSUM
PAR  Among the many herbicidal compounds commercially available, the N,N-dialkyl
      thiolcarbamate herbicides alone or mixed with other herbicides such as
      triazines have reached a relatively high degree of commercial success.
      These herbicides are immediately toxic to a large number of weed pests at
      different concentrations varying with the resistance of the weeds
      mentioned. Some examples of these compounds are described and claimed in
      U.S. Pat. Nos. 2,913,327, 3,037,853, 3,175,897, 3,185,720 and 3,198.786.
      It has been found in practice that the use of the thiolcarbamates as a
      herbicide in corn fields sometimes causes serious injury to the corn
      plants. When used in the recommended amounts in the soil to control many
      broadleaf weeds and grasses, serious malformation and stunting of the corn
      plants results. This abnormal growth in the corn plants results in loss of
      crop yield.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  It has been discovered that corn plants can be protected against injury by
      the thiolcarbamates of the above-noted U.S. Patents by adding to the soil
      an antidote composition having the following formula:
EQU  X--(CH.sub.2).sub.n --O--SO.sub.2 --R
PAL  wherein X can be halogen, R can be selected from the group consisting of
      alkyl, haloalkyl, halogen, acetoxyalkyl, acetoxy haloalkyl, aryl and
      substituted aryl, and n can be a whole number from 1 to 5.
PAR  The compounds represented by the above formula can be synthesized by mixing
      together an appropriate alcohol with an appropriate sulfonyl chloride. A
      solvent such as ethyl ether can be used, if desired. Then, an acid
      acceptor such as triethylamine is added to the mixture. Essentially
      quanitative yields of the end product are obtained.
PAR  In order to illustrate the merits of the present invention, reference is
      made to the following examples:
PAC  EXAMPLE 1
PAC  2-Bromoethyl methanesulfonate
PAR  A mixture of 12.5 ml. of 2-bromoethanol, 7.6 ml. of methanesulfonyl
      chloride and 100 ml. of ether was formed. Then, 14 ml. of triethylamine
      was added dropwise over a 55 minute period to the formed solution at
      5.degree.-10.degree.C. and stirred for 1 hour at 5.degree.-10.degree.C.
      The mixture was then allowed to stand at room temperature and was stirred
      for another 15 minutes. To the mixture was added 100 ml. of water, the
      ether layer separated, dried over magnesium sulfate and evaporated to
      yield 16 grams of a very light yellow oil. n.sub.D.sup.30 1.4801.
PAC  EXAMPLE 2
PAC  2-Bromoethyl ethanesulfonate
PAR  A mixture containing 12.5 ml. of 2-bromoethanol, 12.9 ml. of ethane
      sulfonyl chloride and 100 ml. of ether was formed. Then, 14 ml. of
      triethylamine was added dropwise over a 55 minute period at
      5.degree.-10.degree.C. and stirred for 1 hour. The mixture was allowed to
      come to room temperature and stirred for an additional 15 minutes. To the
      mixture was added 100 ml. of water, the ether layer was separated, dried
      over magnesium sulfate and evaporated to yield 17.6 grams of a yellow oil.
      n.sub.D.sup.30 1.4760.
PAC  EXAMPLE 3
PAC  3-Bromopropyl methanesulfonate
PAR  A mixture containing 13.9 ml. of 3-bromo-1-propanol, 7.6 ml. of methane
      sulfonyl chloride and 100 ml. ether was formed. The mixture was mixed
      together and 14 ml. of triethylamine was added over a period of 45 minutes
      at 5.degree.-10.degree.C. and then stirred at 5.degree.-10.degree.C. for 1
      hour. The mixture was allowed to come to room temperature and was stirred
      for an additional 15 minutes. To the mixture was added 100 ml. of water
      and the ether solution dried over magnesium sulfate and evaporated to
      yield 14.5 g. of a colorless oil. n.sub.D.sup.30 1.4749.
PAC  EXAMPLE 4
PAC  2-Chloroethyl isobutane-sulfonate
PAR  A mixture was formed containing 6.7 ml. of ethylene chlorohydrin, 70 ml. of
      ether and 15.6 g. of isobutane sulfonyl chloride. Then, 14 ml. of
      triethylamine was added dropwise to the mixture with stirring in an ice
      bath over a period of 30 minutes at 12.degree.-14.degree.C. While stirring
      the mixture was allowed to warm to 23.degree.C. (1 hour) and was then
      washed with water (100 ml.), dried over magnesium sulfate and evaporated
      to yield 19.7 g. of a colorless oil. n.sub.D.sup.30 1.4502.
PAR  Other compounds were prepared in an analogous manner starting with the
      appropriate starting materials as outlined above. The following is a table
      of compounds representative of those embodied by the present invention.
      Compound numbers have been assigned to them and are used for
      identification throughout the balance of the specification.
TBL                TABLE I                                                     

     ______________________________________                                    

     X--(CH.sub.2).sub.n --O--SO.sub.2 --R                                     

     Compound                                                                  

     Number     n       X        R                                             

     ______________________________________                                    

     1          2       Br       CH.sub.3                                      

     2          2       Br       C.sub.2 H.sub.5                               

     3          3       Br       CH.sub.3                                      

                                 CH.sub.3                                      

                                 .vertline.                                    

     4          2       Cl       CH.sub.2 --CH                                 

                                 .vertline.                                    

                                 CH.sub.3                                      

                                 CH.sub.3                                      

                                 .vertline.                                    

     5          3       Br       CH.sub.2 --CH                                 

                                 .vertline.                                    

                                 CH.sub.3                                      

                                 CH.sub.3                                      

                                 .vertline.                                    

     6          2       Br       CH.sub.2 --CH                                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     7          2       Br                                                     

     8          2       Br       (CH.sub.2).sub.3 CH.sub.3                     

     9          2       Cl       CH.sub.3                                      

                                 O                                             

                                 .parallel.                                    

     10         2       Br       CH.sub.2 --C--O--CH.sub.2 --CH.sub.2 --Br     

     11         2       Br       CH.sub.2 Cl                                   

     12         2       Br       (CH.sub.2 ).sub.5 CH.sub.3                    

     13         3       Br       CH.sub.2 Cl                                   

     14         3       Br       (CH.sub.2).sub.5 CH.sub.3                     

     15         2       Cl       OCH.sub.2 CH.sub.2 Cl                         

     16         2       Br       Cl                                            

     17         4       Br       CH.sub.3                                      

     18         2       Br                                                     

     19         2       I        CH.sub.3                                      

     20         2       Br       CH.sub.2 CH.sub.2 CH.sub.2 Cl                 

     ______________________________________                                    

PAR  The compositions of this invention were tested in the following manner.
PAC  Test 1: Soil Incorporation
PAR  Metal flats measuring 8 .times. 12 .times. 3 inches in area were filled
      with 10 lbs. of Felton loamy sand soil. The herbicide and herbicide
      antidote were applied separately or in combination to the soil as it is
      mixed in a five-gallon cement mixer. The following stock solutions were
      made up of each compound when the herbicide and antidote were applied
      separately. In making the stock solutions of the herbicide, 936 mg. of
      75.5% active ingredient was diluted with 100 ml. of water. For the
      antidote, 700 mg. of technical material was diluted with 100 ml. of
      acetone. One ml. of these stock solutions is equivalent to 7 mg. active
      ingredient or one pound per acre when this treated soil was placed into 8
      .times. 12 .times. 3 inch flats. After the soil was treated with the
      herbicide and the antidote at the desired rates, the soil was transferred
      from the cement mixer back into 8 .times. 12 .times. 3 inch flats where it
      was now ready for planting corn seed. A pint sample of soil was then
      removed from each flat and retained for covering the seeds after planting.
      The soil was leveled and rows one-half inch deep were made in each flat.
      Enough DeKalb XL 374 corn seeds were planted to obtain good stands in each
      treatment. Seeds were then covered up with the one pint of soil which had
      been removed just prior to planting.
PAR  The flats were then placed on greenhouse benches where temperatures were
      between 70.degree.-90.degree.F. The flats were watered by sprinkling as
      needed to assure good plant growth until rated. The crop tolerance was
      rated after two or three weeks. The results of these tests are set forth
      in Table II.
PAC  Test 2: Corn Seed Treatment
PAR  Metal flats measuring 8 .times. 12 .times. 3 inches in area were filled
      with 10 lbs. of Felton loamy sand soil. Soil incorporated herbicides were
      applied at this time. The soil from each flat was placed into a
      five-gallon cement mixer where the soil was mixed as the herbicides were
      applied as a stock solution by adding 936 mg. of 75.5% active ingredient
      to 100 ml. of water. One ml. of stock solution was applied to the soil in
      a volumetric pipet for each pound of herbicide desired. One ml. of stock
      solution contains seven mg. of herbicide which equals one pound per acre
      when applied to soil in 8 .times. 12 .times. 3 inch flats. After the
      herbicide incorporation, the soil was placed back into the flats.
PAR  Flats of herbicide-treated and untreated soil were then ready to be
      planted. A pint sample of soil was then removed from each flat and placed
      next to each flat for later use in covering up the seeds. The soil was
      leveled and rows one-half inches deep were made for planting seeds.
      Alternating rows of treated and untreated crop seeds were sown. In each
      test six DeKalb XL 374 field corn seeds were planted in each row. Rows
      were approximately 1 1/2 inches apart in the flat. Seed treatment was
      applied by placing 50 mg. of the seed treatment compound with 10 grams of
      corn seed in a suitable container and shaking them until the seeds were
      uniformly covered with the seed treatment. Seed treatment compounds were
      applied as liquid slurries and powder or dust treatments. In some cases
      acetone was used to dissolve powdered or solid compounds so they could be
      more effectively applied to the seeds.
PAR  After flats were seeded they were covered with the one pint of soil which
      had been removed just prior to planting. Flats were placed on greenhouse
      benches where temperatures ranged from 70.degree.-90.degree.C. Flats were
      watered by sprinkling as needed to assure good plant growth. Percent
      control ratings were taken two to three weeks after treatments were
      applied.
PAR  In each test, the herbicide is applied alone, in combination with the seed
      protectant and the seed protectant is applied alone to check for
      phytotoxicity. The results of these tests are tabulated in Table III. It
      should be noted that Run Nos. 7 thru 10 were carried out in styrofoam
      flats measuring 5 .times. 7 .times. 2 3/4 inches with all other conditions
      remaining the same.
TBL                                    TABLE II                                

     __________________________________________________________________________

                      Rate Compound No. 1                                      

                                    Compound No. 2                             

                                             Compound No. 3                    

                                                      Injury to Corn           

     Herbicide        lb/A lb/A     lb/A     lb/A      %                       

     __________________________________________________________________________

     EPTC*            6    1                          30 ST MF                 

     EPTC*            6    10                         10 ST                    

     EPTC*            6    100                        90 ST                    

     EPTC*            6             1                 50 ST MF                 

     EPTC*            6             10                20 ST                    

     EPTC*            6                      1        40 ST MF                 

     EPTC*            6                      10       10 ST                    

     EPTC*            6                               98 MF                    

                           1                          10 ST                    

                           10                         20 ST                    

                           100                        90 ST                    

                                    1                  0                       

                                    10                20 ST                    

                                             1         0                       

                                             10       10 ST                    

     EPTC*            3    1                           0                       

     EPTC*            3    10                         20 ST                    

     EPTC*                                            98 MF                    

     EPTC* +          6+                                                       

     2-Chloro-4-ethylamino-6-                                                  

     isopropylamino-s-triazine                                                 

                      1    1                          10 MF                    

     EPTC* +          6+                                                       

     2-Chloro-4-cyclopropylamino-                                              

     6-isopropylamino-1,3,5-                                                   

     triazine         1    1                           0                       

     EPTC + 2,4-dichlorophenoxy-                                               

     acetic acid      3+ 11/2                                                  

                           1                          20 ST                    

     EPTC + 2,4-dichlorophenoxy-                                               

     acetic acid      3+11/2                                                   

                           0                          75 ST MF                 

     S-propyl dipropylthiocarbamate                                            

                      6    1                          10 MF                    

     S-propyl dipropylthiocarbamate                                            

                      6    0                          98 MF                    

     S-ethyl cyclohexylethyl-                                                  

     thiocarbamate    6    1                          25 MF                    

     S-ethyl cyclohexylethyl-                                                  

     thiocarbamate    6    0                          90 MF                    

     S-ethyl diisobutylthiocarbamate                                           

                      12   2                           0                       

     S-ethyl diisobutylthiocarbamate                                           

                      12   1                           0                       

     S-ethyl diisobutylthiocarbamate                                           

                      12   0                          75 MF                    

     __________________________________________________________________________

      ST = Stunt; MF = Malformation                                            

      *EPTC = S-ethyl-N,N-dipropylthiolcarbamate                               

TBL                TABLE III                                                   

     ______________________________________                                    

     Com-             Seed      Percent Injury to Corn                         

     Run  pound   EPTC    Treatment                                            

                                  Treated                                      

                                         Untreated Seed                        

     No.  No.     lb/A    % W/W   Seed   in Adjacent Row                       

     ______________________________________                                    

     1    1       6       0.5     90 ST  20 ST MF                              

     2    2       6       0.5     50 ST  20 ST MF                              

     3    3       6       0.5     25 ST  30 ST MF                              

     4    1       --      0.5     90 ST   0                                    

     5    2       --      0.5     50 ST   0                                    

     6    3       --      0.5     20 ST   0                                    

     7    1       6       0.005   75 MF  94MF                                  

     8    1       6       0.05    13 ST  15 ST MF                              

     9    1       --      0.005    0      0                                    

     10   1       --      0.05    23 ST   0                                    

     ______________________________________                                    

      ST = Stunt;                                                              

      MF = Malformation                                                        

PAR  The antidote compounds of the present invention can be used in any
      convenient form. Thus, the antidote compounds can be made into
      emulsifiable liquids, emulsifiable concentrates, liquid, wettable powder,
      powders, granular or any other convenient form. In its preferred form, the
      antidote compounds are admixed with the N,N-dialkyl thiolcarbamates and
      incorporated into the soil prior to or after planting the corn seed. It is
      to be understood, however, that the thiolcarbamate herbicide can be
      incorporated into the soil and thereafter the antidote compound can be
      incorporated into the soil. Moreover, the corn seed can be treated with
      the antidote compound and planted into the soil which has been treated
      with herbicides or untreated with the herbicide and subsequently treated
      with the herbicide. The addition of the antidote compound does not affect
      the herbicidal activity of the carbamate compounds.
PAR  The amount of antidote composition present can range between about 0.01 to
      about 15 parts by wt. per each part by wt. of thiolcarbamate herbicide.
      The exact amount of antidote compound will usually be determined on
      economic ratios for the most effective amount usable.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method of controlling weeds wherein an effective amount of a
      thiolcarbamate herbicide is added to the habitat thereof the improvement
      comprising adding to the habitat thereof from about 0.01 to about 15 parts
      by weight for each part by weight of the herbicide an antidote compound
      represented by the formula:
      ##EQU1##
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PAL  Sucrose yield of sugarcane is increased by treating sugarcane a few weeks
      prior to harvest with a ripening agent which is composed essentially of a
      compound selected from the group consisting of linear alcohols containing
      from 11 to 15 carbon atoms, polyalkylene glycols and ethoxylated compounds
      of the general formula
EQU  R--O--CH.sub.2 CH.sub.2 O).sub.n H
PAL  wherein R is C.sub.8 - C.sub.20 alkyl or
      ##SPC1##
PAL  R' being hydrogen or alkyl of 8 to 15 carbon atoms, and
PA1  n is an integer from 6 to 20, in an amount sufficient to increase sucrose
      yield.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 112,470, filed Feb. 3, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Considerable progress has been made in the last several years in increasing
      the sugar yield by improving the varieties being planted, enriching the
      soil with fertilizers and irrigating the soil in climates which do not
      naturally provide sufficient moisture for optimum plant growth. More
      recent efforts in improving sugar production have increasingly turned
      toward the use of chemicals in modifying and controlling the physiological
      processes of sugarcane, particularly in ripening prior to harvest. See
      U.S. Pat. Nos. 3,224,865; 3,245,775; 3,291,592; 3,482,958; 3,482,959;
      3,492,961; and 3,493,361.
PAR  With some compounds previously suggested for this purpose there has been
      some concern about their resistance to breakdown in the plant and their
      persistence in the soil when the intended use of the sugar is nutritive as
      opposed to industrial (e.g., in fermentation processes). Consequently,
      extensive efforts continue to be made in searching for physiologically
      harmless or rapidly degradable chemical agents that can be effectively
      used to modify the ripening of sugarcane so as to increase the sucrose
      yield therefrom.
PAR  Generally speaking, chemicals selected for evaluation have been of types
      which have been previously found active in work with other plants as plant
      hormones, herbicides or inhibitors of growth of terminal buds, or active
      in killing the spindle of cane upon topical micro-application, etc.
      However, among the compounds heretofore found to be useful for such other
      special purposes, very few have been found effective in controlling the
      ripening of sugarcane in the desirable manner. No relationship has been
      recognized to date between the chemical structure of such compounds and
      (a) their phytotoxic effects, (b) their physiological effects on the
      morphogenetic development of the plant, and (c) their activity in having
      positive effects on ripening. In other words, the effectiveness of a
      compound in controlling the ripening of sugarcane and thereby increasing
      sugar yield remains essentially unpredictable, and the search for suitable
      agents continues to be fundamentally empirical.
PAR  A review of the literature discloses that some work has been done using
      surfactants to increase the crystallization rate of cane sugar and in the
      purification of sugar juices. See Ramaiah et al, Proceedings, 29th Annual
      Convention of the Sugar Tech. Assoc. of India, 1961, Part II. Some of the
      surfactant compounds of the present invention have also been used in very
      minor, i.e., surfactant, amounts simply as wetting agents in applying an
      active ingredient such as a benzoic acid compound to cane stalks for
      sugarcane ripening. See, for example, U.S. Pat. No. 3,224,865 wherein
      ethoxylated alcohol surfactants are used as wetting agents. However,
      surfactants produced by the ethoxylation of phenols or higher alcohols
      have not been recognized as useful per se as sugarcane ripening agents.
      Ethoxylated phenol and higher alcohol nonionic surfactants are available
      commercially, and are regarded as materials of only slight to moderate
      oral and skin penetration toxicity. Such compounds have been exempted by
      the Food and Drug Administration from tolerance requirements when used in
      or on raw agricultural commodities (see Federal Register, Vol. 35, No.
      161, Aug. 19, 1970).
PAR  It is an object of this invention to provide new agents for controlling the
      ripening of sugarcane. A more specific object is to increase the sucrose
      yield of sugarcane by chemically treating it during its final ripening
      stages prior to harvest without introducing substantial toxicological
      hazards, and preferably without causing visible (phytotoxic) damage to the
      cane plant, such as drying of the spindle or other leaf.
PAR  Still more specifically, it is an object of this invention to increase the
      sucrose yield of sugarcane by treating it prior to harvest with a chemical
      agent which is sufficiently stable to provide the desired effect over a
      period of several weeks and thus give adequate operational flexibility,
      but which has a relatively low degree of persistence in the soil and is
      susceptible to decomposition by soil bacteria.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that excellent results in increasing the sucrose
      yield of sugarcane can be obtained by treating the younger, growing parts
      of the cane stalk a few weeks before harvest with a compound selected from
      the group consisting of linear alcohols containing from 11 to 15 carbon
      atoms, polyalkylene glycols and ethoxylated phenols or aliphatic alcohols
      containing from about 6 to about 20 ethoxy groups, or mixtures thereof and
      in an amount sufficient to increase sucrose yield. In the two last
      mentioned classes of compounds, the phenol moiety of such a compound may
      be substituted by a higher alkyl group; the aliphatic alcohol moiety of
      such a compound should contain from 8 to 20 carbon atoms. The preferred
      usage form in this invention is an aqueous solution or suspension
      containing the active compound as the sole active ripening agent.
PAR  A great number of compounds are known to be useful as surfactants for
      various types of active ingredients including herbicides, pesticides,
      plant growth regulants, plant hormones and sugarcane ripening agents. Many
      of these known surfactant compounds have been tested for sugarcane
      ripening abilities without success. Although the above-defined compounds
      are among those compounds generally known as surfactants and at least some
      of them have been used or suggested for use as a surfactant in an aqueous
      composition containing a recognized sugarcane ripening agent, it has
      surprisingly been found that the particular compounds defined above are
      themselves as sugarcane ripening agents when applied to field growing
      sugarcane as the sole active component and in an amount sufficient to
      increase sucrose yield.
PAR  The linear alcohols which have been found to be effective as ripening
      agents herein are those containing 11 to 15 carbon atoms. Exemplary
      compounds are undecyl alcohol, dodecyl alcohol, tridecyl alcohol,
      tetradecyl alcohol and pentadecyl alcohol.
PAR  The effective polyalkylene glycols are those wherein the repeating
      oxyalkylene group contains from 2 to 3 carbon atoms and wherein the
      molecular weight is from about 2000 to about 4000. Examples are
      polyethylene glycol and polypropylene glycol.
PAR  The ethoxylated phenols and aliphatic alcohols useful herein correspond to
      the formula
EQU  R--O--CH.sub.2 CH.sub.2 O).sub.n H
PAL  wherein R is selected from the group consisting of phenyl groups which may
      be substituted with an alkyl group of 8 to 15 carbon atoms, and alkyl
      groups containing from 8 to 20 carbon atoms, and n is an integer from
      about 6 to about 20.
PAR  Exemplary of the phenols and aliphatic alcohols which may be ethoxylated to
      form the compounds suitable for use in the invention include: phenol,
      nonylphenol, dodecylphenol, cetylphenol, octadecyl phenol, nonanol,
      trimethylnonanol, undecanol, dodecanol, tetradecanol, pentadecanol, cetyl
      alcohol, and octadecanol. The alcohols may have a straight chain or a
      branched chain, e.g., they may be of the type resulting from the oxo
      process.
PAR  The polyethoxy group may be of moderate size, containing from about 6 to
      about 20 ethoxy groups.
PAR  Specific examples of suitable ethoxylated phenolic and alcoholic compounds
      are .alpha.-(p-nonylphenyl)-.omega.-hydroxypoly(oxyethylene) wherein the
      poly(oxyethylene) content averages 10.5 moles,
      .alpha.-(undecyl)-.omega.-hydroxy-poly(oxyethylene) wherein the
      poly(oxyethylene) content averages 3- 12 moles,
      .alpha.-(tridecyl)-.omega.-hydroxypoly(oxyethylene) wherein the
      poly(oxyethylene) content averages 3- 12 moles, and
      .alpha.-(pentadecyl)-.omega.-hydroxypoly(oxyethylene) wherein the
      poly(oxyethylene) content averages 3- 12 moles.
PAR  Among the ethoxylated compounds, the linear alcohol ethoxylates exhibit
      significantly increased biodegradability over previously available
      nonionic surfactants, such as alkylphenol derived materials.
PAR  In accordance with this invention the sugarcane crop is treated with the
      linear alcohol, polyalkylene glycol, or ethoxylated phenol or aliphatic
      alcohol, or with a composition containing one or more of such compounds as
      its sole active ingredient, at any time from 2 to 12 weeks before harvest,
      the preferred time for treatment being between about 3 to 8 weeks prior to
      harvest.
PAR  The sugarcane crop is treated with the above-defined active compounds in an
      amount sufficient to increase the sucrose yield obtained from the
      sugarcane. Excellent results are obtained when the sugarcane crop is
      treated at a rate in the range of from about 3 to about 4 pounds up to
      about 10 pounds or more, for example, up to about 40 or 60 pounds per acre
      or more of the active compound per acre of sugarcane, though higher rates
      may be used. The optimum amount will vary somewhat depending on the
      specific treating composition applied, environmental conditions, time of
      year, age of cane and in some cases the specific variety of cane being
      treated, but can be readily determined for each particular case by
      preliminary testing. It has been found that amounts of less than about 1
      pound of the compound per acre are ineffective for increasing the sucrose
      yield of the growing sugarcane.
PAR  Although the ethoxylated compounds are effective both in anionic and
      nonionic forms, the latter is preferred because of ease in handling and
      storage (the anionic compounds are presently available commercially only
      in highly corrosive solutions).
PAR  The active agent is conveniently applied in the field in the form of an
      aqueous solution or suspension, e.g., a liquid composition which may be
      sprayed from a boom-spray or a solid dust composition where the active
      compound is diluted with an inert solid such as clay and when can be
      applied as a dust from an airplane.
PAR  With the type of boom-spray apparatus used in this work, it has been found
      convenient to apply the active compound to the sugarcane field in the form
      of an aqueous solution, suspension or emulsion having a concentration of
      active agent such that the application at the rate of from 7 to 20 gallons
      of liquid composition per acre will provide the required dosage of active
      chemical. However, the use of lower or higher gallonages may be preferred
      when a different dispensing mechanism is used.
PAR  Water is the preferred liquid carrier for the active ripeners in practicing
      the present invention. Most of the compounds of interest are liquids under
      normal ambient conditions, though the solid species falling within the
      scope of the present invention are similarly useful. Instead of using
      water as the carrier, non-phytotoxic mineral oils either as such or in the
      form of water-in-oil or oil-in-water emulsions may be used similarly in
      accordance with practices which are common in the art of treating
      vegetation with beneficial growth control agents. Other active ingredients
      are not required and are preferably omitted.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAC  EXAMPLE I
PAR  The compound applied to the cane stalks was a mixture of linear alcohols
      containing 11 to 15 carbon atoms which had been ethoxylated so that the
      average number of ethoxy groups was about 7. 0.3 ml. of the mixture of
      linear alcohol ethoxylates (15-LAE-7) in 50 percent aqueous solution was
      deposited or dropped by means of a syringe with a fine needle on the
      spindle area at the top or last visible dewlap of each of 20 stalks of
      sufarcane 16 months of age. 0.3 ml/stalk corresponds to a rate of about 33
      lb/acre. (A dewlap is the junction between the blade of the leaf and the
      sheath which clasps the stalk.) Ten of these stalks were harvested 4 weeks
      after such treatment and ten more were harvested 5 weeks after such
      treatment. An equal number of stalks of the same age were treated in an
      identical manner with a mixture of the same kind of linear alcohol
      ethoxylates wherein the average number of ethoxy groups was 9 (15-LAE-9 ).
PAR  "Trysben" (dimethylamine salt of trichlorobenzoic acid), a known sugarcane
      ripening agent, was also used to treat an equal number of stalks for
      comparison purposes because of its consistent activity. The Trysben
      commercial product (a 50 weight percent aqueous solution of the salt
      available from the E. I. duPont de Nemours and Co.) was diluted with an
      equal weight of water and the resulting solution (which also contains
      about 0.25 weight percent nonylphenyl ethoxylated to contain about 10.5
      moles of ethylene oxide per mole of nonylphenyl) was applied to the stalks
      in the manner described above in an amount of 0.3 ml/stalk which is
      equivalent to 4 lbs/acre of Trysben.
PAR  The top 15 joints of the treated cane as well as those of similar untreated
      cane were removed and analyzed in terms of juice purity and pol percent
      cane, following the so-called "press method" developed by T. Tanimoto,
      Hawaiian Planters Record, 57, 133 (1964). "Pol percent cane" is a
      polarimetric determination and equals the percentage of sucrose if the
      latter is the only substance in the solution which will rotate the plane
      of polarized light. Determination of the pol percent cane is a standard
      and effective method for determining the sucrose content of sugarcane. The
      results are given below:
TBL               Time of Harvest                                              

                  Four Weeks After                                             

                             Five Weeks After                                  

                  Application                                                  

                             Application                                       

                  Juice  Pol %   Juice     Pol %                               

                  Purity Cane    Purity    Cane                                

     ______________________________________                                    

     Control (untreated)                                                       

                    59.52    5.71    67.68   6.93                              

     Trysben (standard) (4                                                     

                    69.58    8.00    69.70   7.81                              

      lbs/acre)                                                                

     15-LAE-7 (33 lbs/acre)                                                    

                    68.48    7.94    79.18   9.44                              

     15-LAE-9 (33 lbs/acre)                                                    

                    73.63    8.40    73.39   8.59                              

     ______________________________________                                    

PAR  As is apparent, the application of the compounds of the invention resulted
      in a very substantial improvement in both juice purity and pol percent
      cane.
PAC  EXAMPLE II
PAR  The procedure of Example I was repeated on the stalks of cane 19.5 months
      of age using compounds comprising a mixture of the same linear alcohol
      ethoxylates, except that an equal number of stalks were treated with
      compounds wherein the average number of ethoxy groups was three
      (15-LAE-3), five (15-LAE-5), and twelve (15-LAE-12). The following results
      were obtained:
TBL                    Time of Harvest                                         

                       Four Weeks After                                        

                                 Five Weeks After                              

                       Application                                             

                                 Application                                   

                       Juice                                                   

                            Pol %                                              

                                 Juice                                         

                                      Pol %                                    

                       Purity                                                  

                            Cane Purity                                        

                                      Cane                                     

     __________________________________________________________________________

     Control (untreated)                                                       

                       70.64                                                   

                            7.95 67.96                                         

                                      7.61                                     

     Trysben (standard) (4 lbs/acre)                                           

                       76.12                                                   

                            9.10 72.19                                         

                                      8.93                                     

     15-LAE-3 (33 lbs/acre)                                                    

                       61.76                                                   

                            5.99 55.46                                         

                                      5.54                                     

     15-LAE-5 (33 lbs/acre)                                                    

                       71.83                                                   

                            7.92 65.30                                         

                                      6.96                                     

     15-LAE-12 (33 lbs/acre)                                                   

                       78.11                                                   

                            10.42                                              

                                 75.92                                         

                                      11.00                                    

     __________________________________________________________________________

PAR  The results again show a distinct improvement in both sucrose yield and
      juice purity resulting from treating the cane with a compound of the
      invention, 15-LAE-12. On the other hand, the other two ethoxylated
      alcohols, 15-LAE-3 and 15-LAE-5, which are chemically similar to 15-LAE-12
      except for their lower degree of ethoxylation, have been found to be
      essentially ineffective as ripeners.
PAC  EXAMPLE III
PAR  The procedure of Example I was repeated on stalks 20.2 months of age using
      alkyl phenyl ethoxylate (APE) wherein the alkyl group contains 9 carbon
      atoms and the average number of ethoxy groups per mole was 10.5
      (9APE-10.5). An equal number of the same stalks were treated with the same
      compound using twice as much as in Example I or 0.6 ml/stalk (which
      corresponds to a rate of 66 lb/acre). The following results were obtained:
TBL                    Time of Harvest                                         

                       Four Weeks After                                        

                                 Five Weeks After                              

                       Application                                             

                                 Application                                   

                       Juice                                                   

                            Pol %                                              

                                 Juice                                         

                                      Pol %                                    

                       Purity                                                  

                            Cane Purity                                        

                                      Cane                                     

     __________________________________________________________________________

     Control (untreated)                                                       

                       79.01                                                   

                            9.59 81.39                                         

                                      10.61                                    

     Trysben (standard) (4 lbs/acre)                                           

                       82.38                                                   

                            11.48                                              

                                 82.88                                         

                                      11.99                                    

     9-APE-10.5 (33 lbs/acre)                                                  

                       86.37                                                   

                            13.38                                              

                                 86.72                                         

                                      13.39                                    

     9-APE-10.5 (66 lbs/acre)                                                  

                       83.91                                                   

                            12.74                                              

                                 85.04                                         

                                      12.95                                    

     __________________________________________________________________________

PAR  A very apparent improvement in sucrose yield and juice purity again result
      from the use of the invention. Furthermore, the results of Examples I, II,
      and III indicate that compounds of the invention are highly effective for
      the intended purpose relatively independently of the degree of ripeness
      which the cane has naturally reached at the time of treatment, and
      relatively independently of the amount of agent applied. As can be seen,
      0.3 ml of active compound per stalk is ample to produce the desired
      effect, but a higher dosage produces no further benefits.
PAC  EXAMPLE IV
PAR  The procedure of Example I was repeated on stalks 20.0 months of age using
      phenyl ethoxylate wherein the average number of ethoxy groups per mole is
      15 (PE-15), nonylphenyl ethoxylate wherein the average number of ethoxy
      groups per mole is 7 (9-APE-7), nonylphenyl ethoxylate wherein the average
      number of ethoxy groups per mole is 9 (9-APE-9), nonylphenyl ethoxylate
      wherein the average number of ethoxy groups per mole is 15  (9-APE-15),
      and dodecylphenyl ethoxylate wherein the average number of ethoxy groups
      per mole is 6 (12-APE-6). The results are shown below:
TBL                    Time of Harvest                                         

                       Four Weeks After                                        

                                 Five Weeks After                              

                       Application                                             

                                 Application                                   

                       Juice                                                   

                            Pol %                                              

                                 Juice                                         

                                      Pol %                                    

                       Purity                                                  

                            Cane Purity                                        

                                      Cane                                     

     __________________________________________________________________________

     Control (untreated)                                                       

                       63.64                                                   

                            6.55 70.81                                         

                                      7.95                                     

     Trysben (standard) (4 lbs/acre)                                           

                       81.10                                                   

                            10.65                                              

                                 77.34                                         

                                      9.94                                     

     PE-15 (33 lbs/acre)                                                       

                       77.22                                                   

                            9.69 78.45                                         

                                      10.77                                    

     9-APE-7 (33 lbs/acre)                                                     

                       75.19                                                   

                            9.49 67.68                                         

                                      7.42                                     

     9-APE-9 (33 lbs/acre)                                                     

                       77.55                                                   

                            9.57 70.80                                         

                                      8.51                                     

     9-APE-15 (33 lbs/acre)                                                    

                       76.43                                                   

                            9.54 76.33                                         

                                      10.10                                    

     12-APE-6 (33 lbs/acre)                                                    

                       59.85                                                   

                            5.80 76.90                                         

                                      10.03                                    

     __________________________________________________________________________

PAR  The essentially empirical nature of the present invention is demonstrated
      in the results in that nonylphenyl ethoxylate wherein the average number
      of ethoxy groups is 7 (9-APE-7) was very effective if cane treated with it
      was harvested within four weeks after application but was essentially
      ineffective when harvest was delayed unitl the fifth week. Conversely,
      dodecylphenyl ethoxylate wherein the average number of ethoxy groups per
      molecule is 6 (12-APE-6) was very effective if applied five weeks before
      harvest but was not noticeably effective when cane treated with it was
      harvested only four weeks after treatment.
PAC  EXAMPLE V
PAR  The procedure of Example I was repeated on stalks 20.0 months of age using
      trimethylnonanyl ethoxylate wherein the average number of ethoxy groups
      per mole is 6 (TMN-6) and a mixture of C.sub.14 to C.sub.15 linear alcohol
      ethoxylates wherein the average number of ethoxy groups per mole is 10
      (45-LAE-10). Also applied were a mixture of C.sub.11 to C.sub.15 linear
      alcohols (15-LA) and polyethylene glycol (PEG) of approximately 2500
      molecular weight. The results are shown below:
TBL                    Time of Harvest                                         

                       Four Weeks After                                        

                                 Five Weeks After                              

                       Application                                             

                                 Application                                   

                       Juice                                                   

                            Pol %                                              

                                 Juice                                         

                                      Pol %                                    

                       Purity                                                  

                            Cane Purity                                        

                                      Cane                                     

     __________________________________________________________________________

     Control (untreated)                                                       

                       63.64                                                   

                            6.55 70.81                                         

                                      7.95                                     

     Trysben (standard) (4 lbs/acre)                                           

                       81.10                                                   

                            10.65                                              

                                 77.34                                         

                                      9.94                                     

     TMN-6 (33 lbs/acre)                                                       

                       62.35                                                   

                            7.12 76.30                                         

                                      10.29                                    

     45-LAE-10 (33 lbs/acre)                                                   

                       73.10                                                   

                            8.54 83.58                                         

                                      12.18                                    

     15-LA (33 lbs/acre)                                                       

                       70.63                                                   

                            9.05 82.65                                         

                                      11.70                                    

     PEG(33 lbs/acre)  77.35                                                   

                            9.84 74.96                                         

                                      9.55                                     

     __________________________________________________________________________

PAR  Again the excellent results obtainable when using compounds of the
      invention are observable.
PAC  COMPARATIVE EXAMPLE A
PAR  A number of compounds which are known and used as surfactants in various
      applications were tested in the same manner as the compounds of the
      present invention. Among the compounds tested were "Aerosol OT" (dioctyl
      ester of sodium sulfosuccinic acid) which showed little or no sugarcane
      ripening activity and a large group of substituted benzene sulfonic acids,
      benzene sulfonamides, benzene sulfinic acids, phenyl sulfones and benzyl
      sulfones, none of which showed any sugarcane ripening activity.
      Representative runs utilizing these compounds are given below in Table A.
TBL                Table A                                                     

     ______________________________________                                    

                  Time of Harvest                                              

                  Four Weeks After                                             

                             Five Weeks After                                  

                  Application                                                  

                             Application                                       

                    Juice    Pol %   Juice  Pol %                              

     Compound       Purity   Cane    Purity Cane                               

     ______________________________________                                    

     Aerosol OT.sup.1                                                          

                    66.49    8.88    65.17  6.72                               

     Control        64.40    6.72    68.42  7.56                               

     3,3'-dinitro-4,4'-                                                        

      dichloro-                                                                

      diphenylsulfone.sup.2                                                    

                    63.88    7.05    65.47  6.44                               

     Control        63.93    6.81    71.68  7.98                               

     2,4,5-trichlorophenyl-                                                    

      benzylsulfone.sup.2                                                      

                    51.29    3.86    57.33  4.99                               

     Control        56.53    5.16    63.59  6.17                               

     ______________________________________                                    

      .sup.1 Applied to growing sugarcane, 20.25 months of age, at a rate of 0.

      ml/stalk which corresponds to 33 lb/acre.                                

      .sup.2 Applied to growing sugarcane, 22 months of age, at a rate of 38   

      ml/stalk which corresponds to 4 lb/acre.                                 

PAL  Other known surfactants which are tested on field grown sugarcane with
      similar results include 2,4-dinitrobenzene sulfonic acid;
      N'-n-butyl-3-amino-4-methoxybenzene-sulfonamide;
      N-diethyl-3-amino-4-methoxy-benzene-sulfonamide;
      3,4,3',4'-tetrachlorodiphenylsulfone; 2,4,5-trichlorobenzene sulfinate;
      2,4,5-trichlorophenylsulfone; 2,4-dinitro-4'-chlorodiphenylsulfone;
      4-nitro-2,4'-dichlorodiphenylsulfone; 3,4,4'-trichlorodiphenylsulfone;
      2,4,4',5-tetrachlorodiphenylsulfone;
      5-nitro-1',4',5'-trichlorodiphenylsulfone;
      2-chloro-4-nitrodiphenylsulfone; p-chlorophenylbenzyl sulfone;
      2-chloro-4-nitrophenylbenzylsulfone; and butyl methane sulfonate.
PAR  These results show that the use of a particular material as a surfactant
      has no relationship to the activity (or lack thereof) of the same material
      as a sugarcane ripening agent.
PAC  COMPARATIVE EXAMPLE B
PAR  Field growing sugarcane is contacted with an aqueous composition of an
      experimental active ripener and 0.05 lb/acre of a surfactant of the
      compound of Example III (9-APE-10.5). A similar area is treated with an
      aqueous composition of the same experimental active ripener without the
      surfactant. Samples are taken from each area each week for 13 weeks after
      application and the purity and pol percent cane are determined. The
      results are shown below in Table B.
TBL                                    Table B                                 

     __________________________________________________________________________

     Weeks after      Purity                                                   

                           Pol % Cane                                          

     application                                                               

            With                                                               

                Without                                                        

                    (Difference)                                               

                           With Without                                        

                                     (Difference)                              

     __________________________________________________________________________

     0      75.7                                                               

                73.2                                                           

                    +      8.3  7.9  =                                         

     1      76.7                                                               

                79.9                                                           

                    -      8.7  9.5  -                                         

     2      78.4                                                               

                78.5                                                           

                    =      9.2  9.1  =                                         

     3      71.6                                                               

                74.9                                                           

                    -      7.8  8.4  -                                         

     4      72.0                                                               

                69.6                                                           

                    +      7.9  7.1  +                                         

     5      74.8                                                               

                73.4                                                           

                    =      9.1  8.0  +                                         

     6      73.7                                                               

                74.5                                                           

                    =      8.7  8.2  =                                         

     7      75.3                                                               

                76.7                                                           

                    =      9.0  9.2  =                                         

     8      77.9                                                               

                81.4                                                           

                    -      9.8  10.7 -                                         

     9      78.7                                                               

                73.5                                                           

                    +      10.3 8.5  +                                         

     10     79.5                                                               

                76.4                                                           

                    +      10.9 10.1 +                                         

     11     82.2                                                               

                81.8                                                           

                    =      10.9 10.5 =                                         

     12     80.8                                                               

                82.2                                                           

                    =      11.1 11.3 =                                         

     13     78.3                                                               

                79.7                                                           

                    =      10.5 10.7 =                                         

     __________________________________________________________________________

PAR  If it is assumed in this instance that it takes at least 2 points of purity
      to make a significant difference, then there were 4 gains, 3 losses, and 7
      evens for the 13 weeks of sampling. Further, if it is assumed that at
      least one-half point of pol percent cane is enough to make a significant
      difference, then there were 4 gains, 3 losses, and 6 evens for 13 weeks of
      sampling. All of which strongly indicates that there is no effect
      whatsoever of surface active agents added at this level, 0.05 lb/acre, a
      commonly used level of surfactant for this type of application.
PAC  COMPARATIVE EXAMPLE C
PAR  The compound of Example III (9-APE-10.5) was applied to field growing
      sugarcane which was 21.25 months of age at time of application in the
      manner of Example I. The compound was applied at rates of 10, 19, and 38
      mgm/stalk which correspond to 1, 2, and 4 lbs/acre, respectively. Trysben
      was also applied at a rate of 4 lbs/acre. The plants were harvested four
      weeks after application with the following results:
TBL  Compound         Juice Purity  Pol % Cane                                 

     ______________________________________                                    

     9-APE-10.5 (4 lbs/acre)                                                   

                      79.30         10.54                                      

     9-APE-10.5 (2 lbs/acre)                                                   

                      78.41         9.92                                       

     9-APE-10.5 (1 lb/acre)                                                    

                      62.52         5.93                                       

     Trysben (4 lbs/acre)                                                      

                      80.70         10.91                                      

     Control (untreated)                                                       

                      64.40         6.66                                       

     ______________________________________                                    

PAR  This data clearly shows no activity of the 9-APE-10.5 compound at a rate of
      1 lb/acre. A rate of 4 lbs/acre is optimal and application at 2 lbs/acre
      shows signs of decreasing relative to the 4 lbs/acre results.
PAC  COMPARATIVE EXAMPLE D
PAR  Various materials found to be active in an original screening test (at a
      rate of 4 lbs/acre) are applied to field growing sugarcane at lower rates
      including 1 lb/acre and less of active material. More than 3,000 compounds
      have been tested over an extended period of time and only 2 compounds (one
      of which is methyl-3,6-dichloro-0-anisate and the other of which is
      currently chemically unidentified by its supplier) are found to be active
      at a rate of 1 lb/acre or less. Typical runs are shown below in Table C.
TBL                Table C                                                     

     ______________________________________                                    

                    Time of Harvest                                            

                    Four Weeks After                                           

                              Five Weeks After                                 

                    Application                                                

                              Application                                      

                      Juice   Pol %   Juice Pol %                              

     Compound         Purity  Cane    Purity                                   

                                            Cane                               

     ______________________________________                                    

     3-carboxy-1-(p-                                                           

      chlorophenyl)-                                                           

      4,6-dimethyl-2-pyridone,                                                 

     Na salt                                                                   

       19 mg/stalk.sup.1                                                       

                      79.48   9.98    83.99 12.52                              

      9.5 mg/stalk.sup.1                                                       

                      77.69   9.58    72.35 8.01                               

      Control         77.56   9.48    79.65 9.56                               

     Cetyltrimethylammonium                                                    

     bromide                                                                   

      38 mg/stalk.sup.2                                                        

                      81.50   9.80    86.80 11.50                              

      19 mg/stalk.sup.2                                                        

                      77.10   8.60    73.40 7.60                               

      Control         74.00   7.60    77.10 11.70                              

     6-azauracil 38 mg/stalk.sup.3                                             

                      70.24   8.28    77.93 10.21                              

     6-azauracil 19 mg/stalk.sup.3                                             

                      65.34   6.20    67.48 7.15                               

     Control          59.52   5.71    67.68 6.93                               

     ______________________________________                                    

      .sup.1 Applied to growing sugarcane, 16.5 months of age, at a rate of 19 

      and 9.5 ml/stalk which corresponds to 2 and 1 lb/acre.                   

      .sup.2 Applied to growing sugarcane, 16.0 months of age, at a rate of 38 

      and 19 ml/stalk which corresponds to 4 and 2 lb/acre.                    

      .sup.3 Applied to growing sugarcane, 16.0 months of age, at a rate of 38 

      and 19 ml/stalk which corresponds to 4 and 2 lb/acre.                    

PAR  The nature, scope, utility and effectiveness of the present invention have
      been described and specifically exemplified in the foregoing
      specification. However, it should be understood that these examples are
      not intended to be limiting and that the true scope of the invention to be
      protected is particularly pointed out in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for increasing the sugar yield of field grown, maturing
      sugarcane which comprises applying to the cane at a time at least about
      two weeks and up to about twelve weeks prior to harvest as essentially the
      sole ripening agent in an amount effective to increase sucrose yield, a
      compound selected from the group consisting of:
PA1  a. linear alcohols containing 11 to 15 carbon atoms,
PA1  b. polyalkylene glycols containing 2 to 3 carbon atoms in the alkylene
      group, and
PA1  c. ethoxylated phenols or alcohols corresponding to the formula
EQU  R--O--CH.sub.2 CH.sub.2 O).sub.n H
PAL  wherein R is phenyl, alkyl-substituted phenyl wherein the alkyl substituent
      contains from 8 to 15 carbon atoms, or alkyl of from 8 to 20 carbon atoms,
      and wherein n is an integer from 6 to 20.
NUM  2.
PAR  2. A process according to claim 1 wherein the sole ripening agent is a
      compound selected from the group consisting of ethoxylated phenols or
      alcohols corresponding to the formula
EQU  R--O--CH.sub.2 CH.sub.2 O).sub.n H
PAL  wherein R is phenyl, alkyl-substituted phenyl wherein the alkyl substituent
      contains from 8 to 15 carbon atoms, or alkyl of from 8 to 20 carbon atoms,
      and wherein n is an integer from 6 to 20.
NUM  3.
PAR  3. A process according to claim 1 wherein the ripening agent is an
      ethoxylated phenol corresponding to the formula R--O--CH.sub.2 CH.sub.2
      O).sub.n H
PAL  wherein R is nonylphenyl and n is 10 to 11.
NUM  4.
PAR  4. A process according to claim 2 wherein said ripening agent is a
      composition containing one or more ethoxylated alcohols corresponding to
      the formula
EQU  R--O--CH.sub.2 CH.sub.2 O).sub.n H
PAL  wherein R is alkyl from 8 to 20 carbon atoms and wherein n is an integer
      from 6 to 20.
NUM  5.
PAR  5. A process according to claim 4 wherein R is alkyl of from 11 to 15
      carbon atoms and mixtures thereof and n is 6.
NUM  6.
PAR  6. A process according to claim 5 wherein n is 7.
NUM  7.
PAR  7. A process according to claim 5 wherein n is 9.
NUM  8.
PAR  8. A process according to claim 5 wherein n is 12.
NUM  9.
PAR  9. A process according to claim 1 wherein the ripening agent is
      polyethylene glycol of from about 2000 to about 4000 molecular weight.
NUM  10.
PAR  10. A process according to claim 1 wherein the compound is applied to the
      cane in admixture with water as a carrier.
NUM  11.
PAR  11. A process according to claim 1 wherein the compound is applied in the
      form of an aqueous solution or suspension at a rate of about 7 to 20
      gallons of aqueous composition per acre.
NUM  12.
PAR  12. A process according to claim 1 wherein the compound is applied in the
      form of a dust composition.
NUM  13.
PAR  13. A process according to claim 1 wherein the compound is applied at a
      rate of at least about 3 lbs/acre.
PATN
WKU  039308413
SRC  5
APN  4775961
APT  1
ART  111
APD  19740610
TTL  Thermoplastic prealloyed powder
ISD  19760106
NCL  8
ECL  1
EXP  Stallard; W.
NDR  1
NFG  1
INVT
NAM  Volin; Timothy Earl
CTY  Tuxedo
STA  NY
INVT
NAM  Benjamin; John Stanwood
CTY  Suffern
STA  NY
INVT
NAM  Larson; Jay Michael
CTY  Warwick
STA  NY
INVT
NAM  Cairns; Robert Lacock
CTY  Suffern
STA  NY
ASSG
NAM  The International Nickel Company, Inc.
CTY  New York
STA  NY
COD  02
RLAP
COD  74
APN  316077
APD  19721218
PSC  01
PNO  3865575
ISD  19750211
CLAS
OCL   75   5R
XCL   75   5BA
XCL   75   5BB
XCL   75   5BC
EDF  2
ICL  B22F  900
FSC   75
FSS  .5 R;.5 BA;.5 BB;.5 BC
FSC  148
FSS  11.5 F
UREF
PNO  3519503
ISD  19700700
NAM  Moore et al.
OCL  148 11.5F
UREF
PNO  3591362
ISD  19710700
NAM  Benjamin
OCL   75   .5BA
UREF
PNO  3631583
ISD  19720100
NAM  Haller
OCL   29420.5
UREF
PNO  3639179
ISD  19720200
NAM  Reichman et al.
OCL  148 11.5F
UREF
PNO  3671230
ISD  19720600
NAM  Smythe et al.
OCL   75213
UREF
PNO  3728088
ISD  19730400
NAM  Benjamin
OCL   29182.5
LREP
FR2  Kenny; R. J.
FR2  MacQueen; E. C.
ABST
PAL  Prealloyed powders, particularly of compositions which are difficult to
      work by conventional means, are subjected to forces such that strain
      energy is imparted thereto by virtue of which the prealloyed powders
      manifest low flow stress and a high degree of thermoplasticity.
PARN
PAR  This is a division, of application Serial No. 316,077, filed Dec. 18, 1972
      which is now U.S. Pat. No. 3,865,575 issued Feb. 11, 1975.
BSUM
PAR  During recent years, research efforts have been intensive in the quest for
      new alloys capable of meeting the stringent requirements imposed by more
      severe operating conditions, notably higher temperatures. And this has
      been particularly evident in respect of alloy development involving gas
      turbine engines.
PAR  To withstand the destructive effect of elevated temperature has of
      necessity required alloys of greater strength and hardness. But the very
      improvements achieved with regard to such metallurgical properties have,
      in turn, been responsible for placing an increasingly heavier burden upon
      hot workability and fabricability characteristics in general. This rather
      ironic development has reached the point at which the most desirable
      alloys, e.g., the alloy known as IN-100, virtually cannot, as a practical
      matter, be conventionally hot worked. As a consequence, such materials
      have been largely produced in cast form only. Suffice to say, casting is
      inherently self-limiting.
PAR  To produce the exceptionally difficultly workable alloys, the metallurgist
      has turned to such techniques as powder metallurgy. In this connection,
      the recently introduced "gatorizing" concept has been utilized and has
      proved to be of considerable merit. This advance appears, however, to
      suffer from the drawback in that the required extrusion reduction places a
      limitation on the section size of products that can be made with available
      equipment. This does focus attention on an existing problem, to wit,
      product shapes, and presages other difficulties arising.
PAR  In the near future it is expected that huge industrial or power turbines
      will be coming on stream and these may bring forth operating or processing
      characteristics even more demanding in certain respects than present
      turbine engines. For example, discs of four to five feet or more in
      diameter loom as a distinct probability. Yet, given the high strength
      requirements needed for elevated temperature operation, equipment is not
      presently available domestically, insofar as we are aware, having the
      capacity to deliver the forces necessary to satisfactorily press a
      compact, of say, IN-100, to such size. And as is known, the capital
      investment involved in this type of equipment is of considerable
      magnitude.
PAR  However, in accordance with the present invention, it is deemed that
      extremely large diameter discs (as well as much smaller turbine discs) and
      a host of other components can be produced without recourse to new and
      costly equipment. This stems from the discovery, as will be more fully
      described herein, that if high strain energy is induced into powder
      prealloyed to desired composition, e.g., virtually unworkable IN-100, the
      nature of the powder is altered to such an extent that the powder takes on
      the physical characteristic of thermoplasticity, exhibiting significantly
      less resistance to flow. As a direct consequence of this phenomenon, (a)
      lower pressing temperatures and/or forming stresses can be used than
      otherwise would be the case, (b) the capacity of available equipment would
      be capable of producing huge shapes such as 4-5 foot diameter turbine
      discs, (c) processed powder can be put into a preform closely
      corresponding to the configuration of shape of the final product, (d) the
      preform is capable of retaining its relative ease of deformability
      properties through subsequent processing, and (e) limitations introduced
      by being otherwise restricted in the type of apparatus that can be used,
      e.g., the extrusion press, are greatly minimized if not obviated.
PAR  As will be appreciated by those skilled in the art, the amount of strain
      energy required will be influenced by the hardness and strength of a given
      alloy at a given elevated temperature. And this to a considerable extent
      is largely a reflection of composition. To indicate generally when
      sufficient strain energy has been imparted to prealloyed powder to confer
      "thermoplasticity" as contemplated herein, reference is made to the
      accompanying drawing. Curve A represents prealloyed powder which has been
      subjected to strain energy, Curve B representing prealloyed powder of the
      same composition but which has not been so processed. Point H.sub.o
      represents a common hardness value for each of the prealloyed powders at a
      given temperature, the respective powders having been consolidated to a
      density of at least 99% of theoretical.
PAR  In accordance herewith, if an amount of strain energy has been imparted to
      prealloyed powder such that at the point 1/2 H.sub.o .DELTA.T/TM (the
      temperature differential, .DELTA.T, between the respective hardness curves
      divided by the absolute melting temperature of the alloy, TM) is at least
      1%, the prealloyed powder is deemed thermoplastic. However, this
      thermoplastic condition, referred to as TPC-1 (Thermoplastic Physical
      Characteristic), is considered to be minimal. Preferably this ratio
      (.DELTA.T/TM) should be at least 2% (TPC-2) and most advantageously at
      least about 5% (TPC-3). This contributes greatly to minimum flow stress
      and lower pressing temperatures which in turn reduce the otherwise
      required load on a press (or equivalent functioning equipment).
PAR  It is conceivable that some materials may not show an H.sub.o hardness
      value. This could be the case in respect of, for example, a material in
      which the increase in hardness due to the strain energy input is less than
      that of a hardening phase destroyed during the energy input. Too, it is
      considered that there are alloy materials in which an H.sub.o value exists
      at a lower temperature than the lower limit hardness test temperature. In
      such instances, the H.sub.o value would be replaced by the expression
      ##EQU1##
      being the room temperature hardness of the prealloyed powder and
      (H.sub.B).sub.RT being the room temperature hardness of the same powder in
      the processed condition. It is to be understood that the claims appended
      hereto are to be so construed with regard to Thermoplastic Physical
      Characteristic values. Thus, at
      ##EQU2##
      the .DELTA.T/TM ratio must be at least 1% in order for the processed
      powder to be considered thermoplastic.
PAR  It has been found that the necessary strain induced energy can be readily
      imparted to the prealloyed powders by employing a technique similar to the
      mechanical alloying process as described in U.S. Pat. No. 3,591,362 and
      incorporated herein by reference. This is a dry, intensive high energy
      milling process in which constituent powders are subjected to continuous
      and repeated compressive impact forces, for example, by melting media,
      until a composite product alloy powder of substantial saturation hardness
      and of a composition corresponding to the respective percentages of the
      initial individual constituent powders is produced. The constituent
      powders become most intimately interdispersed, the alloy being
      exceptionally dense and homogeneous. In the subject invention, attaining
      saturation hardness is not necessary (in certain instances it may be
      undesirable) and, surprisingly, though prealloyed powder is used it
      responds exceptionally well to strain energy being imparted thereto at
      room temperature.
PAR  As to the milling process, the required compressive impact forces may be
      applied, for example, by milling elements, normally balls formed of steel,
      nickel, tungsten carbide, etc., which are kinetically maintained in a high
      state of relative motion, at least 50 to 75% of the balls being preferably
      maintained out of static self-contact at any given time. This assures that
      the accelerative forces will cause the ball elements to continuously and
      repeatedly collide. Spex mills, attritor mills such as the Szegvari
      attritor mill, vibratory mills and planetary ball mills can be used to
      induce the necessary strain energy. Conventional ball mills, as a general
      proposition, even if they can supply the necessary energy, require too
      long a period to do so. This is illustrated herein in connection with the
      data presented in Table IV.
PAR  Of course, the important consideration is not the particular type of
      machine utilized but rather the degree of strain energy input to the
      prealloyed powders. To that end, the information given in Table I below is
      intended to indicate simply by way of illustration only, satisfactory
      processing parameters for a machine such as an attritor in which 5/16 inch
      dia. 52100 through hardened balls are used in conjunction with an argon -
      10% methane atmosphere (other atmospheres e.g., nitrogen or
      nitrogen-oxygen atmospheres, can be used.
TBL                TABLE I                                                     

     ______________________________________                                    

                  Tank    Impeller  Ball Powder                                

                                            Time,                              

     Apparatus    diam.   speed. rmp                                           

                                    ratio (vol.)                               

                                            hr.                                

     ______________________________________                                    

     1 gal. attritor                                                           

                   9      300-400   5-50    1-10                               

     4 gal. attritor                                                           

                  13      200-300   "       1-10                               

     10 gal. attritor                                                          

                  16      125-200   "       1-10                               

     100 gal. attritor                                                         

                  36       50-150   "       1-10                               

     ______________________________________                                    

PAR  With regard to powder size, a broad range may be used, e.g., up to 1000
      microns; it is preferred, however, in using 5/16 inch diameter 52100 balls
      to use powder within the range of 20 to 350 microns.
PAR  To give those skilled in the art a better appreciation of the invention,
      the following Examples and data are given:
DETD
PAC  EXAMPLE I
PAR  Atomized IN-100 powder containing (nominally) about 15% Co, 10% Cr, 5.5%
      Al, 4.75% Ti, 3% Mo, 0.02% C, 0.15% B, 0.06% Zr, balance essentially Ni,
      was screened to minus 325 mesh. It was then subjected to high energy
      impact in 1 gallon attritor for a period of about 10 hours, the impeller
      speed being maintained at about 350 rpm, 37 pounds of through hardened
      52100 steel balls (5/16 inch dia.) being used as the impacting elements.
      The ball to powder (volume) ratio was about 17:1 and a flowing nitrogen
      atmosphere was used.
PAR  The as-attrited powder was then canned in mild steel, evacuated, heated to
      600.degree.F. under vacuum and sealed. Compaction was accomplished by
      heating the sealed can to 1900.degree.F. and then upsetting the same
      against a blank die in an extrusion press. This was followed by
      vermiculite cooling. Hot hardness was determined on the as-compacted
      material as shown in Table II. Included for purposes of comparison are the
      corresponding hardness values of the IN-100 powder in the as-atomized and
      compacted state.
TBL                TABLE II                                                    

     ______________________________________                                    

             Hardness, R.sub.A                                                 

     Temperature,                                                              

               As-Atomized and                                                 

                             Attrited and                                      

               Compacted     Compacted                                         

     ______________________________________                                    

     RT        74.5          78.5                                              

     1000      73.2          76.2                                              

     1200      72.4          74.1                                              

     1400      71.0          69.8                                              

     1600      63.2          14.4                                              

     1800      37.2          (too low to determine)                            

     ______________________________________                                    

      RT = room temperature                                                    

PAR  The foregoing reflects the tremendous drop in hardness as the temperature
      exceeded about 1400.degree.F. At 1600.degree.F., hardness was already at
      the dramatically low level of 14.4. At 1800.degree.F. the hardness of the
      strain energy induced (attrited) powder was at such a low level that it
      could not be determined on the Rockwell A scale. In marked contrast, it
      will be observed that the hardness of IN-100 in the as-atomized and
      compacted condition was, comparatively speaking, still quite high at the
      corresponding temperatures. At the temperature 1600.degree.F., for
      example, the attrited powder in comparison with its as-atomized
      counterpart had a Thermoplastic Physical Characteristic TPC-3.
PAC  EXAMPLE II
PAR  Another batch of minus 325 mesh atomized IN-100 powder was processed as in
      Example I. In this instance, compacting in the extrusion press was
      conducted at 1950.degree.F. Tensile specimens were prepared from the
      processed billet. One specimen was tested in the attrited and as-compacted
      state at 1800.degree.F. Flow stresses were determined and were found to
      range from 4870 to 11,170 psi over strain rates of from 0.0025 to 0.625
      min. .sup..sup.-1 At fracture, the elongation was 144% and the reduction
      in area was 99%. In marked contrast the flow stress for as-atomized IN-100
      upset compacted at 1950.degree.F. was from 8670 to 16,000 psi over the
      same strain rates, the elongation being 10% and reduction in area being
      4.5%.
PAR  The rather striking difference in flow stress and/or ductility between the
      attrited and as-atomized powders are deemed attributable, at least in
      part, to the much finer grain size or dislocation structure of the
      attrited powder. Moreover, it is considered that there is a finer
      dispersion of embrittling phases as a by-product of the attriting.
      Compaction of the as-atomized powder is rendered most difficult at best by
      reason of phases on the powder surface and by the higher deforming
      stresses required. This contributes to subsequent problems concerning
      porosity and embrittlement.
PAR  For purposes of determing stress-rupture life, another tensile specimen
      from the attrited compacted powder was heat treated at 2100.degree.F. for
      4 hours, oil quenched, heated at 1200.degree.F. for 24 hours, air cooled,
      and aged at 1400.degree.F. for 8 hours followed by air cooling. At a
      temperature of 1350.degree.F. and under a stress of 100,000 psi the
      specimen had a rupture life of 22.5 hours. This compares with but 2 hours
      for the as-atomized compacted powder treated in the same fashion. In the
      latter case, strength could not be improved by heat treatment.
PAC  EXAMPLE III
PAR  Batches of atomized IN-100 powder of a composition corresponding to that
      given in Example I, screened to minus 60 plus 325 mesh were processed in a
      5-1/2 inch diameter "ball mill." The ball mill was run at about 80 rpm
      using 3/8 inch diameter, through hardened 52100 steel balls, a 10:1 ball
      to powder ratio and a sealed air atmosphere, the difference being that in
      one case the process was conducted for 5 hours as opposed to 50 hours in
      the second instance. Two other batches of minus 325 mesh atomized IN-100
      powder were "attrited" as in Example I for periods of 1 and 3 hours,
      respectively. Each of the 4 batches was compacted as in Example II and
      hardness determinations were made at various temperatures as given in
      Table III. Also set forth, for convenience, are the hardness values for
      as-atomized and compacted (no strain induced energy) powder and the IN-100
      atomized and attrited powder of Example I (attrited 10  hrs.). Finally,
      hardness data taken from that published for conventional as-cast IN-100 is
      also included.
TBL                                    TABLE IV                                

     __________________________________________________________________________

              Rockwell Hardness, R.sub.(A)                                     

     Temp.,                                                                    

         As-  Ball Milled                                                      

                        Attrited       As                                      

     .degree.F.                                                                

         Atomized                                                              

              5 Hr.                                                            

                   50 Hr.                                                      

                        1 Hr.                                                  

                             3 Hr.                                             

                                  10 Hr.                                       

                                       Cast                                    

     __________________________________________________________________________

     R.T.                                                                      

         74.5 74.8 75.8 76.4 77.2 78.5 69.5                                    

     1000                                                                      

         73.2 73.9 73.8 74.4 76.0 76.2 68.2                                    

     1200                                                                      

         72.4 73.8 73.2 74.1 74.0 74.1 68.2                                    

     1400                                                                      

         71.0 71.3 71.5 70.0 69.4 69.8 67.8                                    

     1600                                                                      

         63.2 61.7 55.7 47.2 33.0 14.4 65.0                                    

     1800                                                                      

         37.2 27.4 *    *    *    *    58.5                                    

     __________________________________________________________________________

      * too low to measure                                                     

      R.T. = room temperature                                                  

PAR  The above results show that attriting for but one hour rendered the IN-100
      powder vastly more thermoplastic than dry ball milling for 5 hours and
      somewhat more deformable than ball milling for the less practical period
      of 50 hours, this being a direct effect of the amount of strain energy
      induced in the respective powders. As a practical matter, the as-cast
      hardness remained rather unchanged over the complete temperature range of
      test.
PAR  In addition to the foregoing, our thermoplastic prealloyed powder is
      considered to be significantly morphologically or structurally different
      from conventional prealloyed powder in the final consolidated form. This
      is particularly true in respect of the so-termed superalloys which always
      contain carbon. In the conventional prealloyed powder the carbides
      generally tend to be relatively large, e.g., greater than 1 micron, and
      are incoherent in the matrix (atomic structure would have no relationship
      to the matrix structures surrounding them, it would be at random). In our
      thermoplastic prealloyed powder in the consolidated form much of the
      carbide is present in the form of finely dispersed semi-coherent
      particles. The reason for the difference in the carbide structure can be
      attributed to the great amount of deformation induced in the powder
      particles to introduce the high strain energy state. The pre-existing
      carbides in the powder are comminuted and redistributed by this
      deformation process. Upon subsequent heating to elevated temperature of
      compaction it becomes energetically favorable from a thermodynamic
      viewpoint for the carbides to dissolve and reprecipitate. This occurs at
      temperatures where atomic mobility is relatively low and chemical
      potential is high. This leads to the formation of a uniquely fine,
      coherently precipitated carbide structure. In the conventional prealloyed
      powder the carbides are not comminuted and are therefore retained in a
      relatively stable, large blocky form. Consolidation and working of
      conventional prealloyed powders must be done at relatively higher
      temperatures. Some solution of the large, blocky carbide occurs. The
      higher temperatures also increase atomic mobility, so that what carbide
      does dissolve is more likely to segregate to grain boundaries or other
      surfaces upon cooling.
PAR  By virtue of the thermoplastic nature conferred upon the prealloyed powders
      as a result of the invention, a variety of consolidation techniques can be
      employed, including press forging, creep forging, vacuum hot pressing,
      forging and rolling, hot isostatic compaction at temperatures lower than
      what otherwise might be the case, upsetting on an extrusion press, etc. In
      this connection, the smaller turbine discs can be closed die press forged
      with shaped rams. The as-formed disc would be virtually completely
      porosity free and ready for heat treatment and machining. For large discs
      the ultimately formed billet can be cross rolled or closed die press
      forged to near final shape and size. A most attractive feature in either
      case is the minimum of waste, the superalloys being quite costly, coupled
      with a minimum of finish machining.
PAR  In above describing the instant invention, the commercially well known
      alloy IN-100 has been used. The invention is obviously not restricted to
      this particular composition. To be sure, the invention is primarily
      directed to difficulty workable superalloys but it is applicable to alloys
      in general. Among the superalloys are those containing up to 60%, e.g., 1
      to 25%, chromium; up to 30%, e.g., 5 to 25%, cobalt; up to 10%, e.g., 1 to
      9%, aluminum; up to 8%, e.g., 1 to 7%, titanium, and particularly those
      alloys containing 4 or 5% or more of aluminum plus titanium; up to 30%,
      e.g., 1 to 8%, molybdenum; up to 25% e.g., 2 to 20%, tungsten; up to 10%
      columbium; up to 10% tantalum; up to 7% zirconium; up to 0.5% boron; up to
      5% hafnium; up to 2% vanadium; up to 6% copper; up to 5% manganese; up to
      70% iron; up to 4% silicon, and the balance essentially nickel.
      Cobalt-base alloys of similar composition can be treated. Among the
      specific superalloys might be listed IN-738 and 792, Rene alloys 41 and
      95, Alloy 718, Waspaloy, Astroloy, Mar-M alloys 200 and 246, Alloy 713,
      Alloys 500 and 700, A-286, etc. Various of these alloys are more workable
      than others. Other base alloys such as titanium can be processed as well
      as refractory alloys such as SU-16, TZM, Zircaloy, etc. Prealloys
      contemplated herein can contain up to 10% or more by volume of a dispersed
      such as Y.sub.2 O.sub.3, TLO.sub.2, La.sub.2 O.sub.3, etc.
PAR  Finally, it will be understood that modifications and variations of the
      invention may be resorted to without departing from the spirit and scope
      thereof as those skilled in the art will readily understand. Such are
      considered to be within the purview and scope of the invention and
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process particularly adapted to improving the fabricating
      characteristics of difficulty workable alloys which comprises forming a
      charge of prealloyed powder of predesired composition, subjecting the
      prealloyed powder charge to a force capable of inducing strain energy into
      the powder, and continuing the application of said force at least until
      the amount of strain energy imparted is sufficient so as to alter the
      nature of the powder such that it is characterized by a Thermoplastic
      Physical Characteristic of at least TPC-1, whereby in the case of a
      difficultly workable composition the prealloyed powder is characterized by
      a lower flow stress and can be further processed at lower stress and/or
      temperature than prealloyed powder of the same composition but without
      strain energy having been imparted thereto.
NUM  2.
PAR  2. A process in accordance with claim 1 in which the strain energy induced
      confers a Thermoplastic Physical Characteristic of at least TPC-2 to the
      prealloyed powder.
NUM  3.
PAR  3. A process in accordance with claim 1 in which the strain energy induced
      confers a Thermoplastic Physical Characteristic of at least TPC-3 to the
      prealloyed powder.
NUM  4.
PAR  4. A process in accordance with claim 1 in which the prealloyed powder is a
      superalloy containing up to 60% chromium, up to 30% cobalt, up to 10%
      aluminum, up to 8% titanium, up to 30% molybdenum, up to 25% tungsten, up
      to 10% columbium, up to 10% tantalum, up to 7% zirconium, up to 0.5%
      boron, up to 5% hafnium, up to 2% vanadium, up to 6% copper, up to 5%
      manganese, up to 70% iron, up to 4% silicon and the balance essentially
      nickel.
NUM  5.
PAR  5. A process in accordance with claim 4 in which the prealloyed powder
      contains at least 4% of aluminum plus titanium.
NUM  6.
PAR  6. A process in accordance with claim 4 in which the prealloyed powder is
      selected from the group consisting of IN-100, IN-738, IN-792, Rene alloys
      41 and 95, Waspaloy, Astroloy, Alloys 500, 700, 713 and 718, Mar-M alloys
      200 and 246 and Alloy A-286.
NUM  7.
PAR  7. A process in accordance with claim 1 in which the strain energy induced
      in the prealloyed powder is brought about by the forces imparted through
      dry, intensive high energy milling.
NUM  8.
PAR  8. A process particularly adapted to improving the fabricating
      characteristics of difficultly workable alloys which comprises forming a
      charge of atomized prealloyed powder of a base alloy of predesired
      composition and selected from the group of nickel, cobalt and nickel plus
      cobalt alloys, refractory alloys and titanium alloys, subjecting the
      prealloyed powder charge to a compressive force to induce strain energy
      into the powder such that the amount of strain energy imparted is
      sufficient to alter the nature of the powder such that it is characterized
      by a Thermoplastic Physical Characteristic of at least TPC-1, whereby in
      the case of a difficultly workable composition the prealloyed powder is
      characterized by a lower flow stress and can be further processed at lower
      stress and/or temperature than prealloyed powder of the same composition
      but without strain energy having been imparted thereto.
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PAL  A method of making an alloy of calcium, silicon and iron in which a batch
      is charged into an electric furnace in portions and melted in a reducing
      atmosphere, with the loading of the first batch portion consisting
      entirely of lime being started during the period of discharging the melt
      of the previous melting, and with the last batch portion amounting to from
      3-30 wt.% of the quantity of the melt present in the furnace being loaded
      10-30 minutes before the melt is discharged from the furnace.
PARN
PAR  This is a continuation of application Ser. No. 390,219, filed Aug. 21,
      1973, now abandoned.
BSUM
PAR  The present invention relates to the metallurgical industry and in
      particular to methods of producing calcium-containing alloys used for
      deoxidation, modification as well as for alloying non-ferrous and ferrous
      metals.
PAR  More particularly, the present invention relates to methods of producing
      alloys based on calcium, silicon and iron. Alloys comprising calcium,
      silicon and iron have a number of advantages over silicocalcium, which
      consists chiefly of calcium and silicon, as they are more dense, better
      assimilated by the metal being processed, and contain markedly less
      detrimental admixtures such as sulphur, phosphorus and carbon. The process
      of melting when alloys based on calcium, silicon and iron are produced is
      uncomparably more liable to mechanization and to automatic control than
      the process of melting in the production of silicocalcium by the
      carbothermal method.
PAR  As calcium is the basic component of the alloy and at the same time the
      most low-melting and volatile element, any method of producing
      calcium-containing alloys by means of a reducing lime with any reducing
      agent should be performed in such a way that the degree of calcium
      volatilization is lowered to a minimum. When silicon and alloys thereof
      are used as the reducing agent, another requirement is imposed on the
      methods of producing calcium-containing alloys, viz. the necessity to
      increase as much as possible the degree of silicon utilization as silicon
      and its alloys are very costly and power-consuming products. Taking into
      consideration that calcium fluoride and other deficit products are used as
      fluxes in the production of calcium-containing alloys, a minimum amount of
      the fluxes should be employed in the process. As the process of producing
      calcium-containing alloys, and in particular alloys based on calcium,
      silicon and iron is performed in electric furnaces it is necessary to
      bring to a minimum the consumption of electric energy per unit of the
      product melted.
PAR  As the alloys based on calcium, silicon and iron are used for deoxidation
      and for alloying diverse metals, i.e. at the last stage of producing
      metals prior to the solidification of the casting, these alloys must
      contain a possibly minimum amount of nonmetallics and other detrimental
      admixtures. Therefore the technology involved in the production of such
      alloys must be arranged so as to eliminate the possibility of
      contaminating the alloys with said detrimental inclusions and admixtures.
PAR  A method of melting alloys based on calcium, silicon and iron from lime,
      fluorite and ferrosilicon in an electric arc furnace is known which
      comprises charging the batch and gradually, melting the same, followed by
      discharging the melt from the furnace.
PAR  This known method of producing alloys based on calcium, silicon and iron
      has a number of substantial disadvantages lowering the process efficiency.
      The principal disadvantages are, as follows:
PAR  Due to the reaction of the melt with air oxygen, moisture introduced with
      the batch materials, and with carbon dioxide being evolved through the
      decomposition of carbonates which are always present in lime and fluorite,
      the oxidation of the previously reduced calcium and silicon occurs which
      lowers the degree of utilization of these elements in the process, thus
      adversely affecting all the technical and economic factors and increasing
      the consumption of the silicon-containing reducer, fluxes, and electric
      energy.
PAR  When such technology is employed, a sufficiently complete separation of the
      metal from the slag cannot be attained, which leads to the contamination
      of the alloy having slime inclusions.
PAR  An object of the present invention is the melting of alloys based on
      calcium, silicon and iron by a method which makes it possible to reduce
      the expenditure of raw materials (batch materials) and electric energy.
PAR  Another object of the present invention is to provide a method making it
      possible to melt out an alloy based on calcium, silicon and iron,
      containing a minimum amount of detrimental admixtures viz. sulphur,
      phosphorus, carbon, non-metallics and slag inclusions.
PAR  Still another object of the present invention is to provide a method which
      makes it possible to melt out an alloy based on calcium, silicon and iron
      possessing an increased density.
PAR  These objects have been accomplished by charging, in portions, a batch
      incorporating lime, a silicon-containing reducer, and fluxes into an
      electric furnace, followed by melting said batch and discharging the melt
      from the furance, and, according to the invention, the charge of the first
      portion of the batch consisting of lime going into the electric furnace is
      stated at the time when the melt of the previous melting is being
      discharged with the last portion of the batch in an amount of from 3-30%
      of the weight of the melt present in the furnace being charged from 10-30
      minutes before the discharge of the melt from the furnace is started, and
      with the melting of the batch charged being performed in a reducing
      atmosphere.
PAR  A modification of the present invention consists in that the first portion
      of the batch contains lime and fluxes.
PAR  The present method makes it possible to prevent oxidation of the calcium
      and silicon in the production of alloys based on calcium, silicon and iron
      and, hence, reduces the consumption of electric power and the batch
      materials. Thus, specific electric energy consumption per ton of the alloy
      (15% of calcium) is decreased by 1000 kwhr.
PAR  At the same time the consumption of lime and calcium fluoride has decreased
      and the productivity of the furnace unit has increased.
PAR  As the process of melting is more intensive, a better slag separation from
      the alloy takes place. The alloy is essentially free of slag and
      non-metallics, and the sulphur and phosphorus contents are 0.001% and
      0.02-0.01% respectively.
PAR  It is expedient for the last portion of the batch charged to the furnace to
      comprise an aluminum-containing alloy.
PAR  The present method of producing alloys based on calcium, silicon and iron
      makes it possible to lower the temperature of the process of producing the
      alloy, and, hence, to increase the content of calcium in the alloy at the
      cost of a decrease in silicon content, which, in turn, makes it possible
      to increase the density of the alloy obtained by from 0.5-1 g/cm.sup.3 and
      produce an alloy having a density of from 3.5-4.5 g/cm.sup.3.
PAR  The alloy having an increased density can be more effectively used in
      working ferrous and non-ferrous metals and alloys, particularly, in
      working steel.
PAR  Another modification of the present invention consists in that the last
      portion of the batch charged to the furnace contains an alloy material.
PAR  The introduction of an alloying material with the last portion of the batch
      makes it possible to produce multicomponent alloys based on calcium,
      silicon and iron without adversely affecting the technical and economic
      factors of the process of producing said alloys. Besides the introduction
      of said material into the last portion of the batch makes it possible to
      also increase the density of the alloy obtained without lowering the
      calcium content therein.
PAR  In accordance with the present invention, it is advantageous to employ a
      batch whose particle sizes are less than 20 mm, which makes it possible to
      intensify the melting process, increase productivity of the furnace and
      reduce the consumption of the raw materials and electric energy.
PAR  In addition, it is advisable that the silicon-containing reducer forming a
      part of the batch composition contains from 60-70% of silicon.
PAR  The use of the silicon-containing reducer with a 60-70% silicon content
      makes it possible to raise the density of the alloy, to decrease the
      action of the electric arc on the alloy and to improve the conditions for
      separating the metal from the slag in the process of teeming.
PAR  At the same time the calcium content in the alloy does not decrease and may
      range from 15 to 25% and be even higher.
PAR  It is expedient for the lime, incorporated in the batch composition, to be
      preliminarily calcined at a temperature of from
      1400.degree.-1800.degree.C.
PAR  The use of lime calcined at a temperature of 1400.degree.-1800.degree.C
      makes it practically possible to completely obviate the possibility of
      penetrating the calcium carbonates and the hydroxides into the melt and,
      hence, to prevent oxidation of the alloy with water vapours and carbon
      dioxide in the furnace.
PAR  Another modification of the present invention consists in that a reducing
      atmosphere is created in the furnace, during the period of melting the
      batch, by introducing carbon-containing materials into the furnace zone
      where the temperature is above 1800.degree.C.
PAR  The introduction of the carbon-containing materials into the furnace zone
      where the temperature is above 1800.degree.C makes it possible to
      intensify the process of hydrogen, carbon monoxide and hydrocarbons
      formation and to provide for a protective atmosphere in the furnace
      consisting of these gases. Thus, the oxidation of the previously reduced
      calcium and silicon is, practically, completely obviated.
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description of the present method of producing
      alloys based on calcium, silicon and iron.
PAR  The present method of producing alloys based on calcium, silicon and iron
      provides for a continuous operation for the furnace in which the
      continuous melting is effected.
PAR  The batch may be charged into the furance both continuously and batchwise.
      However at the beginning and at the end of the melting, the batch must
      have quite the definite composition as is described hereinbelow.
PAR  According to the invention, during the period of discharging the melt from
      the furnace the charging of the furnace with a definite batch portion
      referred to as "first portion" is started. "The first portion" consists of
      lime preliminarily calcined at a temperature of 1400.degree.-1800.degree.C
      and having a particle size of 20 mm. It is necessary to mention that the
      lime incorporated in the composition of the following batch portions is
      also subjected to said heat treatment. We propose to calcine the lime
      preliminarily as this provides for a reduction in the quantity of carbon
      dioxide compounds in the lime which further results in lowering the
      oxidation of calcium during the period of melting. Besides, the total
      batch charged into the furnace has a particle size less than 20 mm which
      accounts for a high rate in the reduction processes, the latter being
      conducive to a more complete utilization of calcium and silicon in the
      alloy.
PAR  The introduction of the "first portion" of the batch consisting of lime
      and, possibly, of fluxes leads to accelerating slag formation and, hence,
      to preventing the oxidation of calcium, silicon and other elements present
      in the alloy.
PAR  Lime must be charged just at the time of discharging the melt as this makes
      it possible to accelerate the melting process, to attain a steady current
      load in the starting period of melting and to provide conditions for the
      continuous passage of one melting to another. It is advantageous to use
      lime for the first portion as lime is the basic slag-forming element.
      Along with the lime it is advisable to introduce fluxes during this period
      which makes it possible to accelerate the slag formation process to a
      still greater degree.
PAR  After the first portion of the batch is charged into the furnace,
      subsequent portions are charged consisting of lime, a silicon-containing
      reducer such as ferrosilicon or ferrosilicoaluminium or other alloys
      having a silicon content of above 50% and fluxes, e.g. materials
      containing fluorine compounds of calcium or magnesium or of other
      elements. Chlorides, oxides and sulphides may also the used as fluxes,
      calcium fluoride being the most preferable flux.
PAR  Subsequent portions of the batch may be charged either immediately after
      charging the first portion or with some intervals depending on the
      composition of the batch used and the quantity of the slag in the furnace.
      From 10-30 minutes before the beginning of the discharge of the melt from
      the furnace, i.e. 10-30 minutes prior to the completion of melting, the
      last portion of the batch material is charged into the furnace.
PAR  The last portion of the batch is charged not earlier than 30 minutes before
      the beginning of the discharge of the melt, for if the batch is charged
      earlier, than overheating of the melt occurs which results in the
      evaporation of calcium and other elements from the metal.
PAR  However, charging the last batch portion less than 10 minutes before the
      beginning of the discharge of the melt from the furnace is not advisable,
      as the batch obtained, in this case, either does not have time enough to
      separate to a sufficient extent from the slag to settle or there is not
      enough time for the batch to melt completely. It is thus necessary to
      mention that the last batch portion must constitute from 3 to 30% by
      weight of the quantity of the melt present in the furnace at the time of
      charging the last portion.
PAR  It has been found that if the last batch portion constitutes less than 3%
      by weight, a slight reduction of calcium from the slag melt occurs and the
      alloy obtained contains a reduced amount of calcium.
PAR  In case the last portion of the batch exceeds 30% of the weight of the melt
      in the furnace, the silicon-containing reducer does not completely react
      with the slag melt and a part of said reducer passes uselessly to metal
      without being reacted with the calcium of the slag melt.
PAR  The aluminium containing alloy, e.g. ferroaluminium, ferrosilicoaluminium
      or other alloys containing aluminium is introduced into the composition of
      the last portion of the batch. As the aluminium possesses a higher
      affinity to oxygen than does silicon, the introduction of aluminium or
      alloys thereof during the last period of melting makes it possible to more
      completely reduce the calcium from the slag melt and, hence, to increase
      the calcium content in the alloy without increasing the silicon content
      therein.
PAR  The last portion of the batch charged into the furnace may contain an
      alloying material (alloy) incorporating such elements as chromium,
      manganese, molybdenum, tungsten, titanium, niobium, zirconium and the
      like. However, the alloying material being incorporated must not contain
      over 50% of silicon as otherwise the alloy obtained will contain an
      undesirable excess of silicon; besides, a high content of silicon in the
      alloy results in that said alloy will become lighter than the slag melt
      and float on the surface of the slag and be subjected to the action of the
      electric arc.
PAR  It is advisable to introduce not over 50% by weight of the alloying
      material into the last portion of the batch as an increase of said amount
      leads to displacement of calcium from the melt with the subsequent
      oxidation thereof.
PAR  The melting of the batch charged into the furnace is effected in a reducing
      atmosphere which is provided by the introduction of carbon-containing
      materials into the furnace zone where the temperature is above
      1800.degree.C.
PAR  As the carbon-containing material, coke, coal, natural gas, graphite, etc.
      may be used.
PAR  We have found that by introducing carbon-containing materials into the
      furnace zone where the temperature is over 1800.degree.C, i.e. chiefly,
      into the zone close to the electrodes, it makes it possible to intensify
      the process of formation of hydrogen, carbon monoxide, and hydrocarbons
      and thus provides a protective atmosphere consisting of these gases in the
      furnace.
PAR  As a result, the oxidation of the previously reduced calcium and silicon
      is, in practice, completely obviated, which leads to a decrease in the raw
      materials and the electric energy consumption and to an increase of the
      furnace unit productivity.
DETD
PAR  The examples of the accomplishment of the present method are set forth
      hereinafter.
PAC  EXAMPLE 1
PAR  A three-phase arc furnace, covered with a roof of chromium-magnesite brick,
      and a capacity -- 2000 kwhr, is charged with the batch portions consisting
      of lime, which is preliminarily calcined at a temperature of 1400.degree.C
      and containing 97.3% of calcium oxide and 3.7% of other admixtures
      (silicon oxide, ferric oxide, aluminium oxide, sulphur, phosphorus, carbon
      dioxide), a flux containing 97% of calcium fluoride and 3.0% of other
      admixtures and a silicon-containing reducer, viz. granulated ferrosilicon
      with a 65% silicon content (32% of iron, 1.7% of calcium, 2% of aluminium,
      0.001% of sulphur, 0.04% of phosphorus and 0.01% of carbon). Prior to
      being charged into the furnace, all the batch materials are ground to a
      particle size of less than 20 mm.
PAR  The batch is charged in portions. The charging of the first portion of the
      batch into the furnace in an amount of 900 kg and consisting of lime of
      the aforementioned composition is started during the discharge of the melt
      (metal and slag) formed in the previous melting.
PAR  Lime is chiefly charged close to walls of the furnace and to the
      electrodes.
PAR  A constant electric regime is maintained in this period as well as in other
      periods of the melting. (voltage - 120 v, current intensity - 8000 a).
PAR  The second and the subsequent portions, except the last portion, of the
      batch, consist of
PA1  lime - 200 kg
PA1  ferrosilicon - 180 kg
PA1  fluorite - 30 kg
PAL  which are charged gradually while their melting is effected. 10 such
      portions are charged altogether during the entire melting cycle.
      Simultaneously, through the nozzle positioned near the electrode, natural
      gas is fed into the furnace in an amount which provides a gauge pressure
      of 1.3 mm water column in the furnace. The natural gas is fed directly
      into the arc burning zone where the temperature exceeds 1800.degree.C
      which provides a reducing atmosphere in the furnace.
PAR  10 minutes before the beginning of melt discharge, a batch having the
      following composition is loaded into the furnace:
PA1  Lime - 30 kg
PA1  alumina - 20 kg
PA1  silicoaluminium - 100 kg (aluminium - 65% and silicon - 35%), which amounts
      to 3% of the quantity of the melt in the furnace.
PAC  EXAMPLE 2
PAR  A three-phase arc furnace, covered with a roof of magnesite brick, having a
      capacity of 5000 kwhr, is charged with a batch in portions consisting of
      lime preliminarily calcined at a temperature of 1800.degree.C and
      containing 95% of calcium oxide and 5% of other admixtures, fluxes, viz.
      calcium fluoride and alumina containing, 97% of calcium fluoride and 98%
      of aluminium oxide respectively, and a silicon-containing reducer, viz. an
      alloy of the following composition: 70% of silicon, 3% of aluminium and
      27% of iron. All the batch materials are crushed in a crusher to a
      particle size of less than 20 mm.
PAR  The charging of the batch is effected in the following manner.
PAR  The charging of the first portion of the batch into the furnace in an
      amount of 2500 kg and consisting of lime is started during the discharge
      of the melt formed in the previous melting.
PAR  Lime is chiefly charged close to the walls of the furnace.
PAR  The second and the subsequent portions, except the last one, are charged in
      three steps approximately in equal parts, and consisting of
PA1  lime - 1600 kg
PA1  siliceous alloy - 1200 kg
PA1  (Si - 70%, Al - 3% and Fe - 27%) - 160 kg
PAR  Finely ground carbon coke is simultaneously fed into the furnace.
PAR  The coke is fed through a nozzle with the help of an inert gas directly
      into the arc burning zone, where the temperature exceeds 1800.degree.C,
      which makes it possible to maintain a reducing atmosphere in the furnace
      and prevents the oxidation of calcium and silicon.
PAR  30 minutes before the beginning of the melt discharge, a batch of the
      following composition is loaded into the furnace:
PA1  silicochromium (silicon - 50%, chromium - 25%, iron - 25%) 600 kg, and
      calcium fluoride - 400 kg, which amounts to 30% of the quantity of the
      melt in the furnace.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a method for continuously producing calcium-silicon-iron alloys
      comprising the steps of: charging batches into an electric furnace and
      under a reducing atmosphere, each of the batches comprising lime,
      silicon-containing reducing agents and fluxes and being introduced in at
      least three portions; melting the at least three portions of one of the
      batches to form a melt consisting of a calcium-silicon-iron alloy and
      slag; and pouring the melt from the furnace prior to charging another one
      of the batches; the improvement comprising the steps of: charging a first
      portion consisting of lime and fluxes of each of the batches while pouring
      the melt formed from a previous batch from the furnace; charging at least
      one portion consisting of lime, the silicon-containing reducing agents and
      the fluxes of each of the batches after pouring the melt from a previous
      batch from the furnace; and charging a last portion of each of the batches
      during a period of 10 to 30 minutes prior to beginning the pouring of the
      melt from the furnace, the last portion comprising from 3 to 30% by weight
      of the melt prior to pouring.
NUM  2.
PAR  2. In a method for continuously producing calcium-silicon-iron alloys
      comprising the steps of: charging batches into an electric furnace and
      under a reducing atmosphere, each of the batches comprising lime,
      silicon-containing reducing agents and fluxes and being introduced in at
      least three portions; melting the at least three portions of one of the
      batches to form a melt consisting of a calcium-silicon-iron alloy and
      slag; and pouring the melt from the furnace prior to charging another one
      of the batches; the improvement comprising the steps of: charging a first
      portion consisting of lime of each of the batches while pouring the melt
      formed from a previous batch from the furnace; charging at least one
      portion consisting of lime, the silicon-containing reducing agents and the
      fluxes of each of the batches after pouring the melt from a previous batch
      from the furnace; and charging a last portion of each of the batches
      during a period of 10 to 30 minutes prior to beginning the pouring of the
      melt from the furnace, the last portion comprising from 3 to 30% by weight
      of the melt prior to pouring.
NUM  3.
PAR  3. The method of producing alloys based on calcium, silicon and iron as
      claimed in claim 2, wherein the last portion of each of the batches
      charged into the furnace contains an aluminum-containing alloy.
NUM  4.
PAR  4. The method of producing alloys based on calcium, silicon and iron as
      claimed in claim 2, wherein the last portion of each of the batches
      charged into the furnace contains an alloying material.
NUM  5.
PAR  5. The method of producing alloys based on calcium, silicon and iron as
      claimed in claim 2, wherein batch materials having a particle size of less
      than 20 mm are used.
NUM  6.
PAR  6. The method of producing alloys based on calcium, silicon and iron as
      claimed in claim 2, wherein the silicon-containing reducing agents
      contains from 60-70% of silicon.
NUM  7.
PAR  7. The method of producing alloys based on calcium, silicon and iron as
      claimed in claim 2, wherein the lime is preliminarily calcined at a
      temperature of 1400.degree.-1800.degree.C.
NUM  8.
PAR  8. The method of producing alloys based on calcium, silicon and iron as
      claimed in claim 2, wherein the reducing atmosphere in the furnace is
      provided by introducing carbon-containing materials into a furnace zone
      where the temperature exceeds 1800.degree.C.
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ABST
PAL  In the Q-BOP process for the production of low carbon steels (eg. 0.02 -
      0.05% C), inert gas-oxygen mixtures are employed during the latter part of
      the blow, i.e. when the C content of the melt reaches a level of about
      0.25%. As such lower carbon contents, the rate of decarburization is not
      decreased by dilution of the oxygen with inert gas. However, such dilution
      results in less O.sub.2 being available for oxidation of iron, hence
      significant increases in metallic yield may be achieved. By precise
      control of the O.sub.2 /inert gas ratio, increases in metallic yield in
      excess of 2% are achieved.
BSUM
PAR  This invention relates to the refining of pig iron, by the pneumatic
      steelmaking process known as Q-BOP. More particularly, this invention is
      directed to a method for significantly enhancing the metallic yield, when
      such Q-BOP is employed for decreasing the carbon content to a level below
      0.08 percent.
PAR  In the most widely employed pneumatic steelmaking process, the Basic Oxygen
      Process, oxygen is blown from above, through a lance, so as to pierce
      through the overlying slag layer and penetrate into the iron melt. In the
      Q-BOP Process, the oxygen is blown from below the melt, through tuyeres
      located in or near the bottom of the converter. A protective gas,
      generally a hydrocarbon, is employed to encase or surround the oxygen
      stream in order to decrease the inordinately high wear at both the tuyeres
      and the converter bottom. One of the significant advantages of the latter
      process over the former, is its consistent ability to achieve enhanced
      metallic yields, generally of the order of 1.5 to 2.0 percent higher. Such
      higher yields in the Q-BOP are achieved primarily because (i) the more
      intensive mixing by the oxygen jet provides a closer approach to
      equilibrium conditions, thereby resulting in significantly lower contents
      of iron oxide in the slag and (ii) the significantly decreased amount of
      brown smoke (iron oxide fume) resulting from bottom blowing. As a result
      thereof, metallic yields of 91 or 92% are readily achievable.
      Notwithstanding such improved yield, it would nevertheless be desirable if
      even further increases in yield could be achieved. Thus, for example, in a
      200-ton heat, an increase in yield of even 1% would provide an extra 4000
      lbs. of unoxidized, recovered hot metal.
PAR  It is therefore the principal object of this invention to provide a method
      for further increasing the yield achievable in Q-BOP steelmaking.
DRWD
PAR  This and other objects and advantages of the instant invention will be more
      apparent from the following description and claims, when taken in
      conjunction with;
PAR  The FIGURE, which is graph depicting the rate of decarburization for the
      latter portion of a 30-ton Q-BOP heat.
DETD
PAR  The term pig iron is most commonly employed to describe the metallic
      product of the blast furnace when it contains in excess of about 90
      percent iron. However, pig iron can be produced by means other than that
      of the blast furnace. The instant method may be employed in the refining
      of all such pig irons. Thus, in its broadest sense, this invention is
      applicable to the refining of any molten iron product containing carbon in
      excess of about one percent, wherein it is desired to remove said carbon
      to a level below 0.08 percent (and any chromium, if present, to a level
      below 0.5 percent). In the Q-BOP process, as well as other similar
      pneumatic steelmaking processes, wherein an oxygen containing gas is blown
      through tuyeres located in or near the bottom of the vessel, many of the
      steelmaking reactions are those which occur at the interface between gas
      bubbles and the molten steel. Because of the resulting large gas
      bubble-liquid metal surface area and the high liquid mass transfer rates,
      these processes generally permit relatively rapid gas-metal reactions. One
      such rapid reaction is that of the oxygen in the gas bubble with the
      carbon in the molten bath, to form CO and CO.sub.2. From an analysis of
      plant data and by comparing such data with the results of laboratory
      experiments, it was concluded that the rate of oxidation of carbon, at
      high carbon levels (i.e. &gt;0.3%-see the FIGURE) is controlled by gas phase
      mass transfer within the gas bubbles. Stated another way, as the gas
      bubbles rise in the melt, the rate of carbon oxidation is controlled, at
      such high carbon levels, by diffusion of O.sub.2 and/or CO.sub.2 in the
      gas bubble to the gas-metal surface of the bubble and CO away from said
      surface. Gas phase mass transfer is relatively fast, consequently there
      will essentially be complete utilization of the oxygen for
      decarburization. In this case, the overall reaction may be represented by:
EQU  C (in Fe) + 1/2 O.sub.2 .fwdarw. CO (gas)
PAL  The rate of decarburization will be independent of time and given by
      ##EQU1##
      where k.sub.1 is an operational parameter which depends principally on gas
      flow rate and the metallic charge. However, it further was found that at
      carbon levels below about 0.25 percent (see the FIGURE) there is a change
      in the rate controlling mechanism to liquid phase mass transfer. Thus, at
      such low carbon levels the rate of decarburization is now controlled by
      diffusion of carbon from the bulk metal to the bubble surface. In the
      latter case, the rate equation is given by
      ##EQU2##
      where k.sub.2 is an operational constant depending on, for example, gas
      flow rate, metallic charge and the mass transfer coefficient, C.sub.t is
      the carbon content at time t and C.sub.o is the carbon level at t = 0. As
      a result thereof, not all of the oxygen blown is utilized in the oxidation
      of carbon, since the rate is now controlled by the significantly slower
      mass transfer in the metal. When making a low-carbon steel, such excess
      oxygen oxidizes iron and results in lower metallic yield. It should be
      noted that at all carbon levels iron may initially be oxidized at the gas
      bubble-liquid metal surface. However, at high carbon contents the mass
      transfer of carbon to the surface is fast enough to reduce the iron oxide
      before the gas leaves the bath. At low carbon contents the rate of
      transfer of carbon to the surface is insufficient to reduce all the iron
      oxide. It may therefore be seen, that during this latter period, if such
      excess of oxygen is either decreased or totally eliminated, then it will
      no longer be available for oxidation of iron, thereby increasing metallic
      yield. However, if the O.sub.2 throughput is simply decreased, without
      compensating for such decrease, then the total rate of gas introduction
      will decrease concommitantly. Such decrease in the total rate of gas
      introduction will result in a decrease in the surface area (bubble area)
      available for decarburization thereby merely lengthening the time required
      to achieve the desired final decarburization, and consequently the time
      available for Fe oxidation, as well. Thus, the desired enhancement of
      metallic yield will not be achieved. On the other hand, if the rate of
      O.sub.2 throughput is materially decreased, while the total gas throughput
      is not substantially different from that initially employed; then the
      surface area available for decarburization will not be decreased
      significantly. Consequently, the period of time required for final
      decarburization will likewise not be decreased, and the metallic yield
      will thereby be enhanced. When the O.sub.2 throughput is materially
      reduced, the total gas throughput may be maintained approximately constant
      (i.e. not deviate by more than about 20%) by the addition of a
      non-deleterious gas. The term non-deleterious gas, as employed herein, is
      any gas, depending on the desired end product, that does not react
      appreciably to form undesirable reaction products. For example, any of the
      "inert" or "noble" gases may be employed. Similarly, in those cases where
      a higher nitrogen content in the final product is either desirable or of
      no consequence, then less expensive N.sub.2 may be employed. In a similar
      manner, H.sub.2, natural gas or other of the well known protective gases
      commonly employed in Q-BOP processes may be employed. In the main,
      however, argon will most often be employed to effect such approximately
      constant total gas throughput. It should be understood, however, that
      argon or such other non-deleterious gases are employed herein solely for
      maintaining total gas throughput and not for effecting a change in
      equilibrium, as in the well-known process for the production of stainless
      steel (commonly known as the AOD process e.g. U.S. Pat. No. 3,046,107) in
      which similar gases are employed for effecting such change in the
      equilibrium, by decreasing the partial pressure of the CO.
PAR  The particular features and basis for the instant method will be better
      appreciated by comparison with the aforementioned AOD process. In the
      latter process, relating to the production of high chromium steel, the
      basic oxidation reaction can be defined as:
EQU  (I)   Cr.sub.2 O.sub.3 + 3C(in Fe) .revreaction. 2Cr(in Fe) + 3CO(gas)
PAL  thus, the equilibrium constant will be:
      ##EQU3##
      Therefore, if the carbon is to be removed (by oxidation) from the liquid
      metal without seriously oxidizing the Cr, it is seen that reaction in the
      forward direction must be thermodynamically favorable, i.e. the free
      energy must be negative. For most commercial stainless steels, the ratio
      of .alpha..sup.2.sub.Cr :.alpha..sup.3.sub.C (under normal conditions
      wherein the partial pressure of CO=1 atmosphere) will not be favorable at
      low C contents for the reaction to go in the forward direction (i.e.
      .DELTA.F will be positive). For example, under such normal conditions of
      P.sub.CO =1 atm, the critical C content for a melt containing 18% C, at a
      temperature of 1600.degree.C, will be about 0.4%. Thus, Cr will be
      seriously oxidized if it is attempted to decrease C below the 0.4% level.
      The free energy could be made more favorable by increasing the melt
      temperature. However this expedient will undesirably increase refractory
      wear. A second expedient for shifting the equilibrium constant would be to
      reduce the partial pressure of CO. This, could be accomplished (i) by
      pulling a vacuum over the system or (ii) as in the AOD process, by
      dilution of the CO formed, through the use of argon-oxygen mixtures. Thus,
      under the foregoing conditions, if the P.sub.CO were reduced from 1.0 to
      0.2 atmospheres, then it would theoretically be possible to decarburize
      said 18% Cr steel to about 0.08% C without appreciable Cr oxidation.
PAR  By contrast, in the instant process directed to refining of pig iron, the
      oxidation of the principal constituents may be described by:
EQU  (II)   FeO+C(in Fe) .revreaction. CO(gas) + Fe
PAL  Under normal steelmaking conditions the forward direction will always be
      thermodynamically favorable. Any Cr which may be present as an incidental
      impurity will already be at such a low level that reaction (I) will
      essentially always be favorable for C oxidation. Therefore, the reduction
      of the partial pressure of CO would be expected to have virtually no
      effect on the forward reaction (i.e. the amount of FeO being reduced by
      C). In this case, the argon or other non-deleterious gas is not employed
      to reduce P.sub.CO, but to merely supply sufficient gas throughput to
      maintain approximately the same surface area available for chemical
      reaction.
PAR  The basic Q-BOP process comprises introducing a stream of generally
      commercially pure oxygen into the melt through tuyeres located in or near
      the converter bottom. The use of oxygen of such purity, as in the
      conventional Bessemer process, would normally result in extremely rapid
      wear of both the tuyeres and the converter bottom. Therefore, the oxygen
      stream is surrounded by an encasing or coolant gas to slow down the
      violent reaction and thereby achieve substantially reduced wear. In actual
      practice the ratio of oxygen to encasing case is held within a critical
      range so as to permit such wear to proceed in a slow and controlled
      manner.
PAR  The two procedures described below, are exemplary of the instant invention,
      wherein the basic Q-BOP process is modified by introducing the oxygen at a
      generally decreasing rate, subsequent to the time the C content of the
      melt reaches a level of 0.25 percent. Both examples are for 200 ton heats,
      wherein an initial blowing rate of 26,000 NCF/min. of oxygen is employed.
      Methane is employed as the protective gas at a flow rate equal to 10% of
      the oxygen rate. Thus, for the bulk of the blow, i.e. the initial period
      wherein decarburization is under gas diffusion control, a methane rate of
      2,600 NCF/min. is employed. However, as the O.sub.2 rate is decreased
      after reaching a carbon level of 0.25%; the methane rate is
      correspondingly decreased to maintain the above noted ratio of 1:10. It
      should be noted in both of the examples below; that as a result of the
      fact that less iron is being oxidized, less heat is generated, resulting
      in a decrease in scrap melting capacity. Thus, in order to obtain
      approximately the same tap temperatures as in normal practice (i.e. in
      which the O.sub.2 rate is substantially constant throughout the blow),
      scrap additions are decreased by about one ton.
PAC  Example 1
PAR  At a carbon content of about 0.25%, the O.sub.2 rate is decreased to 13,000
      NCF/min., but the total blowing rate is maintained close to the total
      initial rate by blowing 13,000 NCF/min. of Ar together with 1300 NCF/min.
      of methane. Utilizing this O.sub.2 /Ar ratio of 1/1, the carbon content is
      decreased to about 0.04% after a time of approximately 1.3 minutes. At
      this point, 100% Ar is blown for an additional 0.5 minutes. In this latter
      period, where O.sub.2 is completely shut-off and only Ar is blown, the
      oxygen already present in the metal is utilized for decarburization and in
      this case is sufficient to reduce the carbon content to 0.025%. As a
      result of this practice only about 1000 lbs. of iron are oxidized,
      compared to that resulting from normal practice, wherein an average of
      9,000 lbs. are oxidized, i.e. an increase in yield of about 2%.
PAC  Example 2
PAR  In this example, the yield is further increased to a small extent by
      changing O.sub.2 /Ar ratio at an intermediate carbon level. After reaching
      0.25% C, the O.sub.2 /Ar ratio of 1/1 is employed for slightly under 0.9
      minutes. The O.sub.2 /Ar ratio is then decreased to about 1/2 (i.e., 9,000
      NCF/min O.sub.2, 17,000 NCF/min. Ar, and 900 NCF/min. O.sub.2) for an
      additional blowing period of 0.5 min. and then, as in Ex. 1, finished with
      100% Ar for a further 0.5 minutes. Only slightly more than 200 lbs. of
      iron are oxidized for an increase in yield of almost 2.2%.
PAR  From the above, it may be seen that during the initial blowing period there
      are basically two different gas throughput rates which are of concern;
      R.sub.o the rate at which O.sub.2 is introduced, and R.sub.p the rate at
      which protective gases (eg. methane) are introduced. R.sub.o will, in
      general, vary from a minimum rate of 75 NCF/min. per ton of steel to a
      maximum rate of about 150 NCF/min. per ton of steel being refined. The
      minimum rate is dictated by need to maintain sufficient back pressure in
      the tuyeres, thereby preventing molten metal from plugging the tuyere
      openings. Although rates higher than the above noted maximum would be
      desirable for shortening the length of the blow (and thereby increasing
      production capability), it has been found that rates significantly higher
      than 150 NCF/min.ton result in undesirable splashing and spitting above
      the converter. As shown in U.S. Pat. No. 3,706,549, the disclosure of
      which is incorporated herein by reference, R.sub.o &gt;&gt;R.sub.p. Thus, we may
      define the average total rate R.sub.T, as the sum of R.sub.o +R.sub.p. It
      should be noted that R.sub.T is not necessarily constant, but merely the
      average total rate of gas introduction for the initial blowing period,
      i.e. the period when decarburization is under gaseous diffusion control
      (the upper portion of the curve). Thereafter, by introducing oxygen at a
      generally decreasing rate at a point when the rate of decarburization is
      controlled by mass transfer in the metal (i.e. the lower portion of the
      curve in the FIGURE), very significant increases in metallic yield may be
      achieved. While maximum yield could be achieved by a constantly decreasing
      optimized O.sub.2 throughput (i.e. a continuous curve), such practice will
      not be warranted in most cases; because of the added control
      complications, the additional argon required and only the very slight
      increase in yield achievable in comparison to the more simplified practice
      of Ex. 1, or even Ex. 2. Thus, while such a constantly decreasing O.sub.2
      throughput is clearly within the purview of this invention; in its broader
      sense, materially increased metallic yields may be achieved by utilizing a
      generally decreasing O.sub.2 throughput, in the prescribed period, while
      maintaining the total gas rate at a level not substantially different from
      R.sub.T. A generally decreasing O.sub.2 rate may be defined as any
      throughput, the overall curve of which exhibits an average negative slope.
      Additionally, said generally decreasing O.sub.2 rate should fall within
      the bounds prescribed in the following defined periods of decarburization;
PA1  i. in the decarburization period wherein C decreases from 0.25 to 0.18%,
      the average O.sub.2 throughput rate should be between 0.4 R.sub.o to 1.0
      R.sub.o, and preferably between 0.4 to 0.8 R.sub.o,
PA1  ii. in the decarburization period when C decreases from 0.18% to 0.09%, the
      average O.sub.2 throughput rate should be between 0.3 R.sub.o to 0.8
      R.sub.o, and preferably less than 0.7 R.sub.o, and
PA1  iii. in the decarburization period when C decreases from 0.09% to the
      finally desired level (said final level being less than 0.08% C and
      generally between 0.05 to 0.02% C) an average O.sub.2 rate of from zero to
      0.5 R.sub.o, and preferably less than 0.3 R.sub.o.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the bottom blown process for the refining of molten pig iron, which
      comprises introducing an oxygen containing gas therein to decrease the
      impurity content thereof and produce a final molten steel product
      containing,
PA1  C . . . 0.08 max.
PAL  balance Fe, and incidental steelmaking residual elements, said gas being
      introduced during the initial blowing period, at an average total rate
      R.sub.T, said total rate R.sub.T being the sum of R.sub.O, the rate at
      which O.sub.2 is introduced and R.sub.p, the rate at which protective
      gasses are introduced, and wherein R.sub.O &gt;&gt; R.sub.p,
PA1  the improvement, subsequent to the time the C content of said melt is
      decreased to a level of 0.25%, which comprises introducing said O.sub.2 at
      a generally decreasing rate, while maintaining the total gas input at a
      level not substantially different from R.sub.T by the introduction therein
      of a non-deleterious gas, said generally decreasing O.sub.2 rate being
      achieved by introducing O.sub.2 at an average rate within the range
      prescribed in the following periods;
PA1  i. the period wherein C decreases from 0.25 to 0.18%, at an average rate of
      from 0.4 R.sub.o to 1.0 R.sub.o
PA1  ii. the period wherein C decreases from 0.18 to 0.09%, at an average rate
      of from 0.3 R.sub.o to 0.8 R.sub.o
PA1  iii. the period wherein C decreases from 0.09% to the final level, at an
      average rate of from zero to 0.5 R.sub.o.
NUM  2.
PAR  2. The method of claim 1, wherein the O.sub.2 is introduced during period
      (iii) at an average rate less than 0.3 R.sub.o.
NUM  3.
PAR  3. The method of claim 2, wherein the level of C in the final molten steel
      product is 0.02 to 0.05 percent.
NUM  4.
PAR  4. The method of claim 3, wherein said non-deleterious gas is argon.
NUM  5.
PAR  5. The method of claim 2, wherein the O.sub.2 is introduced during period
      (ii) at an average rate within the range 0.3 R.sub.o to 0.7 R.sub.o.
NUM  6.
PAR  6. The method of claim 4, wherein the average O.sub.2 rate for period (i)
      is less than 0.8 R.sub.o.
NUM  7.
PAR  7. The method of claim 6, wherein the level of C in the final molten steel
      product is 0.02 to 0.05 percent.
NUM  8.
PAR  8. The method of claim 7, wherein said non-deleterious gas is argon.
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ABST
PAL  A method for disposing of tracer ammunition pyrotechnic material containing
     trontium nitrate, magnesium, strontium peroxide, polyvinyl chloride,
      calcium resinate, barium peroxide, oxamide, zinc stearate, polyethylene,
      strontium oxalate and lead dioxide, with strontium nitrate and magnesium
      accounting for about 60 percent of the total material. Strontium nitrate
      is first removed from the material by dissolving in cold water, and the
      water solution of strontium nitrate is filtered and evaporated to reclaim
      the strontium nitrate. The remaining material are given successive washes
      in hot water, ethyl alcohol and methylene chloride to remove all the other
      materials except magnesium. The magnesium is dried and reclaimed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of disposing of pyrotechnic waste
      and more particularly to a method for disposing of tracer ammunition.
PAR  Most tracer compositions are made from varying percentages of the same
      basic materials and these are, in order of quantity, strontium nitrate,
      magnesium, strontium peroxide, polyvinyl chloride, calcium resinate,
      barium peroxide, oxamide, zinc stearate, polyethylene, strontium oxalate,
      and lead dioxide. The strontium nitrate and magnesium account for about 60
      percent of the total. Present waste treatment methods used for disposing
      of tracer ammunition involve burning or chemical degradation of the
      pyrotechnic material and produces air and water pollution.
PAR  The method used for disposing of tracer material depends on the stage of
      the manufacturing process when the material is scrapped. Rejected finished
      tracer cartridges are burned in metal containers at a burning ground. If a
      batch of tracer material must be discarded, it is placed in oil and
      burned. Dry wastes spilled during the assembly process are collected by a
      vacuum system, under water, and the vacuum collectors are periodically
      dumped and the contents are treated with caustic, water and steam in a
      system of sumps. The waste from the sumps are taken by truck to basins on
      a high hill and the degraded material is leached to the soil. As the
      methods presently used put degraded pyrotechnic material into the air and
      water, these methods are ecologically unsounded and no longer desirable.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method for disposing of tracer
      ammunition having a pyrotechnic composition which is about 40 percent
      strontium nitrate and about 24 percent magnesium. The remaining materials
      are strontium peroxide, polyvinyl chloride, calcium resinate, barium
      peroxide, oxamide, zinc stearate, polyethylene, strontium oxalate and lead
      dioxide. The particular materials and percentages used depend on the
      caliber of the ammunition and also on the particular depot which is
      manufacturing the ammunition. Strontium nitrate is first removed from the
      pyrotechnic composition by immersing the composition in water sufficiently
      cold so that it will only dissolve strontium nitrate. The water solution
      is then filtered and evaporated to reclaim the strontium nitrate. The
      remaining ingredients are given successive washes in hot water, in ethyl
      alcohol and methylene chloride. The solution is decanted after each wash
      and the remaining material is magnesium, which is then dried and reclaimed
      for subsequent use as a pyrotechnic material.
PAR  It is therefore a general object of the present invention to provide an
      improved method for disposing of a pyrotechnic composition without
      creating pollution.
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a flow-diagram showing the steps of the present invention; and
PAR  FIG. 2 is a diagram for a high production plant using the method of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED METHOD
PAR  Most tracer compositions are made from varying percentages of the same
      basic materials with strontium nitrate and magnesium accounting for about
      60 percent of the total composition. In the present method, strontium
      nitrate and magnesium are reclaimed for use in other pyrotechnic
      compositions and thus the amount of pyrotechnic waste which is to be
      disposed is less than half. Additionally, the residual is primarily inert
      materials and is less hazardous than the original compositions.
PAR  Although specific materials and percentages vary for different types and
      sizes of tracer ammunition, the present method is designed so that all
      tracer compositions can be mixed together and be processed by a single
      method. This procedure is not only more economical, but prevents errors
      that could occur if a multiple number of processes were employed. The
      following examples show various compositions for tracer ammunition
      currently being manufactured by the military departments:
     M62 Ammunition (7.62mm)                                                   

     ______________________________________                                    

     Strontium Nitrate      41.9%                                              

     Magnesium              23.1%                                              

     Strontium Dioxide      19.8%                                              

     Polyvinyl Chloride     12.9%                                              

     Calcium Resinate       2.3%                                               

     M196 Ammunition (5.56mm)                                                  

     ______________________________________                                    

     Strontium Nitrate      37.4%                                              

     Magnesium              26.0%                                              

     Strontium Dioxide      21.1%                                              

     Polyvinyl Chloride     11.5%                                              

     Calcium Resinate       1.8%                                               

     Barium Peroxide        1.1%                                               

     Lead Dioxide           1.1%                                               

     M25 Ammunition (.30 Cal.)                                                 

     ______________________________________                                    

     Strontium Nitrate      41.9%                                              

     Magnesium              22.6%                                              

     Strontium Dioxide      20.3%                                              

     Polyvinyl Chloride     12.9%                                              

     Calcium Resinate       2.3%                                               

     M48 Ammunition (.50 Cal.)                                                 

     ______________________________________                                    

     Strontium Nitrate      32.4%                                              

     Magnesium              23.9%                                              

     Strontium Dioxide      8.6%                                               

     Polyvinyl Chloride     6.9%                                               

     Calcium Resinate       2.8%                                               

     Barium Peroxide        23.5%                                              

     Strontium Oxalate      1.6%                                               

     Zinc Stearate          0.3%                                               

     M17 Ammunition (.50 Cal.)                                                 

     ______________________________________                                    

     Strontium Nitrate      41.8%                                              

     Magnesium              25.7%                                              

     Strontium Dioxide      5.9%                                               

     Polyvinyl Chloride     10.6%                                              

     Calcium Resinate       1.9%                                               

     Barium Peroxide        12.9%                                              

     Strontium Oxalate      1.1%                                               

     Zinc Stearate          0.1%                                               

     M242 Ammunition (20mm)                                                    

     ______________________________________                                    

     Strontium Nitrate      34.5%                                              

     Magnesium              19.8%                                              

     Strontium Dioxide      22.1%                                              

     Polyvinyl Chloride     12.6%                                              

     Calcium Resinate       4.3%                                               

     Oxamide                6.7%                                               

     M220 Ammunition (20mm)                                                    

     ______________________________________                                    

     Strontium Nitrate      35.5%                                              

     Magnesium              20.5%                                              

     Strontium Dioxide      29.7%                                              

     Polyvinyl Chloride     11.0%                                              

     Calcium Resinate       3.3%                                               

     ______________________________________                                    

PAR  The present invention is illustrated by the following examples:
PAC  EXAMPLE I
PAR  Twenty-five grams of M62 Ammunition was processed in order to reclaim
      strontium nitrate and magnesium. After the pyrotechnic tracer material was
      separated from the cartridge, it was first washed with cold water
      (13.degree. C) and the water solution of strontium nitrate was decanted.
      The solution was filtered to remove some floating material and then the
      water was removed by heating to reclaim strontium nitrate. The reclaimed
      strontium nitrate was analyzed and its purity was 97.8 percent.
PAR  The remaining pyrotechnic material was washed with hot water and the
      solution was decanted. Next the remaining material was washed with ethyl
      alcohol and the solution was decanted, and finally, the remaining material
      was washed with methylene chloride and the solution was decanted. The
      remaining ingredient, which was predominately magnesium, was dried and had
      a purity of 86.5 percent.
PAC  EXAMPLE II
PAR  Twenty-five grams of M196 Ammunition was processed as described in EXAMPLE
      I, with successive washes of cold water, hot water, ethyl alcohol and
      methylene chloride. The reclaimed strontium nitrate had a purity of 96.1
      percent and the reclaimed magnesium had a purity of 79 percent.
PAC  EXAMPLE III
PAR  Twenty-five grams of M25 Ammunition was processed as described in EXAMPLE
      I, with successive washes of cold water, hot water, ethyl alcohol and
      methylene chloride. The reclaimed strontium nitrate had a purity of 97.8
      prcent and the reclaimed magnesium had a purity of 89.6 percent.
PAC  EXAMPLE IV
PAR  Twenty-five grams of M48 Ammunition was processed as described in EXAMPLE
      I, with successive washes of cold water, hot water, ethyl alcohol and
      methylene chloride. The reclaimed strontium nitrate had a purity of 92.5
      percent and the reclaimed magnesium had a purity of 71.5 percent.
PAC  EXAMPLE V
PAR  Twenty-five grams of M17 Ammunition was processed as described in EXAMPLE
      I, with successive washes of cold water, hot water, ethyl alcohol and
      methylene chloride. The reclaimed strontium nitrate had a purity of 95.6
      percent and the reclaimed magnesium had a purity of 86.5 percent.
PAC  EXAMPLE VI
PAR  Twenty-five grams of M242 Ammunition was processed as described in EXAMPLE
      I, with successive washes of cold water, hot water, ethyl alcohol and
      methylene chloride. The reclaimed strontium nitrate had a purity of 96.1
      percent and the reclaimed magnesium had a purity of 73.7 percent.
PAC  EXAMPLE VII
PAR  Twenty-five grams of M220 Ammunition was processed as described in EXAMPLE
      I, with successive washes of cold water, hot water, ethyl alcohol and
      methylene chloride. The reclaimed strontium nitrate had a purity of 96.1
      percent and the reclaimed magnesium had a purity of 84.6 percent.
PAC  EXAMPLE VIII
PAR  Seventy-five grams each of tracer mixes from M62, M196, M25, M48, M17, M242
      and M220 Ammunition was placed in a 2000 ml beaker and 1500 ml of cold
      water was added and the mixture stirred. The liquid solution was condensed
      on a hot plate and precipitated. The precipitate was oven dried and a
      yield of 73 percent of strontium nitrate was obtained. Next 1000 ml of hot
      water was added to the beaker and the solution was stirred and allowed to
      settle. The liquid was decanted. Then 1000 ml of ethyl alcohol were added
      to the beaker and the solution was stirred and allowed to settle. The
      liquid was decanted. Then 1000 ml of methylene chloride were added to the
      beaker, and the solution was stirred and allowed to settle. The reclaimed
      magnesium was dried in an oven and a yield of 69 percent of magnesium was
      obtained.
PAR  The reclaimed strontium nitrate and magnesium were combined with virgin
      strontium dioxide, polyvinyl chloride and calcium resinate to make a
      tracer material having a formula as listed-above for M62 Ammunition. The
      mix was pressed into pellets and topped with a starter mix. Identical
      pellets using all virgin material was also pressed as a control. Nine
      pellets using reclaimed strontium nitrate and magnesium were burned and
      compared with nine pellets made from virgin material. The following
      medians were obtained:
TBL                TABLE                                                       

     ______________________________________                                    

               RECLAIMED MATL.                                                 

                            VIRGIN MATL.                                       

     ______________________________________                                    

     Dominant Wave                                                             

                 599.1          600.6                                          

      Length                                                                   

     % Purity    95.7           93.8                                           

     Candle Power                                                              

                 2001.0         2751.7                                         

     Burn Time       7.82 secs.     8.57 secs.                                 

     Foot Candle Sec-                                                          

                  1.57           2.35                                          

      onds                                                                     

     ______________________________________                                    

PAR  When boiling water was added to the tracer mix, after having first decanted
      the cold water solution, some fizzing was experienced. When a lower
      temperatured water of between 70.degree.  and 85.degree.C. was used, this
      fizzing was eliminated and the magnesium cleaned-up equally well.
PAR  Referring now to FIG. 2 of the drawings, there is shown a diagrammatic view
      for a production plant utilizing the process of the present invention.
      Waste tracers are crushed and screened to remove the pyrotechnic material
      which is introduced into an agitated tank 11. Pyrotechnic material
      left-over from batch mixes and that material collected by collectors can
      be added directly to the tank. First, cold water is added to the agitated
      tank 11. Agitation will wet down the solids and speed dissolution of the
      strontium nitrate. This solution is removed through an outlet above the
      bottom of tank 11, leaving behind the undissolved, sinking solids. The
      solution is pumped through filter press 12 where floating and suspended
      light-weight impurities, such as calcium resinate and decomposed oxides
      are removed. The clarified strontium nitrate solution is collected in tank
      13 and then spray dried in spray dryer 14 to give a dry powder that can be
      used to produce more tracers.
PAR  Next, hot water is introduced into tank 11 and the hot water washes remove
      more of the material other than magnesium from the remaining solids. The
      hot water is decanted, filtered and the liquid discarded. Then, ethyl
      alcohol is pumped from tank 15 into tank 11 to dissolve additional
      materials. The alcohol is then decanted, filtered and collected in tank 16
      for recycling or reprocessing. In addition to dissolving additional
      materials, ethyl alcohol prevents clumping of the material that occurs
      when a water wash is followed by a wash with methylene chloride.
PAR  Methylene chloride is then pumped from tank 17 into tank 11 to dissolve the
      last of the impurities from the magnesium. The methylene chloride is
      decanted, filtered and stored in tank 18 for recycling or reprocessing.
      The bottom valve of tank 11 is then opened and magnesium flows onto trays
      19 to be dried in a vented oven 21. The sludge collected by filter press
      12 is washed to a storage drum to await shipment to a wet oxidation
      facility.
PAR  By using the present method, tracer mixes from various types of ammunition
      can be handled together thus significantly reducing labor costs. Also, the
      likelihood of failures is decreased when operators do not have to make
      decisions as to which process to use or where to place scrap.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for disposing of tracer ammunition pyrotechnic material
      containing strontium nitrate, magnesium, strontium peroxide, polyvinyl
      chloride, calcium resinate and other pyrotechnic materials, with the
      combined percentages of strontium nitrate and magnesium comprising at
      least 60 percent of the total percentage of said tracer ammunition
      pyrotechnic material, comprising the steps of
PA1  first immersing said tracer ammunition pyrotechnic material in water
      sufficiently cold to dissolve only strontium nitrate,
PA1  then decanting the water solution of strontium nitrate and evaporating the
      water to reclaim strontium nitrate,
PA1  then removing all materials of said tracer ammunition pyrotechnic material
      other than magnesium by successive washes of hot water and solvents, and
PA1  then drying the remaining magnesium for reuse as a pyrotechnic material.
NUM  2.
PAR  2. A method of disposing of tracer ammunition pyrotechnic material as set
      forth in claim 1 wherein said tracer ammunition pyrotechnic material is
      first immersed in water having a temperature of about 13.degree. C.
NUM  3.
PAR  3. A method of disposing of tracer ammunition pyrotechnic material as set
      forth in claim 1 wherein said water solution of strontium nitrate is
      filtered before evaporating the water to reclaim strontium nitrate.
NUM  4.
PAR  4. A method of disposing of tracer ammunition pyrotechnic material as set
      forth in claim 1 wherein said successive washes are a water wash with
      water having a temperature within the range of 70.degree.-85.degree. C.,
      followed next by a wash with ethyl alcohol and then by a wash with
      methylene chloride.
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PAL  Merrill slime is contacted with a gold chloride solution to cement out gold
      and dissolve base metals. The separated solids are treated in a known type
      of process by chlorination with elemental chlorine, separation of the
      chlorinated solution and precipitation of gold powder by means of a
      reductant. The precipitation is partial and the remaining solution is used
      for the cementation step. The gold powder is separated and subjected to
      special washing techniques for the removal of adsorbed impurities. A molar
      ratio of Cl/Au of about 4 after chlorination is aimed at to minimise the
      solubility of silver chloride. After removing solid impurities this ratio
      is raised to ensure that any dissolved silver remains in solution when
      gold is subsequently precipitated.
BSUM
PAR  This invention relates to the production of high purity gold powder.
PAR  Conventionally, on South African gold mines a crude gold bullion, assaying
      circa 80-90% gold, is produced from Merrill slime (the product of adding
      zinc dust to gold-containing cyanide solution thereby to produce a
      replacement precipitate of gold on excess zinc) by a sequence of
      operations starting with acid digestion of the slimes to dissolve base
      metals, e.g. copper, zinc, etc. This is followed by smelting of the
      resultant acid insoluble product under a flux cover to yield the
      abovementioned gold bullion product.
PAR  The crude bullion is sent to a central treatment depot where, by a process
      involving chlorination of the molten metal to eliminate silver and
      residual base metal impurities, it is refined to a product having an assay
      of about 99.6% Au. By electrolysis of the refined gold product, it is
      possible to produce solid gold cathodes assaying as high as 99.99% Au.
PAR  In another process, the Merrill slime may be directly chlorinated in
      aqueous suspension, either before or after the above-mentioned acid
      treatment. The gold and associated base metal contents are thereby largely
      converted to soluble chlorides while silver is largely present as
      insoluble silver chloride. From the gold chloride solution remaining after
      separation of the silver chloride and chlorination residue, gold metal
      powder may be precipitated by addition of a reductant which may be sulphur
      dioxide, sodium bisulphite or hydrosulphite, oxalic acid or ferrous
      sulphate, to name but a few of the common reductants. As precipitated, the
      powder gold may contain traces of inpurities, e.g. Ag, Cu, Fe, Zn, Pb
      which cannot be entirely removed by simple washing techniques.
PAR  Therefore, in order to obtain gold approaching "four nines" purity, the
      powder requires to be melted under a flux cover, whereby the impurities
      are caused to dissolve in the flux, leaving the purified gold now in lump
      form, rather than powder.
PAR  An object of the invention is to produce gold in powder form to a purity at
      least approaching 99.99% Au.
PAR  According to the invention a process for treating gold bearing material,
      such as Merrill slime, consists in the steps of:
PA1  contacting the material with a gold chloride solution by agitation, whereby
      dissolved gold is caused to be cemented out on the material while base
      metal impurities go into solution;
PA1  separating the cemented material from the solution;
PA1  suspending the cemented material in water and chlorinating the suspension
      by passing chlorine gas through it;
PA1  separating the residual solution from the solids;
PA1  precipitating gold powder from the residual solution by the addition of a
      suitable reductant; and
PA1  separating, washing and drying the precipitated gold powder.
PAR  Further according to the invention during the chlorination process less
      than a stoichiometric amount of reductant is used, so that a proportion of
      the gold remains in solution and this solution, after separation of
      solids, is used for mixing with the Merrill slime pulp.
PAR  The invention is further discussed with reference to the accompanying
      drawing which is a flow sheet illustrating the production of high purity
      gold powder.
PAR  Acid treated Merrill slime containing 50.00% Au (dry basis) is suspended in
      water. Sodium sulphate may be added to ensure the presence of sufficient
      sulphate in the next stage of the process to react with all the lead
      present in the slime. This resultant pulp, is agitated with a gold
      chloride-containing solution from a later operation by agitating with air
      for about 6 hours at 60.degree.. A reaction takes place in which the gold
      in solution is caused to be cemented out on the Merrill slime, resulting
      in the oxidation of an equivalent amount of contained base metals from the
      slime to their chlorides, with the dissolution of these metals such as
      zinc, copper and iron. Thus, the Merrill slime is upgraded in gold content
      and reduced in base metal content, which is an important aspect of the
      later processing steps which allow production of high purity gold powder.
PAR  The cemented Merrill slime is filtered and washed, the filtrate,
      substantially free of gold but containing base metal chlorides, being
      discarded after removing traces of gold. The cemented slime is then
      suspended in water containing sodium sulphate (in an amount at least
      equivalent to lead contained in the slime) and chlorinated by passing
      chlorine gas through the pulp to convert the contained gold to soluble
      chloride form. Usually, this chlorination will take of the order of 2-3
      hours and chlorination is generally discontinued when the pulp ceases to
      demand chlorine.
PAR  The chlorinated pulp is purged with air to displace excess dissolved
      chlorine and to cool the pulp at least to ambient temperature. The cooling
      causes dissolved silver to precipitate and to be removed in the filter
      cake. The pulp is then filtered and washed after the addition of a
      siliceous filter aid.
PAR  Acidified wash solutions are preferred to ensure maximum recovery of
      dissolved gold and hydrochloric acid is the preferred acid. If relatively
      concentrated hydrochloric acid solution (e.g. normal) is used the washings
      must be kept separate from the filtrate since they will contain excessive
      amounts of dissolved silver chloride. Such a solution could be combined
      with the gold-containing solution used to react with the slime initially.
      Alternatively, a more dilute hydrochloric acid (e.g. 0.05 N) could be used
      for washing and the washings could then be mixed with the filtrate since
      the solubility of silver chloride is much lower in such solutions.
PAR  For the most efficient silver separation from the gold bearing filtrate the
      molar ratio of Cl/Au in the filtrate should be about 4 which gives a
      minimum solubility of silver chloride. For any adjustment of chloride
      concentration to be effective there must be an adequate period of
      equilibration before filtering off the chlorination residue. Upward
      adjustment of chloride concentration presents no problem but downward
      adjustment requires the addition of a soluble silver salt such as the
      sulphate or nitrate. In some cases it may be desirable to make such
      additions of silver salt after separating the chlorination residue. This
      would necessitate an extra filtration step but would permit the addition
      of sulphate to the chlorination slurry to be eliminated. Instead a
      relatively small addition of sulphate is made with the silver salt
      supplying part of the sulphate (if silver sulphate is used). Such a
      procedure permits the amount of silver salt added to be reduced since no
      chloride is liberated from the precipitation of lead sulphate.
PAR  The filtrate at the Cl/Au molar ratio of about 4 is next treated with
      hydrochloric acid to raise this molar ratio; an increase in chloride
      concentration of 0.2 M should be adequate. This increases the solubility
      of any remaining dissolved silver and stabilizes the solution.
PAR  The residue which has been filtered off and which contains both
      precipitated and undissolved silver and traces of gold is treated for the
      recovery of the precious metals.
PAR  The stabilized filtrate, which is now a purified gold chloride solution, is
      next treated with a reductant such as sodium metabisulphite added as a
      solution in an amount sufficient to precipitate about 80% of the contained
      gold. This treatment generally takes about 15 minutes. The precipitated
      gold powder is filtered off as soon as possible from the still warm
      solution.
PAR  Less than the stoichiometrical gold equivalent of the added reagent is
      precipitated and the quantity of reductant used must be such that the
      amount of gold left in solution at the end of the reaction is just
      sufficient to oxidise the impurity metals in the next charge of Merrill
      slime to their chlorides. This enables the reaction cycle to be closed.
PAR  The powder is subjected to a series of washes. The first is with
      ammonia-ammonium chloride solution containing ethylene diamine tetra
      acetic acid, then with dilute hydrochloric acid, followed by water. This
      combination serves to remove metal ions such as iron and silver which are
      absorbed on the gold powder. Next the gold powder may be washed with
      alcohol and finally with acetone to displace water.
PAR  Finally the gold powder is dried. At a drying temperature of 110.degree.C
      gold powder assaying in excess of 99.95% Au was produced. The powder
      consisted of aggregates of 1-2 microns. Drying at higher temperatures can
      result in a higher gold assay.
DETD
PAC  EXAMPLE
PAR  250 g of acid treated Merrill slimes assaying 30.1% Au (wet basis) were
      agitated at 50.degree.C with 2020 ml of gold chloride solution from a
      previous run, analysing 20.23 g/l Au.
PAR  After 6 hours agitation, the slurry was filtered and washed, resulting in
      2030 ml of solution being obtained analysing 1.04 g/l Au, 2.3 g/l Cu, 2.9
      g/l Zn, 1.6 g/l Fe, 0.01 g/l Ag, 0.14 g/l Pb. This solution was treated to
      recover the small amount of contained gold. The filtered residue was
      suspended in 1 litre water, 352 g sodium sulphate decahydrate added to
      convert soluble Pb salts to a less soluble sulphate form and the solution
      chlorinated in a closed propeller stirred glass vessel by passing in
      chlorine gas through a glass tube. The chlorine rate was such as to
      maintain approximately atmospheric pressure in the chlorination vessel.
      During chlorination the temperature rose to 48.degree.C. After 3 hours
      chlorination, by which time the temperature had fallen to 32.degree.C and
      chlorine demand was negligible, passage of chlorine was stopped. Air was
      passed into the pulp for 60 minutes to cool and purge chlorine. To the
      resultant pulp was added 50 g of diatomaceous earth filter aid and the
      slurry, after briefly stirring, filtered and washed on a vacuum filter.
      The residue, dry weight being 335.4 g and consisting of silver chloride,
      lead sulphate, silica and gangue, was retained for silver recovery. The
      solution containing about 100 g/l of gold chloride, and small quantities
      of base metal chlorides was placed in a glass vessel and agitated with a
      propeller stirrer. Then slowly, 200 ml of a solution containing 300 g/l
      Na.sub.2 S.sub.2 O.sub.5 was added, the amount added being calculated to
      precipitate approximately 80% of the gold. After 15 min. agitation, during
      which the temperature rose to 46.degree.C, the solution was immediately
      filtered while still warm and the residue given the following sequence of
      washes:
PA1  1. 100 ml of solution containing: 25 g/l NH.sub.3, 107 g/l NH.sub.4 Cl, and
      100 g/l EDTA.
PA1  2. 100 ml of 10% (w/w) HCl
PA1  3. 100 ml water
PA1  4. 100 ml ethyl alcohol
PA1  5. 100 ml acetone.
PAR  The gold powder was then dried at 110.degree.C and weighed 74.13 g. On
      analysis, the following content of metallic impurities was found: Ag
      34-100 ppm, Cu 2 ppm, Zn 1 ppm, Fe 14 ppm, Pb 9 ppm, Na 38 ppm. A direct
      assay for gold content gave a value of 999,595 ppm Au. By replacing the
      wash of step 2 with a repulping operation, using 10% (w/w) HCl, the sodium
      content of the final product may be reduced to 20 ppm.
PAR  It will be seen that in the example the Cl/Au ratio was not adjusted.
      Subsequent experiments have shown that if this ratio is adjusted as
      described above, the silver content can be reduced substantially below the
      levels reported in the example. A range of silver levels is given as
      repeat tests gave different silver results.
PAR  The powder after drying is in a reactive state and may be used for the
      production of gold chemicals. Other uses for the powder are to make gold
      spheres, jewellery and other gold articles by powder metallurgy. It may
      also be used as a catalyst.
PAR  The powdered gold is an ideal feed material for the process in which gold
      powder is converted into spherical particles by mixing it with MgO and
      subjecting the mixture to temperature above the melting point of gold.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for treating a gold bearing Merrill slime, comprising the
      steps of:
PA1  contacting said slime with a gold chloride solution with agitation, whereby
      dissolved gold is caused to be cemented out on said slime and base metal
      impurities are caused to go into solution;
PA1  separating the cemented slime from the solution;
PA1  suspending the cemented slime in water and chlorinating the suspension by
      passing chlorine gas through it;
PA1  separating the residual solution from the solids;
PA1  precipitating gold powder from the residual solution by the addition of
      less than a stoichiometric amount of a suitable reductant so that a
      proportion of the gold remains in the residual solution and
PA1  separating, washing and drying the precipitated gold powder.
NUM  2.
PAR  2. The process of claim 1, in which the residual solution left after
      separation of gold powder is used for contacting the slime.
NUM  3.
PAR  3. The process of claim 2 in which the molar ratio of Cl/Au in the
      chlorinated suspension is adjusted to be about 4 before separating the
      solution from the cemented slime.
NUM  4.
PAR  4. The process of claim 3 in which the molar ratio of Cl/Au is increased
      before precipitating gold powder from the solution.
NUM  5.
PAR  5. The process of claim 1 in which the precipitated gold powder is washed
      with an aqueous solution of ammonia, ammonium chloride and EDTA after
      separation.
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ABST
PAL  Precipitating copper metal from copper bearing solutions using scrap iron
      as a precipitant to form free copper metal precipitate. The scrap iron is
      retained in an unflooded bed in a container having a rotatable nozzle for
      spraying the copper bearing solution in a high velocity jet stream which
      penetrates into the bed to react with the iron to form copper and strips
      off the copper metal from the scrap iron. In the bottom of the container
      is a sieve for retaining the scrap iron while withdrawing the copper metal
      and the expended solution.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to metallurgical processing and equipment and more
      particularly to equipment and processing for recovering metallic copper
      from copper bearing solutions.
PAR  2. Description of the Prior Art
PAR  In the production of copper it is a conventional practice to leach copper
      ore with sulfuric acid. This practice produces a solution containing
      dilute copper sulfate. To recover metallic copper from the dilute copper
      sulfate solution, it is also a conventional practice to precipitate the
      copper metal out from the solution using scrap iron for the precipitant.
      The process of precipitating copper metal from copper bearing solutions
      using scrap iron is generally called "cementation" and the precipitate is
      called "cement copper".
PAR  In the process of copper cementation there are three important chemical
      reactions. These reactions are:
PAR  Fe(metal) + CuSO.sub.4 .fwdarw. Cu(metal) + FeSO.sub.4 [ 1]
PAR  Fe(metal) + Fe.sub.2 (SO.sub.4).sub.3 .fwdarw.  3 FeSO.sub.4 [ 2]
PAR  Fe(metal) + H.sub.2 SO.sub.4 .fwdarw. H.sub.2 + FeSO.sub.4 [ 3]
PAR  It should be noted that in each of these reactions iron (Fe) is consumed.
      Reaction number 1 is the basic copper cementation reaction wherein the
      metallic copper is deposited on the surface of the iron as the reaction
      proceeds. Reaction number 2 depends on the amount of ferric iron present
      and usually consumes very little of the iron present. Reaction number 3 is
      the major iron dissipative reaction and does not contribute to the
      production of copper metal.
PAR  The oldest, most common apparatus for copper cementation is a gravity-flow
      launder that is charged with scrap iron and maintained in a flooded bed
      during processing. Although launder plants can effectively recover
      approximately 90% of the copper from copper bearing solution, launders
      fail to effectively stir up the bed of scrap iron, consume from two to
      four times the amount of iron theoretically required, and are difficult to
      recharge when depleted. Another prior art copper cementation device uses a
      rotating drum precipitator that continuously tumbles the total mass of
      scrap iron in the copper bearing solution. This requires excessively high
      capital and operating costs for the machinery involved. Other systems have
      been proposed, but they have either been too costly to implement or lacked
      the ability to obtain an adequately agitated bed and good
      precipitate-precipitant contact. An example of such systems included U.S.
      Pat. No. 3,606,290 to N. L. Ransom. One element common to the prior art
      processes is the continuous maintenance of the total scrap iron beds in a
      flooded or immersed condition with withdrawal of the barren solution as
      overflow. This continuous exposure of the entire bed of iron to sulfuric
      acid causes excessive consumption of iron by reaction [3] above which does
      not contribute to copper production. There is therefore a need for an
      improved copper cementation system with a reduced rate of iron
      consumption.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an apparatus is used for removing
      copper metal from copper bearing solutions employing a rotatable nozzle to
      generate a high velocity solution spray. The nozzle is rotated and directs
      a high velocity stream of copper bearing solution directly on the scrap
      iron. The high velocity stream reacts with the iron to form copper metal
      precipitate and strips and entrains the precipitated copper metal from the
      residual scrap iron to expose a fresh surface for further chemical
      reaction. After reacting with the scrap iron, the expended copper bearing
      solution and entrained copper metal is drained from the container through
      a sieve covering a discharge sump in the bottom of the container while
      retaining residual scrap in the container.
PAR  The primary object of the present invention is to efficiently process metal
      (e.g., copper) bearing solutions by extracting the maximum amount of
      metallic copper therefrom and by consuming the minimum amount of iron in
      so doing.
PAR  It is a particular object of the present invention to reduce the contact
      time between the copper bearing solution and the scrap iron, thereby
      minimizing the production of sulfuric acid and the consumption of iron.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiments of the invention
      have been set forth in detail in conjunction with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view, partially in cross-section and partially
      broken away, of an apparatus for copper cementation in accordance with the
      present invention;
PAR  FIG. 2 is a side elevational view, partially in cross-section and partially
      broken away, of the copper cementation apparatus as illustrated in FIG. 1
      further including two settling tanks for the cement copper;
PAR  FIG. 3 is a side elevational view, partially in cross-section and partially
      broken away, of an alternative embodiment of an apparatus for copper
      cementation in accordance  with the present invention; and
PAR  FIG. 4 is a plan view in cross-section taken along line 4--4 of FIG. 3 of
      the stem of the high pressure nozzle system of the alternative embodiment
      of FIG. 3 in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Suitable apparatus for carrying out the process of the present invention is
      as follows. Referring to FIG. 1, reference numeral 12 indicates a
      stainless steel container for holding a charge of scrap iron 14 suitably
      fed through the open top of the container. The scrap iron can be any
      suitable light scrap iron such as crushed or shredded detinned tim cans.
      The container 12 is fabricated from stainless steel in order to prevent
      the walls thereof from reacting with the copper bearing solution. The side
      wall of the container is provided with a manhole 16 providing access for
      personnel to the interior of the container. During operation a certain
      amount of residue including small pieces of concrete, rocks, granular
      copper, and copper-plated steel collects in the bottom of the container.
      From time to time, this residue is removed from the container through the
      manhole 16. The container 12 and the scrap iron 14 therein are supported
      by a wooden platform 18 on a concrete foundation 20.
PAR  The bottom of the container 12 is closed by a discharge sump 24 fabricated
      from stainless steel. The sump provides a collection passage into which
      the expended copper bearing solution and the precipitated copper can flow
      after completing the chemical reaction. The bottom wall of the container
      12 slopes downwardly toward the discharge sump 24 in order to fully drain
      all of the liquid therein into the discharge  sump. Sump 24 is covered by
      a sieve or screen 26 that physically separates it from the container 12.
      The size of the openings in the sieve is large enough to permit the
      precipitated copper and the expended solution to pass therethrough and yet
      small enough to prevent the scrap iron and non-reacted material from
      entering the discharge sump 24. The bottom of the discharge sump is
      connected to a drain manifold 28 and a discharge header 30. The manifold
      and header provide a means for draining the the precipitated copper metal
      and the expended solution from the discharge sump.
PAR  In accordance with the present method, a metal (e.g., copper) is
      precipitated from a metal bearing solution (e.g., copper sulfate) by
      reaction with a suitable solid precipitant (e.g., scrap iron) and
      separated from the same. For simplicity of description, the specification
      will refer to the foregoing system although it should be understood that
      the technique is applicable to other systems in which similar chemical
      reactions take place.
PAR  In general, a bed of the solid precipitant is formed in a reaction vessel
      or container. The copper sulfate is then directed in a high velocity jet
      stream which is rotated to sweep out an arc which impinges upon the scrap
      iron in its path. An important feature of the invention is the avoidance
      of excessive consumption of the scrap iron by reaction with sulfuric acid
      according to reaction [3] set forth above. This reaction does not
      contribute to metallic copper production and is minimized by retaining the
      scrap iron bed in an essentially unflooded or unimmersed state. The copper
      sulfate solution in a high velocity stream rotates in an essentially
      horizontal path to impinge upon and vigorously agitate the scrap iron in
      its path. Since the bed is not flooded, the force of the stream is not
      impeded by unnecessary passage through a body of liquid. The stream has so
      much momentum that the force of the solution impinging upon the scrap iron
      causes the formation of a precipitate of the free copper in accordance
      with reaction [1]. Then, subsequent streams strip the free metal copper
      from the scrap metal and entrains the same. This copper entrained solution
      is then separated as underflow from the residual scrap iron in the vessel.
      This is accomplished by passing the entrained solution through a sieve
      with openings too small to pass the scrap iron. The barren solution is
      withdrawn as underflow, together with the metallic copper. Otherwise, it
      would be necessary to flood the bed with the aforementioned excessive
      consumption of scrap iron.
PAR  The copper bearing solution may be simultaneously directed into the
      container from a plurality of vertically spaced high velocity jet streams
      to increase the reaction rate in a particular reactor. Furthermore, the
      free copper-entrained spent solution withdrawn as underflow may be
      directed to a second stage reactor vessel for repeating the foregoing
      method to precipitate further metal.
PAR  An aqueous rinsing stream may be directed in a similar high velocity gas
      stream into the bed after terminating the flow of the metal bearing
      solution to entrain remaining free metal precipitate on the bed particles
      after completion of the reaction. This stream is removed from the vessel
      through the sieve.
PAR  The copper bearing solution is added to the scrap iron 14 in the container
      12 through a high pressure nozzle system 34 that includes a high pressure
      nozzle 38. The high  pressure nozzle is a rotatable nozzle having an exit
      orifice 39 that is substantially confined within either the real or the
      imaginary extension of the cylindrical stem 36. The high pressure nozzle,
      thus, has no protrusions that could engage the scrap iron and impede the
      rotation of the nozzle system. A suitable nozzle is disclosed in U.S. Pat.
      No. 3,749,314 entitled "Liquid Jet Nozzle", issued to Robinson et al on
      July 31, 1973. The high pressure nozzle directs the copper bearing
      solution into the scrap iron in a high velocity, high momentum stream with
      minimum dispersion in an outward radial direction and rotates to sweep out
      a substantially horizontal arc generally parallel to the bottom of the
      vessel.
PAR  The high pressure nozzle system 34 also includes a stem 36 that is mounted
      to the nozzle 38. The stem is a hollow, cylindrical, rotatable pipe. The
      stem 36 is connected by a rotary union 40 to an inlet pipe 42. The rotary
      union provides a leak-proof seal for the high pressure solution travelling
      through the nozzle system 34 and permits the stem 36 and the nozzle 38 to
      rotate with respect to the container 12. The stem and the nozzle are
      rotated with a worm and wheel gear 46 driven by a hydraulic motor 44
      mounted on the wooden platform 18.
PAR  The high pressure nozzle 38 is retained in place by a supporting structure
      48 onto which is mounted a nozzle bearing and seal 50. The supporting
      structure both guides the high pressure nozzle during rotation and also
      supports the sieve 26 in relation thereto. The stem 36 is retained in
      place by a stem bearing and seal 52 in the bottom wall of the discharge
      sump 24. The copper bearing solution is supplied at high pressure through
      the nozzle system 34 to the container 12 by a pump 54 that discharges into
      the inlet pipe 42.
PAR  In FIG. 2 two containers for copper cementation are illustrated connected
      for series operation. The discharge header 30 connected to the container
      12 dumps the expended solution therefrom into a settling tank 60. The
      expended solution contains both metallic copper in particulate form and
      expended copper sulfate liquid. The settling tank contains an internal
      side wall 62 separating the settling tank into two compartments. In the
      first compartment 63, the particulate copper metal settles out as cement
      copper 66 and the copper sulfate liquid overflows into the second
      compartment 64. A second high pressure pump 54' takes a suction on the
      second compartment 64 of the settling tank and pumps the solution therein
      into the second container 12'. The second container 12' drains into a
      second, similar, settling tank 60' leaving the cement copper 66' in its
      first compartment. The second settling tank 60' is drained in turn by a
      third pump 54". The two containers 12, 12' and the two settling tanks 60,
      60' are used in series in order to maximize the amount of precipitation of
      copper out of the copper bearing solution.
PAR  In operation the pump 54 injects the copper bearing solution at high
      pressure into the inlet pipe 42. The copper bearing solution then travels
      in turn through the rotary union 40, the stem 36, and the high pressure
      nozzle 38. The solution is sprayed onto the scrap iron 14 from the nozzle
      orifice 39 with a minimum of divergence. The rotating stream from the
      nozzle has so much momentum that the force of the solution impinging on
      the scrap iron causes the particles to become agitated and strips away the
      precipitated copper metal adhering to the surface of the scrap iron
      leaving exposed metal surface  available for further chemical reaction.
      The volume of the stream is insufficient to flood the scrap iron bed and
      so the force of the stream is not impeded by a liquid barrier.
PAR  During operation the high pressure nozzle 38 is slowly rotated by the
      hydraulic motor 44. The spray from the nozzle, thus, slowly rotates around
      the bottom of the container 12 and impinges upon all of the scrap metal
      therein.
PAR  After the chemical reaction has occurred, the precipitated copper and the
      expended solution fall through the sieve 26 into the discharge sump 24 and
      thereafter through the drain manifold 28 and the discharge header 30. The
      discharge header empties into the settling tank 60, and the cement copper
      66 is collected in the first compartment 63 thereof. The expended solution
      overflows the side wall 62 into the second compartment 64 is also a
      suction sump for the second pump 54' that injects the expended solution
      into the second container 12'. The above described process is repeated in
      the second container 12' and the second settling tank 60'.
PAR  An alternative embodiment of the present invention is illustrated in FIGS.
      3 and 4. The scrap iron container is fabricated from a plurality of
      cylindrical fiberglass tower sections 74, fabricated from fiberglass in
      order to resist the corrosive action of the copper bearing solution
      contained therein. The tower sections are bolted together to form a
      cylindrical scrap iron holding container 12'. The lowermost tower section
      74' further includes a cleanout chamber 76 providing access for personnel
      to the bottom of the container in order to permit removal of residue.
PAR  Within the container 12' is a rotatable high pressure nozzle column 77. The
      high pressure nozzle column includes an elongate, vertical stem 78 having
      a plurality of nozzle orifices 79 thereon. The orifices do not project
      from the cylindrical side wall of the stem. Thus, the stem freely rotates
      and does not engage the surrounding scrap iron. The nozzles 79 are
      angularly distributed about the stem as well as linearly distributed along
      its longitudinal axis. Each nozzle directs a high velocity spray of copper
      bearing solution onto the surrounding scrap iron. The momentum of the
      spray strips away the precipitated copper to leave an exposed iron
      surface. Surmounting the vertical stem 78 is an end cap 80. Located above
      each nozzle centrally disposed on the stem is a radially extending
      circular collar 82 for assisting in keeping the region immediately
      adjacent the nozzle path free of material.
PAR  The stem is slowly rotated by a hydraulic motor 44 attached to a worm gear
      assembly 46 also hereinbefore described. As the stem 78 slowly rotates,
      the array of nozzles provides a plurality of horizontal tiers of high
      velocity solution sprays. The effect of the nozzle column 77 is to bring
      the predominant portion of the scrap iron in container 12' into chemical
      reaction simultaneously.
PAR  The high pressure nozzle column 77 also contains a water manifold 90. The
      water manifold includes a water inlet pipe 92 penetrating the solution
      inlet pipe 42. The water manifold thereafter extends vertically and
      coaxially inside of the stem 78. The water manifold also has a rotary
      union 94 permitting the upper portion of the water manifold to rotate with
      the stem 78. The water manifold terminates at a nozzle 96 that is similar
      to the other nozzles 69 on the nozzle column.  The water nozzle directs
      water into the lowermost tower section 74' during the last portion of each
      operating cycle to entrain any residual copper metal as a rinsing stream.
PAR  While a specific disclosure and embodiments have been shown herein, it
      should be realized that many modifications and changes can be made by
      those skilled in the art without departing from the spirit of the present
      invention. In addition, a plurality of high pressure nozzles may be
      disposed in various locations throughout the container. Accordingly, the
      scope of this invention should be understood in a broader context limited
      only by the following claims as interpreted in the light of the foregoing
      examples.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of precipitating copper from a copper bearing solution in a
      container using a particulate solid precipitant which reduces the copper
      in solution to form  the free copper, the steps of forming a bed of the
      solid precipitant, directing the copper bearing solution in a high
      velocity jet stream and rotating said stream to sweep out an arc which
      impinges upon and vigorously agitates the solid precipitant in its path
      with sufficient force to chemically react with the same to form a
      precipitate of the free copper of relatively small size in comparison to
      the precipitant and to entrain copper precipitate formed in the bed by
      such chemical reactions, and continuously separating the free copper and
      essentially all of the spent solution as underflow from the residual
      precipitant in the vessel, said precipitant bed being maintained in an
      essentially unflooded state in solid-to-solid contact.
NUM  2.
PAR  2. A method as in claim 1 together with the additional steps of directing
      an aqueous rinsing stream in a high velocity jet stream into the bed after
      directing the copper metal bearing solution to further entrain free copper
      precipitate, and withdrawing said free metal-entrained rinsing stream as
      underflow from the container.
NUM  3.
PAR  3. A method in claim 1 in which said copper bearing solution is
      simultaneously directing into said container from a plurality of
      vertically spaced high velocity jet streams.
NUM  4.
PAR  4. A method as in claim 1 in which the free copper and spent solution are
      withdrawn as underflow through a screen with openings large enough to pass
      the free copper but small enough to retain the precipitant.
NUM  5.
PAR  5. A method as in claim 1 together with the steps of separating the
      withdrawn spent solution from the withdrawn free copper and directing the
      solution to a second stage reactor vessel repeating the method of claim 1
      to precipitate further copper.
NUM  6.
PAR  6. A method as in claim 1 in which the metal solution comprises copper
      sulfate, and the precipitant comprises iron.
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PAL  The method of recovering copper by cementation using copper-iron materials
      as part of the cementation scrap, the copper and iron in said materials
      being substantially physically inseparable.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Recovery of copper from scrap materials and liquids is assuming increased
      importance because of the need to maximize copper production due to
      increased needs for this metal.
PAR  Recovery of copper by cementation is an old procedure wherein copper in
      solutions such as mine waters and leach liquors is precipitated out of
      solution by the use of metallic iron. The basic cementation reaction is:
EQU  CuSO.sub.4 +Fe .fwdarw. Cu+FeSO.sub.4
PAR  However, in this reaction some of the ferrous sulfate becomes oxidized to
      ferric sulfate which results in redissolving of some of the copper to form
      a copper sulfate as illustrated in the following formula:
EQU  Cu+Fe.sub.2 (SO.sub.4).sub.3 .fwdarw. CuSO.sub.4 +2 FeSO.sub.4
PAL  The result is a lower recovery of copper and an increased loss of iron.
PAR  Another method of recovering copper is from solid scrap materials where it
      has been used to clad other metals as in certain bearings and wires. While
      a great deal of the copper can be separated from such materials by
      physical means, as by grinding, not all of the copper can be removed. This
      raises a dual problem, particularly in copper clad iron materials since an
      appreciable amount of copper is lost and the iron can then not be used
      again because the copper would contaminate the iron or steel product being
      formed from such scrap. Such copper clad iron scrap is, therefore, simply
      slagged. If the copper could be substantially completely removed, the
      resultant iron scrap could be recycled for use in iron and steel making
      operations.
PAC  SUMMARY OF THE INVENTION
PAR  A procedure has now been found wherein recovery of copper by cementation
      with metallic iron can be made more effective while at the same time
      enabling the removal of copper from copper clad iron scrap enabling use of
      the iron scrap. Briefly stated, the present invention comprises the
      improvement in the recovery of copper from solutions containing the same
      by cementation by including in the cementation launder copper-iron
      materials as part of the cementation scrap, the copper and iron in said
      materials being substantially inseparable physically.
DETD
PAC  DETAILED DESCRIPTION
PAR  It is known that copper mine waters and the solutions obtained from copper
      leaching operations, whether heat, dump, vat or agitated leach produce
      solutions which contain copper sulfate and usually small amounts of ferric
      sulfate. Precipitation of copper from such solutions by replacement with
      iron results in reduction of the ferric sulfate to the ferrous form with
      the additional iron present in the scrap resulting in formation of copper.
PAR  As discussed above, the competing reaction, wherein the ferrous sulfate
      becomes oxidized to the ferric form and redissolves the copper, reduces
      the amount of copper recovered from the solution.
PAR  In accordance with the instant invention, the addition of copper clad iron
      materials to the launder results in not only dissolving of the copper
      attached to the iron, but aids in reducing the ferric iron to the ferrous
      form and increases the total amount of copper recovered. Thus, the copper
      is recovered from the copper-iron material and, at the same time,
      redissolving of the copper to copper sulfate by oxidization of the ferrous
      sulfate to ferric sulfate is avoided.
PAR  The net result is not only an increase in the amount of copper cemented out
      of the liquid containing the same, but also recovery of the copper from
      the copper-iron material and further the ability to then use the iron
      content of the scrap rather than having it slagged.
PAR  The instant invention utilizes for cementation conditions any of those
      presently used for that purpose. Such conditions are well known to those
      skilled in this art since production of cement copper by precipitating
      copper by iron from copper sulfate solutions is an old and well-known
      procedure.
PAR  In addition, any of the usual cementation apparatus can be used, such as
      the drum or cone-type devices, and the iron scrap used can be detinned
      scrap iron, sponge or particulate iron, and even shredded automobile
      scrap.
PAR  To the noted iron scrap, there is added the copper clad iron scrap. It is
      preferred to add sufficient copper-iron scrap so that it comprises at
      least a major portion by weight of the cementation launder although minor
      amounts (as low as 10% by weight) of the copper-iron scrap can be used
      with increased copper recovery resulting.
PAR  The instant process is suitable for the recovery of copper from all
      solutions such as copper mine waters and leach liquors obtained from heat,
      dump, vat, and agitated leach operations.
PAR  Upon recovery of the copper, the iron scrap can be utilized without concern
      for any copper contamination.
PAR  While the invention has been described in connection with a preferred
      embodiment, it is not intended to limit the invention to the particular
      form set forth, but, on the contrary, it is intended to cover such
      alternatives, modifications and equivalents as may be included within the
      spirit and scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method of recovering copper from solutions containing the same by
      cementation using iron, the improvement comprising the use of copper-iron
      materials as part of the cementation launder, the copper and iron in said
      materials being substantially physically inseparable.
NUM  2.
PAR  2. The method of claim 1 wherein the copper-iron material is a copper-clad
      iron scrap.
NUM  3.
PAR  3. The method of claim 1 wherein the copper-iron material comprises at
      least a major portion by weight of the cementation launder.
NUM  4.
PAR  4. The method of claim 1 wherein the solution is a copper leach liquor.
NUM  5.
PAR  5. The method of claim 1 wherein the solution is a copper mine water.
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PAL  A cobalt base superalloy is disclosed which has good elevated temperature
      properties combined with low density and low cost. The alloy has a nominal
      composition of .9% carbon, 25% chromium, 15% nickel, 7.5% tungsten, 2.2%
      titanium, 1.2% zirconium, 1.0% iron, balance essentially cobalt, and is
      substantially free from columbium and tantalum.
GOVT
PAR  The invention herein was made in connection with a contract with the
      Department of the Air Force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the field of cobalt base superalloys.
PAR  Service conditions in gas turbine engines are constantly increasing in
      severity and improved turbine materials are required for satisfactory
      operation. Cobalt base alloys are often used in turbine engines
      particularly in areas where high operating temperatures are encountered.
      Conventional base cobalt alloys almost invariably contain tantalum and
      columbium which to date, have been believed to provide improved elevated
      temperature properties.
PAR  U.S. Pat. No. 3,432,294 discloses an alloy having a composition similar to
      the alloy of the invention except that the alloy of the reference contains
      from 2-5% tantalum and contains lower levels of titanium and zirconium
      than the present alloy. There is no suggestion in this reference that the
      elimination of tantalum would have any beneficial effects. Canadian Pat.
      No. 639,056 also discloses an alloy similar to the present invention but
      the alloy of this reference contains from 1-4% tantalum or columbium.
      Additionally, other elements of the alloy of this reference are present in
      different amounts than the alloy of the present invention. Likewise, U.S.
      Pat. No. 3,677,939, assigned to the assignee of the present invention, has
      a composition similar to the composition of the present invention except
      for the presence of columbium and tantalum.
PAR  The present invention discloses an alloy substantially free from both
      columbium and tantalum which also has superior mechanical properties to
      alloys which contain columbian and tantalum.
PAR  This body of art and, in fact, the experience of those skilled in the art,
      clearly demonstrates that the cobalt superalloy is one in which small but
      critical limitations are often determinative as to whether or not a given
      alloy is usable for the purpose intended. Nor is the art one of reasonable
      empirical certainty as the results of small changes in either the
      character or proportions of an alloy are not normally truly predictable.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention discloses a cobalt base super alloy having a nominal
      composition of 9% carbon, 25% chromium, 15% nickel, 7.5% tungsten, 2.2%
      titanium, 1.2% zirconium, 1% iron, balance essentially cobalt.
PAR  The alloy of the invention possesses an exceptional combination of
      mechanical properties at elevated temperatures, low density and low cost.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE shows a plot of the stress required to produce 1% creep in 100
      hours for various temperatures for the alloy of the invention and several
      competitive alloys.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention relates to a cobalt base super alloy with an
      advantageous combination of properties and cost. The composition of the
      alloy is given below in Table I. A noteworthy feature of the present alloy
      composition is the substantial lack of columbian and tantalum which are
      commonly found in prior art alloys.
PAR  The physical metallurgy of cobalt base superalloys for use in turbine
      blades and vanes is based around a cobalt chromium-carbon base
      composition. The chromium addition serves to provide improved oxidation
      and corrosion resistance while the carbon forms carbides which have a
      strengthening effect. Refractory metal carbides are formed by the reaction
      of additions of columbium, titanium, zirconium, hafnium and tungsten with
      carbon in the alloy. These refractory elements also provide solid solution
      strengthening. Additions of nickel and iron are made to stabilize the face
      center cubic cobalt structure and prevent it from transforming to a
      hexagonal close packed structure. Further, nickel and iron promote
      improved ductility in the alloy.
PAR  Cobalt base superalloys must satisfy increasingly stringent requirements as
      the severity of operating conditions in turbine engines increases.
      Satisfactory compositions must possess good elevated mechanical properties
      such as strength, ductility, toughness, creep and rupture resistance and
      must further possess oxidation resistance.
PAR  Weight is an important consideration in many aerospace and transportation
      applications. Weight is especially important in military applications
      where the ultimate in performance is required. Contrary to the suggestions
      of the prior art, it was found, as an unexpected result, during the work
      which lead to the present invention, that under certain conditions, that
      tantalum and columbium could be effectively eliminated from certain types
      of cobalt base alloys and that in fact such substantial elimination could
      lead to improved mechanical properties and other benefits. FIG. 1 shows a
      plot comparing the creep characteristics (stress required to produce 1%
      creep in 100 hrs. at temperature) of the alloy of the present invention
      with certain other commercial alloys, the compositions of the commercial
      alloys are given in Table II. The alloy described as WS 25 is the alloy of
      the preferred embodiment. The alloy denoted as WS 6 is a similar cobalt
      base alloy containing columbium and tantalum which is described in U.S.
      Pat. No. 3,667,939 and assigned to the present assignee. PWA 664 is a
      nickel base superalloy which is frequently used in gas turbines. MAR M509
      is a tantalum containing cobalt base superalloy. It is evident from
      consideration of this FIGURE that the alloy of the present invention
      possess superior creep properties at temperatures above 1900.degree.F. and
      that of the four alloys tested the alloy of the present invention
      possesses the best combination of mechanical properties for use at
      elevated temperatures.
TBL                TABLE I                                                     

     ______________________________________                                    

     WS 25 Composition                                                         

     ______________________________________                                    

     Co              Bal.                                                      

     C               .85-.95                                                   

     Cr              24-26                                                     

     Ni              14-16                                                     

     W               7.25-7.75                                                 

     Ta                                                                        

                     Ta + Cb &lt; .5                                              

                     (impurity type limit)                                     

     Cb                                                                        

     Ti              2.0-2.4                                                   

     Zr              1.0-1.4                                                   

     Fe               .9-1.1                                                   

     ______________________________________                                    

TBL                TABLE II                                                    

     ______________________________________                                    

     Comparative Alloy Composition                                             

     (alloy shown in FIG. 1)                                                   

     WS 25        WS 6      PWA 664   MAR M509                                 

     ______________________________________                                    

     Co      Bal.      Bal.     10.0    Bal                                    

     C       .9       .83-.97   .13     .6                                     

     Cr      25       24-26     9.0     24                                     

     Ni      15       14-16     Bal.    10                                     

     W       7.5      7.5-8     12.5    7                                      

     Ta               2.5-3.0   --      7.5                                    

             &lt;.5                                                               

     Cb                .8-1.2   1.0     --                                     

     Ti      2.2       .8-1.0   2.0     .2                                     

     Zr      1.2      .35-.45   --      --                                     

     Fe      1.0       .8-1.2   --      1.0                                    

     ______________________________________                                    

PAR  An alloy similar to the alloy of the preferred embodiments, but containing
      1.5% tantalum, 0.5% columbium, and reduced titanium and zirconium levels
      of 1.0% and 0.5% respectively was compared with the preferred alloy. At a
      temperature of 1800.degree.F. and a stress level of 12,000 psi the
      preferred alloy had a life of 1316.7 hrs. while the alloy with tantalum
      and columbium failed after 367 hours. At a temperature of 2200.degree.F.
      and a stress level of 3,000 psi, the rupture times of the preferred alloy
      and the tantalum and columbium containing alloy were 177.9 and 69.1 hours
      respectively.
PAR  Two further significant benefits arise from the elimination of tantalum and
      columbium. The first benefit relates to density. Columbium and tantalum
      have density of 0.31 and 0.6 pounds per cubic inch respectively. In the
      alloy of the present invention, tantalum and columbium are replaced by
      titanium and zirconium which have density of 0.163 and 0.235 pounds per
      cubic inch respectively. The resultant alloy has a density of 0.305 pounds
      per cubic inch which is remarkably low for a cobalt base superalloy.
PAR  The other significant advantage which derives from the replacement of
      columbium and tantalum by titanium and zirconium relates to cost.
      Columbium and tantalum are expensive, costing approximately 25 and 50
      dollars per pound respectively. Titanium and zirconium on the other hand
      are comparatively inexpensive costing approximately $1.75  and $12.00 per
      pound respectively. The economic consequence of the elimination of
      tantalum and columbium are that the resultant alloy is from $2.00 - $3.00
      a pound less expensive than competitive alloys which contain columbium and
      tantalum.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cobalt base alloy for high temperature use which consists essentially
      of, by weight, from 0.85 to 0.95% carbon, from 24 to 26% chromium, from 14
      to 16% nickel, from 7.25 to 7.75% tungsten, from 2.0 to 2.4% titanium,
      from 1.0 to 1.4% zirconium, from 0.9 to 1.1% iron, balance essentially
      cobalt, said alloy being substantially free from tantalum and columbium.
NUM  2.
PAR  2. An alloy as in claim 1 wherein the total tantalum plus colubium level is
      limited to be less than 0.5%.
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PAL  Ag-CdO type material suitable for use as an electrical contact material in
      a switching device such as a circuit breaking device is disclosed. The
      material contains Ag and CdO with an oxide of Sn and an oxide of an
      additive metal selected from Mg, Ca, or mixtures of oxides of such
      additive metals. The additive metal appears to form an oxide of the metal
      earlier during oxidation of the material than either the Sn or Cd thereby
      acting as a nucleating site for the formation of the oxides of the Sn and
      Cd. The oxide of the metals appears to tend to grow as a mixture of the
      oxides of the additive metal, Cd and Sn. This material has good high
      temperature properties, undergoes oxidation of the oxidizable constituents
      at a high rate and has a fine oxide particle size.
PAL  The method of making the Ag-CdO type material.
BSUM
PAR  The present invention relates to a Ag-CdO type material suitable for use as
      an electrical contact material. The material is particularly useful as
      contact material in a circuit breaking device. The material contains Ag
      and CdO with oxides of Sn and an additive metal selected from Mg, Ca, or
      mixtures of oxides of such additive metals. The invention also relates to
      a method of making such Ag-CdO type material.
PAR  In general, electrical contact material consisting of Ag-CdO has better
      resistance to sticking and to arc erosion than does Ag electrical contact
      material. The contact resistance of Ag-CdO contact material is reasonably
      stable so it is useful at light (about 20 amperes) and heavy (above 100
      amperes) current loads. However, Ag-CdO contact material is often
      unsatisfactory in situations where an instantaneous high temperature is
      developed at the working surface of the material, that is, instantaneous
      temperatures of about 1000.degree.C or higher.
PAR  Electrical contact material consisting of Ag-CdO with an oxide of Sn has
      improved arc erosion wear and resistance to fusion when compared to Ag-CdO
      material. Such a contact material is disclosed in U.S. Pat. No. 3,607,244.
      However, electrical contact material consisting of Ag-CdO and an oxide of
      Sn experiences a slow oxidation rate during manufacture.
PAR  A feature of the present invention is to provide an electrical contact
      material of the Ag-CdO type wherein the oxidizable constituents are
      oxidized at a faster rate than Ag-Cd-Sn material by the addition of a
      metal that oxidizes earlier than either Cd or Sn thereby acting as a
      nucleating site for the oxidation of the Sn and Cd. A further feature of
      the invention is a Ag-CdO type material having a fine oxide particle size.
      Another feature is to provide an Ag-CdO type material wherein the
      instantaneous temperature at the working surface of the material can
      approach about 1000.degree.C without harmful change experienced by the
      working surface. Another feature of the present invention is to provide an
      Ag-CdO type material having a hard-to-soft transition temperature of about
      450.degree.C or higher.
DRWD
PAR  FIG. 1 is a photomicrograph of an internally oxidized Ag-CdO type contact
      material at about 340 magnifications containing about 9 wt.% Cd, about 1.5
      wt.% Sn and about 0.06 wt.% Ca, the remainder Ag; and
PAR  FIG. 2 is a photograph of three different types of Ag-CdO contact material
      heated to 1000.degree.C for 10 minutes.
PAR  The oxidation rate of the oxidizable constituents, the instantaneous high
      temperature operating characteristics, the oxide particle structure, and
      the hard-to-soft transition temperature of an Ag-CdO type electrical
      contact material are improved over a Ag-CdO - oxide of Sn material by
      adding to Ag-Cd up to 2 wt.% Sn and up to about 0.1 wt.% of an additive
      metal selected from Mg, Ca, or mixtures of such metals and oxidizing the
      oxidizable constituents of the Ag-Cd type material. The microstructure
      comprises fine grains of the oxides of Cd, Sn and the additive metal.
      Preferably, the material contains an effective amount up to 2 wt.% Sn
      which is oxidized and an effective amount up to 0.1 wt.% additive metal
      which is oxidized.
PAR  Generally speaking, the present invention relates to a Ag-CdO type
      electrical contact material manufactured by oxidizing a Ag-Cd type
      material provided by forming a material consisting essentially of about 70
      to about 95 wt.% Ag, about 5 to about 30 wt.% Cd, about 0.01 to about 2
      wt.% Sn, and a small but effective amount to about 0.2 wt.% of an additive
      metal selected from Mg, Ca, or mixtures of the additive metals and
      oxidizing the oxidizable constituents of the material to provide a Ag-CdO
      type electrical contact material.
PAR  The additive metal appears to begin to oxidize prior to initiation of
      oxidation of either the Sn or Cd and appears to act as a nucleating site
      for the growth of the oxides of Sn and Cd as fine grains. An amount of
      additive metal less than about 0.001 wt.% does not make the nucleating
      effect distinguishable and an amount over about 0.15 wt.% increases the
      precipitation of Cd and Sn at the grain boundary, reduces the electrical
      conductivity and workability of the contact material, and substantially
      reduces the oxidation rate during manufacture of the Ag-CdO type material.
      Preferably, the additive metal content is about 0.01 to about 0.15 wt.%.
      The additive metal is miscible in the melt whereas metals such as Co, Fe
      or Ni are not miscible in the melt. It is important that the additive
      metal be miscible in the melt to provide a substantially homogenous
      mixture which after casting has substantially uniform physical and
      mechanical properties.
PAR  As seen in FIG. 1 the addition of the additive metal is effective in
      causing the grains of the oxides of Cd and Sn to be remarkably fine after
      the oxidation of the Ag-Cd type material. The particles of the mixed
      oxides of Cd, Ca and Sn of FIG. 1 have an average particle size generally
      less than about 3 microns. The particles (not shown) of the mixed oxides
      of Cd and Sn with no additive metal as taught in this invention have an
      average particle size of about 20 microns.
PAR  The electrical contact material of the present invention may be
      manufactured by either a post oxidation or a preoxidation technique. In
      regard to the preoxidation technique of oxidizing Ag-Cd type materials,
      U.S. reissue Pat. No. 27,075 and U.S. Pat. No. 3,545,067 teach processing
      parameters that can be used to oxidize the oxidizable constituents of the
      Ag-Cd type material of the present invention. In utilizing this technique
      a melt of Ag-Cd-Sn and the additive metal is prepared, atomized and
      oxidized. Subsequent to oxidation of the constituents, the contact
      material shape is formed. An excess of tin and/or additive metal may be
      added to allow for losses of tin and/or additive metal during melt
      preparation and/or atomization.
PAR  With regard to the post oxidation technique of oxidizing Ag-Cd type
      materials, U.S. Pat. Nos. 2,539,298 and 2,673,167 teach processing
      parameters that can be used to oxidize the oxidizable constituents of the
      Ag-Cd type material of the present invention. In this method the contact
      material shape is formed and then the oxidizable constituents of the shape
      are oxidized.
PAR  In general, in oxidizing the constituents of the material according to the
      preoxidation technique, or the finished or semi-finished shape according
      to the post oxidized technique, an oxidation temperature of up to about
      850.degree.C and a time of up to about 120 hours is required, depending
      upon the shape, the oxidizing temperature, and oxygen content of the
      atmosphere.
PAR  Assuming that the dimensions of a Ag-Cd-Sn material are the same as the
      Ag-Cd-Sn-additive material and the processing parameters are the same, the
      oxidation rate will be up to about 10% faster for the Ag-Cd-Sn-additive
      material than the oxidation rate for the Ag-Cd-Sn material. The Ag-CdO
      type material of the present invention appears to be able to withstand
      instantaneous temperatures up to about 1000.degree.C better than the
      oxidized Ag-CdO-Sn material. For example, subjecting internally oxidized 9
      Cd-1.5 Sn-89.5Ag material to a temperature of 1000.degree.C for about 10
      minutes will cause formation of an agglomerated pool of molten Ag on the
      surface of the material. Such a result experienced by the 9 Cd-1.5
      Sn-89.5Ag material indicates that the Ag-CdO type material of the present
      invention is better able to withstand a higher instantaneous temperature
      thereby making the Ag-CdO type material of the present invention a more
      suitable contact material for a circuit breaking device than is the
      internally oxidized Ag-CdO-Sn material.
PAR  FIG. 2 shows slugs of three different internally oxidized composite
      materials after being exposed to 1000.degree.C for 10 minutes. FIG. 2
      shows that internally oxidized slug 30 (Ag-9Cd) experiences significant
      agglomeration of molten Ag 31 on its surface; internally oxidized slug 32
      (Ag-9Cd-1.5 Sn) experiences agglomeration of molten Ag 33 on its surface;
      and internally oxidized slug 34, (Ag-9Cd-1.5 Sn-0.05 Ca) experiences
      little, if any, agglomeration of Ag on its surface.
PAR  At room temperature the hardness of the material of the present invention
      is about 90-95 R.sub.H whereas the hardness of Ag-CdO material at room
      temperature is about 80-85 R.sub.H. The hard-to-soft transition
      temperature for the material of the present invention is about
      450.degree.C whereas the hard-to-soft transition temperature for Ag-CdO
      material is about 400.degree.C.
PAR  The oxidation rate of the Ag-CdO type material is increased about 10% by
      the addition of an additive metal which has a greater affinity for oxygen
      than either Cd or Sn and forms a more stable oxide than either Cd or Sn
      forms. However, if the amount of the additive metal, Ca for example,
      exceeds about 0.15 wt.%, a heavy oxide precipitation begins to form along
      grain boundaries which appears to retard the oxidation rate of the Ag-CdO
      type material.
PAR  The additive metal is substantially uniformly distributed throughout the
      Ag-CdO type material of the present invention. Oxidizing the oxidizable
      constituents of the material of the present invention results in the
      additive metal forming an oxide of that metal prior to the formation of
      either of the oxides of Sn or Cd. The formation of an oxide of the
      additive metal appears to result in the oxide of that metal serving as the
      nuclei for the precipitation of the oxides of Sn and Cd thereby enhancing
      the rate of formation of the oxides of Sn and Cd. The oxides of the
      additive metal and Sn tend to become associated with the CdO particles.
PAR  The Ag-CdO contact material of the present invention tends to oxidize
      substantially uniformly throughout the contact material so that the
      electrical characteristics of the material tend to remain substantially
      the same as the working surface of the material wears.
PAR  Material of the present invention when exposed to a temperature of about
      1000.degree.C for about 10 minutes does not appear to form agglomerated
      pools of Ag on its working surface.
PAR  By additive metal, as used herein, we mean Ca, Mg and mixtures thereof. The
      preferred additive metal is Ca. The lower limit of the wt.% of the
      additive must be sufficient to function as a nucleating site for the
      formation of the oxides of Sn and Cd. However, if the amount of the
      additive metal exceeds 0.2 wt.% the desired effects appear to not be
      achieved. Most preferably, the amount of the additive metal is 0.1% or
      less.
PAR  The presence of small amounts of impurity elements is not believed to play
      a critical roll in the invention.
PAR  The present invention is described in its presently preferred embodiment.
      However, it should be understood that small quantities of additional metal
      constituents may be added without defeating the features of the Ag-CdO
      type material described above.
CLMS
STM  We claim:
NUM  1.
PAR  1. Ag-CdO type material suitable for use as an electrical contact material,
      the material consisting essentially of Ag and Cd with about 0.01 wt% to
      about 2 wt.% Sn, and about 0.001 wt% to about 0.2 wt.% of a metal selected
      from Mg, Ca, or mixtures of such metals, the material oxidized so as to
      convert the oxidizable constituents to their respective oxides prior to
      use of the material as an electrical contact material.
NUM  2.
PAR  2. The Ag-CdO type material of claim 1, wherein the oxide of Sn is the
      reaction product of heating Sn to an elevated temperature in an oxygen
      rich atmosphere, and wherein the oxide of the metal is the reaction
      product of heating such metal to an elevated temperature in an oxygen rich
      atmosphere.
NUM  3.
PAR  3. The Ag-CdO type material of claim 1, wherein the metal is about 0.001
      wt.% to about 0.1 wt% of the total weight of the material.
NUM  4.
PAR  4. The Ag-CdO type material of claim 1, wherein the CdO and the oxide of Sn
      are substantially uniformly distributed throughout the material, the oxide
      of the metal selected from Mg, Ca, or mixtures of the oxides of such
      metals is substantially at the interface of the grains of CdO and the
      oxide of Sn.
NUM  5.
PAR  5. The Ag-CdO type material of claim 4, wherein the mixed oxides of Cd, Sn
      and the additive metal has an average particle size of about 3 microns or
      less.
NUM  6.
PAR  6. A method of making the Ag-CdO type contact material as claimed in claim
      1 including the steps of forming a melt including Ag, Cd, Sn and a metal
      selected from Mg, Ca, or mixtures of such metals, forming the melt into a
      shape, and subjecting the shape to selective internal oxidation to convert
      the Cd, the Sn, and the metal selected from Mg, Ca, or mixtures of such
      selected metals to an oxide of each metal.
NUM  7.
PAR  7. The metal of making the Ag-CdO type contact material of claim 6, wherein
      the step of subjecting the shape to selective internal oxidation includes
      heating in an oxygen rich atmosphere the Cd, the Sn and the metal selected
      from Mg, Ca, or mixtures of such metals to convert the metals to a
      reaction product including oxygen.
NUM  8.
PAR  8. The Ag-CdO type material of claim 1, wherein the small but effective
      amount of the metal is about 0.001 wt.% to about 0.2 wt.% Ca, preferably
      about 0.001 to about 0.1 wt.% Ca, the oxide of Ca is substantially at the
      interface of the grains of the oxide of Cd and the oxide of Sn, the grains
      of the mixed oxides of Cd, Sn and Ca having an average particle size of
      about 3 microns or less.
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ABST
PAL  An electrophotographic process comprising forming an electrostatic image on
      the surface of a sensitive member, transferring the electrostatic image
      onto the surface of a transfer member, and developing the image so
      transferred. The process specifically involves using an overcoated
      sensitive member consisting essentially of an electrically conductive
      base, a photoconductive layer and a light-transmitting surface insulating
      layer, subjecting the sensitive member to a primary charging in a specific
      polarity using a direct current corona discharge, exposing light and dark
      images on the surface of the sensitive member and simultaneously
      subjecting it to a secondary charging until the surface of the sensitive
      member has the same polarity as in the primary charging and its potential
      becomes substantially equal to the untransferable upper limit potential,
      exposing the entire surface of the sensitive member to render the
      potential of the dark image area higher than the untransferable upper
      limit potential without substantially changing the potential of the light
      image area, transferring the electrostatic image so formed on the surface
      of the sensitive member to the surface of a transfer member, and then
      developing the electrostatic image so transferred thereby to form visible
      images.
BSUM
PAR  This invention relates to a process and an apparatus for
      electrophotographic copying. More specifically, this invention relates to
      a process of electrophotographic copying which comprises forming
      electrostatic images on the surface of an overcoated sensitive member,
      transferring the electrostatic images to the surface of a transfer
      material, and developing the transferred electrostatic images to form
      images, and an apparatus for use in this process.
PAR  Various processes called the TESI method (Transferring of Electrostatic
      Image) have been known as a transfer process for electrostatic images (R.
      M. Schaffert, "Electrophotography", May 1965, The Focal Press). There are
      two typical processes of this kind.
PAR  A. Process wherein a transfer material such as insulating film is placed
      near the surface of a sensitive element on which electrostatic images have
      been formed, and a direct current voltage (500 to 1,000 volts) is applied
      between the back surface of the sensitive member and the back surface of
      the transferring film, thereby to transfer the electrostatic images.
PAR  B. Process wherein a transferring film whose back surface has been
      uniformly charged in advance is brought into contact with, or brought
      near, the surface of a sensitive member on which electrostatic images have
      been formed, thereby to transfer the electrostatic images.
PAR  Thus, in accordance with the TESI method, an electric potential difference
      is established in some form between the sensitive member and the transfer
      material, and therefore, electrostatic images of low potential can also be
      transferred. However, since a step of providing an electric potential
      difference between the sensitive member and the transfer material is
      required, the apparatus becomes so much complicated.
PAR  Generally, by mere contacting of the transfer material with the sensitive,
      member, electrostatic images having less than a given potential cannot be
      transferred. The upper limit of the potential which does not permit
      transfer by mere contacting (to be referred to as "untransferable upper
      limit potential") differs according to the transfer material, but
      generally ranges from 300 V to 400 V. Furthermore, in order to obtain
      images of practical utility, the electrostatic images must have a
      potential contrast of at least 100 V. In order that electrostatic images
      having a contrast of at least 100 V are formed on the surface of the
      transfer material by transfer, the original electrostatic images as formed
      on the surface of the sensitive member should have a potential contrast of
      at least 400 V, preferably at least 600 V.
PAR  Japanese Patent Publication No. 13190/68 discloses a method which involves
      forming electrostatic images having high electric potential and high
      potential contrast, transferring the electrostatic images by merely
      bringing the transfer material into contact with the surface of the
      sensitive material, and then developing the transferred images. According
      to this method, an overcoated sensitive member composed of an electrically
      conductive layer, a photoconductive layer, and an insulative surface layer
      is primarily charged with a direct current corona discharge of a specific
      polarity, and then secondarily charged with a direct current corona
      discharge of an opposite polarity to the primary charging while
      simultaneously light and dark images are exposed to the sensitive member.
      Thereafter, the surface of the sensitive member is uniformly exposed to
      form electrostatic images of an opposite polarity to the primary charging.
      The electrostatic images so formed have an opposite polarity to the
      primary charging, and the light non-image area has a higher potential than
      the dark image area. The electrostatic images are transferred to the
      transfer material, and then developed. However, since the potential of the
      light non-image is higher than that of the dark image area, positive
      images cannot be obtained by normal development (a method whereby a toner
      charged in an opposite polarity to the polarity of the higher potential
      area is adsorbed onto the higher potential area, thereby to effect
      development). Accordingly, in the above-mentioned process, a toner charged
      in the same polarity as the electrostatic images is used, and by utilizing
      the electrical repelling action of a part corresponding to the light
      non-image area, is adhered to a part corresponding to the dark image area
      (repulsive developing method).
PAR  According to the repulsive development method, however, it is difficult to
      adhere a toner uniformly over a wide area because of an edge effect. Since
      the adhesion of the toner is based on the repulsive force of the higher
      potential area, its adhesive strength is weak. The adhesion of the toner
      is further weakened because before and/or after the development step, the
      electric charge of the higher potential area of electrostatic images is
      partly eliminated or leaked by the contact of rollers, etc. As a result,
      the toner has difficulty of adhering to the surface to be developed, and
      even when it has adhered thereto it is liable to be removed during passage
      between rollers. This defect has precluded it from practical use.
PAR  It has now been found that by using an overcoated sensitive member and
      choosing the wave form of corona discharge in the secondary charging
      and/or the charging time properly, there can be formed on the surface of
      the laminated sensitive material electrostatic images which have the same
      polarity as the primary charging, and in which the potential of the light
      non-image area is substantially equal to, or lower than, the
      untransferable upper limit potential, and the potential of the dark image
      area is high enough beyond the untransferable upper limit potential as to
      show sufficient potential contrast for development after transfer. When
      the electrostatic images so formed are transferred onto the transfer
      material, the potential of the light non-image area of the transferred
      electrostatic images is substantially zero, and the potential of the dark
      image area is about 100 V or above. The electrostatic images on the
      transfer material can be developed by utilizing electric absorptive force
      with toner particles charged in an opposite polarity to the polarity of
      the electrostatic images. As a result, positive images of good quality can
      be obtained.
PAR  For example, according to one embodiment of the present invention,
      electrostatic images with a light non-image portion having an electric
      potential of about 400 V and a dark image portion having an electric
      potential of about 1000 V are formed on the surface of a sensitive member,
      and by contacting a transfer material to the surface of the sensitive
      member, the electrostatic images are transferred to the surface of the
      transfer material. As a result, in the electrostatic images formed on the
      surface of the transfer material the potential of the light non-image area
      is substantially zero, and the potential of the dark image area becomes
      about 100 V or higher.
PAR  According to the present invention, there is provided an
      electrophotographic process, which comprises primarily charging the
      surface of an overcoated sensitive member to a specific polarity, said
      sensitive member being composed of an electrically conductive base, a
      photoconductive layer and a light-transmitting surface insulation layer,
      or alternatively a sensitive member in which an intermediate insulation
      layer is provided between said photo-conductive layer and said
      electrically conductive base; exposing light and dark images on the
      surface of the sensitive member primarily charged, or simultaneously or
      subsequently forming corona discharge between said electrically conductive
      base and an electrode spaced from the surface of said sensitive member by
      a suitable distance, thereby to effect secondary charging, activating the
      photoconductive layer of the sensitive member to substantially remove the
      charge formed on the interface between the surface insulation layer and
      said photoconductive layer, the wave form of corona discharge of the
      secondary charging and/or the charging time being such that after
      activation of the photoconductive layer, electrostatic images formed on
      the surface of the sensitive member have the same polarity as the primary
      charging, the potential of the light non-image area is substantially equal
      to the untransferable upper limit potential, and the potential of the dark
      image area is higher than the untransferable upper limit potential;
      transferring said electrostatic images to the surface of the transfer
      material and developing the electrostatic images transferred to the
      surface of the transfer material.
PAR  An object of this invention is to provide an improved process and apparatus
      for transferring electrostatic images formed on a sensitive member to a
      transfer material and then developing the transferred electrostatic images
      to form images. This process makes it possible to use an apparatus of
      simplified structure since it is not necessary to adhere a developer
      directly to the sensitive member or remove the toner remaining on the
      surface of the sensitive member after transfer of visible images, as
      compared with the method in which development is carried out on a
      sensitive member, and the formed visual images are transferred to a
      transfer paper. It also leads to increased durability of the sensitive
      member.
PAR  Another object of this invention is to provide a process whereby images can
      be transferred merely by bringing a transfer paper into contact with the
      surface of a sensitive member without applying voltage between the
      sensitive member and the transfer material or charging the back surface of
      the transfer material uniformly beforehand.
PAR  Still another object of this invention is to provide a process for forming
      an electrostatic image whose light non-image portion has a potential of
      substantially zero on a transfer material. As a result, by using a toner
      charged in an opposite polarity to the potential of the dark image area,
      images can be developed to give positive images of good quality.
PAR  A further object of this invention is to provide a process for forming on a
      transfer material images of high contrast which are free from fog or edge
      effects.
PAR  A still further object is to provide a color electrophotographic copying
      apparatus utilizing the above processes.
DRWD
PAR  Other objects of this invention along with its advantages will become
      apparent from the following description taken together with the
      accompanying drawings in which:
PAR  FIGS. 1-A, 1-B and 1-C are sectional views showing the sectional structures
      of laminated sensitive materials for use in the present invention;
PAR  FIGS. 2-A, ,2-B and 2-C are views illustrating a primary charging step, a
      secondary charging step including the exposure of light and dark images
      and an alternate current corona discharge;
PAR  FIG. 2-D is a diagram showing the surface potential of an overcoated
      sensitive member in each of the steps shown in FIGS. 2-A, 2-B and 2-C;
PAR  FIGS. 3-A, 3-B and 3-C are diagrams showing the wave forms of corona
      discharge current in the secondary charging, FIG. 3-B showing the wave
      form of corona discharge current using a symmetric alternate current, and
      FIGS. 3-A and 3-C showing the wave forms of an asymmetric corona discharge
      current;
PAR  FIGS. 4-A, 4-B, 4-C and 4-D are circuits of an asymmetric corona discharge
      unit;
PAR  FIG. 4-E is a connection diagram of a symmetric alternate current corona
      discharge unit;
PAR  FIGS. 5, 5-A, 5-B and 5-C are views illustrating the relation between the
      surface potential and the wave form of corona discharge;
PAR  FIG. 6-A is a view illustrating the secondary charging step including the
      exposure of dark and light images and alternate current corona discharge;
PAR  FIG. 6-B is a view illustrating the case where this secondary charging is
      performed until an equilibrium state is reached;
PAR  FIG. 6-C is a diagram showing the surface potential of a sensitive member
      in each step;
PAR  FIG. 7 is a diagram showing the surface potential of a sensitive member
      which has been subjected to the secondary charging using an asymmetric
      alternate current corona discharge of the wave form shown in FIG. 3-C;
PAR  FIG. 8 is a view illustrating a step of transferring an electrostatic image
      to a transfer material in the process of this invention;
PAR  FIG. 9 is a view showing the arrangement of the individual units of a
      copying machine for use in performing the electrophotographic process of
      this invention; and
PAR  FIG. 10 is a view showing the arrangement of the individual units of a
      color copying machine for applying the electrophotographic process of this
      invention to color copying.
DETD
PAR  The overcoated sensitive member used in this invention consists of 3 to 5
      layers. In FIG. 1-A, a sensitive member A consists of an electrically
      conductive base 1, a photoconductive layer 2 formed on the base, and a
      surface insulation layer 3. Instead of providing a single insulating
      layer, an intermediate insulating layer may be provided between
      photoconductive layers, or between the photoconductive layer and the
      electrically conductive base. For example, as shown in FIG. 1-B, the
      sensitive material A consists of an electrically conductive base 1, a
      first photoconductive layer 2, an intermediate insulating layer 3', a
      second photoconductive layer 2', and a surface insulating layer 3. Or as
      shown in FIG. 1-C, the sensitive material A consists of an electrically
      conductive base 1, an intermediate insulating layer 3', a photoconductive
      layer 2, and a surface insulating layer 3. The photoconductive layer is
      known per se, and may be any desired material. For example,
      photoconductors or mixtures of photoconductors and binders are used as the
      photoconductive layer. Examples of the photoconductors that can be used
      for this purpose are inorganic photoconductive substances such as zinc
      oxide, cadmium sulfide, zinc cadmium sulfide, cadmium telluride (CdTe),
      selenium telluride (SeTe), cadmium selenide (CdSe), or antimony trisulfide
      (Sb.sub.2 S.sub.3); organic photoconductive substances such as anthracene,
      anthraquinone or polyvinyl carbazole. There photoconductive materials can
      be directly used as the photoconductive layer. For example, selenium or
      cadmium sulfide is deposited from vapor on a suitable base, or a resin
      having photoconductivity, such as polyvinyl carbazole, is coated on a
      base, to form a photoconductive layer. Alternatively, it is possible to
      disperse a photoconductive material in a suitable binder, and then apply
      it to an electrically conductive base material. The binder may, for
      example, be an inorganic binder such as water glass or a resinous binder.
      Examples of the resinous binder are polymers or copolymers of styrene,
      polymers or copolymers of vinyl acetate, acrylic resins, polyvinyl acetal
      or copolymers thereof, alkyd resins, polyester resins, silicone resins,
      epoxy resins, and synthetic rubbers. Suitable binders are disclosed, for
      example, in British patent specification No. 1,020,506.
PAR  In order to increase the photosensitivity of the photoconductive material,
      the photoconductive material may be treated with a sensitizing dye such as
      Rose Bengale, or Methylene Blue. Furthermore, prior to use, the
      photoconductive material may be activated with a metal such as gold,
      copper, etc. Also, in order to improve the pre-exposing effect, dark
      resistance, etc. of the photoconductive layer, the photoconductive
      material may be surface treated with a Lewis acid, a fatty acid, or a
      metal salt of a fatty acid, or an organophosphate compound.
PAR  Examples of the electrically conductive material which supports the
      photoconductive layer are metal bases such as aluminum, copper or zinc, or
      base coated with metal-deposited or plated resins, electrically conductive
      resins, hygroscopic salts, or electrically conductive substances.
PAR  The base may be a flat plate or a cylindrical material. The insulation
      layer is suitably a film of a light-transmitting dielectric having high
      dielectric strength, for example, a polyester, cellulose ester,
      polystyrene or polyolefin.
PAR  Now, the description will be directed to a process of forming on the
      surface of a sensitive member an electrostatic image in which the
      potential of a light non-image area is substantially equal to the
      untransferable upper limit electric potential and the potential of a dark
      image area is sufficiently high for transfer and development.
PAR  The formation of such an electrostatic image requires the steps of
      primarily charging the sensitive member in a specific polarity,
      secondarily charging it simultaneously with the exposure of light and dark
      images, and then activating the photoconductive layer of the sensitive
      member by radiation.
PAR  First, the primary charging is carried out by a direct current corona
      discharge of a specific polarity (see FIG. 2-A). When the photoconductive
      material used in the photoconductive layer is an N-type semiconductor, it
      applies a positive discharge voltage to the corona electrode and gives a
      positive charge to the surface of the sensitive member. If it is a P-type
      semiconductor, it applies a negative discharge voltage to the corona
      electrode and gives a negative charge to the surface of the sensitive
      member. The corona discharge voltage of the primary charging differs
      according to the distance of discharge, that is, the distance between the
      surface to be charged and corona discharge electrode, and the kind of the
      photoconductor, but generally, it is desirably 5 to 10 KV. By this primary
      charging, an electric charge having an opposite polarity to the charge
      given to the surface of the sensitive member by the above charging extends
      to the interface between the surface insulation layer 3 and the
      photoconductive layer 2 through the photoconductive layer 2, and is built
      up there.
PAR  For example, when the photoconductive material is an N-type semiconductor,
      a positive charge 6 is uniformly given to the surface of the sensitive
      member by discharge from a corona discharge electrode 5 disposed within a
      charging device 4 as shown in FIG. 2-A. As a result, a negative charge
      through the photoconductive layer 2 is built up in the interface between
      the photoconductive layer 2 and the surface insulation layer 3.
PAR  Then as shown in FIG. 2-B, the light and dark images of the original are
      exposed by an exposing device onto the primarily charged sensitive member,
      and at the same time, subjected to a secondary charging by an ordinary
      alternate current corona discharge or an alternate corona discharge having
      an asymmetric current wave form using a corona discharge electrode 9
      disposed in the charging device 8. Desirably, this secondary charging and
      the exposure are performed simultaneously. However, when change of the
      photoconductive material from the light resistance to the dark resistance
      is not rapid, it is not altogether necessary to perform them
      simultaneously, but the secondary charging may be effected after exposure.
PAR  After the end of the secondary charging, the photoconductive layer 2
      beneath the surface insulation layer is activated by the method to be
      described. This causes the dark image area (D) of the photoconductive
      layer 2 to change also to an electrically conductive layer, and the charge
      7 on the interface between the photoconductive layer 2 and the surface
      insulating layer 3 substantially disappears, whereupon the potential
      becomes substantially the same as the potential of the electrically
      conductive base (ground potential). As shown in FIG. 2-C, the activation
      of the photoconductive layer 2 is performed by exposing the entire surface
      of the sensitive member by a light source 15, or exposing the sensitive
      member to a bright place, or heating the photoconductive layer, thereby to
      impart a certain amount of energy to the photoconductive layer 2.
      Alternatively, the photoconductive layer can be activated by allowing the
      sensitive material to stand for a sufficient time to render the charge on
      the interface substantially extinct before the subsequent developing step.
      However, in view of the deterioration of the photoconductive material or
      the need for rapid repeated copying, it is desirable to perform the
      activation by exposing the entire surface of the sensitive member by the
      light source 15.
PAR  The potentials of the light non-image area and the dark image area of the
      electrostatic image so formed are determined by the wave form of corona
      discharge in the secondary charging and/or the charging time.
PAR  First, the description is directed to the case where the secondary charging
      is performed by using an asymmetric alternate current corona discharge in
      which the electric current component of the same polarity as that of the
      primary charging (positive in the case of FIG. 3-A) tends to be greater
      than the electric current component of the opposite polarity.
      Incidentally, as will be described in greater detail later on, the wave
      form of the current of corona discharge varies according to the potential
      of the surface of the material to be charged, and therefore, it will be
      referred to as a symmetric or an asymmetric alternate current with the
      wave form of discharge current on the surface having a potential of zero
      being taken as a standard.
PAR  An asymmetric alternate current corona discharge having a current wave form
      shown in FIG. 3-A is applied to the surface of the sensitive member which
      has been positively charged by the primary charging, at the same time as
      the exposing of the light and dark images (see FIG. 2-B). As a result, the
      positive charge on the surface of the sensitive member A is partly
      cancelled, and the surface has a certain positive potential determined by
      the asymmetricity of the corona discharge. Thus, when the exposing of the
      light and dark images and the secondary charging are completed, the
      surface potential of the sensitive member A is a substantially constant
      positive value both at the light and dark areas. The state of distribution
      of the charge of the sensitive member differs between the light non-image
      area L and the dark image area D as shown in FIG. 2-B. In the light non
      image area L the negative charge 7 built in the interface between the
      photoconductive layer 2 and the surface insulating layer 3 is freely
      movable. Accordingly, the positive charge 6 on the surface and the
      negative charge 7 in the interface disappear at the same rate as the
      secondary charging is carried out, and reach an equilibrium when the
      surface potential of the sensitive member A becomes the above-mentioned
      constant positive electric potential. In the dark image area D, the
      resistance of the photoconductive layer 2 has a large resistance, and
      therefore, the negative charge 7 of the interface does not easily
      disappear. The electric charge in the interface is maintained
      substantially in this state, and the positive charge 6 on the surface is
      slightly neutralized and reaches the positive equilibrium potential as
      described above. Accordingly, a greater amount of positive charge 6
      remains in the dark image area D than in the light non-image area L. This
      equilibrium potential is determined from the negative charge 7 remaining
      in the interface and the positive charge 6 remaining unneutralized on the
      surface.
PAR  Thus, after the end of the secondary charging, the entire surface of the
      sensitive member A is uniformly exposed as shown in FIG. C. This results
      in the removal of the negative charge 7 in the interface between the
      photoconductive layer 2 beneath the dark image area D and the surface
      insulation layer 3, and in a rise in the potential of the dark image area
      D.
PAR  The change in the potential of the surface of the sensitive member in each
      of the above steps is shown in FIG. 2-D. The surface potential rises to a
      high positive potential by the primary charging, and by the secondary
      charging, decreases to a potential determined by the asymmetry of the
      corona discharge current, finally reaching the equilibrium potential. The
      potential of the dark image area D rises by the exposure of the entire
      surface, but the potential of the light non-image area L does not change.
      As is seen from this figure, the final potential of the light non-image
      area is substantially the same as the equilibrium potential after the
      secondary charging. By choosing the asymmetry of corona discharge current
      in the secondary charging so that the equilibrium potential is equal to
      the untransferable upper limit potential V.sub.1, the potential of the
      light non-image area can be made to correspond with the untransferable
      upper limit potential. According to this process, even when the
      untransferable upper limit potential V.sub.1 changes by the condition of
      the atmosphere at the time of transfer or the properties of the transfer
      material, the surface potential of the light non-image area L can be
      substantially made equal to the untransferable upper limit potential
      V.sub.1 by adjusting the symmetry of the wave form of the asymmetric
      alternate corona discharge current.
PAR  The asymmetric alternate corona discharge used in the above process can be
      produced by any desired method. Examples of circuits for producing the
      asymmetric alternate discharge are shown in FIGS. 4-A to 4-D. For example,
      as shown in FIG. 4-A, one end of a high voltage transformer is connected
      to a corona discharge electrode 110 through parallel-connected rectifier
      115 and resistance 116 as an impedance element, and the other end is
      connected to another electrode 113. The wave form of corona discharge
      current obtained by this operation is an asymmetric form in which the
      discharge current on the minus side is suppressed, and the corona
      discharge current on the plus side is substantially not suppressed as
      shown in FIG. 3-A. By choosing the value of the resistance 116 connected
      in series to the rectifier 115 and the polarity of the rectifier 115, the
      amount of the discharge electric current of a certain polarity can be
      adjusted to a desired value.
PAR  Or as shown in FIG. 4-B, a control grid 117 is provided between the corona
      discharge electrode 110 and the other electrode 113, and by applying a
      direct currect voltage to this control grid from a direct current source
      118, the discharge current of a certain polarity can be restrained. In
      this case, also, the wave form of corona discharge becomes asymmetric as
      shown in FIG. 3-A. By controlling the voltage to be applied to the control
      grid 117, the asymmetry of the current wave form can be adjusted. Instead
      of providing a control grid between the corona discharge electrode 110 and
      the other electrode 113, it is possible to connect an open shield 109
      provided in proximity to the discharge electrode 110 to the direct current
      source 119, as shown in FIG. 4-C, and a direct current voltage is applied
      thereto to restrain discharge current of a certain polarity and to obtain
      an alternate corona discharge current of an asymmetric wave form as shown
      in FIG. 3-A.
PAR  Furthermore, as shown in FIG. 4-D, one end of a secondary side 112 of the
      high voltage transformer is grounded through the direct current electric
      source 120, and the other end is connected to the corona discharge
      electrode 110 and the electrode 113 is earthed. This makes it possible to
      apply a direct current bias voltage, and an alternate corona discharge
      current of the asymmetric wave form as shown in FIG. 3-A can be obtained.
PAR  The relation between the wave form of the corona discharge current and the
      surface potential of the member to be charged will be described by
      referring to FIG. 5.
PAR  FIG. 5 is a graph showing the relation between the surface potential and
      the corona discharge current showing the wave form shown in FIG. 5-A with
      respect to the surface having a potential of zero. The surface potential
      is plotted on the axis of abscissas and the current on the axis of
      ordinates. Line b shows the charging current of a positive component of
      the alternate current corona discharge, line c the current of a negative
      component, and line a the difference between the positive current and the
      negative current. As is clearly seen from FIG. 5, when the surface
      potential is positive, the component of the corona current on the positive
      side is suppressed, and the current on the negative side is increased. For
      example, when the sensitive member charged to the surface potential
      V.sub.c by the primary charging is subjected to an asymmetric alternate
      current corona discharge, the wave form of the corona discharge current
      takes the form as shown in FIG. 5-C, in which the negative current becomes
      greater than the positive current. As a result, the positive charge on the
      surface of the sensitive material is gradually cancelled, and the
      potential decreases. When the potential of the surface of the sensitive
      material reaches V.sub.B, the wave form of the corona discharge current
      takes the form shown in FIG. 5-B in which the positive current is equal to
      the negative current. Thus, the charge on the surface of the sensitive
      material is no longer cancelled, and the surface potential is maintained
      at V.sub.B. In other words, when the secondary charging is carried out
      using an asymmetric alternate corona discharge mentioned above, the
      surface potential of the sensitive material reaches an equilibrium at
      V.sub.B. Thus, by making the equilibrium potential V.sub.B to correspond
      with the untransferable upper limit potential, the potential of the light
      non-image can be made equal to the untransferable upper limit potential.
      The equilibrium potential V.sub.B is substantially equal to the voltage of
      a bias electric source 118 of the control grid 117 in the device shown in
      FIG. 4-B, and corresponds with the voltage of a bias electric source 120
      of a coil 112 (or the counter electrode 113) in the device shown in FIG.
      4-D.
PAR  Next, the description will be directed to the case of performing the
      secondary charging for a predetermined time using a symmetrical alternate
      current corona discharge shown in FIG. 3-B. As shown in FIG. 4-E, the
      symmetrical corona discharge can be produced from an ordinary alternate
      current electric source.
PAR  There has been known the following method in which an electrostatic image
      was formed by utilizing an alternate corona discharge as the secondary
      charging. As shown in FIG. 6-A, dark and light images are exposed onto the
      sensitive member positively charged by the primary charging, and
      simultaneously an alternate current corona discharge is appied thereto.
      Since the surface potential is positive, the discharge current on the
      positive side of alternate current corona discharge is suppressed, and the
      discharge current on the negative side is increased. Thus, only the
      negative charge reaches the surface and neutralizes the positive charge.
      When the positive charge of the surface is neutralized gradually, the
      potential of the surface approaches a zero potential. The suppressed
      discharge current on the positive side gradually increases, and the
      increased corona discharge current on the negative side gradually
      decreases. When the surface potential becomes zero, the discharge current
      on the positive side becomes equal to the discharge current on the
      negative side. The surface potential does not change further, but reaches
      an equilibrium. When exposure is effected on the entire surface as shown
      in FIG. 6-B, the negative charge 7 remaining beneath the dark image area D
      is removed, and the potential of the dark image area D is increased.
PAR  The change of the surface potential of the sensitive material in each step
      is shown by the dotted line in FIG. 6-C. According to such a conventional
      method, the surface potential of the light non-image area L becomes
      substantially zero, and on the other hand, the surface potential of the
      dark image area D is only somewhat higher than the untransferable upper
      limit voltage V.sub.1. Thus, although there is sufficient contrast of
      potential between the light non-image area L and the dark image area D in
      the surface of the sensitive member, an electrostatic image transferred
      onto the transfer material by bringing the surface of the sensitive member
      into contact with the surface of the transfer material without applying a
      trnasfer voltage has a small contrast, and it is difficult to obtain good
      images.
PAR  In contrast, in the present invention, it is essential that the surface
      potential of the light non-image area L becomes substantially equal to the
      untransferable upper limit potential V.sub.1. In order to achieve this
      end, it is necessary to adjust the time required of the secondary charging
      to the time duration t.sub.1 shown in FIG. 6-C. In other words, it is
      important that the secondary charging is stopped when the potential of the
      light non-image area L gradually decays and reaches the untransferable
      upper limit potential V.sub.1.
PAR  When exposure is performed uniformly all over the surface, the potential of
      the dark image area D rises, but the potential of the light non-image area
      L is still the untransferable upper limit potential V.sub.1. Thus, by
      making the potential of the light non-image area L equal to the
      untransferable upper limit potential V.sub.1, the potential of the dark
      image area can be maintained at a higher potential than V.sub.1, and
      electrostatic images of high contrast can be transferred to the surface of
      a transfer material.
PAR  Next, the description will be directed to the case of performing the
      secondary charging using an asymmetric alternate current corona discharge
      showing a tendency that the current component having an opposite polarity
      to the polarity of the primary charging is greater than the current
      component of the same polarity as the polarity of the primary charging. As
      is shown by the dotted line in FIG. 7, the potentials of the light
      non-image area L and the dark image area D rapidly change to an opposite
      polarity to the polarity of the primary charging, as a result of the
      secondary charging. It is essential in the present invention that the
      potential of the light non-image area L is substantially equal to the
      untransferable upper limit potential V.sub.1. Thus, it is necessary that
      the time required for the secondary charging be adjusted to the time
      duration t.sub.2 shown in FIG. 7; in other words, the secondary charging
      be stopped when the potential of the light non-image area L reaches the
      untransferable upper limit electric potential V.sub.1 on the same polarity
      side as the polarity of the primary charging. In this process, the time
      duration t.sub.2 can be prolonged by making the voltage of the secondary
      charging lower than the primary charging. When exposure is performed
      uniformly on the entire surface after the secondary charging, the
      potential of the dark image area D rises as shown by the solid line in
      FIG. 7, and the potential of the light non-image L is still the
      untransferable upper limit potential V.sub.1.
PAR  The electrostatic image formed on the surface of the sensitive member by
      the above methods, in which the potential of the light non-image area L is
      substantially equal to the untransferable upper limit potential V.sub.1
      and the potential of the dark image area D is higher than V.sub.1, is then
      transferred onto the surface of a transfer material 10. For example, as
      shown in FIG. 8, the transfer surface of the transfer material 10 is
      brought into intimate contact with the surface of the surface insulating
      layer 3 which retains the electrostatic image, and a suitable pressure is
      applied thereto from the back surface of the transfer material 10 using a
      roller 11 for example. This ensures uniform intimate contact between the
      surface of the surface insulating layer 3 and the transfer surface of the
      transfer material 10. Then, the transfer material 10 is peeled off from
      the surface insulating layer 3. If at this time, the surface potential of
      the light non-image area L on the surface of the sensitive member is
      higher than the untransferable upper limit potential V.sub.1, the charge
      is transferred to the surface of the transfer material 10, and this charge
      appears as fog by development. However, since the potential of the light
      non-image area L formed by the above-described method is equal to, or
      higher than, V.sub.1, the charge of the light non-image area L is not
      transferred.
PAR  Since the surface potential of the dark image area of the surface of the
      sensitive member is higher than the untransferable upper limit potential
      V.sub.1, the positive charge 6 of the dark image area D is divided, and
      part of it remains and part of it is transferred (positive charge 6'). The
      ratio of division varies according to the ratio of the capacity of the
      sensitive material A to that of the transfer material 10, the degree of
      intimate contact, the contact time, etc. When the capacity of the transfer
      material 10 is larger than that of the sensitive member A, the ratio of
      the transfer charge 6' generally increases.
PAR  The roller 11 which brings the transfer material 10 into contact with the
      sensitive member may be an insulator, but preferably it is constructed of
      an electrically conductive substance and grounded. If the electric
      conductivity of the roller 11 is large and the roller is grounded, the
      proportion of the transfer charge 6' increases as compared with the case
      where the roller 11 is not grounded.
PAR  The transfer material 10 may, for example, be a film of a polymer or
      copolymer of styrene, a polymer or copolymer of vinyl acetate, an acrylic
      resin, polyvinyl acetal or copolyvinyl acetal, a cellulose acetate resin,
      or a natural resin, or a paper coated with such a polymer or resin. More
      suitably, one surface of a film of the above resin is rendered
      electrically conductive using a metal, an electrically conductive resin, a
      paper coated or impregnated with a hygroscopic salt or an electrically
      conductive coating, or a mixture of metal powder and a resin, and the
      other surface is used as the transfer surface. The most widely used
      material of such a construction is a dielectric coated paper used for
      electrostatic image recording in a facsimile system for example. Even when
      this recording paper is directly used as a transfer paper, very good
      results can be obtained. The electrostatic charge formed on the surface of
      the transfer material 10 by the above method can be developed by a method
      known per se.
PAR  For the development process, a powdery or liquid developer can be used. The
      developing method may be any desired methods such as the magnetic brushing
      method, cascade method, powder cloud method, wet developing method, or
      mist developing method.
PAR  One embodiment of this invention will be described.
PAR  10 g of an acrylic resin was added to 90 g of cadmium sulfide activated
      with copper, and a small amount of a solvent was added. These were
      thoroughly mixed with each other to an extent such as not to destroy
      cadmium sulfide. The resulting viscous material was coated on a
      silver-deposited paper using a doctor knife in a thickness of about 100
      microns to form a photoconductive coating. A polyethylene terephthalate
      (Mylar) film having a thickness of about 12 microns was overcoated on the
      surface of the photoconductive coating using an adhesive thereby to form a
      sensitive plate. As a primary charging, a positive discharge voltage of
      7600 V was applied to an electrode and by corona discharge, the surface of
      the sensitive plate was uniformly charged. Then, simultaneously with the
      exposing of light and dark images, a 6700 V alternate current was applied
      to a tungsten wire having a diameter of about 0.08 mm through a rectifier
      (High Voltage Selen Rectifier HS 25/1, Fuji Denki Kabushiki Kaisha, Japan)
      and a resistance of 4 M .OMEGA. which are connected to each other in
      parallel, and a secondary charging was performed by means of corona
      discharge having an asymmetric current wave form such that the ratio of
      the positive component to the negative component of the corona discharge
      current with reference to the surface having a potential of zero is 5:4.
      Subsequently, the surface of the sensitive member was uniformly exposed.
      As a result, the potential of the surface of the sensitive member was +
      450 V at the bright image area and + 900 V at the dark image area. The
      resulting electrostatic image was brought into intimate contact with an
      electrostatic recording paper (F-001, product of Tomoegawa Seishisho,
      Japan), and as shown in FIG. 8 of the accompanying drawings, a pressure is
      applied from the back surface of the electrostatic recording paper using a
      roller coated with an electrically conductive rubber having a volume
      resistivity of about 10.sup.4 ohms-cm. After this, the electrostatic
      recording paper was removed from the surface of the sensitive member to
      transfer the light and dark electrostatic image on the surface of the
      electrostatic recording paper. The electrostatic image so formed on the
      surface of the electrostatic recording paper had a surface potential of 0
      V at an area corresponding to the light area of the original image and
      about + 100 V at an area corresponding to the dark area. The image was
      developed with a toner charged negatively, and then the electrostatic
      recording paper was passed between hot rollers coated with Teflon at its
      surface to fix the developed image. As a result, there was obtained a
      copied positive image having good contrast, superior stability and reduced
      edge effect, and being free from fog.
PAR  An example of an apparatus for performing repeated copying utilizing the
      process of this invention will be described with reference to FIG. 9.
PAR  Referring to FIG. 9, a sensitive drum A composed of a cylindrical
      electrically conductive base 1, an electrically conductive layer 2 and a
      surface insulating layer 3 rotates in the direction of the arrow, and
      successively passes the treating zones arranged around the drum. The
      electrically conductive base 1 is grounded. First, the surface of the
      insulating layer 3 is primarily charged by a positive or negative direct
      current corona discharge by means of a corona discharge device 4 having a
      discharge electrode 5 connected to a direct current electric source 12.
      Then, it undergoes a symmetric or asymmetric alternate current corona
      discharge by means of a corona discharge device 8 juxtaposed with the
      corona discharge device 5 and having a discharge electrode 9 connected to
      a symmetric or asymmetric alternate current electric source 13.
      Simultaneously, the sensitive member is exposed imagewise by an exposing
      device 14. Subsequently, it is uniformly exposed by a light source 15. As
      a result, there is formed on the surface 3 of the sensitive drum a light
      and dark electrostatic image having the same polarity as the polarity of
      the primary charging with the potential of the light non-image area being
      substantially equal to the untransferable upper light potential and the
      potential of the dark image area being higher than it. The electrostatic
      image reaches a transferring zone 16 according to the rotation of the
      sensitive drum A.
PAR  When the sensitive material has such a property that an electric charge
      between the photoconductive layer 2 and the surface insulating layer 3
      becomes extinct relatively rapidly, it is not necessary to provide the
      light source 15. This is because the charge remaining between the
      photoconductive layer 2 and the surface insulation layer 3 becomes extinct
      by the time the sensitive drum reaches the transfer zone 16 from the
      corona discharge device 8.
PAR  On the other hand, the transfer material 10 is cut to a desired length by a
      cutting device 20 compound of a fixed blade member 19 and a rotating blade
      member 19' located between a pair of feed rollers 17 and 17' and a pair of
      feed rollers 18 and 18', and then transferred to the transferring zone 16.
      It is then urged by an electrically conductive rubber roller 11 against
      the surface 3 of the sensitive drum on which the bright and dark
      electrostatic image has been formed. This results in the transfer of the
      electrostatic image to the transfer material 10. Depending upon the
      surface potential of the drum, the properties of the transfer material 10,
      or the speed of transfer, etc., a plurality of transfer rollers may be
      provided about the drum, or belts may be used instead of the rollers.
PAR  The transfer material 10 on which th electrostatic image has been
      transferred is removed from the drum surface 3 by means of a releasing
      plate 21, and then fed into a developing zone 22 by a pair of feed rollers
      23 and 23'. The electrostatic image transferred onto the transfer member
      10 is developed with a liquid developer C containing a toner charged in an
      opposite polarity to that of the electrostatic image.
PAR  Thus, in the apparatus used in this invention, it is not necessary to
      adhere a developing agent to the sensitive drum as in a copying apparatus
      of the type wherein a developer is applied to an electrostatic image on
      the sensitive drum. Accordingly, a device for cleaning the drum is not
      required, but the drum can be used in the next cycle after removing the
      residual electrostatic image or without removing it, after the transfer of
      the electrostatic image.
PAR  After development, the transfer material 10 is transferred to a suitable
      drying or fixing device 25 by means of a pair of rollers feed
      (concurrently acting as squeeze rollers) provided on the discharge side of
      the developing zone 22, and the toner image is fixed to the transfer
      material 10. The fixing device 25 consists, for example, of a pair of
      heated rollers 26 and 26' one or both of which are heated. Preferably, the
      surface of the rollers which is brought into contact with the image is
      coated with an offset preventing material such as Teflon. This makes it
      possible to prevent a decline in the density of the image as a result of
      offsetting of the toner image onto the roller 26' at the time of fixation.
PAR  In order to prevent the curling of the transfer material 10, it is
      preferred that the transfer material 10 be advanced in a straight line
      before and after the rollers 26 and 26' or in the curved state with the
      image surface being convex outwardly.
PAR  In the fixation of the toner image, not only the toner is softened by heat
      and melt-adheres to the transfer material 10, but also the resin coated on
      the surface of the transfer material 10 is softened by heat to render the
      toner tacky. Accordingly, the fixing ability of the toner image is very
      superior.
PAR  By the above-described apparatus, a copied positive image of an original
      image having clear contrast and being free from fog can be obtained
      without applying a transfer voltage or without using reversal development.
PAR  The process of the present invention can be applied to a color copying
      apparatus of the type shown for example in FIG. 10. Referring to FIG. 10,
      a sensitive member A is bonded to the surface of a cylindrical
      electrically conductive drum 1 to form a sensitive drum 27. When the
      sensitive member A includes one photo conductive layer as shown in FIGS.
      1-A and 1-C, it is preferred to use a photoconductive material having
      sensitivity to light of a wide range of wavelengths, such as selenium
      telluride, as a photoconductive layer. Where there are two sensitive
      layers (as shown in FIG. 1-B), photoconductive materials of different
      sensitivities are used as sensitive layers 2 and 2' to form a sensitive
      material which on the whole has a side range of sensitivity. For example,
      there can be employed a layer comprising a sensitive layer 2' consisting
      of a mixture of 95% of selenium and 5% of arsenic, and a sensitive layer 2
      consisting of cadium sulfide activated with copper. The sensitive layer 2'
      and the intermediate layer 3' are suitably made of a material which is
      substantially transparent with respect to light to which the sensitive
      layer 2 has sensitivity.
PAR  The sensitive drum 27 rotates in the direction of the arrow, and
      successively passes the treating zones arranged around the drum 27. First,
      the sensitive member A is primarily charged positively or negatively by a
      corona discharge electrode 5 provided within a corona discharge device 4.
      Then, it undergoes a secondary charging of a symmetrical or asymmetric
      alternate current corona discharge by means of a corona discharge device 8
      juxtaposed with the corona discharge device 4 including a discharge
      electrode 9 connected to a symmetric or asymmetric alternate current
      electric source. At the same time, by an exposing device consisting of a
      light source 29, a color separation reflecting mirror 30, a lens 31 and a
      reflecting mirror 32, an optical image of original a subjected to color
      separation is irradiated from an opening 28. The color separation
      reflecting mirror 30 consists of a green reflecting mirror 34, a blue
      reflecting mirror 35, a red reflecting mirror 36 and a whole color
      reflecting mirror 37, and these reflecting mirrors are adapted to rotate
      about a rotating shaft 38. The reflecting mirror 32 is a whole color
      reflecting mirror.
PAR  The sensitive member A is then exposed all over its surface using a light
      source 39, and there is formed on the surface of the sensitive member A a
      light and dark electrostatic image having the same polarity as the
      polarity of the first charging with the potential of the light non-image
      area being substantially the same as the untransferable upper limit
      electrode and the dark image area being higher than it. When the sensitive
      material has such a property that an electric charge between the
      photoconductive layer and the surface insulating layer becomes extinct
      relatively rapidly, it is not necessary to provide the light source 39.
      This is because the charge remaining between the photoconductive layer and
      the surface insulation layer becomes extinct by the time the sensitive
      drum reaches the transfer zone M from the corona discharge device 8.
PAR  The transfer material 10 passed through a transfer passageway b formed by a
      group of feed roller pairs 40, 40', 41 41', 42, 42' and 43, 43', and a
      group of guide plates 44, 44', 45, 45', 46, 46', 47, 47' and 48, 48', and
      sent to contact point M between the sensitive drum 27 and transfer drum
      49. A cutting device 52 composed of a fixed blade member 50 and a rotating
      blade member 51 is provided in the transfer passageway b. The transfer
      material 10 is cut to a desired length according to the length of the
      original a.
PAR  The transfer material feeding mechanism is controlled so that the leading
      edge of the transfer material 10 begins to be fed from the cutting
      position P when the copying start point of the sensitive member A reaches
      the position Q which is apart from the contact point M in the opposite
      direction to the rotating direction of the drum by a distance equal to the
      distance between the contact point M and the cutting position P.
PAR  A transfer drum 49 has the same peripheral length as the peripheral length
      of the sensitive drum 2, and is rotated synchronously with the sensitive
      drum 27. A plurality of small holes 53 are provided on a part of the
      periphery of the transfer drum 49. On the inside of the transfer drum 49,
      a chamber 49' consisting of a partition wall 54 is provided. Air is sucked
      from the small holes 53 by means of a fan provided within the chamber 49'.
      This suction force serves to remove the transfer material 10 from the
      sensitive member A at the position of the contact point M, and transfer it
      to the transfer drum. After transfer, the sensitive member A is repeatedly
      subjected to the above-described step in order to form a different light
      and dark electrostatic image by light rays subjected to color separation.
      On the other hand, the transfer material 10 sucked to the transfer drum 49
      is then sent to a developing zone.
PAR  The developing zone consists of a moving station 56 and placed thereon
      developing tanks 57, 58, 59 and 60 which contain developer solutions
      C.sub.1, C.sub.2, C.sub.3 and C.sub.4 respectively for developing the
      image in different colors. The developing tanks 57 to 60 include squeeze
      rollers 61, 62 63 and 64 and developing electrodes 65, 66, 67, and 68. The
      moving station 56 is adapted to move in the direction of the arrow in
      response to the rotation of the color separation reflecting mirror 30, and
      transfer the developing tanks which contain developer solutions
      corresponding to the respective color separated light rays to the
      developing positions. Cams 69 and 70 lift the devloping tanks so that the
      surface of the transfer material 10 sucked to the transfer drum 49 becomes
      soaked in the developer solutions. At this time, the squeeze rollers are
      urged against the transfer drum 49 to squeeze an excess of the developer
      solution on the surface of the transfer material 10. On completion of the
      development, the developing tanks are caused to descend on the moving
      station 56 by the rotation of the cams 69 and 70. The moving station 56 is
      moved to the developing position in regard to the above color separation
      reflecting mirror 30.
PAR  Various modifications of the developing device are possible. For example,
      instead of lifting the developing tanks entirely, only the developing
      electrode and the squeeze rollers may be caused to approach the transfer
      material.
PAR  The developed transfer material 10 is sent to a drying or fixing device 71,
      and dried or fixed by a heater 72, after which it is again sent to the
      contact point M. The transfer material 10 which has arrived at the contact
      point M has transferred thereto the light and dark electrostatic image
      formed on the surface of the sensitive member A by color separated light
      rays different from that applied previously, and then the above-mentioned
      step is repeated.
PAR  When an electrostatic image is transferred again to the surface of the
      transfer material 10 which has once been developed, the properties of the
      transfer material 10 should not be changed greatly by the development
      before transfer.
PAR  The color separation and color reproduction of the color copying method in
      accordance with the present invention are as follows:
PAR  Suppose that the original a is made up of colors of black, red, green,
      blue, yellow, magenta, cyan and white, This original is irradiated with a
      light source 29 having an emission spectrum nearest to sunlight, such as a
      Xenon discharge lamp, to subject the reflecting light to color separation
      by means of the green reflecting mirror 34. The green reflecting mirror
      permits the transmission of the blue rays having a wavelength of about 400
      to 500 m.mu. and red rays having a wavelength of at least about 570 m
      .mu., and mainly reflects green rays having a wavelength of 500 to 570 m
      .mu.. Accordingly, only the green component of the reflecting lights
      ocrresponding to green, yellow, cyan and white among the colors of the
      original are reflected by the green reflecting mirror 34 and pass through
      the lens 31. They are further reflected by the whole color reflecting
      mirror 32, and the green light is irradiated onto the sensitive member A.
      Accordingly, an electrostatic image is formed in areas corresponding to
      black, red, blue and magenta. This electrostatic image is developed with a
      magenta developer solution C.sub.1 contained in the developer tank 57, and
      dried or fixed.
PAR  To the transfer material 10 which has been developed with the magenta
      developer solution and dried or fixed is then transferred an electrostatic
      image formed by a blue light reflected by the blue reflecting mirror 35.
      The blue reflecting mirror permits the transmission of light of
      wavelengths of at least about 470 m.mu. and green and red rays, and
      reflects blue rays having a wavelength of less than about 470 m.mu..
      Accordingly, the electrostatic image is formed in areas corresponding to
      black, red, green and yellow. This electrostatic image is developed with a
      yellow developer solution C.sub.2 contained in the developer tank 58.
PAR  To the transfer material 10 which has been developed with the yellow
      developer solution and dried or fixed is then transferred an electrostatic
      image formed by red rays reflected by the red reflecting mirror 36. This
      red reflecting mirror permits the transmission of blue and green light
      rays having a wavelength of not more than about 580 m.mu., and mainly
      reflects red rays having a wavelength of at least about 580 m.mu..
      Accordingly, only the red conponents of reflecting lights corresponding to
      red, yellow, magenta and white among the colors of the original are
      reflected by the red reflecting mirror 36, and then irradiated onto the
      sensitive member A. Accordingly, the electrostatic image is formed in
      areas corresponding to black, green, blue and cyan. This electrostatic
      image is developed with a cyan developer C.sub.3 contained in the
      developer tank 59, and dried or fixed.
PAR  To the transfer material 10 which has been developed with the cyan
      developer and then dried or fixed is then transferred an electrostatic
      image formed by the whole color rays reflected by the whole color
      reflecting mirror 37. This electrostatic image is developed with a black
      developer solution C.sub.4 of low concentration contained in the developer
      tank 60. The irradiation by this whole color reflecting mirror 37 and the
      black development can be omitted. The development may either be the wet or
      dry development. The dry development is especially suited for superposing
      transfer since the characteristics of the transfer material 10 are little
      changed by the developer.
PAR  By the repetition of the four transfer-development-fixation cycles,
      magenta, yellow, cyan and black are superposed on the surface of the
      transfer material in areas corresponding to the black portion of the
      original, and black is reproduced. Yellow and magenta are superposed on
      the surface of the transfer material in areas corresponding to the red
      portion, and red is reproduced. Cyan and yellow are superposed on the
      surface of the transfer material in areas corresponding to the green
      portion, and green is reproduced. Cyan and magenta are superposed on the
      surface of the transfer material in areas corresponding to the blue
      portion, and blue is reproduced. Only yellow is developed on the surface
      of the transfer material in an area corresponding to the yellow portion,
      and yellow is reproduced. Magenta and cyan are developed on the surface of
      the transfer material in areas corresponding respectively to magenta and
      cyan, and magenta and cyan are reproduced. Since the toner particles in
      the developer solutions do not adhere to an area of the surface of the
      transfer material which corresponds to the white portion, throughout the
      entire process, the white color of the transfer material 10 is reproduced
      as such.
PAR  When all of the above steps are completed and a copied color image is
      formed on the transfer material, a releasing device 73 acts to remove the
      transfer material 10 from the transfer drum 49, and discharged out of the
      machine by a pair of feed rollers 74 and 74'.
PAR  Clear copies free from fog can be obtained by applying the process of this
      invention as described above.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An electrophotographic process which comprises
PA1  1. using an overcoated sensitive member consisting essentially of an
      electrically conductive base, a photoconductive layer and a
      light-transmitting surface insulating layer;
PA1  2. subjecting the surface of said overcoated sensitive member to a primary
      charging in a specific polarity;
PA1  3. exposing the surface of said overcoated sensitive member to an image
      having light and dark areas to produce on the surface of the charged
      sensitive member an electrostatic latent image corresponding to said light
      and dark image areas, and simultaneously or subsequently generating corona
      discharge current between said electrically conductive base and an
      electrode spaced from the surface of the overcoated sensitive member by a
      suitable distance, thereby to subject the overcoated sensitive member to a
      secondary charging;
PA1  4. then, uniformly exposing the entire surface of the overcoated sensitive
      member to activating light to substantially remove the charge formed on
      the interface between the surface insulating layer and the photoconductive
      layer;
PA1  5. transferring the electrostatic latent image to the surface of the charge
      retainable transfer material by bringing the surface of the transfer
      material into contact with the surface of the sensitive member without
      applying voltage between the sensitive member and the transfer member or
      charging the back surface of the transfer member uniformly beforehand; and
PAR  6. developing the electrostatic latent image transferred to the surface of
      the transfer material;
PAL  said process further characterized in that the corona discharge current of
      the secondary charging is an asymmetric alternating current in which a
      current component of the same polarity as the primary charging is greater
      than a current component of the opposite polarity, and its asymmetry is
      such that when the potential of the surface of th sensitive member as a
      result of the secondary charging has reached an equilibrium, its
      equilibrium potential is substantially equal to the untransferable upper
      limit potential whereby after the uniform exposure of step (4) the
      electrostatic image formed on the surface of the sensitive member has a
      potential in the light non-image area substantially equal to the
      untransferable upper limit potential and a potential in the dark image
      area higher than the untransferable upper limit potential.
NUM  2.
PAR  2. The process of claim 1 wherein the potential of the dark image area of
      the electrostatic image formed on the sensitive member is at least 400 V
      higher than the untransferable upper limit potential.
NUM  3.
PAR  3. The process of claim 1 wherein the time required for the secondary
      charging is the time required until the surface potential of the sensitive
      member becomes of the same polarity as the primary charging and becomes
      substantially equal to the transferable upper limit potential.
NUM  4.
PAR  4. The process of claim 1 wherein said overcoated sensitive member further
      includes an intermediate insulating layer within the photoconductive
      layer.
NUM  5.
PAR  5. The process of claim 1 wherein said overcoated sensitive member further
      includes an intermediate insulating layer between the photoconductive
      layer and the electrically conductive base.
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ABST
PAL  An electrophotographic member comprising a resin binder and an organic
      photoconductive composition and a process using the electrophotographic
      member, the composition consisting essentially of a compound of the
      formula (A), its dimeric compound or its polymeric compound:
      ##SPC1##
PAL  Whereim R.sub.1 is hydrogen atom, halogen atom, alkyl group having 1 to 4
      carbon atoms, alkoxy group having 1 to 4 carbon atoms, alkoxycarbonyl
      group having alkyl group 1 to 4 carbon atoms, nitro group, alkylene group
      having 1 to 3 carbon atoms which is capable of forming a bis-compound, or
      a bond which is capable of forming a bis-compound, R.sub.2 is hydrogen
      atom, hydroxyl group, alkoxycarbonyl group having alkyl group of 1 to 4
      carbon atoms, cyano or phenyl group, R is substituted phenyl group (where
      substituted group is hydrogen atom, halogen atom, alkyl group having 1 to
      4 carbon atoms, or alkoxy group having 1 to 4 carbon atoms), alkylene
      group having 1 to 3 carbon atoms which is capable of forming a
      bis-compound, phenylene group which is capable of forming a bis-compound,
      or a bond which is capable of forming a bis-compound, and m is an integer
      from 1 to 4.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of U.S. Patent application Ser. No. 187,190
      filed Oct. 6, 1971, now U.S. Pat. No. 3,850,949.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electrophotographic member containing an
      organic photoconductive material and a process using the same. As
      photoconductive materials applicable to electrophotography there are known
      inorganic substances such as selenium and zinc oxide, organic lower
      molecular compounds such as anthracene, chrysene and benzidine, and higher
      molecular compounds such as poly-N-vinylcarbazole, polyvinylnaphthalene
      and polyvinylanthracene.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  This invention relates to an electrophotographic member comprising a resin
      binder and an organic photoconductive material having a novel structure
      completely different from known materials and a process for using the
      electrophotographic member. The material has as an essential component
      2-substituted-methylene-indoline derivatives represented by the following
      general formula (A), its dimeric compound or its polymeric compound:
      ##SPC2##
PAL  Wherein R.sub.1 is hydrogen atom, halogen atom, alkyl group having 1 to 4
      carbon atoms, alkoxy group having 1 to 4 carbon atoms, alkoxycarbonyl
      group having alkyl group of having 1 to 4 carbon atoms, nitro group,
      alkylene group having 1 to 3 carbon atoms which is capable of forming a
      bis-compound, or a bond which is capable of forming a bis-compound,
      R.sub.2 is hydrogen atom, hydroxyl group, alkoxycarbonyl group having
      alkyl group of 1 to 4 carbon atoms, cyano or phenyl group, R is
      substituted phenyl group (wherein substituted group is hydrogen atom,
      halogen atom, alkyl group having 1 to 4 carbon atoms or alkoxy group
      having 1 to 4 carbon atoms), alkylene group having 1 to 3 carbon atoms
      which is capable of forming a bis-compound phenylene group which is
      capable of forming a bis-compound, or a bond which is capable of forming a
      bis-compound, and m is an integer from 1 to 4.
PAR  The above general formula (A) is represented by the following formulas (I)
      to (IV).
      ##SPC3##
PAL  wherein R.sub.1 is hydrogen atom, halogen atom, alkyl group having 1 to 4
      carbon atoms, alkoxy group having 1 to 4 carbpn atoms, alkoxycarbonyl
      group having alkyl group of 1 to 4 carbon atoms, nitro group, or alkylene
      group having 1 to 3 carbon atoms, R.sub.2 is hydrogen atom, hydroxyl
      group, alkoxycarbonyl group having alkyl group of 1 to 4 carbon atoms,
      cyano or phenyl group, R.sub.3 is hydrogen atom, halogen atom, alkyl group
      having 1 to 4 carbon atoms, or alkoxy group having 1 to 4 carbon atoms,
      R.sub.4 is direct bond of carbon atoms, methylene group having 1 to 3
      carbon atoms or phenylene group, m is an integer from 1 to 4, n is an
      integer from 0 to 2 and x is the degree of polymerization and is an
      integer ranging from 5 to 100.
PAR  Compounds represented by the above formulae are novel compounds prepared by
      addition reactions of 2-methylene-indoline derivatives with nitrile
      oxides. Nitrile oxides are active intermediates produced by reacting
      hydroxamic acid halides with bases and provide ring compounds by
      4,3-dipolar cycloaddition to multiple bonds such as acetylene, nitrile,
      carbonyl, olefin and the like. The mechanism of these reactions is known
      as dipole ring formation reaction, and concerning it R. Huisgen wrote
      general considerations in Angewandte Chemie, 75, 604 (1963). Recent
      synthesis of polymers containing heterocycles utilizing the 1,3-dipolar
      cycloaddition reaction were reported, for instance, see Iwakura,
      Shiraishi, et al. Bulletin of the Chemical Society of Japan, 38, 335
      (1965); ibid., 38, 513 (1965); and Polymer Letters, 4, 305 (1966) etc.
PAR  With reference to these reports, many addition products were obtained by
      reacting various 2-methyleneindolines with various hydroxamic acid halides
      in the presence of a base. It was proved that the structure of these
      addition products is a spiro (indoline-2,5'-isoxazoline) structure from
      the results of elemental analysis and measurements of infrared absorption
      spectrum, ultraviolet absorption spectrum, visible ray absorption
      spectrum, NMR spectrum, etc. For instance
      1,3,3-trimethyl-2-methylene-5-chloroindoline and benzhydroxaminc acid
      chloride were dissolved in ether. To the solution was added dropwise, 1N
      sodium hydroxide solution and the mixture was stirred at room temperature
      for 30 minutes. Then the ether layer was dried and concentrated, in
      reduced pressure and crystals were obtained.
PAR  The thus isolated compound was colorless and needle-like and had a melting
      point of 167.degree. to 168.degree.C and had the following results of
      elemental analysis: carbon 69.4%, hydrogen 5.86%, nitrogen 8.36%. The
      results were in good agreement with the theoretical value of
      1,3,3-trimethyl-5-chloro-3'-phenyl-spiro (indoline-2,5'-isoxazoline)
      (C.sub.19 H.sub.19 N.sub.2 OCL): carbon 69.5%, hydrogen 5.86%, nitrogen
      8.57%. Meanwhile, the agreement was supported by the fact that the parent
      peak (M.sup.+) of a mass spectrum was 326, and the compound had the
      absorption in infrared absorption spectrum at 1560 cm.sup.-.sup.1 which
      agreed with .gamma.c=N, and had a maximum absorption in Ultraviolet
      absorption spectrum at 262 m.mu. (.epsilon. = 2.58 .times. 10.sup.4). On
      the basis of these absorption it was concluded that the compound had an
      indoline type structure altered from the methylene-indoline type structure
      starting material. Moreover, in NMR spectrum (tetramethylsilane dissolved
      in deuterated chloroform solution, internal reference) the compound had
      peaks at .delta. value (as p.p.m.) 1.25 (S, 3H), 1.34 (S, 3H), 2.61 (S.
      3H), 3.03, 3.33, 3.38, 3.69, (AB type 2H.vertline.j.vertline. = 18.0
      c.p.s.) and ring proteons (8H) were observed.
PAR  On the basis of above-mentioned data it is obvious that the compound of
      this invention has spiro (indoline-2,5'-isoxazoline) structure.
PAR  Meanwhile, a high polymer compound obtained by the reaction of
      5,5'-methyl-enebis-(1,3,3-trimethyl-2-methylene-indoline) with
      dichloroglyoxime had a maximum absorption in ultraviolet absorption
      spectrum at 262 m.mu., and in NMR spectrum the high molecular compound had
      peaks at .delta. value 1.24 (S), 137 (S), 2.66 (S), 3.01, 3.34, 3.67
      (Transition type to A.sub.2 type from AB type) and multiplate ring protons
      (8H). The intensity ratio of these peaks was 6:6:4:2:6, and the infrared
      absorption spectrum also agreed nearly with spectrum of the above
      mentioned mono-spiro-compound. From these data it is obvious that the high
      molecular compound of this invention has a structure containing
      spiro-(indoline-2,5'-isoxazoline) as a repetition unit.
PAR  In this invention, it was found that the many compounds which were prepared
      and which had structures which were confirmed as stated above are useful
      as organic photoconductive materials for electrophotography. These
      compounds are listed in Table 1 to Table 4.
PAR  The high molecular compounds of this invention are soluble in various
      organic solvents such as chloroform, tetrahydrofuran,
      N,N-dimethylformamide, N,N-dimethyl-acetamide, N-methyl-2-pyrrolidone and
      the like, and are so highly polymerized that they give a strong film by
      applying a solution of the polymer in a lower boiling solvent such as
      tetrahydrofuran to a metallic plate and drying, and their reduced
      viscosity value (.eta.sp/c) was about from 0.03 to 0.6.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Compound No.                                                              

              R.sub.1                                                          

                     R.sub.3                                                   

                          M.P. (.degree.C)                                     

                                   .lambda. CHCl.sub.3                         

                                          (m.mu.).sub.1 (.epsilon.)            

                                   max                                         

     __________________________________________________________________________

     1        --H    --H  118      260    (1.95.times.10.sup.4)                

     2        --Cl   --H  167-168  262    (2.56.times.10.sup.4)                

     3        --H    --Cl 170-171  268    (2.18.times.10.sup.4)                

     4        C.sub.2 H.sub.5 OCO--                                            

                     --H  123-124  304    (3.07.times.10.sup.4)                

     5        --NO.sub.2                                                       

                     --Cl 184-185  265    (2.16.times.10.sup.4)                

                                   372    (2.04.times.10.sup.4)                

     6        --NO.sub.2                                                       

                     --H  210.5-211.5                                          

                                   260    (1.83.times.10.sup.4)                

                                   373    (2.13.times.10.sup.4)                

     7        CH.sub.3 O--                                                     

                     --H  155      259    (1.94.times.10.sup.4)                

     8        --H    --CH.sub.3                                                

                          140      260    (2.05.times.10.sup.4)                

     __________________________________________________________________________

TBL                                    Table 2                                 

     __________________________________________________________________________

     Compound R.sub.1   R.sub.4      M.P.(.degree.C)                           

                                               .lambda. CHCl.sub.3             

                                                         (m.mu.) .sub.1        

                                                         (.epsilon.)           

     No.                                       max                             

     __________________________________________________________________________

      9       --H       direct bond of                                         

                                     231       259       (3.06.times.10.sup.4) 

                                                         2                     

                        carbon atoms                                           

     10       --Cl      "            154       262       (4.06.times.10.sup.4) 

     11       C.sub.2 H.sub.5 OCO--                                            

                        "            242       305       (4.64.times.10.sup.4) 

     12       --H       --CH.sub.2 --                                          

                                     200       259       (3.30.times.10.sup.4) 

                                                         5                     

     13       --H       (--CH.sub.2 --).sub.3                                  

                                     185       259       (3.21.times.10.sup.4) 

                                                         .                     

     14       --H                    273       299       (3.30.times.10.sup.4) 

     __________________________________________________________________________

TBL                                    Table 3                                 

     __________________________________________________________________________

     Compound                                    .lambda. CHCl.sub.3           

     No.     n    m    R.sub.2  R.sub.3                                        

                                       M.P. (.degree.C)                        

                                                 max      (m.mu.)              

     __________________________________________________________________________

                                                          1(.epsilon.)         

     16      0    2    --COOC.sub.2 H.sub.5                                    

                                --H    210       265      (5.78.times.10.sup.4)

     17      1    1    --H      --H    196       264      (4.32.times.10.sup.4)

     18      1    1    --H      P--Cl--                                        

                                       250       274      (3.97.times.10.sup.4)

     __________________________________________________________________________

TBL                                    Table 4                                 

     __________________________________________________________________________

     Compound                                                                  

            n  m  R.sub.2 r.sub.4    Reaction                                  

                                             Yield  M.P.    .eta.sp/c          

     No.                             Time(Hr)                                  

                                             (%)    (.degree.C)                

                                                            solvent            

     __________________________________________________________________________

     19     0  1  --H     direct bond                                          

                                     1       80     273--275                   

                                                            0.15(THF)          

                          of carbon                                            

                          atoms                                                

                                                    above                      

     20     1  1  --H     "          20/60   90     300     0.49(THF)          

     21     1  1  --H     "          3       90     230-240 0.11(THF)          

     22     1  2  --CO.sub.2 C.sub.2 H.sub.5                                   

                          "          20/60   70     174-185 0.06(THF)          

     23     1  1  --H                1       90     300     0.27(NMP)          

     24     0  1  --H                20/60   quan-  300     Impossible         

                                             titative       to measure         

                                                    above                      

     25     1  1  --H                1       80     300     0.15(NMP)          

                                                    above                      

     26     0  3  --CN    direct bond                                          

                                     1       90     300     0.11(THF)          

                          of carbon                                            

                          atoms                                                

     27     2  2  --OH    "          1       50     250-270 0.07(THF)          

     __________________________________________________________________________

PAR  For utilizing lower molecular compounds which were abovementioned as
      materials for electrophotography, coatings for use as a light-sensitive
      layer are made by dissolving the compounds in organic solvents with highly
      insulating coating-forming resinous binders, applying the solutions to
      comparatively electroconductive supports and drying, if desired. It is
      also possible to add plasticizers and sensitizers to improve the
      characteristics of the coatings and to increase greatly the sensitivity.
      In the case of high molecular compounds listed in Table 4, coatings for
      use as a light-sensitive layer are made by dissolving the high molecular
      compounds in organic solvents without highly insulating coating-forming
      resinous binder, applying the solution to a comparatively
      electroconductive supports and drying, if desired. It is also possible to
      add plasticizers and sensitizers to improve the characteristics of the
      coatings and to increase greatly the sensitivity.
PAR  As coating-forming resinous binders, styrene-butadiene copolymers,
      polystyrenes, chlorinated rubbers, polyvinyl chlorides, vinyl
      chloride/vinyl acetate copolymers, polyvinylidene chloride,
      nitrocelluloses, polyvinyl acetates, polyvinylacetals, polyvinyl ethers,
      silicon resins, methacrylic resins, acrylic resins, phenol resins, alkyd
      resins, urea/aldehyde resins, etc. may be used, and as electroconductive
      supports, metallic plates, electroconductive papers, electroconductive
      plastic films, etc. may be used, and as plasticizers chlorinated
      biphenyls, chlorinated paraffins, phosphate plasticizers, phthalate
      plasticizers, etc. may be used, and as sensitizers, conventional
      sensitizers such as tetracyanoethylene, tetracyanoquinodimethane,
      chloranil, naphthoquinone, anthraquinone, Methylene Blue, Crystal Violet
      and Malachite Green, etc. may be used.
PAR  It is preferred to suitably combine these materials and apply them on an
      electroconductive support to provide a dried coat of 2 to 20 microns in
      thickness. When the organophotoconductive component is more than 25
      percent of the total components of the coating, electrophotographically
      excellent characteristics are obtained.
PAR  The light-sensitive layer obtained by the above-mentioned process is
      uniformly charged by corona discharge according to the conventional method
      of electrophotography, and after image-exposure is developed by cascade
      development, liquid development, etc. In the case of cascade development
      it may be fixed by weakly heating after development or by standing in a
      solvent-vapor capable of dissolving the resin of toner.
DETD
PAR  This invention is further illustrated by the following examples, however,
      this invention shall not be limited to the following examples.
PAC  EXAMPLE 1.
PAR  Half a gram of compound No. 1 in Table 1 and 20 ml of 10 percent
      polystyrene solution in tetrahydrofuran were blended uniformly, the
      resulting solution was applied to an aluminum plate support to provide a
      dried coating of 0.5 micron thickness.
PAR  After drying it was charged with positive electricity in a dark place, and
      a positive picture film was placed upon it, then they were exposed with a
      high-pressure mercury lamp (Toshiba, SHL-100) from 30 cm height for about
      5 seconds. Then it was developed with a toner charged with negative
      electricity (for instance developer for Xerox 914), whereby a positive
      picture was developed, and standed in an atmosphere of trichloroethylene
      for fixation, whereby a clear positive image was obtained.
PAC  EXAMPLE 2.
PAR  Compound No. 2 in Table 1 was applied and dried as described in Example 1.
      After exposure for 2 seconds similar treatments were repeated and a clear
      positive image was obtained.
PAC  EXAMPLE 3.
PAR  By treating compound No. 9 in the exactly similar manner of Example 1 a
      clear positive image was obtained.
PAC  EXAMPLE 4.
PAR  Compound No. 15 in Table 3 was applied and dried as described in Example 1.
      After exposure for about 1 second similar treatments were repeated and a
      clear positive image was obtained.
PAC  EXAMPLE 5.
PAR  Half a gram of compound No. 21 in Table 4 was dissolved in 3 ml of
      tetrahydrofuran, then the solution was applied to an aluminum plate to
      provide a dried coating of 5 microns thickness. This test plate was
      exposed for about 1 second as described in Example, and by treating as in
      Example 1 a clear positive image was obtained.
PAC  EXAMPLE 6
PAR  A similar test plate as in Example 5 was charged with positive electricity
      in a dark place, and a positive image film was placed upon it, then they
      were exposed with a 100 W. tungsten lamp (Toshiba lamp) from 30 cm height
      and then by treating as described in Example 1 a clear positive image was
      obtained.
PAC  EXAMPLE 7.
PAR  Half a gram of Compound 23 in Table 4 was dissolved in 4 ml of
      tetrahydrofuran. After separation of a small amount of insoluble
      substances, the solution was applied as described in Example 5 and the
      test plate was exposed for about 3 seconds as in Example 6. Further
      treatments as described in Example 1 gave a clear image.
PAC  EXAMPLE 8.
PAR  A test plate of Example 7 was charged with electricity in a dark place and
      overlayed with a positive image film. Then they were exposed with a
      diazotype duplicator (for instance Recopy-standard), a diazo-type wet
      copying machine equipped with a mercury lamp and manufactured by Ricoh
      Kabushiki, Kaisha, Japan, at full reproduction speed (for instance in the
      case of Recopy-standard, the dial was set at 20). Further treatments as
      described in Example 1 gave a clear image.
PAC  EXAMPLE 9.
PAR  To the solution of Example 7 was added 0.001 g of chloranil, and similarly
      in Example 7 the solution was applied and the test plate was exposed,
      developed and fixed. When the exposure time was less than even 1 second, a
      clear image was obtained.
PAR  The organic photoconductive compounds, of this invention have been prepared
      by the present inventors and the process for the preparation is disclosed
      in copending U.S. Pat. application Ser. No. 185,818 (filed Oct. 1, 1971),
      and Japanese Patent Publication 7101/73.
PAR  The process comprises reacting 1,3,3-substituted-2-methylinodolenium salt,
      1,3,3-substituted-2-methyleneindoline,
      bis(1,3,3-substituted-2-methylindolenium salt),
      bis-(1,3,3-substituted-2-methyleneindoline), etc. corresponding to
      monomers, bis compounds and polymer compounds with hydroxamic acid
      chlorides or bifunctional hydroxamic acid chlorides in the presence of a
      base.
PAR  The 2-methylene indolines are certain derivatives of Fischar's Base
      (1,3,3-trimethyl-2-methyleneindoline) which is well known in the field of
      dyes, and can generally be prepared by reacting 2-methylindolenine with a
      conventional alkylating agent, an alkylsulfonic acid ester or the like to
      obtain the corresponding indolenium salt and then reacting the resulting
      indolenium salt with a base.
PAR  The 2-methyleneindolines are generally unstable in air and the above U.S.
      Ser. No. 185,818 and Japanese Patent Publication 7101/73 also discloses a
      process for preparing the compounds of this invention from the precursor,
      indolenium salt.
PAR  The spiro (indoline-isoxazoline) compounds can be prepared by an addition
      reaction between nitrile oxide and 2-methyleneindoline.
PAR  The 2-methyleneindolines and the precursors thereof include the following
      compounds:
PAR  Examples of indolenum salts are 1,2,3,3-tetramethylindolenium-p-tosytate,
      1-.beta.-hydroxyethyl-2,3,3-trimethylindolenium bromide,
      1,2,3,3,5-pentamethyl-indolenium-p-tosylate,
      1,2,3,3-tetramethyl-5-nitro-indolenium-p-tosylate,
      5,5'-bis-(1,2,3,3-tetramethylindolenium-o-tosylate),
      5,5'-bis-(1-.beta.-hydroxyethyl-2,3,3-trimethylindolenium-p-tosylate)
      5,5'-methylene-bis-(1-ethyl-2,3,3-trimethylindoleniumiodide),5,5'-methylen
     e-bis-(1-cyanopropyl-2,3,3-trimethylindolenium-p-tosylate) and the like.
      Examples of 2-methyleneindolines are Fischer's base
      (1,3,3-trimethyl-2-methyleneindoline),
      1,3,3-trimethyl-2-methylene-5-chlorindoline,
      1-ethyl-2-methylene-3,3-dimethyl-5-methoxyindoline,5,5'-bis(1,3,3-trimethy
     l-2-methyleneindoline), 5,5'-methylene-bis(1,3,3
      -trimethyl-2-methyleneindoline),
      5,5'-bis(1,.beta.-ethoxycarbonyl-2-methylene-3,3-dimethylindoline),
      5,5'-bis)1-.beta.; hydroxyethyl-2-methylene-3,3-dimethylindoline) and the
      like.
PAR  The bis-indolenies (2) are prepared by the above Fischer's Indole Synthesis
      of bis-phenylhydrazines which are prepared from bisanilines by the method
      shown below:
PAR  The preparation of an indolenium salt from indolenine and the preparation
      of 2-methylindoline are shown by the formula (3) and (4), respectively.
      ##SPC4##
PAL  wherein Z represents a bridge between the aromatic nuclei and X represents
      a conjugate base.
PAR  The reactions of methyl-indolines are described in the following reference:
PAR  "CHEMISTRY," June, 1953, pages 505-512, published by Riko Publishing Co.
PAR  The above reference describes on page 508 the synthesis of Fischer's Base
      from hydrazine.
      ##SPC5##
PAL  Fischer's Base (1,3,3-trimethyl-2-methyleneindoline)
PAR  In the present invention, the methyleneindolines are generally synthesized
      by the process which is thought to be more convenient than that of the
      above process introducing various substituents into 1-position of the
      indoline maiety. That is, the process used in the present invention
      comprises converting an indolenine into an indolenium salt and treating
      the indolenium salt with a base, as shown in the above formulae (3) and
      (4). This process is apparently versatile as compared with the process for
      producing N-methyl-2-methylene-benzothiazole described on page 508 of the
      reference "CHEMISTRY" comprising quaternizing a 2-methylthiazole with
      methyl iodide and subsequently treating the resulting quaternary salt with
      a 40% aqueous sodium hydroxide.
PAR  Of the spiro (indoline-2,5'-isoxazoline) compounds (A), the high molecular
      weight compounds represented by the formula (IV) can be prepared by
      polyaddition reaction between a bifunctional 2-methyleneindoline and a
      bifunctional nitrile oxide.
PAR  This reaction is based on a 1,3-dipolar addition reaction between
      2-methyleneindoline and nitrile oxide and, therefore, is a stepwise
      polymerization differning from the chain reaction of a vinyl
      polymerization type. The stepwise polymerization is described in detail in
      Brillmeyer, Jr., "Textbook of Polymer Science," Chapter 8, recited above.
      In particular, reference can be made to pages 264-271 (a copy is enclosed)
      as to the molecular weight.
PAR  On page 268 of the reference, the following equations (8-7), (8-8) and
      (8-9) are shown:
      ##EQU1##
PAR  The equation (8-8) and (8-9) lead FIGS. 8-3 on page 268 and FIGS. 8-4 on
      page 268.
PAR  It is understood from the above figures, that in bifunctional stepwise
      polymerization, the degree of polymerization would be 10 at a 90 percent
      reaction and at most 100 at a 99 percent reaction, but the degree of
      polymerization would be distributed over a wide range.
PAR  In the light of the above, it should be appreciated that the high molecular
      weight compounds disclosed in the present invention have a degree of
      polymerization on the order of from 5 to 100 based on their reaction
      ratios.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrophotographic process comprising the steps of charging, image
      exposing and developing a member comprising a resin binder and a compound
      of formula (A) which is more than 25 percent of the total components of
      the member;
      ##SPC6##
PAL  wherein R.sub.1 is selected from the group consisting of an hydrogen atom,
      halogen atom, alkyl group having 1 to 4 carbon atoms, alkoxy group having
      1 to 4 carbon atoms, alkoxycarbonyl group having an alkyl group of 1 to 4
      carbon atoms, nitro group, alkylene group having 1 to 3 carbon atoms which
      is able to make a bis-compound, and a bond which is able to make a
      bis-compound; R.sub.2 is selected from the group consisting of an hydrogen
      atom, hydroxyl group, alkoxycarbonyl group having alkyl group of 1 to 4
      carbon atoms, cyano group and a phenyl group; R is selected from the group
      consisting of a substituted phenyl group (where the substituted group is
      selected from the group consisting of an hydrogen atom, halogen atom,
      alkyl group having 1 to 4 carbon atoms, and an alkoxy group having 1 to 4
      carbon atoms), alkylene group having 1 to 3 carbon atoms which is able to
      make a bis-compound, phenylene group which is able to make a bis-compound,
      and a bond which is able to make a bis-compound; and m is an integer from
      1 to 4.
NUM  2.
PAR  2. An electrophotographic process as in claim 1 where said member includes
      a sensitizer.
NUM  3.
PAR  3. An electrophotographic process as in claim 1 where said member includes
      a plasticizer.
NUM  4.
PAR  4. An electrophotographic process including the steps of charging, image
      exposing and developing a member comprising a resin binder and a compound
      of the formula (I) which is more than 25 percent of the total components
      of the member,
      ##SPC7##
PAL  wherein R.sub.1 is selected from the group consisting of an hydrogen atom,
      halogen atom, alkyl group having 1 to 4 carbon atoms, alkoxy group having
      1 to 4 carbon atoms, alkoxycarbonyl group having alkyl group of 1 to 4
      carbon atoms and a nitro group, R.sub.2 is selected from the group
      consisting of an hydrogen atom, hydroxyl group, alkoxycarbonyl group
      having alkyl group of 1 to 4 carbon atoms, cyano and a phenyl group,
      R.sub.3 is selected from the group consisting of an hydrogen atom, halogen
      atom, alkyl group having 1 to 4 carbon atoms, and an alkoxy group having 1
      to 4 carbon atoms, and m is an integer from 1 to 4.
NUM  5.
PAR  5. An electrophotographic method comprising the steps of charging, image
      exposing, and developing a member comprising a resin binder and a compound
      of the formula (II) which is more than 25 percent of the total components
      of the member;
      ##SPC8##
PAL  wherein R.sub.2 is selected from the group consisting of an hydrogen atom,
      hydroxyl group, alkoxycarbonyl group having alkyl group of 1 to 4 carbon
      atoms, cyano and a phenyl group, R.sub.3 is selected from the group
      consisting of an hydrogen atom, halogen atom, alkyl group having 1 to 4
      carbon atoms and an alkoxy group having 1 to 4 carbon atoms, m is an
      integer from 1 to 4, and n is an integer from 0 to 2.
NUM  6.
PAR  6. An electrophotographic method comprising the steps of charging, image
      exposing and developing a member comprising a resin binder and a compound
      of the formula (III) which is more than 25 percent of the total components
      of the member;
      ##SPC9##
PAL  wherein R.sub.1 is selected from the group consisting of an hydrogen atom,
      halogen atom, alkyl group having 1 to 4 carbon atoms, alkoxy group having
      1 to 4 carbon atoms, alkoxycarbonyl group having alkyl group of 1 to 4
      carbon atoms and a nitro group, R.sub.2 is selected from the group
      consisting of an hydrogen atom, hydroxyl group, alkoxycarbonyl group
      having alkyl group of 1 to 4 carbon atoms, cyano and a phenyl group,
      R.sub.4 is selected from the group consisting of a direct bond of carbon
      atoms, alkylene group having 1 to 3 carbon atoms which is capable of
      forming a bis-compound and a phenylene group which is capable of forming a
      bis-compound, and m is an integer from 1 to 4.
NUM  7.
PAR  7. An electrophotographic method comprising the steps of charging, image
      exposing, and developing a member comprising a compound of the formula
      (IV) which is more than 25 percent of the total components of the member;
      ##SPC10##
PAL  wherein R.sub.2 is selected from the group consisting of an hydrogen atom,
      hydroxyl group, alkoxycarbonyl group having alkyl group of 1 to 4 carbon
      atoms, cyano and a phenyl group, R.sub.4 is selected from the group
      consisting of a direct bond of carbon atoms, alkylene group having 1 to 3
      carbon atoms which is capable of forming a bis-compound and a phenylene
      group which is capable of forming a bis-compound, m is an integer from 1
      to 4, n is an integer from 0 to 2, and x is an integer from 5 to 100.
NUM  8.
PAR  8. An electrophotographic method as in claim 7 where said member further
      comprises a resin binder.
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ABST
PAL  An electrophotographic sensitive member comprises of a flexible web having
      a photosensitive layer and provided with a longitudinally
      uni-directionally heat contractible insulating connector sheet of a
      predetermined length extending from one end thereof. In attaching the
      sensitive member over an endless support, the free end of the sensitive
      member is adhered to the free end of the connector sheet and the connector
      sheet is contracted to tightly embrace the member on the endless support
      upon the application of heat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to an improved electrophotographic
      sensitive member, and it relates more particularly to an improved
      electrophotographic sensitive member of the type including a coating of a
      photoconductive material on a flexible web substrate with attaching means
      at one end thereof for mounting the electrophotographic sensitive member
      to electrophotographic equipment, such as an endless support.
PAR  Conventionally, the photosensitive member plates employed in image transfer
      electrophotographic reproducing apparatus have been those formed with a
      layer such as Selenium, Selenium-tellurium alloy or Selenium-arsenic alloy
      directly over the surface of a metallic drum or endless belt by vacuum
      deposition, or those formed with a coating inorganic semi-conductive
      corpuscles of such as CdS, CdSe and ZnS-CdS over the surface of said drum
      or belt by the use of an organic resin binder, such as alkyd resin, epoxy
      resin, acryl resin or the like.
PAR  However, with these photosensitive member plates, it generally is necessary
      to deposit or to coat the photosensitive material onto the rotary drum or
      the endless belt individually and thus not only is the productivity
      awkward, poor and expensive, but the restoration and repair of damages
      caused to the photosensitive member are time consuming and difficult.
PAR  In overcoming these disadvantages of the conventional photosensitive plates
      and for improving the productivity thereof, the photosensitive member,
      formed with an electrical photosensitive layer over a durable and flexible
      sheet-like film composed of polyester film or the like or metal sheet,
      mounted over the peripheral surface of a drum or an endless belt has
      heretofore been provided. For this type of photosensitive member, a member
      coated with a charge transportable complex composition, for example,
      polyvinylcarbazole containing TNF (trinitrofluorenone) on a polyester film
      metalized with aluminum, or a member including such film vacuum deposited
      with a thin layer (less than 1 micron) of inorganic semiconductive
      corpuscles of Selenium or Selenium-tellurium alloy and coated thereover
      with polyvinylcarbazole not containing any sensitizer, or a member in
      which the polyester film is coated with ZnO or CdS over by the use of the
      aforesaid organic resin binder, or a member coated with CdS over a
      transparent polyester film with the use of said organic resin binder and
      further coated thereover with graphite carbon or the like acting as an
      electroconductive layer with the use of said organic resin binder are
      known in the art.
PAR  Various methods and means for mounting and attaching the aforesaid type of
      photosensitive members on a rotary drum are described in U.S. Pat. No.
      3,341,681, in U.S. Pat. No. 3,552,957 and in U.S. Pat. No. 3,588,242. In
      the aforesaid patents there are described systems in which metal clamp
      portions provided at both ends of the photosensitive member are spot
      welded or riveted to a rotary drum, or in which there is provided an
      opening running parallel to the axial direction of the rotary drum and
      there is disposed a pair of winding means inside said drum, and the
      photosensitive member extends from said winding means over the peripheral
      surface of said drum.
PAR  However, with such methods for attaching the photosensitive member provided
      with or without attaching means, special tools or devices such as a
      welding or a riveting tool are required to attach the photosensitive
      member over a drum, and the structure rotary drum itself is highly
      complicated as it requires a longitudinal opening and sufficient interior
      space for the housing of the winding means thereby resulting in numerous
      drawbacks and disadvantages, including high costs and poor application
      efficiencies.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a principle object of the present invention to provide an
      improved means for attaching an electrophotographic sensitive member to an
      endless support.
PAR  It is another object of the present invention to provide an improved
      electrophotographic sensitive member having novel attaching means and
      requiring no particular tools or devices for the application thereof.
PAR  It is another object of this invention to provide a simplified method for
      attaching a photosensitive member to an advancing support.
PAR  It is still another object of this invention to provide an inexpensive
      method for attaching a photosensitive member to a support.
PAR  Pursuant to the present invention, the above and other objects are achieved
      by a novel attaching means provided at an end of an electrophotographic
      sensitive member. Such attaching means includes a uni-directionally
      contractible insulating member sheet provided at one end of the
      photosensitive member which consists of photosensitive layer coated over a
      sheet-like flexible substrate with which it is mounted over an endless
      support and thereafter the uni-directionally contractible insulating
      member sheet connected to the opposite ends of the photosensitive member
      is heated to contract it in one direction whereby the photosensitive
      member is attached rigidly over and tightly embraces the endless support.
PAR  For a fuller understanding of the nature and objects of the present
      invention, reference is made to the following detailed description taken
      in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of an electrophotosensitive member embodying the
      present invention shown in a lay flat condition;
PAR  FIG. 2 is a sectional view taken along line 11--11 of FIG. 1;
PAR  FIGS. 3 and 4 are sectional views showing successive steps in attaching the
      photosensitive member to a rotary drum.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, the reference letter A generally designates
      an electrophotographic sensitive member which is composed of a rectangular
      sheet or polyester film 1 or the metalized polyester film having an
      electroconductive coating or a layer such as of aluminum, copper or silver
      thereon with the photosensitive material layer 2 consisting of ZnO or CdS
      coated on the surface of the metalized polyester film 1 with the use of an
      organic resin binder. The side borders 3 of the polyester film are
      uncoated and serve to electrically connect the electrophotographic
      sensitive member A to the rotary drum 7 (FIG. 3) by means of, for example,
      an electrical tape in order to maintain the photosensitive layer 2 and the
      rotary drum at the same potential. Only non-coated borders 3 may be
      provided at either side portion of the polyester film 1. It should be
      noted that the aforesaid non-coated borders or portions 3 are not
      necessary if an electrically conductive members of metallic film such as
      of stainless steel or aluminum alloy is used as the substrate instead of
      the polyester film 1 since this electrically conductive member would
      contact directly with the rotary drum 7. Briefly, the electrophotographic
      sensitive member A, as descriibed above, comprises of the polyester film 1
      with the surface thereof metalized, and the photosensitive layer thereon
      bordered at its sides by the non-coated portions 3.
PAR  At one end of the photosensitive member A, there is provided a
      uni-directionally contractible plastic sheet 4 made of polypropylene or
      other suitable materials as will be hereinafter described. Said
      uni-directionally contractible plastic sheet 4 is integrally adhered to
      the photosensitive member A at respective overlapping ends by an adhesive
      5a with the contractible orientation of direction of the plastic sheet 4
      longitudinal to coincide with the lengthwise or longitudinal direction of
      the photosensitive member A. In the drawings, the contractible direction
      or orientation of the plastic sheet 4 is to left and right as viewed in
      FIG. 1. Among the other suitable materials which may be used as the
      uni-directionally contractible plastic sheet 4, are polyethylene,
      polystyrene, polyvinyl chloride, polyvinylidene chloride, polyester film
      and 4-ethylene fluoride. These materials which may be used as the
      uni-directionally heat contractible insulating member 4 are made by
      stretching a sheet of such material during the manufacturing thereof to
      orient the molecules in one direction only, that is longitudinally in the
      direction of stretch as is well known in the art.
PAR  On the underface of the other lengthwise or free end of the photosensitive
      member A, that is, at the left end of the polyester film 1, there is
      provided a transverse band of an adhesive 5b which is advantageously a
      pressure sensitive adhesive and is covered by a separable strip 6 of
      release paper or sticker paper. Similarly, at the other or free end of the
      plastic sheet 4, at the underface thereof, a transverse band of an
      adhesive 5c is provided and releasably covered with the release paper 6'
      thereon. The release papers 6, 6' protect the adhesive agent coating the
      respective end borders of the photosensitive member A and the plastic
      connector sheet 4. The adhesive agent is advantageously made of a resin
      selected such as polyurethane resin, a nitrile rubber denaturant resin, or
      the like.
PAR  In mounting and attaching the electrophotographic sensitive member A onto a
      rotary drum 7 or over a plurality of rollers so as to be in the form of
      endless belt, the release paper 6 protecting the adhesive 5b provided at
      the left end rear face of the photosensitive member A (FIG. 2) is removed
      and the photosensitive member A is applied to the rotary drum 7 with the
      end border of the photosensitive member A secured to the rotary drum 7
      along the axial direction thereof by means of the adhesive coating band 5b
      which adheres to a corresponding portion of the outer surface of the
      rotary drum 7. The photosensitive member A is wrapped around the
      peripheral surface of the rotary drum 7. Thereafter, the other release
      paper 6' protecting the adhesive coating 5c at right rear end of the
      uni-directionally contractible plastic connector sheet 4 is removed and
      the end thereof is adhered to the end border of the photosensitive member
      A as shown in FIG. 3, thereby linking the sheet-like photosensitive member
      in a form of endless loop over the rotary drum. Although the end of the
      plastic connector sheet 4 having the adhesive band 5c is adhered directly
      over the photosensitive layer 2 in the above described embodiment, it is
      preferrable that the photosensitive member A have a non-coated portion at
      its end where adhered with adhesive band 5c on the plastic connector sheet
      for better adhesiveness. Further, as shown in FIG. 3, the photosensitive
      member A is initially mounted on the rotary drum 7 loosely as the entire
      length of the photosensitive member A with the uni-directionally
      contractible plastic connector sheet 4 is somewhat longer than the
      peripheral length of the rotary drum 7.
PAR  To firmly secure the photosensitive member A onto the rotary drum the
      uni-directionally contractible connector plastic sheet 4 is heated by
      means of a fan, circulating heated air, or other suitable heating means,
      not shown in the drawing. As the plastic sheet 4 is heated, it is
      contracted in the winding, or longitudinal or peripheral direction of the
      photosensitive member and accordingly the photosensitive member A tightly
      embraces and firmly engages the rotary drum 7, as shown in FIG. 4.
      Drawings of FIGS. 3 and 4 are exaggerated to show the respective elements
      in detail as the thickness of photosensitive member A and the plastic
      sheet 4 are of the order of microns.
PAR  In tests conducted by the applicants in connection with contraction
      characteristic of the uni-directionally contractible plastic sheet 4, it
      has been found that the uni-directionally contractible polypropylene film
      of 100 mm in length by 35 mm in width with a thickness of 80 microns is
      contracted to 55 mm in length by 33 mm in width by the application of warm
      air of 70.degree. to 80.degree. C at a velocity of 3-5 m/sec for about 30
      seconds by means of a fan with a heating element. In other words, a
      contraction of 45 percent was attained in the contractible or molecular
      orientation direction while there was a contraction of less than 1 percent
      in the non-contractible or transverse direction. However, in the above
      tests, the resulting data were obtained with both sides of the sheet free
      to move in the non-contractible direction. Thus, in another experiment
      with the longitudinal sides of the sheet restrained, there was no
      contraction in the non-contractible direction, that is, the width of the
      connector sheet remained constant.
PAR  Accordingly, in practicing the present procedure, contraction in the
      non-contractible or transverse direction may be neglected as the both ends
      of the uni-directionally contractible plastic connector sheet 4 are
      adhered to the photosensitive member A and to the rotary drum 7. It should
      be noted that in the course of manufacturing, the contractibility of the
      uni-directionally contractible plastic sheet in the contractible direction
      is known beforehand for allowing the mounting of photosensitive member A
      on the rotary drum 7 with suitable strain.
PAR  As described above, the electrophotograhic sensitive member with the
      attaching means in accordance with the present invention relies on the use
      of a sheet-like flexible support or substrate with the photosensitive
      layer coated thereon as the photosensitive member, thus improving the
      productivity and costs. Further, the endless support over which the
      electrophotographic sensitive member is to be mounted requires no
      particular processing thereof and all that is needed is a compact heating
      means which could simply be a conventional hair dryer in attaching the
      photosensitive member. Thus all that is required in the manufacture of the
      photosensitive member would be to adhere the uni-directionally
      contractible plastic sheet at one end of the photosensitive member. This
      eliminates the use of welding or riveting devices, as was necessary in the
      conventional procedures in attaching the photosensitive member, thus
      simplifying and improving the application efficiency. Still further the
      detachment of photosensitive member from a support is quite simple, as it
      can be detached simply by cutting the uni-directionally contractible
      plastic sheet by means of any suitable cutting device.
PAR  While the present invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that changes in form and details may be made
      therein without departing from the spirit and scope of the invention. One
      such change may be to omit the use of adhesive agent 5b at the left rear
      end of the photosensitive member for the photosensitive member need not be
      fixed on the drum 7 due to the contraction of the uni-directionally
      contractible plastic sheet 4.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrophotographic sensitive member comprising a longitudinally
      extending flexible first web including a substrate provided with an
      electrically conducting layer and a photoconductive layer superimposed on
      said electrically conducting layer, and a connecting member extending
      longitudinally from an end of said first web and including an electrically
      insulating molecularly longitudinally stretch oriented, flexible,
      polymeric resin second web which is unidirectionally longitudinally heat
      contractible.
NUM  2.
PAR  2. The electrophotographic sensitive member of claim 1 wherein said first
      and second webs are of rectangular configuration and substantially
      co-extensive in width.
NUM  3.
PAR  3. The electrophotographic sensitive member of claim 1 including means for
      joining the free ends of said webs to form an endless loop.
NUM  4.
PAR  4. The electrophotographic sensitive member of claim 1 including layers of
      an adhesive agent located along the underfaces of the free outer end
      borders of said webs.
NUM  5.
PAR  5. An electrophotographic sensitive member comprising a flexible first web
      including a substrate having an electrically conductive layer with a
      photoconductive layer thereon and a uni-directionally longitudinally heat
      contractible second web of a predetermined length extending longitudinally
      from an end of said first web and formed of an electrically insulating
      molecularly longitudinally stretch oriented polymeric resin.
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ABST
PAL  A method for expediting the breaking in or aging of xerographic
      photoreceptors comprising a substrate and at least one selenium and
      arsenic-containing photoconductor layers and to improve low density image
      differentiation by initially exposing the photoconductor layers to a
      visible or ultraviolet light flux while at a temperature of not less than
      about 85.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The formation and development of images on the imaging surfaces of
      photoconductive materials by electrostatic means is well-known (Carlson,
      U.S. Pat. No. 2,297,691). The best known of the commercial processes, more
      commonly known as xerography, forms a latent electrostatic image on the
      surface of an imaging layer by uniformly electrostatically charging the
      surface in the dark, and then exposing the charged surface to a light and
      shadow image. The light-struck areas of the imaging layer are thus made
      substantially more charge-conductive and the electrostatic charge is
      selectively dissipated in such areas. After light exposure, the latent
      electrostatic image remaining on the imaging surface (i.e. a positive
      electrostatic image) is made visible by contacting with finely divided
      colored or black electroscopic material, known in the art as "toner".
      Toner is principally attracted to those areas on the image bearing surface
      which retain the original electrostatic charge and thereby form a visible
      positive image.
PAR  In structure, the conventional xerographic plate normally has a
      photoconductive insulating layer overlaying the conductive base or
      substrate and frequently an interface or charge blocking layer between the
      two.
PAR  The photoconductive layer may comprise a number of materials known in the
      art. For example, selenium-containing photoconductive material such as
      vitreous selenium, or selenium modified with varying amounts of arsenic
      are found very useful in commercial xerography. Generally speaking, the
      photoconductive layer should have a specific resistivity greater than
      about 10.sup.10  ohm-cm (preferably 10.sup.13  ohm-cm) in the absence of
      illumination. In addition, resistivity should drop at least several orders
      of magnitude in the presence of an activating energy source such as light.
      As a practical matter, a photoconductive layer should support an
      electrical potential of at least about 100 volts in the absence of light
      or other actinic radiation, and may usefully vary in thickness from about
      10 to 200 microns.
PAR  In addition to the above, photoconductive layers will also normally exhibit
      some reduction in potential or voltage leak, even in the absence of an
      activating light. This phenomenon, known as "dark decay", will vary
      somewhat with the amount of usage of the photoreceptor. The existence of
      this problem is well-known and has been controlled, where necessary, by
      incorporation of an interface or barrier layer such as a very thin
      dielectric film or layer between the substrate and the photoconductive
      insulating layer. U.S. Pat. No. 2,901,348 to Dessauer et al. utilizes a
      layer of aluminum oxide in this manner. With some limitations, blocking
      interface layers can effectively function not only to permit a
      photoconductive layer to support a charge of relatively high field
      strength, and to substantially minimize dissipation (dark decay) in the
      absence of illumination, but also to aid in cementing the photoconductive
      layer to the substrate. When activated by illumination, however, the
      interface-photoconductor layer combination must still be sufficiently
      conductive to permit dissipation or discharge of a substantial portion of
      the applied charge through the photoconductive layer.
PAR  When the newer, more sensitive inorganic selenium alloys such as
      arsenic-rich selenium alloys (ref. U.S. Pat. Nos. 2,822,300, 2,802,542,
      and 3,312,548) are utilized as photoconductors, it is particularly
      important for obtaining proper charging characteristics and minimal dark
      decay that the photoreceptor be properly "broken in" or "aged" before
      regular usage.
PAR  Normally, the breaking in procedure for a photoreceptor of the selenium
      type can require dark storage for an extended period followed by a run of
      up to about a thousand test copies. For various reasons, however, the
      break in period must sometimes be carried out without adequate control
      over all of the physical parameters, such as temperature, humidity and
      general atmospheric contamination. Since such parameters have a
      substantial effect on the ultimate life and efficiency of the
      photoreceptor, it is very desirable that the breaking in process be of
      short duration and avoid as many uncontrolled variables as possible.
PAR  An equally troublesome problem with the newer, faster Se-As-type
      photoconductors is a tendency to sacrifice low density copy resolution in
      favor of speed and increased range of light sensitivity.
PAR  It is an object of the present invention to improve the operating
      efficiency of selenium and arsenic-containing photoreceptors of the
      xerographic type to obtain improved resolution from low density copies.
PAC  THE INVENTION
PAR  The above objects are obtained in accordance with the present invention by
      exposing the photoconductor layer of a xerographic photoreceptor
      comprising a substrate and at least one selenium and arsenic-containing
      layer to a visible or ultraviolet light flux while at a temperature of
      about 55.degree.-180.degree.C.
PAR  For this purpose, a light flux of about 4,000-7,000 Angstrom and a
      temperature range of about 85.degree.-170.degree.C. is preferred in view
      of the heat sensitive nature of selenium-containing xerographic
      photoconductors generally.
PAR  While light exposure can be effected at any phase of a separate heating
      step in accordance with the above-described process, it is found
      particularly advantageous to carry out the above-described process in a
      vacuum coater oven. Generally, such treatment can be carried out while a
      photoreceptor (i.e. drum or plate) is returning to ambient temperature and
      pressure following the usual evaporation-condensation step for applying
      one or more selenium-arsenic photoconductor layers onto a metal substrate
      such as an aluminum, nickel or steel drum, belt or plate. Suitable
      photoconductive materials and methods for applying them are listed, for
      instance, in U.S. Pat. Nos. 3,490,903, 3,312,548, 2,970,906, 2,901,348,
      2,822,300, 2,803,542 and 2,753,278.
PAR  A particularly suitable technique for obtaining suitable photoconductor
      material involves sealing selenium, arsenic and a small amount of a
      halogen in a container under heat to form a homogeneous photoconductive
      material; the resulting alloy is, thereafter, condensed onto a suitable
      substrate by evaporation from one or more stainless steel crucibles under
      vacuum.
PAR  Also includible within the scope of the present inventive process are
      selenium and arsenic-containing photoreceptors having the usual ancillary
      layers such as a thin dielectric film positioned between the substrate and
      photoconductive layers and overcoat layers such as a protective vitreous
      material.
PAR  The process, as above described, is particularly effective for breaking in
      or aging photoreceptors having one or more photoconductor layers
      comprising selenium and about 5-50% by weight of arsenic.
PAR  Insofar as light intensity is concerned, it is found that the intensity of
      light required varies somewhat with the temperature at which the
      photoconductor is maintained or averaged. Generally speaking, however, an
      intensity of about 100-300 microwatts/cm.sup.2 is preferred when cool
      white light is being utilized.
PAR  The above-described invention can be conveniently carried out over a period
      of about 15-120 minutes depending upon the temperature of the heating step
      and the type and intensity of light flux employed. It is also sometimes
      found convenient, however, to dark age the treated photoreceptor for a
      brief period (ex. a few days) and to run off a few hundred copies as a
      supplemental part of the breaking in process.
PAR  The above-described process is also not limited with respect to any
      particular light or heat source, although the use of a cool white visible
      light, as previously indicated, is a preferred embodiment.
DETD
PAR  The following examples further describe preferred embodiments of the
      present invention.
PAC  EXAMPLE I
PAR  Four aluminum foil test strips identified as T 1-4 are cleaned, washed and
      rinsed with deionized water, mounted on a rotatable mandrel and positioned
      in a vacuum coater above and proximate to 4 open, electrically heated
      stainless steel crucibles containing 10 grams of As.sub.2 Se.sub.3 (40% by
      weight As.sub.2 Se.sub.3). The strips are slowly heated up to about
      85.degree.C. and the coater evacuated to 5 .times. 10.sup.-.sup.4 Torr.
      The crucibles are then heated up to 380.degree.C. and the mandrel slowly
      rotated for about 20 minutes. The coater and its contents are then
      permitted to return to ambient temperature and strips T1 and T2 removed
      and separately heated for 1 hour at 150.degree.C. and 170.degree.C.
      respectively, in a circulating air oven while rotating slowly 25 cm. from
      a cool room light having an intensity of 150 microwatts/cm.sup.2. After
      removal, the strips are dark stored for 14 hours and tested after 1,000
      copies are run in a "2400" type copier; strips T3 and T4 are taken from
      the vacuum coater, cooled and immediately tested on the same copier
      without any storage or breaking in period. The results are reported in
      Table I below.
TBL                TABLE I                                                     

     ______________________________________                                    

                         Initial   Available                                   

                         Charge    Contrast Potential                          

     Sample Treatment Temp                                                     

                         (volts)   (volts)                                     

     ______________________________________                                    

     T1*    150.degree.  +750.+-.20                                            

                                   720                                         

     T2*    170.degree.  +750.+-.10                                            

                                   680                                         

     T3**   --           +750.+-.65                                            

                                   620                                         

     T4**   --           +750.+-.55                                            

                                   620                                         

     ______________________________________                                    

       *Inventive process                                                      

      **No breaking in or aging step                                           

PAC  EXAMPLE II
PAR  Four xerographic aluminum photoreceptor drums of the "2400" type and
      identified as T 5-8, are coated in the manner of Example I, T5 being then
      heated to 150.degree.C. in the coater and slowly cooled to about
      50.degree.C. under Cool White Room Lights (150-200 u W/cm.sup.2), dark
      stored for about 14 hours and then 200 pre-test runs made before
      evaluation. This procedure is repeated with T6 except that the heating
      step is carried out at 170.degree.C.
PAR  Drums T 7-8 are identically coated but are immediately dark stored for one
      month without the additional light exposure and pre-aged at 1,000 copies
      before evaluation of electrical properties. The test results are reported
      in Table II below.
TBL                TABLE II                                                    

     ______________________________________                                    

                                        Discharge                              

                                        Time of                                

                        Residual Contrast                                      

                                        Resid. Pot.                            

     Sample                                                                    

           Post Heat Temp                                                      

                        Pot.     Pot.   (sec.)                                 

     ______________________________________                                    

     T5*   150.degree.  20 v     720 v  3                                      

     T6*   170.degree.  20 v     680 v  3                                      

     T7    --           85 v     620 v  &gt;18                                    

     T8    --           90 v     620 v  &gt;18                                    

     ______________________________________                                    

      *Invention?                                                              

PAR  Also noted with respect to the experiment reported in Example II is the
      fact that a major difference in the time constant of the residual
      potential is observed, it being significantly lower in samples exposed to
      a post heating step.
PAC  EXAMPLE III
PAR  Drums T5 and T7 are xerographically tested in the dynamic mode by
      installation in a "2400" copier machine and 200 copies made from low
      density originals after the initial tests were concluded (ref. Example
      II). After inspection of the first and last 10 copies, the results are
      reported in Table III below.
TBL                TABLE III                                                   

     ______________________________________                                    

     Sample         Low Density Resolution                                     

     ______________________________________                                    

     T5             vg                                                         

     T7              g                                                         

     ______________________________________                                    

      vg = very good                                                           

       g = good                                                                

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for improving the operating efficiency and to increase low
      density copy resolution of a xerographic photoreceptor comprising a
      substrate and at least one selenium-arsenic alloy as a photoconductor
      layer, the improvement comprising exposing the uncharged photoconductor
      layer of the photoreceptor to a nonimaging visible or ultraviolet light
      flux while at a temperature of about 55.degree.-180.degree.C.
NUM  2.
PAR  2. The process of claim 1 comprising exposing the photoconductor layer to a
      light flux of about 4,000-7,000 Angstrom.
NUM  3.
PAR  3. The process of claim 2 wherein the photoconductor layer is exposed to
      visible white light while the photoconductor is within a temperature range
      of about 85.degree.-170.degree.C.
NUM  4.
PAR  4. The process of claim 2 wherein at least one photoconductor layer
      comprising selenium and not less than about 5% be weight of arsenic is
      exposed to light for a period of about 15-120 minutes.
NUM  5.
PAR  5. The process of claim 2 wherein the photoconductor layer comprises
      selenium and about 5-50% by weight of arsenic.
NUM  6.
PAR  6. The process of claim 2 wherein the photoconductor layer is exposed to
      light at an intensity of about 100-300 microwatts/cm.sup.2.
NUM  7.
PAR  7. The process of claim 3 wherein the photoconductor layer contains
      selenium and about 5-50% by weight of arsenic.
NUM  8.
PAR  8. The process of claim 3 wherein the photoconductor layer is exposed to
      cool white light at an intensity of about 150-200 microwatts/cm.sup.2.
NUM  9.
PAR  9. The process of claim 8 wherein the photoconductor layer is permitted to
      cool from about 170.degree.C. for about 30-120 minutes in the presence of
      cool white light.
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ABST
PAL  Print contrast in zinc oxide-coated electrostatic copy paper is improved by
      the incorporation of small quantities of manganous chloride or manganous
      bromide.
PARN
PAR  This is a continuation of application Ser. No. 677,739, filed Oct. 24,
      1967, now abandoned.
BSUM
PAR  The present invention relates to electrostatic copy paper which has been
      modified to accept a greater static charge in the dark and to possess
      greater conductivity when exposed to light so that prints of better
      contrast, e.g., having darker images and brighter backgrounds, can be
      obtained therefrom.
PAR  The standard electrostatic copy paper comprises a sheet of electrically
      conductive paper having a surface coated with a layer of finely divided
      zinc oxide in a resin binder. Such a layer is insulating in the dark,
      because the resin is an insulator and the zinc oxide is non-conductive in
      the dark, and thus is able to retain an electrostatic charge. However,
      when the zinc oxide is exposed to light it becomes conductive and the
      electrostatic charge is discharged through the paper. If the charged paper
      is exposed to light reflected from a printed page, then only the unprinted
      areas of the printed page will reflect the light, and only the
      corresponding areas on the copy sheet will be exposed. Thus, the charge is
      retained in the unexposed areas that correspond to the print on the
      original and this charge can be used to attract and hold a printing powder
      which may be fixed, if needed to form a copy of the original printed page.
PAR  One problem with zinc oxide-coated papers is that when the paper is
      exposed, the zinc oxide-containing layer becomes inadequately conductive
      so that the electrostatic charge is not completely discharged. The
      residual charge attracts particles of printing powder producing a gray
      background. If the exposure is increased to whiten the background, then
      the printed areas become lighter. If the exposure is decreased to darken
      the printed areas, then the background becomes darker. In any event,
      little change in overall contrast is achieved.
PAR  As will be evident, anything that makes the zinc oxide layer a better
      insulator improves the darkness of the print at the expense of the
      whiteness of the background. Correspondingly, anything that makes the zinc
      oxide layer a better conductor improves the background whiteness at the
      expense of the darkness of the print. It is therefore surprising to find
      that the modified electrostatic copy papers of the invention have both an
      increased ability to accept and retain an electrostatic charge in the dark
      and a greater conductivity when exposed to light to provide improved print
      contrast.
PAR  In accordance with the present invention, a zinc oxidecontaining coating
      composition for electrostatic copy paper is modified by the incorporation
      of manganese salts in which the manganese is in the manganous or +2
      oxidation state. In the invention, the chloride and bromide salts are used
      since these, and especially the chloride salt are uniquely superior. The
      amount of manganese salt is small, from 50 to 400 parts per million
      (measured as manganese metal), based on the zinc oxide, but in these
      proportions there is provided a good balance between the increased
      retention of charge in the dark and conductance to discharge the charge
      when exposed to light providing improved contrast.
PAR  It should be recognized that the manganous salt can be added to the zinc
      oxide or to the binder resin solution. Appropriate proportions of salt in
      the binder resin solution are 250 to 4,000 parts per million of manganese,
      based on dry resin. This assumes a typical pigment to binder ratio of from
      5:1 to 10:1. Again, the preferred proportion within the range will vary
      with the salt selected. Also, the manganous salt may be incorporated into
      the photoconductive coating in various ways, e.g., by incorporating the
      salt into the resin solution or into the pigmented coating solution and
      even by applying the salt onto the zinc oxide prior to incorporation
      thereof into the coating solution.
PAR  It is desired to stress that the invention includes the organic solvent
      solutions of resin and manganous salt both before and after zinc oxide
      pigmentation as well as the broad step of incorporating the manganous salt
      in the photoconductive coating on the paper and the modified
      photoconductive paper which is produced.
PAR  While any film-forming organic resin may be used as the binder, some
      classes of resins are superior for the formation of photoconductive
      coatings, as follows:
PAR  1. copolymers containing a significant proportion of styrene, e.g., at
      least 3% by weight.
PAR  2. copolymers containing a significant proportion ofC.sub.1 - C.sub.20
      alkyl esters of acrylic, methacrylic and crotonic acids, e.g., at least
      30% by weight.
PAR  3. copolymers containing a significant proportion of vinyl acetate, e.g.,
      at least 30% by weight.
PAR  4. alkyd resin copolymerized with at least 30 % by weight of styrene. 30
PAR  5. mixtures of the foregoing.
PAR  Preferably, a significant proportion identifies a major proportion, e.g.,
      at least 50%.
PAR  The foregoing are illustrated by copolymers of styrene and 2-ethylhexyl
      acrylate in weight proportions of 70:30 to 30:70 to which may be added up
      to 3% by weight of an acid such as acrylic acid or methacrylic acid, and
      copolymers of ethyl acrylate and vinyl acetate in a weight ratio of 50:50.
      From the standpoint of an appropriate alkyd resin, a drying oil modified
      alkyd is used to enable copolymerization with styrene, this being
      illustrated by an alkyd formed of phthalic anhydride, glycerine, and
      linseed oil fatty acids in a mole ratio of 5 moles of phthalic anhydride,
      4 moles of glycerine, and 2 moles of linseed fatty acids, and
      copolymerized with 50 parts of styrene per 100 parts of oil modified
      alkyd.
PAR  Mixtures of the foregoing are illustrated by equiweight mixtures of any two
      or more of the different classes of materials noted, especial preference
      being had for a mixture comprising a copolymer consisting essentially of
      styrene and unsaturated ester as previously defined in admixture with a
      vinyl acetate containing copolymer. It is also broadly permissible to
      incorporate alkyd resins and aminoplast resins in the mixtures described
      hereinbefore.
PAR  The resin binder is preferably used in organic solvent solution in any of
      the common inert solvents such as toluene, benzene, xylene, methyl ethyl
      ketone, butanol, and mixtures thereof. A typical solvent system is
      exemplified by a 50:50 weight ratio mixture of xylene and toluene.
      Alcoholic solvents and especially n-propanol are desirably present in
      amounts of 5-40% based on the total weight of solvent, but larger amounts
      are not preferred.
PAR  The zinc oxide which is incorporated into the resin binder solution is
      preferably in an extremely fine state of subdivision as is well known in
      the art, a Hegman N. S. value of 5 in the pigmented resin solution being
      typical of preferred practice.
PAR  The proportion of zinc oxide in the biner solution may vary within broad
      limits, the only restrictions being that the amount must be sufficient to
      provide adequate conductivity in the film upon exposure to light and yet
      allow sufficient binder to maintain the integrity of the film. Broadly
      speaking, a zinc oxide to binder ratio of at least 4 to 1 and preferably
      of at least 5 to 1 is desirable to provide the desired conductivity upon
      exposure; however, a zinc oxide to binder ratio of up to 30 to 1 allows
      sufficient binder to maintain a degree of film integrity, although the
      ratio is preferably less than 10 to 1.
PAR  The photoconductive coating is also desirably formulated to include certain
      sensitizers to render the coatings adequately photoconductive over the
      range of visible light. Examples of sensitizers are sodium fluorescein,
      methylene blue, and brom phenol blue, these being merely illustrative and
      not forming any part of the present invention which does not directly
      depend upon the wave length of light used for exposure or the agents used
      as sensitizers.
PAR  The photoconductive coating is primarily intended to be applied from
      organic solvent solution; however, application from aqueous emulsion is
      also possible and is contemplated since the manganous salt in the final
      coating will function no matter how it is incorporated therein. The
      organic solvents used for the solvent solution application are the same as
      those noted hereinbefore.
PAR  The photoconductive coating solution is formulated to provide a high
      non-volatile solids content of at least 50% preferably at least 55%, but
      this is of secondary importance.
DETD
PAR  The invention will be illustrated in the Example which follows, it being
      understood that all parts are by weight throughout the present
      application.
PAC  EXAMPLE
PAR  A zinc oxide-resin binder coating composition is made by mixing, at a
      pigment to binder ratio of 6 to 1, zinc oxide and a solution copolymer
      composed of 69% styrene, 30% 2-ethylhexyl acrylate, and 1% acrylic acid in
      a xylene-toluene (50:50 weight ratio mixture) solvent. The coating
      composition is formulated to contain 60% non-volatile solids and is ground
      in a Waring Blendor to grind rating of Hegman N.S.-5. The coating is
      sensitized with 16 ppm brom phenol blue, 35 ppm sodium fluorescein, and 8
      ppm methylene blue, based on the zinc oxide. Three samples are produced at
      three different manganese salt concentrations, namely, 100 ppm. 200 ppm.
      and 400 ppm, based on zinc oxide, from a solution of manganous chloride.
      4H.sub.2 O (MnCl.sub.2 . 4H.sub.2 O) in n-propanol (4% concentration).
PAR  These three solutions are drawndown on a conductive base paper, dark
      adapted overnight in a 45-50% relative humidity environment, and evaluated
      for electrical and print quality. The electrical data compared against a
      control containing no manganous chloride appear in the following table:
TBL                EFFECTS OF MnCl.sub.2 ON ELECTRICAL PROPERTIES OF           

     ______________________________________                                    

     COATING                                                                   

     Level of                                                                  

     Manganese Charge               Coating                                    

     added as  Acceptance                                                      

                         Relative   Weight                                     

     MnCl.sub.2 (ppm)                                                          

               (Volts)   Speed.sup.(1)                                         

                                    (lb/3000 ft.sup.2)                         

     ______________________________________                                    

      0        550       0.57       21.5                                       

     100       580       0.82       20.7                                       

     200       583       0.73       20.6                                       

     400       555       0.74       19.8                                       

     ______________________________________                                    

      (1)Relative speed is a measure of the rate of the light decay of the     

      charged coated paper, extrapolated linearly to that of a sheet charged to

      a potential of 400 volts.                                                

PAR  Prints made from the maganous salt-containing photoconductive papers are
      superior as evidenced by increased image density and clearer background.
PAR  The invention is not to be construed by any abstract of disclosure, but its
      features are instead characterized in the description given hereinbefore
      and is defined in the claims which follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. An organic solvent solution coating composition comprising an inert
      organic solvent having dissolved therein a resin binder selected from the
      group consisting of:
PA1  1. copolymers containing at least 30% by weight of copolymerized styrene;
PA1  2. copolymers containing at least 30% by weight of C.sub.1 - C.sub.20 alkyl
      esters of copolymerized acrylic, methacrylic and crotonic acids;
PA1  3. copolymers containing at least 30% by weight of copolymerized vinyl
      acetate;
PA1  4. alkyd resins copolymerized with at least 30% by weight of styrene; and
PA1  5. mixtures of the foregoing; said solution further containing from 250 to
      4000 parts per million of manganese, based on the weight of the resin, in
      the form of manganous salt selected from the group consisting of manganous
      chloride and manganous bromide.
NUM  2.
PAR  2. An organic solvent solution coating composition as recited in claim 1
      further including finely divided zinc oxide present in a weight ratio with
      respect to said resin binder of from 4:1 to 30:1.
NUM  3.
PAR  3. An organic solvent solution coating composition as recited in claim 1 in
      which manganous salt is manganous chloride.
NUM  4.
PAR  4. An organic solvent solution coating composition as recited in claim 1 in
      which said organic solvent comprises from 5-40% of n-propanol, based on
      the total weight of solvent.
NUM  5.
PAR  5. An electrostatic copy paper comprising a sheet of electrically
      conductive paper having a surface thereof coated with a photoconductive
      coating, said coating comprising finely divided zinc oxide particles
      dispersed in an insulating resin binder, and said coating having
      incorporated therein from 50 to 400 parts per million of manganese, based
      on the weight of said zinc oxide, in the form of manganous salt selected
      from the group consisting of manganous chloride and manganous bromide.
NUM  6.
PAR  6. An electrostatic copy paper as recited in claim 5 in which said
      manganous salt is manganous chloride.
NUM  7.
PAR  7. an electrostatic copy paper as recited in claim 5 in which said
      photoconductive coating further includes a small proportion of dye
      sensitizers to improve sensitivity to visible light.
NUM  8.
PAR  8. An electrostatic copy paper as recited in claim 5 in which said zinc
      oxide is present in a weight ratio with respect to said resin binder of
      from 5:1 to 10:1.
NUM  9.
PAR  9. An electrostatic copy paper as recited in claim 5 in which said resin
      binder is selected from the group consisting of:
PA1  1. copolymers containing at least 30% by weight of copolymerized styrene;
PA1  2. copolymers containing at least 30% by weight of copolymerized C.sub.1 -
      C.sub.20 alkyl esters of acrylic, methacrylic and crotonic acids;
PA1  3. copolymers containing at least 30% by weight of copolymerized vinyl
      acetate;
PA1  4. alkyd resins copolymerized with at least 30% by weight of styrene; and
PA1  5. mixtures of the foregoing.
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ABST
PAL  Photographic process for the production of density profiles or transparency
      profiles in photographic layers comprising the steps: determination of the
      characteristic curve of the emulsion layer in the usual manner, graphic
      determination of the brightness distribution required for the subsequent
      exposure on the same photographic material, producing the brightness
      distribution determined in stage 2 by anamorphotic optical means and
      exposing the photographic material making use of this brightness
      distribution.
PARN
PAR  This is a continuation-in-part of application Ser. No. 251,966, filed May
      10, 1972 now abandoned.
BSUM
PAR  This invention relates to a process for the photographic production of
      distortion-free transparency or density profiles.
PAR  In many cases in the scientific and industrial fields one dimensional
      transparency or density distributions, such as screens for
      photolithography or photoengraving (also periodic rasters) are required
      for measuring or manufacturing purposes. Examples of pertinent screens and
      their applications are described in Ilford Graphic Arts Manual, pages
      254-267, 268-276 and 277-284. In some cases it is sufficient for a raster
      or screen to have only two degrees of transparency (e.g. black and white)
      but distributions or periodic rasters are frequently required to have a
      given transparency or density profile. Generally it is not difficult to
      produce the rasters with two degree one dimensional transparency or
      density distributions but certain profiles, including those of a periodic
      kind, are difficult to produce by conventional means and the production of
      complicated profiles is quite impossible.
PAR  The production of a new dimensional brightness distribution by optical
      means is known. Thus, Kinder (Zeitschrift fur Instrumentenkunde (1936),
      393-404) describes a number of known methods and suggests some new
      methods. See FIG. 260 of Mees, first edition, page 795, which shows five
      optical systems for obtaining graded exposures from a stepped diaphragm.
PAR  Hansen (Optik, 25 (1967), 273-278) describes a cylindrical lens arrangement
      with which any one-dimensional brightness distribution can be produced in
      a particularly well defined manner.
PAR  R. L. Lamberts and C. M. Straub, PSE, Vol. 9 (1965) page 331 ff. describe
      an equipment in which sinusoidal test pattern are produced by a similar
      variable area anamorphotic system and exposed on photographic layers for
      testing purposes. But because of the nonlinear characteristics of the
      photographic layers the developed images are not sinusoidal density
      patterns. See also G. Langner and R. Muller "Evaluation of Modulation
      Transfer Function" . This paper deals with the problem of eliminating
      distortions which are caused by the nonlinearity of the characteristic
      curve.
PAR  For industrial and scientific use, however, it is desirable and often
      necessary to have a material original e.g. on glass or a photographic
      film, either as a contact original or for making optical copies.
PAR  If a photographic layer is exposed to light the brightness distribution of
      which is produced by one of the above-mentioned anamorphotic arrangements
      and the layer is then developed, the density/exposure relationship
      determined by the characteristic curve of the photographic layer causes
      the transparency distribution obtained on development to be completely
      distorted so that it does not resemble the desired distribution and is
      therefore unusable.
PAR  In Mees-James, The Theory of the Photographic Process, 3. Edition, 1966,
      pages 482-483, the problems arising out of the nonlinearity of
      photographic layers are described exactly. But only the advice is given to
      look in data booklets on photographic films or papers to select a material
      that is likely to provide a close approximation of the ideal D - log E
      curve. In fact there exists no photographic material for which a linear
      relationship between brightness of exposure and density or transparency
      after development is given. Therefore by this way it is not possible at
      all to meet exactly a distinct desired density or transparency
      distribution.
PAR  It is an object of this invention to provide photographic processes for the
      production of originals and profile rasters, including both monochrome and
      polychrome profiles and rasters, with any given transparency distribution
      or any given density profile.
PAR  A photographic process for the production of density profiles or
      transparency profiles in photographic layers has now been found which is
      characterized by the following steps:
PA1  1. A photographic material containing at least one silver halide gelatin
      emulsion layer is exposed behind a photographic test wedge in the usual
      manner, the photographic properties of the layer is derived from the
      resultant image of the test wedge, the exposure being plotted on a linear
      scale along the abscissa and the transparency or density along the
      ordinate. For details of this exposure procedure see Mees "The Theory of
      the Photographic Process" . The McMillan Company, New York, N.Y., U.S.A.,
      First Edition, Chapter 19, particularly pages 773-778, in which the
      "exposure behind a grey step tablet" is described on pages 776 and 777 and
      in FIGS. 2 and 9 on pages 777.
PA1  2. On this graph, the desired transparency or density distribution is
      plotted as a function of the auxiliary space coordinate X and this
      distribution is reflected onto the characteristic curve obtained in Stage
      1 to determine the brightness distribution required for the subsequent
      exposure on the same photographic material.
PA1  3. The brightness distribution determined by reflection in Stage 2 is
      produced by suitable anamorphotic optical means and
PA1  4. This brightness distribution is used for exposing the same photographic
      material and the material is then developed with the same developer which
      was used for developing the photographic material in Stage 1 and then
      photographically processed in the usual manner.
PAR  In contrary to the advice in "Mees-James" to look for an approximately
      meeting material, which never hits exactly the desired curve, in the
      present process every photographic material may be used, because of the
      brightness distribution is converted in such a way that the desired
      density or transparency distribution on the photographic layer is
      obtained.
PAR  By the process according to the invention, the distortion which inevitably
      occurs due to the photographic properties of the photographic layer is
      substantially eliminated and the required transparency or density profile
      is obtained in the photographic layer.
DRWD
PAR  Novel features and advantages of the present invention will become apparent
      to one skilled in the art from a reading of the following description in
      conjunction with the accompanying drawings wherein similar reference
      characters refer to similar parts and in which:
PAR  FIG. 1 is a schematic diagram of an anamorphotic optical arrangement for
      producing brightness distribution in accordance with this invention;
PAR  FIG. 2 is an exposure model aperture for insertion in plane 2 of FIG. 1;
PAR  FIG. 3 is a graph illustrating the graphic method of determining the
      required brightness distribution in accordance with the process of this
      invention;
PAR  FIG. 4 shows the corrected exposure model obtained from the graphic
      determination shown in FIG. 3; and
PAR  FIG. 5 shows the characteristic curve of the photographic material
      determined by the process of this invention with density plotted along the
      ordinate X against exposure E plotted along the abscissa Y.
DETD
PAR  In practice the required brightness distribution is produced by use of an
      anamorphotic optical arrangement as shown for example, in FIG. 1. In this
      figure, the reference numeral 1 denotes a source of light, 2 denotes the
      exposure model aperture limitation arranged in the lens system to produce
      the required brightness distribution, 3 denotes an aperture system for
      adjusting the required height of profile, 4 denotes a lens system for
      varying the scale of the image and 5 denotes the image plane containing
      the photographic material on which the required brightness distribution is
      reflected, 6 denotes cylindrical lenses.
PAR  In this optical arrangement (FIG. 1) the cylindrical lenses 6 are
      orientated in such a manner to have an optical function only in the
      Y-section. In the X-section the cylindrical lenses are only flat glases
      without an optical focusing function. Therefore in the X-section plane 2
      is focused by the lens system 4 onto image plane 5. In the Y-section,
      where the cylindrical lenses have an optical activity, the model plane 2
      is not focused on the image plane 5, but plane 2 is focused in the lens
      plane 4, which means it is only effective as an aperture for lens 4 which
      defines the brightness on the image plane 5. By this a model like FIG. 2
      inserted in plane 2 effects in the X-section the image in plane 5 and the
      height (the Y-coordinate) of the model defines the brightness at any point
      of the X-coordinate. There exists a number of anamorphotic systems useful
      for this purpose. The system shown in FIG. 1 is only an example.
      Characteristically for a suitable optical anamorphotic system usable for
      the present process is, that the system has a plane in which one section
      is focused exactly on the image plane, while the other section, turned
      90.degree.in the optical axis, is only effective to the aperture of the
      focusing lens system.
PAR  The brightness distribution is determined by the design of the model 2. The
      brightness distribution of the image area 5 is determined by the height of
      the open section of the model 2 which, as can be seen in the vertical
      section (Y section), functions as an aperture diagram. FIG. 2 shows an
      example of a model for a periodic raster with a saw-toothed shaped
      brightness distribution. The linear rise in the Y-coordinate produces a
      linear brightness increase in the plane 5.
PAR  The characteristic curve of the photographic layer would normally produce a
      distortion so that the variation in the transparency of the layer would no
      longer reflect this linear rise. By the process according to the
      invention, the desired brightness or density distribution is obtained on
      the photographic layer by appropriately distorting the section cut out of
      the model. It is a characteristic property of photographic materials to
      produce images which do not exactly correspond to the original as regards
      the density scale between black and white. In other words there is no
      exact linearity between exposure and density (taking as a basis a linear
      scale and not a logarithmic scale; see e.g. Mees, First Edition, page 166,
      FIG. 61). This distortion is eliminated by steps 1-4 described on page 4
      of this specification. On exposing the photographic material in accordance
      with step 4, the exposure is distorted in such a way that the above
      mentioned distortion, which is characteristic for the photograpic
      material, is compensated. The result is a reproduction exactly in
      accordance with the original.
PAR  FIG. 3 shows stage 2 of the process of the invention, i.e. the graphic
      method of determining the required brightness distribution. In FIG. 3, the
      transparency in percent is plotted along the ordinate against the exposure
      E along the abscissa. Curve I shows the characteristic curve of the
      photographic material and Curve II a sinusoidal half period (transparency
      profile with modulation m = 0.6; modulation is defined as amplitude
      divided by average transparency). Curve II is reflected on Curve I. The
      required brightness distribution is obtained from Curve III. The exposure
      model used in the anamorphotic optical arrangement is represented by the
      shaded area for half a period.
PAR  To produce a periodic raster with a given profile, all that is required is
      to convert one period into the exposure profile (curve III of FIG. 3),
      duplicate this model shape photographically to the required number of
      periods and adjust it to a suitable size for the apparatus. In FIG. 3
      Curve I represents the characteristic curve of the photographic material,
      Curve II the desired transparency distribution curve of the required final
      raster and the shaded area delimited by Curve III represents the
      (transparent) model to be inserted in plane 2 of the anamorphotic system
      of FIG. 1. The diapositive may itself be used as model 2. After exposure
      in the image plane 5, a one-dimensional line raster of the required
      profile is obtained, the height of which is determined by the aperture
      boundary 3 and the scale of magnification of the lens system 4 Y section)
      of the optical arrangement of FIG. 1.
PAR  Any photographic material with the conventional arrangement of layers may
      be used for the process according to the invention. Both black and white
      photographic materials and colour photographic materials with one or more
      layers are suitable. It is preferable to use photographic materials which
      contain at least one silver halide emulsion layer with a gamma value of
      between 0.6 and 3.0. The only essential feature is that the photographic
      material used for the production of the transparency or density profile
      must have the same characteristic curve as that determined for the
      brightness distribution. It is, of course, preferable to use the same
      photographic material as that used for determining the brightness
      distribution. The photographic process itself is also not restricted in
      any way. Black and white developers may be used in the usual manner or,
      for the production of monochrome or polychrome transparency or density
      profiles, colour developers may be used. The only essential feature is
      that the same development process must be used for determining the
      characteristic curve of the photographic material and for the development
      of the photographic material on which the brightness distribution was
      reflected. The images obtained in accordance with the invention for
      example can be used as a pattern for making a transparent step wedge, a so
      called test wedge, which commonly is used for measuring the sensitivity of
      photographic materials. Other possibilities of use are standardized
      rasters of all kinds or other patterns for measuring or control equipment,
      further arrangements for controlling the brightness of light or
      photometric devices wherein grey wedges are used.
PAC  EXAMPLE 1
PAR  It is required to obtain a linear raster with sinusoidal transparency
      distribution with 10 periods and a period length of 2 mm. The depth of
      modulation of the raster should be 0.6 i.e. the maximum transparency must
      be 4 times the minimum transparency. For reproducing model 2 preferably a
      steep working photographic material is used. Suitable for example are
      photographic films having "Lith" type emulsions. Lith emulsions have a
      very short toe and can be developed to a very high gamma. Photographic
      materials of this sort are usual in the graphic art. Model 2 is a
      transparency (slide). The resultant image is a photographic image (in the
      present case a transparency) which contains the desired corrections. The
      above-mentioned linear raster can be used for testing purposes in
      equipment described in G. Langner and R. Muller "Evaluation of the
      Modulation Transfer Function of Photographic Materials" , The Journal of
      Photographic Science, vol. 15, 1967, Chapter 2.1, page 1.
PAR  As recording material a photographic material with a fine grained silver
      bromide gelatin emulsion layer is used, which has a widely variable gamma
      value when processed in the developer described below.
PAR  The bath used for development has the following composition:
PA1  750 ml of water,
PA1  1 g of sodium polyphosphate,
PA1  1 g of the sodium salt of ethylene diaminotetracetic acid,
PA1  90 g of sodium sulphite sicc.,
PA1  12 g of monomethylparaamidophenol sulphate,
PA1  9 g of sodium metabisulphite and
PA1  Water up to 1000 ml; pH 7.2.
PAR  One part of this solution is diluted with 5 parts water. The development
      time is 15 minutes, the development temperature 20.degree.C.
PAR  Since a given transparency distribution is required, the characteristic
      curve of this photographic material is determined for the given
      development process in known manner and plotted as transparency against
      exposure (FIG. 3, film fog equal to transparency 1.0). The required
      sinusoidal variation of transparency is entered over the auxiliary
      coordinate X so as to obtain the modulation 0.6 (.tau..sub.max = 0.9,
      .tau..sub.min = 0.225). The sine curve is reflected on the characteristic
      curve and converted into the required exposure curve E over the auxiliary
      coordinate X. The exposure E.sub.o is the threshold exposure and is used
      as the unit for the exposure axis. The shaded area in FIG. 3 is the
      aperture model 2 for a half period of the raster, which is converted by
      the above-mentioned step in such a manner that the distortion caused by
      the nonlinearity of the characteristic curve of the photographic layer in
      use (exposure versus transparency) is corrected exactly. This model is
      reproduced tenfold in known manner, e.g. photographically, and reduced in
      scale to such an extent that by taking in account the scale of the plane 2
      of the X-section containing the model, the length of a period in the image
      plane 5 of the optical apparatus will be 2 mm. The shaded area in FIG. 3
      must be transparent and the surroundings opaque.
PAR  When finished, the model 2 (shown with only 4 periods in FIG. 4) is
      inserted in the apparatus and the photographic film in the image plane is
      exposed so that after the given development the transparent maxima of the
      sinus raster will have the transparency value 0.9 (above the fog). The
      sinusoidal raster exactly fulfils the required conditions. FIG. 4 is
      identical with model 2, except that only four periods are shown instead of
      ten. As regards the brightness, the result corresponds to the model. The
      white (unshaded) peaks represent the brightest areas on image plane 5, and
      the shaded peaks (or white valleys) correspond to the darkest area on the
      image plane 5.
PAC  EXAMPLE 2
PAR  It is required to obtain a periodic line raster with saw-toothed shaped
      density rise up to a density of 3.0 above fog.
PAR  The saw-tooth section shown in FIG. 2 would only produce a linear
      brightness rise in the image plane 5, and moreover this linear rise would
      be distorted by the characteristic curve.
PAR  The same material is used as in Example 1. It is developed in a developer
      of the following composition:
TBL  p-methylaminophenol                                                       

                        7.5      g,                                            

     sodium sulphite    40.0     g,                                            

     hydroquinone       3.5      g,                                            

     sodium carbonate   30.0     g,                                            

     potassium bromide  3.0      g,                                            

     water              1000     ml.                                           

PAR  One part of this solution is diluted with 7 parts water. The development
      time is 5 minutes, the development temperature 20.degree.C.
PAR  Since a given density distribution is required, the characteristic curve is
      determined for the given combination of film and developer in known manner
      and plotted as density against exposure (in FIG. 5 the density of the film
      fog has been substracted). The required linear density rise above an
      auxiliary coordinate X up to a density of 3.0 is the straight line whose
      reflection on the characteristic curve I represents just this
      characteristic curve (density against exposure E). The shaded area III in
      FIG. 5 represents the model 2 which when used in the optical arrangement
      produces a linear density rise on the photographic film in the image plane
      5.
PAR  As described in Example 1, this model is duplicated in known manner to
      produce the required number of periods and the transparent model is then
      produced on an opaque background in a suitable size.
PAR  The photographic material is exposed through this model and developed. A
      periodic saw-tooth raster with the required profile is obtained.
PAR  If desired, any multi-coloured profiles and rasters can be produced by
      exposing a colour photographic material several times in succession to
      light of different colours through different models and then developing
      the material by a chromoganic development process. If desired, one or more
      of the exposures may be carried out with the colour film rotated 1 or more
      times in the image plane 5 about any angle to the optical axis of the
      apparatus so that two-dimensional, multiaxial multi-coloured profiles or
      raster are obtained.
PAR  The characteristic curve must be determined for each given process step and
      each of the different exposures to coloured light.
CLMS
STM  I claim:
NUM  1.
PAR  1. Photographic process for the production of density or transparency
      profiles in photographic layers, characterized by the following stages:
PA1  a. a photographic material containing at least one silver halide gelatin
      emulsion layer is exposed behind a photographic test wedge in the usual
      manner, the exposed photographic material is developed to produce a
      resulting image, the curve characterizing the photographic properties of
      the layer is deduced from the resulting image of the test wedge, the
      exposure being plotted along the abscissa on a linear scale and
      transparency or density along the ordinate;
PA1  b. on this graph, the required transparency or density distribution is
      entered as a function of the auxiliary space coordinate X and this
      distribution is reflected on the characteristic curve obtained in Stage
      (a) to determine the brightness distribution required for subsequent
      exposure on the same photographic material;
PA1  c. the brightness distribution obtained by reflection in Stage (b) is
      produced by suitable optical anamorphotic means in which the image plane
      along the auxiliary space coordinate X is substantially unfocused whereby
      it defines substantially only brightness and
PA1  d. to produce an image by using the obtained brightness distribution in the
      geometric shape of the desired profile on the same photographic material
      of stage a which is then developed with the same developer as that used
      for developing the photographic material in stage (a).
NUM  2.
PAR  2. Process according to claim 1, characterised in that the exposed
      photographic material for producing coloured raster profiles is processed
      by a dye incorporation colour development process.
NUM  3.
PAR  3. Process according to claim 1, characterized in that colour photographic
      materials are exposed to coloured light in the anamorphotic apparatus and
      then coloured developed.
NUM  4.
PAR  4. Process according to claim 3, characterised in that repeated exposures
      are carried out with differently coloured lights and different models.
NUM  5.
PAR  5. Process according to claim 4, characterised in that after each exposure
      to a coloured light, the photographic material is rotated through a
      certain angle around the optical axis of the anamorphotic apparatus.
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ABST
PAL  A light-sensitive material comprising a support carrying a coating of a
      phopolymerisable epoxy resin composition containing, as a photo-sensitive
      compound capable of catalyzing hardening of the epoxy resin, a diazonium
      salt soluble in organic solvents and whereof the cation is devoid of basic
      groups and the anion is selected from the following: difluorophosphate,
      phosphotungstate, phosphomolybdate, tungstogermanate, silicotungstate and
      molybdosilicate.
BSUM
PAR  This invention relates to light-sensitive materials of the kind comprising
      a support carrying a coating of a sensitized resin which, when exposed to
      light under a master, undergoes selective hardening in the areas which
      have been exposed to light. Such a material, when the support is of metal
      or is a suitable polymeric film, can be used to produce a printing plate
      by imagewise exposure, followed by removal by solvent of the unhardened
      unexposed areas of the coating and inking up with printing ink.
PAR  A material of this nature, in which the resin is an epoxy resin and the
      sensitiser is a benzene diazonium fluoroborate has been described in U.S.
      Pat. No. 3205157. Upon exposure to ultraviolet light the diazonium
      compound decomposes to liberate boron trifluoride, which acts as a
      catalyst to harden the epoxy resin in the exposed areas of the coating.
PAR  When a printing plate is to be made the support is often of metal, e.g.
      anodised aluminium. While the tough nature of the hardened epoxy resin is
      a factor promoting a long printing run, a long run cannot bee achieved
      unless there is good adhesion of the hardened epoxy resin to the metal.
PAR  The object of the invention is to provide a material based on an epoxy
      resin which gives improved adhesion of the hardened resin to a metal
      support and such that little or no heating is required to harden the resin
      in the exposed areas of the coating.
PAR  The invention is, in part, based on a consideration which, apparently, has
      not hitherto been appreciated. This is that amino and other basic groups
      should be avoided in the diazonium salt because, if such groups are
      present, the Lewis acid liberated upon decomposition of the diazonium salt
      tends to combine with such groups and no hardening of the resin can take
      place without heating the material to break up the resulting compound or
      complex.
PAR  The invention accordingly provides a light-sensitive material comprising a
      support carrying a coating of a photopolymerizable epoxy resin composition
      containing, as a photosensitive compound capable of catalyzing hardening
      of the epoxy resin, a diazonium salt soluble in organic solvents and
      whereof the cation is devoid of basic groups and the anion is selected
      from the following :- difluorophosphate, phosphotungstate,
      phosphomolybdate, tungstogermanate, silicotungstate and molybdosilicate.
PAR  Of the above-mentioned anions difluorophosphate, phosphotungstate and
      phosphomolybdate ions are preferred in that order, as providing most
      effective bonding of the hardened resin to a metal support, probably due
      to the phosphate content of the diazonium salt.
PAR  Preferably the diazonium cation is selected from 2,5- dimethoxy (or
      diethoxy)-4-p-tolylmercaptobenzene diazonium, 2,5-diethoxy (or
      dimethoxy)-4-benzamidobenzene diazonium, 2,5-diethoxy (or
      dimethoxy)-4-n-butylmercaptobenzene diazonium and
      2-N-methyl-Nethoxycarbonylamino-4-p-tolylmercapto-5-methoxybenzene
      diazonium. The preferred diazonium salt is
      2,5-dimethoxy-4-p-tolylmercaptobenzene diazonium difluorophosphate.
PAR  The diazonium salts containing these preferred cations have a high
      light-sensitivity and are sufficiently stable to have a reasonably long
      shelf life.
PAR  The coating will normally contain 2-15%, and preferably 8-10% of diazonium
      salt based on the weight of epoxy resin. Part of the latter may
      conveniently be an epoxylated novolak, produced by reaction of phenol
      formaldehyde with condensate epichlorhydrin, such as the material supplied
      as DEN 438 by Dow Chemical Company. This is a viscous liquid and should be
      used in admixture with another epoxy resin to provide a non-sticky
      coating.
PAR  The polymerized epoxy resin obtained on hardening is oleophilic and the
      material according to the invention is therefore well suited for the
      production of printing plates; e.g. offset lithographic plates or
      letterpress plates. By using as the support a metal foil bonded to an
      electrically non-conducting backing the material can be adapted for the
      production of photoresists for printed circuits. It can also be used for
      screen printing by using a screen as the backing.
PAR  The material may be used for the production of copies of an original by
      heating after exposure to render the unexposed and unhardened portions of
      the coating sticky and dusting on a pigment which adheres preferentially
      to these layers.
PAR  Suitable epoxy resins are Epikote 1001, 1004, 1007 and 1009 supplied by
      Shell Chemicals U.K.Ltd. and Araldite supplied by CIBA and also Epichlor
      supplied by the Dainippon Ink and Chemical Co.
PAR  These resins are soluble in a range of solvents including ketones, esters
      and glycol esters, either alone or in combination with diluents such as
      aromatic hydrocarbons and chlorinated hydrocarbons.
PAR  Polymerisation of the resin by the decomposition products of the complex
      diazonium salt is initiated by a short exposure to ultra violet light.
      After exposure polymerisation continues and in some cases may require up
      to 24 hours for completion. In such cases heat treatment for a short
      period at moderate temperatures considerably enhances the rate of
      polymerisation.
PAR  The photopolymerisable compositions may be cast, coated or extruded onto a
      support. Suitable supports include metals such as steel, copper, zinc or
      aluminium sheets or foils, plates and sheets of various film forming
      synthetic resins and polymers, paper and glass.
DETD
PAR  In the following Examples, exposure was in all cases to a 450 watt
      ultra-violet lamp at a distance of 24 inches.
PAC  EXAMPLE 1
PAR  An aluminium support which had been roughened by brushing was thinly coated
      with the following composition:
TBL  2,5-dimethoxy-4-p-tolylmercaptobenzene                                    

      diazonium phosphotungstate                                               

                                2.0 gm.                                        

     Epikote 1007 supplied by Shell Chemicals                                  

      U.K.Ltd.                  20.0 gms.                                      

     Methyl cyclohexanone      200.0 ml.                                       

PAR  The coating was dried for two minutes at 100.degree.C. The coated surface
      was then exposed to ultra-violet light for two minutes. The plate was then
      placed in an oven for a further 2 minutes at a temperature of 80.degree.C
      to increase the rate of curing.
PAR  The plate was then washed with methyl ethyl ketone to remove the parts of
      the coating which had not been exposed to ultra-violet light. A printing
      plate was obtained which yielded long runs.
PAC  EXAMPLE 2
PAR  A sheet of polyester sold under the Registered Trade Mark "Melinex" was
      pretreated as described in U.S. Pat. No. 1,061,784 and then coated with
      the following composition.
TBL  ______________________________________                                    

     2-(N-methyl-N-ethoxycarbonylamino)-4-p-                                   

      tolylmercapto-5-methoxybenzene diazonium                                 

      phosphotungstate          0.8 gms.                                       

     Epoxy resin D.E.R. 662 supplied by Dow                                    

      Chemical Company          9.0 gms.                                       

     Methyl ether of ethylene glycol acetate                                   

                               90.0 ml.                                        

     ______________________________________                                    

PAR  The film was dried for two minutes at 100.degree.C and exposed for four
      minutes to ultra-violet light through a master. The film was then put in
      an oven at 80.degree.C for two minutes. The film was developed by washing
      with the methyl ether of ethylene glycol acetate. A good relief image was
      obtained.
PAC  EXAMPLE 3
PAR  A 325 mesh silk screen was coated on both sides with the following coating
      composition:
TBL  2,5 diethoxy-4-p-tolylmercaptobenzene                                     

      diazonium difluorophosphate                                              

                               1.0 gm.                                         

     Methyl Isobutyl Ketone   40.0 ml.                                         

     Methyl ether of ethylene glycol                                           

      acetate                 60.0 ml.                                         

     Epichlor 1010 obtainable from the                                         

      Dainippon Ink Chemical Co.                                               

                               7.0 gms.                                        

PAR  The excess was removed from both sides of the screen and the coatings were
      then dried in an oven at 100.degree.C. The screen was then exposed under a
      master to ultra-violet light then heated at 80.degree.C for 2 minutes and
      the non-exposed portions of the coating were removed by washing with
      methyl cyclohexanone.
PAC  EXAMPLE 4
PAR  A copper foil laminated to an epoxy resin fibre glass board was cleaned and
      then coated with the following composition.
TBL  ______________________________________                                    

     2,5 diethoxy-4-benzamidobenzene                                           

      diazonium phosphotungstate                                               

                                1.5 gm.                                        

     Epikote 1004 supplied by Shell Chemicals                                  

      U.K. Limited              16.0 gms.                                      

     Methyl ether of ethylene glycol                                           

      acetate                  150.0 ml.                                       

     ______________________________________                                    

PAR  The copper coated foil was then dried and exposed through a master to
      ultra-violet light then heated at 80.degree.C for 2 minutes. The areas not
      exposed to light were removed by washing with methyl ethyl ketone. The
      exposed parts of the copper foil were then removed by etching with ferric
      chloride solution. The plate was then washed with distilled water and
      dried. The cured epoxy resin remaining on the unetched portions of the
      plate was removed by rubbing with a cloth moistened with pyridine.
PAC  EXAMPLE 5
PAR  A sheet of polyester sold under the Registered Trade Mark Melinex as
      described in U.S. Pat. No. 1,061,784 and spray coated with the following
      composition to give a dry coating thickness of 0.050 inch.
TBL  ______________________________________                                    

     2,5 diethoxy-4-benzamidobenzene diazonium                                 

      phosphotungstate         2.0 gm.                                         

     Methyl ethyl ketone      200.0 ml.                                        

     Epikote 1009 supplied by Shell Chemicals                                  

      U.K.Ltd.                 20.0 gms.                                       

     ______________________________________                                    

PAR  After drying and exposing to ultra-violet light beneath a master the coated
      sheet was cured in an oven for 3 minutes at 80.degree.C.
PAR  The non image areas were removed by washing with methyl ether of ethylene
      glycol acetate. After drying a plate suitable for letterpress printing was
      obtained.
PAC  EXAMPLE 6
PAR  Epikote 1001 is a solid melting at approximately 70.degree.C. A sample was
      melted and 2,5 dimethoxy-4-p-tolylmercaptobenzene diazonium
      difluorophosphate was dissolved in the melt which was then coated onto a
      sheet of polyester film sold under the Registered Trade Mark Melinex to
      give a thickness of 0.050 inch. The coating was cooled and allowed to
      solidify. The coating was exposed to ultra-violet light under a master,
      heated for 4 minutes at 80.degree.C and then developed by washing in
      methyl ethyl ketone.
PAR  A plate, suitable for letterpress printing was obtained.
PAC  EXAMPLE 7
PAR  A sheet of polyester film was thinly coated with the following solution:
TBL  2,5 dimethoxy-4-p-tolylmercaptobenzene                                    

      diazonium tungstogermanate                                               

                                0.5 gms.                                       

     Epikote 1001 supplied by Shell Chemicals                                  

      U.K. Limited             10.0 gms.                                       

     Methyl ethyl ketone       50.0 ml.                                        

PAR  The coating was dried and then exposed through a master to ultra-violet
      light for 2 minutes. The coating was then heated to a temperature above
      80.degree.C for 2 minutes. The areas not exposed to light became sticky
      and were made visible by dusting with a black pigment.
PAC  EXAMPLE 8
PAR  An anodised aluminium support was thinly coated with the following
      composition:
TBL  Epikote 1004 (Shell Chemicals)                                            

                               30 gm.                                          

     D.E.N. 438 (Dow Chem. Co.)                                                

                               10 gm.                                          

     2,5-dimethoxy-4-p-tolylmercaptobenzene                                    

      diazonium difluophosphate                                                

                                4 gm.                                          

     Pentoxone (4-methoxy-4-methyl pentan-2-one.)                              

                               200 ml.                                         

      (Shell Chemicals)                                                        

PAR  The coating was dried for 2 minutes at 80.degree.C and left to cool. The
      coated surface was then exposed under a negative master to ultra-violet
      light for four minutes. The plate was immediately developed by swabbing
      with a solvent mixture containing methyl ether of ethylene glycol
      acetate/isopropyl alcohol/phosphoric acid (45:45:10) to remove those parts
      of the coating not exposed to ultra-violet light. A printing plate was
      obtained which inked up well and gave good definition with no scumming.
PAC  EXAMPLE 9
PAR  An anodised aluminium support was thinly coated with the following
      composition:
TBL  Epikote 1004 (Shell Chemicals)                                            

                                20 gm.                                         

     2,5-dimethoxy-4-p-tolylmercaptobenzene                                    

      diazonium phosphotungstate                                               

                                2 gm.                                          

     Methyl ethyl ketone       100 ml.                                         

PAR  The coating was dried for two minutes at 80.degree.C and left to cool. The
      coated surface was then exposed under a master to ultra-violet light for 2
      minutes. The plate was placed in an oven at a temperature of 80.degree.C
      for a further 1 minute to increase the rate and degree of curing. The
      plate was developed by swabbing with the solvent developer as in Example 8
      to remove the unpolymerised areas. A printing plate was obtained which
      inked up well and gave good definition with no scumming.
PAC  EXAMPLE 10
PAR  A sheet of Melinex treated as described in U.S. Pat. No. 1061784 was coated
      with the following composition:
TBL  Epikote 1009 (Shell Chemicals)                                            

                               10 gm.                                          

     D.E.N. 438 (Dow Chem. Co.)                                                

                               30 gm.                                          

     2,5-diethoxy-4-benzamido benzene                                          

      diazonium difluophosphate                                                

                               2 gm.                                           

     Methyl ethyl ketone      200 ml.                                          

PAR  The film was dried and exposed for 2 minutes to ultra-violet light through
      a negative master. The film was developed by washing in a bath of methyl
      ethyl ketone. A positive polymeric relief image was obtained.
PAC  EXAMPLE 11
PAR  A sheet of Melinex as described in U.S. Pat. No. 1061784 was coated with
      the following solution:
TBL  Epikote 1001 (Shell Chemicals)                                            

                                  20 gm.                                       

     2-(N-methyl-N-ethoxycarbonylamino)4-p-tolylymer-                          

      capto-5-methoxy benzene diazonium                                        

      phosphomolybdate            2 gm.                                        

     Methyl ethyl ketone         100 ml.                                       

PAR  The coating was dried and exposed through a master to ultra-violet light
      for 2 minutes. The coating was then heated at 100.degree.C for 2 minutes.
      The areas exposed to light were polymerised. The areas not exposed to
      light became sticky due to the unpolymerised Epikote 1001 melting and were
      made visible by dusting with a black pigment.
CLMS
STM  We claim:
NUM  1.
PAR  1. A light-sensitive material comprising a support carrying a coating of a
      photopolymerisable epoxy resin composition and containing, as a
      photosensitive compound capable of catalyzing hardening of the epoxy
      resin, a diazonium salt soluble in organic solvents wherein the anion of
      said diazonium salt is difluorophosphate, said diazonium salt being free
      of amino groups and groups which would react with Lewis acids which are
      produced as a result of the decomposition of the diazonium salt.
NUM  2.
PAR  2. A light-sensitive material comprising a support carrying a coating of a
      photopolymerisable epoxy resin composition containing, as a photosensitive
      compound capable of catalyzing hardening of the epoxy resin, a diazonium
      salt soluble in organic solvents wherein the anion of said diazonium salt
      is phosphotungstate, said diazonium salt being free of amino groups and
      groups which would react with Lewis acids which are produced as a result
      of the decomposition of the diazonium salt.
NUM  3.
PAR  3. A material as claimed in claim 1, wherein the diazonium cation is
      selected from 2,5-dimethoxy (or diethoxy)-4-p-tolylmercaptobenzene
      diazonium, 2,5-diethoxy (or dimethoxy)-4-benzamidobenzene diazonium,
      2,5-diethoxy (or dimethoxy)-4-n-butylmercaptobenzene diazonium and
      2-N-methyl-N-ethoxycarbonylamino-4-p-tolylmercapto-5-methoxybenzene
      diazonium.
NUM  4.
PAR  4. A material as claimed in claim 2 wherein the diazonium cation is
      selected from 2,5-dimethoxy (or diethoxy)-4-p-tolylmercaptobenzene
      diazonium, 2,5-diethoxy (or dimethoxy)-4-benzamidobenzene diazonium,
      2,5-diethoxy (or dimethoxy)-4-n-butylmercaptobenzene diazonium and
      2-N-methyl-N-ethoxycarbonyl-amino-4-p-tolylmercapto-5-methoxybenzene
      diazonium.
NUM  5.
PAR  5. A material as claimed in claim 1, wherein the diazonium salt is present
      in the coating in an amount of 2-15% by weight of the weight of epoxy
      resin.
NUM  6.
PAR  6. A material as claimed in claim 1, wherein the diazonium salt is present
      in the coating in an amount of 8-10% by weight of the weight of the resin.
NUM  7.
PAR  7. A material as claimed in claim 1, wherein the diazonium salt is
      2,5-dimethoxy-4-p-tolylmercapto-benzene diazonium difluorophosphate.
NUM  8.
PAR  8. A material as claimed in claim 1, wherein part of the epoxy resin is an
      epoxylated novolak.
NUM  9.
PAR  9. A material as claimed in claim 1, wherein the support is of aluminium.
NUM  10.
PAR  10. A material as claimed in claim 1, wherein the support is a polymeric
      film.
NUM  11.
PAR  11. A material as claimed in claim 1, wherein the support is a silk screen.
NUM  12.
PAR  12. A method of making a printing plate, which comprises exposing to
      ultra-violet light under a master a material as claimed in claim 1 and
      developing the exposed material by removing the coating from the unexposed
      areas of the support by means of a solvent.
NUM  13.
PAR  13. A method of making a printed circuit, which comprises exposing to
      ultra-violet light under a master a material as claimed in claim 1 wherein
      the support is a metal foil mounted on an electrically insulating backing,
      removing the unexposed areas of the coating from the support by treating
      with solvent and removing by etching the bared areas of the metal foil.
NUM  14.
PAR  14. A photographic copying method, which comprises exposing to light under
      a master a material as claimed in claim 1, heating the exposed material to
      render the unexposed areas of the coating sticky and dusting pigment on to
      the material to effect adherence of the powder to the sticky areas.
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PAL  A resist mask, whose configuration is changed during processing, is formed
      by varying the exposure energy across a resist layer and then conducting
      successive development steps using developers having increasing solvent
      power to remove progressively more of the resist layer with each step.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the formation of resist masks and more
      particularly to a process for forming different resist mask patterns on
      integrated circuit substrates using a single exposure and multiple
      development steps.
PAR  The application of photolithography to the manufacture of microminiaturized
      integrated circuit components is well known in the art. A layer of resist
      material, which usually comprises a polymer with additives such as, for
      example, radiation sensitizers, plasticizers and adhesion promotors, is
      coated onto the substrate. The substrate can be either a semiconductor
      wafer from which integrated circuit chips are formed or a module used to
      support and interconnect the semiconductor integrated circuit chips. The
      resist layer is exposed patternwise to electromagnetic radiation such as,
      for example, light, gamma rays, x-rays, electrons, etc. in order to change
      the solubility of portions of the resist layer. The resist layer is
      developed with solvents which remove the more soluble portions of the
      layer and uncover parts of the substrate for processing. The substrate is
      then selectively treated by etching or deposition processes as is
      conventional in semiconductor component manufacture. It is often necessary
      to conduct such treatments in successive steps so that different portions
      of the substrate are exposed for each treatment. For example, a first
      resist layer is patterned, the exposed portions of the substrate
      processed, and the first resist layer is removed; the substrate is then
      coated with a second layer of resist, a different pattern is formed in the
      resist, which pattern must be carefully aligned with respect to the
      previously processed areas of the substrate, and the uncovered areas of
      the substrate processed. The second resist layer is removed and additional
      resist patterns are formed, as necessary, with each pattern having to be
      carefully aligned with all of the proceding patterns so that an operable
      device is produced. As the degree of miniaturization increases, the
      alignment problems also increase with a consequent decrease in yields of
      usable product. We have now discovered a process whereby the number of
      alignment steps is reduced.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a resist pattern is formed on a
      substrate by forming a layer of resist on the substrate and exposing the
      resist layer patternwise while varying the exposure energy across the
      pattern to form a plurality of exposed regions having differing solubility
      rates.
PAR  The differing solubility rates of portions of the resist layer are used to
      permit the successive removal of additional portions of the resist layer.
      In this way, the resist pattern is changed during the processing of the
      substrate without the need for supplying a new resist layer or an
      additional exposure step.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention, as illustrated in the accompanying
      drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a combination plan view and flow chart illustrating a processing
      sequence in accordance with the invention.
PAR  FIGS. 2A-2C schematically illustrate, with parts broken away, the formation
      of a graded exposure mask having areas of differing optical density which
      is suitable for carrying out the exposure step of one embodiment of the
      invention.
PAR  FIGS. 3A-3G are cross-sectional views of a metallized ceramic substrate
      illustrating an embodiment of the process of the invention.
PAR  FIGS. 4A-4G are cross-sectional views of a metallized ceramic substrate
      illustrating another embodiment of the process of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  A photochemical reaction is one that is sensitive to energy of radiation.
      Upon exposure to radiation in a specific wavelength region, the reaction
      begins and progresses until the radiation is removed or the reaction goes
      to completion. The degree of completion, then, depends upon the total
      amount of energy supplied to the photosensitive material during exposure.
      The variables of exposure include wavelength region, source intensity (I),
      optical density or percent transmission (%T) of the mask, and time of
      exposure (t). In a conventional photoprocess, these variables are adjusted
      to provide adequate energy to drive the reaction to completion. The
      process of the invention adjusts the variables to provide several energy
      values during a single exposure, thereby driving the reaction to varying
      degrees of completion. As a result, latent images are produced which can
      be selectively removed in developers of varying concentrations.
PAR  The energy of exposure can be expressed as follows:
EQU  E=I .times. %T .times. t
PAL  where:
PA1  E = exposure energy
PA1  I = source intensity
PA1  t = exposure time
PA1  T = transmission of the mask
PAR  Because the intensity of the source cannot easily be varied during a single
      exposure when using a photomask process, nor can the exposure time be
      varied across the substrate, a change in the exposure energy must depend
      on a variation in % transmission. This is achieved by fabricating a mask
      with areas of 0% and 100% T as for a normal mask and in addition, areas of
      intermediate % transmission. Such a mask, say of 0%, 30% and 100% T, when
      used with a positive resist, would provide areas of three different
      degrees of reaction completeness and thus three different degrees of
      solubility in a developer. Areas exposed through 100% T are easily soluble
      in a dilute developer. Areas exposed through 30% T would not be easily
      soluble in the dilute developer and will remain until exposed to
      concentrated developer. Those areas not exposed (0% T) would remain until
      the normal stripping procedure. Masks having more than one intermediate %
      transmission can be used with additional intermediate development steps to
      provide a plurality of resist patterns from one exposure.
PAR  The process parameters with respect to resist coating, resist thickness,
      prebaking and any pretreatments are determined normally as in conventional
      resist processes. To determine the exposure time, an optimum resist
      thickness is chosen depending upon the type of surface to be processed and
      the pattern resolution required as is known in the art.
PAR  Once an optimum resist thickness is chosen, an exposure time is determined
      which will result in adequate conversion. Exposure times using an
      ultraviolet source of 10,000 foot candles intensity normally will be from
      about 5 to 60 seconds. In the case of two development steps, the objective
      is to achieve two degrees of conversion during exposure by providing two
      exposure energies. In order to determine these energies, equation (1) is
      useful in the following form:
EQU  E/I = %T .times. t
PAL  There are three critical values of E/I which must be determined for a given
      resist thickness:
PA1  1. MINIMUM A, the minimum value at which the resist exposed at 100% T is
      soluble in dilute (30%) developer.
PA1  2. MINIMUM B, the minimum value at which the resist exposed at less than
      100% T is soluble in undiluted developer.
PA1  3. MAXIMUM B, the value at which the resist exposed at less than 100% T
      becomes soluble in dilute developer.
PAR  Minimum A is used to establish the minimum exposure time for a given resist
      thickness and given dilute developer. For example, for MINIMUM A, when an
      alkali soluble positive photoresist comprising a photosensitive
      composition including a diazoketone sensitizer, the
      2-diazo-1-oxo-naphthalene-5-sulfonic acid ester of
      2,3,4-trihydro-oxbenzophenone and a meta-cresol formaldehyde novolak resin
      having an average molecular weight of about 1,000 dissolved in a solvent
      of about 80% ethyl cellosolve acetate, about 10% n-butyl acetate and about
      10% xylene is spun at 2500 rpms on a chrome surface and developed in 30%
      developer, the value of E/I is 16 seconds (%), i.e., E/I = 16 seconds (%)
      = % T .times. t. Because E/I = 16 seconds (%) = 100% .times. t. Solving
      for t, it is obvious that 16 seconds is the minimum exposure time to
      render these areas soluble in 30% developer. The undiluted developer is an
      aqueous alkaline solution of about 5 % by weight solids comprising a
      mixture of meta-silicate and sodium phosphate, predominantly sodium ortho
      phosphate having a pH of about 13. The MINIMUM B and MAXIMUM B were
      determined to be 6.8 seconds (%) and 13.0 seconds (%) respectively. Using
      the equation and the minimum time of 16 seconds, the range of
      transmissions of the intermediate area may be determined:
PA1  Min b : e/i = 6.8 seconds (%) = % T .times. 16 seconds % T = 43
PA1  Max b : e/i = 13.0 seconds, (%) = % T .times. 16 seconds % T = 81
PAR  Thus for the above resist, spun at 2500 rpm, the minimum exposure time is
      16 seconds and the mask must include an intermediate optical density which
      lies between 43% T and 81% T.
PAR  The developers specified for the above parameters are 30% and 100%. The
      diluted developer was set arbitrarily at 30% as this increased process
      latitude. This concentration can be varied .+-. 5% with no noticeable
      processing effects using the above parameters. Parameters can be
      established in the same manner for other concentrations of developer for
      example from 30 to 70% dilution and for masks having two intermediate
      transmissions wherein the first intermediate development would be in from
      30-50% developer and the second intermediate development would be in for
      50-70% developer. It is necessary to point out that no line deterioration
      is noted in either the areas exposed through intermediate % T or in areas
      developed in dilute developer.
PAR  Prebaking is as it would be for a normal photoprocess. Postbake, however,
      must be eliminated until after the second development or eliminated
      completely. This is actually beneficial in eliminating a process step.
PAR  FIG. 1 illustrates a typical processing sequence. Substrate 1 is coated
      with a layer of photoresist 2 and then is exposed to form square area 3
      which is partially exposed and circular area 4 which is completely
      exposed. Layer 2 is then subjected to a dilute developer which removes
      layer 2 in area 4 to expose a portion 5 of substrate 1. Portion 5 can then
      be etched, metallized or have some other type of additive or subtractive
      process performed on it as is conventional in the art. Layer 2 is then
      subjected to concentrated developer which removes layer 2 in area 3 to
      expose portion 6 of substrate 1. Portion 6 of substrate 1 can then be
      etched, metallized or have some other type of additive or subtractive
      process performed on it. Portion 5, of course, will likewise be subjected
      to this second process step. The remaining resist layer 2 is then stripped
      from the substrate.
PAR  Turning now to FIGS. 2A to 2C, the formation of a tri-density mask 11 is
      illustrated. A glass plate 13 is coated with a silver halide emulsion
      layer 15. The layer 15 is exposed through 20 times artwork 12, patternwise
      for 25 seconds in the areas 17 where full exposure is desired. The layer
      15 is then exposed for about 25 seconds through 20 times artwork 14 in the
      heavily stippled areas 17 where full and the lightly stippled areas 19
      where partial exposure is desired. The plate is then developed
      conventionally to produce a graded mask 11 having fully exposed areas 17
      of ideally 0% transmission, partially exposed gray areas 19 of about 50
      percent transmission and unexposed clean areas 21 of ideally 100%
      transmission.
PAC  Example 1
PAR  FIG. 3 illustrates the formation of a fine metal conductor line ceramic
      substrate used for interconnecting semiconductor chips using the process
      of the invention. A chromium layer 21 having a thickness of about 1000
      Angstroms is deposited by vacuum evaporation on dielectric substrate 23
      which is typically glass or ceramic. In this example, a 92-99% alumina
      ceramic substrate is used. Next a copper layer 25 having a thickness of
      about 80,000 Angstroms and a second chromium layer 27 having a thickness
      of about 2,000 Angstroms are deposited by vacuum evaporation. It should be
      understood that other conductive metals such as, for example, silver,
      gold, tantalum, aluminum could be used to form layers 21, 25 and 27. On
      top of layer 27 is formed a layer 29 of photoresist. In this example, the
      layer 29 is formed of a positive acting resist which comprises a
      meta-cresol novolak resin of approximately 1,000 average molecular weight
      sensitized with a diazo ketone which is the
      2-diazo-1-oxo-naphthalene-5-sulfonic acid ester of
      2,3,4-trihydroxybenzophenone dissolved in a solvent consisting of about 80
      percent ethyl cellosolve acetate, about 10 percent n-butyl acetate, and
      about 10 percent xylene. The resist is spun onto substrate 23 at about
      2500 rpm to give a layer upon removal of solvent having a thickness of
      about 25,000A. Prebake is for 10 minutes at 95.degree.C. Layer 29 is then
      exposed to actinic radiation for 25 seconds through the tridensity mask
      (not shown) which is illustrated in FIG. 2C. The exposure is complete for
      heavily stippled area 30 and partial for lightly stippled areas 32 and 34.
      Layer 29 is then developed in alkaline developer which has been diluted to
      30% of normal strength with deionized water. The undiluted developer is a
      buffered aqueous alkaline solution of about 5 percent solids by weight
      having a pH of about 13.0 and comprising a mixture of sodium meta silicate
      and sodium phosphate predominantly ortho-phosphate. The development time
      is about 45-60 seconds and the unexposed portions 33 of layer 29 and the
      partially exposed portion 32 and 34 of layer 29 remain on chrome layer 27
      (FIG. 3C). The chromium and copper layers 25 and 27, which are unprotected
      by resist, are then etched away to produce the structure shown in FIG. 3D.
PAR  Suitable etchants for chromium are those which do not adversely affect
      unpostbaked resist. Such etchants are described, for example, in U.S. Pat.
      No. 3,639,185 and employ an aqueous solution of a salt of a weak organic
      acid and a strong base and an oxidizing agent. In this example, a mixture
      of about 6 grams of potassium permanganate and about 26 grams of anhydrous
      sodium carbonate in 100 ml of deionized water which gives a pH of between
      11 and 12 is used at a temperature of 30.degree.-45.degree.C. For copper,
      an etchant solution of 40 grams of ferric chloride and 0.001 ml. of 37%
      hydrochloric acid in 100 ml. of water is used at a temperature of about
      25.degree.-35.degree.C. The remaining resist layer is then developed with
      undiluted developer so that the partially exposed portions 32 and 34 are
      removed as shown in FIG. 3E. The exposed portions 37 and 39 of chromium
      layers 27 and 21 are then etched away using the selective permanganate
      etch to produce the structure shown in FIG. 3F having separated
      chrome-copper chrome islands 36 and 38 wherein the upper chromium layer 27
      has steps 41 and 42. This step structure forms suitable solder dams for
      the attachment of semiconductor chips to the islands and associated
      conductor lines on substrate 23 during a solder reflow operation. After
      the second etch, the remaining resist layer 29 is removed with a
      conventional stripping solvent, for example, a mixture of
      tetrachloroethylene, dichlorobenzene, phenol, and a Na alkyl naphthalene
      sulfonate surfactant as shown in FIG. 3G. The above method eliminates a
      second resist coating and exposing process to form the steps in layer 27,
      and the geometry of the steps is fixed by the single exposure so that
      alignment difficulties are avoided.
PAR  In Example 2, a combination of etching and deposition is illustrated to
      provide pads for either wire or chip bonding.
PAC  Example 2
PAR  Turning now to FIG. 4A, ceramic substrate 51 which could be ceramic, glazed
      ceramic, or multilayer ceramic has a layer 53 of chromium and a layer 55
      of copper coated thereon. A layer 57 of positive photoresist is coated on
      top of the copper layer 55. The photoresist is then exposed through a
      multiple density mask so that heavily stippled areas 59 are completely
      exposed, areas 61 are unexposed and lightly stippled area 63 is partially
      exposed as shown in FIG. 4B. The fully exposed areas are then removed by
      development in dilute solvent to expose areas 65 of the copper layer 55.
      (FIG. 4C) The unprotected copper and chrome layers are removed by etching
      to leave pads 69 and 70 still protected by resist layer 57 (FIG. 4D). The
      remaining resist is then developed with stronger solvent which removes
      partially exposed area 63 to expose surface 73 of copper layer 55 (FIG.
      4E). Gold 71 is then plated on the exposed surfaces 73 of copper layer 55
      (FIG. 4F). The remaining resist is then stripped to leave chrome copper
      pad 70 suitable for chip joining and gold coated chrome copper pads 69 for
      wire bonding.
PAR  The variable energy exposure can also be accomplished by limiting the
      wavelengths of exposure to low energy wavelengths in certain areas such as
      by using a colored mask. Where scanning radiation is employed such as by
      beams of light, atomic particles, or electrons, it is possible to achieve
      variable energy exposure by controlling either or both the beam intensity
      and the exposure time.
PAR  The use of cross-linking negative resist processes is also within the
      perview of the process of the invention in which case the critical
      differential in solubility is between the unexposed and partially exposed
      resist. The partially exposed areas require sufficient cross-linking
      energy so that they will be retained during the first development step
      which removes the unexposed portions of the resist.
PAR  Although the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A resist process comprising:
PA1  a. forming a resist layer on a substrate,
PA1  b. exposing said layer patternwise while varying the exposure energy across
      the pattern to form a plurality of exposed regions in said layer having
      differing solubility rates,
PA1  c. developing said resist layer with a first developer so as to remove the
      portions of said layer having the greatest solubility rate from said
      substrate and form a resist mask having a first configuration,
PA1  d. subjecting the exposed portions of said substrate to a first additive or
      subtractive treatment with the remainder of said resist layer acting to
      protect the covered portions of said substrate from the treatment,
PA1  e. developing the resist layer with a second, more concentrated, developer
      so as to remove the patterns of said layer having the next greatest
      solubility rate from said substrate to form a resist mask having a second
      configuration,
PA1  f. subjecting the exposed portions of said substrate to a second additive
      or subtractive treatment with the remainder of said resist layer acting to
      protect the covered portions of said substrate from said treatment.
NUM  2.
PAR  2. The process of claim 1 wherein the exposure step comprises the step of
      exposing said layer through a graded mask having areas of differing
      optical density to the transmittal of light.
NUM  3.
PAR  3. The process of claim 1 wherein said substrate is a dielectric material
      which is coated with an electrically conductive layer.
NUM  4.
PAR  4. The process of claim 3 wherein said first and second treatments are
      etching steps to remove portions of said electrically conductive layer.
NUM  5.
PAR  5. The process of claim 3 wherein said first treatment is an etching step
      and said second treatment is a plating step.
NUM  6.
PAR  6. The process of claim 1 wherein said substrate is a semiconductor device.
NUM  7.
PAR  7. The process of claim 2 wherein the resist is an alkali soluble positive
      acting resist containing a meta-cresol formaldehyde novolak resin having
      an average molecular weight of about 1,000, and a sensitizer which is the
      2-diazo-1-oxo-naphthalene-5-sulfonic acid ester of
      2,3,4-trihydroxybenzophenone and said developers are aqueous alkaline
      solutions with said first developer being more dilute in that it contains
      a lower solids content by weight of alkaline material than said second
      developer.
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PAL  Disclosed is a method for forming a visible image. The method involves
      exposing in an imagewise manner a mixture of a halogenated polymer having
      halogen atoms on alternating carbon atoms and a strong organic electron
      acceptor to actinic radiation to induce dehydrohalogenation of the
      polymer. The exposed composition is then subjected to heat in order to
      provide a visible image.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Straight chain polymeric molecules containing chlorine and hydrogen on
      alternating carbon atoms are known to dehydrohalogenate when exposed to
      ultraviolet light. This process begins with the generation of free
      radicals on the molecule with the subsequent formation of polyenes which
      absorb visible light. The use of this system for imaging is of only
      limited value since it requires extensive radiation to cause appreciable
      dehydrohalogenation. In order to provide a feasible photoimaging process,
      the above-described process must be accelerated so that the image is
      formed in a reasonable period of time upon irradiation.
PAR  Adding chemical components to the halogen containing polymer increases the
      rate of dehydrohalogenation. Owen and Bailey disclose in the Journal of
      Polymer Science, Vol. 10, (113-122, 1972) that benzophenone will
      photosensitize the degradation of polyvinyl chloride. This reference
      states that among the most important characteristics of benzophenone is
      its ability to abstract a hydrogen atom from a donor. It has also been
      proposed that a Friedel-Crafts catalyst be used to promote the
      dehydrohalogenation; however, this type of inorganic catalyst is not
      readily combinable with the organic polymer. A series of patents, i.e.
      U.S. Pat. Nos. 2,772,158; 2,789,052 and 2,789,053, disclose the use of
      Friedel-Crafts type catalyst progenitors, which are more compatible with
      the polymer, to solve this problem. Of course, such a system requires the
      inclusion of at least two separate species to form the Friedel-Crafts type
      catalyst in situ with the consequent increased difficulty in formulation
      inherent in such a two component system. In addition, the Friedel-Crafts
      progenitors proposed, e.g. aluminum stearate, tend to cloud the
      composition and provide, at best, films which are translucent.
PAR  It is disclosed by Kotov et al, In Doklady AN SSSR, Vol. 159, pp. 640-643
      that polyvinyl chloride in combination with an electron acceptor such as
      chloranil will become colored upon irradiation with ionizing radiation,
      e.g. gamma or beta radiation, from 77.degree.-133.degree.K. However, this
      reference also discloses that the addition of acceptor impurities inhibits
      the coloring of the thawed polymer upon irradiation.
PAR  It is disclosed by Loan in Polymer Preprints, Vol. II, No. I, page 224,
      1970, that tetracyanoethylene increases the rate of thermal
      dehydrochlorination of polyvinyl chloride with subsequent blackening of
      the polymer. These experiments were carried out at ca. 160.degree.C. and
      would not be suggestive of an imaging process due to the generalized
      nature of the darkening.
PAR  It would be desirable, and it is an object of the present invention, to
      provide a novel high gain imaging system.
PAR  It is another object to provide such a system which is based upon the
      dehydrohalogenation of a chlorine, bromine, or iodine containing polymer.
PAR  A further object is to provide such a system which is not hindered by free
      radical quenching as is the case with systems employing benzophenone as
      the dehydrohalogenation promotor.
PAR  An additional object is to provide a system which rapidly
      dehydrohalogenates upon exposure to actinic radiation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a method for the formation of a photographic
      image. The method involves:
PA1  a. exposing to actinic radiation in an imagewise manner a composition
      consisting essentially of:
PA2  1. a polymeric molecule containing units characterized by the formula:
      ##EQU1##
      wherein X is chlorine, bromine or iodine; Y and Y' are X or hydrogen and Z
      is Y or an alkyl, aryl or alkaryl constituent containing from 1 to 8
      carbon atoms, and n and m are integers from 0 to 100; and
PA2  2. a strong organic electron acceptor; and
PA1  b. heating the so-exposed composition to a temperature and for a time
      sufficient to form a visible image in the exposed areas without causing
      image formation in the non-exposed areas.
PAC  DETAILED DESCRIPTION
PAR  Polymers useful in the present invention are those which contain units of
      the formula:
      ##EQU2##
PAR  In the above formula, X is chlorine, bromine or iodine; Y and Y' are X or
      hydrogen, and Z is Y or an alkyl, aryl or alkaryl constituent containing
      from 1 to 8 carbon atoms.
PAR  The symbols n and m represent numbers which designate the relative mole
      percent composition of the individual units in the polymer and can vary
      from 0 to 100 with the sum of n percent and m percent being 100. Thus,
      when Y is hydrogen and n is 100, the formula depicts a polyvinyl halide,
      e.g. polyvinyl chloride, when X is chlorine. When Y' is X, Z is H and m is
      100, a polyvinylidene halide is depicted. When Y and Y' are as defined
      above, and n and m are numbers between 0 and 100 percent, a copolymer of a
      vinyl halide and a vinylidene halide is depicted. The polymers useful in
      the instant invention can also be substituted with organic constituents
      such as when Z is an alkyl, aryl or alkaryl radical. Examples or organic
      constituents which Z represents include methyl, ethyl, propyl, butyl,
      octyl, phenyl, substituted phenyl, methyl phenyl and ethyl phenyl.
      Corresponding to the above formula, any polymer containing chlorine,
      bromine or iodine which will dehydrohalogenate to provide at least 2
      conjugated double bonds per molecule may be used. In addition to the
      above-described polymers, the chlorinated rubber known as Parlon can be
      used in the instant process. The halogen containing unit can be
      copolymerized with other monomeric units such as vinyl acetate, ethylene,
      propylene, methyl acrylate, ethyl acrylate, methyl methacrylate, ethyl
      methacrylate, styrene, .alpha.-methyl styrene, ring substituted styrenes
      and acrylonitrile.
PAR  Suitable electron acceptors are those organic compositions which have .pi.
      electron systems which are either on or conjugated with 2 or 3, preferably
      4, electron withdrawing groups. Electron withdrawing groups which are
      suitable for this purpose include, for example, cyano (CN), nitro
      (NO.sub.2), chloro (Cl), bromo (Br) and trifluoromethyl (--CF.sub.3).
PAR  Specific examples of organic electron acceptors useful in the present
      invention include tetracyanoethylene, dichloro dicyano benzoquinone,
      cyanil, chloranil, bromonil, tetracyanoquinodimethan, and 2,4,7
      trinitrofluoronone. These electron acceptors, which do not function as
      photosensitizers or hydrogen abstractors, are readily compatible at levels
      required for the instant process with the halogenated polymers previously
      described. Furthermore, they provide stable compositions when admixed with
      the polymer in that the polymer in admixture with the electron acceptor
      will not readily dehydrohalogenate in the absence of actinic radiation.
PAR  The electron acceptor is usually added to the polymer in a small but
      effective amount. As used herein, an effective amount is that which will
      increase the rate of dehydrohalogenation of the polymer to a noticeable
      extent. This amount will vary with the polymer, electron acceptor,
      wavelength of radiation and temperature but will be readily apparent to
      the art skilled with only routine experimentation. Typically, the electron
      acceptor will comprise at least about 0.01 weight percent of the polymer
      with an amount within the range from 0.05 to 5 weight percent being
      preferred. Larger amounts can be used, but normally would not be for
      economic reasons. Additionally, at higher concentrations of the acceptor,
      phase separation may occur. The composition can contain components other
      than the polymer and electron acceptor so long as these materials do not
      significantly interfere with the dehydrohalogenation of the polymer. Thus,
      it would be necessary to remove stabilizers from the polymer prior to
      casting the film, only if the stabilizers were of the type which would
      interfere with dehydrohalogenation in the environment of the film being
      irradiated.
PAR  The halogenated polymer and electron acceptor are prepared for use by
      mixing in a suitable solvent, casting the so-formed solution on a suitable
      substrate and evaporating the solvent. Suitable solvents are those liquid
      compositions which dissolve both the polymer and electron acceptor. Useful
      solvents include tetrahydrofuran (THF), acetone, carbon disulfide and
      methyl ethyl acetone. Exemplary of substrates upon which the solution may
      be cast are mylar, glass, metals, and coated papers. After casting the
      solution on a suitable substrate, the solvent is evaporated either at room
      temperature or slightly elevated temperatures.
PAR  At this point, the composition is ready for imaging which is accomplished
      by subjecting it to actinic radiation in an imagewise fashion, i.e.
      irradiating the film in those areas in which the image is desired. This is
      normally done by laying a stencil or negative having both areas which are
      opaque and transparent to the radiation over the film and directing the
      radiation through this layer to the film.
PAR  Actinic radiation, as used herein, as intended to refer to electromagnetic
      radiation having wavelengths greater than 200 nm with sufficient energy to
      promote dehydrohalogenation of the polymer. The wavelengths will vary
      depending on the absorption maximum of the polymer being used. For
      example, polyvinylidene chloride, polyvinyl bromide and polyvinyl iodide
      will dehydrohalogenate upon exposure to longer wavelengths than will
      polyvinyl chloride. The wavelengths at which various polymers
      dehydrohalogenate are either well-known or can be readily determined by
      those skilled in the art. Normally, the radiation will be in the
      ultraviolet range with wavelengths of 200 to 350 nm being typical.
PAR  After irradiation, the film is heated to develop the image. The heating
      step is necessary to enhance the dehydrohalogenation initiated by
      irradiation. The heating is carried out at a temperature and for a time
      sufficient to produce the desired image. The time and temperature will
      depend on the specific composition being imaged as well as the intensity
      and duration of irradiation. In addition, time and temperature will vary
      with each other in an inverse relationship. Typical temperatures are from
      room temperature to 150.degree.C. with a temperature in the range of from
      80.degree. to 125.degree.C. being preferred. Image formation will normally
      be complete in about 0.5 to 1.5 minutes at temperatures within the
      preferred range. During heating, care should be taken not to raise the
      temperature to a level at which the background, i.e. non-exposed areas,
      will thermally dehydrohalogenate.
PAR  Dehydrohalogenation should be carried out to a point at which the resulting
      polyene contains at least about 7 conjugated double bonds per molecule in
      order to provide a visible image using ordinary light. When fewer than
      about 7 conjugated double bonds are formed, ultraviolet readout is
      necessary. While the invention is not predicated to any particular theory
      and should not be limited thereto, it is believed to operate in the
      following manner, wherein, for illustration, the polymer is polyvinyl
      chloride and the electron acceptor is tetracyanoethylene (TCNE).
DETD
PAR  The method of practicing the present invention is further illustrated by
      the following examples in which all percentages are by weight unless
      otherwise specified.
PAC  EXAMPLE I
PAR  Reprecipitated and inhibitor free polyvinyl chloride (PVC) 99 percent in
      tetrahydrofuran (THF) is mixed with 1 percent tetracyanoethylene (TCNE)
      and coated on a microscope slide. A control of PVC without TCNE is
      similarly prepared. Both samples are irradiated with a short wavelength 10
      watt input ultraviolet "mineral light" produced by Ultraviolet Products,
      Inc., San Gabriel, California, for 10 minutes at which time examination of
      each sample indicates no visible change.
PAR  Both control and test sample are heated to a temperature of 120.degree.C.
      by means of a heat gun for 5 minutes after which time a visible image is
      detected in the TCNE treated sample which turned light brown in the
      exposed area while no visible change is observed in the control.
PAR  Both the control and imaged sample were allowed to stand at room
      temperature in the presence of daylight and fluorescent lighting for 12
      months and found to be stable over this period.
PAC  EXAMPLE II
PAR  A copolymer of vinyl chloride and vinylidene chloride (sold by the Dow
      Chemical Company of Midland, Mich., as Saran 130) is precipitated from THF
      by methanol to remove its stabilizer.
PAR  The Saran 130 is then mixed with 1 percent TCNE and cast into a film from
      its 10 percent solution in THF. The film is exposed to UV light and heated
      with a heat gun as in Example I. An image appears upon heating which has
      color intensity greater than that observed in the TCNE sensitized polymer
      of Example I.
PAC  EXAMPLE III
PAR  A polyvinyl chloride solution is prepared as in Example I except that
      chloranil is used as the electron acceptor at the 2 weight percent level.
      The solution is cast upon the substrate and the solvent evaporated. The
      film is irradiated as previously described for a 20 second period. The
      resulting image is good; however, a green color is observed upon heat
      development.
PAC  EXAMPLE IV
PAR  The procedure of Example I is repeated except that the electron acceptor is
      tetracyanoquinodimethan (TCNQ) at the 2 wt. percent level. The films image
      well; however, heat development is difficult due to the reactivity of TCNQ
      and PVC.
PAC  EXAMPLE V
PAR  Samples of PVX where X is chlorine or bromine are dissolved in
      tetrahydrofuran to provide 10 percent solutions. To these solutions is
      added TCNE at the 2 percent level. The solutions are then cast upon
      microscope slides to provide thin films which are irradiated for 15
      minutes with the UV light source described in Example I. A dark
      brown-black image is observed on the PVB coated slide without heating it
      above room temperature. A significantly less intense image is observed
      upon heating the PVC coated slide.
PAR  Irradiation of the PVB coated slide for 15 seconds requires heat
      development before a visible image is observed; thus, confirming the
      inverse relationship of irradiation time with heat development time.
      Irradiation of PVB and PVC containing no TCNE gives no visible image upon
      15 minutes of irradiation even with subsequent heating.
PAC  EXAMPLE VI
PAR  Films of polyvinyl chloride containing TCNE, benzophenone, and a mixture of
      TCNE and benzophenone are prepared as in Example I. Each PVC film contains
      an equimolar amount of each additive (2.56 percent TCNE and 3.64 percent
      benzophenone).
PAR  The films containing benzophenone and a mixture of benzophenone and TCNE do
      not form visible images upon irradiation for 15 minutes and subsequent
      heating. Under similar circumstances, the PVC film containing only TCNE
      forms a visible image.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming an image which comprises:
PA1  a. exposing to actinic radiation in an imagewise manner a composition
      consisting essentially of:
PA2  1. a polymeric molecule containing a number of units characterized by the
      formula:
      ##EQU4##
      wherein X is chlorine, bromine, or iodine, Y and Y' are X or hydrogen and
      Z is Y or an alkyl, aryl or alkaryl constituent containing from 1 to 8
      carbon atoms, and n percent and m percent are numbers from 0 to 100
      representing the relative mole percent composition of the individual units
      in the polymer, sufficient to provide at least 2 conjugated double bonds
      upon dehydrohalogenation; and
PA2  2.
NUM  2.
PAR  2. a strong organic electron acceptor which is a composition having .pi.
      electron systems either on or conjugated with 2, 3 or 4 electron
      withdrawing groups selected from the group of cyano (CN), nitro
      (NO.sub.2), chloro (Cl), bromo (Br) and trifluoromethyl (--CF.sub.3); and
PA1  b. heating the so-exposed composition to a temperature and for a time
      sufficient to form a visible image in the exposed areas without causing
PAR   image formation in the non-exposed areas. 2. The method of claim 1 wherein
      Y is hydrogen and n percent is 100 and m percent is 0.
NUM  3.
PAR  3. The method of claim 2 wherein X is chlorine.
NUM  4.
PAR  4. The method of claim 2 wherein X is bromine.
NUM  5.
PAR  5. The method of claim 1 wherein Y' is X, Z is H, m percent is 100 and n
      percent is 0.
NUM  6.
PAR  6. The method of claim 5, wherein X is chlorine.
NUM  7.
PAR  7. The method of claim 1, wherein Y is hydrogen, Y' is X, Z is H and n
      percent and m percent are integers between 0 and 100.
NUM  8.
PAR  8. The method of claim 7, wherein X is chlorine.
NUM  9.
PAR  9. The method of claim 1, wherein the electron acceptor is present in an
      amount of from 0.05 to 5 weight percent of the polymer.
NUM  10.
PAR  10. The method of claim 1, wherein the radiation is ultraviolet light
      having a wavelength of from 200 to 350 nm.
NUM  11.
PAR  11. The method of claim 1, wherein the exposed composition is heated to a
      temperature up to 150.degree.C.
NUM  12.
PAR  12. The method of claim 11, wherein the temperature is from 80.degree. to
      125.degree.C.
NUM  13.
PAR  13. The method of claim 1 wherein the electron acceptor is
      tetracyanoethylene, dichloro dicyano benzoquinone, cyanil, chloranil,
      bromonil, tetracyanoquinodimethan or 2,4,7-trinitrofluorenone.
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ABST
PAL  An improved photographic processing system and process are provided. The
      system includes a novel photographic recording medium comprising a layer
      of silver halide emulsion, a barrier layer disposed on a surface thereof,
      the barrier layer being soluble in aqueous alkali but insoluble in water
      and acidic media, and an acidic developer disposed as a layer on the outer
      surface of the barrier layer or mixed therewith. The developer is
      activatable at an alkaline pH. A novel processing web comprising a support
      containing an alkali and a free water source is also provided, which web
      is adapted for contacting the layer containing developer to initiate
      development of the silver halide. The developer thus is isolated from
      alkali and from the emulsion prior to developing. The process includes
      exposure of the recording medium, followed by the described contacting for
      development of a visible image. Nucleating and complexing agents can be
      included in the web, to remain with the web, to provide a positive print
      by diffusion transfer and/or to aid in stabilization of the photographic
      emulsion.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention generally relates to a photographic processing system
      and process, more particularly to a system and process which isolate a
      silver halide emulsion, developer and alkaline activator until development
      is carried out.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  In the usual photographic process, a silver halide emulsion is exposed to a
      light pattern, then developed by the application thereto of an alkaline
      solution of developer, after which a liquid stabilizer or fixer renders
      the developed image permanent. Such a two step procedure is time
      consuming. Accordingly, one step processes have been investigated which
      generally employ a monoweb, that is, a web which may contain developer,
      alkaline activator for the developer and fixer. The web contacts the
      exposed silver halide emulsion to accomplish the desired eveloping and
      fixing in a single step. Such monowebs are subject to deterioration of the
      developer, since it is in an alkaline environment and therefore subject to
      atmospheric oxidation. Moreover, reaction between the developer and fixer
      may occur before use of the monoweb, contributing to a short shelf life.
PAR  Other monowebs have been employed which contain only the alkaline
      activator, while the recording medium comprises a silver halide emulsion
      directly over which is coated a layer containing both the developer and
      the fixer. The recording media in such systems are subject to fogging due
      to premature reaction between the developer and the silver halide.
      Moreover, reaction between the fixer and developer may occur. Accordingly,
      the shelf life of such recording madia is short.
PAR  Attempts to separate the silver halide, developer and fixer through the use
      of gelatin layers have been largely ineffective, in part due to
      difficulties in joining the layers while controlling the effectiveness of
      the reagents.
PAR  It would be desirable to provide a simple one step system having a minimum
      of components but long shelf life and capability of being carried out
      rapidly and efficiently on a commercial scale through the use of simple
      apparatus.
PAR  The improved photographic processing system of the present invention and
      the improved photographic process employing such system satisfy the
      foregoing needs. The system employs a novel photographic recording medium
      and a novel processing web. THe medium includes a barrier layer which
      isolates the silver halide from developer prior to developing. The barrier
      layer is characterized by being insoluble in water and acidic media but
      soluble in aqueous alkaline media. The developer is mixed with the barrier
      material or coated as a separate layer thereon. Since the developer is
      carried on the recording medium in an acidic environment, it is
      effectively protected from deterioration. The alkaline activator is
      carried on the processing web, along with any fixer to be used. When the
      web contacts the developer, the activator activates the developer and
      causes penetration of the developer through the barrier layer material to
      effect the desired development. Fixer from the web then renders the
      developed image permanent.
PAR  Contacting of the developer-containing layer with the processing web can be
      accomplished through simple automated apparatus using conventional guide
      rollers, pinch rollers and drive equipment. The processing web usually
      carries free water so that the activator is an aqueous alkaline solution.
      However, a free water-yielding material in the web can be used to yield
      free water on heating or to react with one or more components of the
      developer layer to release free water and provide the aqueous alkaline
      activator solution during contacting. Accordingly, the desired
      photographic processing can be accomplished very simply and effectively.
      Details of the process and system are set forth in the following specific
      description and accompanying drawings.
PAR  Prior art includes the following U.S. Pat. Nos.: 2,543,181, 2,572,357,
      2,992,102, 3,248,219, 3,369,901, 3,468,664, 3,552,971, and T870,007.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically depicts, in enlarged fragmentary view, one embodiment
      of the processing system of the invention in use during developing;
PAR  FIG. 2 schematically depicts, in greatly enlarged fragmentary cross
      section, the improved photographic recording medium depicted in FIG. 1;
      and
PAR  FIG. 3 schematically depicts in greatly enlarged fragmentary cross section
      the improved processing web depicted in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the present improved photographic processing system is
      shown. The system 10 comprises a novel photographic recording medium 12
      and a novel processing web 14. The web 14 in contact with the medium 12
      between a pair of pinch rollers 16 so as to effect development of an image
      carried in the medium 12. The present process includes this contacting
      step following the exposure of the recording medium to a pattern of light.
      Contact between the web 14 and the medium 12 is broken after each passes
      beyond a pinch gap 18 between the rollers 16.
PAR  Referring to FIG. 2, one embodiment of the improved photographic recording
      medium 12 is schematically shown in greatly enlarged cross-section,
      wherein separate barrier and developer layers are used. The medium 12
      includes a base support 20 which can be of paper, gelatin, plastic or the
      like. The base support 20 can be eliminated, if desired, since the
      remainder of the medium 12 can be made self-supporting. Secured to and
      disposed over the support 12 is a silver halide-containing emulsion layer
      22 of conventional fabrication and components. Thus, the silver halide can
      be silver chloride, silver bromide or silver iodide dispersed within a
      conventional emulsion wherein the dispersant is, for example, gelatin,
      albumen or the like, or other emulsion well known in the art and
      susceptible of penetration by the developer hereinafter more particularly
      described.
PAR  A barrier layer 24 is disposed on the surface of emulsion layer 22 opposite
      that contacting the support 20. The barrier layer 24 is of a selected
      material which is insoluble in water and acidic media, such as aqueous
      acidic media, but is soluble in aqueous alkaline media. For such purposes,
      it has been found that selected copolymers sold under the trademark
      GANTREZ by General Aniline and Film Corporation are suitable, particularly
      those of the GANTREZ-AN3000 series. Such copolymers are those of methyl
      ethyl ether and maleic anhydride which have been reacted with alcohols,
      particularly alkyl monols, to convert the anhydride to acid and ester
      linkages, i.e. to form monoalkyl ester copolymeric derivatives of methyl
      ethyl ether - maleic anhydride copolymers.
PAR  Other suitable copolymers can also be used for the barrier layer 24, such
      as copolymer resins of vinyl acetate and maleic anhydride sold under the
      trademark GFLVA by Monsanto Company, St. Louis, Mo. It will be understood
      that the barrier layer 24 must have the above-described solubility and
      insolubility characteristics amd nust be sufficiently thick and uniform to
      assure isolation of the silver halide from the developer (in the next
      layer to be described) prior to development. Moreover, it must be
      lighttransmitting if the support 20 is used in the medium 12 and the
      support 20 is not light transmitting.
PAR  As shown in FIG. 2, disposed on the surface of the barrier layer 24
      opposite that contacting the emulsion layer 22 is a developer layer 26
      comprising alkaline activatable developer for the silver halide in a
      suitable binder, such as gelatin or the like. Such binder should permit
      ready penetration therethrough of alkaline activator for the developer and
      activated developer, as well as fixer, providing free water is present.
      Other suitable water soluble developer binders include agar, polyvinyl
      alcohol, sodium alginate, carrageenan, vegetable gum and mixtures thereof
      and similar hydrophilic colloids. Although shown as a separate layer, the
      developer can be incorporated directly into the barrier layer 24 by
      admixing directly therewith prior to coating on the emulsion layer 22. Any
      suitable alkaline activatable developer for the silver halide can be used,
      for example catechol, hydroquinone, toluhydroquinone,
      o-chlorohydroquinone, o-bromohydroquinone, 4-phenyl catechol, 4-t-butyl
      catechol, pyrogallol, 4-butylpyrogallol nordihydroquiauretic acid,
      4,5-dibromocatechol, 3,5,6-tribromo-4-phenyl catechol,
      1-phenyl-3-pyrazolidone, ascorbic acid, phenidone B, and the like
      conventional reagents, or mixtures thereof. The developer is in an acidic
      environment, either by virtue of its chemical nature or by the addition to
      the layer 26 of an acidic substance, such as ascorbic acid (which as above
      listed itself is a developer) or controlled amounts of mineral acids or
      acid salts. This acidic environment effectively protects the developer
      from deterioration due to atmospheric oxidation, thereby substantially
      increasing shelf life of the recording medium 12 over many conventional
      recording media which include one or more processing reagents. IF the
      support 20 is used and is not light transmitting, the layer 26 as well as
      the layer 24 must be light transmitting.
PAR  The thickness of the layers and support shown in FIG. 2 are not to scale
      and will, of course, vary, depending on the materials used. Ordinarily,
      the total thickness of the layers deposited over the silver halide
      emulsion is about 0.1-2 mil.
PAR  Referring to FIG. 3, the web 14 comprises an alkaline activator, such as
      sodium hydroxide, potassium hydroxide, sodium carbonate, or the like
      inorganic material, or an organic alkali such as 1,3-propanediamine,
      diethanolamine or the like, or mixtures thereof disposed in a gel layer 14
      backed by a flexible support 15 such as paper, paperboard, plastic, or the
      like. The gel may be, for example, a set aqueous gel of agar, gelatin,
      sodium alginate, carrageenan, vegetable gums, mixtures thereof, or the
      like. Also present in the web 14 is a free water source which can be free
      water itself or an agent which preferably chemically reacts with the layer
      26 to yield free water during contacting of the web 14 therewith or which
      can be heated to release free water. For the latter type, Glauber salt,
      borax, sodium alginate or the like can be used. Moreover, suitable
      removable packaging (not shown) can be used to retain the free water in
      the web 14 before use. Reaction of an inorganic alkali activator in the
      web 14 with carboxyl groupcontaining acid in the layer 26 yields free
      water.
PAR  The activator should be present in a concentration sufficient to activate
      enough developer to accomplish the desired latent image development. For
      example, a concentration of between about 0.5% and about 15% of activator,
      by weight in the web coating formulation is usually sufficient depending
      on choice of activator and coating thickness. Other relative
      concentrations can also be used. The web can be about 0.5-25 mil thick.
PAR  It will be understood that if the barrier layer 24 comprises material such
      as one of the GANTREZ AN-3000 series copolymers, carboxyl groups in the
      layer 24 can react with alkali from the web 14 also to provide free water
      during and after contacting of the web 14 with the medium 12 so as to
      provide free water or supplement available free water and facilitate
      penetration of the layer 24 by the developer.
PAR  The web 14 can also include a fixer or complexing agent such as a
      thiosulfate, for example, sodium thiosulfate, ammonium thiosulfate or
      potassium thiosulfate, sodium sulfite (which also acts as an antioxidant),
      the lower aliphatic amines, a thiocyanate such as ammonium thioxyanate, or
      sodium or potassium thiocyanate, or thiourea, or the like conventional
      fixer. Such fixer is used in a concentration of about 3.5-15.0% and is
      transferred to the layer 26 along with the described alkali to permanently
      fix the image developed in the emulsion layer 22 upon migration to the
      emulsion layer 22. Moreover, one can include nucleating agents to
      precipitate undeveloped silver onto the web. Such materials are well
      known. Thus one can add metallic sulfides, particularly of the heavy
      metals such as lead, cadmium, nickel, zinc or silicon, metallic selenides
      such as those of lead, nickel, zine or antimony. colloidal metals such as
      the precious metals such as silver and gold, or precursors thereto. For
      example, Na.sub.2 S, AgNO.sub.3 and Cd(C.sub.2 H.sub.3 O.sub.2).sub.2. Fog
      inhibitors, such as KBr, antioxidants, such as Na.sub.2 SO.sub.3,
      moisturizers, such as ethylene glycol and can all be added for their known
      purpose.
PAR  Supplemental developers also can be present in the web 14 for transfer to
      the layer 26 and then to the layer 22 through the layer 24. Such
      supplemental developers can be, for example, monomethyl-p-amino phenol,
      1-phenyl-3-pyrazolidone or the like which act synergistically with the
      primary developer. However, such supplemental developers are not necessary
      for proper development in accordance with the present process and system.
PAR  By including nucleating and complexing or fixing agents, a diffusion
      transfer mode is accomplished so that virtually all of the unused silver
      halide is removed in one step, and a positive print is obtained.
PAR  In carrying out the present process, the medium 12 is first exposed to a
      pattern of light, such that a latent image is formed in the layer 22. The
      medium 12 is then passed into contact with the web 14, as by the guide
      rollers (not shown) and the pinch rollers 16, as per FIG. 1, so that the
      web 14 abuts the layer 26, transferring alkaline activator (and fixer
      and/or supplemental developer, if present) thereto. Free water is also
      transferred or formed to dissolve the activator and form an aqueous
      alkaline solution. Such solution activates the developer in the layer 26
      and dissolves the layer 24 sufficiently to allow penetration of the
      developer to the layer 22 and development of the latent image to a visible
      image. Supplemental developer and/or fixer, if present, also penetrate to
      the layer 22 to, respectively, help such development and fix the image
      permanently.
PAR  Contact between the web 14 and the medium 12 is broken after the described
      transfer, whereupon the developed (and usually fixed) recording medium 12
      is recovered as an end product, the web 14 being discarded. Thus, lone
      strips of the medium 12 can be very rapidly and automatically processed in
      the described manner in very simple inexpensive equipment. The following
      specific Examples illustrate certain features of the invention:
PAC  Example 1
PAR  A silver bromide in gelatin emulsion on a polyester support (subbed for
      aqueous coating) is overcoated with a barrier layer of GANTREZ AN-3000 to
      a thickness of 0.2 mil. To 100 ml. of a 3.0% by weight solution of 72-60
      Elvanol (a polyvinyl alcohol sold by DuPont) are added 1 gram of
      hydroquinone, 1.2 grams of ascorbic acid and 0.2 gram of Phenidone B as
      developing agents. The mixture is coated onto the gelatin emulsion to a
      thickness of about 0.2 mil.
PAR  A gel web is prepared by adding, in order, the following components to 235
      ml. of water: 1.0 gram of potassium bromide, as fog inhibitor; 1.0 gram of
      sodium sulfite, as antioxidant; 15.0 grams of sodium hyposulfite as fixer;
      7.95 grams of sodium carbonate and 15.0 ml. of a normal sodium hydroxide
      solution as activators; 10.0 ml. of ethylene glycol as a moisturizer; and
      8.0 grams of a commercial gelling agent sold under the trade name Gelcarin
      HWG (a natural carbohydrate from seaweed). The foregoing components are
      brought to about 94.degree.C with rapid stirring and the following
      components are added dropwise, with stirring: 4.0 ml. of a 1 weight
      percent solution of sodium sulfide, 4.0 ml. of a 2 weight percent solution
      of silver nitrate and 2.0 ml. of an 0.9 weight percent solution of cadmium
      acetate, all as a combination forming a nucleating system for silver; and
      8.0 drops of a commercial surfactant sold under the trade name of TX-100
      (25% in isopropyl alcohol).
PAR  The temperature of the resulting solution is adjusted to 96.degree.C and
      the solution is coated on baryta paper at about 4.5 feet per minute in two
      passes to attain a thickness of about 12 mil.
PAR  The photographic medium is exposed to a light pattern, after which the
      processing web is placed in contact with the developer layer by means of
      pinch rollers, to remain together for about 60 seconds to transfer active
      components of the web to the developer layer and initiate development.
      Thereafter the web is removed to yield a visible image in the photographic
      layer and a positive print on the web.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 can be followed except that in place of the
      separately coated barrier and developer layers, one adds the same amount
      of hydroquinone, ascorbic acid and Phenidone B directly to the Gantrez
      AN-3000, to obtain similar favorable results.
PAR  The novel photographic recording media of the present invention can be
      readily developed (and fixed) by the novel processing web of the
      invention, in accordance with the present process and system. The process
      and system can be automated with little expense. Moreover, the storage
      life of the web and recording medium is substantially increased over that
      of the components of many conventional pseudo-dry processing systems.
      Other advantages are set forth in the foregoing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved photographic recording medium comprising:
PA1  a layer of silver halide emulsion;
PA1  a barrier layer, soluble in aqueous alkali but insoluble in water and
      acidic media, disposed on a surface of said emulsion layer, said barrier
      layer comprising a material selected from the group consisting of: a
      monoalkyl ester-containing copolymer derivative of methyl ethyl
      ether-maleic anhydride copolymer, and a vinyl acetate-maleic anhydride
      copolymer; and
PA1  an acidic developer for said silver halide with said barrier layer, said
      developer being activatable at an alkaline pH.
NUM  2.
PAR  2. The improved recording medium of claim 1 wherein said developer is
      formed as a layer disposed on the surface of said barrier layer opposite
      the barrier layer surface contacting said emulsion.
NUM  3.
PAR  3. The improved recording medium of claim 1 wherein said copolymer
      comprises monoalkyl ester-containing copolymer derivative of methyl ethyl
      ether-maleic anhydride copolymer.
NUM  4.
PAR  4. The improved recording medium of claim 1 wherein said copolymer
      comprises a vinyl acetate-maleic anhydride copolymer.
NUM  5.
PAR  5. An improved photographic process, which process comprises:
PA1  exposing a photographic recording medium to a pattern of light, said medium
      comprising:
PA2  a layer of silver halide emulsion;
PA2  a barrier layer, soluble in aqueous alkali but insoluble in water and
      acidic media, disposed on a surface of said emulsion layer, said barrier
      layer comprising a material selected from the group consisting of: a
      monoalkyl ester-containing copolymer derivative of methyl ethyl
      ether-maleic anhydride copolymer, and a vinyl acetate-maleic anhydride
      copolymer; and
PA2  an acidic developer being activatable at an alkaline pH:
PA1  contacting said developer with a processing web free of alkali-activatable
      silver halide developer comprising a support containing an alkali and a
      free water source, to activate said developer and cause penetration
      thereof through said barrier layer for development of said silver halide;
      and
PA1  terminating said contacting and recovering said developed recording medium.
NUM  6.
PAR  6. The improved process of claim 5 wherein said developer is formed as a
      layer disposed on the surface of said barrier layer opposite the barrier
      layer surface contacting said emulsion.
NUM  7.
PAR  7. The improved process of claim 5 wherein said web contains free water and
      a fixer for a developed silver halide image.
NUM  8.
PAR  8. The improved process of claim 5 wherein said web contains an agent which
      releases free water upon chemical reaction with said developer layer.
NUM  9.
PAR  9. The improved process of claim 5 wherein said copolymer comprises a
      monoalkyl ester-containing copolymer derivative of methyl ethyl
      ether-maleic anhydride copolymer.
NUM  10.
PAR  10. The improved process of claim 5 wherein said copolymer comprises a
      vinyl acetate-maleic anhydride copolymer.
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ABST
PAL  A light-sensitive silver halide material for the high temperature and rapid
      color development at least 30.degree.C, which light-sensitive silver
      halide material comprises at least one spectrally sensitized silver halide
      photographic emulsion layer, the emulsion layer containing at least one
      sensitizing dye having an halogen ion concentration increasing effect.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a color light-sensitive material suitable for use
      in a high temperature rapid treatment and, more particularly, it is
      concerned with a color light-sensitive material having improved spectral
      sensitivity, grain property and fog and treated at a high temperature of
      at least about 30.degree.C.
PAR  2. Description of the Prior Art
PAR  It has lately been desired to provide a light-sensitive material which can
      be developed rapidly. To this end, various approaches have been made. For
      example, a light-sensitive material is developed at a high temperature to
      achieve rapid development. However, if such a high temperature rapid
      development is carried out, conventional light-sensitive materials result
      in much fog from the sensitivity obtained and, consequently, in a positive
      light-sensitive material, the clarity of the high light portions
      dedeteriorates and the grain property tends to coarsen. In other words,
      therefore, with the high temperature rapid development treatment commonly
      employed, an excellent image quality is hard to obtain with retention of
      high sensitivity. Where a support member member used in a light-sensitive
      material has a hydrophobic surface the sensitive material tends to be
      developed more rapidly and more fog results than in the case of, for
      example, a baryta paper having a hydrophilic surface. Where the support
      member has a hydrophobic surface, however, particular techniques are made
      to coat it with a light-sensitive emulsion. For instance, treatment by
      irradiation with electron beams as a means for improving the adhesion
      between the support and light-sensitive emulsion is used. This treatment
      tends to induce more fog. When using a two equivalent coupler in place of
      a four equivalent coupler, the efficiency of color forming can be markedly
      increased but fog tends to occur. In this case, the use of a high
      temperature rapid treatment results in even more marked occurrence of fog.
      Many devices have been proposed therefor. In order to prevent fog from
      occurring during development (development fog), an antifoggant is added to
      a developer. The addition of this antifoggant, however, tends to reduce
      the sensitivity. For the production of light-sensitive materials, in
      general, spectral sensitization techniques are used. Generally a
      sensitizing dye is added to an original photo-sensitive emulsion, but the
      sensitizing dye, in general, tends to increase fog. Therefore, studies of
      sensitizing dyes which do not increase the occurrence of fog have been
      made. If a sensitizing dye contained in a light-sensitive material is
      subjected to a high temperature rapid development, which sensitizing dye
      is considered to be substantially free from increasing the occurrence of
      fog, in general, development fog is remarkably increased due to the use of
      such a sensitizing dye.
PAR  It is an object of the invention to overcome these disadvantages. It is
      another object of the invention to provide a color light-sensitive
      material capable of providing high sensitivity with less fog. It is a
      further object of the invention to provide a color light-sensitive
      material having an excellent image quality even when subjected to a high
      temperature rapid development. These and other objects will be apparent
      from the following detailed description of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  These objects of the invention can be accomplished by a light-sensitive
      material for high temperature rapid color development, which
      light-sensitive material comprises at least one spectrally sensitized
      silver halide photographic emulsion layer, this emulsion layer containing
      at least one sensitizing dye having an "HICI effect" as defined
      hereinafter in this specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWING
PAR  The FIGURE shows graphically the relationship between the change in pAg and
      in EAg and the amount of dye added to the emulsion for dyes within the
      scope of the invention and dyes for comparison.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A feature of the invention lies in the action or effect of suppressing fog
      in high temperature color development at 25.degree.C or higher, in
      particular, 30.degree.C or higher rather than in the sensitization of a
      sensitizing dye used. As is well known in the art, in the production of
      light-sensitive materials, a number of different varieties of sensitizing
      dyes are used, for example, the sensitizing dyes using the synthetic
      method as disclosed in The Cyanine Dyes and Related Compounds by F. M.
      Hamer, published by Interscience Publishers Co., 1964, German Patent No.
      704,141, U.S. Pat. No. 2,503,776 and German Pat. Nos. 929,080 and
      1,072,765, the sensitizing dyes described in British Pat. No. 840,223 and
      the sensitizing dyes having heterocyclic rings with substituents such as
      those described in Zeitshrift fur Wissenschaftliche Photographie by E. J.
      Hoppe, Vol. 63, page 149-158 (1969) in nuclei of polymethine dyes such as
      cyanine dyes, merocyanine dyes, complex merocyanine dyes, neutro cyanine
      dyes, hemicyanine dyes and styryl dyes described in U.S. Pat. Nos.
      2,739,149, 2,912,329, 2,778,823, 2,493,748 and 2,519,001 and F. M. Hamer,
      ibid. It is known that most of these sensitizing dyes do not have any
      affect on the occurrence of fog during development at ordinary
      temperatures, for example, 20.degree.C or 24.degree.C or do not tend to
      increase the fog when added to a silver halide original emulsion.
PAR  It was surprisingly found that of these known sensitizing dyes, a specific
      dye can suppress markedly fog during development at high temperatures of
      at least about 30.degree.C, which cannot be suppressed by other dyes. In
      order to describe all of these sensitizing dyes capable of suppressing
      markedly the fog of development in a high temperature development,
      representation by a "general formula" of the chemical structure is
      impossible. Therefore, the sensitizing dyes having these desirable
      characteristics must be defined functionally by the halide ion
      concentration increasing effect which is given to an emulsion with the
      following composition. That is to say, the sensitizing dyes which are
      suitably used in the invention have the halide ion concentration
      increasing effect as defined hereinafter, which will be referred for
      brevity to as the "HICI effect". If the negative logarithm of the silver
      ion concentration, .DELTA.pAg, is plus in the test of HICI effect when the
      sensitizing dye is employed, the sensitizing dye is included as a dye
      within the scope of the present invention. Thus, the dyes of the invention
      can radily and correctly be distinguished from those which do not have the
      above described characteristic and are therefore outside the scope of the
      present invention.
PAR  The HICI effect is preferably confirmed by the use of a blank silver halide
      emulsion free from photographic addenda. However, it can readily and
      correctly be determined by the use of a silver halide blank emulsion
      obtained as follows.
PAR  A silver halide photographic emulsion which can be used for determining the
      HICI effect is prepared according to Wall's formulation described in
      Photographic Chemistry by P. Glafkides, Vol. 1 (English Translation: K. M.
      Horus), published by Fountain Press Co., (1958), page 344-345, sec.325, as
      described below
TBL  Mixture A:                                                                

     Distilled Water            500     ml                                     

     Ammonium Bromide           20      g                                      

     Sodium Chloride            10      g                                      

     Citric Acid                50      g                                      

     Gelatin                    70      g                                      

     Mixture B:                                                                

     Distilled Water            500     ml                                     

     Silver Nitrate             50      g                                      

     Citric Acid                50      g                                      

PAL  Mixture A is warmed at 70.degree.C and Mixture B is added thereto with
      agitation over a period of 50 minutes. Then the mixture is subjected to
      physical ageing for 10 minutes, cooled, set and washed with water. This
      emulsion has a pH of 6.4 and pAg of 7.8.
PAR  The HICI effect of a sensitizing dye is determined as follows. The HICI
      effect corresponds to a change of approximately 0.010 based on the pAg
      scale. This determination is carried out using differential potentiometry,
      for example, according to the method as disclosed in Journal of Colloid
      Science by A. H. Herry and J. O. Helling, Vol. 17 (1962), page 293. That
      is to say, the determination is conducted under thermostatically
      controlled conditions at 40.degree.C .+-. 0.1.degree.C. Two vessels for
      silver halide emulsion, having the same form and capacity, are set, each
      being provided with a stirrer of the same shape and having the same
      revolution rate. The two vessels are contacted with a saturated calomel
      electrode (SCE) through a salt bridge of 1 N potassium nitrate. The two
      emulsion vessels are connected to a potentiometer respectively through
      silver electrodes, while the SCE is connected to the same potentiometer.
      The potentiometer is type E-436 manufactured by the Metrome Co. Using such
      an apparatus, the HICI effect of the specimen at 40.degree.C can be
      determined. The sensitizing dye is used as a methanol solution. The change
      of potential produced by the addition of the methanol can be compensated
      for by adding equal amounts of methanol to both emulsion vessels. The
      procedure of this kind is commonly used in not only the field of
      photography but also in analytical chemistry fields.
PAR  For the purpose of suppressing fog, a compound that is usually known as an
      antifoggant is added to an original emulsion or developer, for example, as
      described in Photographic Chemistry by P. Glafkides, Vol. 1, page 374 sec.
      349, page 378 sec. 350, page 379 sec. 351, page 380 sec. 352.  However,
      such a compound has unfavourable side effects in that the sensitivity is
      lowered and the developing speed is retarded, and, in addition, has less
      spectral sensitization unlike the dye used in the invention.
PAR  Since more fog occurs in the case of a photo-sensitive material using a
      hydrophobic support such as synthetic paper or resin-coated paper (as
      disclosed in U.S. Pat. Nos. 3,582,333 and 3,573,916 regarding
      "hydrophobic" character) than in the case of a photo-sensitive material
      using a paper such as a baryta paper as a support, the sensitizing dye
      used in the invention is markedly effective for suppressing the occurrence
      of fog. When a support laminated with a polyolefin thus providing a
      hydrophobic surface is subjected to a treatment with electron beams and
      coated with a silver halide emulsion, fog occurs. It is known, for
      example, from the disclosure of U.S. Pat. No. 3,582,333 that this
      occurrence of fog can be inhibited by the addition of a reducing agent.
      The dye according to the invention can strongly prevent the occurrence of
      fog while effecting sensitization in a more effective manner than those
      disclosed in the above described specification.
PAR  When used jointly in a coupler-in-the emulsion type silver halide emulsion
      system, more fog occurs in practice where a coupler of the two equivalent
      type is used than where a coupler of four equivalent type is used, so the
      sensitizing dye according to the invention provides an even more marked
      fog inhibiting effect to the development of the latter.
PAR  A further feature of the present invention is that the fog inhibiting
      property of the dye of the present invention is remarkable, in particular,
      for color development using p-phenylenediamine derivatives as color
      forming developing agents. However, this marked fog inhibiting property
      was not particularly observed for black-and-white development using
      hydroquinone and its derivatives, pyrazolidone derivatives, p-aminophenol
      derivatives, ascorbic acid and its derivatives as developing agents. This
      was a surprising fact which could not easily be expected from the
      well-known mechanism of action of an antifoggant.
PAR  The present invention includes color light-sensitive materials that are
      subjected to a high temperature rapid treatment with a developer
      containing a coupler.
PAR  Preferred examples of the sensitizing dyes of the invention having an HICI
      effect are sensitizing dyes represented by the following general formula
      (I)
      ##EQU1##
      in which R represents a sulfoalkyl group (such as a sulfoethyl group, a
      sulfopropyl group, or a sulfobutyl group, preferably having 1 to 4 carbon
      atoms in the alkyl moiety), Z represents an atomic group necessary for
      forming a benzoxazole nucleus, a benzthiazole nucleus, a benzimidazole
      nucleus, or a pyridine nucleus wherein the carbon atoms of these nuclei
      may be substituted by a substituent which does not deteriorate the
      photographic properties, such as a halogen atom (e.g. chlorine, etc.), a
      lower alkyl group (e.g. methyl, ethyl, etc.), a lower alkoxy group (e.g.
      methoxy, ethoxy, etc.), a trifluoromethyl group and a cyano group, n
      represents 0 or 1, R.sub.1 represents a lower alkyl group having up to 6
      carbon atoms, a carboxy alkyl group (such as a carboxymethyl group, a
      carboxyethyl group, etc.), an aralkyl group (such as a benzyl group, a
      phenethyl group, a p-carboxybenzyl group and a sulfobenzyl group) or a
      saturated or unsaturated cyclic hydrocarbon group (such as a cyclohexyl
      group, an aryl group such as a phenyl group and a substituted phenyl
      group, substituted by, for example, halogen (e.g. chlorine), a carboxy
      group or a sulfo group) or the sensitizing dye represented by the
      following general formula (II)
      ##SPC1##
PAL  in which A represents a lower alkyl group (having up to 3 carbon atoms,
      such as a methyl group or an ethyl group), R.sub.2 and R.sub.3 each
      represents an alkyl group (preferably having up to 8 carbon atoms, such as
      a methyl group, an ethyl group, and a propyl group), a sulfo alkyl group
      (preferably having up to 4 carbon atoms such as a sulfoethyl group, a
      sulfopropyl group and a sulfobutyl group) or a sulfoalkoxyalkyl group
      (such as a sulfoethoxyethyl group, or a sulfopropoxyethoxyethyl group),
      with at least one of R.sub.2 or R.sub.3 being a sulfoalkyl group or a
      sulfoalkoxyalkyl group, W represents a halogen atom or a phenyl group and
      W.sub.1 represents a halogen atom.
PAR  Specific examples of suitable dyes of the invention are given in the
      following without limiting the same:
      ##SPC2##
PAR  Experiment examples demonstrating more specifically the determination of
      the HICI effect are as follows:
PAC  EXPERIMENT EXAMPLES
PAR  100 g of the foregoing original emulsion prepared using Wall's formulation
      is correctly weighed and charged respectively in two emulsion vessels,
      melted at 40.degree.C, stirred and stored. A specific sensitizing dye as
      shown in Table 1 is added to one emulsion as a methanol solution in a
      concentration of 1 .times. 10.sup.-.sup.3 mol or 5 .times. 10.sup.-.sup.4
      mol, stirred and allowed to stand for a period of time sufficient for the
      dye to be adsorbed by the silver halide emulsion (about 10 minutes), while
      the same quantity of methanol is added to the other emulsion. A minute
      potential difference (.DELTA.EAg) caused by the adsorption of the dye is
      measured and the HICI effect is thus determined with comparison of the
      previously obtained EAg and pAg change. The dyes of the invention show an
      HICI effect, while most of the dyes other than the dyes of the invention
      show rather a reduction in the halide ion concentration. A change of a
      .DELTA.EAg of about 0.40 millivolt corresponds to a change of about 0.060
      in pAg units and a reduction of the .DELTA.EAg (in the minus direction)
      corresponds to an increase of the pAg, i.e. the HICI effect.
PAR  The results obtained are shown in Table 1 and the Figure. The HICI effect
      depends upon the quantity of the dye added, but, ordinarily, the
      directions of increase or reduction are the same. That is to say, the HICI
      effect is not reversed by the quantity added. 1 .times. 10.sup.-.sup.6 mol
      g to 5 .times. 10.sup.-.sup.5 mol g is ordinarily used per 100 g of the
      emulsion and it is desirable to determine the HICI effect using the dye in
      an amount ranging from 1/2 to 10 times as much as the quantity of the dye
      commonly used (see FIG. 1).
TBL                Table 1                                                     

     ______________________________________                                    

                       Change of  Value                                        

                       pAg                                                     

     No.   Dye Employed                                                        

                       8 .times. 10.sup.-.sup.3                                

                                  2.4 .times. 10.sup.-.sup.2                   

                                           HICI                                

                       millimol g millimol g                                   

                                           Effect                              

     ______________________________________                                    

     a     (1)         +0.030     +0.053   plus +                              

     2     (2)         +0.038     +0.055   +                                   

     3     (3)         +0.010     +0.018   +                                   

     4     (4)         +0.009     +0.020   +                                   

     5     (5)         +0.005     +0.005   +                                   

     6     (6)         +0.001     +0.002   +                                   

     7     (a)         -0.018     -0.022   minus -                             

     8     (b)         -0.021     -0.029   -                                   

     9     (c)         -0.010     -0.012   -                                   

     10    (d)         -0.012     -0.030   -                                   

     11    (e)         -0.027     -0.033   -                                   

     ______________________________________                                    

PAR  It can be understood from the results set forth in Table 1 that even a
      slight difference in chemical structure between dyes results in a marked
      difference specifically in the HICI effect. In view of the HICI effect and
      the photographic properties discribed in the Examples, in particular, the
      inhibition of development fog, it can be understood that an interrelation
      exists between the HICI effect and inhibition of development fog.
PAR  The silver halide photographic emulsions which can be used in the invention
      are emulsions containing silver chloride, silver chlorobromide, silver
      chloroiodobromide, silver chloroiodide, silver bromide, silver iodobromide
      and mixtures, thereof. The emulsions preferably are a silver
      chloroiodobromide emulsion containing 2 mol % or less of silver iodide and
      a silver iodobromide emulsion containing 7 mol % or less of silver iodide.
      The average diameter by number (measured by the projected area method) of
      silver halide grains is preferably from 0.04 micron to 2 microns, in
      particular, 0.2 micron to 0.7 micron. The crystal habit can be either of
      (100) surface grains or (111) surface grains, but the HICI effect is
      remarkable for (100) surface grains. The emulsion of the invention is
      preferably subjected to a suitable chemical sensitization to improve the
      progress of development as well as to increase the sensitivity. ("Ia:
      Properties of Photographic Emulsion Grains" J. Phot. Sci., 12 (1964) pp.
      242-251; "The Spectral Sensitization of Silver Bromide Emulsion on
      Different Crystallographic Faces" J. Phot. Sci., 13 (1965) pp. 85-89) As
      such chemical sensitization are employed a metal salt sensitization, gold
      sensitization and sulfur sensitization as described in Chimie et Physique
      Photographiques by Pierre Glafkides, 3rd Edition, Publications
      Photo-Cinema Paul Montel (1967), page 350, for example, using potassium
      chloroaurate, sodium aurodithiocyanate, sodium aurothiosulfate, ammonium
      chloroaurate, ammonium chloropalladate ((NH.sub.4).sub.2 PdCl.sub.6) and
      gold selenide. In addition, sulfur sensitization is carried out, for
      example, using allyl isocyanate, cystine, sodium thiocyanate, cadmium
      thiocyanate or thiourea, and further reduction sensitization is carried
      out, for example, using stannous chloride, hydrazine sulfate or its
      derivatives or polyethyleneimino compounds, as described in U.S. Pat. Nos.
      2,448,060, 2,399,083, 2,540,085, 2,540,086, 2,597,856 and 2,642,361.
PAR  As the occasion demands, the dye of the invention can be jointly used with
      other polymethine dyes, for example, cyanine dyes such as the
      pseudocyanines, benzoimidazolocarbocyanines, imidaoxacarbocyanines,
      thiacarbocyanines, selenacarbocyanines and naphthothiacarbocyanines, the
      merocyanine dyes such as the benzooxathiohydantoindimethinemerocyanines,
      thiazolinorhodaninedimethinemerocyanines and
      tetrazolorhodaninedimethinemerocyanines, complex merocyanine dyes and
      styryl dyes.
PAR  In the silver halide emulsion of the invention, optionally an antifoggant
      and stabilizer can be present with the sensitizing dye according to the
      invention. For example, the azaindenes, mercaptotetrazoles, metal salts of
      palladium and platinum, oximes, imidazolium salts and tetrazolium salts as
      disclosed in U.S. Pat. Nos. 2,444,605, 2,886,437, 2,403,927, 3,266,897,
      3,399,987, 2,597,915 and 3,566,263, British Pat. No. 623,448, and U.S.
      Pat. Nos. 2,694,716, 2,131,038, 2,518,698, 3,369,904, 2,419,974 and
      2,419,975 can be used. Moreover, nonionic and anionic surfactants as
      described in U.S. Pat. Nos. 2,423,549 and 2,441,389, and onium compounds
      as described in U.S. Pat. Nos. 2,271,623 and 3,148,067 can be added
      thereto. In addition, hardeners such as formaldehyde, mucochloric acid,
      glutaraldehyde, aziridines, dioxane derivatives, vinyl sulfones,
      oxypolysaccharides and chromium salts, coating aids such as saponin,
      alkysulfonates, alkylbenzenesulfonates and taurine derivatives,
      hydrophilic synthetic polymers, latex polymers, and irradiation inhibiting
      dyes can be incorporated in the emulsion.
PAR  The sensitizing dye of the invention can be used in a conventional
      sensitizing amount, preferably in a proportion of about 10.sup.-.sup.6 to
      10.sup.-3 mol per 1 mol of silver halide. The method of addition thereof
      can for example be carried out according to German Laid Open Specification
      No. 2,104,283. The dyes of the invention can be also incorporated into a
      silver halide photographic emulsion in the same manner as conventional
      dyes, i.e. by dissolving the dye in a solvent such as water and a
      water-miscible organic solvent (e.g. methanol, acetone, methylcellosolve,
      pyridine, etc.).
PAR  The couplers-in-the-emulsion which can be used are the yellow couplers of
      the four equivalent diketomethylene type and yellow couplers of the two
      equivalent diketomethylene type as described in U.S. Pat. Nos. 3,415,652,
      3,447,928, 3,311,476 and 3,408,194, the magenta couplers of the four
      equivalent or the two equivalent pyrazolone type as described in U.S. Pat.
      Nos. 3,419,391 and 3,214,437, and the magenta couplers of the indazolone
      type, the cyan couplers of .alpha.-naphthol type and the cyan couplers of
      the phenol type as described in U.S. Pat. Nos. 3,311,476, 3,458,315,
      3,214,437 and 3,253,924. Dispersion of these couplers into emulsion can be
      carried out in conventional manner.
PAR  With these couplers, compounds capable of promoting color development can
      jointly be used as disclosed in U.S. Pat. Nos. 2,648,604, 3,671,247,
      2,533,990, 2,577,127, 2,950,970, 3,068,097 and 3,201,242, such as
      3-pyrazolidone derivatives, bissulfonylalkanes, phenol derivatives,
      aminophenol derivatives, polyalkyleneoxides, onium compounds and alkali
      precursors.
PAR  The exposure time for the light-sensitive material of the invention depends
      on the kind of and use for the sensitive material. For example, it is
      about 1/100 - 20 seconds for color papers and about 1/1000000 - 1 second
      for high sensitivity photographic materials.
PAR  The following examples are given to illustrate the present invention in
      greater detail without limiting the same. Unless otherwise indicated, all
      parts, percents, ratios and the like are by weight.
PAC  EXAMPLE 1
PAR  A predetermined amount of the dye as shown in Table 2 was added to a silver
      chlorobromide emulsion (170 g of gelatin per 1 mol of silver, 0.43 mol of
      silver per 1 kg of emulsion, Br: 90 mol %; Cl: 10 mol %) containing
      .alpha.-fluoro-.alpha.-pivaloyl-[5-(.gamma.-2,4-di-t-amylphenoxy)butylamid
     e]-2-chloroacetanilide as a coupler for a yellow image, and the resulting
      emulsion was coated onto a photographic paper having thereon a
      polyethylene coating, followed by drying. Each coated specimen was
      subjected to an optical wedge exposure for 1 second using a tungsten lamp
      (color temperature of light source: 2854.degree.K) and treated with the
      following treating solutions and varying the temperature and time (Table
      2):
TBL  Color Development Solution                                                

     Benzyl Alcohol       12 ml                                                

     Diethylene Glycol    3.5 g                                                

     Sodium Hydroxide     2.0 g                                                

     Sodium Sulfite       2.0 g                                                

     Potassium Bromide    0.4 g                                                

     Sodium Chloride      1.0 g                                                

     Borax                4.0 g                                                

     Hydroxylamine Sulfate                                                     

                          2.0 g                                                

     Ethylenediaminetetraacetic Acid                                           

                          2.0 g                                                

     4-Amino-3-methyl-N-ethyl-N-(.beta.-                                       

                          5.0 g                                                

     sulfonamidoethyl)aniline                                                  

     Sesquisulfate                                                             

     Water to             1000 ml                                              

     Stopping Solution                                                         

     Sodium Thiosulfate   10 g                                                 

     Ammonium Thiosulfate (70%)                                                

                          30 ml                                                

     Sodium Acetate       5 g                                                  

     Acetic Acid          30 ml                                                

     Potassium Alum       15 g                                                 

     Water to             1000 ml                                              

     Bleaching Solution                                                        

     Ferric Sodium Ethylenediamine-                                            

                          50 g                                                 

     tetraacetate Dihydrate                                                    

     Potassium Bromide    50 g                                                 

     Ammonium Nitrate     50 g                                                 

     Ammonia (aqueous)    to adjust pH to 6.8                                  

     Water to             1000 ml                                              

     Fixing Solution                                                           

     Sodium Thiosulfate   150 g                                                

     Sodium Sulfite       15 g                                                 

     Borax                12 g                                                 

     Glacial Acetic Acid  15 ml                                                

     Potassium Alum       20 g                                                 

     Water to             1000 ml                                              

     Stabilizer                                                                

     Boric Acid           5 g                                                  

     Sodium Citrate       5 g                                                  

     Sodium Metaborate Tetrahydrate                                            

                          3 g                                                  

     Potassium Alum       15 g                                                 

     Water to             1000 ml                                              

     Processings                                                               

     Color Development (Temperature and time were varied.)                     

     Stopping         30.degree.C   2 minutes                                  

     Water Washing    "             2 minutes                                  

     Bleaching        "             2 minutes                                  

     Water Washing    "             2 minutes                                  

     Fixing           "             2 minutes                                  

     Water Washing    "             2 minutes                                  

     Stabilizing Bath "             2 minutes                                  

     Drying           "             2 minutes                                  

TBL                                    Table 2                                 

     __________________________________________________________________________

                     Color Development Fog                                     

     Dye     Blue                                                              

     (millimol)                                                                

             Sensitivity*                                                      

                     Development                                               

                            Development                                        

                                   Development                                 

     gram/silver                                                               

             (relative                                                         

                     for 15 min                                                

                            for 7 min                                          

                                   for 4 min                                   

     mol)    value)  at 24.degree.C                                            

                            at 30.degree.C                                     

                                   at 38.degree.C                              

     __________________________________________________________________________

     Dye 1   124     0.34   0.32   0.35                                        

     (0.046)                                                                   

     Comparative                                                               

             113     0.35   0.43   0.55                                        

     Dye f                                                                     

     (0.046)                                                                   

     Comparative                                                               

             91.3    0.34   0.42   0.63                                        

     Dye g                                                                     

     (0.046)                                                                   

     No Dye  100     0.34   0.39   0.40                                        

     __________________________________________________________________________

      *Exposure was carried out through a Fuji Filter-SP-1 (produced by the Fuj

      Photo Film Co., Ltd.) as a blue filter. Standard sensitivity of dye free 

      emulsion: set at 100                                                     

PAR  It is apparent from the results contained in the above table that there was
      no substantial difference of fog between the dye of the invention and
      comparative dye in the color development at 24.degree.C, which the fog was
      similar to that in the case of no dye. In the developments at 30.degree.C
      and 38.degree.C, however, more fog appeared in the case of the emulsion
      containing the comparative dye than in the case of no dye, while the fog
      decreased in the case of the emulsion containing the dye according to the
      invention.
PAR  The sensitivity of the each dye does not vary relatively with the
      development treatments and Table 2 shows the relative values at
      30.degree.C. The sensitivity at a color development temperature of
      24.degree.C or 38.degree.C was substantially the same as that at
      30.degree.C. It can thus be understood that the emulsion containing the
      dye of the invention has a higher sensitivity than that containing the
      comparative dye.
PAC  EXAMPLE 2
PAR  A predetermined amount of the dye as shown in Table 3 was added to a silver
      chlorobromide photographic emulsion (similar to Example 1) containing
      .alpha.-(4-palmitamidophenoxy)-.alpha.-pivaloyl-4-sulfoamylacetanilide as
      a yellow coupler described in U.S. Pat. No. 3,408,194 and further
      2-n-octadecyl-5-(2-sulfo-tert-butyl)hydroquinone potassium salt as a
      commonly used antistain agent was incorporated therein. The resulting
      emulsion was applied to a photographic paper having thereon a polyethylene
      film coating.
PAR  To the blue sensitive emulsion layer was then applied a gelatin
      intermediate layer containing dioctylhydroquinone (5 g per 1 kg of 5%
      gelatin solution), to which a conventional green sensitive silver
      chlorobromide emulsion containing
      1-phenyl-3-methyl-4-(4-methylsulfonylphenoxy)-5-pyrazolone (50 g per 1 kg
      of emulsion) as a coupler for a magenta image as described in British Pat.
      No. 1,140,898 was then applied. The coupler was dispersed in a
      conventional solvent such as tricresyl phosphate. The green sensitive
      emulsion layer contained dioctylhydroquinone (5 g per 1 kg of emulsion) as
      an antistain agent. Moreover, the green sensitive emulsion layer contained
      also bis-(1-p-sulfophenyl-3-carboxypyrazolo-5-one)trimethine (0.5 g per kg
      of emulsion) as a green light absorbing dyestuff for irradiation
      protection. Onto the green sensitive emulsion layer was coated a gelatin
      layer containing dioctylhydroquinone (5 g per 1 kg of 5% gelatin solution)
      dispersed in a solvent of tricresyl phosphate. Onto the gelatin layer was
      then coated a conventionally used red sensitive silver chlorobromide
      emulsion. The red sensitive emulsion contained
      1-hydroxy-4-maleimido-2-naphthamide (70 g per 1 kg of emulsion) as a
      coupler for the cyan image as described in British Pat. No. 1,165,563, the
      coupler being dispersed in a solvent of dibutyl phthalate. The red
      sensitive emulsion contained dioctylhydroquinone (2 g per 1 kg of
      emulsion) as an antistain agent as well as
      bis-(1-p-sulfophenyl-5-ethoxycarbonylpyrazolo-5-one)pentamethine (1 g per
      1 kg of emulsion) as a red light absorbing dyestuff.
PAR  The thus obtained multi-layer light-sensitive material was treated with the
      same treatment solutions as used in Example 1. The color development was
      carried out at 30.degree.C for 7 minutes.
TBL                Table 3                                                     

     ______________________________________                                    

             Amount Added to                                                   

                            Fog in development                                 

             Emulsion (milligram                                               

                            at 30.degree.C for 7 min                           

             mol/silver mol)                                                   

     ______________________________________                                    

     Dye 1     0.092            0.65                                           

     Dye 2     0.092            0.54                                           

     Comparative                                                               

               0.092            1.40                                           

     Dye a                                                                     

     No Dye    --               0.70                                           

     ______________________________________                                    

PAR  It is apparent from the results contained in Table 3 that Comparative dye a
      increased fog, while the Dyes 1 and 2 according to the invention decreased
      fog.
PAC  EXAMPLE 3
PAR  A predetermined amount of the dye as shown in Table 4 was added to a silver
      chlorobromide photographic emulsion (Cl: 10 mol %; Br: 90 mol %)
      containing .alpha.-pivaloyl-.alpha.-[4-(4-benzyloxyphenylsulfonyl)phenoxy]
     -2-chloro-5-[.gamma.-(2,4-di-t-amylphenoxy)butylamide]-acetanilide (50 g
      per kg of emulsion) as a coupler for a yellow image and a blue sensitive
      emulsion was coated onto a photographic paper having thereon a
      polyethylene coating. The resulting photographic material was subjected to
      an optical wedge exposure for 0.1 second and then to color development in
      the next step. On the other hand, black-and-white development was carried
      out for reference.
TBL  ______________________________________                                    

     Development     Temperature    Time (min)                                 

     Processings     .degree.C                                                 

     ______________________________________                                    

     Color Development                                                         

                     38             4                                          

     Stopping        38             1                                          

     Water Washing   38             1                                          

     Bleaching       38             1.5                                        

     Water Washing   38             1                                          

     Hardening       38             1.5                                        

     Water Washing   38             3                                          

     Stabilizing Bath                                                          

                     38             1                                          

     Drying          38             1                                          

     ______________________________________                                    

PAL  The treating solutions used had the following compositions.
TBL  ______________________________________                                    

     Color Development Solution                                                

     As described in Example 2                                                 

     Stopping Solution                                                         

     As described in Example 2                                                 

     Bleaching Solution                                                        

     Potassium Ferricyanide     20      g                                      

     Potassium Bromide          5       g                                      

     Borax (decahydrate)        10      g                                      

     Water to                   1000    ml                                     

     Hardener                                                                  

     Sodium Thiosulfate         60      g                                      

     Sodium Sulfite             5       g                                      

     Sodium Carbonate (monohydrate)                                            

                                30      g                                      

     Sodium Bicarbonate         10      g                                      

     Water to                   1000    ml                                     

     Stabilizer                                                                

     Sodium Citrate (dihydrate) 5       g                                      

     Boric Acid                 5       g                                      

     Sodium Metaborate          3       g                                      

     Potassium Alum             15      g                                      

     Water to                   1000    ml                                     

     ______________________________________                                    

TBL                Table 4                                                     

     ______________________________________                                    

     Dye      Amount Added to                                                  

                           Fog in Color                                        

                                      Fog in Black-                            

              Emulsion (milli-                                                 

                           Development                                         

                                      and-white                                

              gram mol/silver                                                  

                           at 38.degree.C for                                  

                                      Development at                           

              mol)         4 min      38.degree.C for 4 min                    

     ______________________________________                                    

     Dye 3    0.092        0.35       0.10                                     

     Comparative                                                               

              0.092        0.50       0.10                                     

     Dye h                                                                     

     Comparative                                                               

              0.092        0.45       0.10                                     

     Dye f                                                                     

     No Dye   --           0.42       0.10                                     

     ______________________________________                                    

PAR  It is apparent from the results contained in Table 4 that Comparative Dyes
      f and h increased fog in the treatment at 38.degree.C, while Dye 3 of the
      invention decreased fog.
PAR  The black-and-white developer used had the following composition:
TBL  Metol                   3.1        g                                      

     Sodium Sulfite (anhydrous)                                                

                             45         g                                      

     Hydroquinone            12         g                                      

     Sodium Carbonate (anhydrous)                                              

                             79         g                                      

     Potassium Bromide       1.9        g                                      

     Water to                1000       ml                                     

PAC  EXAMPLE 4
PAR  A predetermined amount of the dye as shown in Table 5 was added to a silver
      chloride photographic emulsion (having a similar composition to Example 3)
      containing
      .alpha.-o-methoxybenzoyl-.alpha.-chloro4-[.alpha.-(2,4-di-t-amylphenoxy)-n
     -butylamido]acetanilide (50 g per 1 kg of emulsion) as a coupler for a
      yellow image and a blue sensitive emulsion was coated onto a photographic
      paper having thereon a polyethylene film coating subjected to a corona
      discharge treatment. The period of time of from the corona discharge
      treatment to the coating was within 30 minutes. The resulting photographic
      material was subjected to an optical wedge exposure for 0.1 second using a
      tungsten lamp (color temperature of light source: 2854.degree.K) and then
      to color development in a manner similar to Example 3.
TBL                Table 5                                                     

     ______________________________________                                    

     Dye or    Amount of Compound                                              

                              Color Development at                             

     Comparative                                                               

               Added (milligram/                                               

                              38.degree.C for 8 Minutes                        

     Additive  silver mol)    Blue        Fog                                  

                              Sensitivity*                                     

     ______________________________________                                    

     Dye 1     52             141         0.42                                 

     Dye 7     59             129         0.41                                 

     1-Phenyl-3-                                                               

               174            100         0.54                                 

     pyrazolidone                                                              

     No Additive                                                               

               --             100         0.57                                 

     ______________________________________                                    

      *Exposure was carried out through Fuji Filter-SP-1 as a blue filter.     

      Standard sensitivity of dye free emulsion was set at 100                 

PAR  It is apparent from Table 5 that Dyes 1 and 7 of the invention increase the
      sensitivity and have the effect of decreasing the fog of the emulsion in
      the case of a support subjected to a corona discharge treatment to a
      greater extent than 1-phenyl-3-pyrazolidone.
PAC  EXAMPLE 5
PAR  80 g of 1-(2,4,6-trichlorophenyl)-3-[3-(2,4
      -di-t-amylphenoxymethylamide)benzamide]-5-pyrazolone as a magenta coupler
      was completely dissolved in a mixture of 100 ml of tricresyl phosphate and
      50 ml of ethyl acetate. Then 2 g of sorbitan monolaurate was dissolved
      therein. To this solution was added 2.5 g of dodecylbenzenesulfonic acid
      dissolved in 1 kg of a 10 weight % aqueous solution of gelatin, stirred at
      a high speed and further subjected to stirring using ultrasonic waves to
      obtain an emulsion.
PAR  A silver iodobromide emulsion having an iodide content of 6 mol % was
      prepared using the conventional double jet method and was used. This
      emulsion was chemically sensitized by the use of potassium chloroaurate (2
      mg per mol of silver halide) and sodium thiosulfate (4 mg per mol of
      silver halide) in a conventional manner. This emulsion contained 103 g of
      gelatin per 1 mol of silver. The quantity of silver was 0.52 mol per 1 kg
      and the average grain size thereof was 0.78 micron. 100 g of water was
      added to 250 g of this emulsion, the emulsion was warmed to melt it and
      was held at 40.degree.C. To the emulsion were added predetermined amounts
      of Dye 6 and
      anhydro-9-ethyl-5,5'-diphenyl-3-sulfopropyl3'-ethyloxacarbocyanine
      hydroxide as a Comparative Dye as shown in Table 6. The emulsion was
      stirred and allowed to stand for 15 minutes. 100 g of the above described
      melted emulsion was added thereto, 0.02 g of
      4-hydroxy-6-methyl-1,3,3a,7-tetrazaindene was further added in the form of
      an aqueous solution and stirred. Moreover, 0.1 g of
      1-hydroxy-3,5-dichlorotriazine sodium was added. The thus obtained
      emulsion was coated onto a polyethylene terephthalate base to give a film
      thickness of 5 microns on a dry basis, thus obtaining a specimen of
      light-sensitive material.
PAR  This specimen was cut into strips, subjected to an optical wedge exposure
      for 1/500 second to an actinometer having a light source with a color
      temperature of 5400.degree.K through a Yellow FilterSC-50 (produced by the
      Fuji Photo Film Co. Ltd.) (permitting the transmission of light with
      wavelengths longer than 500 nm) and then subjected to the following
      development treatments:
TBL  Treatments                                                                

     Color Development 38.degree.C  3 min                                      

     Stopping          "            1 min                                      

     Hardening Bath    "            1 min                                      

     Water Washing     "            1 min                                      

     Bleaching Bath    "            2 min                                      

     Water Washing     "            1 min                                      

     Fixing Bath       "            2 min                                      

     Water Washing     "            2 min                                      

     Drying                                                                    

PAR  The resulting strips were subjected to measurement of the green filter
      density using an S-type densitometer manufactured by the Fuji Photo Film
      Co., Ltd., thus obtaining the relative sensitivity and magenta color
      formed fog. The results obtained are shown in Table 6.
TBL                Table 6                                                     

     ______________________________________                                    

               Quantity                                                        

     Dye Used  Used      Relative   Magenta                                    

                                           HICI                                

               (millimol Sensitivity                                           

                                    Fog    Effect                              

               gram)                                                           

     ______________________________________                                    

     Dye 6     4 .times. 10.sup.-.sup.2                                        

                         100        0.25   +                                   

               8 .times. 10.sup.-.sup.2                                        

                         100        0.18                                       

     Anhydro-9-                                                                

     ethyl-5,5'-                                                               

     diphenyl-3-                                                               

               1 .times. 10.sup.-.sup.2                                        

                         79         0.35   -                                   

     sulfopropyl-                                                              

     3'-ethyloxa-                                                              

               2 .times. 10.sup.-.sup.2                                        

                         100        0.45                                       

     carbocyanine                                                              

     Hydroxide                                                                 

     No Dye              --         0.32                                       

     Composition of Color Development Solution                                 

     Benzyl Alcohol       --    5          ml                                  

     Sodium Hydroxide     --    0.5        g                                   

     Diethylene Glycol    --    3          ml                                  

     Sodium Hexametaphosphate                                                  

                          --    2          g                                   

     Sodium Sulfite       --    2          g                                   

     Potassium Bromide    --    2          g                                   

     4-Amino-3-methyl-N-ethyl-                                                 

                          --    5          g                                   

     .beta.-hydroxyethylaniline                                                

     sesquisulfate (monohydrate)                                               

     Metaboric Acid       --    0.5        g                                   

     Sodium Metaborate    --    77         g                                   

     Water to                   1000       ml                                  

     Stopping Solution                                                         

     Sodium Acetate       --    30         g                                   

     Glacial Acetic Acid  --    8          ml                                  

     Water to                   1000       ml                                  

     Hardening Bath                                                            

     Sodium Hexametaphosphate                                                  

                          --    1          g                                   

     Borax ((heptahydrate)                                                     

                          --    20         g                                   

     Formalin (37%)       --    10         ml                                  

     Water to                   1000       ml                                  

     Bleaching Solution                                                        

     Ferric Sodium Ethylenediamine-                                            

                                30         g                                   

     tetraacetate (dihydrate)                                                  

     Potassium Bromide          50         g                                   

     Disodium Ethylenediamine-  5          g                                   

     tetraacetate                                                              

     Boric Acid                 3          g                                   

     Borax                      1.5        g                                   

     Water to                   1000       ml                                  

     Fixer                                                                     

     Sodium Thiosulfate         150        g                                   

     Sodium Sulfite             15         g                                   

     Borax                      12         g                                   

     Glacial Acetic Acid        15         ml                                  

     Potassium Alum             20         g                                   

     Water to                   1000       ml                                  

     ______________________________________                                    

PAR  The silver halide emulsion was coated onto a support member, preferably,
      having a hydrophobic surface, for example, transparent or opaque plastic
      films such as cellulose acetate films and polyethylene terephthalate
      films, papers laminated with plastic films such as polyolefins and
      synthetic papers. The light-sensitive material according to the invention
      can have any of a dyed layer for antihalation as disclosed in U.S. Pat.
      No. 3,652,283, and a filter layer as disclosed in U.S. Pat. No. 3,653,905,
      a dyed layer for improving the safe light stability as disclosed in U.S.
      Pat. 3,575,704 and an intermediate layer for preventing the color mixing
      as disclosed in Japanese Patent Publication No. 18459/66.
PAR  The light-sensitive material of the invention is applicable to color
      negative films, color print papers, color sensitive materials of the
      diffusion transfer type, color intermediate films and color photographic
      materials for drawing as industrial materials. Moreover, the
      light-sensitive material of the invention can be used for color paper
      sensitive materials suitable for high temperature and rapid development
      processings.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing an image having a reduced amount of fog which
      comprises a step of color developing at a temperature of at least
      30.degree.C., an exposed light-sensitive silver halide material containing
      at least one spectrally sensitized silver halide photographic emulsion
      layer on a support, said emulsion layer containing at least one
      sensitizing dye having the halide ion concentration increasing effect
      which can be determined by:
PA1  a. warming mixture A to 70.degree.C., wherein mixture A comprises:
TBL  Distilled water        500     ml                                         

     Ammonium Bromide       20      g                                          

     Sodium chloride        10      g                                          

     Citric acid            50      g                                          

     Gelatin                70      g                                          

PA1  b. adding mixture B to mixture A with agitation over 50 minutes, wherein
      mixture B comprises:
TBL  Distilled water        500     ml                                         

     Silver Nitrate         50      g                                          

     Citric acid            50      g                                          

PA1  c. physically aging, cooling, setting and washing with water the product
      from Step (b) to yield an emulsion with a pH of 6.4 and a pAg of 7.8;
PA1  d. charging a first and a second emulsion vessel each with 100 g. of the
      product from Step (c), melting at 40.degree.C., stirring and storing the
      two emulsions;
PA1  e. adding a sensitizing dye to the first emulsion vessel as a methanol
      solution in a concentration of 1 .times. 10.sup.-.sup.3 or 5 .times.
      10.sup.-.sup.4 mol, stirring and allowing said first emulsion to stand for
      about 10 minutes;
PA1  f. adding the quantity of methanol used in Step (e) to the said second
      emulsion;
PA1  g. measuring any potential difference (.DELTA.EAg) between said two
      emulsions;
PA1  h. determining the increase or decrease in the pAg of the said first
      emulsion from the measurement of the .DELTA.EAg; and
PA1  i. choosing those dyes which cause an increase in the pAg of the first
      emulsion.
NUM  2.
PAR  2. The method as claimed in claim 1, wherein said sensitizing dye is a dye
      having the halide ion concentration increasing effect and is selected from
      compounds represented by the following Formula (I):
      ##EQU2##
      in which R represents a sulfoalkyl group, Z represents an atomic group
      necessary for forming a benzoxazole nucleus, a benzimidazole nucleus, a
      benzothiazole nucleus or a pyridine nucleus, n represents 0 or 1, R.sub.1
      represents a lower alkyl group, a carboxyalkyl group, an aralkyl group, or
      a saturated or unsaturated cyclic hydrocarbon group; or a sensitizing dye
      represented by the following Formula (II):
      ##EQU3##
      in which A represents a lower alkyl group, R.sub.2 and R.sub.3 each
      represents an alkyl group, a sulfoalkyl group or a sulfoalkoxylalkyl
      group, at least one of R.sub.2 or R.sub.3 being a sulfoalkyl group or a
      sulfoalkoxyalkyl group, W represents a halogen atom or a phenyl group and
      W.sub.1 represents a halogen atom.
NUM  3.
PAR  3. The method of claim 2, wherein said sulfoalkyl group is a sulfoethyl
      group, a sulfopropyl group or a sulfobutyl group, wherein said aralkyl
      group is a benzyl group, wherein said hydrocarbon group is a hexyl group
      or an aryl group, wherein said lower alkyl group is a methyl group or an
      ethyl group and wherein said alkyl group is a methyl group, an ethyl group
      or a propyl group.
NUM  4.
PAR  4. The method of claim 1, wherein said support is a resincoated paper or a
      synthetic paper.
NUM  5.
PAR  5. The method of claim 1, wherein said emulsion contains a two equivalent
      diketomethylene type coupler as a yellow coupler or a two equivalent
      pyrazolone type coupler as a magenta coupler.
NUM  6.
PAR  6. The method of claim 1, wherein said sensitizing dye is one of the
      following:
      ##SPC3##
PAL  or an oxacarbocyanine dye represented by the Formula (II):
      ##EQU4##
      in which A represents a lower alkyl group, R.sub.2 and R.sub.3 each
      represents an alkyl group, a sulfoalkyl group or a sulfoalkoxyalkyl group,
      at least one of R.sub.2 or R.sub.3 being a sulfoalkyl group or a
      sulfoalkoxyalkyl group, W represents a halogen atom or a phenyl group and
      W.sub.1 represents a halogen atom, and said support is resin coated paper,
      synthetic paper, polyethylene terephthalate film or cellulose acetate
      film.
NUM  7.
PAR  7. The method of claim 1, wherein said light-sensitive silver halide
      material contains at least a coupler-in-the-emulsion.
NUM  8.
PAR  8. The method as claimed in claim 2, wherein said support is a resin coated
      paper, synthetic paper, polyethylene terephthalate film or cellulose
      acetate film.
NUM  9.
PAR  9. A method for suppressing fog in high temperature color development of an
      exposed light-sensitive silver halide material containing at least one
      spectrally sensitized silver halide photographic emulsion layer on a
      support, wherein said emulsion layer contains at least one sensitizing dye
      chosen by a consideration of the halide concentration increasing effect of
      the dye which can be determined by:
PA1  a. warming mixture A to 70.degree.C., wherein mixture A comprises:
TBL  Distilled water        500     ml                                         

     Ammonium bromide       20      g                                          

     Sodium chloride        10      g                                          

     Citric acid            50      g                                          

     Gelatin                70      g                                          

PA1  b. adding mixture B to mixture A with agitation over 50 minutes, wherein
      mixture B comprises:
TBL  Distilled water        500     ml                                         

     Silver nitrate         50      g                                          

     Citric acid            50      g                                          

PA1  c. physically aging, cooling, setting and washing with water the product
      from Step (b) to yield an emulsion with a pH of 6.4 and a pAg of 7.8;
PA1  d. charging a first and a second emulsion vessel each with 100 g. of the
      product from Step (c), melting at 40.degree.C., stirring and storing the
      two emulsions;
PA1  e. adding a sensitizing dye to the first emulsion vessel as a methanol
      solution in a concentration of 1 .times. 10.sup.-.sup.3 or 5 .times.
      10.sup.-.sup.4 mol, stirring and allowing said first emulsion to stand for
      about 10 minutes;
PA1  f. adding the quantity of methanol used in Step (e) to the said second
      emulsion;
PA1  g. measuring any potential difference (.DELTA.EAg) between said two
      emulsions;
PA1  h. determining the increase or decrease in the pAg of the said first
      emulsion from the measurement of the .DELTA.EAg; and
PA1  i. choosing those dyes which cause an increase in the pAg of the first
      emulsion.
NUM  10.
PAR  10. The method of claim 9, wherein said support is a resincoated paper or a
      synthetic paper.
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PAL  Novel magenta-forming 3-anilino-2-pyrazolin-5-one colour couplers for use
      in silver halide photography are described wherein the anilino group
      carries an aryloxysulphonyl group.
BSUM
PAR  The present invention relates to 2-pyrazolin-5-one colour couplers, to the
      preparation thereof, to photographic silver halide elements and developing
      compositions containing such colour couplers as well as to colour
      development processes wherein said colour couplers take part in the
      formation of a magenta dye image.
PAR  It is known that for the formation of a photographic colour image in a
      light-sensitive silver halide emulsion layer the exposed silver halide is
      developed by means of an aromatic primary amino colour developer in the
      presence of a colour coupler which by reaction with the oxidized developer
      forms a dye on the areas corresponding to the silver image.
PAR  In subtractive three-colour photography it is common practice to use a
      photographic element comprising at least one red-sensitized,
      green-sensitized and blue-sensitive silver halide emulsion layer, wherein
      upon development in the presence of suitable colour couplers, cyan,
      magenta and yellow dye images are formed respectively.
PAR  It is desirable that colour couplers employed in colour photography have
      good coupling activity, and produce dye images that have the desired
      spectral absorption characteristics and favourable stability against
      light, moisture and heat.
PAR  The colour couplers may be of the diffusible type or of the non-diffusible
      type. By diffusible couplers is meant colour couplers the dispersability
      or solubility of which is sufficient to enable them to be usefully
      incorporated in aqueous colour developing solutions whereas by
      non-diffusible colour couplers is meant colour couplers intended for use
      in the photographic element where they should remain during colour
      development. Non-diffusible colour couplers are usually obtained by
      providing in the colour coupler molecule one or more ballasting groups
      which are sufficiently large to prevent diffusion of the colour coupler
      e.g. aliphatic groups of 5 to 20 C-atoms.
PAR  It is known that for homogeneously distributing nondiffusible colour
      couplers in a hydrophilic colloid layer, more particularly a silver halide
      emulsion layer, special techniques are to be used. Colour couplers
      containing a water-solubilizing group e.g. a sulpho group can be
      incorporated in the hydrophilic colloid compositions from alkaline
      solutions if necessary in the presence of a water-miscible solvent e.g.
      ethanol. Water-insoluble or sparingly watersoluble colour couplers can be
      incorporated in hydrophilic colloid compositions by dispersing techniques
      using highboiling water-immiscible solvents e.g. tricresyl phosphate and
      dibutylphthalate and/or low boiling water-immiscible solvents e.g.
      methylene chloride, ethyl acetate, diethyl carbonate, etc. No matter what
      technique is used, the colour couplers should be homogeneously distributed
      in the hydrophilic colloid layer and have high stability against
      crystallization so that colour image formation is not impaired.
PAR  For the formation of the magent a separation image it is known to use
      2-pyrazolin-5-one colour couplers. These colour couplers may comprise in
      the 1-position an alkyl or substituted alkyl group e.g. alkyl with 1 to 22
      C-atoms, haloalkyl e.g. chloro and fluoroalkyl, cyanoalkyl, e.g.
      .beta.-cyanoethyl, benzyl, etc., an aryl or substituted aryl group e.g.
      phenyl, 2-chlorophenyl, 2,6-dichlorophenyl, 2,4,6-trichlorophenyl,
      2,4-dichloro-6-methylphenyl, 2-chloro- 4,6-dimethylphenyl, cyanophenyl,
      alkoxyphenyl, alkylthiophenyl, alkylsulphonylphenyl, sulphamoyl- or
      carbamoylphenyl etc. or a heterocycle e.g. 2-thiazolyl, 2-benzothiazolyl,
      2-imidazolyl, 2-benzimidazolyl, 2-oxazolyl, 2-benzoxazolyl, etc.
PAR  In the 3-position of 2-pyrazolin-5-one colour couplers, there is usually an
      alkylamino group, an arylamino group, an acylamino group, an acyloxyamino
      group or an ureido group.
PAR  In accordance with the present invention novel 2-pyrazolin-5-one colour
      couplers comprising in the 3-position an anilino group are provided which
      yield upon colour development azomethine dyes having favourable
      sensitometric and spectral properties with high transmission for blue and
      red light and favourable stability against light, heat and moisture.
      Moreover, the non-diffusible types of these colour couplers lend
      themselves very well for being incorporated in hydrophilic colloid
      compositions more particularly a lightsensitive silver halide emulsion by
      means of dispersion techniques and stable, finely divided dispersions of
      the colour couplers in the emulsion layers can be obtained in this way.
PAR  The 3-anilino-2-pyrazolin-5-one colour couplers according to the present
      invention are characterized in that the anilino group carries an
      aryloxysulphonyl group including a substituted aryloxysulphonyl group. The
      aryloxysulphonyl group has a high stability against hydrolysis contrary to
      alkoxysulphonyl groups which as is known from British Patent 843,940 are
      hydrolytically unstable.
PAR  More particularly, the 3-anilino-2-pyrazolin-5-one colour couplers
      according to the present invention can be represented by the formula:
      ##EQU1##
      wherein:
PAR  R.sub.1 represents alkyl including substituted alkyl e.g. benzyl,
      substituted benzyl e.g. chlorobenzyl, cyanoalkyl, e.g. 2-cyanoethyl,
      fluoroalkyl e.g. 2,2,2-trifluoroethyl, aryl including substituted aryl
      e.g. aryl substituted with one or more alkyl, alkoxy, alkylthio, phenoxy,
      halogen, alkylsulphonyl, carbalkoxy, fluorosulphonyl, trifluoromethyl,
      sulphamoyl, carbamoyl, cyano or nitro groups, or a heterocycle,
PAR  X represents hydrogen or a substituent that exhibits two-equivalent
      character on colour development e.g. a halogen atom e.g. chlorine atom, an
      alkylthio, arylthio, or heterocyclic thio group, an alkoxy, aryloxy or
      acyloxy group, a sulpho group or an arylazo group,
PAR  Ar represents a phenyl group or substituted phenyl group carrying an
      aryloxysulphonyl group e.g. a phenyloxysulphonyl group which may be
      substituted e.g. with one or more alkyl, cycloalkyl, hydroxy, halogen,
      alkoxy, alkylthio or alkylsulphonyl groups; more particularly Ar
      represents a group of the formule:
      ##SPC1##
PAL  wherein:
PAR  Z is hydrogen, halogen, alkoxy, alkylthio, etc., and A is a carbocyclic
      aryl group e.g. phenyl which may be substituted e.g. with one or more of
      the groups alkyl, cycloalkyl, hydroxy, halogen, alkoxy, alkylthio or
      alkylsulphonyl.
PAR  The term "two-equivalent character" as applied to colour coupling systems
      is well known and is described for example in "The theory of the
      photographic process", C.E.K. Mees, The Mac Millan Company, New York,
      1966, p.390. It means that by the presence of the splittable substituent
      on the active methylene group only two equivalents of silver are required
      for the formation of the dye contrary to four equivalents when the
      methylene group is not substituted.
PAR  The colour couplers for magenta according to the present invention can be
      of the diffusible- or non-diffusible type as described above. The
      invention is particularly concerned with non-diffusible colour couplers
      for use in the photographic colour element itself. For this purpose the
      colour couplers can be provided in the substituents on the 1- or
      3-positions of the pyrazolon nucleus with one or more ballasting groups
      comprising an aliphatic straight-chain or branched-chain hydrocarbon group
      of at least 5 C-atoms. The ballasting group(s) rendering the colour
      coupler fast to diffusion in hydrophilic colloid layers is preferably a
      substituent on the aryloxysulphonyl group or a substituent on a 1-aryl
      group. These non-diffusible colour couplers of the invention lend
      themselves very well for being incorporated in the silver halide emulsion
      by dispersing techniques.
PAR  The present invention provides besides novel 2-pyrazolin-5-one compounds, a
      method of producing a magenta coloured photographic image in a
      photographic light-sensitive silver halide material which comprises
      exposing the material and developing it with an aromatic primary amino
      colour developing agent in the presence of a 2-pyrazolin-5-one colour
      coupler as defined above.
PAR  The present invention further provides a photographic element containing at
      least one silver halide emulsion layer and a 2-pyrazolin-5-one colour
      coupler as defined above comprising in its molecule one or more aliphatic
      hydrocarbon groups of at least 5 C-atoms.
PAR  The colour couplers of the present invention can be prepared according to
      methods known in the art. For example, they can be prepared by reaction of
      the known alkyl or aryl hydrazines with an aryloxysulphonylaniline and
      ethyl .beta.,.beta.,.beta.-trimethoxypropionate according to the method
      described in the published German Pat. No. 2,042,920.
PAR  The aryloxysulphonylanilines can be prepared by means of one of the
      following procedures :
PA1  1. reaction of a nitrobenzene sulphochloride with phenol or naphthol in
      pyridine followed by catalytic hydrogenation;
PA1  2. reaction of an acetylaminobenzene sulphochloride with a phenol or
      naphthol in pyridine followed by deacetylation, and
PA1  3. reaction of a nitrobenzene sulphochloride with the sodium salt of a
      phenol or naphthol in benzene followed by catalytic hydrogenation.
PAR  Representative aryloxysulphonylanilines prepared according to one of the
      above procedures and useful for the preparation of the colour couplers of
      the invention are listed in the following Table I.
      ##SPC2##
PAR  The following preparations illustrate how the colour couplers of the
      invention can be prepared. Representative examples of colour couplers are
      listed in table II hereinafter.
PAC  Preparation 1
PAR  Colour coupler 1 of table II
PAR  38.9 g (0.1 mole) of amine (1) in 100 ml of acetic acid were stirred for 90
      min. at room temperature with 28.8 g (0.12 mole) of ethyl
      .beta.,.beta.,.beta.-trimethoxypropionate (for 80 % pure). The excess of
      acetic acid and propionate was removed by evaporation at
      100.degree.-110.degree.C under reduced pressure of 1 mm Hg. 11.4 g (0.1
      mole) of 2,2,2-trifluoroethylhydrazine (prepared according to the British
      Pat. No. 1,069,532 and 1 ml of acetic acid were added to the residue.
      Stirring was continued for 15 min. at 100.degree.-110.degree.C and the
      reaction mixture became solid. It was recrystallized from 200 ml of
      ethanol.
PAR  Yield : 34.6 g (62.5 %). Melting point : 201.degree.C.
PAC  Preparation 2
PAR  Colour coupler 2 of table II
PAR  37.3 g (0.1 mole) of amine (2) in 100 ml of acetic acid were allowed to
      react as described in preparation 1 with 0.12 mole of ethyl
      .beta.,.beta.,.beta.-trimethoxypropionate.
PAR  After evaporation, 12.2 g (0.1 mole) of benzylehydrazine and 1 ml of acetic
      acid were added. The mixture was stirred for 21/2  hours at
      100.degree.-110.degree.C and then concentrated by evaporation. The residue
      was recrystallized from 160 ml of methanol.
PAR  Yield : 23.5 g (43 %). Melting point : 193.degree.C.
PAC  Preparation 3
PAR  Colour coupler 8 of table II
PAR  This coupler was prepared from 39.1 g (0.1 mole) of amine (5), 100 ml of
      acetic acid, 0.12 mole of ethyl .beta.,.beta.,.beta.-trimethoxypropionate
      and 11.4 g (0.1 mole) of 2,2,2-trifluoroethylhydrazine according to the
      procedure of preparation 2. The recrystallization solvent was
      isopropylether.
PAR  Yield : 34 g (61.2 %). Melting point : 167.degree.C.
PAC  Preparation 4
PAR  Colour coupler 9 of table II
PAR  This coupler was prepared from 32.1 g (0.1 mole) of amine (3), 100 ml of
      acetic acid, 0.12 mole of ethyl .beta.,.beta.,.beta.-trimethoxypropionate
      and 19 g (0.1 mole) of .alpha.-trifluoromethyl benzylhydrazine (prepared
      as described in British Pat. No. 1,069,532) following the procedure of
      preparation 2. The recrystallization solvent was benzene.
PAR  Yield : 38 g (67.5 %). Melting point : 149.degree.C.
PAC  Preparation 5
PAR  Colour coupler 10 of table II
PAR  This coupler was prepared from 39.55 g (0.1 mole) of amine (7), 100 ml of
      acetic acid, 0.12 mole of ethyl .beta.,.beta.,.beta.-trimethoxypropionate,
      and 11.4 g (0.1 mole) of 2,2,2-trifluoroethylhydrazine following the
      procedure of preparation 2. The recrystallization solvent was isopropyl
      ether.
PAR  Yield : 27 g (48.5 %). Melting point : 139.degree.-141.degree.C.
PAC  Preparation 6
PAR  Colour coupler 13 of table II
PAR  This coupler was prepared from 45.9 g (0.1 mole) of amine (9), 100 ml of
      acetic acid, 0.12 mole of ethyl .beta.,.beta.,.beta.-trimethoxypropionate,
      and 13.4 g (0.11 mole) of benzylhydrazine. The residue was recrystallized
      from methanol and then from ethanol.
PAR  Yield : 19 g (30 % ). Melting point : 89.degree.C.
PAC  Preparation 7
PAR  Colour coupler 18 of table II
PAR  24.9 g (0.1 mole) of amine (6), 28.8 g (0.12 mole) of ethyl
      .beta.,.beta.,.beta.-trimethoxypropionate and 2 ml of acetic acid were
      heated for 3 hours at 80.degree.C. The excess of acetic acid and
      propionate was removed by evaporation at 100-110.degree.C under reduced
      pressure of 1 mm Hg.
PAR  39.6 g (0.1 mole) of p-n-hexadecylsulphonylphenylhydrazine, 150 ml of
      acetonitrile, and 2ml of acetic acid were added to the residue. The
      mixture was heated until complete dissolution and then left standing at
      room-temperature. The precipitate formed was filtered off by suction and
      recrystallized, first from isopropyl ether and then from acetonitrile.
PAR  Yield : 20.5 g (30 %). Melting point : 74.degree.C.
PAC  Preparation 8
PAR  Colour coupler 21 of table II
PAR  38.9 g (0.1 mole of amine (1) and 0.12 mole of ethyl
      .beta.,.beta.,.beta.-trimethoxy propionate were allowed to react in acetic
      acid as described in preparation 1.
PAR  After evaporation, 0.1 mole of 2,4-dimethyl-6-chlorophenyl hydrazine and 10
      ml of acetic acid were added to the residue. The reaction mixture was
      stirred at 80.degree.C for 1 hour and then suddenly became solid. It was
      treated with hot acetonitrile.
PAR  Yield : 36.6 g (60 %). Melting point : 226.degree.C.
PAC  Preparation 9
PAR  Colour coupler 25 of table II
PAR  This coupler was prepared from 40.3 g (0.1 mole) of amine (4), 0.12 mole of
      ethyl .beta.,.beta.,.beta.-trimethoxypropionate, 2 ml of acetic acid and
      21.15 g (0.1 mole) of 2,4,5-trichlorophenyl hydrazine following the
      procedure of preparation 7.
PAR  However, the reaction mixture was left standing overnight and cyclisation
      was effected by addition of 50 ml of 0.2 N sodium methylate in methanol
      and heating for 2 hours at 50.degree.C.  After acidification with acetic
      acid and dilution with water, the mixture was extracted with methylene
      chloride. The residue obtained upon evaporation was treated with methanol.
PAR  Yield : 34 g (51 %). Melting point : 136.degree.C.
PAC  Preparation 10
PAR  Colour coupler 26 of table II
PAR  This colour coupler was prepared from 40.3 g (0.1 mole) of amine (4), 0.12
      mole of ethyl .beta.,.beta.,.beta.-trimethoxypropionate, 2 ml of acetic
      acid and 17.7 g (0.1 mole) of 3,4-dichloro-phenylhydrazine according to
      the procedure of preparation 7. The recrystallization solvent was ethylene
      glycol monomethyl ether.
PAR  Yield : 15.5 g (25 %). Melting point : 148.degree.C.
PAC  PREPARATION 11
PAR  Colour coupler 32 of table II
PAR  38.9 g (0.1 mole) of amine (10) and 0.12 mole of ethyl
      .beta.,.beta.,.beta.-triemethoxypropionate were allowed to react in acetic
      acid as described in preparation 1.
PAR  After evaporation, 16.5 g (0.1 mole) of benzothiazolyl-hydrazine and 100 ml
      of acetic acid were added to the residue. The reaction mixture was heated
      at 60.degree.-70.degree.C so that first a solution and then after about 30
      min. a precipitate formed. After having kept the mixture for 2 hours at
      60.degree.-70.degree.C the precipitate was filtered off by suction and
      treated with methanol.
PAR  Yield: 32.5 g (50%). Melting point: 234.degree.C.
TBL                Table II                                                    

     ______________________________________                                    

     Colour                                                                    

           Substituent in     Melting   Yield                                  

     coup- 1-position  3-position point   %                                    

     ler               derived from                                            

                                  .degree.C                                    

     ______________________________________                                    

     1     --CH.sub.2 CF.sub.3                                                 

                       amine 1    201     62.5                                 

     2     --CH.sub.2 --C.sub.6 H.sub.5                                        

                       amine 2    193     43                                   

     3     --CH.sub.2 --C.sub.6 H.sub.5                                        

                       amine 1    173     50.2                                 

     4     --CH.sub.2 --C.sub.6 H.sub.5                                        

                       amine 3    208     48                                   

     5     --CH.sub.2 CF.sub.3                                                 

                       amine 3    188-190 47.5                                 

     6     --CH.sub.2 CF.sub.3                                                 

                       amine 2    238     48.5                                 

     7     --CH.sub.2 CF.sub.3                                                 

                       amine 4    185     60                                   

     8     --CH.sub.2 CF.sub.3                                                 

                       amine 5    167     61.2                                 

     9     C.sub.6 H.sub.5 --CH--CF.sub.3                                      

                       amine 3    149     67.5                                 

           .vertline.                                                          

     10    --CH.sub.2 CF.sub.3                                                 

                       amine 7    139-141 48.5                                 

     11    --CH.sub.2 CF.sub.3                                                 

                       amine 8    150     57.5                                 

     12    --CH.sub.2 CF.sub.3                                                 

                       amine 9    110     46.5                                 

     13    --CH.sub.2 C.sub.6 H.sub.5                                          

                       amine 9    89      30                                   

     14    C.sub.6 H.sub.5 --CH--CF.sub.3                                      

                       amine 8    200     34.5                                 

           .vertline.                                                          

     15    --CH.sub. 2 CF.sub.3                                                

                       amine 10   228     61                                   

     16    --CH.sub.2 C.sub.6 H.sub.5                                          

                       amine 10   235     60                                   

     17    C.sub.6 H.sub.5 --CH--CF.sub.3                                      

                       amine 10   258     64                                   

           .vertline.                                                          

     18    --SO.sub.2 --(CH.sub.2).sub.15 --CH.sub.3                           

                       amine 6    74      26                                   

           (CH.sub.2).sub.15 CH.sub.3                                          

     19    --SO.sub.2 N.angle.                                                 

                       amine 6    149     27.7                                 

           CH.sub.3                                                            

     20    --SO.sub.2 --(CH.sub.2).sub.15 --CH.sub.3                           

                       amine 3    163     43                                   

     21    --CH.sub.3  amine 1    226     60                                   

     23    --Cl        amine 1    208     60                                   

           --Cl        amine 1    236     29.1                                 

     24    --Cl        amine 2    140     38                                   

     25    --Cl        amine 4    136     51                                   

     26    --Cl        amine 4    148     25                                   

     27    --Cl        amine 9    120     25                                   

     28    --Cl        amine 9    160     12                                   

     29    --Cl        amine 10   above   49                                   

                                  240                                          

     30    --Cl        amine 10   above   44.5                                 

                                  240                                          

     31                amine 10   238     30                                   

     32                amine 10   234     30                                   

     ______________________________________                                    

PAR  The non-diffusible colour couplers according to the present invention can
      be incorporated into the photographic silver halide element according to
      any suitable technique known in the art. The colour couplers of the
      invention are preferably incorporated into photographic hydrophillic
      colloid media from solutions in high boiling sparingly water-miscible
      solvents such as di-n-butyl phthalate and tricresyl phosphate or in
      lowboiling sparingly water-miscible solvents such as ethyl acetate,
      methylene chloride, diethyl carbonate, chloroform, etc. or mixtures
      thereof in that they have a high solubility therein and very fine
      dispersions can be obtained by means of these solvents.
PAR  For this purpose these solutions can be dispersed in extremely fine
      droplets, preferably in the presence of one or more wetting or dispersing
      agents into a hydrophilic colloid medium e.g. aqueous gelatin or into
      water, the low-boiling sparingly water-miscible solvent then being removed
      by evaporation. The stable dispersions of the colour couplers can be
      stored as such and then admixed whenever desired with coating composition
      itself of the hydrophilic colloid layer such as a silver halide emulsion
      layer into which the compounds are intended to be present.
PAR  Of course the compounds of the invention can also be incorporated into the
      hydrophilic colloid media in other ways.
PAR  More details about particularly suitable techniques that may be employed
      for incorporating the colour couplers of the invention into a hydrophilic
      colloid layer of a photographic material there can be referred to e.g.
      U.S. Pat. Nos. 2,269,158 -- 2,284,887 -- 2,304,939 -- 2,304,940 and
      2,322,027, United Kingdom Pat. Specifications No. 791,219 -- 1,098,594 --
      1,099,414 -- 1,099,415 -- 1,099,416 -- 1,099,417 -- 1,218,190 -- 1,272,561
      and 1,297,347, French Pat. No. 1,555,663, Belgian Pat. No. 722,026, German
      Pat. No. 1,127,714 and to United Kingdom Pat. Specification No. 1,297,947.
PAR  The couplers according to the invention may be used in conjunction with
      various kinds of photographic emulsions. Various silver salts may be used
      as the sensitive salt such as silver bromide, silver iodide, silver
      chloride or mixed silver halides such as silver chlorobromide, silver
      bromoiodide and silver chlorobromoiodide. The couplers can be used in
      emulsions of the mixed packet type as described in U.S. Pat. No. 2,698,794
      or emulsions of the mixed grain type as described in U.S. Pat. No.
      2,592,243. The colour couplers can be used with emulsions wherein latent
      images are formed predominantly on the surface of the silver halide
      crystal, or with emulsions wherein latent images are formed predominantly
      inside the silver halide crystal.
PAR  The hydrophilic colloid used as the vehicle for the silver halide may be,
      for example, gelatin, colloidal, albumin, zein, casein, a cellulose
      derivative, a synthetic hydrophilic colloid such as polyvinyl alcohol,
      poly-N-vinyl pyrrolidone, etc. If desired, compatible mixtures of two or
      more of these colloids may be employed for dispersing the silver halide.
PAR  The light-sensitive silver halide emulsions of use in the preparation of a
      photographic material according to the present invention may be chemically
      as well as optically sensitized. They may be chemically sensitized by
      effecting the ripening in the presence of small amounts of sulphur
      containing compounds such as allyl thiocyanate, allyl thiourea, sodium
      thiosulphate, etc. The emulsions may also be sensitized by means of
      reductors for instance tin compounds as described in French Pat. No.
      1,146,955 and in Belgian Pat. No. 568,687, imino-amino methane sulphinic
      acid compounds as described in United Kingdom Pat. Specification No.
      789,823 and small amounts of noble metal compounds such as gold, platinum,
      palladium, iridium, ruthenium and rhodium compounds. They may be optically
      sensitized by means of cyanine and merocyanine dyes.
PAR  The said emulsions may also comprise compounds which sensitize the
      emulsions by development acceleration for example compounds of the
      polyoxyalkylene type such as alkylene oxide condensation products as
      described among others in U.S. Pat. No. 2,531,832 -- 2,533,990 --
      3,210,191 and 3,158,484, in United Kingdom Pat. Specifications No. 920,637
      and 991,608 and in Belgian Pat. No. 648,710 and onium derivatives of
      amino-N-oxides as described in United Kingdom Pat. Specification No.
      1,121,696.
PAR  Further, the emulsions may comprise stabilizers e.g. heterocyclic
      nitrogen-containing thioxo compounds such as benzothiazoline-2-thione and
      1-phenyl-2-tetrazoline-5-thione and compounds of the
      hydroxytriazolopyrimidine type. They can also be stabilized with mercury
      compounds such as the mercury compounds described in Belgian Pat. No.
      524,121 -- 677,337 and 707,386 and in U.S. Pat. No. 3,179,520.
PAR  The light-sensitive emulsions may also comprise all other kinds of
      ingredients such as plasticizers, hardening agents, wetting agents, etc.
PAR  The non-diffusing magenta colour formers described in the present invention
      are usually incorporated into the greensensitized silver halide emulsion
      for forming one of the differently sensitized silver halide emulsion
      layers of a photographic multilayer colour material. Such photographic
      multilayer colour material usually comprises a support, a red-sensitized
      silver halide emulsion layer with a cyan colour former, a green-sensitized
      silver halide emulsion layer with a magenta colour former and a
      blue-sensitive silver halide emulsion layer with a yellow colour former.
PAR  The emulsions can be coated on a wide variety of photographic emulsion
      supports. Typical supports include cellulose ester film polyvinylacetal
      film, polystyrene film polyethylene terephthalate film and related films
      or resinous materials, as well as paper and glass. It is also possible to
      employ paper coated with .alpha.-olefin polymers e.g. paper coated with
      polyethylene, polypropylene, ethylene-butylene copolymers, etc.
PAR  For the production of photographic colour images according to the present
      invention an exposed silver halide emulsion layer is developed with an
      aromatic primary amino developing substance in the presence of a colour
      coupler according to the present invention. All colour developing agents
      capable of forming azomethine dyes can be utilised as developers. Suitable
      developing agents are aromatic compounds such as p-phenylene diamine and
      derivatives for example, N,N-diethyl-p-phenylene diamine,
      N-butyl-N-sulphobutyl-p-phenylene diamine,
      N,N-diethyl-N'-sulphomethyl-p-phenylene diamine,
      N,N-diethyl-N'-carboxymethyl-p-phenylene diamine,
      2-amino-5-diethylaminotoluene,
      4-amino-N-ethyl-N(.beta.-methanesulphonamidoethyl)-m-toluidine,
      N-hydroxyethyl-N-ethyl-p-phenyle diamine, etc.
DETD
PAR  The following examples illustrate the present invention.
PAC  EXAMPLE 1
PAR  An aqueous gelatin dispersion of 16 g of colour coupler 18 having the
      following structural formula
      ##SPC3##
PAL  was admixed with 500 g of a green-sensitized silver bromoiodide (3 mole %
      of iodide) emulsion containing 0.115 mole of silver halide.
PAR  The aqueous gelatin dispersion was prepared by dispersing with the help of
      an ultrasonic wave generator a solution of 6 g of colour coupler in 30 ml.
      of ethyl acetate in 100 ml of a 5 % aqueous solution of gelatin containing
      1.5 g of the sodium salt of lauryl benzene sulphonate and then removing
      the ethyl acetate by evaporation under reduced pressure.
PAR  After neutralization of the emulsion and addition of the common additives
      such as stabilizers, wetting agents and hardeners, the emulsion was coated
      on a cellulose triacetate support, dried and overcoated with a gelatin
      antistress layer.
PAR  The material was exposed for 1/20 sec. through a grey wedge with constant
      0.15 and developed for 8 min. at 20.degree.C in a developing bath of the
      following composition:
     2-amino-5-diethylaminotoluene HCl                                         

                            2.5     g                                          

     anhydrous sodium sulphite                                                 

                            5       g                                          

     anhydrous sodium carbonate                                                

                            20      g                                          

     potassium bromide      2       g                                          

     water to make          1       liter.                                     

PAR  The silver image and residual silver halide were removed by treatment in a
      potassium hexacyanoferrate (III) bleach and a sodium thiosulphate fixer.
PAR  A magenta coloured wedge was obtained having absorption maximum at 556 nm.
PAC  EXAMPLE 2
PAR  Another sample of the material prepared as described in example 1 was
      exposed and processed in the same way with the difference that the
      developer had the following composition:
TBL  2-amino-5-[N-ethyl-N(.beta.-methylsulphonyl-                              

     amino)ethyl]aminotoluene sulphate                                         

                             2       g                                         

     anhydrous sodium sulphite                                                 

                             0.5     g                                         

     anhydrous sodium carbonate                                                

                             30      g                                         

     water to make           1       liter                                     

PAR  A magenta coloured wedge was obtained having absorption maximum at 556 nm.
PAC  EXAMPLE 3
PAR  Examples 1 and 2 were repeated with the only difference that now colour
      coupler 18 was replaced by colour coupler 19 of the following structural
      formula:
      ##SPC4##
PAR  Magenta wedge images were obtained having absorption maxima at 548 nm
      (developer of example 1) and 546 nm (developer of example 2).
PAC  EXAMPLE 4
PAR  Examples 1 and 2 were repeated with the only difference that colour coupler
      18 was replaced by colour coupler 20 of the following structural formula:
      ##SPC5##
PAR  Magenta wedge images were obtained having absorption maxima at 556 nm
      (developer of example 1) and 558 nm (developer of example 2).
CLMS
STM  We claim:
NUM  1.
PAR  1. Method of producing a magenta coloured photographic image in a
      photographic light-sensitive silver halide material which comprises
      exposing the material and developing it with an aromatic primary amino
      colour developing agent in the presence of a 3-anilino-2-pyrazolin-5-one
      colour coupler wherein the anilino group carries an aryloxysulphonyl
      group.
NUM  2.
PAR  2. Method according to claim 1, wherein the 2-pyrazolin-5-one colour
      coupler corresponds to the formula:
      ##EQU2##
      wherein: R.sub.1 represents an alkyl group, an aryl group, or a
      heterocycle,
PA1  X represents hydrogen or a substituent that exhibits 2-equivalent
      character,
PA1  Ar represents a phenyl group carrying an aryloxysulphonyl group.
NUM  3.
PAR  3. Method according to claim 1 wherein the aryloxysulphonyl group is a
      phenyloxysulphonyl group which may be substituted with one or more of the
      groups alkyl, cycloalkyl, hydroxy, halogen, alkoxy, alkylthio or
      alkylsulphonyl.
NUM  4.
PAR  4. Method according to claim 2 wherein in the formula the group Ar
      represents a group of the formula:
      ##SPC6##
PAL  wherein:
PA1  Z is hydrogen, halogen, alkoxy, or alkylthio, and
PA1  A is a carbocyclic aryl group which may be substituted with one or more of
      the groups, alkyl, cycloalkyl, hydroxy, halogen, alkoxy, alkylthio or
      alkylsulphonyl.
NUM  5.
PAR  5. A photographic element containing at least one silver halide emulsion
      layer and a 3-anilino-2-pyrazolin-5-one compound wherein the anilino group
      carries an aryloxy sulphonyl group.
NUM  6.
PAR  6. A photographic element according to claim 5 wherein the compound
      corresponds to the formula:
      ##EQU3##
      wherein: R.sub.1 represents an alkyl group, an aryl group, or a
      heterocycle,
PA1  X represents hydrogen or a substituent that exhibits 2-equivalent
      character,
PA1  Ar represents a phenyl group carrying an aryloxysulphonyl group.
NUM  7.
PAR  7. A photographic element according to claim 5 wherein the aryloxysulphonyl
      group is a phenyloxysulphonyl group which may be substituted with one or
      more of the groups alkyl, cycloalkyl, hydroxy, halogen, alkoxy, alkylthio
      or alkylsulphonyl.
NUM  8.
PAR  8. A photographic element according to claim 6 wherein in the formula the
      group Ar represents a group of the formula:
      ##SPC7##
PAL  wherein:
PA1  Z is hydrogen, halogen, alkoxy, or alkylthio, and
PA1  A is a carbocyclic aryl group which may be substituted with one or more of
      the groups, alkyl, cycloalkyl, hydroxy, halogen, alkoxy, alkylthio or
      alkylsulphonyl.
NUM  9.
PAR  9. A photographic element according to claim 5, wherein the
      aryloxysulphonyl group comprises one or more aliphatic hydrocarbon groups
      of at least 5 C-atoms.
NUM  10.
PAR  10. A photographic element according to claim 5 wherein said
      3-anilino-2-pyrazolin-5-one compound carries in the 1-position an aryl
      group containing an aliphatic hydrocarbon group of at least 5 carbon
      atoms.
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ABST
PAL  A light-sensitive member for use in a color diffusion transfer element
      which comprises a support having thereon at least one silver halide
      emulsion layer and at least one dye developing agent combined with the
      silver halide in the silver halide emulsion layer, wherein at least one
      layer on the support contains an auxiliary developing agent selected from
      the group consisting of a catechol having at least one substituent, with
      at least one of the substituents being selected from the group consisting
      of an alkoxy group, an acylamino group, an acylimino group, an
      alkylsulfonamido group, an alkylthio group, an arylthio group, an
      alkylseleno group, an arylseleno group and a heterocyclic group; dissolved
      in a substantially water-insoluble solvent and present in the layer as
      finely divided liquid droplets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to color diffusion transfer photographic
      materials and, in greater detail, to photographic materials which are used
      in color diffusion transfer processes using dye developing agents.
PAR  2. Description of the Prior Art
PAR  Diffusion transfer photographic processes using dye developing agents,
      mainly compounds which are both a developer and a dye have been described
      in many patents inclusing U.S. Pat. No. 2,983,606 and British Pat. No.
      804,971, etc. As is described in these patent specifications, an exposed
      photosensitive silver halide emulsion is developed in the presence of a
      dye developing agent and consequently an image-wise distribution of an
      unreacted unoxidized dye developing agent is formed as a function of
      exposure and development. The unreacted unoxidized dye developing agent is
      diffusible in processing solutions and thus at least a part of this
      image-wise distribution is transferred to a superposed image receiving
      element.
PAR  In a particularly preferred embodiment of these diffusion transfer
      processes, a photosensitive element containing a silver halide emulsion
      together with a dye developing agent is exposed to light and a liquid
      processing composition is supplied to the exposed element by, for example,
      dipping, applying or spraying. Before, during or after the application of
      the above described liquid treating composition, the exposed element is
      superposed on an image receiving element which can mordant the dye
      developing agent. In a preferred example, a photosensitive element in
      which a dye developing agent is included in a layer adjacent a silver
      halide emulsion layer so as to combine with the silver halide in the
      silver halide emulsion layer is superposed on an image receiving element
      so as to contact the emulsion layer of the photosensitive element with an
      image receiving layer of the image receiving element, and a liquid
      processing composition is supplied as a comparatively thin layer between
      the photosensitive element and the image receiving element. The liquid
      processing composition permeates into the emulsion layer and the dye
      developing agent layer to cause development of the developable silver
      halide and thus the dye developing agent is immobilized.
PAR  This immobilization depends partially upon the fact that diffusibility or
      solubility of the oxidation products of the dye developing agent is lower
      than that of the unoxidized dye developing agent. It is further believed
      that the immobilization depends partially upon localized decrease in
      alkali concentration as a function of development.
PAR  Since the unreacted dye developing agent in the non-developed area of the
      emulsion is diffusible, the image-wise distribution of the diffusible
      unoxidized dye developing agent is formed as a function of exposure and
      development of the silver halide emulsion. At least a part of the
      image-wise distribution of the diffusible unoxidized dye developing agent
      is transferred to the superposed image receiving layer to form a transfer
      image on the image receiving layer. When an element comprising a silver
      halide emulsion layer having a different photosensitivity is combined with
      a dye developing agent having a different color which is a substantially
      complementary color to the main sensitive range of the emulsion, namely,
      where an emulsion sensitive to red light is combined with a cyan dye
      developing agent, an emulsion sensitive to green light is combined with a
      magenta dye developing agent or an emulsion sensitive to blue light is
      combined with a yellow dye developing agent, each dye developing agent is
      oxidized in the exposed area of the combined emulsion and immobilized
      therein when each photosensitive element is treated with the liquid
      processing composition. Thus the residual dye developing agent in the
      nonexposed area is transferred to the image receiving material by
      diffusion.
PAR  Accordingly, where a large amount of the unoxidized dye developing agent is
      present in the sufficiently exposed negative area corresponding to a
      highlight part of an object to be photographed, the unoxidized dye
      developing agent diffuses into the image receiving material similar to the
      unoxidized dye developing agent present in the non-exposed area
      corresponding to a dark part of the object to be photographed, whereby a
      low contrast transfer image having a high maximum density is formed.
PAR  On the other hand, the dye developing agents described in U.S. Pat. Nos.
      3,225,001; 2,992,106; 3,297,441; 3,134,762; 3,236,643; 3,134,673;
      3,236,645; 3,134,764; 3,134,672; 3,134,765; 3,183,089; 3,135,734;
      3,135,604; 3,173,906; 3,222,169; 3,183,090; 3,201,384; 3,246,985;
      3,208,991; 3,142,565; 3,218,312; 3,230,086; 3,262,924; 3,275,617;
      3,077,402; 3,282,913; 3,141,772; 3,299,041; 3,309,199; 2,983,605;
      3,047,386; 3,076,820; 3,173,929; 3,230,083; 3,236,864; 3,239,339;
      3,252,969; 3,253,001; 3,288,778; 3,209,016; 3,135,606; 3,076,808;
      3,126,280; 3,236,865; 3,135,605; 3,255,205; 3,131,061; 3,347,673;
      3,347,672; 3,246,016; 3,245,790; 3,086,005; 3,295,973; 3,307,847;
      3,230,082 and 3,230,085, for example,
      1,4-bis-(.alpha.-methyl-.beta.-hydroquinonylpropylamino)-5,8-dihydroxyanth
     raquinone as the cyan dye developing agent,
      4-propoxy-2-(p-(.beta.-hydroquinonylethyl)phenylazo)-1-naphthol as the
      magenta dye developing agent and
      1-phenyl-3-N-n-hexylcarboxamido-4-(p-2',5'-dihydroxyphenethyl)phenylazo)-5
     -pyrazolone as the yellow dye developing agent are weak developing agents
      for silver halide, even if they are used in a comparatively strongly
      alkaline range as high as a pH of 13. Accordingly, when these dye
      developing agents are used, the desired maximum density, gradation and
      sensitivity can not be obtained. Since the immobilization of the dye
      developing agents is a function of the development of the emulsion, the
      resulting transfer image obtained by this process has an undesirable high
      minimum density at the highlight area, an undesirable low maximum density
      and a low contrast. It is believed that these are partially due to the
      weak development activity for silver halide of the dye developing agents
      and the lack of efficient use of all of the dye developing agent around
      the silver halide particles.
PAR  Further, in a multi-color system, emulsion layers are each developed not
      only by a dye developing agent having a color which is a substantially
      complementary color to the main photosensitive range of the layers but
      also by other dye developing agents in other emulsion layers. For example,
      a part of a magenta dye developing agent in a green sensitive emulsion
      diffuses into a blue sensitive emulsion and a red sensitive emulsion to
      cause the development thereof and is immobilized therein. Consequently,
      the resulting transfer image is one containing a low amount of the magenta
      dye.
PAR  As described above, if the immobilization of the dye developing agents
      caused by the development of silver halide emulsions in the exposed area
      is insufficient, the highlight part exhibits an undesirably high minimum
      density reducing the image contrast. Further, the dye developing agents
      transferred by diffusion are immobilized by interference with other
      emulsion layers to cause a remarkable deterioration of the quality of the
      finally resulting color positive image.
PAR  Japanese Patent Publications Nos. 4839/60, 17383/60, 10240/59, and 2241/62
      disclose that some improvements can be attained by accelerating the
      development of the silver halide using a colorless auxiliary developing
      agent such as 1-phenyl-3-pyrazolidone in the processing composition to
      accelerate the immobilization of the dye developing agents in the
      photosensitive element. For example, Japanese Patent Publication No.
      17383/60 suggests a combination of 1-phenyl-3-pyrazolidone with other
      compounds having development activity and discloses that a part thereof
      can be added to the photosensitive element. However, the resulting images
      are not sufficiently satisfactory. Particularly, where these auxiliary
      developing agents are used for a multi-color type multi-layer
      photosensitive element, it is difficult to obtain satisfactory multi-color
      transfer images because the development does not proceed so as to
      immobilize the dye developing agents to the degree desired for each dye
      developing agent and to the degree desired for each layer.
PAR  Further, sometimes a part of the auxiliary developing agent is transferred
      to the image receiving element to stain the color image.
PAR  Furthermore, the emulsion becomes unstable and aggregation occurs after or
      during the application thereof, because the above described auxiliary
      developing agents are easily crystallized at normal temperatures in a
      supersaturated state when they are dispersed as oil drops.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to fix each dye developing agent in
      a desired degree and a ratio desired for each layer by using a specific
      auxiliary developing agent in a multi-color type multi-layer
      photosensitive element.
PAR  Another object of the present invention is to stabilize an emulsion of the
      auxiliary developing agent at normal temperature in a supersaturated
      state.
PAR  A further object of the present invention is to decrease occurrence of
      aggregation caused during or after application when the multi-layer
      photosensitive element is produced using the auxiliary developing agent.
PAR  As the result of much research on a color diffusion transfer process the
      present invention which does not have the above described defects has been
      accomplished. Namely, the present invention provides a color diffusion
      transfer photosensitive material which comprises a support having thereon
      at least one silver halide emulsion layer and dye developing agents
      combined with the silver halide in the silver halide emulsion layer(s),
      wherein at least one layer on the support contains an auxiliary developing
      agent, the auxiliary developing agent being dissolved in a substantially
      water-insoluble solvent and included as finely divided liquid droplets and
      being selected from those catechols having at least one substituent, with
      at least one of the substituents being an alkoxy group, an acylamino
      group, an acylimino group, an alkylsulfoamide group, an alkylthio group,
      an arylthio group, an alkylseleno group, an arylseleno group or a
      heterocyclic group.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The auxiliary developing agents of the present invention can be applied to
      the so-called non-stripable type film unit in which is not necessary to
      separate the image receiving element from the photosensitive element after
      image transfer, wherein the image receiving layer is placed between a
      transparent support and a light-reflective layer and thus the color images
      formed can be observed through the transparent support. Examples of such
      film units are described in U.S. Pat. Nos. 2,983,606; 3,415,644;
      3,415,645; 3,415,646; 3,594,164 and 3,594,165.
PAR  In one non-stripable type film unit, a silver halide emulsion combined with
      a dye-image forming agent is applied to a light impermeable support and is
      exposed image-wise to light at the side opposite to the support. After
      exposure, a processing composition is spread between a surface of the
      silver halide emulsion layer and an image receiving layer on the
      transparent support. A light reflective material is included in the
      processing composition and thus the dye image formed by diffusion in the
      image receiving layer through the processing solution layer can be
      observed through the transparent support. In this film unit, it is
      necessary to use a camera having a specific optical system employing
      reflection by mirrors, etc., in order to obtain a correct image which is
      not a mirror image.
PAR  In an another non-stripable type film unit, a silver halide emulsion
      combined with a dye-image forming agent is applied to a transparent
      support and is exposed image-wise to light through the support. After
      exposure, a processing composition is spread between a surface of the
      silver halide emulsion layer and an image receiving layer on the
      transparent support. The dye image fixed on the image receiving layer
      formed by diffusion through the treating solution can be observed through
      the transparent support on the background comprising a light reflective
      material disposed previously in a layer between the silver halide emulsion
      layer and the image receiving layer or a light reflective material
      included in the processing composition is spread in a layer.
PAR  In a further non-stripable type film unit, a material wherein an image
      receiving layer, a light reflective layer, a light shading layer
      containing a light absorbing material and a silver halide emulsion layer
      combined with a dye-image forming agent are applied in turn to a
      transparent support is exposed image-wise to light at the reverse side to
      the support. Then a processing composition is spread on the surface of the
      silver halide emulsion. Thus, a dye image formed by diffusion through the
      light shading layer and the light reflective layer and fixed in the image
      receiving layer can be observed through the transparent support.
      Particularly, a unit wherein the surface of the silver halide emulsion
      layer is covered with a covering sheet and the processing composition
      containing a light absorbing material is spread between the exposed
      covering sheet and the surface layer of the emulsion layer can be suitably
      used. Thus, the present invention can be applied to these three types of
      non-stripable film units.
PAR  In the photosensitive elements used in the present invention, the dye image
      forming agent is combined with the silver halide emulsion. To obtain the
      desired color reproduction, a combination of the sensitivity of the silver
      halide emulsion and the spectral absorption of the dye image is suitably
      chosen. For obtaining natural color reproduction by subtractive color
      photography, a photosensitive element containing at least two of a
      combination of an emulsion having a selective spectral sensitivity in a
      certain wavelength range and a dye image forming compound having a
      selective spectral absorption in the same wavelength range is used. A
      photosensitive element containing a combination of a blue-sensitive silver
      halide emulsion layer and a yellow image forming compound, a combination
      of a green-sensitive emulsion and a magenta dye image forming compound and
      a combination of a red-sensitive emulsion and a cyan dye image forming
      compound is particularly useful. These combinations of emulsions and dye
      image forming agents are applied as layers so as to be superposed in the
      photosensitive element or applied as a mixture of particles thereof. In a
      preferred multi-layer structure, a blue-sensitive emulsion, a
      green-sensitive emulsion and a red-sensitive emulsion are disposed in turn
      at the exposing side. In the case of a high speed emulsion containing
      iodide, a yellow filter layer can be disposed between the blue-sensitive
      emulsion and the green-sensitive emulsion. The yellow filter contains a
      yellow colloidal silver dispersion, an oil-soluble yellow dye dispersion,
      an acid dye mordanted by a basic polymer or a basic dye mordanted by an
      acid polymer, etc. It is preferred that the emulsion layers be separated
      from each other by means of intermediate layers. The intermediate layer
      inhibits undesirably interaction between each emulsion layer having
      different sensitivity. The intermediate layer comprises a hydrophilic
      polymer such as gelatin, polyacrylamide or partially hydrolyzed
      polyvinylacetate, a polymer having small pores produced from a latex of a
      hydrophilic polymer and a hydrophobic polymer as described in U.S. Pat.
      No. 3,625,685, or a polymer wherein the hydrophilic property thereof
      gradually increased during treatment by the processing composition, such
      as calcium alginate, described in U.S. Pat. No. 3,384,483. The
      intermediate layers can contain an interlayer interaction inhibitor which
      is chosen depending on the types of dye image forming agent used and the
      processing composition used. For example, in using a dye image forming
      agent which releases a dye upon reaction with the oxidation product of the
      developing agent, reducing agents such as non-diffusible hydroquinone
      derivatives and nondiffusible couplers which can be fixed by reacting with
      the oxidation product are effectively used in order to prevent undesirable
      exchange of the oxidation products of the developing agents between the
      emulsion layers.
PAR  The silver halide emulsions used in the present invention are each a
      colloidal dispersion of silver chloride, silver bromide, silver
      bromochloride, silver iodobromide, silver iodobromochloride or a mixture
      thereof. The halide composition can be chosen depending on the end-use
      objects of the photosensitive materials and processing conditions
      employed. However, silver iodobromide and silver iodobromochloride
      emulsions which have 1 to 10% by mol iodide, less than 30% by mole
      chloride and the balance bromide are particularly preferred. Further,
      emulsions having an average particle size of about 0.1 to 2 microns are
      also preferred. Emulsions having a uniform particle size are sometimes
      preferred. The particles can have a cubic system, an octahedral crystal
      form or a mixed crystal form.
PAR  These silver halide emulsions can be produced by, for example, using known
      conventional methods described in P. Glafkides, Chimie Photographique, 2
      Ed. Chapter 18 - 23, Paul Montel, Paris (1957). Namely, a soluble silver
      salt such as silver nitrate and a water soluble halide such as potassium
      bromide are reacted in a protective colloid solution such as a gelatin
      solution and crystals grown in the presence of excess halide or a silver
      halide solvent such as ammonia. In this case, a single or double jet
      method or a pAg control-double jet method can be used for precipitation.
      Removal of the soluble salts from the emulsion can be carried out by
      rinsing the emulsion solidified by cooling, by dialysis, by precipitation
      by adding a precipitant such as an anionic polymer having sulfo groups,
      sulfate ester groups or carboxyl groups or an anion surface active agent
      and control of the pH, or by precipitation by using an acylated protein
      such as phthaloyl gelatin as a protective colloid and control of the pH.
PAR  It is desirable that the silver halide emulsions used in the present
      invention be chemically sensitized by heating using the natural
      sensitizers contained in gelatin, or using sulfur sensitizers such as
      sodium thiosulfate or N,N,N'-triethylthiourea, gold sensitizers such as a
      monovalent gold-thiocyanate complex salt or thiosulfate complex salt, or
      reduction sensitizers such as stannous chloride or hexamethylenetetramine.
      In the present invention, the emulsions which can easily form latent
      images on the surface of particles and the emulsions which can easily form
      the latent images in the interior of the particles as described in U.S.
      Pat. Nos. 2,592,550 and 3,206,313 can be used.
PAR  The silver halide emulsions used in the present invention can be stabilized
      using additives such as 4-hydroxy-6-methyl-1,3,3a,7-tetrazaindene,
      5-nitroimidazole, 1-phenyl-5-mercaptotetrazole, 8-chloromercury quinoline,
      benzene sulfinic acid, pyrocatechin,
      4-methyl-3-sulfoethylthiazolidine-2-thione and
      4-phenyl-3-sulfoethylthiazolidine-2-thione. Furthermore, inorganic
      compounds such as cadmium salts, mercury salts and complex salts of the
      platinum group elements such as a palladium chloro complex salt, etc., are
      useful for stabilization of the photosensitive materials of the present
      invention. In addition, the silver halide emulsions used in the present
      invention can contain sensitizing compounds such as polyethyleneoxide
      compounds.
PAR  The silver halide emulsions used in the present invention can have, if
      desired, a color sensitivity expanded by optical sensitizing dyes.
      Preferred optical sensitizers which can be used include the cyanines,
      merocyanines, holopolar cyanines, styryl derivatives, hemicyanines,
      oxanoles and hemioxanoles, etc. Examples of optical sensitizers are
      described in P. Glafkides, ibid., Chapter 35 - 41 and F. M. Hammer The
      Cyanine Dyes and Related Compounds (Interscience). Particularly, cyanines
      wherein the nitrogen atoms thereof are substituted by an aliphatic group
      containing a hydroxyl group, carboxyl group or sulfo group substituent,
      for example, those described in U.S. Pat. Nos. 2,503,776; 3,459,553 and
      3,177,210 can be suitably used in the present invention.
PAR  The silver halide emulsion layers, the layers containing the dye image
      forming agent and the processing solution permeable layers such as a
      protective layer and intermediate layers contain hydrophilic polymers as a
      binder. Preferred hydrophilic polymers include gelatin, casein, modified
      gelatin treated with acylating agents, grafted gelatin treated with vinyl
      polymers, proteins such as albumin, cellulose derivatives such as
      hydroxyethyl cellulose, methyl cellulose and carboxymethyl cellulose,
      polyvinyl alcohol, partially hydrolyzed polyvinyl acetate, polyvinyl
      pyrrolidone, high molecular weight nonelectrolytes such as polyacrylamide,
      polyacrylic acid, partially hydrolyzed polyacrylamide, anionic synthetic
      polymers such as a vinylmethyl ether-maleic acid copolymer, N-vinyl
      imidazole, acrylic acid-acrylamide copolymers and ampholytic synthetic
      polymers such as polyacrylamide treated in a Hofmann reaction. These
      hydrophilic polymers can be used alone or as a mixture of two or more
      polymers.
PAR  The layers of these hydrophilic polymers can also contain a latex polymer
      dispersion of hydrophobic monomers such as alkyl acrylates and alkyl
      methacrylates.
PAR  These above described hydrophilic polymers and, particularly polymers
      having functional groups such as amino groups, hydroxyl groups and
      carboxyl groups, can be converted into water-insoluble polymers using many
      kinds of cross-linking agents without losing their processing solution
      permeability. Preferred cross-linking agents include aldehyde derivatives
      such as formaldehyde, glyoxal, glutaraldehyde, mucochloric acid or
      oligomers of acrolein; aziridine compounds such as triethylene phosphamide
      as described in Japanese Patent Publication No. 8790/62; epoxy compounds
      such as 1,4-bis-(2',3'-epoxypropoxy)-diethyl ether as described in
      Japanese Patent Publication No. 7133/59; active halogen compounds such as
      sodium salt of 2-hydroxy-4,6-dichloro-s-triazine as described in U.S. Pat.
      No. 3,325,287; methylol compounds such as N-polymethylol urea or
      hexamethylol melamine; active olefin compounds such as
      hexahydro-1,3,5-triacryl-s-triazine; and high molecular weight materials
      such as dialdehyde starch or 3-hydroxy-5-chloro-s-triazinylated gelatin as
      described in U.S. Pat. No. 3,362,827. These hydrophilic polymer layers can
      contain a crosslinking accelerator such as a carbonate or resorcinol in
      addition to the cross-linking agent.
PAR  On the other hand, the auxiliary developing agents which are used in the
      present invention are catechol derivatives having at least one
      substituent. At least one of the substituents is an alkoxy group
      (preferred examples include those having 1 to 8 carbon atoms such as a
      methoxy group, ethoxy group, propoxy group, isopropoxy group, butoxy
      group, isobutoxy group, t-butoxy group, pentyloxy group, hexyloxy group or
      octyloxy group), an acylamino group (preferred examples of the acyl groups
      thereof include alkanoyl groups having 2 to 5 carbon atoms such as an
      acetyl group, propanoyl group or butanoyl group, benzoyl group, and
      substituted benzoyl groups containing an alkyl group having 1 to 4 carbon
      atoms such as a methyl group, ethyl group, propyl group or butyl group
      and/or a halogen atom (fluorine, chlorine, bromine or iodine)), an
      acylimino group (preferred examples of the acyl group thereof include the
      same acyl groups as set forth above for the acylimino groups, and
      preferred substituents in addition to the acycl group include alkyl groups
      having 1 to 4 carbon atoms such as a methyl group, ethyl group, propyl
      group or butyl group, a phenyl group and substituted phenyl groups
      containing an alkyl group having 1 to 4 carbon atoms and/or a halogen
      atom), an alkylsulfoamido group (preferred alkyl groups thereof include a
      methyl group), an alkylthio group and an alkylseleno group (preferred
      alkyl groups for the alkylthio and alkylseleno groups include those having
      1 to  8 carbon atoms such as a methyl group, ethyl group, propyl group,
      butyl group, t-butyl group, pentyl group, hexyl group, octyl group or
      benzyl group), arylthio groups and arylseleno groups (preferred aryl
      groups of the arylthio and arylseleno groups include a phenyl group) and
      heterocyclic groups (preferred heterocyclic groups include those having a
      5- or 6-member ring containing at least one non-metal atom selected from
      nitrogen, oxygen, sulfur and selenium, such as a thiazolyl ring, an
      aminothiazolyl ring or a morpholino ring). Other substituents include
      halogen atoms (fluorine, chlorine, bromine or iodine), alkyl groups (e.g.,
      those having 1 to 8 carbon atoms such as a methyl group, ethyl group,
      propyl group, butyl group, pentyl group, hexyl group, heptyl group, octyl
      group or aminoethyl group), aryl groups (e.g., a phenyl group, tolyl group
      or naphthyl group), aryloxy groups (e.g., a phenoxy group) and carboxy
      groups.
PAR  The catechol derivatives used in the present invention also include
      catechol precursors which release the catechol derivatives in alkali
      solutions, such as compounds wherein one or more hydroxyl groups in the
      catechol nucleus are acetylated and/or propanoylated.
PAR  Examples of catechol derivatives which can be used in the present invention
      include 4-methoxycatechol, 4-propoxycatechol, 4-octyloxycatechol,
      4-t-butoxycatechol, 3,4-dimethoxy-6-methylcatechol,
      3,4,5-tribromo-6-methoxycatechol, 3-isobutoxycatechol,
      3-hexyloxy-4-methoxycatechol, 5-aminoethyl-3-methoxycatechol,
      4-acetylaminocatechol, 4-(N-acetyl-N-methylamino)catechol,
      4-acetylamino-5-chlorocatechol, 4-benzoylaminocatechol,
      3,5-diacetylaminocatechol, 4-(N-methylsulfoamido)catechol,
      4-butylmercaptocatechol, 4-benzylmercaptocatechol, 4-phenylselenocatechol,
      4-(2'-morpholino)catechol, 4,4'-(2'-aminothiazolyl)catechol,
      3-methyl-4-phenylmercaptocatechol,
      3-benzylmercapto-4,6-di-t-butylcatechol, 1,2-diacetoxy-4-methoxybenzene
      and 2-acetoxy-3,4,5-tribromo-6-methoxyphenol.
PAR  The auxiliary developing agent which is used in the present invention is
      added to at least one layer of the photosensitive material comprising
      emulsion layers, dye developing agent layers, intermediate layers and a
      protective laeyr.
PAR  The auxiliary developing agent used in the invention is dissolved in a
      substantially water-insoluble and alkali-permeable organic solvent having
      a high boiling point, the solution thus obtained is dispersed in an
      aqueous organic colloid solution such as a gelatin solution, and this
      dispersion is added to a desired layer described above. Preferred organic
      solvents having a high boiling point include those described in Japanese
      Patent Publication No. 29130/64, etc., which have a boiling point of above
      170.degree.C. Examples of such solvents include the alkyl esters of
      phthalic acid wherein the alkyl group thereof has 6 or less carbon atoms
      such as methyl phthalate, ethyl phthalate, propyl phthalate, n-butyl
      phthalate, di-n-butyl phthalate, amyl phthalate, isoamyl phthalate and
      dioctyl phthalate, phosphoric acid esters such as triphenyl phosphate,
      tricresyl phosphate and diphenyl mono-p-tert-butylphenyl phosphate, and
      alkylamides or acetanilides such as N-n-butylacetanilide and
      N-methyl-p-methylacetanilide.
PAR  These organic solvents having a high boiling point can be used together
      with solvents having a boiling point at least 25.degree.C lower such as
      methyl-, ethyl-, propyl- or butyl-acetate, isopropyl acetate, ethyl
      propionate, sec-butyl alcohol, carbon tetrachloride, chloroform, benzyl
      alcohol or 2-, 3- or 4-methyl cyclohexanone, or solvents which are more
      water-soluble than the above described organic solvents having a high
      boiling point and which have a solubility of at least 2 parts per 100
      parts of water such as methyl isobutyl ketone, .beta.-ethoxyethyl acetate,
      .beta.-butoxy-.beta.-ethoxyethyl acetate, tetrahydrofurfuryl adipate,
      diethyleneglycol monoacetate, methoxy triglycol acetate, acetonyl acetone,
      acetone alcohol, ethyleneglycol, diethyleneglycol, dipropyleneglycol, 2-,
      3- or 4-methylcyclohexanone, ethyleneglycol monomethyl ether acetate,
      diethyleneglycol monobutyl ether, cyclohexanone or triethyl phosphate.
PAR  Solvents having a high boiling point in which the auxiliary developing
      agent was dissolved can contain polymers so as to prevent crystallization
      of the dissolved auxiliary developing agent. As such polymers, vinyl
      polymer latexes are preferred. Examples of the polymer latexes include
      latexes of polyvinyl acetate, polystyrene, polymethyl methacrylate,
      polymethyl acrylate, polybutyl acrylate, polymethacrylonitrile,
      polybutadiene, polyisoprene, polyethylene, polyethyl acrylate, polybutyl
      methacrylate, glycidyl methacrylate-butyl methacrylate copolymers,
      styrene-butadiene copolymers, styrene-p-methoxystyrene copolymers,
      styrene-vinyl acetate copolymers, vinyl acetate-vinyl chloride copolymers,
      vinyl acetate-diethyl maleate copolymers, methyl
      methacrylate-acrylonitrile copolymers, methyl methacrylate-butadiene
      copolymers, methyl methacrylate-styrene copolymers, methyl
      methacrylate-vinyl acetate copolymers, methyl methacrylate-vinylidene
      chloride copolymers, methyl acrylate-acrylonitrile copolymers, methyl
      acrylate-butadiene copolymers, methyl acrylate-styrene copolymers, methyl
      acrylate-vinyl acetate copolymers, methyl acrylate-vinyl chloride
      copolymers, methyl acrylate-vinylidene chloride copolymers, butyl
      acrylate-butadiene copolymers, butyl acrylate-styrene copolymers,
      ethylene-vinyl acetate copolymers, ethylene-vinyl propionate copolymers,
      ethylene-propylene copolymers, vinyl chloride-acrylonitrile copolymers,
      styrene-acrylic acid copolymers, styrene-ethyl acrylate copolymers,
      styrene-acrylamide copolymers, tert-butyl acrylate-ethyl methacrylate
      copolymers, methyl acrylate-methyl methacrylate copolymers, methyl
      acrylate-acrylic acid copolymers, ethyl acrylate-acrylic acid copolymers,
      n-butyl acrylate-acrylic acid copolymers, 2-ethylcyclohexyl
      acrylate-acrylic acid copolymers, methyl methacrylate-acrylic acid
      copolymers, ethyl methacrylate-acrylic acid copolymers and methyl
      methacrylate-ethyl acrylate-methacrylic acid terpolymers.
PAR  Furthermore, solvents having a high boiling point in which the auxiliary
      developing agent is dissolved can contain additives such as antioxidants
      and hardening agents. Further, they can contain dye developing agents.
PAR  Application of the auxiliary developing agent used in the invention can be
      by dissolving the auxiliary developing agent in an alkali solution
      containing an organic colloid medium, neutralizing the mixture to form
      finely divided precipitates, and applying. However, this method has the
      disadvantage of coloring the solution because the auxiliary developing
      agent used in the present invention is easily oxidized in an alkali
      solution. Such a disadvantage does not appear in the method which
      comprises using the auxiliary developing agent as finely divided oil drops
      by dissolving the agent in the above described solvents having a high
      boiling point, and thus the transfer density can be remarkably improved.
      Further, although the auxiliary developing agent used in the invention can
      be included in the alkali processing solution for the photosensitive
      material, this is not preferred, because the auxiliary developing agent is
      easily oxidized and colored under high alkalinity.
PAR  The amount of the auxiliary developing agent used in the invention depends
      upon the quantity and kind of dye developing agents used, the quantity and
      kind of silver halide, the layer structure and other factors. However, the
      auxiliary developing agent can be used in an amount of 5 .times.
      10.sup.-.sup.1 to 5 .times. 10.sup.-.sup.5 mols/m.sup.2 and preferably 5
      .times. 10.sup.-.sup.2 to 5 .times. 10.sup.-.sup.4 mols/m.sup.2. However,
      the amount is not limited to the above described range.
PAR  The auxiliary developing agents used in the present invention can be
      synthesized using well-known methods, for example, by the process
      described in Beilstein, Vol. VI, pages 759 - 796.
PAR  In general, the dye developing agents are dissolved in a solvent or a
      solvent mixture with heating. The solution is then added to an aqueous
      solution of a hydrophilic colloid such as a gelatin solution. After being
      passed through a colloid mill a suitable number of times, the mixture is
      directly applied or applied after cooling, solidifying, cutting, rinsing
      and melting again, or is applied after adding a dissolved dispersion of
      the dye developing agent to the silver halide emulsion before the
      application thereof. Examples of such solvents are described in Japanese
      Patent Publication No. 13937/1968 and U.S. Pat. No. 2,322,027.
PAR  Suitable dye developing agents which can be used in the present invention
      are described in U.S. Pat. Nos. 3,255,001; 3,320,063; 2,992,106;
      3,297,441; 3,134,762; 3,236,643; 3,134,763; 3,134,764; 3,134,672;
      3,134,765; 3,183,089; 3,135,734; 3,135,604; 3,173,906; 3,222,169;
      3,183,090; 3,201,384; 3,346,955; 3,208,991; 3,142,565; 2,983,605;
      3,047,386; 3,076,820; 3,173,929 and 3,230,083 are all useful.
PAR  Examples of the particularly preferred dye developing agents include
      4-(p-(2',5'-dihydroxyphenyl)-phenylazo)-5-acetamido-1-naphthol,
      4-(p-(2',5'-dihydroxyphenethyl)-phenylazo)-5-benzamido-1-naphthol,
      1-phenyl-3-methyl-4-(p-(2',5'-dihydroxyphenethyl)-phenylazo)-5-pyrazolone,
      2-(p-(2',5'-dihydroxyphenethyl)-phenylazo)-4-acetamido-1-naphthol,
      2-(p-2',5'-dihydroxyphenethyl)-phenylazo)-4-amino-1-naphthol,
      2-(p-(2',5'-dihydroxyphenethyl)-phenylazo)-4-methoxy-1-naphthol,
      2-(p-(2',5'-dihydroxyphenethyl)-phenylazo)-4-ethoxy-1-naphthol,
      1-phenyl-3-N-n-butyl-carboxamido-4-(p-(2',5'-dihydroxyphenethyl)-phenylazo
     )-5-pyrazolone,
      1-phenyl-3-N-n-hexylcarboxamido-4-(p-(2',5'-dihydroxyphenethyl)-phenylazo)
     -5-pyrazolone,
      1-phenyl-3-N-cyclohexylcarboxamido-4-(p-(2',5'-dihydroxyphenethyl)-phenyla
     zo)-5-pyrazolone,
      1-phenyl-3-amino-4-(4'-(p-(2",5"-dihydroxyphenethyl)-phenylazo)-2',5'-diet
     hoxyphenylazo)-5-pyrazolone,
      1-acetoxy-2-(p-(.beta.-hydroquinonyl)-phenylazo)-4-methoxynaphthalene,
      4-isopropoxy-2-(p-(.beta.-hydroquinonylethyl)-phenylazo)-1-naphthol,
      1-acetoxy-2-(p-(.beta.-hydroquinonylethyl)-phenylazo)-4-propoxynaphthalene
     , 1,4-bis-(2',5'-dihydroxyanilino)-anthraquinone,
      1,5-bis-(2',5'-dihydroxyanilino)-4,8-dihydroxyanthraquinone,
      1,4-bis-(.beta.-(2',5'-dihydroxyphenyl)-isopropylamino)-anthraquinone,
      1,4-bis-(.beta.-(2',5'-dihydroxyphenyl)-ethylamino)-anthraquinone,
      1-chloro-4-(.beta.-(2',5'-dihydroxyphenyl)-ethylamino)-anthraquinone,
      N-monobenzoyl-1,4-bis-(.beta.-(2',5'-dihydroxyphenyl)-ethylamino)-anthraqu
     inone and
      5,8-dihydroxy-1,4-bis-((.beta.-hydroquinonyl-.alpha.-methyl)-ethylamino)-a
     nthraquinone.
PAR  If one amino nitrogen atom of the
      1,4-bis-(.beta.-(2,5'-dihydroxyphenyl)-ethylamino)-anthraquinone as the
      cyan dye developing agent is acylated, the color thereof changes to a
      magenta color, and if both amino nitrogen atoms thereof are acylated, the
      color changes to an orange yellow color. Similarly, the color of the above
      described dye developing agents can be changed by acylating hydroxyl
      groups thereof. Thus, it is possible to change the structure and the color
      of the dye developing agent during development such as by hydrolysis and
      consequently it is possible to form a color to be transferred which is
      different from that of the dye developing agent which exists in the
      photosensitive element initially. Examples of such compounds are described
      in U.S. Pat. Nos. 3,579,947; 3,307,947 and 3,336,287.
PAR  Similarly, it is also possible to use leuco compounds such as
      1-phenyl-3-methyl-4-(2'-methyl-4'-diethylamino)-anilino-5-pyrazolone which
      do not adversely influence the lower emulsion layers by light shielding,
      wherein the leuco compounds can be diffused image-wise into the image
      receiving material from the developed or immobilized non-developing
      portions and are oxidized to form a dye image therein.
PAR  The dye developing agents are generally present in the photosensitive
      element in combination with the silver halide of the emulsion layers. More
      specifically, the dye developing agents are allowed to be present in one
      or more emulsion layers and preferably in hydrophilic organic colloid
      layer which is adjacent the silver halide emulsion layer and is on the
      reverse side to incident light on exposure. Particularly, in the
      multi-color multi-layer photosensitive elements, it is more preferred that
      the dye developing agent be present in a layer which is adjacent an
      emulsion layer and is on the reverse side to incident light at exposure,
      in which the main sensitive range of the emulsion layer has a
      complementary color to the dye developing agent. However, where the dye
      developing agent which does not previously have a complementary color but
      produces a desired color on the image receiving layer by development is
      used, the dye developing agent can be included in the same layer as the
      combined emulsion layer or in an upper layer adjacent the emulsion layer.
      Further, with respect to the combination of the dye developing agent with
      silver halide, it is possible to have the condition in which the dye
      developing agent is included in the colloid which surrounds the silver
      halide particles or granules.
PAR  The photographic layers used in the present invention can be applied using
      many kinds of application techniques such as a dip coating method, a roll
      coating method, an air knife method, a bead coating method as described in
      U.S. Pat. No. 2,681,294 and a curtain coating method as described in U.S.
      Pat. No. 3,508,947 or 3,513,017. Particularly in a multi-layer
      photosensitive element, it is convenient to apply a number of layers at
      the same time using a multi-slit hopper as described in U.S. Pat. Nos.
      2,761,417; 2,761,418; 2,761,419 or 2,761,791.
PAR  In order to facilitate the application of the photographic layers used in
      the present invention, it is advantageous that the coating compositions
      contain many kinds of surface active materials as coating assistants.
      Preferred coating assistants include saponin, nonionic surface active
      agents such as ethylene oxide addition products of ethoxyethylene with
      p-nonylphenol, alkyl ethers of sucrose and monoalkyl ethers of glycerin,
      anionic surface active agents such as sodium dodecyl sulfate, sodium
      p-dodecylbenzene sulfonate and sodium dioctyl sulfosuccinate, and
      ampholytic surface active agents such as carboxymethyl lauryl ammonium
      hydroxide inner salt, "Deriphat 151", trade name produced by General
      Mills, Inc., and the betaine compounds as described in U.S. Pat. No.
      3,441,413, British Pat. No. 1,159,825 and Japanese Patent Publication No.
      21985/71.
PAR  In order to facilitate the application of the photographic layers used in
      the present invention, the coating compositions can contain many kinds of
      viscosity increasing agents. For example, anionic polymers which provide
      an increase in viscosity by interaction with binder polymers in the
      coating compositions such as cellulose sulfate esters, poly-p-sulfostyrene
      potassium salt and acrylic acid type polymers as described in U.S. Pat.
      No. 3,655,407 are useful as well as materials which increase the viscosity
      of the coating compositions due to their high viscosity such as high
      molecular weight polyacrylamide.
PAR  The image receiving elements used in the present invention fix the dye
      image forming materials such as a diffusible dye which is released
      image-wise from the dye image forming agent combined with the silver
      halide emulsion. Where the dye image forming material is an anionic
      material such as a dye developing agent having a hydroquinonyl group or a
      color forming dye having a water solubilizing acid group, it is preferred
      that the image receiving element contains a basic polymer or a basic
      surface active agent. Suitable basic polymers are those having a tertiary
      or quaternary nitrogen atom. Examples of such basic polymers include
      poly-4-vinylpyridine; aminoguanidine derivatives of vinyl-methylketone as
      described in U.S. Pat. No. 2,882,156; poly-4-vinyl-N-benzyl-pyridinium
      p-toluenesulfonate, poly-3-vinyl-4-methyl-N-n-butylpyridinium bromide;
      styrene-N-(3-maleimidopropyl)-N,N-dimethyl-N-(4-phenylbenzyl)ammonium
      chloride copolymer as described in British Patent No. 1,261,925; and
      poly-(N-(2-methacryloylethyl)-N,N-dimethyl-N-benzyl ammonium chloride),
      etc. As the basic surface active agents, those having an onium residue
      such as an ammonium sulfonium or phosphonium group together with a
      hydrophobic residue such as a higher alkyl group can be suitably used.
      Examples of such basic surface active agents include N-laurylpyridinium
      bromide, methyl-tri-n-lauryl ammonium p-toluene-sulfonate,
      methyl-ethyl-cetyl sulfonium iodide and benzine-triphenyl phosphonium
      chloride. In addition to these basic compounds compounds of polyvalent
      metals such as thorium, aluminium or zirconium also have a fixing function
      to the anionic dye forming materials. It is advantageous to use these
      materials together with polymers such as gelatin (particularly, acid
      treated gelatin), polyvinyl alcohol, polyacrylamide, polyvinyl methyl
      ether, hydroxyethyl cellulose, N-methoxymethyl-polyhexylmethylene adipate
      and polyvinyl pyrrolidone so as to form a film. When the dye image forming
      material is a component for color formation such as a diffusible coupler,
      the image receiving layer contains another coupling component which forms
      a dye by reacting with the component, for example, a p-phenylenediamine
      derivative, and an oxidizing agent or a diazonium compound. As such an
      image receiving element, those described in U.S. Pat. Nos. 2,647,049;
      2,661,293; 2,802,735; 2,698,244; 2,698,798; 3,676,124 and British Patent
      1,158,440 and 1,157,507 can be suitably used.
PAR  It is preferred that the image receiving elements used in the present
      invention have a function of neutralizing alkali brought from the
      processing compositions. In order to provide a pH as high as 10 or higher
      and preferably above 11 so as to accelerate the image formation comprising
      development of the silver halide emulsions and formation and diffusion of
      the diffusible dye image forming agent, the processing compositions
      contain alkalis. After the formation of the diffusion transfer image is
      substantially concluded, the pH in the film unit is reduced to a neutral
      range, more specifically, less than 9 and preferably less than 8 so as to
      substantially stop the image formation step, whereby deterioration of
      image tone with the lapse of time is prevented and discoloration of the
      image and staining caused by high alkalinity are inhibited. For this
      purpose, it is preferred that the film unit have a neutralizing layer
      which contains an acid material in an amount sufficient to neutralize the
      alkali in the treating solution to the above described pH, that is, more
      than an equimolar amount based on the amount of alkali in the spread
      treating solution. Preferred acid materials are those having acid groups
      of a pKa of less than 9, and particularly a carboxyl group or a sulfo
      group, or precursor groups which form such acid groups by hydrolysis can
      be used. More preferred materials include higher fatty acids described in
      U.S. Pat. No. 2,983,606 such as oleic acid, and polymers of acrylic acid,
      methacrylic acid or maleic acid, the partial esters thereof or the acid
      anhydride thereof as described in U.S. Pat. No. 3,362,819. Examples of the
      high molecular weight acid materials include copolymers of a vinyl monomer
      such as ethylene, vinyl acetate or vinyl methyl ether and maleic acid
      anhydride, n-butyl semiesters of these copolymers, copolymers of butyl
      acrylate and acrylic acid, and cellulose acetate acid phthalate. The
      neutralizing layer can contain polymers such as cellulose nitrate or
      polyvinyl acetate in addition to the above described acid materials.
      Further the neutralizing layer can contain plasticizers as described in
      U.S. Pat. No. 3,557,237. Furthermore, the neutralizing layer can be
      hardened with a cross-linking reaction by polyfunctional aziridine
      compounds or epoxy compounds. The neutralizing layer is disposed in the
      image receiving element and/or the photosensitive element. Particularly,
      it is more advantageous that the neutralizing layer be placed between the
      support and the image receiving layer of the image receiving element. As
      described in German Patent Publication (OSL) No. 2,038,254, the acid
      materials can be incorporated in the film units as microcapsules.
PAR  It is preferred that the neutralizing layer or the acid material containing
      layer used in the present invention be isolated from the spread treating
      solution layer by a layer for controlling the rate of neutralization. This
      layer for controlling the neutralization rate has the function of
      preventing an undesirable deterioration of the transfer image density
      resulting from a too rapid decrease of the pH on processing due to the
      neutralizing layer before the development of the desired silver halide
      emulsion and the formation of a diffusion transfer image are carried out,
      and the function of delaying the decrease of the pH after the desired
      development and transfer are carried out. In a preferred embodiment of the
      present invention, the image receiving part has a multi-layer structure
      comprising a support--a neutralizing layer--a layer for controlling the
      neutralization rate--a mordant layer (image receiving layer). The layer
      for controlling the neutralization rate comprises polymers such as
      gelatin, polyvinyl alcohol, polyvinyl propyl ether, polyacrylamide,
      hydroxypropylmethyl cellulose, isopropyl cellulose, partially butyrated
      polyvinyl alcohol, partially hydrolyzed polyvinyl acetate, and copolymer
      of .beta.-hydroxyethyl methacrylate and ethyl acrylate as main components.
      Of these polymers, those which can be hardened by a cross-linking reaction
      by aldehyde compounds such as formaldehyde or N-methylol compounds are
      useful. It is preferred that the layer for controlling the neutralization
      rate have a thickness of about 2 to 20 microns.
PAR  The processing composition used in the present invention is a liquid
      composition which contains the processing components necessary to develop
      the silver halide emulsions and to form the diffusion transfer dye images,
      wherein the solvent of the composition comprises water as a main component
      and can contain hydrophilic solvents such as methanol or methyl
      cellosolve. The processing composition contains alkalis in an amount
      sufficient to maintain the pH necessary for development of the emulsion
      layers and to neutralize the acids formed during the development and dye
      image forming steps. As the alkalis, lithium hydroxide, sodium hydroxide,
      potassium hydroxide, a calcium hydroxide dispersion, tetramethyl ammonium
      hydroxide, sodium carbonate, sodium tertiary phosphate and diethylamine
      can be suitably used. In addition, it is preferred to add sodium hydroxide
      to the processing composition in an amount sufficient to maintain the pH
      to above about 12 and preferably above 14 at room temperature. More
      preferred processing compositions contain hydrophilic polymers such as
      high molecular weight polyvinyl alcohol, hydroxyethyl cellulose or sodium
      carboxymethyl cellulose. These polymers not only provide the processing
      composition with a viscosity at room temperature of about 1 poise and
      preferably several hundreds to 1000 poises so as to facilitate uniform
      spreading of the composition in the processing but also form a non-fluid
      film when the processing composition is concentrated by movement of the
      aqueous solvent into the photosensitive element and the image receiving
      element during the processing to help unify the film unit after the
      processing. This polymer film can serve to prevent discoloration of the
      color image after conclusion of the formation of the image by diffusion
      transfer, because the film inhibits further movement of coloring
      components into the image receiving layer.
PAR  It is sometimes advantageous that the processing composition contains a
      light absorbing material such as carbon black and a desensitizer as
      described in U.S. Pat. No. 3,579,333 in order to prevent fogging of the
      silver halide emulsions by external light during the processing.
      Furthermore, it is preferred that the treating composition contains
      processing components appropriate to the dye image forming agents
      employed. For example, where dye developing agents are used, an onium type
      development accelerator such as N-benzyl-.alpha.-picolinium bromide and an
      antifogging agent such as benzotriazole are used.
PAR  Still more, it is possible to add the auxiliary developing agent of the
      present invention.
PAR  In the color diffusion transfer process of the present invention, it is
      preferred to carry out the development in the presence of a diffusible
      onium compound. Such onium compounds include quaternary ammonium
      compounds, quaternary phosphonium compounds and quaternary sulfonium
      compounds. Examples of the preferred onium compounds include
      1-benzyl-2-picolinium bromide, 1-(3-bromopropyl)-2-picolinium
      p-toluenesulfonic acid, 1-phenethyl-2-picolinium bromide,
      2,4-dimethyl-1-phenethylpyridinium bromide,
      .alpha.-picoline-.beta.-naphthoylmethyl bromide, N,N-diethylpyperidinium
      bromide, phenethyltrimethylphosphonium bromide and
      dodecyldimethylsulfonium p-toluenesulfonic acid. It is preferred that the
      onium compounds be included in the alkali processing composition. It is
      most preferred that the onium compounds be used in an amount of about 2 to
      15% by weight based on the total processing composition. By carrying out
      the development in the presence of the onium compound, the quality of the
      transferred dye images is remarkably improved. Other onium compounds and
      the manners of their use are described in U.S. Pat. Nos. 3,411,904 and
      3,173,786. It is also possible to add a development inhibitor such as
      benzotriazole to the processing composition.
PAR  In the color diffusion transfer photographic sensitive materials of the
      present invention, the auxiliary developing agent does not aggregate after
      application. Accordingly, leaking of the developing agent is efficiently
      prevented and sharp color images can be obtained.
PAR  As typical supports which can be used, cellulose nitrate film, cellulose
      acetate film, polyvinyl acetate film, polystyrene film,
      polyethyleneterephthalate film, polyethylene film, polypropyrene film,
      paper, polyethylene-coated paper, glass can be used. In addition a nega
      light sensitive element can also be used. The support can be transparent
      or non-transparent as desired depending on the end-use purposes.
DETD
PAR  The present invention will be illustrated in greater detail by reference to
      the following examples. Unless otherwise indicated, all parts, percents,
      ratios and the like are by weight.
PAC  EXAMPLE 1
PAR  The following layers were applied in turn to a cellulose triacetate support
      to produce a film.
PAC  FILM A
PAR  1. Yellow dye developing agent layer:
PAR  10g of the yellow dye developing agent:
      1-phenyl-3-N-n-hexylcarboxamido-4-(p-2',5'-dihydroxyphenethyl-phenylazo)-5
     -pyrazolone was dissolved in a solvent mixture of 10cc of
      N-n-butylacetanilide and 25cc of cyclohexanone. The resulting solution was
      dispersed in 100cc of a 10 wt% aqueous gelatin solution containing 8cc of
      a 5% aqueous solution of sodium n-dodecylbenzene sulfonate. To the
      resulting emulsion, 5cc of a 2 wt% aqueous solution of
      2-hydroxy-4,6-dichloro-s-triazine sodium salt was added, and water was
      then added thereto to make 300cc. Then the emulsion solution was applied
      so as to provide a film of a dry thickness of 6.mu..
PAR  2. Photosensitive silver halide emulsion layer:
PAR  A silver iodobromide emulsion containing 3.5 .times. 10.sup.-.sup.2 mols of
      silver and 0.5g of gelatin per 100g of the emulsion (which contained 5% by
      mol of silver iodide) was applied so as to provide a film of a dry
      thickness of 1.5.mu..
PAR  3. Protective layer:
PAR  100 cc of a 5 wt% aqueous gelatin solution containing 2cc of a 5 wt%
      aqueous solution of sodium n-dodecylbenzene sulfonate and 5cc of 2%
      mucochloric acid was applied as the coating solution so as to provide a
      film of a dry thickness of 1.5.mu.. Thus Film A was produced.
PAC  FILM B
PAR  A similar film to Film A was produced in the same manner as for Film A but
      a photosensitive silver halide emulsion coating solution was used which
      further contained 20g of an emulsion which was produced by dissolving 8.4g
      (0.06 mols) of 4-methoxycatechol as an auxiliary developing agent of the
      present invention in a solvent mixture of 10cc of tri-o-cresyl phosphate
      and 20cc of ethyl acetate and dispersing the resulting solution in 500cc
      of a 10% aqueous gelatin solution using a mixer.
PAC  FILM C
PAR  A similar film to Film B was produced in the same manner as for Film B but
      a photosensitive silver halide emulsion coating solution was used which
      contained 11.0g (0.06 mols) of 3,4-dimethoxy-6-methylcatechol as the
      auxiliary developing agent of the invention instead of 4-methoxycatechol.
PAC  FILM D
PAR  A similar film to Film B was produced in the same manner as for Film B but
      a photosensitive silver halide emulsion coating solution was used which
      contained 10.9g (0.06 mols) of 4-y-butoxycatechol as the auxiliary
      developing agent instead of 4-methoxycatechol.
PAC  FILM E
PAR  A similar film to Film B was produced in the same manner as for Film B but
      a photosensitive silver halide emulsion coating solution was used which
      contained 10.9g (0.06 mols) of 3-isobutoxycatechol as the auxiliary
      developing agent of the invention instead of 4-methoxycatechol.
PAR  The prepared Films A to E were exposed to incandescent light. Then the
      following image receiving elements were placed on the exposed films and
      transfer development was carried out using the following processing
      composition. The processing composition was used in an amount of 1.8cc per
      100cm.sup.2 of the image receiving element.
TBL  ______________________________________                                    

     Processing Composition:                                                   

     ______________________________________                                    

     Water                      100 cc                                         

     KOH                        11.2 g                                         

     Hydroxyethyl Cellulose (High viscosity                                    

                                3.4 g                                          

     Natrosol, produced by Hercules Corp.)                                     

     Benzotriazole              3.5 g                                          

     N-Benzyl-.alpha.-picolinium bromide                                       

                                2.0 g                                          

     Zinc Nitrate               0.5 g                                          

     Potassium Thiosulfate      0.5 g                                          

     Lithium Nitrate            0.5 g                                          

     ______________________________________                                    

PAR  Image Receiving Element:
PAR  A solution prepared by adding 2g of poly-4-vinylpyridine (mordant) and 0.1g
      of 1-phenyl-5-mercaptotetrazole with 100g of a 10% aqueous gelatin
      solution was applied to a sheet of baryta paper so as to provide a film of
      a dry thickness of 10.mu..
PAR  After 1 minute, the image receiving element was separated from the
      photosensitive element and the blue filter reflection density of the
      yellow image transferred to the image receiving element was measured. The
      maximum transfer density and the minimum transfer density results were as
      follows:
TBL                TABLE 1                                                     

     ______________________________________                                    

     Film      Minimum Density Maximum Density                                 

     ______________________________________                                    

     A         0.55            1.44                                            

     B         0.37            1.48                                            

     C         0.32            1.52                                            

     D         0.31            1.46                                            

     E         0.30            1.50                                            

     ______________________________________                                    

PAR  As is shown in the table, it can be understood that the minimum density is
      lower and the maximum density is higher in Films B to E wherein the
      auxiliary developing agents of the present invention were used as compared
      with the film containing no auxiliary developing agent.
PAR  Furthermore, in the resulting films, difficulties caused by crystallization
      of the emulsified materials before or during application did not occur.
PAC  EXAMPLE 2
PAC  Films F to L were produced as follows.
PAC  FILM F
PAR  The following layers were applied in turn to a cellulose triacetate support
      to produce a multi-layer photosensitive element.
PAR  1. Cyan dye developing agent layer:
PAR  15g of
      1,4-bis-(.alpha.-methyl-.beta.-hydroquinonylpropylamino)-5,8-dihydroxyanth
     raquinone was dissolved in a solvent mixture of 25cc of
      N,N-diethyl-laurylamide, 25cc of methyl cyclohexanone and 1g of sodium
      dioctyl sulfosuccinate with heating to 70.degree.C. This solution was
      emulsified in 160cc of a 10 wt% gelatin solution containing 10cc of a 5
      wt% aqueous solution of sodium n-dodecylbenzene sulfonate. Then water was
      added thereto to make the volume 500cc. The resulting emulsion was applied
      so as to provide a film of a dry thickness of 5.mu..
PAR  2. Red-sensitive emulsion layer:
PAR  A red-sensitive silver iodobromide emulsion containing 5.5 .times.
      10.sup.-.sup.2 mols of silver and 5.0g of gelatin per 100g of the emulsion
      (which contained 1% by mol of silver iodide) was applied so as to provide
      a film of a dry thickness of 5.mu..
PAR  3. Intermediate layer:
PAR  100cc of a 5 wt% aqueous gelatin solution containing 1.5cc of a 5 wt%
      aqueous solution of sodium n-dodecylbenzene sulfonate was applied so as to
      provdie a film of a dry thickness of 1.5.mu..
PAR  4. Magenta dye developing agent layer:
PAR  10g of a magenta dye developing agent
      (4-propoxy-2-(p-(.beta.-hydrozuinonylethyl)-phenylazo)-1-naphthol) was
      dissolved in a solvent mixture of 20cc of butyl acetanilide and 25cc of
      methylcyclohexanone with heating. The solution was then emulsified in
      120cc of a 10 wt% gelatin solution containing 8cc of a 5 wt% aqueous
      solution of sodium n-dodecylbenzene sulfonate. Then, water was added
      thereto to make the volume 400cc. The resulting emulsion was applied so as
      to provide a film of a dry thickness of 3.5.mu..
PAR  5. Green-sensitive emulsion layer:
PAR  A green-sensitive iodobromide emulsion containing 4.7 .times.
      10.sup..sup.-2 mols of silver and 6.2g of gelatin per 100g of the emulsion
      (which contained 2% by mol of silver iodobromide) was applied so as to
      provide a film of a dry thickness of 1.8.mu..
PAR  6. Intermediate layer:
PAR  100cc of a 5 wt% aqueous solution of sodum n-dodecylbenzene sulfonate was
      applied so as to provide a film of a dry thickness of 1.0.mu..
PAR  7. Yellow dye developing agent layer:
PAR  10g of a yellow dye developing agent
      (1-phenyl-3-N-n-hexylcarboxamide-4-(p-2',5'--dihydroxyphenethyl)-phenylazo
     -5-pyrazolone) was dissolved in a solvent mixture of 10cc of N-n-butyl
      acetanilide and 25cc of cyclohexanone with heating. This solution was
      emulsified in 100cc of a 10 wt% gelatin solution containing 8cc of a 5 wt%
      aqueous solution of sodium n-dodecyl benzene sulfonate. To the resulting
      emulsion, 5cc of a 2 wt% aqueous solution of
      2-hydroxy-4,6-dichloro-s-triazine was added and further water was added to
      make the volume 300cc. This emulsion was applied so as to provide a film
      of a dry thickness of 1.5.mu..
PAR  8. Blue-sensitive emulsion layer:
PAR  A blue-sensitive silver iodobromide emulsion containing 3.5 .times.
      10.sup..sup.-2 mols of silver and 6.5g of gelatin per 100g of the emulsion
      (which contained 7% by mol of silver iodide) was applied so as to provide
      a film of a dry thickness of 1.5.mu..
PAR  9. Protective layer:
PAR  A 4 wt% aqueous gelatin solution containing 2cc of a 5 wt% aqueous solution
      of sodium n-dodecylbenzene sulfonate and 5cc of 2 wt% mucochloric acid was
      applied as a coating solution so as to provide a film of a dry thickness
      of 1.mu..
PAC  FILM G
PAR  A similar film to Film F was produced in the same manner as for Film F but
      the protective layer thereof was produced by dissolving 5g of
      1-phenyl-3-pyrazolidone in a solvent mixture of 10cc of tri-o-cresyl
      phosphate and 20cc of ethyl acetate, emulsifying the resulting solution in
      50cc of a 10 wt% aqueous gelatin solution using colloid mill, and applying
      the resulting emulsion so as to provide a film of a dry thickness of
      1.mu..
PAC  FILM H
PAR  A similar film to Film G was produced in the same manner as for Film G but
      the coating solution for the protective layer contained 8.00g of
      4-methoxycatechol as the auxiliary developing agent of the invention
      instead of 1-phenyl-3-pyrazolidone.
PAC  FILM I
PAR  A similar film to Film G was produced in the same manner as for Film G but
      the solution for the protective layer contained 10.00g of
      4-t-butoxycatechol as the auxiliary developing agent of the invention
      instead of 1-phenyl-3-pyrazolidone.
PAR  The prepared Films F to I were exposed to incandescent light and transfer
      development was carried out for 1 minute using the same processing
      composition and the same image receiving sheet as in Example 1. The
      processing composition was used in an amount of 1.5cc per 100cm.sup.2 of
      the image receiving sheet. The reflection densities of the transferred dye
      image were measured using red, green and blue filters. The minimum
      transfer density and the maximum transfer density results obtained are
      shown below.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Film   Filter   Minimum Density                                           

                                    Maximum Density                            

     ______________________________________                                    

     F      Blue     0.48           1.07                                       

            Green    0.40           1.40                                       

            Red      0.45           1.05                                       

     G      Blue     0.40           1.02                                       

            Green    0.35           1.28                                       

            Red      0.44           1.00                                       

     H      Blue     0.30           1.15                                       

            Green    0.22           1.41                                       

            Red      0.31           1.18                                       

     I      Blue     0.30           1.11                                       

            Green    0.23           1.44                                       

            Red      0.33           1.08                                       

     ______________________________________                                    

PAR  It can be understood from these results that Films H and I wherein the
      auxiliary developing agents were added are remarkably improved as compared
      with Film F not containing the auxiliary developing agent. Namely, Films H
      to I have a lower minimum density and a higher maximum density than those
      of Film F. Furthermore, they have low color contamination and good color
      separation as compared with Film G containing 1-phenyl-3-pyrazolidone, and
      consequently, transfer positive images having excellent color
      reproducibility and low color mixing are obtained. Moreover, no
      difficulties caused by aggregation of the emulsified materials before and
      during application were observed for the resulting films.
PAC  EXAMPLE 3
PAR  The same treatment was carried out as described in Example 1 using the
      following Films J to M. For comparison, Film A prepared in Example 1 was
      also used. The results obtained are shown in Table 3.
PAC  FILM J
PAR  A similar film to Film A was produced in the same manner as for Film A but
      the photosensitive silver halide emulsion coating solution in Film A
      further contained 20g of an emulsion which was prepared by dissolving
      10.0g (0.06 mols) of 4-acetylaminocatechol as an auxiliary developing
      agent of the invention in a solvent mixture of 10cc of
      tri-o-cresyl-phosphate and 20cc of ethyl acetate and emulsifying the
      resulting solution in 50cc of a 10% aqueous gelatin solution using a
      mixer.
PAC  FILM K
PAR  A similar film to Film J was produced in the same manner as for Film J but
      the photosensitive silver halide emulsion coating solution contained 10.9g
      (0.06 mols) of 4-(N-acetyl-N-methylamino)-catechol as an auxiliary
      developing agent of the invention instead of 4-acetylaminocatechol.
PAC  FILM L
PAR  A similar film to Film J was produced in the same manner as for Film J but
      the photosensitive silver halide emulsion coating solution contained 13.8g
      (0.06 mols) of 4-benzoyl-aminocatechol as an auxiliary developing agent of
      the invention instead of 4-acetylaminocatechol.
PAC  FILM M
PAR  A similar film to Film J was produced in the same manner as for Film J but
      the photosensitive silver halide emulsion coating solution contained 12.2g
      (0.06 mols) of 4-acetylamino-5-chlorocatechol instead of
      4-acetylaminocatechol.
TBL                TABLE 3                                                     

     ______________________________________                                    

     Film     Minimum Density Maximum Density                                  

     ______________________________________                                    

     A        0.58            1.50                                             

     J        0.37            1.55                                             

     K        0.31            1.58                                             

     L        0.35            1.62                                             

     M        0.30            1.51                                             

     ______________________________________                                    

PAR  It can be understood that Films J to M containing the auxiliary developing
      agents have a lower minimum density and a higher maximum density than
      those of the film not containing the auxiliary developing agent.
PAR  No difficulties due to crystallization of emulsified materials during and
      before application were observed for the resulting films.
PAC  EXAMPLE 4
PAR  The same treatment as described in Example 2 was carried out using the
      following Films N and O. For the comparison, Films F and G prepared in
      Example 2 were also used. The results obtained are shown in Table 4.
PAC  FILM N
PAR  A similar film to Film G in Example 2 was produced in the same manner as
      for Film G but the coating solution for the protective layer contained
      17.0g of 3,5-diacetylaminocatechol as an auxiliary developing agent
      instead of 1-phenyl-3-pyrazolidone.
PAC  FILM O
PAR  A similar film to Film G was produced in the same manner as for Film G but
      the coating solution for the protective layer contained 11.0g of
      4-(N-acetyl-N-methylamino)catechol as an auxiliary developing agent of the
      invention instead of 1-phenyl-3-pyrazolidone.
TBL                TABLE 4                                                     

     ______________________________________                                    

     Film   Filter   Minimum Density                                           

                                    Maximum Density                            

     ______________________________________                                    

     F      Blue     0.48           1.08                                       

            Green    0.42           1.39                                       

            Red      0.43           1.00                                       

     G      Blue     0.41           1.00                                       

            Green    0.35           1.27                                       

            Red      0.40           1.98                                       

     N      Blue     0.35           1.10                                       

            Green    0.29           1.40                                       

            Red      0.30           1.10                                       

     O      Blue     0.30           1.21                                       

            Green    0.22           1.41                                       

            Red      0.33           1.20                                       

     ______________________________________                                    

PAR  The same results as described in Example 2 were obtained.
PAC  EXAMPLE 5
PAR  The same treatment as described in Example 1 was carried out but the
      following Films P to S were used. For the comparison, Film A prepared in
      Example 1 was also used. The results obtained are shown in Table 5.
PAC  FILM P
PAR  A similar film to Film A of Example 1 was produced in the same manner as
      for Film A but the photosensitive silver halide emulsion coating solution
      additionally contained 20g of an emulsion produced by dissolving 11.9g
      (0.06 mols) of 4-butylmercaptocatechol as an auxiliary developing agent in
      a solvent mixture of 10cc of tri-o-cresylphosphate and 20cc of ethyl
      acetate and dispersing the resulting solution in 50cc of a 10% aqueous
      gelatin solution using a mixer.
PAC  FILM Q
PAR  A similar film to Film P was produced in the same manner as for Film P but
      the photosensitive silver halide emulsion coating solution contained 10.9g
      (0.06 mols) of 4-2'-morpholinocatechol as an auxiliary developing agent of
      the invention instead of 4-butylmercaptocatechol.
PAC  FILM R
PAR  A similar film to Film P was produced in the same manner as for Film P but
      the photosensitive silver halide emulsion coating solution contained 13.9g
      (0.06 mols) of 3-methyl-4-phenylmercaptocatechol as an auxiliary
      developing agent of the invention instead of 4-butylmercaptocatechol.
PAC  FILM S
PAR  A similar film to Film P was produced in the same manner as for Film P but
      the photosensitive silver halide emulsion coating solution contained 15.9g
      (0.06 mols) of 4-phenylselenocatechol as an auxiliary developing agent of
      the invention instead of 4-butylmercaptocatechol.
TBL                TABLE 5                                                     

     ______________________________________                                    

     Film      Minimum Density  Maximum Density                                

     ______________________________________                                    

     A         0.58             1.42                                           

     P         0.31             1.47                                           

     Q         0.35             1.50                                           

     R         0.28             1.50                                           

     S         0.30             1.45                                           

     ______________________________________                                    

PAR  As is shown in Table 5, it can be understood that Films P to S wherein the
      auxiliary developing agents of the present invention are used have a lower
      minimum density and a higher maximum density than those in the film not
      containing the auxiliary developing agent.
PAR  Further, no difficulties were caused by crystallization of the emulsified
      materials during or before application in the resulting films.
PAC  EXAMPLE 6
PAR  The same treatment as described in Example 2 was carried out using the
      following Films T and U. For the comparison, Films F and G prepared in
      Example 2 were also used. The results obtained are shown in Table 6.
PAC  FILM T
PAR  A similar film to Film G was produced in the same manner as for Film G but
      the coating solution for the protective layer contained 1.70g of
      4-phenylselenocatechol as an auxiliary developing agent instead of
      1-phenyl-3-pyrazolidone.
PAC  FILM U
PAR  A similar film to Film G was produced in the same manner as for Film G but
      the coating solution for the protective layer contained 11.5g of
      4-butylmercaptocatechol as the auxiliary developing agent of the invention
      instead of 1-phenyl-3-pyrazolidone.
TBL                TABLE 6                                                     

     ______________________________________                                    

     Film   Filter   Minimum Density                                           

                                    Maximum Density                            

     ______________________________________                                    

     F      Blue     0.45           1.08                                       

            Green    0.40           1.41                                       

            Red      0.47           1.07                                       

     G      Blue     0.40           1.02                                       

            Green    0.35           1.28                                       

            Red      0.44           1.00                                       

     T      Blue     0.33           1.15                                       

            Green    0.28           1.44                                       

            Red      0.31           1.08                                       

     U      Blue     0.35           1.11                                       

            Green    0.25           1.41                                       

            Red      0.33           1.30                                       

     ______________________________________                                    

PAR  The same results as described in Example 2 were obtained.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A light-sensitive member for use in a color diffusion transfer element
      which comprises a support having thereon at least one silver halide
      emulsion layer and at least one dye developing agent combined with the
      silver halide in said silver halide emulsion layer, wherein at least one
      layer on said support contains an auxiliary developing agent selected from
      the group consisting of a catechol having at least one substituent
      selected from the group consisting of an alkoxy group, an acylamino group,
      an acylimino group, an alkylsulfonamido group, an alkylthio group, an
      arylthio group, an alkylseleno group, an arylseleno group and a
      heterocyclic group; dissolved in a substantially water-insoluble solvent
      and present in said layer as finely divided liquid droplets.
NUM  2.
PAR  2. The light-sensitive member for use in a color diffusion transfer element
      of claim 1, wherein said alkoxy group is a methoxy group, an ethoxy group,
      a propoxy group, an isopropoxy group, a butoxy group, an isobutoxy group,
      a t-butoxy group, a pentyloxy group, a hexyloxy group or an octyloxy
      group; said acylamino group is an acylamino group containing as acyl group
      substituents an acetyl group, a propanoyl group, a butanoyl group, a
      benzoyl group, or substituted benzoyl groups substituted with an alkyl
      group having 1 to 4 carbon atoms and/or a halogen atom; said acylimino
      group is an acylimino group containing as acyl group substituents the same
      acyl group substituents recited for said acylamino group and acylimino
      groups containing in addition to said acyl group alkyl groups having 1 to
      4 carbon atoms, phenyl groups and substituted phenyl groups substituted
      with an alkyl group having 1 to 4 carbon atoms and/or a halogen atom as
      substituents; said alkylsulfoamido group is a methylsulfonamido group;
      said alkylthio group and said alkylseleno group are alkylthio and
      alkylseleno groups in which the alkyl group is a methyl group, an ethyl
      group, a propyl group, a butyl group, a t-butyl group, a pentyl group, a
      hexyl group, an octyl group or a benzyl group; said arylthio group and
      said arylseleno group are phenylthio and phenylseleno groups and said
      heterocyclic group is a heterocyclic group containing a 5- or 6-member
      ring containing at least one non-metal atom selected from the group
      consisting of a nitrogen, oxygen, sulfur and selenium atom.
NUM  3.
PAR  3. The light-sensitive member for use in a color diffusion transfer element
      of claim 1, wherein said catechol derivative is 4-methoxycatechol,
      4-propoxycatechol, 4-octyloxycatechol, 4-t-butoxycatechol,
      3,4-dimethoxy-6-methylcatechol, 3,4,5-tribromo-6-methoxycatechol,
      3-isobutoxycatechol, 3-hexyloxy-4-methoxycatechol,
      5-aminoethyl-3-methoxycatechol, 4-acetylaminocatechol,
      4-(N-acetyl-N-methylamino)catechol, 4-acetylamino-5-chlorocatechol,
      4-benzoylaminocatechol, 3,5-diacetylaminocatechol,
      4-(N-methylsulfoamido)catechol, 4-butylmercaptocatechol,
      4-benzylmercaptocatechol, 4-phenylselenocatechol,
      4-(2'-morpholino)-catechol, 4,4'-(2'-aminothiazolyl)catechol,
      3-methyl-4-phenyl-mercaptocatechol,
      3-benzylmercapto-4,6-di-t-butylcatechol, 1,2-diacetoxy-4-methoxybenzene or
      2-acetoxy-3,4,5-tribromo-6-methoxyphenol.
NUM  4.
PAR  4. The light-sensitive member for use in a color diffusion transfer element
      of claim 1, wherein said layer containing said auxiliary developing agent
      contains a synthetic polymer latex.
NUM  5.
PAR  5. The light-sensitive member for use in a color diffusion transfer element
      of claim 1, wherein said auxiliary developing agent is present in an
      amount ranging from 5 .times. 10.sup..sup.-1 to 5 .times. 10.sup..sup.-5
      mols/m.sup.2 of said support.
NUM  6.
PAR  6. The light-sensitive member for use in a color diffusion transfer element
      of claim 1, wherein said silver halide is silver chloride, silver bromide,
      silver bromochloride, silver iodobromide, silver iodobromochloride or a
      mixture thereof and wherein said dye developing agent is at least one of
      4-(p-(2',5'-dihydroxyphenyl)-phenylazo)-5-acetamido-1-naphthol,
      4-(p-(2',5'-dihydroxyphenethyl)-phenylazo)-5-benzamido-1-naphthol,
      1-phenyl-3-methyl-4-(p-(2',5'-dihydroxyphenethyl)-phenylazo)-5-pyrazolone,
      2-(p-(2',5'-dihydroxyphenethyl)-phenylazo)-4-acetamido-1-naphtohl,
      2-(p-2',5'-dihydroxyphenethyl)-phenylazo)-4-amino-1-naphthol,
      2-(p-(2',5'-dihydroxyphenethyl)-phenylazo)-4-methoxy-1-naphthol,
      2-(p-(2',5'-dihydroxyphenethyl)-phenylazo)-4-ethoxy-1-naphthol,
      1-phenyl-3-N-n-butyl-carboxamido-4-(p-(2',5'-dihydroxyphenethyl)-phenylazo
     )-5-pyrazolone,
      1-phenyl-3-N-n-hexyl-carboxamido-4-(p-(2',5'-dihydroxyphenethyl)-phenylazo
     )-5-pyrazolone,
      1-phenyl-3-N-cyclohexylcarboxamido-4-(p-(2',5'-dihydroxyphenethyl)-phenyla
     zo)-5-pyrazolone,
      1-phenyl-3-amino-4-(4'-(p-(2",5"-dihydroxyphenethyl)phenylazo)-2',5'-dieth
     oxyphenylazo)-5-pyrazolone,
      1-acetoxy-2-(p-(.beta.-hydroquinonyl)-phenylazo)-4-methoxynaphthalene,
      4-isopropoxy-2-(p-(.beta.-hydroquinonyl-ethyl)-phenylazo)-1-naphthol,
      1-acetoxy-2-(p-(.beta.-hydroquinonyl-ethyl)-phenylazo)-4-propoxynaphthalen
     e, 1,4-bis-(2',5'-dihydroxyanilino)anthraquinone,
      1,5-bis-(2',5'-dihydroxyanilino)-4,8-dihydroxyanthraquinone,
      1,4-bis-(.beta.-(2',5'-dihydroxyphenyl)-isopropylamino)-anthraquinone,
      1,4-bis-(.beta.-(2',5'-dihydroxyphenyl)-ethylamino)-anthraquinone,
      1-chloro-4-(.beta.-(2',5'-dihydroxyphenyl)-ethylamino)-anthraquinone,
      N-monobenzoyl-1,4-bis-(.beta.-(2',5'-dihydroxyphenyl)-ethylamino)-anthraqu
     inone or
      5,8-dihydroxy-1,4-bis-(.beta.-hydroquinonyl-.alpha.-methyl)-ethylamino)-an
     thraquinone.
PATN
WKU  039308634
SRC  5
APN  4610873
APT  1
ART  166
APD  19740415
TTL  Color photographic sensitive material
ISD  19760106
NCL  14
ECL  1,2
EXA  Suro Pico; Alfonso T.
EXP  Klein; David
NDR  1
NFG  5
INVT
NAM  Shiba; Keisuke
CTY  Minami-ashigara
CNT  JA
INVT
NAM  Hirose; Takeshi
CTY  Minami-ashigara
CNT  JA
INVT
NAM  Aono; Toshiaki
CTY  Minami-ashigara
CNT  JA
INVT
NAM  Ohi; Reiichi
CTY  Minami-ashigara
CNT  JA
INVT
NAM  Shishido; Tadao
CTY  Minami-ashigara
CNT  JA
ASSG
NAM  Fuji Photo Film Co., Ltd.
CTY  Minami-ashigara
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730413
APN  48-41870
CLAS
OCL   96 74
XCL   96 22
XCL   96 55
XCL   96 76R
XCL   96 95
XCL   96100
EDF  2
ICL  G03C  700
ICL  G03C  716
ICL  G03C  148
ICL  G03C  140
FSC   96
FSS  74;76 R;95;22;100;55
UREF
PNO  3227551
ISD  19660100
NAM  Barr et al.
OCL   96  3
UREF
PNO  3424583
ISD  19690100
NAM  Seiter et al.
OCL   96 74
UREF
PNO  3620746
ISD  19711100
NAM  Barr
OCL   96  3
UREF
PNO  3698897
ISD  19721000
NAM  Gompf et al.
OCL   96  3
UREF
PNO  3700453
ISD  19721000
NAM  Knechel
OCL   96 74
UREF
PNO  3725062
ISD  19730400
NAM  Anderson et al.
OCL   96  3
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  An incorporated-coupler type multi-layer color photographic sensitive
      material comprising a support and at least two photosensitive emulsion
      layers thereon which form images having a different color from each other
      on color development, wherein at least one of the photosensitive emulsion
      layers comprises two or more unit layers, with at least one of the unit
      layers containing a hydroquinone derivative. Interlayer color correction
      is obtained in the color photographic sensitive material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to color photographic sensitive materials
      having improved color reproduction and particularly to color photographic
      sensitive materials wherein the quality of the color images are improved
      by using a compound which has an interlayer color correction effect.
PAR  2. Description of the Prior Art
PAR  Generally, in incorporated-coupler color photographic sensitive materials,
      non-diffusion type couplers are added to each photosensitive layer of the
      photosensitive materials so as to retain their independent functions. In
      general, these photosensitive materials comprise a photosensitive emulsion
      layer (BL) which contains a yellow coupler and is sensitive to blue light
      (rays having a wave length shorter than about 500 nm), a photosensitive
      emulsion layer (GL) which contains a magenta coupler and is sensitive to
      green light (rays having a wave length of about 500 to 600 nm) and a
      photosensitive emulsion layer (RL) which contains a cyan coupler and is
      sensitive to red light (visible rays having a wave length longer than
      about 590 nm). In these photosensitive materials, the BL, GL and RL must
      perform their functions independently. Therefore, the photosensitive
      materials further comprise middle layers (ML), filter layers (FL) for
      ultraviolet rays or for rays having a definite wave length range,
      antihalation layers (AHL) or protective layers (PL), thereby resulting in
      a superposed structure of two or more layers.
PAR  When excellent color reproduction is desired, the BL, GL and RL must
      perform their functions independently during production of such
      multi-layer color photographic sensitive materials, on storage of the
      unexposed sensitive materials or during image exposure and development. In
      addition, the BL, GL and RL must each have a coupler which has a preferred
      distribution of spectral sensitivity in a desired wave length range and
      forms a color image having suitable spectral absorption. However, color
      photographic sensitive materials developed at present have many defects.
PAR  A first defect in the color reproduction is in the spectral absorption
      characteristics of the developed images obtained by the coupler used.
      Namely, the coupler not only does not absorb sufficient light in a
      specific wave length range but also absorbs light in other wave length
      ranges, for example, in an undesired short or long wave length range. This
      defect is noticeable in yellow couplers, and in cyan couplers and is
      particularly noticeable in magenta couplers. This defect gives rise to a
      narrow color reproduction range, an aberration of the color tone and
      particularly a decrease of saturation.
PAR  A second defect is that color formation of the coupler in the adjacent
      photosensitive emulsion layer is caused at image development when a
      certain photosensitive emulsion layer is developed. For example, the cyan
      coupler in the RL sometimes colors on image development of the GL. This
      defect is caused by diffusion of the oxidation products of the color
      developing agent which are formed on development of a certain specified
      photosensitive layer into the adjacent photosensitive layer to cause
      coloring thereof in the adjacent photosensitive layer, or is induced by
      chemical development or physical development in the adjacent layer of the
      certain specified photosensitive layer.
PAR  A third defect is that the sensitizing dye used diffuses from the
      photosensitive emulsion layer to which it is specific to the adjacent
      photosensitive emulsion layer to cause sensitization of the latter layer
      resulting in an unsuitable distribution of spectral sensitivity.
PAR  Due to these defects, the color forming reaction in a certain specified
      photosensitive emulsion layer adversely influences the adjacent
      photosensitive emulsion layer which should function independently. This
      causes the formation of corresponding color images to cause an overlap
      with the color images of the specified photosensitive emulsion layer, the
      so-called "color mixing".
PAR  As methods of improving these defects, methods have been suggested for
      decreasing the "color mixing" itself, for example, to provide an ML and an
      FL or to add reducible compounds to the ML -- for example, hydroquinone
      derivatives or phenol derivatives; scavengers for the oxidation products
      of the color developing agent; compounds which coupler to form colorless
      compounds or color couplers which form diffusible dyes; or agents for
      preventing diffusion of sensitizing dyes or couplers -- for example,
      finely divided silver halide particles, colloidal silica -- anionic,
      amphoteric, nonionic or cationic surface active agents, cationic
      hydrophilic polymers or polymer latexes, etc. However these approaches are
      not satisfactory.
PAR  Another method of improving the problem of "color mixing" is to introduce
      elements which have the function of "color correction."
PAR  A first such method comprises using colored couplers having a self-masking
      function. For example, known techniques and improvements therein are
      described in U.S. Pat. Nos. 2,449,966, 2,455,170, 2,600,788, 2,428,054,
      3,148,062 and 2,983,608, and British Patent 1,044,778. However, this
      method can not be used for positive type color photosensitive materials
      because the method causes intense coloring in the non-exposed areas. This
      is because fog occurs due to the products formed by release of splitable
      azoaryl groups in the color development step and granularity of color
      images is deteriorated by such fog.
PAR  Secondly a method which comprises using the so-called "DIR coupler" is
      known. The term DIR coupler designates the couplers defined in C. R. Barr,
      J. R. Thirtle and P. W. Vittum, Photographic Science and Eng. Vol. 13,
      pages 74 -80 (1969) and 214 -217 (1969). By the use of the DIR coupler,
      effects caused by inhibition of development in the photosensitive emulsion
      layer used, such as an improvement of sharpness of color images by an edge
      effect or improvement of granularity, remarkably appear in predominance to
      the interlayer effect. It is known that the DIR coupler causes an
      interlayer effect. However, the DIR coupler has the defects that a
      deterioration of gradation (gamma) or a reduction of the maximum color
      density (D max) results because the DIR coupler causes a strong
      development inhibition effect in the centers of development depending on
      the image exposure - image development at the color development step.
      Accordingly, when the function of "color correction" related to the
      present invention must be effectively exhibited, it becomes necessary to
      use couplers which cause an interlayer effect which is stronger than the
      development inhibition effect in the layer. In the DIR coupler, the
      chemical structure of the compound which causes the effect in the layer
      rather than the interlayer effect can not be predicted from a mere
      knowledge of the chemical structure of the basic nucleus of known couplers
      or the chemical structure of splitable groups thereof. This is because the
      effect of "color correction" appears as a result of complicated factors
      such as the rate of the releasing coupling reaction of the DIR coupler,
      the development inhibition activity of the release splitable group, the
      diffusion property of the released splitable group in the photosensitive
      layer, the developing rate of each coexistent photosensitive emulsion
      itself, the coupling activity of the coupler coexistent or existent in
      other layers, the mutual interaction with compounds coexistent in the ML
      or the FL or the spectral absorption characteristic of colored dyes, or a
      combination of these factors.
PAR  The DIR coupler produces color dyes by color development. Accordingly, it
      is necessary that the colored dyes produced satisfy the requirements for
      the photosensitive layers used, and thus the DIR coupler has limited uses.
      Colorless DIR couplers are known and are described, for example, in U.S.
      pat. No. 3,632,345, and German Patent Publication (OLS) No. 2,060,196,
      etc. However, such a coupler has the tendency to contaminate if the
      photosensitive material used is stored for a long period of time.
PAR  Thirdly, a method which comprises using substantially fogged emulsions or
      direct positive emulsions, a method which comprises using internally
      fogged emulsions or internal latent image emulsions and a method which
      comprises utilizing the Luckey effect are known. However, these methods
      which comprise using such silver halide emulsions are accompanied by a
      reduction in sharpness due to the light scattering of their particles upon
      exposure, difficulties in controlling the photographic property of the
      emulsions and photographic subordinate actions.
PAR  Fourthly, a method of controlling the composition of each silver halide
      emulsion itself, such as the BL, GL or RL used in the superposed
      structure, for example the proportion of iodine ion content and bromine
      ion content, or controlling the interlayer distribution of materials
      having a development inhibiting property and controlling the interlayer
      distribution of materials having a developnent accelerating property in
      the antifogging agent or stabilizer used are known. However, sufficient
      "color correction" effect using these means is not obtained.
PAR  In addition, factors in the development treating process, for example, the
      developing agent content, the halogen ion content, the sulfide ion content
      and the hydrogen ion concentration in the developer, the buffer properties
      thereof and the degree of fatigue thereof, etc., are included. The effect
      of "color correction" by these factors also is not sufficient.
PAR  The above described hydroquinone derivatives react as a reducible compound
      and as a reducing agent for the color development agent in an oxidized
      state to render the products inactive to couplers and thus "color mixing"
      decreases. However, if the hydroquinones are present with the coupler,
      they inhibit color formation of the couplers to cause a reduction of D max
      or a loss of toe gradation.
PAR  It is known that hydroquinone derivatives are included in photosensitive
      emulsions as an activator for development. They are particularly used in
      black-white photosensitive materials. The hydroquinone derivatives
      function as a developing agent in black-white development. However, in
      color development of the photosensitive materials where they coexist with
      couplers, they function to inhibit color development. Accordingly, it is
      known that the function of the hydroquinone derivatives is quite different
      between their use in photosensitive materials for forming images by
      black-white development and their use in color development or between
      their use in photosensitive materials where they are coexistent with the
      couplers and where they are used in a very large amount in photosensitive
      materials.
PAR  Hydroquinone derivatives are known and used as IRD (inhibitor-releasing
      developers), for example, as described in U.S. Pat. No. 3,379,529. An IRD
      is a developer per se. Namely, an IRD is a developer which activates
      development and consequently releases an inhibitor. Accordingly, an IRD is
      useful in black-white development when it is used in a very large amount
      as compared with the couplers in the present invention. The function of an
      IRD remarkably deteriorates in color development when it is used in an
      amount comparable with the amount of couplers commonly used.
PAR  U.S. Pat. No. 3,620,746 discloses that hydroquinone derivatives are used as
      DIR hydroquinones. The disclosure of U.S. Pat. No. 3,620,746 relates to
      specified color photographic materials for recording light images on a
      braun tube for radar use (a phosphor-coated radar screen), which is
      characterized by using an anti-diffusion coupler and the so-called DIR
      coupler (developing inhibitor-releasing hydroquinone compound) in silver
      halide emulsions containing additionally fine silver halide grains and
      having a more rapidly developing property and particularly in
      chlorobromide emulsions. However, this element can not be used for
      improving the color reproduction, which is one of the objects of the
      present invention. In a color photographic sensitive material, if a
      specific photosensitive emulsion layer has the property of developing more
      rapidly, a gradation balance between the other photosensitive emulsion
      layers changes to result in very bad color reproduction. If it is not
      carried out according to the description of U.S. Pat. No. 3,620,746,
      namely if more rapidly developable emulsions are not used, not only does
      the effect described in the above described patent not appear but also the
      graduation and the D max of the colored images of the photosensitive layer
      containing the DIR hydroquinone deteriorates.
PAC  SUMMARY OF THE INVENTION
PAR  A first object of the present invention is to provide color photographic
      sensitive materials having improved color reproduction by applying an
      interlayer color correction function.
PAR  A second object is to provide a novel method of applying a color correction
      effect using hydroquinone derivatives for interlayer color correction.
PAR  A third object is to provide a method of improving the many photographic
      defects caused when the so-called "DIR hydroquinone compound" is used,
PAR  These and other objects can be attained in the present invention as follow.
      Namely, the objects of the present invention are attained with an
      incorporated coupler type multilayer color photographic sensitive material
      comprising a support having thereon at least two photosensitive emulsion
      layers which form color images having a different color tone from each
      other, wherein at least one of the photosensitive emulsion layers
      comprises two or more unit layers and at least one of the unit layers
      contains a hydroquinone derivative. The material possesses interlayer
      color correction.
DETD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  FIGS. 1 to 3 are sectional views which each show an embodiment of the
      photosensitive materials according to the present invention.
PAR  FIG. 4 shows the result obtained using a photosensitive material for
      comparision.
PAR  FIG. 5 shows the result obtained using a photosensitive material of the
      present invention.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The term "unit" as used herein designates an assembly of one or more
      emulsion layers (unit layers) which are sensitive to the same wavelength
      region. When a unit comprises two or more emulsion layers, the emulsion
      layers can be contignous to each other and/or a second unit of emulsion
      layers, intermediate layers, other layers having various purposes, etc.,
      can be positioned therebetween.
PAR  It is preferred that the hydroquinone derivative for interlayer color
      correction be included in an amount up to about 50% by mol. e.g., 1 to 50%
      by mol, preferably 5 to 20% by mol, based on the coupler included in the
      layer to be added. The amount of the hydroquinone derivative in each unit
      layer of the photosensitive layer which renders substantially the same
      color can be suitably varried.
PAR  In the color photographic sensitive materials according to the present
      invention, each of the photosensitive emulsion layers used have
      substantially the same developing rate. Further, the unit layers of one
      photosensitive emulsion layer have also a developing property of
      substantially the same rapidity as each other. This is necessary for
      improving color reproduction in the present invention. The unit layers may
      have different properties from each other. For example, first, it is
      possible to expand an exposure range of gradation reproduction by
      rendering each differently sensitive. Second, it is possible to improve
      the granularity of color images by incorporating silver halide in a high
      sensitive unit layer at a higher concentration than in the low sensitive
      unit layer and by incorporating a coupler in a molar ratio less than the
      silver halide. Third, it is possible to effectively mask by incorporating
      a colored coupler in at least one unit layer without causing defects of
      the colored coupler to occur, Fourth, it is possible to add a
      two-equivalent coupler at a desired concentration. Fifth, it is possible
      to add sensitizers, for example, onium compounds or polyalkylene oxide
      derivatives, and inhibitors, for example, those described in U.S. Pat.
      Nos. 2,271,623, 2,288,226, 2,334,864, 2,708,162, 2,531,832, 2,533,990,
      3,310,191 and 3,158,484 at a desired concentration.
PAR  The hydroquinone derivatives for interlayer color correction in the present
      invention release a diffusible color development inhibitor at color
      development and selectively inhibit color development of an adjacent
      photosensitive emulsion layer. Consequently, they exhibit a high
      interlayer color correction effect as compared with a development
      inhibiting effect in the layer. It is believed that they are oxidized by a
      color developing agent in an oxidized state formed on color development
      and inhibiting residues combined with the hydroquinone derivatives are
      released by an addition reaction of the coexistent sulfite ions.
PAR  The hydroquinone derivatives for interlayer color correction (ICC) in the
      present invention include compounds known as the so-called IRD
      (inhibitor-releasing developer) or the so-called DIF (development
      inhibitor-releasing) hydroquinones. For example, they include compounds
      described in U.S. Pat. Nos. 3,379,529, 3,364,022 and 3,620,746.
PAR  Particulary, hydroquinone compounds represented by the followingn formula
      (I) are preferably used.
      ##SPC1##
PAL  In the formula, P,Q and R each represents a hydrogen atom, an alkyl group
      (e.g., having 1 to 18 carbon atoms such as methyl, ethyl, octyl, tridecyl
      and the like), an alkenyl group (e.g., having 2 to 18 carbon atoms such as
      allyl, octadecenyl and the like), a hydroxyl group, and alkoxy group
      (e.g., having 1 to 18 carbon atoms such as methoxy, ethoxy and the like),
      an amino group (e.g., an amino group or a substituted amino group having 1
      to 30 total carbon atoms such as diethylamino, phenylamino, octadecylamino
      and the like), an alkylthio group (e.g., nonylthio, tridecylthio and the
      like), an aryl group (e.g. phenyl, tolyl, and the like), an arylthio group
      (e.g. phenylthio, tolylthio and the like), a halogen atom, a heterocyclic
      group (e.g. tetrazolyl, thiazolyl, quinonyl and the like) or a --SZ group
      (e.g., tetrazolylthio, thiadiazolylthio and the like), and P and Q can
      combine to form a carbocyclic ring group (e.g., a benzen ring group or a
      tetrahydrobenzene ring group). A and A' each represents a hydrogen atom or
      alkaline splitable group selected from acyl groups and alkoxycarbonyl
      groups (e.g., having 1 to 8 carbon atoms such as acetyl, phenoxycarbonyl,
      methoxycarbonyl, etc.). Z represents a heterocyclic residue which is
      photographically inactive in a combined state and which can be released at
      development, and particularly a heterocyclic aromatic group such as a
      tetrazolyl group (e.g., 1-phenyltetrazolyl, 1-alkoxphenyl-tetrazolyl and
      the like), a triazolyl group (e.g., 1-phenyl, 3-n-amyl, 1,2,4-triazolyl
      and the like), a thiadiazolyl group (e.g., 5-methylthio-thiadiazolyl, 5
      propylthiadiazolyl and the like), an oxazolyl group (e.g. 4-methyloxazoyl,
      benzoxazolyl, .beta.-naphthoxazolyl and the like), an oxadiazolyl group, a
      thiazolyl group or a pyrimidyl group.
PAR  It is possible to render these ICC-hydroquinone derivatives diffusion
      resistant by combinig them with polymers by a ballasting group through P,
      Q or R or by a residue of P, Q or R. For example, these ICC-hydroquinone
      derivatives (I) can be rendered diffusion resistant by P, Q or R
      containing a ballasting group, e.g., a hydrophobic group having 8 to 32
      carbon atoms. It is also possible to render the hydroquinone derivatives
      (I) diffusion resistant by combining them with polymer residues through
      the P, Q or R group.
PAR  Examples of suitable compounds are as follows. However, the invention is
      not to be interpreted as being limited to these examples.
PAC  Compound A
PAR  2-(2'-Methylthio-1', 3', 4'-thiadiazol-5'-ylthio)-6-(1", 1", 3",
      3"-tetramethylbutyl)hydroquinone.
PAC  Compound B
PAR  3-(2'-Methylthio-1', 3', 4'-thiadiazol-5-ylthio)-6-(1", 1", 3",
      3"-tetramethylbutyl)hydroquinone.
PAC  Compound C
PAR  2,3-bis-(2'-Methylthio-1', 3', 4'-thiadiazol-5'-ylthio)-6-(1", 1", 3",
      3"-tetramethylbutyl)-hydroquinone,
PAC  Compound D
PAR  2-(5'-n-Pentyl-4'-phenyl-1', 2', 4'-triazol-3'-ylthio)-5-(1", 1", 3",
      3"-tetramethylbutyl)-hydroquinone.
PAC  Compound E
PAR  2-(6'-Methyl-1', 3', 3a', 7'-tetraazainden-4'-ylthio)-6-(1", 1", 3",
      3"-tetramethylbutyl)-hydroquinone.
PAC  Compound F
PAR  2,3-bis-(6'-Methyl-1', 3', 3a', 7'-tetraazainden-4'-yl)thio6-(1", 1", 3",
      3"-tetramethylbutyl)-hydroquinone.
PAC  Compound G
PAR  2-(4'-Phenyl-1', 2', 4'-triazol-5'-ylthio)-5-(1", 1", 3",
      3"-tetramethylbutyl)-hydroquinone.
PAC  Compound H
PAR  2-(1'-Phenyl-tetrazol-5'-ylthio)-5-(1", 1", 3",
      3"-tetramethyl-butyl)-hydroquinone.
PAC  Compound I
PAR  2-(1'-Phenyl-tetrazol-5'-ylthio)-6-(1", 1", 3",
      3"-tetramethyl-butyl)-hydroquinone.
PAC  Compound J
PAR  2-(1'-Phenyl-tetrazol-5'-ylthio)5-n-dodecylthio-hydroquinone.
PAC  Compound K
PAR  2-(1'-Phenyl-tetrazol-5'-ylthio)-5-n-octadecylthio-hydroquinone.
PAC  Compound L
PAR  2'-Carboxy-phenylthio-5-(1", 1", 3", 3"-tetramethylbutyl)-hydroquinone.
PAC  Compound M
PAR  2-Phenylthio-3-(1'-phenyl-tetrazol-5'-ylthio)-5-n-dodecylthio-hydroquinone.
PAR  The above described compounds can be synthesized using the method described
      in U.S. Pat. No. 3,379,529. In the following, a process for the synthesis
      of representative compounds is described in the following examples. Unless
      otherwise indicated herein, all parts, percents ratios and the like are by
      weight.
PAC  Synthesis 1 (Synthesis of Compound D)
PAR  13g of 3-mercapto-5-n-pentyl-4-phenyl-1,2,4-triazole was dissolved in 200ml
      of methanol and the resulting solution was stirred while cooling with ice.
      To this solution, 12g of 2-(1', 1', 3', 3'-tetramethylbutyl)-benzoquinone
      was slowly added. After the addition, the stirring was continued for 2
      hours while cooling with ice, and the mixture was allowed to stand over
      night at room temperature (about 20 - 30.degree.C). After removing the
      methanol in vacuum, 20ml of diethylether was added to the residue. The
      resulting crystals were separated by filtration and recrystallized from
      ethyl acetate to produce 5g of 2-(5'-n-pentyl-4-phenyl-1', 2',
      4'-triazol-3'-ylthio)-5-(1", 1", 3", 3"-tetramethylbutyl)-hydroquinone
      having a melting point of 198.degree.C.
PAC  Synthesis 2(Synthesis of Compound J)
PAR  44g of p-benzoquinone and 20g of dodecylmercaptan were dissolved in 500ml
      of methanol, and the resulting solution was stirred at room temperature to
      precipitate crystals. The crystals were separated by filtration, washed
      with methanol and dried to produce 30g of 2-dodecylthio-p-benzoquinone.
      30g of the resulting crystals and 36g of phenylmercaptotetrazole were
      reacted in 500ml of methanol under reflux. The reaction mixture was poured
      into water and the precipitated crystals were separated by filtration and
      recrystallized from methanol. Yield: 40g. Melting point: 131 -
      132.degree.C.
PAR  The couplers used in the present invention are 4-equivalent or 2-equivalent
      anti-diffusion type couplers as are conventionally used in photographic
      elements. Particularly, 2-equivalent couplers are useful, which include
      uncolored couplers for interlayer color correction as described in
      Japanese Patent Application No. 33238/1973 or colored couplers.
PAR  Examples of magenta couplers are magenta couplers such as the
      5-pyrazolones, the cyanoacetylcoumarones and the indazolones as disclosed
      in U.S. Pat. Nos. 2,600,788; 2,801,171; 2,908,573; 2,983,608; 3,046,129;
      3,062,653; 3,227,554.
PAR  Of the magenta couplers, those represented by the following general formula
      (II) are particularly useful;
      ##EQU1##
      wherein R.sub.1 represents an alkyl group (e.g., having 1 to 18 carbon
      atoms) such as a primary, secondary or tertiary alkyl group (e.g., methyl,
      propyl, n-butyl, t-butyl, hexyl, 2-hydroxyethyl, 2-phenylethyl, etc.), an
      aryl group (e.g., phenyl, tolyl, m-acylaminophenyl etc., an alkoxy group
      (e.g., methoxy, ethoxy, benzyloxy, etc.), an aryloxy group (e.g., phenoxy,
      3,3'-dialkoxycarbonylphenoxy, etc.), a hetero ring (e.g., quinolinyl,
      pyridyl, piperidyl, benzofuranyl, oxazolyl, etc.), an amino group (e.g.,
      methylamino, diethylamino, dibutylamino, phenylamino, tolylamino,
      4-(3-sulfobenzamino)anilino, 2-chloro-5-acylaminoanilino,
      2-chloro-5-alkoxycarbonylanilino, 2-trifluoromethylphenylamin, etc.), an
      amido group (e.g., alkylcarbonamido, arylcarbonamido, heterocyclic
      carbonamido, sulfonamido, alkylsulfonamido, arylsulfonamido, heterocyclic
      sulfonamido, etc.), an ureido group (e.g., alkylureido, arylureido,
      heterocyclic ureido, etc.), and R.sub.2 represents an aryl group (e.g.,
      naphthyl, phenyl, 2,4,6-trichlorophenyl, 2-chloro-4,6-dimethylphenyl,
      2,6-dichloro-4-methoxyphenyl, 4-methylphenyl, 4-acylaminophenyl,
      4-alkylaminophenyl, 4-trifluoromethylphenyl, 3,5-dibromophenyl, etc.), a
      heterocyclic group (e.g., benzofuranyl, naphthoxazolyl, quinolinyl, etc.),
      an alkyl group such as a primary, secondary or tertiary alkyl group (e.g.,
      methyl, ethyl, t-butyl, benzyl, etc.), and the like. Z.sub.1 represents a
      hydrogen atom or a group splitable at color development as described in
      U.S. Pat. Nos. 3,419,391, 3,252,924, 3,311,476 or 3,227,550 or Japanese
      Patent Publication No. 33238/1973 such as a thiocyano group, an acyloxy
      group, an aryloxy group, an alkoxy group, an alkoxycarbonyloxy group, an
      aryloxycarbonyloxy group, a di-substituted amino group, an arylazo group
      or a heterocyclic azo group, etc., or a group described in U.S. Pat. Nos.
      3,148,062, 3,227,554, 3,615,506 or 3,701,783 such as an aryl monothio
      group (e.g., 2-aminophenylthio, 2-hydroxycarbonylphenylthio and the like),
      a heterocyclic monothio group (e.g., tetrazolyl group, triazinyl group,
      triazolyl group, oxazolyl group, oxadiazolyl group, diazolyl group,
      thiazyl group, thiadiazolyl group and the like), or a heterocyclic imido
      group (e.g., 1-triazolyl group, 1-imidazolyl group, 2-benzotriazolyl group
      and the like).
PAR  In addition, yellow couplers such as the open-chained acyalcetonitrile
      yellow couplers, the acylacetyl yellow couplers and the open-chained
      acylacetanilide yellow couplers (e.g., pivalylacetanilide couplers,
      aroylacetanilide couplers, acylacetanilide couplers, etc.) are included,
      for example as described in U.S. Pat. Nos. 2,875,057; 2,908,573;
      3,406,129; 3,227,155; 3,265,506; 3,384,657; 2,778,658; 3,253,924;
      3,227,550; 3,227,554.
PAR  Of the yellow couplers, those represented by the following general formula
      (III) are particularly useful;
      ##EQU2##
      wherein R.sub.3 represents a primary, secondary or tertiary alkyl group
      having 1 to 18 carbon atoms (e.g., t-butyl, 1,1-dimethylpropyl,
      1,1-dimethyl-1-methoxphenoxymethyl, 1,1-dimethyl-1-ethylthiomethyl, etc.)
      or an aryl group (e.g., phenyl, alkylphenyl such as 3-methylphenyl or
      3-octadecylphenyl, alkoxphenyl such as 2-methoxphenyl or 4-methoxyphenyl
      halophenyl, 2-halo-5-alkamidophenyl,
      2-chloro-5-[.alpha.-(2,4-di-t-amylphenoxy)butylamido]phenyl,
      2methoxy-5-alkamidophenyl, 2-chloro-5-sulfonamidophenyl, etc.), R.sub.4
      represents a phenyl group (e.g., 2-chlorophenyl, 2-halo-5-alkamidophenyl,
      2-chloro-5-[.alpha.-(2,4-di-t-amylphenoxy)acetamido]phenyl,
      2-chloro-5-(4-methylphenylsulfonamido)phenyl,
      2-methoxy-5-(2,4-di-t-amylphenoxy)acetamidophenyl, etc. Z.sub.2 represents
      a hydrogen atom or a group which is splitable at color development such as
      a halogen atom, and particularly a fluorine atom, an acyloxy group, an
      aryloxy group, a heterocyclic aromatic carbonyl oxy group, an arylsulfoxy
      group, a dioxoimido group such as a phthalimide group, a
      dioxyimidazolidinyl group, a dioxyoxazolidinyl group, and a imidazolyl
      group, or a dioxythiazolidinyl group and the like, as described in U.S.
      Pat. Nos. 3,227,550, 3,253,924, 3,277,155, 3,265,506, 3,408,194 and
      3,415,652, French Pat. No. 1,411,384, British Pat. Nos. 944,490,
      1,040,710, and 1,118,028, and German Patent Publications (OLS) Nos.
      2,057,941, 2,163,812, 2,231,461 and 2,219,917.
PAR  As cyan couplers, naphthol couplers and phenol couplers can be used, for
      example, as disclosed in U.S. Pat. Nos. 2,423,730; 2,474,293; 2,521,908,
      etc. Particularly, those couplers represented by the following formulae
      (IV) and (V) are useful.
      ##SPC2##
PAL  In the formula, R.sub.5 represents a substituent generally used in cyan
      couplers, such as a carbamyl group (e.g., alkylcarbamyl, arylcarbamyl such
      as phenyl-carbamyl, a heterocyclic carbamyl such as benzothiazolyl
      carbamyl and the like), sulfamyl group (e.g., alkylsulfamyl, arylsulfamyl
      such as phenyl sulfamyl, heterocyclic sulfamyl and the like), an
      alkoxycarbonyl group or an aryloxycarbonyl group. R.sub.6 represents an
      alkyl group, an aryl group, a heterocyclic group, an amino group (amino,
      alkylamino, arylamino and the like), a carboxyamido group (e.g.,
      alkylcarboxamido, arylcarboxamido and the like, a sulfonamido group, a
      sulfamyl group (e.g., alkylsulfamyl, arylsulfamyl and the like) or a
      carbamyl group. R.sub.7, R.sub.8 and R.sub.9 each represents the same
      groups as defined for R.sub.6, a halogen atom or an alkoxy group. Z.sub.3
      represents a hydrogen atom or a group which is splitable at color
      development such as a halogen atom, a thiocyano group, an imino group, a
      cycloimido group (e.g., maleimido, succinimido, 1,2-dicarboximido and the
      like), an arylazo group or a heterocyclic azo group.
PAR  Examples of couplers which can be used in the present invention are
      described in the following. However, the invention is not to be construed
      as being limited to these coupler compounds.
PAC  Yellow Couplers
PAR  1.
      .alpha.-{3-[.alpha.-(2,4-Di-tert-amylphenoxy)butylamido]benzoyl}-2-methoxy
     acetanilide.
PAR  2.
      .alpha.-Acetoxy-.alpha.-3-[.gamma.-(2,4-di-tert-amylphenoxy)butylamido]-be
     nzoyl-2-methoxyacetanilide.
PAR  3.
      .alpha.-{3-[.alpha.-(2,4-Di-tert-amylphenoxy)butylamido]benzoyl}-2-chloroa
     cetanilide.
PAR  4.
      .alpha.-(2,4-Dioxo-5,5-dimethyloxazolidinyl)-.alpha.-pivaloyl-2-chloro-5-[
     .alpha.-(2,4-di-tert-amylphenoxy)butylamido[acetanilide.
PAR  5.
      .alpha.-(4-Carboxyphenoxy)-.alpha.-pivaloyl-2-chloro-5-[.alpha.-(2,4-di-te
     rt-amylphenoxy)bytylamido]acetanilide.
PA1  6.
      .alpha.-{3-(1-Benzyl-2,4-dioxo)hydantoin}-.alpha.-pivaloyl-2-chloro-5-{.al
     pha.-(2,4-di-tert-amylphenoxy)butylamido}acetanilide.
PA1  7.
      .alpha.-Benzoyl-.alpha.-(2-benzothiazolylthio)-4-[N-(.gamma.-phenylpropyl)
     -N-(4-tolyl)sulfamyl]actanilide.
PAC  Magenta Couplers
PA1  8.
      1-(2,4,6-Trichlorophenyl)-3-[3-(2,4-di-tert-amylphenoxyacetamido)benzamido
     ]-5-pyrazolone.
PA1  9.
      1-(2,4,6-Trichlorophenyl)-3-{3-[.alpha.-(2,4-di-tert-amylphenoxy)-acetamid
     o]benzamido}-4-acetoxy-5-pyrazolone.
PA1  10.
      1-(2,4,6-Trichlorophenyl)-3-hexadecanamido-4-(4-hydroxyphenyl)-azo-5-pyraz
     olone.
PA1  11.
      1-(2,4,6-Trichlorophenyl)-3-(3-tridecanoylamino-6-chloro)-anilino-5-pyrazo
     lone.
PA1  12.
      1-(2,4,6-Trichlorophenyl)-3-(3-tetradecyloxycarbonyl-6-chloro)anilino-4-(1
     -naphthylazo)-5-pyrazolone.
PA1  13.
      1-(2,4-Dichloro-6-methoxyphenyl)3-[(3-tridecanoylamino-6-chloro)anilino]-4
     -benzyloxycarbonyloxy-5-pyrazolone.
PA1  14.
      1-{4-[.gamma.-(2,4-Di-tert-amylphenoxy)butylamido]phenyl}-3-piperidinyl-4-
     (1-phenyl-5-tetrazolylthio)-5-pyrazolone.
PA1  15. 1-{4-[.alpha.-(2,4-Di-tert-amylphenoxy)acetamido]phenyl}-3-methyl-4-(5-
      or 6-bromo-1-benzotriazolyl)-5-pyrazolone.
PAC  Cyan Couplers
PA1  16. 1-Hydroxy-N-[.gamma.-(2,4-di-tert-amylphenoxy)propyl]-2-naphthamide.
PA1  17.
      1-Hydroxy-4-[2-(2-hexyldecyloxycarbonyl)phenylazo]-2-[N-(1-naphthyl)]napht
     hamide.
PA1  18.
      1-Hydroxy-4-chloro-N-[.alpha.-(2,4-di-tert-amylphenoxy)butyl]-2-naphthamid
     e.
PA1  19.
      5-Methyl-4,6-dichloro-2-[.alpha.-(3-n-pentadecylphenoxy)butylamido]phenol.
PA1  20. 1-Hydroxy-4-iodo-N-dodecyl-2-naphthamide.
PA1  21.
      5-Methoxy-2-[.alpha.-(3-n-pentadecylphenoxy)butylamido]-4-(1-phenyl-5-tetr
     azolylthio)phenol.
PA1  22. 1-Benzyl-3-[2-chloro-5-(tetradecanamido)anilino]-4-(5- or
      6-methyl-1-benzotriazolyl)-5-pyrazolone.
PA1  23. 1-{4-[.alpha.-(2,4-Di-tert-amylphenoxy)acetamido]phenyl}-3-ethoxy-4-(5-
      or 6-bromo-1-benzotriazolyl)-5-pyrazolone.
PAR  The couplers which can be used in the present invention are roughly
      classified as Fischer couplers having water solubilizing groups such as a
      carboxyl group, a hydroxy group, a sulfo group and the like and as
      hydrophobic couplers. The couplers can be incorporated using known methods
      of addition to emulsions or dispersion in emulsions of hydrophilic
      colloids. For example, the method of dispersing the couplers which
      comprises mixing a coupler with an organic solvent having a high boiling
      point (e.g., above about 175.degree.C) such as dibutyl phthalate,
      tricresyl phosphate, waxes, higher fatty acids and esters thereof,
      described, for example, in U.S. Pat. Nos. 2,304,939 and 2,322,027, the
      method of dispersing the couplers which comprises mixing a coupler with an
      organic solvent having a low boiling point (e.g., less than 120.degree.C)
      or with a water miscible organic solvent or the method of dispersing the
      couplers using an organic solvent having a high boiling point together
      with an organic solvent having a low boiling point or a water miscible
      organic solvent, described, for example, in U.S. Pat. Nos. 2,801,170,
      2,801,171  and 2,949,360, and the method of dispersing a coupler alone or
      together with other couplers such as a colored coupler or an uncolored
      coupler where the coupler has a sufficiently low melting point (e.g.,
      75.degree.C or less) described in German Pat. No. 1,143,707 can be
      utilized.
PAR  As dispersion assistants, anionic surface active agents (e.g., sodium
      alkylbenzene sulfonate, sodium dioctylsulfosuccinate, sodium dodecyl
      sulfate, sodium alkylnaphthalene sulfonate, Fischer couplers and the
      like), amphoteric surface active agents (e.g.,
      N-tetradecyl-N,N-dipolyethylene-.alpha.-betaine and the like) and nonionic
      surface active agents (e.g., sorbitan monolaurate and the like) can be
      used.
PAR  The emulsions which can be used in the present invention are silver halide
      photographic emulsions which contain silver chloride, silver bromide,
      silver iodide or mixed silver halide particles in a hydrophilic colloid.
PAR  A characteristic feature of the photosensitive emulsions of the present
      invention lies in the development procession. Namely, in each
      photosensitive emulsion layer of the color photographic sensitive material
      having a multilayer structure, procession of development thereof is
      uniform from the beginning of the development to the end of the
      development. The rate of development in the silver halide emulsions
      depends upon not only a composition of the halides but also on the manner
      of chemical ripening or degree thereof. Further the procession of
      development at color development, greatly depends upon the kind of coupler
      coexistent with the silver halide emulsion. Another characteristic feature
      of the color photographic sensitive materials of the present invention is
      in the multilayer structure employed. Namely, by dividing the
      photosensitive emulsion layer into at least two layers, a color correction
      effect can be obtained while the deterioration of the gradation in the use
      of 1 cc of hydroquinone, the lowering of the D max or the decrease of the
      sensitivity of the photosensitive emulsion layer is prevented.
PAR  Examples of hydrophilic colloids which can be used in the present invention
      include gelatin, cellulose derivatives, alginates, hydrophilic synthetic
      polymers such as polyvinyl alcohol, polyvinylpyrrolidone, polystyrene
      sulfonate and the like. In addition plasticizers which improve the
      dimension stability of films, and polymer latexes such as of polymethyl
      methacrylate and polyethyl acrylate, etc. can be used.
PAR  The silver halide emulsions used in the present invention can be sensitized
      using conventional chemical sensitization techniques. For example, the
      emulsions can be treated using the gold sensitization method described in
      U.S. Pat. Nos. 2,399,083, 2,597,856 and 2,597,915, the reduction
      sensitization method described in U.S. Pat. Nos. 2,478,850 and 2,521,925,
      the sulfur sensitization method described in U.S. Pat. Nos. 1,623,499 and
      2,410,689, the method of sensitization using other metal ions described in
      U.S. Pat. Nos. 2,448,060, 2,566,245 and 2,566,263, or using a combination
      of these methods.
PAR  Spectral sensitization methods conventionally used in color photographic
      sensitive materials as disclosed in U.S. Pat. Nos. 2,493,748; 2,519,001;
      2,977,229; 3,480,434; 3,672,897; 3,703,377; 2,688,545; 2,912,329;
      3,397,060; 3,615,635; 3,628,964; 3,511,664; 3,522,052; 3,527,641;
      3,615,613; 3,615,632; 3,617,295; 3,635,721; 3,694,217; etc. can also be
      utilized. In addition, conventionally used stabilizers such as
      4-hydroxy-1,3,3a, 7-tetrazaindene derivatives, antifogging agents such as
      mercapto compounds, benzotriazole derivatives, etc., can be used. Suitable
      stabilizers and anti fogging agents are disclosed in, e.g., U.S. Pat. Nos.
      1.758,576; 2,110,178; 2,131,038; 2,173,628; 2,697,040; 2,304,962;
      2,324,123; 2,394,198; 2,444,605-8; 2,566,245; 2,694,716; 2,697,099;
      2,708,162; 2,728,663-5; 2,476,536; 2,824,001; 2,843,491; 2,886,437,
      3,052,544; 3,137,577; 3,220,839; 3,226,231; 3,236,652; 3,251,691;
      3,252,799; 3,287,135; 3,326,681; 3,420,668; 3,622,339; etc. The emulsions
      can also contain coating assistants, e.g., as described in U.S. Pat. Nos.
      2,271,623; 2,240,472; 2,288,226; 2,739,891; 3,068,101; 3,158,484;
      3,201,253; 3,210,191; 3,294,540; 3,415,649, 3,441,413; 3,442;654;
      3,475,174; 3,545,974, etc., hardening agents e.g., as described in U.S.
      Pat. Nos. 3,288,775; 2,732,303; 3,635,718; 3,232,763; 2,732,316;
      2,586,168; 3,017,280; 2,983,611; 2,725,294; 2,725,295; 3,100,704;
      3,091,537; 3,321,313; etc., wetting agents and sensitizers such as onium
      derivatives such as quaternary ammonium salts described in U.S. Pat. Nos.
      2,271,623; 2,288,226 and 2,334,864 and polyalkyleneoxide derivatives
      described in U.S. Pat. Nos. 2,708,162; 2,531,832; 2,533,990; 3,210,191 and
      3,158,484 can be incorporated in the photosensitive materials.
      Furthermore, dyes for preventing irradiation can be added, and filter
      layers, mordant dye layers and color layers containing hydrophobic dyes
      can be included as layer members of the color photographic sensitive
      materials of the present invention.
PAR  The photosensitive emulsions used in the present invention can be applied
      to many kinds of supports. Examples of such supports are cellulose acetate
      films, polyethylene terephthalate films, polyethylene films, polypropylene
      films, glass plates, barita paper, resin laminated paper and synthetic
      paper.
PAR  The photographic sensitive materials of the present invention are treated
      with color developers which contain conventionally employed color
      developing agents such as p-phenylenediamine derivatives, p-aminophenol
      derivatives and the like. Examples of preferred p-phenylenediamine
      derivatives include p-amino-N-ethyl-N-.beta.-(methane
      sulfoamidoethyl)-m-toluidine sesquisulfate monohydrate,
      diethylamino-p-phenylenediamine sesquisulfite,
      p-amino-N,N-diethyl-m-toluidine hydrochloride,
      p-amino-N-ethyl-N-.beta.-hydroxy-ethylaniline sesquisulfate monohydrate
      and the like. Further, known developers for color negative sensitive
      materials, color negative or positive sensitive materials for movie, color
      paper or instant color sensitive materials can be used. For example, the
      color development treatments described in Japanese Patent Publication
      35749/1970, Japanese Patent Applications No. 67798/1969, 13313/1971 and
      19516/1971; H. Gordon, The British Journal of Photography, Nov. 14, 1954,
      p. 558; ibid., Sept. 9, 1955, p. 440; and ibid., Jan. 6, 1956, p. 2; S.
      Horwitz, ibid., Apr. 22, 1960, p. 212; E. Gehret, ibid., Mar. 4, 1960, p.
      122; and ibid., May 7, 1965; p. 396; and J. Meech, ibid., Apr. 3, 1959, p.
       182, and German Patent Publication (OLS) 2,238,051 can be utilized.
PAR  The present invention will be illustrated in greater detail by reference to
      the following examples. However, the present invention is not to be
      construed as being limited to these examples. These examples facilitate a
      further understanding of the characteristics and techniques of application
      to the present invention. Unless otherwise indicated, all parts, percents,
      ratios and the like are by weight.
PAC  EXAMPLE 1
PAR  Sample A was produced by applying the following coatings to a transparent
      cellulose triacetate film support so as to produce 5 layers as shown in
      FIG. 1. The compositions of the coatings used for forming each layer and
      the production techniques employed were as follows.
PAC  First Layer: Red Sensitive Emulsion Layer
PAR  1 kg of a silver iodobromide emulsion (silver content: 0.6 mols, iodine
      content: 6 % by mol) was spectrally sensitized using 4 .times.
      10.sup.-.sup.5 mols/mol of silver of Sensitizing Dye I and 1 .times.
      10.sup.-.sup.5 mols/mol of silver of Sensitizing Dye II. 100 g of Coupler
      (16) was dissolved in a mixture of 100 cc of tricresyl phosphate and 200
      cc of ethyl acetate and the solution was emulsified in 1 kg of a 10 %
      gelatin solution using 4 g of sodium nonylbenzene sulfonate to produce
      Emulsion I. 550 g of this emulsion was added to the above described
      sensitized silver halide emulsion and then an aqueous solution of 2 g of
      sodium 2,4-dichloro-6-hydroxytriazine was added thereto with stirring. The
      amount of silver coated in the first layer was 1.7 g/m.sup.2.
PAC  Second Layer: Intermediate Layer
PAR  1 kg of a 10 % aqueous gelatin solution was prepared. 50 g of
      2,5-di-t-octylhydroquinone was dissolved in 100 cc of tricresyl phosphate.
      This solution was emulsified in 1 kg of the above described 10 % aqueous
      gelatin solution in the same manner as in Emulsion I. To 250 g of this
      emulsion, an aqueous solution of 2 g of sodium
      2,4-dichloro-6-hydroxytriazine was added with stirring. The dry thickness
      of the intermediate layer was about 0.7 .mu..
PAC  Third Layer: First Green-Sensitive Emulsion Layer
PAR  1 kg of a silver iodobromide emulsion (the same as in the first layer) was
      spectrally sensitized using 3 .times. 10.sup.-.sup.5 mols/mol of silver of
      Sensitizing Dye III and 1 .times. 10.sup.-.sup.5 mols/mol of silver of
      Sensitizing Dye IV. Emulsion II was produced using 100 g of Coupler (8) in
      the same manner as in Emulsion I. 500 g of Emulsion II was added to the
      sensitized emulsion to produce an emulsion in the same manner as in the
      first layer. The amount of silver coated in the third layer was 1.5
      g/m.sup.2.
PAC  Fourth Layer: Second Green-Sensitive Emulsion Layer
PAR  1 kg of a silver iodobromide emulsion (silver content: 0.7 mols, iodine
      content: 6 % by mol) was spectrally sensitized using 2.5 .times.
      10.sup.-.sup.5 mols/mol of silver of Sensitizing Dye III and 0.8 .times.
      10.sup.-.sup.5 mols/mol of silver of Sensitizing Dye IV. 72 g of Coupler
      (8) and 28 g of Coupler (10) were dissoved in a mixture of 100 cc of
      tricresyl phosphate and 200 cc of ethyl acetate and the solution was
      emulsified in 1 kg of a 10 % gelatin solution using 4 g of sodium
      nonylbenzene sulfonate to produce Emulsion III. 150 g of this emulsion was
      added to the above described sensitized emulsion to produce an emulsion in
      the same manner as in the first layer. The amount of silver coated in the
      fourth layer was 1.7 g/m.sup.2.
PAC  Fifth Layer: Protective Layer
PAR  0.2 g of sodium nonylbenzene sulfonate was added to 1 kg of a 10 % gelatin
      solution. The dry thickness of the protective layer was about 1.7 .mu..
PAR  Sensitizing dyes used for producing Sample A.
PA0  Sensitizing Dye I:
      Anhydro-5,5'-dichloro-3,3'-di-sulfopropyl-9-ethyl-thiacarbocyanine
      Hydroxide Pyridinium Salt.
PA0  Sensitizing Dye II:
      Anhydro-9-ethyl-3,3'-di-(3-sulfoprypyl)-4,5,4',5'-dibenzothiacarbocyanine
      Hydroxide Triethylamine Salt.
PA0  Sensitizing Dye III: Anhydro-9
      -ethyl-5,5'-dichloro-3,3'-disulfopropyloxacarbocyanine Sodium Salt.
PA0  Sensitizing Dye IV: Anhydro-5,6,
      5',6'-tetrachloro-1,1'-diethyl-3,3'-disulfopropoxyethoxyethylimidazolo-car
     bocyanine Hydroxide Sodium Salt.
PAR  Emulsion IV was produced in the same manner as in Emulsion II of the third
      layer in Sample A but additionally 8.5 g of Compound H to the organic
      solvent (100 cc of tricresyl phosphate and 200 cc of ethyl acetate) was
      added. Sample B was produced in the same manner as in Sample A but
      Emulsion IV was used instead of Emulsion II.
PAR  Samples A and B were exposed uniformly to red light after exposure stepwise
      to green light. Then they were developed at 38.degree.C by the following
      processing steps.
TBL  ______________________________________                                    

     1. Color Development                                                      

                      3 minutes and 15 seconds                                 

     2. Bleach        6 minutes and 30 seconds                                 

     3. Rinsing       3 minutes and 15 seconds                                 

     4. Fix           6 minutes and 30 seconds                                 

     5. Rinsing       3 minutes and 15 seconds                                 

     6. Stabilization 3 minutes and 15 seconds                                 

     ______________________________________                                    

PAR  Compositions of the processing solutions used in each step were as follows.
TBL  ______________________________________                                    

     Color Developer:                                                          

     Sodium Nitrilotriacetate 1.0 g                                            

     Sodium Sulfite           4.0 g                                            

     Sodium Carbonate         30.0 g                                           

     Potassium Bromide        1.4 g                                            

     Hydroxylamine Sulfate    2.4 g                                            

     4-(N-Ethyl-N-.beta.-hydroxyethylamino)-2-                                 

     methylaniline sulfate    4.5 g                                            

     Water to make            1 liter                                          

     Bleaching Solution:                                                       

     Ammonium Bromide         160.0 g                                          

     Aqueous Ammonia Solution (28 %)                                           

                              25.0 ml                                          

     Ethylenedizmine-Tetraacetic Acid Sodium                                   

     Iron Salt                130 g                                            

     Glacial Acetic Acid      14 ml                                            

     Water to make            1 liter                                          

     Fixer:                                                                    

     Sodium Tetrapolyphosphate                                                 

                              2.0 g                                            

     Sodium Sulfite           4.0 g                                            

     Ammonium Thiosulfate (70 %)                                               

                              175.0 ml                                         

     Sodium Bisulfite         4.6 g                                            

     Water to make            1 liter                                          

     Stabilizing Solution:                                                     

     Formalin (40 %)          8.0 ml                                           

     Water to make            1 liter                                          

     ______________________________________                                    

PAR  The red light transmission density and green light transmission density of
      Samples A and B developed by the above described processings were
      determined for the purpose of comparison. The result of the determination
      for Sample A is shown in FIG. 4 and that of Sample B is shown in FIG. 5.
      In Sample A, the green light transmission density increases as the
      exposure by green light increases but the red light transmission density
      is nearly constant and an overlapping effect of the green sensitive layer
      on the red sensitive layer is hardly observed. On the contrary, in Sample
      B, the green light transmission density increases as the exposure by green
      light increases as in Sample A, but the red light transmission density
      decreases, and a fairly large overlapping effect of the green sensitive
      layer on the red sensitive layer is observed. This is caused by Compound H
      added to the third layer of Sample B.
PAC  EXAMPLE 2
PAR  Sample C shown in FIG. 2 comprising layers having the following
      compositions on a transparent cellulose acetate film support was produced
      as a multi-layer color photosensitive material.
PAC  First Layer: Antihalation Layer
PAR  A gelatin layer containing black colloidal silver was coated in a thickness
      of about 1.5 .mu. to provide 0.45 g/m.sup.2 of silver.
PAC  Second Layer: Intermediate Layer
PAR  A gelatin layer containing dispersed 2,5-di-t-octylhydroquinone was coated
      in a dry thickness of about 0.7 .mu. to provide a coverage of 1.6 .times.
      10.sup.-.sup.4 mol/m.sup.2 of the 2,5-di-t-octylhydroquinone.
TBL  ______________________________________                                    

     Third Layer: Red-Sensitive Emulsion Layer                                 

     ______________________________________                                    

     Silver Iodobromide Emulsion                                               

                        Coated silver content:                                 

     (iodine: 6 % by mol)                                                      

                        1.6 g/m.sup.2                                          

     Sensitizing Dye I  3 .times. 10.sup.-.sup.5 mols per mol                  

     (that shown in Example 1)                                                 

                        of silver                                              

     Sensitizing Dye II 1.2 .times. 10.sup.-.sup.5 mols per mol                

     (that shown in Example 1)                                                 

                        of silver                                              

     Coupler (16)       0.1 mols per mol of                                    

                        silver                                                 

     ______________________________________                                    

PAC  Fourth Layer: Intermediate Layer
PAR  A gelatin layer containing emulsified 2,5-di-t-octylhydroquinone was coated
      in a dry thickness of about 1.2 .mu. to provide 2.7 .times. 10.sup.-.sup.4
      mol/m.sup.2 of 2,5-di-t-octylhydroquinone.
TBL  ______________________________________                                    

     Fifth Layer: First Green Sensitive Emulsion Layer                         

     ______________________________________                                    

     Silver Iodobromide Emulsion                                               

                        Coated silver content:                                 

     (iodine: 6 % by mol)                                                      

                        1.5 g/m.sup.2                                          

     Sensitizing Dye III                                                       

                        3 .times. 10.sup.-.sup.5 mols per mol                  

     (that shown in Example 1)                                                 

                        of silver                                              

     Sensitizing Dye IV 1 .times. 10.sup.-.sup.5 mols per mol                  

     (that shown in Example 1)                                                 

                        of silver                                              

     Coupler (8)        0.06 mols per mol of                                   

                        silver                                                 

     ______________________________________                                    

TBL  ______________________________________                                    

     Sixth Layer: Second Green Sensitive Emulsion Layer                        

     ______________________________________                                    

     Silver Iodobromide Emulsion                                               

                        Coated silver content:                                 

     (iodine: 4 % by mol)                                                      

                        1.7 g/m.sup.2                                          

     Sensitizing Dye III                                                       

                        2.5 .times. 10.sup.-.sup.5 mols per                    

                        mol of silver                                          

     Sensitizing Dye IV 0.8 .times. 10.sup.-.sup.5 mols per                    

                        mol of silver                                          

     Coupler (8)        0.004 mols per mol                                     

                        silver                                                 

     Coupler (10)       0.013 mols per mol of                                  

                        silver                                                 

     ______________________________________                                    

PAC  Seventh Layer: Yellow Filter Layer
PAR  A gelation layer containing an emulsified dispersion of yellow colloidal
      silver and 2,5-di-t-octylhydroquinone was coated in a dry thickness of
      about 1.5 .mu. to provide a coverage of 1.01 g of silver/m.sup.2 and 4.4
      .times. 10.sup.-.sup.4 mol of 2,5-di-t-octylhydroquinone per m.sup.2.
TBL  ______________________________________                                    

     Eighth Layer: Blue Sensitive Emulsion Layer                               

     ______________________________________                                    

     Silver Iodobromide Emulsion                                               

                        Coated silver content:                                 

     (iodine: 6 % by mol)                                                      

                        1.6 g/m.sup.2                                          

     Coupler (4)        0.1 mols per mol of                                    

                        silver                                                 

     ______________________________________                                    

PAC  Ninth Layer: Protective Layer
PAR  A gelatin layer containing polymethyl methacrylate particles (particle
      size: about 1.5 .mu.) was coated in a dry thickness of about 1.2 .mu..
PAR  To each layer, a gelatin hardening agent, a coating assistant (surface
      active agent) and a viscosity increasing agent were additionally added.
PAR  Sample D was produced in the same manner as in Sample C but 0.009 moles per
      mol of silver of Compound J were added to the organic solvent phase in the
      emulsion of the fifth layer and 0.003 mols per mol of silver of Compound J
      were added to the organic solvent phase of the emulsion of the sixth
      layer.
PAR  Samples C and D were processed to make 35 mm color negative photographic
      films. The films were exposed using a still camera and developed in the
      color development steps shown in Example 1 to obtain color negatives.
PAR  The color purity, granularity, sharpness and fog of the color negative
      obtained using Sample D were remarkably better than those obtained using
      Sample C.
PAR  Similar results were obtained when Compounds A, B, C, D, E, F, G, H, I, K,
      L and M were used alone or as a mixture thereof instead of Compound J in
      the fifth layer and the sixth layer of Sample D as described in Example 2.
      Improvements in color purity, granularity, sharpness and fog were also
      observed in where one or more Compounds selected from Compounds A to L
      were used together with Coupler (16) in the third layer or Coupler (4) in
      the fifth and sixth layer.
PAR  Further, similar results are obtained where Coupler (8) in the sixth layer
      and the sixth layer in Sample D was substituted for the couplers described
      in U.S. Pat. Nos. 3,127,269 and 3,684,514 and U.S. Patent Applications
      Ser. No. 235,937 filed Mar. 20, 1972 and Ser. No. 319,806, filed Dec. 29,
      1972 or Couplers (1), (2), (3), (5), (6) and (7).
PAC  EXAMPLE 3
PAR  Sample E shown in FIG. 3 comprising layers having the following
      compositions was produced as a multi-layer color photosensitive material.
PAC  First Layer: Antihalation Layer
PAR  The same composition and coating amount as the first layer of Sample C in
      Example 2.
PAC  Second Layer: Intermediate Layer
PAR  The same composition and coating amount as the second layer of Sample C in
      Example 2.
TBL  ______________________________________                                    

     Third Layer: First Red-Sensitive Layer                                    

     ______________________________________                                    

     Silver Iodobromide Emulsion                                               

                        Coated silver content:                                 

     (iodine: 6 % by mol)                                                      

                        1.1 g/m.sup.2                                          

     Sensitizing Dye I  3 .times. 10.sup.-.sup.5 mols per mol                  

     (that shown in Example 1)                                                 

                        of silver                                              

     Sensitizing Dye II 1.2 .times. 10.sup.-.sup.5 mols per                    

     (that shown in Example 1)                                                 

                        mol of silver                                          

     Coupler (16)       0.02 mols per mol of                                   

                        silver                                                 

     Coupler (17)       0.04 mols per mol of                                   

                        silver                                                 

     ______________________________________                                    

TBL  ______________________________________                                    

     Fourth Layer: Second Red-Sensitive Emulsion Layer                         

     ______________________________________                                    

     Silver Iodobromide Emulsion                                               

                        Coated silver content:                                 

     (iodine: 6 % by mol)                                                      

                        1.2 g/m.sup.2                                          

     Sensitizing Dye I  6 .times. 10.sup.-.sup.5 mols per                      

     (that shown in Example 1)                                                 

                        mol of silver                                          

     Sensitizing Dye II 1.5 .times. 10.sup.-.sup.5 mols per                    

     (that shown in Example 1)                                                 

                        mol of silver                                          

     Coupler (16)       0.09 mols per mol of                                   

                        silver                                                 

     Coupler (17)       0.02 mols per mol of                                   

                        silver                                                 

     ______________________________________                                    

PAC  Fifth Layer: Intermediate Layer
PAR  A gelatin layer containing dispersed 2,5-di-t-octylhydroquinone coated in
      an amount of 2.7 .times. 10.sup.-.sup.4 mol of
      2,5-di-t-octylhydroquinone/m.sup.2.
PAC  Sixth Layer and Seventh Layer: First and Second Green-Sensitive Emulsion
      Layers
PAR  The same compositions and coating amounts as the fifth and the sixth layers
      of Example 2 but used Coupler (11) was used instead of Coupler (8).
PAC  Eighth Layer: Yellow Filter Layer
PAR  The same composition and coating amount as the seventh layer in Example 2.
TBL  ______________________________________                                    

     Ninth Layer: First Blue-Sensitive Emulsion Layer                          

     ______________________________________                                    

     Silver Iodobromide Emulsion                                               

                        Coated silver content:                                 

     (iodine: 7 % by mol)                                                      

                        1 g/m.sup.2                                            

     Coupler (4)        0.25 mols per mol of                                   

                        silver                                                 

     ______________________________________                                    

TBL  ______________________________________                                    

     Tenth Layer: Second Blue-Sensitive Emulsion Layer                         

     ______________________________________                                    

     Silver Iodobromide Emulsion                                               

                        Coated silver content:                                 

     (iodine: 6 % by mol)                                                      

                        1.1 g/m.sup.2                                          

     Coupler (4)        0.07 mols per mol of                                   

                        silver                                                 

     ______________________________________                                    

PAC  Eleventh Layer: Protective Layer
PAR  The same composition and coating amount as the ninth layer in Example 2.
PAR  To each layer, a gelatin hardening agent, a coating assistant (surface
      active agent) and a viscosity increasing agent were added.
PAR  Sample F was produced in the same manner as in Sample E but the following
      compounds respectively were added to the organic solvent phase of the
      coupler dispersion in the third layer, the fourth layer, the sixth layer
      or the seventh layer in Sample E.
PA1  Third Layer: Compound F  0.01 moles per mol of silver
PA1  Fourth Layer: Compound F  0.01 mols per mol of silver
PA1  Sixth Layer: Compound H  0.009 mols per mol of silver
PA1  Seventh Layer: Compound H  0.002 mols per mol of silver
PAR  Samples E and F were processed to make 35 mm color negative photosensitive
      films. The films were exposed using a still camera and developed in the
      color development steps shown in Example 1 to produce color negatives.
PAR  The color purity, granularity, sharpness and fog of the color negatives
      obtained using Sample F which contained Compound F or H were remarkably
      better than those obtained using Sample E. Further, in Sample F, the fog
      of all of the emulsion layers and particularly the green-sensitive
      emulsion layers were remarkably inhibited as compared with Sample E.
      Moreover, it was observed that the fastness to light of the dyes formed by
      color development and particularly the magenta color images in Sample F
      was more excellent than that in Sample E.
PAR  In the examples, it is possible to modify the photosensitive emulsion
      layers which form substantially the same color to each other so as to have
      a one-layer structure or a three-layer structure, or to change the
      arrangement of GL, RL or BL.
PAR  It is also possible to modify the layers incorporating the hydroquinone
      derivatives or DIR couplers on the basis of the objects and the scope of
      the present invention.
PAR  The present invention can be applied, of course, to conventionally known
      color negative sensitive materials, color reversal sensitive materials,
      color printing sensitive materials, color transparent positive sensitive
      materials and color papers. Further, the elements of the present invention
      can be easily applied to photosensitive materials for a monochromatic
      system, for example, color-X-ray sensitive materials and micro-film
      sensitive materials, and color sensitive materials for a direct positive
      process.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An incorporated type multi-layer color photographic sensitive material
      comprising a support having thereon at least two photosensitive emulsion
      layer units each containing color couplers which form images having a
      different color from each other by color development, wherein at least one
      of said photosensitive emulsion layer units comprises two or more
      individual layers, and at least one of said individual layers contains a
      hydroquinone derivative for interlayer color correction.
NUM  2.
PAR  2. The multi-layer color photographic sensitive material of claim 1,
      wherein said hydroquinone derivative has the general formula (I)
      ##SPC3##
PAL  wherein P, Q and R each represents a hydrogen atom, an alkyl group, an
      alkenyl group, a hydroxyl group, an alkoxy group, an amino group, an
      alkylthio group, an aryl group, an arylthio group, a heterocyclic group,
      or a --SZ group, and wherein P and Q can combine to form a carbocyclic
      ring; A and A' each represents a hydrogen atom or an alkaline splitable
      group selected from the group consisting of an acyl group and an
      alkoxycarbonyl group; and Z represents a heterocyclic residue, said
      heterocyclic residue being photographically inactive when combined and
      released upon development.
NUM  3.
PAR  3. The multi-layer color photographic sensitive material of claim 2, whrein
      said heterocyclic residue for Z is a heterocyclic aromatic group selected
      from the group consisting of a tetrazolyl group, a triazolyl group, a
      thiadiazolyl group, an oxazolyl group, an oxadiazolyl group, a thiazolyl
      group and a pyrimidyl group.
NUM  4.
PAR  4. The multi-layer color photographic sensitive material of claim 1,
      wherein said hydroquinone derivative is diffusion resistant.
NUM  5.
PAR  5. The multi-layer color photographic sensitive material of claim 1,
      wherein said coupler is a magenta dye forming coupler, a yellow dye
      forming coupler, or a cyan dye forming coupler.
NUM  6.
PAR  6. The multi-layer color photographic sensitive material of claim 5,
      wherein said magenta dye forming coupler is a 5-pyrazolone coupler, a
      cyanoacetylcoumarone coupler or an imidazolone coupler, wherein said
      yellow-dye forming coupler is an open-chained acylacetanilide coupler, an
      open-chained acylacetonitrile coupler, an acylacetyl coupler and wherein
      said cyan dye forming coupler is a naphthol coupler or a phenol coupler.
NUM  7.
PAR  7. The multi-layer color photographic sensitive element of claim 6 wherein
      said magenta dye forming coupler is represented by general formula (II)
      ##EQU3##
      wherein R.sub.1 represents an alkyl group, an aryl group, an alkoxy group,
      an aryloxy group, a heterocyclic group, an amino group, an acid amide
      group, or a ureido group; R.sub.2 represents an alkyl group, an aryl
      group, or a heterocyclic group; and Z.sub.1 represents a hydrogen atom or
      a group splitable at color development selected from the group consisting
      of a thiocyano group, an acyloxy group, an aryloxy group, an alkoxy group,
      an alkoxycarbonyloxy group, an aryloxycarbonyloxy group, a disubstituted
      amino group, an arylazo group, a heterocyclic azo group, an arylmonothio
      group, a heterocyclic monothio group, and a heterocyclic imide group;
      wherein said yellow dye forming coupler has the general formula (III)
      ##EQU4##
      wherein R.sub.3 represents an alkyl group, or an aryl group; R.sub.4
      represents a phenyl group; Z.sub.2 represents a hydrogen atom or a group
      splitable at color development selected from the group consisting of a
      halogen atom, an acyloxy group, an aryloxy group, a heterocyclic aromatic
      carbonyloxy group, an arylsulfoxy group, a dioxoimido group and a
      dioxythiazolidinyl group; and wherein said cyan dye forming coupler is
      represented by the general formula (IV) or (V)
      ##SPC4##
PAL  wherein R.sub.5 represents a carbamyl group, a sulfamyl group, an
      alkoxycarbonyl group or an aryloxycarbonyl group; R.sub.6 represents an
      alkyl group, an aryl group, a heterocyclic group, an amino group, a
      carboxamido group, a sulfonamido group, a sulfamyl group, or a carbamyl
      group; R.sub.7, R.sub.8 and R.sub.9 each represents the same groups as
      defined for R.sub.6 additionally a halogen atom or an alkoxy group; and
      Z.sub.3 represents a hydrogen atom or a group splitable at color
      development selected from the group consisting of a halogen atom, a
      thiocyano group, an imino group, a cycloimido group, an arylazo group and
      a heterocyclic azo group.
NUM  8.
PAR  8. The multi-layer color photographic sensitive material of claim 1 wherein
      said at least one of said photosensitive emulsion layer units comprises
      two or more emulsion layers which are sensitive to the same wavelength
      region.
NUM  9.
PAR  9. The multi-layer color photographic sensitive material of claim 1,
      wherein said hydroquinone derivative for interlayer color correction is
      included in an amount up to about 50 mol % based on the coupler included
      in the layer to which said hydroquinone derivative is added.
NUM  10.
PAR  10. The multi-layer color photographic sensitive material of claim 9,
      wherein said hydroquinone derivative for interlayer color correction is
      present in an amount of 5 to 20 mol %.
NUM  11.
PAR  11. The multi-layer color photographic sensitive layer of claim 1, wherein
      each of the photosensitive emulsion layers present have substantially the
      same developing rate.
NUM  12.
PAR  12. The multi-layer color photographic sensitive material of claim 11,
      wherein each emulsion layer unit comprises a plurality of emulsion layers
      sensitive to the same wavelength region which have substantially the same
      developing rate.
NUM  13.
PAR  13. The multi-layer color photographic sensitive element of claim 1,
      wherein said hydroquinone derivative for interlayer color correction
      releases a diffusable color development inhibitor at color development
      which selectively inhibits color development of an adjacent photosensitive
      emulsion layer.
NUM  14.
PAR  14. The multi-layer color photographic sensitive element of claim 8,
      wherein said hydroquinone derivative for interlayer color correction
      releases a diffusable color development inhibitor at color development
      which selectively inhibits color development of an adjacent photosensitive
      emulsion layer.
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ABST
PAL  Excessive image density produced during or after processing by dye
      diffusing from the image generating unit into the dye image-receiving
      layer of an integral color transfer assemblage is controlled by
      incorporating into the assemblage a scavenger layer capable of
      immobilizing byproducts of processing reactions which may affect image
      quality in the image-receiving layer.
BSUM
PAR  This invention relates to photography and more particularly to color
      photography for integral color diffusion transfer assemblages wherein
      excess image density is controlled and byproducts of the processing
      reactions are rendered immobile.
PAR  Various formats for color diffusion transfer assemblages are described in
      the prior art such as U.S. Pat. Nos. 3,415,644; 3,415,645; 3,415,646;
      3,647,437; 3,635,707 and Canadian Pat. Nos. 928,559 and 674,082. In these
      formats, the image-receiving layer containing the photographic image for
      viewing can remain permanently attached and integral with the image
      generating and ancillary layers present in the structure when a
      transparent support is employed on the viewing side of the assemblage. The
      image is formed by dyes, produced in the image generating units, diffusing
      through the layers of the structure to the dye image-receiving layer.
      After exposure of the assemblage, an alkaline processing composition
      permeates the various layers to initiate development of the exposed
      photosensitive silver halide emulsion layers. The emulsion layers are
      developed in proportion to the extent of the respective exposures, and the
      image dyes which are formed or released in the respective image generating
      layers begin to diffuse throughout the structure. At least a portion of
      the imagewise distribution of diffusible dyes diffuse to the dye
      image-receiving layer to form an image of the original subject. A
      pH-lowering layer is generally employed in these assemblages to stabilize
      the element after the required diffusion of dyes has taken place. A timing
      layer is generally employed in conjunction with the pH-lowering layer so
      that the pH is not prematurely lowered which would stop development. The
      development time is thus established by the time it takes the alkali to
      penetrate through the timing layer. As the system starts to become
      stabilized, alkali is depleted throughout the structure causing silver
      halide development to cease in response to this drop in pH. For each image
      generating unit, this shutoff mechanism can establish the amount of silver
      halide development and the related amount of dye formed according to the
      respective exposure values.
PAR  To obtain an optimum level of dye in the image-receiving layer for good
      photographic performance, excess dye is often generated in the
      image-recording layers. However, a practical requirement for the formats
      described above consists in image formation in an acceptably short time.
      After a satisfactory image has been formed, it is desirable that it remain
      substantially unchanged indefinitely thereafter. Since the image consists
      of dyes which have diffused to and have been immobilized by the dye
      image-receiving layer, it is necessary that the dye flux into the
      image-receiving layer from the image generating layers be terminated after
      dye levels have reached values which define an acceptable image. While
      diminishing alkalinity in the image-forming layers produced by the
      neutralization of alkaline processing fluid provides an effective shutoff
      mechanism for silver halide development and related dye formation, the
      change in pH does not always result in immobilization of dyes already
      formed in amounts which may exceed the requirements for acceptable image
      quality and which are present in the swollen structure. In the absence of
      means for immobilizing excess dyes in layers other than the dye
      image-receiving layer, these excess amounts of dye can slowly diffuse to
      the dye image-receiving layer, causing progressive changes in image
      quality upon process termination. Among the changes in image quality are
      objectionable buildup of density in shadow areas and changes in color
      balance attributable to differences in rates of diffusion of the separate
      dyes within the structure.
PAR  U.S. Pat. No. 3,679,409 relates to inhibiting the diffusion of undesirable
      image-forming materials to the image receiving element of a multicolor
      diffusion transfer product by forming in such product in situ an
      image-forming material impermeable layer between the image receiving
      element and the next adjacent silver halide emulsion layer, subsequent to
      substantial image formation. In practice, however, the in situ formation
      of a polymeric barrier layer after image formation has taken place is
      difficult to contol. The time required for processing composition solvent
      to decrease to a point so that the polymeric layer may coalesce to provide
      the barrier stratum may be in excess of the desired development time.
      Polymers with the required pH-dependent permeabilities and which would not
      otherwise interfere with image formation are difficult to find. In
      addition, controlling a cross-linking reaction during the processing of a
      diffusion transfer assemblage, taking into account such variables as
      temperature would also be difficult to control in actual practice.
PAR  In still other image transfer processes, by-products of the processing
      reaction could be immobilized by employing materials such as the
      resorcinol scavengers as disclosed in Gates et al. U.S. Pat. No.
      3,770,431, Scullard U.S. Pat. No. 3,772,014 and the like, which react with
      excess or unwanted reaction products. Materials of this type could be used
      advantageously when excess oxidized color developers are to be immobilized
      to prevent contamination of the image record. However, these materials are
      somewhat limited in their effectiveness when less reactive reaction
      products are to be scavenged.
PAR  It is an object of this invention to provide a means for effective
      immobilization of those amounts of dyes produced in image-forming layers
      in excess of requirements for acceptable amounts of dyes required for a
      dye image-receiving layer of an integral color diffusion transfer
      assemblage.
PAR  It is another object of this invention to scavenge unwanted by-products of
      the processing reaction.
PAR  It is still another object of this invention to provide a scavenger mordant
      layer for excess dye density control in an integral color diffusion
      transfer assemblage which may be exposed and viewed from the same or
      opposite sides.
PAR  It is still another object of this invention to reduce the excess dye
      density in the dye image-receiving layer of an integral color diffusion
      transfer assemblage which is processed at higher than normal processing
      temperatures.
PAR  These and other objects of our invention are achieved by a photographic
      assemblage comprising:
PA1  a. a support having thereon at least one photosensitive silver halide
      emulsion layer, the emulsion layer having associated therewith a dye
      image-providing material;
PA1  b. a dye image-receiving layer; and
PA1  c. means for discharging an alkaline processing composition within the
      assemblage,
PAL  the assemblage containing a silver halide developing agent, wherein a
      scavenger mordant layer is employed in the assemblage to scavenge excess
      dye and unwanted by-products produced during processing of the assemblage,
      the scavenger mordant layer being so located in the assemblage that when
      the alkaline processing composition is discharged within the assemblage,
      the scavenger mordant layer will be on one side of both the alkaline
      processing composition layer and the emulsion layer and the dye
      image-receiving layer will be on the other side of these layers, and
      wherein the scavenger mordant layer is located in a timing layer or behind
      a timing layer with respect to the silver halide emulsion layer.
DRWD
PAR  FIG. 1 of the drawings is a cross-section of a color diffusion transfer
      assemblage before processing wherein the scavenger mordant layer is on the
      cover sheet.
PAR  FIG. 2 is the assemblage of FIG. 1 after processing. The transfer image in
      FIG. 2 is viewed from the opposite side of the exposure in FIG. 1.
PAR  FIG. 3 of the drawings is a cross-section of a color diffusion transfer
      assemblage before processing. The scavenger mordant layer in this format
      is adjacent the support of the negative element.
PAR  FIG. 4 is the assemblage of FIG. 3 after processing. The transfer image in
      FIG. 4 is viewed from the same side of the exposure in FIG. 3.
DETD
PAR  A useful format for integral negative-receiver color diffusion transfer
      assemblages in which the present invention can be employed is disclosed in
      Canadian Pat. No. 928,559. This is illustrated in FIGS. 1 and 2. In this
      embodiment, the support 11 for the photosensitive element is transparent
      and is coated with the image-receiving layer 12, a light-reflective layer
      13, an opaque layer 14, and photosensitive layers 16, 19 and 22, having
      associated therewith dye image-providing material layers 15, 18 and 21
      along with interlayers 17 and 20 and overcoat layer 23. A rupturable
      container containing an alkaline processing composition and an opacifier
      such as carbon black 24 is positioned adjacent to the top layer and a
      transparent cover sheet. The cover sheet comprises a transparent support
      28 which is coated with a polymeric acid layer 27, and scavenger mordant
      layer 26 and a timing layer 25. The film unit is placed in a camera,
      exposed through the transparent cover sheet and then passed through a pair
      of pressure-applying members in the camera as it is being removed
      therefrom. The pressure-applying members rupture the container and spread
      processing composition and opacifier over the image-forming portion of the
      assemblage 10 to protect it from exposure as shown in FIG. 2. The
      processing composition dvelops each silver halide layer and dye images are
      formed as a result of development which diffuse to the image-receiving
      layer to provide a right-reading image which is viewed through the
      transparent support on the opaque reflecting layer background. Excess
      diffusible dye which may be present in the assemblage is immobilized in
      the scavenger mordant layer. In this embodiment, the scavenger mordant
      layer is located behind a timing layer with respect to the emulsion layer,
      although it could be admixed as well with the timing layer in a separate
      timed scavenger layer. For further details concerning the format of this
      particular integral assemblage, reference is made to the above-mentioned
      Canadian Pat. No. 928,559.
PAR  Another useful format for integral color diffusion transfer assemblages in
      which the present invention can be employed is described in U.S. Pat. No.
      3,415,644. This is illlustrated in FIGS. 3 and 4. In this embodiment, the
      negative comprises an opaque support 30 which is coated with a timed,
      scavenger mordant layer 26 and photosensitive layers 16, 19 and 22 having
      associated therewith dye image-providing material layers 15, 18 and 21
      along with interlayers 17 and 20 overcoat layer 23. A rupturable container
      containing an alkaline processing composition and TiO.sub.2 and an
      indicator dye 29 is positioned adjacent to the top layer and a transparent
      receiver. The receiver comprises a transparent support 28 which is coated
      with a polymeric acid layer 27, a timing layer 25 and an image-receiving
      layer 12. The film unit is placed in a camera, exposed through the
      transparent receiver and then passed through a pair of pressure-applying
      members in the camera as it is being removed therefrom. The
      pressure-applying members rupture the container and spread processing
      composition, TiO.sub.2 and indicator dye over the image-forming portion of
      the assemblage 10 to protect it from exposure as shown in FIG. 4. The
      processing composition develops each silver halide layer and dye images
      are formed as a result of development which diffuse to the image-receiving
      layer which is viewed through the transparent support on a white
      background--the indicator dye having "shifted" to a colorless form as the
      alkali is consumed by the polymeric acid layer. A substantial portion of
      the excess dye which may be formed in the assemblage can be immobilized in
      the timed, scavenger mordant layer. In this embodiment, the scavenger
      mordant material and timing layer material are present together in a
      single timed scavenger layer, although they could be in separate layers as
      in FIGS. 1 and 2 if desired. For further details concerning the format of
      this particular assemblage, reference is made to the above-mentioned U.S.
      Pat. No. 3,415,644. Indicator dyes useful in this format are known in the
      art as illustrated, for example, by U.S. Pat. No. 3,647,437, the
      disclosure of which is hereby incorporated by reference. Phthalein dyes
      are preferred. Since the image in this embodiment is geometrically
      reversed, an image-reversing optical system such as a mirror in the camera
      is needed to reverse the image so that a right-reading image is viewable
      in the dye image-releiving layer.
PAR  Still other useful integral formats in which our invention can be employed
      are described in U.S. Pat. Nos. 3,415,645; 3,415,646; 3,647,437;
      3,635,707; and British Pat. No. 1,330,524.
PAR  The photosensitive element in our invention can be treated with an alkaline
      processing composition to effect or initiate development in any manner. A
      preferred method for applying processing composition is by use of a
      rupturable container or pod which contains the composition. In general,
      the processing composition employed in our system contains the developing
      agent for development, although the composition could also just be an
      alkaline solution where the developer is incorporated in the
      photosensitive element, in which case the alkaline solution serves to
      activate the incorporated developer.
PAR  The dye image-providing materials which may be employed in our invention
      generally may be characterized as either (1) initially soluble or
      diffusible in the processing composition but are selectively rendered
      nondiffusible in an imagewise pattern as a function of development; or (2)
      initially insoluble or nondiffusible in the processing composition but
      which are selectively rendered diffusible in an imagewise pattern as a
      function of development. These materials may be preformed dyes or dye
      precursors, e.g., color couplers, oxichromic compounds and the like.
PAR  Examples of initially soluble or diffusible materials which may be employed
      in our invention are disclosed, for example, in U.S. Pat. Nos. 2,647,049;
      2,661,293; 2,698,244; 2,698,798; 2,802,735; 2,774,668; and 2,983,606.
      Examples of initially nondiffusible materials which may be employed in our
      invention are disclosed in U.S. Pat. Nos. 3,227,550; 3,227,551; 3,227,552;
      3,227,554; 3,243,294; and 3,445,228.
PAR  In a preferred embodiment of our invention the dye image-providing material
      is a nondiffusible redox dye releaser. Such compounds are, generally
      speaking, compounds which can be oxidized by oxidized developing agent,
      i.e., cross-oxidized, to provide a species which as a function of
      oxidation will release a diffusible dye, such as by alkaline hydrolysis.
      Such redox dye releasers are described in U.S. Pat. 3,725,062 of Anderson
      and Lum, issued Apr. 3, 1973; U.S. Pat. No. 3,698,897 of Gompf and Lum,
      issued Oct. 17, 1972; U.S. Pat. No. 3,628,952 of Puschel et al., issued
      Dec. 21, 1971; U.S. Pat. No. 3,443,939 of Bloom et al., issued May 13,
      1969; U.S. Pat. No. 3,443,940 of Bloom et al., issued May 13, 1969; and
      the following copending applications: Ser. Nos. 351,673 of Fleckenstein et
      al., and 351,700 of Fleckenstein, filed Apr. 16, 1973; Ser. Nos. 331,727
      and 331,729 of Landholm et al. filed Feb. 12, 1973 both now abandoned;
      Ser. No. 331,728 of Haase et al. filed Feb. 12, 1973 and now abandoned;
      and Ser. No. 326,628 of Hinshaw et al. filed Jan. 26, 1973 and now
      abandoned, the disclosures of which are hereby incorporated by reference.
PAR  In an especially preferred embodiment of our invention, the redox dye
      releasers in the Fleckenstein et al. application Ser. No. 351,673 referred
      to above are employed. Such compounds are nondiffusible sulfonamido
      compounds which are alkali-cleavable upon oxidation to release a
      diffusible dye from the benzene nucleus and have the formula:
      ##SPC1##
PAL  wherein:
PA1  1. Col is a dye or dye precursor moiety:
PA1  2. Ballast is an organic ballasting radical of such molecular size and
      configuration (e.g., simple organic groups or polymeric groups) as to
      render the compound nondiffusible during development in an alkaline
      processing composition;
PA1  3. G is OR or NHR.sub.1 wherein R is hydrogen or a hydrolyzable moiety and
      R.sub.1 is hydrogen or a substituted or unsubstituted alkyl group of 1 to
      22 carbon atoms, such as methyl, ethyl, hydroxyethyl, propyl, butyl,
      secondary butyl, tert-butyl, cyclopropyl, 4-chlorobutyl, cyclobutyl,
      4-nitroamyl, hexyl, cyclohexyl, octyl, decyl, octadecyl, docosyl, benzyl,
      phenethyl, etc., (when R.sub.1 is an alkyl group of greater than 6 carbon
      atoms, it can serve as a partial or sole Ballast group); and
PA1  4. n is a positive integer of 1 to 2 and is 2 when G is OR or when R.sub.1
      is hydrogen or an alkyl group of less than 8 carbon atoms.
PAR  For further details concerning the above-described sulfonamido compounds
      and specific examples of same, reference is made to the above-mentioned
      Fleckenstein et al. application Ser. No. 351,673 and Belgian Pat. 788,268,
      issued Feb. 28, 1972, the disclosures of which are hereby incorporated by
      reference.
PAR  Sulfonamido compounds which can be employed in our invention include the
      following:
      ##SPC2##
PAC  Compound No. 4
PAR  3-Pentadecyl-4-(p-phenylazobenzenesulfonamido)phenol
PAC  Compound No. 5
PAR  1-Hydroxy-4-(p-phenylazobenzenesulfonamido)-2-[.DELTA.-(2,4-di-tert-amylphe
     noxy)-n-butyl]-naphthamide
PAC  Compound No. 6
PAR  8-Acetamido-3,6-disulfo-2-{p-[(4-hydroxy-2-pentadecyl)-benzenesulfonamido]-
     phenylazo}-naphthol monopyridinium salt
PAC  Compound 7
PAR  2-{p-[(4-Hydroxy-2-pentadecyl)-benzenesulfonamido]-phenylazo}-4-isopropoxyn
     aphthol
PAC  Compound No. 8
PAR  4-{p-[4'-(N,N-Dimethylamino)-phenylazo]-benzenesulfonamido}-3-pentadecylphe
     nol
PAC  Compound NO. 9
PAR  1-Hydroxy-4-[4-(1-hydroxy-4-isopropoxy-2-naphthylazo)-benzenesulfonamido]-2
     -[.DELTA.-(2,4-di-tert-amylphenoxy)-n-butyl]-naphthamide
PAC  Compound No. 10
PAR  1-Hydroxy-4-[3-(1-phenyl-3-methylcarbamyl-4-pyrazolin-5-onylazo)-benzenesul
     fonamido]-2-[.DELTA.-(2,4-di-tert-amylphenoxy)-n-butyl]-naphthamide
PAC  Compound No. 11
PAR  4-[p-(4'-Dimethylaminophenylazo)-benzene-sulfonamido]-N-n-dodecylaniline
PAC  Compound No. 12
PAR  3-Pentadecyl-4-(p-phenylazobenzenesulfonamido)-aniline
PAC  Compound No. 13
PAR  1-(N-n-Dodecylamino)-4-(p-phenylazobenzenesulfonamido)-naphthalene
PAC  Compound No. 14
PAR  2-{p-[(4-amino-2-pentadecyl)-benzene-sulfamyl]-phenylazo}-4-isopropoxynapht
     hol
PAC  Compound No. 15
PAR  4-{p-[4'-(N',N'-dimethylamino)-phenylazo]-benzenesulfonamido}-3-octyl-N-eth
     ylaniline
PAC  Compound No. 16
PAR  5-{p-[4'-(N,N-Dimethylamino)-phenylazo]-benzenesulfonamido}-8-(N'-n-dodecyl
     amino)-quinoline
PAC  Compound No. 17
PAR  Shifted Magenta Dye-providing
PAR  1-Hydroxy-4-[3-(N-[4-(3,5-dibromo-4-hydroxyphenylimino)-1-phenyl
      2-pyrazolin-5-on-3-yl]carbamyl)-benzenesulfonamido]-2-[.DELTA.-(2,4-di
      tert-amylphenoxy)-n-butyl]naphthamide
PAC  Compound NO. 18
PAR  Cyan Dye-Providing (Initially Leuco)
PAR  1-Hydroxy-4-[3-(4-[3-chloro-5-(3,5-dichloro-4-hydroxyanilino)-2-hydroxy-4-m
     ethylanilino]-6-hydroxy-s-triazinyl-2
      amino)-benzenesulfonamido]-2-[.DELTA.-(2,4-di-tert-amylphenoxy)-n-butyl]-n
     aphthamide
PAR  In another preferred embodiment of our invention, initially diffusible dye
      image-providing materials are employed such as dye developers, including
      metal complexed dye developers such as those described in U.S. Pat. Nos.
      3,453,107, 3,544,545; 3,551,406; 3,563,739; 3,597,200; 3,705,184; and
      oxichromic developers as described and claimed in our coworkers, Lestina
      and Bush, Application Ser. No. 401,327, filed Sept. 27, 1973, the
      disclosures of which are hereby incorporated by reference. When oxichromic
      developers are employed, the image is formed by the diffusion of the
      oxichromic developer to the dye image-receiving layer where it undergoes
      chromogenic oxidation to form an image dye. Examples of such oxichromic
      developers which provide indophenol dyes and which may be employed in our
      invention include the following:
      ##SPC3##
PAL  The assemblage of the present invention may be used to produce positive
      images in single- or multicolors. In a three-color system, each silver
      halide emulsion layer of the film assembly will have associated therewith
      a dye image-providing material possessing a predominant spectral
      absorption within the region of the visible spectrum to which said silver
      halide emulsion is sensitive, i.e., the blue-sensitive silver halide
      emulsion layer will have a yellow dye image-providing material associated
      therewith, the green-sensitive silver halide emulsion layer will have a
      magenta dye image-providing material associated therewith, and the
      red-sensitive silver halide emulsion layer will have a cyan dye
      image-providing material associated therewith. The dye image-providing
      material associated with each silver halide emulsion layer may be
      contained either in the silver halide emulsion layer itself or in a layer
      contiguous to the silver halide emulsion layer.
PAR  The concentration of the dye image-providing materials that are employed in
      the present invention may be varied over a wide range depending upon the
      particular compound employed and the results which are desired. For
      example, the dye image-providing compounds of the present invention may be
      coated as dispersions in layers by using coating solutions containing a
      ratio between about 0.25 and about 4 of the dye image-providing compound
      to the hydrophilic film-forming natural material or synthetic polymer
      binder, such as gelatin, polyvinyl alcohol, etc., which is adapted to be
      permeated by aqueous alkaline processing composition.
PAR  Any silver halide developing agent can be employed in our invention
      depending upon the particular chemistry system involved. The developer may
      be employed in the photosensitive element to be activated by the alkaline
      processing composition. Specific examples of developers which can be
      employed in our invention include:
PA1  hydroquinone
PA1  N-methylaminophenol
PA1  Phenidone (1-phenyl-3-pyrazolidone)
PA1  Dimezone (1-phenyl-4,4-dimethyl-3-pyrazolidone)
PA1  aminophenols
PA1  N-n-diethyl p-phenylenediamine
PA1  3-methyl-N,N-diethyl-p-phenylenediamine
PA1  N,n,n',n'-tetramethyl-p-phenylenediamine, etc.
PAR  In using redox dye releaser compounds in our invention, the production of
      diffusible dye images is a function of development of the silver halide
      emulsions with a silver halide developing agent to form either negative or
      direct positive silver images in the emulsion layers. If the silver halide
      emulsion employed forms a direct positive silver image, such as a direct
      positive internal-image emulsion or a solarizing emulsion, which is
      developable in unexposed areas, a positive image can be obtained on the
      dye image-receiving layer when redox releasers are employed which release
      dye where oxidized. After exposure of the film unit, the alkaline
      processing composition permeates the various layers to initiate
      development in the exposed photosensitive silver halide emulsion layers.
      The developing agent present in the film unit develops each of the silver
      halide emulsion layers in the unexposed areas (since the silver halide
      emulsions are direct-positive ones), thus causing the developing agent to
      become oxidized imagewise corresponding to the unexposed areas of the
      direct-positive silver halide emulsion layers. The oxidized developing
      agent then cross-oxidizes the redox dye releaser compound, the oxidized
      form of which undergoes a base-catalyzed reaction to release the preformed
      dyes or the dye precursors imagewise as a function of the imagewise
      exposure of each of the silver halide emulsion layers. At least a portion
      of the imagewise distributions of diffusible dyes or dye precursors
      diffuse to the image-receiving layer to form a positive image of the
      original subject.
PAR  Internal-image silver halide emulsions useful in the above-described
      embodiment are direct-positive emulsions that form latent images
      predominantly inside the silver halide grains, as distinguished from
      silver halide grains that form latent images predominantly on the surface
      thereof. Such internal-image emulsions were described by Davey et al. in
      U.S. Pat. No. 2,592,250 issued Apr. 8, 1952, and elsewhere in the
      literature. Other useful emulsions are described in U.S. Pat. No.
      3,761,276 issued Sept. 25, 1973, U.S. Pat. No. 3,761,266 issued Sept. 25,
      1973 and 3,761,267 issued Sept. 25, 1973. Internal-image silver halide
      emulsions can be defined in terms of the increased maximum density
      obtained when developed to a negative silver image with "internal-type"
      developers over that obtained when developed with "surface-type"
      developers. Suitable internal-image emulsions are those which, when
      measured according to normal photographic techniques by coating a test
      portion of the silver halide emulsion on a transparent support, exposing
      to a light-intensity scale having a fixed time between 0.01 and 1 second,
      and developing for 3 minutes at 20.degree.C in Developer A below
      ("internal-type" developer) have a maximum density at least five times the
      maximum density obtained when an equally exposed silver halide emulsion is
      developed for 4 minutes at 20.degree.C in Developer B described below
      ("surface-type" developer). Preferably, the maximum density in Developer A
      is at least 0.5 density unit greater than the maximum density in Developer
      B.
TBL  ______________________________________                                    

     DEVELOPER A                                                               

     ______________________________________                                    

     Hydroquinone              15 g.                                           

     Monomethyl-p-aminophenol sulfate                                          

                               15 g.                                           

     Sodium sulfite (desiccated)                                               

                               50 g.                                           

     Potassium bromide         10 g.                                           

     Sodium hydroxide          25 g.                                           

     Sodium thiosulfate        20 g.                                           

     Water to make one liter.                                                  

     DEVELOPER B                                                               

     ______________________________________                                    

     P-hydroxyphenylglycine    10 g.                                           

     Sodium carbonate         100 g.                                           

     Water to make one liter                                                   

     ______________________________________                                    

PAR  The internal-image silver halide emulsions when processed in the presence
      of fogging or nucleating agents provide direct positive silver images.
      Such emulsions are particularly useful in the above-described embodiment.
      Suitable fogging agents include the hydrazines disclosed in Ives U.S. Pat.
      Nos. 2,588,982 issued Mar. 11, 1952 and 2,563,785 issued Aug. 7, 1951; the
      hydrazides and hydrazones disclosed in Whitmore U.S. pat. No. 3,227,552
      issued Jan. 4, 1966; hydrazone quaternary salts described in British Pat.
      No. 1,283,835 and U.S. Pat. No. 3,615,615; hydrazone containing
      polymethine dyes described in U.S. Pat. No. 3,718,470; or mixtures
      thereof. The quantity of fogging agent employed can be widely varied
      depending upon the results desired. Generally, the concentration of
      fogging agent is from about 0.4 to about 8 g per mole of silver in the
      photosensitive layer in the photosensitive element or from about 0.1 to
      about 2 grams per liter of developer if it is located in the developer.
      The fogging agents described in U.S. Pat. Nos. 3,615,615 and 3,718,470,
      however, are preferably used in concentrations of 0.5 to 10 mg per mole of
      silver in the photosensitive layer.
PAR  The solarizing direct-positive silver halide emulsions useful in the
      above-described embodiment are well-known silver halide emulsions which
      have been effectively fogged either chemically or by radiation to a point
      which corresponds approximately to the maximum density of the reversal
      curve as shown by Mees, The Theory of the Photographic Process, published
      by the Macmillan Co., New York, New York, 1942, pages 261-297. Typical
      methods for the preparation of solarizing emulsions are shown by Groves
      British Pat. No. 443,245, Feb. 25, 1936, who subject emulsions to Roentgen
      rays "until an emulsion layer formed there from, when developed without
      preliminary exposure, is blackened up to the apex of its graduation
      curve"; Szaz British Pat. No. 462,730, Mar. 15, 1937, the use of either
      light or chemicals such as silver nitrate, organic sulfur compounds and
      dyes to convert ordinary silver halide emulsions to solarizing direct
      positive emulsions; and Arens U.S. Pat. 2,005,837, June 25, 1935, the use
      of silver nitrate and other compounds in conjunction with heat to effect
      solarization. Particularly useful are the fogged direct-positive emulsions
      of Berriman U.S. Pat. No. 3,367,778; Illingsworth U.S. Pat. Nos.
      3,501,305, 3,501,306 and 3,501,307; and combinations thereof.
PAR  The various silver halide emulsion layers of a color film assembly of the
      invention can be disposed in the usual order, i.e., the blue-sensitive
      silver halide emulsion layer first with respect to the exposure side,
      followed by the green-sensitive and red-sensitive silver halide emulsion
      layers. If desired, a yellow dye layer or a yellow colloidal silver layer
      can be present between the blue-sensitive and green-sensitive silver
      halide emulsion layer for absorbing or filtering blue radiation that may
      be transmitted through the blue-sensitive layer. If desired, the
      selectively sensitized silver halide emulsion layers can be disposed in a
      different order, e.g., the blue-sensitive layer first with respect to the
      exposure side, followed by the red-sensitive and green-sensitive layers.
PAR  The rupturable container employed in this invention can be of the type
      disclosed in U.S. Pat. Nos. 2,543,181; 2,643,886; 2,653,732; 2,723,051;
      3,056,492; 3,056,491; and 3,152,515. In general, such containers comprise
      a rectangular sheet of fluid-and air-impervious material folded
      longitudinally upon itself to form two walls which are sealed to one
      another along their longitudinal and end margins to form a cavity in which
      processing solution is contained.
PAR  In a color photographic-assemblage according to this invention, each silver
      halide emulsion layer containing a dye image-providing material or having
      the dye image-providing material present in a contiguous layer may be
      separated from the other silver halide emulsion layers in the negative
      portion of the film unit by materials including gelatin, calcium alginate,
      or any of those disclosed in U.S. Pat. No. 3,384,483, polymeric materials
      such as polyvinylamides as disclosed in U.S. Pat. No. 3,421,892, or any of
      those disclosed in French Pat. No 2,028,236 or U.S. Pat. Nos. 2,992,104;
      3,043,692; 3,044,873; 3,061,428; 3,069,263; 3,069,264; 3,121,011; and
      3,427,158.
PAR  Generally speaking, except where noted otherwise, the silver halide
      emulsion layers in the invention comprise photosensitive silver halide
      dispersed in gelatin and are about 0.6 to 6 microns in thickness; the dye
      image-providing materials are dispersed in an aqueous alkaline
      solution-permeable polymeric binder, such as gelatin, as a separate layer
      about 1 to 7 microns in thickness; and the alkaline solution-permeable
      polymeric interlayers, e.g., gelatin, are about 1 to 5 microns in
      thickness. Of course, these thicknesses are approximate only and can be
      modified according to the product desired.
PAR  The alkaline solution-permeable, light-reflective layer employed in certain
      embodiments of photographic assemblages of our invention can generally
      comprise any opacifier dispersed in a binder as long as it has the desired
      properties. Particularly desirable are white light-reflective layers since
      they would be esthetically pleasing backgrounds on which to view a
      transferred dye image and would also possess the optical properties
      desired for reflection of incident radiation. Suitable opacifying agents
      include titanium dioxide, barium sulfate, zinc oxide, barium stearate,
      silver flake, silicates, alumina, zirconium oxide, zirconium acetyl
      acetate, sodium zirconium sulfate, kaolin, mica, or mixtures thereof in
      widely varying amounts depending upon the degree of opacity desired. The
      opacifying agents may be dispersed in any binder such as an alkaline
      solution-permeable polymeric matrix such as, for example, gelatin,
      polyvinyl alcohol, and the like. Brightening agents such as the stilbenes,
      coumarins, triazines and oxazoles can also added to the light-reflective
      layer, if desired. When it is desired to increase the opacifying capacity
      of the light-reflective layers, dark-colored opacifying agents, e.g.,
      pH-indicator dyes, may be added to it, or carbon black, nigrosine dyes,
      etc., may be coated in a separate layer adjacent to the light-reflective
      layer.
PAR  Use of a pH-lowering material in the photographic assemblage according to
      the invention will usually increase the stability of the transferred
      image. Generally, the pH-lowering material will effect a reduction in the
      pH of the image layer from about 13 or 14 to at least 11 and preferably
      5-8 within a short time after imbibition. For example, polymeric acids as
      disclosed in U.S. Pat. No. 3,362,819 or solid acids or metallic salts,
      e.g., zinc acetate, zinc sulfate, magnesium acetate, etc., as disclosed in
      U.S. Pat. No. 2,584,030 may be employed with good results. Such
      pH-lowering materials reduce the pH of the film unit after development to
      terminate development and thus stabilize the dye image. Of course, the use
      of a scavenger mordant in accordance with our invention will further
      increase the stability of the transferred image. In certain embodiments of
      our invention, the scavenger mordant layer may be combined with the
      polymeric acid layer described above.
PAR  An inert timing or spacer layer can be employed in the practice of our
      invention over the pH-lowering layer and scavenger mordant layer which
      "times" or controls the pH-reduction and functioning of the scavenger
      mordant layer as a function of the rate at which alkali diffuses throught
      the inert spacer layer. Examples of such timing layers include gelatin,
      polyvinyl alcohol or any of those disclosed in U.S. Pat. No. 3,455,686.
      The timing layer may also be effective in evening out the various reaction
      rates over a wide range of temperatures, e.g., premature pH reduction is
      prevented when imbibition is effected at temperatures above room
      temperature, for example, at 95.degree. to 100.degree.F. The timing layer
      is usually about 0.1 to about 0.7 mil in thickness. Especially good
      results are obtained when the timing layer comprises a hydrolyzable
      polymer or a mixture of such polymers which are slowly hydrolyzed by the
      processing composition. Examples of such hydrolyzable polymers include
      polyvinyl acetate, polyamides, cellulose esters, etc.
PAR  As was mentioned above, the scavenger mordant layer employed in our
      invention is located in the above-described timing layer or behind the
      timing layer with respect to the silver halide emulsion layer. The timing
      layer will then delay the functioning of the scavenger layer for a
      predetermined, finite period of time, e.g., about 20-30 seconds. This will
      allow development and dye diffusion to the dye image-receiving layer to
      occur unimpeded. Generally speaking, sufficient image dye will transfer to
      the dye image-receiving layer to reach a Dmax of about 1 before the
      scavenger layer becomes operative.
PAR  Any material can be employed as the image-receiving layer and the scavenger
      mordant layer in this invention as long as the desired function of
      mordanting or otherwise fixing the dye images and by-products of the
      reaction will be obtained. The particular material chosen will, of course,
      depend upon the dye to be mordanted. If acid dyes are to be mordanted, the
      image-receiving layer and scavenger mordant layer can contain basic
      polymeric mordants such as polymers of amino guanidine derivatives of
      vinyl methyl ketone such as described in Minsk U.S. Pat. No. 2,882,156
      issued Apr. 14, 1959, and basic polymeric mordants such as described in
      U.S. Pat. Nos. 3,709,690 and 3,625,694 and copending U.S. Applications
      Ser. No. 400,778 of Cohen et al. filed Sept. 26, 1973 and Ser. No. 412,992
      of Burness et al., filed Nov. 5, 1973. Other mordants useful in our
      invention include poly-4-vinylpyridine, the 2-vinyl pyridine polymer
      metho-p-toulene sulfonate and similar compounds described in Sprague et
      al. U.S. Pat. No. 2,484,430 issued Oct. 11, 1949, and cetyl
      trimethylammonium bromide, etc. Effective mordanting compositions are also
      described in Whitmore U.S. Pat. No. 3,271,148 and Bush U.S. Pat. NO.
      3,271,147, both issued Sept. 6, 1966. Either the same or different
      mordants can be used in the dye image-receiving layer and the scavenger
      layer.
PAR  Other materials useful in the dye image-receiving layer and scavenger
      mordant layer include alkaline solution-permeable polymeric layers such as
      N-methoxymethyl polyhexylmethylene adipamide; partially hydrolyzed
      polyvinyl acetate; and other materials of a similar nature. Generally,
      good results are obtained when the image-receiving layer and scavenger
      mordant layer, preferably alkaline solution-permeable, are transparent and
      about 0.25 to about 0.40 mil in thickness. This thickness, of course, can
      be modified depending upon the result desired. The image-receiving layer
      can also contain ultraviolet absorbing materials to protect the mordanted
      dye images from fading due to ultraviolet light, brightening agents such
      as the stilbenes, coumarins, triazines, oxazoles, dye stabilizers such as
      the chromanols, alkylphenols, etc.
PAR  The same types of mordant materials may be used in the dye image-receiving
      layer and the scavenger mordant layer. While the dye image-receiving layer
      will generally contain predominantly all of the imagewise transferred dye
      and is positioned to be viewed against a white, light-reflective
      background, the scavenger mordant, in accordance with this invention,
      becomes available after a predetermined time to immobilize the by-products
      and unwanted reaction products of the process. The scavenger mordant
      cannot be seen from the viewing side of the assemblage since it is behind
      the light-reflective layer and it is usually maintained out of view on the
      backside of the assemblage by an opaque, non-reflective material, such as
      a carbon black layer. In certain embodiments of the invention where the
      processing conditions produce a large amount of unwanted reaction
      products, a faint image may be discernable on the backside if a
      transparent support is used. However, the image would not be of sufficient
      density and have sufficient color separation to be objectionable or
      provide a useable image record, especially when viewed against an opaque,
      non-reflective background. For example, in the embodiment illustrated in
      FIGS. 3 and 4, the timed, scavenger mordant layer is hidden from view on
      the backside by the opaque support 30. In FIGS. 1 and 2, the alkaline
      processing composition contains an opaque non-reflective substance such as
      carbon black, thus any faint image will be, in a practical sense,
      unnoticable and not objectionable.
PAR  Generally, the film assemblages prepared and processed in accordance with
      our invention contain approximately at least four times as much imagewise
      transferred dye in the image-receiving layer as compared with the
      scavenger mordant layer. The large difference in dye transferred to the
      respective layers is, in part, due to the positioning of the scavenger
      mordant in or behind a timing layer so that its functioning is controlled
      to become operative only after a predetermined period of time, as
      described above, e.g., such as when a transferred dye density of 1.0 has
      been reached in the Dmax areas of the dye image-receiving layer.
PAR  The alkaline processing composition employed in this invention is the
      conventional aqueous solution of an alkaline material, e.g., sodium
      hydroxide, sodium carbonate or an amine such as diethylamine, preferably
      possessing a pH in excess of 11, and preferably containing a developing
      agent as described previously. The solution also preferably contains a
      viscosity-increasing compound such as a high-molecular-weight polymer,
      e.g., a water-soluble ether inert to alkaline solutions such as
      hydroxyethyl cellulose or alkali metal salts of carboxymethyl cellulose
      such as sodium carboxymethyl cellulose. A concentration of
      viscosity-increasing compound of about 1 to about 5% by weight of the
      processing composition is preferred which will impart thereto a viscosity
      of about 100 cps. to about 200,000 cps. In certain embodiments of our
      invention, an opacifying agent, e.g., TiO.sub.2, carbon black, indicator
      dyes, etc., may be added to the processing composition. In addition,
      ballasted indicator dyes and dye precursors may also be present in the
      photographic assemblage as a separate layer on the exposure side of the
      photosensitive layers; the indicator dyes being preferably transparent
      during exposure and becoming colored or opaque after contact with alkali
      from the processing composition.
PAR  The supports for the photographic elements of this invention can be any
      material as long as it does not deleteriously effect the photographic
      properties of the film unit and is dimensionally stable. Typical flexible
      sheet materials include cellulose nitrate film, cellulose acetate film,
      poly(vinyl acetal) film, polystyrene film, poly(ethyleneterephthalate)
      film, polycarbonate film, poly-.alpha.-olefins such as polyethylene and
      polypropylene film, and related films or resinous materials. The support
      is usually about 2 to 9 mils in thickness. Ultraviolet absorbing materials
      may also be included in the supports or as a separate layer on the
      supports if desired.
PAR  The silver halide emulsions useful in our invention are well-known to those
      skilled in the art and are described in Product Licensing Index, Vol. 92,
      December, 1971, publication 9232, p. 107, paragraph I. "Emulsion types";
      they may be chemically and spectrally sensitized as described on p. 107,
      paragraph III, "Chemical sensitization," and pp. 108-109, paragraph XV,
      "Spectral sensitization," of the above article; they can be protected
      against the production of fog and can be stabilized against loss of
      sensitivity during keeping by employing the materials described on p. 107,
      paragraph V, "Antifoggants and stabilizers," of the above article; they
      can contain development modifiers, hardeners, and coating aids as
      described on pp. 107-108, paragraph IV, "Development modifiers"; paragraph
      VII, "Hardeners"; and paragraph XII, "Coating aids," of the above article;
      they and other layers in the photographic elements used in this invention
      can contain plasticizers, vehicles and filter dyes described on p. 108,
      paragraph XI, "Plasticizers and lubricants," and paragraph VIII,
      "Vehicles,"  and p. 109, paragraph XVI, "Absorbing and filter dyes," of
      the above article; they and other layers in the photographic elements used
      in this invention may contain addenda which are incorporated by using the
      procedures described on p. 109, paragraph XVII, "Methods of addition," of
      the above article; and they can be coated by using the various techniques
      described on p. 109, paragraph XVIII, "Coating procedures," of the above
      article, the disclosures of which are hereby incorporated by reference.
PAC  EXAMPLE I
PAC  Scavenger Mordant in Polymeric Acid Layer
PAR  An integral multicolor photosensitive element is prepared by coating the
      following layers in the order recited on a transparent cellulose acetate
      film support:
PA1  1. image-receiving layer of
      copoly[styrene-N-benzyl]-N,N-[dimethyl-N-(3-maleimidopropyl)ammonium
      chloride](1.08 g/m.sup.2) and gelatin (1.08 g/m.sup.2);
PA1  2. reflecting layer of titanium dioxide (21.76 g/m.sup.2) and gelatin (2.18
      g/m.sup.2);
PA1  3. opaque layer of carbon black (2.69 g/m.sup.2) and gelatin (1.68
      g/m.sup.2);
PA1  4. Compound I (0.54 g/m.sup.2) and gelatin (0.54 g/m.sup.2);
PA1  5. red-sensitive, internal-image gelatin-silver chlorobromide emulsion
      (1.08 g gelatin/m.sup.2 and 1.61 g silver/m.sup.2),
      2,5-di-sec-dodecylhydroquinone (0.27 g/m.sup.2), and nucleating agent
      formyl-4-methylphenylhydrazine (0.01 g/m.sup.2);
PA1  6. interlayer of gelatin (1.08 g/m.sup.2) and
      2-n-octadecyl-5-sulfohydroquinone (0.54 g/m.sup.2);
PA1  7. Compound II (1.29 g/m.sup.2) and gelatin 1.61 g/m.sup.2);
PA1  8. green-sensitive, internal-image gelatin-silver chlorobromide emulsion
      (1.08 g gelatin/m.sup.2 and 1.61 g silver/m.sup.2),
      2,5-di-sec-dodecylhydroquinone (0.27 g/m.sup.2), and nucleating agent
      formyl-4-methylphenylhydrazine (0.01 g/m.sup.2);
PA1  9. interlayer of gelatin (0.54 g/m.sup.2) and
      2-n-octadecyl-5-sulfohydroquinone (0.55 g/m);
PA1  *10. green-sensitive, negative-working gelatin-silver bromide emulsion
      (0.91 g gelatin/m.sup.2 and 0.43 g silver/m.sup.2) and
      2,5-di-sec-dodecylhydroquinone (0.89 g/m.sup.2);
FNT  *The use of a negative-working silver halide emulsion in a photographic
      element with direct-positive emulsions is described and claimed in our
      coworkers, Thomas & Tuite, copending Application Ser. No. 291,114, filed
      Sept. 21, 1972, and as such, forms no part of our invention.
PA1  11. interlayer of gelatin (0.54 g/m.sup.2) and 2-n-octadecylhydroquinone
      (0.55 g/m.sup.2);
PA1  12. Compound III (1.08 g/m.sup.2) and gelatin (1.08 g/m.sup.2);
PA1  13. blue-sensitive, internal-image gelatin emulsion (1.08 g gelatin/m.sup.2
      and 1.61 g silver/m.sup.2), 2,5-di-sec-dodecylhydroquinone (0.27
      g/m.sup.2), and nucleating agent formyl-4-methylphenylhydrazine (0.01
      g/m.sup.2); and
PA1  14. overcoat of gelatin (0.54 g/m.sup.2).
PAR  An emulsion cover sheet having a polymeric acid and scavenger mordant
      together in a single layer is prepared by coating on a transparent
      polyethylene terephthalate film support a copolymer of acrylic acid and
      3-methyl-1-vinylimidazolium methosulfate (75/25) at a coverage of 21.5
      g/m.sup.2. The quaternary ammonium salt functions as the scavenger
      mordant. The element is then overcoated with a timing layer comprising a
      mixture of 95 parts of cellulose acetate (40% acetyl) and five parts of
      copolystyrene-maleic anhydride at a coverage of 3.23 g/m.sup.2.
PAR  A similar control element is prepared except that the acid-mordant
      copolymer is replaced by polyacrylic acid at the same coating coverage.
PAR  The following processing composition is employed in processing pods:
     Hydroxyethyl cellulose   25.0  g                                          

     Sodium hydroxide         60.0  g                                          

     4-Hydroxymethyl-4-methyl-1-                                               

      phenyl-3-pyrazolidone    8.0  g                                          

     Potassium iodide          0.01 g                                          

     5-Methylbenzotriazole     0.8  g                                          

     tert-butyl hydroquinone   0.8  g                                          

     Sodium sulfite            2.0                                             

     Carbon                   40.0  g                                          

     Distilled water to        1 liter                                         

PAR  The processing composition is spread between the surface of a portion of
      the photosensitive element and each of the cover sheets described above by
      passing the transfer "sandwich" between a pair of juxtaposed pressure
      rollers having a gap of 0.24 mm. The transfer "sandwich" is then held for
      5 minutes at temperatures of 21.degree.C and 38.degree.C, after which time
      the reflection image density is read. The following results are obtained:
TBL            Dmax                                                            

               Red         Green       Blue                                    

               21.degree.C                                                     

                   38.degree.C                                                 

                       .DELTA.                                                 

                           21.degree.C                                         

                               38.degree.C                                     

                                   .DELTA.                                     

                                       21.degree.C                             

                                           38.degree.C                         

                                               .DELTA.                         

     __________________________________________________________________________

     w/o scav. mordant                                                         

               1.17                                                            

                   2.10                                                        

                       .93 1.35                                                

                               2.08                                            

                                   .73 1.78                                    

                                           2.23  .45                           

      (control)                                                                

     w/scav. mordant                                                           

               1.10                                                            

                   1.70                                                        

                       .60 1.30                                                

                               1.72                                            

                                   .42 1.60                                    

                                           2.06  .46                           

     __________________________________________________________________________

PAR  The results indicate that a scavenger mordant layer employed in accordance
      with our invention does not significantly change the Dmax obtained at
      21.degree. C but reduces the buildup of dye in the image-receiving layer
      at 38.degree. C.
PAC  EXAMPLE II
PAC  Scavenger Mordant in Timing Layer
PAR  An integral multicolor photosensitive element is prepared as in Example I
      except that layers 10 and 11 are omitted.
PAR  An emulsion cover sheet having the scavenger mordant in the timing layer is
      prepared by coating on a transparent polyethylene terephthalate film
      support polyacrylic acid at a coverage of 23.2 g/m.sup.2. Separate samples
      of this coating are then overcoated with a timing-scavenger mordant layer
      of a mixture of 95 parts of cellulose acetate (40% acetyl) and five parts
      of copolystyrene-maleic anhydride along with the mordant
      copoly[styrene;(vinylbenzyl)(trihexyl)ammonium chloride] in the amounts
      listed in the table below. The elements are then processed in the same
      manner as in example I. The reflection densities of the processed
      materials are measured fresh and after 1-week and 4-week keeping. The
      following results are obtained:
     Mordant                                                                   

     in Timing                                                                 

            Rm. Keep                                                           

                  Dmax        Dmin                                             

     Layer  Time  R   G   B   R   G   B                                        

     __________________________________________________________________________

     None   Fresh 1.70                                                         

                      1.60                                                     

                          1.80                                                 

                              .35 .34 .28                                      

            1 week                                                             

                  2.10                                                         

                      1.65                                                     

                          1.88                                                 

                              .40 .34 .28                                      

            4 weeks                                                            

                  2.20                                                         

                      1.76                                                     

                          1.92                                                 

                              .42 .35 .32                                      

     0.22 g/m.sup.2                                                            

            Fresh 1.69                                                         

                      1.64                                                     

                          1.84                                                 

                              .36 .34 .27                                      

            1 week                                                             

                  1.88                                                         

                      1.64                                                     

                          1.87                                                 

                              .39 .35 .30                                      

            4 weeks                                                            

                  2.02                                                         

                      1.77                                                     

                          1.96                                                 

                              .44 .36 .34                                      

     0.43 g/m.sup.2                                                            

            Fresh 1.81                                                         

                      1.72                                                     

                          1.77                                                 

                              .38 .33 .26                                      

            1 week                                                             

                  1.89                                                         

                      1.70                                                     

                          1.84                                                 

                              .40 .33 .30                                      

            4 weeks                                                            

                  1.97                                                         

                      1.73                                                     

                          1.88                                                 

                              .41 .34 .30                                      

     0.65 g/m.sup.2                                                            

            Fresh 1.97                                                         

                      1.74                                                     

                          1.68                                                 

                              .40 .34 .28                                      

            1 week                                                             

                  2.02                                                         

                      1.69                                                     

                          1.82                                                 

                              .40 .30 .30                                      

            4 weeks                                                            

                  2.01                                                         

                      1.68                                                     

                          1.84                                                 

                              .40 .32 .32                                      

     __________________________________________________________________________

PAL  From the above table the differences between fresh and four-week keeping
      are:
TBL  Mordant in                                                                

             Dmax           Dmin                                               

     Timing Layer                                                              

             .DELTA. R                                                         

                  .DELTA. G                                                    

                       .DELTA. B                                               

                            .DELTA. R                                          

                                 .DELTA. G                                     

                                      .DELTA. B                                

     __________________________________________________________________________

     None    +0.50                                                             

                  +0.16                                                        

                       +0.12                                                   

                            +0.07                                              

                                 +0.01                                         

                                      +0.06                                    

     0.22 g/m.sup.2                                                            

             +0.33                                                             

                  +0.13                                                        

                       +0.12                                                   

                            +0.08                                              

                                 +0.02                                         

                                      +0.07                                    

     0.43 g/m.sup.2                                                            

             +0.16                                                             

                  +0.01                                                        

                       +0.11                                                   

                            +0.03                                              

                                 +0.01                                         

                                      +0.04                                    

     0.65 g/m.sup.2                                                            

             +0.14                                                             

                  -0.04                                                        

                       +0.14                                                   

                            0    -0.02                                         

                                      +0.04                                    

     __________________________________________________________________________

PAR  The above data demonstrates the control in post processing dye density
      change in the red and green image areas which is realized by employing a
      scavenger mordant in the timing layer in accordance with our invention.
PAC  EXAMPLE III
PAC  Scavenger Mordant With Oxichromic Chemistry
PAR  A. The image-receiving and reflecting layers of an integral element are
      prepared by coating the following layers in the order recited on a
      transparent polyester support:
PA1  1. image-receiving layer of poly-4-vinylpyridine (2.15 g/m.sup.2) and
      gelatin (4.3 g/m.sup.2);
PA1  2. reflecting layer of titanium dioxide (2.15 g/m.sup.2) and gelatin (2.15
      g/m.sup.2); and
PA1  3. interlayer of gelatin (1.68 g/m.sup.2).
PAR  B. A cyan monochrome element is prepared containing gelatin layers to
      simulate a full multicolor element by coating A) with:
PA1  4B. oxichromic developer, Compound 19, (1.07 g/m.sup.2) and gelatin (2.15
      g/m.sup.2); and
PA1  5B. gelatin (9.5 g/m.sup.2).
PAR  C. A magenta monochrome element is prepared containing gelatin layers to
      simulate a full multicolor element by coating A) with:
PA1  4C. gelatin (4.3 g/m.sup.2);
PA1  5C. oxichromic developer, Compound 20, (1.07 g/m.sup.2) and gelatin (2.15
      g/m.sup.2); and
PA1  6C. gelatin (4.7 g/m.sup.2).
PAR  D. A yellow monochrome element is prepared containing gelatin layers to
      simulate a full multicolor element by coating A) with:
PA1  4D. gelatin (8.6 g/m.sup.2);
PA1  5D. oxichromic developer, Compound 21, (1.29 g/m.sup.2) and gelatin (2.15
      g/m.sup.2); and
PA1  6D. gelatin (0.9 g/m.sup.2).
PAR  A cover sheet is then prepared by coating a polyethylene coated paper
      support with a scavenger mordant layer of N-n-octadecyl-tri-butylammonium
      bromide (2.15 g/m.sup.2), dibutyl phthalate (2.15 g/m.sup.2) and gelatin
      (7.55 g/m.sup.2). This layer is then overcoated with 0.108 g/m.sup.2 of
      gum arabic.
PAR  The following alkaline processing composition is employed in a pod:
TBL  hydroxyethyl cellulose   25.0 g                                           

     potassium hydroxide      40.0 g                                           

     1-benzyl-2-picolinium bromide                                             

                               5.0 g                                           

     bis(methylsulfonyl methane)                                               

                               1.0 g                                           

     Water to                  1 liter                                         

PAR  The processing composition is spread between the surface of the elements,
      (B), (C) and (D) and portions of the cover sheet described above along
      with a control cover sheet with no mordant layer by passing the transfer
      "sandwich" between a pair of juxtaposed pressure rollers having a gap of
      0.25 mm. The transfer "sandwich" is held for times varying from 0.25 to
      8.0 minutes, separated, oxidized for 30 seconds in a 2.0% sodium
      peroxydisulfate (Na.sub.2 S.sub.2 O.sub.8) solution, washed for 5 minutes
      and dried. The red, green and blue densities of the respective elements
      are measured and recorded as follows:
TBL  Transfer Time                                                             

                 Blank     Cover Sheet With                                    

     (minutes)   Cover Sheet                                                   

                           Scavenger Mordant                                   

                                          .DELTA. Dmax                         

     ______________________________________                                    

     Cyan Element                                                              

                 Red Dmax in Dye Image-Receiving Layer                         

     ______________________________________                                    

     0.25        .78       .78            --                                   

     0.50        1.07      1.07           --                                   

     1.0         1.38      1.38           --                                   

     2.0         1.68      1.60           .08                                  

     4.0         2.07      1.80           .24                                  

     8.0         2.52      1.90           .62                                  

     Yellow Element                                                            

                 Blue Dmax in Dye Image-Receiving Layer                        

     ______________________________________                                    

     0.25        .50       .45            .05                                  

     0.50        .80       .73            .07                                  

     1.0         1.04      1.04           --                                   

     2.0         1.37      1.37           --                                   

     4.0         1.89      1.60           .29                                  

     8.0         2.20      1.56           .64                                  

     Magenta Element                                                           

                 Green Dmax in Dye Image-Receiving Layer                       

     ______________________________________                                    

     0.25        .81       .68            .13                                  

     0.50        1.01      1.00           .01                                  

     1.0         1.41      1.39           .02                                  

     2.0         1.71      1.68           .03                                  

     4.0         2.17      1.86           .31                                  

     8.0         2.64      1.87           .71                                  

     ______________________________________                                    

PAR  The above data indicate that image density in monochromes which are
      processed with a cover sheet having a scavenger mordant levels off in 2
      minutes transfer time with some loss in overall density but no loss in
      access time. A scavenger mordant may therefore be used in the cover sheet
      of an integral color transfer element to reduce excessive dye production
      in the dye image-receiving layer without slowing down image access time.
PAC  EXAMPLE IV
PAR  An integral photosensitive element containing gelatin layers to simulate a
      full multicolor element is prepared by coating the following layers in the
      order recited on a transparent polyester support:
PA1  1. image-receiving layer of
      copoly[styrene(N,N-diethyl-N-benzyl-N-3-maleimidopropyl)ammonium]chloride
      (4.3 g/m.sup.2) and gelatin (1.07 g/m.sup.2);
PA1  2. reflecting layer of titanium dioxide (21.5 g/m.sup.2) and gelatin (2.15
      g/m.sup.2);
PA1  3. interlayer of gelatin (3.82 g/m.sup.2); and
PA1  4. gelatin-silver bromoiodide (2 mole % I.sup.-) emulsion (3.82 g
      gelatin/m.sup.2 and 1.29 g silver/m.sup.2), oxichromic developer, Compound
      22, (1.29 g/m.sup.2) and 4'-methylphenylhydroquinone (0.18 g/m.sup.2).
PAR  This element is processed as in example III, the photosensitive element
      being unexposed, utilizing a blank cover sheet and a cover sheet
      containing a scavenger mordant as in Example III. The following data is
      obtained:
TBL          Blue Dmax in Dye Image-Receiving Layer                            

     Transfer  Blank       Cover Sheet With                                    

     Time (minutes)                                                            

               Cover Sheet Scavenger Mordant                                   

                                          .DELTA. Dmax                         

     ______________________________________                                    

     0.25      0.90        0.75           .15                                  

     0.50      1.05        1.10           -.05                                 

     1.0       1.60        1.65           -.05                                 

     2.0       2.09        2.04           .05                                  

     4.0       2.65        2.17           .48                                  

     8.0       2.60        2.30           .30                                  

     ______________________________________                                    

PAR  This data demonstrates the use of a scavenger mordant to reduce unwanted
      dye production in the dye image-receiving layer of an integral, color
      transfer assemblage.
PAR  The invention has been described with particular reference to certain
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a photographic assemblage comprising:
PA1  a. a support having thereon at least one photosensitive silver halide
      emulsion layer, said emulsion layer having associated therewith a dye
      image-providing material;
PA1  b. a dye image-receiving layer; and
PA1  c. means for discharging an alkaline processing composition within said
      assemblage;
PAL  said assemblage containing a silver halide developing agent, the
      improvement comprising employing a scavenger mordant layer in said
      assemblage to scavenge excess dye and unwanted byproducts produced during
      processing of said assemblage, said scavenger mordant layer being so
      located in said assemblage that when said alkaline processing composition
      is discharged within said assemblage to form a layer, the scavenger
      mordant layer will be on one side of both said alkaline processing
      composition layer and said emulsion layer and the dye image-receiving
      layer will be on the other side of said layers, and wherein said scavenger
      mordant layer is located in a timing layer or behind a timing layer with
      respect to said silver halide emulsion layer and said alkaline processing
      composition layer so that at least approximately four times as much dye
      will be imagewise transferred after processing to said dye image-receiving
      layer as compared with said scavenger mordant layer.
NUM  2.
PAR  2. The assemblage of claim 1 wherein:
PA1  a. said dye image-receiving layer is located betweem said support and said
      silver halide emulsion layer; and
PA1  b. said assemblage also includes a transparent sheet superposed over the
      layer outermost from said support.
NUM  3.
PAR  3. The assemblage of claim 2 wherein said scavenger mordant layer and its
      associated timing layer are on said transparent sheet.
NUM  4.
PAR  4. The assemblage of claim 3 wherein said transparent sheet includes a
      pH-lowering layer.
NUM  5.
PAR  5. The assemblage of claim 4 wherein said pH-lowering layer is a polymeric
      acid.
NUM  6.
PAR  6. The assemblage of claim 5 wherein said transparent sheet comprises a
      transparent support coated with said polymeric acid layer, said scavenger
      mordant layer, and said timing layer.
NUM  7.
PAR  7. The assemblage of claim 2 wherein said discharging means is a rupturable
      container containing said alkaline processing composition and an
      opacifying agent, said container being so positioned during processing of
      said assemblage that a compressive force applied to said container will
      effect a discharge of the container's contents between said transparent
      sheet and the outermost layer of said photosensitive element.
NUM  8.
PAR  8. The assemblage of claim 1 comprising:
PA1  a. a photosensitive element comprising a transparent support having thereon
      the following layers in sequence: an image-receiving layer, an alkaline
      solution-permeable, light-reflective layer, an alkaline
      solution-permeable, opaque layer, a nondiffusible redox cyan dye releaser
      layer, a red-sensitive silver halide emulsion layer, a non-diffusible
      redox magenta dye releaser layer, a green-sensitive silver halide emulsion
      layer, a nondiffusible redox yellow dye releaser layer, and a
      blue-sensitive silver halide emulsion layer;
PA1  b. a transparent sheet superposed over said blue-sensitive silver halide
      emulsion layer and comprising a transparent support coated with a
      polymeric acid layer, said scavenger mordant layer, and said timing layer;
      and
PA1  c. a rupturable container containing said alkaline processing composition
      and an opacifying agent, said container being so positioned during
      processing of said assemblage that a compressive force applied to said
      container will effect a discharge of the container's contents between said
      timing layer on said transparent sheet and said blue-sensitive silver
      halide emulsion layer.
NUM  9.
PAR  9. The assemblage of claim 8 wherein each said redox dye releaser is a
      nondiffusible sulfonamido compound which is alkali-cleavable upon
      oxidation to release a diffusible color-providing moiety from the benzene
      nucleus, said compound having the formula:
      ##SPC4##
PAL  wherein:
PA1  1. Col is a dye or dye precursor moiety;
PA1  2. Ballast is an organic ballasting radical of such molecular size and
      configuration as to render said compound non-diffusible during development
      in an alkaline processing composition;
PA1  3. G is OR or NHR.sub.1 wherein R is hydrogen or a hydrolyzable moiety and
      R.sub.1 is hydrogen or an alkyl group of 1 to 22 carbon atoms; and
PA1  4. n is a positive integer of 1 to 2 and is 2 when G is OR or when R.sub.1
      is hydrogen or an alkyl group of less than 8 carbon atoms.
NUM  10.
PAR  10. The assemblage of claim 9 wherein each said silver halide emulsion
      layer is a direct positive silver halide emulsion.
NUM  11.
PAR  11. The assemblage of claim 1 wherein the same material is used for said
      dye image-receiving layer and said scavenger mordant layer.
NUM  12.
PAR  12. The assemblage of claim 1 wherein different materials are used for said
      dye image-receiving layer and said scavenger mordant layer.
NUM  13.
PAR  13. The assemblage of claim 1 wherein said dye image-receiving layer is
      located on a separate transparent support superposed over the layer
      outermost from an opaque support having thereon said photosensitive silver
      halide emulsion layer.
NUM  14.
PAR  14. The assemblage of claim 13 wherein said scavenger mordant layer and its
      associated timing layer are located between said opaque support and said
      silver halide emulsion layer.
NUM  15.
PAR  15. The assemblage of claim 14 wherein the material in said scavenger
      mordant layer and the material in said timing layer are present together
      in a single, timed scavenger layer.
NUM  16.
PAR  16. The assemblage of claim 13 which includes a pH-lowering layer between
      said transparent support and said dye image-receiving layer.
NUM  17.
PAR  17. The assemblage of claim 16 wherein said pH-lowering layer is a
      polymeric acid layer.
NUM  18.
PAR  18. The assemblage of claim 17 wherein said transparent support is coated
      with said polymeric acid layer, a timing layer, and said dye
      image-receiving layer.
NUM  19.
PAR  19. The assemblage of claim 13 wherein said discharging means is a
      rupturable container containing said alkaline processing composition and
      an opacifying agent, said container being so positioned during processing
      of said assemblage that a compressive force applied to said container will
      effect a discharge of the container's contents between said transparent
      sheet and the outermost layer of said photosensitive element.
NUM  20.
PAR  20. The assemblage of claim 19 wherein said opacifying agent is an
      inorganic light-reflecting pigment and said processing composition also
      contains a dye which absorbs light within the visible region at the pH of
      said alkaline composition, said dye exhibiting light absorption
      substantially outside of the visible region at a second pH which is lower
      than said first-mentioned pH.
NUM  21.
PAR  21. The assemblage of claim 20 wherein said dye is a phthalein dye.
NUM  22.
PAR  22. The assemblage of claim 20 wherein said light-reflecting pigment is
      titanium dioxide.
NUM  23.
PAR  23. The assemblage of claim 13 comprising:
PA1  a. a photosensitive element comprising an opaque support having thereon the
      following layers in sequence: said scavenger mordant layer, said timing
      layer, a cyan dye image-providing material, a red-sensitive silver halide
      emulsion layer, a magneta dye image-providing material, a green-sensitive
      silver halide emulsion layer, a yellow dye image-providing material and a
      blue-sensitive silver halide emulsion layer;
PA1  b. a transparent sheet superposed over said blue-sensitive silver halide
      emulsion layer and comprising a transparent support coated with a
      polymeric acid layer, a timing layer, and said dye image-receiving layer;
      and
PA1  c. a rupturable container containing said alkaline processing composition
      and an opacifying agent, said container being so positioned during
      processing of said assemblage that a compressive force applied to said
      container will effect a discharge of the container's contents between said
      dye image-receiving layers on said transparent sheet and said
      blue-sensitive silver halide emulsion layer.
NUM  24.
PAR  24. The assemblage of claim 23 wherein each said dye image-providing
      material is a redox dye releaser.
NUM  25.
PAR  25. The assemblage of claim 24 wherein each said redox dye releaser is a
      nondiffusible sulfonamido compound which is alkali-cleavable upon
      oxidation to release a diffusible color-providing moiety from the benzene
      nucleus, said compound having the formula:
      ##SPC5##
PAL  wherein:
PAR  1. Col is a dye or dye precursor moiety;
PA1  2. Ballast is an organic ballasting radical of such molecular size and
      configuration as to render said compound nondiffusible during development
      in an alkaline processing composition;
PA1  3. G is OR or NHR.sub.1 wherein R is hydrogen or a hydrolyzable moiety and
      R.sub.1 is hydrogen or an alkyl group of 1 to 22 carbon atoms; and
PA1  4. n is a positive integer of 1 to 2 and is 2 when G is OR or when R.sub.1
      is hydrogen or an alkyl group of less than 8 carbon atoms.
NUM  26.
PAR  26. The assemblage of claim 25 wherein each said silver halide emulsion
      layer is a direct positive silver halide emulsion.
NUM  27.
PAR  27. The assemblage of claim 13 wherein said dye image-providing material is
      a dye developer.
NUM  28.
PAR  28. The assemblage of claim 13 wherein said dye image-providing material is
      an oxichromic compound which contains a reduced azomethine linkage.
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PAL  The invention relates to a photopolymerizable copying composition
      comprising at least one polymerizable compound, at least one
      photo-initiator, and at least one copolymer of (A) an unsaturated
      carboxylic acid, (B) an alkyl methacrylate with at least 4 carbon atoms in
      the alkyl group, and (C) at least one additional monomer which is capable
      of copolymerization with monomers (A) and (B), the homopolymer of said
      additional monomer having a glass transition temperature of at least
      80.degree.C.
BSUM
PAR  This invention relates to a novel photopolymerizable copying composition
      which may be in the form of a liquid or of a solid layer on a support, and
      which comprises, as the essential components, at least one polymerizable
      unsaturated compound, at least one photoinitiator, and at least one
      copolymer binder which is composed of at least three different monomer
      units and is soluble or at least swellable in aqueous alkalies.
PAR  Among photopolymerizable copying compositions and copying materials for
      reprographic purposes, e.g. for the photomechanical production of printing
      forms, those are preferred which can be developed with preponderantly
      aqueous, in particular aqueous-alkaline solutions, because they do not
      pollute air or waste waters and, unlike developers consisting of organic
      solvents, comply with the laws pertaining to the protection of the
      environment.
PAR  Aqueous or aqueous-alkaline developer solutions also have the advantage
      over organic solvents that they are less expensive, harmless,
      physiologically unobjectionable, and can be processed more easily because
      the dissolved copying composition may be separated from used developer
      solution by acidification and subsequent filtration.
PAR  Further, alkaline solutions have the advantage that they clean, and
      sometimes even hydrophilize, the surfaces of the metal supports to which
      they are applied.
PAR  Copying layers capable of aqueous-alkaline development are known. The
      desired property is normally produced by the addition of binders which are
      soluble or at least swellable in aqueous alkaline media. In most cases,
      homopolymers or copolymers are used which comprise carboxylic acid groups,
      carboxylic anhydride groups, phenolic or alcoholic hydroxyl groups, or
      similar groups which serve to make the compounds soluble in aqueous
      alkaline media.
PAR  Copying compositions comprising such binders (see German Auslegeschrift No.
      1,194,707) have proved to be very suitable for certain purposes, e.g. for
      the preparation of offset printing plates on superficially modified
      aluminum supports.
PAR  If other metals are used as supports, e.g. chromium, brass, and especially
      copper, the adhesion of these layers is insufficient, i.e. during
      development not only the unexposed parts of the layer, but also exposed
      parts thereof are attached and partially dissolved away.
PAR  In the case of a copolymer comprising two substances, the acid content is
      determined by the requirement that the material should be developable with
      aqueous alkaline developers and should possess optimum resistance to the
      developer. Therefore, the degree of freedom resulting from the free
      selection of the co-monomer is limited, so that layers of optimum quality,
      especially as regards resistance, flexibility, compatibility, tackiness
      and the like, cannot be obtained.
PAR  For this reason, it is impossible to produce layers of the desired degree
      of flexibility and, at the same time, good adhesion to copper, from
      copolymers of styrene and methacrylic acid, acrylic acid, maleic acid or
      maleic acid half esters, which are described for the same purpose in
      German Offenlegungsschrift No. 2,205,146.
PAR  The problem is particularly serious in the preparation of etch resists for
      multi-metal plates, of relief or intaglio printing plates, of printed
      circuits, and for chemical milling.
PAR  It has been observed, e.g., that during the etching process, the etching
      agent penetrates under the edges of the etch resist, i.e., that a
      so-called under-cutting takes place, by which "kerns" are produced which
      are no longer supported by the support plate. These kerns are particularly
      sensitive to mechanical attack and may be easily broken, e.g. during a
      spray etching process, so that the etching agent gains access to further
      portions of the support surface.
PAR  This undesirable behavior may be observed, e.g., in the case of copolymers
      of methyl methacrylate and methacrylic acid, styrene and maleic acid, and
      their derivatives, and is due to the fact that these copolymers have a
      very high glass transition temperature (Tg of at least 100.degree.C) which
      imparts to the exposed layer a brittleness that is too high for practical
      use. The quantity "Tg" is defined and explained, e.g., in "Polymer
      Handbook", published by I. Brandrup and E. H. Immergut, Interscience
      Publishers, New York-London-Sydney, 1965.
PAR  Attempts have been made to eliminate this drawback by adding plasticizers
      to the photopolymer layers, but normally, the adhesion of the layers is
      further reduced by such an addition. Further, it has been found that
      photopolymer layers containing relatively large quantities of low
      molecular weight monomers tend to be tacky, so that they can be processed
      only with difficulty.
PAR  U.S. Pat. No. 3,804,631 discloses photopolymerizable copying compositions
      comprising at least one polymerizable compound, at least one
      photo-initiator, and at least one copolymer of methacrylic acid and one or
      more alkyl methacrylates, at least one of the alkyl methacrylates having
      an alkyl group with 4 to 15 carbon atoms.
PAR  Terpolymers of methacrylic acid, methyl or ethyl methacrylate, and an alkyl
      methacrylate having from 4 to 15 carbon atoms in the alkyl group are
      preferred.
PAR  Some of these copolymers made up of monomer units imparting sufficiently
      low glass transition temperatures (Tg below 20.degree.C) are distinguished
      by a good adhesion to copper and other metals, but their absorption
      capacity for liquid photomonomers is limited. Thus, it is impossible, for
      example, to produce non-tacky resist layers with a monomer concentration
      which is sufficient to impart adequate lightsensitivity, from the
      copolymers of methacrylic acid and at least one alkyl methacrylate having
      more than 4 carbon atoms in the alkyl group (Tg below 20.degree.C), which
      have an exceptionally good adhesion to copper. Further, these compositions
      have the disadvantage that, due to cold flow, their dimensional stability
      is not very good, so that the resist layers tend to exhibit annoying signs
      of flowing during storage and processing of the layers, for example at the
      edges of the bore holes of through-hole printed circuits and in areas
      where pressure is applied.
PAR  It is the object of the present invention to provide a photopolymerizable
      copying composition which possesses the advantages of the copying
      composition according to U.S. Pat. No. 3,804,631, supra, in particular its
      aqueous-alkaline developability, flexibility, resistance to etching and
      electroplating baths, and good adhesion to metals after exposure, but
      which, in addition, is non-tacky and whose cold flow in the unexposed
      state is reduced.
PAR  The copying composition according to the present invention comprises, as
      the binder, a copolymer of
PA1  A. an unsaturated carboxylic acid,
PA1  B. an alkyl methacrylate with at least 4 carbon atoms in the alkyl group,
      and
PA1  C. an additional monomer which is capable of copolymerization with monomers
      (A) and (B) and whose corresponding homopolymer has a glass transition
      temperature of at least 80.degree.C.
PAR  Suitable components (C) of the terpolymer according to the invention are
      the following compounds, for example:
PAR  Styrene or substituted styrene, e.g. vinyl toluene, p-chlorostyrene,
      .alpha.-chlorostyrene, .alpha.-methylstyrene, vinyl ethyl benzene,
      o-methoxystyrene, or m-bromostyrene; vinyl naphthalene or substituted
      vinyl naphthalene; heterocyclic vinyl compounds, e.g. N-vinyl carbazole,
      vinyl pyridine, or vinyl oxazole; vinyl cycloalkanes, e.g. vinyl
      cyclohexane, or 3,5-dimethyl-vinyl cyclohexane; acrylamide methacrylamide,
      N-alkylacrylamide, acrylonitrile, methacrylonitrile, aryl methacrylate,
      aralkyl methacrylate, and others.
PAR  According to a preferred embodiment of the invention, the copying
      composition comprises a terpolymer in which the component (C) is styrene,
      p-chloro-styrene, vinyl toluene, vinyl cyclohexane, acrylamide,
      methacrylamide, N-alkylacrylamide, phenyl methacrylate, acrylonitrile,
      methacrylonitrile, or benzyl methacrylate, styrene being preferred.
PAR  The glass transition temperature of the corresponding homopolymer must be
      at least 80.degree.C, preferably at least 100.degree.C.
PAR  Methacrylic acid, acrylic acid, crotonic acid, sorbic acid, or maleic and
      itaconic acid or their half-esters are preferably used as unsaturated
      carboxylic acids (A). Methacrylic acid is of particular advantage.
PAR  Normally, the alkyl methacrylate (B) has from 4 to 20, preferably from 6 to
      12 carbon atoms in the alkyl group.
PAR  Preferably, the glass transition temperature of the corresponding
      homopolymer should not exceed 20.degree.C.
PAR  Further, it is possible for the copolymer binder to include, in addition to
      the components (A), (B), and (C), an additional alkyl methacrylate which
      is capable of copolymerization with these components, but which may
      contain less than 4 carbon atoms in the alkyl group. Of course, more than
      one representative of each of the components (A), (B) and (C) may be
      present.
PAR  Binders made up of four monomer units are preferred, for example, when a
      fine adjustment of certain properties, such as the adhesion of the copying
      composition to newly developed metal alloys, is desired.
PAR  Monomer component (A) is used in concentrations between 10 and 40 percent
      by weight, preferably between 16 and 40 percent by weight; component (B)
      is preferably used in concentrations ranging from 35 to 83 percent by
      weight; and component (C) is used in concentrations between about 1 and 35
      percent by weight, preferably between 3 and 25 percent by weight.
PAR  The copying layers produced with the copying compositions according to the
      invention are distinguished in that they possess an excellent adhesion to
      metallic supports, especially to copper, after exposure, are very
      flexible, and have an excellent adsorption capacity for liquid monomers.
      Further, the copolymers have the important advantage that the flexibility
      of the resist layer can be adjusted as desired, i.e. the desired
      consistency of the layer may be selected within a wide range, by selecting
      adequate ratios between the concentration of monomer (B) and the
      concentration of monomer (C). By a suitable selection of the concentration
      of component (C), the cold flow of the layer may be reduced to such a
      degree, even in the presence of a high concentration of the normally
      liquid photomonomer, that no disturbing flow phenomena of the resist layer
      occur, even at temperatures up to 60.degree.C, which is of particular
      importance when the resist layer is to be sandwiched between two plastic
      films and stored and shipped in the form of a roll of dry resist film.
PAR  Whereas the relative concentrations of the monomers (B) and (C) are
      variable in the copolymer, the concentration of monomer (A), preferably
      methacrylic acid, is determined by the requirement that the material
      should be capable of a rapid development in an aqueous alkaline medium and
      should be as resistant as possible to the developer solution used. The
      most favorable proportion of the carboxyl group component in the copolymer
      was found to be at acid numbers from about 50 to a maximum of 250,
      preferably between 120 and 210; this corresponds, for example, to a
      methacrylic acid content of about 10 to 40 percent by weight. The most
      favorable range may differ somewhat for different binders, because it
      depends not only on the nature of the monomer (A), but also on the type
      and concentration of monomers (B) and (C). In addition, the average
      molecular weight and the chemical and molecular uniformity exert a certain
      influence upon the optimum COOH concentration within the copolymer which
      is to be selected. The most favorable molecular weights are in the range
      between 20,000 and 200,000; the acid number of the copolymer binder should
      be higher the higher the average molecular weight of the copolymer.
PAR  If the acid number is to be kept relatively low, in spite of a relatively
      high molecular weight, it is advisable to add a small quantity of a
      water-miscible organic solvent and/or a wetting agent to the developer in
      order to facilitate its attack upon the copying layer to be developed.
PAR  When the copying compositions according to the invention are used for the
      preparation of photoresist materials, in particular of dry resist forms
      for use as etch resist or electro resist masks -- for which purpose they
      are preferred -- the light-hardened resists are distinguished by an
      excellent resistance to etching and a very good adhesion to the customary
      supporting materials. The good adhesion is particularly important in the
      case of copper surfaces such as those used in the production of printed
      circuits, multi-metal plates, and letter press printing forms, because
      with these materials the adhesion of photopolymer layers has hitherto
      presented special problems, so that adhesion-promoting agents had to be
      added. The adhesion of the inventive layers to other metal supports, such
      as chromium, brass zinc or steel, is also very good.
PAR  When the etch resists produced from the copying compositions according to
      the invention are undercut, very resistant, flexible resist kerns results
      which are not broken during spraying with the etching solutions, even if
      relatively high pressure is applied. The flexibility of the exposed resist
      layers produced with the novel binders is not accompanied by a softness
      and cold flow in the unexposed state, as is the case with other known
      binders. It has been found to be of particular advantage that the layers
      according to the invention display an adequate dimensional stability, even
      in the unexposed state.
PAR  The flexibility of the copying layer is of advantage not only during the
      etching step, but also for other purposes, for example in the preparation
      of offset and letterpress printing forms, because a brittle layer tends to
      form hairline cracks when the printing form is bent.
PAR  The copying composition according to the invention may be marketed in known
      manner in the form of a solution or dispersion which is used by the
      customer especially for the preparation of etch resist layers. Preferably,
      however, the copying compositions according to the invention are used for
      the preparation of dry resist films composed of a dry thermoplastic
      photoresist layer on an intermediate support. Such dry resist films are
      laminated by the customer to the surface which is to be etched or
      image-wise electroplated and are then exposed and developed in situ, the
      intermediate support, normally a plastic film, being removed before
      development.
PAR  The copying composition according to the invention is particularly suitable
      for this type of use. Alternatively, it may be mass-produced in the form
      of a layer on a suitable support, e.g. aluminum or zinc, as a
      presensitized copying material, from which offset or letterpress printing
      forms may be produced by photomechanical means. Further, the copying
      composition according to the invention may be used for the preparation of
      relief images, screen printing stencils, color proofing foils, and the
      like.
PAR  The essential components of the copying composition according to the
      present invention are monomers, photo-initiators, and the aforementioned
      binders; in addition thereto, the copying composition may contain various
      other additives, such as stabilizers to reduce the thermal polymerization
      of the copying composition, hydrogen donors, sensitometric agents,
      dyestuffs, colored and uncolored pigments, color couplers, and indicators.
PAR  Preferably, however, these additives should be so selected that they do not
      unduly absorb the actinic light required for the initiating process.
PAR  A variety of substances may be used as photo-initiators in the copying
      compositions according to the invention, for example: benzoin, benzoin
      ethers, multi-nuclear quinones, e.g. 2-ethyl-anthraquinone; acridine
      derivatives, e.g. 9-phenyl-acridine, 9-p-methoxyphenyl-acridine,
      9-acetylamino-acridine, benz(a)-acridine; phenazine derivatives, e.g.
      9,10-dimethyl-benz(a)-phenazine, 9-methyl-benz(a)-phenazine,
      10-methoxy-benz(a)-phenazine; quinoxaline derivatives, such as
      6,4',4"-trimethoxy-2,3-diphenyl-quinoxaline,
      4',4"-dimethoxy-2,3-diphenyl-5-aza-quinoxaline; quinazoline derivatives,
      synergistic mixtures of different ketones, dye-redox systems, thiopyrylium
      salts, and others.
PAR  The photopolymerizable monomers which may be used for the copying
      composition according to the invention are known and are described, e.g.,
      in U.S. Pat. Nos. 2,760,863, and 3,060,023. Particularly preferred are the
      acrylic and methacrylic acid esters, such as diglycerin diacrylate,
      polyethylene glycol dimethacrylate, acrylates and methacrylates of
      trimethylol ethane, trimethylol propane, pentaerythritol and polyhydric
      alicyclic alcohols. The reaction products of diisocyanates with partial
      esters of polyhydric alcohols are used with particular advantage. Monomers
      of this type are described in German Offenlegungsschrift No. 2,064,079.
      Generally, the methacrylates are preferred to the acrylates.
PAR  Aliphatic polyethers are preferably used as hydrogen donors. In some cases,
      this function may be assumed by the binder or the polymerizable monomer,
      provided these compounds possess unstable hydrogen atoms.
PAR  In addition to the copolymers used according to the invention, the copying
      composition may contain small quantities of other binders, for example
      those which are not soluble in aqueous alkaline solutions. Care must be
      taken, however, that such additions do not detract from the advantages
      resulting from the use of the above-described copolymers.
PAR  Suitable supports for the copying materials produced from the copying
      compositions according to the invention are, for example, foils or screens
      of aluminum, steel, zinc, copper or plastic materials, e.g. polyethylene
      terephthalate or cellulose acetate films. The surface of the support may
      be chemically or mechanically pre-treated in order to adjust the adhesion
      of the layer or to reduce the reflection of the support in the actinic
      range of the copying layer (anti-halation). Light-sensitive materials are
      produced in known manner from the copying composition according to the
      invention. Thus, it is possible to dissolve or disperse the copying
      composition in a solvent and apply the resulting solution or dispersion to
      the desired support by casting, spraying, immersion, roller application
      and the like, followed by drying of the resulting film. Relatively thick
      layers (of 250.mu. and more, for example) also may be produced by
      extrusion or molding, and the resulting self-supporting films are then
      laminated to the support.
PAR  The copying layers thus produced are exposed and developed in known manner.
      Suitable developers are, above all, aqueous-alkaline solutions, e.g.
      solutions of alkali phosphates, alkali borates, or alkali silicates, to
      which small quantities of wetting agents and/or water-miscible organic
      solvents may be added, if desired. If is also possible to use, as
      alkalies, aqueous solutions of aliphatic amines which may be buffered, if
      necessary.
PAR  As already mentioned, the copying compositions according to the invention
      may be used for a wide variety of applications. They are used with
      particular advantage, either directly or in the form of dry resist films,
      for the preparation of etch resist masks or electro resist masks on
      metallic supports, e.g. copper, copper supports being particularly
      suitable for the preparation of printed circuits, of letterpress printing
      forms, and of multi-metal offset printing forms. The excellent adhesion
      and flexibility of the exposed areas of the layers renders the layers
      particularly advantageous.
PAR  In the following examples, individual embodiments of the copying
      composition according to the invention are illustrated. Unless otherwise
      stated, percentages and proportions are by weight. One part by weight is 1
      g when the unit per volume is 1 milliliter. The proportions by weight of
      the monomeric components of the copolymers are the quantities employed
      during polymerization.
PAC  EXAMPLE 1
PAR  A solution of
TBL  5.6     parts by weight of a copolymer of                                 

              50 parts by weight of methacrylic acid,                          

             100 parts by weight of 2-ethylhexylmethacrylate, and              

              15 parts by weight of acrylonitrile,                             

     5.6     parts by weight of a monomer produced by reacting                 

             1 mole of 2,2,4-trimethyl-hexamethylene diisocyanate              

             with 2 moles of hydroxyethyl methacrylate (see                    

             German Offenlegungsschrift No. 2,064,079, Ex. 1),                 

     0.2     part by weight of 9-phenylacridine,                               

     0.15    part by weight of triethyleneglycol dimethacrylate,               

     0.015   part by weight of Michler's ketone, and                           

     0.06    part by weight of 2,4-dinitro-6-chloro-2'-acetamido-              

             5'-methoxy-4'-(.beta.-hydroxyethyl-.beta.'-cyanoethyl)-           

             amino-azobenzene,                                                 

     in                                                                        

     13.0    parts by weight of methyl ethyl ketone, and                       

     40.0    parts by weight of ethyleneglycol monoethyl ether                 

PAL  is whirler-coated onto a 25.mu. thick biaxially stretched polyethylene
      terephthalate film and dried for 2 minutes at 100.degree.C. The resulting
      layer is 18.mu. thick. The layer thus applied is flexible and its furface
      is not tacky at room temperature.
PAR  The material thus produced may be used in this form as a dry resist film.
      For this purpose, it is laminated at a temperature between 115.degree. and
      130.degree.C onto a phenoplast laminate to which a 35.mu. thick copper
      foil had been applied, using a laminator type 9 LD manufactured by General
      Binding Corporation, USA. The plate is then exposed for 10 to 30 seconds
      in a xenon copying apparatus (type Bikop, model Z, 8 kilowatts)
      manufactured by Messrs. Klimsch & Co., Frankfurt/Main, Germany, the
      distance between the lamp and the printing frame being 80 cm. A screen
      test plate marketed by Messrs. Heidenhain, Traunreut, Germany, and having
      lines of a width from 4 mm down to 5.mu. is used as the original. After
      development, the polyester layer is pulled off and the copying layer is
      developed with an aqueous alkaline developer having the following
      composition:
PA1  1,000 parts by weight of water,
PA1  15 parts by weight of sodium metasilicate nonahydrate,
PA1  3 parts by weight of polyglycol 6000,
PA1  0.6 part by weight of levulinic acid, and
PA1  0.3 part by weight of strontium hydroxide octahydrate.
PAR  The pH value of this solution is 11.3. Development is effected by wiping
      for 60 to 100 seconds or by spraying with a "Processor A 24" spraying
      device marketed by DuPont. Finally, the plate is rinsed with water.
PAR  Very sharp-edged resist lines of the same dimensions as in the original are
      thus produced, lines down to a width of 50.mu. being accurately
      reproduced.
PAR  The resist thus produced may be used as an etch resist for
      iron-III-chloride solutions (42.degree.C, 42.degree.Be). If a spray
      etching machine of type 412 G, marketed by Chemcut, Solingen, Germany, is
      used, a spray etching time of 45 seconds is required.
PAR  The above-described polymer binder may be replaced by the same quantity of
      a terpolymer of methacrylic acid, decyl methacrylate, and 1-vinyl
      naphthalene (50 : 90 : 15 parts by weight), or of a terpolymer of
      methacrylic acid, decyl methacrylate, and p-chlorostyrene (45 : 80 : 25
      parts by weight), or of a terpolymer of methacrylic acid,
      n-hexylmethacrylate, and 1-vinyl naphthalene (40 : 75 : 15 parts by
      weight), or of a terpolymer of methacrylic acid, n-hexylmethacrylate, and
      acrylonitrile (95 : 175 : 50 parts by weight). If the above-described
      procedure is followed, in each case very sharp-edged etch or electro
      resist masks of excellent adhesion are obtained after exposure and
      development.
PAC  EXAMPLE 2
PAR  A first solution I is prepared from:
TBL  5.6     parts by weight of a terpolymer of                                

             methacrylic acid,                                                 

             n-hexylmethacrylate, and                                          

             acrylonitrile (95 : 175 : 50 parts by weight),                    

     5.6     parts by weight of 1,1,1-trimethylolethane triacrylate,           

     0.085   part by weight of 9-phenylacridine,                               

     0.1     part by weight of the blue azo dyestuff used in                   

             Example 1, and                                                    

     40.0    parts by weight of ethyleneglycol monoethyl ether,                

PAL  and is whirler-coated onto an electrolytically roughened and anodically
      hardened aluminum support whose oxide layer has a thickness corresponding
      to 3 g per square meter. This layer is then covered with a coating
      solution II prepared from
TBL  5.6     parts by weight of a partially saponified polyvinyl               

             alcohol having a K-value of 8 and an unsaponified                 

             acetyl group content of 12%,                                      

     1.9     parts by weight of a partially saponified polyvinyl               

             alcohol having a K-value of 4 and an unsaponified                 

             acetyl group content of 12%,                                      

     0.75    part by weight of a wetting agent derived from                    

             ethoxylated coconut oil alcohol, and                              

     92.4    parts by weight of deionized water,                               

PAL  which acts as an oxygen barrier layer. After drying, this second layer
      weights 5 g per square meter. The planographic printing plate thus
      produced is then exposed for 1 minute under a negative original combining
      a 21 step half-tone grey wedge having a density range of 0.05 to 3.05 and
      density increments of 0.15 with 60-line and 120-line line and dot screen
      elements, and developed by wiping for 1 minute with the developer solution
      used in Example 1. The image is then fixed with 1 percent phosphoric acid
      and inked with black greasy ink. 7 steps of the above described step wedge
      are fully exposed. The printing plate thus produced is now ready for
      printing in an offset machine.
PAR  The binder used in this example may be replaced by the same quantity of a
      terpolymer of 45 parts by weight of methacrylic acid, 80 parts by weight
      of decyl methacrylate, and 25 parts by weight of N-tert,-butyl-acrylamide.
      When the above described procedure is followed, an offset printing plate
      ready for use is produced in which 7 steps of the step wedge are fully
      exposed.
PAC  EXAMPLE 3
PAR  A coating solution is prepared from:
TBL  5.6     parts by weight of a terpolymer of                                

             45 parts by weight of methacrylic acid,                           

             80 parts by weight of decyl methacrylate, and                     

             25 parts by weight of p-chlorostyrene,                            

     5.6     parts by weight of a monomer produced by reacting                 

             1 mole of 2,2,4-trimethyl-hexamethylene diisocya-                 

             nate with 2 moles of hydroxy ethyl methacrylate,                  

     0.085   part by weight of 9-phenylacridine,                               

     0.1     part by weight of the blue azo dyestuff used in                   

             Example 1, and                                                    

     40.0    parts by weight of ethylene glycol monoethyl ether,               

PAL  and is whirler-coated onto an electrolytically roughened aluminum support
      carrying an oxide layer weighing 3 g per square meter. After drying, a
      layer results which weighs 3.5 g per square meter. The copying layer is
      then covered with the solution II described in Example 2.
PAR  After drying, the oxygen-impermeable coating weights 5.0 g per square
      meter.
PAR  By the procedure described in Example 2, an offset printing plate is
      produced in which 8 steps of the step wedge are fully hardened.
PAR  The same coating solution may be used for the prepartion of a dry resist
      film. For this purpose, the solution is applied as described in Example 1
      to a 25.mu. thick polyethylene terephthalate film so that a layer weighing
      12 g per square meter is produced, and the coated polyethylene
      terephthalate film is lamintated as described in Example 1 onto a copper
      circuit board and then exposed and developed. The exposure time is 10
      seconds. A sharp-edged flexible etch resist is thus obtained which has a
      good adhesion and excellent resistance to developer solutions and which
      possesses a resolution capacity of at least 30 lines per mm.
PAC  EXAMPLE 4
PAR  A solution of
TBL  6.5     parts by weight of a copolymer of                                 

             30 parts by weight of methacrylic acid,                           

             60 parts by weight of n-hexyl methacrylate, and                   

             10 parts by weight of styrene,                                    

     5.6     parts by weight of a monomer prepared by reacting                 

             1 mole of 2,2,4-trimethyl-hexamethylene diisocya-                 

             nate with 2 moles of hydroxyethyl methacrylate,                   

     0.15    part by weight of triethyleneglycol dimethacrylate,               

     0.2     part by weight of 9-phenyl acridine,                              

     0.015   part by weight of Michler's ketone,                               

     0.06    part by weight of the blue azo dyestuff used in                   

             Example 1                                                         

     in                                                                        

     15.0    parts by volume of methyl ethyl ketone,                           

PAL  is whirler-coated as described in Example 1 onto a 25.mu. thick polyester
      film. After drying, the layer thus produced is 18.mu. thick. By laminating
      and exposing (15 seconds) the layer as described in Example 1, and then
      developing it for 90 seconds with 0.4 percent by weight sodium carbonate
      solution, an etch resist or electro resist mask is produced whose chemical
      resistance is excellent. If the resist is etched with an iron-III-chloride
      solution (42.degree. Be, 42.degree. C), using the Chemcut apparatus
      described in Example 1, sharp-edged tracks remain on the circuit board
      which are resistant to the pressure exerted during spraying.
PAR  If the dry resist film is to be used as an electro resist mask, the
      procedure differs only to the extent that a positive original is used for
      exposure.
PAR  The resist is then electroplated, first in a copper pyrophosphate bath
      marketed by Messrs. Schlotter, Geislingen/Steige, Germany; current
      density: 4 A/dm.sup.2 ; bath temperature: 50.degree.C; pH value: 8;
      duration: 10 minutes; and then in a gold bath marketed by Messrs.
      Blasberg, Solingen, Germany, type "Autronex N": current density; 0.6
      A/dm.sup.2 ; bath temperature: 20.degree.C; pH value: 3.5 to 4.0;
      duration: 10 minutes.
PAR  By another method, the circuit board is first electroplated in an acid
      copper bath, the so-called "Feinkorn-Kupferplastikbad MS" marketed by
      Messrs. Schlotter; current density: 2 A/dm.sup.2 ; bath temperature:
      20.degree.C; duration: 30 minutes; then for 5 minutes in a nickel bath,
      type "Norma", also marketed by Messrs. Schlotter: current density: 4
      A/dm.sup.2 ; bath temperature: 50.degree.C; pH value: between 3.5 and 4.5;
      and finally for 15 minutes in a gold bath, type "Autronex N", marketed by
      Messrs. Blasberg, Solingen, Germany: current density: 0.6 A/dm.sup.2 ;
      bath temperature: 20.degree.C; pH value: 3.5 to 4.0.
PAR  It is noted that the dry resist has an excellent resistance to the
      different electroplating baths used.
PAR  After decoating the circuit boards produced as described above by placing
      them in a 4 percent solution of NaOH at a temperature of 40.degree.C, the
      copper areas still existing between the conductor tracks produced by
      electroplating are etched away. The high quality printed circuits thus
      produced are distinguished by the vertical structure and the sharp edges
      of the conductor tracks. Moreover, due to the high resolution capacity of
      the material, a very high density of the conductor tracks is possible,
      since conductor tracks down to lines of a width of 50.mu. can be
      reproduced.
PAC  EXAMPLE 5
PAR  A solution of
TBL  6.5     parts by weight of a copolymer of                                 

             30.8 parts by weight of methacrylic acid,                         

             46.2 parts by weight of n-hexylmethacrylate, and                  

             23.0 parts by weight of N-vinyl carbazole,                        

     5.6     parts by weight of a monomer obtained by reacting                 

             1 mole of 2,2,4-trimethyl-hexamethylene diisocya-                 

             nate with 2 moles of hydroxy ethyl methacrylate,                  

     0.15    part by weight of triethyleneglycol dimethacrylate,               

     0.2     part by weight of 9-phenyl-acridine,                              

     0.015   part by weight of Michler's ketone, and                           

     0.06    part by weight of the blue azo dyestuff used in                   

             Example 1,                                                        

     in                                                                        

     15.0    parts by weight of methyl ethyl ketone                            

PAL  is processed as described in Example 1 into an 18.mu. thick dry resist
      film, which is then laminated to a cleaned copper circuit board at a
      temperature of 130.degree.C.
TBL  Exposure:                                                                 

             as in Example 1, for 15 seconds;                                  

     Development:                                                              

             by 4 minutes' spraying with 0.4 per cent sodium                   

             carbonate solution in a spray development appa-                   

             ratus, type Processor A 24, marketed by Du Pont,                  

             Neu-Isenburg, Germany.                                            

PAR  The material is further processed into printed circuits under the
      conditions described in Example 4.
PAC  EXAMPLE 6
PAR  A solution of
TBL  6.5     parts by weight of a copolymer of                                 

             95 parts by weight of methacrylic acid,                           

             175 parts by weight of n-hexyl methacrylate, and                  

             50 parts by weight of acrylonitrile,                              

     5.6     parts by weight of a monomer obtained by reacting                 

             1 mole of 2,2,4-trimethyl-hexamethylene diisocya-                 

             nate with 2 moles of hydroxyethyl methacrylate,                   

     0.125   part by weight of 9-phenyl-acridine,                              

     0.15    part by weight of triethyleneglycol dimethacrylate,               

     0.03    part by weight of the blue azo dyestuff used in                   

             Example 1,                                                        

     in                                                                        

     15.0    parts by volume of methyl ethyl ketone                            

PAL  is whirler-coated onto a polyester film carrying a layer produced from the
      solution II described in Example 2 and weighing 5 g per square meter. The
      light-sensitive copying layer thus produced weighs 42 g per square meter.
PAR  The resist layer is then laminated, analogouslly to the procedure described
      in Example 1, onto a cleaned copper circuit board at a temperature of
      130.degree.C. After removal of the polyester film, the thin intermediate
      layer of polyvinyl alcohol remains on the resist, where it serves as an
      oxygen-impermeable barrier layer.
TBL  Exposure:                                                                 

             15 seconds, using the exposure device                             

             described in Example 1,                                           

     Development:                                                              

             by 2 minutes' moving, with light rubbing,                         

             in the developer solution described in Example 1.                 

PAR  The etch resist or electro resist mask thus produced possesses an excellent
      resistance to chemicals.
PAR  A dry resist film of this thickness also may be used for the preparation of
      through-hole printed circuits, bore holes up to a diameter of 2 mm being
      covered, if desired.
PAC  EXAMPLE 7
PAR  A solution of
TBL  (a)                                                                       

        5.6   parts by weight of a copolymer of                                

              50 parts by weight of methacrylic acid,                          

              95 parts by weight of n-hexylmethacrylate, and                   

              11.7 parts by weight of p-chlorostyrene,                         

        5.6   parts by weight of a monomer obtained by reacting                

              1 mole of 2,2,4-trimethyl-hexamethylene diisocya-                

              nate with 2 moles of hydroxy ethyl methacrylate,                 

        0.2   part by weight of 9-phenyl-acridine,                             

        0.15  part by weight of triethylene glycol dimethacrylate,             

        0.015 part by weight of Michler's ketone,                              

        0.06  part by weight of the azo dyestuff used in Example               

              1, and                                                           

        20.0  parts by weight of ethylene glycol monoethyl ether               

PAL  is whirler-coated onto a 25.mu. thick, biaxially stretched polyethylene
      terephthalate film and dried at 100.degree.C. The resulting layer weights
      25 g per square meter. The dry resist film thus produced is flexible and
      its surface is dry. Further processing is as described in Examples 1 and
      5:
TBL  Exposure:                                                                 

             25 seconds, using the xenon copying appa-                         

             ratus used in Example 1,                                          

     Development:                                                              

             by moving for 120 seconds, with light rubbing,                    

             in the developer solution described in Example 1.                 

PAR  Resist masks are thus produced which adhere very well to copper and are
      resistant to developer solutions, etches, and electroplating baths.
PAR  Instead of the copolymer used in Example 7a, one of the following
      copolymers may be used:
TBL  (b)                                                                       

        5.6  parts by weight of a copolymer of                                 

              45 parts by weight of methacrylic acid,                          

             100 parts by weight of 2-ethylhexyl methacrylate, and             

              7.5 parts by weight of acrylonitrile.                            

     (c)                                                                       

        5.6  parts by weight of a copolymer of                                 

              50 parts by weight of methacrylic acid,                          

             100 parts by weight of n-hexyl methacrylate, and                  

              10 parts by weight of 1-vinyl naphthalene.                       

PAR  The dry resist films obtained from these copolymers yield excellently
      adhering etch resists and electroresists.
PAC  EXAMPLE 8
PAR  A solution of
TBL  (a)                                                                       

        5.6   parts by weight of a copolymer of                                

              175 parts by weight of 2-ethylhexyl methacrylate                 

               30 parts by weight of acrylonitrile,                            

               20 parts by weight of ethyl methacrylate, and                   

               95 parts by weight of methacrylic acid,                         

        5.6   parts by weight of a monomer obtained by reacting                

              1 mole of 2,2,4-trimethyl-hexamethylene diisocya-                

              nate with 2 moles of hydroxy ethyl methacrylate,                 

        0.15  part by weight of triethylene glycol dimethacrylate,             

        0.2   part by weight of 9-phenyl acridine,                             

        0.015 part by weight of Michler's ketone,                              

        0.06  part by weight of the blue azo dyestuff used in                  

              Example 1                                                        

        in                                                                     

        20.0  parts by weight of ethylene glycol monoethyl ether and           

        12.5  parts by weight of methyl ethyl ketone                           

PAL  is whirler-coated onto a polyester film as described in Example 1. After
      drying, a layer weighing 30 g per square meter is obtained. Further
      processing, i.e. lamination at 140.degree.C, 20 seconds' exposure, and
      development as in Example 1, results in an etch resist or electro resist
      mask which is distinguished by a very good resistance to chemical attack,
      high resolution capacity, and sharp-edged resist lines.
PAR  If the copolymer used under (a) is replaced by the same quantity of:
TBL  (b)  a copolymer of                                                       

          175 parts by weight of 2-ethyl-hexyl methacrylate,                   

           30 parts by weight of acrylonitrile,                                

           20 parts by weight of ethyl acrylate, and                           

           95 parts by weight of methacrylic acid,                             

PAL  a flexible dry resist film is obtained which adheres very well to copper
      surfaces and which, as a layer weighting 28 g per square meter, is very
      well suited for the preparation of printed circuits by electroplating (see
      Example 4).
PAC  EXAMPLE 9
PAR  A solution of
TBL  32.7                                                                      

         parts by weight of a 30.6 per cent methyl ethyl                       

         ketone solution of a polymer of                                       

         57.7 parts by weight of n-hexyl methacrylate,                         

         11.3 parts by weight of styrene,                                      

         10.0 parts by weight of methyl methacrylate, and                      

         21.0 parts by weight of methacrylic acid (acid                        

         number: 130),                                                         

         5.6 parts by weight of the monomer described in                       

         Example 1,                                                            

         0.15 part by weight of triethylene glycol dimethacrylate,             

         0.2 part by weight of 9-phenyl acridine, and                          

         0.018 part by weight of Michler's ketone,                             

PAL  is further diluted by adding 10 parts by volume of methyl ethyl ketone, and
      the solution is then whirler-coated as described in Example 1 onto a
      polyester film. After the layer has been dried for 5 minutes at
      100.degree. C, it has a weight of 30 g per square meter. At a temperature
      between 115.degree. and 130.degree.C and using a laminator type 25
      manufactured by Messrs. Dynachem, USA, the resist film is applied to a
      laminate composed of a phenoplast layer applied to a 35.mu. thick copper
      foil.
PAR  The material thus produced is then exposed for 20 seconds under a screen
      test original as described in Example 1.
PAR  Then the plate is developed for 90 to 100 seconds with a 1 percent aqueous
      sodium metasilicate nonahydrate solution, the nonpolymerized areas of the
      layer being removed.
PAR  The hardened resist bridges which are retained possess an excellent
      resistance to electroplating baths, so that, as described in Example 4,
      alkaline copper pyrophosphate baths and also acid fine-grain copper
      electroplating baths (a product of Schlotter) may be used for building up
      the electrotype.
PAC  EXAMPLE 10
PAR  A solution of
TBL  6.4  parts by weight of a copolymer of                                    

          20.0 parts by weight of methacrylic acid,                            

          11.3 parts by weight of styrene, and                                 

          68.7 parts by weight of n-butyl methacrylate,                        

     3.6  parts by weight of the monomer described in                          

          Example 1,                                                           

     0.13 part by weight of 9-phenylacridine,                                  

     0.01 part by weight of Michler's ketone,                                  

     0.1  part by weight of triethylene glycol dimethacrylate,                 

     0.03 part by weight of the dyestuff described in Example                  

          1, and                                                               

     15.0 parts by weight of methyl ethyl ketone                               

PAL  is processed, as described in Example 1, to yield a 28.mu. thick dry resist
      film which is then laminated at 1302 C to a cleaned copper circuit board.
TBL  Exposure:                                                                 

             as described in Example 1, 30 seconds,                            

     Development:                                                              

             90 seconds with a 1 per cent aqueous solution                     

             of monoethanol amine, using a "Processor 24"                      

             spray developing apparatus manufactured by                        

             DuPont, Neu-Isenburg, Germany.                                    

PAR  The material is then further processed under the conditions described in
      Example 4, to yield printed circuits.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit therof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photopolymerizable copying composition comprising at least one
      polymerizable compound, at least one photo-initiator, and at least one
      copolymer of
PA1  A. an unsaturated carboxylic acid,
PA1  B. an alkyl methacrylate with at least 4 carbon atoms in the alkyl group,
      and
PA1  C. at least one additional monomer which is capable of copolymerization
      with monomers (A) and (B), the homopolymer of said additional monomer
      having a glass transition temperature of at least 80.degree.C.
NUM  2.
PAR  2. A copying composition according to claim 1 which comprises methacrylic
      acid, acrylic acid, crotonic acid, sorbic acid, maleic or itaconic acid,
      or the half-esters thereof, as monomer (A).
NUM  3.
PAR  3. A copying composition according to claim 2 which comprises methacrylic
      acid as the unsaturated carboxylic acid (A).
NUM  4.
PAR  4. A copying composition according to claim 1 in which the alkyl
      methacrylate (B) has from 4 to 20 carbon atoms in the alkyl group.
NUM  5.
PAR  5. A copying composition according to claim 1 which comprises styrene,
      p-chlorostyrene, vinyl toluene, vinyl naphthalene, vinyl carbazole, vinyl
      cyclohexane, acrylamide, methacrylamide, N-alkyl-acrylamide, phenyl
      methacrylate, acrylonitrile, methacrylonitrile, or benzyl methacrylate as
      the monomeric component (C).
NUM  6.
PAR  6. A copying composition according to claim 1 in which the homopolymer of
      the monomeric component (C) has a glass transition temperature of at least
      100.degree.C.
NUM  7.
PAR  7. A copying composition according to claim 6 in which styrene is the
      monomeric component (C).
NUM  8.
PAR  8. A copying composition according to claim 1 in which, in the copolymer,
      the component (A) is present in a concentration of about 10 to 40 percent
      by weight, the component (B) is present in a concentration of about 35 to
      83 percent by weight, and the component (C) is present in a concentration
      of about 1 to not more than 35 percent by weight.
NUM  9.
PAR  9. A copying composition according to claim 1 in the form of a solid
      light-sensitive layer on a metallic support.
NUM  10.
PAR  10. A copying composition according to claim 9 in which the support is a
      copper support.
NUM  11.
PAR  11. A copying composition according to claim 1 in the form of a solid,
      transferable light-sensitive layer on an intermediate plastic film
      support.
NUM  12.
PAR  12. A copying composition according to claim 1 containing a copolymer of 30
      parts by weight of methacrylic acid, 60 parts by weight of n-hexyl
      methacrylate, and 10 parts by weight of styrene.
NUM  13.
PAR  13. A copying composition according to claim 1 containing a copolymer of 50
      parts by weight of methacrylic acid, 100 parts by weight of n-hexyl
      methacrylate, and 10 parts by weight of 1-vinyl naphthalene.
NUM  14.
PAR  14. A copying composition according to claim 1 containing a copolymer of 20
      parts by weight of methacrylic acid, 68.7 parts by weight of n-butyl
      methacrylate, and 11.3 parts by weight of styrene.
NUM  15.
PAR  15. A copying composition according to claim 1 containing a copolymer of 50
      parts by weight of methacrylic acid, 100 parts by weight of 2-ethyl-hexyl
      methacrylate, and 15 parts by weight of acrylonitrile.
NUM  16.
PAR  16. A copying composition according to claim 1 containing a copolymer of 95
      parts by weight of methacrylic acid, 175 parts by weight of n-hexyl
      methacrylate, and 50 parts by weight of acrylonitrile.
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ABST
PAL  A color photographic material having at least one silver halide emulsion
      layer containing a 3-anilino-5-pyrazolone type magenta dye forming coupler
      and a phenolic compound for improving the light fastness of the magenta
      dye formed by the coupling reaction of the magenta dye forming coupler
      with the oxidation product of a color developing agent in combination with
      a nucleus-substituted hydroquinone, in which the reduction of the coupling
      reactivity of the magenta dye forming coupler during the storage of the
      color photographic material caused by the presence of the phenolic
      compound is prevented efficiently.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of improving the storage properties of a
      color photographic material and also to a color photographic material
      having improved storage properties, in particular to a silver halide color
      photographic material having a silver halide emulsion layer containing a
      magenta dye forming coupler or a magenta forming coupler capable of
      forming a magenta dye image having excellent hue and fastness.
PAR  2. Description of the Prior Art
PAR  In the field of silver halide color photography, a magenta dye forming
      coupler used for forming magenta dye images must meet various conditions.
      That is to say, it is required that the magenta dye forming coupler shows
      a high coupling activity in the coupling reaction with the oxidation
      product of a color developing agent, the coupler can form, by color
      development, a magenta dye image having suitable spectral characteristics
      for the color reproduction by the subtractive color process (since a
      magenta dye image absorbs the light in the wave length region to which the
      human eye is most sensitive, the spectral characteristics of the magenta
      dye image are a very important factor dominating the color reproducibility
      in color photography), and the magenta dye forming coupler can form a
      magenta dye image having high fastness to light, heat, moisture, etc.
PAR  Also, when the magenta dye forming coupler is of the type which is
      incorporated in a silver halide emulsion layer of a color photographic
      material, it is further required that the properties, in particular, the
      coupling activity of the coupler is not reduced during the storage of the
      color photographic material, the coupler can be easily introduced in the
      silver halide emulsion, the coupler incorporated in the silver halide
      emulsion layer is stable without concerns on crystallization, etc., during
      the storage of the photographic material, and further the coupler does not
      provide, after color development, the causes of color staining by the
      actions of light, heat, moisture, etc., be present.
PAR  As magenta dye forming couplers, various compounds such as pyrazolone
      couplers, cyanoacetyl couplers, indazolone couplers, etc., are known. In
      particular, as the pyrazolone type magenta forming couplers, there are
      proposed, for instance, the 3-anilino-5-pyrazolones (see, e.g., U.S. Pat.
      No. 2,311,081, etc.), the 3-alkoxy-5-pyrazolone couplers (see, e.g., U.S.
      Pat. No. 2,439,098, etc.), the 3-acylamino-5-pyrazolones (see, e.g., U.S.
      Pat. Nos. 2,369,489; 2,600,788, etc.), and the 3-ureido-5-pyrazolones (see
      e.g., U.S. Pat. No. 3,558,319, etc.). Of these pyrazolone couplers, the
      3-anilino-5-pyrazolone couplers are excellent in providing dye images
      which have high fastness to heat and moisture. Non-diffusible magenta
      couplers which belong to the 3-anilino-5-pyrazolone couplers and have a
      ballast group in the molecule so that they can be introduced in silver
      halide emulsion layers of photographic materials are described in U.S.
      Pat. Nos. 3,419,391; 3,519,429; 3,127,269; 3,684,514; 3,761,274 and
      3,658,544; and U.S. Pat. application Ser. Nos. 415,864, filed Nov. 13,
      1973; 415,853, filed Nov. 14, 1973 and 445,032 filed Feb. 22, 1974.
PAR  Of these 3-anilino-5-pyrazolone couplers, a coupler having a halogen atom,
      an alkyl group, an aryl group, an alkoxy group, an aryloxy group, a
      N-substituted amino group, an amido group, a hydroxyl group, a cyano
      group, or a nitro group at least one of the 2-position and the 6-position
      of the anilino group thereof and also a hydrophobic ballast group at the
      aromatic nucleus of the anilino group is particularly preferable in that
      the coupler has less undesired absorptions in the blue region and the red
      region, the coupler forms a magenta dye image having excellent spectral
      characteristics, and also the coupler has a high coupling activity.
PAR  The 3-substituted anilino-5-pyrazolone couplers as indicated above meet the
      various requirements as desirable magenta dye forming couplers but have a
      serious disadvantage in that the magenta dye images formed from such
      magenta couplers are insufficiently fast to right. Thus, various proposals
      have been made for minimizing this disadvantage to prevent the fading of
      the magenta dye images by light. According to a very effective method of
      these proposals, a phenolic compound is used together with the aforesaid
      magenta dye forming coupler. Preferred examples of such a phenolic
      compound are the alkoxyphenols, aryloxyphenols, hydroxycoumarans,
      hydroxychromans, and dihydroxyspirochromans as described in U.S. Pat. Nos.
      3,432,300; 3,573,050; 3,574,627 and 3,764,337 and German
      Offenlegungsschriften 2,146,668.
PAR  However, when a photographic material containing the phenolic compound and
      the 3-substituted anilino-5-pyrazolone type magenta coupler as described
      above in a silver halide emulsion layer thereof is stored at an ordinary
      room temperature, the coupling density of the magenta coupler begins to
      reduce after about one month and the coupling density becomes less than a
      half of the value immediately after the production of the photographic
      material after about six months of storage. This phenomenon greatly
      reduces the commercial value of color photographic materials. Therefore, a
      means of removing those defficiencies has been desired.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is, therefore, to provide a method of
      preventing a reduction in the coupling density of the
      3-anilino-5-pyrazolone type magenta coupler in a silver halide emulsion
      layer of a color photographic material caused by the presence of a
      compound used in combination with the magenta coupler for preventing the
      fading of magenta dye image during the storage of the color photographic
      material.
PAR  Another object of this invention is to provide a color photographic
      material which can be stored without degrading the photographic properties
      such as the sensitivity, coupling density, etc., and can form magenta dye
      images having high fastness to light, heat, and moisture and having good
      spectral characteristics.
PAR  The inventors have discovered that the reduction in the coupling density of
      the 3-anilino-5-pyrazolone type magenta forming coupler incorporated in a
      silver halide emulsion layer of a color photographic material caused by
      the phenolic compound used in combination with the magenta forming coupler
      for preventing the fading of the magenta dye image formed can be prevented
      by using a nucleus-substituted hydroquinone.
PAR  Thus, it has been descovered that the above-described objects of this
      invention can be attained by using a nucleus-substituted hydroquinone
      together with the 3-anilino-5-pyrazolone type magenta dye forming coupler
      and the phenolic compound having an ether bond at the 4-position and
      having the ability to prevent the light fading of the magenta dye image
      formed from the magenta coupler.
PAR  Therefore, according to the present invention, a method is provided for
      preventing the coupling reactivity of a 3-anilino-5-pyrazolone type
      magenta dye forming coupler from decreasing during the storage of the
      color photographic material having a silver halide emulsion layer
      containing the magenta dye forming coupler in combination with a phenolic
      compound having an ether bond at the 4-position and having a property of
      improving the fastness to light of the magenta dye image formed by the
      coupling reaction of the coupler and the oxidation product of a color
      developing agent, which comprises incorporating a nucleus-substituted
      hydroquinone in the silver halide emulsion layer containing the magenta
      dye forming coupler and the phenolic compound.
PAR  Also, according to the another embodiment of the present invention, a color
      photographic material is provided comprising a support having thereon a
      silver halide photographic emulsion layer containing
PA1  A. a 3-anilino-5-pyrazolone type magenta dye forming coupler having a
      halogen atom, an alkyl group, an aryl group, an alkoxy group, an aryloxy
      group, an N-substituted amino group, an amido group, a hydroxyl group, a
      cyano group, or a nitro group at at least one of the 2-position and the
      6-position of the anilino group thereof and also having a hydrophobic
      ballast group at the aromatic nucleus of the anilino group;
PA1  B. a phenolic compound having an ether bond at the 4-position thereof and
      having the property of improving the fastness to light of the magenta dye
      image formed by the coupling reaction of the magenta dye forming coupler
      and the oxidation product of a color developing agent; and
PA1  C. a nucleus-substituted hydroquinone.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The 3-anilino-5-pyrazolone type magenta dye forming couplers which can be
      used in this invention include the compounds represented by the following
      general formula (I)
      ##SPC1##
PAL  wherein X represents an alkyl group (such as a methyl group, a tert-butyl
      group, an octyl group, a dodecyl group, etc.); an aryl group (such as a
      phenyl group, a tolyl group, etc.); an alkoxy group (such as a methoxy
      group, an octyloxy group, etc.); an aryloxy group (such as a phenoxy
      group, a p-tert-butylphenoxy group, a naphthoxy group, etc.); an
      N-substituted amino group (such as a methylamino group, a diethylamino
      group, an anilino group, etc.); an amido group (such as an acetamido
      group, a butyramido group, a methylsulfonamido group, a diacylamido group,
      etc.); a hologen atom (such as a fluorine atom, a chlorine atom, a bromine
      atom, etc.); a hydroxyl group; a cyano group; or a nitro group; Y
      represents an unsubstituted aryl group or substituted aryl group
      containing halogen, cyano, nitro, alkyl, alkoxy, aryl, aryloxy, acylamido,
      carbamoyl, sulfonamido, sulfamoyl, amino, acyl, acyloxy, alkylthio,
      alkoxycarbonyl, etc. substituents (such as a phenyl group, a
      2-chlorophenyl group, a 4-chlorophenyl group, a 2,5 -dichlorophenyl group,
      a 2,6-dichlorophenyl group, a 2,4,6-trichlorophenyl group, a 2-bromophenyl
      group, a 3,5-dibromophenyl group, a 2-cyanophenyl group, a 4-cyanophenyl
      group, a 3-nitrophenyl group, a 4-nitrophenyl group, a 4-methylphenyl
      group, a 2,6-dimethylphenyl group, a 2,6-diethylphenyl group, a
      4-butylphenyl group, a 2-trifluoromethylphenyl group, a 2-ethoxyphenyl
      group, a 4-phenylphenyl group, a 4-phenoxyphenyl group, a
      2-methyl-5-nitrophenyl group, a 2-chloro5-cyanophenyl group, a
      5-chloro-2-methylphenyl group a 2,6-dichloro-4-methylphenyl group, a
      2,4-dichloro-6-methoxycarbonylphenyl group, a 2,4-dichloro-6-methylphenyl
      group, a  2-chloro-4,6-dimethylphenyl group, a
      2,6-dichloro-4-methoxyphenyl group, a 2,6-dichloro-4-nitrophenyl group, a
      2,4,6-trimethyl-3-nitrophenyl group, a 2,4,6-trimethyl-3-acetamidophenyl
      group, etc.); or an unsubstituted heterocyclic group or a substituted
      heterocyclic group containing halogen, cyano, nitro, alkyl, alkoxy, aryl,
      aryloxy, acylamido, carbamoyl, sulfonamido, sulfamoyl, amino, acyl,
      acyloxy, alkylthio, alkoxycarbonyl, etc. substituents (e.g., such a
      5-membered or 6-membered heterocyclic ring as a 2-thiazolyl ring, a
      2-benzothiazolyl ring, a 2-benzoxazolyl ring, a 2-oxazolyl ring, a
      2-imidazolyl ring, a 2-benzimidazolyl ring, etc.); Z represents a hydrogen
      atom or a coupling releasable group; W represents a hydrophobic ballast
      group; and V represents a hydrogen atom or a group as defined by X or W.
PAR  The term "coupling releasable group" as used herein has the meaning
      commonly applied to color forming couplers and denotes a group which can
      be released from the active carbon atom at the coupling position of the
      coupler when the coupler couples with the oxidation product of an aromatic
      primary amine color developing agent. Also, the term "hydrophobic ballast
      group" as used herein has the meaning commonly applied to color forming
      couplers and denotes a hydrophobic group which is introduced into a
      coupler molecule for substantially fixing the coupler in a specific
      hydrophilic colloid layer and making the coupler diffusion resistant.
PAR  Suitable coupling releasable groups of the magenta dye forming coupler used
      in this invention are the groups bonded to the coupling position of the
      so-called colored couplers as described in U.S. Pat. Nos. 2,455,170;
      2,688,539; 2,725,292; 2,983,608; and 3,005,712 and British Pat. Nos.
      800,262 and 1,044,778; the groups bonded to the coupling position of the
      so-called development inhibitor releasing (DIR) type couplers as described
      in U.S. Pat. Nos. 3,148,062; 3,227,554; and 3,617,291;   and the groups
      bonded to the coupling position of the couplers as described in U.S. Pat.
      Nos. 3,006,759; 3,214,437; 3,311,476 and 3,419,391.
PAR  Typical examples of such a group are a thiocyano group; an acyloxy group
      (such as an acetoxy group, a dodecanoyloxy group, an octadecanoyloxy
      group, a 3-pentadecylphenoxyacetoxy group, a benzoyloxy group, a
      .beta.-naphthoyloxy group, a
      3-[.gamma.-(2,4-di-t-amylphenoxy)-butylamido]benzoyloxy group, etc.); an
      aryloxy group (such as a phenoxy group, a p-chlorophenoxy group, a
      p-nitrophenoxy group, a naphthoxy group, etc.); an aralkyloxy-carbonyloxy
      group (such as a benzyloxycarbonyloxy group, etc.); an alkyloxycarbonyloxy
      group (such as an ethyloxycarbonyloxy group, etc.); a halogen atom (such
      as a chlorine atom, a bromine atom, a fluorine atom, etc.); an arylazo
      group (such as a phenylazo group, a hydroxyphenylazo group, a
      chlorophenylazo group, a methylphenylazo group, a methoxyphenylazo group,
      a naphthylazo group, etc.); a 2-aryltriazolyl group (such as a
      2-benzotriazolyl group, a 2-naphthoazolyl group, etc.); an alkylthio group
      (such as an alkylthio group having 4 to 10 carbon atoms, etc.); an
      arylthio group (such as a phenylthio group, a naphthylthio group, etc.); a
      heterothio group (such as a 2-benzthiazolylthio group, a 1-phenyl-5
      -tetrazolylthio group, a 2-benzoxazolylthio group, a 2-benzimidazolylthio
      group, a 5-phenyl-1,3,4-oxadiazolyl-2-thio group, etc.); a cycloalkylthio
      group (such as a cyclohexylthio group, etc.); a cycloalkoxy group (such as
      a cyclohexyloxy group, etc.) and an N-heterocyclic group (such as
      phthalimido, 1,2,3,4-tetra-hydroisoquinolyl, piperidinyl, imidazolyl,
      5,5'-dimethyl-3-hydantoinyl, etc.).
PAR  It is appropriate that the hydrophobic ballast group of the magenta dye
      forming coupler which is used in this invention has generally more than
      about 8 carbon atoms. The effective upper limit of the number of carbon
      atoms of such a group is about 32 for ordinary purposes. Suitable examples
      of such hydrophobic ballast groups which can be employed in this invention
      are described in U.S. Pat. Nos. 2,600,788; 2,865,751; 3,337,344; and
      3,418,129 and Japanese Pat. Nos. 27,563/1964 and 19,035/1970. Typical
      examples of hydrophobic groups include an alkyl group, an alkenyl group,
      an alkoxyalkyl group, an alkyl-substituted aryl group, an
      alkoxy-substituted aryl group, and a terphenyl group and these groups can
      be substituted with a halogen atom such as a fluorine atom and a chlorine
      atom or a group such as a nitro group, a cyano group, an alkoxycarbonyl
      group, an amido group, a carbamoyl group, a sulfonamido group, etc.
PAR  Specific examples of hydrophobic ballast groups are illustrated below:
PA1  1. Alkyl groups and alkenyl groups such as:
      ##EQU1##
      2. Alkoxyalkyl groups such as:
      ##EQU2##
      3. Alkyloxycarbonyl alkyl group
EQU  --CH.sub.2 CH.sub.2 COOC.sub.12 H.sub.25,
PA1  4. residues having an alkyl or alkenyl long chain aliphatic group together
      with a water-solubilizing carboxyl or sulfo group:
      ##EQU3##
      5. Acylamidoalkyl groups
      ##EQU4##
      6. Alkoxyaryl groups, alkaryloxyaryl groups
      ##SPC2##
PA1  7. Alkylaryl groups
      ##SPC3##
PA1  8. Alkylaryloxyalkyl groups
      ##SPC4##
      ##SPC5##
PAR  Furthermore, the hydrophobic ballast group as illustrated above can have as
      the bonding moiety to the aromatic nucleus of the anilino group the
      following moieties:
      ##EQU5##
      etc.
PAR  Also, such bispyrazolones in which two pyrazolone molecules are bonded to
      each other through group V, W, Y, or Z in general formula (I) described
      above are included in the 3-anilino-5-pyrazolone type magenta forming
      couplers which can be used in this invention.
PAR  The compounds of general formula (I) in which Y is the phenyl group having
      a halogen atom, an alkyl group, an alkoxy group, a carboxyl group, an
      alkoxycarbonyl group, a nitro group, an aryloxy group, an acylamino group,
      or a cyano group at at least one of the ortho-positions are excellent in
      that they have high stability to heat and light and form less color stains
      even if such couplers remain in the silver halide emulsion layers without
      being developed.
PAR  Particularly useful compounds among the magenta dye forming couplers which
      can be used in this invention are those represented by the following
      general formula (II)
      ##SPC6##
PAL  wherein W and Z have the same meaning as in the general formula (I);
      X.sub.1 represents an alkyl group having 1 to 4 carbon atoms, an alkoxy
      group having 1 to 4 carbon atoms, a halogen atom, a hydroxyl group, a
      cyano group, or a nitro group; Y.sub.1 represents a halogen atom, an alkyl
      group, an alkoxy group, a carboxyl group, an alkoxycarbonyl group, a nitro
      group, an aryloxy group, a cyano group, or an acylamino group; and Y.sub.2
      and Y.sub.3, which may be the same or different, each represents a
      hydrogen atom or a group as defined for Y.sub.1.
PAR  It is appropriate that the group represented by Y.sub.1, Y.sub.2, or
      Y.sub.3 in the general formula (II) has less than about 6 carbon atoms.
PAR  In particular, the magenta forming couplers of general formula (II) in
      which the substituted phenyl group at the 1-position of the pyrazolone
      nucleus is 2,4-dichlorophenyl, 2,5-dichlorophenyl, 2,6-dichlorophenyl,
      2,4,6-trichlorophenyl, 2,5-dibromophenyl 2,4-dibromophenyl,
      2,6-dibromophenyl, 2,4,6-tribromophenyl, 2,4-dichloro-6-methylphenyl,
      2,6-dichloro-4-methylphenyl, 2,4-dichloro-6-methoxyphenyl,
      2,6-dichloro-4-methoxyphenyl, 2-chloro-4-nitrophenyl, or
      2-chloro-5-nitrophenyl are particularly preferred since these couplers
      give a lesser degree of color stains by remaining uncoupled and the dye
      images formed from these couplers have particularly preferred spectral
      absorption characteristics (the absorption maximum is in a wave length
      region of 530 to 565 microns and the absorptions in a blue region and red
      region are less) as magenta dye images in color reproduction.
PAR  Specific examples of the magenta dye forming couplers which can be used in
      this invention are shown below:
      ##SPC7##
      ##SPC8##
      ##SPC9##
      ##SPC10##
      ##SPC11##
      ##SPC12##
      ##SPC13##
      ##SPC14##
      ##SPC15##
      ##SPC16##
      ##SPC17##
PAR  The magenta dye forming couplers which can be used in this invention can be
      prepared according to the methods as described in, for instance, U.S. Pat.
      Nos. 3,419,391; 3,615,506; 3,677,764; 3,127,269; 3,684,514; 3,761,274; and
      3,694,214; U.S. Pat. application Ser. Nos. 415,864, filed Nov. 13, 1973,
      415,853, filed Nov. 14, 1973 and 445,032, filed Feb. 22, 1974, Japanese
      Pat. No. 19,032/1971 and Japanese Pat. application No. 4816/1973.
PAR  The phenolic compounds having an ether bond at the 4-position and having
      the property of improving the fastness to light of the magenta dye images
      formed from the above-described magenta dye forming couplers which can be
      used in this invention include the compounds represented by general
      formulae (III-a), (III-b), (III-c);
      ##SPC18##
PAL  wherein R.sub.1 represents an alkyl group (such as a methyl group, a
      tert-butyl group, a hexyl group, an octyl group, a tert-octyl group, an
      octadecyl group, etc.); an aryl group (such as a phenyl group, etc.); an
      aralkyl group (such as a benzyl group, a phenethyl group, etc.); or a
      terpenyl group (such as a 7,7-dimethylcarbonyl group, et.); R.sub.2,
      R.sub.3 and R.sub.4, which may be the same or different, each represents a
      hydrogen atom; an alkyl group (such as a methyl group, a tert-butyl group,
      a cyclopentyl group, a cyclohexyl group, an octyl group, a dodecyl group,
      an octadecyl group, etc.); an alkoxy group (such as a methoxy group, a
      butoxy group, a dodecyloxy group, etc.); an aryl group (such as a phenyl
      group, etc.); an aryloxy group (such as a phenoxy group, etc.); an aralkyl
      group (such as a benzyl group, a phenethyl group, etc.); an aralkoxy group
      (such as a benzyloxy group, a phenethyloxy group, etc.); an alkenyl group
      (such as an allyl group, etc.); an alkenoxy group (such as allyloxy group,
      etc.); an acylamino group (such as an acetylamino group, a benzoylamino
      group, etc.); a halogen atom (such as a chlorine atom, etc.); and A
      represents a non-metallic atom necessary for completing a 5-membered or
      6-membered ring containing a
      ##EQU6##
      grouping and the ring can be substituted with an alkyl group (such as a
      methyl group, a tert-butyl group, a cyclohexyl group, an octyl group, a
      dodecyl group, an octadecyl group, etc.); an alkoxy group (such as a
      methoxy group, a butoxy group, a dodecyloxy group, etc.); an aryl group
      (such as a phenyl group, etc.); an aryloxy group (such as a phenoxy group,
      etc.); an aralkyl group (such as a benzyl group, a phenethyl group, etc.);
      an aralkoxy group (such as a benzyoxy group, a phenethyloxy group, etc.);
      an alkenyl group (such as an allyl group, etc.); an alkenoxy group (such
      as an allyloxy group, etc.); an N-substituted amino group (such as an
      alkylamino group, a dialkylamino group, an N-alkyl-N-arylamino group, a
      piperazino group, a morpholino group, etc.); or a heterocyclic ring (such
      as a benzothiazolyl ring, a benzoxazolyl ring, an imidazolyl ring, an
      oxazolyl ring, etc.). Furthermore, the aforesaid ring can be substituted
      with a residue forming a condensed ring. Also, the alkyl group and the
      aryl group as described above can be substituted with a halogen atom, a
      hydroxyl group, a carboxyl group, an alkoxycarbonyl group, an acyloxy
      group, a sulfo group, a sulfonyloxy group, an amido group (e.g., an
      acetamido group, an ethanesulfonamido group, a benzamido group, etc.), an
      alkoxy group, or an aryloxy group.
PAR  The phenolic compounds of the general formula (IIIa) in which the total
      carbon atoms of R.sub.1, R.sub.2, R.sub.3 and R.sub.4 is larger than 8,
      the phenolic compounds of the general formula (IIIb) in which the total
      carbon atoms of R.sub.2, R.sub.3, R.sub.4 and A is larger than 8, and the
      phenolic compounds of the general formula (IIIc) have the property of low
      diffusibility and hence are suitable for positioning selectively in a
      specific hydrophilic layer of the color photographic material. Also, the
      phenolic compounds having a total carbon atoms of up to about 40 are
      suitable for ordinary purposes.
PAR  Particularly useful compounds of the phenolic compounds which can be used
      in this invention are the 5-hydroxycoumarans and the 6-hydroxychromans
      which are the compounds of the general formula (IIIb) where one of R.sub.2
      and R.sub.3 is a hydrogen atom and also the
      6,6'-dihydroxy-bis-2,2'-spirochromans represented by the general formula
      (IIIc).
PAR  Specific examples of the phenolic compounds which can be used in this
      invention are shown below:
      ##SPC19##
      ##SPC20##
      ##SPC21##
      ##SPC22##
PAR  The phenolic compounds which can be used in this invention can be prepared
      according to the methods described in U.S. Pat. Nos. 2,535,058; 3,184,457;
      3,285,937; 3,432,300; and 3,698,909 and German Offenlegungsschriften Nos.
      2,005,301; 2,008,376; 2,140,309; 2,146,668; and 2,165,371.
PAR  The nucleus-substituted hydroquinones which can be used in this invention
      has at the aromatic nucleus of the hydroquinone at least one alkyl group
      or aryl group bonded directly or through a bonding moiety such as -O-,
      -CO-, -COO-, -CON&lt;, -SO.sub.2 N&lt;, etc.
PAR  The alkyl group and the aryl group can be substituted with substituents
      such as a halogen atom, an alkyl group, an aryl group, an alkoxy group, an
      aryloxy group, a carboxyl group, an alkoxycarbonyl group, an
      aryloxycarbonyl group, an acyl group, an acyloxy group, a carbamoyl group,
      a sulfo group, a sulfamoyl group, a sulfonamido group, an N-alkylamino
      group, an N-arylamino group, an acylamino group, an imido group, a
      hydroxyl group, etc., and these substituents themselves can be further
      substituted. Furthermore, the divalent moieties corresponding to these
      groups can be employed to give rise to compounds in which two or more
      units containing hydroquinone are bonded to each other. Also, the
      remaining hydrogen atoms of the aromatic nucleus of the hydroquinone can
      be substituted with the aforesaid substituents as well as with halogen
      atoms.
PAR  Moreover, the hydroquinones which can be used in this invention include the
      precursors thereof. The term "precursor" as used herein means a compound
      capable of releasing a hydroquinone on hydrolysis. Examples of such
      precursors are, for instance, hydroquinone compounds in which one or two
      hydroxyl groups thereof have been acylated, e.g., have been converted into
      a grouping such as
      ##EQU7##
      wherein R represents an aliphatic group, e.g., having 1 to 18 carbon
      atoms, such as an alkyl group, alkenyl group, etc.
PAR  The nucleus-substituted hydroquinones used in this invention include the
      compounds represented by the following general formula (IV);
      ##SPC23##
PAL  wherein R.sub.5 represents an alkyl group (such as a methyl group, a
      tert-butyl group, an octyl group, a tert-octyl group, a dodecyl group, an
      octadecyl group, etc.); an aryl group (such as a phenyl group, etc.); an
      alkoxy group (such as a methoxy group, a butoxy group, a dodecyloxy group,
      etc); an aralkyl group (such as a benzyl, a phenethyl, etc.); an aralkoxy
      group (such as a benzyloxy, etc.); an aryloxy group (such as a phenoxy
      group, etc.); a carbamoyl group (such as a methylcarbamoyl group, a
      dibutylcarbamoyl group, an octadecylcarbamoyl group, a phenylcarbamoyl
      group, etc.); a sulfamoyl group (such as a methylsulfamoyl group, an
      octadecylsulfamoyl group, etc.); an acyl group (such as a lauroyl group,
      etc.); an alkoxycarbonyl group (such as a methoxycarbonyl group, a
      dodecylcarbonyl group, etc.); or an aryloxycarbonyl group (such as a
      phenyloxycarbonyl group, etc.); Q represents a hydrogen atom or a halogen
      atom (such as chlorine, bromine, iodine or fluorine) and n is an integer
      of 1 to 4.
PAR  Furthermore, the aforesaid alkyl group and the aryl group can be
      substituted with a substituent such as a halogen atom, an alkyl group, an
      aryl group, an alkoxy group, an aryloxy group, a carboxyl group, an
      alkoxycarbonyl group, an aryloxycarbonyl group, an acyl group, an acyloxy
      group, a carbamoyl group, a sulfo group, a sulfamoyl group, an N-arylamino
      group, an acylamino group, an imido group, and a hydroxyl group. Also,
PAR  Specific examples of nucleus-substituted hydroquinones which can be used in
      this invention are described in, e.g., U.S. Pat. Nos. 2,336,327;
      2,360,290; 2,384,658; 2,403,721; 2,418,613; 2,675,314; 2,701,197;
      2,704,713; 2,710,801; 2,722,556; 2,728,659; 2,732,300; 2,735,765;
      2,816,028; 3,062,884; and 3,236,893; British Pat. Nos. 557,750 and
      557,802; German Offenlegungsschrift 2,149,789; Japanese Patent Publication
      No. 54,116/1969; and Japanese Patent Application Laid Open No. 2128/1971
      as well as in Journal of Organic Chemistry, vol. 22, pages 772 - 774.
PAR  Of the aforesaid nucleus-substituted hydroquinones, the compounds in which
      the total number of carbon atoms contained in the substituents on the
      nucleus are 8 or more have the property of low diffusibility and hence
      this property can be suitably used to selectively position these compounds
      in a specific hydrophilic layer of a photographic material.
PAR  Particularly useful hydroquinones in this invention are those containing
      substituted or unsubstituted alkyl groups at the nucleus.
PAR  Specific examples of the hydroquinones which can be used in this invention
      are shown below:
      ##SPC24##
      ##SPC25##
      ##SPC26##
      ##SPC27##
      ##SPC28##
      ##SPC29##
PAR  The hydroquinones which can be used in this invention can be prepared
      according to the methods described in. e.g., U.S. Pat. Nos. 2,336,327 and
      others as indicated above.
PAR  The 3-substituted anilino-5-pyrazolone type magenta forming couplers which
      can be used in this invention can be employed individually or as a
      combination thereof or further can be used, if desired, together with
      other colorless or colored 2-equivalent or 4-equivalent magenta dye
      forming coupler or couplers. Suitable examples of other couplers are
      described in, e.g., U.S. Pat. Nos. 2,369,489; 2,600,788; 2,725,292;
      2,908,573; 3,062,653; 3,311,476; 3,419,391; 3,558,319; and British Pat.
      No. 1,249,391.
PAR  The magenta forming coupler used in this invention is introduced into a
      silver halide emulsion layer of a color photographic material in a
      conventional manner. Typical methods of adding the coupler to a silver
      halide photographic emulsion are illustrated below:
PA1  1.
PAR  The coupler is dissolved in an organic solvent which is substantially
      immiscible with water and having a high boiling point (higher than
      200.degree.C), the coupler solution is dispersed in an aqueous medium, and
      the dispersion is mixed with a photographic emulsion. As the organic
      solvent used in this method, there are illustrated di-n-butyl phthalate,
      tricresyl phosphate, N,N-diethylcaproic acid amide, p-n-nonylphenol,
      2-methyl-4-n-octylphenol, dioctylbutyl phosphate, acetyl-tributyl citrate,
      and trioctylmellitate.
PA1  2. The coupler is dissolved in an organic solvent which is less immiscible
      with water and has a low boiling point (e.g., about 20.degree.C to about
      170.degree.C), the coupler solution is dispersed in an aqueous medium, and
      the dispersion is mixed with a photographic emulsion. As the organic
      solvent suitably used in this method, there are illustrated ethyl acetate,
      cyclohexanone, .beta.-n-butylethoxyethyl acetate, etc.
PA1  3. The coupler is dissolved in an organic solvent which is miscible with
      water and the coupler solution is added to a photographic emulsion. The
      organic solvent used may be removed during the production steps of the
      photographic materials or may be left in the silver halide emulsion
      layers. As the organic solvent suitably used in this method, there are
      dimethylformamide, dimethylsulfoxide, N-methylpyrrolidone, glycerine,
      tetrahydrofuran, diethylene glycol monoacetate, diacetone alcohol,
      acetonitrile, methyl isobutyl ketone, etc.
PA1  4. The coupler is dissolved in an alkaline aqueous solution and the coupler
      solution is added to a photographic emulsion.
PAR  If desired, an appropriate combination of the organic solvents used in
      methods (1), (2), and (3) described above can be used and further the
      solvent used in method (3) can be mixed with the solvent used in method
      (4). Moreover, the aqueous medium in which the organic solvent solution of
      the magenta dye forming coupler is dispersed can contain a hydrophilic
      polymer. It is desirable that such a hydrophilic polymer be quite
      compatible with the hydrophilic binder in the photographic emulsion to
      which the coupler dispersion is added. An appropriate polymer which can be
      used for such purpose can be selected from those materials used as binders
      for photographic emulsions.
PAR  The phenolic compounds which can be used in this invention can be used
      individually or as a combination of two or more such compounds.
PAR  The amount of the phenolic compound is usually about 0.01 mol to about 10
      mols per mol of the magenta forming coupler but a particularly preferred
      amount is about 0.1 mol to about 2 mols per mol of the magenta forming
      coupler. A suitable coating amount of the magenta coupler ranges from
      about 3 .times. 10.sup.-.sup.3 to about 1 .times. 10.sup.-.sup.4
      mol/m.sup.2, preferably 2 .times. 10.sup.-.sup.3 to 3 .times.
      10.sup.-.sup.4 mol/m.sup.2 of the support. A suitable coating amount of
      silver ranges from about 3 .times. 10.sup.-.sup.2 to about 2 .times.
      10.sup.-.sup.4 mol/m.sup.2, preferably 2 .times. 10.sup.-.sup.2 to 6
      .times. 10.sup.-.sup.4 mol/m.sup.2 of the support.
PAR  The hydroquinones used in this invention can be used individually or as a
      combination of two or more such compounds. The amount of the hydroquinone
      added is usually from about 0.01 mol to about 10 mols, preferably from
      about 0.1 mol to about 2 mols per mol of the magenta forming coupler.
PAR  The phenolic compound and the nucleus-substituted hydroquinone can be added
      to a photographic emulsion in a conventional manner according to the
      method stated above in regard to the magenta dye forming coupler.
PAR  The magenta dye forming coupler, the phenolic compound, and the
      hydroquinone can be added to a photographic emulsion as separate solutions
      or dispersions or can be added to the photographic emulsion as a mixture
      of two or three kinds of solutions of dispersions thereof.
PAR  The silver halide emulsion which can be used in this invention can be
      suitably selected from various kinds of photographic emulsions depending
      on the end-use purposes of the photographic materials. Suitable silver
      halides which can be used in this invention are silver chloride, silver
      chlorobromide, silver bromide, silver iodobromide, and silver
      chloroiodobromide. Also, suitable binders for the silver halide emulsions
      which can be used in this invention are gelatin, gelatin derivatives
      (e.g., the acrylated gelatin as described in U.S. Pat. No. 3,118,766 and
      the graft gelatin having as the branch component a vinyl monomer such as
      acrylic acid as described in U.S. Pat. No. 2,831,767), casein, albumin,
      agar agar, sodium alginate, starch, cellulose derivatives (e.g.,
      carboxymethyl cellulose and hydroxyethyl cellulose), vinyl alcohol,
      vinylpyrrolidone, polyacrylamide, and the like.
PAR  The silver halide emulsions used in this invention can be prepared by a
      single jet method, a double jet method, a control double jet method, and
      further the halogen conversion method as described in British Pat. No.
      635,841 and U.S. Pat. No. 3,622,318.
PAR  The silver halide emulsion used in this invention can be sensitized by the
      natural sensitizers present in gelatin, by a sulfur sensitizer, by a
      reductive sensitizer, and by a noble metal salt using conventional
      techniques. Suitable examples of chemical sensitizers are auric compounds
      such as auric chloride compounds or auric trichloride compounds as
      disclosed in U.S. Pat. Nos. 2,399,083; 2,540,085; 2,597,856; 2,597,915;
      etc.; noble metal salts of platinum, palladium, iridium, rhodium, or
      ruthenium as disclosed in U.S. Pat. Nos. 2,448,060; 2,540,086; 2,566,245;
      2,566,263; 2,598,079; etc.; sulfur compounds which react with silver salts
      to form silver sulfide as disclosed in U.S. Pat. Nos. 1,574,944;
      2,410,689; 3,189,458; 3,501,313; etc.; reduction compounds of stannous
      salts or amine group compounds as disclosed in U.S. Pat. Nos. 2,487,850;
      2,518,698; 2,521,925; 2,521,926; 2,694,637; 2,983,610; 3,201,254; etc.
PAR  The silver halide emulsion can further be stabilized using an agent for
      forming a sparingly soluble silver salt, such as a mercapto compound,
      e.g., 1-mercapto-5-phenyltetrazole and/or a stabilizer such as
      5-methyl-6-oxy-1,3,4-triazaindolizine. For example, the photographic
      emulsion can contain compounds added to prevent a reduction in the
      sensitivity and fogging during the manufacturing process or on storage.
      Typical compounds are 4-hydroxy-6-methyl-1,3,3a,7-tetrazaindene,
      3-methyl-benzothiazole, 1-phenyl-5-mercaptotetrazole, heterocyclic
      compounds, mercury containing compounds, mercapto compounds, and metal
      salts. Additional examples which can be used are disclosed in Mees and
      James, The Theory of the Photographic Process (3rd Edition, 1966), and
      also in, U.S. Pat. Nos. 1,758,576; 2,110,178; 2,131,038; 2,173,628;
      2,697,040; 2,304,962; 2,324,123; 2,494,198; 2,444,605; 2,444,606;
      2,444,607; 2,444,608; 2,566,245; 2,694,716; 2,697,099; 2,708,162;
      2,728,663; 2,728,664; 2,728,665; 2,476,536; 2,824,001; 2,843,491;
      2,886,437; 3,052,544; 3,137,577; 3,220,839; 3,226,231; 3,236,652;
      3,251,691; 3,252,799; 3,287,135; 3,326,681; 3,420,668; 3,622,339; and
      British Pat. Nos. 893,428; 403,789; 1,173,609; 1,200,188. Furthermore, the
      photographic emulsion can contain a sensitizing dye such as a cyanine dye
      and merocyanine dye as described in U.S. Pat. Nos. 2,688,545; 2,912,329;
      3,397,060; 3,615,635 and 3,628,964, British Pat. Nos. 1,195,302;
      1,242,588; and 1,293,862, German Offenlegungsschriften Nos. 2,030,326, and
      2,121,780, Japanese Patent Publication Nos. 4936/68, and 14030/69, and
      further a coating aid such as saponin, polyethyleneglycol monolauryl
      ether, etc., for example, as described in U.S. Patent Nos. 2,271,623;
      2,240,472; 2,288,226; 2,739,891; 3,068,101; 3,158,484; 3,201,253;
      3,210,191; 3,294,540; 3,415,649; 3,441,413; 3,442,654; 3,475,174;
      3,545,974, etc. Furthermore, the silver halide emulsion can contain a
      thickener such as polystyrenesulfonic acid, etc., a ultraviolet absorber
      such as 2-(2-hydroxy3,5-di-sec-butylphenyl)-5-methoxybenzotraizole,
      4-methoxy-.alpha.-cyanocinnamic acid-n-dodecyl ester, etc., as disclosed
      in U.S. Patent Nos. 2,685,512; 2,739,888; 2,719,086; 2,739,971; 2,747,996;
      2,784,087; 3,253,921; 3,533,794; 3,004,896; 3,159,646 and 3,214,436, an
      antioxidant or a reducing agent such as sodium bisulfite, ascorbic acid,
      an aminophenol, a pyrogallol, gallic acid, a catechol, a resorcinol, and
      dihydroxynaphthalene, and an irradiation preventing dye such as an oxonole
      dye and a styryl dye.
PAR  The photographic material of this invention comprises a support having
      coated thereon at least the silver halide emulsion layer containing the
      3-substituted anilino-5-pyrazolone type magenta forming coupler, the
      phenolic compound, the nucleus-substituted hydroquinone. According to one
      embodiment of this invention the photographic color material comprises a
      support having thereon a blue-sensitive silver halide emulsion layer
      containing a yellow dye forming coupler, a green-sensitive silver halide
      emulsion layer containing a magenta dye forming coupler, the phenolic
      compound, and the nucleus-substituted hydroquinone of this invention, and
      a red-sensitive silver halide emulsion layer containing a cyan dye forming
      coupler. The blue-sensitive silver halide emulsion layer and the
      red-sensitive silver halide emulsion layer of the photographic material
      can be those usually employed in the color photographic field.
PAR  As the yellow dye forming coupler, a open chain type ketomethylene compound
      such as a benzoylacetamide type compound and a pivaloylacetamide type
      compound can be advantageously used. Useful non-diffusible yellow
      dye-forming couplers are exemplified or suggested in U.S. Pat. Nos.
      2,778,658; 2,875,057; 2,908,573; 3,227,550; 3,253,924; 3,227,155;
      3,408,194; 3,447,928; 3,415,652; 3,384,657; 3,369,895; 3,265,506; and
      3,227,554. Also, as the cyan dye forming coupler, a phenolic compound or a
      naphtholic compound is advantageously used. Ballasted non-diffusible cyan
      dye forming couplers suitable for use in the present invention are
      exemplified or suggested in U.S. Pat. Nos. 2,373,293; 2,423,730;
      2,801,171; 2,895,826; 2,908,573; 3,046,129; 3,516,831; 3,331,476;
      3,253,294; 3,458,315; 3,227,550; 3,476,563; 3,419,390 and 3,034,892.
PAR  Each of these dye forming couplers can contain a coupling releasing group
      at the carbon atom of the coupling position thereof. It is desirable that
      the dye forming couplers be nondiffusible.
PAR  The color photographic material of this invention can have, in addition to
      the aforesaid silver halide emulsion layers, auxiliary layers such as a
      protective layer, a filter layer, intermediate layers, an antihalation
      layer, and a backing layer.
PAR  The hydrophilic polymer, particularly gelatin constituting the silver
      halide emulsion layers of the color photographic material of this
      invention can be hardened by various cross linking agents, e.g., an
      inorganic compound such as a chromium salt and a zirconium salt, and an
      aldehyde type cross linking agent as described in Japanese Pat. No.
      1872/1971. Examples of hardening agents which can be employed for this
      purpose are aldehyde compounds such as formaldehyde, glutaraldehyde, etc.;
      ketone compounds such as diacetyl, cyclopentandione, etc.; reactive
      halogen containing compounds such as bis-(2-chloroethyl-urea) and
      2-hydroxy-4,6-dichloro-1,3,5-triazine, as disclosed in U.S. Pat. Nos.
      3,288,775 and 2,732,303, British Pat. Nos. 974,723 and 1,167,207;
      compounds having a reactive olefinic group such as divinylsulfone,
      5-acetyl-1,3-diacryloylhexahydro-1,3,5-triazine, etc., as described in the
      specifications of U.S. Pat. Nos. 3,635,718 and 3,232,763 and British Pat.
      No. 994,869; the N-methylol compounds such as N-hydroxymethylphthalimide,
      etc., as described in the specifications of U.S. Pat. Nos. 2,732,316 and
      2,586,168; the isocyanates as described in the specification of U.S. Pat.
      No. 3,103,437;  the organic carboxylic acid or sulfonic acid derivatives
      as described in the specifications of U.S. Pat. Nos. 2,725,294 and
      2,725,295; the carbodiimide compounds as described in the specification of
      U.S. Pat. No. 3,100,704; the epoxy compounds as described in the
      specification of U.S. Pat. No. 3,091,537; the isooxazole compounds as
      described in the specifications of U.S. Pat. Nos. 3,321,313 and 3,543,292;
      halocarboxyaldehydes such as mucochloric acid; dioxane derivatives such as
      dihydroxydioxane, dichlorodioxane, etc.; and inorganic hardening agents
      such as chromium alum, zirconium sulfate, etc.
PAR  Also, precursors such as, for instance, an alkali metal bisulfite-aldehyde
      addition product, a methylol derivative of hydantoin, and a primary
      aliphatic nitro alcohol can be used instead of the above-described
      compounds as the hardening agent.
PAR  However, particularly useful cross linking agents which can be used in this
      invention are the polyepoxy compounds as described in Japanese Pat. No.
      7133/1959, the poly-(1-aziridinyl) compounds as described in Japanese Pat.
      No. 8790/1962, and the active halogen compounds as described in U.S. Pat.
      Nos. 3,362,827 and 3,325,287.
PAR  In the color photographic materials of this invention, any materials
      usually used as supports for photographic materials can be suitably used.
      For instance, preferred examples of such supports are cellulose ester
      films such as cellulose nitrate films, cellulose acetate films, etc.,
      polyester films such as polyester films, polystyrene films, etc.,
      polyvinyl chloride films, polyvinyl acetal films, polystyrene films,
      polycarbonate films, polyamide films such as nylon films, baryta-coated
      papers, .alpha.-olefin polymer-coated papers, etc.
PAR  The color photographic material of this invention can be used for various
      purposes such as color positive films, color negative films, color
      reversal films, color papers, etc.
PAR  The color photographic material of this invention is imagewise exposed and
      then subjected to conventional color processing steps to obtain a magenta
      image having excellent spectral characteristics and image fastness. The
      main color processing steps are color development, bleach, and fix and if
      desired a wash step can be inserted between the steps.
PAR  A useful color developer which can be used for developing the color
      photographic material of this invention is an alkaline aqueous solution
      containing a color developing agent. Examples of color developing agents
      which can be used in the color developer include conventional primary
      aromatic amine color developing agents such as a phenylenediamine (e.g.,
      N-diethyl-p-phenylenediamine, N-ethyl-N-.beta.-hydroxyethyl
      p-phenylenediamine,
      4-(N-ethyl-N-.beta.-hydroxyethyl)amino-2-methylaniline, 4-(N-ethyl-N-.beta
     .-methylsulfonamidoethyl)amino-2-methylaniline,
      4-(N-ethyl-N-methoxyethyl)-2-methylaniline,
      4-(N,N-diethylamino)-2-methylaniline, and
      N,N-diethylamino-2-ethoxyaniline) and a p-amino-phenol (e.g.,
      4-aminophenol, 2,6-dichloro-4-aminophenol, 2-bromo-4-aminophenol, and
      2,6-diioso-4-aminophenol).
PAR  The color developer can contain further conventional additives such as, for
      instance, an alkali metal sulfite, an alkali metal carbonate, an alkali
      metal bisulfite, a bromide, an iodide, an alkaline buffer, etc.
      Furthermore, if desired, the color developer can contain a dye forming
      coupler, a competitive coupler, an antifoggant, a hardening agent, an
      antioxidant, a thickener, etc.
PAR  Suitable developing agents and developers are disclosed in, for example,
      C.E.K. Mees and T.H. James, The Theory of the Photographic Process, pp.
      294 - 295 (1966), and in U.S. Pat. Nos. 2,592,364; 2,193,015; 3,042,520;
      and 3,241,966, etc.
PAR  The color photographic material of this invention can form a magenta dye
      image having excellent spectral characteristics by color development. A
      feature of this invention is that the present invention particularly
      advantageous in the color reproduction of multi-color photography. Since
      the magenta dye image formed using the color photographic material of this
      invention has quite a high fastness to light, heat, and moisture and has
      less yellowing or print-out caused by the residual coupler in the
      highlight areas, the original image quality can be retained even if the
      processed color photographic material is stored for a long period of time.
      As a result of these excellent features, in the case of employing the
      color photographic material of this invention, stabilization using
      formaldehyde becomes unnecessary and thus the color photographic process
      can be simplified. Furthermore, when the color photographic material of
      this invention is exposed and developed after storing for a long period of
      time, the coupling density thereof is not reduced.
PAR  The color photographic materials of this invention having the aforesaid
      advantages are quite useful in the field of color photography.
DETD
PAR  The invention will be explained in greater detail by reference to the
      following examples. Unless otherwise indicated, all parts, percents,
      ratios and the like are by weight.
PAC  EXAMPLE 1
PAR  A mixture of the components shown in Table 1 below was heated on a steam
      bath to dissolve the components and after adding the solution to 100 ml of
      an aqueous solution containing 10 g of gelatin and 0.5 g of sodium
      dodecylbenzenesulfonate, the mixture was stirred using a homogenizer to
      provide a coupler dispersion. This dispersion was mixed with 200 g of a
      photographic silver halide emulsion containing 11.2 .times. 10.sup.-.sup.2
      mols of silver chlorobromide (containing 50 mol percent silver chloride)
      and 20 g of gelatin and after adding to the mixture 8 ml of a 4% acetone
      solution of 2-hydroxy-4,6-dichloro-s-triazine sodium salt and adjusting
      the pH to 6.5, the resultant mixture was coated on a cellulose triacetate
      film in a dry thickness of 3 microns. Thus, Samples 1 to 12 were prepared.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                  Phenolic                                                     

                        Hydro-                                                 

                              Tricresyl                                        

                                    Ethyl                                      

     Sample                                                                    

          Coupler Compound                                                     

                        quinone                                                

                              Phosphate                                        

                                    Acetate                                    

     __________________________________________________________________________

     1    (A): 9.8g                                                            

                  --    --    14 ml 25 ml                                      

     2    "       Ph-2:2g                                                      

                        --    14 "  30 "                                       

     3    "       --    Hq-1: 1g                                               

                              14 "  30 "                                       

     4    (A): 9.8g                                                            

                  Ph-2: 2g                                                     

                        "     14 "  32 "                                       

     5    Cp-1 : 9.8g                                                          

                  --    --    14 "  25 "                                       

     6    "       Ph-2: 2g                                                     

                        --    14 "  30 "                                       

     7    "       --    Hq-1: 1g                                               

                              14 "  30 "                                       

     8    "       Ph-2: 2g                                                     

                        "     14 "  32 "                                       

     9    Cp-19: 10.4g                                                         

                  --    --    14 "  25 "                                       

     10   "       Ph-6: 1g                                                     

                        --    14 "  30 "                                       

     11   "       --    Hq-3: 1g                                               

                              14 "  30 "                                       

     12   "       Ph-6: 1g                                                     

                        "     14 "  32 "                                       

     __________________________________________________________________________

      (A): Comparison coupler:                                                 

      1-(2,6-dichloro-4-methoxyphenyl)-3-[{(2,4-di-tert-amylphenoxy)butyramido}

     enzamido]-5-pyrazolone.                                                   

PAR  After storing the samples for 5 days at 25.degree.C and a relative humidity
      (RH) of 60%, the samples were exposed through an optical wedge and
      subjected to the following processings;
TBL  Step            Temperature                                               

                                Time                                           

     ______________________________________                                    

     1.   Color Development                                                    

                         30.degree.C                                           

                                    4 min.                                     

     2.   Blix           "          2 min.                                     

     3.   Wash           "          2 min.                                     

     4.   Stabilization  "          2 min.                                     

     ______________________________________                                    

PAR  The compositions of the processing solutions used in the above-described
      process were as follows:
TBL  Color Developer:                                                          

     Sodium Metaborate         25       g                                      

     Sodium Sulfite            2        g                                      

     Hydroxylamine (sulfate)   2        g                                      

     Potassium Bromide         0.5      g                                      

     6-Nitrobenzimidazole (nitrate)                                            

                               0.02     g                                      

     Sodium Hydroxide          4        g                                      

     Benzyl Alcohol            15.8     ml                                     

     Diethylene Glycol         20       ml                                     

     4-(N-Ethyl-N-.beta.-methanesulfonamidoethyl)                              

                               8        g                                      

     amino-2-methylaniline.sesquisulfate                                       

     Water to make             1,000    ml                                     

     Blix Solution:                                                            

     Ferric Salt of Ethylenediamine                                            

                               45       g                                      

     Tetraacetic Acid                                                          

     Ammonium Thiocyanate      10       g                                      

     Sodium Sulfite            10       g                                      

     Aqueous Solution of Ammonium                                              

                               100      ml                                     

     Thisulfate (60%)                                                          

     Tetrasodium Ethylenediamine                                               

                               5        g                                      

     Tetraacetate                                                              

     Water to make             1,000    ml                                     

     Stabilization Solution:                                                   

     Tartaric Acid             10       g                                      

     Zinc Sulfate              10       g                                      

     Sodium Metaborate         20       g                                      

     Water to make             1,000    ml                                     

PAR  After processing, the spectral absorption of the magenta dye images formed
      in Samples 3, 7, and 11 was measured. From the spectral absorption curve
      where the density of the main absorption maximum wave length was 1.0, the
      density (S value) at a 60 .mu. longer wave length side of the main
      absorption wave length, the wave length width (half value width) of a
      density of 0.5, and the density of a secondary absorption in the blue
      region were determined. The results obtained are shown in Table 2.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

                            Secondary                                          

                                  Absorption                                   

                     Half Value                                                

                            Absorption                                         

                                  Maximum Wave                                 

     Sample                                                                    

          Coupler                                                              

               S Value                                                         

                     Width (m.mu.)                                             

                            Density                                            

                                  Length (m.mu.)                               

     __________________________________________________________________________

     3    (A)  0.260 89     0.195 541                                          

     7    1    0.187 79     0.145 541                                          

     11   19   0.175 77     0.136 543                                          

     __________________________________________________________________________

PAR  The results in Table 2 showed clearly that the 3-substituted
      anilino-5-pyrazolone type magenta dye forming couplers used in this
      invention provided magenta dye images having excellent spectral absorption
      characteristics showing a sharply cut absorption curve at the longer wave
      length side and having less undesirable secondary absorptions.
PAR  The fastness of the images and the staining condition at the low density
      portions of the images (highlight portions) in each case when (I) Samples
      1 to 12 thus processed were stored in the dark for one week at
      80.degree.C, (II) the samples were stored in the dark for two weeks at
      60.degree.C and 75% RH, or (III) the samples were exposed for two weeks to
      a day light fluorescent lamp at an illuminance of about 10,000 lux through
      a filter substantially absorbing ultraviolet rays of wave lengths shorter
      than 400 .mu. (Fuji Film Filter UV-400, made by Fuji Photo Film Co., Ltd.)
      were observed. The evaluation of the fastness of image was made by
      measuring the densities of the image at the portions having initial
      densities of 0.5, 1.0, and 2.0 (green light) after the forced
      deterioration test and then calculating the density reduction ratio (%)
      with respect to the initial density. Also, the staining condition was
      evaluated by the density value of the highlight portion of the color image
      measured by blue light after the forced deterioration test. The results
      obtained are shown in Table 3.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Sample                                                                    

          One Week at 80.degree.C                                              

                            Two Weeks at 60.degree.C,75% RH                    

                                               Two Weeks under Fluorescent     

                                               Lamp                            

     Image Fastness     Stain                                                  

                            Image Fastness Stain                               

                                               Image Fastness   Stain          

     Initial Density        Initial Density    Initial Density                 

     0.5       1.0  2.0     0.5  1.0  2.0      0.5   1.0  2.0                  

     __________________________________________________________________________

     1    67   51   4   0.20                                                   

                            24   19   12   0.22                                

                                               73    36   14    0.18           

     2    65   49   4   0.25                                                   

                            20   18   11   0.26                                

                                               42    28   7     0.24           

     3    66   52   3   0.12                                                   

                            23   18   12   0.13                                

                                               60    33   12    0.10           

     4    64   52   4   0.12                                                   

                            22   19   13   0.12                                

                                               38    25   4     0.11           

     5    7    7    3   0.18                                                   

                            7    5    2    0.21                                

                                               42    28   10    0.19           

     6    7    6    3   0.23                                                   

                            7    4    3    0.25                                

                                               10    6    2     0.22           

     7    6    6    4   0.12                                                   

                            8    6    3    0.12                                

                                               34    23   9     0.11           

     8    6    6    3   0.11                                                   

                            7    5    2    0.12                                

                                               8     5    3     0.10           

     9    10   9    0   0.20                                                   

                            11   8    4    0.22                                

                                               49    33   13    0.18           

     10   9    9    1   0.26                                                   

                            12   8    5    0.26                                

                                               13    10   8     0.25           

     11   10   10   0   0.13                                                   

                            12   9    5    0.13                                

                                               39    26   11    0.12           

     12   9    8    1   0.12                                                   

                            11   7    4    0.13                                

                                               12    10   7     0.11           

     __________________________________________________________________________

PAR  As is clear from the results shown in Table 3, when the forced
      deterioration test was conducted at a high temperature of 80.degree.C for
      one week, a remarkable reduction in density was observed at the low image
      density portions in Samples 1 to 4, while the reduction in image density
      was considerably less in Samples 5 to 12. Also, when the forced
      deterioration test was conducted at high temperature and high humidity
      conditions of 60.degree.C and 75% RH for two weeks, the reduction in image
      density was quite less in Samples 5 to 12 as compared with Samples 1 to 4.
      These results showed that the 3-substituted anilino-5-pyrazolone magenta
      dye forming couplers used in this invention could form dye images having
      excellent fastness to heat and moisture.
PAR  The results of the forced deterioration test using a fluorescent lamp, the
      reduction in image density was less in Samples 5 and 9 as compared with
      Sample 1. That is, the magenta dye forming couplers used in this invention
      were also better to some extent in fastness to light of the color images
      formed as compared with the comparison couplers as shown in the table but
      the light fastness of the color images formed from the magenta forming
      couplers of this invention shown in Table 3 was still unsatisfactory.
      However, the light fastness of the color images formed from the magenta
      forming couplers used in this invention was greatly improved by using the
      phenolic compounds of this invention together with the magenta forming
      couplers (Samples 6 and 10). It is astonishing that the improvement of the
      light fastness by the use of the phenolic compound was particularly
      remarkable in the case of using the couplers of this invention as compared
      with the case of using the comparison couplers. Furthermore, as is clear
      from the results shown in Table 3, the formation of stains was reduced
      greatly by using additionally the hydroquinones of this invention together
      with the above components (Samples 8 and 12).
PAR  As is shown above, when the magenta dye forming coupler of this invention
      is used together with the phenolic compound and the hydroquinone of this
      invention, a magenta dye image showing less discoloring and fading by the
      actions of light, heat and moisture and having good spectral absorption
      characteristics is obtained.
PAR  When the aforesaid unexposed samples were stored for 5 months at
      25.degree.C and 60% RH, the change in coupling density of the samples was
      determined. The results obtained are shown in Table 4.
TBL                TABLE 4                                                     

     ______________________________________                                    

     Sample  After Five Days  After Five Months                                

     Gamma        Maximum     Gamma    Maximum                                 

                  Coupling             Coupling                                

                  Density              Density                                 

     ______________________________________                                    

     1       2.57     2.75        2.55   2.71                                  

     2       2.61     2.78        1.32   1.25                                  

     3       2.53     2.77        2.50   2.69                                  

     4       2.60     2.79        2.56   2.73                                  

     5       2.65     2.84        2.61   2.82                                  

     6       2.68     2.79        1.39   1.34                                  

     7       2.63     2.85        2.57   2.81                                  

     8       2.66     2.81        2.63   2.79                                  

     9       2.70     2.89        2.72   2.83                                  

     10      2.72     2.79        1.45   1.55                                  

     11      2.69     2.83        2.68   2.79                                  

     12      2.73     2.86        2.74   2.86                                  

     ______________________________________                                    

PAR  From the results shown in Table 4 above, it was confirmed that when Samples
      2, 6, and 10 were stored for 5 months, a great reduction in the maximum
      coupling density was observed. This shows that some interaction occurred
      between the phenolic compound and the magenta dye forming coupler used for
      improving the light fastness of color images, which results in reducing
      the coupling property or activity of the coupler with the passage of time.
      Such a phenomenon is specific to the phenolic compound used in this
      invention. On the other hand, when the hydroquinone compound of this
      invention was used together with the two components according to this
      invention (Samples 4, 8 and 12), the reduction in such coupling density
      was completely prevented. That is to say, the use of the combination of
      the magenta dye forming coupler, the phenolic compound, and the
      hydroquinone according to the present invention can provide color
      photographic materials which provide color images having the aforesaid
      excellent properties while maintaining the storage stability thereof in an
      unexposed state.
PAC  EXAMPLE 2
PAR  Samples 1 to 12 as described in Example 1 were stored for 5 days or 5
      months at 25.degree.C and 60% RH, then exposed through an optical wedge,
      and then subjected to the following processings:
TBL  Processing     Temperature                                                

                               Time                                            

     ______________________________________                                    

     1.      Color      21.degree.C                                            

                                   12  minutes                                 

             Development                                                       

     2.      Wash       "          30  seconds                                 

     3.      First Fix  "          4   minutes                                 

     4.      Wash       "          4   minutes                                 

     5.      Bleach     "          8   minutes                                 

     6.      Wash       "          4   minutes                                 

     7.      Second Fix "          4   minutes                                 

     8.      Wash       "          6   minutes.                                

     ______________________________________                                    

PAR  The compositions of the processing solutions used in the above processings
      were as follows:
TBL  Color Developer:                                                          

     Sodium Hexametaphosphate 2         g                                      

     Sodium Sulfite (anhydrous)                                                

                              2         g                                      

     Benzyl Alcohol           5         ml                                     

     Sodium Carbonate (monohydrate)                                            

                              27.5      g                                      

     Potassium Bromide        0.5       g                                      

     Hydroxylamine Sulfate    2.5       g                                      

     4-(N-Ethyl-N-.beta.-methylsulfonamidoethyl)                               

                              2.5       g                                      

     amino-2-methylaniline.sesquisulfate                                       

     Water to make            1         l                                      

     Fix Solution:                                                             

     Sodium Thiosulfate (hexahydrate)                                          

                              80        g                                      

     Sodium Sulfite (anhydrous)                                                

                              5         g                                      

     Borax                    6         g                                      

     Glacial Acetic Acid      4         ml                                     

     Potassium Alum           7         g                                      

     Water to make            1         l                                      

     Bleach Solution:                                                          

     Potassium Ferricyanide   100       g                                      

     Potassium Bromide        5         g                                      

     Boric Acid               10        g                                      

     Borax                    5         g                                      

     Water to make            1         l                                      

PAR  The gamma and the maximum coupling density of each sample after processing
      are shown in Table 5.
TBL                TABLE 5                                                     

     ______________________________________                                    

     Sample  After Five Days  After Five Months                                

     Gamma        Maximum     Gamma    Maximum                                 

                  Coupling             Coupling                                

                  Density              Density                                 

     ______________________________________                                    

     1       2.38     2.73        2.35   2.69                                  

     2       2.42     2.76        1.14   1.10                                  

     3       2.37     2.81        2.44   2.72                                  

     4       2.41     2.78        2.38   2.65                                  

     5       2.58     2.80        2.55   2.81                                  

     6       2.59     2.81        1.30   1.23                                  

     7       2.60     2.76        2.49   2.78                                  

     8       2.57     2.82        2.57   2.80                                  

     9       2.61     2.85        2.59   2.83                                  

     10      2.65     2.83        1.39   1.47                                  

     11      2.58     2.87        2.53   2.79                                  

     12      2.66     2.81        2.65   2.77                                  

     ______________________________________                                    

PAR  As is shown in Table 5, when the samples were stored for 5 months, a great
      reduction in the maximum coupling density was observed in Samples 2, 6,
      and 10, while such a defect was completely removed in Samples 4, 8, and
      12, each containing the hydroquinone compound according to the present
      invention. Also, when these samples thus processed were subjected to the
      forced deterioration test as described in Example 1, it was confirmed that
      Samples 8 and 12 which are the color photographic materials of this
      invention kept magenta dye images having excellent spectral absorption
      characteristics.
PAC  EXAMPLE 3
PAR  A paper support having polyethylene layers coated on both surfaces was
      coated with a coating composition prepared by incorporating a yellow
      coupler,
      .alpha.-pivaloyl-.alpha.-(5,5-dimethyl-3-oxazolidinyl)-2-chloro-5-[.alpha.
     -(2,4-di-tert-amylphenoxy)butyramido] acetanilide in a silver chlorobromide
      emulsion (15 mol percent silver chloride) prepared by a halogen conversion
      method to form a blue-sensitive emulsion layer having a dry thickness of 3
      microns (0.58 .times. 10.sup..sup.-3 mol coupler/m.sup.2 and 1.76 .times.
      10.sup..sup.-3 mol silver/m.sup.2). Then, a gelatin intermediate layer
      containing tert-octyl hydroquinone (0.05 g/m.sup.2) was coated on the
      emulsion layer in a dry thickness of 1.5 microns.
PAR  A solution prepared by heating to 60.degree.C a mixture of 3.6 g of the
      magenta dye forming coupler, Cp-3 of this invention, 0.35 g of the
      phenolic compound, Ph-6, 0.3 g of the hydroquinone, Hq-6, 3.0 ml of
      tricresyl phosphate, and 12 ml of ethyl acetate was added to 40 ml of an
      aqueous solution containing 4 g of gelatin and 0.1 g of sodium
      dodecylbenzenesulfonate at 60.degree.C and then the mixture was stirred
      using a homogenizer to provide a coupler dispersion.
PAR  100 g of a silver chlorobromide emulsion (containing 50 mol percent silver
      chloride) (containing 4.7 .times. 10.sup..sup.-2 mol of silver
      chlorobromide and 9 g of gelatin) prepared by a halogen conversion method
      was spectrally sensitized so that it has a sensitization maximum to about
      545 .mu. and was added to the coupler dispersion prepared above. After
      adding 5 ml of a 3% acetone solution of triethylene phosphamide as a
      hardening agent to the above mixture and adjusting the pH of the mixture
      to 6.5, the resultant mixture was coated on the above-prepared gelatin
      intermediate layer in a dry thickness of 3.1 microns to provide a
      green-sensitive silver halide emulsion layer. Then, a gelatin intermediate
      layer containing
      2-(2-hydroxy-3-tert-butyl-5-methylphenyl)-5-chlorobenzotriazole (0.4
      g/m.sup.2), 2-(2-hydroxy-3-tert-butylphenyl)benzotriazole (0.4 g/m.sup.2),
      and 2,5-di-tert-octylhydroquinone (0.1 g/m.sup.2) was formed on the silver
      halide emulsion layer in a dry thickness of 2.3 microns.
PAR  A silver chlorobromide emulsion (containing 40 mol percent silver bromide)
      prepared by a halogen conversion method was spectrally sensitized so that
      the emulsion had the sensitization maximum at about 685 .mu. and then
      after adding to the emulsion a cyan dye forming coupler,
      2-[.alpha.-(2,4-di-tert-amylphenoxy)butyramido]-4,6-dichloro-5-methylpheny
     l, the coating composition thus prepared was coated on the intermediate
      layer in a dry thickness of 2.5 microns as a red-sensitive emulsion layer
      (0.45 .times. 10.sup..sup.-3 mol coupler/m.sup.2 and 1.35 .times.
      10.sup..sup.-3 mol silver/m.sup.2). Then, a gelatin solution was coated
      thereon in a dry thickness of 1 micron as a surface protective layer.
      Thus, a multilayer multicolor photographic material (Sample 13) was
      prepared.
PAR  The same procedure as in preparing Sample 13 was repeated without adding
      Ph-6 and Hq-6 to the green-sensitive emulsion layer to provide Sample 14,
      without adding Ph-6 to the green-sensitive emulsion layer to provide
      Sample 15, and without adding Hq-6 to the green-sensitive emulsion layer
      to provide Sample 16.
PAR  Each of the samples thus prepared was stored for 5 days at 25.degree.C and
      60% RH, exposed using an optical wedge through each of red, green, and
      blue filters, and developed as described in Example 1. Then, after the
      samples thus processed were exposed to a fluorescent lamp of about 10,000
      lux for two weeks, the light fastness of the color images and the
      occurrence of stains at the low density portions of the color images were
      observed. The evaluation of the light fastness of the magenta dye images
      was conducted by measuring the densities of the portions having initial
      densities (green light) of 0.5, 1.0, and 2.0 after the fading test and
      then calculating the density reduction ratio(%) with respect to the
      initial densities. Also, the staining condition was determined by the
      density value at the highlight portion measured by blue light after the
      fading test. These results are shown in Table 6.
TBL                                    TABLE 6                                 

     __________________________________________________________________________

              Phenolic                                                         

                   Hydro-                                                      

                        Image Fastness                                         

     Sample                                                                    

         Coupler                                                               

              Compound                                                         

                   quinone                                                     

                        Initial Density                                        

                                       Stain                                   

                        0.5  1.0  2.0                                          

     __________________________________________________________________________

     13  Cp-3 Ph-6 Hq-6 9    7    5    0.11                                    

     14  Cp-3 --   --   45   28   15   0.23                                    

     15  Cp-3 --   Hq-6 35   22   12   0.12                                    

     16  Cp-3 Ph-6 --   10   7    5    0.25                                    

     __________________________________________________________________________

PAR  In addition, substantially no differences existed in the light fastness of
      the yellow dye images and the cyan dye images among Samples 13 to 16 -
      density reduction ratio of the yellow dye images was 5%, 4%, and 3%,
      respectively (each of the initial densities were 0.5, 1.0, and 2.0), and
      the density reduction ratio of the cyan dye images was 10%, 8%, and 5%,
      respectively (each of the initial densities was 0.5, 1.0, and 2.0).
PAR  As is clear from the results shown in Table 6, in Sample 13 which is a
      color photographic material of this invention, the magenta dye image had
      excellent light fastness, the yellow dye image and the cyan dye image had
      good balanced light fastness, and the formation of stains was quite less.
PAR  After storing Samples 13 to 16 for 5 months at 25.degree.C and 60% RH, the
      samples were exposed and developed as in the above described procedure,
      the maximum density of the magenta dye images thus obtained was measured,
      and the results obtained are shown in Table 7 as the ratio to the maximum
      density of the magenta dye images of samples which were stored for 5 days.
TBL                TABLE 7                                                     

     ______________________________________                                    

     Sample     Change (%) in Maximum Density                                  

     ______________________________________                                    

     13         99                                                             

     14         98                                                             

     15         101                                                            

     16         58                                                             

     ______________________________________                                    

PAR  From the above results in Table 7, it can be understood that the reduction
      in the maximum density based on the presence of the phenolic compound
      during storage (Sample 16) could be substantially completely prevented by
      using together the hydroquinone of this invention (Sample 13).
PAC  EXAMPLE 4
PAR  A coupler dispersion was prepared in the same way as in the case of
      preparing Sample 8 in Example 1 using the magenta dye forming coupler (1.4
      .times. 10.sup..sup.-2 mol), the phenolic compound, and the hydroquinone
      shown in Table 8, mixed with a silver halide emulsion, and the mixture was
      coated on a cellulose triacetate film. Thus, Samples 17 to 30 were
      prepared.
PAR  The samples were stored for 5 days at 25.degree.C and 60% RH, exposed
      through an optical wedge, and developed as described in Example 2 except
      that the color development was conducted for 14 minutes and the
      composition of the color developer as shown below was employed in this
      case.
TBL  ______________________________________                                    

     Color Developer:                                                          

     4-(N,N-Diethylamino)-2-methylaniline                                      

                              2.5      g                                       

     hydrochloride                                                             

     Sodium Sulfite (anhydrous)                                                

                              10       g                                       

     Sodium Carbonate (monohydrate)                                            

                              47       g                                       

     Potassium Bromide        2        g                                       

     Water to make            1        l                                       

     ______________________________________                                    

PAR  The main absorption wave lengths of the magenta dye images thus formed are
      shown in Table 8.
PAR  Also, the samples as described above were stored for 6 months at
      25.degree.C and 60% RH and exposed and processed as described above. The
      maximum density of the magenta dye image thus obtained was measured and is
      shown in Table 8 as the ratio (%) to the maximum density of the magenta
      dye image formed in the sample stored for 5 days.
TBL                                    TABLE 8                                 

     __________________________________________________________________________

                           Main Absorp-                                        

                                   Change in                                   

              Phenolic                                                         

                    Hydroquinone                                               

                           tion Wave                                           

                                   Maximum                                     

     Sample                                                                    

         Coupler                                                               

              Compound                                                         

                    Compound                                                   

                           Length (m.mu.)                                      

                                   Density (%)                                 

     __________________________________________________________________________

     17  Cp-5 Ph-2,2g                                                          

                    Hq-6,1g                                                    

                           545     100                                         

     18  Cp-6 Ph-7,2g                                                          

                    Hq-4,1g                                                    

                           545     96                                          

     19  Cp-7 Ph-9,2g                                                          

                    Hq-11,1g                                                   

                           545     98                                          

     20  Cp-8 Ph-6,1g                                                          

                    Hq-6,1g                                                    

                           544     99                                          

     21  Cp-9 Ph-4,2g                                                          

                    Hq-15,1g                                                   

                           544     98                                          

     22  Cp-11                                                                 

              Ph-13,1g                                                         

                    Hq-8,1g                                                    

                           544     98                                          

     23  Cp-12                                                                 

              Ph-8,2g                                                          

                    Hq-7,1g                                                    

                           540     95                                          

     24  Cp-13                                                                 

              Ph-3,3g                                                          

                    Hq-5,1g                                                    

                           537     97                                          

     25  Cp-15                                                                 

              Ph-6,1g                                                          

                    Hq-6,1g                                                    

                           543     98                                          

     26  Cp-16                                                                 

              Ph-7,2g                                                          

                    Hq-2,1g                                                    

                           542     96                                          

     27  CP-18                                                                 

              PH-6,1g                                                          

                    Hq-6,1g                                                    

                           547     101                                         

     28  Cp-20                                                                 

              Ph-4,2g                                                          

                    Hq-3,1g                                                    

                           545     99                                          

     29  Cp-21                                                                 

              Ph-6,2g                                                          

                    Hq-1,2g                                                    

                           545     98                                          

     30  Cp-22                                                                 

              Ph-6,1g                                                          

                    Hq-6,1g                                                    

                           542     98                                          

     __________________________________________________________________________

PAR  As is clear from the results in Table 8, when the color photographic
      materials of this invention were stored for a long period of time,
      substantially no reduction in coupling density resulted and good magenta
      dye images were obtained.
PAC  EXAMPLE 5
PAR  Samples 8 and 12 as described in Example 1, Samples 18, 23, and 25 as
      described in Example 4, and Sample 13 as described in Example 3 were
      stored for 5 days at 25.degree.C and 60% RH, exposed through an optical
      wedge (using a green filter for Sample 13 only), and processed as
      described in Example 1 except that the processing temperature was
      increased to 38.degree.C, the color development was conducted for 3
      minutes, and a color developer having the composition as shown below was
      employed.
TBL  ______________________________________                                    

     Color Developer:                                                          

     Sodium Hydroxide         2       g                                        

     Sodium Sulfite           2       g                                        

     Potassium Bromide        0.4     g                                        

     Sodium Chloride          1       g                                        

     Borax                    4       g                                        

     Hydroxylamine Sulfate    2       g                                        

     Ethylenediamine Tetraacetic Acid                                          

                              2       g                                        

     4-(N-Ethyl-N-.beta.-hydroxyethylamino)-                                   

                              4       g                                        

     2-methylaniline.Sesquisulfate                                             

     (monohydrate)                                                             

     Water to make            1       l                                        

     ______________________________________                                    

PAR  The main absorption wave length of the magenta dye image thus formed is
      shown in Table 9.
PAR  Also, each sample was stored for 6 months at 25.degree.C and 60% RH,
      exposed and processed as described above, and the maximum density of the
      magenta dye image thus formed was measured. The maximum density is also
      shown in Table 9 as the ratio (%) to the maximum density of the magenta
      dye image of the sample stored for 5 days.
TBL                TABLE 9                                                     

     ______________________________________                                    

            Main Absorption                                                    

                           Chanage in Maximum                                  

     Sample Wave Length (m.mu.)                                                

                           Density (%)                                         

     ______________________________________                                    

      8     545            98                                                  

     12     548            101                                                 

     18     545            96                                                  

     23     541            96                                                  

     25     548            95                                                  

     13     545            100                                                 

     ______________________________________                                    

PAR  As is clear from the results shown in Table 9, it can be understood that
      when the color photographic materials of this invention were stored for a
      long period of time, the coupling density was substantially not reduced
      and good magenta dye images were obtained.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color photographic material comprising at least one silver halide
      emulsion layer containing a magenta dye forming coupler comprising a
      3-anilino-5-pyrazolone type coupler having a hydrophobic ballast group on
      the aromatic nucleus of the anilino group contained in combination with a
      phenolic compound containing an ether bond at the 4-position and having
      the ability to improve the light fastness of the magenta dye image formed
      by the coupling reaction of said magenta dye forming coupler with the
      oxidation produce of an aromatic primary amine color developing agent and
      a nucleus-substituted hydroquinone, wherein said magenta dye forming
      coupler is represented by the general formula (I)
      ##SPC30##
PAL  wherein X represents an alkyl group, an aryl group, an alkoxy group, an
      aryloxy group, an N-substituted amino group, an amido group, a halogen
      atom, a hydroxyl group, a cyano group, or a nitro group; Y represents an
      aryl group or a heterocyclic group; Z represents a hydrogen atom or a
      coupling releasable group which is releasable from the active carbon at
      the coupling position of said coupler when the coupler couples with the
      oxidation product of an aromatic primary amine color developing agent; W
      represents a hydrophobic ballast group; and V represents a hydrogen atom
      or a group as defined for X or W; and wherein said phenolic compound is
      represented by the general formulae (III-a), (III-b) or (III-c):
      ##SPC31##
PAL  wherein R.sub.1 represents an alkyl group, an aryl group, an aralkyl group,
      or a terpenyl group; and R.sub.2, R.sub.3 and R.sub.4, which may be the
      same or different, each represents a hydrogen atom, an alkyl group, an
      alkoxy group, an aryl group, an aryloxy group, an aralkyl group, an
      aralkoxy group, an alkenyl group, an alkenoxy group, an acylamino group,
      or a halogen atom;
      ##SPC32##
PAL  wherein R.sub.2, R.sub.3 and R.sub.4, which may be the same or different,
      each represents a hydrogen atom, an alkyl group, an alkoxy group, an aryl
      group, an aryloxy group, an aralkyl group, an aralkoxy group, an alkenyl
      group, an alkenoxy group, an acylamino group, or a halogen atom; and A
      represents the non-metallic atoms necessary for forming a 5-membered ring
      or a 6-membered ring together with the
      ##EQU8##
      moiety; or
      ##SPC33##
PAL  wherein R.sub.2 and R.sub.4, which may be the same or different, each
      represents a hydrogen atom, an alkyl group, an alkoxy group, an aryl
      group, an aryloxy group, an aralkyl group, an aralkoxy group, an alkenyl
      group, an alkenoxy group, an acylamino group, or a halogen atom.
NUM  2.
PAR  2. A color photographic material comprising a support having thereon at
      least one silver halide emulsion layer containing
PA1  a. A 3-anilino-5-pyrazolone type magenta dye forming coupler having a
      hydrophoblic ballast group on the aromatic nucleus of the anilino group,
PA1  b. a phenolic compound having an ether bond at the 4-position and having
      the ability to improve the light fastness of the magenta dye image formed
      by the coupling of said magenta dye forming coupler with the oxidation
      product of an aromatic primary amine color developing agent, and
PA1  c. a nucleus-substituted hydroquinone, wherein said magenta dye forming
      coupler is represented by the general formula
      ##SPC34##
PAL  wherein X represents an alkyl group, an aryl group, an alkoxy group, an
      aryloxy group, an N-substituted amino group, an amido group a halogen
      atom, a hydroxyl group, a cyano group, or a nitro group; Y represents an
      aryl group or a heterocyclic group; Z represents a hydrogen atom or a
      coupling releasable group which is releasable from the active carbon at
      the coupling position of said coupler when the coupler couples with the
      oxidation product of an aromatic primary amino color developing agent; W
      represents a hydrophobic ballast group; and V represents a hydrogen atom
      or a group as defined for X or W; wherein said phenolic compound is
      represented by the general formulae (III-a), (III-b) or (III-c):
      ##SPC35##
PAL  wherein R.sub.1 represents an alkyl group, an aryl group, an aralkyl group,
      or a terpenyl group; and R.sub.2, R.sub.3 and R.sub.4, which may be the
      same or different, each represents a hydrogen atom, an alkyl group, an
      alkoxy group, an aryl group, an aryloxy group, an aralkyl group, an
      aralkoxy group, an alkenyl group, an alkenoxy group, an acylamino group,
      or a halogen atom;
      ##SPC36##
PAL  wherein R.sub.2, R.sub.3 and R.sub.4, which may be the same or different,
      each represents a hydrogen atom, an alkyl group, an alkoxy group, an aryl
      group, an aryloxy group, an aralkyl group, an aralkoxy group, an alkenyl
      group, an alkenoxy group, an acylamino group, or a halogen atom; and A
      represents the non-metallic atoms necessary for forming a 5-membered ring
      or a 6-membered ring together with the
      ##EQU9##
      moiety; or
      ##SPC37##
PAL  wherein R.sub.2 and R.sub.4, which may be the same or different, each
      represents a hydrogen atom, an alkyl group, an alkoxy group, an aryl
      group, an aryloxy group, an aralkyl group, an aralkoxy group, an alkenyl
      group, an alkenoxy group, an acylamino group, or a halogen atom and
      wherein said nucleus-substituted hydroquinone is represented by the
      general formula (IV)
      ##SPC38##
PAL  wherein R.sub.5 represents an alkyl group, an aryl group, and alkoxy group,
      an aryloxy group, a carbamoyl group, a sulfamoyl group, an acyl group, an
      alkoxycarbonyl group, or an aryloxycarbonyl group; Q represents a hydrogen
      atom or a halogen atom; and n is an integer of 1 to 4.
NUM  3.
PAR  3. The color photographic material as set forth in claim 1, in which said
      magenta dye forming coupler is represented by the general formula (II)
      ##SPC39##
PAL  wherein W represents a hydrophobic ballast group; Z represents a hydrogen
      atom or a coupling releasable group; X.sub.1 represents an alkyl group
      having 1 to 4 carbon atoms, an alkoxy group having 1 to 4 carbon atoms, a
      halogen atom, a hydroxyl group, a cyano group, or a nitro group; Y.sub.1
      represents a halogen atom, an alkoxy group, an alkyl group, a carboxyl
      group, an alkoxycarbonyl group, a nitro group, an aryloxy group, a cyano
      group, or an acylamino group; and Y.sub.2 and Y.sub.3, which may be the
      same or different, each represents a hydrogen atom or a group as defined
      for Y.sub.1.
NUM  4.
PAR  4. The color photographic material as set forth in claim 3, wherein X.sub.1
      is a halogen atom.
NUM  5.
PAR  5. The color photographic material as set forth in claim 2, in which
      R.sub.5 represents a straight chain or branch chain alkyl group or an
      aralkyl group; Q is a hydrogen atom, and the total number of carbon atoms
      in the R.sub.5 group or R.sub.5 groups is 8 or more.
NUM  6.
PAR  6. The color photographic material as set forth in claim 1 wherein X is an
      alkyl group.
NUM  7.
PAR  7. The color photographic material as set forth in claim 1 wherein X is a
      halogen atom.
NUM  8.
PAR  8. The color photographic material as set forth in claim 5 wherein X is
      chlorine.
NUM  9.
PAR  9. The color photographic material as set forth in claim 1 wherein X is
      alkoxy.
NUM  10.
PAR  10. The color photographic material as set forth in claim 2 wherein X is an
      alkyl group.
NUM  11.
PAR  11. The color photographic material as set forth in claim 2 wherein X is a
      halogen atom.
NUM  12.
PAR  12. The color photographic material as set forth in claim 11 wherein X is
      chlorine.
NUM  13.
PAR  13. The color photographic material as set forth in claim 2 wherein X is
      alkoxy.
NUM  14.
PAR  14. The color photographic material as set forth in claim 3 wherein X.sub.1
      is an alkyl group.
NUM  15.
PAR  15. The color photographic material as set forth in claim 4 wherein X.sub.1
      is chlorine.
NUM  16.
PAR  16. The color photographic material as set forth in claim 3 wherein X.sub.1
      is alkoxy.
NUM  17.
PAR  17. The color photographic material as set forth in claim 1, wherein Z is
      hydrogen.
NUM  18.
PAR  18. The color photographic material as set forth in claim 1, wherein Z is
      selected from the group consisting of a thiocyano group, an acyloxy group,
      an aryloxy group, an aralkyloxycarbonyloxy group, an alkyloxycarbonyloxy
      group, a halogen atom, an arylazo group, a 2-aryltriazolyl group, and
      alkylthio group, an arylthio group, a heterothio group, a cycloalkylthio
      group, a cycloalkoxy group and an N-heterocyclic group.
NUM  19.
PAR  19. The color photographic material as set forth in claim 1, wherein Z is
      selected from the group consisting of an acetoxy group, a dodecanoyloxy
      group, an octadecanoyloxy group, a 3-pentadecylphenoxyacetoxy group, a
      benzoyloxy group, a .beta.-naphthoyloxy group, a
      3-[.gamma.-(2,4-di-t-amylphenoxy)-butylamido] benzoyloxy group, a phenoxy
      group, a p-chlorophenoxy group, a p-nitrophenoxy group, a naphthoxy group,
      a benzyloxycarbonyloxy group, an ethyloxycarbonyloxy group, a chlorine
      atom, a bromine atom, a fluorine atom, a phenylazo group, a
      hydroxyphenylazo group, a chlorophenylazo group, a methylphenylazo group,
      a methoxyphenylazo group, a naphthylazo group, a 2-benzotriazolyl group, a
      2-naphthoazolyl group, an alkylthio group having 4 to 10 carbon atoms, a
      phenylthio group, a naphthylthio group, a 2-benthiazolylthio group, a
      1-phenyl-5-tetrazolylthio group, a 2-benzoxazolylthio group, a
      2-benzimidazolylthio group, a 5-phenyl-1,3,4-oxadiazolyl-2-thio group, a
      cyclohexylthio group, a cyclohexyloxy group, a phthalimido group, a
      1,2,3,4-tetra-hydroisoquinolyl group, a piperidinyl group, a imidazolyl
      group, and a 5,5'-dimethyl-3-hydantoinyl group.
NUM  20.
PAR  20. The color photographic material as set forth in claim 2, wherein Z is
      hydrogen.
NUM  21.
PAR  21. The color photographic material as set forth in claim 2, wherein Z is
      selected from the group consisting of a thiocyano group, an acyloxy group,
      an aryloxy group, an aralkyloxycarbonyloxy group, an alkyloxycarbonyloxy
      group, a halogen atom, an arylazo group, a 2-aryltriazolyl group, an
      alkylthio group, an arylthio group, a heterothio group, a cycloalkylthio
      group, a cycloalkoxy group and an N-heterocyclic group.
NUM  22.
PAR  22. The color photographic material as set forth in claim 2, wherein Z is
      selected from the group consisting of an acetoxy group, a dodecanoyloxy
      group, an octadecanoyloxy group, a 3-pentadecylphenoxyacetoxy group, a
      benzoyloxy group, a .beta.-naphthoyloxy group, a
      3-[.gamma.-(2,4-di-t-amylphenoxy)-butylamido] benzoyloxy group, a phenoxy
      group, a p-chlorophenoxy group, a p-nitrophenoxy group, a naphthoxy group,
      a benzyloxycarbonyloxy group, an ethyloxycarbonyloxy group, a chlorine
      atom, a bromine atom, a fluorine atom, a phenylazo group, a
      hydroxyphenylazo group, a chlorophenylazo group, a methylphenylazo group,
      a methoxyphenylazo group, a naphthylazo group, a 2-benzotriazolyl group, a
      2-naphthoazolyl group, an alkylthio group having 4 to 10 carbon atoms, a
      phenylthio group, a naphthylthio group, a 2-benzthiazolylthio group, a
      1-phenyl-5-tetrazolylthio group, a 2-benzoxazolylthio group, a
      2-benzimidazolylthio group, a 5-phenyl-1,3,4-oxadiazolyl-2-thio group, a
      cyclohexylthio group, a cyclohexyloxy group, a phthalimido group, a
      1,2,3,4-tetra-hydroisoquinolyl group, a piperidinyl group, an imidazoly
      group and a 5,5'-dimethyl-3-hydrantoinyl group.
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ABST
PAL  Photographic silver halide emulsions are prepared which have their
      sensitivity increased by the addition of at least one macrocyclic
      polyamine, a salt, or a metal chelate thereof, said macrocyclic polyamine
      having the formula
EQU  --(NH -- (CH.sub.2).sub.n).sub.m --
PAL  Where m is 4-7 and each n is independently 2-5.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to chemically sensitized photographic silver halide
      emulsions and to photographic elements comprising a support having a
      light-sensitive layer coated from said emulsions. One aspect of this
      invention relates to sensitizing negative-working silver halide emulsions
      with at least one macrocyclic polyamine or a chelate with a metal taken
      from the group consisting of iron, nickel, copper, rhodium and thallium.
      Another aspect of this invention relates to sensitizing a direct positive,
      silver halide emulsion with at least one macrocyclic polyamine or metal
      chelate thereof. The photographic emulsion sensitization according to this
      invention is generally applicable to negative-working and positive-working
      silver halide developing out emulsions.
PAR  2. Description of the Prior Art
PAR  Chemical sensitizers, as distinguished from optical sensitizers, are
      frequently used to enhance the sensitivity of silver halide emulsions.
      Compounds known to be useful as chemical sensitizers include, for example,
      the polyoxyalkylene compounds, sulfur compounds, and salts of noble
      metals, e.g., gold, platinum, etc.
PAR  This invention relates to adding macrocyclic polyamines to silver halide
      emulsions as chemical sensitizers. Many macrocyclic amines of the
      invention are known. These compounds and methods of preparing them and
      their salts and metal chelates are described in the following prior art
      and literature references, which are incorporated herein by reference: N.
      F. Curtis, Coord. chem. Rev. 3, 3 (1968), D. C. Olson and J. Vasilevskis,
      Inorg. Chem. 8, 1611 (1969), L. G. Warnes et al, J. Am. Chem. Soc., 90:25,
      6938 (1968), N. F. Curtis et al, J. Chem. Soc., 1015 (1966), L. G. Warner
      and D. H. Busch, J. Am. Chem. Soc., 91:15, 4092 (1969), M. M. Blight and
      N. F. Curtis, J. Chem. Soc. 3, 3016 (1962), D. C. Olson and J.
      Vasilevskis, Inorg. Chem. 10, 463 (1971), N. F. Curtis, J. Chem. Soc.,
      2644 (1964), M. O. Kestner and A. L. Allred, J. Am. Chem. Soc., 94:20,
      7189 (1972), B. Bosnick et al, Inorg. Chem. 4, 1102 (1965), G. A.
      Kalligeros and E. L. Bluin, Inorg. Chem. 11, 1145 (1972), H. Stetter and
      K. H. Mayer, Chem. Ber., 94, 1410 (1961), J. P. Collman and P. W.
      Schneider, Inorg. Chem., 5, 1380 (1966); and U.S. patent application
      Docket No. CR-7505, filed Oct. 4, 1973 by J. E. Richman. While preparation
      of macrocyclic amines is described in these references, silver halide
      emulsions containing these compounds have not been known.
PAC  SUMMARY OF THE INVENTION
PAR  The subject of this invention is a colloid-silver halide emulsion of the
      developing out type sensitized by adding a sensitizing amount of a
      macrocyclic polyamine or a salt or metal chelate thereof.
PAR  The macrocyclic polyamines of the invention have the formula:
EQU  -- (NH -- (CH.sub.2).sub.n).sub.m --
PAL  Where m is 4-7 and each n is independently 2-5.
PAL  Also included are the salts of the above amines and chelates with metals of
      groups Ib, IIIa, and VIII of the Periodic Table, in particular complexes
      of the aforesaid polyamines with iron, nickel, copper, rhodium or thallium
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The macrocyclic polyamines and their metal chelates may be used to
      sensitize a wide variety of negative-working and positive-working,
      developing out, silver halide emulsions including radiographic emulsions,
      seismographic emulsions, paper emulsions including variable contrast
      elements, and graphic arts emulsions such as those used in lithographic
      films and direct positive reversal films to name a few.
PAR  The method of adding the novel macrocyclic polyamine sensitizers is not
      critical and they may be added during or after the precipitation of silver
      halides, during Ostwald ripening during the digestion period, or as a
      final addition before coating. The concentration of the novel sensitizers
      is not critical and may be varied over a wide range depending upon the
      intended purpose. Good sensitization is usually achieved when the
      macrocyclic polyamine compounds are added in quantities of from 3 .times.
      10.sup.-.sup.9 gram to 0.3 gram per 1.5 moles of the silver nitrate used
      to precipitate the silver halide. It will be found, of course, that
      certain of the polyamine compounds are more effective than others when
      used in equivalent amounts and the proper quantity to be used will depend
      upon the particular macrocyclic polyamine or metal chelate or acid salt
      thereof, the type of emulsion and the degree of sensitization desired.
PAR  Among the macrocyclic polyamines, metal chelates or acid salts thereof as
      defined above, the following have been found to be particularly useful.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     MACROCYCLIC POLYAMINES, SALTS, AND METAL CHELATES                         

     Compound                                                                  

            Structural Formula            Name                                 

     __________________________________________________________________________

     I                                    "cyclen", or                         

                                          1,4,7,10-tetra-                      

                                          azacyclo-                            

                                          dodecane                             

     II                                   copper.sup.II                        

                                          chloride                             

                                          cyclen                               

                                          chelate                              

     III                                  Nickel.sup.II                        

                                          chloride                             

                                          cyclen                               

                                          chelate                              

     IV                                   Iron.sup.III                         

                                          chloride                             

                                          cyclen                               

                                          chelate                              

     V                                    Thallium.sup.III                     

                                          nitrate                              

                                          cyclen                               

                                          chelate                              

     VI                                   Rhodium.sup.III                      

                                          chloride                             

                                          cyclen                               

                                          chelate                              

     VII                                  Cyclen tetra-                        

                                          hydro-                               

                                          chloride                             

     VIII                                 "isocyclam"                          

                                          tetra-                               

                                          hydro-                               

                                          chloride                             

     IX                                   "cyclam"                             

                                          1,4,8,11-                            

                                          tetraaza-                            

                                          cyclotetra-                          

                                          decane                               

                                          tetra-                               

                                          hydro-                               

                                          chloride                             

     X                                    1,4,7,10,13-                         

                                          penta aza-                           

                                          cyclopenta                           

                                          decane                               

                                          penta-                               

                                          hydro-                               

                                          chloride                             

     XI                                   1,4,7,10,                            

                                          16-hexa-                             

                                          azacyclo                             

                                          octadecane                           

                                          trisulfuric                          

                                          acid                                 

     XII                                  1,4,9,12,15,                         

                                          20-hexaaza-                          

                                          cyclodocosane                        

                                          hexahydro-                           

                                          chloride                             

     XIII                                 1,4,7,13,16                          

                                          19-hexaaza-                          

                                          cyclotetracosane                     

                                          hexahydrochloride                    

     XIV                                  1,4,7,10,13,                         

                                          16-hexaaza-                          

                                          cycloocta-                           

                                          decane hexa-                         

                                          hydrochloride                        

     XV                                   1,4,7,10,13,                         

                                          16-hexaaza-                          

                                          cycloocta-                           

                                          decane                               

                                          copper                               

                                          chloride                             

                                          chelate                              

     XVI                                  1,4,7,10-tetra-                      

                                          azacyclotridecane                    

                                          tetradihydro-                        

                                          sulfate                              

     XVII                                 1,4,7,10,13,16,19                    

                                          heptaazacyclohene                    

                                          sane heptahydro-                     

                                          chloride                             

     __________________________________________________________________________

PAC  EXAMPLE I
PAR  Five high-speed negative-working gelatino-silver iodobromide emulsions
      containing 1.6 mole % silver iodide and 98.4% mole % silver bromide were
      made by rapidly pouring a solution containing 1.5 mole of silver nitrate
      and 3 moles of ammonia into gelatin solutions containing 1.5 moles of an
      appropriate mixture of potassium bromide and potassium iodide and 0.03
      gram of each of the compounds number I-IV above. The fifth emulsion was
      used as a control. The emulsions were ripened for 5 minutes at
      135.degree.F. and then they were neutralized with acetic acid. The
      resulting emulsions were colled, coagulated, washed, and redispersed in
      the manner disclosed in Moede, U.S. Pat. No. 2,772,162 issued Nov. 27,
      1956.
PAR  Bulking gelatin was added to the emulsions and the temperature raised to
      110.degree.F. The pH was adjusted to 6.5 and the emulsions were heated to
      125.degree.F. Conventional gold and sulfur sensitizers were added to the
      emulsions and they were then digested for 60 minutes at 125.degree.F. The
      pH of the emulsions was adjusted to 5.5, coating aids, including gelatin
      hardeners, were added and the resulting emulsions were coated on a
      suitable photographic film support and dried in a conventional manner as
      is practiced in the art.
PAR  Strips of the coated emulsions were exposed through a .sqroot.2 step wedge
      at 10.sup.-.sup.6 seconds in an Edgerton, Germeshausen and Greer flash
      tube sensitometer Mark VII which is equivalent to 29 meter-candle-seconds
      and developed for 11/2 minutes at 80.degree.F. in a commercial
      hydroquinone-formaldehyde developer, immersed in a short stop bath and
      fixed in a conventional fixing solution. The strips were washed and dried
      and densities were read on a conventional densitometer. The results are
      shown in the following table.
TBL                TABLE II                                                    

     ______________________________________                                    

     Coating                                                                   

            Compound                                                           

     No.    Added    Fog     D.sub.max                                         

                                   Speed (Dens. = 1.0)                         

     ______________________________________                                    

     1      I        .02     2.21  200                                         

     2      II       .02     1.97  132                                         

     3      III      .02     2.32  200                                         

     4      IV       .07     2.92  400                                         

     5      Control- .02     1.98  100                                         

            None                                                               

     ______________________________________                                    

PAR  The data show that the macrocyclic polyamine,
      1,4,7,10-tetraazacyclododecane and its copper, nickel and iron chelates
      act as sensitizers in a silver iodobromide emulsion system.
PAC  EXAMPLE II
PAR  Gelatino-silver iodobromide emulsions were prepared as described in Example
      I except that to the four gelatin solutions containing potassium bromide
      and potassium iodide there was added per 1.5 moles of silver nitrate 1.83
      .times. 10.sup.-.sup.4 mole quantities of compound I above, rhodium
      chloride, compound VI above and rhodium chloride plus compound I
      respectively. All other conditions of digestion, coating and drying were
      the same as in Example I.
PAR  Strips of the coated emulsions were exposed in a sensitometer equivalent to
      4470 meter-candle-seconds and developed in 2 minutes at 68.degree.F in a
      conventional metol-hydroquinone developer and fixed, washed and dried.
      Sensitometric data are shown in the following table.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Coating             Speed  Gamma                                          

     No.  Additive                                                             

                 Fog D.sub.max                                                 

                         (D = 1.0)                                             

                                (D = 0.5 to 1.5)                               

     __________________________________________________________________________

     1    Control-                                                             

                 .03 2.08                                                      

                         100    1.85                                           

          None                                                                 

     2    Compound I                                                           

                 .03 2.48                                                      

                         165    1.96                                           

     3    Rhodium                                                              

          Chloride                                                             

                 .03  21 --     --                                             

     4    Compound                                                             

          VI     .04 3.21                                                      

                         130    2.26                                           

     5    Compound I                                                           

          + Rhodium                                                            

          Chloride                                                             

                 .02  .67                                                      

                         --     --                                             

     __________________________________________________________________________

PAR  The data indicate that 1,4,7,10-tetraazacyclododecane and its rhodium
      chelate are active sensitizers. Rhodium chloride alone causes
      desensitization of the emulsion, but 1,4,7,10-tetraazacyclododecane
      improves response even in the presence of rhodium chloride.
PAC  EXAMPLE III
PAR  Two emulsions were made as described in Example I. To the gelatin solutions
      of potassium bromide and potassium iodide used to form the silver halides
      of one emulsion there was added 0.3 gram per 1.5 moles of silver nitrate
      of compound VII above. The emulsions were otherwise handled as in Example
      I but exposed as described in Example II. The following sensitometric data
      show the sensitizing effect of compound VII:
TBL                TABLE IV                                                    

     ______________________________________                                    

     Coat-                                 Gamma                               

     ing                          Speed    (Dens.=0.5                          

     No.   Additive Fog     D.sub.max                                          

                                  (Dens.=10)                                   

                                           to 1.5)                             

     ______________________________________                                    

     1     None-    .03     3.36  100      2.33                                

           Control                                                             

     2     Compound                                                            

           VII      .04     3.11  142      3.85                                

     ______________________________________                                    

PAC  EXAMPLE IV
PAR  Three emulsions were made as described in Example I. One emulsion was used
      as a control. A second emulsion contained 0.1 gram per 1.5 moles of silver
      nitrate of Compound IV introduced as a final addition just before coating,
      and a third emulsion contained 0.02 gram per 1.5 moles of silver nitrate
      of compound IV which had been added to the gelatin solution containing
      potassium bromide and potassium iodide just prior to precipitation of the
      silver halides. All other conditions of handling and testing were carried
      out as described in Example II. In addition strips were tested fresh and
      after oven aging of seven days at a temperature of 120.degree.F. and a
      relative humidity of 62%. Sensitometric data are shown in the following
      table.
TBL                                    TABLE V                                 

     __________________________________________________________________________

                                    Gamma                                      

     Emulsion Test          Speed   (Dens.=0.5                                 

     No.      Conditions                                                       

                    Fog D.sub.max                                              

                            (Dens.=1.0)                                        

                                    to 1.5)                                    

     __________________________________________________________________________

     1 (Control)                                                               

              Fresh .04 1.56                                                   

                            100     1.98                                       

              Oven  .03 1.26                                                   

                             90     1.39                                       

     2 (as a                                                                   

       final                                                                   

       addition)                                                               

              Fresh .03 2.00                                                   

                            172     2.04                                       

              Oven  .03 1.87                                                   

                            202     1.59                                       

     3 (added just                                                             

       prior to                                                                

       ppt.)  Fresh .09 2.00                                                   

                            176     1.85                                       

              Oven  .09 1.51                                                   

                            125     1.45                                       

     __________________________________________________________________________

PAR  The data indicate the iron chloride chelate of 1,4,7,10
      -tetraazacyclododecane acts as a sensitizer regardless of where it is
      added in the system, and maintains the effect under conditions of aging at
      high temperature and humidity.
PAC  EXAMPLE V
PAR  Silver chlorobromide emulsions were made in the following manner. To an
      acidified solution of gelatin containing 1.5 moles of potassium chloride
      there was rapidly added 1.5 moles of silver nitrate in aqueous solution.
      Except for one emulsion used as a control compounds III and IV were added
      to the potassium chloride solutions in the quantities shown in the table
      below. There was then added 0.6 moles of potassium bromide in aqueous
      solution, and the mixture was heated to 160.degree.F and held for 10
      minutes after which there was added an aqueous solution containing 0.9
      mole of potassium bromide and the mixture was held at 160.degree.F. for
      another 10 minutes. The resulting emulsion was cooled, coagulated, washed
      and redispersed in the manner disclosed in Moede, U.S. Pat. No. 2,772,162
      issued Nov. 27, 1956.
PAR  Bulking gelatin was then added to each emulsion and the temperature was
      raised to 130.degree.F. The pH was adjusted to 8 with borax and the
      emulsions were heated for 40 minutes at 130.degree.F. The pH was adjusted
      to 5.5 with acetic acid, and coating aids and a gelatin hardener were
      added. The emulsions were coated on a photographic film base and dried in
      a conventional manner. Test strips of the emulsions were exposed through a
      .sqroot.2 step wedge by means of a quartz-iodine lamp which provided an
      exposure of 514,000 meter-candle-seconds. The strips were processed as
      described in Example I and the densities read in a conventional
      densitometer. The results are shown in the following table.
TBL                TABLE VI                                                    

     ______________________________________                                    

            Additive                                                           

            Variation                                                          

     Emulsion                                                                  

            per 1.5 moles          Step 11                                     

     No.    of Silver Nitrate                                                  

                           Fog     Density D.sub.max                           

     ______________________________________                                    

     1      None - Control .03     .02     .08                                 

     2      0.3 gram                                                           

            Compound III   .05     .07     1.31                                

     3      0.1 gram                                                           

            Compound III   .05     .02     .21                                 

     4      0.05 gram                                                          

            Compound III   .06     .01     .11                                 

     5      0.3 gram                                                           

            Compound IV    .07     .13     2.22                                

     6      0.1 gram                                                           

            Compound IV    .06     .04     .68                                 

     7      0.05 gram                                                          

            Compound IV    .06     .03     .26                                 

     8      0.025 gram                                                         

            Compound IV    .06     .00     .09                                 

     ______________________________________                                    

PAR  The data indicate that while both the nickel and iron chelates of
      1,4,7,10-tetraazacyclododecane sensitize the gelatino-silver chlorobromide
      system, the iron chelate appears to be the stronger sensitizer because it
      produces greater response at equal concentration.
PAC  EXAMPLE VI
PAR  Example V was repeated except that 0.2 gram of compound I per 1.5 moles of
      silver nitrate was added to the aqueous potassium chloride solution of one
      emulsion and 0.2 gram per 1.5 moles of silver nitrate of Compound VII was
      added to the aqueous potassium chloride solution of another emulsion. The
      emulsions were otherwise treated as in Example V. The strips were exposed
      and processed as described in Example V to give the following
      sensitometric results.
TBL                TABLE VII                                                   

     ______________________________________                                    

            Additive                                                           

            Variation per                                                      

     Emulsion                                                                  

            1.5 moles of         Step 11                                       

     No.    Silver Nitrate                                                     

                         Fog     Density D.sub.max                             

     ______________________________________                                    

     1      Control-None .03     .02     .08                                   

     2      0.2 gram                                                           

            Compound I   .01     .01     .41                                   

     3      0.2 gram                                                           

            Compound VII .05     .02     .15                                   

     ______________________________________                                    

PAL  The data indicate that both the free base and the tetrahydrochloride of
      1,4,7,10-tetraazacyclododecane act as sensitizers.
PAC  EXAMPLE VII
PAR  The emulsion 3 of Example VI was prepared along with a control except that,
      upon redispersion, sulfur and gold sensitizers were added during digestion
      as described in Example I. Sample strips were exposed and processed as
      described in Example II. Sensitometric data are set forth in the following
      table.
TBL                TABLE VIII                                                  

     ______________________________________                                    

     Emulsion                         Speed                                    

     No.    Additive    Fog     D.sub.max                                      

                                      (Dens. 2.0)                              

     ______________________________________                                    

     1      None-Control                                                       

                        .09     2.96  100                                      

     2      0.2 gram                                                           

            Compound VII                                                       

                        .54     3.31  236                                      

     ______________________________________                                    

PAL  The data indicate that the tetrahydrochloride derivative of
      1,4,7,10-tetraazacyclododecane in combination with gold and sulfur
      sensitizers is a very active sensitizer for gelatino-silver chlorobromide
      systems. The high fog as compared to the control merely indicates that the
      preferred amount has not been optimized.
PAC  EXAMPLE VIII
PAR  Example VII was repreated using 0.3 gram per 1.5 moles silver nitrate of
      Compound II listed above in the potassium chloride solution. The control
      and test emulsions were exposed and processed as described in Example I
      above. Sensitometric data are set forth in the following table.
TBL                TABLE IX                                                    

     ______________________________________                                    

     Emulsion                                                                  

     No.        Additive      Fog       D.sub.max                              

     ______________________________________                                    

     1          None-Control  .01       .21                                    

     2          0.3 gram                                                       

                Compound II   .01       .38                                    

     ______________________________________                                    

PAL  It is evident that Compound II is an active photographic sensitizer.
PAC  EXAMPLE IX
PAR  Example V was repeated using one emulsion as a control. To the other
      aqueous potassium chloride solutions for the precipitation of the silver
      chloride there was added per 1.5 moles silver nitrate the indicated
      quantities of Compounds XII, X, XI, and XIII listed above. All other
      conditions of coating, finishing, exposing and processing were carried out
      as in Example V to give the results shown in the following table. Results
      show that the compounds are active silver halide emulsion sensitizers.
TBL                TABLE X                                                     

     ______________________________________                                    

     Emulsion   Additive                                                       

     No.        Variation     Fog     D.sub.max                                

     ______________________________________                                    

     1          None-Control  .03     .08                                      

     2          .01 gram                                                       

                Compound XII  .03     .79                                      

     3          .05 gram                                                       

                Compound XII  .06     2.69                                     

     4          .01 gram                                                       

                Compound X    .04     .42                                      

     5          .05 gram                                                       

                Compound X    .05     1.51                                     

     6          .10 gram                                                       

                Compound X    .08     2.45                                     

     7          .01 gram                                                       

                Compound XI   .04     .23                                      

     8          .05 gram                                                       

                Compound XI   .04     2.32                                     

     9          .10 gram                                                       

                Compound XI   .04     2.50                                     

     10         .01 gram                                                       

                Compound XIII .04     .75                                      

     11         .05 gram                                                       

                Compound XIII .09     1.63                                     

     ______________________________________                                    

PAC  EXAMPLE X
PAR  Example X was repeated using one emulsion as a control. To the other
      aqueous potassium chloride solutions used for the precipitation of the
      silver chloride there was added per 1.5 moles silver nitrate the indicated
      quantities of Compounds XI, XIV and XV listed above. All other conditions
      of coating, drying, exposing and processing were carried out as in Exaple
      V to give the results shown in the following table.
TBL                TABLE XI                                                    

     ______________________________________                                    

     Emulsion   Additive                                                       

     No.        Variation      Fog       D.sub.max                             

     ______________________________________                                    

     1          None-Control   .03        .08                                  

     2          0.10 gram                                                      

                Compound XI    .04       1.72                                  

     3          0.0865 gram                                                    

                Compound XIV   .04       2.11                                  

     4          0.0711 gram                                                    

                Compound XV    .06       3.63                                  

     ______________________________________                                    

PAL  It is evident that the compounds are active silver halide emulsion
      sensitizers.
PAC  EXAMPLE XI
PAR  Four emulsions were made as described in Example I except that two
      emulsions were used as controls one of which contained no sulfur
      sensitizer. To each of two similar emulsions there was added, per 1.5
      moles of silver nitrate, 1.74 .times. 10.sup.-.sup.4 mole of compound XVI
      shown above. The emulsions were otherwise treated as in Example I with the
      sensitometric results shown in the following table.
TBL                TABLE XII                                                   

     ______________________________________                                    

     Coating                   D.sub.max                                       

     No.               Fog     (Step 20)                                       

     ______________________________________                                    

     1   Control -         .03     1.08                                        

     2   1.74.times.10.sup.-.sup.4 Compound XVI                                

                           .04     1.79                                        

     3   Control - no sulfur                                                   

                           .03      .39                                        

         sensitizer                                                            

     4   1.74.times.10.sup.-.sup.4 Compound XVI                                

                           .02     1.48                                        

         no sulfur sensitizer                                                  

     ______________________________________                                    

PAC  EXAMPLE XII
PAR  Two emulsions were made as described in Example I except that to one
      emulsion, per 1.5 moles of silver nitrate, there was added 0.03 gram of
      compound XVII shown above. The emulsions were exposed and processed as
      described in Example II to give the sensitometric results shown in the
      following table.
TBL                TABLE XIII                                                  

     ______________________________________                                    

     Coating                      Speed                                        

     No.          Fog     D.sub.max                                            

                                  (Dens. = 1.5)                                

     ______________________________________                                    

     1   Control      .02     2.35  100                                        

     2   0.03 gram of .04     2.24  167                                        

         Compound XVII                                                         

     ______________________________________                                    

PAC  EXAMPLE XIII
PAR  Direct positive silver chlorobromide emulsions were made in a manner
      similar to Example V up to the point of washing and redispersion. To the
      potassium chloride solutions used for the initial precipitation, there was
      added per 1.5 moles of silver nitrate varying amounts of Compound IV above
      as shown in the following table.
PAR  After redispersion, the emulsions were treated similarly to Example V
      except that per 1.5 moles of silver nitrate there was added 2.4 .times.
      10.sup.-.sup.6 mole of cesium thiaborane as a chemical fogging agent
      according to the teaching of Bigelow, U.S. Pat. No. 3,637,392.
PAR  The emulsions were exposed as described in Example V to give the
      sensitometric results shown in the table.
TBL                TABLE XIV                                                   

     ______________________________________                                    

            Additive Varia-              Speed                                 

     Coating                                                                   

            tion Per 1.5 Moles           (Dens. =                              

     No.    Silver Nitrate Fog     D.sub.max                                   

                                         1.0)                                  

     ______________________________________                                    

     1      Control - none .06     1.68  100                                   

     2      0.03 gram      .05     1.64  117                                   

     3      0.3 gram       .06     2.00  121                                   

     ______________________________________                                    

PAR  The above data indicate that Compound IV, iron chloride cyclen chelate,
      produces increased sensitivity in a direct positive type silver halide
      emulsion.
PAC  EXAMPLE XIV
PAR  Gelatine-silver iodobromide emulsions were made in a manner similar to that
      described in Example I. The ferric chloride cyclen chelate (Compound IV)
      was added after the washing and redispersion steps in amounts shown in the
      following tables. The tables indicate that the iron chloride cyclen
      chelate functions as a sensitizer over a wide range of quantities and also
      functions well when used alone or in conjunction with conventional gold
      and sulfur sensitizers.
PAR  The sensitometric results shown in Tables XV (for emulsions containing no
      gold or sulfur sensitizers) and XVI (for emulsions containing identical
      amounts of a gold sensitizer) were obtained when the emulsions were
      exposed in a sensitometer equivalent to 4470 meter-candle-seconds and
      developed 2 minutes at 68.degree.F. in a conventional metol-hydroquinone
      developer and fixed, washed and dried.
PAR  The sensitometric results shown in Tables XVII (for emulsions containing
      identical amounts of a sulfur sensitizer) and XVIII (for emulsions
      containing identical respective amounts of gold and sulfur sensitizer)
      were obtained when the emulsion were exposed as described in Example I.
TBL                TABLE XV                                                    

     ______________________________________                                    

     (No sulfur or gold sensitizers)                                           

            Additive Varia-             Speed                                  

     Coating                                                                   

            tion Per 1.5                (Dens.=                                

     No.    Moles AgNO.sub.3                                                   

                          Fog     D.sub.max                                    

                                        1.5)                                   

     ______________________________________                                    

     1      Control - none                                                     

                          .03     3.18  100                                    

            of Compound IV                                                     

     2      3.times.10.sup.-.sup.6 mole                                        

                          .03     2.95  153                                    

     3      6.times.10.sup.-.sup.6 mole                                        

                          .03     3.15  334                                    

     4      1.44.times.10.sup.-.sup.5 mole                                     

                          .03     3.07  438                                    

     5      3.times.10.sup.-.sup.5 mole                                        

                          .03     3.14  658                                    

     6      6.times.10.sup.-.sup.5 mole                                        

                          .04     2.49  578                                    

     ______________________________________                                    

TBL                TABLE XVI                                                   

     ______________________________________                                    

     (Emulsions contained a gold sensitizer)                                   

            Additive Varia-                                                    

            tion Per 1.5                Speed                                  

     Coating                                                                   

            Moles AgNO.sub.3 of         (Dens. =                               

     No.    Compound IV   Fog     D.sub.max                                    

                                        1.5)                                   

     ______________________________________                                    

     1      Control - none                                                     

                          .03     2.85  100                                    

     2      1.44.times.10.sup.-.sup.6 mole                                     

                          .03     3.14  160                                    

     3      3.times.10.sup.-.sup.6 mole                                        

                          .16     3.09  347                                    

     ______________________________________                                    

TBL                TABLE XVII                                                  

     ______________________________________                                    

     (Emulsions contained a sulfur sensitizer)                                 

            Additive Varia-                                                    

            tion per 1.5                                                       

            Moles Silver                Speed                                  

     Coating                                                                   

            Nitrate of                  (Dens. =                               

     No.    Compound IV   Fog     D.sub.max                                    

                                        1.0)                                   

     ______________________________________                                    

     1      Control - none                                                     

                          .03     1.06  100                                    

     2      1.44.times.10.sup.-.sup.6 mole                                     

                          .03     1.35  165                                    

     3      3.times.10.sup.-.sup.6 mole                                        

                          .03     1.70  321                                    

     4      6.times.10.sup.-.sup.6 mole                                        

                          .03     2.23  700                                    

     ______________________________________                                    

TBL                TABLE XVIII                                                 

     ______________________________________                                    

     (Emulsions contained both gold and sulfur sensitizers)                    

            Additive Varia-                                                    

            tion Per 1.5                Speed                                  

     Coating                                                                   

            Mole AgNO.sub.3 of          (Dens. =                               

     No.    Compound IV   Fog     D.sub.max                                    

                                        1.0)                                   

     ______________________________________                                    

     1      Control - none                                                     

                          0.3     1.36  100                                    

     2      3.times.10.sup.-.sup.9 mole                                        

                          .03     1.52  157                                    

     3      4.times.10.sup.-.sup.9 mole                                        

                          .03     1.54  187                                    

     4      3.times.10.sup.-.sup.8 mole                                        

                          .04     1.94  396                                    

     5      3.times.10.sup.-.sup.7 mole                                        

                          .04     2.03  736                                    

     ______________________________________                                    

PAR  As indicated by the various examples the novel sensitizers of this
      invention may be used as the sole sensitizer in the silver halide system
      or they may be used in conjunction with other known sensitizers, i.e.,
      sulfur compounds and gold compounds. There also may be used reducing
      agents, e.g., stannous salts, compounds which sensitize by development
      acceleration, e.g., polyoxyalkylene compounds and the polyhedral boranes
      disclosed in Bigelow U.S. Ser. No. 197,166 filed Nov. 9, 1971 now in
      allowance and Bigelow, U.S. Pat. No. 3,761,275. In addition, optical
      sensitizing dyes can be used in the silver halide systems having the novel
      macrocyclic polyamine sensitizers of this invention.
PAR  Silver halide emulsions sensitized according to this invention can also
      contain conventional additions such as plasticizers for the colloid
      carrier in which the silver halide crystals are dispersed, antifoggants
      such as thiazoles, triazoles, tetraazaindenes and the like. Various silver
      salts in addition to those used in the Examples may be used, e.g., silver
      bromide, silver iodochlorobromide, etc.
PAR  The silver halide emulsions of this invention cam be made with any of the
      macromolecular, water-permeable colloids known to be suitable for the
      purpose of acting as a colloid carrier for silver halide grains. Besides
      gelatin, there may be used polyvinyl alcohol and its derivatives, e.g.,
      partially hydrolyzed polyvinyl acetates, ethers and acetals, hydrolyzed
      interpolymers of vinyl acetate and unsaturated addition compounds such as
      maleic anhydride, acrylic and methacrylic acid esters,
      poly-N-vinyllactams, polysaccharides, e.g., dextran, dextrin, etc., the
      hydrophilic copolymers disclosed in Shacklett U.S. Pat. No. 2,833,650,
      hydrophilic cellulose ethers and esters, and acylamide polymers, mixtures
      of these binders can also be used as well as water-permeable binding
      agents containing dispersed polymerized vinyl compounds such as those
      disclosed in Nottorf, u.S. Pat. No. 3,142,568 issued July 28, 1964.
PAR  The emulsions of this invention may be coated on any suitable support
      including photographic quality paper and transparent film. For example
      cellulose supports, e.g., cellulose acetate, cellulose triacetate,
      cellulose mixed ester, etc., may be used. Polymerized vinyl compounds,
      e.g., copolymerized vinyl acetate and vinyl chloride, polystyrene and
      polymerized acrylates may also be mentioned. The film formed from the
      polyesters made according to the teachings of Alles, U.S. Pat. No.
      2,779,684 and the patents referred to in the specification of that patent.
      Other suitable supports are the polyethylene terephthalate/isophthalates
      of British Pat. No. 766,290 and Canadian Pat. No. 562,672 and those
      obtainable by condensing terephthalic acid and dimethyl terephthalate with
      propylene glycol, diethylene glycol, tetramethylene glycol or
      cyclohexane-1,4-dimethanol (hexahydro-p-xylene alcohol). The films of
      Bauer et al, U.S. Pat. No. 3,059,543 may also be used. The above polyester
      films are particularly suitable because of their dimensional stability.
PAR  Many macrocyclic polyamines of the formula of the invention other than
      those illustrated above can be used as chemical sensitizing agents for the
      silver halide emulsions of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A photographic colloid-silver halide emulsion containing a sensitizing
      amount of a chemical sensitizer or a salt or metal chelate thereof, said
      chemical sensitizer having the formula
EQU  -- (NH -- (CH.sub.2).sub.n).sub.m --
PAL  where m is 4-7 and each n is independently 2-5.
NUM  2.
PAR  2. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula
      1,4,7,10-tetraazacyclododecane.
NUM  3.
PAR  3. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula copper II chloride
      1,4,7,10-tetraazacyclododedane chelate.
NUM  4.
PAR  4. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula nickel II chloride
      1,4,7,10-tetraazacyclododecane chelate.
NUM  5.
PAR  5. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula iron III chloride
      1,4,7,10-tetraazacyclododecane chelate.
NUM  6.
PAR  6. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula thallium III nitrate
      1,4,7,10-tetraazacyclododecane chelate.
NUM  7.
PAR  7. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula rhodium III chloride
      1,4,7,10-tetraazacyclododecane chelate.
NUM  8.
PAR  8. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula
      1,4,7,10-tetraazacyclododecane tetrahydrochloride.
NUM  9.
PAR  9. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula isocyclam
      tetrahydrochloride.
NUM  10.
PAR  10. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula
      1,4,8,11-tetraazacyclotetradecane tetrahydrochloride.
NUM  11.
PAR  11. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula
      1,4,7,10,13-pentaazacyclopentadecane pentahydrochloride.
NUM  12.
PAR  12. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula
      1,4,7,10,16-hexaazacyclooctadecane trisulfuric acid.
NUM  13.
PAR  13. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula
      1,4,9,12,15,20-hexaazacyclodocosane hexahydrochloride.
NUM  14.
PAR  14. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula
      1,4,7,13,16,19-hexaazacyclotetracosane hexahydrochloride.
NUM  15.
PAR  15. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula
      1,4,7,10,13,16-hexaazacyclooctadecane hexahydrochloride.
NUM  16.
PAR  16. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula
      1,4,7,10,13,16-hexaazacyclooctadecane copper chloride chelate.
NUM  17.
PAR  17. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula
      1,4,7,10-tetraazacyclotridecane tetradihydrosulfate.
NUM  18.
PAR  18. An emulsion according to claim 1 wherein said chemical sensitizer or
      salt or metal chelate thereof has the formula
      1,4,7,10,13,16,19-heptaazacycloheneicosane heptahydrochloride.
NUM  19.
PAR  19. An emulsion according to claim 1 wherein the metal of the metal chelate
      is selected from the groups Ib, IIIa, and VIII of the Periodic Table.
NUM  20.
PAR  20. An emulsion according to claim 19 wherein said metal is selected from
      iron, nickel, copper, rhodium and thallium.
NUM  21.
PAR  21. A photographic element comprising a support bearing at least one layer
      of an emulsion of claim 1.
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ABST
PAL  A light-sensitive composition comprising novel arylglyoxyalkyl acrylates
      that exhibits useful light sensitivity. The basic structure of the new
      compositions, which may also themselves be polymerized are as follows:
      ##EQU1##
      wherein Ar represents an aromatic structure selected from the group
      consisting of benzene, naphthalene and substituted products of each,
      R.sub.1 represents an alkyl group having from one to ten carbon atoms,
      R.sub.2 represents a grouping selected from the group consisting of
      hydrogen, or a lower alkyl group having from one to five carbon atoms and
      R.sub.3 represents an alkenyl group having from one to 10 carbon atoms and
      singular unsaturation. The light-sensitive compositions may themselves be
      utilized in photochemistry as photopolymers, they may be combined with
      suitable solvents and additives or polymerized with suitable backbone
      polymers to provide substances which can be used as light-sensitive
      coatings. These coatings may be placed on substrates and in one instance
      as presensitized lithographic plates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of art to which this invention pertains is light-sensitive
      compositions and products made therefrom. In particular, the pertinent
      prior art can be found in those areas dealing with photo-sensitive
      compositions or photo-sensitive substances made therefrom. Printing or
      imaging plates in general or presensitized lithographic plate art or
      photo-sensitive polymeric art will be the most relevant.
PAR  2. Description of the Prior Art
PAR  Photo-sensitive compounds which are polymeric substances are well known in
      the art. In particular, these substances can be used in a wide variety of
      photochemical processes. For example, they can be placed on resilient
      surfaces and be used for many types of printing plates and particularly
      for lithography or offset printing, or they can be used for the production
      of printed circuit boards by chemical milling and etching. The claimed
      compositions are particularly suitable for use as photopolymers in
      light-sensitive coatings for lithographic plates or in other systems such
      as relief plates, general resists, silk screens, etc. They may also be
      used in printing inks or other light-sensitive coatings.
PAR  In a commercial sense, and in particular in the production of lithographic
      plates, a light-sensitive coating is generally placed on a backing member
      which in many instances is a metallic substance. A negative or other means
      to control light exposure to the plate is utilized to selectively cause
      the areas of the plate struck by a light to become differentially soluble
      with respect to a solvent, which is subsequently used to flush the
      non-exposed substance from the backing plate. The image area or the area
      which has been subjected to light becomes receptive to inks while the
      non-image area or the area which has not been contacted with light, and
      which typically has been washed away by a suitable solvent, is not
      receptive to ink. Therefore, the printing of an object can be accomplished
      by contacting the developed plate with a particular ink which adheres only
      to the areas of the plate which have been struck by light. Thereafter, the
      plate can be contacted with a transfer roll or directly with paper for
      transfer of ink from the image areas.
PAR  Early in the prior art such light-sensitive plates were prepared for
      immediate use. Because of the nature of the light-sensitive materials
      utilized their storage or shelf like was substantially reduced when
      subjected to the atmosphere or to humidity or to extraneous light in
      relatively small quantities. An improvement over these substances is now
      known. Many of the presensitized lithographic plates utilized in industry
      are made of such light-sensitive materials that they are virtually
      indestructible when contacted with air or moisture, but when contacted
      with certain wavelengths of the electromagnetic spectrum become
      substantially instantaneously reacted, thereby rendering a light
      sensitized product.
PAR  The present invention is suitable for use is presensitized lithographic
      plates or in the other areas of photopolymeric chemistry wherein a
      material which when contacted with certain wavelengths of the
      electromagnetic spectrum becomes polymerized or insolubilized with respect
      to a solvent and which thereafter can be utilized, for instance in the
      lithographic plate field, as image-receptive areas. In another instance,
      the particular photosensitive compounds claimed herein, can be utilized in
      conjunction with a certain polymeric system so that when contacted with a
      certain specturm of electromagnetic radiation the polymeric system can be
      degraded, thereby rendering a material which can decompose upon contact
      with light. In particular, the latter application has been of interest in
      the packaging industry to help reduce littering problems. For instance,
      such a polymeric system might upon exposure to sunlight become very
      brittle through a photoreaction enabling it to be more easily weathered by
      the elements. The use of our particular components in such a polymeric
      system can allow the container, which when subjected to various quantities
      or various spectrums of electromagnetic radiation can decompose in a
      predictable manner, thereby reducing the threat of pollution from
      containers indiscriminately disposed of.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Our invention can be summarized as a light-sensitive and polymerizable
      composition comprising an arylglyoxyalkyl acrylate and having the
      following general structure:
      ##EQU2##
PAR  Additionally, our invention can be summarized as a light-sensitive
      composition comprising repeating arylglyoxyalkyl acrylate substituent
      units attached to a backbone polymer which substituent units have the
      following general structure as described below:
      ##EQU3##
PAR  Additionally, our invention can be summarized as a lithographic plate
      including a support member comprising any resilient material and a film
      formed from a light-sensitive composition said composition comprising
      arylglyoxyalkyl acrylate units as described above.
PAR  In a broad embodiment, our invention relates to a light-sensitive and
      polymerizable composition comprising an arylglyoxyalkyl acrylate having
      the following general structure:
      ##EQU4##
      wherein X represents an aromatic selected from the group consisting of
      benzene, naphthalene and substituted products of each or a heterocyclic
      such as thiophene and pyrrole, R.sub.1 represents an alkyl group having
      from one to 10 carbon atoms, R.sub.2 represents a grouping selected from
      the group consisting of hydrogen, or a lower alkyl group having from one
      to five carbon atoms and R.sub.3 represents an alkenyl group having
      singular unsaturation and from one to ten carbon atoms.
PAR  Another embodiment of our invention resides in a light-sensitive
      composition comprising repeating arylglyoxyalkyl acrylate substituent
      units attached to a backbone polymer which substituent units leave the
      following general structure:
      ##EQU5##
      wherein Ar, R.sub.1 and R.sub.2 are as above and R.sub.3 is alkyl group
      having from one to 10 carbon atoms.
PAR  Another broad embodiment of our invention relates to a lithographic plate
      including a support member and a film formed from a light-sensitive
      composition, said composition comprising repeating arylglyoxyalkyl
      acrylate units which units have the following general structure:
      ##EQU6##
      wherein R represents an aromatic selected from the group consisting of
      benzene, naphthalene, and substituted products of each or a heterocyclic,
      R.sub.1 represents an alkyl group having from one to 10 carbon atoms,
      R.sub.2 represents a grouping selected from the group consisting of
      hydrogen or an alkyl group having from one to five carbon atoms and
      R.sub.3 is an alkyl group having from one to 10 carbon atoms.
PAR  Still another embodiment of our invention is a light-sensitive composition
      comprising a backbone polymer which has appended from it the following
      grouping:
      ##EQU7##
      wherein Ar and R.sub.1 are as described above.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The novel compositions of this invention can generally be characterized as
      arylglyoxyalkyl acrylates which may be present as individual molecules by
      themselves or with a suitable binding substance such as a polymeric
      backbone. When in an unpolymerized state they may be represented by the
      following formula:
      ##EQU8##
      When in a polymerized state prior to light exposure they may be attached
      to themselves or to a backbone polymeric substance. In the polymerized
      state and prior to exposure to light they may be represented as follows:
      ##EQU9##
PAR  In the above formulas, the aryl component referred to in the general
      formulas as Ar can be any material of aromatic qualities such as benzene,
      toluene, xylenes, singular or multiple alkyl or aryl substituted aromatics
      as well as aryl or alkyl singular or multiple substituted aromatics which
      may also contain nitrogen, sulfur, hydroxy, carboxylic or carbonyl groups
      or compounds containing those materials for example, but not necessarily
      limited to the above listing. Other aromatics such as heterocyclics such
      as pyrroles, thiophene, phenanthroline, etc., may be used. A particular
      substitution such as alkoxy on a singular aromatic enhances the light
      sensitive properties of the above structure. The aromatic grouping may
      also include such structures as polynuclear aromatic groupings,
      phenanthrenes, indanes, indenes, the bi-phenols, pyrenes, and other
      similar type multiple ringed aromatic behaving substances. It is
      preferred, however, that the aromatic component of the above formulas or
      any substitution thereon be selected so that it will not adversely or
      substantially reduce the photosensitive nature the light-sensitive portion
      of the composition. It is also preferred to choose aromatic structures and
      substitutions thereon that will not polymerize prior to light exposure so
      as to maintain the aromatic portion together with the light sensitive
      portion of the compound as pendent entities when the composition is
      attached to a backbone polymer.
PAR  R.sub.1 as defined in the above structure is preferably a simple alkyl
      grouping having from about one to about 10 carbon atoms which themselves
      may be substituted with alkyl, aromatic, alkenyl, halogen or other type
      substituents such as hydroxy, carbonyl, sulfur, nitrogen, or other
      substitutable groups. It is preferable, however, that the R.sub.1 alkyl
      group be selected so that it does not adversely affect the light sensitive
      or the polymerizable portions of the above compound. R.sub.1 may also
      contain amino groupings within the chain itself.
PAR  R.sub.2 in the above formula can generally be selected from those groups
      defined as above or the R.sub.1 grouping. Specifically, hydrogen or a
      lower alkyl grouping is preferred as the R.sub.2 substituent.
      Specifically, this substituent should contain materials which will not
      adversely affect the vinyl bond in the R.sub.3 portion of the above
      formula.
PAR  R.sub.3 in the structure immediately above is preferably alkyl having from
      one to 10 carbon atoms. However, when representing R.sub.3 in the
      structural formula for the unpolymerized composition, R.sub.3 is alkenyl
      of from one to 10 carbon atoms and preferably with singular unsaturation.
      R.sub.3 may be substituted with alkyl, aryl, alkenyl or other substitution
      components. Additionally, amino, carbonyl, hydroxy or other substitutable
      groupings may be added, It is required that any substitution on the
      R.sub.3 group not prevent it from entering into polymerizing reactions.
PAR  The light-sensitive portion of the above compounds is represented by the
      following arylglyoxyalkyl segment of the claimed composition:
      ##EQU10##
      when exposed to actinic light this segment becomes activated causing
      polymerization at or near the carbonyl groupings. The exact mechanism is
      not known but it is observed that exposure to electromagnetic radiation of
      certain wavelengths will cause the claimed compound to be insoluble to
      certain solvents. In some instances the alkenyl group may also participate
      in photolysis. The light-sensitive portion may initiate the polymerizable
      portion for cross linking.
PAR  The portion of the claimed material which is utilized to polymerize the
      compound to itself or to another monomer on a backbone polymer is
      represented by the vinyl containing alkyl acrylate segment as shown below:
      ##EQU11##
      wherein R.sub.3 is one carbon atom long. Preferably, prior to contact with
      light, the claimed compound is polymerized with a monomer or a backbone
      polymer through this vinyl bond to form a film which can be used in
      conjunction with a suitable backing plate to form a lithographic plate in
      one instance.
PAR  The arylglyoxyalkyl acrylate components either represented as an
      unpolymerized molecule or when present in the polymerized state may be
      used in conjunction with other compounds. In particular, when the
      arylglyoxyalkyl acrylate is utilized as a substituent structure of a
      polymerized nature, it may be hung on a backbone polymeric substance by a
      grafting procedure. Additionally, the arylglyoxyalkyl acrylates of our
      invention when utilized as polymerized substances may themselves be
      substituted with monomers similar or identical to the arylglyoxyalkyl
      acrylates to present a photosensitive polymeric substance. It is
      contemplated that when the arylglyoxyalkyl acrylates are co-polymerized,
      that identical arylglyoxyalkyl acrylates may be polymerized in a chain
      fashion to produce a molecular weight polymer having a desired property.
      Additionally, arylglyoxyalkyl acrylates which have different substitutions
      on the aryl, alkyl or alkenyl groupings may be copolymerized, grafted onto
      a backbone or combined with a monomer having a different structure.
PAR  The arylglyoxyalkyl acrylates as described in the claims and in the above
      formulas may be polymerized with backbone polymeric substances. These
      backbone structures preferably are organic and may be selected from
      materials including natural and synthetic resins. Typical backbone
      materials which contain hydroxyl substitutable components include for
      example, polyvinyl alcohol, partially hydrolyzed polyvinyl esters such as
      polyvinyl alcohol-co-vinyl acetate, polyvinyl alcohol co-vinyl benzoate,
      polyvinyl alcohol co-vinyl acetate co-vinyl benzoate, partially hydrolyzed
      polyvinyl acetals such as partially hydrolyzed polyvinyl butyral,
      partially hydrolyzed polyvinyl benzal, partially, hydrolyzed polyvinyl
      cinnamal as well as mixtures of such partially hydrolyzed acetals,
      polyethers such as epoxy and phenoxy polymers, etc. Additionally, the
      condensation product of bisphenol such as diphenylolpropane with
      epichlorhydrin, naturally occuring materials such as cellulose, starch,
      guar alginic acid and their partially esterified or etherified derivatives
      for example, ethyl cellulose, hydroxyethyl cellulose, hydroxylpropyl
      cellulose, polyesters of polyhydroxy intermediates such as glycerol and
      sorbitol which have hydroxyl groups remaining after incorporation into the
      polymeric chain. Additionally, backbone polymers containing reactive amino
      groups for example, polyvinyl amines, polyaminostyrenes, polyvinyl
      anthranilates, etc., and polymers containing reactive anhydride groups,
      for example, copolymers of maleic anhydride with ethylene or styrene.
      Other backbone structured materials may be utilized which would readily
      react with the vinyl grouping on the claimed light sensitive compound.
PAR  Vinyl groupings may also be used to form a copolymer product with the
      arylglyoxyalkyl acrylate. Such vinyls can include the ubiquitous styrene
      or methyl vinyl ether, methylmethacrylate, acrylamide, diacetone
      acrylamide, vinyl chloride, hydroxy-ethyl acrylate, vinyl pyrrolidone,
      acrylonitrile derivatives thereof, etc. Other examples of suitable
      backbone polymers include: the aliphatics such as methylene, ethylene and
      propylene; the aromatics such as phenylene, biphenylene, maphthalene and
      anthracene; the substituted aromatics such as toluene, ethylphenylene,
      aminophenylene, alkoxyphenylenes (e.g., methoxyphenylene), cyanophenylene,
      hydroxyphenylene, the halophenylenes (e.g., chlorophenylene),
      ethylnaphthalene, carboxyphenylene, difunctional derivatives of the
      phthalates and substituted phthalates such as the hydroxy alkylphthalate
      compounds (e.g., hydroxyethylphthalate) and acyloxyphenylenes (e.g.,
      acetoxyphenylene); heterocyclics such as difunctional derivatives of
      cyclopentane, cyclohexane, thiophene and pyrrole; the organometallics such
      as difunctional derivatives of the metallocenes such as ferrocene;
      polymeric materials such as poly-alkylenes (e.g, polyethylene,
      polypropylene and polybutylene); polyesters such as
      polyethyleneterephthalate and polyethyleneadipate; polyurethanes such as
      the toluene diisocyanate polyol urethanes; polyamides such as
      polyhexamethyleneadipamide; copolymers such as vinylidene chloride/vinyl
      chloride copolymers; the polysiloxanes; the polyalkyleneoxides (e.g.,
      polyethylene oxide, polypropylene oxide, polybutylene oxide,
      polytetramethylene ether and polyepichlorohydrin); the polyalkylene imines
      such as polyethyleneimine and polypropyleneimine; substituted polyakylenes
      such as polyvinylpyrrolidone; and phenolic derivatives such as novolac,
      resole and polyphenylene oxide.
PAR  As previously noted, the photoreactive compositions of the present
      invention can be used alone or in conjunction with other materials to
      provide photoreactive compositions suitable in a wide variety of
      photomechanical and photochemical processes. For example, these novel
      compositions exhibit advantageous utility as photoinitiators with both
      saturated and unsaturated resins including resins which are not
      photosensitive in themselves. In particular, durable insoluble
      photoreaction products can be formed through the conjoint use of the
      photoreactive compositions of the present invention as photoinitiators
      with a wide variety of resins, including: the acrylic polymers and acrylic
      ester resins such as polymethylmethacrylate, polyethylmethacrylate, and
      copolymers of methyl and butyl methacrylate (e.g., "Elvacite");
      polyurethane resins such as those formed from diisocyanates such as, for
      example, toluene diisocyanate, low molecular weight polyesters and low
      molecular weight polyethylene glycols (e.g., "Estante" polyurethane
      resins); blocked urethane resins such as, for example, phenol blocked
      polyurethane resins (e.g., "Tranco 3A" blocked urethane resins); alkyl
      celluloses such as ethyl cellulose (e.g., "Hercules K-type" ethyl
      cellulose); epoxy resins (e.g., "Epon 1004" which is the condensation
      product formed from bisphenol A and epichlorohydrin); phenoxy resins
      (e.g., "Bakelite PKHH" phenoxy resin); vinyl acetate/vinyl chloride
      copolymers (e.g., "Bakelite VYHH" and 86% vinyl chloride, 14% vinyl
      acetate copolymer medium molecular weight resin); vinyl modified
      polyethylene such as ethylene/vinyl acetate copolymer containing 2 to 50%
      vinyl acetate ("Ultrathene" ethylene/vinyl acetate copolymer); partially
      (5 to 80%) hydrolyzed vinyl acetate); phenolic resins (e.g., "Plenco 1000"
      novolac resin); acrylamide and modified acrylamide polymers such as
      diacetone acrylamide homopolymer, N-methylol acrylamide, N-alkoxymethyl
      acrylamide and partially hydrolyzed acrylamide; water-soluble cellulose
      derivatives such as the alkoxylated celluloses and hydroxypropyl cellulose
      (e.g., "Klucel" hydroxypropyl cellulose); and water-soluble polyether
      resins such as the polyalkylene oxide (e.g., "Polyox WSRN-80" polyethylene
      oxide).
PAR  The exact quantity of the arylglyoxyalkyl acrylate component which may be
      used as a photosensitive material when combined with other materials such
      as backbone polymers, other or similar monomers, or solvents, can vary
      depending upon the degree of photosensitivity desired and the particular
      solvent or other polymer utilized. Specifically, when the arylglyoxyalkyl
      acrylates of our invention are utilized with a solvent and placed on a
      suitable backing plate, the solvent may vary anywhere from about 99 weight
      percent to about 40 weight percent or lower by weight of the total mixture
      of solvent and light-sensitive compound. After deposition on the plate,
      some or most of the solvent can be evaporated leaving a thin film of the
      arylgyloyxalkyl acrylate which preferably are not polymerized. Upon
      exposure to an actinic light this film can become insolubilized with
      respect to certain solvents which are used to wash the unpolymerized
      soluble material from the plate. In some instances, the arylglyoxyalkyl
      acrylates can be copolymerized with a similar monomer and mixed with a
      solvent and applied as described above. In other instances, the
      arylglyoxyalkyl acrylates can be polymerized with another and
      substantially different structure monomer and then mixed with a solvent
      and placed on a suitable backing member, again, as described above.
PAR  In other instances in which the arylglyoxyalkyl acrylate compounds are hung
      on a backbone chain, their concentration should be controlled to yield
      optimum results. Depending upon the molecular weight of the backbone chain
      and the molecular weight of the arylglyoxyalkyl acrylate pendent molecule,
      the light-sensitive composition should vary anywhere from about less than
      1 up to about 60 weight percent of the total polymeric mixture. In some
      instances, the percentage of the light-sensitive compound can vary above
      or below the above cited ranges since those ranges are disclosed as a
      general teaching.
PAR  The light sensitive segment (arylglyoxyalkyl) of the arylglyoxyalkyl
      acrylate may itself be substituted in a pendent manner onto a backbone
      polymer through the alkyl grouping. In such instances the pendent group
      would have a structure as follows:
      ##EQU12##
      wherein Ar is an aryl or a heterocyclic aromatic and R.sub.1 is an alkyl
      group having from one to 10 carbon atoms.
PAR  Also, the light-sensitive compound which is polymerized with a monomer or a
      backbone polymer may be mixed with suitable solvents in varying
      concentrations and applied to a suitable backing plate. The quantity of
      solvent and polymer can be varied to meet performance standards as
      mentioned previously. Suitable solvents which can be utilized to lay the
      claimed composition upon a suitable backing plate are known in the art and
      are not critical in adequately describing our invention. Typical solvents
      which can be utilized, include methylethyl ketone and relatively inert
      aromatic hydrocarbons.
PAR  The light-sensitive composition when placed upon a suitable backing plate
      with a solvent or grafted onto a backbone polymer or copolymerized with
      itself, a similarly structured arylglyoxyalkyl acrylate or, a similar
      monomer is sensitive to actinic light and especially to ultraviolet
      radiation having wavelengths up to about 4,000 angstrom units. With
      suitable sensitizers, which are well known in the art, the range of
      sensitivity of the particular component to light can be extended. Specific
      sensitizers are known in the ar and their detailed description is not
      necessary in order to appreciate the claimed invention. Other additives
      such as dyes, plasticizers, etc., may be used as needed and commonly known
      in photosensitive plate technology.
PAR  Preparation of the arylglyoxyalkyl acrylate materials can involve a
      synthesis of phenylglyoxylic acid with anyone of a number of acrylic
      compounds having hydroxy groupings.
PAR  In particular, preparation of the claimed compounds specifically can
      include the condensation reaction of phenylglyoxylic acid and
      2-hydroxyethyl methacrylate. These two materials are reacted, water is
      driven off and the resultant phenylglyoxyethyl methacrylate is produced.
      In producing the hydroxy substituted acrylate, an unsaturated acid can be
      reacted with a cyclic ether, preferably of low molecular weight, to form
      the resulting hydroxy substituted acrylate. The substituted acrylate can
      then be reacted with a phenylglyoxylic acid to produce a product claimed
      herein.
PAR  To produce the hydroxy substituted acrylate, ethylene oxide can be combined
      with methacrylic acid to form 2-hydroxyethyl methacrylate. The resultant
      methacrylate can then be reacted with phenyl glyoxylic acid to form a
      particular arylglyoxyalkyl acrylate claimed by us.
PAR  Other unsaturated acids similar to acrylic or methacrylic acid may be
      utilized to be combined with certain cyclic ethers to provide the hydroxy
      substituted acrylate which when combined with the phenylglyoxylic acid can
      produce the compound claimed by us. Other such unsaturated acids include
      crotonic acid, preferably other relatively linear unsaturated acids in
      which the vinyl bond appears once in the alkenyl chain connected to the
      carboxylic group. Other cyclic ethers may be used in the synthesis of the
      hydroxy substituted acrylate. Examples include higher homologs of ethylene
      oxide.
PAR  By varying the particular unsaturated acids and cyclic ethers used to
      produce the hydroxy substituted acrylate, the R.sub.1 and R.sub.2
      groupings of the claimed compound or polymer units can be varied to
      encompass the scope of the claimed subject matter.
PAR  A light-sensitive polymer composition according to the claims attached may
      also be prepared by an emulsion polymerization process. For example, the
      arylglyoxyethyl acrylate may be homo or copolymerized, using a suitable
      emulsifying surfactant and an initiator. Further, the emulsion particles
      may contain additives such as dyes, pigments, sensitizers, plasticizers,
      etc. Alternatively, the aqueous phase may contain water soluble polymers
      and other additive materials. The advantages of light-sensitive polymers
      produced by the emulsion polymerization step are listed below:
PA1  1. High molecular weights can be produced at low coating viscosities which
      should result in a fewer photo-induced cross-links being necessary for
      photo-insolubilizations;
PA1  2. Water may be used as the dispersing medium which could, in many
      instances, eliminate the solvent hazards associated with non-aqueous
      solvents, such as toluene or xylene;
PA1  3. Inherent stability as compared to prior art nonemulsion polymerization
      processes;
PA1  4. Simplicity of use as compared to other systems;
PA1  5. Water development may be used in some cases reducing the need for
      solvent washes using expensive or dangerous solvents;
PA1  6. Micro-mixes with other emulsion polymers may be made easily and quickly
      to achieve a wide range of physical and photosensitive properties;
PA1  7. Thicker coatings can be applied easily if greater relief is desired.
PAR  Emulsion polymer latex particles can range anywhere from 100 angstroms to
      micron sizes in diameter. Suitable techniques for the preparation of
      emulsion polymers may be found in the prior art. In particular,
      Preparative Methods of Polymer Chemistry, Inter-Science Publishers, New
      York 1968, Second Edition, by W. R. Sorenson and T. R. Campbell, presents
      adequate teachings for such processing techniques.
PAR  The following examples are presented to specifically illustrate one
      embodiment of our invention and are not to be read so as to unduly limit
      the scope of the appended claims
PAC  EXAMPLE I
PAC  Synthesis of Phenylglyoxyethyl Methacrylate
PAR  50 grams (0.333 moles) of phenylglyoxylic acid (Aldrich No. B1305-5 and,
      Matheson, Coleman, and Bell No. PX 765,P9432), 52.3 grams (0.40 moles)
      2-hydroxyethyl methacrylate (Eastman P8366) which contained approximately
      85% hydroxyethyl methacrylate according to gas chromatographic
      measurements, and 700 milliliters of benzene were charged into a 1-liter
      one-neck flask. A Dean-Stark trap and water condenser were fitted to the
      flask. The reaction mixture was then refluxed 25 hours and 24 minutes
      after which 4.5 milliliters of water was collected. The cooled light green
      solution recovered was washed five times with 250 milliliters of a 10
      percent by weight NaHCO.sub.3 solution. The basic material was dried over
      Na.sub.2 SO.sub.4 and stripped on a flash evaporator at less than
      40.degree.C to constant weight. 53.2 grams of light yellow liquid was
      recovered. 45.3 grams of the light yellow liquid was placed in a
      separatory funnel to which 500 milliliters of carbon tetrachloride was
      added and washed ten times with 250 milliliters of tap water. The washed
      material was dried over Na.sub.2 SO.sub.4. The material was then filtered
      and stripped on a flashed evaporator at less than 45.degree.C. The
      filtered material was a yellow liquid and weighed 15.8 grams. Upon
      examination of this material by infra-red spectrographic analysis it was
      determined that the synthesis of phenylglyoxyethyl methacrylate had been
      performed.
PAC  EXAMPLE II
PAC  Light Sensitivity Testing
PAR  A solution of 3 grams of the end product of Example I plus 97 grams of a
      50-50% mixture of methylethyl ketone and acetone was prepared. The
      solution was coated on an aluminum brush grained plate two times. The
      plate was exposed 10 minutes to pulsed xenon ligh through a step wedge.
      The exposed plate was then developed with a sodium silicate solution.
      Small print on the step wedge was clear. Under the same conditions,
      starting (reacted) materials utilized in Example I (phenylglyoxylic acid)
      gave poor results.
PAC  EXAMPLE III
PAC  Light Sensitivity with a Sensitizer
PAR  A solution was prepared containing 0.3 grams of benzoin, 2.7 grams of
      phenylglyoxyethyl methacrylate from Example I and 97 grams of 50-50
      mixture of methylethyl ketone and acetone. The solution was mixed and
      coated on an aluminum brush grained plate by dipping the plate in the
      solution. The plate was exposed 10 minutes to pulsed xenon light through a
      step wedge. The plate was developed with a sodium silicate solution.
      Numbers 15 through 21 on the step wedge came out sharp and clear after
      developing.
PAC  EXAMPLE IV
PAC  Preparation of a Relief Plate
PAR  A 3 square inch brushed grained aluminum plate was coated with the product
      of Example I (phenylglyoxyethyl methacrylate). the monomer was first wiped
      on with lithograph pad material and then put on with a dropper. Although a
      uniformly thick coating was not insured with this procedure it was only
      desired to place a workable thickness of the phenylglyoxyethyl
      methacrylate upon the aluminum plate to test its use as a relief plate. An
      aluminum sheet into which a design had been cut was placed over the coated
      plate and was somewhat raised from the plate to prevent contact therewith.
      The unit was exposed to ultraviolet light for two hours. The exposed plate
      was washed with a sodium silicate solution and then with methylethyl
      ketone to remove unexposed, soluble areas. An adherent plastic coating was
      obtained in the exposed areas. The color of the coating was a light
      greenish-yellow. There apparently was not much if any discoloration of the
      polymerized material from the starting monomer.
PAC  EXAMPLE V
PAC  Relief Printing Plate Preparation
PAR  A 3 by 3 inch brushed grained aluminum plate was coated by repeated
      application and evaporation of a clear solution comprising 2 grams of the
      phenylglyoxyethyl methacrylate product of Example I, 0.4 grams of
      xanthene-9-one, and 25 grams of methylethyl ketone. The plate was exposed
      and developed as described in Example IV. The color of the exposed and
      hardened material was light green and light green-yellow. Again, there was
      not much apparent discoloration of the exposed monomer. A micrometer was
      used to measure the thickness of the polymer coating. The coating was
      found to be approximately 0.01 inches thick.
CLMS
STM  We claim:
NUM  1.
PAR  1. A light sensitive and polymerizable composition having the following
      general structure:
      ##EQU13##
      wherein X represents an aromatic or a heterocyclic structure, R.sub.1
      represents an alkyl group having from one to ten carbon atoms, R.sub.2
      represents a grouping selected from the group consisting of hydrogen, or a
      lower alkyl group having from one to five carbon atoms, and R.sub.3
      represents an alkenyl group having from one to 10 carbon atoms.
NUM  2.
PAR  2. Claim 1 wherein X is benzene.
NUM  3.
PAR  3. Claim 1 wherein X is naphthalene.
NUM  4.
PAR  4. Claim 1 wherein R.sub.1 has two carbon atoms.
NUM  5.
PAR  5. Claim 1 wherein R.sub.2 has one carbon atom.
NUM  6.
PAR  6. Claim 1 wherein R.sub.3 has singular unsaturation.
NUM  7.
PAR  7. Claim 1 wherein R.sub.3 has one carbon atom.
NUM  8.
PAR  8. Claim 1 wherein Ar is benzene, R.sub.1 has two carbon atoms, and R.sub.2
      has one carbon atom.
NUM  9.
PAR  9. A photopolymeric relief plate having from about 0.005 to about 0.05
      inches of a coating described in claim 1 placed on a suitable backing
      member.
NUM  10.
PAR  10. A lithographic printing plate comprising the light sensitive
      composition of claim 1 placed on a suitable backing member.
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ABST
PAL  Double merocyanine compounds having the following general formula as
      referred to hereinafter are useful as sensitizing dyes in siliver halide
      photosensitive materials.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a photographic silver halide
      photosensitive material. More particularly, it relates to a photographic
      silver halide photosensitive material containing double merocyanine type
      sensitizing dyes having an improved solubility in organic solvents.
PAR  2. Description of the Prior Art
PAR  It has been well known that use of double merocyanine sensitizing dyes in a
      photographic silver halide photosensitive material can result in spectral
      sensitization. However, the serious defect in using double merocyanine
      sensitizing dye is its poor solubility. That is, with use of said dye, not
      only the dye solutions of desired concentration in organic solvents such
      as lower alcohol and acetone which are freely miscible with water cannot
      be obtained, but also the dye solutions even in organic solvents such as
      dimethylformamide cannot be obtained in satisfactory concentration.
      Therefore, in order to use the dye in an amount sufficient for spectral
      sensitization, it is necessary to use a large amount of dilute dye
      solution. As the result, it has often happened that properties of the
      photosensitive materials (such as mechanical strength of photosensitive
      film, adhesion between photosensitive layer and support, etc.) and
      photographic characteristics are unfavorably affected due to the use of a
      large amount of organic solvent.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a photographic silver
      halide photosensitive material containing sensitizing dyes which overcome
      said defect in the conventional double merocyanine sensitizing dyes and
      have improved solubility in organic solvents.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The double merocyanine dyes according to the invention have the following
      general formula (I)
      ##EQU1##
      (wherein R.sub.1 represents a lower alkyl group of not more than 5 carbon
      atoms, a substituted lower alkyl group having no sulfonic acid and
      carboxylic acid group or an alkenyl group, R.sub.2 represents a lower
      alkyl group of not more than 5 carbon atoms, a substituted lower alkyl
      group having no sulfonic acid group and carboxylic acid group, an alkenyl
      group or a substituted aryl group and R.sub.3 represents a lower alkyl
      group of not more than 5 carbon atoms, a substituted lower alkyl group
      having no sulfonic acid group and carboxylic acid group, an alkyl group or
      a substituted aryl group and all R.sub.1, R.sub.2 and R.sub.3 cannot be a
      lower alkyl at the same time).
PAR  Solubility of the double merocyanine sensitizing dyes in organic solvents
      of the present invention having the above general formula in
      dimethylformamide is conspicuously higher than that of those where
      R.sub.1, R.sub.2 and R.sub.3 are all lower alkyl groups. Furthermore, the
      solubility of the dyes of the present invention in organic solvents such
      as ethanol, acetone, etc. is also increased to such an extent as
      practically required for addition to emulsion. As the result, amount of
      organic solvent added to silver halide emulsion can be extremely
      decreased. Therefore, no unfavorable effect is given on properties of
      photographic photosensitive material (such as mechanical strength of film
      and adhesion between photosensitive layer and support) and photographic
      characteristics such as color stain caused by the sensitizing dye
      remaining after processing and desensitization occuring with lapse of
      time, namely, from preparation of the dye solution to addition thereof to
      silver halide emulsion. Furthermore, the dyes of the present invention
      have excellent photographic characteristics without increase in fog and
      desensitization even with lapse of time under severe conditions after
      application to a support and thus the dyes of the present invention are
      markedly effective as spectral sensitizer. Moreover, the sensitizing dyes
      used in the present invention exhibit substantially no reduction in
      sensitizing efficiency when used in combination with the same kind of dyes
      or dyes different from those in the present invention as compared with the
      case of single use. Rather, in some special combination, the sensitizing
      ability is increased. Because of these advantages, the present invention
      if extremely excellent as spectral sensitizing method of photographic
      emulsions where two or more of dyes are often used in combination.
PAR  In the general formula (I), the substituents in the substituted lower alkyl
      are preferably a lower alkoxy of not more than 5 carbon atoms, a lower
      alkoxycarbonyl of not more than 5 carbon atoms and an aralkyl. The
      substituents in the substituted aryl group are preferably a lower alkyl of
      not more than 5 carbon atoms, a lower alkoxy of not more than 5 carbon
      atoms and a lower alkoxycarbonyl of not more than 5 carbon atoms.
PAR  Representatives of the sensitizing dyes having said general formula (I) are
      as follows:
TBL  Compound No. 1                                                            

                              SS                        m.p.                   

                                                           275.0-              

                              .angle..angle.               6.5.degree.C        

                              CH.sup.. CH=CC=CC=S                              

                              .vertline..vertline..vertline..vertline.         

                                                           Acetone             

                              O=C------NO=C------N      abs.lambda.            

                                                           max                 

                              .vertline..vertline.         623.584 m.mu.       

                              CH.sub.2.sup.. CH=CH.sub.2 CH.sub.2.sup..        

                              CH=CH.sub.2                                      

     Compound No. 2                                                            

                              SS                        m.p.                   

                                                           259.0-              

                              .angle..angle.               262.0.degree.C      

                              CH.sup.. CH=CC=CC=S                              

                              .vertline..vertline..vertline..vertline.         

                                                           Acetone             

                              O=C------NO=C------N      abs.lambda.            

                                                           max                 

                              .vertline..vertline.         628.588 m.mu.       

                              CHCH.sub.2.sup.. CH=CH.sub.2                     

                              .angle.                                          

                              CH.sub.3 CH.sub.3                                

     Compound No. 3                                                            

                              SS                        m.p.                   

                                                           274.0-5.0.degree.C  

                              .angle..angle.                                   

                              CH.sup.. CH=CC=CC=S          Acetone             

                              .vertline..vertline..vertline..vertline.         

                                                        abs.lambda.            

                                                           max                 

                              O=C------NO=C------N         622.582 m.mu.       

                              .vertline..vertline.                             

                              CH.sub.2 CO.sub.2 C.sub.2 H.sub.5 CH.sub.2       

                              CO.sub.2 C.sub.2 H.sub.5                         

     Compound No. 4                                                            

                              SS                        m.p.                   

                                                           276.0.degree.C      

                              .angle..angle.               (dec)               

                              CH.sup.. CH=CC=CC=S                              

                              .vertline..vertline..vertline..vertline.         

                                                           Acetone             

                              O=C------NO=C------N      abs.lambda.            

                                                           max                 

                              .vertline..vertline.         618.580 m.mu.       

                              CH.sub.2 CO.sub.2 C.sub.2 H.sub.5 CH.sub.2       

                              CH=CH.sub.2                                      

     Compound No. 5                                                            

                              SS                        m.p.                   

                                                           282.0.degree.C      

                              .angle..angle.               (dec)               

                              CH.sup.. CH=CC=CC=S                              

                              .vertline..vertline..vertline..vertline.         

                                                           Acetone             

                              O=C------NO=O------N      abs.lambda.            

                                                           max                 

                              .vertline..vertline.         622.588 m.mu.       

                              CH.sub.2.sup.. CH=CH.sub.2 CH.sub.2 CO.sub.2     

                              C.sub.2 H.sub.5                                  

     Compound No. 6                                                            

                              SS                        m.p.                   

                                                           231.0-3.0.degree.C  

                              .angle..angle.                                   

                              CH.sup.. CH=CC=CC=S          Acetone             

                              .vertline..vertline..vertline..vertline.         

                                                        abs.lambda.            

                                                           max                 

                              O=C------NO=C------N         623.588 m.mu.       

                              .vertline..vertline.                             

                              CH.sub.2.sup.. CH=CH.sub.2 CH.sub.2.sup..        

                              CH=CH.sub.2                                      

     Compound No. 7                                                            

                              SS                        m.p.                   

                                                           278.0-              

                              .angle..angle.               280.0.degree.C      

                              CH.sup.. CH=C C=CC=S                             

                              .vertline..vertline..vertline..vertline.         

                                                           Acetone             

                              O=C------NO=C------N      abs.lambda.            

                                                           max                 

                              .vertline.                   628.590 m.mu.       

                              CH                                               

                              .angle.                                          

                              CH.sub.3 CH.sub.3                                

     Compound No. 8                                                            

                              SS                        m.p.                   

                                                           276.0-              

                              .angle..angle.               7.0.degree.C        

                              CH.sup.. CH=CC=CC=S                              

                              .vertline..vertline..vertline..vertline.         

                                                           Acetone             

                              O=C------NO=C------N      abs.lambda.            

                                                           max                 

                              .vertline..vertline.         626.589 m.mu.       

                              CHCH.sub.2.sup.. CH=CH.sub.2                     

                              .angle.                                          

                              CH.sub.3 CH.sub.3                                

     Compound No. 9                                                            

                              SS                        m.p.                   

                                                           239.0-              

                              .angle..angle.               240.0.degree.C      

                              CH.sup.. CH=CC=CC=S                              

                              .vertline..vertline..vertline..vertline.         

                                                           Acetone             

                              O=C------NO=C------N      abs.lambda.            

                                                           max                 

                              .vertline..vertline.         625.585 m.mu.       

                              CH.sub.2 CO.sub.2 C.sub.2 H.sub.5 CH.sub.2       

                              CO.sub.2 C.sub.2 H.sub.5                         

     Compound No. 10                                                           

                              SS                        m.p.                   

                                                           281.0.degree.C      

                                                           (dec)               

                              .angle..angle.                                   

                              CH.sup.. CH=CC=CC=S          Acetone             

                              .vertline..vertline..vertline..vertline.         

                                                        abs.lambda.            

                                                           max                 

                              O=C------NO=C------N         626.586 m.mu.       

                              .vertline..vertline.                             

                              CH.sub.2.sup.. CH=CH.sub.2 CH.sub.2.sup..        

                              CH=CH.sub.2                                      

     Compound No. 11                                                           

                              SS                        m.p.                   

                                                           281.0-              

                              .angle..angle.               3.0.degree.C        

                              CH.sup.. CH=CC=CC=S                              

                              .vertline..vertline. .vertline..vertline.        

                                                           Acetone             

                              O=C------NO=C------N      abs.lambda.            

                                                           max                 

                              .vertline..vertline.         624.585 m.mu.       

                              CH.sub.2 CO.sub.2 C.sub.2 H.sub.5 CH.sub.2       

                              CO.sub.2 C.sub.2 H.sub.5                         

PAR  The double merocyamine sensitizing dyes used in the present invention are
      not limited to the representatives enumerated above and those which
      contain said chemical structure may be used. Furthermore, if necessary,
      two or more of them may be used in combination and they may be also used
      in combination with other sensitizing dyes having different spectral
      sensitization region.
PAR  The double merocyanine sensitizing dyes used in the present invention can
      be synthesized by s-alkylating dimethine-rhodamerocyanine dyes
      (represented by the general formula II) with an alkylating agent (such as
      dimethyl sulfate) and then reacting the product in a suitable solvent
      (such as ethanol) with a rhodanine derivative in the presence of organic
      base (such as triethylamine).
PAR  General formula (II):
      ##EQU2##
      [wherein R.sub.1 and R.sub.2 are same as defined in general formula (I)].
PAR  Example of preparation of one of the double merocyanine sensitizing dyes
      used in the present invention is shown below:
PAR  1.95 Grams of
      3-allyl-5-[3-(2-methoxyethyl)-2-(5,6-benzoquinolylidene)ethylidene]
      rhodanine was mixed with 2.84 g of dimethyl sulfate and the mixture was
      heated at 85.degree. - 90.degree.C for 1 hour. Then, the reaction product
      was cooled to room temperature and thereafter was sufficiently washed with
      ethyl ether. To the product was added 0.99 g of 3-ethoxycarbonylmethyl
      rhodanine (mentioned in "Yakugaku Zasshi (Journal of the Pharmaceutical
      Society of Japan)" Vol. 79, Page 1467) and these were dissolved in 80 ml
      of ethanol. Then, to the solution was added 2.28 g of triethylamine and
      refluxed for 30 minutes. After cooling to room temperature, precipitated
      crystal was filtered off, washed with ethanol and then acetone and
      thereafter recrystallized from about 100 ml of chloroform to obtain the
      compound No. 5 having a melting point of 282.0.degree.C (decomposition) in
      a yield of 1.76 g.
PAR  Other sensitizing dyes of the present invention can also be prepared in
      accordance with said method.
PAR  Thus obtained sensitizing dye may be added to a photographic silver halide
      emulsion in the form of a solution in organic solvents freely miscible
      with water such as ethanol, acetone, dimethylformamide, etc. These
      sensitizing dyes may be added to the photographic silver halide emulsion
      at any time during preparation of the emulsion, but in general it is
      suitable to add them immediately after completion of digestion. Amount of
      the dyes added varies depending upon kind of silver halide, but preferably
      it is 0.3 mg - 100 mg per 1 kg of the silver halide emulsion. The amount,
      however, is not limited to said range and the larger or the smaller amount
      may also be employed. The sensitizing dyes of the present invention may be
      applied to any photographic silver halide emulsions such as silver
      chloride, silver bromide, silver chlorobromide, silver bromoiodide, etc.
      Furthermore, these emulsions may be subjected to sensitization with noble
      metal sensitizers, sulfur sensitizers, reduction sensitizers, polyalkylene
      oxide sensitizers, etc. Moreover, these emulsions may contain generally
      employed additives such as stabilizers, hardeners, surfactants, etc.
PAR  Other cyanine or merocyanine sensitizing dyes may be used in combination
      with the sensitizing dyes of the present invention to provide a higher
      spectral sensitivity depending upon the purpose of use. Thus, spectral
      sensitization of photosensitive materials which use various silver halides
      can be easily accomplished by the present invention.
PAR  The sensitizing dyes according to the present invention may be used not
      only in the common black and white photographic materials, but also in
      silver halide photosensitive materials of high contrast which are to be
      developed with lith type developer or color photographic photosensitive
      materials. In case of using in the lith type high contrast silver halide
      photosensitive materials, adjustment of developing speed can be
      accomplished more easily as compared with the conventional various
      sensitizing dyes. Furthermore, the present sensitizing dyes in color
      photographic photosensitive materials are excellent as red sensitizer.
PAR  The photographic silver halide photosensitive materials of the present
      invention can be obtained by coating a photographic emulsion containing
      the double merocyanine sensitizing dyes used in the present invention on a
      suitable support such as a glass, a triacetate base, a polyester base,
      paper, etc. and drying it.
PAR  The present invention will be illustrated in the following Examples.
PAC  EXAMPLE 1
PAR  The solubilities of the sensitizing dyes of the present invention in
      dimethylformamide at room temperature were examined. For comparison,
      solubility of a compound having the general formula (I) where R.sub.1,
      R.sub.2 and R.sub.3 are all ethyl group (Compound No. 12) in
      dimethylformamide was also examined. The results are shown in Table 1.
      Compound No. 12
      ##EQU3##
TBL                                    Table 1                                 

     __________________________________________________________________________

                                             Concentration of                  

                                             dyes and solubility               

     Compound                                                                  

           R.sub.1     R.sub.2 R.sub.3       0.05 %                            

                                                 0.03 %                        

                                                     0.02 %                    

     __________________________________________________________________________

     12    --C.sub.2 H.sub.5                                                   

                       --C.sub.2 H.sub.5                                       

                               --C.sub.2 H.sub.5                               

                                             x   x   o                         

     1     "           --CH.sub.2 CH=CH.sub.2                                  

                               --CH.sub.2 CH=CH.sub.2                          

                                             o   o   o                         

                       CH.sub.3                                                

     2     "           --CH.angle.                                             

                               "             o   o   o                         

                       CH.sub.3                                                

     3     "           --CH.sub.2 CO.sub.2 C.sub.2 H.sub.5                     

                               --CH.sub.2 CO.sub.2 C.sub.2 H.sub.5             

                                             o   o   o                         

     4     --(CH.sub.2).sub.2 --OCH.sub.3                                      

                       --CH.sub.2 CO.sub.2 C.sub.2 H.sub.5                     

                               --CH.sub.2 CH=CH.sub.2                          

                                             o   o   o                         

     5     "           --CH.sub.2 CH=CH.sub.2                                  

                               --CH.sub.2 CO.sub.2 C.sub.2 H.sub.5             

                                             o   o   o                         

           CH.sub.3                                                            

     6     --(CH.sub.2).sub.2 --OCH.angle.                                     

                       "       --CH.sub.2 CH=CH.sub.2                          

                                             o   o   o                         

           CH.sub.3                                                            

                       CH.sub.3                                                

     7     "           --CH.angle.           o   o   o                         

                       CH.sub.3                                                

     8     "           "       --CH.sub.2 CH=CH.sub.2                          

                                             o   o   o                         

     9     "           --CH.sub.2 CO.sub.2 C.sub.2 H.sub.5                     

                               --CH.sub.2 CO.sub.2 C.sub.2 H.sub.5             

                                             o   o   o                         

     10    --(CH.sub.2).sub.2 --OCH.sub.3                                      

                       --CH.sub.2 CH=CH.sub.2                                  

                               --CH.sub.2 CH=CH.sub.2                          

                                             o   o   o                         

     11    "           --CH.sub.2 CO.sub.2 C.sub.2 H.sub.5                     

                               --CH.sub.2 CO.sub.2 C.sub.2 H.sub.5             

                                             o   o   o                         

     __________________________________________________________________________

PAR  In the above Table 1, "X" means that there remained undissolved dyes and
      "o" means that the dyes were completely dissolved.
PAR  As is clear from Table 1, the sensitizing dyes of the present invention had
      solubility of higher than 2.5 times that of the comparative compound No.
      12.
PAC  EXAMPLE 2
PAR  A silver chlorobromide emulsion was prepared with 120 g of silver nitrate
      and equally divided into 6 portions, to each of which sensitizing dyes as
      shown in Table 2 and the usually employed stabilizers, hardeners,
      surfactants and the like were added. Each of the emulsion was coated on a
      film support and dried.
PAR  Each of the dried sample was contacted with D = 0.15 steps tablet and
      exposed through wratten filter No. 29. After developing the exposed
      samples, characteristics thereof were obtained. The results are shown in
      Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

                    Solvent                                                    

     Sample                                                                    

         Sensitizing                                                           

                Amount                                                         

                    Dimethyl-                                                  

                          Acetone                                              

                               Relative                                        

                                      Fog                                      

     No. dyes added formamide  sensitivity                                     

     __________________________________________________________________________

     1   12     5 mg                                                           

                    30 cc --   100    0.16                                     

     2   1      5 mg                                                           

                    1 cc  29 cc                                                

                               100    0.04                                     

     3   4      5 mg                                                           

                    1 cc  29 cc                                                

                               112    0.05                                     

     4   9      5 mg                                                           

                    1 cc  29 cc                                                

                                85    0.03                                     

     5   10     5 mg                                                           

                    1 cc  29 cc                                                

                               100    0.05                                     

     6   11     5 mg                                                           

                    1 cc  29 cc                                                

                                91    0.03                                     

     __________________________________________________________________________

PAR  In the above Table 2, in case of the comparative compound 12, only
      dimethylformamide was used as solvent in view of solubility. Regarding the
      sensitizing ability, the sensitizing dyes of the present invention are
      equal to or higher than the comparative compound. However, the sensitizing
      dyes of the present invention are extremely excellent than the comparative
      compound in fog.
PAC  EXAMPLE 3
PAR  In the same manner as in Example 2, emulsions were prepared and the
      sensitizing dyes were added thereto as shown in Table 3. Each of the
      emulsions was coated on the support and dried as in Example 2. The effects
      of combination with
      1,1',3,3'-tetraethyl-5,5',6,6'-tetrachlorobenzimidazolocarbocyanineiodide
      (Compound No. 13) was compared after exposure and processing in the same
      manner as in Example 2.
TBL                Table 3                                                     

     ______________________________________                                    

           Sensitizing            Amount of                                    

                                           Relative                            

     Sample                                                                    

           dies                   compound sensi-                              

     No.   (compound No.)                                                      

                         Amount   No. 13   tivity                              

     ______________________________________                                    

     1     12            3 mg     --       100                                 

     2     12            3 mg     5 mg      77                                 

     3     3             3 mg     --        94                                 

     4     3             3 mg     5 mg      94                                 

     5     5             3 mg     --       105                                 

     6     5             3 mg     5 mg     131                                 

     7     6             3 mg     --       101                                 

     8     6             3 mg     5 mg     125                                 

     9     11            3 mg     --        90                                 

     10    11            3 mg     5 mg      91                                 

     ______________________________________                                    

PAR  Combination of two or more of the same or different kind of dyes often
      causes reduction in sensitizing efficiency. In the above Table 3, the
      example of sample No. 2 is typical example of such case. On the other
      hand, in case of the sensitizing dyes of the present invention,
      substantially no reduction is caused and rather the sensitization
      efficiency was increased.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photographic silver halide emulsion containing, as a sensitizing dye,
      at least one compound having the following general formula:
      ##EQU4##
      wherein R.sub.1, R.sub.2 and R.sub.3 are selected from the group
      consisting of alkyl of not more than 5 carbon atoms, alkyl of not more
      than 5 carbon atoms substituted with alkoxy of not more than 5 carbon
      atoms, alkyl of not more than 5 carbon atoms substituted with
      alkoxycarbonyl of not more than 5 carbon atoms, dicarbomethoxyphenyl and
      allyl with the proviso that all of R.sub.1, R.sub.2 and R.sub.3 cannot be
      alkyl at the same time.
NUM  2.
PAR  2. A photographic silver halide emulsion according to claim 1, wherein said
      compound is selected from the group consisting of the following compounds:
TBL  Compound No. 1                                                            

     ______________________________________                                    

                         m.p. 275.0-                                           

                              6.5.degree.C                                     

                              Acetone                                          

                         abs.lambda.                                           

                              max                                              

                              623.584 m.mu.                                    

     SS                                                                        

     .angle..angle.                                                            

     CH.CH= CC=CC=S                                                            

     .vertline..vertline..vertline..vertline.                                  

     O=C------NO=C------N                                                      

     .vertline..vertline.                                                      

     CH.sub.2.CH= CH.sub.2 CH.sub.2.CH= CH.sub.2                               

     Compound No. 2                                                            

     ______________________________________                                    

                         m.p. 259.0-                                           

                              262.0.degree.C                                   

                              Acetone                                          

                         abs.lambda.                                           

                              max                                              

                              628.588 m.mu.                                    

     SS                                                                        

     .angle..angle.                                                            

     CH.CH= CC=CC=S                                                            

     .vertline..vertline..vertline..vertline.                                  

     O=C------NO=C------N                                                      

     .vertline..vertline.                                                      

     CHCH.sub.2.CH= CH.sub.2                                                   

     .angle.                                                                   

     CH.sub.3 CH.sub.3                                                         

     Compound No. 3                                                            

     ______________________________________                                    

                          m.p.                                                 

                              274.0-                                           

                              5.0.degree.C                                     

                              Acetone                                          

                         abs.lambda.                                           

                              max                                              

                              622.582 m.mu.                                    

     SS                                                                        

     .angle..angle.                                                            

     CH.CH= CC=CC=S                                                            

     .vertline..vertline..vertline..vertline.                                  

     O=C------NO=C------N                                                      

     .vertline..vertline.                                                      

     CH.sub.2 CO.sub.2 C.sub.2 H.sub.5 CH.sub.2 CO.sub.2 C.sub.2 H.sub.5       

     Compound No. 4                                                            

     ______________________________________                                    

                         m.p. 276.0.degree.C                                   

                              (dec)                                            

                              Acetone                                          

                         abs.lambda.                                           

                              max                                              

                              618.380 m.mu.                                    

     SS                                                                        

     .angle..angle.                                                            

     CH.CH= CC=CC=S                                                            

     .vertline..vertline..vertline..vertline.                                  

     O=C------NO=C------N                                                      

     .vertline..vertline.                                                      

     CH.sub.2 CO.sub.2 C.sub.2 H.sub.5 CH.sub.2 CH=CH.sub.2                    

     Compound No. 5                                                            

     ______________________________________                                    

                         m.p. 282.0.degree.C                                   

                              (dec)                                            

                              Acetone                                          

                         abs.lambda.                                           

                              max                                              

                              622.588 m.mu.                                    

     SS                                                                        

     .angle..angle.                                                            

     CH.CH= CC=CC=S                                                            

     .vertline..vertline..vertline..vertline.                                  

     O=C------NO=C------N                                                      

     .vertline..vertline.                                                      

     CH.sub.2.CH= CH.sub.2 CH.sub.2 CO.sub.2 C.sub.2 H.sub.5                   

     Compound No. 6                                                            

     ______________________________________                                    

                         m.p. 231.0-                                           

                              3.0.degree.C                                     

                              Acetone                                          

                         abs.lambda.                                           

                              max                                              

                              623.588 m.mu.                                    

     SS                                                                        

     .angle..angle.                                                            

     CH.CH= CC=CC=S                                                            

     .vertline..vertline..vertline..vertline.                                  

     O=C------NO=C------N                                                      

     .vertline..vertline.                                                      

     CH.sub.2.CH= CH.sub.2 CH.sub.2.CH= CH.sub.2                               

     Compound No. 7                                                            

     ______________________________________                                    

                         m.p. 278.0-                                           

                              280.0.degree.C                                   

                              Acetone                                          

                         abs.lambda.                                           

                              max                                              

                              628.590 m.mu.                                    

     SS                                                                        

     .angle..angle.                                                            

     CH.CH= CC=CC=S                                                            

     .vertline..vertline..vertline..vertline.                                  

     O=C------NO=C------N                                                      

     .vertline.                                                                

     CH                                                                        

     .angle.                                                                   

     CH.sub.3 CH.sub.3                                                         

     Compound No. 8                                                            

     ______________________________________                                    

                         m.p. 276.0-                                           

                              7.0.degree.C                                     

                              Acetone                                          

                         abs.lambda.                                           

                              max                                              

                              626.589 m.mu.                                    

     SS                                                                        

     .angle..angle.                                                            

     CH.CH= CC=CC=S                                                            

     .vertline..vertline..vertline..vertline.                                  

     O=C------NO=C------N                                                      

     .vertline..vertline.                                                      

     CH CH.sub.2.CH= CH.sub.2                                                  

     .angle.                                                                   

     CH.sub.3 CH.sub.3                                                         

     Compound No. 9                                                            

     ______________________________________                                    

                         m.p. 239.0-                                           

                              240.0.degree.C                                   

                              Acetone                                          

                         abs.lambda.                                           

                              max                                              

                              265.585 m.mu.                                    

     SS                                                                        

     .angle..angle.                                                            

     CH.CH= CC=CC=S                                                            

     .vertline..vertline..vertline..vertline.                                  

     O=C------NO=C------N                                                      

     .vertline..vertline.                                                      

     CH.sub.2 CO.sub.2 C.sub.2 H.sub.5 CH.sub.2 CO.sub.2 C.sub.2 H.sub.5       

     Compound No. 10                                                           

     ______________________________________                                    

                         m.p. 281.0.degree.C                                   

                              (dec)                                            

                              Acetone                                          

                         abs.lambda.                                           

                              max                                              

                              626.586 m.mu.                                    

     SS                                                                        

     .angle..angle.                                                            

     CH.CH= CC=CC=S                                                            

     .vertline..vertline..vertline..vertline.                                  

     O=C------NO=C------N                                                      

     .vertline..vertline..vertline.                                            

     CH.sub.2 .CH=CH.sub.2 CH.sub.2 .CH=CH.sub.2                               

     Compound No. 11                                                           

     ______________________________________                                    

                         m.p. 281.0-                                           

                              3.0.degree.C                                     

                              Acetone                                          

                         abs.lambda.                                           

                              max                                              

                              624.585 m.mu.                                    

     SS                                                                        

     .angle..angle.                                                            

     CH.CH= CC=CC=S                                                            

     .vertline..vertline..vertline..vertline.                                  

     O=C------NO=C------N                                                      

     .vertline..vertline.                                                      

     CH.sub.2 CO.sub.2 C.sub.2 H.sub.5 CH.sub.2 CO.sub.2 C.sub.2 H.sub.5       

     ______________________________________                                    

NUM  3.
PAR  3. A photographic silver halide emulsion according to claim 1, wherein said
      sensitizing dye is contained in an amount of 0.3 mg - 100 mg per 1 kg of
      the silver halide emulsion.
NUM  4.
PAR  4. A photographic silver halide photosensitive material comprising a
      support having coated thereon a photosensitive composition comprising a
      silver halide emulsion and the sensitizing dye as defined in claim 1.
NUM  5.
PAR  5. In a sensitizing process where a sensitizing dye is added to silver
      halide emulsion, the improvement characterized in that at least one
      sensitizing dye as defined in claim 1 is added.
NUM  6.
PAR  6. A photographic silver halide emulsion according to claim 1 wherein
      R.sub.1 is alkyl of 1 to 5 carbon atoms or alkyl of 1 to 5 carbon atoms
      substituted with alkoxy of 1 to 5 carbon atoms, R.sub.2 is alkyl of 1 to 5
      carbon atoms, alkyl of 1 to 5 carbon atoms substituted with alkoxycarbonyl
      of not more than 5 carbon atoms or alkenyl and R.sub.3 is alkyl of 1 to 5
      carbon atoms, alkyl of 1 to 5 carbon atoms substituted with alkoxycarbonyl
      of not more than 5 carbon atoms, bis(carbomethoxy)phenyl or alkenyl.
NUM  7.
PAR  7. A photographic silver halide emulsion according to claim 6 wherein
      R.sub.2 is alkyl of 1 to 5 carbon atoms, allyl or methyl carbomethoxy, and
      R.sub.3 is 1 to 5 carbon atoms alkyl, allyl methylcarboethoxy or
      bis(carbomethoxyl)phenyl.
NUM  8.
PAR  8. A photographic silver halide emulsion according to claim 1 wherein it
      contains additionally 1,1' ,3,3'-tetraethyl-5,5'
      ,6,6'-tetrachlorobenzimidazolocarbocyanineiodide.
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ABST
PAL  An improved process for preparing a polishing solution for use in the
      chemical-mechanical polishing of silicon comprising copper nitrate,
      ammonium fluoride, nitric acid and ammonium nitrate. The latter two
      components are added to the copper nitrate, the system mixed well and then
      the ammonium fluoride added. The process eliminates the need for settling,
      decantation or filtration during solution preparation and permits
      substantially lowered amounts of copper nitrate to be used for silicon
      polishing. The silicon polishing solution is also described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to polishing solutions for the
      chemical-mechanical (chem-mech) polishing of silicon, and methods for the
      preparation thereof.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,436,259, Regh, et al., Polishing of Silicon by the Cupric
      Ion Process, Mendel and Yang, Proceedings of the IEEE, Vol. 57, No. 9,
      September 1969, pages 1476, et seq., and "Silicon Planar Chemical
      Polishing", Regh and Silvey, Electrochemical Technology, March-April 1968,
      pages 155, et seq., all hereby incorporated by reference, relate to a
      process for polishing planar silicon surfaces to a high degree of surface
      perfection by chemical-mechanical polishing using, e.g., an aqueous
      solution containing cupric ions and fluoride ions. The present invention
      is an improvement thereon.
PAR  During the chem-mech polishing described in Regh, et al., displacement
      plating of copper for the silicon on the silicon planar surface occurs
      with the simultaneous and continuous wiping of the silicon surface
      resulting in the removal of copper metal from the high areas on the
      silicon surface. The components most commonly used to provide such
      polishing solution are cupric nitrate, providing cupric ions, and ammonium
      fluoride solutions, providing the fluoride anions.
PAR  Such polishing solutions are prepared by mixing cupric nitrate (for
      example, in the form of a 100 g/l solution of CuNO.sub.3. 3H.sub.2 O) and
      ammonium fluoride (for example, as a 40 wt. % aqueous solution) at a 4:1
      volume ratio, stirring the mixture well, allowing it to stand for 60-90
      minutes and then decanting or filtering the copper-containing precipitate
      which forms and gradually separates from polishing solution under
      preparation.
PAR  The precipitate substantially reduces the cupric ion concentration in the
      polishing solution, generally in an amount on the order of 50 wt. %, and
      leads to a polishing solution which shows a lowered polishing rate.
      Further, the presence of solid particles in the polishing solution during
      polishing can cause surface damage to the silicon surface being polished.
PAR  In addition to the above defects, the separation of the precipitate,
      generally by the decantation or filtration, is a time consuming operation,
      and the disposal of the precipitate is a serious problem since the
      components involved are harmful to the ecology.
PAR  Attempts have been made to halt or reduce the precipitation of the copper
      compound, for example, acids such as nitric acid, sulfuric acid or acetic
      acid have been added to the polishing solution during its formation. The
      addition of these acids slows the precipitation, but the resultant
      polishing solutions are not acceptable for chem-mech polishing of a
      silicon planar surface because of their high acidity which produces
      unacceptable polished surfaces.
PAR  Other attempts to reduce the precipitation involved reducing the initial
      concentrations of copper nitrate and ammonium fluoride, but to obtain
      practically useful polishing solutions precipitate formation was still
      observed.
PAR  It would obviously be of substantial benefit to the art if the above
      defects in producing cupric cation/fluoride anion polishing solutions
      could be overcome.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that a cupric nitrate/ammonium fluoride
      containing polishing solution for the chem-mech polishing of silicon can
      be prepared without the substantial precipitation of copper by mixing
      controlled amounts of ammonium nitrate and nitric acid with the cupric
      nitrate and then adding ammonium fluoride thereto.
PAR  The resultant polishing solution provides results equivalent or superior to
      those obtained with prior art cupric nitrate/ammonium fluoride polishing
      solutions after decantation or filtration.
PAR  It is thus one object of the present invention to provide a cupric
      nitrate/ammonium fluoride containing polishing solution by a process which
      does not result in the substantial precipitation of copper.
PAR  It is a further object of the present invention to provide cupric
      nitrate/ammonium fluoride containing polishing solutions wherein extended
      periods of time for settling, decantation or filtering or precipitate
      disposal are no longer necessary.
PAR  Yet a further object of the present invention is to provide a cupric
      nitrate/ammonium fluoride containing polishing solution with a high cupric
      ion content, which in turn may be utilized for the chem-mech polishing of
      planar silicon surfaces at a high polishing rate.
PAR  These and other objects of the present invention will be described and
      exemplified in greater detail by the following description.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the chem-mech polishing of single crystal silicon wafers using a mixture
      of cupric nitrate and ammonium fluoride solutions, the entire polishing
      process can be divided into three parts:
PA1  1. Solution preparation;
PA1  2. Polishing;
PA1  3. Cleaning the polished surfaces of undesirable surface impurities.
PAR  The present invention is directed primarily to an improvement in the
      solution preparation step, though it will be understood that the present
      invention inherently provides superior polishing and easier cleaning since
      more cupric ions can be present in the polishing solution of the present
      invention and undesirable precipitates are not deposited on the polished
      surface.
PAR  The exact reasons for the improved results obtained by the addition of
      ammonium nitrate and nitric acid to the cupric nitrate/ammonium fluoride
      system are not completely understood. The inventor theorizes, however,
      without wishing to be bound thereby, that cupric nitrate and ammonium
      fluoride initially react to produce basic cupric fluoride, nitric acid and
      ammonium nitrate, lowering the pH of the polishing solution being formed
      in accordance with the following equation:
EQU  Cu(NO.sub.3).sub.2 + NH.sub.4 F + H.sub.2 O .revreaction. Cu(OH)F +
      NH.sub.4 NO.sub.3 + HNO.sub.3
PAR  As soon as the pH of the solution reaches approximately 6, it is believed
      that the following sequences of reactions are initiated:
EQU  NH.sub.4 F + HNO.sub.3 .fwdarw. NH.sub.4 NO.sub.3 + HF
EQU  Cu(OH)F + HF .fwdarw. CuF.sub.2 + H.sub.2 O
PAR  It is believed that the addition of nitric acid and ammonium nitrate reduce
      the formation of Cu(OH)F and control the pH in a manner which determines
      the precipitation kinetics and the polishing characteristics of the
      resultant polishing solution.
PAR  No matter what the correct reason for the unexpected results of the present
      invention, the essential materials used in the polishing solution and
      preparation procedure of the present invention are:
PA1  cupric nitrate, usually used as the trihydrate;
PA1  ammonium fluoride, usually added as an aqueous solution;
PA1  ammonium nitrate; and
PA1  nitric acid, generally concentrated (70%) nitric acid.
PAR  The amounts of cupric nitrate and ammonium fluoride present in the
      displacement plating solution of the present invention can be varied
      substantially. The amounts present will generally vary in proportion to
      the silicon to be polished.
PAR  Generally speaking, the amount of cupric ion which is present is the
      determinative factor in establishing the effectiveness of the polishing
      solution. For instance, a polishing solution having traces of cupric ion
      will act as a polishing solution where only small amounts of silicon, for
      example a few microns, are to be removed. Optimum silicon polishing is
      achieved at cupric nitrate concentrations of about 40 g/l. As the cupric
      nitrate (Cu.sup.+.sup.+) concentration increases, polishing rate
      increases, with a decrease in polishing rate being encountered with
      decreasing concentrations of cupric nitrate (Cu.sup.+.sup.+). The effect
      of cupric nitrate concentration on polishing rate is approximately linear
      with the polishing solution of the present invention [see FIG. 1 of the
      Regh and Silvey article earlier cited].
PAR  The bounds on the cupric nitrate concentration are not overly critical.
      While extremely low concentrations of cupric nitrate can be used with
      success, at concentrations excessively below about 20 g/l of cupric
      nitrate the polishing rate becomes slow and excessive process times will
      be required for many users. On the other hand, at excessively high cupric
      nitrate concentrations the polishing rate becomes too fast for convenient
      process control without any substantial benefits in silicon surface
      quality.
PAR  Balancing all of the above factors, preferred cupric nitrate concentrations
      will be from about 20 g/l to about 100 g/l.
PAR  While fluoride ions are necessary for the successful use of the polishing
      solution of the present invention, changes in fluoride ion content
      generally produce little changes in removal rates as compared to changes
      in the amount of cupric ion, although some effect is noted. The effect of
      fluoride ion concentration is approximately linear, as shown in FIG. 3 of
      the Mendel and Yang article earlier cited.
PAR  Optimum polishing is obtained with the use of ammonium fluoride sufficient
      to provide a fluoride ion content of about 2.1 to about 2.2 N. At
      increasingly lower amounts of ammonium fluoride an increasing tendency to
      etch is encountered and with greater concentrations no better results are
      obtained as compared to the use of about a 2.2 N fluoride ion
      concentration. If some etching is acceptable, it will be apparent fluoride
      ion normalities lesser than about 2.1 N can be used.
PAR  The amounts of ammonium nitrate and nitric acid required will vary from
      system to system depending upon the exact amounts of cupric nitrate and
      ammonium fluoride present. Generally speaking, however, variations in the
      ammonium fluoride content have little impact on this amount of ammonium
      nitrate and nitric acid used. On the other hand, with increasing amounts
      of cupric nitrate increases in ammonium nitrate and nitric acid are
      necessary, with the reverse being true with lesser amounts of cupric
      nitrate.
PAR  For 40 g/l cupric nitrate and 81 g/l ammonium fluoride, optimum results are
      obtained with about 6 to about 12 cc/l of 70% nitric acid. The following
      results illustrate the effect of nitric acid variations for such a system
      further including 20 g/l ammonium nitrate.
TBL  ______________________________________                                    

     Amount of HNO.sub.3                                                       

                        Silicon Polishing Rate                                 

     (70%) cc/l         (mils/hour)                                            

     ______________________________________                                    

     0                  3                                                      

     5                  5                                                      

     6                  8.2                                                    

     7                  8.4                                                    

     8                  8.4                                                    

     9                  8.8                                                    

     12                 10.0                                                   

     ______________________________________                                    

PAR  Silicon polishing was at 88.degree.-92.degree.F., and no "orange peeling"
      was encountered at any nitric acid concentration.
PAR  For a given cupric nitrate-ammonium fluoride-ammonium nitrate system,
      decreasing amounts of nitric acid increase the tendency towards copper
      precipitation and increasing amounts of nitric acid increase the tendency
      towards "orange peeling" and pitting. Optimum nitric acid concentration
      for any particular system can be determined by a few trial preparations,
      usually starting with low nitric acid concentrations and increasing, if
      necessary, the concentration until no precipitation is observed.
PAR  For a system as earlier described, i.e., 40 g/l cupric nitrate, 81 g/l
      ammonium fluoride and 6-12 cc/l concentrated (70%) nitric acid, the
      optimum amount of ammonium nitrate is 20 g/l. This value is not, of
      course, limitative, so long as the following general trends are
      considered.
PAR  For any system, increasing amounts of ammonium nitrate over the amount
      needed to prevent copper precipitation serve no beneficial purpose, and
      can merely be considered a waste of ammonium nitrate. On the other hand,
      with decreasing amounts of ammonium nitrate in an otherwise constant
      composition system there is a growing tendency for copper precipitation,
      which should be avoided.
PAR  Balancing all factors, the ammonium nitrate concentration is most
      preferably at least about 10 g/l.
PAR  Variations of the nitric acid content do not have any substantial effect on
      the ammonium nitrate concentration, and vice versa.
PAR  The interrelationship between the components of the silicon polishing
      solution are summarized in the Table on the following page.
TBL                                    TABLE                                   

     __________________________________________________________________________

                                        Effect of     Effect of                

     Component                                                                 

             Preferred Concentration                                           

                           Optimum Concentration                               

                                        Reducing Concentration                 

                                                      Increasing               

     __________________________________________________________________________

                                                      Concentration            

     Cupric  At least about 20 g/l                                             

                           About 40 g/l 1. Lowers polishing rate               

                                                      1. Increases polishing   

                                                      rate                     

     Nitrate                            2. Less nitric acid and                

                                                      2. More nitric acid and  

     (trihydrate)                        ammonium nitrate                      

                                                       ammonium nitrate        

                                         needed        needed                  

     Ammonium                                                                  

             To provide fluoride ion                                           

                           To provide fluoride ion                             

                                         No substantial effect;                

                                                      No substantial           

                                                      detrimental              

     Fluoride                                                                  

             normality of about 2.1                                            

                           normality of about 2.1                              

                                         if excessively lowered                

                                                      or beneficial effect.    

             to about 2.2 N                                                    

                           to about 2.2 N                                      

                                         etching tendency shown                

     Nitric Acid                                                               

             About 6 to about                                                  

                           About 8 cc/l  Tendency towards                      

                                                      Tendency towards         

                                                      "orange                  

     (70%)   12 cc/l                     copper precipitation                  

                                                      peeling" at excessively  

                                         increases with lowering               

                                                      high concentrations      

                                         concentrations                        

     Ammonium                                                                  

             At least about 10 g/l                                             

                           About 20 g/l  Tendency towards                      

                                                      No substantial           

                                                      detrimental              

     Nitrate                             copper precipitation                  

                                                      or beneficial effect     

                                         increases with lowering               

                                         concentrations                        

     __________________________________________________________________________

PAR  The polishing solution of the present invention is formed by mixing the
      cupric nitrate, ammonium nitrate and nitric acid in water and then adding
      the ammonium fluoride. The mixing order is not important so long as the
      ammonium fluoride is mixed with a "preformed" aqueous solution of the
      three other components. Since the ammonium fluoride will generally be
      added as an aqueous solution, the water present should be taken into
      account in establishing the mixing proportions.
PAR  In a specific exemplification, 40 g of cupric nitrate (trihydrate), 20 g of
      ammonium nitrate and 8 cc of 70% nitric acid were mixed well in water to
      form a solution and thereafter 81 g of ammonium fluoride in 190 ml of
      water added thereto, the total volume being 1 liter, and mixed well.
PAR  The resulting polishing solution could be immediately used for the
      polishing of silicon as described in the Regh, et al. patent earlier cited
      as there was no need for settling, decantation, filtration or the like.
PAR  To obtain comparable polishing results at identical conditions without
      nitric acid or ammonium nitrate, it was necessary to form a polishing
      solution by starting with 80 g/l of cupric nitrate and 88 g/l of ammonium
      nitrate.
PAR  While the invention has been particularly shown and described with
      reference to the preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for preparing a silicon chemical-mechanical polishing
      solution comprising cupric nitrate and ammonium fluoride in water in an
      amount effective to chemical-mechanical polish silicon, the improvement
      which comprises bringing cupric nitrate, ammonium nitrate and nitric acid
      into aqueous solution and then adding thereto ammonium fluoride, said
      nitric acid and ammonium nitrate being present in an amount effective to
      prevent copper precipitation.
NUM  2.
PAR  2. The process of claim 1 where the cupric nitrate is in the trihydrate
      form and the amount of cupric nitrate is greater than about 20 g/l of
      polishing solution.
NUM  3.
PAR  3. The process of claim 2 where the amount of cupric nitrate is less than
      about 100 g/l of polishing solution.
NUM  4.
PAR  4. The process of claim 2 where the ammonium fluoride is present in a
      concentration sufficient to provide a fluoride ion normality of about 2.1
      to about 2.2 N in the polishing solution.
NUM  5.
PAR  5. The process of claim 2 where the nitric acid is present in an amount of
      from about 6 to about 12 cc/l of polishing solution, calculated as 70%
      nitric acid.
NUM  6.
PAR  6. The process of claim 5 where the ammonium nitrate is present in an
      amount greater than about 10 g/l of polishing solution.
NUM  7.
PAR  7. The process of claim 2 where the polishing solution comprises:
PA1  about 20 to about 100 g/l of cupric nitrate trihydrate;
PA1  sufficient ammonium fluoride to provide a fluoride ion normality of about
      2.1 to about 2.2 N;
PA1  from about 6 to about 12 cc/l of nitric acid, calculated as 70% nitric
      acid; and
PA1  greater than about 10 g/l of ammonium nitrate.
NUM  8.
PAR  8. In a silicon chemical-mechanical polishing solution comprising cupric
      nitrate and ammonium fluoride in water in an amount effective to
      chemical-mechanical polish silicon, the improvement which comprises said
      silicon chemical-mechanical polishing solution further comprising nitric
      acid and ammonium nitrate in an amount effective to prevent the
      precipitation of copper from said cupric nitrate, said cupric nitrate
      being present in an amount which would cause copper precipitation but for
      the presence of said nitric acid and ammonium nitrate.
NUM  9.
PAR  9. The chemical-mechanical polishing solution of claim 8 where the cupric
      nitrate is in the trihydrate form and the amount of cupric nitrate is
      greater than about 20 g/l of polishing solution.
NUM  10.
PAR  10. The chemical-mechanical polishing solution of claim 9 where the amount
      of cupric nitrate is less than about 100 g/l of polishing solution.
NUM  11.
PAR  11. The chemical-mechanical polishing solution of claim 9 where the
      ammonium fluoride is present in a concentration sufficient to provide a
      fluoride ion normality of about 2.1 to about 2.2 N in the polishing
      solution.
NUM  12.
PAR  12. The chemical-mechanical polishing solution of claim 9 where the nitric
      acid is present in an amount of from about 6 to about 12 cc/l of polishing
      solution calculated as 70% nitric acid.
NUM  13.
PAR  13. The chemical-mechanical polishing solution of claim 12 where the
      ammonium nitrate is present in an amount greater than about 10 g/l of
      polishing solution.
NUM  14.
PAR  14. The chemical-mechanical polishing solution of claim 9 where the
      polishing solution comprises:
PA1  about 20 to about 100 g/l of cupric nitrate trihydrate;
PA1  sufficient ammonium fluoride to provide a fluoride ion normality of about
      2.1 to about 2.2 N;
PA1  from about 6 to about 12 cc/l of nitric acid, calculated as 70% nitric
      acid; and
PA1  greater than about 10 g/l of ammonium nitrate.
NUM  15.
PAR  15. The process of claim 7 where said ammonium nitrate is present in an
      amount up to about 20 g/l.
NUM  16.
PAR  16. The chemical-mechanical polishing solution of claim 14 where the
      ammonium nitrate is present in an amount of up to about 20 g/l.
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ABST
PAL  A thickening composition comprising a mixture of a Xanthomonas hydrophilic
      colloid with dextrin. A thickened aqueous media containing a mixture of a
      Xanthomonas hydrophilic colloid and dextrin. A denture adhesive
      composition containing a Xanthomonas hydrophilic colloid, dextrin and a
      buffering salt in an amount which is effective to provide a pH for the
      denture adhesive composition which is neutral or slightly higher.
BSUM
PAR  This invention pertains to novel thickening compositions. More
      specifically, the invention pertains to a mixture of dextrin with a
      Xanthomonas hydrophilic colloid and to the use of such compositions in
      forming denture adhesive compositions and thickened aqueous media.
PAR  Xanthomonas hydrophilic colloids are known materials which have been widely
      used as thickening agents in aqueous media. Moreover, dextrins are known
      materials that are prepared from starch (principally corn starch) and they
      have been used in various applications as thickeners. One of the principal
      characteristics of Xanthomonas hydrophilic colloids are their stability
      and the fact that they are generally unreactive. Thus, they are compatible
      with acids and bases and are suitable for a wide variety of use
      applications.
PAR  I have found that there is a surprising interaction between a Xanthomonas
      hydrophilic colloid and dextrin in an aqueous medium to produce
      viscosities in excess of those which would be predicted from the additive
      effects of the individual components. Moreover, I have found that the use
      of mixtures of a Xanthomonas hydrophilic colloid with dextrin, provides a
      very tacky material when contacted with water to produce a denture
      adhesive.
PAR  Xanthomonas hydrophilic colloids are known materials and have been
      described in the literature. As an example, such a colloid as prepared by
      the bacterium Xanthomonas campestris. The colloid is a polymer containing
      mannose, glucose, potassium glucuronate and acetyl radicals. In such a
      colloid, the potassium portion can be replaced by several other cations
      without substantial change in the properties of the colloid for the
      purposes of the present invention. The colloid, which is a high molecular
      weight, exocellular material, may be prepared by the bacterium Xanthomonas
      campestris, by whole culture fermentation under aerobic conditions of a
      medium containing commercial glucose, an organic nitrogen source,
      dipotassium hydrogen phosphate and appropriate trace elements.
PAR  It is expedient to grow the culture in intermediate stages prior to the
      final inoculation in order to encourage vigorous growth of the bacteria.
      These stages may be carried out in media having a pH of about 7. In a
      first stage a transfer from an agar slant to a dilute glucose broth may be
      made and the bacteria cultured under vigorous agitation and aeration at a
      temperature of about 30.degree.C. The culture so produced may then be used
      to inoculate a higher glucose (3%) content broth of larger volume in a
      second intermediate stage where the bacteria are again cultured with
      aeration and agitation.
PAR  The culture so acclimated for use with glucose by the aforementioned
      intermediate stages may then be added to the final glucose medium and
      reaction in the final stage may be satisfactorily carried out at about
      30.degree.C. with vigorous agitation and aeration. The resulting
      Xanthomonas campestris colloid can be recovered by precipitation in
      methanol of the mixture from the fermentation.
PAR  Other Xanthomonas colloids may be prepared by repeating the procedure used
      for producing a Xanthomonas campestris colloid as described above, by
      substituting known Xanthomonas bacteria, i.e., Xanthomonas carotae,
      Xanthomonas incanae, Xanthomonas begoniae, and Xanthomonas malvacearum,
      for the bacterium, Xanthomonas campestris.
PAR  In an alternative method for recovering the colloidal material, it is not
      recovered by precipitation as, for example, in methanol. Rather, the
      mixture resulting from the final fermentation step of the process is dried
      by the application of heat. To illustrate, the hydrophilic colloidal
      material can be separated by passing the mixture from the fermentation to
      a drum dryer which is heated with steam at 40 psi. The dried film on the
      drum surface is thereafter removed with a sharp knife or doctor blade.
PAR  A number of alternative drying methods may be employed in separating the
      hydrophilic colloidal material which is employed in my invention. Thus,
      for example, the hydrophilic colloidal material may be separated by
      subjecting the mixture from the fermentation to spray drying, etc.
PAR  A still further alternative means of preparing a Xanthomonas hydrophilic
      colloid, as described above, is to heat treat the final fermentation beer
      for about ten minutes at a temperature ranging from about 140.degree. to
      160.degree.F. at a pH of about 10 or above. If desired, the beer may be
      heat treated at an even higher temperature, such as about 180.degree.F.,
      while the time of treatment is reduced to a shorter time, such as about
      one minute. Following the heat treatment, the beer may be neutralized with
      an acid, such as hydrochloric acid or sulfuric acid to a pH of about 6.1,
      such that the colloid after drying has a pH of about 6.5 to 8.0.
PAR  A preferred Xanthomonas hydrophilic colloid for use in my compositions is
      that prepared by the bacterium Xanthomonas campestris. This particular
      colloid is available commercially in a food grade which is admirably
      suited for use in denture adhesive compositions.
PAR  My compositions may contain varying quantities of a Xanthomonas hydrophilic
      colloid and dextrin. I have found that mixtures containing various weight
      ratios of dextrin to Xanthomonas hydrophilic colloid produce unexpectedly
      high viscosities in an aqueous medium. For example, I have determined that
      weight ratios of dextrin to Xanthomonas hydrophilic colloid ranging from
      1:1 to 15:1 or higher produce satisfactory thickeners.
PAR  To further demonstrate the use of my compositions in providing increased
      viscosities in aqueous media, there are presented the following examples
      in which all parts and percentages are by weight unless otherwise
      indicated:
PAC  EXAMPLE I
PAR  Various solutions were prepared by adding Xanthomonas campestris
      hydrophilic colloid (KELTROL F, produced by the Kelco Company), dextrin,
      or blends of a Xanthomonas hydrophilic colloid with dextrin to water.
      Following the addition of the thickener to tap water, it was stirred for a
      period of one minute in a Waring Blender and the viscosity of the solution
      was then measured with a Brookfield Model LVF Viscometer at a speed of 60
      R.P.M. at room temperature (about 25.degree.C). These tests are described
      in the following table in which the quantities of dextrin and Xanthomonas
      campestris hydrophilic colloid are indicated in grams while the quantitiy
      of water is indicated in milliliters. The viscosities of the resulting
      solutions are shown in centipoises together with the spindle used in the
      measurement:
TBL                TABLE I                                                     

     ______________________________________                                    

     XANTHOMONAS                                                               

     CAMPESTRIS                   VISCOSITY                                    

     COLLOID   DEXTRIN   WATER    (cps)    SPINDLE                             

     ______________________________________                                    

     0              1        100    3        1                                 

     0              5        100    (10)     2                                 

     0              10       100    12       2                                 

     0              15       100    18       2                                 

     1              0        100    (1285)   3                                 

     1              1        100    (1365)   3                                 

     1              5        100    (1585)   3                                 

     1              10       100    (2035)   4                                 

     1              15       100    (2363)   4                                 

     ______________________________________                                    

PAR  The dextrin employed in the above tests was American Maize No. 1079 as
      obtained from American Maize Products Company. The bracketed viscosities
      shown in the table are average viscosity readings based on repeated
      experiments. The data demonstrates that dextrin, by itself, is a very poor
      thickener. At dextrin concentration levels ranging from 1 to 15 parts by
      weight, very low viscosities in aqueous media were observed. The
      Xanthomonoas hydrophilic colloid is a highly efficient thickener and at
      concentration levels of 1 part by weight produced an average viscosity of
      1285 centipoises.
PAR  Surprisingly, mixtures of a Xanthomonas hydrophilic colloid and dextrin
      produces viscosities which were significantly higher than the viscosity
      obtained from the use of a Xanthomonas hydrophilic colloid alone. Inasmuch
      as dextrin produced very little thickening in aqueous media, it was
      unexpected that its use with a Xanthomonas hydrophilic colloid would
      produce a substantial increase in viscosity.
PAR  As stated previously, the use of dextrin in admixture with a Xanthomonas
      hydrophilic colloid was found to produce compositions which are quite
      suitable for use as a denture adhesive. At the present time, most denture
      adhesives contain gum karaya as the principal ingredient. Gum karaya is
      the name given to the dried exudation of the Sterculia urens tree grown in
      India. In the past, problems have been encountered in obtaining gum karaya
      of uniform quality and the supply of gum karaya has varied from one time
      to another -- thus making gum karaya an undependable product.
PAR  Due to the various drawbacks in the use of gum karaya, it has long been
      desired to obtain a suitable denture adhesive composition which did not
      require its use. By way of background, denture adhesive compositions are
      widely used to provide adhesion between the denture plates and supporting
      mouth surfaces of the wearer. The presence of a denture adhesive keeps the
      dentures in place within the wearer's mouth so that they do not move about
      during usage.
PAR  I have found that denture adhesive compositions having admirable adhesive
      properties are obtained by blending dextrin with a Xanthomonas hydrophilic
      colloid. Suitable compositions may contain from about 60 to about 90 parts
      by weight of dextrin and from about 10 to about 40 parts by weight of a
      Xanthomonas hydrophilic colloid. Preferably, the Xanthomonas hydrophilic
      colloid employed is a Xanthomonas campestris colloid. The denture adhesive
      composition may also contain a buffering salt in an amount which is
      suitable to provide a pH of about neutral, e.g., about 6 to about 8.
      Suitable buffering salts are magnesium oxide and sodium tetraborate. In
      general, the buffering salt may be present in an amount up to about 10
      parts by weight of the denture adhesive composition.
PAR  In determining the adhesive properties of my compositions, a test was
      devised which approximated the stresses imposed on a denture adhesive
      during use. In this test, a wooden tongue depressor having a length of 6
      inches and a width of 3/4 inches was supported in a substantially
      horizontal position. Following this, a denture adhesive composition of my
      invention was mixed with an equal weight of water and blended, using a
      mortar and pestle. After blending of the mixture, 1/4 teaspoon of the
      blended mixture was placed on the supported tongue depressor about 1/2
      inch from its end. A second tongue depressor having the same dimensions as
      the first was then pressed over the freshly prepared adhesive. The second
      depressor was positioned at right angles to the first during pressing and
      the second tongue depressor contacted the adhesive at a point
      approximately 1/2 inch from the end of the second depressor. A 20gm weight
      was then placed on the upper surface of the second tongue depressor at a
      distance 3/4 inch from its other end, which provided a distance between
      the center of the 20gm weight and the point of the adhesion of the second
      tongue depressor of approximately 43/4 inches.
PAR  After a period of time, the force exerted by the 20gm weight caused the
      second depressor to pull away from the first which caused the weight to
      slide off the surface of the second depressor. This time period was
      measured in seconds and its value was proportional to the adhesiveness of
      the composition.
PAR  A composition of my invention containing 20% by weight of Xanthomonas
      campestris hydrophilic colloid (KELTROL F from the Kelco Company), 70% by
      weight of American Maize No. 1079 dextrin, and 10% by weight of sodium
      tetroborate was tested in the above manner. Ten grams of the composition
      was weighed into a mortar and to this was added 10gm of distilled water
      with stirring. After blending the mixture with a pestle for about 3
      minutes, 1/4 teaspoon of the mixture was placed on a first tongue
      depressor and its adhesion to a second tongue depressor was determined as
      described above. The composition provided satisfactory adhesion between
      the two tongue depressors and 15 second were required before the 20gm
      weight slid from the surface of the second tongue depressor. This result
      compared very favorably with that obtained by using the same test
      procedure with a commercially available denture adhesive containing gum
      karaya.
PAC  EXAMPLE II
PAR  In further tests, a variety of denture adhesive compositions were prepared
      which contained varying quantities of Xanthomonas hydrophilic colloid and
      dextrin. These compositions are set forth in the following table:
TBL                TABLE II                                                    

     ______________________________________                                    

     Test Formulations                                                         

                 No. 1  No. 2    No. 3    No. 4                                

     ______________________________________                                    

     Dextrin (Crystal gum)                                                     

                   69.8     69.8     80     75                                 

     Xanthomonas hydro-                                                        

      philic colloid                                                           

                   30       20       9.8    15                                 

     Sodium Borate (100                                                        

      mesh)        --       10       10     9.8                                

     Flavor (Peppermint)                                                       

                   0.2      0.2      0.2    0.2                                

     ______________________________________                                    

PAR  The quantities of the various ingredients set forth in the above table are
      shown in parts by weight. The particular dextrin employed in these
      compositions is Crystal Gum dextrin obtained from National Starch Company.
      The Xanthomonas hydrophilic colloid utilized was KETROL F from the Kelco
      Company. All of the above compositions were found to have the adhesive
      properties required of a suitable denture adhesive. This was determined by
      mixing the various compositions with an equal weight of distilled water
      and observing the adhesive properties of the resulting mixture. Each of
      the compositions had a long, stringy, chewing-gum-like character that is
      characteristic of the adhesive properties required by a denture adhesive.
PAR  As demonstrated by the foregoing data, I have provided denture adhesives
      having very desirable properties. The adhesive properties of my denture
      adhesives can be varied by controlling the relative qualities of the
      Xanthomonas hydrophilic colloid and dextrin. Similarly, the moisture
      absorption properties of the denture adhesive may be controlled by varying
      the amount of dextrin in the composition. This provides a degree of
      control of the moisture absorption and the adhesiveness which is not
      provided by presently available denture adhesives which contain gum
      karaya.
PAR  In using my denture adhesives in a dry form, as described above, they can
      be simply dusted onto the denture which is then placed in the mouth.
      Preferably, the surface of the denture plate is wetted prior to
      application of the denture adhesive composition thereto.
PAR  If desired, my denture adhesive compositions may be made up in the form of
      a paste by admixing the dry composition with a suitable amount, such as
      about 40 to about 60% by weight, of water. Also, if desired, my denture
      adhesives may be made up in the form of a cream. This may be accomplished,
      for example, by blending from about 40 to about 60 percent by weight of my
      dry denture adhesive composition, as defined above, with about 60 to about
      40 percent by weight of a nontoxic cream base material such as petrolatum.
      Also, other optional ingredients such as a wetting agent, eg., sodium
      dioctyl sulfosuccinate, or a preservative such as propyl paraben may be
      present in minor amounts. It is known to formulate denture adhesives in
      the form of a cream and the particular manner of doing this is not a part
      of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A denture adhesive composition consisting essentially of about 10 to
      about 40 parts by weight of a Xanthomonas hydrophilic colloid and from
      about 60 to about 90 parts by weight of dextrin, said colloid-dextrin
      mixture providing the adhesive property.
NUM  2.
PAR  2. The composition of claim 1 containing a buffering salt in minor amount
      suitable to provide a pH of about neutral.
NUM  3.
PAR  3. The composition of claim 2 wherein said buffering salt is sodium
      tetraborate.
NUM  4.
PAR  4. The composition of claim 1 in the form of a dry powder.
NUM  5.
PAR  5. The composition of claim 1 in the form of a paste containing from about
      40 to about 60% by weight of water.
NUM  6.
PAR  6. The compostion of claim 1 in the form of a cream base formulation.
NUM  7.
PAR  7. The composition of claim 1 wherein said colloid is a Xanthomonas
      campestris colloid.
NUM  8.
PAR  8. The composition of claim 6 containing a buffering salt in minor amount
      suitable to provide a pH of about neutral.
NUM  9.
PAR  9. The composition of claim 8 wherein said buffering salt is sodium
      tetraborate.
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ABST
PAL  A binder composition comprising boronated aluminum phosphate, water and
      material containing an alkaline earth metal and an oxide.
PARN
PAC  CROSS REFERENCE TO RELATED CASES
PAR  This application is a continuing application of our copending application
      Ser. No. 351,903 filed Apr. 17, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to binder compositions and methods for curing
      such binder compositions. The binder compositions of the present invention
      are especially useful as molding compositions such as refractories,
      abrasive articles, and molding shapes such as cores and molds. The binder
      compositions are capable of hardening at room temperature.
PAR  Various binder systems now employed including binders for molding
      compositions employ inorganic substances as the major components. However,
      prior art binders from inorganic substances have suffered from one or more
      dificiencies. Typical of the dificiencies exhibited by prior art inorganic
      binders including the silicates suggested for molding shapes such as cores
      and molds have been poor collapsibility of the shape and poor removal or
      "shake out" of the molding shape from the metal casting.
PAR  Also, many of the suggested inorganic binders exhibit inadequate bonding
      strength properties and/or undesirable cure characteristics.
PAR  Moreover, various prior art inorganic binders such as the silicates provide
      molding shapes and particularly ambient temperature cured shapes which
      possess poor scratch resistance at strip; and accordingly, such shapes
      require at least a few additional hours after strip time has been achieved
      to develop adequate scratch resistance. In view of the poor scratch
      resistance at strip, such shapes cannot be readily handled at strip
      because of the danger of damage to the shape. Moreover, the sag resistance
      at strip of the shapes prepared from various prior art binders is not
      good.
PAR  It is therefore an object of the present invention to provide inorganic
      binder systems which possess acceptable strength characteristics. It is
      another object of the present invention to provide inorganic binder
      systems wherein the cure characteristics can be manipulated within certain
      limits.
PAR  It is a further object of the present invention to provide inorganic binder
      systems for molding shapes which possess relatively good collapsibility
      and shake out properties as compared to various other suggested inorganic
      binders.
PAR  It is another object of the present invention to provide molding shapes
      employing inorganic binders which possess good scratch and sag resistance
      at strip. Likewise, it is an object of the present invention to provide
      molding shapes from inorganic binder systems which can be readily and
      easily handled at strip.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is concerned with binder compositions which comprise:
PA1  A. boronated aluminum phosphate containing boron in an amount from about 3
      mole % to about 40 mole % based upon the moles of aluminum and containing
      a mole ratio of phosphorus to total moles of aluminum and boron of about
      2:1 to about 4:1;
PA1  B. alkaline earth metal material containing alkaline earth metal and an
      oxide; and
PA1  C. water.
PAL  The amount of boronated aluminum phosphate is from about 50 to about 95% by
      weight based upon the total weight of boronated aluminum phosphate and
      alkaline earth material and the amount of alkaline earth material is from
      about 50 to about 5% by weight based upon the total weight of boronated
      aluminum phosphate and alkaline earth material. The amount of water is
      from about 15 to about 50% by weight based upon the total weight of the
      boronated aluminum phosphate, and the water.
PAR  The present invention is also concerned with compositions for the
      fabrication of molded articles such as refractories, abrasive articles
      such as grinding wheels, and shapes used for molding which comprise:
PA1  A. a major amount of aggregate; and
PA1  B. an effective bonding amount up to about 40% by weight of the aggregate
      of the binder composition defined above.
PAR  The present invention is also concerned with a process for casting of
      relatively low melting point nonferrous type metal which comprises
      fabricating a shape from a composition which contains a major amount of
      aggrate and an effective bonding amount up to about 40% by weight of the
      aggregate of the binder composition defined above; pouring the relatively
      low melting point non-ferrous type metal while in the liquid state into
      the shape; allowing the non-ferrous type metal to cool and solidify; then
      contacting the shape with water in an amount and for a time sufficient to
      cause degradation of the bonding characteristics of the binder system; and
      then separating of the molded article.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The boronated aluminum phosphate constituent of the binder composition of
      the present invention is an aluminum phosphate which contains boron in an
      amount from about 3 to about 40 mole % of boron based upon the moles of
      aluminum. The preferred quantity of boron is between about 5 and about 30
      mole % while the most preferred quantity is between about 10 and about 25
      mole % based upon the moles of aluminum.
PAR  Also, the aluminum phosphate contains a mole ratio of phosphorous to total
      moles of aluminum and boron of about 2:1 to about 4:1 and preferably from
      about 2.5:1 to about 3.5:1 and more preferably from about 2.8:1 to about
      3.2:1.
PAR  The boronated aluminum phosphate is generally prepared by the reaction of
      an aluminum oxide containing reactant, a source of phosphorus, and a
      source of boron. It is preferred to employ a method of production wherein
      the aluminum oxide containing reactant is completely dissolved. Also the
      boronated aluminum phosphate is preferably prepared from either P.sub.2
      O.sub.5 or concentrated phosphoric acid of from about 70 to about 86% by
      weight H.sub.3 PO.sub.4 concentration. The preferred concentrated
      phosphoric acid solution contains about 86% by weight of H.sub.3 PO.sub.4.
      Of course, other sources of phosphorus such as polyphosphoric acids, can
      be employed, if desired.
PAR  Usually the boronated aluminum phosphates are prepared from boric acid
      and/or boric oxide and/or metallic borates such as alkali metal borates
      which include sodium borate (Na.sub.2 B.sub.4 O.sub.7.sup.. 10H.sub.2 O).
      It is preferred to use boric acid rather than boric oxide since the acid
      is in a more usable form than the oxide because of its greater solubility
      in the reaction system as compared to the oxide. The boronated aluminum
      phosphates are preferably, but not necessarily, prepared by reacting
      together the phosphoric acid or P.sub.2 O.sub.5 ; and alumina such as
      alumina trihydrate (Al.sub.2 O.sub.3.sup.. 3H.sub.2 O); and boric acid or
      boric oxide.
PAR  Since the reaction is exothermic, it can generally proceed by merely
      admixing the reactants and permitting the exotherm to raise the
      temperature of the reaction mass until the exotherm peaks usually at about
      200.degree. to 230.degree.F. After the exotherm peaks, it may be
      advantageous to apply external heat for about 1/2 to 2 hours to maintain a
      maximum reaction temperature between about 220.degree. and about
      250.degree.F to ensure completion of the reaction. Also, in some
      instances, it may be desirable to initiate the reaction by applying
      external heat just until the exotherm begins.
PAR  The reaction is generally carried out at atmospheric pressure. However,
      higher or lower pressures can be employed, if desired. In addition, the
      reaction is usually completed within about 1 to about 4 hours and more
      usually from about 2 to about 3 hours.
PAR  The amount of boronated aluminum phosphate employed in the binder system is
      from about 50 to about 95% by weight and preferably from about 65 to about
      90% by weight based upon the total weight of boronated aluminum phosphate
      and alkaline earth material, and the amount of alkaline earth material is
      from about 5 to about 50%, and preferably from about 10 to about 35% by
      weight based upon the total weight of aluminum phosphate and alkaline
      earth material.
PAR  The alkaline earth metal material employed in the present invention is any
      material containing an alkaline earth metal and containing an oxide which
      is capable of reacting with the boronated aluminum phosphate. When the
      alkaline earth metal material is a free alkaline earth metal oxide or a
      free alkaline earth metal hydroxide, it preferably has a surface area no
      greater than about 3.5 m.sup.2 /gram as measured by the BET procedure.
      More preferably it has a surface area no greater than about 3 m.sup.2
      /gram. Those free oxides and free hydroxides having surface areas no
      greater than about 8.5 m.sup.2 /gram are preferred when the binders are
      employed in molding compositions such as for preparing refractories,
      abrasive articles and particularly for making shapes such as cores and
      molds.
PAR  It has been observed that compositions of the present invention which
      employ the preferred oxides and hydroxides have sufficient work times to
      be adequately mixed in the more conventional types of commercially
      available batch type mixers before introduction into the mold or pattern
      for shaping. Although free oxides and free hydroxides having surface areas
      greater than about 8.5 m.sup.2 /gram generally are too reactive for use
      with the more conventional types of commercially available batch type
      mixers, they are suitable when much faster mixing operations are employed
      such as those continuous mixing operations which may require only about 20
      seconds for adequate mixing or when the binders are to be employed for
      purposes wherein substantially instantaneous cure is desirable and/or can
      be tolerated.
PAR  Those materials which contain an oxide or hydroxide and an alkaline earth
      metal, in chemical or physical combination with other constituents are
      less reactive than the free oxides and hydroxides. Accordingly, such
      materials can have surface areas greater than about 8.5 m.sup.2 /gram and
      be suitable for use even when employing mixing operations which require
      about 2 to 4 minutes or more.
PAR  These other constituents may be present such as being chemically combined
      with the oxide and alkaline earth metal and/or being physically combined
      such as by sorption or in the form of an exterior coating. However, the
      mere mixing of a material with a free oxide or hydroxide without achieving
      the above type of uniting of the material would not materially reduce the
      reactivity. Therefore, such mere mixing is not included within the meaning
      of chemical or physical combinations as used herein.
PAR  However, it is preferred that all of the alkaline earth metal materials
      employed in the present invention have a surface area of no greater than
      about 8.5 m.sup.2 /gram and more preferably have a surface area of no
      greater than about 3 m.sup.2 /gram. Usually the surface areas are at least
      about 0.01 m.sup.2 /gram. All references to surface area unless the
      contrary is stated, refer to measurements by the BET procedure as set
      forth in tentative ASTM-D-3037-71T method C-Nitrogen Absorption Surface
      Area by Continuous Flow Chromatography, Part 28, page 1106, 1972 Edition,
      employing 0.1 to 0.5 grams of the alkaline earth material.
PAR  Included among the suitable materials are calcium oxides, magnesium oxides,
      calcium silicates, calcium aluminates, calcium aluminum silicates,
      magnesium silicates, and magnesium aluminates. Also included among the
      suitable materials of the present invention are the zirconates, borates,
      and titanates of the alkaline earth metals.
PAR  It is preferred to employ either a free alkaline earth metal oxide or a
      mixture of a free alkaline earth metal oxide and a material which contains
      the alkaline earth metal and oxide in combination with another constituent
      such as calcium aluminates. In addition, the preferred alkaline earth
      metal oxides are the magnesium oxides.
PAR  Those materials which include components in combination with the oxide or
      hydroxide, and the alkaline earth metal, in some instances can be
      considered as being a latent source of the alkaline earth metal oxide for
      introducing the alkaline earth metal oxide into the binder system.
PAR  Some suitable magnseium oxide materials are available under the trade
      designations of Magmaster 1-A from Michigan Chemical; Calcined Magnesium
      oxide, -325 mesh, Cat. No. M-1016 from Cerac/Pure, Inc.; H-W Periklase
      Grain 94C Grade (Super Ball Mill Fines); H-W Periklase Grain 94C Grade
      (Regular Ball Mill Fines); and H-W Periklase Grain 98, Super Ball Mill
      Fines from Harbison-Walker Refractories. Magmaster 1-A has a surface area
      of about 2.3 m.sup.2 /gram and Cat. No. M-1016 has a surface area of about
      1.4 m.sup.2 /gram.
PAR  A particularly preferred calcium silicate is wollastonite which is a
      particularly pure mineral in which the ratio of calcium oxide to silica is
      substantially equal molar.
PAR  Generally commercially available calcium aluminate compositions contain
      from about 15 to about 40% by weight of calcium oxide and from about 35 to
      about 80% by weight of alumina, with the sum of the calcium oxide and
      alumina being at least 70% by weight. Of course, it may be desirable to
      obtain calcium aluminate compositions which contain greater percentages of
      the calcium oxide. In fact, calcium aluminate containing up to about 45.5%
      by weight of calcium oxide have been obtained. Some suitable calcium
      aluminate materials can be obtained commercially under the trade
      designations Secar 250 and Fondu from Lone Star Lafarge Company, Lumnite
      and Refcon from Universal Atlas Cement and Alcoa Calcium Aluminate Cement
      CA-25 from Aluminum Company of America. Fondu has a minimum surface area
      as measured by ASTM C115 of about 0.15 m.sup.2 /gram and 0.265 m.sup.2
      /gram as measured by ASTM C205. Lumnite has a Wagner specific surface of
      0.17 m.sup.2 /gram and Refcon has a Wagner specific surface of 0.19
      m.sup.2 /gram.
PAR  Mixtures of a free alkaline earth metal oxide and a material containing
      components in combination with the free oxide or hydroxide and alkaline
      earth metal preferably contain from about 1 part by weight to about 10
      parts and preferably from about 2 to about 8 parts by weight of the free
      alkaline earth metal oxide per part by weight of the material containing
      substituents in combination with the free metal oxide or hydroxide and
      alkaline earth metal. Preferably such mixtures are of magnesium oxides and
      calcium aluminates. The free alkaline earth metal oxides such as magnesium
      oxides in such mixtures are primarily responsible for achieving fast cure
      rates while the other component such as the calcium aluminates are mainly
      responsible for improving the strength characteristics of the final shaped
      article. Since the free metal oxide is a much more reactive material than
      those materials which are latent sources of the free metal oxide, those
      other materials will only have a minimal effect upon the cure rate when in
      admixture with the alkaline earth metal oxide.
PAR  Sometimes it may be desirable to employ the alkaline earth metal material
      in the form of a slurry or suspension in a diluent primarily to facilitate
      material handling. Examples of some suitable liquid diluents include
      alcohols such as ethylene glycol, furfuryl alcohol, esters such as
      cellosolve acetate, and hydrocarbons such as kerosene, mineral spirits
      (odorless), mineral spirits regular, and 140 Solvent available from
      Ashland Oil, Inc., and Shellflex 131 from Shell Oil, and aromatic
      hydrocarbons commercially available under the trade designations Hi-Sol
      4-2 and Hi-Sol 10 from Ashland Oil, Inc. Of course, mixtures of different
      diluents can be employed, if desired. In addition, it may be desirable to
      add a suspending agent to slurries of the alkaline earth material such as
      Bentone, Cabosil, and Carbopol in amounts up to about 10% and generally up
      to less than 5% to assist in stabilizing the slurry or suspension in the
      diluent.
PAR  Generally the alkaline earth metal material and diluent are mixed in a
      weight ratio of about 1:3 to about 3:1 and preferably from about 1:2 to
      about 2:1. It has been observed that the non-polar hydrocarbons provide
      the best strength characteristics as compared to the other diluents which
      have been tested, when a diluent is employed. In addition, the alcohols
      such as ethylene glycol and furfuryl alcohol are advantageous as liquid
      diluents since they increase the work time of the foundry mix without a
      corresponding percentage increase in the strip time. However, the strength
      properties of the final foundry shape are somewhat reduced when employing
      alcohols such as ethylene glycol and furfuryl alcohol.
PAR  The other necessary component of the binder system employed in the present
      invention is water. All or a portion of the water can be supplied to the
      system as the carrier for the boronated aluminum phosphate material. Also,
      the water can be introduced as a separate ingredient. Of course, the
      desired quantity of water can be incorporated in part as the water in the
      boronated aluminum phosphate and in part from another source. The amount
      of water employed is from about 15 to about 50% by weight and preferably
      from about 20 to about 40% by weight based upon the total weight of the
      boronated aluminum phosphate and water.
PAR  The aluminum phosphate and water, if admixed, generally have a viscosity
      between about 100 and 2000 centipoises and preferably between about 200
      and 1000 centipoises.
PAR  The binder compositions of the present invention make possible the
      obtaining of molded articles including abrasive articles such as grinding
      wheels, shapes for molding and refractories such as ceramics, of improved
      physical properties such as tensile strength as compared to molded
      articles which are obtained from binder compositions differing only in
      that the aluminum phosphate does not contain boron. The increased tensile
      strength is evident at the lower quantity of boron such as at 3 mole %. In
      addition, the presence of the boron improves the stability of the cured
      molded article. The percent loss in tensile strength when employing the
      boron-containing aluminum phosphate materials of the present invention
      after storage for 48 hours as compared to storage for 24 hours is
      generally lower as compared to using aluminum phosphates which do not
      contain boron. This stability effect is particularly noticeable when
      employing the larger quantities of boron such as from about 10 to about
      30% based on the moles of aluminum.
PAR  Moreover, the incorporation of boron in the aluminum phosphate is extremely
      advantageous since it alters the reactivity of the aluminum phosphate with
      the alkaline earth material in the presence of large amounts of aggregate.
      As the level of boron in the aluminum phosphate increases, the rate of
      reaction with the alkaline earth material in the presence of the aggregate
      decreases. This is particularly noticeable at boron concentrations of at
      least about 10 mole % based upon the moles of aluminum. Therefore, the
      presence of boron in the aluminum phosphate makes it possible to readily
      manipulate the cure characteristics of the binder system so as to tailor
      the binder within certain limits, to meet the requirements of a particular
      application of the binder composition.
PAR  The alteration in the cure characteristics and particularly with the free
      alkaline earth oxide; however, has not been observed in the absence of the
      large amounts of aggregate such as the sand. This may be due to the
      exothermic nature of the reaction between the boronated aluminum phosphate
      and free alkaline earth material oxide whereby the presence of the
      aggregate acts as a heat sink reducing the reactivity to a level where the
      effect of the boron becomes noticeable. On the other hand, the reaction is
      so fast in the absence of the aggregate that any effect which the boron
      may have on cure is not detectable and even if detectable it is of no
      practical value.
PAR  In addition, the presence of the boron provides aluminum phosphate water
      solutions which exhibit greatly increased shelf stability as compared to
      aluminum phosphate materials which do not contain boron. The enhanced
      shelf stability becomes quite significant when employing quantities of
      boron of at least about 5 mole % based upon the moles of aluminum.
PAR  Also, other materials which do not adversely affect the interrelationship
      between the boronated aluminum phosphate, alkaline earth metal component,
      and water can be employed, when desired.
PAR  When the binder composition of the present invention is used in molding
      compositions such as for preparing abrasive articles including grinding
      wheels, refractories including ceramics, and structures for molding such
      as ordinary sand type foundry shapes and precision casting shapes,
      aggregate is employed along with the binder of the present invention.
PAR  When preparing an ordinary sand type foundry shape, the aggregate employed
      has a particle size large enough to provide sufficient porosity in the
      foundry shape to permit escape of volatiles from the shape during the
      casting operation. The term "ordinary sand type foundry shapes" as used
      herein refers to foundry shapes which have sufficient porosity to permit
      escape of volatiles from it during the casting operation. Generally, at
      least about 80% and preferably about 90% by weight of aggregate employed
      for foundry shapes has an average particle size no smaller than about 150
      mesh (Tyler Screen Mesh). The aggregate for foundry shapes preferably has
      an average particle size between about 50 and about 150 mesh (Tyler Screen
      Mesh). The preferred aggregate employed for ordinary foundry shapes is
      silica wherein at least about 70 weight % and preferably at least about 85
      weight % of the sand is silica. Other suitable aggregate materials include
      zircon, olivine, alumino-silicate sand, chromite sand, and the like.
PAR  When preparing a shape for precision casting, the predominate portion and
      generally at least about 80% of the aggregate has an average particle size
      no larger than 150 mesh (Tyler Screen Mesh) and preferably between about
      325 mesh and 200 mesh (Tyler Screen Mesh). Preferably at least about 90%
      by weight of the aggregate for precision casting applications has a
      particle size no larger than 150 mesh and preferably between 325 mesh and
      200 mesh. The preferred aggregates employed for precision casting
      applications are fused quartz, zircon sands, magnesium silicate sands such
      as olivine, and aluminosilicate sands.
PAR  Shapes for precision casting differ from ordinary sand type foundry shapes
      in that the aggregate in shapes for precision casting can be more densely
      packed than the aggregate in shapes for ordinary sand type foundry shapes.
      Therefore, shapes for precision casting must be heated before being
      utilized to drive off volatilizable material, present in the molding
      composition. If the volatiles are not removed from a precision casting
      shape before use, vapor created during casting will diffuse into the
      molten metal since the shape has a relatively low porosity. The vapor
      diffusion would decrease the smoothness of the surface of the precision
      cast article.
PAR  When preparing a refractory such as a ceramic, the predominant portion and
      at least 80 weight % of the aggregate employed has an average particle
      size under 200 mesh and preferably no larger than 325 mesh. Preferably at
      least about 90% by weight of the aggregate for a refractory has an average
      particle size under 200 mesh and preferably no larger than 325 mesh. The
      aggregate employed in the preparation of refractories must be capable of
      withstanding the curing temperatures such as above about 1500.degree.F
      which are needed to cause sintering for utilization. Examples of some
      suitable aggregates employed for preparing refractories include the
      ceramics such as refractory oxides, carbides, nitrides, and silicides such
      as aluminum oxide, lead oxide, chromic oxide, zirconium oxide, silica,
      silicon carbide, titanium nitride, boron nitride molybdenum disilicide,
      and carbonaceous material such as graphite. Mixtures of the aggregates can
      also be used, when desired, including mixtures of metals and the ceramics.
PAR  Examples of some abrasive grains for preparing abrasive articles include
      aluminum oxide, silicon carbide, boron carbide, corundum, garnet, emery
      and mixtures thereof. The grit size is of the usual grades as graded by
      the United States Bureau of Standards. These abrasive materials and their
      uses for particular jobs are understood by persons skilled in the art and
      are not altered in the abrasive articles contemplated by the present
      invention. In addition, inorganic fillers can be employed along with the
      abrasive grit in preparing abrasive articles. It is preferred that at
      least about 85% of the inorganic fillers have average particle size no
      greater than 200 mesh. It is most preferred that at least about 95% of the
      inorganic filler has an average particle size no greater than 200 mesh.
      Some inorganic fillers include cryolite, fluorospar, silica and the like.
      When an inorganic filler is employed along with the abrasive grit, it is
      generally present in amounts from about 1 to about 30% by weight based
      upon the combined weight of the abrasive grit and inorganic filler.
PAR  Although the aggregate employed is preferably dry, it can contain small
      amounts of moisture, such as up to about 0.3% by weight or even higher
      based on the weight of the aggregate. Such moisture present on the
      aggregate can be compensated for, by altering the quantity of water added
      to the composition along with the other components such as the boronated
      aluminum phosphate, and alkaline earth metal material.
PAR  In molding compositions, the aggregate constitutes the major constituent
      and the binder constitutes a relatively minor amount. In ordinary sand
      type foundry applications, the amount of binder is generally no greater
      than about 10% by weight and frequently within the range of about 0.5 to
      about 7% by weight, based upon the weight of the aggregate. Most often,
      the binder content ranges from about 1 to about 5% by weight based upon
      the weight of the aggregate in ordinary sand type foundry shapes.
PAR  In molds and cores for precision casting applications, the amount of binder
      is generally no greater than about 40% by weight and frequently within the
      range of about 5 to about 20% by weight based upon the weight of the
      aggregate.
PAR  In refractories, the amount of binder is generally no greater than about
      40% by weight and frequently within the range of about 5 to about 20% by
      weight based upon the weight of the aggregate.
PAR  In abrasive articles, the amount of binder is generally no greater than
      about 25% by weight and frequently within the range of about 5 to about
      15% by weight based upon the weight of the abrasive material or grit.
PAR  At the present time, it is contemplated that the binder compositions of the
      present invention are to be made available as a two-package system
      comprising the aluminum phosphate and water components in one package and
      the alkaline earth metal component in the other package.
PAR  When the binder compositions are to be employed along with an aggregate,
      the contents of the package containing the alkaline earth metal component
      are usually admixed with the aggregate, and then the contents of the
      aluminum phosphate containing package are admixed with the aggregate and
      alkaline earth metal component composition. After a uniform distribution
      of the binder system on the particles of aggregate has been obtained, the
      resulting mix is molded into the desired shape. Methods of distributing
      the binder on the aggregate particles are well known to those skilled in
      the art. The mix can, optionally, contain ingredients such as iron oxide,
      ground flax fibers, wood cereals, clay, pitch, refractory flours, and the
      like.
PAR  The binder systems of the present invention are capable of ambient
      temperature cure which is used herein to include curing by chemical
      reaction without the need of external heating means. However, within the
      general description of ambient temperature cure, there are a number of
      different ambient temperature curing mechanisms which can be employed. For
      example, ambient temperature cure encompasses both "air cure" and "no
      bake". Normally, ambient temperature cure is effected at temperatures of
      from about 50.degree. F to about 120.degree. F.
PAR  Moreover, the molding shapes of the present invention have good scratch
      resistance and sag resistance immediately at strip. Accordingly, the
      molding shapes of the present invention can be easily and readily handled
      and employed immediately after strip.
PAR  In addition, the binder systems of the present invention make possible the
      achievement of molding shapes which possess improved collapsibility and
      shake out of the shape when used for the casting of the relatively high
      melting point ferrous-type metals such as iron and steel which are poured
      at about 2500.degree. F, as compared to other inorganic binder systems
      such as silicates. Furthermore, the binder systems of the present
      invention make possible the preparation of molding shapes which can be
      employed for the casting of the relatively low melting point non-ferrous
      type metals such as aluminum, copper, and copper alloys including brass.
      The temperatures at which such metals are poured in certain instances are
      not high enough to adequately degrade the bonding characteristics of the
      binder systems of the present invention to the extent necessary to provide
      the degree of collapsibility and shake out by simple mechanical forces
      which are usually desired in commercial type of applications. However, the
      binder systems of the present invention make it possible to provide
      molding shapes which can be collapsed and shaken out from castings of the
      relatively low melting point non-ferrous type metals and particularly
      aluminum, by water leaching. The shapes can be exposed to water such as by
      soaking or by a water spray. Moreover, it has been observed that the
      surface appearance of aluminum cast articles when employing shapes
      according to the present invention is quite good.
PAR  When the compositions of the present invention are used to prepare ordinary
      sand type foundry shapes, the following steps are employed:
PA1  1. forming a foundry mix containing an aggregate (e.g., sand) and the
      contents of the binder system;
PA1  2. introducing the foundry mix into a mold or pattern to thereby obtain a
      green foundry shape;
PA1  3. allowing the green foundry shape to remain in the mold or pattern for a
      time at least sufficient for the shape to obtain a minimum stripping
      strength (i.e., become self-supporting); and
PA1  4. thereafter removing the shape from the mold or pattern and allowing it
      to cure at room temperature, thereby obtaining a hard, solid, cured
      foundry shape.
PAR  In order to further understand the present invention the following
      non-limiting examples concerned with foundry shapes are provided. All
      parts are by weight unless the contrary is stated. In all the examples,
      the foundry samples are cured by no-bake procedure at room temperature
      unless the contrary is stated.
DETD
PAC  EXAMPLE 1
PAR  To a reaction vessel equipped with a stirrer, thermometer, and pressure
      gauge, are added with agitation about 38,000 parts of an 80% aqueous
      solution of phosphoric acid, about 307 parts boric acid, and about 7720
      parts of hydrated alumina (Alcoa C-33). The reaction mass is heated to a
      temperature of about 120.degree. F in about 1/2 hour at which time
      external heat is removed. The reaction is continued for about another 20
      minutes with the temperature rising to a maximum of about 180.degree. F
      due to the reaction exotherm. Then external heat is applied and reaction
      temperature rises to a maximum of about 235.degree.F in about 70 minutes.
      The pressure in the reaction vessel rises to a maximum of about 15 psig.
      The reaction mass is cooled to about 155.degree. F in about 45 minutes at
      which time about 5900 parts of water are added with agitation. The
      reaction mass is then cooled down to 82.degree. F under reduced pressure
      of about 3 inches of mercury. The vacuum is removed and about 52,000 parts
      of a boronated aluminum phosphate product having a solids content of
      66.6%, a viscosity of 250-300 centipoises, mole ratio of phosphorous to
      total moles of aluminum and boron of 3:1, and about 5 mole % boron based
      upon the moles of aluminum are obtained.
PAR  100 parts of Wedron 5010 sand and about 0.85 parts of a slurry of 0.4 parts
      kerosene and 0.45 parts magnesium oxide having a surface area of about 2.3
      m.sup.2 /gm (Magmaster 1-A) are admixed for about 2 minutes. According to
      the manufacturer, Wedron 5010 sand is 99.88% silica, 0.02% iron oxide,
      0.10% aluminum oxide, 0.15% titanium dioxide, .01% calcium oxide, and
      0.005% magnesium oxide, and has the following size distribution: 0.4%
      retained on U.S. No. 40, 11.2% retained on U.S. No. 50, 35.2% retained on
      U.S. No. 70, 37.4% retained on U.S. No. 100, 10.8% retained on U.S. No.
      140, 4.0% retained on U.S. No. 200, 0.8% retained on U.S. No. 200, 0.8%
      retained on U.S. No. 270, 0.2% retained on U.S. No. 325, and 66.92 Grain
      fineness (AFS). To this mixture are added 3.2 parts of the boronated
      aluminum phosphate prepared above. The mixture is then agitated for 2
      minutes.
PAR  The resulting foundry mix is formed by hand ramming into standard AFS
      tensile strength samples using the standard procedure. The tensile
      strength of the test bars is 75 psi after 2 hours, 105 psi after 4 hours,
      140 psi after 6 hours, and 170 psi after 24 hours at room temperature. In
      addition, the composition has a work time of 10 minutes and a strip time
      of between 35 and 40 minutes. The scratch resistance at strip is very good
      and after 2 hours is excellent.
PAC  EXAMPLE 2
PAR  Example 1 is repeated except that the total binder mix is about 3.5% by
      weight based upon the sand with the various binder components in the same
      ratio as above. The resulting foundry mix is formed into standard AFS
      tensile strength samples using the standard procedure. The tensile
      strength of the test bars is 75 psi after 2 hours, 120 psi after 4 hours,
      145 psi after 6 hours, and 165 psi after 24 hours at room temperature.
PAR  The samples have excellent scratch resistance after 2 hours. In addition,
      the work time of the composition is 10 minutes and the strip time of the
      composition is between 40 and 45 minutes.
PAC  EXAMPLE 3
PAR  5000 parts of Wedron 5010 sand and 35 parts of a mixture of magnesium oxide
      (Magmaster 1-A) and a calcium aluminate containing 58% Al.sub.2 O.sub.3
      and 33% CaO, commercially available as Refcon from Universal Atlas, in a
      ratio of 2.5 parts of magnesium oxide to 1 part of the calcium aluminate
      are mixed for about 2 minutes. To this mixture are added 165 parts of a
      66% aqueous aluminum phosphate solution prepared according to the
      procedure of Example 1. The mixture is then agitated for 2 minutes.
PAR  The resulting foundry mix is formed into standard AFS tensile strength
      samples using the standard procedure. The tensile strength of the test
      bars after 24 hours at room temperature is 170 psi. In addition, the
      composition has a work time of 10 minutes and a strip time of 30 minutes.
      The scratch resistance at strip is very good and after 2 hours is
      excellent.
PAC  EXAMPLE 4
PAR  Example 3 is repeated except that 30 parts of the magnesium oxide-calcium
      aluminate mixture is employed. The resulting foundry mix is formed into
      standard AFS tensile strength samples using the standard procedure.
      Tensile strength of the test bars is 80 psi after 2 hours, 160 psi after 4
      hours, 178 psi after 6 hours, and 196 psi after 24 hours at room
      temperature. In addition, the composition has a work time of 15 minutes
      and a strip time of 45 minutes.
PAR  The following Examples 5-9 illustrate the effect of the surface area of the
      alkaline earth metal oxide containing material when it is a free oxide
      such as MgO.
PAC  EXAMPLE 5
PAR  5000 parts of Wedron 5010 silica sand and 25 parts of magnesium oxide
      having a surface area of about 2.3 m.sup.2 /gram commercially available
      from Michigan Chemical as Magmaster 1-A are mixed for about 2 minutes. To
      this mixture are added 165 parts of a 66% aluminum phosphate solution
      prepared according to the procedure of Example 1. The mixture is then
      agitated for 2 minutes. The resulting foundry mix has a work time between
      10 and 20 minutes.
PAC  EXAMPLE 6
PAR  Example 5 is repeated except that the magnesium oxide employed has a
      surface area of about 1.4 m.sup.2 /gram and is commercially available
      under the trade designation Calcined Magnesium Oxide, -325 mesh Cat. No.
      M-1016 and the aluminum phosphate contains 10 mole % based upon the moles
      of aluminum. The foundry mix has a work time of about 15 minutes.
PAC  EXAMPLE 7
PAR  Example 6 is repeated except that the magnesium oxide employed has a
      surface area of about 35.2 m.sup.2 /gram and is commercially available as
      Magox 98 LR. The composition has a work time of less than 2 minutes, and
      therefore; requires the use of a relatively fast mixing operation.
PAC  EXAMPLE 8
PAR  Example 6 is repeated except that the magnesium oxide has a surface area of
      about 61.3 m.sup.2 /gram and is commercially available as Michigan 1782.
      The composition has a work time of less than 2 minutes, and therefore;
      requires the use of a relatively fast mixing operation.
PAC  EXAMPLE 9
PAR  Example 5 is repeated except that the magnesium oxide has a surface area of
      about 8.2 m.sup.2 /gram and is obtained by calcining Michigan 1782 at
      1000.degree. C for 24 hours and the aluminum phosphate contains 30 mole %
      boron based upon the moles of aluminum. The composition has a work time of
      between 2 and 4 minutes and therefore can be adequately mixed into a
      foundry mix employing the more conventional mixing operations. However,
      the work time may be somewhat shorter than that necessary for safely
      mixing and forming the desired shape before curing for some operations.
PAC  EXAMPLE 10
PAR  The following Table 1 illustrates the effect of employing different levels
      of boron on the work time and strip time. The compositions are prepared by
      mixing for about 2 minutes.
PAR  5000 parts of Wedron 5010 silica sand and the amount specified in Table 1
      of a mixture of magnesium oxide (Magmaster 1-A) and a calcium aluminate
      containing 58% Al.sub.2 O.sub.3 and 33% CaO (commercially available as
      Refcon from Universal Atlas) in a ratio of 2.5 parts of magnesium oxide to
      1 part of calcium aluminate. To the mixture are added 165 parts of the
      aluminum phosphate solutions specified in Table 1. The aluminum phosphate
      solutions are obtained from a mole ratio of phosphorus, to total moles of
      aluminum and boron of 3:1.
TBL                Table 1                                                     

     ______________________________________                                    

     Effect of Boron Level on Work Time and Strip Time                         

     WT(min.)/ST(min.)                                                         

            68% Aqueous Aluminum                                               

                          66% Aqueous Aluminum                                 

            Phosphate Solution                                                 

                          Phosphate Solution                                   

     Boron    25 parts  30 parts  25 parts                                     

                                          30 parts                             

     Level    MgO-Ca    MgO-Ca    MgO-Ca  MgO-Ca                               

              aluminate aluminate aluminate                                    

                                          aluminate                            

              mix       mix       mix     mix                                  

     ______________________________________                                    

     30%       30/&gt;100  20/80      25/150 15/75                                

     20%       25/100   15/60      30/&gt;90 15/70                                

     10%      20/90     15/60     20/80   10/55                                

      5%      15/75     10/60     15/75   10/50                                

      3%      15/75     10/55     10/65   10/50                                

      1%      10/70     10/50     10/70   10/50                                

      0%      10/65     10/50     10/65   10/50                                

     ______________________________________                                    

PAR  In addition, storage tests on the various aluminum phosphate solutions
      employed in this example reveal that some precipitation from 0, 1 and 3
      mole % boron occurs after only 14 days storage. The other aluminum
      phosphate solutions remain clear.
PAR  The various foundry mix compositions employed in this example are formed in
      standard AFS tensile strength samples using the standard procedure. The
      tensile strength results after 24 hours and 48 hours at room temperature
      are recorded on Tables II and III, below. It is evident from Tables II and
      III that the aluminum phosphate obtained from boron generally provides
      improved tensile strength characteristics. It is apparent that the general
      trend is improvement in tensile strength with increasing quantities of
      boron, although a few of the tensile strengths do not fit the general
      behavior due to some experimental error.
TBL                Table II                                                    

     ______________________________________                                    

     Effect of Boron Level on                                                  

     Tensile Strength at 24 Hours after Strip                                  

            68% Aqueous Aluminum                                               

                          66% Aqueous Aluminum                                 

            Phosphate Solution                                                 

                          Phosphate Solution                                   

     Boron    25 parts  30 parts  25 parts                                     

                                          30 parts                             

     Level    MgO-Ca    MgO-Ca    MgO-Ca  MgO-Ca                               

              aluminate aluminate aluminate                                    

                                          aluminate                            

              mix       mix       mix     mix                                  

     ______________________________________                                    

     30%      190       164       174     159                                  

     20%      181       172       182     162                                  

     10%      170       146       167     132                                  

      5%      162       133       174     135                                  

      3%                147       165     140                                  

      1%      162       140       150     124                                  

      0%      157       150       157     103                                  

     ______________________________________                                    

TBL                Table III                                                   

     ______________________________________                                    

     Effect of Boron Level on                                                  

     Tensile Strength at 48 Hours after Strip                                  

            68% Aqueous Aluminum                                               

                          66% Aqueous Aluminum                                 

            Phosphate Solution                                                 

                          Phosphate Solution                                   

     Boron    25 parts  30 parts  25 parts                                     

                                          30 parts                             

     Level    MgO-Ca    MgO-Ca    MgO-Ca  MgO-Ca                               

              aluminate aluminate aluminate                                    

                                          aaluminate                           

              mix       mix       mix     mix                                  

     ______________________________________                                    

     30%      182       156       171     160                                  

     20%      171       164       152     138                                  

     10%      156       137       165     126                                  

      5%      158       150       170     116                                  

      3%      164       126       147     126                                  

      1%      152       130       130     113                                  

      0%      140       120       142      90                                  

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  The following Table IV further illustrates the improved shelf stability
      obtained by employing boron.
TBL                                    Table IV                                

     __________________________________________________________________________

     Stability of Aluminum Phosphate Solution                                  

     Mole Ratio of  Boron Level                                                

     Aluminum + Boron                                                          

               % Solids                                                        

                    (Mole % of                                                 

                            Appearance                                         

     to Phosphorus  Aluminum)                                                  

     __________________________________________________________________________

     1:3.8     77%  20%     Clear after                                        

                            11 months                                          

     1:3.8     77%  10%     Clear after                                        

                            11 months                                          

     1:3.8     77%   5%     Clear after                                        

                            11 months                                          

     1:3.8     77%   0%     Clear after                                        

                            11 months                                          

     1:3.6     76%  40%     Clear after                                        

                            11 months                                          

     1:3.6     76%  20%     Clear after                                        

                            11 months                                          

     1:3.6     76%  10%     Clear after                                        

                            11 months                                          

     1:3.6     76%   5%     Clear after                                        

                            11 months                                          

     1:3.6     75%   0%     Precipitation                                      

                            after                                              

                            10 months                                          

     1:3.4     75%  20%     Clear after                                        

                            11 months                                          

     1:3.4     75%  20%     Clear after                                        

                            10 months                                          

     1:3.4     75%  10%     Clear after                                        

                            11 months                                          

     1:3.4     75%  10%     Clear after                                        

                            10 months                                          

     1:3.4     75%   5%     Clear for 11/2                                     

                            months then pre-                                   

                            cipitated                                          

     1:3.4     75%   5%     Clear for 2                                        

                            months then pre-                                   

                            cipitated                                          

     1:3.4     75%   0%     Clear for 1                                        

                            month then pre-                                    

                            cipitated                                          

     1:3.2     75%   5%     Clear for 1                                        

                            month then pre-                                    

                            cipitated                                          

     1:3.1     75%  10%     Precipitated                                       

                            after                                              

                            10 months                                          

     1:3.0     75%  30%     Clear after about 12 months                        

     1:3.0     68%  30%     Clear after about 12 months                        

     1:3.0     67%  30%     Clear after about 12 months                        

     1:3.0     65%  30%     Clear after about 12 months                        

     1:3.0     75%  20%     Clear after about 12 months                        

     1:3.0     68%  20%     Clear after about 12 months                        

     1:3.0     67%  20%     Clear after about 12 months                        

     1:3.0     65%  20%     Clear after about 12 months                        

     1:3.0     75%  10%     Clear for at least about                           

                            21/2 months, precipitated                          

                            before 6 months                                    

     1:3.0     68%  10%     Clear for at least about 10                        

                            months and then precipitated                       

     1:3.0     67%  10%     Clear for at least about 10                        

                            months and then precipitated                       

     1:3.0     65%  10%     Clear for at least about 10                        

                            months and then precipitated                       

     1:3.0     75%   5%     Clear for at least about                           

                            21/2 months, precipitated                          

                            before 6 months                                    

     1:3.0     68%   5%     Clear for at least about                           

                            21/2 months, precipitated                          

                            before 6 months                                    

     1:3.0     67%   5%     Clear for at least about                           

                            21/2 months, precipitated                          

                            before 6 months                                    

     1:3.0     65%   5%     Clear for at least about                           

                            21/2 months, precipitated                          

                            before 6 months                                    

     1:3.0     75%   3%     Clear for at least                                 

                            about 21/2 months,                                 

                            precipitated                                       

                            before 6 months                                    

     1:3.0     68%   3%     Precipitated                                       

     1:3.0     67%   3%     Clear for at least                                 

                            about 21/2 months,                                 

                            precipitated before                                

                            6 months                                           

     1:3.0     65%   3%     Clear for at least                                 

                            about 21/2 months,                                 

                            precipitated                                       

                            before 6 months                                    

     1:3.0     75%   1%     Clear for at least                                 

                            about 21/2 months,                                 

                            precipitated                                       

                            before 6 months                                    

     1:3.0     68%   1%     Precipitated after                                 

                            about 21/2 months                                  

     1:3.0     67%   1%     Precipitated after                                 

                            about 21/2 months                                  

     1:3.0     65%   1%     Precipitated after                                 

                            about 21/2 months                                  

     1:3.0     75%   0%     Clear for at least                                 

                            about 21/2 months,                                 

                            precipitated                                       

                            before 6 months                                    

     1:3.0     68%   0%     Precipitated after                                 

                            about 21/2 months                                  

     1:3.0     67%   0%     Precipitated after                                 

                            about 21/2 months                                  

     1:3.0     65%   0%     Slight                                             

                            precipitation after                                

                            about 21/2 months                                  

     __________________________________________________________________________

PAR  The following examples 12 and 13 illustrate the improved scratch resistance
      and sag resistance at strip of foundry shapes prepared according to the
      present invention as compared to the scratch resistance and sag resistance
      at strip of foundry shapes prepared from other prior art inorganic binder
      systems.
PAC  EXAMPLE 12
PAR  20,000 parts of Port Crescent Lake sand and 200 parts of a mixture of 60
      parts kerosene, 85.6 parts of magnesium oxide (Magmaster 1-A) and 34.4
      parts of calcium aluminate containing 58% Al.sub.2 O.sub.3 and 33% CaO,
      commercially available as Refcon from Universal Atlas, are mixed for about
      2 minutes. To this mixture are added 660 parts of a 66% aqueous aluminum
      phosphate solution prepared according to the procedure of Example 1,
      having a viscosity of 250-300 centipoises, a mole ratio of phosphorus to
      total moles of aluminum and boron of 3:1 and about 10 mole % of boron
      based upon the moles of aluminum. The mixture is then agitated for 2
      minutes.
PAR  The resulting foundry mix is formed into 4 inch by 4 inch by 18 inch sand
      cores weighing about 19 pounds each. The composition has a work time of 10
      minutes and a strip time of 45 minutes. The scratch resistance of the
      cores at strip is 85-90 and after 1 hour is 90-95.
PAR  Three core samples are laid horizontally on the edge of a lab table at
      strip so that 6 inches extend over the table without support. The cores
      are allowed to remain in this position for one hour. Atter one hour, a
      slight sag of the cores is noted which measures no more than 1/16 of an
      inch from the horizontal.
PAR  Likewise, sag tests are conducted for the cores employing three core
      samples each, whereby the cores are supported at the extremities leaving
      the central portion unsupported, and whereby the cores are supported at
      the center with the ends unsupported, and by allowing the cores to remain
      in a vertical position supported by its 4 inch .times. 4 inch base.
PAR  In all instances, no noticeable sag is observed for these cores and no
      slump is noted after standing for 24 hours.
PAR  In addition, three cores are prepared and immediately wrapped in plastic
      bags at strip and then supported horizontally at the extremities and three
      other cores are prepared and wrapped in plastic bags at strip and
      supported horizontally in the center. Some sag on these cores is observed
      within the first hour.
PAR  Two 4 inch .times. 4 inch .times. 18 inch cores are prepared from the above
      compositions whereby hooks are inserted 3  inches in from each end of the
      core at a depth of about 2 inches. One of the cores is stripped in 30
      minutes and suspended from each end in a horizontal position. This core
      slumps and breaks within 3 minutes. The other core is stripped in 45
      minutes and immediately suspended in a horizontal position from both ends.
      This core remains in this position for 24 hours without any noticeable
      sag.
PAR  A five gallon pail is filled with a sand mix containing the above
      sand-binder composition. A hook is inserted through a depth of 4 inches in
      the center of the core and the system suspended at strip time of 45
      minutes. Total weight suspended is 73 pounds and after 24 hours, no
      evidence of the hook breaking from the core is detected. At this time an
      additional 170 pounds are placed on the suspended core for 5 minutes with
      no adverse effects.
PAR  Standard tensile strength specimens are also prepared from the above
      compositions whereby specimens are taken immediately after mixing and at
      5, 10, and 17 minute intervals after mixing. Overnight strengths of the
      product are 206 psi for specimens prepared immediately after mixing, 160
      psi for specimens prepared after 10 minutes mixing and 60 psi for
      specimens prepared after 17 minutes mixing. The drop in tensile strength 5
      minutes after mixing indicates that the binder reaction is proceeding
      somewhat faster than desired. In addition, some degradation of the core
      properties occurs during storage. For instance, the cores have an average
      scratch hardness of 70 after 4 days as compared to the initial scratch
      hardness.
PAC  EXAMPLE 13
PAR  10,000 parts of Port Crescent Lake sand and 42 parts of an organic ester
      hardener commercially available under the trade designation Chem. Rez 3000
      are mixed for about 2 minutes. To this mixture are added 350 parts of a
      sodium silicate binder having a 2.4:1 ratio of SiO.sub.2 to Na.sub.2 O
      commercially available under the trade designation Chem. Rez 318. The
      mixture is then agitated for 2 minutes.
PAR  The composition has a work time of 20 minutes and a strip time of 45
      minutes, the scratch resistance of the cores is only 9-10 at strip and
      about 80-90 after 3 hours of storing. The composition is formed into 4
      inch .times. 4 inch .times. 18 inch sand cores weighing about 19 pounds.
      Three of the cores are laid horizontally on the edge of the lab table at
      strip so that 6 inches extends over the lab table without support. These
      cores sag from 1/2 inch to 3/4 inch from the horizontal. Likewise, other
      sag tests are conducted wherein 3 cores are supported at the extremities
      leaving the central portion unsupported, and three cores are supported at
      the center with the ends unsupported, and three cores are allowed to
      remain in the vertical position supported by their 4 inch .times. 4 inch
      base. It is observed that the cores sag at least 1/2 inch from the
      horizontal within one hour and in one instance the core completely breaks
      in half. In addition, the core supported in the vertical position settles
      somewhat with a slight bulge towards the center. The scratch resistance of
      the cores after one hour is between 30 and 40. In addition, three cores
      are prepared and immediately wrapped in plastic bags at strip and
      supported horizontally at the extremities and at the center. The cores sag
      from about 1/4 to about 3/4 inches and the cores exhibit a much greater
      degree of slump as compared to the same test carried out with the
      composition of Example 12.
PAR  A comparison of Examples 12 and 13 clearly demonstrates the improved
      scratch resistance at strip and sag resistance at strip achieved by the
      binders of the present invention as compared to other common inorganic
      binders. Moreover, it is quite apparent that in view of the relative
      hardness of the cores prepared according to the present invention at
      strip, it is much easier to handle such cores than to handle cores
      obtained from the sodium silicate binders.
PAC  EXAMPLE 14
PAR  5000 parts of Port Crescent sand and 50 parts of a slurry of 20 parts of
      odorless mineral spirits (flash point 128.degree.F, boiling range
      355.degree.-400.degree.F) and 30 parts of a mixture of magnesium oxide
      (Magmaster 1-A) and a calcium aluminate containing 53% Al.sub.2 O.sub.3
      and 33% CaO, commercially available as Refcon from Universal Atlas, in a
      ratio of 5 parts of magnesium oxide to 1 part of the calcium aluminate are
      mixed for about 2 minutes. To this mixture are added 165 parts of a 67%
      aqueous aluminum phosphate solution containing mole ratio of phosphorus to
      total moles of aluminum and boron of 3:1 and about 20 mole % boron based
      upon the moles of aluminum. The mixture is then agitated for 2 minutes.
PAR  The resulting foundry mix is formed into standard AFS tensile strength
      samples using the standard procedure. The tensile strength of the test
      bars is about 75 psi after 2 hours, about 195 psi after 24 hours, about
      187 psi after 48 hours, and about 185 psi after 120 hours. In addition,
      the composition has a work time of 17 minutes and a strip time of 66
      minutes. The scratch resistance at strip is very good.
PAC  EXAMPLE 15
PAR  Example 14 is repeated except that 20 parts of mineral spirits (regular)
      (flash point 105.degree.F, boiling range 315.degree.-378.degree.F) are
      used in place of the 20 parts of odorless mineral spirits.
PAR  The resulting foundry mix is formed into standard AFS tensile strength
      samples using the standard procedure. The tensile strength of the test
      bars is about 70 psi after 2 hours, about 187 psi after 24 hours, about
      198 after 48 hours and about 160 psi after 120 hours at room temperature.
      In addition, the composition has a work time of 16 minutes and a strip
      time of 62 minutes. The scratch resistance at strip is very good.
PAC  EXAMPLE 16
PAR  Example 14 is repeated except that 20 parts of Shellflex 131 (flash point
      300.degree.F, boiling range 550.degree.-680.degree.F) are used in place of
      the 20 parts of odorless mineral spirits.
PAR  The resulting foundry mix is formed into standard AFS tensile strength
      samples using the standard procedure. The tensile strength of the test
      bars is about 75 after 2 hours, about 203 after 12 hours, about 208 after
      48 hours and about 145 psi after 120 hours at room temperature. In
      addition, the composition has a work time of 18 minutes and a strip time
      of 64 minutes. The scratch resistance at strip is very good.
PAC  EXAMPLE 17
PAR  Example 14 is repeated except that 20 parts of 140 solvent commercially
      available from Ashland Oil, Inc., (flash point 140.degree.F, boiling range
      360.degree.-390.degree.F) are used in place of the 20 parts of odorless
      mineral spirits.
PAR  The resulting foundry mix is formed into standard AFS tensile strength
      samples using the standard procedure. The tensile strength of the test
      bars is about 87 psi after 2 hours, about 183 psi after 12 hours, about
      198 psi after 48 hours and about 163 psi after 120 hours. In addition, the
      composition has a work time of 18 minutes and a strip time of 61 minutes.
      The stratch resistance at strip is very good.
PAC  EXAMPLE 18
PAR  Example 14 is repeated except that 20 parts of kerosene (flash point
      120.degree.F, boiling range 340.degree.-530.degree.F) are used in place of
      the 20 parts of odorless mineral spirits.
PAR  The foundry mix is formed into standard AFS tensile strength samples using
      the standard procedure. The tensile strength of the test bars is about 93
      psi after 2 hours, about 168 psi after 4 hours, about 200 psi after 6
      hours, about 208 psi after about 12 hours, and about 135 psi after 96
      hours. In addition, the composition has a work time of 16 minutes and a
      strip time of 60 minutes. The scratch resistance at strip is very good.
PAC  EXAMPLE 19
PAR  To a reaction vessel equipped with a stirrer, thermometer, and reflux
      condenser are added about 2445 parts of 85% phosphoric acid. Then about 67
      parts of sodium borate are added with agitation, and the agitation is
      continued for about 10 minutes until the borate dissolves in the acid to
      form a clear solution. To this solution are added about 540 parts of
      hydrated alumina (Alcoa C-33) under agitation. The reaction proceeds for
      about 40 minutes with the temperature rising to a maximum of about
      220.degree. F due to the reaction exotherm. Then external heat is applied
      and reaction temperature rises to a maximum of about 245.degree. F. The
      reaction mass is held at about 245.degree. F for about 2 hours to ensure
      complete reaction. The reaction mass is then cooled to room temperature
      and about 3052 parts of a boronated aluminum phosphate having a solids
      content of about 75%, a viscosity of about 40,000 centipoises, a mole
      ratio of phosphorus to total moles of aluminum and boron of 3:1 and about
      10 mole % boron based upon the moles of aluminum are obtained.
PAR  5000 parts of Port Crescent Lake Sand and about 30 parts of a mixture of
      magnesium oxide (Magmaster 1-A) and a calcium aluminate containing 58%
      Al.sub.2 O.sub.3 and 33% CaO (Refcon) in a ratio of 2.5 parts of magnesium
      oxide to 1 part of calcium aluminate are mixed for about 2 minutes. To
      this mixture are added 165 parts of a 66% solids solution having a
      viscosity of 400-500 centipoises of 146.5 parts of the boronated aluminum
      phosphate prepared above and 18.5 parts of water. The mixture is then
      agitated for 2 minutes.
PAR  The resulting foundry mix is formed by hand ramming into standard AFS
      tensile strength samples using the standard procedure. The tensile
      strength of the test bars is 125 psi after 2 hours, 165 psi after 4 hours,
      160 psi after 6 hours and 120 psi after 24 hours at room temperature. The
      core hardness as measured on a No. 674 Core Hardness Tester commercially
      available from Harry W. Dietert Co., Detroit Michigan, is 75 after 2
      hours, 72 after 4 hours, 74 after 6 hours, and 65 after 24 hours.
PAR  The work time of the composition is 13 minutes and the strip time is 42
      minutes.
PAC  EXAMPLE 20
PAR  Example 19 is repeated except that a non-boronated aluminum phosphate
      containing the same amount of sodium (10 mole % based upon the aluminum)
      as present in the boronated aluminum phosphate of Example 19 is employed.
      The sodium is incorporated by employing tribasic sodium phosphate in
      preparing the aluminum phosphate.
PAR  The resulting foundry mix is formed by hand ramming into standard AFS
      tensile strength samples using the standard procedure. The tensile
      strength of the test bars is 130 psi after 2 hours, 160 psi after 4 hours,
      and 50 psi after 24 hours at room temperature. The core hardness is 80
      after 2 hours, 78 after 4 hours and 52 after 24 hours. The work time of
      the composition is 9 minutes and the strip time is 28 minutes.
PAC  EXAMPLE 21
PAR  Example 19 is repeated except that a boronated aluminum phosphate
      containing 20 mole % boron and 20 mole % sodium based upon the aluminum
      and prepared according to the procedure of Example 19 is employed.
PAR  The resulting foundry mix is formed by hand ramming into standard AFS
      tensile strength samples using the standard procedure. The tensile
      strength of the test bars is about 100  psi after 2 hours, about 155 psi
      after 4 hours, about 110 psi after 6 hours and about 65 psi after 24 hours
      at room temperature.
PAR  The core hardness is 58 after 2 hours, 77 after 4 hours, 50 after 6 hours
      and 32 after 24 hours. The work time of the composition is 15 minutes and
      the strip time is 38 minutes.
PAC  EXAMPLE 22
PAR  Example 21 is repeated except that a non-boronated aluminum phosphate
      containing the same amount of sodium (20 mole % based upon the aluminum)
      as present in boronated aluminum phosphate of Example 21 is employed. The
      sodium is incorporated by employing tribasic sodium phosphate in preparing
      the aluminum phosphate.
PAR  The resulting foundry mix is formed into standard AFS tensile strength
      samples by hand ramming using the standard procedure. The tensile strength
      of the test bars is about 100 psi after 2 hours, about 150 psi after 4
      hours, and about 40 psi after 24 hours at room temperature. In addition,
      the composition has a work time of 8 minutes and a strip time of 22
      minutes.
PAR  The core hardness is 74 after 2 hours, 70 after 4 hours, and 42 after 24
      hours.
PAC  EXAMPLE 23
PAR  Example 19 is repeated except that a non-boronated aluminum phosphate
      containing 3 moles of phosphorus per mole of aluminum and being free of
      sodium is employed.
PAR  The resulting foundry mix is formed into standard AFS tensile strength
      samples by hand ramming using the standard AFS tensile strength samples by
      hand ramming using the standard procedure. The tensile strength of the
      test bars is about 95 psi after 2 hours, about 150 psi after 4 hours,
      about 150 psi after 6 hours, and about 95 psi after 24 hours at room
      temperature. In addition, the composition has a work time of 12 minutes
      and a strip time of 35 minutes.
PAR  The core hardness is 73 after 2 hours, 69 after 4 hours, 70 after 6 hours
      and 66 after 24 hours.
PAR  A comparison of Example 19 with Example 20 and of Example 21 with Example
      22 illustrates improved core stability achieved by the present invention
      as evidenced by the higher tensile strengths at 24 hours of the
      boron-containing aluminum phosphates as compared to the non-boronated
      aluminum phosphates. The improvement in core stability achieved by the
      presence of boron in the aluminum phosphates which contain sodium in some
      instances is not as pronounced as the improvement by including boron in
      aluminum phosphates which do not contain sodium, due to the deleterious
      effect of the sodium upon such properties as evidenced by a comparison of
      Examples 20 and 22 with Example 23. Nonetheless, the presence of boron in
      such materials is still quite advantageous. For example, it may be desired
      to include sodium in the aluminum phosphate for some other purpose such as
      improving the ratio of strip time to work time in some instances.
PAR  The following example demonstrates the use of cores obtained from the
      compositions of the present invention to cast relatively low melting point
      non-ferrous metals.
PAC  EXAMPLE 24
PAR  10,000 parts of Wedron 5010 sand and about 70 parts of a mixture of
      magnesium oxide (Magmaster 1-A) and a calcium aluminate containing 58%
      Al.sub.2 O.sub.3 and 33% CaO (Refcon) in a ratio of 2.5 parts of magnesium
      oxide to 1 part of the calcium aluminate are mixed for about 2 minutes. To
      this mixture are added 330 parts of a 66% aqueous aluminum phosphate
      solution prepared according to the procedure of Example 1, having a
      viscosity of 250-300 centipoises, a mole ratio of phosphorus to total
      moles of aluminum and boron of 3:1 and about 20 mole % of boron based upon
      the moles of aluminum. The mixture is then agitated for 2 minutes.
PAR  The resulting foundry mix is formed into a disc shaped sand core 7 inches
      in diameter, 21/2 inches thick and having core prints 1/2 inch thick and
      11/4 inches diameter at the axis of the disc and on both sides thereof.
      The sand core is placed in a sand mold with a disc shaped cavity about 8
      inches in diameter, about 31/2 inches thick having a 11/4 inch hole at the
      axis, and a hole offset from the axis for pouring the metal. The sand core
      is held in place in the mold by the core prints. Molten aluminum at about
      1500.degree. F is poured into the mold. The metal is then allowed to cool
      to ambient temperature by standing for about 24 hours. The mold is then
      subjected to mechanical shakeout treatment by banging with a hammer about
      4 times whereby about one-half of the sand core shakes out. The mold is
      then placed in water at room temperature for about 1/2 hour. After this
      the remainder of the sand core shakes out from the mold. The mold is open
      and a hollow aluminum casting is obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Binder composition which comprises:
PA1  A. boronated aluminum phosphate containing boron in an amount from about 3
      mole % to about 40 mole % based upon the moles of aluminum and containing
      a mole ratio of phosphorus to total moles of aluminum and boron of about
      2:1 to about 4:1;
PA1  B. an oxygen-containing alkaline earth metal compound capable of reacting
      with the aluminum phosphate and which contains alkaline earth metal and an
      oxide; and
PA1  C. water;
PAL  wherein the amount of boronated aluminum phosphate is from about 50 to
      about 95% by weight based upon the total weight of aluminum phosphate and
      alkaline earth compound; the amount of alkaline earth compound is from
      about 50 to about 5% by weight based upon the total weight of aluminum
      phosphate and alkaline earth compound; and the amount of water is from
      about 15 to about 50% by weight based upon the total weight of boronated
      aluminum phosphate and water.
NUM  2.
PAR  2. The binder composition of claim 1 wherein said boronated aluminum
      phosphate contains boron in an amount from about 5 to about 30 mole %
      based upon the moles of aluminum.
NUM  3.
PAR  3. The binder composition of claim 1 wherein said boronated aluminum
      phosphate contains boron in an amount from about 10 to about 25 mole %
      based upon the moles of aluminum.
NUM  4.
PAR  4. The binder composition of claim 1 wherein said boronated aluminum
      phosphate contains a mole ratio of phosphorus to total moles of aluminum
      and boron of from about 2.5:1 to about 3.5:1.
NUM  5.
PAR  5. The binder composition of claim 1 wherein said aluminum phosphate
      contains a mole ratio of phosphorus to total moles of aluminum and boron
      of from about 2.8:1 to about 3.2:1.
NUM  6.
PAR  6. The binder composition of claim 1 wherein said boronated aluminum
      phosphate contains boron in an amount between about 10 and about 25 mole %
      based upon the moles of aluminum, and wherein the mole ratio of phosphorus
      to total moles of aluminum and boron is between about 2.8:1 to about
      3.2:1.
NUM  7.
PAR  7. The binder composition of claim 1 wherein the amount of boronated
      aluminum phosphate is from about 65 to about 90% by weight based upon the
      total weight of boronated aluminum phosphate and alkaline earth compound,
      and the amount of alkaline earth compound is from about 10 to about 35% by
      weight based upon the total weight of aluminum phosphate and alkaline
      earth compound.
NUM  8.
PAR  8. The binder composition of claim 1 wherein said alkaline earth compound
      includes a free alkaline earth metal oxide or a free alkaline earth metal
      hydroxide and wherein said oxide or hydroxide has a surface area no
      greater than about 8.5 m.sup.2 /gram (measured by the BET procedure).
NUM  9.
PAR  9. The binder composition of claim 8 wherein said free alkaline earth metal
      oxide or free alkaline earth metal hydroxide has a surface area no greater
      than about 3 m.sup.2 /gram.
NUM  10.
PAR  10. The binder composition of claim 1 wherein said alkaline earth metal
      compound has surface area no greater than about 8.5 m.sup.2 /gram.
NUM  11.
PAR  11. The binder composition of claim 1 wherein said alkaline earth metal
      compound is a mixture of a free alkaline earth metal oxide and a material
      which contains the alkaline earth metal and oxide in combination with
      another constituent and wherein said alkaline earth metal compound has a
      surface area no greater than about 8.5 m.sup.2 /gram.
NUM  12.
PAR  12. The binder composition of claim 11 wherein said alkaline earth metal
      oxide is magnesium oxide.
NUM  13.
PAR  13. The binder composition of claim 11 wherein said mixture contains from
      about 2 to about 8 parts by weight of the free alkaline earth metal oxide
      per part by weight of the material containing constituents in combination
      with the free metal oxide and/or hydroxide and alkaline earth metal.
NUM  14.
PAR  14. The binder composition of claim 1 wherein the amount of water is from
      about 20 to about 40% by weight based upon the total weight of the
      boronated aluminum phosphate and water.
NUM  15.
PAR  15. The composition of claim 1 wherein the aluminum phosphate has a mole
      ratio of phosphorus to total moles of aluminum and boron of about 2.5:1 to
      about 3.5:1; wherein the aluminum phosphate contains boron in an amount
      from about 5 to about 30 mole % based upon the moles of aluminum; said
      alkaline earth compound includes free alkaline earth metal oxide and/or
      free alkaline earth metal hydroxide, and wherein said free alkaline earth
      metal oxide and/or free alkaline earth metal hydroxide has a surface area
      of no greater than about 3 m.sup.2 /grams.
NUM  16.
PAR  16. Molding composition which comprises:
PA1  A. a major amount of aggregate; and
PA1  B. an effective bonding amount up to about 40% by weight of the aggregate
      of the binder composition of claim 1.
NUM  17.
PAR  17. The composition of claim 16 wherein the boronated aluminum phosphate
      contains boron in an amount from about 10 to about 25 mole % based upon
      the moles of aluminum.
NUM  18.
PAR  18. The composition of claim 16 wherein the boronated aluminum phosphate
      contains a mole ratio of phosphorus
NUM  19.
PAR  19. The composition of claim 16 wherein the boronated aluminum phosphate
      contains boron in an amount between about 10 and about 25 mole % based
      upon the moles of aluminum, and wherein the mole ratio of phosphorus to
      total moles of aluminum and boron is between about 2.8:1 to about 3.2:1.
NUM  20.
PAR  20. The composition of claim 16 wherein the amount of boronated aluminum
      phosphate is from about 65 to about 90% by weight based upon the total
      weight of boronated aluminum phosphate and alkaline earth compound, and
      the amount of alkaline earth material is from about 10 to about 35% by
      weight based upon the total weight of aluminum phosphate and alkaline
      earth compound.
NUM  21.
PAR  21. The composition of claim 16 wherein the alkaline earth compound
      includes a free alkaline earth metal oxide or a free alkaline earth metal
      hydroxide and wherein said oxide or hydroxide has a surface area no
      greater than about 8.5 m.sup.2 /gram (measured by the BET procedure).
NUM  22.
PAR  22. The composition of claim 16 wherein the alkaline earth metal material
      has a surface area no greater than about 8.5 m.sup.2 /gram.
NUM  23.
PAR  23. The composition of claim 16 wherein the alkaline earth metal compound
      is a mixture of a free alkaline earth metal oxide and a material which
      contains the alkaline earth metal and oxide in combination with another
      constituent and wherein said alkaline earth metal compound has a surface
      area no greater than about 8.5 m.sup.2 /gram.
NUM  24.
PAR  24. The composition of claim 23 wherein said mixture contains from about 2
      to about 8 parts by weight of the free alkaline earth metal oxide per part
      by weight of the material containing constituents in combination with the
      free metal oxide and/or hydroxide and alkaline earth metal.
NUM  25.
PAR  25. The composition of claim 16 wherein the amount of water is from about
      20 to about 40% by weight based upon the total weight of the boronated
      aluminum phosphate and water.
NUM  26.
PAR  26. A process for the fabrication of foundry shape which comprises:
PA1  A. mixing foundry aggregate with a bonding amount of up to about 10% by
      weight based upon the weight of the aggregate of the composition of claim
      1, and wherein the quantity and particle size of said aggregate are such
      to provide sufficient porosity in the foundry shape to permit escape of
      volatiles from the shape during casting;
PA1  B. introducing the foundry mix obtained from step (A) into a pattern;
PA1  C. allowing the foundry mix to remain in the pattern for a time at least
      sufficient for the mix to become self-supporting; and
PA1  D. thereafter removing the shaped foundry mix of step (C) from the pattern,
      and allowing it to cure at room temperature, thereby obtaining a hard,
      solid, cured foundry shape.
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ABST
PAL  A radio-photoluminescence dosimeter glass of low energy dependence, high
      sensitivity, and good resistance to weathering is composed of an
      activating silver compound such as silver metaphosphate and at least one
      metal fluoride, preferably of metals of groups I, II, III, and/or IV of
      the Periodic System. Such a glass may contain at least one further metal
      oxide, preferably an oxide of metals of groups I, II, and/or III of the
      periodic System, phosphorus pentoxide, and, if desired, nitrogen
      pentoxide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a radio-photoluminescence glass useful in
      dosimetry, hereinafter designated as "RPL dosimeter glass", of low energy
      dependence, and to a method of manufacturing same.
PAR  2. Description of the Prior Art
PAR  The dose indication of the RPL glasses possesses within the .gamma.-energy
      range between 40 keV and 60 keV a maximum of the energy dependence. This
      is rather disturbing when using the glass in dosimetry. Its suppression
      necessitates considerable additional expenditures for the encapsulation
      and mounting of such glasses, leading to a great increase in cost, an
      undesired increase in weight, and difficulties in cleaning the glasses.
      For this reason attempts have been made to reduce the quota of
      photo-electrons causing said maximum of the energy dependence by
      developing dosimeter glasses of a low mean nuclear charge number or atomic
      number.
PAR  Thus replacing barium metaphosphate Ba(PO.sub.3).sub.2 which has a high
      nuclear charge number by magnesium metaphosphate Mg(PO.sub.3).sub.2 is
      described in the journal "Nucleonics" vol. 18 (1960), pages 94 and 95.
      U.S. Pat. No. 3,554,920 discloses special glasses based on lithium
      metaphosphate LiPO.sub.3 and a lithium borate of the formula Li.sub.2 O. 4
      B.sub.2 O.sub.3. However, the use of said special glasses in practice is
      prevented by their having too low a resistance to weathering.
PAR  Despite the small proportion of activating silver in the overall
      composition of RPL dosimeter glasses, this low silver content, because of
      its high nuclear charge number, decisively affects the energy dependence
      in basic glass compositions consisting otherwise of light chemical
      elements or compounds.
PAR  Thus it is known from "Health Physics" vol. 20 (1971), pages 662 and 663,
      to decrease the silver content of a dosimeter glass bearing the
      designation "Toshiba FD-3" while otherwise the basic glass composition in
      only slightly modified. Such a decrease in the amount of activator,
      however, results in a low sensitivity.
PAR  It is to be pointed out in particular that with the exception of the
      above-mentioned lithium borate glass of the formula Li.sub.2 O.4 B.sub.2
      O.sub.3 the basic glass composition of all RPL glasses known at present is
      based on metaphosphates. Examples of such dosimeter glasses with
      metaphosphates as glass former are described, for instance, in German
      Application No. 1,596,750 published for opposition, German provisionally
      Published Application No. 1,621,004, and Austrian Pat. No. 257,858.
PAR  In such glasses the metaphosphate can partly be replaced by oxides, at
      least to a limited extent as this is described in the journal
      "Glastechnische Berichte" vol. 45, (1972), No. 6, pages 234 to 238.
      However, such a replacement results also in a reduction in sensitivity.
      Development of RPL glasses useful in dosimetry and being based on silica
      was also unsuccessful due to the low solubility of silver in silicates --
      as follows from the "Journal of the Electrochemical Society" vol. 95
      (1949), pages 70 to 79.
PAR  Silver-activated borate glasses have too low a weathering resistance and --
      as compared with metaphosphate glass compositions -- too low a
      sensitivity.
PAR  Thus it appears not very promising further to develop RPL dosimeter glasses
      based on borate or silicate.
PAR  The aforesaid publications show that the efforts of those skilled in the
      art to produce RPL dosimeter glasses having a low energy dependence and at
      the same time further desirable properties such as high sensitivity,
      absence of fading at room temperature, and good resistance to weathering,
      up to now have not found any fully satisfactory solution, although such
      efforts have been continued extensively.
PAC  SUMMARY OF THE INVENTION
PAR  It is one object of the present invention to provide RPL dosimeter glasses
      of low energy dependence, high sensitivity, and good resistance to
      weathering, which glasses are free of the disadvantages of the known
      dosimeter glasses.
PAR  Another object of the present invention is to provide a simple and
      effective process of making such RPL dosimeter glasses.
PAR  Still another object of the present invention is to use such glasses in
      radio-photoluminescence dosimetry.
PAR  Other objects of the present invention and advantageous features thereof
      will become apparent as the description proceeds.
PAR  In principle these objects are achieved in accordance with the present
      invention by replacing the metaphosphate in metaphosphate glasses by
      fluorine. As a result thereof, with the same cations, the mean nuclear
      charge number and thus the energy dependence of the glass decreases. Thus
      by suitable selection of cations, it was possible to achieve glass
      formation for predominantly metaphosphate glasses, for fluorophosphate
      glasses and for pure fluoride glasses.
PAR  The glasses of the present invention are characterized by the feature that
      they consist of a silver compound and at least one fluoride.
PAR  The fluorides may be simple and/or complex inorganic fluorides of metals of
      the first to fourth groups of the Periodic System. The glass may contain,
      in addition thereto, at least one other oxide of a metal of the first to
      third groups of the Periodic System, furthermore, additionally phosphorus
      pentoxide and also nitrogen pentoxide. A dosimeter glass in accordance
      with the present invention may preferably consist of 0.0001 to 15.0 %, by
      weight, of silver oxide Ag.sub.2 O and a corresponding weight equivalent
      proportion of phosphorus pentoxide P.sub.2 O.sub.5 calculated for the
      chemical compound AgPO.sub.3, as well as of one or more fluorides in an
      amount sufficient to make up the glass composition to 100 %, by weight.
PAR  According to preferred embodiments of the present invention the glass may
      consist advantageously of 0.001 to 10.0 %, by weight, of silver oxide
      Ag.sub.2 O or of 0.01 to 2.0 %, by weight, of silver oxide Ag.sub.2 O and
      corresponding weight equivalent amounts of phosphorus pentoxide P.sub.2
      O.sub.5 calculated to yield the chemical compound silver metaphosphate
      AgPO.sub.3, as well as amounts of one or more fluorides to make up the
      glass composition to 100 %, by weight.
PAR  According to a further embodiment of the present invention, the glasses may
      contain 2.0 to 25.0 %, by weight, of one or more metal oxides and 15.0 to
      80.0 %, by weight, of phosphorus pentoxide P.sub.2 O.sub.5. In addition
      thereto, 0.5 to 5.0 %, by weight, of nitrogen pentoxide N.sub.2 O.sub.5
      may be present.
PAR  Other advantageous glasses in accordance with the present invention may
      consist of 0.02 to 2.0 %, by weight, of silver oxide Ag.sub.2 O, 0.01 to
      1.0 %, by weight, of phosphorus pentoxide P.sub.2 O.sub.5, and 5.0 to 99.5
      %, by weight, of at least one fluoride, whereby there may be present in
      addition to the above components 5.0 to 25.0 %, by weight, of at least one
      metal oxide and up to 77.0 %, by weight, of phosphorus pentoxide P.sub.2
      O.sub.5 and furthermore 1.0 to 2.0 %, by weight of nitrogen pentoxide
      N.sub.2 O.sub.5. Glasses of the present invention may further contain up
      to 10.0 %, by weight, of at least one monovalent metal oxide and/or up to
      22.0 %, by weight, of at least one bivalent metal oxide and/or up to 10.0
      %, by weight, of at least one trivalent metal oxide. Thus, for instance,
      up to 1.0 %, by weight, of sodium oxide Na.sub.2 O and/or up to 9.0 %, by
      weight, of lithium oxide Li.sub.2 O, up to 3.0 %, by weight, of magnesium
      oxide MgO, and up to 4.0 %, by weight, of calcium oxide CaO, or up to 22.0
      %, by weight, of barium oxide BaO and up to 10.0 %, by weight, of aluminum
      oxide Al.sub.2 O.sub.3 may be present.
PAR  The glasses of the present invention may contain, furthermore, up to 50.0
      %, by weight, of at least one monovalent metal fluoride and/or up to 65.0
      %, by weight, of at least one bivalent metal fluoride and/or up to 35.0 %,
      by weight, of at least one trivalent metal fluoride. Thus, for instance,
      up to 49.0 %, by weight, of lithium fluoride LiF and/or up to 5.0 %, by
      weight, of potassium fluoride KF, up to 10.0 %, by weight, of beryllium
      fluoride BeF.sub.2 or up to 10.0 %, by weight, of magnesium fluoride
      MgF.sub.2 and/or up to 32.0 %, by weight, of calcium fluoride CaF.sub.2
      and/or up to 12.0 %, by weight, of strontium fluoride SrF.sub.2 and/or up
      to 15.0 %, by weight, of barium fluoride BaF.sub.2 and up to 6.0 %, by
      weight, of lanthanum fluoride LaF.sub.3 and/or up to 31.0 %, by weight, of
      aluminum fluoride AlF.sub.3 may be present.
PAR  The process of producing an RPL glass according to the present invention is
      characterized by the feature that the glass is melted down from a mixture
      which consists of at least one fluoride and a silver compound.
PAR  The silver compound may be silver metaphosphate (AgPO.sub.3), silver
      nitrate (AgNO.sub.3), silver carbonate (Ag.sub.2 CO.sub.3), or silver
      lithium metaphosphate (LiAg(PO.sub.3).sub.2).
PAR  Glasses according to the present invention may advantageously be melted
      down also from a mixture which consists of 5.0 to 99.5 %, by weight, of at
      least one fluoride and 95.0 to 0.5 %, by weight, of at least one
      metaphosphate. In this connection the fluorides can be replaced partially
      or entirely by at least one hydrogen fluoride or a complex inorganic
      fluoride. In addition, this mixture may also contain up to 3.0 %, by
      weight, of sodium nitrate NaNO.sub.3.
PAR  Another advantageous process of producing a glass according to the present
      invention is characterized by melting down a mixture consisting of 0.0001
      to 15.0 % by weight, of silver metaphosphate AgPO.sub.3 and an amount of
      at least one fluoride which makes up the mixture to 100 %, by weight. The
      mixture may also consist of 0.001 % to 10.0 %, by weight, of silver
      metaphosphate AgPO.sub.3 and an amount of at least one fluoride sufficient
      to make up the mixture to 100 %, by weight.
PAR  It is furthermore of advantage to provide a mixture which consists of 0.1
      to 1.0 %, by weight, of silver metaphosphate AgPO.sub.3 and 99.0 to 99.9
      %, by weight, of at least one fluoride. Such a mixture may additionally
      contain mono- and/or bi- and/or trivalent metal metaphosphates.
PAR  One particular advantageous embodiment of the process of producing a
      dosimeter glass in accordance with the present invention is characterized
      by melting together a mixture which contains 0.05 to 3.0 %, by weight, of
      silver metaphosphate AgPO.sub.3 ; up to 49.0 %, by weight, of lithium
      metaphosphate LiPO.sub.3 ; up to 57.0 %, by weight, of the alkaline earth
      metal metaphosphates of magnesium Mg and/or calcium Ca and/or barium Ba,
      the amount of magnesium metaphosphate Mg(PO.sub.3).sub.2 being up to 21.0
      %, by weight, of amount of calcium metaphosphate Ca(PO.sub.3).sub.2 up to
      14.0 %, by weight, and the amount of barium metaphosphate
      Ba(PO.sub.3).sub.2 up to 36.0 %, by weight; up to 49.0 %, by weight, of
      aluminum metaphosphate Al(PO.sub.3).sub.3 ; up to 5.0 %, by weight, of
      potassium hydrogen fluoride KHF.sub.2 ; up to 48.0 %, by weight, of
      lithium fluoride LiF; up to 65.0 %, by weight, of alkaline earth metal
      fluorides such as the fluorides of beryllium Be and/or magnesium Mg and/or
      calcium Ca and/or strontium Sr and/or barium Ba, whereby the amount of
      beryllium fluoride BeF.sub.2 is up to 10.0, by weight, the amount of
      magnesium fluoride MgF.sub.2 up to 10.0%, by weight, the amount of calcium
      fluoride CaF.sub.2 up to 31.0 %, by weight, the amount of strontium
      fluoride SrF.sub.2 up to 11.0 %, by weight, and the amount of barium
      fluoride BaF.sub.2 up to 15.0 %, by weight; up to 30.0 %, by weight, of
      aluminum fluoride AlF.sub.3, and up to 5.0 %, by weight, of lanthanum
      fluoride LaF.sub.3.
PAR  On a more detailed investigation of glass formation in the
      metaphosphate-fluoride system the following results are obtained: The
      glassiness, i.e. the reciprocal of the crystal growth rate, decreases only
      slightly with fluoride contents up to 20 mol%, but it decreases more
      strongly with higher fluoride contents. It passes through a minimum at 50
      mol% of fluoride content, increases again in the region of 70 mol%, and
      finally decreases very strongly for fluoride contents of more than 90
      mol%. This pattern of the degree of glassiness is due to the
      superimposition or interference of the tendency towards crystallization
      which increases with increasing fluoride content, and of the maximum of
      the tendency towards segregation at a fluoride content of 50 mol%. It has
      been found that glass formation can be facilitated by providing readily
      polarizable cations and the greatest possible number of components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described more in detail hereinafter with reference
      to the attached drawings in which:
PAR  FIG. 1 shows predose and sensitivity as a function of the fluoride content;
PAR  FIG. 2 shows band position and half-width value of the luminescence bands
      produced by irradiation, at half of its maximum intensity as a function of
      the fluoride content;
PAR  FIG. 3 shows build-up behavior after irradiation with 300 R of a cobalt-60
      source for different fluoride contents as parameter at 20.degree. C.;
PAR  FIG. 4 shows fading behavior of the glass 2025 at different storage
      temperatures;
PAR  FIG. 5 shows maximum energy dependence as a function of the fluoride
      content;
PAR  FIG. 6 shows energy dependence of different known RPL dosimeter glasses as
      a function of the average nuclear charge number.
PAR  FIG. 7 shows position and half-width value of the luminescence bands
      produced upon irradiation with cobalt-60 as a function of the silver
      content;
PAR  FIG. 8 shows predose and sensitivity as a function of the silver content;
PAR  FIG. 9 shows build-up behavior at room temperature for different silver
      contents;
PAR  FIG. 10 shows build-up behavior at 100.degree. C. for different silver
      contents;
PAR  FIG. 11 shows maximum energy dependence and mean nuclear charge number as a
      function of the silver content.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS In the attached Tables 1 and 2
      there are given examples of glass mixture compositions as well as certain
      dosimeter properties of the RPL dosimeter glasses melted down from such
      mixtures.
PAR  As predose indicated in Roentgen (R), there is designated the .gamma.-dose
      of a cobalt-60 source with which a glass must be irradiated in order to
      double the luminescence intensity present prior to irradiation.
PAR  The absolute sensitivity depends on the overall evaluation system.
      Therefore, it is indicated in relative units for the following
      investigations. From the examples of these Tables it will be seen that it
      is possible to replace, within wide limits, the metaphosphate group by
      fluorides. Even fluorine glasses which contain only a very minor amount of
      metaphosphates still show the effect of radio-photoluminescence.
PAR  In order to develop RPL glasses of low energy dependence it is advisable to
      use preferably fluorides of a low nuclear charge number and to select the
      composition in such a manner as to obtain glasses which are resistant to
      weathering.
PAR  In Table 2 there are given other examples of glass mixture compositions in
      which certain dosimeter properties such as the predose, the sensitivity,
      and in addition the energy dependence, i.e. the ratio of the luminescence
      intensity at 40 keV to the luminescence intensity at 1 MeV, are given.
PAR  As is evident from these Tables, the theoretically optimum value 1 for the
      energy dependence is practically achieved, within the limits of error, by
      Melt No. 2026 in Table 2.
PAR  In attached Tables 3 and 4, the glass mixture components set forth in
      Tables 1 and 2 --namely the metal metaphosphates and the sodium nitrate --
      have been split up into oxidic components and phosphorus pentoxide P.sub.2
      O.sub.5 and nitrogen pentoxide N.sub.2 O.sub.5.
PAR  In addition thereto there have also been indicated the molar ratio of the
      fluoride components to the phosphate components and the weight ratio of
      the fluoride components to the phosphate components.
PAR  FIG. 1 of the attached drawings shows in its upper part the sensitivity of
      an RPL glass according to the present invention as a function of the
      fluoride content. The sensitivity increases slightly up to about 50 mol%
      of fluoride and then decreases slightly from 50 mol% to 80 mol%; for
      higher fluoride contents, it decreases much more strongly.
PAR  In the lower part of FIG. 1, the predose is shown as a function of the
      fluoride content. At a content of about 35 mol% of fluoride, the predose
      shows a first maximum, and at 75 mol% a minimum. This course of the curve
      is explained by the maximum of the tendency towards segregation at 50 mol%
      and by the strongly decreasing solubility of the silver with high fluoride
      contents. The black circles indicate melts of Table 1 and the unfilled
      circles melts of Table 2.
PAR  In the upper part of FIG. 2 there is shown the band position of the bands
      in nm. as a function of the fluoride content. It passes through a minimum
      at about 45 mol% of fluoride. In the lower part of FIG. 2 there is
      indicated the halfwidth of the luminescence band produced by irradiation
      with cobalt-60 as a function of the fluoride content. FIG. 2 illustrates
      melts of Tables 1 and 2.
PAR  The half-width depends on the environmental symmetry and the possible
      energy positions of the center. An increase in the fluoride content
      creates new possibilities of incorporation of the center, leads to new
      energy positions, and thus to an increase in the half-width of the band.
      In the region of 45 mol% of fluoride, structures of a higher order are
      formed due to the higher tendency towards segregation, and as a result
      thereof the environmental symmetry of the center increases, while due to
      said increase the band half-width decreases. The superimposition of these
      opposite effects leads to the formation of a minimum in the lower part of
      FIG. 2. Displacement of the band position towards smaller wave lengths
      means, in accordance with the ligand field theory, a decrease in the
      interaction of the center with its environment. The possibility of
      radiation-free energy transfer decreases. In agreement therewith, FIG. 1
      shows that the luminescence yield -- i.e., the sensitivity -- has a
      maximum at about 50 mol% of fluoride.
PAR  The reason for this is the more self-contained glass structure of higher
      order at 50 mol% of fluoride, as a result of which the centers are
      isolated in the glass structure.
PAR  In FIG. 3 there is shown the build-up behavior of the RPL dosimeter glasses
      of the present invention containing a percentage of silver phosphate
      AgPO.sub.3 of 0.5 mol% for different fluoride contents between 0 mol% and
      86.1 mol%. It is clearly evident that the RPL kinetics slows down with an
      increase in the fluoride content. The fact that an increasing fluoride
      content leads to a more rigid glass network is a known fact in glass
      technology. When recalling that diffusion processes are necessary for the
      development of the RPL centers, it explains the laws governing the RPL
      kinetics. This represents another advantage of the RPL glasses according
      to the present invention with respect to integrating dosimetry. The slow
      RPL kinetics prevents fading phenomena even at higher temperatures. FIG. 3
      illustrates melts of Table. 1.
PAR  This becomes clearly evident from FIG. 4 in which the fading behavior at
      different storage temperatures between 20.degree. C. and 250.degree. C. is
      shown for a glass with melt No. 2025 as given in Table 2. Up to a
      temperature of about 100.degree. C., substantially no fading occurs. In
      contrast thereto, the known metaphosphate glasses show a considerably
      higher fading when stored at the same temperatures.
PAR  FIG. 5 shows the energy dependence, i.e., the ratio of the dose indication
      at 40 keV to the dose indication at 1 MeV, for a silver phosphate
      AgPO.sub.3 concentration of 0.5 mol% as parameter as a function of the
      fluoride content. The energy dependence decreases with increase in the
      fluoride content, since with the same cation upon replacement of the
      metaphosphate group by fluorine, the means nuclear charge number
      decreases. As long as an upper limit of the fluoride content which is
      dependent on the composition of the cations is not exceeded, the RPL
      glasses of the present invention have, for the same silver concentration,
      a higher sensitivity and a lower energy dependence than a pure
      metaphosphate glass. A decrease in the activator concentration leads -- as
      in all previously known dosimeter glasses -- to a lower sensitivity. In
      the RPL dosimeter glasses of the present invention it is possible,
      however, -- as shown by Melt No. 2026 in Table 2 -- to obtain, with
      relatively high sensitivity, practically complete absence of dependence of
      the dose indication on the .gamma.-energy.
PAR  In FIG. 6 there is shown the energy dependence of previously known RPL
      dosimeter glasses as a function of the mean nuclear charge number Z. For Z
      the following mathematical relationship applies:
      ##EQU1##
      In said formula: Z indicates the mean nuclear charge number;
PA1  Z.sub.i indicates the nuclear charge number of the element i;
PA1  x.sub.i indicates the molar fraction of the element i;
PAR  In FIG. 6, the letters a to k stand for the following RPL dosimeter
      glasses:
TBL  Letter                                                                    

         Designation of the RPL glass                                          

                          Literatur                                            

     __________________________________________________________________________

     a to c                                                                    

         Glasses of the present invention                                      

                          The present appli-                                   

                          cation                                               

     d   "Toshiba FD 7"   R.Yokota and Y.Muto:                                 

                          "Health Physics"                                     

                          vol. 20(1971),                                       

                          p. 662                                               

     e   "Becker-Schott"  K.Becker: "Nuclear                                   

                          Instruments and                                      

                          Methods" vol. 36,                                    

                          (1965), p. 323                                       

     f   "Toshiba FD 5"   R.Yokota and Y.Muto:                                 

                          "Health Physics"                                     

                          vol. 20 (1971)                                       

                          p. 662                                               

     g   "Toshiba FD 3"   K.Becker: "Nuclear Instru-                           

                          ments and Methods" vol.36                            

                          (1965), p. 323                                       

     h   "CEC"            US Patent No. 3,294,700                              

     i   "Low-Z"          R.J. Ginther and J.H.                                

                          Schulmann: "Nucleonics"                              

                          vol. 18 (1960) p. 94                                 

     k   "High-Z"         R.J. Ginther and J.H.                                

                          Schulman: "Nucleonics"                               

                          vol. 18 (1960) p.94                                  

     __________________________________________________________________________

PAR  The composition of the tested glasses is given in Table 5 on page 26.
PAR  As can be seen, the RPL dosimeter glasses a to c of the present invention
      are distinguished by their low mean nuclear charge numbers which lie
      between 10 and 12 and their lower dependence on energy over the known
      glasses indicated by letters d to k. For low silver contents, the energy
      dependence become negligible small.
PAR  In order to compare the weathering resistance of the RPL dosimeter glasses
      of the present invention with that of known glasses, experiments were
      carried out in accordance with a weathering test usually employed in the
      optical industry. Such as test is described in the "Glass Catalog 3050" of
      the firm Schott & Gen. of Mainz, Germany, dated October 1966 on page
      III-3. The tested glasses are subjected in accordance therewith to a
      periodically varying steam atmosphere. The following three glasses were
      examined:
PAR  a. Glass of Becker (U.S. Pat. No. 3,554,920) having a base of lithium
      borate of the formula Li.sub.2 O.4 B.sub.2 O.sub.3 ;
PAR  b. "Toshiba FD-7" glass corresponding to the glass indicated by the letter
      d in FIG. 6;
PAR  c. Glass No. 2025 in accordance with Table 2 of the present invention.
PAR  The surfaces of said three glasses of low energy dependence exhibited after
      weathering the following changes:
PAR  Glass (a): Very strong surface attack.
PAR  Glass (b): Pronounced corrosion.
PAR  Glass (c): Scarcely detectable traces of an attack of its surface.
PAR  The glass of the present invention, therefore, has a surprisingly superior
      resistance to corrosion. Further tests show an increasing improvement in
      the resistance to weathering with an increase in the aluminum
      fluoride/lithium fluoride AlF.sub.3 /LiF ratio.
PAR  In addition to the glass base, the activator concentration is also of
      controlling influence on the dosimetric properties. To prove this, the
      silver concentration was varied in an RPL glass of the present invention.
      The basic glass mixture had the following composition:
PAR  26.0 %, by weight, of lithium fluoride, LiF,
PAR  9.0 %, by weight, of aluminum flouride, AlF.sub.3,
PAR  40.0 %, by weight, of aluminum metaphosphate, Al(PO.sub.3).sub.3, and
PAR  25.0 %, by weight, of lithium metaphosphate, LiPO.sub.3.  This glass has a
      specific gravity of 2.42 g./cc., a coefficient of expansion of 17.8 .
      10.sup..sup.-6 .degree.C..sup..sup.-1 , a transformation temperature of
      321.degree. C., and an Abbe number of 73.3. As a result of the small index
      of refraction n.sub.e = 1.4993, only slight losses in reflection occur on
      evaluating the dose indication. The resistance to weathering is equivalent
      to that of optical glasses of the FK type (fluor crown glass type).
PAR  The upper part of FIG. 7 shows the position and its lower part the
      half-width of the luminescence band as it is obtained after irradiation
      with cobalt-60 as a function of the silver content. UV excitation was
      effected at 385 nm. With an increase in the silver content, the band
      maximum shifts towards shorter wave lengths and the half-width increases.
PAR  The predose is plotted in the lower part of FIG. 8 and the sensitivity in
      its upper part, in each case as a function of the silver content. The
      sensitivity passes through a maximum, while the predose increases
      initially only slightly, but subsequently very substantially.
PAR  FIG. 9 shows the build-up behavior at a temperature of 25.degree. C. and
      FIG. 10 to the build-up behavior at a temperature of 100.degree. C., in
      each case for different silver contents. In this connection the glasses
      represented by curves I to V have the following silver contents:
TBL  Symbol     Curve        Mol% of Silver                                    

     ______________________________________                                    

     +           I           0.0033                                            

     O           II          0.033                                             

     .DELTA.    III          0.17                                              

     .quadrature.                                                              

                 IV          0.6                                               

     .times.     V           1.2                                               

     ______________________________________                                    

PAR  The upper part of FIG. 11 shows the maximum energy dependence and the lower
      part the mean nuclear charge number Z as a function of the silver content.
      In this connection there have also been entered in horizontal dashed lines
      the mean nuclear charge numbers of non-activated lithium fluoride LiF and
      of non-activated metaphosphate glass as compared with a non-activated
      fluoride glass.
PAR  The fading was also determined for different silver contents at different
      temperatures, namely at 25.degree. C., 100.degree. C., and 200.degree. C.,
      as a function of the storage time. Thereby a high stability of the dose
      indication was found.
PAR  The glasses of the present invention are produced by melting down the
      mixture of the respective components which should be as pure as possible
      in a covered quartz crucible in a weakly oxidizing atmosphere in an
      electric furnace. Melting time and melting temperature are reduced with
      increasing fluoride content. While pure metaphosphate glass requires 40
      minutes to melt at 1380.degree. C., 5 minutes at 1300.degree. C. is
      sufficient for a glass consisting of 30 mol% of fluoride components and 5
      minutes at 1100.degree. C. is sufficient for a glass consisting of 70 mol%
      of fluoride components. The low viscosity and the low surface tension of
      fluoride-containing melts facilitate homogenizing of the glass melt. This
      is a great advantage in the production of the fluoride-containing RPL
      dosimeter glasses over the known glasses. The costs of manufacture are
      comparatively low due to the short melting times and the relatively low
      melting temperature; due to the good homogeneity of the melt, continuous
      agitation is also unnecessary, so that the possible introduction of
      additional impurities is excluded. Due to the short melting time and the
      low melting temperature of glasses of high fluorine content, contamination
      by the material of the melting crucible and by the environment causing
      increase in the predose, is relatively small. The casting or molding plate
      temperature also decreases with an increase in the fluorine content.
PAR  If the glasses are not cast in the cubic shapes, they are cut into cubic
      shape after pre-annealing them at 280.degree. C. to 450.degree. C. in a
      similar manner as this is done in the manufacture of optical glasses. The
      surfaces of the glasses are then ground and polished. The dosimetric
      properties of the RPL dosimeter glasses thus obtained can then be
      determined, after irradiation with a cobalt-60 source, by means of a
      dosimeter evaluator.
PAR  It is within the scope of the present invention to add oxidic additives,
      for instance, lithium oxide Li.sub.2 O, beryllium oxide BeO, and boron
      trioxide B.sub.2 O.sub.3 in an amount of a few percent to the melt mixture
      for glass technological reasons. The use of other crucible materials in
      place of quartz and the use of other types of furnaces in place of an
      electric furnace is also within the scope of the present invention.
PAR  The novel improved RPL dosimeter glasses according to the present invention
      have proved to be useful, for instance, in high-dose-level emergency, such
      as military or Civil Defense dosimetry, in routine low-level and accident
      high-level dosimetry in nuclear installations, for the measurement of low
      energy X-rays in medical installations, and for other purposes for which
      the known RPL dosimeter glasses are used. Such uses are described, for
      instance, by Klaus Becker in "Health Physics" vol. 14, pages 29-31 (1968).
TBL                                    Table 1                                 

     __________________________________________________________________________

     (in % by weight)                                                          

     __________________________________________________________________________

     Melt No.  1640 1641 1642 1643 1659 1660 1652 1653 1654                    

               1644 1645 1646                                                  

     __________________________________________________________________________

     AgPO.sub.3                                                                

               2.5  2.5  2.5  2.5   1.5  1.5  2.5 1.5   0.5                    

     LiPO.sub.3                                                                

               45.0 42.5 40.0 37.5  1.5  1.5  5.5 --   --                      

     Mg(PO.sub.3).sub.2                                                        

               --   --   --   --   10.0 10.0 10.0 20.9 --                      

     Ca(PO.sub.3).sub.2                                                        

               --   --   --   --   14.0 14.0 14.0 --   --                      

     Ba(PO.sub.3).sub.2                                                        

               --   --   --   --   --   --   --   35.4 --                      

     Al(PO.sub.3).sub.3                                                        

               47.5 45.0 42.5 40.0 --   --   --   --   --                      

     KHF.sub.2 --   --   --   --   --    5.0 --   --   --                      

     MgF.sub.2 1.0  2.0  3.0  4.0   6.0  6.0  6.0 8.4  10.0                    

     CaF.sub.2 1.0  2.0  3.0  4.0  31.0 31.0 29.0 8.6  30.0                    

     SrF.sub.2 1.0  2.0  3.0  4.0  11.0 11.0 10.0 8.5  10.0                    

     BaF.sub.2 1.0  2.0  3.0  4.0  --   --   --   8.4  14.5                    

     AlF.sub.3 1.0  2.0  3.0  4.0  25.0 20.0 23.0 7.2  30.0                    

     LaF.sub.3 --   --   --   --   --   --   --   1.1   5.0                    

     __________________________________________________________________________

     Predose (R)                                                               

               1.8  4.2  5.8  13.0 1730 1130 930   40  3 . 10.sup.4            

     Sensitivity                                                               

     (relative units)                                                          

               0.67 0.48 0.42 0.25 0.05 0.07 0.08 0.1  0.001                   

     __________________________________________________________________________

TBL                                    Table 2                                 

     __________________________________________________________________________

     (in % weight)                                                             

     __________________________________________________________________________

     Melt No.:                                                                 

            1822                                                               

                1824                                                           

                    1826                                                       

                        1829                                                   

                            1830                                               

                                1832                                           

                                    1833                                       

                                        1834                                   

                                            1835                               

                                                1836                           

                                                    1840                       

                                                        1841                   

                                                            2025               

                                                                2026           

            1823                                                               

                1825                                                           

                    1827                    1837                               

                    1828                    2024                               

     __________________________________________________________________________

     AgPO.sub.3                                                                

             0.5                                                               

                 0.5                                                           

                     0.5                                                       

                         0.5                                                   

                             0.5                                               

                                 0.5                                           

                                     0.5                                       

                                         0.5                                   

                                             0.5                               

                                                 0.5                           

                                                     0.5                       

                                                         0.5                   

                                                            0.16               

                                                                0.05           

     LiPO.sub.3                                                                

            48.5                                                               

                33.5                                                           

                    18.5                                                       

                         0.5                                                   

                            38.5                                               

                                43.5                                           

                                    33.5                                       

                                        28.5                                   

                                            23.5                               

                                                18.5                           

                                                    28.5                       

                                                        18.5                   

                                                            23.84              

                                                                23.95          

     Al(PO.sub.3).sub.3                                                        

            39.0                                                               

                49.0                                                           

                    49.0                                                       

                        49.0                                                   

                            44.0                                               

                                44.0                                           

                                    44.0                                       

                                        42.0                                   

                                            40.0                               

                                                36.0                           

                                                    44.0                       

                                                        39.0                   

                                                            40.0               

                                                                40.0           

     LiF    --  15.0                                                           

                    30.0                                                       

                        48.0                                                   

                            10.0                                               

                                 5.0                                           

                                    15.0                                       

                                        20.0                                   

                                            25.0                               

                                                30.0                           

                                                    20.0                       

                                                        30.0                   

                                                            25.0               

                                                                25.0           

     BeF.sub.2                                                                 

            --  --  --  --  --  --  --  --  --  --   5.0                       

                                                        10.0                   

                                                            --  --             

     AlF.sub.3                                                                 

            10.0                                                               

                --  --  --   5.0                                               

                                 5.0                                           

                                    5.0  7.0                                   

                                             9.0                               

                                                13.0                           

                                                    --  --  9.0 9.0            

     NaNO.sub.3                                                                

             2.0                                                               

                2.0 2.0  2.0                                                   

                             2.0                                               

                                 2.0                                           

                                    2.0  2.0                                   

                                             2.0                               

                                                 2.0                           

                                                     2.0                       

                                                        2.0 2.0 2.0            

     __________________________________________________________________________

     Predose (R)                                                               

             4.6                                                               

                 3.4                                                           

                    2.8  2.2                                                   

                             2.3                                               

                                 2.6                                           

                                    3.1  2.8                                   

                                             1.7                               

                                                1.6 5.5 3.5 1.6 1.5            

     Sensivity                                                                 

     (relative                                                                 

     units) 0.59                                                               

                0.79                                                           

                    0.64                                                       

                        0.62                                                   

                            0.68                                               

                                0.66                                           

                                    0.67                                       

                                        0.67                                   

                                            0.73                               

                                                0.66                           

                                                    0.68                       

                                                        0.66                   

                                                            0.51               

                                                                0.28           

     Energy de-                                                                

     pendence                                                                  

            2.65                                                               

                3.58                                                           

                    2.57                                                       

                        2.40                                                   

                            2.90                                               

                                2.85                                           

                                    2.80                                       

                                        2.70                                   

                                            2.58                               

                                                2.50                           

                                                    2.64                       

                                                        2.44                   

                                                            1.8 1.1            

     __________________________________________________________________________

TBL                                    Table 3                                 

     __________________________________________________________________________

     (in % by weight)                                                          

     __________________________________________________________________________

     Melt No.                                                                  

            1640 1641 1642 1643 1659 1660 1652 1653 1654                       

            1644 1645 1646                                                     

     __________________________________________________________________________

     Ag.sub.2 O                                                                

            1.60 1.60 1.60 1.60 0.93 0.93 1.60 0.93 0.31                       

     Li.sub.2 O                                                                

            7.90 7.40 7.00 6.60 0.26 0.26 0.95 --   --                         

     MgO    --   --   --   --   1.40 1.40 1.40 2.90 --                         

     CaO    --   --   --   --   3.95 3.95 3.95 --   --                         

     BaO    --   --   --   --   --   --   --   18.35                           

                                                    --                         

     Al.sub.2 O.sub.3                                                          

            9.10 8.60 8.10 7.70 --   --   --   --   --                         

     P.sub.2 O.sub.5                                                           

            76.40                                                              

                 72.40                                                         

                      68.30                                                    

                           64.10                                               

                                20.46                                          

                                     20.46                                     

                                          24.10                                

                                               35.62                           

                                                    0.19                       

     KHF.sub.2                                                                 

            --   --   --   --   --   5.00 --   --   --                         

     MgF.sub. 2                                                                

            1.00 2.00 3.00 4.00 6.00 6.00 6.00 8.40 10.00                      

     CaF.sub.2                                                                 

            1.00 2.00 3.00 4.00 31.00                                          

                                     31.00                                     

                                          29.00                                

                                               8.60 30.00                      

     SrF.sub.2                                                                 

            1.00 2.00 3.00 4.00 11.00                                          

                                     11.00                                     

                                          10.00                                

                                               8.50 10.00                      

     BaF.sub.2                                                                 

            1.00 2.00 3.00 4.00 --   --   --   8.40 14.50                      

     AlF.sub.3                                                                 

            1.00 2.00 3.00 4.00 25.00                                          

                                     20.00                                     

                                          23.00                                

                                               7.20 30.00                      

     LaF.sub.3                                                                 

            --   --   --   --   --   --   --   1.10 5.00                       

     __________________________________________________________________________

     Mol% F                                                                    

     Mol% P 0.08 0.17 0.27 0.36 6.2  6.2  4.6  1.9  338                        

     Weight % F                                                                

     Weight % P                                                                

            0.05 0.11 0.18 0.25 2.7  2.7  2.1  0.73 194                        

     __________________________________________________________________________

TBL                                    Table 4                                 

     __________________________________________________________________________

     (in % by weight)                                                          

     __________________________________________________________________________

     Melt No.                                                                  

            1822                                                               

                1824                                                           

                    1826                                                       

                        1829                                                   

                            1830                                               

                                1832                                           

                                    1833                                       

                                        1834                                   

                                            1835                               

                                                1836                           

                                                    1840                       

                                                        1841                   

                                                            2025               

                                                                2026           

            1823                                                               

                1825                                                           

                    1827                    1837                               

                    1828                    2024                               

     __________________________________________________________________________

     Ag.sub.2 O                                                                

            0.31                                                               

                0.31                                                           

                    0.31                                                       

                        0.31                                                   

                            0.31                                               

                                0.31                                           

                                    0.31                                       

                                        0.31                                   

                                            0.31                               

                                                0.31                           

                                                    0.31                       

                                                        0.31                   

                                                            0.10               

                                                                0.03           

     Li.sub.2 O                                                                

            8.50                                                               

                5.90                                                           

                    3.25                                                       

                        0.09                                                   

                            6.80                                               

                                7.60                                           

                                    5.90                                       

                                        5.00                                   

                                            4.10                               

                                                3.25                           

                                                    5.00                       

                                                        3.25                   

                                                            4.19               

                                                                4.20           

     Al.sub.2 O.sub.3                                                          

            7.50                                                               

                9.40                                                           

                    9.40                                                       

                        9.40                                                   

                            8.40                                               

                                8.40                                           

                                    8.40                                       

                                        8.00                                   

                                            7.60                               

                                                6.90                           

                                                    8.40                       

                                                        7.50                   

                                                            7.60               

                                                                7.60           

     Na.sub.2 O                                                                

            0.73                                                               

                0.73                                                           

                    0.73                                                       

                        0.73                                                   

                            0.73                                               

                                0.73                                           

                                    0.73                                       

                                        0.73                                   

                                            0.73                               

                                                0.73                           

                                                    0.73                       

                                                        0.73                   

                                                            0.73               

                                                                0.73           

     P.sub.2 O.sub.5                                                           

            71.69                                                              

                67.39                                                          

                    55.04                                                      

                        40.20                                                  

                            67.49                                              

                                71.69                                          

                                    63.39                                      

                                        57.69                                  

                                            51.99                              

                                                44.54                          

                                                    59.29                      

                                                        46.94                  

                                                            52.11              

                                                                52.17          

     N.sub.2 O.sub.5                                                           

            1.27                                                               

                1.27                                                           

                    1.27                                                       

                        1.27                                                   

                            1.27                                               

                                1.27                                           

                                    1.27                                       

                                        1.27                                   

                                            1.27                               

                                                1.27                           

                                                    1.27                       

                                                        1.27                   

                                                            1.27               

                                                                1.27           

     LiF    --  15.00                                                          

                    30.00                                                      

                        48.00                                                  

                            10.00                                              

                                5.00                                           

                                    15.00                                      

                                        20.00                                  

                                            25.00                              

                                                30.00                          

                                                    20.00                      

                                                        30.00                  

                                                            25.00              

                                                                25.00          

     BeF.sub.2                                                                 

            --  --  --  --  --  --  --  --  --  --  5.00                       

                                                        10.00                  

                                                            --  --             

     AlF.sub.3                                                                 

            10.00                                                              

                --  --  --  5.00                                               

                                5.00                                           

                                    5.00                                       

                                        7.00                                   

                                            9.00                               

                                                13.00                          

                                                    --  --  9.00               

                                                                9.00           

     __________________________________________________________________________

     Mol% F                                                                    

     Mol% P 0.19                                                               

                0.97                                                           

                    2.74                                                       

                        8.6 0.7 0.36                                           

                                    1.2 1.7 2.4 3.5 2.8 3.5 2.4 2.4            

     Weight % F                                                                

     Weight % P                                                                

            0.11                                                               

                0.18                                                           

                    0.44                                                       

                        0.96                                                   

                            0.18                                               

                                0.11                                           

                                    0.26                                       

                                        0.38                                   

                                            0.53                               

                                                0.78                           

                                                    0.34                       

                                                        0.69                   

                                                            0.53               

                                                                0.53           

     __________________________________________________________________________

TBL                                    Table 5                                 

     __________________________________________________________________________

     (in % by weight)                                                          

     __________________________________________________________________________

     Glass                                                                     

         Designation                                                           

                  Ag  Al  Li  Na  P    O    Others                             

     __________________________________________________________________________

     d   Toshiba FD 7                                                          

                  0.17                                                         

                      6.12                                                     

                          --  11.0                                             

                                  31.55                                        

                                       51.16                                   

                                             --                                

     e   Becker-Schott                                                         

                  0.60                                                         

                      0.50                                                     

                          7.30                                                 

                              --  34.70                                        

                                       55.90                                   

                                            1.00 B                             

     f   Toshiba FD 5                                                          

                  0.52                                                         

                      6.08                                                     

                          --  8.93                                             

                                  33.13                                        

                                       51.34                                   

                                             --                                

     g   Toshiba FD 3                                                          

                  4.20                                                         

                      4.60                                                     

                          3.60                                                 

                              --  33.30                                        

                                       53.50                                   

                                            0.80 B                             

     h   CEC      2.40                                                         

                      3.50                                                     

                          2.50                                                 

                              4.70                                             

                                  33.80                                        

                                       52.50                                   

                                            0.50 Be                            

     i   Low-Z    4.30                                                         

                      4.70                                                     

                          1.90                                                 

                              --  33.70                                        

                                       52.30                                   

                                            3.10 Mg                            

     k   High-Z   4.30                                                         

                      4.70                                                     

                          --  --  28.40                                        

                                       44.10                                   

                                            10.80 Ba; 7.70 K                   

     __________________________________________________________________________

      The glasses a, b and c of FIG. 6 correspond to glasses Melt No. 1841; Mel

      No. 2025: and Melt No. 2026 of Table 2.                                  

CLMS
STM  We claim:
NUM  1.
PAR  1. A radio-photoluminescence dosimeter glass of low dependence on energy,
      consisting essentially of an inorganic silver compound and at least one
      metal fluoride selected from the group consisting of an alkali metal,
      alkaline earth metal, lanthanum, and aluminum.
NUM  2.
PAR  2. A radio-photoluminescence dosimeter glass of low dependence on energy,
      consisting essentially of an inorganic silver compound and at least one
      inorganic complex metal fluoride.
NUM  3.
PAR  3. The glass of claim 1, additionally containing at least one metal oxide
      selected from the group consisting of an alkali metal, alkaline earth
      metal, and aluminum, and phosphorus pentoxide.
NUM  4.
PAR  4. The glass of Claim 1, additionally containing nitrogen pentoxide.
NUM  5.
PAR  5. The glass of claim 3, additionally containing nitrogen pentoxide.
NUM  6.
PAR  6. The glass of claim 1, consisting of 0.0001 to 15.0 %, by weight, of
      silver oxide Ag.sub.2 O and a corresponding weight equivalent amount of
      phosphorus pentoxide P.sub.2 O.sub.5 calculated for the compound silver
      metaphosphate AgPO.sub.3 and an amount of at least one metal fluoride so
      as to make 100 %, by weight.
NUM  7.
PAR  7. The glass of claim 1, consisting of 0.001 to 10.0 %, by weight, of
      silver oxide Ag.sub.2 O and a corresponding weight equivalent amount of
      phosphorus pentoxide P.sub.2 O.sub.5 calculated for the compound silver
      metaphosphate AgPO.sub.3 and an amount of at least one metal fluoride so
      as to make 100 %, by weight.
NUM  8.
PAR  8. The glass of claim 1, consisting of 0.01 % to 2.0 %, by weight, of
      silver oxide Ag.sub.2 O and a corresponding weight equivalent amount of
      phosphorus pentoxide P.sub.2 O.sub.5 calculated for the compound silver
      metaphosphate AgPO.sub.3 and an amount of at least one metal fluoride so
      as to make 100 %, by weight.
NUM  9.
PAR  9. The glass according to claim 5, in which the metal oxide content is
      between 2.0 and 25.0 %, by weight, and the phosphorus pentoxide content is
      between 15.0 and 80.0 %, by weight.
NUM  10.
PAR  10. The glass according to claim 1, additionally containing 0.5 to 5.0 %,
      by weight, of nitrogen pentoxide N.sub.2 O.sub.5.
NUM  11.
PAR  11. The glass of claim 6, additionally containing 2 to 25 %, by weight, of
      a metal oxide selected from the group consisting of an alkali metal,
      alkaline earth metal, and aluminum, 15 to 80 %, by weight, of phosphorus
      pentoxide, and 0.5 to 5.0 %, by weight, of nitrogen pentoxide.
NUM  12.
PAR  12. The glass of claim 1, consisting of 0.02 to 1.7 %, by weight, of silver
      oxide Ag.sub.2 O, 0.01 to 1.0 %, by weight of phosphorus pentoxide P.sub.2
      O.sub.5, and 5.0 to 99.5 %, by weight, of at least one of the metal
      fluorides of claim 1.
NUM  13.
PAR  13. The glass of claim 12, additionally containing 5.0 % to 25.0 %, by
      weight, of a metal oxide selected from the group consisting of an alkali
      metal, alkaline earth metal, and aluminum and up to 77.0 %, by weight, of
      phosphorus pentoxide P.sub.2 O.sub.5.
NUM  14.
PAR  14. The glass of claim 13, additionally containing 1.0 to 2.0 %, by weight,
      of nitrogen pentoxide N.sub.2 O.sub.5.
NUM  15.
PAR  15. The glass according to claim 12, additionally containing at least one
      of the following metal oxides in the amounts given:
PA1  up to 10.0 %, by weight, of an alkali metal oxide,
PA1  up to 22.0 %, by weight, of an alkaline earth metal oxide, and
PA1  up to 10.0 %, by weight, of aluminum oxide.
NUM  16.
PAR  16. The glass of claim 15, containing at least one of the following alkali
      metal oxides in the amounts given:
PA1  up to 1.0 %, by weight, of sodium oxide Na.sub.2 O and
PA1  up to 9.0 %, by weight, of lithium oxide Li.sub.2 O.
NUM  17.
PAR  17. The glass of claim 15, containing at least one of the following
      alkaline earth metal oxides in the amounts given:
PA1  up to 3.0 %, by weight, of magnesium oxide MgO and
PA1  up to 4.0 %, by weight, of calcium oxide CaO.
NUM  18.
PAR  18. The glass of claim 15, containing at least one of the following
      alkaline earth metal oxides in the amounts given:
PA1  up to 3.0 %, by weight, of magnesium oxide MgO and
PA1  up to 22.0 %, by weight, of barium oxide BaO.
NUM  19.
PAR  19. The glass of claim 15, containing aluminum oxide Al.sub.2 O.sub.3 in an
      amount not exceeding 10.0 %, by weight.
NUM  20.
PAR  20. The glass of claim 12, in which the fluoride is present in an amount of
      at least 5 % and
PA1  up to 50.0 %, by weight, of an alkali metal fluoride,
PA1  up to 65.0 %, by weight, of an alkaline earth metal fluoride, and
PA1  up to 35.0 %, by weight, of aluminum or lanthanum fluoride.
NUM  21.
PAR  21. The glass of claim 12, in which the fluoride is present in an amount of
      at least 5 % and
PA1  up to 50.0 %, by weight, of an alkali metal fluoride.
NUM  22.
PAR  22. The glass of claim 12, in which the fluoride is present in an amount of
      at least 5 % and
PA1  up to 65.0 %, by weight, of an alkaline earth metal fluoride.
NUM  23.
PAR  23. The glass of claim 12, in which the fluoride is present in an amount of
      at least 5 % and
PA1  up to 35.0 %, by weight, of aluminum or lanthanum fluoride.
NUM  24.
PAR  24. The glass of claim 21, in which the alkali metal fluoride is present in
      an amount of at least 5 % and
PA1  up to 49.0 %, by weight, of lithium flouride LiF and
PA1  up to 5.0 %, by weight, of potassium fluoride KF.
NUM  25.
PAR  25. The glass of claim 22, in which the alkaline earth metal fluoride is
      present in an amount of at least 5 % and
PA1  up to 10.0 %, by weight, of beryllium fluoride BeF.sub.2,
PA1  up to 10.0 %, by weight, of magnesium fluoride MgF.sub.2,
PA1  up to 32.0 %, by weight, of calcium fluoride CaF.sub.2,
PA1  up to 12.0 %, by weight, of strontium fluoride SrF.sub.2, and
PA1  up to 15.0 %, by weight, of barium fluoride BaF.sub.2.
NUM  26.
PAR  26. The glass of claim 23, in which at least one of the aluminum and
      lanthanum fluorides is present in an amount of at least 5 % and
PA1  up to 6.0 %, by weight, of lanthanum fluoride LaF.sub.3 and
PA1  up to 31.0 %, by weight, of aluminum fluoride AlF.sub.3.
NUM  27.
PAR  27. A radio-photoluminescence dosimeter glass of low dependence on energy,
      said glass essentially consisting of
PA1  a silver compound selected from the group consisting of silver
      metaphosphate, silver nitrate, silver carbonate, and silver lithium
      metaphosphate, and
PA1  a metal fluoride selected from the group consisting of an alkali metal
      fluoride, and alkaline earth metal fluoride, aluminum fluoride, lanthanum
      fluoride, the hydrogen fluorides of said metals, and the inorganic complex
      fluorides thereof,
PAL  the fluoride content of said glass being at least about 5 %, by weight, and
PAL  the silver oxide content of said glass being between about 0.0001 and about
      15.0 %, by weight.
NUM  28.
PAR  28. A radio-photoluminescence dosimeter glass of low dependence on energy,
      said glass essentially consisting of
PA1  a silver compound selected from the group consisting of silver
      metaphosphate, silver nitrate, silver carbonate, and silver lithium
      metaphosphate,
PA1  a metal fluoride selected from the group consisting of an alkali metal
      fluoride, an alkaline earth metal fluoride, aluminum fluoride, lanthanum
      fluoride, the hydrogen fluorides of said metals, and the inorganic complex
      fluorides thereof, and
PA1  a metal metaphosphate selected from the group consisting of an alkali metal
      metaphosphate, an alkaline earth metal metaphosphate and aluminum
      metaphosphate,
PA1  the fluoride content of said glass being at least about 5 %, by weight,
PAL  the silver oxide content of said glass being between 0.0001 % and 15.0 %,
      by weight, and
PAL  the metaphosphate content including the silver metaphosphate content of
      said glass being between 95.0 % and 0.5 %, by weight.
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ABST
PAL  Basic refractory batch of coarse and intermediate sized fused or
      dead-burned dolomitic grain with 20-35% of a fine fraction of dead-burned
      magnesia and an effective amount of a compound yielding not more than 4%
      by weight (preferably 0.5-2.5%) zirconia, silica, or mixtures thereof. The
      dolomitic grain is separated into 2 size fractions (both collectively in
      the range of -4+65 Tyler mesh) while the magnesite is all -100 Tyler mesh
      and preferably at least 75% -325 Tyler mesh. The zirconia and silica
      yielding materials are preferably substantially all -325 Tyler mesh.
      Formed shape made from the batch and burned at 1600.degree.C is
      characterized by a modulus of rupture at 1340.degree.C (hot strength)
      consistently above 1800 psi and occasionally approaching 3000 psi without
      a significant loss in corrosion resistance to molten basic oxygen furnace
      slags.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The basic refractories of the present invention are suitable for use in
      lining high wear areas of the basic oxygen steelmaking furnace (BOF). The
      current practice for lining a BOF requires the use of premium products in
      the high wear areas to attain a balanced life of all refractories in the
      furnace. Presently, the premium grade refractories are made from
      dead-burned magnesite which has been crushed, sized, bonded by pressing,
      and fired to high temperatures. Penetration by basic slags and metal
      leading to rapid corrosion of the refractories is retarded by impregnating
      the refractory shapes with tar or other coal products which will coke when
      heated. The coking process fills open pores and forms a layer which repels
      attack by the furnace slags.
PAR  Although the tar-impregnated magnesite (in the art and herein used
      synonymously with magnesia, both terms commonly describing bodies with
      periclase as the stable crystalline form) have become widely used, there
      is a continuing interest in decreasing the cost of refractory material
      consumed per furnace heat or per ton of steel produced. Lower refractory
      cost per ton of steel can be obtained by replacing current refractories
      with a cheaper refractory of equivalent life or by replacing with a
      refractory having superior properties and life which will more than
      compensate for any greater initial cost.
PAR  Of course, a refractory with superior properties and lower cost is always
      an ultimate goal. With this in mind, experimenters have moved in the
      direction of dolomite as a replacement or a partial replacement for the
      MgO in magnesite brick. This replacement accomplishes a cost reduction,
      because not only is dolomite more readily available, but the energy
      requirements for one common method of producing high purity magnesite
      (from magnesium hydrate produced by a treatment of sea water or other
      brine) are extremely high. In moving toward dolomite as a refractory raw
      material, we are moving toward the consumption of less energy in both
      producing the raw material and in burning the refractory.
PAR  The use of dolomite, dead-burned dolomite (a mixture of periclase and
      calcia) or fused dolomite (a resolidified melt of dolomite or equivalent
      calcia and magnesia) with or without excess magnesia or calcia is not
      without its problems. Perhaps the chief problem involves hydration of the
      dolomite or dead-burned dolomite grains to form calcium hydroxide with an
      incident volume expansion and weakening of the body. Fused dolomitic
      grains have been afforded more attention because of their increased
      hydration resistance, but they still suffer somewhat from hydration.
      Accounts of fused dolomitic refractory and grain can be found in U.S. Pat.
      Nos. 3,540,899 and 3,262,795. Both suggest improvements relating to the
      art of fusion casting basic refractories.
PAR  Finally, the steel production measures of a good refractory (number of
      heats or tons of steel per brick life) are generally not reproducible in
      the laboratory for evaluation of samples. Therefore, the properties of
      corrosion/erosion resistance to synthetic basic slags and hot strength
      provide the quantitative means of comparing laboratory samples. Experience
      in the art has determined that reliance on these two tests as initial
      indications of potential furnace life is well founded.
PAC  PRIOR ART
PAR  Use of fused dolomitic grain (and dead-burned dolomitic grain) bonded with
      fine magnesia has been suggested by prior experimenters. For example U.S.
      Pat. No. 3,262,795 suggests a fused refractory of 50-95% MgO and 5-50%
      CaO, optionally comminuted and bonded with magnesia fines (reference to
      the MgO bonding material of U.S. Pat. No. 3,060,000). The patent discloses
      a size grading of -4+10 mesh (30%), -10+28 mesh (35%) and -28 mesh (35%),
      preferably 20% of total batch passing a 325 mesh screen. (For refractories
      using dead-burned grain see U.S. Pat. No. 3,060,042 and U.S. Pat. No.
      3,141,784).
PAR  Davies et al in U.S. Pat. No. 3,520,706 disclose a batch for the production
      of a burned magnesite refractory the batch comprising at least 90%
      dead-burned MgO, 0.5%-5.0% zircon and having a lime-silica ratio of
      between 2:1 and 5:1. The magnesite and zircon are further balanced such
      that the lime-silica weight ratio in the calcium-magnesium-silicate matrix
      phase will be between 2:1 and 1.6:1. Suitable impurity limits are also
      disclosed. The zircon was thought to react with the lime to form
      calcium-metazirconate and silica.
PAR  Good et al in U.S. Pat. No. 3,192,059 teach the manufacture of
      magnesite-zircon refractories formed from a batch comprising at least 10%
      zircon and less than 2% CaO.
PAC  SUMMARY OF THE INVENTION
PAR  We have now discovered a new burned basic refractory and a batch from which
      to fabricate it, that exhibits improved hot strength without any loss of
      resistance to molten furnace slags. Such refractory is a bonded, fused
      grain refractory burned at 1600.degree.C or higher and characterized by a
      hot strength (modulus of rupture at 1340.degree.C, unless another
      temperature is specified) consistently above 1800 psi and in certain cases
      of at least 3000 psi, making the refractory particularly useful in the
      high wear areas of basic oxygen furnaces.
PAR  The improved properties of the new refractory result from the minor batch
      addition of zirconia and/or silica yielding materials to refractory
      batches of coarse dolomitic fused or dolomitic dead-burned grain and fine
      MgO.
PAR  Accordingly, the present invention is a size-graded particulate batch, and
      a compacted and burned refractory body made therefrom, the batch being a
      mixture of fine material yielding zirconia, silica, or mixtures thereof,
      dead-burned magnesite, and at least one dead-burned or fused dolomitic
      grain, the dead-burned grain and the fused grain consisting essentially
      of, by weight on the oxide basis:
PAR  50-67% MgO, 33-50% CaO and preferably at least 98% MgO + CaO,
PAR  40-50% of the refractory batch being a coarse fraction whose particles are
      substantially all -4+35 mesh and composed of at least one of said
      dead-burned or fused dolomitic grains,
PAR  20-30% being an intermediate fraction whose particles are substantially all
      -20+65 mesh and composed of at least one of said dead-burned or fused
      dolomitic grains,
PAR  20-35% of the refractory batch being a fine fraction whose particles are
      substantially all -100 mesh and consisting essentially of said dead-burned
      magnesite (preferably 75% of which passes a 325 mesh screen) and a
      strength additive selected from ZrO.sub.2 and/or SiO.sub.2 yielding
      materials and mixtures thereof (preferably all -325 mesh), the strength
      additive selected in an amount sufficient to provide, by weight based on
      the total batch, 0.5-4.0% (preferably 0.5-2.5%) ZrO.sub.2, SiO.sub.2 or
      mixtures thereof.
PAR  Less than about 0.5% of ZrO.sub.2 and/or SiO.sub.2 in the burned refractory
      has been found not to enhance the hot strength appreciably and greater
      than about 4% ZrO.sub.2 and/or SiO.sub.2 in the burned refractory has been
      found to weaken the refractory appreciably. Any of the various
      commercially available ZrO.sub.2 and/or SiO.sub.2 yielding materials can
      be used, but the individual oxides and the compound ZrSiO.sub.4 are
      preferred. Examples of ZrO.sub.2 yielding materials which the inventors
      believe would be suitable include: zircon sand, various grades of zirconia
      containing ZrO.sub.2 in amounts of about 85% up to greater than 99%,
      zirconium hydroxide, zirconium sulfate, zirconium tetrachloride, zirconium
      oxychloride, and zirconyl chloride.
PAR  The dead-burned magnesite can be any of the ordinary, relatively high
      purity, available materials having periclase as the principal stable
      crystalline phase. The magnesite is preferably at least 98% MgO and not
      greater than 0.2% Al.sub.2 O.sub.3. The particle size of the MgO is -100
      mesh, preferably 75% of which is -325 mesh.
PAR  A typical oxide range for the fused or dead-burned grain is 50-67% MgO,
      33-50% CaO, up to 0.7% SiO.sub.2, up to 0.5% Al.sub.2 O.sub.3, up to 0.4%
      FeO and up to 0.5% Cr.sub.2 O.sub.3. The fused grain is preferably 98% MgO
      and CaO and obtained by crushing an electrically melted, fusion-cast block
      made from a batch of raw or dead-burned dolomite with or without excess
      additions of CaO or MgO; the dolomite being a reasonably priced source of
      MgO and CaO. Before calcining or dead-burning, raw dolomite has a
      theoretical composition of CaO.MgO.2CO.sub.2 which corresponds to CaO
      30.4%, MgO 21.9% and CO.sub.2 47.7%. A commercially available dead-burned
      dolomite which has been used by the applicants is Ohio Lime Company
      dolomitic pebble analyzing 57.8% CaO, 41.2% MgO, 0.5% SiO.sub.2, 0.2%
      Fe.sub.2 O.sub.3, 0.15% Al.sub.2 O.sub.3 with 0.15% LOI. A preferred batch
      for making dolomitic fused or dead-burned grain is 70% Ohio dolomite - 30%
      MgO, yielding a grain with an oxide compositional analysis of 59.3% MgO,
      40.3% CaO, 0.2% Al.sub.2 O.sub.3, others 0.2% (Fe.sub.2 O.sub.3, Cr.sub.2
      O.sub.3, SiO.sub.2). Equiaxial (round) grains of fused dolomitic material
      are preferred over sharp, flat grains in making the rebonded refractory
      bodies.
PAR  In the raw material batch of the present invention, the fused or
      dead-burned dolomitic grains make up the coarse (-4+35 mesh) and
      intermediate (-20+65 mesh) size fractions and the MgO plus the strength
      additive make up the fine fraction (-100 mesh). Particle size
      distributions of the dolomitic grain and MgO (ternary and quaternary
      systems) which yield burned bodies of particularly high hot strength are
      disclosed and claimed by the present applicants in two U.S. Pat.
      applications (incorporated herein by reference) filed June 17, 1974 and
      given Ser. Nos. 480,284 and 480,285. Both the ternary and the quaternary
      systems result in dense burned refractories of good hot strength and slag
      corrosion resistance. The zirconia and/or silica addition of the present
      invention to the fine MgO fraction of the refractory batches of the prior
      applications results in burned refractories of superior hot strength, for
      example, increases in hot strength of at least 50 percent in refractories
      made from the previously mentioned size-graded batches with additions of 2
      weight percent fine zircon, zirconia and/or silica as compared with
      refractories made from the batches without the strength additions.
PAR  The preferred size distribution of particles for the 3-component system is
      40-50% -4+10 mesh, 20-30% -20+35 mesh, and 25-35% -100 mesh (75% of which
      is -325 mesh). The fused grains make up the +35 mesh fractions while the
      MgO and the ZrO.sub.2 and/or SiO.sub.2 yielding materials make up the -100
      mesh fraction.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
DETD
PAC  EXAMPLE 1
PAR  A variety of batch compositions were formulated and pressed into bricks for
      experimental comparisons. A standard brickmaking procedure was adhered to
      throughout the testing. The control batch consisted of 45% -4+10 mesh
      fused dolomitic grain, 25% -20+35 mesh fused dolomitic grain and 30% finer
      than 100 mesh (75% through 325 mesh) dead-burned magnesite. The
      experimental batches were substantially identical but for the substitution
      of the indicated quantities (in Table I) of -325 mesh ZrSiO.sub.4,
      SiO.sub.2, and/or ZrO.sub.2 for an equal amount of MgO. In all cases the
      batch ingredients were heated with 3% paraffin until the paraffin melted
      (about 60.degree.C), and then mulled for 10 minutes. The bricks were then
      pressed at 10,000 psi and burned at 1600.degree.C for 16 hours, yielding
      burned refractories with densities of 2.90-2.98 g/cc. The average
      1340.degree.C modulus of rupture (hot strength) and the slag corrosion
      resistance were found and are recorded in Table I. Bricks were
      conventionally tar impregnated for the slag test using a
      60.degree.-65.degree.C impregnating pitch.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Strength Amount    No. of                                                 

                              Hot     No. of                                   

                                            Slag Cut                           

     Additive Substituted (wt%)                                                

                        Specimens                                              

                              Strength (psi)                                   

                                      Specimens                                

                                            % of Control                       

     __________________________________________________________________________

     None (Control                                                             

              --        100   1225    --    100%                               

     Composition)                                                              

     SiO.sub.2                                                                 

              0.5       20    2035    5     113%                               

     SiO.sub.2                                                                 

              1.0       12    2045    1     90%                                

     SiO.sub.2                                                                 

              2.0       8     2430    2     100%                               

     ZrO.sub.2                                                                 

              1.3       8     2415    2     85%                                

     ZrO.sub.2 + SiO.sub.4                                                     

              1.3 + 0.7 8     2770    2     94%                                

     ZrSiO.sub.4                                                               

              0.7       8     1875    2     95%                                

     ZrSiO.sub.4                                                               

              2.0       144   1925    23    109%                               

     ZrSiO.sub.4                                                               

              3.0       4     1385    --    --                                 

     ZrSiO.sub.4                                                               

              5.0       4      870    --    --                                 

     __________________________________________________________________________

PAR  The one fused grain used in the raw batches was obtained by crushing a
      fusion cast billet produced from a batch of 70% Ohio Lime Company
      dolomitic pebble and 30% Magmaster MgO (Michigan Chemical Corporation).
      The oxide analysis of the fused grain was MgO 59.3%, CaO 40.3%, Al.sub.2
      O.sub.3 0.2%, others 0.2% (Fe.sub.2 O.sub.3, Cr.sub.2 O.sub.3, SiO.sub.2).
      The magnesite analyzed 98.5% MgO, 0.55% CaO, 0.38% SiO.sub.2, 0.18%
      Fe.sub.2 O.sub.3, 0.01% Al.sub.2 O.sub.3, and 0.13% LOI.
PAR  The slag cut of the samples is reported in Table I as a percent of the
      control composition (without additives). The absolute values were obtained
      in a rather severe procedure devised to determine the relative corrosion
      resistance of laboratory samples. In general, the particular slag under
      consideration contacts, for a specified time, a rotating laboratory
      furnace cavity which is constructed from the test and control
      refractories. An electric arc maintains the slag at a normal temperature
      of about 1750.degree.C. The absolute resistance is then determined by
      measuring the depth of slag cut into the test refractory and into the
      control refractory. Volume of the refractory removed and weight loss of
      the brick are other convenient properties which can be monitored for
      comparison. In this particular series of tests, the slag had a composition
      of 20.0% FeO, 53.5% CaO, 21.5% SiO.sub.2 and 5.0% Al.sub.2 O.sub.3, giving
      a lime-silica ratio of 2.5.
PAR  Typical analyses of the strength additives are as follows:
PAR  Milled Zircon - 66.0% ZrO.sub.2, 33.0% SiO.sub.2, 0.4% Al.sub.2 O.sub.3,
      0.15% TiO.sub.2, 0.03% Fe.sub.2 O.sub.3.
PAR  Zirconia - 99.sup.+% ZrO.sub.2, 0.18% SiO.sub.2, 0.16% Al.sub.2 O.sub.3,
      0.1% Fe.sub.2 O.sub.3, 0.22% TiO.sub.2, 0.015% CaO.
PAR  Silica - 99.8.sup.+% SiO.sub.2, 0.02% Al.sub.2 O.sub.3, 0.01% Fe.sub.2
      O.sub.3, 0.01% TiO.sub.2.
PAC  EXAMPLES 2-4
PAR  Several bricks were prepared (using the procedure of Example 1) from each
      of three refractory batches using three similar fused grains and
      substantially identical magnesite fine fractions. Example 2 used fused
      grain A which is substantially identical with the fused grain of Example
      1. Example 3 used fused grain B and Example 4 used fused grain C. The fine
      MgO fraction in each example was dead-burned magnesite obtained from
      Kaiser-Midland Corporation and analyzed 96.6% MgO, 1.1% CaO, 1.8%
      SiO.sub.2, 0.2% Al.sub.2 O.sub.3, 0.3% Fe.sub.2 O.sub.3 and 0.4% B.sub.2
      O.sub.3.
PAR  Fused grain B in Example 3 is a melted, solidified and crushed mixture of
      69.5% Ohio Lime Company dolomite, 30% Kaiser MgO and 0.5% CaF.sub.2. Fused
      grain C is a crushed fusion of 70% Ohio Lime Company dolomite and 30%
      Kaiser MgO. The calcium fluoride was added as fluorspar analyzing 98.8%
      CaF.sub.2, 1.1% SiO.sub.2 and 0.1% Fe.sub.2 O.sub.3.
PAR  The slag test was run as in Example 1 but herein the control or standard
      refractory (for comparison with the experimental bricks) was a commercial
      tar impregnated dead-burned magnesite refractory which is currently in
      steel plant use and sold by North American Refractories under the trade
      name of Nartar P.A.D. The Nartar P.A.D. was used in each test run as a
      standard of comparison so that experimental samples from different slag
      test runs could be compared, each being rated with regard to slag abrasion
      as a percentage of the abrasion of the Nartar P.A.D. refractory used in
      the same slag test run.
TBL                                    TABLE II                                

     __________________________________________________________________________

                                      Slag Test Cut                            

                        Density                                                

                             1340.degree.C Modulus                             

                                          % Nartar                             

            % Additive  (g/cc)                                                 

                             of Rupture (psi)                                  

                                      Inches                                   

                                          P.A.D.                               

     __________________________________________________________________________

     Example 2                                                                 

     "A" Grain                                                                 

     2-1       0        2.93 1758     0.22                                     

                                          85                                   

     2-2    0.7 Zircon  2.91 1930     0.20                                     

                                          77                                   

     2-3    2.0 Zircon  2.91 3100     0.24                                     

                                          94                                   

     2-4    0.7 SiO.sub.2                                                      

                        2.92 3000     0.22                                     

                                          85                                   

     2-5    2.0 SiO.sub.2                                                      

                        2.87 2878     0.23                                     

                                          89                                   

     2-6    1.3 ZrO.sub.2                                                      

                        2.96 2308     0.22                                     

                                          85                                   

     2-7    0.7 SiO.sub.2 + 1.3 ZrO.sub.2                                      

                        2.97 2025     0.30                                     

                                          85                                   

     Example 3                                                                 

     "B" Grain                                                                 

     3-1       0        2.93 2365     0.22                                     

                                          62                                   

     3-2    2.0 Zircon  2.95 2835     0.24                                     

                                          66                                   

     Example 4                                                                 

     "C" Grain                                                                 

     4-1       0        2.95 1570     0.28                                     

                                          51                                   

     4-2    2.0 Zircon  2.98 2508     0.32                                     

                                          58                                   

     __________________________________________________________________________

PAR  In several cases, especially at higher additive levels, the strength
      additive resulted in increased strength in the rebonded brick but also
      resulted in slightly lower slag resistance. The maximum benefit to the
      strength of the rebonded brick occurs at about the 2% level of zircon and
      zirconia addition and at a slightly lower level for the SiO.sub.2, so that
      most experiments were carried out near this preferred 2% level. Bodies
      with up to 4% of the additives, however, still have increased strengths
      over bodies without additives, although again, the strength is decreasing
      with increased "strength" additive in the 2-4% additive range.
PAR  In the foregoing specification, all mesh sizes are according to the Tyler
      series and all material percentages are on the weight basis.
CLMS
STM  We claim:
NUM  1.
PAR  1. A size-graded batch for the production of basic refractory bodies and
      consisting essentially of, with percentages on the weight basis, a mixture
      of,
PA1  a. dead-burned magnesite,
PA1  b. at least one strength additive selected from the group consisting of
      materials yielding silica, materials yielding zirconia, and mixtures
      thereof, and
PA1  c. at least one refractory grain analytically consisting essentially of
      50-67% MgO and 33-50% CaO and selected from the group consisting of
      dead-burned grain, fused grain, and mixtures thereof,
PA1  40-50% of the batch being a coarse grain fraction whose grains are
      substantially all -4+35 Tyler mesh and composed of said refractory grain,
PA1  2- 30% being an intermediate grain fraction whose grains are substantially
      all -20+65 Tyler mesh and composed of said refractory grain,
PA1  20-35% being a fine fraction whose particles are substantially all -100
      Tyler mesh and consisting essentially of said strength additive in amount
      sufficient to provide, based on the whole batch, 0.5-4.0% of oxide
      selected from SiO.sub.2, ZrO.sub.2 and mixtures thereof, with the balance
      of the fine fraction being substantially all said dead-burned magnesite.
NUM  2.
PAR  2. The batch of claim 1 wherein said strength additive is selected in an
      amount sufficient to yield 0.5-2.5% of oxide selected from SiO.sub.2,
      ZrO.sub.2 and mixtures thereof.
NUM  3.
PAR  3. The batch of claim 2 wherein said strength additive is selected from
      SiO.sub.2, ZrO.sub.2, and ZrSiO.sub.4.
NUM  4.
PAR  4. The batch of claim 3 wherein
PA1  at least 75% of the dead-burned magnesite particles are -325 Tyler mesh,
      and
PA1  substantially all of the strength additive particles are -325 Tyler mesh.
NUM  5.
PAR  5. The batch of claim 4 wherein
PA1  said refractory grains of said coarse grain fraction are substantially all
      -4+10 Tyler mesh, and
PA1  said refractory grains of said intermediate grain fraction are
      substantially all -20+35 Tyler mesh.
NUM  6.
PAR  6. A compacted and burned refractory body made from the batch of claim 1.
NUM  7.
PAR  7. The refractory body of claim 6 which has been burned at a temperature of
      at least 1600.degree.C.
NUM  8.
PAR  8. A compacted and burned refractory body made from the batch of claim 3.
NUM  9.
PAR  9. The refractory body of claim 8 which had been burned at a temperature of
      at least 1600.degree.C.
NUM  10.
PAR  10. A compacted and burned refractory body made from the batch of claim 5.
NUM  11.
PAR  11. The refractory body of claim 10 which had been burned at a temperature
      of at least 1600.degree.C.
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PAL  A pump member for molten metal manufactured from a sintered mass including
      aluminium nitride as a major component and 0.1 to 10% by weight of at
      least one oxide selected from the group consisting of oxides of Group IIIA
      elements of the Periodic Table.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a pump member using a novel ceramic material
      excellent in non-fusibility to a molten metal, and particularly to a pump
      member applicable to a hot-chamber type aluminium die casting machine.
PAR  In an aluminium die casting, a cold-chamber type die casting machine is
      generally used. Aluminium is molten in a vessel made of a heat-resistant
      metal or graphite. The molten aluminium is scooped with a ladle and poured
      into an injection sleeve coupled to a casting mold, followed by being
      compressed by a plunger to permit the molten aluminium to be introduced
      into the casting mold.
PAR  However, there are the following disadvantages.
PAR  The operation of manually pouring the molten aluminium from the vessel into
      the sleeve is very dangerous. This manual operation presents a bar in
      enhancing the productivity and operability of castings.
PAR  When the molten aluminium is poured into the injection sleeve, a
      temperature gradient of the molten aluminium is created between the
      section near to the inner wall surface of the sleeve and the central
      portion of the sleeve, since the sleeve is lower in temperature than the
      molten aluminium. In this way, the molten metal having such temperature
      gradient is introduced into the casting mold and then an aluminium casting
      is effected in a state different in the temperature of the molten metal,
      failing to obtain dense and uniform castings. Furthermore, cracks,
      waviness or blisters due to the penetration of gases are likely to be
      formed in the castings.
PAR  The conventional plunger and sleeve material should be normally preheated
      to 300.degree. to 350.degree. C and kept at this temperature, since it is
      impossible from the standpoint of their heat shock resistance and strength
      to rapidly heat them from room temperature up to the melting temperature
      of aluminium.
PAR  Furthermore, the compressing force of the molten metal is, of necessity, of
      the order of about 2 tons/cm.sup.2, since the molten metal has a
      temperature gradient during pouring into the sleeve and, during injection,
      is rapidly lowered in its temperature.
PAR  The conventional sleeve and plunger material are more or less under attack
      by the molten aluminium and, in an attempt to prevent their fusibility to
      the molten aluminium and attain a lengthy service life, the associated
      wall surfaces of the sleeve and plunger are coated with a coating material
      consisting of a mixture of graphite and oil. The coating material is found
      helpful in preventing the fusibility of these members to the molten
      aluminium. During compression, however, the oil is decomposed into carbons
      and hydrogens due to the heat of the molten aluminium. The hydrogen so
      formed is liable to be adsorbed in the aluminium, resulting in pin-holes
      and blisters being formed in castings.
PAR  As will be understood from the above, the cold-chamber type aluminium die
      casting machine has a variety of disadvantages. These disadvantages will
      be able to be almost all overcome if a hot-chamber type die casting
      machine as already realized in a low melting point metal die casting is
      realized in an aluminium die casting.
PAR  However, a hot-chamber type aluminium die casting has not been realized to
      date, since there is formed no material having a heat resisting strength,
      heat shock resistance and wear resistance sufficient to be usable at a
      temperature near to an aluminium casting temperature (the melting
      temperature of the aluminium is of the order of 660.degree.C) and not
      attacked by a molten aluminium.
PAR  The plunger and sleeve acting as a pipe for supplying a molten aluminium
      from the vessel into a casting mold are required to be both
      corrosion-resistant and non-fusible to the molten aluminium, even if the
      molten metal is directly poured, as well as be excellent in a heat shock
      resistance, high temperature strength and wear resistance.
PAR  With the hot-chamber type die casting machine it may safely be said that
      the plunger and sleeve functions as the heart of the machine. If there is
      any fault or damage of this section, the machine will not work as a whole.
PAR  To manufacture aluminium castings at a relatively low cost, it will be
      necessary from the commercial point of view to use a plunger and sleeve
      sufficient to be serviceable at more than 100,000 shots. From the above it
      will be understood that a variety of outstanding characteristics are
      required in realizing a hot-chamber type die casting machine.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of this invention is to provide a pump member for
      molten metal as manufactured from a novel material having characteristics
      far superior to a conventional pump member.
PAR  According to this invention there is provided a pump member whose at least
      molten metal contacting surface is formed from an aluminium nitride
      sintered mass including 0.1 to 10% by weight of at least one oxide
      selected from the group of oxides of Group IIIA elements of the Periodical
      Table.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 indicates characteristic curves showing a relation between the
      traverse bending strength and the temperature of a pump member according
      to this invention;
PAR  FIGS. 2a and 2b are cross sectional views of samples used in wear
      resistance tests;
PAR  FIG. 3 is a cross sectional view showing a pump mechanism of a die casting
      machine into which the pump member according to this invention is
      incorporated;
PAR  FIG. 4 is a cross sectional view showing a plunger and sleeve section of
      the die casting machine of FIG. 3; and
PAR  FIGS. 5a and 5b show, respectively, a plan view and a side cross-sectional
      view showing one embodiment of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A pump member according to this invention is formed by sintering a
      composition consisting of aluminium nitride as a major component and 0.1
      to 10%, or preferably 0.2 to 4.5%, of one or more oxides selected from the
      group of oxides of the Group IIIA elements of the Periodical Table. Very
      important is the fact that this pump member is almost free from attack by
      molten aluminium. A most important feature of the pump member according to
      this invention resides in that it is both corrosion-resistant and
      non-fusible to aluminium which is strong in affinity for the other
      materials or elements.
PAR  Since the pump member of this invention is corrosion-resistant and
      non-fusible to aluminium, it has a much more lengthy service life as
      compared with a conventional one. Such desirable characteristics are
      favorably conducive to the other characteristics as required during the
      operation at a high temperature. That is, molten aluminium exhibits,
      during the operation at high temperature, an almost complete
      corrosion-resistance and non-fusibility to the pump member, resulting in
      no degeneration of strength, hardness and the other characteristics of the
      pump member due to fusion or corrosion.
PAR  The fact that the pump member of this invention is almost free from attack
      by molten metal, particularly molten aluminium, is principally responsible
      for the inherent characteristics of the materials from which the pump
      member is formed. Particularly important is the fact that it is formed
      from a high density sintered mass.
PAR  When a composition consisting of aluminium nitride as a major component and
      0.1 to 10%, preferably 0.2 to 4.5%, of oxide or oxides of Group IIIA
      elements is sintered, formation and growth of a fibrous texture are
      observed. Since the components constituting a fibrous texture are molten
      at a lower temperature than a sintering temperature, during sintering they
      are in a semi-molten state, which is believed useful to attain a high
      densification of the sintered mass.
PAR  It was found that, when 0.2 to 8% of aluminium nitride of the aforesaid
      composition is replaced, based on the whole weight of the sintered mass,
      by at least one kind selected from the group of metal silicates, the
      deviation in strength of the sintered mass can be reduced as will later be
      described. It is because that this replacement is believed helpful in more
      homogenizing the fibrous texture. Since a sintered mass having a
      homogeneous texture is obtained, the replacement is desirable from the
      standpoint of the fusibility of aluminium.
PAR  Further replacement, by Al.sub.2 O.sub.3, of 10% of aluminium nitride of
      the foregoing composition based on the whole weight of the sintered mass
      proved that the surface texture of the resultant sintered mass is further
      densified and that its non-fusibility to aluminium is more enhanced. The
      Al.sub.2 O.sub.3 serves to dispersion-strengthen the sintered mass and
      prohibit a grain growth in the sintered mass, resulting its fibrous
      texture and the other textures being small as a whole and uniform in its
      shape.
PAR  Let us now explain the strengths of the pump member according to this
      invention. The traverse bending strength of the pump member is of the
      order of more than 50 kg/mm.sup.2 at room temperature and an average value
      of about 62 kg/mm.sup.2 was presented when 100 kinds of samples are tested
      by changing the material composition, sintering conditions and sintering
      methods in a variety of ways. The tensile strength is of the order of 25
      kg/mm.sup.2 to 30 kg/mm.sup.2 (average) at normal temperature and the
      compression strength is 350 kg/mm.sup.2 (average) at normal temperature.
      The sintered mass, from which the pump member according to this invention
      is formed, is hardly lowered in its strengths up to a high temperature of
      about 800.degree.C, and it is less lowered in its strength even at a high
      temperature near to 1200.degree.c. One example is shown in FIG. 1.
PAR  FIG. 1 indicates characteristic curves showing a relation between the
      traverse bending strength and the temperature of the sintered mass from
      which the pump member of this invention is formed. In the Figure, a curve
      a shows the characteristic curve of a sample sintered mass consisting of
      aluminium nitride as a major component, 0.5% of yttrium oxide, 3% of
      .beta.-SiO.sub.2 and 4% of Al.sub.2 O.sub.3 ; a curve b the characteristic
      curve of a sample aluminium nitride sintered mass including 0.5 weight
      percent of yttrium oxides; a curve c the characteristic curve of a sample
      aluminium nitride sintered mass including 0.5 weight % of cerium oxide and
      a curve d, by way of comparison, the characteristic curve of a sintered
      mass of aluminium nitride only.
PAR  From the Figure it will be understood that the sintered mass applicable to
      the pump member of this invention is hardly varied in its strengths up to
      a temperature of 800.degree. to 1000.degree.C and has a high temperature
      strength well sufficient to be used as a pump material. That is, a stress
      developed in a pump member for use in a hot-chamber type die casting
      apparatus is believed to correspond to a tension force of 5 kg/mm.sup.2
      (max.) at a normal static pressure. Even if a rapid pressure raising is
      encountered, it is said to be about 3 to 4 times the pressure at a normal
      time, and therefore it may be sufficient if there is a high temperature
      tension strength of 20 kg/mm.sup.2 (max.)
PAR  The pump member of this invention whose normal temperature tensile strength
      is of the order of 25 to 30 kg/mm.sup.2 (average) and whose tensile
      strength is not appreciably varied even at high temperature may have a
      strength well sufficient to be used as a hot-chamber type pump member.
      Since means for preventing a rapid raising of molten metal pressure is
      mounted in a conventional pump member, it is said that the pump member may
      be used as such if it can withstand a stress of 10 to 15 kg.
PAR  Even considered from this viewpoint it will be understood that the pump
      member of this invention is effectively serviceable.
PAR  Considering the aforesaid compositions from the standpoint of strengths,
      the composition consisting of aluminium nitride as a major component and
      0.1 to 10% of at least one oxide selected from the group of oxides of
      Group IIIA elements of the Periodical Table shows an enhanced strengths
      about 2 times that of a sintered mass prepared from aluminium nitride
      only. Even when the composition is varied in this range, almost all show a
      traverse bending strength of more than 50 kg/mm.sup.2 at normal
      temperature. In this case, however, the strength of the sintered mass may
      be deviated within the range of about 10 % due to an influence from the
      other sintering conditions, grain size requirement etc. However, replacing
      0.2 to 8% of aluminium nitride of the aforesaid composition, based on the
      whole weight of the sintered mass, by at least one kind selected from the
      group consisting of metal silicates results in the strength being enhanced
      by about 10%. Furthermore, the deviation of strength can be kept down to
      below 5% with the consequent advantage.
PAR  To mention a hardness, the pump member of this invention shows a Vickers'
      hardness of 1300 to 1500 HV. Particularly, even when aluminium nitride, at
      least one oxide of Group IIIA elements of the Periodical Table, or metal
      silicates are varied in their respective ranges, a value of 1300 to 1400
      HV is presented and no appreciable difference is observed. However, below
      10% of aluminium nitride of the aforesaid composition is replaced, based
      on the whole weight of the sintered mass, by Al.sub.2 O.sub.3 it is
      observed that a hardness is enhanced to 1400 to 1500 HV, sometimes more
      than 1500 HV. Since the pump member, i.e. a slidable member, of this
      invention is, in this way, improved in its wear resistance, it will be
      appreciated that the replacement by Al.sub.2 O.sub.3 contributes much to
      the lengthy service life of the pump member.
PAR  The following explanation is directed to a thermal shock resistance.
      Samples formed from the compositions of a pump member according to this
      invention were repeatedly tested under the thermal shock conditions that
      they are heated for 5 minutes at 1100.degree.C and then forcedly
      air-cooled in the atmosphere. Even after tests of more than 100 cycles, no
      phenomenon such as generation of cracks was observed in the tested
      samples. When the components of the compositions were varied within their
      respective ranges, a critical thermal shock temperature difference
      (.DELTA.Tc) was found to be 270.degree. to 300.degree.C. Taking into
      consideration the other ceramics, for example, alumina-whose .DELTA.Tc is
      about 200.degree.C-, beryllia-whose .DELTA.Tc is 230.degree.C-and so on,
      this critical thermal shock temperature difference is fairly high and is
      therefore considered to be able to satisfy a thermal shock resistance
      sufficient to be used as a pump member.
PAR  To explain a frictional coefficient, friction tests were conducted, at a
      frictional speed of 70 m/sec. and under a load of about 190g, on a
      rotational disc prepared by applying a hard chromium plate onto an
      ordinary structural rolled steel. The results of the tests showed that the
      frictional coefficient of any of samples is in the range of 0.15 to 0.26.
      Furthermore, Young's modulus was found to be 2.1 to 3.2 .times. 10.sup.4
      kg/mm.sup.2.
PAR  As will be evident from the above, the pump member according to this
      invention has a variety of outstanding characteristics and is believed to
      be usable as a pump member for a hot-chamber type aluminium die-casting
      machine which has heretofore not been realized.
PAR  The function of each component of the above-mentioned compositions will be
      explained below in connection with the characteristics.
PAR  First of all, aluminium nitride as a major component, when sintered into a
      high density sintered mass, plays a most important part in outstanding
      non-fusibility and excellent corrosion resistance to molten metal,
      particularly molten aluminium.
PAR  The oxide of Group IIIA elements of the Periodical Table serves to promote,
      in a state co-existant with aluminium nitride, formation and growth of the
      fibrous texture in the sintered mass. The oxide of Group IIIA elements is
      added in a range of 0.1 to 10%, preferably in a range of 0.2 to 4.5%.
      Addition of below 0.1% is not conducive to a high densification of the
      sintered mass and the growth of a fibrous texture is not observed.
      Addition of the oxide of Group IIIA elements in an excessive amount
      results in degeneration of characteristics inherent in aluminium nitride.
      Therefore, the oxide of Group IIIA elements is added to the extent not
      exceeding 10%, preferably in an amount of below 4.5%. Among oxides of
      Group IIIA elements, Y.sub.2 O.sub.3 exhibits a most desirable effect.
      La.sub.2 O.sub.3, Sc.sub.2 O.sub.3, Ce.sub.2 O.sub.3 etc. are also found
      desirable. In this way, the sintered mass of these compositions can easily
      attain its high densification and it is possible to obtain a sintered mass
      excellent in non-fusibility to molten metal, particularly molten
      aluminium, as well as excellent in its strength and the other
      characteristics.
PAR  Replacing 0.2 to 8% of aluminium nitride of the aforesaid composition,
      based on the whole weight of the sintered mass, by at least one kind
      selected from the group of metal silicates further promotes formation of
      the fibrous structure, resulting in a sintered mass less in the deviation
      of strength. Since the strength of each part in the same sintered mass is
      more uniform, it is very effective to obtain a relatively large-sized
      sintered mass such as a pump member of this invention. As metal silicates,
      use may be made of, in a single or combination form, silicon oxide,
      aluminium silicate, magnesium silicate, calcium silicate and naturally
      occurring ones containing silicon oxides, for example, feldspars, augites,
      olivines or micas. The metal silicate is added in an amount of 0.2 to 8%.
      Addition of below 0.2% does not serve to reduce the deviation of strength,
      nor does it serve to enhance the strength of the sintered mass. Upon an
      excessive addition, the thermal shock resistance of the sintered mass is
      liable to be degenerated and the metal silicate is added to the extent not
      exceeding 8%. Most preferably, addition of below 5% results in no
      degeneration of thermal shock resistance.
PAR  An influence due to the addition of Al.sub.2 O.sub.3 is not yet
      theoretically clarified to the full satisfaction. It is, however,
      established that the Al.sub.2 O.sub.3 is not in a state solidsoluted with
      the other structural components, but is dotted in a grain foundary etc. It
      is found that the grain size of the sintered mass including the fibrous
      structure tends to be miniaturized due to the presence of Al.sub.2
      O.sub.3. The Al.sub.2 O.sub.3, even when added in a minute amount of about
      0.05%, exhibits some effect. However, Al.sub.2 O.sub.3 is added preferably
      in a range of 0.5 to 5% and addition of below 10% works effectively. When
      Al.sub.2 O.sub.3 is added in a larger amount, Al.sub.2 O.sub.3 tends to be
      flowed out on the surface of the sintered mass, undesirably causing a
      possible degeneration of the characteristics of the sintered mass.
PAR  Gathering from the fact that the addition of Al.sub.2 O.sub.3 contributes
      much to the suppression of a grain growth, use may be made, as additives,
      of beryllium oxide, zirconium oxide, thorium oxide, magnesium oxide,
      chromium oxide, cobalt oxide, vanadium oxide, titanium oxide etc.
PAR  As sintering conditions for obtaining a pump member according to this
      invention, a hot-press sintering or a normal sintering may be effected at
      a temperature of 1600.degree. to 2200.degree.C in a nitrogen or the other
      non-oxidizing atmosphere. A variety of conditions may be combined within
      the above sintering conditions. However, sintering should be effected
      taking into account the densification and homogenization of a sintered
      mass.
PAR  Let us now explain a corrosion resistance and wear resistance to molten
      aluminium both of which are the outstanding characteristics of the pump
      member according to this invention. Pellet-shaped samples having a
      diameter of 30 mm and a thickness of 6 mm were prepared by varying the
      composition of the sintered mass including aluminium nitride as a major
      component from which the pump member of this invention is formed (Each
      composition is shown in Table 2). Both end surfaces of the pellet were
      polished, by a diamond paste, to the surface roughness of about 0.2.mu.
      substantially the same as that of a finished pump member. Then, each
      sample was immersed into molten aluminium and, after lapse of a
      predetermined time, the loss of weight due to corrosion was determined.
PAR  Use was made of molten aluminium whose components are shown in Table 1.
      These components were molten in an amount of 1 to 6 kg in a ceramic
      crucible having an inner diameter of 85 mm and a height of 170 mm, and was
      kept to 660.degree.C.+-.5.degree.C. The results of the tests, together
      with the components of each composition, are shown in Table 2.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Cu  Si  Mg  Zn  Fe  Mn  Ni  Sn  Al                                        

     __________________________________________________________________________

     1.5 10.5                                                                  

             &lt;0.3                                                              

                 &lt;1.0                                                          

                     &lt;0.9                                                      

                         &lt;0.5                                                  

                             &lt;0.5                                              

                                 &lt;0.3                                          

                                     balance                                   

     3.5 12.0                                                                  

     __________________________________________________________________________

TBL                Table 2                                                     

     ______________________________________                                    

                              Loss of weight (mg) in-                          

                    Composi-  volved with a lapse of                           

     Sam-           tion      immersion time                                   

     ple            (weight   110   200   400   800                            

     No.  Components                                                           

                    %)        hours hours hours hours                          

     ______________________________________                                    

      1   AlN       100       2.7   --    --    --                             

          (com-                                                                

          parison                                                              

          example)                                                             

      2   AlN       99.5      0.2   0.2   0.3   0.5                            

          Y.sub.2 O.sub.3                                                      

                    0.5                                                        

      3   AlN       99.5      0.8   0.9   1.2   2.0                            

          Ce.sub.2 O.sub.3                                                     

                    0.5                                                        

      4   AlN       99.5      0.2   0.3   0.5   0.7                            

          Sc.sub.2 O.sub.3                                                     

                    0.5                                                        

      5   AlN       99.5      0.3   0.3   0.5   0.8                            

          La.sub.2 O.sub.3                                                     

                    0.5                                                        

      6   AlN       98        0.3   0.3   0.5   0.7                            

          Y.sub.2 O.sub.3                                                      

                    2                                                          

      7   AlN       95        0.2   0.3   0.4   0.9                            

          Y.sub.2 O.sub.3                                                      

                    3                                                          

      8   AlN       90        0.4   0.4   0.5   0.8                            

          Y.sub.2 O.sub.3                                                      

                    10                                                         

      9   AlN       96.5      0.2   0.3   0.4   0.5                            

          Y.sub.2 O.sub.3                                                      

                    0.5                                                        

          .beta.-SiO.sub.2                                                     

                    3                                                          

     10   AlN       95        0.3   0.3   0.4   0.5                            

          Y.sub.2 O.sub.3                                                      

                    2                                                          

          .beta.-SiO.sub.2                                                     

                    3                                                          

     11   AlN       95        0.3   0.4   0.4   0.5                            

          Y.sub.2 O.sub.3                                                      

                    2                                                          

          Mg.sub.2 SiO.sub.4                                                   

                    3                                                          

     12   AlN       94.5      0     0.2   0.2   0.3                            

          Sc.sub.2 O.sub.3                                                     

                    0.5                                                        

          .beta.-SiO.sub.2                                                     

                    3                                                          

          Al.sub.2 O.sub.3                                                     

                    6                                                          

     13   AlN       90.5      0.1   0.1   0.3   0.4                            

          Y.sub.2 O.sub.3                                                      

                    0.5                                                        

          .beta.-SiO.sub.2                                                     

                    3                                                          

          Al.sub.2 O.sub.3                                                     

                    6                                                          

     14   AlN       86.5      0.1   0.2   0.2   0.4                            

          Y.sub.2 O.sub.3                                                      

                    0.5                                                        

          .beta.-SiO.sub.2                                                     

                    3                                                          

          Al.sub.2 O.sub.3                                                     

                    10                                                         

     ______________________________________                                    

PAR  In Table 2, a sintered mass (Sample No. 1) consisting of AlN only is shown
      by way of comparison. As is evident from the test results shown in Sample
      No. 1 the weight of loss after lapse of 110 hours is 2.7 mg. The surface
      roughness substantially corresponds to IS based on the JIS surface
      roughness requirement and was found to be fairly rough. Furthermore, the
      edge portions of the sample were broken off and the sample was judged
      unsuitable for a pump member.
PAR  According to Sample Nos. 2 to 14 of this invention the weight of loss, due
      to corrosion, after lapse of 800 hours is in a range of 0.3 to 2.0 mg and
      it was found that these samples are hardly corroded by molten aluminium.
      The end surface or edge portion of each sample was not broken off. Before
      measurement of the weight of loss due to corrosion, attempts were made to
      remove aluminium deposited onto the surface of each sample and it was
      found that it could be easily peeled off from the sample surface. From
      these it will be understood that the aluminium is deposited merely i.e.
      not intimately, onto the sample surface. The surface of each sample after
      immersion was observed through an X-ray micro-analyzer and no change was
      observed. The surface roughness of each sample after 800 hours immersion
      corresponds to 0.3 to 0.5S and it was found that each sample presents no
      obstacle in using it as a pump member.
PAR  In an attempt to examine the wear resistance of the pump member according
      to this invention, the following tests were conducted.
PAR  Sintered articles shown in plan views and cross-sectional views in FIGS. 2A
      and 2B were prepared. The sintered article (hereinafter referred to as a
      fixed sample) shown in FIG. 2A is fixed and the sintered article
      (hereinafter referred to as a rotatable sample) shown in FIG. 2B is
      abutted against the fixed sample in a manner to permit it to be slidably
      moved. At the peripheral portion of one end of the fixed sample of 40
      mm.phi. .times. 15 mm are provided four projections having a dimension of
      5 mm .times. 5 mm .times. 5 mm. At the central portion of the fixed sample
      is provided a bore for supporting it. The rotatable sample has an annular
      projection of 5 mm in width at the outer peripheral portion of one end
      thereof and a circular bore at the central portion thereof, the circular
      bore being arranged concentric with the annular projection and adapted to
      support the rotatable sample. In a molten aluminium was fixed the fixed
      sample whose four projections were abutted against the annular projection
      in a manner to permit the rotatable sample to be slidably rotated. The
      rotatable sample was rotated at a revolution speed of 94 rpm and under a
      sliding load of 5 kg/cm.sup.2 or 10 kg/cm.sup. 2. At this time, the
      temperature of the molten aluminium was kept to
      680.degree.C.+-.5.degree.C. Under such conditions tests were conducted for
      5 hours and the dimension of each projection of the fixed and rotatable
      samples was measured using a micrometer. As test samples use was made of
      compositions shown in Table 3. The amount of wear of each sample shown in
      Table 3 is shown in Table 4.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Sample                                                                    

         Components        Composition (wt %)                                  

     No. 1st                                                                   

             2nd 3rd  4th  1st                                                 

                              2nd 3rd 4th                                      

     __________________________________________________________________________

     1   AlN                                                                   

            Y.sub.2 O.sub.3                                                    

                 --   --   99.5                                                

                              0.5 --  --                                       

     2   AlN                                                                   

            La.sub.2 O.sub.3                                                   

                 --   --   99.0                                                

                              1.0 --  --                                       

     3   AlN                                                                   

            Ce.sub.2 O.sub.3                                                   

                 --   --   99.5                                                

                              0.5 --  --                                       

     4   AlN                                                                   

            Sc.sub.2 O.sub.3                                                   

                 --   --   98.0                                                

                              2.0 --  --                                       

     5   AlN                                                                   

            Y.sub.2 O.sub.3                                                    

                 .beta.-SiO.sub.2                                              

                      --   96.5                                                

                              0.5 3.0 --                                       

     6   AlN                                                                   

            Y.sub.2 O.sub.3                                                    

                 .beta.-SiO.sub.2                                              

                      Al.sub.2 O.sub.3                                         

                           92.5                                                

                              0.5 3.0 4.0                                      

     __________________________________________________________________________

TBL                Table 4                                                     

     ______________________________________                                    

     Sample No.                                                                

              Test load Amount of wear (thickness) (mm)                        

            (kg/cm.sup.2)                                                      

                    Fixed sample                                               

                               Rotatable sample                                

     ______________________________________                                    

     1        5         0.03       0.01                                        

              10        0.07       0.02                                        

     2        5         0.03       0.01                                        

              10        0.08       0.02                                        

     3        5         0.04       0.01                                        

              10        0.08       0.03                                        

     4        5         0.03       0.02                                        

              10        0.07       0.03                                        

     5        5         0.03       0.01                                        

              10        0.06       0.03                                        

     6        5         0.02       0.01                                        

              10        0.05       0.02                                        

     ______________________________________                                    

PAR  As will be evident from the results shown in Table 4, the amount of wear of
      each sample tested under such severe conditions is very slight and it was
      established that these samples have a characteristic well sufficient to be
      used as a pump member for molten metal. It is needless to say that a pump
      member can attain the object of this invention only if at least molten
      metal contacting surface of the pump member is formed from each of said
      sintered mass including aluminium nitride as a major component.
PAR  A pump mechanism as applied to a hot-chamber type die casting machine used
      in the following Examples will be explained by reference to FIGS. 3 and 4.
      FIG. 3 is a cross sectional view showing the pump mechanism and FIG. 4 is
      a cross sectional view showing a plunger and a sleeve portion.
PAR  In these Figures, 1 shows a mold; 2 a die cast body; 3 a hydraulic
      cyclinder; 4 a nozzle; 5 a coupling; 6 a pressing member; 7 a plunger
      shaft; 8 a pump body; 9 a sleeve; 10 a heat retaining furnace; 11a crank
      bolt; 12 a molten metal; 13 a seal ring; 14 a gasket and 15 a plunger. The
      sleeve 9 is incorporated into the pump body 8 together with the pressing
      member, seal ring 13 and gasket 14. The plunger 15 connected through the
      coupling 5 to the hydraulic cylinder 3 can be inserted into the sleeve.
      The molten metal within the heat retaining furnace 10 is introduced into
      the sleeve 9 through a cutout portion provided in the peripheral surface
      of the plunger 15. When the plunger 15 is moved downwardly through the
      actuation of the hydraulic cylinder 3 the molten metal within the sleeve 9
      is supplied through the nozzle 4 into the mold mounted to the die cast
      body 2.
PAR  When a pump member according to this invention is used in place of the
      sleeve 9 and plunger 15 of the pump mechanism, the following consideration
      is necessary. Parts other than the sleeve and plunger, for example, the
      pump body 8 and pressing member 6 etc., assume an intricate shape and are
      of necessity made of a heat resisting cast iron. However, clearances may
      be created between these parts due to a greater difference in heat
      expansion coefficient between these parts. Since the pump mechanism is
      used particularly at a high temperature, these parts are greatly
      influenced due to heat expansion. In the pump mechanism used, the pressing
      member 6 is pressed by a spring (not shown) and the sleeve 9 is stably
      secured at all times to the pump body 8 by the urging force from the
      pressing member and no clearance is therefore created. During a supply
      under pressure of the molten metal 12, a high pressure is prevalent at the
      lower portion of the sleeve 9 and an even slight clearance will result in
      the flow out of the molten metal 12. As shown in FIG. 4, a springy gasket
      14 made of a fibrous ceramic plate is disposed between the sleeve 9 and
      the pump body 8 and between the sleeve 9 and the pressing member 6.
      Between the pump body 8 and the pressing member 6 is disposed the seal
      ring 13 made of the material the same as that of the gasket. This
      arrangement prevents the molten metal from entering into a possible
      clearance created due to a difference in heat expansion between the parts
      of the pump mechanism.
PAC  EXAMPLE 1
PAR  To a substantially pure, powdered aluminium nitride as a major component,
      0.5% by weight of powdered yttrium oxide based on the whole weight of a
      sintered mass, and then ethanol, were added. The mixture was blended and
      crushed in a ball mill to obtain mixed powders having an average particle
      size of 1.mu.. The mixed powders were, after drying, bound by an organic
      binder into granules. The granules were compressed compact by a
      hydrostatic press to obtain articles substantially corresponding in shape
      to the plunger and sleeve of the pump mechanism. The articles are, if
      necessary, corrected in their shape by machining etc. to obtain a sleeve
      having an outer diameter of 82 mm.phi., an inner diameter of 43 mm.phi.
      and a height of 230 mm and a plunger having an outer diameter of 47
      mm.phi., an inner diameter of 15 mm and a height of 270 mm. The articles
      were heat treated for 90 minutes at a temperature of 700.degree.C in a
      nitrogen atmosphere to completely remove the organic binder etc. Then, the
      articles were hot-press sintered using carbon molds. To explain in more
      detail the hot-press sintering was effected in a nitrogen atmosphere
      firstly at a pressure of 120 kg/cm.sup.2 from room temperature up to
      1600.degree.C, then at the pressure gradually increased up to a final
      pressure of 350 kg/cm.sup.2 with the temperature increased up to a final
      temperature of 1870.degree.C, the final state being kept for 40 minutes.
      Thus, a black-colored, hot-pressed sintered mass satisfying a required
      density was obtained.
PAR  The dimension of the sintered mass so obtained was, in a case of a sleeve,
      82.5 mm.phi. in outer diameter, 45 mm.phi. in inner diameter and 124 mm in
      height and, in a case of a plunger, 47.5 mm.phi. in outer diameter, 15
      mm.phi. in inner diameter and 145 mm in height. Then, the sintered mass
      was grounded to a final article shape having, in a case of a sleeve, 80
      mm.phi. in outer diameter, 45 mm.phi. in inner diameter and 120 mm in
      height and, in a case of a plunger, 44.97 mm.phi. in outer diameter, 16
      mm.phi. in inner diameter and 142 mm in height. The inner peripheral
      surface of the sleeve was finally ground by a diamond to a surface
      roughness of the order of 0.2S. The outer peripheral surface of the
      plunger was partially cut off at three places at a regular interval to a
      depth of 3 mm to provide flat cutout portions, as shown in FIG. 5, which
      are used as an inlet for molten metal. The sliding portion of the outer
      peripheral surface of the plunger was ground by a diamond to a surface
      roughness of the order of 0.2S the same as that of the inner peripheral
      surface of the sleeve.
PAR  The resultant sleeve and plunger were incorporated into a pump mechanism
      and an aluminium die casting was conducted under the following conditions.
TBL  ______________________________________                                    

     injection pressure:   200 kg/cm.sup.2                                     

     plunger moving speed: 1.5 m/sec.                                          

     injection molding cycle:                                                  

                           4 shots/min.                                        

     amount of injection:  0.3 kg                                              

     ______________________________________                                    

PAR  Application of the injection pressure was somewhat affected at shots
      exceeding 120,000 and the apparatus was stopped at 125,000 shots. Articles
      obtained in the neighborhood of 125,000 shots were somewhat bad in their
      casting skin as compared with that of the earlier ones. From this the pump
      member was judged as unsuitable for further operation.
PAR  Then, the plunger and sleeve were disassembled from the pump mechanism and
      it was found upon investigation that a clearance (0.03 mm at the start of
      the test) between the plunger and the sleeve was widened up to 0.3 mm
      after 125,000 shots.
PAR  From the above test results it will be appreciated that the pump member
      used in this Example is serviceable up to about 125,000 shots and is
      practically usable as a hot-chamber type pump member.
PAC  EXAMPLE 2
PAR  Densely compact sintered masses were formed in the same method as Example 1
      from a mixture of aluminium nitride as a major component with 1% of
      yttrium oxide and 3% of .beta.-SiO.sub.2. From these were obtained a
      sleeve and plunger having the same shape and dimension as those of the
      counterparts of Example 1.
PAR  The sleeve and plunger were incorporated into the pump mechanism and an
      aluminium die casting was effected under the following conditions:
TBL  plunger moving speed:  1.5 m/sec.                                         

     injection molding pressure:                                               

                            250 kg/cm.sup.2                                    

     injection molding cycle:                                                  

                            3 shots/min.                                       

     amount of injection:   0.5 kg                                             

PAR  At 140,000 shots the pump member was judged as unsuitable for further
      operation.
PAC  EXAMPLE 3
PAR  Sintered masses were formed, in the same method as Example 1, from a
      mixture of aluminium nitride as a major component with 2% of yttrium
      oxide, 3.5% of magnesium silicate and 3.5% of aluminium oxide. From these
      were obtained a sleeve and plunger having the same shape and dimension as
      those of the counterparts of Example 1.
PAR  An aluminium die casting was effected under the same conditions as Example
      1 and the pump member used was found well serviceable even at more than
      130,000 shots.
PAR  In this Example, the injection pressure ceased to work at shots slightly
      exceeding 130,000 and an abrupt leakage of pressure occurred. The
      apparatus was stopped and cooled. Upon disassembling the apparatus it was
      found that a drop in pressure was caused due to the formation of a crack
      in the pump body.
PAR  The sleeve and plunger, upon investigation, showed no evidence of being
      corroded by aluminium. A clearance (0.03 mm at the start of the test)
      between the sleeve and the plunger was slightly widened up to 0.05 mm and
      they were found well serviceable for further operation.
PAC  EXAMPLE 4
PAR  To a powdered mixture of 92% of powdered AlN having an average particle
      size of 1.2.mu. with 5% of powdered Y.sub.2 O.sub.3 having an average
      particle size of 1.6.mu. and 3% of powdered Al.sub.6 Si.sub.2 O.sub.13
      having an average particle size of 1.0.mu., 5% of stearic acid was added
      as a binder. The resultant mixture was, after stirring, shaped by a
      hydrostatic press, followed by machining to a predetermined shape. The
      shaped article was sintered for 1 hour at a temperature of 1800.degree.C
      in a hydrogen air current of 2 l/min. The apparent density of the sintered
      mass was 3.34 g/cc which substantially corresponds to a true density. The
      traverse bending strength of this composition was found upon measurement
      to be 49.5 kg/mm.sup.2.
PAR  The above sintered masses were machined to obtain a plunger and sleeve
      having the same shape and dimension as those of the counterparts of
      Example 1. An aluminium die casting was effected under the same conditions
      as Example 1 using the plunger and sleeve. It was found that they are
      usable even at more than 100,000 shots.
PAR  As will be understood from the above, the pump member according to this
      invention is well serviceable for a hot-chamber type aluminium die casting
      and marks an epock in the realization of a hot-chamber type aluminium die
      casting apparatus.
PAR  According to this invention, the drawbacks as encountered in a cold-chamber
      type aluminium die casting are all overcome. It is possible, according to
      this invention, to obtain bubble-free castings of fine and uniform
      structure extremely free from impurities. Furthermore, a variety of
      advantages such as a high productivity, high operability etc. can be
      obtained.
PAR  Though the pump member according to this invention is explained as applied
      to a hot-chamber type aluminium die casting apparatus, it can be applied
      equally to a cold-chamber type aluminium die casting apparatus. Since it
      is established that the pump member of this invention is not attacked by
      relatively low melting point metals such as zinc, magnesium etc., it can
      of course be applied to apparatus for die casting such metals.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A pump member of a hot chamber type aluminium metal die casting machine
      which directly contacts molten aluminium metal in operation, consisting
      essentially of a sintered mass of a powdered mixture of the following
      ingredients in the percentages by weight indicated:
TBL  rare earth oxide      0.1 to 10%                                          

     metal silicate        0.2 to 8%                                           

     aluminum oxide        0 to 10%                                            

     aluminum nitride      balance,                                            

PAL  wherein said metal silicate is selected from the group consisting of
      aluminium silicate, magnesium silicate, calcium silicate, feld spars,
      augites, olivines and micas.
NUM  2.
PAR  2. The pump member of claim 1, wherein said rare earth oxide is selected
      from the group consisting of Y.sub.2 O.sub.3, La.sub.2 O.sub.3, Sc.sub.2
      O.sub.3 and Ce.sub.2 O.sub.3.
NUM  3.
PAR  3. The pump member of claim 2 wherein the amount of said metal silicate is
      0.2 to 5% by weight.
NUM  4.
PAR  4. The pump member of claim 3 wherein the amount of aluminium oxide is 0.5
      to 5% by weight.
NUM  5.
PAR  5. The pump member of claim 1 wherein the amount of aluminium oxide is 0.5
      to 10% by weight.
NUM  6.
PAR  6. The pump member of claim 1, wherein said sintered mass has a tensile
      strength at normal temperature of about 25 to 30Kg/mm.sup.2.
NUM  7.
PAR  7. The pump member of claim 1, wherein the amount of said rare earth oxide
      is between 0.2 to 4.5% by weight.
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ABST
PAL  An improved silicate-phosphate type inorganic coating composition having a
      long pot life or shelf life is provided which comprises a water soluble
      silicate or modified silicate and an inorganic phosphate pretreated with
      such silicate.
PARN
PAR  This is a division of application Ser. No. 228,388, filed Feb. 22, 1972,
      now abandoned.
BSUM
PAR  This invention relates to an improved inorganic coating composition and
      also to a process for preparing such coating composition. This invention
      also relates to the formation of an improved inorganic coating.
PAR  It is known to form a fireproof protective inorganic coating on a substrate
      such as metal and other inorganic body. Most typically, such inorganic
      coating is prepared from an aqueous inorganic coating composition
      comprising an alkali metal silicate and a hardner therefor (i.e. inorganic
      phosphate). Such inorganic coating composition, however, has various
      drawbacks among which are that the pot-life is relatively short due to
      strong reactivity between the silicate and phosphate and that the
      resulting coating is not satisfactory in resistance to water, cracking,
      efflorescence, weather, chemicals, etc.
PAR  Therefore it is an object of this invention to provide an improve
      silicate-phosphate type inorganic coating composition having a long pot
      life or shelf life.
PAR  Another object of this invention is to provide an improved
      silicate-phosphate type inorganic coating composition which enables the
      formation of an improved inorganic coating with excellent resistance to
      water, cracking, efflorescense, weather, chemicals, etc.
PAR  Still another object of this invention is to produce such improved coating
      composition.
PAR  Another object of this invention is to provide an improved inorganic
      coating by the use of such improved coating composition.
PAR  Other objects of this invention will be apparent from the following
      description.
PAR  Briefly, the present invention provides an aqueous inorganic coating
      composition which comprises a water soluble silicate or modified silicate
      and an inorganic phosphate pretreated with such silicate.
PAR  The water-soluble silicate to be used in this invention is selected from
      the group consisting of (1 ) silicates of the formula:
EQU  M.sub.2 O.xSiO.sub.2                                       [I]
PAL  wherein M represents a member selected from the group consisting of alkali
      metals such as sodium, potassium and lithium, --N(CH.sub.2 OH).sub.4,
      --N(C.sub.2 H.sub.4 OH).sub.4 and --C(NH.sub.2) .sub.2 NH, and x is a
      number of from 0.5 to 5 inclusive, (2) silicates of the formula [I]
      modified with at least one fluoride or silicofluoride of Ca, al, Mg, Zn or
      Zr, and (3) silicates of the formula [I] modified with at least one oxide
      or hydroxide of a metal selected from the group consisting of Al, Ca, Mg,
      Zr, V, Zn and Cs. A mixture of two or more of these silicates may also be
      used.
PAR  The silicates of the formula [I] are alkali metal silicates, quaternary
      ammonium silicates, guanidine silicates, etc. More particular examples
      thereof are sodium silicate, potassium silicate, lithium silicate,
      tetra-methanol-ammonium silicate, tetra-ethanol-ammonium-silicate, etc.
      These may be commercially available ones.
PAR  The silicates of the formula [I] may contain the usual water of
      crystallization and may be used as such. However, in order to improve the
      properties of the resulting inorganic coating it is preferable to modify
      the same with such fluoride, silicofluoride, oxide or hydroxide as
      mentioned before. The modification may be conducted, for example, as
      follows.
PAR  Thus the fluoride or silicofluoride-modified silicate may be obtained by
      mixing an aqueous solution of a silicate of the formula [I] with one or
      more of fluorides or silicofluorides of calcium, aluminum, magnesium, zinc
      or zirconium and heating the mixture while stirring. Usually, the heating
      is conducted at about 50.degree.- 100.degree.C. for about 1 - 72 hours.
      However, if the reaction is conducted in a pressure vessel at a
      temperature higher than 100.degree.C. the reaction time may be shorter.
      The fluoride or silicofluoride may be used in an amount of 0.5 - 30 parts
      by weight based on 100 parts by weight (as dry solid without
      crystallization water) of the silicate. Preferable examples of the
      fluorides or silico-fluorides which may be used for this modification are
      calcium fluoride, aluminum fluoride, calcium silicofluoride, magnesium
      silicofluoride, zinc fluoride, zirconium silicofluoride, magnesium
      fluoride, fluoroaluminum complex, fluorozinc complex, etc.
PAR  The oxide- or hydroxide-modified silicate may be obtained by mixing an
      aqueous solution of an oxide or hydroxide of a metal selected from the
      group consisting of Al, Ca, Mg, Zr, V, Zn and Cs, and heating the mixture
      while stirring in the same manner as explained before for the production
      of fluoride- or silicofluoride-modified silicates. The amount of the oxide
      or hydroxide may be 0.5 - 30 parts by weight per 100 parts by weight (as
      dry solid without crystallization water) of the silicate. Preferable
      examples of the oxides or hydroxides are aluminum oxide, magnesium oxide,
      calcium oxide, zinc oxide, zirconium oxide, cesium oxide, aluminum
      hydroxide, magnesium hydroxide, calcium hydroxide, zirconium hydroxide,
      etc.
PAR  The above water-soluble silicate or modified silicate in the form of an
      aqueous solution, slurry, paste or the like is mixed with a phosphate to
      form a coating composition. However when the silicate or modified silicate
      is mixed with a conventional phosphate type hardener there occurs local
      coagulation, solidification or the like due to strong reactivity between
      the silicate and phosphate. Therefore, a long pot life or shelf life can
      not be obtained. Even if such local coagulation does not occur, the
      temperature and pH are decreased in the mixture due to the immediate
      reaction between the silicate and a part of the phosphate so that the
      phosphate will be undesirably decomposed or deteriorated into such
      substances which do not effectively function as a hardener for the
      silicate solution. Therefore even such coating composition is applied on
      the surface of a substrate there can not be formed a coating having
      excellent properties.
PAR  We have found that when such phosphate type hardener is subjected to a
      certain pretreatment before mixing with the silicate solution, the above
      drawbacks are overcome and there is obtained an improved coating
      composition which has good pot life and which can form an inorganic
      coating having excellent properties.
PAR  The phosphate itself may be any conventional one which is known as a
      hardener for a silicate type inorganic paint or coating composition,
      although it is preferable to modify such phosphate as explained
      hereinlater, prior to the pretreatment.
PAR  The phosphate to be used here has the following average composition
      formula:
EQU  M.sub.i O.sub.j.mP.sub.2 O.sub.5                           [II]
PAL  wherein M represents a metal selected from the group consisting of Al, Mg,
      Ca, Mn, Zn, Fe and Cu, i is 1 or 2 and j is 1 or 3 depending upon the
      valency (2 or 3) of the metal M, and m is a number from 0.25 to 4
      inclusive. The phosphate may or may not contain water of crystallization.
      The phosphate of the formula [II] may be one or a mixture of two or more
      of commercially available primary phosphates of Ca, Mg, Al, Cu, Fe, Mn and
      Zn. If desired, the primary phosphate may be mixed with one or more of
      secondary phosphates such as 2Al.sub.2 O.sub.3.3P.sub.2 O.sub.5.3H.sub.2
      O, 2CaO.P.sub.2 O.sub.5.H.sub.2 O, 2MgO.P.sub.2 O.sub.5.H.sub.2 O, etc.;
      sesquiphosphates such as Al.sub.2 O.sub.3.2P.sub.2 O.sub.5.3H.sub.2 O; and
      CaH.sub.2 P.sub.2 O.sub.7, etc. Even in a form of mixture, it should
      satisfy the above formula [II].
PAR  It is preferable however that the phosphate of the formula [II] is modified
      or neutralized with a double oxide with spinel structure prior to the
      pretreatment to be explained later. Thus, the phosphate is mixed with a
      double oxide having a spinel structure and then the mixture is heated to
      react forming a "condensed phosphate".
PAR  The double oxide to be mixed with the phosphate must have the so-called
      "spinel" structure. The metals forming the double oxide should comprise
      both (a) one metal selected from Zn, Mg and Ca and (b) at least one metal
      selected from transition metals and metals belonging to Group IV of
      Periodic Table. Preferable metals of (a) are zinc and magnesium, while
      preferable metals of (b) are Ti, Al and Fe.
PAR  The double oxides may be prepared in any known manner. Thus, for example,
      one metal compound selected from the group consisting of oxides,
      hydroxides, carbonates and organic acid salts of metals Zn, Mg and Ca is
      mixed with at least one metal compound selected from the group consisting
      of oxides, hydroxides, carbonates and organic acid salts of metals
      belonging to Group IV of Periodic Table and transition metals. The mixture
      is calcinated at a temperature from 700.degree.C. to 1200.degree.C. for 2
      - 15 hours to form a double oxide with spinel structure. The proportions
      of the various metal compounds and the temperature and time for the
      calcination are determined in order to form double oxides with spinel
      structure. These conditions of course vary depending upon the particular
      metal compounds, but can be easily determined by referring to known
      literatures relating to the production of spinel type double oxides. In
      any case the metal compounds to be used should be those which can form
      oxides upon the above mentioned calcination.
PAR  Preferable double oxide systems are ZnO-TiO.sub.2, MgO-TiO.sub.2,
      CaO-TiO.sub.2, MgO-Fe.sub.2 O.sub.3 and ZnO-Al.sub.2 O.sub.3.
PAR  The double oxide is mixed with the phosphate to cause reaction or
      neutralization therebetween. In order to facilicate the reaction it is
      preferable to conduct the mixing in a wet system or in the presence of
      water. However, in such case the resulting product tends to become a high
      viscous massive material and it is very difficult to handle and uniformly
      mix the same. This difficulty is overcome if powder of a siliceous
      material such as SiO.sub.2 powder is added in the mixture. Such siliceous
      material may be added in an amount of 5 - 40 % by weight based on the
      phosphate. The addition of such siliceous material would be useful also
      for improving the chemical resistance and hardness of the coating to be
      formed from the coating composition.
PAR  The reaction product of the above mentioned phosphate and double oxide is
      heated to prepare the "condensed phosphate". Generally, the double oxide
      is used in an amount of 0.2 - 1.5 parts by weight per part of the
      phosphate. The heat treatment conditions may vary over a wide range
      depending upon the particular apparatus (type of furnace) and particle
      size of the materials to be heated. However, generally, the mixture is
      heated at a temperature of 100.degree.- 400.degree.C., preferable
      120.degree.- 350.degree.C. for 30 minutes to 10 hours, preferably 2 - 7
      hours.
PAR  After the heat treatment or calcination the resulting solid mass (condensed
      phosphate) is pulverized into fine powder.
PAR  The phosphate of the formula [II] or its condensed phosphate with the
      double oxide prepared as mentioned above is useful as a hardener for an
      aqueous solution of the silicate of the formula [I] or modified silicate
      mentioned before. However, when the phosphate or condensed phosphate is
      mixed with the silicate or modified silicate solution there would occur
      partial coagulation or solidification so that within a relatively short
      period of time it would become difficult to satisfactorily apply to the
      surface of a substrate. Even if the application is possible there is not
      obtained a coating with excellent properties as explained hereinbefore.
PAR  In order to overcome these difficulties, according to the invention, the
      above mentioned phosphate or condensed phosphate or a mixture thereof is
      subjected to a certain pretreatment prior to being mixed with an aqueous
      solution of the silicate or modified silicate.
PAR  Thus according to the present invention, the above mentioned phosphate or
      condensed phosphate is pretreated with a silicate or modified silicate
      which may be same as the silicate or modified silicate explained
      hereinbefore. Thus the silicate or modified silicate to be used for the
      pretreatment of the above mentioned phosphate or condensed phosphate
      (sometimes referred to as "phosphate type hardener" hereinafter) is a
      silicate of the formula [I] modified or not modified with a fluoride or
      silicofluoride of Ca, Al, Mg, Zn or Zr or with an oxide or hydroxide of a
      metal selected from the group consisting of Al, Ca, Mg, Zr, V, Zn and Cs,
      the modification being conducted in the same manner as explained before.
PAR  The pretreatment may be conducted by mixing the phosphate type hardener in
      the form of powder with an aqueous solution of the silicate or modified
      silicate. However, since the reactivity between the silicate and phosphate
      type hardener is high, there is a tendency that the mixture will become
      massive. Therefore it is preferable to conduct the pretreatment while
      silling or kneading the mixture by a suitable mechanical mill such as ball
      mill, pebble mill, colloid mill, sand mill or the like. Generally, about
      300 - 2000 parts by weight (as dry solid) of the phosphate type hardener
      (phosphate or condensed phosphate) are used per 100 parts by weight (as
      dry solid) of the silicate or modified silicate. The amount of water is
      not critical so far as the mixture is in the form of a slurry or paste and
      can be uniformly mixed. Usually water content based on the total dry
      mixture is at least 20 %, preferably 50 - 100 % by weight. In order to
      facilitate the dispersing or mixing it is preferable to add a small amount
      (e.g. up to 5 % based on the total mixture) of a dispersing agent such as
      sodium tripolyphosphate, sodium hexamethaphosphate, etc. The pretreatment
      is conducted at the room or normal temperature or without any external
      heating. The pretreatment is conducted until the resulting slurry or paste
      will have a pH of 5 - 9.5, preferably 6 - 8.5. The time required would
      vary depending upon the particular reactants, amount and efficiency of
      mixing, but generally it takes 10 - 30 hours.
PAR  By this treatment, there occurs a reaction of the silicate with any free
      acid present in the system and also with the surface portion of the
      phosphate (or condensed phosphate) particles so that the phosphate
      particles are coated with an inert material containing no free acid and
      therefore rendered less reactive. Therefore, when the pretreated phosphate
      type hardener is mixed with an aqueous alkaline solution of a silicate,
      there does not immediately occur a reaction in the resulting coating
      composition or paint, which therefore is stable and has a long shelf life
      at the room or normal temperature. However when the paint is applied on
      the surface of a substrate and heated there gradually occurs a reaction at
      a temperature high than 100.degree.C. and the reaction remarkably proceeds
      at a temperature higher than 150.degree.C. while the water in the coating
      is evaporated. Thus there is formed a firmly adherent, hard and inorganic
      film which is excellent in the resistance to fire, water, hot water,
      chemicals (acids and alkalis), weather, crack and efflorescence. The
      resulting film is firmly adhered to the substrate and has a smooth and
      ceramic like luster in appearance.
PAR  If desired an inorganic filler (e.g. clay, bentonite, sand, calcium
      carbonate, gypsum, furnace waste, mica, etc.) and/or pigment (e.g. ferric
      oxide, titanium dioxide, chrome oxide green, etc.) may be incorporated.
      Preferably each of the filler and/or pigment is used in an amount of 60 %
      by weight or less based on the pretreated phosphate type hardener. The
      filler and/or pigment may be added during and/or after the pretreatment of
      the phosphate type hardener.
PAR  In preparing the coating composition or paint, the aqueous solution of the
      silicate or modified silicate and the slurry or paste of the pretreated
      phosphate type hardener are mixed together to form a uniform composition.
      Generally, the pretreated phosphate type hardener (as dry solid) is used
      in an amount of 60 - 150 parts by weight based on 100 parts by weight of
      the silicate or modified silicate (as dry solid). The amount of water is
      not critical so far as the resulting aqueous coating composition or paint
      can be applied as a thin film on the surface of a substrate in a
      conventional manner such as spraying, brushing, roller coating, printing
      or the like. Generally water content in the coating composition is about
      1/4 to 2 parts by weight per part of the total solid (dry) in the
      composition.
PAR  The aqueous coating composition of this invention which is in the form of
      slurry or paste may be applied to the surface of an article in any
      suitable manner such as spraying, brushing, roller coating, etc. If
      desired this composition may be used also as a printing ink.
PAR  The coating may be applied to any solid substrate which can withstand a
      high temperature as about 250.degree.C., for example various articles made
      of asbestos, cement, concrete, mortar, calcium silicate, gypsum, bricks,
      glass and other inorganic building materials, ceramic articles, and metal
      articles.
PAR  As mentioned before the coating is not cured at the room temperature within
      a reasonably short time. Therefore the coated film must be baked at a
      temperature of 150.degree.- 250.degree.C. until it is completely hardened.
      Usually it takes about 20 - 30 minutes.
PAR  The resulting hardened film has excellent properties as explained before.
PAR  The invention will be illustrated in the following Examples wherein all
      parts are by weight. In these Examples, the various properties of the
      coating compositions and hardened films formed therefrom were determined
      as follows.
TBL  ______________________________________                                    

     (1)  Pot life     :    Freshly prepared coating composition (800 ml.) was 

                            put into a sealed vessel of polyethylene and       

                            stored at 50.degree.C. to measure the time before  

                            the composition is gelled.                         

     (2)  Resistance to                                                        

          water        :    Dipped in water at 20.degree.C. for 500 hrs. and   

                            the surface of the film was observed.              

     (3)  Resistance to                                                        

          weather      :    Using Weather-O-Meter (sun shine carbon arc), test 

                            was conducted for 500 hrs. under JIS X 5400 6.16.  

     (4)  Resistance to                                                        

          hot water    :    Dipped in boiling water (100.degree.C.) for 3 hrs. 

                            and the film surface was observed.                 

     (5)  Resistance to                                                        

          efflorescence                                                        

                       :    A rectangular vessel (100 l. volume) of            

                            polyethylene was charged with water in 5 cm.       

                            depth, and 2 kg. of dry ice was put into water to  

                            generate CO.sub.2 gas creating a wet atmosphere    

                            filled with CO.sub.2 gas. A sample was placed in   

                            such atmosphere at 20.degree.C. for 24 hrs. and    

                            the film surface was observed.                     

     (6)  Resistance to                                                        

          acid         :    Dipped in 3 % HCl aqueous solution for 5 hrs. and  

                            the film surface was observed.                     

     (7)  Resistance to                                                        

          alkali       :    Dipped in 3 % NaOH aqueous solution for 5 hrs. and 

                            the film surface was observed.                     

     (8)  Adherence    :    Cross-cut scotch tape test was conducted.          

     ______________________________________                                    

PAR  A. Preparation of various aqueous solutions of modified silicates used in
      the examples is as follows:
PAC  Preparation A-1
PAR  90 parts of 50 % aqueous solution of sodium silicate (SiO.sub.2 /Na.sub.2 O
      = 3) which is commercially available and 10 parts of calcium fluoride were
      mixed together and the mixture was heated at 80.degree.C. for 72 hours
      while stirring to obtain an aqueous solution of modified silicate
      (referred to as Binder X-1).
PAC  Preparation A-2
PAR  20 parts of 30 % aqueous solution of potassium silicate (SiO.sub.2 /K.sub.2
      O = 3), 40 parts of 25 % aqueous solution of lithium silicate, 3 parts of
      aluminum fluoride and 1 part of zinc fluoride were mixed together and the
      mixture was heated at 60.degree.C. for 10 hours while stirring to obtain
      an aqueous solution of modified silicate (referred to as Binder X-2).
PAC  Preparation A-3
PAR  70 parts of 40 % aqueous solution of sodium silicate (SiO.sub.2 /Na.sub.2 O
      = 3), 20 parts of 20 % aqueous solution of tetra-ethanol-ammonium silicate
      and 9 parts of zinc silico-fluoride were mixed together and the mixture
      was heated at 80.degree.C. for 24 hours while stirring to obtain an
      aqueous solution of modified silicate (referred to as Binder X-3).
PAC  Preparation A-4
PAR  90 parts of 50 % aqueous solution of sodium silicate (SiO.sub.2 /Na.sub.2 O
      = 2), 10 parts of magnesium silicofluoride and 60 parts of water were
      mixed together and the mixture was heated at 160.degree.C. (pressure 10
      atmospheres) for 3 hours while stirring to obtain an aqueous solution of
      modified silicate (referred to as Binder X-4).
PAC  Preparation A-5
PAR  90 parts of 50 % sodium silicate (SiO.sub.2 /Na.sub.2 O = 2), 8 parts of
      calcium fluoride and 2 parts of 2MgF.sub.2.B.sub.4 F.sub.2 were mixed
      together and the mixture was heated at 80.degree.C. for 12  hours while
      stirring to obtain an aqueous solution of modified silicate (referred to
      as Binder X-5).
PAC  Preparation A-6
PAR  100 parts of 50 % aqueous solution of sodium silicate (SiO.sub.2 /Na.sub.2
      O = 2), 1 part of zinc oxide and 10 parts of water were mixed together and
      the mixture was heated at 50.degree.C. for 72 hours while stirring to
      obtain an aqueous solution of modified silicate (referred to as Binder
      X-6).
PAC  Preparation A-7
PAR  20 parts of 30 % aqueous solution of potassium silicate (SiO.sub.2 /K.sub.2
      O = 3), 40 parts of 25 % aqueous solution of lithium silicate (SiO.sub.2
      /Li.sub.2 O = 4), 3 parts of MgO and 1.1 parts of Al.sub.2 O.sub.3 were
      mixed together and the mixture was heated at 100.degree.C. for 10 hours
      while stirring to obtain an aqueous solution of modified silicate
      (referred to as Binder X-7).
PAC  Preparation A-8
PAR  60 parts of 40 % aqueous solution of sodium silicate (SiO.sub.2 /Na.sub.2 O
      = 3), 20 parts of 20% aqueous solution of tetra-ethanol-ammonium silicate
      (x = 5) and 5 parts of ZrO.sub.2 were mixed together and the mixture was
      heated at 80.degree.C. for 24 hours while stirring to obtain an aqueous
      solution of modified silicate (referred to as Binder X-8)
PAR  B. Preparation of various condensed phosphates.
PAC  Preparation B-1
PAR  A mixed phosphate (m = 2) consisting of 50 parts of aluminum monophosphate,
      30 parts of zinc monophosphate and 20 parts of calcium pyrophosphate was
      mixed with 30 parts of ZnFe.sub.2 O.sub.4 (double oxide) and 10 parts of
      SiO.sub.2 powder and the mixture was well mixed in a mixer and heated in
      steam dryer of 120.degree.C. for 3 hours to obtain condensed phosphate,
      which was then pulverized (referred to as Condensed phosphate 1).
PAC  Preparation B-2
PAR  A mixed phosphate consisting of 55 parts of aluminum monophosphate and 45
      parts of magnesium monophosphate was mixed with 60 parts of zinc titanate
      (double oxide prepared by calcinating a 3:2 mixture of ZnO and TiO.sub.2
      at 1200.degree.C. for 4 hours) and 20 parts of siliceous material powder,
      and the mixture was heated at 250.degree.C. for 3 hours to obtain a
      condensed phosphate, which was then pulverized (refered to as Condensed
      phosphate 2).
PAC  Preparation B-3
PAR  A mixed phosphate consisting of 70 parts of aluminum monophosphate and 30
      parts of aluminum sesquiphosphate was mixed with 150 parts of a double
      oxide (prepared by calcinating a 1:1 mixture of Zn(OH).sub.2 and
      Al(OH).sub.3 at 1000.degree.C. for 10 hours) and 30 parts of siliceous
      stone powder, and the mixture was heated at 160.degree.C. for 5 hours to
      obtain a condensed phosphate, which was then pulverized (referred to as
      Condensed phosphate 3).
PAC  Preparation B-4
PAR  A mixed phosphate consisting of 50 parts of aluminum monophosphate, 30
      parts of zinc monophosphate and 20 parts of calcium pyrophosphate was
      mixed with 30 parts of ZnFe.sub.2 O.sub.4 (double oxide), 10 parts of
      silica powder and 100 parts of water, and the mixture was heated at
      400.degree.C. for 5 hours to obtain a condensed phosphate, which was then
      pulverized (referred to as Condensed phosphate 4).
PAR  C. Preparation of various phosphate type hardeners.
PAC  Preparation C-1
PAR  30 parts of Condensed phosphate 1, 5 parts of 30 % aqueous-solution of
      lithium phosphate (SiO.sub.2 /Li.sub.2 O = 4), 45 parts of water and 20
      parts of ferric oxide (pigment) were mixed together in a pebble mill for
      12 hours to cause reaction (pretreatment) and to obtain a reddish pasty
      hardener having an average particle size smaller than 30 .mu. (referred to
      as Hardener Y-1).
PAC  Preparation C-2
PAR  60 parts of Condensed phosphate 2, 10 parts of aluminum metaphosphate, 13
      parts of TiO.sub.2 (pigment), 2 parts of talc powder (filler), 30 parts of
      50 % aqueous solution of sodium silicate (SiO.sub.2 /Na.sub.2 O = 3) and
      80 parts of water were mixed together in a pebble mill for 24 hours to
      cause reaction (pretreatment) and to obtain a white pasty hardener having
      an average particle size smaller than 30 .mu. (referred to as Hardener
      Y-2).
PAC  Preparation C-3
PAR  50 parts of Condensed phosphate 3, 50 parts of 30 % aqueous solution of
      potassium silicate SiO.sub.2 /K.sub.2 O = 3), 5 parts of mica (filler), 10
      parts of chromium oxide green (pigment) and 40 parts of water were mixed
      together in a pebble mill for 24 hours to cause reaction (pretreatment)
      and to obtain a green pasty hardener having an average particle size
      smaller than 30 .mu. (referred to as Hardener Y-3).
PAC  Preparation C-4
PAR  100 parts of Condensed phosphate 4, 20 parts of 50 % aqueous solution of
      sodium silicate (SiO.sub.2 /K.sub.2 O = 2), 20 parts of water were mixed
      together in a pebble mill for 10 hours to cause reaction (pretreatment)
      and to obtain a reddish pasty hardener having an average particle size
      smaller than 30 .mu. (referred to as Hardener Y-4).
PAC  Preparation C-5 (Control)
PAR  45 parts of aluminum metaphosphate, 10 parts of aluminum orthophosphate, 2
      parts of sodium hexametaphosphate, 10 parts of titanium dioxide (pigment)
      and 33 parts of water were mixed together in a pebble mill for 12 hours to
      obtain a white pasty hardener having an average particle size smaller than
      30 .mu. (referred to as Hardener Y-5).
PAC  Preparation C-6
PAR  20 parts of 50 % aqueous solution of sodium silicate, 20 parts of calcium
      monophosphate, 25 parts of titanium metaphosphate, 25 parts of ferrous
      metaphosphate and 100 parts of water were mixed together in a pebble mill
      for 10 hours to cause reaction (pretreatment) and to obtain a pasty
      hardener (referred to as Hardener Y-6).
PAC  Preparation C-7 (Control)
PAR  70 parts of Condensed phosphate 4, 10 parts of titanium dioxide (pigment)
      and 30 parts of water were mixed together to obtain a white pasty hardener
      (referred to as Hardener Y-7).
PAR  D. Preparation of coating compositions.
PAC  Examples 1 - 12
PAR  100 parts of the binder and 90 parts of the hardener were mixed together to
      prepare a coating composition. Various combinations of the binders and
      hardeners are indicated in Table I. In each case the pot life and the time
      during which the newly prepared coating composition maintained a viscosity
      under which spray coating is possible were measured. The results are also
      indicated in Table I as "Spray Ability".
TBL                                    Table I                                 

     __________________________________________________________________________

     Example                                                                   

          1   2   3   4   5   6   7   8   9   10  11  12  13                   

     __________________________________________________________________________

     Binder                                                                    

          X-1 X-1 X-1 X-1 *   X-2 X-3 X-6 X-4 X-5 X-7 X-8 *                    

     Hardener                                                                  

          Y-4 Y-5 Y-6 Y-7 Y-4 Y-4 Y-4 Y-4 Y-1 Y-2 Y-3 Y-4 Y-5                  

     Pot life                                                                  

          48  40  30   1  60  48  30  48  48  48  48  30  --                   

          hrs.                                                                 

              min.                                                             

                  hrs.                                                         

                      hr. hrs.                                                 

                              hrs.                                             

                                  hrs.                                         

                                      hrs.                                     

                                          hrs.                                 

                                              hrs.                             

                                                  hrs.                         

                                                      hrs.                     

     Spray                                                                     

           5  20   4  30   8   5   4   5   5   5   5   4  **                   

     Ability                                                                   

          hrs.                                                                 

              min.                                                             

                  hrs.                                                         

                      min.                                                     

                          hrs.                                                 

                              hrs.                                             

                                  hrs.                                         

                                      hrs.                                     

                                          hrs.                                 

                                              hrs.                             

                                                  hrs.                         

                                                      hrs.                     

     __________________________________________________________________________

      * Commercial 50 % aqueous solution of sodium silicate (SiO.sub.2 /Na.sub.

      O = 2).                                                                  

      ** Rapid local coagulation occurred and spray coating was impossible from

      the beginning.                                                           

PAR  E. Formation of hard coating.
PAR  Each of the coating compositions was spray-coated on the surface of
      asbestos slate (5 mm. thickness). The thickness of the coated layer was 60
      .mu.. The coated asbestos slate was heated at 180.degree.C. for 30 minutes
      to bake and harden the coating. The properties of the resulting hard
      coating are shown in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     Example  1     2     3   4   5   6   7   8   9   10  11                   

                                  12                                           

     ______________________________________                                    

     Surface        x     o   x           o                                    

                                  appearance                                   

                                  Resistance  x o .DELTA. .DELTA.              

                                  to water                                     

                                  Resistance  x o x .DELTA.  o o o             

                                  to boiling                                   

                                  water                                        

                                  Resistance  x  .DELTA. o   o   o             

                                  to acid                                      

                                  Resistance  o  o                             

                                  to alkali                                    

                                  Resistance  x  o   o    o o                  

                                  to weather                                   

                                  Resistance  x .DELTA.  o o .DELTA.    o o    

                                  to efflo-                                    

                                  rescence                                     

                                  Adherence  o       o  o                      

     ______________________________________                                    

      Remarks:                                                                 

        Excellent                                                              

      o Pretty good?                                                           

      .DELTA. Good                                                             

      x Bad                                                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing an aqueous coating composition which comprises
      mixing (A) a water soluble silicate selected from the group consisting of
      (1) silicates of the formula:
EQU  M.sub.2 O.xSiO.sub.2                                       (I)
PAL  wherein M represents a member selected from the group consisting of alkali
      metals, --N(CH.sub.2 OH).sub.4, --N(C.sub.2 H.sub.4 OH).sub.4 and
      --C(NH.sub.2).sub.2 NH, and x is a number of from 0.5 to 5 inclusive, (2)
      silicates of the formula (I) modified with at least one of fluorides of
      silicofluorides of a metal selected from the group consisting of Ca, Al,
      Mg, Zn and Zr and (3) silicates of the formula (I) modified with at least
      one of oxides or hydroxides of a metal selected from the group consisting
      of Al, Ca, Mg, Zr, V, Zn and Cs, (B) a phosphate type hardener selected
      from the group consisting of condensed phosphates prepared by heating a
      mixture of the phosphate of the formula (II):
EQU  M.sub.i O.sub.j.mP.sub.2 O.sub.5                           (II)
PAL  wherein M represents a metal selected from the group consisting of Al, Mg,
      Ca, Mn, Zn, Fe and Cu, i is 1 or 2 and j is 1 or 3 depending upon the
      valency (2 or 3) of the metal M and m is a number of from 0.25 to 4
      inclusive with at least one double oxides of (i) at least one metal
      selected from Zn, Mg and Ca and (ii) at least one metal selected from
      transition metals and metals belonging to Group IV of Periodic Table, the
      condensed phosphates having been pretreated with at least one of the said
      silicates (1) or modified silicates (2) and (3) before being mixed with
      the water soluble silicate (A) and (C) water.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the modified silicate (2) is
      prepared by mixing an aqueous solution of the silicate of the formula (I)
      with the fluoride or silico-fluoride and heating the mixture, the amount
      of the fluoride or silicofluoride being 0.5 - 10 parts by weight based on
      100 parts by weight (as dry solid) of the silicate.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein the modified silicate (3) is
      prepared by mixing an aqueous solution of the silicate of the formula (I)
      with the oxide or hydroxide and heating the mixture, the amount of the
      oxide or hydroxide being 0.5 - 30 parts by weight based on 100 parts by
      weight (as dry solid) of the silicate.
NUM  4.
PAR  4. A method as claimed in claim 1 wherein the condensed phosphate is
      prepared by mixing the phosphate of the formula (II) with the double oxide
      and heating the mixture at 100.degree.- 400.degree.C for 2 - 7 hours, the
      amount of the double oxide being 0.2 - 2.0 parts by weight per part of the
      phosphate (a).
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the pretreatment of the condensed
      phosphate is conducted by mixing the condensed phosphate with the silicate
      (1) or modified silicate (2) or (3) in an aqueous system in such a
      proportion that the resulting slurry would have a pH of 5 - 9.5,
      preferably 6 - 8.5.
NUM  6.
PAR  6. A method as claimed in claim 1 wherein the pretreated condensed
      phosphate is used in an amount of 60 - 150 parts by weight per 100 parts
      of the silicate (1) or modified silicate (2) or (3).
NUM  7.
PAR  7. A method of forming an inorganic coating on a substrate which comprises
      applying to the surface of said substrate an aqueous coating composition
      prepared by mixing (A) a water soluble silicate selected from the group
      consisting of (1) silicates of the formula:
EQU  M.sub.2 O.x SiO.sub.2                                      (I)
PAL  wherein M represents a member selected from the group consisting of alkali
      metals, --N(CH.sub.2 OH).sub.4, --N(C.sub.2 H.sub.4 OH).sub.4 and
      --C(NH.sub.2).sub.2 NH, and x is a number of from 0.5 to 5 inclusive, (2)
      silicates of the formula (I) modified with at least one of fluorides of
      silicofluorides of a metal selected from the group consisting of Ca, Al,
      Mg, Zn and Zr and (3) silicates of the formula (I) modified with at least
      one of oxides or hydroxides of a metal selected from the group consisting
      of Al, Ca, Mg, Zr, V, Zn, and Cs, (B) a phosphate type hardener selected
      from the group consisting of condensed phosphates prepared by heating a
      mixture of the phosphate of the formula (II):
EQU  M.sub.i O.sub.j.mP.sub.2 O.sub.5                           (II)
PAL  wherein M represents a metal selected from the group consisting of Al, Mg,
      Ca, Mn, Zn, Fe and Cu, i is 1 or 2 and j is 1 or 3 depending upon the
      valency (2 or 3) of the metal M and m is a number of from 0.25 to 4
      inclusive with at least one double oxides of (i) at least one metal
      selected from Zn, Mg and Ca and (ii) at least one metal selected from
      transition metals and metals belonging to Group IV of Periodic Table, the
      condensed phosphates having been pretreated with at least one of the said
      silicates (1) or modified silicates (2) and (3) before being mixed with
      the water soluble silicate (A) and (C) water; and baking the coated layer
      at a temperature of 150.degree.-250.degree.C until it is hardened.
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ABST
PAL  A cationic additive for starch which comprises a preferred condensate of
      epichlorohydrin with an equimolar quantity with dimethylamine, and in
      which a minor amount of up to 30 percent molar ammonia may be substituted
      for a like molar amount of dimethylamine. This condensate is preferably
      intimately admixed and utilized in an amount of 1-7 percent (preferred 5-7
      percent) with alkaline gelatinized or alkali hydrolyzed starch to give a
      liquid cationic treating agent for paper. The percentage of condensate
      additive is calculated using as a base granular or dry starch and the
      condensate is preferably added to the liquid gelatinous starch after the
      gelatinization or in situ during the gelatinization. The starch, during
      the addition of the condensate, is maintained alkaline by a preferred
      alkali metal hydroxide of about 5 percent strength. This cationic starch
      may be used as a wet end pulp additive in the range 3-50 lbs/ton and has
      shown to favorably affect burst strength and pigment retention values.
PARN
PAR  This is a division of application Ser. No. 387,828, filed Aug. 13, 1973,
      now U.S. Pat. No. 3,854,970.
BSUM
PAR  The present invention relates to an improved condensate of the
      epihalohydrin-amine type useful when mixed with alkaline starch either
      during or after gelatinization. The present starch condensate products
      which are liquid may be utilized as "wet-end" additives to the aqueous
      slurry in a paper-making process with consequent favorable effect on burst
      strength and cellulose and pigment retention. It has been theorized that
      the cationic alteration of the starch molecule strengthens the bond with
      the negative cellulose in the paper slurry by a mechanism which probably
      introduces a quaternary nitrogen group through an ether linkage on the
      primary hydroxyl group of the starch molecule. The degree of substitution
      (D.S.) is a measurement of alteration of the starch molecule and for
      cationic starch a value of 0.4 - 0.5 D.S. has been found to be optimum. A
      key advantage of cationic starches containing quaternary nitrogen groups
      is that they are operable on paper over a wider pH range than unmodified
      starch, e.g., 4-10 pH. See "Papermaking and Paperboard Making" II, Vol.
      III (1970), p. 65, McGraw-Hill Book Company.
PAC  PRIOR PATENTED ART
PAR  U.S. Pat. No. 2,813,093 -- Caldwell et al. (National Starch) -- 1957
PAR  Granular starch plus a tertiary amine hydrochloride (e.g., b-diethyl
      aminoethyl chloride).
PAR  U.S. Pat. No. 2,876,217 -- Paschall (Corn Products) -- 1959
PAR  Granular starch ethers produced by reaction of a tertiary amine (e.g.,
      trimethyl amine) with epichlorohydrin (epi) and suppressing cross-linking
      by vacuum or solvent elimination of excess epi.
PAR  U.S. Pat. No. 2,995,513 -- Paschall et al. (Corn Products) -- 1961
PAR  Gelatinized starch ethers produced by epichlorohydrin plus a tertiary amine
      or a quaternary amine salt (e.g., trimethyl-amine hydrochloride). The
      degree of substitution was D.S. = 0.3 to 0.5.
PAR  Canadian Pat. No. 715,566 -- Paschall et al. (Corn Products) -- 1965
PAR  Granular or ungelatinized starch ether prepared from an epi-tertiary amine
      condensate where the tertiary amine contains two or three methyl groups
      and is condensed equimolar with epichlorohydrin; also, there is a
      provision to remove unreacted epi by vacuum or solvent extraction, thus
      preventing cross-linking by unreacted epi.
PAR  Australian Pat. No. 404,812 -- Brown (Australian Paper Manufactures
      Limited) -- 1969
PAR  Gelatinized starch reacted in situ with an epichlorohydrin-ammonia
      condensation product.
PAR  U.S. Pat. No. 3,666,751 -- Jarowenko et al. (National Starch) -- 1972
PAR  Liquid starch products similar to Brown above prepared by reacting starch
      with epichlorohydrin-ammonium hydroxide condensates.
PAR  U.S. Pat. No. 3,674,725 -- Aitken et al. (Nalco) -- 1972
PAR  Method of cationization of starch which comprises reacting starch under
      alkaline conditions with a polymer formed from polyepichlorohydrin and an
      amine (e.g., trimethylamine, dimethylamine, etc.).
PAR  U.S. Pat. No. 3,738,945 to Panzer et al. utilizes reaction products of
      epichlorohydrin and secondary amines.
PAR  The present invention differs from the prior art in that it is designed for
      a liquid cationic starch and is either a binary condensate of
      epichlorohydrin (epi) and dimethylamine (DMA) or is a modified ternary
      condensate wherein a minor amount of up to 30 percent molar amount of
      ammonia is substituted for a like amount of dimethylamine. In contrast,
      U.S. Pat. No. 3,666,751 above is a binary condensate of epi and ammonium
      hydroxide and the closest teaching to this invention is believed to be
      Column 4, lines 35-37, which indicates a possible inclusion of up to 15
      percent of a cross-linking inhibitor specifying ethylamine and
      diethylamine. One of the present inventor's prior patent U.S. Pat. No.
      3,674,725, Aitken above, produces a cationic starch additive from related
      starting materials but uses polyepichlorohydrin instead of the present
      epi.
PAC  PREPARATION OF THE CONDENSATE
PAR  The epichlorohydrin-DMA condensate which is used to react with the starch
      is prepared by admixing epichlorohydrin (epi) with dimethylamine in
      approximately equimolar proportions utilizing reaction condensate
      conditions of temperatures about 60.degree.-80.degree. C. for 1 hour under
      alkaline pH conditions, as for example using 5 percent NaCH or a preferred
      range of 5-8 percent alkali metal hydroxide. The product is subsequently
      acidified with a mineral acid such as HCl to a pH of about 3.0, thus
      producing an amine salt or a quaternary ammonium anion site on the
      nitrogen of the DMA moiety. The basic condensate is a one-to-one reaction
      of epi wherein the epoxy ring is attacked or opened by DMA or ammonia to
      form the basic condensate which may further condense in irregular linear
      fashion.
PAR  With reference to the term epichlorohydrin, it is understood for purposes
      of this invention that the brom analog, epibromhydrin, may be utilized in
      place of the preferred epichlorohydrin. The variation of reaction
      conditions to produce the ternary compositions of the present invention,
      i.e., epichlorohydrin-DMA-ammonia, may be achieved by adding to the mix up
      to 30 percent molar of ammonium hydroxide utilized as concentrated
      ammonium hydroxide (26.degree. Be). The ternary compositions embodying 10
      percent ammonia and 20 percent ammonia are preferred in this invention,
      and the efficacy of these compositions is believed due to the high
      proportion of quaternary ammonium groups which is effective for starch
      cationization at higher pH levels than a composition derived entirely from
      ammonia and epichlorohydrin. The present condensates thus show particular
      advantages over starches modified with tertiary amines or tertiary amine
      polymers.
PAR  The proportions of epichlorohydrin and DMA which are used at a preferred
      ratio may vary within the range of about 0.8 to 3 mols of epichlorohydrin
      to 1 mol of DMA. Condensates utilizing greater than 3 mols of
      epichlorohydrin are unsatisfactory in that they tend to cross-link the
      starch. On the other hand, condensates using less than 0.8 mols of
      epichlorohydrin per mol of DMA lack sufficient reactive sites. Where
      utilized herein broadly the term "condensate" refers to both the binary
      epi-DMA and the ternary epi-DMA-NH.sub.3 condensates described and claimed
      herein.
PAC  THE LIQUID CATIONIC STARCH
PAR  The condensates, either binary or ternary, of the present invention find
      utility as liquid cationic starch products and are added to gelatinous
      starch which has been hydrolyzed, usually by alkaline cooking from
      granular or dry starch. The preferred modus of the present invention is to
      alkalinize the starch prior to its conversion to a gelatin form and after
      the gelatinization is completed to add the epi-DMA or epi-DMA-NH.sub.3
      condensate.
PAR  Calculated from the dry starch basis, the epi-DMA and epi-DMA-NH.sub.3
      condensate additives are utilized in amounts of about 1 to 7 percent and
      preferably 5 to 7 percent to the gelatinous starch either so-called in
      situ during the gelatinization of the starch or preferably afterwards.
      These additives are utilized in alkaline conditions, usually with added
      alkaline treating agents such as sodium hydroxide, slaked lime which is
      CaOH.sub.2, and other strong alkalis such as barium hydroxide, in amounts
      to give the reaction medium a pH of at least 11. For the preferred alkali
      metal hydroxide, such as NaOH, 5-8 percent NaOH or starch weight is
      applied. If the cationic reaction of the starch is made subsequent to the
      gelatinization of the starch, i.e., the epi-DMA condensate is added to the
      gelatinized starch, the reaction conditions utilized are at temperatures
      of 30.degree. - 100.degree. C. for a period of 5 minutes to 24 hours until
      the reaction is complete. In the mix may be included substances useful to
      preserve starch against microbial attack such as formaldehyde, phenols,
      etc.
PAR  The products of the invention are liquid starches as opposed to dried
      granular or solid starches, and reactant starch may be selected from a
      number of starch types which have been hydrolyzed or gelatinized. Such
      starches may be derived from many sources including corn, wheat, potato,
      tapioca, waxy maize, sago, rice, etc. Generally, a preferred starch
      according to the invention is an amylaceous substance containing free
      hydroxyl groups.
PAC  USE IN PAPER MAKING PROCESS
PAR  The present liquid cationic additives are designed for addition to the wet
      end of a paper-making process. In the conventional process, this may be
      any point from the head box on back. In practice, they may be introduced
      into the beater, hydro-pulper, stock chest, or head box, or in any point
      prior to the conversion of the wet pulp into a dry web or sheet, which is
      prior to passing the stock onto the drying stage.
PAR  Dependent upon the type of paper produced, the additive may be introduced
      in amounts as low as 3 pounds per ton for low grade paper, and up to 50
      lbs. per ton for offset grade paper. The consequent advantages of
      utilization lie in cellulose retention, pigment retention, and increase in
      burst strength and other physical properties of the finished paper.
DETD
PAR  The following examples will further illustrate the embodiments of the
      invention:
PAC  EXAMPLE 1
PAC  Preparation of Exemplary Condensates Epi-DMA-NH.sub.3 10
PAR  In a pilot plant set up embodying a 2000-gallon batch size reactor, a
      250-gallon weight tank, and an optional recycle loop with an in-line
      viscometer and recorder, the following materials were utilized in weight
      per cent and pounds noted:
TBL  Raw Materials                                                             

     ______________________________________                                    

     Soft Water          37.459      7130                                      

     60% Dimethylamine Solution                                                

                         22.773      4334                                      

     Epichlorohydrin     34.315      6531                                      

     Aqua Ammonia 26.degree. Be                                                

      (Spec. Grav. 0.895 - 0.900                                               

      at 20.degree. C.)  2.046       389                                       

     50% Caustic         1.981       377                                       

     37% Hydrochloric Acid                                                     

                         1.426       271                                       

                         100.000     19032                                     

     ______________________________________                                    

PAR  After preliminary cleaning of the reactor and leak testing, 7,130 pounds or
      855 gallons of soft water were added to the reactor and then the reactor
      was charged with 389 pounds of ammonia, using reactor vacuum to suck
      material from the drum. Then 4,334 pounds of 60 percent dimethyl amine
      (DMA) solution was added to the reactor. Epichlorohydrin was added at
      about 20 pounds per minute to the full amount of 6,531 pounds.
PAR  The temperature was monitored to about 80.degree. C. (176.degree. F.) and
      while the epi was being added (about 6 hours). At the end of the epi
      addition, the temperature was held at 80.degree. C. for about half an hour
      and then 377 pounds of 50 percent NaOH was added and pH and viscosity
      checks were made at half hour to 1 hour intervals.
PAR  When condensate reaction was complete to 600-700 cps as measured by
      viscosity determination, the HCl 37 percent was added to acidify to a pH
      of 3.0 and the product was cooled. The product produced was a condensate
      from 90 percent DMA - 10 percent NH.sub.3 - epichlorohydrin.
PAR  The product produced was a condensate denoted B from 90% DNA, 10% NH.sub.3
      epichlorohydrin (equimolar). Additional runs using this procedure produced
      the following additional condensates set out below:
PA1  A. 100% dimethylamine, 0% NH.sub.3, epichlorohydrin
PA1  B. see above.
PA1  C. 80% dimethylamine, 20% NH.sub.3, epichlorohydrin
PA1  D. 70% dimethylamine, 30% NH.sub.3, epichlorohydrin
PAL  The above percentages are on a molar basis.
PAC  EXAMPLE 2
PAC  APPLICATION TO STARCH AND BURST TEST COMPARISON
PAR  In the following examples, Corn Products Co. Globe No. 3001 corn starch was
      utilized for starch modification. A group of starch samples was slurried
      at 4 percent concentration, treated with 5 percent NaOH and 5 percent
      active condensate based upon the starch dry weight. The mixture was heated
      rapidly at 200.degree. F. (93.degree. C.) with stirring, and cooked for 30
      minutes to gelatinize before quenching and evaluating.
PAR  In the paper making sub-examples, the starch application to the
      paper-making system was added to the wet end in an amount of 10 pounds per
      ton at a pH of 5.5.
PAR  With reference to the condensates A through D prepared in Example 1, the
      following shows burst strength values as improvement over a blank for the
      same condensates applied to starch and then to a paper slurry under the
      conditions noted above:
TBL                  Burst Strength                                            

     ______________________________________                                    

     Condensate A       7.3                                                    

     Condensate B      22.2                                                    

     Condensate C      20.2                                                    

     Condensate D      15.0                                                    

     ______________________________________                                    

PAR  The burst strength tests were made according to T403m53 entitled "Bursting
      Strength of Paper," TAPPI, as corrected August 1953.
PAC  EXAMPLE 3
PAC  ALKALI APPLICATION
PAR  Using selected condensates a comparison of variation of strength of alkali
      treatment of the starch was made in measurement of burst strength: Alkali
      Application (starch preparations as in Example 2 above, using 5 percent
      Condensate C)
TBL                        Burst Strength                                      

     ______________________________________                                    

     2% NaOH applied on starch weight                                          

                             13.0                                              

     3% NaOH applied on starch weight                                          

                             15.7                                              

     4% NaOH applied on starch weight                                          

                             16.8                                              

     5% NaOH applied on starch weight                                          

                             20.2                                              

     6.5% NaOH applied on starch weight                                        

                             20.0                                              

     8% NaOH applied on starch weight                                          

                             20.1                                              

     ______________________________________                                    

PAL  Use of Slaked Lime Instead of Caustic (using 5% Condensate B):
TBL                        Burst Strength                                      

     ______________________________________                                    

     3.2 Ca(OH).sub.2 on starch weight                                         

                             16.1                                              

     3.7% Ca(OH).sub.2 on starch weight                                        

                             18.1                                              

     4.3% Ca(OH).sub.2 on starch weight                                        

                             21.0                                              

     ______________________________________                                    

TBL  EXAMPLE 4                                                                 

     Application of the Condensate After                                       

     Gelatinizing the Starch (Condensate B)                                    

                           Burst Strength                                      

     ______________________________________                                    

     Control (Ca(OH).sub.2 and condensate                                      

       added before cooking starch)                                            

                             21.0                                              

     Condensate added after gelatinizing                                       

       the starch            22.2                                              

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  In the following experimental procedures, starches derived from several
      different sources were utilized and subjected to the TAPPI burst test
      cited above:
TBL                        Burst Strength                                      

     ______________________________________                                    

     Corn (Globe No. 3001) 5% NaOH,                                            

        5% Condensate B      20.2                                              

     Tapioca, 5% NaOH, 5% Condensate B                                         

                             21.7                                              

     Potato, 5% NaOH, 5% Condensate B                                          

                             17.6                                              

     Potato, 5% NaOH, 5% Condensate B                                          

                             20.5                                              

     ______________________________________                                    

PAC  EXAMPLE 6
PAC  Comparison with Commercial Cationic Starch Internal Bond and Burst Strength
PAR  By utilizing further experimental procedures and testing by TAPPI test
      T506su-68, internal bond test, the following comparisons were made:
TBL                     Internal Bond (TMI)                                    

     ______________________________________                                    

     Untreated paper      29.8                                                 

     10 lbs. corn starch modified with                                         

        5% NaOH and 5% Condensate B                                            

        in wet end addition                                                    

                          42.1                                                 

     10 lbs. CATO 15 (National Starch)                                         

                          42.5                                                 

                          Burst Strength                                       

                          Improvement                                          

     4.2% Ca(OH).sub.2, 5% Condensate B                                        

                          22.2                                                 

     CATO 15 (National Starch)                                                 

                          19.6                                                 

     ______________________________________                                    

CLMS
STM  The embodiments of this invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An additive to produce cationic starch which consists of a condensate of
      epichlorohydrin with an equimolar amount of dimethylamine modified by at
      least a minor amount up to 30 percent molar amount of ammonia based on the
      dimethylamine and substituted therefor.
NUM  2.
PAR  2. The starch additive according to claim 1, wherein the additive consists
      of a condensate of epichlorohydrin with an equimolar amount of
      dimethylamine.
NUM  3.
PAR  3. The starch additive according to claim 1, wherein the dimethylamine is
      modified by about 10 percent molar ammonia substituted therefor.
NUM  4.
PAR  4. The starch additive according to claim 1, wherein the dimethylamine is
      modified by about 20 percent molar ammonia substituted therefor.
NUM  5.
PAR  5. The starch additive according to claim 1, wherein the dimethylamine is
      modified by about 30 percent molar ammonia substituted therefor.
PATN
WKU  039308782
SRC  5
APN  4627989
APT  1
ART  171
APD  19740422
TTL  Method and apparatus for reducing starch-containing material to flour
ISD  19760106
NCL  8
ECL  1
EXA  Marantz; Sidney
EXP  Wolk; Morris O.
NDR  5
NFG  7
INVT
NAM  Mendoza; Fausto Celorio
STR  Cumbres de Acultzingo No. 185
CTY  Lomas de Chapultepec
CNT  MX
ITX  10, D.F.
PRIR
CNT  MX
APD  19721127
APN  139970
PRIR
CNT  MX
APD  19730302
APN  141691
RLAP
COD  72
APN  392625
APD  19730829
PSC  03
CLAS
OCL  127 67
XCL  127 32
XCL  241  6
XCL  241245
XCL  241257R
XCL  2412591
XCL  241260
XCL  2412611
EDF  2
ICL  B02C  200
ICL  C13L  108
FSC  127
FSS  23;24;32;67
FSC  241
FSS  6;245;248;257 R;259.1;260;261.1
FSC  426
FSS  622
UREF
PNO  333369
ISD  18851200
NAM  Wilkeson
XCL  241261.1
UREF
PNO  1021950
ISD  19120400
NAM  Shepard
XCL  241261.1
UREF
PNO  1851071
ISD  19320300
NAM  Travis
OCL  241245
UREF
PNO  1885283
ISD  19321100
NAM  Ostermann
XCL  241245
UREF
PNO  2653770
ISD  19530900
NAM  Vicci
XCL  241245
UREF
PNO  2744826
ISD  19560500
NAM  Thompson
OCL  426622
UREF
PNO  2749814
ISD  19560600
NAM  Haug
OCL  241257R
UREF
PNO  3008505
ISD  19611100
NAM  Pavia
XCL  241260
UREF
PNO  3285524
ISD  19661100
NAM  Stratford
OCL  241259.1
UREF
PNO  3305183
ISD  19670200
NAM  Morden
XCL  241261.1
UREF
PNO  R26256
ISD  19670800
NAM  Protzman
XCL  127 23
LREP
FR2  Jeffers; Albert L.
FR2  Rickert; Roger M.
ABST
PAL  Method and apparatus for converting grains, beans, and like materials into
      flour, as highly water absorbent starch. The material is introduced into
      the annular gap between a stationary outer truncated cone member and an
      inner rotating truncated cone member. The cone members are on a vertical
      axis, smaller ends uppermost, and have axial grooves on the opposed
      surfaces forming regions to grind the material introduced between the
      surfaces. The cone members taper inwardly toward the top and at about the
      upper half the opposed surfaces of the cone members diverge while at about
      the lower half the opposed surfaces are substantially parallel. The cone
      members are relatively adjustable in the axial direction, particularly to
      control the size of the gap between the lower portions thereof. In
      operation, material to be ground is introduced between the cone members at
      the top and is reduced to flour along the upper portions of the members
      while along the lower portions of the members friction developed on the
      ground material causes it to become heated. The starch granules are
      mechanically ruptured during the milling and are not more than partially
      cooked during the aforementioned heating.
PAL  If the material is substantially dry, the milling and heating will not
      release substantial amounts of steam but if the material is moist, the
      heating of the material will convert at least some of the water to steam,
      assisting in the disintegration of the starch granules of the grain and
      possibly causing some cooking thereof.
PAL  External heat may be supplied to the apparatus, electrically, or by gas.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of U.S. Ser. No. 392,625, filed
      Aug. 29, 1973, now abandoned, entitled "METHOD AND APPARATUS FOR
      CONVERTING GRAINS INTO COOKED FLOUR", Inventor Fausto Celorio Mendoza.
BSUM
PAR  The present invention relates to a highly water absorbent starch and to a
      method and apparatus for converting materials such as grains and beans and
      the like into such highly water absorbant starch and especially to such a
      method and apparatus in which no heated furnace as such is employed.
PAR  A great many grains and beans and like materials are converted into flour
      for use in foodstuffs and for industrial purposes, especially when a water
      absorbant material is needed. Also, certain vegetables can be converted
      into flours. It will be understood that the present invention is concerned
      with any material which contains starch granules and which is adapted for
      being processed into a flour for use in connection with foodstuffs and the
      industrial purposes referred to.
PAR  Heretofore, the conversion of grains and the like into flour was carried
      out in two steps with the pulverizing or grinding of the material being
      carried out in one step either by wet pulverizing or dry pulverizing with
      a further step being carried for the ground materials with heat thereby to
      cook and rupture the starch granules. Such processing of the materials
      requires at least two different devices and the carrying out of a series
      of steps and thus involves substantial time and labor and equipment cost.
PAR  With the foregoing in mind, the primary objective of the present invention
      is the provision of starch which is highly water absorbant and a method
      and apparatus for producing the starch which not only reduces such
      material to the desired consistency or particle size, but, furthermore,
      simultaneously effects mechanical rupturing of the starch grannules of the
      material.
PAR  A further object of the present invention is the provision of a single
      device in which material such as grain or the like can be dry ground into
      flour while simultaneously increasing water absorbancy thereof.
PAR  A still further object is the provision of a corn starch which is highly
      water absorbant and to a method and apparatus for producing such starch.
PAR  A further object is the provision of a mechanically ruptured starch granule
      which is substantially the same as a cooked starch granule in respect of
      water absorbancy.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to the present invention, elements in the form of truncated cones
      are provided in concentric relation, small ends uppermost, and with at
      least the inner cone being rotatable. The external surface of the inner
      cone and the interior surfaces of the outer cone are provided with axial
      grooves forming grinding surfaces on the cones and the material to be
      ground is introduced between the cones at the upper ends thereof and
      progresses downwardly therebetween.
PAR  The inner cone is axially adjustable in the outer cone for varying the gap
      therebetween thereby to control the amount of heat generated in the
      material being reduced as it moves downwardly in the device and also to
      control the fineness of the particles produced.
PAR  Advantageously, the cones are arranged on a vertical axis small end
      uppermost and the inner cone has a lower portion substantially parallel
      with the outer cone and an upper portion that diverges at a small angle
      from the upper cone and an uppermost end portion that is inclined inwardly
      at about 45.degree. to form a portion of a feeding throat through which
      material to be reduced is introduced between the cones.
PAR  Raw material such as lentels, beans, wheat, corn, or the like, introduced
      between the cones at the upper end while the inner cone is rotating will
      be ground to flour therebetween with simultaneous rupturing of starch
      granules of the raw material while the heat generated in the material
      while between the cones will convert at least some of the moisture
      contained in the material to steam which, in addition to tending to
      partially cook the raw material, will cause swelling of the starch
      granules and will promote disintegration of the starch granules thereof.
      The ground flour which drops out from between the cones at the bottom will
      be, due to the substantially complete rupturing of the starch granules
      thereof, in a highly water absorbant condition.
DRWD
PAR  The foregoing objects as well as still other objects and advantages of the
      present invention will become more apparent upon reference to the
      following detailed specification taken in connection with the accompanying
      drawings in which:
PAR  FIG. 1 is a front elevational view partly broken away showing a device
      according to the present invention.
PAR  FIG. 2 is a plan view looking down on top of the device illustrated in FIG.
      1.
PAR  FIG. 3 is a front view partly broken away showing the outer cone of the
      reducing device and drawn at a larger scale then FIGS. 1 and 2.
PAR  FIG. 4 is a view looking down on top of FIG. 3.
PAR  FIG. 5 is an elevational view of the inner cone of the reducing device and
      drawn at the same scale as FIGS. 3 and 4.
PAR  FIG. 6 is a plan view looking down on top of FIG. 5.
PAR  FIG. 7 is a fragmentary cross sectional view showing one side of the device
      and drawn at larger scale than FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings somewhat more in detail, and with particular
      reference to FIGs. 1 and 2, the device of the present invention, and which
      is generally indicated at 10, comprises a hollow outer member 14 in the
      form of a truncated cone and within which there is rotatable an inner
      member 12 also in the form of a truncated cone and shown more in detail in
      FIGs. 5 and 6. The cone members 12 and 14 are disposed smaller ends
      uppermost on a vertical axis.
PAR  Inner truncated cone member 12 has inwardly tapered upper portion 30 which
      surrounds a support shaft 32 which is rotatably journaled in a bearing 46
      mounted in the frame 26 of the device. Shaft 32 is axially moveable and is
      abutted at the upper end by an adjustable bolt element 34 threaded in
      plate 33 carried by member 23 of the frame 26 of the device.
PAR  A hopper member 24 is provided at the upper end of the device and tapers
      inwardly toward the lower end and surrounds the inwardly tapering upper
      portion of inner truncated cone member 12. Hopper member 24 at the bottom
      is advantageously connected to the upper end of outer cone member 14.
PAR  At the bottom, inner truncated cone member 12 is connected to a shaft 36
      which is rotatably supported in bearings 29 and 48 and at the bottom is
      abutted by the threaded abutment element 50. Abutment elements 50 and 34
      are adjustable to determine the axial position of inner cone member 12 in
      outer cone member 14.
PAR  A pulley 38 connected to shaft 36 is engaged by a belt 40 which is
      entrained about the pulley 42 mounted on the output shaft of a drive motor
      44 and which is mounted on the frame 26 of the device.
PAR  The outer cone member 14 is preferably fixedly supported in frame 26 as by
      posts 22 resting on cross member 28 of the frame and abutting flange 20
      formed at the bottom of truncated cone member 14.
PAR  Similarly, the bearing 46 and member 33 in which abutment element 34 is
      threaded are advantageously carried on transverse member 33 at the top of
      frame 26.
PAR  Referring more in detail to FIGS. 2, 3 and 4, it will be noted that
      truncated outer cone member 14 is separable along an axial plane of the
      cone member with the individual parts of the cone member having radial
      flanges 16 and 16a which have holes 17 therethrough through which bolts 18
      are placed to clamp the two parts of the cone member 14 together.
PAR  FIG. 4 will also show that flange 20 is provided with holes 21 through
      which the bolts extend that connect the cone member 14 to posts 22. As
      will best be seen in FIG. 7, posts 22 are traversed by bolts 22' which
      have nuts 23 fixed thereon on the underneath side of transverse rail 28 of
      the frame of the device.
PAR  The inside of outer cone member 14 is provided with grinding regions in the
      form of longitudinal grinding grooves 15a and feeding grooves 15b with
      ribs between the grinding grooves, the grinding regions are distributed
      about the inside of the outer cone on a somewhat spiral path.
PAR  The outer cone member 14 inclines uniformly inwardly from the bottom to the
      top, as indicated at 52, and as will be seen from FIGS. 3 and 4. It will
      also be seen that the grinding grooves and the ribs therebetween vary in
      coarseness in the circumferential direction as will best be seen in FIG.
      4.
PAR  The inner cone member 12 is illustrated in FIGS. 5 and 6 and will be seen
      to comprise a solid member with the outer surface comprising a lower
      portion 12a and an intermediate portion 12b. Each portion 12a, 12b, is
      about half the length of cone member 12. Portion 12a is substantially
      parallel to the inner surface of outer cone member, but may incline
      inwardly at a slightly greater angle than the inner surface of the outer
      cone member in order to cause the path through which material flows to
      decrease in cross sectional area toward the bottom of the cones. As will
      be seen in FIG. 7, however, lower portion 12a of inner cone 12 is parallel
      to the inside of the outer cone member 14.
PAR  The intermediate portion 12b of the inner cone member, however, diverges
      from the inner side of the outer cone member 14 in the upper direction,
      thus, giving a flowpath that tapers inwardly in the downward direction to
      about the middle of the length of lower cone member 12.
PAR  The upper portion of the inner cone member 12, as mentioned, tapers
      inwardly at an angle of about 45.degree. and cooperates with hopper 24 to
      form the feed throat that directs material supplied to the hopper 24 into
      the annular grinding path disposed between the inner and outer cone
      members.
PAR  The inner cone member is, similarly to the outer cone member, provided with
      grooves 13a and 13b, the latter forming feed veins similarly to the
      grooves 15b described in connection with FIG. 4.
PAR  when material such as grain or beans or the like is placed in hopper 24, it
      enters the grinding path at 60 and moves downwardly by gravity between the
      inner cone member and outer cone member while the inner cone member is
      driven in rotation. The material in passing downwardly between the cone
      members will be reduced in a more or less gradual manner by the grinding
      region on the members until it approaches the juncture of portions 12a and
      12b of the inner cone member.
PAR  During the movement downward of the grain along the lower portion 12a of
      the inner cone member, there is not too much reduction of particle size of
      the product, but heat is developed in the material thereby creating the
      necessary temperature to vaporize water in the grains and cause rupturing
      of starch granules by a part of explosion. The material may be heated to a
      temperature ranging up to about 200.degree. C. Also, a substantial amount
      of mechanical rupturing of starch granules takes place during movement of
      the grain through the mill.
PAR  The rupturing of starch granules will be carried out substantially
      throughout the length of lower portion 12a so that the product that drops
      out from between the cone members at the bottom, as indicated at arrows
      62, is in a highly water absorbant state and ready for being utilized in
      food and for other purposes.
PAR  The flour will accumulate in the space beneath the lower ends of the cone
      members and can be extracted therefrom in any suitable manner from between
      spaced posts 22.
PAR  Either one or both of the milling members may be heated from an outside
      source, as by gas or electric heating means. An electric heater on one
      side of the outer milling member is shown schematically by the rectangle
      at 70 in FIG. 1. Rectangle 70 could also indicate a gas burner having
      flames directed toward the adjacent milling member.
PAR  It will be apparent that the present invention provides a method and
      apparatus in which grain such as corn or beans or the like can be
      converted directly into flour in a single apparatus in a single pass
      therethrough. It is apparent that the process according to the present
      invention results in saving of water, and fuel and avoids time consuming
      labor and complicated equipment while, at the same time, pollution or
      contamination of the environment is eliminated.
PAR  It might be pointed out that axial adjustment of the inner cone in the
      outer cone influences the fineness of the product produced but such
      adjustment of the inner cone is effected primarily for obtaining the
      degree of friction in the material between the lower portion of the inner
      cone member and the outer cone member that is necessary to effect to
      develop the desired temperature in the material being processed.
PAR  During the assays and tests made on the flour obtained in the process of
      the present invention, it was found that the iodine color test for
      determination of the water absorbancy of the starch did not indicate the
      starch to be cooked sufficiently to explain its extreme water-absorbing
      power. This was unexpected because the starch in the less than fully
      cooked state as obtained from the process of the present invention should
      not be as absorbant of water as fully cooked starch.
PAR  Upon detailed study, however, it was discovered that by milling corn or the
      like grains according to the process of the present invention, a certain
      degree of mechanical "damage" was introduced into the granules of starch
      present in the flour. This damage was determined to be the mechanical
      rupturing of the starch granules, due to the high pressure and friction
      developed during the dry-milling of the grain.
PAR  Although cooking of a grain produces in the starch granules thereof certain
      kind of damage, such damage, the amount and the nature thereof is quite
      different from the mechanical damage imparted to the grain by the process
      of the present invention. The mechanical damage referred to is, thus, a
      kind of damage not previously obtained.
PAR  In fact, the damage produced in the starch granules during the practice of
      the present invention could only amount to one-half of the damage expected
      to be produced through cooking, in order to obtain the same degree of
      water absorbancy in the starch. Further, the mechanical damage more
      resembles a "rupturing" of the granules than a scorching thereof, as
      results in the case of cooking of the granules.
PAR  Although I do not desire to be bound by any theory in particular, it is
      believed that the aforesaid damage is due mainly to two different
      influences occurring during the milling of the grain. First, the attrition
      or reduction of the grain to the flour under water-free, substantially dry
      conditions, determines that a certain amount of heat will be produced in
      the grain, but not enough to cook (i.e. to scorch) the flour.
PAR  Second, the heat thus produced is sufficient to disintegrate the granules
      by a chain of "explosions" induced by the moisture contained in the grain
      itself which, upon heating, is almost instantaneously converted into hot
      vapor, thus, increasing greatly its volume and materially "exploding"
      every granule.
PAR  From the foregoing considerations, it can be seen that a process is
      provided, consisting of the steps of supplying a grain, such as corn, to a
      grinding means; pulverizing the grain under hot conditions; converting the
      moisture of the grain particles into hot vapor under friction and pressure
      provided by said grinding members, and mechanically rupturing the starch
      granules of the thus obtained flour, under the action of the hot vapor and
      the attrition from the grinding means; thus providing a starch granule
      ruptured or damaged to such a degree that a high water absorbancy is
      developed in said grain, at least equal to, and preferably greater than,
      the water absorbancy developed by an actual cooking of the flour.
PAR  The thus produced starch, with damage or rupturing of the granules thereof,
      can be employed, in a number of application fields, such as, an adhesive
      for use in thickening oil well drilling muds, as a binder in charcoal
      briquets, as a foundry corebinder, in all of which applications the
      absorbing property thereof is excellent. The material is, of course, also
      usable in foodstuffs.
PAR  It will be evident that the disclosed apparatus could be employed to
      produce a substantially fully cooked flour if sufficient heat is supplied
      from externally of the apparatus and sufficient moisture is present in the
      treatment zone.
PAR  In any case, whether the flour emerges uncooked, or partially cooked, or
      fully cooked, it will be highly water absorbant with all, or substantially
      all, of the starch granules thereof ruptured.
PAR  Vapor released from the starch during the milling process will be picked up
      by the flour as the starch granules rupture but will not saturate the now
      highly water absorbant starch granules.
PAR  Modifications may be made within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for reducing starch-containing material to flour while
      simultaneously rupturing the starch granules therein comprising, in
      combination, truncated inner and outer cone members mounted on a common
      vertical axis, said inner cone member having a first series of closely
      spaced grinding grooves on the outer surface thereof, a first feed groove
      disposed between each first series of grinding grooves for feeding the
      starch-containing material to the grinding grooves, said outer cone member
      having a second series of closely spaced grinding grooves on the inner
      surface thereof, a second feed groove disposed between each second series
      of grinding grooves on said outer cone member for feeding the
      starch-containing material to the grinding grooves, said first and second
      feed grooves having a depth larger than the grinding grooves, said cone
      members being substantially coextensive in the axial direction, hopper
      means for supplying starch-containing material to be ground to the annular
      space between said cone members at the upper end for movement
      therebetween, said inner cone member having an inwardly tapering upper end
      disposed in the bottom of said hopper and forming therewith a feed throat
      leading to the annular space between said cone members, and motor means
      for driving at least one of said cone members in rotation.
NUM  2.
PAR  2. A device according to claim 1 in which the opposed surfaces of said cone
      members are substantially parallel along the lower region of said cone
      members and diverge along the upper region thereof.
NUM  3.
PAR  3. The method of reducing starch-containing material to flour while
      simultaneously rupturing the starch granules therein comprising the steps
      of supplying the starch-containing material to the space between a pair of
      relatively movable vertically disposed grinding members for gravity flow
      of the starch-containing material between the members wherein the
      starch-containing material is reduced to flour in a substantially dry
      condition in the upper position of the grinding members and converting the
      moisture contained in the starch-containing material into hot vapor by
      attrition in the lower position of the grinding members to disintegrate
      the granules of the starch-containing material thus increasing its volume,
      mechanically rupturing the starch granules of the starch-containing
      material under the action of the hot vapor and the attrition from he
      grinding members thereby providing a starch granule ruptured to such a
      degree that a high water absorbency is developed in the starch-containing
      material at least equal to the water absorbency developed by an actual
      cooking of the starch-containing material.
NUM  4.
PAR  4. The method according to claim 3 in which the starch-containing material
      is heated to a temperature ranging up to about 200.degree.C.
NUM  5.
PAR  5. The method according to claim 3 which includes supplying heat to at
      least one of said grinding members from an external source.
NUM  6.
PAR  6. The method according to claim 3 which includes cooling said
      starch-containing material before it leaves the space between said
      grinding members whereby the ground starch-material material absorbs at
      least a part of the moisture driven therefrom while the material was hot.
NUM  7.
PAR  7. The method according to claim 3 in which the starch-containing material
      moves along an inwardly tapering path during the reduction thereof to
      flour and then moves along a constricted path during the development of
      heat thereon.
NUM  8.
PAR  8. The method according to claim 7 which includes varying the degree of
      constriction of the constricted path to vary the amount of heat developed
      in the starch-containing material.
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ABST
PAL  An alkaline wash water system for cleaning metal-working oil and scale from
      metal parts including a heated wash water recirculation system in which a
      small portion of the wash water is continuously removed, the oil and scale
      separated, and the cleaned portion returned with any make-up water
      required. The wash water is recirculated through a central zone of the
      separator. The separation may be a dual, alternate batch separation with a
      surge tank.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a closed alkaline wash water system for cleaning
      metal-working oil and scale from metal parts in the process of their
      manufacture and then cleaning the alkaline wash water of the metal-working
      oil and scale removed from the metal parts and reusing the wash water.
PAR  2. Description of the Prior Art
PAR  Prior to heat treating stamped, forged or machined metal parts, it is often
      necessary to remove accumulated metal-working oils. This is usually done
      with a wash or rinse using various alkaline detergent cleaning solutions,
      at a temperature of 180.degree.-200.degree.F. at a pH range of 9 to 13.
      Various commercial units, such as the Blakesley, the Ransehoff and the
      Combustion Engineering machines use either rotary drum, belt or dipping,
      with and without spray headers, to clean parts, i.e., chain links or side
      bars, pins, barrels, transmission sections, and the like. Spent alkaline
      cleaner contains approximately 10,000mg/l tightly emulsified oil at a pH
      12. When added to other dilute high flow streams, a difficult waste water
      treatment problem is created. This oil and spent detergent wash water can
      be collected and treated conventionally by the use of equalization holding
      tanks, removal of free oil and settleable solids, acidification and
      removal of broken emulsion oils, chemical coagulation, sedimentation
      and/or flotation, neutralization (as required) and sludge disposal.
PAR  However, this approach requires production floor space and above daily
      normal operating talents such as determining daily chemical pretreatment
      (this varies from batch to batch) and proper sequential processing of
      batch flows, addition of chemicals, removal of separated solids, and
      laboratory analysis of discharged effluent samples. It also requires high
      capital cost in initial equipment.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is incorporated in the usual in-plant alkaline wash
      water system which includes the usual recirculating system referred to for
      convenience as the first loop. The invention collects the oily waste
      overflow and treats the same by removing free oil and settleable solids
      and reuses the alkaline cleaner. This is accomplished at elevated
      temperatures so that a major fraction of the oil washed from the parts
      remains free and is readily separable without chemical treatment. The
      invention utilizes a gravity oil-water separator which may be a continuous
      or a batch flow unit with two hydraulically independent separation zones,
      only one of which is in operation at one time. That is, for a period of
      time one separator operates on a flow-through basis or as a three-part
      separator and the other operates on a batch basis or as a two-part
      separator. The two separators are then reversed as to function for the
      next period. In the separation zones, oil and scale are removed from the
      wash water and the wash water is recirculated in a second loop. Make-up
      water is added as required, preferably to the second loop. With the
      cleaning, the alkaline wash water life has been greatly extended and the
      problems of environmental protection have been minimized with concomitant
      significant savings in the cost of treatment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic flow sheet diagram of the treatment system of this
      invention;
PAR  FIG. 2 is a schematic flow sheet diagram of the gravity oil-water separator
      system utilized by this invention shown schematically in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A wash water holding tank 10 includes a submerged outlet 12 for the
      recirculating line 14 to the pump 16 which delivers the wash water through
      line 18 to spray header 20 and onto parts P on shelf 22 upon their
      entering the rotating perforate drum 24. The wash water with the oil that
      has been washed off the parts flows back into the tank from drum 24 by
      gravity. In the typical example illustrated, the tank 10 has a 1,000
      gallons capacity, the delivery rate is 300 gallons per minute, and parts P
      are parts up to the size of 4 inches by 4 inches. The alkaline detergent
      cleaning solution is that customarily used, having a pH range of 9 to 13.
      The tank 10 is heated by gas burner 25 so that the wash water solution is
      kept at about 200.degree.F.
PAR  Tank 10 is provided with the weir 26 and a small amount of the wash water
      continuously overflows the weir and passes through overflow outlet pipe
      28, for example at 10 gallons a minute, into a surge tank 30. From the
      surge tank 30, the wash water which is to be treated and recirculated
      passes through line 32 to pump 34 where it is pumped through line 35 into
      an oil wash water and scale separator, illustrated schematically at 36.
      Make-up water is automatically added through line 38 because up to 20% of
      the total wash water volume may be lost each day from evaporation and
      parts removal or "drag out". In the separator 36, the oil, being lighter
      than the wash water, flows to the top and is separated by gravity,
      schematically illustrated at 40; the scale, being heavier, flows to the
      bottom, schematically illustrated at 42; and the wash water, without the
      scale and oil, is returned through return line 44 to tank 10 at the rate
      of about 10 gallons per minute. Thus, the separator 36 separates the free
      oil and separable solids and the alkaline cleaner is reused. Because of
      the higher temperatures, a major fraction of the oil washed from the parts
      remains free and readily separable without chemical treatment. The
      separator level for gravity separation is above the overflow weir level,
      as indicated by the level difference 48, in FIGS. 1 and 2, so that the
      return flow through line 44 is by gravity or hydraulic head of this level
      difference. If the parts P are moving through the washer over tank 10 on a
      continuous basis, the pump 16 operates continuously and the level
      difference referred to is substantially constant. However, if the parts
      are washed on a batch basis, the pump 16 is operated only while parts are
      to be washed. That is, as pump 16 is turned off and on, the level of the
      wash water in tank 10 will be higher and lower at different moments. Surge
      tank 30 allows the pump 34 to operate continuously at the rate which is
      required for the recirculation through separator 36.
PAR  FIG. 2 illustrates the separator unit of FIG. 1. It includes two tanks
      which are used alternately, tanks 50 and 52, which for example, may have a
      1,000 gallon capacity. The output from pump 34 is pumped at 10 gallons per
      minute through the control of valve 54 to the central zone of either of
      the tanks, through lines 56 or 58. In the tanks, gravity separation takes
      place, the scale tending to settle and the oil tending to rise, so that
      the wash water with the scale and oil separated can be reused.
      Recirculation lines 60 and 62 provide for the withdrawal of wash water
      from tanks 50 and 52. For that purpose, line 60 is connected to tank 52
      oppositely of line 56; line 62 is connected to tank 50 oppositely of line
      58. Lines 60 and 62 are selectively connected to a recirculation control
      valve 64, which feeds recirculation line 44, so that the same tank that is
      being fed has the separated wash water recirculated at the rate of about
      10 gallons per minute. The central zone of the tank is then a flow-through
      zone.
PAR  Suitable oil skimmers, shown schematically in FIG. 2 as vertically movable
      skimming troughs 66 and 68, the trough 66 being located in tank 50 and the
      trough 68 being located in tank 52. The two troughs are connected by
      conduits 70 and 72 to a control valve 74, then through lines 75 and 78,
      under the control of valve 76, to a tank 80. As shown, tank 52 is now
      being used for separation in FIG. 2, while the oil is being skimmed off
      the top of tank 50 and passed to tank 80 under the control of valves 74
      and 76. The separated wash water in tank 80 may also be suitable for reuse
      in some cases.
PAR  The tanks have access holes 82 and 84 for periodically removing the scale
      from the bottom of the tanks. Wash water lines 86 and 88 are above the
      bottom of the tanks, but below the removal level, and are controlled by
      valves 90, 92 and 94, so that the wash water may be held in the tank in
      the condition of the valve shown, switched to tank 80 via line 96 or
      through line 98 to pump 100 and disposal. Also, the oil which is separated
      from the wash water in tank 80 may be removed and reused.
PAR  Make-up water in the tank is controlled by level switches 102 and 104
      connected to an electrical switch 106, which controls valve 108 connected
      in the line 38 between water main 110 and line 35. In the condition shown,
      the level in tank 50 is dropping due to the skimming of the oil, and level
      detector signals will accordingly cause additional make-up water to be
      added to tank 50. Since only water is added to make-up line 38 and the pH
      must be maintained, for example to an average of pH 12, caustic cleaner is
      added manually at each shift to compensate for cleaner lost to "drag out."
PAR  In one, non-limiting example of the system now in operation, the capacities
      and flows illustrated in the drawings are utilized, and each tank 50 and
      52 provides a 30 minute detention time. After about 24 hours of operation
      with one of the tanks, the free oil accumulation is skimmed, as shown for
      tank 50. With the flow rate shown, it takes 60 minutes for a complete
      circulation of the flow through the process. When the oil is skimmed,
      there is a switch-over to the other tank, for example tank 52 in FIG. 2,
      and the settling in tank 50 will also result in the residual fines or
      scales settling to the bottom prior to reuse of the alkaline water. The
      make-up skimming operation requires about 30 minutes. Instead of using a
      trough skimmer, other known skimmers such as roll skimmers could be used.
PAR  The disclosed system has eliminated oil carry-over into the heat treating
      process, so that all parts are cleaned, and has reduced particulate
      hydrocarbon emissions to well within environmental regulations. Moreover,
      a cleaned wash water solution is available at all times to the spray
      header 20 and this clean water has increased the capacity of the washer
      from less than 1,000 lbs. per hour to 4,500 lbs. per hour, the only change
      being the cleaning and recirculating of the oil by the oil separator to
      achieve this higher production rate. The alkaline wash water life has been
      extended from 1 week with a 5 to 10 gallon per minute continuous overflow
      and continuous wasting to 4 weeks with 0 discharge, i.e., a closed system.
      After the 4 week period, the total closed system volume of 1,200 gallons
      is hauled away for incineration. Additionally, the alkaline cleaner
      solution consumption has been reduced from 2,500 lbs. to 1,200 lbs.,
      resulting in significant monthly savings. Of course the reduction in the
      amount of wasted water reduces the hauling of the spent waste and oily
      waste from 5,000 to 7,000 gallons per day to less than 200 gallons per
      day, which also results in a significant dollar savings in reduced haulage
      costs.
PAR  In particular, the invention may be incorporated in various types of parts
      washing apparatus which include the first loop and may utilize various
      types of gravity separation systems for removal of the oil and scale in
      the second loop.
PAR  In some systems, the parts move continuously through the washer during the
      entire work day. In that case, the circulation of the wash water over the
      parts by pump 16 is similarly continuous. Accordingly, circulation of the
      wash water by pump 34 through the separator could be continuous on a
      24-hours per day basis, whereas the oil and scale might be removed from
      the separators on week-ends or even less frequently. In other systems, the
      parts are placed in the washer for certain periods which may be regulated
      according to the washing or rinsing requirements. Generally, the
      circulation of the wash water by pump 16 is effected only as required
      during those periods, whereas the recirculation of the wash water by pump
      34 might be on an 8-hour day or as required. In any such system also, a
      single separator might be required, and the separator might include means
      for the continuous or periodic removal of the floating oil, and possibly
      the settled scale as well, while the single separator is in service.
PAR  It should also be noted that while parts P are not being washed and pump 16
      is not operating, the tank 10 normally or unavoidably functions as a
      settling and flotation tank which requires periodic attention.
PAR  An important feature of the invention thus resides in the continuous
      circulation of the second loop as is provided for by line 44. As shown,
      line 44 opens into tank 10 so that the circulation of the second loop,
      which is continuous, sweeps the bottom of tank 10 and across the upper
      level of the wash water in the tank to direct scale and oil toward the
      weir 26. Tank 10 is thus kept "clean" of scale for an indefinite period
      and only requires cleaning on rare occasions, which might be while the
      plant is shut down for other maintenance purposes.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an alkaline wash water system for cleaning metal-working oil and
      scale from metal parts in the process of their manufacture, said system
      including a container for temporarily holding such parts, a pump, a wash
      water supply line from said pump to said container for discharging the
      wash water over such parts, a wash water supply tank disposed to receive
      the wash water with oil and scale which drains from such parts and having
      an outlet connected to said pump and a heater for continuously maintaining
      the wash water in the tank at an elevated temperature, said pump providing
      the circulation of the wash water over the parts in a first loop as
      required, the improvement wherein said tank is provided with an overflow
      weir for the continuous withdrawal of the upper fraction of the wash water
      therein, and an inlet for the continuous return of wash water to the tank,
      a gravity separator including means defining a central zone having an
      inlet and an outlet for connection to said tank, said separator further
      having an upper outlet for removal of floating separated oil and a lower
      outlet for removal of settled separated scale, and hydraulic lines
      including a pump respectively connecting the central zone inlet and outlet
      with the tank outlet and inlet respectively and providing the continuous
      recirculation of wash water through the central zone of said separator in
      a second loop, said heater and said hydraulic means being effective to
      maintain the contents of the separator also at an elevated temperature.
NUM  2.
PAR  2. The improvement of claim 1 wherein the inlet provided the wash water
      supply tank is directed so that the flow of the second loop into said tank
      is effective to direct scale and the floating oil therein toward the
      overflow weir provided for the removal of the upper fraction of the wash
      water in the tank, particularly while no parts are being washed and no
      circulation of the wash water in the first loop is being effected.
NUM  3.
PAR  3. The system of claim 1 which includes a second separator and hydraulic
      lines and valves for the alternate use of one separator while the oil and
      scale is removed from the other separator --that is, one separator
      functions as a three-part separator while the other functions as a
      two-part separator, and the functions of the two separators are
      periodically alternated.
NUM  4.
PAR  4. The system of claim 3 which includes a third gravity separator and lines
      connecting the same alternately to either of said first two separators to
      receive therefrom and to allow the separated components of such oil to be
      selectively reused and disposed of.
NUM  5.
PAR  5. The system of claim 1 wherein a make-up water supply line having a valve
      controlling the line is connected to the separator and the separator
      includes a float controller which operates said valve to open the line
      when the level in the separator is less than a selected elevation.
NUM  6.
PAR  6. The system of claim 5 wherein the elevation referred to is a selected
      distance above the overflow weir of the tank, whereby the minimum rate of
      flow referred to is determined and maintained by the hydraulic head
      represented by said distance.
NUM  7.
PAR  7. An alkaline wash water system for cleaning metal-working oil and scale
      from metal parts in the process of their manufacture, said system
      including a spray header, a temporary parts container beneath said header,
      a tank below said container and having a heater and an outlet along one
      side of the tank, and a recirculating pump having its inlet connected to
      said tank outlet and its discharge outlet connected to said spray header,
      said pump providing the recirculation of wash water in the tank in a first
      loop, said tank further having an inlet below said outlet, an overflow
      weir above said outlet and an overflow trough and the system further
      including a second pump and gravity separator hydraulically connected in
      series with said tank inlet and overflow trough, said separator more
      specifically having an intermediate inlet connected to said trough, an
      upper outlet for the oil removed from the parts and floating in the
      separator, a lower outlet for the scale from the parts and settled in the
      separator, and an intermediate outlet connected to the inlet of said tank,
      said second pump providing the continuous recirculation of the wash water
      product of the separator in a second loop, the recirculated washing water
      passing through a central zone of the separator defined between said
      intermediate inlet and said intermediate outlet, said heater being
      effective to maintain both loops at a suitably elevated temperature, the
      movement of the combined loops in the tank being in the direction of the
      overflow weir of the tank, and said second pump maintaining the rate of
      flow of the second loop at the minimum rate of flow over the weir whereby
      the scale as well as the oil from the parts is transferred from the first
      loop to the second loop for their removal in the separator.
NUM  8.
PAR  8. A system as in claim 7 further comprising means for adding wash water to
      the system to accommodate for wash water lost by evaporation and parts
      drag out.
NUM  9.
PAR  9. A system as in claim 7 wherein the separator comprises a pair of gravity
      separation tanks connected to be alternately usable and wherein said upper
      outlet is an oil skimmer.
NUM  10.
PAR  10. The method of cleaning metal-working oil and scale from metal parts in
      the process of their manufacture with a given supply of an alkaline wash
      water, which method comprises withdrawing wash water from said supply,
      circulating the withdrawn wash water over said parts and returning the
      wash water with oil and scale to the supply, separately withdrawing and
      continuously circulating a small portion of said supply through the
      central zone of a gravity separator, providing the wash water in the
      separator with a detention time which allows the oil and scale to separate
      therefrom, separately removing the oil and scale from the top and bottom
      of the separator, respectively, drawing separated wash water off from the
      central zone of the separator, and returning the separated wash water to
      said supply.
NUM  11.
PAR  11. The method of claim 10 which includes adding make-up water to the
      portion circulating through the separator.
NUM  12.
PAR  12. The method of claim 10 which includes directing the return of the wash
      water from the separator into the wash water supply to cause the settled
      scale and floating oil in the supply to be withdrawn therefrom and
      introduced into the separator with said small portion referred to.
NUM  13.
PAR  13. The method of claim 10 which includes continuously heating the supply
      of wash water directly and indirectly heating the wash water in the
      separator.
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ABST
PAL  A destainer for electrophoresis slab gels. The slab gels are placed in
      flexible mesh, and rolled into cylindrical shapes and inserted into slab
      holding tubes. The slab holding tubes are placed in the flow path of a
      washing liquid which flows past the slab gels and then through a return
      flow path containing a filter for removing stain particles washed away
      from the slab gels. A magnetic stirring pump draws fluid through the
      filter forcing it through the slab holding tubes and into the return flow
      path thereby forming a continuous flow path for destaining slab gels
      contained entirely within a cylindrical outside container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed toward a destainer for slab gels and more
      specifically toward a destainer which does not disturb the separated
      protein fractions.
PAR  The destaining of acrylimide gels is essential to complete the analysis of
      proteins which have been separated by electrophoresis. The ionic
      components of a protein mixture are in an acrylimide gel having a
      sheetlike configuration. The ionic component separation is not visible to
      the eye until the gel sheet has been stained and fixed with an appropriate
      stain. The stain permeates the entire gel rendering it a dense opaque
      color and the surplus stain, that is all stain which is not held by the
      ionic bands, must be removed before the bands themselves become visible.
      Destaining may be implemented electrophoretically by passing direct
      current through the gel or by diffusion wherein the gel is bathed in a
      recirculating washing liquid. Electrophoretic destaining runs the risk of
      imposing band shifts and production of artifacts and requires constant
      operator attention to the process. Consequently a destaining apparatus and
      method is needed which does not require constant operator attention and
      which does not impose band shift within the slab gels.
PAR  The diffusion method requires that the stain particles carried away from
      the gel be absorbed before the liquid is recirculated past the gel to
      remove remaining stain particles.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  In general it is an object of the present invention to provide an improved
      destainer for electrophoresis slab gels.
PAR  It is another object of the present invention to provide for destaining in
      a relatively short period of time.
PAR  It is another object of the present invention to provide a destainer having
      no component parts extending through the walls of the container wherein
      the enclosed stirring bar is rotated by a magnetic field applied external
      to the unit.
PAR  It is another object of the present invention to provide a destainer having
      a closed washing liquid flow path.
PAR  It is another object of the present invention to provide a destainer
      apparatus and method which eliminates band shifts within the slab gels.
PAR  It is another object of the present invention to provide a destainer which
      does not have to be stopped at a precise point in the process.
PAR  It is another object of the present invention to provide a destainer which
      requires a minimum amount of operator time and handling of the slab gels.
PAR  The foregoing and other objects of the invention are achieved by a
      destainer which utilizes a washing liquid which circulates within a liquid
      container. A flange supported within the container effectively separates
      the container into first and second compartments. A return flow path
      extends within the container between the first and second compartments. A
      filter for removing stain particles is contained within the return flow
      path. Flexible mesh means for containing gel slabs are provided which may
      be rolled into cylindrical shapes and placed within slab holding tubes.
      The slab holding tubes are mounted in openings in the flange so that a
      pump located in the second container compartment causes washing liquid to
      flow from the second compartment through the slab holding tubes for
      removing stain particles from the slab gels. Flow continues through the
      first compartment to the return path and through the filter which removes
      stain particles from the washing liquid. The pump draws the filtered
      liquid from the filter directing it through the second compartment to pass
      by the slab gels once again in a continuous flow path.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view partially cutaway of the slab gel
      diffusion destainer.
PAR  FIG. 2 is a sectional view along the line 2--2 of FIG. 1.
PAR  FIG. 4 is an isometric view of a mesh container holding a slab gel.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 the slab gel destainer includes a liquid container 11
      which is cylindrical in shape having a closed bottom 12 and an open top
      end. A cover 13 is provided for closing the open top of the container 11.
      A flange or partition 14 extends across the inside diameter of container
      11 effectively dividing the interior of container 11 into a first
      compartment 16 and a second compartment 17. Partition 14 is supported
      inside container 11 by feet 18 which rest on the bottom 12. A cylindrical
      skirt 19 depends from partition 14 but does not extend to the bottom 12. A
      bar 21 containing magnetic material pivotally rests on the bottom 12 where
      it is confined within the depending skirt 19.
PAR  Slab holding tubes 22 are contained within the first compartment and may
      number one or more. Slab holding tubes 22 are fitted with end caps 23
      having perforations 24 therein which may best be seen in FIG. 3. As is
      also best seen in FIG. 3, partition 14 has openings 26 therethrough which
      are formed to accept end caps 23. Another opening 27 through partition 14
      is located within the area on partition 14 defined by depending skirt 19.
PAR  Slab holding tubes 22 are contained within the first compartment and may
      number one or more. Slab holding tubes 22 are fitted with end caps 23
      having perforations 24 therein which may best be seen in FIG. 3. As is
      also best seen in FIG. 3, partition 14 has openings 26 therethrough which
      are formed to accept end caps 23. Another opening 27 through partition 14
      is located within the area on partition 14 defined by depending skirt 19.
PAR  As shown in FIG. 1 cylindrical means 28 is supported on partition 14 having
      holes 29 communicating first compartment 16 with the interior of
      cylindrical means 28 which provides a return flow path. A filter 31
      substantially fills the inside diameter of cylindrical means 28 supported
      on blocks 32 at one end thereof.
PAR  As is best seen in FIG. 2, a number of rods 30 are attached to the inside
      diameter of slab holding tubes 22 extending along the length of tubes 22.
      In this embodiment, four rods 30 are spaced at 90.degree. intervals around
      the inside diameter of tubes 22.
PAR  Referring to FIG. 2 a screen 33 is seen at the inlet end of filter 31 and a
      similar screen is located at the opposite outlet end. Slab holding tubes
      22 contain a folded flexible mesh 34 for containing and supporting the
      slab gels within the holding tubes 22. FIG. 4 shows a slab gel 36
      supported on flexible mesh 34. It may be seen in FIG. 4 that mesh 34 may
      be folded to contact gel 36 on both sides for supporting and containing
      gel 36 therein.
PAR  Operation of the slab gel diffusion destainer may now be described.
      Referring to FIG. 4 a slab gel 36 is placed on flexible mesh 34 after
      electrophoresis for support and containment therein. The mesh 34 is rolled
      into cylindrical form and inserted in slab holding tube 22 and confined
      therein by placing end caps 23 on each end. Rods 30 hold the mesh in
      spaced relation with the inside wall of tubes 22. The slab gel is stained
      by immersing the slab holding tube 22 in a stain bath whereupon it takes
      on a dense opaque appearance and is ready for destaining for the purpose
      of rendering the ionic bands visible. The container 11, cover 13 and all
      parts included within the confines of the container 11 are of materials
      which are unaffected by the washing liquid which is circulated through the
      interior of the destainer. In this embodiment partition 14 may be of
      polyvinyl chloride and the container 11 is molded TPX (Trademark of
      International Chemical Industries Ltd. for polymethylpentene). The
      flexible mesh material is a polypropylene mesh, which in this embodiment
      may accomodate slabs 36 up to 7 inches wide and 13  inches in length
      having any desirable thickness. Usual thicknesses range from 0.75mm to
      3mm. The slab holding tubes 22 are clear polyvinyl chloride material, and
      the end caps 23 are polyethylene.
PAR  After staining the gel 36 the slab holding tube 22 with end caps 23
      attached, is positioned in openings 26 in partition 14. Provision for two
      such slab holding tubes 22 is shown in this embodiment although any number
      may be accomodated by appropriate modification of partition 14. Partition
      14 supporting gel tubes 22 is placed within container 11 which is filled
      with an acid destaining solution which functions as the washing liquid.
      Cover 13 is placed over the open end of container 11 and a rotating
      magnetic field is applied externally at the bottom 12 of container 11. The
      bar 21 containing a magnetic material is covered with a material
      impervious to the washing solution and is rotated by the rotating magnetic
      field within the confines of depending skirt 19. The rotation of bar 21
      pumps the washing liquid centrifugally in second compartment 17 and it
      passes through openings 26 in partition 14 and perforations 24 in end caps
      23 into the interior of slab holding tubes 22. The flow of the washing
      liquid passes by the inside and outside surfaces of the flexible mesh 34
      containing the slab gel 36, as mesh 34 is held away from the inside wall
      of tube 22 by rods 30. This provides fast uniform flushing and destaining
      of the slab gel 36. Flow continues through the perforations 24 in the
      opposite end cap 23 into the first compartment 16. Washing liquid passes
      through the holes 29 in cylindrical means 28 which provides a return flow
      path through its interior which contains filter 31. Flow continues through
      filter 31 and opening 27 in partition 14 to be centrifugally pumped once
      again by stirring bar 21 into second compartment 17. In this manner a
      continuous flow path is provided and filtered washing liquid is pumped by
      all sides of slab gel 36 in slab holding tubes 22 for removing stain
      particles therefrom.
PAR  A slab gel diffusion destainer has been provided which completely destains
      a 0.75 mm thick gel slab which has been stained with Coomassie Blue in
      approximately one hour. There is no risk during destining of band shifts
      or band erasure. Operator handling after loading upon the completion of
      electrophoresis to the completion of destaining is eliminated. An
      apparatus is provided containing parts resistant to the washing liquid, as
      well as a method for destaining slab gels including the steps of
      supporting a slab gel in a continuous flow path, filtering a destaining
      liquid in the flow path and pumping the destaining liquid around the flow
      path.
CLMS
STM  I claim:
NUM  1.
PAR  1. A destainer for electrophoresis slab gels utilizing a circulating
      washing liquid comprising a liquid container having side walls and a
      bottom wall, a partition supported within said container occupying
      substantially all of a cross section between the side walls and dividing
      said container into first and second compartments, said partition having a
      plurality of openings therethrough, means for defining a return flow path
      in communication with said first container compartment at one end and with
      said second container compartment through a first one of said plurality of
      openings at the other end, filter means mounted in said return flow path
      and extending across substantially all of a cross section of said return
      flow path, a plurality of gel slab holders supported by said partition in
      communication with each of said plurality of openings other than said
      first one, flexible means permeable to the washing liquid for containing
      said slab gels, said flexible means being formed for rolling into a
      cylinder for insertion into said gel slab holders, means for defining a
      continuous flow path including said means for defining a return flow path
      and said gel slab holders, and means for circulating the washing liquid
      through said continuous flow path, whereby substantially all of the
      washing liquid is circulated past all external surfaces of the slab gels
      in a filtered condition.
NUM  2.
PAR  2. A destainer for electrophoresis slab gels utilizing a circulating
      washing liquid comprising a liquid container having side walls and a
      bottom wall, a partition supported within said container occupying
      substantially all of a cross section between the side walls and dividing
      said container into first and second compartments, said partition having a
      plurality of openings therethrough including a first opening, means for
      defining a return flow path in communication with said first container
      compartment at one end and with said second container compartment through
      said first opening at the other end, filter means mounted in said return
      flow path, a plurality of gel slab holding tubes supported by said
      partition in communication with one each of said plurality of openings
      other than said first opening, a plurality of perforated caps for covering
      each end of said holding tubes, said caps being formed to fit within said
      other openings, flexible means for containing said slab gels for insertion
      into said gel slab holding tubes, means for defining a continuous flow
      path including said means for defining a return flow path and said gel
      slab holders, and means for circulating the washing liquid through said
      flow path, whereby substantially all of the washing liquid is circulated
      past the slab gels in a filtered condition, said flexible means for
      containing the slab gels being rolled into a cylindrical shape prior to
      insertion into said holding tubes.
NUM  3.
PAR  3. A destainer for electrophoresis slab gels as in claim 2 wherein said
      tubes include a plurality of longitudinal members attached to and
      extending along the inside wall of said holding tubes, whereby said
      flexible means are held in spaced relation from the inside wall of said
      holding tubes so that the washing liquid flows past substantially all of
      the slab gel external surfaces.
NUM  4.
PAR  4. A destainer for electrophoresis slab gels as in claim 2 wherein said
      means for circulating the washing liquid comprises a bar containing
      magnetic material pivoted on said bottom wall of said container and
      coupled magnetically to an externally applied rotating magnetic field
      whereby said bar is caused to rotate within said second compartment.
NUM  5.
PAR  5. A slab gel diffusion destainer utilizing a circulating liquid comprising
      a liquid container having sidewalls and a bottom wall, means for defining
      a return flow path within said container, a flange spaced from said bottom
      wall attached to one end of said means defining said return flow path
      occupying substantially all of a cross section between said sidewalls and
      said last named means, said flange having at least first and second
      openings therethrough, said first opening being in communication with said
      return flow path, a gel slab holding tube, a flexible mesh for supporting
      a slab gel on both sides thereof, said flexible mesh being formed to be
      rolled into a cylinder for insertion into said slab holding tube,
      perforated caps for covering each end of said holding tube thereby
      confining said flexible mesh cylinder therein, said holding tube and cap
      assembly formed to fit in said second flange opening, filter means mounted
      in said return flow path, and means for circulating the liquid through
      said first opening, slab gel holding tube, return flow path, and second
      opening so that when the slab gel is confined in said holding tube and cap
      assembly and placed in said second flange opening, it is washed until
      excess stain is removed.
NUM  6.
PAR  6. A slab gel diffusion destainer as in claim 5 wherein said return path
      has an axis removed from the axis of said liquid container and the axis of
      said slab holding tube is parallel to the axis of said return path.
NUM  7.
PAR  7. A slab gel diffusion destainer as in claim 5 wherein said means for
      circulating the liquid has a rotating member acting as a centrifugal pump
      for forcing the liquid away from said filter towards said second flange
      opening.
NUM  8.
PAR  8. A slab gel diffusion destainer as in claim 7 wherein said rotating
      member is pivoted on the bottom wall of said container and is coupled
      magnetically to an externally applied rotating magnetic field which causes
      said member to rotate.
NUM  9.
PAR  9. A slab gel diffusion destainer as in claim 5 wherein the circulating
      liquid is an acid solution and wherein said liquid container, means for
      defining a return flow path, flange, slab gel holding tube, flexible mesh,
      filter means, and means for circulating the liquid are constructed from
      acid resistant materials.
NUM  10.
PAR  10. A slab gel diffusion destainer as in claim 5 wherein said gel slab
      holding tube includes longitudinal members attached to the inside diameter
      of said holding tube and extending along the length thereof, whereby said
      flexible mesh is held away from the inside wall of said holding tube so
      that both sides of the slab gel are washed by the circulating liquid.
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ABST
PAL  A lead acid storage battery is produced wherein the electrolyte is an
      immobilized paste. The immobilized electrolyte paste comprises 1.5 to 4
      parts sulfuric acid having a specific gravity from 1.050 to 1.350 and 1
      part organic microparticles being inert to sulfuric acid and having a
      particle diameter of 0.1 to 3 .mu..
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to lead acid storage batteries and more particularly
      to lead acid storage batteries wherein the electrolyte is an immobilized
      electrolyte paste.
PAR  The lead acid storage battery, which converts chemical energy into
      electrical energy, generally consists of positive and negative plates,
      separators between the plates, a dilute sulfuric acid as the electrolyte,
      and a battery case wherein the preceding elements are positioned in the
      case.
PAR  The reversible reaction is basically as follows:
EQU  PbO.sub.2 + Pb + 2H.sub.2 SO.sub.4 .revreaction. 2PbSO.sub.4 + 2H.sub.2 O
PAR  During charging the equation proceeds from right to left and during
      discharging from left to right.
PAR  Several drawbacks with these batteries are from the standpoint of safety
      and maintenance. Care must be exercised in handling these batteries to
      prevent spillage of the fluid sulfuic acid electrolyte since this
      electrolyte is a hazardous material. Also the batteries require continuous
      periodic maintenance of adding makeup water to the electrolyte due to the
      evaporation of water from the sulfuric acid electrolyte.
PAR  Various additives are known which will immobilize the electrolyte and thus
      decrease the hazards of spillage and decrease the amount of maintenance by
      inhibiting water evaporation from the sulfuric acid electrolyte. These
      methods have, however, accompanying disadvantages.
PAR  One such additive is very fine, sub-micron, silica particles with a
      diameter of the order of 0.02 .mu.. These sub-micron silica particles
      immobilize the electrolyte by forming a gel. A disadvantage with this
      additive is in the handling of the silica before it is admixed with the
      electrolyte. Because of the extreme fineness of this material it readily
      becomes airborne and measures must be taken to confine it. Furthermore,
      care must be exercised to prevent inhalation of this material due to
      health hazards.
PAR  Other additives which have been used to immobilize sulfuric acid
      electrolytes are organic polymers containing hydrophilic functional groups
      such as polyacrylamide, polyvinyl alcohol, and copolymers of maleic
      anhydride and methyl vinyl ether.
PAR  These organic polymers immobilize the electrolyte by forming gels since
      they contain hydrophilic functional groups capable of partial solubility
      in the electrolyte. The disadvantage, however, of these partially soluble
      gel forming polymers is that because of their hydrophilic functionality,
      they also break down in the electrolyte. Their life as an immobilizer is,
      therefore short and upon breaking down they also pollute the electrolyte.
PAR  Prior to this invention, organic polymers which are stable in the sulfuric
      acid electrolyte, since they do not contain hydrophilic functional groups,
      have, previously, not been considered useful for this purpose because they
      correspondingly do not gel to immobilize the electrolyte.
PAR  Sodium silicate, water glass, has also long been known to gel and thereby
      immobilize sulfuric acid electrolytes. Only a high purity, chlorine free
      sodium silicate, however, may be used since the chlorine damages the
      effectiveness of the cell. Furthemore, sodium silicate which is
      sufficiently chlorine free is expensive and difficult to obtain.
PAC  Brief Summary of the Invention
PAR  It is an object of this invention to provide a lead acid storage battery to
      eliminate the hazards associated with electrolyte spills by forming a
      paste to immobilize the electrolyte.
PAR  It is another object of this invention to provide a lead acid storage
      battery wherein the immobilized electrolyte does not substantially affect
      electrical efficiency of the cell.
PAR  It is another object of this invention to provide a material to immobilize
      the electrolyte which is easy and safe to handle before admixing with the
      electrolyte.
PAR  Still another object of this invention is to provide an organic material
      which will immobilize the electrolyte but is not partially soluble in the
      electrolyte and, therefore, will not break down in the sulfuric acid
      electrolyte.
PAR  Still another object of this invention is to provide an organic material
      which will inhibit the evaporational loss of water in the sulfuric acid
      electrolyte and, thereby, decrease the amount of maintenance by requiring
      less makeup water.
PAR  And, still another object of this invention is to provide a material to
      immobilize the battery electrolyte wherein this material is readily
      available in a pure state so that it will not contaminate the cell. Other
      objectives will be apparent from the following description of this
      invention.
PAR  This invention provides for a lead acid storage battery which comprises a
      battery housing, positive and negative lead base electrodes, and an
      immobilized electrolyte paste. The immobilized electrolyte paste comprises
      1.5 to 4 parts sulfuric acid having a specific gravity of from 1.050 to
      1.350 and 1 part organic microparticles being inert to sulfuric acid and
      having a particle diameter from 0.1 to 3 .mu. .
PAR  Organic microparticles which are inert to sulfuric acid include
      polystyrene, polymethyl methacrylate, polypropylene, and polyethylene. The
      former two organic microparticles are more readily available and,
      therefore, are preferred.
PAR  Other organic polymers such as urea formaldehyde and the like which also
      may be produced as microparticles, cannot be employed, since they break
      down in the presence of sulfuric acid.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  There are numerous known ways of constructing lead acid storage batteries.
      A common method for making such a battery is to use at least one lead base
      alloy grid as the positive electrode and at least one lead base alloy grid
      as the negative electrode. Generally, a battery paste is imbedded into the
      electrode grid structure. This paste may consist of lead monoxide and
      sulfuric acid. The electrodes are positioned in a battery casing
      constructed from hard rubber, plastic, or glass. The positioning of the
      pasted electrodes is such that the positive and negative grids alternate,
      but do not contact. Spacers or separators are generally added to aid in
      preventing the contact of positive and negative grids. The negative grids,
      however, are electrically connected to one another and to a negative
      electrode terminal. The positive grids are also connected to each other
      and to a positive electrode terminal. A battery casing cover can also be
      provided with means for allowing the electrode terminals to protrude
      through the casing cover and thereby be exposed for electrical connection
      of the battery.
PAR  The assembled battery is now ready for forming and conditioning. Forming
      acid, sulfuric acid with a specific gravity of 1.050 to 1.350 and
      preferably with a specific gravity of about 1.070, is added to the battery
      and a potential is applied to the terminals until the battery is charged.
      The forming acid is then removed and a conditioning acid, sulfuric acid
      with a specific gravity of 1.050 to 1.350 and preferably with a specific
      gravity of about 1.280, is added to the battery and the battery is again
      charged.
PAR  After charging the conditioning acid is removed and the battery is ready
      for the permanent immobile paste electrolyte of the instant invention.
      While batteries are generally formed and conditioned in free acid (i.e.,
      acid that has not been immobilized) it has been found that batteries can
      also be formed and conditioned using the immobilized electrolyte paste of
      the instant invention. During forming and conditioning a great amount of
      hydrogen gas is evolved which causes immobilized electrolyte gels to
      separate from the lead based electrodes and thus decreases the efficiency
      of the lead acid battery. The immobilized electrolyte paste of the instant
      invention, however, has sufficient fluidity to recontact the lead base
      electrodes after the hydrogen has has evolved and thereby the efficiency
      of the lead acid battery is maintained. By conditioning or forming and
      conditioning the battery with the immobilized electrolyte paste of the
      instant invention, the process of preparing a lead acid storage battery is
      simplified since the intermediate steps of removing the forming and
      conditioning acid after charging are eliminated.
PAR  The immobile paste electrolyte is prepared in the following manner. First,
      organic microparticles which are inert to sulfuric acid are prepared
      having a diameter of 0.1 to 3 .mu.. Organic microparticles which are inert
      to sulfuric acid include polystyrene, polymethyl methacrylate,
      polypropylene and polyethylene. The former two organic microparticles
      being more readily available are preferred. These organic microparticles
      can be either solid or hollow. Preferably, these organic microparticles
      have a diameter of from 0.2 to 1 .mu.. Preparation of these organic
      microparticles are well known in the art. One method for preparing solid
      organic microparticles is by emulsion polymerization. A well known
      emulsion polymerization method can be found in the Journal of Paint
      Technology (40, No. 527, 541-8 (1968). A method for preparing hollow
      organic microparticles is described in U.S. Pat. No. 3,784,391.
PAR  The organic microparticles are then admixed with sulfuric acid having a
      specific gravity of from 1.050 to 1.350. From 1.5 to 4.0 parts sulfuric
      acid are used with each part of organic microparticles.
PAR  To facilitate the mixing of the organic microparticles with the sulfuric
      acid an anionic or nonionic surfactant agent may be employed. Numerous
      anionic and nonionic surfactant agents useful for this purpose are well
      known in the art. Some of the more readily available of these surfactive
      agents are dioctyl sodium sulfosuccinate, sodium lauryl sulfate, and
      alkylaryl polyether alcohol.
PAR  The organic microparticles mix with sulfuric acid to form the immobilized
      electrolyte paste of the instant invention. It has been found, however,
      that when organic microparticles larger than 3 .mu. are used in the paste,
      they tend to settle out and do not effectively immobilize the electrolyte.
PAR  The prepared immobilized electrolyte paste of the instant invention is now
      added to the lead acid storage battery which has been described
      previously.
PAR  A convenient method of adding the immobilized electrolyte to the lead acid
      storage battery is to remove the battery cover, apply the immobilized
      electrolyte paste to the top of the electrode grids, and vibrate the lead
      acid battery cell. The vibration will cause the immobilized electrolyte to
      flow between the electrode grids. There should be sufficient vibration to
      allow the immobilized electrolyte to make good contact with the grids.
      After the immobilized paste has been added to the lead acid storage
      battery, a battery cover can be attached to the battery case. The lead
      acid storage battery is now operational.
PAR  The following examples are presented to more fully describe the invention.
PAC  EXAMPLE 1
PAR  In this example, a 2 volt lead acid battery cell was prepared in which the
      immobilized electrolyte of the cell contained hollow polystyrene
      microparticles having an average diameter of 1 .mu..
PAR  These microparticles were prepared by mixing polystyrene with a solvent and
      a non-solvent for styrene. Both the solvent and nonsolvent were also
      immiscible with water. The styrene-solvent-nonsolvent mixture was then
      emulsified in water using high shear and a surface active agent. Next the
      solvent was removed from the emulsion by distillation under reduced
      pressure. Then the water and the non-solvent were removed by drying, thus
      forming hollow microparticles of polystyrene having an average diameter of
      1 .mu.. This method is more fully described in U.S. Pat. No. 3,784,391.
PAR  These hollow polystyrene microparticles were used to immobilize the battery
      electrolyte of a 2 volt lead acid battery cell prepared in the following
      manner.
PAR  Nine lead monoxide positive plates (13/4  .times. 13/4  .times. 0.045 inch)
      and ten lead monoxide negative plates (13/4  .times. 13/4  .times. 0.045
      inch) were placed vertically and in alternating order in a polystyrene
      case (21/4  .times. 21/2  .times. 21/4  inch).
PAR  The positive plates and the negative plates were prevented from contacting
      one another by imposing between them perforated, corregated, PVC battery
      separators. The positive plates were electrically connected to one another
      and to a positive terminal and the negative plates were also connected to
      one another and a negative terminal. A removable polyethylene cover for
      the case was provided.
PAR  To form and condition the battery cell a sulfuric acid-polystyrene
      microsphere paste was prepared and used. The paste was prepared by
      admixing 1.7 parts of sulfuric acid having a specific gravity of 1.260
      with 1 part hollow polystyrene microspheres prepared as described above.
      This mixture formed an immobilized electrolyte paste. The immobilized
      electrolyte paste was then placed in the battery cell while vibrating the
      cell to cause the electrolyte paste to completely cover the electrode
      plates.
PAR  The battery cell was formed by supplying 0.455 amps to the battery cell for
      48 hours. The battery cell was then conditioned by supplying 0.152 amps
      for 64 hours.
PAR  Next the cycle life of the battery cell was tested. This was done by
      placing a 2 ohm resister across the battery cell and then allowing the
      cell to discharge until the voltage of the cell decreased from 2 volts to
      1.75 volts. After discharging the battery cell was recharged. The
      discharging-charging cycle was continually repeated. The ampere-hours of
      each discharged cell was calculated. When the ampere -hours of the
      discharge reached 15% of the theoretical capacity of the cell, the cell
      was considered "dead" . The theoretical capacity of the cell was .24
      ampere-hours per gram of active material in the cell. In this example the
      cell had a theoretical capacity of 14.5 ampere-hours and the cell had a
      cycle life of 64 discharge-charge cycles.
PAR  During the entire life of this battery cell the hollow polystyrene
      microparticles in the immobilized battery electrolyte remained as a paste
      and did not separate from the electrolyte or degrade. In addition, the
      immobilized battery electrolyte remained sufficiently immobilized to
      prevent the spilling of the electrolyte if the battery cell were
      temporarily placed on its side and thus greatly decreasing the hazard of
      an accidental spill.
PAR  The operational details are recorded in Table I.
PAC  EXAMPLE 2
PAR  In this example a lead acid battery cell was prepared and tested as in
      Example 1 with the following exceptions. The battery cell was formed in
      free sulfuric acid (no microparticles present) having a specific gravity
      of 1.070. After forming the forming acid was removed and an immobilized
      electrolyte paste was added for conditioning and cycling. The immobilized
      electrolyte paste contained 2 parts sulfuric acid having a specific
      gravity of 1.300 and 1 part hollow polystyrene microparticles as described
      in Example 1. This battery cell had a discharge-charge cycle life of 54
      cycles, and the hollow microparticles did not separate from the sulfuric
      acid or degrade, and hence, the electrolyte remained immobilized.
PAR  The operational details are recorded in Table I.
PAC  Example 3
PAR  In this example, a lead acid battery cell was prepared and tested as in
      Example 1 with the exception that the immobilized battery electrolyte
      contained 3 parts sulfuric acid for each part of hollow polystyrene
      microparticles rather than 1.7 parts sulfuric acid as in Example 1. In
      this example the battery cell had a discharge-charge cycle life in excess
      of 20 cycles, and the hollow microparticles did not separate from the
      sulfuric acid or degrade, and hence, the electrolyte remained immobilized.
PAR  The operational details are recorded in Table I.
PAC  Example 4
PAR  In this example, a battery cell was prepared and tested as in Example 1
      with the following exception. Five lead monoxide positive-plates and six
      lead monoxide negative plates were used. The battery cell was formed in
      free sulfuric acid having a specific gravity of 1.070 and by supplying
      0.153 amps for 48 hours. The battery cell was then conditioned in free
      sulfuric acid having a specific gravity of 1.300 and by supplying 0.184
      amps for 16 hours.
PAR  After conditioning, the conditioning acid was removed and an immobilized
      electrolyte paste was added for testing. The paste contained 4 parts
      sulfuric acid having a specific gravity of 1.300 and 1 part hollow
      polystyrene microparticles as prepared in Example 1.
PAR  In cycling the battery cell, the cell was discharged from 2 volts to 1.25
      volts and the drain rate was approximately .4 amps. The battery cell had a
      cycle life of 45 cycles, and the hollow microparticles did not separate
      from the sulfuric acid or degrade, and hence, the electrolyte remained
      immobilized.
PAR  The operational details are recorded in Table I.
PAC  EXAMPLE 5
PAR  In this example, a battery cell was prepared and tested as in Example 4
      with the following exceptions. The battery cell was tested with paste
      containing 2.85 parts sulfuric acid and 1 part solid polystyrene having a
      diameter of 0.2 .mu..
PAR  In order to prepare the solid polystyrene particles used in this example an
      anionic surfactant and a non-ionic surfactant were added to water. Then
      under high shear styrene was added to the water to form an emulsion. Next
      the styrene was polymerized by adding a redox catalyst and then heating
      and maintaining the emulsion at reflux temperature. The polystyrene was
      then separated from the water by spray drying which yielded solid
      polystyrene microparticles having a diameter of 0.2 .mu.. This procedure
      is more fully described in Journal of Paint Technology (40, No. 527, 541-8
      (1968).
PAR  This battery cell containing the solid polystyrene microparticles had a
      cycle life of 22 cycles and the solid polystyrene microparticles did not
      separate from the sulfuric acid or degrade, and hence, the electrolyte
      remained immobilized.
PAR  The operational details are recorded in Table I.
PAC  EXAMPLE 6
PAR  In this example, a battery cell was prepared and tested as in Example 1
      with the following exceptions. Three lead monoxide positive plates (11/4
      .times. 1 15/16 .times. 0.1 inch) coated with a sulfated lead monoxide
      paste and two lead monoxide negative plates (11/4  .times. 15/16 .times.
      0.1 inch) coated with a sulfated lead monoxide paste were used in a
      polystyrene case (21/2  .times. 21/4  .times. 1 inch).
PAR  Next an immobilized electrolyte paste was added. The immobilized
      electrolyte contained 1.5 parts sulfuric acid having a specific gravity of
      1.300 and 1 part solid polystyrene microparticles having a diameter of 0.6
      .mu.. The solid polystyrene microparticles were prepared substantially as
      described in Example 5.
PAR  This battery cell had a cycle life of 121 cycles; and the microparticles
      did not separate from the sulfuric acid or degrade, and hence, the
      electrolyte remained immobilized.
PAR  The operational details are recorded in Table I.
PAC  EXAMPLE 7
PAR  In this example, a battery cell was prepared and tested as in Example 6
      with the following exceptions. The immobilized electrolyte contained 3
      parts sulfuric acid having a specific gravity of 1.300 and 1 part hollow
      polystyrene microparticles having an average diameter of 1 .mu.. The
      hollow polystyrene microparticles were prepared substantially as described
      in Example 1.
PAR  This battery had a cycle life of 98 cycles, and the microparticles did not
      separate from the sulfuric acid or degrade, and hence, the electrolyte
      remained immobilized.
PAR  The operational details are recorded in Table I.
PAC  EXAMPLE 8
PAR  In this example an immobilized electrolyte was prepared using
      microparticles of polymethyl methacrylate instead of polystyrene. These
      microparticles were approximately 1 micron in size. They were prepared by
      the process described in U.S. Pat. No. 3,784,391.
PAR  The immobilized electrolyte paste was prepared by admixing 4 parts of
      sulfuric acid (1.280 sp. grav.) with 1 part of the microparticles. This
      paste remained in an immobilized state without separation or deterioration
      upon standing and therefore could be used as successfully as the
      polystyrene immobilized paste described above.
PAR  By the above description and examples, it has been clearly shown that a new
      lead acid storage battery containing a novel immobilized electrolyte has
      been produced.
PAR  While this invention has been described and illustrated by the examples
      shown, it is not intended to be strictly limited thereto, and other
      variations and modifications may be employed within the scope of the
      claims.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     EXAMPLE            1        2        3        4                           

                        Hollow   Hollow   Hollow   Hollow                      

     Microspheres       Polystyrene                                            

                                 Polystyrene                                   

                                          Polystyrene                          

                                                   Polystrene                  

     __________________________________________________________________________

     Microsphere Diameter (.mu.)                                               

                        1        1        1        1                           

     Parts Microspheres in Immobi-                                             

     lized Electrolyte Paste                                                   

                        1        1        1        1                           

     Parts Sulfuric Acid in Immobi-                                            

     lized Electrolyte Paste                                                   

                        1.7      2        3        4                           

     Specific Gravity of Sulfuric Acid                                         

     in Immobilized Electrolyte Paste                                          

                        1.260    1.300    1.260    1.300                       

     Forming Electrolyte                                                       

                        Immobilized                                            

                                 Free Sulfuric                                 

                                          Immobilized                          

                                                   Free Sulfuric               

                        Paste    Acid     Paste    Acid                        

     Condition Electrolyte                                                     

                        Immobilized                                            

                                 Immobilized                                   

                                          Immobilized                          

                                                   Free Sulfuric               

                        Paste    Paste    Paste    Acid                        

     Electrode Plate Size                                                      

                        13/4 .times. 13/4 13/4.times. 13/4                     

                                 13/4.times. 13/4                              

                                          13/4.times. 13/4                     

     (in. .times. in. .times. in.)                                             

                        .times. .045                                           

                                 .times. .045                                  

                                          .times. .045                         

                                                   .times. .045                

     Number of Electrode Plates                                                

                        9+, 10-  9+, 10-  9+, 10-  5+, 6-                      

     Discharging Voltage                                                       

     (Volts)            2 to 1.75                                              

                                 2 to 1.75                                     

                                          2 to 1.75                            

                                                   2 to 1.25                   

     Approximate Drain Rate(Amps)                                              

                        1        1        1        .4                          

     Cyclic Life        64       53       &gt;20      45                          

     __________________________________________________________________________

     EXAMPLE            5        6        7                                    

                        Solid    Solid    Hollow                               

     Microspheres       Polystyrene                                            

                                 Polystyrene                                   

                                          Polystyrene                          

     __________________________________________________________________________

     Microsphere Diameter (.mu.)                                               

                        .2       .6       1                                    

     Parts Microspheres in Immobi-                                             

     lized Electrolyte Paste                                                   

                        1        1        1                                    

     Parts Sulfuric Acid in Immobi-                                            

     lized Electrolyte Paste                                                   

                        2.9      1.5      3                                    

     Specific Gravity of Sulfuric Acid                                         

                        1.300    1.300    1.300                                

     in Immobilized Electrolyte Paste                                          

                        Free Sulfuric                                          

                                 Free Sulfuric                                 

                                          Free Sulfuric                        

     Forming Electrolyte                                                       

                        Acid     Acid     Acid                                 

                        Free Sulfuric                                          

                                 Free Sulfuric                                 

                                          Free Sulfuric                        

     Condition Electrolyte                                                     

                        Acid     Acid     Acid                                 

                        13/4.times. 13/4 11/4.times.1 - 15/16                  

                                 11/4.times.1 - 15/16                          

     Electrode Plate Size                                                      

                        .times. .05                                            

                                 .times..1                                     

                                          .times. .1                           

     (in. .times. in. .times. in.)                                             

     Number of Electrode Plates                                                

                        5+, 6-   3+, 2-   3+, 2-                               

     Discharging Voltage                                                       

                        2 to 1.25                                              

                                 2 to 1.75                                     

                                          2 to 1.75                            

     (Volts)                                                                   

     Approximate Drain Rate (Amps)                                             

                        .4       1        1                                    

     Cycle Life         22       121      98                                   

     __________________________________________________________________________

CLMS
STM  WE CLAIM:
NUM  1.
PAR  1. An immobilized electrolyte paste adaptable for use in a lead acid
      storage battery wherein the immobilized electrolyte paste comprises 1.5 to
      4.0 parts sulfuric acid having a specific gravity from 1.050 to 1.350 and
      1 part organic microparticles being inert to sulfuric acid and having a
      particle diameter of 0.1 to 3 .mu..
NUM  2.
PAR  2. An immobilized electrolyte paste according to claim 1 wherein the
      organic microparticles of the immobilized electrolyte paste have a
      particle diameter of 0.2 to 1 .mu..
NUM  3.
PAR  3. An immobilized electrolyte paste according to claim 1 wherein the
      organic microparticles of the immobilized electrolyte paste are solid
      microparticles.
NUM  4.
PAR  4. An immobilized electrolyte paste according to claim 1 wherein the
      organic microparticles of the immobilized electrolyte paste are hollow
      microparticles.
NUM  5.
PAR  5. An immobilized electrolyte paste according to claim 1 wherein the
      organic microparticles are polystyrene.
NUM  6.
PAR  6. An immobilized electrolyte paste according to claim 1 wherein the
      organic microparticles are polymethyl methacrylate.
NUM  7.
PAR  7. A lead acid storage battery comprising:
PA1  a. A battery case;
PA1  b. Positive and negative lead base plates wherein the positive and negative
      plates are alternately positioned in the battery case in spaced apart
      relationship;
PA1  c. Means for maintaining the positive and negative plates in spaced apart
      relationship; and
PA1  d. An immobilized electrolyte paste which comprises a mixture of 1.5 to 4
      parts sulfuric acid having a specific gravity from 1.050 to 1.350 and 1
      part organic microparticles being inert to sulfuric acid and having a
      particle diameter of 0.1 to 3 .mu..
NUM  8.
PAR  8. A lead acid storage battery according to claim 7 wherein the positive
      and negative lead base plates are coated with a sulfated lead monoxide
      paste.
NUM  9.
PAR  9. A lead acid storage battery having as an electrolyte an immobilized
      electrolyte paste adaptable for use in a lead acid storage battery within
      the immobilized electrolyte paste comprises 1.5 to 4.0 parts sulfuric acid
      having a specific gravity from 1.050 to 1.350 and 1 part organic
      microparticles being inert to sulfuric acid and having a particle diameter
      of 0.1 to 3 .mu..
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PAL  A rechargeable galvanic cell which comprises a zinc anode, a cathode and an
      electrolyte wherein the electrolyte comprises an aqueous alkaline solution
      containing alkali metal zincate and a polycation in an amount sufficient
      to suppress the formation of zinc dendrites on the surface of the zinc
      anode during cell charge.
BSUM
PAR  This invention relates to a secondary cell provided with a novel
      zinc-containing electrolyte which contains a polycation for suppressing
      formation of zinc dendrites during the charging cycle.
PAR  A galvanic cell using zinc as an anode has a high cell voltage and can have
      a high energy density. When electrolytically deposited from its aqueous
      alkaline solution, zinc tends to deposit on the anode in the form of
      dendritic crystals. Therefore, with a cell provided with a zinc anode and
      a zinc-containing aqueous alkaline electrolyte, zinc dendrites are formed
      on the zinc anode during cell charge. The dendrites grow more prominently
      as the cell charge advances, and penetrate a separator interposed between
      the anode and cathode, causing the internal short circuit in the cell, and
      in consequence considerably shortening the cycle life of the cell.
PAR  To date, many approaches have been made to eliminate the above-mentioned
      defect so as to provide a cell having a long cycle life. One of those
      approaches consists of mixing in an electrolyte an additive capable of
      suppressing the deposition of zinc dendrites on the anode. For example,
      the U.S. Pat. No. 3,653,965 proposes application of polyethylene oxide
      such as polyethylene glycol as an additive to an electrolyte. However,
      this compound fails to maintain the effect of suppressing the formation of
      zinc dendrites for long in an alkaline solution. Another prior art attempt
      reports the effect of tetraalkyl ammonium salt as an additive (J.
      Electrochem. Soc., Vol. 17, No. 9, p. 1,154, 1970). However, this additive
      is not sufficiently effective in preventing the formation of zinc
      dendrites during cell charge.
PAR  It is accordingly an object of this invention to provide an electrolyte
      free from the formation of zinc dendrites during the operation of charging
      a secondary cell using zinc as an anode.
PAR  Another object of the invention is to provide a secondary cell using zinc
      as an anode whose cycle life has been prominently prolonged.
PAR  This invention is based on the discovery that addition of a cationic
      polyelectrolyte to a zinc-containing alkaline electrolyte is very
      effective in eliminating the formation of zinc dendrites during cell
      charge, and moreover said effect is sustained over a long period, thereby
      making it possible to provide a secondary cell having a prominently
      extended cycle life.
PAR  A cationic polyelectrolyte, namely, polycation having two or more ion sites
      in a molecule has been found capable of suppressing the formation of zinc
      dendrites.
PAR  A desired type of polycation effective in eliminating the formation of zinc
      dendrites is an organic compound having two or more cationic ion sites in
      a molecule. A more preferred type of such polycation is an organic high
      polymer having two or more cationic ion sites in a molecule. In addition,
      a polycation whose cationic ion sites consist of quarternary nitrogen is
      particularly effective in suppressing the formation of zinc dendrites.
      Such polycations include an ionen type (also referred to as integral type)
      polycation having quarternary nitrogen included in the main chain of a
      molecule; a pendant type polycation having quarternary nitrogen included
      in the side chain of a molecule; and another type having quarternary
      nitrogen included in a molecule as a member of a heterocyclic ring.
PAR  The ionen type polycation may be exemplified by an aliphatic ionen
      expressed by the following general formula:
      ##EQU1##
      where: R.sub.1, R.sub.2, R.sub.4 and R.sub.5 = alkyl groups
PA1  R.sub.3 and R.sub.6 = alkylene groups
PA1  x.sup.- = anion
PA1  n = polymerization degree
PAL  Prominently effective among the above-mentioned aliphatic ionen type
      polycations are those wherein R.sub.1, R.sub.2, R.sub.4 and R.sub.5 denote
      alkyl groups having one or two carbon atoms, R.sub.3 an alkylene group
      having 1 to 6 carbon atoms and R.sub.6 an alkylene group having 2 to 10
      carbon atoms. Particularly effective are those polycations wherein
      R.sub.1, R.sub.2, R.sub.4 and R.sub.5 represent alkyl groups having 1 or 2
      carbon atoms, R.sub.3 an alkylene group having 2 to 4 carbon atoms and
      R.sub.6 an alkylene group having 4 to 8 carbon atoms.
PAR  The ionen type polycation can be prepared by the Menschutkin reaction.
      Namely, said polycation can be formed by reacting ditertiary amines with
      .alpha., .omega.-halides in a polar solvent such as dimethylformamide. The
      ionen type polycations include the following compounds:
PA1  Poly(N,N,N',N'-tetramethyl-N-ethylene-N'-hexamethylene diammonium
      dibromide),
PA1  Poly(N, N, N', N'-tetramethyl-N-ethylene-N'-pentamethylene diammonium
      dibromide),
PAR  Poly(N, N, N', N'-tetramethyl-N-trimethylene-N'-hexamethylenediammonium
      dibromide),
PAR  Poly(N, N, N', N'-tetramethyl-N-trimethylene-N'-pentamethylenediammonium
      dibromide).
PAR  The pendant type polycations include those of poly(vinyl
      benzyltrialkylammonium salt), poly(oxyethyl-1-methylenetrialkylammonium
      salt) and so on which contain quarternary nitrogen in the pendant group.
PAR  Preferred types of poly(vinylbenzyltrialkylammonium salt) are
      poly(vinylbenzyltrimethylammonium salt),
      poly(vinylbenzyldimethylethylammonium salt),
      poly(vinylbenzylmethyldiethylammonium salt), and
      poly(vinylbenzyltriethylammonium salt).
PAR  Preferred types of poly(oxyethyl-1-methylenetrialkylammonium salt) are
      poly(oxyethyl-1-methylenetrimethylammonium salt),
      poly(oxyethyl-1-methylene dimethylethylammonium salt),
      poly(oxyethyl-1-methylenemethyldiethylammonium salt) and
      poly(oxyethyl-1-methylenetriethylammonium salt). Particularly effective
      among the above-mentioned pendant type polycations are
      poly(vinylbenzyltrimethylammonium chloride) and
      poly(oxyethyl-1-methylenetrimethylammonium chloride).
PAR  Compounds obtained by quarternizing polyepihalohydrin or a copolymer of
      epihalohydrin and epoxide with a tertiary amine by the Menschutkin
      reaction also belong to the group of pendant type polycations and are
      found effective to suppress the formation of zinc dentrites on the zinc
      anode. In this case, it is preferred that the above-mentioned
      quarternization be carried out to a higher degree than 75 percent, whether
      the tertiary amine is reacted with all or some of the halogen atoms
      included in the polyepihalohydrin or a copolymer of epihalohydrin and
      epoxide.
PAR  The polyepihalohydrins reacted with the tertiary amine are
      polyepichlorohydrin, polyepibromohydrin and polyepiiodohydrin.
PAR  The epihalohydrin copolymers are obtained by copolymerizing
      epichlorohydrin, epibromohydrin or epiiodohydrin alone or mixtures thereof
      with epoxides such as ethylene oxide, propylene oxide, butylene oxide,
      vinylchloride epoxide, glycidyl ether, 1-dimethylamino-2, 3-epoxipropane
      and trimethyl-2, 3-epoxipropylammonium chloride.
PAR  It is desirable that any of the epihalohydrines or a mixture thereof in the
      above-mentioned copolymer be larger in a molar amount than the epoxides.
PAR  The tertiary amines used in the aforesaid quarternization reaction should
      preferably consist of amines of low molecular weight such as trimethyl
      amine, dimethylethylamine, methyldiethyl amine and triethyl amine.
      Particularly effective among the compounds obtained by quarternizing
      polyepihalohydrin or epihalohydrin copolymers are those prepared by
      quarternizing polyepichlorohydrin with trimethyl amine to a higher degree
      than 75 percent.
PAR  The polycations whose molecule contains quarternary nitrogen as a member of
      the heterocyclic ring include poly(N,N-dialkyldiallylammonium salts).
      Preferred among these salts are poly(N, N-dimethyldiallylammonium salt)
      and poly(N,N-diethyldiallylammonium salt). Particularly effective is
      poly(N, N-dimethyldiallylammonium chloride).
PAR  While, as mentioned above, many types of polycations are effective in
      preventing the formation of zinc dendrites, the kinds of opposing anions
      to cations included in the polycations are little related to said effect.
      The opposing anions have only to be such type as does not obstruct the
      dissociation of cations. Preferred opposing anions are chloride ion,
      bromide ion, iodide ion and hydroxyl ion.
PAR  The polycation whose molecule has two or more cationic ion sites is more
      effective in suppressing the formation of zinc dendrites than an organic
      monocation. This is supposed to originate from the fact that as compared
      with the monocation, the polycation has a lower mobility, the difference
      of adsorption to zinc crystals, higher apparent viscosity relative to zinc
      ion species disposed near the surface on which zinc is electrolytically
      deposited and that the polycation forms a different electric double layer
      from that obtained by the monocation.
PAR  The undermentioned observed events are supposed to prove the
      above-mentioned difference between the poly- and monocations. Namely, when
      zinc is electrolytically deposited from a 7N KOH solution saturated with
      zinc oxide and containing an organic monocation, for example,
      tetraethylammonium chloride, the electrode potential of zinc deposition
      presents little difference from that which is observed when zinc is
      electrolytically deposited from the 7N KOH solution saturated with zinc
      oxide but free from the above-mentioned organic monocation. On the other
      hand, the electrode potential of zinc deposition with which zinc is
      electrolytically deposited from an electrolyte containing a polycation
      shifts about 100 mV to the negative side as compared with the case where
      the 7N KOH solution contains the organic monocation. The organic
      monocation does not vary the limit current density for the
      electrodeposition of zinc, whereas the polycation reduces said limit
      current density.
PAR  Zinc electrolytically deposited from an electrolyte containing the organic
      monocation shows a mossy appearance, whereas zinc electrolytically
      deposited from an electrolyte containing the polycation is compact and
      presents a smooth surface. As mentioned above, the polycation is obviously
      more effective in suppressing the formation of zinc dendrites than the
      organic monocation. This tendency becomes more prominent as the polycation
      increases in molecular weight. Accordingly, the polycation is desired to
      have a larger average molecular weight than 500 or more preferably than
      1,000 in order to effectively eliminate the formation of zinc dendrite.
      However, a polycation having a considerably large molecular weight is
      little soluble in a highly concentrated alkaline solution, and
      consequently is desired to have a smaller average molecular weight than
      50,000, or more preferably than 20,000. According to this invention the
      electrolyte contains a sufficient amount of polycation to prevent the
      formation of zinc dendrites on the zinc anode during cell charge. Addition
      of more than 0.01 percent by weight of polycation based on the weight of
      an electrolyte displays a prominent effect. Application of more than 0.1
      percent by weight of polycation based on the weight of the electrolyte is
      more effective. There is no upper limit to the amount of polycation added
      to the electrolyte. Namely, a polycation may be added in an amount
      exceeding its solubility. In this case, an excess amount of polycation is
      desired to be present in an electrolyte in contact therewith. This
      arrangement attains the automatic replenishment of the polycation in the
      electrolyte which has been deteriorated during the operation of a
      secondary cell. If, however, an upper limit is to be imposed for an
      economic reason, it is desired that the polycation be added in a smaller
      amount than 10 percent by weight, or more preferably than 2 percent by
      weight. Further, it is possible to add a single kind of polycation or a
      mixture of two or more kinds of polycation to an electrolyte. An
      electrolyte medium to which a polycation is to be added should consist of
      an aqueous alkaline solution containing alkali metal zincate. A preferred
      type of electrolyte medium is an aqueous solution of alkali metal
      hydroxides in which zinc oxide is dissolved. Preferred alkali metal
      hydroxides are sodium hydroxide, potassium hydroxide or lithium hydroxide
      alone or mixtures thereof.
PAR  When an electrolyte medium contains alkali metal hydroxide at as high a
      concentration as 5 to 15N, then the resultant secondary cell presents a
      prominent performance. Zinc oxide is dissolved in a solution of alkali
      metal hydroxide and remains in the form of alkali metal zincate. Since the
      concentration of the alkali metal zincate varies during cell operation, it
      would be meaningless to define the amount of the alkali metal zincate. The
      anode of a secondary cell according to this invention is formed of zinc
      acting as an active material and may consist of a zinc anode used in an
      ordinary alkali type cell, for example, zinc plate, porous zinc anode, or
      composite electrodes formed of zinc substantially acting as an active
      material. The cathode of a secondary cell according to this invention may
      consist of, for example, silver oxide, mercury oxide, manganese dioxide,
      nickel oxide or oxygen diffusion electrode. Where the cathode consists of
      an oxygen diffusion electrode, it is possible to provide an auxiliary
      electrode for the charge of a secondary cell in addition to said oxygen
      diffusion electrode.
PAR  A separator may be interposed between the anode and cathode to divide them
      into two separate chambers thereby avoiding the free mixing of anolyte and
      catholyte. This arrangement prevents a polycation contained in the anolyte
      from being exposed to an oxidizing atmosphere prevailing on the surface of
      a cathode, and in consequence enables the polycation to have a longer and
      more improved effect of suppressing the formation of zinc dendrites. In
      this case, the anolyte and catholyte need not be of the same composition.
PAR  A secondary cell using an electrolyte containing the polycation of this
      invention has a long effective life due to freedom from the formation of
      zinc dendrites. The polycation which is a stable compound can maintain the
      effect of preventing the formation of zinc dendrites for long in an
      alkaline solution. This fact renders the secondary cell of this invention
      far superior to the prior art wherein the proposed polyethylene oxide is
      found unstable in an alkaline solution.
PAR  The electrode potential with which zinc is electrolytically deposited
      during cell charge from an electrolyte containing the polycation of this
      invention shifts to the negative side, thereby obstructing the deposition
      of zinc. This fact offers a substantial advantage to a secondary cell
      using a porous zinc anode and containing a stationary electrolyte. The
      reason is that the charge reaction of the zinc anode of this type of
      secondary cell is a solid phase reduction of zinc oxide settled near the
      zinc anode; and the reduction potential does not change, whether or not
      the polycation is present in the electrolyte; but that the electrode
      potential with which zinc dissolved in the electrolyte is deposited
      therefrom shifts to the negative side in case the electrolyte contains the
      polycation, thereby decreasing the amount of zinc deposited on the zinc
      anode during cell charge, and consequently reducing the possibility of
      internal short circuit in the secondary cell.
PAR  This invention will be more fully understood by reference to the examples
      which follow.
DETD
PAC  EXAMPLE 1
PAR  Powders of zinc oxide were kneaded into paste using a 5% aqueous solution
      of polyvinyl alcohol. The paste was coated on a nickel mesh and dried. The
      coated mesh was subjected to electrolytic reduction for 48 hours with
      current density of 4.5 A/dm.sup.2 in a 7N aqueous solution of potassium
      hydroxide to prepare a zinc anode. The zinc anode thus prepared had
      dimensions of 10 cm .times. 10 cm .times. 1mm and a theoretic capacity of
      23 Ah.
PAR  The cathode of the secondary cell consisted of nickel oxide commonly used
      in a nickel-cadmium cell which was prepared by attaching nickel oxide to a
      porous plate of sintered nickel.
PAR  One zinc anode and two cathodes were separately wrapped in cellophane. The
      members were received in a case of polyvinyl chloride with the zinc anode
      disposed between the two cathodes.
PAR  Five secondary cells constructed as described above were used. Each cell
      was charged with 100 ml of an electrolyte prepared by adding one of the
      polycations set forth in the item of additives of the following Table 1 to
      a 8.5N aqueous KOH solution saturated with zinc oxide in an amount of 1
      percent by weight based on the weight of said KOH solution. Each cell was
      discharged with current of 7 amperes until the cell voltage fell to 0.8
      volt. Thereafter, the cell was charged for 130 minutes by passing current
      of 3.5 amperes therethrough. This cycle of charge and discharge was
      repeated until the capacity of the cell decreased to 60 percent of its
      original level.
TBL                Table 1                                                     

     ______________________________________                                    

                                 Number of charge                              

     Cell Kind of polycation used as additive                                  

                                 and discharge                                 

     No.                         cycles before                                 

                                 failure                                       

     ______________________________________                                    

          Poly(N,N,N',N'-tetramethyl-N-                                        

     1    trimethylene-N'-pentamethylene                                       

                                 115                                           

          diammonium dibromide)                                                

          Poly(oxyethyl-1-methylenetrimethyl                                   

     2    ammonium chloride)     156                                           

          Poly(N,N-dimethyldiallylammonium                                     

     3    chloride)              173                                           

          Poly(vinylbenzyltrimethylammonium                                    

     4    chloride)              107                                           

     5    No polycation           23                                           

     ______________________________________                                    

PAL  The control cell No. 5 using an electrolyte containing no polycation gave
      rise to internal short circuiting due to the formation of zinc dendrites
      when the cycle of charge and discharge was repeated 23 times. In contract,
      the cells Nos. 1 to 4 had an effective life corresponding to more than 100
      cycles of charge and discharge.
PAC  EXAMPLE 2
PAR  A secondary cell was provided whose zinc anode was same as in Example 1 and
      whose cathode was composed of two gas diffusion electrodes measuring 10 cm
      .times. 10 cm prepared by coating active carbon on the surface of a porous
      plate of sintered nickel with polytetrafluoroethylene used as a binder.
      The cell further had an auxiliary electrode of nickel net disposed between
      the anode and cathode and a cellulose fiber separator interposed between
      the respective electrodes.
PAR  The polycation added to an electrolyte was a type quarternized by reacting
      trimethylamine with polyepichlorohydrin having an average molecular weight
      of 4,620 with the molar ratio of the trimethyl amine to the
      epichlorohydrin monomer set at 0.75.
PAR  An electrolyte was prepared by adding 5g of the polycation to 100g of a 10N
      aqueous solution of KOH saturated with zinc oxide. Part of the polycation
      was dissolved in the electrolyte, and the remainder floated on the surface
      of the electrolyte. One gram of cyclohexanol was added to the electrolyte
      to prevent the generation of foams during cell charge.
PAR  A secondary cell charged with an electrolyte thus prepared was tested for a
      cycle life by repeating charges and discharges. The cell was discharged
      with current of 7 amperes therethrough until the cell voltage was reduced
      to 0.7 volt. The cell was charged for 4 hours by passing current of 2
      amperes therethrough. A similar type of cell to that mentioned above was
      charged with a 10N aqueous solution of KOH saturated with zinc oxide but
      free from a polycation and tested for a cycle life by repeating charges
      and discharges, the results being set forth in Table 2 below.
TBL                Table 2                                                     

     ______________________________________                                    

     Kind of electrolyte                                                       

                       Number of cycles before                                 

                          failure                                              

     ______________________________________                                    

     An electrolyte containing                                                 

                       More than 100                                           

     a polycation                                                              

     An electrolyte free from                                                  

                       16                                                      

     a polycation                                                              

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  A zinc-oxygen gas diffusion electrode type cell was constructed with the
      cathode of two oxygen gas diffusion electrodes as in Example 2, the anode
      substrate of a nickel plate measuring 10 cm .times. 10 cm and an auxiliary
      electrode of nickel mesh for cell charge between the anode and cathode. An
      electrolyte was made to circulate through the cell. The cell was connected
      through a pump to two electrolyte reservoirs each having a capacity of 1
      liter. One of the reservoirs was filled with an electrolyte in which zinc
      oxide was dissolved. When the cell was charged, the electrolyte was pumped
      to the cell. The electrolyte passing through the cell was collected in the
      other empty reservoir. While the electrolyte traveled through the cell,
      the zinc ion thereof was electrolytically deposited on the anode substrate
      to form an anode. Discharge was carried out by conducting the electrolyte
      in the opposite direction to that in which the electrolyte passed through
      the cell for its charge. At this time, zinc of anode is dissolved in the
      electrolyte.
PAR  The polycation was prepared by reacting trimethyl amine with
      polyepichlorohydrin having an average molecular weight of 2,880 with the
      molar ratio of the trimethyl amine to the epichlorohydrin monomer set at
      0.95.
PAR  Five grams of the polycation and 60g of zinc oxide were dissolved in 1
      liter of an 8.5N aqueous solution of KOH to prepare an electrolyte. By way
      of comparison, another type of electrolyte was prepared by dissolving 60g
      of zinc oxide in 1 liter of the 8.5N aqueous solution of KOH but omitting
      the polycation.
PAR  The cell was charged for 4 hours by passing current of 2 amperes between
      the anode substrate and the auxiliary electrode while introducing a
      control electrolyte free from the polycation in the cell from one of the
      reservoirs at the rate of 4 ml/min. The cell was discharged by conducting
      said control electrolyte in the opposite direction to the case of cell
      charge with current of 4 amperes through the cell until the cell voltage
      was reduced substantially to zero volt. When the above-mentioned cycle of
      charges and discharges was repeated five times, zinc dendrites or flakes
      falling off the anode were found to settle on the cell bottom. The same
      test was made by replacing the control electrolyte by the one containing
      the polycation, showing that the amount of fallen zinc pieces was
      negligibly small, and that after completion of cell charge, the zinc anode
      had a smooth surface and was free from the formation of zinc dendrites.
PAC  EXAMPLE 4
PAR  The same zinc-oxygen gas diffusion electrode type cell as in Example 3 was
      used. Electrolytes containing various molecular weights of polycation were
      used to observe the different surface appearances of the zinc anode at the
      end of cell charge. The charge was carried out for 4 hours by passing
      current of 2 amperes through the cell. Six kinds of electrolyte were
      prepared by adding 10g of the respective polycations shown in the item of
      additives of Table 3 below to 1 liter of a 7N aqueous solution of KOH, the
      results being set forth in said Table 3.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Polyca-               Average                                             

                                 Surface condi-                                

     tion Polycation used as an additive                                       

                           molecular                                           

                                 tion of zinc                                  

     Nos.                  weight                                              

                                 anode                                         

     __________________________________________________________________________

          Poly(N,N,N',N'-tetramethyl-N-                                        

     1    ethylene-N'-hexamethylene                                            

                           about Smooth                                        

          diammonium dibromide                                                 

                           10,000                                              

          Poly(N,N,N',N'-tetramethyl-N-                                        

     2    trimethylene-N'-hexamethylene                                        

                           about Smooth                                        

          diammonium dibromide)                                                

                           20,000                                              

          N,N,N,N',N',N'-hexamethyl tri-                                       

                                 Mossy                                         

     3    methylene diammonium di-                                             

                             320 appearance                                    

          bromide                                                              

          Poly(oxyethyl-1-methylene-                                           

     4    trimethyl ammonium chloride)                                         

                            7,400                                              

                                 Smooth                                        

     5       "              4,600                                              

                                 Smooth                                        

     6       "               800 Mossy                                         

                                 appearance                                    

     __________________________________________________________________________

PAR  The polycations Nos. 3 and 6 having a smaller molecular weight than 1000
      gave rise to the deposition of mossy zinc consisting of aggregates of very
      fine dendrites, indicating an inferior effect to the other polycations
      having larger molecular weights.
PAC  EXAMPLE 5
PAR  The same type of cell as used in Example 3 was charged with an electrolyte
      prepared from an 8.5N aqueous solution of KOH saturated with zinc oxide
      and containing 0.5 percent by weight of
      poly(oxyethyl-1-methylenetrimethylammonium chloride) after the electrolyte
      was allowed to stand for 6 months. After cell charge, the zinc anode
      presented a smooth surface.
PAR  On the other hand, an electrolyte consisting of an 8.5N aqueous solution of
      KOH saturated with zinc oxide and containing 0.5 percent by weight of
      polyethylene glycol having a molecular weight of 400, when used
      immediately after being prepared, caused zinc to be deposited in the mossy
      form and was found to display an effect of suppressing the formation of
      zinc dendrites. When used 6 months after prepared, however, said
      electrolyte gave rise to the prominent formation of zinc dendrites.
      Accordingly, it has been found that the polycation of this invention is
      chemically more stable and maintains a longer effect than any of the prior
      art substances proposed to prevent the formation of zinc dendrites.
PAC  EXAMPLE 6
PAR  A secondary cell was provided wherein the anode and cathode consisted of
      the zinc anode and nickel oxide cathode respectively described in
      connection with Example 1; and the anode and cathode were separated by a
      finely porous separator of hydrophilic polyethylene, so as to obstruct the
      free mixing of the anolyte and catholyte. The anolyte consisted of a 10N
      aqueous solution of KOH saturated with zinc oxide and containing 1 percent
      by weight of poly(N, N, N',
      N'-tetramethyl-N-ethylene-N'-pentamethylenediammonium dibromide). The
      catholyte consisted of a 10N aqueous solution of KOH saturated with zinc
      oxide. With a cell constructed as described above, the polycation was
      little likely to be brought into contact with the cathode and in
      consequence little subject to oxidation decomposition. The cell was put to
      the same charge and discharge test as in Example 1, proving that it
      withstood more than 150 cycles of charges and discharges.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A rechargeable galvanic cell comprising a zinc anode, a cathode and an
      electrolyte wherein the electrolyte comprises an aqueous alkaline solution
      containing alkali metal zincate and a polycation selected from the group
      consisting of ionen type polycation and pendant type polycation in an
      amount sufficient to suppress the formation of zinc dendrites on said zinc
      anode during cell charge, said ionen type polycation having quaternary
      nitrogen included in the main chain of the molecule and said pendant type
      polycation having quaternary nitrogen included in the side chain of the
      molecule.
NUM  2.
PAR  2. A rechargeable galvanic cell according to claim 1 wherein the polycation
      is an aliphatic ionen expressed by the following general formula:
      ##EQU2##
      where: n = degree of polymerization
PA1  x.sup.- = anion
PA1  R.sub.1, R.sub.2, R.sub.4 and R.sub.5 = alkyl groups having one to two
      carbon atoms
PA1  R.sub.3 = alkylene group having 1 to 6 carbon atoms
PA1  R.sub.6 = alkylene group having 2 to 10 carbon atoms.
NUM  3.
PAR  3. A rechargeable galvanic cell according to claim 1 wherein the polycation
      is an aliphatic ionen expressed by the following general formula:
      ##EQU3##
      where: n = degree of polymerization
PA1  x.sup.- = anion
PA1  R.sub.1, r.sub.2, r.sub.4 and R.sub.5 = alkyl groups having 1 to 2 carbon
      atoms
PA1  R.sub.3 = alkylene group having 2 to 4 carbon atoms
PA1  R.sub.6 = alkylene group having 4 to 8 carbon atoms.
NUM  4.
PAR  4. A rechargeable galvanic cell according to claim 2 wherein the polycation
      is poly(N, N, N', N'-tetramethyl-N-ethylene-N'-hexamethylene
      diammoniumdibromide).
NUM  5.
PAR  5. A rechargeable galvanic cell according to claim 2 wherein the polycation
      is poly(N, N, N', N'-tetramethyl-N-ethylene-N'-pentamethylenediammonium
      dibromide).
NUM  6.
PAR  6. A rechargeable galvanic cell according to claim 2 wherein the polycation
      is poly(N, N, N', N'-tetramethyl-N-trimethylene-N'-hexamethylenediammonium
      dibromide).
NUM  7.
PAR  7. A rechargeable galvanic cell according to claim 2 wherein the polycation
      is poly(N, N, N',
      N'-tetramethyl-N-trimethylene-N'-pentamethylenediammonium dibromide).
NUM  8.
PAR  8. A rechargeable galvanic cell according to claim 1 wherein the polycation
      is poly(vinylbenzyltrialkylammonium salt).
NUM  9.
PAR  9. A rechargeable galvanic cell according to claim 8 wherein the polycation
      is poly(vinylbenzyltrimethylammonium chloride).
NUM  10.
PAR  10. A rechargeable galvanic cell according to claim 1 wherein the
      polycation is poly(oxyethyl-1-methylenetrialkylammonium salt).
NUM  11.
PAR  11. A rechargeable galvanic cell according to claim 10 wherein the
      polycation is poly(oxyethyl-1-methylenetrimethylammonium chloride).
NUM  12.
PAR  12. A rechargeable galvanic cell according to claim 1 wherein the
      polycation is prepared by quarternizing polyepihalohydrin with
      trimethylamine.
NUM  13.
PAR  13. A rechargeable galvanic cell according to claim 12 wherein the
      polycation is prepared by quarternizing polyepichlorohydrin with
      trimethylamine.
NUM  14.
PAR  14. A rechargeable galvanic cell according to claim 1 wherein the
      polycation has an average molecular weight of 500 to 50,000.
NUM  15.
PAR  15. A rechargeable galvanic cell according to claim 1 wherein the
      polycation has an average molecular weight of 1,000 to 20,000.
NUM  16.
PAR  16. A rechargeable galvanic cell according to claim 1 wherein the
      polycation is present in the electrolyte in an amount of 0.01 to 10
      percent by weight based on the weight of said electrolyte.
NUM  17.
PAR  17. A rechargeable galvanic cell according to claim 1 wherein the
      polycation is present in the electrolyte in an amount of 0.1 to 2 percent
      by weight based on the weight of said electrolyte.
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ABST
PAL  A zinc negative electrode for alkaline accumulators and method of making
      same. The zinc and/or zinc compounds are electrochemically deposited upon
      a current-collection grid in the presence of substances forming
      low-solubility zincates upon the discharge of the plate. Preferably the
      substances include calcium and magnesium compounds forming the
      corresponding zincates substantially immediately upon solubilization of
      the zinc in the alkaline electrolyte.
PARN
PAR  This is a continuation of application Ser. No. 185,836, filed 1 Oct. 1971,
      now abandoned, which is in turn a Division of Ser. No. 64,419, 08/17/70,
      also now abandoned.
BSUM
PAR  The present invention relates to a method of making zinc-containing
      electrodes and, more particularly, to a method of making a zinc-containing
      negative electrode for use in alkaline storage cells or batteries and,
      preferably, as counterelectrodes to silver/silver oxide and nickel/nickel
      oxide electrodes in such batteries.
PAR  The use of zinc as in electrochemically active substance as in electrode
      material in alkaline, acid or neutral electrolytes has been widespread
      over the years because of the high reactivity and electronegativity of
      zinc in substantially all environments. Problems such as the
      autosolubilization of zinc metal, which have frequently concerned the art,
      have in part been solved by amalgamation of the zinc.
PAR  When, however, zinc-containing electrodes are to constitute the negative
      electrode of an alkaline accumulator, storage cell or battery, however, a
      host of special problems are encountered. Firstly, metallic zinc and its
      alloys are readily soluble in the alkaline electrolyte and, consequently,
      the discharge/charge cycle corresponds to a solubilization of zinc in the
      electrolyte and the formation of zincate ions, and the redeposition of
      zinc upon the electrode from the solution respectively. The replating or
      redeposition of zinc occurs in the form of treed or branched crystals
      having sharp points (dendrites) which readily bridge the gap between the
      plates of opposite polarity, thereby causing short circuits and the
      destruction of the cell. Where dendrite formation is not a problem because
      of the wide spacing of the plates, the cell has a low power-to-volume or
      power-to-weight ratio. It has been proposed to provide wrappings or the
      like of cellophane about the zinc electrode, the cellophane constituting a
      semipermeable membrane separation between opposite-polarity plates, but
      this expedient has reduced the number of charge/discharge cycles which the
      cell is able to tolerate and has also reduced power output, discharge rate
      and charging rate. Another problem frequently encountered in connection
      with zinc negative electrodes is that of "shape change" since the
      redeposition of zinc-containing material from solution does not generally
      occur uniformly over the entire surface of the plate.
PAR  It is, therefore, the principal object of the present invention to provide
      a negative zinc-containing plate for alkaline accumulators (i.e. alkaline
      storage batteries or cells) which permits an increased number of
      charge/discharge cycles and yet restricts dendrite formation and the
      tendency to form short-circuit bridges between the opposite-polarity
      plates or electrodes.
PAR  Another object of this invention is to provide an improved storage cell or
      battery with elevated cycle life, reduced tendency to breakdown by
      short-circuit, and freedom from the other problems hitherto with dendrite
      growth in zinc-containing alkaline cells.
PAR  It is also an object of the invention to provide an improved method of
      making such an electrode.
PAR  These objects and others which will become apparent hereinafter, are
      attained, in accordance with the present invention, with a negative
      electrode for alkaline accumulators in which the active mass (i.e. the
      mass participating in a principal electrochemical reaction at the
      electrode) comprises zinc or a zinc compound and is present in association
      with at least one substance capable of forming corresponding zincates of
      low solubility in the electrolyte during discharge of the plate. The
      substance, which is capable of forming the low solubility zincates,
      according to this invention, is preferably an alkaline-earth-metal
      hydroxide with the compound formed being the corresponding low solubility
      alkaline-earth-metal zincate. Of particular suitability, in this
      connection, is calcium hydroxide although magnesium hydroxide may also be
      used. In the first case, the product is calcium sincate while in the
      second case it is magnesium sincate. Surprisingly, the alkaline-earth
      zincates resulting from the substantially instantaneous reaction of the
      alkaline-earth hydroxide and the solubilizing zinc during discharge, does
      not irreversibly remove the reacted zinc from the system in terms of the
      active mass; moreover, it has been found that the zinc redeposits or
      replates from the low solubility zincate, in the form of a porous spongy
      mass. While it is doubtful that the spongy porous mass is formed directly
      from the precipitated alkaline-earth zincate, this hypothesis cannot be
      excluded although it is assumed that the small quantity of this
      low-solubility compound which is in the solution, is readily depleted by
      electrodeposition and galvanic techniques and is replenished from the
      low-solubility salt which is precipitated from the solution.
PAR  According to the principles of the present invention, therefore, the zinc
      or zinc compounds incorporated in the negative electrode plate for an
      alkaline accumulator are mixed with an auxiliary substance tending to form
      low-solubility salts with the zinc as it goes into solution during
      discharge of the cell, i.e. low-solubility zincate salts. From the
      low-solubility compounds thus formed, sponge zinc precipitates on the
      plate during charging of the cell without dendrite formation.
PAR  According to a further feature of this invention, a negative electrode
      plate containing zinc as an electrochemically active metal, comprises an
      inner conductive grid or current distributor collector, e.g. a metal foil
      or wire mesh, which is imbedded on all sides in a mixture of zinc or a
      zinc compound and the auxiliary substance capable of forming
      low-solubility zinc salts, the mass being packed around the conductive
      support. In this construction, the supply of electric current to the plate
      as well as the withdrawal of electric current therefrom takes place at the
      center of the plate, i.e. in the immediate vicinity of the conductive grid
      or support, whereby the conversion of metallic zinc to low-solubility zinc
      compounds during discharge is effected from the center outwardly in a
      progressive fashion. The reduction of the zinc compounds during charging
      of the cell, conversely, takes place from the interior outwardly as a
      result of the low conductivity of the slightly soluble compounds.
PAR  It has been found to be advantageous to provide the electrochemically
      active mass (i.e. zinc or zinc compounds) in a porous form and, in
      addition, to provide means for preventing the mixture from sloughing or
      breaking away from the plate. The latter means, according to the
      invention, may include a porous synthetic-resin layer surrounding the
      porous mass which, in turn, surrounds the conductive support on all sides.
      The porous synthetic-resin layer may be a fabric (woven) or a fleece, or
      felt mat of filaments (nonwoven) and it is an important aspect of this
      invention that the pores of this synthetic resin layer or sheet are at
      least partly filled with the auxiliary substance, i.e. an alkaline-earth
      metal hydroxide and especially calcium hydroxide. Best results are
      obtained when the supporting wrapping of synthetic-resin layers is carried
      by the conductive support, e.g. via spacers which define the thickness of
      the deposit of the active mass packed around this support.
PAR  The invention also relates to an improved method of making the electrode.
      In accordance with these aspects of the invention, the zinc or zinc
      compounds and the auxiliary substances are electrochemically deposited
      upon the conductive support from an electrolyte. The electrolyte contains,
      in addition to zinc ions and ions of the auxiliary substance designed to
      provide low-solubility synthetic salts, ions of a substance which is
      reduced by hydrogen-ion consumption. When the metallic grid or support is
      subjected to a cathodic polarization in this electrolyte, the resulting
      precipitate consists of spongy metallic zinc, zinc hydroxide and calcium
      hydroxide in a porous mass. It is indeed unusual that both the metallic
      zinc and the zinc hydroxide are deposited simultaneously and, in view of
      the fact that the low solubility zincate salt is formed during discharge
      of the plate, that all three of the components (zinc, zinc hydroxide and
      calcium hydroxide) are electrodeposited simultaneously. The consumption of
      hydrogen ions in the reduction of the further ions mentioned earlier
      permits a shift in the pH value during the process, apparently thereby
      yielding zinc hydroxide and calcium hydroxide. Best results are obtained
      when nitrate ions are present in the electrolyte as consumers of hydrogen
      ion.
PAR  According to still another feature of this invention, the zinc and/or zinc
      compounds and the auxilieary substance capable of forming low-solubility
      zincates, are deposited from solution by electrodeposition or electrolysis
      techniques. The process may be carried out by substitution of electrolytes
      so that, for example, the concentration of zinc ion, calcium ion and
      nitrate ion and the ratios of one to the others can be varied freely. The
      system allows numerous variations which will be readily apparent, since
      the alkaline-earth-metal hydroxide can be deposited exclusively or in
      combination with zinc and/or zinc hydroxide in accordance with the
      principles of the invention. Consequently, it is advantageous to initially
      constitute the electrolyte such that a preponderance of zinc and/or zinc
      hydroxide or an excess over the calcium hydroxide is deposited in a first
      stage from one electrolyte, while equimolar quantities of calcium
      hydroxide and zinc and/or zinc hydroxide are deposited in the next stage.
      The last layer can, of course, be calcium hydroxide exclusively so that a
      sheath thereof is provided as a protective layer for the electrode, the
      sheath preventing undesirable reactions between the active materials and
      the other materials of the system.
PAR  Of course, it is also possible to prepare the electrode of the present
      invention by mechanically mixing zinc or zinc compounds with the
      alkaline-earth-metal compounds and to form a paste from the mixture which
      is applied to the support; alternatively, the support may be imbedded in
      the paste so that in either case the support or grid is fully surrounded
      by the active material. This system may, however, be combined with the
      system previously described so that, for example, a pasted plate may be
      coated with zinc and/or zinc hydroxide and/or calcium hydroxide by
      electrodepositing methods as set forth earlier, or an electrodeposited
      mass of zinc and/or zinc hydroxide and/or calcium hydroxide may be coated
      with a paste of zinc and/or zinc compounds and/or calcium hydroxide. Best
      results are obtained when the final (outermost) layer is a layer of
      electrodeposited calcium hydroxide. The electrode may be wrapped in a
      porous synthetic-resin layer as noted above, the pores of this layer being
      at least in part filled with an auxiliary substance as mentioned earlier.
      It has been discovered that deposition of the auxiliary substances in the
      pores ccan be conveniently carried out by initially immersing the
      synthetic-resin layer in a solution of alkaline-earth-metal ions and
      thereafter dipping the impregnated layer into an alkaline solution (e.g.
      aqueous sodium or potassium hydroxide). As a result, the corresponding
      alkaline-earth-metal hydroxide will be formed in the wrapping layer.
      Moreover, the process may be repeated several times to obtain the desired
      concentration of the alkaline-earth-metal hydroxide in the wrap.
PAR  According to another feature of this invention, following the preparation
      of the electrode as described above, the electrode which may have
      variation concentrations of zinc, zinc hydroxide, before or after
      application of the wrap, and alkaline-earth-metal hydroxide, is subjected
      to cathodic reformation in an alkaline electrolyte to convert
      substantially all of the zinc hydroxide to finely divided metallic zinc in
      uniform and intimate contact with the calcium hydroxide. Upon charging and
      discharging of the electrode, dendrite formation is excluded while other
      parameters of the electrode are not substantially changed.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent hereinafter, reference being
      made to the accompanying drawing in which:
PAR  FIG. 1 is a flow diagram illustrating the invention; and
PAR  FIG. 2 is an electrode as made by the process.
DETD
PAR  The electrode shown in FIG. 2 comprises a metallic support 1 in the form of
      a wire grid of zinc-plated copper to which a terminal tab 2 is
      spot-welded. On the edges and in the middle of the support 1, there are
      provided on both sides of the support, spacers 3 in the form of plexiglass
      rods or ribs, held in place by cement. The space within the outlines of
      the plate and flush with the rods 3 is filled with the active material in
      three layers 4, 5, 6. The inner layer 4 is a zinc-enriched layer in which
      the zinc molar concentration exceeds the calcium molar fraction while the
      second layer 5 is calcium hydroxide rich in the sense that the molar
      concentration of zinc or zinc compounds. The layer 6 consists exclusively
      of calcium hydroxide and the plate is surrounded by a layer 7, wrapped
      therearound, consisting of porous synthetic resin, e.g. a nonwoven fabric
      of hylon filament, impregnated with calcium hydroxide.
PAR  In FIG. 1, there is represented the several stages of the present process
      in flow-diagram form. A grid 10 may be supplied to an electrolytic
      deposition stage 11, the electrolyte containing nitrate ion, zinc ion,
      calcium ion and hydrogen ion, to produce a plate at 12 in which the active
      material consists of zinc, zinc hydroxide and calcium hydroxide. Where
      desired, this plate may be provided as shown at 13 and 14 with a pasted
      layer of zinc, oxide or hydroxide and/or calcium oxide or hydroxide.
      Alternatively, the grid may be supplied at 15 to station 14 at which a
      zinc hydroxide/zinc oxide and calcium hydroxide/calcium oxide plate is
      prepared. The plates obtained at 12 and 16 may be led to a further station
      17 at which calcium hydroxide is electrodeposited thereon as the outer
      sheath, the resulting plate being subjected to cathodic reformation at 18
      to convert the zinc hydroxide to finely divided metallic zinc.
      Alternatively, the plate 12 may be led at 19 to the cathodic reformation
      stage and only thereafter will the outer layer calcium hydroxide be
      applied as shown at 20. The resulting plates, with or without a final
      cathodic reformation as shown in 21 and 22 may be wrapped at 23 and
      introduced into an alkaline cell with nickel or silver counterelectrodes
      as shown in 24. The plate 25 obtained from the cathodic reformation stage
      may be similarly introduced directly into the cell. The wrapping may be
      followed by cathodic reformation as shown at 76.
PAC  EXAMPLE I
PAR  A zinc-plated wire mesh of rectangular configuration and having dimensions
      of 31 .times. 51 mm is provided with a metal tab by spot-welding and is
      formed with spacer ribs along the edges on both sides of the support. The
      spacers are composed of plexiglass and are cemented to the wire grid. The
      electrode thus prepared is immersed in an electrolyte containing 600
      gr/liter of zinc chloride and 200 gr/liter of calcium nitrate in water,
      the bottom of the vessel being provided with a layer of zinc oxide. Using
      the electrode as a cathode against a zinc anode, electrolysis is carried
      out for two hours at a current of 0.5 amperes. Thereafter, the electrode
      is cathodically electrolyzed in an electrolyte containing 800 gr/liter of
      calcium nitrate over a period of one half hour with a current of 0.3
      amperes. The electrode is then immersed in an aqueous potassium hydroxide
      solution (37%) and electrolyzed for 20 hours with a current of 0.1
      amperes. In this last step, zinc compounds previously deposited are
      converted into metallic zinc. The electrode is then dipped, after rinsing
      in a mercury chloride solution to amalgamate the zinc. Under light
      pressure, a nonwoven synthetic-resin layer (Viledon) is wrapped around the
      electrode and cemented to the spacers. The electrode is then dipped in a
      calcium chloride solution and then again in a potassium hydroxide solution
      to precipitate calcium hydroxide in the pores of the wrap. The electrode 6
      is then used in a storage battery in which nickel III oxide constituted
      the counterelectrode or in combination with an air electrode in a zinc/air
      battery. In each case, potassium hydroxide served as the electrolyte. The
      plate had a capacity of 1.4 ampere hours corresponding to 10.5 ampere
      hours/decimeter.sup.2 of apparent surface. Repeated charge/discharge
      cycling showed no evidence of dendrite formation.
PAC  EXAMPLE II
PAR  Upon the grid prepared as in EXAMPLE I, a viscous paste was coated flush
      with the spacers, the paste consisting of equal parts by weight of zinc
      oxide and calcium hydroxide in the presence of sufficient water to impart
      a pasty consistency to the mass. After drying, a zincate resin layer of
      nonwoven fabric as described in Example I was supplied and the plate
      thereafter electrolyzed in an electrolyte containing 800 gr./liter of
      calcium nitrate as described in Example I. After a cathodic treatement in
      potassium hydroxide solution, the electrode was found to have a capacity
      of 1.1 ampere hours.
PAC  EXAMPLE III
PAR  Following the procedure outlined in Example II up to the provision of the
      synthetic-resin layer of nonwoven fabric, the electrode was cathodically
      electrolyzed in a solution containing 400 gr./liter of zinc chloride and
      400 gr./liter of calcium nitrate for one half hour at a current of 0.5
      amperes. The electrode was then processed in the calcium nitrate solution
      as described in Examples I and II. The electrode was subsequently
      cathodically treated in potassium hydroxide solution and was found to have
      a capacity of 1.6 ampere hours.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a negative electrode for an alkaline accumulator,
      comprising the steps of:
PA1  a. electrolytically depositing zinc and calcium upon a conductive support
      in the form of Zn, Zn(OH).sub.2 and Ca(OH).sub.2 from an electrolytic bath
      containing zinc ion, calcium ion and nitrate ion with the ratio of zinc
      ion to calcium ion made relatively high and establishing the proportions
      of zinc and calcium deposited on said support in a first electrochemically
      active layer directly upon said support;
PA1  b. electrochemically depositing on said first electrochemically active
      layer an outer electrochemically active layer containing zinc and calcium
      as Zn, Zn(OH).sub.2 and Ca(OH).sub.2 from an electrolyte containing zinc
      ion, calcium ion and nitrate ion with the ratio of zinc ion to calcium ion
      made less than in step (a) whereby the outer layer has a smaller ratio of
      zinc to calcium; and
PA1  c. forming said layers by electrolyzing same to transform the deposited
      zinc ion of said layers into elemental zinc.
NUM  2.
PAR  2. The method defined in claim 1, further comprising the steps of
      amalgamating the metallic zinc, applying to said outer layer a coating of
      a calcium-containing substance free from zinc, and wrapping the electrode
      in a porous synthetic-resin material impregnated with calcium hydroxide.
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ABST
PAL  A stable oxygen electrode which is in an active state and retains said
      activity for a long service life. The electrode comprises an electrode
      carrier and an activated transition metal chelate of
      5,14-dihydrodibenzo(5,9,14,18)tetraaza(14)annulene. Said metal chelate is
      activated by heating in an inner gas atmosphere at a temperature of
      between about 600.degree. and 1000.degree.C for at least 5 minutes.
BSUM
PAR  This invention relates to a process for activating catalysts for electrodes
      of electrochemical cells, particularly of fuel cells, with a transition
      metal chelate of 5,14 -dihydrodibenzo(5,9,14,18)tetraaza(14)-annulene as
      the catalyst, and to electrodes utilizing said catalysts.
PAR  An important requirement for the use of fuel cells on a wider basis is the
      presence of highly active and inexpensive catalysts, both for the anodic
      oxidation of fuels that are of interest from an economic point of view,
      such as methanol, formaldehyde, formic acid, carbon monoxide, oxalic acid
      and others, and also for the cathodic reduction of oxygen. The relative
      scarcity and high price of the noble metals has stood in the way of their
      wider use as catalysts. Research has accordingly been concentrated on the
      development of catalysts without noble metal content.
PAR  A metal chelate of 5,14,-dihydrodibenzo(5,9,14,18)tetraaza(14)-annulene has
      been disclosed as such a noble-metal-free catalyst both for the anodic and
      the cathodic reactions. These chelates with cobalt, iron, copper or nickel
      as the central atom are preferred. These chelates are hereinafter
      designated CoTAA, FeTAA CuTAA and NiTAA, respectively, for short.
PAR  The preparation of these chelates has been disclosed by H. Hiller, P.
      Dimroth and H. Pfitzner in Liebigs Ann. Chem. 717 (1968) 137-147 (Chemical
      Abstracts, 1969 Vol. 70:43557z) which is incorporated herein by reference.
      Briefly, these chelates may be prepared by reacting o-phenylenediamine,
      propargylaldehyde and the corresponding metal (II)-acetates and have the
      following structural formula:
      ##SPC1##
PAL  Among the chelates above named, CoTAA has up to now given the best results.
PAR  Particularly favorable values for the activity of these catalysts can be
      obtained if the electrode provided with the catalyst is, as soon as it is
      put into service, subjected for a little while to potentials above 500mV.
      In this manner active catalysts can be obtained, particularly for fuel
      oxidation. When used as oxygen catalysts, a relatively high activity is
      exhibited initially. However, the catalyst is not stable and becomes
      practically inactive after about one day of experimental use.
PAR  It is an object of the present invention to provide a process that will
      activate a metal chelate of
      5,14-dihydrodibenzo(5,9,14,18)tetraaza(14)-annulene as a catalyst and will
      stabilize its activity in such a manner that it can be used in
      electrochemical cells, either as an anode or as a cathode according to the
      choice of activating conditions, and in each case will have an adequate
      service life and the highest possible specific catalytic activity with
      reference to the reaction to be promoted. This prevents the production of
      mixed potentials at a given electrode.
PAC  SUBJECT MATTER OF THE INVENTION:
PAR  The said catalyst is provided with activity over a useful service life by
      tempering at a temperature above 400.degree.C in an inert gas atmosphere.
PAR  If the catalyst is to be provided for a fuel electrode, it is tempered at a
      temperature between 400.degree. and 500.degree.C in an inert gas
      atmosphere. A catalyst thus treated shows very good activity and stability
      when used in a fuel electrode. If used as an oxygen electrode, it
      exhibited a similarly high initial activity which falls off very quickly
      and finally disappears entirely. This is probably because the catalyst is
      not stable when subjected to the high potentials of at least 750 mV that
      are found in an oxygen electrode and thus is converted into an inactive
      compound.
PAR  The stability of the tempered catalysts under high potentials and in the
      presence of oxygen is surprisingly substantially greater if the tempering
      is carried out at still higher temperatures.
PAR  If the catalyst, therefore, is to be used for an oxygen electrode, the
      tempering is carried out at a temperature between 600.degree. and
      1000.degree.C, again in an inert gas atmosphere. The catalyst thus
      obtained shows an outstanding activity with respect to oxygen, but is
      practically inactive with fuels.
PAR  The invention also provides electrodes having catalytic activity which are
      useful in fuel cells comprising an electrode carrier and a catalyst for
      the electrochemical reaction carried out at said electrode, said catalyst
      comprising an activated metal chelate of 5,14-dihydrodibenzo-(5,9,14,18
      )tetraaza( 14)-annulene. The said activated metal chelate is activated by
      heating in an inert gas atmosphere at a temperature above 400.degree.C as
      set forth hereinbefore.
PAR  The fuel electrodes contain as the catalytic material, at least one of the
      specified metal chelates which had been heated to between about
      400.degree. and 500.degree.C. The oxygen electrodes contain as the
      catalytic material, at least one of the specified metal chelates which has
      been heated to between about 600.degree. and 1000.degree.C.
PAR  The heat treating temperature must be held up for a minimum time of 5
      minutes.
PAR  It is advantageous, for increasing the electric conductivity of the oxygen
      electrode from the catalytic material if the metal chelate is admixed,
      preferably prior to tempering, with a carbon component, for example,
      activated charcoal or acetylene soot. The carbon content in such case can
      range up to three times the amount, by weight of the catalyst. The
      conductivity of the fuel electrode is also improved if the metal chelate
      is admixed with an active form of carbon carbon as aforesaid.
PAR  CoTAA begins to sublime at 370.degree.C, but at the highest temperatures
      used, about 850.degree.C, it sublimes only to the extent of 30 to 40
      percent by weight of the starting chelate material.
PAR  The present invention makes it possible to activate the above-described
      known metal chelate material as a fuel catalyst or as an oxygen catalyst
      for an electrochemical cell depending upon the activation conditions. When
      prepared as an oxygen catalyst, it exhibits practically no catalytic
      activity for the fuel electrode reactions. Thus it is not necessary to
      keep the fuel away from the oxygen electrode for the purpose of reducing
      the formation of mixed potentials. The fuel electrode is in fact active
      for oxygen electrode reactions after the fuel catalyst activation process,
      but direct contact between the fuel electrode and the oxygen can readily
      be prevented with a baffle construction. Activity and useful life of the
      catalyst, especially when used in an oxygen electrode, is improved to a
      high degree by the present invention, so that the utilization of chelates
      of the kind above mentioned, for example, CoTAA, at least for a relatively
      long time, has only become possible at all as the result of the present
      invention.
PAR  The invention is further described by reference to the following Examples:
DETD
PAC  EXAMPLE I: FUEL CATALYST
PAR  500 mg CoTAA are flushed with nitrogen at room temperature for an hour and
      then held at a temperature of 420.degree.C for 4 hours in nitrogen. A part
      of the chelate sublimes away and a residue of 320 mg of a gleaming black
      reaction product are obtained. 6 mg thereof are ground with 6 mg of
      acetylene soot in a mortar and then spread between two graphite felt disks
      about 2 mm thickness having a surface of 5 cm.sup.2. The electrode thus
      obtained is secured in a Plexiglas holder provided with an electric
      current lead made of a Ti-Pd alloy. At a potential of 350 mV relative to
      the hydrogen electrode in the same electrolyte, formic and sulfuric acids
      in the proportion of 2N H.sub. 2 SO.sub. 4 + 3M HCOOH are placed in a
      half-cell arrangement at 70.degree.C, with the result that an oxidation
      current for the formic acid of 41 mA is measured. This corresponds to a
      catalyst activity of 6.8 A/g.
PAC  EXAMPLE II: OXYGEN CATALYST
PAR  1 gram of activated charcoal is intimately mixed with 0.5 g of CoTAA in a
      beater mill and is then tempered in a nitrogen atmosphere, first for 16
      hours at 420.degree.C and immediately thereafter for one hour at
      800.degree.C. The material thus obtained is mixed with enough PTFE
      emulsion that the PTFE content corresponds to 15 percent by weight of the
      mixture of activated charcoal and CoTAA. After good intermixing the
      emulsion medium (PTFE: polytetrafluoroethylene) is removed by suction, so
      that a cohesive hydrophobic mass is formed. This material is spread with a
      spatula in a thin layer on a porous PTFE sheet having a surface of 2
      cm.sup.2. The electrode is made fast in a Plexiglas holder and is exposed
      to contact with oxygen through the PTFE foil and to the electrolyte on the
      other side through a piece of graphitic felt. For a layer of 5 mg active
      material per cm.sup.2, such an electrode can operate at 5 A/g at room
      temperature in 4.5N H.sub. 2 SO.sub. 4 at a potential of 740 mV. This
      activity can be maintained for several thousand hours.
PAR  Nitrogen is preferred as the inert gas for the heat treating atmosphere.
      Other non oxidising gases such as hydrogen, helium or argon can also be
      used as inert gases.
PAR  Similar results have been obtained when applying the process to the iron
      and/or copper and/or nickel species.
CLMS
STM  We claim:
NUM  1.
PAR  1. A stable oxygen electrode which retains its useful catalytic activity
      over a long service life, comprising an electrode carrier  containing an
      activated transition metal chelate of
      5,14-dihydrodibenzo(5,9,14,18)-tetraaza(14)-annulene, said activated metal
      chelate having been activated by heating in an inert gas atmosphere at a
      temperature between about 600.degree.C and 1000.degree.C for a minimum
      time of 5 minutes.
NUM  2.
PAR  2. The electrode of claim 1, wherein said metal is selected from the group
      consisting of cobalt, iron, copper and nickel.
NUM  3.
PAR  3. The electrode of claim 1, wherein said metal chelate is the cobalt
      chelate.
NUM  4.
PAR  4. The electrode of claim 3, wherein said catalytic material is admixed
      with an active form of carbon.
NUM  5.
PAR  5. The electrode of claim 1 wherein said inert gas is nitrogen.
NUM  6.
PAR  6. The electrode of claim 5, wherein said metal chelate is the cobalt
      chelate which had been activated by heating to between about 600.degree.C
      and 850.degree.C.
NUM  7.
PAR  7. The electrode of claim 6 wherein said catalytic material is admixed with
      an active form of carbon.
NUM  8.
PAR  8. The electrode of claim 7, wherein said metal chelate had been activated
      by heating to about 800.degree.C.
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ABST
PAL  A reserve cell is described for providing electrochemical energy and which
      is capable of long shelf life in the reserve state. This cell comprises a
      combined prismatic electrode chamber overlayed with a compartment
      containing the electrolyte. The electrolyte is prevented from access to
      the electrode chamber, by a frangible sealing means. The reserve cell is
      designed to be rapidly actuated by a separable actuator means of which the
      reserve cell actuator means described in U.S. Pat. No. 3,484,297 is
      preferred. The electrolyte compartment is completely lined with an
      electrolyte impermeable lining forming the electrolyte container which is
      collapsible. Upon actuation the applied pressure forcibly expels the
      electrolyte from the electrolyte container into the electrode chamber.
      This cell is particularly adapted for use with high energy electromotive
      couples including those dependent on active anodic metals above hydrogen
      in the electrochemical series and particularly such metals as lithium,
      calcium, sodium and potassium.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to reserve electrochemical energy sources and more
      particularly to reserve cells capable of retaining electrochemical energy
      in a reserve state until actuation, said electrochemical energy being
      derived from high voltage electrochemical couples, including active metal
      anodes.
PAC  BACKGROUND OF THE INVENTION
PAR  In order to increase the useful longevity of cells and batteries both for
      military and civilian use, it is desired that such electrochemical energy
      sources be kept at a ready condition until the energy is required. In this
      manner the operating cycle of the device is only initiated at the time the
      operation of the device is required. Such devices have been described as
      "reserve" cells in that the energy output is withheld or reserved until
      required. Moreover in such devices it is required that the operation of
      the device be positive and foolproof. Further, recently it has become
      desirable to provide cells and batteries with high voltage electrochemical
      couples. The advantages therein lie in that the voltage from each cell
      couple is in the order of 2 volts to 3.5 volts. Such high energy
      electrochemical couples are based primarily on the use of highly active
      anodic metals. These active metals are those which lie above hydrogen in
      the electrochemical series i.e., they are capable of displacing hydrogen
      from water. Because of this capability of displacing hydrogen from water,
      water-based electrolytes cannot be safely used therewith. When water is
      used in conjunction with high energy electrochemical couples and
      particularly such couples involving anodic materials such as lithium,
      sodium, potassium and calcium, contact of the electrolyte with the anodic
      material will liberate copious amounts of hydrogen and oxygen which upon
      accumulation within the cell chamber may form explosive mixtures. For this
      reason it is preferred to use organic electrolytes in conjunction with
      such materials. Consequently the electrolyte should be based upon organic
      solvents.
PAR  Many of the organic electrolyte cells consist of: (a) active, high-voltage,
      light metal anodes such as lithium, (b) a wide variety of depolarizers
      including metal halides, oxides, perioxides, chromates, permanganates,
      periodates, molybdates, vanadates, arsenates, phosphates, sulfates, etc.
      and (c) a wide variety of electrolytes consisting of organic solvents such
      as tetrahydrofuran, propylene carbonate, gamma-butyrolactone,
      dimethylsulfite, N-nitrosodimethylamine, methylformate, dimethylcarbonate,
      N:N dimethylformamide, butylformate, acetonitrile, dimethoxyethane,
      dimethylsulfoxide etc. with a wide variety of dissolved active metal salts
      such as perchlorates, tetrachloroaluminates, tetrafluoroborates,
      chlorides, hexafluorophosphates, hexafluoroarsenates, etc. of the active
      metals. Such cells, when the electrodes are maintained immersed in the
      electrolytes even though the electrochemical circuit is not completed,
      show a degradation of performance on prolonged storage at elevated
      temperatures. This problem is due to spontaneous chemical reaction between
      the electrolyte and the extremely active anode and cathode materials. This
      problem is usually eliminated by using a reserve cell structure for these
      cells wherein the electrolyte is stored in a separate compartment away
      from the active electrodes and when needed the cell is activated by
      releasing the electrolyte into the electrode chamber by suitable means.
PAC  THE INVENTION
PAR  I have invented a reserve cell structure suitable for use with organic
      electrolyte cells and using for activation a commercially available
      activating device such as the device described in U.S. Pat. No. 3,484,297
      (Zaleski).
PAR  The object of this invention is to provide a novel reserve structure for
      the organic electrolyte cells which has the advantages of high voltage;
      high energy density; high volumetric and gravimetric efficiency; long
      shelf life; low cost; durability; easy, reliable, disposable activation
      means; quick activation; multiplate cellular structure; and unitary
      battery construction which is capable of quick activation. These
      advantages and further objects of the present invention will become
      apparent from the following description.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a schematic diagram of the reserve cell structure according to
      this invention with parts cut away to show the internal construction
      thereof and
PAR  FIG. 2 shows a multi-cell reserve battery construction with parts cut away
      to show the arrangement of the cells to form a battery and showing the
      safety devices to prevent accidental activation or actuation of the
      reserve battery.
DETD
PAR  In the schematic drawing of the reserve structure in FIG. 1, the interior
      of the cell is shown in partial section. The prismatic cell 1 includes
      casing 1a which is preferably made of a nickel-plated steel or of molded
      polymers, such as polyolefins or phenolics, or other rigid materials
      capable of resisting atmospheric and chemical corrosion. Groove 2 placed
      just above electrode stack 3 is incorporated into the cell casing la in
      order to provide a demarkation of the electrolyte compartment 6a and to
      provide a support for a prismatic electrolyte containing capsule or
      reservoir 6. The electrode stack 3 includes a parallel plate stack of
      rectangular anodes 3a and cathodes 3b. Between the electrodes is
      positioned bibulous separator material 3c  inert to the electrolyte and
      the electrodes. The cathode terminals are connected to a common tab 4a
      which in turn is connected to a glass-metal seal terminal 4 attached to
      the cell top 5 to provide external terminals for the cell 1. The anode
      terminals are similarly connected to the casing 1a via a common tab (not
      shown).
PAR  The prismatic electrolyte capsule 6 in compartment 6a provided with a
      circular opening on one side is molded from flexible polymeric material,
      such as phenolics, diallyphthalates or high density polyolefins. On the
      side adjacent to the electrodes an opening is provided which is closed by
      a frangible thin walled sealing lid 8. An impact transmitting bar 7,
      consisting of three or more vertical impact bars 7a, with a flat circular
      disc 7b at the top is placed inside the electrolyte capsule 6 with the
      flat disc 7b placed opposite to the lid 8 of the capsule 6. The inner wall
      of the capsule 6 is sealed to this flat disc 7b. The capsule 6 is filled
      with electrolyte and a circular thin walled sealing lid 8 is placed over
      the circular opening of the capsule and sealed to the capsule. A layer of
      polyethylene may be used between the two pieces. The capsule 6 is then
      inverted so that the capsule lid end faces the electrode stack 3 and the
      entire capsule 6 is then positioned in the electrolyte compartment 6a to
      rest on groove 2 of the cell case 1 directly above the electrode stack 3.
      Cell top 5 consists of nickel-plated steel lid with a central orifice 9
      for the contact positioning of the spring loaded plunger 10 of the
      standard activation mechanism according to U.S. Pat. No. 3,484,297 in
      contact with bellows 11. The glass-to-metal seal cathode terminal 4 is
      attached to cell top 5. The inner side of the nickel-plated steel cell top
      5 is hermetically heat sealed to a flexible polyethylene aluminum foil
      laminate bellows 11 of capsule 6. Cell top 5 is sealed to the cell case 1a
      after incorporation of the electrode stack 3 and the positioning of the
      electrolyte capsule 6 in the cell case 1a.
PAR  Bellows 11 is free at the central part where it rests within the
      electrolyte compartment 6a and in contact with capsule 6 inside the cell
      casing 1a and the spring loaded plunger 10 outside of the cell. A metal
      protective disc may be protectively placed below the plunger head 10a and
      the bellows 11 in order to protect the capsule 6 from puncture when it is
      impacted by the spring loaded plunger 10 during activation. Cell top 5 is
      also fitted with a pair of clasps 12 for retaining the activation
      mechanism housing 14. These clasps permit the positioning of the separable
      activation mechanism 15 just prior to activation and the removal of the
      activating mechanism 15 after activation. The activation mechanism 15 is
      capable of interchangeable reuse for cells of this type.
PAR  The disposable activation mechanism 15 includes a spring loaded plunger 10
      which is restrained by a pin 13. Twisting of the activation mechanism
      housing 14 causes pin 13 to slip through a hole (not shown) in the top of
      housing 14 thus releasing the spring and the plunger 10 which impacts the
      electrolyte capsule 6 through bellows 11 and the impact transmitting bar 7
      which thereupon breaks the thin frangible lid 8 and compresses the
      electrolyte capsule 6 thus releasing and expelling the electrolyte into
      the electrode stack 3 and thus activating the cell 1. Pin 13 is prevented
      from slipping through the hole (not shown) in the housing 14 by safety pin
      15 which has to be removed prior to cell activation by twisting off of the
      housing 14. The activation mechanism housing 14 along with the spring and
      the plunger 10 is automatically released from cell top clasp 12 after
      activation.
PAR  The electrode stacks 3 may be connected in series or parallel and by
      packaging them in a battery case 50a as shown by FIG. 2. The battery 50
      shown in FIG. 2 consists of 6 cells 30.
PAR  The simultaneous activation of all the cells 30 of battery 50 of FIG. 2 is
      achieved by slight modifications of the activation mechanism 14 of FIG. 1.
      This is accomplished by removal of all of the restraining pins 42 of the
      spring-loaded plungers 41 of activators 40 of all the cells by means of
      ripcord 43 interconnected to all of the pins 42. The handle of the ripcord
      is secured at one end of the battery in safety catch 44. The activation
      mechanism housings 40 may be removed after use by pushing them from one
      side to dislodge them from cell top clasps 45.
PAR  The reserve cell structures of this invention are applicable to a variety
      of organic electrolyte batteries and generally to all hermetically sealed
      batteries.
PAR  Various modifications of the above reserve structures are easily derived by
      those skilled in the art from the specific preferred structures of the
      preferred embodiment hereinabove described. Such modifications which may
      be useful for certain specific applications include cylindrical
      construction rather than the prismatic construction set forth herein.
      Pre-molding of all the activation mechanism housing clasps 45 of all the
      cells 30 in a battery into a single plastic case 50a so that all the
      activation housings 40 can be removed in a single disengaging operation is
      a similar modification. The use of spring loading or lever actuation in
      the design of the ripcord mechanism 43 so that all of the retaining pins
      42 and retaining activator plunger 41 may be released, by release of one
      single activating arm is also possible. Further, the invention includes
      providing a single spring loaded activation housing mechanism removal
      means, so that after activation the disengagement of a single member will
      remove the entire activation mechanism from the complete battery 50. These
      and other modifications of the basic design of my invention will be
      apparent to those skilled in the art and such modifications within the
      scope of this invention are intended to be included within the ambit of
      this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An organic electrolyte reserve cell comprising, a cell casing having an
      open end, a spring loaded disposable plunger activation mechanism having a
      vertically movable plunger placed therein and adapted to be moved by the
      spring, said plunger mechanism connected to said cell casing by a
      plurality of ears formed in said open end of said casing; a metal
      resilient lid for closing said casing, said lid having a central depressed
      portion to which said plunger is in abutment and whereby said central
      depressed lid portion may be moved upon movement of said plunger at a
      predetermined time; a plastic containing electrolyte reservoir having an
      accordian like configuration contained in said casing, a circular disc in
      said reservoir having a severality of impact rigid bars connected to the
      underside of said electrolyte reservoir opposite the depressed center of
      said metal cell lid, a frangible flat disc connected to said electrolyte
      reservoir and being placed over the electrodes of said cell, whereby when
      said always rigid impact bars are driven down against said frangible disc
      quickly and positively breaks the same so as to allow the organic
      electrolyte to quickly flow and activate the cell electrodes and to
      energize the cell without trouble.
NUM  2.
PAR  2. An organic electrolyte reserve cell comprising, a cell casing having an
      open end, a spring loaded disposable plunger activation mechanism having a
      vertically movable plunger contained therein and adapted to be moved by
      the spring, said plunger mechanism connected to said battery casing by a
      multiplicity of ears formed in said open end of said casing; a metal
      resilient lid for closing said casing, said lid having a central depressed
      portion to which said plunger is in abutment and whereby said central lid
      portion may be moved significantly upon movement of said plunger at a
      predetermined time; a plastic pleated electrolyte reservoir contained in
      said cell casing, a circular disc connected to said reservoir having a
      plurality of vertical rigid impact bars connected to the underside of said
      electrolyte reservoir at a point opposite the depressed center of said
      metal cell lid; a frangible flat disc connected to said electrolyte
      reservoir placed adjacent the electrodes of said cell, whereby when said
      stiff always rigid impact bars are driven against said frangible disc
      quickly and positively breaks the same so as to allow the organic
      electrolyte to repeatly flow and activate the cell electrodes and to
      energize the cell without incident.
NUM  3.
PAR  3. An organic electrolyte reserve cell comprising, a cell casing having a
      top open end, a pressure spring loaded disposable plunger activation
      mechanism having a vertically movable rod plunger therein and adapted to
      be moved vertically upon said spring activation, said plunger mechanism
      being directly connected to said battery casing by a plurality of struck
      out ears formed at said open end of said casing; a metal lid for closing
      said open end of said casing, said lid having a central depressed
      resilient portion to which said plunger is in abutment and whereby said
      central lid having a central depressed resilient portion to which said
      plunger is in abutment and whereby said central lid portion may be moved
      downward significantly upon movement of said plunger; a molded pleated
      fluid electrolyte reservoir contained therein, a circular flat thin disc
      having a plurality of vertical impact rigid bars connected to the
      underside of said electrolyte reservoir at a point opposite the depressed
      center of said metal cell top open end, a frangible flat lid connected to
      said electrolyte reservoir being placed adjacent the electrodes of the
      electrochemical cell, whereby when said always rigid impact bars are
      driven against said frangible disc quickly and positively breaks the same
      so as to allow the organic electrolyte to flow and activate the cell
      electrodes and to energize the cell.
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ABST
PAL  An improved hydrophobic polymer matrix having preselected wettable
      characteristics.
PARN
PAR  This is a continuation of U.S. Ser. No. 197,932 filed Nov. 11, 1971 now
      abandoned. The invention is a divisional of the invention claimed and
      described in application Ser. No. 850,339 filed Aug. 12, 1969, now U.S.
      Pat. No. 3,627,859; which in turn is a continuation of Ser. No. 543,786
      filed Apr. 20, 1966, now abandoned, which is a continuation-in-part of
      Ser. No. 491,864 filed Sept. 30, 1965, now abandoned.
BSUM
PAR  The present invention relates to the production of a porous hydrophobic
      matrix, having pre-determined wetting characteristics, useful as filters,
      separators, diaphragms and the like. More particularly, the invention
      relates to porous membranes or shaped articles of sinterable, corrosion
      and heat resistant fluoro-polymers. The invention will be described
      hereinafter with particular reference being made to elements such as
      porous barriers, supports in electrode construction, or matrices for
      retaining an electrolyte, for use in an electrochemical cell, and more
      particularly in a fuel cell. It is to be understood, however, that the
      materials of the invention have other utility where the peculiar
      characteristics of the composition are important as will be apparent to
      one skilled in the art. Reference to a fuel cell is by way of convenience
      and sets forth a preferred utility for the materials.
PAR  The principal requisites of a matrix or separator of the class useful in
      electrochemical cells are maximum chemical stability, low electrical
      resistance, and maximum diffusion of electrolyte in order to minimize the
      internal resistance of the over-all assembly. Other necessary properties
      include sufficient mechanical strength to withstand handling during
      assembly of the cell, shape and dimensional stability when wet with
      electrolyte, controlled porosity and sufficient density to act as a
      physical barrier to resist penetration of the matrix by the gaseous
      reactants piercing the separator and possible short circuiting of the cell
      by metallic growths.
PAR  For optimum performance in a fuel cell employing a trapped aqueous
      electrolyte, the matrix should be wettable by the electrolyte to the
      extent that the electrolyte forms a continuous phase which is in intimate
      contact with one surface of each electrode. Moreover, the combination of
      matrix and electrolyte must act as an effective bubble barrier to avoid
      the mixing of reactant gases at one electrode surface to prevent reactions
      of an explosive nature. The electrolyte matrix must also have a porosity
      sufficient to permit the necessary ionic mobility requisite to the ionic
      conductance internal to the cell structure at minimum resistivity and be
      inert to the electrolyte impregnated therein. To avoid a current flow
      within the electrolyte systems per se, with consequent wastage of
      utilizable power, the matrix must be an excellent electrical insulator.
      The matrix must also have a sufficient degree of pliability to conform to
      the surfaces of the electrodes of the cell so as to maintain the highest
      degree of area of contact therebetween and avoid areas of separation
      therefrom. Since the matrix must also function as a physical barrier to
      the mixing of the gaseous reactants, th matrix for a trappd electrolyte is
      ordinarily employed in fuel cell constructions wherein the matrix is
      compressed about the peripheral edges in sealing engagement with a
      suitable apertured framing member and/or cooperable sealing means or
      gasket. Therefore, the matrix preferably will have properties commendable
      to gasketing or sealing means. To minimize the cost the matrix should be
      constructed of materials which are readily available and manufactured by a
      quick, easy, efficient process, and the matrix preferably re-utilizable by
      replenishing with fresh aqueous electrolyte.
PAR  Materials currently employed as matrices for trapped electrolyte systems
      include various materials such as modified cellulose and pressed mineral
      fibers such as asbestos, alumina, magnesia and the like. Such materials
      currently in use as matrix forming materials suffer from a number of
      serious drawbacks, the principal among them being lack of chemical and/or
      thermal stability and poor mechanical strength. By way of example,
      asbestos impregnated with an aqueous alkali such as potassium hydroxide is
      readily attached to produce gelatinous residues which interfere with the
      ionic conductance, increase internal cell resistance and are incapable of
      being reimpregnated with fresh electrolyte. Modified cellulose, on the
      other hand, is easily hydrolized by the electrolyte.
PAR  The use of microporous polymeric films as elements in electrochemical
      cells, such as battery separators, is not new. For example, U.S. Pat. Nos.
      2,542,527 and 2,676,929 disclose processes wherein polymeric materials
      such as polyvinyl chloride or polyethylene are admixed with finely-ground
      starch particles and the mixture cast into sheets. The starch particles
      are hydrolyzed and rendered soluble by successive treatments and washing
      in both acid and alkaline media, leaving in their place voids of the
      approximate size of the original particles. While this type of microporous
      material has found some commercial application in the battery art, its
      principal disadvantages are the relatively high cost of manufacture, the
      difficulty experienced during manufacture in maintaining control of the
      pore size in the finished product, mechanical weakness of the resultant
      matrix, and the inability of the process to achieve pores with surfaces of
      controlled wetting characteristics, which are desirable in many fuel cell
      applications.
PAR  Accordingly, it is one object of the present invention to provide a method
      for fabricating a matrix free, or substantially free, of the defects
      associated with the aforementioned matrices of the prior art.
PAR  It is another object of the present invention to provide a method for
      producing matrices for trapped electrolytes, or as electrode supports for
      use in the fuel cell art permitting selective control of pore diameter,
      adjustability of dimensions, selection of degree and type of wettability
      and the desired surface texture.
PAR  It is another object of the present invention to provide a matrix in
      accordance with the foregoing objectives utilizing a polyfluoroethylene
      polymer.
PAR  The foregoing objectives, as well as additional objectives, advantages and
      features realizable from the present invention, will be more clearly seen
      from the following description, with particular emphasis being placed on
      the working examples.
PAR  In accordance with the present invention, a porous fluoropolymer matrix is
      made by precipitating the polymer from a colloidal state onto a loose
      slurry of selected and oppositely charged fibers, such as cellulose
      fibers. The charge on the fibers is induced by the adsorption of cationic
      agents on their surface. The fiber/polymer ratio and the diameter of the
      fiber determines porosity and pore size respectively. The plastic coated
      coagulum is extracted from the slurry and dried. The fibers may be either
      re-slurried in water and re-deposited upon a paper mat by processes known
      to the art or compressed into a sheet in a suitable mold. The dried sheet
      or mat is placed in a furnace adjusted to the sintering temperature of the
      hydrophobic polymer, causing the fibers to burn out, leaving a porous
      plastic structure behind.
PAR  Varying wetting characteristics and pore surface texture can be produced
      according to the present invention by adsorbing a colloidal mineral of
      desired dimensions onto the surface of the fiber in an aqueous medium and
      precipitating the finely divided particulate fluoro-polymer from an
      aqueous dispersion onto the mineral modified surface of the fiber, and
      collecting the resulting coagulum. The coagulum can be formed into any
      desired shape, which is then subjected to elevated temperatures sufficient
      to cause the particular hydrophobic polymer to sinter to a pliable
      coherent mass and to cause the fibrous substrate to undergo combustion,
      forming a combustion product, exposing the volume previously occupied by
      the fibrous substrate, and leaving the colloidal mineral distributed
      uniformly throughout the pore structure and firmly held therein. In an
      electrolyte matrix the mineral additives, or fillers, act as "stepping
      stones", allowing the "electrolyte" to achieve ionic conductive continuity
      between the electrodes as a result of their particular wetting
      characteristics. Any carbonaceous residue in the structure can be removed
      by treating the sintered material with a strong oxidizing acid, such as
      nitric acid, prior to the final drying. The resulting composition has a
      pore surface texture and chemical composition which is readily wettable by
      an aqueous electrolyte. The electrical resistivity of the porous material
      when used as a matrix for a trapped electrolyte, or as a support for an
      electrode, is materially reduced and the ionic conductivity enhanced to a
      high degree.
PAR  In practicing the present invention, a staple cellulosic, or similar fiber
      of the desired dimensions can be suspended in an aqueous medium by such
      conventional methods as the action caused by a plurality of blades
      rotating at high speeds to produce a severing action upon the fibrous
      material, and thereby causing the formation of a pulp or suspension of
      fibers corresponding to the desired dimensions of the ultimate pore
      structure of the matrix. A colloidal mineral can be added to the resulting
      suspension and caused to sorb upon the surface thereof by the addition of
      cationic agents or like means. The particulate hydrophobic polymer is
      precipitated from a colloidal state into a loose slurry of the fibers, or
      the polymer is added to the aqueous dispersion of fibers, and a
      coagulating or flocculating agent added to cause coagulation or
      precipitation to form a polymer/fiber coagulum, or a polymer/colloidal
      mineral/fiber coagulum or aggregate.
PAR  The coagulum is capable of separation and extrusion by conventional
      processes to form articles of any desired shape suitable for the ultimate
      purposes intended. The shaped article is subjected to temperatures
      sufficient to cause sintering of the particulate polymer, causing
      formation of a coherent pliable mass having a porosity controlled by the
      amount of cellulosic fibers therein, through combustion of the fibers
      forming a carbonaceous combustion product and thereby exposing the volume
      previously occupied by the cellulosic fiber.
PAR  The preliminary coalescence of the polymer/fiber, or polymer/colloidal
      mineral/fiber aggregate to form the sinterable stock of the present
      invention is accomplished by an organic coalescing or flocculating agent
      which is mixable with water and in which the polymeric material is
      substantially insoluble. Exemplary flocculating or coalescing agents
      include acetone, methyl ethyl ketone, methanol, ethanol and like
      compounds. The sinterable stock from the initial coalescing can be formed
      into membranes or other desired shapes through conventional extrusion or
      orifices extrusion slots or by resuspension in an aqueous medium and
      collection by mechanical means, such as forced filtration of the aqueous
      phase and the like.
PAR  Complete coalescence of the polymer particles to form a continuous
      polymeric phase in the formation of the porous article is achieved by
      sintering. Development of optimum mechanical properties is dependant in
      part upon the ratios of polymer : mineral : fibrous substrate as well as
      in part upon the sintering conditions, since incomplete sintering results
      in weak spots and corresponding poor mechanical properties. The optimum
      sintering temperature appears to be approximately 350.degree. -
      400.degree.C. although temperatures as high as 430.degree.C. can be
      successfully employed with some fluoro-polymers such as
      polytetrafluoroethylene. In general, sintering is effected at a
      temperature between the crystaline melt point, e.g., in the case of
      polytetrafluoroethylene, 327.degree.C., and the decomposition temperature
      of the hydrophobic polymer. While higher temperatures in general require
      shorter sintering times, temperatures in excess of 400.degree.C., e.g. in
      the case of polytetrafluoroethylene, tend to promote appreciable
      degradation. Any suitable heating media such as the hot air of a muffled
      furnace, radiant heat, heated rollers or platens and the like may be
      employed in the sintering operation.
PAR  Although particular reference has been made hereinbefore to
      polytetrafluoroethylene, which is the preferred polymer in the practice of
      the present invention, other polyhalogenated polymers can be used. By way
      of example copolymers of tetrafluoroethylene with other unsaturated
      organic compounds such as perfluoropropylene, chlorotrifluoroethylene and
      the like may be employed provided such copolymers maintain the essential
      properties of the tetrafluoroethylene homopolymer. In general,
      copolymerizable modifiers may be present in an amount up to about 15% by
      weight of the copolymer without destroying or deviating from the
      advantageous properties of the tetrafluoroethylene. Other plastics usable
      herein are polymers of fluorinated propylene, vinyfluoride, vinylidene
      fluoride, and copolymers thereof.
PAR  The production of the fluor-polymer dispersion is not a part of the present
      invention. The dispersion may be prepared by any suitable process
      described in the existing art including, by way of example, procedures
      disclosed in U.S. Pat. No. 2,478,229; U.S. Pat. No. 2,534,058; U.S. Pat.
      No. 2,559,750; and U.S. Pat. No. 2,685,707. The particle size of the
      polymer in the dispersions employable in the practice of the present
      invention may vary over a wide range. Preferably, the particles of the
      polymer should be of a colloidal state, e.g., a practical size range being
      from 0.05 to about 5 microns and more preferably, from about 0.1 to about
      3 microns in size. The smaller the particles the more easily is the
      formation of the sinterable stock and the workup of the sinterable stock
      to the ultimate, porous shaped structure. The fluoro polymer can vary
      widely as to molecular weight. Advantageously, weights for the fluoro
      polymer of 8,000 or higher are employed. As employed herein the term
      "hydrophobic polymer" or fluoro polymer refers to polymers such as, e.g.,
      polytetrafluoroethylene and the like, noted above, which have crystaline
      melt temperatures above about 300.degree.C. and are sinterable at
      temperatures from around their crystaline melt temperature to the
      decomposition temperature of the respective polymer. Suitable starting
      materials of this type include aqueous suspensions containing 60% by
      weight of polytetrafluoroethylene particles, available under the trade
      names Teflon 30, Teflon  41X and the like. Such dispersions may contain
      compatible wetting agents which may be of cationic, non-ionic and anionic
      types. Where the polymeric dispersion contains such wetting or stabilizing
      agents, precipitation of the particulate polymer onto the surfaces of the
      cellulosic fibrous substrate or colloidal mineral modified cellulosic
      fibrous substrate is facilitated by use of precipitating agents inducing
      the opposite charge upon the substrate particles.
PAR  The fibrous pore forming substrate can be formed by any conventional
      mechanical and/or chemical pulp forming procedure employed in the paper
      making or like art. The fibrous pulp can be prepared from flax, cereal
      straws, wood products and like cellulosic pulp rendering starting
      materials. The degradation by mechanical and/or chemical means is
      continued until a fibrous pulp suspension is obtained having the requisite
      dimensional parameters. As the size of the pore structure in the ultimate
      sintered composition corresponds closely to the dimension of the volume
      occupied by the fibrous substrate prior to combustion thereof to form the
      gaseous product which exposes the volume to ambient, the dimension of the
      fibrous substrate employed in compounding the sinterable stock will depend
      upon the use and characteristics desired of the ultimate porous membrane
      composition. By way of example, in the use of the sinterable stock to form
      a porous wettable membrane matrix for trapped electrolytes in gas
      consuming fuel cells, a fibrous suspension wherein the individual fibers
      have an average cross section of from about 0.5 to about 20 microns and
      more advantageously from about 1 to about 5 microns is preferred. For
      other uses such as battery diaphragms, electrode supports and the like,
      the fibers can have an average diameter of from about 0.5 to about 200
      microns. The length of the fiber can vary, again being determined by their
      ultimate use. In general fibers having an average length of from about 5
      microns to about 10 millimeters can be employed.
PAR  In a preferred embodiment of the invention, colloidal mineral components
      increasing the wettability of the hydrophobic fluoro plastics are
      incorporated into the pore structure of the matrix by sorbing suitable
      colloidal minerals on fibrous cellulose prior to the deposition of the
      colloidal hydrophobic polymer to form the coagulum or aggregate. When the
      final structure is subjected to the sintering temperatures of the
      fluoro-polymer the cellulosic material burns out leaving the wetting
      filler deposited in the pore structure previously occupied by the
      cellulosic material and now exposed to ambient by the decomposition gases.
      The resulting structure is characterized by good mechanical strength, high
      porosity, selective wetting characteristics and excellent stability to
      chemical attack by the electrolytes. The chemically stable aqueous
      wettable fillers function as "stepping stones" to permit the electrolyte
      to achieve a phase continuity over the surfaces defining the pores of the
      porous matrix between the electrodes. For optimum capillary requirements
      the chemically stable wettable fillers should preferably have a particle
      size in the 0.01 to 0.2 micron range. Exemplary wettable fillers for
      filling the aforesaid capillary requirements include exploded silicon
      dioxide, potassium titanate, titanium dioxide, thoria zirconia and the
      like. The aforesaid wettable fillers may be in fibrous or powder form.
PAR  Having described the invention in general terms, to more particularly
      illustrate the invention a detailed working example will be set forth.
DETD
PAC  EXAMPLE
PAR  Twelve grams of ashless filter paper (no. 41 Watman), 250cc's of distilled
      water, and one cc of a 10% aqueous solution of pelargonate quaternary
      amine hydrochloride, and 6 grams of colloidal silica, are charged to a
      Waring type blender and mixed for fifteen minutes at approximately
      three-quarters the rated capacity of the blender. Sixty grams of a 50% by
      volume aqueous dispersion of polytetrafluoroethylene, stablized with a
      non-ionic surfactant, is added to 100cc's of distilled water and the
      mixture charged to the blender while the blender is turned on at 30% of
      the maximum speed. After all the dispersion has been added the resultant
      charge is agitated for an additional fifteen minutes. Thereafter, with the
      mixture subjected to a constant speed, approximately 30% of the maximum
      blender speed, 150cc's of acetone is added and the mixture stirred for an
      additional five minutes.
PAR  The coagulated slurry is collected by filtration in a vacuum funnel and the
      resultant cake dried at 100.degree.C. at 25 inches of vacuum for sixteen
      hours. The resulting dried cake is broken up in the blender until a loose,
      fluffy, fibrous product is obtained. Three grams of the resultant loose
      fibers and 150cc's of distilled water are mixed in the blender at high
      speed for one minute. Trapped air is removed in a vacuum assembly. A 9
      centimeter filter paper is placed on a vacuum funnel and the slurry
      deposited thereon. The slurry is allowed to settle slowly in the absence
      of a vacuum for approximately two minutes and a vacuum then applied until
      water is no longer extractable. The upper surface can be rendered more
      even by pressing down upon the mat with a filter paper of the same size as
      below. The resulting slurried cake is dried overnight at 150.degree.F. The
      filter papers are removed and the mat placed in a muffle furnace at
      670.degree.F. for 15 minutes, or until all the cellulose is burned out.
      The mat is allowed to cool slowly at room temperature and the resultant
      porous plastic sheet is placed in a hot nitric acid reflux assembly and
      boiled until the plastic achieves its characteristic off-white color. The
      matrix is prepared above has excellent utility in a fuel cell for
      retaining an aqueous electrolyte, or as a support in electrode
      construction. In the electrode construction, one surface of a thin sheet
      of the matrix is coated with an activating material such as platinum black
      and the polytetrafluoroethylene surface maintained in contact with the
      fuel gas, with the activated surface being in contact with the
      electrolyte.
PAR  Additionally, in example 1, prior to the addition of the polymer
      dispersion, chemically stable wettable fillers such as exploded silicon
      dioxide, potassium-titanate, titanium dioxide, thoria zirconia, either in
      powder or fiber form, can be added to the fibrous suspension. The
      resultant product will be similar to the product obtained in the example
      except that the inert filler will be present at the porous openings of the
      plastic matrix. This expediency permits the tailor-making of the matrix as
      to surface properties, such as wetting and the like.
PAR  Although the present invention has been described with emphasis being
      placed upon fuel cell applications, it is apparent, as noted in the
      preamble of the specification, that the described structures will have
      numerous applications as filters, diaphragms and the like. The hydrophobic
      polymer structures can be made having varying porosities and pore sizes,
      including membranes where the actual porosity is not discernible, i.e.,
      where it is doubtful whether the pores are in the sub-micron range or are
      present as simple spaces between molecular chains. Since the pore size can
      be accurately determined, and because of the chemical inertness and heat
      resistant properties of the matrices, they can be used in numerous
      applications which will be apparent to one skilled in the art.
      Furthermore, according to the present invention it is possible to
      construct the novel matrix around a support such as a metal screen to
      improve its mechanical stability and render the matrix electrically
      conductive. The various modifications of the matrices and their numerous
      applications are to be included herein, with the invention only being
      limited by the appended claims.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A hydrophobic polymeric matrix having preselected wettable
      characteristics comprising a continuous phase of sintered fluorocarbon
      polymeric material having a series of integral interconnecting pores and a
      discontinuous colloidal mineral phase deposited in or at the surfaces of
      said pores, said mineral phase being uniformly arranged from major surface
      to major surface of said matrix.
NUM  2.
PAR  2. The matrix according to claim 1 wherein the particulate fluorocarbon
      polymer has an average particle size of from about 0.1 to about 50 microns
      and the pores have an average diameter of from about 0.5 to 10 microns and
      said colloidal mineral filler has an average particle size of from about
      0.01 to 0.2 microns.
NUM  3.
PAR  3. The matrix according to claim 2 wherein the ratio of fluorocarbon
      polymer to colloidal mineral filler is from about 0.1 to about 10.0 on a
      weight basis.
NUM  4.
PAR  4. A membrane forming composition that comprises a porous film-like
      fluorocarbon polymeric matrix formed of a sintered particulate
      fluorocarbon polymer, said matrix having a finely divided solid
      electrolyte stable wettable mineral uniformly dispersed in the pores
      thereof and firmly held therein, the finely divided particulate mineral
      being present in an amount sufficient to permit an aqueous phase to
      achieve continuity throughout the porous structure.
NUM  5.
PAR  5. The combination in an electrolytic cell, of at least one negative
      electrode and at least one positive electrode, and an electrolyte confined
      between said positive and said negative electrodes and in contact
      therewith comprising an aqueous electrolyte and a chemically inert highly
      porous matrix formed of a sintered finely divided fluorocarbon polymer,
      said matrix sintered to a coherent pliable mass, characterized by a large
      number of inter-connected pores, which matrix has a finely divided
      electrolyte stable, wettable mineral uniformly dispersed throughout the
      interconnecting pores and firmly held therein, characterized by its
      impermeability to transfer therethrough of gaseous products and having a
      continuity of electrolyte phase throughout said inter-connecting pores of
      said matrix establishing a high degree of electrochemical activity and
      high degree of ionic conductivity.
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ABST
PAL  This invention relates to batteries with improved shelf life. When a
      relatively high resistance element is connected across the terminals of a
      battery, the resulting low current drain inhibits the self discharge of
      the battery and thus improves the shelf life. The resistance element can
      be built into the battery or mounted externally. The invention also
      relates to a battery-operated article, such as a flashlight, having a high
      resistance load built into the article to contact the terminals of the
      battery to provide a low current drain when the article is not being used.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improved batteries, and particularly to the
      improvement of the shelf life of dry cell and other batteries which
      self-discharge when stored in high temperature environments.
PAR  The Daniell cell one of the early practical sources of energy, was found to
      work best when operating continuously in a closed circuit. The Daniell
      cell includes a zinc electrode immersed in a solution of zinc ions and a
      copper electrode immersed in a solution of bivalent copper ions. The two
      solutions are separated usually with porous plate separators or by
      gravity. Under open circuit conditions copper ions migrate to and deposit
      on the zinc electrode. This in effect results in the formation of small
      short circuited cells which rapidly dissolve the zinc electrode. A low
      resistance connection between the electrodes has been used to maintain
      cells under short-circuited conditions to inhibit this copper ion attack
      of the zinc electrode which results in improved operation of the cell.
PAR  In general, when a battery is stored or is not being used, it tends to
      self-discharge which results in decreased capacity of the battery. In a
      Leclanche-type dry cell, it is thought that this may be due to
      polarization, deposition of insoluble salts at an interface close to the
      anode as a result of localized pH changes or high concentrations of zinc
      ion, or formation of hydrogen peroxide from dissolved oxygen which reacts
      with the manganese dioxide. At elevated temperatures, usually above
      25.degree.C., the loss of capacity is increased. The higher the
      temperature, the more rapidly the battery loses its capacity. The
      self-discharge of the battery can be represented by the current which
      would have to be drawn externally to effect the same reduction in the
      capacity of the battery. Typical self-discharge characteristics at
      50.degree.C. of size "D" dry cells are shown in Table I.
TBL                Table I                                                     

     ______________________________________                                    

     Average Effective Self-Discharge Current                                  

     (SDC) of "D" Type Dry Cells at 50.degree.C.                               

     over Specified Periods                                                    

     ______________________________________                                    

     Period (days)      Average SDC (milliamps)                                

     ______________________________________                                    

      0-10              0.31                                                   

     10-30              0.25                                                   

     30-60              0.13                                                   

     69-90              0.04                                                   

     ______________________________________                                    

PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, it has been found that if a high
      resistance element is connected across the terminals of a battery, the
      shelf life is significantly improved. The resistive load produces an
      external low current drain on the battery. For reasons not fully
      understood, this low current drain improves the shelf life of the battery.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a dry cell battery having a resistance
      element mounted externally of the battery and connected across the
      terminals in accordance with the principles of this invention.
PAR  FIG. 2 is a cross-sectional view of an alternative dry cell battery having
      a resistance element mounted within the battery connecting the anode and
      the cathode.
PAR  FIG. 3 is a cross-sectional view of a flashlight containing a resistance
      element positioned to connect across the terminals of the batteries
      inserted into the flashlight to provide low current drain on the batteries
     .
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there is shown a conventional Leclanche-type dry cell
      battery. The battery includes a zinc anode 10 in the form of a container
      lined with a separator 11 and filled with a depolarizer-electrolyte mix
      15, which usually is a paste of manganese dioxide, a solution of zinc and
      ammonium chlorides and a stiffening agent. The separator 11 prevents
      shorting of the zinc anode and the manganese dioxide, which is the active
      cathodic component of the depolarizer-electrolyte mix 15. A carbon cathode
      12 is positioned in the mix 15 and projects from the insulating cover 14
      which seals the container. The projecting end of the cathode 12 serves as
      the positive terminal of the battery and the bottom of the anode usually
      serves as the negative terminal, as for most uses the sides of the anode
      are coated with an insulating material. A high resistance element 13 is
      mounted outside the container and connects the cathode 12 with the anode
      10.
PAR  The resistive value of the element 13 should permit a sufficient current
      drain on the cell. If the resistance is too high, the current drain may
      not be sufficient to improve the depolarization of the cell and thus
      improve the self-discharge rate. On the other hand, if the resistance is
      too low, too high a current may be drained from the cell and the capacity
      of the cell may be further reduced. The optimum current drain for
      improving the shelf life of the batteries is about 20 percent of the
      self-discharging current. For a size "D" dry cell battery at 50.degree.C.
      a resistance load of about 10,000-40,000 ohms is desirable.
PAR  As stated above, the self-discharge rate of dry cell batteries is
      temperature-dependent. At higher temperatures the self-discharge rate is
      increased and a larger current drain is necessary to improve the capacity
      after storage. Since the current drawn from a battery is inversely
      proportional to the resistance load, at elevated temperatures a lower
      resistance load is required to improve the shelf life. Under actual
      storage conditions batteries may be exposed to varying temperatures. For
      this reason, it is particularly preferred to use a resistance element
      having a high negative temperature coefficient of resistance, i.e., the
      resistance of the element decreases as the temperature increases. Thus a
      larger current will automatically be drawn from the battery at higher
      temperatures and the self-discharge rate of the battery will be improved.
      Typical of such resistance elements are thermistors prepared from sintered
      metal oxides. The resistance values of the thermistors can range from
      100,000-150,000 ohms at 23.degree.C., 25,000-50,000 ohms at 50.degree.C.
      and 10,000-20,000 ohms at 75.degree.C.
PAR  The resistance element can be externally connected to the battery terminal
      as illustrated in FIG. 1. The external resistance can be made a part of
      the device in which the battery is to be used, such as in a flashlight,
      portable radio, battery-operated toy, and the like. FIG. 3 illustrates a
      typical flashlight containing a high resistance element 24 positioned to
      draw a continuous low current drain on the batteries. The flashlight
      includes a metal casing 16, two dry cell batteries 17, an on-off switch 18
      which operates to close the circuit and permit a flow of current to a bulb
      19. A spring 21 forces the batteries 17 into contact with the bulb 19. A
      reflector 22 surrounds the bulb 19 to concentrate and direct the light
      from the bulb. A lens 23 further directs the light produced by the bulb.
      The high resistance element 24 is connected across the terminals of the
      batteries 17 by grounding the positive terminal of the batteries to the
      case, which in turn is connected to the negative terminal by the spring
      21. Since the high resistance element is in parallel with the lower
      resistance bulb circuit, when the switch 18 is closed most of the current
      from the batteries will flow through the bulb circuit and provide the
      desired light.
PAR  The flashlight can be modified to incorporate a high resistance element
      which would be connected across the terminals of the batteries to provide
      a low current drain only when the switch is open. With such a
      modification, when the switch is closed all current from the batteries
      would be used to operate the bulb. One such modification could be the use
      of a single pole double throw switch. This three terminal switch would
      alternatively connect the batteries with either the bulb circuit to light
      the flashlight for use or with the high resistance element when not in
      use, thus increasing the shelf life of the batteries.
PAR  The high resistance element can be made a part of the internal battery
      construction as illustrated in FIG. 2. FIG. 2 shows a dry cell battery
      which includes a zinc anode 25 in the form of a container lined with a
      separator 26 and filled with a depolarizer-electrolyte mix 30. A carbon
      cathode 27 is positioned in the mix 30 and projects from the insulating
      cover 29 which seals the container. A high resistance element 28 is
      mounted within the container and connects the anode 25 with the cathode
      27. For example, this can be accomplished by placing a ceramic sintered
      metal oxide thermistor inside the battery making contact with the anode
      and cathode. Such a ceramic sintered metal oxide thermistor has a high
      negative temperature coefficient of resistance and can be selected to
      provide automatically the desired current drain at different temperatures.
PAR  A high resistance element can be similarly incorporated into other
      battery-operated articles, such as radios, battery-operated toys, razors,
      motors, and the like. Additionally, a high resistance element can be
      incorporated into a package or display case used to transport and store
      the battery before use by the ultimate consumer. The resistance can be
      positioned in the package to contact the terminals of each battery in the
      package and thus provide a continuous low current drain on the battery to
      improve the shelf life.
PAR  The following examples illustrate the improvement in the shelf life of 1.5
      volt Leclanche-type dry cell batteries when stored under a high resistance
      load. In these examples the cell capacity is measured by discharging a dry
      cell battery through a 3-ohm resistance load to determine the total
      milliamp hours (ma.-hr.) delivered to the load to a terminal voltage of 1
      volt. In each example the results are referenced to a control set of
      batteries held at 23.degree.C. without a resistance load.
PAC  EXAMPLE 1
PAR  A series of 11 dry cell batteries type "D" (Ray-O-Vac 3D) were stored for
      70 days under various loaded and unloaded conditions. The initial and
      final cell capacities were determined as described above. The following
      table illustrates the effect of providing an external shunting resistor on
      the battery.
TBL  ______________________________________                                    

                        Cell Capacity                                          

     Condition          (11 Battery Average)                                   

     ______________________________________                                    

     Reference batteries                                                       

                        1237 ma.-hr.                                           

     Batteries under no load after                                             

                        936 ma.-hr.                                            

      70 days aging (50.degree.C.)                                             

     Batteries under 10,000 ohm                                                

                        1067 ma.-hr.                                           

      load after 70 days aging                                                 

      (50.degree.C.)                                                           

     Batteries under 43,000 ohm                                                

                        890 ma.-hr.                                            

      load after 70 days aging                                                 

      (50.degree.C.)                                                           

     ______________________________________                                    

PAR  The results show that the 10,000 ohm load provided sufficient current drain
      to improve the shelf life of the batteries at 50.degree.C whereas the
      43,000 ohm load provided an insufficient external drain.
PAC  EXAMPLE 2
PAR  A series of six dry cell batteries type "D" (Ray-O-Vac 3D) were stored at
      75.degree.C. for 20 days under loaded and unloaded conditions. The initial
      and final capacities were determined as described above. The following
      illustrates the results.
TBL  ______________________________________                                    

                        Cell Capacity                                          

     Condition          (six battery average)                                  

     ______________________________________                                    

     Reference batteries                                                       

                        1237 ma.-hr.                                           

     Batteries under no load after                                             

                        Less than 200 ma.-hr.                                  

      20 days heat aging (75.degree.C.)                                        

     Batteries under 10,000 ohm                                                

                        946 ma.-hr.                                            

      load after 20 days heat                                                  

      aging (75.degree.C.)                                                     

     ______________________________________                                    

PAR  Four of the batteries stored at 75.degree.C. without load had no usable
      capacity. All of the batteries stored under a 10,000 ohm load retained 77
      percent of their initial capacity.
PAC  EXAMPLE 3
PAR  A series of 11 low capacity batteries type "D" (Union Carbide Industrial
      Battery HS-50) were stored at 50.degree.C. for 14 days under loaded and
      unloaded conditions. The initial and final capacities were determined as
      described above. The following illustrates the results.
TBL  ______________________________________                                    

                          Cell Capacity                                        

     Condition            (11 battery average)                                 

     ______________________________________                                    

     Reference batteries  745 ma.-hr.                                          

     Batteries under no load after                                             

                          693 ma.-hr.                                          

      14 days heat aging (50.degree.C.)                                        

     Batteries under 10,000 ohm load                                           

                          759 ma.-hr.                                          

      after 14 days heat aging (50.degree.C.)                                  

     Batteries under 27,000 ohm load                                           

                          775 ma.-hr.                                          

      after 14 days heat aging (50.degree.C.)                                  

     ______________________________________                                    

PAR  These results suggest that the reference batteries were initially somewhat
      polarized. The external current drain under loaded conditions at
      50.degree.C. contributes to the depolarization of the battery, thereby
      increasing its capacity as compared to the reference batteries.
PAC  EXAMPLE 4
PAR  Two dry cell batteries type "D" (Ray-O-Vac 3D) loaded with a resistor
      having a steep negative temperature coefficient of resistance, and two
      similar batteries not loaded were thermally cycled over a 29-day period by
      placing them in a black metal can which was exposed to the sun. The
      internal temperature of the can varied from 50.degree.C. to 15.degree.C.
      The resistor element used was a commercial thermistor, Fenwal GA 51P2
      having resistance values of 130,000 ohms at 23.degree.C., 42,000 ohms at
      50.degree.C. and 20,000 ohms at 70.degree.C. The following illustrates the
      results:
TBL                    Cell Capacity                                           

     Condition         (two battery average)                                   

     ______________________________________                                    

     Reference batteries                                                       

                       1237 ma.-hr.                                            

     Batteries under no load                                                   

                       885 ma.-hr.                                             

      thermally cycled                                                         

     Batteries thermally cycled                                                

                       1105 ma.-hr.                                            

      with resistive load                                                      

     ______________________________________                                    

PAR  This invention has been described with reference to Leclanche-type dry cell
      batteries, but is also applicable to improve the shelf life of other
      batteries and particularly those with severe self-discharge
      characteristics. Typical of this type of battery are nonaqueous systems
      using lithium anodes and halide cathodes, and high temperature molten
      electrolyte batteries employing such couples as lithium or sodium anodes
      and halogen, sulfur or selenium cathodes. It is also suitable for use in
      battery systems which are subjected to dissolution of the cathode with
      subsequent transport and plating of the cathode element on the anode.
      External low current drains would inhibit this transport. Cathodes such as
      meta-dinitrobenzene in aqueous systems and CuF.sub.2, CuCl.sub.2 in
      aqueous and organic systems are typical examples of these dissoluting
      positives.
CLMS
STM  What I claim and desire to protect by Letters Patent is:
NUM  1.
PAR  1. In a battery having self-discharge characteristics and an anode and a
      cathode within a container the improvement of which comprises a high
      resistance element connected across said anode and said cathode, wherein
      said high resistance element has a value selected to provide a
      predetermined low current drain on said battery.
NUM  2.
PAR  2. A battery as set forth in claim 1 wherein said high resistance element
      is mounted externally of said container and is connected across said anode
      and said cathode.
NUM  3.
PAR  3. A battery as set forth in claim 1 wherein said high resistance element
      is mounted internally within said container and is connected across said
      anode and said cathode.
NUM  4.
PAR  4. A battery as set forth in claim 1 wherein said high resistance element
      has a high negative temperature coefficient of resistance.
NUM  5.
PAR  5. In a dry cell battery having a zinc anode, a carbon cathode and a
      depolarizer-electrolyte mix within a container, the improvement of which
      comprises a high resistance element connected across said anode and said
      cathode, wherein said high resistance element has a value selected to
      provide a predetermined low current drain on said battery.
NUM  6.
PAR  6. A dry cell battery as set forth in claim 5 wherein said high resistance
      element is mounted externally of said container and is connected across
      said anode and said cathode.
NUM  7.
PAR  7. A dry cell battery as set forth in claim 5 wherein said high resistance
      element is mounted externally within said container and is connected
      across said anode and said cathode.
NUM  8.
PAR  8. A dry cell battery as set forth in claim 5 wherein said high resistance
      element has a high negative temperature coefficient of resistance.
NUM  9.
PAR  9. In a dry cell battery comprising a zinc anode in the form of a
      container, a depolarizer-electrolyte mix within said anode and a carbon
      cathode positioned and substantially within said electrolyte mix with one
      end projecting therefrom and the other end spaced from the bottom and
      sides of said anode, the improvement of which comprises a high resistance
      element connected across said anode and said cathode, wherein said high
      resistance element has a value selected to provide a predetermined current
      drain on said battery.
NUM  10.
PAR  10. A dry cell battery as set forth in claim 9 wherein said high resistance
      element is mounted external to said anode and connects said anode to the
      projecting end of said cathode.
NUM  11.
PAR  11. A dry cell battery as set forth in claim 9 wherein said high resistance
      element is mounted within said anode to internally connect said anode and
      said cathode.
NUM  12.
PAR  12. A dry cell battery as set forth in claim 9 wherein said high resistance
      element has a high negative temperature coefficient of resistance.
NUM  13.
PAR  13. A dry cell battery as set forth in claim 9 wherein said high resistance
      element has a value of about 10,000 ohms to about 40,000 ohms.
NUM  14.
PAR  14. In an article operable by one or more batteries and having a
      compartment for receiving said batteries and an on-off switch for
      connecting said batteries into a circuit to operate the article, the
      improvement of which comprises a high resistance element mounted in said
      compartment to connect across the terminals of said batteries and provide
      a predetermined low current drain from said batteries to improve the shelf
      life thereof.
NUM  15.
PAR  15. An article as set forth in claim 14 wherein said high resistance
      element is mounted so that it is connected across said terminals of said
      batteries when said switch is off, and is disconnected from said terminals
      when said switch is on.
NUM  16.
PAR  16. An article as set forth in claim 14 wherein said high resistance
      element has a high negative temperature coefficient of resistance.
NUM  17.
PAR  17. In a package for receiving one or more batteries, the improvement of
      which comprises a high resistance element mounted to said package to
      connect across the terminals of said batteries to provide a predetermined
      low current drain on said batteries.
NUM  18.
PAR  18. A package as set forth in claim 17 wherein said high resistance element
      has a high negative temperature coefficient of resistance.
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ABST
PAL  Improved thermal batteries operating at elevated temperatures include a
      molten metal anode in which a foraminous substrate is filled with the
      anode metal and contained in a housing having an impervious metal portion
      and a porous refractory fiber portion, the porous portion being in sealing
      engagement against the metal portion.
PARN
PAR  This is a division of application Ser. No. 360,162 filed May 14, 1973 now
      U.S. Pat. No. 3,891,460.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Thermal cells are primary electrochemical cells having an anode, a cathode
      and an electrolyte that is solid and non-conductive at normal
      temperatures. The cell is activated by providing sufficient heat to melt
      the electrolyte which thereby becomes conductive. Thermal batteries are
      made up of a plurality of thermal cells and conventionally also include a
      heat source, usually an ignitable, exothermically reactive chemical charge
      or pyrotechnic.
PAR  A variety of electrochemical systems are known for use in thermal cells.
      The electrolytes are generally mixtures of alkali metal halides, most
      commonly a eutectic mixture of LiCl and KCl melting at about
      352.degree.C., although other fusible salt mixtures have been used, such
      as alkali metal thiocyanates. Suitable active cathode materials that are
      reduced in the electrochemical cell reaction, often called depolarizers,
      include phosphates, metal oxides, borates and chromates, the most widely
      used being calcium chromate or vanadium pentoxide. In many batteries the
      electrolyte is supported on glass or ceramic fiber tape or felt and the
      depolarizer is applied as a glaze or paste to a metallic cathode current
      collector, as by O. G. Bennett and John P. Wooley in U.S. Pat. No.
      3,575,714. It is now common practice to mix the electrolyte and
      depolarizer with a binder in powder form and press the mixture into a
      wafer, generally referred to as a DEB pellet, as is disclosed, for
      example, by D. M. Bush in U.S. Pat. No. 3,677,822, S. C. Levy in U.S. Pat.
      No. 3,425,872 or R. P. Clark and Kenneth R. Grothaus in U.S. Pat. No.
      3,527,615.
PAR  Calcium is the most widely used anode material, generally in the form of a
      coating on a nickel or iron current collector, although magnesium is
      sometimes used and other anodes have been investigated, including solid
      lithium alloys. Richard E. Panzer in U.S. Pat. No. 3,367,800 discloses the
      use of a solid lithium anode, in which the cell temperature does not
      exceed the melting point of the anode. Even small amounts of liquid metal,
      such as lithium-calcium alloy formed during operation of cells having a
      calcium anode and a lithium containing electrolyte, result in internal
      shorting which is a principle mode of failure in thermal batteries, as is
      pointed by Clark and Grothaus, supra. Various techniques have been used to
      inhibit liquid alloy formation, while E. M. Klopp and Terrence J.
      Kurtzweill in U.S. Pat. No. 3,533,844 have used individually sealed cells
      having a screen barrier adjacent a calcium anode to retain such alloy by
      capillary action.
PAR  Conventional thermal cells, such as the calcium/lithium chloride-potassium
      chloride/calcium chromate cells, also have disadvantages resulting from
      self-discharge reactions in which the cell components react chemically,
      rather than electrochemically, with no electrical power generation. One
      such disadvantage is that they rapidly deteriorate at operating
      temperature, even when connected in an open circuit. Another disadvantage
      is that they have a comparatively narrow operating temperature range of
      about 100 centigrade degrees and, when overheated, the heat generated by
      the self-discharge reaction further heats the cell to further accelerate
      the self-discharge reaction; this type failure is known as thermal
      runaway. Thermal runaway is an especially severe problem in larger battery
      sizes because it can be initiated by localized hot spots.
PAR  Another problem of great practical significance is the inability to
      accurately predict the performance of thermal batteries of various size
      and design as well as the extreme difficulty in obtaining high
      reproducibility.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a liquid metal anode for use
      in thermal cells, which anode can be used in cells in the same manner as
      solid anodes have been used heretofore. Another object is to provide
      improved thermal batteries utilizing the liquid metal anode; such improved
      batteries provide higher energy density, higher power density and longer
      life than have been heretofore available in thermal batteries. Another
      object is to provide a thermal battery that can stand in an open circuit
      at operating temperature. Another object is to provide a thermal battery
      that is resistant to thermal runaway. Another object is to provide a
      thermal battery that is highly reproduceable and has predictable
      performance characteristics. Another object is to provide larger power
      batteries than have heretofore been practically obtainable from thermal
      batteries. Another object is to provide a thermal battery exhibiting
      substantially no "electrical noise", even at high power and energy
      densities.
PAR  In accordance with this invention the anode comprises a foraminous inert
      metal substrate wettable by and filled with an electrochemically active
      anode metal that melts at a temperature below the cell operating
      temperature and a housing having an impervious metal portion in electrical
      contact with the active anode metal and a porous refractory fibrous
      portion; the porous portion is in sealing engagement against the periphery
      of the metal portion. It is now preferred for use in long life batteries
      for the housing to completely envelope the active anode with the porous
      portion at least partly covering the anode surface that abuts the cell
      components with which it electrochemically reacts, which for purposes of
      convenience will be designated as the inner surface. The inner anode
      surface may be left uncovered for use in cells or batteries designed for
      short-lived operation. The batteries of this invention comprise a
      plurality of cells, each comprising an anode in accordance with this
      invention, an electrolyte, and a depolarizer cathode. The preferred
      batteries comprise a stack of cells in which there are stacked in
      recurring sequence an anode, a wafer containing electrolyte, depolarizer
      and binder, and a combustible composition that serves as a heat source and
      a cathode current collector. The batteries are activated by heating to a
      temperature above the melting point of the anode metal and the melting
      point of the electrolyte.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view, partly cut away, of a preferred anode in accordance
      with this invention;
PAR  FIG. 2 is a cross section of FIG. 1 taken at A--A;
PAR  FIG. 3 is a cross sectional view of another anode embodying this invention;
PAR  FIG. 4 is a cross sectional view of another anode embodying this invention;
PAR  FIG. 5 is a cross sectional view of another anode embodying this invention;
      and
PAR  FIG. 6 is a cross sectional view of a thermal battery embodying this
      invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The active anode metals suitable for use in this invention include alkali
      metals, alkaline earth metals or alloys thereof that melt below the cell
      operating temperature, or, for most purposes, below about 400.degree.C. It
      is now preferred to use lithium or an alloy of lithium and calcium as
      cells with such anodes provide higher voltage, power density and energy
      density.
PAR  The active anode metal is carried by a foraminous metal substrate that is
      wet by the molten anode metal and is substantially inert to
      electrochemical or other reaction in the particular cell system used. The
      substrate may be screens, fibrous pads, sintered metal, perforated sheets,
      or other foraminous form. Nickel, iron or stainless steel substrates are
      generally useable in the common thermal battery electrochemical systems;
      it will be recognized by those skilled in the art that other wettable
      metals may be used or that surface or other pretreatment may be used to
      improve wettability, such as, for example, as disclosed by Barry O.
      Hanawalt in U.S. Pat. No. 3,634,144 for wetting metals with lithium. The
      substrate is filled with active anode metal, most suitably by dipping the
      substrate in molten anode metal, withdrawing the substrate and then
      cooling it below the melting point of the anode metal. Although generally
      not preferred, the substrate may be filled in situ in the anode by, for
      example, abutting layers of substrate and anode metal; when the anode
      metal is melted on activation of the cell it will then wet and fill the
      substrate.
PAR  The anode housing comprises an impervious inert metal portion and a porous
      refractory fibrous portion. The metal portion is in electrical contact
      with the anode metal and may be of any solid metal substantially inert to
      the other cell components with which it may contact, most suitably nickel,
      stainless steel or iron. It is now preferred to use dry asbestos fibers,
      woven, felted or molded into the desired shape, as the porous portion of
      the housing. Any other insoluble, inorganic, non-metallic fibers of high
      melting point that is infusible during operation of the cell may be used
      in the place of the asbestos, such as, for example, refractory or ceramic
      fibers, either acidic, basic or amphoteric, mixtures of such fibers or
      mixtures of such fibers with asbestos. The porous portion of the housing
      is in tight engagement with the entire periphery of the metal portion of
      the housing, such sealing prevents leakage of the molten anode metal,
      along the metal housing surface to the exterior of the housing, that would
      cause shorting or other premature failure. It is recognized that there may
      be some reaction of the anode metal with such fibers, but this reaction
      appears over normal battery lives to be only a non-detrimental surface
      reaction; it is believed that this surface reaction at the fiber-metal
      interface prevents undesirable leakage of the anode metal from the anode
      assembly.
PAR  The invention is hereinafter more fully described with reference to the
      drawings.
PAR  FIG. 1 and FIG. 2 illustrate a preferred embodiment in which the housing
      completely envelops the active anode. A shallow metal cup 2, generally
      formed from thin stock, suitably 5 to 10 mils, of an easily cold-formed
      metal, such as iron, carbon steel, stainless steel or nickel has a planar
      bottom and a sidewall perpendicular thereto. Screens 3 and 3a that are
      filled with solidified lithium and substantially cover the cup bottom,
      were prepared by dipping the screens in molten lithium as heretofore
      described. It will be recognized that filled screens so prepared contain
      only an amount of lithium that tends to be retained by the screen when in
      the molten state. We now prefer to use a 40 mesh screen of iron or type
      304 stainless steel that carries up to about 0.25 grams of lithium per
      square inch when filled by dipping in molten lithium at about
      500.degree.C-600.degree.C. One or more screens, pads or other layers of
      substrates are used to provide the amount of lithium desired in the anode.
      The porous portion of the anode housing is made up of two layers of
      asbestos fiber sheet 4 and 5 that overlie and cover the anode screens;
      inturned flange 6, integral with the top edge of the cup, overlaps and
      seals against the margin of sheet 5. Asbestos sheet 5 is impregnated with
      solidified salt corresponding to the electrolyte of the cell in which the
      anode is to be used and layer 4 is dry and unimpregnated. Satisfactory
      anodes can be made without an electrolyte impregnated layer, but it is
      generally desirable to provide such an electrolyte barrier for separating
      the anode metal and depolarizer to minimize self-discharge, especially in
      longer life batteries. The electrolyte barrier may be conveniently
      provided in other cell components when it is not included in the anode
      assembly.
PAR  In the anode assembly of FIG. 3 the housing likewise completely encloses
      the active anode. The outer surface of the active anode 22 abuts a solid
      metal disc 24 of larger diameter than the anode 22. An annulus 26 of
      asbestos sheet surrounds the active anode and engages the margin of the
      metal disc. An asbestos sheet 28 covers the inner surface of the
      electrode. When incorporated in a battery, the compression applied to the
      cell stack maintains the tight engagement of the assembly.
PAR  FIG. 4 and FIG. 5 illustrate modified anode assemblies in which the inner
      surface of the anode, that when assembled in a cell abuts other active
      electrochemical cell elements, is not covered. These assemblies are
      suitable for use in short-life batteries designed for operation for about
      two minutes or less. Referring to FIG. 4, the active anode 30 abuts a
      metal disc 32 and is surrounded by an asbestos sheet annulus 34. When
      incorporated in a compressed cell stack, the annulus is held in tight
      engagement against the disc.
PAR  FIG. 5 is similar to FIG. 2 in that the anode 36 is contained in a cup 38.
      Even though the inner anode surface is exposed, it is necessary to seal
      asbestos ring 40 against the entire edge of the metal cup.
PAR  Referring to FIG. 6 the improved thermal batteries of this invention
      include a plurality of stacked electrochemical cell elements, each being
      in the shape of a thin disc or wafer together with an ignitable chemical
      heat source. The cell stack is surrounded by thermal and electrical
      insulation 7 and is maintained under compression by a metal housing 8.
      Each cell has an anode 9 in accordance with this invention, an
      electrolyte, a depolarizer and a cathode current collector. In the now
      preferred batteries, the electrolyte and depolarizer are incorporated in a
      two-layer anolyte/catholyte wafer 10; the combustible composition pellet
      11 also serves as a cathode current collector and provides electrical
      connection between the cells. A combustible composition pellet 12 provides
      heat to the outside of the bottom cell of the cell stack. Asbestos disc 13
      positioned on the ends of the cell stack serves as a temperature buffer.
      Additional heating is provided by combustible composition 14. Positive
      terminal 15 connected to metal current collector 16 extends through the
      insulation and housing, suitably sealed by glass or ceramic seal 17. Leads
      18 and 19, also hermetically sealed, are connected to an electrical source
      for firing the electrical match or squib 20 to activate the battery. The
      electrical match ignites the fuse strip 21, which in turn ignites each
      wafer of combustible material.
PAR  The wafer 10 is a mixture of electrolyte, depolarizer and binder which is
      mixed in powder form and compacted into two layer wafer or pellet, now
      commonly known in the art as a two layer anolyte/catholyte pellet. The
      anolyte layer 10a is a mixture of an inorganic absorbent powdered binder
      with an electrolyte, which may be a single salt or a mixture of salts
      having melting points applicable to the desired cell operating temperature
      and that, for the most part, do not undergo reactions, other than
      electrochemical, with other cell components during storage or operation of
      the cell. Commonly, it is preferred to use a low melting mixture of alkali
      metal halides, most usually lithium chloride-potassium chloride eutectic.
      The catholyte layer 10b is composed of any thermally stable oxidizing
      material reducible by the anode that is suitable for use as a depolarizer,
      including those materials heretofore used as depolarizers for calcium,
      magnesium, lithium alloy and other thermal battery electrodes, such as,
      for example, potassium dichromate (K.sub.2 Cr.sub.2 O.sub.7), calcium
      chromate (CaCrO.sub.4), vandium pentoxide (V.sub.2 O.sub.5), and tungstic
      oxide (WO.sub.3) and generally contains some electrolyte.
PAR  The combustible heat generating wafers are readily ignitable, electrically
      conductive after ignition and produce substantially no gas or burning. An
      example of such a known material is a mixture of iron and potassium
      perchlorate, suitably containing from about 84 to 90% iron.
PAR  The new anode is useable in other thermal battery constructions and
      arrangements in place of other solid electrodes. For example, there may be
      used in place of the two layer anolyte catholyte wafer in FIG. 3, a
      mixture of electrolyte depolarizer and binder compacted into a homogeneous
      wafer commonly known as a DEB pellet. Or a metal cathodic current
      collector may be used adjacent a depolarizer in cells electrically
      connected by metallic leads, in which case the combustible composition
      need not be conductive after ignition.
PAR  Batteries utilizing the new anode in place of prior solid anodes provide
      increased energy density, increased power density, longer life and less
      temperature sensitivity. In addition, the voltage regulation is improved,
      noise is substantially reduced, and the performance of the batteries is
      predictable and reproduceable. Even though the active anode is entirely
      liquid metal and the liquid metal is electrochemically available for
      reaction, the battery is substantially free from failure by internal
      shorting.
PAR  Illustrative of the improvement, the calcium/LCl-KCl/calcium chromate cell
      has a practical current density limit of about 0.4 amps per square inch
      (15 minute life), while energy densities as high as 2 amps per square inch
      are obtained when the new molten metal anode is used in place of calcium;
      the operating range with a calcium anode is between about
      450.degree.-570.degree.C. while the range is between about
      400.degree.-650.degree.C, with the molten metal anode; a typical calcium
      battery has an energy density of about 5 watt-hours per pound while with
      the molten metal anode energy densities of 10.4 watt-hours per pound or
      more may be obtained (the power density per cell is typically 34
      watt-hours per pound or more when using lithium-containing anodes); the
      calcium anode batteries typically have a life of not more than 15 minutes,
      while the life of a battery with the new totally housed anode may be as
      long as 30 minutes. Similar improvements result when the new anode is used
      in other thermal battery systems. Although conventional solid electrode
      thermal batteries have not ordinarily been made larger than about 4 inches
      in diameter, the new molten metal anode batteries can be made up to 16
      inches in diameter or larger and still provide reliable service. It is
      believed that the special adaptability for larger cells is realized
      because of the uniformity and improved heat transfer of the liquid metal
      anode.
PAR  The following examples are further illustrative of this invention. A 9-cell
      battery as in FIG. 6 was made using the anode of FIG. 1; an
      anolyte/catholyte wafer having an anolyte layer of Cab-O-Sil binder with a
      eutectic mixture of lithium chloride and potassium chloride and a
      catholyte layer of 3 parts by weight calcium chromate to one part by
      weight lithium chloride-potassium chloride; and a heat source containing
      iron and potassium perchlorate powders in the ratio of 21 parts to 4 parts
      by weight. Each cell was 5 5/16 inches in diameter and weighed 138.6
      grams, including the heating wafer, which weighed 56 grams; each anode
      contained 220 to 230 mg. of lithium per square inch. On actuation by
      ignition of the heat source, the battery performance was as follows for
      the life until the output voltage dropped 22% below the initial voltage:
TBL  Discharge Load Resistance:                                                

                          0.80        ohms                                     

     Energy Output:       23,997      coul.                                    

     Average Voltage:     16.4                                                 

     Average Current:     20.5        amps.                                    

     Running Time:        .333        hours                                    

     Watt Hours per pound Cell                                                 

                          34.6                                                 

     (including Heat)                                                          

     Watt Hours per pound Battery                                              

                          10.36                                                

     Watt Hours per cubic inch cell                                            

                          7.7                                                  

     Watt Hours per cubic inch battery                                         

                          0.96                                                 

PAR  A 1 3/8 inches diameter cell was made by stacking the anode of FIG. 4
      containing about 65 mg. of lithium, an anolyte/catholyte pellet of the
      same composition as in the previous example, and an already burned heat
      wafer to simulate battery conditions. The cell was sandwiched between two
      iron disc current collectors with electrical leads attached. The cell
      thickness was 0.080 inches; including current collectors. The cells were
      activated by placing the cell under compression between heated platens.
      When such cells were heated to 512.degree.C, the peak voltage under a
      constant load of 4.5 amperes ranged from 2.35 to 2.37 volts. The active
      life to 1.8 volts ranged from 59 to 79 seconds.
PAR  A 1 3/8 inches diameter cell made as in the previous example except that
      the anode was that of FIG. 5 and contained about 135 mg. of
      calcium-lithium alloy. Such cells, activated by platens as above, give a
      peak voltage of 1.98 volts under a constant load of 4.5 amperes and had a
      life of 75 seconds to 1.8 volts and 100 seconds to 1.5 volts.
CLMS
STM  We claim:
NUM  1.
PAR  1. An anode assembly for a heat activated battery comprising an anode
      having substantially parallel inner and outer surfaces and a side surface,
      said anode consisting essentially of a foraminous metal substrate wettable
      by and filled with a fusible metal selected from the group consisting of
      alkali metals, alkaline earth metals and alloys thereof melting below the
      operating temperature of the battery, and a housing covering the outer
      surface and side of said anode and consisting of an impervious metal
      portion in electrical contact with said anode and a porous portion in
      sealing engagement against the periphery of said metal portion and in
      contact with said anode, said porous portion being formed from refractory
      fibers.
NUM  2.
PAR  2. An anode assembly according to claim 1 in which the porous portion is
      asbestos sheet.
NUM  3.
PAR  3. An anode assembly according to claim 2 comprising a metal cup having a
      planar bottom and sidewall, the anode being contained within the cup, a
      porous sheet overlying and covering the anode inner surface, the cup
      having an inturned flange integral with its open end and overlapping the
      margin of the porous sheet.
NUM  4.
PAR  4. An anode assembly according to claim 3 having a plurality of porous
      sheet layers, a layer spaced from the anode surface being impregnated with
      a fusible electrolyte.
NUM  5.
PAR  5. An anode assembly according to claim 1 in which the housing envelops the
      anode, at least a portion of the anode inner surface being covered by the
      porous portion.
NUM  6.
PAR  6. An anode assembly according to claim 5 in which the porous portion is
      asbestos sheet.
NUM  7.
PAR  7. An anode assembly according to claim 5 having a plurality of porous
      layers, a layer spaced from the anode surface being impregnated with a
      fusible electrolyte.
NUM  8.
PAR  8. An anode assembly according to claim 1 having a metal plate abutting and
      having a margin extending beyond the anode outer surface, and a porous
      annulus engaging the anode side surface and annulus.
NUM  9.
PAR  9. An anode assembly according to claim 8 having a porous sheet covering
      the anode inner surface and annulus.
NUM  10.
PAR  10. An anode assembly according to claim 1 in which the substrate is a
      plurality of screens.
NUM  11.
PAR  11. An anode assembly according to claim 1 in which the metal is lithium.
NUM  12.
PAR  12. An anode assembly according to claim 1 in which the metal is an alloy
      of calcium and lithium melting below about 400.degree.C.
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PAL  In apparatus powered by electric batteries (e.g.: a paging receiver) having
      a battery compartment including means to couple the battery in it with a
      battery charger, the negative (-) charging contact is located at a
      position nearer to one end of the battery compartment than to the opposite
      end. A rechargeable battery (e.g.: Ni Cad) has a band of its insulated
      cover removed at a corresponding position so that the negative charging
      contact can touch the underlying portion of the battery container, and
      through that connection the charging circuit can be closed. The charging
      circuit cannot be closed if the battery is inserted with its polarity
      reversed. When a non-rechargeable battery is installed the
      recharging-circuit contact mates with a part of the insulation cover of
      the battery and the charging circuit cannot be closed. In one disclosed
      embodiment of the invention, if either battery is installed with its
      polarity reversed, the energizing circuit from the battery to the radio
      apparatus will not close.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  For battery-powered radio apparatus, such as hand-held "walkie-talkie"
      transmitters and receivers, and relatively smaller-sized paging receivers
      intended to be carried on the clothing of a user, there are now available
      both rechargeable and non-rechargeable batteries or electric energy cells
      in similar sizes and configurations, giving a user the choice which type
      of battery to use in a given apparatus. To provide the user with added
      convenience, housings, of such apparatus have been fitted with exterior
      contacts for mating with a battery charger, and within the battery
      compartment of the housing these contacts are coupled to a battery when
      the latter is installed therein, so that the battery can be recharged
      without removing it from the battery compartment of the apparatus. In
      apparatus which can accept and use either type of battery in the same
      battery compartment, this is not an unmixed blessing. The possibility that
      a user who has installed a non-rechargeable battery might inadvertently
      couple the apparatus to a battery charger presents a real danger in that
      the attempt to recharge a mercury battery, for example, could cause the
      battery to explode. Care must also be exercised to avoid attempting to
      charge a rechargeable battery in the reverse-polarity direction. In the
      case of a nickel-cadmium (Ni Cad) battery, reverse charging can
      irretrievably ruin the battery.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  The present invention provides recharge capability for a rechargeable
      battery which will be rendered inoperative if a non-rechargeable battery
      is substituted for a rechargeable battery, the latter being specially
      fitted to cooperate with recharge contact means that are incorporated in a
      battery compartment. Simultaneously the invention provides that
      installation of a rechargeable battery with polarity reversed from the
      correct polarity will also render inoperative the recharge provisions of
      the invention. In a further aspect, the invention provides that
      installation of either type of battery with polarity reversed will fail to
      energize the apparatus, thereby giving the further advantage of
      reverse-polarity protection in battery-powered apparatus without requiring
      any special provision to that end within the radio apparatus itself.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial view of radio apparatus with battery recharging means,
      having a non-rechargeable battery installed in its battery compartment;
PAR  FIG. 2 is a partial view like FIG. 1, with a rechargeable battery installed
      in the battery compartment;
PAR  FIGS. 3 and 4 are respective side views, partly in section, of
      non-rechargeable batteries;
PAR  FIG. 5 is a side view, partly in section, of a rechargeable battery
      incorporating the invention;
PAR  FIGS. 6 to 10, inclusive, are respective schematic illustrations of
      reverse-polarity features of one embodiment of the invention; and
PAR  FIGS. 11 and 12 are respective schematic illustrations of another
      embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 to 10, inclusive, relate to a battery utilization system which
      provides reverse-polarity protection for the electrical circuit or
      circuits intended to be energized by the battery. For convenience, this
      system will be referred to herein as "System A." FIGS. 11 and 12 relate to
      a battery utilization system, herein referred to as "System B", which does
      not provide such reverse-polarity protection. Both System A and System B
      will accept and use, interchangeably, a non-rechargeable mercury battery,
      or a rechargeable nickel-cadmium (Ni Cad) battery, in accordance with the
      invention; that is to say, the holder for the battery has means to
      recharge a Ni-Cad battery when the latter is installed therein with proper
      polarity for energizing the electrical circuit or circuits connected to
      it, and when alternatively a mercury battery is installed in the holder
      the recharging means will not be connected to it, whether or not the
      mercury battery is installed with the correct polarity.
PAR  FIGS. 1 and 2 show partly schematically that portion of the case 10 of a
      battery-powered radio apparatus that is reserved to house the battery. The
      radio apparatus itself is schematically illustrated as a block 12, having
      a positive (+) terminal 14 and a negative (-) terminal 16. The battery
      compartment 18 is separated from the remainder of the case by a partition
      20. The positive terminal 14 extends from the radio apparatus through the
      partition 20 into a first end 19 of the battery compartment 18, where it
      is fitted with spring-contact means 22, and through an end outer wall 24
      of the case to a positive recharging contact 26. The negative terminal 16
      extends from the radio apparatus through the partition 20 into a second
      end 21 of the battery compartment to a flat remote contact 17, for contact
      with the negative terminal of an appropriately configured battery when the
      latter is present in the battery compartment. A negative recharging
      contact 28 is located on the outer side of the end wall 24, nearer to the
      negative end 21 of the battery compartment than to the positive end 19
      thereof, and this contact is connected through the wall 24 to a recharging
      spring contact 29 within the battery compartment. A companion spring
      contact 31 is located within the battery compartment directly opposite the
      recharging spring contact 29, and is connected to the radio apparatus
      negative terminal 16.
PAR  FIG. 1 shows a mercury battery 30 installed with correct polarity in the
      battery compartment 18. Two configurations 50, 60, of a mercury battery
      are shown in FIGS. 3 and 4, respectively, and will be discussed in detail
      below in connection with the reverse-polarity protection feature of System
      A. The outer side surface 32 of the mercury battery 30 is in either
      configuration insulated (See FIGS. 3, 4) substantially throughout its
      length, so that the negative recharging spring contact 29 cannot make
      electrical contact to this battery, whether or not the battery is
      installed with correct polarity. Accordingly, when a mercury battery 30 is
      installed in the battery compartment 18, the recharging circuit cannot be
      closed, and the recharging contact means 26, 28, 29 are inoperative.
PAR  FIG. 2 shows a Ni-Cad battery 40 installed with correct polarity in the
      battery compartment 18. FIG. 15 illustrates this battery in greater
      detail. The negative terminal of this battery is provided by the usually
      cylindrical metal container 41, and the positive terminal 42 is centrally
      located in the open end of the container, insulated from it. An insulating
      cover 43 covers all of the outer surface of the container 41, including
      the end 45 remote from the positive terminal, except for a circumferential
      band 44, nearer to the remote end than to the positive terminal, that is
      exposed and intended for negative terminal electrical contact. This band
      44 is so located that when the battery 40 is installed in the battery
      compartment 18 with correct polarity the negative recharging spring
      contact 29 and the radio apparatus negative spring contact 31 will both
      make contact with it. The flat remote contact 17 of the negative terminal
      16 that is located in the battery compartment is insulated from the end 45
      of the battery by the insulating cover 43, so that the only negative
      contact of the radio apparatus 10 with the Ni-Cad battery is through the
      negative (- ) spring contact 31. The positive terminal 42 of the Ni-Cad
      battery makes contact with the positive terminal spring contact 22 of the
      radio apparatus, so that the Ni-Cad battery 40 can furnish energy to the
      radio apparatus when installed with correct polarity. Simultaneously, the
      Ni-Cad battery can be recharged via the recharging contacts 26 and 28 when
      it is installed with correct polarity in the battery compartment 18, and
      the radio apparatus 12 can be operated directly from a recharging device
      (not shown) over the circuit including the conductive path from the (-)
      recharging spring contact 29 to the negative terminal spring contact 31
      through the exposed band 44 of the battery container 41.
PAR  FIG. 10 is a partial view, partially schematic, of FIG. 2, showing the
      battery 40 installed in the compartment 18 with polarity reversed, or
      incorrect. The positive terminal 42 is adjacent the (-) terminal flat
      contact 17 of the radio apparatus 12, and the remote end 45 of the battery
      is adjacent the (+) terminal 22 of the radio apparatus. The battery
      negative terminal band 44 is now nearer to the (+) terminal end 19 of the
      battery compartment than to the negative terminal end 21, and it is no
      longer in a position to make electrical contact with the recharging
      contact 29 or the apparatus (-) spring contact 31. The insulation 43
      covering the end 45 of the battery container 41 prevents electrical
      contact with the (+) apparatus terminal 22. Thus the Ni-Cad battery, when
      installed with polarity reversed from correct polarity, can neither supply
      energy to the radio apparatus 12, nor accept charging current via the
      recharging contacts 26, 28. The charging circuit cannot be closed, and the
      Ni-Cad battery is thus also protected against being reverse-charged.
PAR  The mercury battery 50 shown in FIG. 3 has an insulating cover or sleeve 53
      which extends not only over the entire side surface 52 of the battery
      container but also beyond the ends of the battery container 55 as is shown
      at 53' and 53". The sleeve extension at 53' surrounds the periphery of the
      positive terminal 54, which in this configuration is the flat closed end
      of the battery container 55. The negative terminal 56 is centrally located
      in the opposite end of the battery, insulated from the container 55, and
      projects from the container beyond the sleeve extension 53". When this
      battery 50 is installed with correct polarity in the battery compartment
      18, (as is illustrated in FIG. 1) the positive battery terminal 54 can
      make contact with the (+) apparatus spring contact 22, and the negative
      battery terminal 56 can make contact with the flat (-) apparatus terminal
      17. On the other hand, if this battery 50 is installed in the battery
      compartments with polarity reversed, as is shown in FIG. 6, the extension
      53' of the sleeve 53 which surrounds the positive battery terminal 54 will
      hold that terminal away from the flat (-) apparatus contact 17, and the
      battery will be prevented from energizing the radio apparatus with
      reversed polarity.
PAR  FIG. 4 shows a well-known commercial configuration 60 of a mercury battery,
      in which the container 65 forming the positive battery terminal is covered
      at its sides 62 with an insulating sleeve 63 which does not reach entirely
      to the ends of the side walls. The closed end 64 of the container and a
      small portion of the side walls immediately bounding the end wall provide
      the positive battery terminal. The negative battery terminal 66 is
      centrally located in the opposite end of the battery, surrounded by an
      electrically insulating collar 67 which itself extends forward of the
      container 65, and the negative terminal extends still further forward of
      the collar, relative to the open end of the container. It will be obvious
      that the mercury battery 60 can be installed in the compartment 18, as one
      version of the exemplary battery 30, and it will render charging means 26,
      28, 29 inoperative when so installed, whether or not the polarity is
      correct.
PAR  FIGS. 7, 8 and 9 show a modification of the flat (-) apparatus terminal 17
      that will provide reverse-polarity protection for the battery-powered
      apparatus 12 when the battery configuration 60 of FIG. 4 is used. A
      generally U-shaped boss 70, made of electrically-insulating material, is
      provided on the surface 17' of the flat terminal 17 confronting the
      battery. The space between the arms of the boss is selected to admit the
      battery insulating collar 67 between them, and the height of the boss
      (projecting from the terminal surface 17') is so selected that when the
      negative terminal 66 of the battery is presented to the flat (-) apparatus
      terminal 17 contact will be made between these two terminals, as is shown
      in FIG. 9. The flat positive battery contact 64, on the other hand, cannot
      reach the flat negative apparatus terminal 17 when the battery is
      installed with polarity reversed, and in that event the battery cannot
      supply energy to the apparatus 12. The U-shaped boss 70 thus serves the
      same purpose as the sleeve extension 53' in FIG. 3. The boss 70 is
      preferably oriented with its open end toward the access opening to the
      battery compartment 18, as FIG. 7 illustrates, so that the battery 60 can
      be installed without unnecessary difficulty.
PAR  In System B, as illustrated in FIGS. 11 and 12, parts that are common with
      System A bear the same reference characters. To simplify the
      illustrations, parts of the housing 10, 20 and 24 have been omitted. It
      will be seen, also, that System B is simpler than System A in that the
      radio apparatus negative spring contact 31 has been omitted from System B.
PAR  In FIG. 11, a mercury battery 60 as shown in FIG. 4 is installed in the
      battery compartment 18 between the spring contact 22 of the radio
      apparatus positive (+) terminal 14 and a second spring contact 17.1
      provided on the radio apparatus negative (-) terminal 17. While the
      charging circuit contacts 26, 28 and 29 cannot be rendered operative by
      the mercury battery 60, the battery will provide energy to the radio
      apparatus if it is installed in System B with polarity reversed. Since
      radio apparatus intended to operate from a low voltage supply, for
      example, 1.2 volts or 1.5 volts, may inherently be capable of tolerating
      reverse polarity without damage, or can be acceptable cost incorporate
      protection against damage from operating voltage applied with polarity
      reversed, the arrangement of System B is acceptable for such apparatus.
PAR  In FIG. 12, a Ni-Cad battery 40.1, which is similar in all respects to the
      battery 40 shown in FIG. 5 except that a portion of the insulating cover
      43 has been removed to provide a window 43.1 at the end 45 of the
      container 41, is installed in the battery compartment 18, with the
      negative terminal end 45 making electrical contact to the apparatus
      negative terminal spring contact 17.1. As in FIG. 2, the battery positive
      terminal 42 makes electrical contact to the apparatus positive terminal
      spring contact 22. A battery charging circuit can be completed via the
      charging circuit contacts 26, 28, 29, and the apparatus can be operated
      from a charger via these contacts through the battery container end 45 and
      spring contact 17.1 taking the place of omitted spring contact 31. If the
      Ni Cad battery is installed in the compartment 18 with polarity reversed,
      it will not render the charging circuit 26, 28, 29 operative, thus
      preserving the feature of protecting against reverse-charging the Ni-Cad
      battery, but the battery will energize apparatus connected to the
      apparatus terminals 14, 16, such as the radio apparatus 12.
PAR  To recharge a battery that is installed in the compartment 18, any suitable
      recharger holder may be provided. An example of such a holder 80 is
      indicated in dashed lines at FIG. 10. The holder has a provision to
      receive the battery-operated apparatus in a space provided with charger
      (+) terminal 81 and (-) terminal 82 located to mate with the apparatus
      recharging contacts 26 and 28, respectively.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electric battery in an electrically-conductive case forming one
      terminal for the battery, said case having a side surface between first
      and second ends and enclosing one of said ends, an electrically-insulating
      cover over said side surface and said one end, and an aperture in said
      cover over said side surface located nearer to one of said ends than to
      the other for giving via said side surface the only contact access to said
      one terminal, a second battery terminal being located in the other of said
      ends.
NUM  2.
PAR  2. A battery according to claim 1 in which said case is cylindrical and
      said cover is in two parts with an annular space between them providing
      said aperture.
NUM  3.
PAR  3. A battery according to claim 2 in which said cover overlies the
      periphery of the other of said ends.
NUM  4.
PAR  4. In a battery-powered electrical apparatus for use alternatively with,
      either a rechargeable battery having a terminal for a first polarity at
      one end and a charging terminal for a second polarity positioned on a side
      surface of said battery, or a non-rechargeable battery having a terminal
      for said first polarity at one end and a terminal for said second polarity
      at the other end; a case for the apparatus, a battery chamber in said case
      for receiving a battery, first battery contact means for said first
      polarity located at a first position at one end in said chamber, second
      battery contact means for said second polarity located in a second
      position at the opposite end in said chamber, third battery contact means
      for said second polarity located in a third position between said ends in
      said chamber for making contact with said terminal for said second
      polarity of said rechargeable battery when the latter is installed in said
      chamber, said second and third battery contact means being connected to
      each other within said case, first and second battery charging contacts
      outside said chamber, a connection from said first charging contact to
      said first battery contact means, fourth battery contact means in said
      chamber adjoining said third battery contact means, for making contact
      with said charging terminal of said rechargeable battery when the latter
      is installed in said chamber, and a connection from said second battery
      charging contact to said fourth battery contact means.
NUM  5.
PAR  5. Apparatus according to claim 4 in which said second battery contact
      means is a flat plate.
NUM  6.
PAR  6. Apparatus according to claim 5 including an insulating projection on
      said plate.
NUM  7.
PAR  7. In a battery-powered electrical apparatus, a battery chamber having
      first and second confronting ends and side wall means between them for
      receiving a battery of similar proportions, first battery contact means
      for a first polarity located at said first end in said chamber, second
      battery contact means for a second polarity located at a side wall in said
      chamber nearer to one of said ends than to the other, third battery
      contact means for said second polarity located at said second end in said
      chamber, said second and third battery contact means being connected to
      each other, first and second battery-charging contacts outside said
      chamber, a connection from said first charging contact to said first
      battery contact means, a fourth battery contact means located at a side
      wall in said chamber opposite to said second battery contact means, and a
      connection from said second charging contact to said fourth battery
      contact means, for receiving optionally in said chamber a rechargeable
      battery having a first terminal at one end located to mate with said first
      battery contact means and a second circumferential terminal at one side
      nearer to one end than to the other to mate with said second and fourth
      battery contact means and to connect same together with said second
      charging contact, or a non-rechargeable battery having respective
      terminals at both ends located to mate respectively with said first and
      third battery contact means respectively.
NUM  8.
PAR  8. In combination with an apparatus according to claim 7, a holder for the
      apparatus, said holder having a socket to receive the apparatus in a
      desired position, said holder including charging means for a rechargeable
      battery when present in the apparatus, said charging means having first
      and second charging contacts located to register respectively with the
      first and second charging contacts of said apparatus when the apparatus is
      present in the holder, whereby, when a rechargeable battery is present in
      the apparatus said battery can be recharged while the apparatus is in the
      holder, and when a non-rechargeable battery is present in the apparatus
      said charging means will be inoperative while the apparatus is in the
      holder.
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ABST
PAL  A lightweight catalyst body bearing a finely divided metal of the platinum
      group is encased in a porous PTFE shell which is impermeable to the
      electrolyte because of its hydrophobic surface properties. Several small
      bodies of this kind, each containing about 1 mg of palladium are inserted
      in each cell of a vehicle storage battery and float on the electrolyte
      surface. They not only recombine hydrogen and oxygen to water and return
      the water to the electrolyte efficiently, even at high ambient
      temperatures, but the efficiency of the catalyst is not reduced under
      conditions causing considerable generation of stibine. The core material
      on which the catalyst is provided, with or without an additional carrier,
      may be activated charcoal, hollow glass spheres, a porous ceramic or a
      synthetic resin foam. The porous hydrophobic shell may be sintered or
      unsintered or may be made of superimposed sintered and unsintered layers.
BSUM
PAR  This invention relates to a device for facilitating the recombination of
      gases generated in a storage battery by means of a recombination catalyst,
      and more particularly a device in which the recombination catalyst is
      enclosed in a porous hydrophobic shell.
PAR  In lead-acid batteries and also in other rechargeable batteries, there is a
      consumption of water as the result of self-discharge, or side reactions
      during charging, or else by overcharging of the battery. This water
      consumption causes the level to which the electrolyte fills the battery to
      drop. If the battery is not regularly refilled with water, it can suffer
      damage.
PAR  It is known to mitigate the water loss of a battery by causing the hydrogen
      and oxygen produced by decomposition of water to be recombined in the
      presence of a catalyst. Arrangements providing catalysts of this sort are
      either provided as stoppers or plugs to be mounted on commercially
      available batteries or else are arranged as a bed or carrier in the gas
      space above the electrolyte in specially constructed batteries. The
      catalyst in such arrangements can be enclosed in porous hydrophobic sheet
      material.
PAR  The arrangements above described have the disadvantage that they are of
      expensive construction and increase the vertical dimension of the battery.
      If it is desired to equip a conventional starter battery, for instance, by
      the addition of a catalyst device, the provision of this device will
      increase the vertical dimension of the assembled battery, which makes such
      an expedient unfeasible for many types of vehicles for lack of space.
PAR  The greatest problem of all devices of the above-mentioned sort heretofore
      available is the dissipation of the heat of reaction, which leads to a
      further disadvantage. The combination of hydrogen and oxygen is a strongly
      exothermic reaction and heavy generation of these explosive gases can lead
      to a high operating temperature of the catalyst if there is insufficient
      removal of heat. In consequence, various types of damage can arise:
PA0  1. At temperatures above 150.degree.C. there comes into play the
      decomposition of antimony hydride (stibine) which is formed by attack of
      the battery grid alloy. This leads to a deposit of antimony on the hot
      parts of the catalyst and consequently to an at least partial deactivation
      or poisoning of the catalyst.
PA0  2. If the catalyst is mounted on a holder of synthetic material, thermal
      damage to the synthetic material can be brought about by insufficient heat
      removal.
PA0  3. If the catalyst is overheated to the ignition temperature of the gas
      mixture, the result can be an explosion.
PAR  The efficiency of devices for gas recombination depends on, among other
      things, how completely the resulting water vapor can be led back into the
      electrolyte. Devices in which the recombination catalyst is placed
      directly in the ventilation opening of a battery cell (stopper form) tend
      to give off a portion of the resulting water vapor into the surrounding
      atmosphere, thereby reducing the efficiency of the device.
PAR  It is an object of the present invention to provide a device for producing
      gas recombination that can be utilized in any commercially available
      storage battery without in any way increasing the dimensions of the
      battery and without giving rise to any danger of overheating of the
      catalyst and all of the undesirable consequences thereof mentioned above.
      It is a further object of the invention that such a device should have a
      high efficiency and that therefore the water produced by recombination
      should be reintroduced into the electrolyte space as completely as
      possible. Finally, it is a still further object of the invention that the
      recombination device should be of low cost and should be operable with as
      small quantities of catalyst as possible.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION:
PAR  Briefly, the device is provided in the form of a body having dimensions and
      constitution such that a number of them can float freely on the
      electrolyte of a storage battery, the specific weight of these bodies
      being smaller than the specific weight of the electrolyte when the battery
      is in its lowest charged condition. This floating capability can be
      assured if the specific weight of the body of such a floating device as a
      whole is smaller than 1 g/cm.sup.3. The inner portion of the individual
      device bodies consists of a material having or provided with a large
      proportion of void space and a small bulk density, this material either
      serving as a carrier for the catalyst or being provided as an addition to
      the catalyst to assure floatation. Suitable materials for these purposes
      are activated carbon, hollow glass spherical particles, porous ceramic
      materials and porous organic materials such as foamed polystyrene.
PAR  The maximum size of the catalyst-containing bodies of the present invention
      is determined by the space available on the surface of the electrolyte of
      a battery and by the clearance of the openings in the battery case for
      filling the battery with electrolyte. It has been found advantageous to
      select dimensions for the catalyst bodies in the region of 1-10 mm. and
      preferably the range from 2-6 mm. They may be spherical, lens-shaped or of
      any other outer shape that may appear suitable. The use of a number of
      such small bodies in a battery has the advantage that local heat
      concentration is avoided and, furthermore, the large surface and the
      direct contact of the bodies with the electrolyte provide for effective
      dissipation of heat. Furthermore, the subdivision of the recombination
      catalyst material into a number of bodies provides a more effective
      modification of the battery behavior and a good possibility of adjusting
      the remedial action to the maximum overcharge current of the particular
      case. Experiments have shown that a catalyst body with 1 mg of palladium
      as active material on 50 mg of charcoal is sufficient to recombine the
      amount of hydrogen and oxygen produced by a current of about 100 mA. A 45
      ampere-hour starter battery under normal operation conditions requires
      about three to five catalyst bodies per cell, each with 1 mg of palladium.
DRWD
PAR  The invention is further described by way of example, including the manner
      of manufacture, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a cross-section of one form of device in accordance with the
      invention;
PAR  FIG. 2 is a cross-section of another form of the device according to the
      invention; and
PAR  FIG. 3 is a cross-section of an incompletely manufactured catalyst body
      device according to the invention for explaining one illustrative method
      of making the device.
DETD
PAR  The catalyst body shown in FIG. 1 is of spherical shape, having a diameter
      of about 5 mm. It consists of a core 1 having a specific weight smaller
      than 1, which may for example be of activated charcoal, on which the
      catalyst material, for example, a finely divided metal of the platinum
      group, such as palladium or platinum itself, has been precipitated. This
      core is surrounded in a water-tight fashion by a porous sintered sheet or
      layer 2 of polytetrafluoroethylene (PTFE), which is water-tight in spite
      of being porous and permeable to gas because of its hydrophobic surface
      characteristic.
PAR  The form of device according to the invention shown in FIG. 2 is provided
      with a float body 3 consisting of a hollow glass sphere or a sphere of
      polystyrene foam. On the surface of this float body is spread the catalyst
      material 4, with or without a carrier. The core composed of the float body
      3 and the catalyst material 4 is enclosed in a skin or foil composed of
      two layers, an inner layer 5 of unsintered PTFE and an outer layer 6 of
      sintered PTFE. Because of the surface properties of PTFE, this skin is
      impermeable to liquids, particularly aqueous liquids.
PAR  The manufacture of the device of FIG. 3 utilizes a double layer PTFE foil
      as a starting material. The inner layer 5 again consists of unsintered
      PTFE and the outer layer 6 of sintered PTFE. The manufacture of such foil
      materials is described in detail in published German Pat. application (OS)
      No. 2,115,619. A flat foil of this kind is first deformed by pressing
      hemispherical depressions 7 in the foil, leaving a plane edge fringe 8
      around a depression so formed.
PAR  The catalytically active core 1 is made by impregnating activated charcoal
      with a palladium chloride solution in a known way, filtering out the
      activated charcoal from the solution and then reducing the palladium
      chloride adsorbed on the charcoal to palladium metal with hydrazine
      solution. The catalyst-carrier mass thus produced can be used either in
      this form or else in a granulated or spherical form obtained with the help
      of pulverized PTFE or by agglomeration with water, the granular or
      spherical form serving to facilitate the filling of the hemispherical
      shells with the catalyst-bearing cores.
PAR  After the catalyst-bearing mass thus prepared forming the core 1 is placed
      in a hemispherical shell 7, a second hemispherical shell is placed over it
      and the two shell pieces are pressed together at their plane edges 8 by a
      correspondingly shaped tool. The edges 8 are thereafter trimmed and the
      device thus completed may, if desired, then be sintered again at a
      temperature of about 327.degree.C.
PAR  These floating catalyst capsules can now be simply introduced into each
      shell of the battery through the fill opening for the electrolyte. The
      necessary number of them needed for each shell depends, as already
      explained, from the battery characteristics, particularly the maximum
      overcharge current to which the particular battery is subject.
PAR  It has surprisingly been found that the catalyst device according to this
      invention can be used for several thousand hours of operation without any
      falling off of the recombination capability becoming noticeable, even in
      the case of a heavy evolution of stibine (antimony hydride), this having
      been established in experiments in which batteries with grids of large
      antimony content were overcharged. It is accordingly not necessary, in the
      case of the catalyst devices of the present invention, to provide on the
      core of the device itself a layer capable of combining with stibine as is
      the case in other recombination devices.
PAR  The catalyst device of the present invention has the advantage that the
      types of damage above-described do not take place, because overheating is
      prevented by the direct contact with the electrolyte. In particular, the
      distribution of the active material into several small catalyst bodies
      prevents heat concentration and local heat accumulation, and the large
      resulting contact surface favors heat removal.
PAR  The provision of the catalyst bodies in the immediate neighborhood of the
      electrolyte surface largely prevents the escape of water vapor through the
      ventilation openings, so that these devices are significantly more
      effective than catalyst devices arranged far above the electrolyte
      surface, or even outside the battery case. When the catalyst device is
      well above the surface of the electrolyte, relatively high vaporization
      losses of the recombined water take place. When the devices of the present
      invention are used, on the contrary, it has been found that even at
      elevated exterior temperatures up to 80.degree.C., the efficiency of the
      catalyst is not reduced.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for promoting catalytic recombination of gases generated in a
      storage battery, comprising a catalyst body encased in a porous
      hydrophobic shell consisting of superposed layers respectively of sintered
      and unsintered polytetrafluoroethylene, said body being of such dimensions
      and constitution that a multiplicity of said bodies may float freely on
      the electrolyte of a storage battery and that the specific weight of the
      device as a whole is less than the specific weight of the electrolyte in
      its condition of lowest battery charge, said catalyst body being
      constituted largely of a material having a high proportion of void space
      in its interior and a low bulk density and serving as a carrier for a
      finally divided catalyst material.
NUM  2.
PAR  2. A device as defined in claim 1 in which the specific weight of the
      device as a whole is smaller than 1 g/cm.sup.3.
NUM  3.
PAR  3. A device as defined in claim 1 in which said material of which said
      catalyst body is largely constituted is activated charcoal.
NUM  4.
PAR  4. A device as defined in claim 1 in which said hydrophobic shell consists
      of an inner layer of unsintered polytetrafluoroethylene and an outer layer
      of sintered polytetrafluoroethylene.
NUM  5.
PAR  5. A device as defined in claim 1 in which said material of which said
      catalyst body is largely constituted consists of hollow glass spherical
      particles.
NUM  6.
PAR  6. A device as defined in claim 1 in which said material of which said
      catalyst body is largely constituted is a foamed synthetic resin.
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ABST
PAL  Thermocouple apparatus for attachment to a pilot gas burner. A thermocouple
      has a mounting portion. An adaptor is mounted thereon engageable with a
      pilot burner bracket. The adaptor and the thermocouple mounting portion
      are yieldably restrained against relatively sliding movement to permit
      adjustment of the thermocouple body relative to the burner flame. The
      thermocouple is readily removeable from the adaptor for replacement even
      where the flame-engaging portion of the thermocouple has expanded.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to gas-fired burners and a thermocouple control
      therefor.
PAR  2. Description of the Prior Art
PAR  The prior art, as exemplified by U.S. Pat. Nos. 3,522,107; 3,620,849 and
      3,709,740, recognizes the desirability of properly orienting a
      thermocouple with respect to the flame issuing from a pilot burner by
      means of adaptor members. Those patents disclose satisfactory arrangements
      which permit ready installation of a thermocouple in a minimum amount of
      time and without requiring any special tools. Difficulty in removing a
      defective thermocouple can arise, however, where the flame-engaging
      portion thereof becomes expanded relative to its initial configuration.
      Under such circumstances, it often proves difficult to remove the expanded
      thermocouple for replacement.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the present invention to provide thermocouple
      apparatus that permit a thermocouple to be quickly and easily adjusted
      with respect to the burner upon which it is mounted, and yet which permits
      a defective thermocouple to be readily replaced even where such
      thermocouple hs become expanded with use.
PAR  It is a more particular object of the present invention to provide a
      thermocouple apparatus of the aforedescribed nature having an adaptor that
      includes a sleeve which houses a flexible spring clip, with the bore of
      the sleeve being sufficiently large that an expanded thermocouple may be
      withdrawn therefrom.
PAR  The thermocouple apparatus of the present invention may be used with
      several types of pilot burners and is additionally economical of
      manufacture.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description, when taken in conjunction with
      the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a thermocouple-pilot burner assembly
      showing a thermocouple apparatus embodying the present invention;
PAR  FIG. 2 is a vertical sectional view taken in enlarged scale along line 2--2
      of FIG. 1.
PAR  FIG. 3 is a view similar to FIG. 2, but showing the thermocouple being
      removed from the aforementioned burner assembly; and
PAR  FIG. 4 is a vertically exploded perspective view of the upper adaptor
      member of said burner assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, the thermocouple apparatus T of the present
      invention is shown in assembled relation with a conventional
      thermocouple-pilot assembly P. The thermocouple-pilot assembly P includes
      a pilot burner 10 supplied with a pilot flow of fuel by a conduit 12, as
      is well known in the art. The thermocouple-pilot assembly P also includes
      a mounting bracket, generally designated 14, having a vertical leg 16
      which is attached to a main burner (not shown). Integrally connected with
      the vertical leg 16 are upper and lower horizontal arms 18 and 20,
      respectively. These arms 18 and 20 are formed with vertically aligned
      apertures 22 and 24, respectively, which receive a thermocouple body,
      generally designated 30. The lower end of the thermocouple body 30 is
      connected to a thermocouple tubing 32 for attachment to a suitable
      thermoelectric appliance (not shown), all as is well known in the art.
PAR  More particularly, the thermocouple body 30 is of elongated, generally
      cylindrical configuration having a smooth flame-engaging tip 34 below
      which is defined a mounting portion 36. Mounting portion 36 is formed with
      external circumferential grooves 38 that define ribs 39. The thermocouple
      body 30 is secured to the arms 18 and 20 of mounting bracket 14 by upper
      and lower adaptors, generally designated 40 and 42, respectively.
PAR  Upper adaptor 40 includes a sleeve 44 within the bore 46 of which is
      disposed a sleeve-shaped spring clip, generally designated 48. Sleeve 44
      includes an upper knurled collar 49, with the exterior of the sleeve
      tapering downwardly and radially inwardly from the bottom of such collar.
PAR  The clip 48 may be of the type manufactured by Tinnerman Products, Inc. of
      Cleveland, Ohio and identified by the reference numeral 39 in U.S. Pat.
      No. 3,290,178 issued Dec. 6, 1966. Clip 48 consists of a piece of
      resilient sheet metal formed substantially into the shape of a tube or
      sleeve except for a slight space 50 between the opposite side edges of the
      sheet metal, with the lower end thereof flared outwardly to form an
      abutment flange 52. The upper surface of flange 52 normally abuts the
      lower end of sleeve 44, as shown in FIG. 2. An inwardly struck annular
      detent 54 is formed near the upper end thereof. Two diametrically opposed
      outwardly and downwardly extending and bent arms 56 and 58 are formed by
      cutting them on their two sides and across their bottoms from the
      sidewalls of the clip 48. The lower portions of these arms frictionally
      engage the lower portion of sleeve bore 46. The detent 54 frictionally
      engages grooves 38.
PAR  The lower adaptor 42 may be of the type described in detail in copending
      U.S. Pat application Ser. No. 419,225 filed Nov. 26, 1973. Alternatively,
      a lower adaptor of the type shown in U.S. Pat No. 3,522,107, issued July
      28, 1970 may be employed. The bottom adaptor 42 shown in FIGS. 1, 2, and 3
      includes a cylindrical body 60 formed with a vertical bore 62 of larger
      diameter than that of the thermocouple body 30. A sleeve-shaped spring
      clip 48a similar to the aforedescribed spring clip 48 but inverted
      relative to clip 48 is secured within bore 62, by the abutment of its
      lower flange 52a and the lower end of its arms 56a and 58a with a radially
      inwardly extending neck 64 of body 60. The detent 54a of spring clip 48a
      frictionally engages the grooves 38 of thermocouple mounting portion 36.
PAR  In the use of the aforedescribed thermocouple apparatus, the lower adaptor
      42 is first slipped downwardly over the top of the thermocouple body 30 to
      the lower portion thereof. Thermocouple body 30 is then moved upwardly
      through the bracket mounting arms 18 and 20 from the underside of lower
      arm 20 until the upper end of body 60 enters bore 24 and a tapered
      shoulder 66 thereon abuts the underside of lower arm 20 at the periphery
      of such bore. Thermocouple body 30 is then axially adjusted relative to
      the lower adaptor 42 so that the thermocouple tip 34 will be located in
      the flame issuing from the pilot burner 10. The vertical adjustment of the
      thermocouple body relative to the lower adaptor 42 is permitted by the
      frictional engagement of the detent 54a of spring clip 48a with the ribs
      39 of the thermocouple mounting portion 36. Thereafter, the upper adaptor
      40 is slid downwardly over the thermocouple body 30 into the aperture 22
      of the mounting bracket upper arm 18. The tapered configuration of the
      upper adaptor sleeve 44 permits such sleeve to be utilized with apertures
      22 of varying diameters as are encountered with different types of pilot
      burner mounting brackets. The engagement of the detent 52 of spring clip
      48 with the ribs 39 of thermocouple mounting portion 36 centers the upper
      portion of the thermocouple body 30 relative to aperture 22 and in
      cooperation with lever adaptor 42 stabilizes such body relative to
      mounting bracket 14.
PAR  Referring now to FIG. 3, assuming that thermocouple body 30 becomes
      defective, it is necessary to replace such thermocouple. This is readily
      effected by merely withdrawing the thermocouple body 30 downwardly through
      the apertures 22 and 24 of the mounting bracket arms 18 and 20. During
      such downward movement, the spring clip 48 of the upper adaptor 40 will be
      withdrawn from sleeve 44 because of the engagement of the spring detent 52
      with the ribs 39. It should be noted that the frictional resistance of the
      spring clip arms 56 and 58 relative to the bore 46 of adaptor sleeve 44 is
      not sufficient to overcome the force of the frictional engagement between
      detent 52 and ribs 39. As indicated in FIG. 3, the withdrawal of the
      thermocouple body 30 through the upper adaptor 40 may take place even
      where the thermocouple tip 34 has expanded with use because the diameter
      of sleeve bore 46 is designed to be greater than the diameter of the
      expanded thermocouple tip.
PAR  Various modifications and changes may be made with respect to the foregoing
      detailed description without departing from the spirit of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Thermocouple apparatus for use with a burner having a mounting bracket
      formed with aligned upper and lower apertures, said thermocouple apparatus
      comprising:
PA1  an elongated thermocouple body of generally cylindrical configuration and
      including a mounting portion, said body being received by the apertures of
      said bracket;
PA1  an upper adaptor having a sleeve that tapers downwardly toward said lower
      aperture and radially and is formed with a bore that receives the body of
      said thermocouple, with the exterior surface of said sleeve telescopically
      engaging the upper aperture of said mounting bracket;
PA1  a tapered frusto-conical flexible spring clip that is openable
      circumferentially and has its larger end removeably engaged with the
      underside of said sleeve and its smaller end frictionally engaged with the
      mounting portion of said thermocouple; and
PA1  with the frictional resistance between the smaller end of said spring clip
      and the mounting portion of said thermocouple body being greater than the
      frictional resistance between said spring clip and said sleeve whereby as
      said thermocouple body is withdrawn downwardly through said sleeve said
      sleeve remains engaged with said bracket, while said spring remains
      attached to and is removed with said body.
NUM  2.
PAR  2. Thermocouple apparatus as set forth in claim 1 wherein:
PA1  the mounting portion of said thermocouple body is formed with external
      axially spaced grooves and the smaller end of said spring is formed with a
      detent that frictionally engages said grooves.
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ABST
PAL  Replacement thermocouple apparatus for attachment to a pilot gas burner.
      The adaptor and thermocouple mounting portion are yieldably restrained
      against relative axially sliding movement to enable initial slip-on
      positioning of the thermocouple relative to the pilot burner flame. The
      thermocouple body is slightly rotated with an up and down movement within
      the adaptor to obtain final positioning of the thermocouple tip relative
      to the burner flame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to gas-fired burners and a thermocouple control
      therefor.
PAR  2. Description of the Prior Art
PAR  The prior art, as exemplified by U.S. Pat. Nos. 3,522,107; 3,620,849 and
      3,709,740, recognizes the desirability of properly orienting a
      thermocouple tip with respect to the flame issuing from a pilot burner by
      means of adaptor members. Those patents disclose satisfactory arrangements
      which permit ready installation of a thermocouple in a minimum amount of
      time and without requiring any special tools. The adaptors of the prior
      art, however, are comparatively expensive to manufacture, requiring
      expensive tooling and close tolerances.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the present invention to provide thermocouple
      apparatus that permits a thermocouple to be quickly and easily replaced
      and thereafter adjusted, and yet which may be manufactured at minimum
      cost.
PAR  It is a more particular object of the present invention to provide
      thermocouple apparatus of the aforedescribed nature having an adaptor
      which is threadable into a pilot burner mounting bracket and which axially
      slidably receives the externally threaded mounting portion of a
      thermocouple body. The adaptor houses a flexible spring clip engageable
      with the threaded mounting portion of the thermocouple body. The
      thermocouple is axially slidable relative to the spring to effect initial
      positioning of the thermocouple tip relative to the pilot burner. Final
      positioning of the thermocouple tip relative to the burner flame is
      effected by slight rotation and up and down movement of the thermocouple
      body within the adaptor.
PAR  The thermocouple apparatus of the present invention may be used with
      several types of pilot burners.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description when taken in conjunction with the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of thermocouplepilot burner assembly
      showing a thermocouple apparatus embodying the present invention;
PAR  FIG. 2 is a vertical sectional view taken in enlarged scale along line 2--2
      of FIG. 1;
PAR  FIG. 3 is a horizontal sectional view taken on line 3--3 of FIG. 2; and
PAR  FIG. 4 is a vertically exploded perspective view of an adaptor member of
      said assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, the thermocouple apparatus T of the present
      invention is shown in assembled relation with a conventional
      thermocouple-pilot assembly P. The thermocouple-pilot assembly P includes
      a pilot burner 10 supplied with a pilot flow of fuel by a conduit 12, as
      is well known in the art. The thermocouple-pilot assembly P also includes
      a mounting bracket generally designated 14 having a vertical leg 16 which
      is attached to a main burner (not shown). Integrally connected with
      vertical leg 16 are upper and lower horizontal arms 18 and 20,
      respectively. These arms 18 and 20 are formed with vertically aligned
      apertures 22 and 24 which receive a thermocouple body, generally
      designated 30. Lower aperture 24 is threaded. The lower end of
      thermocouple body 30 is connected to a thermocouple tubing 32 for
      attachment to a suitable thermoelectric appliance (not shown), all is well
      known in the art.
PAR  More particularly, the thermocouple body 30 is of elongated, generally
      cylindrical configuration having a smooth flame-engaging tip 34 below
      which is defined a mounting portion 36. Mounting portion 36 is formed with
      external screw threads 38.
PAR  The thermocouple body 30 is secured to the lower arm 20 of mounting bracket
      14 by an adaptor A. Adaptor A includes a barrel-like body, generally
      designated 40, formed with a coaxial vertical opening 42 within which is
      disposed a sleeve-shaped spring clip, generally designated 48. The upper
      portion 49 of body 40 is formed with a first set of external threads 50.
      The intermediate portion 51 of body 40 is of larger diameter than upper
      portion 49 and formed with a second set of threads 52. The lower portion
      54 of body A is formed with a knurled adjustment collar 56 that serves as
      a fingerhold.
PAR  Opening 42 includes an upper portion having its lower end defined by a
      radially inwardly-extending flange 57. The adaptor opening 42 within the
      intermediate body portion is larger in diameter than upper portion of the
      body 40 and includes a radially extending extension 58 through one side of
      the body. The fingerhold collar 56 includes at its upper portion, a
      radially inwardly extending neck 59.
PAR  The clip 48 may be of the type manufactured by Tinnerman Products, Inc. of
      Cleveland, Ohio and identified by the reference numeral 39 in U.S. Pat.
      No. 3,290,178 issued Dec. 6, 1966. Clip 48 consists of a piece of
      resilient sheet metal formed substantially into the shape of a tube or
      sleeve except for a slight space 60 between the opposite side edges of the
      sheet metal, with the lower end thereof flared outwardly to form an
      abutment flange 62. The upper surface of flange 62 normally abuts the
      lower end of neck 59, as shown in FIG. 2. An inwardly struck annular
      detent 64 is formed near the upper end thereof. Two diametrically opposed
      outwardly and downwardly extending and bent arms 66 and 68 are formed by
      cutting them on their two sides and across their bottoms from the
      sidewalls of the clip 48. The lower ends of arms 66 and 68 rest upon the
      upper surface of neck 59, as indicated in FIG. 2, with arms 66 and 68
      extending into extension 58 so as to lock spring 48 against rotation
      relative to adaptor body 40. The engagement of the lower end of these arms
      with the upper surface of flange 62 and the underside of neck 59 restrains
      relative vertical movement between spring clip 48 and the adaptor body.
      Detent 64 of spring clip 48 frictionally engages threads 38 of the
      thermocouple body mounting portion 36 whereby relative rotation between
      adaptor body 40 and thermocouple body 30 will effect concurrent relative
      axial movement between such members. The engagement of detent 64 of spring
      clip 48 with the threads 38 also permits relative vertical sliding
      movement to occur between the spring clip and adaptor body 40 whereby the
      vertical position of thermocouple tip 34 relative to the flame issuing
      from pilot burner 10 may be adjusted.
PAR  In the use of the aforedescribed thermocouple apparatus, adaptor body 40 is
      first threaded into the opening 24 in lower arm 20. The diameter of such
      opening will vary in accordance with different types of mounting brackets
      so that with some mounting brackets, the upper threads 50 of adaptor body
      40 will fit threaded opening 24, while in other types of mounting
      brackets, the threads 52 of the intermediate portion of adaptor body 40
      will fit such opening. After the adaptor A is screwed into place in lower
      mounting bracket arm 20, the thermocouple body 30 will be urged upwardly
      through adaptor opening 42, the engagement of the spring clip detent 64
      with the threads 38 permitting such vertical movement to take place.
      Initial positioning of the thermocouple tip 34 relative to the flame
      issuing from pilot burner 10 is obtained in this matter. Fine adjustment
      of the thermocouple tip relative to such flame may be effected by slightly
      rotating thermocouple body 30 relative to spring clip 48 and adaptor body
      40.
PAR  It will be apparent that the mounting and vertical adjustment of the
      thermocouple body 30 can be achieved without requiring any special tools
      or technique on the part of the installer. It should also be noted that
      the adaptor A may be manufactured at a comparatively low cost. In this
      regard, spring clip 48 is a standard mass-produced part which is readily
      available on the market. The adaptor body 40 is adapted for comparatively
      inexpensive tooling. Moreover, the tolerances of such adaptor body are not
      highly critical whereby a low rejection rate is made possible. The length
      of adaptor body 40 and spring clip 48 insures proper alignment of the
      thermocouple body 30 relative to the mounting bracket 14. The provision of
      the fingerhold collar 56 makes it possible to easily position the adaptor
      body relative to the lower mounting arm bracket 20.
PAR  Various modifications and changes may be made with respect to the foregoing
      detailed description without departing from the spirit of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Thermocouple apparatus for use with a burner having a mounting bracket
      formed with a threaded aperture, said thermocouple apparatus comprising:
PA1  an elongated thermocouple body of generally cylindrical configuration
      having a flame-receiving tip and said body also having a mounting portion
      formed with external axially spaced grooves;
PA1  a barrel like adaptor body formed with a coaxial opening that receives said
      thermocouple body, said body also being formed with external threads
      engageable with the threads of the mounting bracket aperture to secure
      said body therewithin; and
PA1  a tapered frusto-conical spring clip that is openable circumferentially and
      includes means for locking said spring to said adaptor so as to be both
      axially and nonrotatably secured within the opening of said adaptor body,
      said spring clip being formed with a detent frictionally engaged with the
      grooves of the thermocouple body mounting portion whereby said body may be
      vertically adjusted relative to said adaptor body.
NUM  2.
PAR  2. Thermocouple apparatus as set forth in claim 1 wherein:
PA1  said adaptor body is formed with a second set of external threads axially
      spaced from the other threads and on a portion of said body of different
      diameter than the firstmentioned threads.
NUM  3.
PAR  3. Thermocouple apparatus as set forth in claim 1 wherein:
PA1  the grooves on said thermocouple body are threads whereby relative rotation
      between the adaptor body and the thermocouple body will effect concurrent
      axial movement therebetween.
NUM  4.
PAR  4. Thermocouple apparatus as set forth in claim 2 wherein:
PA1  the grooves on said thermocouple body are threads whereby relative rotation
      between the adaptor body and the thermocouple body will effect concurrent
      axial movement therebetween.
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ABST
PAL  A method of fabricating conductivity connected charge-coupled devices
      (C4D's) is disclosed wherein N+ barriers are ion-implanted in an N-type
      substrate and wherein P++ conductivity connecting regions are formed by
      diffusion of impurity atoms into the substrate. The process is compatible
      with the known silicon gate process, enabling semiconductor devices of
      other types and with different thresholds to be formed on the substrate at
      the same time the C4D's are fabricated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to a process for fabricating semiconductor
      devices, and, more particularly, to a process for fabricating conductivity
      connected charge-coupled devices (C4D's).
PAR  A known process for the fabrication of C4D's, used by Bell Laboratories,
      comprises essentially the following sequence of steps. A layer of thick
      oxide is initially grown on a semiconductor substrate. The thick oxide
      layer is subsequently etched to expose the barrier regions which are to be
      implanted, as well as the regions between the channels, a channel
      constituting a succession of individual C4D storage cells. Next another
      layer of oxide is grown and etched to expose only the implant regions of
      the substrate. This is followed by the implantation of the barrier
      regions. All oxide is then removed, and the field oxide layer is grown and
      etched. Next the gate oxide is laid down in what is referred to in the
      semiconductor art as a "high temperature step." A refractory material such
      as tungsten is next deposited and etched to define the electrodes as well
      as the intervening conductivity connecting regions. Finally the
      conductivity connecting regions are implanted, and the entire device is
      subjected to a further high temperature step in order to activate the
      conductivity connecting regions.
PAC  SUMMARY OF THE INVENTION
PAR  According to a preferred embodiment of the present invention, a sequence of
      process steps is disclosed for the fabrication of C4D's wherein certain
      disadvantages of the known prior art process and the device resulting
      therefrom are overcome.
PAR  Charge-coupled devices having conductivity connecting regions formed by ion
      implantation are inherently slower in operation than C4D's in which the
      conductivity connection regions are formed by a diffusion process, due to
      the fact that in ion-implanted regions damage is done to the crystal
      lattice structure as a result of the ion bombardment, causing such regions
      to have relatively greater electrical resistivity than conductivity
      connecting regions formed by a diffusion process. Therefore, the diffusion
      of the conductivity connecting region is preferable over an ion
      implantation step.
PAR  However, a limiting factor exists regarding the use of the diffusion step,
      in that such is a so-called high temperature step. In the course of the
      procedure for diffusing impurity atoms into the substrate, the substrate
      is subjected to high temperature in order to drive in the impurity atoms.
      Such high temperature step has a deleterious effect on any earlier
      implanted or diffused impurity regions, since a portion of the impurity
      atoms are thereby dispersed from such regions. Normally this effect can be
      tolerated to a certain degree, and thus the subjection of previously made
      impurity regions to one high temperature step is acceptable. However,
      subjection of such regions to two or more high temperature steps can be
      expected to yield undesirable results. The present invention sets forth a
      process for making C4D's of the type having conductivity connecting
      regions produced by the diffusion method, in which a minimum number of
      high temperature steps are required. The resulting device therefore has
      improved operating characteristics over that produced by the known method
      of fabricating C4D's.
PAR  On a chip containing C4D's, it is often desirable to include certain
      peripheral circuitry implemented in MOSFET (metal oxide semiconductor
      field effect transistor) device technology. For example, in an LSI (large
      scale integrated circuit memory comprising a plurality of C4D registers it
      is useful to fabricate the required control circuitry, implemented in
      MOSFET technology, on the same chip as the C4D registers. To do so
      requires that the C4D process be as compatible with the MOSFET process as
      possible, in order to mitigate process costs and maintain yields.
PAR  The present invention discloses a C4D process which is very compatible with
      the known "silicon gate process", since according to the present
      invention, the additional MOSFET circuits on an LSI circuit chip
      comprising C4D circuits may be made concurrently with the C4D circuits, as
      opposed to being made subsequently to the C4D circuits or requiring extra
      process steps. As a result, such chips may be made at substantial cost
      savings. The present invention also discloses a process for making
      additional MOSFET devices in which the resulting MOSFET devices have
      different thresholds.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is a principal object of the present invention to provide
      an improved process for fabricating charge-coupled semiconductor devices.
PAR  It is another object of this invention to provide a process for fabricating
      conductivity connected charge-coupled devices, which process results in a
      high yield of good devices.
PAR  It is also an object of the invention to provide a process for fabricating
      conductivity connected charge-coupled devices and MOSFET semiconductor
      devices on a single chip substantially concurrently.
PAR  It is yet another object of the invention to provide a process for
      fabricating conductivity connected charge-coupled devices and MOSFET
      semiconductor devices having different thresholds on a single chip
      substantially concurrently.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be described with reference to the accompanying drawing,
      wherein:
PAR  FIGS. 1a through 1k illustrate the basic steps of the disclosed process for
      fabricating charge-coupled devices.
PAR  FIGS. 2a and 2b illustrate the basic steps of a modification of the process
      shown in FIGS. 1a through 1k.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference now to FIGS. 1a to 1k of the drawing, the sequence of basic
      process operations of a preferred embodiment of the present invention will
      be described. FIGS. 1a to 1k illustrate in the left-hand portions thereof
      a sequence of cross-sectional schematic diagrams depicting the basic steps
      employed in fabricating a portion of a charge-coupled device. The
      right-hand portions of FIGS. 1a to 1k illustrate a sequence of
      cross-sectional schematic diagrams depicting the basic steps employed in
      fabricating a MOSFET semiconductor device situated on the same
      semiconductor substrate as the charge-coupled device illustrated in the
      left-hand portions of FIGS. 1a to 1k.
PAR  In FIG. 1a is shown a substrate 10 of N-type semiconductor material over
      which has been laid a layer of thick oxide 11, also known as field oxide
      or steam oxide. The thick oxide layer 11 functions to separate adjacent
      rows of charge-coupled devices. Other means of isolating adjacent rows are
      possible but not shown, such as channel stop implantation. The field oxide
      layer 11 is shown by a dotted line in the left-hand portion of FIG. 1b and
      is not depicted in the corresponding portions of FIGS. 1c through 1k for
      the sake of clarity, since it is desirable to concentrate primarily on the
      actual row or channel construction itself.
PAR  FIG. 1b illustrates the etching away of the thick oxide 11 in the region of
      the gate 12 of the MOSFET device. Throughout the description of the
      present invention, the various steps involving etching, masking, oxide
      formation, ion implantation, diffusion, etc. will not be discussed
      individually in detail, since they are individually known in the
      semiconductor technology and as such form no part of the present
      invention.
PAR  In FIG. 1c, the step of laying down the gate oxide 13 is shown. As
      previously mentioned, the step of growing the gate oxide 13, also known as
      thermal oxide, involves a high temperature process. In the right-hand
      portion of FIG. 1c, the application of the gate oxide layer 13 to the
      previously existing thick oxide layer 11 is not shown for the purpose of
      clarity, since, as regards the thick oxide layer 11, the application to it
      of a thin gate oxide 13 effects no significant change.
PAR  Subsequent to deposition of the gate oxide layer 13, a mask 14 is applied
      to same, such mask 14 having openings therein of predetermined size and
      location. No openings are present in the portion of mask 14 overlying the
      MOSFET region. Each opening in the mask 14 represents the location of a
      desired N+ barrier implant region 15 having a different semiconductor
      resistivity than the N-type substrate 10. With the mask 14 in place, as
      shown in FIG. 1d, a phosphorous dose of approximately 10.sup.12
      atoms/cm.sup.2 is performed to produce the N+ barrier regions 15. The mask
      14 is then removed. It will be understood that where selective etching or
      implantation is desired, known photoresist techniques may be substituted
      for and are deemed equivalent in function to masking techniques.
PAR  The next process step, shown in FIG. 1e, is the deposition of a uniform
      layer of polysilicon 16. A second mask 17 is then laid over the layer of
      polysilicon 16, as shown by FIG. 1f, such mask 17 having holes in the
      left-hand portion thereof representing the desired locations of the
      conductivity connecting regions 19 of the completely fabricated
      charge-coupled device (see FIGS. 1g and 1k). The right-hand side of mask
      17, overlying the MOSFET portion of the chip, is essentially open
      everywhere except over the gate area 26. One or more etchants are applied
      to the second mask 17 whereby the exposed portions of polysilicon 16 and
      gate oxide layer 13 are etched down to the surface of the silicon
      substrate 10, leaving holes 18.
PAR  Next, according to FIG. 1g, the polysilicon electrodes 16 and P++
      conductivity connecting regions of the C4D are simultaneously doped by a
      diffusion of boron atoms at 10.sup.18 to 10.sup.21 atoms/cm.sup.3. At the
      same time the source and drain regions 20 and 21, respectively, of the
      MOSFET device are also diffusion doped. The barrier implant regions 15 and
      diffusion regions 19 of the C4D, as well as the source and drain regions
      20 and 21 of the MOSFET device, are activated by the diffusion step, which
      is a high temperature step. No further high temperature steps are
      required. However, a subsequent heat treatment step of relatively less
      duration than the diffusion step may be performed without harmful effect,
      if such is necessary to more fully activate the implant regions, to
      correct a surface effects problem, etc. The N+  barrier regions 15 are
      recompensated by P-type silicon as a result of being subjected to the
      relatively heavy P++ diffusion doping.
PAR  The next step is the deposition of a third layer of oxide 22, known as
      intermediate oxide, as shown in FIG. 1h. The intermediate oxide layer 22
      aids in sealing the C4D and in insulating the polysilicon layer 16 from
      the yet to be laid metallization layer 24 of the MOSFET device. At this
      point in the sequence of process steps, the fabrication of the
      charge-coupled device portion of the chip is complete, and therefore FIGS.
      1i and 1j omit the charge-coupled device portion of the chip for the sake
      of clarity. All that remains to be done at this juncture are the steps
      required to complete the desired MOSFET circuitry.
PAR  The intermediate oxide layer 22 is next selectively etched down to the
      substrate 10, according to FIG. 1i, in the locations of the desired source
      and drain regions 20 and 21, respectively, of the MOSFET device.
PAR  Next, FIG. 1j illustrates the laying down of a suitable metallization layer
      14 over the entire MOSFET device. Finally, the metallization layer 24 is
      etched in the gate region leaving a gap 25 for the purposes of
      electrically isolating the source region 20 from the drain region 21. This
      step, illustrated in FIG. 1k, completes the fabrication of the MOSFET
      circuitry, and indeed the entire sequence of basic fabrication steps
      necessary to make the C4D and associated MOSFET devices.
PAR  FIG. 1k, in the left-hand portion thereof, illustrates a possible clocking
      connection to the C4D. The clock phase lines 27 and 28 are connected to
      alternate electrodes 16. The alternate application of the .phi.1 and
      .phi.2 clock voltages to the electrodes 16 causes the incremental movement
      of charge packets from left to right in the FIG. 1k illustration in a
      manner which is known in the art. While the electrical connections to the
      .phi.1 and .phi.2 clock lines 27 and 28, respectively, are shown to be in
      the vicinity of the cross-sectional slice (i.e., in the region of charge
      storage and charge transfer), in actuality such electrical connections
      will normally be effectuated at the remote edge of the device (not shown)
      in a manner which is well known.
PAR  Typical values for the dimensions of the constituent elements of the
      preferred embodiment of the C4D shown in FIGS. 1a through 1b are
      3000-5000A for the polysilicon electrodes 16, 1000-2000A for the gate
      oxide layer 13, 2000A for the N+ barrier regions 15, approximately 1
      micron for the P++ conductivity connecting regions 19, and 3 to 10 mils
      for the silicon substrate 10 proper. It will be understood that these
      values are not necessarily optimized, and that one skilled in the art will
      be capable of making modifications to the preferred embodiment according
      to the desired performance requirements of the fabricated C4D.
PAR  Referring now to FIGS. 2a and 2b, a modification of the sequence of basic
      process steps shown by FIGS. 1a through 1k will be described. Regarding
      the MOSFET devices formed on the same substrate as the CCD devices, it is
      often desirable to provide MOSFET devices having different thresholds.
      According to the present invention, MOSFET devices having different
      thresholds are fabricated by forming the gate region of each of a first
      group of MOSFET devices over undoped N-type substrate material, as
      previously shown in FIG. 1g, and by forming the gate region in each of a
      second group of such devices over a substrate region which has been doped
      by ion implant to N+.
PAR  Specifically the first group of MOSFET devices may be regarded as that
      formed in the previously-described sequence of basic steps shown in FIGS.
      1a through 1k. The sequence of steps for the fabrication of the second
      group of MOSFET devices, which are to have a different threshold, is
      identical to that used to produce the first group, with the exception of
      the step shown by FIG. 1d. Rather than masking off the second MOSFET
      group, as is done in the step shown in FIG. 1d, holes are provided in mask
      14 (refer to FIG. 2a) overlying the desired gate regions 29 of the second
      group of MOSFET devices, and such regions 29 are ion-implanted at the same
      time as the barrier regions 15 of the C4D's.
PAR  The resulting MOSFET device of the second group of MOSFET devices is shown
      in FIG. 2b. The chief difference lies in the resistivity of the substrate
      region underlying the gate region 40, as such region 40 in the FIG. 2b
      device has a different resistivity than the corresponding region in the
      FIG. 1k device, because in the former device the substrate region has been
      doped by ion implant N+. The thresholds are accordingly different as
      between the two MOSFET devices.
PAR  The present invention has a number of unique advantages over the known
      process of fabricating C4D's. First, it is highly compatible with the
      standard silicon gate process, so that non-C4D circuits may be formed on a
      chip substantially concurrently with C4D circuits. A modification of the
      preferred embodiment has been shown in which the non-C4D circuits may be
      fabricated so as to have different thresholds without requiring any extra
      masks. The same diffusion step which is used to produce the conductivity
      connecting regions of the C4D, to dope the polysilicon electrodes of the
      C4D, and to activate the ion implant regions, is used to produce the
      source and drain diffusions of the MOSFET circuits. As a result, fewer
      process steps are performed and greater yields result.
PAR  Secondly, the present invention produces a C4D in which the conductivity
      connecting regions are produced by a diffusion step, resulting in a C4D
      capable of greater reliability and higher frequency of operation than a
      C4D in which the conductivity connecting regions are produced by an ion
      implantation step.
PAR  Thirdly, the sequence of process steps disclosed herein for the fabrication
      of a C4D requires at least one less high temperature step, resulting in a
      greater yield of good C4D's.
PAR  It will be apparent to those skilled in the art that the disclosed C4D
      fabrication process may be modified in numerous ways and may assume many
      embodiments other than the preferred form specifically set out and
      described above. For example, while the preferred embodiment is discussed
      in terms of an N-type substrate having N+ barrier implant regions and P++
      diffusion conductivity connecting regions, the herein disclosed process
      could be modified to produce devices on a P-type substrate having P+
      barrier implant regions and N++ diffusion conductivity connecting regions.
PAR  Furthermore, with a suitable variation of the herein described process and
      an appropriate combination of implant and substrate types it is possible
      to fabricate both enhancement mode and depletion mode devices.
PAR  It is also possible to modify the above-described sequence of basic steps
      by etching only through the polysilicon layer 16 in the step shown in FIG.
      1f and producing the P++ conductivity connecting regions shown in FIG. 1g
      by an ion implantation step. Such modified sequence has the advantage that
      the gate oxide layer 13 is not broken, resulting in relatively higher
      yields. However, as mentioned earlier, conductivity connecting regions
      formed by an ion implantation step have relatively greater electrical
      resistivity than corresponding regions formed by a diffusion step, at
      least insofar as state-of-the-art ion implantation techniques are
      concerned.
PAR  Accordingly, it is intended by the appended claims to cover all
      modifications of the invention which fall within the true spirit and scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of fabricating a charge-coupled semiconductor device, said
      method comprising the steps of:
PA1  A. applying a layer of gate oxide on a substrate of semiconductor material;
PA1  B. applying a first mask to the layer of gate oxide, said first mask having
      openings therein of predetermined size and location relative to one
      another;
PA1  C. implanting regions in said substrate of a different semiconductor
      resistivity than said substrate through the holes in said first mask;
PA1  D. removing said first mask from said substrate;
PA1  E. applying a layer of polysilicon over said gate oxide layer;
PA1  F. applying a second mask to said layer of polysilicon, said second mask
      having holes therein of different location than the holes of said first
      mask;
PA1  G. removing the portions of said layers of polysilicon and gate oxide
      underlying said holes in said second mask;
PA1  H. doping the remaining portions of said polysilicon and the portions of
      said substrate underlying the removed portions of said polysilicon and
      gate oxide layers by adding impurity atoms to same.
NUM  2.
PAR  2. The method according to claim 1, wherein said substrate is comprised of
      N-type semiconductor material and said regions of different semiconductor
      resistivity are comprised of N-type silicon which has been doped
      substantially more than said substrate.
NUM  3.
PAR  3. The method according to claim 2, wherein said doped portions of said
      substrate are comprised of P-type silicon.
NUM  4.
PAR  4. The method according to claim 1, wherein said substrate is comprised of
      P-type semiconductor material and said regions of different semiconductor
      resistivity are comprised of P-type silicon which has been doped
      substantially more than said substrate.
NUM  5.
PAR  5. The method according to claim 4, wherein said doped portions of said
      substrate are comprised of N-type silicon.
NUM  6.
PAR  6. A method of fabricating charge-coupled semiconductor devices on a first
      portion of a semiconductor substrate and fabricating metal oxide
      semiconductor devices on a second portion of the same substrate, said
      method comprising the steps of:
PA1  A. applying a layer of thick oxide to said semiconductor substrate;
PA1  B. removing said thick oxide layer at predetermined locations of said first
      and second portions of said substrate;
PA1  C. applying a layer of gate oxide;
PA1  D. applying a first mask to the layer of gate oxide, said first mask having
      openings of predetermined size and location relative to one another in
      that part of said first mask overlying said first portion of said
      substrate, and said first mask having no openings in that part of said
      first mask overlying said second portion of said substrate;
PA1  E. implanting regions in said substrate of a different semiconductor
      resistivity than said substrate through the holes of said first mask;
PA1  F. removing said first mask from said substrate;
PA1  G. applying a layer of polysilicon over said gate oxide layer;
PA1  H. applying a second mask to said layer of polysilicon, said second mask
      having holes therein of different location than the holes of said first
      mask;
PA1  I. removing the portions of said layers of polysilicon and gate oxide
      underlying said holes in said second mask;
PA1  J. removing said second mask;
PA1  K. doping the remaining portions of said polysilicon and the portions of
      said substrate underlying the removed portions of said polysilicon and
      gate oxide layers by diffusing impurity atoms into same;
PA1  L. applying a layer of third oxide to said second portion of said
      substrate;
PA1  M. removing said layer of third oxide overlying those portions of the
      second portion of said substrate which were doped in step K;
PA1  N. applying a layer of metal over said second portion of said substrate;
      and
PA1  O. removing portions of said layer of metal at predetermined locations of
      said second portion of said substrate.
NUM  7.
PAR  7. The method according to claim 6, wherein said substrate is comprised of
      N-type semiconductor material, said regions of different semiconductor
      resistivity are comprised of N-type silicon which has been doped
      substantially more than said substrate, and wherein said doped portions of
      said substrate are comprised of P-type silicon.
NUM  8.
PAR  8. The method according to claim 6, wherein said substrate is comprised of
      P-type semiconductor material, said regions of different semiconductor
      resistivity are comprised of P-type silicon which has been doped
      substantially more than said substrate, and wherein said doped portions of
      said substrate are comprised of N-type silicon.
NUM  9.
PAR  9. A method of fabricating charge-coupled semiconductor devices on a first
      portion of a semiconductor substrate, fabricating metal oxide
      semiconductor devices on a second portion of the same substrate, and
      fabricating metal oxide semiconductor devices on a third portion of the
      same substrate, said devices on said third portion having a different
      threshold than those on said second portion, said method comprising the
      steps of:
PA1  A. applying a layer of thick oxide to said semiconductor substrate;
PA1  B. removing said thick oxide layer at predetermined locations of said
      first, second and third portions of said substrate;
PA1  C. applying a layer of gate oxide;
PA1  D. applying a first mask to the layer of gate oxide, said first mask having
      openings of predetermined size and location relative to one another in
      those portions of said first mask overlying said first and third portions
      of said substrate, and said first mask having no openings in that part of
      said first mask overlying said second portion of said substrate;
PA1  E. implanting regions in said substrate of a different semiconductor
      resistivity than said substrate through the holes of said first mask;
PA1  F. removing said first mask from said substrate;
PAR  G. applying a layer of polysilicon over said gate oxide layer;
PA1  H. applying a second mask to said layer of polysilicon, said second mask
      having holes therein of different location than the holes of said first
      mask;
PA1  I. removing the portions of said layers of said polysilicon and gate oxide
      underlying said holes in said second mask;
PA1  J. removing said second mask;
PA1  K. doping the remaining portions of said polysilicon and the portions of
      said substrate underlying the removed portions of said polysilicon and
      gate oxide layers by diffusing impurity atoms into same;
PA1  L. applying a layer of third oxide to said second and third portions of
      said substrate;
PA1  M. removing said layer of third oxide overlying those portions of the
      second and third portions of said substrate which were doped in step K;
PA1  N. applying a layer of metal over said second and third portions of said
      substrate; and
PA1  O. removing portions of said layer of metal at predetermined locations of
      said second and third portions of said substrate.
NUM  10.
PAR  10. The method according to claim 6, wherein said substrate is comprised of
      N-type semiconductor material, said regions of different semiconductor
      resistivity are comprised of N-type silicon which has been doped
      substantially more than said substrate, and wherein said doped portions of
      said substrate are comprised of P-type silicon.
NUM  11.
PAR  11. The method according to claim 9, wherein said substrate is comprised of
      P-type semiconductor material, said regions of different semiconductor
      resistivity are comprised of P-type silicon which has been doped
      substantially more than said substrate, and wherein said doped portions of
      said substrate are comprised of N-type silicon.
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ABST
PAL  An improved phosphor-bronze copper alloy having good hot workability and
      mechanical properties, and method of processing same. A preferred alloy
      contains from 2 to 11% tin, from 0.01 to 0.3% phosphorus, from 0.2 to 0.8%
      chromium and from 0.3 to 2.0% each of iron and/or cobalt.
PARN
PAR  This is a division of application Ser. No. 445,447, filed Feb. 25, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The phosphor-bronzes are copper base alloys containing phosphorus and tin.
      In this alloy system, alloys with phosphorus levels in excess of about
      0.07 percent and tin contents in excess of about 4 percent exhibit poor
      hot workability. This is made manifest by rather pronounced cracking
      during hot rolling at moderately elevated temperatures. This
      "hot-shortness" is even more pronounced with increasing amounts of tin and
      phosphorus. Accordingly, alloys of this sytem are impractical to hot roll
      at normal commercial hot rolling temperatures.
PAR  Accordingly, it is a principal object of the present invention to provide
      improved copper base alloys of the phosphor-bronze type.
PAR  It is a particular object of the present invention to provide alloys as
      aforesaid which are hot workable at normal commercial hot working
      temperatures.
PAR  It is a still further object of the present invention to provide improved
      copper base alloys as aforesaid having good hot rollability combined with
      improved mechanical properties.
PAR  Further objects and advantages of the present invention will appear from
      the ensuing specification.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention it has been found that the
      foregoing objects and advantages may be readily achieved. The copper base
      alloy of the present invention consists essentially of: tin, from 2 to 11
      percent; phosphorus, from 0.01 to 0.3 percent; a transition metal selected
      from the group consisting of zirconium, titanium, vanadium, chromium and
      mixtures thereof in an amount from 0.2 to 0.8 percent each; a material
      selected from the group consisting of cobalt, from 0.3 to 2.0 percent;
      iron, from 0.3 to 2.0 percent and mixtures thereof; balance copper,
      wherein the total of iron plus cobalt must be at least 0.8 percent. The
      grain size of the alloys is less than 0.010 mm and the alloy contains
      particulate phases uniformly dispersed throughout the matrix.
PAR  The present invention also represents an improved method of processing the
      aforesaid copper base alloys. The process of the present invention
      consists essentially of: casting a copper base alloy of the foregoing
      composition; homogenizing said alloy at a temperature of between
      700.degree.C and the solidus temperature of the alloy for at least 15
      minutes; hot rolling said alloy at a starting temperature in excess of
      650.degree.C and up to within 50.degree.C of the solidus temperature of
      the alloy, and at a finishing temperature in excess of 400.degree.C; and
      cold rolling the alloy at a temperature below 200.degree.C. Preferably the
      resultant material is subjected to a final heat treatment at a temperature
      between 100.degree.C and 850.degree.C for from 10 seconds to 8 hours. If
      desired, the cold rolling step may be conducted with or without
      intermediate annealing steps.
DETD
PAC  DETAILED DESCRIPTION
PAR  The composition of the copper base alloy of the present invention is as set
      forth hereinabove. Throughout the instant specification percentages of
      components are weight percentages.
PAR  The tin component is present in an amount from 2 to 11 percent. Greatest
      improvement is found in those alloys containing in excess of 4 percent tin
      since these alloys presented the most difficulty heretofore. The
      phosphorus content should vary between 0.01 and 0.3 percent, and
      preferably between 0.02 and 0.1 percent.
PAR  The alloy of the present invention contains a transition metal which may be
      either zirconium, titanium, vanadium and/or chromium in an amount from 0.2
      to 0.8 percent each and preferably from 0.2 to 0.5 percent each, with
      chromium being preferred. In addition, the alloy of the present invention
      contains either iron or cobalt or both of these materials in an amount
      from 0.3 to 2.0 percent each, preferably from 1 to 2 percent each, with
      the minimum iron plus cobalt content being 0.8 percent. That is, either
      alone or in combination one must have at least 0.8 percent iron plus
      cobalt. This is necessary in order to obtain the proper cast structure for
      hot rolling. Iron and/or cobalt, together with the above transition metal,
      especially chromium, refines the cast grain structure and minimizes the
      formation of low melting Cu-P or Cu-P-Sn phases which normally impede hot
      rollability.
PAR  The balance of the alloy is essentially copper. Naturally, the present
      invention contemplates the inclusion of particular additional alloying
      ingredients in order to obtain particularly desired results. For example,
      one may include small but effective amounts of other elements such as
      beryllium, magnesium, silicon, aluminum, arsenic, antimony or lead in
      order to improve such properties as mechanical properties, corrosion
      resistance, processing characteristics, and machinability. Naturally,
      conventional impurities are also contemplated.
PAR  As indicated hereinabove, the alloy of the present invention has a fine
      grain size less than 0.010 mm which is obtained by the process of the
      present invention. This fine grain size greatly contributes to the
      improved properties obtained thereby. In addition, the microstructure is
      characterized by the presence of particulate phases uniformly dispersed
      throughout the matrix, the presence of which are insured by the processing
      of the present invention. One of these phases contains an iron and/or
      cobalt -- transition metal (e.g., chromium) intermediate phase comprising
      a solid solution of iron and/or cobalt and transition metal. A second of
      said phases contains iron and/or cobalt -- transition metal (e.g.,
      chromium) phosphides. The phosphides could be stoichiometric or
      non-stoichiometric compounds. These phases are essential in obtaining the
      improved properties of the present invention.
PAR  The copper base alloy of the present invention may be cast in any
      convenient manner. The particular method of casting is not especially
      critical and any convenient commercial method may be employed, such as
      direct chill or continuous casting. The alloy should be homogenized
      following casting at a temperature between 700.degree.C and the solidus
      temperature of the paraticular alloy associated with the particular
      composition. For example, an alloy containing 5 percent tin and 0.05
      percent phosphorus which represents a particularly preferred composition
      has a solidus temperature of 950.degree.C. The homogenizing procedure
      should be conducted for at least 15 minutes and generally less than 24
      hours. The preferred homogenization temperature for the 5 percent tin
      alloy is from 800.degree.C to 900.degree.C for from 15 minutes to 4 hours.
PAR  The alloy is then hot rolled at a starting temperature in excess of
      650.degree.C and up to within 50.degree.C of the solidus temperature of
      the particular composition. The finishing hot rolling temperature should
      be in excess of 400.degree.C. It is a particular advantage of the present
      invention that the alloys may be conveniently hot rolled on a commercial
      basis. It is possible to hot roll the alloys of the present invention on a
      commercial basis without the formation of a liquid phase which often
      characterizes prior art phosphor-bronzes and which causes hot shortness.
PAR  The preferred hot rolling temperature range decreases with increasing tin
      contents. For example, an alloy of the present invention containing about
      6 percent tin finds a preferred hot rolling temperature range of between
      750.degree.C and 900.degree.C. This is particularly surprising since
      conventional phosphor-bronzes cannot be hot rolled practically above
      800.degree.C without cracking apart and being rendered useless.
      Furthermore, hot rolling these conventional materials at lower
      temperatures results in large scrap losses as well as high mill energy
      requirements.
PAR  The material is cold rolled following hot rolling to the desired final
      stage. One may cold roll directly to final gate with or without
      interannealing. If an intermediate annealing step is used between cold
      rolling passes, the material may be subjected to either strip or batch
      annealing techniques. Thus, for example, holding times of from 10 seconds
      to 24 hours may be used and temperatures of from 250.degree.C to
      850.degree.C may be used. The final condition of the thus treated material
      may be either as temper rolled strip or heat treated strip.
PAR  The alloy of the present invention may be subjected to a final heat
      treatment step of from 10 seconds to 8 hours at temperatures between
      100.degree.C and 850.degree.C in order to improve the yield strength and
      ductility characteristics.
PAR  It has been found in accordance with the present invention that the alloy
      of the present invention is characterized by ease of hot rollability, as
      stated hereinabove. In addition, the modified phosphor-bronze alloy of the
      present invention has mechanical properties superior to those of the base
      phosphorus-tin-copper composition. This strengthening effect apparent in
      the alloy of the present invention is a direct result of the solid
      solution strengthening, dispersion strengthening and precipitation
      strengthening which occur when the additives of the alloy of the present
      invention are added to the base composition. In addition to the foregoing,
      the iron and/or cobalt particles which are formed throughout the matrix of
      the alloy provide for grain refinement. Still further, these strengthening
      modifications in grain refinement are achieved with little or no
      detrimental effects in the bend formability or electrical conductivity of
      the base composition.
PAR  In addition to the foregoing, the alloy has improved stress corrosion
      resistance in ammoniacal environments over the standard phosphor-bronzes.
      For example, a representative alloy of the present invention in a U-bend,
      stress corrosion sample, was tested by exposure to moist ammonia and
      exhibited a life of 180 hours; whereas, a commercial phosphor-bronze Alloy
      510 was tested under the same conditions and exhibited a life of 60 hours.
      This is an important property since these alloys find use in electrical
      applications where insulating materials tend to decompose to ammoniacal
      compounds.
PAR  The alloy and process of the present invention, as well as the improvements
      resulting therefrom, will be more readily apparent from a consideration of
      the following illustrative examples.
PAC  EXAMPLE I
PAR  An alloy of the present invention Alloy A, and a comparative, conventional
      commercial phosphor-bronze Alloy 510 were prepared having the compositions
      shown in Table IA, below. The alloys were cast from 1200.degree.C into a
      steel mold with a water cooled copper base. The ingot of Alloy A was
      homogenized at 900.degree.C for 2 hours followed by hot rolling at a
      starting temperature of 870.degree.C and at a finishing temperature in
      excess of 400.degree.C to 0.375 inch gage with a total reduction in the
      hot rolling pass of 79 percent. Alloy B was homogenized at 750.degree.C
      for 2 hours and hot rolled from 725.degree.C to 0.375 inch gage with a
      total reduction in the hot rolling pass of 79 percent. The alloys were
      then cold rolled to 0.120 inch gage. The tensile properties of the
      resultant materials are shown in Table IB below after annealing at
      500.degree.C for 21/2 hours and as cold rolled using various reductions as
      shown in Table IB. For comparison purposes, the corresponding tensile
      properties of conventional phosphor-bronze Alloy B are shown in Table IB.
      As a further comparison another conventional comparative phosphor-bronze
      Alloy 510, Alloy C, was processed by cold rolling and annealing only since
      at the phosphorus-tin levels of Alloy C the material is not hot rollable.
      Table IB also shows the properties of Alloy C.
TBL                TABLE IA                                                    

     ______________________________________                                    

     Compositions                                                              

     Alloy   Cu%       Sn%      P%      Fe%    Cr%                             

     ______________________________________                                    

     A       Balance   5.8      0.1     1.0    0.5                             

     B       Balance   4.4      0.07    --     --                              

     C       Balance   5.2      0.08    --     --                              

     ______________________________________                                    

TBL                TABLE IB                                                    

     ______________________________________                                    

     Properties                                                                

     Alloy  % Cold     0.2% Yield  Ultimate                                    

                                          Elongation                           

            Reduction  Strength    Tensile                                     

                                          (%)                                  

                       (ksi)       Strength                                    

                                   (ksi)                                       

     ______________________________________                                    

     A      0           54          74    38                                   

     B      0           27          48    48                                   

     C      0           24          51    51                                   

     A      20.8        93          96    14                                   

     B      20.8        67          80    17                                   

     C      20.8        56          64    22                                   

     A      37.5       102         104    5.8                                  

     B      37.5        84          87    7.5                                  

     C      37.5        80          84    10                                   

     A      60.8       119         122    2.7                                  

     B      60.8       103         107    2.0                                  

     C      60.8       101         106    3.0                                  

     A      80.0       128         132    1.7                                  

     B      80.0       113         120    1.5                                  

     C      80.0       108         114    1.0                                  

     A      90.0       134         138    1.5                                  

     B      90.0       117         123    1.0                                  

     C      90.0       112         116    0.5                                  

     ______________________________________                                    

PAR  The foregoing tables clearly demonstrate the significant advantages
      obtained in accordance with the alloys of the present invention. In
      addition to the foregoing, Alloy A had a grain size of less than 0.005 mm;
      whereas, the grain sizes of commercial Alloys 510 ranged from 0.010 mm to
      0.030 mm. Also, Alloy A was characterized by particulate phases uniformly
      distributed throughout the matrix as defined above.
PAC  EXAMPLE II
PAR  Alloys A and C were provided in the cold rolled form processed as in
      Example I. The bend characteristics of these alloys were compared at
      equivalent yield strengths and the results shown in Table II, below. The
      data compares the bend characteristics of each sample bent around mandrels
      of differing radii to determine the minimum bend radius of each sample for
      various yield strengths without failure by cracking of the sample. The
      values are reported in terms of the sharpest radius "R" which does not
      crack divided by the thickness "t" of the strip. The larger value of R/t
      would signify poorer bend characteristics. The terms "longitudinal" and
      "transverse" refer to the relationship of the bend axis to the rolling
      direction. Longitudinal is the good way since the rolling direction is
      perpendicular to the bend axis, i.e., better bend characteristics are
      obtained. Transverse is the bad way since the rolling is parallel to the
      bend axis.
PAR  Alloy A of the present invention obtains substantially better bad way
      bends, while retaining acceptable good way bends. This is significant
      since phosphor-bronzes have notoriously poor bad way bends, while having
      excellent good way bends. The instant alloy retains acceptable good way
      bends, while surprisingly improving the bad way bends.
PAR  Note that no bend data is given for Alloy 510 at 120 ksi yield strength
      since this alloy cannot generally be processed to so high a yield
      strength.
TBL                TABLE II                                                    

     ______________________________________                                    

     Alloy  0.2% Yield  Longitudinal R/t                                       

                                      Transverse R/t                           

            Strength                                                           

            (ksi)                                                              

     ______________________________________                                    

     A       70         0.4           0.6                                      

     C       70         0.3           0.8                                      

     A       80         0.8           1.0                                      

     C       80         0.4           2.4                                      

     A       90         1.4           1.8                                      

     C       90         0.4           4.4                                      

     A      100         2.4           3.4                                      

     C      100         0.6           8.0                                      

     A      110         4.0           7.0                                      

     C      110         2.0           15.0                                     

     A      120         5.6           12.0                                     

     C      120         --            --                                       

     ______________________________________                                    

PAC  EXAMPLE III
PAR  An alloy of the present invention, Alloy D, was prepared having a
      composition as follows: iron -- 0.7%; cobalt -- 0.4%; tin -- 5.5%;
      chromium -- 0.4%; phosphorus -- 0.1%; copper -- balance. The alloy was
      processed in a manner after Example I and was characterized by comparable
      properties and characteristics.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present invention is therefore to be considered as in all respects
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      meaning and range of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing wrought copper base alloys having good hot
      rollability, good stress corrosion resistance, good strength properties
      and good bend characteristics which comprises:
PA1  A. casting a copper base alloy having the composition consisting
      essentially of: tin from 2 to 11 percent; phosphorus from 0.01 to 0.3
      percent; a transition metal selected from the group consisting of
      chromium, zirconium, titanium, vanadium and mixtures thereof in an amount
      from 0.2 to 0.8 percent each; a material selected from the group
      consisting of iron from 0.3 to 2.0 percent, cobalt from 0.3 to 2.0
      percent, and mixtures thereof, wherein the total iron plus cobalt must be
      at least 0.8 percent, balance copper;
PA1  B. homogenizing for at least 15 minutes at a temperature between
      700.degree.C and the solidus temperature of the alloy;
PA1  C. hot rolling at a starting temperature in excess of 650.degree.C and up
      to within 50.degree.C of the solidus temperature, and at a finishing
      temperature in excess of 400.degree.C; and
PA1  D. cold rolling the material,
PAL  thereby obtaining a copper base alloy having a grain size less than 0.010
      mm and containing particulate phases uniformly dispersed throughout the
      matrix thereof, wherein a first of said phases contains an iron and/or
      cobalt-transition metal intermediate phase comprising a solid solution of
      said iron and/or cobalt plus transition metal and wherein a second of said
      phases contains iron and/or cobalt-transition metal phosphides.
NUM  2.
PAR  2. A method according to claim 1 wherein said alloy is subjected to a final
      heat treatment at from 100.degree.C to 850.degree.C for from 10 seconds to
      8 hours.
NUM  3.
PAR  3. A method according to claim 1 wherein the material is cold rolled in
      step (D) with intermediate anneals.
NUM  4.
PAR  4. A method according to claim 1 wherein said alloy is homogenized in step
      (B) for from 800.degree.C to 900.degree.C for 15 minutes to 4 hours.
NUM  5.
PAR  5. A method according to claim 3 wherein said intermediate anneals are at a
      temperature from 250.degree.C to 850.degree.C for from 10 seconds to 24
      hours.
NUM  6.
PAR  6. A method according to claim 1 wherein said transition metal is chromium.
PATN
WKU  039308952
SRC  5
APN  4635752
APT  1
ART  111
APD  19740424
TTL  Special magnesium-manganese aluminum alloy
ISD  19760106
NCL  2
ECL  1
EXP  Lovell; C.
NDR  1
NFG  4
INVT
NAM  Moser; Clarence J.
CTY  Riverside
STA  CA
INVT
NAM  Stephens; Wilbur E.
CTY  Riverside
STA  CA
ASSG
NAM  Amax Aluminum Company, Inc.
CTY  San Mateo
STA  CA
COD  02
CLAS
OCL  148  2
XCL   75142
XCL  148 115A
XCL  148 32
XCL  164 88
EDF  2
ICL  B22D 2104
ICL  B22D 1106
ICL  C22C 2104
FSC  148
FSS  2;3;11.5 A;32;32.5
FSC   75
FSS  138;142;147
FSC  164
FSS  88
UREF
PNO  1928641
ISD  19331000
NAM  Bossert
OCL   75147
UREF
PNO  2790216
ISD  19570400
NAM  Hunter
OCL  164 88
UREF
PNO  3219491
ISD  19651100
NAM  Anderson et al.
OCL  148 11.5A
UREF
PNO  3219492
ISD  19651100
NAM  Anderson et al.
OCL  148 11.5A
UREF
PNO  3490955
ISD  19700100
NAM  Winter et al.
XCL   75142
UREF
PNO  3787248
ISD  19740100
NAM  Setzer et al.
OCL  148 11.5A
UREF
PNO  3802931
ISD  19740400
NAM  Bylund
OCL  148 11.5A
LREP
FR2  Serijan; Kasper T.
FR2  Kalil; Eugene J.
ABST
PAL  A modified type 3004 aluminum alloy is provided characterized by an
      improved combination of cold workability and physical properties having
      particular use in the deep drawing of containers, such as beverage cans,
      and the like, said alloy containing a relatively high level of manganese
      ranging by weight from about 1.6 to 3 percent. The improvement is
      particularly apparent in the production of chill cast shapes (sheet metal
      stock), such as by the continuous casting of the alloy between a pair of
      water-cooled rolls.
BSUM
PAR  This invention relates to a magnesium-manganese aluminum-base alloy and, in
      particular, to a modified type 3004 alloy containing about 1.6 to 3
      percent by weight of manganese characterized by improved deep drawing
      characteristics and improved physical properties.
PAC  STATE OF THE ART
PAR  It is known to produce aluminum sheet metal stock by the continuous casting
      of aluminum, wherein molten aluminum is caused to flow between a pair of
      rotating water-cooled rolls and solidify into a flat shape. The chill cast
      product produced in this manner is thermally homogenized and then reduced
      in thickness by cold rolling with an intermediate anneal, where necessary,
      until the desired thickness is obtained. Generally, the sheet product is
      finished with cold work temper, such as one-half hard, full hard, etc. The
      sheet metal products are particularly useful in the production of deep
      drawn and ironed containers, such as beverage cans. A typical alloy
      employed is one designated as type 3004 having the following nominal
      composition: 0.3% Si, 0.5% Fe, 0.25% Cu, 1 to 1.5% Mn, 0.8 to 1.3% Mg,
      0.25% Zn and the balance essentially aluminum.
PAR  A method and apparatus for continuously casting aluminum alloys are
      described in U.S. Pat. No. 2,790,216 to J. L. Hunter (issued Apr. 30,
      1957), the disclosure of which is incorporated herein by reference. The
      apparatus of the foregoing patent produces a chill cast product (sheet
      metal stock) which is generally characterized by a uniform microstructure
      comprising particles of intermetallic compounds, including a compound
      based on Al-Mn, dispersed through the alloy matrix. Sheet metal stock
      produced by the foregoing method for subsequent cold rolling to thin gage
      may typically have a thickness of about 1/8 inch, 1/4 inch, 3/8 inch, and
      the like, and have widths ranging upwards of 24 inches or more. However,
      before cold rolling the cast sheet metal stock, it is generally
      homogenized at a temperature of about 950.degree.F to 1050.degree.F for
      about 8 to 16 hours.
PAR  As stated hereinbefore, the chill cast sheet metal stock following
      homogenization is cold rolled to the desired thickness of, for example,
      0.0120 to 0.0145 inch, with intermediate anneals between reductions, where
      necessary. In the production of beverage cans, circular discs or blanks
      are cut or punched from a cold worked sheet for deep drawing into the
      desired shape.
PAR  As pointed out on page 162 of the Metals Handbook, Volume 4, entitled
      "Forming" (8th edition, 1969, American Society of Metals), deep drawing is
      a process for forming sheet metal between an edge-opposing punch and die
      to produce a cup or shell-like part. During drawing, the metal is bent
      over and wrapped around the punch nose, while the outer portions of the
      blank move radially toward the center of the circular blank until they
      flow over the die radius as the blank is drawn into the die cavity by the
      punch. The radial movement of the metal increases the blank thickness as
      the metal moves toward the die radius. As the metal flows over the die
      radius, the thickness decreases due to tension in the shell wall between
      the nose of the punch and the die radius.
PAR  Where a deep drawn shell with a heavy bottom and thin sidewalls are
      desired, ironing may be used in conjunction with deep drawing. The shell
      is first drawn from a circular blank to approximately the final diameter
      using a drawing lubricant. The lubricant is thereafter removed and the
      shell annealed. The sidewalls are then reduced in thickness by, for
      example, 30 to 40 percent, in an ironing operation. An additional
      reduction in thickness may be obtained by repeating the cleaning,
      annealing and ironing steps with good control over wall thickness.
PAR  Ironing is an important step in the making of beverage cans to assure a
      bottom thicker than the side walls. Because of the nature of the working
      stresses in this operation, and depending on the alloy being worked,
      seizing, scoring and/or aluminum pick-up may occur on the die surface
      which adversely affects the quality of the final product produced.
PAR  For example, it has been observed that chill cast aluminum alloy 3004 which
      has been homogenized and cold worked tends to cause seizing at the die
      surface during deep drawing accompanied by aluminum pick-up on the die. A
      metallographic examination of the type 3004 alloy produced by the
      continuous chill-casting method indicated that the particles of the Al-Mn
      compound were generally extremely fine and had an average particle size
      not exceeding about 2 microns in diameter. Apparently, the particles were
      too small to effect a cleaning action on the die which is desirable. On
      the other hand, the use of aluminum sheets produced from conventionally
      cast ingots tended to cause die scoring during deep drawing due to the
      presence of coarse particles. While the coarse particles effectively
      cleansed the die during deep drawing, they left score marks. A
      metallographic examination of such sheet material showed that a large
      number of coarse particles of the Al-Mn compound had a size exceeding
      about 15 to 20 microns.
PAR  A continuously cast metal product is more desirable for working because of
      the general uniformity of the microstructure, provided the size of the
      precipitated particles can be controlled.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide a continuously cast aluminum
      product characterized by improved working properties, particularly sheet
      stock material suitable for use in making deep drawing blanks.
PAR  Another object is to provide a sheet material or blank of an aluminum alloy
      capable of being deep drawn and ironed into containers, such as beverage
      cans.
PAR  A further object is to provide an aluminum alloy composition, e.g. modified
      type 3004 alloy, characterized by an improved metallographic structure in
      the chill cast condition.
PAR  Another object is to provide a method for improving the deep drawing
      properties of a magnesium-manganese aluminum-base alloy, wherein the alloy
      is characterized by an improved metallographic structure.
DRWD
PAR  These and other objects will more clearly appear from the following
      disclosure and the accompanying drawing, wherein:
PAR  FIG. 1 is a fragmentary view in cross section showing adjacent portions of
      water-cooled rolls in conjunction with a portion of a nozzle disposed
      between the rolls, and illustrating the manner in which a molten aluminum
      alloy flows from the nozzle tip and solidifies as it passes between the
      rolls as described in U.S. Pat. No. 2,790,216.
PAR  FIGS. 2 and 3 are representative of photomicrographs showing the difference
      between the microstructure of a chilled cast aluminum alloy containing a
      relatively high amount by weight of about 2.3% manganese (FIG. 2) and of
      substantially the same alloy containing a lower amount of manganese of
      about 1.2% (FIG. 3) both taken at 500 times magnification; and
PAR  FIG. 4 is illustrative of a circular blank for deep drawing into a shell,
      such as a beverage can.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  Stating it broadly, one embodiment of the invention is directed to a method
      of improving the deep drawability of a type 3004 alloy in the production
      of food containers, such as beverage cans, the method residing in
      adjusting the manganese content of substantially a type 3004 alloy to a
      relatively high level by weight of over about 1.6 to 3 percent (preferably
      about 2 to 3 percent), melting the alloy and then chill casting said alloy
      into a flat shape for use in making sheet metal products, the matrix of
      said shape following homogenization and air cooling being characterized
      metallographically by a microstructure comprising a dispersion of
      particles of an intermetallic compound containing Al and Mn ranging in
      average size or diameter from about 4 to 12 microns.
PAR  The invention also provides as an article of manufacture a wrought deep
      drawing blank of the foregoing composition, preferably a cold worked
      blank.
PAR  As stated above, the high manganese aluminum alloy is characterized by an
      improved combination of deep drawing and physical properties, especially
      where the alloy is produced by chill casting, e.g. continuous chill
      casting. The alloy ranges in composition by weight from about 0.1 to 0.3%
      Si, about 0.25 to 0.8% Fe, about 0.10 to 0.25% Cu, about 0.75 to 1.25% Mg,
      about 1.6 to 3% Mn and the balance essentially aluminum.
PAR  By employing a relatively high level of manganese in the alloy (modified
      3004 alloy), an improved metallographic structure is obtained when the
      alloy is chill cast and homogenized such that deep drawing blanks produced
      from the sheet metal stock are characterized by markedly improved deep
      drawing properties as evidenced by a decrease in seizing and metal pick-up
      at the die surface during die forming and ironing on an aluminum blank.
PAR  Observations indicate that the foregoing improvement appears to be related
      to the microstructure of the sheet metal stock. For example, where the
      amount of manganese added to the alloy is less than 1.5 percent by weight,
      e.g. 1.2 percent, a rather fine microstructure is obtained in which
      dispersed particles of Al-Mn compound have an average size below 2 microns
      and generally below 1 micron.
PAR  It has been found that when the amount of manganese in the alloy exceeds
      1.6 percent by weight and ranges up to about 3 percent (e.g. about 2.3
      percent), the dispersed particles are coarser, with a majority of the
      particles ranging in size from about 6 to 12 microns. This type of
      microstructure provides improved deep drawing properties in which very
      little seizing and metal pick-up occur.
PAR  As stated above, the composition is particularly useful in the production
      of sheet metal stock made by continuous casting, such as described in U.S.
      Pat. No. 2,790,216. A fragmented representation of this method is shown in
      FIG. 1 of the drawing herein which shows a sectional view of the roll
      section where the casting of the metal actually takes place. The assembly
      in the drawing shows portions of rolls 10, 11 in spaced-apart relation at
      their closest position of approach along axis A--A, roll 11 rotating
      clockwise and roll 10 counterclockwise. The rolls are water-cooled by
      means not shown, reference being made to U.S. Pat. No. 2,790,216 for such
      details.
PAR  Disposed between the rolls is a pair of nozzle blocks 12 and 13 made of
      ceramic, each of the blocks tapering upwardly to provide nozzle tips, 14,
      15. The blocks are separated near the tips to provide a throat 16 through
      which molten metal of aluminum is fed from a chamber below embraced by the
      nozzle blocks.
PAR  The nozzle blocks are designed to conform to the rolls at their contacting
      surfaces 17, 18 to prevent back flow of metal between the nozzle tips and
      the rolls, particularly during the starting period. A forced bearing
      contact is not required. For example, a clearance of from about 0.005 to
      0.15 and more may be employed, depending upon the metal being cast.
PAR  Molten aluminum 19 is caused to flow upwardly from the chamber in the lower
      portion of the assembled nozzle blocks (not shown) through throat 16 where
      the cooling effect of the water-cooled rolls causes the metal to freeze as
      it approaches the bite of the rolls shown bisecting axis A--A. The flow of
      metal is controlled so that it is free of turbulence. This results in a
      uniform rate of extraction of heat from the metal so that the build-up of
      solidified metal on the surface of the rolls is particularly uniform.
      Thus, solid metal 20 has formed by the time the metal passes through the
      bite of the rolls, a reservoir of molten metal reaching a steady state in
      the region 21 below the solidified metal.
PAR  The foregoing method of casting results in a crystal structure
      (microstructure) in the chill cast product which is uniform. The cast
      product may be worked in a manner to develop its strength to the fullest
      extent and a final product of substantially uniform high quality obtained.
      The flat product or sheet metal stock produced may have a nominal
      thickness of about 1/4 inch and a width of about 24 inches.
PAR  We have observed that by controlling the manganese content to a relatively
      high level of, for example, about 2.3 percent by weight and chill casting
      the alloy, a more useful microstructure is obtained in terms of particle
      size and uniformity of microstructure following homogenization which
      enables the deep drawing of beverage cans with less seizing and metal
      pick-up on the die; whereas, when the alloy is lower in manganese content,
      e.g. below 1.5 percent, the opposite is true.
PAR  The difference in microstructures between the two will be apparent by
      referring to FIG. 2 and FIG. 3. As will be noted from FIG. 2, the majority
      of the particle sizes ranges from about 4 to 12 microns; whereas, the
      alloy illustrated by FIG. 3 shows a much finer particle size of below 2
      microns of the majority of the particles. Tests have shown that the
      particle size of FIG. 2 is preferred for deep drawing purposes.
PAR  As has been stated earlier, after the sheet metal stock has been produced
      by continuous casting and homogenized, it is rolled with or without
      intermediate annealing to the desired gage, for example, to a gage of
      about 0.012 to 0.0145 inch. The final wrought sheet is preferably in the
      cold worked state and blanks are produced therefrom. A typical blank 22 is
      shown in FIG. 4 as a circular disc for deep drawing into cup-like shells,
      such as beverage cans.
PAR  A typical example of the alloy of the invention is one containing 0.3% Si,
      0.5% Fe, 0.25% Cu, 2.3% Mn, 1% Mg, 0.25% Zn and the balance essentially
      aluminum.
PAR  One of the advantages of the alloy of the invention is that it can be
      produced from 3004 alloy scrap by adding manganese to the scrap to bring
      it up to the desired level. Moreover, the foregoing alloy of the invention
      can be produced from recycled beverage cans.
PAR  As stated hereinbefore, the main body of the beverage can is deep drawn and
      ironed to provide a bottom which is thicker than the sides. The top or lid
      of the can may be produced from another composition referred to as high
      tensile 5182 alloy containing about 5% Mg. These compositions (No. 5182
      and No. 3004) can be blended together from scrap and manganese added to
      provide the high manganese alloy. In this case, 20 percent by weight of
      the 5% Mg alloy may be blended with 80 percent by weight of 3004 alloy to
      produce after melting a composition containing 1.8% Mg and 0.8 Mn.
PAR  However, the high manganese modified 3004 alloy, because of its improved
      properties, can also be used as the lid material for the cans.
PAR  The foregoing blended composition can be blended with virgin alloy material
      at a ratio of 66% scrap to 34% virgin material to produce the desired high
      manganese composition containing nominally about 1% Mg and 2 to 2.5% Mn.
PAR  Thus, one advantage of the invention is that the alloy can be produced
      wholly from blended scrap to which manganese is thereafter added, or, in a
      preferred embodiment, scrap may be blended with virgin metal.
PAR  By using the continuous sheet caster of the type described hereinbefore,
      the ultimate composition will have higher physical properties than the
      standard 3004 alloy, improved percent elongation and markedly improved
      microstructure.
PAR  As illustrative of the invention, the following example is given.
PAC  EXAMPLE
PAR  A modified 3004 composition is produced from a mixture of scrap and virgin
      metal to provide a composition containing about 0.3% Si, 0.5% Fe, 0.25%
      Cu, 2.3% Mn, 1% Mg and the balance essentially aluminum. A molten bath of
      the foregoing composition is prepared at a temperature of about
      1300.degree.F, cast between water-cooled rolls (note FIG. 1 and U.S. Pat.
      No. 2,790,216) to produce coiled chill cast sheet metal stock having a
      thickness of about 1/4 inch and a width of about 24 inches.
PAR  The coiled sheet metal stock is homogenized by heating to a temperature
      between 950.degree.F and 1050.degree.F for about 8 to 16 hours to effect
      solution of particles of intermetallic compounds and thereafter air
      cooled. During air cooling, particles of intermetallic compounds
      precipitate out, particularly the compound based on Al-Mn, the size of the
      majority of the particles ranging from about 4 to 12 microns. This
      microstructure is desirable for deep drawing blanks.
PAR  The one-quarter inch homogenized sheet metal stock is then cold rolled to a
      gage of about 0.045 inch and thereafter annealed at a temperature between
      650.degree.F and 750.degree.F for about 2 to 4 hours, the annealed sheet
      being thereafter cold rolled to a gage of about 0.012 to 0.0145 inch,
      depending upon the final gage desired. Blanks are produced from the cold
      rolled sheet for deep drawing into beverage cans.
PAR  As stated above, the manganese-modified type 3004 alloy exhibits improved
      physical properties as well as improved deep drawing characteristics. As
      indicative of the physical properties obtainable, cold rolled alloy of the
      example was stress relieved at 375.degree.F for one hour and then tested
      using a tensile test coupon 1 inch wide, 8 inches long and a thickness of
      0.0143 inch over a gage length of 2 inches, the necked down portion of the
      coupon being about 0.505 inch wide. The stress relieved coupon is compared
      to the as-cast properties and the properties following homogenization as
      follows:
TBL              Tensile     Yield       % Elong.                              

     Coupon      Strength    Strength    2 inches                              

     ______________________________________                                    

     (1) cold worked                                                           

       stress                                                                  

       relieved  44,800 psi  40,000 psi  3.5                                   

     (2) homogenized                                                           

                 48,200 psi  46,700 psi  1.0                                   

     (3) as cast 54,300 psi  53,00   psi 1.0                                   

     ______________________________________                                    

PAR  As will be noted, stress relief more than triples the percent elongation.
PAR  Although the present invention has been described in conjunction with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention as those skilled in the art will readily understand. Such
      modifications are considered to be within the purview and scope of the
      invention and the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of improving the deep drawing and ironing characteristics of a
      type 3004 aluminum alloy in sheet form which comprises providing said
      alloy consisting essentially of by weight about 0.1 to 0.3% Si, about 0.25
      to 0.8% Fe, about 0.1 to 0.25% Cu, about 0.75 to 1.75% Mg, with the
      manganese content controlled over the range of about 2 to 3% Mn and the
      balance essentially Al for use in the production of containers, such as
      beverage cans and the like which comprises,
PA1  establishing a molten bath of said alloy and chill casting said alloy by
      passing said molten alloy bath between a pair of water-cooled rotating
      rolls to produce a cast sheet metal stock,
PA1  heating said sheet metal stock to a temperature of about 950.degree.F to
      1050.degree.F for a time sufficient to homogenize said alloy,
PA1  air cooling said sheet metal stock to room temperature,
PA1  and cold rolling said sheet metal stock to the desired gage with
      intermediate anneals where necessary to produce a cold rolled sheet metal
      product,
PA2  whereby the matrix of said sheet metal product is characterized
      metallographically by a microstructure comprising a uniform dispersion of
      particles of an intermetallic compound of Al and Mn, with the majority of
      the particles ranging in size from about 4 to 12 microns, said sheet metal
      product being also characterized by improved deep drawing and ironing
      characteristics when die-formed into a container.
NUM  2.
PAR  2. The method of claim 1, wherein the manganese is approximately 2.3
      percent.
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ABST
PAL  Method for producing a metal film resistor by (1) treating a base material
      with a stannous chloride solution, silver salt solution and palladium
      chloride solution, respectively, (2) subjecting the thus treated base
      material to electroless plating in a bath having a pH of 9.5-10.5
      containing specified amounts of cobalt salts, nickel salts, sodium
      hypophosphite and specific acetifying agents, at a temperature of
      20.degree.-50.degree.C, (3) heat treating the resultant metal film under
      specified conditions, which are also effective to prevent oxidation of the
      film and (4) subjecting the heattreated metal film to a surface treatment
      under specified conditions, which are also effective to cause oxidation of
      the film.
BSUM
PAR  This invention relates to a method for producing an excellent metal film
      resistor by electroless plating.
PAR  Only a few methods for producing a metal film resistor have hitherto been
      made public. For example, British Communication and Electronics, Vol. 12,
      No. 6, 1965, pgs. 372-74 discloses a test on a resistor of maximum
      resistance value of 360 K.OMEGA..
PAR  However, all the known electroless plating methods involve difficulties in
      producing a metal film resistor of excellent properties with reliability,
      as a result of which no method for producing a metal film resistor by
      electroless plating has been put to practical use.
PAR  This invention has enabled mass production of practical metal film
      resistors having well-balanced resistance properties by electroless
      plating as a result of comprehensive research concerning the metal educing
      speed from electroless plating bath, the type and concentration of metal
      ions, determining the adhesion of the educed metal film to the base
      material, and the stability of the electroless plating bath, the type and
      concentration of reducing agents, the type and concentration of acetifying
      agents, the pH values and type of pH adjusting agents, the temperature of
      the plating bath, the effect of mutual reactions of the foregoing factors,
      as well as pretreatment prior to electroless plating and heat treatment of
      the educed metal film. The construction of this invention will hereinunder
      be described in detail.
PAR  In the conventional pretreatment and electroless plating method for
      producing a metal film resistor, a base material (glass, ceramic or the
      like) is caused to absorb tin by making use of a stannous chloride
      solution in a sensitizing process, the resultant base material is washed,
      then a pretreatment is carried out for activation by applying palladium
      from a palladium chloride solution, followed by washing, and thereafter
      the metal film is formed by electroless plating.
PAR  However, it has been impossible to obtain a stabilized metal film resistor
      of excellent properties by the conventional method, though various types
      of electroless plating baths have been introduced with the object of
      overcoming these difficulties. As a result of a systematic study on the
      defects of the conventional method, it has been found that during the
      washing process, after absorption of stannous ions, or palladium ions in
      the pretreatment, the absorbed tin or palladium is detached from the base
      material with the result that the activated film loses its uniformity. In
      the case of electroless plating not intended for the production of a
      resistor, a thick plating is preferred, and therefore unevenness of the
      activated film or the like has little effect on the properties of the
      finished product. In the case of production of a resistor, however, an
      extremely thin and uniform film is required, and thus unevenness of the
      activated film poses a very serious problem.
PAR  In view of the foregoing, the pretreatment of this invention has for its
      object to obtain an activated film which does not become detached from the
      base material during washing or the like. The pretreatment of this
      invention is characterized in that, prior to the conventional
      pretreatment, in which the sensitized and washed base material (sensitized
      by soaking it in a stannous chloride solution, followed by washing) is
      activated by soaking it in a palladium chloride solution, the base
      material, washed after treatment in a stannous chloride solution, is
      treated with a silver solution as an additional process step.
DETD
PAR  The process will be explained in detail by reference to an embodiment of
      the invention.
PAR  Thus, the sensitizing solution is a solution comprising stannous chloride
      and hydrochloric acid, for example, a solution prepared by adding 5g
      stannous chloride and 10cc hydrochloric acid to 1 liter of water.
PAR  The silver solution is prepared by making use of silver salts, such as
      silver nitrate (AgNO.sub.3), silver chloride and the like, for example, a
      solution prepared by dissolving 5g silver nitrate in 1 liter of water and
      adding a small amount, e.g. 0.5-1g, of ammonia water thereto.
PAR  The activating solution is a solution comprising palladium chloride and
      hydrochloric acid, for example, a solution prepared by dissolving 5g
      palladium chloride in 5cc hydrochloric acid by heating, the resultant
      liquid being diluted by adding 0.2cc thereof to 1 liter of water.
PAR  It is desirous that the temperature of each of these solutions be adjusted
      to within the range of 15.degree.C-50.degree.C.
PAR  One to 10 minutes is sufficient for each of the treatments with the
      indicated solutions.
PAR  Thus, a stabilized and uniform activated film is formed on the base
      material, said film being undetachable during washing or the like, thereby
      enabling production of an extremely uniform film for application of
      electroless plating thereto.
PAR  The electroless plating bath will be explained hereinunder.
PAR  1 The amount of cobalt ion within 1 liter of the plating bath is 0.016 -
      0.038 mol, the ratio of the cobalt ion to nickel ion being 6:1 - 15:1.
PAR  2 The amount of sodium hypophosphite used as a reducing agent should be
      0.28 - 0.47 mol.
PAR  3 As an acetifying agent, 0.34 - 0.75 mol of sodium citrate may be added to
      the bath. Alternatively, one or more of the following may be used as an
      acetifying agent: 0.34 - 0.75 mol of sodium citrate, 0.04 - 0.22 mol of
      sodium tartrate and 0.05 - 0.16 mol of sodium malate.
PAR  4 The pH of the bath should be maintained at 9.5 - 10.5 by the addition of
      ammonium hydroxide.
PAR  5 The plating process should be conducted within a temperature range of
      20.degree.C - 50.degree.C.
PAR  It is to be understood that production of a resistor of excellent
      properties in accordance with this invention is rendered impossible if the
      plating bath composition and pH, and the plating temperature, do not
      satisfy the above requirements.
PAR  The fundamental reason for regulating the composition of the plating bath,
      the plating temperature and the pH with regard to the electroless plating
      method of this invention is that such regulation enables control of the
      educing speed of metal ions so as to obtain uniform and stabilized
      eduction thereof and a metal film of excellent properties.
PAR  To be more precise, the reason for restricting the amount of cobalt and
      nickel ions is that the cobalt ion, which is slow in plating speed, will
      not be educed if used in an amount below 0.016 mol. On the other hand, if
      the cobalt ion is used in an amount greater than 0.038 mol, cobalt ion
      deposit is produced in large quantities in the bath, thereby impeding the
      plating reaction.
PAR  The amount of nickel ion should not be greater than 1/6 the amount of
      cobalt ion, further addition being unadvisable since the nickel ion has a
      greater plating speed and is educed precipitously.
PAR  The addition of sodium hypophosphite as a reducing agent should be in an
      amount of 0.28 - 0.47 mol since the reducing power of the metal ion is
      weak if below the minimum amount, resulting in only partial plating. On
      the other hand, addition exceeding the maximum amount is also unadvisable
      since it will cause spontaneous decomposition of the plating bath.
PAR  As an acetifying agent, sodium citrate in an amount of 0.34 - 0.75 mol
      should be added to the bath, or one or more of 0.34 - 0.75 mol sodium
      citrate, 0.04 - 0.22 mol sodium tartrate and 0.05 - 0.16 mol sodium malate
      should be added to the bath. Production of a resistor film fit for use as
      a resistor becomes difficult when such requirements for the acetifying
      agent are not satisfied. Particularly, in the case of addition of more
      than one acetifying agent, the acetifying effect is intensified, thereby
      enabling prolonging the life of the plating bath.
PAR  Furthermore, in case the pH of the bath is less than 9.5, a proper plating
      reaction is impossible, even when the plating bath composition is
      otherwise within the scope of the prerequisites described above. Though
      the plating reaction is more or less accelerated if the pH is more than
      10.5, alkalinity above 10.5 is unnecessary to obtain a resistor preferred
      in this invention.
PAR  With regard to the plating temperature, a low temperature of 20.degree.C -
      50.degree.C is suitable to obtain a resistor preferred in this invention.
      If below 20.degree.C, the plating speed is excessively low with the result
      that the surface of a ceramic rod on which an activated film is produced
      by said pretreatment is only partially plated. If above 50.degree.C, the
      plating speed is accelerated but the plated film is thick and the metal
      particles are rough with the result that formation of a uniform film,
      particularly desirable for a resistor, becomes impossible.
PAR  Consequently, for the eduction of a resistor film as a resistor for truly
      practical use, it is most essential to strictly regulate the type and
      concentration of the metal ions, the type and concentration of reducing
      agents, the type and concentration of acetifying agents, the pH value and
      type of pH adjusting agents, and the temperature of the plating bath.
PAR  In the electroless plating bath according to this invention, there is a
      close relation between all the conditions above prescribed, that is, the
      amount of cobalt ion and of nickel ion, as well as the ratio thereof, the
      amount of sodium hypophosphite as a reducing agent, the amount of sodium
      citrate as an acetifying agent, the respective amounts of sodium citrate,
      sodium tartrate and sodium malate, the pH, and the plating temperature.
      The multiplied effect of these conditions enables production of a metal
      film resistor of excellent properties, mass production of which has
      hitherto been impossible. By maintaining the plating bath in accordance
      with said conditions at temperatures within those described, and by
      immersing in this plating bath a ceramic rod having an activated film
      subjected to the pretreatment of this invention, a uniform film of
      excellent resisting properties can be formed on the surface of the ceramic
      rod, that is, the resistor of this invention can be produced.
PAR  Table 1 shows the composition of the electroless plating bath according to
      this invention.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Additive    Plating Bath                                                  

     Agent, pH,                                                                

     Treatment Temperature,                                                    

     Resistance Value of Finished Product                                      

                         1        2        3        4                          

     __________________________________________________________________________

     Cobalt sulfate                                                            

     (Amount of cobalt ion:mol)                                                

                         0.016-0.038                                           

                                  0.016-0.038                                  

                                           0.016-0.038                         

                                                    0.016-0.038                

     Nickel sulfate                                                            

     (Cobalt ion                                                               

     Nickel ion) : mol ratio                                                   

                         6/1      10/1     10/1     15/1                       

     Sodium hypophosphite (g/l)                                                

                         30-50    30-50    30-50    30-50                      

     Sodium citrate (g/l)                                                      

                         100-220  100-220  100-220  100-220                    

     Sodium tartrate (g/l)                                                     

                         10-50    10-50    0        10-50                      

     Sodium malate (g/l) 10-30    10-30    0        10-30                      

     pH                  9.5-10.5 9.5-10.5 9.5-10.5 9.5-10.5                   

     Treatment Temperature (C.degree.)                                         

                         20-50    20-50    20-50    20-50                      

     __________________________________________________________________________

     Resistance Value of Low resistance-                                       

                                  Low resistance-                              

                                           Low resistance-                     

                                                    Low resistance-            

     Finished Product (K.OMEGA.)                                               

                         1.200    1.800    4.000    2.500                      

     __________________________________________________________________________

     Film Thickness (.mu.)                                                     

                         0.05-1   0.05-1   0.05-1   0.05-1                     

     __________________________________________________________________________

PAR  Furthermore, in order to obtain the best properties possible for the
      resistor, it is necessary to subject the resistor film to a heat treatment
      and surface treatment, as follows:
PAR  1 The resistor film educed on the base material, such as a ceramic rod, a
      glass rod or the like, by means of the pretreatment and the electroless
      plating bath, is heat-treated in an atmosphere in which the metal film is
      substantially prevented from oxidizing during heating, preferably in a
      vacuum or inert gas under a pressure below 10 mm Hg, at temperatures above
      230.degree.C under the condition of K .times. T .gtoreq. 1,000 (.degree.C,
      hr), wherein K is the temperature in .degree.C, and T the time in hours,
      of the treatment.
PAR  2 Then, the resistor film is surface-treated in an atmosphere in which the
      metal film is oxidized during heating, preferably in air under a pressure
      above 10 mm Hg, at temperatures exceeding 150.degree.C under the condition
      of K .times. T .gtoreq. 200 (.degree.C, hr), wherein K is the temperature
      in .degree.C, and T the time in hours, of the treatment, thereby enabling
      improvement not only in the balance of various properties, such as the
      temperature property, pulse property, load life, moisture resisting load
      life and the like, but also in the absolute values of the respective
      properties as well.
PAR  With regard to the heat treatment of this invention, the reason the
      resistor film should be treated in conformity with the foregoing
      conditions is as follows:
PAR  The Ni-Co resistor film should be heat-treated, as specified above in (1),
      in an atmosphere in which the metal film is not oxidized during heating,
      preferably in a vacuum or inert gas under a pressure below 10 mm Hg, at
      temperatures above 230.degree.C and under the condition of K .times. T
      .gtoreq. 1,000 (.degree.C, hr), because this is the best heat treatment
      for the Ni-Co resistor film whereby the temperature property, pulse
      property and load property thereof can be improved up to values which are
      satisfactory. Heat treatment outside the scope of these conditions is
      unadvisable because variation of the resistance properties relative to
      variation of temperatures becomes greater.
PAR  Furthermore, as described in (2) above, the resistor film is
      surface-treated in an atmosphere in which the metal film is oxidized
      during heating, preferably in air under a pressure above 10 mm Hg, at
      temperatures above 150.degree.C under the condition of K .times. T
      .gtoreq. 200 (.degree.C, hr), thereby enabling formation of an extremely
      thin protective film on the surface of the resistor film after heat
      treatment, whereby the load property, moisture resisting load property and
      the like are improved. If the product of the surface treatment temperature
      (.degree.C) and the treatment time (hr) is less than 200, formation of the
      protective film is unsatisfactory, with the result that oxidation and
      other undesirable chemical changes are liable to occur in the resistor
      film when subjected for a long period of time to a thermal or humid
      atmosphere.
PAR  The heat treatment and the surface treatment are indispensable in this
      invention, in which the important properties required for the resistor
      member, such as temperature property, pulse property, load property,
      moisture resisting load property and the like, are maintained in
      equilibrium along with improvement of the absolute values of such
      properties. A desirable resistor member is unobtainable in case either the
      heat treatment or the surface treatment of the resistor film is omitted,
      or the order of these treatments is reversed.
PAR  Table 2 shows the results of a test conducted to determine the effects of
      this invention.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Heat Treatment     Surface Treatment                                      

     Sample                                                                    

           Atmosphere                                                          

                 K; K.times.T                                                  

                        Atmosphere                                             

                              K; K.times.T                                     

                                     Remarks                                   

     __________________________________________________________________________

     Ni-Co In air or                                                           

                 K&gt;230  In air of                                              

                              K&gt;150  Stabilized                                

     resistor                                                                  

           inert K.times.T.gtoreq.1000                                         

                        pressure                                               

                              K.times.T.gtoreq.200                             

                                     Resistor un-                              

     member of                                                                 

           gas of       above        obtainable                                

     film  pressure     10 mm Hg     due to ex-                                

     thickness                                                                 

           below                     cessively                                 

     below 10 mm Hg                  thin film                                 

     0.05 .mu.                                                                 

     Ni-Co                                                                     

     resistor                                                                  

     member of                                                                 

     film    "     "      "     "    Satisfactory                              

     thickness                                                                 

     0.05 -                                                                    

     1.0.mu.                                                                   

     Ni-Co                           Resistor of                               

     resistor                        low resist-                               

     member of                       ance obtain-                              

     film    "     "      "     "    able                                      

     thickness                                                                 

     above                                                                     

     1.0.mu.                                                                   

     Ni-Co                           Stabilized                                

     resistor    K&gt;230               resistor un-                              

     member of   K.times.T&lt;1000      obtainable                                

     film    "             "    "    due to insuf-                             

     thickness                       ficient heat                              

     0.05 -                          treatment                                 

     1.0 .mu.                                                                  

       "     "   K&lt;230    "     "      "                                       

                 K.times.T.gtoreq.1000                                         

     Ni-Co                           Stabilized                                

     resistor                        resistor un-                              

     member of   K&gt;230        K&lt;150  obtainable                                

     film        K.times.T.gtoreq.1000                                         

                              K.times.T.gtoreq.200                             

                                     due to poor                               

     thickness                                                                 

             "            "          moisture and                              

     0.05 -                          heat resist-                              

     1.0.mu.                         ance resulting                            

                                     from insuffi-                             

                                     cient surface                             

                                     treatment                                 

       "     "     "      "   K&gt;150                                            

                              K.times.T&lt;200                                    

                                       "                                       

     __________________________________________________________________________

PAR  Since it is necessary to stabilize the resistor film without oxidizing it
      during the heat treatment, the pressure of the heat treatment atmosphere
      should be below 10 mm Hg.
PAR  Tables 3, 4, 5 and 6 show the results of comparative tests on a resistor
      produced by the known plating pretreatment, electroless plating bath and
      heat treatment, and a resistor produced by applying the heat treatment of
      this invention to a metal film educed as a result of the pretreatment and
      the electroless plating bath according to this invention.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Short-Term                                                                

     Overload Test      Test Method JIS.C. 6407                                

     Resistor According to Method                                              

                        Resistor According to                                  

     of this Invention  Known Method                                           

     __________________________________________________________________________

     Resistance Value of                                                       

                  Variation                                                    

                        Resistance Value of                                    

                                     Variation                                 

     Finished Product (K.OMEGA.)                                               

                  Rate (%)                                                     

                        Finished Product (K.OMEGA.)                            

                                     Rate (%)                                  

     __________________________________________________________________________

     99.9         + 0.06                                                       

                        101.8        +288                                      

     100.1        + 0.03                                                       

                        99.9         --                                        

     100.1        + 0.02                                                       

                        102.4        --                                        

     99.6         + 0.01                                                       

                        101.4        +20.90                                    

     98.5         + 0.01                                                       

                        100.4        +50.00                                    

     __________________________________________________________________________

TBL                                    TABLE 4                                 

     __________________________________________________________________________

     Pulse Test         Test Method 1800 V Impulse                             

     Resistor According to Method                                              

                        Resistor According to                                  

     of This Invention  Known Method                                           

     __________________________________________________________________________

     Resistance Value of                                                       

                  Variation                                                    

                        Resistance Value of                                    

                                     Variation                                 

     Finished Product (K.OMEGA.)                                               

                  Rate (%)                                                     

                        Finished Product (K.OMEGA.)                            

                                     Rate (%)                                  

     __________________________________________________________________________

     263.7        - 0.04                                                       

                        256.2        Burnt                                     

     263.2        - 0.05                                                       

                        256.1        --                                        

     266.5        - 0.07                                                       

                        242.1        --                                        

     264.3        - 0.08                                                       

                        260.3        --                                        

     263.2        - 0.05                                                       

                        265.3        --                                        

     __________________________________________________________________________

TBL                                    TABLE 5                                 

     __________________________________________________________________________

     Load Life Test     Test Method MIL.R. 22604                               

     Resistor According to Method                                              

                        Resistor According to                                  

     of This Invention  Known Method                                           

     __________________________________________________________________________

     Resistance Value of                                                       

                  Variation                                                    

                        Resistance Value of                                    

                                     Variation                                 

     Finished Product (K.OMEGA.)                                               

                  Rate (%)                                                     

                        Finished Product (K.OMEGA.)                            

                                     Rate (%)                                  

     __________________________________________________________________________

     980.6        + 0.30                                                       

                        965.0        .infin.                                   

     1006.6       0     985.4        .infin.                                   

     976.7        + 0.20                                                       

                        1000.1       +47.20                                    

     982.4        + 0.20                                                       

                        993.4        .infin.                                   

     990.2        + 0.10                                                       

                        981.0        +39.40                                    

     __________________________________________________________________________

TBL                                    TABLE 6                                 

     __________________________________________________________________________

     Resistance Temperature                                                    

     Coefficient Test   Test Method JIS.C. 6404                                

     Resistor According to Method                                              

                        Resistor According to Known                            

     of This Invention  Method                                                 

     __________________________________________________________________________

     Resistance Value of                                                       

                  Variation                                                    

                        Resistance Value of                                    

                                     Variation                                 

     Finished Product (K.OMEGA.)                                               

                  Rate (%)                                                     

                        Finished Product (K.OMEGA.)                            

                                     Rate (%)                                  

     __________________________________________________________________________

     502.8        + 33  504.2        + 114                                     

     500.5        + 11  499.0        + 121                                     

     502.6        + 34  501.1        + 117                                     

     503.2        + 36  502.5        + 115                                     

     502.1        + 6   503.0        + 117                                     

     __________________________________________________________________________

TBL                                    TABLE 7                                 

     __________________________________________________________________________

     (Table shows aggregation of the comparative data of the properties        

     described hereinbefore.)                                                  

                              Short-Term Overload Test     Pulse Test          

                       Resistance                                              

                              Resistance Value                                 

                                         Resistance Value                      

         Measurement                                                           

                 Resistance                                                    

                       Value of                                                

                              Variation Rate                                   

                                         Variation Rate                        

     Metal                                                                     

         Value   per   Finished                                                

                              Under Load of 2.5                                

                                         Under Load of 3.5                     

                                                    Temperature                

     Film        Area  Product                                                 

                              Times Voltage of                                 

                                         Times Voltage of                      

                                                    Coefficient                

                                                           10000               

     Resis-      (K.OMEGA./Sq)                                                 

                       (K.OMEGA.)                                              

                              Normal Power (%)                                 

                                         Normal Power (%)                      

                                                    (PPM/.degree.C)            

                                                           Times               

     tor                                                                       

     __________________________________________________________________________

     Resistor    0.1 - 0.3                                                     

                        300   .+-.0.11   .+-.0.14   .+-.85 Burnt               

     Produced by                                                               

     Known Electro-                                                            

                 0.5 - 1.0                                                     

                        750   Burnt      Burnt      .+-.70 Burnt               

     less Plating                                                              

     Method      1.0 - 2.0                                                     

                       1500   Burnt      Burnt      .+-.120                    

                                                           Burnt               

                 5.0 - 10.0                                                    

                       4000   Burnt      Burnt      .+-.140                    

                                                           Burnt               

     Resistor    0.1 - 0.3                                                     

                        300   .+-.0.04   .+-.0.08   .+-.20 .+-.0.01            

     Produced by                                                               

     Electroless 0.5 - 1.0                                                     

                        750   .+-.0.08   .+-.0.10   .+-.30 .+-.0.01            

     Plating                                                                   

     Method of   1.0 - 2.0                                                     

                       1500   .+-.0.12   .+-. 0.06  .+-.40 .+-.0.03            

     This invention                                                            

                 5.0 - 10.0                                                    

                       4000   .+-.0.10   .+-.0.09   .+-.50 .+-.0.15            

     __________________________________________________________________________

PAR  The stabilized metal film resistor of this invention produced under the
      foregoing conditions is a product capable of sufficiently satisfying the
      values stipulated by MIL-R (10509 F), as shown in Table 8 below.
TBL                TABLE 9                                                     

     ______________________________________                                    

           Testing                          Moisture                           

           Item      Temp.    Pulse   Load  Resisting                          

     Mea-            Property Property                                         

                                      Life  Load                               

     sured           (PPM)    (%)     (%)   Life (%)                           

     Value                                                                     

     ______________________________________                                    

     Value                                                                     

     Stipulated by                  Below                                      

     MIL-R(10509F)                                                             

                 .+-.50   Reference 0.50% Reference                            

     Value of                                                                  

     Resistor of this                                                          

     Invention                      0.02 -                                     

     (Mean value)                                                              

                 0 - 36   0 - 0.07  0.06  0 - 0.06                             

     ______________________________________                                    

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for producing a nickel-cobalt alloy film for use as a resistor,
      which comprises immersing a ceramic or glass base material in a stannous
      chloride solution, a silver salt solution and a palladium chloride
      solution, respectively, subjecting the thus treated base material to
      electroless plating in a bath containing 0.016 - 0.038 mol of cobalt ions,
      nickel ions in an amount to provide a molar ratio of cobalt ions to nickel
      ions of 6:1 to 15:1, 0.28 - 0.47 mol of sodium hypophosphite and 0.34 -
      0.75 mol of sodium citrate, all bath component amounts being based on one
      liter of bath composition, at a bath temperature of 20.degree.-50.degree.C
      while maintaining the pH of the bath at 9.5 - 10.5 by means of ammonium
      hydroxide, heat-treating the resultant metal film in an atmosphere which
      substantially prevents oxidation of the metal film at a pressure below 10
      mm Hg and temperature above 230.degree.C, with the proviso that KT
      .gtoreq. 1000 wherein K is the heat treatment temperature in .degree.C and
      T is the time of the heat treatment in hours, and surface treating the
      heat-treated metal film in an atmosphere which causes oxidation of the
      metal film at a pressure above 10 mm Hg and temperature above
      150.degree.C, with the proviso that KT .gtoreq. 200 wherein K and T are as
      defined above.
NUM  2.
PAR  2. A method according to claim 1, wherein the electroless plating bath
      further contains at least one member selected from the group consisting of
      0.04 - 0.22 mol of sodium tartrate and 0.05 - 0.16 mol of sodium malate
      per liter of bath composition.
NUM  3.
PAR  3. A method according to claim 1, wherein the heat treatment of the metal
      film is carried out in a vacuum or an inert gas.
NUM  4.
PAR  4. A method according to claim 1, wherein the surface treatment of the
      metal film is carried out in air.
NUM  5.
PAR  5. A cobalt-nickel alloy film resistor produced in accordance with claim 1.
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ABST
PAL  An object of silicon steel, such as sheet and strip for motors, generators
      and transformers, which has an insulating coating of silicate, is provided
      with a solution of phosphate by applying to the silicate-coated object an
      aqueous solution containing phosphate ions and complex metal-ammonia ions
      and heating the coated object to a temperature of at least about
      550.degree.C for a time sufficient to anchor the resulting phosphate layer
      to the silicate coating. The solution has a pH-value of at least 9, and
      consists essentially of monophosphate ions. The metal ions are cupric ions
      and/or chromic ions. An insoluble filler may be added to the aqueous
      solution.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a method of treating an object of silicon steel
      having an insulating protective coating of silicate with a solution of
      phosphate.
PAR  2. The Prior Art
PAR  In the manufacture of sheet material of silicon steel, so-called electrical
      sheet, with grain orientation, the sheet material is subjected after
      rolling and decarburization to a heat treatment at about 850.degree. to
      1350.degree.C in order to achieve a grain growth of the crystals which is
      necessary for the sheet material to acquire the required magnetic
      properties.
PAR  Before the heat treatment the sheet material is coated with chemicals which
      are to form an electrically insulating protective coating on the sheet
      material during the heat treatment process. One such known protective
      coating may consist of a reaction product of silicon dioxide formed at the
      surface of the sheet material and an applied oxide or hydroxide of an
      alkaline earth metal, usually magnesium. The application of the protective
      coating on the surface of the sheet material is carried out by suspending
      the alkaline earth metal oxide or hydroxide in water and applying it onto
      the sheet material in an even layer, after which the sheet is subjected to
      the previously mentioned heat treatment at a temperature of around
      850.degree.C to 1350.degree.C in hydrogen atmosphere for several hours.
      However, in order to ensure that a well-developed glass film is formed on
      the sheet material the temperature should amount to around 1000.degree.C
      to 1350.degree.C. The hydroxide which is part of the suspension from the
      start or which is formed from the oxide by liberation of water liberates
      water while the sheet material is being heated, which water, at
      temperatures below that mentioned above, is able to oxidize silicon in the
      steel to silicon dioxide without simultaneously oxidizing the iron. The
      oxide which is formed from the hydroxide during the liberation of water or
      which is possibly added from the start and has escaped hydration, reacts
      with the silicon dioxide during the heat treatment while forming the
      previously mentioned well-developed glass film on the surface of the sheet
      material. The glass film can also be obtained by using a carbonate of an
      alkaline earth metal. The carbon dioxide which the carbonate liberates
      during heating is able to oxidize silicon into silicon dioxide without the
      iron being oxidized. When the silicon dioxide has been formed, the
      formation of glass proceeds in the manner described above. Any excess of
      the oxide which has not reacted during the glass formation acts as spacing
      material between adjacent layers of the sheet, whether these are present
      as turns in a roll or as laminae in a stack, and it prevents the layers
      from sticking or sintering together.
PAR  A protective coating of silicate as described above has an insulating
      resistance which is insufficient for many purposes, and therefore the
      protective coating is often reinforced by treatment with phosphoric acid
      and metal phosphates, especially alkaline earth metal phosphates, and the
      solution must be acid in order that the phosphates might be kept
      dissolved.
PAR  When applying phosphates on the said protective coating of silicate by
      known methods, the protective coating may become porous. This is due to
      the phosphate penetrating into the silicate layer and loosening it up. The
      penetration of the phosphate also causes the otherwise good adhesion of
      the coating to the sheet to deteriorate and also the tenacity of the
      coating and thus its resistance to, e.g., bending to deteriorate. The
      loosening of the protective coating also causes it to be easily broken
      away from the sheet during the subsequent annealing at around
      800.degree.C, which is carried out in order to remove inner tensions in
      the sheet. In this operation gases may penetrate into the sheet material,
      owing to the porosity of the protective coating, thus causing the
      unfavourable effect.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention it has proved possible to effect an
      application of a phosphate layer which is effectively anchored to the
      protective coating of silicate, without loosening this protective coating
      and deteriorating its adhesion to the sheet.
PAR  The present invention relates to a method of treating an object of silicon
      steel, such as in the form of sheet and strip for motors, generators and
      transformers, provided with a protective coating of silicate with a
      solution of phosphate, characterised in that an aqueous solution
      containing phosphate ions and complex metal-ammonia ions is used as
      phosphate solution.
PAR  The phosphate solution preferably has a pH value of at least 9 and the
      phosphate ions preferably consist of monophosphate ions.
PAR  The metal ions of which the complex metal ions are built up with the
      ammonia primarily consist of cupric and chromic ions. As examples of
      complex ions in the phosphate solution according to the present invention
      may be mentioned cupric ammonium ions, Cu(NH.sub.3).sub.4.sup.2.sup.+ ,
      and chromic ammonium ions, Cr(NH.sub.3).sub.6.sup.3.sup.+.
PAR  One explanation of the favourable result obtained according to the present
      invention is the following: When applying phosphate from an acid solution
      in a known manner, the solution contains H.sub.3 PO.sub.4. During heating
      of the coated sheet the loosening of the silicate coating by the action of
      H.sub.3 PO.sub.4 starts already at 80.degree.C and then continues
      increasingly stronger when the temperature is being raised as long as
      there is water left. When the temperature is further raised phosphoric
      acids are formed with an increasingly lower water content and with a
      decreasing penetrative capacity in the silicate coating, and finally
      HPO.sub.3. HPO.sub.3 is partly driven off and diffuses partly into the
      silicate coating, causing damage to this. HPO.sub.3 also gives rise to the
      formation of metal phosphates by reaction with the silicate in the
      silicate coating. By adding ammonia according to the present invention the
      unfavourable effect of H.sub.3 PO.sub.4 and other phosphoric acids is
      eliminated. Instead of this, harmless ammonium phosphates are formed,
      which are intact as long as the water remains and which are disintegrated
      at higher temperatures without leaving remnants in the form of harmful
      acids. In addition to this, complex metal ions are formed which keep the
      phosphates in solution, which is important for achieving an even coating.
      Also these compounds with complex linked ammonia are disintegrated at
      higher temperatures while giving off ammonia and liberating metal
      phosphates. These phosphates do not penetrate through the silicate coating
      but are deposited on the surface with some diffusion into the silicate
      coating, which provides an efficient anchoring there. The solvent is gone
      when the last-mentioned process is going on. The indiffusion is due to the
      fact the the formed phosphate has a certain solubility in the silicate in
      the protective coating. Particularly favourable results are obtained if
      the starting materials are chosen so that metaphosphates are formed during
      the heat treatment because metaphosphates are extremely easily anchored in
      the silicate at temperatures normally used for phosphate coatings. The
      used phosphate solution should therefore, in additon to the complex metal
      ions, i.e. e.g. Cu(NH.sub.3).sub.4.sup.2.sup.+ -ions or
      Cr(NH.sub.3).sub.6.sup.3.sup.+ -ions, preferably contain phosphate ions in
      the form of monophosphate ions, i.e. H.sub.2 PO.sub.4.sup.- -ions.
PAR  The metal phosphates applied according to the invention provide the
      favourable properties which are charateristic of a phosphate coating,
      namely high insulating resistance, high resistance to chemicals such as
      transformer oil and a good ability to act as adhesion agents for plastics,
      which is an advantage in case of embedments in plastics which may occur
      when manufacturing dry-insulated transformers. Because of the extremely
      good adhesion between the silicate coating and the sheet obtained
      according to the present invention, the silicate coating may hold the
      finished sheet in mechanical tension due to the fact that it has a lower
      coefficient of thermal expansion than the sheet, thus reducing the
      remagnetization losses.
PAR  The application of the silicate coating onto the object of silicon steel
      may be performed in a conventional manner, for example by applying on the
      object particles of an oxide, a hydroxide or a carbonate of an alkaline
      earth metal and subjecting the object with the applied particles to
      heating to at least 850.degree.C, preferably to 1000.degree.C to
      1350.degree.C in nitrogen gas, hydrogen gas or another inert or reducing
      atmosphere. When using an oxide also a substance capable of oxidizing
      silicon to silicon dioxide is used simultaneously, usually water bound to
      the alkaline earth metal as hydroxide. As alkaline earth metal magnesium
      is particularly preferred, but also calcium, barium and strontium may be
      used. The thickness of the protective coating is from monomolecularly up
      to around 10 microns, for particularly favourable results 0.1 to 5 microns
      and preferably 0.1 to 1 micron. Before applying the phosphate the excess
      of alkaline earth metal is brushed away from the object.
PAR  The application of the phosphate layer is made by applying the phosphate
      solution onto the object provided with the silicate coating, after which
      the object is heated to a temperature of at least 550.degree.C, suitably
      to 550.degree.C to 1100.degree.C and preferably to 700.degree.C to
      850.degree.C for at least 1/2 minute, preferably for a period of from 1/2
      minute to 10 minutes. Longer periods are not harmful. The heating can be
      made in oxidizing, reducing or inert atmosphere, i.e. the atmosphere is
      not critical. Air can be used with advantage.
PAR  To the phosphate solution there may be added insoluble fillers such as
      colloidal silica, the grain size of which is normally less than 16
      millimicrons, or mica powder, the grain size of which is normally lower
      than 10 microns. By the addition of fillers the resistivity of the
      protective coating is increased.
PAR  The content of phosphate ions, complex metal ions, ammonium ions and
      dissolved ammonia amountes to 5 to 50 per cent by weight and preferably 20
      to 40 per cent by weight of the total weight of said constituents and
      solvent, which completely or for the main part consists of water. The
      solution can also contain other negative ions, which are not included in
      the contents above, such as sulphate, nitrate and acetate ions which are
      derived from suitable metal salts for supplying the metal ions to the
      solution. The content of starting materials used which give complex metal
      ions and phosphate ions in the solution is adjusted so that the phosphate
      remains in solution and is later effectively anchored to the silicate
      coating normally so that the phosphate is present essentially as
      monophosphate ions. The addition of ammonia or other ammonium compound
      such as ammonium hydroxide is adjusted so that complex formation of the
      metal ions is obtained and precipitation thereof is avoided. This requires
      an addition corresponding to a pH-value of at least 9.
PAR  If fillers are added to the phosphate solution, the content of fillers
      suitably amounts to 5 to 50 per cent by weight and preferably to 10 to 30
      per cent by weight of the total weight of fillers, phosphate ions, complex
      metal ions, ammonium ions, dissolved ammonia and solvent.
PAR  The thickness of the phosphate layer is 0.1 to 20 microns, for especially
      favourable results 0.5 to 5 microns and preferably 1 to 3 microns.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be explained more closely by way of a number of examples
      with reference to the accompanying drawing, in which FIG. 1 schematically
      shows a means for the application of the protective coating of silicate
      onto a sheet and;
PAR  FIG. 2 schematically a means for the application of a phosphate coating
      according to the present invention onto the sheet provided with the
      protective coating of silicate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, 1 designates a sheet of silicon steel which has been pre-treated
      to give grain orientation and which has been decarburized at
      720.degree.C-900.degree.C, preferably at 800.degree.C, in wet hydrogen
      atmosphere. It has a thickness of 0.3 mm. The sheet is drawn from a coil
      on a reel 2 and passes under a roll 3 which rotates in a pan 4 containing
      a suspension 5 of the particulate material with which the sheet is to be
      coated. The suspension 5 can, for example, be manufactured by suspending
      90 parts by weight of magnesium oxide consisting of particles which up to
      95 per cent by weight have a grain size less than 5 microns and for the
      rest a grain size less than 25 microns in 1000 parts by weight water.
      After passing the pan 4 the sheet is passed between wiping rollers 6 and
      7, which are suitably rubber-clad, and into a furnace 8 where it is dried
      at a temperature of about 100.degree.C for about 30 seconds before it is
      coiled up on the reel 11 after having passed the transport rollers 9 and
      10. Thereafter the sheet is annealed at high temperature in a batch
      annealing furnace at around 1000.degree.C to 1350.degree.C in hydrogen
      atmosphere for several hours, after which a protective coating of silicate
      with a thickness of 1 micron is formed on the sheet.
PAR  When the sheet, which has been treated in the means according to FIG. 1,
      has been liberated from excess coating by brushing, it is coated with
      phosphate in the means according to FIG. 2. The sheet, which is there
      designated 21, is drawn from a reel 22 and passes under a roll 23 rotating
      in a pan 24 with a solution 25 of phosphate in water, possibly containing
      suspended filler. The sheet is then passed between the wiping rollers 26
      and 27 which are suitably rubber-clad and into a furnace 28, after which
      the sheet is cooled by a cooling device 29, before it is coiled up on the
      reel 30. The concentration of phosphate in the treatment liquid 25 is
      adjusted with regard to the profile of the rubber rollers 26 and 27 and to
      the roller pressure so that the desired thickness of the phosphate layer
      is obtained. For all the compositions of the solution 25 exemplified
      below, the furnace 28 has a temperature of 800.degree.C and the time for
      the sheet to pass through the furnace is 2 minutes. The furnace atmosphere
      is air. The thickness of the phosphate layer in the exemplified cases is 2
      microns. Examples of the preparation of the solution 25 are given in the
      following.
PAC  EXAMPLE 1
PAR  20 parts by weight of crystallized copper sulphate is dissolved in 100
      parts water to which 10 parts concentrated phosphoric acid (i.e.
      containing 85 per cent by weight H.sub.3 PO.sub.4 and the rest water) and
      ammonia (aqueous solution containing 25 per cent by weight ammonia) to a
      pH-value of 10 are added. To this there is further added 115 parts of a
      suspension containing 40 per cent by weight colloidal silica in water
      ("Syton" from Monsanto, USA). The copper will then form a complex ion, a
      cupric ammonium ion, with the ammonium, and is therefore kept in solution.
      The phosphate is present as monophosphate ion.
PAC  EXAMPLE 2
PAR  30 parts by weight of crystallized chromium-III-nitrate is dissolved in 100
      parts water to which 10 parts concentrated phosphoric acid (85%) is added.
      The solution is boiled and evaporated until practically all nitric acid
      has boiled off. Thereafter ammonia is added to a pH-value of 10. Further
      there is added 115 parts of a suspension of colloidal silicia of the same
      type as described in Example 1. The chromium then forms a complex ion, a
      chromic ammonium ion, with the ammonia and is therefore kept in solution.
      The phosphate is present as a monophosphate ion.
PAC  EXAMPLE 3
PAR  15 parts by weight of crystallized chromium-III-nitrate and 15 parts by
      weight of crystallized copper sulphate are dissolved in 100 parts of
      water. 10 parts of concentrated phosphoric acid (85%) and ammonia are
      added to the solution to a pH-value of 10. The copper and the chromium are
      kept in solution as complex ions and the phosphate is present as
      monophosphate ion.
PAC  EXAMPLE 4
PAR  20 parts by weight of crystallized chromium-III-phosphate and 10 parts of
      concentrated phosphoric acid (85%) are mixed with 100 parts of water.
      Ammonia is added to this mixture to a pH-value of 10. The chromium is then
      kept in solution as a complex ion and the phosphate is present as a
      monophosphate ion.
PAC  EXAMPLE 5
PAR  20 parts by weight of crystallized copper sulphate is dissolved in 100
      parts of water to which 10 parts of concentrated phosphoric acid (85%) and
      ammonia to a pH-value of 10 are added. Further there is added 10 parts of
      mica powder with a particle size of less than 10 microns. The copper is
      thus kept in solution as a complex ion and the phosphate is present as a
      monophosphate ion.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method of producing a phosphate coating on an object of silicon steel
      having an insulating coating of silicate, with a solution of phosphate,
      which comprises coating the object with an aqueous solution containing
      phosphate ions and complex metal-ammonia ions consisting essentially of
      cupric and/or chromic ions, said aqueous solution having a content of
      phosphate ions, complex metal ions, ammonium ions and dissolved ammonia of
      together 5 to 50 per cent by weight, the solution having a pH of at least
      9, and heating the coated object to a temperature of at least about
      550.degree.C for a time sufficient to anchor the resulting phosphate layer
      to the silicate coating.
NUM  2.
PAR  2. Method according to claim 1, in which the phosphate ions consist
      essentially of monophosphate ions.
NUM  3.
PAR  3. Method according to claim 1, which comprises heating the object with the
      applied phosphate solution to a temperature of 700.degree.to 850.degree.C.
NUM  4.
PAR  4. Method according to claim 1, in which the solution contains an insoluble
      filler.
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ABST
PAL  A process for imparting a dark patina to the surface of an article formed
      from a low-melting alloy metal, the alloy metal being an alloy metal of
      two or more metals selected from the group consisting of Bi, Pb, Sn and
      Cd, comprising exposing the alloy metal surfaces of said article to an
      acid solution of a copper salt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Low-melting alloy metals of two or more metals selected from the group
      consisting of bismuth (Bi), lead (Pb), tin (Sn) and cadmium (Cd), have
      been known for many years. Of particular interest here, and, known
      heretofore, are such alloy metals having a melting point below
      350.degree.F.
PAR  An especially interesting example of such alloy metals, commonly called
      Wood's metal, consists of 50 parts Bi, 25 parts Pb, 12.5 parts Sn and 12.5
      parts Cd. This metal and other alloy metals of these components can have
      especially low melting points, as, for example, melting points below
      200.degree.F.
PAR  These low-melting metals have recently found increasing use for making
      jewelry and other decorative items. Articles fashioned from the metals
      generally have a bright "silver" appearance.
PAR  The prior art suggests that to obtain a dark oxidized silver appearance on
      articles made from low-melting metals that a mixture of black and raw
      umber paints be applied as a thin coating and partially rubbed off, or be
      selectively touched into recessed areas of the article (School Arts,
      February 1970). This prior art method, however, does not provide an
      ideally authentic appearing dark oxidized silver patina.
PAR  Heretofore, the prior art has provided methods for imparting to high
      melting metals the appearance of the dark oxidized silver patina
      characteristic of "antique silver." See, for example, U.S. Pat. No.
      3,767,475. In addition, copper solutions have been used to color
      high-melting metals. See, for example, U.S. Pat. Nos. 2,519,672 and
      3,615,747.
PAR  It would be desirable to impart an authentic appearing dark oxidized silver
      patina to articles made from low-melting alloy metals in order to provide
      "antique silver" articles fashioned from low-melting alloy metals.
PAC  SUMMARY OF THE INVENTION
PAR  In summary, this invention provides a process for imparting a dark patina
      to the surface of an article formed from a low-melting alloy metal, the
      alloy metal being an alloy metal of two or more metals selected from the
      group consisting of Bi, Pb, Sn and Cd having a melting point below
      350.degree.F, comprising exposing the alloy metal surface of said article
      to an acid solution of copper salt. This invention also provides articles
      having a dark patina formed by this process.
PAC  DETAILED DESCRIPTION OF THE INVENTION AND ITS PREFERRED EMBODIMENTS
PAR  In its broad aspect, this invention provides a process for imparting a dark
      patina to the surface of low-melting Bi, Pb, Sn, and Cd alloy metal
      articles comprising exposing the surface of the metal article to an acid
      solution of a copper salt for a time sufficient to obtain a dark patina.
PAR  The alloy metal articles employed in this invention are alloy metals formed
      from two or more of the metals selected from the group consisting of Bi,
      Pb, Sn and Cd which have a melting point below 350.degree.F. The preferred
      alloy metals are those which include Pb. The most preferred alloy metals
      are four component Bi-Pb-Sn-Cd metal alloys, especially such alloys having
      a melting point below 250.degree.F.
PAR  The acidic solution of copper employed in this invention can be formed in a
      variety of ways. For example, a copper salt can be dissolved in an acidic
      solution. Preferably, the acidic solution is a 0.01M to 1M aqueous
      solution of a strong mineral acid. Examples of suitable acids are
      hydrochloric acid, sulfuric acid and nitric acid. Sufficient copper should
      be dissolved in the acidic solution to obtain a copper concentration of
      0.001M to 0.01M. Suitable examples of copper salts include copper chloride
      and copper sulfate.
PAR  A particularly preferred acidic solution of copper salt employed herein is
      comprised of nitric acid and the copper salt of nitric acid. A convenient
      method for forming this solution involves dissolving sufficient copper
      metal in concentrated nitric acid and adding water to obtain concentrated
      stock solutions containing copper salt concentrations of from about 0.01M
      to about 1M.
PAR  While these stock solutions can be employed, preferably the stock solutions
      are further diluted to from about 0.001M to about 0.01M copper to obtain
      preferred solutions for use in this process.
PAR  The surface of the low-melting alloy metal article can be exposed to the
      acidic solution of copper salt in a variety of ways. The article can be
      wholly or partially dipped in the solution or the solution can be painted
      onto the article. It is preferred, especially with small articles, to
      immerse the article in the solution.
PAR  The action of the coloring solution proceeds readily at room temperature,
      but higher temperatures can be employed. The temperature employed,
      however, should not exceed the melting point of the metal.
PAR  The time required to develop the patina will vary depending upon the
      darkness of the patina desired, the particular metal employed and the
      concentration of the coloring solution. In preferred embodiments of the
      process of this invention, a desirable patina can be obtained in one
      minute or less. Longer times can be employed.
PAR  When a desirable patina has developed on the article, the solution should
      be removed from the article. Preferably, the solution is removed from the
      article by rinsing the articles with water at room temperature.
PAR  In a particularly unexpected aspect of this invention, it has been
      discovered that for a time shortly after removing the acidic solution from
      the article the patina can be partially removed by simply rubbing the
      patina coating, for example, with a cloth. This can be desirable in that
      it exposes some "silver" areas on the article, heightening the effect of
      the appearance of antique silver. Some time after treatment, the patina
      coating tends to set and becomes more difficult to remove. Therefore, when
      it is desired to impart this preferred antique silver appearance to the
      articles, preferably the patina is partially removed just after treatment
      with the acid solution.
PAR  The following example provides a specific preferred embodiment of the
      invention disclosed herein.
DETD
PAC  Example I
PAR  A small article of lacy design was made by hollowing out a design in moist
      earth clay and pouring molten "Wood's metal" into the form. The clay was
      removed from the cast metal article.
PAR  An acidic solution comprising copper salt and nitric acid was formed by
      dissolving copper metal in concentrated nitric acid, and adding sufficient
      water to obtain an 0.1M acid solution having an 0.01M concentration of
      copper.
PAR  The article was immersed in this solution for one minute. The article,
      darkened to a bluish-black appearance resembling oxidized silver, was
      removed from this solution and rinsed with water. The article was dried
      and rubbed briskly with a cloth removing a portion of the dark patina from
      raised areas of the article. The resulting article had a desirable
      authentic antique silver finish.
PAR  The articles formed by the process of this invention are novel, and
      desirably duplicate the appearance of articles made from silver.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for imparting a dark patina to the surface of an article
      formed from a low-melting alloy metal, the alloy metal being an alloy
      metal of Bi, Pb, Sn and Cd having a melting point below 350.degree.F,
      comprising exposing the alloy metal surface of said article to a mineral
      acid solution of a copper salt selected from the group consisting of
      copper sulfate, copper chloride and copper nitrate.
NUM  2.
PAR  2. The process of claim 1 wherein the acidic solution of copper salt is an
      0.01M to 1 M aqueous solution of a strong mineral acid containing 0.01M to
      1M copper salt.
NUM  3.
PAR  3. The process of claim 2 wherein the acidic solution contains 0.001M to
      0.01M copper salt.
NUM  4.
PAR  4. The process of claim 1 wherein the alloy melts below 250.degree.F.
NUM  5.
PAR  5. The process of claim 4 wherein the acidic solution is rinsed from the
      article with water.
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PAL  Herein disclosed is a metal spraying method, which comprises the steps of
      subjecting the surface of aluminum or aluminum alloy to zinc-substitution
      treatment so as to form a zinc layer in said surface, and spraying a
      desired metal directly on the substituted zinc layer or on a metal layer,
      which is formed by preliminarily spraying such a metal as has sufficient
      adhesion to said desired metal, so as to form thereon a metal sprayed
      layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an improvement in a metal spraying method,
      i.e., spraying a desired metal on the surface of aluminum or aluminum
      alloy (both of which will be hereinafter referred to as an "aluminum
      material").
PAR  2. Description of the Prior Art
PAR  A variety of metal sprayings onto the surface of an aluminum material have
      been widely put into practice for various purposes. Since, however,
      aluminum is subject to the formation of an oxide layer on its surface, a
      sufficient adhesion between the metal-sprayed layer and the aluminum
      substrate cannot be obtained due to the existence of this oxide layer. As
      a result, the metal-sprayed layer will be susceptible to being peeled off,
      and as such little can be expected from the spraying of a layer onto the
      aluminum material.
PAR  In the current metal spraying method, which is widely employed in the art
      in order to improve the particular adhesive, effects a thin foundation
      coat is first created by spraying onto the aluminum material a highly
      adhesive metal such as nickel aluminide or molybdenum. Then, desired metal
      is sprayed onto the thin foundation coat, thus ensuring a considerably
      secure adhesion inbetween. In this conventional method, however, the metal
      spraying is performed on the aluminum material through its oxide layer,
      and the aforementioned difficulty due to the existence of the oxide layer
      is not solved. This is especially so when the metal-sprayed aluminum
      material is to be used in such sealing elements of an internal combustion
      engine as are exposed to severe working conditions under the circumstance
      the peeling-off of the sprayed metal layer from the substrate cannot be
      prevented in the least. Thus, the current metal spraying method can afford
      a satisfactory answer.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a major object of the present invention to provide a
      novel metal spraying method involving the spraying of a desired metal onto
      the surface of an aluminum material, but wherein sufficient adhesion
      between the sprayed metal layer and the aluminum substrate is obtainable
      without the undesirable peeling-off of the former after a prolonged period
      of time even when the products obtained according to the invention are
      used under severe working conditions.
PAR  According to an important feature of the present invention, there is
      provided a metal spraying method which comprises the steps of subjecting
      the surface of an aluminum material to a zinc-substitution treatment so as
      to form a zinc layer in said surface, and then spraying a desired metal on
      the substituted zinc layer so as to form thereon a metal sprayed layer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  When, in the present invention, the zinc-substitution treatment is carried
      out, the oxide layer, if any on the aluminum surface, is substituted for a
      thin zinc layer. This zinc layer has a satisfactory adhesion to the
      aluminum substrate. When, moreover, a desired metal is then sprayed onto
      the substituted zinc layer, the zinc content will be melted into the
      resultant metal layer. This is because zinc ordinarily has a lower melting
      point than the metal to be sprayed thereon. Thus, the sprayed metal layer
      cana be bonded directly to the surface of the aluminum material without
      there being any oxide layer. As a result, the sprayed metal layer can have
      significantly higher adhesion to the aluminum material than in prior art
      processes.
PAR  In one embodiment, after a preliminary metal having high adhesion has been
      thinly sprayed onto the thin zinc-substituted layer, a desired metal can
      then be sprayed onto this preliminary metal layer. From this embodiment,
      an aluminum product formed with a sprayed metal layer securedly adhered to
      the aluminum substrate can also be obtained.
PAR  As has been described by the above, according to the present invention, an
      aluminum product formed with a sprayed metal layer having a remarkably
      strong adhesion can be obtained without resorting to a complicated
      process. The aluminum product thus manufacutured can be used for a
      prolonged time period without being subject to undesirable peeling-off,
      even if it is used as a sealing element of an internal combustion engine
      which will be exposed to severe working conditions. Thus, the present
      invention should be appreciated in that it can contribute greatly to the
      relevant industry.
PAR  The metal spraying method of the present invention will become more
      apparent from the following Example:
PAC  EXAMPLE
PAR  A test piece having dimensions of 20 .times. 20 .times. 50 mm and a
      roughness of 50 S was fabricated of an aluminum material of JIS (Japanese
      Industrial Standard) No. 2024. The test piece thus fabricated was then
      treated to have its surface alkaline-degreased in the mixture of 25 g/l of
      sodium carbonate and 25 g/l of sodium tertiary phosphate at a temperature
      lower than 70.degree. for 2 minutes. After washing in water, the
      alkaline-degreased test piece was pickled for about 5 seconds in a mixture
      solution containing one part of hydrofluoric acid and three parts of
      nitric acid. After that, the test piece thus pickled was rapidly washed
      again in water. Then, the test piece was subjected for about 50 seconds to
      zinc substitution in the zinc-substituting solution which contains 525 g/l
      of caustic soda, 100 g/l of zinc oxide, 1 g/l of crystaline ferric
      chloride and 10 g/l of potassium sodium tartrate. As a result of this
      treatment, the oxide layer on the aluminum material was cleaned off and
      replaced by a thin layer of zinc. At the final stage, molybdenum was
      sprayed onto the thin zinc layer to form a sprayed molybdenum layer of 0.3
      mm thickness.
PAR  For comparative purposes, a test piece of the same material having the same
      dimensions was fabricated separately from the former test piece. The
      roughness of the latter was also set at 50 S. The surface of the latter to
      be sprayed was preliminarily subjected to spraying treatment of nickel
      aluminide to form a nickel aluminide layer having 0.07 thickness. Then,
      molybdenum was sprayed onto the nickel aluminide layer to form a
      conventional test piece having a molybdenum layer of 0.3 mm thickness.
PAR  The adhesion test was carried out four times for the two test pieces. The
      test was carried out by measuring the tensile strength of the adhered
      portion, and the adhesive used was of .alpha. -- cyano acrylate type.
PAR  The test results for the conventional test piece showed that all the
      sprayed surfaces were peeled off by the tensile test, and the measured
      tensile strengths were 155.5 Kg/cm, 210.0 Kg/cm, 158.0 Kg/cm and 269.8
      Kg/cm, with the resultant mean tensile strength being 193.35 Kg/cm.
PAR  The test results for the test piece of the invention, on the other hand,
      showed that none of the sprayed surfaces were easily peeled off. The tests
      were continued, however, until the adhered surfaces were eventually peeled
      off. The tensile strengths, which were measured at the instant when the
      peeling-off of the adhered surfaces took place, were 425.0 Kg/cm, 466.3
      Kg/cm, 392.5 Kg/cm and 457.5 Kg/cm, and their mean value was 435.5 Kg/cm.
      Although from these tests a specific figure could not be obtained as to
      how strong the adhesion of the sprayed layer of the invention to the
      aluminum substrate was, it can be estimated roughly to be at least the
      mean value of 435.3 Kg/cm. This value means that the adhesion according to
      the present invention is at least 2.2 times stronger than that of the
      conventional type.
PAR  As will be easily understood from the foregoing, the present invention
      should be highly appreciated as an excellent and novel method for
      metal-spraying of aluminum or aluminum alloy.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of spraying a molybdenum layer onto an aluminum or aluminum
      alloy surface having enhanced adhesion thereto comprising
PA1  a. subjecting the surface to a zinc-substitution treatment to form a zinc
      layer in said surface, and
PA1  b. spraying the molybdenum onto the substituted zinc layer to form the
      molybdenum layer, the aluminum or aluminum alloy not being heated prior to
      step (b), such that the zinc from the zinc-substituted layer melts into
      the sprayed molybdenum layer.
NUM  2.
PAR  2. A method of spraying a molybdenum layer onto an aluminum or aluminum
      alloy surface having enhanced adhesion thereto comprising
PA1  a. subjecting the surface to a zinc-substitution treatment to form a zinc
      layer in said surface,
PA1  b. preliminarily spraying nickel aluminide onto the substituted zinc layer
      between steps (a) and (b) which has a high adhesion to the zinc layer, and
PA1  c. spraying the molybdenum onto the preliminarily sprayed nickel aluminide
      layer of (b) to form the molybdenum layer, the aluminum or aluminum alloy
      not being heated prior to step (c), such that the zinc from the
      zinc-substituted layer melts into the sprayed nickel aluminide-molybdenum
      layer.
NUM  3.
PAR  3. A sealing element produced by the method of claim 1.
NUM  4.
PAR  4. A sealing element produced by the method of claim 2.
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PAL  Apparatus for conveying an elongated hot-rolled steel rod in off-set ring
      form on a conveyor through a series of cooling chambers. Each chamber
      comprises a stationary lower section and a removable cover section, the
      interior walls of each being heat reflective. Each chamber is also
      provided with tubes supported adjacent the interior walls and controlled
      in temperature by gas passing through said tubes, said gas being cold or
      hot, the hot gas being supplied from a plurality of separately controlled
      burners. The tubes differentially control the rate of heat radiation from
      the rod rings to compensate for the different rates of radiational heat
      loss emanating from the top and sides of the rod rings so as to cause the
      rod to cool uniformly. The side walls of the chamber are provided with
      adjustable apertures for the escape of radiant energy from the sides of
      the rod rings. Means are provided for controllably lifting the roof from
      its completely closed position to one in which the top of the lower
      section is entirely exposed. Means are also provided for blowing cooling
      air through the rings. The apparatus provides means for carrying out a
      process for controlling the loss of heat from the rod by applying radiant
      heat selectively to the rod, by reflection from the interior walls or by
      the heated or cooled tubes, or both, substantially in inverse proportion
      to the accumulated mass of the rod from side to side of the conveyor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the practice of methods for the controlled cooling of steel rod in
      sequence with hot rolling for the purpose of obtaining a rod which is
      suitable for subsequent processing to finished product without requiring
      additional heat treatment, a large measure of success has been achieved
      with plain carbon steels in the medium-to-high carbon content range, to
      the extent that now many grades of plain carbon steel are being cooled
      directly from rolling and processed thereafter into finished wire, and
      other products, without requiring any heat treatment. The process by which
      this is accomplished is described in the McLain et al. U.S. Pat. No.
      3,231,432. It involves hot-rolling the rod and directly thereafter coiling
      it onto an open conveyor in spread-out ring form while the microstructure
      of the steel is still in a condition of highly uniform, relatively small
      austenite grain size, and then cooling it rapidly through allotropic
      transformation by the application of a moving air stream to the rod while
      the rod is still spread out.
PAR  Certain alloy steels and low carbon steels, however, cannot tolerate the
      high cooling rates employed in the typical practice of the above-cited
      McLain process. For instance, a cooling rate of as low as
      0.2.degree.C/sec. is sometimes required. However, although the
      desirability of providing for such low cooling rates has been known for
      many years, and equipments have been available for 6 to 8 years in which
      the average cooling rate is sufficiently slow, a number of hitherto
      unsolved problems have been presented. Uniformity of cooling in all parts
      of the rod is the major problem, and the equipments such as ovens and
      insulated hot boxes which were capable of achieving those slow average
      cooling rates simply were incapable of producing the desired rod quality.
      The reason for the non-uniformity was not altogether apparent, and its
      explanation requires an understanding of various background factors. For
      instance, the conditions of rod delivery pose the initial problem. Modern
      high speed rod rolling mills deliver the rod at over 10,000 fpm (50
      meters/sec.), at which speeds the rod cannot be handled in straight
      lengths. It must be coiled. If it is coiled into a bundle according to the
      universal practice before the above-cited McLain process, the resulting
      bundle represented a relatively confused mass. Uniform cooling was
      impossible with such bundles. One might suppose that such a bundle would
      cool very slowly uniformly, but in fact it does not when exothermic
      allotropic transformation of steel is involved. Coiling the rod onto a
      moving conveyor in spread-out ring form as in the McLain process reduced
      the confusion of the bundle, but it still left the rod mass somewhat more
      compacted at the sides of the conveyor than at the center. Obviously,
      non-uniform cooling rates resulted from this, but the interesting feature
      of the McLain process was that when medium to high plain carbon steels
      were rolled, the uniform and small austenite grains transformed so rapidly
      that the non-uniform cooling rates which inherently resulted from the ring
      configuration, did not have time enough to result in vastly different
      average temperatures for transformation. The result was to provide a rod
      which had adequately uniform physical properties in spite of the
      non-uniformity of cooling on the conveyor. This fortuitous aspect of the
      McLain process, however, diminishes rapidly when the time of
      transformation is increased. Normal good cooling rates for medium to high
      carbon steels with the McLain process are about 7.degree.C to
      11.degree.C/sec. or higher. Non-uniformity and poor quality are noted
      increasingly as the rate drops below 7.degree.C/sec. Of course, many alloy
      steels and some low carbon steels require cooling rates very much lower
      than that in order to achieve the desired properties.
PAR  Several attempts have been made to coil the rod rings concentrically on
      both vertical and horizontal axes as, for example, in U.S. Pat. 3,494,603.
      Theoretically some improvement of uniformity of cooling ought to be
      accomplished thereby. However, nothing significant has been noted or
      published in this connection. With such equipments it is inevitable that
      the rod must rest on supports or on adjacent rings, and therefore, any
      improvement in uniformity for very slow cooling which might be obtained by
      using such equipments has not materialized. Moreover there are substantial
      disadvantages and complexities involved in the use of those equipments.
PAR  Another problem related to slow cooling concerns the various forms of heat
      loss and the ease of their respective controllabilities. The two principal
      forms of heat loss in the cooling of hot rolled rod are radiation and
      convection. At rolling temperature, about 1850.degree.F (1000.degree.C),
      the rod loses heat primarily by radiation. But when it has cool to the
      transformation range of approximately 1400.degree.F (700.degree.C),
      radiation plays a less prominent role (radiation heat loss decreases
      inversely as the 4th power of the difference in temperature Kelvin between
      the radiating body and the absorbing body). Thus, cooling by radiation and
      with only a minor amount of convection, 5.5 mm rod at 1400.degree.F
      (700.degree.C) will cool at an average rate across the conveyor of about
      2.degree.C/sec. Of course, forced air convection can be applied to
      increase the rate to values above 11.degree.C/sec, but the point relative
      to slow cooling below 2.degree.C/sec. is that the entire cooling can be
      done radiantly. This permits the use of a process which suppresses
      convection as much as possible and regulates the cooling rate by
      controlling the radiant cooling only.
PAR  Experience shows that when rod is laid out on a simple flat conveyor with
      minimal convection, the edges of the rings cool at about 1.6.degree.C/sec.
      to 2.1.degree.C/sec., and the centers cool at about 2.3.degree.C/sec. to
      2.8.degree.C/sec. depending upon the spacing of the rings. When slower
      rates applicable for given grades of steel are desired, placing the rings
      in an insulated box or oven can accomplish it but with such equipments,
      the same general relationship remains between sides and center and the
      cooling is non-uniform. This may be satisfactory for some products, but
      much greater uniformity is required in many cases, particularly for high
      alloy steels. In fact greater uniformity of cooling than is achieved with
      the usual practice of the above-cited McLain process, is even required in
      some plain high carbon grades.
PAR  Another major problem is the provision of equipment which is not only
      suitable for slow cooling but which can also be converted rapidly and
      conveniently to high speed cooling. Even though uniform, very slow speed
      cooling is desirable in some limited cases, high speed cooling still must
      be used for the major tonnage of steel rod that is rolled. Therefore, it
      is highly unlikely that a modern high speed rod mill will ever be built
      for very slow speed cooling alone. Therefore a successful installation for
      very slow speed cooling must not only provide uniformity of cooling but it
      must also be capable of conveniently changing from slow speed cooling to
      high speed cooling.
PAR  Another requirement is certainty of performance. When rod is being drawn
      into wire, a very high premium is placed or drawability without breaks.
      For example, if a small percentage of the rod, in excess of predetermined
      percentages is sufficiently bad to cause breaks in wire drawing at random
      locations throughout the length, the whole bundle becomes a reject. Of
      course, breaks in wire drawing are not the only problem. The physical
      properties of the finished product must also meet the specifications.
      Moreover, the process must be capable of producing good rod, bundle after
      bundle. If one bundle out of very five is a reject, and no one can tell in
      advance which one is the bad bundle, the whole production is suspect. Thus
      in the cooling of hot rolled rod, a very high drgree of perfection is
      required if the object is to avoid further heat treatment. This is why the
      above-cited McLain process is so successful. When it is used for plain,
      medium to high carbon steels, its product meets the required
      specifications virtually 100% of the time, and it accomplishes this result
      without requiring the operators to exercise any particular skill in the
      control. In the same way a process for very slow cooling must be equally
      sure, simply in its control, and repetitive in its results.
PAR  Accordingly the primary object of this invention is to provide an apparatus
      and a process for very slow speed cooling which accurately controls the
      cooling rate throughout the length and cross-section of the rod. It is
      also an object to make such an apparatus and process readily convertible
      to high speed cooling and to achieve an infinite control of cooling rates
      between substantially 0.degree.C/sec. and 20.degree.C/sec. In addition, an
      objective is to make its operation highly certain and repetitive in its
      performance once it is initially adjusted.
PAC  THE INVENTION
PAR  This invention works on the principle of controlling the radiant heat loss
      of the rod as it lies in spread-out ring form on a moving conveyor. This
      is done by placing the rod rings on a conveyor in an enclosed housing
      designed to reduce convection to a fairly insignificant level. The housing
      is also adapted to absorb radiant energy from the rod selectively
      according to the concentration of the rod mass. This is done by providing
      the housing with an insulated roof so as to retain the heat over the
      centers of the rings and by providing adjustable apertures in the side
      walls of the housing through which radiant energy from the sides of the
      rings may escape. The apertures are positioned and arranged for minimum
      induction of convection. Selective cooling is accomplished by providing an
      increasing amount of aperture opening, and thereby increasing radiational
      cooling toward the sides of the conveyor, in proportion to the greater
      requirement for cooling at the sides. With such a housing uniform cooling
      at a rate of about 2.0.degree.C/sec. is achieved. Slower cooling is
      accomplished by introducing heat into the housing by means of radiant
      heating elements. When this is done the apertures may be closed in which
      case the heating elements will be arranged to concentrate the heat toward
      the center of the conveyor. In another mode of operation, the apertures
      remain open and radiant heat is applied from above uniformly across the
      width of the conveyor. The advantage of the latter mode is one of
      simplicity. The ultra slow cooling mode can be initiated merely by turning
      on the radiant heat. It does, however, involve some waste of energy. The
      elements which apply radiant heat to the rings may be tubes, in which case
      they can be converted into cooling elements which absorbe radiant energy
      from the rings, thus adding as extra degree of radiation control.
PAR  The critical feature of the invention is that the cooling rate is
      controlled by the selective control of radiation as distinguished from
      convection. This is important in the context of hot rolled rod because
      heat transfer by radiation tends to equalize more than convection. This is
      not to say that radiation is the only manner in which cooling takes place,
      but only that the selective control is performed by controlling the
      radiation. Thus in its broadest sense, the invention is not limited to
      very slow cooling. In fact it can even be employed with continuous, fast
      cooling. For instance, with the above-cited McLain process, greater
      uniformity of cooling can be achieved by the use of radiant heating
      elements placed over the center of the conveyor, and used to prevent the
      convection from cooling the centers of the rings too rapidly. In addition,
      with such uniformity of cooling on the conveyor, cooling the rod
      preliminarily with water can be safely carried out to a lower temperature
      than heretofore, followed by slower continuous cooling on the conveyor so
      as to give higher tensile strengths without substantial loss of
      ductibility. This even further extends the usefulness of the said McLain
      process in the product range of plain, medium-to-high carbon content
      steels.
PAR  It will be noted that the selective application of radiation can be done by
      reflection as well as by radiant heaters, and in fact, it usually will be
      done by a combination of both. Thus, heat emanating from the rod itself
      which reaches the housing and is reflected back against the rod is to be
      regarded as part of the applied radiation, and the control of the amount
      and direction of the reflection is therefore a part of the critical
      control of the invention.
PAR  In addition the amount of variation of the radiant energy to be applied
      across the rings is calculated to be inversely proportional to the mass
      flow ratio of the rod along the conveyor. The mass flow ratio, however,
      varies depending upon the ring spacing. In the context of very slow
      cooling a conveyor speed of 10 fpm to 30 fpm is contemplated and a ring
      spacing (on centers) of about 0.2 to 0.6 inch will result from a mill
      delivery speed of about 10,000 fpm. Having established the desired mass
      flow ratio, then the gradient of radiation heat loss across the conveyor
      can be established either by gauging the size of the openings accordingly
      or by appropriately placing the radiation control elements across the
      conveyor.
PAR  In the interests of simplicity it is preferable to have the radiation
      control elements all have the same temperature. This can be done by
      thermocouple with electric resistance heaters, by radiant tubes through
      which hot gas is passed, or by tubes through which cold gas is passed. In
      the context of this invention cold gas is at about ambient room
      temperature or lower, while hot gas is above ambient room temperature. The
      gradient of radiational cooling across the conveyor is then accomplished
      by varying the spacing between the elements, or by varying the size of the
      openings or by varying the rate of transmission of heat through the
      convection barrier. Once the conditions for a given cooling rate are
      established, the line will maintain it along the conveyor without any more
      complicated control than the single adjustment of the desired temperature
      of the radiation control elements. In this way a uniform product is made
      repetitively and virtually no skill of the operators is required other
      than to monitor one single temperature adjustment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic illustration of a side view of an apparatus for
      cooling hot rolled steel according to this invention; incorporating a
      plurality of cooling chambers;
PAR  FIG. 1a is a top view of a typical form of a spreadout rod rings passing
      through the apparatus of FIG. 1;
PAR  FIG. 2 is top of one of said cooling chambers;
PAR  FIG. 3 is a side view of the cooling chamber of FIG. 2 taken in the
      direction of the arrow 3;
PAR  FIG. 4 is a cross section taken along line 4--4 in FIG. 2;
PAR  FIG. 5 is a side view of the cooling chambers of FIG. 2 taken in the
      direction of the arrow 5;
PAR  FIG. 6 is a cross-section taken along line 5--5 in FIG. 2;
PAR  FIG. 7 is a cross-section taken along line 7--7 in FIG. 2;
PAR  FIG. 8 is a cross-section taken along line 8--8 in FIG. 2;
PAR  FIG. 9 is an enlarged cross-sectional view of details of the left hand end
      of the deck assembly shown in FIG. 4;
PAR  FIG. 10 is a detailed view of the connections to the top of one of the roof
      burners shown, for example, in FIG. 2;
PAR  FIG. 11 is a fragmentary cross-section of a portion of one of the cooling
      chambers illustrating modes of operation with open and closed side wall
      apertures; and
PAR  FIGS. 12, 13, and 14 are diagrams illustrating additional modes of
      operation of the apparatus.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the present invention as illustrated in the
      drawings, FIG. 1 shows a continuous cooling apparatus 10, for cooling hot
      cold rolled steel rod directly as it issues from the rod mill. The rolled
      rod issuing from the rod mill at the rolling temperature, for example
      about 1850.degree.F (1000.degree.C), is directed through a cooling and
      guide pipe 12 to a laying reel or cone 14. Water may be introduced into
      the cooling pipe 12 to cool the rod to a suitable initial temperature from
      which it is to be cooled in the apparatus 10. The magnitude of such
      initial temperatures depends on the end product requirements, but is
      usually greater than 1250.degree.F (676.degree.C). Laying cone 14 deposits
      the rod on a moving conveyor 16 in the form of a spread-out flat ring
      member 18 consisting approximately of flat overlapping non-concentric
      rings as shown more clearly in FIG. 1a. U.S. Pat. No. 3,231,432 describes
      one of several devices which may be used for the laying cone 14.
PAR  The conveyor 16 moves the rod rings 18 into a plurality of cooling chambers
      20, 22, 24, 26, 28, and 30 where the rod is cooled at a controlled rate to
      impart the desired tensile strength and ductility in accordance with the
      principles as described generally above. Each of the cooling chambers is
      provided with a blower 32 for supplying cooling air directly to the rod
      rings 18. A plurality of burners 34a, 34b, --34d,  --etc, is associated
      with each cooling chamber. As will be described below, the burners are
      adapted to supply hot gas to radiation control members for controlling the
      uniform cooling of the rod.
PAR  At the chamber 26, conveyor 16 terminates and transfers the rod to a roller
      conveyor 36 which carries the rod through the remaining chambers to a ring
      collecting device 37. The conveyors 16 and 36 are driven by drive chains
      not shown. The details of the collecting device are also not shown but
      there are several known suitable devices for this purpose, including that
      described in U.S. Pat. No. 3,231,432. Within chamber 26, conveyors 16 and
      36 extend into mutually abutting relationship in order to facilitate the
      transfer of the rod 18 from one conveyor to the other.
PAR  Some of the details of a typical cooling chamber (e.g. chamber 20) may
      become more apparent by referring firstly to FIG. 3. The chamber 20 is
      provided with a lower chamber section 38 mounted on the apparatus bed 39
      and a movable roof section 40. Projecting through the side walls of
      section 38 are a plurality of power driven rollers 42, which extend into
      the interior of the chamber 20 and comprise the conveyor 16 which moves
      the rod through chamber 20. Mounted on a side wall of section 38 is a
      plurality of hinged doors 43 which, as will be described below, open and
      close apertures in the side wall. Also mounted on a side wall of section
      38 is a side wall combustion burner 44 which is supplied with fuel gas
      through a pipe 46 and with air through a conduit 48. Air may be supplied
      to conduit 48 in any suitable manner from any well known type of air
      supply. Hot gas from burner 44 passes into a radiation control tube 50,
      shown in dotted lines in FIG. 3. After being discharged from the tube 50,
      the exhaust gases emerge from a discharge port member 52 into a gas
      exhaust assembly 54 fixedly supported above the exhaust end of member 52.
PAR  Mounted on the roof section 40 are a plurality of burners, two of which are
      shown at 34a and 34b. Burner 34a is supplied with fuel gas through a pipe
      56 connected through a flexible hose 57 to a controlled source of gas, and
      with air through a conduit 58, fed from an air manifold 60. Manifold 58
      may be supplied with air in any suitable manner. Likewise, burner 34b is
      supplied with fuel gas through pipe 62 and with air through conduit 64
      supplied with air from an air manifold 61. Air manifolds 60 and 61 may be
      interconnected by a transverse conduit 63. Each of the burners 34a and 34b
      discharge hot gas through the roof portion 40 into radiation control tubes
      which will be shown in other FIGS. and will be described below. After
      having passed through such radiation control tubes, the exhaust gases from
      burner 34b emerge through a discharge port 66 which feeds into exhaust
      assembly 54. The gases from burner 34a, after passing through their
      radiation control tubes, emerge through a discharge port 68 and feed into
      an exhaust assembly 70 fixedly supported above the roof member 40.
PAR  Roof member 40 is adapted to be raised by a lifting mechanism, part of
      which is shown in FIG. 3 at 72 and which will be described in greater
      detail below.
PAR  FIG. 5, which views chamber 20 from the opposite side to that of FIG. 3,
      shows a second side wall burner 74 mounted in the back side wall of
      section 38. Burner 74 is supplied with fuel gas through a pipe 76 and with
      air from an air conduit 78 connected to an air manifold 79 also supplied
      from any suitable source. Hot gas from burner 74 passes through the back
      wall of section 38 into a radiation control tube 80 and then out through
      discharge port 82 which discharges into an inlet-end 84 of the discharge
      port 66 which also serves to handle the exhaust gases from burner 34b. The
      back side wall, shown in FIG. 5, also is provided with hinged doors 43
      which serve the same purpose as the hinged doors 43 shown in FIG. 3. FIG.
      5 also shows a third roof burner 34a mounted in the roof member 40. It is
      also supplied with fuel gas through a pipe 86, connected through a
      flexible hose 87 to a controlled source of gas and with air through an air
      conduit 88 fed from air manifold 60. FIG. 5 indicates that air manifold 60
      is supplied with air from its source of air through a flexible air hose
      90, also connected to air manifold 74 to accommodate movement of roof 40
      when raised by the lifting mechanism 72. Although FIG. 5 also shows a
      portion of the main gas supply 91 which feeds all of the burners.
PAR  The paths of the flow of hot gas from the various burners may also be
      traced in FIG. 2. Hot gas from side wall burner 44 flows into tube 50 and
      out through port 52 into exhaust assembly 54. Likewise hot gas from side
      wall burner 74 flows into tube 80 and out through port 82 into discharge
      port 66 which in turn discharges into exhaust assembly 54. Hot gas from
      roof burner 34a flows into tube 92 then back through tube 94, directly
      above tube 50 and out through port 68 into exhaust assembly 70. Hot gas
      from burner 34b flows into tube 96 then back through tube 98 and out
      through an opening 100 into exhaust port 66 and then out through exhaust
      assembly 54. Hot gas from burner 34c flows into tube 102, then back
      through tube 104, directly above tube 80 and out through discharge port 68
      into exhaust assembly 70.
PAR  The internal structure of chamber 20 may be more readily seen from FIGS. 4,
      6, 7, 8 and 9, where the reference numbers have the same significance as
      described above. From FIGS. 4 and 9 it will be seen that, with the
      exception of the end rollers, each roller 42 rotates between deck elements
      106 comprising metal shells encasing insulating material 108, so that such
      deck elements are maintained at substantially the temperature of the rod
      rings 18 which pass over such deck elements, without the deck elements
      extracting any substantial amount of heat from the rod rings 18. Some of
      the deck elements are preferably provided with air passages 110 so that
      cooling air supplied from an air manifold 112 from a blower 32 may be
      passed up through the rod rings 18 under predetermined control conditions
      to cool the rod rings 18 in the described manner. Some or all of the deck
      elements 108 may be provided with side guide plates 112 to prevent
      excessive side motion of the rod coils 18. In FIGS. 6, 7, and 8, the
      bearings in which the rollers 42 rotate are designated at 114; and the
      sprockets which may be used drive the rollers by the drive chain are
      designated at 116.
PAR  As shown, for example in FIG. 6 the walls of the chamber 20 and of the roof
      40 are made of heat insulating material so that a substantial amount of
      the heat which is radiated from the mass of spread-out rod rings,
      indicated diagrammatically by the rectangle 18a, is reradiated or
      reflected back toward the rings mass.
PAR  Each side wall of section 38 is provided with a plurality of apertures 113
      which are adapted to be closed or plugged by aperture closures 115 made of
      the same heat insulating material as the walls of chamber 20. Each closure
      115 is mounted on the back of one of the hinged doors 43 which, by means
      of a suitable handle 117, may be operated to move its closure 115 from its
      completely closed position, as shown by the solid lines in FIG. 6, to its
      completely opened position, as shown by the broken lines. A suitable
      latch, not shown in detail, may be provided to retain each door in its
      closed position and the door hinges, not shown in detail, may be of the
      type to permit each door to be held in any of a plurality of positions
      between its completely open and completely closed positions.
PAR  The roof 40 may be removed from the section 38 by providing the mechanism
      72. Mechanism 72 comprises a frame including a pair of substantially
      L-shaped lever arms 118-118 connected to each other by a plurality of
      cross bars 119, 120. and 121. The resulting frame structure is further
      strengthened by bracing structures 122. The arms 118-118 are pivoted at
      their lower ends to a pair of brackets 124-124 rigidly secured to the
      apparatus bed 39. The upper ends of arms 118-118 are pivoted to a pair of
      brackets 126-126 rigidly secured to the roof 40. The force for moving the
      roof 40 is supplied by a hydraulic cylinder 128 which moves a rod 130
      pivotally connected to the cross bar 121. Hydraulic cylinder 128 may be
      controlled to lift roof 40 from the closed position, as shown by the solid
      lines in FIG. 6, to the position, as shown by the broken lines, where the
      top of section 38 is completely uncovered permitting substantially
      unimpaired radiation of heat from the ring mass 18a through the top of
      section 38.
PAR  As will be seen in FIGS. 7 and 8, in order to provide for the motion of
      roof 40, spacings are provided between the section 38 and the roof 40,
      between the stationary exhaust assembly 70 and the movable discharge port
      68, and between the stationary exhaust assembly 54 and the movable
      discharge port 66. In order to accommodate differential thermal expansion
      spacing is also provided between the exhaust port 52 and the exhaust
      assembly 54.
PAR  In the closed position of the roof 40, it is desirable that air flow out of
      the top of section 38 be kept at a minimum in order to keep convection
      currents at a minimum. For this purpose, as shown in FIGS. 7 and 8, air
      baffle plates 134 along the lower edges of roof 40 cooperate with air
      baffle plates 136 along the upper edges of section 38 to inhibit the free
      flow of air through the spacing between the roof 40 and the section 38.
PAR  Flexible hoses 57, 65, 87 and 90 are provided to preserve the connection of
      air and gas to roof burners 34a, 34b, and 34c despite the motion of the
      roof 40. A more detailed showing of the arrangement of these hoses and of
      the controls associated with the various burners appears in FIG. 10 which
      gives a top view of the burner 34c, by way of a typical example. The pipe
      86 is connected through the flexible hose 87 to a limiting orifice valve
      138 mounted on the end of the stationary pipe 140; the outer end of which
      is connected by a coupler 142 to the main gas supply 91. Interposed in the
      pipe 140 is an orifice assembly 144 for further regulating the flow of
      gas. A spark plug 146 is provided in the cover of burner 34c to ignite the
      gas. A flame monitoring device 148 such as a ultra violet scanner which
      provides an indication of the state of the flame within the burner 34c may
      also be provided in the cover of burner 34c. The air conduit 88 is
      connected through the flexible hose 90 which is connected through a pipe
      union 150 and piping 152 to the air conduit 78. Interposed in the piping
      152 is a control butterfly valve 154. Thus, not only is the burner 34c
      connected so as to accomodate the relative motion between the roof 40 and
      section 38 but is also supplied with controls such that the amount and
      temperature of the hot gas delivered by the burners can be clearly
      regulated. It is understood that each of the other roof burners as well as
      the side wall burners are provided with similar controls.
PAR  Instead of the radiation control tubes being supplied with hot gases from
      the roof and side wall burners, such tubes could be supplied with cold air
      at any described predetermined temperature. For this purpose, the burners
      could be any well known type of apparatus which can be controlled to
      supply either hot or cold gases instead of only hot gases. Instead of such
      double purpose devices, alternative supplies of temperature controlled
      cold gas, such as air, could be connected to supply such cold gas to the
      several radiation control tubes when the burners are shut off.
PAR  The equipment as described above is particularly adapted to achieve the
      primary object of this invention which is to cool the heated rod 18 at a
      very low cooling rate under such accurately controlled conditions that the
      rod is delivered to the collecting device with desired rod relatively
      uniform physical properties and microstructure. These results may be more
      clearly understood from the following description of the operation of the
      equipment.
PAR  When one looks at the spread-out rings 18a in FIG. 1a it will be seen that
      the mass of rod metal per unit length along the direction of flow through
      the apparatus, which may be termed "the accumulated mass" of the rods is
      greatest at the sides of the ring mass where the successive rings rest
      upon each other. The accumulated mass of the rod is a minimum at the
      center of the coil where the rings are separated from each other and is a
      maximum at the sides where the rings are in contact with each other. Due
      to the configuration of the spread-out rings 18, the central portion of
      the rings tends to radiate hear more readily than do the side portions.
      Although the outside surface of each rod, either at the edges of the ring
      mass or at the center radiates approximately equally, the compactness of
      the ring mass at the edges causes the average cooling rate of the mass at
      the edges to be less than the average cooling rate of the ring mass in the
      center. Therefore, if the rings 18 were allowed to cool by normal
      radiation loss, without some external modification of such radiation, the
      edges would cool more rapidly than would the centers. A typical result is
      given in the preliminary discussion above in which the edges cool at about
      1.6.degree.C/sec. to 2.8.degree.C/sec. and the centers cool at about
      2.3.degree.C/sec. to 2.8.degree.C/sec. depending upon the spacing of the
      rings. According to this invention, however, the rates of radiation from
      various portions of the rings may be modified to eliminate the above
      unequal cooling of the rings. Further the apparatus described above
      provides means for producing a wide variety of radiation modifying
      conditions to accomplish the desired result under different operating
      conditions.
PAR  FIG. 11 represents a mode of operation in which the equalization of cooling
      is accomplished by the provision of the aperture 113 and closures 115.
      However, when the closure 115 is moved to its open position, as shown in
      solid lines, it uncovers the aperture 113 and opens a gap through which
      radiant energy may escape. Therefore, with the roof 40 in its closed
      position and the apertures 113 closed by the closures 115, as shown in the
      dotted line position in FIG. 11, the inner walls of the chamber 20
      intercept heat radiation, represented by the broken lines R, from the
      coils 18 and, by reflection inhibit cooling by radiation. However, when
      the closure 115 is moved to its open position, as shown in solid lines, it
      uncovers the aperture 113 and opens a gap through which radiant energy may
      escape. Therefore, any radiation, shown in solid lines, which falls upon
      the gap, passes out of the chamber and is lost. Therefore the gap does not
      limit the loss of radiation, so that any portion of the rings 18 which can
      lose radiation through the gap more easily than any other portion, will
      have its rate of energy loss increased over that of any other portion. It
      will be noted that the edges of the rings 18 are more directly in line
      with the gap than are the centers of such rings. As a result, the normal
      tendency of the edges to cool more slowly than the centers is decreased so
      that by proper adjustment of the gap, the cooling rates may be made
      substantially equal. It will be seen that the size of the gap will depend
      upon the position at which the closure 115 is held between its completely
      closed and completely open position. It is also to be understood that
      apparatus is so structured that other openings into or out of the chamber
      20 are blocked so as to restrict air paths which might induce any
      undesirable degree of convection in this mode of operation. For purposes
      of clarity, the radiation control tube normally adjacent the side wall (e.
      g. 50 or 80) is not shown in FIG. 11. Although such tube may occupy a
      position in front of the aperture 113, it does not introduce sufficient
      interference with the escape of radiant energy through the aperture 113 to
      prevent the desired result of proper control of the cooling of the edges
      of the ring nose. In some modification such side wall radiation control
      tubes 50 and 80 may be omitted entirely.
PAR  Another mode of operation of the equipment is represented in FIG. 12 in
      which the roof 40 is in its completely closed position. In this mode
      heated gas from the roof burners 34a, 34b, and 34c only is supplied to
      radiation control tubes 92, 94, 96, 98, 102, and 104 while side wall
      burners 44 and 76 are not operated and tubes 50 and 80 are not heated. The
      tubes to which the hot gas is supplied are heated to a temperature
      sufficiently less than that of the entering rod rings 18 to permit such
      rings to lose heat primarily by radiation. If the temperature of the
      heated gas entering all of the radiation control tubes is the same,
      nevertheless the temperatures of the radiation control tubes themselves
      will tend to reach a distribution in which the temperature is greatest
      over the center of the rings and a minimum over the edges of the rings.
      This may be better understood by noting that the center tubes 96 and 98
      are shielded by adjacent tubes, while, as we progress sideways, the tubes
      92 and 102 and 94 and 104 are progressively less shielded. The result is
      that the center tubes tend to teach and maintain a higher temperature than
      the end tubes 94 and 104. In addition it will be noted that the hot gas
      from roof burner 34a first enters tube 92 and passes out along tube 94.
      Since there is a drop in temperature of the gas in such passage, the
      tendency of tube 94 to be at a lower temperature than tube 92 is
      increased. A similar state exists with respect to tubes 102 and 104. The
      overall resulting temperature distribution of the tubes 92, 94, 96, 98,
      102, and 104 is in the proper direction to achieve the desired uniform
      cooling of the rod rings 18.
PAR  Since each of the burners may be independently controlled, the proper
      temperature distribution of the radiation control tubes may be achieved by
      having the hot gas entering the central tubes raised to a higher
      temperature than the gas entering the tubes at the ends and sides of the
      cooling chamber 20.
PAR  Another arrangement for achieving the desired temperature distribution
      amony the radiation control tubes is represented in FIG. 13 in which the
      tubes are spaced more closely to each other at the center of the chamber
      20 than at the sides.
PAR  The slowest cooling mode is represented by FIG. 14 in which all of the
      radiation control pipes are supplied with heated gas. Of course it is to
      be understood that the proper temperature distribution, as explained
      above, is to be maintained. FIG. 14 also indicates that, due to the fact
      that each burner may be controlled individually, it is possible to provide
      for automatic adjustment of the radiation control temperature in response
      to the temperature of the rings 18. For example, the apparatus may be
      provided with thermostatic controls 156 of the type which may be optically
      focused upon selected portions of the rings 18 to measure the temperature
      of such portions. One thermostat may be used to measure the temperature at
      the center of the ring mass 18a while one or more additional thermostats
      may be used to measure the temperature at the sides of such mass. The
      signals from the thermostats may then be used to control the energization
      of the various burners to maintain the desired uniform cooling of all
      portions of the ring mass 18a.
PAR  The fastest cooling mode of operation of the apparatus is that in which the
      roof 40 is completely lifted away from its lower section 38, as for
      example in FIG. 6. In this mode, cooling air at the desired rate is blown
      through air passages 110 (See FIG. 9) to achieve the desired fast cooling.
      The provision in the apparatus of means for supplying such cooling air
      affords an additional flexibility of operations since, in the other
      operational modes as described above, it maybe desirable to introduce some
      cooling air to achieve the exact rate of cooling desired.
PAR  Other modifications may involve a change in the number of burners and
      radiation control members for each cooling chamber, a larger number
      increasing the fineness of control. Other types of radiation control
      members may be used. For example they might consist of electrically heated
      refractory rods instead of heated or cooled gas tubes.
PAR  In addition, retractable baffles 117 (see FIG. 12) may be employed between
      the heating elements to further increase the ability of individual
      temperature control. Other modifications, within the scope of the appended
      claims will suggest themselves to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for treating steel rod comprising hot rolling the rod,
      depositing the rod directly from rolling onto a moving conveyor in
      spread-out rings, and controlling the loss of heat by said rod by applying
      radiant heat to the rod selectively in substantially inverse proportion to
      the accumulated mass of said rod from side to side of said rings.
NUM  2.
PAR  2. A process for treating steel rod comprising hot rolling the rod,
      depositing the rod directly from rolling onto a moving conveyor in
      spread-out rings in a condition in which the rings normally cool more
      rapidly at their center than at their edges, and controlling the cooling
      rate of the various parts of the rod so as to render it uniform across the
      rings by selectively releasing radiant energy from the edges of the rings
      and retaining it at the centers in proportion to the normal difference in
      cooling rates of the respective portions.
NUM  3.
PAR  3. A process for treating steel rod comprising hot rolling the rod,
      depositing the rod directly from rolling onto a moving conveyor in
      spread-out rings in a condition in which the rings normally cool more
      rapidly at their center than at their edges, and controlling the cooling
      rate of the various parts of the rod so as to render it uniform across the
      rings by a combination of confining said rings so as to minimize
      convective cooling and selectively releasing in substantial proportion
      across said conveyor to the mass flow ratio of said rod along said
      conveyor.
NUM  4.
PAR  4. The process of claim 3 further characterized by applying additional
      radiant heat uniformly across the conveyor so as to retard the cooling
      rate of the steel.
NUM  5.
PAR  5. A process for treating steel rod comprising hot rolling the rod,
      depositing the rod directly from rolling onto a moving conveyor in
      spread-out rings in a condition in which the rings normally cool more
      rapidly at their center than at their edges, and controlling the cooling
      rate of the various parts of the rod so as to render it uniform across the
      rings by a combination of confining said rings so as to minimize
      convective cooling, and selectively applying radiant heat to said rings
      across said conveyor in substantially inverse proportion to the mass flow
      ratio of said rod along said conveyor.
NUM  6.
PAR  6. A process for treating steel rod comprising hot rolling the rod, cooling
      the rod after rolling to a temperature near to but above the
      transformation temperature of said steel, depositing said rod onto a
      moving conveyor in over-lapping ring form, and cooling said rod on said
      conveyor while applying radiant heat to the centers of the rings.
NUM  7.
PAR  7. The process of claim 6 further characterized by metering the application
      of radiant heat across the rings in inverse proportion to the mass flow
      ratio of rod along the conveyor.
NUM  8.
PAR  8. The process of claim 7 further characterized by restricting the flow of
      gas to said rod so as to minimize convective cooling.
NUM  9.
PAR  9. The process of claim 7 further characterized by the application of
      radiant heat to the centers being accomplished at least in part by
      reflection of radiant heat from the rod itself, and simultaneously
      permitting a substantial portion of the radiant heat from the edges of the
      rod rings to escape without reflecting back onto the rod.
NUM  10.
PAR  10. A process for treating steel rod comprising rolling steel to rod at a
      temperature of about 1000.degree.C, cooling the rod to a temperature near
      to but above transformation and laying it in spread-out rings on a moving
      conveyor, confining the rings on the conveyor to minimize the access and
      flow of gas to the rings, regulating the cooling rate of the rod to the
      range of 0.1.degree.C per sec. to 2.degree.C/sec., both by restricting the
      path of heat loss by radiation, and by applying radiation to the rod in
      substantial inverse proportion to the mass flow ratio of rod along said
      conveyor.
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ABST
PAL  A compacted powder or extended ingot for use in the deposition of coatings
      consisting essentially of a cobalt-base alloy containing chromium,
      aluminum and yttrium is vacuum heat treated to convert any alumina present
      therein to aluminum and yttria.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the coating arts, particularly those
      wherein the coating is formed by vacuum vapor deposition.
PAR  The oxidation and sulfidation erosion resistance of the nickel-base and
      cobalt-base superalloys may be markedly increased through the use of a
      coating thereover which consists essentially of a cobalt alloy containing
      chromium, aluminum and yttrium particularly at the composition, by weight,
      of  15- 40 percent chromium, 10- 25 percent aluminum, 0.01- 5 percent
      yttrium, balance cobalt (CoCrAlY). This coating alloy is discussed in
      detail in the U.S. Pat. No. 3,676,085, of common assignee herewith, and
      whose teachings are incorporated herein by reference.
PAR  The most common way of generating the coatings is by vacuum vapor
      deposition. The surfaces to be coated are cleaned free of dirt and other
      objectionable foreign matter and are conditioned by abrasive blasting. The
      coating is achieved by vapor deposition from a molten pool of the coating
      material held in a vacuum chamber at 10.sup.-.sup.4  ton or better. The
      ingot being melted to form the molten pool has essentially the same
      chemistry as that of the desired coating. Melting may be accomplished by
      electron beam heating. The vapors generated are deposited on the surfaces
      to be coated in the chamber.
PAR  One of the problems uncovered in the deposition process has been that oxide
      inclusions, such as alumina, formed in the formation of the coating ingot
      rise to the surface of the molten pool during ingot evaporation. Because
      of the low thermal conductivity of these oxides they become superheated by
      electron bombardment. A layer of vapor then develops beneath each floating
      particle causing a depression in the liquid surface. If the liquid then
      closes around the cavity thus created, an eruption of liquid occurs,
      ejecting small droplets of liquid from the surface. The net result is the
      formation of pin holes or droplets on the coating, causing rejection of
      the part.
PAR  The onset of spitting is related to the power supplied to the system and is
      one of the chief limitations to high evaporation rates.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a coating alloy ingot pretreatment
      wherein non-volatile oxides, such as alumina, are converted to other more
      volatile oxides such as yttria, whereby the spitting encountered in the
      generation of coatings by vacuum vapor deposition is minimized.
PAR  In a particular embodiment of the invention, an ingot formed from an alloy
      consisting of cobalt, chromium, aluminum and yttrium is vacuum heat
      treated to effect conversion of any alumina present to aluminum plus
      yttria, the yttria subliming more readily than the alumina.
PAR  In another embodiment of the invention, in systems where spitting is
      encountered in the evaporation of metals or alloys due to non-volatile
      oxide inclusions, yttrium is doped into the ingot during fabrication and
      the consolidated ingot is heat treated in vacuum to convert the
      non-volatile oxide to yttria by a displacement reaction in the solid phase
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A heat of two ingots of a CoCrAlY composition were received. One
      as-received powder compacted ingot was found to spit unacceptably in a
      vacuum vapor deposition coating operation. The spitting, as previously
      explained, was discovered to result from the presence of a layer of
      alumina covering the surface of the melt.
PAR  The second ingot from the same heat was heat treated by holding at
      2000.degree.F. in vacuum for 16 hours. This heat treatment caused a solid
      state displacement reaction between the non-volatile alumina inclusions
      and yttrium to form metallic aluminum and yttria.
PAR  The advantage of the yttria resides in the fact that it sublimes more
      readily than alumina and other less volatile refracting oxides.
      Accordingly, the yttria formed as a result of the heat treatment is
      readily evaporated along with the melt and no spitting eruptions are
      encountered during coating. The ingot, heat treated at 2000.degree.F. for
      16 hours, displayed excellent behavior and exhibited no spitting during
      vacuum vapor deposition.
PAR  The above heat treatment involving the displacement reaction was effected
      while maintaining the composition in the solid state. In such a treatment,
      a small grain size in the ingot is utilized to minimize the length of the
      diffusion path required for the solid state reaction to occur.
PAR  Although the invention has been described in connection with the CoCrAlY
      coating system, where yttrium is present, it is, of course, applicable to
      other alloy systems as well in environments or processes where spitting is
      a problem. Where spitting results from the presence of non-volatile oxides
      on the surface of a melt, the composition may be doped with yttrium. The
      yttrium would typically be doped into the alloy prior to formation of the
      powders for the ingot. The compacted powder ingot would then be heat
      treated to convert the less stable detrimental oxide to the elementary
      metal and yttria by exposure for a time and temperature sufficient to
      effect the displacement reaction in the solid state.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of pretreating a vacuum vapor deposition coating alloy ingot
      formed from a cobalt-base alloy containing aluminum and yttrium together
      with alumina inclusions which comprises:
PA1  heat treating the ingot in vacuum for a time and at a temperature
      sufficient to substantially convert the alumina to yttria and aluminum
      whereby the spitting propensity of the ingot is reduced.
NUM  2.
PAR  2. The method according to claim 1 wherein:
PA1  the ingot comprises fine compacted powders.
NUM  3.
PAR  3. The method of pretreating a fine compacted powder ingot formed of a
      cobalt alloy containing about 15- 40 weight percent chromium, 10- 25
      weight percent aluminum, 0.01- 5 percent yttrium and alumina inclusions
      which comprises:
PA1  heat treating the ingot in vacuum for a time and at a temperature to
      substantially convert the alumina to yttria and aluminum.
NUM  4.
PAR  4. The method according to claim 3 wherein:
PA1  the treatment is conducted at a temperature not less than about
      2000.degree.F.
NUM  5.
PAR  5. The method according to claim 4 wherein:
PA1  the treatment is conducted at a temperature of about 2000.degree.F. for
      about 16 hours.
NUM  6.
PAR  6. The method of pretreating a coating alloy ingot containing alumina
      inclusions which lead to unacceptable spitting in the coating processes
      involving vacuum vapor deposition which comprises:
PA1  including elemental yttrium in the coating alloy; and
PA1  heat treating the ingot in a time/temperature treatment in vacuum
      sufficient to substantially convert the alumina to aluminum and yttria.
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ABST
PAL  Relative sliding members comprising as materials in combination a nitrified
      sintered alloy and an alloy cast iron, chemical components of which are
      well selected in percentage so as to provide better wear resistance and
      machinability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a relative sliding member such as rotary
      compressors, by which wear resistance is required.
PAR  2. Description of the Prior Art
PAR  As a material used for vanes and rollers, which constitute a most important
      part of compressors, steel, cast iron, sintered material or the like have
      heretofore been used. These materials, however, are poor in wear
      resistance, machinability or the like, thus posing problems still remained
      to be solved.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention overcomes the disadvantages as noted above.
PAR  According to the present invention there are provided relative sliding
      members comprising a nitrified sintered alloy, as a material for the vane,
      consisting of by weight, 0.90-2.00 % of T.C, 2.00-6.00 % of Cu, 0.40-0.80
      % of Mo, and less than 1.00 % of other elements, the balance iron, and an
      alloy cast iron, as a material for the roller, consisting of by weight,
      2.00-3.50 % of carbon, 1.50-2.50 % of silicon, 0.30-1.00 % of manganese,
      less than 0.30 % of phosphorus, less than 0.12 % of sulfur, 0.20-1.00 % of
      copper, 0.20-1.00 % of molybdenum, and the balance iron, said sintered
      alloy being relatively combined with said member and alloy cast iron.
PAR  The reasons for limiting components of the material for the vane used in
      the present invention will be hereinafter described. The quantity of total
      carbon is defined by weight from 0.90 to 2.00 % due to the fact that when
      it is less than 0.90 %, a close pearlite to maintain the wear resistance
      may not be obtained, while when it is more than 2.00 %, a cementite
      increases in quantity to extremely develop fragility and is impractical.
      The copper is added so as to improve corrosion resistance and to improve
      thermal conductivity and is defined from 2.00 to 6.00 % due to the fact
      that when it is less than 2 %, the properties required for the material in
      the present invention may not be satisfactorily obtained, while when it is
      more than 6 %, the sintered material would lose the stability in its
      dimension. The molybdenum is added in the form of a ferromolybdenum, whose
      hard particles may extremely improve the wear resistance, and the value of
      upper limit thereof is determined as previously stated due to the fact
      that when it is less than 0.40 %, the distinguished effect may not be
      attained, while when it is more than 0.80 %, the strength of the sintered
      material tends to be decreased. The 1 % of other remainder is to be
      contained from the additives or the like with the manufacture of the
      sintered material.
PAR  The method of applying gas nitrification to the sintered alloy having the
      above-described components may be carried out by nitrification within a
      furnace under the gas atmosphere. It is noted that the depth of the
      nitride layer is preferably of the order of approximately 1 mm. In this
      case, the hardness increases by about HRC 30-50, greatly contributing to
      the wear resistance.
PAR  The reasons for limiting components of the material for the roller, the
      mating member, will now be described. The carbon is defined from 2.0 to
      3.50 % due to the fact that when it is less than 2.00 %, an A-type flake
      graphite (ASTM Standard) may not be obtained, while when it is more than
      3.50 %, the graphite may be magnified. The silicon is defined from 1.50 to
      2.50 % due to the fact that when it is less than 1.50 %, the flake
      graphite may not be formed as in the case of carbon, while when it is more
      than 2.50 %, the fragility of the material will result. The manganese in
      excess of 0.30 % would be required to stabilize the pearlite, but the
      manganese in excess of 1.00 % is not required for the purpose thereof. The
      copper is also contained so as to stabilize the pearlite, and the
      manganese less than 0.20 % is less effective, but more than 1.00 % thereof
      is not required. The molybdenum serves not only to strengthen the base but
      also to improve hardenability, and is defined from 0.20 to 1.00 % due to
      the fact that when it is less than 0.20 %, the distinguished effect may
      not be attained, while when it is more than 1.00 %, it may possibly be
      formed into bainite in terms of content of copper.
PAR  In a cast condition, the alloy cast iron as described is the pearlite base
      where the A-type graphite is distributed and has its better machinability.
      Further, this material may be hardened and tempered to form the base into
      martensite and to have the hardness from HRC 43 to 53, thus highly
      improving the wear resistance.
PAR  For a better understanding of the present invention, examples thereof may
      be described in the following.
PAR  As a material for vane, copper powder, ferromolybdenum powder, and graphite
      powder are combined, to which 0.8 % of zinc stearate is added, after which
      they are sintered at 1,150.degree.C for 60 minutes under the cracked
      ammonia gas atomosphere to obtain an iron system sintered alloy comprising
      1.20 % of T.C, 4.00 % of Cu, 0.60 % of Mo, and the balance iron. At this
      time, the hardness was HRB 88.5, and the density was 6.75 g/cm.sup.3. Such
      material is further nitrified within a furnace under the gas atmosphere to
      obtain a layer of compound 1 mm in depth. The hardness was then 38-40 in
      HRC.
PAR  On the other hand, as a material for roller, 3.22 % of T.C, 0.44 % of Mo,
      2.10 % of Si, 0.52 % of Mn, 0.40 % of Cu, and the balance Fe are combined,
      and the resultant material was hardened at 860.degree.C for 60 minutes and
      then oil-cooled, after which it was tempered in open air at 320.degree.C
      for 60 minutes. The hardness was then HRC 47.0.
PAR   Thereafter, from a respective one of the above-discribed material, a
      test-piece having an outside diameter 40 .phi., inside diameter 16 .phi.,
      and thickness 10 mm is formed. This test-piece was subjected to the
      confirmation test of the wear resistance under the conditions as noted
      below using an Amsler type wear resistance testing machine with the
      material corresponding to the vane material as an upper fixed member while
      with the material corresponding to the roller material as a lower rotating
      member.
TBL  ______________________________________                                    

     Testing Conditions                                                        

     ______________________________________                                    

     Speed of rotation   185 rpm                                               

     Load                100 kg                                                

     Lubricating oil     Kerosene 60 % +                                       

                         oil SAE No. 3 40 %                                    

     Quantity of oil     0.5 lit./min.                                         

     Running time        24 hours                                              

     ______________________________________                                    

PAR  Further, for comparing with the relative sliding member according to the
      present invention, the test was conducted under the same conditions as
      that of the above with the use of the prior art combination wherein the
      roller comprised of eutectic graphite cast iron and the vane comprised of
      steel are relatively combined. The chemical components of the eutectic
      graphite cast iron and the steel are as follows:
TBL  1.     Eutectic graphite cast iron                                        

            Chemical Component (%)                                             

     T.C        Si      Mn      Ni    Cr    Mo                                 

     2.71       3.52    0.50    0.09  0.12  0.11                               

     2.     Steel       SUP 9 (JIS)                                            

PAR  According to the test, the result showed that in the combination of the
      present invention, the wear is 2.0 mmg in the case of the vane material
      and 5.0 mmg in the case of the roller material, with the running time of
      24 hours, while in the combination of the prior art, both the vane
      material and the roller material are resulted in scuffing soon after the
      run, resulting in an impossibility of operation.
PAR  From the foregoing, it will be understood that the relative sliding member
      in accordance with the present invention may provide an eminent wear
      proof. The member of the invention further provides eminent grindability
      and workability since one of members utilizes a sintered material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Relative sliding members in mating combination comprising a nitrified
      sintered alloy consisting of by weight 0.9-2.00% of T.C, 2.00-6.00% of Cu,
      0.40-0.80% of Mo, less than 1.00% and other elements, and the balance
      iron, and an alloy cast iron consisting of by weight 2.00-3.50% of carbon,
      1.50-2.50% of silicon, 0.03-1.00% of manganese, less than 0.30% of
      phosphorous, less than 0.12% of sulfur, 0.20-1.00% of copper, 0.2-1.00% of
      molybdenum, and the balance iron.
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ABST
PAL  A stable, high field, high current conductor is produced by packing
      multiple, multi-layer rods of a bronze core and niobium or vanadium inner
      jacket and copper outer jacket into a pure copper tube or other means for
      forming a pure copper matrix, sealing, working the packed tube to a wire,
      and by diffusion, heat treating to form a type II superconducting,
      Beta-Wolfram structure, intermetallic compound as a layer within each of
      several filaments derived from the rods. The layer of Beta-Wolfram
      structure compound may be formed in less than 2 hours of diffusion heat
      treatment in a thickness of 0.5-2 microns.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to superconductors and more particularly to
      Type II superconductors made of intermetallic compounds of Beta-Wolfram
      structure.
PAR  Circa 1955, Matthias and co-workers at Bell Labs announced the discovery of
      niobium stannide Nb.sub.3 Sn and its 18.degree.K critical temperature
      which offered the promise of high critical fields and high critical
      currents. In the 1960's other Beta-Wolfram compounds were announced
      including V.sub.3 Ga and many ternary and quatenary compounds based on
      Nb.sub.3 Sn and V.sub.3 Ga which afforded critical temperatures of
      15.degree. to 20.degree.K and above. Great efforts were expended to make
      practical fabricable and usable forms of these compounds. In 1960-1963,
      Bell Laboratories, Superior Tube Corporation and Materials Research
      Corporation in the United States developed Nb.sub.3 Sn wires made by
      packing niobium and tin powders or crushed Nb.sub.3 Sn into niobium, Monel
      or copper tubes, drawing the packed tubes to wire size and diffusion
      heating to form superconductive cores of Nb.sub.3 Sn. At about the same
      time, General Electric Company developed a tin coated niobium wire which
      was similarly heated to produce an Nb.sub.3 Sn layer, National Research
      Corporation developed co-reduced, metallurgically bonded, niobium-tin
      laminates which were similarly heated to produce Nb.sub.3 Sn layers, Radio
      Corporation of America developed a chemcial vapor deposited Nb.sub. 3 Sn
      coating method, and Union Carbide developed an Nb.sub.3 Sn plasma spraying
      process. Similar developments were made at other major U.S. industrial,
      government and university laboratories and abroad and offered commercially
      in the U.S. and abroad. Follow-up developments included soldering on
      stabilizing copper layers and the use of bronze sources of the tin or
      gallium components of the Beta-Wolfram compounds.
PAR  However, use of the Beta-Wolfram compounds was small compared to the lower
      critical current alloys Nb-Zr, Nb-ti, and Nb-Zr-Ti, because of greater
      stability, ease of fabrication and ductility of these alloys. A typical
      composite braided or cabled wire product based on the alloys is specified
      to carry 1000 amperes superconductively under 40 kilogauss external field
      and each wire of the braid comprises about 400 spaced niobium-titanium
      filaments in a stabilizing pure copper matrix.
PAR  Work in the U.K. (see U.S. Pat. No 3,728,165 to Howlett and U.S. Pat. No.
      3,472,944 to Morton et al. and U.S. Pat. No. 3,807,04l to McDougall), in
      the U.S. (see U.S. Pat. 3,731,374 to Suenaga et al. and U.S. Pat. No.
      3,838,503 to Suenaga et al.) and in Japan (see Applied Physics Letters
      January, 1974, Furuto et al.) has involved the production of Type II
      superconductors by reaction of niobium or vanadium with bronze containing
      gallium or tin. Such products are produced as wires comprising spaced
      filaments of niobium (for example) in a tin bronze matrix which has been
      drawn to a small cross sectional area. After drawing, the surface of the
      niobium is converted to Nb.sub.3 Sn by a high temperature diffusion of tin
      from the bronze matrix into the niobium. While materials of the above type
      show considerable promise for high field superconductors they are somewhat
      limited in their stability and ultimate current carrying capacity.
PAR  It is an important object of the invention to provide Beta-Wolfram compound
      based wire and wire braid or cable products having stability approaching
      that of the above alloy products.
PAR  It is a further object of the invention to provide such Beta-Wolfram
      compound based products which are sufficiently ductile to be used in
      electromagnetic coil winding and like wire or wire braid and cable
      fabrication and usage.
PAR  It is a further object of the invention to produce such Beta-Wolfram
      compound based products with 2 hours or less of diffusion heating
      consistent with one or more of the preceding objects.
PAR  It is a further object of the invention to provide diffusion heating in a
      continuous tunnel kiln to eliminate spooled wire batch heat treatments.
PAR  It is a further object of the invention to make available the practical
      utilization of the high field, high current characteristics of the
      Beta-Wolfram compounds together with the electrical stability and
      mechanical characteristics of alloy conductors for magnetic coils,
      rotating electrical machinery, power transmission and the like.
PAR  As used herein, "wire" includes wires and wire-like ribbons, flattened
      wires and the like. Resistance ratio means ratio of electrical resistance
      measured at room temperature (300.degree.K) to resistance measured at
      liquid helium temperature (4.2.degree.K).
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention a multifilamentary product is provided wherein the
      filaments comprise annular layers of niobium (for example) which are
      converted in part to Nb.sub.3 Sn and all of the copper surrounding the
      niobium is high conductivity copper having a resistance ratio greater than
      100 which imparts stability to the composite superconductor. This is
      achieved, in a preferred form of the invention when niobium and tin are
      used for form the niobium stannide superconductor, by providing a niobium
      tube which is filled with a tin bronze, this tube being inserted, along
      with a number of similar tubes, into a billet made by drilling spaced
      longitudinal holes in a pure copper ingot Alternatively, many such tubes
      may be jacketed with copper and packed together in a sheath to form a
      billet.
PAR  The composite billet is then reduced by suitable mechanical treatments such
      as extrusion, swaging, rolling, drawing and the like until the thickness
      of the wall of the niobium tubes has been reduced to about 2-5 microns.
      Thereafter the product is heated to a temperature on the order of
      750.degree.C for 0.5 to 2 hours to react most of the tin within the tin
      bronze interior of the tube with part or almost all of the niobium tube
      but preferably leaving at least a 2-4 micron niobium layer to provide
      strengthening reinforcement and protection of the copper from
      contamination.
PAR  The tin is not entirely consumed. Enough tin remains in the bronze so that
      the bronze has the high resistance (at 4.2.degree.K, or to put it another
      way, low resistance ratio) characteristics of an alloy or impure copper
      rather than the high resistance ratio of pure copper. However, the pure
      copper of the matrix retains its high resistance ratio characteristic
      throughout processing.
PAR  The same processing may be applied to formation of superconductors using
      other refractory metals, e.g. vanadium, molybdenum, and other bronze
      cores, e.g. gallium bronze, to form other superconductive compounds of
      Beta-Wolfram structure.
PAR  The unreacted portion of the refractory metal layer of each filament is
      metallurgically bonded to the superconductive compound layer, formed at
      refractory layer/bronze core interface, and is also metallurgically bonded
      to the copper matrix essentially throughout the filament length and, since
      the filaments are continuous throughout the composite wire length, such
      metallurgical bonding is continuous throughout the wire length. The
      superconductive compound layers of the filaments are, in essence, then
      metallurgically bonded to the pure copper matrix. This provides the wire
      with enhanced stability compared to the above described bronze matrix
      composites and does so consistent with high current, high field
      specifications.
PAR  The residual (unreacted) portion of the refractory metal layer provides a
      strengthening reinforcement which puts the compound layer under
      compression under conditions of cooling to cryogenic temperatures and thus
      improves its mechanical performance. The refractory metal is also
      desirably compressed. The depleted bronze core is essentially free of
      composite weakening voids or stress concentration sites. There is no
      melting and resolidification of the bronze core in the course of diffusion
      heat treatment to produce the superconductive compound at the interface of
      the bronze core and refractory metal layer of each filament.
PAR  The end product conductor combines the high field, high critical
      temperature benefits of Beta-Wolfram compounds with the stability of the
      alloy conductors. The conductor of the invention may be used in production
      of magnets for plasma research at fields above 10 Tesla, large alternating
      current generators, inductive energy storage, particle accelerator and
      bubble chamber magnets, NMR apparatus, and homopolar motors, and as power
      line conductors and in other devices utilizing one or more of the benefits
      of higher field, higher current or higher temperature operation compared
      to state of the art devices of the same kind.
DRWD
PAR  The above and other objects, features and advantages are now described in
      the following detailed description of preferred embodiments, taken in
      connection with the accompanying drawing in which:
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-section view of a multi-layer rod for packing in a copper
      tube according to a first embodiment of the invention;
PAR  FIG. 2 is a cross-section view of a packed tube incorporating several of
      the FIG. 1 rods;
PAR  FIG. 3 is a cross-section view of the composite wire product produced from
      the FIG. 2 packed tube; and
PAR  FIG. 4 is a graph showing current field performance of the composite
      wire-product of FIG. 3 and of prior art composite wire products.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and more particularly FIG. 1 thereof, there
      is shown a cross-section of an assembled component used in practicing the
      process of the invention. The component 10 comprises a seamless tube or
      centrally bored rod of refractory metal 12 encasing a core 14 of a tin
      bronze or gallium bronze. The refractory metal is selected from the group
      consisting of niobium and vanadium and their fabricable alloys including
      niobium-0.5 to 5.0 weight percent (w/o) zirconium; niobium-1 to 30 w/o
      tantalum; niobium-1 to 10 w/o molybdenum; vanadium-chromium,
      vanadium-titanium. Ternary or quatenary alloys may also be utilized in
      lieu of the elemental or binary alloy forms of vanadium and niobium.
      Niobium-1 w/o Zr is a preferred high strength refractory metal.
PAR  The bronze may be modified by addition of such elements as germanium,
      aluminum, or silicon as will produce a beneficial type II ternary compound
      upon subsequent diffusion heat treatment. The tin bronze may be used with
      niobium or niobium alloy jackets and the gallium bronze may be used with
      vanadium or vanadium alloy jackets to produce vanadium gallium (V.sub.3
      Ga).
PAR  The component further comprises an outer jacket 16 of high conductivity
      copper such as OFHC brand. The component is preferably prepared by
      pre-assembly in large sizes such as 0.5 to 12 inches outer diameter and
      0.43 to 11.5 inches inner diameter for tube 16, 0.43 to 11.5 inches outer
      diameter and 0.35 to 9.0 inches inner diameter for tube 12 and 0.35 to 9.0
      inches diameter for core 14 with no spacing therebetween as may be
      accomplished by sinking or shrink fit techniques well known in the art.
      The thus assembled billet may be extruded or swaged to produce a long rod
      of 1/16 to 3/4 inches outer diameter (all layers having proportional
      reduction to an areal basis corresponding to the areal billet to rod
      reduction ratio). The rod is cut to lengths of 6 to 24 inches.
PAR  Referring now to FIG. 2, a multiplicity of rod lengths 10A, formed as
      described above in connection with FIG. 1, are packed into a copper alloy
      tubular form extrusion billet 20A, selected for its fabricability
      compatibility with the refractory metal. Additional OFHC wires 22A can be
      included in the interstices of the pack. The outer diameter of tubular
      billet 20A would be 2 to 12 inches and the inner diameter would be 90 to
      95% thereof.
PAR  The components 10A comprise layers 14A, 12A, 16A corresponding to original
      layers 14, 12, 16 respectively. From 6 to 30,000 of the rod lengths 10A
      are packed into billet 20A. The billet has a nosed front end and is capped
      at its back end in accordance with conventional extrusion practice. It is
      extruded through an area reduction ratio of 10 to 100 times at a
      temperature of 500.degree. to 650.degree.C, extrusion force of 180 to
      12,000 tons and speed of 10 to 40 inches per minute; quenched; and further
      worked by swaging and drawing. In the course of swaging or drawing,
      intermediate heat treatments of 500.degree. to 650.degree.C for 0.5 to 1
      hour may be made on the composite product to counteract work hardening.
      Such anneals are preferably made after each 50% area reduction.
PAR  After the product reaches final wire size, the wire product is twisted at a
      rate of 0.1 to 15 twists per inch of running length and then subjected to
      a final heat treatment of 700.degree. to 750.degree.C for 1/2 to 100 hours
      for diffusion reaction of layers 12A and 14A.
PAR  The resultant composite wire product, shown in FIG. 3, typically of about
      10 mils diameter comprises a spaced array of filaments 10B in a copper
      matrix 16B enclosed by outer copper alloy layer 20B. Each filament
      comprises a refractory metal layer 12B having typically 8 micron outer and
      5 micron inner diameter, a superconductive compound layer 18B having a
      radial thickness of up to two microns to comprise 10-50 volume percent of
      the filament, and a residual 2-4 micron diameter core 14B.
PAR  The wire drawing may be stopped at larger sizes than 10 mils, e.g. 1/4 in.
      square or 1/4 in. diameter, and resultant filament and filament component
      layer sizes will be correspondingly larger compared to those of the 10 mil
      diameter wire product described above. At smaller sizes, 10-20 mil wire
      diameter, the tin in the bronze core (as 13 w/o thereof) is functionally
      depleted after a short time of diffusion heat treatment on the order of
      1/4-1 hour. At larger sizes, there is enough tin in the bronze cores of
      the filaments to provide additional Nb.sub.3 Sn through longer heating
      times on the order of 30-60 hours.
PAR  The wire may be made with complete or partial consumption of the niobium or
      other refractory metal layer of each filament. Partial consumption is
      preferred to provide the residual refractory metal layer as a
      contamination barrier and strengthening reinforcement. Even if the
      structural integrity of refractory metal layers is breached in random
      filaments, tin contamination is limited to local areas because of
      depletion of the tin supply afforded by a small bronze core of the
      filament containing the breached refractory metal layer and preferential
      attraction of the tin for niobium.
PAR  The graph of FIG. 4 shows critical currents plotted against external field,
      testing at 4.2.degree.k, for two wires (curves A and B) produced in
      accordance with the above described process and data for two wires (curves
      C and D) reported by the United Kingdom Atomic Energy Research
      Establishment, [UKAERE], assignee of the above cited Howlett patent and
      apparently produced in accordance with the method of that patent. The
      wires of the respective data curves have the following parameters:
TBL                  Vol % of                                                  

                           Diffusion                                           

                                   Diffusion                                   

               No. of                                                          

                     Pure Cu.                                                  

                           Heat Treat-                                         

                                   Heat Treat-                                 

     Wire Dia. Filaments                                                       

                     in Matrix                                                 

                           ment Time                                           

                                   ment Temp.                                  

     __________________________________________________________________________

     A .068 inches                                                             

               400   50%   60 hours                                            

                                   750.degree.C                                

     B .012 inches                                                             

               400   50%   30 hours                                            

                                   750.degree.C                                

     C .006 inches                                                             

               343   none  50-100 hours                                        

                                   600-800.degree.C                            

     D .010    1369  none  50-100 hours                                        

                                   600-800.degree.C                            

     __________________________________________________________________________

PAL  A shaded range of curves E is taken on commercially available 0.008, 0.011
      and 0.016 inches diameter stable composite wires (VSF brand) containing
      400 niobium-titanium filaments in aggregate volume proportions of 1:1
      (copper: niobium-titanium).
PAR  The composite wires, characterized by curves A-D all provide a capability
      of operation at higher fields than the wires of E. The wires of curves A
      and B have dynamic electrical stability and mechanical properties more
      nearly approaching those of the wire of curve E than do the wires of
      curves C and D. A bulletin by UKAERE states that dynamic stability of the
      wires of curves C and D, and the like, could be improved by incorporating
      additional pure copper onto or into the matrix, e.g. by including pure
      copper filaments jacketed by a diffusion barrier material in the matrix
      positioned near the superconductor filaments. However, substantial
      enhancement of dynamic stability through that method would entail one or
      more of the costs of increased number of incorporated filaments, expanded
      cross-section area or a reduced reservoir of bronze (and therefore of tin
      or gallium) for use in production of the superconductive compound. Either
      of the latter consequences could entail a reduction in critical current as
      a cost of enhanced stabilization.
PAR  The diffusion heat treatment of the present invention may be practiced by
      batch heating rolled up spools of the drawn wire in an oven or by passing
      the wire through a tubular furnace. It has been discovered that filaments
      less than 10 microns diameter containing a 4-7 micron diameter bronze core
      can be heat treated in about 15 minutes to achieve sufficient diffusion
      and reaction at 700.degree.-800.degree.C for purposes of the present
      invention.
PAR  It is evident that those skilled in the art, once given the benefit of the
      foregoing disclosure, may now make numerous other uses and modifications
      of, and departures from the specific embodiments described herein without
      departing from the inventive concepts. Consequently, the invention is to
      be construed as embracing each and every novel feature and novel
      combination of features present in, or possessed by, the apparatus and
      techniques herein disclosed and limited solely by the scope and spirit of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Superconductive multi-filament wire product comprising,
PA1  means defining a copper matrix with a plurality of spaced filaments
      therein,
PA1  each of the filaments comprising a layer therein of type II superconducting
      intermetallic compound of Beta-Wolfram structure, being the diffusion
      reaction product of source filaments comprising a cross-section multilayer
      configuration of a refractory metal layer each containing component
      elements of the compound,
PA1  the copper matrix having a resistance ratio greater than 100 and being
      essentially free of said component elements, and the diffusion layer being
      0.5-2 microns thick, the compound layers of the fialments being
      metallurgically bonded to the copper matrix.
NUM  2.
PAR  2. Superconductive multi-filament wire produced in accordance with claim 1
      wherein said compound comprises Nb.sub.3 Sn, said refractory metal
      comprises niobium and said bronze comprises tin.
NUM  3.
PAR  3. Superconductive multi-filament wire produced in accordance with claim 2
      and further comprising,
PA1  a niobium outer layer in each filament jacketing the compound layer
      thereof,
PA1  said niobium layer being metallurgically bonded to said copper matrix.
NUM  4.
PAR  4. Superconductive multi-filament wire product in accordance with claim 1
      and further comprising,
PA1  a residual part of said source refractory metal outer layer in each
      filament jacketing the compound layer thereof,
PA1  said refractory metal being metallurgically bonded to said compound layer
      and to said copper matrix.
NUM  5.
PAR  5. Superconductive multi-filament wire product in accordance with claim 1
      wherein said compound comprises V.sub.3 Ga, said refractory metal
      comprises vanadium and said bronze comprises gallium.
NUM  6.
PAR  6. Superconductive multi-filament wire product in accordance with claim 5
      and further comprising,
PA1  a residual vanadium layer in each filament metallurgically bonded to the
      compound layer thereof,
PA1  said vanadium layer being metallurgically bonded to said bronze core.
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PAL  Nickel-iron-chromium-molybdenum-columbium alloy of specially controlled
      composition has heat and corrosion resistance characteristics particularly
      useful for, inter alia, use in aqueous solutions containing chlorides.
PARN
PAR  This is a division, of application Ser. No. 326,369, filed Jan. 24, 1973,
      now abandoned.
BSUM
PAR  The present invention relates to nickel-iron alloys and more particularly
      to heat and corrosion resistant nickel-iron alloys.
PAR  It is well known that there are many needs for versatile strong
      corrosion-resistant alloys that can be economically produced and formed
      into wrought products for use at a variety of temperatures over a broad
      temperature range and in many different environments. Some of the more
      important mechanical properties often required of a strong alloy are
      tensile strength (including yield strength and stress-rupture strength),
      ductility, fatigue strength and impact resistance. Along with strength and
      ductility, corrosion resistance in oxidizing atmospheres or marine and
      other chloride environments is often needed. Furthermore, in some
      instances it is particularly important that an alloy be capable of
      retaining desired characteristics during long-time use, and thus a stable
      metallurgical structure that neither loses strength nor becomes embrittled
      during desired use is especially important. Yet, regardless of whatever
      success may be achieved in obtaining strength or corrosion resistance,
      economic considerations such as excessively high costs of materials and of
      manufacturing may necessitate rejecting an alloy from adoption in
      production when large quantities or many articles of the alloy are needed.
      In this connection it is desirable to utilize a substantial proportion,
      say, at least one-third, of a low cost material such as iron and to
      overcome need for using major proportions of over 50% of such more
      expensive materials as cobalt or nickel. Heretofore, some desirable
      strength and corrosion resistant characteristics have been achieved with
      iron, nickel and/or cobalt alloys and further strength or corrosion
      resistant benefits have been obtained with additions of a wide variety of
      elements, e.g., aluminum, chromium, columbium, molybdenum, tantalum,
      tungsten or others. However, alloy ingredients that provide strength or
      corrosion resistance may also, and at times do, render the alloy difficult
      or uneconomic to work into wrought products. Good workability and also
      good machinability are especially crucial for satisfying needs for the
      alloy in large quantities; for instance, for high volume production it is
      desirable to produce wrought products by casting large ingots and rolling
      the ingots down to bar, rod, strip or sheet.
PAR  There has now been discovered a nickel-iron-chromium alloy containing
      special proportions of nickel, iron, chromium, molybdenum, columbium and
      other elements, including carbon, that is especially satisfactory for
      economical, high volume, production of heat and corrosion resistant
      articles satisfactory for a broad variety of use.
PAR  It is an object of the present invention to provide a nickel-iron alloy.
PAR  A further object of the invention is to provide nickel-iron alloy wrought
      products and articles that are satisfactory for use over a broad range of
      temperatures and in a variety of environments.
PAR  Other objects and advantages of the invention will become apparent from the
      following description and accompanying drawing wherein FIGS. 1 and 2 show
      anodic polarization curves obtained from plots, on semilog axes, of anodic
      potentials in volts versus current density in microamperes (amps. .times.
      10.sup..sup.-6) per square centimeter of metal/solution interface with
      specimens of the alloy of the invention in aqueous acid solutions.
DETD
PAR  The present invention contemplates an alloy and articles thereof
      containing, by weight percent, about 38% to 42% nickel, 14% to 17%
      chromium, 5% to 7% molybdenum, 1.5% to 2.5% columbium, up to 0.08% carbon,
      advantageously with carbon not exceeding 0.05%, and balance essentially
      iron in an amount of 29% to 40%. The alloy can also contain, and the term
      balance essentially does not exclude, such other ingredients as may serve
      auxiliary functions, e.g., deoxidation, or be present as incidental
      impurities, including up to 0.5% copper, up to 1.5% manganese, up to 0.5%
      silicon, up to 0.5% aluminum, up to 0.5% titanium, up to 0.05% calcium, up
      to 0.015% sulfur, and up to 0.03% phosphorus. Tantalum and tungsten may be
      present as incidental impurities, such as are frequently obtained with
      commercial sources of columbium and molybdenum, e.g., 0.05% tantalum or
      0.05% tungsten.
PAR  The alloy of the invention is characterized by very good castability and
      workability for production of wrought products by well known economical
      air-melting and hot-working practices. For instance, the alloy can be
      induction melted and cast in an air and large ingots of 11-inch or greater
      thickness can be hot rolled down to 1/4 inch strip. Moreover, the alloy
      composition enables obtaining highly desirable strength and
      corrosion-resistant characteristics without need for age hardening or cold
      working treatments. Wrought products of the alloy are characterized by
      yield strength (0.2% offset) of at least 30,000 pounds per square inch
      (psi) and 50% tensile elongation at room temperature and, at elevated
      temperatures, at least 20,000 psi yield strength and 50% elongation at
      temperatures up to 1400.degree.F. and, also, 100 hour stress-rupture
      strength of at least 15,000 psi at 1400.degree.F. in the coarse grained
      annealed condition, e.g., ASTM 2 to 5, obtained by heating at about
      2100.degree.F. for one hour or longer. Additional desirable strength
      properties of the alloy include fatigue strength and impact strength.
      Furthermore, and of importance for practical utilization, the alloy has
      beneficial characteristics of good weldability and machinability. In the
      fine grained annealed condition, e.g., ASTM 7 to 9, obtained by heating at
      about 1800.degree.F. for 1 hour, or somewhat longer, the alloy is
      generally characterized by at least 65,000 psi yield strength, at least
      115,000 psi ultimate tensile strength and at least 25% elongation at room
      temperature.
PAR  Corrosion resistant characteristics of the alloy include resistance to
      oxidation in air at room and elevated temperatures, resistance to
      corrosion by marine water and marine atmospheres, resistance to
      stress-corrosion cracking in chloride environments and substantial useful
      resistance to corrosion by acids.
PAR  Microstructure of the wrought alloy in the hot worked condition desirably
      comprises a relatively fine grained, solid solution, austenitic structure.
      In the solution annealed condition the microstructure of the alloy
      advantageously comprises a coarse grained, solid solution, austenitic
      structure. The alloy has good resistance to formation of sigma phase. For
      example, specimens of the alloy that were heat treated at 1400.degree.F.
      for 50 hours and thereafter inspected by X-ray diffraction were entirely
      devoid of sigma phase. However, the formation of Laves phases can occur at
      temperatures of 1400.degree.F. and upwards.
PAR  It is important for the alloy to contain a proportion of chromium of at
      least 14% and not greater than 17% in conjunction with the herein required
      proportions of 38% to 42% nickel, 5% to 7% molybdenum, 1.5% to 2.5%
      columbium and the other constituents referred to hereinbefore in order to
      achieve the desired combination of corrosion resistant, workability and
      long enduring strength and ductility characteristics.
PAR  For production, most of the industrial melting techniques, including
      induction melting or arc melting in air or vacuum and electroslag melting,
      are satisfactory for preparing the alloy. Electroslag melting is
      considered particularly beneficial for making large ingots of the alloy.
PAR  Ingots of the alloy can be converted to wrought products by hot working
      methods such as rolling, forging, and extrusion. Cold workability of the
      alloy is satisfactory for the production of sheet by methods such as
      rolling.
PAR  While the alloy has very good strength and useful corrosion resistance in
      the as-wrought condition, annealing at about 1800.degree.F. or higher,
      possibly 1850.degree.F. to 1850.degree.F. or 1900.degree.F., is beneficial
      for obtaining uniform characteristics and, particularly if the alloy has
      been heavily worked, for improving the ductility. The alloy can be coarse
      grain annealed at 2100.degree.F. or fine grain annealed at 1800.degree.F.
      Annealing periods should be about 1 hour or more per inch thickness of
      wrought products. Generally, stress-rupture strength increases as the
      annealing temperature is increased whereas short-time strength properties
      such as yield strength and ultimate tensile strength vary inversely with
      annealing temperature. For best resistance to corrosion the material
      should be annealed; it is best treated for general corrosion resistance
      and stabilized against intergranular attack by an 1800.degree.F. anneal.
PAR  An especially advantageous composition for producing wrought products made
      of the alloy on a large commercial scale contains about 40% nickel, about
      15.5% chromium, about 6% molybdenum, about 2% columbium, up to 0.05%
      carbon and balance essentially iron. Good workability for rolling large
      ingots down to strip is benefited by addition of deoxidizing and
      malleablizing elements in amounts sufficient to provide residuals of 0.05%
      to 0.5% aluminum and/or 0.05% to 0.5% titanium.
PAR  In order to give those skilled in the art a better understanding of the
      practice and advantages of the invention, the following examples and test
      results are set forth.
PAR  An alloy, referred to herein as alloy 1, in accordance with the invention
      was prepared using an induction furnace in an air atmosphere to melt
      nickel, chromium, molybdenum, columbium and iron together in proportions
      nominally about 40% nickel, 15% chromium, 6% molybdenum, 2% columbium, and
      balance iron. Additions of aluminum, titanium and calcium were made to the
      melt prior to casting. The alloy was cast and solidified in the form of a
      slab ingot with a cross section about 11 inches by 45 inches. The ingot
      was hot rolled to a slab of about 2-inch thickness, which was subsequently
      cut in half and one portion was rolled to one-eighth inch thickness in a
      strip mill. Three two-inch billets were cut from the remaining slab
      portion and were rolled to three-quarter inch rounds in a merchant mill.
      The results of chemical analysis of specimens of alloy 1 are set forth in
      the following Table I and results of mechanical property tests of
      specimens of alloy 1 are set forth in Table II. Additionally, results of
      analyzing and testing specimens of other alloys of the invention which
      also were successfully air melted and hot rolled are set forth in Tables I
      and II.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Composition, Weight Percentages                                           

     Alloy                                                                     

     No. Ni   Cr   Mo  Cb* C   Mn  Si  Al  Ti  Cu  Fe                          

     __________________________________________________________________________

     1   39.78                                                                 

              14.80                                                            

                   6.06                                                        

                       1.95                                                    

                           0.05                                                

                               0.39                                            

                                   0.29                                        

                                       0.30                                    

                                           0.32                                

                                               0.02                            

                                                   Bal.                        

     2   39.05                                                                 

              15.89                                                            

                   6.05                                                        

                       2.08                                                    

                           0.04                                                

                               0.81                                            

                                   0.26                                        

                                       0.30                                    

                                           0.35                                

                                               0.03                            

                                                   Bal.                        

     3   39.96                                                                 

              15.35                                                            

                   6.03                                                        

                       2.04                                                    

                           0.04                                                

                               0.81                                            

                                   0.28                                        

                                       0.40                                    

                                           0.32                                

                                               0.03                            

                                                   Bal.                        

     __________________________________________________________________________

      *Cb analyses include incidental amounts of Ta typically about 1% of Cb   

      percentage                                                               

TBL                                    TABLE II                                

     __________________________________________________________________________

     Temperature Short Time Tensile                                            

                               Stress-Rupture                                  

     Alloy                                                                     

         (.degree.F.)                                                          

                 Yield                                                         

                     UTS   Elong.                                              

                               Stress                                          

                                    Life                                       

                                        Elong.                                 

     No. Anneal                                                                

             Test                                                              

                 (ksi)                                                         

                     (ksi) (%) (ksi)                                           

                                    (Hrs.)                                     

                                        (%)                                    

     __________________________________________________________________________

     1   1800                                                                  

             R.T.                                                              

                 72.0                                                          

                     119.0 33  --   --  --                                     

     1   1950                                                                  

             R.T.                                                              

                 41.9                                                          

                     101.1 47  --   --  --                                     

     1   2100                                                                  

             R.T.                                                              

                 33.5                                                          

                     92.5  53  --   --  --                                     

     1   1950                                                                  

              600                                                              

                 30.0                                                          

                     87.0  48  --   --  --                                     

     1   1800                                                                  

             1200                                                              

                 51.1                                                          

                     81.9  49  35   102 56                                     

     1   1950                                                                  

             1200                                                              

                 28.0                                                          

                     74.8  50  35   380 24                                     

     1   2100                                                                  

             1200                                                              

                 23.0                                                          

                     67.7  51  37.5 178 19                                     

     1   1800                                                                  

             1300                                                              

                 --  --    --  22.5  92 52                                     

     1   1950                                                                  

             1300                                                              

                 --  --    --  25   153 81                                     

     1   2100                                                                  

             1300                                                              

                 --  --    --  25    92 52                                     

     1   1800                                                                  

             1400                                                              

                 42.1                                                          

                     47.1  93  15    34 67                                     

     1   1950                                                                  

             1400                                                              

                 27.7                                                          

                     49.3  72  15   166 84                                     

     1   2100                                                                  

             1400                                                              

                 23.2                                                          

                     48.5  63  20    91 55                                     

     2   1800                                                                  

             R.T 68.9                                                          

                     124.5 30  --   --  --                                     

     2   1900                                                                  

             R.T.                                                              

                 64.6                                                          

                     118   34  --   --  --                                     

     2   2100                                                                  

             R.T.                                                              

                 36.6                                                          

                     99.0  57  --   --  --                                     

     2   1800                                                                  

              600                                                              

                 58.5                                                          

                     112.0 26  --   --  --                                     

     2   1800                                                                  

             1000                                                              

                 56.0                                                          

                     110.0 25  --   --  --                                     

     2   1800                                                                  

             1200                                                              

                 52.5                                                          

                     89.0  49  --   --  --                                     

     2   1800                                                                  

             1400                                                              

                 44.0                                                          

                     52.0  89  --   --  --                                     

     __________________________________________________________________________

      Anneal - Annealed one hour at indicated temperature and air cooled to roo

      temperature                                                              

      Yield - Yield at 0 - 2% offset                                           

      UTS - Ultimate Tensile Strength                                          

      Stress(ksi) - Units of 1000 pounds per square inch                       

PAR  Room temperature hardnesses of hot-rolled specimens of alloy 1 in the
      conditions resulting from annealing 1 hour at 1800.degree.F.,
      1950.degree.F. and 2100.degree.F. (followed by air cooling) were 94, 82
      and 72 Rockwell B, respectively. Specimens of alloy 2 had room temperature
      Rb hardnesses of 96.5, 97.5, 96.0 and 78.0 in the hot-rolled and in the
      1800.degree.F., 1900.degree.F. and 2100.degree.F. annealed conditions,
      respectively. When heat treated 1 hour at 2100.degree.F. and water
      quenched, alloy 2 was of 82.0 Rb hardness. A specimen of alloy 3 taken
      from a heavy forging hot-worked at a large cross section had a hardness of
      82 Rb after annealing at 1800.degree.F.
PAR  A Charpy V-notch impact test result with alloy 1 in the coarse-grained
      annealed condition was 180 ft. lbs.
PAR  Good oxidation resistance of the alloy at temperatures up to 1400.degree.F.
      was evidenced by the fact that a stress rupture test exposed at
      1400.degree.F. in air under a load of 10,000 psi for about 106 hours
      developed a smooth, dark, protective oxide with no evidence of scaling.
      The alloy is particularly recommended for corrosion-resistant use in
      environments where articles are subjected to exposure in contact with
      sulfuric or hydrochloric acid. Good corrosion resistance in these acids is
      confirmed by the anodic polarization curves S1, S2, S3 and S4 shown on
      FIG. 1 and anodic polarization curve C shown on FIG. 2 of the accompanying
      drawing. These curves were determined potentiodynamically by ASTM method
      G0005 with specimens of alloy 3 of the invention in the fine-grained
      annealed condition. Acid solutions for the potentiodynamic determinations
      were: S1 -- 10% sulfuric acid at ambient temperature; S2 -- 10% sulfuric
      acid at 100.degree.C.; S3 -- 20% sulfuric acid at 100.degree.C.; S4 -- 30%
      sulfuric acid at 100.degree.C.; and, C -- 4% hydrochloric acid at ambient
      temperature. In both sulfuric acid and hydrochloric acid, at the
      temperature and concentration tested, the alloy evidenced a low critical
      current density, a wide passive potential range, low passive current
      density and no indication of a pitting potential. It will be recognized
      that these are demonstrations of beneficial corrosion resistance
      characteristics.
PAR  In addition to general corrosion resistance, the alloy possesses resistance
      to chloride-ion induced stress-corrosion cracking. Restrained U-bends were
      tested in boiling 45% magnesium chloride with no cracking found in a
      30-day test.
PAR  The present invention is applicable to production of heat or corrosion
      resistant wrought products in hot or cold worked forms including plate,
      sheet, strip, bar, rod, rolled or extruded shapes, wire and other mill
      products. Moreover, the alloy of invention is particularly applicable in
      production of wrought articles such as fume scrubbers and propeller
      shafts; for such articles, the fine-grained annealed condition is
      especially recommended.
PAR  Although the present invention has been described in conjunction with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention, as those skilled in the art will readily understand.
      Such modifications and variations are considered to be within the purview
      and scope of the invention and appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A high strength, corrosion-resistant, wrought and heat treated
      nickel-chromium-molybdenum-columbium-iron alloy product having the
      microstructural condition that results from annealing at about
      1800.degree.F and having a fine-grain annealed microstructure
      characterized by grain size of ASTM 7 and finer, a metallurgically stable
      solid-solution austenitic phase structure that remains essentially devoid
      of sigma phase and resists embrittlement when heated at 1400.degree.F.,
      and a room temperature yield strength of at least 65,000 pounds per square
      inch and composed of an alloy consisting essentially of 38% to 42% nickel,
      14% to 17% chromium, 5% to 7% molybdenum, 1.5% to 2.5% columbium, up to
      0.08% carbon, up to 1.5% manganese and balance essentially iron in a
      proportion whereby iron is at least 29% and not greater than 40% of the
      alloy.
NUM  2.
PAR  2. A fume scrubber made of the product set forth in claim 1.
NUM  3.
PAR  3. A propeller shaft made of the product set forth in claim 1.
NUM  4.
PAR  4. A product as set forth in claim 1 wherein the alloy contains 39% to 40%
      nickel and 14.8% to 15.9% chromium.
NUM  5.
PAR  5. A product as set forth in claim 1 wherein the alloy contains carbon in
      an amount not exeeding 0.05%.
NUM  6.
PAR  6. A product as set forth in claim 1 wherein the alloy contains about 40%
      nickel, about 15.5% chromium, about 6% molybdenum, about 2% columbium and
      up to 0.05% carbon.
NUM  7.
PAR  7. A product as set forth in claim 1 wherein the balance of essentially
      iron is restricted to not exceeding 0.5% copper, not exceeding 0.5%
      silicon, not exceeding 0.5% aluminum, not exceeding 0.5% titanium, not
      exceeding 0.05% calcium, not exceeding 0.015% sulfur and not exceeding
      0.03% phosphorus.
NUM  8.
PAR  8. A product as set forth in claim 7 containing 0.05% to 0.5% metal from
      the group aluminum, titanium and mixtures thereof.
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PAL  Ban, Y. S., et al.; Thin Films of Semiconductors & Dielectrics, in Journ.
      Mater. Sci., 5(11), 1970 pp. 978-982.
ABST
PAL  A steel object, such as sheet and strip for motors, is provided with a
      heat-resistant, electrically insulating coating in the form of a layer of
      calcium titanate. An intermediate layer of silicate may be provided
      between the steel surface of the object and the layer of titanate. The
      intermediate layer is preferably a silicate of one or more alkaline earth
      metals or of aluminum, and especially a silicate of magnesium.
PAL  The coating of calcium titanate may also contain a vanadium compound.
      Likewise, a layer of phosphate may be provided on the outside of the layer
      of titanate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the provision of an insulating coating on an
      object of steel, especially silicon steel.
PAR  2. The Prior Art
PAR  When manufacturing sheet or strip material of silicon steel, so-called
      electrical sheet or strip, the material is subjected after rolling to a
      heat treatment at a temperature of from about 850.degree. to 1350.degree.C
      in order to produce grain growth of the crystals which is necessary if the
      sheet or strip material is to obtain the necessary magnetic properties.
PAR  Before the heat treatment, the sheet or strip material is coated with
      chemicals which during the heat treatment are to form an electrically
      insulating protective layer on the material. One such known protective
      layer may consist of a reaction product of silicon dioxide formed on the
      surface of the sheet or strip material and an oxide or hydroxide of an
      alkaline earth metal applied thereon, usually magnesium, or of essentially
      unreacted alkaline earth oxide. The application of the protective layer on
      the surface of the material is performed by suspending the alkaline earth
      metal oxide or hydroxide in water, then coating it on to the sheet or
      strip material in an even layer, after which the sheet or strip material
      is subjected to the heat treatment previously mentioned, at a temperature
      of from 850.degree.C to 1,350.degree.C in hydrogen atmosphere, and if a
      well-developed glass film is to be formed on the sheet or strip material
      the temperature should amount to about 1,000.degree.C to 1,350.degree.C.
      The hydroxide which is included in the suspension from the start or which
      is formed from the oxide by reaction with water, liberates water during
      the heating of the sheet or strip material, which water, at temperatures
      below the last mentioned range, is able to oxidize silicon in the steel to
      silicon dioxide without the iron being oxidized at the same time. The
      oxide which is formed from the hydroxide during the liberation of water,
      or which was possibly added from the start and has avoided hydration,
      reacts with the silicon dioxide at temperatures in the range from about
      1,000.degree. to 1,350.degree.C, thus forming a well-developed glass film
      on the surface of the sheet or strip material, as mentioned earlier. The
      glass film can also be produced by the use of a carbonate of an alkaline
      earth metal. The carbon dioxide which the carbonate liberates upon being
      heated can oxidize silicon to silicon dioxide without the iron being
      oxidized. When the silicon dioxide has been produced, the formation of the
      glass continues in the manner described above. Any excess of oxide which
      has not reacted during the glass formation acts as spacer material between
      adjacent layers of the sheet or strip material whether these occur as
      turns in a roll or as laminae in a stack, thus preventing the layers from
      sticking or sintering together.
PAR  The process described above involving heat treatment at a temperature in
      the range from about 1,000.degree. to 1,350.degree.C, is normal in the
      manufacture of silicon steel with grain orientation where the formation of
      a glass film is particularly important.
PAR  Silicon steel without grain orientation normally contains a few tenths
      percent by weight aluminium, which means that no real glass film is formed
      during the heat treatment, even if this is carried out in the temperature
      range of from 1,000.degree.C to 1,350.degree.C. The alkaline earth metal
      oxide instead remains as a layer serving principally as a spacer material.
      This is quite sufficient as a protective layer for silicon steel without
      grain orientation. In this case, it is also possible to replace the oxide
      or hydroxide of the alkaline earth metal normally used, by aluminium oxide
      or hydroxide.
PAR  A protective coating of silicate of the kind described above has an
      electrical insulating resistance which is unsatisfactory for many
      purposes, and therefore the protective coating is often reinforced by
      treating it with phosphoric acid or metal phosphates, for example
      according to the methods which are described in the Swedish Pat.
      specification 129,585. Such a treatment with phosphoric acid or phosphates
      can also be made directly on the pure sheet material.
PAR  When applying phosphate on said protective coating of silicate, the
      protective coating may become porous. This is due to the phosphate
      penetrating into the silicate layer which loosens it. The penetration of
      the phosphate also causes a deterioration of the otherwise good adhesion
      of the coating to the sheet and also a deterioration of the tenacity of
      the coating and therefore of its resistance to, for example, bending. The
      loosening of the coating also means that it can easily be burst away from
      the sheet in the subsequent annealing at a temperature of about
      800.degree.C which is carried out in order to remove inner tensions in the
      sheet, for there is a risk of gases penetrating into the sheet material
      because of the porosity of the coating and causing the unfavourable
      effect. In the subsequent annealing in hydrogen atmosphere of phosphate
      coatings, the phosphate layer may be reduced, thus strongly imparing the
      insulating resistance.
PAR  The protective layer which is obtained by treating a pure sheet material
      with phosphate becomes porous and shows bad adhesion to the sheet
      material. The porosity is a disadvantage with regard to the corrosion
      resistance as well as with regard to insulating properties.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention it has proved possible to provide
      objects of steel, especially of silicon steel, in the form of sheet or in
      other form, which are provided with a protective coating which
      simultaneously shows great density, excellent adhesion to the underlying
      material, great electrical insulating resistance and good resistance to
      annealing in a hydrogen atmosphere and which is therefore superior to
      previously known protective coatings.
PAR  The present invention relates to an object of steel, especially of silicon
      steel, such as in the form of sheet and strip for motors, generators and
      transformers and in the form of rods for magnetic cores which is provided
      with a heat-resistant, electrically insulating coating which is
      characterised in that the insulating coating comprises a layer of calcium
      titanate.
PAR  The calcium titanate forms a very dense layer with high electrical
      insulating resistance and with extremely good adhesion to the sheet.
      Because the layer is so dense it protects the underlying material, that is
      the silicate layer or the sheet if no silicate layer is present, against
      the effect of phosphate. This also means that more acid phosphate
      solutions can be used when applying phosphate, which increases the glazing
      on the surface of the layer. Furthermore, it has been proved that, if
      active magnesium oxide is used to form the silicate layer, a magnesium
      silicate layer will be formed closest to the steel surface even if
      aluminium is present in the steel.
PAR  The thickness of the layer of calcium titanate is suitably 0.1 - 5 microns,
      preferably 0.1 - 1 micron.
PAR  Between the layer of the titanate and the steel surface of the object there
      is preferably arranged an intermediate layer of a silicate known per se as
      material in protective layers for silicon steel, such as a layer of the
      silicate described above consisting of a reaction product of silicon
      dioxide formed on the steel surface and a compound of alkaline earth metal
      or aluminium applied thereon. This preferred embodiment of the invention
      is particularly advantageous if the object consists of a silicon steel
      with grain orientation. The silicon content in such steel is normally
      around three percent by weight.
PAR  Magnesium is particularly preferred as the alkaline earth metal in the
      intermediate layer of silicate, but calcium, barium and strontium may also
      be used.
PAR  The thickness of the intermediate layer of the silicate is from
      unimolecularly up to around 5 microns, preferably 0.1 - 1 microns.
PAR  Previously proposals have been made to apply a protective layer on silicon
      steel by applying on the surface, after heat-treating the sheet in order
      to achieve formation of silicon dioxide on the surface, a mixture of
      magnesium oxide or hydroxide and titanium dioxide or hydroxide on the
      surface. In this case a film is formed consisting of one single layer.
      Such a film has an inferior density and an adhesion to the sheet which is
      considerably inferior to that of a titanium layer according to the present
      invention which is formed on an intermediate layer of silicate.
PAR  The layer of titanate can also be in direct contact with the steel surface
      of the object, which is mostly the case when coating objects of silicon
      steel without grain orientation and rods for magnetic cores. The silicon
      content in such steel is normally within the range from 0.3 to 5 percent
      by weight.
PAR  It has proved possible to reduce the remagnetization losses both in silicon
      steel with grain orientation and in silicon steel without grain
      orientation, and with regard to the first mentioned type of silicon steel
      it is also possible to improve the insulating resistance considerably by
      incorporating a vanadium compound in the protective coating, if an
      intermediate layer is used, preferably in an amount which
      stoichiometrically corresponds to 0.001 to 10 g V.sub.2 0.sub.5 g per
      square meter of the surface of the object.
PAR  The invention also relates to a method of manufacturing an object of steel,
      especially silicon steel, such as in the form of sheet and strip for
      motors, generators and transformers and in the form of rods for magnetic
      cores, in which the object is provided with a heat-resistant, electrically
      insulating coating, characterised in that an insulating coating comprising
      a layer of calcium titanate is arranged on the sheet.
PAR  According to a particularly preferred embodiment of the invention, an
      intermediate layer of silicate is formed between the steel surface of the
      object and the layer of titanate. This is preferably done in the same
      working operation as the layer of titanate is applied. The result can be
      obtained by applying on the object particles of a hydroxide of an alkaline
      earth metal or of aluminium and/or a carbonate of an alkaline earth metal
      and/or an oxide of an alkaline earth metal or of aluminium and particles
      of calcium titanate and/or of titanium dioxide, and if titanium dioxide is
      used also calcium carbonate is added, which the ability to form calcium
      titanate with the titanate dioxide, after which the object with the
      applied particles is subjected to heating to at least 850.degree.C,
      preferably to 1,000.degree.C to 1,350.degree.C. In this way the
      intermediate layer of silicate as well as the layer of calcium titanate
      are formed.
PAR  The titanium dioxide used consists preferably of anatase.
PAR  The alkaline earth metal is of the kind exemplified earlier. As mentioned,
      magnesium oxide is particularly preferred, preferably in active form,
      because it has then proved possible to manufacture a well-developed glass
      film even if the steel contains aluminium.
PAR  If calcium carbonate is used to form the silicate in the intermediate
      layer, the quantity of the calcium carbonate must of course be sufficient
      to provide the desired thickness in the silicate layer and, in addition,
      be sufficient to react with the titanium dioxide, that is in addition to
      such quantity, it must be in an amount which is substantially equivalent
      to that of the titanium dioxide.
PAR  The quantity of the particle material which are applied to form the
      intermediate layer of silicate, that is the hydroxide of alkaline earth
      metal or aluminium and/or the carbonate of alkaline earth metal and/or the
      oxide of alkaline earth metal or of aluminium if from 3 to 30 g/m.sup.2 of
      the surface of the object. The size of the particles is less than 250
      microns and preferably less than 50 microns.
PAR  The quantity of titanium and titanium dioxide is from 5 to 100, preferably
      from 25 to 50, parts by weight counted as Ti0.sub.2 for 100 parts by
      weight Mg0 or the equivalent quantity of another substance forming the
      intermediate layer of silicate. The quantity of calcium carbonate for
      forming with titanium dioxide constitutes an amount which is substantially
      stoichiometrical with the amount of titanium dioxide used. The main part
      of the particles of titanate and of titanium dioxide suitably have a grain
      size less than 10 microns, preferably less than 5 microns. The calcium
      calcium carbonate is added which has suitably has a grain size less than
      25 microns if applied in particle form.
PAR  As mentioned previously, it is advantageous to incorporate a vanadium
      compound in the protective coating. A vanadium (V) compound or another
      vanadium compound than vanadium (V) compounds may then be used, which when
      they have been applied on the sheet are converted to vanadium (V)
      compounds at some stage of the treatment of the sheet. As examples of
      vanadium compounds which may be used may be mentioned vanadates of various
      kinds, such as ortho-, pyro-, metha-, and poly-vanadates of various metals
      such as alkaline earth metals, for example magnesium, calcium, barium and
      strontium, alunimium and titanium, and of ammonium, further corresponding
      vanadium acids. Besides vanadium, these compounds also contain oxygen. It
      is also possible to use other vanadium compounds than those containing
      ogygen, for example vanadium (V) carbide, but the last mentioned compound
      gives carburization at higher temperatures. Particularly preferred is
      vanadium (V) oxide. Preferably a quantity of vanadium compound is used
      which stoichiometrically corresponds to 0.001 - 10 g vanadium (V) oxide
      per square meter of the area of the object. The grain size of the vanadium
      compound, if applied in particle form, suitably amounts to from 1 to 25
      microns.
PAR  The particle materials mentioned are supplied to the surface of the object
      suitably in the form of an aqueous suspension, but they can also be
      applied in dry form, in which case they are mixed and powdered on the
      surface of the object.
PAR  The heating of the object with the applied particles may be performed in
      nitrogen gas or hydrogen gas or another inert or reducing atmosphere,
      preferably in a batch annealing furnace. The temperature is raised
      continuously from ambient temperature to the temperature stated above. The
      time taken for the heating process is several hours and the time during
      which said temperature is maintained is also several hours.
PAR  It is also possible to apply the intermediate layer of silicate in one
      operation and the layer of titanate in another separate operation. In
      accordance with this embodiment there are first applied on the object
      particles of a hydroxide of an alkaline metal or of aluminum and/or a
      carbonate of an alkaline earth metal and/or an oxide of an alkaline earth
      metal or aluminium and the object with the applied particles is then
      subjected to heating to a temperature of at least 850.degree.C, preferably
      to 1000.degree.C to 1350.degree.C for formation of the intermediate layer
      of silicate. After this there are applied on the object thus treated
      particles of calcium titanate and/or of titanium dioxide, and if titanium
      dioxide is used also calcium carbonate is added which has the ability to
      form a titanate with the titanium dioxide, after which the object with the
      applied particles is again subjected to heating to a temperature of at
      least 850.degree.C, preferably to 1000.degree. - 1350.degree.C for
      formation of the layer of titanate. The first-mentioned heat treatment and
      also the last-mentioned one may be performed under the conditions stated
      previously. The materials and the quantities of the materials and the
      other conditions may be the same as in the previously described method
      when both layers are applied in one operation.
PAR  It is also possible to produce insulated objects according to the present
      invention without using an intermediate layer of silicate. The layer of
      titanate is then applied directly on the surface of the object. According
      to this embodiment particles of calcium titanate and/or of titanium
      dioxide are applied, and if titanium dioxide is used also calcium
      carbonate is added with the titanium dioxide to form a titanate with the
      titanium dioxide, after which the object with the applied particles is
      subjected to heating to at least 850.degree.C, preferably to 1000.degree.
      - 1350.degree.C. The materials, the quantity of the materials and the
      other conditions may be the same as in methods described previously.
PAR  A layer of a phosphate may be arranged outside the layer of titanate. This
      can be made in conventional manner, for example in the manner described in
      the Swedish Pat. specification 129,585.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be explained more closely by describing a number of
      embodiments with reference to the accompanying drawings in which
PAR  FIG. 1 schematically shows a device for applying a protective layer as one
      stage in the manufacture of an object of silicon steel in accordance with
      the present invention; and
PAR  FIG. 2 shows a silicon steel strip provided with a coating according to the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the figure, 1 designates a strip of silicon steel. The strip is drawn
      from a coil on a reel 2 and passes under a roll 3 which rotates in a pan 4
      containing a suspension 5 of the particulate material with which the strip
      is to be coated. The strip is then passed between wiping rollers 6 and 7,
      which are suitably covered with rubber, and into a furnace 8 where it is
      dried at a temperature of about 100.degree.C for about 30 sec. before
      being wound up on a reel 11 after passing through transport rollers 9 and
      10. The concentration of the particulate material is adjusted with respect
      to the profile of the rubber rollers 6 and 7 and to the roller pressure so
      that desired layer thickness of the coating material is obtained. The coil
      on the reel 11 is annealed in a batch annealing furnace at a temperature
      of from 1,000.degree.C to 1,350.degree.C in a hydrogen atmosphere for
      several hours, thus forming a protective layer on the strip.
PAR  The suspension may also be applied, for example, by spraying.
PAR  The following examples illustrate suitable compositions of the suspension 5
      and its manufacture. In these examples the expression "parts" means parts
      by weight and the expression "percent" means percent by weight.
PAC  EXAMPLE 1
PAR  100 parts of magnesium oxide consisting of particles of which up to 95
      percent have a grain size less than 5 microns and otherwise a grain size
      less then 25 microns. 20 parts of titanium dioxide in the form of anatase
      having a grain size less than 5 microns and 20 parts of calcium carbonate
      (precipitated from solution) having a grain size less than 25 microns are
      suspended in 1,300 parts of water. The suspension is applied within 1 hour
      on a strip of silicon steel, which has been pretreated to give orientated
      crystals and has a thickness of 0.3 mm. When the strip has been dried it
      is heated gradually in hydrogen as described above.
PAC  EXAMPLE 2
PAR  100 parts of magnesium oxide, 30 parts of titanium dioxide and 30 parts of
      calcium carbonate, all being of the same type as those described in
      Example 1, are suspended in 1,000 parts of water. The suspension is
      applied in the same manner as described in Example 1.
PAC  EXAMPLE 3
PAR  60 parts of magnesium oxide having a grain size less than 5 microns, 40
      parts of magnesium hydroxide having a grain size of less than 10 microns,
      15 parts of titanium oxide in the form of anatase having a grain size less
      than 5 microns and 15 parts of calcium carbonate having a grain size less
      than 25 microns are suspended in 1,000 parts of water. The suspension is
      applied in the same manner as described in Example 1.
PAC  EXAMPLE 4
PAR  100 parts of magnesium oxide, 30 parts of titanium dioxide, 30 parts of
      calcium carbonate, all being of the same type as those described in
      Example 1, and also 6 parts of vanadium (V) oxide having a grain size of
      less than 5 microns are suspended in 1,300 parts of water. The suspension
      is applied in the same manner as described in Example 1.
PAC  EXAMPLE 5
PAR  100 parts of titanium dioxide in the form of anatase consisting of
      particles less than 5 microns and 100 parts of calcium carbonate
      (precipitated from solution) having a grain size less than 25 microns are
      suspended in 800 parts of water. The suspension is applied within 24 hours
      on a strip of silicon steel without grain orientation and with a thickness
      of 0.5 mm. When the strip has been dried it is heated gradually in
      hydrogen as described above.
PAR  After the object has been coated with the titanate layer it can be used,
      for example, as sheet and strip for motors, generators and transformers.
      However, the protective coating is normally reinforced in the usual manner
      by treatment with phosphoric acid or metal phosphates according to
      well-known methods, for example according to Swedish patent specification
      No. 129,585. Examples of treatment with phosphate are given in the
      following.
PAC  EXAMPLE 6
PAR  A strip which has been treated in any of the ways described in Examples 1
      to 5 is freed of the excess coating of the protective coating by brushing.
      It is then dipped in a solution consisting of 700 parts of phosphoric
      acid, 10 parts of magnesium oxide and 290 parts of water. The excess
      solution is squeezed off with the help of grooved rubber rollers having a
      profile depth of 0.1 mm and with 24 threads per inch. The strip is then
      subjected to heat treatment at a temperature of 800.degree. to
      900.degree.C for 2 to 3 minutes.
PAC  EXAMPLE 7
PAR  A strip which has been treated in any of the ways described in Examples 1
      to 5 is pickled with 10 percent sulphuric acid for 15 to 30 seconds. When
      the strip has been rinsed with water, a magnesium orthophosphate (or other
      alkaline earth metal phosphate) is applied on the strip in the form of an
      aqueous solution containing 100 g of magnesium orthophosphate per litre of
      solution. The coating is then baked in in a furnace at a temperature of
      from 800.degree. to 900.degree.C for 2 to 3 minutes, a meta-phosphate
      layer then being formed.
PAR  FIG. 2 shows a strip of silicon steel with successive layers of silicate,
      calcium titanate and phosphate thereon.
CLMS
STM  I claim:
NUM  1.
PAR  1. An object of silicon steel having a heat-resistant, electrically
      insulating coating firmly thereto, said heat-resistant, insulating coating
      comprising a layer of a thickness of 0.1-5 microns consisting essentially
      of calcium titanate.
NUM  2.
PAR  2. An object according to claim 1, having an intermediate layer consisting
      essentially of silicate between the steel surface of the object and the
      layer of titanate.
NUM  3.
PAR  3. An object according to claim 2, in which the intermediate layer consists
      essentially of a silicate of a substance selected from the group
      consisting of alkaline earth metals and aluminum.
NUM  4.
PAR  4. An object according to claim 2, in which the intermediate layer consists
      essentially of a magnesium silicate.
NUM  5.
PAR  5. An object according to claim 1, in which the layer of calcium titanate
      is in direct contact with the steel surface of the object.
NUM  6.
PAR  6. An object according to claim 1, in which the coating comprises a
      vanadium compound derived from a vanadium compound selected from the group
      consisting of vanadium (V) oxide and alkaline earth metal vanadates in an
      amount which stoichometrically corresponds to at least 0.001 g V.sub.2
      O.sub.5 per square meter of the surface of the object.
NUM  7.
PAR  7. An object according to claim 2, in which the quantity of titanate in the
      coating stoichiometrically corresponds to 5 - 100 parts by weight
      TiO.sub.2 for 100 parts by weight MgO or the equivalent quantity of
      another compound in the intermediate layer of silicate.
NUM  8.
PAR  8. An object according to claim 1, having a layer of a phosphate outside
      the layer of titanate.
NUM  9.
PAR  9. An object according to claim 2, in which the coating comprises a
      vanadium compound derived from a vanadium compound selected from the group
      consisting of vanadium (V) oxide and alkaline earth metal vanadates in an
      amount which stoichometrically corresponds to at least 0.001 g V.sub.2
      O.sub.5 per square meter of the surface of the object.
NUM  10.
PAR  10. An object according to claim 2 having a layer of a phosphate outside
      the layer of titanate.
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ABST
PAL  An insulating glass film having an excellent uniformity and a high adhesion
      to a grain-oriented silicon steel sheet having a high magnetic induction
      is formed by annealing a coil of a cold rolled silicon steel sheet having
      a final gauge in an annealing furnace under a non-oxidizing and
      non-reducing neutral inert gas, such as nitrogen or argon at a constant
      temperature keeping stage of 800.degree.-920.degree.C and then under dry
      hydrogen at a temperature of 1,000.degree.-1,200.degree.C in the final
      annealing stage.
BSUM
PAR  The present invention relates to a method for forming MgO-SiO.sub.2
      insulating glass film on surfaces of a grain-oriented silicon steel sheet
      having a high magnetic induction.
PAR  It has been heretofore known that in the production of grain-oriented
      silicon steel sheets, the cold rolled silicon steel strips rolled into the
      final gauge are subjected to a decarburization annealing under an
      atmosphere composed of hydrogen-steam to form SiO.sub.2 and iron oxide on
      the surfaces of the strip, an annealing separator consisting mainly of Mgo
      is coated on the resulting oxide layer, then the thus treated strip is
      wound into a coil and the formed coil is subjected to a final annealing
      within a temperature range of 1,100.degree.-1,300.degree.C under hydrogen
      atmosphere to form MgO-SiO.sub.2 insulating glass film.
PAR  However, for the production of a grain-oriented silicon steel sheet having
      B.sub.8 value of more than 1.85 WB/m.sup.2, the above described final
      annealing is carried out in two stages, the first stage of which is
      effected by heating the coiled sheet at a temperature of
      800.degree.-920.degree.C for 10-100 hours to selectively develop the
      secondary recrystallized grains having (110) [001] orientation and the
      second stage of which is effected by keeping the temperature at a
      temperature of 1,000.degree.-1,200.degree.C to remove impurities remaining
      in the steel sheet, such as S, Se, N and the like. When such annealing
      steps are adopted, if the dry hydrogen is used as the annealing
      atmosphere, the formed MgO-SiO.sub.2 glass film is very ununiform and
      further the adhesion to the silicon steel base metal is low. Particularly,
      when the thickness of the surface oxide layer composed of SiO.sub.2 and
      iron oxide formed in the decarburization annealing conducted just before
      the annealing separator is coated, is thin, this tendency becomes
      noticeable and the whitish colored film having an inferior adhesion is
      formed in entire or partially on the steel sheet or the part having
      substantially no film is formed.
PAR  In order to restrain the formation of these drawbacks, it is considered
      that the thickness of the oxide surface layer formed in the
      decarburization annealing is increased. However, when the formed oxide
      layer is thick, the resulting MgO-SiO.sub.2 glass film becomes thick and
      consequently the lamination factor is lower.
PAR  That is to say, the fact that the oxide layer becomes thick means that the
      available cross-section of the base metal decreases in proportion to the
      thickness of the oxide layer and the magnetic properties lower. In the
      case of the grain-oriented silicon steel sheet having a magnetic induction
      B.sub.8 value of about 1.85 Wb/m.sup.2, as the thickness of the oxide
      layer on one surface increases by 1 .mu.m, about 0.005 Wb/m.sup.2 lowers
      according to the theoretical calculation but in practice, the decrease of
      B.sub.8 value is much larger than the theoretical value. Particularly,
      when the grain-oriented silicon steel sheet having a high magnetic
      induction (B.sub.8 value) of more than 1.88 Wb/m.sup.2 is produced by
      fully developing the secondary recrystallized grain within a temperature
      range of 800.degree.-920.degree.C, if the thickness of the oxide layer
      increases by about 1 .mu.m, the magnetic induction lowers by 0.010-0.015
      Wb/m.sup.2. This is presumably based on the following reason that the
      grain nuclei present on the surface of the cold rolled steel sheet, from
      which grain nuclei the secondary recrystallized grains of (110) [001]
      orientation are developed, are lost by the oxidation. Accordingly, when
      the secondary recrystallized grains are to be fully developed by
      maintaining the temperature at 800.degree.-920.degree.C for a long time,
      it must not be accepted to improve the adhesion of the glass film to the
      base metal by increasing the thickness of the oxide layer, because the
      B.sub.8 value would be deteriorated.
PAR  Furthermore, when the silicon steel raw material contains 0.005-0.20% of
      Sb, the thickness of the oxide layer formed by the decarburization
      annealing becomes thin, so that when a grain-oriented silicon steel sheet
      having a high B.sub.8 value is to be produced by fully developing the
      secondary recrystallized grains of (110) [001] orientation at a
      temperature of 800.degree.-920.degree.C, preferably
      800.degree.-880.degree.C, the good film cannot be formed by box annealing
      under atmosphere consisting mainly of hydrogen as in the prior art.
PAR  The object of the present invention is to provide a method for uniformly
      forming MgO-SiO.sub.2 insulating glass film having a high adhesion to the
      base metal on the surfaces of the grain-oriented silicon steel sheet
      having a high magnetic induction, which is formed by developing the
      secondary recrystallized grains of (110) [001] orientation by annealing at
      800.degree.-920.degree. C.
PAR  Another object of the present invention is to provide a uniform film having
      an excellent adhesion to the base metal on the silicon steel sheet
      containing 0.005-0.20% of Sb and the technical essential points are as
      follows.
PAR  The inventors have made investigations with respect to the annealing
      atmosphere at the stage where the temperature is maintained constantly at
      the temperature range of 800.degree.-920.degree.C for several ten hours
      for fully developing the secondary recrystallized grains having
      predominantly (110) [001] orientation in the course of the final annealing
      stage and as the result, the above described problem has been solved by
      using an inert gas, such as nitrogen or argon as the annealing atmosphere
      gas whereby the MgO-SiO.sub.2 glass film having a high adhesion to the
      base metal is uniformly formed on the surface of the steel sheet.
PAR  Heretofore, it has been recommended that hydrogen or a gas consisting
      mainly of hydrogen is used as the atmosphere gas of the final annealing of
      the grain-oriented silicon steel sheet and hydrogen alone or dissociated
      ammonia gas containing about 75% of hydrogen has been industrially used as
      the final annealing atmosphere gas. In this process, if the annealing
      separator is coated and the temperature is raised fairly rapidly, for
      example, at a rate of 20.degree.C/hour to the secondary recrystallizing
      temperature of 1,100.degree.-1,200.degree.C from room temperature, it has
      been able to obtain a product having a satisfactory film.
PAR  However, if the annealing atmosphere is only hydrogen, when the secondary
      recrystallized grains are developed by maintaining a temperature of
      800.degree.-920.degree.C for long time in order to obtain the
      grain-oriented silicon steel sheet having a high magnetic induction, only
      a considerably ununiform film is obtained.
PAR  The inventors have made various studies with respect to the process for
      forming the glass film and accomplished a method for solving the above
      described problems.
PAR  In the study of the present invention, the oxides formed at the
      decarburization annealing and SiO.sub.2 in the MgO-SiO.sub.2 glass film
      formed at the final annealing at a high temperature have been compared
      quantitatively and as the result it has been found that when the film
      having a high adhesion is formed uniformly, the amount of SiO.sub.2 in the
      film substantially coincides with the value that all the oxygen in
      SiO.sub.2 and iron oxide formed in the decarburization annealing is
      converted into the oxygen constituting SiO.sub.2 during the final
      annealing at a high temperature, while the amount of SiO.sub.2 in the
      whitish film having a low adhesion or in the thin film wherein the grain
      boundary substantially sees through, is less than the value that all the
      oxygen given at the decarburization annealing is converted into SiO.sub.2.
      This result shows that when the iron oxide formed at the decarburization
      annealing oxidizes silicon in the steel sheet into SiO.sub.2 at the final
      annealing at a high temperature by any reaction, for example, by the
      following formula (1), the film having a good adhesion can be formed,
      while when the iron oxide is reduced with hydrogen by the following
      formula (2), the film having a low adhesion is formed.
EQU  2FeO+Si .fwdarw. 2Fe+SiO.sub.2                             ( 1)
EQU  FeO+H.sub.2 .fwdarw. Fe+H.sub.2 O                          (2)
PAR  In general, the final annealing at a high temperature is carried out by
      winding the steel strip having a width of 700-1,000 mm into a coil of 3-15
      tons and immediately raising the temperature to
      1,000.degree.-1,200.degree.C at a rate of 15.degree.-30.degree.C/hour and
      in this case the atmosphere surrounding the coil consists mainly of
      hydrogen but the pressure of atmosphere between the layers of the tightly
      wound coil after the powdery magnesia, which directly serves to form the
      film, is coated, is always higher than the pressure of hydrogen atmosphere
      surrounding the coil owing to the heat expansion resulting from the
      temperature raise and steam dissociated from the magnesia coating layer,
      so that the hydrogen atmosphere introduced into the annealing box
      difficultly penetrates and diffuses into the coil layers. Accordingly, the
      iron oxide formed at the decarburization annealing is substantially not
      reduced by hydrogen and when the temperature reaches higher than about
      800.degree.C at which the reaction rate of the above formula (1) becomes
      larger, SiO.sub.2 is formed by the reaction towards the right direction in
      the formula (1), when the temperature reaches higher than about
      1,000.degree.C, the steam no longer evolves from the coated separator and
      the coated MgO in the separator combines with SiO.sub.2 to form
      MgO-SiO.sub.2 glass film, so that the penetration and diffusion of
      hydrogen into the coil layers become easy but in this stage, the reaction
      towards the right direction of the formula (1) has been completed and
      consequently the reaction of the formula (2 ) does not occur and the
      formation of the film is not adversely affected.
PAR  On the other hand, if the temperature is kept constant within the range of
      800.degree.-920.degree.C, the pressure between the coil layers and the
      pressure at the area surrounding the coil reach equilibrium and the
      annealing atmosphere easily penetrates and diffuses into the spaces
      between the coil layers and when hydrogen is used as the annealing
      atmosphere, the iron oxide formed at the decarburization annealing is
      reduced according to the formula (2). Furthermore, it has been found that
      when the adjustment of temperature at the stage where the temperature is
      kept constant, is not precise, for example, the adjustment is effected by
      "on-off" system, the coil is repeatedly subjected to slight heating and
      cooling during the temperature keeping stage and upon the cooling, the
      penetration of the atmosphere gas in the furnace consisting mainly of
      hydrogen into the spaces between the coil layers is promoted and the
      formation of bad film is promoted. The influence of the keeping time at
      the constant temperature upon the film was searched and the following
      facts have been found. In the case when the keeping time is not more than
      5 hours, the formation of the bad film is not noticeable, but when the
      keeping time reaches more than 10 hours, the area of the whitish film
      having a poor adhesion increases and until 50 hours, as the keeping time
      becomes longer, the degree of the degradation of the film increases.
PAR  As mentioned above, when the well known atmosphere consisting mainly of
      hydrogen is used at the temperature raising stage and the stage where the
      temperature at 800.degree.-920.degree.C is kept constant, the strong
      reducing gas penetrates into the space between the coil layers, thereby
      the direct reduction of FeO mainly occurs due to hydrogen as shown in the
      above formula (2) and the reduction of FeO by Si in the above formula (1)
      does not substantially occur and the film having a poor adhesion is
      formed. According to the present invention, a non-oxidizing and
      non-reducing atmosphere gas, such as nitrogen or argon, that is an inert
      neutral atmosphere gas is used in order to avoid this defect. By using
      such a gas, the reaction of the above formula (1), that is the reaction in
      which oxygen in FeO is combined with Si to form SiO.sub.2, proceeds
      smoothly and even if the thickness of the oxide layer at the
      decarburization annealing is thin, the MgO-SiO.sub.2 glass film having a
      high adhesion to the base metal can be uniformly formed.
PAR  The inventors have disclosed in Japanese Pat. No. 715,291 a method for
      adjusting the atmosphere in the annealing furnace, particularly the
      atmosphere between the coil layers but in the method of the above
      described patent characterized in that the atmosphere between the coil
      layers is always maintained in a weak oxidizing condition by steam until
      raising to the high temperature, the oxidation of the steel sheet proceeds
      to about 830.degree.C by steam between the layers and the film becomes
      thick and therefore the lamination factor and the magnetic properties of
      the product are degraded, so that this process is not applicable to the
      production of the grain-oriented silicon steel sheet having a high
      magnetic induction, which is aimed at in the present invention.
DETD
PAR  The invention will be explained in more detail with reference to the
      accompanying drawing. The Figure shows a typical heating program of the
      final annealing of the grain-oriented silicon steel sheet having a high
      magnetic induction, which is aimed at in the present invention. The
      heating program can be classified into four heating stages (A, B, C and D)
      by the heating type
PA1  A: heating stage at a high temperature raising rate immediately before the
      secondary recrystallizing temperature.
PA1  B: gradual heating stage immediately before keeping the constant
      temperature for the secondary recrystallization.
PA1  C: constant temperature keeping stage for the secondary recrystallization.
PA1  D: purification annealing stage at a higher temperature following to the
      constant temperature keeping stage.
PAR  The properties of MgO-SiO.sub.2 glass films of Samples 1-6 obtained by
      varying the combination of the gases to be used in the stages A-C and
      using hydrogen gas in any samples in the stage D among the above described
      stages A-D were determined and the obtained results are shown in the
      following Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

           Annealing                     Minimum                               

     Sample                                                                    

           atmosphere  Appearance of     bending                               

                       MgO--SiO.sub.2 glass film                               

                                         radius                                

     A       B     C     D                   (mm)                              

     ______________________________________                                    

     1     H.sub.2                                                             

                 H.sub.2                                                       

                       H.sub.2                                                 

                           H.sub.2                                             

                               Uneven film constituting of white gray portion  

                               and thin portion where the grain boundary sees  

                               through.        30                              

     2     N.sub.2                                                             

                 H.sub.2                                                       

                       H.sub.2                                                 

                           H.sub.2                                             

                               Ditto           30                              

     3     N.sub.2                                                             

                 N.sub.2                                                       

                       H.sub.2                                                 

                           H.sub.2                                             

                               Uneven film constituting of white gray portion  

                               and thin portion where the grain boundary sees  

                               through. Partially deep gray.                   

                                               30                              

     4     N.sub.2                                                             

                 N.sub.2                                                       

                       N.sub.2                                                 

                           H.sub.2                                             

                               Entire length is uniform, deep                  

                                               10ay.                           

     5     H.sub.2                                                             

                 N.sub.2                                                       

                       N.sub.2                                                 

                           H.sub.2                                             

                               Entire length is uniform, deep                  

                                               10ay.                           

     6     H.sub.2                                                             

                 H.sub.2                                                       

                       N.sub.2                                                 

                           H.sub.2                                             

                               Substantially entire surface is deep gray.      

                               There is whitish gray film at the outer coiled  

                               portion and the edge portion in the width       

                               direction.      15                              

     ______________________________________                                    

PAR  In the above Table, the Sampe Nos. 4, 5 and 6 using the nitrogen gas at the
      heating stage C show the excellent film appearance and the minimum bending
      radius which does not cause the exfoliation on the film, is small but
      particularly, the Sampe Nos. 4 and 5 using the nitrogen gas in the heating
      stage B are best in the film appearance and the minimum bending radius for
      forming no exfoliation of the film. Namely, it has been found that if the
      neutral inert gas, such as nitrogen gas is used as the annealing
      atmosphere at least at the constant temperature keeping stage is used, the
      good film can be obtained.
PAR  In the present invention, as the atmosphere gas at the original rapid
      heating stage, use may be made of any gases, if the gases have no
      oxidizing property and for example, the gas consisting mainly of hydrogen,
      or nitrogen or argon gas diluted with hydrogen, or pure nitrogen or argon
      gas. However, as the atmosphere gas at the subsequent constant temperature
      keeping stage, non-oxidizing and non-reducing inert neutral gas is
      necessary and as the neutral gas, nitrogen gas is more economic than argon
      and the like, so that it is advantageous to use nitrogen. The reason why
      any of the reducing gas and the neutral gas may be used at the rapid
      heating stage A as mentioned above and as seen from the above Table 1, is
      based on the fact that the atmosphere between the coil layers is not
      substantially influenced by the atmosphere gas surrounding the coil at
      this stage. When MgO which is larger in the hydration amount, is used as
      the annealing separator and the amount of the gas introduced into the
      furnace is smaller as compared with the free space when the coil is
      charged in the annealing furnace, the steam evolved between the coil
      layers is discharged and the edge portions of the coil width are apt to be
      oxidized and therefore it is advantageous to make the amount of the gas
      supplied larger.
PAR  In order to avoid the over heating called as "over shoot" immediately
      before the constant temperature keeping stage, that is the state C, it is
      preferably to insert the gradual heating stage B but in this stage, since
      it is necessary to make the temperature raising rate very small, the
      atmosphere gas surrounding the coil is liable to enter into the spaces
      between the coil layers and particularly the bad film is apt to be formed
      in the edge portions of the coil, accordingly, it is advantageous to
      possibly avoid hydrogen as the gas to be used in the stage B. However, the
      use of hydrogen is not absolutely in advantageous and as proved by the
      Sample No. 6 in the above Table 1, the gas may be conveniently used
      depending upon the temperature raising rate.
PAR  At the constant temperature keeping stage C, the atmosphere in the
      annealing furnace greatly influences upon the atmosphere between the coil
      layers as mentioned above, so that it is advantageous to use the
      non-oxidizing and non-reducing gas, that is a neutral gas, such as
      nitrogen or argon. However, it is not always necessary to use highly pure
      nitrogen or argon and even if these gases contain a very small amount of
      about 100 ppm of oxygen and the like, a great drawback is not caused.
PAR  When the secondary recrystallization is substantially completed in the
      texture after keeping the constant temperature for a given time, the
      purification annealing for removing the impurity in the steel, such as
      nitrogen and the primary recrystallization inhibitor, such as Se, S and
      the like, is effected. In the purification annealing stage D, the coil is
      kept at 1,100.degree.-1,200.degree.C in hydrogen atmosphere for more than
      several hours. Accordingly, after the constant temperature keeping stage
      C, the neutral gas used until said stage must be replaced with hydrogen.
      But, it is not necessary to carry out distinctly this replacement
      immediately after the completion of the stage C but when the temperature
      at which nitrogen is replaced with hydrogen, is higher than 950.degree.C
      and the FeO-SiO.sub.2 glass film formed at the decarburization annealing
      stage is more than about 3 .mu., glossy spots having a diameter of 0.1-2
      mm where the film is lacked, are formed in the edge portions of the coil
      and the outer coiled portion and the spot portions are poor in the
      insulating resistance, so that the replacement to hydrogen must be
      effected at a temperature of lower than 950.degree.C.
PAR  The following examples are given for the purpose of illustration of this
      invention and are not intended as limitations thereof.
PAC  EXAMPLE 1
PAR  A silicon steel strip containing 2.90% of Si, 0.030% of Sb and 0.020% of Se
      and having a thickness of 0.3 mm, a breadth of 970 mm and a length of
      3,200 m was continuously annealed in the atmosphere composed of 70% of
      H.sub.2 and the remainder being N.sub.2 and having a dew point of
      60.degree.C at 820.degree.C for 4 minutes and coated with MgO and then
      wound into a coil having an inner diameter of 508 mm. The resulting coil
      was charged in an electric annealing furnace and the temperature was
      raised at a rate of 20.degree.C/hour while passing nitrogen gas and the
      temperature of 850.degree.C was kept for 60 hours and then nitrogen gas
      was replaced with hydrogen gas and the temperature was again raised to
      1,200.degree.C, at which temperature the annealing was continued for 15
      hours and then the furnace was cooled.
PAR  The thickness of the oxide layer after the continuous annealing was 2.0
      .mu.m, the amount of ignition loss of the coated magnesia was 3.2% and the
      coated amount was 7.0 per 1 m.sup.2 of one surface. The strip surface
      after cleaning was observed. A deep gray film was formed over the entire
      length except for the last two turns and the minimum bending radius that
      the glass film does not exfoliate, was 10 mm and very good. The magnetic
      properties at the center portion of the longitudinal direction were 1.91
      Wb/m.sup.2 in B.sub.8 value and 1.14 W/Kg in W.sub.17/50.
PAC  EXAMPLE 2
PAR  A silicon steel strip containing 2.84% of Si, 0.018% of acid soluble Al and
      0.022% of Sb and having a thickness of 0.35 mm, a breadth of 830 mm and a
      length of 2,800 m was continuously annealed in an atmosphere composed of
      60% of H.sub.2 and the remainder being N.sub.2 and having a dew point of
      60.degree.C at 820.degree.C for 4 minutes and coated with magnesia and
      then wound into a coil having an inner diameter of 508 mm. The resulting
      coil was annealed in an electric furnace. The atmosphere in the furnace
      was replaced with N.sub.2 gas before raising the temperature and the
      temperature was raised to 890.degree.C at a rate of 15.degree.C/hour while
      passing hydrogen gas and then the atmosphere gas replaced with N.sub.2 gas
      and the temperature of 890.degree.C was kept for 80 hours. Then, the
      nitrogen gas was again replaced with hydrogen gas and the temperature was
      raised to 1,175.degree. C, at which temperature the annealing was effected
      for 15 hours and then the thus treated coil was cooled. The thickness of
      the oxide layer after the continuous annealing was 2.5 .mu.m and the
      amount of ignition loss of the coated magnesia was 2.8% and the coated
      amount was 5.5 g per 1 m.sup.2 of one surface. A deep gray film was formed
      over the entire length of the surface after the high temperature annealing
      except for the last two turns and the minimum bending radius that the
      glass film does not exfoliate was 5 mm. The magnetic properties at the
      center portion of the longitudinal direction of the steel strip were 1.93
      Wb/m.sup.2 in B.sub.8 value and 1.16 W/Kg in W.sub.17/50.
CLMS
STM  Whar is claimed is:
NUM  1.
PAR  1. In a method for producing a grain-oriented silicon steel sheet having
      B.sub.8 value of more than 1.88 Wb/m.sup.2 and provided with a uniform
      insulating glass film having a high adhesion to a base metal, in which a
      cold rolled silicon steel sheet having a final gauge is subjected to
      decarburization annealing under wet hydrogen atmosphere to form an oxide
      layer consisting mainly of SiO.sub.2 and FeO on the surface of the steel
      sheet, a separator containing MgO is coated on the decarburization
      annealed steel sheet, the thus treated sheet is wound into a coil and the
      coiled sheet is heated by keeping the temperature at
      800.degree.-920.degree.C constantly for at least 10 hours to fully develop
      secondary recrystallized grains of (110) [001] orientation and then
      raising and keeping the temperature at 1,000.degree.-1,200.degree.C
      constant to form MgO-SiO.sub.2 glass film on the surface of the steel
      sheet, the improvement which comprises using a neutral gas inert against
      iron at least in the above described temperature keeping stage of
      800.degree.-920.degree.C and replacing the natural gas with hydrogen gas
      the above described temperature keeping stage of
      1,000.degree.-1,200.degree.C.
NUM  2.
PAR  2. The method as claimed in claim 1, wherein said silicon steel sheet
      contains 0.005-0.2% of Sb.
NUM  3.
PAR  3. The method as claimed in claim 1, wherein a thickness of the oxide layer
      formed by the decarburization annealing is 0.5-4.0 .mu.m.
NUM  4.
PAR  4. The method as claimed in claim 1, wherein the neutral atmosphere is used
      from room temperature to the end of the temperature keeping stage of
      800.degree.-920.degree.C.
NUM  5.
PAR  5. The method as claimed in claim 1, wherein the replacement of the
      atmosphere from the neutral gas to hydrogen is effected at a temperature
      of lower than 950.degree.C.
NUM  6.
PAR  6. The method as claimed in claim 1, wherein said neutral gas is nitrogen
      containing less than 100 ppm of 0.sub.2.
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ABST
PAL  Aging hot rolled nitrogenized low carbon steel is treated to produce a
      material having a level of ductility during forming and a yield strength
      after forming which is comparable to the 80,000 psi yield strength hot
      rolled low alloy (HSLA) steels. The method includes the steps of (1)
      rapidly heating the steel within the alpha plus gamma region of the
      appropriate phase diagram for the steel and quenching; (2) tempering for
      example at about 400.degree.F. for about 2 minutes and cooling; (3)
      deforming at least 2 percent, and (4) aging to develop the 80,000 psi
      yield strength.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of treating hot rolled nitrogenized low
      carbon steel which produces a material having a ductility during forming
      and a yield strength thereafter comparable to that of the commercial hot
      rolled 80,000 psi yield strength low alloy (HSLA) steels.
PAR  The need to reduce the weight of the automobile has become increasingly
      urgent in recent years with the need to otherwise accommodate weight
      increases due to additions of safety and emission control devices and to
      improve engine performance and fuel economy. These considerations have
      prompted interest in automobile structural materials having a higher
      strength-to-weight ratio.
PAR  One group of such materials presently being considered is the family of the
      aforementioned high strength low alloy steels with yield strengths in the
      neighborhood of 80,000 psi. These steels offer an attractive combination
      of increased strength and acceptable formability.
PAR  The high yield strength of the HSLA steel is developed through a controlled
      combination of grain refinement, precipitation hardening, and solid
      solution strengthening which results from the addition of titanium,
      vanadium or niobium to the basic low carbon steel chemistry, and from the
      carefully controlled cooling in the hot strip mill in which such steels
      are produced. Often rare earth alloying elements are added to control the
      shape of the inclusions and hence to improve the steel's formability.
      Present steel mill processing limitations require hot rolled steels to be
      used for stampings having thicknesses of 0.070 inch or more. Many
      automobile components require thicknesses of 0.08 inch or more such as
      bumper reinforcements and frame components which must be made of hot
      rolled steel.
PAR  The term "low carbon steel" as used herein is a steel containing up to 0.25
      percent carbon and only residual amounts of elements other than those
      required for deoxidation, particularly silicon 0.6 percent or less, and
      manganese 1.65 percent or less. The term "nitrogenized steel" as used
      herein is a "low carbon steel" containing nitrogen preferably in the range
      of 80 to 200 parts per million or 0.008 to 0.02 percent by weight.
PAC  SUMMARY OF THE INVENTION
PAR  High strength steels in gauges of 0.070 inch or more are highly desirable
      for some automotive applications such as bumper reinforcements and frame
      components which is available only in the form of hot rolled steel and it
      is the basic object of this invention to provide a method whereby a hot
      rolled nitrogenized low carbon steel is strengthened to about an 80,000
      psi yield strength or more and has satisfactory ductility during forming.
PAR  In general, the method is applicable to an aging nitrogenized low carbon
      hot rolled steel and comprises a first heat treatment followed by a second
      heat treatment and then a stamping or forming step (prestrain) followed by
      a third heat treatment. The total added strength of about 20,000 psi
      provided by the method is the sum of added strength provided by
      microstructural changes induced metallurgically by the first and second
      heat treatments, a strength increment due to cold working the steel which
      involves forming the steel in the high work hardening rate condition
      created by the first and second heat treatments and finally the strain age
      strengthening increment caused by subjecting the cold worked part to the
      third and final heat treatment.
PAR  The first and second heat treatments are central to the invention because
      the first produces a pronounced increase in work hardening rate and the
      ultimate or tensile strength and the second provides sufficient ductility
      to form automotive stampings and, at the same time, stabilizes the steel
      so that these two heat treatments can be accomplished in a steel mill.
      Accordingly, these first two heat treatments provide the basis for
      increasing the final strength of the hot rolled nitrogenized low carbon
      steel to a yield strength of 80,000 psi or more after completion of the
      third heat treatment. Furthermore, the total elongation, tensile-to-yield
      ratios, and n value (slope of the natural log true stress vs. natural log
      true stain plot) of the steel after the first two heat treatments (the
      condition in which it is formed) provides the steel with a degree of
      formability as good or better than the best commercial HSLA hot rolled
      steel available today.
PAR  In general, the first heat treatment consists of rapidly heating a sheet of
      an aging nitrogenized low carbon steel to a temperature within the alpha
      plus gamma region of the phase diagram for 3-60 seconds and quenching. The
      second comprises tempering the steel for example, by heating the steel to
      about 400.degree.F. for about 2 minutes. In the third step, the sheet is
      press formed to obtain a minimum prestrain of 2 percent. The sheet is then
      aged at room temperature or for example at temperatures in the vicinity of
      400.degree. for a short time to develop a final yield strength of about
      80,000 psi.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a time temperature curve generally depicting the four sequential
      steps of the invention for increasing the yield strength of hot rolled
      nitrogenized steel to a minimum of 80,000 psi;
PAR  FIG. 2 shows illustrative tensile stress-strain curves for the GAA-075 hot
      rolled nitrogenized steel after each processing step;
PAR  FIG. 3 are true yield stress-prestrain curves showing the dependence of the
      final strength of hot rolled nitrogenized steel on the amount of plastic
      strain or the third step of the process. Data for untreated nitrogenized
      steel is shown for comparison; and
PAR  FIG. 4 is a tempering time-temperature diagram for the second heat
      treatment of the GAA-075 example nitrogenized steel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention will now be described in terms of specific embodiments. A
      commercial nitrogenized low carbon steel is selected which is basically an
      SAE 1010 mild steel with about four times the nitrogen content of the
      standard SAE 1010 steel. Such steel is currently available for example
      from Inland Steel Company, Great Lakes Steel Company, and Bethlehem Steel
      Company. These steels have yield strengths in the range of 45,000 to
      55,000 psi and are intended for applications where aging at paint curing
      temperatures (212.degree. - 392.degree.F.) can be used to develop final
      yield strengths of 60,000 psi through strain aging with a 2 percent
      plastic prestrain. The material is relatively fine grained with a ferritic
      grain size of ASTM 9-11 developed through controlled processing rather
      than by alloying.
PAR  Example Chemical Compositions of Hot Rolled Nitrogenized Low Carbon Steel
      Heat Treated By This Invention to Produce Steels Having Yield Strengths of
      80,000 psi or More are as Follows:
TBL  Sample                                                                    

     Code    %C       % Mn     % Ni   %P     % Ti                              

     ______________________________________                                    

     GAA-075 0.10     0.57     0.018  0.006  &lt;0.005                            

     GAA-120 0.097    0.44     0.045  0.004  &lt;0.005                            

     INA-090 0.071    0.53     0.019  0.007  &lt;0.005                            

     INA-120 0.12     0.49     0.028  0.004  &lt;0.005                            

             %V       % Si     % Al   % Cu   % Nb                              

     GAA-075 &lt;0.01    &lt;0.005   0.01   0.041  &lt;0.005                            

     GAA-120 &lt;0.01    &lt;0.005   0.005  0.051  &lt;0.005                            

     INA-090 &lt;0.001   &lt;0.01    0.003  0.04   &lt;0.005                            

     INA-120 &lt;0.001   &lt;0.01    0.001  0.028  &lt;0.005                            

             %S       % Zr     % Ce   % Mo   % B                               

     GAA-075 0.018    &lt;0.005   &lt;0.01  &lt;0.01  &lt;0.005                            

     GAA-120 0.017    &lt;0.005   &lt;0.01   0.015 &lt;0.005                            

     INA-090 0.026    &lt;0.005   &lt;0.01  &lt;0.01  &lt;0.001                            

     INA-120 0.012    &lt;0.005   &lt;0.01  &lt;0.01  &lt;0.001                            

             N(ppm)   O(ppm)                                                   

     GAA-075 138      228                                                      

     GAA-120  82      169                                                      

     INA-090 107      281                                                      

     INA-120 112      190                                                      

     ______________________________________                                    

PAR  As previously indicated, yield strength of 80,000 or more can be developed
      in a stamping by means of the method of this invention which consists of
      the following four essential steps as illustrated in FIG. 1:
PAR  1. A first rapid conditioning heat treatment applied to the steel prior to
      forming comprising heating the sheet rapidly to a temperature within the
      alpha plus gamma region of the phase diagram, as for example, about
      1,400.degree.F. for at least 3 seconds and then quenching;
PAR  2. A second heat treatment comprising tempering the steel for example at a
      temperature of about 400.degree.F. for about 2 minutes to provide the
      quenched metal with sufficient ductility for subsequent forming without
      preventing the development of the 80,000 psi final field strength.
PAR  3. A prestrain step in which the material is plastically formed by stamping
      or the like to a strain level of 2 percent or more; and
PAR  4. A third heat treatment comprising an aging cycle to obtain the final
      desired strength, at room temperature for 2 to 3 weeks or for example at
      about 400.degree.F. for 10 to 60 minutes.
PAR  The conditioning first heat treatment is essentially a solution heat
      treatment designed to take advantage of the large increase in the
      solubility of carbon and nitrogen in the ferrite near the eutectoid
      temperature and consists of rapidly heating a sheet of hot rolled aging
      nitrogenized low carbon steel for example by induction heating to a
      temperature within the alpha plus gamma transformation region of the
      appropriate phase diagram for the steel, holding the steel at this
      temperature for at least 3 seconds and then quenching in brine or water.
      In principle any temperature within the alpha plus gamma region of the
      phase diagram would be satisfactory. The particular temperature used and
      duration of the treatment, however, are selected to dissolve a substantial
      proportion of the carbon and nitrogen in the ferrite and to form a
      predetermined proportion of austenite. Upon quenching, a substantial
      proportion of the solubilized carbon and nitrogen is retained in solution
      with the ferrite, while a major proportion of the austenite is transformed
      to martensite and/or bainite. Because the final strength of the steel is
      dependent upon the specific conditions of each of the four processing
      steps, while the necessary ductility required for forming is determined
      only by the first and second heat treatments, the specific time and
      temperature of the heat treatments are determined by trial and error. In
      other words, the temperature and duration of the first two heat treatments
      are determined by the minimum amount of deformation required in the third
      or forming step, the minimum ductility required for such forming, and by
      the desired final strength which is developed after the third heat
      treatment. The time and temperatures of the first two heat treatments are
      also to some extent affected by the method of heating and quenching used
      since some methods such as induction heating are more rapid than others.
PAR  In general, the first conditioning heat treatment for improving the
      strength of hot rolled nitrogenized low carbon steel is somewhat higher
      with the same heating method than for cold rolled nitrogenized steel as
      described in the copending application Ser. No. 529,010, filed
      concurrently herewith, and now U.S. Pat. No. 3,928,086 because a higher
      volume fraction of martensite must be produced in the hot rolled steel to
      attain the final desired minimum yield strength of 80,000 psi. This is
      required because of the reduced strain age strengthening which has been
      observed for hot rolled steel in the aging heat treatment of step 4. Thus,
      whereas heating to 1,340.degree.F. for about 5 seconds would be adequate
      for producing 80,000 psi in the cold rolled steel, a temperature of
      1,395.degree. may be necessary for the hot rolled steel. With the higher
      volume fraction of martensite formed, the ductility of the steel following
      the first heat treatment is insufficient to meet many automotive stamping
      requirements.
PAR  The second heat treatment of the method in step 2 tempers the martensite to
      produce the required ductility while retaining the majority of the
      beneficial strengthening effects of the first heat treatment. A change in
      the distribution of precipitates in the ferrite has been observed which is
      believed to contribute to the increased ductility of the metal.
PAR  The steel is then press formed to obtain a minimum prestrain equivalent to
      at least 2 percent in tension in step 3 of the method.
PAR  Finally in step 4 of the method, the formed steel is aged at room
      temperature or at paint curing temperature to develop a final yield
      strength of 80,000 psi.
PAR  The first two heat treatments are central to this invention because the
      first produces a large increase in the work hardening rate and in ultimate
      or tensile strength of the material, and the second provides sufficient
      ductility to form automotive stampings and, at the same time, stabilizes
      the steel so that these two heat treatments could be accomplished in a
      steel mill as described previously. Accordingly, these two heat treatments
      provide the basis for increasing the strength of a hot rolled nitrogenized
      low carbon steel to a yield strength of 80,000 psi or more after
      completion of the final (fourth) processing step. Furthermore, the total
      elongation, tensile to yield ratio, and n value of the steel after the
      first two heat treatments (the condition in which it is formed) provide
      the steel with a degree of formability as good or better than the best of
      the commercial HSLA hot rolled steels available today.
PAC  EXAMPLE 1
PAR  A hot rolled nitrogenized low carbon steel (GAA-075) is induction heated to
      a temperature of 1,380.degree. .+-. 15.degree.F. and quenched in agitated
      water after about 3 seconds elapsed time, as measured with respect to
      1,320.degree.F. by a thermocouple attached to the test piece. The steel is
      then tempered for 10 minutes in an oil bath at 392.degree. .+-.
      5.degree.F. and cooled in air to room temperature. After tempering, the
      steel is strained to a tensile elongation of 2 percent and then aged for
      60 minutes at 392.degree.F. to produce a final yield strength of at least
      80,000 psi.
PAC  EXAMPLE II
PAR  A hot rolled nitrogenized low carbon steel (GAA-075) is heated by
      submersion in a liquid salt bath at 1,420.degree.F. for a total of 60
      seconds and immediately quenched in brine. The steel is then tempered for
      5 minutes in another salt bath at 572.degree.F. and cooled in air to room
      temperature. After tempering, the steel is strained to a tensile
      elongation of 2 percent and aged for 60 minutes at 392.degree.F. to
      produce a final yield strength of at least 80,000 psi.
PAR  FIG. 2 illustrates the effect of each step of this invention on the tensile
      stress strain curves of the GAA-075 hot rolled nitrogenized steel treated
      according to Example I. A curve for the steel before heat treatment is
      shown for comparison. As shown, the yield stress (defined by 0.2 percent
      offset stress) is decreased significantly after the first step, while the
      rate of work hardening and the ultimate tensile strength are markedly
      increased. The total elongation is less than required for automotive
      applications, but as a result of the second heat treatment, is increased
      to a desired minimum value of 18 percent. A slight decrease in ultimate
      tensile strength and increase in yield stress is also noted after the
      second heat treatment. After straining in tension to 2 percent elongation
      and aging at 400.degree.F. for 60 minutes, the steel has a yield strength
      greater than 80,000 psi as shown.
PAR  The relationship of the amount of plastic deformation introduced during
      step 3 to the final strength produced by this invention is shown in FIG.
      3. These data are for the aforementioned example hot rolled nitrogenized
      steels processed according to Example I heat treatments, but with varying
      amounts of strain in step 3. As shown, a critical strain of about 2
      percent is required to obtain a tensile yield strength of 80,000 psi or
      greater. Higher strains lead to additional strengthening (e.g., yield
      strengths in excess of 100,000 psi with a strain of 14 percent).
PAR  A variety of specific tempering heat treatments can be used in step 2 of
      the method to obtain strengths of at least 80,000 psi as shown in FIG. 4
      for the example steel GAA-075). Any combination of tempering times and
      temperatures within the region defined by these curves is acceptable. The
      lower curve is defined by the required tensile elongation (ductility)
      after steps 1 and 2 of at least 18 percent. The upper curve is based on a
      required final yield strength of at least 80,000 psi when strained 2
      percent during step 3. Curves for the other example steels vary somewhat
      but are similar. Of considerable practical importance is the applicability
      of a short term high temperature temper (e.g. 5 seconds at about
      840.degree.F), since this is most compatible with a high speed continuous
      production process. Further, such a temper is consistent with the thermal
      cycle of a continuous hot dip galvanizing line in a steel mill. Thus, this
      invention provides an economical means of producing a high strength hot
      dipped galvanized steel for improved corrosion protection, with acceptable
      formability for high strength automotive stampings.
PAR  Similar results are obtained with cold rolled nitrogenized low carbon
      steel, with the principle advantage over the 3 step process of the
      copending application Ser. No. 529,010, being the metallurgical stability
      of the material after the tempering or second step which makes it more
      applicable to steel mill production practices.
PAR  The method of this invention is advantageous over that disclosed in the
      aforementioned application Ser. No. 529,010 in the following respects.
PAR  Yield strengths of at least 80,000 psi can be produced in hot rolled
      nitrogenized low carbon steel at a level of ductility sufficient to be of
      use for automotive stampings. The maximum yield strength obtained with the
      aforesaid process of Ser. No. 529,010 was 70,000 to 73,000 psi when
      applied to hot rolled steel when subject to the same ductility
      requirement. The metallurgical microstructure of the steel becomes
      relatively stable after the first two heat treatments. Thus the treated
      steel does not have to be formed within 3-5 days of the initial heat
      treatments in order to retain maximum ductility for stamping as is
      recommended with the method of the copending application. Accordingly, the
      first two heat treatments may be performed at the steel mill and the third
      and fourth steps may be performed by the purchasers and fabricators of the
      steel sheet. In the aforesaid copending method it is necessary to install
      processing equipment in close proximity to a press plant so as to heat
      treat the steel just prior to stamping.
PAR  The hot rolled nitrogenized steel treated by the method of this invention
      is advantageous over the 80,000 psi hot rolled HSLA steels in that it is
      less expensive, offering at present prices a potential savings of
      approximately $2.50/cwt over the price of HSLA steel, requires no
      expensive alloying additions such as V, Ti, Nb and Zr, and is thus
      ecologically more efficient than HSLA steel, requires lower press loads
      during stamping, and has superior residual ductility after strain aging
      (e.g., samples prestrained 10 percent and aged 60 minutes at 392.degree.F.
      show 8-11 percent additional strain to failure as compared to 2-4 percent
      for HSLA steel (Van-80)).
PAR  The method of this invention may also be applied to low carbon steels
      generally to markedly improve the strength of such steels, and although
      this invention has been described in terms of specific embodiments, it is
      obvious that variations may be adapted within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of producing a high yield strength steel comprising the steps
      of:
PA1  heating an aging low carbon steel to a temperature within the alpha plus
      gamma region of the iron carbon phase diagram for a time sufficient to
      dissolve a substantial proportion of the carbon into the ferrite of said
      steel and to form a predetermined proportion of said steel into austenite,
PA1  quenching said steel to substantially retain the solubilized carbon in
      solution and to transform at least the major proportion of said austenite
      into a form selected from the group consisting of martensite and bainite,
PA1  tempering said steel,
PA1  plastically deforming the steel an amount equivalent to at least 2 percent
      on the tensile stress-strain diagram,
PA1  aging said deformed steel for time sufficient to develop a desired superior
      yield strength,
PA1  said predetermined proportion of austenite being an amount necessary to
      provide the aged steel with said yield strength when said steel is
      deformed at least the equivalent of 2 percent on the tensile stress-strain
      diagram,
PA1  said temper providing the said quenched steel with sufficient ductility for
      subsequent forming without preventing the development of said desired
      yield strength.
NUM  2.
PAR  2. The method of producing a high yield strength nitrogenized low carbon
      steel comprising the steps of:
PA1  rapidly heating an aging low carbon nitrogenized steel to a temperature
      within the alpha plus gamma region of the phase diagram for a time
      sufficient to dissolve a substantial proportion of the carbon and nitrogen
      into the ferrite of said steel and to form a predetermined proportion of
      said steel into austenite,
PA1  quenching said steel to substantially retain the solubilized carbon and
      nitrogen in solution and to transform at least the major proportion of
      said austenite into a form selected from the group consisting of
      martensite and bainite,
PA1  tempering said quenched steel,
PA1  plastically deforming the steel an amount equivalent to at least 2 percent
      on the tensile stress-strain diagram,
PA1  aging said deformed steel for a time sufficient to develop a minimum yield
      strength of 80,000 psi,
PA1  said predetermined proportion of austenite being an amount necessary to
      provide the aged steel with the yield strength of about 80,000 psi when
      said steel is deformed at least the equivalent of 2 percent on the tensile
      stress-strain diagram,
PA1  said temper providing said quenched steel with sufficient ductility for
      subsequent forming without preventing the development of said minimum
      yield strength.
NUM  3.
PAR  3. The method of producing a high yield strength nitrogenized low carbon
      steel comprising the steps of:
PA1  rapidly heating a hot rolled aging low carbon nitrogenized steel to a
      temperature within the alpha plus gamma region of the phase diagram for a
      time sufficient to dissolve a substantial proportion of the carbon and
      nitrogen into the ferrite of said steel and to form a predetermined
      proportion of said steel into austenite,
PA1  quenching said steel to substantially retain the solubilized carbon and
      nitrogen in solution and to transform at least the major proportion of
      said austenite into a form selected from a group consisting of martensite
      and bainite,
PA1  tempering said quenched steel,
PA1  plastically deforming the steel an amount equivalent to at least 2 percent
      on the tensile stress-strain diagram,
PA1  aging said deformed steel for a time sufficient to develop a minimum yield
      strength of 80,000 psi,
PA1  said predetermined proportion of austenite being an amount necessary to
      provide the aged steel with a yield strength of about 80,000 psi when said
      steel is deformed at least the equivalent of 2 percent on the tensile
      stress-strain diagram,
PA1  said temper providing said quenched steel with sufficient ductility for
      subsequent forming without preventing the development of said minimum
      yield strength.
NUM  4.
PAR  4. The method of producing a high yield strength nitrogenized low carbon
      hot rolled steel comprising the steps of:
PA1  rapidly heating an aging low carbon steel to a temperature within the alpha
      plus gamma region of the iron carbon phase diagram in the range of about
      1,319.degree. to 1,420.degree.F. for a time sufficient to dissolve a
      substantial proportion of the carbon and nitrogen into the ferrite of said
      steel and to form a predetermined proportion of said steel into austenite,
PA1  quenching said steel to substantially retain the solubilized carbon and
      nitrogen in solution and to transform at least the major proportion of
      said austenite into a form selected from the group consisting of
      martensite and bainite,
PA1  tempering said quenched steel,
PA1  plastically deforming the steel an amount equivalent to at least 2 percent
      on the tensile stress-strain diagram,
PA1  aging said deformed steel for time sufficient to develop a minimum yield
      strength of 80,000 psi,
PA1  said predetermined proportion of austenite being an amount necessary to
      provide the aged steel with the yield strength of about 80,000 psi when
      said steel is deformed at least the equivalent of 2 percent on the tensile
      stress-strain diagram,
PA1  said temper providing said quenched steel with sufficient ductility for
      subsequent forming without preventing the development of said minimum
      yield strength.
NUM  5.
PAR  5. The method of producing a high yield strength nitrogenized low carbon
      hot rolled steel comprising the steps of:
PA1  rapidly heating an aging low carbon steel to a temperature within the alpha
      plus gamma region of the iron carbon phase diagram in the range of about
      1,319.degree. to 1,420.degree.F. for a time period of 3 to 60 seconds to
      dissolve a substantial proportion of the carbon and nitrogen into the
      ferrite of said steel and to form a predetermined proportion of said steel
      into austenite,
PA1  quenching said steel to substantially retain the solubilized carbon and
      nitrogen in solution and to transform at least the major proportion of
      said austenite into a form selected from the group consisting of
      martensite and bainite,
PA1  tempering said quenched steel,
PA1  plastically deforming the steel an amount equivalent to at least 2 percent
      on the tensile stress-strain diagram,
PA1  aging said deformed steel for time sufficient to develop a minimum yield
      strength of 80,000 psi,
PA1  said predetermined proportion of austenite being an amount necessary to
      provide the aged steel with the yield strength of at least about 80,000
      psi when said steel is deformed at least the equivalent of 2 percent on
      the tensile stress-strain diagram,
PA1  said temper being such as to provide the quenched steel with sufficient
      ductility to permit a tensile deformation of about 18 percent without
      preventing the development of the said 80,000 psi final yield strength.
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ABST
PAL  A small quantity or low flow rate of a gaseous component is accurately and
      quickly introduced into the reaction chamber during the process of vapor
      phase epitaxy. The gaseous component is selectively communicated directly
      into a primary gaseous flow which passes into the reaction chamber. By
      maintaining a continuous flow of the gaseous component, the gaseous
      component can be accurately introduced into the reaction chamber without
      initially entering the reaction chamber with a large surge of
      concentration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder with the Department of the Army.
PAR  The present invention relates to vapor phase epitaxy, and particularly, to
      a method of accurately and quickly varying the rate of flow of a gaseous
      component into a reaction chamber.
PAR  Vapor phase epitaxy is a well-known process for forming layers of
      semiconductor material on a substrate. Generally, the process directs
      gaseous reactants into a reaction chamber for deposition of the desired
      material onto a substrate. The operating temperature and pressure of the
      process is specific to the individual materials being combined, or
      deposited, and is well known in the art.
PAR  Often, it is desirable to add an additional impurity in the form of a
      gaseous reactant, such as a conductivity modifier, into the reaction
      chamber in order to form a layer of the semiconductor material in which
      the conductivity modifier is present. It is often necessary to quickly and
      accurately vary the rate of flow of at least one gaseous component into
      the reaction chamber in order to form semiconductor layers which sharply
      differ in concentration of that one component, or for other purposes, such
      as controlling the growth rate. For example, it is often desirable to form
      a sharp change in carrier type or carrier concentration through the
      process of vapor phase epitaxy. In order to form the desired layers as
      quickly as possible, it is necessary to minimize the time it takes to
      introduce particular gaseous components into the reaction chamber. Present
      methods attempt to minimize this introducing time by placing the source of
      gaseous components as near as possible to the reaction chamber. In
      addition, present methods often slow down the overall growth rate in order
      to compensate for the delay caused by the introduction of a small quantity
      or low flow rate of a gaseous component into the reaction chamber. A more
      drastic technique often employed involves stopping the overall growth rate
      and then adding a particular gaseous component into the chamber, or
      equally drastic, moving the substrate into another deposition chamber.
PAR  Although present methods are often adequate for steady state conditions,
      these methods are less than desirable when it is necessary to sharply and
      accurately introduce or regulate at least one gaseous component into the
      reaction chamber. Present methods are especially undesirable where it is
      necessary to accurately and quickly introduce or regulate a small quantity
      or low flow rate of gaseous component into the reaction chamber while
      other gaseous materials are forming the semiconductor layers in the
      reaction chamber, e.g., for forming very thin multilayer gallium arsenide
      structures for field effect transistors, Impatt diodes and other devices.
PAR  Present methods are unable to quickly and accurately vary the rate of flow
      of a small quantity of a gaseous component into the reaction chamber since
      the gaseous component will initially enter the reaction chamber in a large
      surge of concentration followed by a lower concentration. Furthermore, the
      small quantity or low flow rate of the gaseous component will also be
      delayed by the time necessary to travel from the controlling device to the
      reaction chamber. It would therefore be desirable to develop a method for
      accurately and quickly varying the rate of flow of a gaseous component
      into the reaction chamber.
PAC  SUMMARY OF THE INVENTION
PAR  A method for quickly and accurately varying the rate of flow of a gaseous
      component into the reaction chamber during the process of vapor phase
      epitaxy. A primary gaseous flow is established into the reaction chamber.
      A desired flow of the gaseous component is established. The gaseous
      component is communicated directly into the primary gaseous flow such that
      the gaseous component is swept into the reaction chamber whenever the
      gaseous component is communicated directly into the primary gaseous flow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a portion of an apparatus useful in the
      method of the present invention.
PAR  FIG. 2 is a cross-sectional view of one form of a control valve useful in
      the method of the present invention.
PAR  FIG. 3 is a cross-sectional view of another form of a control valve useful
      in the method of the present invention.
PAR  FIG. 4 is a carrier concentration profile of epitaxial layers of
      semiconductor material having a sharp peak in concentration formed through
      the method of the present invention.
PAR  FIG. 5 is a carrier concentration profile of epitaxial layers of
      semiconductor material having a sharply defined high and low region of
      carrier concentration formed through the method of the present invention.
PAR  FIG. 6 is a carrier concentration profile showing a layer of low carrier
      concentration semiconductor material on a layer of high carrier
      concentration semiconductor material formed through the method of the
      present invention.
PAR  FIG. 7 is a carrier concentration profile showing a semiconductor material
      having a predetermined varying carrier concentration formed through the
      method of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The method of the present invention is useful for quickly and accurately
      varying the rate of flow of a gaseous component into the reaction chamber
      during the process of vapor phase epitaxy. The method includes the
      establishing of a primary gaseous flow into the reaction chamber, and the
      establishing of a desired flow of the gaseous component. The gaseous
      component is communicated directly into the primary gaseous flow to be
      swept into the reaction chamber whenever the gaseous component is required
      to be introduced into the reaction chamber. When the gaseous component is
      not desired in the reaction chamber, the gaseous component is communicated
      away from the primary gaseous flow. If desired, the flow of gaseous
      component can also be varied as it is communicated into the primary
      gaseous flow.
PAR  A schematic view of a portion of an apparatus useful in the method of the
      present invention is shown in FIG. 1. The apparatus includes a reaction
      chamber 26 having inlets 28, 29 and 30 for the reaction gases. The inlets
      28, 29, and 30 are connected to sources of gaseous material (not shown)
      with standard flow control (FC) valves disposed between the source of
      gaseous material and the reaction chamber 26. The apparatus includes a
      vent 31 as is well known in the art. The apparatus shown in FIG. 1 also
      includes the valve A as well as the standard flow control (FC) valves. The
      apparatus includes a tube network for communicating gas flows which
      includes the tubes 32 and 34. The flow control (FC) valves are capable of
      regulating a flow of gas therethrough and are well known and available in
      the art. The valve A should be capable of communicating a primary gaseous
      flow therethrough. In addition, the valve A should also be capable of
      communicating a flow of gaseous component directly into or away from the
      primary gaseous flow such that the gaseous component is swept into the
      reaction chamber 26 whenever the gaseous component is communicated
      directly into the primary gaseous flow.
PAR  Referring to FIG. 2, one form of a control valve useful for performing the
      function of the valve A of FIG. 1 in the method of the present invention
      is generally designated as 10. The control valve 10 includes a valve
      housing 11. The valve housing 11 includes an inlet 12 which can
      communicate a primary gaseous flow into and through the valve housing 11
      and then out through an outlet 14. The valve housing 11 also includes an
      inlet 16 which can communicate a flow of gaseous material into and through
      the valve housing 11 and out either through the outlet 14 or out through a
      vent 18. The valve housing 11 includes a directing means 20 which can be
      rotated so that a flow of gaseous material entering into the inlet 16
      exits either through the outlet 14 (as shown) or through the vent 18. The
      inlets 12 and 16 are disposed in such a manner that an area 22 in the
      valve housing 11 forms a common passage so that a primary flow of gaseous
      material established into the inlet 12 and then out the outlet 14 will
      sweep a weaker gaseous flow established into the inlet 16 so as to be
      swept out through the outlet 14. In addition, the area 22 also functions
      to mix the gaseous materials which pass therethrough. The valve housing 11
      also includes a control means 24 for rotating the directing means 20 into
      the desired position. The control valve 10 can be easily constructed by
      drilling an additional inlet (12) into a conventional three way valve.
PAR  To carry out the method of the present invention with the apparatus shown,
      a primary gaseous flow is directed through the system via the tube 34. The
      primary gaseous flow is controlled by a standard flow control valve (FC1).
      The primary gaseous flow then passes through the valve A and into the
      reaction chamber 26. At the valve A, the primary gaseous flow sweeps along
      any gaseous component which has been communicated to the valve A. For
      example, as shown, a standard flow control valve (FC2) can be utilized to
      determine the flow of a gaseous component through the tube 32 which is to
      be communicated to the valve A and which is desired to be introduced into
      the reaction chamber 26. It is desirable that the flow of the gaseous
      component communicated through the tube 32 and into the valve A is kept
      continuously flowing, i.e., the flow of gaseous component is either
      directed into the primary gaseous flow which passes through the valve A or
      vented away from the primary gaseous flow.
PAR  The gaseous component is therefore quickly and accurately introduced into
      the reaction chamber without an initial large surge of concentration as in
      the prior art. Thus, the gaseous component communicated to the valve A is
      swept into the reaction chamber whenever the gaseous component is
      communicated directly into the primary gaseous flow at the valve A.
PAR  In the method of the present invention, it is preferable to maximize the
      velocity of the primary gaseous flow so as to minimize the time necessary
      for sweeping the gaseous component into the reaction chamber so that the
      overall growth rate on the substrate can be maintained, i.e., without
      slowing or stopping the overall growth rate so as to introduce the gaseous
      component. As in the prior art, it is always desirable to locate the
      valve, such as valve A, as near as possible to the reaction chamber so as
      to minimize the response time. In addition, it is often desirable to
      maintain a relation wherein the flow of the gaseous component into the
      reaction chamber is varied without appreciably altering the flow of other
      gaseous material into the reaction chamber, e.g., the flow of gaseous
      component introduced into the chamber is small as compared to the flow of
      primary gaseous flow.
PAR  The method of the present invention thus includes introducing a primary
      gaseous flow into and through a valve in order to sweep a gaseous
      component, which is also directed into the valve, quickly and accurately
      into the reaction chamber during the process of vapor phase epitaxy.
      Specifically, in the process of gallium arsenide vapor phase epitaxy, it
      is convenient to be able to introduce concentrations of gaseous components
      consisting of only 1/10,000 of the total gas flow into the system. This
      means that the flow rate of the gaseous component required may be of the
      order of 0.1 cc./min. The gaseous component must appear in the reaction
      chamber in a very short time, e.g., a few seconds. Typically, the primary
      gaseous flow is one of the reaction gases, or an inert material, such as
      hydrogen, and the gaseous component is hydrogen sulfide.
PAR  Although the valve A, as previously described, is useful in carrying out
      the method of the present invention, it may be preferable to use another
      type of valve for some applications. For example, although the valve A is
      very successful in quickly and accurately introducing a gaseous component
      into the reaction chamber in accordance with the method of the present
      invention, it is difficult to utilize the valve A in a situation where a
      predetermined varying carrier concentration profile is desired. Therefore,
      it is important to utilize another structure, e.g., a valve B, which can
      perform the functions of the valve A and which, in addition, is capable of
      varying the flow of the gaseous component which is communicated directly
      into a primary gaseous flow to be thereafter swept into the reaction
      chamber.
PAR  A specific embodiment of a structure for the valve B is shown in FIG. 3 in
      which the valve B, also termed a regulating valve, is generally designated
      as 110. The regulating valve 110 includes a valve housing 111. The valve
      housing 111 includes an inlet 112 which can communicate a primary gaseous
      flow into and through the valve housing 111 and then out through an outlet
      114. The valve housing 111 also includes an inlet 116 which can
      communicate a flow of gaseous material into and through the valve housing
      111 and out through the outlet 114. Disposed between the inlet 116 and the
      outlet 114 is a needle control means 120 for controlling the flow of
      gaseous material which can pass directly into a primary flow of gaseous
      material established into the inlet 112 and out of the outlet 114. The
      valve housing 111 also includes a control means 124 for positioning the
      needle control means 120 such that a desired flow of gaseous material is
      allowed to pass therethrough. The area 122 in the valve housing 111 forms
      a common passage as in the valve 10 of FIG. 2. Preferably, the area 122
      has a volume such that the time necessary to sweep out any gaseous
      material from the area 122 is minimized, i.e., the area 122 has a minimal
      volume. The regulator valve 110 of FIG. 3 can be constructed by
      appropriately modifying a conventional flow control valve.
PAR  Thus, a valve B, such as the regulator valve 110 of FIG. 3 can be utilized
      in the method of the present invention whenever a varying predetermined
      carrier concentration is desired. In such cases, the valve B functions to
      quickly and accurately introduce a regulated flow of a gaseous component
      directly into the primary gaseous flow. The primary gaseous flow then
      sweeps the gaseous component into the reaction chamber.
PAR  Specifically, the primary gaseous flow in the tube 34 can be hydrogen,
      e.g., about 1,200 cc./min with about 10 cc./min of HCl (tube 28) and 150
      cc./min of 7% AsH.sub.3 in hydrogen (tube 29) also being introduced, as in
      FIG. 1. About 800 cc./min hydrogen (tube 28) can be utilized to sweep the
      HCl along. The method of the present invention permits the quick and
      accurate introduction of a gaseous component (tube 32) which, for example,
      can be 20 ppm or 500 ppm of H.sub.2 S in hydrogen at 0-50 cc./min. If
      desired, two or more valves such as valve A can be utilized such that more
      than one gaseous component can be quickly and accurately introduced into
      the reaction chamber 26, e.g., a separate valve, similar to valve A, can
      be utilized for the H.sub.2 S at both the 20 ppm or 500 ppm concentration
      of H.sub.2 S.
PAR  The use of the method of the present invention therefore permits the quick
      and accurate introduction of a gaseous component into the reaction chamber
      during the process of vapor phase epitaxy. Some of the advantages and
      applications of the method of the present invention are illustrated in
      examples 1-4.
PAC  EXAMPLE 1
PAR  One application of the method of the present invention is to form
      semiconductor layers on a conducting substrate in which the carrier
      concentration in the semiconductor layers varies sharply as in FIG. 4. As
      can be seen in FIG. 4, the carrier concentration varies sharply from about
      1.7 .times. 10.sup.15 N/cm.sup.3 to about 1.7 .times. 10.sup.17 N/cm.sup.3
      over a thickness of about .7 microns, where N represents the number of
      carriers which may be electrons or holes in a particular situation. The
      sharp carrier concentration variation was achieved through the use of the
      method of the present invention wherein the gaseous component, e.g.,
      H.sub.2 S, is quickly introduced and then directed away during the
      epitaxial growth of gallium arsenide on a substrate. Thus, the method of
      the present invention allows the sharp peak of FIG. 5 to be formed without
      employing the time consuming task of slowing the overall growth rate of
      the wafer or stopping the growth completely. The sharp variations of FIG.
      4 are useful in obtaining high regions for LO-HI-LO Impatt diodes.
PAR  Specifically, a flow rate of 0.1 cc./min of 20 ppm H.sub.2 S in hydrogen
      was established through a valve substantially the same as valve B. The 0.1
      cc./min of 20 ppm H.sub.2 S was communicated directly into a primary
      gaseous flow of an inert material, such as hydrogen, which was established
      into the reaction chamber such that the 20 ppm H.sub.2 S was quickly and
      accurately swept into the reaction chamber. Then, when the sharp peak was
      desired, the flow rate of the 20 ppm H.sub.2 S through the valve was
      increased to 13 cc./min and then decreased to 0.1 cc./min and communicated
      directly into the primary gaseous flow to be quickly and accurately swept
      into the reaction chamber.
PAC  EXAMPLE 2
PAR  The carrier concentration profile of FIG. 5 also illustrates the sharp
      difference in carrier concentrations in semiconductors layers achieved
      through the method of the present invention wherein the carrier
      concentration varies sharply from about 8 .times. 10.sup.16 N/cm.sup.3 of
      the active layer to about 5 .times. 10.sup.18 N/cm.sup.3 of the contact
      layer over a thickness of about 0.5 microns. The method of the present
      invention is utilized to quickly and accurately introduce the gaseous
      component into the reaction chamber while the layers are being formed. The
      variations shown in FIG. 5 are useful in obtaining material for field
      effect transistors.
PAR  Specifically, two valves such as valve A were utilized in the epitaxial
      growth of gallium arsenide. A flow rate of 4 cc./min of 20 ppm H.sub.2 S
      in hydrogen was established through one valve and a flow rate of 20
      cc./min of 500 ppm H.sub.2 S in hydrogen was established through the
      second valve. Both of the flows were vented away from the reaction chamber
      until required so as to prevent surges of concentration. The 4 cc./min of
      20 ppm H.sub.2 S was then communicated directly into a primary gaseous
      flow, such as hydrogen, to be quickly and accurately swept into the
      reaction chamber so as to form the active layer. Then, the 20 cc./min of
      500 ppm H.sub. 2 S was communicated directly into the primary gaseous
      flow, such as hydrogen, to be quickly and accurately swept into the
      reaction chamber so as to form the contact layer. The 4 cc./ min of 20 ppm
      H.sub.2 S was not vented away during the introduction of the 20 cc./min of
      500 ppm since the 4 cc./min of H.sub.2 S was of low enough concentration
      in relation to the 20 cc./min of 500 ppm H.sub.2 S so as to be of little
      concern for the purpose shown in FIG. 5.
PAC  EXAMPLE 3
PAR  The method of the present invention also permits the formation of a layer
      of low carrier concentration semiconductor material directly on a layer of
      high carrier concentration semiconductor material as shown in FIG. 6
      without being hampered by an interface uncertainty which often confronted
      the prior art. The interface uncertainty would often lead to situations
      where the high carrier concentration did not change to a low carrier
      concentration smoothly, as in FIG. 6. The method of the present invention
      allows one to quickly introduce the gaseous component for the high carrier
      concentration buffer layer and then quickly direct the gaseous component
      away. Also, the method allows one to quickly and accurately introduce the
      gaseous component for the low concentration layer. Thus, the method of the
      present invention permits the low carrier concentration layer to be formed
      as part of a continuous process after the formation of the buffer layer
      whereas the prior art would require a different deposition zone or
      evacuation and flushing of the reaction chamber.
PAR  Specifically, two valves such as valve A were utilized in the epitaxial
      growth of gallium arsenide. A flow rate of 1.5 cc./min of 500 ppm H.sub.2
      S in hydrogen was established through one valve to be used for the high
      carrier concentration buffer layer. A flow rate of 0.15 cc./min of 20 ppm
      H.sub.2 S in hydrogen was established through the second valve to be used
      for the low carrier concentration layer. Both flows were vented away until
      required in the reaction chamber as in Example 2. The 1.5 cc./min of 500
      ppm H.sub.2 S was then communicated directly into the primary gaseous
      flow, such as hydrogen, to be quickly and accurately swept into the
      reaction chamber so as to form the buffer layer. Then, immediately
      following the formation of the buffer layer, the flow of 1.5 cc./min 500
      ppm H.sub.2 S was vented away and the flow of 0.15 cc./min 20 ppm H.sub.2
      S was communicated directly into another primary gaseous flow, such as
      hydrogen, to be quickly and accurately swept into the reaction chamber so
      as to form the low-carrier concentration layer.
PAC  EXAMPLE 4
PAR  The capability of accurate control of epitaxial growth and carrier
      concentration is shown in FIG. 7 in which a predetermined varying carrier
      concentration profile is achieved without interfering with the overall
      growth rate. The carrier concentration profile of FIG. 7 would be useful
      in obtaining material for fabrication of hyper-abrupt varactor diodes. In
      this application of the method of the present invention, a valve such as
      valve B is utilized in order to communicate a predetermined varying flow
      rate of a gaseous component, e.g., H.sub.2 S, directly into a primary
      gaseous flow, such as hydrogen, to be quickly and accurately swept into
      the reaction chamber during the epitaxial growth of gallium arsenide.
PAR  Although the method of the present invention has been illustrated showing
      the formation of gallium arsenide epitaxial growths, it is apparent that
      the method of the present invention is equally successful for any kind of
      epitaxial growth in the vapor phase. Furthermore, although the method has
      been described with the use of the valve 10 of FIG. 2 and the valve 110 of
      FIG. 3, the method will be successful as long as any valve capable of
      performing as previously described is utilized. Also, although the method
      of the present invention has been illustrated with a primary gaseous flow
      sweeping only one gaseous component into the reaction chamber, the method
      also includes having one primary gaseous flow sweeping several gaseous
      components as well as having several primary gaseous flows which function
      similarly. Thus, there is provided by the method of the present invention,
      a method for accurately and quickly controlling the rate of flow of a
      gaseous component into the reaction chamber during the process of vapor
      phase epitaxy.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the process of vapor phase epitaxy, a method for quickly and
      accurately varying the rate of flow of a gaseous component into the
      reaction chamber, comprising the steps of:
PA1  a. establishing at least one primary gaseous flow into said reaction
      chamber,
PA1  b. establishing a desired flow of said gaseous component, and
PA1  c. communicating with gaseous component directly into said primary gaseous
      flow with said gaseous component passing through substantially no
      intervening space before reaching said primary gaseous flow such that said
      gaseous component is swept into said reaction chamber whenever said
      gaseous component is communicated directly into said primary gaseous flow.
NUM  2.
PAR  2. A method in accordance with claim 1 in which said gaseous component is
      communicated away from the primary gaseous flow when said gaseous
      component is not required in said reaction chamber.
NUM  3.
PAR  3. A method in accordance with claim 2 in which said flow of gaseous
      component is kept continuously flowing.
NUM  4.
PAR  4. A method in accordance with claim 3 in which said flow of gaseous
      component introduced into said primary gaseous flow is small as compared
      to the flow of said primary gaseous flow introduced into said reaction
      chamber.
NUM  5.
PAR  5. A method in accordance with claim 4 in which said flow of gaseous
      component introduced into said reaction chamber is varied without
      appreciably altering said primary gaseous flow.
NUM  6.
PAR  6. In the process of vapor phase epitaxy in which more than one gaseous
      component is communicated into a reaction chamber for deposition onto a
      substrate, a method for quickly and accurately varying the rate of flow of
      at least one of said gaseous components into said reaction chamber,
      comprising the steps of:
PA1  a. establishing at least one primary gaseous flow into said reaction
      chamber,
PA1  b. establishing a desired flow of said one gaseous component, and
PA1  c. communicating with one gaseous component directly into said primary
      gaseous flow with said gaseous component passing through substantially no
      intervening space before reaching said primary gaseous flow such that said
      one gaseous component is swept into said reaction chamber whenever said
      one gaseous component is communicated directly into said primary gaseous
      flow.
NUM  7.
PAR  7. A method in accordance with claim 6 in which said primary gaseous flow
      has a maximized velocity such that the overall growth rate on said
      substrate is maintained.
NUM  8.
PAR  8. In the process of vapor phase epitaxy in which more than one gaseous
      component is communicated into a reaction chamber for deposition onto a
      substrate, a method for quickly and accurately varying the rate of flow of
      at least one of said gaseous components into said reaction chamber,
      comprising the steps of:
PA1  a. establishing at least one primary gaseous flow through a control member
      and into said reaction chamber,
PA1  b. establishing a desired flow of said one gaseous component through said
      control member, and
PA1  c. communicating said one gaseous component directly into said primary
      gaseous flow in said control member with said gaseous component passing
      through substantially no intervening space before reaching said primary
      gaseous flow such that one gaseous component is swept into said reaction
      chamber whenever said one gaseous component is communicated directly into
      said primary gaseous flow.
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ABST
PAL  A method of making a semiconductor device is described in which
      opposite-type impurities are introduced into the same surface of a
      substrate in such manner that the region of impurities of the
      opposite-type to that of the substrate overlaps completely the other
      substrate surface region. Then an epitaxial layer is grown on the surface
      of the substrate. There is thus formed two buried layers of which the one
      with the same type conductivity of the substrate is completely separated
      and isolated from the latter by the buried layer of opposite-type
      conductivity. Methods are also described for the manufacture of
      complementary bipolar transistors, in which the pnp type is made by the
      above described method.
PARN
PAC  CROSS REFERENCE
PAR  This application is a continuation of copending application, Ser. No.
      31,435, now abondoned filed Apr. 13,1970 and a division of Ser. No.
      676,235, filed Oct. 18, 1967 now U.S. Pat. No. 3,702,428.
BSUM
PAR  This invention relates to a method of manufacturing a semiconductor device
      comprising a plurality of semiconductor circuit elements with a common
      semiconductor body use being made of a starting semiconductor body of the
      one conductivity type, the substrate, in which a pattern of surface
      regions of one conductivity type adjacent a surface of the substrate and
      having a concentration of impurities causing one conductivity type which
      is considerably higher than that of the substrate is formed by diffusion
      of an impurity and an epitaxial layer of the opposite conductivity type
      being formed on the said surface by deposition of semiconductor material.
      Afterwards an impurity causing one conductivity type is diffuused into
      surface portions of the epitaxial layer located above the pattern whereby
      at the same time diffusion from the pattern into the epitaxial layer
      occurs so that the impurity need be diffused into the epitaxial layer only
      through part of its thickness for the purpose of obtaining areas of the
      opposite conductivity type bounded in the epitaxial layer by diffused
      isolation regions of one conductivity type, these areas, islands,
      extending approximately throughout the thickness of the epitaxial layer. A
      region of one conductivity type is formed in at least one island diffusion
      of impurities and a region of the opposite conductivity type is formed in
      the said region for obtaining an npn(pnp) transistor in which these
      regions constitute the base region and the emitter region, respectively,
      and the surrounding area of the island constitutes the collector region.
PAR  It is often desirable to manufacture not only an npn(pnp)-transistor but
      also a complementary pnp(npn)-transistor. Several methods are known
      therefore in the semiconductor technique.
PAR  A first method is to form a surface region of one conductivity type in an
      island, this surface region thus forming the emitter region of a
      pnp(npn)-transistor in which the surrounding area of the island
      constitutes the base region and the regions of one conductivity type
      bounding the island, to which the substrate also belongs, constitute the
      collector region. Then the emitter region is made, for example, as thick
      as the base region of an npn(pnp)-transistor; the emitter and base regions
      can be formed simultaneously. The pnp(npn)-transistor can then be
      manufactured without an additional process step. However, an important
      disadvantage is that the base region of the pnp(npn)-transistor thus
      obtained is usually unduly thick, thus preventing satisfactory performance
      of the transistor. It is possible for the emitter region of the
      pnp(npn)-transistor to be diffused deeper into the island so that the base
      region becomes thinner, but in this case an additional process step is
      necessary and further the deep diffusion is time-consuming, difficult and
      poorly reproducible.
PAR  It has also been suggested to manufacture a lateral pnp(npn)-transistor, by
      forming in an island two surface regions of one conductivity type closely
      side by side. These surface regions serve as the emitter and the
      collector, respectively, while the base region can be thin by choosing a
      small distance between the surface regions. The regions may be formed
      simultaneously with the base region of an npn(pnp)-transistor. However,
      the geometry of an pnp(npn)-trannsistor thus obtained is very unfavourable
      and such transistors have, for example, a very low current-gain factor.
PAR  An object of the invention is to mitigate, at least considerably, the
      described disadvantages of known methods.
PAR  The present invention underlies recognition of the fact that a much better
      pnp(npn)-transistor can be obtained by using out-diffusion of an impurity
      from the substrate as well as from a surface of the epitaxial layer.
PAR  According to the invention, a method of the kind mentioned in the preamble
      is characterized in that a pattern is provided which includes a region
      above which an island is formed after the epitaxial layer has been
      applied, while during the isolation diffusion of the impurity causing one
      conductivity type for obtaining the isolated islands, the surface area of
      the epitaxial layer located above the said region of the pattern is masked
      against the in-diffusion, resulting in an island having a buried layer of
      one conductivity type which has been formed by diffusion from said region
      of the pattern, and that a surface region of one conductivity type is
      formed in this island above the buried layer by diffusion of an impurity
      for obtaining a pnp (npn)-transistor in which the said surface region is
      the emitter region and the surrounding area of the island is the base
      region, while the buried layer belongs to the collector region.
PAR  The base region of the npn(pnp)-transistor is preferably formed
      simultaneously with the emitter region of the pnp(npn)-transistor.
PAR  Since the buried layer belonging to the collector region of the
      pnp(npn)-transistor is obtained inter alia by out-diffusion of an impurity
      from the substrate into the epitaxial layer and the emitter region is
      formed by diffusion from the surface of the epitaxial layer, an
      intermediate thin base region may be obtained. It is not necessary to
      diffuse very deep, and for the manufacture of the pnp(npn)-transistor no
      additional process steps are necessary. Furthermore, the disadvantageous
      geometry above referred to, in which the emitter and collector regions are
      surface regions located side by side, is avoided.
PAR  Although the emitter region of the pnp(npn)-transistor may be formed after
      the isolation diffusion treatment for obtaining the islands, it is
      preferable to interrupt the isolation diffusion treatment for obtaining
      the islands and then to continue this treatment while forming
      simultaneously the emitter region of the pnp(npn)-transistor by diffusion
      of an impurity causing one conductivity type. The last-mentioned method
      provides a time gain and furthermore, for example, the thickness of the
      base region beneath the emitter region of the pnp(npn)-transistor can be
      adjusted more accurately and in a more reproducible manner since the
      formation of the emitter region does not affect the thickness of the
      buried layer of one conductivity type. If the emitter region is formed
      after the isolation diffusion treatment for obtaining the island, the
      thickness of the buried layer of one conductivity type, and hence the
      thickness of the base region beneath the emitter region, is determined not
      only by the isolation diffusion treatment, but also by the diffusion
      treatment for obtaining the emitter region and this may introduce
      inaccuracies.
PAR  The buried layer and the substrate have the same conductivity type and
      together form one region of one conductivity type. This implies that, when
      used in a circuit, the potential applied to the collector region of the
      pnp(npn)-transistor can only be the same as that applied to the substrate.
      This is not troublesome for several uses. However, for other uses it is
      desirable that the potential applied to the collector region of the
      pnp(npn)-transistor be different from that applied to the substrate.
PAR  Consequently an important preferred embodiment of the method according to
      the invention is characterized in that a pattern is provided in the
      substrate in which the said region of the patttern is separated from the
      remaining part of the pattern, and prior to the formation of the epitaxial
      layer an impurity causing the opposite conductivity type is diffused into
      a surface region of the substrate which surface region, when viewed on the
      surface of the substrate, overlaps said region of the pattern on all
      sides. The last-named impurity has a diffusion coefficient which is lower
      than that of the impurity with which the pattern is formed and also a
      concentration with which, after the formation of the epitaxial layer and
      after the isolation diffusion treatment for obtaining the islands, a
      second buried layer but of the opposite conductivity type is obtained
      which includes the overlapping surface region and which separates the
      buried layer of one conductivity type located in the epitaxial layer from
      the underlying part of one conductivity type belonging to the substrate,
      and above the buried layer of one conductivity type there is formed, in
      addition to the emitter region, a second surface region of one
      conductivity type, the contact region, which extends to the buried layer
      of one conductivity type. The buried layer of one conductivity type which
      belongs to the collector region is now separated from the substrate by
      regions of the other conductivity type and may thus have applied to it a
      potential other than that of the substrate.
PAR  Another important embodiment of the method according to the invention
      whereby a structure is obtained in which a potential may be applied to the
      collector region othe than that of the substrate and in which,
      furthermore, a collector region of the pnp(npn)-transistor is obtained
      which is thicker and of higher electric conductivity is characterized in
      that a pattern is provided in the substrate in which the said region of
      the pattern is separated from the remaining part of the pattern, and prior
      to the formation of the epitaxial layer, an impurity causing the opposite
      conductivity type is diffused into a surface region of the substrate,
      which surface region, when viewed on the surface of the substrate,
      overlaps said region of the pattern on all sides, said impurity having a
      concentration which is greater than that of the impurity in the substrate
      determining the conductivity type and which is lower than that of the
      impurity with which the pattern is formed. During the diffusion treatments
      of the method the impurity causing the opposite conductivity type is
      diffused deeper into the substrate than that with which the pattern is
      formed, resulting in a buried layer of one conductivity type which
      includes said region of the pattern and which is wholly surrounded in the
      substrate by a second buried layer of the opposite conductivity type, and
      above the buried layer of one conductivity type there is formed, in
      addition to the emitter region, a second surface region of one
      conductivity type, the contact region, which extends to the buried layer
      of one conductivity type.
PAR  This method differs from the previously mentioned method in that the buried
      layer of the resulting structure which belongs to the collector region of
      the pnp(npn)-transistor extends over part of its thickness into the
      substrate.
PAR  The impurity causing the opposite conductivity type preferably has a
      diffusion coefficient which is greater than that of the impurity with
      which the pattern is formed so that the impurity causing the opposite
      conductivty type may readily be diffused deeper in the substrate than the
      impurity causing one conductivity type.
PAR  Furthermore, prior to the formation of the epitaxial layer, the impurity
      causing the opposite conductivity type may be diffused deeper into the
      substrate than that with which the pattern is formed, it then being
      unnecessary for the diffusion coefficient of the impurity causing the
      opposite conductivity type to be greater than that of the impurity with
      which the pattern is formed.
PAR  The contact region which extends to the buried layer of one conductivity
      type preferably surrounds the emitter region of one conductivity type so
      that the second buried layer of the opposite conductivity type is
      separated from the base region of the pnp(npn)-transistor. This makes it
      possible to apply a potential to the buried layer of the opposite
      conductivity type which reduces the possibility of a parasitic transsitor
      action between the collector region of the pnp(npn)-transistor and the
      substrate.
PAR  The contact region is preferably formed during the isolation diffusion
      treatment for obtaining the islands, so that the formation of the contact
      region does not require an additional process step.
PAR  Preferably a buried layer of the opposite conductivity type is provided for
      reducing the collector series-resistance of the npn(pnp)-transistor in a
      region adjacent the junction between the island in which the
      npn(pnp)-transistor is formed and the substrate. The buried layers of the
      opposite conductivity type which are formed for the pnp(npn)-transistor
      and the npn(pnp)-transistor are advantageously formed simultaneously so
      that additional process steps are avoided.
PAR  The method according to the invention thus makes it possible to manufacture
      both npn(pnp)-transistors and pnp(npn)-transistors having a buried layer
      belonging to the collector region and in which no additional process steps
      are necessary for manufacturing the pnp(npn)-transistor.
PAR  Use is preferably made of a p-type silicon substrate on which an n-type
      epitaxial silicon layer is formed, since with the present state of the
      semiconductor art this has has advantages from a technical view point,
      while final products are obtainable which are better and especially more
      stable than in the case where an n-type silicon substrate with a p-type
      epitaxial layer is used.
PAR  The invention also relates to a semiconductor device comprising a
      npn(pnp)-transistor and a pnp(npn)-transistor with a common semiconductor
      body as manufactured by the use of a method according to the invention.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described in detail, by way of example, with reference to the
      accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is a cross-sectional view of a first embodiment of a semiconductor
      device according to the invention, taken on the line I--I of FIG. 2;
PAR  FIG. 2 is a plan view on this device;
PAR  FIG. 3 is a plan view of a stage during the manufacture of the device by
      the method according to the invention;
PAR  FIG. 4 is a cross-sectional view of the stage, taken on the line IV--IV of
      FIG. 3;
PAR  FIG. 5 is a cross-sectional view of a second embodiment of a semiconductor
      device according to the invention, taken on the line V--V of FIG. 6;
PAR  FIG. 6 is a plan view on the second embodiment which during its manufacture
      passes through a stage which is also shown in FIGS. 3 and 4;
PAR  FIG. 7 is a cross-sectional view of a third embodiment of a semiconductor
      device according to the invention, the plan view of which is similar to
      that shown in FIG. 6, the cross-sectinal view being taken on the line
      VII--VII (coincident) with the line V--V) of FIG. 6;
PAR  FIG. 8 is a cross-sectional view of a stage of the third embodiment during
      its manufacture by a method according to the invention, the plan view of
      which stage is similar to that of FIG. 3, the cross-section being taken on
      the line VIII--VIII (coincident with the line IV--IV) of FIG. 3.
DETD
PAR  Similar parts are indicated in the figures by the same reference numerals.
PAR  FIGS. 1 and 2 show one embodiment of a semiconductor device according to
      the invention having a semiconductor body 1 comprising a substrate 2 with
      p-type conductivity and provided thereon an epitaxial layer 3 which
      includes a plurality of areas, islands, 4 and 5 of n-type cnductivity
      which are bounded by isolation regions 6 of p-type conductivity which
      adjoin the substrate 2. The island 5 comprises an npn-transistor in which
      the emitter region is formed by a diffused n-type surface region 7, the
      base region is formed by a diffused p-type region 8 surrounding the
      emitter region in the island 5, and the collector region is formed by
      n-type area of the island 5 surrounding the base region 8.
PAR  According to the invention, the island 4 includes a buried p-type layer 9,
      that is to say a layer 9 which lies deep in the island (that is to say a
      layer which lies deep in the epitaxial layer 3 and which can partly lie in
      the substrate 2) and which does not appear at the surface of the island 4.
      The buried layer 9 belongs to the collector region of the pnp-type
      transistor in which a diffused p-type surface region 10 formed above the
      buried layer 9 is the emitter region and in which the n-type area of the
      island 4 located between the region 10 and the layer 9, that is to say the
      area which does not belong to the region 10 and the layer 9, is the base
      region.
PAR  In the present embodiment, in order to reduce the collector
      series-resistance of the npn-transistor, a buried n-type layer 12 is
      formed in a region encompassing the junction 11 between the island 5, in
      which the npn-transistor is formed, and the substrate 2. The buried layer
      12 makes the collector region of the npn-transistor thicker and may also
      have a higher concentration of n-type impurities than the island 5.
PAR  N-type regions 13 and 14 which have a concentration of n-type impurities
      which is higher than that of the islands 4 and 5 are formed to obtain good
      electrical connections. The electrical connections 15 to 20 are shown very
      diagrammatically in FIG. 1 only, lest the figures are made unnecessarily
      complicated. For the same reasons the insulating layer, for example of
      silicon oxide or silicon nitride, which is usually present and applied to
      the epitaxial layer 3 is omitted in the figures. Such an insulating layer
      has apertures through which the electrical connections 15 to 20 are made
      to the semiconductor body 1, the electrical connections possibly extending
      over the insulating layer in the form of metal tracks. With the insulating
      layer present, the junction fored by the surface diffused regions extend
      to the surface under the insulating layer as is common in the planar
      process.
PAR  The semiconductor device of FIGS. 1 and 2 comprising an npn-transistor and
      a pnp-transistor and a common semiconductor body 1 may be manufactured by
      a method according to the invention as follows:
PAR  Use is made of a p-type substrate 2 approximately 250 .mu. thick having a
      resistivity of approximately 5 .OMEGA.cm. The further dimensions are
      unimportant and must merely be large enough to permit the formation of two
      islands of the dimensions specified hereinafter.
PAR  A pattern 22 (see also FIGS. 3 and 4) adjacent to a surface 21 is formed in
      the substrate 2 by diffusion of boron (p-type). The pattern 22 comprises
      p-type surface regions having a concentration of p-type impurities which
      is materially greater, that is to say 10 times greater and in practice
      from 100 to 1000 times greater, than that of the substrate 2.
PAR  The boron may be diffused in a conventinal manner using, for example, a
      silicon-oxide layer provided with apertures as a diffusion mask. The
      surface concentration of boron in the pattern 22 is approimately 5 .times.
      10.sup.19 boron atoms/ccm and the pattern 22 is between approximately 0.5
      .mu. and 1 .mu. thick. The dimensions a and b indicated in FIG. 3 are
      approximately 25 .mu. and 200 .mu. respectively.
PAR  To decrease the collector series-resistance of the npn-type transistor (see
      FIGS. 1 and 2) it is necessary to form an n-type buried layer 12 in the
      region of the junction 11 between the island 5, in which the
      npn-transistor is manufactured, and the substrate 2. To this end, an
      n-type surface region 23 is formed, in addition to the pattern 22, in the
      substrate 2 (see FIGS. 3 and 4). The surface region 23 has dimensions of,
      for example, 150 .mu. .times. 150 .mu. .times. 5 .mu. and may be obtained
      by  diffusing arsenic (n-type) into the substrate 2 in a conventional
      manner. The surface concentration of the arsenic is approximately
      21.times.10.sup.20 arsenic atoms/ccm. During the diffusion of the arsenic
      the boron diffuses deeper into the substrate 2, so that the pattern 22
      becomes thicker and even thicker than the region 23.
PAR  Subsequently the surface 21 of the substrate 2 is covered with an epitaxial
      n-type layer 3, (see also FIGS. 1 and 2) having a thickness of
      approximately 10 .mu. and a resistivity of approximately 0.3.OMEGA.cm.
      This may be carried out in a conventional manner, for example, by
      depositing silicon from a gaseous compound.
PAR  Boron (p-type) is diffused into surface areas of the epitaxial layer 3
      located above the patters 22. During this process boron is also
      out-diffused from the pattern 22 into the epitaxial layer 3. Consequently
      the boron need be diffused into the epitaxial layer through only half its
      thickness, approximately 5 .mu., to obtain the n-type islands 4 and 5
      which are bounded by the isolation p-type regions 6 obtained by the
      diffusion of boron. The islands 4 and 5 extend substantially over half the
      thickness of the epitaxial layer 3. The diffusion of boron may be effected
      in a conventional manner.
PAR  During the diffusion of the boron, aresenic is also out-diffused from the
      zone 23. The arsenic penetrates the epitaxial layer 3 over a depth of
      approximately 1.5 .mu., resulting in the n-type buried layer 12 being
      obtained.
PAR  The p-type regin 8 having dimensions of approximately 40 .mu. .times. 40
      .mu. .times. 2 .mu. and a surface concentration between approximately
      10.sup.18 and 10.sup.19 boron atoms/ccm is formed in the island 5 by
      diffusion of boron. The n-type region 7 is formed in the region 8 by
      diffusion of phosphorus. The region 7 has dimensions of approximately 15
      .mu. .times. 30 .mu. .times. 1 .mu. and a surface concentration higher
      than 10.sup.20 phosphorous atoms/ccm. The diffusions of boron and
      phosphorus may be effected in a conventional manner. The region 7 is the
      emitter region, the region 8 is the base region and the adjacent area of
      the island 5 including the buried layer 12 is the collector region of the
      npn-transistor.
PAR  According to the invention a pnp-transistor having a buried p-type layer 9
      is also formed preferably simultaneously with the manufacture of the
      npn-transistor previously described.
PAR  To this end, a pattern 22, 25 is provided in the substrate 2 (see FIGS. 3
      and 4) having an area 25 of approximately 100 .mu. .times. 100 .mu.
      .times. 0.5 .mu. to 1 .mu., above which the island 4 is formed following
      the formation of the epitaxial layer 3, and the surface area of the
      epitaxial layer 3 located above the area 25 of the pattern 22, 25 is
      masked during the diffusion of boron for obtaining the isolation regions 6
      and hence the islands 4 and 5, resulting in the island 4 obtained with a
      p-type buried layer 9 which has been formed by out-diffusion of boron from
      the area 25. Subsequently the p-type surface region 10 is formed in the
      island 4 above the buried layer 9. This may be effected at the same time
      as the region 8 is formed; the regions 10 and 8 may have have the same
      dimensions. The p-type region 10 is the emitter region of the
      pnp-transistor, the surrounding n-type area of the island 4 is the base
      region, while the p-type buried layer 9 belongs to the collector region.
      Although, as previously described, the p-type emitter region 10 and the
      p-type base region 8 may be formed after the isolation diffusion treatment
      for obtaining the islands 4 and 5, and hence the regions 6, it is
      preferable to interrupt the isolation diffusion treatment for obtaining
      the islands 4 and 5 and then to continue this treatment while forming at
      the same time the emitter region 10 and the base region 8 by diffusion of
      a p-type impurity.
PAR  A diffusion treatment for obtaining islands in an epitaxial layer is
      carried out with the use of a diffusion mask provided on the epitaxial
      layer. The diffusion mask often consists of an apertured silicon oxide
      layer (or silicon nitride layer), an impurity being diffused through the
      apertures into the epitaxial layer.
PAR  In the described method according to the invention, an apertured mask may
      be provided on the epitaxial layer 3 in a conventional manner, boron being
      diffused through the apertures in the epitaxial layer 3 to obtain the
      regions 6. To this end, the boron is previously provided in the apertures,
      for example, in the form of boron oxide. It is now possible to interrupt
      the diffusion treatment before the regions 6 resulting also from diffusion
      from the pattern 22 have been formed completely and to form apertures in
      the diffusion mask for forming the regions 8 and 10. After boron oxide has
      been provided in these apertures as well, the diffusion treatment is
      continued whereby the regions 6 acquire their ultimate shape and at the
      same time the regions 8 and 10 are obtained.
PAR  The advantage then occurs that the thickness of the buried layer 9 does not
      depend upon the diffusion treatment for obtaining the regions 8 and 10, as
      is the case if the regions 8 and 10 are formed after the isolation
      diffusion treatment for obtaining the islands 4 and 5 and the regions 6.
      An unduly great thickness of the buried layer 9 can thus be prevented and
      the thickness of the base region between the emitter region 10 and the
      buried layer 9 can be adjusted more accurately.
PAR  The area 25 is formed in a similar manner as the regions 22. The buried
      layer 9 penetrates the epitaxial layer 3 through a depth of approximately
      5 .mu. (half the thickness of the epitaxial layer 3).
PAR  The diffusion from the pattern 22, 25 into the substrate 2 is not shown in
      FIGS. 1-3 since this diffusion is not interesting for the operation nor
      for the device to be obtained.
PAR  The isolation regions 6 consist of regions which overlap one another. This
      overlapping is indicated in broken lines in the regions 6.
PAR  The n-type regions 13 and 14 can be formed at the same time and in a
      similar manner as the emitter region 7 and have dimensions of
      approximately 10 .mu. .times. 40 .mu. .times. 1 .mu..
PAR  The electrical connections 15 to 20 may be made in a conventional manner.
      The lower side of the substrate 2 may also be provided with an electrical
      connection which may serve as a collector connection of the
      pnp-transistor. The connection 15 may then be dispensed with.
PAR  The electrical connections 15, 16, 17 and 18, 19, 20 form the collector,
      base and emitter connections of the pnp-transistor and the npn-transistor
      respectively.
PAR  The buried p-type layer 9 may have a larger surface area and adjoin the
      regions 6 locally or round about. The last-mentioned possibility is
      indicated by dot-and-dash lines in FIG. 1.
PAR  Since the buried layer 9 belonging to the collector region is obtained by
      out diffusion from the substrate 2 and the emitter region 10 is obtained
      by in diffusion from the surface of the epitaxial layer 3, a thin base
      region for the pnp-transistor is possible while avoiding very deep
      diffusion and furthermore for obtaining the pnp-transistor no additional
      process steps are necessary relative to the npn-transistor.
PAR  FIGS. 5 and 6 show a semiconductor device according to the invention of a
      similar kind to that of the previous figures, but in which the p-type
      buried layer 9 is separated from the underlying p-type area 30 belonging
      to the substrate 2, by means of a second buried n-type layer 31, and a
      p-type surface region, a contact region 32, is present above the p-type
      buried layer 9, and which extends to the layer 9. The region 32 and the
      layer 9 slightly overlap each other as indicated in broken lines.
PAR  The second buried n-type layer 31 makes it possible for the collector
      region 9, 32 of the pnp-transistor to have applied it to a potential which
      differs from that applied to the substrate 2. The contact region 32 is
      provided with an electrical connection 33.
PAR  The contact region 32 surrounds the p-type emitter region 10 completely, so
      that the second buried layer 31 does not form part of the n-type base
      region 34.
PAR  It is thus possible to apply a potential to the second buried n-type layer
      31 via an electrical connection 35 irrespectively of the potential applied
      to the base region, the possibility of parasitic operation of the
      transistor between the p-type layer 9 and the substrate 2 thus being
      avoided or limited.
PAR  The device shown in FIGS. 5 and 6 may be manufactured in a similar manner,
      except for some minor modifications, as the previous embodiment.
PAR  It is necessary to provide a pattern 22, 25 (see also FIGS. 3 and 4) in
      which the area 25 is separated from the remaining part 22 of the pattern.
      Further, prior to the formation of the epitaxial layer 3, arsenic (n-type)
      is diffused into a surface region 36. When viewed on the surface 21 of the
      substrate 2 (see FIG. 3) the region 36 overlaps the area 25 on all sides.
      The regions 36 and 23 may be formed simultaneously and in the same manner
      and may have the same dimensions. The concentration of arsenic in the
      regions 36 and 23 is greater than that of the impurity which causes p-type
      conductivity in the substrate 2. Arsenic diffuses into silicon more slowly
      than boron with which the pattern 22, 25 has been formed, and the
      concentration of arsenic in the overlapping region 36 is high enough, so
      that after the formation of the epitaxial layer 3 and after the isolation
      diffusion treatment for obtaining the islands, a second buried n-type
      layer 31 is formed which includes the overlapping surface region 36 and
      which separates the buried p-type layer 9 located in the epitaxial layer
      3, from the underlying p-type area 30 which belongs to the substrate 2.
PAR  The p-type contact region 32 may be obtained by diffusion of boron
      simultaneously with the formation of the regions 6 and has a width C of,
      for example, approximately 10 .mu..
PAR  FIG. 7 is a cross-sectional view of a semiconductor device of a similar
      kind to the previous embodiment and with the same plan view (see FIG. 6),
      but in which the second buried layer 31 of the opposite conductivity type
      lies in the substrate 2 substantially throughout its thickness. This
      permits a thicker buried layer 9 of one conductivity type and hence a
      thicker collector region of the pnp-transistor and a lower collector
      series-resistance. The latter point is an important advantage with respect
      to the previous embodiment.
PAR  The manufacture proceeds in a similar manner as with the previous
      embodiment. It is again necessary to provide a pattern 22, 25 in the
      substrate 2 (see FIGS. 8 and 3) with the area 25 separated from the
      remaining part 22 of the pattern. Further an n-type impurity is again
      provided in a region 23 and in a region 36 which in plan view overlaps the
      area 25 (FIG. 3). The concentration of the n-type impurity is greater than
      that of the impurity determining the conductivity type in the substrate 2
      and lower than that of the impurity with which the pattern 22, 25 is
      formed.
PAR  During the diffusion treatments of the method, the n-type impurity is
      diffused deeper into the substrate 2 than that with which the pattern 22,
      25 is formed. This results in a p-type buried layer 9 which includes the
      area 25 and is completely surrounded by the second buried n-type layer 31
      in the substrate 2. A surface region, the contact region 32, which extends
      to the layer 9 is again formed around the emitter region 10.
PAR  The sole difference from the method described with the previous embodiment
      relates to the formation of the pattern 22, 25 and the regions 23 and 36
      in the substrate 2.
PAR  The n-type impurity, for example phosphorus, for obtaining the regions 23
      and 36 may advantageously have a diffusion coefficeint greater than that
      of the impurity, for example boron, with which the pattern 22, 25 is
      formed. Further, prior to the formation of the epitaxial layer 3, the
      n-type impurity may already be diffused into the substrate 2 to a
      considerably greater depth than the p-type impurity.
PAR  The regions 23 and 36, for example, are first formed in the substrate by
      diffusing phosphorus into the substrate 2 in a conventional manner. The
      regiong 23 and 36 are approximately 10 .mu. thick and have a surface
      concentration of approximately 10.sup.18 phosphorus atoms/ccm. Then the
      pattern 22, 25 is provided by diffusing boron into the substrate in a
      conventional manner. The pattern 22, 25 is approximately 2 .mu. thick and
      has a surface concentration of approximately 10.sup.20 boron atoms/ccm.
PAR  The method otherwise proceeds in a similar manner as with the previous
      embodiments, the phosphorus diffusing from the regions 23 and 36 into the
      epitaxial layer through approximately 2.5 .mu., that is to say that the
      n-type impurity concentration in the islands 4 and 5 noticeably increases
      over a distance of approximately 2.5 .mu..
PAR  For completeness' sake, in FIGS. 5 and 7 are also shown in dashed lines the
      impurity diffusion into the substrate from regions 22 and 26. Thus p
      regions 6' are formed under the pattern 22, and P region 9' under region
      25 in FIG. 5. The latter forms because boron diffuses faster than the
      arsenic, and regions 25 and 36 in FIG. 4 have approximately the same
      depth. In FIG. 7, however, no p region is formed under the n region 31
      because phosphorus has a higher diffusion constant and region 36 is much
      deeper than region 25. However, as will be observed these acceptor
      diffusions into the substrate are unimportant because the substrate is
      also P type.
PAR  It will be evident that, although embodiments have been described in which
      only one pnp-transistor and only one npn-transistor are formed in a
      semiconductor body, it is possible to manufacture a plurality of
      npn-transistors and/or a plurality of pnp-transistors in a semiconductor
      body and furthermore several other circuit elements, such as diodes,
      capacitors and resistors.
PAR  The use of npn-transistors together with pnp-transistors is integrated
      semiconductor circuits has hitherto been avoided in the semiconductor
      technique as far as possible, since it was very difficult to manufacture
      both types of transistors with good quality in one semiconductor body. The
      invention makes it possible in a simple manner to manufacture both types
      of transistors in a semiconductor body with reasonable qualities, thus
      considerably widening the possibilities for use of integrated
      semiconductor circuits.
PAR  It will be evident that the invention is not confined to the embodiments
      described and that numerous variations are possible to a man skilled in
      the art without passing beyond the scope of the invention.
PAR  Furthermore an npn-transistor and an pnp-transistor according to the
      invention may be combined in one island. See for instance FIG. 1 in which
      the base-zone 8 of the npn-transistor may also consititute the emitter
      zone 10 of the pnp-transistor, in case the buried layer 12 is reduced to
      about half its size and only lies beneath about the half of the base-zone
      8 in which the emitter zone 7 is provided and the buried layer 9 is also
      reduced to about half its size and lies beside the buried layer 12 beneath
      the other half of the base zone 8. Preferably the collector connection 14,
      18 and the base connection 19 lie above the buried layers 12 and 9
      respectively. The result is a npn-transistor with an improved parasitio
      parasitic which increases the switching speed of the npn-transistor by
      reducing the storage time. This is claimed in a copending application, now
      U.S. Pat. No. 3,586,931.
PAR  Thus it is possible, for example, to form more than one semiconductor
      circuit element in an island. Further, the islands 4 and 5 of FIGS. 1, 2,
      5, 6 and 7 need not have a common isolation boundary region 6. The two
      islands can be surrounded in the epitaxial layer by separate boundary
      regions 6. It is not always necessary for the contact region 32 to
      surround the emitter region 10 completely (see FIGS. 1, 2, 6 and 7).
      Further, a large number of semiconductor devices according to the
      invention can be manufactured simultaneously in one semiconductor disc
      which, after using a method according to the invention, may be subdivided
      into individual semiconductor devices. It is also possible to use
      semiconductor materials and/or impurities other than those described. The
      emitter region 10 and the base region 8 need not be formed simultaneously.
      If, for example, an impurity concentration greater for region 10 than for
      region 8 is desired, these regions may be manufactured one after the other
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making a semiconductor device comprising the steps of
      providing a semiconductor body having a substrate portion of one
      conductivity type and having a surface, introducing in a first limited
      area surface region of the substrate portion and at said surface one-type
      forming impurities, introducing in a second surface region of the said
      substrate portion and at said surface opposite-type forming impurities,
      said second surface region completely overlapping said first surface
      region, growing an epitaxial layer of the opposite conductivity type on
      the said surface containing the first and second surface regions, the
      impurity concentrations in and the depth of said first and second surface
      regions and the relative diffusion coefficients of the impurities having
      values such that upon the application of heat the said one-type forming
      impurities form a first buried layer of one conductivity type, and the
      said opposite-type forming impurities form a second buried layer of the
      opposite conductivity type which completely separates the first buried
      layer from underlying substrate parts of one conductivity type, and
      forming in the epitaxial layer portion overlying the first buried layer at
      least part of the semiconductor circuit element.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein said body is heated until said
      first buried layer is extended into the epitaxial layer by out-diffusion
      of one-type forming impurities from said first surface region, the
      introduced opposite-type forming impurities having a diffusion coefficient
      lower than that of the one-type forming impurities and being provided in
      such a high concentration that the said second surface region is of the
      opposite-type conductivity and forms part of the second buried layer of
      opposite conductivity type.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the opposite-type forming
      impurities are introduced in said second surface region in a concentration
      higher than that of the impurities in said substrate portion determining
      the one conductivity type of the substrate portion, but lower than that of
      the one-type forming impurities in said first surface region, and such
      that the second surface region extends to a greater depth into the
      substrate than that of the first surface region, whereby the first surface
      region is of one conductivity type surrounded by a part of the second
      surface region of the opposite conductivity part, said first surface
      region after provision of the epitaxial layer remaining part of the first
      one-type buried layer.
NUM  4.
PAR  4. A method as claimed in claim 1, wherein the opposite-type forming
      impurities have a diffusion coefficient higher than that of the one-type
      forming impurities and a concentration lower than that of the one-type
      forming impurities such that the first surface region is of one-type
      conductivity, and heating the body such that after provision of the
      epitaxial layer the first surface region remains part of the first buried
      layer of one conductivity type and the second buried layer of opposite
      conductivity type at least partly is obtained by diffusion of
      opposite-type forming impurities from the second surface region deeper
      into the substrate portion.
NUM  5.
PAR  5. A method as set forth in claim 1, wherein following growth of the
      epitaxial layer one-type impurities are diffused into the epitaxial layer
      surface in a position overlying a portion of the first buried layer until
      they reach the latter forming a surface contact region connected to the
      first buried layer.
NUM  6.
PAR  6. A method as set forth in claim 5, wherein the one-type impurities are
      diffused into the epitaxial layer surface in an annular pattern overlying
      peripheral portions of the first buried layer to form a first one-type
      tub-shaped region enclosing at least part of the circuit element.
NUM  7.
PAR  7. A method as set forth in claim 6, and further including a step of
      forming by introducing impurities into the epitaxial layer an annular
      region of one-type conductivity laterally surrounding and spaced from the
      first tub-shaped region and extending from the epitaxial layer surface
      through the epitaxial layer into substrate parts of one-type conductivity
      to form isolation walls surrounding the tub-shaped region.
NUM  8.
PAR  8. A method as set forth in claim 1, wherein the second substrate surface
      region also has a limited area less than the whole substrate surface.
NUM  9.
PAR  9. A method of making a semiconductor device comprising the steps of
      providing a semiconductor monocrystal having a substrate portion of one
      conductivity type and having a surface, forming in the substrate portion
      at said surface a first limited area surface region containing one-type
      forming impurities, forming in the substrate portion at said surface a
      second surface region containing opposite-type impurities, said second
      substrate surface region completely overlapping the first substrate
      surface region and extending deeper into the substrate than the latter and
      separating the first limited surface region from substrate parts of one
      conductivity type underneath said first region, thereafter growing a
      single epitaxial layer of the opposite conductivity type containing
      impurities in a uniform concentration lower than that present in the first
      and second surface regions on the substrate surface containing the first
      and second surface regions, said opposite-type impurities in the second
      substrate surface region having a diffusion coefficient lower than that of
      the one-type impurities in the first substrate surface region but being
      present in the substrate in a concentration exceeding that of the one-type
      impurities, applying heat to the assembly until there is formed in the
      epitaxial layer by out-diffusion of one-type forming impurities from the
      first substrate surface region a first buried layer of one-type
      conductivity but which remains spaced from the surface of the epitaxial
      layer and is separated by the second substrate surface region from
      underlying substrate parts of one conductivity type, and forming in the
      epitaxial layer portion overlying the first buried layer at least part of
      a semiconductor circuit element.
NUM  10.
PAR  10. A method as set forth in claim 9, wherein following growth of the
      epitaxial layer one-type impurities are diffused into the epitaxial layer
      surface in a position overlying a portion of the first buried layer until
      they reach the latter forming a surface contact region connected to the
      first buried layer.
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ABST
PAL  Crushed ammonium nitrate fueled with the proper nitropropane lower alcohol
      mix is a non cap-sensitive, field-mixable blasting agent that produces two
      to four times the detonation pressure obtainable with AN/FO, when loaded
      to densities between 1.10 and 1.55 by use of a simple over-hole mechanical
      device.
PARN
     This is a division of application Ser. No. 311,935, filed Dec. 4, 1972, now
      U.S. Pat. No. 3,810,425.
BSUM
PAR  The invention relates to explosive compositions of improved power and
      safety, and to a device used to densify the explosive composition at the
      blasting site just before and as the composition is loaded into a
      pre-drilled hole. More particularly, this invention relates to a blasting
      agent composed of ground ammonium nitrate, nitropropane and an alcohol
      containing from one to five carbon atoms, and apparatus for mixing the
      components into a damp slug of blasting agent which can be dropped down a
      hole to produce a high density explosive of improved brisance.
PAC  BACKGROUND OF THE INVENTION
PAR  In the use of explosives, the need for safety is a problem which is ever
      present with workers in the field. Many explosives used in the field are
      compounded into a finished form at the factory and shipped from there to
      the point of use. During shipment, special precautions must be taken.
      Frequently, these precautions involve limitations on the routing of the
      explosives and the type of carrier, etc. Further, there are limitations as
      to the manner in which the explosives can be shipped and stored.
PAR  As a result of these requirements regarding shipping, storage, etc.,
      dynamite and other sensitive explosives are quite expensive to ship and
      store. This is reflected by a relatively high cost for the explosive
      material which must be borne by the ultimate user.
PAR  Some years ago, the commonly used blasting material for general industrial
      and commercial use, such as quarrying or earth-work blasting, or the like,
      was dynamite. In recent years, dynamite has been largely displaced by
      relatively simple mixtures of ammonium nitrate with sensitizers such as
      diesel oil. While the latter has met with wide acceptance, the commonly
      used mixtures are not without some disadvantages.
PAR  The explosive most commonly used is prilled ammonium nitrate fueled with
      fuel oil or similar liquid hydrocarbon, and sometimes supplemented with
      smaller amounts of other ingredients -- the generic term for this
      composition is AN/FO.
PAR  AN/FO has accounted for perhaps two-thirds or more of the industrial
      explosives used during 1971, up from practically zero 15 years ago. To
      gain such acceptance, it had to have had several factors in its favor.
      Paramount was economics which is a price/performance relationship; second
      was its ease of handling in bulk, which has lowered the cost of loading
      holes to an almost irreducible minumum; third was its uniformity of
      performance, which has permitted almost instantaneous acceptance and
      widespread use.
PAR  But AN/FO's uniformity is also its major disadvantage from the standpoint
      of bulk loading densities and resultant borehole pressures. One of the
      serious disadvantages of ammonium nitrate/fuel oil type explosives is
      excessive low density that leads to low borehole pressure. For example,
      AN/FO with a ratio of ammonium nitrate to fuel oil of 94/6 has a density
      of about 0.8 gm/cc with a corresponding borehole pressure usually less
      than 140 tons/sq. in. (19 kilobars). Thus with AN/FO mixtures, drilling
      costs are abnormally high -- and shovel costs are frequently higher than
      normal, because low detonation pressure causes reduced fragmentation which
      necessitates closer drilling of holes. Therefore, the low cost of AN/FO is
      somewhat offset by higher drilling and shovel costs.
PAR  There has been little impovement in AN/FO loading densities since bulk
      loading of holes was first done over 10 years ago. There have, however,
      been many attempts to overcome this disadvantage, which attempts have been
      unsuccessful from either an economic or a modis operandi standpoint.
PAR  Users and producers of AN/FO have tried various methods of improving bulk
      loading densities, such as grinding, weight additives and special downhole
      loading equipment. It was thought that grinding would increase the density
      since the finer particles could fill the void spaces between the spherical
      prills. But grinding has resulted in little or no improvement of density.
PAR  At first I attributed the lower field densities to the feathering action on
      the blasting agent by the discharge screw conveyor, and it was thought
      this effect could be overcome by loading material in 10 to 50 pound
      batches. This method resulted in a slight improvement, but with
      insufficient additional performance to offset handling problems.
PAR  It has been found that the reason for the inability to achieve higher bulk
      loading densities using ground ammonium nitrate is because of a phenomena
      which I call "fluffing." Because of this fluffing, the ammonium nitrate
      never actually has a chance to become dense and compact enough to produce
      the desired detonation velocity.
PAR  Fluffing occurs when ground ammonium nitrate having less than 9 percent
      liquid fuel therein falls to the bottom of the hole, "bounces" off of the
      bottom and thereby is dispersed with the air in the bottom of the hole.
      After bouncing, the ground ammonium nitrate settles as a fluffy mass of
      low (0.80 -0.85 gm/cc) density. Batches of ground AN/FO having the usual 6
      percent fuel oil were dropped 20 feet into large diameter Lucite pipe and
      the materials were observed to rebound off the bottom and settle as a
      fluffy low-density mass. After discovering the problem, I set out to find
      a solution to this density problem while keeping the explosive
      non-cap-sensitive. On the assumption that wetter material would be more
      cohesive and result in higher densities, mixtures using 9 percent to 18
      percent fuel oil were tested. These gave higher densities, but as
      expected, the various mixtures either detonated at low-order or failed to
      detonate.
PAC  FIELD OF THE INVENTION
PAR  A liquid fuel has been found which when added to crushed ammonium nitrate,
      supplies energy of its own which makes up for the ammonium nitrate which
      it replaces and which supplies oxygen needed to obtain sufficient brisance
      upon detonation. This fuel can be added to crushed ammonium nitrate in an
      amount up to 16 percent is sufficient to impart the necessary cohesive
      compaction to the blasting agent.
PAR  It was unexpectedly found that a fuel comprising nitropropane (either
      1-nitropropane or 2-nitropropane) meets the requirements of safety,
      economics -- both price and performance, ease of handling in bulk, and
      uniformity of performance, when it is diluted with proper amounts of a
      lower C.sub.1-5 alcohol. These two nitropropanes are isomers and have
      almost identical physical properties and are interchangeable for mixing
      the ammonium nitrate as disclosed herein. Most nitriles such as
      acrylonitrile, acetonitrile can be used in place of the nitropropane but
      are usually undesirable because of hazards involved.
PAR  Fuel admixtures supply combustible materials that utilize the oxygen
      released during the decomposition of ammonium nitrate. Although
      erroneously referred to as "sensitizing" the nitrate, the presence of a
      fuel merely increases the temperature of the reaction above the critical
      required to propagate a detonation.
PAR  Nitropropane contributes additional heat and energy to a blasting agent,
      but no explanation is offered except that nitropropane contains a +5
      valence nitrogen. The only explanation for the feasibility of using
      acrylonitrile or acetonitrile is the presence of the C.tbd.N group. In the
      1.10 to 1.55 density range, ground ammonium nitrate fueled only with
      nitropropane to oxygen-balance, yields detonation pressures of 60 to over
      100 kilobars -- about a 10 percent reduction from theoretically ideal for
      AN/FO; however, the mixture is cap-sensitive. If oxygen-balance is
      maintained and the proper diluent is used, the nitro-propane portion of
      the fuel mix can be reduced to about 50 percent before a 10 percent
      reduction in detonation pressure is noted, provided the density is greater
      than 1.0. Fortunately, a 50/50 nitropropane lower alcohol mix improves
      economics immensely and the sensitivity of blasting agents fueled
      therewith is well within the desired limits. This 50/50 fuel mix allows
      considerable human error in the field, since a 20 percent increase or
      decrease from an oxygen-balanced mixture does not lower detonation
      pressure more than about 20 percent providing loading densities are
      maintained at the lower fuel levels. While the 50/50
      nitropropane/C.sub.1-5 alcohol mixture is preferred from a convenience
      standpoint, when each component is added in an amount of 5-9 percent of
      the total blasting agent (10-18 percent total fuel), excellent results are
      achieved.
PAC  ZERO IDEAL OXYGEN BALANCE
PAR  This fuel can be added in a percentage which can result in an explosive
      with an ideal oxygen balance of zero, or as close to zero as desired.
PAR  The term "oxygen balance" used in the specification and claims is well
      known and accepted by the art. The oxygen balance of an explosive compound
      is calculated by determining the total weight of the compound and dividing
      this weight into the difference between the weight of the oxygen required
      to completely oxidize the elements of the compound and the weight of the
      oxygen actually present in the compound. An explosive having perfect
      balance to yield carbon dioxide and water has zero balance, one lacking
      sufficient oxygen has a negative balance, and one containing excess oxygen
      has a positive balance. For an excellent discussion of oxygen balance, see
      Chemical Reviews, Vol. 44, pages 419-445 (1949). The most effective
      explosives have oxygen balances which approach zero. All classes of
      explosives have their greatest brisance, power and heat of explosion at
      zero oxygen balance (see the graphs in Chemical Review cited above).
PAR  The oxygen balance of the nitroparaffins is very low; for nitromethane it
      is --39.3 percent; for nitroethane --96 percent; and for nitropropane
      --134.8 percent. If the oxygen balance in the final explosive composition
      is too low, difficulty in affecting detonation is experienced. For this
      reason, whenever a nitroparaffin having as low an oxygen balance as
      nitropropane was mixed with ammonium nitrate in the prior art, another
      component was combined which had a higher oxygen balance percentage (see
      the Lawrence U.S. Pat. No. 2,325,064). It was generally believed that
      nitromethane having an oxygen balance of --39.3 percent could not be
      replaced by nitropropane having an oxygen balance of --134.8 (i.e. see the
      Brower U.S. Pat. No. 3,255,057) especially when mixed with methanol having
      an oxygen balance of --150. However, it was unexpectedly found herein that
      this substitution can be made provided the proper percentages of
      nitropropane and lower alkanol are added to the ammonium nitrate and the
      ammonium nitrate be crushed.
PAR  In prior art techniques where a fuel of a nitroparaffin and a diluent were
      added to ammonium nitrate, it was thought essential that the ammonium
      nitrate be low density, high porosity, uncrushed prills i.e. see col. 3 of
      3,133,844. It was thought essential that the fuel migrate from the
      exterior surfaces of the prills into their interior portions,
      necessitating the use of a high-porosity prill. The invention disclosed
      herein, on the contrary, does not produce the desired and unexpected
      results unless the ammonium nitrate is crushed.
PAR  Ideal oxygen balances of about zero can be achieved when methanol and
      ethanol are used by utilizing the following formulas prepared especially
      for utilization in conjunction with the composition of the instant
      invention to ascertain the corresponding percentages of nitropropane and
      alkanol for a zero oxygen balance. As previously disclosed, equal
      quantities of nitropropane and alkanol or an amount of each between 5
      percent and 9 percent of the total composition gives an exceptionally good
      mixture.
PAR  When methanol is used, the fraction of nitropropane and methanol to be
      mixed with ground ammonium nitrate to obtain an oxygen balance of
      approximately zero can be calculated according to the following formula
      ##EQU1##
      where X = fraction of nitropropane and Y = fraction fo methanol. Of course
      the fractions X and Y can vary between values of 0.05 and 0.09. Oxygen
      balances of zero can be obtained with values of X and Y outside of the
      0.05 and 0.09 range, but the unexpected detonation velocities and
      detonation pressures are not achieved thereby, or cap-sensitivity problems
      encountered.
PAR  Experiment were performed with various combinations of 1-17 percent of each
      component. The total amount of fuel must be between 10 and 18 percent of
      the total blasting agent so that the necessary cohesive compaction can be
      obtained. These percentages (1-17 percent of each component with 10-18
      percent total fuel) can be used, but lower detonation pressures or
      cap-sensitivity problems are encountered when not within the 5-9 percent
      range for each fuel component.
PAR  For example, a 6 percent nitropropane value (X = 0.06) and a 6.33 percent
      methanol value (Y = 0.0633) gives an oxygen balance of about zero.
PAR  The formula for ethanol to achieve an approximately zero oxygen balance is:
      ##EQU2##
PAR  A zero oxygen balance cannot be achieved when propanol is used in the 5-9
      percent range but a zero oxygen balance can be achieved within the 1-5
      percent and 9-17 percent ranges, and for percentages of propanol and
      nitropropane very close to the lower limit (5 percent) of the 5-9 percent
      range which gives best results.
PAR  For propyl, isopropyl, butyl, isobutyl, pentyl and isopentyl alcohols, an
      approximately zero oxygen balance can be obtained by using percentages of
      nitropropane to alcohol according to the formulas:
      ##EQU3##
PAR  By using amounts of propanol and nitropropane within the 5-9 percent range,
      very good results are obtained although the oxygen balance is not ideal.
PAC  BLASTING COMPOSITION
PAR  To achieve best results, the blasting composition disclosed herein
      comprises 5-9 percent nitropropane; 5-9 percent lower alkanol having from
      1 to 5 carbon atoms; and the remainder 82-90 percent crushed ammonium
      nitrate.
PAR  There are four basic types of ammonium nitrate readily available in
      quantity. They are: a low-density, high-porosity prill; a high-density,
      low-porosity prill or grain produced by a graining process; a high
      density, high-porosity prill, and a high-density, low-porosity nitrate
      cake that has been crushed to approximate prill size. The low-density,
      high-porosity has heretofore thought to have been a must when the ammonium
      nitrate is fueled because of the necessity of retaining fuel and
      "effective" small grain size due to porosity. High-density nitrates yield
      lower energy because of inability to retain fuel necessary for
      oxygen-balance and because of a large effective grain size. However, some
      uncrushed high-density nitrate is used in AN/FO, but only in large
      blastholes, and always with a high-powder factor and the risk of poor
      performance.
PAR  When all four types were crushed to similar screen analysis and fueled with
      the same nitropropane-diluent mix, performance was in the same bracket.
      Desired densities were harder to obtain with the low-density type,
      probably due to lower particle density and tendency to fluff. The
      high-density nitrate is therefore preferred. It has been found that the
      porosity is not so important when the nitrate is crushed for density
      purposes, since there is adequate surface area for adsorption of liquid
      fuel and grain size is reduced accordingly.
PAR  Best results are achieved by crushing with one of the commercial grinders
      which, when crushing prills, leaves less than 7 percent uncrushed prills.
      However, as long as 10-18 percent of the fuel described herein is added to
      the ammonium nitrate, it has been found that up to 60 percent uncrushed
      prills (+20 mesh) can be used together with at least 40 percent crushed
      and still achieve detonation at densities within the range of 1.1-1.55
      gm/cc.
PAR  Ground ammonium nitrate produced by a roll crusher is flakey, while a
      hammermill product has irregular shapes and a wider size distribution.
      When fueled with a nitropropane/diluent mix, desired densities were easier
      to obtain with the hammermill product. However, at the same densities and
      nearly identical screen analysis, results were in the same performance
      bracket. The method used to grind the ammonium nitrate is not critical as
      long as the in-hole density of 1.10-1.55 gm/cc can be achieved with the
      fueled ground product according to this invention. In practice, any
      commercial grinder can be used, i.e. that used with the bulk delivery
      apparatus of the Knotts U.S. Pat. No. 3,531,022. The ammonium nitrate can
      be ground at the blasting site as by using the bulk delivery apparatus of
      the Knotts patent, or can be preground and delivered to the blasting site
      as a ground material.
PAR  It is well known that AN/FO can be made cap-sensitive by grinding, with the
      degree of sensitivity dependent on the fineness. Further, as the density
      is increased, a ground AN/FO becomes less sensitive; on the other hand, if
      density is decreased to the point of inadequate confinement, a detonation
      will not propagate even if it can be initiated.
PAR  The same is true for a finely ground nitrate fueled with nitropropane. That
      is, a prilled nitrate/nitropropane mix is not cap-sensitive, while a
      ground nitrate/nitropropane mix can be cap-sensitive, and the sensitivity
      is also dependent on density and fineness.
PAR  The cap-sensitivity of ground nitrate/nitropropane mixes can be negated by
      the addition of certain nitropropane diluents. Although varying amounts of
      several diluents negates cap-sensitivity, only one diluent meets the other
      requirements of high-energy performance, tolerance of human error, desired
      density and economics. The diluent is a lower alkanol having 1-5 carbon
      atoms. This particular diluent used at a 50 percent level of the fuel
      portion lowered detonation pressure about 10 percent from that attained
      without dilution.
PAR  When ground ammonium nitrate is mixed with nitropropane lower alkanol fuel
      over-hole, it is probably in its most insensitive state. During conveying
      to the collar of the slugger by, for example, an auger, the material is in
      small fluffed batches of about two pounds, with a high degree of void
      space within the batches. The diameter of the batches is less than the
      critical unconfined diameter, and the batches are separated by conveyor
      flights and even more void space. It is doubtful that even a cap-sensitive
      material could be initiated under the same conditions, but if initiated,
      propagation failure would surely result.
PAR  During the hole loading, the combination of materials loaded into the hole
      is only as safe as its most hazardous unit. In most operations, a
      cap-sensitive detonating cord is brought uphole from a cap-sensitive
      primer, usually wrapped around a rock and laid out on the ground in the
      immediate work area. Actually, there is no hazard as determined by an
      "anvil" test, where detonation in the cord is only in the area of immense
      impact without propagation along the cord.
PAC  BLASTING COMPOSITION HOLE LOADING
PAR  Loading methods used for downhole loading of bulk AN/FO are somewhat
      standard and all result in fairly uniform densities, with 50 percent of
      the charge being void space. Equipment for bulk hole loading of crushed
      nitrate-nitropropane-diluent mix is limited to those rigs using an auger
      system, since ground nitrate fueled to a moist condition will not flow
      through a pneumatic system. However, any method of mixing the
      nitropropane-alcohol components into the ammonium nitrate can be used. For
      high density loading of such a material, a simple mechanical device is
      used at the discharge end of the conveyor. The addition of fuel is done
      overhole and the crushing of the nitrate can be done either at the bulk
      storage location or overhole. There is excellent equipment, economically
      available, for overhole crushing as described in manufacturer's literature
      and U.S. Pat. No. 3,531,022. The fuel can be added at the auger intake.
PAR  Sensitivity, except as a safety measure in transporting, storing, and
      handling, is of little significance in the performance of a blasting
      agent, provided it is well confined and adequately initiated. The energy
      obtainable from a blasting agent is totally a function of the rate and
      quantity of gas generated and the heat of the explosion, instead of being
      related to the ease with which it can be detonated.
PAR  Hole diameter increases, up to about 6 inches, will result in increases in
      detonation velocity. The higher detonation pressures resulting therefrom
      will usually permit an increase in hole spacing to maintain the same
      powder factor at nearly the same stemming. But, if the hole size is
      increased over 6 to 7 inches, the increase in detonation pressure is
      insufficient to permit increased hole spacing without an increase in
      powder factor, because of the disproportional increase in energy
      requirements to fracture between holes.
PAR  The higher density of a ground nitrate-nitropropane-diluent mix permits
      smaller holes at the same powder factor used for AN/FO. However, economics
      dictates an increase in spacing to maintain the same powder factor and
      stemming, since much greater detonation pressure assures fracturing at a
      greater spacing--within limits, of course, and due to economics.
PAR  Prior art loading of blasting holes with prilled ammonium nitrate
      compositions, i.e. AN/FO, could only load to densities of 0.80 to about
      0.85 gm/cc and usually detonate at a velocity between 11,500 and 12,000
      ft/sec in 3 inches diameter charges. Such a load would only yield
      detonation pressures between 25 and 28 kilobars. With the composition and
      apparatus herein described, downhole densities between about 1.10 and 1.55
      gm/cc can be achieved. In 3 inches diameter charges this gives velocities
      in the 14,000 to 17,000 ft/sec range and detonation pressures between 50
      and 100 kilobars.
PAR  These detonation pressures, heretofore unobtainable with fueled ammonium
      nitrate, give exceptional fracturing results which are vividly illustrated
      when the dense composition described herein and AN/FO are each loaded into
      holes and comparatively detonated. A large "plume" of smoke and explosion
      gases rise above the AN/FO filled hole. This is because of the weak
      detonation pressures. When the explosion gases and shock waves are not
      strong enough to fracture, push and lift the earth around the point of
      detonation, the gases escape through the path of least resistance--back up
      through the hole. When the hole loaded with the dense blasting agent
      described herein is detonated, only a small plume is seen, and even that
      plume can be seen to be more a lifting of earth rather than a plume of
      gases. The gases from exploding the composition described herein have
      enough power to move the earth away in all directions and therefore very
      little gases funnel upward through the hole. It is important to note that
      while detonation velocity is a near linear function of the loading
      density, the detonation pressure increases as the square of the velocity.
      Obviously, the ability to achieve even a small increase in loading density
      produces momentous overall results.
PAC  THE COMPACTING APPARATUS
PAR  Once mixed, the explosive composition is added to a device as shown in FIG.
      1. I call this device a "slugger" since it forms a "slug" of blasting
      composition which achieves a density of 1.10 - 1.55 gm/cc when dropped
      into the hole as described hereafter. The slugger can be attached to the
      end of the auger found on bulk hole loading apparatus used with the
      present AN/FO process (see 23 of FIG. 3).
PAR  As described above, because of "fluffing," crushed AN/FO --  prilled
      ammonium nitrate and a liquid hydrocarbon, usually fuel oil -- when added
      to a blasting hole only achieved a density of about 0.85- 0.90 gm/cc. It
      has now been found, that by using the blasting composition as described
      above together with the slugger (FIG. 1), in-hole densities of 1.10-1.55
      can be achieved. This required density of explosive composition is
      achieved by loading the composition in the slugger prior to dropping the
      slug into the hole. The slug is the cohesive compact mass of blasting
      composition having 10-18 percent fuel which is formed by the "slugger" and
      dropped into the drilled blasting hole.
PAR  The slugger is a compacting device (as shown in FIG. 1) which comprises a
      tubular member having a top end and a bottom end and having an inside
      diameter along the entire length of the tubular member. The inside
      diameter at the top end of the tubular member is smaller than the inside
      diameter at the bottom end of the tubular member. The slight tapering of
      the side walls of the slugger is critical in achieving unloading of the
      contents of the slugger in a uniform compact mass as is necessary to
      achieve an inhole blasting composition of the required density. The top
      end of the slugger can be provided with a collar to catch blasting
      composition falling from the bulk hole loading apparatus. The slugger need
      not have a circular cross section as long as the cross sectional area at
      the top is less than that at the bottom. For example, the cross section of
      the slugger can be eliptical, hexagonal octagonal, square, rectangular, or
      any convenient shape. The only necessary structure is that taking any two
      points along the length of the slugger, the transverse cross-sectional
      area at the higher point must always be less than at the lower point. The
      diameter of the tubular member can gradually and uniformly increase from
      the top end of the tubular member to the bottom end of the tubular member.
PAR  At the bottom end, the slugger must have a gate operatively attached
      thereto which gate has means operatively attached thereto for moving the
      gate to a closed position wherein the bottom end of the tubular member is
      substantially completely covered by said gate and blocked from passage of
      blasting composition therethrough, and to an open position wherein the
      bottom end of the tubular member is substantially completely unobstructed
      by said gate for free passage of blasting composition through the bottom
      end of the tubular member. Any means can be used to move the gate to
      either a completely obstructing or completely unobstructing position as
      described above. FIG. 1 is a specific embodiment of a slugger with a gate
      having a means for opening and closing the gate. The slugger has a hinged
      gate which has operatively attached thereto an air cylinder which is
      attached to a compressed air supply for opening and closing the gate. The
      gate is spring loaded to open. In operation, the gate is secured in a
      closed position by forcing the piston 18 within the air cylinder up toward
      the top of the slugger with compressed air. As the piston 18 moves upward,
      the spring 15, coiled around the piston, is placed under increasing
      compression.
PAR  When the gate has been closed with compressed air, as described above, the
      slugger is filled with blasting composition to the desired level. The air
      pressure is then released from the air cylinder which causes the gate to
      quickly open from the force of the spring under compression.
PAR  The specific embodiment shown in FIG. 1 is in no was intended to limit the
      invention herein described. The means used to open and close the gate at
      the bottom of the slugger is in no way critical. Any form of gate can be
      used and can be actuated to open and close in any way known in the art to
      open and close gates or valves. The gate can be hinged as shown in FIG. 1,
      or can be hinged from one side and latched closed on the opposite side of
      the gate. The gate can be slidably attached to the bottom end of the
      tubular member or can be positioned to cover the bottom end of the tubular
      member manually and quickly pulled away when the slugger is filled. Any
      method of opening and closing the gate can be used. The mechanism can be
      mechanical as shown in FIG. 1, or the gate moving mechanism can be
      electrical or electro-mechanical as known per se in the art.
PAR  The slugger is actually a catching or retaining device and can be provided
      with a sight slot or small window near the top of the tubular member so
      the slugger operator will know when the slugger contains the desired
      amount of blasting composition. At that time, the operator can actuate the
      gate opening means. The slug or compact cohesive unit of blasting
      composition substantially retains its cohesive compact shape during its
      entire downward flight to its point of rest within the hole.
PAR  The slugger can also be provided with sensing or control means which can
      actuate the gate mechanically, electrically or electro-mechanically in
      response to weight, gate or tubular wall pressure, or height of blasting
      composition. These sensing or control mechanisms are known per se in the
      art. Thus, a detailed description of such a sensing or automatic control
      mechanism is not set forth herein. Of course, the control means, if used,
      can be operatively attached to the slugger feed supply also so that the
      feed to the slugger can be automatically stopped prior to gate opening.
PAR  The critical required structural design which the slugger must have to be
      able to drop a compact slug of blasting composition into a predrilled hole
      is the tubular wall taper causing the tubular diameter to increase from
      top to bottom. The inside diameter of the slugger must increase from top
      end to bottom end so that once the slugger contents move downward through
      the gate an infinitesimal distance, substantially none of the slugger
      contents remains in contact with the tubular wall. Once the slugger
      contents moves downward an infinitesimal distance, the contents are in
      free fall -- this fall as a compact slug, is what enables the blasting
      composition to achieve the 1.10-1.55 gm/cc inhole density heretofore
      unknown in bulk hole loading of ammonium nitrate blasting agents.
PAR  Without the tapering of the tubular wall as described above, when the
      slugger is unloaded, it would be impossible to obtain a cohesive compact
      mass of blasting agent which is necessary to achieve the required density.
      The taper can be varied -- more taper makes the slugger easier to unload,
      but gives a slug which is not as compact as the slug from the less tapered
      slugger. The reason for the difference in compactness is because of the
      feathered leading slug edge when the greater slugger taper is used.
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PAC  THE DRAWINGS
PAR  FIG. 1 shows the slugger 10 with auger 11 positioned thereabove. The
      slugger can have a collar 12 for catching any improperly directed blasting
      agent. The slugger can have a vibrator 13 attached thereto having an
      off-center shaft 17 to start the slug falling once the gate is opened. The
      gate opening and closing means 14 is shown as a spring 15 loaded pneumatic
      device, but the device can be any means for opening and closing the gate
      16.
PAR  FIG. 2 is a schematic diagram of the composition process, and equipment
      used in blasting in accordance with the herein described invention.
PAR  FIG. 3 shows a bulk delivery truck 20 which includes a crusher 21 and auger
      22 connected to a slugger 23. The nitropropane, lower alcohol mixture can
      be stored in tank 24 carried by the bulk delivery truck and mixed with the
      crushed ammonium nitrate at the intake end of the auger. When not in use,
      the auger and slugger can be positioned vertically so that the bulk
      delivery truck need not detach the slugger when travelling on the highway.
DETD
PAR  One of the major advantages obtained by using the blasting composition
      described herein is the ability to vary the density at different hole
      loading heights according to the difficulty of fracturing the particular
      geological formation at any given height. A higher density slug can be
      used to blast the more difficulty fractured strata, and a lower density
      slug for the less difficult strata.
PAR  In operations such as strip mining, where ammonium nitrate explosives are
      commonly used, the layers to be fractured and then shoveled away have
      sloping walls in accordance with regulations so that the toe or bottom of
      the earth to be removed is wider than the top or rim where drilling
      begins. Therefore, the inherent ability to achieve greater densities at
      the bottom of the hole is very suitable for blasting in the common mining
      operation. The operator of the slugger can use it in accordance with the
      invention to drop a high density slug into position for blasting a
      difficulty fractured or loosened stratum before or after dropping a less
      dense slug. The less dense slugs can be dropped by simply directing the
      slug at the inside wall of the hole to break up the slug before it
      settles, or by leaving the bottom gate partially closed during the drop.
      The slugger could also simply be used as a funnel, without ever
      accumulating a slug, to simply pour the blasting agent into the hole to
      loosen an easily fractured stratum.
PAR  In many cases it may be desirable to load the same blast hole to different
      densities because of varying hardness of rock strata within the hole or
      because of excessive toe. This can be done by slugging those portions of
      the hole where greater density and higher detonation pressure is desired
      and leaving the slugger gate open where the energy requirements are less.
      Frequently, terrain and other factors such as "driller error" causes hole
      spacing within a shot to vary somewhat from the shot design, resulting in
      some holes having greater burden than others. The entire shot can be
      uniformly loaded by varying the amount of blasting agent per hole, yet
      maintain the same stemming -- this is done by changing the ratio of
      material loaded as slugs to that loaded with the slugger gate open.
PAR  Preferably, the slugger has a vibrator attached thereto. The vibrator 13
      (see FIG. 1) has a primary purpose of starting the slug into free fall.
      The vibrator can be an off-center or cam-type shaft which is motor driven,
      hand driven, or otherwise rotatable by any means known for turning shafts.
      For example, a popular commercial vibrator is driven by compressed air.
      The vibrator helps somewhat in the transition of the blasting composition
      from the discharge conveyor into the mouth of the slugger and has a slight
      affect on the inhole density. However, the vibrators main function is to
      start unloading of the slugger. For this purpose, the vibrator is not
      essential, since the slug will usually begin to unload with the opening of
      the gate. And where the slugger taper is so small that the slug does not
      immediately unload with gate opening, the slugger can be tapped with any
      object to create enough slugger vibration to begin the unloading process.
PAR  The vibrator is not necessary to create the necessary inhole density. Even
      without the vibrator, when the slug hits the bottom of the predrilled
      hole, the center of the slug creates a downward force which pushes the
      blasting composition out against the side wall of the hole. This tight
      coupling of explosive-to-rock is a necessity for proper shock wave
      transmission. The importance of explosive-to-rock coupling is well known.
      Shock wave transmission through annular air space can be as low as 5
      percent as effective, and through water, about 75 percent effective.
PAR  If lower densities are desired, (1) the slugger gate can be left open and
      the slugger used as a spout, (2) the slugger can be pointed so that the
      slug will hit the side wall of the predrilled hole, or (3) the gate can be
      opened only part way to break up the slug as it emerges from the slugger.
      However, with these lower inhole densities, the greatest detonation
      pressure and velocity cannot be obtained as disclosed possible by using
      the slugger to obtain maximum inhole density.
PAC  BLASTING AND ECONOMIC POTENTIAL
PAR  To get some idea of the potential of such a blasting agent in field use,
      consider that an explosive does work in two ways. The work done by an
      explosive can be expressed in the simple terms of the old Welsh miner --
      the Hit and the Heave -- which was his description of the shock effect
      created by the sudden application of the detonation pressure and the
      heaving action of expanding gases.
PAR  Ignoring certain factors affecting the machanics of rock failure, the shock
      effect is transmitted into the surrounding rock in the form of compression
      and reflected tension waves. If the magnitude of these waves exceeds the
      compressive and tensile strength of the rock, the rock will fracture. This
      is followed immediately by the heaving action of the expanding gases,
      which results in fragmentation along the fractures just created.
PAR  For large confined charges, the shock effect is determined by the
      detonation pressure, while the heaving action is dependent on the volume
      of gas generated.
PAR  The volume of gas generated by an explosive is determined only by its
      chemical composition, provided the reaction goes to completion. Both AN/FO
      and a crushed nitrate/nitropropane lower alkanol mix produce nearly 16-1/2
      cu. ft. of gas per pound of material, which is 800 and 1200 times their
      respective solid state volumes.
PAR  If the shock effect is insufficient to fracture between holes an inherent
      fractures are minimal, the result will be monoliths or large boulder
      zones, regardless of the volume of expanding gases. Increasing the powder
      factor might produce the desired fragmentation, but with increased powder
      and drilling costs and probable excessive displacement.
PAR  On the other hand, there is no objection to increased fragmentation if it
      is a result of increased detonation pressure instead of an increase in
      powder factor. Or, if present fragmentation is adequate, there should be
      no objection to reduced drilling and hole loading costs that would result
      from increased hole spacing necessary to maintain the same powder factor
      for a high-density blasting agent.
PAR  Now consider the field applications of a high-energy, high-density blasting
      agent that generates the same gas volume as AN/FO when used at the same
      powder factor, but has a much greater fracturing ability, and can be
      loaded at varying densities.
PAR  The hardest rock strata in any shot determines the hole spacing and powder
      factor, provided bench heights or thickness of overburden do not impose
      limits. Generally, proper fragmentation of the hardest strata is
      accomplished by designing an AN/FO shot to:
PA1  a. shoot the hardest strata and overshoot the softer zones;
PA1  b. shoot the hardest strata and deck softer zones with drill cuttings;
PA1  c. shoot the softer zones and use high-energy booster charges in the harder
      zones, or;
PA1  d. shoot for an average and fight the boulders-- too often done.
PAL  Of course, if the ground is uniform throughout, blasting technology is
      quite simple.
PAR  The economic possibilies become quite obvious if a high-energy,
      high-density blasting agent is substituted for AN/FO in the above
      situations. The savings can be determined from the data that follows.
PAR  Without any change in the powder factor or stemming, the savings would be
      derived from lower drilling costs per cubic yard at increased hole spacing
      and, with less holes, there would be savings in hole loading costs,
      primers, supplies, repairs, etc. Further, there is considerable savings
      resulting from better fragmentation which increases drag line or shovel
      efficiency and reduces milling costs.
PAR  As noted in the example that follows, the savings in drilling and blasting
      costs can be far greater than the increased cost of the blasting agent--in
      fact, in some cases, the savings can be as large as the present cost of
      blasting agent.
PAC  TO DETERMINE TOTAL SAVINGS IN DRILLING AND BLASTING COSTS
PAR  The saving in drilling and blasting costs alone, can, in many cases, be
      greater than the present cost of blasting agent when a high-energy,
      high-density blasting agent, as described herein, is used to replace
      AN/FO. At the same powder factor, hole size and stemming, the savings can
      be calculated from the following:
      ##EQU4##
      where $ is the savings in .cent. per cu. yd. (or ton)
PA1  .cent. is present drilling and blasting cost in .cent. per cu. yd. (or ton)
PA1  Ba is present blasting agent cost in .cent. per pound
PA1  Pf is the powder factor in cu. yds./lb. (or tons/lb)
PA1  Ba/np is cost of blasting agent containing nitropropane in .cent. per pound
PA1  f is an "expansion" factor for the new increased hole spacing resulting
      from increased density -- 100 percent increase in cu. yd. (or tons) per
      foot of hole, f is 0.50; for a 75 percent increase, f is 0.57; for 50
      percent increase, f is 0.67, etc.
PAR  While a preferred embodiment of the invention has been shown, it is to be
      understood that numerous modifications and changes will occur to those
      skilled in the art. The appended claims are intended to encompass all such
      modifications and changes as come within the true spirit and scope of the
      invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A blasting agent having a density of 1.10 to 1.55 gm/cc. comprising
      crushed ammonium nitrate, 1-17% by weight nitropropane and 1-17% by weight
      of alkanol having 1 to 5 carbon atoms, wherein the combined weight
      percentage of nitropropane plus alkanol is 10-18%.
NUM  2.
PAR  2. A blasting agent as defined in claim 1 wherein the ammonium nitrate is
      high density, low porosity cake ammonium nitrate.
NUM  3.
PAR  3. A blasting agent as defined in claim 1 wherein the ammonium nitrate is
      high density, high porosity prilled ammonium nitrate.
NUM  4.
PAR  4. A blasting agent as defined in claim 1 wherein the ammonium nitrate is
      low density, high porosity prilled ammonium nitrate.
NUM  5.
PAR  5. A blasting agent as defined in claim 1 wherein less than 60 percent of
      the ammonium nitrate has a particle size greater than 20 mesh.
NUM  6.
PAR  6. A blasting agent as defined in claim 1 wherein the nitropropane is
      present in an amount of 5-9 percent by weight and wherein the alkanol is
      present in an amount of 5-9 percent by weight.
NUM  7.
PAR  7. A blasting agent as defined in claim 1 wherein the oxygen balance is
      substantially zero.
NUM  8.
PAR  8. The blasting agent of claim 1 wherein less than 7 percent of said ground
      ammonium nitrate has a particle size greater than 20 mesh.
NUM  9.
PAR  9. The blasting agent of claim 1 wherein the nitropropane consists
      essentially of 2-nitropropane and wherein said alkanol consists
      essentially of methanol.
NUM  10.
PAR  10. A blasting agent as defined in claim 1 which is not cap-sensitive.
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ABST
PAL  Improved blasting compositions are prepared by the addition of a solution
      of an oil-soluble organic acid in fuel oil to prilled ammonium nitrate,
      followed by the addition of water, in controlled amounts, and ammonia, as
      an aqueous solution or in gaseous form, and mixing the resultant mixture
      until the density of the final product exceeds the density of water.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to blasting compositions and it is
      particularly related to improved ANFO-based blasting compositions. More
      specifically, this invention is concerned with improved blasting
      compositions obtained by the addition of a solution of an oil-soluble
      organic acid in fuel oil to prilled ammonium nitrate, followed by the
      addition of water, in controlled amounts, and ammonia, as an aqueous
      solution or in gaseous form, and to a method of making such improved
      blasting compositions.
PAC  THE PRIOR ART
PAR  In my U.S. Pat. No. 3,764,421, issued Oct. 9, 1973, I have briefly
      described the history of explosive compositions, and the relatively recent
      replacement of conventional explosives (dynamite) with ANFO-based blasting
      compositions. The principal reason for this replacement is the superior
      explosive characteristics of ANFO (mixture of ammonium nitrate and fuel
      oil) and its considerably lower cost. However, as I have pointed out in my
      aforesaid patent, the ANFO-based blasting compositions suffer from some
      disadvantages which could limit their practical applications in blasting
      operations. These limitations, however, could be overcome by providing
      improved ANFO-based blasting compositions in accordance with the method
      described in my aforesaid patent.
PAR  While the improved ANFO-based blasting compositions described in my
      aforesaid patent represent considerable advance over the hitherto known
      ANFO-based blasting compositions, I have now discovered that they, too,
      have some disadvantages. Thus, I have found that the ANFO-based blasting
      compositions described in my aforesaid patent tend to undergo some caking
      and liquid phase separation after prolonged storage at elevated
      temperatures. While these phenomena have no significant adverse effect
      upon the detonating characteristics of these blasting compositions, and
      they are not usually encountered under field-mixing conditions, where
      prolonged storage time is not required, they are nevertheless somewhat
      objectionable and may present difficulties in material handling. Another
      problem is that ammonium nitrate, as supplied by various manufacturers, or
      even by the same manufacturer, vary from hard, dense prills to highly
      porous, soft prills. When using the method described in my aforesaid
      patent, the hard, dense prills can only be processed with difficulty,
      while the highly porous, soft prills tend to break down to finely divided
      solids early during the initial mixing operation.
PAC  SUMMARY OF THE INVENTION
PAR  Improved blasting compositions are provided which have the superior
      detonating characteristics of the ANFO-based blasting compositions
      described in my aforesaid patent and have considerably reduced tendency
      toward caking and liquid phase separation, particularly after prolonged
      storage at elevated temperatures. The improved blasting compositions of
      this invention are prepared by the addition of a solution of an organic
      acid and fuel oil to prilled ammonium nitrate, followed by the addition of
      water, in controlled amounts, and ammonia, as an aqueous solution or in
      gaseous form, and mixing the resultant mixture until the density of the
      final product exceeds the density of water.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  I have now discovered that the caking and liquid phase separation
      associated with the ANFO-based blasting compositions described in my
      aforesaid patent can be virtually eliminated by certain modifications in
      their basic compositions, as well as by certain modifications in the
      process of their preparation. Thus, I have now unexpectedly discovered
      that by introducing an oil-soluble organic acid and ammonia into the basic
      ANFO-based blasting compositions, caking and liquid phase separation can
      be virtually eliminated, without adversely affecting the detonating
      characteristics of the resultant blasting compositions. I have further
      discovered that the method of this invention can be employed to facilitate
      accomodation of the large variations in physical properties of the prilled
      ammonium nitrates which are generally available on the market.
PAR  The method of preparation of the blasting compositions of this invention is
      generally as described in my aforesaid patent, with certain modifications
      which will become evident from the ensuing description. Thus, a solution
      of an organic acid in fuel oil is thoroughly blended with ammonium
      nitrate, using suitably designed conventional mixers, until the organic
      acid-fuel oil solution has substantially completely penetrated the
      ammonium nitrate prills as evidenced by absence of oil film from the
      surface of the ammonium nitrate prills. Water, in a specified amount, is
      then added to the contents of the mixer and the resultant mixture is
      thoroughly blended to effect break-down of the ammonium nitrate prills
      into finely divided particles.
PAR  The aforesaid blending operation is carried out until the density of the
      resultant composition exceeds the density of 1.0 for water, and is
      preferably within the range of from about 1.1 to about 1.4. This may be
      accomplished by periodic withdrawal of samples of the materials in the
      mixer and measuring their density until a product is obtained which has
      the desired density.
PAR  Thereafter, a specified amount of ammonia is added to the contents of the
      mixer and the resultant mixture is once again thoroughly blended until the
      resulting product has a substantially uniform consistency.
PAR  The organic acids which are suitable for the preparation of the novel
      compositions of this invention include the saturated fatty acids which
      contain from about 8 to about 20 carbon atoms, preferably from about 12 to
      about 18 carbon atoms. Among the aforesaid organic acids, the carboxylic
      acids are preferred to the other organic acids, such as the sulfonic
      acids, etc.
PAR  The unsaturated acids corresponding to the aforesaid saturated fatty acids
      may also be employed for the purpose of this invention. Thus, the
      aforesaid saturated fatty acids may be employed individually, or as
      mixtures of said saturated and/or unsaturated fatty acids. The saturated
      fatty acids, however, are preferred, and more improved blasting
      compositions are obtained by using one more of these acids.
PAR  Exemplary saturated fatty acids which can be efficaciously employed herein
      are Caprylic, Pelargonic, Capric, Undecanoic, Lauric, Tridecanoic,
      Myristic, Pentadecanoic, Palmitic, Margaric, stearic (including its
      isomer, i.e., iso-stearic), Coconut oil, Nondecanoic and Arachidic acid,
      or mixtures thereof. Coconut oil acids and iso-stearic acid are most
      preferred for the purpose of this invention.
PAR  The aforesaid acids are generally employed in relatively minor amounts.
      Thus, the amount of these acids can vary from about 0.1 to about 10 weight
      per cent, preferably from about 0.1 to about 3.0 weight per cent based on
      the weight of final product.
PAR  The fuel oil employed in the practice of this invention is preferably
      diesel number 2 fuel oil, well known to those skilled in the art. However,
      if desired, the fuel oil may be partly or totally replaced with other
      oxidizeable materials such as hydrocarbon fractions derived from petroleum
      and similar fractions derived from other fossil fuels. Oils derived from
      plant and animal origins, and synthetic products such as alcohols,
      glycols, amines, esters and ketones may also be used in lieu of fuel oil.
      Also, if desired, the fuel oil may be partly or totally replaced by the
      aforesaid saturated oil-soluble acids.
PAR  The amount of fuel oil employed in the practice of this invention
      constitutes from about 3 to about 6 weight per cent, based on the final
      product.
PAR  Part of the ammonium nitrate (up to about 30%) may be replaced with other
      nitrates such as sodium nitrate, potassium nitrate and calcium nitrate.
      The quantity of ammonium nitrate (or total nitrates, if ammonium nitrate
      is partially replaced with other nitrates) used can vary from about 80 to
      about 94 weight per cent, preferably from about 86 to about 92 weight per
      cent based on the final product. If desired, the nitrates may be employed,
      at least in part, as aqueous solutions to facilitate the blending
      operation.
PAR  The amount of water which is added is usually from about 1 to about 9
      weight per cent, and is preferably from about 1 to about 4 weight per cent
      based on the weight of the final product. This amount includes water added
      to the system in other forms, such as where the ammonia, ammonium nitrate
      and the other inorganic nitrates are used as aqueous solutions.
PAR  The amount of ammonia which can be added can vary from about 0.5 to about
      1.5 moles per mole of the organic acid or acids.
PAR  In the preparation of the novel compositions of this invention, a critical
      relation with respect to oxygen balance must be maintained between the
      carbonaceous and other oxidizeable materials, on the one hand, and
      ammonium nitrate (or total nitrates) on the other hand. If the amount of
      the carbonaceous and other oxidizeable materials is less than the amount
      required to maintain the critical balance, the amount which is available
      to combine with the oxygen in the ammonium nitrate (or total nitrates)
      will be insufficient, hence resulting in a reduction of the explosive
      energy available in a balanced composition. In addition, the detonation of
      such compositions promotes the formation of nitrogen peroxide which is
      toxic and undesirable. If, on the other hand, the amount of carbonaceous
      and oxidizeable materials exceeds the critical balance, i.e., there is an
      excess of such material over the amount required to combine with the
      available oxygen, the resulting composition will be less sensitive to
      detonation.
PAR  The present invention will now be illustrated by the following examples.
PAC  EXAMPLE 1
PAR  Four hundred pounds of low-density, fertilizer-grade, prilled ammonium
      nitrate and a solution of 4.4 pounds coconut oil fatty acids (Ashland Oil
      Company Hydrofol Acid 631) in 20 pounds of number 2 diesel fuel oil, were
      charged to a rotary-drum, cement-type mixer, and mixed for 2 hours. The
      mixture was allowed to stand in the mixer for 2 days without agitation, at
      a temperature of about 30.degree. F. After this period, the solution of
      coconut oil fatty acids in the diesel fuel had substantially completely
      penetrated into the ammonium nitrate prills.
PAR  An aqueous solution of ammonia (containing 3.1 weight per cent ammonia) was
      then added to the content of the mixer, and the mixture was continuously
      agitated for 10 minutes until a weak odor of ammonia could be detected,
      indicating that the amount of ammonia which has been added is in excess of
      that required to combine with the acid. The resulting mixture was charged
      to multi-wall paper bags, each containing 50 pounds of this product, and
      these bags were stored in a van-body trailer at ambient conditions of from
      about 20.degree.-60.degree. F., for 13 days. Thereafter, the contents of
      the bags were charged back into the rotary-drum mixer and mixed thoroughly
      for approximately two hours.
PAR  The resultant product was light pink in color and had the following
      composition:
TBL                        Amount,    Weight                                   

     Compound              pounds     %                                        

     ______________________________________                                    

     Ammonium nitrate       400.0     85.9                                     

     Number 2 diesel fuel oil                                                  

                             20.0     4.3                                      

     Coconut oil fatty acids                                                   

                             4.4      0.9                                      

     Water                   40.0     8.6                                      

     Ammonia                 1.3      0.3                                      

     Red dye*                4 grams  --                                       

     Total                  465.7     100.0                                    

     ______________________________________                                    

      *The dye is generally added to the number 2 diesel fuel oil.             

PAR  The contents of the rotary drum were bagged into 51/2 inch diameter,
      double, polyethylene bags, each containing 25 pounds of this material.
      These bags were stored in a van-type, uninsulated truck body for
      approximately 1 year. No caking or liquid phase separation was observed
      during the months of January through June. Only slight caking of the
      product and small amounts of liquid phase separation were observed during
      July and August. The caked product could be readily broken up by hand. The
      density of the product obtained in this example was 1.1 (as compared to
      density of 1.0 for water) and could be increased to 1.3 by tapping.
PAR  Sensitivity tests were conducted on the product of this example, following
      the procedure set forth in the examples of my aforesaid patent, which
      procedure is incorporated herein by reference. It was determined that the
      product of this example could not be detonated with a number 8 commercial
      blasting cap when confined in an open-top, 12-ounce, tin-plate can.
      However, detonation was observed with a 16-inch piece of 100 grain
      Primacord (trade name for a detonating fuse manufactured by the Ensign
      Bickford Company) loop placed in the can with 400 grams of the
      lightly-packed mixture.
PAC  EXAMPLE 2
PAR  A solution of 33 pounds coconut oil fatty acid (Ashland Oil Company
      Hydrofol Acid 631) in 150 pounds number 2 diesel fuel oil (containing
      small amount of red dye) was added to 3,000 pounds of low-density prilled
      ammonium nitrate in a rotating-drum, cement-type mixer and the mixture was
      thoroughly blended therein for one hour to insure substantially complete
      penetration of the acid solution into the ammonium nitrate. The resulting
      pink mixture was allowed to stand overnight at ambient temperature of
      about 30.degree. F. after which an aqueous solution of ammonia (consisting
      of 10 pounds ammonia in 126 pounds of water) was added to the mixer and,
      after mixing for three hours, the mixture was again allowed to stand
      overnight at ambient temperature of about 30.degree. F. The resulting
      mixture was again mixed the following day for an additional hour to insure
      complete break-down of the prills into finely divided particles. The
      composition of the resultant product was as follows:
TBL                         Amount,                                            

     Compound               pounds   Weight %                                  

     ______________________________________                                    

     Ammonium nitrate       3,000    90.4                                      

     Number 2 diesel fuel oil                                                  

                             150     4.5                                       

     Coconut oil fatty acids                                                   

                              33     1.0                                       

     Water                   126     3.8                                       

     Ammonia                  10     0.3                                       

     Total                  3,319    100.0                                     

     ______________________________________                                    

PAR  The density of the resultant product was 1.1 (compared to a density of 1.0
      for water). Sensitivity tests conducted as in Example 1, supra, indicated
      that the resulting composition could not be detonated with number 8
      blasting cap or with a 50-grain Primacord loop, but could be detonated
      with 100-grain, 150-grain and 200-grain Primacord loops.
PAC  EXAMPLE 3
PAR  Three thousand pounds of low-density, prilled ammonium nitrate, and a
      solution of 33 pounds coconut oil fatty acid (Emery Industries, Inc.,
      Emery 624 stripped coconut fatty acid) in 150 pounds of number 2 diesel
      fuel oil (containing a small amount of red dye) were charged to a
      rotary-drum, cement-type mixer and mixed for 1 hour. The resultant mixture
      was allowed to stand overnight at ambient temperature of about 40.degree.
      F. during which time the fatty acid-fuel oil solution had substantially
      completely penetrated and impregnated the ammonium nitrate. Eighty pounds
      of water was then added to the contents of the mixture and mixing was
      continued for an additional 3 hours. The resultant mixture was again
      allowed to stand overnight in the mixer at ambient temperature of about
      40.degree. F. Two gallons of an aqueous solution of ammonia (containing 5
      pounds ammonia) was then added to the mixture and mixing continued for an
      additional 3 hours. The resultant product had a density of 1.1, could not
      be detonated with number 8 blasting cap and had the following composition:
TBL                        Amount,                                             

     Compound              pounds    Weight %                                  

     ______________________________________                                    

     Ammonium nitrate      3,000     91.5                                      

     Number 2 diesel fuel oil                                                  

                            150      4.6                                       

     Coconut oil fatty acids                                                   

                             33      1.0                                       

     Water                   91      2.8                                       

     Ammonia                 3.5     0.1                                       

     Total                 3,277.5   100.0                                     

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  Three thousand pounds of low-density, prilled ammonium nitrate and a
      solution of 33 pounds iso-stearic acid (Emery Industries, Inc., number
      871) in 150 pounds number 2 diesel fuel oil (containing a small amount of
      red dye) were charged to a rotary-drum, cement-type mixing unit. After
      mixing for 2 hours, the iso-stearic acid-fuel oil solution had
      substantially completely penetrated and impregnated the ammonium nitrate.
      After standing overnight at an ambient temperature of about 50.degree. F.,
      80 pounds of water was added and mixing continued for an additional 2 hour
      period. The resultant mixture was allowed to stand for 13 days at ambient
      temperatures of about 40.degree.-60.degree. F., and thereafter transferred
      to a paddle-blade mixer. Two gallons of aqueous solution of ammonia
      (containing 3.5 pounds of ammonia) was then added to the paddle-blade
      mixer and the mixture was thoroughly blended for an additional 2 hour
      period.
PAR  The resultant product had a density of 1.2 (compared to a density of 1.0
      for water) and had the following composition:
TBL                        Amount,                                             

     Compound              pounds    Weight %                                  

     ______________________________________                                    

     Ammonium nitrate      3,000     91.5                                      

     Number 2 diesel fuel oil                                                  

                            150      4.6                                       

     Iso-stearic acid        33      1.0                                       

     Water                   91      2.8                                       

     Ammonia                 3.5     0.1                                       

     Total                 3,277.5   100.0                                     

     ______________________________________                                    

PAR  The resultant product could not be detonated with a number 8 blasting cap.
      A weak, partial detonation was observed with a 50-grain Primacord loop and
      complete detonation was observed with 100-grain, 150-grain and 200-grain
      Primacord loops.
PAR  It is evident from the foregoing description and examples that certain
      modifications may be made, both in the compositions of this invention, as
      well as in the method of their preparation, without departing from the
      scope of this invention. For example, by using a paddle-type mixer or
      other suitably designed mixer, it is possible to charge all the
      ingredients into the mixer substantially simultaneously, and then mixing
      these ingredients thoroughly until a product having the desired
      consistency and density is obtained. Also, as is evident from the
      examples, the ingredients can be added sequentially with the acidfuel oil
      solution being first mixed with the ammonium nitrate, followed by the
      addition of ammonia and water, consecutively, with intermittent mixing.
      Once again, the various ingredients are blended thoroughly until a product
      having the desired consistency and density is obtained. The sequence of
      addition of ammonia and water may be reversed if desired, although the
      most preferred sequence of operation contemplates first mixing the
      acid-fuel oil solution with ammonium nitrate, followed by the addition of
      water and finally, the addition of ammonia.
PAR  Other modifications in the process can be made which are obvious from the
      foregoing detailed description of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A non-emulsified blasting composition which consists essentially of a
      substantially uniform mixture of from about 80 to about 94 weight per cent
      ammonium nitrate, from about 3 to about 6 weight per cent oxidizeable
      carbonaceous material, from about 0.1 to about 10 weight per cent organic
      acid soluble in said carbonaceous material and having about 8 to about 20
      carbon atoms, from about 1 to about 9 weight per cent water and from about
      0.5 to about 1.5 moles of ammonia per mole of said organic acid, and
      wherein the density of the said blasting composition is greater than the
      density of water.
NUM  2.
PAR  2. A composition as in claim 1 wherein at least part of the said ammonium
      nitrate is replaced with a compound selected from the group consisting of
      sodium nitrate, potassium nitrate, calcium nitrate and mixtures thereof.
NUM  3.
PAR  3. A composition as in claim 1 wherein the said acid is a saturated fatty
      acid containing from about 8 to about 18 carbon atoms.
NUM  4.
PAR  4. A composition as in claim 2 wherein the said acid is a saturated fatty
      acid containing from about 8 to about 18 carbon atoms.
NUM  5.
PAR  5. A composition as in claim 1 wherein the said acid is selected from the
      group consisting of coconut oil fatty acid and iso-stearic acid.
NUM  6.
PAR  6. A composition as in claim 2 wherein the said acid is selected from the
      group consisting of coconut oil fatty acid and iso-stearic acid.
NUM  7.
PAR  7. A composition as in claim 1 wherein the amount of water is from about 1
      to about 4 weight per cent.
NUM  8.
PAR  8. A composition as in claim 2 wherein the amount of water is from about 1
      to about 4 weight per cent.
NUM  9.
PAR  9. A composition as in claim 3 wherein the amount of water is from about 1
      to about 4 weight per cent.
NUM  10.
PAR  10. A composition as in claim 4 wherein the amount of water is from about 1
      to about 4 weight per cent.
NUM  11.
PAR  11. A composition as in claim 5 wherein the amount of water is from about 1
      to about 4 weight per cent.
NUM  12.
PAR  12. A composition as in claim 6 wherein the amount of water is from about 1
      to about 4 weight per cent.
NUM  13.
PAR  13. A process for the preparation of a blasting composition which comprises
      mixing from about 80 to about 94 per cent ammonium nitrate with from about
      0.1 to about 10 weight per cent acid, from about 3 to about 6 weight per
      cent oxidizeable carbonaceous material, from about 1 to about 9 weight per
      cent water and from about 0.5 to about 1.5 moles of ammonia per mole of
      said acid, wherein said acid contains from about 8 to about 20 carbon
      atoms and is soluble in said oxidizeable carbonaceous material, carrying
      on the mixing of said components until the resultant product attains a
      density greater than the density of water.
NUM  14.
PAR  14. The process of claim 13 wherein at least a part of the ammonium nitrate
      is in the form of an aqueous solution.
NUM  15.
PAR  15. The process of claim 13 wherein the said components are mixed until the
      resultant product attains a density of from about 1.1 to about 1.4.
NUM  16.
PAR  16. The process of claim 14 wherein the said components are mixed until the
      resultant product attains a density of from about 1.1 to about 1.4.
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ABST
PAL  The invention relates to the manufacture of arrays of light emitting diodes
      (L.E.D.'s) from a wafer consisting of an n-type epitaxial layer on an
      n.sup.+ substrate. The method includes the steps of forming p-type islands
      by diffusing a p-type dopant into the epitaxial layer of an n on n.sup.+
      wafer, establishing contact with all of the p-type islands by means of a
      first set of conductors, mounting the wafer on a transparent support with
      the first set of conductors adjacent the support, depositing a second set
      of conductors on the n.sup.+ substrate and etching both the substrate and
      the epitaxial layer from between the conductors of the second set, the two
      sets of conductors being orthogonal and each p-n junction formed by a
      p-type island and the epitaxial layer being in contact with one and only
      one conductor from each set.
BSUM
PAR  This invention relates to integrated arrays of light emitting diodes
      (LED's) in which the LED's are individually addressable.
PAR  The material commonly available for fabrication of LED arrays is a wafer
      consisting of an epitaxial layer of n-type material on an n.sup.+
      substrate. To form the LED's, p-type islands are diffused into the
      epitaxial layer using a silicon dioxide diffusion mask. If the p-n
      junctions are used as light emitting diodes then they are not mutually
      isolated in that the n-type epitaxial layer is common to all the diodes.
      There therefore arises a problem of lead access if high resolution is
      required.
PAR  One alternative to this would be to diffuse n-type dopant into the p-type
      islands following the normal silicon planar integrated circuit approach to
      the fabrication of an X-Y addressed array of diodes. This technique,
      however, does not yield efficient LED's.
PAR  A further alternative is to divide the wafer into discrete dice and to
      provide orthogonal connections to the discrete dice. In this case, as the
      dice are mounted individually it is difficult to provide high density of
      dice so that apart from increasing the complexity of manufacture the
      resolution of the array is adversely affected.
PAR  The present invention seeks to provide a method of manufacturing an
      integrated array of LED's from an n on n.sup.+ epitaxial material which
      does not suffer from the foregoing disadvantages.
PAR  According to the present invention there is provided a method of forming an
      array of LED's including the steps of forming p-type islands by diffusing
      a p-type dopant into the epitaxial layer of an n on n.sup.+ wafer,
      establishing contact with all of the p-type islands by means of a first
      set of conductors, mounting the wafer on a transparent support with the
      first set of conductors adjacent the support, depositing a second set of
      conductors on the n.sup.+ substrate and etching both the substrate and the
      epitaxial layer from between the conductors of the second set, the two
      sets of conductors being orthogonal and each p-n junction formed by a
      p-type island and the epitaxial layer being in contact with one and only
      one conductor from each set.
PAR  Preferably the first set of conductors is arranged to cover the p-type
      islands and is provided with windows from which a portion of the islands
      may be viewed.
PAR  The first set of conductors are advantageously plated up to provide a
      substantial metal conductor, preferably of copper.
PAR  The support is made of a thermally conductive and transparent material, a
      good example of which is sapphire.
PAR  To enable a connection to be made to the copper conductors it is possible
      to etch away totally the wafer material at one edge to expose the
      conductors and then to mount the wafer on the support by means of an epoxy
      resin. It is preferable, however, to form on the surface of the support a
      pattern of conductors which registers with the copper conductors on the
      wafer but which extends beyond the wafer. The wafer may then be secured to
      the support by alloying the co-registering patterns.
PAR  Advantageously, the thickness of the substrate is reduced, for example by
      lapping, prior to the deposition of the second set of conductors so as to
      reduce the extent of the undercut when the wafer material between the
      conductors of the second set is etched away.
DETD
PAR  The invention will now be described further, by way of example, with
      reference to the accompanying drawings which show sections through an
      epitaxial wafer at different stages in the manufacture of an LED
      integrated array.
PAR  FIG. 1 shows the basic epitaxial wafer 11 from which the LED array is made.
      The epitaxial wafer 11 consisting of an n.sup.+ GaAs substrate 13 with an
      n GaAsP epitaxial layer 14. The junction between the n epitaxial layer 14
      and the n.sup.+ substrate 13 is not abrupt but graded and as such cannot
      be represented by a solid line. It is for this reason that two dotted
      lines 10 and 12 are used to denote the region over which the transition
      from n.sup.+ to n takes place.
PAR  On the epitaxial layer 14 there is deposited a SiO.sub.2 film 16 in which
      windows 18 are opened (see FIG. 2). A diffusion is then carried out to
      produce p.sup.+ islands 20 in the n epitaxial layer 14. The p.sup.+
      islands 20 are arranged in rows and columns in an orthogonal matrix.
PAR  In the next stage, shown in FIG. 3, a metal coating 22 is deposited over
      the remaining portions of the SiO.sub.2 film 16 to provide an electrical
      contact to the p.sup.+ islands 20. The coating, which is formed by a
      photolithographic technique, has the form of parallel wide stripes
      overlying all the islands, with windows in the stripes exposing parts of
      the p.sup.+ islands. The metal in each stripe of the coating 22 totally
      surrounds the edges of the p.sup.+ islands in one row but is electrically
      isolated from all the other p.sup.+ islands.
PAR  A further SiO.sub.2 layer 24 is now applied to the wafer to cover the
      p.sup.+ islands, (see FIG. 4). This layer serves as a mask during a
      plating process in which a substantial plating 26 of good conductor such
      as copper is deposited onto the exposed parts of the metal coating 22. The
      plating 26 of copper (see FIG. 4) not only serves as the anode electrodes
      for the diodes formed between the p.sup.+ islands 20 and the n epitaxial
      layer 14 but also provides a path for heat dissipation when the wafer is
      mounted.
PAR  The wafer is now mounted on a sapphire support 31 (see FIG. 5) which is
      earlier plated with a pattern 27 co-registering with the copper electrodes
      26 of the wafer and the two copper platings are then suitably bonded to
      one another. The use of sapphire enables the diodes to be seen at the same
      time as offering a sink for the generated heat.
PAR  After the wafer has been mounted onto the sapphire it is suitably reduced
      in thickness by lapping and a metal mask 28 is formed on the exposed
      surface of the substrate. Through the mask 28 all the material of the
      wafer is etched away along channels 30 perpendicular to the row
      conductors. As the mask 28 is of a metal it may itself serve as the column
      electrodes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of forming a plurality of light emitting diodes in an
      arrangement of columns and rows, said method comprising the steps of:
PA1  providing an n-type epitaxial layer formed on an n.sup.+-type substrate;
PA1  diffusing a p-type dopant into selected regions of said epitaxial n-type
      layer to form a plurality of p-type islands arranged in columns and rows,
      each p-type island having a junction with said n-type epitaxial layer to
      form a p-n diode of said arrangement;
PA1  covering each row of said arrangement with a different one of a plurality
      of first conductors, each first conductor being electrically connected to
      all p-n diodes in its row and being electrically isolated from every other
      first conductor;
PA1  mounting said arrangement on a transparent support with said plurality of
      first conductors adjacent thereto;
PA1  covering said n.sup.+ type substrate with a plurality of second conductors
      in orthogonal relation to said plurality of first conductors, each second
      conductor being aligned with a different one of said columns and said
      second conductors being spaced apart to form gaps therebetween which are
      registered with areas between p-type islands; and
PA1  etching those portions of said n-type epitaxial layer and said n.sup.+ type
      substrate which coincide with said gaps.
NUM  2.
PAR  2. A method as recited in claim 1 in which said first conductors are
      arranged to cover the p-type islands and are provided with windows from
      which a portion of the islands may be viewed.
NUM  3.
PAR  3. A method as recited in claim 1 in which said first set of conductors are
      plated up to provide a substantial metal conductor.
NUM  4.
PAR  4. A method as recited in claim 3 wherein said metal conductor is formed of
      copper.
NUM  5.
PAR  5. A method as recited in claim 1 wherein said transparent support is made
      of sapphire.
NUM  6.
PAR  6. A method as recited in claim 1 wherein the thickness of said substrate
      is reduced prior to depositing said second set of conductors thereon.
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ABST
PAL  A process step for use in the manufacture of thin film integrated circuits,
      hybrid circuits and fine metallic mesh screens, to enable the removal of
      all organics and photoresist material from underlying metallic films
      without concomitant degradation of the metallic surface. After etching of
      preselected portions of an underlying critical metallic surface, the
      material is exposed to a low pressure (few torr) rf generated "cold"
      plasma, where the plasma is a homogeneous gaseous mixture of oxygen and
      nitrogen.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates in general to a process useful in critical ashing
      under mild conditions, in analytical procedures and more particularly
      relates to a process and material useful in the manufacture of integrated
      and hybrid circuits, where a plasma discharge through air is unacceptable,
      enabling the removal of photoresist films and other organics from
      underlying, prone to oxidation, metallic films during the processing of
      such devices.
PAC  BACKGROUND OF THE INVENTION
PAR  In one conventional technique for the manufacture of thin film integrated
      circuits, a relatively thin layer, typically 5,000 to 10,000A of patterned
      dielectric film is deposited on a slice of semiconductor material (p or
      n-type) to define those areas on the semiconductor slice where it is
      desired to generate semiconductor junctions. Typically, after diffusion of
      dopant material into the areas of the semiconductor slice (where there is
      no dielectric barrier) aluminum metal is vapor deposited over the entire
      surface area, followed by its patterning to establish ohmic contacts with
      the preselected semiconductor junctions. Subsequently a critiical metal
      like copper or nickel is sputtered or vapor deposited over the entire
      surface area for the purpose of covering the exact underlying areas
      preliminarily covered by the aluminum layer. This operation requires
      precision photoresist masking followed by acid etching of the copper or
      nickel from undesired areas, subsequently followed by the removal of the
      remainder of the photoresist from the metal covered by it. In the prior
      art this photoresist stripping is accomplished by means of a digesting
      solvent that finitely oxidizes or degrades the underlying metal. It is to
      this metallic surface that high quality connecting leads are attached to
      enable electrical contact with the outside circuits.
PAR  One of the difficulties associated with this particular technique arises
      from the inability to strip the residual masking photoresist without
      concomitant oxidation or degradation of the underlying metallic film. The
      utilization of wet photoresist strippers requires a post wet chemical
      treatment to restore oxidefree metallic surfaces; these reductants are of
      no practical value where chemical or physical degradation of the metal
      occurred, since any such phenomenon will manifest itself as variable
      surface conductivity yielding a faulty operation of the resultant
      integrated circuit. Additional drawbacks of the wet chemical approach
      involve, the contamination of the various solvents and their associated
      short shelf life, as well as the continuing cost coupled with their use
      and the inconvenience in rinsing and drying handling procedures prior to
      the diffusion step, the latter factor being one that ultimately reduces
      production yields.
PAC  SUMMARY OF THE INVENTION
PAR  The process of the present invention employs a gas mixture for the
      generation of a "cold" low pressure (0.05 to .about. 5 torr) plasma having
      unique characteristics which not only decomposes and volatilizes organic
      material, but which also simultaneously effects only an insignificant
      oxidation or degradation of underlying metallic layers. The plasma formed
      from this particular gas mixture also enables a sequential, different,
      plasma treatment to practically eliminate any undesirable residues of
      metal oxides that may have formed during the initial removal of organic
      matter.
PAR  It has been discovered that if the generated plasma includes not only
      relatively low concentrations of active oxygen, but also reactive species
      resulting from discharged nitrogen gas, organic material will be removed
      with negligible adverse attack on underlying metallic films. It is
      believed that the process is one in which very reactive mixed radicals
      promote the preferential fragmentation and volatilization of organic
      material at prevailing relatively low concentrations of oxygen gas. The
      utilized, initially low, partial pressures of active oxygen in a matrix of
      nitrogen gas, coupled with its competitive reactions with molecular
      nitrogen and nitrogen-containing radicals practically reduce the attack of
      active oxygen on metallic films to insignificant levels. Furthermore, the
      utilization of nitrogen gas in the plasma state may include favorable
      energy transfer processes. These processes, which are predominantly the
      result of bimolecular collisions of excited nitrogen entities with either
      the substrate material or the other gaseous atoms, molecules, or free
      radicals may facilitate a variety of desirable chemical conversions while
      simultaneously inhibiting the overall diffusion of active oxygen species
      to the solid surface, thereby reducing undesirable and destructive
      oxidation reactions per unit time.
PAR  While a number of gas mixtures within the range of 0.5 to .about. 15%
      oxygen, balance nitrogen have exhibited acceptable operating
      characteristics for removal of organic material from underlying, prone to
      oxidation, metallic surfaces, the optimum binary mixtures appear to be
      within the range 0.5 - 4% oxygen, balance nitrogen by volume. Binary
      mixtures in which the oxygen fraction exceeded 7% manifested increased
      oxidation of nickel mesh, chromium film, and variable sheet resistance and
      thermal coefficient of resistive films (gold, nichrome, etc.). As the
      oxygen fraction increases above 15% the oxidation further increases to
      unacceptable levels. Thus the process may perform acceptably in mixtures
      which include up to 15 to 20% oxygen by volume.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is an illustration in diagrammatic form of a reactor system useful
      in the process of this invention; and
PAR  FIG. 2 is an illustration in cross-sectional view of a typical thin film
      structure at an intermediate stage of the manufacturing process.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 depicts diagrammatically an apparatus for use in performing the
      process described in the invention. The apparatus includes a glass
      reaction chamber 2, typically made of quartz, having a cover 4 and
      provided with a gas inlet manifold 6. The side of the reactor 2 has been
      partially broken away in the drawing so as to better illustrate the gas
      diffusion tubes 7 which are disposed therein and are externally connected
      to manifold 6. A pressurized gas supply 8 is connected through a pressure
      regulating valve 10 and flowmeter 14 to manifold 6. A vacuum gauge 16
      provides an indication of total reaction pressure in reactor 2. A source
      of radio frequency power 22 is coupled through a matching network 24 to
      inductance 26 surrounding the reaction chamber 2.
PAR  In operation, the gaseous mixture comprised of oxygen and nitrogen is
      admitted to reaction chamber 2, where the coupled radio-frequency energy
      creates a "cold" plasma. The material to be processed is placed within
      reactor 2, where it is exposed to the plasma. Such a reaction chamber is
      commercially available from the Process Control Division of LFE
      Corporation, under the trade designation PDS-302, PDS-501, PDS-504 or
      PDS-1002. Typically, the rf power per reactor is between 150 to 600W
      continuous radiation at 13.5MHz.
PAR  The general process is one in which substrate wafers, chrome or iron oxide
      plated photomasks, or critical metallic mesh screens at an appropriate
      stage of the manufacturing process are placed in reactor 2 and exposed to
      the plasma generated by the admission of an appropriate gaseous mixture of
      oxygen and nitrogen. For the appropriate reactions to take place, and in
      order to provide an effective process, it is important that this
      homogeneous mixture be formed prior to its entering the reaction chamber
      so that prescribed competitive-consecutive action will take place when the
      rf discharge strikes.
PAR  In FIG. 2 there is shown in cross-sectional view, a portion of a thin film
      integrated circuit at a suitable processing stage for the utilization of
      this invention. The semiconductor substrate 30 having a relatively thin
      (2,000 to 10,000A) layer of dielectric 31 on its upper surface, would
      usually be silicon covered partially with a silicon dioxide film serving
      as a diffusion barrier, although other semiconductor materials may either
      have a deposited silicon dioxide film or another passivation film
      deposited onto them. This dielectric layer 31 has been patterned to
      accommodate an aluminum metallization layer 32 that subsequently accepts a
      vapor deposited or sputtered metallic layer 33 of copper or nickel on to
      it through corresponding openings in the overlying photoresist layer 34.
      At this stage of the process, it is necessary to remove the photoresist
      layer 34 without adversely oxidizing or degrading the critical metal 33
      covered by it.
PAR  If the thin film structure, as depicted in FIG. 2, is exposed to the
      prescribed plasma formed from a gaseous mixture of oxygen and nitrogen,
      the photoresist material 34 will be removed without simultaneous
      degradation or oxidation of the underlying metallic film 33. It has been
      found that a preferred binary mixture should be selected within the
      mixture range of 0.5 to 4% oxygen gas by volume. In practice, this mixture
      is supplied from one container, but in principle could be supplied from
      two independent pressurized sources. However, satisfactory results were
      achieved with gaseous mixtures in which the volume percent of oxygen was
      lower and that of nitrogen higher. In general, a decrease in the oxygen
      fraction tends to slow down the removal of organic matter, while an
      increase in the mole fraction of the oxygen gas (above 7% by volume) tends
      to result in excessive removal of organic material along with oxidation of
      the metal 33. Too little oxygen (below 1% by volume), however, may result
      in excessively slow removal of organic matter.
PAR  The successful operation of this process is believed to include competitive
      reactions in the generated plasma, such that the presence of molecular
      nitrogen, nitrogen atoms and nitrogen atom-containing free radicals
      reduces the oxidation probability of critical exposed metallic areas. The
      correspondingly anticipated decrease in removal of organic matter due to
      reduction of available active oxygen is apparently overcompensated by
      organic material fragmentation and volatilization by active nitrogen and
      nitrogen-containing free radicals. The smallest residual metal oxide
      contamination that may be left on the metallic surface 33 after the
      stripping of the photoresist layer 34 may be removed in a sequential
      plasma-based reducing step utilizing rf discharged hydrogen gas or its
      binary mixtures with other gases; e.g., helium, argon, etc.
PAR  It has been found that the mixtures set forth below in the examples within
      the range of mixture composition as designated, produce acceptable results
      in the processes described.
TBL                                    Example 1                               

     __________________________________________________________________________

     Removal of Organic Photoresist From Copper And Fine Nickel Mesh           

     Binary Mixture Expressed                                                  

                     Rate of Removal Observed Results                          

     As Volume % Of Oxygen Gas                                                 

                     (A/Min)                                                   

     (%)                                                                       

     __________________________________________________________________________

     0.5            Slow, &lt;50     Insignificant Oxide Formation                

     1.5            Slow-to-Moderate, &lt;300                                     

                                  Insignificant Oxide Formation                

     2.0            Moderate, &gt;500                                             

                                  Insignificant Oxide Formation                

     2.5            Moderate, &gt;500                                             

                                  Insignificant Oxide Formation                

     3.0            Moderate-to-Fast, &lt;1000                                    

                                  Insignificant Oxide Formation                

     4.0            Fast, &gt;2000   Insignificant Oxide Formation                

     4.5            Fast, &gt;2000   Insignificant Oxide Formation                

     5.0            Fast, &gt;2000   Insignificant Oxide Formation                

     6.0            Fast, &gt;2500   Moderate Oxide Formation                     

     7.0            Fast, &gt;2500   Moderate Oxide Formation                     

     8.0            Fast, &gt;2500   Moderate-to-Excessive Oxide Formation        

     9.0            Fast, &gt;2500   Moderate-to-Excessive Oxide Formation        

     10.0           Fast, &gt;2500   Excessive Oxide Formation                    

     12.0           Fast, &gt;2500   Excessive Oxide Formation                    

     15.0           Fast, &gt;2500   Excessive Oxide Formation                    

     __________________________________________________________________________

TBL                                    Example 2                               

     __________________________________________________________________________

     Removal of Organic Photoresist From Chromium Photomasks*                  

     Binary Mixture Expressed                                                  

                     Rate of Removal Observed Results                          

     As Volume % of Oxygen Gas                                                 

                     (A/Min)                                                   

     (%)                                                                       

     __________________________________________________________________________

     0.5            Slow, &lt;50     Insignificant Oxide Formation                

     1.0            Moderate, &gt;500                                             

                                  Insignificant Oxide Formation                

     1.5            Moderate-to-Fast, &lt;1000                                    

                                  Insignificant Oxide Formation                

     1.75           Fast, &lt;2000   Insignificant Oxide Formation                

     2.0            Fast, &gt;2500   Insignificant Oxide Formation                

     2.5            Fast, &gt;2500   Moderate Oxide Formation                     

     3.0            Fast, &gt;2500   Moderate-to-Excessive Oxide Formation        

     4.0            Fast, &gt;2500   Excessive Oxide Formation                    

     __________________________________________________________________________

      *Enhanced chromium hardness observed; scratch-proofness accentuated --   

      probably due in part to corresponding nitride formation.                 

TBL                                    Example 3                               

     __________________________________________________________________________

     Removal Of Organic Photoresist From Nichrome, Gold and Chrome/Cobalt      

     Resistive Films                                                           

     Binary Mixture Expressed                                                  

                     Rate of Removal Observed Results                          

     As Volume % Of Oxygen Gas                                                 

                     (A/Min)                                                   

     (%)                                                                       

     __________________________________________________________________________

     0.5            Slow, &lt;50     Insignificant Change In Sheet Resistance and 

                                  -  Thermal Coefficient Of Resistance (TCR)   

     1.0            Slow, &gt;100    Insignificant Change In Sheet Resistance and 

                                  TCR                                          

     1.5            Slow-to-Moderate &lt;300                                      

                                  Insignificant Change In Sheet Resistance and 

                                  TCR                                          

     2.0            Moderate, &gt;500                                             

                                  Insignificant Change In Sheet Resistance and 

                                  TCR                                          

     3.0            Moderate-to-Fast, &lt;1000                                    

                                  Insignificant Change In Sheet Resistance and 

                                  TCR                                          

     4.0            Fast, &gt;2000   Insignificant Change In Sheet Resistance and 

                                  TCR                                          

     4.5            Fast, &gt;2000   Insignificant Change In Sheet Resistance and 

                                  TCR                                          

     5.0            Fast, &gt;2000   Insignificant Change in Sheet Resistance;    

                                  Moderate                                     

                                  change in TCR                                

     6.0            Fast, &gt;2500   Moderate Change in Sheet Resistance and TCR  

     7.0            Fast, &gt;2500   Moderate Change in Sheet Resistance and TCR  

     8.0            Fast, &gt;2500   Moderate-to-Excessive Change in Sheet        

                                  Resistance                                   

                                  and TCR                                      

     9.0            Fast, &gt;2500   Moderate-to-Excessive Change in Sheet        

                                  Resistance                                   

                                  and TCR                                      

     10.0           Fast, &gt;2500   Excessive Change in Sheet Resistance and     

                                  TCR                                          

     12.0           Fast, &gt; 2500  Excessive Change in Sheet Resistance and     

                                  TCR                                          

     15.0           Fast, &gt;2500   Excessive Change in Sheet Resistance and     

     __________________________________________________________________________

                                  TCR                                          

CLMS
STM  Claims
NUM  1.
PAR  1. In a process for the manufacture of thin film integrated circuits
      including a step in which a patterned layer of organic material is
      overlaid on a metallic layer, the improvement in the further step of
      removing the organic material comprising the step of:
PA1  exposing the organic material to a low temperature, low pressure plasma
      formed from a gaseous mixture of oxygen and nitrogen, wherein the oxygen
      fraction lies within the range of 0.5 to 15% by volume.
NUM  2.
PAR  2. A process as in claim 1 wherein the gaseous multicomponent mixture is
      supplied from a single pressurized source.
NUM  3.
PAR  3. The improvement of claim 1 when the metallic layer is copper metal,
      wherein the oxygen component is 4%, balance nitrogen by volume.
NUM  4.
PAR  4. A process as in claim 1 wherein the reaction pressure is in the range
      0.05 to 5 torr.
NUM  5.
PAR  5. A process as in claim 1 wherein the reaction temperature is below
      300.degree.C.
NUM  6.
PAR  6. The process of claim 1 wherein said organic material is photoresist.
NUM  7.
PAR  7. A process as in claim 6 deployed with underlying nickel-chrome
      (nichrome) resistive film, wherein the oxygen component is 4%, balance
      nitrogen by volume.
NUM  8.
PAR  8. A process as in claim 4 deployed with underlying chrome-cobalt resistive
      film, wherein the oxygen component is 4%, balance nitrogen by volume.
NUM  9.
PAR  9. A process as in claim 6 deployed with underlying gold conductors,
      wherein the oxygen component is 4%, balance nitrogen by volume.
NUM  10.
PAR  10. In a process for the fabrication of chromium photomasks including a
      step in which a patterned layer of photoresist is overlaid on said
      chromium, the improvement in the further step of removing the photoresist
      comprising the step of:
PA1  exposing the photoresist material to a low temperature, low pressure plasma
      formed from a gaseous mixture of oxygen and nitrogen wherein the oxygen
      component is 2%, balance nitrogen by volume.
NUM  11.
PAR  11. In a process for the fabrication of nickel mesh screens including a
      step in which a patterned layer of photoresist is overlaid on said nickel,
      the improvement in the further step of removing the photoresist comprising
      the step of:
PA1  exposing the photoresist material to a low temperature, low pressure plasma
      formed of a gaseous mixture of oxygen and nitrogen wherein the oxygen
      component is 4%, balance nitrogen by volume.
NUM  12.
PAR  12. In a process for the fabrication of copper mesh screens including a
      step in which a patterned layer of photoresist is overlaid on said copper,
      the improvement in the further step of removing the photoresist comprising
      the step of:
PA1  exposing the photoresist material to a low temperature, low pressure plasma
      formed of a gaseous mixture of oxygen and nitrogen wherein the oxygen
      component is 0.5%, balance nitrogen by volume.
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ABST
PAL  In making a target for a television camera tube, it is necessary to thin
      the backside of a semiconductive substrate, which is opposite a face
      having a diode array thereon. To thin the substrate, it is positioned face
      down on a fluid nondeleterious to the substrate and diode array. The fluid
      is contained in a cavity of a holding device. The positioning is such that
      there is no space between the fluid and the substrate. An apertured top
      member is then mounted on the substrate and the holding device to retain
      the substrate on the fluid. The assembly of the holding device and top
      member with the substrate therebetween is immersed and rotated in an
      etchant to thin the backside of the substrate through the aperture of the
      top member. The fluid provides a tight seal on the face of the substrate
      to prevent the etchant from damaging such face and the diode array
      thereon. A vent extending from the cavity of the holding device to its
      outer edge assists in the subsequent removal of the substrate from the
      cavity.
PARN
PAR  This is a division of application Ser. No. 281,261 filed Aug. 16, 1972, now
      U.S. Pat. No. 3,841,930, which is a division of application Ser. No.
      150,345 filed June 7, 1971, now U.S. Pat. No. 3,701,705.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to methods of thinning a workpiece, and more
      particularly, to methods of making diode-array targets from semiconductive
      substrates for electron-beam charge-storage devices such as television
      camera tubes.
PAR  2. Description of the Prior Art
PAR  This invention is particularly suited for use in the manufacture of
      semiconductive devices or the like. An example of such semiconductive
      devices are silicon targets having arrays of light-sensitive photo diodes
      for the storage of electron-beam charges, such as those disclosed in
      Reynolds U.S. Pat. No. 3,011,089 and Buck et al. U.S. Pat. Nos. 3,403,284
      and 3,458,782.
PAR  While the invention is adapted to be used in conjunction with the masking
      of a number of different kinds of workpieces, it will be particularly
      described with respect to masking semiconductive substrates. These
      substrates are advantageously used in making diode-array targets for
      electron-beam charge-storage devices such as television camera tubes. The
      diode-array target is basically a flat semiconductive substrate having a
      closely spaced array of p-n junctions near one surface.
PAR  In fabricating the diode-array target in accordance with prior art
      techniques, an n-type substrate is prepared by sawing it from a silicon
      crystal ingot and then etching and polishing it. After a careful cleaning,
      a layer of silicon dioxide is formed over the entire substrate.
PAR  Next, a photoresist material is deposited on the face of the substrate and
      a fluid is directed on its backside. The substrate is then spun to coat
      evenly the face, while the fluid prevents the photoresist material from
      coating the backside. (See, e.g., co-pending application, Ser. No. 95,821,
      filed on Dec. 7, 1970 by L. F. Boyer and A. F. Johnson, Jr., assignors to
      Western Electric Co., Inc. and now issued into U.S. Pat. No. 3,695,928)
      The substrate is then exposed with the required diode-array pattern and
      developed to form apertures in the photoresist material. Etching of the
      substrate through these apertures follows to produce corresponding
      apertures in the silicon dioxide layer. Through the apertures in the
      silicon dioxide layer, boron is diffused to form p-type regions, with the
      dioxide layer acting as a diffusion mask. These p-type regions in the
      n-type substrate form the diode array on one side of the substrate.
PAR  Following the formation of the diode array, the substrate is subjected to a
      thinning operation involving numerous process steps. First, wax (such as
      that sold under the trademark "Apiezon") is applied to a sapphire
      supporting disc heated by a hot plate. In applying the wax an opening is
      left in the center of the disc for subsequent optical measurements for
      ascertaining the progression of the thinning of the substrate. The
      substrate is then placed on top of the waxed disc with the array side
      facing down and carefully centered. The assembly of the disc, wax and
      substrate is then removed from the hot plate and allowed to cool, leaving
      the substrate held to the disc by the wax.
PAR  Using a rotating tool, a rim of wax in a solvent is applied to the backside
      of the substrate using a small brush. After the wax dries, the central
      portion of the backside of the substrate is subjected to an etching
      operation wherein the substrate is immersed in an etchant and rotated
      therein for a period sufficient to thin the substrate down to a
      predetermined thickness. This thickness is considerably less than the
      diffusion length of minority carriers generated by absorbed light in the
      ultimate target and limits the amount of lateral diffusion of minority
      carriers in order to obtain high resolution in the target.
PAR  After the thinning, the substrate is rinsed, blown dry and optically
      measured. The substrate is then removed from the supporting disc by
      placing the assembly on the hot plate to soften the wax. The slice is
      mechanically slid off the sapphire disc and placed in three successive hot
      trichloroethylene baths and then in a boiling trichloroethylene solution
      followed by an alcohol soak and water rinse. This results in the removal
      of all traces of wax.
PAR  After the removal of the substrate from the disc, it is subjected to
      several finishing heat treatments. The first of these treatments is a
      shallow phosphorous diffusion to improve the blue sensitivity of the
      ultimate camera tube and to reduce its dark current. Next, the boron
      diffusion glass, which has been left on the array side of the substrate up
      to this point to protect it against phosphorous diffusion, is removed to
      expose the p-type regions of the diodes. At the same time that the boron
      diffusion glass is removed, the phosphorous diffusion glass is also
      removed.
PAR  Next, the substrate is annealed in hydrogen at a low temperature to further
      reduce the dark current of the ultimate camera tube. Finally, a resistive
      film is evaporated over the diode array and it is ready for evaluation.
      See Crowell et al U.S. Pat. No. 3,419,746.
PAR  The holding of the substrate in place with the wax and the other processing
      steps necessitated by the wax results in a messy, time-consuming process
      involving numerous process steps. These steps do not lend themselves to
      high-volume production. In addition, there are a number of impurities
      found in the wax, such as iron, magnesium and calcium. These impurities
      often lead to the contamination of the ultimately formed diode-array
      target.
PAR  In fabricating the diode array target, it is desirable to eliminate as many
      process steps as possible, especially the wax step. One prior art
      technique of eliminating the waxing step is to use a mechanical mask held
      to the slice by magnetic facilities. However, difficulty was experienced
      with this as a result of the etchant leaking to the array side of the
      substrate and rendering defective the ultimately fabricated target.
PAR  It is also desirable in the thinning operation, which results in the
      removal of about 90% of the material at the central portion of the
      substrate, that the removal take place in a controlled and uniform manner.
      This is because irregular etching results in high spots, holes,
      depressions and other surface non-uniformities, which render defective the
      ultimately fabricated diode-array target.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide new and improved
      methods of thinning a workpiece.
PAR  A further object of this invention is to provide a method of protecting a
      workpiece from a deleterious substance.
PAR  Another object of this invention is the provision of improved methods of
      making a charge-storage device from a semiconductive substrate.
PAR  A further object of this invention is to provide an apparatus for
      selectively thinning a portion of a substrate.
PAR  With these and other objects in view, the present invention contemplates a
      new method of thinning a portion of a workpiece, which includes the steps
      of depositing a fluid in a cavity and positioning the face of the
      workpiece on the fluid to leave no space between the face of the workpiece
      and the fluid. The workpiece is then retained in the cavity with an
      apertured member, whereby the face and the portion of the workpiece
      opposite the face are masked by the fluid and the member. Next, the
      unmasked backside of the workpiece is treated through the aperture of the
      member to remove at least a portion of such workpiece, while the masked
      portion of the workpiece remains untreated.
PAR  This invention also contemplates a method of protecting a first portion of
      a workpiece from a deleterious substance, which includes the steps of
      positioning the first portion of the workpiece on a non-deleterious fluid
      so as to leave no space between the workpiece and the fluid and to seal
      the fluid to such first portion, and retaining the workpiece on the fluid
      with a member having an opening. Then a deleterious substance is applied
      through the opening to another portion of the workpiece, whereby the
      non-deleterious fluid sealed to the first portion of the workpiece
      excludes the deleterious substance from such first portion to thereby
      protect such first portion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention may be more clearly
      understood by reference to the following detailed description and the
      accompanying drawings, wherein:
PAR  FIG. 1 is an enlarged perspective view, having a cut-out section, of a
      fabricated diode-array target;
PAR  FIG. 2 is a greatly enlarged perspective view, partially in section, of
      that portion of the target of FIG. 1 enclosed in a phantom circle,
      illustrating sectional details of the target;
PAR  FIG. 3 is an enlarged perspective view of an apparatus, partially
      assembled, for masking a substrate to selectively thin a portion of its
      backside;
PAR  FIG 4 is a sectional view of a portion of the apparatus of FIG. 3, taken
      along the lines 4--4 of FIG. 3, showing a fluid from a source deposited in
      a cavity of a holding device;
PAR  FIG. 5 shows the holding device of FIG. 4 with facilities for exerting a
      force on the backside of the substrate to force the quantity of fluid
      exceeding the volume of the cavity to flow out of the cavity.
PAR  FIG. 6 shows the holding device of FIG. 4 with a resilient, apertured top
      member force fitted thereover;
PAR  FIG. 7 shows an etching mechanism including facilities for rotating
      substrates in an etchant to thin the substrates;
PAR  FIG. 8 shows facilities for optically checking the thickness of a thinned
      substrate; and
PAR  FIG. 9 shows facilities for removing the substrates from the cavity and
      fluid therein.
DETD
PAC  DETAILED DESCRIPTION
PAC  DIODE-ARRAY TARGET
PAR  Referring now to the drawings and in particular to FIGS. 1 and 2, a
      diode-array target, designated generally by the numeral 11, is shown. The
      target 11 includes an n-type semiconductive substrate 12 (FIG. 2),
      preferably formed of silicon, having a layer 13 of silicon dioxide formed
      on the surface or face 14 thereof. Through the layer 13 a plurality of
      apertures 16 are formed. Corresponding to these apertures 16 are a
      plurality of p-type regions 17 which are formed through the apertures 16
      and on the face 14 of the substrate 12. The p-type regions 17 together
      with the n-type substrate 12 form an array of light-sensitive photo
      diodes.
PAR  The substrate 12 has an extremely thin central portion 18 formed through
      its backside, designated generally by the numeral 19, for reducing the
      distance minority carriers must travel to the diodes on the opposite face
      14 of the substrate 12 and for limiting the lateral diffusion of these
      carriers. The substrate 12 also includes a relatively thick rim 21 on the
      periphery of the backside 19 for supporting the substrate 12.
PAR  The diode-array target 11 is advantageously used in a television camera
      tube. In so using the target 11, the light being sensed impinges on the
      central portion 18 of the backside 19 of the substrate 12. This produces
      minority carriers that travel to the diode array on the opposite face 14,
      while an electron beam from a cathode (not shown) scans the diode array on
      the face 14.
PAR  Typically, the substrate 12 has the configuration of a disc with a diameter
      of about 850 mils and with the central portion 18 being about 760 mils in
      diameter and about 0.6 mils thick. The The rim 21 typically is about 5
      mils thick. Usually there are about 1,000,000 individual diodes in the
      array on the face 14 of the substrate 12, and about 650,000 of these are
      used when the target 11 is mounted in a television camera tube. Obviously,
      the relatively proportions in FIGS. 1-9 have been exaggerated to more
      clearly illustrate the target 11, and the present invention.
PAC  FABRICATING METHOD
PAR  In fabricating the target 11 of FIGS. 1 and 2, the diode array is formed on
      the face 14 of the substrate 12, as previously explained. Then, the
      backside 19 of the substrate 12 is subjected to a thinning operation to
      form the central portion 18.
PAL  Depositing Fluid
PAR  To carry out the thinning operation, a quantity of a fluid 28 (FIG. 4) from
      a source 29 is deposited in a cavity 31 of a holding device 32 (FIGS. 3
      and 4). Preferably, the device 32 is formed of material such as that sold
      under the trademark "Teflon" or the like.
PAR  The quantity of the fluid 28 deposited in the cavity 31 exceeds its volume
      and forms a meniscus 34 at the top of the cavity 31. The fluid 28 may be
      any fluid that has a nondeleterious effect on the substrate 12 and the
      holding device 32 and preferably is deionized water.
PAL  Positioning and Forcing Substrate
PAR  Next, the face 14, having the diode array thereon, of the substrate 12 is
      positioned on the meniscus 34 of the fluid 28. Using a device that will
      not damage the substrate 12, such as a plastic rod 38 (FIG. 5) having a
      tapered end 39, a force is then exerted on the backside 19 of the
      substrate 12.
PAR  The force of the rod 38 causes the quantity of the fluid 28 exceeding the
      volume of the cavity 31 to flow out of the cavity 31 and also seats the
      substrate 12 in a counterbore 40 of the holding device 32. Although most
      of the excess fluid 28 flows over a circumferential edge 41 of the holding
      device 32, some of it also flows out of a vent 42 in the device 32 that
      extends from the cavity 31 to the edge 41. The vent 42 has a diameter
      small enough so that surface tension prevents the fluid 28 from drawing
      from the cavity 31, except when the force is exerted on the backside 19 of
      the substrate 12 and transmitted to the fluid 28. When the force is so
      exerted, only a small quantity of the fluid 28 is forced from the cavity
      31 through the vent 42 and there is still enough fluid 28 remaining in the
      cavity 31 so as to leave no space between the face 14 and the fluid 28 and
      to thereby mask the face 14 with the fluid 28. The force on the backside
      19 also eliminates the meniscus 34.
PAL  Mounting Top Member
PAR  After the exertion of the force on the backside 19 of the substrate 12, a
      top member 46 (FIGS. 3 and 6) is mounted removably on the holding device
      32. The member 46 is formed of a resilient material such as that sold
      under the trademark "Teflon" or the like.
PAR  An aperture 47 is formed in the top member 46, preferably by force fitting
      a washer 49 (FIGS. 3 and 6) in a central opening 51 of the top member 46,
      as shown in FIG. 6. Typically, the washer 49 is formed of a material such
      as sapphire or the like.
PAR  The mounting of the top member 46 positions a portion 52 of the bottom
      surface of the washer 49 that is adjacent the aperture 47 to overlap that
      portion of the backside 19 of the substrate 12 that will form the
      supporting rim 21 (FIG. 2) after a subsequent etching operation. The top
      member 46 also presses the overlapping surface of the washer 49 against
      such portion of the backside 19 to mask this portion. The mounting of the
      top member 46 also closes the vent 42.
PAR  To effect a force fit between the top member 46 and the holding device 32,
      the internal diameter 53 of the member 46 is made slightly smaller (by an
      amount equal to about 6 mils in diameter) than the external diameter of
      the circumferential edge 41 of the holding device 32. Of course, it should
      be understood that the top member 46 may also be threaded to the device 32
      or other securing facilities may be used to mount removably the top member
      46 to the holding device 32.
PAL  Etching
PAR  Next, an assembly, designated generally by the numeral 55 (FIGS. 6 and 7)
      of the holding device 32 with the top member 46 mounted thereon and with
      the substrate 12 therebetween and a plurality of other similar assemblies
      55 are individually and removably mounted on a plurality of spur gears 57
      (FIG. 7). In mounting the assemblies 55 on the gears 57, stepped portions
      58 (FIGS. 4-6) of the holding device 32 are force fitted into associated
      depressions (not shown) on the top surfaces of the gears 57.
PAR  The gears 57 are arranged in groups so that three of such gears 57 engage
      each other, and one of such gears 57 of each group engages a larger
      central spur gear 61. The gears 57 and 61 are rotatably mounted to a
      circular platform 62 and, in addition, the gear 61 is fixed to a shaft 64.
PAR  After the assemblies 55 are mounted on the gears 57, by the use of the
      shaft 64 the assemblies 55, the gears 57 and 61, and the platform 62 are
      immersed in an etchant 67 contained in a tank 68 fixed to a base 69.
      Typically, the etchant 67 is a mixture of acetic acid saturated with
      iodine and hydrofluoric and nitric acids or equivalent.
PAR  Upon the immersion of the assemblies 55, the etchant 67 removes through the
      aperture 47 of the top member 46 small quantities of material from the
      backside 19 of the each 12 to thin them and eventually form the thin
      central portions 18 (FIG. 2) in the substrates 12.
PAR  A conventional motor 72 mounted by a bracket 73 to the base 69 rotates the
      shaft 64 through a standard gear box 74. Rotation of the shaft 64 rotates
      the central gear 61, which thereby rotates the gears 57 about their own
      axes. Typically, the gears 57 with the assemblies 55 thereon are rotated
      at about 60 to 120 rpm.
PAR  Rotation of the shaft 64 also rotates a paddle 76 to continually stir the
      etchant 67 to aid in maintaining the temperature of the etchant 67
      uniform. Rotating the assemblies 55 imparts, of course, the same motion to
      the substrate 12 in the etchant 67. This motion coupled with the
      uniformity of temperature of the etchant 67 tends to bring about a more
      uniform removal of material from the backsides 19 in the thinning
      operation.
PAR  Due to the fluid 28 in the cavity 31 of the holding device 32, the absence
      of a space between the substrate 12 and the fluid 28 and the closing of
      the vent 42 by the top member 46, the face 14 with the diode array thereon
      is tightly sealed from the etchant 67 as well as its fumes. This results
      in a high degree of protection of the face 14 of the substrate 12. This
      protection is extremely important because damage to the 650,000 diodes in
      the array on the face 14 is likely to render the target 11 defective, and
      at this stage of the fabrication of the target 11, a substantial
      investment in processing time and materials has already been made in the
      target. Significantly, this protection is effectuated without the messy
      and time consuming waxing steps of the prior art.
PAR  The backside 19 of the substrate 12 is not as critical and as easily
      damaged as its face 14 which has the diode array thereon. Accordingly, the
      washer 52 which is pressed against substrate 12 by the top member 46
      adequately masks and protects from the etchant 67 the portion of the
      backside 19 that will be the supporting rim 21 (FIG. 2) of the substrate
      12. The rim 21 is formed as a result of the etching of the substrate 12.
PAR  Except for the substrate 12, all of the elements that are immersed in or
      contain the etchant 67 are resistant to it. These elements include the
      holding device 32, the top member 46, the washer 49, the gears 57 and 61,
      the platform 62, the shaft 64, the paddle 76, and the tank 68.
PAL  Optical Checking
PAR  After thinning, the substrates 12, the platform 62 along with the gears 57
      and 61 and the assemblies 55 are lifted by the shaft 64 and removed from
      the etchant 67. Then, one of the assemblies 55 is placed on a slotted
      table 79 (FIG. 8) of an optical checking apparatus, designated generally
      by the numeral 81.
PAR  The apparatus 81 includes a conventional infrared light source 83 energized
      by a conventional power supply 85. The source 83 passes infrared radiation
      through a disc 87 (FIGS. 3-6) which is transparent to such radiation. The
      disc 87, typically formed of sapphire, is force fitted into a central
      aperture 89 of the holding device 32. The radiation also passes through
      the fluid 28 which is transparent to such radiation.
PAR  Depending on the thickness of the central portion 18 of the substrate 12,
      such substrate 12 passes a certain amount of the radiation. This radiation
      is sensed by a conventional infrared radiation detector 91 which displays
      the amount of radiation so sensed on a device 92. Since the amount of
      radiation passing through the substrate 12 is directly proportional to the
      thickness of such substrate 12, the display device 92 may be calibrated to
      read directly the thickness of the etched substrate 12. If the device 92
      indicates that the substrate 12 has not been adequately thinned, the
      assembly 55 is removed from the table 79. Such assembly 55 is placed on
      the gear 57 from which it was removed, and it along with the other
      assemblies 55 are again immersed and rotated in the etchant 67 for an
      additional period of time and the thickness of the substrate is again
      checked.
PAR  On the other hand, if the device 92 indicates that the substrate 12 has
      been adequately thinned, (typically to a thickness of about 0.6 mils) the
      assembly 55 is removed from the table 79.
PAL  Removing the Top Member and Substrate
PAR  After the assembly 55 is removed from the table 79, if no additional
      thinning in the etchant 67 is necessary, the top member 46 is removed from
      the outer edge 41 of the holding device 32. The removal of the top member
      46 opens the vent 42 that extends from the cavity 31 to the outer edge 41.
      The opening of the vent 42 permits atmospheric pressure to act on the
      cavity 31 through the vent 42 of the holding device 32.
PAR  Next, with the aid of a conventional vacuum pickup device 94 (FIG. 9), the
      substrate 12 is removed from the counterbore 40 of the holding device 32
      and from the fluid 28 of the cavity 31. The atmospheric pressure acting on
      the cavity 31 assists in the removal of the substrate 12 by preventing a
      partial vacuum from forming between the substrate 12 and the fluid 28.
PAR  Hence, the substrate 12 has been thinned and the fabrication of the
      diode-array target 11 (FIGS. 1 and 2) is now complete, and the target 11
      is now ready for evaluation with conventional electrical and mechanical
      tests. The other substrates 12 of other assemblies 55 are similarly
      removed from the holding devices 32 and evaluated.
PAR  While the invention has been described in connection with semiconductive
      substrates such as diode-array targets, it is to be understood that the
      invention may also be used in connection with other articles.
PAR  It is to be further understood that the above-described arrangements are
      simply illustrative of the application of the principles of this
      arrangement. Numerous other arrangements may be readily devised by those
      skilled in the art which embody the principles of the invention and fall
      within its spirit and scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of thinning a portion of a workpiece, which comprises the steps
      of:
PA1  depositing a fluid in a cavity;
PA1  positioning the face of the workpiece on the fluid to leave no space
      between the face of the workpiece and the fluid;
PA1  retaining the workpiece in the cavity with an apertured member, whereby the
      face is masked by the fluid and a portion of the backside of the workpiece
      opposite the face is masked by the member; and
PA1  treating through the aperture of the member the unmasked backside of the
      workpiece to remove at least a portion of such workpiece, while the masked
      face and the masked portion of the backside of the workpiece remain
      untreated.
NUM  2.
PAR  2. The method of claim 1, wherein the treating is accomplished by etching
      through the aperture of the member the unmasked workpiece to remove at
      least a portion of such workpiece.
NUM  3.
PAR  3. The method of claim 1, comprising the further step of optically checking
      the thickness of the etched workpiece by transmitting infrared radiation
      through the workpiece and the fluid.
NUM  4.
PAR  4. A method of protecting a first portion of a workpiece from a deleterious
      substance, comprising:
PA1  positioning the first portion of the workpiece on a non-deleterious fluid
      so as to leave no space between the workpiece and the fluid and to seal
      the fluid to such first portion;
PA1  retaining the workpiece on the fluid with a member having an opening; and
PA1  applying the deleterious substance through the opening to another portion
      of the workpiece, whereby the non-deleterious fluid sealed to the first
      portion of the workpiece excludes the deleterious substance from such
      first portion to thereby protect such first portion.
NUM  5.
PAR  5. The method of claim 4, wherein the non-deleterious fluid is a liquid
      transparent to infrared radiation, the deleterious substance includes
      fumes and removes at least a part of the other portion of the workpiece,
      and the non-deleterious fluid excludes both the deleterious substance and
      its fumes from the first portion of the workpiece.
NUM  6.
PAR  6. A method of selectively thinning a portion of a substrate, comprising
      the steps of:
PA1  filling a cavity in an etchant-resistant holding device with a quantity of
      water exceeding the volume of the cavity to form a meniscus of the water
      at the top of the cavity;
PA1  positioning the face of the substate on the water;
PA1  exerting a force on the backside of a substrate opposite its face to force
      the quantity of the water exceeding the volume of the cavity to flow out
      of the cavity and over the outer edge of the device to thereby eliminate
      the meniscus and leave no space between the face and the water and thereby
      mask the face with the water;
PA1  force-fitting a resilient, etchant-resistant top member having an aperture
      therein over the outer edge of the holding device:
PA2  to tightly engage such member to such device, and
PA2  to position a portion of the bottom surface of the top member that is
      adjacent the aperture to overlap and thereby mask an annular area on the
      backside; and
PA1  immersing the holding device and the top member with the substrate
      therebetween in an etchant to etch and thereby thin a central portion of
      the backside corresponding to the inner area of the aperture of the top
      member, while the face masked by the water and the annular area on the
      backside masked by the overlapping surface of the top member are not
      etched and thinned.
NUM  7.
PAR  7. The method of claim 6, further comprising the steps of:
PA1  rotating in the etchant an assembly of the holding device and the top
      member with substrate therebetween about its central axis; and
PA1  stirring simultaneously the etchant to improve the uniformity of the
      thinning of the substrate.
NUM  8.
PAR  8. The method of claim 7, further comprising the steps of:
PA1  removing the assembly from the etchant after the central portion of the
      substrate has been thinned;
PA1  removing the top member from the outer edge of the holding device to open a
      vent extending from the cavity to such outer edge to admit atmospheric
      pressure to the cavity; and
PA1  removing the substrate from the water in the cavity of the holding device,
      whereby the admission of atmospheric pressure assists in the removal of
      the substrate by preventing a partial vacuum from forming between the
      substrate and the water.
NUM  9.
PAR  9. An improved method of making a charge storage device from a
      semiconductive substrate having a face and a backside opposite the face
      wherein a diode array is formed on the face, wherein the backside of the
      substrate is subjected to a thinning operation, wherein the improvement
      comprises:
PA1  filling a cavity of a device with a quantity of fluid exceeding the volume
      of the cavity to form a meniscus of the fluid at the top of the cavity;
PA1  positioning the face of the substrate on the fluid;
PA1  exerting a force on the backside of the substrate to force the quantity of
      fluid exceeding the volume of the cavity to flow out of the cavity to
      eliminate the meniscus and leave no space between the face of the
      substrate and the fluid and thereby mask the face with the fluid;
PA1  mounting a top member having an aperture therein on the holding device to
      position a portion of the bottom surface of the top member that is
      adjacent the aperture to overlap such backside to thereby mask an annular
      area on the backside corresponding to the overlapping surface; and
PA1  etching the unmasked portion of the substrate through the aperture in the
      top member to thin a central portion of the backside corresponding to the
      inner area of the aperture.
NUM  10.
PAR  10. A method of making an electron beam target, having a face and a
      backside, comprising the steps of:
PA1  forming a diode array on the face of a substrate;
PA1  depositing a fluid in a cavity of a device;
PA1  positioning the face of the substrate on the fluid to leave no space
      between the face of the substrate and the fluid;
PA1  mounting an annular member on the backside of the substrate; and
PA1  etching the backside of the substrate through the annular member to thin
      the substrate while the fluid masks the face and a portion of the bottom
      surface of the annular member masks the backside of the substrate.
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ABST
PAL  A binding tape is made by coating a ribbon having glass fibers in the fill
      direction and a flexible, thermally stable fiber in the warp direction,
      with a swellable resin composition and removing the excess composition.
      The tape is lap-wound over an electrical conductor which is then immersed
      in solventless resin under pressure. The conductor is removed from the
      solventless resin and the tape prevents the solventless resin from seeping
      out before it is cured.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 351,918, filed Apr.
      17, 1973, titled "Tape Insulated Conductor," now U.S. Pat. No. 3,845,438
      issued Oct. 29, 1974, which in turn is a division of Ser. No. 210,878,
      filed Dec. 22, 1971, now U.S. Pat. No. 3,759,734, issued Sept. 18, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the manufacture of electrical coils for motors, insulation is placed
      over a coil and is held in place with a binding tape. The coil is immersed
      in a solventless resin which is under pressure. The coil is then removed
      from the solventless resin and the resin is cured. The purpose of the
      resin is to hold the insulation in place and to fill the voids. Voids
      permit moisture to enter the coil which can short-circuit the coil and
      burn it out.
PAR  A persistent problem in this process has been that the resin drains out of
      the insulation and through the tape before the resin can be cured.
      Considerable efforts have been made to find a tape which would permit the
      resin to flow into the insulation but would not permit the resin to drain
      out. A Mylar (polyethylene terephthalate) tape has been used but that
      tape, even when butt-lapped, did not permit the resin to flow into the
      insulation well which resulted in voids and poor bonding of the insulation
      to the copper coil. Also, that tape was expensive and had to be removed
      after the resin was cured because it was not thermally stable, which was
      an additional operation and which left the coil looking untidy.
PAR  Butt-lapped woven glass tape has also been used but it retained the resin
      poorly and the coil had to be impregnated several times.
PAC  SUMMARY OF THE INVENTION
PAR  We have found that a conductor lap-wrapped with a tape having a
      rough-textured surface coated with a swellable resin composition, will
      permit a solventless resin to flow past it to the conductor but will
      substantially deter the solventless resin from draining out. While we do
      not wish to be bound by theories we believe that the rough-textured
      surface permits the solventless resin to flow past the laps, but that
      there is an interaction between the tape and the solventless resin which
      causes the tape to swell at the lapped edges, creating a seal which keeps
      the solventless resin in.
PAR  The use of our tape not only results in a very substantial increase in the
      amount of resin retained, but the resin retained is more uniformly
      distributed with far fewer and smaller voids, especially at the ends of
      motor coils or "knuckles" where resin loss was particularly bothersome.
PAR  Also, when our tape is used to wrap a coil breakdown voltage increases of
      about 5,000 volts have been obtained over a glass tape coil which means
      less mica insulation can be used. We have also observed a decrease in
      power factor values of 20% or more when our tape is used to wrap motor
      coils over coils wound with glass tape. This decrease means that the
      insulation is better and that less energy is being lost through heat.
DRWD
PAC  THE DRAWING
PAR  The accompanying drawing is an isometric view of a section of a motor coil
      wrapped with a tape according to this invention. In the drawing 12 copper
      wires 1 are separated by insulation 2 and wrapped with an insulation tape
      such as mica tape 3. A tape 4 according to this invention is wound over
      the mica insulation forming laps 5.
PAR  Referring to the enlargement window, tape 4 consists of glass fibers 6 in
      the fill direction and a flexible fiber 7 in the warp direction. A
      swellable resin 8 coats the fibers to form hills 9 and valleys 10 in the
      tape.
DETD
PAC  The Ribbon
PAR  The tape is made from a woven ribbon which has glass fibers in fill
      direction (crosswise) and a flexible fiber in the warp direction
      (lengthwise). Preferably, the glass fibers are bundled as threads which
      are about 0.5 to 15 mils in diameter and the flexible threads are about
      0.5 to about 15 mils in diameter.
PAR  The flexible fiber should be sufficiently flexible to be wound over a 1/2
      inch diameter mandrel without breaking, cracking or splitting. It should
      have an elongation greater than about 2% so that it can expand during
      swelling without breaking. Also, it should be thermally stable at about
      105.degree.C in order to be useful in motor coils. Dacron fibers (i.e.,
      polyethylene terephthalate) are preferred as they offer the best
      combination of these properties and low cost, but polyamide-imide fibers,
      nylon fibers, polyacrylonitrile fibers, etc., may also be used.
PAR  The glass and flexible fibers and the type of weave should be chosen so
      that the resulting ribbon is about 2 1/2 to about 15 mils thick, and
      preferably about 3 to about 9 mils thick, since if the tape made from the
      ribbon is too thick coils wound with it will not fit into their slots, and
      if the tape is too thin it will be difficult to make and work with.
PAR  A very wide ribbon (e.g., 36 inches) may be used to make the tape which is
      then cut longitudinally into smaller strips, or small strips of ribbon may
      be used in making the tape. The small strips and the resulting tape are
      typically about 1/4 to about 2 inches wide, and preferably about 3/4 to
      about 1 1/2 inches wide as these sizes fit most commercial machinery and
      very wide tape will not have enough overlaps to give good impregnation and
      very narrow tape is not economical.
PAC  The Swellable Resin Composition
PAR  The ribbon is coated with a swellable resin composition, that is, a
      composition which will swell about 5 to about 40% within a few minutes
      when contacted by the solventless impregnating resin. The resin
      composition should preferably be wettable by the solventless impregnating
      resin. The swellable resin composition should swell quickly enough to keep
      the solventless resin from draining out but not so quickly that the
      solventless resin cannot impregnate the insulation. However,
      faster-swelling compositions may be used if more pressure is used to
      impregnate the solventless resin. A swellable resin composition may be
      prepared from 1 part (all parts herein are by weight) curable resin, about
      0.03 to about 1.1 parts filler, and about 0.014 to about 0.26 parts swell
      accelerator. A preferred swellable resin composition may be prepared from
      1 part curable resin, about 0.2 to about 0.5 parts filler, and about 0.03
      to about 0.20 parts swell accelerator.
PAR  The preferred curable resin is a polyester resin as it makes a good
      insulator and is tough and flexible. The preferred polyester resin is made
      by first preparing an alkyd polyester from (1) about 15 to 30% (all
      percentages herein are by weight) of a saturated trihydric aliphatic
      organic compound having three to seven carbon atoms such as propanetriol,
      butanetriol, trimethylolethane, and preferably glycerol, (2) about 15 to
      25% of at least one low molecular weight aromatic compound containing
      hydroxyl and carboxyl groups such as salicylic acid, (3) about 25 to 40%
      of a drying oil such as dehydrated castor oil, and (4) about 25% to 40%
      aromatic dicarboxylic acid having eight to 12 carbon atoms such as
      isophthalic acid, phthalic acid, and terephthalic acid (see U.S. Pat. No.
      3,378,630). On a solid basis, one part of the alkyd polyester is then
      blended with up to about 0.08 parts anti-oxidants, up to about 0.6 parts
      epoxy resins having an EEW (epoxy equivalent weight) of 65  to 6000, and
      up to about 0.35 part thermosetting formaldehyde resin. Preferably one
      part of the alkyd polyester is blended with about 0.01 to 0.05 part
      anti-oxidant, about 0.02 to about 0.45 part epoxy resin having an EEW of
      170 to 700, and about 0.1 to about 0.25 part thermosetting formaldehyde
      resin. Anti-oxidants retard the oxidation of the organic compounds by
      molecular oxygen. Examples of anti-oxidants include hydroquinone,
      hydroquinone monobenzyl ether, octyl diphenylamine, polyalkyl polyphenols,
      phenyl- .beta. -naphtylamine, diphenyl- .rho. -phenylenediamine, o-cresol,
      and 4t butylcatechol. The preferred anti-oxidant which works the best is
      polymerized trimethyldihydroquinoline. The epoxy resin is preferably a
      diglycidyl ether of bisphenol A because it works well, but cycloaliphatic
      polyepoxides, polyethers-base polyepoxides, aliphatic epoxies, and other
      diglycidyl derivatives of organic compounds could also be used. The
      formaldehyde resin is preferably a melamine formaldehyde resin as it works
      well, but phenol-formaldehyde, urea-formaldehyde, etc., resins could also
      be used.
PAR  Examples of other suitable curable resins include phenolic novolak epoxies,
      cresylic novolak epoxies, acrylics, phenolics, oil-modified phenolics, and
      polyamideimides. Mixtures of curable resins may also be used.
PAR  The preferred filler is talc, silica, powdered mica, calcium carbonate,
      calcium silicate, or mixtures thereof as they are non-conducting and
      inexpensive. Other suitable fillers include metal oxides such as iron
      oxide or aluminum oxide, magnesium carbonate, magnesium silicate, barium
      sulfate, powdered glass, calcium sulfate, lithium aluminum silicate and
      clay.
PAR  The swell accelerator is a low (preferably less than 2,000) molecular
      weight material with hydroxyl, carboxyl, oxirane, and/or amino functional
      groups, and preferably only hydroxyl and/or carboxyl groups as they are
      quite stable at low temperatures and therefore the resin composition has a
      longer shelf life. The swell accelerator should not react substantially
      with the swellable resin composition before the solventless resin is cured
      (i.e., it should be at least 55% unreacted after 1 hour at 100.degree.C);
      it should therefore not contain anhydride or isocyanate groups. The swell
      accelerator is believed to interact with the solventless resin to cause
      swelling. Preferably, it also reacts with the swellable resin composition
      during the curing of the solventless resin and becomes part of the
      polymeric structure so that it cannot be leeched out later. Castor oil is
      the preferred swell accelerator as it has the best combination of these
      properties, but vinyl plasticizers (such as dibutyl phthalate and dioctyl
      phthalate), monobutyl adipate, hexamethylenediamine, polyols such as
      glycerol, polyoxypropylene polyols, polyoxyethylene polyols, alkyl acids
      such as stearic acid, brassylic acid, etc., may also be used.
PAR  Optional ingredients include curing agents, pigments, dyes, non-curable
      resins, anti-oxidants, and catalysts. In addition, the swellable resin
      composition is applied to the ribbon from a solvent or suspending agent as
      otherwise it is too viscous. The ratio of solids to solvent in the
      solution is about 20 to 80 to about 70 to 30. The preferred solvents are
      toluene, xylene, methylethyl ketone and methyl isobutyl ketone, ethylene
      chloride, and mixtures thereof. Other suitable solvents include butyl
      acetate, ethyl acetate, cellosolve dioxane, etc.
PAC  Making the Tape
PAR  The ribbon is immersed into a bath of the swellable resin composition and
      the excess composition is removed to expose the rough-textured surface of
      the ribbon. The amount of composition remaining on the ribbon is critical
      since, if too much composition remains, the tape will be too smooth to
      permit the solventless resin to pass through the laps. If too little
      composition remains on the ribbon it will develop pinholes and will not
      seal well. The amount of composition remaining on the ribbon should be
      about 75 to about 380% of the ribbon weight, and for best results, about
      110 to about 310% of the ribbon weight. The amount of composition
      remaining on the ribbon may also be described as about 0.01 to about 0.15
      gms of composition per square inch of tape and preferably about 0.051 to
      about 0.065 gms of composition per square inch of tape, that is, the
      weight ratio of composition to ribbon is preferably about 1.10 to 1.0 to
      about 3.10 to 1.0.
PAR  The excess resin composition may be removed in any suitable way, for
      example, draining, passing the tape between two opposite scrapers about 8
      mils apart or between brushes. The composition could also be applied to
      the ribbon as it passes between rollers which squeeze off the excess.
      Preferably, the excess composition is removed by passing the tape over two
      separate scrapers which scrape one side then the other side, as with this
      method it is easy to control the amount of composition remaining by the
      pressure of the tape against the scrapers and they do not damage the tape.
PAR  The resin composition must be cured to such an extent that it is dry and is
      not tacky, is not pressure-sensitive, and is beyond the B-stage, otherwise
      it will seal before an adequate amount of solventless resin can pass by
      the laps. The cure is typically at between about 150 and about
      220.degree.C for about 15 minutes to about 2 1/2 hours; above about
      220.degree.C less time is required but the composition may degrade. Best
      results are obtained at about 190.degree. to about 200.degree.C which
      usually takes about 2 hours. After curing the tape will be about 3 to
      about 20 mils thick depending on the thickness of the ribbon used, the
      type of weave, and the diameter of the fibers in the ribbon. For best
      results, however, the final tape should be about 4 to 12 mils thick. It
      should be "rough" in that it has hills and valleys, where the hills are
      about 1 to about 6 mils higher than the valleys, and it should have an
      elongation greater than about 2%.
PAC  Making an Electrical Article
PAR  A conductor, typically a coil for the armature or stator of a motor, is
      used in making the electrical article. If the conductor is to carry low
      voltage (less than 1 Kv) the tape itself can be the only insulation. For
      higher voltages, the conductor is covered with an insulator, preferably
      mica, as mica has the best dielectric properties, although Kraft paper,
      asbestos, Nomex paper (a DuPont nylon product) etc., could also be used.
      Mica tape is preferred which is about the same width as the tape of this
      invention and about 3 1/2 to about 10 mils thick.
PAR  The binding tape is wound over the conductor by hand or by machine,
      preferably at a pressure of about 1/10 to about 10 pounds per inch of tape
      width. The tape should be lapped about 1/8 to about 1/2 inch to obtain the
      benefits of this invention.
PAR  The taped conductor is then immersed in a bath of a solventless (i.e., 100%
      solids) electrical impregnating resin. Each coil may be immersed
      separately or together in an assembled rotor or stator. Impregnating
      resins are curable resins having a viscosity of less than about 1,200
      centipoises at room temperature and are well known in the art. Examples
      include styrene-polyester, epoxy, epoxy-anhydride,
      styrene-epoxy-anhydride, silicone, and polyurethane resins.
PAR  At least about 10 psi and preferably about 40 to about 100 psi of pressure
      are applied to the solventless resin to force it between the laps of the
      tape and into the spaces in the insulation. The conductor is then removed
      from the bath, the excess solventless resin is permitted to drain off, and
      the solventless resin is cured. The cure temperature will depend upon the
      resin used. For example, polyesters are cured at about 80.degree.C and
      epoxies at about 150.degree.C. The cure may require from 30 minutes to 16
      hours depending on the resin used. During this cure the swell accelerator
      has undergone essentially as much reaction as it ever will.
PAR  The following examples further illustrate this invention.
PAC  EXAMPLE 1
PAR  A polyester resin is prepared as follows:
PAR  A mixture, by weight, of 34.2 parts of dehydrated castor oil, 10.7 parts of
      glycerol, and 0.035 part of calcium hydroxide, was charged into a reaction
      vessel and heated at 240.degree.C for 1.5 hours while being agitated and
      sparging with nitrogen. Then, 12.3 parts glycerol, 21.4 parts salicylic
      acid, 32.2 parts isophthalic acid, 0.5 part isopropyl titanate, and about
      20 parts of xylene were added to the reaction mass and the mixture was
      processed azeotropically, using continuous decanting to separate water of
      reaction and to return refluxing xylene to the vessel, for approximately
      4.5 hours at a temperature in the range of 200.degree. to 235.degree.C
      with nitrogen sparging and rapid agitation. The reaction is concluded when
      the control viscosity of a 50 weight percent solution of the polyester in
      xylene measures S-T, Gardner-Holdt. At this point toluene is added to the
      resulting alkyd to give a solution containing 67 weight percent of
      non-volatiles.
PAC  EXAMPLE 2
PAR  The following swellable composition was prepared:
TBL   Parts by Weight                                                          

     ______________________________________                                    

     1100        polyester of Example 1                                        

     400         talc                                                          

     25          silicon dioxide sold under the                                

                 trademark "Cab-O-Sil" by Cabot                                

                 Corp.                                                         

     60          50% solution in xylene of                                     

                 polymerized trimethyl dihydro-                                

                 quinoline (sp. gr. = 1.08, m.p.=                              

                 100-120.degree.C) sold under the                              

                 trademark "Agerite D" by                                      

                 Vanderbilt Chemical Co.                                       

     75          castor oil                                                    

     275         toluene                                                       

     87.5        diglycidyl ether prepared from                                

                 epichlorohydrin and bisphenol A                               

                 (E.E.W. = 175-200) sold under the                             

                 trademark "Epon 828" by Shell                                 

                 Chemical Co.                                                  

     282.5       662/3% solution in methylethyl                                

                 ketone of a diglycidyl ether                                  

                 prepared from epichlorohydrin and                             

                 bisphenol A (E.E.W. = 450-550)                                

                 sold under the trademark "Epon 1001"                          

                 By Shell Chemical Co.                                         

     200.0       65% solution in xylene of                                     

                 butylated melamine-formaldehyde                               

                 resin (viscosity = Z - Z4, mineral                            

                 spirits tolerance = 0.4-2.0) sold                             

                 under the trademark "Resimene 882"                            

                 by Monsanto Co.                                               

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  A woven ribbon 3.5 mils thick and 1/2 inch wide having glass fibers in the
      fill direction and Dacron fibers in the warp direction was immersed in the
      composition of Example 2. After the excess resin had drained off, the
      composition was cured at 200.degree.C for 2 hours to produce a tape having
      rough-textured surfaces.
PAR  Two copper tubes 6 inches long and 1/2 inch in diameter were wrapped 4
      inches of their lengths with 1/2 inch Dacron-backed mica tape. The first
      tube was then one-fourth lapped with the tape just described and the
      second tube was butt-lapped with 1/2 inch Mylar tape. Both tubes were
      immersed in a 65% styrene-35% polyester resin at 95-100 psi. The tubes
      were removed, drained of excess resin, and cured at 110.degree.C for 8
      hours. The insulation was then stripped from the tube, weighed, and
      compared to the initial insulation weight. The tube wound with our binding
      tape had a very strong bond of the mica to the copper and the weight
      increase was 67.2%. The tube wound with the Mylar tape had a very weak
      bond of the mica to the copper and the weight increase was only 26.0%.
PAC  EXAMPLE 4
PAR  Three copper tubes wound with our binding tape as described in Example 3
      were immersed in the following three resins at 95 psi.
TBL  __________________________________________________________________________

     Resin 1                                                                   

           70 parts                                                            

                  diglycidyl ether prepared from bisphenol                     

                  A and epichlorohydrin (E.E.W. = 175-195,                     

                  viscosity = 7000-10,000 cps at 25.degree.C)                  

                  sold by Ciba Co. under the trademark                         

                  "Araldite 6005".                                             

           30 parts                                                            

                  diglycidyl ether of 1,4-butanediol sold                      

                  by Ciba Co. under the trademark "RD2."                       

            2 parts                                                            

                  a 1 to 1 mole mixture of BF.sub.3 and                        

                  monoethylamine                                               

           6.5 parts                                                           

                  furfuryl alcohol.                                            

     Resin 2                                                                   

           62.5 parts                                                          

                  diglycidyl ether prepared from                               

                  bisphenol A and epichlorohydrin (E.E.W.-                     

                  180-200, viscosity 10,000-16,000 cps                         

                  at 25.degree.C) sold by Celanese Corp. under                 

                  the trademark "Epi-Rez 510."                                 

           37.5 parts                                                          

                  diglycidyl ether prepared from                               

                  bisphenol A and epichlorohydrin (E.E.W. =                    

                  475-575, Durran's softening pt. 70-80.degree.C)              

                  trademark "DER 611."                                         

           3.75 parts                                                          

                  maleic anhydride.                                            

           80.0 parts                                                          

                  styrene.                                                     

           54.9 parts                                                          

                  NADIC methyl anhydride.                                      

           0.06 part                                                           

                  p-quinone.                                                   

           0.48 part                                                           

                  2,5-dimethyl, 2,5-(bis benzoyl peroxide)                     

                  hexane sold by Lucidol Co. under the                         

                  trademark "Luperox 118."                                     

     Resin 3                                                                   

           70 parts                                                            

                  diglycidyl ether prepared from bisphenol                     

                  A and epichlorohydrin (E.E.W. =                              

                  172-176, viscosity 4000-5500 cps at                          

                  25.degree.C) sold by Dow Chemical Co. under                  

                  the trademark "DER 332."                                     

           30 parts                                                            

                  digylcidylether of neopentyl glycol.                         

           100 parts                                                           

                  1-methyltetrahydrophthalic anhydride                         

                  (E.E.W. = 150-155, viscosity 3-5 cps                         

                  at 25.degree.C made by CIBA) sold by Union                   

                  Carbide Co. under the trademark                              

                  "ZZLA-0334."                                                 

           0.08 part                                                           

                  methyltrioctylphosphonium-                                   

                  dimethylphosphate.                                           

     __________________________________________________________________________

PAR  The copper tubes were then removed from resins, drained, and cured at
      135.degree.C for 16 hours. The insulation was stripped, weighed, and the
      weight compared to the initial weight.
PAR  Insulation impregnated with Resins 1, 2, and 3 had weight increases of
      85.8%, 59.3%, and 66.2% respectively. In all cases the bond of the mica to
      the copper was very strong.
PAC  EXAMPLE 5
PAR  A ribbon as described in Example 3 but 3/4 inch wide was immersed in the
      resin composition of Example 2 and drawn between a pair of rounded metal
      bars 7 to 10 mils apart which removed excess resin. The tape was then
      cured at 190.degree. to 200.degree.C for 30 to 60 minutes to produce a
      tape having rough-textured surfaces. This tape was more flexible than the
      tape of Example 3 and is therefore preferable to it.
PAR  Using copper tubes wrapped in mica as described in Example 3, the above
      tape and tape prepared as in Example 3, both 3/4 inch wide and 6.5 mils
      thick, were 1/4 inch lap wound over the tubes. For comparison, a 1/2 inch
      wide Mylar tape was butt-lapped over an identical tube.
PAR  All tubes were immersed in Resin A which was Resin 1 of Example 4, or Resin
      B which was made from 65% styrene and 35% of a polyester of 4 parts adipic
      acid, 1 part maleic anhydride, and 5.5 parts
      2,2-bis[p-(3-hydroxypropoxy)phenyl]propane.
PAR  The tubes were allowed to drain, and the resins were cured at 135.degree.C.
      The insulation was removed, weighed and compared to the initial weight.
      The following table gives the results:
TBL  Impregnating                                                              

              Tape       Impregnating                                          

                                    % Weight                                   

                                           Strength                            

     Resin               Pressure   Increase                                   

                                           of Mica-                            

                         (psi)             to-                                 

                                           Copper                              

                                           Bond                                

     ______________________________________                                    

     B        This Example                                                     

                         50         45.4   strong                              

     B        This Example                                                     

                         50         49.5   strong                              

     B        Example 1  45         47.7   strong                              

     A        This Example                                                     

                         50         57.5   strong                              

     A        Example 1  95         85.8   very                                

                                           strong                              

     B        Mylar tape 95         26.0   weak                                

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  An armature coil similar internally to the drawing, for carrying 2.3 KV was
      wrapped with 5 1/2 turns of Dacron-backed 3/4 inch wide mica paper on the
      straight portions of the coil and two layers of 1/2 inch lapped 3/4 inch
      Dacron-backed mica tape on the ends. Over the mica was hard wrapped a
      one-fourth lapped layer of 3/4 inch tape prepared as described in Example
      3.
PAR  Another identical armature coil was hand wrapped, but-lapped with a layer
      of 3/4 inch 4 mil thick woven glass tape. Both coils were immersed in a
      bath of an anhydride-cured epoxy resin at 175.degree.C under 95 psi of
      pressure for 30 minutes. The coils were removed, hung to drain for 30
      minutes, then cured at 150.degree.C for 16 hours.
PAR  Using the procedure of ASTM D-150 aluminum foil was wrapped over the
      straight portions of the A and B side of each coil. The coils were heated
      to 150.degree.C. Then 0.5, 1,  and 2 KV was sent through the coil, and the
      power factor (a measurement of the current leakage to the aluminum equal
      to 100 tan .delta. where .delta. is the loss angle, the angle between the
      current and voltage cylces) was measured. The following table gives the
      results:
TBL            Power Factor at 150.degree.C, 60 Hertz                          

     Coil Part                                                                 

              KV     Glass Tape    Our Tape                                    

     ______________________________________                                    

     A        0.5    18.6          18.8                                        

              1      20.0          19.3                                        

              2      37.9          21.2                                        

     B        0.5    22.8          18.5                                        

              1      25.6          19.4                                        

              2      44.1          22.2                                        

     ______________________________________                                    

PAR  The above table shows that the current leakage through the coil was
      substantially less when our tape was used. Breakdown voltages for the
      coils were also determined and it was found that the breakdown voltage
      when our tape was used 5 to 6 KV higher than when the glass tape was used.
PAR  The coils were disassembled and examined. The coil with our tape on it had
      a much more uniformly distributed resin than did the coil with the glass
      tape, and there were far fewer dry area, especially at the knuckles of the
      coil. The insulation was weighed and compared to its initial weight and it
      was found that the coil with out tape on it had a 66.5% increase in weight
      while the coil with the glass tape only increased in weight 59.5%.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of making an electrical article comprising
PA1  a. lap-wrapping a conductor with a binding tape having a rough-textured
      surface which comprises a woven ribbon coated with a dry, non-tacky,
      non-pressure sensitive, swellable resin composition cured beyond the
      B-stage;
PA1  b. immersing said wrapped conductor into a curable solventless impregnating
      resin under pressure;
PA1  c. removing said wrapped conductor from said solventless impregnating
      resin; and
PA1  d. curing said impregnating resin.
NUM  2.
PAR  2. A method according to claim 1 wherein said woven ribbon comprises glass
      fibers in the fill direction and flexible, thermally stable fibers having
      an elongation of at least 2% in the warp direction.
NUM  3.
PAR  3. A method according to claim 1 wherein said ribbon is about 3 1/2 to
      about 8 mils thick and about 1/4 to about 2 inches wide.
NUM  4.
PAR  4. A method according to claim 1 wherein said swellable resin composition
      is about 110 to about 310% of the weight of said ribbon.
NUM  5.
PAR  5. A method according to claim 1 wherein said rough-texture of said tape
      constitutes hills and valleys where the hills are about 1 to about 6 mils
      higher than the valleys.
NUM  6.
PAR  6. A method according to claim 2 wherein said flexible, thermally stable
      fibers are polyethylene terephthalate.
NUM  7.
PAR  7. A method according to claim 1 wherein said swellable resin composition
      comprises 1 part by weight curable resin, about 0.03 to about 1.1 parts by
      weight filler, and about 0.014 to about 0.26 parts by weight swell
      accelerator.
NUM  8.
PAR  8. A method according to claim 7 wherein said filler is selected from the
      group consisting of talc, silicon, powdered mica, calcium carbonate,
      calcium stearate, and mixtures thereof.
NUM  9.
PAR  9. A method according to claim 7 wherein said swell accelerator is castor
      oil.
NUM  10.
PAR  10. A method according to claim 1 wherein said swellable resin is a
      polyester resin.
NUM  11.
PAR  11. A method according to claim 10 wherein said polyester resin comprises
PA1  1. one part by weight alkyd polyester comprising
PA2  a. about 15 to 30% of a saturated trihydric aliphatic organic compound
      having three to seven carbon atoms;
PA2  b. about 15 to 25% of at least one low molecular weight aromatic compound
      containing hydroxyl and carboxyl groups;
PA2  c. about 25 to 40% of a drying oil; and
PA2  d. about 25 to 40% of an aromatic dicarboxylic acid having eight to 12
      carbon atoms;
PA1  2. up to about 0.08 parts by weight anti-oxidant;
PA1  3. up to about 0.6 parts by weight epoxy resin having an E.E.W. of about 65
      to about 6000; and
PA1  4. up to about 0.35 parts by weight thermosetting formaldehyde resin.
NUM  12.
PAR  12. A method according to claim 1 wherein said tape is overlapped about 1/8
      to about 1/2 inch.
NUM  13.
PAR  13. A method according to claim 1 wherein said pressure is about 40 to
      about 100 psi.
NUM  14.
PAR  14. A method according to claim 1 wherein said tape is wrapped at a
      pressure of about 1/10 to about 10 pounds per inch of tape width.
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ABST
PAL  Linings for furnaces or ovens are made by cutting a sheet of refractory
      fibrous material having fibers extending longitudinally parallel therein
      into strips that extend laterally, then turning the strips through
      90.degree. so the fibers are end-on, compressing the fiber end-on strips
      together to form a hot-face surface and attaching the strips at their base
      to a support.
BSUM
PAR  This invention relates to linings for furnaces, ovens and similar
      enclosures.
PAR  According to the invention there is provided a lining element for
      constituting an inside surface or hot face for a furnace or oven, such
      lining element comprising refractory fibres oriented so that a substantial
      proportion of the fibres are end on to the surface supporting the fibres.
      The invention also provides means of anchoring individual fibres to the
      surface supporting the fibres and/or to adjacent fibres.
PAR  The preferred method of making a lining element in accordance with the
      invention is to cut into laterally extending strips a sheet of refractory
      fibrous material having fibres extending longitudinally parallel to the
      flat plane of the sheet. The strips are then turned through 90.degree. and
      attached end on to a backing of unhardened refractory cement.
PAR  A further possibility is electro-static deposition of the fibres onto a
      surface which has been coated with an unhardened refractory cement. The
      action of the electro-static field causes mutual repulsion between the
      fibres. Hence they are deposited end-on to the collecting surface.
PAR  Suitable refractory cements comprise refractory powders such as
      sillimanite, fused mullite, fused alumina and Molochite dispersed in a
      thickened binder comprising a silica alcosol thickened with an evenly
      dispersed natural or synthetic clay. A suitable natural clay is Hectorite
      and suitable synthetic clays are sold under the trade name Laponite. For
      further details of these clays reference is made to the text book by R. E.
      Grimm published by McGraw Hill in 1953 and to the text book by W. E.
      Worrel published by McLaren in 1972.
DRWD
PAR  The invention will now be described by way of example and with reference to
      the accompanying drawings wherein:
PAR  FIG. 1 is a section through a first high temperature insulating panel in
      accordance with the invention.
PAR  FIGS. 2 to 5 are diagrammatic views illustrating how the hot face of the
      panel of FIG. 1 is constructed.
PAR  FIGS. 6 to 9 are diagrammatic views illustrating the construction of a
      second panel; and,
PAR  FIGS. 10 and 11 are diagrammatic views illustrating the construction of a
      third panel.
DETD
PAR  Referring initially to FIG. 1 the panel illustrated includes a rigid steel
      sheet 1, a layer 2 of "Stillite Therbloc" mineral wool and a layer 3 of
      vermiculite block. These two layers 2 and 3 are bolted to the steel sheet
      1 by heat-resistant bolts 4 having heads 4' seating in recesses 5 in the
      layer 3. Cemented to the layer 3 by a film 6 of refractory cements is the
      hot-face 7 of refractory fibre. The cement is made as follows:
PAR  300 ML OF .sup.N alfloc N1030 silica sol is diluted with 200 ml of
      deionised water and to the diluted silica aquasol are added
PA1  1. 25 grammes of laponite SP synthetic clay
PA1  2. 250 grammes of sillimanite grade C200
PA1  3. 1,000 grammes of sillimanite grade CML 100
PAR  The powders are added individually with stirring in the order given. A thin
      slip is first obtained, thickening considerably on standing for 24 hours
      to provide the cement.
PAR  The hot-face 7 of refractory fibre is formed from strips 8 (seen end on in
      FIG. 1) of ceramic fibre blanket (Triton Kaowool ceramic fibre blanket,
      one inch thickness and 8lb cu. ft. density is convenient) of the required
      dimensions joined edgewise to the vermiculite layer 3 through cement film
      6. The strips 8 of ceramic fibre blanket are at least partially
      impregnated with a silica aquasol, a silica alcosol or an acid hydrolysate
      of an alkyl silicate, as described in U.K. Patent Specification No.
      1,302,462. On heating this makes the strips of ceramic fibre rigid and
      fixes the desired orientation of the fibre. Alternatively, the strips 8 of
      ceramic fibre may be made partially or wholly rigid with an alumina gel
      binder.
PAR  FIGS. 2 - 5 illustrate the forming of the hot face 7 of refractory fibre in
      more detail. FIG. 2 shows an uncut blanket 9 having fibres 9' extending
      longitudinally generally parallel to the plane of the blanket. Laterally
      extending cuts divide the blanket 9 into strips 8, as shown in FIG. 3.
      Each strip 8 is turned about its long axis through an angle of 90.degree.,
      as shown in FIG. 4. The orientation of the fibres 9' end-on then endon to
      the panel. The strips 8 are now at least partially impregnated with either
      a silica aquasol, or a silica alcosol, or an acid hydrolysate of an alkyl
      silicate. The impregnated strips 8 are now placed on the cement film 6
      applied to the vermiculite layer 3 as shown in diagram 5, to give the hot
      face 7 of the insulating panel. Alternatively, the strips 8 may be made
      rigid with an alumina gel binder. Impregnation of the strips 8 of ceramic
      fibre blanket to confer rigidity is not essential. If desired the strips 8
      may, after turning through an angle of 90.degree., be placed on the cement
      film and pressure then applied to the strips 8 to make sure that good
      contact between the fibres and the cement is achieved over the whole
      surface.
PAR  An essential feature of the invention illustrated in this example is the
      turning of the ceramic fibre strips 8 through 90.degree. to obtain the
      end-on orientation of the fibres 9' relatively to supporting layers of the
      panel.
PAR  The modular panels shown in FIG. 1 are desirably heated to 60.degree.C -
      100.degree.C to harden the cement and make the strips of ceramic fibres
      rigid thus fixing the desired orientation of the fibres. After this heat
      treatment, the modular units are ready for use in furnaces or oven
      constructions.
PAR  Other advantages arising from the use of ceramic fibre blanket in the way
      described in the example are that any available thickness and density of
      blanket can be used to obtain a wide range of thickness and density in the
      hot-face layer. Strips of the desired thickness are cut, then compressed
      to the desired density during the forming of the hot-face. This eliminates
      the formation of blanket "off-cuts," which otherwise would be waste
      material.
PAR  Turning now to FIGS. 6 to 9 the panel illustrated comprises a hot-face 11
      made up of end-on ceramic fibre strips 12, a layer 13 of vermiculite block
      insulating material, a layer 14 of mineral wool and a steel plate 15
      having channel shaped end parts 15' for supporting the panel in its
      working position. The layer 14 is impaled onto the plate 15 by heat
      resisting anchors 16. The heads 17 of anchors 16 are located in recesses
      18 in layer 13 and are located therein by filling the recesses 18 with a
      cement made up of equal parts by weight of PB sillimanite grade CML 100
      and plaster of paris made up to a smooth paste with water.
PAR  The assembly procedure is as follows:
PAR  The layer 13 is placed in the orientation shown in FIG. 7 between jig
      plates 13' and the recesses 18 filled with cement. The plate 15/panel 14
      assembly of FIG. 6 is inverted and applied to the layer 13 as illustrated
      in FIG. 8. The plates 13' provide jig location. Evenly distributed weight
      is applied to the exterior of the plate 15 and the cement allowed to set.
      The jig plates 13' are then removed and the assembly turned over. The
      cement film (not shown) is then applied as previously described. The
      strips 12 are assembled on a base grid of wires extending between metal
      strips 11'. The grid carrying the strips 12 is then laid onto the cement
      coated assembly as shown in FIG. 9, the strips 11' serving as jigs. The
      strips 11' and supporting wires are then removed and the cement allowed to
      set securing the hot-face.
PAR  An unsupported laminate or "biscuit" panel is shown in FIGS. 10 and 11.
      Here a furnace casing panel comprises a hot-face 19 of short end-on strips
      and a layer 20 of vermiculite block (the cement film between hot-face 19
      and layer 20 not being shown. This assembly is fixed to a backing steel
      plate 21 faced with mineral wool 22, anchors 16 and cement filled recesses
      18 being used as described with reference to FIGS. 6 and 9.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of manufacturing lining element modules for the hot-face
      surface of a furnace or oven which comprises:
PA1  dividing into laterally extending strips a sheet of refractory fibrous
      material having fibers extending longitudinally parallel to the flat plane
      of the sheet,
PA1  attaching the resulting strips to a support with the fibers in each strip
      positioned end-on to said support with an unhardened refractory cement,
PA1  said support comprising:
PA2  a layer of heat insulating block material,
PA2  a backing metal sheet, and
PA2  a further heat-insulating layer clamped between said metal sheet and said
      block material,
PA1  and then heating the resulting assembly to harden said cement and fix the
      strips to said support with the fibers end-on to the support.
NUM  2.
PAR  2. The method of claim 1 wherein said strips are supported in end-on
      position on a wire grid, the grid with the supported strips is placed onto
      said support and then the wires forming the grid are removed.
NUM  3.
PAR  3. The method of claim 2 wherein said grid includes jigs for correctly
      positioning said strips relatively to said support.
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ABST
PAL  An apparatus and process for laminating a flexible sheet of covering
      material to a foamed thermoplastic sheet wherein the process includes the
      steps of expanding aged or directly extruded thermoplastic foam sheet by
      heat until the foam has reached its softening point; heating the covering
      material to above the melting point of the foam; and, applying the heated
      covering material to the softened foam sheet to bond the sheet to the foam
      thereby forming a laminated product.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to a method and an apparatus for
      laminating sheet covering material to a foamed plastic substrate and, more
      particularly, relates to a process and apparatus for combining heated
      kraft paper sheet with a softened plastic foam substrate in a continuous
      manner.
PAC  BACKGROUND OF THE INVENTION
PAR  In the prior art the utility of a laminated sheet constructed of a foamed
      thermoplastic core sandwiched between two sheets of covering material has
      long been recognized. For example, in U.S. Pat. No. 2,770,406 issued to
      Gardiner Lane on Nov. 13, 1956, a carton is disclosed which is made from a
      laminate with a polystyrene foam core sandwiched between two sheets of
      kraft paper. Such a laminate is adaptable for replacing corrugated
      paperboard or wood in many carton and crate applications and is
      particularly useful where insulation is required for frozen items such as
      ice cream and frozen meat and vegtables or as a shipping carton for
      chilled food and produce. In such prior art applications the density of
      the polystyrene foam may vary between about two to about 10 pounds per
      cubic foot with a commonly preferred prior art density of about 3 pounds
      per cubic foot. If the density approaches ten pounds per cubic foot an
      unnecessary expense for the plastic material will be involved; but, on the
      other hand, if the expansion of the foam is carried too far the gas
      bubbles formed therein can easily become much too large resulting in a
      foam product which when cooled will tend to be too brittle and would crack
      when any pressure is applied thereto. Thus, according to the disclosure in
      the aforementioned Lane patent, it has been found that a material having a
      density in the neighborhood of 3 pounds per cubic foot appeared to be the
      most suitable for lamination between sheets of kraft paper. Furthermore,
      the Lane patent suggests as one particularly convenient method of forming
      such a laminate the placing of a sheet of polystyrene foam containing a
      foaming agent between two of the kraft paper sheets so that if the heating
      and foaming take place in the polystyrene under some pressure against the
      heated kraft sheets, the sandwiched parts may be made to adhere together
      without interposing any adhesive material.
PAR  Another prior art method of forming such a laminate is found in U.S. Pat.
      No. 3,062,698 which issued on Nov. 6, 1966 to A. A. Aykanian. In the
      Aykanian patent a method is disclosed for continuously making a laminate
      of polystyrene foam and kraft paper wherein the only heat applied to the
      previously formed polystyrene foam is through the kraft paper so that the
      foam is not heated or softened prior to its contact with the paper and the
      transfer of heat is through the paper to the foam.
PAR  In still another prior art process which is described in U.S. Pat. No.
      3,823,047 which issued on July 9, 1974 to Roberto Colombo, all of the
      bonding heat is accumulated in the kraft paper sheet which is heated to a
      temperature exceeding the melting point of the resin prior to its contact
      with the styrene foam which is at ambient temperature.
PAR  It is a primary object of the present invention to provide a process for
      manufacturing a thermoplastic foam laminate which is an improvement over
      the prior art processes described above.
PAR  It is another object of the present invention to provide a process in which
      foam of lower density than that used in the prior art can be employed.
PAR  It is another object of the present invention to provide a process for
      making a laminated foam article whereby the probability of cracking the
      cells in the foam laminate is lessened.
PAR  Still another object of the present invention is to make a laminated
      article having a foamed core sandwiched between covering sheets which
      exhibits superior adhesion of the covering sheets to the foamed core and
      is flatter and more uniform in thickness than prior art laminates.
PAR  All the foregoing and other objects and advantages of the present invention
      will be apparent to those skilled in the art from the following Summary of
      Invention and the Detailed Description of the Invention which follow.
PAC  SUMMARY OF THE INVENTION
PAR  In one aspect, the present invention is a process for laminating a flexible
      sheet of covering material to a foamed thermoplastic sheet comprising the
      steps of: expanding thermoplastic foam by heat until the foam is above its
      softening point; heating the sheet covering material to above the melting
      point of the foam; and, applying the heated covering material to the
      heated foam sheet to bond the sheet to the foam thereby forming a
      laminated article. The process can include the step of expanding the foam
      sheet in a steam atmosphere followed by the step of further expanding the
      foam by heat until the foam is above its softening point. In addition, the
      foam sheet may be aged and expanded in a steam atmosphere if maximum
      expansion is desired or it may be fed directly from an extruder and then
      expanded to above its softening point before lamination.
PAR  In another aspect, the present invention is an apparatus for laminating
      covering material to thermoplastic foam material comprising means for
      expanding thermoplastic foam in a steam atmosphere; means for further
      heating and expanding a foam sheet until it is above its softening point;
      means for heating the covering material to above the melting point of the
      foam; and, means for applying the heated covering material to the foam
      sheet to bond the sheet to the foam.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The present invention may be more readily understood by reference to the
      drawing which is made a part of this disclosure and in which:
PAR  FIG. 1 is a schematic representation of the apparatus of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The process and apparatus of the present invention will be first described
      with reference to FIG. 1 which is a schematic representation of a side
      elevation view of the apparatus of the present invention. The operation of
      the apparatus will be described with temperatures and conditions pertinent
      to polystyrene foam and kraft paper. However, it is to be understood that
      the process and apparatus of the present invention are not limited to
      these materials as foamed thermoplastic materials in general may be used,
      and flexible materials such as paper, textile, aluminum or metal foil, or
      plastic may be employed as the covering material.
PAR  The preferred polystyrene foam which is used in the present invention may
      be aged at least 24 hours subsequent to the time it is extruded in the
      form of expanded sheet. The reason for the aging is because, as a result
      of cooling after extrusion, the gas pressure in the foam cells is reduced
      to below atmospheric pressure so that a subsequent immediate heating of
      the foam will produce little or no increase in the thickness of the sheet
      or web. In other words, the heating of the extruded sheet immediately
      after it is cooled will not result in a significant lowering of the
      density of the foam. However, if the foamed sheet is stored for at least
      24 hours at atmospheric pressure, the atmospheric air will diffuse into
      the foamed cells to an extent to establish in the cells atmospheric
      pressure with the result that the subsequent heating of the web will
      produce a substantial increase in thickness of the web due to the heat
      expansion of the air which has diffused into the foam cells.
PAR  Referring now to FIG. 1, a substrate or web 1 of foam sheet is shown being
      unwound from roll 5 and being fed into steam chambers 6 which preferably
      is saturated steam at atmospheric pressure maintained at a temperature of
      180.degree. to 212.degree.F. Super heated steam or elevated pressure
      within steam chamber 6 would increase the expansion rate. However, at
      atmospheric pressure a dwell time of one to three minutes in the steam
      chamber generally expands the foam sufficiently without incurring any
      rupture of foam cells. In other words, it has been found quite
      satisfactory to use the steam chamber at atmospheric pressure as the means
      for expanding the thermoplastic foam.
PAR  After the expanded foam leaves steam chamber 6 it moves into oven 7 which
      is the means for further expanding the foam. Oven 7 may either employ
      radiant heating means such as infra red lamps or it may employ convection
      means such as Calrod units with blowers or fans. Normally, the interior
      temperature of the oven will be sufficient to heat the foam so that as the
      foam passes therethrough it will reach its softening point in the range of
      180.degree. to 230.degree.F. Also, any trapped or residual moisture in the
      foam after it passes through the steam chamber will be driven off in the
      oven 7. However, the heating within the oven 7 must be carefully regulated
      so that the foam cells do not expand too greatly and rupture.
PAR  To the right of the oven 7 in FIG. 1 are upper and lower paper rolls 8 and
      9. These rolls will generally carry kraft paper of the same width as the
      web 1 for lamination thereto. However, it is to be understood that rolls 8
      and 9 and the covering material 2 and 3 which is fed respectively
      therefrom is not limited to being paper or even of the same material. For
      example, covering material 2 could be a sheet plastic material such as
      polyethylene or polystyrene and the sheet covering material 3 could be a
      textile material such as a light weight canvas cloth. Furthermore, both
      sides of the foam web 1 do not have to have a laminate applied thereto and
      either covering material 2 or 3 can be eliminated.
PAR  As the covering material 2 and 3 is pulled from the rolls 8 and 9 the
      respective surfaces which will be adjacent to the foam web 1 pass over
      idler rolls 16 and 17. Next, the covering material 2 and 3 passes over
      guide rolls 10 and 11 and then over heating rolls 12 and 13. The heating
      rolls are maintained at a temperature in the 350.degree. to 550.degree.F
      range by either passing a heating fluid such as oil which does not boil in
      the 550.degree. to 700.degree.F temperature range through the rolls, or
      super heated steam may be used. When leaving the heating rolls 12 and 13,
      the paper or covering material 2 and 3 will have a temperature in the
      range of 350.degree.F to 450.degree.F which is above the melting point of
      the foam web 1.
PAR  After leaving the heated rolls 12 and 13, the covering material 2 and 3 is
      fed between nip rolls 14 and 15. The nip rolls are heated to prevent any
      loss in temperature or heat in the covering material and the temperature
      of the nip rolls will be in the range of 230.degree.F to 330.degree.F. The
      softened foam web 1 also passes through nip rolls 14 and 15 with the
      covering material on either side of it. The nip rolls are adjusted so that
      only light pressure is applied as the covering material is rolled onto the
      softened foam. If too much pressure is applied then the foam cells will be
      deformed or even crushed and the density of the foam sheet will be
      increased. The only pressure that is necessary to be applied by the nip
      rolls is that pressure necessary to maintain good contact of the covering
      materials 2 and 3 with the foam web 1. Since the covering material or
      kraft paper in this instance is heated to the range of 350.degree. to
      450.degree.F which is above the melting point of the polystyrene foam and
      since the foam web 1 has already been heated to a temperature in the range
      of 180.degree. to 230.degree.F, the contact of the heated paper and foam
      results in almost immediate melting of the surface of the foam and as the
      foam and paper laminate is now in ambient atmosphere the melting is
      followed by rapid cooling to below the melting point with the resultant
      adhesion of the paper to the foam.
PAR  Since the foam is softened when it passes through the nip rolls the
      possibility of cracking or rupturing the foam cells is greatly reduced and
      the surface melts more rapidly upon contact with the heated paper thus
      promoting excellent adhesion on all parts of the surface of the foamed
      sheet. In addition, since the foam is softened when passing through the
      rolls it will tend to be flatter and more uniform in thickness than if the
      foam is not softened. In other words, laminating the foam while it is
      softened by passing it through the nip rolls results in a more level and
      planar product with less warpage than in laminates made by prior art
      processes.
PAR  In a typical process, the polystyrene foam sheet as it leaves the extruder
      and is cooled will have a density of approximately three pounds per cubic
      feet. After aging for at least 24 hours and then passing through the steam
      expansion chamber as described above, the foam will have its density
      lowered to the range of one to two pounds per cubic feet and will increase
      from a thickness of approximately 1/8 inch to approximately 1/4 inch. The
      width of the sheet can be any standard width such 24, 36, 48 inches, or
      wider.
PAR  Paper in a typical application would be in the range of 90 to 160 pounds
      per ream for paper on a 36 inch diameter roll. One application of the foam
      and paper laminate would be as roof and side sheeting for mobile homes or
      other structures where light weight, strength, and good insulating
      properties with mimimum thickness are desired. Also, the material may be
      used as a substitute for corrugated paperboard in applications where light
      weight and good insulating properties are desired as the foam plastic is
      an excellent heat insulator.
PAR  As used herein, the term "softening point" is the temperature at which
      there is an abrupt drop in the modulus of elasticity as the material is
      heated from its hard and stiff state; and, for most polymers, this point
      can be said to approximate the glass transition temperature or be somewhat
      less than the glass transition temperature. For polystyrene, the modulus
      of elasticity begins dropping sharply at about 82.degree.C (180.degree.F)
      while the glass transition temperature is given as 100.degree.C
      (212.degree.F).
PAR  The "softening range" is the temperature range which begins with the
      "softening point" and ends with the beginning of a low modulus region
      where the material begins to behave like rubber or, for some polymers, the
      range ends where the molecules exhibit free flowing characteristics. For
      polystyrene the range ends at about 230.degree.F (110.degree.C) so that
      the softening range of polystyrene is from 180.degree.F to 230.degree.F.
PAR  In addition, multiple layer laminates may be produced by use of the present
      process. For instance, as described above, the laminate 4 emerges from
      laminating rolls 14 and 15 in FIG. 1 with first and second covering
      materials 2 and 3 applied to both sides thereof. However, by using the
      same process and applying a third covering material to only one side of a
      second foam sheet and then feeding such a laminate with the second foam
      sheet still in a softened condition through nip rolls 14 and 15 with the
      third covering material adjacent to first foam sheet 1, a laminate will be
      produced having the following construction: first covering material/first
      foam sheet/third covering material/second foam sheet/second covering
      material.
PAR  In some insulating application it is desirable to laminate an aluminum or
      metal foil to the foam so that the foil is used as a heat reflective
      layer. Foil may be laminated directly to the foam sheet 1 without
      adhesives and may be substituted for either covering material 2 or 3 to
      make a laminate having the following constructions: metal
      foil/thermoplastic foam; or, metal foil/thermoplastic foam/covering
      material.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A process for laminating covering material selected from the group
      consisting of paper and metal foil to foamed polystyrene sheet comprising
      the steps of:
PA1  a. aging the thermoplastic foam sheet after it has been extruded;
PA1  b. expanding the foam sheet in a steam atmosphere at a temperature in the
      range of 180.degree.F to 212.degree.F;
PA1  c. further expanding said foam sheet by heating it outside of said steam
      atmosphere until the foam reaches the temperature in the range of
      180.degree. to 230.degree.F;
PA1  d. heating said covering material until it is above the melting point of
      the foam; and,
PA1  e. applying said heated covering material to the heated and softened foam
      sheet to bond said sheet to said foam thereby forming polystyrene foam
      laminate.
NUM  2.
PAR  2. The process of claim 1 wherein the further expanding of said foam is
      accomplished by passing the foam sheet through a radiant heat oven and the
      heating of said covering material is accomplished by passing the paper
      over rollers maintained in the temperature range of 350.degree. to
      550.degree.F.
NUM  3.
PAR  3. The process of claim 1 wherein said covering material is paper including
      the steps of providing and applying a second paper sheet to the opposed
      side of said softened foam sheet after said second sheet has been heated
      above the melting point of the foam.
NUM  4.
PAR  4. The process of claim 3 including the steps of providing and applying a
      second heat softened foam sheet to said second paper sheet and then
      applying a third paper sheet heated above the melting point of the foam to
      said second foam sheet.
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ABST
PAL  Disclosed is a method and apparatus for measuring stresses in a wire or
      wire cord, such as that found in the reinforcing belt of a pneumatic tire.
      A portion of the wire is encapsulated in a solder material which is
      machined such that a rectangular solid billet of the solder is formed
      thereon. A transducer or plurality of transducers in the form of strain
      gauges are fixed to at least one flat surface on the billet and oriented
      in a direction such that forces applied to the tire will affect the
      resistance of the transducer. The resistance of the transducer can be
      balanced in a bridge network and the voltage resulting therefrom suitably
      readout in terms of the stress being applied to the wire cord. The cord
      can be built into a tire with the lead wires from the transducer being fed
      through the tire to the bridge network. The stress tests can then be
      accomplished in an inflated and running tire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to preparing a steel wire for subsequent stress
      testing and the apparatus for accomplishing the same. More particularly,
      this invention relates to providing a means by which steel cord, as is
      found internally of a pneumatic tire, can be tensile tested.
PAR  It is often desirable for engineers to determine stress data when metallic
      wire is subjected to a load. For example, tire engineers are quite
      interested in the stresses which fabric reinforcing cord encounters in an
      operating tire so that efficient tire design and performance is assured.
      Such data is even more critical when the steel reinforced radial ply tire
      is being designed because it is the deformation characteristics of the
      steel reinforced belt when subjected to loads that gives the radial tire
      its advantageous feature of low tread squirm thereby promoting low rate of
      wear.
PAR  Heretofore two general approaches have been taken in an attempt to obtain
      the stress data from a cord in a tire. In one approach the tire is
      conventionally built and then a layer of rubber from the inside of the
      tire buffed off to expose the first ply cords to which a strain gauge is
      applied. This procedure is somewhat useful for mapping strains in the
      crown to bead area of the tire and for following progressive strain states
      attained during inflation and during passage of the area through the tire
      footprint over an obstacle. However, this approach has not been totally
      satisfactory in that only the cords on the inner tire surface are
      available for the test thereby making it impossible to gather data from
      cords in other plies or in other areas of the tire. Further, the back side
      of the cord is not available for attachment of a compensating gauge, which
      resulted in test data which inseparably included both tensile strains and
      bending strains.
PAR  The other approach taken is to first apply the strain gauge to the cord and
      then build that cord into a test tire. While the building of the tire with
      cords having gauges therein is not without its problems, even more severe
      are the problems of properly applying the gauge to the cord prior to
      implant. One method which has been suggested involves splicing the cord
      and mechanically affixing the strain gauge to the ends of the splice. But
      in so doing, usually the ends of the cord must be bent sharply and/or
      crimped to effect the connection which not only results in inducing false
      stresses into the cord and promoting premature cord failure, but also
      results in a high probability of cord slippage under load, that is,
      slippage at the junctions between the gauge and the cord. In addition, the
      fact that the cord is rendered discontinuous also adversely affects the
      test results in that the stress characteristics of the gauge itself must
      be considered. Further, in some types of mechanical attachments of the
      strain gauge to the spliced cord, for example, when the ends of the wires
      are cemented into a hollow metallic cylinder carrying the gauge, a
      stiffening of the cord over a considerable distance is encountered which
      induces error into a subsequent tensile test.
PAC  SUMMARY OF THE INVENTION
PAR  It is thus a primary object of the present invention to provide a method
      and apparatus for accurately measuring stresses in a steel wire cord
      suitable for implanting in a pneumatic tire.
PAR  It is another object of the present invention to provide a method and
      apparatus, as above, in which splicing of the cord to affix a stress
      measuring gauge or transducer thereto is not necessary thereby eliminating
      the use of mechanical fasteners and slippage between the cord and the
      gauge.
PAR  It is a further object of the present invention to provide a method and
      apparatus, as above, in which the stress measuring gauge or transducer is
      affixed to the cord in a manner such that the behavior of the cord, under
      force, is unaffected.
PAR  It is an additional object of the present invention to provide a method and
      apparatus, as above, in which the stress measuring gauge or transducer is
      affixed to the cord without bending or crimping the cord and without
      unduly stiffening the cord.
PAR  It is yet another object of the present invention to provide a method and
      apparatus, as above, in which the stress measuring gauge or transducer is
      affixed to the cord in a manner such that premature failure of the cord is
      avoided.
PAR  It is still another object of the present invention to provide a method and
      apparatus, as above, whereby a suitably prepared cord can be placed or
      built into any desired area of a pneumatic tire so that tensile tests can
      be thereafter conducted thereon.
PAR  It is a still further object of the present invention to provide a method
      and apparatus, as above, whereby tensile strains in an inflated or running
      tire can be obtained without regard to any bending strains.
PAR  These and other objects of the present invention, which will become
      apparent from the description to follow, are accomplished by the
      improvements hereinafter described and claimed.
PAR  In general, the concept of the present invention includes first preparing a
      steel wire for the measurement of stresses therein by encapsulating a
      portion of the wire in a material, preferably a solder material. The
      material is then machined or otherwise formed into a billet or generally
      rectangular solid so that a transducer can be affixed to at least one of
      the flat surfaces thereof. The wire can then be built into a pneumatic
      tire with the lead wires of the transducer extending through the wall of
      the tire and connected to form one leg of a bridge network. Conventional
      readout equipment can detect the degree of voltage imbalance in the bridge
      when the cord is placed under stress which imbalance is proportional to
      the stress in the wire.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a wire cord showing a transducer affixed thereto.
PAR  FIG. 2 is a view taken substantially along line 2--2 of FIG. 1.
PAR  FIG. 3 is a schematic view of the manner in which the cord shown in FIG. 1
      is inserted into a tire on a flat building drum.
PAR  FIG. 4 is a schematic view of a finished tire having the cord shown in FIG.
      1 embedded therein.
PAR  FIG. 5 is a schematic diagram of the instrumentation required to monitor
      and record the results of a tensile test on the cord shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Indicated generally by the numeral 10 in FIG. 1 is the assembly of a wire
      11, which in its preferred form consists of a plurality of cabled metallic
      strands 12 or which could be a single wire strand, to which is fixed a
      billet 13 of material which in its preferred form is a solder material. As
      will be hereinafter described, billet 13 is a generally rectangular solid
      having a plurality of flat faces. As shown in FIGS. 1 and 2, transducers
      14 in the form of conventional strain gauges, the details of which will be
      hereinafter described, are fixed to upper billet face 15 and lower billet
      face 16.
PAR  Assembly 10 is constructed in the following manner. The portion of cord 11
      which is to receive the billet, usually not more than a quarter of an inch
      in length, is first coated with a soldering flux. A bead of commercially
      available silver solder, or other equivalent solder, is heated to slightly
      above its melting point, in most instances about 1130.degree.F., and the
      fluxed portion of cord 11 is dipped or immersed into the molten solder.
      The solder is immediately allowed to rapidly cool thereby becoming firmly
      attached to the cord. In this manner the wire of the cord is not heated
      enough to affect its tensile or fatigue properties.
PAR  After the bead of solder has cooled it can be machined or otherwise formed
      into the shape of billet 13. A rectangular solid of a size of 0.04 inch by
      0.06 inch by 0.25 inch has proven satisfactory for a typical billet 13.
      While the billet would not necessarily have to take on the shape of a
      rectangular solid as described, it is important that at least one and
      preferably two of the surfaces running in the direction of the cord 11
      (surfaces 15 and 16 in the billet 13 shown) be planar to receive the
      strain gauges 14 thereon. While numerous types of miniature strain-gauges
      would be suitable for this application, a Model No. EA-13-013 DE-120 of
      the Micro-Measurements Division of Vishay Intertechnology, Inc., of
      Romulus, Michigan, has been tested and found satisfactory.
PAR  As shown and previously described, a strain gauge 14 is affixed, as by a
      suitable cement, to each face 15 and 16. So that all bending strains are
      canceled out when subjecting the cord 11 to a tensile force, the
      transducers are connected in series being interconnected by wire 18
      extending from one end of one gauge to one end of the other gauge. Lead
      wires 19 and 20 extend from the other ends of gauges 14 and are coiled
      together to extend away from billet 13. By crossing wire 18 over wires 19
      and 20, the latter are totally anchored to billet 13. The completed
      transducer can then be encapsulated in a coating of plastic material to
      protect the gauges and lead wires when they are inserted into a tire and
      thereafter subjected to the heat of vulcanization.
PAR  The manner in which the assembly 10 is built into a tire will now be
      described in detail. The tire 21 is constructed in a conventional fashion
      well known to one skilled in the art on a building drum 22 (FIG. 3) up to
      and including the laying of the ply which is to have the test cord
      assembly 10. At least one and preferably two of the adjacent cords in the
      last ply, which can be at the sidewall location or the tread location, are
      then exposed and carefully removed leaving the underside of the ply skim
      intact to form a small channel in the ply. It is advisable that the two
      cords be removed so that a wide enough channel is formed to receive the
      assembly 10 which at the point of billet 13 is, of course, somewhat
      bulkier than a conventional cord. The assembly 10 is then inserted in the
      channel so as not to interfere with any other cord, with the transducer
      being located at the desired circumferential position. The assembly 10 is
      then covered with a skim stock, taking care that the lead wires 19 and 20
      are exposed. The flaps are then stitched in place in a conventional manner
      such that only wires 19 and 20 extend through the rubber.
PAR  It is now desirable to conduct wires 19 and 20 through the tire to the
      inside thereof so that further plies and/or tread stock may be applied to
      the outside of the tire and so that suitable instrumentation can readily
      be connected thereto, in a manner to be hereinafter described, for
      conducting the tensile tests. To this end, a large hypodermic needle,
      schematically shown as 23 in FIG. 3, is inserted through the plies angled
      slightly toward the bead location of the tire and inserted at a point such
      that it will pass very close to the billet 13 and strain gauge 14. The
      lead wires 19 and 20 are then inserted into needle 23 and the remainder of
      the needle is pushed through the tire so that the wires 19 and 20 will
      become exposed through the inner liner of the tire, that is, on the inside
      thereof. Tire construction is then completed in a conventional manner with
      the remaining plies and tread stock being put in place over the ply which
      includes the assembly 10. It is to be understood that the assembly 10
      could be located in any area of the tire with an intermediate ply having
      been chosen solely for the purpose of this description. The tire 21 is now
      in condition for conventional curing and because the inside thereof is
      exposed to extreme temperatures and pressure, it is best to coil up wires
      19 and 20 and temporarily affix them to the inner liner with a protective
      tape or skim stock until final shaping and curing is accomplished.
PAR  If a skim stock is used, it has been found that by wrapping the coiled
      wires in a cloth impregnated with a starch material and then covering the
      wrapped wires with skim stock, upon curing, the skim stock will bubble due
      to the air pocket formed therein thereby readily identifying the location
      of the wires and rendering them accessible.
PAR  After curing, the tape or skim stock may be removed and the tire 21, having
      the assembly 10 encapsulated therein with lead wires 19 and 20 exposed on
      the inside thereof, as shown in FIG. 4, is ready for testing. First, one
      bead of the tire is mounted on the test wheel and wires 19 and 20 are
      passed through an auxiliary valve stem that is thereafter sealed to
      prevent air from subsequent inflation to escape. Mounting and inflation of
      the tire is then completed and the test wheel may then be mounted on a car
      or test machine for the gathering of data. In order to collect data from a
      rotating tire, lead wires 19 and 20 can be attached to conventional slip
      rings which are then connected to the instrumentation indicated generally
      by the numeral 30 and shown in FIG. 5.
PAR  As shown in FIG. 5, strain gauges 14 act as a resistor, the resistance of
      which increases as a force is applied thereto. Gauge 14 therefor is used
      as one leg of a Wheatstone bridge network 31 which has resistors 32, 33
      and 34 therein generally selected so that the resistance of each matches
      the total resistance of the strain gauges 14. A constant voltage is
      applied to the bridge 31, as through lines 35 and 36, from a voltage
      source in a bridge amplifier and readout instrument 38. The balance of the
      bridge network 31 is read by lines 39 and 40 which provide instrument 38
      with a resulting signal proportional to the resistance of the gauges 14
      and therefore proportional to the load being applied to the cord 11.
PAR  In order to prepare for a test, the strain gauges 14 must be calibrated.
      This has usually been accomplished before the assembly 10 is embedded in
      the tire by attaching lead wires 19 and 20 to the bridge 31 and applying a
      known force thereto so that the tire engineer performing the test will be
      able to correlate the millivolt reading on the instrument 38 to the amount
      of load being applied to the cord. Once so calibrated, any desired tensile
      test can be undertaken. For example, the tire can merely be inflated and
      the force read in volts on instrument 38 correlated with the inflation
      pressure. Similarly, readings can be obtained with respect to actual cord
      load while the transducer goes through the tire footprint. In short,
      numerous bits of information, helpful to the tire engineer, can be
      obtained with a great deal of accuracy when a cord assembly and test tire
      are constructed according to the concept of the present invention thereby
      substantially improving the art and otherwise accomplishing the objects of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of preparing a steel cord for the measurement of stress therein
      comprising the steps of immersing a portion of the steel cord in a melted
      solder material thereby encapsulating the portion of the wire; permitting
      said solder to cool and solidify; forming at least one flat surface on
      said solder; placing a transducer having lead wires associated therewith
      on said flat surface so that stresses along the steel cord can be
      monitored by said transducer; building said steel cord into a tire having
      reinforcing cords therein by forming a channel in the tire by removing at
      least one of the reinforcing cords, placing said steel cord in the channel
      so formed, and covering said steel cord to completely encapsulate the same
      in the tire; conducting said lead wires of said transducer through the
      tire to expose the same internally of the tire; and temporarily affixing
      said lead wires to the inside of the tire preparatory to curing of the
      tire by first wrapping the same in a starch impregnated cloth and
      thereafter placing a skim stack over said cloth and lead wires.
NUM  2.
PAR  2. A method according to claim 1 wherein at least two flat surfaces are
      formed on opposite sides of said solder and a transducer is placed on each
      flat surface and connected in series to cancel out bending forces.
NUM  3.
PAR  3. A method according to claim 1 including the additional step of coating
      said transducer with a protective material.
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ABST
PAL  This invention is an improvement in a process for making a thermosetting
      resin article.
PAL  In the process of producing an article of thermosetting resin which
      comprises (a) impregnating a sheet having an open-cell structure with a
      curable thermosetting resin, (b) applying a layer of fibrous reinforcing
      material to at least one side of the impregnated sheet, (c) compressing
      the sheet and reinforcing layer to the extent that resin is expelled from
      the sheet into the fibrous reinforcing layer and (d) allowing the resin in
      the sheet and layer to cure while maintaining the compression, the
      improvement which comprises uniformly incorporating a gas release agent
      into the curable thermosetting resin to promote the expulsion of resin
      from the sheet into the reinforcing layer.
PAL  The invention also includes an open-cell sheet impregnated with a mixture
      of a curable thermosetting resin, an effective curing agent for said
      resin, and a compatible gas release agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns a process of producing an article of thermosetting
      resin and a flexible, compressible thermosetting resin impregnated
      open-cell sheet useful in the process.
PAR  2. Description of the Prior Art
PAR  British Patent Application 1,266,097 describes a process for making an
      article of thermosetting resin which comprises (a) impregnating a sheet
      having an open-cell structure with a curable thermosetting resin, (b)
      applying a layer of fibrous reinforcing material to at least one side of
      the impregnated foam sheet, (c) compressing the foam sheet and reinforcing
      layer to the extent that resin is expelled from the sheet into the fibrous
      reinforcing layer so as to impregnate this layer with resin throughout its
      thickness, and (d) allowing the resin in the sheet and layer to cure while
      maintaining the compression. The process described in the British patent
      is an entirely new way to make laminated-type articles.
PAR  It is generally known in the art that gas release agents (also referred to
      as blowing agents or foaming agents) have been used for years to mix with
      curable thermosetting resins to form foamable compositions which generally
      form light weight thermoset foams. See for example U.S. Pat. Nos.
      3,320,187 to Burt; 3,373,121 to Burgert and Moore; 3,282,863 to Carey and
      Jones; and 3,252,923 to Salgado and Berlinger.
PAR  Surprisingly, it has now been discovered that by using a curable
      thermosetting resin in which there is incorporated a small amount of a gas
      release agent as the curable thermosetting resin in the process described
      in British Pat. No. 1,266,097 the expulsion of the resin from the foam
      sheet into the fibrous reinforcing layer is promoted and as a result less
      resin is required in the process.
PAR  In the process disclosed in British Pat. No. 1,266,097 it is necessary that
      sufficient resin is expelled from the foam sheet to thoroughly impregnate
      the adjacent fibrous reinforcing layer. The resin is driven into the
      fibrous layer by compression of the foam sheet, and usually, although
      generally low pressures are needed, a rather high compression of the foam
      sheet is required to achieve adequate impregnation of the fibrous layer.
      Accordingly, the extent of compression of the foam sheet is dictated by
      this impregnation requirement, and there is no complete freedom to apply
      the compression on the basis of desired final thickness of the product or
      the final density or porosity of the compressed foam sheet.
PAR  An object of this invention is to make the earlier proposed method more
      widely applicable. Accordingly, the present invention is an improvement in
      the process referred to above, wherein gas pressure is generated in the
      cells of the impregnated foam sheet to promote the expulsion of resin from
      the foam sheet into the reinforcing layer.
PAC  SUMMARY OF THE INVENTION
PAR  In the process of producing an article of thermosetting resin which
      comprises (a) impregnating a sheet having an open-cell structure with a
      curable thermosetting resin, (b) applying a layer of fibrous reinforcing
      material to at least one side of the impregnated sheet, (c) compressing
      the sheet and reinforcing layer to the extent that resin is expelled from
      the sheet into the fibrous reinforcing layer to impregnate this layer with
      resin throughout its thickness, and (d) allowing the resin in the sheet
      and layer to cure while maintaining the compression, the improvement which
      comprises uniformly incorporating a gas release agent into the curable
      thermosetting resin so that gas pressure is generated within the
      impregnated sheet during compression of the sheet thereby promoting the
      expulsion of resin from the sheet into the reinforcing layer.
PAR  This invention also includes a flexible, compressible, wettable open-cell
      sheet impregnated with a mixture comprising a curable thermosetting resin,
      a curing agent for said resin, and a compatible gas release agent.
PAC  PREFERRED EMBODIMENT
PAR  Generally, the process of which this invention is an improvement is
      described in British Pat. No. 1,266,097 and as much of that patent as is
      pertinent is incorporated herein by reference.
PAR  The thermosetting resins suitable for use in this process include
      phenolics, melamines, polyesters, epoxies and silicones. Generally, it is
      found that polyester and epoxy resins are eminently suitable in this
      particular process and for this reason are preferred. The thermosetting
      resins are converted to the thermoset form by crosslinking processes
      usually accomplished by the addition of a curing agent to the resin.
      Proper curing agent for epoxy and polyester resins are well known to those
      skilled in the art. See, for example chapters 5-12 of the Handbook of
      Epoxy Resins, Lee and Neville, McGraw Hill, Inc. 1967, for curing agents
      and mechanisms of cure for epoxy resins and chapter 6 of Reinhold Plastic
      Application Series, polyester resins, Lawrence, Reinhold Publishing Corp.,
      1967 for curing agents and mechanisms of cure for polyester resins. The
      resins will be in the liquid form so that the open-cell sheet can be
      properly impregnated. Of the epoxy resins, particularly preferred are the
      liquid glycidyl polyethers of polyhydric phenols, such as the diglycidyl
      ether of bisphenol A (BPA) made by reacting epichlorohydrin and BPA and
      generally having a molecular weight of about 350 to 400 and an epoxide
      equivalent of about 180 to 200.
PAR  The fibrous reinforcing layer used in the process of this invention can be
      one of many of the reinforcing layers known in the art such as cellulosic
      paper; cotton fabric; asbestos paper and fabric; nylon fabric; glass
      paper, mat or fabric; and metal filaments. The particular choice of
      reinforcing material of course will depend on the degree of stiffness
      required for the finished article. Particularly useful are glass and
      asbestos, reinforcing with glass paper, mat or fabric being preferred.
PAR  The sheet having open-cell structure acts as the reservoir for the resin as
      well as the core for the finished thermosetting resin article. This sheet
      or layer can be referred to as the reservoir sheet. Generally the sheet
      having the open-cell structure should be highly compressible, flexible,
      readily wettable by the liquid resin, and must possess an open connected
      cellular type structure to allow essentially unobstructed passage of the
      liquid resin throughout the sheet. Sheets which are particularly useful in
      this regard include sheets of batting of natural or synthetic materials as
      long as the material does not react with the thermosetting resin which is
      used to impregnate the sheet, thus cotton batting is useable in this
      particular process. However, it is preferable to use a foam sheet which
      has an open-cell structure which is suitably made of a thermoplastic
      material, polyurethane, or an elastomer. Polyurethane is particularly
      useful in this regard.
PAR  The gas pressure in the reservoir sheet can be generated by any suitable
      agent capable of releasing gas when heated or by chemical reaction.
      Generally, the gas release agent is chosen from known liquid or solid
      vaporizable, organic compounds which are compatible with the liquid
      thermosetting resin and can also be uniformly mixed with the resin. The
      gas release agent may be inert to the resin and decompose upon heating to
      form a gas or a composition may be employed which acts as both a curing
      agent for the resin and as a gas release agent. An example of the latter
      are the amine carbamate salts disclosed in U.S. Pat. No. 3,320,187 to Burt
      and the amine carbonate salts disclosed in U.S. Pat. No. 3,425,964 to
      Stanley, and as far as is pertinent, the disclosures of those patents are
      incorporated herein by reference.
PAR  The gas release agents may be a vaporizable substance which merely forms a
      gas on heating or it may be a decomposable substance which breaks down
      upon heating into one or more gaseous or vaporizable components. If the
      gas release agent is vaporizable, the normal boiling point of such an
      agent may be below atmospheric temperature provided it is sufficiently
      soluble in the resin composition so that it does not vaporize therefrom as
      long as the resin composition itself is at atmospheric temperature. The
      boiling point of the fluid may be between -30.degree. and 100.degree.C and
      is preferably in the range between about 0.degree.C and about
      100.degree.C. When using fluids having higher boiling points, e.g. up to
      60.degree.C to 100.degree.C, extraneous heat is generally required to
      secure vaporization in addition to the heat developed during the curing
      process. If desired, mixtures of agents may be employed in which a lower
      boiling fluid provides the initial expansion and a higher boiling fluid
      provides further substantial expansion as the temperature of the total
      mixture rises. The chemical composition of the vaporizable agents employed
      is of not particular importance so long as they are not reactive with the
      remaining components of the resin mixture. Suitable fluids, for example,
      are hydrocarbons such as pentanes, hexanes, cyclohexane, hexenes,
      pentenes, heptanes, 2,2,4-trimethylpentane, ethylchloride, methylene
      chloride, toluene, xylene, petroleum ether, or the like; substituted
      hydrocarbons, e.g., alcohols and halogen-substituted hydrocarbons, and
      oxygenated hydrocarbons such as acetone and methylethyl ketone. Some
      compounds which can be dissolved in the base resin mixtures and provide
      expansion by vaporization at elevated temperatures may have relatively
      high melting points, so that they are normally solids, i.e. "Porofor" N or
      "Porofor" ADC-M.
PAR  Preferred vaporizable agents are those polychlorofluoromethanes having
      boiling points in the desired range between -30.degree.C and 100.degree.C.
      A series of chlorofluoroalkanes and alkenes is available under the
      trademarks "Freon" and "Genetron." Table 1 lists several such compounds
      which are suitable for use in the present invention. Other materials if
      this series having boiling points near or above atmospheric temperature
      may, however, also be employed.
TBL                TABLE 1                                                     

     ______________________________________                                    

                                        Boiling                                

                                        Point                                  

     "Freon"   "Genetron"    Formula    (.degree.C.)                           

     ______________________________________                                    

     "Freon-11"                                                                

               "Genetron-11"                                                   

                            CCl.sub.3 F +23.7                                  

     "Freon-12"                                                                

               "Genetron-12"                                                   

                            CCl.sub.2 F.sub.2                                  

                                        -29.8                                  

     "Freon-21"             CHCl.sub.2 F                                       

                                        +8.9                                   

     "Freon-114"                                                               

               "Genetron-316"                                                  

                            CClF.sub.2 --CClF                                  

                                        +3.5                                   

     "Freon-112"                                                               

               "Genetron-112"                                                  

                            CCl.sub.2 F--CCl.sub.2 F                           

                                        +92.8                                  

     "Freon-113"                                                               

               "Genetron-113"                                                  

                            CCl.sub.2 F--CClF.sub.2                            

                                        +47.6                                  

     ______________________________________                                    

PAL  In certain cases where curing temperatures above 100.degree.C are used,
      even water might be used. Generally preferred in epoxy systems are the
      Freons especially Freon 11. Decomposable substances which can be used as
      gas release agents in the process of this invention are those which
      release carbon dioxide or nitrogen upon heating, such as
      N,N'-dinitroso-N,N'-dimethyl terephthalamide (DuPont's BL-353) and
      azo-isobutyronitrile.
PAR  The gas release agent is mixed in the liquid resin composition before the
      foam sheet is impregnated with the resin. The proportion of the agent in
      the resin depends on requirement; the higher said proportion is, the more
      effective will be the expulsion of resin from the foam sheet by gas
      pressure as compared with the pressure applied by compression of the
      sheet. Generally, the gas release agent will be included in levels of
      about 0.1 to about 50 parts per hundred resin (phr) and preferrably about
      0.5 to about 25 phr. If the gas release agent is a solid, such as the
      Porofors, it is preferable to mix about 0.5 to about 10 phr, while if the
      gas release agent is a liquid it is preferably used at about 1 to 20 phr.
PAR  It must be recognized that the above list of gas release agents is not
      exhaustive and that in choosing any particular gas release agent for a
      certain thermosetting resin system, the gas release agent must be
      compatible with the resin, i.e. must not react in such a way so that the
      ultimate cure of the resin is retarded or hindered to give undesirable
      properties in the finished product.
PAR  At least some compression of the foam sheet and reinforcing layer is
      necessary for thickness control of the resulting product and to improve
      surface texture. Suitably, most of the resin is expelled from the foam
      sheet by compression of the sheet, with some assistance being provided by
      the generated gas pressure, rather than vice-versa. However, if desired,
      the gas release agent may be used in such proportions as to account for a
      major share of the necessary impregnation of the reinforcing layer. The
      new method also permits materials which are not very compressible to be
      used for making the resin-carrying sheet which is to impregnate the
      reinforcing layer, for example, such porous materials as felt pads.
PAR  Furthermore, in cases that a satisfactory product can be obtained also
      without a gas release agent in the resin, the use of such an agent in
      accordance with the invention may permit a lower resin volume in the
      product, in particular if the core of the product is not required to
      provide great strength.
PAR  To illustrate the manner in which the invention may be carried out, the
      following embodiments are given. It is to be understood, however, that
      these embodiments are for the purpose of illustration and the invention is
      not to be regarded as limited to any of the specific materials or
      conditions recited therein.
PAC  EMBODIMENT I
PAR  A. A 40 mm thick sheet of open-celled flexible polyurethane foam was
      impregnated with a liquid epoxy resin composition including 5% by weight
      of azo-isobutyronitrile as a gas release agent. A glass fibre mat was
      placed on both sides of the impregnated sheet, and the laminate thus
      formed was placed in a mould heated at 180.degree.C. As soon as the
      laminate was in the mould, compression was applied to the laminate by
      moving the opposite mould walls closer together to leave a spacing of 4
      mm, thus defining the final thickness of the laminate. The laminate was
      left in the heated mould for 2 minutes. During the early moments of this
      period the gas release agent decomposed thereby generating nitrogen gas.
      After completion of the 2 minutes the laminate was removed from the mould
      as a rigid product in which the resin had set. The product showed a smooth
      surface formed by the resin-impregnated glass mats, while the core had
      still a cellular appearance with a specific gravity of 0.5.
PAR  B. The same experiment was repeated precisely as before but without the gas
      release agent in the resin; in order to attain the same surface quality as
      before 25% more resin had to be used in the foam. The specific gravity of
      the core was now 0.65.
PAC  Embodiment II
PAR  A series of experiments were performed to determine the effects of
      methylethyl ketone (MEK) and Freon 11 on certain properties of the
      thermosetting articles made by this process.
PAC  Materials and preparation
PAR  The curable thermosetting resin used was the liquid diglycidyl ether of
      bisphenol A which has a molecular weight of about 380 and an epoxide
      equivalent of about 190 (EPON.sup.(R) Resin 828 - Shell Chemical Co.) and
      the curing agent employed was isophorone diamine (IDP). The reservoir
      sheet was a polyurethane open-cell, flexible foam having a density of 13
      grams/liter while the glass fiber reinforcing material was "Stratimat M 4"
      (Isoverbel Co.) weighing 300 g/m.sup.2. The gas release agents were MEK
      and Freon 11 and were used to the extents of 5, 10, and 15 phr.
PAR  The thermosetting resin articles were prepared using one glass mat on each
      side of the reservoir sheet (1 + 1), two glass mats on each side of the
      sheet (2 + 2), and three mats on each side (3 + 3). The resin, curing
      agent, and gas release agent were uniformly blended together, then the
      foam sheet was impregnated with the curable resin. A foam compression
      ratio of 10:1 was used to produce an article of a 4 mm thickness. The
      pressing temperature used was 180.degree.C and the press time was 2
      minutes.
PAC  Results
PAR  The results are tabulated in Table II as percentage decrease in specific
      gravity (s.g), percentage decrease in flexural modulus, and percentage
      decrease in flexural strength. The flexural properties were evaluated
      according to test method ISO R 178 and the percentage changes were
      determined by using a standard prepared the same as described above but
      without the use of a gas release agent.
PAR  The flexural strength decreased probably due to the greater void space in
      the foam sheet in turn due to lesser density because of lower resin
      content. The decrease in flex strength is also reflected in the decreasing
      flex modulus. The surprising result is found in the percentage decrease in
      binder consumption for the systems using a gas release agent as compared
      system using no gas release agent. By using the gas release agent the
      resin consumption can be reduced by up to 50% with minimal loss in flex
      properties.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Gas     Internal                                                          

                    Percentage  Percentage  Percentage  Percentage             

     Release Pressure                                                          

                    decrease in decrease in decrease in                        

     Agent   Agent  s.g. %      flexural    flexural    binder                 

             Content            modulus %   strength %  consumption            

             phr                                        per m.sup.2            

                    1+1 2+2 3+3 1+1 2+2 3+3 1+1 2+2 3+3 1+1 2+2 3+3            

                    glass                                                      

                        glass                                                  

                            glass                                              

                                glass                                          

                                    glass                                      

                                        glass                                  

                                            glass                              

                                                glass                          

                                                    glass                      

                                                        glass                  

                                                            glass              

                                                                glass          

     __________________________________________________________________________

     MEK      5     17  16  17  12   0  -6  13  29  15  26.3                   

                                                            26.0               

                                                                29.8           

             10     23  19  19  20   5  6   25  35  28  35.1                   

                                                            22.0               

                                                                38.3           

             15     27  22  22  26  10  19  35  40  42  42.1                   

                                                            38.0               

                                                                46.8           

     Freon 11                                                                  

              5     32  27  23  34  14  6   31  25  12  50.0                   

                                                            45.0               

                                                                41.5           

             10     32  27  23  34  15  7   31  36  21  50.0                   

                                                            45.0               

                                                                41.5           

             15     32  27  23  34  19  19  31  41  27  50.0                   

                                                            45.0               

                                                                41.5           

     __________________________________________________________________________

CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In the process of producing an article of thermosetting resin which
      comprises
PA1  a. impregnating a flexible, compressible, wettable sheet having an
      open-cell structure with a curable thermosetting resin,
PA1  b. applying a layer of fibrous reinforcing material to at least one side of
      the impregnated sheet,
PA1  c. compressing the sheet and reinforcing layer to the extent that resin is
      expelled from the sheet into the fibrous reinforcing layer and to
      impregnate this layer with resin throughout its thickness, and
PA1  d. allowing the resin in the sheet and layer to cure while maintaining the
      compression,
PAL  the improvement which comprises uniformly incorporating a gas release agent
      into the curable thermosetting resin so that gas pressure is generated
      within the impregnated sheet during compression of the sheet thereby
      promoting the expulsion of resin from the sheet into the reinforcing
      layer.
NUM  2.
PAR  2. The process of claim 1 wherein said curable thermosetting resin is an
      epoxy resin with an epoxy resin curing agent.
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ABST
PAL  A process for manufacturing tennis racket frames including lining the
      contoured mold cavities of a mold with layers of predetermined oriented
      plastic strip material, encompassing elastic inflatable tubes in said mold
      cavities with superimposed layers or applications of unidirectionally and
      diagonally oriented prepreg material, positioning the tubes in the mold
      halves, inserting a hard foam member in the mold cavities in space bounded
      by each of the tubes, folding the first layers of prepreg material over
      the hard foam member, closing the mold halves, and polymerizing the
      prepreg material layers under heat and pressure so as to form a molded
      tennis racket frame.
PARN
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a process for the manufacture of tennis
      racket frames or the like. This application is a continuation-in-part
      application of Ser. No 305,586; filed Nov. 10, 1972, now abandoned.
BSUM
PAR  In particular, the invention relates to a process of manufacturing tennis
      racket frames, or rackets for other ball games which are formed of a
      fiber-reinforced plastic material. The process essentially consists of
      positioning the plastic material about an elastic, gas-impervious and heat
      resistant tube which is located in recesses of predetermined contour
      within a pair of complementary mold halves, and wherein the plastic
      material is then hardened through the application of suitable pressure and
      heat. Inserts are positioned in the mold so as to form apertures in the
      formed racket frame for racket strings, and the tube, after closing of the
      mold halves, is maintained under pressure during the hardening process of
      the plastic material, and subsequently after the hardening is completed,
      is pulled out of the finished formed racket frame.
PAC  DISCUSSION OF THE PRIOR ART
PAR  A process for the manufacture of tennis rackets is disclosed in German
      Published Patent Application 2,130,663 (French Pat. No. 2,098,838), in
      which a molding form is utilized which has a hollow interior of generally
      rectangular cross-sectional configuration. Expandable covers or envelopes
      and contiguously interlaced, stranded woven and webbed supported bands of
      glass fiber material are drawn onto a pair of semi-rigid ring shaped
      cores. The strand-forming fibers cross each other at approximately right
      angles so as to form, relative to the longitudinal axis, an angle of
      approximately 45.degree.. The thereby formulated double profile is then
      encompassed with a further band fiber material, the entire structure
      impregnated with a polymerized plastic material, and then positioned in
      the mold form. In the interior and gripping regions of the racket being
      formed, a further similar double profile is concurrently provided during
      the formation of the racket in order to provide a reinforced construction.
      Upon expansion or blowing up of the covers or envelopes, the woven fiber
      material bands are shaped so as to conform in their contour to the
      interior surfaces of the mold form. Polymerization of the plastic material
      is then carried out and, subsequently, both ring-shaped cores may then be
      removed. A drawback of this prior art process lies in that, in order to
      effect the positioning of the racket-forming material layers with respect
      to each other and relative to the mold form, there are required two of the
      ring-shaped profile cores, thereby requiring an additional finishing
      operation for the rackets. Furthermore, the apparent subsequently required
      boring of the formed racket frame so as to provide stringing apertures for
      the racket strings has the disadvantage in that it damages the glass
      fibers, and as a result reducing the strength of the racket frame.
PAR  In French Pat. No. 1,473,356, there is further disclosed a process for the
      manufacture of tennis rackets, which utilizes as the constructional base
      material, a tube which is constructed of woven flexible glass fibers. The
      tube is immersed in a polymerizable plastic material within a suitable
      mold form, in which rods are located and fastened, prior to the
      polymerization of the material, so as to define the apertures in the frame
      for mounting the racket strings. The drawback of this process lies in the
      closed and cross-sectionally invariable form of the tube material, so as
      to exclude a varied distribution of the plastic material encompassing the
      tube for the purpose of imparting a predetermined weight distribution
      definition to the racket frame. Additionally, this construction fails to
      consider the requirements of the shear and bending strengths of the racket
      frames during use of the latter.
PAR  Finally, a racket frame produced by a similar-type process, is disclosed in
      German Published Application No. 1,942,082. However, this generally
      utilized racket frame, in its construction gives insufficient
      consideration to the conditions of bending and shearing forces occurring
      under actual playing conditions.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improvement in a generally known process for the manufacture of tennis
      racket frames which are formed of a fiber reinforced plastic material so
      as to particularly extensively enhance the life expectancy of the racket
      frame. In connection with the foregoing, the present invention ameliorates
      the drawbacks and provides a novel solution to the problems encountered in
      the prior art processes, by locating in the interior central portion of a
      pair of complementary, cooperative mold halves for racket frames, a
      prepreg (preimpregnated plastic material) layer extending about the inner
      mold cavity edges thereof, and in which on the inner edge of the central
      portion there is further provided a strip of uni-directionally oriented
      prepreg material. This prepreg material, which is widely known and
      employed in the plastics industry, is described in greater detail
      hereinbelow with particular application to the present invention. An
      elastic tube is then subsequently positioned in each mold half cavity, and
      about which each tube there is positioned a strip of the uni-directionally
      oriented prepreg material and a further prepreg strip having a diagonal
      fiber orientation. Furthermore, the free region in the interior central
      portion of each mold form half which is bordered by the tube is then
      filled with a hard foam member and, finally, the portions of the prepreg
      material extending beyond the inner edge of the mold is then wound about
      the hard foamed member. In view of the requirements for elasticity of the
      tennis racket frame during use, particular care must be imparted to the
      structuring of the utilized plastic material. Thus, the diagonally
      oriented outer layer or layers are adapted to absorb the generated
      shearing forces, and the contiguous or adjacent uni-directionally oriented
      layers to absorb bending loads or forces generated in the racket frame.
PAR  A particular advantage may be further obtained by use of the invention, in
      that the elastic or inflatable tubes or, respectively, predetermined
      portions thereof, may be encompassed by the diverse prepreg material
      layers, which may also be of various thicknesses so as to extend in a
      better weight-wise distribution within the frame grip, so as to thereby
      facilitate a differentiating weight definition of the racket frame.
PAR  A further advantageous construction of the racket frame contemplates in
      that the edges of the uni-directionally oriented prepreg material strips,
      in their position located about the tube, are either contiguous or in
      close proximity to each other, whereas the edges of the diagonally
      oriented prepreg strips overlap. It is also advantageous that within the
      free interior region or space of the central portions of each of the form
      halves, each filled by a hard foam member, the latter are covered on at
      least one side thereof with a foamable adhesive film. Since the prepreg
      material layers are not inherently wear-resistant, in accordance with a
      further feature of the invention, a particularly advantageous construction
      of the racket frame includes a profiled edge reinforcement member for
      reinforcing or protecting the crown or outer edge of the frame, which is
      formed of a wear-resistant material. Furthermore, in accordance with the
      invention, it is also advantageous that the inserts in the molds for
      producing the stringing apertures in the racket frames are located and
      shaped so as to form a longitudinal groove along the outer periphery of
      the frame which extends to the interior frame region.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference may now be had to the following detailed description of an
      exemplary embodiment of the invention, taken in conjunction with the
      accompanying drawings, in which corresponding elements as shown in the
      individual figures are designated with identical reference numerals, and
      in which:
PAR  FIG. 1 is a plan view of a racket frame pressing or molding assembly
      introduced into the molding form half;
PAR  FIG. 2 shows a sectional view, on an enlarged scale, taken along line 2--2
      in FIG. 1;
PAR  FIG. 3 is a schematic view of an elastic or inflatable tube in a mold
      utilized in the formation of a racket frame according to the present
      invention;
PAR  FIG. 4 is a sectional view, on an enlarged scale, taken along line 4--4 in
      FIG. 1;
PAR  FIG. 5 is an elevational front view of a completed tennis racket
      manufactured in accordance with the process of the present invention;
PAR  FIG. 6 is a side elevational view of the tennis racket of FIG. 5; and
PAR  FIG. 7 is a sectional view, on an enlarged scale, taken along line 7--7 in
      FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now in detail to the drawing, a preimpregnated plastic material
      layer 1 constituted of the so-called commercially available "Prepreg"
      material and hereinafter referred to as prepreg, is positioned along the
      hollow interior contour so as to extend beyond the inner edges of the oval
      recesses of a pair of complementary tennis racket frame molding form
      halves 9A and 9B, as shown in FIGS. 1, 2 and 4, in order to provide for
      the formation of the core or inner portion of a tennis racket, and along
      the oval contour thereof.
PAR  The term "prepreg" is derived from the Anglo-Saxon terminology as an
      abbreviation of the phrase "preimpregnated material", and is commonly
      employed in the United States and foreign plastics industries. The
      preimpregnated or prepreg material usually is formed flat-shaped and,
      employed in the construction of a tennis racket frame, consists of a glass
      fiber filament or web of the so-called "atlas" type which is impregnated
      with an epoxy resin formulation, and is then provided with a finish
      determined by the resin. The last mentioned finishing is the treatment of
      the individual basic glass fibers so as to attain good adherence. The
      impregnation is carried out at a predetermined temperature in an
      automatically operating installation known in the plastics technology,
      wherein the type and amount of epoxy resin formulation is determined with
      respect to the desired modulus of elasticity, impact resistance, water
      absorption, temperature resistance, the electrical properties based on
      type and period of utilization, as well as any other required properties
      of the tennis racket frame. The thus obtained end product, provided on one
      side thereof with a protective foil which is removable later on, is known
      in the art as "low pressureprepreg"  (NIEDERDRUCK-PREPREG).
PAR  Although not necessarily limited thereto, the prepreg material utilized in
      the construction of the present tennis racket frame is manufactured and
      sold by applicants in Germany under the registered trademark ELITREX.
PAR  A suitable prepreg material used in the construction of the inventive
      tennis racket frame may have the following approximate preferred ranges of
      composition and physical properties.
TBL  ______________________________________                                    

     Glass fiber filaments and                                                 

     epoxy resin laminate:                                                     

                      37%-50% resin content                                    

     Density:         1.6-1.8 g/cm.sup.3                                       

     Tensile strength:                                                         

                      2800-5900 N/mm.sup.3 (Newton/mm.sup.3)                   

     E-modulus (elasticity):                                                   

                      2.0.times.10.sup.4 -3.3.times.10.sup.4 N/mm.sup.2        

     Coefficient of Linear                                                     

     Expansion:       11.5.times.10.sup.-.sup.6 -14.4.times.10.sup.-.sup.6     

                      cm/cm.degree.C                                           

     ______________________________________                                    

PAR  Superimposed on the first mentioned prepreg material layer, which is
      primarily constituted of a uni-directionally oriented prepreg material, or
      of a prepreg material having diagonally oriented fibers, there is applied
      at least a second layer 2 of uni-directionally oriented prepreg material.
      Subsequently, as shown in FIG. 3, in each of both form halves 9A and 9B,
      there is positioned an elastic, inflatable gasimpervious, heat resistant
      tube 3, which has been previously similarly encased with prepreg material
      layers 4 and 5. Of these layers, the first one is composed of a
      uni-directionally oriented prepreg material. The material strip is
      positioned about each of the tubes whereby both side edges thereof
      encompassing tube 3 are located at minimum spaced or contiguous
      relationship with respect to each other so as to subsequently serve,
      during the use of the tennis racket, for the absorption of the generated
      bending loads or forces in the racket frame. About this first layer or
      application there is positioned a further prepreg material layer or
      application having diagonally oriented fibers, whose edges are in an
      overlapping relationship when positioned about tubes 3 and, respectively,
      the first prepreg material layer 4, so as to be able to later on serve for
      absorbing the shearing loads or forces generated in the tennis racket
      frame.
PAR  The free space within each of mold form halves 9A and 9B bounded by the
      tubes 3 which are each encompassed by the winding of the prepreg material
      layers or applications 4 and 5, due to reasons of stability, is now
      completely filled with a hard foam material member 6 which is, preferably,
      covered on at least one side thereof with a foamable adhesive film 7.
      Subsequently, the previously mentioned prepreg material layer or
      application 1, which extends beyond the interior portion, is folded about
      the hard foam material member 6 in the position illustrated in chaindotted
      lines in FIG. 4.
PAR  When employing the above-mentioned prepreg material in the construction of
      the inventive tennis racket frame, the material already possesses at a
      relatively low pressure range of 0.07 to 0.7 N/mm.sup.2 (Newton per
      mm.sup.2) adequate flow properties so as to permit the molding and shaping
      thereof. This provides the advantage that the manufacture of complex forms
      and the molding process may be effected at or close to room temperatures.
      The hardening or setting of the prepreg material is effected at
      temperatures with the range of about 120.degree. to 175.degree.C., while
      the hardening or setting time is within the range of about 30 to 90
      minutes.
PAR  Thus, inasmuch as the elasticity at room temperature, which is determined
      by the epoxy resin formulation in the material, is limited to a period of
      only about 5 to 10 days, low-pressure prepreg materials prior to their use
      must either be stored at lower temperatures, or quickly processed. In the
      present tennis racket frame construction, the prepreg material is
      positioned on a work table with the unprotected side thereof facing
      downwardly, cut into strips and segments of required dimensions and, after
      removal of the protective storage foil therefrom, laminated until reaching
      the desired height. Whereas the basic binder may be ascertained in the
      epoxy resin, the structural adhesive material for the individual prepreg
      layers or applications is provided primarily by the resin. Subsequently,
      the prepreg layers are wound about the elastic, inflatable tube and
      positioned in the molding form. After closing of the form, the tube is
      subjected to the previously mentioned internal low pressure of
      approximately 0.07 N/mm.sup.2 to thereby assume the shape of the mold
      cavity.
PAR  The aperture or openings in the racket frame for the strings of the tennis
      racket are obtained, in a generally known manner, and as shown in FIGS. 1
      and 2, by locating between the mold form halves 9A and 9B, a plurality of
      loosely inserted, spaced inserts 10. After insertion of the completed
      strip material-encased assembled tube 3, 4 and 5, in the illustrated lower
      form half 9A, the inserts which extend equally into both form halves, are
      similarly positioned in the lower form half. The portions of the inserts
      which are embedded into the mold forming material are dimensioned
      widthwise so as to contact adjacent inserts along those portions. The
      contacting end portions of the inserts formed of the enlarged width
      dimensions extend outwardly beyond the mold form material so as to form at
      the outer periphery of the racket frame a groove 11 extending to the
      interior of the frame. In another embodiment of the form, there may be
      provided a profile member 8 constituted of wearresistant material such as,
      for example, aluminum, nylon or the like, which upon hardening of the
      inventive molded portions of the racket frame are embedded therein in
      order to protect the non-wear resistant prepreg material layers, and to
      thereby impart an extremely long life expectancy to the frame of the
      tennis racket. Subsequently, the upper form half 9B, in which there
      previously has been similarly located a prepreg material encompassed tube
      3, 4 and 5, is positioned on the lower form half, and is connected to the
      latter in order to provide a closed mold. Upon suitable heating of the
      form halves and expansion or inflating of the elastic tubes,
      polymerization of the plastic material is effected, whereafter the tubes 3
      are then pulled out of the finished racket frame. A through-aperture 12
      may be previously formed for attachment of a handgrip 13 at the free end
      of the racket frame or, alternatively, without an undue reduction in the
      strength of the racket, may be subsequently bored therein.
PAR  In summation, through use of the above described inventive molding process,
      tennis racket frames may be readily manufactured and finished in a
      relatively simple and economic manner, as required, effortlessly conformed
      to the various weight classes for tennis rackets and, notwithstanding the
      comparatively low manufacturing costs, constructed so as to be imbued with
      an unexpectedly high life expectancy.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A process of manufacturing frames for tennis rackets from a
      fiber-reinforced plastic material in a mold including a pair of
      complementary mold halves, each said mold half having an internal mold
      cavity substantially defining the contour of said racket frame, comprising
      the steps of:
PA1  a. positioning a first layer of a plastic impregnated material in each said
      mold cavity extending beyond the rim of said mold cavity; superimposing a
      second layer of a uni-directionally oriented plastic strip material on
      said first layer;
PA1  b. encompassing each of a pair of elastic, gas-impervious, heat resistant
      hollow tubes with a uni-directionally oriented plastic strip material;
      winding a further layer of a diagonally oriented plastic strip material
      about said uni-directionally oriented plastic strip material;
PA1  c. positioning one said plastic material-encompassed tube within
      respectively each of said mold half cavities;
PA1  d. filling the spaces intermediate said tubes and the surfaces of each of
      said mold cavities with a hard foam member;
PA1  e. folding the portions of said first plastic impregnated material
      extending beyond said mold cavity rim about said hard foam member; and
PA1  f. closing said mold halves; heating said mold while concurrently
      pressurizing said tubes so as to polymerize the plastic material of the
      layers while conforming to the shape of said mold cavities; and
      withdrawing said elastic tube from said molded tennis racket frame.
NUM  2.
PAR  2. A process as claimed in claim 1, said uni-directionally oriented strip
      material encompassing said hollow tube having the side edges thereof in
      substantially contiguous relationship, the side edges of successive
      windings of said diagonally oriented plastic strip material being in
      overlapping relationship.
NUM  3.
PAR  3. A process as claimed in claim 1, comprising a foamable adhesive film
      layer being applied to at least one surface of said hard foam member.
NUM  4.
PAR  4. A process as claimed in claim 1, comprising embedding wear-resistant
      profiled means along at least portions of the outer peripheral surface of
      said racket frame.
NUM  5.
PAR  5. A process as claimed in claim 1, comprising interposing molding inserts
      between said mold halves to form apertures for subsequent stringing of
      said molded racket frame, said inserts having enlarged width dimensions
      along portions thereof so as to form a continuous inwardly extending
      groove about the periphery of said molded tennis racket frame.
NUM  6.
PAR  6. A process as claimed in claim 1, said plastic material comprising a
      low-pressure prepreg material.
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ABST
PAL  An improved method of finishing leather by transferring a finish coating,
      at least the outer stratum of which comprises a thermoplastic, adhesive
      acrylic polymer, from a release layer bearing the finish coating to the
      leather. The leather to be coated (which may be supported on an
      appropriate backing layer) and the release layer are pressed into a
      sandwich-like assembly with the concurrent application of sufficient heat
      and pressure to transfer substantially the entire finish coating to the
      surfaces of the leather and the backing layer juxtaposed therewith.
      Transfer of the finish coating is effected without the application of any
      adhesive material or "tie coat" prior to pressing the coating into contact
      with the leather, by virtue of the thermoplastic, adhesive characteristics
      of the acrylic finish coating per se.
PAL  The method may be carried out batch-wise employing discrete backing and
      release layers for the transfer of finish coatings to individual leather
      pieces. Alternatively, the method may be performed continuously with the
      successive feed of leathers to be coated between a transfer web providing
      the desired release layer and a supporting web imparting the requisite
      backing or support.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 163,611 filed on July 19, 1971, now abandoned; and application Ser.
      No. 237,696 filed Mar. 24, 1972 now U.S. Pat No. 3,809,597.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Finishes are conventionally applied to leathers to impart protective
      coatings thereto, to level the color, and to minimize natural defects in
      the leather skins or hides. At the present time such finishes are
      generally applied by swabbing (brushing) and/or spraying the finish
      coatings upon the leathers; in some limited cases, as in the application
      of polyurethane coatings for patent leathers or for other effects, the
      finish coatings may be applied by flow-coating operations. In all such
      instances, sufficient finish is applied to the leather substrate to
      provide a continuous film upon the leather epidermis.
PAR  Typically, between two and six passes are required on conventional leather
      finishing equipment to deposit the desired continuous film on the leather
      substrates. Moreover, the leather may be plated between passes to
      facilitate the film-forming process and smooth out the sand-like surface
      formed by spray application of the finish. Each pass of the leathers to be
      finished through conventional finishing equipment subjects the same to
      pre-wetting and subsequent forced heat drying. Such operations tend to
      subject the collagen fibers to successive swelling and contraction, and
      impair the ultimate hand of the leather product.
PAR  Skins or hides employed in the manufacture of leathers differ from one
      another, not only in regard to the number, type and location of natural
      blemishes (scratches, scars, coarse grain, etc.) but also with respect to
      the character and quality of the skins or hides themselves. Different
      sections of any given animal skin exhibit varying absorption of leather
      finishes, and hence take on differing shades. Moreover, leather made from
      a well nourished, healthy animal has different absorptive characteristics
      than that made from an animal which is not as healthy or which may have
      been undernourished. Finish coatings are unevenly absorbed by such
      substrates. Thus, open cuts or bites on the leather epidermis absorb more
      finish and therefore darken relative to unblemished areas. Similarly, a
      well-nourished skin exhibits finish receptivity distinct from one not as
      well nourished. The application of finishes of uniform shades to varying
      leathers (or even to a single skin) is, therefore, exceedingly difficult
      to achieve employing conventional leather finishing operations.
PAR  Various procedures have also been proposed for laminating finish coatings
      to leather surfaces, particularly split leathers. Coatings thus applied
      have included various lacquers and, in more recent years, polyurethane
      finishes. See Poschel U.S. Pat. No. 1,955,562 granted Apr. 17, 1934; and
      Sutton U.S. Pat. No. 3,713,938 granted Jan. 20, 1973, British Pat. No.
      1,268,763, and Das Leder 22, No. 5 (May 1971), pages 97-100, No. 7 (July
      1971), pages 147-150 and No. 12 (December 1971), pages 269-276). Use of
      these prior techniques entails the application of some form of adhesive
      material prior to transferring the finish coating to the leather, a
      procedure which necessitates both the use of special equipment (coaters
      and drying ovens, for example) and imposes processing problems per se.
PAR  When, for example, an adhesive is sprayed or otherwise applied to the
      leather prior to transferring the finish thereto (see, for example, the
      cited "Das Leder" papers), it is important to control the particle size of
      the adhesive to thereby regulate its degree of penetration into the
      leather. Too great a penetration is said to result in poor adhesion of the
      finish, whereas insufficient penetration causes bubbling and wrinkling of
      the finish coating and distortion thereof. Moreover, leathers precoated
      with adhesive prior to application of the finish layers may block; to
      decrease the tack of the adhesives and thus overcome this problem the
      addition of non-thermoplastic binders thereto has been proposed. The
      addition of such material however, adversely affects the bond between the
      transfer finish and the leather substrate.
PAR  It is among the objects of the present invention to provide an improved
      method for finishing leather which may be efficiently and economically
      carried out, which requires only a single pass, and which provides more
      uniformly finished leathers than achieved in accordance with conventional
      leather finishing operations. A further object of the invention is to
      provide such a method employing finish coatings which may be transferred
      in the dry state without pre-treatment with any adhesives, tie-coats or
      the like, and which may thus be readily and simply practiced by tanners,
      shoe manufacturers or others without requiring the use of complex
      equipment or techniques such as employed in prior wet process transfer
      operations. These and other objects and advantages of the invention will
      be apparent from the following detailed description of preferred
      embodiments thereof, taken in connection with the accompanying drawing in
      which:
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a diagrammatic cross-sectional view, with the dimensions of the
      various materials exaggerated for purposes of illustration, showing the
      successive stages of the leather finishing method of the present
      invention;
PAR  FIG. 2 is a schematic cross-section of an apparatus for carrying out the
      leather finishing method in a continuous manner; and
PAR  FIG. 3 is a diagrammatic cross-sectional view, with the dimensions of the
      various strata again exaggerated for purposes of illustration, showing a
      differing configuration of the backing and release layers which may be
      used when it is desired to perform the leather finishing method batch-wise
      in accordance with one preferred embodiment of the invention.
DETD
PAR  It has been discovered in accordance herewith that improved finishing of
      leather is achieved by a technique involving the transfer of a finish
      coating, at least the outer stratum of which comprises a thermoplastic,
      adhesive acrylic polymer coating, from a release layer bearing the same
      directly to the leather surfaces to be finished. Such a pre-formed
      finished may be directly applied to leathers without prior treatment with
      adhesives or the use of "tie-coats" or other concurrently employed wet
      processing.
PAR  Preferably, the finish coating thus transferred incorporates at least two
      distinct strata, the first of which provides the base coat of the finish
      on the leather and is made up of the indicated thermoplastic, adhesive
      acrylic polymer coating, and the second of which forms the top coat of the
      leather finish and comprises a hard, non-tacky nitrocellulose lacquer.
      Finishes thus provided bond readily and permanently to the leather (by
      means of the tacky, adhesive acrylic base coat) while simultaneously
      defining a hard, non-tacky finish thereon (by virtue of the non-tacky
      nitrocellulose lacquer). By thus constituting the finish coating, and
      providing the base coat in substantially greater thickness than the top
      coat (suitably, two or more times the thickness of the latter), sufficient
      flexibility is imparted to the finished leather to prevent cracking or
      rupturing thereof in the case of firm as well as stretchy leathers such as
      glove leather. This characteristic stands in marked contrast to
      conventional nitrocellulose lacquer leather finishes, which are relatively
      inflexible and are quite susceptible to cracking.
PAR  Finish coatings produced in accordance with the method hereof may readily
      provide a number of desired esthetic effects. Thus, aniline-type effects
      may be produced, without the necessity of dyeing the leather itself,
      merely by incorporating suitable dyes and pigments in the base and top
      coats of the finish coating, respectively. Alternatively, the finish
      coating may be applied directly to previously finished leathers in
      predetermined areas thereof to provide two-tone or other designs as
      desired. This last-mentioned feature is particularly advantageous inasmuch
      as it has, heretofore, been necessary to stitch two or more pre-finished
      leathers together to achieve such effects,
PAR  In addition, employing the method of the present invention leather finishes
      of any type may be employed with far greater uniformity than when
      previously known leather finishing techniques are so utilized. Finish
      coatings may be applied to leathers by the present method employing only a
      single step, such coatings defining continuous films which are ironed
      during a single finishing operation and which require no further
      after-treatment. Also, the continuous finish film or coating produced in
      accordance with the present method does not darken open scars or other
      blemishes in the leather surfaces, but tends to level the color of
      differing portions of the leathers, e.g., scratches, scars or the like,
      more uniformly than conventional leather finishing processes.
PAR  Furthermore, cross-linked polyacrylate resin coatings applied to the
      leather surfaces in accordance herewith impart greater durability,
      washability and solvent resistance to the finished leather. On the other
      hand, such resin coatings cannot be cross-linked employing conventional
      leather finishing processes since the duration and temperature of the heat
      treatment required to achieve polymerization with such techniques would
      destroy the leather fibers.
PAR  The method of the invention may be carried out either batch-wise or in a
      continuous manner to provide direct finishing of usable leathers in any
      quantity. Employing such method it is unnecessary to maintain large
      inventories of leathers having differing colors or other finishes. Rather,
      any desired finish may be directly and immediately applied to the leathers
      in response to specific orders for products so finished. Thus, in
      accordance with the present invention solely inventories of the relatively
      inexpensive release materials bearing the releasable leather finish
      coatings thereon need be maintained.
PAR  Yet a further, concomitant advantage inherent in the method of the present
      invention is that such may be employed without the application or loss of
      large quantities of volatile solvents such as are frequently used in the
      spray application of leather finishes. Apart from economies in the use of
      processing materials thus achieved, use of this method thus decreases the
      risk of atmospheric pollution and avoids the necessity for solvent
      recovery or similar operations.
PAR  When it is desired to carry out the improved leather finishing method
      hereof in large-scale, continuous manner the leather finish coatings may
      be applied to each successive leather substrate by introducing the same
      onto a continuous bakcing or supporting web, feeding the web with the
      leather substrate thereon into contact with a continuous release or
      transfer web having the releasable finish coating thereon, and
      transferring the finish coating from the transfer web to the surfaces of
      the leather substrate and the supporting web juxtaposed therewith,
      substantially all of the coating being thereby offset from the transfer
      web to the leather surfaces. The transfer web is thereafter separated from
      the supporting web and the finish-coated leather substrate, and the latter
      removed from the supporting web.
PAR  When, on the other hand, it is desired to finish an individual leather
      piece or pieces with any predetermined finish coating, the method may
      readily be carried out batch-wise. In such instance, backing and release
      layers may be provided in the form of discrete sheet materials having
      substantially the same dimensions and secured to one another along at
      least one abutting edge of each such article. The layers thus provide a
      pre-formed finishing assembly which, upon insertion of one or more leather
      substrates as a "filling" therebetween, may be pressed together
      sandwich-like to transfer the finish coating from the release layer to the
      juxtaposed surfaces of the leather substrate and the backing layer.
      Inventories of such individual finishing assemblies may thus be maintained
      by tanners, shoe manufacturers, or other users, and employed for finishing
      operations on demand.
PAR  Alternatively, the finish coatings employed in the practice of the present
      invention may be applied to release layers having the precise
      configuration of the leather substrate to be coated, e.g., in any of the
      die-cut shapes referred to hereinafter, and transferred directly to the
      desired leather, without the use of any backing or supporting layer or
      web. In such instance, the transfer layer and the leather are merely
      superimposed and subjected to appropriate heat and pressure, as between
      appropriate pressure rolls. The back-up pressure roll thus utilized may be
      provided with a facing of an appropriate release material, e.g., with a
      silicone rubber coating, in order that any excess finish coating not
      permanently adhere thereto.
PAR  The present method may be employed in the finishing of leather substrates
      of any suitable type. Thus, finish coatings may be applied by the method
      of the invention to leather skins; hides; die-cut leather pieces in
      various shapes, e.g., shoe uppers, quarters, tips, vamps, straps, or
      lining quarters and vamps; all leather goods, e.g., wallets, key cases,
      eyeglass cases, billfolds, handbags or belts; garments; cut upholstery
      patterns; or the like. It should be understood, therefore, that as used
      herein the terms "leather substrates" or "leather pieces" include all such
      leather materials.
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The preferred thermoplastic, adhesive acrylic polymer coatings utilized for
      at least the base coat of the finish hereof suitably comprise
      poly(acrylates) of the type described in Conn et al U.S. Pat. No.
      2,795,564 granted June 11, 1957. The resinous constituent thereof
      comprises an interpolymer made up of (A) units having carboxylate groups
      from at least one polymerizable alpha, beta-unsaturated vinylidene
      carboxylic acid, (B) units from at least one polymerizable ester which by
      itself forms soft polymers and which is selected from the group consisting
      of esters of acrylic acid and primary or secondary alkanols having from 1
      to 18 carbon atoms, esters of methacrylic acid and primary or secondary
      alkanols having from 5 to 18 carbon atoms, and (C) units from at least one
      polymerizable monovinylidene compound which by itself forms a hard polymer
      and which is selected from the group consisting of alkyl methacrylates in
      which the alkyl group has 1 to 4 carbon atoms, tert-amyl methacrylate,
      tert-butyl acrylate, tert-amyl acrylate, cyclohexyl acrylate, and
      cyclohexyl methacrylate, as more fully disclosed in the aforesaid patent
      the disclosure of which is incorporated by reference herein. The
      carboxylate units suitably constitute between about 0.5 and 2.5% by weight
      of the interpolymer, while the ratio of units (B) from the ester of units
      (C) from the compound is between about 9:1 and 1:20 parts by weight.
PAR  The base coat stratum incorporating an interpolymer of the noted type
      remains tacky and adhesive after drying and may thus be directly utilized,
      as indicated hereinabove, to permanently bond the finish to the desired
      leather. So long as this inherent adhesive characteristic is not
      materially affected, the base coat may also incorporate spirit-soluble
      dyes, pigments, waxes or other additives for improving the desired
      appearance or other characteristics of the finished leather. Materials so
      useful when applied by the method of the present invention include spirit
      soluble dyes such as Rohm and Haas' LS series, K. J. Quinn & Co.'s RD
      series, Chemical Coating Corporation's Hycon series, and du Pont's Luxal
      series; and pigments such as Rohm and Haas' Primal Colors and Sandoz'
      Relcasyn azo pigments.
PAR  As previously noted, the finish coating preferably additionally
      incorporates a second stratum for forming the top coat of the leather
      finish, this coat comprising a hard, non-tacky nitrocellulose lacquer.
      Such coat may suitably be formed from nitrocellulose dispersions or
      emulsions, such as Rohm and Haas' Hydrolac WC-230 (or WC-300), Ortho-Clear
      260 (or 261-D) or Chemical Coating Corporation's Trans E series of
      coatings. The top coat may additionally contain suitable additives, e.g.,
      resins, plasticizers, pigments or the like, for modifying the
      characteristics of the lacquer film.
PAR  The successive stages of one preferred embodiment of the present invention
      are illustrated in FIG. 1 of the drawing.
PAR  As shown in Stage A thereof, leather substrates 11 to be finished are
      placed between a backing or supporting layer 12 and a release or transfer
      layer 13. The backing layer 12 may comprise an untreated kraft paper. The
      release layer 13, on the other hand, is generally the composite of a
      carrier 15 desirably constituted of a paper or similar sheet material, and
      a permanent release stratum 16 having a transferable finish coating 17
      thereon. When the release layer is provided in web form, as described in
      connection with FIG. 2 below, an additional permanent release stratum 16a
      may be provided on the side of the layer remote from stratum 16. In this
      manner the transfer web may be rolled up without blocking, notwithstanding
      the highly tacky, adhesive characteristics of the outer stratum of the
      finish coating.
PAR  The permanent release stratum 16 (and stratum 16a, if employed) comprises a
      coating of a material upon which the finishing composition may be
      releasably coated and which will not itself be offset from the release
      layer upon transfer of the finishing composition to the leather substrates
      11 and the backing layer 12 therefor. Polymethylsiloxane coatings may, for
      example, be so utilized. Alternatively, other siloxanes or other known
      release coatings may be similarly useful. Release layers found
      particularly satisfactory include those commercially available from S. D.
      Warren Company under the designations "Transcote Patent A", "Stripkote Vel
      C 2S Gloveskin" and "Transcote ER-VRL", the latter two bearing release
      strata 16 and 16a on opposite sides thereof).
PAR  The releasable finish coating 17 may comprise any of the above noted
      leather finishing compositions. Preferably, the finish coating
      incorporates a first or outer stratum 17a constituted of the aforesaid
      thermoplastic adhesive acrylic polymer coating for forming the base finish
      coat on the leather, and a second or inner stratum constituted of the
      hard, non-tacky nitrocellulose lacquer for forming the top coat of the
      finish. While the respective strata 17a and 17b are, for purposes of
      simplification of the drawing, shown only in Stage A of FIG. 1, it will be
      understood that both such strata transfer to the leather in the subsequent
      stages illustrated. Thus, the entire finish coating 17 adheres to the
      release layer 13 and is not offset therefrom when, for example, the layer
      is a continuous web and is rolled on itself. When, however, the layer is
      superimposed with the leather substrates 11 and the backing layer 12 and
      sufficient heat and pressure are applied thereto, the finish coating is
      substantially entirely transferred or offset from layer 13 thereto.
PAR  Superimposition of the respective layers in a sandwich-like assembly is
      illustrated in Stage B of FIG. 1. The transferable finish coating 17 on
      the release layer is thus pressed against both the outer surfaces of the
      leather substrates 11 and the adjacent, juxtaposed surface of the backing
      layer 12. The superimposed layers are simultaneously squeezed together and
      heated to effect transfer of the finish coating. Preferably, the
      respective layers are heated to temperatures of from about 150.degree. to
      200.degree. C under pressure to effect the desired transfer.
PAR  As shown in Stage C of FIG. 1, the thus processed layers 12 and 13 are
      thereafter separated. The finish coating is thus transferred to the
      leather substrates 11, forming coatings 18 and 18a thereon and being
      offset onto the juxtaposed surfaces 21a, 21b and 21c of the backing layer
      12. Substantially all of the finish coating 17 is thus transferred from
      layer 13 to the juxtaposed surfaces of the leather substrates and the
      backing layer.
PAR  A preferred form of apparatus for carrying out the present method by a
      continuous operation is schematically illustrated in FIG. 2 of the
      drawing. As shown therein, the backing or supporting layer 12 is fed as a
      continuous web from a feed roll 22 into contact with the release or
      transfer web 13 fed from a feed roll 23. The respective continuous webs
      may be fed over suitable idler rolls, such as rolls 24 and 25. The leather
      substrates 11 to be finished are intermittently fed onto the continuous
      web 12, thus forming the assembly illustrated in Stage A of FIG. 1.
PAR  The superimposed layers are thereafter fed into the nip of rolls 26 and 27,
      the former of which is a heated steel roll and the latter of which is an
      adjustable pressure roll. These rolls squeeze the several layers into the
      sandwich-like assembly illustrated in Stage B of FIG. 1, subjecting the
      same to sufficient heat and pressure to offset the finish coating from the
      transfer web to the leather substrates and the supporting web therefor. In
      the preferred embodiment shown, the heated roll 26 contacts only the
      transfer web 13. In this manner, undue heating and consequent damage of
      either the leather substrates 11 or the paper supporting web 12 is
      avoided.
PAR  The web assemblage is thereafter passed over a support roll 28, which may
      be used to adjust the tension on the transfer web, and the latter is
      stripped from the assembly and wound on a rewind roll 29. The assembly
      removed from the support roll corresponds to that shown in Stage C of FIG.
      1 of the drawing. The stripped transfer web or release paper, designated
      13' in FIG. 2, may thereafter be removed from roll 29, re-coated with
      additional finish, and mounted on feed roll 23 for further finishing
      operations.
PAR  After thus coating the finish upon the leather substrates the supporting
      web carrying the same is passed through the nip of a further heated roll
      31 and adjustable pressure roll 32. The finish layer upon each leather
      substrate is thereby ironed to impart the required gloss and hand to the
      leather. The thus coated and cured finished leathers, designated as 11',
      are removed from the supporting web, and the latter, illustrated at 12',
      is wound up on a take-up roll 33.
PAR  Employing the continuous system described hereinabove the finished leathers
      may readily be stripped from the supporting web without leaving any
      residual or frayed edges or `flashing` from the finish coating adhering to
      the edges of the coated leather surfaces. To the contrary, it has been
      found that the finish layer breaks evenly along the edges of the leather,
      providing a uniform coating which does not require any trimming and
      leaving the balance of the finish on the kraft paper supporting web. After
      winding up the latter, the web may be discarded or suitably treated for
      recovery of the excess finish coating.
PAR  When, on the other hand, it is desired to individually finish leather
      substrates in a batch-wise manner, a finishing assembly such as
      illustrated in FIG. 3 is preferably employed. Such assembly incorporates
      an individual discrete backing layer 120 and release layer 130, which have
      areas of the same order of magnitude as the leather substrate 110 to be
      finished therewith and possess substantially the same dimensions. The
      sheets 120 and 130 are secured to one another along an abutting edge of
      each layer by any suitable means, as by folding over or hinging the margin
      22 of the backing layer 120 and cementing, stapling or otherwise securing
      the same to the corresponding margin of layer 130. In this manner, the
      discrete sheet materials may readily and economically be utilized to
      provide a finishing assembly into which the leather substrates 110 may be
      inserted and with which they may be finished.
PAR  The respective sheet material layers 120 and 130 may have the same
      structure and composition as backing and release layers 12 and 13,
      respectively. Thus, the release layer 130 may comprise a permanent release
      stratum 160 and a releasable finish coating 170 corresponding in
      composition, respectively, to strata 16 and 17 of the transfer layer 13
      shown in FIG. 1.
PAR  The finishing assembly of FIG. 3 is employed in the same manner as
      illustrated in the successive stages of FIG. 1. The plural layers of the
      assembly are pressed together and, desirably, heated between a pair of
      rolls such as rolls 26 and 27 of the embodiment illustrated in FIG. 2. It
      will, however, be understood that the assembly of FIG. 3 may be used in
      connection with any device having a pair of nip rolls or the like and need
      not have any associated winding or unwinding equipment such as is involved
      in the apparatus shown in FIG. 2.
PAR  Use of the batch-wise finishing assembly of FIG. 3 is particularly
      advantageous when it is desired to finish relatively small, pre-cut
      leather pieces such as shoe uppers. Moreover, leather finishing may be
      carried out employing this embodiment of the invention employing
      relatively simple and inexpensive equipment and with relatively increased
      ease of handling. Finally, use of previously prepared finishing assemblies
      incorporating any desired finish coatings provides improved flexibility
      and control of leather finishing operations.
PAR  The following examples relate to specific embodiments of the method of this
      invention carried out continuously in connection with an apparatus of the
      type illustrated in FIG. 2 (Examples 1-8, 10 and 11), or batch-wise
      employing the finishing assembly shown in FIG. 3 (Examples 9-11). In the
      examples all parts and percentages are given by volume and all
      temperatures in .degree.C, unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A finish coating is applied to one side of a transfer or release web
      pre-coated on both sides thereof with polysiloxane release coatings (S. D.
      Warren's Transcote ER-VRL). The finish coating is formed with distinct
      strata for forming the top coat and the base coat of the ultimate leather
      finish, respectively. The first stratum, for forming the topcoat, is
      produced by deposition of a layer from the following dispersion:
TBL  Nitrocellulose emulsion of a plasticized                                  

     polyacrylate incorporating a spirit-soluble                               

     dye, a sulfonated castor oil, and a high                                  

     boiling solvent, and having a solids content                              

     of about 4.9% by weight (Chemical Coatings                                

     Co. "Trans E 1688")      --    400  parts                                 

     Clear nitrocellulose emulsion of a plasti-                                

     cized polyacrylate incorporating a sul-                                   

     fonated castor oil and a high boiling                                     

     solvent (Chemical Coatings Co.                                            

     "Clear Slip 1230")       --    50 parts                                   

     Aqueous nitrocellulose emulsion of a                                      

     relatively soft, high molecular                                           

     weight amide-containing                                                   

     copolymer of lower alkyl methacrylates, the                               

     emulsion having a 35% by weight solids                                    

     content, a pH of                                                          

     2.6-3.0 and a density of 8.5                                              

     (Rohm and Haas' "Primal HA-65")                                           

                              --    10 parts                                   

     Water                    --    10 parts                                   

PAR  The first stratum is applied to the transfer web and the web is thereafter
      dried, e.g., by forced air drying at 160.degree. C for 3 minutes, after
      which it is cooled to provide the "top coat" layer approximately 0.003
      inch thick on one face of the web.
PAR  The second stratum for forming the adhesive, base coat of the finish is
      deposited from a dispersion of the following:
TBL  Self-cross linking acrylic emulsion                                       

     (Rohm and Haas' "Primal HA-4")                                            

                              --    16  parts                                  

     Aqueous emulsion of an intermediate                                       

     hardness, high molecular weight,                                          

     acrylic polymer having                                                    

     adhesive characteristics, of the type                                     

     disclosed in                                                              

     U.S. Pat. No. 2,795,564, the emulsion                                     

     having a solids content of 46%                                            

     by weight, a pH of 9.7                                                    

     and a density of 8.0 lbs./gal. (Rohm and                                  

     Haas' "Primal AC-34")    --    8 parts                                    

     Aqueous emulsion of relatively soft acrylic                               

     polymer having adhesive                                                   

     characteristics, of the                                                   

     type disclosed in                                                         

     U.S. Pat. No. 2,795,564,                                                  

     thickened with                                                            

     ammonium hydroxide and having a solids                                    

     content of                                                                

     46% by weight and a density of 8.8 lbs./                                  

     gal., and                                                                 

     a viscosity of 100,000 cps (Rohm and Haas'                                

     "Primal B-15")           --    4 parts                                    

     Aqueous dispersion of silica dulling agent                                

     (Rohm and Haas' "Primal Dull 140")                                        

                              --    3 parts                                    

     Aqueous emulsion of a hard methyl acrylate                                

     polymer, the emulsion having                                              

     a solids content of                                                       

     38% by weight,                                                            

     a pH of 9.6-10 and a specific                                             

     gravity of 1.07                                                           

     (Rohm and Haas' "Primal B-85")                                            

                              --    4 parts                                    

     Water                    --    2 parts                                    

PAR  The second stratum is dried by forced air drying as aforesaid to form the
      "base coat" layer having an approximate 0.007 inch thickness. The layer
      remains tacky after drying.
PAR  The thus coated transfer web 13 is passed through the apparatus illustrated
      in FIG. 2, into superimposition with a supporting web 12 constituted of a
      brown kraft paper web (50 weight) on which a number of leather pieces to
      be finished are placed, grain side up. The webs are initially passed
      between pressure rolls 26 and 27 as shown in FIG. 2, the composite
      assembly being heated at a temperature of 150.degree. C for about 2
      seconds. The finish coating is thus stripped from the transfer web and
      deposited on the juxtaposed surfaces of the leather substrates and the
      intermediate portions of the backing web 12. The remaining transfer paper
      web 13' is then rewound on roll 29 for re-coating.
PAR  Supporting web 12' bearing the coated leather substrates 11' is then passed
      between the pressure rolls 31 and 32, wherein it is heated to
      150.degree.-200.degree. C for about 2 seconds. The finish coating is thus
      smoothed and ironed and a desired final gloss imparted to the coated
      leather. The leather substrates are thereafter stripped from the
      supporting web and the finished leathers removed without formation of any
      residual frayed coated edges.
PAC  EXAMPLE 2
PAR  Example 1 is repeated utilizng the following composition for forming the
      top coat for the desired finish coating:
TBL  Aqueous nitrocellulose emulsion of an                                     

     acrylic polymer having a solids content                                   

     of 13% by weight, a pH of 6.0-7.0, and a                                  

     density of 7.64 lbs./gal. (Rohm and                                       

     Haas' "Hydrholac WC-230")                                                 

                              --    40 parts                                   

     A spirit soluble dark brown dye having a                                  

     density of 7.15 lbs./gal. and being com-                                  

     patible with both water and organic sol-                                  

     vents (Rohm and Haas' "LS-3004")                                          

                              --    40 parts                                   

     An aqueous emulsion of an intermediate                                    

     hardness, high molecular weight acrylic                                   

     polymer, of the type disclosed in U.S.                                    

     Pat. No. 2,865,877, the emulsion having                                   

     a solids content of 20% by weight and a                                   

     density of 8.6 lbs./gal. (Rohm and Haas'                                  

     "Primal B-88")           --    10 parts                                   

     An aqueous emulsion of a soft, fine parti-                                

     cle size, high molecular weight acid-                                     

     containing lower alkyl acrylate polymer,                                  

     the emulsion having a solids content of                                   

     46% by weight, a pH of 6.1-6.7, and a den-                                

     sity of 8.84 lbs./gal. (Rohm and Haas'                                    

     "Primal LT-87")          --    10 parts                                   

     Sulfonated castor oil (Atlas' 152 oil)                                    

                              --     5 parts                                   

     Water                    --      5 parts                                  

PAR  The overall coating composition has a solids content of approximately 10%
      by weight.
PAR  Upon forming the dual stratum coating and transferring it to leather
      substrates in the manner described in Example 1, similar finishes are
      formed thereon.
PAC  EXAMPLES 3-6
PAR  Leather finishes are applied in accordance with the procedure described in
      Example 1, by the transfer of finish layers incorporating the base coat
      stratum prepared as described above and top coats prepared by deposition
      of the following compositions:
TBL    Example 3                                                               

     ______________________________________                                    

     "Hydrholac WC-230"      --    40 parts                                    

     "Primal HA-65"          --    10 parts                                    

     "Primal LT-87"          --    10 parts                                    

     Iron oxide pigment (Rohm and                                              

     Haas' "Primal Brown")   --    30 parts                                    

       Example 4                                                               

     "Trans E 1688"          --    30 parts                                    

     An aqueous emulsion of a high                                             

     molecular weight, self-cross-                                             

     linking acrylic polymer of the                                            

     type disclosed in U.S. Pat.                                               

     No. 3,157,562, the emulsion                                               

     having a solids content of 46% by                                         

     weight, a pH of 2.8-3.6 and a                                             

     density of 8.8 lbs./gal. (Rohm                                            

     and Haas' "Primal E-32")                                                  

                             --    10 parts                                    

     An organic phosphate-surfactant                                           

     solution for promoting uniformity                                         

     of coating and penetration of the                                         

     finish into leather substrates,                                           

     having a solids content of 20% by                                         

     weight and a density of 8.3 lbs./                                         

     gal. (Rohm and Haas' "Primal Leveler                                      

     MA-65")                 --     5 parts                                    

     Water                   --    10 parts                                    

       Example 5                                                               

     "Primal Brown"          --    40 parts                                    

     "Primal E-32"           --    20 parts                                    

     "Primal B-88"           --    10 parts                                    

     " Hydrholac WC-230"     --    30 parts                                    

     Water                   --    10 parts                                    

       Example 6                                                               

     TiO.sub.2 in the rutile form                                              

     (Rohm and Haas' "Primal White                                             

     1687")                  --    40 parts                                    

     "Primal B-15"           --    30 parts                                    

     "Primal B-88"           --     5 parts                                    

     Water                   --     5 parts                                    

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  When completely cross-linked acrylic polymer finish coatings are desired,
      the coating 17 formed on layer 13 and thereafter transferred in accordance
      with the present invention may be formed by the application of a three
      stratum coating. Compositions which may be utilized in forming the initial
      stratum of such a coating (for forming the top coat of the leather finish)
      include the following:
TBL    A.                                                                      

     ______________________________________                                    

     "Hydrholac WC-230"      --    40 parts                                    

     "LS-3004"               --    20 parts                                    

     "Primal B-88"           --    10 parts                                    

       B.                                                                      

     "Trans E 1688"          --    40 parts                                    

     "Primal HA-65"          --     5 parts                                    

     Water                   --    10 parts                                    

       C.                                                                      

     Nitrocellulose topcoat                                                    

     solution (Rohm and Haas'                                                  

     "Ortho-Clear 260")      --    20 parts                                    

     Di-isobutyl Ketone      --    20 parts                                    

     TiO.sub.2 pigment (Rohm and                                               

     Haas' "Orthochrome White No.3")                                           

                             --     4 parts                                    

     Oil-modified alkyd plasticizer                                            

     solution (Rohm and Haas'                                                  

     LS-3013")               --     2 parts                                    

     ______________________________________                                    

PAR  After application of the initial stratum such is dried, e.g., at
      100.degree. C for 2 minutes, and a second stratum deposited thereon
      formed, for example, from either of the following compositions:
TBL    A.                                                                      

     ______________________________________                                    

     "Primal White 1687"    -- 40 parts                                        

     "Primal B-15"          -- 30 parts                                        

     "Primal B-88"          --  5 parts                                        

     Water                  --  5 parts                                        

       B.                                                                      

     "Primal E-32"          -- 25 parts                                        

     "Primal AC-34"         -- 25 parts                                        

     "LS-3004"              --  5 parts                                        

     Water                  -- 20 parts                                        

     ______________________________________                                    

PAR  The second stratum is then dried, e.g., at 170.degree. C for 3 minutes, to
      cross-link the acrylic resin, the final stratum for forming the adhesive
      base coat of the finish is deposited in the manner described in Example 1,
      and the transfer coating 17 is thereafter transferred to the leather
      substrates.
PAC  EXAMPLE 8
PAR  Further leather finishes are applied in accordance with Example 1 by the
      transfer of a finish coating incorporating a polyurethane-containing top
      coat formed by application of the following formulation to layer 13:
TBL  Nitrocellulose-polyurethane elastomeric                                   

     lacquer incorporating methyl ethyl                                        

     ketone as a solvent and having a density                                  

     of 8.07 lbs./gal., a viscosity of                                         

     30 G-H sec. and containing 40% by                                         

     weight non-volatiles (Polyurethane                                        

     lacquer "XP-2085" distributed by Spencer                                  

     Kellogg Division of Textron Inc.)                                         

                               -- 2 parts                                      

     Toluene                   -- 2 parts                                      

     Methyl ethyl ketone       -- 4 parts                                      

PAR  After drying at 160.degree. C for 3 minutes, the top coat is cured, after
      which the base coat is formed and the composite layer transferred as
      described hereinabove.
PAC  EXAMPLE 9
PAR  A finishing assembly of the type illustrated in FIG. 3 is prepared as
      follows:
PAR  Initially, a release layer is provided by the successive coating of a
      release paper having a finish-receptive polysiloxane outer surface (S. D.
      Warren's Transcote ER) with the following finish mixes:
TBL      A. (For Formation of Finish Top Coat)                                 

     ______________________________________                                    

     Aqueous nitrocellulose emulsion of                                        

     an acrylic polymer (Rohm and Haas'                                        

     "Hydrholac WC-300")     --    12  parts                                   

     A self-cross linking acrylic emulsion                                     

     (Rohm and Haas' "E-760")                                                  

                             --    3 parts                                     

     Aqueous wax dispersion (Rohm and Haas'                                    

     "Primal Binder C-6")    --    1/2 parts                                   

     Azo pigment (Sandoz' "Relcasyn Brown                                      

     GLA-817-6")             --    1 parts                                     

     Curing catalyst for self-cross linking                                    

     acrylic emulsion (Rohm and Haas'                                          

     "Catalyst LA-2027")     --    0.3 parts                                   

     B. (For Formation of Finish Base Coat)                                    

     Self-cross linking acrylic emulsion                                       

     (Rohm and Haas' "Primal HA-4")                                            

                             --    16  parts                                   

     "Primal B-15"           --    4 parts                                     

     "Primal AC-34"          --    8 parts                                     

     Aqueous dispersion of silica dulling                                      

     agent (Rohm and Haas' "Primal Dull 140")                                  

                             --    3 parts                                     

     "Primal B-85"           --    4 parts                                     

     Water                   --    2 parts                                     

     ______________________________________                                    

PAR  To the finish base coat may be added certain colorants such as Sandoz' azo
      pigment "Relcasyn Brown GLA-817-6".
PAR  The preceding coatings are successively applied and dried to form a film of
      from about 0.5 to 0.75 mil on the release layer. A coated roll of such
      material is then slit into any desired width, e.g., from 10 inches to 4
      feet, for forming the finishing assemblies. A kraft paper backing layer is
      prepared from an appropriate roll source, the web being slit approximately
      1 inch wider than the coated release paper and the 1 inch overlap being
      folded over the margin of the coated release paper and glued along the
      abutting edge as at 22 in FIG. 3 to provide a hinge-like assembly. Such
      assembly is then cut into varying lengths, e.g., from 12 inches to 7 feet,
      depending upon the size of the leather substrates to be finished, and the
      finishing assemblies thus completed.
PAR  Each leather substrate to be laminated is then inserted into the finishing
      assembly, pre-coating with adhesive being unnecessary in view of the
      inherent tacky adhesive character of the top coat of the finish coating to
      be transferred thereto. The assembly is fed through a nip roll device to
      apply the desired heat and pressure to the superposed strata and effect
      the desired transfer of the finish coating. Good results are obtained when
      one roll is heated to about 300.degree.-400.degree. F with a line pressure
      of about 80-150 lbs. per linear inch, the other pressure roll having a
      durometer of about 40-60.
PAR  The sandwich fed through the roll is thereafter opened, the leather
      substrate to which the finish coating has transferred is removed, and the
      remaining backing and release layers are discarded. The coated leather is
      then fed through the same nip rolls or other pressure rolls (e.g., rolls
      31 and 32 are described in Example 1) to complete the cure of the finish
      coating if necessary, and to iron and impart the desired final gloss to
      the finish.
PAC  EXAMPLES 10-11
PAR  Base coats useful in the continuous or batch-wise transfers of the
      preceding examples may be prepared by deposition and drying of coatings
      formed from the following further formulations:
TBL   Example 10                                                               

     ______________________________________                                    

     "Primal B-15"         --    15  parts                                     

     "Primal AC-34"        --    10  parts                                     

     "Dull 140"            --    1 parts                                       

     White Pigment                                                             

     (Rohm and Haas'                                                           

     "Primal White 1687")  --    2 parts                                       

      Example 11                                                               

     "Primal B-15"         --    11  parts                                     

     "Primal E-32"         --    3 parts                                       

     "Dull 140"            --    2 parts                                       

     Iron oxide pigment                                                        

     (Rohm and Haas' "Primal 406                                               

     Brown")               --    2 parts                                       

     ______________________________________                                    

PAR  The preceding examples illustrate preferred techniques and compositions
      which may be employed in accordance with the method of the present
      invention. It will, of course, be understood that the method may be
      otherwise carried out, e.g., by effecting the transfer of the finish
      coating between platens rather than between squeeze rolls, or by the
      direct transfer of the finish coating to leathers without the use of
      backing layers. Since these or other changes may be made in the
      compositions and/or parameters of the methods described hereinabove
      without departing from the scope of the invention, it is intended that the
      preceding description should not be construed in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of finishing leather, which comprises:
PA1  a. superimposing the leather substrate to be finished on a release layer
      having a releasable finish coating thereon, at least the outer stratum of
      the finish coating on said layer comprising a thermoplastic, adhesive
      acrylic polymer coating adapted to be bonded to and permanently adhere to
      the surface of the leather; said finish coating comprising a first stratum
      for forming a base coat of the finish on the leather, said base coat being
      constituted of said thermoplastic, adhesive acrylic polymer coating; and a
      second stratum for forming a top coat of the finish on the leather, said
      top coat being constituted of a hard non-tacky nitrocellulose lacquer;
PA1  b. subjecting the superimposed layers to the application of heat and
      pressure to transfer the finish coating to the leather; and
PA1  c. separating the release layer from the thus finished leather.
NUM  2.
PAR  2. The method of claim 1, wherein said base coat is substantially thicker
      than said top coat whereby to impart sufficient flexibility to the finish
      coating on the leather to prevent cracking thereof.
NUM  3.
PAR  3. The method of claim 1, wherein said thermoplastic, adhesive acrylic
      polymer coating comprises an interpolymer made up of (A) units having
      carboxylate groups from at least one polymerizable alpha, beta-unsaturated
      vinylidene carboxylic acid, (B) units from at least one polymerizable
      ester which by itself forms soft polymers and which is selected from the
      group consisting of esters of acrylic acid and primary or secondary
      alkanols having from 1 to 18 carbon atoms, esters of methacrylic acid and
      primary or secondary alkanols having from 5 to 18 carbon atoms, and (C)
      units from at least one polymerizable monovinylidene compound which by
      itself forms a hard polymer and which is selected from the class
      consisting of alkyl methacrylates in which the alkyl group has from 1 to 4
      carbon atoms, tert-amyl methacrylate, tert-butyl acrylate, tert-amyl
      acrylate, cyclohexyl acrylate, and cyclohexyl methacrylate, the
      carboxylated units constituting between 0.5 and 2.5% by weight of the
      interpolymer and the ratio of units (B) from said ester to units (C) from
      said compound being between 9:1 and 1:20.
NUM  4.
PAR  4. The method of claim 1, wherein the leather substrate to be finished is
      supported by a backing layer contacting said substrate, and wherein the
      finish coating is transferred in step (b) from the release layer to the
      juxtaposed surfaces of the leather substrate and the backing layer to
      thereby offset substantially all of the finish coating from the release
      layer.
NUM  5.
PAR  5. The method of claim 4, wherein the backing layer and the release layer
      are continuous supporting and transfer webs, respectively, and in which
      the leather substrate is finished by:
PA1  a. placing the same on the supporting web and feeding said web with the
      leather substrate thereon into contact with the transfer web;
PA1  b. transferring the finish coating from the transfer web to the juxtaposed
      surfaces of the leather substrate and the supporting web;
PA1  c. separating the transfer web from the supporting web and the finish
      coated leather substrate; and
PA1  d. removing the coated leather substrate from the supporting web.
NUM  6.
PAR  6. The method of claim 5, wherein the supporting web is constituted of
      kraft paper and the transfer web is a paper coated on at least one side
      with a permanent release coating having the transferable finish coating
      pre-coated thereon.
NUM  7.
PAR  7. The method of claim 6, wherein the transfer web is coated on both sides
      with said permanent release coating.
NUM  8.
PAR  8. The method of claim 5, wherein the backing layer and the release layer
      are discrete sheet material articles having substantially the same
      dimensions and being secured to one another along an abutting edge of each
      said article, and in which the backing and release layers are pressed into
      a sandwich-like assembly with the leather substrate therebetween to
      transfer the finish coating from the release layer to the juxtaposed
      surfaces of the leather substrate and the backing layer.
NUM  9.
PAR  9. The method of claim 8, wherein the backing layer is constituted of kraft
      paper and the release layer is a paper coated on one side with a permanent
      release coating having the transferable finish coating pre-coated thereon.
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ABST
PAL  A process monitoring and control system is provided for use in a tire
      calendering system producing a strip of rubber tire material comprising a
      layer of tire cord laminated between first and second layers of rubber. In
      a preferred embodiment, the thickness of the first rubber layer is
      measured by a single point radiation backscatter gauge at a point prior to
      its lamination with the tire cord and second layer. The thickness of the
      first layer is controlled to a desired target by means of a control loop
      including the single point gauge. The total thickness of the combined
      layers is measured at the calender output by a total thickness gauge.
      Gauge coordination means, including a delay means, are provided whereby
      measurements of the thickness of the first layer and of the combined strip
      are derived over the same longitudinal portion of the strip. Means are
      included, responsive to the coordinated measurements, to control the
      thickness of the second layer to maintain the total thickness of the strip
      at a desired total thickness target, in such a way as to eliminate any
      error in the thickness of the first layer as a factor affecting the
      control of total thickness. In this manner, the desired total thickness of
      the calendered material and the desired position of the tire cord between
      the first and second rubber layers are maintained.
BSUM
PAR  The present invention relates generally to a tire calendering system for
      the production of rubber tire material comprising a layer of tire cord
      laminated between two layers of rubber, and more particularly, to an
      apparatus and method for monitoring and controlling a tire calendering
      system to produce a strip of rubber tire material having a desired total
      thickness and cross-section, including coordinated gauging means for
      measuring the thickness of the rubber tire material and a component
      thereof along the same length portion of the material strip.
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present invention is related to the inventions disclosed in copending
      applications entitled "Process Control" of R. Heiks et al., Ser. No.
      262,000 filed June 12, 1972 now U.S. Pat. No. 3,843,434, issued Oct. 22,
      1974 "Measuring Gauge" of J. Donoghue, Ser. No. 261,998 filed June 12,
      1972, now abandoned, and "Process Control System" of J. Donoghue et al.,
      Ser. No. 261,999 filed June 12, 1972 now U.S. Pat. No. 3,844,870 issued
      Oct. 29, 1974, all assigned to the assignee of the present invention and
      filed on even date herewith.
PAC  BACKGROUND
PAR  In the rubber tire calendering art, control of the manufactured sheet of
      tire material within precise limits is of highly significant concern. The
      production of rubber-coated cord within close tolerances is critical both
      from the standpoint of the quality of the manufactured article - optimum
      tire appearance, controllability, safety, and longevity - and from the
      standpoint of reducing the costs associated with production - minimized
      use of raw materials, minimized production of off-spec material, and
      minimized unproduction machine and manpower time. A further significant
      result of more accurate production control is the potential for a higher
      production rate brought about by a heightened confidence in the ability of
      the system to meet target specifications.
PAR  In the usual tire calendering process, a tire cord, comprising a layer of
      textile, metallic, or synthetic material, is forcibly laminated between
      two layers of rubber by means of opposing calender rolls. These layers are
      usually of equal thickness, though, of course, this need not be the rule.
      The positioning of the tire cord within the rubber tire material laminate
      must be precisely controlled within close tolerances, for the reasons
      given above relating to tire quality and production economics. Assurance
      that such positioning is in fact attained is had by maintaining a
      relatively constant thickness in the rubber layers above and below the
      tire cord. In addition to the exact positioning of the cord within the
      rubber layers, it is also highly important that the total thickness of the
      calendered tire material be maintained as close as possible to a selected
      total thickness target. This is necessary both from the point of view of
      the tire building process, for which the tire material is preferably at a
      constant total thickness, as well as the ultimate quality of the finished
      tire, in that a tire having insufficient rubber will not wear properly
      whereas one having an excess of rubber will be subject to excessive heat
      build-up from internal friction forces.
PAR  In referring to the amount of rubber deposited on either side of the tire
      cord, the terms "thickness" and "weight" are used interchangeably in the
      rubber art, since if the density of the rubber material is known, its
      thickness can readily be calculated from a measurement of its weight per
      unit area. To simplify the presentation which follows, the term
      "thickness" will be used exclusively, with the express reservation that
      alternative forms of measurement are not thereby relinquished.
PAR  In a sense, this application is directed to a refinement of the invention
      set forth in the copending application entitled "Process Control" of R.
      Heiks et al. The herein-disclosed invention, insofar as a preferred
      embodiment is described, comprises a single point gauge situated at the
      calender ahead of the final laminating rolls for measuring the thickness
      of the bottom rubber layer, and a scanning gauge located downstream from
      the final laminating rolls for measuring the final thickness of the
      composite rubber tire material. The respective measurements from the
      single point and scanning gauges are closely coordinated, with the result
      that they represent a sampling of bottom thickness and total thickness,
      respectively, taken from substantially the same longitudinal region of the
      material strip. Coordinated measurements over the same strip region are
      attained by programming the single point gauge to measure for an amount of
      time substantially equal to the time of one scan of the scanning gauge.
PAR  A bottom layer control signal, which may be derived from an indication of
      bottom thickness different from that which is derived from the coordinated
      measuring sequence, is used as the basis of control actions to maintain
      bottom layer thickness substantially on target. A top layer control
      signal, which is derived from the coordinated measurements of bottom and
      total thickness, is used to control the top layer thickness in such a
      manner as to maintain the total thickness of the strip substantially on
      target.
PAR  In the material coating art, it is known to position a scanning gauge on
      either side of a material strip coating element, whereby a thickness
      measurement of the material strip before coating is subtracted from a
      total thickness measurement of the identical portion of the strip after
      coating. A delay means connected to a means for measuring sheet velocity
      may be utilized to delay the scanning action of the scanning gauge
      situated downstream from the coating element with respect to the scanning
      action of the upstream scanning gauge, so that portions of the material
      strip are measured before and after coating. U.S. Pat. No. 3,190,261
      issued June 22, 1965, to G. F. Ziffer, and U.S. Pat. No. 3,378,676, issued
      Apr. 16, 1968, to J.C. Clement, assigned to the same assignee as the
      disclose appliciation, discloses different forms of such a material
      coating control system.
PAR  However, the problem in the tire calendering industry of measuring and
      controlling the thickness of an upper layer of rubber overlying a tire
      cord and a lower layer of rubber is a more difficult one.
PAR  The lower rubber layer in a tire calendering system is produced in the
      process immediately prior to its joinder with the upper layer, and is
      susceptible to rather frequent variations in its thickness, because of
      changing conditions such as temperature, composition of the rubber stock,
      etc. This, in contrast to the situation in a material coating system where
      a base of relatively constant dimensions is involved, may require the
      capability for a higher frequency of control action over the lower layer
      than that ordinarily attainable through the typically slower measuring
      period of a scanning gauge system.
PAR  Other considerations, as well, may make the use of a scanning gauge to
      measure bottom thickness impractical for certain calendering systems.
      These involve the lack of space around the calender rolls, as well as
      factors affecting gauge response such as irregularities along the roll
      surface, problems of gauge standardization, and difficulties in gauge
      mounting and alignment.
PAR  The tire fabric is produced by combining the two rubber layers and the
      cord. Due to the action of the calender on these materials, the control to
      a desired strip thickness requires a unique control system that relates
      the layer control to the total and bottom thickness measurements and
      controls bottom thickness.
PAR  The present invention offers a unique and precise solution to the tire
      calendering problem of maintaining a desired bottom thickness, total
      thickness, and tire cord position relative to the top and bottom layers of
      rubber. Additionally, it resolves the problems, peculiar to a rubber tire
      calendering system, involved in coordinating the bottom and total
      thickness measurements over the same longitudinal region of the material
      strip, to obtain an accurate indication of the amount by which the
      thickness of the top rubber layer must be altered to maintain the total
      thickness of the material strip at the desired total thickness target, as
      will be apparent from a reading of the description which follows.
PAC  SUMMARY OF THE INVENTION
PAR  We provide a tire calender monitor and control apparatus which
      automatically controls the tire calendering process to conform the total
      thickness of the calendered material to a desired target and to maintain
      the tire cord at a desired spacing within the calendered material. A
      unique gauging configuration is provided that permits the thickness of the
      bottom layer of rubber to be controlled nearly instantaneously to a bottom
      thickness target and that, in addition, provides a control signal which
      may be used as the basis of control over the thickness of the top layer of
      rubber, in order to maintain the total thickness of the calendered
      material at a desired target.
PAR  According to one embodiment, in which a standard 4-roll rubber calender is
      employed, a single point thickness gauge is positioned adjacent one of the
      bottom pair of calender rolls to provide an indication of the thickness of
      the bottom rubber layer as it passes over the roll prior to the point of
      lamination with the cord and the top rubber layer. A scanning thickness
      gauge is positioned downstream from the calender to provide an indication
      of the total thickness of the combined layers. The indications of
      thickness provided by the single point and scanning gauges are smoothed
      over time by averaging means. A difference computer subtracts an
      indication of average bottom thickness from a bottom thickness target to
      provide an indication of bottom error. A bottom thickness controller, in
      response to the bottom error indication, adjusts movable control elements
      on the bottom pair of calender rolls to reduce the bottom error
      substantially to zero and thereby maintain the bottom thickness
      substantially at the bottom thickness target.
PAR  A gauge coordination unit, responsive to a speed measuring unit which
      measures calender roll speed, controls the operation of the averaging
      means, as well as the traversing movements of the scanning gauge, so that
      indications of average bottom and total thickness are derived from
      essentially the same longitudinal region of the strip.
PAR  The indication of average total thickness is subtracted from a total
      thickness target, in a difference computer, to provide an indication of
      total error. In another difference computer, the indication of average
      bottom thickness derived from the coordinated measuring sequence is
      subtracted from the bottom thickness target to provide an additional
      indication of bottom error. This bottom error indication is subtracted
      from the total error indication in yet another difference computer to
      provide an indication of top error. A top thickness controller, in
      response to the top error indication, adjusts movable control elements on
      the top pair of calender rolls to reduce the top error substantially to
      zero, and thereby maintain the total thickness substantially at the total
      thickness target. Visual indications of the average bottom and total
      thicknesses are provided to the calender operator.
PAR  According to another embodiment, the separate indications of average bottom
      thickness and total thickness derived over the same longitudinal region of
      the strip are compared in a difference computer to provide an average
      indication of top thickness plus tire cord thickness, which indication is
      compared, in a difference computer, with a target representing the
      combined desired thickness of the top layer and the tire cord to give a
      top error indication. A top thickness controller, in response to the top
      error indication, controls adjustable control elements on the top pair of
      calender rolls to bring the combined thickness of the top layer and tire
      card substantially to target, thereby maintaining the total thickness
      substantially at the total thickness target. A bottom thickness controller
      controls the thickness of the bottom layer to a bottom thickness target in
      response to an indication of bottom error based on an indication of
      average bottom thickness which is derived independently, and which may be
      derived at different times, from the indication of average bottom
      thickness which is derived during the coordinated measuring sequence. The
      thickness of bottom layer is thereby maintained substantially on target at
      all times. Visual indications of bottom and total thickness may be
      provided as before.
PAR  Applicants' s unique tire calender monitor and control system, including
      means for deriving coordinated average indications of bottom and total
      thickness over substantially the same longitudinal portion of the moving
      material strip, maintains the total thickness of the strip substantially
      on target, by controlling the thickness of the bottom layer at frequent
      intervals to maintain the bottom layer thickness essentially constant, and
      by controlling the thickness of the top layer to maintain the combined
      thicknesses of the top layer and tire cord layer essentially constant in
      response to a top layer control signal, which control signal is based on
      said coordinated measurements of bottom and total thickness. Since
      measurements of bottom and total thickness are derived from substantially
      the same longitudinal region of the strip, machine direction variations in
      thickness are essentially eliminated as a source of error in the
      computation of the top layer control signal.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved tire calender monitor and control system which maintains a
      desired total thickness and cross-section in the calendered strip of
      material, based on the coordinated measurements of bottom thickness and
      total thickness by a single point gauge and a scanning gauge,
      respectively, over essentially the same longitudinal region of the strip.
PAR  It is a further object of the present invention to provide an improved tire
      calender monitor and control system in which a top thickness control
      signal is obtained as a function of the difference between coordinated
      measurements of bottom thickness and total thickness over essentially the
      same longitudinal region of the strip.
PAR  It is another object of the present invention to provide an improved tire
      calender monitor and control system, including means for coordinating
      measurements of bottom thickness and total thickness over essentially the
      same longitudinal region of the strip, in which transport is not a
      substantial factor with respect to bottom thickness control actions.
PAR  Further objects and advantages will become apparent from the following
      detailed description of the preferred apparatus according to the
      invention, taken in conjunction with the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a partially perspective and partially schematic view of a tire
      calender apparatus, in combination with an improved tire calender
      monitoring and control system according to the invention.
PAR  FIG. 2 is a partially perspective and a partially schematic view of a tire
      calender apparatus in combination with an improved tire calender monitor
      and control system according to another embodiment of the invention.
PAR  FIG. 3 is a diagram representing the coordinated single point and scanning
      gauge measurements of thickness over the same longitudinal region of the
      moving material strip.
DETD
PAC  TIRE CALENDERING PROCESS
PAR  With reference now to FIG. 1, a typical 4-roll tire calender includes a top
      pair of coacting calender rolls 1 and 2, supporting a bank 6 of rubber at
      the input side thereof, and forming a top layer of rubber 8 in
      substantially continuous fashion at their output side. A corresponding
      pair of bottom calender rolls 3 and 4 support a bank 7 of rubber at the
      input side thereof and form a bottom layer of rubber 9 at their output
      side. The top layer 8 and bottom layer 9, together with the tire cord
      layer 5, form a composite sheet of tire material 10 as they pass through
      laminating rolls 2 and 3. Adjustable control elements, such as screwdown
      or hydraulic elements, at either end of the top and bottom pairs of
      calender rolls (not shown) may be actuated to vary the roll spacing to
      increase or decrease the thickness of top layer 8 and bottom layer 9.
PAC  THICKNESS GAUGES
PAR  A single point radiation backscatter gauge 12 is positioned adjacent one of
      the laminating rolls 2 or 3 to measure the thickness of the rubber layer
      passing over it prior to lamination with the tire cord and other rubber
      layer. In a preferred embodiment, the single point gauge 12 is positioned
      adjacent the lower of the two laminating rolls, roll 3, to measure the
      instantaneous thickness of the bottom rubber layer 9. Single point gauge
      12 is placed at a transverse position along roll 3, such that it measures
      representative machine direction variations. The optimum location may be
      determined experimentally. Single point gauge 12 need not be limited to
      the radiation backscatter type, as it may be of any type suitable for
      measuring the thickness of a layer of material moving over a roll.
PAR  A scanning radiation transmission gauge 13, consisting of a radiation
      source 16 mounted for traversing movement on the pair of upper guide rails
      17 and 18, and a radiation detection unit 14 mounted for traversing
      movement across the material strip on lower guide rails 19 and 20, is
      located at the output side of laminating rolls 2 and 3. The source and
      detector units 16 and 14, respectively, are traversed by means of a motor
      22 powering a drive chain (not shown) attached to the source and detector
      units 16 and 14 and extending between transmission gauge supports 24 and
      25 situated on either side of the rubber material strip 10. Scanning gauge
      13 need not be limited to a radiation transmission gauge, but may be of
      any other well known type for measuring the thickness of material.
PAR  The scanning gauge 13 need not scan the entire width of the strip of rubber
      10, but is a preferred embodiment, in order to measure a sufficiently
      representative portion of the strip 10, it is in fact programmed to scan
      substantially the entire width of the sheet 10.
PAR  The instantaneous values of bottom and total thickness measured by gauges
      12 and 13, respectively, are averaged by suitable well known averaging
      means 44, 45 and 46 to provide indications of bottom and total thickness
      which reflect a smoothing of the measured values over time, resulting in
      more accurate and representative indications.
PAC  AUTOMATIC BOTTOM THICKNESS CONTROL
PAR  As seen in FIG. 1, an indication of average bottom thickness is read out of
      averaging means 45 into difference computer 47 upon the closing of switch
      72 by programmer 50 over control line 55. Averaging means 45 is reset by
      programmer 50. The indication of average bottom thickness is compared with
      a selected bottom thickness target in difference computer 47, which
      outputs an indication of bottom error e.sub.BOT. Bottom thickness
      controller 38, in response to the indication of bottom error e.sub.BOT,
      effects a bottom layer control action between rolls 3 and 4, represented
      by dotted line 42, upon the closing of switch 43 by programmer 50 over
      control line 58, to increase or decrease the thickness of bottom layer 9
      in order to reduce the bottom error indication e.sub.BOT substantially to
      zero, depending upon the amount of apparatus inertia, deadbands, and other
      factors affecting control response.
PAR  The frequency of bottom thickness control actions is determined by the
      predetermined time over which the instantaneous measurements of bottom
      thickness are averaged plus the time required to calculate and output the
      necessary corrections to roll 4 plus the slight transport delay time
      between single point gauge 12 and the point at which the corrections are
      applied. Because the error calculation and correction times, under normal
      operating conditions, are short, and because the transport delay time is
      very small, the bottom layer thickness can be controlled frequently and
      substantially instantaneously to target.
PAC  COORDINATED SINGLE POINT AND SCANNING GAUGE MEASUREMENTS
PAR  For the purpose of controlling the total thickness of the combined material
      strip 10 to a selected total thickness target, a control signal is
      calculated based upon separate indications of average bottom thickness and
      average total thickness provided by averaging means 44 and 46,
      respectively, which control signal is representative of the amount of
      thickness of the top layer must be changed in order to conform total
      thickness to target (assuming that any component of total thickness error
      which is attributable to bottom thickness error will be corrected for by
      the bottom thickness control loop).
PAR  So that the indications of average bottom thickness and average total
      thickness upon which the control signal is derived represent samplings of
      thickness obtained over the same longitudinal portion of strip 10,
      programmer 50 coordinates the measuring functions of gauges 12 and 13 and
      the averaging functions of averaging means 44 and 46. To this end
      programmer 50 delays the initiation of a scanning action by scanning gauge
      13 and the associated averaging of total thickness indications by
      averaging means 44 until the leading edge of the portion of bottom layer 9
      measured by single point gauge 12 and sampled by averaging means 45
      reaches the location of scanning gauge 13. Programmer 50 terminates the
      sampling of measurements from single point gauge 12 in such a manner that
      the trailing edge of the portion of the bottom sheet 9 measured by gauge
      12 reaches the location of the scanning gauge 13 when gauge 13 has
      completed its traversal of the moving strip 10. By the fact that the
      indication of average bottom layer thickness is derived from the same
      machine direction region as that for overall thickness, any machine
      direction variations occurring within this region will have an equal
      effect on both measurements.
PAR  With reference now to FIGS. 1 and 3, the coordinated measuring actions of
      single point gauge 12 and scanning gauge 13 will be explained in detail.
      Programmer 50 is essentially a timing and switching unit which performs
      three functions: (1) it controls the traversing movements of scanning
      gauge 13 via lines 51 and 52 which respectively sense the lateral position
      of gauge 13 with respect to strip 10, and control the traversing movements
      of gauge 13, (2) it controls the independent sampling of thickness
      measurements from gauges 12 and 13 by means of switches 71, 72, and 73,
      which are controlled by lines 54, 55, and 59, respectively, and (3) it
      controls the operation of averaging means 44, 45, and 46 associated with
      gauges 12 and 13, respectively, over lines 56, 57, and 60. The
      construction of this timing and switching unit in various hardware forms
      or the suitable programming of a digital computer to carry out its
      functions will be sufficiently clear to one skilled in the art.
PAR  Speed measuring unit 49 provides programmer 50 with an indication of the
      roll speed, from which the transport delay time is calculated, based on
      the known machine direction distance between gauges 12 and 13. Reference
      may be had to the aforementioned patent to G. F. Ziffer with respect to a
      variable delay means responsive to a speed measuring device for use in
      synchronizing two gauges.
PAR  To initiate a coordinated measurement, programmer 50, having previously
      cleared averaging means 44, initiates a sampling action by averaging means
      44 over line 56 at time t.sub.1 to average and store indications of
      instantaneous bottom thickness provided by gauge 12 over a
      longitudinally-shaped portion of the bottom layer 9 (FIG. 3). The sampling
      action by averaging means 44 is terminated by programmer 50 at time
      t.sub.3, corresponding to the trailing edge E.sub.2 of the measured
      portion. When the leading edge E.sub.1 of the measured portion reaches the
      location of scanning gauge 13, programmer 50, having previously cleared
      averaging means 46, initiates the traversing scan of gauge 13 at a
      constant speed and initiates a sampling action by averaging means 46 at
      time t.sub.2, to average and store indications of instantaneous total
      thickness provided by gauge 13 along an obliquely transverse portion of
      the composite strip 10. Time t.sub.2 occurs subsequent to time t.sub.1 by
      an amount of time equal to the transport delay time between gauges 12 and
      13. At time t.sub.4 the sampling action by averaging means 46 is
      terminated by programmer 50, coincident with the arrival of the trailing
      edge E.sub.2 of the single point measured portion at the location of the
      scanning gauge 13. Time t.sub.4 - t.sub.2 respresents the time required
      for gauge 13 to traverse strip 10 and is equal to time t.sub.3 - t.sub.1
      during which indications of bottom thickness are sampled and averaged.
PAR  Upon the termination of the coordinated measuring sequence, programmer 50
      closes switch 71 over line 54 and switch 73 over line 59 to enter the
      averaged indications of bottom thickness and total thickness stored in
      averaging means 44 and 46 into difference computers 40 and 42,
      respectively, for the purposes of calculating a control signal with which
      the total thickness of strip 10 can be conformed to a selected target, as
      described below. Averaging means 44 and 46 are then cleared by programmer
      50.
PAR  The separate indications of average bottom and total thickness are made
      visible to the tire calender operator by means of thickness display means
      31 and 33, which may be any well known digital display means. Visual
      display means 31 and 33 provide the calender operator with a reliable
      real-time check on the automatic control functions of the calendering
      system.
PAC  AUTOMATIC TOTAL THICKNESS CONTROL
PAR  With reference to FIG. 1, the derivation of a control signal for
      controlling total thickness to a selected total thickness target, in a
      preferred embodiment, will be explained.
PAR  The indication of average bottom thickness read into difference computer 42
      is compared with a selected bottom thickness target, and an indication of
      bottom error e.sub.BOT is read into difference computer 30. The indication
      of average total thickness read into difference computer 40 is compared
      with a selected total thickness target, and an indication of total error
      e.sub.TOTAL is read into difference computer 30. Difference computer 30
      outputs an indication of top error e.sub.TOP representative of the
      difference between the indication of total error e.sub.TOTAL and the
      indication of bottom error e.sub.BOT. Top thickness controller 36,
      responsive to the top error indication e.sub.TOP, effects a top layer
      control action between rolls 1 and 2, shown by dotted line 40, upon the
      closing of switch 41 by programmer 50 over line 61, to alter the spacing
      between rolls 1 and 2 in the appropriate direction to reduce the top error
      indication substantially to zero.
PAR  Besides maintaining a desired total thickness, the position of the tire
      cord is maintained relatively constant with respect to the top and bottom
      rubber layers, since the thickness of the bottom layer is maintained
      essentially constant, while the thickness of the top layer varies only to
      the degree that variations in the thickness of the tire cord, temperature
      changes, or other process variations may cause a change in the total
      thickness.
PAR  With the assurance that the bottom error e.sub.BOT will be corrected by the
      bottom thickness feedback control loop, the bottom error e.sub.BOT is
      eliminated as a factor in calculating the necessary correction to be
      applied to the top layer thickness required to conform the total thickness
      to target, thereby avoiding double correction of bottom thickness.
      Moreover, the number of gauges required to maintain both tire cord balance
      and total thickness is kept to a minimum, resulting in substantial cost
      savings over calender control systems of the prior art.
PAR  With reference now to FIG. 2, another embodiment of applicants' invention
      is shown. According to this embodiment, bottom thickness is controlled
      essentially as in the aforementioned embodiment described with reference
      to FIG. 1. Indications of bottom thickness and total thickness are also
      displayed as before.
PAR  As an alternative to the control of top thickness based upon a top error
      derived as a function of the difference between total error and bottom
      error, FIG. 2 shows an embodiment in which the combined thickness of the
      top layer 8 plus the layer of tire cord 5 is controlled to a desired
      target, which target is chosen such that it together with the bottom
      target equals the desired total thickness target.
PAR  To this end, the respective indications of average bottom thickness and
      average total thickness derived from the coordinated measuring sequence,
      as described above, are read into difference computer 32 upon the closing
      of switches 71 and 73, associated with averaging means 44 and 46, by
      programmer 50. The indication of average bottom thickness is compared with
      the indication of average total thickness in difference computer 31 to
      provide an indication of the combined thickness of the top layer 8 and the
      cord layer 5. This indication is compared in difference computer 40 with a
      target representing the desired total thickness target minus the desired
      bottom thickness target, i.e., representing the desired thickness in the
      combined top and cord layers, to provide an indication of top error
      e.sub.TOP. A top thickness controller 36, in response to the top error
      indication e.sub.TOP, outputs corrections to roll 1, essentially as
      described with respect to the embodiment shown in FIG. 1.
PAR  While a preferred embodiment of the invention has been shown and described,
      it will be apparent to one skilled in the art that numerous modifications
      may be made thereto without departing from the scope and intent of the
      invention as recited in the appended claims. For example, the scanning
      gauge need not scan the entire width of the strip but may scan only a
      portion thereof. Further, the scanning gauge may make several changes in
      direction during a scanning sequence to obtain a more representative
      sampling over the strip region; in this mode of operation, the termination
      times t.sub.3 and t.sub.4 would be suitably modified to accomodate a
      plurality of traversals by the scanning gauge. Also, more than one single
      point gauge may be utilized to measure bottom thickness should a
      sufficiently representative measurement of bottom thickness not be
      attained through the use of one gauge.
PAR  It will further be apparent that the top thickness target need not be
      identical to the bottom thickness target. Moreover, these targets need not
      remain fixed, but may be altered according to the statistical variance of
      measured thickness, in the manner disclosed in U.S. Pat. No. 3,515,860,
      issued June 2, 1970 to C. T. Fitzgerald, Jr. and assigned to the same
      assignee as the present application. By the application of this technique,
      known as "target optimization control", the degree of controllability of a
      process is automatically sensed, and the process is automatically operated
      closed to or further from the predetermined target thickness, depending on
      the controllability as determined by the statistical variance of the
      process.
PAR  It is to be understood that a digital computer may be employed to perform
      the functions of gauge coordination, measurement averaging and
      subtracting, and target comparison, as well as the delaying of consecutive
      screwdown actions initiated by controller 36 on account of transport delay
      considerations.
PAR  It will be understood that means, not shown, may be employed to delay the
      sampling action of averaging means 44 until a time equal to the transport
      delay time between the calender and the location of the scanning gauge 13
      has elapsed since the preceeding corrective action.
PAR  The total thickness target is set according to the desired total thickness
      of the laminated tire material, consisting of the tire cord and upper and
      lower rubber layers. The actual value used in the calender control system
      will be dependent upon the composition of the tire cord and rubber, the
      geometry of the gauge setup, the type of radiation, and other factors
      affecting transmissivity.
PAR  While the figures show the control corrections to either end of roll 1 and
      roll 4 to be equal in magnitude in the preferred embodiment, separate gain
      factors may be built into controllers 36 and 38 allowing for unequal
      control correction actions in order to account for irregularities in the
      roll surfaces or in the response of the control elements.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for automatically controlling a tire calendar to maintain a
      desired thickness profile in a strip of laminated sheet material including
      first and second layers of rubber and in intermediate layer of tire cord,
      in which said first layer of rubber is formed in a substantially
      continuous fashion between a first pair of coacting calender rolls having
      adjustable elements at either end thereof for adjusting the spacing
      between said first pair of rolls to vary the thickness of said first layer
      of rubber, and said second layer of rubber is formed in a substantially
      continuous fashion between a second pair of coacting calender rolls having
      adjustable elements at either end thereof for adjusting the spacing
      between said second pair of rolls to vary the thickness of said second
      layer of rubber, and in which said layer of tire cord is laminated between
      said first and second layers of rubber by adjoining calender rolls, said
      apparatus comprising
PA1  first measuring means located in a fixed position adjacent one of said
      adjoining calender rolls at the input side thereof for providing
      indications of the thickness of said first layer of rubber,
PA1  second measuring means located at the strip output side of said adjoining
      calender rolls for providing indications of the total thickness of said
      strip and being arranged to scan across said strip,
PA1  means for averaging the indications of thickness provided by said first
      measuring means to provide a first signal and for separately averaging the
      indications of thickness provided by said second measuring means to
      provide a second signal,
PA1  first comparison means for comparing the first signal indication of average
      first layer thickness with a first layer target to provide a first layer
      error indication,
PA1  first controller means responsive to said first layer error indication for
      actuating said adjustable elements associated with said first pair of
      coacting calender rolls to maintain said first layer thickness
      substantially at said first layer target,
PA1  means for coordinating the operation of said first and second measuring
      means and said averaging means, whereby said averaging means provides a
      third signal that provides an indication of average first layer thickness
      for a period of time substantially equal to the time required by said
      second measuring means to traverse a selected portion of said strip to
      provide the second signal indication of average total thickness, and said
      traversal by said second measuring means is delayed by an amount of time
      necessary to ensure that the respective indications provided by said first
      and second measuring means and separately averaged by said averaging means
      to produce said second and third signals, respectively, are derived from
      substantially the same longitudinal portion of said strip,
PA1  combining means responsive to said third signal indication of average first
      layer thickness and said second signal indication of average total
      thickness for providing a control signal representing the change in
      thickness of said layer required to maintain the total thickness of said
      strip at a total thickness target, and
PA1  second controller means responsive to said control signal for actuating
      said adjustable elements associated with said second pair of coacting
      calender rolls, to maintain said total thickness substantially at said
      total thickness target.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said second measuring means
      traverses substantially the entire width of said strip to provide said
      indications of total thickness.
NUM  3.
PAR  3. Apparatus for automatically controlling a tire calender to maintain a
      desired thickness profile in a strip of laminated sheet material including
      first and second layers of rubber and an intermediate layer of tire cord,
      in which said first layer of rubber is formed in a substantially
      continuous fashion between a first pair of coacting calender rolls having
      adjustable elements at either end thereof for adjusting the spacing
      between said first pair of rolls to vary the thickness of said first layer
      of rubber, and said second layer of rubber is formed in a substantially
      continuous fashion between a second pair of coacting calender rolls having
      adjustable elements at either end thereof for adjusting the spacing
      between said second pair of rolls to vary the thickness of said second
      layer of rubber, and in which said layer of tire cord is laminated between
      said first and second layers of rubber by adjoining calender rolls, said
      apparatus comprising
PA1  first measuring means located in a fixed position adjacent one of said
      adjoining calender rolls at the input side thereof for providing
      indications of the thickness of said first layer of rubber,
PA1  second measuring means located at the strip output side of said adjoining
      calender rolls for providing indications of the total thickness of said
      strip and being arranged to scan across said strip,
PA1  means for averaging the indications of thickness provided by said first
      measuring means to provide a first signal and for separately averaging the
      indications of thickness provided by said second measuring means, to
      provide a second signal,
PA1  first comparison means for comparing the first signal indication of average
      first layer thickness with a first layer target to provide a first layer
      error indication,
PA1  first controller means responsive to said first layer error indication for
      actuating said adjustable elements associated with said first pair of
      coacting calender rolls, to maintain said first layer thickness
      substantially at said first layer target,
PA1  means for coordinating the operation of said first and second measuring
      means and said averaging means, whereby said averaging means provides a
      third signal that provides an indication of average first layer thickness
      for a perior of time substantially equal to the time required by said
      second measuring means to traverse a selected portion of said strip to
      provide the second signal indication of average total thickness, and said
      traversal by said second measuring means is delayed by an amount of time
      necessary to ensure that the respective indications provided by said first
      and second measuring means and separately averaged by said averaging means
      to produce said second and third signals, respectively, are derived from
      substantially the same longitudinal portion of said strip,
PA1  second comparison means for comparing said third signal indication of
      average first layer thickness with said first layer target to provide an
      additional first layer error indication,
PA1  third comparison means for comparing said second signal indication of
      average total thickness with a total thickness target to provide a total
      error indication for said laminated strip,
PA1  fourth comparison means for comparing said third signal first layer error
      indication with said total error indication to provide an error indication
      for said second layer, and
PA1  second controller means responsive to said second layer error indication
      for actuating said adjustable elements associated with said second pair of
      coacting calender rolls, to maintain said total thickness substantially at
      said total thickness target.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein said second measuring means
      traverses substantially the entire width of said strip to provide said
      indications of total thickness.
NUM  5.
PAR  5. Apparatus for automatically controlling a tire calender to maintain a
      desired thickness profile in a strip of laminated sheet material including
      first and second layers of rubber and an intermediate layer of tire cord,
      in which said first layer of rubber is formed in a substantially
      continuous fashion between a first pair of coacting calender rolls having
      adjustable elements at either end thereof for adjusting the spacing
      between said first pair of rolls to vary the thickness of said first layer
      of rubber, and said second layer of rubber is formed in a substantially
      continuous fashion between a second pair of coacting calender rolls having
      adjustable elements at either end thereof for adjusting the spacing
      between said second pair of rolls to vary the thickness of said second
      layer of rubber, and in which said layer of tire cord is laminated between
      said first and second layers of rubber by adjoining calender rolls, said
      apparatus comprising
PA1  first measuring means located in a fixed position adjacent one of said
      adjoining calender rolls at the input side thereof for providing
      indications of the thickness of said first layer of rubber,
PA1  second measuring means located at the strip output side of said adjoining
      calender rolls for providing indications of the total thickness of said
      strip and being arranged to scan across said strip,
PA1  means for averaging the indications of thickness provided by said first
      measuring means to provide a first signal and for separately averaging the
      indications of thickness provided by said second measuring means to
      provide a second signal,
PA1  first comparison means for comparing the first signal indication of average
      first layer thickness with a first layer target to provide a first layer
      error indication,
PA1  first controller means responsive to said first layer error indication for
      actuating said adjustable elements associated with said first pair of
      coacting calender rolls, to maintain said first layer thickness
      substantially at said first layer target,
PA1  means for coordinating the operation of said first and second measuring
      means and said averaging means, whereby said averaging means provides a
      third signal that provides an indication of average first layer thickness
      for a period of time substantially equal to the time required by said
      second measuring means to traverse a selected portion of said strip to
      provide the second signal indication of average total thickness, and said
      traversal by said second measuring means is delayed by an amount of time
      necessary to ensure that the respective indications provided by said first
      and second measuring means and separately averaged by said averaging means
      to produce said second and third signals, respectively, are derived from
      substantially the same longitudinal portion of said strip,
PA1  means responsive to said third signal indication of first layer thickness
      and to said second signal to provide a fifth signal that indicates the
      average combined thicknesses of said second layer and said tire cord, and
PA1  second controller means responsive to said fifth signal indication for
      actuating said adjustable elements associated with said second pair of
      coacting calender rolls to maintain the combined thicknesses of said
      second layer and said tire cord substantially at a second target, the sum
      of said first layer target and said second target being equal to a desired
      thickness target, whereby said total thickness is maintained substantially
      at said total thickness target.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein said second measuring means
      traverses substantially the entire width of said strip to provide said
      indications of total thickness.
NUM  7.
PAR  7. Apparatus for automatically controlling a tire calender to maintain a
      desired thickness profile in a strip of laminated sheet material including
      first and second layers of rubber and an intermediate layer of tire cord,
      in which said first layer of rubber is formed in a substantially
      continuous fashion between a first pair of coacting calender rolls having
      adjustable elements at either end thereof for adjusting the spacing
      between said first pair of rolls to vary the thickness of said first layer
      of rubber, and said second layer of rubber is formed in a substantially
      continuous fashion between a second pair of coacting calender rolls having
      adjustable elements at either end thereof for adjusting the spacing
      between said second pair of rolls to vary the thickness of said second
      layer of rubber, and in which said layer of tire cord is laminated between
      said first and second layers of rubber by adjoining calender rolls, said
      apparatus comprising
PA1  first measuring means located in a fixed position adjacent one of said
      adjoining calender rolls at the input side thereof for providing
      indications of the thickness of said first layer of rubber,
PA1  second measuring means located at the strip output side of said adjoining
      calender rolls for providing indications of the total thickness of said
      strip and being arranged to scan across said strip,
PA1  means for averaging the indications of thickness provided by said first
      measuring means to provide a first signal and for separately averaging the
      indications of thickness provided by said second measuring means to
      provide a second signal,
PA1  first comparison means for comparing the first signal indication of average
      first layer thickness with a first layer target to provide a first layer
      error indication,
PA1  first controller means responsive to said first layer thickness indication
      for actuating said adjustable elements associated with said first pair of
      coacting calender rolls to maintain said first layer thickness
      substantially at said first layer target,
PA1  means for coordinating the operation of said first and second measuring
      means and said averaging means, said coordinating means initiating said
      averaging means to provide a third signal indication of average first
      layer thickness measured by said first measuring means along the length of
      the strip and to provide said second signal indication of average total
      thickness measured by said second measuring means along the same strip
      length portion,
PA1  combining means responsive to said third signal indication of average first
      layer thickness and to said second signal indication of average total
      thickness for providing a control signal representing the change in
      thickness of said second layer required to maintain the total thickness of
      said strip at a total thickness target, and
PA1  second controller means responsive to said second layer error indication
      for actuating said adjustable elements associated with said second pair of
      coacting calender rolls, to maintain said total thickness substantially at
      said total thickness target.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein said second measuring means
      traverses substantially the entire width of said strip to provide said
      indications of total thickness.
NUM  9.
PAR  9. Method for maintaining a desired thickness profile in a moving strip of
      laminated sheet material produced in a tire calendering process, said
      sheet material including a first layer of rubber, a second layer of
      rubber, and an intermediate layer of tire cord, said method comprising
PA1  measuring the thickness of said first layer of rubber as it passes a point
      prior to lamination with said second layer of rubber and said tire cord to
      provide indications of the thickness of said first layer of rubber,
PA1  measuring the total thickness of said laminated strip subsequent to the
      lamination of said first and second rubber layers with said first cord to
      provide indications of the total thickness of said laminated strip at a
      plurality of transverse points on said strip,
PA1  said first layer thickness measurement being made at a fixed, cross sheet
      location while the total thickness indications are beng measured at the
      plural points,
PA1  averaging said indications of first layer thickness over a first
      predetermined time period to provide an indication of average first layer
      thickness,
PA1  comparing said indication of average first layer thickness with a first
      layer target to provide a first layer error indication,
PA1  controlling said first layer thickness substantially to said first layer
      target in response to said first layer error indication,
PA1  averaging said indications of total thickness provided at a substantial
      number of said plurality of transverse points during a second
      predetermined time period,
PA1  averaging said indications of first layer thickness over a time
      substantially equal to said second predetermined time period to provide an
      additional indication of average first layer thickness,
PA1  initiating the averaging of said indications of total thickness after a
      time equal to the transport delay time between the locations along the
      strip length at which the respective measurements of said first layer and
      said strip are made has elapsed since the initiation of averaging of said
      indications of first layer thickness, so that the averaged indications of
      first layer thickness and total thickness are derived from substantially
      the same longitudinal portion of the strip,
PA1  combining said additional indication of average first layer thickness and
      said indication of average total thickness to provide a control signal
      representing the change in thickness of said second layer required to
      maintain the total thickness of said strip at a total thickness target,
      and
PA1  controlling said second layer thickness in response to said control signal
      to maintain said total thickness substantially at said total thickness
      target.
NUM  10.
PAR  10. Apparatus for automatically controlling a tire calender to maintain a
      desired thickness profile in a strip of laminated sheet material including
      first and second layers of rubber and an intermediate layer of tire cord,
      in which said first layer of rubber is formed in a substantially
      continuous fashion between a first pair of coacting calender rolls having
      adjustable elements at either end thereof for adjusting the spacing
      between said first pair of rolls to vary the thickness of said first layer
      of rubber, and said second layer of rubber is formed in a substantially
      continuous fashion between a second pair of coacting calender rolls having
      adjustable elements at either end thereof for adjusting the spacing
      between said second pair of rolls to vary the thickness of said second
      layer of rubber, and in which said layer of tire cord is laminated between
      said first and second layers of rubber by adjoining calender rolls, said
      apparatus comprising
PA1  first measuring means located in a fixed position adjacent one of said
      adjoining calender rolls at the input side thereof for providing
      indications of the thickness of said first layer of rubber,
PA1  second measuring means located at the strip output side of said adjoining
      calender rolls for providing indications of the total thickness of said
      strip and being arranged to scan across said strip,
PA1  means for averaging the indications of thickness provided by said first
      measuring means to produce first and second signals and for separately
      averaging the indications of thickness provided by said second measuring
      means to produce a third signal,
PA1  first comparison means for comparing said first signal indication of
      average first layer thickness with a first layer target to provide a first
      layer error indication,
PA1  first controller means responsive to said first layer error indication for
      actuating said adjustable elements associated with said first pair of
      coacting calender rolls to maintain said first layer thickness
      substantially at said first layer target,
PA1  means for coordinating the operation of said first and second measuring
      means and said averaging means, whereby said averaging means second signal
      provides an indication of average first layer thickness for a period of
      time substantially equal to the time required by said second measuring
      means to traverse a selected portion of said strip to provide said second
      signal indication of average total thickness, and said traversal by said
      second measuring means is delayed by an amount of time necessary to ensure
      that the respective indications provided by said first and second
      measuring means for said second signal and said third signal and
      separately averaged by said averaging means are derived from substantially
      the same longitudinal portion of said strip,
PA1  combining means responsive to said second signal indication of average
      first layer thickness provided through the action of said coordinating
      means and to said third signal indication of average total thickness for
      providing a control signal representing the change in thickness of said
      second layer required to maintain the total thickness of said strip at a
      total thickness target, and
PA1  second controller means responsive to said control signal for actuating
      said adjustable elements associated with said second pair of coacting
      calender rolls, to maintain said total thickness substantially at said
      total thickness target.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein said second measuring means
      traverses substantially the entire width of said strip to provide said
      indications of total thickness.
NUM  12.
PAR  12. Apparatus for automatically controlling a tire calender to maintain a
      desired thickness profile in a strip of laminated sheet material including
      first and second layers of rubber and an intermediate layer of tire cord,
      in which said first layer of rubber is formed in a substantially
      continuous fashion between a first pair of coacting calender rolls having
      adjustable elements at either end thereof for adjusting the spacing
      between said first pair of rolls to vary the thickness of said first layer
      of rubber, and said second layer of rubber is formed in a substantially
      continuous fashion between a second pair of coacting calender rolls having
      adjustable elements at either end thereof for adjusting the spacing
      between said second pair of rolls to vary the thickness of said second
      layer of rubber, and in which said layer of tire cord is laminated between
      said first and second layers of rubber by adjoining calender rolls, said
      apparatus comprising
PA1  first measuring means located in a fixed position adjacent one of said
      adjoining calender rolls at the input side thereof for providing
      indications of the thickness of said first layer of rubber,
PA1  second measuring means located at the strip output side of said adjoining
      calender rolls for providing indications of the total thickness of said
      strip and being arranged to scan across said strip,
PA1  first means for averaging the indications of thickness provided by said
      first measuring means to provide a first signal,
PA1  second means for averaging the indications of thickness provided by said
      second measuring means to provide a second signal,
PA1  third means for averaging the indications of thickness provided by said
      first measuring means to provide a third signal, said third averaging
      means being capable of averaging said indications at more frequent time
      intervals than said first averaging means,
PA1  first comparison means responsive to said third signal for comparing an
      indication of average first layer thickness with a first layer target to
      provide a first layer error indication,
PA1  first controller means responsive to said first layer error indication for
      actuating said adjustable elements associated with said first pair of
      coacting calender rolls, to maintain said first layer thickness
      substantially at said first layer target,
PA1  means for coordinating the operation of said first and second measuring
      means and said first and second averaging means, whereby said first signal
      provides an indication of average first layer thickness for a period of
      time substantially equal to the time required by said second measuring
      means to traverse a selected portion of said strip and said second signal
      provides an indication of average total thickness, and said traversal by
      said second measuring means is delayed by an amount of time necessary to
      ensure that the respective indications provided by said first and second
      measuring means and separately averaged by said first and second averaging
      means are derived from substantially the same longitudinal portion of said
      strip,
PA1  Combining means responsive to said first signal indication of average first
      layer thickness provided by said first averaging means and to said second
      signal indication of average total thickness provided by said second
      averaging means for providing a control signal representing the change in
      thickness of said second layer required to maintain the total thickness of
      said strip at a total thickness target, and
PA1  second controller means responsive to said control signal for actuating
      said adjustable elements associated with said second pair of coacting
      calender rolls, to maintain said total thickness substantially at said
      total thickness target, whereby said first controller means is capable of
      more frequent control actuations than said second controller means.
NUM  13.
PAR  13. Apparatus according to claim 12, wherein said second measuring means
      traverses substantially the entire width of said strip to provide said
      indications of total thickness.
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PAL  Nylon resins are extrusion coated onto various substrates for the
      manufacture of coated packaging films by heating the nylon resin to a melt
      temperature of 450.degree.-550.degree.F, extruding the molten resin onto a
      chill roll through a die which is set at an angle to the chill roll,
      employing sub-atmospheric pressure between the extruder die and the chill
      roll, rapidly cooling the extruded film on the chill roll to form a
      substantially amorphous nylon, and thereafter joining the nylon to a
      substrate.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 68,094 filed on Aug. 31, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1.   Field.
PAR  This invention relates to the formation of nylon coatings on substrates by
      the extrusion coating process, particularly for the production of nylon
      coated flexible packaging films.
PAR  2. Description of the Prior Art.
PAR  Nylon has a number of attractive properties which are desirable for use in
      packaging films, including toughness, high-strength, and clarity. One of
      the prior art techniques for the formation of packaging films having a
      nylon layer is the so-called high-temperature or "hot" extrusion coating
      process in which a nylon resin is heated to a high temperature and
      extruded while still in a molten condition directly onto a substrate. A
      process of this type is shown in United States Pat. No. 3,570,748. Also, a
      leading producer of nylon resins (DuPont) presents the following
      information in one of its technical bulletins:
PAR  "In general, the processing temperatures used in extrusion coating are
      higher than those in the other processes. Melt temperatures of
      550.degree.-575.degree.F are normally used. The higher temperatures are
      required to affect adhesion to the particular substrate.
PAR  The melt contacts the substrate just prior to meeting the chill roll which
      solidifies or quenches the melt."
PAR  An extrusion coating process as described above has a number of distinct
      disadvantages. The high melt temperatures employed therein, coupled with
      the fact that the nylon is molten when it contacts the substrate web,
      causes distortion of substrates which are heat sensitive, i.e. which can
      become physically distorted or perhaps chemically degraded when subjected
      to the high temperature molten nylon. Plastic films such as polyethylene
      and polypropylene are in this class. Secondly, the high temperature molten
      nylon web when extrusion coated in such fashion will tend to remove
      moisture from the substrates; this is a particular problem when cellophane
      film is being extrusion coated because removal of moisture contained in
      the cellophane will cause it to become brittle. Thirdly, nylons
      characteristically have long draw-down distances which make it difficult
      to achieve accurate gauge control across the width of the web when it is
      extrusion coated in such process. Fourthly, the type of bonding obtained
      in the practice of this process, while adequate in some instances, is in
      general of a relatively low level. Lastly, nylon extruded at the higher
      temperatures typical of such processes will form a coating with a
      relatively high degree of crystallinity.
PAR  The above disadvantages have served to limit the production of nylon
      extrusion coated packaging films and thereby restrict the types of nylon
      extrusion coated films which are available to the flexible plastic
      packaging user.
PAC  SUMMARY OF THE INVENTION
PAR  My present invention provides an extrusion coating process for the
      application of nylon layers to substrate films, particularly for the
      formation of packaging films having a clear thin layer of substantially
      amorphous nylon coating carried on the substrate. The method employs a
      combination of several steps which, when practiced together, serve to
      obviate each of the several disadvantages of nylon films encountered in
      other nylon extrusion coating processes and yet maximize the desirable
      characteristics of nylon which are valuable in packaging film uses.
      Briefly, my new process involves the following steps:
PAR  1. heating nylon resin in the barrel of an extrusion coating apparatus to a
      melt temperature of 450.degree.-550.degree.F, the melt temperature being
      measured in the adapter section of the extrusion apparatus as the molten
      nylon leaves the exit of the extruder barrel;
PAR  2. extruding the molten nylon through an extrusion die which is arranged at
      an angle to a chill roll such that the molten nylon web will contact the
      chill roll tangentially to its surface, and such that the molten nylon web
      will exit from the extrusion die at an angle normal to the plane of the
      lips of the die;
PAR  3. subjecting the zone between the molten nylon web and the periphery of
      the chill roll to sub-atmospheric pressure;
PAR  4. rapidly cooling the molten nylon on the surface of the chill roll to
      form a substantially amorphous nylon; and
PAR  5. removing the nylon web from the surface of the chill roll and joining it
      to a substrate film.
PAL  As an optional step, the nylon web may be subjected to corona discharge
      treatment after it is removed from the chill roll but before it is joined
      to the substrate in which case the treated surface of the nylon is joined
      to the substrate.
PAR  In comparison with the prior art extrusion coating process described
      previously, my new process enables the production of nylon extrusion
      coatings on substrates which are thermally sensitive, i.e. subject to
      physical distortion or chemical changes when subjected to high
      temperatures; prevents drying out of substrate films such as cellophane in
      which the moisture content is important to its physical properties;
      enables the production of extrusion coatings in which there is accurate
      gauge or thickness control of the coating across its entire width;
      produces nylon coated substrates in which the nylon coating is
      substantially amorphous; and leads to the formation of high bond strengths
      between the nylon extrusion coating and the substrate material.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The following description is made with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 illustrates an apparatus suitable for the extrusion coating process
      of this invention;
PAR  FIG. 2 is an enlarged view of a portion of the apparatus of FIG. 1, with
      portions broken away; and
PAR  FIG. 3 is a view similar to FIG. 1 but showing the addition of an optional
      step in the process.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The process of the present invention is described first with reference to
      FIG. 1 which illustrates an extruder 10, including a hopper 11 through
      which nylon resin is fed to a barrel 12 in which it is heated and worked
      to a molten condition. An adapter 13 is fitted to the exit end 12a of the
      extruder barrel and includes a thermocouple 14 which is positioned so as
      to measure the temperature of the molten nylon as it leaves the end of the
      extruder barrel, this temperature being referred to herein as the melt
      temperature. A down spout 15 has one end connected to the adapter and its
      opposite end connected to an extrusion die 16, which has a slot that is as
      long as the width of the nylon film which is to be extruded. The die 16
      includes a pair of spaced lips 17 and 18 (see FIG. 2) which define between
      them an exit 19 through which a molten nylon web 20 leaves the die and is
      cast onto the surface of the chill roll 21 which is rotated in direction
      of the arrow 22. After the web of nylon is cooled to a temperature below
      200.degree.F on the surface of the chill roll 21, it departs the roll near
      the bottom thereof and is led around idler roller 31 and then into the nip
      between joining rollers 32 and 33. A web of substrate 35 is led around
      idler roller 36 and also into the nip between joining rollers 32 and 33 at
      which the extruded nylon is firmly adhered to the substrate web 35 to form
      a composite film including a base layer of the substrate 35 and a coating
      of nylon 20. The substrate web may be a plastic film such as polyethylene,
      polypropylene, vinyl or polyester (such as that sold under the trade name
      "Mylar"); a non-plastic film such as aluminum foil; a cellulosic film such
      as paper, paperboard or cellophane; and other film materials useful in the
      packaging or converting arts. Where necessary, an appropriate primer may
      be applied to the surface of the substrate 35 which is to be joined to the
      nylon; urethane, polyester-urethane or other suitable compositions may be
      employed as primers.
PAR  The several steps which are essential to the practice of the nylon
      extrusion coating process of this invention are described in the next five
      paragraphs.
PAR  Firstly, the nylon resin which is fed to the extruder is to be heated to a
      melt temperature of 450.degree.-550.degree.F. The melt temperature is
      measured by the thermocouple 14 shown in the above apparatus of FIG. 1,
      and represents the temperature of the molten nylon as it leaves the exit
      end of the extruder barrel and is fed through the down spout into the
      extrusion die.
PAR  Secondly, the die 16 through which the molten nylon is cast upon the
      surface of the chill roll 21 is to be arranged at an angle of less than
      90.degree. to the surface of the chill roll so that the web 20 of molten
      nylon, see now FIG. 2, will tangentially contact the surface of the chill
      roll and so that the web 20 of molten nylon will be at an angle
      perpendicular to, or normal to, the lips 17 and 18 of the die 16 as the
      nylon leaves the exit 19 of the die. By "tangentially contact", it is
      meant that the web of nylon is perpendicular to a radius R of the chill
      roll 21 drawn to the point of contact of the molten web with the surface
      of the chill roll, see FIGS. 1 and 2. It has been found that this
      arrangement of the extrusion die relative to the surface of the chill roll
      enables the extrusion of the molten nylon with a draw-down distance of as
      little as 1/2 inch, and allows positioning the lips of the die about 1/8
      to 3/16 inch above the chill roll. With a straight die, i.e. one that was
      arranged vertically relative to the surface of the chill roll, about 11/2
      inches is the closest draw-down which can be achieved. The new arrangement
      of the die relative to the chill roll prevents the formation of lip marks
      in the extruded film such as are obtained with the vertical die
      arrangement, and reduces "surging" or irregular flow of the nylon which
      can cause the edges of the web to weave in and out or even form a pattern
      down the web.
PAR  Thirdly, referring again to FIG. 2, the zone A between the extruded web of
      molten nylon 20 and the underlying surface of the chill roll 21 is
      subjected to sub-atmospheric pressure. This is accomplished by means of a
      vacuum hood 25 which is positioned to contact the rear face of the
      extrusion die 16 and is connected through a pipe 26 to a suitable vacuum
      pump. The hood 25 has an open bottom 27 which is positioned closely
      adjacent to the underlying periphery of the chill roll. It has been found
      that 1 to 2 inches of vacuum, i.e. sub-atmospheric pressure 1 to 2 inches
      (of mercury) below the ambient atmospheric pressure, is usually
      satisfactory. The exact amount of vacuum is adjusted so that the molten
      nylon web is pulled out of the extrusion guide evenly, and sufficient to
      cause the molten web to be drawn into contact with the surface of the
      chill roll. This feature prevents air from being entrapped between the
      nylon and the chill roll to thereby prevent non-uniform cooling of the
      nylon as it travels about the chill roll, and presses the nylon web into
      intimate contact with the chill roll to give faster cooling and enhanced
      web stability. It also eliminates the use of a back-up roll to press the
      molten nylon against the chill roll, which causes problems because nylon
      will stick to such back-up rolls.
PAR  Fourthly, the extruded nylon web 20 is cooled rapidly on the surface of the
      chill roll to a substantially amorphous condition. For this purpose, the
      chill roll may have suitable internal cooling apparatus which will provide
      a chill roll surface temperature of about 90.degree.F to 120.degree.F,
      which temperature will prevent "plate out" of nylon monomer on the chill
      roll and allow the formation of substantially amorphous nylon. Quick chill
      of the extruded nylon in this fashion provides optimum properties in the
      extruded nylon inasmuch as the rate of cooling and the temperature of the
      chill roll have a significant effect on the crystallinity of the extruded
      film. The nylon extruded by the present process is to be "substantially
      amorphous", which term is defined herein and in the claims as having a
      volume crystallinity of 35% or less as determined by the density method.
      The density method is described in Kline, Analytical Chemistry of
      Polymers, Interscience Publishers, 1959, at pp. 286-287. Briefly, the
      density method is based on the fact that 100% amorphous nylon has a higher
      specific volume than  100% crystalline nylon (specific volume being
      reciprocal density) and that the volume crystallinity can be linearly
      related to measurement of specific volume. After measuring the specific
      volume of a sample, the volume fraction of crystallinity, expressed in
      percent, is determined from the formula X=(V.sub.a - V)/(V.sub.a -
      V.sub.c).times.100 in which X is crystallinity in percent, V.sub.a is the
      specific volume of 100% amorphous material (0.917 cc/g for nylon 6),
      V.sub.c is the specific volume of 100% crystalline material (0.813 cc/g
      for nylon 6), and V is the specific volume of the sample being measured. A
      nylon coating with a volume crystallinity of 35% or less has several
      advantages in the packaging film art over more crystalline nylon in that
      it has better clarity, higher gloss, can be drawn at a lower temperature
      when making formed packages, and it "pulls down" very well when making
      formed packages. To produce a substantially amorphous nylon as defined,
      the extruded nylon should be cooled rapidly on the chill roll to a
      temperature under 200.degree.F, and most usefully to a temperature of
      about 100.degree.F to 120.degree.F, before it is withdrawn therefrom. The
      speed of rotation and diameter of the chill roll, amount of contact the
      nylon web has with the chill roll, and chill roll surface smoothness
      should all be considered when setting the operating parameters for a
      particular apparatus. As an example, a smooth-surfaced chill roll,
      internally cooled to have a surface temperature of 90.degree.F, and
      rotated at a surface speed of 200 feet per minute cooled the extruded
      nylon to a temperature of about 100.degree.F and formed a substantially
      amorphous coating.
PAR  Fifthly, after the nylon web 20 has been cooled to a substantially
      amorphous condition on the chill roll, it is removed from the chill roll
      and joined to a web of substrate by means of joiner rollers 32 and 33, as
      shown in the drawings, with a surface of the nylon in contact with a
      surface of the substrate. If needed, any suitable primer coating may be
      applied to the surface of the substrate which is to be joined to the
      surface of the nylon.
PAR  The present process leads to the production of high quality, extrusion
      coated films which are suitable for flexible packaging films. The nylon
      layer when extrusion coated by the process can be highly transparent and
      yet will be firmly bonded to the substrate layer. The substrate may be
      printed or unprinted, and any printed information carried on it will be
      visible through the transparent nylon extrusion coating. The composite
      films are suitable as wrapping material, or for conversion into the
      pouches or bags, for the packaging of food and non-food items.
PAC  EXAMPLES 1 and 2
PAR  The following examples set forth specific film constructions which were
      produced in accordance with the process of the present invention as
      described above.
TBL  __________________________________________________________________________

            Substrate                                                          

                     Primer                                                    

                          Nylon Coating Melt Temp.                             

     __________________________________________________________________________

     Example 1                                                                 

            Low density                                                        

                     Urethane                                                  

                          Nylon 6 - 11/4 mils thick                            

                                        500.degree.F                           

            polyethylene                                                       

     Example 2                                                                 

            Saran coated                                                       

                     Urethane                                                  

                          Nylon 6 - 11/4 mils thick                            

                                        525.degree.F                           

            polyethylene.sup.(a)                                               

     __________________________________________________________________________

      .sup.(a) Nylon is coated onto the saran surface.                         

PAR  In a second embodiment of the process of this invention, see FIG. 3, the
      nylon web may have its surface to be joined to the substrate subjected to
      corona discharge treatment. This treatment is accomplished after the nylon
      leaves the chill roll, but before it is joined to the substrate. As shown
      in FIG. 3, in which the same reference numerals as in FIG. 1 denote the
      same apparatus, after the nylon web 20 departs the chill roll, it is led
      under a roller 29 and past an electrode 30 which is connected to a high
      frequency generator, not shown. The electrode 30 is of the type adapted to
      provide a corona discharge treatment on a surface of the nylon web 20.
      U.S. Pat. No. 2,939,956 to George J. Parks and U.S. Pat. No. 3,018,189 to
      George W. Traver describe suitable apparatus for providing corona
      discharge treatment of the surface, and other techniques are known in the
      converting field. A typical useful generator is manufactured by Lepel High
      Frequency Laboratories, Inc. as model HFSG-2, which develops output power
      at a frequency of 450 kilocycles on an input current of 11/2  kilowatts,
      60 cycles at 150 or 230 volts. Other suitable high frequency generators
      are well-known in the art. After being treated, the web 20 of nylon is led
      around idler roller 31 and into the nip between joining rollers 32 and 33,
      at which point it is joined to the substrate web 35 with the treated
      surface of the nylon adhered to the substrate. When the substrate is
      primed, a treated nylon surface will be joined to a primed substrate
      surface. The following examples 3-8 set forth specific film constructions
      made according to this second embodiment of the process of this invention
      in which the nylon is corona treated before being joined to the substrate.
PAC  EXAMPLES 3-8
TBL  __________________________________________________________________________

            Substrate                                                          

                     Primer                                                    

                          Nylon Coating Melt Temp.                             

     __________________________________________________________________________

     Example 3                                                                 

            Aluminum Foil                                                      

                     Urethane                                                  

                          Nylon 6 - 4 mils thick                               

                                        525.degree.F                           

                          (Corona Treated)                                     

     Example 4                                                                 

            Medium density                                                     

                     Urethane                                                  

                          Nylon 6 - 11/4 mils thick                            

                                        500.degree.F                           

            polyethylene  (Corona Treated)                                     

     Example 5                                                                 

            Low density                                                        

                     Urethane                                                  

                          Nylon 6 - 2 mils thick                               

                                        500.degree.F                           

            polyethylene  (Corona Treated)                                     

     Example 6                                                                 

            Saran coated                                                       

                     Urethane                                                  

                          Nylon 6 - 1 mil thick                                

                                        525.degree.F                           

            polyethylene.sup.(a)                                               

                          (Corona Treated)                                     

     Example 7                                                                 

            Saran coated                                                       

                     Urethane                                                  

                          Nylon 6 - 11/4 mils thick                            

                                        525.degree.F                           

            "Surlyn"      (Corona Treated)                                     

            ionomer film.sup.(a)                                               

                          (Corona Treated)                                     

     Example 8                                                                 

            Saran coated                                                       

                     Urethane                                                  

                          Nylon copolymer-                                     

                                        525.degree.F                           

            polyethylene.sup.(a)                                               

                          1 mil thick                                          

                          (Corona Treated)                                     

     __________________________________________________________________________

      .sup.(a) Nylon coated onto the saran surface                             

PAR  The films of Examples 1-8 were each high quality flexible packaging films
      with a transparent nylon coating that was firmly bonded to the substrate
      web. The nylon 6 coating layers had a volume crystallinity of about 23%.
PAR  Any of the commercial extrudable nylon film-grade resins can be applied
      with the process of this invention including diamine-dibasic acid type
      nylons such as nylon 6/6, nylon 6/10, nylon 6/66 and nylon 66/610, and
      nylons made by the condensation of amino acids or their derivatives such
      as nylon 6, nylon 11 and nylon 12. The nylon coating can be from 1/2 to 5
      mils thick for most packaging applications, or thicker if so desired. One
      or more layers of nylon can be applied to a substrate with this process.
PAR  The nylon extrusion coating process as described above provides a system
      for manufacture of nylon extrusion coated packaging films which has a
      number of important advantages, some of which were discussed hereinabove.
      The process can be performed on conventional extrusion equipment such as
      used for polyethylene or hot melt extrusion, thereby enabling versatile
      use of the extruding equipment and eliminating the need for specialized
      nylon extrusion coating line. The use of multiple chill rolls, as is
      common with other extrusion coating processes which apply the extruded
      material in a melted condition to a substrate, is obviated. Also, the
      entire process is an in-line operation carried out principally on the
      chill roll itself and apparatus closely associated with the chill roll.
      The film which is produced by the process of this invention has, as
      mentioned earlier, greater clarity and gloss than does the more
      crystalline variety. The nylon extrusion coated films of this process are
      especially useful for making formed packages in which a sheet of material
      is heated and drawn into a pocket by means of vacuum to form a
      tray-container; this is often used in meat packaging. The nylon coated
      polyethylene films of this process, for example, have excellent
      flex-cracking characteristics, are resistant to abrasion and therefore
      produce few leaking packages, and can be drawn into relatively deep trays.
      Less heat is required for such forming packaging operations than will be
      the case with a nylon coating having a higher degree of crystallinity. The
      amorphous nylon according to this process has a lower density relative to
      more crystalline coatings, thereby increasing the thickness of coating
      obtained for a given weight of nylon applied to a substrate. Lastly, it
      should be recalled that the nylon is cooled to under 200.degree.F while on
      the chill roll, so that it is substantially below its melting point when
      withdrawn from the chill roll and joined to the substrate; this is
      distinguished from prior art nylon extrusion coating processes discussed
      above in which the nylon is melted when it contacts the substrate.
CLMS
STM  While this invention has been described with reference to certain specific
      embodiments in order to illustrate its practice, it is expected that those
      skilled in the art will be able to devise other changes that will be
      within the spirit and scope of this invention as set forth in the appended
      claims.
NUM  1.
PAR  1. An extrusion coating process for the production of flexible packaging
      films of nylon coated substrates consisting of the steps of:
PA1  1. heating nylon in an extruder to a melt temperature of 450.degree. to
      550.degree.F, and discharging the nylon as a molten web through an
      extruder die onto the periphery of a rotating chill roll;
PA1  2. arranging the extrusion die at an angle to the chill roll such that the
      molten nylon web is perpendicular to the lips of the extrusion die when it
      leaves the die and, further, such that the molten nylon web tangentially
      contacts the surface of the chill roll;
PA1  3. subjecting the zone between the molten nylon web and the underlying
      surface of the chill roll to sub-atmospheric pressure;
PA1  4. rapidly cooling the extruded nylon on the surface of the chill roll to
      under 200.degree.F to form a nylon web with a volume crystallinity of 35%
      or less; then
PA1  5. withdrawing the cooled nylon web from the chill roll, and thereafter
      joining the nylon to a substrate web to thereby form the completed
      packaging film.
NUM  2.
PAR  2. The process of claim 1, wherein:
PA1  the nylon is cooled to a temperature below 150.degree.F on the chill roll.
NUM  3.
PAR  3. The process of claim 1, wherein:
PA1  the zone between the molten nylon web and the underlying surface of the
      chill roll is subjected to sub-atmospheric pressure of 1 to 2 below the
      ambient atmospheric pressure.
NUM  4.
PAR  4. The process of claim 1, including the step of:
PA1  cooling the surface of the chill roll to about 90.degree.F to 120.degree.F.
NUM  5.
PAR  5. The process of claim 1, including the step of:
PA1  subjecting a surface of the nylon web to corona discharge treatment after
      it is withdrawn from the chill roll and before it is joined to the
      substrate, and then joining the treated surface of the nylon web to the
      substrate.
NUM  6.
PAR  6. The process of claim 1, wherein:
PA1  the nylon is cooled on the chill roll to a volume crystallinity of about
      23%.
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ABST
PAL  A method of making an identification card which comprises making any
      required characters, designs and/or embossings on the base material of the
      card, further providing a colored layer on the bass material of the card
      and then engraving the colored layer and base to varying depths in the
      form of fine lines and and points so that, by regulating the ratio of the
      surface areas of the engraved part and unengraved part, the differences in
      the color thickness and luster may be expressed to form an engraved image
      by which the user can be identified and which image has no projections
      thereon.
PARN
PAR  This application is a division of co-pending application Ser. No. 253,940,
      filed May 17, 1972, now U.S. Pat. No. 3,897,964, IDENTIFICATION CARDS FOR
      MAKING THE SAME, Satoski OKA, et al., inventors.
BSUM
PAR  The present invention relates to cards and methods of making the same and
      more particularly to identification cards having required characters,
      designs and/or embossings and also engraved images which have a high
      durability and no projections on the surface and methods of making the
      same.
PAR  There are already known such various identification cards as, for example,
      credit cards, I.D. cards, bank cards, cash dispenser cards, oil cards, key
      cards, consultation tickets, commutation tickets and licenses. Various
      methods have been attempted to identify the users of such identification
      cards.
PAR  For example, there are known a method wherein the sign of the user is made
      on the base material of the card and is identified when the card is to be
      used, a method wherein the face picture of the user is formed by a
      printing means on the base material of the card and a method wherein the
      face photograph of the user is pasted on the base material of the card.
PAR  Further, it is attempted to identify the user of the card by combining
      these methods as mentioned above.
PAR  However, these identification cards such as cards which are used in these
      methods are not perfect in preventing its forgery. When the card of the
      user has been stolen or lost, for example, the sign may be imitated or the
      face photograph may be replaced, thus the card may be illegally used and
      unexpected damages may be often caused.
PAR  Further, in the method wherein the face picture of the user is formed by a
      printing means, one printing plate must be made to make one identification
      card and therefore there is a defect that the cost of making the card is
      very high.
PAR  Also, in the above mentioned method wherein the face photograph of the user
      is pasted, the thickness of the base material of the card is increased by
      the photograph part and there is a defect that, for example, in the case
      of identifying the user by a mechanical search by utilizing a magnetism or
      the like, the adaptability to the mechanical treatment will be often
      impaired.
PAR  Further, in such method as is mentioned above, the sign, the face picture
      of the face photograph of the user expressed on the base material of the
      card is so low in the durability as to be damaged, for example, by a
      rubbing action or the like during the use for a long time and to lose the
      function of identifying the user of the card until it can be no longer
      used.
PAR  In addition to such methods as are mentioned above, there are known, for
      example, a method wherein the photographic printing paper on which the
      face picture is developed is used as the base material itself of the card
      or a method wherein a silver salt is applied to an aluminum plate and the
      face photograph or the like is developed on said aluminum plate.
PAR  However, such method is so low in the mechanical properties forming
      embossings or the like and in the durability that it is not desirable.
PAR  An object of the present invention is to provide an identification card by
      which the user can be very simply identified.
PAR  Another object of the present invention is to provide an identification
      card by which the forgery can be perfectly prevented.
PAR  A further object of the present invention is to provide an identification
      card which is so flat and smooth on the surface as to be applicable to a
      mechanical search.
PAR  Another object of the present invention is to provide an identification
      card which is so high in the durability as to be used for a long time.
PAR  A further object of the present invention is to provide a method of making
      such identification cards as are mentioned above very simply and cheaply.
PAR  As a result of making various researches on identification cards to attain
      the above mentioned objects, we have now found an identification card
      wherein a colored layer is provided on the base material of the card, the
      part of the above mentioned colored layer is engraved to be in the form of
      fine lines or points with an electronic engraving plate making machine
      such as electronic engraver by using the face photograph of the user of
      the card as a draft so that, by regulating the ratio of the surface areas
      of the engraved part and unengraved part, the differences in the color
      thickness and luster may be expressed and as a result required characters,
      designs or embossings and also any engraved image of the face of the user
      which have a high durability and no projections on the surface of the card
      may be formed, the user can be identified very simply and the forgery can
      be perfectly prevented.
PAR  One feature of the present invention is an identification card wherein any
      required characters, designs and embossings are made on the base material
      of the card and an engraved image by which the user can be identified and
      which has no projections is made in the part of a colored layer provided
      on the above mentioned base material of the card.
PAR  Another feature of the present invention is a method of making the above
      mentioned identification card characterized by making any required
      characters, designs and embossings on the base material of the card,
      further providing a colored layer on the above mentioned base material of
      the card and then engraving the part of said colored layer to be in the
      form of fine lines and points so that, by regulating the ratio of the
      surface areas of the engraved part and unengraved part, the differences in
      the color thickness and luster may be expressed to form any engraved image
      by which the user can be identified.
PAR  The identification card according to the present invention and the method
      of making the same shall be explained in detail with reference to the
      drawings.
DRWD
PAC  IN THE DRAWINGS
PAR  FIGS. 1, 3 and 5 are partly magnified sectioned views showing the formation
      of a card base material in the method of making cards according to the
      present invention;
PAR  FIGS. 2, 4 and 6 are partly magnified sectioned views showing the formation
      of an engraved image part in an identification card in which the engraved
      image is formed by engraving the part of the colored layer on the base
      material of the card shown in the above mentioned FIGS. 1, 3 and 5;
PAR  FIGS. 7, 8 and 9 are partly magnified sectioned views showing a manner of
      providing a colored layer on the base material of the card in the method
      of making cards according to the present invention;
PAR  FIG. 10 is a mechanism view showing the mechanism of an apparatus for
      forming engraved images by engraving the part of the colored layer
      provided on the base material of the card in the method of making cards
      according to the present invention;
PAR  FIG. 11 is a plane view showing the card of the present invention;
PAR  FIG. 12 is a partly magnified sectioned view of an engraved image part
      showing the formation of the engraved image of the card shown in the above
      mentioned FIG. 11.
DETD
PAR  There are various manners of the method of making identification cards
      according to the present invention. Some of them shall be described.
PAR  In the present invention, first of all, as shown in FIG. 1, on a card base
      material 1, a colored layer 2 is applied to a part in which an engraved
      image by which the user can be identified is to be provided and any
      patterns 3 of characters, signs and designs required for the
      identification card are applied to the other part and then, as shown in
      FIG. 2, the part of the above mentioned colored layer 2 is engraved with,
      for example, an electronic engraving plate making machine such as
      electronic engraver by using face photograph of the user as a draft so
      that many concave holes or cutout portions 4 may be made, variations of
      the color thickness and luster may be expressed by the above mentioned
      engraved parts or cutout portions 5 and unengraved parts 6 to form any
      engraved image of the face image to identify the above mentioned user and
      thus an identification card according to the present invention may be
      obtained.
PAR  Further, in the present invention, as shown in FIG. 3, as mentioned above,
      a colored layer 2 and any patterns 3 are applied to a card base material
      1, then, in order to protect said patterns 3, for example, a transparent
      resin film or sheet is laminated to provide a surface protecting layer 7,
      then, as shown in FIG. 4, in the same manner as is mentioned above, the
      part of the colored layer 2 is engraved from above the surface protecting
      layer 7 with, for example, an electronic engraving plate making machine
      such as electronic engraver by using the face photograph of the user as a
      draft so that many concave holes 4 may be made, variations of the color
      thickness and luster may be expressed by the engraved parts 5 and
      unengraved parts 6 to form any engraved image of the face image to
      identify the user and thus an identification card according to the present
      invention may be obtained.
PAR  Further, in the present invention, as shown in FIG. 5, any pattern 3 of
      characters, signs and/or designs required for the identification card is
      provided on the front surface and/or back surface of the card base
      material 1 except the part in which an engraved image by which the user
      can be identified is to be provided, on the other hand, a colored layer 2
      is formed on a transparent resin film or sheet used to provide a surface
      protecting layer 7 to protect said patterns 3, then the above mentioned
      card base material 1 and the above mentioned transparent resin film or
      sheet are laminated, for example, by heat-pressing and then, in the same
      manner as is mentioned above, the part of the colored layer 2 is engraved
      with a electronic engraving plate making machine such as electronic
      engraver by using the face photograph of the user as a draft so that, as
      in FIG. 6, many concave holes 4 may be made, variations of the color
      thickness and luster may be expressed by the above mentioned engraved
      parts 5 and unengraved parts 6 to form any engraved image of the above
      mentioned face image to identify the user and thus an identification card
      according to the present invention may be obtained.
PAR  Further, in the above mentioned third method, in the case of laminating the
      card base material 1 and the transparent resin film or sheet as a surface
      protecting layer 7 by heat-pressing, the colored layer 2 may be embedded
      in and strongly fixed to said transparent resin film or sheet to form an
      integral flat smooth surface and an engraved image high in the durability
      can be made.
PAR  Also, in the above mentioned third method, the colored layer 2 is expressed
      on the surface of the lamination but may be provided between the layers of
      the card base material 1 and the transparent resin film or sheet of the
      lamination so made of them.
PAR  By the way, such manners of making identification cards as are mentioned
      above are to show some manners of the method of making identification
      cards according to the present invention. The present invention is not
      limited to such methods as are mentioned above.
PAR  In the present invention, for the card base material 1, there can be used a
      film or sheet of such known synthetic resin as, for example, a polyvinyl
      chloride series resin, polyvinylidene chloride series resin, polystyrene
      series resin, ABS resin, such polyolefin series resin as of polyethylene
      or polypropylene, acryl series resin, polycarbonate resin, polyester
      series resin or polyamide series resin, any lamination of them or a
      lamination made by laminating any of them, any paper and a metal foil or
      the like.
PAR  In the present invention, for the method of providing the colored layer 2
      on the card base material 1, there may be used any method wherein a
      colored layer of a color different from the color of the card base
      material 1 can be formed by, for example, a method wherein, as shown in
      FIG. 7, a colored layer 2 is formed by applying, printing or drawing a
      paint or ink composition having a resin and coloring agent as main
      components on any card base material 1, for example, by such ordinary
      painting process as a brush-painting, spatula painting, roll-coating
      process or gravure coating process, such ordinary printing process as a
      gravure printing system, offset printing system, relief printing system,
      screen printing system or transfer printing system or such ordinary
      drawing process as by hand or with a writing brush or a method wherein a
      colored layer 2 is formed by laminating a colored resin film or sheet on
      any card base material 1 by an ordinary laminating process.
PAR  Further, in the present invention, as shown in FIG. 8, the card base
      material 1 provided with the colored layer 2 as mentioned above is heated
      and pressed, for example, by using a heating plate or heating roll so that
      the above mentioned card base material 1 and colored layer 2 may be
      heat-melted to be heat-fused or heat-bonded, said colored layer 2 may be
      embedded in said card base material 1 and both may become integral to form
      a flat smooth surface with the colored layer 2.
PAR  The heating and pressing treatment to be carried out after the colored
      layer 2 is provided in the card base material 1 as mentioned above in the
      present invention shall be explained more particularly. Such treatment can
      be made, for example, by a process wherein a flat plate heat press is
      utilized or a process wherein a heated roll press is utilized. The heating
      and pressing conditions in such process as is mentioned above are
      different depending on the materials forming the card base material 1 and
      colored layer 2 but a temperature of about 90.degree. to 330.degree.C.,
      pressure of about 1 to 50 kg/m.sup.2 and time of about 3 to 20 minutes are
      preferable. Further, the treatment may be made in one step or two steps so
      that the card base material 1 and colored layer 2 may be heat-melted to be
      heat-fused or heat-bonded, the colored layer 2 may be embedded in the
      above mentioned card base material 1 and they may become integral to form
      a flat smooth surface high in the durability.
PAR  According to the present invention, for example, when a colored layer 2 of
      a thickness of about 15 microns is provided at first, the thickness of the
      colored layer 2 embedded by being heat-fused or heat-bonded by such
      heating and pressing treatment as is mentioned above will be about 12
      microns. In such case, when it is embedded, any excess of the colored
      layer 2 will be pushed out on the periphery of the card base material 1
      but will be so slight in the amount as to have no influence on the
      formation standard of the card.
PAR  By the way, in the present invention, as mentioned above, any card base
      material 1 provided with a colored layer 2 is heated and pressed so that
      the above mentioned card base material 1 and the colored layer 2 may be
      heat-fused to heat-bond or heat-adhere them and said colored resin layer
      may be embedded in said card base material 1 to form an integral flat
      smooth surface. Therefore, it is desirable to select and use materials
      having an affinity and heat-fusibility or heat-bondability with each other
      for the materials forming the card base material 1 and colored layer 2.
      Therefore, in the present invention, it is preferable to combine and use
      thermoplastic resins showing a thermoplasticity by heat and having a
      heat-fusibility for the materials forming the card base material 1 and
      colored resin layer 2.
PAR  In the present invention, in the card made by providing a colored layer 2
      on such card base material 1 as is shown in the above mentioned FIG. 7 and
      forming any engraved image of a face by applying such engraving treatment
      as is mentioned above, the surface of the above mentioned colored layer 2
      is hardly always flat or smooth and the physical strength of the colored
      layer 2 itself and the bonding force between the card base material 1
      layer and the colored layer 2 are so low that the colored layer 2 is
      likely to peel off during the engraving treatment and it is difficult not
      only to form a comparatively clear engraved image but also to obtain a
      card having an image so high in the durability as to be used for a long
      time. However, in the card made, as mentioned above, by providing a
      colored layer 2 on a card base material 1, then heating and pressing them
      so that the above mentioned card base material 1 and colored layer 2 may
      be heat-melted and heat-fused or heat-bonded together, the above mentioned
      colored layer 2 may be embedded in the above mentioned card base material
      1 and both of them may become integral to form a flat smooth surface and
      then engraving the part of the above mentioned colored layer 2, there are
      no such problems as are mentioned above and the image is high in the
      durability. Therefore, such card is particularly preferable.
PAR  Further, in the present invention, instead of providing the colored layer 2
      directly on the card base material 1 as mentioned above and heating and
      pressing them, as shown in the above mentioned FIG. 5, a colored layer 2
      may be provided on a transparent resin film or sheet used to form a
      surface protecting layer 7 to protect any patterns 3 of required
      characters, signs and/or designs provided on a card base material 1 and
      then the above mentioned card base material 1 and transparent resin film
      or sheet may be laminated by heat-pressing so that the colored layer 2 may
      be embedded in the above mentioned transparent resin film or sheet or card
      base material 1.
PAR  Also, in the present invention, as shown in FIG. 9, the colored layer 2 can
      be formed by impregnating the surface of a card base material 1 with such
      coloring agent as a dye or pigment by such ordinary dyeing process as, for
      example, a sublimation transfer system or a solvent penetrating dyeing
      system.
PAR  In the present invention, the colored layer 2 formed by such method as is
      mentioned above can be provided on the entire surface or only the part
      required to form an engraved image to identify the user on any card base
      material 1 and its thickness is free but is preferably about 3 to 40
      microns as the engraved image must be formed. In case the above mentioned
      thickness is less than 3 microns, it will be difficult to attain the
      expected object. If it is more than 40 microns, it will be difficult to
      form a flat smooth surface of any card base material 1 by embedding the
      colored layer 2. Therefore it is not desirable.
PAR  Further, in the present invention, a multi-colored layer 2 may be formed by
      providing two or more colored layers 2 formed by such method as is
      mentioned above. In such case, a picture having a multi-color effect can
      be formed.
PAR  For the resin in the paint or ink composition to be used in the case of
      providing the colored layer 2 in the present invention, there can be used,
      for example, homopolymers or copolymers of such monomer as vinyl halide
      such as vinyl chloride or vinylidene chloride; styrene or its derivatives;
      vinyl ester such as vinyl acetate; allyl alcohol or allyl ester;
      unsaturated carboxylic acid such as acrylic acid, methacrylic acid,
      itaconic acid, crotonic acid, maleic acid or fumaric acid; an ester
      derivatives, nitrile derivatives or acid amide derivatives of the above
      mentioned unsaturated carboxylic acids; an N-methylol derivatives or
      N-alkyl methylol ether derivatives of the acid amide derivatives of the
      above mentioned unsaturated carboxylic acids; glycidyl acrylate; glycidyl
      methacrylate; allyl glycidyl ether; vinyl isocyanate; allyl isocyanate;
      2-hydroxyethyl acrylate or methacrylate; 2-hydroxypropyl acrylate or
      methacrylate; ethyleneglycol monoacrylate or -methacrylate; ethyleneglycol
      di-acrylate or -methacrylate; maleic anhydride; itaconic anhydride; methyl
      vinyl ketone; methyl vinyl ether; butadiene; ethylene; propylene;
      dimethylaminoethyl methacrylate; vinyl pyridine; vinyl pyrrolidone;
      tert-butylaminoethyl methacrylate or a monoallyl ether of a polyhydric
      alcohol; a polyvinyl alcohol, polyvinyl butylal, polyvinyl formal,
      polyamide series resin, polyester series resin, phenol series resin,
      melamine series resin, urea series resin, urethane series resin, amino
      acid series resin, petroleum resin, cumarone resin, epoxy series resin,
      ketone aldehyde resin, chlorinated rubber, cyclic rubber, cellulose
      nitrate, methyl cellulose, ethyl cellulose, carboxymethyl cellulose,
      acetyl butyl cellulose, acetyl propionyl cellulose, ethyloxyethyl
      cellulose, rosin, its derivative, any natural resin or its processed
      resin.
PAR  In the present invention, for the coloring agent in the paint or ink
      composition to be used in the case of providing the colored layer 2, there
      can be used such known coloring agent as, for example, any inorganic
      pigment or any organic dye or pigment.
PAR  Concretely, there can be used such inorganic pigment as, for example,
      calcium carbonate, barium sulfate, clay, talc, titanium white, carbon
      black, yellow lead, cadmium yellow, chromium vermilion, cadmium red, navy
      blue, ultramarine or iron oxide or such organic dye or pigment as an azo
      series dye or pigment, vat series dye or pigment, phthalocyanin series dye
      or pigment, triphenyl methane series dye, its dyeing lake, a quinacrydone
      series pigment, irgazine series pigment or dioxazine series pigment.
PAR  In the present invention, for the paint or ink composition having a resin
      and coloring agent as main components, there can be used an ordinary paint
      or ink composition prepared by using as a main component one or a mixture
      of two or more of such resins as are mentioned above, adding to it one or
      a mixture of two or more of such coloring agents as are mentioned above,
      further, as required, adding any of such known additives as, for example,
      a plasticizer, stabilizer, wax, grease, drier, auxiliary drier, curing
      agent, emulsifier, viscosity increasing agent and filler and well mixing
      the mixture with a solvent or diluent together with a dispersing agent.
PAR  Further, in the present invention, for the colored resin film or sheet to
      be used in the case of providing the colored layer 2, there can be used a
      colored film or sheet obtained from such known resin as, for example, such
      polyolefin series resin as a polyethylene or polypropylene, a polyester,
      polyvinyl chloride, polyvinylidene chloride, polystyrene, polyacryl series
      resin, polycarbonate, polyamide or polyvinyl alcohol.
PAR  In the present invention, for the process of laminating such colored resin
      film or sheet as is mentioned above, there can be used such ordinary
      process as, for example, an adhesive painting laminating process or
      heat-melting laminating process.
PAR  Further, in the present invention, for the process of applying such
      patterns 3 required for an identification card as of characters, signs and
      designs to the card base material 1, there can be used such ordinary
      printing method as, for example, a gravure printing system, offset
      printing system, relief printing system, screen printing system or
      transfer printing system.
PAR  For the ink composition to be used in such printing method as is mentioned
      above, there can be used also the above mentioned paint or ink composition
      to be used in the case of providing the colored layer 2.
PAR  Further, in the present invention, for the transparent resin film or sheet
      to be used to provide the surface protecting layer 7 on the card base
      material 1, there can be used a film or sheet obtained in an ordinary
      manner from such known resin as, for example, such polyolefin series resin
      as a polyethylene or polypropylene, a polyester, polyvinyl chloride,
      polyvinylidene chloride, polystyrene, polyacryl series resin, polyamide or
      polyvinyl alcohol.
PAR  In the present invention, for the process of laminating such transparent
      resin film or sheet as is mentioned above on the card base material 1,
      there can be used such ordinary process as, for example, a binder painting
      laminating process or a heating and pressing heat-melting laminating
      process.
PAR  By the way, in the present invention, the above mentioned colored layer 2
      can be also simultaneously embedded in the above mentioned resin film or
      sheet or the card base material by providing the colored layer 2 on such
      transparent resin film or sheet as is mentioned above and then heating and
      pressing the above mentioned resin film or sheet on the card base material
      1 so as to heat-melt and laminate it.
PAR  Also, in the present invention, instead of laminating such transparent
      resin film or sheet as is mentioned above, the surface protecting layer 7
      can be formed by applying in an ordinary manner a resin composition having
      as a main component of the vehicle the above mentioned resin to be used in
      the case of providing the colored layer 2.
PAR  In the present invention, such surface protecting layer 7 as is mentioned
      above protects such patterns 3 as of required characters, signs and/or
      designs provided on the card base material 1 or acts as a reinforcement
      for the card base material 1.
PAR  The process of engraving the part of the colored layer 2 in the above
      mentioned present invention shall be explained more particularly. Such
      process can be made by utilizing such known method as, for example, an
      electronic engraving plate making method wherein, for example, a plane
      scanning engraving type electronic engraved plate making machine (for
      example "Vario-Klischograph") by which a photographic relief plate can be
      obtained directly from a draft is used.
PAR  The engraving method by utilizing the above mentioned plane scanning
      engraving type electronic engraved plate making machine shall be explained
      concretely. FIG. 10 is a mechanism view of an apparatus for making the
      same engraved image as an image on such photographic draft 11 as of a face
      photograph directly on the part of the colored layer 2 provided on the
      above mentioned card base material 1 from such photographic draft 11 as of
      the face photograph.
PAR  That is to say, in FIG. 10, 12 is a scanning head having a light source
      lamp and a light multiplying tube and 13 is an engraving head having a
      vertically vibrating engraving needle. Below these heads 12 and 13 are
      respectively a draft stand 14 on which a photographic draft 11 is mounted
      and an engraving stand 15 on which a card base material 1 provided with a
      colored layer 2 is mounted. The two stands 14 and 15 are connected with
      each other through a swing arm 17 through swing levers 16 and 16'.
PAR  A spotlight from the light source within the scanning head 12 lights one
      point of the photographic draft 11, the reflected light from this point
      enters the light multiplying tube, a light current corresponding to the
      amount of the reflected light from the photographic draft 11, that is, to
      the thickness of the photographic draft 11 is produced from the light
      multiplying tube and this light current passes through a proper
      calculating amplifying circuit and controls the depth of the needle of the
      engraving head 13 engraving into the part of the colored layer 2 provided
      on the card base material 1.
PAR  As the tip of the needle is made pyramidal, if it engraves in deeper, the
      area of the concave hole will become larger and the area left on the
      surface of the colored layer 2 provided on the card base material 1 will
      become smaller. That is to say, the highlight part of the photographic
      draft 11 will be indicated.
PAR  On the other, if it engraves in to be shallower, the area of the concave
      hole will become smaller, the left area will become larger and the shadow
      part of the photographic draft 11 will be indicated.
PAR  The number of lines in the reciprocating direction of the engraving stand
      15 is determined by adding an intermittent motion having a fixed period in
      response to the desired number of lines and the velocity of the
      reciprocating motion of the stand to a vertical motion corresponding to
      the thickness of the needle.
PAR  When one line has been engraved by one reciprocating motion of the
      engraving stand 15, the engraving head 13 and the scanning head 12
      connected with it through a laterally feeding lever 18 will move laterally
      by one pitch corresponding to the number of lines and again one line will
      be engraved by the reciprocating motion of the engraving stand 15.
PAR  By such operation as is mentioned above, the part of the colored layer 2
      provided on any card base material 1 is engraved and such image as a face
      image on such photographic draft 11 as the face image can be formed in the
      part of said colored layer 2.
PAR  By the way, by varying the positions of fulcra a, b and c of the above
      described swing lever and cross feed lever, the image can be easily
      contracted or enlarged.
PAR  In the card of the present invention made by such operation as is mentioned
      above, as shown in FIG. 11, not only such patterns 3 as of characters,
      signs and/or designs required for an identification card are expressed on
      the card base material 1 but also such engraved image 21 to identify the
      user as the face of the user to identify the user is formed on the part of
      the colored layer 2 provided on the above mentioned card base material 1.
PAR  Further, as shown in FIG. 12, the above mentioned engraved image 21 is
      formed of engraved parts 5 made by engraving the part of the colored layer
      2 provided on the card base material 1 so as to be in the form of fine
      lines or points and unengraved parts 6 and the unit of said image consists
      of an assembly of many concave holes 4 having a luster or tone different
      from that of the surface of the above mentioned card base material and is
      sighted as expressed as the luster and color thickness in the unit of such
      image as is mentioned above depending on the arranged density, depth or
      size of said concave holes 4.
PAR  By the way, in the card according to the present invention, a magnetic
      pattern required for searches or a decorative relief pattern may be
      expressed.
PAR  As evident from the above explanation, in the card according to the present
      invention, together with such patterns as of characters and/or designs
      required for an identification card, a very clear and stable engraved
      image flat and smooth on the surface, high in the durability and formed of
      the card base material itself is formed to identify the user. It can be
      used semipermanently.
PAR  Therefore, for example, the card according to the present invention can
      very simply identify the user and, even in case said card is stolen or
      lost, as an engraved image is formed in the card base material itself as
      mentioned above, it will be quite impossible to forge and illegally use
      it.
PAR  Further, in the card according to the present invention, even though an
      engraved image is formed as mentioned above, as such part is of the same
      flat smooth surface as of the card base material, its adaptability to
      various apparatus to be used to treat cards for searches or the like will
      not be impaired.
PAR  Also, in the card according to the present invention, as such engraved
      image as the face image of the user is formed on the part of the colored
      layer provided in the card base material directly from a photographic
      draft or the like, there is an advantage that mistakes in issuing cards
      can be reduced to be fewer than in the conventional system wherein a face
      photograph or the like is provided on the card while checking the
      classification number of the card and the user.
PAR  Further, in the card according to the present invention, the photographic
      draft or the like may be either a positive or negative, even a colored
      photograph can be used as it is and further the image can be easily
      contracted or enlarged, therefore there is a convenience that any draft
      desired by the user can be used and the engraving process can be made
      within a few minutes. Thus the card can be made very simply and cheaply.
PAR  The card according to the present invention can be used in various fields
      as such identification card as, for example, a credit card, I.D. card,
      bank card, cash dispenser card, oil card, key card, consultation ticket,
      commutation ticket or license and is very useful.
PAR  The present invention is illustrated by the following examples.
PAC  EXAMPLE 1
PAR  Only a part expected to express any image identifying the user on a base
      material of a transparent polyvinyl chloride resin film (of a thickness of
      0.1 mm) was wholly printed with a screen printing ink (No. 8000 produced
      by Toyo Ink Manufacturing Company, Ltd., Japan) and the ink was dried to
      obtain a colored layer.
PAR  Then there were laminated the transparent vinyl chloride resin film
      provided with the above mentioned colored layer on the upper side, a white
      polyvinyl chloride resin core provided with characters and designs
      required for an identification card as an intermediate layer and the
      transparent vinyl chloride resin film on the lower side so that the above
      mentioned colored layer may be on the surface. Then the three layers were
      pressed with a pressure of 20 kg/cm.sup.2 and were heated as pressed at
      150.degree.C. for 12 minutes to obtain a card of a total thickness of 0.76
      mm.
PAR  The printing ink was heat-fused and pushed in to a depth of about 12
      microns from the surface of the polyvinyl chloride resin film to obtain a
      colored layer made integral with the base material.
PAR  The thus obtained colored layer was engraved to a maximum depth of 80
      microns with "Vario-Klischograph"  engraving machine (manufactured by Dr.
      Ing. Rudolf Hell, Germany) by using the face photograph of the user of the
      card as a draft to express an engraved image which is in the form of fine
      lines and points and which has a photographic tone identifying the user on
      the part of the above mentioned colored layer and as a result a flat
      smooth image very high in the durability could be formed to obtain an
      identification card.
PAC  EXAMPLE 2
PAR  A vinyl chloride-vinyl acetate copolymer film (of a thickness of 18
      microns) which was colored red was laminated on a transparent polyvinyl
      chloride resin film (of the thickness of 0.1 mm), but only a part expected
      to express such image as the face image identifying the user.
PAR  Then a white polyvinyl chloride resin core provided with characters and
      designs required for an identification card as an intermediate layer and a
      transparent vinyl chloride resin film as a lower layer were laminated
      below the above mentioned polyvinyl chloride resin film. Then the above
      mentioned four layers were pressed under a pressure of 20 kg/cm.sup.2 and
      were heated as pressed at about 150.degree.C. for 12 minutes to obtain a
      card of a total thickness of about 0.76 mm.
PAR  The above mentioned red vinyl chloride-vinyl acetate copolymer film was
      heat-melted and was strongly embedded in the polyvinyl chloride resin film
      to form a colored layer made integral with the base material.
PAR  When the part in which the red vinyl chloride-vinyl acetate copolymer film
      was embedded of the card obtained in the above was then engraved by the
      same process by using the same precision engraving machine as in Example 1
      by using a face photograph as a draft, a very clear face image high in the
      durability could be formed to obtain an identification card.
PAC  EXAMPLE 3
PAR  Only a part expected to express the face image to identify the user was
      gravure-printed with the below mentioned ink composition on a polyvinyl
      chloride resin film (of a thickness of 0.76 mm) and the ink was dried to
      provide a colored layer.
PAR  Then the film was heated and pressed with a heat-pressing machine under 10
      kg/cm.sup.2 at 140.degree.C. for 10 minutes.
PAR  The printing ink was heat-fused and pushed in to a depth of about 7 microns
      from the surface of the polyvinyl chloride resin film to obtain a colored
      layer made integral with the base material.
PAR  Such patterns as characters and/or designs required for an identification
      card were provided in the other part than the colored layer of the thus
      obtained colored sheet, said colored sheet was engraved with
      Vario-Klischograph engraving machine (manufactured by Dr. Ing. Rudolf
      Hell, Germany) by using the face photograph of the user of the card as a
      draft to express an engraved face image which is in the form of fine lines
      and points and which has a pthotographic tone.
PAR  With a film of such resin as a polyester resin, polyamide resin or
      polyvinyl chloride-polyacrylonitrile copolymer instead of the above
      mentioned polyvinyl chloride resin, the same results were obtained.
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PAC  EXAMPLE 4
PAR  A blue-colored vinyl chloride-vinyl acetate copolymer film (of a thickness
      of about 15 microns) was laminated only on a part expected to express the
      face image identifying the user on a polyvinyl chloride resin film (of a
      thickness of about 0.75 mm) to provide a colored resin layer and then the
      colored layer was heated and pressed at 140.degree.C. under about 10
      kg/cm.sup.2 for 10 minutes. By the above mentioned treatment, the blue
      vinyl chloride-vinyl acetate copolymer film was embedded in the polyvinyl
      chloride resin film and a flat smooth surface made integral with the base
      material was formed.
PAR  Then such patterns as of characters, signs and/or designs required for an
      identification card were provided on the other part of the above mentioned
      colored layer.
PAR  A flat smooth face image high in the durability could be obtained by
      engraving the part in which the above mentioned blue vinyl chloride-vinyl
      acetate copolymer was embedded with a precision engraving machine by using
      the face photograph as a draft in the same manner as in Example 1 to
      obtain an identification card.
PAC  EXAMPLE 5
PAR  A card having a colored layer was made by pressing and heating a colored
      styrene film (of a thickness of 15 microns) under 20 kg/cm.sup.2 at
      120.degree.C. for 5 minutes on a part expected to express the face image
      of the user on a base material of an ABS resin film (of a thickness of 1
      mm). Then such patterns as of required characters and/or designs were
      provided on the other part of the colored layer of said card and then said
      card was engraved with the same Vario-Klischograph as in Example 1 to
      obtain an identification card having the desired engraved image.
PAC  EXAMPLE 6
PAR  A colored low density polyethylene film (of a thickness of 20 microns) was
      heated and pressed to a high density polyethylene film (of a thickness of
      1 mm) in the same manner as in Example 5.
PAR  For the pressing process, the film was cold-pressed at first under 30
      kg/cm.sup.2 for 1 minute and was then heated and pressed at 140.degree.C.
      under 20 kg/cm.sup.2 for 3 minutes to obtain a card in which the surface
      was flat and smooth and the colored layer and base material were made
      integral with each other.
PAR  Then such patterns as of required characters, signs and/or designs were
      provided on the uncolored layer part of the above mentioned card and then
      said card was engraved in the same manner as in Example 1 to obtain an
      identification card having an engraved image.
PAC  EXAMPLE 7
PAR  Two red and yellow vinyl chloride-vinyl acetate copolymer films (of a
      thickness of 20 microns each) were used for the colored film in Example 6
      and were pressed in the same manner to a base material of a white
      polyvinyl chloride resin core (of a thickness of 1 mm).
PAR  The colored layer of the obtained film was of two orange-colored layers. In
      the case of engraving said colored layer with Vario-Klischograph, a
      mechanical circuit was set with such tones that the concave hole might be
      of less than 20 microns in the part of a thickness of the photographic
      draft of more than 1.0, 20 to 40 microns in the part of an intermediate
      thickness of more than 0.3 and 40 to 80 microns in the lighted part of a
      thickness of 0.3 to 0.
PAR  The obtained engraved image had a multi-color effect that the lighted part
      was white, the intermediate tone was yellow and the shadow part was
      orange.
PAC  EXAMPLE 8
PAR  The below mentioned transfer sheet was pressed under 20 kg/cm.sup.2 to a
      base material of a polyvinyl chloride sheet of a thickness of 0.75 mm and
      they were heated as pressed at 150.degree.C. for 5 minutes. The dye
      penetrated to a depth of about 10 microns from the surface of the
      polyvinyl chloride to obtain a colored layer. On the other hand, required
      characters and the like were provided on the other part than the above
      mentioned colored layer, then the thus obtained colored sheet was engraved
      to a maximum depth of 80 microns with a precision engraving machine to
      obtain an identification card having an engraved face image similar to
      that obtained in Example 1.
PAR  The specification of the transfer sheet was as follows:
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PAR  The original was coated on the entire surface with the above mentioned ink
      or was partly coated by gravure printing in case partial image lines were
      required to obtain a transfer sheet.
PAC  EXAMPLE 9
PAR  A polystyrene film of a thickness of 0.15 mm was made a base material, only
      a part expected to express designs was wholly printed by gravure printing
      with the below mentioned ink composition, the ink was dried, then an ABS
      resin sheet of a thickness of 0.6 mm was pasted to it with a binder and
      they were pressed and heated under 10 kg/cm.sup.2 at 120.degree.C. for 5
      minutes. The colored layer reached a depth of 8 microns from the surface.
      It was engraved in the same manner as in Example 1 to obtain an
      identification card as described in Example 1.
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PAC  EXAMPLE 10
PAR  Patterns such as characters and designs required for an identification card
      were provided on the surface of a white polyvinyl chloride resin core and
      a screen printing ink (No. 8000 produced by Toyo Ink Manufacturing
      Company, Ltd., Japan) was wholly printed on a part expected to express any
      image identifying the user and the ink was dried to form a colored layer.
PAR  Then transparent vinyl chloride resin films (of a thickness of 0.025 mm
      each) were laminated respectively above and below the above mentioned
      polyvinyl chloride resin core, then the three layers were heated and
      pressed at 150.degree.C. under a pressure of 20 kg/cm.sup.2 to obtain a
      card base material of a total thickness of 0.76 mm.
PAR  Then the part of the colored layer of the above mentioned card base
      material was engraved to a maximum depth of 80 microns with
      Vario-Klischograph engraving machine (manufactured by Dr. Ing. Rudolf
      Hell, Germany) to express the face image identifying the user to obtain an
      identification card which is very high in the durability.
PAR  By the way, even when the colored layer 2 was provided on the back surface
      of the upper transparent vinyl chloride resin film instead of providing it
      on the surface of the white polyvinyl chloride resin core as mentioned
      above and was laminated so as to be provided as an intermediate layer
      between them, the similar results were obtained.
PAR  Further, even when a colored vinyl chloride-vinyl acetate copolymer film
      (of a thickness of 0.018 mm) was used for the colored layer, the similar
      results were obtained.
PAC  EXAMPLE 11
PAR  Only a part expected to express the face image to identify the user was
      gravure-printed with the below mentioned ink composition on a polyvinyl
      chloride resin film (of a thickness of 0.76 mm) and the ink was dried to
      provide a colored layer.
PAR  Then such patterns as characters and/or designs required for an
      identification card were provided in the other part than the colored layer
      of the thus obtained colored sheet, said colored sheet was engraved with
      Vario-Klischograph engraving machine (manufactured by Dr. Ing. Rudolf
      Hell, Germany) by using the face photograph of the user of the card as a
      draft to express an engraved face image which is in the form of fine lines
      and points and which has a photographic tone.
PAR  With a film of such resin as a polyester resin, polyamide resin or
      polyvinyl chloride-polyacrylonitrile copolymer instead of the above
      mentioned polyvinyl chloride resin, the same results were obtained.
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PAC  EXAMPLE 12
PAR  Only a part expected to express the face image to identify the user was
      painted with the below mentioned paint composition on a polyvinyl chloride
      resin film (of a thickness of 0.76 mm) and the paint was dried to provide
      a colored layer.
PAR  Then such patterns as characters and/or designs required for an
      identification card were provided in the other part than the colored layer
      of the thus obtained colored sheet, said colored sheet was engraved with
      Vario-Klischograph engraving machine (manufactured by Dr. Ing. Rudolf
      Hell, Germany) by using the face photograph of the user of the card as a
      draft to express an engraved face image which is in the form of fine lines
      and points and which has a photographic tone.
PAR  With a film of such resin as a polyester resin, polyamide resin or
      polyvinyl chloride-polyacrylonitrile copolymer instead of the above
      mentioned polyvinyl chloride resin, the same results were obtained.  pg,34
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PAC  EXAMPLE 13
PAR  Only a part expected to express the face image to identify the user was
      painted with the below mentioned paint composition on a polyvinyl chloride
      resin film (of a thickness of 0.76 mm) and the paint was dried to provide
      a colored layer.
PAR  Then the film was heated and pressed with a heat-pressing machine under 10
      kg/cm.sup.2 at 140.degree.C. for 10 minutes.
PAR  The painted layer was heat-fused and pushed in to a depth of about 7
      microns from the surface of the polyvinyl chloride resin film to obtain a
      colored layer made integral with the base material.
PAR  Then such patterns as characters and/or designs required for an
      identification card were provided in the other part than the colored layer
      of the thus obtained colored sheet, said colored sheet was engraved with
      Vario-Klischograph engraving machine (manufactured by Dr. Ing. Rudolf
      Hell, Germany) by using the face photograph of the user of the card as a
      draft to express an engraved face image which is in the form of fine lines
      and points and which has a photographic tone.
PAR  With a film of such resin as a polyester resin, polyamide resin or
      polyvinyl chloride-polyacrylonitrile copolymer instead of the above
      mentioned polyvinyl chloride resin, the same results were obtained.
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CLMS
STM  We claim:
NUM  1.
PAR  1. A method for manufacturing an identification card comprising the steps
      of:
PA1  forming a base material,
PA1  forming a colored layer, having a color different from the color of the
      base material, on at least a portion of the base material,
PA1  heating and pressing the base material and the colored layer together to
      embed the colored layer into the base material and integrate it to the
      base material thereby forming a final flat card ready to be engraved,
PA1  and engraving to varying depths a portion of the colored layer and part of
      the base material under the colored layer with an engraving machine to
      create an engraved image.
NUM  2.
PAR  2. The method of claim 1 wherein the engraved portion of the colored layer
      and part of the base material is in the form of fine lines.
NUM  3.
PAR  3. The method of claim 1 wherein the engraved portion of the colored layer
      and part of the base material is in the form of points.
NUM  4.
PAR  4. The method of claim 1 wherein the engraved portion of the colored layer
      and part of the base material is in the form of fine lines and points.
NUM  5.
PAR  5. The method of claim 1 wherein the step of forming the colored layer is
      achieved by printing.
NUM  6.
PAR  6. The method of claim 1 wherein the step of forming the colored layer is
      achieved by painting.
NUM  7.
PAR  7. The method of claim 1 wherein the step of forming the colored layer is
      achieved by laminating a film of colored resin to the base material.
NUM  8.
PAR  8. The method of claim 1 wherein the step of forming the colored layer is
      achieved by impregnating a coloring agent into said portion of the base
      material.
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ABST
PAL  A device for giving a desensitizing or so-called ink-repellent etching
      treatment in addition to a fixing/and or a drying treatment to a master
      plate which has been developed but not fixed yet when such master plate is
      prepared by an electrophotographic copying apparatus. As soon as the
      master plate is developed and brought to a position for introduction into
      the device, the device is automatically rendered operative to introduce
      the master plate into the device and subject the same to necessary
      treatments before automatically ejecting it from the device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a master plate treating device.
PAR  In an offset duplicating machine, a master plate wound on the master
      cylinder is treated with a desensitizing or so-called ink-repellent
      etching solution so that no ink may be applied to regions of the plate
      other than the region of the image thereon, ink is supplied to the etched
      master plate to form an ink image which is transferred to the blanket
      cylinder, and the ink image formed on the blanket cylinder is transferred
      to sheets by pressing each sheet between the blanket cylinder and the
      impression cylinder, whereby a number of copies of the master plate can be
      produced. Since the etching solution is liable to cause erosion of
      components of the duplicating machine, it is desirable that the etching
      solution be removed from the main body of the duplicating machine and each
      master plate is treated with an etching solution each time it is prepared
      by an electrophotographic copying apparatus. To this end, a master plate
      prepared by the electrophotographic copying apparatus is preferably
      treated beforehand with an etching solution, the etching solution is
      dried, and water is applied to the master plate when printing is carried
      out so as to restore the etching solution to an active state.
PAR  The practice of preparing master plates for offset duplicating machines by
      an electrophotographic copying apparatus has become popular. As a final
      step of preparing of a master plate, the developed image is heated for
      fixing the same in a copying machine when using a dry developing agent,
      and the developing liquid adhering to the master plate is dried in a
      copying apparatus when using a liquid developing agent. Thus, the master
      plate treatment device should be of a construction such that heating the
      master plate after developing, applying an etching solution to the master
      plate and drying the applied etching solution can be performed by a simple
      mechanism.
PAC  SUMMARY OF THE INVENTION
PAR  This invention has as its object the provision of a master plate treating
      device which automatically subject a master plate just developed to
      etching and other necessary treatments whereby the master plate can be
      readily used with a duplicating machine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of the master plate treating device comprising one
      embodiment of the invention;
PAR  FIG. 2 is a plan view of a delivery means and a delivery means operating
      section of the device;
PAR  FIG. 3 is a view of the mechanism shown in FIG. 2 as seen in the direction
      of arrows A--A;
PAR  FIG. 4 is a front view showing a connecting portion of the delivery means
      shown in FIG. 2;
PAR  FIG. 5 is a plan view of the connecting portion shown in FIG. 4;
PAR  FIG. 6 is a front view of a clutch mechanism of the device; and
PAR  FIG. 7 is a right side view of the clutch mechanism shown in FIG. 6.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a master plate 2 that has been processed through the
      developing step in an electrophotographic copying apparatus 1 is ejected
      onto a master plate feed tray 4 secured at its base to a main body or
      housing of a master plate treating device 3. Arranged on the master plate
      feed tray 4 is delivery means 5 shown in detail in FIG. 2 which comprises
      a member 6 of a relatively thick wire including a transverse portion and
      two parallel portions 6a and 6b extending axially forwardly from opposite
      ends of the transverse portion, a pair of arms 7 and 8 secured at their
      bases to the member 6 and extending axially rearwardly, and a connector 9
      interconnecting the arms 7 and 8 at their free ends portions. The arms 7
      and 8 are formed at their free end portions with upwardly bent portions 7a
      and 8a respectively which are adapted to engage the trailing end of the
      master plate 2. The parallel portions 6a and 6b of the member 6 loosely
      extend through immovable guides 11 and 12 respectively. The parallel
      portion 6a is formed at a free end thereof with a downwardly bent portion
      6c (See FIG. 4) which is formed at its lower free end with a bifurcated
      portion 6d which loosely receives therein a pin 13 affixed to a movable
      plate 14 secured to a pair of pins constituting the elements of a chain 15
      at one side of the chain 15.
PAR  The chain 15 is trained over a pair of sprocket wheels 16 and 17 (See FIG.
      2) which are secured to one end of shafts 19 and 21 respectively which in
      turn are rotatably supported by an immovable side plate (See FIG. 1). The
      shafts 19 and 21 have secured at the other end thereof sprocket wheels 22
      and 23 respectively over which a chain 24 is trained. A pin 26 is affixed
      to a movable plate 25 which is secured at its base to the chain 24 loosely
      received in a bifurcated portion (not shown) formed at a lower end of a
      downwardly bent portion of the other parallel portion 6b of the member 6.
PAR  Referring to FIG. 3 and FIG. 4, the pin 13 affixed to the movable plate 14
      is disposed on or near a line 27 interconnecting the center axes of the
      two sprocket wheels 17 and 16. Thus, as the movable plate 14 moves with
      the chain 15 in the direction of an arrow 28, the delivery means 5 moves
      leftwardly and rightwardly in reciprocatory movement in FIG. 3. The
      rotation of the shafts 19 and 21 supporting the sprockets and the
      interruption of rotation thereof are controlled by a clutch mechanism 81
      subsequently to be described.
PAR  Referring to FIG. 1 again, a first switch 32 is arranged on the master
      plate feed tray 4 near a master plate inlet 31 and senses the presence of
      a master plate on the master plate feed tray 4. Heating means 35
      comprising lamps 34 is disposed midway along a master plate passageway 33
      extending from the inlet 31 into the device 3. The heating means 35
      performs the function of fixing a toner image which is formed on the
      master plate 2 but not yet fixed when the electrophotographic copying
      apparatus 1 is of the type which employs a dry developing agent, and the
      function of drying the developing liquid adhering to the master plate 2
      when the apparatus 1 is of the type using a liquid developing agent.
PAR  A first pair of rotatable feed rollers 36 and 37 maintained in pressing
      engagement with each other and a switch plate 38 are arranged on the left
      end of the passageway 33 in FIG. 1. The switch plate 38 which is pivotally
      supported at its base through a shaft 39 secured by an immovable member is
      normally urged to move counterclockwise about the shaft 39 in FIG. 1 by
      the biasing force of a compression spring 41 connected at one end to the
      immovable member and at the other end to the switch plate 38, so that the
      switch plate 39 is normally maintained at its free end in engagement with
      a stopper 42 as shown in solid lines in the figure. The switch plate 38 is
      connected through a spring 44 to an actuator 43a of a solenoid 43 secured
      to an immovable member. Upon energization of the solenoid 43, the switch
      plate 38 is moved to a dash-and-dot line position 38A against the biasing
      force of spring 41.
PAR  Arranged on the bottom of the treating device 3 is an etching solution tank
      45 containing therein a desensitizing or so-called ink-repellent etching
      solution 46. An etching solution applying roller 47 whose outer periphery
      is immersed in part in the etching solution 46 is maintained in pressing
      engagement with one roller 48 of a second pair of feed rollers 48 and 49.
      The applying roller 47 which is made of felt or other soft material has a
      peripheral velocity which is higher than that of the feed roller 48. This
      enables an etching solution to be applied to the master plate 2 with a
      high degree of efficiency.
PAR  A guide plate 51 and a pair of squeeze rollers 52 and 53 are arranged
      rightwardly of the applying roller 47 in FIG. 1. Guide plates 54 and 55
      interposed between the first pair of feed rollers 36 and 37 and the second
      pair of feed rollers 48 and 49 define therebetween a passageway 56, while
      guide plates 57 and 58 interposed between the pair of squeeze rollers 52
      and 53 and the heating means define therebetween a passageway 59. A third
      pair of feed rollers 61 and 62 and a second switch 63 are arranged in the
      passageway 59, with the second switch 63 being operative to energize the
      solenoid 43.
PAR  A pair of ejecting rollers 64 and 65 and an ejected master plate receiving
      tray 66 are arranged leftwardly of the switch plate 38 in FIG. 1. A third
      switch 67 for detecting the trailing end portion of the master plate 2 is
      disposed between the switch plate 38 and the pair of ejecting rollers 64
      and 65.
PAR  The shaft 21 supporting the sprocket wheels 17 and 23 at opposite ends
      thereof as shown in FIG. 2 is loosely supported at one end portion thereof
      through a bearing 71 by a side plate 18 as shown in FIG. 6. A follower
      gear 72 is rotatably mounted on, and the sprocket wheel 17 is keyed at 73
      to, an end portion of the shaft 21 which extends outwardly (rightwardly in
      FIG. 6) of the side plate 18. A ring 74 is secured to the end of the
      extension of the shaft 21 to prevent dislodging of the sprocket wheel 17.
      Maintained in meshing engagement with the follower gear 72 is a drive gear
      75 which is secured to a shaft 77 rotatably supported by the side plate 18
      through a bearing 76. Formed integrally with the drive gear 75 is a
      sprocket wheel 78 which is connected to a drive source (not shown) by a
      chain 79 and normally driven to rotate clockwise as seen from the right in
      FIG. 6.
PAR  Interposed between the follower gear 72 and the sprocket wheel 17 is the
      spring clutch mechanism 81 which comprises a spring 82 mounted on a boss
      of the gear 72 and a boss of the sprocket wheel 17, and a sleeve 83 which
      is disposed outwardly of the spring 82 to enclose the same. The spring 82
      is connected at one end to the sleeve 83 and at the other end to the
      sprocket wheel 17. The sleeve 83 is formed in its periphery with an
      opening 83a in which a claw 84a formed at a free end of an actuating lever
      84 can be engaged to prevent the rotation of the sleeve 83 as shown in
      FIG. 7. That is, the spring clutch mechanism 81 is brought to an
      off-position as the claw 84a is engaged in the opening 83a to preclude the
      rotation of the sleeve to thereby prevent the winding of the spring 82 on
      the boss of the follower gear 72. When the clutch mechanism 81 is in its
      off position, the rotation of the follower gear 72 is not transmitted to
      the sprocket wheel 17.
PAR  Referring to FIG. 7, the actuating lever 84 is pivotally connected through
      a shaft 85 to the side plate 18 and has an end portion (the right end
      portion in FIG. 7) which is connected through a spring 87 to an actuator
      86a of a solenoid 86 secured to the side plate 18. The actuating lever 84
      is urged to move clockwise about shaft 85 in FIG. 7 by the biasing force
      of a compression spring 88 connected at one end to the right end portion
      of the lever 84 and at the other end to an immovable member. The clockwise
      rotation of the lever 84 is precluded by the left end of the lever 84
      being maintained in engagement with the sleeve 83.
PAR  The operation of the device constructed as aforementioned will now be
      described. In FIG. 1, the master plate 2 processed through the developing
      step by the electrophotographic copying apparatus 1 of the type using
      either a dry or liquid developing agent is ejected onto the delivery means
      5 on the master plate feed tray, and presses at its leading end the
      actuator 32a of the first switch 32 to turn on the same. When the first
      switch 32 is brought to an on-position, the master plate 2 is bodily
      placed on the delivery means 5, with its trailing end being engaged by the
      upwardly bent portions 7a and 8a of the delivery means 5.
PAR  When brought to its on-position, the first switch 32 energizes the solenoid
      86 shown in FIg. 7 and causes the actuating lever 84 to move
      counterclockwise in pivotal motion about shaft 85 in the figure to release
      the sleeve 83. Upon the sleeve 83 being released, the spring 82 is wound
      tightly on the boss of the follower gear 72, thereby turning on the spring
      clutch mechanism 81 and transmitting the rotation of the follower gear 72
      to the sprocket wheel 17 and shaft 21. As a result, the chains 15 and 24
      shown in FIG. 2 move counterclockwise as seen in the direction of arrows
      A-A in the figure or in the direction of the arrow 28 in FIG. 3. This
      moves the movable plates 14 and 25 and the delivery means 5 leftwardly in
      FIG. 2, thereby delivering the master plate 2 to the passageway 33.
PAR  While the master plate 2 is being thus delivered, it is heated by the
      heating means 35. Then, the master plate 2 is delivered to the passageway
      56 by the first feed rollers 36 and 37 rotating in the directions of
      arrows. When the master plate moving through the passageway 56 is
      delivered rightwardly in FIG. 1 by the second pair of feed rollers 48 and
      49, the etching solution 46 in the tank 45 is applied to an image on the
      master plate 2 by the applying roller 47. After having excess etching
      solution removed from its surface by the pair of squeeze rollers 52 and
      53, the master plate 2 is returned to the passageway 33 by the third pair
      of feed rollers 61 and 62. By forming a closed path by the passageways 33,
      56 and 59 along which the heating means 35 and the etching solution
      applying roller 47 are arranged, it is possible to heat the master plate 2
      again to dry the etching solution applied thereto. When the master plate 2
      is passed on from passageway 59 to passageway 33, it depresses the
      actuator 63a of the second switch 63 to bring the same to an on-position.
PAR  Upon the second switch 63 being turned on, solenoid 43 is energized and
      moves the switch plate 38 from the solid line position to the dash-and-dot
      line position 38A. Thus, the master plate 2 which has passed by the
      heating means 35 for the second time is ejected by the first pair of feed
      rollers 36 and 37 and the pair of ejection rollers 64 and 65 onto the
      ejected master plate receiving tray 66. Solenoid 67 is de-energized when
      the trailing end portion of the master plate 2 is detected by the third
      switch 67, thereby permitting the switch plate 38 to be restored to the
      solid line position by the biasing force of spring 42.
PAR  On the other hand, when the movable plate 14 shown in FIG. 3 moves through
      its path with the chain 15 and returns to its original position, a switch
      (not shown) is turned on and de-energizes the solenoid 86 shown in FIG. 7.
      This permits the actuating lever 84 to be moved clockwise in pivotal
      motion about shaft 85 by the biasing force of spring 88, so that the claw
      84a is brought into engagement in the opening 83a to lock the sleeve 83.
      Thus, the spring clutch mechanism 81 is brought to an off-position and the
      delivery means 5 stops in its original position on the master plate feed
      tray 4.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A master plate treating device comprising:
PA1  a closed path having an inlet for introducing a developed master plate
      therethrough into the closed path and an outlet for discharging said
      master plate from the closed path after subjecting the same to selected
      treatments and permitting the master plate to move therethrough;
PA1  heating means mounted in one portion of said closed path interposed between
      said inlet and said outlet for heating the master plate passing through
      said one portion of the closed path;
PA1  ink-repellent etching solution applying means mounted in another portion of
      said closed path interposed between said inlet and said outlet for
      applying an ink-repellent etching solution to the master plate passing
      through said another portion of the closed path;
PA1  means disposed in the vicinity of said outlet for switching the master
      plate between two directions, one direction leading to said outlet and the
      other direction permitting the master plate to move further on in said
      closed path; and
PA1  means for controlling said for switching the master plate.
NUM  2.
PAR  2. A device as in claim 1 further comprising means disposed outside said
      inlet for introducing a master plate into said closed path through the
      inlet when the master plate is brought to a stand-by position for entrance
      into the closed path after being developed.
NUM  3.
PAR  3. A device as in claim 2 further comprising means for rendering the
      treating device operative when the developed master plate is brought to
      said stand-by position.
NUM  4.
PAR  4. A device as in claim 2 wherein said introducing means comprises a
      delivery member adapted to move in reciprocating motion and to engage a
      trailing end of the master plate to deliver the same into the closed path
      through the inlet.
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ABST
PAL  Apparatus for forming the edges of mineral fiber blankets during their
      advance along a processing path. Guide means having surfaces shaped to
      continuously direct feathered or ragged longitudinal edges of an uncured
      mat of mineral fibers as it is introduced to forming apparatus causes a
      gathering of the fibers to control the uniformity of the density of the
      edge portion of the mass. The guide can comprise surfaces extending
      radially outward at the effective ends of a pressure roll cooperating with
      a rotatable mandrel in the formation of tubes of fiber mat. The first
      surface encountered by an advancing blanket raises the feathered edge. The
      raised edge is turned inward toward the major body portion of the blanket
      by a second surface. A third surface parallels the path of advance to
      establish the desired margin and maintain that margin as the blanket is
      compacted in its major face. Other surfaces can be provided to form or
      shape the marginal edges of the mass of mineral fibers to obtain a desired
      configuration, for example, square or chamfered edges.
PARN
PAR  This is a continuation of application Ser. No. 180,322, filed Sept. 14,
      1971, and now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  In the formation of mineral fiber products produced from an uncured mass of
      mineral fibers 1971, for example, by flame attenuating glass filaments
      drawn from molten glass and gathering the attenuated fibers on a
      foraminous conveyor subsequent to spraying them with a resin binder,
      considerable loss of product has been encountered due to uneven or low
      density marginal edges. Typically, the mass of glass fibers tends to build
      up uniformly over the major portion of the width of the mass and tapers
      off toward the marginal edges. As a result, after the product, for example
      a mat or tube, formed from the mass is cured, the marginal edges must be
      trimmed to obtain square edges of uniform density.
PAR  Where the mass of uncured glass fibers is wrapped about a mandrel to form a
      tubular shape with the marginal edges forming the ends of the tubular
      object, low density ends were found to be of such a soft nature as to
      cause the ends to yield and to interfere with the manipulating apparatus
      for the tubular objects in the process of manufacture. Typical
      malfunctions attributable to the soft ends of the tubular objects incude
      the misalignment of the object which causes jamming of the flow of tubular
      objects. Further, tubular objects with soft ends are susceptible to damage
      for shipping and handling.
PAR  Heretofore, the problem of soft tapered ends or edges of lower density
      material have been overcome by trimming the ends or edges at an early
      processing stage. However, in either trimming the edges of a cured mat to
      produce an insulating board after curing or trimming the uncured
      intermediate product to obtain the desired shape for a tubular object, a
      substantial loss of material results. In both cases the glass fibers have
      been coated with resin and therefore the glass trimmed away can not be
      recycled.
PAR  The above problems are overcome by the present apparatus which gathers the
      ragged edges of the uncured mass of glass fiber and forms desired shapes
      for the edges and ends, as the case may be, and establishes the desired
      density of the material in those regions. Density control can be such as
      to maintain uniformity across the article or the apparatus may be used to
      increase the density of the edges or ends over the center portion of the
      product. An increase in density may be desirable where the ends or edges
      receive excessive or abusive handling and to militate against shipping
      damage.
PAR  The uncured mat, tubular object, or other product formed from the mass of
      mineral fibers is an intermediate product which is useful for producing
      numerous final products. For example, the tubular objects can be further
      processed into filters and the mat into insulating board.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to apparatus for forming products from a mass
      of mineral fibers and more particularly to guide means for controlling the
      density of the extremities of intermediate products formed while the mass
      of mineral fibers is in an uncured state. In line application of the guide
      means along the path of advance of a blanket of fibers, as between the
      means developing the fiber blanket and the means for forming the blanket
      into a product, provides the opportunity for the guide means to shape the
      mass prior to curing it.
PAR  The guide means or edge forming station comprises means to gather and
      constrain the feathered edges produced along the longitudinal margin of
      the blanket in its initial formation. As the blanket is advanced along a
      path to the means establishing its form for curing the feathered edges are
      turned out of the major face of the blanket, as by raising them on
      surfaces which are at an obtuse inclination to the face and extend along
      the path of advance. The turned edges are then directed toward the major
      face, as by rolling them inward to fold them into the thicker blanket
      portions, by guide means which can be a surface inclined at an obtuse
      angle to the path of advance to progressively approach the blanket
      longitudinal centerline in the direction of advance and advantageously
      also inclined with respect to the face of the blanket a greater degree
      than the turning surface. A desired edge configuration is then formed by a
      surface paralleling the path of advance of the blanket and cooperating
      with elements confining the opposed major face portions adjacent the edge
      portion. Advantageously, the turning, directing and forming surfaces are
      contiguous and developed in a unitary structure as the guide for each
      longitudinal edge.
PAR  Other surfaces can be provided to further impart a folding action which
      turns the extremities of the mass inwardly upon itself prior to contacting
      the final forming surface of the guide.
PAR  The present apparatus is one which by forming the shape of a mass of
      mineral fibers into an intermediate product having the general shape of
      the final product, eliminates the step of trimming either the intermediate
      or final products and prevents waste of material normally lost in the
      trimming operation. Further, the control of the density at the extremities
      of the intermediate product has resulted in elimination of soft ends which
      previously caused product misalignment and jamming of line equipment. The
      uniform density of the product extremities also militates against damage
      to these portions from handling and shipping.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of equipment for forming tubular objects illustrated
      schematically in part and incorporating apparatus in accordance with the
      present application;
PAR  FIG. 2 is a sectional view of the equipment and apparatus of FIG. 1 taken
      along line 2--2 thereof;
PAR  FIG. 3 is an enlarged fragmentary view of the apparatus illustrated in FIG.
      2;
PAR  FIG. 4 is an elevation of the apparatus illustrated in FIG. 3 and a portion
      of the elements cooperating therewith taken along line 4--4 thereof;
PAR  FIGS. 5A through 5H represent a series of cross-sectional views of the
      blanket taken normal to the blanket major face for stations along the edge
      guide and forming apparatus as indicated in FIG. 2 to illustrated the
      progressive shaping of the blanket edge as it is advanced along its path
      of travel.
PAR  FIG. 6 is an alternate embodiment of the apparatus illustrated in FIG. 3;
PAR  FIG. 7 is a sectional view of a portion of the apparatus illustrated in
      FIG. 6 taken along line 7--7 thereof;
PAR  FIG. 8 is a top view of equipment for forming a mat illustrated
      schematically with parts broken away to reveal greater detail and
      incorporating another embodiment of the present invention;
PAR  FIG. 9 is an elevational view of the equipment and apparatus illustrated in
      FIG. 8; and
PAR  FIG. 10 is an end view of the equipment and apparatus illustated in FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 illustrate, the equipment for forming tubes for a mass of
      fibers 10 formed on a continuous foraminous conveyor 12 by, for example,
      flame attenuation of glass filaments to form the fibers which are adhered
      to each other by a resin binder in an uncured state. The uncured mass of
      glass fibers 10 tends to build up uniformly over a major portion of the
      width of thhe conveyor 12 and taper off at the marginal edges 13 of the
      mass 10 as shown in FIG. 5A. Since the resin binder is in the uncured
      state, the mass of glass fibers 10 is pliable, though having some
      resiliency, and is readily shaped because relative movement between the
      glass fibers in the mass 10 can occur and the tacky coating gives them the
      tendency to stick to each other upon contact. A tube is formed from the
      loose blanket 10 of fibers by wrapping a given length of the blanket about
      the mandrel 14 while the mass 10 is in the uncured state. The proper
      outside diameter of the tube and wall thickness is developed by providing
      a pressure roll 16 which forcefully bears against the material being
      warpped on the mandrel as the tube is formed.
PAR  In practice, blanket 10 is advanced along a path from conveyor 12 over
      press roll 16 to mandrel 14 which is heated to sear and thereby secure the
      blanket. Mandrel 14 is turret mounted so that it can be positioned at a
      series of stations (not shown) for the curing and further processing of
      the fiber tube formed thereon. Mandrel 14 is shown in its winding station
      wherein it is driven in rotation to wind the blanket thereon. Press roll
      16 is mounted to swing in an arc generally coincident with a radius from
      mandrel 14 and is biased toward the mandrel with a controlled pressure so
      that as the wall of the fiber tube builds with successive layers of
      wrapped blanket, the roll 16 retreats from mandrel 14. Roll 16 is driven
      through an over riding clutch (not shown) at a peripheral speed of the
      first layer of blanket on the mandrel. As the layers build, the increased
      peripheral speed of the mandrel therefore tends to take over drive of the
      press roll 16.
PAR  The frame 15 of conveyor 12 is movable in an arc generally normal to the
      plane of upper flight 12 so that as a length of fiber blanket is to be
      introbetween mandrel 14 and roll 16 flight 12 is above the upper limit of
      roll 16. As the blanket supporting portion of 12 passes around end roll 17
      an air blast from beneath the conveyor lifts the blanket and causes it to
      be advanced across the gap to the upper face of pressure roll 16. Pressure
      roll 16 rotates to carry the blanket around its upper surface since it
      rotates clockwise as viewed in FIGS. 2 and 3. Counterclockwise rotation of
      mandrel 14 picksup the surface of the blanket which was previously
      uppermost and is adhered to that surface by a heat cure of the binder
      contacting that surface. Thereafter the blanket length is drawn from the
      conveyor by the driven rotation of the mandrel 14. When a length of
      blanket has been wrapped on a mandrel 14, the turret mounting indexes one
      position to advance the wrapped mandrel to a further processing station
      and introduce an empty preheated mandrel to the wrapping station.
PAR  The length of the tubes formed on mandrels 14 are defined by plate guides
      24 properly located along the pressure roll 16 at each end to provide a
      distance between them equal to the length desired for the tubes. Advance
      of the blanket of glass fibers 10 from the conveyor 12 to the tube shaping
      means, ie., the pressure roll 16 and mandrel 14, causes the mass 10 to
      pass over the pressure roll 16 between the plate guides 24. As the
      marginal edges of the mass of glass fibers 10 contacts the leading or
      upstream portions of the plate guides they are lifted and turned inward
      upon the thicker body portions of the blanket to build up the marginal
      edges and increase their density while reducing the transverse dimension
      of the product formed as illustrated in FIG. 1. The pair of plate guides
      24 work in conjunction with each other to cause a converging action toward
      the mass of glass fibers 10 along a path in the direction of movement of
      the mass 10 over the portion of the length of its path where contact is
      made with the plate guide 24. While both marginal edges of the mass of
      glass fibers 10 are contacted in the embodiment illustrated, if desired, a
      single plate guide 24 could be used to contact a single marginal edge. The
      plate guides 24 are located between segments 26 on each end of the
      pressure roll 16. Attachment of the segments is accomplished by sliding an
      aperture therein over an axle 28 extending from a long body portion 30 of
      the pressure roll. The segments 26 are used to vary the effective length
      of the pressure roll 16 to match the length of the tube being produced.
      Movement of the plate guides transverse of the axis 28 is accommodated by
      securing the segments to the axle 28 with a spacer between them, or
      between the body portion 30 and a segment 26, slightly larger than the
      thickness of a portion of a plate guide 24.
PAR  The above movement of the plate guide 24 is important because, as described
      above, the pressure roll 16 bears against the material being wrapped on
      the mandrel 14 which material is built up by a series of turns of the
      mandrel 14. When the pressure roll 16 is moved away from the mandrel upon
      build up of the wall thickness of the tube being formed, the plate guide
      24 moves relative to the pressure roll 16 to thereby remain in contact
      with the mandrel 14. Movement of the pressure roll 16 is accomplished by
      pivotally mounting the pressure roll base 18 around pivot 19 as indicated
      schematically in FIG. 2 in the directions of the arrows at A. A contour
      edge 32 of the plate guide 24, best illustrated in FIG. 3, provides
      contact between the plate guide 24 and the mandrel 14 over a portion of
      the circumference of the mandrel 14. The contour edge 32 is on a flange 34
      of the guide plate. The line contact between the contour edge and the face
      of the mandrel 14 establishes a portion of the flange 34 located between
      the pressure roll 16 and the mandrel 14 as an end wall for conforming the
      material of which the tube is formed.
PAR  Mounting the plate guide 24 in a pivotal manner provides it with the
      necessary freedom to move. The mounting is accomplished by extending the
      flange 34 below the contour edge 32 toward the pressure roll base 18 to
      form an arm 36 which is affixed to pivot rod 38 passing through a suitable
      aperture in the arm 36. FIG. 4 illustrates a plurality of upstanding ears
      40 for pivotally supporting the pivot rod 38 on the pressure roll base and
      for providing a selection of mounting positions along the rod axis
      corresponding to the desired length of the tubes to be formed.
      Eccentrically mounting the plate guide 24 on the rod 38 results in a
      tendency for the plate guide 24 to swing toward the mandrel 14 under the
      influence of gravity to maintain contact with the mandrel 14. For more
      positive positioning of the plate guide 24 a spring, not illustrated,
      could be added between the plate guide 24 and the pressure roll base 18 to
      bias the plate guide toward the mandrel 14. Further, the arm 36 of the
      plate guide 24 may be provided with stops such as pin 42 adapted to abut
      pressure roll base 18 for limiting the arcuate motion of the plate guide
      24. Pin 42 can be adjustably secured to arm 36 to establish a desired
      limit. Alternate means for limiting the movement of the plate guide 24
      could be provided including screws and protuberances which could also be
      located on the opposite side of the axis from the position illustrated for
      the pin 42.
PAR  Guide 24 is composed of three primary functioning elements. The functions
      of those elements are illustrated in FIG. 5 as they operate on a given
      cross section of the blanket or conveyor 12 as it is passed to pressure
      roll 16 and then between roll 16 and mandrel 14. The feathered edges 13 of
      the blanket 10 of fibers are engaged by turning a surface 48 which
      generally conforms to the path of the blanket and is inclined to the
      blanket major faces at an obtuse angle. In the case of a path over a
      cylindrical surface, the turning surface 48 can be a sector of a frustum
      of a cone having a length sufficient to extend around the pressure roll 16
      from a location in advance of any contacted by blanket 10 to a point where
      the edges 13 have been turned inward on the major body portion of the
      body.
PAR  As viewed in FIG. 5A the blanket at station A of FIG. 2 has feathered edges
      13 which are picked up by turning surfaces 48 before the major surface of
      the blanket engages roll 16 as at station B of FIG. 2 and FIG. 5B. When
      advanced to station C of FIG. 2, the blanket major surface is supported by
      roll 16 as shown in FIG. 5C. In this state the feathered edges are
      upstanding and somewhat drawn in toward the major body portion of blanket
      10.
PAR  The further advance of blanket 10 brings its elevated edges into contact
      with a directing surface in the form of ear 50 which is contiguous with
      turning surface 48 and is inclined with respect to the path of advance of
      the blanket at an obtuse angle so that as the blanket advances the edges
      are turned inward as shown in FIG. 5D depicting station D of FIG. 2.
      Downstream of station D the directing surface 50 is closer to the
      centerline of the blanket path so that the rolling of the edge is greater.
      Surface 50 converges to the flange 34. Flange 34 in the region between the
      pressure roll and the mandrel comprises the ultimate blanket edge forming
      face of guide 24. Station E of FIG. 2 and FIG. 5E illustrate the initial
      location where guide surfaces normal to the roller are exclusively
      presented to the edges 13.
PAR  The gathered and turned in edges are compressed to a uniformly dense mass
      between mandrel 14 and pressure roll 16 as shown at Station F of FIG. 2
      and FIGS. 5F, 5G and 5H representing the first and second and fourth wraps
      of blanket 10 at that station.
PAR  Since the edge portions can be gathered by an elevating means which either
      lifts or depresses relative to the blanket, and the directing means can
      complement that displacement in either direction, it should be appreciated
      that the edge forming techniques are adaptable to various blanket path
      orientations including vertical runs provided the blanket is controlled in
      its travel. Further, the path of the blanket need not be carried around
      right-circular cylinders of the type represented by pressure roll 16 and
      mandrel 14.
PAR  In the curved blanket path the flange 34 is shaped in the general form of a
      sector of an annulus with an opening 44 in the center to fit over the
      pressure roll axle 28. The opening 44 is of sufficient size to allow free
      movement of the plate guide 24 about the axis 38. The outer edge portion
      46 of the flange 34 is inclined at an obtuse angle to the major face of
      the blanket 10 over a curved surface following the curve of roll 16 in the
      general form of a sector of a frusto conical surface 48 having its major
      base toward the proximal end of the pressure roll 16. The frusto conical
      surface extends from the region into which conveyor flight 12 carries
      fiber blanket 10 as the flight is carried about a roller 45 to a region
      approaching that between the pressure roller and the mandrel 14 upon which
      the blanket is wound. The inclination of conical surface 48 toward the
      flange 34 lifts and initiates an inward folding of the longitudinal edge
      of the blanket which is augmented by ears 50 having a greater inclination
      to the direction of advance of the blanket.
PAR  Ears 50 extend across the width of the conical surface 48 and project
      outwardly therefrom with a leading edge 52 facing upstream of the movement
      of the mass of glass fibers 10 and a trailing edge 54 downstream. The
      leading edge 52 is positioned on the outer edge of the conical surface 48
      a distance from the trailing edge 54 greater than the axial height of the
      conical surface 48 so that ear 50 forms a surface which may be plane or
      curved and is presented to the advancing mass of glass fibers 10 at an
      inclination to the direction of advance of the mass and a greater
      inclination to the major face of blanket 10 than the surface 48. As the
      marginal edge of the mass of glass fibers 10, which has been lifted upward
      in a folding motion imparted by the arcuate surface 48, approaches the
      converging surface 50, a further folding is imparted upon contact with the
      converging surface 50 to direct the marginal edge in upon the mass 10. The
      above folding action of the marginal edges by the surfaces 48 and 50 of
      the plate guides 24 gathers the feathered or ragged material of the
      marginal edges and directs it to the shaping or forming surface of the
      flange 34 adjacent the contour edge 32 forming the end wall for the tube.
PAR  A further extension 56 of the ear 50 has a surface extending outwardly from
      the plate guide toward the proximal end of the pressure roll 16 from the
      converging surface of ear 50. Extension 56 serves to gather in any fringes
      of the marginal edge of the mass of glass fibers 10 extending beyond the
      converging surface of ear 50.
PAR  The plate guide 24 controls the density of the edges by continually folding
      the longitudinal marginal edges of the given length of a mass of glass
      fibers 10 using the first generally frusto conical and augmenting
      converging surfaces 48 and 50 together the feathered marginal edge
      material and direct it to the second edge forming or shaping surface such
      as the annular portion 34. The annular portion 34 is illustrated as being
      normal to the major surface of the fiber blanket 10 and the axis of
      rotation of mandrel 24 to form a square edge on the mass 10 and therefore
      on the end of the tube. It is to be understood that other surface
      orientation or shapes of the end wall portion of the flange 34 could be
      incorporated to impart other shapes to the end of the tube, for example, a
      chamfer. The amount of gathering on the marginal edges is a function of
      the width of the surfaces which gather and direct the material to the
      forming or shaping surface and the density of the material in the blanket
      portion operated upon by the guide. The above approach is a direct
      approach to density control which is superior to gauging the depth of the
      wall formed on the object because depth alone is not determinative of the
      density of an object.
PAR  FIGS. 6 and 7 illustrate a modification of the apparatus of FIGS. 3 and 4
      having only one converging surface 58 in conjunction with the frusto
      conical surface 48. Surface 58 converges with respect to the direction of
      advance of the blanket, however it is essentially perpendicular to the
      major face of the blanket and has generally vertically extending leading
      and trailing edges 60 and 62. The modified form is simpler to manufacture
      while the original has leading and trailing edges 52 and 54 more
      accommodating to the natural fall of displacement of the mass of glass
      fibers and has the additional directing surface in the ear portion 56.
PAR  FIGS. 8, 9, and 10 illustrate another blanket margin guide for use in
      forming mats such as for thermal insulating batts or fiber board between
      two conveyor flights 64 from a mass of mineral fibers 10 in the uncured
      state where a pair of bar guides 66 are used to enclose the sides of the
      conveyors over a portion of their length. The mass of glass fibers 10
      moves continuously past the bar guides 66 in the direction of the arrow at
      B under impetus of the moving conveyors 64 which confine the upper and
      lower surfaces of the mass 10. The guide bars 66 have surfaces 68 which
      converge in the direction of movement of the mass of glass fibers 10
      togather and direct the longitudinal marginal edges of the mass 10 to the
      shaping surfaces 70 which impart a square edge to the mass 10 to form the
      mat upon leaving the bar guide 66. The mat can subsequently be cut to the
      desired length.
PAR  The converging and shaping surfaces 68 and 70 extend over the distance
      between the conveyors 64 and are in contact with the conveyors over the
      length of the bar guide 66.
PAR  The present apparatus provides a means of shaping or forming the ends
      and/or edges of products produced from a mass of glass fibers having
      uniform density ends with the remainder of the product and of the desired
      configuration. The apparatus may also be used to produce ends or edges of
      a greater density than the remainder of the product.
PAR  By using the apparatus on an uncured mass of glass fibers to produce an
      intermediate product which can be subsequently cured to set its shape, the
      operation of trimming the produce subsequent to its formation has been
      eliminated together with the previous loss of material from trimming. The
      uniform density of the ends and/or edges of the intermediate product makes
      the product less susceptible to handling and shipping damage in both the
      intermediate and final stages of the product. Further the problems of
      jamming through misalignment of the products caused by soft ends climbing
      intermediate line operation transfer chutes has been eliminated resulting
      in more efficient line operation.
PAR  In view of the variations in structure embodying the invention and the wide
      range of their utilization, it should be understood that the above
      disclosure is merely illustrative and should not be read in a limiting
      sense. The invention may be practiced otherwise than as specifically
      illustrated and described without departing from its spirit or scope.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an appartus for forming a tubular shaped article from a continuous
      fibrous blanket having a binder therein, said blanket having a thick body
      portion and at least one feathered longitudinal edge portion generally
      paralleling its direction of advance, including a mandrel for winding said
      blanket around to form said tubular article, a pressure roll for
      forcefully bearing against said blanket while it is being wrapped around
      said mandrel, and a conveyor for conveying said blanket to said mandrel,
      the improvement comprising:
PA1  means for gathering said feathered edge portion, for displacing said edge
      portion towards said thick body portion without severing the blanket, and
      for forming regular ends having a more uniform density on said tubular
      article, said gathering, displacing, and end-forming means comprising at
      least one forming member pivotally mounted in the path of said blanket at
      a point in the path before said blanket reachs said mandrel, said forming
      member having a first surface extending parallel to the direction of
      advance of the blanket and inclined to a major face of said blanket at a
      first obtuse angle, a second surface in the form of an ear contiguous with
      said first surface and inclined with respect to the advance of the blanket
      at a second obtuse angle, said second surface being inclined with respect
      to the face of the blanket a greater degree than said first surface, and a
      third surface lying in a plane perpendicular to the axis of said mandrel
      and defining a tube end forming face, said first surface extending around
      said pressure roll from a location in advance of where said blanket
      contacts said roll to a point where said feathered edge has been gathered
      and displaced toward said thick body portion, said second surface being
      contiguous with and located downstream from said first surface, and said
      third surface being adjacent to said pressure roll at a point downstream
      from said second surface.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein the first surface of said
      forming member is in the shape of a sector of a frustum of a cone.
NUM  3.
PAR  3. The apparatus as defined in claim 2 wherein the ear extends across the
      width of said conical sector and projects outwardly therefrom with a
      leading edge facing upstream of the moving blanket and a trailing edge
      facing downstream.
NUM  4.
PAR  4. An apparatus as defined in claim 2 wherein the ear has a surface
      extending outwardly toward the end of said pressure roll to gather in any
      fringe of the feathered edge of said blanket.
NUM  5.
PAR  5. An apparatus as defined in claim 2 wherein said leading and trailing
      edges are of a shape accommodating the natural fall of displacement of
      said feathered edge and said ear has an additional directing surface
      inclined towards said thick body portion.
NUM  6.
PAR  6. An apparatus as defined in claim 2 wherein the ear converges in
      conjunction with the first surface with respect to the direction of
      advance of the blanket, is essentially perpendicular to the major face of
      the blanket, and has generally vertically extending leading and trailing
      edges.
NUM  7.
PAR  7. An apparatus as defined in claim 1 wherein the pivotally mounted forming
      member is eccentrically mounted in such a manner that said forming member
      has the tendency to swing towards said mandrel.
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ABST
PAL  An apparatus is disclosed for dispensing discrete lengths of a
      double-coated adhesive tape onto a substrate. The device has a housing
      with one open side. An applicating drum with a plurality of flat
      applicating surfaces disposed about its circumference is rotatably mounted
      inside the housing near one end. A roll of double-coated adhesive tape is
      supported in the housing, the tape being pulled off the supply roll as the
      drum rotates. A base is attached to the housing extending along the open
      side of said housing and has an opening through which an applicating
      surface can pass. Means rotate the applicating drum upon movement of the
      housing toward and away from the base to bring an applicating surface
      bearing double-coated tape into an applicating position where the cutting
      means sever a short length of the double-coated tape and transfers the
      tape to a substrate.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention applied to tape applicating devices and in particular, to
      devices for applying short lengths of a double-coated tape to a substrate.
PAC  PRIOR ART
PAR  U.S. Pat. 3,455,769 issued July 15, 1969 to D. G. Way discloses a device
      where a feed member having a plurality of axially arranged faces is
      supported within a housing. A continuous length of tape having adhesive on
      one side is directed onto the feed member with the adhesive disposed away
      from the faces of the feed member. The tape is held on the feed member by
      a holding device in such a manner that no adhesive will contact the feed
      member nor any other surface to which it could adhere. As the device is
      activated, a corner on the feed member formed by the intersection of
      adjacent faces passes across a round hard roller and the pressure between
      the roller and the corner severs the tape.
PAR  U.S. Pat. 2,468,619 issued Apr. 26, 1949 to K. J. Franke, discloses a
      device for applying short lengths of adhesive tape to a substrate. The
      tape is carried from a supply roll to an applicating position by means of
      two endless belts, one belt being disposed at each edge of the tape. At
      the applicating position, a knife partially severs that portion of the
      tape between the belts and a plunger, narrower than the gap between the
      belts, presses the tape from the belts onto the substrate.
PAR  The prior art devices involve complex feeding and cutting mechanisms which
      are large to maintain the proper tolerances between the parts, cumbersome,
      and expensive. In addition, the complex mechanisms require a substantial
      amount of pressure to operate.
PAR  The applicator of this invention overcomes the problems of prior art
      devices. The applicator is a simple, light-weight, inexpensive and easy to
      operate device for applying short tabs of double-coated adhesive tape to a
      substrate. Because of its easy operation, the applicator of this invention
      is suitable for use in attaching papers to a file. One example of such an
      application is for placing short tabs of tape on an insurance rider which
      can then be permanently, adhesively attached to the back of a general
      policy. The operational movements are common to that of a hand operated
      stamp, printer or stapler.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The applicator comprises an apparatus for dispensing short, discrete
      lengths or tabs of a double-coated adhesive tape onto a substrate. The
      device has a housing with one open side, the housing containing an
      applicating drum rotatably mounted in and near one end of the housing. The
      applicating drum has a plurality of flat applicating surfaces disposed
      about the circumference thereof. Means is provided for supporting a supply
      of double-coated tape within said housing. Tape from the supply will
      contact the drum at a tape receiving position and rotate with the drum
      throughout a portion of its rotation until reaching a tape applicating
      position where the tape is severed.
PAR  A base having an opening through which an applicating surface can pass is
      attached to and supports the housing. The base extends along the open side
      of the housing. Means attached to the housing and the base bias them away
      from each other.
PAR  Means rotate the applicating drum incrementally when the housing is moved
      toward and away from the base, the rotation bringing an applicating
      surface bearing double-coated tape into position opposite the opening in
      the base.
PAR  Registering means position the applicating surface with respect to the
      opening in the base and cutting means sever the double-coated tape to form
      a tape tab. As the apparatus is activated, the severed length of tape is
      exposed to the opening in said base and is transferred to a substrate
      through said opening.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawing:
PAR  FIG. 1 is a perspective view of one embodiment of this invention;
PAR  FIG. 2 is a front elevation of the embodiment shown in FIG. 1;
PAR  FIG. 3 is a sectional view taken along the lines 3--3 of FIG. 2; and
PAR  FIG. 4 is a view similar to FIG. 3 with the device in a closed applicating
      position, the operating mechanism being shown in elevation.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Generally, an applicator 10 of this invention has an elongated housing 12
      with a supply roll 14 of double-coated tape 16 mounted on a support
      positioned near one end of the housing. The tape 16 is pulled or fed onto
      an applicating drum 18 having a plurality of adjacent flat applicating
      surfaces 20 disposed about the circumference of the drum.
PAR  As a base member 22, pivotally attached to an open side of the housing 12,
      is moved toward or away from the housing, the applicating drum 18 will be
      rotated to bring one of the applicating surfaces 20 bearing a fresh piece
      of double-coated tape 16 into a tape applicating position aligned with an
      opening 25 in the base 22. A blade 24 will cut a piece of tape 16 as the
      blade passes through the tape into one of a number of slots 26 in the drum
      18. The severed length of tape will contact a substrate 28, the adhesive
      on the tape adhering to the substrate more tenaciously than to the
      applicating surface 20. As the spring 32 moves the housing 12 away from
      the base 22, the double-coated tape will remain on the substrate.
PAR  In greater detail, the applicating drum 18 is rotatably mounted on a shaft
      19 at one end of the housing 12. The applicating drum has a plurality of
      applicating surfaces 20 disposed about its circumference. The surfaces 20
      are disposed on chords of the drum 18 and provide a flat surface suitable
      for exerting an even pressure on the tape to be applied. To reduce
      adhesion to the applicating surfaces 20, they can be knurled or serrated
      so the tape 16 will contact the surface over only a fraction of its area.
PAR  The roll 14 of double-coated adhesive tape 16 is rotatably mounted on a
      support in the housing 12 spaced apart from the applicating drum 18. The
      tape 16 contacts the drum 18 at the tape receiving position remote from
      the tape applying position where it is aligned with the opening 26 in the
      base. The tape is thus in contact with the drum throughout a substantial
      portion of its periphery. As shown, the tape is in contact with the drum
      for 180 degrees or more. The adhesive tape 16 adheres to the applicating
      drum 18 with sufficient force so that as the drum is rotated, it will
      tension the tape sufficiently to unwind it from the roll 14 even though
      the tape has been convolutely wound without a release liner between
      adjacent convolutions.
PAR  One end of the base 22 is hinged to the housing 12 by shaft 23 at the end
      of the housing opposite the applicating drum 18. Near the center of the
      applicator 10 a curved cam slot 34 is engaged by a cam follower 35 mounted
      on the housing 12. The housing 12 and base 22 are biased into an open
      position by a spring 32.
PAR  As shown, the base 22 has a pawl 38 which projects from the base into the
      housing 12. The pawl 38 is biased in the direction of the applicating drum
      18 as by spring 40 and a detent 39 adapted to engage the pins 37. As the
      base 22 and the housing 12 are brought together, the detent 39 engages one
      of the pins 37 rotating the drum 18 an amount sufficient to bring one of
      the applicating surfaces 20 loaded with tape into line with the opening 25
      in the base.
PAR  A registering means is formed by a bifurcated member 36 which projects from
      the base towards the housing. The member 36 is positioned to engage one of
      the number of pins 37 disposed on the applicating drum 18. As the base and
      the housing are brought closer together, the member 36 engaging a pin
      positions the applicating surface 20 with respect to the opening 25 and
      the cutting blade 24 with respect to one of the slots 26. The applicating
      surface continues down severing the tape and placing the severed length of
      tape onto the substrate 28. After a tab of tape has been disposed on the
      substrate, pressure on the housing is released and the spring 32, which
      has been compressed, will bias the housing 12 and base 22 to an open,
      spaced position.
PAR  In addition to the means for rotating the applicating wheel shown herein
      other combinations are possible, for example, it is possible to arrange a
      system whereby the applicating drum 18 is rotated as the applicator
      returns to the open position. Also, various other structures wherein a
      housing is biased to an open position away from the base are possible.
PAR  The dispenser shown has a removable top 13 formed from a piece of plastic
      material. When a roll of double-coated tape has been completely used, the
      top is removed, a new roll of tape inserted into the roller, the tape
      placed in contact with the applicating drum and the top replaced. The
      dispenser is then ready for continued application.
PAR  Various modifications and alterations of the invention will be obvious to
      those skilled in the art, and it is to be understood that this invention
      is not to be limited to the illustrative embodiment described hereinbefore
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for dispensing discrete lengths of double-coated adhesive
      tape onto a substrate comprising:
PA1  a housing having one open side;
PA1  an applicating drum rotatably mounted in and near one end of said housing,
      said drum having a plurality of flat applicating surfaces disposed about
      the circumference thereof;
PA1  means for supporting a supply of double-coated adhesive tape in said
      housing near the opposite end of said housing, said applicating drum and
      said tape being positioned whereby tape from said supply roll contacts
      said drum at a tape receiving position remote from a tape applying
      position where said tape is applied to said substrate, said supply being
      adapted to feed a continuous length of tape to said applicating drum;
PA1  a base pivotally attached to the housing adjacent said opposite end and
      extending along the open side of said housing, the base having an end with
      an opening adjacent said one end of said housing through which a single
      applicating surface can pass;
PA1  means attached to said housing and said base to bias said one end of said
      housing away from said base;
PA1  means for rotating said applicating wheel upon movement of said one end of
      said housing toward and away from said base to bring an applicating
      surface bearing double-coated tape into an applicating position;
PA1  registering means to position said applicating surface in registry with the
      opening in said base; and
PA1  cutting means for severing the double-coated tape on said applicating
      surface from the supply of tape;
PA1  whereby as the apparatus is activated, a severed length of tape is exposed
      in said opening and transferred to said substrate.
NUM  2.
PAR  2. The apparatus of claim 1 where said means for rotating said applicating
      wheel comprises:
PA1  a plurality of pins disposed on and axially projecting from the sides of
      said drum; and
PA1  a pawl mounted on said base extending into said housing and having a detent
      adapted for engaging said pins so that when said end of said base and said
      one end of said housing are moved toward and away from each other said
      detent will engage one of said pins thereby rotating said applicating
      drum.
NUM  3.
PAR  3. A device of claim 1 where said cutting means comprises a plurality of
      evenly spaced slots extending into said drum and a cutting blade mounted
      on said base and positioned opposite said drum so that as said base is
      moved toward said housing, said blade will enter one of said slots
      severing said tape thereacross.
NUM  4.
PAR  4. A device of claim 1 where said applicating surfaces are knurled thereby
      lessening the adhesion of said double-coated tape to said applicating
      surface.
NUM  5.
PAR  5. An apparatus for dispensing discrete lengths of double-coated adhesive
      tape onto a substrate comprising:
PA1  a housing having one open side;
PA1  an applicating drum rotatably mounted in and near one end of said housing,
      said drum having a plurality of flat applicating surfaces disposed about
      the circumference thereof and a plurality of slots extending across the
      width of said drum evenly spaced about the circumference of said drum;
PA1  a base pivotally mounted to said housing adjacent the end thereof opposite
      said one end, said base having an opening in an end thereof opposite said
      pivotal mounting through which an applicating surface can pass;
PA1  means for supporting a supply of convolutely wound double-coated adhesive
      tape adjacent said opposite end of said housing, said means being adapted
      to feed a continuous length of tape to said applicating roller, said tape
      making contact with said applicating drum at a point remote from the point
      at which said applicating surface will apply said tape to a substrate;
PA1  a plurality of pins disposed on and projecting axially from the sides of
      said applicating roller;
PA1  a pawl mounted on said base extending into said housing and having detent
      means for successively engaging said pins;
PA1  a cutting blade mounted on said base, said blade being positioned at the
      end of said base opposite said pivotal mounting to engage said slots to
      sever said double-coated tape into discrete lengths; and
PA1  means positioned between said housing and said base for biasing said one
      end of said housing away from said base into an open position;
PA1  whereby when said base and said housing are pivoted relative to each other,
      said pawl engages one of said pins rotating said applicating drum until
      one of said flat applicating surfaces having tape disposed thereon is in
      line with said opening in said base, and said cutting blade will sever
      said tape allowing said tape to be applied to a substrate by said
      applicating surface.
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ABST
PAL  An automatic cover slipper for microscope slides has a base with guide
      means to mount a manually reciprocating slide having an advance position
      and a retracted position. The base has a pair of transverse apertures to
      receive a microscope slide and a stack of slide covers, respectively. A
      slide cover lifter assembly is mounted on the slide and includes a
      depending suction cup for manually gripping and lifting a slide cover when
      the slide is in advance position. A cement dispenser assembly with a
      reservoir is mounted on the slide and has a control valve for
      automatically dispensing a measured amount of cement onto the microscope
      slide when the reciprocating slide is in advance position. The lifter
      assembly on movement to retracted position is adapted to transfer the
      cover into registry with the microscope slide and for dropping the cover
      thereon in juxtaposition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore in the use of microscope slides, after the slide has been
      completed with the specimen thereon and stained, it is necessary to apply
      a thin, transparent, protective cover thereon. In the past this has been
      done by first applying a small amount of cement or glue to the microscope
      slide and thereafter manually applying a glass or thin plastic cover over
      the microscope slide for registry therewith. One of the difficulties has
      been the correct juxtaposition manually of the cover onto the microscope
      slide. Another problem has resided in the entrapment of air bubbles
      between the cover and slide during the manual assembly operation.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to provide an automatic cover
      slipper for microscope slides wherein the operation of applying cement to
      the microscope slide and the lifting of a slide cover is done in the
      mechanical fashion on forward movement of the slide and the transporting
      of the cover is likewise accomplished by moving the slide cover into
      registry with the microscope slide and dropping it down thereonto in
      juxtaposition therewith.
PAR  It is another object to provide an improved automatic cover slipper for
      microscope slides by which a manually reciprocating slide mounts a slide
      cover lifter assembly with depending suction cup as well as a cement
      dispenser assembly in such fashion that in one position of the slide the
      cement is dispensed upon a microscope slide therebelow and at the same
      time the cover lifter is adapted to engage and lift the slide cover from a
      stack and thereafter on retraction of the slide deliver the cover into
      registry with the microscope slide and for dropping the same thereover in
      juxtaposition and without the formation of bubbles between the slide and
      cover.
PAR  It is another object to provide an improved slide cover lifter assembly
      with suction cup and manual control by which the suction cup grips the
      cover in such manner as to lift and maintain the same in a plane inclined
      to the longitudinal axis of the lifter and while in this position transmit
      the cover to a secondary position in registry with the microscope slide
      and for dropping the cover thereon so that it folds over the microscopic
      slide in such manner as to prevent the accummulation of air bubbles
      between the cover and microscope slide.
PAR  It is a further object to provide an improved cement dispenser assembly
      mounted upon the slide of the present device wherein when the slide has
      reached an advanced position there is an automatic dispensing of a
      measured amount of cement onto the slide so that upon retraction of the
      slide the slide cover which has been lifted from the base has been
      transported into registry with the microscope slide for lowering thereover
      into juxtaposition therewith.
DRWD
PAR  These and other objects will be seen from the following specification and
      claims in conjunction with the appended drawings in which:
PAC  THE DRAWINGS
PAR  FIG. 1 is a perspective view of the present automatic cover slipper for
      microscope slides;
PAR  FIG. 2 is a fragmentary side elevational view thereof;
PAR  FIG. 3 is a fragmentary plan view thereof;
PAR  FIG. 4 is a fragmentary view corresponding to FIG. 2, but on an increased
      scale illustrating the construction of the cement dispenser assembly.
PAR  It will be understood that the above drawings illustrate merely a preferred
      embodiment of the invention, and that other embodiments are contemplated
      within the scope of the claims hereafter set forth.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, the present automatic cover slipper is shown at
      11 in FIG. 1 and includes base 13 having at its opposite ends a pair of
      upright end plates 15.
PAR  A pair of parallel spaced guide support rods 17 are spaced above said base
      with their respective ends anchored in the end plates 15 to provide a
      guide means for the manually reciprocating slide 23.
PAR  Formed upon the base 13 are a pair of parallel spaced transverse recesses
      19 and 21. Recess 19 is open at one end and is adapted to receive a
      microscope slide such as shown in FIG. 1.
PAR  The receptacle 21 is partly closed at its ends in order to hold a stack of
      thin glass or plastic slide covers against relative transverse or
      longitudinal movement.
PAR  Slide 23 has a pair of corresponding longitudinal bores with ball bushings
      25 adapted to slidably receive rods 17. Said slide has a forward position
      shown in FIG. 3 with said slide engaging the stop 27 on said rods. It also
      has a retracted position such as shown in FIG. 1.
PAR  As shown in FIG. 1, mounted upon the manually reciprocating slide is a
      slide cover lifter assembly 29 and spaced longitudinally thereof a cement
      dispenser assembly 31.
PAR  Bore 35 and counter-bore 33, FIG. 2, receive the slide cover lifter
      assembly. Elongated coil spring 39 is disposed within said bore and rests
      upon the shoulder 37 defined by counter-bore 33. The cylindrical lifter
      guide 41 has intermediate its ends a circular mounting flange 43 which
      registers with the top of said slide and is suitably secured thereto by
      fasteners as in FIG. 1. Said guide has a longitudinal bore receiving
      bushing 43 through which is projected the elongated lifter tube 45 having
      a handle 47 with bore 49 in communication with the bore of said tube.
PAR  The disc 51 secured to said tube intermediate its ends is positioned within
      an enlarged bore of the guide and rests upon the coil spring 39. Said tube
      extends through the bore 35 and below the base 23 and mounts an adapter 53
      over which is removably supported a suction head 55 having a flexible
      suction cup 57.
PAR  As shown in FIG. 2, the peripheral margin of said suction cup is arranged
      at an acute angle as at 59 with respect to the longitudinal axis of the
      tube to facilitate the engagement and application of the suction cup to
      the top most cover in the cover receptacle 21 when said tube 45 has been
      manually lowered by application of handle 47 against the action of spring
      39.
PAR  Upon releasing downward pressure to the handle, and with a finger over the
      open bore of said handle at 49, spring 39 will return the lifter tube to
      the position shown in FIG. 2 with the cover slide secured to the suction
      cup and maintained in a plane corresponding to the plane shown at 59, FIG.
      2.
PAR  The present cement dispenser assembly 31, FIG. 2, includes a reservoir
      designated at B in the form of a bottle containing a suitable adhesive or
      cement which in an inverted position, FIG. 4, has its neck projected down
      into the threaded portion 63 of the cylindrical body 61, FIG. 4.
PAR  Said body is arranged in an upright position and projected down through the
      bore 65 in the slide, and includes an annular mounting flange 66 which
      registers with the top of said slide and is secured thereto by suitable
      fasteners such as shown in FIG. 1.
PAR  The cement dispenser assembly includes the bellows end plate support 67
      anchored within the lower depending open end of said body as by the snap
      ring 71. Vertically adjustable end plate 73 is movably and guidably
      mounted upon the support plate 67 and has an adapter 75 with outlet bore
      77 adapted to receive thereover cement dispenser 79. Said dispenser has
      depending therefrom and communicating therewith the axial apertured
      dispenser needle 81, FIG. 4.
PAR  Within the body 61 intermediate its ends there is provided a stationary
      bellows end plate 83 which supportably receives the upper end of the
      flexible bellows 85. The lower end of said bellows engages around the
      annular side portion of the end plate 73 to thus define a chamber upon the
      interior of said bellows which is in communication with the ball valve 89.
      Said valve is mounted within end plate 83 and with respect to an apertured
      seat 87.
PAR  The chamber upon the interior of said bellows is therefore in communication
      with the ball valve 89 permitting liquid cement to accummulate within said
      bellows.
PAR  Arranged directly below said bellows is a bellows actuator 91 in the form
      of a cantilever with one end anchored as at 97 to the transverse rock
      shaft 93 which is journalled within suitable bearings 101 within the slide
      23.
PAR  The other end of said cantilever is bifurcated as at 95 so as to be
      positioned around the lower end portion of the adapter 75 depending from
      the vertically adjustable bellows end plate 73. Suitable snap rings 99
      anchor the pivot bar 93 with respect to said slide. Lever arm 103 is
      secured to the free end of the pivot bar 93 and depends therefrom as shown
      in FIGS. 2 and 3.
PAR  The adjustable screw 105 is arranged within the block 107 anchored upon the
      base at 109 and is normally in the path of forward movement of the lever
      arm 103. Just before the slide reaches the position shown in FIG. 3,
      engagement of the lever 103 with the stop on continued movement of the
      slide 23, rotates the arm 103 counterclockwise a short distance effecting
      a corresponding counterclockwise movement of the bifurcated end 95 of the
      actuator 91, FIG. 3. This lifts the bottom plate 73 against the action of
      coil spring 111 compressing the bellows 85 automatically seating the ball
      valve 89 and at the same time extruding a measured limited quantity of
      cement through the adapter 77 and the cement dispensing needle 81 down
      onto the microscope slide therebelow. Just as soon as the slide is
      retracted, the bellows 85 expands to the position shown in FIG. 4 under
      the action of the spring 111 ready for the next actuation.
PAR  When said slide is retracted to the position shown in FIG. 1, the handle 47
      is then depressed. This places the slide cover directly over the prepared
      microscope slide, with one longitudinal edge upon the slide. The finger is
      then removed from bore 49, releasing the vacuum in cup 57. The slide cover
      folds down into juxtaposition position with the slide. No air is entrapped
      between the slide and cover.
PAR  Having described my invention, reference should now be had to the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an automatic cover slipper for microscope slides; a base with spaced
      upright end walls;
PA1  guide means above said base interconnecting said walls;
PA1  a manually reciprocating slide on said guide means having an advanced and a
      retracted position;
PA1  there being a pair of parallel spaced transverse slots in said base adapted
      to receive a microscope slide, and a stack of slide covers respectively;
PA1  a slide cover lifter assembly on said reciprocating slide including a
      depending suction cup overlying and in the advanced position of said
      reciprocating slide adapted for engaging registry with a slide cover for
      lifting it off the stack;
PA1  a cement dispenser assembly on said reciprocating slide spaced
      longitudinally of said lifter assembly, mounting a cement reservoir and
      including a control valve adapted to deliver a drop of cement upon said
      microscope slide; said lifting assembly on movement of the reciprocating
      slide to retracted position adapted to transfer the slide cover into
      registry with the microscope slide and for dropping the slide cover into
      juxtaposition thereon;
PA1  said slide cover lifter assembly including a lifter guide sleeve secured
      upon said reciprocating slide; there being a bore and a counter-bore in
      the reciprocating slide in axial registry with said sleeve;
PA1  a spring in said counter bore;
PA1  a lifter tube guidably projected through said sleeve and yieldably mounted
      on said spring, supporting said suction cup at its lower end;
PA1  and an apertured handle upon the upper end of said tube, said handle
      aperture communicating with the lifter tube and suction cup.
NUM  2.
PAR  2. In the cover slipper of claim 1, a slide stop on said guide means
      limiting forward movement of the reciprocating slide to advanced position;
      one end wall limiting return movement of the reciprocating slide to
      retracted position.
NUM  3.
PAR  3. In the cover slipper of claim 1, said guide means including a pair of
      parallel spaced rods between said walls; said reciprocating slide having a
      corresponding pair of longitudinal bores receiving said rods.
NUM  4.
PAR  4. In the cover slipper of claim 1, the slot in said base for said slide
      covers being closed at its ends holding said covers against longitudinal
      and transverse movements; the base slot for said microscope slide being
      open at its outer end to facilitate loading and unloading.
NUM  5.
PAR  5. In the cover slipper of claim 1, said suction cup having an apertured
      shank connected to said tube in communication with the bore of said tube;
      manual lowering of said tube flexing said suction cup against a slide
      cover, said spring adapted to retract said tube and suction cup with the
      bore of said tube closed manually, whereby on movement of the
      reciprocating slide to retracted position, and manual lowering of said
      tube and suction cup, the bore of said tube when opened permitting the
      transported slide cover to drop upon said microscope slide.
NUM  6.
PAR  6. In the cover slipper of claim 5, the rim of said suction cup lying in a
      plane inclined at an acute angle to the tube axis, so that the cover when
      lifted lies in a corresponding plane whereby the cover when deposited upon
      the microscope slide folds over into registry therewith preventing air
      entrapment between the cover and microscope slide.
NUM  7.
PAR  7. In an automatic cover slipper for microscope slides; a base with spaced
      upright end walls;
PA1  guide means above said base interconnecting said walls;
PA1  a manually reciprocating slide on said guide means having an advanced and a
      retracted position;
PA1  there being a pair of parallel spaced transverse slots in said base adapted
      to receive a microscope slide, and a stack of slide covers respectively;
PA1  a slide cover lifter assembly on said reciprocating slide including a
      depending suction cup overlying and in the advanced position of said
      reciprocating slide adapted for engaging registry with a slide cover for
      lifting it off the stack;
PA1  a cement dispenser assembly on said reciprocating slide spaced
      longitudinally of said lifter assembly, mounting a cement reservoir and
      including a control valve adapted to deliver a drop of cement upon said
      microscope slide; said lifting assembly on movement of the reciprocating
      slide to retracted position adapted to transfer the slide cover into
      registry with the microscope slide and for dropping the slide cover into
      juxtaposition thereon;
PA1  said cement dispenser assembly including an upright cylindrical body
      mounted on and projected through said reciprocating slide;
PA1  said reservoir including a bottle of cement inverted with its neck
      supported within the upper end of said body;
PA1  said control valve being a ball check valve within said body;
PA1  a bellows suspended within said body having a chamber adapted to receive
      cement from said bottle;
PA1  a vertically adjustable end plate on said bellows mounted on and depending
      from said body, having an outlet;
PA1  an apertured adapter mounted over said outlet and including a depending
      apertured dispenser needle;
PA1  a bellows actuator on said reciprocal slide operably engageable with said
      adjustable bellows end plate for momentarily compressing the bellows and
      expelling a measured quantity of cement through said needle;
PA1  said bellows actuator including a transverse rock shaft journalled upon
      said reciprocating slide;
PA1  a cantilever secured to said rock shaft and having a bifurcated end
      operatable registerable with said bellows end plate;
PA1  a control arm secured to and depending from said rock shaft;
PA1  and a stop on said base in the path of forward movement of said control
      arm, whereby when the reciprocating slide is moved to advance position,
      the arm is tilted by said stop actuating said cantilever and expelling a
      drop of cement down onto the microscope slide.
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ABST
PAL  A method and apparatus for the production of prefabricated block wall
      panels wherein a row of blocks is placed on a conveyor system with the
      intended vertical joints of the blocks facing upwardly in a horizontal
      plane. A first mortar applying device applies mortar to these intended
      vertical joints whereupon the blocks are rotated 90.degree. onto another
      conveyor system where the now actually vertical joints of the blocks are
      compressed against each preceeding block. The mortar for the upper
      horizontal joint is then applied by a second mortar applying device and
      the thus assembled row of mortared blocks are then stacked onto a
      descending wall panel comprising a plurality of such rows. Openings for
      doors and windows may also be provided in the wall panel by aligning
      blocks into piers and lifting them onto a wall panel. Different sized
      blocks and cross-pieces may also be fed onto the conveyor system for
      subsequent stacking onto a wall panel.
PAC  BACKGROUND OF THE INVENTION
PARN
PAR  This application is a Continuation-in-Part of applicant's co-pending
      application Ser. No. 409,005 filed on Oct. 23, 1973 now U.S. Pat. No.
      3,849,228 issued Nov. 19, 1974.
PAR  1. Field of the Invention
PAR  This invention relates to a method and an apparatus for the manufacture of
      prefabricated wall panels by vertical stacking of blocks or brick rows
      which are grouped on a conveyor system from individual blocks. Mortar is
      then applied by two separate devices to both vertical and horizontal
      mortar joints and the block row is placed by means of a gripper onto a
      descending support. Another embodiment of the present invention which is
      the subject of this Continuation-in-Part application sets forth a method
      and an apparatus for constructing a wall panel having openings for doors
      and windows or the like. Also, crosspieces may be automatically inserted
      into a conveyor system transporting individual blocks and the gripper may
      be utilized to place the crosspieces in blocks onto the descending
      support.
PAR  2. Description of the Prior Art
PAR  The making of wall panels by stacking block rows having a horizontal joint
      of mortar is known. It is also known to fill the vertical joints after
      block rows have been stacked. Further, it is known to build wall panels
      mechanically by individually placing the blocks and filling the vertical
      joints. The filling of the vertical joints after the blocks or block rows
      have been placed in a panel has several disadvantages with regard to the
      production capacity for the manufacturing of such panels, and also with
      regard to the strength and dimensional precision of same.
PAR  To fill several vertical joints, mortar has to be applied by several supply
      lines periodically interrupted. Because of the partial setting of the
      mortar during these pauses, uneven supply and filling of the vertical
      joints results in lower wall strength. Another attendant disadvantage is
      that when the individual blocks are grouped in walls and transferred to
      the panel, they are not connected by a vertical mortar joint and thus the
      alignment to the panel face can change in the process. Furthermore,
      filling of the vertical joints of the blocks slows down the production
      process.
PAR  A further disadvantage of the process is that the blocks require a special
      shape for the vertical joints and, therefore, more expensive block
      material may be required.
PAR  Previous methods of prefabricating block wall construction are known. A
      method is known to apply the mortar on the blocks to form only a
      horizontal joint as disclosed in the Austrian patent No. 252,089 of
      Feichtinger, in which blocks are moved through a mortar applicating
      device, are then tilted 90.degree. after the mortar is applied, and are
      then closed up in groups where the mortared faces are in a common vertical
      plane and moved to a horizontal form to be grouped into horizontal panels.
      However, this method does not provide for a vertical mortar joint in the
      finished vertical panel and has a further disadvantage in that the mortar
      may run off during assembly leading to an unevenly filled horizontal joint
      and resulting in mortar build-up on the conveyor system.
PAR  Another method is disclosed in an application of applicant, Ser. No.
      186,628, filed Oct. 5, 1971 now U.S. Pat. No. 3,790,428 issued Feb. 5,
      1974 and divisional application thereof Ser. No. 413,459 filed Nov. 7,
      1973, now U.S. Pat. No. 3,881,981, in which a device and method are
      disclosed for manufacturing prefabricated wall panel blocks in which rows
      of blocks are placed upon a conveyor belt so as to leave gaps between the
      rows. A feeding device then supplies special blocks to at least partially
      fill these gaps. In the next step mortar is applied to the upper faces of
      the rows of the blocks, whereupon the rows are then transferred from the
      conveyor to a descending support device in which panels are created by
      stacking the rows.
PAR  3. Brief Description of the Invention
PAR  The present invention contemplates a method and apparatus in which blocks
      initially are fed onto a system of conveyors so that the intended vertical
      joint faces are first oriented in a horizontal plane, while the intended
      horizontal joint faces are first oriented vertically perpendicular to the
      direction of travel of the blocks. The blocks are then transferred onto
      the next belt of the conveyor system and controlled to form a closed-up
      row which moves under a mortar applying device so that mortar is applied
      onto the intended vertical joint faces of the blocks. After the mortar
      band is applied to this intended vertical joint, the blocks are
      individually tilted 90.degree. so that the intended vertical joint mortar
      band faces are indeed vertical and facing the vertical joint of the
      preceding block. The blocks are then pushed together by transfer onto a
      slower moving belt of the transport system so that the vertical joint
      mortar bands are compressed against the vertical joint faces of the
      preceding blocks to a required joint thickness, which will determine the
      length of the row and the width of the panel. Mortar is then applied to
      the horizontal joints by means of a second mortar applying device,
      whereupon the now completed row of mortared blocks is transferred to a
      further belt or the transport system and moved forwardly against a stop,
      whereupon the entire assembled and mortared block row is picked up by
      means of a grabbing crane or similar device which places the row of blocks
      onto a descending support to form a wall panel. The process is repeated
      until the desired length and height of a wall panel is manufactured.
PAR  Advantages achieved by the present invention are that the vertical joint is
      formed by a simple method in the production system, such that the vertical
      joints can be made to have different profiles with a wall having higher
      strength when compared to other known methods. Also of advantage is the
      possibility of applying the vertical joint with different bands or layers
      of mortar. For example, several separated bands or layers could be applied
      to increase the insulation of the wall in the vertical joint area.
      Applying the vertical joint mortar on a row of blocks at a fixed distance
      from the conveying support also provides for dimensional precision in the
      mortar band thickness. After the tilting of the blocks, the horizontal
      joint is formed with a layer of mortar predetermined by the second mortar
      applying device such that two dimensional precision (i.e., the thickness
      of both vertical and horizontal mortar joints) for the manufacturing of
      the wall panel is assured.
PAR  A further advantage is the exact dimensional precision of and uniformity of
      the vertical as well as the horizontal joints from inside to the outside
      faces of the block rows, so that a face block panel with a required
      aesthetic joint appearance can be made.
PAR  Additional features of the present invention reside in the insertion of
      different sized blocks and lintels onto the conveying system so that a
      wall panel having openings for doors and windows or the like may be
      constructed. In this embodiment of the invention, there is a final
      conveyor or place in readiness path wherein blocks may be aligned into
      piers and then transferred by means of a grabbing crane onto a wall panel.
      After the piers have been built to a predetermined height, another row of
      blocks having lintels is set on top of the piers by means of the grabbing
      crane so that a crosspiece is set over the doors and windows. Additional
      rows of blocks may then be transported by the grabbing crane onto the
      preceding blocks and lintels to form a completed wall panel.
PAR  The present invention also contemplates the use of a traveling grabbing
      crane which is constructed in a frame movable along a horizontal direction
      on a floor surface wherein the gripping means may be moved over the entire
      height of a wall panel formed. This feature enables wall panels to be
      built up having doors and windows wherein the wall panels may be placed in
      rows one behind the other. This is advantageous from a production
      standpoint in that a wall panel so formed may be allowed to remain where
      it is placed until the mortar is set. With prior art devices, before
      another wall panel could be placed on a floor surface by the grabbing
      crane, the previously formed wall panel had to be moved. Such a system
      hindered the efficiency of a wall panel instruction production line.
PAR  The above enumerated advantages of the instant invention are not apparent
      in any of the other known methods. The present invention is an improvement
      of the automatic manufacturing of prefabricated block wall panels and
      results in high quality as well as high production capacity.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide individual
      blocks with both a vertical and horizontal joint before they are grouped
      into wall panels, so that the vertical as well as the horizontal joints
      may be formed precisely and in accordance with the demands of a required
      wall panel specification.
PAR  It is another object of the present invention to make the joint thickness
      and shape in conformance to a particular construction, for example, with
      two parallel mortar bands or layers on the vertical joint before the block
      row is compressed and fed into the wall panel, so that the vertical joint
      is filled reliably and in even distribution.
PAR  It is a further object of the present invention to increase block wall
      panel stability and strength while providing increased dimensional
      precision.
PAR  Another object of the present invention is to form block layers in the
      length of a wall panel automatically, and in which mortar is applied to
      the vertical and horizontal joints which allow the blocks to be stacked to
      form wall panels in a succeeding step to achieve a required prefabricated
      wall structure.
PAR  A further object of the present invention is to form wall panels having
      openings for doors and windows or the like, wherein crosspieces are
      transported above the openings as a part of the production process.
PAR  Yet another object of the present invention is to provide for production
      apparatus for forming wall panels in which different sized blocks may be
      inserted into the conveying system and also wherein lintels may be
      inserted into the conveying system, the lintels being used as crosspieces.
PAR  A further object of the present invention is to provide for apparatus in
      which wall panels of substantial length may be produced, the invention
      also enabling wall panels to be produced in stacks one behind the other so
      that a wall panel has sufficient time to become stable before being moved.
PAR  Still a further object of the present invention is to provide for a wall
      panel construction apparatus wherein blocks may be set up at a distance
      from one another on the conveying system so that insulating material can
      be filled in between the blocks.
PAR  Additional objects of the present invention reside in the specific
      construction of the exemplary apparatus hereinafter particularly described
      in the specification and shown in the several drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a longitudinal side view of the apparatus;
PAR  FIG. 2 illustrates a top view of FIG. 1;
PAR  FIG. 3 diagrammatically illustrates the section shown taken along lines
      3--3 in FIG. 1;
PAR  FIG. 4 shows an example of the vertical joint in which serrated edges are
      employed on the blocks;
PAR  FIG. 5 illustrates the tilting device used for rotation of rectangular
      shaped bricks; and
PAR  FIG. 6 shows a section taken along lines 6--6 of FIG. 1;
PAR  FIG. 7 is a top view of the apparatus of another embodiment of the present
      invention;
PAR  FIG. 8 is a side view of the transfer grab illustrating the construction of
      a wall panel having openings for doors and windows; and
PAR  FIG. 9 is a view taken along lines 9--9 of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The exemplary embodiment of the present invention comprises a transport
      system with several conveyor systems. The conveyor systems are shown in
      the exemplary embodiment as conveyor belts 1, 2, 6 and 9, and these belts
      are driven in a known conventional manner as by a motor and pulley as
      indicated at 15.
PAR  The process contemplates placing the blocks on conveyor system 1 so that
      the intended vertical faces of the blocks point vertically upwards
      initially. In this position, the blocks are closed up into rows by an
      automatic control. Such an automatic control may be by any conventional
      well known method. Over conveyor system 2, a mortar applying device 3 is
      positioned to feed mortar onto the intended vertical face of each block.
      Following this step, each block with a mortar layer on its vertical face
      is tilted by means of a tilting device 4 by 90.degree. and is then closed
      up with the preceding block. The blocks are aligned by means of ledges 5.
PAR  The blocks are then transferred to conveyor system 6 which is driven at a
      slower speed than conveyor system 2 so that the blocks are closed up to a
      desired vertical joint thickness by compressing the vertical joint mortar.
      To effectuate this compression and to keep the blocks from slipping on
      conveying systems 2 and 6, the blocks are pressed down from the top by
      means of conveyor systems 7.
PAR  Following this step, the horizontal face is applied with mortar by means of
      a second applying device 8 and each block is then transferred onto
      conveyor system 9. Conveyor system 9 transports a predetermined number of
      blocks up against a stop 10 whereupon a gripping means such as a gripping
      crane 11, picks up the predetermined row of blocks in a known way and
      places them onto the descending support 12. The descending support 12 as
      can be readily seen from viewing FIG. 2, is the preceding row of blocks
      having mortar applied to the horizontal faces.
PAR  By viewing FIG. 5, it can be seen that the tilting device 13 is utilized
      for vertical joint formation of rectangular block types. To apply mortar
      to shapes with rectangular form, a tilting device is used which grips the
      blocks on their side faces with rotating gripping brackets or jaws 14, and
      transfers the blocks onto an elevated conveyor system 6a while rotating
      the blocks 90.degree.. Such a method has a relatively high speed
      production capacity to provide for a continuous stream of blocks.
PAR  In FIG. 4, the vertical face of the blocks is shown with a serrated shaped
      face. Such a serrated shaped face would increase strength of the vertical
      joints by increasing the frictional resistance between the vertical
      joints.
PAR  Now, the operation and advantages of the embodiment of the present
      invention as illustrated in FIGS. 7-9 will be described. In FIG. 7 there
      is shown a conveying system utilizing a plurality of conveyors for
      transporting the blocks to a final conveyor or place in readiness path 16.
      Blocks of a first size 18 may be fed from a source onto a first conveyor
      20 for transport to mortar applying devices. Also, blocks 22 sized
      differently from blocks 18 may be fed onto conveyor 24 to provide for a
      wall panel having different sized blocks. A mortar applying device 26
      similar to mortar applying device 3 as hereinabove described, applies
      mortar to the intended vertical faces of blocks 18 or a combination of
      blocks 18 and 22.
PAR  A tilting device 28 then tilts the blocks in the same manner as did tilting
      device 4. The blocks are then transferred to conveyor 30 which preferably
      is run at a speed lower than the previous conveyor so that the blocks
      transported thereupon will be pressed tightly together to aid in the
      setting of the mortar. Arranged adjacent to conveyor 30 are lintels 32 and
      blocks of a third size 34. The lintels are used as crosspieces over doors
      and windows in a wall panel. The special blocks 34 may be coated with
      mortar on a vertical face by mortar applying device 36 before being placed
      on conveyor 30. Another mortar applying device 38 is utilized for
      application of mortar to the horizontal faces of blocks passing thereunder
      and also for application of mortar to a top surface of the lintels.
PAR  The construction of a typical wall panel having openings for doors and
      windows will now be described. Blocks 18 and 22 will be transported to the
      final conveyor 16 being covered with mortar and pressed together in the
      manner as previously set forth. A gripping means, commonly referred to as
      a grabbing crane 40 grabs a predetermined number of blocks 18 and 22 from
      conveyor 16 and transports them onto a floor surface or the like. The
      process is repeated until a solid wall of a certain predetermined height
      has been constructed. As may be seen from a consideration of FIGS. 8 and
      9, grabbing crane 40 has wheels 42 which enable crane 40 to travel
      horizontally along horizontal guides or rails 44. Vertical guides or posts
      46 are slidably engaged with rails 44 so that crane 40 may be displaced
      upwardly as shown in FIG. 9. A frame 48 is movable along a floor surface
      by virtue of wheel means 50 secured to frame 48 in a known manner.
PAR  After a predetermined number of rows of blocks 18 and 22 have been stacked
      one on top of another, openings for windows or the like may then be
      constructed. Blocks 18 and 22 are grouped along the conveyors preceding
      conveyor 16 in numbers corresponding to the width of desired piers. As
      shown in FIG. 8, piers of three, two and three are arranged on conveyor
      16. Aligning means or stops 52 are rotatably secured to pivot arm 54 and
      serve as a stopping point for blocks in a particular pier. Planes of
      sighting 53 are used as a final alignment means and are also rotatably
      secured to pivot shaft 54. When blocks corresponding to a certain number
      of piers are transported to conveyor 16 the sighting levels 53 and the
      stops 52 are rotated out of the way as shown in FIG. 9. After the blocks
      corresponding to the piers are in their positions generally on conveyor
      16, stops 52 and planes of sighting 53 are then pivoted downwardly in the
      direction of arrow A so that the planes of sighting 53 may be displaced
      along pivot shaft 54 to line up the blocks against stops 52. Pivotal
      movement of stops 52 and planes of sighting 53 may be realized by
      conventional hydraulic actuators 56 or other similar means. The movement
      of planes of sighting 53 to push the blocks against stops 52 may also be
      remotely controlled.
PAR  After the blocks have been properly aligned, pivot shaft 54 is actuated to
      move planes of sighting 53 and stops 52 in the direction of arrow B so
      that crane 40 may be operated to grip onto the blocks with arms 41 to lift
      them onto the previous row. The process is repeated until piers of a
      desired height are constructed. The placing of lintels 32, which serve as
      crosspieces, is carried out in a manner similar to that described for the
      transport in placing of blocks. As blocks 18 and 22 are covered with
      mortar from application device 26 and are then subsequently tilted by
      device 28, lintels 32 are placed onto conveyor 30 adjacent to special
      blocks 34 (which are coated with mortar from application device 36). It
      should be noted that special blocks 34 may not be required, but are
      illustrated to adequately disclose the flexibility of the present system.
      After blocks and lintels are joined together in a continuous row on path
      16, crane 40 then lifts the row into its proper position as shown in FIG.
      8. Thereafter, subsequent rows of any desired number of blocks may be
      placed thereupon in order to complete a desired wall panel.
PAR  From a consideration of FIG. 9, it can be seen that several different wall
      panels may be constructed along a line, one behind the other, without
      first removing one of the wall panels. Such a construction of a plurality
      of wall panels is made possible by the fact that frame 48 is movable. In
      previous production devices, a constructed wall panel would have to be
      first moved before the grabbing crane could begin stacking a new wall
      panel. Such a feature was relatively inefficient in that a previously
      constructed wall panel had to remain at rest at least long enough for the
      mortar to set. With the present invention, it may be readily appreciated
      that the flexibility of a movable crane 40 provides for construction of
      wall panels wherein the previous wall panels do not have to be moved.
PAR  A further process includes the insertion of insulating material between
      blocks while the blocks are being conveyed. This would require that blocks
      be separated a certain distance apart and the insulating material being
      added or filled in between the blocks. Insulating material could be placed
      in the space adjacent blocks as shown in FIG. 4, or could be placed in the
      openings already present in many building construction blocks.
PAR  Because frame 48 enables grabbing crane 40 to move in a plurality of
      positions, it may also be seen that two wall panels could be placed
      directly together in order to form a thicker wall, or could be separated
      if so desired.
PAR  The above-described device could, of course, be constructed using different
      numbers of conveying systems, etc. It must be remembered that the
      foregoing specific embodiment has been described for the purpose of
      illustrating the principles of the present invention and the same is
      subject to modification as will be apparent. Therefore, the invention
      includes all modifications within the spirit and scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for the production of wall panels having openings for doors
      and windows by perpendicular superposition of rows of blocks wherein said
      blocks have mortar disposed between both their horizontal and vertical
      faces in which said apparatus comprises:
PA1  a. a conveying means adapted to support and transport a row of blocks;
PA1  b. means for aligning said blocks with their intended vertical faces
      horizontally oriented;
PA1  c. first applying means for applying mortar of a predetermined thickness
      onto the intended vertical faces of said blocks;
PA1  d. means for turning said blocks by 90.degree. after passage from said
      first applying means whereby the intended vertical faces are oriented
      vertically and the intended horizontal faces are oriented horizontally;
PA1  e. means for bringing the intended vertical faces together to form vertical
      joints;
PA1  f. second applying means for applying mortar of a predetermined thickness
      onto said intended horizontal faces of said turned blocks;
PA1  g. second aligning means disposed adjacent to an end section of said
      conveying means for aligning portions of a row of blocks into groups which
      form piers when rows of blocks comprising said groups are stacked on top
      of another; and
PA1  h. means for transporting a predetermined number of said blocks onto a
      horizontal support so that a row of a wall panel of such blocks is formed.
NUM  2.
PAR  2. An apparatus as described in claim 1 wherein a third applying means is
      disposed adjacent to said conveying means for applying mortar of a
      predetermined thickness to additional blocks which are inserted onto the
      conveying means subsequent to said turning means.
NUM  3.
PAR  3. An apparatus as described in claim 1 wherein said second aligning means
      comprises a plurality of sighting levels each operatively engaged with a
      stop, said sighting levels and stops being secured to a pivot arm arranged
      to pivot said sighting levels and stops to engage groups of blocks and
      align them according to predetermined orientations, said pivot arm also
      being operative to pivot said sighting levels and stops to a position so
      that said means for transporting can lift the blocks off of the end
      section of said conveying means.
NUM  4.
PAR  4. An apparatus as described in claim 3 wherein said means for transporting
      is disposed on a frame which is movable over a floor surface or the like,
      said frame enabling said means for transporting to lift blocks off of said
      conveying means and stack said blocks into wall panels, said wall panels
      being produced in a line one after another.
NUM  5.
PAR  5. An apparatus as described in claim 3 wherein means for introducing
      lintels onto said conveying means is disposed adjacent to said conveying
      means at a position following said turning means.
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ABST
PAL  An apparatus for manufacturing a laminate having a width of at least 30 cm.
      by means of a solventless adhesive, wherein, in a first stage, means are
      provided for continuously supplying a solventless adhesive to a
      distributor means comprising a pre-dosing element and an elastic-surfaced
      rotating element in such a manner as to coat the surface of the
      elastic-surfaced rotating element with a layer of solventless adhesive
      having a thickness of from 5 to 50 microns, the layer then being
      substantially transferred to a moving film to be laminated, the
      circumferential speed of the elastic-surfaced rotating element and the
      speed of linear displacement of the film being in a ratio of from 1:10 to
      1:50, so that the film receives a layer of solventless adhesive of a
      thickness of from 0.5 to 5 microns, and, in a second stage, means are
      provided for bonding in a known manner the film coated in this manner to
      another film to form a laminate.
PARN
PAR  The present application is a division of copending application Ser. No.
      209,148, filed Dec. 17, 1971, now U.S. Pat. No. 3,840,419.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is concerned with the manufacture of a composite
      packing material by means of a solventless adhesive and, more
      particularly, is concerned with the manufacture of a material containing
      at least one film of plastics material.
PAR  In the present invention, there is to be understood by composite, or more
      simply "laminated," packing material, the material obtained by bonding
      together at least one film, preferably of plastics material, and at least
      one film of any other material, which may be plastics material, metal,
      paper, fabric or the like.
PAR  By solventless adhesive, there is understood an adhesive the use of which
      for a bonding operation does not entail the evaporation of volatile
      materials. This excludes, in particular, water-based glues, glues in the
      form of a dispersion, solution or emulsion and also glues constituted by a
      natural or synthetic resin dissolved or emulsified in at least one
      volatile organic solvent. A typical representative of a solventless
      adhesive which is preferably used according to the present invention is
      that known as a two (or multi-) reactive component adhesive, the two (or
      more) components of which react together in situ to form a cross-linked
      adhesive polymer. Examples of this kind of adhesive include a hydroxylated
      polyester or polyether which is reacted with a di- or polyisocyanate and
      an expoxy resin which is reacted with compounds containing at least two
      active hydrogen atoms. It is to be understood that any solventless
      adhesive as defined above may be used for carrying out the present
      invention and that the nature of this adhesive is not limited in any way
      to the examples given above solely by way of illustration.
PAR  At present, laminates of the kind defined above are manufactured
      exclusively with solvent type adhesives; since these contain, as bonding
      agent, a high molecular weight polymer which has already been formed, the
      initial bond is sufficient to produce a firm joint between the films
      bonded together. Furthermore, the solvent makes it possible to adjust, as
      desired, the viscosity best suited to the application of the adhesive to
      the film and also to adjust the weight of adhesive applied per unit of
      area to values which are as low as desired. Nevertheless, this technique
      suffers from numerous disadvantages. First, for obvious reasons of
      hygiene, it is necessary to provide special, very expensive installations
      to prevent the poisoning of operators by the solvent vapors and to avoid
      all risk of fire. In addition, the use of a solvent for the preparation of
      the adhesive entails various stages of operation, such as dissolving the
      adhesive in the solvent, intimate mixing of the components and, finally,
      the elimination of the solvent, preferably in an oven, before bonding the
      laminate, which entails great expenditure of time and cost of equipment.
      In these operations, either the solvent is lost, which represents a dry
      loss of raw material, or else it is recovered as far as possible but this
      also requires expensive installations. Another disadvantage is that the
      active life of the adhesive in its ready for use form is limited, this
      life being inversely proportional to the reactivity of its components. If
      the machine manufacturing the laminates should stop, the adhesive still
      remaining in the coating vessels is lost, because its period of reactivity
      or "pan life" is too limited.
PAR  It would be much more advantageous to use solventless adhesives, because
      the disadvantages inherent in the use of solvents would be eliminated.
      Nevertheless, it has not hitherto been found possible to use solventless
      adhesives in the manufacture of laminates for the following reasons: the
      initial adhesive power of a solventless adhesive is very low because the
      polymerization (polyaddition) of its components does not start until the
      moment when the adhesive is applied to the sheet of laminate to be
      manufactured and, consequently, adhesivity, which is a corollary of
      polymerization (polyaddition), is acquired only after a certain time,
      which may vary from a few minutes to several hours. This low initial
      molecular weight of the solventless adhesive is, nevertheless, necessary
      in order to prevent the system from acquiring excessive viscosity which
      would prevent the application of the adhesive to the laminate sheet at
      ambient temperature or at higher temperature. This low viscosity is all
      the more necessary because, in the manufacture of laminates, an extremely
      thin layer of adhesive is applied, generally with a thickness of from 0.5
      - 5 microns.
PAR  It will be readily appreciated that it is extremely difficult to spread a
      layer of adhesive at a rate of 0.5 to 5 grams per square meter (a
      thickness of 0.5 to 5 microns) uniformly on a sheet of plastics material.
      It is a solution of this problem, which hitherto has constituted an
      obstacle to the use of a solventless adhesive in the manufacture of
      laminates, which constitutes the object of the present invention.
PAR  There is already known a system for the application of a solventless
      adhesive to a sheet of plastics material (see British patent specification
      No. 1,158,740) but the method and apparatus described in this patent
      specification do not permit the manufacture of laminates. This patent
      specification contemplates, in particular, the application of a strip of
      adhesive to a sheet of plastics material for the purpose of manufacturing
      bags. This is clear from the accompanying drawing, in which a stereotype
      cylinder 5 applying adhesive to a sheet of plastics material has the
      dimensions required for forming a narrow adhesive strip. It would
      obviously be possible to conceive this cylinder 5 as having a suitable
      width for applying the adhesive over the entire width of a sheet of
      plastics material, for example with a width of 1.20 meter but this would
      implicitly entail a corresponding increase of the dimensions of the
      two-cylinder system (counter-cylinder 2 and applicator cylinder 1 ) used
      for feeding the adhesive to the sterotype cylinder 5. Although this patent
      specification does not specify this, the counter-cylinder 2 and the
      applicator cylinder 1 are necessarily of metal because each of them
      contains an internal heating system 14 and 15 and, consequently, they must
      be good conductors of heat. In order to be able to apply such small
      amounts of adhesive of 0.5 - 5 grams per square meter, preferably 1 to 2.5
      grams per square meters, it would be necessary to bring the
      counter-cylinder 2 so close to the feeder cylinder 1 that seizing would
      become inevitable because of the large dimensions which they would need to
      have. This is all the more so because, according to this patent
      specification, all these cylinders have different circumferential speeds,
      the ratio of circumferential speeds between the applicator cylinder 1 and
      the counter-cylinder 2 being from 1.1 to 5, preferably, from 1.5 to 1.7,
      and the ratio of the circumferential speeds between the stereotype
      cylinder and the applicator cylinder being from 1 to 3.5. These different
      circumferential speeds, which constitute an essential characteristic of
      this patent specification, have the object of producing shearing forces
      effecting intimate mixing of the old adhesive, which is still contained on
      each of the cylinders, with the fresh adhesive supplied, in order to avoid
      the formation of "cobwebs." For the purpose of lamination, it is necessary
      to prevent old adhesive, the degree of condensation of which has already
      reached too advanced a stage, from remaining on the rollers, as this would
      entail difficulties in the uniform transmission of the complete layer of
      adhesive to the sheet to be coated and would cause the sheet of plastics
      material to stick to the stereotype roller. Precisely the fact that the
      apparatus of this patent specification necessarily contains a stereotype
      cylinder has the consequence that there will always be a mixture of fresh
      adhesive and old adhesive, because the depressions in the stereotype
      roller become progressively filled with hardened adhesive, which, after a
      certain period of operation, causes a film of plastics material to stick
      to the stereotype cylinder.
PAC  SUMMARY OF THE INVENTION
PAR  Contrarily to the foregoing, according to the present invention, it is
      possible to remove substantially all the adhesive fed to the adhesive
      applicator system and to transfer it entirely to the sheet to be coated;
      in other words, the problem of the formation of "cobwebs" is eliminated
      because substantially no mixture of old adhesive with fresh adhesive is
      formed.
PAR  According to the present invention, there is provided an apparatus for the
      manufacture of a laminate having a width of at least 30 cm. by means of a
      solventless adhesive, preferably a laminate composed of at least one film
      of plastics material, the apparatus comprising a first stage wherein a
      solventless adhesive is fed continuously to a distributor means comprising
      a pre-dosing element and an elastic-surfaced rotating element, for example
      a metal cylinder provided with a covering of synthetic or natural rubber,
      in such a manner as to coat the surface of the elastic-surfaced rotating
      element with a layer of solventless adhesive having a thickness of from 5
      to 50  microns, preferably of from 10 to 25 microns, the layer then being
      substantially transferred to a moving film to be laminated, the
      circumferential speed of the elastic-surfaced rotating element and the
      speed of linear displacement of the film of plastics material being in the
      ratio of 1:10 to 1:50, preferably of 1:10 to 1:15, so that the film
      receives a layer of solvent-less adhesive with a thickness of from 0.5 to
      5 microns, preferably of from 1 to 2.5 microns, and a second stage,
      wherein the film thus coated is bonded in known manner to another film in
      order to form a laminate.
PAR  The continuous intimate mixing of the components of the solventless
      adhesive is effected in a distribution head of known type, which does not
      form part of the present invention. The distribution head supplies the
      adhesive to the apparatus of the present invention between the predosing
      element and the elastic-surfaced rotating element. Depending on the width
      of the band of plastics material to be coated, one or more distribution
      heads distributed over the entire width of the pre-dosing element may be
      provided or else a single oscillating distribution head which periodically
      deposits adhesive over the entire width of the pre-dosing element. In
      order to prevent the adhesive from overflowing laterally beyond the
      pre-dosing element and the elastic-surfaced rotating element, lateral
      baffles are provided, which are adjustable in the width direction
      depending upon the width of the layer of adhesive to be applied.
PAR  The pre-dosing element of the distributor means according to the present
      invention is made of a rigid material, preferably of metal. It may be
      fixed or rotatable. When it is fixed, it may consist in a doctor bar, a
      fixed cylinder, or a similar device. When it is rotatable, it comprises a
      cylinder, the rotational speed of which is different from the rotational
      speed of the elastic-surfaced rotating element described hereinbelow.
      Whether it is fixed or rotatable, the pre-dosing element bears against the
      elastic-surfaced rotating element in such a manner as to form a layer of
      adhesive with a thickness of from 5 to 50 microns on the surface of the
      rotating element.
PAR  The elastic-surfaced rotating element comprises a metal cylinder, the
      surface of which is provided with a covering of natural of synthetic
      rubber capable of with-standing the possibly corrosive action of the
      solventless adhesive used. The thickness of the elastic layer should be
      sufficient to ensure flexible contact with the predosing element.
PAR  The layer of solventless adhesive present on the elastic-surfaced rotating
      element may be transferred indirectly or directly to the film.
PAR  When the layer of solventless adhesive disposed on the elastic-surfaced
      rotating element is transferred indirectly to the film to be coated, it is
      transferred with the aid of an intermediate rotating cylinder made of a
      smooth-surfaced rigid material, for example metal, interposed between the
      elastic-surfaced rotating element and the film to be coated, its
      circumferential speed being at least ten times greater than that of the
      elastic-surfaced rotating element. Because of this great difference in
      speed, the intermediate element completely removes the adhesive from the
      surface of the elastic-surfaced rotating element. Similarly, the film to
      be coated, which comes into contact with the intermediate element, has a
      speed of displacement equal to or slightly greater than the
      circumferential speed of the intermediate rotating cylinder so as to
      remove all the adhesive disposed on the surface of the latter. A
      counter-cylinder, preferably having an elastic surface, may be provided in
      order to improve the contact between the sheet of plastics material and
      the intermediate rotating cylinder.
PAR  When the layer of solventless adhesive disposed on the elastic-surfaced
      rotating element is transferred directly to the film to be coated, the
      latter may simply be stretched over the rotating element in the manner of
      a belt or else it may be pressed against the rotating element by means of
      a counter-cylinder, preferably provided with an elastic surface, in the
      manner indicated in the preceding paragraph.
PAR  In the case of indirect transfer of the adhesive, the counter-cylinders
      will having a circumferential speed equal to or preferably slightly
      greater than that of the intermediate rotating cylinder.
PAR  On the other hand, in the case of direct adhesive transfer, the
      circumferential speed of the counter-cylinder and that of the
      elastic-surfaced rotating element will be in a ratio of at least 10:1 to
      50:1 and preferably of from 10:1 to 15:1.
PAR  The film which has been coated with the solventless adhesive in the manner
      according to the present invention then passes into the second part of the
      apparatus, in which it is bonded in known manner to the second film
      component of the laminate, for example by passing the two films between an
      elastic-surfaced cylinder and a rigid cylinder, for example of metal. This
      metal cylinder may optionally be provided with heating means.
PAR  If it is required to produce laminates composed of more than two films,
      this operation may be carried out either by a plurality of passes through
      the apparatus according to the present invention, adding one more film
      each time, or by providing a plurality of systems according to the present
      invention, disposed in series. Thus, the manufacture of laminates composed
      of more than two films may be carried out either by passing a laminate,
      instead of a film, into the first part of the apparatus or by supplying a
      laminate, instead of a film, in the bonding part of the apparatus, or else
      by using these two methods simultaneously; of course, these laminates may
      or may not have been manufactured according to the present invention.
PAR  To summarise, whatever the embodiment of the present invention adopted, it
      is of prime importance, for good operation of the apparatus and for
      obtaining a laminate of good quality, that the adhesive should be removed
      substantially completely from each cylinder and be transferred completely
      to the sheet of plastics material, so that it will not be able, in the
      course of time, to form a hardened coating on the surface of these
      cylinders. For this purpose, it is necessary that the ratio between the
      circumferential speed of the elastic-surfaced rotating element and the
      speed of linear displacement of the sheet of plastics material to be
      coated should be at least 1:10 (in the case of direct transfer) or that
      this same ratio of at least 1:10 should be maintained between the
      circumferential speed of the elastic-surfaced rotating element and the
      speed of the intermediate rotating cylinder which transfers the adhesive
      to the sheet to be coated, the latter having, in this case, a speed of
      displacement equal to or slightly greater than that of the intermediate
      rotating cylinder (in the case of indirect transfer).
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the present invention, several embodiments
      thereof will now be described in more detail with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 illustrates diagrammatically an apparatus in accordance with the
      present invention;
PAR  FIG. 2 is an embodiment showing a fixed pre-dosing element;
PAR  FIG. 3 is another form of construction in which the pre-dosing element is
      rotatable;
PAR  FIG. 4 is a variant of FIG. 2, in which a counter-cylinder is provided;
PAR  FIG. 5 is another variant of FIG. 2, in which a smooth-surfaced
      intermediate cylinder is disposed between the elastic-surfaced rotating
      element and the the film to be coated; and
PAR  FIG. 6 shows, in perspective, a variant of the apparatus illustrated in
      FIG. 5, containing a counter-cylinder and laterally adjustable lateral
      baffles.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, I designates the coating zone and II the bonding
      zone. In zone I, a sheet of plastics material 1 is guided by means of a
      cylinder 2 and a cylinder 3 in such a manner that it bears against an
      elastic-surfaced rotating element 4. A solvent-less adhesive is fed (arrow
      10) through a duct 5 discharging over the entire width of a pre-dosing
      element 6, the spacing of which, in relation to the elastic-surfaced
      rotating element 4, is such that it deposits on the latter a layer of
      adhesive with a thickness of from 5 to 50 microns and preferably of from
      10 to 25 microns. The speed of displacement of the film 1 and the
      circumferential speed of the elastic-surfaced rotating element 4 are in a
      ratio of at least 10:1. The sheet of plastics material coated in this
      manner with a coating of adhesive with a thickness of 0.5 to 5 microns and
      preferably of from 1 to 2.5 microns (about 0.5 to 5 grams per square meter
      and preferably 1 to 2.5 grams per square meter of solventless adhesive)
      passes beyond the guide cylinder 3 into the bonding zone II, in which the
      sheet 1 is bonded in known manner to a sheet 7 by passing between
      cylinders 8 and 9.
PAR  In FIG. 2, the pre-dosing element comprises a fixed cylinder 6, which may
      be replaced by a fixed doctor blade. Adhesive is fed at the point marked
      by an arrow 10 symbolizing the distribution head which distributes the
      adhesive over the entire width of the elastic-surfaced rotating element.
PAR  In FIG. 3, the pre-dosing element 6 comprises a rotating cylinder having a
      preferably metallic smooth surface, the peripheral speed of which is
      different from that of the elastic-surfaced rotating element 4.
PAR  FIG. 4 is similar to FIG. 2, except that a counter-cylinder 11 is provided
      which presses the sheet of plastics material against the elastic-surfaced
      rotating element 4. The arrows show that the sheet of plastics material
      can move in the same direction as or in the opposite direction to that of
      the elastic-surfaced rotating element 4, the ratio between the respective
      speeds of the sheet and of the elastic-surfaced rotating element being
      here equal to at least 10:1.
PAR  In FIG. 5, there is illustrated an arrangement in which a rotating cylinder
      12 is interposed between the elastic-surfaced rotating element 4 and the
      sheet of plastics material 1. The ratio between the peripheral speed of
      the element 4 and the peripheral speed of the element 12 is at least 1:10,
      while the speed of displacement of the sheet 1 in relation to the speed of
      the rotating cylinder 12 is equal or slightly higher.
PAR  FIG. 6 shows lateral baffles 13 provided to prevent the adhesive from
      overflowing from the pre-dosing element 6 and from the elastic-surfaced
      rotating element 4. In addition, a counter-cylinder 11 is provided, as
      illustrated in FIG. 4.
PAR  It is to be understood that the specific embodiments described and
      illustrated have only been given by way of example and do not in any way
      limit the scope of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for manufacturing a laminate having a width of at least 30
      cm. by means of a solventless adhesive, said apparatus comprising:
PA1  an adhesive distributor means including a predosing element and an
      elastic-surfaced rotating element adjacent said predosing element;
PA1  means for rotating said elastic-surfaced rotating element;
PA1  means for continuously supplying solventless adhesive at a predetermined
      rate to said distributor means between said elastic-surfaced rotating
      element and said predosing element, and for applying all of said
      solventless adhesive from said predosing element to said elastic-surfaced
      rotating element in a layer having a thickness of from 5 to 50 microns;
PA1  means for moving with respect to said elastic-surfaced rotating element a
      first film at a linear speed of from 10 to 50 times the circumferential
      speed of said elastic-surfaced rotating element, and for transferring all
      of said layer of solventless adhesive from said elastic-surfaced rotating
      element to said first film in a coating having a thickness of from 0.5 to
      5 microns; and
PA1  means for bonding said thus coated first film to a second film to form a
      laminate.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein said predosing element is
      fixed.
NUM  3.
PAR  3. An apparatus as claimed in claim 1, wherein said predosing element is
      made of metal.
NUM  4.
PAR  4. An apparatus as claimed in claim 1, wherein said predosing element is
      rotatably mounted and is provided with drive means.
NUM  5.
PAR  5. An apparatus as claimed in claim 1, further comprising an intermediate
      rotatable cylinder of smooth-surfaced rigid material interposed between
      said elastic-surfaced rotating element and the path of the film to be
      coated, drive means for rotating said intermediate rotating cylinder, said
      means for rotating the elastic-surfaced rotating element and the drive
      means of the intermediate rotating cylinder being so adjustable that their
      circumferential speeds will be in a ratio of from 1:10 to 1:50.
NUM  6.
PAR  6. An apparatus as claimed in claim 1, further comprising an intermediate
      rotatable cylinder of smooth-surfaced rigid material interposed between
      said elastic-surfaced rotating element and the path of the film to be
      coated, drive means for rotating said intermediate rotating cylinder, said
      means for rotating the elastic-surfaced element and the drive means of the
      intermediate rotating cylinder being so adjustable that their
      circumferential speeds will be in a ratio of from 1:10 to 1:50; and
      wherein said means for moving said first film is so adjustable that the
      speed of displacement of said first film will be equal to the
      circumferential speed of the intermediate rotating cylinder.
NUM  7.
PAR  7. An apparatus as claimed in claim 1, further comprising an intermediate
      rotatable cylinder of smooth-surfaced rigid material interposed between
      said elastic-surfaced rotating element and the path of the film to be
      coated, drive means for rotating said intermediate rotating cylinder, said
      means for rotating the elastic-surfaced rotating element and the drive
      means of the intermediate rotating cylinder being so adjustable that their
      circumferential speeds will be in a ratio of from 1:10 to 1:50; and
      wherein said means for moving said first film is so adjustable that the
      speed of displacement of the film will be higher than the circumferential
      speed of the intermediate rotating cylinder.
NUM  8.
PAR  8. An apparatus as claimed in claim 1, wherein said elastic-surfaced
      rotating element is a metal cylinder, the surface of which is provided
      with a covering of natural or synthetic rubber.
NUM  9.
PAR  9. An apparatus as claimed in claim 1, further comprising a
      counter-cylinder adapted to press said first film against said
      elastic-surfaced rotating element.
NUM  10.
PAR  10. An apparatus as claimed in claim 1, further comprising a
      counter-cylinder adapted to press said first film against said
      elastic-surfaced rotating element, said counter-cylinder being provided
      with an elastic surface.
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ABST
PAL  An apparatus and method are disclosed for removing unreacted monomer and
      other volatile material from an aqueous dispersion of polymeric substance.
      An aqueous dispersion containing volatile material to be stripped is
      injected into a substantially unrestricted contacting tube along with a
      stripping gas such as steam to provide within the contacting tube a high
      velocity vaporous mixture of aqueous dispersion and stripping gas. The
      vaporous mixture is maintained under a pressure above atmospheric and
      preferably greater than 5 psi gauge within the contacting tube a time
      sufficient to permit absorption of volatiles from the dispersion to the
      stripping gas and preferably to permit saturation equilibrium to be
      approached. The vaporous mixture is discharged from the contacting tube
      through a nozzle into a substantially unrestricted post-contacting tube,
      which is maintained below atmospheric pressure, and preferably is impinged
      against a baffle means. Thereafter, the vaporous mixture is discharged
      from the post-contacting tube into a separator chamber that is maintained
      at a sufficient pressure below atmospheric to flash volatiles from the
      mixture. The volatiles and stripping gas are then removed from the
      separator chamber separate from the stripped aqueous dispersion. The
      stripping may be thereupon repeated to further reduce the residual
      volatiles within the aqueous dispersion.
PARN
PAR  This is a continuation of application Ser. No. 344,816, filed Mar. 26,
      1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an improvement in the removal of unreacted
      monomer and other volatile material from aqueous dispersions of polymeric
      substances.
PAC  BACKGROUND OF THE INVENTION
PAR  Stripping is a term used in the polymer industry to describe removal of
      certain unreacted monomer and other volatile material from the mass of
      reacted, i.e. polymerized, material. The stripping occurs while the
      polymeric material is in an aqueous dispersion called a "latex". A
      stripping gas such as steam is mixed with the dispersion and retained in
      that condition long enough for substantial amounts of the volatile
      material from the polymeric material to be absorbed into the gas. Ideally,
      saturation equilibrium is reached during the dispersion-gas retention to
      maximize the stripping efficiency.
PAR  Stripping processes are particularly useful in separating unreacted styrene
      from styrene-butadiene polymer latex. The polymer exists as an emulsion of
      rubber particles in water phase and reference to an aqueous dispersion in
      this specification and claims means such an emulsion as commonly
      understood in the art of producing polymer latices. Whether the
      polymerization is to low conversion, e.g. 60-70%, or to high conversion,
      e.g. 95-98%, substantial amounts of unreacted monomer still remain within
      the product at the end of the polymerization. The monomer must be removed
      not only to provide a high quality polymeric product having no undesirable
      odor, degradation, and the like, but to attain greater economies by
      recovery of the monomer for reuse. Butadiene can be readily removed by
      flashing it off in a vacuum chamber because it is highly volatile.
      Styrene, on the other hand, having a boiling point higher than water, must
      be removed by stripping. Because of its relative inexpensiveness and
      compatibility with the polymerization chemistry, steam is usually and
      typically used as the stripping gas in stripping processes. Typically, the
      residual styrene in the polymer product must be reduced to levels of about
      0.02-0.05% by weight for the polymer to be acceptable for commercial use.
PAR  The most direct method of stripping has been to distill the latex under
      reduced pressure. In this process, latex is introduced batchwise into a
      vacuum vessel and agitated to achieve good contact with steam which is
      introduced at the bottom of the vessel. Steam enriched with the volatile
      material is drawn off at the top of the vessel under vacuum. Due to the
      character of the dispersion, this process is very slow and difficult to
      operate. Excessive foaming and coagulation occurs making the process
      unsatisfactory for large scale commercial production because of the
      constant loss of polymer.
PAR  It has been proposed to make the distillation continuous while eliminating
      foaming and coagulation by simultaneously injecting latex and steam
      through an externally heated tube in a liquid-in-gas mixture. The steam is
      saturated with volatile material while the latex is partially evaporated
      along the length of the tube. Upon discharge from the heated tube, the
      volatile-laden steam is immediately separated from the latex by one or
      more flash and cyclone separators, see e.g. U.S. Pat. No. 2,467,769.
PAR  In this process, unrestricted passages through the heated tube are required
      to prohibit build-up of back pressure and in turn avoid coagulation and
      foaming. The latex is forced to flow along the walls of the tube at
      relatively high velocities so that boiling occurs along the walls of the
      tube without coagulation of the latex or formulation of a coagulated film
      on the heated surface. The turbulent high velocity flow also breaks up any
      bubbles which are produced within the tube and thus prevents the formation
      and build-up of foam. Although this process is operative, it is
      inefficient and commercially unsatisfactory. Very large amounts of steam
      are needed to strip a given amount of polymer, and large amounts of heat
      must be externally introduced into the system aside from the latent heat
      of the stripping gas and latex.
PAR  The most prevalently used commercial method of stripping is called "flash
      stripping". The flash stripper utilizes the principle of continuously
      mixing a stream of carrier gas, typically steam, with a stream of aqueous
      dispersion in such ratios that a liquid-in-gas or vaporous mixture is
      provided. The vaporous mixture is then continuously flashed into a vacuum
      chamber where the volatile-laden stripping gas evaporates and is drawn off
      separate from the dispersion. Successive stages may be employed to reduce
      the volatile material to the desired residual level.
PAR  The difficulty with flash stripping has been that it is only as good as the
      contacting step prior to flashing. Saturation equilibrium must be
      approached in the contacting step in as short a period of time as possible
      to provide a unit of commercial efficiency. Logically this is accomplished
      by free and unrestricted passage through a long tube with a minimum of
      pressure drop, while external heat is added for the formation of vapor.
      However, inordinate amounts of steam and an excessive number of stages are
      needed to reduce the residual contact of the volatile materials to an
      acceptable level with such a contacting technique.
PAR  It has been proposed to achieve a rapid and uniform vaporous mixture of the
      aqueous dispersion of polymeric substance in the stripping gas by
      restricting the flow through a tortuous path, see U.S. Pat. Nos. 3,073,380
      and 3,469,617 to Palmason. That is, the dispersion-gas mixture is passed
      through a tortuous path of relatively narrow elongated crosssection at
      high velocity, while inputting heat to the mixture to effect
      volatilization during confinement. The velocity of the mixture through the
      tortuous path is maintained so that the disposition of coagulant upon the
      surfaces which define the passageways is inhibited and the mixture is
      discharged from the end of the tortuous path with the vapors above ambient
      temperature. The mixture is immediately injected into a vacuum chamber
      where the volatiles are flash evaporated and drawn off together with the
      stripping gas under vacuum.
PAR  Although providing improved efficiency when operating, the "tortuous path"
      strippers present serious difficulties in manufacture and in operation.
      Specifically, the tortuous path contacting section is expensive to build
      and therefore involves a relatively large capital outlay. Moreover,
      because of plugging in the tortuous pathways, it requires the operation to
      be shut down frequently and for relatively long periods of time while the
      contacting section is cleaned and regasketed. The reliability of the unit
      is thus low and the maintenance costs excessive. The efficiency of such
      stripping units can be increased by maintaining extra contacting sections
      which can be inserted into the system to keep the stripper in operation.
      But this further increases both the capital outlay and maintenance
      requirements.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an efficient method and means of removing
      volatile materials from an aqueous dispersion of polymeric substance which
      is contemplated as being an improvement to the apparatus and method
      disclosed in the above referenced U.S. Pat. No. 3,469,617 to Palmason. No
      clogging and attendant downtime is encountered with the present system,
      while the operating efficiency of the stripping is maintained and
      increased. The system is extremely simple to build and easy to maintain.
      Moreover, no heat source is needed in the present invention aside from the
      latent heat of the stripping gas and aqueous dispersion.
PAR  The stripping process of the present invention comprises injecting into the
      enlongated contacting chamber of a substantially unrestricted contacting
      tube an aqueous dispersion containing volatile material along with
      stripping gas such as steam to provide a high velocity turbulent vaporous
      mixture within the contacting tube. The stripping gas and aqueous
      dispersion may be separately mixed before injection, but preferably the
      stripping gas is simultaneously mixed with the dispersion upon injection
      into the contacting tube. In the latter instance, the stripping gas is
      preferably injected at a velocity above 100 feet per second to provide the
      high velocity turbulent mixture within the contacting tube.
PAR  The vaporous mixture is maintained in the contacting tube for a time
      sufficient to permit substantial volatiles from the aqueous dispersion to
      be absorbed into the stripping gas. For efficiency, the retention time in
      the contacting tube is preferably for a period sufficient for saturation
      equilibrium to be approached. The retention time is controlled by the
      dimensions and notably the length of the contacting tube and the amount of
      back pressure. Preferably, no heat is supplied to the contacting tube
      except through the latent heat in the stripping gas and aqueous
      dispersion. The residence in the contacting tube is accomplished by a back
      pressure above atmospheric; lower pressures have been found to result in
      poor stripping.
PAR  The vaporous gas-dispersion mixture is discharged from the contacting tube
      through a nozzle, preferably against a baffle means, into a
      post-contacting tube. The post-contacting section is maintained at a
      pressure substantially below atmospheric so that a substantial pressure
      drop of preferably greater than 5 psi gauge and most desirably above 15
      psi gauge is maintained across the nozzle.
PAR  The gas-dispersion mixture is then discharged into a separator chamber
      which is maintained at a sufficient pressure below atmospheric to flash
      volatiles from the mixture. The volatiles and stripping gas are thus
      easily removed under vacuum from the separator separate from the aqueous
      dispersion. Preferably the flash evaporation and separation are
      accomplished by maintaining a pressure differential between the separator
      chamber and the exterior thereof of between 15 and 25 inches of mercury.
      The optimum pressure, however, either within or without this range, will
      depend on the composition of the stripping gas, the aqueous dispersion,
      and the flow conditions in the system.
PAR  In operation, the present invention provides a minimum pressure drop
      through the contacting tube consistent with maintaining velocity and
      turbulence through the contacting tube sufficient to minimize coagulations
      and foaming, and a relatively large pressure drop of preferably at least
      about 5 psi and most desirably about 15 to 35 psi across the nozzle at the
      exit of the contacting tube into a post-contacting tube. The
      gas-dispersion mixture can thus be retained in the contacting tube under
      relatively high pressure and temperature without the addition of sensible
      heat for efficient stripping of volatiles from the aqueous dispersion.
      Further, the gas-dispersion mixture is subjected to a throttling of
      explosive action exiting through the nozzle into the post-contacting tube.
      Preferably, the vaporous mixture is impinged against a baffle means as it
      is discharged through the nozzle to further add to the explosive action of
      the mixture passing through the nozzle into the reduced pressure and
      further increase the stripping efficiency.
PAR  The residual volatiles in the aqueous dispersion may upon separation be
      sufficiently low for the intended purposes of the polymer. However, if it
      is not, the process may be repeated in two or more stages until the
      residual volatiles have been reduced to a suitable level.
PAR  Other details, objects and advantages of the invention will become apparent
      as the following description of the presently preferred embodiments
      proceeds.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings the present preferred embodiments of the
      invention and present preferred methods of practicing the same proceeds in
      which:
PAR  FIG. 1 is a diagrammatic view of a stripping process in accordance with the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the stripping process is specifically described with
      reference to the removal of unreacted styrene monomer from an aqueous
      dispersion (i.e. latex) of butadiene-styrene copolymer using steam as a
      carrier gas.
PAR  A vaporous mixture of latex and steam is formed in mixing chamber 10 which
      comprises the input end of substantially unrestricted contacting tube 11
      which, as shown in FIG. 1, defines an open and elongated pressurable
      contacting chamber. The latex containing the styrene monomer to be
      stripped is fed to the system through pipelines 12 and 13 via feed pump
      14. Typically the feed pump supplies the feed latex at 20 gpm with a
      pressure head of about 40 psi. The latex may also at this point pass
      through a preheater (not shown) to add to the latent heat of the latex, in
      which instance, the pressure head from the feed pump is typically about 50
      psi to compensate for the pressure drop across the preheater. The latex is
      injected into the mixing chamber 10 tangentially or peripherally,
      typically at 5 to 10 feet per second. The steam is supplied to mixing
      chamber 10 axially through pipeline 15 at high velocity preferably greater
      than 100 feet per second through nozzle 16. Preferably, the latex is
      thereupon injected into the steam through a gap 15A, typically of about
      1/4 to 3/8 inch, between the nozzle 16 and the end plate of chamber 10, by
      Venturi action of the steam as it passes by the gap at high velocity. A
      high velocity turbulent vaporous mixture of steam and latex is thus
      injected into the contacting tube 11.
PAR  The vaporous mixture of latex and steam is maintained in the contacting
      tube 11 under pressure above atmospheric for sufficient length of time to
      permit the steam to absorb styrene monomer from the latex. To provide for
      efficient stripping, as hereinafter described, the styrene level in the
      steam is permitted to approach saturation equilibrium. This is
      accomplished primarily by sizing the contacting tube 11 both in length and
      diameter but most notably in length. Typically the contacting tube is 5
      inches in diameter and 10 to 30 feet in length. The length varies widely
      because of the wide variation in styrene content in the feed latex. The
      lower the styrene content in the feed latex the longer the contacting
      tubes must be to provide for longer retention time and in turn efficient
      stripping. For this reason, longer contacting tubes are needed in the
      latter stages of stripping to remove the same percent of styrene from the
      latex. It should also be noted that the contacting tube 11 is preferably a
      single, or as shown, a double U-shaped tube to conserve space.
PAR  The retention time can also be increased by increasing the pressure in
      contacting tube 11. This can be accomplished simply by sizing later
      described nozzle 17. However, the pressure which can be maintained in tube
      11 is limited by the discharge pressure head of feed pump 14. Therefore,
      the pressure in contacting tube 11 measured at pressure gauge 19 is
      preferably above 5 psi gauge and most desirably between 10 and 15 psi
      gauge when the latex is not preheated. When the latex is preheated, the
      measured pressure at gauge 19 is preferably increased by the pressure drop
      across the preheater which is typically 10 psi. Higher pressures, even
      greater than 25 psi, may be desirable in certain applications to speed the
      stripping process with the maximum pressure dependent on the nature of the
      aqueous dispersion and of the stripping gas.
PAR  From the contacting tube 11, the vaporous mixture is discharged through
      nozzle 17 into unrestricted post-contacting tube 18. Nozzle 17 is sized in
      accordance with the desired flow rate through a system and the desired
      pressure in the contacting tube and pressure drop across the nozzle.
      Typically, nozzle 17 is about 1.5 inch in diameter or about 30% of the
      diameter of contacting tube 11 to provide about 10 psi gauge pressure in
      the contacting tube.
PAR  Post-contacting tube 18 is maintained substantially below atmospheric
      pressure so that a substantial pressure drop is provided across nozzle 17
      of typically 15 to 35 psi. Tube 18 is typically the same diameter as
      contacting tube 11, although it may vary in size as desired. It has been
      found that a diameter of 8 inches and a length on the order of 1 to 4 feet
      is suitable for tube 18. Its function is to confine the vaporous mixture
      at the emergence from the throttling action as it passes through the
      nozzle 17 and before discharge into vacuum chamber 20.
PAR  It should be noted that nozzle 17 may be placed in different relation to
      tube 18 than as shown. For example, nozzle 17 may be placed in a
      horizontal position in tube 18. In any case, nozzle 17 is preferably
      positioned so that the vaporous mixture exiting from the nozzle impinges
      on a baffle means. As shown the baffle means 18A is the side of tube 18.
      Where nozzle 17 is placed in a horizontal position in tube 18, it is
      contemplated that the baffle means may be the baffles (not shown)
      providing for tangential-vortex inlet to vacuum chamber 20. Although this
      aspect is not essential to the operation of the process, it is believed to
      add to the stripping efficiency of the process.
PAR  The vaporous mixture is then discharged into the vacuum chamber 20 which is
      a standard flash separator vessel. That is, the inlet is baffled (not
      shown) so that the vaporous mixture is tangentially injected into chamber
      20 to swirl along the inner sides thereof. Chamber 20 is maintained at a
      pressure substantially below atmospheric by drawing a vacuum at the top
      through pipe 22. Preferably, the pressure differential between the
      separator and the exterior thereof is between about 15 and 25 inches of
      mercury and most desirably between 20 and 25 inches of mercury, for
      example, as read at vacuum gauge 21. The actual vacuum or pressure will
      depend on the volatiles to be flashed and the percent of solids desired in
      the latex. For example, if only unwanted gases such as butadiene are to be
      stripped 15 inches of mercury is satisfactory. Typically the vacuum
      pressure is maintained between 23 and 25 inches of mercury. The precise
      vacuum will, however, vary with the solid content desired for a given
      latent heat of the aqueous dispersion and stripping gas. In this
      connection, it should be noted that solid contents between 49 and 51% by
      weight in butadiene-styrene latex product is standard in the industry.
      Higher percent solids may be appropriate with other latices, e.g., 60%
      with chloroprene. But for butadienestyrene latex, about 50-55% is the
      highest percentage which can be tolerated without encountering
      coagulation.
PAR  The volatiles in the mixture are flashed off and separately removed along
      with the steam through pipes 22 and vacuum manifold 23 to a condenser 24.
      In condenser 24 the styrene and steam are condensed by circulation through
      standard heat exchange coils with water circulation around the coils. The
      water enters through pipeline 25 and exits through pipeline 30. After
      condensation in condenser 24, the styrene ladened condensate is directed
      through pipeline 26, pump 27 and pipeline 28 to a separator, while the
      vacuum is returned to a vacuum pump (not shown) through pipe 29.
PAR  Meanwhile the stripped latex is removed from the vacuum chamber 20 through
      pipe 31, pump 32 and pipe 33. If the residual styrene content is
      sufficiently low, the latex may be removed from the system for sale or
      coagulation. Otherwise, the latex may be passed to a second or subsequent
      stage identical to the one above described starting with feed styrene
      through pipe 12, perhaps with the addition of preheater as above described
      to compensate for the cooling in the flash separator.
PAR  The present system has been found in stripping butadiene-styrene latex to
      have greater efficiency than prior systems. Using the system described, it
      has been found that styrene can be reduced by a factor of three in each
      stage of a three stage stripping system. For example, 1% styrene in the
      butadiene-styrene latex fed to the system is reduced to 0.3% in the first
      stage, 0.1% in the second stage, and 0.03% in the third stage. Moreover,
      it has been standard with the apparatus described in U.S. Pat. No.
      3,469,617 to require 2 pounds of steam to strip 1 pound of latex. With the
      present invention the ratio of steam to latex has been found to approach
      1:1.
PAR  This increased efficiency is believed to result from an increased amount of
      styrene content in the steam discharged from the system. If saturation
      equilibrium could be reached, it is possible for the steam leaving the
      system to have 14 times as much styrene as the aqueous portion of the
      latex. With the system of U.S. Pat. No. 3,469,617, it has been typical for
      the steam discharging the system to have 7 times as much styrene as the
      aqueous portion of the latex or about 50% of the saturation maximum. With
      the present invention the existing steam has been found to have up to 10
      times as much styrene as the aqueous portion of the latex or 50 to 80% of
      the saturation maximum.
PAR  These efficiencies are, however, not absolutes. Variables in the system can
      change the efficiency drastically. For example, if the styrene content of
      the incoming latex is higher, higher efficiencies will be provided whether
      the system be the present invention or prior techniques. Further, if more
      stages are added to the system to further reduce the residual styrene, the
      efficiencies will be reduced because of the reduction in styrene content
      of the latex fed to the later stages of the system.
PAR  The mechanism by which these higher efficiencies are attained are not
      entirely known. It is believed that they result from the contacting of
      vaporous mixture of steam and latex at relatively high temperature (i.e.
      212.degree. to 270.degree.F) and relatively high pressure (e.g. 15 to 30
      psi absolute) for a relatively long period in contacting tube 11, coupled
      with the explosive action as the vaporous mixture passes through the
      nozzle 17. However, whatever the mechanism or the efficiencies, it is
      clear that the present invention substantially advances the art by
      eliminating cumbersome and unreliable apparatus.
PAR  It is to be noted that the foregoing pressures and temperatures as
      specified may be conveniently converted into generally equivalent metric
      terms by applying the following conversion factors:
PAR  Fahrenheit Degree -- Minus 32 .times. 0.555 = Centigrade Degree.
PAR  Inch -- .times. 2.54 = Centimeter (cm).
PAR  Pound/Square Inch (psi) -- .times. 70.3 = Gram/Square/Centimeter
      (gm/cm.sup.2)
PAR  While presently preferred embodiments have been shown and described, it is
      distinctly understood that the invention may be otherwise variously
      embodied and used within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus adapted to remove a volatile material from an aqueous
      dispersion of particles of a polymeric material wherein the volatile
      material has a boiling point higher than the water phase of such
      dispersion, such as for removing styrene from an aqueous latex dispersion
      of a styrene-butadiene polymer, the combination comprising:
PA1  a. a vaporous mixture contacting tube means requiring no external heating
      and defining an elongated and substantially open and unrestricted
      pressurable contacting chamber;
PA1  b. mixing means connected with one end of said contacting tube means and
      adapted to mix said dispersion in heated condition with a hot stripping
      gas to form a vaporous mixture and to inject said vaporous mixture into
      said contacting chamber to form a turbulent flow of said vaporous mixture
      through said chamber with said vaporous mixture being maintained at a
      temperature range of about 212.degree.F-270.degree.F
      (100.degree.C-132.degree.C) and at a selected pressure above about 5 psig
      (35 KPa);
PA1  c. said contacting chamber being of width selected to permit substantially
      unrestricted flow and minimum pressure drop of the turbulent flow of said
      vaporous mixture through said chamber and of length selected to permit an
      optimum approach to substantially equilibrium saturation of said volatile
      material into said stripping gas;
PA1  d. post contacting tube means connected into a standard flash separator
      means having vacuum producing means adapted to maintain said post
      contacting tube means and the chamber of said separator means at a vacuum
      of about 15-25 inches (38-64 cm) of mercury to separate said volatile
      material along with said stripping gas from said aqueous dispersion;
PA1  e. flow throttling discharge nozzle means connected between said vaporous
      mixture contacting tube means and said post contacting tube means and
      adapted to discharge said vaporous mixture from said contacting chamber
      into said post contacting tube means with the size of said nozzle means
      being selected to cause said vaporous mixture to discharge and expand into
      the vacuum within said post contacting tube means with an explosive
      expansion action and also to maintain said selected pressure within said
      contacting chamber in combined action with said mixing means;
PA1  f. means for removing said aqueous dispersion separated as a liquid from
      said separator means and for separately removing said volatile material
      along with said stripping gas from said separator means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the size of said discharge nozzle means
      is selected to discharge said mixture through said discharge nozzle with a
      differential pressure of at least about 15 psi (105 KPa) existing between
      said chamber and said post contacting tube means.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said contacting tube means is in
      proportion of about 5 inches (12.7 cm) in width and about 10 to 30 feet
      (3.05-9.15 m) in length.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said mixing means and said flow
      discharge means are adapted in combination to form the turbulent flow of
      said vaporous mixture in a temperature range of about 212.degree. -
      270.degree. F. (100.degree.  - 132.degree. C.) and at a pressure above
      about 5 psig (35 KPa) and wherein said separator means is adapted to
      maintain a vacuum in the range of about 15-25 inches (38-64 cm) of
      mercury.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said vaporous mixture contacting tube
      means includes one or more U-tubes defining a portion of said contacting
      chamber.
NUM  6.
PAR  6. The apparatus of claim 3 wherein said mixing means and said flow
      discharge means are adapted in combination to form the turbulent flow of
      said vaporous mixture in a temperature range of about 212.degree. -
      270.degree.F. (100.degree. - 132.degree.C.) and at a pressure above about
      5 psig (35 KPa).
NUM  7.
PAR  7. The apparatus of claim 6 wherein the size of said discharge nozzle means
      is selected to discharge said mixture through said discharge nozzle with a
      differential pressure of at least about 15 psi (105 KPa) existing between
      said chamber and said post contacting tube means.
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PAL  The present invention relates to a process for sizing cellulose fibers or
      cellulose fiber containing materials and a composition for carrying out
      the process. According to the process the time for developing full sizing
      effect of ketene dimers and carbamoyl chlorides is reduced by carrying out
      sizing in the presence of a chloroformate or an isocyanate. The
      composition for carrying out the process comprises of a paper sizing
      composition containing the sizing agents mentioned above in combination
      with a chloroformate or an isocyanate.
BSUM
PAC  BACKGROUND
PAR  It is previously known that cellulose fiber containing materials are sized
      by ketene dimers or carbamoyl chlorides (e.g., Swedish Pat. Nos. 177,927
      or 356,088). The hydrophobic effect is obtained by reaction of the ketene
      dimer group or the carbamoyl chloride group with the free hydroxyl groups
      of the cellulose fibers, whereby an organic bond is obtained between the
      cellulose molecule and the sizing agent. In addition to the cellulose
      reactive group, the sizing agent also contains a hydrocarbon group with
      hydrophobic properties, and after completion of the reaction, cellulose
      fibers with water-repellent properties are obtained.
PAR  A suitable process for producing paper with hydrophobic properties consists
      in adding a dispersion of the sizing agent to the fibers in the stock, the
      dispersion having such properties that the dispersed particles of the
      sizing agent are attracted to the cellulose fibers. After removal of water
      from the fiber suspension on the endless wire, the wet sheet is passed
      through the press and drier section, whereby the dispersion is broken and
      the sizing agent gets into contact with the fibers. In the sizing process
      it is assumed that the sizing agent must first melt, spreading over the
      fibers and then reacting with the hydroxyl groups. The high speed of paper
      making machines used today results in about a 30 second stay in the drier
      section, where the average temperature in the paper sheet is 70.degree. -
      75.degree.C. This means that the ketene dimer or the carbamoyl chloride
      does not get time to react completely with the cellulose fibers in the
      paper making machine, with the result that the paper leaves the machine in
      a substantially unsized condition. The hydrophobic effect is developed
      latter, partly on the tambour, partly during a following storage.
PAR  However, it is desirable to obtain a more rapid curing so that the paper
      will have a high sizing when it leaves the paper making machine. This is
      of importance when it is desired to change the dosage of additives in
      paper making in such a way that the hydrophobic properties of the produced
      paper can be evaluated immediately after leaving the machine. Moreover,
      storage space can be considerably reduced, which space is at present
      necessary for the above-mentioned aftercuring to take place. In the cases
      when it is desired in paper making to coat the paper in line, it is
      likewise necessary that a certain degree of sizing has already been
      developed in the machine.
PAR  It has been suggested in British Pat. No. 1,172,898 to accelerate the
      curing time of ketene dimers by adding minor amounts of a hydrophobic acyl
      compound such as fatty acids and derivatives thereof. These compounds also
      act as extenders for the ketene dimer. However, using stearic acid in
      combination with ketene dimers requires a relatively high temperature
      (approximately 100.degree.C) to accelerate the curing, which temperature
      cannot be obtained in a conventional drier section of a paper making
      machine.
PAC  THE PRESENT INVENTION
PAR  According to our invention it has surprisingly been found that the curing
      of ketene dimers and carbamoyl chlorides is considerably accelerated --
      even at relatively low curing temperatures -- if a chloroformate or an
      isocyanate is present during the curing. As is evident from the examples
      which follow, this effect is superior to that obtained with the acyl
      compounds previously known.
PAR  According to our invention cellulose fibers are sized by being brought into
      contact with a sizing agent containing ketene dimer or carbamoyl chloride,
      whereby the sizing is carried out in the presence of a chloroformate or
      isocyanate. The time for developing full sizing effect will then be
      reduced in the order of 50%. The effect of the chloroformate and the
      isocyanate respectively seems to be of catalytic character, as the total
      sizing effect is not appreciably influenced.
PAR  The invention also relates to a paper sizing composition comprising a
      sizing agent consisting of ketene dimer or carbamoyl chloride in
      combination with a chloroformate or an isocyanate. A paper sizing
      composition according to our invention comprises of a water dispersion of
      the active components, optionally together with at least one emulsifier
      known per se.
PAR  Any material containing cellulose fibers can be sized according to our
      process. Thus the process can be carried out by addition of the components
      to a water suspension of cellulose fibers. Condensed forms of cellulose
      fibers, such as paper, cardboard, board, particle board, etc. can likewise
      be sized, e.g., by submerging the material into a water dispersion or a
      solution of our components. The sizing system of our invention can also be
      suitably formulated for application to a condensed material containing
      cellulose fibers by surface coating. Of course the material containing
      cellulose fibers need not consist of merely cellulose fibers, since it can
      for instance occur in admixture with other materials, such as
      semi-synthetic paper containing plastics.
PAR  A paper sizing composition according to our invention can in known manner
      contain emulsifiers to form stable water dispersions, such as emulsifiers
      of anionic, cationic or non-ionic character or a mixture thereof. The
      amount of emulsifier is selected in a known manner with respect to the
      components present, the dry content of the dispersion, etc. Usually an
      amount of emulsifier is used exceeding 1% by weight based on the
      components to be dispersed.
PAR  For instance, upon addition to a water suspension of the fibers the
      included components are emulsified with a cationic emulsifier to a stable
      water dispersion which is added to the stock before dewatering the fibers.
      As examples of suitable cationic dispersing agents there can be mentioned
      polyethylene imine, polyalkylene polyamide resins, cationic starch, etc.
PAR  It is essential according to our invention that the curing of the sizing
      agents is carried out in the presence of a chloroformate or an isocyanate,
      and accordingly any known methods for applying the active components are
      possible. Thus, a dispersion of the sizing agent and a dispersion of the
      chloroformate and the isocyanate respectively can for instance be added
      separately to the stock. Another possible way of carrying out our process
      is by adding a dispersion of the sizing agent to the stock and later
      applying a solution or dispersion of the chloroformate or the isocyanate
      during the dewatering of the fiber web.
PAR  The chloroformates and isocyanates used according to our invention
      preferably consist of compounds which are substituted with hydrophobic,
      organic groups. Such compounds are known per se as sizing agents for
      cellulose fibers, but we discovered that they further seem to have a
      catalyzing effect on ketene dimers and carbamoyl chlorides respectively.
      This is evident from the fact that the time for obtaining full curing is
      reduced by using very small amounts of the compounds, in fact such small
      amounts that these are not enough per se to obtain a hydrophobic effect.
      Moreover, the total hydrophobic effect is not substantially improved in
      carrying out the process according to our invention. Only the time for
      obtaining a maximum hydrophobic effect with the sizing agent in the form
      of ketene dimer or carbamoyl chloride is reduced. The hydrophobic organic
      group of the chloroformate and the isocyanate respectively, e.g., such as
      are described hereinafter for ketene dimers or carbamoyl chlorides, can be
      selected from among those groups which are well-known for having a
      hydrophobic effect. When compositions according to our invention are to be
      prepared, hydrophobic groups similar to those of the ketene dimer and the
      carbamoyl chloride respectively are preferably selected. The hydrophobic
      groups suitably consist of alkyl chains containing 8 - 40 carbon atoms,
      and preferably 12 - 20 carbon atoms.
PAR  The amount of chloroformate and isocyanate used in combination with the
      sizing agent should exceed 0.5% by weight based on the weight of the
      sizing agent. Although the upper limit is not critical, the catalyzing
      effect on the curing seems to decrease when the amount exceeds 100%. For
      economical reasons a ratio of sizing agent to chloroformate or isocyanate
      is selected within the range of about 1:0.05 - 1:1, and preferably from
      about 1:0.1 - 1:0.7.
PAR  The sizing agents, whose effect is enhanced in carrying out our process,
      consists of ketene dimers or carbamoyl chlorides. These compounds are
      well-known as sizing agents for cellulose fibers and contain in addition
      to the reactive group an organic substituent having hydrophobic
      properties. Organic hydrophobic hydrocarbon groups which have been found
      to be useful for sizing of cellulose fiber materials, are those in which
      the hydrophobic group is a higher alkyl having at least about 8 carbon
      atoms, e.g., decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
      hexadecyl, heptadecyl, octadecyl, tetracosyl and pentacosyl and higher
      alkyl groups up to about 40 carbon atoms, if desired, although those
      having about 12 - 30 carbon atoms are preferred; the corresponding alkenyl
      groups having between about 8 and about 40 carbon atoms, among which for
      instance can be mentioned decenyl, tridecenyl, heptadecenyl, octadecenyl,
      eicosenyl, tricosenyl, etc.; aralkyl, alkaryl and alkyl substituted
      cycloalkyl having at least about 8 carbon atoms, e.g., 4-tert.
      butylphenyl, octylphenyl, nonylphenyl, dodecylphenyl, tridecylphenyl,
      pentadecylphenyl, octadecylphenyl, eicosylphenyl, nonylcyclopropyl,
      dodecylcyclobutyl, tridecylcyclopentyl, tetradecylcyclohexyl,
      pentadecylcycloheptyl, octadecylcylohexyl etc. and any of these alkyl,
      alkenyl, alkaryl and alkylcycloalkyl groups containing non-disturbing,
      inert substituents. Among inert substituents can be mentioned carboalkoxy,
      alkyloxy, aryloxy, arylalkyloxy, keto (carbonyl), tert. amide groups, etc.
      Among examples of radicals, which should not occur to any large extent in
      the hydrophobic group, hydroxyl groups, primary and secondary amino
      groups, amide groups containing amide hydrogen and carboxyl groups or
      other acid groups can be mentioned. It is obvious to persons skilled in
      this art which groups can be used in these compounds if undesired side
      reactions are to be avoided. Usually the hydrophobic substituent consists
      of an alkyl group containing 8 - 40 carbon atoms, preferably 12 - 20
      carbon atoms. The carbamoyl chloride can be substituted with one or two
      hydrophobic groups. In the cases when monosubstituted carbamoyl chlorides
      are used the other substituent preferably consists of a lower alkyl group.
PAR  The amount of sizing composition added to the cellulose fiber containing
      material according to our invention can vary within wide limits and
      depends on different factors, such as application technique, the special
      cellulose fiber containing material to be sized, e.g., the quality of the
      pulp, etc., pH at stock addition, amount and type of emulsifier, etc. At
      stock addition or surface sizing the compositions are usually added in an
      amount exceeding 0.01% by weight based on the dry fibers. The upper limit
      is not really critical but is primarily governed by economical
      considerations. An addition of our compositions within the range of from
      0.05 to 5% by weight, preferably 0.05 to 1% by weight based on the dry
      fibers is preferably chosen. Our sizing composition is intended to include
      the combination of the sizing agent and chloroformate or isocyanate, as
      well as optionally occurring emulsifier, etc.
PAR  The effect of accelerating the curing according to our invention does not
      seem to be influenced by other conventional additives used in paper making
      or in surface coating of paper. Thus the fiber suspension or the condensed
      fibers can in a known manner contain other additives used in paper making,
      e.g., fillers, alum, retention agents, anti-foam agents, flocculation
      agents, etc.
DETD
PAR  The invention will be described in more detail in the following
      illustrative examples, which, however, are not intended to limit our
      invention. Percentages and parts are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  Strips of unsized paper sheets were submerged into toluene solutions
      containing 40 - 60 mg of distearyl carbamoyl chloride per 100 ml of
      toluene as sizing agent and with varying amounts of cetyl chloroformate
      and stearyl isocyanate respectively, as is evident from the tables below.
      After submerging, the strips were dried at room temperature. Then the
      strips were cured in heating chambers at 40.degree.C and taken out after
      different periods of time for examination of the curing time. This was
      determined by means of an ink (floatation) test in such a way that the
      test strips were placed on a water bath at pH 8 containing a dyestuff. The
      specimens were considered as sized when no strike-through was obtained
      after 10 min. duration of stay on the water surface. The results appear
      from the following tables.
PAR  40 mg of distearyl carbamoyl chloride per 100 ml of toluene.
TBL  ______________________________________                                    

     Cetyl chloroformate                                                       

     (mg/100 ml of toluene)                                                    

                       0       5     10   15   20                              

     Curing time (min)                                                         

                      125     95     81   69   52                              

     ______________________________________                                    

PAR  60 mg of distearyl carbamoyl chloride per 100 ml of toluene.
TBL  ______________________________________                                    

     Cetyl chloroformate                                                       

     (mg/100 ml of toluene)                                                    

                       0      5     10   15   30                               

     Curing time (min)                                                         

                      58     37     29   26   31                               

     ______________________________________                                    

PAR  50 mg of distearyl carbamoyl chloride per 100 ml of toluene.
TBL  ______________________________________                                    

     Stearyl isocyanate                                                        

     (mg/100 ml of toluene)                                                    

                       0      1      2   8    20                               

     Curing time (min)                                                         

                      75     65     51   8     5                               

     ______________________________________                                    

PAR  As is evident from the above tables, that time for complete curing was
      considerably reduced by small added amounts of chloroformate or
      isocyanate.
PAC  EXAMPLE 2
PAR  The curing time of sizing systems containing ketene dimer as sizing agent
      and chloroformate or isocyanate as a catalyzing component was evaluated in
      the same way as described in Example 1. The results are shown in the
      following tables.
PAR  60 mg of distearyl ketene dimer per 100 ml of toluene.
TBL  ______________________________________                                    

     Cetyl chloroformate                                                       

     (mg/100 ml of toluene)                                                    

                     0       5     10  15  20  25  30                          

     Curing time (min)                                                         

                    100     76     68  60  56  53  51                          

     ______________________________________                                    

PAR  70 mg of distearyl ketene dimer per 100 ml of toluene.
TBL  ______________________________________                                    

     Cetyl chloroformate                                                       

     (mg/100 ml of toluene)                                                    

                       0     10     20   25   30                               

     Curing time      90     80     27   44   45                               

     ______________________________________                                    

PAR  50 mg of distearyl ketene dimer per 100 ml of toluene.
TBL  ______________________________________                                    

     Stearyl isocyanate                                                        

     (mg/100 ml of toluene)                                                    

                     0      2      4    6    8   10                            

     Curing time (min)                                                         

                    110    100    22   20   10    7                            

     ______________________________________                                    

PAR  As is evident from the above tables, the time for complete curing was
      considerably reduced by the addition of small amounts of chloroformate or
      isocyanate.
PAC  EXAMPLE 3
PAR  Water dispersions of methyl stearyl carbamoyl chloride and distearyl
      carbamoyl chloride containing varying amounts of cetyl chloroformate or
      stearyl isocyanate were prepared by melting the components at 40.degree.C,
      after which water having the same temperature was added under agitation in
      a Turrax agitator for 3 min. The water amounts were adapted so that
      dispersions of 2% were obtained, which were rapidly cooled on ice baths,
      resulting in a stable dispersion. The dispersions obtained were then
      diluted to different dry contents. Test specimens of unsized strips of
      paper were submerged into the aqueous dispersions. The impregnated strips
      were cured in drying chambers at 60.degree.C and the time for curing was
      determined according to the ink (flotation) test, as described above. The
      results appear from the tables below.
TBL  ______________________________________                                    

     Curing at 60.degree.C                                                     

                       Curing time (min)                                       

     Sizing agent composition                                                  

                       % by weight of sizing agent                             

                       composition based on dry fibers                         

                     0.2       0.1                                             

     ______________________________________                                    

     Methylstearylcarbamoylchloride                                            

                       42          40                                          

     Methylstearylcarbamoylchloride                                            

     Stearylisocyanate (9:1)                                                   

                       17          29                                          

     Methylstearylcarbamoylchloride                                            

     Cetylchloroformate (9.5:0.5)                                              

                       23          22                                          

     Distearylcarbamoylchloride                                                

                       18          20                                          

     Distearylcarbamoylchoride                                                 

     Stearylisocyanate (9:1)                                                   

                        3           7                                          

     Distearylcarbamoylchloride                                                

     Cetylchloroformate (9:1)                                                  

                        5          10                                          

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  Sheets having a surface weight of 75 g/m.sup.2 were formed in a laboratory
      sheet machine from bleached sulphate pulp beaten to about 22.degree. SR.
      In sheeting water dispersions of sizing compositions corresponding to a
      dry content of 0.07 and 0.1% by weight based on dry fibers were added.
      Sheeting was carried out at a pulp concentration of 0.2% by weight and a
      pH of 7. After sheeting the sheets were pressed for 4 min. at a pressure
      of 5 kg/cm.sup.2 and dried in a drying chamber for 60 min. at 60.degree.C,
      after which they hung at room temperature for further curing. The sizing
      effect was determined according to SCAN:P 12:64 at different points of
      time to learn how far the curing process had proceeded. The results appear
      from the tables below.
PAR  At the tests the following sizing systems were used (The statements of
      amounts relate to % by weight based on dry fibers):
TBL  A:                                                                        

       Distearylcarbamoyl-                                                     

                       D:                                                      

                         Distearylcarbamoyl-                                   

       chloride   0.07   chloride   0.10                                       

     B:                                                                        

       Distearylcarbamoyl-                                                     

                       E:                                                      

                         Distearylcarbamoyl-                                   

       chloride   0.063  chloride   0.09                                       

       Cetylchloroformate                                                      

                  0.007  Cetylchloroformate                                    

                                    0.01                                       

     C:                                                                        

       Distearylcarbamoyl-                                                     

                       F:                                                      

                         Distearylcarbamoyl-                                   

       chloride   0.063  chloride   0.09                                       

       Stearylisocyanate                                                       

                  0.007  Stearylisocyanate                                     

                                    0.01                                       

     Sizing system                                                             

                  Cobb.sub.60 g/m.sup.2                                        

                  Curing time                                                  

                  1 h                                                          

                     24 h                                                      

                         7 days                                                

                             12 days                                           

     A            42 36  30  27                                                

     B            31 28  24  23                                                

     C            28 25  21  20                                                

     D            41 33  27  25                                                

     E            32 27  21  20                                                

     F            27 22  19  18                                                

PAR  After 12 days the tests were interrupted, and the specimens were finally
      cured in drying chambers at 105.degree.C, substantially the same Cobb
      number being obtained for A, B and C respectively D, E and F.
PAR  As is evident from the table the sizing degree at room temperature was
      developed considerably more rapidly when using systems according to our
      invention.
PAR  We intend to claim the priority benefits of our Swedish application No.
      73/01359-5 and the disclosure of this Swedish Application is incorporated
      herein by reference (an English translation thereof being filed herewith).
CLMS
STM  We claim:
NUM  1.
PAR  1. In the known process for sizing cellulose fibers in aqueous suspension
      or for sizing paper products containing cellulose fibers which comprises
      treating the cellulose fibers with an amount of a carbamoyl chloride which
      is sufficient to effect sizing of the cellulose fibers, said carbamoyl
      chloride having the general formula
      ##EQU1##
      wherein R.sub.1 is an organic hydrophobic group and R.sub.2 is a lower
      alkyl group or has the same meaning as R.sub.1, the improvement which
      comprises combining with the carbamoyl chloride a material selected from
      the group consisting of alkyl chloroformates or alkyl isocyanates, wherein
      the alkyl chain in each instance contains 8 - 40 carbon atoms, the ratio
      of the carbamoyl chloride to chloroformate or the ratio of the carbamoyl
      chloride to the isocyanate being within the range of from about 1:0.5 to
      1:1.
NUM  2.
PAR  2. A composition for sizing cellulose fibers in aqueous suspension or paper
      products containing cellulose fibers comprising a water dispersion of
PA1  a. an emulsifier in an emulsifying amount,
PA1  b. a carbamoyl chloride as sizing agent, and
PA1  c. a material selected from the group consisting of alkyl chloroformates or
      alkyl isocyanates, wherein the alkyl chain in each instance contains 8-40
      carbon atoms and where the ratio of carbamoyl chloride to chloroformate or
      isocyanate respectively is within the range of from about 1:0.05 to 1:1.
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ABST
PAL  A debonded cellulose fiber pulp sheet that is adapted to be fiberized by
      mechanical action to form a fluffy material and is impregnated with small
      amounts, such as 1% or less, of a long chain fatty alkyl cationic compound
      having at least 12 carbon atoms in at least one alkyl chain and a similar
      small or somewhat larger amount of an oily material such as a mineral,
      vegetable or animal oil which coacts with the cationic compound to render
      the pulp sheet easily mechanically fiberizable, and the resulting
      fiberized fluffy material softer, more lofty and more absorbent and method
      for producing said sheet.
BSUM
PAR  In a copending application of Laurence R. B. Hervey and Donald K. George
      Ser. No. 739,641, filed June 25, 1968, now U.S. Pat. No. 3,554,862,
      patented Jan. 12, 1971, there is disclosed a pulp sheet which has been
      rendered easily fiberizable by treating of the pulp slurry or wet pulp
      sheet with a relatively small amount, e.g. less than 1%, of a cationic
      long chain fatty alkyl compound having at least 12 carbon atoms in at
      least one alkyl chain. Following this treatment of the pulp slurry or wet
      pulp sheet, the sheet is dried and is adapted to be fiberized very easily
      with a minimum of broken fibers and the production of softer, more lofty
      and highly absorbent fluffy material. That application discloses various
      examples of the cationic chemical compounds which may be used to produce
      the debonded easily fiberizable sheet, including long chain fatty
      quaternary ammonium compounds and long chain fatty tertiary, secondary and
      primary amine compounds. The function of these compounds in improving the
      fiberizing properties of the pulp sheet appears to involve debonding of
      the cellulosic fibers so that they may be easily separated when subjected
      to a mechanical abrading action.
PAR  These long chain fatty chemical compounds, even when used in minute amounts
      of less than 1%, were found highly effective for debonding the cellulosic
      fibers and produced results that had not been obtainable prior to the
      invention disclosed in the above application. Prior attempts to obtain
      debonding of cellulosic fibers by addition of natural oils or similar oily
      materials were not effective and, at best, gave limited debonding when
      used in massive amounts, such as 10 to 40% by weight. The ineffectiveness
      of the oils for this purpose was apparently due to the oleophobic nature
      of the cellulose fibers which repelled the oils. In contrast thereto, the
      long chain fatty cationic chemicals are highly attracted to the cellulosic
      fibers and proved markedly effective for debonding of the fibers in
      extremely small amounts, e.g. 0.5% or slightly less.
PAR  In extending the initial research which led to the invention of the
      cellulose fiber debonding effectiveness of the cationic compounds
      disclosed in the above application Ser. No. 739,641, we have discovered
      that the same and, in fact, improved debonding effects may be obtained
      with an admixture of the cationic chemical and an oily material. This
      surprising result is contrary to the expected ineffectiveness of oils or
      oily materials when used alone and even in large amounts. This discovery
      is of substantial commercial importance from the standpoint of economy in
      the use of the cationic materials which are relatively costly even when
      used in small amounts. By admixing the oily material, e.g. natural
      vegetable or animal oil, with the long chain cationic compound, we have
      obtained excellent fiber debonding effects with as little as 0.15% to 0.3
      % of the cationic material admixed with up to two or three times such
      amounts of a natural oil, e.g., a low viscosity mineral oil. Moreover, we
      have found that the admixture of cationic chemical and oil improves very
      substantially the fiberizing properties of the same sheet when treated
      with the cationic material alone or with oil alone even in large amounts
      of the latter.
DETD
PAR  Illustrative but non-limiting examples of the treatment of the cellulosic
      pulp with the admixture of cationic materials and oil in accordance with
      the present invention, and the distinctly inferior results obtained when
      using the cationic material or the oil alone, are given below:
PAR  a. To an unbeaten sulphate pulp slurry containing 100 grams of dry pulp,
      there is added a well-blended mixture of 0.25 grams of ARQUAD 2HT-75,
      dimethyldi (hydrogenated tallow) ammonium chloride produced by Armour &
      Co., and 0.50 grams of white mineral oil. This mixture is allowed to stand
      for five minutes to allow intimate contact and then is formed into a sheet
      using a standard laboratory mold. The de-watered sheet is pressed between
      felts and dried on a steam can drier to yield a soft pulp sheet which is
      easily fluffed by fingernail friction into a loose, lofty mass of unbroken
      fibers.
PAR  b. A second sheet is formed as in (a) except that only the 0.25 grams of
      ARQUAD 2HT-75 is used. This sheet, while relatively soft, is fiberizable
      only with great difficulty using the fingernail and yields a noticeably
      less fluffy mass of fibers.
PAR  c. A third sheet is prepared as in (a) using no ARQUAD or oil and this
      sheet is found to be much too hard and tightly bonded to allow
      fiberization by the fingernail.
PAR  d. A fourth sheet is prepared as in (a) using only 0.5 grams of oil and
      this sheet is found to be essentially identical to the sheet as prepared
      in (c).
PAR  e. A sheet is prepared as in (a) using 0.30 grams of HYAMINE 3500, n-alkyl
      (C.sub.12,  C.sub.14,  C.sub.16) - dimethyl benzyl ammonium chloride,
      produced by Rohm & Haas Co., and 0.50 grams of peanut oil. This sheet is
      somewhat darker in color but is otherwise easily fluffed and shows
      properties similar to those of sheet (a).
PAR  f. Sheets are prepared from 100 grams of sulfite pulp and (a) 0.25 grams of
      ARQUAD 2HT-75 plus 0.75 grams of mineral oil. (b) 0.30 grams of ARQUAD 2HT
      plus 0.5 grams of corn oil. (c) 0.25 grams of HYAMINE 3500 plus 0.5 grams
      of lard oil. (d) 0.30 grams of HYAMINE 3500 plus 0.80 grams of whale
      (sperm) oil.
PAR  Illustrative examples of the cationic chemicals which may be used in the
      present invention are as follows:
PAC  Quaternary
PA1  mono cottonseed oil trimethyl ammonium chloride
PA1  mono coco trimethyl ammonium chloride
PA1  mono stearyl trimethyl ammonium chloride
PA1  mono oleyl trimethyl ammonium chloride
PA1  mono soya trimethyl ammonium chloride
PA1  dilauryl dimethyl ammonium chloride
PA1  di hydrogenated dimethyl ammonium chloride derived from a tallow oil
PA1  dimethyl ammonium chloride derived from soya oil
PA1  N-alkyl (C.sub.12, 14, 16) dimethyl benzyl ammonium chloride
PA1  coco dimethyl benzyl ammonium chloride
PAC  Tertiary
PA1  mono stearyl dimethyl amine chloride
PAC  Secondary
PA1  di coco amine chloride
PA1  di hydrogenated tallow amine chloride
PA1  di oleyl amine chloride
PAC  Primary
PA1  dodecylamine chloride
PA1  palmitylamine chloride
PA1  coco amine chloride
PA1  coco amine acetate
PA1  stearyl amine chloride
PA1  stearyl amine acetate
PA1  oleyl amine chloride
PA1  oleyl amine acetate
PA1  soya amine chloride
PA1  tallow amine chloride
PAR  Illustrative but non-limiting examples of the oily materials which are to
      be admixed with the cationic chemicals in accordance with the present
      invention are peanut oil, mineral oils of a wide viscosity range,
      cottonseed oil, whale oil and lard oil. A commercially advantageous
      example is refined white oil commonly used for machine lubrication and for
      cosmetic purposes, e.g., Texaco white oil A.
PAR  Various other admixtures of cationic compounds and oils than those
      described above, which will effect debonding of the cellulosic fibers and
      various changes in the process conditions for producing the improved pulp
      sheet as described above, may be made in accordance with the spirit of the
      present invention and the scope of which is defined in the appended
      claims.
PAR  The "natural oil" referred to in the specification and claims herein is a
      non-drying type of oil illustrative examples of which are given
      hereinabove.
CLMS
STM  We claim:
NUM  1.
PAR  1. A debonded cellulose fiber pulp sheet that is adapted to be fiberized
      easily by mechanical action to form a fluffy, lofty and absorbent fibrous
      material, said sheet being impregnated with an admixture of a long chain
      fatty alkyl cationic compound having at least 12 carbon atoms in at least
      one alkyl chain, and a natural non-drying oil which has no adverse effect
      on the pulp and which per se does not effect debonding of the fibers but
      coacts with the cationic compound to effect debonding of the fibers of the
      pulp sheet and thereby render it easily fiberizable.
NUM  2.
PAR  2. A debonded cellulose fiber pulp sheet as defined in claim 1 and in which
      the amount of cationic compound is less than 1% and the oil is in an
      amount greater than 1% of the dry weight of the pulp sheet.
NUM  3.
PAR  3. A debonded cellulose fiber sheet as defined in claim 1 and in which the
      cationic compound is a long chain fatty quaternary ammonium compound.
NUM  4.
PAR  4. A debonded cellulose fiber pulp sheet as defined in claim 1 and in which
      the oil is a natural non-drying mineral oil.
NUM  5.
PAR  5. A method of producing an easily fiberizable pulp sheet comprising
      introducing into the pulp before the sheet is dried, an admixture of a
      long chain fatty alkyl cationic compound having at least 12 carbon atoms
      in at least one alkyl chain, and a natural non-drying oil which has no
      adverse effect on the pulp and which per se does not effect debonding of
      the fibers but coacts with the cationic compound to effect debonding of
      the fibers of the pulp sheet and thereby render it easily fiberizable, and
      then drying the pulp sheet.
NUM  6.
PAR  6. A method of producing an easily fiberizable pulp sheet as defined in
      claim 5 and in which the admixture of the cationic compound and oil is
      introduced into the pulp slurry before formation of the sheet.
NUM  7.
PAR  7. A method of producing an easily fiberizable pulp sheet as defined in
      claim 5 and in which the admixture of cationic compound and oil is
      introduced into the preformed wet pulp sheet before it is dried.
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ABST
PAL  Specifically disclosed is the combination of a paper making machine and a
      control system including an automatic arrangement which, on demand of the
      machine operator, performs a coordinated machine speed increase,
      maintaining the paper sheet characteristics substantially constant until
      the dryer steam pressure or the steam valve opening reaches a limit.
      During the speed increase, a number of other machine variables are
      compared with set limit values and the speed increase is discontinued when
      a limit is exceeded for a predetermined time period. When the steam
      pressure has been at a limit, or the steam valve has been wide open, for a
      predetermined time period the control system, upon sensing the limit being
      reached, switches to a dryer limited mode of operation wherein the steam
      pressure is maintained at the limit or the steam valve is locked open. The
      sheet moisture content is then controlled by a combination of automatic
      stock valve and machine speed adjustments, while basis weight is
      controlled by coordinated machine speed adjustments. The control system is
      adapted for universal use with many machine arrangements which may have
      separated and/or split dryer sections for rewet or coating operations and
      the like and/or curl control. To this end, the controller includes a
      system of logic which determines the optimum control procedure in each
      case.
PARN
PAR  This application is a continuation of application Ser. No. 232,858,
      entitled "Speed Optimization Control for Fibrous Sheet Making Machines
      Such as Paper Machines", filed Mar. 8, 1972, with David Allan Spitz the
      inventor.
BSUM
PAR  This invention relates to a speed optimizing control system for fibrous
      sheet making machines such as paper making machines.
PAR  For background information, reference can be made to the U.S. Pat. Nos. to
      Donaldson, 1,135,000, Hamilton 1,674,720, Kruse 1,926,292 and Dahlin
      3,575,798. Reference can also be made to a survey textbook entitled
      Computer Control of Industrial Processes by E. S. Savas, McGraw-Hill,
      1965, pages 360-361. The speed optimization system of the present
      invention is an improvement to an over-all control system, for paper
      making machines and the like, whose various features are described in four
      related co-pending applications of James S. Rice, identified as Ser. No.
      857,324 filed Sept. 12, 1969 for "Non-interacting Control . . .", now U.S.
      Pat. No. 3,676,295, issued on July 11, 1972, and Ser. No. 8,292, now U.S.
      Pat. No. 3,703,436, issued Nov. 21, 1972, and Ser. Nos. 8,377 now U.S.
      Pat. No. 3,852,578 and 8,383, and now abandoned, all filed Feb. 3, 1970
      for "Headbox Control . . .", "Control System and Method . . .", and
      "System and Method for Performing Coordinated Changes . . .",
      respectively.
PAR  It is the object of this invention to provide a system and method of speed
      optimization control which achieves truly maximum production speed, where
      desired, under a variety of different dryer limited conditions, while
      achieving the best possible regulation of both basis weight and moisture
      either under dryer limited conditions or otherwise.
DRWD
PAR  The more specific objects and advantages of the invention will become
      apparent in the following detailed description, taken in conjunction with
      the appended drawings in which:
PAR  FIG. 1 is a simplified schematic showing of a Fourdinier paper making
      machine incorporating a control system according to the invention.
PAR  FIG. 2 is a generalized flow chart for an up-ramp control program for the
      computer system of FIG. 1.
PAR  FIG. 3 is a generalized flow chart of a limit check routine used in the
      program of FIG. 2.
PAR  FIGS. 4a and 4b is a detailed flow chart for performing operations 142 and
      144 of FIG. 2.
DETD
PAR  Referring now to FIG. 1, there is shown a conventional paper making machine
      having a Fourdinier section 10, an upstream dryer section 12, a downstream
      dryer section 14 and a calender and reel section 16.
PAR  Fiber for forming the paper sheet is fed to the machine through a stock
      valve 18 controlled by an actuator 20. The machine speed is illustrated as
      being established by the speed of a motor drive 22 for the couch roll and
      controlled by speed control 26, which responds to tachometer 24.
PAR  The drying rate for the upstream dryer 12 is shown to be controlled by a
      steam valve 28 having a pneumatic actuator 30 supplied by the air pressure
      from a steam controller 32. Steam controller 32 is typically an analog
      controller which is responsive to either the steam pressure supplied to
      dryer 12 or the temperature of the dryer, as compared to a set point
      electrical signal on line 34. In a known manner, steam controller 32
      effects a comparison between the existing stream pressure or dryer
      temperature and a set-point value, and supplies air pressure to penumatic
      actuator 30, which opens steam valve 28 to an opening directly
      proportional to the applied air pressure.
PAR  Controller 32 is supplied with air, from a regulated pressure source, not
      shown. A portion of the regulated pressure is delivered by the controller
      to actuator 30 through a two-way valve 42 and is measured by a pressure
      sensor 38 to provide a signal on line 40 proportional to the pressure and
      hence proportional to the steam valve opening. Valve 42 is a conventional
      solenoid-operated two-way valve which is adapted to cut off the air
      pressure to the actuator 30 from controller 32 and instead apply the
      regulated pressured from a pipe 36 directly to the actuator, bypassing the
      steam controller 32. The air pressure supply from line 36 is substantially
      higher than the pressure normally supplied to actuator 30 from controller
      32, and insures that steam valve 28 will be driven to its wide open
      position. While the elements described are per se conventional, the
      arrangement employing solenoid valve 42 is a modification according to the
      present invention to insure that steam valve 38 is locked open whenever a
      signal is applied to the valve via line 44.
PAR  The dryer system is split into upstream 12 and downstream 14 sections to
      admit an additional operation therebetween at location 46 for a rewet
      operation, coating operation, or the like. The downstream dryer 14 is of a
      well-known type adapted for curl control by supplying the upper and lower
      sets of rolls through two separate steam headers 48 and 50.
PAR  The steam valves for the respective sections are controlled by separate
      actuator and control arrangements 52 and 54 which are similar to those
      just described for controlling the steam valve 28. However, the two
      separate steam controllers 56 and 58 receive set-point signals from a
      differential set-point unit 60 of a known type. The master set-point
      signal, for controlling the over-all drying rate of the dryer section 14,
      is supplied via line 62 to the differential set-point unit, and the unit
      60 simply adds or subtracts a fixed increment to the master set-point
      signal before it is applied to one or both of the set-point inputs fed to
      controllers 56 and 58. The typical example of unit 60 would be an
      electrical network comprising a manually adjusted potientiometer for
      providing a positive or negative biasing voltage, and one or more summing
      networks for supplying the sum of the master set-point and biasing signals
      to the steam controllers. Again, the control arrangements so far described
      for the downstream dryer are conventional, except for the modification of
      providing two solenoid-operated two-way valves 64 and 66 whereby the steam
      valves 68 and 70 can be locked open by signals applied on lines 72 and 74
      respectively. The pressures applied to the actuators for valves 68 and 70,
      and hence the valve positions, are sensed by sensors 76 and 78.
PAR  Coordinating control for the system described is performed by a supervisory
      control system indicated by the irregular box 80 enclosed by the heavy
      dashed line. Preferably the box 80 comprises a general-purpose digital
      computer adapted for process control, although it will be apparent that
      its functions can be performed by a special-purpose hard-wired digital
      computer or even an analog computer. Included within the box 80 are shown
      a number of dashed-line rectangles which in the preferred embodiment
      represent specific algorithms which computer 80 is programmed to execute.
      In alternate embodiments, these rectangles could represent suitable
      special-purpose computers adapted to perform equivalent functions under
      the control of a master timing and logic device.
PAR  Two very important control functions are performed by the basis weight and
      moisture controllers 82 and 84. In the preferred arrangement, controllers
      82 and 84 represent algorithms for execution by a general-purpose digital
      computer as described in detail in the above-referenced Rice applications,
      Ser. Nos. 8,377 and 8,383. In one common arrangement which is illustrated
      for simplicity, controllers 82 and 84 are responsive to a moisture gauge
      86 and a basis weight gauge 88 installed to scan the paper sheet which has
      been dried by dryer section 12.
PAR  The signals from these gauges are fed into a conventional bone dry basis
      weight computer 90. Moisture controller 82 is responsive to the output of
      moisture gauge 86, and computes the set point signal which is fed over
      line 34 to the steam controller 32 for the upstream dryer section 12.
      Basis weight controller 84 is responsive to the bone dry basis weight
      output signal from computer 90 and provides a control signal to the
      actuator 20 for the stock valve 18.
PAR  The moisture and bone dry basis weight signals are shown to be routed to
      the moisture and basis weight controllers 82 and 84 through a switching
      arrangement comprising a mode switch 92. It is indicated that when the
      mode switch is in the alternate position, the moisture and bone dry
      signals are alternatively fed to a second moisture controller 94 and a
      second basis weight controller 96. Thereby it is to be understood that the
      functions of the first moisture and basis weight controllers 82 and 84 are
      eliminated, and control is transferred instead to a second set of moisture
      and basis weight controllers 94 and 96. It is to be noted that instead of
      providing an output as a set point to steam controller 32, the second
      moisture controller 94 provides a set-point output to the speed control 26
      and also provides an output to stock valve actuator 20. It is further to
      be noted that the output of the second basis weight controller 96 is fed
      as a set-point to speed control 26.
PAR  Briefly stated, moisture and basis weight controllers 94 and 96 control the
      machine in a dryer-limited mode. When the dryers are operating at their
      maximum capacity, and if the paper is too wet, the only way to correct the
      existing condition is to reduce the amount of water per unit time which is
      carried by the sheet through the dryers; i.e., the stock flow must be
      reduced. Concomitantly, in order to prevent a change in basis weight from
      occurring, it is necessary to reduce the machine speed. With the stock
      valve opening set according to the moisture control criterion, assuming,
      for instance, a fixed stock valve position, a change in the bone dry basis
      weight can only be effected by changing the machine speed.
PAR  It is frequently desired to operate a paper making machine at the highest
      possible speed, in order to maximize production. A number of maximizing
      schemes have been proposed in the past. For example, it has been proposed
      to increase speed until the final moisture content of the machine rises
      above some maximum moisture level which is to be maintained. There are
      several disadvantages to this arrangement in that moisture would probably
      have to increase a relatively large amount, and the speed would have to be
      reduced at the end to control the desired moisture. Also, if there are
      several drying units, moisture would have to be measured for each unit.
      Moreover, it would be difficult to keep such a system at a true dryer
      limit, because the dryer limit in this case is physically undefined.
PAR  It has also been proposed to measure the steam pressure from the steam
      plant, and at infrequent intervals, to set the machine speed to some value
      less than the maximum speed permitted under true dryer limited conditions,
      in response to the measured pressure. With this system it was proposed
      that moisture control be achieved using the steam valve, operating near
      the wide open limit, to regulate the dryers. There are likewise several
      difficulties with this proposal; for example, there is no intrinsic
      relationship between moisture content and steam flow or steam pressure
      which can be used to correlate these variables, the machine is obviously
      not being operated at truly maximum speed, and the steam control becomes
      very "mushy" and unprecise in the vicinity of a wide open condition.
PAR  According to the present invention, a speed up-ramp controller 98 is
      activated when the machine operator operates an up-ramp pushbutton 100.
      The pushbutton 100 is located on a speed-optimize control section 102 of
      one of the operators' control panels. When the speed up-ramp controller is
      activated, it makes repeated small increases to the machine speed at
      intervals of five seconds by increasing the set point for speed control
      26. It is understood that the showing of only a single direct connection
      between speed up-ramp controller 98 and speed control 26 is schematic only
      for purposes of simplified explanation. The speed increase in fact takes
      place according to a fairly complex algorithm which may be that fully
      described in the above-referenced Rice application Ser. No. 8,383 and is
      therein termed an "on-grade speed change".
PAR  The speed-up of the machine takes place according to a stepwise ramp
      function whose 5-second increments are scaled so that the speed increases
      at the rate of 1 percent in 5 minutes (0.2 percent per minute). During the
      speed up-ramp, normal moisture control is effected by the use of steam
      valve 28 and moisture controller 82 in response to moisture gauge 86. The
      bone dry basis weight is maintained at the desired value by suitable
      adjustments of stock valve 18 effected by basis weight controller 84 in
      response to bone dry computer 90.
PAR  During the up-ramp, the steam valve openings, as indicated by signals from
      sensors 38, 76 and 78 are monitored by an arrangement of limit detectors
      indicated by box 104. Limit detectors 104 also monitor the outputs of
      conventional steam pressure sensors, not shown, which are connected to
      dryer sections 12 and 14 in a conventional manner. Limit detectors 104
      furthermore monitor the upstream dryer pressure set point being fed to
      steam controller 32 via line 34.
PAR  During the speed up-ramp, a number of variables other than those associated
      with the steam valve openings or steam pressures are monitored by an
      arrangement designated by the box 106 labeled "other limits" detectors.
      Specific variables which are monitored by limits detectors 106 are the
      beater chest level control valve, the machine chest level control valve,
      the consistency control valve and the decculator control valve. These
      valve positions are measured by conventional sensors (not shown) such as
      the valve position sensor 38, and the outputs of these sensors are
      compared with set limits in a conventional way. The named other limits
      detectors thus insure that the machine will not run out of heavy stock, or
      receive stock of grossly incorrect consistency or meet with similar
      mishaps, since when one of the limits is exceeded the speed up-ramp which
      had been initiated by the up-ramp pushbutton is discontinued. It is
      obviously appropriate where necessary to include limit detectors for other
      parameters in the group of "other limits" detectors 106, such as
      mechanical limits, a maximum mechanical speed limit or the like which are
      conventionally monitored on paper machines.
PAR  Whereas the activation of one of the "other limits" detectors simply
      discontinues the speed up-ramp, the activation of one of the limit
      detectors 104 associated with the dryers causes the control system to
      switch to the dryer-limited mode by operation of mode switch 92 so that
      the basis weight and moisture will be controlled in the alternate mode
      using moisture controllers 94 and 96 as previously described.
PAR  In the case of a simple machine which may have only the one dryer section
      12, wherein the downstream dryer 14 is not present and where the paper is
      wound on a reel at location 46 instead of being subjected to some other
      operation thereat, the mode switch 92 may be switched to provide the
      alternate, dryer-limited control whenever one of the limits detected by
      detectors 104 is exceeded for a predetermined time. On such a simple
      machine, the intervening dryer logic box 108 would be unnecessary.
      However, since the controller of the invention is adapted to control more
      complex machines such as that illustrated, the dryer logic system 108 is
      provided.
PAR  The machine illustrated, including the downstream dryer 14, is shown to be
      equipped with basis weight and moisture gauges 110 and 112 at the reel.
      Such a full complement of gauges would be required, for example, on a
      machine where a precise coating operation is performed. With such an
      arrangement, both the final basis weight and the coating weight per unit
      area, as well as the base sheet weight per unit area, and the moisture
      contents could be derived from the gauge signals. Also in such an
      arrangement, the moisture gauge 112 would probably provide the input
      signal for controlling the downstream dryer by computing an appropriate
      set point signal to be applied on line 62 to the differential set point
      unit 60.
PAR  It is apparent to one skilled in the art that there are at least eight
      different combinations of machines and controls possible, depending on
      whether there is one or two dryer units, whether moisture control is
      exercised on the first section only, the second section only, or on both
      sections as shown, and depending on whether the downstream dryer (or
      simply the last few rolls of a "single" dryer section) has a split section
      for curl control. It is the purpose of the dryer logic 108 to set up the
      proper conditions, as by locking certain valves, turning on or off certain
      controls, alarms and the like, in order to permit proper control of the
      machine in the dryer-limited condition as will be described more fully
      hereinafter.
PAR  Assuming that the alternate or dryer limited control mode using controllers
      94 and 96 has been in effect, when the operator desires to turn off the
      speed-maximize control, he presses a down-ramp pushbutton 114 which
      activates a speed down-ramp controller 116. This controller reduces the
      machine speed by a preset amount, in spaced steps with stock flow
      coordination in a manner similar to the technique used for changing speed
      during automatic grade changes, in a manner similar to that described in
      the Rice application 8,383, supra. As soon as the down-ramp has been
      initiated, the down-ramp controller changes the mode switch arrangement to
      restore normal basis weight and moisture control using controllers 82 and
      84.
PAR  As previously noted, in accordance with the preferred embodiment of the
      invention computer 80 comprises a general purpose process control digital
      computer which is programmed to execute at least one operation, such as an
      algorithm or subroutine, for each of the functional blocks within the
      heavy dashed line box 80 of FIG. 1. Also as previously noted, while the
      preferred arrangements for moisture controller 82 and basis weight
      controller 84 functions are those described in prior applications, it is
      apparent that there are a number of known commercial arrangements which
      could alternatively be used.
PAR  FIG. 2 is an overall flow chart of the operations performed during the
      up-ramp control phase, showing the relationship of the several algorithms.
      Once the program is entered, an interation time is set or verified in
      operation 120. A suitable time for conventional Fourdinier paper making
      machines is 5 seconds.
PAR  In operation 122, a test is made to see if a flag has been set to a binary
      one state by operation of the up-ramp pushbutton 100. If the flag is not
      set, as shown by the return operation 124 the program is discontinued
      until another five second interval has elapsed. If the flag is found to be
      in a binary one state, indicating that the up-ramp program is desired, an
      increment of speed is added to the existing machine speed as indicated by
      operation 126. As described in the Rice application Ser. No. 8,383, supra,
      the addition of a speed increment is in itself a complex algorithm
      whereby, before the speed is increased, the stock valve 18 is opened a
      predetermined amount, as is the steam valve 28, to anticipate and
      substantially nullify the effects on basis weight and moisture when the
      speed of the machine is increased. The actual speed increase takes place
      after a time delay sufficient to allow the extra flow of heavy stock to be
      delivered to the head box slice.
PAR  By operation 128, it is indicated that regular basis weight and moisture
      control functions are exercised during the up-ramp. This operation box is
      outlined by dashed lines, since it is shown for reference only and is not
      per se a part of the five second up-ramp routine. Box 130 indicates
      operations in which the computer reads the sensors for the above described
      "other limit" and steam pressure and valve limit variables. In operation
      132, the values of the other limit variables obtained from the sensors are
      compared with predetermined limits, and a test is made for each variable
      to see if the limit is exceeded for a predetermined time, selected to be
      two minutes for the typical Fourdinier machine. If a limit has been
      exceeded for 2 minutes, the operator is alerted by a suitable alarm in
      operation 134 and the speed optimization program is turned off as shown by
      operation 136.
PAR  If none of the limits has been exceeded for 2 minutes, a similar test is
      made for the steam limits in operation 138, and if no limit has been
      exceeded for a time period of 2 minutes, as indicated by the return
      operation 140 the up-ramp cycle is repeated after a 5 second interval.
PAR  If the result of operation 138 indicates that a steam valve or steam
      pressure limit has been exceeded for 2 minutes, a dryer logic routine 142
      is performed, and appropriate valve or valves are locked open as indicated
      by operation 144, and dryer limited control is initiated as indicated by
      box 146. It is apparent that operation box 146 performs the function of
      mode switch 92 of FIG. 1 in switching from regular moisture 82 and basis
      weight controllers 84 to the alternate controllers 94 and 96.
PAR  FIG. 3 is a flow chart of a preferred way of timing the length of time that
      one of the variables connected with operations 132 and 138 is at a limit.
      As indicated by operation 148, the measured value of the variable is
      compared with a limit. If the measured value equals or exceeds the limit
      value, a counter is incremented as indicated by operation 150. More
      specifically, a memory slot in the computer is reserved for each variable
      to be tested. If the operation 148 decision is "yes", the number standing
      in the designated memory slot is replaced with a number one integer
      larger, thus providing a count of the number of times decision operation
      148 has shown the variable to exceed the limit. Since the iteration time
      for the up-ramp program is 5 seconds, a count of twenty-four standing in
      the counter is an indication that the variable has been at the limit for
      two minutes. If the result of the 148 operation decision is "no", the
      number standing in the memory slot is replaced with a zero, as indicated
      by operation 152. In operation box 154 the counter reading is compared
      with a limiting number, specifically 25, and if the limiting number has
      not been equalled or exceeded the program proceeds to the next operation
      156. If the count has reached the limit, appropriate actions such as
      sounding an alarm or stopping the up-ramp are performed. FIG. 4 is a
      detailed flow chart for performing operations 142 and 144 of FIG. 2.
PAR  Referring now to FIG. 4, which is in two parts, FIG. 4a and FIG. 4b, the
      program is generally self-explanatory from the legend in the various
      boxes. However, a few comments are in order. Boxes as at 170, 182, 194,
      206, 216, and 236 simply indicate that an appropriate message should be
      typed out for the benefit of the operator, and/or an appropriate signal
      lamp or multiple alarm be activated, all in conventional manner.
PAR  The designation in boxes such as 174, 188, 200, 212 and 234 labled "turn
      alternate control on" indicate that control is to be exercised in the
      alternate, dryer limited mode using moisture controllers 94 and 96 of FIG.
      1.
PAR  The decision boxes as at 162, 176, 184 and 226 labled "single moisture
      system?" simply indicate that the computer examines a particular memory
      slot for a preprogrammed indication as to whether there is more than one
      moisture gauge control system. A "no" indication would be obtained if the
      machine had the configuration of FIG. 1, since there are two moisture
      control systems, one using moisture gauge 96 and the other using moisture
      gauge 112, for the upstream and downstream sections.
PAR  Similarly, a preprogrammed indication in a designated computer memory slot
      is examined to determine if there is a machine rewet, as indicated by
      decision boxes 166, 178, 186 and 230. Likewise, the information in a
      memory slot is examined as indicated by boxes 164 and 228 to determine if
      there is basis weight control at the reel, utilizing basis weight gauge
      110.
PAR  The obvious advantages of this logic system are not only that a single
      program can be used for almost any type of fibrous sheet forming machine,
      but also it permits a particular machine to be run at different times with
      different combinations of dryer elements, coaters, rewet operations and
      the like.
PAR  No detailed description of the alternate basis weight and moisture control
      program is necessary, except to note that the magnitude of a single
      machine speed correction should be limited to a predetermined value in
      order to prevent excessive transient moisture changes. It is apparent that
      paper entering a dryer which at a given speed would be exposed to the
      drying action for a given length of time, will not receive the drying
      action for the same length of time if in the meantime the machine has been
      accelerated or decelerated. This inevitably causes some transient change
      in the moisture content. The magnitude of each change in machine speed
      should therefore be limited in accordance with the amount of moisture
      upset which can be tolerated. Specific procedures for determining and
      limiting the magnitude of single corrections are set forth in the Rice
      application Ser. No. 8,383, supra.
PAR  The down-ramp program likewise needs no explanation, except to note simply
      that its purpose is to effect a speed reduction of a predetermined amount,
      normally one or two percent, as fast as possible. Again, the magnitude of
      each individual speed reduction step must be limited, with the total speed
      change divided into a suitable number of corrections, for example, as
      described in the Rice application.
PAR  It is appropriate to note that the steam controllers 32, 56 and 58 are
      conventionally of a type which include integral action, and are thus
      subject to what is termed "wind-up" during the time that the valves 42, 64
      or 66 are operated to supply pressure directly to the steam valve
      actuators. Thus, in order to insure a "bumpless" transfer of control from
      the dryer limited mode to the regular mode, suitable anti-windup
      provisions should be made according to known procedures. The recommended
      procedure is to use the technique whereby the set point input as at 34 to
      the controller 32 is matched with the actual pressure applied to actuator
      30 which may be measured by sensor 38.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a control system for a fibrous sheet making machine having means for
      regulating the flow of fibrous material to the machine to control the
      basis weight and for regulating the dryer system to control the moisture
      content of the sheet, the improvement of means responsive to a speed
      up-ramp signal for increasing the speed of the machine, means responsive
      to the dryer system for detecting a limiting condition for the operation
      thereof which could prevent the dryer from removing a substantially
      greater amount of moisture per unit time, and means responsive to
      detection of said limiting condition for discontinuing said regulating and
      substituting therefor first and second signals for regulation of the
      fibrous material flow and machine speed, respectively, to control the
      moisture content and prevent a change in basis weight when the moisture is
      changed and a third signal to regulate the machine speed to control basis
      weight.
NUM  2.
PAR  2. The method of controlling a fibrous sheet making machine including a
      first dryer system for the sheet, said machine may include a second dryer
      system that may be operational, and may include a moisture control system
      and a bone dry basis weight control system for said second dryer system,
      and said machine may include a rewet system that may be operational, which
      comprises
PA1  providing the machine with: (a) a first control system including means for
      regulating the flow of fibrous material to the machine to control the
      basis weight and for regulating the first dryer system to control the
      moisture content of the sheet, (b) an alternate second control system
      having means for producing first and second signals for regulating the
      fibrous material flow and machine speed, respectively, to control the
      moisture content and prevent a change in basis weight when the moisture
      content is changed and a third signal for regulating the machine speed in
      response to measurement of basis weight to control the basis weight, and a
      computer means having a memory,
PA1  storing in said computer memory indications of the presence or absence on
      said machine of at least one of an operating: second dryer system, machine
      rewet system, second moisture control system, and second basis weight
      control system,
PA1  increasing the speed of the machine controlling the machine with said first
      control system until a dryer limiting condition is reached,
PA1  detecting said limiting condition for at least one of the dryers which
      could prevent the dryer from removing a greater amount of moisture per
      unit time, and
PA1  responding to the detection of said limiting condition and to said presence
      or absence indications to perform at least one of the operations of: (a)
      terminating the speed increase, (b) disabling the second moisture control
      system, and (c) in response to the detection of the limiting condition,
      controlling the machine with said alternate second control system in
      substitution for said first control system.
NUM  3.
PAR  3. A method for controlling a fibrous sheet forming machine having a stock
      valve, a steam dryer with a steam valve and means for controlling the
      speed of the sheet being formed, the drying rate of the dryer having a
      limit, comprising:
PA1  a. controlling the sheet basis weight and moisture content with the stock
      valve and steam valve respectively, while increasing the speed of the
      sheet until the limit on the dryer rate is reached:
PA1  b. sensing the limit condition being reached discontinuing step (a) above
      and,
PA1  c. in response to the limit on the dryer rate being reached, controlling
      the sheet moisture with first and second signals that change the stock
      valve and sheet speed, respectively, to prevent a change in basis weight
      when the moisture is changed, while controlling the sheet basis weight
      with a third signal that changes the sheet speed, and at the same time
      maintaining the dryer drying rate at the limit.
NUM  4.
PAR  4. Apparatus for controlling a fibrous sheet producing machine having a
      stock valve, a steam dryer with a steam valve, means for controlling the
      speed of the sheet being produced and an operator input for initiating the
      speed control, comprising means for signalling the occurrence of a limit
      condition for the steam dryer such that a limit for its sheet drying
      ability is attained, means responsive to the operator input and the limit
      signalling means indicating that the dryer limit has not been reached for
      concomitantly controlling the stock valve and steam valve to control sheet
      bone dry basis weight and moisture, respectively, while activating the
      sheet control means to increase speed until the limit signalling means
      indicates that the dryer limit has been reached, and means responsive to
      the limit signalling means indicating that the dryer limit has been
      reached for discontinuing operation of said stock valve and steam valve
      control means and concomitantly producing a first signal controlling the
      sheet basis weight by controlling the sheet speed and second and third
      signals controlling the sheet moisture by controlling the stock valve and
      sheet speed, respectively, to prevent a change in basis weight when the
      moisture content is changed while maintaining the steam valve such that
      the dryer remains at the limit.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 wherein the means for signalling the
      limit condition includes means for sensing the opening of the steam valve,
      and means responsive to the steam valve being fully open to indicate that
      the dryer limit has been reached for locking the steam valve in the fully
      open condition.
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ABST
PAL  An elongated web of paper is treated to render it especially suitable for
      being gathered transversely and wrapped to make cigarette filters. The
      treatment includes passing the web through the bight between a pair of
      rotating rolls provided with intermeshing ribs that do not contact one
      another and which are arranged generally in planes parallel to their axis
      of rotation so that the paper is stretched longitudinally in successive
      transverse areas whereby the paper fibers are loosened and exposed in such
      areas without complete destruction of the longitudinal continuity of the
      web. Thereafter the paper is passed through the bight between another pair
      of rolls provided with narrowly-spaced circumferential intermeshing ribs
      which do not contact one another and are arranged generally in planes
      normal to the axis of the rolls so that the paper is grooved parallel to
      the travel of the web and stretched transversely of these grooves to
      loosen and expose the fibers even more without destroying the transverse
      continuity of the web.
PARN
PAR  This is a division of application Ser. No. 161,366, filed July 8, 1971, now
      U.S. Pat. No. 3,849,526.
BSUM
PAR  The present invention relates to an improved apparatus for the economical
      production of webs of filtering material, particularly of longitudinally
      grooved paper webs with loosened and exposed fibres, suitable for
      gathering laterally into a filter cord which may be subdivided into filter
      rods and filter plugs for cigarettes and other tobacco products. Gathering
      and wrapping of the longitudinally grooved web of material or paper may be
      effected immediately following the grooving step or the longitudinally
      grooved webs may be wound onto rolls or bobbins, stored and subsequently
      supplied to conventional cording machines to produce a wrapped filter cord
      and subdividing the same into filter rods.
PAR  3,466,358. GROOVED WEBS OF MATERIAL OR PAPER ARE ALREADY KNOWN AND
      DESCRIBED IN THE U.S. Pat. Nos. 2,995,481, 3,179,024, 3,161,557, 3,226,280
      and 3,466,358.In the production of such longitudinally grooved webs the
      paper is passed through the gap between intermeshing metal rolls provided
      with annular ribs, care being taken that the longitudinal grooving of the
      paper web is effected at least partly at the expense of the paper
      thickness. During the process the web of material cannot move transversely
      to the direction of travel and is thus stretched in the transverse
      direction. It is of advantage in this process to make the paper ductile
      prior to subjecting it to longitudinal grooving so that the transverse
      continuity of the paper web is not destroyed also when transverse
      stretching is increased, although such transverse stretching may be
      increased until discontinuous short longitudinal tears appear in the
      paper. After passing between the intermeshing metal rolls the web of
      material or paper provided with longitudinal grooves is dried.
PAR  According to a further development of this method, which is also known, the
      web of material, after emerging from the gap, is left to rest, along a
      predetermined looping angle, on at least one of the heated rolls and
      thereby partly dried in parallel longitudinal areas, stiffened and its
      loosened structure fixed. Subsequently the web of material resting on the
      said roll may be passed through a second gap between the said roll and a
      third identical roll then to be taken over by the third roll or left to
      rest on the same along a looping angle as per U.S. Pat. NOs. 3,226,280 and
      3,466,358.
PAR  The said methods have stood the test of time and are commercially applied
      to a wide extent in making paper cigarette filters.
PAR  According to the said method the web of material is commonly moistened
      prior to its passing into the first gap between the intermeshing rolls
      with annular ribs, and accordingly dried afterwards. If the speed of the
      web to be treated is increased in order to increase hourly production,
      i.e., to run the machines involved as economically as possible, the time
      available for moistening one centimeter web length gradually decreases and
      the energy consumption for drying increases on the other hand. These
      difficulties are greatly reduced if the web of material is moistened,
      prior to its entry into the gap, with a volatile impregnating agent which
      is later removed therefrom after its emergence from the gap as disclosed
      in U.S. Pat. No. 3,621,764. Designated as volatile impregnating agents are
      such liquids of which the boiling point is below the boiling point of
      water at the atmospheric pressure prevailing, and which have a heat of
      evaporation lower than that of water, preferably less than 250 cal/kg,
      such as alcohol and acetone.
PAR  The longitudinal grooving and tranverse stretching of paper webs according
      to the above-mentioned methods causes fibres to be exposed from the paper
      until a plurality of short discontinuous longitudinal tears appear but
      without causing the transverse continuity of the paper web to be
      destroyed. This fraying then results in the great retaining power for
      undesirable liquid and solid particles from the tobacco smoked
      therethrough, which is a well-known property of cigarette filters made of
      such paper webs.
PAR  It was therefore natural to endeavour further to increase the fraying of
      such longitudinally grooved paper webs. By way of example, as disclosed in
      the above-mentioned patents, the longitudinally grooved paper web was to
      this end passed through a pair of so-called knurling rolls or provided
      with perforations or embossing prior or subsequent to being longitudinally
      grooved. Multiple subsequent grooving and simultaneous transverse
      stretching with increasing depths of the annular ribs has also been
      suggested and tested U.S. Pat. Nos. 3,466,358 and 3,519,521.
PAR  All these measures also resulted in a certain increase in the retention of
      filter plugs made of such paper webs.
PAR  The present invention has for its object to increase the fraying of such
      webs of material and, respectively, paper in order to be able to produce
      filter plugs with a determined retaining action and with a smaller
      consumption of material than previously. The invention is characterized by
      the fact that the web of material is first stretched in a longitudinal
      direction in a plurality of consecutive parallel transverse areas so that
      the fibre structure is loosened whereupon the web of material is subjected
      to at least one further stretching process in a transverse direction in a
      plurality of consecutive parallel longitudinal areas, to facilitate the
      gathering of the web while the continuity of the web of the material is
      preserved despite the stretched areas.
PAR  The invention further relates to an apparatus for the performance of this
      method comprising an unrolling device for a web of material from a supply
      roll and guide means for the web of material through processing stations
      arranged behind one another in the direction of travel. The apparatus is
      characterized by at least two processing stations designed to stretch the
      web of material passing therethrough, each of the said stations being
      equipped with driven rolls with intermeshing ribs on the surface, which do
      not however, contact one another, the direction of the ribs relative to
      the axis of rotation of the rolls being different in consecutive
      processing stations.
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PAR  A number of embodiments of this invention will now be described in greater
      detail with reference to FIGS. 1 through 9 of the drawing which
PAR  FIG. 1 is a diagrammatic side elevation of an embodiment of an apparatus
      for the performance of the method according to this invention;
PAR  FIG. 2 is an enlarged cross-sectional view of the intermeshing stretching
      rolls 6 and 7 of the apparatus according to FIG. 1 in a direction normal
      to their axes of rotation;
PAR  FIG. 3 is a cross-sectional view of another embodiment of the stretching
      roll 6 according to FIG. 2;
PAR  FIGS. 4 and 5 show a longitudinal section and, respectively, a side
      elevation of a further embodiment of a stretching roll 6 and,
      respectively, 7 of the apparatus according to FIG. 1;
PAR  FIG. 6 is a photograph of the stretching rings for a stretching roll
      according to FIGS. 4 and 5;
PAR  FIG. 7 is a photographic view of three samples (FIGS. 7A, 7B, and 7C) of
      paper webs 40 produced with an apparatus according to FIG. 1;
PAR  FIGS. 8 and 9 are enlargements at the scale 1:10 of a photograph of paper
      webs.
DETD
PAR  According to a preferred embodiment of the present method for the
      processing of a flat and smooth fibre-containing paper web, the latter is
      first made ductile. Such a paper web, which may by way of example consist
      of only slightly ground fibres but possesses adequate wet tearing strength
      and a weight of 30-40 g/m.sup.2, may be made ductile by moistening with
      water or other suitable, preferably volatile, liquids such as alcohol,
      acetone and the like.
PAR  In the embodiment of a suitable apparatus therefor diagrammatically shown
      in FIG. 1, the paper web 1 passes, from the supply roll 2, through the
      moistening station formed by the rolls 3 and and is moistened with the
      liquid 4. It is naturally possible to employ other methods known in the
      paper-processing industry, i.e., spraying with liquid or the use of wet or
      hot steam.
PAR  However, a continuously operating method of moistening the paper web must
      be employed since the paper web is called upon to pass through the
      apparatus according to FIG. 1 at high speeds of up to 400 m/min.
PAR  The moistened paper web is in this embodiment first stretched in the
      longitudinal direction, two parallel narrow areas spaced by e.g. 4 mm
      being held stationary while the intermediate area of the paper web is
      forced upwards or downwards by e.g. 1.5 mm normally to the paper surface.
      This causes the paper web to be stretched in the longitudinal direction
      thereof and the transverse zone previously 4 mm wide obtains a width of
      about 5.5mm, which corresponds to longitudinal stretching by about 35 per
      cent If this longitudinal stretching is effected in consecutive transverse
      areas, an elongation of the entire paper web by over 20-30 per cent can be
      observed which is obtained at the expense of the paper thickness of the
      longitudinally transverse areas.
PAR  In the apparatus according to FIG. 1 longitudinal stretching is effected by
      the two associated rolls 6 and 7 which are shown in enlarged condition in
      FIG. 2. These rolls 6 and 7 are provided with transverse ribs arranged in
      parallel with the axes of rotation which intermesh similarly to two
      toothed wheels of a gear but without contacting one another. Both rolls 6
      and 7 are driven in the direction of the arrow while their speed of
      revolution can be adjusted relative to the drive that determines the speed
      of the paper web 1. As indicated in FIG. 2 the paper web 1 passing between
      the two rolls 6 and 7 in the direction of the arrow is stretched in the
      direction of its travel by the intermeshing transverse ribs since the
      latter grip parallel and closely adjacent transverse areas of the paper
      web 1. The configuration of the transverse ribs is shown rounded in the
      crosssection of FIG. 2, which is possible with rolls of a sufficiently
      large diameter since several of the consecutive transverse ribs of the two
      rolls grip the passing web of paper 1 and prevent the paper from slipping
      over the transverse ribs in the direction of its travel and from being
      stretched.
PAR  Where the diameter of the rolls 6 and 7 is smaller, it may be of advantage
      to use transverse ribs with angular cross-sectional configuration as
      indicated in FIG. 3. By way of example, a roll diameter of 80 mm secured
      longitudinal stretching of the paper webs by 30-50 percent with transverse
      ribs which possessed substantially the cross-sectional configuration
      according to FIG. 3 with a tangential width of the exterior rib face of
      1.5 mm, a rib distance from centre to centre of 6 mm and a groove depth of
      about 2.5 mm.
PAR  A preferred embodiment of the constructional design of such a longitudinal
      stretching roll is shown in FIGS. 4 and 5. Each roll consists of a hollow
      core roll 14 which is provided with a number of grooves 15 evenly
      distributed over its circumference which heating rods 16 in an insulating
      sheath are arranged. These heating rods are electrically connected to
      appropriate slip-rings on the axle of the core roll (not shown) and
      connected, via appropriate brushes, to an exterior and preferably
      adjustable current source. Slipped over the core roll 14 are consecutive
      rings 17 of which the exterior surface is provided with transverse ribs of
      the configuration shown in FIG. 2 and, respectively, 3 and which are
      mutually so adjusted by means of pins and bores that the transverse ribs
      of the various rings 17 register accurately so that the core roll 14 so
      provided with such rings 17 forms a stretching roll with continuous
      transverse ribs. The rings 17 are forced, by means of an elastic
      compression spring, against one another and against the stop ring 18 in
      order to allow for axial expansion, if any, during heating. FIG. 6 shows
      an embodiment of such rings 17 with an inner diameter of about 160 mm, an
      axial width of 60 mm and transverse ribs of the configuration shown in
      FIG. 3 with an exterior rib face of about 1 mm tangential width.
PAR  The ductile paper web 1 emerging from the moistening station 3, 4, 5 of
      FIG. 1 is thus stretched and elongated in the direction of its travel as
      it passes between the longitudinally stretching rolls. While such a paper
      web reveals consecutive transverse areas with a loosened fibre structure
      and a plurality of exposed fibres it would not be directly suitable after
      drying for being processed into a wrapped filter cord for the production
      of filter rods and filter plugs since it would to this end have to be
      gathered in the transverse direction, which would hardly be possible owing
      to the non-loosened transverse areas which have stiffened again after
      drying. Much rather, the longitudinally stretched paper web must
      preferably be provided, in still moist and not fully dried condition, with
      closely adjacent longitudinal grooves in the known manner described in the
      above-mentioned patents. For this purpose the paper web is supplied to a
      grooving station with the heatable grooving volatile 8, 9, 10, which are
      provided with closely adjacent intermeshing annular ribs which do not,
      however, contact one another. Simultaneously with longitudinal grooving,
      stretching in the transverse direction is effected and the paper web, so
      stretched in two different directions and so loosened and frayed, leaves
      the grooving station via the guide rollers 11 and 12. Since the paper web
      is left to rest, in the grooving station, on the rolls 9 and 10 along a
      looping angle of about 180.degree. it is at least partially dried,
      particularly if it has been moistened with a volaatile impregnating agent
      4 which may be removed by means of a hood 51 and the tube 52 so as to be
      recovered.
PAR  The rolls 8, 9, 10 of the grooving station are preferably of the same
      constructional design as the longitudinally stretching rolls described
      with reference to FIGS. 4 and 5 with the difference, however, that the
      rings to be slipped over them have no transverse ribs as per FIGS. 2 and 3
      but annular ribs as disclosed in greater detail by way of example in the
      above-mentioned U.S. Pat No. 3,621,764.
PAR  Thanks to the similar constructional design of the longitudinally
      stretching rolls 6, 7 and the grooving rolls 8, 9, 10, it is possible by
      adjustment of the heating energy to determine the degree of dryness of the
      paper web in the longitudinally stretching station and in the grooving
      station to conditions prevailing at the time. In addition, the higher
      speed of revolution of the rolls 8, 9, 10 in the grooving station,
      necessary owing to the elongation of the paper web in the longitudinally
      stretching station 6,7, may be readily adjusted via an adjustable step-up
      gear and, if desired, be automatically controlled in the known manner by a
      feeler bearing on the paper web and influencing this gear. Again, it may
      also be of advantage between the drive of the moistening station and the
      longitudinally stretching station 6, 7 to provide a manual or automatic
      speed regulation.
PAR  The longitudinally grooved paper web 40 coming from the grooving station
      and passing over the guide rollers 11 and 12 and largely freed from the
      impregnating agent is directly supplied to the inlet funnel 41 of a
      cording machine of known design together with the wrapping strip 48 which
      is supplied by the supply roll 47. Emerging from the funnel 41 the
      transversely gathered and longitudinally grooved web is a wrapped
      cylindrical cord of, by way of example, 8.0 mm diameter; the proud edge 42
      of the wrap is supplied with an adhesive by the device 43, turned over and
      glued during the passage through the heated moulding tool 44 so that the
      wrapped and finished filter cord 49 is formed. In order to overcome
      friction, the endless conveyor belt 46 passes over the guide rollers 45
      and through the funnel 41 as well as the moulding tool 44. The finished
      endless filter cord 49 is then commonly subdivided into filter rods of a
      length of 66 to 120 mm, corresponding to six times the length of the
      filter plugs desired.
PAR  Of course there exists the possibility disclosed in the above-mentioned
      patents to supply the paper web 40 passing over the guide rolls 11, 12 to
      a cording machine not directly but first to wind them into a bobbin and to
      unwind them from such a roll on a cording machine at a later date and to
      process it into a wrapped filter cord and, respectively, filter rods and
      filter plugs. If desired, the paper web 40 may be fully freed from
      impregnating agent possibly still present in the paper after passing the
      guide pulley 11 or 12 when passing through a drying device and only
      afterwards be supplied to the inlet funnel 41 of a cording machine or
      wound on a bobbin.
PAR  Samples of the paper webs that can be produced with an apparatus according
      to FIG. 1 are shown in FIG. 7, longitudinally stretching rolls of the
      design shown in FIG. 3 with a diameter of 80 mm having been employed and
      grooving rolls with annular ribs with 0.3 mm wide faces, arranged at a
      distance of 1 mm centre to centre and about 1.5 mm groove depth. A base
      paper web of 210 mm width and 35 g/m.sup.2 was used and water employed as
      the moistening agent. The speed was set at about 60 m/min, the
      longitudinally stretching rolls were not heated and the heating of the
      grooving rolls was so adjusted that the paper web coming from the grooving
      station was virtually dry. In order to make the elongation of the paper
      web according to the present method visible, the paper web had printed
      upon it parallel black transverse lines. The samples of FIG. 7 were
      removed after the guide pulley 12 in the three different operating
      conditions described below:
PA1  Sample A: The longitudinally stretching rolls 6, 7 were disengaged and the
      paper web provided with longitudinal grooves only in the grooving station
      and stretched in the transverse direction until the short discontinuous
      longitudinal tears appeared which are clearly visible in FIG. 7A. The
      paper web so produced corresponds to the paper described in the
      above-mentioned patents and largely used commercially for cigarette
      filters.
PA1  Sample B: This sample is now designed to shown the effect of the
      longitudinally stretching rolls 6, 7 which is why the grooving rolls 8, 9,
      10 were disengaged and used only for drying the paper web moving on them.
      Accordingly, FIG. 7B shows only parallel transverse areas with a loosened
      fibre structure caused by the longitudinal stretching by the intermeshing
      transverse ribs of the rolls 6, 7. The elongation of the paper web by the
      longitudinal stretching process between the rolls 6, 7 is evident.
PA1  Sample C: This paper web was produced according to the present method,
      i.e., it was first stretched by means of the longitudinally stretching
      rolls 6, 7 in the longitudinal direction and then provided with
      longitudinal grooves in the grooving station by the rolls 8, 9, 10 while
      at the same time being stretched in the transverse direction. The paper
      web according to sample C was produced directly following that according
      to sample A all settings on the machine having been left unchanged while
      only the stretching rolls 6, 7 were additionally caused to intermesh.
      Accordingly, samples A and C can be compared with each other directly and
      reveal the elongation of the paper web by a conbination of longitudinal
      stretching and longitudinal grooving and tranverse stretching in the ratio
      of 160 : 110, i.e. by about 45 percent. In comparing FIG. 7C with FIG. 7A,
      the substantially more pronounced loosening of the fibre structure becomes
      visible which naturally results in heavier fraying.
PAR  Normal filter rods of 8.0 diameter and 66 mm length were made of paper webs
      of 280 mm width and 33 g/m.sup.2 at a web speed of about 150 m/min. at
      first (Type D) only with longitudinal grooving and transverse stretching,
      subsequently with additional longitudinal stretching (Type E). In the
      usual known manner the resistance to pulling in mm water column with an
      air stream of
PAR  17.5  cubic centimeter per second was determined for the filter rods. The
      mean value calculated on the basis of 40 filter rods amounted to
TBL  Paper web                                                                 

              Resistance to pulling                                            

                              Weight of 10 rods                                

     ______________________________________                                    

     Type D   120 mm          7.40 g                                           

     Type E   140 mm          5.80 g                                           

     ______________________________________                                    

      This shows that a saving in weight due to the elongation of the paper web
      of only 1.60 g for 10 rods or about 21 percent was achieved only while at
      the same time the resistance to pulling of the D filter rods rose by about
      16 percent. If the paper web of Type E were also converted into filter
      rods of 120 mm resistance to pulling a quantity of paper about 16 percent
      lower would be required. The overall saying in paper by the combination of
      longitudinal stretching and longitudinal grooving with transverse
      stretching would thus very likely amount to about 37 percent.
PAR  Naturally the obtainable elongation of the paper web and the increase in
      the fraying of the paper heavily depend on the adjustment of the
      longitudinally stretching station and the grooving station. However, the
      combination of the consecutive stretching of the paper web in different
      directions and with suitable adjustment of the longitudinally stretching
      rolls and the grooving rolls, substantial savings may readily be achieved
      in terms of paper consumption for comparable filter rods. Since the cost
      of the paper used in the commercial production of paper filters,
      particularly for cigarettes, normally amounts to more than one half of the
      overall production costs, savings in paper are significant if they exceed
      e.g., 20 percent.
PAR  The improved fraying of the paper webs that may be achieved by means of a
      combination of longitudinal stretching and longitudinal grooving with
      transverse stretching is visible from the photograph of FIG. 8, which
      represents a paper web processed only by longitudinal grooving with
      transverse stretching in the known manner, in comparison with the paper
      web shown in FIG. 9, which has been subjected, according to the present
      method, first to longitudinal stretching and subsequently to longitudinal
      grooving with transverse stretching. The scale of enlargement is the same
      in both photographs, and the two paper webs were produced consecutively in
      the same apparatus. The grooving rolls were provided with rectangular
      annular ribs with a face width of 0.3 mm and 0.7 mm groove width; the
      longitudinally stretching rolls additionally caused to intermesh for the
      paper web according to FIG. 9 were equipped with transverse ribs of the
      configuration indicated in FIG. 3 with a face width of 1 mm and 2 mm
      groove width. Both paper webs clearly show the longitudinal grooves
      extending in the longitudinal direction (arrow in FIG. 8) and FIG. 9 shows
      the thinned areas transversely extending at a distance of about 20 mm
      which were produced by longitudinal stretching.
PAR  Mention is here made of the fact that, despite the considerable
      longitudinal stretching of the paper webs shown in FIGS. 7C and 9, the
      continuity of the paper web in the longitudinal direction has by no means
      been fully destroyed and that no difficulties arise in the passage of the
      paper web through the subsequent stations of the apparatus according to
      FIG. 1.
PAR  The embodiment of an apparatus for the performance of the present method
      described with reference to FIG. 1 is equipped with a grooving station
      provided with three heatable rolls 8, 9, 10. If desired, a grooving
      station equipped with only two rolls 8 and 9 may be employed and the
      longitudinally grooved paper web emerging from the gap between the said
      rolls may be allowed to continue horizontally without resting on the
      surface of the roll 9. It is then recommended, however, that the paper web
      be first allowed to pass through a drying device before it is supplied to
      the inlet funnel 41 of a cording machine or wound onto a roll. It may also
      be stated that many types of raw paper are sufficiently ductile without
      being previously moistened so that they can be supplied directly to the
      longitudinally stretching station and then to the grooving station, which
      renders heating of any kind of the rolls of such stations superfluous.
CLMS
STM  What we claim:
NUM  1.
PAR  1. Apparatus for treating an elongated web of fibrous material to render
      the same particularly adapted to be gathered transversely and enclosed in
      a wrapper to make a filter cord subdividable into filter rods and filter
      plugs for cigarettes, comprising:
PA1  a first pair of meshing non-contacting rotating rolls provided with narrow
      longitudinal grooves alternating with narrow longitudinal ribs, said
      grooves and ribs being parallel to the axes of said rolls, said ribs being
      adapted to engage a web of fibrous material passed through the bight
      between said rolls and to prevent appreciable longitudinal contraction of
      the web so that the latter is stretched longitudinally in closely-spaced
      successive narrow transverse areas to loosen and expose fibers in such
      areas without substantial impairment of the longitudinal continuity of the
      web;
PA1  a second pair of non-contacting meshing rotating rolls provided with narrow
      circumferential grooves alternating with narrow circumferential ribs
      adapted to engage a web of fibrous material passed through the bight
      between said rolls and to prevent appreciable lateral contraction of the
      web so that the web is grooved in a direction parallel to its travel and
      stretched transversely of the grooves in a plurality of closely-spaced
      narrow longitudinal areas to loosen and expose fibers in such areas
      without substantial impairment of the transverse continuity of the web;
      and
PA1  means for advancing a web of fibrous material succesively through the
      bights between the rolls of said first and second pairs.
NUM  2.
PAR  2. Apparatus according to claim 1 including means for moistening the
      material in advance of its passage through the bight between the rolls of
      the first pair; and
PA1  means, including the second pair of rolls, for heating the material to
      substantially dry the same as it emerges from the bight between said
      second pair.
NUM  3.
PAR  3. Apparatus according to claim 1 including means for moistening the
      material in advance of its passage through the bight between the rolls of
      the first pair; and
PA1  means for heating the material, including the rolls of one of the pairs, to
      at least partly dry the material during its passage through the bights
      between the rolls of the first and second pair.
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ABST
PAL  A nuclear reactor has a reactor core and is provided with means for
      determining the flux density in this core, including flux detectors
      located in the core at fixed positions and flux probes which are movable
      in the core through a range of positions. Means are provided for causing
      the movable flux probes to go into operation automatically when the fixed
      flux detectors are actuated by flux densities of predetermined values.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a nuclear reactor having a reactor core and means
      for determining the flux density in this core and which includes flux
      detectors located in the core at fixed positions and flux probes which are
      movable in the core through a range of positions.
PAR  The fixed flux detectors are usually used for the control of the reactor,
      particularly to quickly shut down the reactor in the event excessive flux
      densities are detected. These fixed detectors are capable of supplying
      continuous measurement data concerning the core flux density and possibly
      other values. The number and distribution of these fixed flux detectors
      are limited by expense.
PAR  When the more thorough investigation of the flux densities existing
      throughout the reactor core is desired, the movable probes are used. For
      this purpose a relatively large number of tubes extend throughout the
      reactor core and the movable probes are pneumatically driven into and from
      the core via these tubes, measurements of the probes after they have left
      the reactor core permitting the flux density measurements. Because the
      probes are movable, it is possible to obtain measurements from many more
      locations in the core than is possible by means of the fixed detectors.
PAR  One example of a system using movable probes is the U.S. Weissmann et al.
      U.S. Pat. No. 3,263,081, dated July 26, 1966. In this patent the probes
      are spherical pellets. Other forms of such movable probes are available,
      an example being a tightly coiled helical steel spring of substantial
      length and having outwardly projecting solid spherical end members, the
      spring being flexible so it can negotiate turns in tubes, and while in the
      straight tube portions within the reactor, being a probe of substantial
      length and which is solid, whereas a string of spherical pellets
      representing a corresponding probe length, risks lengthwise
      discontinuities because of possible separation of the pellets from each
      other.
PAR  This spring type of probe is disclosed and claimed by the U.S. Fracke et
      al. application Ser. No. 277,551 filed Aug. 3, 1972 and issued June 25,
      1974 as U.S. Pat. No. 3,819,946.
PAR  Although the movable probes provide a more extensive spatial exploration of
      the flux densities in the reactor core, it has heretofore been usual to
      put them into operation only according to a definite program, for
      instance, at intervals of days or fractions of days. The probes are
      subjected to measurements prior to being introduced into the core, and
      after they are withdrawn from the core. The result is a discontinuous,
      intermittent flow of measurement data. However, the results obtained from
      the more extensive spatial measurements the movable probes make possible,
      is of particular value in the event of abnormal operating conditions
      within the reactor core. However, such as in case of danger, such more
      desirable coverage has not been obtained, unless by accidental coincidence
      of their programmed operation.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to obtain the benefits of the
      measurements obtainable only by the movable probes, with their greater
      spatial coverage, positively at a time when abnormal conditions exist in
      the reactor core, particularly when dangerous conditions exist, but
      without substantially increasing costs, either initially for installation
      or during operation of the reactor.
PAR  According to this invention, the above object is attained by providing
      means for moving the movable probes automatically in response to actuation
      of the fixed detectors by flux densities of predetermined values.
      Preferably one of these values is lower relative to another with such
      operating means made responsive to actuation of either of the detectors
      set for operation at these different values, independently of the other
      value. This provides a safety factor because if the detector set for the
      lower value, such as might indicate the beginning of an abnormal
      condition, fails for any reason, the other detector set for the higher
      value, such as might indicate more potential danger, should operate,
      whereupon the movable probes are automatically put into operation.
PAR  Ordinarily the fixed detectors are part of a control system effecting a
      fast shutdown of the reactor in the event of excessive flux densities or
      possibly other trouble, they being continuous in their operation. In
      addition, with this invention, they automatically put the movable probes
      into operation throughout at least one measuring cycle, thus providing at
      the precise time of trouble, a collection of measurement data as extensive
      as would have been obtained during normal reactor operation when the
      movable probes were operated in accordance with their normal fixed
      schedule of intermittent operation.
PAR  With the movable probes operating via the usual pneumatic tubes, the
      pneumatic valves that control their operation may be electrically
      actuated, the fixed detectors ordinarily providing electric transmission
      of their data, the means previously referred to therefore being provided
      by an electric circuit arrangement put into action by the signals obtained
      from two or more of the fixed detectors, and providing an output actuating
      the electrically controlled pneumatic valves. Upon actuation of the
      pneumatic valves, the probes circulate into and from the reactor core via
      the tubes, and the electric arrangement should be such that the pneumatic
      valves are controlled to limit the probe circulation to one cycle to avoid
      continuous recycling. Provision can be made for manual operation of the
      pneumatic valves so that the movable probes can be used in the same manner
      as has heretofore been customary.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred form of the invention is illustrated by the accompanying
      drawing, in which:
PAR  FIG. 1 schematically illustrates the invention with the reactor pressure
      tank shown in vertical section; and
PAR  FIG. 2 diagrammatically shows control circuitry.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Having reference to the above drawings, a nuclear reactor pressure tank 1
      contains a reactor core 2, indicated by dashed lines. The reactor may be a
      pressurized-water power reactor having a capacity of 200 or more MWe, in
      which case the fixed detectors, of which only two are shown at 5 and 5',
      for measuring the neutron flux data, may in the aggregate comprise some 20
      to 50 fixed detectors distributed throughout the reactor core 2 at fixed
      locations. Even so, the spatial coverage cannot equal that obtainable by
      the movable probes. The two fixed probes 5 and 5' are represented as being
      electrically connected in the usual manner via lines 6 and 6',
      respectively, to the usual measuring device 7 which customarily provides
      electric signals for the operation of recorders, and when necessary, to
      automatically shut down the reactor.
PAR  For the movable probes a system of pipes 10, of which only three are shown,
      extend throughout the core 2 through the pressure tank 1 and to measuring
      tube portions 11 on the outside of the reactor, these tubes containing the
      movable probes 12, of which only one is shown. These probes may be of any
      of the known types, but preferably the coil spring form is preferred as
      previously indicated. At the measuring tube portions 11 a flux density
      measuring panel 14 is shown where prior art measuring devices are located
      to measure the degree of activation of the probes 12.
PAR  To move the movable probes 12, pneumatic valves 15 introduce gas under
      pressure to the outside ends of the tubes 10, the probes 12 being slidable
      within these tubes and being designed to receive the driving force from
      the gas. Thus, the probes 12 are driven through the tube 10 and the
      reactor core 2, a valve 16 connected with a branch connection 17 and so to
      the other ends 19 of the tubes, serving when opened to introduce gas under
      pressure to the tubes to drive the probes 12 back to the measuring tube
      portions 11 at the measuring panel 14. The valves 15 and 16 are designed
      in accordance with known pneumatic engineering to vent to the atmosphere
      when required, so that when the valves 15 are opened, the probes 12 are
      driven to the desired measuring positions; and when the valve 16 is opened
      and the valve 15 closed, the probes are driven back to the location of the
      measuring panel 14. The residence time of the probes at their various
      positions within the reactor core is usually a maximum of a few minutes.
PAR  The valves 15 and 16 are shown as being operated by solenoids 15a and 16a,
      respectively. The measuring device 7 is shown by the dashed line 20 as
      being functionally connected to an electrical control system 21 which is,
      in turn, functionally associated with the solenoids 15a and 16a, this
      being indicated by the dashed lines 22, the solenoid 16 being worked
      through a time delay relay indicated at 25. The two fixed detectors 5 and
      5' and their associated measuring device 7 transmit the two signals which
      represent the higher and lower flux densities measured by these two
      detectors to the system 21. The latter is independently actuated by either
      of these values, providing desired safety factors, and when actuated, send
      a signal energizing the solenoid 15a which moves the probes 12 rapidly
      into the reactor core 2 where they remain for a time fixed by a time delay
      relay in the system, the time delay relay 25 preventing actuation of the
      valve 16 during this time. When the time delay relays time-out, the valves
      15 are closed with venting and the valve 16 is opened, whereupon the
      probes are returned to their starting position, ready for measurement via
      the instrumented panel 14. To explain further, while the valves 15 are
      opened, the valve 16 vents to the atmosphere; and when the valves 15
      close, and the valve 16 opens, the valves 15 vent to the atmosphere; all
      valves being supplied with gas under pressure. Such details involve only
      well-known pneumatic engineering principles.
PAR  It was previously mentioned that there may be some 20 to 50 of the fixed
      detectors 5, 5', etc. These are the continuously operating measuring
      devices located at fixed positions in the reactor core, of which only two
      are illustrated. Ordinarily the settings would be such that one detector,
      via the measuring device 7, sends the signal to the arrangement 21 as a
      dangerous condition is beginning to develop, and the other one sends a
      signal when the dangerous condition is more closely approached or is
      attained. If the arrangement is such that the reactor is then shut down,
      the movable probes have gone through their measuring cycle and are
      available to provide a detailed analysis of the conditions existing when
      the shutdown occurred. To show the value of the invention, the movable
      probes 12 in a reactor having the capacity previously indicated, may cover
      from fifteen to thirty times the number of measuring points that are
      occupied by the fixed detectors.
PAR  Referring now to FIG. 2, which diagrammatically shows a possible control to
      effect the operation described above, the lines 28 and 28a carry the two
      signals from the measuring device 7, as indicated in FIG. 1 by the
      functional dashed line 20. The lines 28 and 28a are associated with
      corresponding components shown in the diagram at upper and lower levels,
      the corresponding parts being correspondingly numbered with the lower
      level elements identified separately by the letter a. It is considered
      appropriate to refer in the following to only the upper level of
      components.
PAR  The line 28 connects with a relay 29 which closes its contact 30 when a
      signal is received via the line 28, the contact 30 controlling a circuit
      31. A relay 32 is shown for the purpose of permitting this circuit 31 to
      be manually opened, the contact of this relay 32 being normally closed. A
      time delay relay 33 has normally closed contacts 34 which also control the
      circuit 31. The relay 29 is indicated by the dashed line 36 as
      functionally related with the relay 33, so that when a signal is received
      via the line 28, and the contacts 30 close, the relay 33 is actuated to
      time-out after a predetermined set time, and open its normally closed
      contacts 34. Simultaneously the signal lamp 38 is lit, a switch 39 being
      provided so that when appropriate, the relay 33 may be reset, this
      extinguishing the lamp 38. Because the upper and lower levels of
      components in FIG. 2 are in parallel, the desired safety factor is
      maintained. In other words, if the lower flux level signal is transmitted
      from the measuring device 7 to the line 28 and the upper level components
      fail to operate for any reason, subsequently when the device 7 sends the
      higher flux level signal via the line 28a, presumably indicating a close
      approach to a dangerous condition in the reactor core 2, the lower level
      components have an opportunity to operate. The two levels of components
      are entirely independent of each other as are, of course, the two fixed
      detectors 5 and 5', and the circuitry in the measuring device 7 is
      designed to maintain this independency.
PAR  Operation of either level of components closes the circuit from a terminal
      T1 to a terminal T2' which is connected to the solenoid 15a and the relay
      25 as their controlling circuits, the connections being indicated by the
      dashed line 22.
PAR  The predetermined time at which the relays 25 and 33 time-out is fixed by
      the time it is known to take for the probes 12 to move to their pickup
      positions and stay there for the required time. The initial signal
      simultaneously starts the operation of the time delay relays 25 and 33,
      both set for a corresponding time, the relay 25 having normally open
      contacts. With the valve 16 venting, the valve 15 now opens for this
      predetermined time; when the relays time out, the contact 34 opens and
      deenergizes the circuit 31 and therefore the terminal T2' to which the
      circuit 31 connects via a line 31', thus causing the valves 15 to close
      and vent the tubes. At this time the relay 25 also times out and with the
      valves 15 now venting, the solenoid 16a is actuated to open the valve 16
      and effect the return of the probes 12. When the solenoid 33 times out,
      the contact 34 remains open to prevent recycling or repetitious movement
      of the probes 12, they remaining at the measuring panel 14.
PAR  The lines 31 and 31a connect by the line 31' through an arrangement 45
      providing for the line 31' to connect with the terminal T2' via a circuit
      loop 46 controlled by the contact of a solenoid 47, it being necessary for
      this contact to be closed to effect the operation previously disclosed.
      When the contact of the relay 47 is open, the actuation is locked out. A
      second terminal T2" may also be connected with the solenoid 15a, the
      terminal T1 being connected with the terminal T2" via a line 31" and a
      circuit loop 48 controlled by a manually operated switch 49. With this
      arrangement, when the relay 47 is operated to open its normally closed
      contact, the switch 49 may be used to manually actuate the movable probes
      independently of the automatic actuation under the control of the fixed
      detectors 5 and 5'.
PAR  It can be seen from the foregoing that very little expense is involved by
      the present invention. The fixed detectors and the movable probe and their
      actuating arrangements already exist in the case of an operative nuclear
      reactor. It is only necessary to pick up the two, or possibly more,
      signals from the measuring device 7 and which represent the relatively
      higher and lower flux measures desired for operation of the movable probes
      automatically. The additional circuitry required is simple and inexpensive
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nuclear reactor having a reactor core and means for determining the
      flux density in this core and including flux detectors located in the core
      at fixed positions and flux probes which are movable in the core through a
      range of positions; wherein the improvement comprises means for moving
      said movable probes automatically in response to actuation of said
      detectors by flux densities of predetermined value, one of said values
      being lower relative to another and said operating means being responsive
      to actuation of said detectors by either of these values independently of
      the other value.
NUM  2.
PAR  2. A nuclear reactor having a reactor core and means for determining the
      flux density in this core and including flux detectors located in the core
      at fixed positions and flux probes which are movable in the core through a
      range of positions; wherein the improvement comprises means for moving
      said movable probes automatically in response to actuation of said
      detectors by flux densities of predetermined values, said movable probe
      moving means having an electrical controller and said fixed-positioned
      detectors producing an electric actuating signal transmitted to said
      controller, and means for terminating said signal to said controller after
      a probing movement of said probes to prevent repetitious probing movements
      of the probes.
NUM  3.
PAR  3. The reactor of claim 2 having means for manually activating said
      actuating signal.
NUM  4.
PAR  4. The reactor of claim 2 in which said probing movement requires a known
      time period for completion and said terminating means is automatically
      responsive to said time period.
PATN
WKU  039309371
SRC  5
APN  3472604
APT  1
ART  221
APD  19730402
TTL  Steam relief valve control system for a nuclear reactor
ISD  19760106
NCL  3
ECL  1
EXA  Webb; Thomas H.
EXP  Borchelt; Benjamin A.
NDR  1
NFG  3
INVT
NAM  Torres; Jose Marcelo
CTY  Simsbury
STA  CT
ASSG
NAM  Combustion Engineering, Inc.
CTY  Windsor
STA  CT
COD  02
CLAS
OCL  176 20
XCL  176 19
ICL  G21c  732
ICL  G21c 1710
ICL  G21c  700
FSC  176
FSS  19;20
UREF
PNO  3332849
ISD  19670700
NAM  Kagi
OCL  176 20R
UREF
PNO  3565760
ISD  19710200
NAM  Parkos et al.
OCL  176 19R
UREF
PNO  3778347
ISD  19731200
NAM  Giras et al.
OCL  176 20R
LREP
FR2  Borst; Stephen L.
ABST
PAL  A turbine follow system and method for Pressurized Water Reactors utilizing
      load bypass and/or atmospheric dump valves to provide a substitute load
      upon load rejection by bypassing excess steam to a condenser and/or to the
      atmosphere. The system generates a variable pressure setpoint as a
      function of load and applies an error signal to modulate the load bypass
      valves. The same signal which operates the bypass valves actuates a
      control rod automatic withdrawal prevent to insure against reactor
      overpower.
BSUM
PAC  DESCRIPTION OF THE BACKGROUND OF THE INVENTION
PAR  1. Description of the Field of the Invention
PAR  The principles for the generation of power by a nuclear reactor have been
      well established and are well understood. Briefly, the reactor contains
      uranium or plutonium fuel elements in a core arrangement. Through the
      mechanisms of neutron absorption and nuclear fission of the uranium or
      plutonium, large amounts of energy are released. This released energy
      manifests itself in the form of heat which is utilized to generate
      electricity. The heat is transferred to a primary coolant which
      continuously circulates through the core and carries the generated heat to
      a heat exchange boundary where a secondary coolant or working fluid is
      heated. Ordinarily the secondary coolant is water and is vaporized at the
      heat exchange boundary to produce steam. The steam is then circulated in a
      secondary system to a load for its ultimate use. In the power reactor
      context, the load is a turbine which is caused to turn at a predetermined
      rate. The turbine is then connected to a generator for the ultimate
      transformation of the thermal energy into electrical energy.
PAR  All elements of this system are functionally interrelated. As an example,
      an increase in reactor power increases the rate of energy transfer to the
      primary coolant which, in turn, increases the rate of energy transfer to
      the secondary coolant causing more energy provided to the load for its
      ultimate transformation into electrical energy. Conversely, if less
      electrical energy is required, the energy requirement of the turbine
      diminishes. The steam flow to the turbine is reduced and consequently, the
      turbine utilizes less of the thermal energy being transferred to the
      secondary coolant and an energy backup results. Since less energy is being
      drawn from the steam supply system when the steam flow is reduced, both
      the temperature and pressure of the steam generator secondary side are
      caused to increase. The effect of this increase in secondary coolant
      temperature is reflected on the primary side of the heat exchanger since
      less energy can be transferred across the heat exchange boundary.
      Accordingly, both the primary coolant's temperature and pressure increase.
      This trend continues until the reactor regulating system, which is
      programmed to keep the average temperature of the primary coolant on a
      specified program, returns the system to acceptable values by cutting back
      on the reactor's power by driving regulating rods into the core.
PAR  Since the regulating rods can only be slowly advanced into the core at a
      limited maximum speed, the reactor regulating system is unable to prevent
      a serious increase in primary and secondary pressures and temperatures if
      the magnitude and rate of energy backup described above exceed certain
      values. Among other things the energy backup is dependent on the magnitude
      and rate of decrease in load: called a load rejection. Ordinarily, the
      reactor and steam supply systems are designed to be able to withstand a
      load rejection of approximately ten percent and a rate of load rejection
      of five percent per minute (see FIG. 1), but if the load rejection or rate
      of load rejection exceed these values, the reactor regulating system is
      unable to compensate rapidly enough for the energy backup and the
      temperature and pressure of the primary system increase uncontrollably.
      When this occurs, protective systems come into operation to trip the
      reactor and/or to open steam dump and load bypass valves in order to avoid
      an overpressurization in the primary and secondary systems. If the
      uncontrolled increase in pressure is not avoided by these measures, the
      safety pressure valves of either the primary or the secondary side are
      caused to lift. This is an undesirable occurrence since it generally puts
      the system out of operation until the seals of the safety valves have been
      remachined and reseated. Another undesirable effect is that the reactor is
      tripped unnecessarily upon a large or rapid load rejection that otherwise
      would not require taking the reactor out of operation. Such a trip
      temporarily removes the nuclear power plant as a supplier and a time
      consuming and expensive reactor startup procedure must be followed before
      the reactor can be put back into operation as a power producer.
PAR  To better understand the dynamics of the secondary system, it is helpful to
      refer to curve 1 of FIG. 2 which showns the typical steady state
      functional relationship between the secondary pressure and reactor power
      or load. When the reactor power is at zero, the steam generator hot
      standby secondary pressure is maintained at a maximum value of 1,000 psi.
      When the reactor power is increased through the values from 0 to 100%, the
      secondary pressure falls from its initial value of 1,000 psi to a final
      value of 900 psi. The ordinary secondary coolant system protection system
      safety valves would have a fixed pressure setpoint of about 1100 psi. This
      setpoint is designed to protect the integrity of the secondary coolant
      system only and is not designed to protect the primary coolant system. The
      occurrence of a load rejection which involves either a large load decrease
      or a large rate of load decrease from a full power of 100% might raise the
      secondary pressure off of the steady state curve to a value which remains
      below the fixed secondary pressure setpoint while at the same time causing
      the pressure in the primary coolant system to increase to a unacceptable
      value which would require a reactor trip.
PAR  2. Description of the Prior Art
PAR  One previously employed method for protecting the coolant systems has been
      to monitor the primary pressure and either trip the reactor at a
      predetermined pressure setpoint or to lift the primary systems pressure
      safety valves. This method has the fundamental disadvantage that the
      reactor is forced to discontinue operation on the occurrence of a
      temporary load reduction with an interruption of the generation of
      electrical energy. One solution to this drawback is to over design the
      system to provide the capability of handling large pressure excursions. An
      additional disadvantage is that even when the reactor is tripped upon a
      high primary pressure, a pressure higher than the pressure setpoint cannot
      be avoided because of the thermal and mass inertia effects of the energy
      backup previously discussed. A possible solution to the pressure overshoot
      would be to establish an unrealistically and uneconomically conservative
      pressure setpoint.
PAR  A second method that is commonly incorporated to handle a complete load
      rejection is to initiate an automatic reactor trip whenever a serious load
      rejection occurs. This method has the disadvantage that the nuclear power
      system becomes available for the continued generation of electrical energy
      only after involved and expensive reactor startup procedures have been
      completed. Such a practice necessitates considerable expense, trouble and
      delay regardless of the fact that many of the problems which cause load
      rejections are temporary or are easily detected and rapidly remedied.
PAR  One cause for increased primary pressure is the sudden expansion of the
      primary coolant due to a rapid increase in its temperature. Thus, in order
      to prevent a reactor trip on high primary pressure, the magnitude of
      primary coolant temperature increase must be kept under a certain value.
      One way to accomplish this is to find a means of limiting the increase in
      primary coolant average temperatue to a value that is rathr independent of
      the power level. It is also desirable that this means be able to
      anticipate said increase when it is due to a disturbance in the load.
      Secondary pressure is a parameter which is very responsive to load
      changes. In addition, there is a magnitude correspondence between this
      type of secondary pressure increase and the resulting increase in primary
      coolant average temperature. Therefore, if the secondary pressure is
      controlled in the event of a load rejection so as to limit the magnitude
      of its increase, the primary pressure can be kept from reaching its trip
      value. The maximum allowable increase in secondary pressure for this
      purpose is almost constant through the power range. Hence, if the steam
      dump and/or load bypass valves are controlled so as to prevent the
      secondary pressure from increasing from its initial value by that maximum
      amount, a reactor trip on high primary pressure can be averted.
PAC  SUMMARY OF THE INVENTION
PAR  The incorporation of a steamdump valve system or a load bypass valve system
      into the secondary coolant circuit, operating in conjunction with the
      turbine and the reactor, enables the prevention of the excessive pressures
      in both the primary and secondary systems, thereby enabling the reactor to
      stay operational regardless of partial or even complete load rejections.
      The bypass valves or steam dump valves operate to supply a substitute load
      in the case that a load rejection causes an energy backup which would
      ordinarily cause the pressure limits of the secondary or primary coolant
      circuits to be violated. The substitute load limits the energy backup by
      removing excess energy from the system. In the instant invention, the
      steam relief valves, including load bypass and/or steam dump valves, are
      actuated by a pressure program which is functionally dependent on the load
      placed on the system. In this way, the secondary pressure setpoint program
      can protect against undesirable conditions in both the primary and
      secondary sides even though only signals from the secondary side are
      monitored. One possible indication of load is the secondary coolant rate
      of flow. The functional relationship of the program is derived from the
      steady state curve of power or load versus secondary pressure. The
      secondary pressure setpoint program is generated by a linear approximation
      to the steady state curve of secondary pressure versus load above 15 or
      20% displaced by an amount equivalent to the maximum transient secondary
      pressure increase expected to result from a 10% load rejection. This
      secondary pressure setpoint program is limited to a maximum value that
      corresponds to the pressure at which the secondary coolant circuit is
      maintained in a standby condition when the reactor power is 0%.
PAR  The actual secondary pressure is measured and compared to the variable
      setpoint which has been generated for the existing load. From this
      comparison, an error signal is generated and the steam relief valves are
      actuated by means of a controller responding to this error input. The load
      signal may be lagged in order not to raise the pressure setpoint too
      rapidly upon the occurrence of a rapid and large load rejection. This
      lagging allows the control system to respond faster to pressure increases
      resulting from load rejections.
PAR  This type of steam dump and/or load bypass control system, being responsive
      to an abnormal increase in secondary pressure, will operate not only when
      a load rejection occurs, but whenever a mismatch in reactor power and
      steam generator load causes an energy buildup in the nuclear steam supply
      system. An uncontrolled rod withdrawal incident, for example, or a failure
      in the Reactor Regulating System that results in an unwarranted increase
      in reactor power will produce an energy buildup which will open the
      dump/bypass valves. Since in all cases the opening of the dump/bypass
      valves is due to excess stored energy in the nuclear steam supply system a
      valve opening demand can be construed as an indication to block any
      increase in reactor power. For this purpose, this invention further
      provides an automatic control rod withdrawal prevent which prevents
      control rod withdrawal whenever there exists any signal indicative of a
      load bypass valve opening demand. The automatic control rod withdrawal
      prevent consists of an "OR" gate responsive to any input signal indicative
      of a valve demand and means for blocking the withdrawal of rods when the
      "OR" gate passes a signal.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a chart indicating the permissible regions of operation of a
      nuclear reactor under normal automatic control with the rate of load
      decrease represented on the abscissa and the magnitude of load decrease
      represented on the ordinate;
PAR  FIG. 2 is a plot of (1) the steady curve of load vs. secondary pressure,
      (2) a curve of the variable secondary pressure setpoint, and (3) the prior
      art fixed setpoint; and
PAR  FIG. 3 is a schematic diagram of a nuclear power generating system showing
      the secondary coolant circuit bypass valve and its control system with
      reactor rod withdrawal prevent interlock.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An examination of FIG. 1 reveals a chart of rate of load decrease vs.
      magnitude of load decrease. This chart is divided into three regions.
      Region I indicates the possible modes of operation of a nuclear power
      plant with the normal reactor and pressure control systems. Operation of
      the Nuclear Steam Supply System within Region I results in no excessive
      temperatures or pressures which would cause either a reactor trip or the
      opening of safety valves. Region II indicates the area which becomes
      available for operation if load bypass valves are provided with the
      control system described. This region is limited by the fact that the load
      bypass valve has the capability of opening from full-closed to full-open
      in a relatively lengthy period of nearly 20 seconds. Region III completes
      the area of acceptable operation that would become available if the load
      bypass valves were able to be operated from full-closed to full-open in a
      period of 1 or 2 seconds. This invention provides a method of operation
      with steam relief valves in the nuclear power system which enables the
      full utilization of operating regions I and II of FIG. I.
PAR  The nuclear power system relevant to the instant invention can be seen in
      FIG. 3. The power reactor 10 has core 12 which is controlled by control
      rods 14 which penetrate the reactor shell 10. The control rods 14 are
      actuated by driving means 16. The reactor 10 and core 12 is cooled by the
      primary coolant system (generally indicated by 18) which provides a
      continuous flow of primary coolant to and from the reactor 10. The coolant
      exits the reactor 10 at exit nozzle 20 and is circulated to a heat
      exchanger 22 where it gives up some of its heat to the secondary coolant
      system generally indicated by 24. After passing through the heat exchanger
      22, the primary coolant is returned to the reactor 10 through pump 26 and
      inlet nozzle 28.
PAR  The heated secondary coolant, which is usually water, is caused to pass in
      its vapor form through pressure pipe system 30 to the load or turbine 32.
      After passing through the turbine 32, the vapor or steam is quenched in
      condenser 34 and eventually returned through pressure pipe 36 via feed
      water pump 38 to the heat exchanger 22. Turbine or load bypass valves 40
      are provided to allow the shunting of the coolant vapor or steam through
      pipe 42 and 44, past the turbine 32 and to the condenser 34.
PAR  The load bypass valve control means (generally indicated by 46) consists of
      pressure sensor 48, coolant flow sensor 50, lagging means 52, pressure
      setpoint programmer 54, summation means 56, and valve controller 58. Also
      provided is an "OR" gate 60 whose input is any signal indicative of a
      bypass valve demand and interlocking means 62 which prevents the
      withdrawal of rods 14 from the core 12 upon receipt of a signal from "OR"
      gate 60. The operation of the bypass valve control is as follows.
      Secondary coolant flow sensor 50 detects the secondary coolant flow
      through the secondary coolant system 24. Steam flow is used as a power or
      load index of the secondary system. The sensor 50 generates a signal
      commensurate with secondary coolant flow which is in turn commensurate to
      the load of the system and transmits this signal to a lagging means 52
      which causes the transmission of the signal to be lagged. After the signal
      has been lagged, the signal from lagging means 52 is transmitted to
      pressure setpoint programmer 54 which has been preprogrammed to generate a
      pressure setpoint signal which varies according to the magnitude of the
      load input signal. A particular program that programmer 54 could follow
      and which is suggested as the preferred embodiment can be seen as curve 2
      in FIG. 2. Curve 2 has been derived in advance by linearly approximating
      part of the steady state secondary pressure vs. power curve 1. It has then
      been displaced by a pressure increment equivalent to a pressure jump to be
      expected from a 10% load rejection. For values of flow indicative of a
      load less than about 20% of the full load curve 2 is horizontal and has a
      value of 1000 psi which is the secondary pressure that is maintained in
      the secondary coolant system 24 during hot standby when the load is zero.
      Curve 3 in FIG. 2 is an indication of a fixed setpoint used by the prior
      art for preventing excessive pressures in the secondary coolant system 24
      only.
PAR  At this point, a better understanding of the invention may be gained by
      examining the behavior of the secondary and primary coolant systems when a
      load rejection of greater than 10% occurs. Assuming that the reactor has
      been operating in its steady state condition at 100% power, the secondary
      pressure would be maintained at approximately 900 psia. This condition
      would be represented on curve 1 at point B. The pressure setpoint
      generated by programmer 54 would be equivalent to a pressure as indicated
      by point C. On the occurrence of a load rejection of 10%, the signal
      indicating the change of flow in the secondary coolant system 24 would be
      lagged by lagging means 52 and the pressure setpoint would move towards
      point D on curve 2 according to the time constant of lagging. The actual
      pressure of the secondary coolant system 24 would increase to a pressure
      in the vicinity of that indicated by point C. A load rejection of this
      magnitude would not cause the bypass valves to open since the pressure of
      the secondary coolant system has not exceeded the setpoint.
PAR  Upon the occurrence of a load rejection larger than 10%, the actual
      secondary pressure may increase to a point indicated by point A. Such an
      occurrence would cause the load bypass valves to open, thereby bypassing
      excess steam through valve 40 to condenser 34. This bypassing action
      reduces the secondary pressure and brings it down to a point equal to or
      below the setpoint then existing at which time the bypass valves would be
      fully closed again. As can be seen from FIG. 2, a load rejection which
      causes the secondary pressure to increase to point A would not cause a
      violation of the prior art setpoint and, therefore, no corrective action
      would be taken by the prior art. A secondary pressure which has been
      increased in prior art systems to point A would cause an energy backup, as
      discussed above, which would cause an increase primary pressure. The
      increased primary pressure might exceed the safe operating pressure for
      the primary coolant system 18 and cause either a reactor trip and/or a
      lifting of the primary coolant system's safety valves. Either occurrence
      would cause the reactor 10 to be temporarily nonoperational. However, with
      the instant invention, a secondary pressure at point A would have exceeded
      the pressure setpoint as established by programmer 54 and excessive energy
      would have been drained from the system thereby preventing a reactor trip.
PAR  Continuing the discussion of the operation of the load bypass valve control
      system 46, the pressure setpoint lying somewhere along curve 2 in FIG. 2,
      depending on load, is transmitted to summation point 56. At the summation
      point 56 the pressure setpoint is compared to the actual pressure of the
      secondary coolant system 24 which has been detected by detector 48 and
      transmitted to summation point 56. Summation point 56 generates and
      transmits a pressure error signal which causes the controller 58 to
      actuate bypass valves 40 to bring the secondary pressure down to its
      setpoint value.
PAR  At the same time, a signal is sent to "OR" gate 60 from bypass demand
      sensor 61 which senses as positive signal at the output of controller 58.
      "OR" gate 60 is responsive to any signal which is indicative of a demand
      for load bypass valve 40 opening. Examples of alternative signals to which
      "OR" gate 60 might respond are signals derived from the flow sensor 50 or
      from a signal indicative of a change or a rate of change of flow or a
      change or a rate of change of pressure. Upon the receipt of any signal
      which indicates bypass valve demand, the "OR" gate 60 passes a signal to
      interlock means 62 which automatically prevents the withdrawal of rods 14
      by control means 16.
PAR  This invention is practiced with the electrical portions of the control
      system embodied as analog control circuitry or as digital control
      circuitry. When digital hardware is employed, a programmed digital process
      computer can be included in the control circuitry.
PAR  It will be understood that the embodiment shown and described herein is
      merely illustrative and that changes may be made without departing from
      the scope of the invention as claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control rod interlock system for a nuclear power plant having a
      nuclear reactor with a core and control rods for controling the power
      output thereof, and having a working fluid circuit for providing the
      working fluid to a load, and having steam relief valves for diverting the
      working fluid around the load, the interlock system comprising:
PA1  a. means responsive to said working fluid for detecting a condition of said
      working fluid;
PA1  b. means responsive to said detecting means for generating a signal
      indicative of a steam relief valve demand; and
PA1  c. means responsive to said signal indicative of steam relief valve demand
      for preventing the movement of said control rods out of said core of said
      reactor.
NUM  2.
PAR  2. A control rod interlock system for a nuclear power plant having a
      nuclear reactor with a core and control rods for controlling the power
      output thereof, and having a primary fluid circuit for circulating a
      coolant through the reactor core, a secondary fluid circuit in heat
      exchange relation with the primary fluid circuit to provide secondary
      fluid to a load, and steam relief valves for allowing the secondary fluid
      to passed around the load, the interlock system comprising:
PA1  a. means responsive to the fluid pressure of said secondary circuit for
      generating a signal for actuating said steam relief valves;
PA1  b. means responsive to the fluid flow of the secondary circuit for
      generating a signal for actuating said steam relief valves;
PA1  c. means responsive to the signals of said means responsive to the fluid
      pressure of said secondary circuit for generating a signal for actuating
      said steam relief valves or to the signals of said means responsive to the
      fluid flow of the secondary circuit for generating a signal for actuating
      said steam relief valves for generating a digital signal indicative of the
      existance of any single steam relief valve demand signal; and
PA1  d. means responsive to said means for generating a digital signal
      indicative of the existance of any single steam relief valve demand signal
      for preventing the movement of said control rods out of the core of said
      reactor.
NUM  3.
PAR  3. A control rod interlock system as recited in claim 2 wherein said means
      responsive to said means responsive to the fluid pressure of said
      secondary circuit for generating a signal for actuating said steam relief
      valves or to the signals of said means responsive to the fluid flow of the
      secondary circuit for generating a signal for actuating said steam relief
      valves is an "OR" gate.
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ABST
PAL  In a nuclear reactor of the BWR type having finger control rods mounted in
      guide tubes and having a member movable upwardly to push the control rods
      into the guide tubes, the control rods are connected to this member by a
      joint such as a bayonet joint releasable by turning of the control rods
      about their longitudinal axis. On the upper ends of each control rod is
      slidably mounted a sleeve which is spring-pressed downwardly. This sleeve
      is non-rotatable with respect to the control rod. The sleeve has either a
      square lower end slidable within a square tube or has projections at its
      lower end in a round tube having ribs running longitudinally thereof. The
      arrangement is such that when the support is in its uppermost position the
      control rods project above the fuel assembly and the sleeve can be raised
      against the spring action out of the upper ends of the tubes so as to
      permit turning of the rods to release them for removal.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 290,006,
      filed Sept. 18, 1972, now abandoned.
BSUM
PAC  Background of the Invention
PAR  1. Field of the Invention
PAR  In nuclear reactors of BWR type the control rods are positioned, as a rule,
      between the fuel assemblies and have cruciform cross-section with their
      central part located in the free space between four adjacent fuel
      assemblies and the wings projecting cruciformly from the central part,
      each of said wings being located between two adjacent assemblies.
PAR  2. The Prior Art
PAR  Primarily for reasons of economy of fuel, it is desirable, however, to be
      able to position the control rods inside the fuel assembly and to make
      them in the form of finger control rods and let them run in guide tubes
      between the fuel rods. In this arrangement, new problems arise concerning
      the attachment of the control rods to the control drive and their locking
      of the attachment device against involuntary influence of the attachment
      device.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a means for attachment and locking of
      finger control rods in fuel assemblies for nuclear reactors of BWR type.
      According to the invention, individual control rods or groups thereof are
      attached, with the help of known fastening devices, at their lower end to
      a yoke or similar element which can be influenced by the control drive of
      the control rods. The fastening devices are lockable against involuntary
      movement by means of locking devices which are arranged in such a manner
      that they can be operated when the control rods are in their upper
      position in the core.
PAR  In a particularly preferred embodiment of the invention, the locking device
      is applied at the top of the control rods, said top projecting above or
      being level with the upper part of the core when the control rods are in
      their topmost position. Because the locking devices are then visible and
      easily accessible, the work with the rods is considerably facilitated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 shows a vertical section through a fuel rod having two finger
      control rods;
PAR  FIG. 1A is an enlarged cross-section of the upper part of the left hand
      control rod of FIG. 1;
PAR  FIG. 1B is a cross-section on the line B--B of FIG. 1A;
PAR  FIG. 2 is a cross-section on the line II--II of FIG. 1A;
PAR  FIG. 3 shows in similar cross-section a variant of the locking device when
      circular guide tubes are used;
PAR  FIG. 4 shows schematically the principle for attaching four control yard
      rods to a common yoke;
PAR  FIG. 5 is a top plan view of the rod holding member of FIG. 4;
PAR  FIG. 6 shows an arrangement for a group of four fuel assemblies operating
      simultaneously from a common yoke in plan view; and
PAR  FIG. 7 is a side view of a mechanism of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The fuel assembly 1 shown in FIG. 1 has within a cover a number of fuel
      rods 2 which are attached to end plates 3 and 4. Two control rods 5 are
      positioned inside the assembly among the fuel rods. The control rods are
      made in the form of "fingers" and are therefore called finger control
      rods. The control rods are attached at their lower ends to a yoke 6 which
      is shown more clearly in FIGS. 4 and 7. The attachment is made by using
      any known method capable of being released by turning the rod, for example
      bayonet joint, spring lock, threading, or the like. In the figure the use
      of bayonet joint is shown. The control rod is displaceable in a guide tube
      7 which is attached in the fuel assembly. Between the control rod and the
      guide tube there is a gap for the water flowing from below, and the gap
      has such a width that the rod maintains a suitable temperature.
PAR  In order to make sure that the control rod is not turned and
      unintentionally affected so that it gets detached from the fastening
      device, it is provided at its upper end with a locking device which is
      shown in a larger scale in FIGS. 1A and B and FIGS. 2 and 3. The control
      rod 5 has at its upper end an extension constituted by a pin 25 threaded
      at 26 in a bore 27 in the top of the control rod. The pin 25 terminates at
      its upper end in a conical top 28 and below this is a cylindrical part 29.
      Pin 25 and the bottom part of the cylindrical part 29 are surrounded by a
      sleeve 8. The cylindrical part 29 is provided with two axial grooves 30
      and two lugs 31 at the upper end of the sleeve 8 are situated in the
      grooves. The grooves 30 and lugs 31 allow the sleeve 8 to move axially on
      the pin, but prevent it from rotating thereon. The cylindrical part 29 has
      a greater diameter than the rest on the pin 25, and the bottom surface of
      part 29 outside the lower part of pin 25 forms a stop surface for a washer
      33 for the upper end of a spring 10, which is situated inside the sleeve 8
      and surrounding pin 25. The bottom end of spring 10 abuts a stop-surface
      32 inside the sleeve 8. Thereby sleeve 8 is restrictedly displaceable in
      the axial direction along pin 25 at the top of rod 5, but is non-rotatably
      arranged on pin 25 and is pressed downwards against the top surface 34 of
      the fuel rod 5 by the spring 10. When the control rod is in its topmost
      position (as shown in FIG. 1), the locking sleeve 8 is at the upper end of
      the guide tube 7. From FIG. 2, which shows a cross-section of the control
      rod along the line II--II in FIG. 1, it is seen that a locking ring 11,
      having the same contour as the guide tube 7, is situated inside the guide
      tube and fastened to the locking sleeve 8 by means of bars 34 secured to
      the tube 8 and ring 11. There is a narrow slot 35 between the guide tube 7
      and the locking ring 11, and the sleeve 8 can move up and down inside the
      guide tube 7. The cooling water passing upwardly in the space between the
      rod 5 and the tube 7 can pass through the spaces 36 between the bars 34.
      As long as the locking ring 11 for the tube 8 is inside the guide tube 7,
      the control rod is locked against turning but displaceable upwards and
      downwards under the influence of the reactor control drive for the control
      rods. This control drive is already well-known and therefore is not shown.
PAR  When the control rod is to be removed, the control tube 8 is lifted against
      the action of the spring 10, for example by a gripping member which
      engages in recess 36 in the sleeve 8, so high that the locking ring 11 is
      located above the upper end of the guide tube. After this, the control rod
      is turned so that the bayonet holder releases its hold and the rod can be
      pulled up.
PAR  If circular guide tubes are used, as shown in FIG. 3, the guide tubes can
      be provided with a pair of longitudinal internal ribs 12. The tube 8' is
      then provided with a number of corresponding projections 13 which prevent
      the tube from turning as long as the projections 13 are within the guide
      tube. In the same way as described in connection with FIG. 2, the control
      rod 5 and the locking tube 8' are released for turning as soon as the tube
      has been lifted up so high that the projections 13 are free of the ribs
      12.
PAR  The two embodiments now shown have the advantage that the assembly can be
      removed even if it should be impossible, for some reason, to operate the
      locking means. Then the rod can be turned and removed without its being
      necessary to displace the tube 8.
PAR  FIGS. 4 and 5 show schematically how four control rods 5 in a fuel assembly
      are attached to a yoke 6, this being operated upward and downward by a
      control drive not shown. The yoke is provided with a hub 14 in which the
      drive bar 15 is attached. From the hub 14 four arms 16 extend, said arms
      supporting at their outer ends fastening plates 17 for the fastening
      devices of the control rods, said fastening devices being shown here as
      bayonet joints comprising a slot 18 in the fastening plate and
      corresponding cam projections 19 on the control rod. The design of the
      locking device as a bayonet joint is shown only to exemplify the idea of
      the invention, and other previously known locking devices, threaded
      screws, spring lock and the like could be used.
PAR  FIGS. 6 and 7 shows how four adjacent fuel assemblies 1 are brought
      together to form a group and arranged in such a way that their control
      rods are adjustable simultaneously with the help of one single drive bar
      20 which is connected to a group yoke 21 common for the whole group, as
      shown in FIG. 7. The group yoke has four arms 22, each arm supporting an
      assembly yoke 23 of the type shown in FIG. 5. In order to make possible
      change or inspection of individual assemblies within the group, the
      assembly yoke 23 should be detachably attached to the group yoke. This
      attachment could be constructed by providing an operating rod 24, which is
      positioned in the center of each assembly, its lower end with a fastening
      device of, for example, the kind mentioned previously and giving the
      operating rod such a length that it reaches and preferably lies above the
      upper surface of the fuel assembly when the control rods are in their
      upper position and, therefore, easily accessible from above. Also this
      operating rod should be provided with a locking device, so that the
      assembly yoke cannot be detached unintentionally from the group yoke. The
      operating rod could consist of an ordinary finger control rod or be
      constructed of a material with the least possible neutron absorption, in
      the event it is not to affect the course of the reactor. In the latter
      case, the operating rod can be made so as to be removed from the fastening
      device after the desired operation has been carried out.
PAR  In an embodiment of the invention as shown in FIGS. 6 and 7, the whole
      assembly yoke 23 is lifted together with the assembly when the assembly is
      removed from the reactor. The control rods can therefore be attached to
      the yoke by means of, for example, welding or any other suitable
      attachment method.
PAR  Instead of the locking device shown in FIGS. 1, 2, and 3, locking of
      control rods and operating rods can be accomplished with the help of
      springs actuating, for example, square parts of the rods. When the locking
      device is to be made inactive, the rod is turned against the action of the
      springs so that the springs come to lie above the diagonal on the square
      part. In this position, the fastening device is open so that the rod can
      be removed. Locking devices of this kind are so well-known that they need
      no further explanation.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a nuclear reactor of BWR type, having a fuel assembly and a finger
      control rod having a longitudinal axis movable between upper and lower
      positions with respect to said fuel assembly, at least one member movable
      in the direction of the longitudinal axes of the control rod, and means
      releasably securing said control rod to said member, said assembly and
      said control rod having cooperating means thereon responsive to the
      position of the control rod with respect to the fuel assembly to permit
      release of said locking means only when said control rod is moved to its
      upper position with respect to said fuel assembly.
NUM  2.
PAR  2. In a nuclear reactor as claimed in claim 1, said fuel assembly having a
      single member, a plurality of control rods being connected to said member.
NUM  3.
PAR  3. In a nuclear reactor as claimed in claim 1, said securing means
      including locking means releasable by turning of the control rod about its
      longitudinal axis, and means for preventing turning of the control rod
      when said rod is below its upper position.
NUM  4.
PAR  4. In a nuclear reactor as claimed in claim 3, having a guide tube for the
      control rod, said means for preventing turning including cooperating means
      on the tube and the rod.
NUM  5.
PAR  5. In a nuclear reactor as claimed in claim 4, said means for preventing
      turning including a sleeve slidably and non-rotatably mounted on the
      control rod and having a portion constituting a part of said cooperating
      means, said sleeve and tube having cooperating means thereon to prevent
      turning of the sleeve as long as it is engaged within the tube, said
      sleeve being movable out of the tube in the upper position of the control
      rod to release said prevention turning means.
NUM  6.
PAR  6. In a nuclear reactor as claimed in claim 5, spring means urging said
      sleeve into the tube.
NUM  7.
PAR  7. In a nuclear reactor as claimed in claim 5, said tube being noncircular
      and said sleeve having a portion fitting into the tube and non-turnable
      therein.
NUM  8.
PAR  8. In a nuclear reactor as claimed in claim 5, said tube being circular and
      having inwardly directed ribs extending longitudinally thereof and said
      sleeve having projections engageable with the ribs.
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ABST
PAL  A gas-coolant nuclear breeder reactor includes a core enclosed by a
      pressure vessel having a bottom beneath the core potentially capable of
      burning through if the core melts due to excessive operating temperatures.
      A basin is positioned beneath the core, either outside or inside of the
      pressure vessel, to intercept the melted core. The heat of the melted core
      must be dissipated rapidly because the reactor is enclosed by a steel
      containment vessel which might be unable to resist the internal pressure
      that would otherwise result from the heat. Therefore, means are provided
      for conducting a fluid coolant cooling the metal core, in the basin, from
      the latter to an extended area of the inside of the steel containment
      vessel which, being of relatively high heat conductivity, conducts the
      heat from the coolant to the atmosphere outside of the containment vessel.
      Cooling water may be sprayed on the outside of this containment vessel to
      assist in the dissipation of the heat. Arrangements are provided for
      increasing the efficiency of the heat transfer from the melted core to the
      fluid coolant.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to gas-coolant nuclear breeder reactors. Such a
      reactor is totally enclosed by a steel containment vessel. The reactor
      includes a core enclosed by a pressure vessel, the core including fuel
      elements each comprising a bundle of fuel rods which, if operated at
      excessive temperatures, may melt and fall. Therefore, a melt core
      intercept basin is positioned beneath the core. In the event the melted
      core falls into this basin, the core's heat must be dissipated rapidly
      because if uncontrolled, there may be a excessive pressure increase inside
      of the steel containment vessel which might damage the integrity of the
      latter. With adequate heat dissipation, such a pressure rise may be
      suppressed to a safe level.
PAR  The prior art has suggested a basin inside of the pressure vessel directly
      beneath the core and which is provided with indirect cooling means in the
      form of water pipes. The idea is to dissipate the heat, presumably through
      evaporation of the water forming steam, but the prior art has made no
      provision for handling the resulting steam in a practical manner. A
      concept of this kind is suggested by the German Offenlegungsschrift
      2,035,089.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a basin beneath the core
      with means for dissipating the heat of a melted core in the basin in a
      practical manner and at a rate preventing an excessive pressure increase
      within the steel containment vessel.
PAR  According to the invention, the basin may be located outside or inside of
      the pressure vessel, providing it is beneath the core. When the core
      melts, it can burn through the bottom of the pressure vessel and fall into
      the basin if on the latter's outside. If the basin is inside of the
      pressure vessel and can dissipate the melted core's heat with adequate
      efficiency, it may be possible to prevent the bottom of the pressure
      vessel from being burned through.
PAR  When outside of the pressure vessel, the basin may be very much larger
      transversely than the inside dimension of the pressure vessel. In this
      case the invention provides means, such as suitable ducts or conduits, for
      conducting a fluid coolant cooling the metal core in the basin, from the
      latter to an extended or large area of the inside of the steel containment
      vessel for cooling by conduction of the heat through the latter's wall to
      its outside which is exposed to the atmosphere. The large outside surface
      area of the containment vessel provides extensive heat dissipation both by
      convection and radiation. This external heat dissipation may be
      considerably increased by spraying water on the outside of the containment
      vessel.
PAR  Using ducts, the heated coolant is carried to the inside of the top of the
      containment vessel where the coolant gives up its heat, the heat loss
      being rapid if the top of the containment vessel is water-sprayed on its
      outside, the cooled fluid coolant then falling within the containment
      vessel for return to the basin beneath the pressure vessel. Thus, a
      circulation is established.
PAR  The basin may be positioned inside of the pressure vessel beneath the core
      and provided with bottom cooling means, such as a chamber beneath the
      basin inside of the pressure vessel and containing water converting to
      steam when heated by the melted core, via conduction through the basin,
      and thereby forming the fluid coolant conducted by the conducting means to
      the inside of the containment vessel, preferably to the top of the
      containment vessel.
PAR  In the first instance, when the basin is outside of the pressure vessel,
      the fluid coolant may consist of the gas atmosphere normally maintained
      inside of the containment vessel during normal reactor operation. This gas
      is capable of circulating, rising when heated, and falling when cooled.
      When the basin is on the inside of the pressure vessel, the steam rises
      when hot and falls when cooled or as condensate, effecting circulation via
      the chamber beneath the basin on the inside of the pressure chamber. In
      the latter instance, the top of the containment vessel may be
      double-walled to form a chamber into which the steam is sent and from
      which the condensate is returned to the chamber beneath the basin.
PAR  When the basin is inside of the pressure chamber, a refractory, such as
      graphite, is indicated as the basin material, and in this case,
      particularly, the uniformity and efficiency of the necessary heat transfer
      may be increased by the use of a low melting temperature metal positioned
      either inside the basin or in passages formed in the basin or in the
      chamber beneath the basin or combinations of these possibilities, such a
      metal forming a molten bath providing both uniformity and efficiency for
      the heat transfer to the coolant by conduction through the molten metal
      and uniform transfer relative to the basin which may be possibly of low
      thermal conductivity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Preferred embodiments of the invention are illustrated schematically by the
      accompanying drawings, in which:
PAR  FIG. 1 is a vertical section of a gas-coolant nuclear breeder reactor
      showing the melted core intercept basin outside of the pressure vessel
      with a single duct carrying the fluid coolant from the basin to the top of
      the containment vessel enclosing the reactor;
PAR  FIG. 1a is a partial cross-section showing how a plurality of the ducts may
      be provided;
PAR  FIG. 2 corresponds to FIG. 1 but in this case shows the basin inside of the
      pressure vessel;
PAR  FIG. 3 on an enlarged scale shows a detail of the basin illustrated by FIG.
      2, in modified form;
PAR  FIG. 4 is like FIG. 3 but shows another modification; and
PAR  FIG. 5 is again like FIG. 3, but shows still another modification.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Having reference to FIG. 1, the outermost steel containment vessel 1 has a
      cylindrical side wall and a hemispherical top and the vessel totally
      encloses the reactor and its associated components. A concrete floor 2
      supports the entire installation. The reactor pressure vessel 3, made of
      prestressed concrete, has an internal liner 5 which shields the concrete
      against radiation and within which the reactor core 7 is located,
      surrounded by a radial breeder jacket 8 and an axial breeder jacket 9. The
      core's components are supported by a mounting 10 on the outside of the
      pressure vessel. The pressure vessel 3 also encloses a steam generator 12
      through which the gas coolant is circulated as indicated by the unnumbered
      arrows, the circulation being aided by a blower 13.
PAR  In this instance the basin 14 is on the outside of the pressure vessel 3,
      it being located below the bottom 15 of the liner 5 and, of course, below
      the core 7. If the core is operated at excessively high temperatures, and
      melts and falls into the bottom 15, it potentially may burn through this
      bottom and the intervening concrete of the pressure vessel 3, to fall into
      the basin 14.
PAR  The containment vessel 1 normally contains a gas and in the present
      embodiment this gas is used as a fluid coolant to effect the necessary
      dissipation of the heat of the melted core in the basin 14, the latter
      being of large horizontal transverse area permitting possible spreading of
      the core. The basin 14 is spaced below the bottom of the pressure vessel 3
      and is enclosed by a vertical wall 3a which also functions to support the
      pressure vessel above the floor 2.
PAR  To use the gas in the containment vessel 1 as a coolant for the basin's
      contents, a duct 16 extends through the wall 3a and upwardly, above the
      pressure vessel 3, and opens into the top of the containment vessel 1. The
      wall 3a has an inlet port 17, and so the heated gas can rise through the
      duct 16, flow along the inside of the containment vessel 1 for cooling by
      heat conduction through the latter's wall to the outside atmosphere, and
      when cooled, flow downwardly and in through the inlet port 17, the result
      being a constant circulation of the gas coolant.
PAR  The top 18 of the containment vessel 1 has the hemispherical shape and the
      entire containment vessel is made of steel having good thermal
      conductivity. The duct 16 distributes the heated gas over a large area of
      the top 18, and water cooling sprays 19 are provided by nozzles (not
      shown) to shower down on the top 18.
PAR  As shown by FIG. 1a, there are preferably a plurality of the ducts 16 and a
      plurality of the ports 17, this causing the circulating flow of gas
      coolant to be very widely distributed throughout the interior of the water
      cooled top 18 of the steel containment vessel. Although not shown, the
      ports 17 may have ducts which, like the ducts 16, extend upwardly so that
      the top 18 functions as the main cooling area for the gas-coolant.
PAR  It follows that in the event of an accident, the melted core in the basin
      14 is automatically and immediately subjected to very rapid cooling by
      large volumes of gas effectively cooled by the large area of the
      water-cooled hemispherical top 18 of the steel containment vessell.
PAR  In FIG. 2 the basin 23 is located inside of the pressure vessel 3 directly
      beneath the core 7 and is provided beneath its bottom with a chamber 25
      containing water. If the core 7 melts, and falls into the basin 23, the
      water is converted to steam and a pipe 26 carries this steam upwardly to
      the hemispherical top 18 for condensation, the condensate returning via a
      pipe 27 to the chamber 25, thus establishing circulation. In this case the
      hemispherical top 18 is a double-walled construction forming a
      hemispherical chamber 29 into the central portion of which the pipe 26
      connects, the pipe 27 connecting with a lowermost portion of this chamber
      29. A plurality of these pipes may be used in each instance. The water
      spraying means 19 are, of course, also used. The very large extent of the
      chamber 29 provides for very effective dissipation of large amounts of
      heat and provides an effective means for handling the steam incidental
      when the water in the chamber 25 is converted to steam by the heat of a
      melted core in the basin 23. The containment vessel's large top 18
      functions as a large capacity heat exchanger. As shown, the pipe 26
      connects with the upper portion of the chamber 25; the pipe 26 connects
      with the chamber's lower portion.
PAR  As shown by FIG. 3, the basin 23 may be provided with downwardly extending
      ribs 20 projecting downwardly far enough to be within the solid water 31
      in the chamber 25. If this is not done, the steam can separate the water
      from the bottom of the basin 23 with the result that the bottom could not
      transmit heat by direct conduction to the water.
PAR  The basin 23 forms the primary intercept for an accidentally melted core
      and must withstand extreme temperatures. Therefore, it is preferably made
      of a refractory, such as graphite, inevitably having lower thermal
      conductivity than metal.
PAR  Therefore, in FIG. 4 the efficiency provided by the ribs 30 is greatly
      increased by corresponding ribs 33 which extend upwardly into the basin 23
      where the ribs 33 are embedded in metal 34 having a lower melting
      temperature. Metals such as mercury, tin, lead and the like may be used.
      If a component of the core melts and falls, it can cause extreme local
      overheating of the basin 23 in FIG. 3, but using this metal 34, as shown
      in FIG. 4, the metal forms a pool of metal of much higher thermal
      conductivity than graphite or other refractory, distributing the heat
      substantially uniformly throughout the basin 23. In FIG. 4 the
      distribution is throughout all of the upwardly projecting ribs 33.
PAR  To further assist in the thermal conductivity efficiency, the ribs 30 and
      33, which are in mutual registration, are provided with endless passages
      35 arranged as loops extending from one registered rib to the other and
      filled with the metal of low melting temperature. When melted by heat
      occasioned by an accident, this metal establishes a circulating flow of
      molten metal from the molten metal 34 to the water 31 in the chamber 25,
      the intervening refractory portions being of small thickness.
PAR  In FIG. 5 the ribs 30 are shown in direct contact with water pipes 36 which
      may be connected in circuit with the chamber 29 in the containment
      vessel's top 18, as by using pipes corresponding to 26 and 27 in FIG. 2,
      the details of this being easily understood and, therefore, not
      illustrated. The low melting temperature metal previously described may be
      used to surround the fins 30 and pipes 36, as shown at 37, and the chamber
      31 may be extending upwardly around the side wall of the basin 23 by
      forming the chamber as shown at 38, the side wall of the basin being
      itself provided with the ribs 30 and water pipes 36. In this instance also
      the metal 37, when liquid, uniformly and widely distributes the heat while
      conducting it to the water which abstracts the heat by its conversion to
      steam, the latter being sent to the chamber 29 and returned as condensate.
PAR  The construction shown by FIGS. 2 through 5 provides for a primary
      intercept of a melted core. If the core burns through the basin 23, the
      bottom 15 of the liner 5 and the intervening concrete portion 40 of the
      pressure vessel 3, it falls into the external basin 14 providing the
      ultimate intercept. Prior to this occurring the basin 14, in effect, is
      provided with a cover which is destructible by heat in the event a melted
      core goes through the various parts just mentioned. This concept may be
      applied to the basin 23 by providing it with a destructible cover (not
      shown for the basin 23) which closes its top against the flow of the
      gas-coolant during the normal operation of the reactor generating steam
      via the steam generator 12.
PAR  As explained in connection with the FIG. 2 embodiment, the top 18 of the
      containment vessel 1 may be a double-walled construction forming the
      chamber 29 for the steam and condensate. Correspondingly, in the FIG. 1
      construction the ducts 16 and 17 may be provided by passages formed by the
      double walls of the containment vessel, illustrated by FIG. 1a.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gas-coolant nuclear reactor including a core enclosed by a pressure
      vessel, a melted core intercept basin below the core and a metal
      containment vessel enclosing the vessel and basin and having a metal top
      having an outer surface which is exposed to the outside of the top;
      wherein the improvement comprises means for conducting a fluid coolant
      cooling a melted core in said basin, from the basin to an extended area of
      the inside of said top of said metal containment vessel for cooling by the
      conduction of heat through the containment vessel's wall to the outside of
      the containment vessel, said top of said containment vessel having double
      walls between which said conducting means connects.
NUM  2.
PAR  2. A gas-coolant nuclear reactor comprising a core, a pressure vessel
      having an inside enclosing said core and an outside, and a basin below
      said core and positioned to intercept said core in the event the core
      melts and falls, said pressure vessel forming an enclosure above said
      basin, a steel containment shell enclosing said pressure vessel and said
      basin and having a heat-conductive upper portion extending above the
      pressure vessel and basin, the steel shell's said upper portion having an
      outside exposed to the atmosphere outside of the containment shell, said
      upper portion having an inside, ducts connecting with said basin and
      extending upwardly and opening to the steel shell's said inside and
      extending from said inside downwardly and back to said basin, and a
      coolant in contact with said basin for removing heat from said core in the
      event it melts and falls and is intercepted by the basin, said ducts
      connecting with said basin to conduct said coolant when thermally rising
      from the basin, to said inside of said upper portion of said steel
      containment shell and, when cooled by conduction of heat through said
      upper portion to its said outside, to conduct said coolant back to said
      basin, said pressure vessel, said basin, said ducts and said inside of
      said upper portion of said steel containment shell cooperatively forming a
      recirculation circuit for said coolant.
NUM  3.
PAR  3. The installation of claim 2 in which said basin is positioned on the
      outside of and below said pressure vessel inside of said shell.
NUM  4.
PAR  4. The installation of claim 3 which said coolant is formed by a gas
      atmosphere contained between the outside of said pressure vessel and the
      inside of said shell, and said basin has an inside and an open top
      directly facing the pressure vessel's said outside, said ducts connecting
      said gas atmosphere with the inside of said basin.
NUM  5.
PAR  5. The installation of claim 2 in which said basin is positioned on the
      inside of said pressure vessel, and a second basin is positioned on the
      outside of and below said pressure vessel inside of said steel shell.
NUM  6.
PAR  6. The installation of claim 2 in which said basin is positioned on the
      inside of said pressure vessel and said coolant is a material which
      vaporizes under the heat of a melted core falling into said basin, and
      having means for separating said coolant from the inside of said pressure
      vessel.
PATN
WKU  039309401
SRC  5
APN  0967823
APT  1
ART  221
APD  19701210
TTL  Nuclear fuel subassembly
ISD  19760106
NCL  5
ECL  1
EXP  Bentley; Stephen C.
NDR  3
NFG  10
INVT
NAM  Cayol; Andre
CTY  Aix-en-Provence
CNT  FR
INVT
NAM  Chalony; Andre
CTY  Aix-en-Provence
CNT  FR
INVT
NAM  Clottes; Georges
CTY  Manosque
CNT  FR
INVT
NAM  Praizey; Jean-Pierre
CTY  Aix-en-Provence
CNT  FR
INVT
NAM  Skok; Jean
CTY  Aix-en-Provence
CNT  FR
INVT
NAM  Venobre; Henri
CTY  Vinon-sur-Verdon
CNT  FR
ASSG
NAM  Commissariat a l'Energie Atomique
CTY  Paris
CNT  FR
COD  07
PRIR
CNT  FR
APD  19691212
APN  69.43162
PRIR
CNT  FR
APD  19701120
APN  70.41793
CLAS
OCL  176 78
XCL  176 79
XCL  176 81
EDF  2
ICL  G21C  308
ICL  G21C  310
FSC  176
FSS  76;78;81;79
UREF
PNO  3215606
ISD  19651100
NAM  Silvester
XCL  176 78
UREF
PNO  3356587
ISD  19671200
NAM  Heck
OCL  176 78
UREF
PNO  3442763
ISD  19690500
NAM  Chetter et al.
OCL  176 78
UREF
PNO  3575808
ISD  19700400
NAM  Jakub et al.
OCL  176 81
UREF
PNO  3607642
ISD  19710900
NAM  Murdock
OCL  176 81
UREF
PNO  3625822
ISD  19711200
NAM  Mantle
OCL  176 81
UREF
PNO  3629066
ISD  19711200
NAM  Anderson
OCL  176 78
LREP
FRM  Cameron, Kerkam, Sutton, Stowell & Stowell
ABST
PAL  A nuclear fuel sub-assembly comprises a bundle of fuel pins provided with
      helical spacers and located within a shroud for the coolant. The
      sub-channels at the periphery of the bundle are restricted in order that
      the rate of flow matches the heat transfer surfaces in all sub-channels.
      For this purpose the spacers of the outer pins project radially by an
      extent smaller than the spacers of the inner pins. In addition
      longitudinal ribs may be provided in the outer sub-channels.
BSUM
PAR  This invention relates to fuel sub-assemblies (sometimes also called fuel
      assemblies) for nuclear reactors having a high power density such as
      liquid metal cooled breeder reactors which operate predominently on fast
      neutrons. Fuel subassemblies for this purpose comprise at least one
      cluster of elongated parallel pins containing fuel (fissile or fertile
      material), said fuel pins being disposed on a uniform lattice (usually
      hexagonal) and contained within a shroud or sleeve along which the coolant
      flows. The relative spacing of the pins in each cluster is determined by
      means of spacer members (wires, small-diameter tubes or fins) which are
      helically wound on each fuel pin with a large pitch.
PAR  In the fuel sub-assemblies which were in use up to the present time, the
      radial projection of the spacer members was the same in the case of all
      fuel pins and the distance by which each spacer projected from the pin was
      identical at all points of the spacer. This arrangement has a drawback :
      even if the cluster is tightly packed and the shroud is applied against
      the fuel cluster in perfectly intimate relation, subchannels defined by
      the outer fuel pins of the cluster and by the shroud exhibit a head loss
      coefficient which is lower than that of the central sub-channels and the
      coolant in the outer fuel channels comes into contact with a smaller pin
      can area. In consequence, the coolant which passes through the outer
      sub-channels is heated to a lesser extent than the coolant which passes
      through the inner sub-channels (between inner fuel pins) and therefore has
      a lower temperature when leaving the cluster. This phenomenon is
      attenuated to only a partial extent by mixing due to turbulences and heat
      transfer processes between adjacent sub-channels and remains
      objectionable. In fact, in respect of a pre-established value of coolant
      temperature at the outlets of the sub-channels and therefore of the
      temperature of the fuelpin cans at this level (the temperature being
      limited by the high-temperature strength of the canning materials), the
      mean temperature of the coolant at the outlet of the cluster is lower,
      thereby resulting in a reduction in reactor efficiency.
PAR  The aim of the invention is to provide a nuclear fuel assembly which meets
      practical requirements more effectively than assemblies of the prior art,
      especially insofar as the assembly is no longer attended by the
      above-noted disadvantage or at least only to a very limited degree.
PAR  To this end, the invention proposes a nuclear fuel assembly comprising at
      least one cluster of canned-fuel pins disposed on a uniform lattice within
      a sleeve through which the coolant is circulated, each fuel pin being
      provided over at least the greater part of its length with a helical
      spacer member which determines the spacing between each fuel pin and the
      adjacent pins or the sleeve. Essentially, the distance to which each
      spacer member of a lateral fuel pin of the cluster projects radially from
      said pin in the zones in which said spacer member is applied against the
      sleeve is smaller than the radial distance of projection of the spacer
      members which are carried by the central fuel pins of the cluster.
PAR  In one embodiment of the invention in which the spacer members are
      constituted by helically wound wires, the wire is flattened in those
      portions in which it is applied against the sleeve and the flattening is
      preferably such as to produce a reduction in the rate of flow within the
      peripheral sub-channels in order to obtain the same temperature at the
      outlets of all the channels whether said channels are delimited solely by
      fuel pins or both by fuel pins and by the sleeve.
PAR  In another embodiment, the spacer members are constituted by wires and the
      wires of each lateral fuel pin have a smaller diameter than those of the
      other fuel pins and are threaded through tube sections having an external
      diameter which is the same as that of the wires carried by the central
      fuel pins, said tube sections being placed in the zones in which the
      lateral fuel pins bear on the cental fuel pins or on the adjacent lateral
      pins.
PAR  Again according to a particular mode of application of the invention, the
      sleeve is provided with internal longitudinal ribs which reduce the
      cross-sectional area of the sub-channels for the flow of coolant between
      the lateral fuel pins.
DRWD
PAR  A better understanding of the invention will be gained from the following
      description of one arrangement according to the prior art and of
      arrangements according to the invention which are given by way of example
      without any limitation being implied. The description relates to the
      accompanying drawings in which:
PAR  FIG. 1 shows diagrammatically the transverse cross-section of a fuel
      assembly in accordance with the prior art;
PAR  FIG. 2 is a detail view on a large scale showing a portion of the
      transverse cross-section of a fuel assembly in accordance with one
      embodiment of the invention;
PAR  FIG. 3 is a detail view showing a portion of the transverse cross-section
      of a fuel assembly in accordance with the invention;
PAR  FIG. 4 shows diagrammatically a spacer wire which is deformed prior to
      mounting on a peripheral fuel pin of the cluster of FIG. 3;
PAR  FIG. 5 shows diagrammatically in elevation a portion of a fuel pin in an
      alternative form of the invention;
PAR  FIGS. 6, 7 and 8 which are similar to FIG. 2 show further embodiments of
      the invention;
PAR  FIG. 9 which is similar to FIG. 2 is a top view of the fuel pins and
      corresponds to yet another form of application of the invention;
PAR  FIG. 10 is a diagrammatic view in elevation showing a portion of a fuel pin
      in accordance with the alternative form of FIG. 9.
DETD
PAR  The fuel assembly which is illustrated in transverse cross-section in FIG.
      1 is of a type which is in very wide use at the present time. The assembly
      consists of a cluster of canned nuclear fuel pins 10 of elongated shape
      which are located at the nodes of a uniform hexagonal lattice. The fuel
      pins are carried by a support grid (not shown in FIG. 1), said grid being
      attached to a sleeve 14 which limits a duct for the circulation of
      coolant. The relative spacing of the fuel pins is determined by means of a
      spacing device which comprises in the case of each fuel pin 10 a metal
      wire 12 which is wound in a helix on the can and is applied against the
      cans of adjacent fuel pins or against the wall of the sleeve.
PAR  The coolant flows in a general direction at right angles to the plane of
      FIG. 1 through a series of subchannels which communicate with each other
      and are delimited either solely by fuel pins or by fuel pins and the
      sleeve. In the case which is illustrated in which the fuel-pin lattice is
      triangular and in which the sleeve has a hexagonal transverse
      cross-sectional shape, the sub-channels can be divided into three groups:
PAR  A first group is constituted by the sub-channels 16 of generally triangular
      shape each formed by the space which is provided for the coolant by three
      adjacent fuel pins which are located at the apices of a triangle Heating
      surfaces extend over one-half of the periphery of said subchannels 16
      which are provided in the gratest number; they will be referred-to
      hereinafter as "inner sub-channels" and the fuel pins which are surrounded
      only by said sub-channels will be referred-to as "inner fuel pins." The
      rate of flow through each inner sub-channel will be designated as Di.
PAR  A second group is constituted by the subchannels 18 which will be
      referred-to as "edge sub-channels" and are each constituted by the space
      which is provided for the coolant by two fuel pins located at the
      periphery of the cluster (so-called "edge pins") and by the corresponding
      portion of one face of the sleeve 14. The sub-channels are limited by
      heating surfaces which represent in the same manner as the preceding
      sub-channels approximately one-half of the surface of one fuel pin. The
      rate of flow through each edge sub-channel will be designated as Db.
PAR  A third group is constituted by the sub-channels 20 or so-called "corner
      sub-channels," the number of which is equal to the number of corners of
      the transverse cross-section of the sleeve 14. Each sub-channel 20 is
      constituted by the space which is provided for the coolant between a
      "corner pin" located within a dihedron of the sleeve 14 and the two wall
      portions of the sleeve which constitute said dihedron. The coolant which
      flows through a corner subchannel is surrounded by a heat-transfer surface
      which represents one-sixth of the surface area of a fuel pin. The rate of
      flow through a corner sub-channel will be designated as Dc.
PAR  Finally, the fuel pins and sub-channels which form part of the second group
      and the third group will be generally designated by the terms "lateral
      sub-channels" and "lateral fuel pins" in contrast to the "inner
      sub-channels" and "inner fuel pins."
PAR  If not consideration is given to the unitary pressure drops within the
      sub-channels which arise essentially from the spacer wires, the heating to
      which the coolant is subjected is identical within all the sub-channels
      which are assumed to be isolated from each other only on condition that
      the following relation is satisfied:
EQU  Di = Db = 3 Dc
PAR  If this condition is fulfilled, the outlet temperature of the coolant will
      be substantially equal in all the sub-channels provided that the inlet
      temperatures are the same.
PAR  If no account is taken of unitary pressure drops which are essentially due
      to the presence of the spacer wires, it can be considered that the flow
      rate D within a given sub-channel is provided by the formula:
EQU  D = K .sup.. S .sup.. y.sup.0.66                           (1)
PAR  In this formula, S is the transverse cross-sectional area of the
      sub-channel, y is the hydraulic diameter of the channel and K is a
      coefficient which is identical in the case of all sub-channels but is a
      function of the pressure difference between the upstream and downstream
      ends of the sub-channels.
PAR  In the case of an assembly in accordance with the prior art of the type
      illustrated in FIG. 1, it is observed that the equality relation given
      above is not satisfied and that we have:
EQU  Di &lt; 3 Dc &lt; Db
PAR  Referring now to FIGS. 2 to 10, there will now be described a number of
      different arrangements according to the invention which make it possible
      to achieve or at least come close to the conditions of equilibrium of the
      channels.
PAR  In order to satisfy or at least approximate to the condition Di = 3 Dc, it
      is necessary to reduce the spacing between each corner pin and the sleeve.
      In the form of construction which is illustrated in FIG. 2 (in which the
      components corresponding to those illustrated in FIG. 1 bear the same
      reference numerals to which is assigned the index a), this result is
      achieved by providing each lateral fuel pin 10a with a spacer wire 22a
      having a smaller diameter than that of the spacer wires 12a which are
      fitted on the inner fuel pins. The ratio to be adopted between the
      diameters of the wires 22a and 12a in order to satisfy the relation Di = 3
      Dc will evidently be a function of the diameter of the fuel pins and of
      the diameter of the wires 12a. The ratio can be determined by making use
      of the above formula (1) which gives D as a function of the
      cross-sectional area of the channel and of the hydraulic diameter. In the
      case of a fuel pin diameter of the order of 7 mm and a spacing of 1 mm
      between inner pins, that is to say in the case of conditions commonly met
      with, the ratio between the diameters of the wires 22a and 12a is found to
      be of the order of 0.6.
PAR  The difference in heat build-up between the central sub-channels and corner
      sub-channels is also minimized if the arrangement illustrated in FIG. 3 is
      adopted. This figure illustrates on a large scale a portion of the
      transverse cross-section of a fuel assembly and again shows a sleeve 14'
      in which are placed canned-fuel pins 10'. Each fuel pin is again fitted
      with a helically wound spacer wire 12' which has a constant diameter in
      the case of the central fuel pins. However, in contrast to the wire 12 of
      FIG. 1, the wire 12' extends from the can to a radial distance which is
      not constant in the case of the lateral fuel pins. This radial distance is
      smaller in the zones of the wire which are intended to be applied against
      the sleeve 14' than in the zones which are intended to be applied against
      the can of an adjacent fuel pin, the radical distance of projection in the
      zones last mentioned being the same as the constant distance of projection
      from the pins of the central portion. The sleeve 14' evidently has
      slightly smaller dimensions than in the case of FIG. 1.
PAR  The difference between the maximum distance of projection of the wires 12'
      and the minimum distance of projection will evidently be chosen so that
      the coolant temperature at the outlets of all the sub-channels 16, 18 and
      20 should be substantially the same. In order that the sleeve 14' should
      be intimately applied against the spacer wires 12' and thus leave no
      clearance which would constitute a short-circuit, use can advantageously
      be made of a sleeve of the type which was illustrated and described in
      French Pat. No. 1,519,592 as filed on Dec. 5, 1966 by Commissariat a
      l'Energie Atomique.
PAR  In the embodiment which is illustrated in FIGS. 3 and 4, the periodic
      modifications of the radial projection of the wires 12' which are intended
      to be placed on the lateral fuel pins are made by flattening the wire at
      intervals by pinching, for example. If p designates the pitch of the wire
      (that is to say the length of wire between two points which will be
      located on a same generator-line of the can), it will be possible to pinch
      the wire 12' along sections having a length of approximately p/3 at
      intervals p. The distance of pinching will evidently be greater in the
      case of corner-pin wires.
PAR  Particular care must obviously be taken at the time of positioning of the
      wire on the can to ensure that the flattened portions are placed at levels
      which are different in the case of lateral fuel pins which cooperate with
      different faces of the sleeve 14: the need for this arrangement is
      apparent from FIG. 3 in which the wires 12' are all shown in cross-section
      at the same level.
PAR  It is readily apparent that the helical spacer members can be constituted
      by components other than wires. For example, as illustrated in FIG. 5,
      each fuel pin 10" can be provided with a fin 12". The fin of each lateral
      pin is then truncated as shown at 21 in FIG. 5.
PAR  The arrangements illustrated in FIGS. 2 to 5 make it possible to bring the
      cross-sectional area and the hydraulic diameter of the corner sub-channels
      to values which balance the flow rates within the corner sub-channels and
      the inner sub-channels. But the correlative reduction in cross-sectional
      area and hydraulic diameter of the edge channels is not sufficient to
      ensure that the condition Di = Db is also satisfied. In the embodiment
      which is illustrated in FIG. 6, this second condition is satisfied by
      providing the walls of the sleeve 14b with longitudinal ribs 24 which
      project between all the adjacent lateral fuel pins 10b and fill a suitable
      proportion of the primitive edge sub-channels. The ribs 24 which are
      illustrated in FIG. 6 are constituted by strips of semi-circular
      cross-sectional shape which are placed against the flat internal face of
      the sleeve 14b. Said strips are attached by welding or brazing.
PAR  The embodiment which is illustrated in FIG. 6 can permit a number of
      different alternatives insofar as concerns on the one hand the shape of
      the ribs and on the other hand the structural arrangement of these latter.
      In the alternative form which is illustrated in FIG. 7, the wall of the
      sleeve 14c is deformed in order to constitute longitudinal ribs 24c. In
      the variant shown in FIG. 8, six plates 26 are provided with ribs 24b and
      are engaged by sliding between the suitably dimensioned sleeve 14d and the
      lateral fuel pins 10d. It is apparent that the ribs 24d of FIG. 8 have a
      shape which is no longer semi-circular but triangular. Again in all these
      cases, the transverse cross-sectional shape of the ribs is determined by
      means of the above formula (1) and by taking into account the fact that
      the radial distance of projection of the wires 22 is smaller than that of
      the wires 12.
PAR  While the arrangements shown in FIGS. 2, 6, 7 and 8 do in fact serve to
      balance the inner sub-channels with the corner sub-channels as well as to
      reduce the unbalance between the edge sub-channels and the inner
      sub-channels (shown in FIG. 2) or even virtually to remove said unbalance
      (as shown in FIGS. 6, 7 and 8), these arrangements are nevertheless
      atteneded by one disadvantage: as can be seen by making a comparison
      between on the one hand FIG. 1 and on the other hand FIGS. 2 and 6, a
      number of bearing points at which the fuel pins are applied against each
      other by means of spacer wires has been dispensed with. In particular, it
      is apparent that the lateral fuel pins are no longer applied against each
      other. In order to eliminate this disadvantage, wires which project to a
      variable radial distance can be mounted on the lateral fuel pins (this
      arrangement being shown in FIGS. 3 and 4) or, alternatively, the solution
      illustrated in FIGS. 9 and 10 can be adopted. In these figures, the
      components which correspond to those already shown bear the same reference
      numerals to which is assigned the index e. The lateral fuel pins of the
      cluster carry a spacer wire 22e having a smaller diameter than the wires
      12e which are provided on the inner fuel pins. The cross-sectional area of
      the lateral sub-channels is thus reduced. Tube sections 28 are engaged
      over the wires 22e and have an external diameter which is equal to that of
      the wires 12e. The length and position of said tube sections are such that
      each lateral fuel pin is applied against the adjacent pins by means of
      said sections whereas that portion of the wire which is located opposite
      to the sleeve 14e remains uncovered. In practice, each tube section which
      is carried by an edge pin will represent between one-half and two-thirds
      of one turn of the helically wound wire 22e. The tube sections carried by
      the corner pins will have a slightly smaller length.
PAR  In the embodiment which is illustrated in FIG. 9, the sleeve is further
      provided with internal ribs 24e which are intended to balance the flow
      within the edge sub-channels and the inner sub-channels. Said internal
      ribs are constituted by longitudinal splines of triangular cross-sectional
      shape and are formed in one piece with the sleeve 14e.
PAR  It will be readily apparent that the invention is not limited solely to the
      embodiments which have been described by way of example with reference to
      the accompanying drawings and that the scope of this patent extends to any
      alternative form which remains within the definition of equivalent means.
CLMS
STM  We claim:
NUM  1.
PAR  1. A nuclear fuel sub-assembly comprising a shroud of substantially
      polygonal cross-section containing at least one cluster of elongated
      parallel fuel pins disposed on a uniform lattice, said shroud having an
      inlet and an outlet for receiving and discharging a coolant which
      circulates in the shroud along a direction generally parallel to the pins,
      each fuel pin being provided over at least the greater part of its length
      with radially projecting helical spacer means providing a minimum spacing
      between each fuel pin and the adjacent pins or the shroud, the length of
      the radial projection of the spacer means on each outer fuel pin of the
      cluster where said spacer means engage the shroud being smaller than the
      length of the radial projection of the spacer means on each inner fuel
      pins of the cluster, the spacer means being a wire, the wires of the inner
      fuel pins and mounted in tube sections having an external diameter the
      same as that of the wires carried by the inner fuel pins, said tube
      sections being placed in the zones in which the outer fuel pins confront
      inner fuel pins and adjacent outer pins and internal longitudinal ribs on
      said shroud projecting between the outer fuel pins.
NUM  2.
PAR  2. A fuel sub-assembly according to claim 1, wherein the cross-section of
      said longitudinal ribs is such that the flow within each sub-channel
      limited by outer fuel pins and a flat portion of the shroud is
      substantially equal to the flow within each sub-channel limited by inner
      fuel pins only.
NUM  3.
PAR  3. A fuel sub-assembly according to claim 1, wherein said longitudinal ribs
      consist of strips secured to the internal face of the shroud.
NUM  4.
PAR  4. A fuel sub-assembly according to claim 1, wherein said ribs consist of
      longitudinal deformations of the shroud.
NUM  5.
PAR  5. A fuel sub-assembly according to claim 1, wherein said ribs are formed
      on plates which are slidably engaged between the shroud and the fuel
      cluster.
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ABST
PAL  The outer surface of a cladding tube of a nuclear fuel element is -- for
      the purpose of improving the heat exchange between the cladding tube and a
      surrounding coolant -- provided with a plurality of parallel fin rows
      extending normal to the cladding tube axis. Each row is constituted by a
      plurality of spaced, individual fins; the fins of any one row are offset
      with respect to the fins of an immediately adjacent row.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a fuel element for a reactor, especially
      for a gas cooled nuclear reactor, with roughness elements on the surface
      of the cladding tube in order to improve the heat transfer between that
      surface and the coolant surrounding it.
PAR  It is a well known fact (Proceedings of the 1970 Heat Transfer and Fluid
      Mechanics Institute, Stanford, California, pp. 354-370) that roughnesses
      (elevations on a surface influencing only the boundary layer of a flow)
      can improve the heat transfer between the cladding surface of a fuel
      element and the coolant. At the same time, however, this measure will also
      enhance the pressure drop in the coolant duct.
PAR  It is also known from the same publication and another one (Druckverlust
      und Warmeubergang an glatten und rauhen Flachen, External Report No.
      4/71-29, Karlsruhe Nuclear Research Center) that every roughness is
      characterized by a specific quantity, the so called roughness function, R
      (h.sup.+). "Roughness elements" are elevations on a surface which
      influence only the boundary layer of the coolant flow. This means that the
      ratio between the height of the roughness and the hydraulic diameter
      should be below 0.02. If this roughness function is known, the friction
      coefficient of a specific geometric arrangement, e.g., a bundle of
      roughened rods of the type used in a gas cooled reactor, can be calculated
      for a defined roughness.
PAR  It can also be taken from these publications that a low value of R (h.sup.+
      ) results in a high friction coefficient with the heat transfer
      coefficient rising at the same time.
PAR  Since the pressure drop is directly proportional to the circulator power,
      the ratio between the improvement in heat transfer and the increase in the
      pressure drop determines any optimization of a circuit of a gas cooled
      reactor.
PAR  The following calculation clearly shows these conditions. The terms and
      quantities have the following meanings:
PA1  Q = power transferred from the fuel element pins to the coolant
PA1  .DELTA. T = temperature difference between the wall and the coolant
PA1  m = mass flow
PA1  h = heat transfer coefficient
PA1  U = circumference of fuel element pins
PA1  L = free cross section
PA1  .rho. =  density
PA1  cp = specific heat
PA1  f = friction coefficient
      ##EQU1##
      D.sub.H =  HYDRAULIC DIAMETER
      ##EQU2##
      u = mean velocity .DELTA.P =  PRESSURE DROP
      ##EQU3##
      From the definition of the St-number
      ##EQU4##
      and the heat transfer coefficient
      ##EQU5##
      we obtain
      ##EQU6##
      Substituting Eq. (5) in Eq. (2) results in this relation:
      ##EQU7##
      For a given power of the reactor (Q), coolant (.rho., cp), temperature
      difference (.DELTA. T) and dimensions of the fuel pins (U,L), the pumping
      power is
      ##EQU8##
      Consequently, that roughness is optimal which supplies the lowest ratio of
      f/St.sup.3.
PAR  Usually, the values of the friction coefficient f and the heat transfer
      ratio St are referred to the corresponding values (i.e., at the same Re
      number) of a smooth surface. This will directly indicate the factor by
      which the two quantities have changed.
PAR  Normally, the roughness elements consist of circumferential fins made by
      cutting of the tubes. The improvement in heat transfer and the increase in
      the pressure drop is a function of the P/h ratio of the roughness, the
      optimum being at a P/h = 7-10 (P = distance of the roughness elements, h =
      roughness height). For this type of roughness the minimum roughness
      parameter is found to be R (h.sup.+) = 3.0.
PAR  Locally, there is a very steep rise in the local heat transfer coefficient
      at the leading edge of an elevation of the roughness elements. According
      to measurements by means of mass transfer the local increase in heat
      transfer can be up to three times higher than the mean value. On the other
      hand, the local heat transfer coefficient decreases sharply downstream of
      an elevation in the so-called "dead water region" and rises again after a
      certain distance (approximately four times the height) as a consequence of
      the turbulences created by the fin. These two counteracting effects will
      significantly improve the heat transfer coefficient only at major
      distances between fins.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the present invention to maximize the number of leading
      edges and at the same time prevent the formation of large "dead water
      regions" downstream of every fin.
PAR  The solution of this problem in the present invention is characterized by
      rows of fins consisting of single fins arranged on the cladding tube
      surface at right angles to the axial direction and by an offset
      relationship of the fins of any row with respect to the fins of an
      immediately adjacent row.
PAR  In one embodiment of the present invention, the distance between the rows
      of fins is equal to twice the height of the individual fins and the
      distance between two fins located on the same generatix (that is, two fins
      in alignment along the axis of the cladding tube) is equal to four times
      the height of the individual fins.
PAR  In another embodiment of the present invention the lateral clearance
      between the fins of a row of fins may be smaller than or equal to the
      length of the fins. The fins proper may be circular ring segments of a
      square, rectangular or trapezoidal cross section, or the fins are circular
      segments of a rhombic shape.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary longitudinal view of a preferred embodiment of the
      invention.
PAR  FIG. 2 is a cross-sectional view of the same embodiment.
PAR  FIGS. 3, 4 and 5 are diagrams illustrating measured results.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows part of a cladding tube 1 of a fuel element 2. A plurality of
      fin rows 3 are provided on the outer tube surface at right angles to the
      axial direction 4 of the fuel element 2. Each fin row 3 (of which only two
      are designated) with the reference numeral is constituted of single fins
      5. The individual fins 5 are circular segments of a square, rectangular or
      trapezoidal cross section or have a rhombic shape, respectively. The
      individual fins 5 of single fin rows 3 are offset relative to each other.
      This means that any gap between two fins of a given fin row is flanked on
      both sides by two fins belonging to the two fin rows that are immediately
      adjacent the given fin row. In this manner meandering passages are
      obtained. The fins of every other row are always located on the same
      generatrix of the fuel element 2. The distance x (e.g., x = 1.6 mm)
      between the fin rows 3 is twice the fin height h (h= 0.8 mm), so that the
      unobstructed clearance between two fins 5 that are in alignment parallel
      to the axis of the tube 1 is four times the height h. The width b of the
      fins 5 in this embodiment is 3 mm. The thickness d of the fins 5 is
      measured parallel to the axis of the cladding tube 1.
PAR  FIG. 2 is a sectional view of the fuel element 2 showing the individual
      fins 5 of one of fins. The clearance e between the fins 5 is 2.9 mm in
      this example, thus slightly smaller than the width b of the fins, which is
      3.0 mm in this embodiment.
PAR  FIG. 3 is a diagram illustrating the roughness parameter R (h.sup..sup.+)
      as a function of the so-called dimensionless roughness height h.sup..sup.+
      = h/d.sub.h .sup.. Re .sup.. .sqroot. f/2.
PAR  Two curves 6 and 7 are plotted, curve 7 showing a measured result with
      offset roughnesses and curve 6 indicating a measured result with the
      values of p/h = 9.9 and h/b = 1.68. Evidently, much smaller values of R
      (h.sup..sup.+) are achieved with offset roughnesses, as is shown in curve
      7.
PAR  FIG. 4 shows a diagram illustrating the ratios St.sub.R /St.sub.o as a
      function of f.sub.R /f.sub.o of the offset fins according to curve 8 as
      compared with circumferential fins with different cross sections. These
      are curves 9, 10, 11, 12 and with the respective values of p/h = 9.9;
      10.0; 47.2; 8.0 and 4.1 and the values for h/b = 1.68; 1.0; 1.7; 2.45 and
      1.55. These measurements were performed in a rod bundle with the values of
      p.sub.R /d = 1.4; Re = 10.sup.5 ; f.sub.o = 4.55 .times. 10.sup..sup.-3
      and St.sub.o = 2.8 .times.  .sup..sup.-.sup.3. It is evident that the
      shape of roughness according to the present invention greatly improves the
      heat transfer coefficient.
PAR  FIG. 5 is a diagram illustrating the ratio (St.sub.R /St.sub.o).sup.3
      /f.sub.R /f.sub.o as a function of f.sub.R /f.sub.o. Again, a rod bundle
      with the same data as those shown in FIG. 4 has been used. Curve 14 again
      shows measured results with the offset roughness elements according to the
      present invention, while curves 15, 16, 17, 18 and 19 indicate the
      parameters p/h and h/b as curves 9 to 13 according to FIG. 4. This makes
      it particularly clear that the shape of roughness according to the present
      invention furnishes optimum results.
PAR  The rod bundle investigated with the fuel element 1 was fabricated by the
      spark erosion technique. However, it can also be made as an opposed thread
      by cutting in such a way that a shape of roughness can be generated in
      which the webs have not a rectangular but a rhombic shape.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A nuclear fuel element cladding tube having a longitudinal axis and an
      outer surface, comprising a plurality of fins carried on said surface,
      said fins being arranged in a plurality of parallel-spaced rows extending
      at right angles to said axis, the fins in any one of said rows being
      spaced from one another and being offset relative to the fins of an
      immediately adjacent row, the distance between immediately adjacent rows
      being twice the height of the individual fins and the distance between two
      adjacent fins in alignment parallel to said axis being four times said
      height.
NUM  2.
PAR  2. A cladding tube as defined in claim 1, wherein the distance between two
      successive fins of the same row is at most equal to the fin width measured
      in a direction normal to said axis.
NUM  3.
PAR  3. A cladding tube as defined in claim 1, wherein said fins are circular
      segments of rectangular cross section.
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ABST
PAL  An illustrative embodiment of the invention provides for a space between
      the two barriers that ordinarily form the emergency containment system for
      a nuclear reactor. Tracks set within this space, and a television camera
      bearing trolley adapted to move on these tracks enables the surface of the
      inner containment structure to be thoroughly inspected at low cost.
BSUM
PAR  This invention relates to installations for the storage or use of fluids
      which are harmful or noxious to the environment.
PAR  It applies particularly to tanks which contain chemical products or fluids
      at a very low temperature, nuclear vessels in light water and
      sodium-cooled installations, and contaminated effluent tanks.
PAR  In such tanks, inspection and small repair operations must be carried out
      quickly in order to minimise intervention times on equipment for which
      such intervention makes the equipment unavailable for operation.
PAR  Such inspection must frequently be carried out under extreme operating
      temperature conditions (for example in cryogenic fluid tanks or in sodium
      reactors) which do not allow access by operators.
PAR  It would be advantageous to provide automatic fast inspection means as a
      precaution.
PAR  It would also be advantageous to provide automatic safety features for
      conditions where spacing and obstacles make access difficult.
PAR  For safety reasons, the conventional system comprises constructing two
      fluid-tight barriers. The first barrier contains the dangerous or
      expensive fluid and the second is adapted to provide a seal in the event
      of rupture of the first during operation of the installation, and such an
      accident may be serious and result in prolonged or even complete stoppage
      of the installation.
PAR  Disregarding rupture, even a minimal leakage may result in the installation
      being unavailable for operation, in which case the secondary barrier is
      then used simply for recovery of the product and for protective purposes.
PAR  The object of this invention is to facilitate examination, maintenance and
      repair of the first barrier under difficult environmental conditions, and
      more particularly allow the use of inspection methods which can be applied
      easily and quickly, and means for logging the zone which is to be
      monitored. For reasons associated with the environment, and in view of the
      disorder and expense that may result from non-availability of the
      equipment, it is also advantageous to provide quick and automatic
      inspection equipment, fault locating equipment, and equipment for minor
      work, even work of a type which would not merit any special attention in
      less dangerous circumstances.
PAR  To this end, the invention proposes systematically to promote free access
      to the primary barrier, to leave the outer surface free of any thermal
      insulation or any other protective layer, and transfer such insulation or
      layers to the secondary barrier, and to provide between the two barriers
      adequate space for the inspection and maintenance operations.
PAR  Conveniently, locating members disposed on the surface of the barrier
      enable those zones which it is required to inspect from time to time to be
      accurately located.
PAR  Advantageously, studs secured to the surface of the primary barrier enable
      the preceding aims to be accomplished and also facilitate the introduction
      and operation of automated control or working equipment.
PAR  The above steps are not sufficient in every case of application of the
      invention. To enable equipment of all kinds to be readily used, the space
      between the primary and secondary barriers must be amply dimensioned. If
      no other steps were taken, the large space thus formed would be invaded by
      the fluid in the event of rupture of the primary barrier, and the level of
      fluid would drop abruptly inside said barrier. This may create extremely
      dangerous situations. This applies, for example, to nuclear reactors in
      which, for safety reasons combined with the operation of fission products,
      the reactor core must not be drained or exposed irrespective of the
      accidents occurring. The reason for this is that heating due to the gamma
      effect is sufficient to cause fusion of the core if the latter is not
      cooled by convection of the coolant fluid.
PAR  To obviate this catastrophic situation, the invention proposes to fill the
      space between the two barriers by displaceable members, thus preventing
      any excessive fall in the level of liquid in the event of rupture of the
      primary barrier. In most cases, the space to be filled is in the form of a
      volume of revolution and the filling members or blocks are in the form of
      segments bounded by meridian planes and disposed consecutively in a
      circumferential series. They are placed on a circular track and an access
      door to the space fitted out in this way is provided in the secondary
      barrier. In the event of intervention, the door is opened, one of the
      filling segments is withdrawn if necessary to clear a space into which the
      inspection, monitoring, repair or, more generally, maintenance equipment
      is introduced. The assembly formed by the train of filling blocks and the
      equipment is moved along the outer circular surface of the primary barrier
      to bring the equipment to a predetermined zone, and work is continued by
      remotely controlled and remotely monitored operations. If necessary, the
      space liberated by removal of a segment may also be used for the
      introduction of personnel to enable them to reach the primary barrier. If
      required, the filling blocks may act as storage tanks which may, for
      example, be used to facilitate vessel emptying operations.
PAR  On completion of the maintenance operations, the reverse sequence of events
      takes place, i.e. the train is set in motion to bring the equipment to the
      opening, the equipment is withdrawn and, where applicable, the missing
      segment is returned and the secondary barrier closed.
PAR  The objects, characteristics and advantages of the invention will also be
      apparent from the following description of one exemplified embodiment
      illustrated in the accompanying drawings.
PAR  The example selected, which has no limitative character, relates to a
      sodium-cooled nuclear reactor, but the invention applies equally to light
      water cooled reactor vessels and other tanks for dangerous products.
DRWD
     Referring to the drawings:
PAR  FIG. 1 is a diagram of a liquid sodium vessel for a nuclear reactor.
PAR  FIG. 2 is a plan-view section on the line II--II in FIG. 1.
PAR  FIG. 3 is an enlarged-scale view of a trolley for supervision and
      maintenance of the installation.
DETD
PAR  Referring to the drawings, the inner surface of a buried concrete casing 1
      is lined with a metal lining 2 which is in turn lined with a layer 3 of
      insulating material. A stainless steel vessel 4 having a cylindrical wall
      5 and an inverted-dome base 6 is adapted to receive a sodium-cooled
      nuclear reactor core in accordance with known features of which primary
      wall 6A is typical, the vessel 4 and the protected casing 1 forming
      primary and secondary barriers for the sodium.
PAR  According to the invention, the bare outer surface of the vessel 4 is
      provided, at isolated points, with elements 7 which are used for locating
      purposes and which, if required, may be in the form of fixing studs for
      inspection, maintenance or repair equipment.
PAR  A door 8 formed in the secondary barrier 2, 3 gives access to the space
      formed by the two barriers, through the agency of a tunnel 9 and an
      air-lock 8A. This space is of a size such as to be able to receive a
      trolley 10 (FIG. 3). The trolley 10 is provided with a wheel set 11
      mounted on jacks for vertical adjustment and enabling the trolley to move
      along the tunnel to the interior of the space over a radial track 13 so
      that a second wheel set 14 with which the trolley is provided is situated
      level with a second circumferential track 15 laid on the flat base of the
      casing 1. A hydraulic system 16 can then actuate the jacks 12 to retract
      the wheels 11 upwardly and enable the trolley to rest on the track 15.
      Another two jacks 17 controlled by the hydraulic system 16 and fixed to
      the trolley frame 18 bear a guide track 19 of a similar profile to that of
      the base of the vessel 4. This guide track, whose distance from the
      surface of the vessel can be adjusted by means of the jacks 17, serves as
      a support and a runway for a television camera 20, movement of the latter
      along the track being by a hydraulic drive.
PAR  A hydraulic motor 21 also acts on at least one of the wheels 14 of the
      trolley to move it along the circumferential track 15. The resulting
      assembly enables the camera 20 to sweep the entire outer surface of the
      base 6 of the vessel 4.
PAR  The space formed by the vessel base 6 and the secondary barrier 2, 3 is
      occupied for the most part by a train of elements 22 disposed to roll on
      the circumferential track 15, each of these elements being bounded by two
      meridian planes. At least some of these meridian surfaces are fitted with
      elements 23 which provide a drive connection between the units 22, simply
      by contact and thrust and/or by traction.
PAR  Safety means (not shown) are also provided to avoid vertical displacement
      of the elements or trolleys by the effect of the Archimedes thrust which
      would result from a rupture of the vessel, and thus avoid derailment of
      this train of elements.
PAR  The train of elements 22 is so devised as to leave a free space at the
      radial track 13 to receive the trolley 10. In a variant, a special filling
      unit for use as a storage tank 22A may be arranged therein, being adapted
      to be withdrawn from the casing 1 to be replaced at the required time by
      the trolley 10.
PAR  The units 22 are of any suitable material having some compatability with
      liquid sodium. In the event of a leakage in the wall of the vessel 1 they
      have the effect of greatly reducing the fall in the sodium level and
      prevent any risk of "draining" or exposure of the reactor core.
PAR  Inspection and maintenance of the vessel by means of the trolley 10 are
      carried out as explained hereinbefore, the trolley being capable of
      exerting sufficient force to displace the train of filling elements 22.
PAR  The above-described features according to the invention relate to only one
      of the possible applications of this invention and therefore have no
      limitative character. They may therefore be modified and varied in
      different ways without thereby departing from the scope of the invention.
      For example, the trolley may be equipped with any suitable means for
      inspection, analysis, supervision, maintenance and repair, or means for
      engagement with the vessel. If required, it may also be used for the
      transportation of the inspection and maintenance personnel. A vertical
      telescopic guide track having a similar function to that of the track 19
      may be used for inspecting and repairing the cylindrical part of the
      vessel.
PAR  As another example, with such a trolley it is possible to place at a
      predetermined location in the vessel measuring or monitoring or other
      means borne by equipment fixed on the studs 7; said means can then be
      withdrawn by a similar operation on completion of servicing, or at any
      other time favourable to the user.
CLMS
STM  I claim:
NUM  1.
PAR  1. An installation for a fluid having an undesirable effect, comprising a
      normal retaining wall for the fluid, a second wall adapted to retain the
      fluid in the event of breakdown of the first wall, and a space between the
      two walls, characterized in that the surface of the first wall disposed
      facing the second wall is bare and the said space is adapted to receive a
      trolley which can travel along said surface and which is equipped with at
      least one repair device for the said installation.
NUM  2.
PAR  2. Installation according to claim 1, wherein the space contains a filling,
      the effect of which is greatly to reduce the fall in level in the vessel
      bounded by the first wall in the event of leakage, said filling being
      displaceable by the force of the trolley.
NUM  3.
PAR  3. Installation according to claim 2, wherein the filling is a train of
      coupled elements.
NUM  4.
PAR  4. Installation according to claim 1, wherein the second wall has an access
      door to the inspection space, said door being intended for the trolley.
NUM  5.
PAR  5. Installation according to claim 4, wherein the second wall is buried,
      the installation comprising an underground gallery leading to the access
      door provided with an air-lock.
NUM  6.
PAR  6. Installation according to claim 1, wherein the device is movable over a
      guide track having a similar profile to that of the primary wall.
NUM  7.
PAR  7. Installation according to claim 6, comprising means for adjusting the
      distance between the guide track and the primary wall.
NUM  8.
PAR  8. Installation according to claim 1, comprising a longitudinal trolley
      track laid along the inter-wall space, a transverse trolley track enabling
      the trolley to enter and leave the space, the trolley having two wheel
      sets, one for each track, at least one of the said wheel sets being
      vertically adjustable to allow the trolley to be deposited at will
      selectively on the two tracks at their intersection.
NUM  9.
PAR  9. Installation according to claim 1, wherein the space is in the form of a
      body of revolution.
NUM  10.
PAR  10. Installation according to claim 1, wherein the trolley bears at least
      one remotely controlled, remotely monitored inspection, maintenance and
      repair means.
NUM  11.
PAR  11. Installation according to claim 1, wherein the surface of the primary
      wall facing the second wall bears locating elements for inspection and
      maintenance and repair devices.
NUM  12.
PAR  12. Installation according to claim 2, wherein the filling is formed by
      separate blocks adapted to serve as storage tanks.
NUM  13.
PAR  13. Application of the features according to claim 1 wherein said normal
      retaining wall is adapted to receive a water reactor vessel.
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ABST
PAL  A nuclear power plant installation includes a concrete biological shield
      forming a pit in which a reactor pressure vessel is positioned. A steam
      generator on the outside of the shield is connected with the pressure
      vessel via coolant pipe lines which extend through the shield, the coolant
      circulation being provided by a coolant pump which is also on the outside
      of the shield. To protect these components on the outside of the shield
      and which are of mainly or substantially cylindrical shape,
      semicylindrical concrete segments are interfitted around them to form
      complete outer cylinders which are retained against outward separation
      radially from the components, by rings of high tensile steel which may be
      interspaced so closely that they provide, in effect, an outer steel
      cylinder. The invention is particularly applicable to pressurized-water
      coolant reactor installations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A pressurized-water coolant nuclear reactor power plant typically has a
      reactor pressure vessel positioned in a pit formed by a thick-walled
      biological shield made of concrete which is heat resistant and of great
      structural strength. The shield is itself radially enclosed by a
      cylindrical concrete wall of large enough diameter to provide an annular
      space in which one or more steam generators are positioned and which are
      connected with the pressure vessel by coolant pipe lines which extend
      through the biological shield. One of more coolant pumps are also located
      in this annular space and interposed in the coolant pipe lines to provide
      for forced coolant circulation. The entire installation is enclosed by a
      spherical steel containment enclosure required to positively prevent
      escape of potentially dangerous fluids to the outer atmosphere.
PAR  Every precaution must be taken to prevent this containment enclosure from
      being punctured or otherwise damaged in the event the components outside
      of the biological shield should fail and with explosive force produce
      projectiles from broken pieces of metal. The cylindrical concrete wall
      which surrounds these components does not have the thickness and
      structural strength of the biological shield and, therefore, does not
      provide the maximum possible security against damage to the containment
      enclosure. If this enclosure is punctured, the coolant released by the
      failure escapes to the atmosphere.
PAR  A pressurized-water coolant reactor steam generator, and some other types,
      externally is a tall cylindrical shape possibly changing in diameter but
      remaining a substantially cylindrical construction. The coolant pipe lines
      are, of course, cylindrical. Only the coolant pump has a shape other than
      cylindrical. All of these parts are made of metal, normally steel, and
      they are highly stressed thermally and operate under the internal pressure
      of the water coolant which must be kept under a pressure high enough to
      keep it in its liquid phase.
PAR  An obvious solution to the problem of providing the greater security that
      is so plainly desirable might appear to be to enclose the components by
      concrete constructions massive enough to provide effective mechanical
      shielding for the steel containment enclosure. However, such a solution
      involves great cost and does not in any event provide vertical protection
      unless a completely closed roof is provided.
PAR  The object of the present invention is to provide greater security against
      such possible damage to the containment enclosure, without involving the
      great expense, and impracticality, of the above kind of solution.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, each of the cylindrical components operating at
      the high temperatures and internal pressures, is completely enclosed
      individually by temperature-resistant, mechanically strong concrete,
      externally reinforced by a substantially continuous wall made of high
      tensile steel. In this way each individual component is securely confined
      in the event it fails. An explosion cannot result in flying steel
      projectiles. To some extent, the risk of failure is reduced because at
      least part of the mechanical stress on the components, resulting from the
      high internal pressures, is carried by the concrete and steel walls
      enclosing the components.
PAR  To make this concept practical, the concrete is cast in the form of
      segments of a complete cylinder which are circumferentially interfitting
      to form a complete cylinder enclosing the component. This permits the
      segments to be installed around the component. The outer steel protection
      is provided by rings of steel bar, preferably of rectangular cross
      section, with the rings interfitted so closely so as to possibly actually
      abut in the axial direction, to provide the effect of a continuous steel
      wall.
PAR  A pressurized-water coolant reactor steam generator is larger in diameter
      and axial extent than the coolant pipe lines. Therefore, for this
      component the concrete segments are cast so that when assembled they form
      a plurality of axially superimposed cylindrical rings for both easy
      installation and greater security. The axially abutting ends of these
      concrete rings are formed with mutually interlocking annular steps, the
      interlocking action being in the radial direction. Thick steel plates are
      positioned against the top and bottom of the steam generator and
      high-tensile strength steel tension elements in the form of a cylindrical
      series of uniformly circumferentially spaced bars or rods are passed
      lengthwise or axially through the interfitted concrete segments and
      connected with these steel plates. The length of these steel bars are
      proportioned so that when the installation is cold the bars via the steel
      end plates apply only light compression to the concrete rings in the
      vertical or axial direction. Thereafter when the steel generator is in
      operation and hot, the concrete rings attempt to expand vertically or
      axially but are kept from doing so by the steel bars and end plates, the
      result being that the concrete rings are placed under substantial axial
      compression, avoiding the need for initially tensioning the tension rods
      to prestress the concrete parts. These rods may be solid but preferably
      they are in the form of steel wire cable permitting them to be handled
      more easily during assembly of the concrete protection, suitable bar or
      cable end fittings extending through the two plates for tensioning of the
      bars or wire cables by the use of nuts engaging the outsides of the end
      plates.
PAR  The segments are preferably cast in sheet steel shells resulting in the
      finished segments being metal-cased, this permitting easier handling and
      interfitting of the segments. This is particularly advantageous in the
      case of the segments for the steam generator. Such segments must also be
      provided with axial holes for passage of the tension bars or wire cables
      which place the finished concrete shell under axial compression. Because
      of the outermost steel cylinder formed by the abutting high tensile steel
      rings, with proper proportioning of the latter in the as-cold condition,
      under steam generator operating conditions radial compression is also
      applied to the segments because of their thermal expansion.
PAR  Simpler semicylindrical concrete segments may be used in the case of the
      coolant pipe lines. However, here again, the axial tension rods or wire
      cables are preferably used together with the external steel reinforcing
      wall. For the axially extending steel cables or bars, steel flanges may be
      connected where required to the ends of the concrete enclosures for the
      pipe lines. In this case the axial tension elements may be on the outside
      of the concrete parts.
PAR  A coolant pump does not normally have a cylindrical exterior. This makes
      the use of cast concrete segments less practical, so for this pump high
      tensile strength steel castings are used. These castings may be in the
      form of two shells having longitudinally extending flanges so that they
      may be bolted together to encase the pump.
PAR  In the foregoing way, each individual component is provided with complete
      security against the formation of projectiles in the case of a structural
      failure. Great advantages are obtained concerning both installation and
      cost as compared to any attempt to enclose all of the components by a
      single concrete enclosure providing equal intercept capability. Further,
      to permit inspection of the components, the segments can be disassembled,
      this also providing for repair and even replacement of a component.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Specific examples of this invention are illustrated by the accompanying
      drawings, in which:
PAR  FIG. 1 schematically shows in vertical section a typical pressurized-water
      coolant reactor installation;
PAR  FIG. 2 shows the installation of FIG. 1 rotated 90.degree.;
PAR  FIG. 3 in vertical section shows the invention as applied to a typical
      pressurized-water coolant reactor steam generator, the interior
      construction of the latter being eliminated to avoid confusion;
PAR  FIG. 4 is a cross section taken on the line 4--4 in FIG. 3;
PAR  FIG. 5 is a cross section taken on the line 5--5 in FIG. 3 but on a
      slightly reduced scale;
PAR  FIG. 6 in vertical section shows a portion of the biological shield and
      pressure vessel of the installation, together with one of the coolant pipe
      lines connecting with a steam generator, with an application of the
      invention to such components;
PAR  FIG. 7 shows the principles of the invention as applied to the coolant
      pump, this being an elevation view; and
PAR  FIG. 8 is the same as FIG. 7 but is a plan view.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the above drawings, FIGS. 1 and 2, as schematic
      representations, illustrate the containment enclosure 1 which is a
      spherical shell made of steel plates, and the pressurized-water coolant
      nuclear reactor pressure vessel 2 located in the pit 3 of a cylindrical
      concrete biological shield 4 providing protection not only biologically
      but also physically in the event of failure of the pressure vessel 2.
      Although schematically represented, it can be seen that the coolant lines
      5 and 6, carrying the pressurized-water coolant, extend through the shield
      4, the coolant being circulated by the power of an electric motor 7 which
      drives the main coolant pump 8, establishing circulation to and from the
      pressure vessel 2 by way of the steam generator 9. In addition to the
      biological shield 4, these components comprising the coolant lines, the
      main coolant pump and the steam generator, are enclosed by the vertical
      cylindrical wall 10 previously referred to.
PAR  FIGS. 3 through 5 illustrate the application of the principles of the
      invention to a steam generator for the installation schematically shown by
      FIGS. 1 and 2. In this case the upper portion of the steam generator has a
      larger diameter than the lower portion but the overall contour is mainly
      or substantially cylindrical. The concrete protection previously referred
      to is generally indicated at 11.
PAR  This concrete protection, provided individually for the steam generator,
      comprises a series of concrete rings 14 formed by segmental cylindrical
      segments 15 made of concrete castings. The concrete used should be
      resistant to the high temperatures to be expected and should provide
      substantial mechanical strength. In addition, the concrete should be a
      poor thermal conductor. The segments 15 are interfitted as illustrated by
      FIG. 4 to form the rings 14, the mutually circumferentially abutting ends
      of the segments being flat and fitting tightly together.
PAR  Due to the height or vertical extent of the steam generator, the concrete
      intercept construction of this invention is here formed with the segments
      forming rings 14 having axial or longitudinal lengths substantially less
      than the full extent of the steam generator, so that a number of the rings
      stacked one on top of the other in endwise relation are used to completely
      enclose the steam generator. The longitudinally or axial abutting ends of
      the different rings are formed as steps 16, these being annular steps and
      made so that as to each adjacent two of the concrete rings the mutually
      abutting end surfaces interfit, interlock and prevent radial displacement
      during and after the assembly or installation procedure.
PAR  After the concrete segments are assembled so as to completely cover the
      wall of the steam generator 9, the high tensile strength steel bars 17 are
      stacked around the various levels of rings with these steel bars formed as
      rings which extend as a layer for the full height of the protected steam
      generator. The bars 18 are arranged as rings close together so as to form
      a substantially continuous cylinder of high tensile strength steel
      enclosing the conrete segments, holding them together and providing for
      general reinforcement. Only a few of these steel rings 18 are illustrated,
      to avoid confusion.
PAR  These rings of steel 18 are not only made from high tensile strength steel,
      but preferably are of rectangular cross section so that they can be placed
      in substantially abutting relationship with respect to each other.
PAR  The previously referred to steel plates 20 and 21 are shown as engaging the
      top and bottom of the steam generator. The steel plate at the bottom can
      be flat to fit the normally flat bottom of the steam generator, while the
      inside of the top plate 20 is contoured to fit the normally dome-shaped
      top of the steam generator and is, or course, provided with a central
      opening 20a for the steam generator's steam output outlet connection 9a.
      The axially extending tension rods 22, preferably wire cables, are shown
      partially in FIG. 3 and also in FIG. 5, as extending axially through holes
      formed in the concrete castings and extending between the plates 20 and
      21, these tension rods or wire cables being equipped with nuts 23 which
      engage the outside of the plates 20 and 21 respectively. It is preferred
      that these tension rods or wire cables be positioned reasonably close to
      the inside contour of the generally circular shapes of the end plates 20
      and 21 to reduce the bending moments introduced to the latter when
      accepting the stresses. These bars or wire cables should be uniformly
      distributed around the entire periphery of the concrete enclosure for the
      steam generator and they may be arranged as concentric cylindrical
      radially interspaced series of elements uniformly interspaced around the
      entire periphery of the construction, as generally indicated by FIG. 5.
      Incidentally in both FIGs. 4 and 5 the holes required for the passage of
      these tension rods or wire cables are not illustrated to avoid confusion
      of the details.
PAR  As indicated by FIG. 4, the steam generator's coolant supply line
      connections may be provided with flanges 24 for use as subsequently
      described, and, or course, the concrete castings must be formed and shaped
      suitably to accommodate the coolant connections.
PAR  To facilitate the casting of the segments 15, the concrete is preferably
      cast into sheet steel casings 12 having the required shape, serving to
      facilitate the casting and eventually providing the cast concrete segments
      with smooth metallic exteriors with the concrete encased by the fitted
      steel.
PAR  In FIG. 3 the bottom steel plate 21 is provided with an opening through
      which one of the coolant manifold inspection manholes 25 extends, this
      being provided by a stub 26 which extends through the hole in the heavy
      bottom steel plate 21 and is provided with a suitably strong manhole cover
      27. The burst or explosive protection provided by the present invention
      need not be disassembled to permit inspection of the manifold of the steam
      generator.
PAR  Although FIG. 5 shows two uniformly distributed levels of annular series of
      vertical or axially extending tension rods or wire cables 22, other
      arrangements could be used. It is of advantage to arrange them close to
      the steam generator casing to avoid large bending moments in the steel end
      plates of the new protection arrangement when the tension elements are
      highly tensioned. Such tensioning of the tension rods or cables may be
      effected by dimensioning the lengths of the rods or cables so that when
      the assembly is cold the elements 22 are only lightly tensioned with the
      result that the end plates 20 and 21 place little axial or vertical
      compression on the concrete components. When the steam generator is put
      into service, the concrete components thermally attempt to expand; such
      expansion is resisted by the end caps held together by the tension
      elements, with the result that the concrete is placed in axial or vertical
      compression. The degree of this compression depends upon the coefficient
      of thermal expansion of the concrete relative to that of the steel
      components, the amount of initial tightening of the elements 22, and the
      difference in the temperatures of the as-cold and operating conditions of
      the equipment of the steam generator and its protective covering.
PAR  FIG. 6 provides an example of how the coolant pipe lines may be protected
      by the present invention. In this case two semicylindrical halves 30 of
      the concrete previously described, are assembled around the coolant pipe
      line 6. One of the flanges 24, previously described, via the tensioning
      cables 31 and 32, connecting this flange 24 with a flange 24a fixed to the
      biological shield 4. If a branch connection such as is indicated at 6a is
      involved, the interjoining axially extending portions of the two concrete
      halves may be provided with a suitable contour to embrace this branch
      line. If the pipe line 6 is long enough to make it advisable, a number of
      shorter lengths of the section 30 may be assembled.
PAR  The construction illustrated by FIG. 6 integrates the steam generator 9
      with the biological shield, and the coolant pipe line 6, with its
      protection system is subject to thermal expansion and contraction of
      necessity. Therefore, the steam generator is shown as being provided with
      an antifriction layer 33 interposed between the bottom plate 21 of this
      generator's protective system and the base 34 which supports the steam
      generator. This layer 33 may be composed of a large number of small
      diameter rollers although this detail is not illustrated specifically. The
      layer 33 should permit the steam generator to move freely and without
      being stressed as the coolant pipe line 6 and its concrete protection 30
      expand and contract. Of course, another coolant line not shown by FIG. 6
      is required to form a coolant loop or circuit, and if this introduces
      oppositely directed forces tending to displace the steam generator, the
      antifriction layer 33 should provide for this also, such as by comprising
      a large number of small steel ball bearings of adequate capacity for the
      weight involved and permitting motion in all planes on the part of the
      steam generator.
PAR  Going now to FIGS. 7 and 8, here the pump 8 is shown and which, of course,
      also operates under the internal pressure of the coolant. Here the
      protection is indicated at 35 as comprising two cast metal shells 36 and
      37, the metal being a high tensile castable steel, each section being
      shaped to internally fit the external contour of the pump 8 and the two
      halves having longitudinally extending flanges 41 bolted together by
      fastenings, such as nuts and bolts, 42. The ends of these castings are
      shown as peripheral flanges 45 permitting connections with the concrete
      axial reinforcement members such as shown at 31 and 32 in FIG. 6.
PAR  Incidentally, FIG. 6 serves to show that the longitudinal tensioning
      members may be passed either through the concrete segments or located on
      the outside of these segments, the positions used being indicated by the
      stresses to be expected and the sizes involved. When the tension rods are
      on the outside as indicated at 31 and 32 in FIG. 6, the cylindrical high
      tensile strength steel encirclement of the concrete segments may be
      positioned on the outside of the concrete segments and on the inside of
      the tension bars or wire cables, as indicated at 18a in FIG. 6.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nuclear power plant installation comprising a concrete biological
      shield forming a pit, a reactor pressure vessel positioned in said pit, a
      steam generator having a substantially cylindrical side wall and
      positioned on the outside of said pit, and coolant pipe lines of
      substantially cylindrical shape and interconnecting said vessel and
      generator by extending through said shield; wherein the improvement
      comprises segmentally cylindrical segments interfitted to form cylindrical
      enclosures surrounding said generator and line on the outside of said
      shield, and which are made of non-metallic heat-insulating material, and
      high-tensile strength metal elements encircling said segments.
NUM  2.
PAR  2. The installation of claim 1 in which said segments are made of concrete.
NUM  3.
PAR  3. The installation of claim 2 in which said segments are enclosed by sheet
      metal casings.
NUM  4.
PAR  4. The installation of claim 3 in which said segments form a series of
      cylindrical rings with each two adjacent rings having their end formed
      with mutually interlocking steps.
NUM  5.
PAR  5. The installation of claim 4 in which said rings are axially held
      together by axially extending high-tensile strength tension elements
      uniformly distributed circumferentially throughout said enclosures.
NUM  6.
PAR  6. The installation of claim 5 in which said enclosures have metal end
      members to which said tension elements are connected.
NUM  7.
PAR  7. The installation of claim 6 in which said tension elements have lengths
      proportioned relative to the lengths of said enclosure when cold so that
      with thermal expansion of said enclosures the latter are placed under
      axial compression.
NUM  8.
PAR  8. The installation of claim 7 in which said steam generator is positioned
      by means permitting the generator to move to relieve stress when said pipe
      line's enclosures thermally expand and contract axially.
NUM  9.
PAR  9. The installation of claim 1 in which a coolant pump is on the outside of
      said shield and connected with said pipe line, said pump being of other
      than cylindrical shape and being enclosed by interfitting shells made of
      metal.
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PAL  The addition of specified amounts of pronase to the production medium for
      urokinase using live cells increases the production of urokinase by 50 -
      100%.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Urokinase has been known since about 1951 as a substance capable of
      effecting the transformation of plasminogen to plasmin. As such, it has
      found use as an activator to promote the lysis of blood clots.
      Unfortunately, a single dose capable of dissolving a blood clot requires a
      rather large amount of urokinase which, up to 1962, was primarily
      extracted from urine. Since that time, cultures of kidney cells from
      various animals have been used for producing urokinase by culturing them
      in a proper medium. Urokinase obtained in this fashion is immunologically
      indistinguishable from the urinary urokinase used earlier. Kidney cells
      can be propagated on a large scale before they are used for producing
      urokinase, but even then, urokinase production is costly and limited by
      the space required for this operation.
PAR  In order to supply sufficient amounts of the drug for use in the field of
      human blood clot therapy, the cell culture, the media used to grow the
      cell culture and the method for propagating these cells have been
      experimented with to optimize urokinase production. Unfortunately, the
      success so far has been rather limited and the amount of urokinase
      produced has been sufficient only to run experimental studies. More
      particularly, urokinase production per culture surface area and time must
      be increased to make this fibrinolytic enzyme an available tool for human
      clot treatment.
PAR  It is therefore an object of this invention to increase the production of
      urokinase for propagated cell cultures. It is a particular object of this
      invention to improve the yield of urokinase from a cell culture to the
      extent of much greater yield in quantity without adversely affecting the
      quality of the material.
PAR  These and other objects are accomplished by the process of producing
      urokinase from a contiguous kidney cell culture in an organic nutrient
      medium containing between 0.06 and 0.5 micrograms of pronase per
      milliliter of said medium.
PAR  Nutrient media have been known and described for considerable periods of
      time. They have been used in individual bottles as well as in petri
      dishes, rose chambers or the culture equipment known as the mass tissue
      culture propagator (MTCP) which enables the production of urokinase from
      kidney cells on a large scale. Use of the MTCP eliminates some of the
      disadvantages involved with culturing mammalian cells in bottles,
      primarily the need for an extremely large number of bottles for volume
      production and the logistical problems associated with the use of such
      large number of bottles. The MTCP also provides a means for maintaining
      the same conditions for all the cells in the various individual layers and
      enables uniformity in pH, dissolved oxygen and dissolved carbon dioxide
      throughout the medium. The MTCP consists essentially of a glass vessel
      containing a number of shallow glass plates or dishes stacked on top of
      one another. This propagator is then filled to just cover the plates with
      medium containing the desired number of cells. The cells attach to and
      grow on the plates. A carbon dioxide/air mixture is introduced and
      continuously supplied to provide oxygen and pH control of the known,
      usually bicarbonate buffered, medium. If desired, mechanical means can be
      provided to circulate the medium over the cell culture.
PAR  In production runs, the cells are first grown to confluency in the cell
      growth medium; the growth medium is then completely replaced by a second
      medium suitable for the production of urokinase by the cells so grown. It
      is to this latter medium that the present invention is directed.
PAR  In a general embodiment of the present invention, cells known to produce
      urokinase are grown in plastic or glass flasks; they are then planted in
      an appropriate growth medium and incubated at 37.degree. C. in a closed
      system after gassing the latter with carbon dioxide to a pH of 7.2. Upon
      reaching confluency, the cells are washed with buffered saline which
      liquor is then replaced by a suitable maintenance medium which contains
      various additives necessary for maintaining these cells and their
      production of urokinase.
PAR  While both the growing of the cells to confluency and maintenance of their
      production capabilities have been described in the literature, it has now
      been found that this urokinase production can be increased significantly
      by adding to the medium between 6 and 50 micrograms of pronase per 100
      parts by volume of medium. Ordinarily, after about 4 - 5 weeks, the
      culture has produced a commercial optimum of urokinase. By commercial
      optimum is meant that the amount of urokinase obtained is not necessarily
      the maximum obtainable but an amount which reduces the efficiency for
      further urokinase production to the point where it becomes more attractive
      to start with a fresh batch of monolayered (contiguous) growth culture.
PAR  In order to illustrate the advantage obtained by the present invention,
      reference is made to the following specific examples which, however, are
      not meant to limit the invention in any respect.
DETD
PAC  EXAMPLE 1
PAR  Human embryonic kidney cells grown in 75 mm. Falcon flasks are planted at 5
      .times. 10.sup.5 cells in 40 ml. of the nutrient medium consisting of
      Parker's medium, described in Grand Island's Biological catalog (GIBCO)
      and containing 1 .times. BME (basal minimal essential vitamins and amino
      acids, described ibid.) as well as 10% by volume of fetal calf serum. The
      flasks are incubated at 37.degree. C. in a closed system after gassing
      them with carbon dioxide to a pH of 7.2. When confluency or a contiguous
      monolayer of the cells is obtained, the cells are washed with a 0.8%
      aqueous NaCl solution buffered with phosphate to a pH of 7.4.
PAR  The wash liquor is now replaced by the maintenance medium consisting of 0.5
      weight % of lactalbumin hydrolysate, 0.1 weight % of human serum albumin,
      0.6 weight % of glycine, and 0.18 weight % of glucose in 0.8% of Earle's
      balanced salt solution containing 0.8 g/lt. of sodium bicarbonate. In the
      test samples, pronase is added to this medium at the beginning of the
      urokinase production cycle and samples are taken at various intervals. The
      results obtained are listed as urokinase titers per ml. on the days
      indicated in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

                  Day     Day     Day   Day   Day                              

     Additive     8       15      22    29    36                               

     ______________________________________                                    

     Control      118     222     378   541   632                              

     0.06 .mu.g./ml.                                                           

                  226     533     606   950   965                              

     0.13 .mu.g./ml.                                                           

                  261     400     574   973   927                              

     ______________________________________                                    

PAR  As will be seen from the above table, urokinase production increases
      between 50 and 100% with either level of pronase added to the nutrient
      medium with the highest possible increases obtained in the early days of
      urokinase production.
PAC  EXAMPLE 2
PAR  The same nutrient medium as shown in Example 1 was used for kidney cells
      prepared and grown into a contiguous all structure in the flasks described
      above. However, in this experiment, 0.5 .mu.g./ml. of pronase was added
      only on the 9th day of the production cycle. The results are expressed in
      the same fashion as above at various days of the production cycle and are
      given in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     Additive      Day 10     Day 17   Day 24                                  

     ______________________________________                                    

     Control       298        490       926                                    

     0.5 .mu.g./ml.                                                            

                   508        792      1043                                    

     ______________________________________                                    

PAR  It will be seen from the above example that the addition of pronase has a
      very pronounced effect on the production of urokinase and, as a result
      thereof, enables one to use cell cultures of only marginal value for the
      propagation of urokinase. With optimum cell cultures, large increases are
      always observed. These increases range between 50% and 100% of the norm
      expected from the same nutrient or maintenance medium that does not have
      the benefit of the added pronase.
PAR  It is interesting to note and surprising to discover that a particular
      enzyme in a particular range produces the outstanding and unexpected
      results demonstrated above. It is particularly surprising to find that
      unlimited amounts of pronase are not useful and that the optimum amount of
      the supplement is in the range of between 0.06 and 0.5 micrograms per
      milliliter of the nutrient production medium. Amounts below 0.06
      .mu.g./ml. show very little but still commercially useful increases in
      urokinase production while amounts above 0.5 .mu.g./ml. tend to be
      detrimental to that end. A preferred range of the pronase addition is
      between 0.06 and 0.2 .mu.g./ml. since levels above this range add little
      to further the production except for the obvious increase in costs.
PAR  As pointed out above, best results are obtained when a contiguous
      monolayered structure of cells adhered to a solid surface is used for the
      production of urokinase. Such monolayered structures have been used by
      earlier investigators and have been described in the literature. Optimum
      temperature for the above process of producing urokinase is 37.degree. C.
      .+-. 0.5; at temperatures below this range, urokinase production is slower
      than what can be achieved and at temperatures above the range indicated,
      the danger of damaging the cells which produce the urokinase is increased
      to the point where production is jeopardized.
PAR  As will be recognized by those skilled in the art of maintaining live cells
      in a nutrient medium, the above-demonstrated beneficial effect can be
      achieved with any kind of nutrient medium used for kidney cells. Such
      media may contain various proportions of minerals and/or vitamins,
      buffers, etc. and various concentrations of ingredients such as the
      commonly used Earle's balanced salt solution, sodium bicarbonate and other
      additives commonly used for nutrients for the above purpose.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process of producing urokinase from a contiguous culture of live
      kidney cells in an aqueous nutrient medium containing, in addition to the
      usual cell culture maintenance additives, between 6 and 50 .mu.g. of
      pronase per 100 milliliters of said nutrient.
NUM  2.
PAR  2. The process of claim 1 wherein said pronase is used in an amount of
      between 6 and 20 .mu.g.
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ABST
PAL  The addition of specified amounts of glycine to the production medium for
      urokinase using live cells increases the production of urokinase by 50 -
      600%.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Urokinase has been known since about 1951 as a substance capable of
      effecting the transformation of plasminogen to plasmin. As such, it has
      found use as an activator to promote the lysis of blood clots.
      Unfortunately, a single dose capable of dissolving a blood clot requires a
      rather large amount of urokinase which, up to 1962, was primarily
      extracted from urine. Since that time, cultures of kidney cells from
      various animals have been used for producing urokinase by culturing them
      in a proper medium. Urokinase obtained in this fashion is immunologically
      indistinguishable from the urinary urokinase used earlier. Kidney cells
      can be propagated on a large scale before they are used for producing
      urokinase, but even then, urokinase production is costly and limited by
      the space required for this operation.
PAR  In order to supply sufficient amounts of the drug for use in the field of
      human blood clot therapy, the cell culture, the media used to grow the
      cell culture and the method for propagating these cells have been
      experimented with to optimize urokinase production. Unfortunately, the
      success so far has been rather limited and the amount of urokinase
      produced has been sufficient only to run experimental studies. More
      particularly, urokinase production per culture surface area and time must
      be increased to make this fibrinolytic enzyme an available tool for human
      clot treatment.
PAR  It is therefore an object of this invention to increase the production of
      urokinase for propagated cell cultures. It is a particular object of this
      invention to improve the yield of urokinase from a cell culture to the
      extent of much greater yield in quantity without adversely affecting the
      quality of the material.
PAR  These and other objects are accomplished by the process of producing
      urokinase from a contiguous kidney cell culture in an organic nutrient
      medium containing between 0.3 and 1.2% glycine.
PAR  Nutrient media have been known and described for considerable periods of
      time. They have been used in individual bottles as well as in petri
      dishes, rose chambers or the culture equipment known as the mass tissue
      culture propagator (MTCP) which enables the production of urokinase from
      kidney cells on a large scale. Use of the MTCP eliminates some of the
      disadvantages involved with culturing mammalian cells in bottles,
      primarily the need for an extremely large number of bottles for volume
      production and the logistical problems associated with the use of such
      large number of bottles. The MTCP also provides a means for maintaining
      the same conditions for all the cells in the various individual layers and
      enables uniformity in pH, dissolved oxygen and dissolved carbon dioxide
      throughout the medium. The MTCP consists essentially of a glass vessel
      containing a number of shallow glass plates or dishes stacked on top of
      one another. This propagator is then filled to just cover the plates with
      medium containing the desired number of cells. The cells attach to and
      grow on the plates. A carbon dioxide/air mixture is introduced and
      continuously supplied to provide oxygen and pH control of the known,
      usually bicarbonate buffered, medium. If desired, mechanical means can be
      provided to circulate the medium over the cell culture.
PAR  In production runs, the cells are first grown to confluency in the cell
      growth medium; the growth medium is then completely replaced by a second
      medium suitable for the production of urokinase by the cells so grown. It
      is to this latter medium that the present invention is directed.
PAR  In a general embodiment of the present invention, cells known to produce
      urokinase are grown in plastic or glass flasks; they are then planted in
      an appropriate growth medium and incubated at 37.degree. C. in a closed
      system after gassing the latter with carbon dioxide to a pH of 7.2. Upon
      reaching confluency, the cells are washed with buffered saline which
      liquor is then replaced by a suitable maintenance medium which contains
      various additives necessary for maintaining these cells and their
      production of urokinase.
PAR  While both the growing of the cells to confluency and maintenance of their
      production capabilities have been described in the literature, it has now
      been found that this urokinase production can be increased significantly
      by adding to the medium between 0.3 and 1.2 parts by weight of glycine per
      100 parts by volume of medium. Ordinarily, after about 4 - 5 weeks, the
      culture has produced a commercial optimum of urokinase. By commercial
      optimum is meant that the amount of urokinase obtained is not necessarily
      the maximum obtainable but an amount which reduces the efficiency for
      further urokinase production to the point where it becomes more attractive
      to start with a fresh batch of monolayered (contiguous) growth culture.
PAR  In order to illustrate the advantage obtained by the present invention,
      reference is made to the following specific examples which, however, are
      not meant to limit the invention in any respect.
DETD
PAC  EXAMPLE 1
PAR  Human embryonic kidney cells grown in 75 mm. Falcon flasks are planted at 5
      .times. 10.sup.5 cells in 40 ml. of the nutrient medium consisting of
      Parker's medium, described in Grand Island's Biological catalog (GIBCO)
      and containing 1 .times. BME (basal minimal essential vitamins and amino
      acids, described ibid.) as well as 10% by volume of fetal calf serum. The
      flasks are incubated at 37.degree. C. in a closed system after gassing
      them with carbon dioxide to a pH of 7.2. When confluency or a contiguous
      monolayer of the cells is obtained, the cells are washed with a 0.8%
      aqueous NaCl solution buffered with phosphate to a pH of 7.4.
PAR  The wash liquor is now replaced by the maintenance medium consisting of 0.5
      weight % of lactalbumin hydrolysate, various amounts (weight by volume) of
      human serum albumin (HSA) and 0.1 weight % of glucose in 0.8% of Earle's
      balanced salt solution and containing various amounts (by weight) of
      glycine (Gly) as shown below and 0.8 g/lt. of sodium bicarbonate. The
      results obtained are listed as urokinase titers per ml. on the days
      indicated in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Additive      Day 10   Day 19   Day 33 Day 42                             

     ______________________________________                                    

     0.5% HSA       86      195      335    443                                

     0.5% HSA + 0.6% Gly                                                       

                   129      264      498    647                                

     0.1% HSA       80      179      275    396                                

     0.1% HSA + 0.6% Gly                                                       

                   145      276      539    671                                

     0.05% HSA      96      164      309    443                                

     0.05% HSA + 0.6% Gly                                                      

                   112      204      362    535                                

     0.05% HSA      80      157      297    427                                

     0.05% HSA + 0.6% Gly                                                      

                   116      213      408    536                                

     Average Increase                                                          

                   52%      38%      48%    40%                                

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  In a further experiment using the same kidney cell growth and wash
      procedure as above and using 5 cell propagation flasks for each level of
      additives for testing urokinase production, the maintenance medium
      consists of the same basic nutrient but contains 1 g./lt. of glucose and
      varied amounts of glycine. Table II shows the effects (averaged over the 5
      flasks) analyzed as urokinase CTA units/ml. after several days. All media
      contain 0.1 weight % human serum albumin per volume.
TBL                TABLE II                                                    

     ______________________________________                                    

     a)     Above medium 567 after    700 after                                

            + 0.6% Gly:  27 days      34 days                                  

            Above medium 688 after    755 after                                

            + 0.9% Gly:  27 days      34 days                                  

            Above medium 740 after    774 after                                

            + 1.2% Gly:  27 days      34 days                                  

     ______________________________________                                    

     b)     Above medium 357 after    512 after                                

            + 0.6% Gly:  29 days      36 days                                  

            Above medium 377 after    579 after                                

            + 0.9% Gly:  29 days      36 days                                  

            Above medium 589 after    721 after                                

            + 1.2% Gly:  29 days      36 days                                  

     ______________________________________                                    

     c)     Above medium 302 after    554 after                                

            + 0.6% Gly:  28 days      36 days                                  

            Above medium 449 after    651 after                                

            + 0.9% Gly:  28 days      36 days                                  

     ______________________________________                                    

     d)     Above medium 652 after    963 after                                

            + 0.6% Gly:  27 days      34 days                                  

            Above medium 714 after    1008 after                               

            + 0.9% Gly:  27 days      34 days                                  

            Above medium 820 after    1155 after                               

            + 1.2% Gly:  27 days      34 days                                  

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  While the above experiments clearly show the improvements in urokinase
      production by the addition of various amounts of glycine to the
      maintenance medium, this example shows the particular benefit of the
      glycine addition to all cultures that are considered marginal as far as
      their urokinase production ability is concerned (producing 400 or less CTA
      units of urokinase in 30 days). The same medium as in Example 2 is used.
PAR  A culture producing 350 units in 30 days with 0.6% glycine produces 584
      units with 1.0% glycine and 598 units with 1.2% glycine.
PAR  A culture producing 549 units with 0.6% glycine in 35 days produces 748
      units with 0.9% glycine and 1011 units with 1.2% glycine.
PAR  Three cultures (a, b and c) analyzed after 35 days with 0.6%, 0.9% and 1.2%
      glycine, respectively, showed the following CTA units of urokinase: (a)
      473 - 793 - 1011; (b) 265 - 469 - 449; (c) 309 - 547 - 606. Two other
      cultures (d and e) analyzed after 34 days showed: (d) 265 - 479 - 661; (e)
      265 - 400 - 633 CTA units of urokinase.
PAC  EXAMPLE 4
PAR  In a further experiment, carried out in the fashion described in Example 1,
      the beneficial effect on urokinase yield was tested. The results obtained
      in 3, 4 and 5 weeks' time are shown in Table III below. The results again
      are expressed in CTA units/ml. of urokinase.
TBL                TABLE III                                                   

     ______________________________________                                    

     Days           21        28         35                                    

     ______________________________________                                    

     0% glycine      59        92        116                                   

     3.0% glycine   104       157        158                                   

     6.0% glycine   170       264        315                                   

     7.0% glycine   234       329        330                                   

     8.0% glycine   303       446        419                                   

     9.0% glycine   436       487        483                                   

     ______________________________________                                    

PAR  It will be seen from the above examples that the effect of glycine is very
      pronounced and enables the use of only marginal cell cultures for the
      propagation of urokinase but even with optimum cell cultures, large
      increases in production are observed. These increases range between 50 and
      600% of the norm expected from the same nutrient or maintenance medium
      that does not have the benefit of the added glycine.
PAR  It is interesting to note and surprising to discover that a particular
      amino acid in a particular range produces the outstanding and unexpected
      results demonstrated above. Glycine is the simplest and most abundant
      amino acid and even though minor proportion of certain amino acids may
      already be part of amino acid supplements ordinarily used in production
      media for kidney cells, the amounts used in the present invention are in
      the range of 100-fold of amounts ordinarily used. It is also surprising to
      find that unlimited amounts of glycine are not useful and that the optimum
      amount of the supplement is in the range of between 0.3 - 1.2% by volume
      of the nutrient production medium. Amounts below 0.3% show very little but
      still commercially useful increases in urokinase production while amounts
      above 1.2% by volume tend to be detrimental to that end. It is also
      surprising to find that the simplest existing amino acid has this profound
      effect on the production of urokinase. Other amino acids used in
      quantities comparable to those used in the present invention have no or
      sometimes even opposite effects on urokinase production.
PAR  As pointed out above, best results are obtained when a contiguous
      monolayered structure of cells adhered to a solid surface is used for the
      production of urokinase. Such monolayered structures have been used by
      earlier investigators and have been described in the literature. Optimum
      temperature for the above process of producing urokinase is 37.degree. C.
      .+-. 0.5.degree.; at temperatures below this range, urokinase production
      is slower than what can be achieved and at temperatures above the range
      indicated, the danger of damaging the cells which produce the urokinase is
      increased to the point where production is jeopardized.
PAR  As will be recognized by those skilled in the art of maintaining live cells
      in a nutrient medium, the above-demonstrated beneficial effect can be
      achieved with any kind of nutrient medium used for kidney cells. Such
      media may contain various proportions of minerals and/or vitamins,
      buffers, etc. and various concentrations of ingredients such as the
      commonly used Earle's balanced salt solution, sodium bicarbonate and other
      additives commonly used for nutrients for the above purpose.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process of producing urokinase from a contiguous culture of live
      kidney cells in an aqueous nutrient medium containing, in addition to the
      usual cell culture maintenance additives, between 0.3 and 1.2 parts by
      weight of glycine per 100 parts by volume of said nutrient.
NUM  2.
PAR  2. The process of claim 1 wherein said glycine is used in an amount of
      between 0.6 and 1.2 parts by weight.
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ABST
PAL  A process for the preparation of a stable diploid of Candida lipolytica
      which comprises (a) in a first stage, separately cultivating two haploid
      strains of Candida lipolytica of opposed sign in a medium rich in
      assimilable carbon nutrient; (b) in a second stage, cultivating the two
      resultant strains together in a medium poor in assimilable carbon
      nutrient; and (c) in a third stage, after the appearance of diploid
      colonies, treating them with a mutagenic agent to stabilize them. The
      invention also comprises a process for the preparation of
      .alpha.-ketoglutaric acid which comprises cultivating a diploid strain
      obtained by crossing two Candida lipolytica haploid strains of opposite
      sign in a medium containing, as source of assimilable carbon, at least one
      hydrocarbon.
BSUM
PAR  This invention is concerned with the preparation of new strains of yeasts
      and the use thereof in the preparation of .alpha.-ketoglutaric acid by
      fermentation.
PAR  The use of yeasts in fermentation processes is well known, either to
      produce a biomass for use in or as a feed stuff or for the production,
      together with a biomass, of excretion products such as, for example,
      .alpha.-ketoglutaric acid. The various fermentations processes employ, as
      nutrients, carbohydrates, fatty acids, alcohols, or hydrocarbons. For any
      particular fermentation process an attempt is made to select the best
      strain of the yeast. Thus the strains are isolated from soil or water
      samples and then tested in a number of ways to ascertain their capacity
      for assimilating the chosen nutrient, their rate of growth and their
      ability to produce the desired metabolite.
PAR  In a detailed study of certain yeasts, especially yeasts of the species
      Candida lipolytica which is already known to ferment on hydrocarbon
      substrates, there was found, following Wickerham et al. (Science 167, 1141
      (1970),) that the possibility of genetic combinations between haploid
      strains of opposite sign, combinations which imply the, at least
      transitory, formation of a diploid state. In contradistinction to
      Wickerham et al., who observed only the sporulation of such combinations
      followed by the formation of haploid descendants, it has now been found
      possible to isolate the diploids and to stabalize them.
PAR  Accordingly, it is one object of the present invention to provide a process
      for the preparation of stable diploids from haploid strains of opposed
      genetic sign. According to the invention, therefore, there is provided a
      process for the preparation of a stable diploid of Candida lipolytica
      which comprises (a) in a first stage, separately cultivating two haploid
      strains of Candida lipolytica of opposed sign in a medium rich in
      assimilable carbon nutrient; (b) in a second stage, cultivating the two
      resultant strains together in a medium poor in assimilable nutrient; and
      (c) in a third stage, after the appearance of diploid colonies, treating
      them with a mutagenic agent to stabilize them.
PAR  In the process of the invention, conventional media are used for the
      culture of the haploid of diploid strains of Candida lipolytica. Such
      media contain a source of assimilable carbon which may be a hydrocarbon or
      a mixture of hydrocarbons, or a carbohydrate, molasses or sugar, for
      example glucose. The culture media also contain a source of nitrogen which
      will generally be, for example, an ammonium salt, a chloride or a nitrate.
      The culture medium any also contain a sufficient amount of a yeast extract
      or dried yeast which acts as a source of co-factors, such as vitamins,
      mineral salts or amino acids, all of which are of use in the growth of the
      strains. The mineral salts are commonly salts of iron, copper, magnesium
      or the like.
PAR  It is intended that the medium rich in carbon source shall contain at least
      10 grams per liter of assimilable carbon source and that the medium poor
      in assimilable carbon will contain about twenty times less of such source
      than the rich medium. The values given above are, of course, approximate,
      since the amount of concentration of the carbon source will vary
      continually as the yeast assimilates the carbon. In accordance with a
      preferred embodiment of the invention, the rich medium will contain about
      20 grams per liter of the assimilable carbon source, the concentration of
      which will decrease with the growth of the yeast. The carbon-poor source
      will thus have an assimilable carbon nutrient content of for example,
      between 2 and 0.5 grams per liter. The cultivation in the two first stages
      of the process of the invention will generally be carried out at a
      temperature of from 5.degree. to 35.degree.C, preferably, for the best
      growth, between 20.degree. and 35.degree.C. The second stage is
      advantageously carried out at a temperature lower than that at which the
      first stage is carried out, thus the first stage is most preferably
      carried out at a temperature of from 25.degree. to 35.degree.C and the
      second stage at a temperature of 20.degree. to 25.degree.C.
PAR  The culture medium in the two stages will generally have a slightly acid
      pH, that is a pH of from 2 to 7, preferably from 5 to 7. If during the
      course of the cultivation the pH becomes too acid, it may be brought back
      to its original value by the addition of a base such as potassium
      hydroxide. The two first stages may be carried out using a solid or a
      liquid culture medium; the compositions of the media being similar except
      for the use of a solidification agent, such as a Bacto Agar Difco in the
      case of the solid media.
PAR  In the third stage of the process of the invention, the diploids are
      stabilized by mutagenesis. Mutagenesis may be achieved using a chemical
      mutagenic agent or by irradiation. Thus, for example, chemical mutagenic
      agents which may be employed are NMU (nitrosomethylurethane,) or NMG
      (nitrosomethylguanidine); whereas suitable irradiant mutagenic agents are
      X-rays or ultra violet radiation.
PAR  In a modification of the invention, after the second stage, the culture is
      replaced in a carbon-rich medium which facilitates the growth of the
      haploid and diploid strains, before stabilization by mutagenesis. This
      modification makes it possible to avoid sporulation of the diploids
      obtained. In accordance with another modification of the invention, before
      stabilization, the colonies of the diploid cellules are separated from the
      other colonies and this makes it possible to obtain a good cellular
      density of Candida lipolytica diploids and leads to advantages when they
      are used in fermentation of processes.
PAR  The diploids obtained, as will be described below, have a higher ADN
      content than the parent strains, and they also have a greater size which
      is advantageous when it comes to the recovery of the cellules and their
      separation from the medium.
PAR  It has also been found, in accordance with the invention, that the diploid
      strains have, as compared with the parent strains, improved fermentation
      properties both as regards rate of growth and ability to produce
      metabolites. It is, accordingly, another object of this invention an
      improved fermentation process using the diploids in which not only is the
      recovery of the cellules facilitated in view of their greater size but
      also are there obtained greater quantities of the desired metabolites than
      in the case of a fermentation process using the haploid strains.
PAR  Accordingly, the invention also provides a process for the preparation of
      alpha-ketoglutaric acid which comprises cultivating a diploid strain
      obtained by crossing two Candida lipolytica haploid strains of opposite
      sign, in a medium containing, as source of assimilable carbon at least one
      hydrocarbon.
PAR  The source of assimilable carbon used in the fermentation process of the
      invention, may, as described above for the cultivation process, be a
      carbohydrate or a hydrocarbon. A particular advantage of the invention
      lies in the possibility of using a hydrocarbon source which preferably
      comprises a paraffinic hydrocarbon which may be a single n-paraffin or an
      n-paraffinic cut. Whilst the use of a single n-paraffin makes it possible
      to obtain the best results it is generally preferred, basically on grounds
      of cost, to use an n-paraffinic cut containing paraffins containing from 9
      to 22 carbon atoms per molecule. The culture medium will also contain,
      beside the carbon source, the usual nutrients required for a fermentation
      for the production of alpha-ketoglutaric acid, namely a source of
      nitrogen, such as that used in the cultivation process as described above,
      and various metal salts such as salts of iron, magnesium, zinc, potassium,
      sodium etc. The fermentation is generally carried out at a temperature of
      25.degree. to 35.degree.C pH of between 2 and 7, preferably between 2.5
      and 5.0. During the fermentation, organic acids are formed in the culture,
      thereby causing the pH to reduce, and the pH may be maintained at its
      optimum value by the controlled addition of a base, such as, for example,
      ammonia.
PAR  The fermentation is suitably carried out continuously in the presence of
      air and the culture medium should be preferably be strongly stirred or
      agitated, by any suitable means, in order to obtain the best possible
      dispersion of the hydrocarbonaceous nutrient.
PAR  Before commencing the fermentation proper the diploid strains of Candida
      lipolytica may be precultured in order to grow the yeast, which makes it
      possible to seed the fermentor with an adequate similar concentration (for
      example 10.sup.7 cellules per ml). The preculture medium will comprise the
      nutrients of the fermentation medium to which has been added, preferably,
      a small amount of thiamine hydrochloride (vitamin B.sub.1). This nutrient
      is only present in the preculture medium since it is favourable to the
      growth of the yeasts but is unfavourable to the production of the
      metabolites.
PAR  In order that the invention may be well understood the following examples
      are given by way of illustration only.
DETD
PAC  EXAMPLE 1
PAR  Two strains of Candida lipolytica isolated from soil samples were used,
      namely a haploid of sign A (IFP 29) and a haploid of sign B (ELF 30).
PAC  STAGE 1
PAR  The two strains were separately cultivated for 24 hours at 25.degree.C on
      presporulation medium A (carbon-rich medium) having the following
      composition:
TBL  Glucose               20 g                                                

     (NH4).sub.2 SO.sub.4  2 g                                                 

     KH.sub.2 PO.sub.4     2 g                                                 

     Yeast Extract         10 g                                                

     Bacto Agar Difco      20 g                                                

     Distilled Water       1000 ml                                             

PAC  STAGE 2
PAR  A suspension containing 10.sup.7 to 10.sup.8 cellules per milli-liter in
      distilled water was prepared for each of the strains. One milli-liter of
      each suspension was then taken and mixed together vigorously 0.1
      milli-liter of the resultant mixture was then placed in a gelose 2 tube
      lined with sporulation medium B derived from vegetable juices and prepared
      as follows. 350 Milli-liters of bouillon of eight different vegetables and
      having an energy equivalent of about 2 grams per liter of glucose were
      adjusted to pH 6.8 with 1 Normal KOH solution. 7 Grams of dried IFP 29
      yeast were then added to the bouillon and the whole maintained for 20
      minutes at 100.degree. on a water bath and then filtered through filter
      paper. The pH of the filtrate was adjusted to 6.8, as described above, and
      its volume doubled by the addition of an equal volume of town water. After
      the addition of bacto agar difco (2%) the medium was sterilized in 10 cc
      tubes for 15 minutes at 110.degree.C.
PAR  The culture on medium B, where several asci were forming, was suspended in
      10 milli-liters of soda-containing distilled water using a Mullard MSE
      disintegrator for 3 minutes at 0.degree.C. The suspension was then spread
      onto medium B contained in Petri dishes at the appropriate dilution. After
      7 to 15 days several diploid colonies appeared on the medium. These
      colonies were very rich in asci (about 50% as compared with vegetative
      cellules). The colonies were taken up and sorted out onto a medium rich in
      yeast extract (yeast extract 0.5%, glucose 2%, agar difco 2%). The large
      selected colonies were diploids, cultivatable as such without sporulation
      on complete or rich medium, over several transplants. The diploid strain
      obtained was called D.sub.18.
PAR  Starting from diploid D.sub.18 (IPF 29, ELF 30), a series of colonies were
      isolated after UV mutagenesis (10.sup.7 cellules of D.sub.18 irradiated
      for one minute at 2000 ergs/mm.sup.2 /mn. All these colonies had a much
      reduced fertility. Starting from these colonies four strains derived from
      D.sub.18 were selected which, after fifteen days and three weeks on
      carbon-poor medium B, no longer formed Asci (absence of sporulation).
      These strains were respectively designated D 1802, D 1805, D 1806 and D
      1807.
PAR  It was ascertained, by ADM dosage according to the method of Burton
      (Biochemical Journal 62, 315-323, 1956) and by micrometric measurement of
      the cell sizes, that the strains remained close to the D.sub.18.
TBL  ______________________________________                                    

     Characteristics of haploids and diploids                                  

     Strain        .mu.g of desoxyadenoisine per 10.sup.8                      

                   cellules                                                    

     ______________________________________                                    

     IFP 29        0.58                                                        

     ELF 30        0.65                                                        

      D 18         0.89                                                        

      D 1802       0.88                                                        

      D 1805       1.05                                                        

      D 1806       1.27                                                        

      D 1807       1.26                                                        

     ______________________________________                                    

PAR  The cells were in the form of ellipsoids having the following axes.
TBL  ______________________________________                                    

     Strain        major axis (.mu.)                                           

                                  minor axis (.mu.)                            

     ______________________________________                                    

     IFP 29        4.5            2.7                                          

     ELF 30        4.6            2.9                                          

      D 18         7.7            4.2                                          

      D 1802       7.8            2.9                                          

      D 1805       12.1           6.3                                          

      D 1806       8.3            4.4                                          

      D 1807       11.3           5.0                                          

     ______________________________________                                    

PAC  FORM OF COLONIES ON HYDROCARBONACEOUS MEDIUM
PAR  Round, bomb shaped, granulated, brillant, pale yellow.
TBL  ______________________________________                                    

     Assimilation of substrates (identical for all strains).                   

     ______________________________________                                    

     Sucrose             -negative                                             

     Maltose             -negative                                             

     Galactose           -negative                                             

     Glucose             +positive                                             

     Raffinose           feeble                                                

     Paraffins           positive                                              

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  Each of the above Candida lipolytica strains was transplanted and incubated
      for 15 hours at 30.degree.C in sterile tubes containing a gelose medium
      having the following composition:
TBL  Yeast Extract           0.05 g                                            

     Paraffin cut C.sub.13 -C.sub.18                                           

                             0.05 ml                                           

     Bacto Agar Difco        0.15 g                                            

     Distilled Water         10 ml                                             

PAR  Each of the resultant cultivated materials were then seeded into Fermbach
      flasks containing 100 ml. of a preculture medium having the following
      composition:
TBL  Paraffin cut C.sub.13 -C.sub.18                                           

                             2%                                                

     Ammonium Nitrate        1.8%                                              

     Acid Potassium Phosphate                                                  

                             0.2%                                              

     MgSO.sub.4. 7H.sub.2 O  0.1%                                              

     FeSO.sub.4.7H.sub.2 O   0.01%                                             

     ZnSO.sub.4.7H.sub.2 O   0.002%                                            

     CuSO.sub.4.5H.sub.2 O   0.002%                                            

     Thiamine hydrochloride  6 .mu.g                                           

     Thiamine                6 .mu.g                                           

     CaCO                    1 %                                               

     Distilled water         100 ml                                            

PAR  After incubation for 48 hours at 30.degree.C on a shaking table turning at
      170 turns/minute, each of the precultures was seeded into a fermentor
      having a total capacitor of 4 liters and containing 2 liters of a sterile
      medium having the following composition:
TBL  Nitrate Ammonium       1.8%                                               

     Acid potassium Phosphate                                                  

                            0.2%                                               

     MgSO.sub.4.7H.sub.2 O  0.1%                                               

     FeSO.sub.4.7H.sub.2 O  0.01%                                              

     ZnSO.sub.4.7H.sub.2 O  0.002%                                             

     CuSO.sub.4.5H.sub.2 O  0.002%                                             

     Distilled Water        2000 ml.                                           

PAR  n-paraffinic substrate (C.sub.13 -C.sub.18 cut) was introduced into the
      fermentor at a rate of 2.5 ml. per hour and the fermentation medium was
      mechanically stirred at 1800 rpm, at a temperature of 31.5.degree.C and
      aerated with sterile air at a flow rate of 0.2 liters of air per minute
      per liter of medium. The pH of the medium was maintained at 3.5 by the
      controlled addition of 2.5 normal aqueous ammonia. The total amount of
      hydrocarbon added during the culture was 208 ml. (8% by weight). 10 ml
      samples were taken from the fermentation medium at predetermined intervals
      and tested, according to the method of Friedman (Methods in Enzmology Vol.
      III, 414-418, Acad. Press. (1957)), to determine the .alpha.-ketoglutaric
      acid concentration.
PAR  The following table shows the results obtained at the end of 110 hours
      culture and compares the performances of the non sporulant diploid strains
      D 1802, D 1805, D 1806 and D 1807 with those of the parent haploid strains
      IFP 29 and ELF 30.
TBL  ______________________________________                                    

     Example     Strain     Alpha-ketoglutaric acid                            

                            (g/l)                                              

     ______________________________________                                    

     2           D 1802     64.5                                               

     3           D 1805     66.5                                               

     4           D 1806     52.3                                               

     5           D 1807     52.5                                               

     6           IFP 29     29                                                 

     7           ELF 30     31.5                                               

     ______________________________________                                    

PAR  A study of the results given in the above table shows that the yields of
      .alpha.-ketoglutaric acid resulting from the use of the diploids of the
      invention are good, not only as compared to those obtained with the parent
      strains, but equally very much better than those obtained in other strains
      of the same genus.
PAR  Further, the production of .alpha.-ketoglutaric acid using diploid strains
      D 1805 was carried on for more than 110 hours. The amounts of
      .alpha.-ketoglutaric acid produced at the rate of the production of the
      acid were ascertained for various culture times and the results are shown
      in the following table.
TBL  ______________________________________                                    

     Hours     .alpha.-ketoglutaric acid                                       

                                Rate of formation                              

               (g/l)            (g/l)                                          

     ______________________________________                                    

     110        65              1.0                                            

     160       113              0.96                                           

     240       185              0.9                                            

     ______________________________________                                    

PAR  It will be noted that the rate of formation at the time of termination of
      the fermentation, namely after the 240th hour, is only very slightly
      decreased as compared to that determined at the 110th hour; further the
      yield, based on the amount of hydrocarbon consumed, is always very high.
      These tests show that production of .alpha.-ketoglutaric acid in
      accordance with the invention maybe carried out for long periods of time
      under favourable conditions.
PAR  After the end of the culture the biomass is centrifuged. The supernatant
      phase is made alkali to a pH of 8.5 by the addition of powdered soda lime
      thereby precipitating calcium .alpha.-ketoglutaric which is recovered by
      filtration.
PAR  .alpha.-ketoglutaric acid is obtained by hydrolysis of the calcium salt
      with aqueous sulphuric acid followed by removal by filtration of the
      calcium sulphate and crystallisation of the acid from the filtrate
      concentrated under vacuum.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of a stable diploid of Candida lipolytica
      which comprises (a) in a first stage, separately cultivating two haploid
      strains of Candida lipolytica of opposed sign in a medium rich in
      assimilable carbon nutrient; (b) in a second stage, cultivating the two
      resultant strains together in a medium poor in assimilable carbon
      nutrient; and (c) in a third stage, after the appearance of diploid
      colonies, treating them with a mutagenic agent to stabilize them.
NUM  2.
PAR  2. A process as claimed in claim 1 in which the carbon-rich medium contains
      at least 10 grams per liter of assimilable carbon nutrient.
NUM  3.
PAR  3. A process as claimed in claim 1 in which the carbon-rich medium contains
      about 20 times as much assimilable carbon source as does the carbon-poor
      medium.
NUM  4.
PAR  4. A process as claimed in claim 1 in which the culture media contain yeast
      extract or yeast.
NUM  5.
PAR  5. A process for the preparation of .alpha.-ketoglutaric acid which
      comprises cultivating a stable diploid mutant of Candida lipolytica on a
      hydrocarbon substrate to produce .alpha.-ketoglutaric acid, said stable
      diploid being produced by (a) in a first stage, separately cultivating two
      haploid strains of Candida lipolytica of opposed sign in a medium rich in
      assimilable carbon nutrient; (b) in a second stage, cultivating the two
      resultant strains together in a medium poor in assimilable carbon
      nutrient; and (c) in a third stage, after the appearance of diploid
      colonies, treating them with a mutagenic agent to stabilize them, and
      finally recovering the .alpha.-ketoglutaric acid so produced.
NUM  6.
PAR  6. A process as claimed in claim 5 in which the assimilable source
      comprises at least one n-paraffin containing from 9 to 22 carbon atoms.
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ABST
PAL  A novel strain belonging to genus Methylomonas grows well on a culture
      medium in the presence of methane as the main carbon source. The microbial
      cells are useful as a feedstuff.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of producing microbial cells utilizing
      methane as the main carbon source.
PAR  Methane is one of the most inexpensive carbon sources for microbial growth.
      It is known that there are many microorganisms capable of growing on a
      culture medium in the presence of methane as the principle carbon source.
      However the growth of the most known strains is quite low and
      unsatisfactory. With mixed cultures, superior growth strains are known.
      But when the strains are isolated, this superior property of the original
      strain mixture is somehow lost (Applied Microbiology, 15, 1473-1478 (1967)
      and 21, 511-515 (1971)). With pure cultures, superior strains, capable of
      good growth, are not known. Since it is difficult to maintain stable mixed
      cultures during a large number of cycles, the industrial production of
      single cell protein from methane is a problem.
PAC  THE INVENTION
PAR  It is now been found that a novel strain belonging to genus Methylomonas
      which was isolated from soil grows well as a pure culture on a medium in
      the presence of methane as a main carbon source.
PAR  The new strain is Methylomonas sp AJ-3670 (FERM P-2400), which has been
      deposited with the Fermentation Research Institute, Agency of Industrial
      Science and Technology, Ministry for Industrial Trade and Industry, Chiba,
      Japan, and is freely available from the Institute.
PAR  The new strain is characterized by the following properties: Morphological
      characteristics: (cultivated by shake culture in the presence of methane
      as the sole carbon source for 18 hours in inorganic liquid medium at
      30.degree.C) Unicellular rods, size 1.0-1.2 .times. 2.0-3.5 .mu., motile
      by means of polar flagella, gram negative, but sometimes cells are
      partially positively stained in the early growth phase. Sometimes rosettes
      are formed. Spores or cysts are not formed.
PAR  (Cultivated on inorganic agar slant in an atmosphere composed of methane as
      the sole carbon source for 24 hours). Rods, sometimes show pleo morphism,
      size 1.0-1.2 .times. 3-6 .mu.. Cells stick together by slimy substances
      and sometimes branched like shapes are recognizable. Granular substances,
      which are easily stained by Sudan black are recognizable in the cells,
      spores or cysts are not formed.
PAR  Type of agar colonies: (cultivate on inorganic agar plate in the presence
      of methane for 16 days) diameter 1.0 mm, circular, flat, smooth, entire,
      butyrous, white buff, opaque. Do not produce soluble pigment.
PAR  (Nutrient agar plate) Do not grow.
PAR  Physiological characteristics: Catalase positive. Oxidase positive in young
      culture, but oxidase activity is easily lost in older culture. Nitrate is
      reduced to nitrate. Optimum growth temperature, 35-37.degree.C, no growth
      at 40.degree.C. Optimum growth pH 6.0-7.5. Aerobic.
PAR  Utilization of organic compounds as a sole carbon source:
PAR  Methane is the only one utilizable organic carbon source among the various
      organic compounds tested. Alcohols, such as methanol or ethanol,
      aldehydes, such as formaldehydes or acetaldehyde, alkylamines, such as
      methylamine or ethylamine, organic acids such as formate, acetate,
      citrate, succinate, pyruvate, oxalate or gluconate, carbohydrates, such as
      D-glucose, fructose, sucrose, D-ribose, D-xylose, lactose, D-galactose,
      L-rhamnose, D-arabinose, D-maltose or D-mannose, and natural organic
      nutrients such as soluble starch, yeast extract, peptone, casamino acids,
      corn steep liquor or soybean hydrolizates are not utilized. The effects of
      various organic compounds on the growth of strain FERM P-2400 in the
      presence of methane are as follows: Methanol, ethanol, formaldehyde,
      acetaldehyde methylamine, ethylamine, formate, citrate pyruvate and
      nucleotides have inhibitory effects. D-glucose, fructose, D-xylose,
      lactose, D-galactose, D-arabinose and D-mannose have no effect. D-ribose
      stimulates the growth. Casamino acids, corn steep liquor and soybean
      hydrolyzate have no effect on growth, but yeast extract and peptone
      stimulate the growth. The above mentioned results were obtained by the
      following experimental methods. The various substances under test send us
      0.1 % alcohols, carbohydrates, organic acids and natural organic nutrients
      such as yeast extract were added to the inorganic liquid medium. The test
      culture were shaken for from 2 to 4 days at 30.degree.C after inoculation
      of bacteria. The growing cultures were tested for carbon assimilation
      tests and effects of organic compounds on the growth under an atmosphere
      of methane. With aldehydes and alkylamines, 0.05% was used as the
      concentration in the above experiments. The composition of the utilized in
      the morphological observations, utilization of organic compounds and other
      tests described above was as follows:
TBL  Inorganic synthetic medium                                                

     ______________________________________                                    

     (NH.sub.4).sub.2 SO.sub.4                                                 

                          0.5      g/l                                         

     KH.sub.2 PO.sub.4    0.3      g/l                                         

     Na.sub.2 HPO.sub.4.12H.sub.2 O                                            

                          1.8      g/l                                         

     MgSO.sub.4.7H.sub.2 O                                                     

                          0.2      g/l                                         

     FeSO.sub.4.7H.sub.2 O                                                     

                          10       mg/l                                        

     CuSO.sub.4.5H.sub.2 O                                                     

                          1.0      mg/l                                        

     pH 7.2                                                                    

     ______________________________________                                    

PAL  Cultivation with methane was carried out in the atmosphere of 20% methane
      and 80% air. The ordinary physiological tests, used for the identification
      of the ordinary bacteria, for example, the methylred test, and tests for
      the production of hydrogen sulphide or acid production from carbohydrate,
      were investigated by the usual methods. However no growth was observed for
      the methane-oxidizing bacterium of this invention, and the expected
      results were not obtained.
PAR  With methane oxidizing bacteria, there is official classification system.
      However, the classification system proposed by R. Whittenbury et al.
      (Journal of General Microbiology, 61, 205-218 (1970) is most widely
      recognized. In the system, the morphological characteristics of methane
      oxidizing bacteria are divided into five groups. There are Methylosinus,
      Methylocystis, Methylomonas, Methylobacter, and Methylococcus.
PAR  The characteristics of the present strain were compared with the resort of
      R. Whittenbury, and the strain is considered to belong to genus
      Methylomonas. The strain does not belong to genus Methylosinus because it
      does not form exospore. Nor does it belong to genus Methylocystis because
      of its motility characteristics. Since the shapes of the cells are rod
      like, the strain does not belong to genus Methylococcus.
PAR  The remaining two genera are divided based on shapes of cyst, and as to the
      other morphological characteristics, those of Methylomonas methanica and
      Methylobacter chroococcum are only disclosed in the report. According to
      the disclosure, the key characteristics of genus Methylobacter are to form
      cyst of azotobacter type and the similarity to the large-cell-forming
      species of Azotobacter. On the other hand, as to genus Methylomonas, some
      strains form no cyst, an do not show pleomorphism. These characteristics
      are summarized in Table 1. Thought the present strain shows some
      pleomorphism on an inorganic agar slant, it does not show pleomorphism nor
      form cyst in a liquial culture medium. Moreover, shape of cells is not
      varied on continued subculture. These facts indicate that the strain
      belongs to genus Methylomonas. The characteristics of the strain were
      compared with those of all of the species of the genus Methylomonas
      disclosed in the report. Since the characteristics of the strain were
      found to be different from those of the known strain, the present strain
      is considered to be a novel strain, namely Methylomonas sp. FERM P-2400.
      As appears from Table 2, the known strains which are capable of growing at
      a temperature of 37.degree.C are Methylomonas albus and Methylmonas agile.
      The strain of this invention is also capable of such growth. The known
      strains are different from the strain of this invention in assimilation of
      methanol. Assimilation of methanol is regarded as a significant factor for
      the classification of methane oxidizing bacteria. The present strain, not
      only does not assimilate methanol. Instead its growth is strongly
      inhibited by methanol in concentration of 0.1%. When compared with
      characteristics of whole strains of genus Methylobacter described in Table
      2, it is clear that there is no strain of genus Methylobacter
      corresponding to the present strain.
PAR  In the report of R. Whittenbury, Methanomonas methanooxidans is not
      mentioned. However L. R. Brown et al. (Canadian Journal of Microbiology,
      10, 791-799 (1964)) and P. K. Stocks et al. (Journal of Bacteriology, 88,
      1071-1077 (1964) indicated that Methanomonas methanooxidans can assimilate
      methanol. Therefore, the present strain does not belong to Methanomonas
      methanooxidans.
PAR  The culture media employed for growing cells of this bacterium contain at
      least one assimilable nitrogen source and inorganic salts. The presence of
      suitable amount of organic nutrients, such as peptone and yeast extract,
      may promote microbial growth. The culture medium is placed in a culture
      vessel which can be sealed, sterilized and inoculated with an inoculum of
      the present strain. Methane and oxygen gases are introduced into the
      vessel in the conventional manner. One to five percent by weight of carbon
      dioxide gas is preferably added together with the two gases mentioned as
      above, because the suitable amount of the gas may shorten the lag phase of
      growth.
PAR  The source of methane is not limited. Natural gas, the gas produced by
      methane fermentation under anaerobic conditions and other conventional
      sources may be utilized. The oxygen gas source may be pure gas or air.
PAR  The necessary amounts of each gas may first be sealed into the vessel and
      replaced by fresh gases in a batchwise operation during fermentation.
      Alternatively each gas may be continuously supplied by conventional
      aeration the gases may be suppled separately or in a mixed form.
PAR  Typical nitrogen sources include ammonium salts, such as ammonium sulfate
      and ammonium chloride, nitrates, such as potassium nitrate and ammonium
      nitrate, aqueous ammonia, and ammonia gas. During fermentation, the
      concentration of ammonium salts is preferably maintained at 0.03 to 0.2 %.
PAR  The inorganic salts are those employed in conventional operations, and
      include, for example, potassium phosphates, magnesium sulfate, ferrous
      sulfate and copper sulfate.
PAR  The cultivation is carried out for 1 to 7 days, while the temperature is
      maintained at 20.degree. to 38.degree.C. The pH of the medium is generally
      held at 5 to 8. When ammonium salts are employed as the nitrogen source,
      ammonia in the culture medium is consumed during cultivation with the
      result that the pH of the medium decreases. In this case, it is necessary
      to add alkaline materials, such as ammonia, to the medium during
      cultivation.
PAR  The bacterial cells may be recovered from the fermentation broth by the
      usual techniques, such as centrifuging or filtering.
PAR  Since the bacterial cells produced in the invention contain a significant
      amount of protein, they are useful as feedstuffs, food and so on. The
      protein may be extracted from the cells by conventional procedures.
PAR  The invention is further illustrated by the following non-limiting
      Examples.
PAC  EXAMPLES 1
PAR  20 Ml of an aqueous culture medium containing:
     (NH.sub.4).sub.2 SO.sub.4                                                 

                          0.5      g/l                                         

     KH.sub.2 PO.sub.4    0.3      g/l                                         

     Na.sub.2 H PO.sub.4.12H.sub.2 O                                           

                          1.8      g/l                                         

     MgSO.sub.4.7H.sub.2 O                                                     

                          0.2      g/l                                         

     FeSO.sub.4.7H.sub.2 O                                                     

                          10       mg/l                                        

     CuSO.sub.4.5H.sub.2 O                                                     

                          1.0      mg/l                                        

     pH 7.2                                                                    

PAL  was placed in a 500 ml shake flask, and sterilized. The medium was
      inoculated with Methylomonas sp. FERM P-2400. The air in the flask was
      replaced by a mixed gas composed of 20% methane and 80% air, and then the
      flask was sealed. The inoculated medium was held at 36.5.degree.C for 25
      hours with shaking. For the first 20 hours, the strain grew
      logarithmically at the specific growth rate of 0.17 hr.sup.-.sup.1.
PAR  After the cultivation, the bacterial cells were collected by centrifuging,
      washed and dried. Dry cell material in an amount of 0.6 g/l was obtained.
      The nitrogen content of the dry cell was 10.4%, and crude protein content
      was about 65%, respectively.
PAC  EXAMPLE 2
PAR  400 Ml of the aqueous culture medium containing the same constituents as in
      Example 1 and yeast extract at a concentration of 0.5 g/l was placed in a
      one liter glass jar fermenter and sterilized. The medium was inoculated
      with 20 ml of a seed culture of Methylomonas sp. FERM P-2400 prepared as
      in Example 1, and cultured at 36.5.degree.C for 48 hours with stirring
      (1,200 r.p.m.) while methane gas in the rate of 30 ml/min and air in the
      rate of 170 ml/min were bubbled into the medium. During cultivation, the
      pH of the medium was maintained at 6.6 using ammonia gas. For 36 hours,
      the strain grew logarithmically at the specific growth rate of 0.2
      hr.sup.-.sup.1. The concentration of the bacterial cells after 36 hours
      was 8.2 g/l.
PAR  After the cultivation, the bacterial cells were collected and 16.8 g/l of
      dry cell material was obtained.
PAC  EXAMPLE 3
PAR  In the same way as in Example 2, a culture medium was prepared and
      cultured. After 30 hours (4.8 g/l as dry cell weight), the culture broth
      was gradually diluted by the fresh medium in the dilution rate of 0.15
      hr.sup.-.sup.1. After 18 hours from the biginning of the dilution, the
      culture broth reached a stationary state containing 4.3 g/l (as dry cell
      weight) of the bacterial cells. The yield based on the consumed methane
      was 66%.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Genus   Resting Stage Shape of Cells                                      

                             Morphological                                     

                             Change                                            

     __________________________________________________________________________

     Methylomonas                                                              

             Immature                                                          

                     Rod     Do not show marked                                

             Azotobacter-    pleomorphism                                      

             type cyst *                                                       

     __________________________________________________________________________

     Methylobacter                                                             

             Azotobacter-                                                      

                     Rod     Show similarity to                                

             type cyst       the large-cell-forming                            

                             species of Azobacter                              

     __________________________________________________________________________

     The     Not     Rod     No morphological                                  

     present recognized      change in a liquid                                

     strain                  medium, but                                       

                             pheomorphism is                                   

                             recognized on agar                                

                             medium                                            

     __________________________________________________________________________

      * not all strains form an identifiable resting stage                     

TBL                                    Table 2                                 

     __________________________________________________________________________

                   Assimilation                                                

                          Stimulation          Production                      

     Strain  Growth                                                            

                   of 0.1%                                                     

                          of Growth Motility                                   

                                         Color of Soluble                      

             at 37.degree.C                                                    

                   Methanol                                                    

                          by Yeast Extract                                     

                                         of Colony                             

                                               Pigment                         

     __________________________________________________________________________

     The present                         White to                              

     strain  +     -      +         +    Buff  -                               

     Methylomonas                        Ochre to                              

     methanica                                                                 

             -     +      +         +    Pink  Green                           

     M. albus                                                                  

             +     +      +         +    White -                               

     M. strepto-                                                               

     bacterium                                                                 

             -     -      -         -    White -                               

     M.agile +     +      +         +    White -                               

     M.rubrum                                                                  

             -     +      -         +    Red   -                               

     M.rosaceus                                                                

             -     -      -         +    Pale pink                             

                                               -                               

     Methylobacter                                                             

     chroococcum                                                               

             -     -      -         -    Pale pink                             

                                               -                               

     M.bovis +     -      -         -    White to                              

                                               Yellow                          

                                         Brown                                 

     M.capsulatus                                                              

             -     -      -         +    White to                              

                                               -                               

                                         Brown                                 

     M.vinelandii                                                              

             +     -      -         +    White to                              

                                               -                               

                                         Brown                                 

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method which comprises culturing Methylomonas sp. FERM P-2400 in an
      aqueous culture medium containing an assimilable nitrogen source and
      inorganic salts, in the presence of methane as the major carbon source,
      until the cells of said strain multiply in said culture medium, and
      recovering the multiplied cells from said medium.
NUM  2.
PAR  2. A method as in claim 1, wherein said methane constitutes the sole
      significant source of assimilable carbon in said medium.
NUM  3.
PAR  3. A method as in claim 1 including the addition of from 1% to 5% by weight
      of carbon dioxide.
NUM  4.
PAR  4. A method as in claim 1 carried out in a batchwise manner.
NUM  5.
PAR  5. A method as in claim 1 carried out in a continuous manner.
NUM  6.
PAR  6. A method as in claim 1 wherein yeast extracts or peptone are utilized as
      an additional carbon source.
PATN
WKU  039309487
SRC  5
APN  4929063
APT  1
ART  172
APD  19740729
TTL  Enzymatic method for producing aromatic ethylamines
ISD  19760106
NCL  3
ECL  1
EXP  Tanenholtz; Alvin E.
NDR  1
NFG  1
INVT
NAM  Sano; Konosuke
CTY  Machidi
CNT  JA
INVT
NAM  Matsuda; Keizo
CTY  Kawasaki
CNT  JA
INVT
NAM  Nakazawa; Hidetsugu
CTY  Uji
CNT  JA
INVT
NAM  Mitsugi; Koji
CTY  Yokohama
CNT  JA
ASSG
NAM  Ajinomoto Co., Inc.
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730803
APN  48-87399
CLAS
OCL  195 29
XCL  195 66
EDF  2
ICL  C12D 1300
FSC  195
FSS  29;66
UREF
PNO  3579427
ISD  19710500
NAM  Nakayama et al.
OCL  195 29
OREF
PAL  Methods in Enzymology, Vol. XVII, Part B, pp. 652-656, (1971).
LREP
FR2  Berman; Hans
FR2  Kelman; Kurt
ABST
PAL  A decarboxylase in cells of Micrococcus strains converts tryptophan,
      phenylalanine, and substitution products thereof to the corresponding
      phenyl- and indolylethylamines. The enzyme can be recovered in pure state
      from the microorganisms, but cells and cell material are effective enzyme
      sources in the decarboxylation reaction.
BSUM
PAR  This invention relates to an enzymatic method for producing aromatic
      ethylamines, and more particularly to a method for producing
      arylethylamines from the corresponding amino acids by decarboxylase.
PAR  Arylethylamines such as tryptamine, serotonine and
      3,4-hydroxyphenylethylamine are used in medicine. It is known that animal
      tissues contain a small amount of decarboxylase active for aryl amino
      acids. Decarboxylase separated from animal tissues is expensive.
PAR  It has now been found that certain microorganisms of genus Micrococcus
      produce larger amount of decarboxylase active for aryl amino acids.
      Various arylethylamines can be produced at a lower cost using the newly
      found bacterial decarboxylase.
DRWD
PAR  The sole FIGURE of the appended drawing diagrammatically illustrates the
      effect of pH on stability and activity of a decarboxylase of the invention
     .
DETD
PAR  Arylethyl amines, may be produced by holding aryl amino acids and an
      effective amount of decarboxylase in an aqueous solution at pH 5 to 12 at
      a temperature of 10.degree.to 50.degree.C, and recovering the
      arylethylamines produced in the aqueous solution.
PAR  The decarboxylase of this invention can be isolated from cells of a
      microorganism belonging to genus Micrococcus by the following procedure.
PAC  A. PREPARATION OF PURIFIED DECARBOXYLASE
PAR  All phosphate buffer used in the following decarboxylase preparation
      process contained 5 .times. 10.sup..sup.-5 M pyridoxal phosphate,
      10.sup..sup.-2 M mercapto ethanol and 10.sup..sup.-4 M EDTA, and all
      processes were carried out at 5.degree.C, except as described below.
PAC  CULTIVATION
PAR  an aqueous culture medium was prepared to contain, per deciliter, 0.5 g
      yeast extract, 3 ml soyprotein-acid hydrolyzate ("AJIEKI"), 0.5 g peptone,
      0.5 g glycerol, 0.1 g KH.sub.2 PO.sub.4, 0.1 g MgSO.sub.4.7H.sub.2 O, 1 mg
      FeSO.sub.4.7H.sub.2 O, 1 mg MnSO.sub.4.7H.sub.2 O, and was adjusted to pH
      8.0 with KOH respective 45 liter batches of the aqueous medium were placed
      in 17 50 liter fermenters, inoculated with Micro-coccus percitreus  AJ
      1065 and cultured at 30.degree.C for 20 hours. Cells were collected by
      centrifuging 760 l broth, and 10.5kg cell paste were obtained.
PAC  EXTRACTION OF ENZYME
PAR  The cell paste was suspended in 18 l of 0.05 M phosphate buffer (pH 7.0)
      and disrupted by "Dyno mill." After centrifuging, 22.46 l cell extract was
      obtained.
PAC  FIRST PROTAMINE PRECIPITATION
PAR  The cell extrace was mixed gradually with 292 g protamine sulfate suspended
      in 1 liter of 0.05 M phosphate buffer, and agitated for 1 hour. The
      precipitate formed was removed by centrifuging.
PAC  FIRST AMMONIUM SULFATE FRACTIONATION
PAR  Solid ammonium sulfate was added to 20.4 l cell extract treated with
      protamine to 30% saturation, and the precipitate formed was removed by
      centrifuging. Solid ammonium sulfate was added further to the supernatant
      to 50 percent saturation. After standing overnight, the precipitate was
      collected by centrifuging, and dissolved in 0.05 M phosphate buffer. The
      solution (10 l) was dialyzed for 24 hours against three changes of 15 l of
      0.01 M phosphate buffer.
PAC  SECOND PROTAMINE PRECIPITATION
PAR  The dialyzed solution (1430 ml) was mixed with 10 g/dl protamine sulfate
      solution, and stirred for 1 hour. The precipitate formed was removed by
      centrifuging. The supernatant was dialyzed against three changes of 10 l
      of 0.01 M phosphate buffer.
PAC  DEAE-SEPHADEX COLUMN CHROMATOGRAPHY
PAR  The dialyzed enzyme solution (1420 ml) was subjected to DEAE-Sephadex
      column chromatography. DEAE-Sephadex A-50 was packed in a column (13
      .times. 20 cm) and equlibrated with 0.05 M phosphate buffer. The enzyme
      solution was passed through the column, and then the column was washed
      with 0.1 M phosphate buffer.
PAR  Active fractions were combined, to the combined eluate was added solid
      ammonium sulfate to 50 percent saturation, and precipitated protein was
      collected by centrifuging. Ammonium sulfate was removed by dialysis
      against 0.01 M phosphate buffer.
PAC  HYDROXYLAPATITE COLUMN CHROMATOGRAPHY
PAR  The dialyzed enzyme solution (300 ml, containing 7.71 g protein) was
      subjected to hydroxylapatite column chromatography. Hydroxylapatite was
      packed in a column (4.5 .times. 5 cm), and equilibrated with 0.01 M
      phosphate buffer. The enzyme solution was passed through the column. The
      enzyme was eluted with 0.05 M phosphate buffer, and active fractions were
      collected and dialyzed against 0.05 M phosphate buffer.
PAC  SECOND AMMONIUM SULFATE FRACTIONATION
PAR  The dialyzed eluate was mixed with solid ammonium sulfate to 40 percent
      saturation, and the precipitate formed was collected. Ammonium sulfate was
      removed by dialysis.
PAC  THIRD AMMONIUM SULFATE FRACTIONATION
PAR  Ammonium sulfate fractionation was carried out again to 35 percent
      saturation, and ammonium sulfate was removed from the precipitate.
PAC  SECOND DEAE SEPHADEX CHROMATOGRAPHY
PAR  The enzyme solution (92 ml) was subjected to DEAE Sephadex column
      chromatography. DEAE Sephadex A-25 was packed in a column (4.4 .times. 14
      cm), and equilibrated with 0.05 M phosphate buffer. The enzyme solution
      was passed through the column, subsequently eluted with potassium chloride
      solutions increasing in concentration at a linear gradient from 0.1 to 0.3
      M in 0.1 M phosphate buffer.
PAR  Active fractions were collected in an amount of 690 ml, and protein was
      precipitated with ammonium sulfate.
PAC  FIRST SEPHADEX G-200 CHROMATOGRAPHY
PAR  The precipitated protein was dissolved in 3 ml of 0.05 M phosphate buffer,
      and passed through a Sephadex G-200 column (4.5 .times. 71 cm).
PAC  FOURTH AMMONIUM SULFATE FRACTIONATION
PAR  Protein precipitated by 30 - 45 percent saturation of ammonium sulfate was
      collected, and ammonium sulfate was removed by dialysis.
PAC  SECOND SEPHADEX G-200 CHROMATOGRAPHY
PAR  The enzyme solution was passed through a Sephadex G-200 column (2.5 .times.
      90 cm). Protein was precipitated by 55 percent saturated ammonium sulfate
      solution. Ammonium sulfate was removed by dialysis.
PAC  CRYSTALLIZATION
PAR  Decarboxylase was crystallized from the dialyzed solution by gradually
      adding ammonium sulfate. This crystallization was repeated once more.
PAC  B. CRYSTALLINE DECARBOXYLASE
PA1  Purity: more than 95 percent
PA1  Sds-disc acrylamide gel electrophoresis: gave a single band
PA1  Sedimentation patterns: single symmetric peak in the ultra-centrifuge
     S.sub.20w.sup.0 : 6.2 S                                                   

     D.sub.20w : 6.0 .times. 10.sup..sup.-7 cm.sup.2 /sec.                     

     Molecular weight: 94,000                                                  

      (by sedimentation velocity)                                              

     Number of subunits: 2                                                     

      (by SDS electrophoresis)                                                 

     Absorbance maxima:                                                        

                 280 nm (E.sub.280.sup.1% = 11.8)                              

                 340 nm                                                        

                 415 nm                                                        

     Optimum pH for activity: 9.0 (see attached drawing)                       

     Km for L-tryptophan: 2.4 mM                                               

     V max for L-tryptophan: 21.7 units/mg                                     

     Required cofactor: pyridoxal phosphate (Km 22 .mu.M)                      

     Turnover number: 1.02 .times. 10.sup.3 .mu.M/min/.mu.M pyridoxal          

     phosphate                                                                 

PAR  Microorganisms which produce aryl amino acid decarboxylase are, for
      example, Micrococcus percitreus AJ 1065 (FERM-P 2200), and Micrococcus
      conglomeratus AJ 1015 (FERM-P 2199).
PAR  The aqueous medium employed for culturing the microorganisms is entirely
      conventional, and contains assimilable sources of carbon and nitrogen,
      inorganic salts and minor organic nutrients. Assimilable carbon sources
      are, for example, glucose, sucrose, maltose, molasses, starch, starch
      hydrolyzate, acetic acid, citric acid and ethanol. Assimilable nitrogen
      sources are, for example, gaseous ammonia, aqueous ammonia, ammonium
      salts, nitrate salts and urea.
PAR  As the minor organic nutrients, amino acids, vitamins, peptone, bouillon,
      yeast extract, soyprotein-acid hydrolyzate, corn steep liquor are used.
      They serve also as nitrogen and carbon sources. Preferably tryptophan or
      phenylalanine is added to the aqueous medium to promote formation of the
      decarboxylase.
PAR  Cultivation is carried out for 1 to 5 days, preferably at pH 4 to 10, and
      at 25.degree.to 40.degree.C under aerobic conditions.
PAR  The broth may be used as an enzyme source as it is, without removing the
      bacterial cells. Washed cells, acetone-treated cells, freeze-dried cells,
      cell homogenate, or sonicate can also be used as the enzyme source.
PAR  The reaction mixture contains an aryl amino acid and the decarboxylase of
      this invention, and a minor amount of vitamin B.sub.6. The mixture is
      desirably maintained at a temperature of 10.degree.to 50.degree.C, and at
      pH 5 to 12.
PAR  Amino acids decarboxylated by the enzyme of this invention are
      phenylalanine, tryptophan, and tyrosine, and derivatives thereof as shown
      in Examples below. The amount of the amino acids contained in the reaction
      mixture is usually 0.1 to 10 g/dl.
PAR  The arylethylamines produced in the reaction mixture are recovered by
      conventional methods such as extracting with organic solvents.
PAC  EXAMPLE 1
PAR  An aqueous culture medium was prepared to contain, per deciliter, 1 g yeast
      extract, 1 g peptone, o.5 g KCl and 0.2 g L-tryptophan, and was adjusted
      to pH at 7.0 with KOH 0.50 ml batches of the medium were placed in 500 ml
      shaking flasks, and sterilized with steam. Micrococcus percitreus AJ 1065
      was inoculated in the medium, and cultured at 30.degree.C for 24 hours.
      Cells were separated from the cultivation broth by centrifuging, and
      freeze-dried.
PAR  a reaction mixture containing, per deciliter, 1 g L-tryptophan, 1 g
      KH.sub.2 PO.sub.4, 0.01 g pyridoxal phosphate and 1 g freeze-dried cells
      and having a pH of 9.5 was maintained at 30.degree.C for 40 hours.
      Thereafter cells were removed by centrifuging, and the supernatant was
      adjusted to pH 13.5. Tryptamine was extracted with 800 ml ethylalcohol.
      3.1 G of tryptamine hydrochloride was obtained from 400 ml of reaction
      mixture.
PAR  Tryptamine was identified by paper chromtography, paper electrophoresis,
      NMR spectrum, infra-red spectrum, and ultraviolet spectrum.
PAC  EXAMPLE 2
PAR  an aqueous culture medium was prepared to contain per deciliter, 1 g yeast
      extract, 1 g peptone, 0.5 g KCl, 0.2 g 5-hydroxytryptophan, and adjusted
      to pH 7.0. 50 Ml batches of the medium were placed in 500 ml shaking
      flasks and sterilized with steam.
PAR  Micrococcus conglomeratus AJ 1015 was inoculated in the medium, cultured at
      30.degree.C for 24 hours, and cells were collected by centrifuging.
PAR  A reaction mixture containing per deciliter 5-hydroxytryptophan, 1 g
      KH.sub.2 PO.sub.4, 0.01 g pyridoxal phosphate and 3 g wet cells, of pH 9.0
      was prepared, and 200 ml of the mixture was incubated at 30.degree.C for
      48 hours.
PAR  The mixture was then adjusted with Na.sub.2 CO.sub.3 to pH 10, and 120 g
      NaCl was added. Serotonine was extracted with 200 ml n-butanol, and 1.2 g
      serotonine hydrochloride were obtained from the butanol solution.
PAC  EXAMPLE 3
PAR  An aqueous culture medium was prepared to contain, per deciliter, 1 g yeast
      extract, 1 g peptone, 0.5 g KCl, and 0.2 g L-phenylalanine, and adjusted
      to pH 7.0. 50 Ml batches of the medium were placed in 500 ml shaking
      flasks, sterilized with steam, inoculated with freeze-dried cells of
      Micrococcus percitreus AJ 1065, and cultured aerobically at 30.degree.C
      for 24 hours. The cells so obtained were freeze-dried.
PAR  A reaction mixture was prepared to contain per deciliter 1 g
      L-phenylalanine, 1 g KH.sub.2 PO.sub.4, 0.01 g pyridoxal phosphate and 1 g
      freeze-dried cells, and adjusted to pH 9.5. 200 Ml of the mixture was
      maintained at 30.degree.C for 48 hours.
PAR  The mixture was then adjusted to pH 13.5 and extracted with 400 ml ethyl
      ether. The ether layer was separated, and washed with 100 ml water of pH
      2. .beta.-Phenylethylamine hydrochloride precipitated from the water
      solution and weighed 1.8 g.
PAC  EXAMPLE 4
PAR  Freeze-dried cells of Micrococcus percitreus AJ 1065 were prepared in the
      same manner as in Example 1.
PAR  Reaction mixtures containing per deciliter, 1 g of one of aromatic amino
      acids shown in Table 1, 1 g KH.sub.2 PO.sub.4, 0.01 g pyridoxal phosphate,
      were 1 g freeze-dried cells, and adjusted to pH 9.5, and 2 ml of each
      mixture was maintained at 30.degree.C for 48 hours.
PAR  Amines in the reaction mixtures were identified by ninhydrin-reagent on
      paper chromatograms and estimated by extracting the spots on the paper
      with ethanol.
TBL                Table 1                                                     

     ______________________________________                                    

     Aromatic amino acid                                                       

                        Amount of amine formed                                 

     ______________________________________                                    

     5-fluoro-DL-tryptophan                                                    

                        +                                                      

     6-fluoro-DL-tryptophan                                                    

                        +                                                      

     4-methyl-DL-tryptophan                                                    

                        ++                                                     

     5-methyl-DL-tryptophan                                                    

                        ++                                                     

     6-methyl-DL-tryptophan                                                    

                        +                                                      

     7-methyl-DL-tryptophan                                                    

                        +                                                      

     5-methoxy-DL-tryptophan                                                   

                        +                                                      

     4-amino-DL-phenylalanine                                                  

                        +++                                                    

     4-chloro-DL-phenylalanine                                                 

                        ++                                                     

     2-fluoro-DL-phenylalanine                                                 

                        ++                                                     

     3-fluoro-DL-phenylalanine                                                 

                        +                                                      

     4-fluoro-DL-phenylalanine                                                 

                        +++                                                    

     L-tyrosine         +                                                      

     3-nitro-DL-tyrosine                                                       

                        +++                                                    

     3-iodo-DL-tyrosine +++                                                    

     3,5-diiodo-DL-tyrosine                                                    

                        +                                                      

     3,5-dibromo-DL-tyrosine                                                   

                        +++                                                    

     .beta.-phenyl-DL-serine                                                   

                        +                                                      

     2-hydroxy-DL-phenylalanine                                                

                        +                                                      

     ______________________________________                                    

      Symbols:                                                                 

      + OD 0.010 - 0.050                                                       

      ++ OD 0.051 - 0.100                                                      

      +++ OD 0.101 - 0.200                                                     

PAR  Ten .mu.l of each reaction mixture was spotted on paper. After developing
      in the solvent, the paper was treated with ninhydrin and the colored spots
      were cut out.
PAR  After elution with 5 ml ethanol, the OD at 570 nm was estimated.
CLMS
STM  What is claimes is:
NUM  1.
PAR  1. A method for producing substituted ethylamine, which comprises holding
      an amino acid and an effective amount of decarboxylase produced by a
      Micrococcus in an aqueous solution at pH 5 to 12 at a temperature of
      10.degree.to 50.degree.C, and recovering the substituted ethylamine
      produced from the aqueous solution, said amino acid being tryptophan,
      5-hydroxytryptophan, 5-fluorotryptophan, 6-fluorotryptophan,
      4-methyltryptophan, 5-methyltryptophan, 6-methyltryptophan,
      7methyltryptophan, 5-methoxytryptophan, phenylalanine,
      .beta.-phenylserine, 2-hydroxyphenylalanine, 4-aminophenylalanine,
      4-chlorophenylalanine, 2-fluorophenylalanine, 3-fluorophenylalanine,
      4-fluorophenylalanine, tyrosine, 3-nitrotyrosine, 3-iodotyrosine,
      3,5-diiodotyrosine, or 3,5-dibromotyrosine, and said substituted
      ethylamine being tryptamine, serotonin, .beta.-(5-fluoroindolyl)
      -ethylamine, .beta.-(6-fluoroindolyl) -ethylamine,
      .beta.-(4-methylindolyl) -ethylamine, .beta.-(5-methylindolyl)
      -ethylamine, .beta.-(6-methylindolyl) -ethylamine,
      .beta.-(7-methylindolyl) -ethylamine, .beta.-(5-methoxyindolyl)
      -ethylamine, .beta.-phenylethylamine,
      .beta.-phenyl-.beta.-hydroxyethylamine, .beta.-(2-hydroxyphenyl)
      -ethylamine, .beta.-(4-aminophenyl) -ethylamine, .beta.-(4-chlorophenyl)
      -ethylamine, .beta.-(2-fluorophenyl) -ethylamine, .beta.-(3-fluorophenyl)
      -ethylamine, .beta.-(4-fluorophenyl) -ethylamine, .beta.
      -(4-hydroxyphenyl) -ethylamine, .beta.-(3nitor-4-hydroxyphenyl)
      -ethylamine, .beta.-(3iodo-4-hydroxyphenyl) -ethylamine,
      .beta.-(3,5-diiodo-4-hydroxyphenyl) -ethylamine, or
      .beta.-(3,5-dibromo-4-hydroxyphenyl) -ethylamine.
NUM  2.
PAR  2. A method as set forth in claim 1, wherein said Micrococcus is
      Microccoccus percitreus FERM-P 2200.
NUM  3.
PAR  3. A method as set forth in claim 1, wherein, said Micrococcus is
      Micrococcus conglomeratus FERM-P 2199.
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ABST
PAL  7-Amino-.DELTA..sup.3 -cephem derivatives of the formula:
      ##SPC1##
PAL  Wherein:
PA1  R is hydrogen; hydroxy; amino; cyano; --O--CO--NH.sub.2 ;
      ##EQU1##
      wherein n is an integer from 4 to 6; --O--CO--R.sup.1 ; --NH--CO--R.sup.1
      or --S--CS--O--R.sup.1 wherein R.sup.1 is alkyl of 1 to 4 carbon atoms;
      -S-Het or Het wherein Het is a 5- or 6-membered hetero-aromatic ring
      unsubstituted or substituted by 1 to 3 alkyl moieties of 1 to 3 carbon
      atoms or said ring having a positive charge; and
PA1  X is hydrogen; or, is a negative charge if R has a positive charge,
PAL  Are obtained by reacting a compound of the formula:
      ##SPC2##
PAL  Or a salt thereof with an inorganic or organic base,
PAL  Wherein:
PA1  R and X are as above defined;
PA1  R.sup.2 is phenyl, phenoxy, 2-thienyl or 2-furyl, unsubstituted or
      substituted in the ring by amino, hydroxy or alkyl of 1 to 3 carbon atoms;
      and
PA1  R.sup.3 is hydrogen, amino, hydroxy or alkyl of 1 to 3 carbon atoms,
PAL  With penicillinacylase which is bound by convalent bonds to a
      water-insoluble carrier.
BSUM
PAR  The present invention relates to a new process for the production of
      certain known 7-amino-.DELTA..sup.3 -cephem derivatives which are useful
      for the synthesis of antimicrobial compounds.
PAR  It is known in the art that 7-amino-cephalosporanic acid is obtained by,
      for example, the splitting of cephalosporin C with cultures of various
      micro-organisms (see, U.S. Pat. No. 3,239,394) or by chemical splitting in
      accordance with various methods (see, German Auslegeschrift No. 1,176,147,
      German Offenlegungsschrift No. 1,145,615 and U.S. Pat. No. 3,272,809).
      Desacetoxy-cephalosporin C can, after catalytic reduction (see, U.S. Pat.
      No. 3,124,576), be converted analogously into
      7-amino-desacetoxy-cephalosporanic acid. German Offenlegungsschrift No.
      2,212,276 has also disclosed a process for the enzymatic splitting of
      7-phenoxyacetamidodesacetoxy-cephalosporanic acid to
      7-amino-desacetoxy-cephalosporanic acid with the aid of an adsorptively
      bound enzyme from Bacillus megaterium B 400. Several processes for
      splitting penicillins with the aid of penicillinacylase bound by covalent
      bonds to water-insoluble carriers have also been disclosed (see, German
      Offenlegungsschrifts Nos. 1,907,365, 1,917,057 and 2,215,687).
PAR  More particularly, the present invention is concerned with a process for
      the production of 7-amino-.DELTA..sup.3 -cephem derivatives of the
      formula:
      ##SPC3##
PAL  Wherein
PA1  R is hydrogen; hydroxy; amino; cyano; --O--CO--NH.sub.2 ;
      ##EQU2##
      wherein n is an integer from 4 to 6; --O--CO--R.sup.1, --NH--CO--R.sup.1
      or --S--CS--O--R.sup.1 wherein R.sup.1 is alkyl of 1 to 4 carbon atoms; or
PA1  -S-Het or Het wherein Het is a 5- or 6-membered hetero-aromatic ring or
      said ring having a positive charge; and
PA1  X is hydrogen; or, is a negative charge if radical R has a positive charge,
PAL  Which comprises reacting a compound of the formula:
      ##SPC4##
PAL  Or a salt thereof with an inorganic or organic base,
PAL  Wherein:
PA1  R and X are as above defined,
PA1  R.sup.2 is phenyl, phenoxy, 2-thienyl or 2-furyl, unsubstituted or
      substituted in the ring by amino, hydroxy or alkyl of 1 to 3 carbon atoms;
      and
PA1  R.sup.3 is hydrogen, amino, hydroxy or alkyl of 1 to 3 carbon atoms,
PAL  with penicillinacylase which is bound by covalent bonds to a
      water-insoluble carrier.
PAR  The resulting 7-amino-.DELTA..sup.3 -cephem derivatives of the formula (I)
      are then isolated.
PAR  According to one embodiment of the present invention:
PA1  R.sup.1 is alkyl of 1 or 2 carbon atoms;
PA1  n is 4 or 5;
PA1  said hetero-aromatic ring contains from 1 to 3 of the same or different
      hetero-atoms selected from the group consisting of oxygen, sulfur and
      nitrogen, the alkyl substituent on said hetero-aromatic ring is of 1 or 2
      carbon atoms and the alkyl substituent on the phenyl, phenoxy, 2-thienyl
      or 2-furyl substituent is of 1 or 2 carbon atoms.
PAR  According to another embodiment of the present invention:
PA1  R, r.sup.3 and X are each hydrogen; and
PA1  R.sup.2 is phenyl or phenoxy; or
PA1  R is --O--CO--CH.sub.3 ;
PA1  R.sup.3 and X are each hydrogen; and
PA1  R.sup.2 is phenyl or phenoxy.
PAR  According to another embodiment of the present invention:
PA1  R is hydrogen, --O--CO--CH.sub.3 ; or
      ##SPC5##
PA1  R.sup.2 is phenyl, phenoxy or thienyl;
PA1  R.sup.3 is hydrogen or amino; and
PA1  X is hydrogen or a negative charge.
PAR  According to another embodiment of the present invention:
PA1  R is hydrogen or --O--CO--CH.sub.3 ;
PA1  R.sup.2 is phenyl or phenoxy;
PA1  R.sup.3 is hydrogen; and
PA1  X is hydrogen.
PAR  According to another embodiment of the present invention:
PA1  R is hydrogen, --O--CO--CH.sub.3 ; or
      ##SPC6##
PA1  R.sup.2 is phenyl, phenoxy or thienyl;
PA1  R.sup.3 is hydrogen or amino; and
PA1  X is hydrogen or a negative charge.
PAR  Examples of salts of the compounds of the formulae (I) and (II) include the
      alkali metal salts, such as sodium and potassium salts, alkaline earth
      metal salts, such as calcium salts, ammonium salts and salts formed with
      aliphatic, araliphatic or aromatic amines. The primary, secondary and
      tertiary alkylamines of 1 to 4 carbon atoms in the alkyl moiety and in
      which the alkyl moieties can be substituted by hydroxy moieties, for
      example, ethylamine, triethylamine and hydroxyethylamine, and cyclic
      amines, for example, pyridine, piperidine, morpholine, piperazine and
      N-methylpiperazine.
PAR  Surprisingly, penicillinacylase which is carrier-bound as described above
      (hereinafter called "carrier-bound penicillinacylase") splits the
      compounds of the formula (II) at practically the same speed as
      corresponding penicillins.
PAR  The process of the invention has a number of advantages over the known
      processes for the preparation of the compounds of the formula (I). For
      example, while enzymes for cell cultures can only be used once, it is
      possible to use the carrier-bound penicillinacylase repeatedly.
      Furthermore, the process according to the invention can give the compounds
      of the formula (I) in very good purity and high yields, with very little
      technical effort. Compared to the use of an enzyme which is merely bound
      adsorptively, in accordance with German Offenlegungsschrift No. 2,212,276,
      the use, according to the invention, of the penicillinacylase bound by
      covalent bonds has the advantage that the enzyme remains firmly bound even
      when high concentrations of the cephalosporin substrate of the formula
      (II) are used, so that the process according to the invention is
      substantially more economical.
PAR  If, for example, 7-phenyl-acetamido-desacetoxy-cephalosporanic acid is used
      as the starting compound of formula (II), the course of the reaction
      according to the invention can be represented by the following formula
      scheme:
      ##SPC7##
PAR  Compounds of formula (II) are already known and can be obtained in
      accordance with known processes (see, for example, E. H. Flynn,
      Cephalosporins and Penicillins, Chemistry and Biology, Academic Press, New
      York, 1972).
PAR  The compounds set forth in the table below are representative of the
      starting compounds of the formula (II):
      ##SPC8##
TBL  R                   R.sup.2  R.sup.3 X                                    

     ______________________________________                                    

     (a)     --OCOCH.sub.3            H     H                                  

     (b)                              H     -                                  

     (c)     H                        NH.sub.2                                 

                                            H                                  

     (d)     H                        H     H                                  

     (e)     H                        H     H                                  

     (f)     --O--CO--CH.sub.3        H     H                                  

     (g)     --O--CO--CH.sub.3        H     H                                  

     (h)     --O--CO--CH.sub.3        NH.sub.2                                 

                                            H                                  

     ______________________________________                                    

PAR  Compounds (d), (e), (f) and (g) are very particularly preferred for use in
      the present process.
PAR  Penicillinacylase of the most diverse origin, bound by covalent bonds to a
      water-insoluble carrier can be used in the present process.
PAR  Penicillinacylase (Enzyme Commission 3.5.1.11) can be obtained from
      numerous micro-organisms in accordance with generally known methods (see,
      German Offenlegungsschriften Nos. 1,907,365 and 2,217,745), for example
      from bacteria, especially Escherichia coli, Erwinia or Actinomycetes, such
      as Streptomyces, Micromonospora or Norcardia or fungi, such as Fusarium
      and yeasts. Penicillinacylase from Escherichia coli, for example from a
      strain of Escherichia coli which has been deposited under ATCC 11,105, is
      particularly preferred. The isolation of penicillinacylase from
      Escherichia coli is effected, for example, according to German
      Offenlegungsschrift No. 2,217,745, by adjusting a crude extract of
      Escherichia coli cells, which in addition to penicillinacylase also
      contains cell fragments of the Escherichia coli cells, to a pH value of
      3.5 to 5.5, preferably 5.0, and centrifuging the extract, then treating
      the clear solution of the penicillinacylase, obtained as the supernatant
      liquid, with aluminium silicate, preferably bentonite, separating off the
      adsorbate, for example in any known manner, and eluting, for example, with
      an 0.1-1.0 molar solution of sodium acetate or potassium acetate at about
      pH 8.5.
PAR  The enriched clear solution of the penicillinacylase thereby obtained can
      optionally be purified further chromatographically on macroporous ion
      exchangers, for example, sulphoethyl-cellulose.
PAR  The carrier-bound penicillinacylase may for example be practically any
      enzyme resin in which penicillinacylase is bound by covalent bonds to a
      water-insoluble carrier polymer. Many such enzyme resins are already known
      or obtainable in accordance with known methods (see, for example, German
      Offenlegungsschriften Nos. 1,907,365, 1,917,057, 2,157,972, 2,215,539,
      2,215,687 and 2,008,996; E. Katchalski, Biochemistry, 3 (1964), pages
      1,905-1,919; and H. D. Orth and W. Brummer, Angewandte Chemie 84 (1972),
      pages 319-368). Examples of suitable enzyme resins are those in which the
      penicillinacylase is bound by covalent bonds, by means of cyanogen
      bromide, to polysaccharides such as dextran or crosslinked agarose (see
      German Offenlegungsschrift No. 1,907,365). It is also possible to use
      enzyme resins which are prepared by reacting penicillinacylase with
      bromoacetylcellulose, or which are prepared by reacting penicillinacylase
      with an ion exchanger substance based on three-dimensionally crosslinked
      dextran, substituted by carboxyl groups, in the presence of a compound
      capable of amide formation, for example a carbodiimide, and activated ion
      exchange resins such as the acid chloride of an acrylic acid resin, and
      resins of ethylene and maleic anhydride crosslinked with hydrazine, can
      also be employed. (See, German Offenlegungsschrift No. 1,917,057). An
      enzyme resin in which, according to German Offenlegungsschrift No.
      2,157,972, penicillinacylase is bound by covalent bonds to a copolymer of
      acrylamide, N,N'-methylene-bis-acrylamide and maleic acid is also very
      suitable. The enzyme resin can for example be obtained as follows. An
      appropriate copolymer is prepared in accordance with methods which are in
      themselves known. After the copolymerization, the gel-like resin is forced
      through a sieve of 0.5 mm mesh width and is washed well and dried in
      vacuo. The copolymerized dicarboxylic acid is converted to the
      dicarboxylic acid anhydride by heating to 180.degree.C for 2 hours.
      Preferably, at least 10 g of copolymer are employed per g of enzyme. About
      3-4 g of the copolymer are added to the solution of the enzyme in 250 ml
      of 0.05 M phosphate buffer of pH 5.5, the mixture is stirred intensively
      and after 2 hours the remaining copolymer is added in small portions.
      During the entire period of reaction the pH value is kept constant by
      adding dilute sodium hydroxide solution. If, after 5 hours, the aqueous
      supernatant liquid still contains unconverted enzyme, further copolymer is
      added. A ratio of 1 part of enzyme to 15-20 parts of copolymer generally
      suffices for complete conversion. After the coupling, the carrier-bound
      penicillinacylase is filtered off and washed thoroughly with water and 1 M
      sodium chloride solution.
PAR  Particularly preferred enzyme resins usable according to the present
      invention are those which are described in German Offenlegungsschrift No.
      2,215,539 and in which the penicillinacylase is bound to crosslinked
      copolymers which consist of copolymeric units of the following
      composition:
PAR  A. 0.1 to 50, preferably 2 to 20, % by weight of
      .alpha.,.beta.-mono-olefinically unsaturated dicarboxylic anhydrides of 4
      to 9, preferably 4 or 5, carbon atoms, for example maleic anhydride,
      itaconic anhydride and citraconic anhydride, especially maleic anhydride,
      and
PAR  B. 99.9 to 50, preferably 80 to 98, % by weight of di- and/or
      poly-(meth)acrylates of diols and/or polyols, preferably diacrylates or
      dimethacrylates of diols with 2 to 4 carbon atoms and/or reaction products
      of 1 mol of these diols with 1 to 20 mols of alkylene oxide having 2 to 4
      carbon atoms or trimethylolpropane trimethacrylate, especially the
      dimethacrylates of ethylene glycol, diethylene glycol, triethylene glycol,
      tetraethylene glycol or higher polyalkylenglycols with molecular weights
      of up to 1,000, or their mixtures.
PAR  The polymerization is carried out by the precipitation polymerization or
      bead polymerization methods in solvents or solvent mixtures which are
      inert towards anhydride groups, for example, benzene, at temperatures of
      20.degree.-200.degree.C, for example, at 60.degree.-70.degree.C, in the
      presence of radical-forming compounds, for example, azoisobutyric acid
      dinitrile. To prepare the enzyme resins, the copolymers thus obtained are
      introduced into an aqueous solution of the penicillinacylase while a pH of
      5.7 to 6.8 is maintained, for example, at from 4 to approximately
      30.degree.C (and using, for example, 1 part by weight of penicillinacylase
      per 10-50 parts by weight of polymeric carrier). After approximately 2
      hours, the product is filtered off or centrifuged and the residue is
      washed with salt solutions of high ionic strength, for example, a 1 molar
      aqueous sodium chloride solution.
PAR  Further particularly preferred enzyme resins which can be used according to
      the invention are those which are described in German Offenlegungsschrift
      No. 2,215,687 and in which penicillinacylase is bound to copolymers which
      consist of crosslinked copolymers of the following copolymerized units:
PAR  A. 0.1 to 30, preferably 2 to 20, % by weight of
      .alpha.,.beta.-mono-olefinically unsaturated dicarboxylic acid anhydrides
      of 4 to 9, preferably 4 or 5, carbon atoms, such as maleic anhydride,
      itaconic anhydride and citraconic anhydride, preferably maleic anhydride;
PAR  B. 35 to 90, preferably 50 to 85, % by weight of di and/or
      poly-(meth)acrylates of diols and/or polyols, such as diacrylates or
      dimethacrylates of diols with 2 to 4 carbon atoms and/or reaction products
      of one mol of these diols with 1 to 10 mols of alkylene oxide with 2 to 4
      carbon atoms, or trimethylolpropane trimethacrylate, for example,
      dimethylacrylates of ethylene glycol, diethylene glycol, triethylene
      glycol, tetraethylene glycol or higher polyalkylglycols with molecular
      weights of up to 500, or their mixtures; and
PAR  C. 5 to 60, preferably 10 to 50, % by weight of at least one hydrophilic
      monomer not mentioned under (B), preferably a singly unsaturated
      hydrophilic monomer which contains at least one carboxyl, aminocarbonyl,
      sulpho or sulphamoyl group, the amino groups of the aminocarbonyl or
      sulphamoyl radical optionally being substituted by alkyl groups with 1 to
      4 carbon atoms or by alkoxymethyl with 1 to 4 carbon atoms in the alkyl
      moiety. Examples which may be mentioned are acrylic acid, methacrylic
      acid, maleic acid half-esters with 1 to 8 carbon atoms in the alcohol
      radical, N-vinyllactams such as N-vinylpyrrolidone, methacrylamide,
      N-substituted (meth)acrylamides, such as N-methyl- and
      N-methoxymethyl-(meth)acrylamide, and N-acroloyldimethyltaurine.
PAR  The sum of the constituents (A) to (C) is 100% by weight. The crosslinked
      copolymers have bulk volumes of 2-20  ml/g and specific surface areas of 1
      to 400 m.sup.2 /g and contain, after the hydrolysis of the anhydride
      groups, from 0.02 to 11 milliequivalents of acid per gram.
PAR  The polymerization may be carried out by the precipitation polymerization
      or bead polymerization method, in solvents or solvent mixtures which are
      inert towards anhydride groups, for example benzene, at temperatures from
      20.degree. to 200.degree., preferably 50.degree. to 100.degree.C, for
      example at 60.degree. to 70.degree.C, in the presence of radical-forming
      compounds, for example azoisobutyric acid dinitrile. To prepare the enzyme
      resin, the polymer may be introduced into an aqueous solution of the
      penicillinacylase (preferably 1 part by weight of penicillinacylase to 10
      to 50 parts by weight of resin) at temperatures from 0.degree. to
      30.degree.C, for example from 4.degree. to 20.degree.C, while keeping the
      pH value at 5.7 to 6.8 by addition of a base, for example by means of
      sodium hydroxide solution. After completion of the reaction, the product
      may be filtered off and washed with a buffer solution or a salt solution,
      for example a 1 molar sodium chloride solution.
PAR  An enzyme resin in which the penicillinacylase is bound by covalent bonds
      to a copolymer of tetraethylene glycol dimethacrylate, maleic anhydride
      and, optionally, methacrylic acid, is very particularly preferred for use.
PAR  The reaction according to the invention, for splitting the compounds of the
      formula (II) to give those of the formula (I), may be carried out in a
      diluent. The diluent may be water or a mixture of water and up to 10% of
      an organic solvent, preferably methanol, ethanol, acetone or
      dimethylformamide.
PAR  The reaction is generally carried out at 20.degree. to 45.degree.C,
      preferably 35.degree. to 40.degree.C.
PAR  In carrying out the process according to the invention, the compound of the
      formula (II) may be dissolved in the diluent described above, preferably
      water; preferably, the solution should contain 2 to 20, and especially 4
      to 6, % by weight of the compounds of the formula (II). The solution is
      brought into contact in any desired manner with the enzyme resin. For
      example, the enzyme resin can be suspended in the solution.
PAR  For neutralising the acyl radical split off during the reaction, constant
      monitoring and adjustment of the pH value is very desirable. During the
      reaction, the pH should preferably be kept at 6 to 9, in particular 7.5 to
      8.5. This can be done, if necessary, by adding a suitable base to the
      reaction mixture. An inorganic or organic base can be used for this
      purpose, such as sodium phosphate, alkali metal hydroxides, alkali metal
      carbonates and bicarbonates, ammonia, primary, secondary and tertiary
      aliphatic and aromatic amines and heterocyclic bases. Examples which may
      be mentioned are sodium hydroxide and potassium hydroxide, sodium
      carbonate and potassium carbonate, sodium bicarbonate and potassium
      bicarbonate, ethylamine, methylethylamine, triethylamine, mono-, di- and
      tri-hydroxyethylamine, aniline, pyridine and piperidine. The consumption
      of base indicates both the rate of reaction and the completion of the
      reaction.
PAR  The rate of reaction depends above all on the ratio of the amount of
      available carrier-bound penicillinacylase to the amount of the compound of
      the formula (II) which is employed, and on the specific activity of the
      carrier-bound penicillinacylase which is employed. The specific activity
      of the carrier-bound penicillinacylase is quoted in units/g of moist
      weight. 1 Unit is defined as the penicillinacylase activity which in one
      minute hydrolyzes one micromol of penicillin G to 6-aminopenicillanic acid
      and phenylacetic acid at 37.degree.C and pH 7.8.
PAR  The splitting of 1 kg of 7-phenylacetamido-desacetoxycephalosporanic acid
      within 2 hours requires about 70,000 units of carrier-bound
      penicillinacylase, corresponding to about 1 kg of moist enzyme resin. At a
      concentration of 6%, the reaction volume is 16.6 l. If longer splitting
      times are allowed, correspondingly less carrier-bound penicillinacylase is
      required.
PAR  After completion of the splitting reaction, the penicillinacylase may be
      separated off, for example by filtration or centrifuging, and can
      immediately be employed for a further splitting batch.
PAR  The compound of the formula (I) which is formed may be isolated from the
      clear solution, and this may be done in accordance with generally
      customary procedures. Examples of customary procedures are precipitation
      with inorganic mineral acids, such as hydrochloric acid, sulphuric acid or
      phosphoric acid, or with organic carboxylic acids, such as acetic acid, at
      the isoelectric point, and chromatographic procedures. The precipitated
      product, or product obtained by chromatography, may be washed with a
      suitable solvent, for example butyl acetate or acetone, in order
      completely to remove the radical which has been split off, and may be
      dried in vacuo. This may yield the substantially pure compound of the
      formula (I).
PAR  The compounds of the formula (I) obtainable according to the invention can
      be converted into compounds having antimicrobial activity in accordance
      with methods per se known, for example by acylation at the 7-position
      amino group (see, for example, E. H. Flynn, Cephalosporins and
      Penicillins, Chemistry and Biology, Academic Press, New York, 1972).
PAR  Examples 1-5 below illustrate the process according to the invention;
      Examples A and C illustrate the preparation of a carrier-bound
      penicillinacylase, and Example B illustrates the preparation of a
      penicillinacylase for making a carrier-bound penicillinacylase.
DETD
PAC  EXAMPLE 1
PAR  2 Mmol of the compound of the formula (II) which was to be split were
      dissolved in 20 ml of water (optionally with addition of sodium hydroxide
      solution) at pH 7.5. About 5 g (moist weight) of the enzyme resin
      (prepared as in Example A) were added to the solution which was stirred in
      a vessel thermostatically controlled at 37.degree.C. During the reaction,
      the pH value was kept constant at pH 7.5 by addition of M/10 NaOH by means
      of a pH-stat. The termination of the addition of NaOH indicated the end of
      the reaction. After completion of the reaction, the carrier-bound
      penicillinacylase was filtered off on a glass frit and was rinsed with
      water. The filtrate and wash water were concentrated to 5 ml in vacuo at
      30.degree.C. The concentrated solution was mixed with 5 ml of butyl
      acetate and the cephalosporanic acid was precipitated by adding 5 N HCl
      until the isoelectric point of 3.7 was reached. After the sample had stood
      in a refrigerator for 2-3 hours, the crystalline product was filtered off,
      washed with 10 ml of water and 10 ml of acetone, and dried in vacuo.
PAR  The strength of the products was determined by photometric determination of
      the liberated 7-amino group after reaction with
      p-dimethylaminobenzaldehyde, in a modification of the method of Svotek
      (Czech. Pat. No. 116,959 (1965)).
PAR  The extinction at 415 nm was compared with standard curves for pure
      7-aminocephalosporanic acid and 7-aminodesacetoxy-cephalosporanic acid.
PAR  In addition, the identity of the products was proved by infrared spectra
      and .sup.1 H nuclear resonance spectra and by paper chromatography in a
      butanol:glacial acetic acid:water system (12:3:5).
PAR  The following reactions were carried out in this manner:
PAC  EXAMPLE 1 a
      ##SPC9##
PAL  Starting compound:
PAR  908 mg of 7-(2-thienyl)-acetamido-cephalosporanic acid (sodium salt).
      Duration of reaction: 42 minutes End product: 7-aminocephalosporanic acid.
      Yield: 520 mg (88% of theory), purity: 98%. Rf: 0.27 (no
      desacetyl-7-aminocephalosporanic acid with Rf 0.10).
PAC  EXAMPLE 1 b
      ##SPC10##
PAL  Starting compound:
PAR  866 mg of 7-(2-thienyl)-acetamido-3-pyridiniummethyl-.DELTA..sup.3
      -cephem-4-carboxylate End product:
      7-amino-3-pyridiniummethyl-.DELTA..sup.3 -cephem-4-carboxylate. Reaction
      time: 35 minutes. Rf: 0.05.
PAR  Because of the pyridine ring in the molecule, the product of this reaction
      could not be isolated by precipitation at the isoelectric point. The
      completeness of reaction and identity of the product were demonstrated by
      paper chromatography.
PAC  EXAMPLE 1 c
      ##SPC11##
PAL  Starting compound:
PAR  687 Mg of 7-phenylacetamido-desacetoxycephalosporanic acid.
PAR  Duration of reaction: 27 minutes. End product:
      7-amino-desacetoxy-cephalosporanic acid. Yield: 350 mg (84% of theory),
      purity: 99%. Melting point: 238.degree.-240.degree.C (decomposition).
PAC  EXAMPLE 1 d
      ##SPC12##
PAL  Starting compound: 696 mg of 7-phenoxyacetamido-desacetoxycephalosporanic
      acid. End product: 7-amino-desacetoxy-cephalosporanic acid. Yield: 350 mg
      (82% of theory), purity: 96%. Melting point: 238.degree.-240.degree.C
      (decomposition).
PAC  EXAMPLE 1 e
      ##SPC13##
PAL  Starting compound:
PAR  696 Mg of 7-(.alpha.-amino-phenylacetyl)-desacetoxycephalosporanic acid.
      End product: 7-amino-desacetoxycephalosporanic acid. Yield: 364 mg (85% of
      theory), purity: 98%.
PAC  EXAMPLE 2
      ##SPC14##
PAR  1 Kg of 7-phenylacetamido-desacetoxycephalosporanic acid was dissolved in
      12.5 liters of water and split completely over the course of 2 hours at
      38.degree.C by adding 1 kg of carrier-bound penicillinacylase (according
      to Example A). The pH value was kept constant at 7.5 by continuous
      addition of triethylamine. After completion of the reaction, the
      carrier-bound enzyme was filtered off and washed with 2 liters of water.
      The filtrate and wash water were concentrated to 3 liters in vacuo at
      30.degree. to 40.degree.C. 2 liters of butyl acetate were added and the
      7-amino-desacetoxycephalosporanic acid was precipitated with 5 N
      hydrochloric acid at pH 3.7 .+-. 0.1. After 2 hours, the crystals were
      filtered off, washed with 1 liter of water and 1 liter of acetone and
      dried in vacuo at 40.degree.C.
PAR  Yield: 574 g (89% of theory); purity: 98%.
PAR  The same carrier-bound penicillinacylase was used 25 times in succession in
      the same manner.
PAR  The yield from the 25 splitting reactions averaged 90.3% of theory.
PAC  EXAMPLE 3
      ##SPC15##
PAR  2 G of 7-phenylacetamido-desacetoxycephalosporanic acid (6 mmols) were
      suspended in 190 ml of water and dissolved by adding 1 N potassium
      hydroxide solution until the pH value was 7.8. The mixture was warmed to
      37.degree.C and 3.2 g of the enzyme resin prepared according to Example A
      were added. The pH value was kept at 7.8 .+-. 0.3 during the splitting
      reaction by adding triethylamine. The reaction was complete after 11/2
      hours. The enzyme resin was filtered off and washed with water, and the
      filtrate was concentrated to a quarter of its volume in vacuo at
      50.degree.C. After adding 160 ml of methyl isobutyl ketone, the pH of the
      mixture was adjusted to 4.3 with dilute hydrochloric acid and the
      7-amino-desacetoxycephalosporanic acid which had crystallized out was
      filtered off after standing for 1 hour and was washed with a little
      water/methyl isobutyl ketone.
PAR  Yield: 1.01 g (78.8% of theory).  Melting point: 238.degree.-240.degree.C
      (decomposition).
PAC  EXAMPLE 4
      ##SPC16##
PAR  500 g of 7-phenylacetamido-desacetoxycephalosporanic acid were dissolved in
      8.3 liters of water and split completely over the course of 4 hours at
      38.degree.C, by addition of 220 g of carrier-bound penicillinacylase
      (according to Example C), analogously to Example 2; the
      7-amino-desacetoxycephalosporanic acid formed was precipitated and dried.
PAR  Yield: 294 g (91% of theory); purity 97%.
PAR  25 splitting reactions were carried out in the same manner with the same
      carrier-bound penicillinacylase. The average yield from 25 splitting
      reactions was 90.5%.
PAC  EXAMPLE 5
      ##SPC17##
PAR  500 g of 7-phenoxyacetamido-desacetoxycephalosporanic acid were dissolved
      in 8.3 liters of water and reacted with 1.1 kg of carrier-bound
      penicillinacylase (according to Example C) at 38.degree.C until the
      splitting was complete. After the uptake of triethylamine had ceased, the
      mixture was worked up as in Example 2.
PAR  Yield: 265 g of 7-amino-desacetoxycephalosporanic acid (86% of theory);
      purity 98%.
PAC  EXAMPLE A
PAR  80 g of tetraethylene glycol dimethacrylate, 20 g of maleic anhydride and 1
      g of azoisobutyric acid dinitrile were dissolved in 1 liter of benzene and
      the solution was warmed to 60.degree.C for 4 hours, while stirring. 1 g of
      azoisobutyric acid dinitrile and 200 ml of petroleum ether (boiling point
      100.degree.-140.degree.C) were then added and the mixture was polymerised
      for a further 5 hours at 70.degree.C. The pulverulent product was filtered
      off, suspended once in benzene and three times in petroleum ether (boiling
      point 30.degree.-50.degree.C) and dried in vacuo.
PAR  Yield: 94 g.  Bulk volume: 3.5 ml/g.  Swelling volume in water: 4.7 ml/g.
      Specific surface area: 5 m.sup.2 /g.  Acid content after saponification of
      the anhydride groups: 3.5 milliequivalents/g.
PAR  100 G of the carrier resin thus prepared were suspended in 3.5 liters of an
      aqueous solution of 48,000 units of penicillinacylase (specific activity
      12 U/mg of protein (biuret test)). The pH value was kept constant at 6.3
      by addition of 1 N sodium hydroxide solution while stirring the suspension
      for 20 hours at 25.degree.C. The resin was then filtered off on a large
      glass frit and washed with 5 liters of 0.05 M phosphate buffer of pH 7.5,
      containing 1 M sodium chloride, and subsequently with 5 liters of the same
      buffer without sodium chloride.
PAL  Product: 500 g of moist enzyme resin of specific activity 58 U/g,
      representing 29,000 units of carrier-bound penicillinacylase = 60% of
      theory.
PAC  EXAMPLE B
PAR  a. A crude extract which contained penicillinacylase was obtained by
      culturing Escherichia coli in accordance with the process described in
      German Patent No. 1,111,778, concentrating the culture to a sludge by
      centrifuging and breaking open the cells in accordance with known
      mechanical processes, with addition of 3% of methyl isobutyl ketone.
PAR  b. 610 Liters of a crude extract thus obtained, containing 5.2 .times.
      10.sup.6 U, were diluted to 2,100 liters with deionised water, adjusted to
      pH 5.0 with sulphuric acid and centrifuged. The clear supernatant liquid
      contained 5.7 .times. 10.sup.6 U of specific activity 1.7 U/mg. 13.8 kg of
      bentonite (type B II, Messrs. Erbsloh) were stirred in while readjusting
      the pH to 5.0, and after 30 minutes the bentonite was separated off in a
      continuous-flow centrifuge; it was then eluted with 90 liters of 0.5 M
      sodium acetate solution of pH 8.0, and filtered off. 92.5 liters,
      containing 4.5 .times. 10.sup.6 U (86% of theory) and having a specific
      penicillinacylase activity of 6.5 U/mg, were obtained.
PAC  EXAMPLE C
PAR  60 G of tetraethylene glycol dimethacrylate, 30 g of methacrylic acid, 10 g
      of maleic anhydride and 1 g of azoisobutyric acid dinitrile were dissolved
      in 300 ml of acetonitrile. This solution was suspended in 1 liter of
      benzine (boiling point 100.degree.-140.degree.C) which contained 5 g of a
      mixture of glycerol mono-oleate and glycerol dioleate and polymerization
      was carried out for 22 hours at 60.degree.C.
PAR  The polymer beads were filtered off, suspended three times in benzene and
      twice in petroleum ether (boiling point 30.degree.-50.degree.C) and dried
      in vacuo.
PAR  Yield: 94 g.  Bulk volume: 44 ml/g.  Swelling volume in water: 5.5 ml/g.
      Specific surface area: 6.6 m.sup.2 /g.  Acid content after saponification
      of the anhydride groups:  4.3 milliequivalents/g.
PAR  100 g of the polymer thus prepared were reacted with 51,000 units of
      penicillinacylase (specific activity 4.5 U/mg of protein), as in Example
      A.
PAR  Product: 480 g of moist enzyme resin of specific activity 69 U/g,
      representing 33,000 units of carrier-bound penicillinacylase = 65% of
      theory.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of a compound of the formula:
      ##SPC18##
PAL  wherein:
PA1  R is hydrogen; hydroxy; amino; cyano; --O--CO--NH.sub.2 ;
      ##EQU3##
      wherein n is an integer from 4 to 6; --O--CO--R.sup.1 ; --NH--CO--R.sup.1
      or --S--CS--O--R.sup.1 wherein R.sup.1 is alkyl of 1 to 4 carbon atoms;
      -S-Het or Het wherein Het is a 5- or 6-membered hetero-aromatic ring
      unsubstituted or substituted by 1 to 3 alkyl moieties of 1 to 3 carbon
      atoms or said ring having a positive charge; and
PA1  X is hydrogen; or, is a negative charge if R has a positive charge,
PAL  which comprises reacting a compound of the formula:
      ##SPC19##
PAL  or a salt thereof with an inorganic or organic base,
PAL  wherein:
PA1  R and X are as above defined;
PA1  R.sup.2 is phenyl, phenoxy, 2-thienyl or 2-furyl, unsubstituted or
      substituted in the ring by amino, hydroxy or alkyl of 1 to 3 carbon atoms;
      and
PA1  R.sup.3 is hydrogen, amino, hydroxy or alkyl of 1 to 3 carbon atoms,
PAL  with penicillinacylase which is bound by covalent bonds to a
      water-insoluble carrier.
NUM  2.
PAR  2. A process according to claim 1 wherein
PA1  R.sup.1 is alkyl of 1 or 2 carbon atoms;
PA1  n is 4 or 5;
PA1  said hetero-aromatic ring contains from 1 to 3 of the same or different
      hetero-atoms selected from the group consisting of oxygen, sulfur and
      nitrogen, the alkyl substituent on said hetero-aromatic ring is of 1 or 2
      carbon atoms and the alkyl substituent on the phenyl, phenoxy, 2-thienyl
      or 2-furyl substituent is of 1 or 2 carbon atoms.
NUM  3.
PAR  3. A process according to claim 1 wherein
PA1  R, r.sup.3 and X are each hydrogen; and
PA1  R.sup.2 is phenyl or phenoxy; or
PA1  R is --O--CO--CH.sub.3 ;
PA1  R.sup.3 and X are each hydrogen; and
PA1  R.sup.2 is phenyl or phenoxy.
NUM  4.
PAR  4. A process according to claim 1 wherein
PA1  R is hydrogen, --O--CO--CH.sub.3 ; or
      ##SPC20##
PA1  R.sup.2 is phenyl, phenoxy or thienyl;
PA1  R.sup.3 is hydrogen or amino; and
PA1  X is hydrogen or a negative charge.
NUM  5.
PAR  5. A process according to claim 1 wherein
PA1  R is hydrogen or --O--CO--CH.sub.3 ;
PA1  R.sup.2 is phenyl or phenoxy;
PA1  R.sup.3 is hydrogen; and
PA1  X is hydrogen.
NUM  6.
PAR  6. A process according to claim 1 wherein
PA1  R is hydrogen, --O--CO--CH.sub.3, or
      ##SPC21##
PA1  R.sup.2 is phenyl, phenoxy or thienyl;
PA1  R.sup.3 is hydrogen or amino; and
PA1  X is hydrogen or a negative charge.
NUM  7.
PAR  7. A process according to claim 1 wherein the penicillinacylase is bound to
      cross-linked polymers which consist essentially of copolymeric units
      comprising:
PA1  a. 0.1 to 50% by weight of .alpha.-.beta.-mono-olefinically unsaturated
      dicarboxylic anhydrides of 4 to 9 carbon atoms; and
PA1  b. 99.9 to 50% by weight of at least one member selected from the group
      consisting of diacrylates, polyacrylates, dimethacrylates and
      polymethacrylates.
NUM  8.
PAR  8. A process according to claim 7 wherein the penicillinacylase is bound to
      copolymers which consist essentially of cross-linked polymers wherein the
      copolymerized units comprise:
PA1  a. 0.1 to 30% by weight of .alpha.-.beta.-mono-olefinically unsaturated
      dicarboxylic acid anhydrides of 4 to 9 carbon atoms;
PA1  b. 35 to 90% by weight of at least one member selected from the group
      consisting of diacrylates, polyacrylates, dimethacrylates and
      polyacrylates; and
PA1  c. 5 to 60% by weight of at least one hydrophilic monomer other than those
      set forth in (b) above.
NUM  9.
PAR  9. A process according to claim 1 wherein the penicillinacylase is obtained
      from E. coli.
NUM  10.
PAR  10. A process according to claim 9 wherein the E. coli is ATCC 11,105.
NUM  11.
PAR  11. A process according to claim 1 for the production of
      7-aminocephalosporanic acid which comprises reacting the sodium salt of
      7-(2-thienyl)-acetamido-cephalosporanic acid with penicillinacylase
      obtained from E. coli bound by covalent bonds to a water-insoluble carrier
      comprising tetraethylene glycol dimethacrylate and maleic anhydride.
NUM  12.
PAR  12. A process according to claim 1 for the production of
      7-amino-3-pyridiniummethyl-.DELTA..sup.3 -cephem-4-carboxylate which
      comprises reacting
      7-(2-thienyl)-acetamido-3-pyridiniummethyl-.DELTA..sup.3
      -cephem-4-carboxylate with penicillinacylase obtained from E. coli bound
      by covalent bonds to a water-insoluble carrier comprising tetraethylene
      glycol dimethacrylate and maleic anhydride.
NUM  13.
PAR  13. A process according to claim 1 for the production of
      7-amino-desacetoxy-cephalosporanic acid which comprises reacting
      7-phenylacetamido-desacetoxy-cephalosporanic acid with penicillinacylase
      obtained from E. coli bound by covalent bonds to a water-insoluble carrier
      comprising tetraethylene glycol dimethacrylate and maleic anhydride.
NUM  14.
PAR  14. A process according to claim 1 for the production of
      7-amino-desacetoxy-cephalosporanic acid which comprises reacting
      7-phenoxyacetamido-desacetoxy-cephalosporanic acid with penicillinacylase
      obtained from E. coli bound by covalent bonds to a water-insoluble carrier
      comprising tetraethylene glycol dimethacrylate and maleic anhydride.
NUM  15.
PAR  15. A process according to claim 1 for the production of
      7-amino-desacetoxy-cephalosporanic acid which comprises reacting
      7-(.alpha.-amino-phenylacetyl)-desacetoxy-cephalosporanic acid with
      penicillinacylase obtained from E. coli bound by covalent bonds to a
      water-insoluble carrier comprising tetraethylene glycol dimethacrylate and
      maleic anhydride.
NUM  16.
PAR  16. A process according to claim 1 for the production of
      7-amino-desacetoxy-cephalosporanic acid which comprises reacting
      7-phenylacetamido-desacetoxy-cephalosporanic acid with penicillinacylase
      obtained from E. coli bound by covalent bonds to a water-insoluble carrier
      which comprises tetramethylene glycol dimethacrylate, methacrylic acid and
      maleic anhydride.
NUM  17.
PAR  17. A process according to claim 1 for the production of
      7-amino-desacetoxy-cephalosporanic acid which comprises reacting
      7-phenoxyacetamido-desacetoxy-cephalosporanic acid with penicillinacylase
      obtained from E. coli bound by covalent bonds to a water-insoluble carrier
      which comprises tetramethylene glycol dimethacrylate, methacrylic acid and
      maleic anhydride.
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ABST
PAL  A method of immobilizing an enzyme is presented which comprises (1)
      providing an active support member which is capable of reacting with an
      enzyme to thereby cause the enzyme to become chemically bonded thereto and
      (2) contacting the active support member with an enzyme-substrate complex
      which has been formed by mixing together an enzyme and a specific
      substrate while minimizing the transformation of the substrate to product,
      whereby the enzyme component of the enzyme-substrate complex becomes
      chemically bonded to the support member. Subsequently, the substrate is
      removed from the enzyme-substrate complex by conventional means, such as
      water washing, thereby leaving the active enzyme chemically bonded to the
      support member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved method of immobilizing enzymes. More
      specifically, it concerns a method of immobilizing enzymes by a technique
      which includes the formation of an enzyme-substrate complex, the bonding
      of the enzyme portion of the enzyme-substrate complex to an active support
      member, and the subsequent removal of the substrate from the so-bonded
      enzyme.
PAC  PRIOR ART
PAR  Many chemical reactions, especially those occurring in living organisms,
      are accelerated by enzymes. Generally, the reaction catalyzed by an enzyme
      would proceed with extreme slowness in the absence of the enzyme. In other
      words, an enzyme is a chemical substance which is capable oof accelerating
      certain chemical reactions. In the art, those substances which undergo a
      chemical reaction due to the catalytic action of an enzyme are called
      substrates.
PAR  In many commercial processes where enzymes are employed, the enzyme is not
      recoverable due to the fact that it is either removed with the desired
      product or lost in a subsequent cleaning or purification operation. In
      order to overcome this difficulty, it has become well known in the art to
      chemically bond the enzyme to an insoluble support member so that it is
      not lost during the concerned process. Various support members for bonding
      enzymes thereto are well known in the art. In fact, the art is replete
      with various techniques for bonding a given enzyme to a support member. In
      general, such techniques simply require that the desired enzyme be brought
      into contact with an active support member. While such prior art
      immobilizing techniques result in a more efficient utilization of the
      concerned enzyme they are generally characterized by certain inherent
      inefficiencies. For example, generally, the so-bonded enzyme exhibits a
      significantly reduced degree of activity. In addition, often times the
      enzyme is substantially damaged during the bonding procedure which,
      obviously, results in either an ineffective enzyme or one which exhibits a
      significantly reduced degree of activity.
PAR  Accordingly, it is the primary object of the instant invention to provide a
      method for immobilizing an enzyme by chemically bonding it to a suitable
      support member in such a manner that the bonded enzyme exhibits a higher
      degree of activity than it would have exhibited had it been bonded to the
      support member by conventional techniques.
PAR  An additional object of the instant invention is to provide a method of
      immobilizing an enzyme by bonding it to a support member without
      significantly damaging the enzyme during the bonding or immobilizing
      procedure.
PAR  Additional objects of the invention will become apparent to those skilled
      in the art from a reading of the subject application and appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  A method of immobilizing an enzyme is provided which comprises providing an
      active support member which is capable of reacting with an enzyme to
      thereby cause the enzyme to become chemically bonded thereto and then
      contacting the active support member with an enzyme-substrate complex
      which has been formed by mixing together an enzyme and a specific
      substrate while minimizing the transformation of the substrate to product,
      whereby the enzyme component of the enzyme-substrate complex becomes
      chemically bonded to the support member. Subsequently, if desired, the
      substrate is removed from the enzyme-substrate complex by conventional
      means, such as water washing, with the resultant product being an active
      enzyme which is chemically bonded to the support member.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  In the preferred practice of the invention an enzyme is immobilized by a
      method which includes (1) providing an active support member which is
      capable of reacting with the enzyme thereby causing the enzyme to become
      chemically bonded thereto, (2) mixing together an enzyme and a specific
      substrate to form an enzyme-substrate complex while minimizing the
      transformation of the substrate to product, (3) contacting the active
      support member with the enzyme-substrate complex whereby the enzyme
      component of the enzyme-substrate complex becomes chemically bonded to the
      support member, and (4) removing the substrate from the enzyme-substrate
      complex by conventional means, such as water washing.
PAR  The above set forth procedure results in commercially useable structure
      which consists of a support member having chemically bonded thereto an
      active enzyme.
PAR  As used herein the term "substrate" means a substance which undergoes a
      chemical reaction due to the catalytic action of an enzyme. Likewise, as
      used herein the term "specific substrate" means a substrate which is a
      good substrate for a given enzyme.
PAR  In addition, as used herein the term "enzyme-substrate complex" means the
      intermediate which is formed when an enzyme and substrate interact.
PAR  The practice of the instant invention can be best understood from a reading
      of the following detailed example.
PAC  EXAMPLE
PAR  An arylamine derivative of porous glass (550A, Corning Glass Works) was
      provided as the insoluble support member. The support member was activated
      by treatment with a HCl-NaNO.sub.2 solution at 0.degree. C. to convert the
      amine to a diazo structure; this process is described in detail in an
      article by the inventor and author entitled "Immobilized Pronase"
      published in Biochemical and Biophysical Research Communication, Vol. 44,
      No. 2, July, 1971 and to the extent necessary for understanding this
      invention the article is incorporated herein by reference. The insoluble
      support member consisted of a plurality of glass beads. The enzyme
      employed was trypsin (Lot TRL2DA from Worthington Biochemical
      Corporation). The substrate utilized was N-.alpha.-benzoyl-L-arginine
      ethyl ester. The enzyme containing solution was buffered by the use of
      0.05 M Tris, pH 8.0, containing 25 mM CaCl.sub.2. The enzyme solution (200
      ml, 1 mg per ml) and substrate solution (200 ml, 10.sup.-.sup.2 M) were
      placed in separate gradient bottles connected by a T-tube. The remaining
      opening of the T was connected to a column containing the activated glass
      beads. The solutions were mixed and pulled through the column by a
      peristaltic pump. The flow rate was 5 ml per min and the column contained
      1 g of activated glass. A temperature range of about 0.degree. to
      4.degree. C. was chosen to minimize depletion of substrate and take
      advantage of the negative enthalpy change for substrate binding. The
      resultant product, i.e., the chemically bonded (to the support)
      enzyme-substrate complex, was then subjected to a water washing treatment
      whereby the substrate material was removed therefrom. The activity of the
      so-produced immobilized enzyme was about 15 percent.
PAR  While washing with water is listed as the preferred material, it will be
      well known to those having ordinary skill in the art that other relatively
      inert washing fluids may be used. Subsequently, for the purpose of
      comparison, unmodified trypsin was immobilized by chemically binding it to
      a similar type of insoluble support material by conventional means. The
      activity of the enzyme bonded to the support member without substrate was
      about 10 percent.
PAR  From a review of the foregoing data, it is observed that a given enzyme
      bonded to a support in the presence of a substrate evidenced an activity
      which was approximately 50 percent greater than that exhibited by a
      similar enzyme which was bonded to a similar support without any substrate
      material being present. In addition, further tests showed that enzyme
      bonded to a support member in the presence of a substrate according to the
      teaching of the instant invention exhibited a lesser degree of selectivity
      than the same enzyme which was bonded to a support member in the absence
      of a substrate; in other words, the enzyme would act on a greater number
      of chemical species than the enzyme bound without substrate.
PAR  The support member used in the practice of the instant invention can be any
      material capable of reacting with an enzyme so as to cause the enzyme to
      become chemically bonded thereto. Among those organic support materials
      suitable for the practice of the instant invention are carbohydrates,
      vinyl polymers, amino acid polymers, derivatives of amino acid polymers,
      nylon, polystyrene structures, and phenol-formaldehyde resins. In
      addition, among those inorganic supports suitable for the practice of the
      instant invention are porous glass (arylamine derivatives of porous
      glass), nickel screen, and alumina-silicate structures. Certain of the
      foregoing support materials are active in and of themselves and do not
      require an activation treatment. However, others require activation
      treatments which are well known in the art and accordingly will not be
      discussed herein. The foregoing list of suitable supports is not exclusive
      and is only set forth herein by way of example.
PAR  The preferred support for the practice of the instant invention is
      arylamine porous glass. The method of rendering such a product active is
      discussed hereinabove and will not now be discussed in detail.
PAR  While the instant invention has been described with relation to the use of
      trypsin as the enzyme to be immobilized, it will be appreciated by those
      in the art that the instant invention is applicable to other enzymes which
      are chemically bondable to various support members.
PAR  Likewise, while the instant invention has been described in particularity
      with regard to the use of N-.alpha.-benzoyl-L-arginine ethyl ester, as the
      substrate, it will be readily appreciated by those skilled in the art that
      other substrate materials may be utilized in the practice of the instant
      invention.
PAR  As pointed out hereinbefore, it is critical to the practice of the instant
      invention that an enzyme-substrate complex be formed in a manner such that
      a minimum amount of transformation of the substrate to product occurs. A
      specific means of accomplishing this is set forth in the above detailed
      description of the practice of the invention.
PAR  It will be apparent that the formation of the enzyme-substrate complex
      should be accomplished under optimum conditions. For example, it is well
      known that a given enzyme will interact most efficiently with a given
      substrate at a certain critical pH. Accordingly, when mixing the enzyme
      solution with the substrate solution pH should be properly regulated.
PAR  In addition, it is to be noted that when forming the enzyme-substrate
      complex, the enzyme must be saturated with the substrate in order to
      realize the maximum advantages afforded by the practice of the invention.
      The invention will operate as indicated where the substrate is not present
      at saturating concentrations however, the degree of operability will be
      reduced with less than saturating concentrations.
PAR  It will be appreciated by those skilled in the art that other techniques of
      mixing the enzyme and substrate together while minimizing the
      transformation of the substrate to product can be utilized in the practice
      of the instant invention.
PAR  Immobilized enzymes produced according to the teachings of the instant
      invention find application in such processes as cheese making, beer chill
      proofing and starch hydrolysis.
PAR  While there have been described what are at present considered to be the
      preferred embodiments of this invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the spirit and scope of the invention as
      hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of immobilizing an enzyme comprising:
PA1  providing an activated support member which is capable of reacting with an
      enzyme to cause said enzyme to become chemically bonded thereto;
PA1  in sequence, (1) mixing an enzyme and a substrate and thereby forming an
      enzyme-substrate complex and (2) contacting said activated support member
      with the enzyme-substrate complex, said support member being maintained in
      activated condition prior to contact with the complex by preventing its
      contact with reactive materials, whereby said enzyme moiety of said
      enzyme-substrate complex becomes chemically bonded to said support member.
NUM  2.
PAR  2. The method of claim 1 wherein after said enzyme of said enzyme-substrate
      complex is chemically bonded to said support member said substrate is
      removed from said enzyme-substrate complex.
NUM  3.
PAR  3. The method of claim 2 wherein said substrate is removed by subjecting
      said enzyme-substrate complex to a washing treatment.
NUM  4.
PAR  4. The method of claim 1 wherein said support member is selected from the
      group consisting of carbohydrates, vinyl polymers, amino acid polymers,
      derivatives of amino acid polymers, nylon, polystyrene,
      phenol-formaldehyde resins, and mixtures thereof.
NUM  5.
PAR  5. The method of claim 1 wherein said support member is selected from the
      group consisting of porous glass, nickel screen and alumina-silicate
      structures.
NUM  6.
PAR  6. The method of claim 5 wherein said support member is an arylamine
      derivative of porous glass.
NUM  7.
PAR  7. The method of claim 6 wherein said arylamine derivative of porous glass
      is obtained by reacting an arylamine containing glass with a
      HCl-NaNO.sub.2 solution.
NUM  8.
PAR  8. The method of claim 1 wherein said support member comprises a plurality
      of glass beads.
NUM  9.
PAR  9. The method of claim 1 wherein said enzyme-substrate complex is formed by
      mixing together said enzyme and said substrate in such a manner that said
      enzyme is saturated with said substrate.
NUM  10.
PAR  10. The method of claim 1 wherein after said enzyme of said
      enzyme-substrate complex is chemically bonded to said support member said
      substrate is removed from said enzyme-substrate complex.
NUM  11.
PAR  11. The method of claim 10 wherein said substrate is removed by subjecting
      said enzyme-substrate complex to a washing treatment.
NUM  12.
PAR  12. A method for immobilizing an enzyme by bonding to an active solid
      support member, which consists essentially of
PA1  premixing an enzyme with an effective amount of a solution of
      enzyme-complexing substrate material to obtain an enzyme-substrate complex
      premixture;
PA1  contacting the premixture with an active solid support member to effect
      reaction of the enzyme with the support member; said support member being
      maintained in activated condition prior to contact with the complex by
      preventing its contact with reactive materials; and
PA1  removing the substrate material with an inert liquid to obtain a bonded
      enzyme having substantially greater enzymic activity than directly bonded
      enzyme.
NUM  13.
PAR  13. The method of claim 12 wherein the solid support member comprises
      porous glass treated to provide a diazo structure, the enzyme consists
      essentially of trypsin, the complexing substrate consists essentially of
      N-.alpha.-benzoyl-L-arginine ethyl ester, and wherein the enzyme-substrate
      complex premixture is contacted with the solid support member at about
      0.degree. to 4.degree.C.
NUM  14.
PAR  14. An immobilized enzyme made according to the method of claim 12.
NUM  15.
PAR  15. An immobilized enzyme made according to the method of claim 13.
NUM  16.
PAR  16. The method of claim 12 wherein the amount of substrate is sufficient to
      substantially saturate the enzyme in the complex premixture.
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ABST
PAL  Enzymes can be coupled chemically to various water-insoluble inorganic
      carriers by reacting the carriers with 4,4'-bi(methoxybenzenediazonium
      chloride) to form a surface of diazo groups which are subsequently reacted
      with an enzyme solution to immobilize the enzymes. In preferred
      embodiments, the inorganic carriers are highly porous, have an average
      pore size of less than about 1000 A, and consist of 4-200 mesh porous
      particles of materials selected from the group consisting of glass,
      silica, alumina, and mixtures of silica and alumina.
BSUM
PAC  BACKGROUND
PAR  1. Field
PAR  This invention is concerned generally with the immobilization of enzymes
      onto water-insoluble carrier materials and specifically with the covalent
      bonding of enzymes to high surface area, porous inorganic support
      materials in such a manner that the immobilized enzymes demonstrate
      retention of enzymatic activity and stability.
PAR  2. Prior Art
PAR  The desirability of fixing active enzymes on essentially water-insoluble
      support materials to form readily removable and reusable composites is
      well recognized. Since enzymes are highly specific in promoting certain
      chemical reactions, their use, especially in immobilized and hence,
      reusable form, has very practical appeal in laboratory and industrial
      applications.
PAR  Enzymes have been attached by a variety of methods to numerous
      water-insoluble support materials, both organic and, more recently,
      inorganic materials. Methods for immobilizing enzymes on various inorganic
      materials are described in U.S. Pat. No. 3,556,945 (adsorption on
      siliceous materials). In U.S. Pat. No. 3,519,538, there are disclosed
      methods for covalently bonding enzymes to numerous inorganic carriers via
      intermediate silane coupling agents. Methods of bonding enzymes to porous
      inorganic carriers having an average pore diameter range which maximizes
      enzyme loading and half life are described in patent applications Ser. No.
      332,807, now U.S. Pat. No. 3,850,751, and Ser. No. 332,804, now U.S. Pat.
      No. 3,841,971, respectively entitled "Enzymes Immobilized on Porous
      Inorganic Support Materials" and "Synergistic Enzymes Adsorbed Within
      Porous Inorganic Carriers". Both of the above applications were filed on
      Feb. 16, 1973 in the name of R. A. Messing and are assigned to the present
      assignee. In U.S. patent application Ser. No. 454,140, filed on Mar. 25,
      1974, in the name of R. A. Messing, entitled "Method of Immobilizing
      Urease on Porous Titania", and assigned to the present assignee, methods
      of pretreating porous titania with stannous ions to maximize loading and
      half-life of the urease are disclosed.
PAR  Although the above disclosures show both the adsorption and chemical
      coupling of enzymes to inorganic support materials, it can be appreciated
      that there exist various advantages and disadvantages with each system.
      For example, as a general rule, adsorbed enzyme systems are relatively
      inexpensive to prepare and use. On the other hand, adsorbed enzymes are
      fixed to the carrier by relatively weak bonds and, hence, can detach
      relatively easy. One method for minimizing such detachment, as shown in
      Ser. No. 332,807, involves using porous inorganic carriers having an
      average pore diameter which is very small, e.g., less than 1000 A, very
      preferably, less than about 500 A.
PAR  In the case of enzymes coupled chemically to inorganic carriers via
      covalent bonds (e.g. U.S. Pat. No. 3,519,538, disclosing the use of an
      intermediate silane coupling agent), the enzymes are fixed to the surface
      relatively firmly. On the other hand, such chemically coupled enzyme
      systems are relatively time consuming and expensive to prepare and use.
PAR  I have now prepared an immobilized enzyme system using inorganic carriers
      which has many of the advantages of past systems with minimal
      disadvantages in that the enzymes are chemically coupled to the inorganic
      carrier but in a relatively simple and economical manner. The immobilized
      enzyme composites and methods for preparing them are described in detail
      below.
PAC  SUMMARY OF THE INVENTION
PAR  My method of preparing immobilized enzyme composites comprises the steps of
      reacting a high surface area, porous, essentially water-insoluble
      inorganic carrier material with a solution of 4,4'-bi
      (2-methoxybenzenediazonium chloride), or BMBD, to form on the inorganic
      surface active diazo groups and then reacting the treated carrier with an
      aqueous enzyme solution to chemically couple the enzyme through the BMBD
      residue to the carrier. In preferred embodiments, the inorganic carrier
      material consists of porous inorganic particles having an average pore
      diameter at least as large as the larger of the enzyme or its substrate
      but less than about 1000 A, and a mesh size between about 4 and 200 mesh,
      U.S. Standard Sieve, the individual particles consisting of either porous
      glass or agglomerated metal oxide particles selected from the group
      consisting of SiO.sub.2, Al.sub.2 O.sub.3, and mixtures thereof.
PAC  SPECIFIC EMBODIMENTS
PAR  The carriers found useful for preparing the composites are known and
      described, for example, in Ser. No. 332,807, cited above. Very broadly
      porous SiO.sub.2, porous Al.sub.2 O.sub.3, or mixtures thereof having an
      average pore diameter of less than about 1000 A, preferably less than
      about 500 A, can be made by agglomerating the respective metal oxide
      particles having an average particle size about equal to the desired
      average pore diameter and then firing the agglomerated particles to a
      temperature range of about 500.degree.C to about 600.degree.C for about 1
      to 3 hours. Illustrative examples for forming such porous bodies can be
      found in co-pending patent application Ser. No. 344,964, entitled "Method
      of Making Porous Inorganic Bodies", filed on Mar. 26, 1973 in the name of
      R. A. Messing and assigned to the present assignee. It should be stressed,
      however, that such porous bodies can be formed by other methods known in
      the art. For example a xerogel consisting of metal oxide particles of less
      than 1000 A particle size can be formed and then dried to remove water and
      fired to a temperature just below sintering temperature for a few hours.
PAR  Porous glass is well known and commercially available. Examples of how to
      form porous glass can be found, for example, in U.S. Pat. No. 2,106,744,
      U.S. Pat. No. 2,315,329, and U.S. Pat. No. 3,549,524.
PAR  For some industrial applications, it is desirable to use immobilized enzyme
      composites which include a carrier in particulate form, especially for
      continuous flow-through enzymatic processes. As pointed out in Ser. No.
      332,807, for such operations, a preferred average particle size of the
      porous inorganic carriers is between about 4 and 200 mesh, U.S. Standard
      Sieve, preferably between about 25 and 80 mesh. The particles should be at
      least larger than 200 mesh to facilitate handling and to avoid large
      pressure drops in, for example, flow-through columns. The particle size
      should not exceed about 4 mesh to assure adequate diffusion of coupling
      agent, enzymes, and substrate through the particles to utilize the largely
      internal surface area which is preferably at least 5 m.sup.2 /g. Various
      porous particle mesh sizes within the above ranges can be achieved by
      conventional spray drying and/or milling and sorting techniques.
PAR  As disclosed in Ser. No. 332,807, a very efficient immobilized enzyme
      composite results when the average pore size of the porous inorganic
      carrier is less than about 1000 A and preferably less than about 500 A.
      Ideally, the average pore size of a given inorganic carrier is related to
      the anticipated enzyme and/or substrate size. For example, if an enzyme
      substrate is considerably smaller than the enzyme itself, the average
      carrier pore size need only be at least as large as the enzyme size and
      less than about 1000 A. However, if the substrate is larger than the
      enzyme, as in the case of various proteins upon which certain relatively
      small protease enzymes act, then the average pore size should be at least
      large enough to permit diffusion of the substrate within the pores to the
      internally attached enzymes. The upper limit of an average pore diameter
      of about 1000 A is determined by at least two factors. Firstly, to assure
      a minimum surface area of at least about 5 m.sup.2 /g, the average pore
      size should not exceed about 1000 A. Secondly, by limiting the pore size
      to about 1000 A, the immobilized enzymes are afforded some degree of
      protection from detachment, especially in a flow-through pressurized
      environment, since the small and rigid pores minimize the effect of
      turbulent forces against an enzyme fixed within the small pores.
PAR  In the examples below, the average pore sizes of the carriers were, in most
      cases, directly related to the size of the anticipated enzyme to be
      immobilized within the pores or the size of the anticipated substrate,
      whichever was larger. For example, in the cases of immobilized papain (48
      A) and immobilized alkaline Bacillus subtilis protease (42 A), the average
      pore sizes of the carriers were such that they would permit internal
      diffusion of the somewhat larger substrate, casein (about 100 A), e.g.
      about 550 A average pore diameter. In the case of immobilized glucose
      isomerase (about 75-100 A), however, which acts on the relatively small
      glucose molecule to isomerize it to fructose, an average pore size of 270
      A was found useful. As a general rule, I have found that the average pore
      size of a carrier should be as small as possible, at least as large as the
      enzyme and/or its substrate, whichever is larger and between about 100 A
      and 1000 A.
PAR  As shown in the examples, the porous inorganic carrier need not consist of
      only one metal oxide. Mixed metal oxide carriers (e.g., SiO.sub.2
      -Al.sub.2 O.sub.3) can be readily prepared by simply agglomerating
      mixtures of metal oxide particles having an average particle size
      approximately, or averaging, the desired average pore size.
PAR  In the examples below, the various immobilized enzyme composites were
      prepared by reacting a solution of the BMBD with the individual amounts of
      porous carrier to form a carrier surface of available diazo groups. The
      treated carriers are then reacted with the enzyme solutions to couple, via
      azo-linkages, the enzymes to the carriers. The enzymes need only have
      functional groups capable of reacting with the available surface azo
      groups (e.g. available -NH.sub.2 or tyrosine residue groups on the enzyme
      molecules).
PAR  By choosing BMBD as the bifunctional diazonium salt, the residue of which
      acts as an intermediate coupling agent, a relatively broad range of
      solvents are available and a simple immobilization procedure is provided.
      Further, by avoiding such other bifunctional compounds as tetrazotized
      benzidine, it is thought that a relatively safe compound can be used in
      the coupling procedure since, to date, BMBD is considered relatively safe
      to use in most laboratories (cf. tetrazotized benzidine).
PAR  The reaction of the BMBD solution with the essentially water-insoluble
      inorganic carriers is thought to take place through available surface
      hydroxyl groups of the respective carriers according to the following
      illustrative reaction where silica or porous glass is used as the carrier:
      ##SPC1##
PAL  After the BMBD reacts with the inorganic surface, the remaining ClN = N -
      group of the BMBD residue is available for subsequent reaction with
      reactive sites on the enzyme molecules.
PAR  In the following examples, the various reactants and reaction conditions
      are described in detail. In Example I, a control composite was prepared by
      using the same enzyme and carrier and adsorbing the enzyme to the internal
      surface of the carriers. The control composites provided a basis for
      comparing the overall utility of the coupling method in which the BMBD was
      used. Unless otherwise indicated, all composites were assayed for
      enzymatic activity using standard reagents and conventional assay
      techniques.
DETD
PAC  EXAMPLE I
PAC  Alkaline Bacillus Subtilis Protease Coupled to Porous Silica
PAR  In this example, the porous inorganic carrier consisted of 60-100 mesh
      porous SiO.sub.2 particles having a surface area of about 50 m.sup.2 /g, a
      pore volume of 0.8 cc/g and an average pore diameter of about 510 A with a
      maximum pore size of 680 A and a minimum pore size of 350 A.
PAR  The solution of 4,4'-bi(2 methoxybenzenediazonium chloride) was a 0.01%
      aqueous solution prepared by transferring 1 mg of the BMBD salt to a 10 ml
      cylinder, diluting to the 10 ml mark with distilled water and then
      sonicating the slurry at room temperature in an ultrasonic bath until the
      salt was dissolved (about 5 minutes).
PAR  The alkaline Bacillus subtilis protease was that supplied under the trade
      name Alcalase by Novo Industries. Two examples each of composites prepared
      by adsorption and coupling with the BMBD were prepared and compared as to
      enzyme activity over the same period of time. All four samples were
      prepared essentially simultaneously and assayed simultaneously over the
      same time span. The average activities of the two samples in each set at
      each indicated time period are shown below.
PAR  The immobilized enzyme composites were assayed with a 1% casein solution in
      0.1 M phosphate buffer, pH 7.8, at 37.degree.C in a shaking water bath.
      The results of these assays were compared to a standard curve produced by
      relating the optical density at 280 millimicrons of a trichloroacetic acid
      extract of the reaction mixture to the number of milligrams of free enzyme
      utilized in the assay. From this, one could obtain the number of mg of
      active enzyme remaining on the carrier over various periods of time.
PAR  Immobilization by Adsorption: To each of two 500 mg of 60-100 mesh porous
      silica samples in separate 25 ml Erlenmeyer flasks, 9 ml of 0.5 M sodium
      bicarbonate was added. The flasks were placed in a shaking water bath at
      37.degree.C and shaken for 11/2 hours. The sodium bicarbonate was decanted
      and the porous bodies were washed with water. After decanting the water
      wash, 10 ml of enzyme solution containing 2 grams of the Alcalase in 0.10
      M phosphate buffer pH 7.8 was added to each sample of porous bodies. The
      flasks containing the carrier and the enzyme suspension were placed in the
      37.degree.C shaking bath and shaken for 3 hours. The samples were then
      removed from the bath and allowed to stand at room temperature overnight.
      The enzyme solutions were then decanted from the porous bodies and the
      immobilized enzyme was washed first with water and then with 0.5 M sodium
      chloride and finally again rewashed with water. The samples were stored in
      water at room temperature between assays for the half-life determination
      period.
PAR  Immobilization by Direct Coupling via BMBD Residue: To each of two 500 mg
      samples of 60-100 mesh porous silica samples separate 25 ml Erlenmeyer
      flasks were added 2 ml of the 0.01%, diazonium coupling solution and the
      coupling solution was allowed to react at room temperature with occasional
      shaking. The porous silica bodies turned red during this period of time.
      At the end of 20 minutes the coupling solution was decanted and the porous
      bodies were washed with distilled water. The distilled water was then
      decanted and 10 ml of enzyme solution containing 2 gms of the
      Alcalase.sup.TM in 0.1 M phosphate buffer pH 7.8 was added to each of the
      flasks containing the 500 mg sample of pretreated porous silica. The
      flasks containing the enzyme and carrier were placed in a shaking water
      bath at 37.degree.C and reacted with shaking at this temperature for 3
      hours. The flasks were then removed from the bath and allowed to stand at
      room temperature overnight. The samples were then washed with water
      followed by 0.5 M sodium chloride and finally with water. The samples were
      stored in water at room temperature between assays over the half-life
      determination period.
PAR  All four composites were assayed over a period of 103 days to determine the
      amounts of active enzyme calculated to mg of active enzyme per gram of
      carrier for each composite. The average of activity determinations for
      each set of composites is shown in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     mg of Active Protease/gram Carrier                                        

     Days              Adsorbed       Coupled                                  

     ______________________________________                                    

     3                 7.20           7.52                                     

     6                 7.28           6.96                                     

     14                6.64           6.72                                     

     26                5.52           6.44                                     

     45                3.92           5.60                                     

     70                2.48           3.92                                     

     82                2.20           3.84                                     

     95                2.28           3.80                                     

     103               1.84           3.08                                     

     ______________________________________                                    

PAR  As can be seen from the above table, the half life activity of the adsorbed
      enzyme is about 3.60 mg/g and that activity level is achieved some time
      between 45 and 70 days; by plotting the results on a curve, the half-life
      appeared to be about 48 days. The half life activity of the coupled enzyme
      is 3.76 mg/g, achieved some where between 95 and 103 days; by plotting, at
      about 83 days. Thus, the enzymatic half life of the coupled enzyme is
      about twice that of the adsorbed enzyme.
PAC  EXAMPLE II
PAC  Papain Coupled to Porous Glass Particles
PAR  In this example, the inorganic carrier consisted of porous glass particles
      of about 60 to 80 mesh having an average pore diameter of about 550 A. The
      BMBD solution consisted of 10 mg BMBD dissolved in 10 ml of
      dimethylsulfoxide. The papain solution consisted of 200 mg of crude papain
      (Nutritional Biochemical Co.) dissolved in 10 ml of an aqueous, 0.2 M
      NaHCO.sub.3, pH 8.1.
PAR  To 100 mg of the porous glass particles, 0.5 ml of the BMBD solution was
      added and allowed to stand at room temperature for 13/4 hours. The
      residual BMBD solution was then decanted and the treated carrier (in a 10
      ml cylinder) was placed in a 5.degree.C water bath. Two ml of 0.2 M
      KH.sub.2 PO.sub.4 solution was added and the cylinder was shaken in a
      reciprocal 5.degree.C shaking bath for 15 minutes. The KH.sub.2 PO.sub.4
      solution was then decanted and a fresh 4 ml of 0.2 M KH.sub.2 PO.sub.4 was
      added to extract at room temperature for 15 minutes. The KH.sub.2 PO.sub.4
      solution was decanted and the cylinder again placed in a 5.degree.C bath.
PAR  Then 2 ml of the papain solution containing 40 mg of papain preparation was
      added to the treated carrier and the cylinder was reciprocally shaken for
      3 hours and 50 minutes in the 5.degree.C bath. The shaking was then
      stopped and the reaction allowed to continue at 5.degree.C overnight.
      About 13 hours later, the shaking was continued for about 20 minutes and
      the enzyme solution was then decanted. Ten ml H.sub.2 O were added to the
      cylinder, mixed, and the contents were allowed to stand for 10 minutes.
      This water wash was repeated two more times. The final wash was decanted
      and 3 ml of a solution containing 0.01 M cysteine and 0.002 molar E.D.T.A.
      buffered to pH 5.8 with 0.2 M phosphate buffer was added. The immobilized
      papain sample was repetitively assayed with casein in the presence of
      cysteine and E.D.T.A. with storage in water at room temperature between
      assays The assay results are shown in Table II wherein the mg activity of
      active papain is expressed as mg active papain/gram (e.g. results using
      100 mg of carrier multiplied by 10).
TBL                TABLE II                                                    

     ______________________________________                                    

     mg Active Papain/Gram Carrier                                             

     Day              mg Active Papain/g                                       

     ______________________________________                                    

      1 (A.M.)        39.0                                                     

      1 (P.M.)        35.6                                                     

      2               28.2                                                     

      7               19.2                                                     

     21               21.4                                                     

     34               14.8                                                     

     49               11.4                                                     

     63                7.8                                                     

     ______________________________________                                    

PAC  EXAMPLE III
PAC  Papain Coupled to Porous Glass Particles
PAR  In this example the BMBD solution was prepared by dissolving 10 mg of BMBD
      in 10 ml of a 5% NH.sub.4 HCO.sub.3   solution. The porous glass particles
      were similar to those used in Example II. The papain solution was prepared
      by mixing 250 mg of the crude papain in a 5 ml aqueous solution containing
      0.01 M cysteine and 0.002 Molar E.D.T.A. buffered to pH 5.8 with 0.2 M
      phosphate buffer.
PAR  One ml of the BMBD solution was added to 100 mg of the porous glass
      particles in a 10 ml cylinder placed in a 5.degree.C bath and then allowed
      to react overnight. The cylinder was removed from the bath and the
      contents were transferred to a fritted glass (course) funnel by washing
      the particles out of the cylinder with a 5% NH.sub.4 HCO.sub.3 solution
      and washed with distilled water. The washed glass derivative was then
      transferred to a clean cylinder placed in a 5.degree.C bath to cool.
PAR  Two ml of the papain solution (containing 100 mg crude papain) was added to
      the treated glass, mixed, and allowed to react, without shaking, in the
      5.degree.C bath for 15 minutes. Then the mixture was reciprocally shaken
      in the bath for 81/2hours, the shaking stopped, and the reaction allowed
      to continue over the weekend at 5.degree.C. Then the shaking was commenced
      for about 5 minutes, stopped, and the unreacted papain solution decanted.
      Ten ml of distilled water was added to the composite which was then shaken
      in the 5.degree.C bath for 20 minutes. The water was decanted and the
      washing and shaking procedure repeated. The water was again decanted and
      the composite was transferred to a 25 ml flask to which was added 4 ml of
      a solution containing 0.01 M cysteine and 0.002 molar E.D.T.A., buffered
      to pH 5.8 with 0.2 M phosphate buffer. The flask was placed in a
      40.degree.C shaking bath and shaken for 20 minutes, after which the
      solution was decanted and the immobilized enzyme composite was assayed.
      The repetitive assays were with casein in the presence of cysteine and
      E.D.T.A. with storage in water at room temperature between assays. The
      results, calculated to mg active papain per gram of composite, are shown
      in Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

     Assay Day       mg Active Papain/gram                                     

     ______________________________________                                    

      1 A.M.         66.0                                                      

      1 Midday       52.4                                                      

      1 P.M.         52.4                                                      

      2              36.0                                                      

     16              35.4                                                      

     29              26.0                                                      

     44              20.2                                                      

     58              14.6                                                      

     ______________________________________                                    

PAC  EXAMPLE IV
PAC  Glucose Isomerase Coupled to Porous SiO.sub.2 -Al.sub.2 O.sub.3
PAR  In this example, the porous inorganic carrier consisted of 25-60 mesh
      particles of a porous SiO.sub.2 -Al.sub.2 O.sub.3 composition. The porous
      particles consisted of agglomerated SiO.sub.2 (500 A) and Al.sub.2 O.sub.3
      (167 A) particles in which the amount of SiO.sub.2 was about 50% by
      weight. The average pore diameter was about 270 A with a minimum pore
      diameter of 190 A and a maximum pore diameter of 350 A. The porosity was
      55.9%; pore volume, 0.77 cc/g; and the surface area was about 75 m.sup.2
      /g.
PAR  The BMBD solution was prepared by dissolving 5 mg of BMBD in 5 ml of a 75%
      acetone-25% water solution. The glucose isomerase preparation was in
      powder form and said to have an activity of 444 International Glucose
      Isomerase Units (IGIU) per gram.
PAR  The carrier was treated by placing 2 grams of the porous alumina-silica
      particles in a 30 ml test tube and adding 5 ml of the BMBD solution at
      room temperature. The tube was stoppered and placed in a cold room at
      9.degree.C and reacted with occasional hand shaking for 11/2 hours. The
      excess unreacted solution was then decanted and the treated carrier was
      extracted with 15 ml of acetone for 15 minutes at 9.degree.C. The carrier
      was then placed on filter paper in a Buchner funnel and washed with 100 ml
      acetone and air dried.
PAR  The glucose isomerase solution was prepared by adding 3.5 g of the enzyme
      powder preparation to a beaker and adding 20 ml of an aqueous 0.1 M
      magnesium acetate solution, pH 6.5. The mixture was stirred on a magnetic
      stirrer at room temperature for 25 minutes and then filtered through
      filter paper and the residue on the paper was washed with two 5 ml
      aliquots of 0.1 M magnesium acetate followed by 10 ml of 0.5 M NaHCO.sub.3
      followed by 3 ml of 0.1 M magnesium acetate, all of which were added to
      the enzyme solution. The final volume of the combined filtrate and washes
      was 35 ml, the pH of the solution was 8.2, and the activity was 47.4 IGIU
      per ml.
PAR  Ten ml of the above enzyme solution, precooled to 5.degree.C, was added to
      500 mg of the treated carrier in a 15   ml test tube and shaken in a
      5.degree.C bath for 41/4 hours. The tube was then removed from the bath
      and allowed to stand at room temperature for 11/2 hours, after which the
      unreacted solution was decanted and the composite was transferred to a
      fritted glass funnel with distilled water where it was washed exhaustively
      with distilled water.
PAR  The immobilized glucose isomerase composite was then repetitively assayed
      with a 36% glucose solution containing 0.005 molar Mg++ and 0.001 molar
      Co++ (as chloride salts) at 60.degree.C, pH 6.9 with storage in water at
      room temperature between assays. The results of the periodic assays,
      calculated to activities in IGIU per gram of composite, are shown in Table
      IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Assay Day                IGIU/g                                           

     ______________________________________                                    

     1                        70.4                                             

     2                        55.4                                             

     3                        50.2                                             

     4                        43.8                                             

     7                        51.4                                             

     9                        52.4                                             

     10                       48.8                                             

     22                       41.6                                             

     24                       47.8                                             

     35                       45.4                                             

     43                       43.6                                             

     45                       36.2                                             

     57                       36.0                                             

     ______________________________________                                    

PAC  EXAMPLE V
PAC  Urease Coupled to Porous SiO.sub.2 Particles
PAR  In this example, the porous inorganic carrier was the porous silica
      particles generally similar to those used in Example I, but the particle
      size was 25-60 mesh. The average pore diameter was 510 A, minimum pore
      diameter was 350 A, and maximum pore diameter was 680 A. The porosity was
      65.3%, surface area was 50 m.sup.2 /g and the pore volume was 0.8. The
      BMBD solution consisted of 2 mg BMBD dissolved to 10 ml with 0.1 M
      NaHSO.sub.3. The urease solution was prepared by dissolving 1 gram of a
      crude urease preparation (Nutritional Biochemical Co.), having an activity
      of 400 Sumner Units/gram, in 100 ml of water and filtering the dispersion
      through a Watman No. 3 filter paper on a funnel.
PAR  The porous silica particles were treated by reacting 500 mg of the carrier
      with 10 ml of the BMBD solution at 22.degree.C in a shaking water bath for
      11/4 hours. The reaction solution was then decanted and 25 ml of distilled
      water was added to the particles and the mixture was shaken in the
      22.degree.C bath for 15 minutes. The above washing procedure was repeated
      one more time, after which the wash water was decanted and 20 ml of the
      urease solution was added and the mixture shaken in the 22.degree.C bath
      for 4 hours. The enzyme solution was then decanted and the composite was
      washed with a 25 ml portion of distilled water in the 22.degree.C shaking
      bath for 15 minutes followed by the same washing technique using 25 ml of
      0.5 M NaCl solution. The NaCl solution was decanted and 20 ml of 1 M urea
      solution was added to the composite and the mixture was shaken in the
      22.degree.C bath for 15 minutes, after which the urea solution was
      decanted and the immobilized urease composite was transferred to a stop
      cock column with water for storage and assays. The composite sample was
      assayed repetitively via differential conductivity measurements with 1M
      urea in the column at room temperature. Between assays, the enzyme
      composite was stored in the column under water at room temperature. The
      assay results, calculated to Sumner Units (S.U.) per gram are shown in
      Table V.
TBL                TABLE V                                                     

     ______________________________________                                    

     Assay Day                S.U./g                                           

     ______________________________________                                    

     1                        5.02                                             

     2                        3.82                                             

     5                        1.80                                             

     7                        1.14                                             

     12                       0.36                                             

     ______________________________________                                    

PAR  The above examples indicate that a variety of enzymes can be coupled
      through a BMBD residue and still yield an immobilized enzyme composite
      demonstrating stability and relatively long half lives. Inasmuch as the
      above disclosures can be readily modified by those skilled in the art, it
      is intended that the above examples should be construed as illustrative
      and that the scope of the disclosed invention be limited only by the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of preparing an immobilized enzyme composite which comprises
      the steps of (1) reacting an essentially waterinsoluble inorganic carrier
      with a solution of 4,4'-bi(2-methoxybenzenediazonium chloride) to form
      surface diazo groups on the carrier, the carrier being porous and having
      an average pore diameter at least as large as the larger of the enzyme or
      its substrate but less than about 1000A, the carrier consisting of
      particles having an average particle size between about 4 to 200 mesh,
      U.S. Standard Sieve, and selected from the group consisting of porous
      glass, porous alumina, porous silica, and porous mixtures of alumina and
      silica; (2) removing the surface-treated carrier from the reaction
      solution; and (3) then reacting the treated carrier with an aqueous enzyme
      solution to chemically couple enzymes to the carrier through the surface
      diazo groups.
NUM  2.
PAR  2. The method of claim 1 wherein the enzyme of the aqueous enzyme solution
      is alkaline Bacillus subtilis protease and the carrier consists of porous
      silica particles.
NUM  3.
PAR  3. The method of claim 1 wherein the enzyme of the enzyme solution consists
      of papain and the carrier consists of porous glass particles.
NUM  4.
PAR  4. The method of claim 1 wherein the enzyme of the enzyme solution is
      glucose isomerase and the carrier consists of an agglomerated mixture of
      silica and alumina particles.
NUM  5.
PAR  5. The method of claim 1 wherein the enzyme of the enzyme solution is
      urease and the carrier consists of silica particles.
NUM  6.
PAR  6. An immobilized enzyme composite comprising an enzyme coupled chemically
      to porous inorganic carriers in accordance with the method of claim 1.
PATN
WKU  039309525
SRC  5
APN  5650348
APT  1
ART  172
APD  19750404
TTL  Microbiological reduction of PGA.sub.2 and 15-epi PGA.sub.2
ISD  19760106
NCL  13
ECL  1
EXP  Tanenholtz; Alvin E.
INVT
NAM  Greenspan; George
CTY  Narberth
STA  PA
INVT
NAM  Leeming; Michael R. G.
CTY  Canterbury
CNT  EN
ASSG
NAM  American Home Products Corporation
CTY  New York
STA  NY
COD  02
RLAP
COD  71
APN  420407
APD  19731130
PSC  03
CLAS
OCL  195 51R
XCL  195 30
EDF  2
ICL  C12D  102
FSC  195
FSS  51 R;30
UREF
PNO  3788947
ISD  19740100
NAM  Hsu et al.
OCL  195 51R
LREP
FR2  Wiser; Robert
ABST
PAL  Reduction of 7(2-[(3R and
      3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid by
      microorganisms of the genera Streptomyces, Pseudomonas and Corynebacterium
      is disclosed. The products
      7-(2-[(3R)-3-hydroxy-1-octenyl]-5-oxo-cyclopentyl)-5-heptenoic
      acid(11-deoxy-15-epi-PGE.sub.2), which is novel, and
      7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopentyl)-5-heptenoic
      acid(11-deoxy-PGE.sub.2), respectively, are useful as intermediates for
      the synthesis of other physiologically active ingredients.
PARN
PAR  This is a continuation of application Ser. No. 420,407, filed Nov. 30,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention provides a method of directly converting ring
      unsaturated prostaglandins of the 15-epi PGA.sub.2 and PGA.sub.2 type,
      that is, 7-(2-[(3R and
      3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acids, to
      11-deoxy-15-epi- and 11-deoxy-PGE.sub.2, respectively.
PAC  SUMMARY OF THE INVENTION
PAR  The invention sought to be patented in its principal process aspect is
      described as residing in the concept of a process for the preparation of
      7-[2-(3-hydroxy-1-octenyl)-5-oxo-cyclopentyl]-5-heptenoic acid which
      comprises treating
      7-[2-(3-hydroxy-1-octenyl)-5-oxo-cyclopenten-1-yl]-5-heptenoic acid, with
      an organism selected from the genera:
PA1  A. Streptomyces,
PA1  B. Pseudomonas, and
PA1  C. Corynebacterium.
PAR  The tangible embodiments produced by the principal process aspect of the
      invention possess the inherent general physical properties of being oily
      liquids, being substantially insoluble in water, and generally soluble in
      such common organic solvents such as ethers, ketones, and esters, e.g.,
      diethyl ether, acetone, and ethyl acetate.
PAR  Examination of the products produced by the aforesaid process reveals, upon
      infrared, ultraviolet, nuclear magnetic resonance, mass spectral, and thin
      layer chromatographic analyses, spectral data, and migration rates
      supporting the molecular structure hereinbefore set forth.
PAR  The tangible embodiments produced by the principal process aspect of the
      invention possess the inherent applied use characteristic of being an
      intermediate in the synthesis of other useful prostaglandins.
PAR  The invention sought to be patented in a first subgeneric process aspect is
      described as residing in the concept of a process for the preparation of
      7-(2-[(3R)-3-hydroxy-1-octenyl]-5-oxo-cyclopentyl)-5-heptenoic acid which
      comprises treating
      7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic
      acid; with an organism selected from the genera:
PA1  A. Streptomyces, and
PA1  B. Pseudomonas.
PAR  The invention sought to be patented in a second subgeneric process aspect
      is described as residing in the concept of a process for the preparation
      of 7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-cyclopentyl)-5-heptenoic acid
      which comprises treating
      7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic
      acid; with an organism selected from the genera:
PA1  A. Corynebacterium,
PA1  B. Pseudomonas, and
PA1  c. Streptomyces.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the process of the present invention, to produce, for example
      7-(2-[(3R)-3-hydroxy-1-octenyl]-5-oxo-cyclopentyl)-5-heptenoic acid
      (11-deoxy-15-epi PGE.sub.2),
      7-(2-[(3R)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      is contacted with a suspension of mycelial cells of the organism
      Streptomyces griseus NRRL 3231 in a substantially aqueous fermentation
      medium. The temperature and incubation time are not critical, and one
      skilled in the art will recognize that variations thereof will merely
      affect the attainment of optimum yield. Preferably the incubation period
      may last from about 18 to about 24 hours, typically about 22 hours, while
      the temperature is preferably maintained from about room temperature to
      about 30.degree., typically 28.degree.. The pH of the aqueous medium may
      vary from about 4 to about 8, and the fermentation is conveniently carried
      out with agitation. The isolation of 11-deoxy-15-epi PGE.sub.2 may be
      accomplished by standard techniques, for example, partitioning of the
      reaction mixture with an immiscible solvent followed by column
      chromatography of the material extracted by the organic phase.
PAR  While the process of the invention has been illustrated above by the use of
      7-(2-[(3R)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      as the starting material and Streptomyces griseus NRRL 3231 as the
      organism accomplishing the reduction, the substitution of the other
      starting materials and/or organisms contemplated as equivalents within the
      scope of the invention will be obvious to one skilled in the art. Thus,
      for Streptomyces griseus NRRL 3231 one may, for example, substitute other
      Streptomyces organisms, such as:
TBL  Streptomyces caelestis    NRRL 2418                                       

     Streptomyces viridifaciens                                                

                               NRRL B-1679                                     

     Streptomyces rimosus forma paromomycinus                                  

                               NRRL 2455                                       

     Streptomyces rimosus      ATCC 10970                                      

     Streptomyces aureofaciens NRRL B-1287                                     

     Streptomyces bellus       NRRL B-2575                                     

     Streptomyces chartreusis  NRRL 2287                                       

     Streptomyces avellaneus   ATCC 23730                                      

     Streptomyces erumpens     ATCC 23266                                      

     Streptomyces aureus       ATCC 3309                                       

     Streptomyces cellulosae   ATCC 3313                                       

     Streptomyces lipmanii     ATCC 3331                                       

     Streptomyces antibioticus ATCC 8663                                       

     Streptomyces halstedii    NRRL B-1235                                     

     Streptomyces lavendulae   NRRL B-2343                                     

     Streptomyces spectabilis  NRRL 2792                                       

                               NRRL 2794                                       

PAL  pseudomonas organisms, such as:
TBL  Pseudomonas taetrolens NRRL B-14                                          

     Pseudomonas ribicola   NRRL B-859                                         

     Pseudomonas papaveris  NRRL B-1640                                        

     Pseudomonas septica    NRRL B-2081                                        

     Pseudomonas aeruginosa QM B-1468                                          

     Pseudomonas reptilivora                                                   

                            NRRL B-6bs                                         

     Pseudomonas cruciviae  NRRL B-1021                                        

     Pseudomonas acidovorans                                                   

                            NRRL B-802                                         

     Pseudomonas putrefaciens                                                  

                            NRRL B-950                                         

     Pseudomonas desmolytica                                                   

                            NRRL B-979                                         

     Pseudomonas sp.        NRRL B-3266                                        

     Pseudomonas sp.        NRRL B-3294                                        

PAL  and Corynebacterium organisms, such as:
TBL  Corynebacterium simplex ATCC 6946                                         

     Corynebacterium hoagii  ATCC 7005                                         

     Corynebacterium equi    IFO 3730                                          

     Corynebacterium mediolanum                                                

                             NCIB 7205                                         

     Corynebacterium sepedonicum                                               

                             IFO 12188                                         

     Corynebacterium lilium  NRRL B-2243                                       

PAL  and, for example, one may substitute for
      7-(2-[(3R)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic
      acid, 7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoi
     c acid.
PAR  While not critical, for optimum yield, the composition of the nutrient
      medium employed may vary. Preferably, a yeast extract-dextrose medium or a
      corn steep liquor medium, such as are described hereinbelow are preferred.
PAR  The starting materials for the practice of the invention, namely the
      aforementioned 7-(2-[(3R and
      3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acids are
      well-known in the literature. For example,
      7-(2-[(3R)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      methyl ester, acetate may be obtained from the coral Plexaura homomalia by
      a procedure as described by A. Weinheimer and R. Spraggins in Tetrahedron
      Letters, 59, 5185, (1969). The diester may be hydrolyzed to the free
      hydroxyl and carboxyl functions by a procedure as described by Leeming and
      Greenspan in U.S. Pat. No. 3,726,765, Apr. 10, 1973. This may be
      esterified by standard techniques to produce the methyl ester. The methyl
      ester may be racemized to produce
      7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      methyl ester by a procedure described by Bundy et al. in Annals of New
      York Academy of Science, Vol.  180, Prostaglandins, p. 76. Hydrolysis of
      the methyl ester to the free carboxylic acid may be accomplished by
      standard techniques.
PAR  7-(2-[(3R and 3S)-3-Hydroxy-1-octenyl]-5-oxo-cyclopentyl)-5-heptenoic acids
      are useful, for example, as intermediates for the synthesis of other
      prostaglandins which are bronchodilators. A typical synthesis is described
      in pending application Ser. No. 383,007, filed July 26, 1973, and
      copending with this application. Therein
      7-(2-[(3R)-3-hydroxy-1-octenyl]-5-oxo-cyclopentyl)-5-heptenoic acid is
      oxidized to 7-[3(3-oxo-1-octenyl)-5-oxo-cyclopentyl]-5-heptenoic acid and
      substituents introduced into the 3-oxo group on the octenyl side chain,
      and the various double bonds are selectively reduced. Among the products
      thereof are the previously known compounds
      11-deoxy-15-methyl-dihydro-PGE.sub.1 (U.S. Pat. No. 3,671,370, June 20,
      1972). 7-(2-[(3S)-3-Hydroxy-1-octenyl]-3-oxo-cyclopentyl)-3-heptenoic acid
      obviously can be used interchangeably in the above described sequence of
      reactions.
PAR  The following examples further illustrate the best mode contemplated by the
      inventors for carrying out the invention:
PAC  EXAMPLE I
PAC  7-(2-[(3R)-3-Hydroxy-1-Octenyl)-3-Oxo-Cyclopentyl]-3-Heptenoic Acid
PAR  A. Five agar slants of Streptomyces griseus NRRL 3231 are each washed with
      3 ml. of distilled water, and the cell suspensions transferred to five
      1-liter flasks containing 200 ml. of yeast extract-dextrose medium
      described in Example II A. for 24 hours. Mycelial transfers, 800 ml., are
      made to a 14 liter fermentor containing 8 liters of the following medium:
TBL  Corn Steep Liquor      5.0      g.                                        

     Dextrose               20.0     g.                                        

     Peptone                20.0     g.                                        

     Distilled Water        10.00    ml.                                       

PAR  The medium is autoclaved for 20 sec. at 121.degree.C.
PAR  After 24 hours of incubation at 28.degree., agitation 130 rpm., aeration 4
      liter of air per min.,
      7-(2-[(3R)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic
      acid, 16 g. diluted in 90 ml. of ethanol, is added to the fermentor.
      Incubation is continued under the same conditions for 16.3 hours, when the
      agitation is increased to 200 rpm. and the aeration to 6 liters of air per
      min. The fermentation is harvested 3.5 hours later.
PAR  The pH of the fermentation mixture is lowered to pH 4.5-5.0 and then
      filtered. The mycelium is washed with warm water, and then water wash and
      filtrate are combined. The combined filtrate is extracted with ether and
      the extract washed, dried and evaporated. Silica chromatography of the
      residue with 35% ethyl acetate in hexane gives the title product 10.6 g.
      I.R. analysis .lambda..sub.max.sup.film 3.0 (shoulder) 3.45, 5.80, 7.1,
      8.15, 8.7, 10.35.mu.. NMR Analysis: Signals at .delta. = 7.55 (singlet 2
      protons, OH), 6.60 (multiplet, 2 protons, 13 and 14H), 6.40 (multiplet, 2
      proton, 2-, 5- and GH), 4.12 (multiplet, 1 proton, 15H) ppm. Mass spectral
      analysis:
PAR  Calc: M.sup.+, m/e 336 M.sup.+-18 m/e 318.2194
PAR  Found: M.sup.+, m/e 336 M.sup.+-18 m/e 318.2178.
PAR  B. The same product as that obtained in part A above is obtained by
      following a procedure similar to that outlined in part A and substituting
      for the organism Streptomyces griseus NRRL 3231, the following organisms:
TBL  Pseudomonas taetrolens NRRL B-14                                          

     Pseudomonas ribicola   NRRL B-859                                         

     Pseudomonas papaveris  NRRL B-1640                                        

     Pseudomonas septica    NRRL B-2081                                        

     Pseudomonas sp.        NRRL B-3266                                        

     Psuedomonas sp.        NRRL B-3294                                        

PAC  EXAMPLE II
PAC  7-(2-[(3S)-3-Hydroxy-1-Octenyl]-5-Oxo-Cyclopentyl)-5-Heptenoic Acid
PAR  A. Two agar slants of Corynebacterium simplex ATCC 6946 are each washed
      with 5 ml. of a yeast extract-dextrose (1% each) solution, and 4.5 ml. of
      the cell suspensions are transferred to each of two 1-liter flasks
      containing 200 ml. of the same medium:
TBL  Yeast extract         1%                                                  

     Dextrose              1%                                                  

     Distilled Water       100 ml.                                             

PAR  Autoclaved 15 sec., 121.degree. C.
PAR  The flasks are incubated at 28.degree. for 24 hours on a rotary shaker, as
      in Example I A. Twenty ml. transfers are made to 12, 1-liter flasks
      containing 200 ml. of the same medium, and a 10 ml. transfer is made to a
      500 ml. flask with 100 ml. of medium.
PAR  After 25 hours of growth, the pH of the flasks is adjusted to 6.7 with 5 N
      HCl. Forty mg. of
      7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      diluted in 2 ml. of ethanol is added to each one liter flask, and 20 mg.
      in one ml. of ethanol is added to the single 500 ml. flask. The flasks are
      put under N.sub.2 and incubated as above. Following 22.5 hours of shaking,
      the flasks are harvested. The mixture is filtered and the filtrate
      acidified with acetic acid and extracted with ether. After washing and
      drying, the filtrate is evaporated and the resulting residue
      chromatographed on silica. Elution with 40% ethyl acetate in hexane
      affords 0.42 g. of the title product. I.R. Analysis:
      .lambda..sub.max.sup.film 3.0 (shoulder), 3.4, 5.7, 7.05, 8.1, 8.6,
      10.3.mu. .
PAR  NMR Analysis: 6.78 (S, 2, OH), 5.68 (M, 2, 13 and 14-H), 5.35 (M, 2.5 and
      6-H), 4.12 (M, 1, 15-H) ppm. Mass Spectral Analysis: M.sup.+ at m/e 336
      (theory = 336).
PAR  B. The same product as that obtained in part A above is obtained by
      following a procedure similar to that outlined in part A, but substituting
      for the organism Corynebacterium simplex ATCC 6946 the following
      organisms:
TBL  Corynebacterium hoagii                                                    

                          ATCC 7005                                            

     Corynebacterium equi IFO 3730                                             

     Corynebacterium mediolanum                                                

                          NCIB 7205                                            

     Corynebacterium sepedonicum                                               

                          IFO 12188                                            

     Corynebacterium lilium                                                    

                          NRRL B-2243                                          

     Pseudomonas papaveris                                                     

                          NRRL B-1640                                          

     Psuedomonas septica  NRRL B-2081                                          

     Pseudomonas aeruginosa                                                    

                          QM B-1468                                            

     Pseudomonas reptilivora                                                   

                          NRRL B-6bs                                           

     Pseudomonas cruciviae                                                     

                          NRRL B-1021                                          

     Pseudomonas acidovorans                                                   

                          NRRL B-802                                           

     Pseudomonas putrefaciens                                                  

                          NRRL B-950                                           

     Pseudomonas desmolytica                                                   

                          NRRL B-979                                           

     Pseudomonas sp.      NRRL B-3266                                          

     Pseudomonas sp.      NRRL B-3291                                          

     Streptomyces caelestis                                                    

                          NRRL 2418                                            

     Streptomyces viridifaciens                                                

                          NRRL B-1679                                          

     Streptomyces rimosas forma                                                

                          NRRL 2455                                            

      paromomycinus                                                            

     Streptomyces rimosus ATCC 10970                                           

     Streptomyces aureofaciens                                                 

                          NRRL B-1287                                          

     Streptomyces bellus  NRRL B-2575                                          

     Streptomyces chartreusis                                                  

                          NRRL 2287                                            

     Streptomyces avellaneus                                                   

                          ATCC 23730                                           

     Streptomyces erumpens                                                     

                          ATCC 23266                                           

     Streptomyces aureus  ATCC 3309                                            

     Streptomyces cellulosae                                                   

                          ATCC 3313                                            

     Streptomyces lipmanii                                                     

                          ATCC 3331                                            

     Streptomyces antibioticus                                                 

                          ATCC 8663                                            

     Streptomyces halstedii                                                    

                          NRRL B-1235                                          

     Streptomyces avendulae                                                    

                          NRRL B-2343                                          

     Streptomyces spectabilis                                                  

                          NRRL 2792, NRRL 2794                                 

CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of
      7-[2-(3-hydroxy-1-octenyl)-5-oxo-cyclopentyl]-5-heptenoic acid which
      comprises subjecting
      7-[2-(3-hydroxy-1-octenyl)-5-oxo-cyclopenten-1-yl]-5-heptenoic acid to the
      fermentative action of an organism selected from the genera:
PA1  a. Streptomyces,
PA1  b. Pseudomonas, and
PA1  c. Corynebacterium;
PAL  and then isolating the prostaglandin product.
NUM  2.
PAR  2. A process as described in claim 1 for the preparation of
      7-(2-[(3R)-3-hydroxy-1-octenyl]-5-oxo-cyclopentyl)-5-heptenoic acid which
      comprises subjecting
      7-(2-[(3R)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      to the fermentative action of an organism selected from the genera:
PA1  a. Streptomyces, and
PA1  b. Pseudomonas.
NUM  3.
PAR  3. A process as described in claim 2 wherein
      7-(2-[(3R)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      is subjected to the fermentative action of Streptomyces griseus.
NUM  4.
PAR  4. A process as described in claim 2 wherein
      7-(2-[(3R)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      is subjected to the fermentative action of Streptomyces griseus NRRL 3231.
NUM  5.
PAR  5. A process as described in claim 2 wherein
      7-(2-[(3R)-3-hydroxy-1-octenyl]--oxo--ox-3-cyclopenten-1-yl)-5-heptenoic
      acid is subjected to the fermentative action of an organism selected from
      the genus Pseudomonas.
NUM  6.
PAR  6. A process as described in claim 2 wherein
      7-(2-[(3R)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      is subjected to the fermentative action of Pseudomonas taetrolens NRRL
      B-14; Pseudomonas ribicola NRRL B-859; Pseudomonas papaveris NRRL B-1640;
      Pseudomonas septica NRRL B-2081; Pseudomonas sp. NRRL B-3266; or
      Pseudomonas sp. NRRL B-3294.
NUM  7.
PAR  7. A process as described in claim 1 for the preparation of
      7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-cyclopentyl)-5-heptenoic acid which
      comprises subjecting
      7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic
      acid; to the fermentative action of an organism selected from the genera:
PA1  a. Corynebacterium,
PA1  b. Pseudomonas, and
PA1  c. Streptomyces.
NUM  8.
PAR  8. A process as described in claim 7 wherein
      7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      is subjected to the fermentative action of an organism of the genus
      Corynebacterium.
NUM  9.
PAR  9. A process as described in claim 7 wherein
      7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      is subjected to the fermentative action of Corynebacterium hoagii;
      Corynebacterium equi; Corynebacterium mediolanum; Corynebacterium
      sepedonicum; Corynebacterium lilium; or Corynebacterium simplex.
NUM  10.
PAR  10. A process as described in claim 7 wherein
      7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      is subjected to the fermentative action of an organism of the genus
      Pseudomonas.
NUM  11.
PAR  11. A process as described in claim 7 wherein
      7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      is subjected to the fermentative action of Pseudomonas papaveris NRRL
      B-1630; Pseudomonas septica NRRL B-2081; Pseudomonas aeruginosa QM B-1468;
      Pseudomonas reptilivora NRRL B-6bs; Pseudomonas cruciviae NRRL B-1021;
      Pseudomonas acidovorans NRRL B-802; Pseudomonas putrefaciens NRRL B-950;
      Pseudomonas desmolytica NRRL B-979; Pseudomonas sp. NRRL B-3266; or
      Pseudomonas sp. NRRL B-3294.
NUM  12.
PAR  12. A process as described in claim 7 wherein
      7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      is subjected to the fermentative action of an organism of the genus
      Streptomyces.
NUM  13.
PAR  13. A process as described in claim 7 wherein
      7-(2-[(3S)-3-hydroxy-1-octenyl]-5-oxo-3-cyclopenten-1-yl)-5-heptenoic acid
      is subjected to the fermentative action of Streptomyces caelestis;
      Streptomyces viridifaciens; Streptomyces rimosus forma paromomycinus;
      Streptomyces rimosus; Streptomyces aureofaciens; Streptomyces bellus;
      Streptomyces chartreusis; Streptomyces avellaneus; Streptomyces erumpens;
      Streptomyces aureus; Streptomyces cellulosae; Streptomyces lipmanii;
      Streptomyces antibioticus; Streptomyces halstedii; Streptomyces
      lavendulae; or Streptomyces spectabilis.
PATN
WKU  039309533
SRC  5
APN  4431499
APT  1
ART  172
APD  19740215
TTL  Glucose oxidase poor in catalase and process for obtaining it
ISD  19760106
NCL  7
ECL  1,7
EXP  Shapiro; Lionel M.
INVT
NAM  Stark; Josef
CTY  Marburg, Lahn
CNT  DT
ASSG
NAM  Behringwerke Aktiengesellschaft
CTY  Marburg, Lahn
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730217
APN  2308013
CLAS
OCL  195 62
XCL  195 66R
EDF  2
ICL  C07G  7028
FSC  195
FSS  62;66 R
UREF
PNO  3468760
ISD  19690900
NAM  Joss
OCL  195 66B
UREF
PNO  3645851
ISD  19720200
NAM  Bergmeyer et al.
OCL  195 66R
LREP
FRM  Curtis, Morris & Safford
ABST
PAL  Glucose oxidase poor in catalase containing more than 250 U/mg of protein
      of glucose oxidase activity and less than 0.1 U/mg of protein of catalase
      activity and its manufacture by precipitating a prepurified glucose
      oxidase composition with a water soluble salt of an acridine base and
      subsequent chromatography on a cation exchanger and an anion exchanger.
BSUM
PAR  The present invention relates to a glucose oxidase poor in catalase and a
      process for obtaining it.
PAR  The glucose oxidase poor in catalase of the invention is obtained from
      prepurified glucose oxidase.
PAR  It has been proposed in prior processes to isolate glucose oxidase from
      molds. The greatest number of these substances are crude products. There
      are also purer glucose oxidases available in commerce. They contain,
      however, about 10 units catalase per about 250 units glucose oxidase. It
      is not known how to prepare these substances.
PAR  It was shown that a glucose oxidase devoid of or at least poor in catalase
      can be used as growth inhibiting agent for tumor cells.
PAR  The glucose oxidase poor in catalase is characterized by the fact that its
      glucose oxidase activity is more than 250 units/mg of protein and its
      catalase activity less than 0.1 units/mg of protein.
PAR  The process for obtaining glucose oxidase poor in catalase is characterized
      by the fact that prepurified glucose oxidase compositions are precipitated
      with water-soluble salts of acridine bases, preferably
      diaminoethoxyacridine lactate and purified by chromatography using cation
      and anion exchangers. The process for obtaining glucose oxidase poor in
      catalase is, moreover, characterized by the fact that the starting
      materials are prepurified glucose oxidase compositions of molds,
      preferably Aspergillus niger or Penicillium notatum.
PAR  The preparation of glucose oxidase poor in catalase according to the
      invention is based on glucose oxidase compositions available in commerce.
      Those compositions are generally obtained by fermentation using
      corresponding micro organisms, such as Aspergillus niger. The glucose
      oxidase activity of these compositions is about 10 to 20 units/mg of
      protein and their catalase activity 1 unit/mg of protein or more.
PAR  Such a composition is purified, according to the invention, in an aqueous
      solution. A suitable solvent is a usual buffer solution, for example, a
      phosphate buffer solution, however, salt solutions, for example, sodium
      chloride or sodium phosphate solutions may also be used. The glucose
      oxidase is dissolved in this solvent to yield a solution of about 5 to 20
      %. Low-molecular weight contaminations may be eliminated by dialyzing the
      solution against the pure solvent. The pH of the solution is preferably
      neutral to slightly acid, i.e., within the range of from about 7 to 4.
PAR  The glucose oxidase is precipitated from that solution with an aqueous
      solution of diaminoethoxyacridine lactate of about 2 to 10 %. It is
      applied in such an amount that about 0.5 to 2 mg of diaminoethoxyacridine
      lactate are used per 10 mg of protein of the glucose oxidase solution.
PAR  After mixing the two solutions it is useful to allow the mixture to dwell
      for about 12 to 24 hours at low temperature (0.degree.C to room
      temperature), whereupon a diaminoethoxyacridine lactate protein complex
      containing the glucose oxidase precipitates. The complex is isolated by
      suitable measures, such as decanting, filtering or centrifuging.
PAR  The glucose oxidase is set free from the sediment so obtained by treating
      it with an aqueous chloride solution for which alkali metal and
      alkaline-earth metal chlorides are suitable and sodium chloride is
      preferred. A 2 to 10 % concentration of the solution is suitable, an about
      5 % solution is preferred. The chloride solution is applied in an amount
      of about 25 to 50 ml per 10 g of the glucose oxidase initial product.
PAR  The chloride of the acridine base sparingly soluble which is obtained in
      this reaction is separated from the solution containing the glucose
      oxidase by usual methods, such as decanting, filtering or centrifuging. If
      desired, purification can be effected a second time by dialysis.
PAR  The following chromatography is effected using at first an acid ion
      exchanger and then a basic one. Especially effective are cation exchangers
      having functional sulfoethyl groups and anion exchangers having functional
      diethylamino groups. The adsorption at the ion exchangers occurs at a
      temperature ranging from 0.degree.C to room temperature and at a pH
      ranging from 3 to 6 in the case of the cation exchanger and from 6 to 8 in
      the case of the anion exchanger. The solvents used are the usual buffer
      solutions. The glucose oxidase is advantageously eluted from the
      exchangers with a salt solution using a concentration gradient. For this
      purpose, all physiologically acceptable salts are suitable, especially
      sodium chloride, the gradients applied ranging from about 0 to 0.5 mol. It
      is advantageous to add a suitable buffer substance to the salt solution,
      for example an acetate or a phosphate in a concentration of about 0.005 to
      0.1 mol.
PAR  The eluate running down is collected in fractions. The fractions containing
      the glucose oxidase which are generally obtained in the first elution step
      (absorption at 280 nm) are combined. If desired, they can be concentrated
      by ultra-filtration, dialyzed once more and finally lyophilized.
PAR  The composition prepared according to the invention is homogeneous as shown
      by electrophoresis and ultracentrifugal analysis.
PAR  The determination of the glucose oxidase is effected by converting glucose
      and oxygen into gluconolactone and hydrogen peroxide. The hydrogen
      peroxide so obtained can be determined either by iodometry or by
      colorimetry (according to Bergmeyer, H.U. Methoden der Enzymatischen
      Analyse, Vol.1, page 416, 2nd edition, 1970, published by
      Chemie-Weindheim).
PAR  One glucose oxidase unit corresponds to the amount of enzyme by which 1
      .mu. mole of glucose is reacted per minute, the substrate being saturated.
PAR  The activity of the catalase was evaluated according to Bergmeyer, H.U.
      (Methoden der Enzymatischen Analyse, vol. 1, page 645, 2nd edition, 1970,
      published by Chemie-Weinheim) by determining the time which is required
      for the decrease of the hydrogen peroxide concentration from 500 to 450
      extinction units at 240 nm.
PAR  A catalase unit corresponds to the enzyme amout which sets free half of the
      peroxide oxygen contained in a H.sub.2 O.sub.2 -solution of any
      concentration (about 10.sup.116 2 M) at 25.degree.C within 100 sec.
PAR  To precipitate the glucose oxidase the acridine compound is used in an
      amount which corresponds to 0.5 - 3 g, calculated on 10 g of glucose
      oxidase.
DETD
PAR  The following example illustrates the invention.
PAC  EXAMPLE
PAR  10 g of glucose oxidase of Aspergillus niger available in commerce and
      having a glucose oxidase activity of 15 units/mg of protein and a catalase
      activity of 1 unit/mg of protein were dissolved to give a 10 % solution in
      0.01 molar sodium phosphate of pH 6 prepared from phosphoric acid solution
      and sodium hydroxide and dialyzed against 0.01 molar sodium phosphate of
      pH 6. The solution was precipitated with a 3 % aqueous solution of
      diaminoethoxyacridine lactate, 1 mg of diaminoethoxyacridine lactate being
      used per 10 mg of protein. The solution was allowed to dwell at 4.degree.C
      for 15 hours. The diaminoethoxyacridine lactate-protein complex which had
      precipitated contained the glucose oxidase. It was isolated by
      centrifuging and the glucose oxidase was set free by suspending the
      precipitate in 35 ml of 5 % sodium chloride solution.
PAR  The solution containing the glucose oxidase was separated from the
      sparingly soluble chloride of the acridine base by filtration. The
      solution containing the enzyme was dialyzed against distilled water and
      then against 0.008 molar sodium acetate of pH 4 at 4.degree.C. The
      resulting product was subjected to chromatography using
      sulfethyl(SE)-Sephadex (registered trade mark) C-50 (Deutsche Pharmacia,
      Frankfurt/M), the ion exchanger having been equilibrated by means of 0.008
      molar sodium acetate of pH 4. The glucose oxidase was eluted using a
      linear gradient of from 0 to 0.3 molar sodium chloride in 0.008 sodium
      acetate of pH 4. The first elution peak contained the glucose oxidase. The
      solution was adjusted with sodium hydroxide to pH 6 and dialyzed against
      0.01 molar sodium phosphate of pH 6, followed by chromatography with
      diethylaminoethyl(DEAE)-Sephadex A-50 (registered trade mark) (Deutsche
      Pharmacia, Frankfurt/M), the ion exchanger having been equilibrated with
      0.01 molar sodium phosphate of pH 6. The glucose oxidase was eluted using
      a gradient of from 0 to 0.3 molar sodium chloride in 0.01 molar sodium
      phosphate of pH 6. The first elution peak contained the catalase, the
      second one contained the glucose oxidase.
PAR  The DEAE-Sephadex A-50-chromatography was repeated once more. The glucose
      oxidase fraction was concentrated by ultrafiltration up to a protein
      content of 2 %, dialyzed against 0.02 molar sodium phosphate solution of
      pH 6 and lyophilized.
PAR  The specific glucose oxidase activity of the end product was 255 units/mg
      of protein, the yield of activity was 45 %. The glucose oxidase obtained
      according to the invention contained 0.08 unit catalase/mg of protein.
PAR  Similar good results were obtained when the adsorption and the elution of
      the enzyme were carried out at the ion exchangers by degrees according to
      the so-called batch process. If necessary, the glucose oxidase could be
      crystallized after purification.
PAR  According to the purification process described in example 1 glucose
      oxidase poor in catalase could likewise be obtained from glucose oxidase
      compositions of Penicillium notatum and other molds available in commerce.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for obtaining glucose oxidase poor in catalase which comprises
      precipitating a prepurified glucose oxidase composition with a
      water-soluble salt of an acridine base, and subsequently purifying it by
      chromatography on a cation exchanger and an anion exchanger.
NUM  2.
PAR  2. A process as defined in claim 1 in which the cation exchanger is one
      having functional sulfoethyl groups and the ion exchanger is one having
      functional diethylamino groups.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein said water-soluble salt of an
      acridine base is diaminoethoxyacridine lactate.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein said prepurified glucose oxidase
      composition is derived from a mold.
NUM  5.
PAR  5. A process as claimed in claim 4 wherein said mold is Aspergillus niger.
NUM  6.
PAR  6. A process as claimed in claim 4 wherein said mold is Penicillium
      notatum.
NUM  7.
PAR  7. Glucose oxidase poor in catalase, prepared by the process of claim 1,
      containing more than 250 units/mg of protein of glucose oxidase activity
      and less than 0.1 unit/mg of protein of catalase activity.
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ABST
PAL  This invention relates to a neutral protease useful for animal tissue cell
      culture and having the chemical and physical properties disclosed in the
      body of the specification, characterized in that said protease is produced
      by aerobically culturing a strain of Bacillus polymyxa deposited at the
      American Type Culture Collection, Rockville, Maryland under accession
      number ATCC 21993 on a culture medium containing a suitable carbon source
      and nitrogen source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel neutral protease produced by aerobically
      culturing a strain belonging to Bacillus polymyxa, preferably a strain of
      Bacillus polymyxa deposited at the American Type Culture Collection,
      Rockville, Md. under accession number ATCC 21993, and at the Fermentation
      Research Institute, Agency of Industry and Technology, Chiba City, Japan
      under accession number FERM-P-No. 412, on a culture medium containing a
      suitable carbon source and nitrogen source.
PAR  This novel neutral protease of the present invention is useful for animal
      tissue and cell culture, particularly in dispersing animal tissues, in
      dispersing animal tissue culture cells, and in suspension culture.
PAR  Heretofore, a method of tissue and cell culture has been developed in the
      field of research of the basic science and has been applied to the
      production of virus vaccine. It is considered that such method will become
      one of the most important techniques for the biological industry in
      future.
PAR  In the process of tissue and cell culture, it is a basic technique "to
      disperse tissue cells".
PAR  Prior to cultivating animal cells, the animal tissue should preferably be
      dispersed. After placing cells in a culture vessel, the tissue culture
      cells attached to the surface of the vessel are removed from the surface
      and dispersed to obtain a cell suspension. In order to cultivate on a
      large scale, it is convenient to cultivate animal tissue in a dispersed
      state, that is, to use a suspension culture process.
PAR  Heretofore in order to disperse tissue and cells, it has been attempted to
      add an enzyme or a chelating agent to a solvent for dispersion, or to
      mechanically disperse by means of scissors, spatulas, pipettes or the
      like. Rous and Jones used trypsin to disperse spleen tissue, tumor-tissue
      and the like of a fowl and a mammal. Medawar digested the heart tissue of
      a chicken embryo and human skin tissue by a trypsin solution, and
      successfully cultivated cells from the digested material. Dulbecco
      prepared a cell suspension by using a salty solution of trypsin in the
      process of monolayer culture of chicken embryo cells, and this culture was
      applied to his experiments on virus plaque formation.
PAR  Among conventional methods, Rappaport's and Bodian's methods are typical
      ones. Both methods use trypsin, but the former produces a cell suspension
      in a short time by using a relatively high temperature of 37.degree.C to
      highly activate an enzyme which acts on the tissue employed, while the
      latter produces a cell suspension over a long time by using a low
      temperature (4.degree. to 6.degree.C) while stirring a solution containing
      tissue and an enzyme by means of a magnetic stirrer. Both methods provide
      cell suspensions which can be used for tissue culture.
PAR  Thus, trypsin was the main enzyme used for dispersing tissue and cells, but
      Rinaldini used pancreatin, elastase, papain and hyaluronidase in addition
      to trypsin in order to disperse the heart tissue of a fowl embryo, and
      found that elastase was useful in respect to digesting intercellular
      substances. Hinz et al. used collagenase to culture human, pig and rabbit
      lungs. Hayashi et al made a comparative test of trypsin, pancreatin and
      the other various enzyme-containing compounds to digest human amnoin
      tissue and prepared suspended cells in a high yield by action of
      pancreatin for a short time. Gwatkin et al. used "Pronase" (trademark),
      which is a protease produced by Streptomyces, to disperse mouse embryo
      tissue fragments, and obtained its monolayer culture.
PAR  Various enzymes and chelating agents have been studied for use in
      selectively cultivating a specific group of cells among various cells
      present in a tissue. Rappaport et al. used boron tetraphenylate, which is
      a chelating agent for potassium, to disperse the liver of a mouse thereby
      obtaining hepatic parenchymal cells. Lasfarques prepared a group of
      epithelial cells by treating the mammary gland tissue of a mouse with
      bacterial collagenase for a long time thereby damaging cells of connective
      tissue.
PAR  However the above mentioned enzymes, except for "Pronase" and collagenase,
      are all derived from animal sources. Consequently, such enzymes are
      restricted in respect to their sources and it is complicated to prepare
      them. Therefore they are rather expensive. In addition to the above
      general disadvantages, trypsin has many other defects in that it is
      inhibited by serum; that its optimum pH range of activity is relatively
      narrow (pH 7.2 to 7.4); that it is rapidly inactivated by incubation; that
      it tends to damage the cells on a certain concentration of trypsin; and
      accordingly that very careful operation is required. Animal tissues to
      which collagenase is applied are restricted since the collagenase works
      only with tissues containing collagen. There is a risk that crude enzymes
      derived from an animal source include mycoplasm. "Pronase" has
      disadvantages in that it is often heterogenous in quality and accordingly
      that reproducibility is unfavorable. According to Gwatkin's operating
      conditions, cells are highly apt to be damaged. In view of the above
      mentioned disadvantages in the prior art, an enzyme which has none of the
      above disadvantages and which can be easily handled, is desired.
PAC  DESCRIPTION OF THE INVENTION
PAR  The enzyme of the present invention is a neutral protease produced by
      bacteria and overcomes the above mentioned defects. A neutral protease can
      be produced by various bacteria, but this invention relates particularly
      to the protease which is produced by a strain of Bacillus polymyxa
      deposited at American Type Culture Collection under accession number ATCC
      21993 (and also deposited at the Japanese Fermentation Research Institute
      Agency of Industry and Technology under accession number FERM-P-No. 412).
PAR  The protease of this invention is produced by carrying out a liquid culture
      for 2 to 7 days at pH 5 to 8 under a temperature of 20.degree. to
      37.degree.C on a synthetic medium or a natural medium containing a
      suitable amount of carbohydrate, a nitrogen source and inorganic salts
      respectively. Any method of surface culture, shaken culture or culture
      under aeration can be employed, but shaken culture and culture under
      aeration are generally preferred.
PAR  After the completion of the culture, the bacterial cells are removed and
      the protease solution is obtained. The thus obtained protease solution is
      subjected to a purification operation such as salting out, precipitation
      by solvent, concentration under reduced pressure and the like to obtain a
      concentrated protease solution. Most of the active protease is
      precipitated by salting out the concentrated protease solution with 60 to
      80% saturated ammonium sulfate solution. The precipitation can also be
      carried out with 75% methanol, 70% ethanol, 60% acetone or 70%
      isopropanol, the yield of the active protease being 88%, 80%, 70% and 75%
      respectively. The crude protease thus obtained can be preserved in quite a
      stable state at pH 4 - 9 under a temperature of 5.degree.C for 7 days, and
      it can be similarly preserved at 27.degree.C for 24 hours.
PAR  The protease of the present invention has the following chemical and
      physical properties, and was found to be a novel protease.
PA1  a. Function: The protease of this invention functions as a neutral
      protease.
PA1  b. Specificity to substrate: This protease has a mild proteolytic activity
      to casein.
PA1  c. Optimum pH value and stable pH range: Optimum pH: The optimum pH for
      proteolytic activity to casein is 8.5.  Stable pH range: This protease is
      very stable within the pH range of 4.0 to 9.0.
PA1  d. Assay method of activity: The activity is expressed in units of
      hemoglobin in accordance with Anson's Method.
PA1  e. Active temperature range: This protease is active within the temperature
      range of 20.degree. to 75.degree.C. The optimum temperature is
      60.degree.C.
PA1  f. Inactivation by pH and temperature: The activity is completely lost at a
      pH of below 3.0 and at a pH of above 10.0. The activity is also completely
      lost by heating at 65.degree.C for 10 minutes.
PA1  g. Inhibition and activation: The activity is inhibited by metal-chelating
      agents such as ethylenediaminetetraacetate (EDTA), citric acid,
      o-phenanthroline, 2,2'-dipyridyl and sodium fluoride, and oxidizing agents
      such as N-bromosuccinimide (NBS) and iodine. The activity is enhanced by
      the addition of metallic ions such as Ca.sup.+.sup.+, Mn.sup.+.sup.+,
      Mg.sup.+.sup.+, Fe.sup.+.sup.+, Fe .sup.+.sup.+.sup.+ and
      Al.sup.+.sup.+.sup.+.
PA1  h. Method of purification: The crude protease of the present invention is
      crystallized by the following procedure. The crude protease is dissolved
      in M/500 calcium acetate solution, and the insoluble material is removed
      by filtration or centrifuge. Ammonium sulfate is added to the filtrate to
      make a 40% saturated solution, and the precipitated material (nonactive
      fraction) is removed by filtration or centrifuging. Further ammonium
      sulfate is added to the resultant filtrate to make a 70% saturated
      solution, and the precipitated material is recovered by filtration or
      centrifuging. The precipitated material thus obtained (which is
      precipitated from 70% saturated ammonium sulfate solution) is dissolved in
      M/500 calcium acetate solution, and the resultant solution is subjected to
      dialysis in a cellophane tube or bladder membrane against M/500 calcium
      acetate solution.
PA1  The cellophane tube or bladder membrane permits passage of ammonium sulfate
      but not the protease of this invention. The dialysis is carried out at
      5.degree.C, and after 3 days the inside solution in the semi-permeable
      membrane begins to crystallize. After 7 days, the crystallized material is
      recovered by centrifuging. The crystallized material thus obtained is
      mixed with M/500 calcium acetate solution to form a suspension, and is
      dissolved by adding dilute NaOH solution dropwise at a low temperature.
      Immediately after the addition of the NaOH solution, dilute HCl solution
      is added to make the pH value of the solution 8.0, and the insoluble
      material is removed by centrifuging. The pH value of the solution is then
      made 6.8. The resultant solution is allowed to stand at a low temperature
      to crystallize out the protease of the present invention.
PA1  i. Molecular weight: In accordance with ultracentrifugal analysis, the
      molecular weight of the protease of this invention was determined to be
      35,900.
PA1  j. Crystal structure: The crystal structure of the protease has not been
      fully determined, but the crystal obtained in accordance with the
      purification method of Item (h) was stick-like or needle-like.
PA1  k. Elemental analysis: The elemental analysis of the crystal obtained in
      accordance with the purification method of Item (h) was as follows: C:
      46.57%, H: 7.17%, O: 31.57%, N: 14.48%, and S: 0.21%
PA1  The protease of this invention was found to attack peptide bonds in the
      "oxidized B-chain" of insulin at the following twelve positions:
      Phe(1)-Val(2), His(5)-Leu(6), His(10)-Leu(11), Glu(13)-Ala(14),
      Ala(14)-Leu(15), Leu(15)-Tyr(16), Tyr(16)-Leu(17), Leu(17)-Val(18),
      Gly(23)-Phe(24), Phe(24)-Phe(25), Phe(25)-Tyr(26) and Lys(29)-Ala(30).
PAR  In addition to the above properties, the neutral protease of this invention
      has the following characteristics in comparison with trypsin which has
      been used heretofore to disperse tissue and prepare a cell-suspension.
PAR  Trypsin effectively digests tissues in the absence of serum, calcium and
      magnesium ions. Serum contains trypsin inhibitors. Consequently, it is
      impossible to use an ordinary culture medium containing serum, for trypsin
      treatment. However culture mediums not containing serum, calcium and/or
      magnesium ions are unsuitable for cells since the cells are damaged in
      such culture mediums. On the other hand the activity of the neutral
      protease of this invention is not substantially inhibited by serum,
      calcium and/or magnesium, and accordingly the neutral protease of this
      invention can work regardless of the inclusion of these components.
      Further it is possible to easily stop the activity of protease by diluting
      the protease solution without affecting the lives of the cells. When
      trypsin is employed to disperse a tissue, the working conditions such as
      treating time, enzyme concentration and the like are narrowly restricted,
      while the working conditions of the neutral protease of this invention are
      generally broad and cells are not easily damaged even if the working
      conditions extend outside the particular treating time and concentration
      ranges. From these aspects, it is clear that the neutral protease of this
      invention works more conveniently and effectively than trypsin in
      dispersing tissues of various organs to prepare tissue cultures from them
      and in dispersing tissue culture cells attached to the surface of the
      culture vessel and growing thereon.
PAR  The protease of this invention is further characterized in that its
      activity is maintained for a long time when it is kept at 37.degree.C.
      Owing to this characteristic, it has become possible to carry out a
      suspension culture by adding the protease of this invention to a culture
      medium. Heretofore, a suspension culture could be carried out only when a
      particular type of strain was employed, and it was necessary to apply a
      mechanical force such as stirring to the culture medium in order to strip
      off cells attached to the surface of the culture vessel. Sometimes it was
      necessary to add a viscous material and a surface active agent in order to
      facilitate the dispersion of cells and to prevent their coagulation. An
      attempt was made to employ trypsin to facilitate the dispersion of cells
      and to carry out a suspension culture, but trypsin was inhibited by the
      protein in serum and its activity was rapidly lost at the temperature
      employed for the culture. Thus, trypsin can be employed only under very
      limited conditions, that is, only for a suspension culture using a medium
      containing nonserum. On the other hand, the protease of this invention is
      not inhibited by serum and does not damage cells. Moreover the activity of
      the protease of this invention is maintained for a long time at the
      temperature employed for the culture. In a culture medium containing the
      protease of this invention, cells grow in the state of dispersion, and it
      is possible to carry out a suspension culture using an ordinary culture
      medium without employing a viscous material and a surface active agent.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows yields of free viable L-929 cells (to the total number of
      cells) obtained by treating monolayer culture cells at 37.degree.C for 10
      minutes with MEM-FCS (9 : 1) solutions containing the protease of this
      invention (expressed by the curve   ) or trypsin (expressed by the curve
      ) at various concentrations.
PAR  FIG. 2 shows yields of free viable cells obtained in the same manner as in
      FIG. 1, except that PBS is used in place of MEM-FCS as a medium.
PAR  FIG. 3 shows the relationship between the treating time and the yield of
      free viable L-929 cells obtained by treating monolayer culture cells at
      37.degree.C for various periods of time with the PBS solution containing
      trypsin at various concentrations of 50 u/ml (expressed by the curve   ),
      200 u/ml (expressed by the curve   ) and 1000 u/ml (expressed by the curve
        ).
PAR  FIG. 4 shows the relationship between the treating time and the yield of
      free viable L-929 cells obtained by treating monolayer culture cells at
      37.degree.C for various periods of time with MEM-FCS (9 : 1) solution
      containing the protease of this invention at various concentrations of 50
      u/ml (expressed by the curve   ), 200 u/ml (expressed by the curve   ) and
      1000 u/ml (expressed by the curve   ).
PAR  FIG. 5 shows the total number of cells per test tube (expressed by the
      curve   ) and the yield of free viable cells (expressed by the curve   )
      obtained by a stationary suspension culture at 37.degree.C for 2 days in
      MEM-FCS solution containing the protease of this invention at various
      concentrations. The curve    shows the number of cells originally added in
      the test tube.
PAR  FIG. 6-1 is a phase contrast micrograph (.times. 240) of L-929 cells
      obtained by a stationary suspension culture at 37.degree.C for 2 days in
      MEM-FCS (9 : 1) solution containing the protease of this invention at a
      concentration of 200 u/ml.
PAR  FIG. 6-2 is a phase contrast micrograph (.times. 240) of L-929 cells
      obtained by a stationary suspension culture at 37.degree.C for 2 days in
      MEM-FCS (9 : 1) solution containing no protease.
PAR  FIG. 7 shows growth curves of L-929 cells obtained by a stationary
      suspension culture at 37.degree.C respectively in MEM-FCS (9 : 1) solution
      containing the protease of this invention at concentration of 200 u/ml
      (expressed by the curve   ) and in MEM-FCS (9 : 1) solution containing no
      protease (expressed by the curve   ). In both cases, the culture medium
      was renewed on every third day.
PAR  FIG. 8 shows growth curves of L-S.sub.2 cells obtained by a stationary
      suspension culture at 37.degree.C respectively in MEM-FCS (9 : 1) solution
      containing the protease of this invention at a concentration of 200 u/ml
      (expressed by the curve   ) and in MEM-FCS (9 : 1) solution containing no
      protease (expressed by the curve   ). In both cases, the culture medium
      was renewed on every third day.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The following Examples illustrate a method of preparing the protease of
      this invention, a method of dispersing animal tissue, a method of
      dispersing tissue culture cells and a method of suspension culture, which
      respectively use the neutral protease of this invention.
PAC  Preparation Example: Preparation of the Protease of this Invention
PAR  100 L of a medium containing 40% of defatted soybean cake extract which was
      obtained from 5% of soybean flake in dilute alkaline solution and was
      digested with alkaline protease, 0.5% of corn steep liquor, 3.5% of
      glucose, and 1/100 M CaCl.sub.2 was inoculated with a strain of Bacillus
      polymyxa ATCC 21993 (or FERM-P No. 412).
PAR  After 40 hours' submerged culture in 200 L fermenter at 30.degree.C
      (aeration 100 L/min, agitation 200 rpm.), the proteolytic activity of the
      broth reached its maximum, 4000 unit/ml.
PAR  The cells and insoluble fraction of the broth were removed by
      gel-filtration, and the filtrate was concentrated under reduced pressure.
      After fractionation by isopropanol (35 - 70%), 700 grams of the enzyme of
      this invention was obtained, and its specific activity was 428,000 unit/g.
      The recovery of the activity was found to be 70%.
PAC  EXAMPLE 1
PAC  Dispersion of the Heart Tissue of a Chicken Embryo and Its Primary Culture
PAR  The heart of a 10-days incubated chicken embryo was cut in two with a
      scalpel, and each piece was put in a dish. Each piece was cut into smaller
      pieces, and the cut pieces were dispersed in 1 ml of the respective
      protease solutions disclosed in the following Table 1. Each of the
      resultant solutions was put in a test tube, and kept at 37.degree.C for 30
      minutes. After incubation, 4 ml of a mixed culture medium prepared by
      mixing Eagle's minimum essential medium (hereinafter referred to as MEM)
      with foetal calf serum (hereinafter referred to as FCS) in a ratio of 9 to
      1 were added and mixed with a pipette thereby forming a suspension of free
      cells. The resultant mixture was allowed to stand for 1 minute to deposit
      small tissue pieces. The supernant suspension of cells was put in another
      test tube, and was subjected to a centrifuge for 10 minutes at 700 rpm
      thereby depositing cells. The supernant liquid was discarded and the
      deposited cells were dispersed in 4 ml of a mixed culture medium
      comprising F 12 medium of Ham (hereinafter refers to as F 12), MEM and FCS
      in a ratio of 4.5 : 4.5 : 1. The resultant dispersion was placed in a
      glass dish having a diameter of 5 cm and was subjected to a stationary
      culture at 37.degree.C for 2 days in a humidified atmosphere containing 5%
      carbon dioxide in air. On the other hand, the small tissue pieces left in
      the first test tube were mixed with 4 ml of the same mixed culture medium
      as above and placed in a glass dish and the mixture was subjected to a
      stationary culture in the same manner as above.
PAR  After the cultivation, the medium was discarded, and the cells were fixed
      with 70% ethanol as they were, without stripping the cells off the glass
      surface of the culture vessel, and were dyed with crystal violet solution.
PAR  As a method for the evaluation of the results, the culture in which the
      dispersed cells formed a monolayer was marked as "++", and the culture in
      which the cells did not form a mono-layer but attached to the glass
      surface of the culture vessel was marked as "+". Further, the culture in
      which tissue pieces were dispersed and cells grew over the glass surface
      from the tissue pieces was marked as "++". The culture in which tissue
      pieces were coagulated and cells did not grow on the glass surface so much
      was marked as "+".
PAR  The amount of free cells obtained by treating the tissue with the protease
      of this invention in each of the MEM-FCS solution and phosphate buffer
      salt solution (hereinafter referred to as PBS) was substantially the same
      as that obtained by treating the same tissue with trypsin in PBS. When the
      tissue was treated with trypsin in PBS, a viscous coagulation of tissue
      pieces was formed, but, it is heretofore known that such a viscous
      coagulation of tissue pieces is caused by damaging the cells. However,
      when the tissue is treated with the protease of this invention in a
      serum-containing medium, such a coagulation as seen in the treatment by
      trypsin did not appear and many cells from the treated tissue pieces grew
      over the glass surface (see Table 1).
PAR  A very similar result was obtained when the same test was carried out using
      the heart of a rat embryo in place of the heart of a chicken embryo.
PAR  In conclusion, it has been found that the protease of this invention works
      to disperse tissue in a serum-containing medium to the same extent as the
      dispersion of the tissue in PBS solution by tyrpsin, and the damage to the
      cells can be kept to a minimum by the use of the protease of this
      invention.
PAC  TABLE 1
PAL  Primary culture of the heart tissue of a chicken embryo dispersed by
      protease of this invention and trypsin
TBL  Culturing condition  Evaluation                                           

                                  Culture of                                   

                                          Culture of                           

                        Culture   dispersed                                    

                                          tissue                               

     Enzyme    unit/ml  medium    cells   pieces                               

     ______________________________________                                    

     1   Protease                                                              

         of this   1000.mu. MEM-FCS                                            

         invention          (9 : 1)   +       ++                               

     2     "       2000.mu. "         ++      ++                               

     3     "       1000.mu. PBS       +       +                                

     4     "       2000.mu. "         ++      +                                

     5   trypsin   1000.mu. "         +       +                                

     6     "       2000.mu. "         ++      +                                

     7     "       1000.mu. MEM-FCS                                            

                            (9 : 1)   -       -                                

     8     "       2000.mu. "         -       -                                

     ______________________________________                                    

PAR  The evaluation (-) means that it is impossible to carry out culture by
      using trypsin when MEM-FCS is employed as a culture medium since the
      trypsin is inhibited by serum in the MEM-FCS culture medium.
PAC  EXAMPLE 2
PAC  Dispersion of the Body of a Chicken Embryo and Its Primary Culture and
      Successive Culture
PAR  Seven bodies of 11-days incubated chicken embryos from which the internal
      organs, heads and legs were removed were injected through a syringe. To 10
      ml of the injected tissue pieces, were added 50 ml of a phosphate buffer
      salt solution containing calcium and magnesium ions (Dulbecco's PBS). The
      resultant mixture was fully stirred and 10 ml of the mixture were poured
      into each of five conical flasks. To each of the conical flasks containing
      the tissue pieces, were added 10 ml each of protease solutions prepared by
      dissolving the protease of this invention or trypsin in Dulbecco's PBS,
      the concentration of which is disclosed in the following Table 2-1. The
      contents of the conical flask were kept at 37.degree.C for 30 minutes, and
      the resultant protease solution containing tissue pieces and suspended
      viable cells was then filtered through a 150-mesh stainless steel sieve.
      The filtrate was subjected to a centrifuge at 1,000 rpm for 5 minutes to
      separate cells from the protease solution. The cells thus obtained were
      dispersed in a mixed culture medium comprising MEM, Tryptose phosphate
      (Difco) and calf serum in a ratio of 9 : 0.5 : 0.5 (hereinafter referred
      to as MEM-TPB-CS) to prepare a cell suspension. The number of viable cells
      in the cell suspension was measured by means of the erythrosine staining
      method (see Table 2-1).
PAR  In the primary culture 5 ml each of the MEM-TPB-CS solution containing 5
      .times. 10.sup.6 cells obtained by the treatment with the respective
      protease solutions were placed in a plastic dish having a diameter of 5
      cm, which was then kept at 37.degree.C for 4 days in a humidified
      atmosphere containing 5% carbon dioxide in air. Subsequently the medium
      was discarded from each of the solutions, and the protease solutions
      disclosed in Table 2-2 were added to the remaining cells respectively. The
      resultant solutions were incubated and cells attached to the surface of
      the dish were stripped off to form a cell suspension. The number of viable
      cells in the cell suspension was measured by means of the erythrosine
      staining method (see Table 2-2).
PAR  In carrying out successive culture, 5 ml of cell suspension containing 1
      .times. 10.sup.6 cells were prepared by suitably diluting the cell
      suspension obtained in the primary culture with MEM-TPB-CS solution, and
      were placed in a dish and kept at 37.degree.C in the same manner as in the
      primary culture. In this manner, the successive culture was carried out
      until the tertiary culture was obtained, and in each stage the number of
      viable cells in the cell suspension was measured.
PAR  As the result of these tests, it was proved that the number of viable cells
      in the cell suspension obtained by using the protease of this invention
      was always larger than that of viable cells obtained by using trypsin. The
      maximum number was obtained when the protease of this invention was
      employed at a concentration of 500 u/ml (see Table 2-1).
PAR  In the primary and successive cultures the number of live cells in the cell
      suspensions obtained by using trypsin to strip cells off the surface of
      the culture vessel was not always increased. Actually, in the primary and
      tertiary cultures, the number was decreased. Thus, the cultivation by
      trypsin was unstable. On the other hand, the number of viable cells in the
      cell suspensions obtained by using the protease of this invention steadily
      increased (see Tables 2-2, 2-3 and 2-4).
PAR  In Dulbecco's PBS solution, the number of cells obtained by using the
      protease of this invention was no less than that obtained by using
      trypsin.
PAC  TABLE 2-1
PAL  Dispersion of tissue pieces of the body of a chicken embryo by the use of
      the protease of this invention and trypsin
TBL  Treating Condition                                                        

            Enzyme                   Number of                                 

            employed to              suspended                                 

            disperse                 viable cells                              

     Test   tissue                   obtained per                              

     No.    pieces      Concentration                                          

                                     chicken embryo                            

     ______________________________________                                    

     1      Trypsin      0.125%       6.7 .times. 10.sup.7                     

     2      The protease                                                       

            of this      1000.mu./ml  1.5 .times. 10.sup.8                     

            invention                                                          

     3        "           500 .mu./ml 2.2 .times. 10.sup.8                     

     4        "           100 .mu./ml 1.6 .times. 10.sup.8                     

     5        "           50 .mu./ml  1.6 .times. 10.sup.8                     

     ______________________________________                                    

TBL                Table 2-2                                                   

     ______________________________________                                    

     Primary Culture                                                           

     Treating Condition            Number of                                   

                                         viable                                

                                Number of                                      

                                         cells                                 

                                viable   obtained                              

                                cells    after 4                               

     Test Enzyme     Concentra- inoculated                                     

                                         day-                                  

     No.  employed   tion       in a dish                                      

                                         culture                               

     ______________________________________                                    

     1    Trypsin    0.125%     5.0 .times. 10.sup.6                           

                                         4.5 .times. 10.sup.6                  

     2    The protease                                                         

          of this    1000 .mu./ml                                              

                                5.0 .times. 10.sup.6                           

                                         5.2 .times. 10.sup.6                  

          invention                                                            

     3      "         500 .mu./ml                                              

                                5.0 .times. 10.sup.6                           

                                         8.0 .times. 10.sup.6                  

     4      "         100 .mu./ml                                              

                                5.0 .times. 10.sup.6                           

                                         6.1 .times. 10.sup.6                  

     5      "         50 .mu./ml                                               

                                5.0 .times. 10.sup.6                           

                                         8.3 .times. 10.sup.6                  

     ______________________________________                                    

TBL                Table 2-3                                                   

     ______________________________________                                    

     Secondary Culture                                                         

     Treating Condition            Number of                                   

                                         viable                                

                                Number of                                      

                                         cells                                 

                                viable   obtained                              

                                cells    after                                 

     Test Enzyme     Concentra- inoculated                                     

                                         3-day                                 

     No.  employed   tion       in a dish                                      

                                         culture                               

     ______________________________________                                    

     1    Trypsin    0.125%     1.0 .times. 10.sup.6                           

                                         1.6 .times. 10.sup.6                  

     2    The protease                                                         

          of this    1000 .mu./ml                                              

                                1.0 .times. 10.sup.6                           

                                         1.3 .times. 10.sup.6                  

          invention                                                            

     3      "         50 .mu./ml                                               

                                1.0 .times. 10.sup.6                           

                                         1.7 .times. 10.sup.6                  

     ______________________________________                                    

TBL                Table 2-4                                                   

     ______________________________________                                    

     Tertiary Culture                                                          

     Treating Condition            Number of                                   

                                         viable                                

                                Number of                                      

                                         cells                                 

                                viable   obtained                              

                                cells    after                                 

     Test Enzyme     Concentra- inoculated                                     

                                         4 day-                                

     No.  employed   tion       in a dish                                      

                                         culture                               

     ______________________________________                                    

     1    Trypsin    0.125%     1.0 .times. 10.sup.6                           

                                         6.30 .times. 10.sup.5                 

     2    The protease                                                         

          of this    1000 .mu./ml                                              

                                1.0 .times. 10.sup.6                           

                                         1.25 .times. 10.sup.6                 

          invention                                                            

     3      "         50 .mu./ml                                               

                                1.0 .times. 10.sup.6                           

                                         1.25 .times. 10.sup.6                 

     ______________________________________                                    

PAC  EXAMPLE 3
PAC  Preparation of Cell Suspension From Monolayer Culture of Mouse Fibroblast
      of Strain L-929
PAR  Before the treatment by the protease of this invention, L-cells were
      cultivated in a TD40culture vessel containing MEM-FCS (9 : 1) as a culture
      medium, and the grown cells on the surface of the culture vessel were
      stripped off by a rubber cleaner to prepare a cell suspension. The thus
      prepared cell suspension was placed in short test tubes, and subjected to
      a stationary culture at 37.degree.C to grow cells on the glass surface.
      After 2 days of culture, the culture medium in some of the test tubes was
      replaced by 1 ml of PBS or MEM-FCS (9 : 1) solution containing the
      protease of this invention, and the test tube was kept at 37.degree.C.
      After a predetermined time, 0.2 ml of 0.4% erythrosine-PBS solution was
      put in the test tube, and the number of free viable cells in the test tube
      was measured by a hemacytometer. The total number of cells in the test
      tube was also measured by the crystal violet staining method to compare
      the number of free viable cells with that of the total number.
PAR  PBS solution containing trypsin at a concentration of about 200 u/ml has
      been heretofore used to disperse cells attached to the surface of a
      culture vessel, and so the trypsin was employed as a comparative control.
PAR  PBS or MEM-FCS (9 : 1) solutions containing the protease of this invention
      at various concentrations in the range of 50 to 2000 u/ml and PBS or
      MEM-FCS (9 : 1) solutions containing trypsin at various concentrations in
      the range of 50 to 2000 u/ml were tested by treating monolayer culture
      cells for 10 minutes at 37.degree.C. Yields of free viable cells obtained
      by the treatment with PBS solution containing the protease of this
      invention and the PBS solution containing trypsin were both 30% of the
      total even at their optimum protease concentration, while yields of free
      viable cells obtained by the treatment with MEM-FCS solution containing
      the protease of this invention and MEM-FCS solution containing trypsin
      were both approximately 100% (see FIGS. 1 and 2). As can be seen from FIG.
      1, the yield of viable cells obtained by the treatment with MEM-FCS
      solution containing the protease of this invention gradually increases as
      the concentration of the protease increases, while the yield of viable
      cells by treatment with MEM-FCS solution containing trypsin at first
      remains low then rapidly increases as the concentration of trypsin
      increases.
PAR  The relationship between the yield of free viable cells and the treating
      time (0 to 60 minutes) was studied by using MEM-FCS solution containing
      the protease of this invention at concentrations of 50 u/ml, 200 u/ml and
      1000 u/ml and PBS solution containing trypsin at concentrations of 50
      u/ml, 200 u/ml and 1000 u/ml. FIG. 3 shows the relationship between the
      treating time and the yield of free viable cells obtained by treating
      monolayer culture cells at 37.degree.C with the PBS solution containing
      trypsin. FIG. 4 shows the relationship between the treating time and the
      yield of free live cells obtained by treating monolayer culture cells at
      37.degree.C with the MEM-FCS solution containing the protease of this
      invention. As can be seen from FIG. 3, the yield of free viable cells
      obtained by the treatment with the trypsin PBS solution reached a maximum
      within 10 minutes. When the treating time is extended further, the yield
      decreases rapidly. On the other hand, as can be seen from FIG. 4, when
      cells are treated with the MEM-FCS solution containing the protease of
      this invention at concentrations of 200 u/ml and 1000 u/ml, almost all of
      the cells are recovered as free viable cells, and the yield of the free
      viable cells does not substantially decrease even when the treating time
      is extended longer. However it was proved that the MEM-FCS solution
      containing the protease of this invention at a concentration of 50 u/ml
      was not effective in stripping cells off the surface of the culture vessel
      during a 60 minutes trial, and the cells were not stripped off even after
      48 hours.
PAR  In addition to the foetal calf serum, calf, bovine or equine serum could be
      equally added to MEM and such a protease solution comprising the above
      serum worked effectively in producing free viable cells.
PAR  The successive cultivation of the free viable cells obtained by treatment
      with the protease of this invention was effectively carried out by
      reducing the concentration of the protease to less than 50 u/ml by
      diluting the protease solution or centrifugally separating the protease
      solution from cells. In the successive culture the cells grew again on a
      surface of a culture vessel.
PAR  In conclusion, the yield of free viable cells obtained from L-cells
      attached to the surface of a culture vessel by treating them with the
      protease of this invention in a serum-containing medium is higher than
      that obtained by treatment with trypsin in PBS, and in the case of the
      protease of this invention it is easy to determine the optimum
      concentration and treating time.
PAC  EXAMPLE 4
PAC  Suspension Culture of Mouse Fibroblasts of Strain L-929
PAR  A cell suspension comprising L-cells and MEM-FCS (9 : 1) was prepared in
      the same manner as in Example 3. A culture medium comprising the prepared
      cell suspension and the protease of this invention was put in short test
      tubes in an amount of 1 ml, and was cultivated at 37.degree.C for 2 days
      or 3 days, and the number of free live cells obtained and the total number
      of cells was measured in the same manner as in Example 3. In the
      successive culture operation, the test tube containing the cell suspension
      was subjected to a centrifuge at 700 rpm for 10 minutes to deposit the
      cells. The supernatant fluid was discarded with a pipette, and 1 ml of a
      fresh MEM-FCS solution containing the protease of this invention was added
      in the same test tube to be cultivated again at 37.degree.C. The
      successive cultivation was continued by diluting the cell suspension with
      a fresh medium in a ratio of 1 to 1 or 1 to 2 when the number of cells
      increased.
PAR  As can be seen from FIG. 6-1, in a culture medium containing the protease
      of this invention, cells grow in a dispersed state, while in a culture
      medium containing no protease of this invention, cells grow in a state of
      being attached on glass surfaces (see FIG. 6-2).
PAR  As can be seen from FIG. 5, the yields of free viable cells obtained by
      treating the cells for 2 days with MEM-FCS solution containing the
      protease of this invention at concentrations of 100 u/ml and 200 u/ml were
      respectively 103% and 101% of the total cells, and substantially no cells
      were attached to the glass surface (see FIG. 6-1). On the other hand, the
      yields of free viable cells obtained by the treatment with the protease of
      this invention at concentrations of 25 u/ml and 50 u/ml were less than 2%.
      The yield of free viable cells obtained by using a culture medium
      conntaining no protease was also less than 2%.
PAR  The growth of L-cells in a state of suspension in MEM-FCS (9 : 1) solution
      containing the protease of this invention according to suspension culture
      method was measured. As a control, the growth of L-cells in the same
      medium containing no protease according to replicate culture method was
      measured. As can be seen from FIG. 7, although the growth in the
      suspension culture using the protease of this invention was a little
      inhibited in comparison with that in the monolayer culture using no
      protease, the growth steadily increased.
PAR  When the suspension culture was continued for one month in a culture medium
      containing 200 u/ml of the protease of this invention, a substrain was
      developed and was referred to as L-S.sub.2. Growth curves of the above
      substrain (L-S.sub.2) after 4 months-suspension culture were shown in FIG.
      8. When L-S.sub.2 cells were placed in a culture medium without containing
      the protease of this invention, they grew on a glass surface of the
      culture vessel, attaching thereto.
PAR  As mentioned above, in a culture medium containing the protease of this
      invention and serum, it was possible to carry out suspension culture and
      to grow without stirring or agitating.
CLMS
STM  I claim:
NUM  1.
PAR  1. A neutral protease having the following characteristics:
PA1  a. optimum pH of 8.5 for proteolytic activity to casein,
PA1  b. stable within a pH range of 4-9,
PA1  c. active within a temperature range of 20.degree.-75.degree.C, with the
      optimum temperature being 60.degree.C,
PA1  d. absence of activity at pH below 3 and pH above 10, and absence of
      activity upon heating at 65.degree.C for 10 minutes,
PA1  e. activity inhibited by ethylene-diaminetetraacetate, citric acid,
      o-phenanthroline, 2,2'-dipyridyl, sodium fluoride, N-bromosuccinimide and
      iodine,
PA1  f. activity enhanced by Ca.sup.+.sup.+, Mn.sup.+.sup.+, Mg.sup.+.sup.+,
      Fe.sup.+.sup.+, Fe.sup.+.sup.+.sup.+ and Al.sup.+.sup.+.sup.+,
PA1  g. molecular weight of 35,900 as determined by ultracentrifugal analysis,
PA1  h. elemental analysis of 46.57% C, 7.17% H, 31.57% O, 14.48% N and 0.21% S,
      and
PA1  i. cleaves the peptide bonds in the oxidized B-chain of insulin at
      positions Phe(1)-Val(2), His(5)-Leu(6), His(10)-Leu(11), Glu(13)-Ala(14),
      Ala(14)-Leu(15), Leu(15)-Tyr(16), Tyr(16)-Leu(17), Leu(17)-Val(18),
      Gly(23)-Phe(24), Phe(24)-Phe(25), Phe(25)-Tyr(26) and Lys(29)-Ala(30).
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PAL  The enzyme pterin deaminase may be used as an antitumor agent, and can be
      produced from cultures of the fungal genera Aspergillus, Mucor, Rhizopus,
      and Penicillium.
BSUM
PAR  This invention relates to pterin deaminases having antitumor activity and
      to a process for producing the same by growing molds.
PAR  We have discovered that pterin deaminases, which catalyze the hydrolytic
      deamination of pterin, pteroic acid and folic acid yielding the
      corresponding 2,4-dihydroxy compounds (lumazines), as illustrated by the
      following generalized reaction, have antitumor activity and that the
      enzymes are distributed rather widely among molds, especially among the
      genera Aspergillus, Mucor, Rhizopus, and Penicillium.
      ##EQU1##
PAR  Occurrence of pterin deaminase has been reported only in rat liver (see,
      for example, the paper by H. Rembold et al. B. B. A. 1969, Vol. 184, No.
      3, p. 589 to 596) and Alcaligenes bacteria (see the paper by McNutt A. B.
      B. 1963, Vol. 101, No. 1, p. 1 to 6 and the paper by Levenberg et al. J.
      B. C. 1959, Vol. 234, No. 4, p. 955 to 961). The Alcaligenes enzyme is
      produced in the cells but is not found in the medium during growth. Thus,
      its industrial mass production seems to be difficult. Furthermore, nobody
      has recognized that pterin deaminase has antitumor acitivity.
PAR  In a search for new antitumor chemotherapeutic agents, we have found that a
      number of microorganisms--both type cultures and newly isolated
      strains--belonging to the genera Aspergillus, Mucor, Rhizopus, and
      Penicillium contain a water-soluble substance that inhibits growth of
      L5178Y leukemia cells in vitro. The substance has been proved to be pterin
      deaminase. The enzyme can be easily extracted from the cells, especially
      from their solid cultures.
PAR  Typical type cultures having pterin deaminase activity are as follows:
TBL  Aspergillus tamarii                                                       

                        IFO 4287                                               

     Aspergillus oryzae var. No. 13                                            

     Aspergillus gymnosardae                                                   

                        IAM 2149                                               

     Mucor albo-ater    IAM 6141                                               

     Mucor lamprospolus IAM 6114 (ATCC 20410)                                  

     Rhizopus japonicus IAM 6002 (ATCC 20409)                                  

     Rhizopus arrhizus  IAM 6052                                               

PAL  Among them Mucor lamprospolus IAM 6114 (ATCC 20410) and Rhizopus japonicus
      IAM 6002 (ATCC 20409) are especially rich in pterin deaminase activity.
PAR  We also have obtained a number of pterin deaminase-rich molds from soils of
      various Japanese districts. Representative strains are as follows:
TBL  Aspergillus       Y  8-5 (ATCC 20413)                                     

     Aspergillus       Y 43-4 (ATCC 20414)                                     

     Penicillium       Y 70-2 (ATCC 20411)                                     

     Pencicillim       Y110-2 (ATCC 20412)                                     

PAR  Pterin deaminase activities and in vitro antitumor activities of the above
      cultures are given in Table 1. Each strain was grown on wheat bran at
      28.degree.C for 4 days. The culture was extracted with 5 volumes of water.
      The extract was clarified, and pterin deaminase activity and antitumor
      activity (in vitro) in the extract were determined. For the sake of
      convenience 1 unit of pterin deaminase was defined as the amount capable
      of deaminating 1 m.mu.mole of folic acid in a 0.1 M TRIS-hydrochloric acid
      buffer, pH 7, at 37.degree.C for 1 minute.
PAR  For determination of in vitro antitumor activity, 0.9 ml of L5178Y cell
      suspension (7 .times. 10.sup.4 cells/ml) and 0.1 ml of sample (diluted
      extract of culture) were mixed. The mixture was incubated as usual at
      37.degree.C for 48 hours. Antitumor activity was expressed as follows:
TBL  Dilution    Growth inhibition                                             

                               Expression of                                   

                               antitumor activity                              

     ______________________________________                                    

      50 to 100-fold                                                           

                 &lt; 50 %        -                                               

      50 to 100-fold                                                           

                 .gtoreq. 50 % +                                               

     250 to 500-fold                                                           

                 .gtoreq. 50 % + +                                             

        1000-fold                                                              

                 .gtoreq. 50 % + + +                                           

     ______________________________________                                    

PAC  Table 1
PAR  Examples of pterin deaminase activities and in vitro antitumor activities
      in extracts of cultures of molds
TBL    Strain            Pterin    Antitumor                                   

                         Deaminas  activity                                    

                         unit/ml   in vitro                                    

                                   L5178Y                                      

     ______________________________________                                    

     Aspergillus tamarii IF04287                                               

                         11.6      +                                           

     Aspergillus gymnosardae IAM2149                                           

                         24.5      + +                                         

     Mucor albo-ater IAM6141                                                   

                         27.8      + +                                         

     Mucor lamprospolus IAM6114                                                

                         37.1      + +                                         

     (ATCC20410)                                                               

     Rhizopul japonicus IAM6002                                                

                         123.4      + + +                                      

     (ATCC20409)                                                               

     Rhizopus arrhizus IAM6052                                                 

                         25.0      + +                                         

     Aspergillus orgyzae var No.13                                             

                         26.0      + +                                         

     Aspergillus Y8-5(ATTCC20413)                                              

                         32.6      + +                                         

     Aspergillus Y43-4(ATCC20414)                                              

                         18.8      + +                                         

     Penicillium Y70-2(ATCC20411)                                              

                         107.0      + + +                                      

     Penicillium Y110-2(ATCC20412)                                             

                         19.5      + +                                         

     ______________________________________                                    

PAR  Pterin deaminases obtained from the genera Aspergillus, Mucor, Rhizopus,
      and Penicillium commonly catalyze the hydrolytic deamination of pterin,
      pteroic acid and folic acid, but do not catalyze the deamination of
      methotrexate, dihydrofolic acid, tetrahydrofolic acid, aminopterin and
      folinic acid. As mentioned above, they also commonly have antitumor
      activity.
PAR  According to the invention, pterin deaminase having antitumor activity is
      readily isolated by growing a mold strain selected from the genera
      Aspergillus, Mucor, Rhizopus, and Penicillium upon a suitable nutrient
      medium until a desired quantity is obtained and then extracting the
      enzyme.
PAR  In processes in accordance with the present invention, pterin deaminases
      are obtained from microorganisms of the genera Aspergillus, Mucor,
      Rhizopus and Penicillium grown under any of the conditions under which
      growth of molds will normally take place. These microorganisms are grown
      in a variety of solid or liquid culture media. Although various nitrogen
      and carbon sources may be used, wheat bran is particularly effective for
      production of pterin deaminase. When the microorganisms are grown in
      liquid media, either the batch or continuous methods of cultivation may be
      used. Cultures are maintained at between 10.degree. and 40.degree.C,
      preferably 25.degree. to 35.degree.C, and at a pH of between about 5 and
      9.
PAR  Pterin deaminase according to the present invention has been proved to have
      a particular antitumor activity: The enzyme inhibits growth of L5178Y
      leukemia cells in vitro. The enzyme also significantly increases the
      average life-span of the mice injected intraperitoneally with L1210
      leukemia cells and inhibits growth of B16 melanoma cells injected
      subcutaneously into mice. The antitumor activity can be recognized even in
      a crude preparation, such as the extract of the mold culture on wheat bran
      (in vitro test) or its partially purified preparation (in vivo test).
PAR  For example, the extract of culture of Aspergillus Y8-5 has in vitro
      antitumor activity as follows:
PAR  Aspergillus Y8-5 (ATCC 20413) was grown on wheat bran at 28.degree.C for 4
      days. The culture was extracted with 5 volumes of water. The clarified
      extract contained 32.0 unit/ml of pterin deaminase whose specific activity
      was 8.0 unit/mg protein. The extract inhibited growth of murine L5178Y
      leukemia cells under the following conditions: L5178Y cells were grown at
      37.degree.C in a tube containing 5 ml of RPMI 1640 medium containing 10 %
      calf serum for 96 hr. To the cell suspension, 1/9 volume of the 1000-fold,
      500-fold, or 125-fold diluted extract was added. As shown in Table 2, 50 %
      to 70 % inhibitions of the growth of L5178Y cells were recognized after
      addition of the 1000-fold and 125-fold (or 500-fold) diluted extracts,
      respectively.
PAC  Table 2
PAR  Growth of L5178Y cells in the presence or absence of the extract of
      Aspergillus Y8-5 grown on wheat bran
TBL  Tube No. Days after                                                       

                        Number of cells                                        

                                     % of control                              

              addition  .times.10.sup.4 /ml.                                   

     ______________________________________                                    

     1        0         7.0          --                                        

     1        2         80           100                                       

     2        2         54           67.5                                      

     3        2         30           37.5                                      

     4        2         27           33.8                                      

     1        3         181          100                                       

     2        3         92           50.8                                      

     3        3         61           33.7                                      

     4        3         60           33.1                                      

     1        4         200          100                                       

     2        4         101          50.5                                      

     3        4         78           39.0                                      

     4        4         71           35.5                                      

     ______________________________________                                    

      Tube 1: No addition,                                                     

      Tube 2: Addition of the 1000-fold diluted extract,                       

      Tube 3: Addition of 500-fold diluted extract,                            

      Tube 4: Addition of 125-fold diluted extract.                            

PAR  It was concluded that the inhibitory agent in the extract was pterin
      deaminase. The conclusion is supported by the following experiments:
PAL  1. L5178Y cells could not normally grow in a medium that had been incubated
      previously with the acetone-precipitated fraction of the extract then
      heated at 65.degree.C for 30 minutes to inactivate the agent. The longer
      preincubation with the more concentrated agent resulted in poorer growth
      of L5178Y cells. During the preincubation, folate in the medium was
      confirmed to be deaminated to its lumazine type with formation of ammonia.
PAL  2. The growth of L5178Y cells in the preincubated medium was completely
      reversed by adding folate, but not by the other vitamins.
PAR  Extracts of cultures of molds other than Aspergillus Y8-5 have the similar
      in vitro antitumor activity. In addition, in vivo antitumor activity of
      pterin deaminase will be illustrated in the Examples.
PAR  Lately, a carboxypeptidase that produces pteroate by removing the terminal
      glutamate residue of the folate molecule was recognized to have antitumor
      activity. (See the paper by B. A. Chabner et al., Cancer Research 1972,
      Vol. 32, No. 10, p. 2114 to 2119). For folate-depletion therapy in
      malignant and other diseases, however, pterin deaminase seems to be more
      effective than the carboxypeptidase because the former completely
      inactivates folic acid by transforming pterin structure into biologically
      inactive lumazine structure, while the latter does not catalyze any
      reaction related to the transformation of pterin moiety of folic acid.
PAR  The present invention also provides pharmaceutical compositions comprising
      pterin deaminase according to the present invention in combination with a
      pharmaceutically-acceptable carrier or diluent therefor.
DETD
PAR  The present invention will now be illustrated by the following Examples.
PAC  EXAMPLE 1
PAR  Aspergillus Y8-5 (ATCC 20413) was grown on 40 kg of wheat bran at
      28.degree.C for 4 days. The culture was extracted with 200 l of water. To
      the extract (190 l) containing about 2 million units of pterin deaminase,
      1.7 volumes of acetone were added to precipitate the enzyme. The enzyme
      was extracted with 7.0 l of 0.02 M Tris-HCl buffer, pH 7.0, from the
      precipitate, dialyzed against 0.02 M Tris-HCl buffer, pH 7.0, for 24
      hours, and decolored with 3 % active carbon. A part of the carbon-treated
      preparation containing 960,000 units of the enzyme was purified with
      DEAE-cellulose column chromatography, sephadex G-75 gel filtration,
      concentration, and removal of insoluble impurities with centrifugation.
      The partially purified preparation was lyophilyzed. The lyophilyzed
      preparation, whose protein content was 76.1 %, is referred to as
      "Preparation I." Preparation I (1.629 g) contained 268,785 units of pterin
      deaminase. Thus, the enzyme activity is calculated to be 165 units/mg of
      powder (235 units/mg of protein).
PAR  The antitumor activity of Preparation I was tested, and the results as set
      forth in Table 3 were obtained.
TBL                Table 3                                                     

     ______________________________________                                    

     Sample tested                                                             

               Dose       Mean survival                                        

                                      Increase in                              

               units/mouse                                                     

                          days (T/C)* life span over                           

               /day                   controls (%)                             

     ______________________________________                                    

     Preparation                                                               

               200        8.4/7.0     20.0                                     

               60         7.5/7.0     7.2                                      

                6         7.3/7.0     4.2                                      

     ______________________________________                                    

      In the test, mice were inoculated intraperitoneally with 1 .times.
      10.sup.5 cells of L-1210 leukemia. The sample was injected
      intraperitoneally once daily for 5 consecutive days starting 24 hr after
      transplantation. Antitumor activity was evaluated by the increase in life
      span over controls (%). *T/C= treated group/control group.
PAC  EXAMPLE 2
PAR  A part of Preparation I (0.75g) was further purified by DEAE-cellulose
      column chromatography. The resulting lyophilyzed powder, Preparation II
      (103mg), contained 84,975 units of pterin deaminase. The enzyme activity
      is calculated to be 825 units/mg of powder (1428 units/mg of protein).
PAR  The antitumor activity of Preparation II was tested, and the results set
      forth in Table 4 were obtained.
TBL                Table 4                                                     

     ______________________________________                                    

     Sample tested                                                             

                 Dose         Inhibition of tumor                              

                 units/mouse/day                                               

                              growth (%)                                       

     ______________________________________                                    

     Preparation II                                                            

                 400 .times. 5                                                 

                              38                                               

                 200 .times. 5                                                 

                              45                                               

                 100 .times. 5                                                 

                              22                                               

     Control (PBS)                                                             

                 --            0                                               

     ______________________________________                                    

PAL  In the test, male C57BL mice weighing 20 .+-. 2g were used, and 10.sup.6
      cells of melanoma B16 were implanted subcutaneously. Administration of
      samples was made subcutaneously for 5 consecutive days starting 24 hr
      after tumor transplantation. A control group was administered with 0.2 ml
      of Dulbecco's phosphate buffered saline (PBS), which was a solvent
      solution for Preparation II.
PAC  EXAMPLE 3
PAR  Penicillium Y70-2 (ATCC 20414) was grown on 4 kg of wheat bran at
      28.degree.C for 4 days. The culture was extracted with water, and pterin
      deaminase was purified from the extract in the essentially same way as
      specified in Example 2. The powder thus obtained, Preparation III (210mg),
      contained 323,000 units of pterin deaminase. The enzyme activity is
      calculated to be 1,430 units/mg of powder (1,790 units/mg of protein).
PAR  The antitumor activity of Preparation III was tested, and the results thus
      obtained are set forth in Table 5.
TBL                Table 5                                                     

     ______________________________________                                    

     Sample treated                                                            

                 Dose         Inhibition of tumor                              

                 units/mouse/day                                               

                              growth (%)                                       

     ______________________________________                                    

     Preparation III                                                           

                 400 .times. 9                                                 

                              51                                               

                 200 .times. 9                                                 

                              57                                               

                 100 .times. 9                                                 

                              34                                               

     Control (PBS)                                                             

                 --            0                                               

     ______________________________________                                    

PAL  In the test, samples were injected subcutaneously for 9 consecutive days
      from 24 hr after transplantation of 10.sup.6 cells of melanoma B16.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of pterin deaminase which comprises growing
      a microorganism selected from the genera Aspergillus, Mucor, Rhizopus, and
      Penicillium, extracting pterin deaminase, and isolating the extracted
      pterin deaminase.
NUM  2.
PAR  2. A process according to claim 1 wherein the microorganism is of the
      species Aspergillus oryzae.
NUM  3.
PAR  3. A process according to claim 1 wherein the microorganism is of the
      species Aspergillus tamarii.
NUM  4.
PAR  4. A process according to claim 1 wherein the microorganism is of the
      species Rhizopus japonicus.
NUM  5.
PAR  5. A process according to claim 1 wherein the microorganism is of the
      species Mucor lamprosporus.
NUM  6.
PAR  6. A process according to claim 1 wherein the microorganism is Penicillium
      Y70-2, ATCC 20411.
NUM  7.
PAR  7. A process according to claim 1 wherein the microorganism is Aspergillus
      Y8-5, ATCC 20413.
NUM  8.
PAR  8. A process according to claim 1 in which the culture medium is a solid
      culture medium.
NUM  9.
PAR  9. A process according to claim 1 in which the culture medium contains
      wheat bran.
NUM  10.
PAR  10. A process according to claim 1 in which the temperature is maintained
      between about 10.degree. and 40.degree.C.
NUM  11.
PAR  11. A process according to claim 1 in which the pH is maintained between
      about 5 and 9.
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ABST
PAL  A method for the genetic detection of specific microorganisms based on the
      phenomenon of transformation is disclosed. Variants such as auxotrophs
      which are distinguishable from their wild, parent strain are transformed
      by deoxyribonucleic acid (DNA) extracted from microorganism cells present
      in a biological test sample. The detection of transformed cells indicates
      the presence of the specific microorganism under determination in the
      sample. The transforming-DNA is in a sterile, crude form, thereby
      providing a simple, rapid, and highly specific test method.
GOVT
PAR  The invention described herein was made in the course of work under a grant
      from the National Institutes of Health, Department of Health, Education
      and Welfare.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to means for detecting and identifying
      microorganisms in biological samples. In particular, the present invention
      relates to the specific genetic detection of microorganisms based on the
      transformation phenomenon. The present invention also relates to methods
      of preparing extracts of deoxyribonucleic acid from microorganisms in
      biological samples which are useful in such a transformation assay.
PAR  Transformation is the heritable modification of the properties of one
      strain of microorganism (acceptor) by deoxyribonucleic acid (DNA)
      extracted from the cells of another strain of microorganism (donor). The
      genes carried from the donor cells to the acceptor cells are incorporated
      into the chromosome of the acceptor cells replacing their corresponding
      alleles. A variant which is distinguishable from its wild, parent strain
      in one or more characteristics is transformed by DNA from the parent
      strain to form a transformant strain in which one or more of the
      distinguishing characteristics of the variant has disappeared and has been
      replaced by the corresponding characteristic of the parent strain.
PAR  For instance, an auxotroph is a mutant which differs from its parent strain
      in its nutrient requirements. The auxotroph requires at least one more
      nutrient for growth which is not required by its parent strain. DNA from
      the parent strain transforms the auxotroph into a transformant strain
      which requires no more nutrients than required by the parent strain. Such
      a transformant is maned a prototroph.
PAR  2. Description of the Prior Art
PAR  Since the serendipitous discovery of the transformation phenomenon in 1928,
      the scientific community has primarily been concerned with verifying the
      role of DNA as the substance which causes transformation to occur and with
      the use of the transformation phenomenon in studying the mechanisms of
      genetics. DNA is now overwhelmingly held to be the transformation-causing
      substance. This conclusion is based on exhaustive research efforts aimed
      at isolating and highly purifying each cellular component and attempting
      to induce transformation using the resulting highly pure homogenous
      extracts. Up until the publication of certain aspects of the present
      invention in the J. Bacteriol. 112(2): 917(197), all of the prior art
      involving the principle of DNA-extracted transformations taught that only
      either virtually pure DNA or DNA obtained following involved procedures
      could be used to induce transformation in microorganisms. Publications
      relating to this teaching are J. Mol. Biol. 3.208(1961), J. gen.
      Microbiol. 37.341(1964), and Hayes, W. The Genetics of Bacteria and Their
      Viruses, John Wiley and Sons, Inc. (New York 1964) p. 55.
PAR  At the present time, the detection and identification of microorganisms
      ususally involve tedious compilations of data relating to the
      characteristics of the particular microorganism being studied.
      Characteristics that are generally studied include the morphology of
      colonies, the ability of the microorganism to ferment various
      carbohydrates, and many more. Even on the basis of as many as 25 tests to
      determine characteristics exhibited by the particular microorganism being
      studied, a highly skilled taxonomist still must, at times, be satisfied
      with making an educated guess as to the identity of the microorganism. In
      terms of clinical diagnosis, this conventional procedure has limited
      utility since in order that characteristics can be identified with a
      homogenous colony, pure isolates must be prepared from each test sample
      and numerous characterising tests must be performed, and yet the
      taxonomist must qualify his conclusion as to the identity of the
      microorganism.
PAR  While the transformation phenomenon has been known for several decades, it
      has not been found useful in the clinical detection of microorganisms
      because of the technical complexities involved in conventional
      transformation procedures. Standard DNA purifications are highly
      complicated procedures requiring on the average about 3 days to complete.
PAR  In the diagnosis of microbial derived disease, the accurate identification
      of the microorganism involved often is essential to proper and effective
      treatment. The conventional taxonomical methods are burdened with inherent
      error factors and in many cases confuse rather than clarify a patient's
      condition. A particular case in which specific identification is urgently
      needed is in the detection of Neisseria gonnorhoeae. Colonies of this
      virulent microorganism are easily mistaken for less harmful bacteria
      following the conventional taxonomical methods.
PAR  A determination based solely on genetics is the only true means of
      detecting and identifying microorganisms. It is a truism that
      microorganisms are what they are because of their genetic composition. The
      clinician presently lacks what would be his most useful tool for
      diagnosing microbial derived diseases, the rapid genetic determination of
      microorganisms.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that crude, cell-extracted deoxyribonucleic acid
      (DNA) can be used in the specific detection of microorganisms using a
      transformation assay technique. Biological samples containing several
      different types of microorganisms can be rapidly assayed without
      interference from extraneous material present in the crude extract of DNA.
      Extraneous material which may be present in the crude extract of DNA
      includes any material, other than the DNA extracted from microorganism
      cells of the strain to be detected, which does not deleteriously affect,
      at its concentration in the extract, either the DNA extracted from
      microorganism cells of the strain to be detected or the variant cells as
      they are contacted by the crude extract of DNA in step (b). Thus, such
      extraneous material includes DNA extracted from microorganism cells of
      stains other than the one being detected; non-viable microorganism cells;
      extraneous cellular material such as cell wall and intracellular
      constituents, which include various proteins, carbohydrates,
      glycoproteins, lipids, lipoproteins, and glycolipids; atomospheric
      contaminants; and materials which appear in the extract as a result of the
      extracting process, such as the substances present in the surfactant
      solution where a surfactant is used to lyse the cells. Since the
      transformation mechanism has been found to be unimpaired by the presence
      of such extraneous cellular material, samples which contain cells of
      microorganisms other than the particular microorganism under study may be
      assayed using the present method. The choice of a particular variant for
      exposure to the crude extract of DNA determines the specificity of the
      microorganism strain being assayed.
PAR  The present method basically comprises the following steps: (a) preparing a
      sterile, crude extract comprising deoxyribonucleic acid endogenous to
      microorganism cells present in the biological sample to be assayed; (b)
      contacting a viable, transformable variant of the specific microorganism
      to be detected, such as a mutant, with the crude extract to form a
      mixture, the specific microorganism possessing a distinguishing
      characteristic relative to the variant; and (c) subjecting the mixture to
      an analysis for detecting the presence of the distinguishing
      characteristic. The appearance of this distinguishing characteristic is
      the direct result of the transformation of variant cells into transformant
      cells which possess the distinguishing characteristic and thereby is
      indicative of the presence of the specific microorganism in the sample
      from which the crude extract of DNA was obtained. The viable variant which
      is contacted with the crude extract in step (b) is preferably in a growth
      phase and in contact with a microbiological nutrient medium. The mixture
      resulting from step (b) is preferably incubated for a predetermined period
      of time both to allow the transformation phenomenon to occur and to allow
      the transformant population to increase to an easily detectable level.
PAR  The distinguishing feature possessed by the specific microorganism to be
      detected relative to the variant may be its ability or inability to grow
      in contact with a particular microbiological medium or an environment
      having a particular temperature. Thus, the variant may be an auxotroph or
      a mutant which is sensitive or resistant to a particular antibiotic or to
      a particular temperature level.
PAR  The preferred method for obtaining the sterile, crude extract of DNA is by
      the lysis of substantially all of the microorganism cells present in the
      sample, preferably through the treatment of the samples with a surfactant.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The surprising feature of the present invention is the finding that crude,
      cell-extracts of DNA can specifically induce transformation. The only
      requirement is that the crude extract be sterile, that is, free of viable
      microorganism cells. Sterility is critical since any viable cells present
      in the crude extract, including those of the microorganism being detected,
      would necessarily be found in the mixture that is analyzed in step (c) of
      the present method. Also, it is likely that microorganisms other than the
      one under determination which are present in the sample possess the
      characteristic that is lacking in the DNA-contacted variant. The presence
      of the distinguishing characteristic in the mixture analyzed in step (c)
      can be attributed solely to the presence of transformant cells only if the
      crude extract is completely devoid of viable cells so that any
      interferring response due to the coincidental presence of the
      distinguishing characteristic in such extraneous cells can be recognized
      as such.
PAR  At most, two basic manipulative steps are involved in obtaining the
      sterile, crude extract of DNA. Where viable cells remain in the extract in
      sufficient numbers to cause interference in the detection of transformant
      cells in step (c), the remaining viable cells are separated from the
      extract solution such as by filtering or centrifuging. The preferred
      method, however, requires only one manipulative step, the lysis of
      substantially all of the microorganism cells present in the sample. In the
      lysis of a cell not only is endogenous DNA released, but also the cell
      wall is ruptured, thereby destroying the cell. Therefore, by lysing
      substantially all of the cells present, a sterile extract is obtained.
PAR  Cell lysis can be accomplished by chemical or physical means, or by a
      combination of both. Several conventional mechanical means of effecting
      lysis are available including ultrasonication, use of a French press, and
      grinding with abrasives such as sand.
PAR  The chemical means of lysing microorganism cells are preferred due to their
      simplicity. The chemical lysis of microorganism cells may be effected
      through the use of surfactants and/or other agents which act upon the cell
      surface to cause the chemical breakdown of the cell wall or cause the cell
      to rupture by reducing the external osmotic pressure exerted on the cell
      wall. Exemplary of lysiing agents which cause the chemical breakdown of
      lysing cell walls are various enzymes such as lysozyme and various
      reagents and reagent mixtures such as a mixture of
      tri-iso-propyl-naphthalene sulfonate and 4-aminosalicylate. Useful
      surfactants include both ionic materials, such as polyoxyalkylene
      derivatives of sorbitan nonolaureate and sorbitan monooleate, and
      non-ionic materials, such as iso-octyl-phenoxypolyethoxyethanol. A
      particularly preferred surfactant is sodium dodecyl sulfate.
PAR  When a surfactant is employed to lyse the microorganism cells in the
      sample, as is preferred, it is also preferred that the conditions for the
      contact between the variant and the crude extract containing the
      surfactant are such that a substantial amount of the variant cells are not
      destroyed by the surfactant. A most appropriate manner of forming the
      variant/crude extract mixture to accomplish this has been found. Before
      contacting the variant with the crude extract of DNA, the variant is
      placed on the surface of a microbiological nutrient medium capable of
      diffusing aqueous solutions which come into contact with a surface of the
      medium. A concentration of surfactant is used in the DNA extraction step
      which is sufficiently high to release endogenous DNA from the sample
      cells, and sufficiently low so that upon accomplishing step (b), a
      substantial number of the variant cells are not destroyed by the
      surfactant solution as it diffuses into the medium which supports the
      variant. Conventional nutrient gels such as agar usually possess such a
      diffusing characteristic. For most of the conventional surfactants, the
      preferred concentration range is between about 0.01 and 0.1 percent by
      weight. This concentration range is particularly useful where the
      surfactant is sodium dodecyl sulfate.
PAR  In step (b) the variant is preferably growing in contact with a suitable
      microbiological nutrient medium, and the variant/crude extract of DNA
      mixture is preferably incubated for a predetermined time. These conditions
      insure that a sufficient number of variant cells pass through a competent
      growth state (i.e. a stage in which absorbed DNA is able to induce genetic
      transformation) so that transformant cells appear in easily detectable
      quantities.
PAR  Any transformable variant which is genetically distinguishable from its
      parent strain may be used in the present method to detect its parent
      strain. The specific microorganism to be detected may possess one or more
      distinguishing characteristics relative to the variant used. Variants
      which may be used in the present method include spontaneous variants and
      artificially induced mutants. In the isolation of mutants, any of the
      conventional chemical or physical mutagens or their combination may be
      employed. Chemical mutagenesis may involve the use of such conventional
      reagents as the acridines, alkylating agents, hydroxylamine, nitrous acid,
      5-bromouracil, 2-aminopurine, and ethyl ethanesulfonate. Conventional
      physical mutagenesis generally involves irradiation such as with either
      ultra-violet light or X-rays.
PAR  The exact nature of the analysis used in step (c) of the present method
      depends on the particular distinguishing characteristic of the
      microorganism under determination relative to the particular variant used.
      Where the variant and the microorganism to be detected differ in more than
      one respect, any one of the distinguishing characteristics may be chosen
      as the one to be detected in step (c). The distinguishing characteristic
      between the specific microorganism to be determined and the variant
      usually is either a differing ability to grow in contact with a particular
      microbiological nutrient medium or an environment having a particular
      temperature. Two classes of conventionally obtainable variants which are
      preferably used in the present method are (1) auxotrophs and (2) mutants
      which are either sensitive or resistant to antibiotics or temperature
      relative to their parent strain. The exact form of the analysis followed
      in step (c) of the present method depends on the distinguishing
      characteristic between the variant and the microorganism being detected.
PAR  When the distinguishing characteristic is the fact that the transformant is
      capable of growing upon contacting a particular microbiological medium
      whereas the variant is not, step (c) is accomplished by contacting the
      mixture formed in step (b) with that particular microbiological medium and
      detecting the development of microbiological growth. If such growth is
      detected, transformant cells are present, thereby indicating the presence
      of the specific microorganism to be detected in the sample. Auxotrophs are
      particularly useful in this scheme since they require one or more
      nutrients not required by the prototroph. Thus, the particular
      microbiological medium to be used in detecting the distinguishing
      characteristic in the mixture from step (b) is a minimal medium containing
      all of the nutrients required by the prototroph for growth while lacking
      at least one of the nutrients required by the auxotroph.
PAR  Another generally occurring distinguishing characteristic between the
      specific microorganism to be detected and the variant is the fact that the
      transformant is capable of growing in contact with a microbiological
      medium in an environment having a particular temperature while the variant
      is not, that is, the variant is temperature-sensitive. In such an
      instance, step (c) is accomplished by placing the mixture formed in step
      (b) in an environment having that particular temperature and detecting the
      development of any microbiological growth. If such growth is detected,
      transformant cells are present, thereby indicating the presence of the
      specific microorganism to be detected in the sample.
PAR  The detection of the development of microbiological growth in the mixture
      formed in step (b) of the present method, or in the control where
      decreased growth development is to be detected, may be accomplished by any
      conventional method using any conventional means. The simplest manner of
      detecting growth development is by the observation of colony formation
      either visually, such as by direct observation or with the aid of a
      microscope, or using instrumental means, such as an automatic colony
      counter. Another method of detecting growth development involves the use
      of indicators responsive to the presence of microorganisms. Such
      indicators include chromogenic indicators such as phenol red, and other
      reagents, such as 2,3,5-triphenyl-tetrazolium chloride. The indicator
      response, which may be chemical or physical, can be observed visually in
      many cases, such as where chromogenic indicators are used, or by
      instrumental means. The indicator is incorporated with the microbiological
      medium with which the mixture formed in step (b) is contacted and its
      response is then observed. Where the microbiological medium used to
      contact the mixture found in step (b) is in a liquid form, the turbidity
      of the medium, being a function of microbiological growth, can be observed
      visually or by instrumental means as a method for detecting the
      development of microbiological growth.
PAR  It should be noted that the mixture formed in step (b) need not always be
      contacted with a microbiological medium and the development of
      microbiological growth detected in order to accomplish step (c). Since the
      purpose of step (c) is to detect the presence of transformant cells, any
      means may be used so long as transformant cells can be detected thereby.
      It may be possible to chemically or physically analyze the mixture formed
      in step (b) for the repaired gene or for some other characteristic
      peculiar to the transformant relative to the variant.
PAR  While the present method may involve many variations, the following method
      is most preferred as it is the simplest to perform and involves relatively
      few manipulations all of which involve standard microbiological
      techniques. This particularly preferred method comprises the steps of: (a)
      treating the sample with an aqueous solution of a surfactant in a
      sufficiently high concentration to lyse substantially all of the
      microorganism cells present in the sample, thereby releasing endogenous
      DNA in the form of a sterile, crude extract thereof, such surfactant being
      in a sufficiently low concentration so that upon contacting the crude
      extract with a number of microorganism cells growing on the surface of a
      microbiological medium capable of diffusing aqueous solutions which come
      into contact with a surface thereof, a substantial number of the cells are
      not destroyed by the solution of surfactant as it diffuses into the
      medium; (b) contacting the crude extract with cells of an auxotroph of the
      specific microorganism to be detected, which cells are growing on the
      surface of a complete microbiological medium, the complete medium
      containing all of the nutrients required by the auxotroph for growth and
      being capable of diffusing aqueous solutions which come into contact with
      a surface thereof; (c) incubating the resulting mixture for a
      predetermined period of time; (d) transferring at least a portion of the
      resulting incubated mixture to a minimal microbiological medium containing
      all of the nutrients required by the prototroph of the auxotroph for
      growth while lacking at least one of the nutrients required by the
      auxotroph for growth; and (e) detecting the development of microbiological
      growth of the portion of the resulting incubated mixture transferred to
      the minimal microbiological medium, the development of microbiological
      growth indicating the presence in the sample of the specific microorganism
      to be detected.
PAR  All microorganisms for which transformable variants can be obtained may be
      detected using the present method. A transformable variant is one which is
      itself competent or which can be artificially induced to competency. A
      competent microorganism cell is one which is able to take up a molecule of
      transforming DNA and to be transformed thereby. At the present time, it is
      unknown what causes one type of variant to be competent while another is
      not. There is some evidence that the presence of particular proteinaceous
      materials in certain cells provide those cells with the transformation
      mechanism. The present method is not limited to the use of variants which
      are presently known to be competent, but extends to those found to be
      competent in the future as well as those which can be induced to
      competency. At the present time various types and classes of
      microorganisms for which competent variants have been obtained include
      various algaes and bacteria such as Moraxella, Pneumococcus, Haemophilus,
      Streptococcus, Staphylococcus, Bacillus, Neisseria, Rhizobium, and
      Acinetobacter. The term microorganism as used herein refers to a wide
      variety of macroscopic and microscopic living matter including algae,
      fungi such as yeast, and bacteria.
PAR  Various biological samples may be assayed using the present method. Both
      pure isolates and heterogenous samples may be assayed. As a clinical
      method, assayable biological samples include urine, serum, tissue swabs,
      sputum, and cerebral and spinal fluids. Pure colony isolates of these
      substances may also constitute the assayed sample. While the prior art
      requires the use of pure, homogenous isolates, the present method can be
      used to assay heterogenous samples, that is, samples containing extraneous
      microorganisms and other extraneous substances, since DNA-transformation
      is absolutely specific and the present invention discloses the use of
      crude extracts of DNA to cause transformation.
PAR  The present invention will now be illustrated, but is not intended to be
      limited, by the following example.
PAC  EXAMPLE
PAR  This example illustrates in detail the present method for use in detecting
      Acinetobacter strains wherein the microorganism cells in the sample are
      lysed with a surfactant and wherein the mutant is an auxotroph.
PAC  A. Preparation of Transforming Deoxyribonucleic Acid
PAR  A biological sample which is to be assayed for the presence of a specific
      microorganism, such as a loopful of a cell paste harvested from the
      surface of a conventional growth medium, is suspended in a sterile
      solution containing 0.05% sodium dodecyl sulfate in standard saline
      citrate (0.15M sodium chloride, 0.015M sodium citrate). The exact volume
      of the surfactant solution varies with the size of the biological sample;
      however, as a point of reference, 0.5 ml of solution is usually used for
      each loopful of cell paste. The resulting suspension is stirred in an
      orbital mixer with care being taken to avoid adherence of the sample to
      the tube containing the suspension above the level of the liquid. The
      suspension is then heated in a water bath at about 60.degree.C for about 1
      hour (as short a time as 5 minutes has been found to be sufficient). At
      this point, substantially all of the microorganism cells in the sample
      have been lysed, resulting in a sterile, crude DNA solution. Such extracts
      have been found to be stable for periods exceeding 1 year at between
      3.degree. and 5.degree.C.
PAC  B. Preparation of a Stable, Competent Auxotroph
PAR  Auxotrophic mutants can be obtained by N-methyl-N'-nitro-N-nitrosoguanidine
      mutagenesis as described by Adelberg, Mendel, and Chen in Biochem.
      Biophys. Res. Commun. 18: 788-95(1965). Auxotrophs prepared in this manner
      have been found to require minimal medium containing a certain amount of
      amino acids such as isoleucine, valine, and leucine not required by the
      wild, parent strain. The stability of auxotrophs prepared in this manner
      may be tested by attempting to revert them to prototrophy with chemical
      mutagens using the auxanographic procedure described by Iyer and Szybalski
      in Appl. Microbiol. 6:23-9(1958). Auxotrophs which readily revert
      spontaneously when plated on minimal medium should be rejected without
      further analysis by this method.
PAC  C. Preparation of Minimal and Complete Media
PAR  Minimal agar is prepared by mixing equal parts of 3% agar and "S-2" salts
      solution of Monod and Wollman as described in Ann. Inst. Pasteur
      73:937-56(1947) (or any other conventional mineral medium) followed by the
      addition of the appropriate amount of a 50% solution of a carbon source to
      give a final concentration 0.25%. Carbon sources suitable for growth of
      competent strains of Acinetobacter include D,L-lactic acid, L-malic acid,
      glucose, and 2,3-butanediol. Complete media may be prepared by adding the
      amino acids required by the auxotroph to minimal media in a concentration
      of about 100 .mu.g/ml or conventional media such as heart infusion media
      may be used.
PAC  D. Transformation Assay
PAR  A small amount of cell paste of a stable auxotroph of Acinetobacter, just
      visible to the naked eye, is applied to a sector of a plate containing a
      complete medium. A loopful of the crude extract containing DNA, as
      prepared in procedure a. above, is used to suspend and spread the cell
      paste over an area of about 5 to 10 mm in diameter. Cell paste of the
      auxotroph is also spread on another sector of the same plate to serve as a
      non-DNA-treated control. A third sector of the plate is streaked with a
      loopful of the DNA preparation in order to test its sterility.
PAR  The plate is incubated for about 12 to 24 hours (shorter periods down to
      about 1 hour may be used) at about 35.degree.C and the growth resulting
      from the DNA-treated auxotroph cell paste is streaked heavily on a sector
      of a plate containing a minimal medium. The plate is incubated at about
      35.degree.C. After between about 12 and 24 hours, all auxotrophic cells
      which have been transformed to prototrophy will appear as colonies visible
      to the naked eye. A low power lens or dissecting microscope can be used
      for recognition of transformant colonies after shorter periods of
      incubation. Auxotrophs which are treated with DNA extracted from
      microorganisms of the Acinetobacter genus will result in the appearance of
      prototrophic transformant colonies, whereas cells mixed with DNA from an
      unrelated microorganism will show no colonies on the minimal plate.
      Further details may be found in J. Bacteriol. 112(2):917-31(1972).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for detecting the presence of a specific microorganism in a
      biological sample comprising the steps o:
PA1  a. contacting said biological sample with an aqueous solution containing a
      surfactant capable of lysing microorganism cells present in said
      biological sample to form a sterile, crude, aqueous extract comprising
      endogenous deoxyribonucleic acid;
PA1  b. contacting a viable, transformable variant of said specific
      microorganism with said crude extract to form a mixture, said specific
      microorganism possessing a distinguishing characteristic relative to said
      variant, said variant being supported on a microbiological medium capable
      of diffusing aqueous solutions; and
PA1  c. subjecting said mixture to an analysis for detecting the presence of
      said distinguishing characteristic;
PAL  said surfactnat in step (a) being present in said aqueous solution at a
      concentration sufficient to lyse substantially all of the microorganism
      cells present in said biological sample while sufficient to destroy a
      substantial amount of said variant upon contacting said variant with said
      crude extract in step (b) and during the diffusion of said crude, aqueous
      extract into said microbiological medium.
NUM  2.
PAR  2. A method as in claim 1 which comprises the additional step of incubating
      the mixture resulting from step (b) for a predetermined period of time.
NUM  3.
PAR  3. A method as in claim 1 wherein said specific microorganism is selected
      from the group consisting of Moraxella, Pneumococcus, Haemophilus,
      Streptococcus, Staphylococcus, Bacillus, Neisseria, Rhizobium, and
      Acinetobacter.
NUM  4.
PAR  4. A method as in claim 1 wherein said surfactant is in a concentration of
      between about 0.01 and 0.l percent by weight.
NUM  5.
PAR  5. A method as in claim 4 wherein said surfactant is sodium dodecyl
      sulfate.
NUM  6.
PAR  6. A method as in claim 5 wherein sodium dodecyl sulfate is in a
      concentration of about 0.05 percent by weight.
NUM  7.
PAR  7. A method as in claim 1 wherein said distinguishing characteristic is the
      fact that said variant and its transformant differ in their ability to
      grow upon contacting a particular microbiological medium.
NUM  8.
PAR  8. A method as in claim 7 wherein said transformant is capable of growing
      upon contacting said particular microbiological medium whereas the variant
      is not and wherein step (c) is accomplished by contacting said mixture
      with said particular microbiological medium and detecting the development
      of microbiological growth, the development of microbiological growth
      indicating the presence of said specific microorganism in said biological
      sample.
NUM  9.
PAR  9. A method as in claim 8 wherein said variant is a mutant.
NUM  10.
PAR  10. A method as in claim 9 wherein said mutant is an auxotroph of said
      specific microorganism and wherein said particular microbiological medium
      is a minimal medium containing all of the nutrients required by the
      prototroph of said auxotroph for growth while lacking at least one of the
      nutrients required by said auxotroph for growth.
NUM  11.
PAR  11. A method as in claim 8 wherein said detection of the development of
      microbiological growth is accomplished by an observation of colony
      formation.
NUM  12.
PAR  12. A method as in claim 11 wherein said observation is accomplished
      visually.
NUM  13.
PAR  13. A method as in claim 11 wherein said observation is accomplished by
      instrumental means.
NUM  14.
PAR  14. A method as in claim 8 wherein said particular microbiological medium
      comprises an indicator responsive to the presence of microorganisms and
      wherein the indicator response is observed visually or by instrumental
      means.
NUM  15.
PAR  15. A method as in claim 8 wherein said particular microbiological medium
      is in a liquid form and wherein said detection of the development of
      microbiological growth is accomplished by observing the turbidity of said
      particular microbiological medium.
NUM  16.
PAR  16. A method as in claim 15 wherein said turbidity is observed by
      instrumental means.
NUM  17.
PAR  17. A method as in claim 1 wherein said distinguishing characteristic is
      the fact that said variant and its transformant differ in their ability to
      grow in an environment having a particular temperature.
NUM  18.
PAR  18. A method as in claim 17 wherein said transformant is capable of growing
      in contact with a microbiological medium in an environment having said
      particular temperature whereas the variant is not and wherein step (c) is
      accomplished by placing said mixture in an environment having said
      particular temperature and detecting the development of microbiological
      growth, the development of microbiological growth indicating the presence
      of said specific microorganism in said biological sample.
NUM  19.
PAR  19. A method as in claim 17 wherein said detection of the development of
      microbiological growth is accomplished by an observation of colony
      formation.
NUM  20.
PAR  20. A method as in claim 19 wherein said observation is accomplished
      visually.
NUM  21.
PAR  21. A method as in claim 19 wherein said observation is accomplished by
      instrumental means.
NUM  22.
PAR  22. A method as in claim 17 wherein said particular microbiological medium
      comprises an indicator responsive to the presence of microorganisms and
      wherein the indicator response is observed visually or by instrumental
      means.
NUM  23.
PAR  23. A method as in claim 17 wherein said particular microbiological medium
      is in a liquid form and wherein said detection of the development of
      microbiological growth is accomplished by observing the turbidity of said
      particular microbiological medium.
NUM  24.
PAR  24. A method as in claim 23 wherein said turbidity is observed by
      instrumental means.
NUM  25.
PAR  25. A method for detecting the presence of a specific microorganism in a
      biological sample comprising the steps of:
PA1  a. treating said biological sample with an aqueous solution of a surfactant
      which is in a sufficiently high concentration to lyse substantially all of
      the microorganism cells present in said sample and thereby release
      endogenous deoxyribonucleic acid in the form of a sterile, crude extract
      thereof, said surfactant being in a sufficiently low concentration so that
      upon contacting said crude extract with a number of microorganism cells
      growing on the surface of a microbiological medium capable of diffusing
      aqueous solutions which come into contact with a surface thereof, a
      substantial number of the cells are not destroyed by the solution of
      surfactant as it diffuses into the medium;
PA1  b. contacting said crude extract with cells of an auxotroph of said
      specific microorganism, which cells are growing on the surface of a
      complete microbiological medium, said complete medium containing all of
      the nutrients required by said auxotroph for growth and being capable of
      diffusing aqueous solutions which come into contact with a surface
      thereof.
PA1  c. incubating the resulting mixture for a predetermined period of time.
PA1  d. transferring at least a portion of the resulting incubated mixture to a
      minimal microbiological medium containing all of the nutrients required by
      the prototroph of said auxotroph for growth but lacking at least one of
      the nutrients required by said auxotroph for growth, and
PA1  e. detecting the development of any microbiological growth of the portion
      of said resulting incubated mixture transferred to said minimal
      microbiological medium, the development of microbiological growth
      indicating the presence of said specific microorganism in said biological
      sample.
NUM  26.
PAR  26. A method as in claim 25 wherein said surfactant is in a concentration
      of between about 0.01 and 0.1 percent by weight.
NUM  27.
PAR  27. A method as in claim 26 wherein said surfactant is sodium dodecyl
      sulfate.
NUM  28.
PAR  28. A method as in claim 27 wherein sodium dodecyl sulfate is in a
      concentration of about 0.05 percent by weight.
NUM  29.
PAR  29. A method as in claim 25 wherein step (e) is accomplished by an
      observation of colony formation.
NUM  30.
PAR  30. A method as in claim 29 wherein said observation is accomplished
      visually.
NUM  31.
PAR  31. A method as in claim 29 wherein said observation is accomplished by
      instrumental means.
NUM  32.
PAR  32. A method as in claim 25 wherein said minimal microbiological medium
      comprises an indicator responsive to the presence of microorganisms and
      wherein the indicator response is observed visually or by instrumental
      means.
NUM  33.
PAR  33. A method as in claim 25 wherein said minimal microbiological medium is
      in a liquid form and wherein step (e) is accomplished by observing the
      turbidity of said minimal microbiological medium.
NUM  34.
PAR  34. A method as in claim 33 wherein said turbidity is observed by
      instrumental means.
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ABST
PAL  A continuous method and apparatus for the determination of urea in a
      biological fluid such as blood, for example, is disclosed. In a
      continuously flowing system, the biological sample is introduced into a
      buffered carrier solution of low electrical conductance and is caused to
      flow into a chamber containing an immobilized enzyme which catalyzes a
      specific reaction which changes the electrical properties of the solution
      by increasing the dissociated ion concentration therein. This increase in
      dissociated ion concentration is directly proportional to the original
      concentration of urea in the biological sample; and any one of the several
      conventional electrical measurements may be made to determine the increase
      in such concentration or the rate of increase in such concentration and
      thereby determine the concentration of urea in the original biological
      sample. The buffered carrier solution containing the products of the
      enzyme-catalyzed reaction is reclaimed by circulating it through a
      deionization, purification stage in which the solution conductivity is
      substantially returned to the prereaction value. The carrier solution is
      recirculated and used for processing additional samples. The enzyme,
      urease, is immobilized in a manner which allows many tests to be run
      without any significant loss thereof. The savings in enzyme requirements
      and the savings accomplished by recirculating the buffered carrier
      solution greatly reduces the cost of analysis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to the field of testing samples of
      biological fluids for specific components therein, and, more particularly,
      to the quantitative determination of urea in a biological fluid such as
      blood based on a urease-catalyzed reaction in an organic buffer carrier
      solution.
PAR  2. Description of the Prior Art
PAR  The use of enzymes to aid in the determination of the concentration of
      various components in biological fluid is gaining rapidly as a simpler,
      extremely specific and more precise approach to the solution of sensing
      the concentration of one or more products, depletion of one or more
      reactants or other changes in the solution characteristics following an
      enzyme-catalyzed reaction in which a specific enzyme is utilized to
      catalyze a known reaction involving a component of interest in a fluid
      biological sample. One important and commonly used test involves the
      determination of the concentration of urea in blood serum. The level in
      blood serum has been found to be significant in evaluating the normality
      of the operation of the kidneys.
PAR  In the past a great many analytical techniques have been utilized for the
      analysis of biological fluids including those involving enzyme-catalyzed
      reactions, the results of which depend upon colorimetric techniques. These
      have proved to be highly susceptible to interferences or disturbances
      which may adversely affect the accuracy of the results. Such techniques
      normally rely on the action of a strong oxidizing agent or reducing agent
      upon the products of the enzyme-catalyzed reaction to produce a
      colorsensitive endpoint. These reagents, however, are generally not
      selective in their action on any oxidizable or reducible species and other
      impurities in the solution may dramatically affect the intensity of the
      color produced or cause a spectral shift therein which results, of course,
      in an inaccurate determination.
PAR  More recently, a method has been developed for the measurement of blood
      urea nitrogen (BUN) based on solution conductivity. It has been found that
      urea, which is a nonionic species, reacts with the enzyme urease to
      produce ionic charge carriers in an amount proportional to the original
      concentration of urea in the sample. The reaction may be described as
      follows:
EQU  NH.sub.2 CONH.sub.2 +H.sub.2 O .sup.urease CO.sub.3 .sup.-.sup.2 +
      2NH.sub.4.sup.+
PAL  As can readily be seen from the above, the concentration of the reaction
      product, if sufficiently dilute, as in the biological samples tested, the
      hydrolysis to ammonium and carbonate ions is substantially complete and
      three charge carriers are produced for each molecule of urea reacted. This
      drastic increase in the number of charge carriers caused by the above
      reaction can be measured by conventional electrical techniques such
      electrical measurement is directly related to the concentration of urea in
      the biological specimen.
PAR  One prior art device which utilizes this basic principle can be found in
      U.S. Pat. No. 3,765,841 to Paulson et al, which illustrates and describes
      an apparatus for determining the concentration of, inter alia, urea in
      biological fluids by measuring the rate of change in conductivity of the
      reacting solution during a predetermined, fixed time interval in a
      strictly batch-type process. By that invention, a biological sample is
      introduced into a carrier solution along with a quantity of the enzyme
      urease in a free state and the rate of change of conductivity of the
      solution is measured after a fixed interval in which the initial portion
      of the reaction takes place. Because the initial stage of the reaction
      proceeds quite rapidly and any rate of change of conductivity measurement
      during the initial part of the reaction is almost infinite, the system
      must have an intricate built in electrical delay to allow for this initial
      phase to be completed prior to the measurement of the rate of change of
      conductivity produced by the reaction. Also, that instrument possesses all
      of the drawbacks inherent to a batch analyzer. Thus, after each sample is
      reacted and measured, both the carrier solution in which the reaction
      takes place and the quantity of enzyme which is utilized to catalyze the
      reaction are discarded. This greatly increases the cost associated with
      the processing of each sample.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a method and
      apparatus for chemical analysis of biological samples, generally, and in
      particular, for the determination of urea in such samples. The present
      invention retains the desirability of utilizing electrical measurements in
      the determination and eliminates the drawbacks associated with the
      requirement of allowing for a large, instantaneous change in the
      characteristic of the solution produced by the initial phase of the
      reaction and the requirement of providing a fresh carrier solution and
      enzyme for each sample to be tested. The present method and apparatus
      utilizes a recirculating flow-through system in which the carrier solution
      may be recycled and utilized for testing a plurality of samples and in
      which the enzyme is immobilized in a manner which allows free contact
      between the solution components and the enzyme with little or no loss of
      enzyme occasioned thereby thus allowing repeated use of the same enzyme
      material.
PAR  By means of the present invention there is provided a continuous flow
      method and apparatus for the enzymatic determination of urea in biological
      serum samples which utilizes reusable, immobilized enzyme and reclaimable,
      recirculated substantially non-ionic organic buffered carrier solution to
      maintain the desired solution pH. In the preferred embodiment, the organic
      buffer solution continuously circulates through a first chamber, which may
      be in an enclosed column containing an appropriate amount of the enzyme
      urease immobilized in a cross-linked polyacrylamide gel in a manner which
      substantially prevents leaching of the enzyme yet allows free contact
      between the carrier solution and the entrapped enzyme molecules. A sample
      is normally introduced into the carrier solution upstream of this
      enzyme-containing chamber and the catalyzed reaction takes substantially
      within that chamber. The carrier solution containing the substantially
      reacted urea proceeds to a second chamber wherein an electrical
      conductivity measurement may be made. The reacted and measured solution
      then proceeds into a third chamber for chemical reclamation of the
      buffered carrier solution containing, for example, a conventional ion
      exchange bed which removes substantially all the electro-active ionic
      species therefrom substantially returning the solution conductivity to the
      value before the reaction. The buffered organic buffer carrier solution is
      then recirculated to the system and may be reused in the measurement of
      subsequent samples.
PAR  Of course, as soon as a given sample has passed through the enzyme
      containing chamber a subsequent sample may be introduced into the system
      without disturbing the results of either test. The sample size associated
      with this system may be readily controlled by injecting a given amount of
      sample into the system and the flowrate may conveniently controlled e.g.,
      in a gravity-flow system, by the size and length of the various conduit
      and chamber components of the flow system such that the sample is
      substantially reacted by the time the solution reaches the second chamber.
      The recirculating system may be one utilizing a pump to recirculate the
      reclaimed carrier solution into a reservoir containing a large amount of
      the carrier solution. A constant-head pump may also be utilized to
      maintain the same flowrate throughout the system. In this manner, many
      samples may be run before the buffer carrier solution must be changed.
PAR  The organic buffer carrier solution is one which is compatable with the
      urea-containing biological fluid samples to be tested, the immobilized
      enzyme and one which does not affect or interfere with the desired
      enzyme-catalyzed reaction. An example of such a combination is an aqueous
      solution of 0.05M Tris (Hydroxymethyl) aminomethane adjusted to pH 7 by
      the addition of glycine.
PAR  The present invention contemplates measuring the increase in solution
      conductivity which is a measurement of the initial urea concentration in a
      sample by any of several techniques including:
PAR  1. Utilizing a single conductance cell in the second chamber to measure the
      value of the conductance after the reaction is substantially completed.
PAR  2. Utilizing a differential method in which two conductant cells are used,
      one placed before and one after the sample enters the enzyme-containing
      chamber to measure the increase in conductance occasioned by the reaction.
PAR  3. A differential method in which one conductance cell is placed within the
      enzyme-containing chamber to measure the time rate of production of charge
      carriers at a point where such is proportional to the initial
      concentration of urea in the solution.
PAR  Thus, there is contemplated by the present invention a recirculating
      continuous-flow system which obtains maximum utilization of both the
      organic buffer carrier and the enzyme.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic representation of the flow system of the apparatus of
      the invention; and
PAR  FIG. 2 is an illustration, partly in diagramatic form and partly in
      section, depicting one embodiment of the apparatus of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 represents a schematic flow diagram illustrating the preferred
      embodiment of the invention. An organic buffer carrier solution, in which
      the reaction takes place and also which serves as a cleansing solution for
      the analysis system, is supplied continuously from a reservoir 10 into a
      chamber 11 where it is combined with the biological sample to be analyzed.
      The carrier solution, combined with the sample then flows into a packed
      column reaction chamber 12 containing an amount of immobilized urease
      which catalyzes the reaction in which the non-ionic urea is transformed
      into ammonium carbonate in the dissociated form of ammonium and carbonate
      ions. The reacted solution then flows into a measurement chamber 13
      wherein the electrical conductance of the substantially reacted solution
      is measured. The reacted solution is then recirculated through a
      reclamation chamber 14 wherein the carrier is substantially de-ionized so
      that it may be reused in the analysis of further samples. The
      substantially electrically inactive reclaimed solution is then
      recirculated as by circulating pump 15 returning to the reservoir 10.
      Periodically, the organic buffer carrier solution may be changed by
      allowing the used solution to drain out of the system through a drain
      shown at 16. Continuous circulation of the organic buffer carrier solution
      insures that the reaction and measurement chambers will be cleansed of the
      previous samples prior to the introduction of a new sample.
PAR  Turning now to FIG. 2 there is illustrated a typical apparatus for carrying
      out the process of the invention. For purposes of clarity some of the
      figure is shown in section and, for simplification, some conventional
      parts are shown in block form. The reservoir 10 for the buffered organic
      carrier solution may be used in the gravity-feed type arrangement wherein
      the reservoir supplies a constant head tank overflow weir system shown in
      block form at 17. The carrier solution is then supplied through a conduit
      18, having a flow shut off valve 19, at a constant rate into the combining
      chamber 11. The measured sample of biological fluid to be analyzed is
      introduced into the system from a separate injection port 20. This may be
      done by utilizing a graduated syringe or other pre-measured small volume
      container. The bottom of the injection port may be closed as by a septum
      21 and the sample injected therethrough into the chamber 11. The sample
      then combines with the carrier solution in the chamber 11 prior to
      entering into the reaction column 12.
PAR  The combined solution passes through a porous plug 23, which may be a fine
      metal screen (approximately 100 mesh) or a glass frit material of similar
      permeability. Reaction column 12 contains an amount of the enzyme urease
      immobilized in a finely divide gel matrix. A second porous plug 24,
      substantially identical to the plug 23, closes the bottom of the column
      and, while allowing free flow of the test solution therethrough prevents
      any loss of the enzyme-containing gel from the column. After flowing
      through the column 12, the test solution flows via conduit 25 into the
      measurement chamber 13 where the final conductance measurement is made in
      a manner discussed in greater detail below.
PAR  The effluent or reacted solution flows from chamber 13 into a reclamation
      chamber 14 as by means of a conduit 26. The electrically active ionic
      species are substantially removed or neutralized therein in a manner
      discussed below. A drain opening 27 located in conduit 26 may be utilized
      to drain the system when desired as by utilizing a three way valve 28. The
      reacted or effluent solution, now substantially de-ionized, proceeds thru
      a conduit 29 and is recirculated as by a pump 15 through conduit 30
      returning to the organic buffer carrier solution reservoir 10 for
      recirculation.
PAR  The various conduit means including 18, 25, 26, 29, and 30 may be made of
      glass tubing or any such means conventionally used for such analytical
      apparatus; the only criteria being, of course, that they do not affect or
      are not affected by the solutions passing therethrough. The conduit 25 may
      be formed by a conventional hollowed fitting and all of the conduit
      members are normally joined to the various chambers by conventional parts,
      normally made of a relatively inert material such as
      polytetrafluroethylene or nylon held together by conventional screwed
      compression fittings illustrated at 31, for example.
PAR  The reaction column containing the immobilized enzyme may be a conventional
      glass tubing column or one of a compatible plastic such as acrylic.
      Likewise, the remaining chambers of the apparatus may also be fabricated
      of any suitable material which is not affected or does not affect the
      solution passing therethrough.
PAR  The gel utilized for entrapping the enzyme is an specially prepared
      cross-linked acrylamide gel in which the cross-linking agent is normally
      N, N' - Methylenebisacrylamide having a very high ratio of an acryalmide
      to cross-linking agent, normally from about 45:1 to about 55:1. This high
      ratio gel yields a much improved enzyme entrapping latice in which
      leaching out of the urease molecules is greatly reduced. The preparation
      of the gel utilized in entrapping the enzyme and is described more fully
      in the co-pending application of Koch et al, Ser. No. 425,043 filed Dec.
      14, 1973 (which is a division of Ser. No. 276,630 filed July 31, 1972, now
      abandoned) and assigned to the same assignee as the present application.
PAR  As described above, the buffered organic carrier solution must be one which
      in itself is essentially very low in electrical conductance and does not
      react with either the immobilized enzyme or any of the other solution
      species. The buffered carrier solution is normally in the form of a dilute
      aqueous solution adjusted to about pH 6-7. Some of the buffers
      successfully used include amion acid and similar compounds several of
      which are listed as follows:
PA1  Glycine
PA1  Tris (hydroyomethyl) aminomethane - maleate
PA1  Tris (hydroxymethyl) aminomethane
PA1  2-amino-2-methyl-1,3 propane diol
PAR  The above or similar organic buffer systems provide a low conductance
      background forming a base reference point with which the increase of
      electrically active charge carriers can be compared to relate only to the
      amount of dissociated ammonium and carbonate ionic species obtained by the
      urea-water reaction. The carrier solution is maintained substantially free
      of inorganic ionic species by circulating the electrically-active reacted
      solution through the reclamation stage 14.
PAR  In the reclamation stage 14, the reclamation or regeneration of the
      buffered organic carrier solution can be achieved through any suitable
      chemical treatment such as by electro-dialysis, ion exchange membrane, ion
      exchange bed or by other suitable treatment of the solution. Any suitable
      conventional technique can be applied and these do not, in themselves,
      form a part of the present invention. It should be noted that the organic
      species and, in particular, the amino acid buffers have both + and -
      groups and thus are not affected by normal ion exchange techniques and
      this "iso-electric" phenomena can be used to advantage in reclaiming the
      organic buffer solution.
PAR  The capacity to recirculate the buffered organic solution and utilize it in
      the analysis many samples, of course, presents a distinct advantage over
      prior art batch-type systems which require the introduction of new carrier
      solution with the analysis of each sample which, in turn, leads to
      increased analysis costs. In accordance with the present invention, the
      requirement of cleaning or changing the reaction chamber associated with
      batch-type analytical techniques is also eliminated. The continual
      recirculation of the substantially de-ionized buffered organic carrier
      solution in accordance with the present invention assures that the system
      will be continuously cleansed between tests without the necessities of
      such procedures.
PAR  Another advantage of the instrument of the present invention lies in the
      fact that BUN determination may be made utilizing very small samples. A
      typical sample size is about 50 microliters. The volume of the various
      chambers in the system and the flowrate therethrough, which is controlled
      by the size of the conduits and the chambers, is designed so that the
      action which begins in the chamber 12 is substantially completed when the
      carrier solution containing the reacting species reaches the measurement
      chamber 13. Of course, the solution must be sufficiently dilute so that
      the ammonium carbonate produced by the reaction is in the substantially
      completely dissociated form when reaching chamber 13. The small sample
      size requirement aids in the reduction of the required size of both
      chambers 12 and 13.
PAR  As discussed briefly above, the electrical conductance of the substantially
      reactive solution in the chamber 13 eminating from an organic
      substantially iso-electric solution introduced before reaction, is related
      to the number of electrically active charge carriers produced by the
      urea-water (hydrolysic) reaction. This resulting increase in solution
      conductance can in turn be related to the urea concentration found in the
      sample of one of several convention methods.
PAR  The first of these methods, known as the direct reading method, is
      illustrated in the preferred embodiment and includes a pair of space
      electrodes 32 and 33 connected to a conductance measuring device, which
      may be a conventional AC impedance bridge 34, as by conductors 35 and 36.
      Because of the linear relationship between the number of electrically
      active charge carriers in the reacted solution and the solution
      conductance, the measured AC impedance may be used to calibrate the
      instrument based on known samples and the AC impedance obtained read
      directly as a percent urea in the biological sample used as by a meter or
      recording device shown at 37.
PAR  Other conventional read out methods which may be employed include a
      differential method, wherein a second conductance cell identical with the
      above-described conductance is placed in chamber 11 before the sample
      enters the column 12. By this method, the conductance readings are
      obtained both before the reaction and after the reaction. The difference
      between these signals then is directly related to the increase in ion
      species caused by the desire reaction and by utilizing conventional
      electronic means to obtain the difference in these signals, a meter or
      recording read out may easily be obtained.
PAR  Another conventional method of obtaining the conductance is to utilize a
      single conductance cell placed in the reaction chamber 13 to sense the
      rate of charge carrier production in that chamber during the reaction. The
      conductance cell is placed downstream of the point where the reaction is
      initiated i.e., the top of the column 13 so that the initial instantaneous
      jump does not interfere with the measurement.
PAR  In the second of the three above-mentioned methods the background solution
      conductance is less important as a measurement is taken of it for each
      test. In the third method, the rate of change is measured and again the
      background is of less importance.
PAR  It should also be noted that inasmuch as the rate of the enzyme-catalyzed
      reaction involved is somewhat temperature dependent, conventional
      temperature control means may be required in applications where
      temperature variations are like.
CLMS
STM  The embodiments of the invention in which an exclusive property or right is
      claimed are defined as follows:
NUM  1.
PAR  1. A continuous method for determining the concentration of a component of
      interest in a sample wherein the detection of the concentration of charge
      carriers of an ionic indicating product species of an enzyme-catalyzed
      reaction is indicative of the concentration of said component of interest,
      said method comprising the steps of:
PA1  combining said sample with a substantially ionically inactive carrier
      solution containing an organic buffer;
PA1  flowing the combined solution through a quantity of an enzyme selected to
      catalyze the desired reaction, wherein said enzyme is immobilized in a
      manner which allows free contact between the solution components and the
      enzyme molecules occasioning substantially no loss of enzyme thereby;
PA1  measuring the increase in conductance of said combined solution;
PA1  generating an output indicative of the concentration of said component of
      interest;
PA1  reclaiming said carrier solution after said enzyme catalyzed reaction by
      reducing the conductance of the reacted solution substantially to that
      existing before said reaction; and
PA1  recycling said reclaimed carrier solution to be reused with subsequent
      samples.
NUM  2.
PAR  2. The method of claim 1 wherein said output is generated by measuring the
      electrical conductance of said solution after said reaction.
NUM  3.
PAR  3. The method of claim 1 wherein said output is generated by measuring the
      conductance of said solution both before and after said enzyme-catalyzed
      reaction, the difference therebetween being indicative of the
      concentration of said ionic indicating product species.
NUM  4.
PAR  4. The method of claim 1 wherein said output is generated by measuring the
      rate of change of the electrical conduction of said solution during said
      reaction.
NUM  5.
PAR  5. The method of claim 1 wherein said reclaiming of said carrier solution
      is achieved by substantially de-ionizing the reacted solution.
NUM  6.
PAR  6. The method of claim 1 wherein said component of interest is urea and
      said immobilized enzyme is urease.
NUM  7.
PAR  7. A continuous flow-through analytical apparatus for determining the
      concentration of a component of interest in a sample wherein the detection
      of the concentration of charge carriers of an ionic indicating product
      species of an enzyme-catalyzed reaction is indicative of the concentration
      of the component of interest, said apparatus comprising:
PA1  a first chamber including an amount of an enzyme immobilized and disposed
      therein in a manner which allows free contact between said enzyme and a
      solution flowing therethrough,
PA1  means for introducing a substantially ionically inactive, carrier solution
      containing an organic buffer into said chamber;
PA1  means for introducing a sample into said carrier solution;
PA1  sensor means for detecting the increase in said charge carriers in said
      combined solution;
PA1  means for generating an output from said sensor related to the
      concentration of said species of interest;
PA1  means for reclaiming said carrier solution after said reaction by reducing
      the conductance of said carrier solution substantially to that existing
      before said reaction; and
PA1  means for recirculating said reclaimed solution.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said sensor means comprises a pair of
      electrical conductance measuring electrodes placed downstream of said
      first chamber.
NUM  9.
PAR  9. The apparatus of claim 8 further comprising a second pair of
      conductance-measuring electrodes disposed in said apparatus at a point
      before said solution enters said first chamber.
NUM  10.
PAR  10. The apparatus of claim 7 wherein said sensor means comprises a pair of
      conductance-measuring electrodes placed in said first chamber to measure
      the rate of production of said ionic charge carriers.
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PAL  Desalination apparatus with the double feature of condensation and
      evaporation, comprising plural dish-like condensing elements piled
      coaxially, wherein a sloped bottom diaphragm is provided in each element,
      at the lower part of each of which an upwardly diverging duct is provided.
      A cooling pipe is led through the ducts of the elements. A depending pipe
      is provided near the outer edge of each element, through which the
      supplied sea water flows from an upper element to a successive lower
      element. The lowest condensing element is heated or is filled up with
      water that is hotter than the supplied sea water. The distilled water
      obtained on each condensing element is withdrawn from the lower edges of
      the ducts as a result of evaporation from the elements and subsequent
      condensation on the undersides of the diaphragms.
BSUM
PAR  This invention relates to a sea-water distilling or desalination apparatus,
      namely an apparatus which comprises coaxially piled plural dish-like
      desalination elements with inwardly and downwardly sloping bottom
      diaphragms, for the double purpose of evaporation and subsequent
      condensation, as will be described.
PAR  Shortage of drinking water caused by a cityward tendency of the population
      as well as world-wide population growth can be solved by obtaining fresh
      water from the unlimited sea water. The most general and simple method of
      obtaining fresh water from sea water is distillation, by which the vapor
      produced from salt water is separated from the salt so as to condense
      fresh water therefrom.
PAR  In the process of distillation, the vapor evaporates from the salt water by
      the energy of evaporation heat, and then condenses, separating from the
      salt by the deprivation of condensation heat. If we re-use the
      condensation heat for the next step, the product water efficiency
      increases considerably.
PAR  Therefore, the principal object of this invention is to provide a
      multi-effect desalination apparatus (performing both evaporation and
      condensation of salt water), wherein the effective utilization of thermal
      differences is achieved by leading the sea water between the fixed thermal
      differences and making use of the calorie of vapor for the above explained
      double purpose and effect.
PAR  Another object of the invention is to provide a desalination apparatus of
      the kind described which has a low thermal cost because vapor rapidly
      condenses therein.
PAR  It is known that the cost of fresh water obtained from sea water is
      determined by the main cost necessary for the basic installation, plus the
      cost for operating maintenance of the installation, and the energy being
      used.
PAR  A further object of the invention is to provide a multi-effect desalination
      apparatus having a simple structure wherein the tops and the bottoms of
      the condensing elements are utilized as evaporation and condensation
      surfaces of vapor, respectively.
DRWD
PAR  Other objects and many of the attendant advantages of the invention will be
      readily appreciated as the same becomes better understood by reference to
      the following detailed description, when considered with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a vertical sectional view of an exemplary embodiment of the
      desalination apparatus embodying this invention;
PAR  FIG. 2 is a vertical sectional view of one condensing element forming part
      of the apparatus;
PAR  FIG. 3 is a fragmentary enlarged sectional view of several condensing
      elements;
PAR  FIG. 4 is a thermal distribution illustration in the inventive apparatus;
PAR  FIG. 5 is a thermal computation in the inventive apparatus; and
PAR  FIG. 6 is a thermal distribution presentation in a conventional apparatus,
      for comparison with the presentation of FIG. 4.
DETD
PAR  Referring first to an exemplary apparatus 20 embodying this invention as
      shown in FIGS. 1 and 2, it is composed of several inwardly sloping
      condensing elements 2 substantially vertically piled up or superposed
      coaxially in a container 1, which elements are dish-like and have a slight
      downward slope at the lower part of an inwardly sloping bottom diaphragm 3
      forming part of each condensing element, from the edge toward the center,
      where an opening or duct 4 is provided that widens or diverges upwardly.
      The bottom diaphragm 3 has an outer wall 6 the height of which is not less
      than that of an inner wall 5 forming the opening 4.
PAR  Each bottom diaphragm 3 also has a vertical discharge pipe 7 (see FIG. 1)
      near its outer edge, the bottom of which leads to the substantially planar
      top or rim of the successive condensing element 2 therebelow. The pipe 7
      of a lowermost condensing element 2b leads to an outlet tube 8. A cooling
      pipe 9 is provided through all ducts 4 which constitute a continuous axial
      passage through the structure, and its top projects into a topmost element
      2a and is fixed therein, the top being below the liquid level in the
      element 2a. The latter is in substance the same as the other condensing
      elements 2, and their difference exists only in that element 2a has no
      opening or duct.
PAR  The condensing elements 2, 2a, 2b are piled coaxially, a receiver 10 being
      provided under the lowest duct 4, and a drain pipe 11 is provided with the
      receiver. A schematically shown heat source 12 is provided under the
      lowest element 2b, or alternatively a hot-pipe 13 is provided (both shown
      in FIG. 1) which supplies hot water from another device (not shown)
      through the container 1 to the top or rim of the element 2b. In addition,
      an inlet or feed tube 14 is provided on the top element 2a, which supplies
      the sea water, possibly from another device.
PAR  Considering the above-described structure, this apparatus is quite similar
      to conventional rectification apparatus comprising plural piled trays.
      Accordingly, the temperature distribution which changes downwardly and the
      heat movement in this apparatus resemble those of the conventional
      rectification apparatus.
PAR  However the difference exists in that vapor is made to condense on the
      surfaces of the bottom diaphragms 3, having slight inward slopes in this
      inventive apparatus, along which the condensed water is gathered at the
      center, and is led to the outside (e.g. to tube 8).
PAR  Now, some condensate may fall dropwise into the condensing elements 2 if
      the water gathering action is expected only by the way of gravity. So to
      insure and increase the water gathering action it is preferable, according
      to the invention, that the surface tension operating to the diaphragm
      surface is strengthened in the filmwise growth of the condensed water.
PAR  Therefore, the bottom diaphragms 3 are made of copper or aluminum material
      in FIG. 3, under which meshed or woven layers 15 may be provided. So
      dropwise condensation does not occur as the water gathering action is
      increased by the obtained surface tension.
PAR  For example, when the diameter of the condensing elements 2 is 500
      millimeters and the difference of height between the outer edges of the
      diaphragms 3 and their centers is less than 20 millimeters, it appears
      that the condensed water film adhering to the lower surfaces of the
      diaphragms 3 falls into the successive condensing elements 2 below them,
      due to the dropwise growth of the condensed water.
PAR  But when the meshed or woven layers 15 are provided under at least some
      diaphragms 3, as mentioned before, the condensed drops do not fall even if
      the above-mentioned height difference is less than 5 millimeters. In this
      case it is possible that the layers of evaporated vapor (the interval
      between each evaporation surface and condensed surface) be made 5 to 10
      millimeters thick in the centers and 15 to 20 millimeters at the outer
      edges. In addition, the piled pitch of or separation between the
      condensing elements 2 can be shortened to 15 to 20 millimeters. Therefore,
      the time of the vapor state becomes very short, and the loss of heat
      becomes accordingly small when the apparatus is not in a complete
      adiabatic state.
PAR  When in operation, the sea water, namely salt water, is made to flow into
      the top element 2a through the inlet tube 14 and stored in it, the surplus
      of which flows successively down to the lower condensing elements 2
      through the pipes 7. At the same time, the above-mentioned surplus water
      flows downward through the cooling pipe 9. Under the condition that all
      elements are filled with sea water, the lowest element 2b is heated by the
      source 12, or is supplied with hot water through the pipe 13. Then the
      water in the element 2b evaporates and the evaporated vapor condenses
      against the lower surface of the bottom diaphragm 3 of the upper element 2
      above it and is liquified. The liquid moves toward the center along the
      lower diaphragm surface and gathers in the receiver 10 along the cooling
      pipe 9 via the openings or ducts 4.
PAR  When the vapor condenses, the condensation heat is taken up by the water in
      the element 2 just above as the sensible heat through its adhering bottom
      diaphragm 3, and is utilized as evaporation heat, again to evaporate the
      water.
PAR  Each element 2 produces distilled or fresh water by repeating this
      fundamental principle, which water gathers in the receiver 10 via the
      ducts 4. The cooling pipe 9 passes through the ducts 4 also to prevent the
      distilled water from evaporating again.
PAR  In general, the calories supplied by the heat source (12 or 13) are used in
      the form of both latent and sensible heat. Now, in the inventive
      desalination apparatus, the depth of water of each condensing element is
      very shallow because the slope of the bottom diaphragm 3 is very small, as
      described previously. So most of the calories supplied by the heat source
      may be used as latent heat.
PAR  First, in the lowest condensing element 2b, the larger part of the calories
      given by the heat source may be used in the form of latent heat for the
      evaporation of the sea water, and then the vapor having the latent heat
      will appear between the lowest condensing element and the next higher
      step.
PAR  When this vapor adheres to the bottom of the second condensing element 2,
      namely to the underside of the next higher diaphragm 3, condensation heat
      appears, and condensed or pure distilled water is obtained simultaneously.
      Most of the condensation heat will thus be used as evaporation heat for
      the above-mentioned reason.
PAR  Therefore, the more the number of the elements is increased, the more
      movement of calories takes place, as is shown in FIG. 4 at H1, H2, . . .
      Hn, and the more the quantity of the condensed water increases.
PAR  Referring again to FIG. 4, the water temperature in the condensing elements
      increases as we descend along the elements because a small part of the
      calories supplied by the heat source is used as sensible heat, that is,
      for increasing the water temperature. The difference .DELTA.T of the
      temperature of the treated sea water L1 and that of the remaining water L2
      appears.
PAR  If the apparatus has N elements and the calories H supplied to element 2b
      are used for the production of fresh water C, a temperature [1/(N - 1)]
      .DELTA.T may approximately be distributed to each element 2. The total
      quantity of fresh water C is the difference between the quantity of the
      introduced sea water L1 and that of the remaining water L2, i.e. the
      quantity of reduction.
PAR  A simple experiment was carried out to prove the above hypothesis. In FIG.
      5, an experimental temperature distribution of the condensing elements is
      shown. Under the condition that the exemplary apparatus has three
      elements, to the top of which element 2a is added, a quantity of 36.8
      grams water with a temperature of 25.degree.C was poured in per minute; to
      the lowest element 2b heat of 6 K calories was imparted per minute; and
      further the temperature of the water in the elements 2b, 2c, 2d and 2a (as
      identified in FIG. 5, independently of the indications "2a" and "2b"
      elsewhere) increased to 100.degree., 85.degree., 70.degree. and
      55.degree.C, respectively.
PAR  The quantity of the obtained fresh water was 10, 9.7 and 9.3 grams (total
      amount 29 grams) from the elements 2c, 2d and 2a, respectively, while
      vapor of 7.8 grams evaporated freely from the top element 2a.
PAR  Thus the introduced water of 36.8 grams, which was poured into the top
      element 2a per minute, decreased to 29, 19.7 and 10 grams as it passed
      downward, and at the end, concentrated salt water of 0 gram per minute was
      found in the lowest element 2b.
PAR  If 600 calories are necessary for obtaining 1 gram of fresh water, it may
      be understood from the above experimental data that 10 grams .times. 600
      calories = 6 K calories are consumed in the second-step element 2c, which
      makes 100% of produced water efficiency for the 6 K calories that are
      supplied from the first-step element 2b per minute.
PAR  Furthermore, 9.7 grams .times. 600 calories = 5.85 K calories are consumed
      in the third-step element 2d, and 9.3 grams .times. 600 calories = 5.58 K
      calories in the top element 2a, which proves the level of 98 and 95%
      respective water product efficiency. Therefore, the estimated values, that
      is 100, 98 and 95%, clearly prove the above hypothesis.
PAR  In a multi-stage apparatus of the conventional type as shown schematically
      in FIG. 6, the sea water L1 increases in temperature, gradually receiving
      latent heat of vapor in the form of sensible heat H1, H2, . . . Hn, and it
      is evaporated in several stages after being heated in the last step, and
      then it flows off as the remaining water L2.
PAR  As compared with the conventional multi-stage evaporative apparatus wherein
      the water bears heat in the form of sensible heat, in the desalination
      apparatus embodying this invention, the rise of water temperature by
      sensible heat is very small, and most part of the latent heat by vapor is
      used for the evaporation of the water, as is shown by the experimental
      data of FIG. 5.
PAR  In other words, the inventive desalination apparatus increases the produced
      water efficiency by utilizing the thermal differences in a series, while
      conventional multi-stage evaporative apparatus repeatedly utilizes heat
      (calories) in parallel.
PAR  The treatment cost of a sea-water desalination apparatus is greatly
      affected by the form of the heat source. In a multi-stage flash system,
      which is an evaporative method in principle, cheap vapor has been used as
      the heat source, for example by thermal and atomic power generation.
PAR  Although not within the framework of the present invention, in the new
      desalination apparatus solar energy can also be used effectively as a heat
      source, and also a heat pump can be used as an assistant heat source.
      Therefore, the treatment costs of such a desalination system would be
      lower by the use of solar energy as the main energy, and a heat pump as
      the secondary heat source.
PAR  Now, as a conventional desalination method which uses solar energy as a
      heat source, there is the greenhouse method. When this known method is
      compared with the inventive procedure and apparatus, the latter is found
      to be prominent in at least the following two points: first, solar energy
      can be converted into thermal energy more effective; and second, product
      water efficiency is more prominent than in the greenhouse method.
PAR  Reverting now to the features of the present invention, it should be
      mentioned that FIG. 2 shows a somewhat modified condensing element,
      generally designated by the same numeral 2, but which is devoid of a
      central opening or duct (as shown in FIG. 1 at the center of the topmost
      element 2a), and the pipe 9 does not reach this topmost element. This
      illustration has also been used to show a somewhat different heating inlet
      pipe 13 in the form of a spout, similar to that form in FIG. 1 for the
      lowermost element 2b.
PAR  It should be understood, of course, that the foregoing disclosure relates
      only to preferred embodiments of the invention and that it is intended to
      cover all changes and modifications of the example described which do not
      constitute departures from the spirit and scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A desalination apparatus comprising, in combination, at least three
      evaporating-condensing elements coaxially superposed in a vertical
      structure, with circumscribing rims and inwardly declining bottom
      diaphragms; a feed tube above the topmost one of said elements for
      introducing salt water to be desalinated; said diaphragms having upwardly
      diverging inner walls defining central ducts which constitute an axial
      passageway through the sturcture; liquid-conveying discharge pipes leading
      from each of said elements to the next lower element, except for the
      lowermost one of said elements, which has instead a tube for discharging
      concentrated salt water; means for heating said lowermost element; a drain
      receiver below the lowermost one of said ducts for leading away condensed
      vapors; and condensation-promoting, drop-inhibiting layers applied to the
      undersides of at least some of said diaphragms, said layers being in the
      form of a metallic mesh.
NUM  2.
PAR  2. A desalination apparatus comprising, in combination, at least three
      evaporating-condensing elements coaxially superposed in a vertical
      structure, with circumscribing rims sealed against a casing and inwardly
      declining bottom diaphragms; a feed tube above the topmost one of said
      elements for introducing salt water to be desalinated; said diaphragms
      having upwardly diverging inner walls defining central ducts which
      constitute an axial passageway through the structure; liquid-conveying
      discharge pipes leading from each of said elements to the next lower
      element, except for the lowermost one of said elements, which has instead
      a tube for discharging concentrated salt water; means for heating said
      lowermost element; a drain receiver below the lowermost one of said ducts
      for leading away condensed vapors; and condensation-promoting,
      drop-inhibiting layers applied to the undersides of at least some of said
      diaphragms, said layers being in the form of a woven material.
NUM  3.
PAR  3. A desalination apparatus comprising, in combination, at least three
      evaporating-condensing elements coaxially superposed in a vertical
      structure, with circumscribing rims sealed against a casing and inwardly
      declining bottom diaphragms; a feed tube above the topmost one of said
      elements for introducing salt water to be desalinated; said diaphragms
      having upwardly diverging inner walls defining central ducts which
      constitute an axial passageway through the structure; liquid-conveying
      discharge pipes leading from each of said elements to the next lower
      element, except for the lowermost one of said elements, which has instead
      a tube for discharging concentrated salt water; means for heating said
      lowermost element; and a drain receiver below the lowermost one of said
      ducts for leading away condensed vapors; wherein the separation between
      said elements is between 15 and 20 millimeters in said structure.
NUM  4.
PAR  4. A desalination apparatus comprising, in combination, at least three
      evaporating-condensing elements coaxially superposed in a vertical
      structure, with circumscribing rims sealed against a casing and inwardly
      declining bottom diaphragms; a feed tube above the topmost one of said
      elements for introducing salt water to be desalinated; said diaphragms
      having upwardly diverging inner walls defining central ducts which
      constitute an axial passageway through the structure; liquid-conveying
      discharge pipes leading from each of said elements to the next lower
      element, except of the lowermost one of said elements, which has instead a
      tube for discharging concentrated salt water; means for heating said
      lowermost element; a drain receiver below the lowermost one of said ducts
      for leading away condensed vapors; and a vertical, vapor-condensing and
      feed conveying cooling pipe projecting with its top into said topmost
      element, below the water level therein, and passing downward through said
      axial passageway and drain receiver.
NUM  5.
PAR  5. The desalination apparatus as defined in claim 4, wherein said heating
      means is in the form of a heat source placed below said lowermost element.
NUM  6.
PAR  6. The desalination apparatus as defined in claim 4, wherein said heating
      means is in the form of a pipe for supplying hot water to said lowermost
      element with a temperature as high as or higher than that of the salt
      water introduced into said lowermost element.
NUM  7.
PAR  7. The desalination apparatus as defined in claim 4, wherein said ducts of
      the diaphragms diverge outwardly.
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ABST
PAL  A combined water distiller and cooler having a boiler and a steam condenser
      incorporating an expansion chamber with an air inlet over a distilled
      water accumulating tank so that condensing steam and water condensate may
      mix with air to improve the potable quality of the distilled water before
      it drains into the accumulator tank. The evaporator of a refrigeration
      system used to cool the distilled water is located inside of the distilled
      water accumulator tank as is the steam condenser coil, so that the
      combined cooling effect of the refrigerant evaporator and the chilled
      distilled water are used to condense steam to water in the condenser coil.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention is directed to a combined water distiller and cooler for
      home and office use which provides the multiple advantages of having the
      distillation and cooling components compactly arranged in a housing no
      greater in size than ordinary bottled water coolers, of having a
      refrigeration system arranged to efficiently cool the accumulated
      distilled water and to also provide the requisite cooling to condense
      steam generated in the distillation process, and of having means of mixing
      ambient air with the steam condensate to enhance the taste and potable
      qualities of the water.
PAR  These basic objectives and advantages are achieved by providing a water
      boiler, steam condensing coil and distilled water accumulator tank in
      fluid flow relationship with the steam condensing coil being disposed in
      heat exchange relation with cool, distilled water accumulated in the tank.
      The evaporator of a compression-expansion refrigeration system is also
      disposed in heat exchange relation with the accumulated distilled water
      with the result that the refrigerant evaporator chills the distilled water
      and the combined cooling effect of the refrigerant evaporator and chilled
      distilled water serves to dissipate the latent heat of condensation of the
      condensing steam.
PAR  In the preferred embodiment of my invention, both the evaporator of the
      refrigeration system and the steam condensing coil are advantageously
      located directly within the distilled water accumulating tank to provide
      effective heat exchange and to conserve space. The outlet end of the steam
      condensing coil terminates within the upper end of an expansion vessel
      mounted directly on top of the distilled water accumulating tank and
      having an outlet at its bottom end opening into the accumulating tank; and
      air from the surrounding atmosphere admitted to the expansion vessel
      through an air tube is absorbed by the condensing steam and condensate
      flowing downwardly through the expansion chamber to the accumulator tank.
PAR  A further advantageous feature of my improved water distiller and cooler
      resides in the particular structure and mounting arrangement of a pressure
      switch within the distilled water accumulating tank so as to deactivate
      the boiler of the distillation system when distilled water rises to a
      predetermined level within the accumulator tank. The pressure switch is
      seated within a recess in a mounting ring on the top of the distilled
      water accumulating tank against which the bottom end of the aforesaid
      expansion vessel rests. A flexible, pressure sensitive diaphragm extends
      across the open end of the mounting ring recess in sealing engagement
      therewith and is displaceable in response to the pressure of distilled
      water at said predetermined level within the accumulator tank to actuate
      the pressure switch.
PAR  These and other objects and advantages of my invention will become readily
      apparent as the following description is read in conjunction with the
      accompanying drawings wherein like reference numerals have been used to
      designate like elements throughout the several views.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional, side elevation view of the water distiller and
      cooler of this invention;
PAR  FIG. 2 is a fragmentary, vertical section view of a portion of the
      apparatus of FIG. 1 showing on an enlarged scale the expansion vessel and
      pressure switch mounting arrangement; and
PAR  FIG. 3 is a front view, partially broken away, of the water distiller and
      cooler unit of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, I have shown in FIG. 1 my improved water
      distiller and cooler apparatus compactly mounted within a housing or
      cabinet 1. The cabinet is of generally rectangular shape and houses a
      boiler 4 in the form of an insulated tank to which raw water is supplied
      from any convenient source through a conduit 2. Insulation 4a on boiler
      tank 4 precludes significant heat transfer from the boiler to adjacent
      components within cabinet 1. The flow of water into boiler tank 4 is
      controlled by a float valve 6 which is closed by the action of a float 8
      when the water in tank 4 reaches a predetermined operating level therein.
      Although heat may be supplied to boiler tank 4 by various mean, I have
      found it particularly convenient and effective to use an electric heating
      element 10 disposed within tank 4 for this purpose. Mineral residue which
      periodically accumulates in the bottom of tank 4 may be drained off
      through a drain line 12 controlled by a hand valve 14. In lieu of hand
      valve 14, constant, controlled drainage of the residue from the bottom of
      tank 4 through line 12 could be accomplished by putting a restrictive
      orifice of predetermined size in line 12.
PAR  Attached to the top of boiler tank 4 in fluid flow communication therewith
      is a steam line 16 into which steam flows from the top of tank 4 as it is
      generated therein. In the embodiment of my invention shown in FIG. 1,
      steam line 16 is shown connected to an air-cooled condensing coil 18 over
      which air is directed by a fan 20 to assist in condensing the steam. This
      air cooled condenser 18 is optional only, and all of the requisite cooling
      for condensing steam to water may be achieved in a primary condensing coil
      22 in a manner hereinafter explained. As is indicated by the phantom lines
      in FIG. 1, steam line 16 may be directly connected to downstream segment
      16a thereof and air cooled condensing coil 18 connected between steam line
      segments 16 and 16a may be eliminated. Steam condensing coil 22 is
      connected to the outlet of steam line 16a and has a tubular outlet segment
      24 extending up into an expansion chamber in the form of a glass bottle
      type of vessel 26.
PAR  Bottle 26 is mounted directly on top of a distilled water accumulating tank
      30 with its neck 28 projecting into the top of the tank as shown. The neck
      28 of bottle 26 is open and serves as an outlet at the bottom of bottle 26
      to permit the flow of condensed, distilled water into accumulator tank 30.
      A layer of insulation 32 on the outside of tank 30 assists in preventing
      the transfer of heat to the chilled, distilled water which accumulates
      therein.
PAR  Positioned at the top of accumulating tank 30 is a flexible mounting ring
      34, preferably made of rubber, which serves as a seating device for steam
      expansion bottle 26. Mounting ring 34 is angled as shown on its opposite
      sides to accommodate the sloping bottom ends of bottle 26 adjacent its
      neck 28. Annular flange extension 36 on the upper end of mounting ring 34
      abuts against the top of an annular lip 38 formed on the top of
      accumulator tank 30. Tank 30 is suspended within the upper end of cabinet
      1 by the abutting engagement of its flange lip 38 against the top surface
      1a of cabinet 1.
PAR  For the purpose of providing air flow into and out of expansion chamber 26,
      I utilize an air flow passage which preferably takes the form of an
      elongated tube 40 having an open end which communicates with the
      surrounding atmosphere through a fitting 42 on the top wall 1a of cabinet
      1. Air tube 40 extends downwardly from air pickup fitting 42 through the
      side wall of distilled water accumulating tank 30 and then upwardly
      through the open neck 28 of expansion bottle 26 to a point adjacent the
      top of bottle 26. The open, inner end 44 of air tube 40 is positioned as
      shown adjacent the upper end of tubular outlet segment 24 of steam coil
      22.
PAR  The distilled water which accumulates in tank 30 is chilled for drinking
      purposes by a closed circuit refrigeration system comprised of a
      conventional refrigerant compressor 46 driven by an electric motor 48 and
      having a discharge line 50 connected to an air cooled condenser 52.
      Refrigerant liquid line 54 connects the outlet of condenser 52 by way of a
      capillary or other appropriate expansion device not shown with an
      evaporator coil 56. The closed refrigeration circuit is completed by
      suction line 58 connecting the outlet of evaporator 56 with the inlet of
      compressor 46. Evaporator 56 is placed directly within tank 30 below the
      normal level of accumulated distilled water, in direct heat exchange
      relation therewith as is clearly shown in FIG. 1.
PAR  The desired temperature of chilled, distilled water accumulating in tank 30
      is maintained by a thermostat 60 positioned to sense the temperature of
      water in tank 30 and connected in a control circuit against power lines L1
      - L2. Thermostat 60 is electrically connected to compressor motor 48 and
      serves to cycle the compressor drive motor off and on as required to
      maintain the desired temperature of distilled water in tank 30. Distilled
      water may be periodically drawn off as required through a tap line 62
      having a manually operable valve 64 connected therein.
PAR  The generation of distilled water is controlled by regulating the operation
      of electric heating element 10 within boiler tank 4 by means of a pressure
      control switch 66. As may be understood most clearly by reference to FIG.
      2, pressure switch 66 is also connected in the control circuit across
      power lines L1 - L2 and is advantageously housed within a recess 68 formed
      in the bottom end of mounting ring 34 to provide a means of sealing the
      electrical contacts of switch 66 from exposure to water within tank 30.
      Switch 66 has an actuating element in the form of a displaceable botton 70
      which serves to open the contacts across switch 66 when it is displaced
      upwardly or inwardly. A pressure responsive diaphragm 72 extends across
      the open, bottom end of recess 68 and serves a dual function of sealing
      the open end of recess 68 to protect the pressure switch contacts from
      moisture and actuating switch 66 in response to the pressure of
      accumulated, distilled water within tank 30 when the accumulated water
      rises to a predetermined level therein. Pressure responsive diaphragm 72
      has a central web 74 in line with switch contact button 70 which is urged
      upwardly to trip button 70 and open the switch contacts when the water
      level within tank 30 reaches a predetermined point near the top of the
      tank where diaphragm 72 is located and forces it upwardly. Diaphragm 72 is
      exposed to the interior of accumulating tank 30 at its upper end as shown
      in FIGS. 1 and 2 across the bottom, open end of recess 68. As is clearly
      indicated in FIG. 1, the contacts of pressure control switch 66 are
      connected in the control circuit with electric heating element 10. Thus,
      when the contacts of pressure switch 66 are opened by the upward flexing
      of diaphragm 72 in response to the attainment of the predetermined
      distilled water level within tank 30, electric heating element 10 is
      de-energized to stop the operation of the boiler and the generation of
      steam.
PAR  It is believed that the general mode of operation of the water distiller
      and cooling apparatus disclosed herein will be understood from the
      foregoing description. The operating cycle may be briefly summarized by
      saying that when the level of accumulated distilled water drops below
      pressure responsive diaphragm 72 within tank 10, heating element 10 will
      be energized to generate steam from raw water introduced into boiler tank
      4 through float-operated control valve 6 and supply line 2. The steam will
      flow upwardly out of tank 4 through conduit 16 to be cooled and condensed
      in condensing coil 22. It is to be noted that air cooled, steam condensing
      coil 18 will normally not be required if compressor 46 is properly sized
      in conjunction with evaporator coil 56 to provide the total cooling
      capacity needed to condense the steam and chill distilled water
      accumulating in tank 30. With such a preferred mode of operation, steam
      will flow directly through outlet conduit 16 into steam line segment 16a
      and then into condensing coil 22 disposed within tank 30 where it is
      cooled to its condensation or saturation temperature. The combined cooling
      effect of evaporator coil 56 and of the body of chilled distilled water
      within tank 30 in which coil 22 is immersed serves to cool the steam to
      its condensation temperature. The pressure generated in the steam line
      from boiler tank 4 will force the uncondensed steam and steam condensate
      upwardly within tubular outlet segment 24 of condensing coil 22 into
      expansion chamber 26. The additional cooling effect provided as the steam
      and steam condensate expands from the outlet end of tubular segment 24
      into the top of chamber 26 serves to condense any uncondensed steam to
      water and the distilled water condensate flows downwardly within expansion
      chamber 26 through its open bottom end into accumulating tank 30.
PAR  Air tube 40 serves to introduce ambient air into the top of expansion
      chamber 26 to maintain atmospheric pressure on the top of the distilled
      water accumulating in tank 30 to ensure free flowing discharge to outlet
      conduit 62 and also to aerate the accumulated distilled water. This
      aeration of the distilled water produces a much better tasting, and thus
      more potable quality of distilled water. It will of course be understood
      that air will flow from the surrounding atmosphere into expansion chamber
      26 only when there are no boiling and condensing operations taking place.
      The pressure in expansion chamber 26 will exceed atmospheric pressure
      during such distilling operations. As a result excessive air in chamber 26
      will be vented to the atmosphere through tube 40 and prevent an undue
      pressure build-up in expansion chamber 26 which might otherwise interfere
      with the condensing process.
PAR  For obvious safety reasons, an additional control switch may be utilized to
      de-energize electric heating element 10 when there is no water within
      boiler tank 4 even though the level of distilled water in tank 30 may have
      dropped below the critical level at which pressure control switch 66 would
      actuate heating element 10.
PAR  I anticipate that various other conditions and variations may be made in
      the combined water distiller and cooler disclosed herein without departing
      from the spirit and scope of my invention as defined by the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combination water distiller and cooler comprising:
PA1  a boiler container and associated heating means for generating steam from
      water;
PA1  a raw water supply conduit connected to said boiler container;
PA1  a steam condensing coil in fluid flow communication with said boiler
      container;
PA1  a distilled water accumulating tank in fluid flow communication with the
      outlet of said condensing coil, said condensing coil being disposed in
      heat exchange relation with distilled water accumulated in said tank;
PA1  a refrigerant compressor, condenser and evaporator interconnected in
      refrigerant flow relationship in a closed refrigeration circuit, said
      evaporator being disposed in heat exchange relation with said accumulating
      tank so as to cool the water accumulating therein, the cooling effect of
      said evaporator and cooled distilled water serving to condense steam
      flowing through said steam condensing coil;
PA1  an expansion chamber in the form of a vessel mounted on the top of said
      distilled water accumulating tank and having an outlet of reduced area at
      the bottom end thereof opening into the upper end of said accumulating
      tank, and said steam condensing coil terminating in a tubular segment
      extending upwardly within said vessel through said outlet at the bottom
      end thereof to a point adjacent the top of said vessel; and
PA1  air flow passage means extending upwardly inside of said vessel through
      said outlet at the bottom thereof and having a first open end exposed to
      the surrounding atmosphere and a second open end within said vessel.
NUM  2.
PAR  2. A water distiller as defined in claim 1 wherein:
PA1  said air flow passage means comprises an air conduit extending upwardly
      inside of said vessel through said outlet at its bottom end from a point
      outside of said vessel exposed to the surrounding atmosphere.
NUM  3.
PAR  3. A water distiller as defined in claim 1 wherein:
PA1  said expansion chamber is in the form of a vessel mounted on the top of
      said accumulating tank with its bottom end resting on a flexible mounting
      ring interposed between the top of said accumulating tank and the bottom
      of said vessel; and
PA1  said heating means for said boiler comprises an electric heating element
      disposed therein, said heating element being connected to an electric
      power source in a control circuit; and
PA1  pressure control switch means connected to said heating element in said
      control circuit and mounted within a recess in said mounting ring, said
      switch means having a pressure responsive element exposed to the interior
      of said accumulating tank and displaceable in response to the pressure of
      water at a predetermined level within said tank to open the circuit to
      said electric heating element and thereby de-energize said heating element
      when distilled water accumulated in said tank reaches said predetermined
      level.
NUM  4.
PAR  4. A water distiller as defined in claim 3 wherein:
PA1  said recess in said mounting ring is disposed inside of said accumulator
      tank at the upper end thereof; and
PA1  said pressure responsive element comprises a flexible diaphragm extending
      across the open end of said recess over said switch means in sealing
      engagement with said mounting ring.
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ABST
PAL  An evaporator-condenser unit is disclosed which includes an elongated
      enclosed chamber into which hot gases are injected to form a cyclonic
      stream therein. The hot gases impinge and pass around a substantial
      plurality of tubes containing relatively cool sanitary liquid waste.
      Condensation thereby forms on the tubes and is blown by the cyclonic
      action of the hot gas stream to the outer periphery of the cyclonic
      chamber where the condensation is collected and conveyed away from the
      chamber. At the same time, the heat from the hot gases is transferred to
      the liquid sanitary waste which is converted into steam in a steam
      expansion chest at the top of the cyclonic chamber. The steam is
      compressed and injected back into the hot gas stream flowing into the
      cyclonic chamber. The steam is then condensed on the tubes and conveyed
      away for appropriate utilization.
PAL  Clogging of the tubes by solid matter contained within the liquid waste is
      prevented by means of a periodic blow down operation which forces the
      material in each of the tubes under high pressure into the steam expansion
      chest. The steam expansion chest includes a sump which collects the liquid
      and solid waste and conveys same away from the evaporator-condenser unit.
      The cooled gases after passing through and about the plurality of tubes is
      conducted away from the cyclonic chamber to a discharge stack.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an evaporator-condenser for extracting usable
      water from the vapor in hot exhaust gases and the water in sanitary liquid
      waste.
PAR  The treatment and disposal of man's waste and discard has become one of the
      major problems of this technological society. In the past, solid waste has
      been primarily dumped in land fills and liquid waste has been typically
      processed by filtering processes or was simply discharged into the nearest
      available stream. However, because of the contamination of streams, rivers
      and lakes resulting from the dumping of man's waste and because of the
      increasing concern for recapturing our vital resources, such as minerals,
      water and energy, new techniques for efficiently disposing of the
      increasing mass of solid and liquid waste are required.
PAR  One approach to the disposal of solid and liquid waste as well as other
      materials lies in a combined and interrelated treatment of all of such
      materials in a single plant which also can be used to produce energy,
      valuable minerals and potable water. The solid waste can be incinerated,
      preferably continuously, and the heat generated by that incineration
      employed as an energy source for the distillation of water from liquid
      sanitary waste materials. The incombustible material, including metals,
      glass and the like, can then be recovered from the incinerator and
      recycled. A copending patent application entitled "Solid Waste and
      Sanitary Waste Treatment," filed Nov. 14, 1972, Ser. No. 306,383, now U.S.
      Pat. No. 3,859,174, describes one such integrated treatment plant. In such
      a plant, there is a need for an evaporator condenser chamber in which
      liquid sanitary waste can be quickly, efficiently and continuously
      processed to derive therefrom potable water and to convey solid and other
      contaminated waste products for further processing.
PAR  It, therefore, is an object of this invention to provide an improved
      evaporator-condenser unit for processing sanitary liquid waste and for
      deriving potable water therefrom.
PAC  SHORT STATEMENT OF THE INVENTION
PAR  Accordingly, this invention relates to an evaporator condenser-unit which
      includes an elongated enclosed chamber having a plurality of fluid
      conducting tubes extending upright therein about the outer periphery of
      the chamber. Hot gases from a combustion chamber are introduced into the
      chamber to form a cyclonic stream therein which gases impinge upon and
      pass about each of the plurality of tubes. Liquid sanitary waste is pumped
      into the tubes and is evaporated therefrom because of the heat transferred
      to the sanitary liquid from the hot gas stream. The evaporated sanitary
      waste is received in a steam expansion chamber at the top of the cyclonic
      chamber. The steam is pressurized and injected into the flow stream of the
      hot gases from the incinerator. The hot gases from the incinerator,
      together with the compressed evaporated sanitary waste water, is cooled by
      the sanitary liquid waste in the tubes. Accordingly, the liquid condensate
      which forms on the tubes is blown from the tubes to the outer periphery of
      the cyclonic chamber and is received in a sump at the bottom of the
      chamber. This liquid is conveyed away by means of a pump. The hot gases,
      after having the liquid condensed therefrom, are passed out of the chamber
      to an output stack.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the present invention will become
      more fully apparent from the following detailed description, the appended
      claims and the accompany drawings in which:
PAR  FIG. 1 is a schematic view of the evaporator-condenser of the present
      invention;
PAR  FIG. 2 is a section view taken along the lines 2--2 of FIG. 1;
PAR  FIG. 3 is a partial fragmentary view of the arrangement for injecting water
      into the tubes of the evaporator-condenser;
PAR  FIG. 4 is a section view of the nozzle arrangement for the tubes of the
      evaporator-condenser;
PAR  FIG. 5 is a partial section view illustrating the manner in which the tubes
      terminate in the steam expansion chamber of the evaporator condenser; and
PAR  FIG. 6 is an alternate embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the processing of solid and liquid waste, solid waste is conveyed to an
      incinerator wherein the combustible portion of the solid waste is burned,
      thereby generating very hot gases which contain, among other things,
      vaporized water.
PAR  It is at once desirable to extract the vapor from the hot incincerator
      gases as well as to extract potable water from sanitary waste liquid.
      Accordingly, refer to FIG. 1 of the drawings where an evaporator-condenser
      unit for extracting the water vapor from hot incinerator gases and for
      extracting distilled water from sanitary waste is disclosed. An elongated
      chamber 11 of generally cylindrical design is disclosed, although it
      should be appreciated that the chamber 11 can be of any suitable
      cross-sectional shape. At the top of the chamber 11 is an inlet 13 for
      conducting hot gas from, for example, an incinerator. The inlet 13 to the
      chamber 11 is made at a predetermined radial distance from the center of
      the elongated chamber 11 so that the hot gases being blown into the
      chamber generate a cyclonic or spiral movement about the inside of the
      chamber. Positioned in the center of the chamber and extending downwardly
      from the point at which the hot exhaust gases are introduced thereto is a
      baffle member 15 which in the preferred embodiment is of a circular
      cross-sectional shape. The lower end of the baffle 15 extends
      approximately half way into the chamber 11 from the top thereof and the
      other end of the baffle terminates in a mist eliminator 17 which acts as a
      precipitator for precipitating solid particulate matter passing out
      through the baffle to a cooling stack not shown.
PAR  The bottom of the chamber 11 is formed in an inverted cone shape, i.e., in
      the form of a funnel, in order to direct from water form the side walls of
      the chamber 11 into a seal tank 19. The seal tank has an overflow valve,
      not shown, by which the condensed water is pumped to a holding tank via
      pipe 21 when the water level in the tank reaches a predetermined level. A
      plurality of tubes is spaced about the inside periphery of the chamber 11
      which tubes terminate at the upper end in a steam expansion chest 25 and
      at the lower ends in a sealed chamber or head box 27. The head box 27 is
      defined by the side walls of the funnel-shaped lower portion of the
      chamber 11, the upper wall 31 and lower wall 33 extending continuously
      about the funnel-shaped lower portion of the chamber 11. The outside
      periphery of the head box is formed by a continuous outer wall 35.
PAR  Fluid, such as water or liquid sanitary waste, is pumped into the head box
      27 from a surge tank 37 by means of a low pressure pump 39. In addition,
      as we will more fully explain hereinbelow, water or sanitary waste is
      pumped into a plurality of nozzle arrangement 75 in the head box via a
      high pressure pump 41. At the upper end of the chamber 11, the steam
      expansion chest 25 completely encloses the top of the chamber and has a
      sump portion 47. Communicating the sump portion 47 to the outside is a
      line 49 which is large enough to easily convey particulate matter. The
      steam expansion chest 25 terminates in a vapor compressor 55 of
      conventional design. The vapor compressor 55 compresses the vapor within
      the steam chest 25 and then injects the compressed vapors into the hot gas
      stream entering the input 13 via channel 57.
PAR  Refer now briefly to FIG. 2 where there is disclosed a section view of the
      evaporator-condenser of FIG. 1 taken along the lines 2--2 of FIG. 1. The
      inlet 13 is shown connected to the chamber 11 at a tangential portion of
      the chamber in order to generate a cyclonic wind movement of the hot
      incinerator gases. The hot incinerator gases are then forced to impinge
      upon and move about the tubes 20 which extend from the head box 27 into
      the steam expansion chest 25 to thereby heat the tubes and the material
      conveyed therein. Also shown, is the position in which the channel 57
      conveys compressed vapor products into the hot gas stream from the vapor
      compressor 55. As in the preferred embodiment, there are approximately
      2,000 vertically oriented tubes in the vapor compressor. However, it
      should be understood that as many tubes as desirable may be utilized and
      the cross-sectional dimensions thereof may vary in accordance with the
      type of sanitary waste products being conducted therethrough.
PAR  Refer now back to FIG. 1 where the manner of operation of the invention
      will now be described in some detail. Sanitary waste water from a
      treatment area, not shown, is conducted via pipe 61 to the top of a surge
      tank 37. The water is temporarily stored in a surge tank 37 before being
      pumped into the evaporator-condenser unit. Approximately two-thirds of the
      sanitary waste water in the surge tank is pumped into the head box 27 by a
      low pressure pump 39. This sanitary waste water is then forced up through
      the tubes 20 rather slowly in order to provide a cooling of the tubes 20.
      At the same time, hot gas from an incinerator or, for that matter, from
      the exhaust from a turbine engine which burns fuel oil or from the exhaust
      of a fuel-burning steam boiler or other such hot waste gas generator is
      coupled to the input 13 of the evaporator condenser. Since the input 13 to
      the evaporator-condenser is in communication with the chamber 11 at the
      periphery thereof, a cyclonic wind action is generated by the hot exhaust
      gases. This cyclonic wind impinges upon and passes about the pipes 20 as
      the exhaust gases are forced in a spiral manner downwardly about the
      inside of the chamber 11. This causes vapors in the exhaust gas to
      condense on the pipes 20 and because of the force of the cyclonic wind,
      the condensate is driven away from the side walls of the pipes or tubes
      and against the wall of the chamber 11 where the condensed vapors fall
      under the force of gravity into the seal tank 19. At the same time, the
      hot gases from the incinerator heat the liquid waste products in the tubes
      20 thereby causing the waste liquid to vaporize and pass upward into the
      steam expansion chest 25. As the hot gases continue to spiral downwardly
      within the chamber 11, they form a vortex in the funnel portion thereof
      and are forced up through baffle 15 past mist eliminator 17 to an output
      stack where the hot gases, stripped of water vapor and particulate matter
      by the mist eliminator 17, are emitted into the atmosphere.
PAR  The evaporated water in the expansion chest 25 is withdrawn by the vapor
      compressor 55 thereby creating a negative pressure on the suction side
      thereof corresponding to the desired evaporation temperature which is
      typically 160.degree.F. and creating a positive pressure on the discharge
      side thereof through channel 57 corresponding to the desired temperature
      at which the vapors are discharged into the gas stream which typically is
      250.degree.F.
PAR  There is a substantial quantity of dissolved or particulated waste matter
      which was initially in the sanitary waste water. This waste matter is
      precipitated as the evaporated water expands in the steam expansion chest.
      The precipitated waste matter falls to the floor of the steam chest and
      into the sump portion thereof 47.
PAR  In order to prevent clogging of the pipes 20 and to carry away the
      precipitated waste matter, a high pressure pump 41 is provided for forcing
      sanitary waste water under high pressure into the tubes 20. The sanitary
      waste water is forced under high pressure from pump 41 into a distributing
      pipe 22 which extends about the outside of the housing 11. Solenoid
      operated valves 26 are positioned about the outside of the housing 11 and
      are automatically timed to sequentially permit the waste water to flow
      under pressure into radial pipes 24, each radial pipe 24 having waste
      water coupled thereto a preset number of times per hour. A plurality of
      nozzles 75, as best seen in FIG. 5, are connected to each radial pipe 24
      to communicate the high pressure waste water with the tubes 20. Thus, in a
      selected time sequence, waste water under high pressure is forced into
      selected radial lines of tubes 20 to force the liquid and waste matter
      therein upward into the steam expansion chest to thereby periodically
      clean out the tubes 20. Since the movement of the liquid waste is very
      rapid, very little evaporation occurs and, accordingly, the liquid waste
      falls into the sump 47. This waste matter is then carried away for further
      processing via outlet pipe 49. In the preferred embodiment, approximately
      one-third of the sanitary waste water is utilized for this blow down
      purpose.
PAR  If desired, a second vapor compressor 71 may be utilized for compressing
      and utilizing the vapors in the steam expansion chest 25. Thus, the vapors
      compressed by compressor 71 could be utilized to drive auxiliary equipment
      or for any other desirable use.
PAR  Refer now to FIG. 3 which is a partial section view illustrating the manner
      in which the sanitary waste water is conducted to the head box 27 and then
      forced upward into the tubes 20. Illustrated in FIG. 3 is a single radial
      line of 18 tubes. The tubes are supported at their lower end by means of
      wall 31 which is fixedly secured to the evaporator-condenser unit. As
      illustrated, the tubes each terminate in a funnel connector 73 and jet
      eductor nozzle 75 which can be more easily seen from viewing FIG. 4. The
      funnel is fixedly secured to the side wall 31 and permits fluids coupled
      into the head box 27 to pass about the high pressure nozzle 75 and upward
      into the tube 20. Referring back to FIG. 3, the line 40 extends from the
      low pressure pump 39 to the head box 27 and conveys sanitary waste water
      under low pressure into the head box for eventual conduction up through
      the tubes 20. In addition, the sanitary waste water is conducted under
      high pressure to a high pressure distributor pipe 22 for the purpose of
      blowing down the liquid within the tubes 20. This waste liquid which at a
      pressure of, for example 100 psi, is sequentially coupled to one of a
      plurality of radially directed discharge lines 24 through an automatic
      timer valve 26. Thus, a plurality of radially extending connecting pipes
      24 are positioned about the head box, one pipe each for a radial line of
      tubes 20. The solenoid operated automatic timer valve 26 is operated to
      provide a continual blow down. Thus, as aforementioned, each pipe 24 has
      waste water under pressure coupled thereto in a timed sequence, the
      timing, pressure and flow rate being adjusted so that the required volume
      of waste liquid containing the concentrated solids required to clear the
      tubes 20 of congested solid particulate matter is coupled to the pipe 20.
      The liquid under pressure in line 24 is then conveyed through extension
      tubes 28 to the associated nozzle 75 and is then forcibly sprayed upward
      into the tube to clear the tubes 20 of any particulate matter therein.
      However, because of the high velocity of the blow down liquid passing
      through the tubes 20, little if any of the blow down liquids are
      evaporated and, accordingly, these liquids pass directly into the steam
      expansion chest 25 and are collected in the sump portion thereof 47.
PAR  Refer now to FIG. 5 which shows a partial section view of the lower portion
      of the steam expansion chamber 25. The tubes 20 are shown terminating in
      open ends in the steam expansion chest 25. The liquid egressing from the
      tubes falls upon the upper wall 32 of the cyclone chamber 11 and flows
      into a sump 47. As illustrated, the upper wall 32 is substantially
      horizontal; however, it should be understood that the wall 32 could be
      inclined inwardly in the form of a funnel to aid the flow of waste liquid
      into the sump 47. The sump has at least one pipe 49 communicating
      therewith to conduct away both the blow down liquid forced up through the
      tubes 20 and precipitated particulate matter which falls into the sump
      when slower moving liquid within the tubes 20 evaporates due to the heat
      conveyed thereto by means of the hot gas from the incinerator. The liquid
      from the sump 47 may be appropriately conveyed to a flash dryer such as
      disclosed in copending U.S. patent application Ser. No. 473,675 and
      entitled Flash Reactor Unit, or to other suitable utilization means.
PAR  Refer now to FIG. 6 where there is disclosed an alternate embodiment of the
      evaporator-condenser of the present invention. As illustrated, an
      elongated chamber 111 is provided which completely encloses cyclone
      chamber 113. A duct 115 is provided for conducting hot gases tangentially
      with respect to the cyclone chamber so as to form a downwardly spiraling
      cyclonic wind of hot gases. The cyclone chamber is generally of a funnel
      shape over a substantial portion of its length. An inner baffle 117 is
      provided into which the hot cyclonic gases enter and pass upward through
      the chamber 113 to an outlet exhaust stack 121. Sanitary waste waters are
      conveyed to the evaporator condenser via pipe 123 and distributor lines
      125 of which in the preferred embodiment, there are four. It, of course,
      should be understood that there may be more than four such pipes if
      desired. Each of the lines 125 has a plurality of spray nozzles 127
      connected thereto and positioned inside the walls of the evaporator
      condenser 111. The water is atomized by the spray nozzles 127 and heated
      by the hot gases entering duct 115. The resulting vaporized water rises
      within chamber 111 and is conducted to a suitable vapor condenser via duct
      135. The atomized water which is not sufficiently heated to vaporize drops
      to the floor of the chamber 111 and is conducted to an evaporator tank via
      line 137. At the same time that the water being atomized by nozzles 127 is
      vaporized, the water vapor in the hot gas stream entering the cyclonic
      chamber 113 condenses on the walls of the chamber because of the cooling
      effect of the atomized water. The resulting condensation or water droplets
      fall to the bottom of the funnel-shaped chamber 113 and into a tank 141 at
      the bottom of the evaporator-condenser unit. This water is conducted away
      to a pressure filter via pipe 143.
PAR  An evaporator-condenser unit has been disclosed by which water vapor in
      exceedingly hot exhaust gases can be condensed and utilized as potable
      water or otherwise and, in addition, a evaporator-condenser unit has been
      disclosed wherein the water from liquid sanitary waste can be recovered
      and applied to a useful purpose. The evaporator-condenser unit,
      accordingly, operates very efficiently using only the typical available
      resources in a sewage treatment system and, accordingly, extra additional
      energy is not required from an outside source for performing the
      evaporation and condensing function of the unit. Further, the products
      generated by the evaporator-condenser unit are such that they can be
      easily handled for further processing and utilization.
PAR  While the present invention has been disclosed in conjunction with a
      preferred embodiment thereof, it should be understood that there may be
      other obvious variances of the present invention which fall within the
      spirit and scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An evaporator-condenser unit comprising an elongated enclosed housing
      defining a chamber therein,
PA1  means for introducing hot combustion gases into the upper portion of said
      chamber, said gases being forced in a cyclonic wind downwardly about the
      inside periphery of said chamber,
PA1  an array of tubes positioned about the inside periphery of said chamber,
      said hot gases impinging upon and passing about said tubes,
PA1  means for periodically cleaning said tubes of particulate matter, said
      cleaning means including a plurality of injection nozzles, one each
      positioned at the mouth of a corresponding tube,
PA1  means for pumping relatively cool sanitary waste water up through said
      tubes, said waste water cooling said tubes to thereby provide a plurality
      of surfaces upon which the water vapor in said hot gases are condensed,
      the cyclonic wind action of said gases in said chamber forcing said
      condensation from said tubes downwardly in said chamber,
PA1  means for collecting said condensation proximate the bottom of said
      chamber, and
PA1  means for conducting said gases away from said chamber after passing
      through said array of tubes.
NUM  2.
PAR  2. The evaporator-condenser of claim 1 further comprising blow-down means
      for periodically clearing each of said tubes of particulate matter.
NUM  3.
PAR  3. The evaporator-condenser of claim 2 wherein said means for periodically
      clearing said tubes of particulate matter includes
PA1  means for periodically conveying a liquid under a relatively high pressure
      to a selected plurality of said tubes, said liquid and particulate matter
      lodged in said tubes being blown out of said tubes into said steam
      collector, and
PA1  means for conveying said liquid and particulate matter from said steam
      collector.
NUM  4.
PAR  4. An evaporator-condenser unit comprising in combination
PA1  an elongated vertically oriented enclosed housing defining a chamber
      therein,
PA1  means for introducing hot combustion gases into the upper portion of said
      chamber proximate the outer periphery thereof, said gases thereby forming
      a downwardly directed cyclonic wind within said chamber,
PA1  an array of vertically oriented tubes positioned about the inside periphery
      of said chamber, said hot gases impinging upon and passing about said
      tubes,
PA1  means for periodically cleaning said tubes of particular matter, said
      cleaning means including a plurality of injection nozzles, one each
      positioned at the mouth of a corresponding tube,
PA1  means for forcing relatively cool sewage water up through said tubes under
      a relatively low pressure, said water cooling said tubes to thereby
      provide a plurality of condensation surfaces upon which the water vapor in
      said hot gases are condensed, the cyclonic wind action of said gases in
      said chamber forcing said condensation from said tubes downwardly in said
      chamber,
PA1  means for collecting said condensation proximate the bottom of said
      chamber,
PA1  a steam collector positioned above said elongated housing and having the
      open ends of said tubes extending into and terminating therein, said water
      in said sewage being vaporized by said hot gases impinging upon and
      passing about said tubes, said vapors being collected in said steam
      collector, and
PA1  means for injecting said steam into the stream of hot gases flowing into
      said chamber, said steam thereby being condensed and collected proximate
      the bottom of said chamber.
NUM  5.
PAR  5. An evaporator-condenser unit comprising in combination:
PA1  an elongated vertically oriented enclosed housing defining a chamber
      therein,
PA1  means for introducing hot combustion gases into the upper portion of said
      chamber proximate the outer periphery thereof, said gases thereby forming
      a downwardly directed cyclonic wind within said chamber,
PA1  an array of vertically oriented tubes positioned about the inside periphery
      of said chamber, said hot gases impinging upon and passing about said
      tubes,
PA1  means for forcing relatively cool sewage water up through said tubes under
      a relatively low pressure, said sewage water cooling said tubes to thereby
      provide a plurality of condensation surfaces upon which the water vapor in
      said hot gases is condensed, the cyclonic wind action of said combustion
      gases in said chamber forcing said condensation from said tubes downwardly
      in said chamber,
PA1  means for collecting said condensation proximate the bottom of said
      chamber,
PA1  a steam collector positioned above said elongated housing and having the
      open ends of said tubes extending into and terminating therein, said water
      in said sewage being evaporated by said hot gases impinging upon and
      passing about said tubes, said vapors being collected in said steam
      collector,
PA1  means for drawing a partial vacuum in said steam collector to thereby lower
      the temperature at which said sewage water vaporizes and wherein said
      sewage water is pumped into said tubes at such a rate that the water
      substantially is vaporized by the time the water reaches said steam
      collector,
PA1  means for periodically clearing said tubes of particulate matter.
PA1  said cleaning means including a plurality of injection nozzles, one each
      positioned at the mouth of a corresponding tube,
PA1  means for separating the water vapor remaining in said hot gases as said
      gases are exhausted from said chamber, said separated water vapor being
      conducted into said steam collector, and
PA1  means for injecting said steam into the stream of hot gases flowing into
      said chamber, said steam thereby being condensed and collected proximate
      the bottom of said chamber.
NUM  6.
PAR  6. An evaporator-condenser unit comprising in combination:
PA1  an elongated vertically oriented enclosed housing defining a chamber
      therein,
PA1  means for introducing hot combustion gases into the upper portion of said
      chamber proximate the outer periphery thereof, said gases thereby forming
      a downwardly directed cyclonic wind within said chamber,
PA1  an array of vertically oriented tubes positioned about the inside periphery
      of said chamber, said hot gases impinging upon and passing about said
      tubes,
PA1  means for forcing relatively cool sewage water up through said tubes under
      a relatively low pressure, said water cooling said tubes to thereby
      provide a plurality of condensation surfaces upon which the water vapor in
      said hot gases is condensed, the cyclonic wind action of said gases in
      said chamber forcing said condensation from said tubes downwardly in said
      chamber,
PA1  means for collecting said condensation proximate the bottom of said
      chamber,
PA1  a steam collector positioned above said elongated housing and having the
      open ends of said tubes extending into and terminating therein, said water
      in said sewage being vaporized by said hot gases impinging upon and
      passing about said tubes, said vapors being collected in said steam
      collector,
PA1  means for drawing a partial vacuum in said steam collector to thereby lower
      the temperature at which said sewage water vaporizes, wherein said sewage
      water is pumped into said tubes at such a rate that the water
      substantially is vaporized by the time the water reaches said steam
      collector,
PA1  means for periodically clearing said tubes of particulate matter, said
      means including a plurality of injection nozzles, one each positioned at
      the mouth of a corresponding tube,
PA1  means for selectively coupling liquid under pressure to said nozzles to
      force said liquid under pressure up through said tubes to said steam
      collector, said selective coupling means periodically coupling liquid
      under pressure to each of the tubes in said chamber,
PA1  means for separating the water vapor remaining in said hot gases as said
      gases are exhausted from said chamber, said separated water vapor being
      conducted into said steam collector, and
PA1  means for injecting said steam into the stream of hot gases flowing into
      said chamber, said steam thereby being condensed and collected proximate
      the bottom of said chamber.
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ABST
PAL  A shed encloses a coke wharf onto which hot coke is pushed, the coke cake
      passing through a coke guide into the shed. Doors in the shed are disposed
      opposite the coke oven chambers and each door is openable when a coke
      guide is positioned at an oven to be pushed. Deflector means are located
      inside the shed at each door that break up and spread the coke onto the
      coke wharf. Fumes that evolve from the coke on the wharf as it is being
      quenched are collected in a main. An auxiliary collecting main and hood
      structure are located above the coke oven doors, whereby effluent arising
      from coke in the chambers after the oven doors are removed are collected
      in the auxiliary collecting main and conducted thence into the collecting
      main.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In apparatus for quenching hot coke pushed from coke oven chambers through
      a coke guide onto a coke wharf from which a rotary plow removes the coke
      onto a belt conveyor, the improvement comprising an enclosure covering the
      coke wharf and having doors opposite the coke oven chambers. Means are
      provided for opening and closing a door in the enclosure when a coke guide
      is aligned with an oven to be pushed. At least one movable structure is
      disposed within the enclosure and it carries a plurality of nozzles that
      emit water that quenches the coke as it falls and resides on the coke
      wharf. Deflector means are provided within the enclosure at each door to
      break up and deflect the coke cake as it enters the enclosure.
PAR  For a further understanding of the invention and for features and
      advantages thereof, reference may be made to the following description and
      the drawing which illustrates a preferred embodiment of equipment in
      accordance with the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic perspective view of apparatus in accordance with the
      invention as used in association with a coke oven battery;
PAR  FIG. 2 is a typical transverse sectional view through the apparatus of FIG.
      1;
PAR  FIG. 3 is a schematic plan view of the apparatus as viewed in the direction
      of arrow A of Fig. 2; and
PAR  FIG. 4 is a perspective view of the apparatus of FIG. 3 viewed generally
      along the line IV--IV of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, a portion of apparatus 11 in accordance with the
      invention comprises a shed-like enclosure 13 that is disposed in spaced
      apart relation to the coke side of a coke oven battery 15. The enclosure
      13 has a plurality of vertical doors 17 in the side facing the battery 15,
      with a door being disposed opposite a coke oven chamber in the battery 15.
PAR  Referring to FIG. 2, which shows a typical cross section through the
      enclosure 13 and through a portion of the coke oven battery 15, the
      enclosure 13 comprises a frame structure 19 over which is placed
      conventional metal sheeting 21. The sheeting 21 at the top connects to an
      elongate fume collecting main 23 into which flow fumes, dust and the like
      arising from the coke quenching operation carried out within the enclosure
      13 as described hereinafter. At the juncture of the sheeting 21 and the
      fume collecting main, there are a plurality of pivotable dampers 25
      disposed along the length of the enclosure 13. Each damper is individually
      operable in order to effect zone control of the flow of fumes, dust and
      the like into the fume collecting main 23 which is connected to a gas
      scrubber (not shown).
PAR  From FIG. 2 it will be seen that the metal siding 21 extends vertically
      downward on the left hand side of the enclosure to a level below the
      inclined surface portion of a coke wharf 27. The coke wharf 27 extends for
      the full length of the coke oven battery 15.
PAR  The bottom portion of the metal siding, in the region where the coke on the
      wharf engages the siding, is of considerably greater thickness than the
      siding above such region. Additional vertical stiffening of such metal
      siding may be required in such region.
PAR  The front or right hand wall of the enclosure 13, as viewed in FIG. 3
      comprises metal sheeting 29 that is supported by vertical I-beams or
      buckstays 31. The metal siding 29, as mentioned previously, is provided
      with a plurality of door openings 33; a door opening being opposite a coke
      oven chamber in the coke oven battery 15. With each door opening 33 there
      is associated a sliding door 17 which is carried by rollers operating on a
      track (not shown).
PAR  Each door opening is also associated with a plurality of vertical arcuate
      deflector plates 39a on one side and 39b on the opposite side of each door
      opening 33, as suggested in FIG. 4. The individual arcuate deflector
      plates 39a, 39b are braced by a suitable bar 41 connected to the adjacent
      I-beam or buckstay 31. Each deflector plate 39a, 39b is supported further
      along the edge that contacts the sheeting 29 by a structural channel 43.
      Cross bracing such as an intercostal plate structure 45, provides
      additional stiffening between each channel member 43 and the adjacent
      I-beam buckstay 31, as shown in FIG. 3.
PAR  Each door 17 has an actuating pin 47 attached to one edge, near the top of
      the door, which pin is secured to the door by a suitable bracket 49. The
      pin 47 is so positioned that it fits into groove 51 formed in one end of a
      rack 53 suitably secured to a conventional coke guide 55 mounted on wheels
      for movement along the coke side of the battery 15. The coke guide 55 also
      carries a motorized pinion 57 that coacts with the rack 53. Thus, movement
      of the rack which coacts with the pin 47 opens and closes the door 17.
PAR  Within the shed-like enclosure 13 there are one or more -- three would be
      used in a preferred embodiment of the invention -- mobile spray structures
      59. Each mobile spray structure includes a truss frame 61 that is mounted
      at each end to a wheeled carriage 63 coacting with rails 65. The truss
      frame 61 includes a top chord 67 that is a structural member, such as an
      I-beam, and a bottom chord 69 that is a conduit carrying a plurality of
      nozzles 71. Intermediate braces 73 connect together the top chord 67 and
      the bottom chord 69.
PAR  The outer or left-hand end portion of the mobile spray structure, as viewed
      in FIG. 2, carries a motorized pump 75 that picks up water in a long
      trough 77 extending along the length of the shed-like enclosure 13,
      forming the bottom chord 69.
PAR  Associated with the coke oven battery 15 is an auxiliary fume collecting
      main 79 that gathers effluent that leaks from oven doors while coking is
      being carried out, and that also gathers effluent when the coke side door
      is removed and before the coke guide 55 is moved into position at the oven
      to be pushed. One or more conduits 81 connect the auxiliary fume
      collecting main 79 with the main fume collecting main 23 so that effluent
      collected in the auxiliary main 79 ultimately passes into the fume
      collecting main 23, and then passes into the scrubber system.
PAR  Adjacent the bottom of the vertical metal siding 21 and below the lower end
      of the coke wharf 27, there is a coke receiving space or zone 83 bounded
      by a floor 85 on which quenched coke rests. Below the floor 85 there is a
      drain trough 87 that collects water and coke breeze that flows down the
      coke wharf surface during quenching. This trough 87 is sloped to a setting
      sump and is continually flushed via a sparging header 105 preventing a
      buildup of coke breeze.
PAR  Associated with the floor 85 is a conventional rotary plow mechanism 89
      that moves quenched coke from the floor 85 to a conveyor belt 93. Plow 89
      operates by a timer until a small portion of quenched coke 91 remains
      which acts as a seal for the next hot push. At a convenient level above
      the plow mechanism 89, there is an operating floor 95 on which is located
      a control console 97 which controls among other things the operation of
      the mobile spray structures 59. The water flows from the spray nozzles 71
      when the coke first passes through the doors 17 and engages a paddle type
      switch 99 that closes an electrical circuit to energize the motor of pump
      75. In the siding 21, at a convenient location above the water trough 77,
      there is shown one of a plurality of service doors 101 that admit
      equipment into the enclosure when it is desired or is necessary.
PAR  In service, when the coke guide 55, with a telescopic traveling frame, has
      been positioned and all is in readiness for pushing coke from a coke oven
      chamber, a pusher ram 103 enters the oven chamber and the coke cake
      emerges from the coke guide 55. As the coke cake passes through the door
      17, the coke cake is broken up by encountering the deflector plates 39a,
      39b. At the same time, the coke cake coacts with the paddle switch 99 and
      water emerges from the nozzles 71 onto the coke as it falls onto the coke
      wharf 27. An operator can manipulate controls at the console 97 at proper
      times during the pushing and quenching sequence, to move the mobile spray
      structure 59, to control the plow mechanism 89 and to actuate the belt
      conveyor 93.
PAR  After the coke has been pushed and the ram has been retracted, the door 17
      can be closed by moving the rack 53. Thereupon, the telescopic coke guide
      55 can be moved to the next oven to be pushed and the sequence repeated.
PAR  From the foregoing description of one embodiment of the invention, those
      skilled in the art should recognize many important features and advantages
      of it, among which the following are particularly significant:
PAR  That the shed-like enclosure effects capture of all emissions while coal is
      being coked, coke is being pushed and quenched, as well as emissions that
      occur after the coke side door is removed from the oven and before the
      coke guide is in position, thereby preventing the escape of pollutants to
      the atmosphere; and
PAR  That the invention makes it possible to eliminate some conventional coke
      side equipment, such as: quenching car, locomotive, quenching track and
      quenching station.
PAR  Although the invention has been described herein with a certain degree of
      particularity, it is understood that the present disclosure has been made
      only as an example and that the scope of the invention is defined by what
      is hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for quenching hot coke pushed from coke oven chambers
      through a coke guide onto a coke wharf from which the quenched coke is
      removed by a rotary plow and a belt conveyor, the combination with said
      coke wharf of:
PA1  a. an enclosure covering said coke wharf and having doors in said enclosure
      opposite said coke oven chambers;
PA1  b. means on said coke guide for opening and closing a door in said
      enclosure when said guide is aligned with a coke oven chamber to be
      pushed;
PA1  c. at least one movable structure within said enclosure that carries
      nozzles that emit water for quenching said coke as it falls onto said
      wharf;
PA1  d. means at each door within said enclosure for deflecting said coke as it
      passes therethrough;
PA1  e. means for collecting and removing effluent from said enclosure when coke
      is quenched within said enclosure; and
PA1  f. means supplying said water to said nozzles.
NUM  2.
PAR  2. The invention of claim 1 wherein:
PA1  a. said means for collecting is a conduit connected to said enclosure that
      receives effluent from said coke as it is quenched; and including
PA1  b. a plurality of dampers that control and regulate the flow of said
      effluent from said enclosure into said conduit.
NUM  3.
PAR  3. The invention of claim 1 wherein:
PA1  a. said means for deflecting said coke includes a plurality of spaced apart
      plates arranged vertically on both sides of each said door.
NUM  4.
PAR  4. The invention of claim 1 including:
PA1  a. a second means for collecting positioned above said coke oven chambers
      that collects and removes effluent from said chambers when doors thereon
      are removed preparatory to pushing coke from said chambers.
NUM  5.
PAR  5. The invention of claim 4 including:
PA1  a. a conduit communicating said second means for collecting with said means
      for collecting and removing effluent from said enclosure.
NUM  6.
PAR  6. The invention of claim 1 including:
PA1  a. means within said enclosure that coacts with coke entering said
      enclosure and activates the flow of water from said nozzles.
NUM  7.
PAR  7. The invention of claim 6 wherein:
PA1  a. said means that coacts with said coke includes a paddle-type switch.
NUM  8.
PAR  8. In apparatus for quenching hot coke pushed from coke oven chambers
      through a coke guide onto a coke wharf from which the quenched coke is
      removed by a rotary plow and a belt conveyor, the combination with said
      coke wharf of:
PA1  a. an enclosure covering said coke wharf and having doors in said enclosure
      opposite said coke oven chambers;
PA1  b. a pinion operated rack on said coke guide that engages a protrusion on a
      door in said enclosure whereby, when said coke guide is opposite a coke
      oven chamber to be pushed, said pinion operated rack moves and opens a
      door opposite said chamber to be pushed;
PA1  c. a frame that is movable within said enclosure carrying nozzles from
      which water is sprayed onto hot coke as it is pushed into said enclosure;
PA1  d. a plurality of deflector plates within the enclosure arranged vertically
      alongside each such door;
PA1  e. a first collecting main communicating with said enclosure for receiving
      and removing effluent from said enclosure;
PA1  f. a second collecting main above said coke oven chambers that collects
      effluent from said chambers when doors thereon are removed preparatory to
      pushing coke from said chambers;
PA1  g. at least one conduit communicating with said first collecting main and
      said second collecting main;
PA1  h. means within said enclosure that coacts with coke entering said
      enclosure and activates the flow of water from said nozzles; and
PA1  i. means supplying water to said nozzles.
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PAL  A process and apparatus for producing thin copper foils by electroplating
      the copper onto a rotating drum serving as a cathode where the surface of
      the rotating drum is molybdenum or TZM alloy.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates in general to a method and apparatus for
      manufacturing copper foils and more particularly to an economical
      electrolytic process using a rotating cathode drum to produce pinhole
      free, ultra-thin copper foils.
PAC  BACKGROUND OF THE INVENTION
PAR  Thin copper foils, having a thickness of 0.003 inches or less, free of
      pinholes, and having a purity of greater than 99 percent are required for
      printed circuit applications. In addition to meet military specifications
      many of these foils are required to maintain a surface characteristic of
      0.17 micro inches. Foils for this purpose are generally produced in an
      electrolytic process in which copper from a copper anode or copper
      containing electrolyte is plated into a rotating drum serving as a cathode
      and the foil is peeled off the drum as it rotates. In the production of
      such foils various drum materials have been employed in the prior art.
      These include stainless steel, chromium, titanium and rhenium. It has
      proven very difficult to produce pinhole free foils at small thicknesses
      employing the stainless steel, chromium or titanium drums. As described in
      U.S. Pat. No. 3,677,906, substantially pinhole free thin foil has been
      successfully produced utilizing a drum having a rhenium surface. There
      remain, however, some problems associated with even the rhenium surface
      drum. One such problem is the deterioration of the drum surface with time
      and the roughened drum surface results in a roughened foil surface. A
      second problem is the relatively high expense associated with the
      preparation and maintenance of the rhenium drum.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly speaking, in the present invention substantially pinhole free
      copper foils in a thickness range from 0.5 to 2.55 mils have been produced
      using as a cathode a rotating drum having, in one example, a molybdenum
      surface and, in a second example a titanium, zirconium, molybdenum alloy
      surface. The anode was formed of copper and an electrolytic solution of
      copper sulfate, sulfuric acid and water was employed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The single FIGURE is a schematic representative of an electrolytic plating
      apparatus suitable for use in the practice of this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  With reference now to the drawing, an electrolytic tank 11 contains an
      electrolytic solution 12 in which is inserted an anode 18 and a cathode
      16, the latter consisting of a rotating drum 14 from which
      electrolytically plated copper foil 20 is peeled by means of a lifting
      mechanism 21. The drum 14 is kept rotating at a relatively slow speed in a
      counterclockwise direction by means of a motor (not shown). It will be
      understood that the apparatus illustrated is schematic in form and that
      the actual physical apparatus may take any of several conventional forms
      well known in the art. One suitable form employs an anode 18 formed of
      dynel bagged cathode grade copper with an electrolytic solution formed of
      240 grams CuSO.sub.4.5 H.sub.2 O, 60 grams H.sub.2 SO.sub.4 and 1 liter of
      H.sub.2 O. The cell was operated at room temperature with a current from
      1.1 to 2.4 amps and a voltage which varied between 1.86 to 5.12  volts.
      The plating drum 14 was formed of molybdenum with an active plating area
      of 2 11/16 inches in length with a 0.62 inch diameter and a separation
      between the cathode 14 and the anode 18 of 7 inches. A filtering pump (not
      shown), recirculated the electrolytic solution 6 to 12 times per hour.
PAR  Another suitable drum surface consists of a molybdenum-based alloy
      containing, for example, up to about 0.20 to about 1.0% titanium and up to
      about 0.04 to about 0.25% zirconium. This alloy is referred to herein as
      TZM alloy.
PAR  While an electrolytic solution of copper as above described is preferred,
      any of the known electrolytic copper solutions may be used. For example
      fluoborate electrolyte may be used. The fluoborate electrolyte consists of
      cupric fluoborate, fluoboric acid and boric acid. A preferred fluoborate
      electrolyte will contain about 2.05 M cupric fluoborate, 0.44 M fluoborate
      acid and 1.05 M boric acid in distilled water.
PAR  Tankhouse electrolytes as are commonly used in the electro-refining of
      copper may also be used. These tankhouse electrolytes may consist of
      cupric sulfate, sulfuric acid, one or more additional agents(s) such as
      glue, calcium ligno sulfonate, casein, thiourea and the usual impurities
      found in tankhouse electrolytes. A comprehensive discussion of typical
      tankhouse electrolytes may be found in the Encyclopedia of Technology, 2nd
      Edition, 1965, Vol. 6, pps. 157- 163.
PAR  The preparation of the drum surface is described below. However any other
      method whereby the surface can be prepared to provide a 1 micron finish
      can be used in preparing the surface. In the experimental work described
      herein, the drum surface was in rod form. A TZM alloy rod was wetted with
      odorless kerosene and polished consecutively with a series of about 6
      abrasive papers starting with grit no. 220 and ending with 4/0. Upon
      completion of each polishing step, the rod surface was wiped with a paper
      towel to remove the residual grit. After polishing with abrasive paper 4/0
      grit, the rod was degreased in trichlorethylene, washed with tincture of
      green soap and rinsed with deionized water. To provide the 1 micron finish
      surface, the rod was once again wetted with odorless kerosene and polished
      consecutively with a series of diamond containing paste materials, i.e.,
      containing diamond particles of 9, 6, 3 and 1 micron size. Prior to
      deposition of the copper foil, the rod was degreased in trichlorethelene,
      washed with tincture of green soap and rinsed in deionized water. The rod
      was inspected under a microscope in order to ensure that the rod was free
      of finger smudges, foreign particles and irregular scratches.
PAC  EXAMPLE 1
PAR  In each of the following examples the copper sulfate electrolyte used
      consisted of 240 grams CuSO.sub.4.5 H.sub.2 O, 60 grams H.sub.2 SO.sub.4
      and 1 liter of water. The plating surface was a molybdenum base alloy,
      i.e., TZM alloy, containing approximately 0.5% titanium and 0.08%
      zirconium. The drum surface had an active plating area of 2 - 1 1/16 inch
      long with 0.62 inch diameter and a separation between the cathode and the
      anode of approximately 7 inches. A filtering pump on the electrolyte bath
      recirculated the electrolyte solution between 6 to 12 times per hour.
TBL  ______________________________________                                    

     Cell Voltage       3.8 volts                                              

     Total Current      1.4 Amperes                                            

     Foil Thickness     0.001" (1 mil)                                         

     Length of Foil                                                            

     Produced           27'                                                    

     No. of plating/strip                                                      

     cycles (no. of                                                            

     rotations of drum) 1,100                                                  

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  Following the procedure as described in Example 1, the following was
      obtained:
TBL  Cell Voltage    2.2 volts                                                 

     Total Current   1.0 amperes                                               

     Foil Thickness  0.0005"-0.0006" (Approx.                                  

                     1/2 mil)                                                  

     Length of Foil                                                            

     Produced        21'                                                       

     No. of plating/strip                                                      

     cycles (no. of                                                            

     rotations of drum)                                                        

                     860.                                                      

PAC  EXAMPLE 3
PAR  Following the procedure described in Example 1, the following was obtained:
TBL  Cell Voltage    5.1 volts                                                 

     Total Current   2.4 amperes                                               

     Foil Thickness  0.0018"-0.002" (1.8-2 mil)                                

     Length of Foil                                                            

     Produced        2'                                                        

     No. of plate/strip                                                        

     cycles (no. of rota-                                                      

     tions of drum)  80                                                        

PAC  EXAMPLE 4
PAR  A molybdenum plate and a 304 stainless steel plate was used to plate thin
      foil using the electrolyte as described in Example 1. A variable current
      density cell (Hull) was used.
TBL  ______________________________________                                    

     Total Current  1.5 amperes                                                

     Plated Area    6 sq. inch                                                 

     Plating Time   7.5 min.                                                   

     Foil Thickness about 0.05 mil to 1.0 mil                                  

     ______________________________________                                    

PAR  On the 304 stainless steel plating surface satisfactory foil failed to
      deposit out at the low current density end of a plate. On the molybdenum
      plating surface, a variable thickness foil was produced ranging from about
      the 0.05 to about 1.0 mil thickness and exhibited only minor pinholing
      effect.
PAC  EXAMPLE 5
PAR  Using the conditions of Example 4, a series of clean plating surfaces were
      used. These surfaces included: molybdenum, 304 stainless steel, rhenium,
      and chromium. The foil deposited on the molybdenum, stainless steel, and
      rhenium surfaces was accomplished at a total current of 1.5 amperes for a
      period of 7 1/2 minutes. On the chromium surface, the foil was deposited
      at 0.9 amperes for 13 minutes. The results are shown in the Table below:
TBL                                    TABLE                                   

     __________________________________________________________________________

     FOIL CONDITION                                                            

     __________________________________________________________________________

     Plating  Foil Thickness                                                   

                       Foil Thickness                                          

                                Foil Thickness                                 

     Surface  Pinhole free                                                     

                       Minor pinholes                                          

                                Major pinholes                                 

     __________________________________________________________________________

     Molybdenum                                                                

              0.24 mil  .08-0.2 mil                                            

                                less than 0.08 mil                             

     304 Stainless                                                             

     steel    0.28 mil 0.13-0.28                                               

                                less than 0.13 mil                             

     Rhenium  0.21 mil 0.13-0.21                                               

                                less than 0.13 mil                             

     Chromium 0.45 mil less than 0.45                                          

                                less than 0.45 mil                             

                       mil                                                     

     __________________________________________________________________________

PAR  This example shows the effect of foil thickness with regard to the
      substrate on pinholing and shows that a molybdenum surface may be used to
      provide very thin foil thicknesses with only minor pinholing effect.
PAR  It has been noted that the molybdenum drum will corrode and thus exhibit a
      roughened surface upon exposure to air. However, this effect tends to be
      self-healing with continued use and unlike other drum surface material,
      there appears to be very little, if any, deterioration of the molybdenum
      or titanium, zirconium, molybdenum alloy surface with prolonged use of the
      plating apparatus. While the drum is preferably completely immersed in the
      electrolytic solution, there are situations where the drum becomes only
      partly immersed. Under these conditions, the exposure of a rhenium drum
      has resulted in deterioration of its surface with a resultant decrease in
      the produced foil. Since the molybdenum drum does not undergo such
      deterioration with only partial immersion, this represents a considerable
      advantage. We claim:
CLMS
NUM  1.
PAR  1.  In a process for preparing thin copper foils, the improvement
      comprising,
PA1  electrodepositing the copper on a rotating electrode having a molybdenum
      surface.
NUM  2.
PAR  2. In a process for preparing thin copper foils, the improvement comprising
      electrodepositing the copper on a rotating electrode having a surface
      formed from a titanium, zirconium, molybdenum alloy.
NUM  3.
PAR  3. A process in accordance with claim 1 wherein the copper is plated from a
      soluble anode in a plating solution of proportions 240 grams
      CuSO.sub.4.5H.sub.2 O, 60 grams H.sub.2 SO.sub.4 and 1 liter of H.sub.2 O.
NUM  4.
PAR  4. A process in accordance with claim 1 wherein the copper is plated from a
      soluble anode in a plating solution consisting of cupric fluorobate,
      fluoboric acid and boric acid in distilled water.
NUM  5.
PAR  5. A process in accordance with claim 4 wherein the plating solution
      proportions are: 2.05 M cupric fluoborate, 0.44 M fluoborate acid and 1.05
      M boric acid in distilled water.
NUM  6.
PAR  6. Apparatus for the electrolytic production of copper foil comprising,
PA1  an electrolyte tank,
PA1  a copper anode having at least a portion of its surface within said
      electrolyte tank,
PA1  a rotatable drum having a portion of its surface disposed within said tank,
      said rotatable drum having a molybdenum surface and means to rotate said
      drum.
NUM  7.
PAR  7. Apparatus in accordance with claim 6 wherein said rotatable drum has a
      surface formed of titanium, zirconium, molybdenum alloy.
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ABST
PAL  Radiant energy imaged printed circuit boards are provided by treating an
      insulating base with a composition of a reducible metal salt and a radiant
      energy sensitive compound, exposing the treated base to radiant energy in
      selected areas to produce metallic nuclei in the form of a non-conducting
      real image of the desired circuit pattern, rinsing the exposed base to
      remove unexposed metal salts and exposing the real image to an electroless
      metal bath to build up conductor lines of electroless metal thereon. In an
      alternative procedure, conductor lines are built up by electroplating with
      the same or a different metal and, optionally, solder coating.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 167,435, filed July 29, 1971 now U.S. Pat. No. 3,772,078.
BSUM
PAR  This invention relates to making printed circuits; and more particularly to
      improvements in providing the conductive pathways on and through
      insulating bases supporting such circuits.
PAR  It is a primary object of the present invention to provide improved methods
      for defining the conducting pathways in printed circuit boards.
PAR  It is a further object to provide radiant energy imaged pathways, which
      will eliminate the need for resist printing and etching or stripping
      operations.
PAR  Still another object is to provide a printed circuit board in which the
      conductor lines have high resolution, the resolution being limited only by
      the natural overhang of the metal plating.
PAR  A further object of this invention is to provide improved printed circuits
      having conductor patterns on both sides of an insulating base and with
      connecting conductive pathways through the base.
PAC  BACKGROUND OF THE INVENTION
PAR  The steps of making printed circuits from metal clad insulating bases by
      the so-called print and etch technique are well-known and are described,
      for example, in U.S. Pat. No. 3,269,861. Such methods are laborious and
      expensive in that they call for providing a relatively costly metal foil
      on a substrate, printing the foil with an acid-resistant mask to define a
      pattern, etching the exposed metal with an acid to remove it from the
      surface and finally stripping the resist to expose a conductive pattern of
      metal foil. In addition to being expensive and time-consuming to produce,
      printed circuits made by such processes have conductor patterns which are
      not strongly bonded to the base -- the limiting factor being the
      efficiency of the adhesive used to bond the foil to the substrate -- and
      this has been subjected to etching and stripping solutions.
PAR  In such print and etch techniques, the circuit diagram can be formed on the
      base panel in a variety of ways. In a photographic modification of the
      print-and-etch technique, a light sensitive enamel, such as a proprietary
      photoresist, is uniformly spread over the clean metal foil and dried. Then
      a pattern negative is placed over the coated panel and, and after exposure
      to a suitable source of light, the exposed areas of enamel are hardened.
      Immersion of the panel in a solvent for the non-hardened areas dissolves
      the unexposed enamel away from the base leaving the metal foil showing.
      The portions of foil not protected by the hardened enamel are etched.
      Following etching, the exposed, hardened light sensitive enamel is
      stripped from the panel with an appropriate solvent to produce the printed
      circuit board.
PAR  In addition to the other disadvantages in the print and etch techniques, as
      noted above, such a photographic system is slow and expensive in long
      production runs and therefore resist printing is conventionally carried
      out instead either by offset printing or by screen stencil printing, both
      of which provide limitations on line thinness, and resolution.
PAR  A method has now been discovered to radiant energy from the patterns which
      eliminates the need for resists and etching, thereby eliminating the
      onerous stripping steps heretofore employed. In addition, the pattern
      produced is capable of being intensified into a conductive pathway by
      conventional metallization techniques, and thus there is no need to attach
      a foil to the base and etch away the uneeded areas to define the patterns.
      The most recently evolved techniques of unclad resin bonding and for
      direct (adhesiveless) bonding are applicable with the new technique, and
      bond strengths between the conductor lines and all conventional non-polar
      substrates are superior to what are obtained from conventional adhesive
      backed foil clad substrates. Moreover, by providing holes in the
      substrate, in strategic locations, and irradiating the hole walls as part
      of producing the printed circuits, through-hole electrical connections may
      be made non-mechanically, between circuit patterns on opposite sides of
      the insulating base. Finally, because the negatives can have very thin
      lines, the conductor lines can be very thin too, and the resulting circuit
      patterns can be highly resolved with line thinness limited only by
      overhang of the metal deposit.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other objects of the invention will become apparent after a reading of the
      following specification and an inspection of the accompanying drawings,
      wherein:
PAR  FIG. 1 is a flow diagram showing the steps in making printed circuits
      according to various embodiments of the present invention using a direct
      bonding (adhesiveless) technique with a nonpolar base material. Broken
      lines around the boxes indicate optional steps.
PAR  FIG. 2 is a schematic illustration showing the steps in making a one-sided
      printed circuit according to the method of FIG. 1.
PAR  FIGS. 3 and 4 are schematic illustrations showing the steps in making
      two-sided printed circuits with plated through holes according to the
      method of FIG. 1, FIG. 4 illustrating the solder coating or electroplating
      final step.
PAR  FIg. 5 is a flow diagram showing the steps in making printed circuits
      according to various embodiments of the present invention, using a
      oxidizable resinous coating technique to provide bonding to the base
      material.
PAR  FIG. 6 is a schematic illustration showing the steps in making a one sided
      printed circuit according to the method of FIG. 5.
PAR  FIGS. 7 and 8 are schematic illustrations showing the steps in making
      two-sided printed circuits with plated through holes according to the
      method of FIG. 5, FIG. 8 illustrating the solder coating or electroplating
      final step. FIGS. 9 and 10 are flow diagrams showing the steps in making
      printed circuits according to various other embodiments of the present
      invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  According to the present invention, printed circuit boards are provided by
      treating an insulating base with a composition of a reducible metal salt
      and a radiant energy sensitive compound, exposing the treated base to
      radiant energy in selected areas to produce metallic nuclei in the form of
      a non-conducting real image of the desired circuit pattern, rinsing the
      exposed base to remove unexposed metal salts, and exposing the real image
      to an electroless metal bath to build up conductor lines of electroless
      metal thereon.
PAR  The form of radiant energy used to develop the image is not critical to the
      invention. For example, in the invention's broad aspects and depending on
      the nature of the solution, heat, light, particles and charges may be used
      to provide the necessary radiant energy. Preferably, the radiant energy
      will comprise light, both visible or invisible, X-ray radiation, electron
      beams or the like. Conveniently, the radiant energy will comprise actinic
      light, such as that from a carbon arc, or ultraviolet light, such as is
      generated by a mercury vapor lamp, although ordinary incandescent lamps,
      and even sunlight can provide these preferred forms of radiant energy.
      Infrared light can also be used.
PAR  In preferred embodiments, the insulating base will be opaque to the
      transmission of radiant energy therethrough.
PAR  The process can be carried out by intensifying the real image into the
      conductor patterns in one or more electroless metal baths. However, it is
      a preferred embodiment to intensify the image by exposing the base having
      the non-conductive nuclei to an initial electroless metal bath, e.g., a
      bath specially formulated to provide a rapid, thin conductive plating.
      This plating then can serve as a base for subsequent electroless plating,
      electroplating or the like, to the desired condutor thickness. Suitable
      initial electroless baths will be described hereinafter.
PAR  In general, any base material conveniently used for the production of
      printed circuits can be used in the present process. It will, of course,
      not be metal clad on the surface beneath the area on which the circuit is
      to be employed. The insulating base material will be selected from
      inorganic substances, such as resins, optionally filled or containing
      glass, ceramic, porcelain, paper, cloth and similar conventional
      components. For panels, it is preferred to use unclad laminated resinous
      structures, molded resins and the like.
PAR  Specifically, among the materials which may be used as bases in this
      invention are unclad insulating thermosetting or crosslinkable resins,
      thermoplastic resins and mixtures of the foregoing, including those
      reinforced with fiber and woven reinforcements, such as fiberglass
      filaments and mats, cloth, paper and similar materials.
PAR  Illustrative thermoplastic resins include acetal resins, acrylics, such as
      methyl acrylate, cellulosic resins, such as ethyl cellulose, cellulose
      acetate, cellulose propionate, cellulose acetate butyrate, cellulose
      nitrate, and the like; polyethers; nylon; polyethylene; polystyrene;
      styrene blends, such as acrylonitrile-styrene copolymers and
      acrylonitrile-butadiene-styrene copolymers; polycarbonates;
      polychlorotrifluoroethylene; and vinyl polymers and copolymers, such as
      vinyl acetate, vinyl alcohol, vinyl butyral, vinyl chloride, vinyl
      chloride-acetate copolymer, vinylidenechloride and vinyl formal.
PAR  Among the thermosetting and cross-linkable may be mentioned allyl
      phthalate, furane, melamine formaldehyde; phenolformaldehyde and
      pehnolfurfural copolymers, alone or compounded with
      butadiene-acrylonitrile copolymers or acrylonitrile-butadiene-styrene
      copolymers; polyacrylic esters; silicones; urea-formaldehydes; epoxy
      resins; allyl resins; glyceryl phthalates; polyesters; and the like. Also
      suitable are inorganic substrates, such as ceramic, glass, porcelain,
      steatite and the like.
PAR  The present invention is applicable in its preferred embodiments to such
      base materials in which the surfaces are non-polar and difficult to "wet",
      e.g., with water. The invention is particularly applicable to the
      production of printed circuits from base materials comprising resin
      impregnated fibrous structures and resin varnish coated such structures.
      Particularly useful as base materials are epoxy resin impregnated fiber
      laminated structures or resin laminated, epoxy varnish coated structures.
PAR  Preferred substrates for this invention are opaque to the transmission of
      radiant energy. This prevents "printing-through" and also facilitates
      simultaneous or sequential formation of images and circuits on both major
      surfaces of the board. The bases can be rendered opaque to light energy
      mechanically, i.e., by frosting with sandblasting and the like, or
      chemically by etching with appropriate reagents, such as chromic acid for
      resins and hydrogen fluoride for glass, alkali for procelain, and the
      like. Frosted surfaces will scatter rather than absorb incident energy. On
      the other hand, energy absorbing substances can be dispersed in the base
      or adsorbed on the surface thereof to render the base opaque. By way of
      illustration, pigments, such as carbon black and titanium dioxide are
      useful to prevent penetration by light in the visible wavelengths, see,
      e.g., U.S. Pat. No. 2,888,954; bismuth, tin, lead and thorium compounds,
      as well as organic iodine compounds are useful as X-ray radiation and
      electron beam barriers, see, U.K. Pat. No. 686,445; U.K. Pat. No. 517,382;
      U.S. Pat. No. 3,361,700; U.S. Pat. No. 3,336,918; U.S. Pat. No. 2,857,915
      and U.S. Pat. No. 2,403,704. Lead compounds are useful neutron shields. In
      preferred embodiments, the base will be rendered opaque to light energy,
      particularly at visible or ultraviolet wavelengths with a conventional
      compound, such as a hydroxybenzophenone, a hydroxybenzotriazole or a
      substituted acrylate, and the like; see, for example, U.S. Pat. No.
      155,616, filed June 22, 1971, the disclosure of which is incorporated
      herein by reference.
PAR  The composition used to treat the base material in accordance with this
      invention will comprise a reducible metal salt and a radiant energy
      sensitive compound. In general, the composition will be a solution in
      which the solvent can comprise any volatile liquid capable of dissolving
      the components but not otherwise capable of attacking the surface of the
      substrate to a substantial degree. Among the solvent components which have
      been found to be convenient can be mentioned: water, polar organic
      substances, such as alcohols, e.g., methanol, dialkyl acid amides, e.g.,
      dimethyl formamide, diethyl formamide, dimethyl acetamide, dialkyl
      sulfoxides, e.g., dimethyl cellosolve, N-methyl-2-pyrrolidone, dioxane,
      and the like, including mixtures of any of the foregoing. The reducible
      metal salt can comprise, in general, a cation selected from the metals of
      Groups VIII and IB of the Periodic Table of Elements. The anion associated
      in such metal salts can vary widely, and can comprise organic and
      inorganic anions such as halides, sulfates, nitrates, formates,
      gluconates, acetates, and the like. The cations in such salts will include
      gold, silver, iridium, platinum, palladium, rhodium, copper, nickel,
      cobalt and iron, in any of the usual degrees of oxidation, e.g., both
      cuprous and cupric, ferrous and ferric, etc., will serve. Preferred metal
      salts will be selected from Period 4 of Groups VIII and IB: iron, cobalt,
      nickel and copper salts. Especially preferred for the production of the
      real image comprising metallic nuclei in the present are copper salts.
PAR  The radiant energy sensitive compound used in association with the
      reducible metal has the property of decomposing to a compound which will
      exercise a reducing action on the exposed metal salt. Such radiant energy
      sensitive compounds form a family of scope well known to those skilled in
      the art. Among them may be mentioned ferric salts, dichromate compounds,
      anthraquinone and its compounds, amino acids, such as glycine, unsaturated
      organic compounds such as L-ascorbic acid, cinnamic acid, stilbenes, or
      azide compounds and the like. Because visible and ultraviolet light are
      the most convenient sources of radiant energy, the solutions used in this
      invention perferably contain such compounds which are sensitive to visible
      or ultraviolet light. Especially preferred are ferric salts, dichromates,
      and anthraquinone, and derivatives thereof. Illustrative among these are:
PAR  a. ferric salts, such as ferric ammonium citrate (green or brown), ferric
      potassium citrate, ferric ammonium oxalate, ferric sodium oxalte, ferric
      potassium oxalate, ferric ammonium tartrate, ferric citrate, ferric
      oxalate, ferric chloride, and the like;
PAR  b. bichromate salts, such as those of the general formula Me.sub.2
      Cro.sub.3.sup.. CrO.sub.4 wherein Me is any common metal cation, such as
      alkali metal, alkaline earth metal, ammonium or substituted ammonium, and
      the like, e.g., sodium bichromate, potassium bichromate, or mixtures
      therof with organic substances of animal or vegetable origin such as
      gelatin, fish glue, gum arabic, shellac, and the like, such as bichromated
      starch, and the like; and
PAR  c. anthraquinone or derivatives thereof, such as 9,10-anthraquinone,
      .beta.-chloroanthraquinone, .beta.-phenylanthraquinone,
      1,2-benzanthraquinone, anthraquinone-2-sulfonic acid, anthraquinone-2,6(or
      2,7-)-disulfonic acid, salts thereof, and particularly anthraquinone
      2,6-disodium sulfonate, anthraquinone-2,7-disodium sulfonate,
      anthraquinone-2,7-dipotassium sulfonate, and the like. Other useful
      radiant energy sensitive compounds will suggest themselves to those
      skilled in the art, and a wide variety of such compounds are shown, for
      example, in standard reference works, such as J. Kosar, Light-Sensitive
      Systems, Wiley, New York (1965), incorporated by reference.
PAR  A preferred ingredient in treating composition is a secondary reducer, such
      as an organic, oxygen- or nitrogen-containing compound. Such as ingredient
      serves to facilitate interaction of radiant energy and the radiant energy
      sensitive compound to provide reduction of the metal salt to the free
      metal nuclei. Although the secondary reducer compound may be any
      oxidizable organic compound which is soluble in the solution, does not
      attack the base material, and is inert to the other ingredients, it is
      preferred that it comprises a hydroxy compound such as an alcohol or a
      polyol. Especially preferred as secondary reducing compounds are alcohols
      or polyols. Among the organic oxygenated compounds can be mentioned,
      glycerol, ethylene glycol, pentaerythritol, mesoerythritol,
      1,3-propanediol, sorbitol, mannitol, 1,2-butanediol, pinacol, sucrose,
      dextrin, polyethylene glycols, lactose, starch, gelatin, and the like.
      Especially preferred are glycerol, sorbitol and pentaerythritol.
PAR  Instead of the organic oxygenated compound the composition may also include
      other secondary reducers which serve the same function, including amino
      compounds, polyethers, certain dyestuffs and pigments. Among these may be
      mentioned aldehydes, such as formaldehyde, benzaldehyde, acetaldehyde,
      N-butyraldehyde, polyamides, such as nylon, albumin and gelatin, leuco
      bases of triphenylmethane dyes such as 4-dimethylaminotriphenylmethane;
      leuco bases of xanthene dyes such as 3,6-bisdimethylaminoxanthane and
      3,6-bisdimethylamino-9-(2-carboxyethyl)xanthene; polyethers, such as
      ethylene glycol diethyl ether, tetraethylene glycol dimethylether,
      alizarin, erythiocin, phthalocyanine blue, zirconium silicate and the
      like.
PAR  It has been found that the addition of certain other ingredients of the
      composition provides unexpected advantages, and such modified solutions
      are preferred embodiments thereof. Addition of certain of these
      ingredients hereinafter called metal reduction
      intensifiers/accelerators/stabilizers, will speed up the exposure time to
      as little as 2 seconds to 2 minutes (depending on the substrate); some
      will help bring out the image and provide better contrast; some provide
      antifogging effects, other lead to better definition and many aid in
      preventing the image from fading. The advantages provided by these
      additives, especially, are important advances in the art. For example,
      image formation can be accelerated; contrast can be improved, the need for
      the heat intensification can be eliminated and the stability of the image
      enhanced if to the solution comprising the metal salt and radiant energy
      sensitive compound are added halogens, e.g., bromides and chlorides, alone
      or in combination with metals such as tin, alkali metals, mercury,
      germanium, titanium, molybdenum, rare earths, amines, ammonia and the
      like. Illustrative of such compounds, are: hydrogen halides and alkali
      metal or alkaline earth metal, ammonia or amine halides, and the like.
      Particularly preferred are stannous chloride, hydrogen chloride, hydrogen
      bromide, potassium chloride, and potassium bromide. In some embodiments
      the recited compounds may be used with organic acids, such as mono-, di-,
      tri-carboxylic acids or salts thereof and the like, for example, with
      acetic acid, citric acid, oxalic acid and the like.
PAR  In addition to the metal reduction image
      intensifiers/accelerators/stabilizers, the composition comprising the
      metal salt and the radiant energy sensitive compound can include also a
      surfactant, and this is preferably the base materials which are hard to
      wet with particular composition employed. The choice of the surfactant is
      not particularly critical, but usually it is preferred to use a non-ionic
      surfactant, because this permits a broader range in formulation. Among the
      suitable surfactants are polyethyleneoxy non-ionic ethers, such as
      Triton-X 100, manufactured by Rohm & Haas Co., and non-ionic surfactants
      based on the reaction between nonylphenol and glycidol such as surfactants
      6G and 10G manufactured by the Olin Company (See, U.S. Pat. No.
      3,514,293). Also suitable are fluorocarbon surfactants such as
      perfluorodecanoic acid and the series of related compounds manufactured by
      the 3M company under the product designation, FC-170, and the like.
PAR  The treating composition may be formulated within broad concentration
      ranges, depending primarily on the relative amount of metal salt
      composition desired to be placed on the base material, which in turn will
      depend on the mode of application, e.g., immersion, dip coating, roller
      coating, curtain coating, spraying and the like. In addition, the
      concentration of the ingredients in solutions will be limited by
      solubility in the component selected for the carrier or solvent. In
      general, the metal salt concentration will be pre-determined and the
      amounts of radiant energy sensitive compound and other ingredients, if
      present, will be adjusted to provide a ratio which will insure the desired
      result. This is well within the skill of those familiar with the art of
      formulating radiant energy sensitive systems. For example, at least enough
      radiant energy sensitive compound will be present to facilitate
      substantially complete reduction by exposure to radiant energy of the
      metal salt to the free metal nuclei. Usually to insure complete reduction,
      a substantial excess of the radiant energy sensitive compound (based on
      the reducible metal ions) will be present. The metal salt concentration in
      solutions can vary over wide limits, e.g., from 0.5 to  100 grams or more
      per liter can be used, but it is most convenient and economical not to use
      more than about 25 grams per liter and preferably less than about 15 grams
      per liter. The radiant energy sensitive compound can comprise from about 1
      to 10 or more equivalents, based on the metal salt. The amount of the
      secondary reducer, e.g., glycerol, pentaerythritol, dyestuff or the like,
      can likewise vary over a wide range, e.g., from 0.5 to 500 g. per liter,
      but in the case of liquid, through difficultly volatile compounds, it is
      preferred not to include so much of such compounds that the treated
      surface is wet or sticky to the touch after drying. The ingredients, such
      as halide ions, stannous halides and carboxylic acids added to the
      compositions as image intensifiers, accelerators, stabilizers, etc., will
      generally be used in relatively low concentrations, e.g., from trance
      amounts, e.g., from about 1 mg. per liter up to about 2 grams per liter.
      Surfactants will be used in small, but conventional quantities, if
      present. The non-ionics will be used at levels from about 0.1 to 2 grams
      per liter; and anionics from about 0.1 to 1.0 grams per liter.
TBL  ______________________________________                                    

     A typical solution will comprise, for example:                            

     ______________________________________                                    

     reducible metal salt    0.5 - 50 grams                                    

     radiant energy sensitive compound                                         

                             1  - 50 grams                                     

     (but at least stoichiometric                                              

     with metal salt)                                                          

     secondary reducer (glycerol,                                              

     pentaerythritol, etc.)  0  - 500 grams                                    

     image intensifier/accelerator/                                            

     stabilizer (citric acid, stannous                                         

     chloride, hydrobromic acid, etc.)                                         

                             0  - 2 grams                                      

     wetting agent (fluorinated hydro-                                         

     carbon surfactant, polyethylene                                           

     glycol, nonylphenyl-glycidol                                              

     reaction product, etc.) 0  - 2 grams                                      

     solvent (water, dimethylformamide,                                        

     alcohol, dioxane, etc.) (to make)                                         

                             1000 millileters                                  

     ______________________________________                                    

PAR  Preferred such solutions will be exemplified hereinafter. Others are also
      disclosed in copending parent applicaton, Ser. No. 167.435, filed July 29,
      1971.
PAR  The steps in making printed circuits from an unclad laminate by a direct
      bonding process combined with the radiant energy imaging technique
      according to this invention is shown in flow diagram form in FIG. 1 and
      schematically in FIG. 2.
PAR  At A in FIG. 2, there is shown an unclad laminate base material, e.g., of
      epoxy-glass construction, indicated generally by reference numeral 2.
PAR  At B, base material 2 is shown, in exaggerated form for better
      understanding, after having been pre-activated, e.g., by immersion in a
      preactivating compound or composition, e.g., a liquid solvent or mixture,
      such as dimethyl formamide, dimethyl sulfoxide and the like. The
      sub-adjacent surface areas 4 are shown to have become somewhat roughened,
      partially softened and to have imbibed a small quantity of the liquid.
PAR  At C, the base material is shown after the surface has been treated with an
      oxidizing agent, e.g., with chromic acid, sulfuric acid, mixtures thereof
      and the like, and then with a reducing agent, e.g., with formaldehyde or a
      derivative, bisulfite ion or similar material then a pre-activator and
      excess oxidizing and reducing agents are then removed, e.g., by rinsing in
      cold water followed by hot water, and dried. This treatment, which will be
      exemplified in detail hereinafter, and is more fully described in
      copending application Ser. No. 20,106, filed Mar. 16, 1970, provides a
      microporous, polarized surface in which the pores appear to be tree- or
      fern-like, open to the outside surface, and growing downwardly into the
      base material, shown greatly exaggerated as 6 in FIG 2. The activated,
      polarized base may optionally be dried before the next step. In subsequent
      steps, those pores become filled with metal.
PAR  At D, the base material has had applied poison surface layer 8, the purpose
      of which is to lower the catalytic activity in the vicinity of surface
      imperfections. This prevents subsequent extraneous electroless metal
      deposition in random or scattered spots on areas of the surface in which
      it is not desired. The poison can comprise, in general, any of the
      compounds or elements disclosed in U.S. Pat. No. 3,443,988, incorporated
      herein by reference. Preferred poisons, shown by coarse stippling 10 in
      layer 8 of view D comprise elements selected from sulfur, tellurium,
      selenium, polonium, arsenic and mixtures of the foregoing. Although the
      poison is shown in a layer on the surface of the base, or dispersed in a
      coating on the base, it is to be understood that it can be incorporated
      throughout the base, or concentrated immediately below the surface, as is
      explained in U.S. Pat. No. 3,443,998, and the same purpose will be
      achieved. Depending on the type of poison applied, the base material may
      then be dried. To facilitate understanding, poison layer 8 is shown
      greatly exaggerated in thickness in all of the drawings.
PAR  At E, the base material is shown covered with layers 12 of the reducible
      metal salt composition in which metal ions 14 are dispersed. These ions
      can be in any reducible valence state. Suitable solutions for treating the
      base to provide layer 12 are fully described hereinabove, and also in
      above-mentioned copending application Ser. No. 167,435 now U.S. Pat. No.
      3,772,078. Treating with the radiant energy sensitive metal reduction
      solution is carried out by any convenient means, such as spray, roller or
      curtain coating or, most conveniently by immersing or dipping the base in
      the solution.
PAR  At F is shown the base after draining and drying, then exposure of one side
      only to radiant energy through a negative mask. This step produces a real
      image 16 of metal nuclei 18, in uncovered areas, but leaves the unreduced
      metal 14 in the form of soluble salts in the unirradiated areas. The
      reduced nuclei 18 are catalytic centers for subsequent electroless metal
      disposition. To facilitate understanding, a portion of FIG. 2-F is shown
      magnified, metal ions 14 being shown as Me.sup.+ and metal nuclei 18 as
      Me.degree..
PAR  At G, the base is shown after rinsing, e.g., with water or other solvent
      for the unreduced unexposed metal salts 14, the real image 16, being left
      standing above the surface (shown greatly exaggerated).
PAR  At H is shown the base after treatment with an initial electroless metal
      bath. This intensifies the image by depositing a layer of electroless
      metal 20 on the image, the metal nuclei 18 serving as catalytic sites and
      the intensified image being tightly bonded to the base, through the
      microporous surface.
PAR  The initial bath generally is an electroless metal bath of the type to be
      described hereinafter, but which has been specially formulated to deposit
      unusually rapidly a thin continuous layer of metal, e.g., a Group IB or
      VIII metal, such as copper, nickel, cobalt, gold, silver and the like. Of
      course, a conventional production bath can be used, but more time should
      be allowed.
PAR  An initial electroless copper image can be produced in only about 10-20
      minutes by immersing in the following solution (Example 11, U.S. Pat. No.
      3,269,861):
TBL  copper sulfate          15 g.                                             

     Rochelle salt           15 g.                                             

     sodium hydroxide        15 g.                                             

     formaldehyde (37%)      35 g.                                             

     water (to make)         1000 ml.                                          

PAR  At I is shown the completed printed circuit after building up the conductor
      pattern on top of the initial layer overlying the real image with a
      further layer of metal 22. In the method of this invention, this layer 22
      can be electrolessly deposited electrically conductive metal, such as a
      Group IB or VIII metal, and preferably copper, nickel, cobalt, gold or
      silver. Metal layer 22 can be the same metal or different from the initial
      layer metal 20, which in turn can be the same or different, depending only
      on whichever combination of properties, e.g., conductivity, corrosion
      resistance, abrasion resistance, etc., is desired. After rinsing and
      drying and, optionally post-curing, e.g., in an oven at about
      150.degree.F. for about 2 hours, the final circuit board is obtained in
      one embodiment.
PAR  In all cases, by this procedure, a one-sided printed ciruit according to
      this invention will be produced in which the conductor patterns are firmly
      bonded to the base and the thinness of the lines will be limited only by
      the natural overhang of the electrolessly deposited metal.
PAR  Typically, the electroless metal deposition solutions for use in
      intensifying and depositing electroless metal on the bases having a
      radiant energy produced real image comprised of catalytic metal nuclei
      prepared as described herein comprise an aqueous solution of a water
      soluble salt of the metal or metals to be deposited, a reducing agent for
      the metal cations, and a complexing or sequestering agent for the metal
      cations. The function of the complexing or sequestering agent is to form a
      water soluble complex with the dissolved metallic cations so as to
      maintain the metal in solution. The function of the reducing agent is to
      reduce the metal cation to metal at the appropriate time.
PAR  Typical of such solutions are electroless copper, electroless nickel,
      electroless cobalt, electroless silver and electroless gold solutions.
      Such solutions are well known in the art and are capable of
      autocatalytically depositing the indentified metals without the use of
      electricity.
PAR  Typical of the electroless copper solutions which may be used are those
      described in U.S. Pat. Nos. 3,095,309 and 3,269,861, both of which are
      incorporated herein by reference. Conventionally, such solutions comprise
      a source of cupric ions, e.g., copper sulfate, a reducing agent for cupric
      ions, e.g., formaldehyde, a complexing agent for cupric ions, i.e.
      tetrasodium ethylenediamine tetraacetic acid, and a pH adjustor, e.g.,
      sodium hydroxide.
PAR  Typical electroless nickel baths which may be used are described in
      Brenner, Metal Finishing, November 1954, pages 68-76, incorporated herein
      by reference. They comprise aqueous solutions of a nickel salt, such as
      nickel chloride, an active chemical reducing agent for the nickel salt,
      such as the hypophosphite ion, and a complexing agent, such as carboxylic
      acids and salts thereof.
PAR  Electroless gold plating baths which may be used are disclosed in U.S. Pat.
      No. 2,976,181, incorporated herein by reference. They contain a slightly
      water soluble gold salt, such as gold cyanide, a reducing agent for the
      gold salt, such as the hypophosphite ion, and a chelating or complexing
      agnet, such as sodium or potassium cyanide. The hypophosphite ion may be
      introduced in the form of the acid or salts thereof, such as the sodium,
      calcium and the ammonium salts. The purpose of the complexing agent is to
      maintain a relatively small portion of the gold in solution as a water
      soluble gold complex, permitting a relatively large portion of the gold to
      remain out of solution as a gold reserve. The pH of the bath will be about
      13.5 or between 13 and 14, and the ion ratio of hypophosphite radical to
      insoluble gold salt may be between about 0.33 and 10:1.
PAR  A specific example of an electroless copper deposition bath suitable for
      use is as follows:
TBL                        moles/liter                                         

     ______________________________________                                    

     copper sulfate          0.03                                              

     sodium hydroxide        0.125                                             

     sodium cyanide          0.0004                                            

     formaldehyde            0.08                                              

     tetrasodium ethylene-                                                     

     diamine tetraacetate    0.036                                             

     water                   remainder                                         

     ______________________________________                                    

PAR  This bath is preferably operated at a temperature of about 55.degree.C. and
      will deposit a coating of ductile electroless copper about 1 mil thick in
      about 51 hours.
PAR  A specific example of electroless nickel deposition bath suitable for use
      is as follows:
TBL  nickel chloride         30 g.                                             

     sodium hypophosphite    10 g.                                             

     glycollic acid          25 g.                                             

     sodium hydroxide        12.5 g.                                           

     water (to make)         1000 ml.                                          

PAR  The pH is adjusted to 4.5 and the bath temperature is maintained at
      95.degree.C.
PAR  A specific example of electroless gold deposition solution suitable for
      used is as follows:
TBL  gold chloride hydrochloride                                               

     trihydrate               0.01 mole/l.                                     

     sodium potassium tartrate                                                 

                              0.014 mole/l.                                    

     dimethylamine borane     0.013 mole/l.                                    

     sodium cyanide           0.4  g./l.                                       

     water (to make)          1000 ml.                                         

PAR  The pH is adjusted to 13 and the bath temperature is maintained at
      60.degree.C.
PAR  A specific example of an electroless silver deposition bath suitable for
      use is as follows:
TBL  silver nitrate            1.7 g.                                          

     sodium potassium tartrate 4.0 g.                                          

     sodium cyanide            1.8 g.                                          

     dimethylamine borane      0.8 g.                                          

     water (to make)           1000 ml.                                        

PAR  The pH is adjusted to 13 and the bath temperature is maintained at
      80.degree.C.
PAR  A specific example of electroless cobalt deposition bath suitable for use
      is as follows:
TBL  cobalt chloride          30 g.                                            

     sodium hypophosphite     20 g.                                            

     sodium citrate dihydrate 29 g.                                            

     ammonium chloride        50 g.                                            

     water (to make)          1000 ml.                                         

PAR  The pH is adjusted to 9.5 and the bath temperature is maintained at
      90.degree.C.
PAR  It is also an embodiment of this invention to produce conductor patterns by
      the subsequent step of depositing electroplated metal on the electroless
      metal -- either on initial layer 16 as in FIG. 2 or an ordinary
      electroless metal layer 22, either alone or on top of an initial layer. In
      any event, in a continuously interconnected circuit the initial layer of
      an electroless metal layer or both can serve as the common cathode for
      electroplating. In all other cases, electroplating in selected areas can
      be carried out by brushing plating or, for example, by the method
      disclosed in Polichette, U.S. Pat. No. 3,334,026. The real image itself
      will not be electrically conductive enough to permit electroplating
      without intervening electroless plating.
PAR  The electroplating can comprise more of the same metal or a different
      metal, e.g., copper, nickel, cobalt, silver, gold, rhodium, tin, alloys
      thereof and the like. Electrolytic plating procedures are conventional and
      well known to those skilled in the art.
PAR  For example, a pyrophosphate copper bath is commercially available for
      operation at a pH of 8.1 to 8.4, a temperature of 50.degree.C., and a
      current density of 50 amp./sq.ft. In addition, a suitable fluoborate
      copper bath is operated at a pH of 0.6 to 1.2, a temperature of
      25.degree.-50.degree.C., and a current density of 25 to 75 amp. per sq.
      ft. and is comprised of:
     copper fluoborate Cu(BF.sub.4).sub.2                                      

                             225 - 450 g./l.                                   

     fluoboric acid, HBF.sub.4                                                 

                              2 - 15 g./l.                                     

     boric acid               12 - 15 g./l.                                    

PAL  For printed circuits, copper deposits for use as the basic conductor
      material will usually be from 0.001 to 0.003 in. thick.
PAR  Silver may be deposited electrolytically from a cyanide bath operated at a
      pH of 11.5 to 12, a temperature of 25.degree.-35.degree.C., and a current
      density of 5-15 amp./sq.ft. An illustrative electrolytic silver bath is
      comprised of:
TBL  silver cyanide, AgCN     50 g./l.                                         

     potassium cyanide, KCN   110 g./l.                                        

     potassium carbonate, K.sub.2 CO.sub.3                                     

                              45 g./l.                                         

     brighteners              variable                                         

PAR  Gold may be deposited electrolytically from an acid gold citrate bath at pH
      5-7, a temperature of 45.degree.-60.degree.C., and a current density of
      5-15 amp./sq.ft. An illustrative electrolytic gold bath consists of:
TBL  sodium gold cyanide, NaAu(CN).sub.2                                       

                              20 -  30 g./l.                                   

     dibasic ammonium citrate                                                  

     (NH.sub.4).sub.2 C.sub.6 H.sub.5 O.sub.7                                  

                              25 - 100 g./l.                                   

PAR  Nickel can be electrolytically deposited at pH 4.5 to 5.5, a temperature of
      45.degree.C. and a current density of 20 to 65 amp./sq.ft., the bath
      containing:
TBL  nickel sulfate, NiSO.sub.4.6H.sub.2 O                                     

                              240 g./l.                                        

     nickel chloride, NiCl.sub.2.6H.sub.2 O                                    

                               45 g./l.                                        

     boric acid, H.sub.3 BO.sub.3                                              

                               30 g./l.                                        

PAR  Tin and rhodium and alloys can be electrically deposited by procedures
      described in Schlabach et al, "Printed and Integrated Circuitry,"
      McGraw-Hill, New York, 1963, p. 146-148.
PAR  Among the preferred embodiments of this invention are processes to prepare
      circuits in which the conductor pattern, built up as described above, is
      coated with solder. This is especially useful when it is contemplated to
      solder lugs or other hardward to the pattern. Processes for solder coating
      printed circuits, e.g., by dip soldering or by electroplating solder or
      both are well known. For example, the board is dipped in a flux bath.
      After excess flux has drained from the board, it is placed pattern down on
      or under the molten solder bath. A 60-tin 40-lead solder can be used, for
      example, at a temperature between 435.degree. and 55.degree.F.; the higher
      the temperature, the shorter the time of the dip. For instance, at
      435.degree.F. the dip time might be 10-12 seconds for the average size
      assembly. Removing the printed circuit slowly and evenly from the solder
      bath leaves a smooth even deposit of solder on the conductors. It helps to
      remove any excess solder if the board is mechanically or hand slung as it
      is withdrawn from the bath. If desired, any flux remaining on the board
      can be removed in a solvent bath or in a vapor degreaser. Mechanized
      soldering systems can also be used, for example, machines in which a
      fountain of molten solder is directed against the circuit boards. Suitable
      soldering machines are shown, for example, in U.S. Pat. Nos. 3,416,958;
      3,491,779; 3,483,616; 3,393,659; 3,200,788 and 3,359,132. One especially
      useful machine and method, particularly for boards with through hole
      connectors is described in copending U.S. Ser. No. 40,682, filed May
      26,1970 now U.S. Pat. No. 3,661,638. The method described therein
      comprises dip coating the circuit board in a solder bath then removing the
      board to a bath of hot heat transfer fluid, e.g., hot oil or wax and
      gyrating the board until the excess solder flows off by circumferentially
      and axial flow.
PAR  It is also among the preferred embodiments of this invention to produce
      holes, pathways around the edge or through slots to connect from the top
      to the bottom of the base material. While these can be and have been
      conventionally formed by electrodeposition of metal, such techniques are
      disadvantageous. For example, electrodeposition of copper leaves a
      non-uniform deposit of metal over the edges of the hole. The plating of
      the lateral walls of the holes diminishes from the surface towards the
      central part of the insulating hole. It is extremely difficult, therefore,
      to control the size of plated through holes where electrodeposition is
      employed. These advantages have been overcome by rendering the pathways
      sensitive to electroless metal plating with precious metal sensitizers and
      building up conductive pathways by electroless metal deposition. In
      addition to being expensive and somewhat unstable, such sensitizers lead
      often to flash deposition of precious metal and poor adhesion. According
      to the present invention, precious metal sensitizing baths are dispensed
      with, and irradiation of the pathway causes depostion of the reduced metal
      nuclei thereon. This serves as a base for an initial plate or electroless
      metal plate which is smooth, adherent and conductive. An important
      advantage is that such conductive plating on the aperture wall is uniform
      in thickness from the outside into the inside of the base. If this is used
      as a cathode for electroplating, the electroplated metal will build up in
      uniformly thick layers. And, if solder plating is used, the solder on the
      pathway surfaces will also be in a uniform layer.
PAR  The steps in making printed circuits from an unclad laminate by a
      microporous resin layer bonding process combined with the radiant energy
      imaging technique according to this invention is shown in flow diagram
      form in FIG. 5 and schematically in FIG. 6.
PAR  At A in FIG. 6, there is shown an unclad laminate base material, e.g., of
      epoxy-glass or phenolic-paper or similar construction, indicated generally
      by reference numeral 2.
PAR  At B, base material 2 is shown after having coated, e.g., by dipping,
      spraying, roller coating, curtain coating, and the like with oxidizable
      resin layer 24, e.g., of rubber, phenolic, acrylate, etc., or a resin
      containing dispersed oxidizable rubber, e.g., natural or synthetic rubber,
      particles. In addition to oxidizable resins, a suitable particle
      containing layer former is as follows:
TBL  epoxy resin               15 g.                                           

     butadiene-acrylonitrile                                                   

     rubber (10 micron                                                         

     particle size)            15 g.                                           

     diacetone alcohol         50 g.                                           

     toluene                   50 g.                                           

     oil soluble phenol                                                        

     formaldehyde resin        11 g.                                           

     fumed colloidal silica    25 g.                                           

PAL  These and other suitable compositions and methods for their application are
      disclosed in U.S. Pat. No. 3,625,758, incorporated herein by reference.
PAR  At C, the coated base material is shown after exposure to an oxidizing
      agent, e.g., potassium bichromate, 37 g., water, 500 ml. and concentrated
      sulfuric acid, 500 ml., or a permanganate solution, for about 30 minutes
      at room temperature then treatment with a neutralizer, e.g., a slightly
      acid 5% sodium sulfite solution and a water rinse. Such a treatment
      provides the base with layer 24 having miropores 28 in the surface caused
      by oxidation and degradation. If rubber particles are present, but the
      resin itself is not oxidizable, micropores 28 2ill result also. The
      preparation of the rubber particles containing substrates, which have a
      uniquely efficient surface for forming tightly held conductor patterns, is
      described in the above mentioned U.S. Pat. No. 3,625,758. The base may
      optionally be dried before the next step.
PAR  At D, the base material has had applied poison surface layer 8, the purpose
      of which is to lower the catalytic activity in the vicinity of surface
      imperfections. This step has been described above in explaining FIG. 1 and
      a suitable poison is, for example, 2-mercaptobenzothiazole, shown by
      course stippling 10, in FIG. 6.
PAR  At E, the base material is shown covered with layer 12 of reducible metal
      salt composition in which metal ions 14 are dispersed, the ions being of
      any reducible valance state. Suitable solutions and methods for surface
      treating are described above with reference to the corresponding step in
      FIG. 2.
PAR  At F is shown the base after draining and drying, then exposure of one side
      to radiant energy through a negative mask. This step produces a real image
      16 of metal nuclei 18, in exposed areas, but leaves the unreduced metal 14
      in the form of soluble salts in the covered, unirradiated areas. The
      reduced nuclei are catalytic centers for subsequent electroless metal
      deposition.
PAR  At G, the base is shown after rinsing, e.g., with water or other solvent
      for the unreduced unexposed metal salts 14, the real image 16, being left
      standing above the surface (shown greatly exaggerated).
PAR  At H is shown the base after treatment with an initial electroless metal
      bath, of the type described above. This intensifies the image by
      depositing a layer of electroless metal 20 on the image, the metal nuclei
      18 serving as catalytic sites and the intensified image being tightly
      bonded to the base, through the microporous adhesive layer.
PAR  At I is shown the completed printed circuit after building up the conductor
      pattern on top of the initial layer overlying the real image with a
      further layer of metal 22. In the method of this invention, layer 22 can
      be any electrolessly deposited electrically conductive metal, such as a
      Group IB or VIII metal, and preferably copper, nickel, cobalt, gold or
      silver. Metal layer 22 can be the same metal or different, or any
      combination thereof, as described above with reference to FIG. 2.
      Combinations can be provided to meet conductivity, wear, ductility and
      other desirable properties.
PAR  After rinsing and drying, the final circuit board is obtained.
PAR  Electroless plating baths, electroplating baths, solder coating processes,
      through-hole plating and other process steps described above with
      reference to FIGS. 1 and 2 can be used with this embodiment, are
      contemplated by this invention, and will be exemplified hereinafter.
PAR  By such techniques printed circuits according to this invention will be
      produced in which the conductor patterns are firmly bonded to the base of
      the thinness of the lines will be limited only by the natural overhang of
      the electrolessly deposited metal. In addition to the above substrates and
      methods, the present radiant energy formed patterns can be applied to
      other bases with conventional modifications to secure bonding. For
      example, polyimide and polyester films and boards can be used with simple
      chemical cleaning operations. Or "B-stage" resin constructions, e.g.,
      partially cured phenolic laminates or catalyzed polyester or epoxy
      laminates can have radiant energy formed patterns applied to their
      surfaces than be cured and have the conductive pattern built up by the
      above described methods to provide printed circuits with any desired
      combination of properties.
PAR  The present invention will also be useful on such substrates as paper,
      woven and non-woven fabrics, vulcanized fiber, cardboard, wood and wood
      composites, and the like.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples illustrate the production of printed circuit boards
      according to the present invention. They are not to be construed as
      limiting the claims to the steps shown.
PAC  EXAMPLE 1
PAR  The process of this example produces a printed circuit on a base material
      with a normally non-polar surface, the printed circuit having plated
      through holes, and the process is illustrated step-wise in FIG. 3 A-J.
PAR  An unclad epoxy-glass laminate, 0.0600 inches thick is drilled or punched
      to provide holes at the desired location and is cleaned by wet scrubbing
      with pumice and dried. It is immersed in 15 g./l. of
      2,2'-dihydroxy-4,4'-dimethoxybenzophenone (ultraviolet absorber) in
      methylene chloride, air dried, for 15 minutes at 23.degree.C., then
      quick-rinsed with 1,1,1-trichloroethane (15 sec.).
PAR  The clean panel with holes (FIG. 3B) is pre-activated by immersion in a 1:1
      by volume mixture of dimethyl formamide and 1,1,1-trichloroethane at about
      23.degree.C. for about 1 minute, then removed and drained in air for 2
      minutes. This provides pre-activated surface layers 4.
PAR  The pre-activated panel (FIG. 3C) is then immersed in an oxidizer bath
      comprised of chromic acid, 100 g./l., sulfuric acid, 300 ml./l., balance
      water, for 5 minutes at about 45.degree.C., drained for about 1 minute and
      then rinsed with water for about 1 minute.
PAR  The pre-activated, oxidized panel is immersed in a reducer solution
      comprising 20 g. of sodium bisulfite, 1 ml. of sulfuric acid and water to
      make 1 liter, for about 5 minutes at about 23.degree.C. This provides
      microporous, treed and activated surface areas 6.
PAR  The panel, having microporous, treed, polarized and wettable surface (FIG.
      3D) is treated to remove most of the pre-activating agent and excess
      oxidizer and reducer, by rinsing in cold water, 15-20.degree.C., for about
      5 minutes, and then in hot water, about 80.degree. to 95.degree.C., for
      about 5 to 10 minutes, then oven dried for about 10 minutes at about
      120.degree.-140.degree.C.
PAR  Layer 8 of poison to retard extraneous metal deposition is put on the panel
      and in the hole walls by dipping in a solution of 0.25 g./l. of nickel
      dibutyldithiocarbamate in methylene chloride for about 2 to 4 minutes
      (FIG. 3E), then the poisoned panel is air dried and oven dried at about
      120.degree.-140.degree.C. for about 10 minutes and cooled.
PAR  Layer 12 of reducible metal compound is put on the panel by immersion for
      about 2 to 5 minutes at about 20.degree. to 25.degree.C. in a metal
      reduction bath of the following composition:
TBL  cupric acetate           8 g.                                             

     pentaerythritol          50 g.                                            

     sorbitol                 60 g.                                            

     citric acid              40 g.                                            

     anthraquinone 2,6-disulfonic                                              

     acid disodium salt       16 g.                                            

     stannous chloride        0.8 g.                                           

     Surfactant 6G (Olin Corp.,                                                

     a para-isononylphenoxy-                                                   

     polyglycidol containing                                                   

     an average of about 6                                                     

     glycidol units)          1.5 g.                                           

     water (to make)          1000 ml.                                         

PAL  (the stannous chloride and surfactant are added after the other ingredients
      have been mixed). The board is drained for 1 minute then is dried to the
      touch in a moderate temperature oven, 50.degree.C., for the minimum time
      necessary, 2-4 minutes (FIG. 3F).
PAR  The radiant energy sensitive panel (FIG. 3F). transferred and stored in the
      dark or in yellow light, is covered on both sides with negatives
      corresponding to the circuit patterns and both sides are exposed to
      ultraviolet light (mercury vapor lamp) for 30 seconds to 2 minutes and the
      negatives are removed. Real image 16 of reduced copper nuclei Me.degree.
      shows grey to black.
PAR  The exposed pane is rinsed with water for about 1 minute at about
      20.degree.-25.degree.C. to remove unexposed salts and to leave real image
      16 standing above and below the surfaces and in the hole walls (FIG. 3H).
PAR  The real images are intensified, made electrically conductive and darker by
      immersion of the base in an initial copper bath of the following
      formulation:
     copper sulfate          15 g./l.                                          

     Rochelle salts (sodium                                                    

     potassium tartrate)     15 g./l.                                          

     sodium hydroxide        15 g./l.                                          

     formaldehyde (37%)      35 ml./l.                                         

     water (to make)                                                           

PAL  After 5-10 minutes at about 20.degree.-25.degree.C., initial layers 20 of
      copper metal have been deposited.
PAR  The panel is then placed in a production-type electroless copper bath of
      the following formulation:
TBL  copper sulfate          0.03 moles                                        

     sodium hydroxide        0.125 moles                                       

     sodium cyanide          0.0004 moles                                      

     formaldehyde            0.08 moles                                        

     tetrasodium ethylene-                                                     

     diamine tetraacetate    0.030 moles                                       

     water                    remainder                                        

PAL  The bath is operated at about 55.degree.C. and conductor layers 22 of the
      desired thickness, 0.8 to 2 mils is built up in from about 24 to 30 hours.
PAR  The printed circuit board is then washed for about 10 minutes in running
      water then post-cured in an oven for about 1 hour at about 160.degree.C.
      It can be brushed, if desired, and coated with a varnish, if desired, to
      prevent finger marks an corrosion, then final fabrication. The circuit
      lines can be made very thin by this process and highly resolved, there is
      no print through, and bond strengths between the conductor patterns and
      the base are very high.
PAC  EAMPLES 2 and 3
PAR  The process of these examples produce printed circuits with plated through
      holes, having solder plated or other electroplated metal conductor
      patterns, and is illustrated step-wise in FIG. 4 A-K.
PAC  Solder-plating
PAR  The procedure of Example 1 is repeated through the post-cure step (FIG.
      4-J).
PAR  The printed circuit board is then dipped into flux then into a 60-tin 40
      -lead solder bath at about 500.degree.F. for about 8 seconds. Excess
      solder is then removed from the board and the plating is smoothed out by
      placing the board in a wax bath at about 500.degree.F., and oscillating in
      an orbital leveling machine of the type described in U.S. Ser. No. 40,682,
      filed May 26, 1970 now U.S Pat. No. 3,661,638. This board is illustrated
      in FIG. 4, view I, metal layer 23 representing the solder plate on the
      circuit pattern and in the hole wall. Any remaining flux or other material
      can be easily brushed off, washed off or removed in any other similar
      matter before final fabrication.
PAC  Electroplating
PAR  The procedure of Example 1 is repeated through the initial electroless
      plating step (FIG. 4-I).
PAR  The initial copper plate continuous circuit is used as a cathode in a
      conventional electroplating circuit and the board is immersed in a copper
      electroplating bath of the following composition:
TBL  copper fluoborate     225 - 450 g./l.                                     

     fluoboric acid         2 - 15 g./l.                                       

     boric acid             12 - 15 g./l.                                      

PAL  The pH is maintained at 0.6 to 1.2, temperature at 25.degree. to
      50.degree.C. and a current density of 25 to 75 amps. per square foot is
      applied. Electroplated copper layers 23 of from about 0.001 to 0.003
      inches thickness is built up on the conductor patterns and in the hole
      walls. Rinsing and post-curing are as described in Example 1. The circuit
      board is shown in FIG. 4K. Discontinuous circuits can be electroplated by
      a brush technique, or see U.S. Pat. No. 3,334,026.
PAR  Alternatively, an intervening layer of electroless metal (not shown) is
      deposited on the initial copper plate by the procedure of Example 1 and
      then electroplated copper is added as a top layer.
PAC  EXAMPLE 4
PAR  The process of this example produces a printed circuit with plated through
      holes from a normally non-polar base material and is illustrated step-wise
      in FIG. 7 A-J. An unclad phenolic-paper laminate is scrubbed clean in a
      brushing machine and the moisture is blown off in an air jet. It is coated
      with an ultraviolet light barrier as described in Example 1.
PAR  Base material 2 (FIG. 7A) is passed under a curtain coater and covered with
      an oxidizable adhesive layer 24, the coating composition being of the
      following formula (U.S. Pat. No. 3,525,758, Example 1, Mixture B):
TBL  Epoxy resin (epichloro-                                                   

     hydrin derivative)        15 g.                                           

     butadiene-acrylonitrile                                                   

     rubber                    15 g.                                           

     diacetone alcohol         50 g.                                           

     toluene                   50 g.                                           

     oil soluble phenol formal-                                                

     dehyde resin              11 g.                                           

     fumed colloidal silica    25 g.                                           

PAL  The coated base is oven dried at 160.degree.C. for about 1 hour (FIG. 7B).
PAR  Holes are drilled or punched at the desired locations (FIG. 7C). The base
      is scrubbed to remove dust particles then passed through a water knife
      cleaning apparatus.
PAR  The base is transferred to an oxidizer comprising 20 g./liter of sodium
      dichromate in concentrated HBF.sub.4 (48%) maintained at about
      40.degree.C., for about 10 minutes. This produces a microporous surface 28
      in adhesive layer 24, by oxidizing the surface (FIG. 7D). The board is
      rinsed then transferred to a neutralizer bath comprising slightly acidic
      5% sodium bisulfite solution or dilute aqueous formaldehyde solution.
PAR  Then, proceeding as outlined in Example 1, poison layer 8, comprising in
      this instance 2-mercaptobenzothiazole, is put on the base, (FIG. 7E).
      Also, and analogously to Example 1, the board is coated with a radiant
      energy sensitive layer 12; covered with negatives and exposed to
      ultraviolet light to produce real images 16 (FIG. 7G); unexposed metal
      salts are removed by rinsing with water to produce a relief of real images
      16 (FIG. 7H); these images are intensified with the initial electroless
      copper plate 20 (FIG. 7I); and followed by electrolessly plated copper
      layer 22 (FIG. 7J). In this embodiment, the post-cure step can be
      eliminated, and after rinsing the surface, and protecting with a thin
      varnish coat, if desired, the printed circuit board is ready for final
      fabrication. The circuit lines by this process too can be made very thin
      and highly resolved, there is no "print-through", and bond strengths
      between the conductor pattern and the base are very high.
PAC  EXAMPLES 5 and 6
PAR  The process of these examples produce printed circuits with plated-through
      holes having solder plated or electroplated conductor patterns and are
      illustrated step-wise in FIG. 8 A-K.
PAC  Solder plating
PAR  The procedure of Example 4 is repeated through the electroless plating step
      (FIG. 7J).
PAR  The printed circuit board is dipped into flux then into a 60-tin 40-lead
      solder bath at about 500.degree.F. for about 8 seconds. Excess solder is
      then removed from the board and the plating is smoothed out as described
      in Example 2. This printed circuit is illustrated in FIG. 8K, layer 23
      representing the solder plate on the circuit pattern and in the hole wall.
PAC  Electroplating
PAR  The procedure of Example 4 is repeated through the initial electroless
      plating step (FIG. 41).
PAR  The initial electroless copper printed circuit board is used as a cathode
      in a conventional electroplating circuit and the board is immersed in a
      copper electroplating bath and plated as described in Example 3.
      Electroplated copper layers 23 of from about 0.001 to 0.003 thickness are
      built up on the conductor pattern and in the hole walls. Rinsing and
      protective steps are as described in Example 4. The circuit board is shown
      in FIG. 8K.
PAR  Alternatively, an intervening layer of electroless metal (not shown) is
      deposited on the initial copper plate and then electroplated copper is
      added as top and bottom layers.
PAR  Obviously many modifications of the above specific examples can be carried
      out following teachings herein. By way of illustration, other substrates
      can be substituted as base materials for epoxy-glass or phenolic-paper
      laminates. Mylar, polyethylene terephthalate, film can be used, in the
      process of Example 4, if the surface is roughened to enhance adhesion, in
      known ways, either by treating with sulfuric acid or by sand blasting.
      Instead of a mylar film, other films such as polyimides can be employed as
      substrates. In addition, ceramic substrates, e.g., porcelain, steatite,
      and the like can also be used.
PAR  Many different radiant energy sensitive metal reduction compositions may be
      used and the other forms of radiation can comprise instead of ultraviolet
      light, for example, visible light, infrared radiation, electron beams,
      gamma rays, beams of alpha or neutron particles, and the like.
PAR  Instead of the copper acetate metal reduction described in Examples 1 and
      4, the following radiant energy sensitive compositions may be substituted.
PAC  EXAMPLE 7
TBL  cupric formate            10 g.                                           

     anthraquinone 2,6-disulfonic                                              

     acid disodium salt        2 g.                                            

     glycerol                  10 g.                                           

     water (to make)           1000 ml.                                        

PAC  EXAMPLE 8
TBL  cupric acetate            8 g.                                            

     pentaerythritol           50 g.                                           

     citric acid               40 g.                                           

     anthraquinone 2,6-disulfonic                                              

     acid disodium salt        16 g.                                           

     stannous chloride         0.5 g.                                          

     Surfactant 6G                                                             

     (Olin Corp.) 1 g.                                                         

     water (to make)           1000 ml.                                        

PAC  EXAMPLE 9
TBL  cupric formate            10 g.                                           

     anthraquinone 2,6-disulfonic                                              

     acid disodium salt        3 g.                                            

     glycerol                  30 ml.                                          

     citric acid               30 g.                                           

     stannous chloride         1 g.                                            

     fluorocarbon wetting agent                                                

     (3-M Co., FC-170)         0.25 g.                                         

     water                     450 ml.                                         

PAC  EXAMPLE 10
TBL  Prepare Part A:                                                           

      cupric gluconate         15 g.                                           

      water                    200 ml.                                         

     Prepare Part B:                                                           

      fluorocarbon wetting agent                                               

      (FC-170)                 0.1 g.                                          

      glycerol                 30 g.                                           

      citric acid              30 g.                                           

      anthraquinone 2,6-disulfonic                                             

      acid disodium salt       2 g.                                            

      stannous chloride        1 g.                                            

      water                    250 ml.                                         

     Mix A and B.                                                              

PAC  EXAMPLES 11 and 12
TBL  Prepare Part A:                                                           

      cupric acetate      15 g.      --                                        

      cupric nitrate      --         15 g.                                     

      water               200 g.     200 g.                                    

     Prepare Part B:                                                           

      wetting agent (FC-170)                                                   

                          0.25 g.    0.25 g.                                   

      glycerol            30 g.      30 g.                                     

      citric acid         30 g.      30 g.                                     

      anthraquinone 2,6-disulfonic                                             

      acid disodium salt  3 g.       3 g.                                      

      water               250 g.     250 g.                                    

      stannous chloride   1 g.       1 g.                                      

     Mix A and B.                                                              

PAC  EXAMPLE 13
TBL  Prepare Part A:                                                           

      silver nitrate           5 g.                                            

      water                    200 g.                                          

     Prepare Part B:                                                           

      wetting agent (FC-170)   0.25 g.                                         

      glycerol                 30 g.                                           

      citric acid              30 g.                                           

      anthraquinone 2,6-disulfonic                                             

      acid disodium salt       3 g.                                            

      water                    250 g.                                          

     Mix A and B:                                                              

PAC  EXAMPLE 14
TBL  silver nitrate          1 g.                                              

     acetone (to make)       1000 ml.                                          

PAR  The following metal reduction compositions use ferric ammonium sulfate or
      L-ascorbic acid as the sensitizing compound:
PAC  EXAMPLE 15
TBL  cupric acetate           1.3 g.                                           

     ferric ammonium sulfate  3.5 g.                                           

     pentaerythritol          20 g.                                            

     glycerol                 16 g.                                            

     citric acid              10 g.                                            

     Surfactant 6G                                                             

     (Olin Corp.)             0.3 g.                                           

     water (to make)          1000 ml.                                         

PAC  EXAMPLE 16
TBL  cupric acetate          4 g.                                              

     L-ascorbic acid         5 g.                                              

     pentaerythritol         25 g.                                             

     sorbitol                30 g.                                             

     citric acid             20 g.                                             

     stannous chloride       0.5 g.                                            

     Surfactant 6G                                                             

     (Olin Corp.)            0.5 g.                                            

     water (to make)         1000 ml.                                          

PAR  The following metal reduction compositions use nickel, cobalt and iron
      salts as the reducible image forming metal component.
PAC  EXAMPLES 17-19
TBL  Example           17       18       19                                    

     ______________________________________                                    

     nickelous sulfate 6 g.     --       --                                    

     cobaltous sulfate --       6 g.     --                                    

     ferrous sulfate   --       --       6 g.                                  

     pentaerythritol   50 g.    50 g.    50 g.                                 

     sorbitol          60 g.    60 g.    60 g.                                 

     glycerol          10 ml.   10 ml.   10 ml.                                

     citric acid       40 g.    40 g.    40 g.                                 

     anthraquinone 2,6-disulfonic                                              

     acid disodium salt                                                        

                       16 g.    16 g.    16 g.                                 

     stannous chloride 1 g.     1 g.     1 g.                                  

     wetting agent                                                             

     (Surfactant G)    1 g.     1 g.     1 g.                                  

     water (to make)   1000 ml. 1000 ml. 1000 ml.                              

     ______________________________________                                    

PAR  The amount of metal salt can vary between 4 and 8 g. without any
      significant effect on image formation.
PAR  The above examples include compositions which contain metal reduction
      intensifiers/accelerators/stabilizers and surfactants. One composition is
      also shown which omits a secondary reducer, i.e., an organohydroxy
      compound. The above compositions thus demonstrate that the present process
      can be carried out with solutions comprising only two essential
      ingredients, namely, the reducible metal salt and a radiant energy
      sensitive compound.
PAR  In addition to copper plating, other metals can be used to form the
      conductor patterns overlying the image.
PAR  The procedure of Examples 1 and 4 are repeated, substituting for the
      electroless copper plating solution, an electroless nickel solution:
PAC  EXAMPLE 20
TBL  nickel chloride         30 g.                                             

     sodium hypophosphite    10 g.                                             

     glycollic acid          25 g.                                             

     sodium hydroxide        12.5 g.                                           

     water (to make)         1000 ml.                                          

PAR  The pH is adjusted to 4.5 and the bath temperature is maintained at
      95.degree.C. A nickel layer is built up on the copper image.
PAR  The procedures of Examples 1 and 4 are repeated, substituting for the
      electroless copper solution, an electroless cobalt solution:
PAC  EXAMPLE 21
TBL  cobalt chloride          30 g.                                            

     sodium hypophosphite     20 g.                                            

     sodium citrate dihydrate 29 g.                                            

     ammonium chloride        50 g.                                            

     water (to make)          1000 ml.                                         

PAR  The pH is adjusted to 9.5 and the bath temperature is maintained at
      90.degree.C. A cobalt layer is built up on the copper image.
PAR  The procedures of Examples 1 and 4 are repeated, substituting for the
      electroless copper solution, an electroless gold solution:
PAC  EXAMPLE 22
TBL  gold chloride hydrochloride                                               

     trihydrate               0.01 mole/l.                                     

     sodium potassium tartrate                                                 

                              0.014 mole/l.                                    

     dimethylamine borane     0.013 mole/l.                                    

     sodium cyanide           0.4 g./l.                                        

     water                    q.s.a.d.                                         

PAR  The pH is adjusted to 13 and the bath temperature is maintained at
      60.degree.C. A gold layer is built up on the copper image.
PAR  The procedures of Examples 1 and 4 are repeated, substituting for the
      electroless copper solution, an electroless silver solution:
PAC  EXAMPLE 23
TBL  silver nitrate           1.7 g.                                           

     sodium potassium tartrate                                                 

                              4.0 g.                                           

     sodium cyanide           1.8 g.                                           

     dimethyl amine borane    0.8 g.                                           

     water (to make)          1000 ml.                                         

PAR  The pH is adjusted to 13 and the bath temperature is maintained at
      80.degree.C. A silver layer is built up on the copper image.
PAR  All such images having a layer of electroless metal on top can further be
      built up with an electroplated layer of copper, silver, gold, nickel,
      cobalt, tin, rhodium and alloys thereof, using the baths and conditions
      described hereinabove.
PAR  The above disclosure demonstrates that the present process provides for the
      selective reduction of a metal salt to metallic nuclei by means of radiant
      energy. The formation of a real image of a printed circuit or other type
      of pattern formation has been demonstrated by selectively exposing the dry
      coating of the metal salt to radiant energy, through a negative in the
      presence of a light sensitive compound and a reducing agent. The positive,
      visible image has been shown to be catalytic to electroless metal
      deposition and this metal can be used to build up conductor thickness for
      increased current carrying capacity or to increase the thickness of the
      pattern. In contrast to prior art techniques, the metallic image produced
      by this process requires no development steps.
PAR  It has been demonstrated that if the metal salt is reduced to its metallic
      state in the holes of a printed circuit substrate board, simultaneously
      with the circuit pattern being printed on the surface of the base
      material, the hole walls will be rendered catalytic to electroless metal
      deposition and there will be formed continuous electrically
      interconnecting pathways for circuitry on both sides of the base
      materials.
PAR  It is also possible to make interconnections, in addition to through the
      holes, such as interconnecting pathways around the edges of the boards and
      through slots made in the base material. A unique advantage of the present
      process is that only the portion of the hole which is exposed to
      activation is sensitized and becomes catalytic. If, for example, a
      negative of a conductor line passes over a hole or a slot, a positive
      slightly enlarged, catalyzed image will form on opposite sides of the hole
      walls. This permits electroless metal deposition to take place only on the
      exposed areas in the holes. It is possible in this way, with shading or
      masking, for example, to make multiple connections through the same hole,
      thereby reducing the number of holes required to make interconnections of
      individual conductors from outside surfaces of the circuit boards.
PAR  The invention in its broader aspects is not limited by the specific steps,
      methods, compositions and improvements shown and described herein, and
      departures may be made within the scope of the accompanying claims without
      departing from the principles thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for making printed circuit boards comprising treating an
      insulating base with a solution of a reducible non-noble metal salt, a
      radiation sensitive reducing compound and a secondary reducer, exposing
      the treated base to radiant energy in selected areas to produce free
      metallic nuclei in the form of a non-conducting real image of the desired
      circuit pattern, rinsing the exposed base to remove unexposed metal salts,
      and exposing the real image to an electroless metal bath to build up
      conductor lines of electroless metal thereon.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the radiant energy comprises
      light, X-ray radiation or electron beams.
NUM  3.
PAR  3. A process as defined in claim 1 wherein said insulating base is opaque
      to the transmission of radiant energy therethrough.
NUM  4.
PAR  4. A process as defined in claim 1 which also includes the intermediate
      step of intensifying the real image by deposition of a layer of
      electroless metal from an initial electroless metal bath, prior to the
      step of electrolessly plating the conductor lines.
NUM  5.
PAR  5. A process as defined in claim 1 wherein said secondary reducer is an
      organic hydroxy compound selected from an alcohol or a polyol.
NUM  6.
PAR  6. A process as defined in claim 5 wherein said organic hydroxy compound is
      glycerol, sorbitol or pentaerythritol, or a mixture of any of the
      foregoing.
NUM  7.
PAR  7. A process as defined in claim 1 wherein radiation sensitive reducing
      compound is a visible or ultraviolet light sensitive compound.
NUM  8.
PAR  8. A process as defined in claim 7 wherein said insulating base includes a
      visible or ultraviolet radiant energy absorbing barrier in an amount
      sufficient to render it opaque to the transmission of such energy.
NUM  9.
PAR  9. A process as defined in claim 1 wherein said composition also includes a
      surfactant.
NUM  10.
PAR  10. A process as defined in claim 9 wherein said surfactant is a non-ionic
      surfactant.
NUM  11.
PAR  11. A process as defined in claim 1 wherein said composition also includes
      a metal reduction accelerator.
NUM  12.
PAR  12. A process as defined in claim 11 wherein said metal reduction
      accelerator comprises a halogen compound, an organic acid or a mixture
      thereof.
NUM  13.
PAR  13. A process as defined in claim 1 wherein the electroless metal is
      copper, nickel, cobalt, gold or silver.
NUM  14.
PAR  14. A process for making printed circuit boards comprising treating an
      insulating base with a solution of a reducible non-noble metal salt, a
      radiation sensitive reducing compound and a secondary reducer, exposing
      the treated base to radiant energy in selected areas to radiant energy in
      selected areas to produce free metallic nuclei in the form of a
      non-conducting real image of the desired circuit pattern, rinsing the
      exposed base to remove unexposed metal salts, exposing the real image to
      an electroless metal bath to build up conductor lines of electroless metal
      thereon said process including the subsequent step of solder coating the
      circuit pattern.
NUM  15.
PAR  15. A process for making printed circuit boards comprising treating an
      insulating base with a solution of a reducible non-noble metal salt, a
      radiation sensitive reducing compound and a secondary reducer, exposing
      the treated base to radiant energy in selected areas to produce free
      metallic nuclei in the form of a non-conducting real image of the desired
      circuit pattern, rinsing the exposed base to remove unexposed metal salts,
      exposing the real image to an electroless metal bath to build up conductor
      lines of electroless metal thereon said process including the step of
      providing the insulating base in areas on which electroless metal
      deposition is not desired with a poison capable of lowering the catalytic
      activity in the vicinity of surface imperfections which are present in
      said areas.
NUM  16.
PAR  16. A process as defined in claim 15 wherein the poison comprises an
      element selected from the group consisting of sulfur, tellurium, selenium,
      polonium, arsenic or a mixture of the foregoing.
NUM  17.
PAR  17. A process as defined in claim 15 wherein said poison is
      2-mercaptobenzothiazole or nickel dibutyldithiocarbamate.
NUM  18.
PAR  18. A process for making printed circuit boards comprising treating an
      insulating base with a solution of a reducible non-noble metal salt, a
      radiation sensitive reducing compound and a secondary reducer, exposing
      the treated base to radiant energy in selected areas to produce free
      metallic nuclei in the form of a non-conducting real image of the desired
      circuit pattern, rinsing the exposed base to remove unexposed metal salts,
      exposing the real image to an electroless metal bath to build up conductor
      lines of electroless metal thereon, said process including the subsequent
      step of depositing electroplated metal on the electroless metal.
NUM  19.
PAR  19. A process as defined in claim 18 wherein the electroplated metal is
      copper, nickel, cobalt, gold or silver.
NUM  20.
PAR  20. In a process for making printed circuit boards, the steps comprising:
PA1  a. treating a base material having a non-polar surface with a
      pre-activating compound or composition;
PA1  b. treating the pre-activated base material with an oxidizing agent;
PA1  c. treating the pre-activated, oxidized base material with a reducing
      agent;
PA1  d. treating the base to remove the pre-activating agent and excess
      oxidizing and reducing agents;
PA1  e. treating the base with a poison to retard extraneous electroless metal
      deposition;
PA1  f. drying the base;
PA1  g. treating the base with a solution of a reducible non-noble metal salt, a
      radiation sensitive reducing compound and a secondary reducer;
PA1  h. drying the base;
PA1  i. exposing the base to radiant energy in selected areas to produce free
      metallic nuclei in the form of a non-conducting real image of the desired
      circuit pattern;
PA1  j. rinsing the base to remove unexposed metal salts;
PA1  k. immersing the base in an initial electroless metal bath to intensify the
      real image;
PA1  l. electrolessly plating the intensified image to form conductor lines of
      the desired thickness on the base;
PA1  m. rinsing the base; and
PA1  n. post-curing the base to produce the printed circuit board.
NUM  21.
PAR  21. A process as defined in claim 20 wherein the base material is opaque to
      the transmission of radiant energy therethrough.
NUM  22.
PAR  22. A process as defined in claim 21 wherein the circuit pattern is formed
      on both major surfaces of the base.
NUM  23.
PAR  23. A process as defined in claim 20 including the steps of producing at
      least one hole in the base or a pathway around the edge or through a slot
      before the pre-activating step (a), and also exposing the lateral walls of
      said hole or holes or said pathway around said edge or said slot to
      radiant energy during step (i) to provide after step (k) a conductive
      layer of metal on the hole walls or on the pathway around said edge or
      said slot in the printed circuit board.
NUM  24.
PAR  24. A process as defined in claim 20 including the subsequent steps of
      solder coating to produce a printed circuit board having a layer of solder
      on the conductor lines.
NUM  25.
PAR  25. A process as defined in claim 23 including the subsequent steps of
      solder coating to produce a printed circuit board having a continuous
      layer of solder on the conductor lines and on the layer of metal in the
      hole walls in the printed circuit board.
NUM  26.
PAR  26. In a process for making printed circuit boards, the steps comprising:
PA1  a. providing an insulating base with a resinous oxidizable surface;
PA1  b. treating the base with an oxidizing agent to oxidize the surface and
      produce a microporous surface;
PA1  c. treating the base having a microporous surface to remove excess
      oxidizing agent;
PA1  d. treating the base with a poison to retard extraneous electroless metal
      deposition;
PA1  e. drying the base;
PA1  f. treating the base with a solution of a reducible non-noble metal salt, a
      radiation sensitive reducing compound and a secondary reducer;
PA1  g. drying the base;
PA1  h. exposing the base to radiant energy in selected areas to produce free
      metallic nuclei in the form of a non-conducting real image of the desired
      circuit pattern;
PA1  i. rinsing the base to remove unexposed metal salts;
PA1  j. immersing the base in an initial electroless metal bath to intensify the
      real image;
PA1  k. electrolessly plating the intensified image to form conductor lines of
      the desired thickness on the base; and
PA1  l. rinsing the base to produce the printed circuit board.
NUM  27.
PAR  27. A process as defined in claim 26 wherein the resinous layer is an
      adhesive layer containing dispersed oxidizable rubber particles.
NUM  28.
PAR  28. A process as defined in claim 26 wherein the base material is opaque to
      the transmission of radiant energy therethrough.
NUM  29.
PAR  29. A process as defined in claim 28 wherein the circuit pattern is formed
      on both major surfaces of the base.
NUM  30.
PAR  30. A process as defined in claim 26 including the steps of producing at
      least one hole in the base or a pathway around the edge of the base or
      through a slot before the oxidation step (b), and also exposing the
      lateral walls of said hole or holes or said pathway around said edge or
      said slot to radiant energy during step (h) to provide after step (j) a
      conductive layer of metal on the hole walls or on the pathway around said
      edge or said slot in the printed circuit boards.
NUM  31.
PAR  31. A process as defined in claim 26 including the subsequent step of
      solder coating to produce a printed circuit board having a layer of solder
      on the conductor lines.
NUM  32.
PAR  32. A process as defined in claim 30 including the subsequent step of
      solder coating to produce a printed circuit board having a continuous
      layer of solder on the conductor lines and on the layer of metal in the
      hole walls in the printed circuit board.
NUM  33.
PAR  33. In a process for making printed circuit boards, the steps comprising:
PA1  a. providing an insulating base material having a resinous oxidizable
      surface;
PA1  b. treating the base with an oxidizing agent to oxidize the surface and
      produce a microporous surface;
PA1  c. treating the base having a microporous surface to remove excess
      oxidizing agent;
PA1  d. treating the base with a poison to retard extraneous electroless metal
      deposition;
PA1  e. drying the base;
PA1  f. treating the base with a solution of a reducible non-noble metal salt, a
      radiation sensitive reducing compound and a secondary reducer;
PA1  g. drying the base;
PA1  h. exposing the base to radiant energy in selected areas to produce free
      metallic nuclei in the form of a non-conducting real image of the desired
      circuit pattern;
PA1  i. rinsing the base to remove unexposed metal salts;
PA1  j. immersing the base in an initial electroless metal bath to intensify the
      real image; and
PA1  k. electroplating the intensified image to form conductor lines of the
      desired thickness on the base to produce the printed circuit board.
NUM  34.
PAR  34. A process as defined in claim 33 wherein the resinous surface is an
      adhesive containing dispersed oxidizable rubber particles.
NUM  35.
PAR  35. A process as defined in claim 33 wherein the base material is opaque to
      the transmission of radiant energy therethrough.
NUM  36.
PAR  36. A process as defined in claim 35 wherein the circuit pattern is formed
      on both major surfaces of the base.
NUM  37.
PAR  37. A process as defined in claim 33, including the steps of producing at
      least one hole in the base or a pathway around the edge of the base or
      through a slot before the oxidizer step (b), and also exposing the lateral
      walls of said hole or holes or said pathway around said edge or said slot
      to radiant energy during step (h) to provide, after step (j), a conductive
      layer of metal on the hole walls or on the pathway around said edge or
      said slot in the printed circuit board.
NUM  38.
PAR  38. A process as defined in claim 33 including the subsequent step of
      solder coating to produce a printed circuit board having a layer of solder
      on the conductor lines.
NUM  39.
PAR  39. A process as defined in claim 37 including the subsequent step of
      solder coating to produce a printed circuit board having a continuous
      layer of solder on the conductor lines and on the layer of metal or metals
      in the hole walls in the printed circuit board.
NUM  40.
PAR  40. In a process for making printed circuit boards, the steps comprising:
PA1  a. treating an insulating base material having a non-polar surface with a
      pre-activating compound or composition;
PA1  b. treating the pre-activated base material with an oxidizing agent to
      produce a microporous wettable surface on said base;
PA1  c. treating the pre-activated, oxidized base material with a reducing agent
      to neutralize and remove excess oxidizing agent from said base;
PA1  d. treating the base to remove the pre-activating agent and excess
      oxidizing and reducing agents;
PA1  e. treating the base with a poison to retard extraneous electroless metal
      deposition;
PA1  f. drying the base;
PA1  g. treating the base with a solution of a reducible metal metal salt, a
      radiation sensitive reducing compound and a secondary reducer;
PA1  h. drying the base;
PA1  i. exposing the base to radiant energy in selected areas to produce free
      metallic nuclei in the form of a non-conducting real image of the desired
      circuit pattern;
PA1  j. rinsing the base to remove unexposed metal salts;
PA1  k. immersing the base in an initial electroless metal bath to intensify the
      real image; and
PA1  l. electroplating the intensified image to form conductor lines of the
      desired thickness on the base to produce the printed circuit board.
NUM  41.
PAR  41. A process as defined in claim 40 wherein the base material is opaque to
      the transmission of radiant energy therethrough.
NUM  42.
PAR  42. A process as defined in claim 41 wherein the circuit pattern is formed
      on both major surfaces of the base.
NUM  43.
PAR  43. A process as defined in claim 40 including the steps of producing at
      least one hole in the base or a pathway around the edge of the base or
      through a slot before the pre-activating step (a), and also exposing the
      lateral walls of said hole or holes or said pathway around said edge or
      said slot to radiant energy during step (i) to provide, after step (k), a
      conductive layer of metal on the hole walls or on the pathway around said
      edge or said slot in the printed circuit board.
NUM  44.
PAR  44. A process as defined in claim 40 including the subsequent step of
      solder coating to produce a printed circuit board having a layer of solder
      on the conductor lines.
NUM  45.
PAR  45. A process as defined in claim 43 including the subsequent step of
      solder coating to produce a printed circuit board having a continuous
      layer of solder on the conductor lines and on the layer of metal or metals
      in the hole walls in the printed circuit board.
NUM  46.
PAR  46. In a process for making printed circuit boards, the steps comprising:
PA1  a. treating an insulating base material having a non-polar surface with a
      pre-activating compound or composition;
PA1  b. treating the pre-activated base material with an oxidizing agent to
      produce a microporous, wettable surface on said base;
PA1  c. treating the pre-activated, oxidized base material with a reducing agent
      to neutralize and remove excess oxidizing agent from said base;
PA1  d. treating the base to remove the pre-activating agent and excess
      oxidizing and reducing agents;
PA1  e. treating the base with a poison to retard extraneous electroless metal
      deposition;
PA1  f. drying the base;
PA1  g. treating the base with a solution of a reducible copper salt and a
      radiation sensitive anthraquinone compound;
PA1  h. drying the base;
PA1  i. exposing the base to light through a negative mask to produce a real
      image comprised of free copper nuclei in the form of the desired circuit
      pattern;
PA1  j. rinsing the base to remove unexposed copper salts;
PA1  k. immersing the base in an initial electroless copper bath to intensify
      the real image;
PA1  l. immersing the base in an electroless copper bath and plating the
      intensified image to form conductor lines of the desired thickness;
PA1  m. rinsing the base; and
PA1  n. post-curing the base to produce the printed circuit board.
NUM  47.
PAR  47. A process as defined in claim 46 wherein said insulating base includes
      a visible or ultraviolet radiant energy absorbing barrier in an amount
      sufficient to render it opaque to the transmission of such energy.
NUM  48.
PAR  48. A process as defined in claim 47 wherein the circuit pattern is formed
      on both major surfaces of the base.
NUM  49.
PAR  49. A process as defined in claim 46 including the steps of producing at
      least one hole or a pathway around the edge of the base or through a slot
      in the base before the pre-activating step (a), and also exposing the
      lateral walls of said hole or holes or said pathway around said edge or
      said slot to radiation during step (i) to provide, after step (k), a
      conductive layer of copper on the hole walls or on the pathway around said
      edge or said slot in the printed circuit board.
NUM  50.
PAR  50. A process as defined in claim 46 including the subsequent step of
      providing a metal plated layer on said conductor pattern by electroless
      deposition, solder coating or electroplating.
NUM  51.
PAR  51. A process as defined in claim 49 including the subsequent step of
      providing a continuous metal plated layer on said conductor pattern and in
      the hole walls or on the pathways by electroless deposition, solder
      coating or electroplating.
NUM  52.
PAR  52. A process for making printed circuit boards comprising treating an
      insulating base with a composition of a reducible metal salt selected from
      the group consisting of copper salts, nickel salts, cobalt salts, iron
      salts and mixtures thereof, a radiation sensitive reducing compound and a
      secondary reducer, exposing the treated base to radiant energy in selected
      areas to produce free metallic nuclei in the form of a non-conducting real
      image of the desired circuit pattern, rinsing the exposed base to remove
      unexposed metal salts, and exposing the real image to an electroless metal
      bath to build up conductor lines of electroless metal thereon.
NUM  53.
PAR  53. In a process for making printed circuit boards, the steps comprising:
PA1  a. treating a base material having a non-polar surface with a
      pre-activating compound or composition;
PA1  b. treating the pre-activated base material with an oxidizing agent;
PA1  c. treating the pre-activated, oxidized base material with a reducing
      agent;
PA1  d. treating the base to remove the pre-activating agent and excess
      oxidizing and reducing agents;
PA1  e. drying the base;
PA1  f. treating the base with a solution of a reducible metal salt selected
      from copper salts, nickel salts, cobalt salts, iron salts and mixtures
      thereof, a radiation sensitive reducing compound and a secondary reducer;
PA1  g, drying the base;
PA1  h. exposing the base to radiant energy in selected areas to produce free
      metallic nuclei in the form of a non-conducting real image of the desired
      circuit pattern;
PA1  i. rinsing the base to remove unexposed metal salts;
PA1  j. immersing the base in an initial electroless metal bath to intensify the
      real image;
PA1  k. electrolessly plating the intensified image to form conductor lines of
      the desired thickness on the base;
PA1  l. rinsing the base; and
PA1  m. post curing the base to produce the printed circuit board.
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ABST
PAL  A strong base layer for painting on an aluminous material, a thermosetting
      resin paint and a painted film having high cohesion and corrosion
      resistance are produced by forming a boehmite layer in various processes
      on the aluminous material and immersing the aluminous material provided
      with the boehmite layer in a water soluble thermosetting resin paint at
      40.degree.-60.degree.C containing an organic amine and removing the
      aluminous material from the paint bath and heating the paint thus
      deposited on the aluminous material to bake and cure the paint.
PARN
PAC  CROSS-RELATED APPLICATION
PAR  This application is a division of co-pending application Ser. No. 316,718
      filed Dec. 20, 1972 and now U.S. Pat. No. 3,876,453.
BSUM
PAR  The present invention relates to a method for painting an aluminum or
      aluminum-based alloy material and particularly to a method for forming a
      resin coated film having high cohesion on an aluminum or aluminum-based
      alloy material by treating said material in the presence of water at an
      elevated temperature at the same time as or after a pre-treatment while
      forming rapidly a boehmite layer which is a strong base layer suitable for
      painting.
PAR  In the specification, an aluminum or aluminum-based alloy material is
      referred to as merely "an aluminous material".
PAR  Heretofore, aluminous materials have been used for buildings, ships,
      airplanes and the like, for they have specific properties. The aluminous
      materials are subjected to an anodic oxidation in an electrolytic bath,
      such as a sulfuric acid bath to form a porous oxide film and then the
      pores in the resulting porous oxide film are sealed by a treatment with
      boiling water or a pressured steam. However, in alumite film formed by the
      anodic oxidation, the pores are not sealed completely by the above
      described treatment and some pores remain without sealing and from such
      portions corrosion can take place in the aluminum substrate.
PAR  In addition, it has been proposed to form a chemical film by immersing an
      aluminous material in a mixed solution of sodium carbonic anhydride and
      sodium chromic anhydride but the hardness of the formed film itself is low
      and has a low corrosion resistance.
PAR  It has been contemplated to protect the surface of the aluminous material
      by forming the above described base layer on the aluminous material by
      anodic oxidation for maintaining a beautiful appearance and then coating a
      paint thereon by a spray painting, an immersing painting, an electrostatic
      painting and the like.
PAR  However, it is not economical nor efficient to use a film formed for
      protecting an aluminous material as a base layer for painting and such a
      film has drawbacks in view of the fact that cohesion of the painted film
      and the strength of the formed composite coated film is not always
      satisfactory.
PAR  The present invention seeks to solve these problems and an object of the
      present invention is to provide a process for forming a coated film on an
      aluminous material and a process for forming a base layer for painting
      which is optimum for obtaining such coated film.
PAR  The inventors have sought a process having as many factors as possible
      which are common for both the means for forming a base layer for painting
      and the means for the painting treatment and as a result developed a
      process for painting an aluminous material by combining a means for
      forming a boehmite layer on an aluminous material and a process wherein
      the aluminous material provided with the boehmite layer is immersed in a
      water soluble thermosetting resin paint and then the paint is baked and
      cured to form a painted film.
PAR  It has been previously known that a boehmite film is formed on an aluminous
      material by immersing the aluminous material in water at a temperature
      higher than 75.degree.C after degreasing and washing with water.
      Furthermore, water at higher than 75.degree.C containing an organic amine
      or ammonium promotes the formation of the boehmite layer.
PAR  The inventors have found that an aluminous material can be most simply
      painted by immersing the aluminous material in a water-soluble
      thermosetting resin paint for a short time and then baking and curing the
      resin. For the production of the water-soluble resin to be used for the
      purpose, the resin polymer must have an added organic amine and the
      addition of the organic amine aims at the adjustment of the pH for use as
      a paint.
PAR  Furthermore, the inventors have found that when an aluminous material is
      immersed in the above described paint heated at a temperature higher than
      40.degree.C, the paint is not only coated on the aluminous material, but
      also a boehmite or bayerite layer is formed on the aluminous material and
      that since the paint is heated, a solvent in the paint depositing on the
      surface of the aluminous material is evaporated rapidly upon taking up the
      painted aluminous material to form a thick coated film.
PAR  From these facts, it has been concluded that between the process for
      forming a boehmite layer on an aluminous material as a base layer for
      painting and the process for forming a coated film by immersing the
      aluminous material in the water-soluble thermosetting resin paint and then
      baking and curing the paint, there are the following common factors.
PA1  1. Presence of water
PA1  2. Treatment under heated condition.
PA1  3. Presence of amine in each treatment.
PAR  Accordingly, the inventors have found a process for painting in which these
      common factors are most reasonably combined, that is a process for
      painting an aluminous material wherein a degreased and washed aluminous
      material is immersed in the heated water soluble thermosetting resin paint
      containing an organic amine to deposit the paint on the aluminous material
      and simultaneously to form a base layer for painting and then the
      deposited paint is baked and cured.
PAR  However, the formation of a stable boehmite layer necessary for the base
      layer for painting requires a temperature higher than 75.degree.C in water
      or an aqueous solution and therefore, in the above described process, the
      paint itself must be heated to a temperature higher than 75.degree.C and
      at such a high temperature the deterioration of the paint is conspicuous.
      However, at a temperature lower than 75.degree.C, only a bayerite layer is
      formed and therefore sufficient ability of the base layer for painting can
      hardly be attained.
PAR  Moreover, in order to form a desired base layer for painting only in the
      paint bath, the immersing time needs about 30 minutes and a large number
      of paint baths must be provided in order to conform to a cycle time (5-10
      minutes) of the other treating steps and it has been found that this
      process is not advantageous commercially.
PAR  In addition, it has been found that boehmite is a hydrate of aluminum oxide
      but the color of boehmite is influenced by impurites in the aqueous
      solution upon the formation of boehmite and when it is intended to obtain
      a clear painting of an aluminous material by this process, it is difficult
      to obtain a colorless clear boehmite layer necessary for such a painting.
PAR  The inventors have solved the problem that the base layer for painting and
      the coated film are formed separately without supplementing and completing
      each property mutually both in the formation step and the quality, which
      is the common drawback in conventional process, obviated the drawbacks in
      the above described idea and developed this idea whereby the present
      invention has been accomplished.
PAR  The present invention seeks to solve the following general problems in
      conventional processes.
PAR  1. Both the base layer formed by an anodic oxidation and the boehmite base
      layer formed in a heated aqueous solution are easily soluble and are not
      suitable as the base layer for painting.
PAR  Namely, the film formed by an anodic oxidation is rapidly dissolved in a
      boiled disengaging solution (for example, an aqueous solution of CrO.sub.3
      and phosphoric acid).
PAR  The above described boehmite layer is also easily soluble and dissolved in
      the boiled disengaging solution for about 20 minutes and a difficulty
      soluble boehmite layer is not substantially obtained.
PAR  2. Even if a boehmite layer is formed as a base layer, impurities are
      admixed and bonded upon the formation boehmite layer to color the boehmite
      layer and it is difficult to obtain a clear boehmite layer commercially
      and therefore it is impossible to utilize the inherent color of aluminous
      materials effectively.
PAR  3. Both the layer formed by an anodic oxidation and the above described
      chemically formed layer are low in mechanical strength and therefore when
      the aluminous material is deformed, these layers are frequently broken and
      further these layers are poor in the cohesion with painted film.
PAR  4. Since the painting of an aluminous material is effected at room
      temperature, it is difficult to form a thick coated film.
PAR  The first aspect of the present invention consists in a process for
      painting of an aluminous material in which the aluminous material is
      firstly heated in the presence of water and an agent for promoting
      formation of a boehmite layer, such as an organic amine or nitric acid to
      form a boehmite layer and successively the thus treated aluminous material
      provided with the boehmite layer is immersed in a water soluble
      thermosetting resin paint containing an organic amine heated at a
      temperature of about 40.degree.-60.degree.C to deposit the paint on the
      aluminous material and then it is taken out from the paint bath and the
      deposited paint is set and then baked and cured under such a condition
      that the paint deposited on the surface of the aluminous material contains
      water and organic amine.
PAR  An embodiment for forming the boehmite layer will be explained hereinafter.
PAR  An aluminous material is pretreated as in a conventional manner, that is
      said material is degreased and washed with water and is subjected to an
      etching, washed with water, neutralized and washed with water.
PAR  The thus treated aluminous material is immersed in warm water or a warm
      aqueous solution containing an organic amine. This immersing step aims at
      the formation of bayerite and to promote the formation of boehmite in the
      next step. Accordingly, in this embodiment the treatment in the warm water
      is an essential requirement and the temperature of the warm water is
      higher than 40.degree.C in view of the rapid formation of boehmite in the
      next step whereas a temperature higher than 75.degree.C is not preferable
      in view of the formation of bayerite, because at such a temperature the
      formation of boehmite layer commences.
PAR  The organic amine is added in order to promote the formation of boehmite
      effectively.
PAR  An explanation will be made hereinafter with respect to the difference
      between bayerite and boehmite. Namely, both bayerite and boehmite are
      crystalline aluminum oxide hydrates but the amount of crystal water is
      different and they are different in structure (for example, bayerite is
      .gamma.-Al.sub.2 O.sub.3.3 H.sub.2 O and boehmite is .gamma.-Al.sub.2
      O.sub.3.H.sub. 2 O).
PAR  After the bayerite layer is formed on the aluminous material as described
      above, the aluminous material is immediately immersed in boiling water or
      sprayed with steam to form a boehmite layer.
PAR  The above described embodiment has the following advantages.
PAR  1. The bayerite layer is previously formed on the aluminous material and
      then the boehmite layer is formed. Therefore, the formation of boehmite is
      more promoted than in the direct formation of boehmite.
PAR  2. When the aluminous material is subjected to the treatment for forming
      boehmite, for example spray of steam, the aluminous material has been
      already preheated to a temperature higher than 40.degree.C and
      consequently boehmite is formed homogeneously and favorably. That is, it
      has been known that boehmite is formed at a temperature higher than
      75.degree.C and therefore it is preferred that the aluminous material has
      been preheated before the spray of steam or the immersing step in boiling
      water and the above described treatment in warm water is effective.
PAR  Then the aluminous material provided with the boehmite layer is immersed in
      a heated water soluble thermosetting resin paint. This immersing treatment
      not only effects painting but also makes the formed boehmite more stable.
PAR  For this purpose, the above described paint is maintained at a heated
      condition and this temperature is usually about 40.degree.-60.degree.C.
      The maintenance of the heated condition has the following significance.
      Namely, a thick painted film can be easily formed on the aluminous
      material, because the aluminous material sprayed with steam is immediately
      immersed in the paint bath and then taken out from the bath and
      consequently, the solvent in the paint deposited on the aluminous material
      is evaporated in a short time owing to the preheating of the aluminous
      material by the steam spray and the desired amount of paint is maintained
      on the aluminous material and the desired thickness of painted film is
      obtained and the cohesion of the painted film is improved.
PAR  As a water soluble thermosetting resin paint, mention may be made of acryl,
      alkyd and phenol alkyd series paints. When the water soluble resin paint
      contains an organic amine, the boehmite layer is stabilized and the
      formation thereof is promoted. Such organic amines are, for example,
      dimethylethanolamine, triethylamine and the like.
PAR  Then the thus treated aluminous material is subjected to a heat treatment
      to not only bake and cure the paint but also promote the growth of the
      boehmite base layer.
PAR  The treatment for promoting the boehmite base layer serves to provide a
      difficulty soluble boehmite layer other than the above described easily
      soluble boehmite layer.
PAR  Namely, it has been known that in the boehmite layer there are generally an
      easily soluble layer and a difficulty soluble layer and the boehmite layer
      formed by a conventional method is limited to the easily soluble layer and
      therefore such a layer has a problem as the base layer for painting as
      mentioned above.
PAR  In the above described process, the whole boehmite layer formed until the
      immersing painting is easily soluble but when the coated film maintaining
      a wet state is heated, the oxidation rate of the above described easily
      soluble boehmite is improved in a very short time and a difficulty soluble
      boehmite layer is provided. In these two boehmite layers, the difficulty
      soluble boehmite layer positions in the vicinity of the surface of the
      aluminous material and the easily soluble boehmite layer positions
      thereon. In this case, the heating temperature is 150-210.degree.C and the
      treating time is about 15-30 minutes. This treating condition also is
      effective for cohesion and curing of the painted film.
PAR  As mentioned above, the above described process has the following
      advantages
PAR  1. The formation of a base layer for painting and the formation of a
      painted film are effected in a continuous step and the base layer is
      provided with a difficultly soluble boehmite layer. Therefore, this
      process is economically excellent and a painted film having a high
      cohesion and strength can be obtained.
PAR  2. In this process, since all the steps are effected under heating or under
      a mildly warmed condition, the boehmite and the painted film are formed
      rapidly and strongly and the cohesion of the painted film is high.
PAR  3. Since a bayerite layer is firstly formed and then converted into a
      boehmite layer, the formation of the boehmite layer is rapid and easy.
PAR  4. The painting is carried out in a heated condition, so that a painted
      film having a sufficient thickness can be obtained. Therefore, the painted
      film has an excellent durability.
PAR  5. Since the aluminous material has been preheated in the step for forming
      the boehmite layer, the time for immersing the aluminous material in the
      paint can be shortened, and moreover the temperature of the paint bath is
      not lowered.
PAR  In order to further improve the above described invention, the inventors
      have contemplated a combination of the pretreatment of degrease-washing
      with water-etching, with a formation of a base layer for painting and
      attempted various improvements for shortening the base layer forming step
      and for increasing the cohesion with a painted film.
PAR  The present invention also seeks to form a base layer, suitable for
      painting and having excellent properties, on an aluminous material and to
      obtain a strong composite coated film in which a painted film is bonded
      strongly to the base layer.
PAR  For direct painting of an aluminous material, it has been already proposed
      that a boehmite layer be formed on the aluminous material and then a
      painting be made thereon.
PAR  In addition, it has been already proposed that the surface of an aluminous
      material be roughened by a physical or chemical means and then a boehmite
      film formed thereon.
PAR  However, in this process the step of roughening the surface and the step
      for forming boehmite must be effected separately and the step is
      complicated. A chemically roughening treatment involves a chemical etching
      by means of sodium hydroxide, etc. but in this case the roughness of the
      surface is insufficient and further there is a problem of pollution by
      discharge of the treated solution.
PAR  If the means for roughening the surface is a physical means, fine particles
      used in the roughening treatment become stuck on the surface of the
      aluminous material and therefore the stuck particles must be removed by a
      washing treatment and thereafter the treatment for forming a boehmite
      layer is carried out. On the other hand, when the treatment for roughening
      the surface in a chemical process, the chemical treating agent must be
      removed by washing prior to the formation of the boehmite layer. The
      inventors have diligently tried to develop a process which solves the
      drawbacks of conventional processes, simplifies the operation, provides a
      satisfactory surface roughness and has no public nuisance and in this
      regard have accomplished the present invention.
PAR  Namely, it has been found that it is possible to roughen the surface of an
      aluminous material and simultaneously form a boehmite layer on the
      aluminous material by spraying water or an aqueous solution of an organic
      amine under a pressure of 1-20 Kg/cm.sup.2 at a temperature higher than
      75.degree.C containing a fine particles having a hardness higher than that
      of the aluminous material, the grain size of said particles being 50-300
      .mu., for example glass bead particles, on the degreased and washed
      aluminous material. However, only by this means, the fine particles stick
      to the surface of the aluminous material and further the boehmite layer is
      not sufficiently formed.
PAR  It has been found that by immersing the thus treated aluminous material in
      an aqueous solution at a temperature higher than 75.degree.C, containing
      an organic amine or spraying water or an aqueous solution of an organic
      amine at a temperature higher than 75.degree.C, the fine particles stuck
      on the aluminous material are removed and at the same time the formation
      of the boehmite layer is promoted to form a stable layer.
PAR  The second aspect of the present invention is to provide a method for
      forming a base layer for painting of an aluminous material in which a
      surface of the aluminous material is roughened and at the same time a base
      layer is formed, said base layer having high corrosion resistance and
      mechanical strength.
PAR  That is, an aqueous solution of pH 9-11 containing 10.sup..sup.-3 -
      10.sup..sup.-5 mol of an organic amine is sprayed on degreased and washed
      aluminous material together with fine particles, such as glass bead
      particles, glass powder particles, Carborundum particles or Alundum
      particles. The spray of the fine particles seeks mainly to roughen the
      surface and at the same time contribute to the formation of the boehmite
      layer due to the sprayed water and organic amine.
PAR  The base layer of the present invention is a boehmite layer, which has high
      corrosion resistance and mechanical strength and even if the aluminous
      material is deformed, this boehmite layer is not disengaged nor broken.
      However, although this boehmite layer has such excellent properties,
      industrial production thereof requires a long time and it is not always
      possible to obtain a stable boehmite layer.
PAR  The inventors have studied this point and as a result, it has been found
      that when an aqueous solution of an organic amine containing fine
      particles is sprayed on an aluminum material, the surface roughening
      treatment can be favorably effected as mentioned above and at the same
      time the boehmite layer is formed on the aluminous material in only about
      3 minutes and the layer is stabilized by the successive washing with
      water. This is because the surface of the aluminous material is activated
      by the fine particles and water acts instantaneously when said surface is
      activated and further the presence of the organic amine presumably
      promotes the formation of boehmite. The aqueous solution of an organic
      amine containing fine particles is preferred to be sprayed at a
      temperature higher than 75.degree.C.
PAR  The organic amines are, for example, monoethanolamine, triethylamine,
      dimethylethanolamine, diethylethanolamine, morpholine, butylamine and the
      like.
PAR  As mentioned above, a base layer is formed on an aluminous material by the
      spray treatment and then the resulting base layer is immersed in an
      aqueous solution of an organic amine. This immersing treatment removes
      fine particles stuck on the aluminous material and at the same time the
      formed base layer is more stabilized. The temperature of the aqueous
      solution of organic amine is higher than 75.degree.C and the immersing
      time is about 3 minutes.
PAR  Instead of the above described immersing step, the same object can be
      attained by spraying steam. The spraying step of steam mainly serves to
      stabilize the already formed base layer and as a subordinate action the
      fine particles on the surface of the aluminous material are removed.
      Accordingly, if the steam contain the above described amine, the more
      favorable result can be attained and the treating time is usually more
      than 3 minutes.
PAR  Furthermore, a more favorable result can be attained by spraying an aqueous
      solution containing the organic amine together with a surfactant in the
      fine particle spraying step.
PAR  In this case, the surfactant mainly serves to degrease and when a
      surfactant is used in the spraying step, it is not necessary to effect a
      degreasing and washing step as an independent process.
PAR  By combining the above described processes, an undegreased aluminous
      material is sprayed with water containing a surfactant and fine particles
      and having a temperature higher than 75.degree.C and at the same time, or
      after a small time interval, steam is sprayed and then the aluminous
      material is immersed in an aqueous solution of the organic amine at a
      temperature higher than 75.degree.C to effect the degreasing, washing,
      surface roughening, formation of the base layer and washing steps in a
      short time.
PAR  As mentioned above, according to the process of the present invention, the
      boehmite layer as the base layer for painting can be formed on an
      aluminous material economically in a simplified operation and in a short
      time, and by the successive painting and baking treatment, the stable base
      layer can be simultaneously formed.
PAR  As seen from the above explanation, the process as described above has the
      following advantage.
PAR  1. The steps for degreasing, roughening the surface, forming the base layer
      and washing can be effected at the same time or successively and therefore
      the treatment steps prior to painting can be simplified and this process
      is very economical.
PAR  2. The base layer is a boehmite layer and particularly, the boehmite base
      layer can be formed in a very short time and the base layer is very
      stable.
PAR  3. There is no problem in handling of the waste solution after the
      treatment and substantially no chemical agents are used and also in this
      respect, this process is very economical.
PAR  By the above mentioned process, two-thirds of the object of the present
      invention can be attained. However, colorless clear base layers for
      painting have been demanded. Namely, unless a base layer for painting
      which can provide a clear painted film utilizing the metal luster of
      aluminous material by applying a clear paint is obtained, the object of
      the present invention cannot be fully accomplished.
PAR  As one process for forming boehmite layer, it has been proposed that an
      aluminous material be immersed in an aqueous solution while maintaining a
      pH of 4-11 by adding at least one of HCl, H.sub.2 SO.sub.4, HNO.sub.3,
      Na.sub.2 SO.sub.4, NaOH and NaCl, at 98.degree.C for at least 4 hours.
      However, this known process for forming boehmite aims at the formation of
      a boehmite layer suitable for anti-corrosion and therefore it is necessary
      to treat an aluminous material with an aqueous solution of a weak acid or
      a weak alkali at a high temperature for a long time and it is difficult to
      obtain a colorless clear boehmite layer.
PAR  In the conventional process, the behavior of both cation and anion in
      acidic or alkaline solution is not clarified and therefore a colorless
      clear boehmite layer cannot be obtained. Prevention of coloration reaction
      due to impurities in the aluminous material or in the treating aqueous
      solution is not clarified and the aging of the treating aqueous solution
      is rapid and the bath control is complicated.
PAR  For the above described reason, in the prior art it is very difficult to
      obtain commercially a stable colorless clear boehmite layer rapidly.
PAR  The third aspect of the present invention is to provide a method for
      forming a colorless clear boehmite base layer for painting of an aluminous
      material, which is excellent in cohesion and strength.
PAR  Boehmite is a hydrate of aluminum oxide and when impurites, such as
      silicon, nickel or iron, are contained in an aluminous material in the
      course of production, these impurities act together with impurities
      admixed in an aqueous solution to cause a coloration reaction (usually
      amber color) and particularly silicon among the above described impurites
      causes an acceleration oxidation as SiO.sub.2 in an aqueous solution and
      considerably influences the coloration reaction and it is very difficult
      to obtain a colorless clear boehmite. This drawback hinders the clear
      painting of aluminous materials and limits the utilization of the boehmite
      layer as a base layer for painting. As a requirement for the production of
      boehmite, the presence of water and the production temperature of higher
      than 75.degree.C are necessary. However, in order to form the sufficiently
      stabilized boehmite layer on an aluminous material as a base layer for
      painting, a long time is necessary and further it is difficult to obtain a
      high corrosion resistance.
PAR  Another object of the present invention is to provide a method for
      commercially forming a colorless clear boehmite base layer having a high
      corrosion resistance.
PAR  An aluminous material subjected to a pretreatment, for example
      degreasing-washing with water-etching-washing with
      water-neutralization-washing with water, is immersed in water or an
      aqueous solution of the above described organic amine and 0.5-20 V of
      direct or alternate current is applied thereto to form boehmite. In this
      case, the treating time is about 3 minutes and the aluminous material may
      be the anode or cathode.
PAR  For the production of boehmite, the temperature of the aqueous solution is
      preferred to be higher than 75.degree.C and by applying more than 0.5 V of
      current a colorless clear boehmite layer can be obtained. This is
      presumably because the impurities in the aluminous material and the
      impurities in the aqueous solution are adsorbed at the other pole upon
      passing an electric current.
PAR  Even if an electric current is not passed through water or the aqueous
      solution, when a metal which is more electrically noble than the aluminous
      material, such as stainless steel, nickel or lead is used as an opposite
      pole to the aluminous material, the same object can be attained.
PAR  In this case, one of the poles is the aluminous material and the other pole
      is a metal which is more noble than the aluminous material and therefore
      one of poles of aluminous material is charged - and the other pole is
      charged +. Accordingly, the impurities present in the aqueous solution are
      adsorbed by said other pole and even if the aluminous material contained
      impurities, the impurities do not color the boehmite layer.
PAR  Instead of using the aluminous material and the more noble metal as
      opposite poles, if the vessel for containing the aqueous solution is
      constituted of a metal more noble than the aluminous material, the same
      effect can be obtained.
PAR  In order to form a more stabilized colorless clear boehmite layer rapidly,
      a degreased and washed aluminous material is immersed in a basic aqueous
      solution of pH 9.5-11 at 40.degree.-75.degree.C for more than 2 minutes
      and then the aluminous material is immersed in water or the above
      described aqueous solution, where the metal more noble than the aluminous
      material is introduced as an opposite pole, having a temperature higher
      than 75.degree.C and pH of 9.5-11 for more than 3 minutes.
PAR  The step wherein the aluminous material is treated in an aqueous solution
      of pH of 9.5-11 at 40.degree.-70.degree.C for more than 2 minutes, is a
      pretreatment for the forming of the boehmite layer on the aluminous
      material and it serves to form a bayerite layer and to preheat the
      aluminous material. At a pH of less than 9.5, the formation of bayerite is
      difficult in the treatment of about 2 minutes and at a pH of more than 11,
      the formed bayerite may be dissolved off again.
PAR  The maintenance of the above described pH in the aqueous solution can be
      attained by the addition of organic amines and other alkaline substances,
      for example 2-dimethylaminoethanol, morpholine, sodium carbonate, sodium
      hydroxide, barium hydroxide and the like.
PAR  As mentioned above, the aluminous material is subjected to the
      pre-treatment and thereafter the aluminous material is immersed in an
      aqueous solution at at temperature higher than 75.degree.C at the above
      described pH for more than 3 minutes. This treatment is effected for
      converting the primarily formed bayerite to boehmite and from this point
      of view the temperature must be higher than 75.degree.C.
PAR  In the above description, the second stage of treatment for forming
      boehmite is shown by an embodiment wherein said treatment is effected in a
      basic aqueous solution of pH of 9.5-11 but if the temperature is higher
      than 75.degree.C, the boehmite is formed even in a mere aqueous solution.
PAR  Alternatively, as the treating aqueous solution of the second stage, an
      aqueous solution of nitric acid of pH of 2.5-3.5 may be used.
PAR  At a pH of less than 2.5 in the aqueous solution of nitric acid, the
      boehmite layer is dissolved off and the formation of the layer is
      impossible and at a pH of more than 3.5, ionization of impurities in the
      aluminous material lowers and the dissociation is not promoted and the
      influence for forming the colorless boehmite is reduced. The selection of
      nitric acid is based on the following reason. The acidic solution serves
      to stabilize the boehmite layer and further the activity of nitric acid
      for dissociating impurities is higher than that of sulfuric acid,
      hydrochloric acid and the like and accordingly, nitric acid is most
      suitable for forming the boehmite layer and making the layer colorless and
      clear.
PAR  As seen from the above, this process has the following effects.
PAR  1. The colorless clear boehmite layer is obtained as a base layer for
      painting.
PAR  2. Said colorless clear boehmite layer can be obtained rapidly and the
      resulting layer has a satisfactory property as a base layer for painting
      even if the treating time is short.
PAR  Following the treatment for forming the base layer, a clear paint is
      applied on the thus treated aluminous material and then it is baked and
      cured to form a painted film having a luster inherent to aluminous
      material, which has excellent cohesion and corrosion resistance.
PAR  The step for forming the base layer is a primary step for forming a finally
      completed base layer in the painting step and further a preheating step
      for promoting the heated painting treatment.
PAR  The following examples are given for the purpose of illustration of this
      invention and are not intended as limitations thereof. In the examples,
      "%" and "part" mean by weight unless otherwise specified.
DETD
PAC  EXAMPLE 1
PAR  Aluminum-based alloy AA 6,063 was immersed in an 8.0% NaOH aqueous solution
      at 60.degree.C for 3 minutes to degrease the alloy and then it was washed
      with water. Then, the aluminum alloy was immersed in a 10% HNO.sub.3
      aqueous solution at room temperature for 20 seconds to neutralize the NaOH
      remaining on the surface of the alloy and it was thereafter washed with
      water.
PAR  The above degreased and washed aluminum-based alloy was immersed in a warm
      aqueous solution containing 500 ppm of dimethylethanolamine at 50.degree.C
      for 5 minutes. As the result of this treatment, an ambercolored bayerite
      layer was formed on the alloy. Then, the alloy was sprayed with steam for
      about 10 minutes under atmospheric pressure. Examination of the layer
      formed on the alloy was made by means of electron diffraction, and it was
      found that a boehmite layer was formed. When a solubility test of this
      beohmite layer was effected by using an aqueous solution containing
      CrO.sub.3 and phosphoric acid, the layer was wholly dissolved within 20
      minutes, and was easily soluble. Then, the alloy was immersed in a
      transparent water-soluble thermosetting resin paint heated at 45.degree.C
      and having the composition as shown in the following Table 1 for 2
      minutes, whereafter it was taken out from the paint and subjected to
      setting. When the resulting painted film was peeled off, and the beohmite
      layer on the aluminum-based alloy was examined, it was found that the
      boehmite layer was a transparent and stable layer.
PAR  The above treated alloy was finally heated at 180.degree.C for 20 minutes,
      whereby a painted film having a high cohesion was formed. From the
      examination of the solubility of the base layer by means of the above
      described test solution, it was confirmed that a difficulty soluble
      boehmite layer was formed, which did not dissolve even when the layer was
      immersed in the test solution for more than 20 minutes. Further, it was
      confirmed that such a difficulty soluble boehmite layer was formed on all
      aluminum-based alloys.
TBL                Table 1                                                     

     ______________________________________                                    

                           Recipe                                              

            Ingredient     (part)                                              

     ______________________________________                                    

     Acrylic resin         24.0                                                

     Melamine resin        6.0                                                 

     Diemethylethanolamine 5.6                                                 

     Ethylene glycol       18.5                                                

     monobutyl ether                                                           

     Ethylene glycol       10.0                                                

     monoethyl ether                                                           

     Water                 35.9                                                

     Total                 100.0                                               

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  The same aluminum-based alloy as used in Example 1 was degreased and washed
      with water in a conventional manner as described in Example 1. Then, the
      alloy was immersed in warm water at 50.degree.C for 5 minutes, and further
      immersed in boiling water containing 0.1% of dimethylethanolamine for 5
      minutes, and subjected to painting and heating treatments in the same
      manner as described in Example 1.
PAR  The resulting painted film had substantially the same quality as the
      painted film of Example 1, and had an amber color due to the
      dimethylethanolamine added to the boiling water.
PAC  EXAMPLE 3
PAR  Aluminum-based alloy AA 1100 was degreased and washed with water in a
      conventional manner. Then, the alloy was sprayed with an aqueous
      dispersion containing 0.3% of triethanolamine and glass bead particles
      having a size of 149 to 210 .mu. at 80.degree.C under a spraying pressure
      of 3 Kg/cm.sup.2, and then it was immersed in hot water containing 0.3% of
      triethanolamine at 90.degree.C for 15 minutes. By such a treatment, a
      properly roughened surface was formed on the aluminum-based alloy and at
      the same time a boehmite layer suitable as a base layer for painting was
      formed on the rough surface.
PAR  Then, the alloy was immersed in a water-soluble thermosetting resin paint
      heated to 60.degree.C and having the composition as shown in the following
      Table 2 for one minute, then it was taken out from the paint, subjected to
      setting, and heat-treated at 180.degree.C for 15 minutes, whereby a
      painted film having a high cohesion was formed on the aluminum-based
      alloy.
TBL                Table 2                                                     

     ______________________________________                                    

                           Recipe                                              

            Ingredient     (part))                                             

     ______________________________________                                    

     Acrylic resin         27.4                                                

     Melamine resin        4.0                                                 

     Monoethanolamine      8.0                                                 

     Ethylene glycol       11.0                                                

     monobutyl ether                                                           

     Ethylene glycol       17.0                                                

     monoethyl ether                                                           

     Surfactant            2.6                                                 

     Water                 30.0                                                

     Total                 100.0                                               

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  The same aluminum-based alloy as used in Example 3 was degreased and washed
      in a conventional manner. Then, the alloy was sprayed with superheated
      steam containing glass bead particles having a size of 149 to 210 .mu. and
      kept at a pressure of 7 Kg/cm.sup.2, and thereafter sprayed with
      superheated steam at a pressure of 5 Kg/cm.sup.2 for about 10 minutes. By
      such a treatment, a properly roughened surface was formed on the
      aluminum-based alloy and a boehmite layer suitable as a base layer for
      painting was formed on the rough surface similarly to Example 3. Then, the
      alloy was subjected to painting and heating treatments in the same manner
      as described in Example 3, whereby a painted film similar to that of
      Example 3 was formed on the aluminum-based alloy.
PAC  EXAMPLE 5
PAR  Aluminum-based alloy AA 6063 was sprayed with an aqueous dispersion
      containing glass bead particles having a size of 149 to 210 .mu., 0.3% of
      triethanolamine and a surfactant (Nonion type, Sunclear, Trademark, Made
      by Nikka Chemical Industrial Co., Ltd., pH: about 11.5) for about 3
      minutes at a temperature of 75.degree.C and under a spraying pressure of 5
      Kg/cm.sup.2, and then it was immersed in an aqueous solution containing
      0.3% of triethanolamine for 15 minutes. By such a treatment, a properly
      roughened surface was formed on the aluminum-based alloy and a boehmite
      layer, suitable as a base layer for painting, was formed on the rough
      surface similarly to Example 3. Then, the alloy was immersed in a
      water-soluble thermosetting resin paint heated at the 50.degree.C and
      having the composition as shown in the following Table 3 for 2 minutes,
      taken out from the paint, subjected to setting, and heat-treated at
      200.degree.C for 20 minutes, whereby a white painted film having a high
      cohesion was formed on the aluminum-based alloy.
TBL                Table 3                                                     

     ______________________________________                                    

                           Recipe                                              

            Ingredient     (part)                                              

     ______________________________________                                    

     Titanium oxide        25.0                                                

     Acrylic resin         10.0                                                

     Melamine resin        3.0                                                 

     Triethylamine         8.0                                                 

     Ethylene glycol       10.0                                                

     monobutyl ether                                                           

     Ethylene glycol       17.0                                                

     monoethyl ether                                                           

     Surfactant            2.0                                                 

     Water                 25.0                                                

     Total                 100.0                                               

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  The same aluminum-based alloy as used in Example 3 was degreased and washed
      with water in a conventional manner. Then, the alloy was sprayed with
      steam containing 0.3% of triethanolamine and glass bead particles having a
      size of 149 to 210 .mu. under a spraying pressure of 7 Kg/cm.sup.2, and it
      was then sprayed with steam containing 0.3% of triethanolamine for 4
      minutes under a spraying pressure of 5 Kg/cm.sup.2. By such a treatment, a
      properly roughened surface was formed on the alloy and a boehmite layer
      suitable as a base layer for painting was formed on the rough surface
      similarly to Example 3. Then, the alloy was subjected to painting and
      heating treatments in the same manner as described in Example 5, whereby a
      painted film similar to that of Example 5 was formed on the aluminum-based
      alloy.
PAC  EXAMPLE 7
PAR  The same aluminum-based alloy as used in Example 3 was sprayed with an
      aqueous dispersion containing a surfactant as described in Example 5 and
      glass bead particles having a size of 149 to 210 .mu. and at 80.degree.C
      under a spraying pressure of 3 Kg/cm.sup.2, and after the spraying of the
      aqueous dispersion, steam was sprayed onto the alloy. Then, the alloy was
      immersed in water containing 0.3% of triethanolamine and at 90.degree.C
      for 15 minutes. By such a treatment, a properly roughened surface was
      formed on the alloy and a boehmite layer suitable as a base layer for
      painting was formed on the rough surface similarly to Example 3. Then, the
      alloy was subjected to painting and heating treatments in the same manner
      as described in Example 1, whereby a painted film having a high cohesion
      was formed on the aluminum-based alloy.
PAC  EXAMPLE 8
PAR  The same aluminum-based alloy as used in Example 1 was degreased and washed
      with water in a conventional manner. Then, the alloy was immersed in
      boiling water (100.degree.C), and supplied with a direct current of 10 V
      for 4 minutes, whereby a transparent colorless boehmite layer was formed
      on the alloy. Then, the alloy was immersed in a transparent water-soluble
      thermosetting resin paint at 47.degree.C and having the composition as
      shown in the following Table 4 for 50 seconds, taken out from the paint,
      subjected to setting, and heat-treated at 210.degree.C for 20 minutes,
      whereby a highly transparent painted film was formed on the aluminum-based
      alloy.
PAR  When an electric voltage was applied to the alloy in the formation of the
      above described boehmite layer, a somewhat improved result was obtained in
      the case when the alloy was used as the cathode as compared with the case
      when the alloy was used as the anode. However, there is no significant
      difference between the two cases.
TBL                Table 4                                                     

     ______________________________________                                    

                           Recipe                                              

            Ingredient     (part)                                              

     ______________________________________                                    

     Acrylic resin         30.0                                                

     Melamine resin        9.0                                                 

     Dimethylethanolamine  4.0                                                 

     Ethylene glycol       19.0                                                

     monobutyl ether                                                           

     Ethylene glycol       15.0                                                

     monoethyl ether                                                           

     Water                 23.0                                                

     Total                 100.0                                               

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  The same aluminum-based alloy as used in Example 3 was degreased and washed
      with water in a conventional manner. Then, the alloy was immersed in
      boiling water (100.degree.C), supplied with an alternating current of 0.5
      V for 6 minutes, and taken out from the boiling water. By such a
      treatment, a transparent colorless boehmite layer was formed on the alloy
      similarly to Example 8. Then, the alloy was subjected to painting and
      heating treatments in the same manner as described in Example 8, whereby a
      highly transparent painted film, similar to that of Example 8, was formed
      on the aluminum-based alloy.
PAC  EXAMPLE 10
PAR  The same aluminum-based alloy as used in Example 1 was degreased and washed
      with water in a conventional manner. Then, the alloy was immersed in
      boiling water (about 100.degree.C) for 4 minutes together with a stainless
      steel plate (SUS 27) as an opposite pole to the alloy. By such a
      treatment, a transparent colorless boehmite layer was formed on the alloy.
      Then, the alloy was subjected to painting and heating treatments in the
      same manner as described in Example 8, whereby a highly transparent
      painted film similar to that of Example 8 was formed on the aluminum-based
      alloy.
PAC  EXAMPLE 11
PAR  Two plates of aluminum-based alloys, the same as used in Example 3, were
      degreased and washed with water in a conventional manner. Then, these
      alloys were immersed in boiling water in a vessel made of stainless steel
      plate (SUS 27) for 4 minutes to form a transparent colorless boehmite
      layer on each of the aluminum-based alloys.
PAR  Then, the alloy was subjected to painting and heating treatments in the
      same manner as described in Example 8, whereby a highly transparent
      painted film similar to that of Example 8 was formed on the aluminum-based
      alloy.
PAC  EXAMPLE 12
PAR  The same aluminum-based alloy as used in Example 1 was degreased and washed
      with water in a conventional manner.
PAR  Then, the alloy was immersed in a warmed aqueous solution containing
      1.times.10.sup.-.sup.2 mol of 2-dimethylaminoethanol or morpholine at
      60.degree.C for 4 minutes, after which the temperature of the solution was
      raised to 75.degree.C, and then a stainless steel plate was immersed
      therein for 5 minutes as an opposite pole to the alloy, and then the alloy
      was taken out from the solution. By such a treatment, a transparent
      colorless boehmite layer was formed on the aluminum-based alloy. Then, the
      alloy was subjected to painting and heating treatments in the same manner
      as described in Example 1, whereby a highly transparent painted film was
      formed on the aluminum-based alloy.
PAC  EXAMPLE 13
PAR  The same aluminum-based alloy as used in Example 3 was degreased and washed
      with water in a conventional manner. Then, the alloy was immersed in a
      warmed aqueous solution containing 1.times.10.sup.-.sup.3 mol of sodium
      carbonate or barium hydroxide or 5.times.10.sup.-.sup.4 mol of sodium
      hydroxide at 60.degree.C for 5 minutes, and then the alloy and a steel
      plate were immersed in boiling water for 7 minutes as opposite poles, and
      taken out from the water. By such a treatment, a transparent colorless
      boehmite layer was formed on the aluminum-based alloy. Then, the alloy was
      subjected to painting and heating treatments in the same manner as
      described in Example 1, whereby a highly transparent painted film was
      formed on the aluminum-based alloy.
PAC  EXAMPLE 14
PAR  The same aluminum-based alloy as used in Example 1 was degreased and washed
      with water in a conventional manner. Then, the alloy was immersed in warm
      water at 50.degree.C for 5 minutes to form a bayerite layer on the alloy,
      after which the alloy was immersed for 8 minutes in an aqueous solution of
      nitric acid at 95.degree.C and having a pH of 3.1, which was contained in
      a stainless steel vessel, and then the alloy was taken out from the
      vessel. By such a treatment, a transparent colorless boehmite layer was
      formed on the aluminum-based alloy. Then, the alloy was subjected to
      painting and heating treatments in the same manner as described in Example
      1, whereby a highly transparent painted film was formed on the
      aluminum-based alloy.
PAC  EXAMPLE 15
PAR  The same aluminum-based alloy as used in Example 3 was degreased and washed
      with water in a conventional manner. Then, the alloy was immersed in warm
      water at 60.degree.C and containing 500 ppm of dimethylethanolamine for 3
      minutes to form a bayerite layer on the alloy, after which the alloy was
      immersed in an aqueous solution of nitric acid having a pH of 2.7 and at
      98.degree.C for 8 minutes together with a stainless steel plate as an
      opposite pole to the alloy, and then the alloy was taken out from the
      solution. By such a treatment, a transparent colorless boehmite layer was
      formed on the aluminum-based alloy. Then, the alloy was subjected to
      painting and heating treatments in the same manner as described in Example
      1, whereby a highly transparent painted film was formed on the
      aluminum-based alloy.
PAR  As described above, since the process of the present invention is very
      simple, control of the operation is easy and a painted film having an
      improved quality can be easily obtained. Moreover, the cohesion between
      the base layer and the painted film is remarkably high, and additionally
      the painted film itself has excellent physical properties. Therefore, the
      present invention is superior to conventional methods.
PAC  EXAMPLE 16
PAR  Comparison of composite coated films, which were composed of a base layer
      formed on aluminum-based alloy AA 6063 by anodic oxidation and a clear
      synthetic paint painted thereon, with the composite coated film obtained
      in Example 14 of the present invention was made under the conditions
      described in the following Tables 5 and 6 in order to show the improved
      quality of the composite coated film of the present invention, and the
      quality of the tested samples were estimated and marked according to the
      standard described in the following Table 7. Table 5 shows the paints used
      and the treating conditions in the coating. Table 6 shows the conditions
      for testing the quality of the composite coated films. Table 7 shows the
      standard for estimating the quality of the coated film and mark
      corresponding to the standard value.
TBL                                    Table 5                                 

     __________________________________________________________________________

     Treating condition                                                        

     Sample                                                                    

         Base layer         Painting Baking Paint                              

     __________________________________________________________________________

     A   Anodic oxidation   air spray                                          

                                     100.degree.C,                             

                                            acrylic resin for low              

                             (7.mu.) 30 min.                                   

                                            temperature baking                 

     B   15% H.sub.2 SO.sub.4                                                  

                            air spray                                          

                                     120.degree.C,                             

                                            polyurethane modified              

         current density                                                       

                   130 A/m.sup.2                                               

                             (7.mu.) 35 min.                                   

                                            with acrylic compound              

     C   electrolysis time                                                     

                   27 min. (9.mu.)                                             

                            electrostatic                                      

                                     160.degree.C,                             

                                            thermosetting acrylic              

                            process (7.mu.)                                    

                                     20 min.                                   

                                            resin                              

     D   sealing   higher than                                                 

                            electrophoresis                                    

                                     180.degree.C,                             

                                            water-soluble acrylic              

                   98.degree.C, 30 min.                                        

                             (7.mu.) 30 min.                                   

                                            resin for electro-                 

                                            deposition                         

     E   Present invention           190.+-.10.degree.C,                       

         (Painting:immersion)        30 min.                                   

         boehmite layer + painted film = 7.mu.                                 

     __________________________________________________________________________

TBL                Table 6                                                     

     ______________________________________                                    

     Test          Condition                                                   

     ______________________________________                                    

     Chemical resistance                                                       

                   1% NaOH test (spot test by a glass                          

     test (1)      ring having a diameter of 30 mm                             

                   at room temperature)                                        

     Chemical resistance                                                       

                   5% NaOH test (spot test by a glass                          

     test (2)      ring having a diameter of 30 mm                             

                   at room temperature)                                        

     Sulfurous acid aqueous                                                    

                   1% solution; 25 hours; immersed at                          

     solution test room temperature                                            

     Sunshine-weather test                                                     

                   set temperature:                                            

                                  40.degree.C                                  

                   arc filter:    none                                         

                   average humidity:                                           

                                  50%                                          

                   time:          500 hours                                    

     Dew cycle test                                                            

                   light on:      1 hour                                       

                   darkness:      1 hour                                       

                   time:          200 hours                                    

     ______________________________________                                    

TBL                                    Table 7                                 

     __________________________________________________________________________

     Chemical                                                                  

           Chemical                                                            

                 Sulfurous acid                                                

                         Sunshine-weather                                      

                                  Dew cycle test                               

     resistance                                                                

           resistance                                                          

                 aqueous solu-                                                 

                         test                                                  

     test (1)                                                                  

           test (2)                                                            

                 tion test                                                     

     time until                                                                

           time until                                                          

                 rate of percentage of                                         

                                  percentage of                                

                                           Mark                                

     corrosion                                                                 

           corrosion                                                           

                 corrosion                                                     

                         gloss maintained                                      

                                  gloss maintained                             

     appears                                                                   

           appears                                                             

                 developed                                                     

                         (%)      (%)                                          

     (hr.) (hr.) (R.N.)                                                        

     __________________________________________________________________________

     0 - 5 0 - 5 0       less than 75                                          

                                   0 - 10  0                                   

      5 - 10                                                                   

            5 - 10                                                             

                 1 - 2   75 - 80  10 - 20  2                                   

     10 - 20                                                                   

           10 - 20                                                             

                 3 - 4   80 - 85  20 - 30  4                                   

     20 - 48                                                                   

           20 - 48                                                             

                 5 - 6   85 - 90  30 - 40  6                                   

     48 - 72                                                                   

           48 - 72                                                             

                 7 - 8   90 - 95  40 - 50  8                                   

     more than                                                                 

           more than                                                           

                  9 - 10  95 - 100                                             

                                  more than 50                                 

                                           10                                  

     72    72                                                                  

     __________________________________________________________________________

PAR  Marks given to the above tested samples are shown in the following Table 8.
      As seen from Table 8, the composite coated film of the present invention
      has the highest mark, which shows that the film has an improved quality.
TBL                                    Table 8                                 

     __________________________________________________________________________

                 Film thickness                                                

     Sample                                                                    

         Paint   (.mu.)   Chemical                                             

                                Chemical                                       

                                      Sulfurous                                

                                              Sunshine-                        

                                                     Dew                       

                 base                                                          

                     painted                                                   

                          resistance                                           

                                resistance                                     

                                      acid aqueous                             

                                              weather                          

                                                     cycle                     

                                                          Total                

                                                                Rank           

                 layer                                                         

                     film test (1)                                             

                                test (2)                                       

                                      solution test                            

                                              test   test marks                

     __________________________________________________________________________

     A   Acrylic resin                                                         

                 9   7    6     0     8       4      4    22    5              

         for low                                                               

         temperature                                                           

         baking                                                                

     B   Polyurethane                                                          

                 9   7    6     2     8       2      6    24    4              

         modified with                                                         

         acrylic                                                               

         compound                                                              

     C   Thermosetting                                                         

                 9   7    10    10    6       4      4    34    3              

         acrylic resin                                                         

     D   Water-soluble                                                         

                 9   7    10    8     10      6      2    36    2              

         acrylic resin                                                         

         (for electro-                                                         

         deposition)                                                           

     E   G-2636  7        10    10    10      6      6    42    1              

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for painting aluminous material comprising the steps of:
PA1  1. immersing a degreased and washed aluminous material in water at a
      temperature higher than 75.degree.C and applying a current thereto to form
      a colorless clear boehmite layer,
PA1  2. immersing the aluminous material provided with the boehmite layer in a
      water-soluble thermosetting resin paint bath containing an organic amine
      having a temperature of 40.degree.-60.degree. C and thereafter removing
      the aluminous material from the paint bath and
PAR  3. heating the now painted aluminous material to a temperature of
      150.degree.-210.degree.C for a time sufficient to bake and cure the paint
      and simultaneously to complete the formation of the boehmite layer.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein step (1) is effected by
      immersing the degreased and washed aluminous material in an aqueous
      solution of an organic amine and applying a current of 0.5 to 20 V thereto
      to form the colorless clear boehmite layer.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein step (1) is effected by
      immersing the degreased and washed aluminous material in an aqueous
      solution of an organic amine with a metal more noble than the aluminous
      material as an opposite pole to the aluminous material to form the
      colorless clear boehmite layer.
NUM  4.
PAR  4. A method as claimed in claim 1, wherein step (1) is effected by
      immersing the degreased and washed aluminous material in a basic aqueous
      solution of a pH 9. 5-11 first at 40.degree.-75.degree. C for more than
      two minutes to form a bayerite layer on the aluminous material, and then
      raising the temperature to a value higher than 75.degree. C with a metal
      more noble than the aluminous material immersed in the aqueous solution as
      an opposite pole to the aluminous material to convert the bayerite layer
      to a clear and colorless boehmite layer.
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ABST
PAL  The present invention relates to additives for electroplating baths used
      for the electrodeposition of zinc-copper alloys, and particularly to such
      alloys designed to be used as undercoats for subsequently applied metal
      coatings. The improvement comprises additives for incorporation into
      conventional zinc-copper electrolytes, comprising a mixture of a buffering
      agent selected from the group consisting of boric acid, alkali metal
      borates, alkali metal carbonates, alkali metal phosphates and glycine, a
      metal ion selected from the group consisting of nickel ion and cobalt ion,
      and ethylenediaminetetra acetic acid (as the alkali metal salt).
BSUM
PAR  The present invention relates to the electrodeposition of zinc-copper
      alloys. More particularly, it relates to additives for use in
      electroplating baths used for the electrodeposition of zinc-copper alloys.
PAR  Electrodeposited zinc-copper alloys are useful for numerous purposes, one
      particularly important use being as an undercoat on which other metals are
      likewise applied by electrodeposition. When used for such purpose it is
      particularly important that the electrodeposited coating of zinc-copper
      alloy be smooth, fine-grained, reflective and uniform in appearance as
      well in other physical properties even when applied over a wide current
      density range. If otherwise, the metal coating applied over the
      zinc-copper alloy will generally be defective and it may be necessary
      either to discard or else rework the coated article. This is particularly
      the case where the zinc-copper alloy coating is coarse grained, since the
      latter will generally show through the subsequent coating. Many efforts
      have been made to overcome such defects of previous zinc-copper
      electroplating processes but without too much success.
PAR  It has now been discovered in accordance with the present invention that by
      incorporating certain additives into the conventional zinc-copper
      electroplating baths, comprising essentially zinc cyanide, copper cyanide,
      alkali metal cyanide and alkali metal hydroxide, that zinc-copper alloys
      can be formed by electrodeposition having the above desired properties
      under operating conditions requiring less supervision and with fewer
      rejects than has been the case with prior art methods. The additive
      composition which gives such improved results comprises essentially a
      mixture of a buffering agent effective in the electroplating bath within
      the 10 - 13 pH range and selected from the group consisting of boric acid,
      alkali metal borates, alkali metal phosphates, alkali metal carbonates and
      glycine; nickel or cobalt ion, preferably in the form of the metal
      complex; and a soluble salt of ethylenediaminetetra acetic acid, the
      latter appearing to serve both as a brightening agent and as a complexing
      agent for the nickel or cobalt.
PAR  The plating baths in which the above additive composition has been found to
      be particularly effective have the following general composition:
TBL  Zinc cyanide      13.5 - 40.4 gm/l                                        

     Copper cyanide    10.6 - 31.7 "                                           

     Sodium cyanide (free)                                                     

                       30.0 - 52.5 "                                           

     Sodium hydroxide  15.0 - 45.0 "                                           

PAR  The above bath gives a zinc-copper alloy upon electrodeposition having the
      composition: 70 - 30% zinc to 30 - 70% copper. A preferred composition for
      subsequent electrodeposition of metal has been found to be of the order of
      50 - 45% zinc to 50 - 55% copper.
PAR  The additive composition of the present invention used in the above plating
      bath has the following preferred composition:
     Boric acid, or alkali metal borate                                        

                          0.010 - 40.0 gm/l                                    

     Nickel or cobalt metal (in form of                                        

       nickel or cobalt complex)                                               

                          0.001 - 0.025                                        

                                       "                                       

PAR  For the boric acid or alkali metal borate it has been found that the
      following can be substituted:
TBL  Alkali metal phosphate 0.1 - 20.0 gm/l                                    

     Glycine                1.0 - 15.0 "                                       

     Alkali metal carbonate 1.0 - 75.0 "                                       

PAR  It has further been found that the above additive may be improved somewhat
      by incorporating in the above additive composition 0.01 - 2.0 gm/l of
      ethylenediaminetetra acetic acid (preferably in the form of its alkali
      metal salt), which acts both as a brightening agent and as a complexing
      agent for the nickel or cobalt.
PAR  The following specific examples are given to illustrate the effect of the
      individual ingredients of the additive composition of the present
      invention, as well as how the ingredients of the plating bath may be
      varied and still obtain the improved results of the instant invention. It
      is understood also that the composition of the plating bath may be varied
      in any conventional manner without departing from the scope of the present
      invention so long as the plating conditions are maintained substantially
      as described herein.
PAR  In each of the first eleven examples the Hull Cell was used, employing an
      alloy anode containing 52% zinc and 48% copper, and mild air agitation of
      the anode during the plating operation. Zinc-coated 3 .times. 5 inches
      steel plates were processed through the following cycle, the plating
      temperature being maintained at 72.degree. - 80.degree.F:
TBL  1.        50% HCl strip - 1 minute                                        

     2.        Rinse                                                           

     3.        Electro-clean (reverse) - 1 minute                              

     4.        Acid dip (10% sulfuric)                                         

     5.        Rinse                                                           

     6.        Copper strike                                                   

     7.        Rinse                                                           

     8.        Brass plate                                                     

     9.        Rinse                                                           

     10.       Hot water rinse                                                 

     11.       Dry                                                             

     12.       Evaluate                                                        

DETD
PAC  EXAMPLE I
TBL  Zinc cyanide         25.5    gm/l                                         

     Copper cyanide       22.5    "                                            

     Sodium cyanide       64.5    "                                            

     Sodium hydroxide     33.8    "                                            

      Additive            None                                                 

PAR  The resulting deposit was dull to semi-bright at current densities of 5 -
      100 amperes/ft.sup.2 and was regarded as unsatisfactory for subsequent
      plating.
PAC  EXAMPLE II
     Zinc cyanide         25.5    gm/l                                         

     Copper cyanide       22.5    "                                            

     Sodium cyanide       64.5    "                                            

     Sodium hydroxide     33.8    "                                            

      Additive:                                                                

      Boric acid          15.0    "                                            

PAR  The resulting deposit was semi-bright and reflective at current densities
      of 5 - 70 amperes/ft.sup.2 and showed a decided improvement over the use
      of no additive but still was not satisfactory for subsequent plating.
PAC  EXAMPLE III
     Zinc cyanide            25.5      gm/l                                    

     Copper cyanide          22.5      "                                       

     Sodium cyanide          64.5      "                                       

     Sodium hydroxide        33.8      "                                       

      Additive:                                                                

      Nickel ion (as complex)                                                  

                             0.005     "                                       

      Ethylenediaminetetra                                                     

      acetic acid (as Na salt)                                                 

                             0.05      "                                       

PAR  The resulting deposit was bright at current densities of 5 - 40
      amperes/ft.sup.2 and dull over the remainder of the current density range
      but still not satisfactory for subsequent plating.
PAC  EXAMPLE IV
TBL  Zinc cyanide            25.5      gm/l                                    

     Copper cyanide          22.5      "                                       

     Sodium cyanide          64.5      "                                       

     Sodium hydroxide        33.8      "                                       

      Additive:                                                                

      Boric acid             15.0      "                                       

      Nickel ion (as complex)                                                  

                             0.005     "                                       

      Ethylenediaminetetra                                                     

      acetic acid (as Na salt)                                                 

                             0.05      "                                       

PAR  The resulting deposit was smooth, bright and uniform and generally
      excellent over the current density of 5 - 80 amperes/ft.sup.2 and made an
      excellent undercoat for subsequent plating.
PAC  EXAMPLE V
TBL  Zinc cyanide            25.5      gm/l                                    

     Copper cyanide          22.5      "                                       

     Sodium cyanide          64.5      "                                       

     Sodium hydroxide        33.8      "                                       

      Additive:                                                                

      Sodium carbonate       30.0      "                                       

      Boric acid             15.0      "                                       

      Nickel ion (as complex)                                                  

                             0.005     "                                       

      Ethylenediaminetetra                                                     

      acetic acid (as Na salt)                                                 

                             0.05      "                                       

PAR  The resulting deposit was smooth, bright and uniform and generally
      excellent over the current density range of 5 - 100 amperes/ft.sup.2.
PAR  The following examples show the results obtained with buffering agents
      other than the boric acid used in the preceding examples.
PAC  EXAMPLE VI
TBL         Zinc cyanide      25.5     gm/l                                    

            Copper cyanide    22.5     "                                       

            Sodium cyanide    64.5     "                                       

            Sodium hydroxide  33.8     "                                       

             Additive:                                                         

             Sodium phosphate 5.0      "                                       

PAR  The resulting deposit was semi-bright, smooth and reflective at current
      densities of 5 - 70 amperes/ft.sup.2.
PAC  EXAMPLE VII
TBL  Zinc cyanide            25.5      gm/l                                    

     Copper cyanide          22.5      "                                       

     Sodium cyanide          64.5      "                                       

     Sodium hydroxide        33.8      "                                       

      Additive:                                                                

      Sodium phosphate       5.0       "                                       

      Nickel ion (as complex)                                                  

                             0.005     "                                       

      Ethylenediaminetetra                                                     

      acetic acid (as Na salt)                                                 

                             0.05      "                                       

PAR  The resulting deposit was bright at 5 - 50 amperes/ft.sup.2 current
      density, semi-bright at 50 - 100 amperes/ft.sup.2 and smooth and
      reflective throughout the current density range.
PAC  EXAMPLE VIII
TBL         Zinc cyanide      25.5     gm/l                                    

            Copper cyanide    22.5     "                                       

            Sodium cyanide    64.5     "                                       

            Sodium hydroxide  33.8     "                                       

             Additive:                                                         

             Glycine          10.0     "                                       

PAR  The resulting deposit was dull at current densities of 5 - 10
      amperes/ft.sup.2, semi-bright and reflective at 10 - 40 amperes/ft.sup.2,
      and dull in the range 40 - 100 amperes/ft.sup.2.
PAC  EXAMPLE IX
TBL  Zinc cyanide             25.5     gm/l                                    

     Copper cyanide           22.5     "                                       

     Sodium cyanide           64.5     "                                       

     Sodium hydroxide         33.8     "                                       

      Additive:                                                                

      Glycine                 10.0     "                                       

      Nickel ion (as complex) 0.005    "                                       

      Ethylenediaminetetra                                                     

      acetic acid (as Na salt)                                                 

                              0.05     "                                       

PAR  The resulting deposit was dull at current densities of 5 - 10
      amperes/ft.sup.2, semi-bright, smooth and reflective at 10 - 60
      amperes/ft.sup.2 and dull at 60 - 100 amperes/ft.sup.2.
PAC  EXAMPLE X
TBL  Zinc cyanide            25.5      gm/l                                    

     Copper cyanide          22.5      "                                       

     Sodium cyanide          64.5      "                                       

     Sodium hydroxide        33.8      "                                       

      Additive:                                                                

      Boric acid             15.0      "                                       

      Cobalt ion (as complex)                                                  

                             0.005     "                                       

      Ethylenediaminetetra                                                     

      acetic acid (as Na salt)                                                 

                             0.05      "                                       

PAR  The resulting deposit was bright, uniform and smooth at current densities
      of 5 - 80 amperes/ft.sup.2.
PAC  EXAMPLE XI
TBL         Zinc cyanide      25.5     gm/l                                    

            Copper cyanide    22.5     "                                       

            Sodium cyanide    64.5     "                                       

            Sodium hydroxide  33.8     "                                       

             Additive:                                                         

             Sodium carbonate 30.0     "                                       

PAR  The resulting deposit was bright to semi-bright at 5 - 30 amperes/ft.sup.2
      current density and dull throughout the remainder of the current density
      range. (Compare with Example V).
PAR  In the following examples the proportions of the constituents of the
      plating baths as well as those of the additive compositions were varied.
      In each instance excellent deposits of zinc-copper alloy were obtained
      over a wide range of current density.
PAC  EXAMPLE XII
TBL  Zinc cyanide            22.9      gm/l                                    

     Copper cyanide          29.6      "                                       

     Sodium cyanide (Free)   45.0      "                                       

     Sodium hydroxide        30.0      "                                       

      Additive:                                                                

      Boric acid             0.15      "                                       

      Nickel ion (as complex)                                                  

                             0.005     "                                       

      Ethylenediaminetetra                                                     

      acetic acid (as Na salt)                                                 

                             0.05      "                                       

PAC  EXAMPLE XIII
TBL  Zinc cyanide            22.9      gm/l                                    

     Copper cyanide          21.1      "                                       

     Sodium cyanide (Free)   45.0      "                                       

     Sodium hydroxide        33.8      "                                       

      Additive:                                                                

      Boric acid             0.5       "                                       

      Nickel ion (as complex)                                                  

                             0.01      "                                       

      Ethylenediaminetetra                                                     

      acetic acid (as Na salt)                                                 

                             0.05      "                                       

PAC  EXAMPLE XIV
TBL  Zinc cyanide            22.9      gm/l                                    

     Copper cyanide          20.1      "                                       

     Sodium cyanide (Free)   41.3      "                                       

     Sodium hydroxide        28.1      "                                       

      Additive:                                                                

      Boric acid             0.10      "                                       

      Nickel ion (as complex)                                                  

                             0.005     "                                       

      Ethylenediaminetetra                                                     

      acetic acid (as Na salt)                                                 

                             0.075     "                                       

PAC  EXAMPLE XV
TBL  Zinc cyanide            18.9      gm/l                                    

     Copper cyanide          19.0      "                                       

     Sodium cyanide (Free)   39.8      "                                       

     Sodium hydroxide        30.0      "                                       

      Additive:                                                                

      Boric acid             0.2       "                                       

      Nickel ion (as complex)                                                  

                             0.002     "                                       

      Ethylenediaminetetra                                                     

      acetic acid (as Na salt)                                                 

                             0.1       "                                       

PAC  EXAMPLE XVI
TBL  Zinc cyanide            33.7      gm/l                                    

     Copper cyanide          26.4      "                                       

     Sodium cyanide (Free)   58.8      "                                       

     Sodium hydroxide        33.8      "                                       

      Additive:                                                                

      Boric acid             0.15      "                                       

      Nickel ion (as complex)                                                  

                             0.005     "                                       

      Ethylenediaminetetra                                                     

      acetic acid (as Na salt)                                                 

                             0.25      "                                       

PAR  It is understood, of course, that where the sodium compound is specified
      that equivalent amounts of potassium metal compounds may be satisfactorily
      substituted.
PAR  The nickel is usually employed in the form of a nickel complex with the
      ethylenediaminetetra acetic acid, a nickel salt being added to an aqueous
      solution of the latter, although other conventional nickel complexing
      agents may be satisfactorily used instead.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aqueous electroplating bath for the production of zinc-copper alloys
      by electrodeposition which comprises 13.5 - 40.4 gm/l zinc cyanide, 10.6 -
      31.7 gm/l copper cyanide, 30.0 - 52.5 gm/l sodium cyanide (Free), 15 - 45
      gm/l sodium hydroxide, 0.01 - 40.0 gm/l boric acid, 0.001 - 0.025 gm/l
      nickel ion and 0.01 - 2.0 gm/l of ethylenediaminetetra acetic acid (as
      alkali metal salt).
NUM  2.
PAR  2. The plating bath of claim 1 further including 1.0 to 75.0 gm/l of alkali
      metal carbonate.
NUM  3.
PAR  3. An aqueous electroplating bath for the production of zinc-copper alloys
      by electrodeposition which comprises 13.5 to 40.4 gm/l zinc cyanide, 10.6
      to 31.7 gm/l copper cyanide, 30.0 to 52.5 gm/l sodium cyanide (free) and
      15 to 45 gm/l sodium hydroxide having dissolved therein a mixture of
      additives comprising:
PA1  a. an effective amount of at least one buffering agent selected from the
      group consisting of boric acid, alkali metal borate, alkali metal
      phosphate, alkali metal carbonate, glycine and mixtures thereof;
PA1  b. about 0.001 to about 0.025 gm./l of at least one metallic ionic material
      selected from the group consisting of nickel ion and cobalt ion and
      mixtures thereof; and
PA1  c. about 0.01 to about 2.0 gm./l of ethylenediaminetetra acetic acid (as
      alkali metal salt).
NUM  4.
PAR  4. The aqueous electroplating bath of claim 3 wherein said buffering agent
      is boric acid which is present in an amount ranging from about 0.010 to
      about 40.0 gm/l.
NUM  5.
PAR  5. The aqueous electroplating bath of claim 3 wherein said buffering agent
      is an alkali metal borate which is present in an amount ranging from about
      0.010 to about 40.0 gm/l.
NUM  6.
PAR  6. The aqueous electroplating bath of claim 3 wherein said buffering agent
      is an alkali metal phosphate which is present in an amount ranging from
      about 0.1 to about 20.0 gm/l.
NUM  7.
PAR  7. The aqueous electroplating bath of claim 3 wherein said buffering agent
      is glycine which is present in an amount ranging from about 1.0 to about
      15.0 gm/l.
NUM  8.
PAR  8. The aqueous electroplating bath of claim 3 wherein said buffering agent
      is an alkali metal carbonate which is present in an amount ranging from
      about 1.0 to about 75.0 gm/l.
PATN
WKU  039309665
SRC  5
APN  4527240
APT  1
ART  114
APD  19740320
TTL  Method of forming colored oxide film on aluminum or aluminum alloy
ISD  19760106
NCL  5
ECL  1
EXP  Andrews; R. L.
NDR  1
NFG  2
INVT
NAM  Takahashi; Toshiro
CTY  Shizuoka
CNT  JA
INVT
NAM  Nagano; Toshihiro
CTY  Shizuoka
CNT  JA
INVT
NAM  Wada; Kenji
CTY  Tokyo
CNT  JA
INVT
NAM  Suzuki; Yasushi
CTY  Shizuoka
CNT  JA
ASSG
NAM  Riken Light Metal Industries Company, Ltd.
CNT  JA
COD  03
CLAS
OCL  204 58
EDF  2
ICL  C25D 1108
ICL  C25D 1114
FSC  204
FSS  58;35 N
UREF
PNO  2930741
ISD  19600300
NAM  Burger et al.
OCL  204228
UREF
PNO  2998358
ISD  19610800
NAM  Nakayama
OCL  204 58
UREF
PNO  3468772
ISD  19690900
NAM  Sheasby et al.
OCL  204 58
UREF
PNO  3669856
ISD  19720600
NAM  Gedde
OCL  204 58
UREF
PNO  3717555
ISD  19730200
NAM  Chakravarti et al.
OCL  204 58
UREF
PNO  3761362
ISD  19730900
NAM  Oida et al.
OCL  204 35N
UREF
PNO  3790452
ISD  19740200
NAM  Anderson et al.
OCL  204 58
UREF
PNO  3798137
ISD  19740300
NAM  Kampert
OCL  204 35N
OREF
PAL  Surface Treatment of Aluminum by Wernick et al., 3rd Ed., 1964, p. 337.
PAL  "Aluminum" by S. Wernick, et al., 3rd Ed., 1964, pp. 345-346.
LREP
FRM  McNenny, Farrington, Pearne & Gordon
ABST
PAL  A method of forming a colored oxide film on the surface of an aluminum
      material is disclosed in which the aluminum material is subjected to an
      electrolytic treatment in an aqueous solution containing sulfuric acid to
      form an aluminum oxide film containing aluminous oxides and having lattice
      defects; sulfuric ions in the solution are caused to enter into the
      lattice defects of the oxide film; some or all of the sulfuric ions are
      reduced to form sulfur and sulfides; and the colored oxide film is formed
      using the sulfur and sulfides as coloring sources.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of forming a colored oxide film on the
      surface of aluminum or an aluminum alloy, and more particularly to a
      method of forming a colored oxide film on the surface of aluminum or an
      aluminum alloy by effecting electrolysis in an electrolytic bath composed
      of an aqueous solution containing sulfuric acid, with the aluminum or the
      aluminum alloy being used as an anode or both as an anode and as a
      cathode.
PAR  2. Description of the Prior Art
PAR  In the prior art, an aluminum material is made resistant to corrosion or
      the like by subjecting it to an anodic oxidation treatment in an aqueous
      solution containing sulfuric acid. Coloring of the oxide film formed on
      the aluminum material is achieved by painting it with a dye or the like,
      or electrolytically by impressing an AC current between the aluminum
      material serving as an anode and a cathode in an aqueous solution
      containing sulfuric acid containing a metallic salt. However, coloring
      with dye is defective in easy deterioration of the dye, and electrolysis
      with AC current involves two electrolyzing steps, and hence is
      disadvantageous from the economical point of view.
PAR  Further, there has also been employed a method of forming a colored oxide
      film by subjecting an aluminum material to an anodic oxidation treatment
      in an electrolytic bath composed, for example, of sulfosalicyclic acid and
      sulfuric acid or a metal sulfate. This method forms a colored oxide film
      only with one electrolytic treatment at room temperature but employs, as
      an electrolyte, sulfosalicylic acid which is special and expensive, so
      that this method is very costly. In addition, with this method, the
      aluminum material is used as an anode only and cannot be used as an anode
      and a cathode at the same time.
PAC  SUMMARY OF THE INVENTION
PAR  One object of this invention is to provide a method of forming a colored
      oxide film on an aluminum material by subjecting the aluminum material to
      an anodic oxidation treatment in an aqueous solution containing sulfuric
      acid while impressing a pulse voltage to the aluminum material.
PAR  Another object of this invention is to provide a method of forming a
      colored oxide film on an aluminum material by subjecting the aluminum
      material to an electrolytic treatment in an aqueous solution containing
      sulfuric acid while impressing a rectangular pulse voltage to the aluminum
      material used as an anode or as both electrodes.
PAR  Another object of this invention is to provide a method of forming a
      colored oxide film on an aluminum material by subjecting the aluminum
      material to an anodic oxidation treatment in an aqueous solution
      containing 5 to 95% by weight of sulfuric acid.
PAR  Still another object of this invention is to provide a method of
      simultaneously forming a colored oxide film on aluminum materials used as
      both electrodes by alternately impressing pulse voltages of opposite
      polarities between the both electrodes in an aqueous solution containing
      only sulfuric acid.
PAR  In accordance with one aspect of this invention, an aluminum material is
      subjected to an electrolytic treatment in an aqueous solution containing
      sulfuric acid to form an oxide film containing aluminous oxides and having
      defects in its crystal lattice (which oxide film will hereinafter be
      referred to as an oxide film having lattice defects) and, in the case
      where sulfur or sulfides are formed in the oxide film, the sulfur or the
      sulfides act as coloring sources to provide a colored oxide film.
PAR  In accordance with another aspect of this invention, an aluminum material
      is subjected to an electrolytic treatment while being impressed with a
      pulse voltage, by which an oxide film with lattice defects is formed on
      the aluminum material.
PAR  In accordance with another aspect of this invention, at least 5.0% by
      weight of sulfuric acid is contained in an electrolyte, by which sulfur or
      a sulfide sufficient for coloring is formed in the oxide film having
      lattice defects.
PAR  In accordance with still another aspect of this invention, even if an
      aluminum material contains Mg, Fe, Si, Cu, Zn, Cr, Ti or other various
      alloying elements, an oxide film with lattice defects is formed on the
      aluminum material by subjecting the latter to an electrolytic treatment
      impressing thereto a pulse voltage because the above elements except Cu
      have a strong affinity for oxygen as is the case with aluminum. Further,
      in the aluminum material containing Fe and/or Si, the element acts as a
      coloring source to enhance the coloring effect of the colored oxide film.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are voltage waveform diagrams, for explaining the operation
      of the system of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Now, this invention will be described in detail.
PAR  Prior to electrolysis, an aluminum mterial is subjected to chemical
      pretreatments such, for example, as degreasing, rinsing and so on, and
      then subjected to a neutralizing treatment. The pretreatments may include
      not only chemical but also mechanical ones. Since the pretreatments are
      not directly related to this invention, no detailed description will be
      made of them.
PAR  After the above pretreatments, the aluminum material is subjected to
      electrolysis in an electrolyte containing at least 5.0% by weight of
      sulfuric acid, with the aluminum material being used as an anode or as an
      anode and a cathode, by which a film of an aluminum oxide containing
      aluminum suboxides and other elements and having defects in crystal
      lattice is formed on the aluminum material serving as the anode or as the
      anode and the cathode, and then sulfuric ions in the electrolyte are
      caused to enter into the lattice defects of the film to form therein
      sulfur and/or sulfides.
PAR  Namely, an oxide film containing suboxides of aluminum and other elements,
      such, for example, as AlO, Al.sub.2 O or the like, lacks oxygen unlike an
      ordinary anodic oxide film composed principally of Al.sub.2 O.sub.3. At
      the same time, the crystal lattice of the oxide film has defects, the
      number of which increases in the presence of the aluminum suboxides. The
      size of the lattice defects and the radius of the sulfuric ions are
      substantially equal to each other. Accordingly, there is the possibility
      of the sulfuric ions entering into the lattice defects of the oxide film.
      Further, where the ion radius of those ions of alloying elements and
      impurity elements in the aluminum material which are dissolved into the
      electrolyte is substantially the same as the size of the lattice defects,
      the ions of the alloying elements and the impurity elements are likely to
      enter into the lattice defects. Therefore, if supplied with sufficient
      energy during electrolysis, the sulfuric ions and the ions of the alloying
      elements and the impurity elements enter into lattice defects of the oxide
      film.
PAR  The sulfuric ions and the other ions having thus entered into the lattice
      defects lose their valence electrons therein and, at the same time,
      reduced to provide sulfur and sulfides or sulfates of the alloying
      elements or impurity elements. These products act as coloring sources to
      provide a colored oxide film.
PAR  Further, in order to form an oxide film containing suboxides of aluminum
      and other elements and having lattice defects, to cause sulfuric ions and
      other ions to enter into the lattice defects and to reduce them to produce
      sulfur and/or sulfides during electrolysis using the aluminum material as
      an anode or as an anode and a cathode, it is preferred to impress a pulse
      voltage for the following reasons.
PAR  1. In the case of electrolysis using the aluminum material as an anode:
PAR  A rectangular pulse voltage shown in FIG. 1 is a voltage that a pulse of a
      peak voltage E.sub.2 is superimposed on a base voltage E.sub.1.
PAR  Consequently, in the case of using the voltage of such waveform as depicted
      in FIG. 1, an aluminum oxide film is formed on the aluminum material by
      the application of the base voltage E.sub.1 and, in the process of
      formation of the oxide film, the rectangular voltage E.sub.2 is applied on
      a cycle of a unit period T, so that a shock is given to the aluminum oxide
      film to produce therein lattice defects. The oxide film is insufficiently
      oxidized and aluminum and the other elements remain in the form of
      suboxides, so that the oxide film contains much the suboxides. The
      sulfuric ions in the electrolyte are strongly attracted to the aluminum
      oxide film of the above construction by momentarily impressing of the
      rectangular voltage E.sub.2 with practically no rise time, so that the
      sulfuric ions are given energy sufficient to enter into the lattice
      defects.
PAR  When the sulfuric ions have enetered into the lattice defects of the
      aluminum oxide film in the above-described manner, since the suboxide of
      aluminum contained in the film has a strong reducing action, the sulfuric
      ions are reduced to form sulfur and sulfides to provide, for example, an
      amber oxide film.
PAR  2. In the case of electrolysis using the aluminum materials as an anode and
      a cathode:
PAR  Since it is necessary to electrolyze both aluminum materials at the same
      time, a rectangular pulse voltage such, for example, as depicted in FIG. 2
      whose polarity is altered at predetermined time intervals, is applied.
PAR  Namely, in the case of electrolysis employing such a rectangular pulse
      voltage as shown in FIG. 2, the polarity of the aluminum materials serving
      as the anode and the cathode is altered "positive" and "negative," for
      example, at every two periods. Consequently, while each of the aluminum
      materials is impressed with the positive rectangular pulse voltage, the
      aluminum material is oxidized to form thereon an aluminum oxide film
      containing suboxides of aluminum and other elements and having lattice
      defects and the sulfuric ions in the electrolyte enter into the lattice
      defects of the film, as described above in the item (1). However, unlike
      in the case of the item (1), the positive rectangular pulse voltage is
      impressed for a very short period of time, so that the reduction referred
      to above in the item (1) takes place only a little. The reduction of the
      sulfuric ions is effected mainly during the impression of the negative
      rectangular pulse voltage and the sulfur and/or the sulfides are reduced
      in the films and serve as coloring source, thus providing colored oxide
      films on the both aluminum materials at the same time.
PAR  A description will be given with regard to a proper range of characteristic
      values of the voltages of such waveforms as shown in FIGS. 1 and 2. With
      any pulse voltages other than such voltages as shown in FIGS. 1 and 2, a
      colored oxide film or films can readily be obtained, so long as their
      characteristic values lie within the suitable range described hereinbelow.
PAR  On the base voltages E.sub.1 and E.sub.1a :
PAR  The positive base voltage E.sub.1 takes part in the formation of the
      aluminum oxide film and, in order to form the film thick, it is preferred
      to raise the positive base voltage as high as possible. However, too high
      a base voltage E.sub.1 is liable to break down the film, so that the
      positive base voltage E.sub.1 is preferred to be 40V or less.
PAR  Even if the positive base voltage E.sub.1 is not ever applied, the aluminum
      oxide film is formed to some extent, since the rectangular pulse voltage
      E.sub.2 is applied as described later. Accordingly, even if the positive
      base voltage E.sub.1 is zero, a colored oxide film may well be formed.
PAR  The negative base voltage E.sub.1a takes part in the reduction of the
      sulfuric ions and so on in the case of simultaneously electrolyzing the
      aluminum materials used as the anode and the cathode but, with too a
      negative base voltage, the aluminum oxide film is liable to be dissolved
      and broken down and it is preferred to select the negative base voltage in
      the range of -40 to 0 volt. Especially, even if the negative base voltage
      is zero, a rectangular pulse voltage E.sub.2a is impressed, as described
      later, to promote the reduction of the sulfuric ions, so that even if the
      negative base voltage is zero and the base voltage is not applied, sulfur
      and/or sulfides are educed in the aluminum oxide film, providing colored
      oxide film on each aluminum material.
PAR  On the values E.sub.2 and E.sub.2a of the pulse voltage:
PAR  With the positive value E.sub.2, energy is given which is sufficient to
      attract the sulfuric ions to the aluminum oxide film and to cause them to
      enter into the lattice defects of the oxide film and, at the same time, a
      shock is applied to the oxide film to suppress its growth to produce an
      aluminum oxide film containing suboxides of aluminum such, for example, as
      AlO, Al.sub.2 O and the like.
PAR  Accordingly, in the present invention, it is necessary to select the value
      E.sub.2 sufficiently large to apply a sufficient shock to the aluminum
      oxide film to form lattice defects therein and to cause as many sulfuric
      ions as possible to enter deep into the lattice defects. From this point
      of view, it is preferred that the value E.sub.2 is as large as possible,
      but too large a value leads to destruction of the aluminum oxide film. The
      value E.sub.2 is preferred to be 120V or less. With the value E.sub.2
      being about 5V, the above effect can be obtained sufficiently.
PAR  The value E.sub.2a in the negative direction contributes to the formation
      of sulfur and/or sulfides by reducing the sulfuric ions in the lattice
      defects in the case of simultaneous electrolyzation of the aluminum
      materials used as the anode and the cathode. Accordingly, the larger the
      value E.sub.2a is, the more the reduction of the sulfuric ions is prompted
      and the sulfuric ions present in deep lattice defects are completely
      reduced, thereby to provide for remarkedly enhanced effect of coloring the
      aluminum oxide. However, too large a value E.sub.2a leads to dissolution
      of the aluminum oxide film and, in view of this, it is preferred to select
      the value E.sub.2a in the range of -5 to 120V.
PAR  On the periods T and T.sub.a and the pulse durations .tau. and .tau..sub.a
      :
PAR  It is necessary to properly determine the period T and the duration .tau..
      If they are improper, the effect of the impression of the pulse voltage is
      lost. It is preferred that where the period T is in the range of 0.2 to
      120 sec., the duration .tau. is selected to range from 0.1 to 60 sec.
PAR  Where the period T has a value less than 0.2 sec., even if the duration
      .tau. is shorter than 0.1 sec., a colored oxide film can be formed. It is
      preferred that the period T.sub.a and the duration .tau..sub.a are
      selected as is the case with the period T and the duration .tau..
PAR  On the mean current density:
PAR  With the present invention, in the both cases of electrolyzing the aluminum
      material used as the anode and simultaneously electrolyzing the aluminum
      materials used as the anode and the cathode, an aluminum oxide film is
      formed during the impression of a positive voltage to the aluminum
      material and a shock is given to the film to produce a film having lattice
      defects. Accordingly, also in the present invention, it is necessary to
      form an aluminum oxide film of substantially the same thickness as that
      obtainable with an ordinary anodic oxidation treatment and positive and
      negative current densities are both required to be in the range of 0.5 to
      20 A/dm.sup.2.
PAR  On the duration of electrolysis:
PAR  Too short duration of electrolysis results in insufficient growth of the
      aluminum oxide film but, with too long duration, the film is not grown
      much. If the film is too thick, the film is easily cracked in a sealing
      treatment. From this point of view, it is usually proper to select the
      duration of electrolysis in the range of 30 to 90 minutes, preferably in
      the range of 30 to 60 minutes.
PAR  On the positive and negative current density in the case of simultaneous
      electrolyzation of aluminum materials used as the anode and the cathode:
PAR  During the impression of a positive pulse voltage to the aluminum material,
      an aluminum oxide film is formed and, during the impression of a negative
      pulse voltage, sulfuric ions are reduced and the film is dissolved.
      Accordingly, it is necessary to hold the mean current density i and
      i.sub.a on the both aluminum materials at the aforesaid proper value and
      to retain the product of the positive or negative pulse voltage impression
      time t or t.sub.a and the mean current density i or i.sub.a, that is, the
      positive or negative charge density on the aluminum material, at a proper
      value. According to our experiments, it has been ascertained to be proper
      that the absolute values of the mean current density i and i.sub.a lie
      within the range of 0.5 to 7.0 A/dm.sup.2 even if a pulse voltage of any
      waveform is impressed. Further, the ratio of the positive charge density
      and the negative charge density was important rather than the magnitude of
      the absolute value of the positive or negative charge density. If the
      positive charge density is too higher than the negative charge density,
      the formation or sulfur and/or sulfides resulting from reduction of
      sulfuric ions is insufficient and, in the opposite case, the formation of
      the aluminum oxide film is insufficient and the aluminum oxide film is
      much dissolved. It has been ascertained by our experiments that, in the
      present invention, the ratio of the positive charge density and the
      negative one is desirable to be
      ##EQU1##
PAR  On bath temperature:
PAR  The bath temperature is preferred to be in the range of 0.degree. to
      30.degree.C. For example, at room temperature of 15.degree.C, too, a
      colored oxide film can be formed. A low bath temperature facilitates the
      formation of suboxides of aluminum and so on but a cooling device is
      required, so that it is desirable to select the bath temperature at room
      temperature of about 15.degree.C.
PAR  According to our experiments, it has been ascertained that where the above
      conditions are all satisfied, a colored oxide film could be formed
      electrolytically by impressing any voltages of the following waveforms
      other than the voltages of the waveforms shown in FIGS. 1 and 2.
PAR  1. Alternate application of positive and negative DC voltages. In this case
      however, the DC voltage includes a full-wave rectified voltage containing
      ripples a little.
PAR  2. Alternate application of a positive DC voltage and an AC voltage.
PAR  3. Sequential application of a positive DC voltage, an AC voltage and a
      negative DC voltage in this order.
PAR  4. Application of a voltage that a voltage obtained by full-wave or
      half-wave rectification of a single-phase or a multi-phase voltage is
      phase controlled by a silicon rectifier, a chopper or the like, or
      alternate application of positive and negative voltages of such waveform.
PAR  5. Application of a voltage that a single-phase sine wave voltage is phase
      controlled by a silicon rectifier or a chopper, or alternate application
      of positive and negative voltages of such waveform.
PAR  6. Application of a pulse voltage of, for example, a sawtooth, triangular
      or like waveform, or alternate application of positive and negative
      voltages of such waveform.
PAR  This invention will be further described by the following Examples.
PAC  EXAMPLE 1.
PAR  An aluminum material 6063, defatted and rinsed with water, was subjected to
      an anodic oxidation in an aqueous solution containing 7.0 to 30% by weight
      of H.sub.2 SO.sub.4, with the aluminum being used as an anode and a
      graphite electrode as a cathode.
PAR  In this Example, the three kinds of voltages shown in FIG. 1 were impressed
      between the both electrodes. The results are as given in the following
      Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Voltage waveform conditions    Electrolytic bath                          

                         Current                                               

                              Current                                          

                                    Concent-   Color                           

     E.sub.1                                                                   

         E.sub.2                                                               

             T     .tau. density                                               

                              density                                          

                                    ration                                     

                                          Temper-                              

                                               of film                         

                         (A)  (B)   of H.sub.2 SO.sub.4                        

                                          ature                                

     __________________________________________________________________________

     30V 40V 1.1 sec.                                                          

                   0.1 sec.                                                    

                         4A/dm.sup.2                                           

                              10A/dm.sup.2                                     

                                    7.0wt.%                                    

                                          13.degree.C                          

                                               Deep                            

                                               amber                           

     20V 10V 5.5 sec.                                                          

                   0.5 sec.                                                    

                         2A/dm.sup.2                                           

                              10A/dm.sup.2                                     

                                    17.0wt.%                                   

                                          14.degree.C                          

                                               Slightly                        

                                               deep                            

                                               amber                           

      0V 30V 6 sec.                                                            

                   5 sec.                                                      

                         0    10A/dm.sup.2                                     

                                    30.0wt.%                                   

                                          15.degree.C                          

                                               Slightly                        

                                               light                           

                                               amber                           

     __________________________________________________________________________

      Current density (A) indicates the impression of only a constant voltage  

      E.sub.1 and current density (B) indicates the impression of of (E.sub.1 +

      E.sub.2).                                                                

PAC  EXAMPLE 2.
PAR  An aluminum material 1,100, defatted and rinsed with water, was subjected
      to an electrolytic treatment in an aqueous solution containing 15% by
      weight of sulfuric acid by applying pulse voltages shown in FIG. 2 between
      the aluminum material acting as an anode and a carbon electrode as a
      counter electrode, for 60 minutes. The bath temperature as maintained at
      25.degree.C.
PAR  In this Example, the values of the pulse voltages applied between the
      aluminum material and the carbon electrode and the color of each film were
      as given in the following Table.
TBL                                    Table 2                                 

     __________________________________________________________________________

                                    Ratio of                                   

     Voltage (V)       Pulse width (sec.)                                      

                                    charge                                     

                                    density                                    

                                         Color                                 

     E.sub.1                                                                   

           E.sub.2                                                             

               E.sub.1a                                                        

                   E.sub.2a                                                    

                       T   .tau.                                               

                              T.sub.a                                          

                                 .tau..sub.a                                   

                                    of both                                    

                                    polarity                                   

     __________________________________________________________________________

                                         Very light                            

     1  48 86  -28 -61 2   1  2  1  0.5  amber                                 

     2  31 63  -18 -36 3   1  2  1  1.0  Light amber                           

     3  56 115 -32 -76 5   1  2  1  1.5  Amber                                 

                                         Very light-                           

     4  34 69  -18 -38 10  2  2  1  4.0  ly grayish                            

                                         brown                                 

     __________________________________________________________________________

PAC  EXAMPLE 3.
PAR  Each of fourteen aluminum materials shown in Table 3 was subjected to an
      electrolytic treatment in an aqueous solution containing 7% by weight of
      sulfuric acid by applying the voltage of FIG. 1 between the aluminum
      material used as an anode and a graphite electrode as a cathode under such
      conditions as E.sub.1 = 30V, E.sub.2 = 40V, T = 1.1 sec., .tau. = 0.1
      sec., A = 4 A/dm.sup.2, B = 10A/dm.sup.2 and bath temperature =
      15.degree.C. Colored oxide films given in Table 4 were obtained.
TBL                                    Table 3                                 

     __________________________________________________________________________

                                                    Other elements             

     Alloy                                                                     

         Alumi-                                                                

              Copper                                                           

                   Iron                                                        

                       Sili-                                                   

                            Manga-                                             

                                 Magne-                                        

                                      Zinc Chro-                               

                                                Tita-                          

                                                    Single                     

                                                        Total                  

     (A.A.)                                                                    

         num           con  nese sium      mium nium                           

                                                    amount                     

                                                        amount                 

     __________________________________________________________________________

     1099                                                                      

         99.99                                                                 

              --   --  --   --   --   --   --   --  --  --                     

         min.                                                                  

     1100                                                                      

         99.99                                                                 

              --   --  --   --   --   --   --   --  --  --                     

         min.                                                                  

     2011                                                                      

         resi-                                                                 

              5.0.about.                                                       

                   0.7 0.40 --   --   0.30 --   --  0.50                       

                                                        0.15                   

         due  6.0                                                              

     2014                                                                      

         resi-                                                                 

              3.9.about.                                                       

                   1.0 0.50.about.                                             

                            0.40.about.                                        

                                 0.20.about.                                   

                                      0.25 0.10 0.15                           

                                                    0.05                       

                                                        0.15                   

         due  5.0      1.2  1.2  0.8                                           

     2024                                                                      

         resi-                                                                 

              3.8.about.                                                       

                   0.50                                                        

                       0.50 0.3.about.                                         

                                 1.2.about.                                    

                                      0.25 0.10 --  0.05                       

                                                        0.15                   

         due  4.9           0.9  1.8                                           

     3003                                                                      

         resi-                                                                 

              0.20 0.70                                                        

                       0.60 1.0.about.                                         

                                 --   0.10 --   --  0.05                       

                                                        0.15                   

         due                1.5                                                

     4043                                                                      

         resi-                                                                 

              0.30 0.80                                                        

                       4.5.about.                                              

                            0.05 0.05 0.10 --   0.20                           

                                                    0.05                       

                                                        0.15                   

         due           6.0                                                     

     5005                                                                      

         resi-                                                                 

              0.20 0.7 0.40 0.20 0.50.about.                                   

                                      0.25 0.10 --  0.05                       

                                                        0.15                   

         due                     1.1                                           

     5052                                                                      

         resi-                                                                 

              0.10 maxi-                                                       

                       0.45 0.10 2.2.about.                                    

                                      0.10 0.15.about.                         

                                                --  0.05                       

                                                        0.15                   

         due       mum           2.8       0.35                                

     5086                                                                      

         resi-                                                                 

              0.10 0.50                                                        

                       0.40 0.20.about.                                        

                                 3.5.about.                                    

                                      0.25 0.05.about.                         

                                                0.15                           

                                                    0.05                       

                                                        0.15                   

         due                0.7  4.5       0.25                                

     5357                                                                      

         resi-                                                                 

              0.07 0.17                                                        

                       0.12 0.15.about.                                        

                                 0.8.about.                                    

                                      --   --   --  0.05                       

                                                        0.15                   

         due                0.45 1.2                                           

     6061                                                                      

         resi-                                                                 

              0.15.about.                                                      

                   0.70                                                        

                       0.4.about.                                              

                            0.15 0.8.about.                                    

                                      0.25 0.15.about.                         

                                                0.15                           

                                                    0.05                       

                                                        0.15                   

         due  0.40     0.8       1.2       0.35                                

     6063                                                                      

         resi-                                                                 

              0.10 0.35                                                        

                       0.20.about.                                             

                            0.10 0.15.about.                                   

                                      0.10 0.10 0.10                           

                                                    0.05                       

                                                        0.15                   

         due           0.6       0.9                                           

     7075                                                                      

         resi-                                                                 

              1.2.about.                                                       

                   0.5 0.50 0.30 2.1.about.                                    

                                      5.1.about.                               

                                           0.18.about.                         

                                                0.20                           

                                                    0.05                       

                                                        0.15                   

         due  2.0                2.9  6.1  0.40                                

     __________________________________________________________________________

TBL                Table 4.                                                    

     ______________________________________                                    

     Alloy    Color of    Name of     Color of                                 

     (A.A.)   film        alloy       film                                     

     ______________________________________                                    

     1100     Brown       5052        Yellowish                                

                                      brown                                    

     2011     Blackish    5086        Blackish                                 

              brown                   brown                                    

     2014     Blackish    5357        Grayish                                  

              brown                   brown                                    

     2024     Yellowish   6061        Blackish                                 

              brown                   brown                                    

     3003     Blackish    6063        Yellowish                                

              brown                   brown                                    

     4043     Blackish    7075        Yellowish                                

              brown                   brown                                    

     5005     Blackish                                                         

              brown                                                            

     ______________________________________                                    

PAR  Table 4 indicates that the color of the colored oxide film of the aluminum
      material containing much iron becomes darker with an increase in the
      amount of iron contained. By observing the constructions of all the films,
      it was found that sulfur and/or sulfides were deposited in the lattice
      defects in any one of the films.
PAR  As will be seen from the foregoing, with the present invention, a colored
      oxide film is obtained by effecting an anodic oxidizing treatment in an
      aqueous solution containing sulfuric acid, without employing any coloring
      additives. Accordingly, this invention has the following advantages.
PAR  1. The electrolytic solution is simple in composition and economical and
      control of the bath is easy.
PAR  2. Since sulfuric ions serving as coloring sources enter into lattice
      defects of an aluminum oxide film during its formation, the resulting
      color is constant and uniform and does not ever deteriorate the
      characteristic of the film.
PAR  3. Electrolysis is carried out in the aqueous solution containing sulfuric
      acid and productivity is also very excellent.
PAR  The aluminum material or an aluminum alloy herein mentioned is intended to
      cover an industrially pure aluminum, any other various aluminum alloys
      and, especially, those aluminum alloys containing oxidizable alloying
      elements but to exclude alloys containing a large amount of, for example,
      copper.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A method of forming a colored oxide film on aluminum which contains
      incidental impurities and on aluminum alloys by electrolyzing the aluminum
      material by applying a rectangular pulse voltage thereto in an
      electrolytic bath consisting essentially of an aqueous solution of
      sulfuric acid to form an aluminum oxide film containing aluminum suboxides
      and having crystal lattice defects on the surface of the aluminum
      material, said rectangular pulse voltage having a peak voltage value in
      the range of from about 5 volts to about 120 volts and a period in the
      range of from about 0.2 seconds to about 120 seconds.
NUM  2.
PAR  2. A method of forming a colored oxide film on an aluminum material
      according to claim 1, wherein said rectangular pulse voltage includes a
      positive pulse voltage for the formation of the aluminum oxide film and
      for driving the sulfuric ions into the lattice defects.
NUM  3.
PAR  3. A method of forming a colored oxide film on an aluminum material
      according to claim 2, wherein said rectangular pulse voltage includes a
      negative pulse voltage to promote the reduction of the sulfuric ions to
      form sulfur and sulfides.
NUM  4.
PAR  4. A method of forming a colored oxide film on an aluminum material
      according to claim 1, wherein the aqueous solution contains 5 to 90% by
      weight of sulfuric acid.
NUM  5.
PAR  5. A method of forming a colored oxide film on an aluminum material
      according to claim 1, wherein the aluminum material is an aluminum alloy
      containing an element whose affinity with oxygen is equal to or stronger
      than that of aluminum or stronger than copper.
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ABST
PAL  A process for the production of metals by the electrolysis of metal
      compounds dissolved in a molten electrolyte, in particular for the
      production of aluminum from aluminum oxide. The electric power is passed
      through a multi-cell furnace with at least one inconsumable bi-polar
      electrode, made of electrode materials which are compatible with one
      another. The anions, in particular, the oxygen ions of the dissolved metal
      compounds have their charges removed on the surface of the electron
      conductive ceramic oxide anode and the metal ions, in particular the
      aluminum ions on the surface of the cathode which is made of another
      material than that used for the anode surface.
BSUM
PAR  The invention concerns a process for the production of metals, in
      particular aluminum, and a multi-cell furnace fitted with inconsumable
      bi-polar electrodes for carrying out the process.
PAR  In the Hall-Heroult process for the electrolysis of aluminum a cryolite
      melt containing dissolved Al.sub.2 O.sub.3 is electrolysed at 940.degree.
      - 1000.degree.C. The precipitated aluminum collects on the cathodic carbon
      floor of the electrolysis cell whilst CO.sub.2 and to a small extent CO
      form on the carbon anode. As a result of this the anode burns away.
PAR  For the reaction
EQU  Al.sub.2 O.sub.3 + 3/2 C .fwdarw. 2 Al + 3/2 CO.sub.2
PAL  the combustion of the carbon consumes, theoretically, 0.334 kg C/kg Al; in
      practice however up to 0.5 kg C/kg Al is consumed.
PAR  Consumable carbon anodes have various disadvantages:
PAR  In order to maintain an acceptable purity of aluminum in production a pure
      coke with low ash content must be employed for the anode carbon.
PAR  Because the carbon anode is burnt away it has to be advanced from time to
      time in order to re-establish the optimum interpolar distance between the
      surface of the anode and the surface of the aluminum. Pre-baked anodes
      have to be replaced periodically by new ones and continuously fed anodes
      (Soderberg anodes) have to be re-charged.
PAR  In the case of pre-baked anodes a separate manufacturing plant, the anode
      plant, is necessary.
PAR  In the case of a 120 kA furnace with pre-baked, discontinuous anodes, the
      following typical voltage losses are experienced:
     loss due to conduction (anodic, cathodic)                                 

                               0.2 Volt                                        

     Anode                     0.2 Volt                                        

     Cathode                   0.3 Volt                                        

                               0.7 Volt                                        

PAL  For an average cell voltage of 3.9 volt this amounts to a loss of 19%.
PAR  The disadvantages can, for the main part, be removed by using a multi-cell
      furnace with inconsumable bi-polar electrodes, on which the separation of
      the metal oxide into its elements takes place.
PAR  The advantages of such a furnace for electrolysis are:
PAR  The consumption of anodes is eliminated.
PAR  The electrodes are rigidly fixed and so the interpolar distance remains
      constant
PAR  The voltage loss through the electrodes is considerably reduced.
PAR  An encapsulated furnace with automatic control can be constructed.
PAR  The oxygen formed at the anode can be led off for further industrial use.
PAR  The arrangement of several electrodes in the charge being electrolysed,
      permits a larger production of metal in unit time for a given surface
      area, without having to change the outer dimensions of the cell.
PAR  Working conditions are improved and problems with the contamination of the
      environment are reduced.
PAR  Furnaces with several bi-polar electrodes for the production of aluminum
      are known and from time to time have been proposed. The Swiss patent
      354,258 describes an arrangement of parallel, fixed bi-polar electrodes
      for the electrolysis of a molten charge. The sides of the anodes are of
      carbon which burns away as the electrolysis progresses and so they have to
      be replaced. This cell exhibits thereby serious disadvantages.
PAR  Also the Swiss patent 492,795 refers to an arrangement of parallel, fixed
      bi-polar electrodes for the electrolysis of a molten charge of metal
      oxides. The sides of the anodes consist, on the surface, of a layer which
      is conductive to oxygen ions and consists for example of zirconium oxide
      or cerium oxide stabilised with additions of other metal oxides. The
      O.sup.2.sup.- ions diffuse through this layer, are oxidised to oxygen on a
      porous electron conductor and escape through the porous structure. As a
      further construction another O.sup.2.sup.- ion-containing electrolyte
      which is liquid at the operating temperature, can be positioned between
      the oxygen-ion conductive layer and the anode core. In this way the need
      for a porous electron conductor is avoided.
PAR  Such a multi-cell furnace functions with inconsumable electrodes and
      consists essentially of the following:
PAR  Molten electrolyte charge -- oxygen-ion conductor --  auxiliary electrolyte
      -- electron conductor -- cathode -- molten electrolyte charge --
PAR  In practice it has been shown however that the choice of material which is
      conductive to oxygen ions is limited, as most are not sufficiently stable
      in the electrolyte at the operating temperature. In a cryolite melt at
      960.degree.C the stabilising metal oxide is often dissolved out of the
      lattice after only a few hours, producing a change in the crystal
      structure and making the material unusable.
PAR  The object of the invention presented here is to develop a process for the
      production of metals, in particular aluminum, by the electrolysis of a
      molten charge containing dissolved metal compounds, by making use of a
      multi-cell furnace which does not exhibit the above mentioned difficulties
      and is easier to carry out than the system described above.
PAR  The object of this invention is accomplished by passing the electric
      current through a multi-cell furnace which has at least one inconsumable
      electrode consisting of electrode materials which are compatible, whereby
      the anions, in particular oxygen ions of the dissolved metal compounds
      have their charges removed on the surface of the anode made of
      electron-conductive ceramic oxide material, and the metal ions, in
      particular the aluminum ions have their charges removed on the surface of
      the cathode made of another material than is on the anode surface.
PAR  The multi-cell furnace of the process for this invention consists of the
      following:
PAR  Molten electrolyte charge -- electron conductive anode -- cathode -- molten
      electrolyte charge --
PAR  Since anode and cathode are often not sufficiently compatible with each
      other at elevated temperatures, they can be separated by an intermediate
      layer.
PAR  For the the free anode surface which comes into contact with the corrosive
      molten electrolyte, an oxide based material comes into consideration, for
      example oxides of tin, iron, chromium, cobalt, nickel or zinc.
PAR  However these oxides can generally not be densely sintered without
      additives and furthermore, exhibit a relatively high specific resistivity
      at 1,000.degree.C. For this reason additions of at least one other metal
      oxide in a concentration of 0.01 to 20 weight %, preferably 0.05 to 2 %
      have to be made in order to improve the properties of the pure oxide.
PAR  Oxides of the following metals which may be used alone or in combination
      with one another, have been proved to be useful in increasing the
      sinterability, the density and the conductivity. These metals are:
PAR  Fe, Sb, Cu, Mn, Nb, Zn, Cr, Co, W,
PAR  Cd, Zr, Ta, In, Ni, Ca, Ba, Bi.
PAR  Processes which are well known in the technology of ceramics can be used to
      produce ceramic oxide bodies of this kind. The oxide mixture is ground,
      shaped by pressing or via a slurry, and sintered by heating at a high
      temperature.
PAR  Besides this the oxide mixture can also be applied to a substrate as a
      coating whereby the substrate can to advantage serve as a separating layer
      between the anode and cathode surfaces of the electrodes. The oxide
      mixture is put on to the substrate by hot or cold pressing, plasma or
      flame spraying, explosive cladding, physical or chemical deposition from
      the gas phase or by another known method, and if necessary is sintered.
      The bonding of the coating to the substrate is improved if before coating
      the substrate surface is roughened mechanically, electrically or
      chemically, or if a wire mesh is welded on to it.
PAR  Oxide anodes of this kind have the following advantages:
PAR  good resistance to damage under conditions of thermal cycling.
PAR  low solubility in the molten electrolyte at 1,000.degree.C
PAR  low specific resistivity
PAR  Resistance against oxidation
PAR  Negligible porosity
PAR  Usefully, anodes of 80 - 99.7 % SnO.sub.2 and with a porosity of less than
      5 % are employed. At an operating temperature of 1,000.degree.C these have
      a specific resistivity of 0.004 Ohm. cm and a solubility in the cryolite
      melt of less than 0.08 %. These conditions are fulfilled for example by
      the addition of 0.5 - 2.0 % CuO and 0.5 - 2 % Sb.sub.2 O.sub.3 to the base
      material of SnO.sub.2.
PAR  It has been found that ceramic oxide material with tin oxide as its basis
      is rapidly eaten away when dipped in a molten electrolyte which has
      aluminum suspended in it.
PAR  This corrosion can be substantially reduced if the anode surface in contact
      with the melt carries an electric current. For this the minimum current
      density must amount to 0.001 A/cm.sup.2, however to advantage at least
      0.01 A/cm.sup.2 is used, in particular at least 0.025 A/cm.sup.2.
PAR  If a bi-polar electrode bearing the previously prescribed minimum current
      density is so arranged that the free anode surface is not completely
      immersed in the melt, then a substantial amount of ceramic oxide material
      can still be removed at those places where the anode surface is
      simultaneously in contact with the molten charge and the atmosphere. The
      atmosphere is composed, in addition to air, of gas formed at the anode, in
      particular oxygen, electrolyte vapour and possibly fluorine. The
      electrodes are therefore advantageously so arranged that at least the free
      working surface of the anode is completely immersed in the molten
      electrolyte.
PAR  The cathode is, as a rule, made of carbon in the form of a calcined block
      or graphite. It can however also be made out of another
      electrolyte-resistant material which is electron conductive, such as
      borides, carbides, nitrides or silicides, preferably the elements C and Si
      of the IV main group, the metals of the IV - VI subgroup of the periodic
      system of elements or mixtures of these, in particular titanium carbide,
      titanium boride, zirconium boride or silicon carbide.
PAR  As with the anode, the cathode can be put on the intermediate layer as a
      coating using one of the known methods.
PAR  If necessary an intermediate layer may be arranged between anode and
      cathode layers the purpose of this intermediate layer being to prevent
      direct contact between the ceramic oxide and the cathode. The ceramic
      oxide could be reduced at the operating temperature by a cathode layer of
      carbon.
PAR  The following demands are made of the intermediate layer
PAR  good electrical conductivity
PAR  no reaction with anode or cathode materials.
PAR  Materials which could be considered for the intermediate layer are
      preferably metals for example silver, nickel, copper, cobalt, molybdenum
      or a suitable carbide, nitride, boride, silicide or mixtures of these
      fulfilling the requirements. Silver has the advantage that at an operating
      temperature above 960.degree.C it is liquid and therefore provides a
      particularly good contact.
PAR  At the same time such an intermediate layer with the conductivity of a
      metal facilitates the uniform distribution of electric current over the
      whole of the electrode plate.
PAR  Although in general an intermediate layer is used, by making use of
      suitable anode and cathode materials which do not react with each other at
      the operating temperature, it can be omitted. The individual components of
      the bi-polar electrode are held together by a material which is stable and
      is a poor electrical conductor at the operating temperature and for
      example can be made into a frame. By way of preference a refractory
      nitride or oxide such as boron nitride, silicon nitride, aluminum oxide or
      magnesium oxide is used.
PAR  Both sides of the bi-polar electrode are in contact with the molten
      electrolyte during the electrolysis process. The molten electrolyte can,
      as is normal in practice, consist of fluorides, above all cryolite, or of
      a mixture of oxides as stated in technical literature on this field. The
      removal of the charge from the O.sup.2.sup.- ions takes place at the
      interface between melt and ceramic and the gaseous oxygen formed escapes
      through the melt. The metal ions are reduced at the cathode.
PAR  In terms of the invention several of the described electrodes can be
      arranged in series between a cathode at one end and an anode at the other
      end of a furnace for the electrolysis of a molten charge.
DRWD
PAR  A number of various designs of the bi-polar electrode of the invention and
      cells fitted with these are shown schematically in the figures and show as
      follows:
PAR  FIG. 1 A perspective drawing of the individual parts of an inconsumable
      bi-polar electrode
PAR  FIG. 2 A vertical section through an electrolytic furnace for the
      production of aluminum and fitted with bi-polar electrodes of the kind
      shown in FIG. 1.
PAR  FIG. 3 A horizontal section through a part of an electrolytic furnace with
      electrode plates fixed into recesses in the trough.
PAR  FIG. 4 A vertical cross section IV -- IV of the design shown in FIG. 3.
DETD
PAR  The electrode 1 shown in FIG. 1 has a frame 2 consisting of badly
      conducting and electrolyte resistant material, for example electro-melted
      A1.sub.2 O.sub.3 or MgO. Three plates are fitted into this frame viz:
PAR  A sintered anode plate 3, made of ceramic oxide material, an intermediate
      layer forming a plate 4 which conducts well, and a cathode plate 5. The
      intermediate layer 4 should prevent a reaction taking place between anode
      plate 3 and cathode plate 5 at the operating temperature. The suspension
      of the electrodes in the furnace is made easier if two projections 6 are
      provided in the frame 2.
PAR  FIG. 2 shows a multi-cell furnace, constructed using the vertical
      electrodes 1, shown in FIG. 1, and consisting of frame 2, anode layer 3,
      intermediate layer 4 and cathode layer 5. To advantage, however, these are
      positioned at an angle in order to prevent as far as possible the
      reoxidation of the precipitated aluminum by the oxygen escaping to the
      top. Busbar 7 leads to the anode at the end of the cell; busbar 8 leads to
      the cathode at the other end of the cell. The top surface of the
      electrolyte melt 9 is to advantage so adjusted that it lies in the region
      of the upper edge of the frame of the electrode. At least that part of the
      anode surface which is not covered by the frame is, therefore, completely
      immersed in the electrolyte melt. Thus the free anode surface is prevented
      from coming into contact with the atmosphere 15 and from being attacked by
      it. The cathodically precipitated aluminum 10 is collected in channels
      whilst the anode gas is drawn off through an opening 11 in the top of the
      cell 12, which is clad with fire resistant brick. The trough lining 13
      does not function as a cathode; it is covered with an electrically
      insulating intermediate layer 14 which is resistant against attack from
      the molten electrolyte 9 and the liquid aluminum 10.
PAR  In the versions according to FIG. 3 and 4 it is shown how the individual
      parts of the electrodes 1 can be held together without frames or else
      before the application of a holding device. An electrolytic furnace is so
      designed that the anode plates 3, the intermediate layers 4 and the
      cathode plates 5 of the electrodes are held in place and insulated with
      solidified electrolyte material 2 in recesses which are formed in the
      trough lining 14. The electrolyte melt solidifies there because of the
      temperature drop in the recess of the trough wall arising out of the
      temperature gradient in the wall of the trough 13 of the electrolytic
      furnace.
PAR  Additionally, the solidification can be induced locally in the region of
      the electrodes by means of built-in cooling channels 16 in the furnace
      wall. Further there can be provided a heating device which to advantages
      uses the cooling channels to transport a heating medium and has the
      purpose of making the solidified electrolyte liquid again when necessary,
      thus permitting the plates to be changed. To tap off the liquid aluminum
      10, the channels are provided for example with an outlet, out of which the
      aluminum flows under gravity into a collecting trough. To advantage the
      aluminum is drawn off from each channel individually in order to prevent
      local electrical by-passing through the molten aluminum, and thereby to
      prevent power losses.
PAC  EXAMPLE
PAR  Tin oxide with the following properties was taken as starting material for
      the anode.
TBL  ______________________________________                                    

     Purity:               &gt;99.9 %                                             

     Theoretical Density:   6.94 g/cm.sup.3                                    

     Grain size:           &lt; 5 micron                                          

     ______________________________________                                    

PAR  To this material was added 2 % copper oxide and 2 % antimony oxide, each
      having a purity of &gt;99.9 % and a grain size comparable to that of the tin
      oxide, and the whole was then dry mixed in a mixer for 10 minutes. About
      500 g of this mixture was poured into a soft latex mould, having a
      rectangular recess 14.5 .times. 14.5 cm, pressed lightly by hand and
      placed in the pressure chamber of an isostatic press. The pressure was
      raised from 0 to 2000 kg/cm.sup.2 over a period of 3 minutes, held for 10
      seconds at maximum pressure and then the pressure was released within a
      few seconds.
PAR  The unsintered plate was taken out of the mould. It had the following
      dimensions:
EQU  11.5 .times. 11.5 .times. 1.08 cm
PAR  The density was 3.40 g/cm.sup.3
PAR  Over a period of 18 hours the plate was heated from room temperature to
      1,350.degree.C between two aluminum oxide plates in a furnace, held at
      this temperature for 2 hours and then cooled to 400.degree.C over a period
      of 24 hours. After reaching this temperature, the sintered part was taken
      out of the furnace and after cooling to room temperature was weighted,
      measured and the density determined.
TBL  ______________________________________                                    

     Dimensions:        10.3 .times. 10.3 .times. 0.70 cm                      

     Measured Density:         6.58 g/cm.sup.3                                 

     % theoretical density of                                                  

                        6.91 g/cm.sup.3 : 95.2 %                               

     ______________________________________                                    

PAR  This plate was placed together with a square nickel plate of dimensions
      10.1 .times. 10.1 .times. 0.5 cm and a graphite plate of dimensions 10.3
      .times. 10.3 .times. 1.0 cm having a density of 1.84 g/cm.sup.3 in a frame
      of boron nitride having a density of 1.6 g/cm.sup.3. The nickel plate has
      slightly smaller dimensions, in order to compensate for its thermal
      expansion which is about three times greater than the other materials.
PAR  The structure of the electrode is as shown in FIG. 1. The outer dimensions
      of the boron nitride frame:
PAR  Length 14.3 cm; Height 12.3 cm; Breadth 4.2 cm.
PAR  The length here does not include the projections on the frame.
PAR  The recess for the anode, intermediate layer and cathode: Length 10.3 cm,
      Height 7.3 cm; Breadth 2.2 cm.
PAR  The rectangular window: Length 8.3 cm; Height 7.3 cm; Wall thickness 1.0 cm
PAR  For this system, SnO.sub.2 -- Nickel -- Graphite, assuming an ideal contact
      between the materials, the following resistance can be calculated:
TBL         Specific Resistance                                                

                          Resistance per cm.sup.2                              

            (Ohm.cm)      (Ohm/cm.sup.2)                                       

            20.degree.C                                                        

                    1000.degree.C                                              

                              20.degree.C                                      

                                        1000.degree.C                          

     ______________________________________                                    

     SnO.sub.2 + 2 %                                                           

              0.065     0.0034    0.045   0.0024                               

     CuO + 2%                                                                  

     Sb.sub.2 O.sub.3                                                          

     Graphite 0.0012    0.0010    0.0012  0.0010                               

     Nickel   7.8.times.10.sup..sup.-6                                         

                        47.times.10.sup..sup.-6                                

                                  3.9.times.10.sup..sup.-6                     

                                          23.5.times.10.sup..sup.-6            

     Total                        0.0462  0.0034                               

     Resistance                                                                

     ______________________________________                                    

PAR  Under these ideal conditions, the voltage drop is 0.0029 Volts for a
      current density of 0.85 A/cm.sup.2 and a temperature of 1,000.degree.C.
      This voltage drop is negligibly small in comparison with that of the
      present day electrolytic process (0.7 Volt).
PAR  An attempt was made to measure directly the voltage drop in the electrode
      at 1,000.degree.C between two nickel contacts. For a current density of
      0.85 A/cm.sup.2 an average voltage drop of 0.15 Volt was measured. From
      this a resistance of 0.18 Ohm/cm.sup.2 can be calculated. Apparently, the
      measured voltage drop is too high, mainly because the resistances, contact
      point of measurement to electrode and the contacts inside the electrode
      were not ideal. The example shows clearly, however, that the voltage drop
      in the bipolar electrode is small.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the production of metals in a multicell type furnace,
      by the electrolysis of metal compounds dissolved in a molten electrolyte,
      comprising the steps of:
PA1  disposing a first anode and a first cathode spaced apart therefrom in the
      furnace,
PA1  dividing said furnace into cells by disposing at least one inconsumable
      bipolar electrode between said first anode and said first cathode, said
      bipolar electrode including a second anode the surface of which is
      composed of electron conductive ceramic oxide and a second cathode the
      surface of which is composed of another electron conductive material,
      joined together in such a way that, under conditions found in the
      operating cell, they form a mechanical and an electrical unit,
PA1  maintaining a predetermined electrical potential across the first anode and
      the first cathode whereby a current flows through the cell and the anions
      have their charges removed at the anodes, and the metal ions have their
      charges removed at the surface of the cathodes.
NUM  2.
PAR  2. In a process as claimed in claim 1, wherein said metal compound is a
      metal oxide, and said anions are oxygen ions.
NUM  3.
PAR  3. In a process as claimed in claim 1, wherein said metal is aluminum and
      said metal oxide is aluminum oxide.
NUM  4.
PAR  4. In a process as claimed in claim 1, wherein said second cathode is
      composed of materials compatible with the second anode materials under
      operating conditions of the cell.
NUM  5.
PAR  5. Process in accordance with claim 1, whereby the current density at the
      anode surfaces is at least 0.001 A/cm.sup.2.
NUM  6.
PAR  6. Process in accordance with claim 5, whereby the current density is at
      least 0.01 A/cm.sup.2.
NUM  7.
PAR  7. Process in accordance with claim 6, whereby the current density is at
      least 0.025 A/cm.sup.2.
NUM  8.
PAR  8. Process in accordance with claim 1, characterized in that, the surface
      level of the molten electrolyte is so maintained, that at least the free
      surface of the anode is completely immersed in the melt.
NUM  9.
PAR  9. Method in accordance with claim 8, wherein the top surface of the
      electrolyte melt lies in the region of the upper edge of the frame of the
      electrode.
NUM  10.
PAR  10. Method in accordance with claim 1, wherein the electrolyte has a
      cryolite basis.
NUM  11.
PAR  11. Method in accordance with claim 1, wherein the electrolyte has an oxide
      basis.
NUM  12.
PAR  12. In a multicell furnace for production of metals by electrolysis of
      metal compounds dissolved in a molten electrolyte,
PA1  a first anode and a first cathode disposed spaced apart in said furnace;
      and
PA1  at least one inconsumable bipolar electrode disposed substantially parallel
      to and between said first anode and first cathode dividing said furnace
      into separate cells, including a second anode the surface of which is
      composed of electron conductive ceramic oxide and a second cathode the
      surface of which is composed of another electron conductive material,
      joined together in such a way that, under conditions found in the
      operating cell, they form a mechanical and an electrical unit; said first
      and second anode being composed of the same material and said first and
      second cathode being composed of the same material.
NUM  13.
PAR  13. Multi-cell furnace, in accordance claim 12, wherein an electrically
      conductive intermediate layer is arranged between anode and cathode
      material of the bi-polar electrode.
NUM  14.
PAR  14. Multi-cell furnace, in accordance with claim 13, wherein the
      intermediate layer consists of a metal or a carbide, nitride, boride,
      silicide or a mixture of these.
NUM  15.
PAR  15. Multi-cell furnace, in accordance with claim 14, wherein the metal is
      silver, nickel, copper, cobalt or molybdenum.
NUM  16.
PAR  16. Multi-cell furnace, in accordance with claim 12, wherein said ceramic
      oxide material is tin oxide, iron oxide, chromium oxide, cobalt oxide,
      nickel oxide or zinc oxide.
NUM  17.
PAR  17. Multi-cell furnace in accordance with claim 16, wherein said ceramic
      oxide is doped with at least one other metal oxide.
NUM  18.
PAR  18. Multi-cell furnace in accordance with claim 17, wherein said ceramic
      oxide consists of SnO.sub.2 and at least one other metal oxide in a
      concentration of 0.01 - 20 %.
NUM  19.
PAR  19. Multi-cell furnace in accordance with claim 18, wherein the other metal
      oxide is present in a concentration of 0.05 - 2 %.
NUM  20.
PAR  20. Multi-cell furnace in accordance with claim 17, wherein the metallic
      components of the additional oxide are selected from the group consisting
      of Fe, Sb, Cu, Mn, Nb, Zn, Cr, Co, W, Cd, Zr, Ta, In, Ni, Ca, Ba and Bi.
NUM  21.
PAR  21. Multi-cell furnace, in accordance with claim 20, wherein said ceramic
      oxide is doped with 0.5 - 2 % CuO and 0.5 - 2 % Sb.sub.2 O.sub.3.
NUM  22.
PAR  22. Multi-cell furnace in accordance with claim 12, wherein the cathode of
      the bipolar electrode is made of carbon or borides, carbides, nitrides or
      silicides which are good electrical conductors.
NUM  23.
PAR  23. Multi-cell furnace in accordance with claim 22, wherein the cathode is
      made of carbon as graphite.
NUM  24.
PAR  24. Multi-cell furnace in accordance with claim 22, wherein the cathode is
      made of a material selected from the group consisting of borides,
      carbides, nitrides or silicides of the elements C and Si of the IV main
      group, the metals of the IV - VI subgroups of the periodic system of
      elements or mixtures of these.
NUM  25.
PAR  25. Multi-cell furnace in accordance with claim 24, wherein the cathode is
      made of titanium carbide, titanium boride, zirconium boride or silicon
      carbide.
NUM  26.
PAR  26. Multi-cell furnace in accordance with claim 16, wherein the anode or
      cathode or both are made as an adherent coating on a substrate using a
      known method.
NUM  27.
PAR  27. Multi-cell furnace in accordance with claim 26, wherein the substrate
      serves as an intermediate layer.
NUM  28.
PAR  28. Multi-cell furnace in accordance with claim 12, wherein the individual
      parts of the bi-polar electrode are held together by a holding means which
      is a poor electrical conductor and which is stable at the temperature of
      operation.
NUM  29.
PAR  29. Multi-cell furnace in accordance with claim 28, wherein said holding
      means consists of boron nitride, silicon nitride, aluminum oxide or
      magnesium oxide.
NUM  30.
PAR  30. Multi-cell furnace in accordance with claim 28, wherein said holding
      means is a frame.
NUM  31.
PAR  31. Multi-cell furnace in accordance with claim 12, wherein the individual
      parts of the electrode are operable to be held in place by solidified
      electrolytic material and insulated in recesses in the furnace lining.
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ABST
PAL  A process for the manufacture of phenylhydrazine by cathodic reduction of
      diazoaminobenzene dissolved in an electrolyte on solid electrodes with
      separation of cathode and anode spaces by a diaphragm wherein the
      diazoaminobenzene solution is electrolyzed in a flow type diaphragm cell
      at a graphite cathode having a three dimensional surface.
BSUM
PAR  This invention relates to a process for the manufacture of phenylhydrazine.
PAR  Our copending Application Ser. No. 307776 now U.S. Pat. 3,836,440 issued
      Sept. 17, 1974, provides a process for the manufacture of phenylhydrazine
      from diazoaminobenzene by cathodic reduction with separation of cathode
      and anode spaces by a diaphragm, wherein diazoaminobenzene, dissolved in
      an electrolyte, is reduced on solid electrode materials. In a special
      variant of the process a graphite disc is used as cathode.
PAR  Since the thermally sensitive diazoaminobenzene which is unstable in acid
      solution cannot withstand an acid working up of the electrolysis solution
      -- which is by far the most expedient process for the isolation of the
      phenylhydrazine, in order to avoid a large decrease in yield it is
      necessary to reduce cathodically the diazoaminobenzene dissolved in the
      catholyte completely, i.e. the solution must be subjected to electrolysis
      until it no longer contains any diazoaminobenzene.
PAR  It is known, however, that concentration polarization occurs increasingly
      during this electrolysis of the solution, i.e. above all towards the end
      of the electrolysis, so that the cathode potential in the final
      electrolysis reaches values under constant cell current, which are in the
      range of those that cause phenylhydrazine scission. This cathodic
      cleavability of the phenylhydrazine is especially disturbing in the
      electrosynthesis of phenylhydrazine from diazoaminobenzene, and the
      problem arises of completely electrolysing diazoaminobenzene solutions at
      technically interesting current densities of approximately 1000 A/m.sup.2
      and above (at a cell voltage of approximately 4 V) without a part of the
      phenylhydrazine already formed being split into aniline and ammonia at the
      same time.
PAR  It has now been found that phenylhydrazine can be obtained by cathodic
      reduction in especially good yields by electrolysing diazoaminobenzene
      solutions on a graphite cathode with a three dimensional surface in a flow
      type diaphragm cell.
PAR  As graphite cathodes with a three dimensional surface according to the
      invention preferably masses of loose particles, nets, fabrics or
      structured plates are used, through the cavities and recesses of which the
      electrolysis solution flows optionally in a cycle.
PAR  On electrodes of this type even towards the end of the reduction, i.e. with
      low concentration of diazoaminobenzene, no noticeable scission of the
      phenylhydrazine occurs, which leads to good yields of phenylhydrazine.
      Since, furthermore, surprisingly with the use of a graphite electrode with
      a three dimensional surface according to the invention for the cathodic
      electrolysis of diazoaminobenzene solutions with technically interesting
      current densities a noticeable hydrogen development begins only toward the
      end of the electrolysis, not only good yields but also good current
      efficiencies are obtained.
PAR  For the manufacture of graphite electrodes with a three dimensional surface
      according to the invention, for example, for bulk electrodes, balls,
      grains, lumps, grit, lamellae, granules, coils of hollow cylinders of from
      0.5 mm to 20 mm, preferably from 1.5 mm to 10 mm mean diameter are used,
      which fill the total cathode space up to the diaphragm. The particles of
      such a mass or filling consist either completely of graphite or of a
      non-conducting carrier material which is coated with graphite. The mass is
      contacted with a current carrying graphite or other current-conducting
      plate which may be smooth, or contured plate. Suitable graphite nets or
      grids are the known nets and loose fabrics of graphite fibres or of
      mixtures of graphite fibres with fibres of inert non-conducting materials
      or grids of graphite bars of 8 .mu. to 4 mm fibre or bar diameter and with
      mesh widths between 0.2 mm and 10 mm, preferably 0.5 mm to 4 mm mesh
      width, 10 .mu. to 3 mm fibre or bar diameter. As structured graphite
      plates there are used those which are made by suitable processing, for
      example by grooving plane plates, or using those which already have the
      desired surface structures when manufactured. The structured graphite
      plates of the invention obtained in this way may be irregular or regular,
      for example, they may have round, oval, rhombic, rectangular or square
      elevations with any arbitrary means diameters, intervals and heights of
      these elevations. Mean diameters of from 0.3 mm to 20 mm, intervals of
      between 0.2 mm and 25 mm and heights of between 0.2 mm and 15 mm, may be
      used. Especially preferred are mean diameters of from 1.5 mm to 8 mm,
      intervals of between 1 mm and 6 mm and heights of from 0.5 mm to 8 mm.
      Those structured plates are preferred, the structures of which have equal
      heights.
PAR  According to the invention the graphite-electrodes with three-dimensional
      electrode surface are used as cathode in a flow electrolysis cell, the
      cathode and anode spaces of which are separated from one another by a
      diaphragm and the electrolysis solution containing the diazoaminobenzene
      is circulated during the electrolysis through the cathode space and the
      cavities and recesses of the cathode body. The flow speed is variable
      within wide limits, preferably, however, in the range of from 0.5 m to 4 m
      per second.
PAR  For a continuous operation of the electro-synthesis of the invention a
      cascade connection of an unlimited number of flow cells with electrodes of
      the invention is also possible.
PAR  To obtain a cell voltage as low as possible and to protect the diaphragm
      from mechanical damage the diaphragm is separated from the structured
      plates, nets or grids or the particles of the bulk electrodes by a fine
      net of inert, non-conducting material, such as, for example, glass fibres
      or organic polymer material, such as polyethylene, polyacrylamide,
      polyacrylonitrile or polyamides (nylon), in such a way that a direct
      contact of graphite and diaphragm is avoided.
PAR  For the anode space a simple common construction approximately in the form
      of a narrow gap between anode and diaphragm with lateral electrolyte-inlet
      and outlet is sufficient.
PAR  The diaphragm intervals of cathode and anode are not critical and can be
      designed randomly. They are chosen expediently for economical reasons but
      are as small as possible.
PAR  As diaphragms there are suitable all materials resistant to alkalies, acids
      and organic solvents, such as, for example, porous ceramic material,
      felts, porous sheets or permselective membranes, preferably cation
      exchange membranes.
PAR  In contradistinction to the cathodic reduction of diazotates, the
      electrolysis temperature used in the present process can be varied over a
      wide range and its upper limit is determined only by the thermal
      decomposition of the diazoaminobenzene. A temperature in the range of from
      -20.degree. to +90.degree.C, especially +15.degree. to +50.degree.C is
      preferred.
PAR  The electrolysis can be carried out with any electrolytes, preferably with
      protic, especially aqueous electrolytes. Preferably organic cosolvents are
      added especially to the catholyte, whereby the solubility of the
      diazoaminobenzene is considerably improved. As organic cosolvents there
      are suitable above all watersoluble compounds such as, for example, lower
      alcohols, such as methanol, ethanol, i- or n-propanol, butanol, ethers,
      such as for example, tetrahydrofurane dioxane, glycol monomethyl ether,
      glycol dimethyl ether, carboxylic acid amides, such as, for example,
      dimethyl formamide, diethylacetamide, diethyl formamide and/or nitriles,
      such as, for example, acetonitrile, propionitrile, or mixtures of the
      solvents named.
PAR  A sufficient conductivity in the catholyte is obtained expediently by
      adding an auxiliary electrolyte in the form of suitable "conducting salts"
      in known manner. The pH-value of the catholyte has to be chosen in such a
      manner that the diazoaminobenzene does not decompose to give
      benzenediazonium salt and aniline, a pH-value above 5, especially
      approximately 6 to 14 being preferred. Higher pH-values are also possible
      but they do not offer any advantage.
PAR  Suitable conducting salts are especially alkali metal and ammonium
      hydroxides as well as organic bases, for example the various tetraalkyl
      ammonium hydroxides. The catholyte can contain up to approximately 35% by
      weight of diazoaminobenzene, preferably the process should be carried out
      in a range of from approximately from 15 to 25%. The diazoaminobenzene
      solutions can be electrolysed with up to approximately 3500 A/m.sup.2, the
      cell voltage being, for example, between approximately 3.0 and 10 V,
      depending on the current density used. The electrolysis should be carried
      out preferably at current densities from approximately 1500 to
      approximately 2500 A/m.sup.2 and cell voltages of approximately 4.0 to
      approximately 6.0 V.
PAR  As anolyte conducting salt solutions, acids or alkaline solutions of any
      concentrations are suitable, preferably however about 0.1 to 10 normal
      aqueous alkaline solutions. The anode material is not critical. Any
      material may be used, which does not corrode under the anode charge such
      as, for example, platinum metals, lead coated with PbO.sub.2, graphite
      coated with PbO.sub.2, a titanium electrode coated with precious metal in
      sulphuric acid or phosphoric acid, or nickel or graphite or steel coated
      with nickel in aqueous alkaline solution. As anodes there may be used each
      of the usual structural types such as, for example plane, smooth plates,
      nets or expanded metals or also one of the bulked or structured plates
      according to the invention.
PAR  The flow speeds of the catholyte are from 0.1 to 7 m/sec, preferably from
      0.5 to 4 m/sec, especially from 1 to 2.5 m/sec. The flow speed of the
      anolyte can be lower. However, there should be a difference in pressure
      between anode and cathode spaces. Preferably the process is carried out at
      a low excess pressure of from approximately 0.01 to 0.5 atmosphere gauge
      in the anolyte, so that the diaphragm is not subjected to too great a
      mechanical burden.
DRWD
PAR  The invention will now be described by way of example only and in further
      detail with reference to the accompanying drawing of which
PAR  FIG. 1 and FIG. 2 show structured graphite plates with elevations 1 and
      grooves 2 through which the catholyte flows.
PAR  FIG. 3 illustrates an electrolysis cell with a mass of graphite balls.
DETD
PAR  The anode side with the anode 3 and the anolyte inlet 8 and outlet 8a is
      separated from the cathode by the diaphragm 6. The cathode current is
      supplied through the contact plate 4 to the particles 5 of the graphite
      mass. The catholyte flows through the free spaces via the inlet 7 at a
      flow speed of from 0.1 to 7 m/sec, preferably from 0.5 to 4 m/sec,
      especially from 1 to 2.5 m/sec, to the outlet 7a. The spacing between the
      cathode contact plate 4 and the diaphragm 6 is not critical and is
      variable within wide limits. Preferably a spacing of from 1 to 50 mm,
      especially from 3 to 20 mm. is used. The net 9 protects the diaphragm 6
      from direct contact with the cathode material.
PAR  The following examples illustrate the invention. The material yields given
      are calculated on the quantity of starting compound used.
PAC  EXAMPLE 1
PAR  The flow type electrolysis cell consisted of two polyethylene halves in the
      form of flat cases measuring 300 .times. 300 .times. 50 mm with side inlet
      and outlet, between which was placed a cation exchanger membrane (type
      Nafion XR 475 DuPont). The cathode space was completely filled with
      graphite fragments (mean diameter approximately 4 mm, type P 127 from
      Sigri), which were contacted from behind by a plate of the same material.
      The distance of the contacting plate from the diaphragm was 6 mm. The free
      space in the graphite mass was approximately 40% of the total cathode
      space. A direct contact of the graphite fragments with the diaphragm was
      prevented by a fine polyethylene net placed in between. The anode
      consisted of a nickel plate which was kept approximately 1.5 mm away from
      the diaphragm by polyethylene nets. The anolyte was aqueous 6N NaOH.
PAR  The catholyte contained 151 g of diazoaminobenzene in a mixture of 150 ml
      of tetrahydrofurane, 650 ml of methanol and 50 ml of 50% aqueous NaOH. The
      electrolytes were circulated at approximately 25.degree. to 30.degree.C at
      a speed of approximately 1 m/sec through the electrolysis cell. 59 AH were
      passed through the cell at 15 A/dm.sup.2 (cell voltage approximately 4.0
      V) and subsequently 31 AH at 10 A/dm.sup.2 (cell voltage approximately 3.6
      v), whereupon the initially deep blackish red solution had turned pink. It
      was acidified with concentrated HC1 and evaporated to dryness. The residue
      was rendered alkaline with aqueous 50% NaOH, the separated organic phase
      was separated and the aqueous phase repeatedly extracted with ether. The
      combined organic phases were concentrated by evaporation after drying over
      MgSO.sub.4 and a gas chromatogram was taken from the remaining residue
      (147 g of oil). At the same time the content of the oil of phenylhydrazine
      was determined iodometrically. Both determinations gave a content of 50.6%
      by weight phenylhydrazine, corresponding to 89.6% material yield and 81.7%
      current efficiency. 47.5% by weight of the oil was aniline the rest
      non-evaporated solvent. The oil was separated in a simple distillation
      apparatus with a short column and with weak reflux into the main
      constituents. After removal of 3 g of solvent 69 g of aniline was
      distilled at 60.degree. to 65.degree.C/4 mm Hg and thereafter at
      100.degree. to 101.degree.CC/4 mm Hg 71.4 g of phenylhydrazine was
      distilled.
PAR  Under similar conditions, using only a smooth graphite plate as cathode
      against the diaphragm, a material yield of only phenylhydrazine of
      approximately 60% was obtained.
PAC  EXAMPLE 2
PAR  In the cell described in Example 1 the cathode space was filled with
      approximately 4 mm fragments of electrographite (Sirri). A direct contact
      of the fragments with the diaphragm was prevented by a fine polyethylene
      net placed between. The cation exchange membrane was of the type C 61 AZL
      183 (Ionics), the anode of lead was coated with PbO.sub.2 and as anolyte
      aqueous 2N H.sub.2 SO.sub.4 was used. The catholyte contained 90 ml of
      tetrahydrofurane, 800 ml of methanol, 35 ml of 50% aqueous NaOH and 75.6 g
      of diazoaminobenzene. The electrolytes were recycled at approximately
      25.degree. to 30.degree.C through the electrolysis cell at a speed of
      approximately 1 m/sec. At 14 A/dm.sup.2 (cell voltage approximately 6 V)
      45 AH were passed through. After working up (as in Example 1) 74.5 g of
      oil containing 47.7% by weight of phenylhydrazine and 50.5% by weight of
      aniline were obtained. The content of phenylhydrazine corresponded to
      85.6% material yield and 77.8% current efficiency.
PAC  EXAMPLE 3
PAR  In the cell described in Example 1 as cathode a structured graphiteplate
      (evs-material from Sigri) with diamond shaped elevations (approximately
      3.5 mm edge length, approximately 1.5 mm groove depth, approximately 1.5
      mm groove width, approximately 30.degree. angle between the grooves and
      the current direction of the electrolyte) was fitted in such a way that
      the upper edge of the elevations was still approximately 0.5 mm away from
      the diaphragm. This distance was maintained by a polyethylene net placed
      between. The cation exchange membrane was of the type Nafion XR 475, the
      anode was of nickel and the anolyte was aqueous 6N NaOH. The electrolytes
      were circulated at 1 m/sec at approximately 25.degree. to 30.degree.C
      through the electrolysis cell.
PAR  Through the solution of 600 ml of tetrahydrofurane, 2000 ml of methanol,
      400 ml of 30% aqueous NaOH and 462 g of diazoaminobenzene there were
      passed at 20 A/dm.sup.2 111 AH (cell voltage approximately 4.6 V), at 15
      A/dm.sup.2 128 AH (cell voltage approximately 4.0 V) and at 10 A/dm.sup.2
      60 AH (cell voltage approximately 3.6 V). After the conclusion of the
      electrolysis the solvent was distilled off from the catholyte under
      reduced pressure, whereupon the residue formed two layers. The upper
      organic phase was separated. In 458 g of oil it contained 49.3% by weight
      phenylhydrazine, corresponding to 89% material yield and 81% current
      efficiency and 47.9% by weight of aniline. The raw base mixture (as in
      Example 1) was separated by distillation in a short column. 215 g of
      aniline and 203 g of phenylhydrazine were obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for producing phenylhydrazine by cathodic reduction of
      diazoaminobenzene in an electrolytic cell having a cathode zone with
      graphite cathode therein, an anode zone with an anode therein and a
      diaphragm separating said cathode zone from said anode zone, and in which
      process a catholyte comprising an alkali metal hydroxide, ammonium
      hydroxide, an organic base or mixtures thereof at a temperature of
      -20.degree. to 90.degree.C. is caused to flow through said cathode zone, a
      voltage is applied across said anode and cathode to reduce
      diazoaminobenzene to phenylhydrazine in said cell and phenylhydrazine is
      recovered from said catholyte, the improvement which comprises providing
      in said cell a graphite cathode having grooves or internal passages formed
      therein and causing said catholyte to flow through said grooves or
      passages to produce phenylhydrazine at an improved yield.
NUM  2.
PAR  2. The process as claimed in claim 1, wherein said graphite cathode
      material is of particles of mean diameters from 0.5 to 30 mm.
NUM  3.
PAR  3. The process as claimed in claim 1, wherein said graphite cathode
      material is of mean diameters from 1.5 mm to 10 mm.
NUM  4.
PAR  4. The process as claimed in claim 1, wherein as graphite cathode material
      one or more layers or nets of graphite or of mixtures of graphite fibers
      with fibers of inert non-conductive materials are used.
NUM  5.
PAR  5. The process as claimed in claim 1, wherein as graphite cathode material,
      stacked, flow-through graphite plates are used.
NUM  6.
PAR  6. The process as claimed in claim 1, wherein the diaphragm is supported by
      a net of inert non-conductive material from the cathode body.
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ABST
PAL  Accelerated reaction rates and improved yields are accomplished when
      sulfides of metals of groups Ib, IIb, IVa, Va and VIII of the Periodic
      Table are oxidized in aqueous medium to convert the sulfide sulfur to
      elemental sulfur by performing the reaction in the presence of activated
      carbon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the oxidation of metal sulfides and is
      particularly concerned with enhancing the oxidation reaction by performing
      it in the presence of activated carbon.
PAR  2. Prior Art
PAR  In present commercial methods for treating sulfide ores and concentrates
      the general practice involves smelting or roasting the sulfides through a
      complex series of roasting and smelting operations which drive off the
      sulfur as sulfur dioxide. The metal values are effectively recovered by
      these operations, however, large volumes of sulfur dioxide are produced
      which are not always conveniently recovered, resulting in serious air
      pollution problems. In an effort to overcome this sulfur dioxide problem,
      hydrometallurgical processes are being proposed which are designed to
      convert the sulfide to elemental sulfur and recover the corresponding
      metal.
PAR  The primary hydrometallurgical processes for these sulfides include
      electrolytic dissolution and chemical leaching. U.S. Pat. Nos. 3,673,061;
      3,736,238 and 3,766,026 describe effective processes for electrolytic
      dissolution of sulfide concentrates, while chemical leaching processes are
      disclosed in U.S. Pat. No. 3,767,543 and in the U.S. Bureau of Mines,
      Report of Investigations 7474.
PAR  These hydrometallurgical processes are illustrative of approaches being
      made to permit economic recovery of metals from their sulfides without
      creating air pollution. In furthering these developments the herein
      disclosed invention enhances the operability and efficiency of these
      processes by increasing the reaction rates and improving the yields.
PAC  SUMMARY OF THE INVENTION
PAR  The oxidation of metal sulfides of metals of groups Ib, IIb, IVa, Va and
      VIII of the Periodic Table whereby the sulfides are converted to elemental
      sulfur and metal ions are put into aqueous solution is enhanced with
      regard to yield and reaction rate when performed in the presence of
      activated carbon. This technique is effective both with electrolytic
      dissolution of sulfides and with chemical leaching of the sulfides.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  One particularly advantageous aspect of this invention is the fact that the
      known hydrometallurgical metal sulfide oxidation processes do not need to
      be altered with respect to their processing parameters. The only
      modification necessary is the addition of the activated carbon. Hence this
      development is readily adaptable to many processes now being contemplated.
PAR  The precise chemical explanation for the beneficial effect of the addition
      of activated carbon is not fully known, but it is observed that the
      activated carbon serves in a catalytic fashion in that the activated
      carbon may be fully recovered in unaltered form and reused.
PAR  The amount of activated carbon added to the reaction is not critical,
      however, if such a small proportion is added the reaction will not be
      substantially enhanced. It is therefore preferable to add at least about
      2% by weight of the sulfide being treated, more preferably at least about
      10% by weight of sulfide being treated, and most preferably about 20% by
      weight of the sulfide being treated. Higher amounts of activated carbon
      are of further benefit, but at some point the benefits become
      disproportionate to the amount of carbon being added.
PAR  The activated carbon may be added to the system in any convenient manner,
      and upon completion of the reaction may be recovered by common recovery
      means, such as by screening or by flotation. The recovered carbon may then
      be recycled for additional sulfide treating. The primary
      hydrometallurgical processes for oxidizing metal sulfides, chemical
      leaching and electrolysis, are both substantially improved by the
      inclusion of the activated carbon. The primary leaching processes utilize
      metal chloride leaching agents, particularly ferric chloride and cupric
      chloride. Other suitable leaching agents include chromic acid, manganic
      acid, and hydrogen peroxide. As before mentioned, the leaching need be
      carried out only by means already known in the art, as for example the
      process disclosed in the U.S. Bureau of Mines Publication Report of
      Investigation 7474 entitled "Recovering Elemental Sulfur from Non-Ferrous
      Minerals." Similarly, processes for electrolytic dissolution of metal
      sulfides known in the art, as for example, U.S. Pat. Nos. 3,736,238 and
      3,673,061, may be employed directly without changing any processing
      parameters, electrolytes, etc.
PAR  Those metal sulfides particularly susceptible to this process include the
      group Ib metals of copper, silver and gold; the group IIb metals of zinc,
      cadmium and mercury; the group IVa metals of germanium, tin and lead; the
      group Va metals of arsenic, antimony and bismuth; and the group VIII
      metals of iron, cobalt, nickel, ruthenium, rhodium, palladium, osmium,
      iridium and platinum. These metal sulfides, of course, occur naturally in
      many different ores and ore bodies around the world.
PAR  A primary benefit resulting from the addition of activated carbon is an
      increase in the oxidation reaction rate. Also, the reactions are more
      efficient, in that for a given oxidative current or reactant a greater
      quantitative reaction occurs. An additional benefit is the fact that
      certain minerals and concentrates which are difficult to solubilize, for
      example enargite, pentlandite and chalcopyrite, are readily solubilized at
      high efficiency with the use of activated carbon. Furthermore, certain
      noble metals such as silver, gold and platinum which are difficult to
      dissolve are readily dissolved with the use of activated carbon, and once
      in solution these metals are readily adsorbed by the activated carbon,
      providing a means not only for recovery from the gangue but also their
      isolation from other metal values.
PAR  The aqueous oxidation of the metal sulfides with which this invention
      concerns proceeds with relative ease during the initial portion of the
      reaction and becomes increasingly more difficult as the reaction begins to
      approach completion. It is therefore often advantageous to permit the
      initial portion of the reaction to proceed in a conventional manner
      without the inclusion of activated carbon, and then introduce the
      activated carbon at that point during the course of the reaction when the
      relative difficulty begins to predominate. One manner of accomplishing
      this would be to perform the reaction in more than one stage, either
      cocurrently or countercurrently, and utilize the activated carbon in the
      final stage or possibly the last two stages. This would minimize the
      amount of activated carbon necessary and also facilitate recovery of the
      activated carbon. Preferably the reaction may be permitted to proceed
      conventionally to at least about 33% completion, more preferably to at
      least about 50% completion, and most preferably to at least about 66%
      completion prior to the addition of activated carbon.
PAR  The following examples are illustrative of the improvement in the oxidation
      reactions which the presence of activated carbon generates.
PAC  EXAMPLE 1
PAR  A commercial copper concentrate containing principally the mineral
      chalcopyrite was pre-leached with ferric chloride converting a substantial
      portion of the copper and iron into soluble form and the sulfide into
      sulfur. The residue from this pre-leach assayed: 18.32% copper, 22.26%
      iron, 12.5% elemental sulfur, and 39.8% total sulfur.
PAR  Equal samples from this residue were further leached with ferric chloride.
      The leachant assayed fabric ion 62.5 grams per liter and ferrous ion 49.2
      g/l under the identical conditions of: 80.degree.C temperature, 6 hours
      time, 0.5 pH and slurry density of 295 grams residue to 2 liters of
      leachant.
PAR  To one of the residue samples 59 grams of activated carbon was added (20%
      of residue dry weight), and the following results were noted:
TBL                 No Activated                                               

                             Activated                                         

                                      %                                        

                    Carbon   Carbon   Improvement                              

     __________________________________________________________________________

     Copper Dissolved                                                          

                    18.56 gms                                                  

                             25.79 gms                                         

                                      39%                                      

     Fe Dissolved   15.11 gms                                                  

                             22.19 gms                                         

                                      47%                                      

     gms Fe.sup.+.sup.+.sup.+/gm Cu Dissolved                                  

                    6.73     4.84     39%                                      

     Elemental S/Elemental S                                                   

       plus Sulfate Sulfur                                                     

                    92.5%    93.6%    1.2%                                     

     __________________________________________________________________________

PAR  It is observed that substantially more copper and iron are dissolved in the
      presence of activated carbon than without it. The carbon improves the
      utilization of the ferric ion oxidant. More elemental sulfur is formed and
      less sulfur is oxidized to sulfate.
PAC  EXAMPLE 2
PAR  Two additional samples of the residue cited in Example 1 were oxidized in
      the anode compartment of an electrolytic cell as taught in U.S. Pat. No.
      3,736,238. To one sample 60 grams (20% by weight) of activated carbon were
      added. The two samples were electro-oxidized under the following identical
      conditions: 120 ampere hours, 0.5 pH, 80.degree.C temperature, anode
      current density of 120 amperes per square foot, a media of 2 molar ferrous
      chloride solution, and a slurry density of 300 grams residue to 2 liters
      of solution.
TBL  __________________________________________________________________________

                  Without Activated                                            

                             With Activated                                    

                                        %                                      

                  Carbon     Carbon     Improvement                            

     __________________________________________________________________________

     Copper Dissolved Grams                                                    

                  37.91      39.60      4.3%                                   

     Ampere Hours Per Gram                                                     

                  3.16       3.03       4.3%                                   

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  Two additional samples of the residue cited in Example 1 were used in
      leaches in which the lixiviant was a solution of cupric chloride. To one
      sample 20 grams of activated carbon was added. The leach conditions were
      identical and were: 80.degree.C temperature, 0.5 pH, a media of 150 g/l
      ferrous ion as chloride, and 50 g/l cupric ion as chloride, time of 4
      hours, and a slurry density of 100 grams of residue to 0.5 liters of
      solution.
TBL  __________________________________________________________________________

                    Without Activated                                          

                               With Activated                                  

                                          %                                    

                    Carbon     Carbon     Improvement                          

     __________________________________________________________________________

     Copper Dissolved Grams                                                    

                    5.02       5.34       6.4%                                 

     Gms Cu.sup.+.sup.+/gms Cu Dissolved                                       

                    4.98       4.68       6.4%                                 

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  Samples of a commercial lead concentrate (containing principally galena)
      assaying 72% lead and 1.1% antimony were anodically dissolved in an
      electrolytic cell. Conditions used were: an anode current of 60 ampere
      hours, an anode current density of 60 ampere hours per square foot, 0.5
      pH, 80.degree.C temperature, a media of 4N sodium chloride, and a slurry
      density of 250 grams of concentrate to 2 liters of solution.
PAR  To one of the samples 50 grams of activated carbon was added with the
      following results:
TBL              Without Activated                                             

                            With Activated                                     

                                     %                                         

                 Carbon     Carbon   Improvement                               

     __________________________________________________________________________

     Lead dissolved grams                                                      

                 106.5 gms  126.1 gms                                          

                                     18.4%                                     

     % of Feed   59.2%      70.0%                                              

     Antimony dissolved gms                                                    

                 .64 gms    1.1 gms  71.9%                                     

     % of Feed   23.6%      40.6%                                              

     __________________________________________________________________________

PAR  Particularly noteworthy is the antimony results, as this sulfide is
      difficult to dissolve.
PAC  EXAMPLE 5
PAR  Samples of a commercial zinc-lead-silver concentrate which contained 23.6%
      Zn, 18% Pb, 0.017% Ag, 0.056% Cd, 0.039% Sb, 0.012% Bi, were anodically
      dissolved in an electrolytic cell. Conditions used were: an anode current
      of 60 ampere hours, an anode current density of 120 amperes per square
      foot, 0.5 pH, 75.degree.C temperature, a media of 4N NaCl, and a slurry
      density of 200 grams of concentrate to 2 liters.
PAR  To one of the samples 10% by weight of residue (20 grams) of activated
      carbon was added, with the following results being noted:
TBL               Without Activated                                            

                             With Activated                                    

                                        %                                      

                  Carbon     Carbon     Improvement                            

     __________________________________________________________________________

     Zinc Dissolved                                                            

                  37.3 gms   44.5 gms   19.3%                                  

     % of Feed    79%        94.3%                                             

     Lead dissolved                                                            

                  31.1 gms   33.7 gms   8.4%                                   

     % of feed    86%        93.6%                                             

     Ag dissolved .031 gms   .033 gms   6.5%                                   

     % of feed    91.2%      97.1%                                             

     Ag absorbed on charcoal%                                                  

                  --         6.1%                                              

     Cadmium dissolved                                                         

                  .052 gms   .054 gms   3.8%                                   

     % of feed    72.2%      75.0%                                             

     Antimony dissolved                                                        

                  .053 gms   .059 gms   11.3%                                  

     % of feed    68.0%      75.6%                                             

     Bismuth dissolved                                                         

                  .019 gms   .0233 gms  22.0%                                  

     % of feed    79.2%      97.1%                                             

     __________________________________________________________________________

PAR  A portion of the silver dissolved was found to be adsorbed by the activated
      carbon, providing a convenient means of separating the valuable silver
      from the other soluble ions.
PAC  EXAMPLE 6
PAR  Samples of a copper concentrate containing the mineral enargite and
      assaying 29.2% copper and 8.6% arsenic were anodically dissolved in an
      electrolytic cell. Conditions used were: 60 ampere hours, anode current
      density of 120 amperes per square foot, 0.5 pH, 75.degree.C temperature, a
      media of 4N NaCl, and a slurry density of 391.6 grams of concentrate to 2
      liters of solution.
PAR  To one sample 39.2 gms (10%) activated carbon was added:
TBL           Without Activated                                                

                         With activated                                        

                                  %                                            

              Carbon     Carbon   Improvement                                  

     __________________________________________________________________________

     Copper dissolved                                                          

              26.21 gms  31.46 gms                                             

                                  74.5%                                        

      % of feed                                                                

              22.9%      27.5%                                                 

     As dissolved                                                              

              2.55 gms   3.81 gms 49.4%                                        

      % of feed                                                                

              7.5%       11.2%                                                 

     __________________________________________________________________________

PAC  EXAMPLE 7
PAR  Samples of a nickel-cobalt sulfide concentrate were anodically dissolved in
      an electrolytic cell. These concentrates contained 7.3% nickel and 0.2%
      cobalt. Conditions used were: anode current of 35 ampere hours, anode
      current density of 30 amperes per square foot, 75.degree.C temperature,
      0.5 pH, a media of 4N NaCl, and a slurry density of 325 grams of
      concentrate to 3 liters of solution.
PAR  To one of the samples 32.5 grams (10%) of activated carbon was added.
TBL  __________________________________________________________________________

              Without Activated                                                

                         With Activated                                        

                                  %                                            

              Carbon     Carbon   Improvement                                  

     __________________________________________________________________________

     Nickel dissolved                                                          

              10.97 gms  16.78 gms                                             

                                  53.0%                                        

      % of feed                                                                

              46.3%      70.7%                                                 

     Cobalt dissolved                                                          

              0.23 gms   0.38 gms 65.2%                                        

      % of feed                                                                

              35.3%      58.4%                                                 

     __________________________________________________________________________

PAC  EXAMPLE 8
PAR  Samples of the same concentrate used in Example 7 were subjected to a
      ferric chloride leach. Leach conditions were: 90.degree.C temperature,
      time of 8 hours, 0.5 pH, a media of 120 grams per liter ferric ion, and a
      slurry density of 200 grams of concentrate to one liter of solution.
PAR  To one of the samples 10 grams (5%) of activated carbon was added.
TBL  __________________________________________________________________________

              Without Activated                                                

                         With Activated                                        

                                   %                                           

              Carbon     Carbon    Improvement                                 

     __________________________________________________________________________

     Nickel dissolved                                                          

              10.65 gms  12.94 gms 21.5%                                       

     % of feed                                                                 

              73.0%      88.6%                                                 

     Cobalt dissolved                                                          

              .32 gms    .388 gms  21.3%                                       

     % of feed                                                                 

              80.4%      97.0%                                                 

     __________________________________________________________________________

PAC  EXAMPLE 9
PAR  A nickel, cobalt, copper, iron matte containing platinum and palladium was
      electro-oxidized in the anode compartment of an electrolytic cell. 400
      grams of the matte were subjected to 80 ampere hours of current. The matte
      contained 0.0641 grams of platinum and 0.0364 grams of palladium. 15 grams
      of activated carbon had been added. While no platinum or palladium were
      found in the anolyte solution, 0.0115 grams of platinum, and 0.0078 grams
      of palladium were found to have been adsorbed by the activated carbon. In
      a similar electro-dissolution study with this feed, in which 400 grams of
      the feed were subjected to 92.5 ampere hours, no platinum or palladium
      were found to be dissolved without activated carbon.
PAC  EXAMPLE 10
PAR  Samples of a chalcopyrite residue containing gold and silver and assaying
      0.075% copper, 0.32 oz/ton gold and 8.0 oz/ton Ag were subjected to anodic
      attack in an electrolytic cell. Conditions were: an anode durrent of 12.5
      ampere hours, an anode current density of 12.5 amperes per square foot,
      80.degree.C temperature, 0.5 pH, and a media of 4N NaCl.
PAR  To one of the samples 20 grams (5%) of activated carbon was added.
TBL  __________________________________________________________________________

                    Without Activated                                          

                                With Activated                                 

                    Carbon      Carbon                                         

     __________________________________________________________________________

     Copper % of feed dissolved                                                

                    20%         36.7%                                          

     Gold % dissolved                                                          

                     0%         13.6%                                          

     Silver % dissolved                                                        

                    43.2%       43.7%                                          

     __________________________________________________________________________

PAR  Gold and silver were found adsorbed by the activated carbon. This
      illustrates the dissolution of these noble metals in the presence of
      activated carbon and the separation from the solution and other ions by
      adsorption by the activated carbon.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a chemical leach reaction process wherein metal sulfides selected
      from the group consisting of sulfides of metals of groups Ib, IIb, IVa, Va
      and VIII of the Periodic Table are subjected to a reaction with an aqueous
      medium of a temperature of at least 50.degree.C wherein the sulfide sulfur
      is oxidized to elemental sulfur, and the metal values are solubilized, the
      improvement comprising performing the leach reaction in the presence of at
      least about 2% by weight of the metal sulfides being treated of activated
      carbon.
NUM  2.
PAR  2. The process of claim 1 wherein the chemical leaching agent is ferric
      chloride.
NUM  3.
PAR  3. The process of claim 1 wherein the chemical leaching agent is cupric
      chloride.
NUM  4.
PAR  4. The process of claim 1 wherein the metal sulfide is copper sulfide.
NUM  5.
PAR  5. The process of claim 1 wherein the metal sulfide is silver sulfide.
NUM  6.
PAR  6. The process of claim 1 wherein the metal sulfide is gold sulfide.
NUM  7.
PAR  7. The process of claim 1 wherein the metal sulfide is zinc sulfide.
NUM  8.
PAR  8. The process of claim 1 wherein the metal sulfide is cadmium sulfide.
NUM  9.
PAR  9. The process of claim 1 wherein the metal sulfide is mercury sulfide.
NUM  10.
PAR  10. The process of claim 1 wherein the metal sulfide is germanium sulfide.
NUM  11.
PAR  11. The process of claim 1 wherein the metal sulfide is tin sulfide.
NUM  12.
PAR  12. The process of claim 1 wherein the metal sulfide is lead sulfide.
NUM  13.
PAR  13. The process of claim 1 wherein the metal sulfide is arsenic sulfide.
NUM  14.
PAR  14. The process of claim 1 wherein the metal sulfide is antimony sulfide.
NUM  15.
PAR  15. The process of claim 1 wherein the metal sulfide is bismuth sulfide.
NUM  16.
PAR  16. The process of claim 1 wherein the metal sulfide is iron sulfide.
NUM  17.
PAR  17. The process of claim 1 wherein the metal sulfide is cobalt sulfide.
NUM  18.
PAR  18. The process of claim 1 wherein the metal sulfide is nickel sulfide.
NUM  19.
PAR  19. The process of claim 1 wherein the metal sulfide is ruthenium sulfide.
NUM  20.
PAR  20. The process of claim 1 wherein the metal sulfide is rhodium sulfide.
NUM  21.
PAR  21. The process of claim 1 wherein the metal sulfide is palladium sulfide.
NUM  22.
PAR  22. The process of claim 1 wherein the metal sulfide is osmium sulfide.
NUM  23.
PAR  23. The process of claim 1 wherein the metal sulfide is iridium sulfide.
NUM  24.
PAR  24. The process of claim 1 wherein the metal sulfide is platinum sulfide.
NUM  25.
PAR  25. In a chemical leach reaction process wherein metal sulfides selected
      from the group consisting of sulfides of metals of groups Ib, IIb, IVa, Va
      and VIII of the Periodic Table are subjected to a reaction in an aqueous
      medium at a temperature of at least 50.degree.C wherein the sulfide is
      oxidized to elemental sulfur, and the metal values are solubilized the
      improvement comprising performing the initial portion of the chemical
      leach reaction in a conventional manner, and performing the subsequent
      portion of the chemical leach reaction in the presence of at least about
      2% by weight of the metal sulfides being treated of activated carbon.
NUM  26.
PAR  26. In a chemical leach reaction process wherein metal sulfides selected
      from the group consisting of sulfides of metals of groups Ib, IIb, IVa, Va
      and VIII of the Periodic Table are subjected to a reaction in an aqueous
      medium at a temperature of at least 50.degree.C wherein the sulfide is
      oxidized to elemental sulfur and wherein at least one of the metal
      sulfides consists of a noble metal sulfide and the metal values are
      solubilized, the improvement comprising performing the chemical leach
      reaction in the presence of at least 2% by weight of the metal sulfides
      being treated of activated carbon and adsorbing the noble metal by the
      activated carbon.
NUM  27.
PAR  27. An electrolytic process wherein metal sulfides selected from the group
      consisting of sulfides of metals of groups Ib, IIb, IVa, Va and VIII of
      the Periodic Table are subjected to a reaction in an aqueous medium
      wherein the sulfide sulfur is oxidized to elemental sulfur, comprising:
PA1  a. providing an electrolyte in an electrolytic cell including at least an
      anode compartment and a cathode compartment separated by a diaphragm, the
      electrolyte comprising an acidic aqueous solution of at least one chloride
      salt selected from the group consisting of aluminum, chromium, copper,
      iron, manganese, nickel, zinc, and rare earth metals, and mixtures
      thereof, the solution having a concentration from about 0.5 N to
      saturation;
PA1  b. mixing with the electrolyte a solid feed sulfide of the metal having an
      average particle size smaller than about 60 mesh U.S. Standard;
PA1  c. maintaining the temperature of the electrolyte media at about 50.degree.
      to 105.degree.C., and the pH of the electrolyte media below about 3.9
      while introducing electric current into the electrolytic cell to provide
      an anode current density above about 12 amperes per square foot to
      dissociate the metal sulfide into metal ions and elemental sulfur;
PA1  d. performing the electrolytic dissociation in the presence of activated
      carbon; and
PA1  e. recovering metal from the electrolyte.
NUM  28.
PAR  28. The process of claim 27 wherein the metal sulfide is copper sulfide.
NUM  29.
PAR  29. The process of claim 27 wherein the electrolyte comprises ferric
      chloride.
NUM  30.
PAR  30. The process of claim 27 wherein the electrolyte comprises cupric
      chloride.
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ABST
PAL  There is described the preparation of a mononitrate ester of a diol by
      photolysing in the presence of molecular oxygen a nitrite ester of an
      alcohol having a hydrogen atom conformationally adjacent to the hydroxy
      group and in which the atoms joining the hydrogen atom and the hydroxyl
      group include at least two adjacent atoms forming part of a ring.
BSUM
PAR  This invention relates to a novel process for the preparation of diol
      mononitrates and diols and ketoalcohols derived therefrom.
PAR  The photolysis of alcohol nitrites possessing a conformationally adjacent
      carbon-attached hydrogen atom, the "Barton reaction," is well known. A
      detail description of the reaction is to be found, for example, in U.S.
      Pat. No. 3,215,713. Under irradiation, the nitrite groups splits to yield
      a free NO group and an oxy radical. This latter radical captures the
      conformationally adjacent hydrogen atom to form a hydroxy group and a
      carbon radical and the NO migrates to this carbon radical to form a
      nitroso group. In modifications of this reaction, a halogen atom is
      introduced in place of the nitroso group to form a halohydrin which may,
      as in the case of steroids, be dehydrohalogenated to form a cyclic ether,
      and, from this a compound bearing a hydroxy group where the original
      hydrogen atom was may be prepared, the original hydroxy group having been
      replaced by hydrogen. Thus, for example, in the steroid field a 6-hydroxy
      compound yields a 6,19-oxido compound which may be reductively cleaved to
      the corresponding 19-hydroxy compound. This process is described in detail
      in, inter alia British Pat. Specification No. 1,106,296 and U.S. Pat. No.
      3,354,150.
PAR  It has now been found, surprisingly, that in the presence of oxygen instead
      of a halogen free radical, the reaction proceeds in a different way,
      apparently with a radical transfer, resulting in the introduction of a
      nitrate ester (nitrooxy) group in place of the conformationally adjacent
      hydrogen atom and the restoration of the original hydroxy group. In this
      way a hydroxy group can be introduced while retaining an oxygen function
      in the original position.
PAR  According to the present invention therefore, there is provided a process
      for the preparation of a mononitrate ester of a diol whereby a nitrite
      ester of an alcohol having a hydrogen atom which is or is able to be
      conformationally adjacent to the hydroxy group and in which the atoms
      joining the hydrogen atom and the hydroxyl group include at least two
      adjacent atoms forming part of a ring is photolysed in the presence of
      molecular oxygen whereby a corresponding compound is formed in which the
      said hydrogen atom is replaced by a nitrooxy group.
PAR  The term `conformationally adjacent` is used to mean that the atoms or
      groups concerned are so positioned that they may approach without
      appreciable molecular strain to within the distance normal for an
      interatomic bond. Thus, for example, in the steroids, the atoms attached
      to the 11.beta. and 18 carbon atoms are more adjacent to each other than
      the 11.beta. substituents are to the hydrogen atoms attached to carbon
      atoms at positions 8, 9, 12 or 13. Similarly, the substituents on the
      11.beta. are closer to the hydrogen atoms on the 19-carbon atom, than they
      are to the hydrogen atoms attached to the carbon atoms surrounding the
      19-carbon position, that is to the hydrogen atoms attached to carbon atoms
      at positions 1, 5, 6, or 9.
PAR  In a similar manner, the atoms and groups linked to other carbon atoms in
      the steroid molecule, are conformationally adjacent to the hydrogen atoms
      linked to certain carbon atoms, of which the following are the principal
      examples: 1.beta. group is conformationally adjacent to hydrogen attached
      to 11-carbon;
PA1  2.beta. group is conformationally adjacent to hydrogen attached to
      19-carbon;
PA1  4.beta. group is conformationally adjacent to hydrogen attached to
      19-carbon;
PA1  6.beta. group is conformationally adjacent to hydrogen attached to
      19-carbon;
PA1  7.alpha. group is conformationally adjacent to hydrogen attached to
      32-carbon;
PA1  11.beta. group is conformationally adjacent to hydrogen attached to 18- and
      19-carbons;
PA1  11.alpha. group is conformationally adjacent to hydrogen attached to
      1-carbon;
PA1  15.alpha. group is conformationally adjacent to hydrogen attached to
      7-carbon;
PA1  18 group is conformationally adjacent to hydrogen attached to 11-carbon;
PA1  19 group is conformationally adjacent to hydrogen attached to 11-carbon,
      2-carbon, 4-carbon and 6-carbon;
PA1  20.alpha. and 20.beta. groups are conformationally adjacent to hydrogen
      attached to 18-carbon;
PA1  24 group is conformationally adjacent to hydrogen attached to 20-carbon.
PAR  It will be seen that in the above examples the conformationally adjacent
      atoms or groups are separated by a chain of four intervening carbon atoms,
      thereby allowing the conformationally adjacent atoms or groups to form
      part of a six-membered structure which, as is well-known, is normally
      substantially free from strain. Naturally, where the intervening carbon
      atoms form part of a structure in which bond rotation and movement is
      restricted, as in polycyclic structures such as steroids, the arrangement
      of all the bonds must allow the relevant atoms or groups to become
      adjacent. Other examples of compounds outside the steroid field in which
      the Barton reaction, and hence the present reaction, may be effected are
      given in detail in U.S. Pat. No. 3,215,713 and include, for instance,
      o-methylbenzyl nitrites, cyclooctyl nitrites,
      .beta.-methyl-.alpha.-naphthol nitrites and 2-methylpyrid-3-ylmethyl
      nitrites.
PAR  The reaction according to the present invention thus provides a simple
      route to an .alpha.,.delta.-diol mononitrate. Such a mononitrate may
      subsequently be reduced to free the diol itself as the end product, or
      alternatively, the free hydroxy group may be subjected to further
      reactions while the other hydroxy group is protected as the nitrate ester.
      In particular the free hydroxy group may be oxidised, for example with
      Jones' reagent (chromium trioxide/sulphuric acid) in acetone, to produce
      the corresponding hydroxyketone nitrate and, hence, the hydroxyketone.
PAR  Other reactions which may be effected while the nitrooxy group is present
      include, for example, dehydration to form an olefinic bond, isomerisation
      such as double bond shifts or epimerisation, esterification,
      etherification and hydrolysis of ester groups.
PAR  Under the reaction conditions employed for the photolysis, some
      .delta.-hydroxyketone nitrate may also be formed, but this can be
      separated easily by conventional techniques such as chromatography. Where
      subsequent oxidation is required however no problem arises.
PAR  The photolysis is conveniently effected under conditions favouring a high
      oxygen concentration in the reaction medium. Thus a solvent which readily
      dissolves oxygen is desirable, e.g. aromatic compounds such as benzene,
      toluene and xylene; halogenated aromatic compounds such as
      hexafluorobenzene, chlorobenzene and the chlorotoluenes and chloroxylenes;
      halogenated hydrocarbons such as chloroalkanes, chlorofluoroalkanes,
      perfluoroalkanes and perfluoroalkylamines, in particular dichloroethane,
      methylene chloride, fluorotrichloromethane, chlorotrifluoromethane,
      dichlorodifluoromethane, 1,1,2-trichlorotrifluoroethane, and
      perfluorotributylamine; halogenated ethers, such as
      perfluoromethyltetrahydrofuran; and nitriles such as acetonitrile. Where
      the solvent dissolves oxygen well but does not sufficiently dissolve the
      nitrite ester, it is convenient to use another more powerful solvent in
      addition. Thus the nitrite may be dissolved in one solvent and a good
      oxygen solvent added thereto, either as a single phase mixture or as an
      emulsion of two phases.
PAR  The solubility of the oxygen is also improved by working at a low
      temperature, e.g. from 30.degree. to 40.degree. down to the freezing point
      of the reaction mixture.
PAR  The light used in the photolysis is preferably of a wavelength of 300 nm or
      more, advantageously of 300-380 nm.
PAR  In the general case it is not necessary for all the atoms intervening
      between the conformationally adjacent groups of the alcohol reactant to be
      carbon and in general it is possible for at least one intervening atom to
      be oxygen, nitrogen or sulphur, provided that the compound is chemically
      stable and that the atoms carrying the conformationally adjacent atoms or
      groups are both carbon. The process of the invention is thus of particular
      use in converting compounds having the grouping
      ##EQU1##
      into diol mononitrates having the grouping
      ##EQU2##
      where X is a group
      ##EQU3##
PAR  AS indicated above, the reaction is especially useful in steroid synthesis
      e.g. in the pregnane, lanostane, norpregnane, oestrane or cholestane
      series and particular applications are the preparation of 19-hydroxy
      steroids from 6-hydroxy steroids, the preparation of 18-hydroxy steroids
      from 11- and 20-hydroxy steroids, and the preparation of 32-hydroxy
      steroids from 7-hydroxy steroids.
PAR  By the term "steroids" we mean compounds having the basic
      cyclopentanoperhydrophenanthrene ring structure and which may contain
      various substituents and/or double bonds, e.g. a keto, hydroxy or acyloxy
      group in the 3-position; alkyl groups in any of 2-, 4-, 10-, 13-, 14- and
      16-positions; a keto, ketal or ortho ester group at the 20-position; a
      keto group, or hydroxy and/or hydrocarbon or acyl (e.g. acetoxyacetyl)
      groups at the 17-position; a hydroxy or keto group at the 11- or
      12-position, a hydroxy group at the 6-, 7- or 20-position, an esterified
      hydroxy group at the 21-position, a double bond at 5-position or the 1-
      and/or 4-position and a halogen atom such as fluorine or chlorine in the
      11- or 6-position.
PAR  The nitrate product may, as described above, be reductively cleaved to
      yield the corresponding alcohol. The reducing agent may be any suitable
      for the purpose, in particular a metal/acid or metal/salt source of
      nascent hydrogen e.g. zinc and acetic acid or zinc and ammonium acetate.
PAR  The diol mononitrates prepared according to the present invention are
      precursors of alcohols having numerous uses, especially in the steroid
      field. Thus, for example, 19-hydroxy steroids are useful in the synthesis
      of 19-nor steroids. 18-Hydroxy steroids are useful intermediates in the
      synthesis of aldosterone derivatives and aldosterone antagonists. They are
      also reputed to be involved in hypertension.
PAR  .DELTA..sup.1 -18-Hydroxy steroids, which may be produced by the process of
      the invention from .DELTA..sup.2 -11-hydroxy steroids, are of value in the
      production of tritiumlabelled 18-hydroxy steroids such as 18-hydroxy
      corticosterone and 18-hydroxy-11-desoxy-corticosterone, which are of great
      use in metabolic and diagnostic studies. Particularly useful .DELTA..sup.1
      -18-hydroxy steroids are thus .DELTA..sup.1 -18-hydroxy-corticosterone and
      .DELTA..sup.1 -18-hydroxy-11-desoxycorticosterone.
PAR  The nitrite starting materials may conveniently be prepared by reaction of
      the corresponding alcohol with a nitrosyl halide, e.g. nitrosyl chloride,
      in a tertiary amine base such as pyridine or triethylamine.
PAR  While it is not wished to be bound by theoretical considerations, it is
      believed that under photolysis the conformationally adjacent
      carbon-attached hydrogenatom is captured by the carbon-attached oxygen
      atom of the nitrite group to yield a molecule of nitric oxide and a carbon
      free-radical which captures a molecule of oxygen and the molecule of
      nitric oxide to form a nitroperoxy group which rearranges instantaneously
      to form the stable nitrooxy group:
      ##SPC1##
PAR  Since the reaction apparently procedes by way of reaction of the entity II
      with molecular oxygen, followed by NO. the radical II may also be
      generated by reaction of the free alcohol corresponding to the nitrite I
      with molecular oxygen together with a source of t-alkoxy radicals and NO
      most conveniently with a t-alkyl nitrite such as t-butyl nitrite. The
      t-alkoxy radical abstracts hydrogen from the OH group of the alcohol and
      the carbon-attached 0 radical so formed may then abstract the
      conformationally adjacent hydrogen atom to form the radical II.
PAR  The following examples illustrate the invention:
DETD
PAC  EXAMPLE 1
PAC  Irradiation of pregna-1,4-diene-11.beta.-ol-3,20-dione,11-nitrite
PAR  The nitrite (700 mg) in dry acetonitrile was cooled to
      5.degree.-10.degree.C and a stream of oxygen passed through the solution.
      After irradiation with a 200 Watt medium pressure lamp (Hanovia) for 25
      mins. all the nitrite had been consumed. The solvent was removed under
      reduced pressure and the residue chromatographed (silica gel) to yield two
      major fractions, the larger of which was a mixture of the required product
      and the starting .DELTA..sup.1 -11.beta.-hydroxyprogesterone. Further
      chromatography and crystallization afforded 259 mg (34% yield) of
      11,18-dihydroxy-pregna-1,4-diene-3,20-dione 18 nitrate. Crystallization
      from methanol/methylene chloride gave material with the following physical
      data: m.p. 162.degree.-4.degree., [.alpha.].sub.D.sup.22 = +159.degree. (C
      = 0.9 CHCl.sub.3), IR: .nu..sub.max..sup.KBr 3450(m), 1700(m), 1650(s),
      1620(s), 1610(s), 1270(s) cm.sup..sup.-1, UV: .lambda..sub.max..sup.MeOH
      243 m.mu. (.epsilon. 14,900),
     NMR (CDCl.sub.3):                                                         

               protons assigned                                                

                             At .delta. values                                 

     ______________________________________                                    

              C.sub.1   7.2 ( d, J=10 Hz)                                      

              C.sub.2   6.2 ( dd,J=10 and 2 Hz)                                

              C.sub.4   5.95 (broad s)                                         

              C.sub.18  4.55 ( q, J.sub.AB =10 Hz)                             

              C.sub.11  4.4 ( m)                                               

              C.sub.21 -methyl                                                 

                        2.1 (s)                                                

              C.sub.19 -methyl                                                 

                        1.35 (s)                                               

     ______________________________________                                    

PAR  Analysis C.sub.21 H.sub.37 NO.sub.6 : Requires C, 64.76%; H, 6.99%; N,
      3.60%; Found 64.90; 6.95; 3.46;
PAR  Mass spec. M.sup.+ not seen, base peak at M-63
PAC  EXAMPLE 2
PAC  Preparation of pregna-1,4-diene-18-ol-3,11,20-trione 18-nitrate
PAR  The product from the above reaction (100 mg) was taken up in acetone (10
      mls), and treated with Jones' reagent (0.2 mls). After stirring for 10
      mins. at room temperature the reaction mixture was poured into sodium
      bicarbonate solution and extracted with ethyl acetate. The extracts were
      washed with water, dried (Na.sub.2 SO.sub.4) and evaporated to dryness
      under reduced pressure. The residue was chromatographed (silica-gel) to
      give the required product (89 mg. 89%). Crystallization from ethyl
      acetate/hexane gave material with the following physical data: m.p.
      146.degree.-7.degree., [.alpha.].sub.D.sup.24 = +205.degree. (C = 0.8
      CHCl.sub.3), IR .nu..sub.max..sup.KBr : 1705(s), 1660(s), 1630(s),
      1605(m), 1275(s) cm.sup.-.sup.1, UV .lambda..sub.max..sup.MeOH : 240 m.mu.
      (.epsilon. = 16,000),
TBL  NMR (CDCl.sub.3):                                                         

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.1   7.73 ( d, J=10 Hz)                                     

              C.sub.2   6.20 ( dd, J=10 and 2 Hz)                              

              C.sub.4   6.10 (broad s)                                         

              C.sub.18  4.40 ( q, J.sub.AB =11 Hz)                             

              C.sub.21 -methyl                                                 

                        2.17 (s)                                               

              C.sub.19 -methyl                                                 

                        1.45 (s)                                               

     ______________________________________                                    

PAR  Analysis: C.sub.21 H.sub.25 N.sub.1 O.sub.6 : Requires C, 65.10%; H, 6.50%;
      N, 3.62%; Found 64.96; 6.46; 3.42;
PAR  Mass spec. M.sup.+ 387 (very faint), base peak (M-63).
PAC  EXAMPLE 3
PAC  Preparation of pregna-1,4-diene-18-ol-3,11,20-trione
PAR  The product of the above reaction (100 mg) was taken up in 10 mls of 90%
      aq. acetic acid and treated with zinc dust (500 mg). The mixture was
      stirred at room temperature for 10 mins. then poured into sodium
      bicarbonate solution and extracted with ethyl acetate. The extracts were
      washed well with water, dried (Na.sub.2 SO.sub.4) and the solvent removed
      under reduced pressure. The residue was crystallized from methylene
      chloride/methanol to give material with the following physical data: m.p.
      185.degree.-197.degree., IR: .nu..sub.max..sup. KBr 3450 (m), 1700(m),
      1660(s), 1620(m), 1605(w) cm.sup.-.sup.1.
TBL  ______________________________________                                    

     NMR (CDCl.sub.3):                                                         

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.1   7.55 ( d. J=10 Hz)                                     

              C.sub.2   6.17 ( dd J=10 and 2 Hz)                               

              C.sub.4   6.08 (broad s)                                         

              C.sub.18  3.51 ( q J.sub.AB =9 Hz)                               

               also     3.47 (q J.sub.AB =7 Hz)                                

              C.sub.21 -methyl                                                 

                        1.40 (s)                                               

              C.sub.19 -methyl                                                 

                        1.37 (s)                                               

     ______________________________________                                    

PAR  Analysis: C.sub.21 H.sub.26 O.sub.4  Requires: C, 73.65%; H, 7.65%; Found:
      C, 73.39; H, 7.72;
PAC  EXAMPLE 4
PAC  Preparation and irradiation of pregn-5-ene-3.beta.,20.beta.-diol, 3-acetate
      20 nitrite
PAR  a. The 20.beta.-alcohol (2.5 g) was taken up in dry pyridine (40 m/s),
      cooled to 0.degree.-5.degree.C and treated with nitrosyl chloride until a
      permanent brown colour was observed. The mixture was stirred for a further
      10 min. then poured into ice-water. The product was filtered off, washed
      with water, taken up in ethyl acetate, washed with water, dried (Na.sub.2
      SO.sub.4) and evaporated to dryness. Yield 2.4 g (91%).
PAR  Crystallization from methylene chloride/ethanol at room temperature
      afforded colourless plates. m.p. 153.degree.-154.5.degree. (dec.). IR:
      .nu..sub.max..sup.KBr 1735(s), 1635(s), 1600(m), 1250(s), 780(s)
      cm.sup.-.sup.1. [.alpha.].sub.D.sup.21 = 87.degree. (c = 1.05 CHCl.sub.3).
TBL  ______________________________________                                    

     NMR (CDCl.sub.3):                                                         

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.20  5.4 ( m, broad over-                                   

              C.sub.6   5.3 ( m)     lapping                                   

              C.sub.3   4.6 ( m, very broad)                                   

              O-acetyl  2.0 (s)                                                

              C.sub.21 -methyl                                                 

                        1.33 (d, J 6 Hz)                                       

              C.sub.19 -methyl                                                 

                        0.98 (s)                                               

              C.sub.18 -methyl                                                 

                        0.66 (s)                                               

     ______________________________________                                    

PAR  b. The 20.beta.-nitrite (2.0 g) was taken up in dry acetonitrile (500 mls)
      and oxygen passed through the solution cooled to -20.degree.C. Irradiation
      was carried out at this temperature for 1 hr. -- all nitrite being
      consumed. The solvent was removed under reduced pressure and the residue
      chromatographed over silica using benzene containing 0% rising to 5% ethyl
      acetate. This resulted in four major components which were further
      chromatographed (silica gel, prep. t.l.c.) to give:
PA1  1. 505 mg (27%) of pregnenolone acetate VII
PA1  2. 400 mg (22%) of the starting 20.beta.-alcohol VIII
PA1  3. 295 mg of the required 20.beta.-alcohol-18-nitrate IX (14%) yield
PA1  4. 160 mg of the 20-keto-18-nitrate X (8% yield) Fraction 3 -- the required
      product was crystallized from hexane to give very light needles. m.p.
      140.degree.-1.degree.. IR: .nu..sub.max..sup.KBr 3650(w), 1725(s),
      1620(s), 1280(m), 1240(s) cm.sup.-.sup.1. [.alpha.].sub.D.sup.21 =
      -51.degree.  (c=0.9 CHCl.sub.3).
TBL  ______________________________________                                    

     NMR: (CDCl.sub.3)                                                         

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.6   5.35 ( m)                                              

              C.sub.3   4.6 ( m, very broad)                                   

              C.sub.18  4.50 ( q. J.sub.AB =10 Hz)                             

              C.sub.20  3.7 ( m, broad)                                        

              O-acetyl  2.00 (s)                                               

              C.sub.21 -methyl                                                 

                        1.15 (d, J=6 Hz)                                       

              C.sub.19 -methyl                                                 

                        1.03 (s)                                               

     ______________________________________                                    

PAR  Analysis: C.sub.23 H.sub.35 N.sub.1 O.sub.6 Requires: C=65.53; H=8.37;
      N=3.32%; C, 65.60; H, 8.30; N, 3.29%;
PAR  Mass spectrum M.sup.+  not seen, base peak at M-60, (M-123).
PAR  Fraction 4 was identical in all physical data to the keto-nitrate obtained
      by oxidation of fraction 3 as follows.
PAC  EXAMPLE 5
PAC  Preparation of pregn-5-ene-3.beta.,18-diol-20-one, 3-acetate 18 nitrate
PAR  The 20.beta.-hydroxy-18-nitrate from Fraction 3 of Example 4 (75 mg) was
      taken up in acetate (5 mls), and treated with Jones' reagent (0.1 ml).
      After stirring for 2 mins. the reaction mixture was poured into water, the
      product extracted into methylene chloride, washed with sodium bicarbonate
      solution, water and dried (Na.sub.2 SO.sub.4). After removal of the
      solvent the residue (68 mg,91%) was found to be essentially pure by t.l.c.
      and was recrystallized from hexane to give colourless plates. m.p.
      156.degree.-7.degree.. IR: .nu..sub.max..sup. KBr 1725(s), 1705(s),
      1635(s), 1275(s), 1240(s) cm.sup.-.sup.1. [.alpha.].sub.D.sup.21 =
      +24.degree. (c=0.95, CHCl.sub.3).
TBL  ______________________________________                                    

     NMR (CDCl.sub.3):                                                         

               Protons assigned                                                

                             at .delta.values                                  

     ______________________________________                                    

              C.sub.6   5.35 ( m)                                              

              C.sub.3   4.5 ( m, very broad)                                   

              C.sub.18  4.34 (broadened singlet)                               

              C.sub.21 -methyl                                                 

                        2.25 (s)                                               

              O-acetyl  2.00 (s)                                               

              C.sub.19 -methyl                                                 

                        1.03 (s)                                               

     ______________________________________                                    

PAR  Analysis: C.sub.23 H.sub.33 N.sub.1 O.sub.6 Requires: C=65.84% H=7.93%
      N=3.34% Found: C, 65.92; H, 7.94; N, 3.25;
PAR  Mass spectrum M.sup.+  not seen, base peak at M-60 (M-123).
PAC  EXAMPLE 6
PAC  Preparation and irradiation of pregn-5-ene-3.beta.-20.alpha.-diol,
      3-acetate 20 nitrite
PAR  a. The procedure used was identical to that employed for the
      20.beta.-nitrite preparation in Example 4. 1.1 g of the 20.alpha.-alcohol
      afforded 1.08 g (91%) of the nitrite. Crystallization from methylene
      chloride/methanol afforded colourless needles. m.p.
      110.degree.-111.degree.. IR: .nu..sub.max..sup.KBr 1735(s), 1630(s),
      1245(s), 800(s) cm.sup.-.sup.1. [.alpha.].sub.D.sup.21 = -31.degree.
      (c=0.8 CHCl.sub.3).
TBL  ______________________________________                                    

     NMR (CDCl.sub.3):                                                         

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.20  5.5 ( m, broad)                                        

              C.sub.6   5.4 ( m)                                               

              C.sub.3   4.6 ( m, very broad)                                   

              O-acetyl  2.00 (s)                                               

              C.sub.21 -methyl                                                 

                        1.45 (d J=6 Hz)                                        

              C.sub.19 -methyl                                                 

                        1.03 (s)                                               

              C.sub.18 -methyl                                                 

                        0.80 (s)                                               

     ______________________________________                                    

PAR  b. The same irradiation procedure as in Example 4 was used. 1.0 g of the
      nitrite in acetonitrile (500 mls) was irradiated at 0.degree. to
      -20.degree.C in the presence of oxygen for 35 mins. Chromatography then
      gave 506 mg (47% yield) of the required  nitrate. [.alpha.].sub.D =
      -44.degree..
PAR  Analysis: C.sub.23 H.sub.35 N.sub.1 O.sub.6 Requires: C=65.53; H=8.37;
      N=3.32%; Found: C, 65.74; H, 8.34; N, 3.20;
PAC  EXAMPLE 7
PAC  Preparation of pregn-5-ene-3.beta.,18-diol-20-one, 3-acetate, 18-nitrate
PAR  The 20.alpha.-hydroxy-18-nitrate from Example 6 (100 mg) was oxidized with
      Jones' reagent (0.15 mls) in acetone (10 mls) in the same way as the
      20.beta.-hydroxy compound in Example 5 to give the 20-keto-18-nitrate (89
      mg, 89%). All physical data were identical with that reported in Example
      5.
PAC  EXAMPLE 8
PAC  Preparation and irradiation of 1-dehydrocorticosterone-21-acetate,
      11-nitrite
PAR  a. 1-Dehydrocorticosterone acetate (2.4 g) in pyridine (20 mls) was cooled
      in an ice-bath and treated with nitrosyl chloride until a brown
      colouration persisted. The mixture was stirred for a further 10 mins. then
      poured into cold water and the product filtered off and washed well with
      water. This solid was dissolved in methylene chloride, washed with water,
      dried (Na.sub.2 SO.sub.4) and evaporated to dryness. Yield 2.5 g (96%). An
      analytical sample was crystallized from ethyl acetate/hexane. m.p.
      165.degree.-7.degree. (dec.). IR: .nu..sub.max..sup.KBr 1755(s), 1720(s),
      1660(s), 1625(m), 1610(w), 1240(s) cm.sup.-.sup.1. UV:
      .lambda..sub.max..sup.MeOH 241 m.mu. (.epsilon. 16,600).
      [.alpha.].sub.D.sup.20 = +218.degree. (c=0.98 CHCl.sub.3).
TBL  ______________________________________                                    

     NMR (CDCl.sub.3)":                                                        

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.1   6.88 ( d, J=10 Hz)                                     

              C.sub.2   6.23 ( dd, J=10 and 2 Hz)                              

              C.sub.4   5.98 (broad s)                                         

              C.sub.11  6.1 ( m)                                               

              C.sub.21  4.55 ( s)                                              

              O-acetyl  2.12 (s)                                               

              C.sub.19 -methyl                                                 

                        1.20 (s)                                               

              C.sub.18 -methyl                                                 

                        0.80 (s)                                               

     ______________________________________                                    

PAR  b. The nitrite in acetonitrile (550 mls) containing triethylamine (0.5 mls)
      was irradiated as described above for 70 mins. at 0.degree.C in the
      presence of oxygen. The solvent was removed under reduced pressure and the
      residue chromatographed to give the required 18-nitrite (325 mg, 32%)
      containing some 5% of an impurity. m.p. 102.degree.-12.degree.,
      [.alpha.].sub.D = +162.degree..
PAR  Calculated for: C.sub.23 H.sub.29 N O.sub.8 : Requires C, 61.73; H, 6.53;
      N, 3.13; Found: C, 61.64; H, 6.50; N, 2.90.
PAC  EXAMPLE 9
PAC  Preparation of 18-Hydroxy Pregnenolone Acetate
PAR  A solution of the 18-nitrate of pregnenolone acetate obtained in Examples 5
      and 7 (100 mg) in methanol (20 mls) was cooled to 0.degree.C and ammonium
      acetate (1.0 g) added, followed by zinc dust (1.5 g). The reaction mixture
      was stirred at 0.degree.-5.degree.C for 90 mins., before being diluted
      with water and methylene chloride. The insoluble material was filtered
      off, the organic phase separated and the aqueous phase extracted twice
      methylene chloride. The combined methylene chloride extracts were washed
      with water, dried (Na.sub.2 SO.sub.4) and evaporated to dryness (97 mg).
      Crystallization from acetone gave 69 mg (78%) of material having m.p.
      169.degree.-171.degree.; successive crystallizations from acetone
      eventually raised the m.p. to 171.degree.-3.degree. (lit. m.p.
      171.degree.-4.degree.)* [.alpha.].sub.D.sup.25 = -2.degree. (c=0.6,
      CHCl.sub.3) (lit. [.alpha.].sub.D +6.degree.)*. IR: .nu..sub.max..sup.KBr
      3500(m), 1735(s), 1240(s) cm.sup.-.sup.1.
FNT  *Sykes and Kelley, J. Chem. Soc. C. 1968, 2913.
TBL  ______________________________________                                    

     NMR (CDCl.sub.3):                                                         

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.6   5.3 ( m)                                               

              C.sub.3   4.5 ( m, very broad)                                   

              C.sub.18  4.68 (broadened s)                                     

              O-acetyl  2.00 (s)                                               

              C.sub.21 -methyl                                                 

                        1.46 (s)                                               

              C.sub.19 -methyl                                                 

                        0.94 (s)                                               

     ______________________________________                                    

PAR  Analysis: C.sub.23 H.sub.34 O.sub.4 : Requires: C=73.76; H=9.15; Found:
      C=73.86; H=8.94;
PAR  Mass spectrum: weak molecular ion at  374, (M-18), (M-46), (M-60), (M-78),
      (M-90), (M-93).
PAC  EXAMPLE 10
PAC  Preparation of 18-nitrooxy progesterone
PAR  A solution of the 18-nitrooxy-pregnenolone acetate from Examples 5 and 7
      (395 mg) in methanol (15 mls) was treated with perchloric acid (0.5 mls).
      After 6 hrs. at room temperature a further 0.25 mls of perchloric acid
      were added and the stirring continued for 2 hrs.; t.l.c. then showed
      essentially complete reaction. Diluted with water to give a semi-solid
      product, 18-nitrooxy-pregnenolone, which was taken up in methylene
      chloride, washed with water, dried (Na.sub.2 SO.sub.4) and evaporated to
      dryness (312 mg).
TBL  ______________________________________                                    

     NMR: (CDCl.sub.3)                                                         

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.6   5.25 ( m)                                              

              C.sub.18  4.30 (AB, q, J=11 Hz)                                  

              C.sub.3   3.5 ( m, very broad)                                   

              C.sub.21 -methyl                                                 

                        2.20 (s)                                               

              C.sub.19 -methyl                                                 

                        0.97 (s)                                               

     ______________________________________                                    

PAL  Attempts to crystallize this material were unsuccessful, therefore it was
      carried through without further purification.
PAR  The above product (300 mg) in dry toluene (35 mls) containing
      1-methyl-4-piperidone (3 mls) was refluxed under nitrogen using a
      Dean-Stark apparatus. The first 5 mls. of distillate were discarded and
      then a solution of aluminium isopropoxide (490 mg) in dry toluene (2 mls)
      was added dropwise over a few minutes. The mixture was refluxed for a
      further 6 hours, cooled, washed 3 times with 1% H.sub.2 SO.sub.4, with
      water and then dried (Na.sub.2 SO.sub.4) and evaporated to dryness.
      Preparative t.l.c. (silica gel) afforded the required
      18-nitrooxy-progesterone, 126 mg, 47% yield. Crystallization from ethyl
      acetate/hexane afforded material with the following physical data: m.p.
      145.degree.-6.degree.. IR .nu..sub.max..sup.KBr 1700(m), 1665(s), 1620(s)
      1280(s) cm.sup.-.sup.1. UV .lambda..sub.max..sup.MeOH 239-40 m.mu.
      (.epsilon. = 17,200). [.alpha.].sub.D.sup.25 =  +190.degree. (c=0.87
      CHCl.sub.3).
TBL  ______________________________________                                    

     NMR (CDCl.sub.3):                                                         

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.4   5.69 ( s, broadened)                                   

              C.sub.18  4.35 (AB, q, J=11 Hz)                                  

              C.sub.21 -methyl                                                 

                        2.17 (s)                                               

              C.sub.19 -methyl                                                 

                        1.20 (s)                                               

     ______________________________________                                    

PAR  Analysis: C.sub.21 H.sub.29 N.sub.1 O.sub.5 Requires: C, 67.17; H, 7.78; N,
      3.73%; Found: C, 67.14; H, 7.61; N, 3.53;
PAR  Mass spectrum: Molecular ion at 375, (M-28), (M-63, base peak).
PAR  When a Jones oxidation was attempted instead of the above Oppenauer
      oxidation, the major product isolated had the following physical data, in
      accord with 6-keto-18-nitrooxy-progesterone, m.p. 178.degree.-189.degree.
      (gas evolution). IR .nu..sub.max..sup.KBr : 1700(s), 1685(s), 1630(s),
      1275(s), 870(s,broad) cm.sup.-.sup.1.
PAR  UV .lambda..sub.max..sup.MeOH : 250 m.mu. (.epsilon. = 11,600).
      [.alpha.].sub.D.sup.28.7 = +45.degree. (c=0.51 CHCl.sub.3).
TBL  ______________________________________                                    

     NMR (CDCl.sub.3):                                                         

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.4    6.10 ( s)                                             

              C.sub.18   4.36 ( s)                                             

              C.sub.21 -methyl                                                 

                         2.20 (s)                                              

              C.sub.19 -methyl                                                 

                         1.16 (s)                                              

     ______________________________________                                    

PAR  Analysis: C.sub.21 H.sub.27 N.sub.1 O.sub.6 requires: C, 64.76%; H, 6.99;
      N, 3.60. Found: C, 64.77%; H, 6.99; N, 3.72.
PAR  Mass spectrum: very weak molecular ion at 389 m.mu., (M-46), (M-63),
      (M-75), (M-77) m.mu..
PAC  EXAMPLE 11
PAC  Preparation of 18-hydroxyprogesterone
PAR  Using the same procedure as that described in Example 9 for the preparation
      of 18-hydroxypregnenolone acetate, 50 mg of 18-nitrooxy-progesterone
      afforded 51 mg of crude product. Chromatography on silica gel (prep.
      t.l.c.) eluting with 5% acetone/CH.sub.2 Cl.sub.2 gave 31 mg (71%) of
      18-hydroxyprogesterone which was recrystallized from aqueous acetone to
      give material with the following physical data: m.p.
      159.degree.-161.degree. mainly but some crystals remained in the melt up
      to 163. IR: .nu..sub.max..sup.KBr 3500(m), 1660(s), 1620(w)
      cm.sup.-.sup.1. UV .lambda..sub.max..sup.MeOH : 240 m.mu. (.epsilon. =
      16,900). [.alpha.].sub.D.sup.22.5 : +124.degree. (c=0.79, CH.sub.2
      Cl.sub.2).
TBL  ______________________________________                                    

     NMR (CDCl.sub.3):                                                         

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.4   5.66 ( s, broadened)                                   

              C.sub.18  3.66 ( s, broadened)                                   

              C.sub.21 -methyl                                                 

                        1.43 (s)                                               

              C.sub.19 -methyl                                                 

                        1.08 (s)                                               

     ______________________________________                                    

PAR  Analysis C.sub.21 H.sub.30 O.sub.3 Requires: C, 76.33; H, 9.15; Found: C,
      76.65; H, 9.03.
PAR  Mass spectrum: Molecular ion at 330 is very weak, (M-18), (M-60), (M-103).
PAC  EXAMPLE 12
PAC  Irradiation of .DELTA..sup.1 -corticosterone 21-acetate, 11-nitrite in the
      presence of oxygen
PAR  A solution of the nitrite (2.4 g) in dry acetonitrile (550 mls) containing
      triethylamine (0.5 mls) was irradiated at 0.degree.-10.degree. for 70
      mins. under oxygen using a 200 Watt medium pressure mercury lamp. The
      solvent was removed under reduced pressure and the residue chromatographed
      (silica gel prep. t.l.c.) to afford 18-nitrooxy-.DELTA..sup.1
      -corticosterone 21-acetate (875 mg, 34%) which was rectystallized from
      ethyl acetate/hexane, yielding colourless needles, m.p.
      110.degree.-115.degree.  softening from 106.degree. but some crystals
      remaining in the melt until 118.degree.. Sealed tube m.p.
      113.degree.-115.degree., softening from 106.degree., gas evolution.
      [.alpha.].sub.D.sup.21 = +162 (c = 0.4, CHCl.sub.3). UV
      .lambda..sub.max..sup.MeOH : 240 m.mu. (.epsilon. = 15,800). IR
      .nu..sub.max..sup. KBr : 3550(m, broad), 1755(m), 1730(m), 1660(s),
      1630(s), 1280(s) cm.sup.-.sup.1.
TBL  ______________________________________                                    

     NMR(CDCl.sub.3):                                                          

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.1   8.23 ( d, J=10 Hz)                                     

              C.sub.2   6.20 ( d.d., J=10 and 2 Hz)                            

              C.sub.4   5.97 (broad, s)                                        

              C.sub.11                                                         

              C.sub.18  All overlapping at 4.2-5                               

              C.sub.21                                                         

              O-acetyl  2.10 ( s)                                              

              C.sub.19 -methyl                                                 

                        1.43 (s)                                               

     ______________________________________                                    

PAR  Analysis: C.sub.23 H.sub.29 N.sub.1 O.sub.8 Requires: C, 61.73%; H, 6.53;
      N, 3.13; Found C, 61.64%; H, 6.50; N, 2.90.
PAC  EXAMPLE 13
PAC  Oxidation of 18-nitrooxy-.DELTA..sup.1 -corticosterone 21-acetate
PAR  The above 18-nitrate (250 mg) in acetone (30 mls) was treated with 0.3 mls.
      Jones' reagent. After stirring at room temperature for 5 minutes the
      reaction mixture was diluted with water and the product extracted into
      ethyl acetate, washed with sodium bicarbonate solution and with water,
      dried (Na.sub.2 SO.sub.4) and evaporated to dryness. Chromatography of the
      residue (prep. t.l.c., silica gel) gave 18-nitrooxy-.DELTA..sup.1
      -dehydrocorticosterone 21-acetate (219 mg, 88%). Crystallization from
      isopropanol gave material with the following physical data: m.p.
      130.degree.-2.degree.. [.alpha.].sub.D.sup.20 = +298.degree. (c = 0.5,
      CHCl.sub.3). IR .nu..sub.max..sup.KBr : 1760(s), 1730(s), 1710(s), 1660(s,
      broad), 1615(s), 1290(s), 1220(s) cm.sup.-.sup.1. UV
      .lambda..sub.max..sup.MeOH : 239 m.mu. (.epsilon. = 16,200).
TBL  ______________________________________                                    

     NMR (CDCl.sub.3):                                                         

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.1   7.70 ( d, J=10 Hz)                                     

              C.sub.2   6.14 ( d.d., J=10 and 2 Hz)                            

              C.sub.4   6.05 (broad, s)                                        

              C.sub.21  4.60 ( s)                                              

              C.sub.18  4.38 (AB, q, J=11 Hz)                                  

              O-acetyl  2.13 (s)                                               

              C.sub.19 -methyl                                                 

                        1.42 (s)                                               

     ______________________________________                                    

PAR  Analysis: C.sub.23 H.sub.27 N.sub.1 O.sub.8 Requires: C=62.01; H=6.11;
      N=3.14; Found C=62.19; H=6.13; N=3.16;
PAR  Mass spectrum: Molecular ion at 445 (weak), (M-46), (M-61), (M-63).
PAC  EXAMPLE 14
PAC  Preparation and irradiation of pregna-1,4-dien-20.beta.-ol-3-one 20-nitrite
PAR  a. A solution of pregna-1,4-dien-20.beta.-ol-3-one (110 mg) in pyridine (4
      mls) was cooled in an ice-bath then treated with nitrosyl chloride until a
      permanent brown colouration was observed. The mixture was stirred for a
      further 5 minutes and then poured into water. The solid product was
      filtered off, washed with water, taken up in methylene chloride, washed
      again with water, dried (Na.sub.2 SO.sub.4) and evaporated to dryness (112
      mg, 93%). Crystallization was carried out at below 40.degree.C from ethyl
      acetate/hexane with a trace of pyridine to afford the nitrite, m.p.
      145.degree.-7.degree.. IR .nu..sub.max..sup.KBr : 1665(s), 1600(w), 880(s)
      cm.sup.-.sup.1. [.alpha.].sub.D.sup.26 = +52.degree. (c = 0.51, CH.sub.2
      Cl.sub.3). UV .lambda..sub.max..sup.MeOH : 244 m.mu. (.epsilon. = 17,200).
TBL  ______________________________________                                    

     NMR (CDCl.sub.3):                                                         

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.1   6.90 ( d, J=10 Hz)                                     

              C.sub.2   6.10 ( d,d, J=10 and 2 Hz)                             

              C.sub.4   6.00 (broad, s)                                        

              C.sub.20  5.35 ( m)                                              

              C.sub.21 -methyl                                                 

                        1.33 (d, J=6 Hz)                                       

              C.sub.19 -methyl                                                 

                        1.21 (s)                                               

              C.sub.18 -methyl                                                 

                        0.73 (s)                                               

     ______________________________________                                    

PAR  b. The 20.beta.-nitrite (XII) (8.05 g) was irradiated in 4 g batches, each
      in dry chlorobenzene (500 mls) containing triethylamine (0.5 mls), under
      the usual conditions in the presence of oxygen about 150 mins. being
      required for complete consumption of the nitrite. The solvent was
      evaporated off under reduced pressure and the residue taken up in acetone
      (100 mls) and cooled in an ice-bath. Jones'  reagent (15 mls) was added
      dropwise over 5 minutes, the mixture was stirred for a further 10 minutes,
      and then diluted with water (300 mls). The product was extracted into
      ethyl acetate, washed with sodium bicarbonate and with water, dried and
      evaporated to dryness. Two 1 gram aliquots were then treated as follows:
PAR  A. Preparative t.l.c. (silica gel) and crystallization from ethyl
      acetate/hexane afforded a total of 380 mg (33%) of
      18-nitrooxypregna-1,4-diene-3,20-dione having the following physical data:
      m.p. 148.5.degree.-150.degree. (dec.--gas evolution).
      [.alpha.].sub.D.sup.24.5 = +128 (c = 1.7, CH.sub.2 Cl.sub.2). IR
      .nu..sub.max..sup.KBr : 1700(m), 1660(s), 1635(s), 1620(m, shoulder),
      1600(w), 1275(s) cm.sup.-.sup.1. UV .lambda..sub.max..sup.MeOH : 243 m.mu.
      (c = 16,900).
TBL  ______________________________________                                    

     NMR (CDCl.sub.3):                                                         

             Protons assigned                                                  

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.1   7.00 ( d, J=10 Hz)                                     

              C.sub.2   6.20 ( d,d, J=10 and 2 Hz)                             

              C.sub.4   6.05 (broad, s)                                        

              C.sub.18  4.38 (AB, q, J=10 Hz)                                  

              C.sub.21 -methyl                                                 

                        2.20 (s)                                               

              C.sub.19 -methyl                                                 

                        1.27 (s)                                               

     ______________________________________                                    

PAR  Analysis: C.sub.21 H.sub.27 N.sub.1).sub.8 Requires: C=67.54; H=7.29;
      N=3.75%; Found: C=67.66; H=7.56; N=3.70;
PAR  B. The 1 gram aliquot was taken up in methanol (30 mls), ammonium acetate
      (3.0 g) was added and the stirred solution cooled in an ice-bath. Zinc
      dust (3.0 g) was added and the stirring continued for 40 mins. The mixture
      was then diluted with ethyl acetate and water, filtered and the aqueous
      layer separated off. The organic extract was washed with water, dried
      (Na.sub.2 SO.sub.4) and evaporated to dryness. Chromatography of the
      residue eluting with benzene containing 0% rising to 6% ethyl acetate and
      final purification by preparative t.l.c. (silica gel) afforded
      .DELTA..sup.1 -18-hydroxy-progesterone
      (18-hydroxypregna-1,4-diene-3,20-dione) (220 mg., 23%) which was
      recrystallized from ethyl acetate/hexane. m.p. 170.degree.-3.degree.. IR
      .nu..sub.max..sup.KBr : 3550 (broad, m), 1660(s), 1620(m), 1600(w)
      cm.sup.-.sup.1. UV .lambda..sub.max..sup.MeOH : 245 m.mu. (.epsilon. =
      15,800). [.alpha.].sub.D.sup.24.5 = +75.degree. (c = 1.14, CH.sub.2
      Cl.sub.2); +74.degree. (c + 0.68, CHCl.sub.3).
TBL  ______________________________________                                    

     NMR (CDCl.sub.3):                                                         

               Protons assigned                                                

                             at .delta. values                                 

     ______________________________________                                    

              C.sub.1   7.00 ( d, J=10 Hz)                                     

              C.sub.2   6.17 ( d,d J=10 and 2 Hz)                              

              C.sub.4   6.03 (broad, s)                                        

              C.sub.18  3.73 ( s)                                              

              C.sub.21 -methyl                                                 

                        1.50 (s)                                               

              C.sub.19 -methyl                                                 

                        1.18 (s)                                               

     ______________________________________                                    

PAR  Analysis: C.sub.21 H.sub.28 O.sub.3 Requires: C, =76.78; H, =8.59% Found:
      C, =76.46; H, =8.31.
PAR  Mass spectrum: very weak molecular ion at 328, base peak at (M-18) m.mu..
PAC  EXAMPLE 15
PAC  3.beta.-Acetoxy-7.alpha.-hydroxy-5.alpha.-lanostan-32-yl Nitrate
PAR  3.beta.-Acetoxy-5.alpha.-lanostan-7.alpha.-yl nitrite* (3 g) in dry benzene
      (500 ml) was irradiated using a 125 W high-pressure mercury vapour lamp
      with a Pyrex filter whilst a slow stream of dry oxygen was bubbled through
      the stirred solution. After 7 h (t.l.c. control) the solvent was
      evaporated off, and the residue chromatographed on silica (50 g). Elution
      with benzene -- light petroleum (b.p. 40.degree.-60.degree.) (60:40 v/v)
      afforded the above nitrate (1.4 g, 44%), m.p. (from ethanol)
      146.degree.-149.degree. (dec.), [.alpha.].sub.D = 14.degree. (c 0.14),
      v.sub.max. (Nujol) 3540 and 3480 (--OH), 1720 and 1265 (--OAc), and 1630,
      1620 and 1280 (--ONO.sub.2) cm.sup.-.sup.1, .tau. 5.08 and 5.45 (2H, ABq,
      J 10Hz, C-32 H.sub.2), ca. 5.5 (1H, c-3.alpha. H, obscured by C-32 H.sub.2
      signal), and 5.96 (1H, m, C-7.beta. H) (Found: C, 70.05; H, 10.1; N, 2.5.
      C.sub.32 H.sub.55 NO.sub.6 requires C, 69.9; H, 10.1; N, 2.55%).
FNT   *Batten et al. J. Chem. Soc. Perkin I, 1972, 739; Boar et al. ibid 1972,
      749.
PAC  EXAMPLE 16
PAC  3.beta.-Acetoxy-5.alpha.-lanost-7-en-32-yl Nitrate
PAR  The nitrate from Example 15 (1 g) in dry pyridine (30 ml) was treated with
      methane sulphonyl chloride (2 ml) at 0.degree. for 24 h. The solution was
      poured into water and extracted with ether to give
      3.beta.-acetoxy-32-nitrato-5.alpha.-lanostan-7.alpha.-yl
      methanesulphonate, v.sub.max. (carbon tetrachloride) 1735 and 1240
      (--OAc), 1633 and 1280 (--ONO.sub.2), and 1345 and 1175 (--OMs)
      cm.sup.-.sup.1. This material in benzene (100 ml) was stirred with Woelm
      basic alumina (20 g) for 12 h (t.l.c. control). The alumina was filtered
      off and washed thoroughly with ether. The combined filtrates were
      evaporated and the residue chromatographed on silica (50 g). Elution with
      benzene -- light petroleum (b.p. 60.degree.-80.degree.) (40:60 v/v)
      afforded 3.beta.-acetoxy-5.alpha.-lanost-7-en-32-yl nitrate (830 mg, 86%),
      m.p. (from benzene-ethanol) 90.degree.-91.degree., [.alpha.].sub.D +
      46.4.degree. (c 0.12), v.sub.max. (carbon tetrachloride) 1735 and 1240
      (--OAc), and 1635 and 1280 (--ONO.sub.2) cm.sup.-.sup.1, .tau. 4.65 (1H,
      m, C-7H), 5.12 and 5.76 (2H, ABq, J 12Hz, C-32 H.sub.2), and 5.45 (1H, m,
      C-3.alpha. H) (Found: C, 72.5; H, 10.0; N, 2.55. C.sub.32 H.sub.53
      NO.sub.5 requires C, 72.3; H, 10.05; N, 2.6%).
PAC  EXAMPLE 17
PAC  5.alpha.-Lanost-7-ene-3.beta.,32-diol 3-Acetate
PAR  3.beta.-Acetoxy-5.alpha.-lanost-7-en-32-yl nitrate (300 mg) in glacial
      acetic acid (50 ml) was stirred at room temperature for 3.5 h with
      activated zinc dust (5 g). The mixture was filtered through Celite and the
      filter cake washed thoroughly with ether. The total filtrate was poured
      into water and extracted with ether. The extracts were washed with 1N
      sodium carbonate solution, then water, dried and evaporated.
      Crystallisation of the residue from methanol gave
      5.alpha.-lanost-7-ene-3.beta.,32-diol 3-acetate (230 mg, 84%), m.p.
      152.degree.-153.degree., [.alpha.].sub.D +32.5.degree. (c 0.28),
      v.sub.max. (carbon tetrachloride) 3530 (--OH) and 1735 and 1240 (--OAc)
      cm.sup.-.sup.1, .tau. 4.63 (1H, m, C-7H), 5.50 (1H, m, C-3.alpha. H), and
      6.36 and 6.76 (2H, ABq, J 10Hz, C-32 H.sub.2). (Found: C, 78.9; H, 11.0.
      C.sub.32 H.sub.54 O.sub.3 requires C, 79.0; H, 11.2%).
PAC  EXAMPLE 18
PAC  3.beta.-Acetoxy-5.alpha.-lanost-7-en-32-al
PAR  5.alpha.-Lanost-7-ene-3.beta.,32-diol 3-acetate (100 mg) in acetone (40 ml)
      was cooled to -30.degree. and Jones chromium trioxide reagent (3 drops)
      added. After 1 h the solution was allowed to warm to room temperature and
      after a further 5 min. the mixture was poured into water containing 10%
      methanol. Extraction with ether gave the above 32-aldehyde (90 mg, 90%),
      m.p. (from methanol) 130.degree.-131.degree., [.alpha.].sub.D
      +27.5.degree. (c 0.13) (lit..sup.1,m.p. 144.degree.-145.degree. (sealed
      tube), [.alpha.].sub.D +24.degree.), v.sub.max. (Nujol) 1730 and 1250
      (--OAc) and 1712 (--CHO) cm.sup.-.sup.1, .tau. 0.38 (1H, s, --CHO), 4.6
      (1H, m, C-7 H), and 5.5 (1H, m, C-3.alpha. H), identical with an authentic
      sample.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the preparation of a mononitrate ester of a diol whereby a
      nitrite ester of an alcohol having a hydrogen atom which is or is able to
      be conformationally adjacent to the hydroxy group and in which the atoms
      joining the hydrogen atom and the hydroxyl group include at least two
      adjacent atoms forming part of a ring, is photolysed in the presence of
      molecular oxygen, whereby a corresponding compound is formed in which the
      said hydrogen atom is replaced by a nitrooxy group.
NUM  2.
PAR  2. A process according to claim 1 in which the photolysis is effected in a
      solvent selected from aromatic compounds, halogenated aromatic compounds,
      halogenated hydrocarbons, halogenated ethers and nitriles.
NUM  3.
PAR  3. A process according to claim 2, in which the solvent is selected from
      benzene, toluene, xylene, hexafluorobenzene, chlorobenzene, the
      chlorotoluenes, the chloroxylenes, chloroalkanes, chlorofluoroalkanes,
      perfluoroalkanes, perfluoroalkylamines, perfluoromethyltetrahydrofuran and
      acetonitrile.
NUM  4.
PAR  4. A process according to claim 2 in which a single phase mixture or an
      emulsion of two solvents is used.
NUM  5.
PAR  5. A process according to claim 1 in which the reaction is effected at a
      temperature of from 40.degree. to the freezing point of the reaction
      mixture.
NUM  6.
PAR  6. A process according to claim 1 in which the reaction is effected using
      light of a wavelength of 300 nm or more.
NUM  7.
PAR  7. A process according to claim 6 in which the wavelength is 300 - 380 nm.
NUM  8.
PAR  8. A process according to claim 1 in which the starting nitrite is a
      steroid.
NUM  9.
PAR  9. A process according to claim 8 in which the steroid is a nitrite ester
      of a 6-hydroxy-, 11-hydroxy-, 7.alpha.-hydroxy- or 20-hydroxy-steroid.
NUM  10.
PAR  10. A process according to claim 8 in which the steroid contains
      substituents and double bonds selected from a keto, hydroxy or acyloxy
      group in the 3-position; alkyl groups in any of the 2-, 4-, 6-, 10-, 13-,
      14- and 16-positions; a keto, ketal or orthoester group at the
      20-position; a keto group or hydroxy and/or hydrocarbon or acyl groups at
      the 17-position; a hydroxy or keto group at the 11- or 12-position, a
      hydroxy group at the 6-, 7- or 20-position, an esterified hydroxy group at
      the 21-position, a double bond at 5-position or the 1- and/or 4-position
      and a halogen atom in the 11- or 6-position.
NUM  11.
PAR  11. A process according to claim 8 in which the steroid is in the pregnane,
      lanostane, norpregnane, oestrane or cholestane series.
NUM  12.
PAR  12. A process according to claim 1 in which the nitrate obtained is
      reductively cleaved to yield the corresponding alcohol.
NUM  13.
PAR  13. A process according to claim 12 in which the reaction is effected using
      a source of nascent hydrogen.
NUM  14.
PAR  14. A process according to claim 12 in which the diol mononitrate produced
      is subjected to further reactions selected from oxidation, dehydration,
      isomerisation, esterification, etherification and hydrolysis, before the
      nitrate group is cleaved.
NUM  15.
PAR  15. A process according to claim 1 in which a radio-labelled hydroxy group
      is introduced.
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PAL  Liquid pigmented epoxide coating compositions containing one or more liquid
      epoxides, up to 50% by volume of pigment, one or more carboxylic acid
      anhydrides and specified diazonium salts of Lewis acids are converted to
      solid materials with substantially no weight loss following a relatively
      short exposure to ultraviolet radiation. The heretofore unattainable
      objective of a light-curable, substantially solventless coating
      composition containing sufficient pigment to obtain acceptable levels of
      hiding power is achieved by the presence of the carboxylic acid anhydride.
PARN
PAR  This application is a continuation-in-part of Application Ser. No. 228,317,
      filed on Feb. 22, 1972 and now abandoned.
BSUM
PAC  BACKGROUND
PAR  This invention relates to highly pigmented liquid compositions which are
      converted to solid coatings upon exposure to ultraviolet light.
PAR  This invention further relates to a method for preparing solid, pigmented
      coatings on a variety of substrates using liquid compositions containing
      specified epoxides, liquid carboxylic acid anhydrides, catalysts, and up
      to 50% by volume of one or more pigments. The compositions are solvent
      free, in that substantially no loss in weight occurs during conversion of
      the liquid composition to a solid coating.
PAR  Clear or lightly pigmented solid coatings exhibiting acceptable levels of
      hardness and solvent resistance are obtained by polymerizing
      epoxide-containing compositions in the presence of the Lewis acids
      produced when certain diazonium salts, i.e. the fluoroborates, are
      irradiated with ultraviolet light, as disclosed in U.S. Pat. No.
      3,205,157. Up until now it has not been possible to utilize this
      technology to prepare commercially useful coatings containing sufficient
      pigment to obtain the high level of hiding power desired for many end-use
      applications.
PAR  If they are applied in sufficient thickness to obtain the desired level of
      hiding power, highly pigmented liquid compositions containing one or more
      epoxide monomers or oligomers as the sole or substantially sole reactive
      component of the liquid phase usually cannot be completely polymerized for
      form solid materials during an exposure to ultraviolet light in the
      presence of diazonium salts of Lewis acids as the polymerization catalyst.
      While surface of the coating may be dry to the touch following
      irradiation, the material below the surface is often either uncured or
      insufficiently cured to obtain a significant degree of adhesion to the
      substrate. In some instances the coating is readily separated from the
      substrate.
PAR  It is known that epoxides can be polymerized at elevated temperatures in
      the presence of various acidic and basic curing agents, including
      anhydrides of dicarboxylic acids. A relatively long heating period of
      several hours is usually required to obtain a solid polymer from
      compositions having a sufficiently long "pot life" or period of
      processability at ambient temperatures. This technology is therefore not
      applicable to the preparation of coatings, which usually must be converted
      to a dry, non-transferable material within several minutes or less after
      being applied to the substrate.
PAR  It has now been found that by replacing a portion of the epoxide component
      with a liquid comprising one or more anhydrides of di- or polycarboxylic
      acids, highly pigmented compositions are converted to hard, solid coatings
      following exposure times of ten seconds or less to ultraviolet light in
      the presence of certain aryl diazonium compounds. The coatings can be
      applied in a thickness sufficient to obtain the desired level of hiding
      power.
PAR  One objective of this invention is to provide pigmented liquid compositions
      containing epoxides and carboxylic acid anhydrides that can be applied to
      a variety of substrates and subsequently converted with substantially no
      loss in weight to a hard, durable coating of acceptable covering or hiding
      power following a short exposure to ultraviolet light.
PAR  A second objective of this invention is to provide a method for rapidly
      preparing hard, glossy, highly pigmented coatings from liquid epoxide
      resins.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention pertains to liquid, pigmented coating compositions
      comprising one or more epoxides, carboxylic acid anhydrides, a catalyst,
      and up to 50% by volume of one or more pigments, said coating composition
      being rapidly polymerizable in the presence of ultraviolet light to yield
      solid products. The coating compositions are characterized by
PAR  a. the presence of one or more epoxides selected from the group consisting
      of
PA1  1. liquid polyglycidyl ethers of the general formula
      ##EQU1##
      and low molecular weight liquid polymers thereof wherein Ar represents an
      aryl or alkaryl hydrocarbon radical and n is the integer 2 or 3 and
PA1  2. liquid compounds containing two or more divalent radicals of the formula
      ##EQU2##
      wherein C.sup.1 and C.sup.2 are part of a five- or six-membered carboxylic
      ring structure, which may in turn be part of a larger molecule;
PAR  b. the presence of one or more carboxylic acid anhydrides selected from the
      group consisting of liquid anhydrides of dicarboxylic acids,
      polycarboxylic acids and liquid mixtures containing two or more anhydrides
      of dicarboxylic or polycarboxylic acids, with the proviso that the
      composition contains 1.8 or more equivalent weights of epoxide per
      equivalent weight of acid anhydride;
PAR  c. the presence of a catalyst selected from the group consisting of aryl
      diazonium compounds corresponding to the general formula
      ##SPC1##
PAL  wherein X is halogen and M is an element selected from the group consisting
      of antimony, arsenic, bismuth, boron, iron, phosphorus and tin. Each Y is
      individually selected from the group consisting of nitro, hydroxyl,
      halogen, N-morpholino, alkyl, alkoxy, aryl, amino, arylamino, alkyamino
      and arylmercapto radicals; p is an integer between 1 and 5, inclusive; r
      is an integer equal to the absolute value of the charge on the complex
      anion MX.sub.r.sub.+s and s is an integer equal to the valence state of
      the element M.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Liquid pigmented compositions that incorporate the epoxides, carboxylic
      acid anhydrides and catalysts of this invention are useful as coating
      materials for metal, paper, plastics and a variety of other substrates.
      When coatings of the liquid compositions are exposed for short periods of
      time to a suitable source of ultraviolet radiation, they develop a dry,
      glossy, non-tacky surface and an adherence to the substrate which is quite
      surprising considering the opacity imparted by the relatively large amount
      of pigment present in the composition. This ability to form dry coatings
      is not observed with compositions wherein the epoxide comprises
      substantially all of the liquid phase. The exposure time required to
      obtain a solid coating may be 10 seconds or less using the preferred
      compositions described in the following sections of this specification.
PAC  The Epoxide
PAR  One class of epoxides suitable for use in the present coating compositions
      are glycidyl ethers derived from compounds containing one or more hydroxyl
      groups which are bonded to carbon atoms of aromatic ring structures. This
      class of epoxides exhibits the general formula
      ##EQU3##
      wherein Ar represents an aryl or alkaryl hydrocarbon radical and n
      represents an integer between 2 and 10, inclusive. The hydrocarbon
      radicals represented by Ar contain one or more aromatic hydrocarbon
      structures, e.g. phenyl and naphthyl radicals. If Ar contains a plurality
      of aromatic ring structures, these may be bonded directly to one another,
      as in a biphenyl radical. Alternatively, the ring structures may be
      separated by alkylene or other divalent radical, as in the compound
      2,2-bis(4,4'-hydroxy-phenyl) propane, sometimes referred to as "Bisphenol
      A". The diglycidyl ether of Bisphenol A and liquid oligomers thereof which
      contain two or more repeating units per molecule are preferred for use in
      the present invention. Glycidyl ethers suitable for use in coating
      compositions exhibit viscosities of about 20,000 centipoises or less at
      ambient temperature.
PAR  Other useful epoxides of this class contain between 2 and 10 epoxide
      radicals
      ##EQU4##
      per molecule, e.g. the glycidyl ethers of phenol-formaldehyde novolac
      resins, and glycidyl ethers of compounds containing more than one hydroxyl
      radical bonded to an aromatic ring structure, e.g. resorcinol.
PAR  The second class of liquid epoxides suitable for use in the present coating
      compositions is one wherein the carbon atoms of at least one epoxide
      radical are part of a five or six-membered structure which may in turn be
      part of a larger molecule. Preferred compounds of this class include
      compounds of the formula:
      ##SPC2##
PAL  [3,4-epoxycyclohexylmethyl-(3,4-epoxy)cyclohexane carboxylate] and
      ##SPC3##
PAL  1,2-epoxyindan.
PAR  Compounds containing two or more epoxide groups are preferred for use in
      the pigmented coating compositions of this invention. The crosslinked
      structure which is attained following polymerization of these
      polyfunctional epoxides is considered essential for good appearance and
      high strength of the resultant coating.
PAR  The epoxides of both classes described hereinbefore may contain inert
      substituents, e.g. halogen, that will not react to any significant extent
      with the epoxide or other components of the coating composition at ambient
      temperature in the absence of compounds that catalyze epoxide
      polymerizations.
PAR  A number of useful commercially available epoxide monomers and oligomers
      are listed in Chapter 4 of the publication entitled "Handbook of Epoxy
      Resins" by H. Lee and K. Neville (McGraw-Hill Book Company, New York,
      1967).
PAC  The Carboxylic Acid Anhydride
PAR  The pigmented coating compositions of this invention contain one or more
      liquid anhydrides of dicarboxylic or polycarboxylic acids. Some anhydrides
      of dicarboxylic acids which are solid at ambient temperature, e.g. maleic
      anhydride and hexahydrophthalic anhydride, when combined in specific
      proportions, will form eutetic mixtures which exhibit a melting point
      below ambient temperature. These mixtures are useful for the present
      coating compositions and are described in the chemical literature.
      Suitable anhydrides and eutetic mixtures include methyltetrahydrophthalic
      anhydride (a Diels-Alder condensation product of maleic anhydride and
      isoprene), dodecenylsuccinic anhydride and a mixture containing 30% by
      weight of maleic anhydride and 70% by weight of hexahydrophthalic
      anhydride.
PAR  The compositions of this invention contain 1.8 or more equivalent weights
      of epoxide per equivalent weight of acid anhydride. The use of excess
      epoxide is preferred. Depending upon the type of catalyst employed,
      experimental evidence indicates that a portion of the epoxide component
      undergoes a rapid homopolymerization during exposure of the catalyzed
      coating composition to ultraviolet light or heat. The time required for
      any significant reaction to occur between the epoxide and acid anhydride
      to form ester residues
      ##EQU5##
      is considerably longer and may require several minutes to several days,
      depending upon the environmental temperature. An excess of epoxide is,
      therefore, desirable to ensure that a concentration of unreacted epoxide
      sufficient to react with substantially all of the anhydride will be
      present following the initial rapid hompolymerization of the epoxide
      component.
PAC  The Catalyst
PAR  The photosensitive catalysts of this invention are represented by the
      generic formula:
      ##SPC4##
PAL  where X is halogen, M is a metal or metaloid selected from the group
      consisting of antimony, arsenic, bismuth, boron, iron, phosphorus and tin;
      and Y is selected from at least one of the group consisting of nitro,
      hydroxyl, halogen, N-morpholino, alkyl, alkoxy, aryl, amino, aryl amino,
      alkyl amino, and aryl mercapto radicals. In the above formula, it will be
      understood that r is equal to the number of free halogen atoms which are
      released upon the exposure of the catalyst to actinic radiation to yield a
      Lewis acid, MX.sub.s, and that both the number of aryldiazonium radicals
      and the charge on the complex anion MX.sub.r.sub.+s is equal to r. The
      letter p represents an integer between 1 and 5.
PAR  Halogen-containing complex ions corresponding to all possible valence
      states of the element M may not exist, or may be so unstable as to be
      useless for all practical purposes; however, one skilled in the art can
      readily select those diazonium salts which would be suitable for use in
      the coating compositions of this invention. At least a partial listing of
      complex ions which can be incorporated into the present diazonium salts is
      found in Appendix III of the introduction to the subject index for Volume
      56 (1962) of Chemical Abstracts, a publication of the American Chemical
      Society.
PAR  Specific examples of diazonium compounds which can be used in the present
      invention include:
PA1  p-chlorobenzenediazonium hexafluorophosphate
PA1  o-nitrobenzenediazonium hexafluorophosphate
PA1  2,5-dichlorobenzenediazonium hexafluorophosphate
PA1  p-N-morpholinophenyldiazonium hexafluorophosphate
PA1  2,5-diethoxy-4-(p-tolyl) benzenediazonium hexafluorophosphate
PA1  2-chloro-4-dimethylamino-5-methoxyphenyldiazonium hexafluorophosphate
PA1  2,5-diethoxy-4-p-tolymercaptobenzenediazonium hexafluorophosphate
PA1  2,5-dimethoxy-4-N-morpholinobenzenediazonium hexafluorophosphate
PA1  2,5-diethoxy-4-ethoxyphenylbenzenediazonium hexafluorophosphate
PA1  p-nitrobenzenediazonium hexafluoroarsenate
PA1  p-N-morpholinophenyldiazonium hexafluoroarsenate
PA1  2,4-dichlorobenzenediazonium hexachloroantimonate
PA1  p-nitrobenzenediazonium hexafluoroantimonate
PA1  p-N-morpholinophenyldiazonium hexafluoroantimonate
PA1  2,5-dichlorobenzenediazonium hexachloroantimonate
PA1  2,5-dichlorobenzenediazonium hexafluoroantimonate
PA1  2,4-dichlorobenzenediazonium tetrachlorobismuthate
PA1  o-nitrobenzenediazonium tetrachlorobismuthate
PA1  2,4-dichlorobenzenediazonium tetrachlorferrate
PA1  o-hydroxybenzenediazonium hexafluorophosphate
PA1  p-hydroxybenzenediazonium hexafluorophosphate
PA1  2,5-dichlorobenzenediazonium tetrafluoroborate
PAR  The diazonium catalysts can be prepared using procedures known in the art,
      which are not considered part of the present invention. The chlorometallic
      complexes can be prepared, for example, in accordance with the method set
      forth by Lee et al. in Journal of the American Chemical Society, 83, 1928
      (1961). diazonium hexafluorophosphates can be prepared by diazotizing the
      corresponding aniline derivative with NOPF.sub.6, which in turn is
      prepared by the addition of HPF.sub.6 or a hexafluorophosphate salt to a
      mixture of hydrogen chloride and sodium nitrite, or by the addition of a
      hexafluorophosphate salt to a solubilized diazonium salt to yield an
      insoluble product. The N-morpholino complexes can be prepared either from
      the aniline derivative or by adding an aqueous solution of the desired
      inorganic complex salt to a solution of N-morpholinophenyldiazonium
      fluoroborate.
PAR  The reaction which is believed to occur upon irradiation of diazonium
      catalysts with ultraviolet light can be represented by the following
      equation:
      ##SPC5##
PAL  wherein the terms M, X, Y and the integers p, r, and s have been defined
      previously. Exposure of the aryldiazonium catalyst to ultraviolet
      radiation of the proper energy level and wavelength yields a Lewis acid
      represented by the formula MX.sub.s. The term Lewis acid refers to an
      electron pair acceptor such as PF.sub.5, FeCl.sub.3, AsF.sub.5, SbF.sub.5,
      SnCl.sub.4 BF.sub.3, or BiCl.sub.3. The Lewis acid initiates or catalyzes
      a rapid polymerization of the epoxide component of the coating
      composition.
PAR  The radiation employed to decompose the aryldiazonium compound can be
      generated using any suitable source, for example, a mercury or xenon lamp.
      The only limitation placed on the radiation source is that it must have a
      frequency range and energy level sufficient to decompose a major portion
      of the aryldiazonium compound.
PAC  Pigments
PAR  The coating compositions of this invention normally contain between about
      10 and 30 volume % of one or more pigments. Titanium dioxide is a
      preferred pigment due to its high degree of hiding power. Opaque colored
      formulations are obtained by combining the titanium dioxide with
      relatively minor amounts of one or more colored pigments. To avoid
      premature polymerization of the epoxide, the pigments should not contain
      amino, hydroxyl or other radicals that react with epoxides and should not
      be excessively alkaline or acid. Zinc oxide is not a desirable pigment due
      to the high basicity of the compound.
PAR  The amount of pigment to be employed in a given formulation is a function
      of a number of variables, including the viscosity of the liquid phase (the
      epoxide-anhydride mixture), the degree of hiding power desired, the color
      of the formulation, the ability of the pigment to adsorb the liquid phase
      (as the level of adsorbancy increases, the amount of unadsorbed or "free"
      liquid phase decreases, which usually causes an increase in viscosity of
      the formulation), and the desired physical properties of the coating, such
      as flexibility, adhesion and film strength. Assuming that the other
      desired criteria can be met, additional hiding power can be achieved by
      increasing the pigment content of the formulation up to about 50 volume %,
      based on the total formulation. In these instances a pigment which is
      transparent to ultraviolet radiation, such as silica, is usually required
      in an amount that is at least equal to the difference between 30% by
      volume and the desired pigment content. In other words, if a pigment
      content of 45% by volume is desired, the concentration of transparent
      pigment should be at least 15% by volume, based on the total formulation.
      The reason for this requirement is that if conventional pigments are
      employed at levels above about 30% by volume, the resultant coating may be
      rendered sufficiently opaque to ultraviolet light so as to be incapable of
      undergoing a complete cure even during a relatively lengthy exposure of up
      to one minute or more to an ultraviolet light source.
PAR  If the pigment content of the coating is below 10% by volume, the degree of
      hiding power may be insufficient for many commercial applications.
PAR  Carbon black can be employed in the present formulations in combination
      with white pigments such as titanium dioxide. If used alone at even
      relatively low levels, carbon black may reduce the transmittance of the
      formulation to ultraviolet light sufficiently to partially or completely
      inhibit decomposition of the present diazonium catalysts as discussed in a
      preceding section of this specification. Decomposition of the catalyst is
      required to generate the Lewis acid which, in turn initiates curing of the
      coating composition.
PAR  At pigment concentrations above 50 volume %, the viscosity of the coating
      composition and the rigidity of the cured coating are usually above the
      limits which define commercially useful coatings and precursors.
PAC  Solvent
PAR  Some of the catalysts of this invention may not be readily soluble at
      ambient temperature in the epoxide, the anhydride or mixtures of these two
      components. Heating of the epoxide for any extended period of time should
      be avoided, since this may initiate an exothermic polymerization. To
      obtain a homogenous liquid composition it may therefore be necessary to
      dissolve the catalyst in a small amount of a liquid which may or may not
      be a reactive solvent, i.e. one which is incorporated into epoxide polymer
      molecules. The catalyst solvent comprises up to 5% by weight, preferably
      less than 2%, of the total coating composition.
PAR  Acetonitrile is a preferred solvent for the present diazonium catalysts,
      since in addition to dissolving the catalyst it is a weak Lewis base which
      will react with trace amounts of Lewis acids resulting from premature
      catalyst decomposition, thereby preventing spontaneous polymerization of
      the epoxide component in the absence of ultraviolet light. Other suitable
      solvents for the diazonium catalysts include propylene carbonate,
      benzonitrile, acetone, toluene, xylene and methyl ethyl ketone.
PAC  Preparation of the Coating Composition
PAR  The present compositions are conveniently prepared using a roller mill or
      other known techniques for obtaining uniform dispersions of pigments in
      liquid media. The pigment may be dispersed in the epoxide, anhydride, or a
      mixture of these two components.
PAR  The diazonium compound is added to the resultant mixture of pigment,
      epoxide and anhydride in an amount between about 0.25 to about 5 parts by
      weight of diazonium compound to each one hundred parts by weight of
      coating composition.
PAR  The catalyzed compositions of this invention can be coated onto a variety
      of substrates, including metal, paper, wood, and various synthetic
      polymers. The coatings are applied using known techniques, which include
      draw down bars, doctor blades, and roller coaters. To obtain an optimum
      combination of rapid application, film coherency and controllable
      thickness, the viscosity of the composition should be between about 5 and
      5,000 centipoises at ambient temperature.
PAC  Polymerization of the Coating Compositions
PAR  Liquid pigmented coatings containing the present diazonium compounds are
      cured, i.e. converted to a hard, glossy, tack-free solid, during a
      relatively short exposure to an ultraviolet light source. The exposure
      time required to obtain a coating that is dry to the touch is a function
      of several variables, including coating thickness, pigment content, light
      intensity and type of diazonium compound. In many instances the exposure
      time is ten seconds or less, as will be demonstrated in the accompanying
      examples, which illustrate preferred coating compositions together with
      methods for preparing and polymerizing these compositions. The examples
      should not be interpreted as limiting the scope of this invention.
PAC  EXAMPLE 1
PAR  A homogeneous dispersion was prepared using 120 g. of titanium dioxide and
      80 g. of 3,4-epoxy cyclohexylmethyl-(3,4-epoxy) cyclohexane carboxylate
      (available as ERL- 4221 from the Union Carbide Corporation). An 8.25 g.
      portion of this material was blended with a mixture containing 1.25 g. of
      methyltetrahydrophthalic anhydride. To this composition was added a
      solution of 0.1 g. of 2,5-diethoxy-4-(p-tolyl mercapto) benzenediazonium
      hexafluorophosphate in 0.2 g. of acetonitrile. A portion of this
      composition was coated on a steel plate using a number 2 wire-wound
      "K-bar", and the coated side exposed for ten seconds at a distance of 3
      inches (7.5 cm.) from a 430 watt mercury vapor lamp. During the exposure
      the liquid coating was converted to a white, opaque and glossy solid.
PAR  Acceptable quality coatings were prepared using the foregoing procedure and
      ingredients, the only change being the replacement of the diazonium
      catalyst with an equal weight of either o- or p-hydroxybenzene diazonium
      hexafluorophosphate.
PAC  EXAMPLE 2
PAR  A liquid coating composition was prepared using the procedue of Example 1
      with the following ingredients:
PA1  4.0 g. of ERL-4221
PA1  2.5 g. of a liquid glycidyl ether of Bisphenol A
PA1  3.5 g. of methyltetrahydrophthalic anhydride
PAR  A solid coating was obtained following a ten second exposure to the
      radiation from a mercury vapor lamp using the method of Example 1.
PAC  EXAMPLE 3
PAR  A liquid coating composition was prepared as described in Example 1, with
      the exception that 2.5 g. of methyltetrahydrophthalic anhydride and 1.09
      of dodecenyl-succinic anhydride was used as the acid anhydride component.
      The exposure time required to obtain a solid coating was ten seconds.
PAR  Examples 4, 5 and 6 are controls which demonstrate that poor coatings are
      obtained when the liquid compositions are outside the scope of this
      invention.
PAC  EXAMPLE 4
PAR  A homogeneous dispersion was prepared using 100 g. of titanium dioxide and
      65 g. of 1,4-bis(2,3-epoxypropoxy) butane. An 8.25 g. portion of this
      material was blended with 1.75 g. of methyltetrahydraphthalic anhydride.
      To this composition was added a solution of 0.1 g. of 2,5-diethoxy
      4-(p-tolyl mercapto) benzene diazonium hexafluorophosphate in 0.2 g. of
      acetonitrile. Two steel plates were coated with this composition, the
      first plate using a number 1 wire-wound K-bar and the second plate using a
      number 2 wire-wound K-bar. Both plates were exposed for 20 seconds at a
      distance of 3 inches from a 430 watt mercury vapor lamp. Neither of the
      coatings were completely cured following the exposure.
PAR  To determine if the inability to cure the coating was due to the presence
      of pigment, an unpigmented coating formulation was prepared by blending a
      solution of 0.1 g. of p-chlorophenyl diazonium hexafluorophosphate in 0.2
      cc. of acetonitrile with a homogeneous liquid mixture prepared by
      combining 6.5 g. of 1,4-bis(2,3-epoxypropoxy) butane with 3.5 grams of
      methyltetrahydraphthalic anhydride. A portion of the resultant composition
      was coated on a steel plate using a number 2 wire-wound K-bar, and the
      coated side of the plate was then exposed for 20 seconds at a distance of
      3 inches from a 430 watt mercury vapor lamp. A tacky coating was obtained.
PAC  EXAMPLE 5
PAR  This example demonstrates that a useful pigmented coating composition
      cannot be prepared without a liquid carboxylic acid anhydride. A
      homogeneous dispersion was prepared using 120 g. of titanium dioxide and
      80 g. of ERL-4221. An 8.25 g. portion of this material was blended with an
      additional 1.75 g. of ERL-4221. To this composition was added a solution
      containing 0.1 g. of 2,5-diethoxy-4-(p-tolyl mercapto) benzene diazonium
      hexafluorophosphate dissolved in 0.2 g. of acetonitrile. Two steel plates
      were coated with this composition, the first plate using a number 1
      wire-wound K-bar, the second plate using a number 2 wire-wound K-bar. Both
      plates were then exposed for 20 seconds at a distance of 3 inches from a
      430 watt mercury vapor lamp. The first plate, which exhibited a 0.0001
      inch (0.0003 cm.)-thick coating, was completely cured. The second coating
      exhibited a thickness 0.0004 inch (0.001 cm.) and was cured only at the
      surface. Both coatings were considered unsatisfactory, the thinner coating
      because of insufficient hiding of the base metal, the second thicker
      coating because of insufficient adhesion to the metal substrate. The
      second coating could readily be removed from the metal substrate.
PAC  EXAMPLE 6
PAR  This example demonstrates that a useful, rapidly polymerizable coating
      composition cannot be prepared using a liquid acid anhydride without the
      diazonium compound, even though acid anhydrides are known to be effective
      curing agents for epoxide polymers. The formulation employed to prepare
      the coating was the same as that of Example 1, the only exception being
      omission of the diazonium catalyst, 2,5-diethoxy-4-(p-tolylmercapto)
      benzenediazonium hexafluorophosphate. A steel panel coated with this
      formulation using a number 2 wire-wound K-bar was placed 3 inches (7.5
      cm.) from a 430 watt mercury vapor lamp with the coated side facing the
      lamp. The coating was still liquid following a sixty second exposure to
      radiation from the lamp. No significant change in the coating was observed
      after the coated panel was removed from the area of the lamp and allowed
      to remain at ambient temperature for one hour.
PAR  Examples 5 and 6 demonstrate that the rapid curing achieved using the
      present combination of a diazonium compound and liquid acid anhydride does
      not result from a simple additive effect obtained by combining two known
      curing agents for epoxide polymers. Neither the diazonium compound nor the
      anhydride when used alone is cable of promoting satisfactory curing of
      pigmented epoxide-containing coating materials in the presence of
      ultraviolet radiation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved pigmented liquid composition which is rapidly polymerizable
      to form solid coatings upon exposure to ultraviolet light at ambient
      temperature, the liquid composition comprising at least one epoxide, a
      pigment which is present at a concentration (Cp) of between 10 and 50% by
      volume, based on said composition, and between 0.25 and 5% by weight of a
      diazonium compound of the general formula
      ##SPC6##
PAL  wherein X represents a halogen radical and M represents an element selected
      from the group consisting of antimony, arsenic, bismuth, boron, iron,
      phosphorus and tin; Y is selected from at least one of the group
      consisting of nitro, hydroxyl, halogen, N-morpholino, alkyl, alkoxy, aryl,
      amino, arylamino, alkyamino and arylmercapto radicals, p is an integer
      between 1 and 5, inclusive, r is an integer equal to the absolute value of
      the charge on the complex anion MX.sub.r.sub.+s and s is an integer equal
      to the valence state of M wherein the improvements consist of:
PA1  a. the presence of at least one liquid epoxide selected from the group
      consisting of:
PAR  1. those exhibiting the general formula
      ##EQU6##
      and low molecular weight telomers thereof wherein Ar represents an aryl or
      alkaryl hydrocarbon radical, n is the integer 2 or 3,
PA2  2.
NUM  2.
PAR  2. compounds containing at least two epoxide radicals of the formula
      ##EQU7##
      wherein C.sup.1 and C.sup.2 form part of a five- or six-membered
      carboxylic ring structure, said epoxide comprising the entire liquid
      epoxide component or a major fraction thereof, and
PA1  b. the presence of at least one carboxylic acid anhydride selected from the
      group consisting of liquid anhydrides of dicarboxylic acids,
      polycarboxylic acids and liquid mixtures containing two or more anhydrides
      of dicarboxylic or polycarboxylic acids with the proviso that the liquid
      composition contains at least 1.8 equivalent weights of epoxide per
PAR   equivalent weight of acid anhydride. 2. The liquid composition of claim 1
      wherein the carbon atoms of the epoxide radical
      ##EQU8##
      are part of a 6-membered carboxylic ring.
NUM  3.
PAR  3. The liquid composition of claim 1 wherein the epoxide is a liquid
      diglycidyl ether of Bisphenol A [2,2-bis(4,4'-hydroxyphenyl) propane].
NUM  4.
PAR  4. The liquid composition of claim 1 wherein the acid anhydride is selected
      from the group consisting of methyltetrahydrophthalic anhydride and liquid
      mixtures of methyltetrahydrophthalic anhydride and dodecenylsuccinic
      anhydride.
NUM  5.
PAR  5. A liquid composition as claimed in claim 1 which contains up to 5% by
      weight of a solvent for the diazonium compound.
NUM  6.
PAR  6. The liquid composition of claim 1 wherein the pigment content (Cp) is
      between 30 and 50% by volume and a pigment transparent to ultraviolet
      light is present in an amount equal to Cp-30%.
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ABST
PAL  Trioxane can advantageously be polymerized in the presence of a thiocyanate
      (an ester of thiocyanic acid), to obtain an oxymethylene polymer having
      thermal stability. The polymerization is further promoted by means of an
      ionizing radiation or an ultraviolet light.
PARN
PAR  This is a continuation of application Ser. No. 280,804, filed Aug. 15,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for preparing an oxymethylene polymer
      having good thermal stability, comprising polymerization of trioxane in
      the presence of a thiocyanate (an ester of thiocyanic acid), and an
      oxymethylene polymer obtained by the process. In a preferable embodiment
      of the present invention, the thermal stability of the polymer can be
      further improved when an acetal, an oxathiolane, an oxathiane or an
      organic acid anhydride coexists with a thiocyanate, in the above
      polymerization. Irradiation with a light beam or radiation before and/or
      during the polymerization results in advantageous effect.
PAR  It has been well known that polyoxymethylene is obtained by polymerizing
      formaldehyde or trioxane (a cyclic trimer of formaldehyde). It has been
      also well known that a cationic catalyst such as general Lewis acid and
      its complex, or a radiation is applied in the above polymerization
      process. However, the polymer obtained in the above process has poor
      chemical and thermal stabilities, and is easily depolymerized to form
      formaldehyde. Therefore in order to make the above polymer suitable for
      practical use, further treatments to increase its stability must be
      applied. For instance, a technique is known, in which the ends of
      polyoxymethylene molecules are acetylated with acetic acid anhydride. On
      the other hand, another technique is also well known, in which a copolymer
      is obtained by adding a second component which is copolymerizable with
      formaldehyde or trioxane. However, no process has been known for the
      polymerization of formaldehyde or trioxane in the presence of ester of
      thiocyanic acid. The use of alkyl-acetal as a chain transfer agent is well
      known in the polymerization of trioxane in the presence of a cationic
      catalyst (V. Jaacks et al. Makromal. Chem. 83, 56, 1965; Japanese Pat. No.
      21638/1966 and others), and furthermore, it is known that the
      polymerization of trioxane, in the presence of a cyclic acetal, results in
      a copolymer (S. Rosinger et al. T. Polym. Sci. A-1, 5, 183, 1967; Japanese
      Pat. No. 3836/1969 and others), or that trioxane is copolymerized with a
      cyclic sulfur compound (Japanese Pat. No. 7631/1967).
PAR  However, the polymerization mentioned above has disadvantages -- that is,
      unpractical polymerization conditions, use of very reactive catalyst and
      the like. Although it is known that an aliphatic carboxylic acid anhydride
      can coexist in radiation polymerization of trioxane (Japanese Pat. No.
      26594/1963), the acid anhydride, in this case, only acts to increase the
      polymerizable ability of trioxane.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a process to obtain an
      oxymethylene polymer having good thermal stability in one process, by
      polymerizing trioxane coexisting with an ester of thiocyanic acid in the
      presence or absence of an acetal, an oxathiolane, an oxathiane or an
      organic acid anhydride. Another object is to provide an oxymethylene
      polymer having good thermal stability. The irradiation prior to and/or in
      the course of the above polymerization leads to better results. The
      present invention is characterized by the use of an ester of thiocyanic
      acid which results in polymer with practical utility.
PAR  To summarize the constitution of the invention, (a) the oxymethylene
      polymer with good thermal stability is obtained in one process by heating
      trioxane coexisting with ester of thiocyanic acid: (b) Irradiation prior
      to and/or in the course of the polymerization improves the polymerization
      rate and thermal stability: (c) when the above polymerization is carried
      out in the presence of at least one or more of acetal, oxathiolane,
      oxathiane and saturated aliphatic carboxylic acid anhydride, the
      polymerization rate and thermal stability are further improved.
PAR  Combination of trioxane and a thiocyanate in the present invention exhibits
      a specific effect on initiating polymerization and thermal stability of
      the resulting polymer. Such specific effect can not be observed in a
      combination of the other organic sulfur compound and trioxane.
PAR  The ester of thiocyanic acid herein used includes those which are expressed
      by the general formula, R-SCN, where R means an aliphatic, a
      cycloaliphatic or an aromatic group. Typical examples of the above
      thiocyanates are methyl-, ethyl-, propyl-, isopropyl-, butyl-, isobutyl-,
      amyl-, isoamyl-, benzyl-, phenyl-thiocyanates and the like. For acetal,
      typical examples of acyclic acetal include dimethoxymethane (methylal),
      diethoxyethane (ethylal), 1,1-dimethoxyethane, 1,1-diethoxyethane and the
      like, and those of cyclic acetal include 1,3-dioxolane, 1,3-dioxane,
      1,3-dioxepane, 1,3-dioxecane, 1,3,5-trioxepane, 1,4,6-trioxecane,
      4-methyloxolane and the like. Typical examples of oxathiolane and
      oxathiane are 1,3-oxathiolane, 3-oxo-1,2-oxathiolane, 1,3-oxathian,
      2,2-dimethyl-1,3-oxathian, 1,4-oxathian, 1,4-oxathiene,
      benzo-1,4-oxathiadiene, 1,4-benzoxathiene and the like. Typical examples
      of saturated aliphatic carboxylic acid anhydride are acetic, propionic,
      butyric, benzoic, succinic anhydride and the like. UV-light from mercury
      lamp is effectively used as light beam and usable radiations include
      .alpha.-, .beta.-, .gamma.-rays, electron beam, X-rays, neutron beam,
      heavy particles beam and mixtures thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A typical embodiment of the polymerization process is as follows. An ester
      of thiocyanic acid is added to trioxane. When the additive might evaporate
      from the polymerization system because of its high vapor pressure, sealing
      of the system is desirable. The method of addition in the case of solid
      phase polymerization involves addition of an ester of thiocyanic acid to
      crystalline trioxane in the form of droplet, spray or gas, and that
      trioxane is solidified after addition followed by melting and mixing. When
      the polymerization is carried out in a liquid phase, either process,
      direct addition into liquid trioxane or making trioxane to a liquid phase
      after addition into its crystals, can be used.
PAR  The amount of ester of thiocyanic acid to be added is in the range of about
      0.01 - 15 weight %, preferably about 0.1 - 5 weight % by weight of
      trioxane. When the ester of thiocyanic acid is contained in the system in
      low concentration or in the form of solid at room temperature, the ester
      is dissolved in a solvent such as n-hexane, benzene, cyclohexane or the
      like which is inactive to the ester and formaldehyde, and the solution can
      be applied. Furthermore, when acetal, oxathiolane, oxathiane and acid
      anhydride are used in the system, at least one of these additives is
      applied simultaneously with the ester or in accordance with the manner
      mentioned above. These additives are generally employed in a quantity of
      not more than about 15% by weight of trioxane. A light or radiation is
      applied in the following various ways: irradiating the system after the
      additive is applied to trioxane, applying the additive after irradiating
      trioxane, irradiating trioxane followed by application of the additive in
      the process of polymerization under heating, individual irradiation of
      trioxane and an ester of thiocyanic acid followed by mixing of these
      materials, and irradiating an ester of thiocyanic acid followed by
      addition to trioxane, and furthermore, any combination of these methods
      can be applied.
PAR  The dose of radiation applied is usually in the range of about 10.sup.2 -
      10.sup.8 rad, and the dose rate for in-source polymerization is in the
      range of about 10.sup.2 - 10.sup.8 rad/hr. The temperature during
      irradiation is the same as that of polymerization, for in-source
      polymerization, and is allowed to be a temperature at which trioxane is
      kept in the form of crystal, for post polymerization. When the irradiation
      is carried out at a temperature above 10.degree.C, in-source
      polymerization is in progress except for the case of very short period of
      irradiation, and if necessary, the polymerization can be continued by post
      polymerization. The preferable polymerization temperature is in the range
      of about 30.degree.- 140.degree.C.
PAR  In solid phase polymerization, better result can be obtained. "Solid phase
      polymerization" herein used means the polymerization in which trioxane
      exists in the form of solid (containing dispersoid) and "liquid phase
      polymerization" means the polymerization in which the system containing
      trioxane comprises a liquid phase. In some cases, the polymerization
      proceeds even in the course of raising the temperature of a heating bath
      above the melting point of trioxane. After the polymerization, unreacted
      materials are removed from the system by washing the polymerized product
      with a suitable solvent for trioxane and an additive such as acetone,
      benzene, methanol and the like. The polymer produced was always white
      crystallines with a melting point in the range of about 160.degree.-
      180.degree.C, and its viscosity number [.eta.]was measured at 60.degree.C
      after the polymer was dissolved in p-chlorophenol containing 2% of
      .alpha.-pinene. Moreover, the thermal stability of the polymer is
      expressed by the average thermal decomposition rate, K.sub.222 (%/min.),
      at which the polymer is pyrolyzed at 222.degree.C for 1 hr in a stream of
      nitrogen gas. The "%"  in the following examples means weight %, unless
      otherwise specified. In the examples, gamma rays from Co-60 were employed.
PAC  EXAMPLE 1
PAR  One (1)g of crystalline trioxane purified by sublimation was put in a glass
      ampoule and the ampoule was sealed after addition of methyl thiocyanate,
      ethyl thiocyanate or benzyl thiocyanate. Then, the polymerization was
      carried out in a heating bath at 55.degree.C. After the polymerization,
      the additive was completely removed by washing the polymerized product
      using acetone and the product was dried under a reduced pressure for 24
      hrs. Conditions and results of the polymerization are shown in Table 1.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Polymerization Condition          Result                                  

                               Polymerization                                  

                                       Yield                                   

     Ester of Thiocyanic Acid                                                  

                     Radiation Dose                                            

                               Time (hr)                                       

                                       (%) K.sub.222                           

                                               [.eta.]                         

     __________________________________________________________________________

     Methyl Thiocyanate                                                        

                0.1 %                                                          

                     10.sup.6 rad (-78.degree.C)                               

                               2       38  0.45                                

                                               1.4                             

     Methyl Thiocyanate                                                        

                1.0  --        4       20  0.50                                

                                               1.8                             

     Methyl Thiocyanate                                                        

                1.0  2 .times. 10.sup.6                                        

                               2       60  0.40                                

                                               2.0                             

     Methyl Thiocyanate                                                        

                5.0  10.sup.6  6       75  0.48                                

                                               3.3                             

     Ethyl Thiocyanate                                                         

                0.5  2 .times. 10.sup.6                                        

                               1       55  0.47                                

                                               1.9                             

     Ethyl Thiocyanate                                                         

                2.0  2 .times. 10.sup.6                                        

                               1       67  0.46                                

                                               2.2                             

     Ethyl Thiocyanate                                                         

                3.0  10.sup.7  1       81  0.30                                

                                               1.2                             

     Ethyl Thiocyanate                                                         

                5.0  10.sup.6  1       46  0.44                                

                                               2.1                             

     Benzyl Thiocyanate                                                        

                1.0  10.sup.6  6       59  0.52                                

                                               2.6                             

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  The polymerization was carried out in a similar way to Example 1 except
      that 3.0% of ethyl thiocyanate was added and the sample was irradiated
      with the radiation dose of 4 .times. 10.sup.6 rad (-78.degree.C) after
      sealing and was polymerized in a heating bath at various temperatures. The
      time for polymerization was 1 hr. The results of polymerization are given
      in Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Temperature of                                                            

     heating bath                                                              

                 Yield      K.sub.222  [.eta.]                                 

     ______________________________________                                    

      50.degree.C                                                              

                  35 %      0.63       2.1                                     

     55          71         0.33       2.0                                     

     60          63         0.43       1.7                                     

      80*        46         0.58       1.1                                     

     ______________________________________                                    

      (*liquid phase polymerization)                                           

PAC  EXAMPLE 3
PAR  One (1)g of trioxane was put in a glass ampoule and 3.0% of ethyl
      thiocyanate was added. After sealing, the sample was irradiated with the
      radiation dose of 10.sup.6 rad (-78.degree.C) and was polymerized in a
      heating bath at 55.degree.C for 4 hrs. Polymer was obtained with the yield
      of 59%, K.sub.222 value of 0.43 and [.eta.] = 1.8. In the polymerization
      only with irradiation, without addition of ethyl thiocyanate, polymer was
      obtained with the yield of 55%, K.sub.222 value of 1.32 and [.eta.] = 1.9.
PAC  EXAMPLE 4
PAR  One (1)g of trioxane was put in a glass ampoule and was irradiated with the
      radiation dose of 4 .times. 10.sup.6 rad (-78.degree.C). Then, it was
      polymerized in a heating bath at 55.degree.C, during which 3.0% of ethyl
      thiocyanate was added at various periods. After polymerization, the sample
      was treated in a similar way to that in Example 1. Conditions and results
      of polymerization are shown in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

     Period of addition                                                        

     of ethyl thio-                                                            

                 Polymerization                                                

     cyanate (after the                                                        

                 time after  Yield    K.sub.222                                

                                            [.eta.]                            

     initiation of                                                             

                 addition                                                      

     heating)    (hr)        (%)                                               

     ______________________________________                                    

      0 (hr)     4           53       0.46  2.1                                

      2 (hr)     2           74       0.49  2.1                                

     19 (hr)     2           72       0.40  1.9                                

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  One (1)g of trioxane was put in a glass ampoule and 3.0% of ethyl
      thiocyanate and 0.5% or 1.0% of 1,3-oxathiolane were added. After sealing,
      the sample was irradiated with the radiation dose of 2 .times. 10.sup.6
      rad (-78.degree.C). Then, it was polymerized for 8 hours in a heating bath
      at 55.degree.C. After the polymerization, the sample was treated in a
      similar way to that in Example 1. The yields of the polymer were 72% and
      65% for 0.5% and 1.0% of the amounts of oxathiolane added, K.sub.222
      values of 0.32 and 0.29, and [.eta.] values of 1.8 and 1.7 respectively.
      Without addition of oxathiolane, the above values were 65%, 0.38 and 2.1
      respectively.
PAC  EXAMPLE 6
PAR  One (1)g of trioxane, purified by means of recrystalization from a
      methylene chloride solution, was put in a glass ampoule and a combination
      of an ester of thiocyanic acid with acetal or acid anhydride, as shown in
      Table 4, was added. After sealing, the sample was irradiated with the
      radiation dose of 1 .times. 10.sup.6 rad (-78.degree.C), then it was
      polymerized in a heating bath at 55.degree.C for 6 hrs. Conditions and
      results of the polymerization are shown in Table 4.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Ester of Thiocyanic Acid                                                  

                     Acetal or Acid Anhydride                                  

                                     Yield                                     

                                         K.sub.222                             

                                             [.eta.]                           

     __________________________________________________________________________

     Methyl Thiocyanate                                                        

                 3.0%                                                          

                     Methylal    1.0%                                          

                                     79% 0.36                                  

                                             1.7                               

     Methyl Thiocyanate                                                        

                 3.0%                                                          

                     Propionic Anhydride                                       

                                 0.05%                                         

                                     78% 0.46                                  

                                             2.4                               

     Ethyl Thiocyanate                                                         

                 3.0%                                                          

                     Propionic Anhydride                                       

                                 1.0%                                          

                                     82% 0.27                                  

                                             1.9                               

     Benzyl Thiocyanate                                                        

                 1.0%                                                          

                     Dioxolane   3.0%                                          

                                     65% 0.44                                  

                                             2.2                               

     Example     --  Methylal    1.0%                                          

                                     48% 0.92                                  

                                             1.5                               

      for        --  Propionic Anhydride                                       

                                 1.0%                                          

                                     37% 0.83                                  

                                             1.2                               

     Comparison  --  Dioxolane   3.0%                                          

                                     35% 0.70                                  

                                             1.5                               

     __________________________________________________________________________

PAR  The main effects of the present invention are summarized hereinafter. A
      concomitant use of an ester of thiocyanic acid and acetal, oxathiolane,
      oxathiane or acid anhydride accelerates polymerization velocity. On the
      other hand, trioxane is considered to be polymerized by means of radiation
      or light even in a liquid phase, because the polymerization reaction is
      accelerated by them in a liquid phase. In the system in the absence of an
      ester of thiocyanic acid, the above polymerization does not proceed, and
      therefore, the mechanism of the polymerization claimed in the present
      invention is considered to be different from the radiation polymerization
      generally well known. However, solid phase polymerization, at temperature
      below the melting point of trioxane, brings better results. Moreover, the
      polymer is produced with no or little deformation of the monomeric
      trioxane and it is easy to deal with the reactant because the load on the
      polymerizing stirrer is not varied during the process. It is not necessary
      to neutralize the reaction system after polymerization, because no highly
      reactive substance (catalyst) such as cationic catalyst is used in the
      process. The use of ester of thiocyanic acid and third component in excess
      results in a lower yield of the polymer, especially in solid phase
      polymerization. Therefore, additive in the amount of less than about 5% is
      preferable from the view point of yield. The liquid phase polymerization
      is not so restricted as mentioned above.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for preparing an oxymethylene polymer comprising
PA1  mixing trioxane with about 0.01 to 15 per cent by weight based on the
      weight of said trioxane of a thiocyanate and
PA1  carrying out polymerization by keeping the mixture at a temperature in the
      range of from about 30.degree. to about 140.degree.C,
PA1  said polymerization being initiated and promoted by irradiating said
      mixture with an ionizing radiation at a dose rate of about 10.sup.2 -
      10.sup.8 rad/hr and for a total dose of about 10.sup.2 - 10.sup.8 rad.
NUM  2.
PAR  2. A process of claim 1, in which said thiocyanate is represented by the
      formula R-SCN wherein R is selected from an aliphatic, a cycloaliphatic
      and an aromatic groups.
NUM  3.
PAR  3. A process of claim 1, in which the polymerization is conducted in solid
      phase.
NUM  4.
PAR  4. A process of claim 1, in which at least one additive selected from the
      group consisting of a cyclic acetal, an acyclic acetal, an oxathiolane, an
      oxathiane and an organic carboxylic acid anhydride is concomitantly
      employed in a quantity of not more than 15% by weight of trioxane.
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PAL  Heftmann, "Chromatography," 2nd Ed., pp. 255-259, 269 and 270.
PAL  Canley, "Electrophoresis and Immunoelectrophoresis," pp. 1, and 230-233,
      Little, Brown & Co., Boston, 1969.
ABST
PAL  A method and apparatus for electrophoresis, counter electrophoresis, or
      immuno electrophoresis on a cellulose acetate membrane carried out on a
      flat rigid support plate supported over buffer reservoirs of opposite
      polarity. The membrane is wetted with buffer solution and pressed against
      the plate to flatten it and excess buffer solution is removed. Wicks are
      placed at opposite edges of the membrane and extend into the buffer
      reservoirs. Multiple samples are applied to the membrane and are
      electrophoresed. Several membranes may be placed across the plate with
      interconnecting wicks for series electrophoresis. Or several membranes may
      be superposed on the plate with diffusion sample to the lowermost plate
      for parallel electrophoresis.
PAL  The invention also provides a system for rapid and accurate placement of
      samples to be tested on the membrane.
PAL  The method and apparatus in another embodiment are suitable for thin layer
      gel chromatography and electrophoresis.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 233,448, filed Mar. 10, 1972 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The fractionation of macromolecules by electrophoresis on various
      supporting media has been carried out in clinical laboratories for a
      number of years as for screening the blood serum of hospital patients. A
      cellulose acetate membrane support medium has been recognized as
      possessing many advantages over filter paper and gels. An apparatus and
      technique for agar electrophoresis on a plate is described in the article,
      Nerenberg, S. T. et al., "Laboratory Diagnosis of Specific Organ Diseases
      By Means of Combined Serum Isoenzyme Patterns," Amer. J. Clin. Pathol.
      51:429, 1969. A membrane suspension technique is employed for
      electrophoresis on cellulose acetate, commonly by means of a so-called
      "Microzone Cell" sold by Beckman Instruments. It comprises a frame with
      spring loaded plastic keys which fit into a series of holes punched into
      opposite borders of the membrane to pull it taut. The membrane portions to
      the outside of the holes are placed into contact with elongated facing
      buffer chambers. This elaborate technique was considered necessary to
      carry out electrophoresis without short circuiting through buffer
      solution.
PAR  The above system has a number of disadvantages. It has been found that
      approximately half of the relatively expensive cellulose acetate membrane
      cannot be utilized because of the perforations used for suspension. Also,
      the lack of rigidity of the suspended membranes renders it difficult to
      apply a large number of samples at each application. Also different
      samples requiring different buffers, such as serum and urine, may not be
      run at one time. In addition, the equipment is relatively expensive and a
      large amount of technician's time is necessary. Furthermore, the equipment
      requires the sample to be electrophoresed in the long axis of the membrane
      which is normally at least three or four times longer than it is wide
      which results in relatively few samples which can be applied to each
      membrane. Finally, it is difficult to suspend relatively large fragile
      sheets of the material to increase the number of samples applied.
PAC  SUMMARY OF INVENTION AND OBJECTS
PAR  It is a general object of the invention to provide an electrophoresis
      system for the fractionation of macromolecules such as proteins on a thin
      membrane, such as cellulose acetate, carried out on a solid support plate
      to overcome the aforementioned disadvantages of prior art apparatus and
      methods.
PAR  It is a particular object of the invention to increase the number of
      samples which may be economically electrophoresed in a single run as for
      screening the blood serum of hospital patients.
PAR  It is another object of the invention to provide a technique for
      simultaneously electrophoresing a plurality of membranes in series with
      the same or different buffer systems in each membrane.
PAR  It is a further object of the invention to provide a technique for
      simultaneously electrophoresing multiple samples which may be of different
      types on a plurality of superposed membranes run in parallel.
PAR  It is a still further object to provide a system for counter
      electrophoresis and immuno electrophoresis of large numbers of samples.
PAR  It is a still further object to provide in another embodiment of the
      invention a system for thin layer gel chromatography and electrophoresis.
PAR  It is a still further object to provide a system for accurate placement of
      multiple samples to be subjected to electrophoresis.
PAR  Other and further objects of the invention will be apparent from the
      following description taken in conjunction with the appended drawings.
PAR  In accordance with the present invention, a paper-thin liquid permeable
      unbacked membrane, preferably cellulose acetate, containing an
      electrically conductive buffer solution, is layered onto a rigid flat
      electrically non-conductive support plate. The membrane is pressed against
      the plate to provide a generally planar configuration to the same and
      excess buffer solution is removed from the membrane, and from the contact
      area between the membrane and plate. Buffer solution-containing wicks are
      positioned to overlay the opposing edges of each membrane and to extend
      into containers of buffer solution.
PAR  Multiple samples are applied to the membrane surface by utilizing an
      applicator including mating spaced teeth which are contacted with
      different samples on mating spaced surfaces or platforms. The
      sample-containing teeth are then contacted with the exposed membrane
      surface for transfer of the same. Thereafter, the samples are
      electrophoretically fractionated by the passage of an electric current
      across the membrane with the buffer in the containers maintained at
      opposite polarities. Allso, counter electrophoresis and immuno
      electrophoresis may be performed with the aforementioned advantages.
PAR  As used herein, the term "electrophoresis" includes that portion of an
      immuno electrophoresis or counter electrophoresis technique in which
      electric current is passed to separate components of the mixed
      macromolecular sample.
PAR  The aforementioned general technique of solid support electrophoresis
      across a cellulose acetate membrane on a rigid support plate is predicated
      upon the discovery that excess buffer solution may be removed to an extent
      that electric current passes through the membrane rather than being
      short-circuited through a complete path of buffer solution.
PAR  Elimination of the wasteful membrane perforations, necessary for the
      suspension system, enables multiple samples to be electrophoresed in the
      short dimension of an elongated cellulose acetate membrane. Furthermore,
      the accuracy of application against a rigid backing plate permits the
      samples to be applied relatively close together yielding a large number of
      samples per sheet.
PAR  Two, three, or more membranes may be layered in spacedapart relationship
      with interconnecting wicks containing buffer solutions for electrophoresis
      in series with the same or different buffer solutions in each membrane. In
      another technique, a number of membranes may be superimposed with the
      application of a series of samples to the outermost one. These samples
      rapidly diffuse through the membranes so that electrophoresis is carried
      out simultaneously in parallel in all membranes. In this manner, the same
      sample may be analyzed for different components after a single run. In
      another technique, cellulose acetate membranes may be layered onto both
      sides of the support plate as, after pressing, the membranes are strongly
      adherent to the plate. Thereafter, buffer solution-containing wicks may be
      provided for each membrane so that electrophoresis may be run
      simultaneously.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of one apparatus for carrying out membrane
      electrophoresis on a solid support;
PAR  FIGS. 2 and 3 are different embodiments of electrophoresis on the plate of
      FIG. 1 carried out in series and parallel, respectively, in which the
      membrane thickness has been exaggerated for clarity;
PAR  FIG. 4 is an expanded portion of a membrane illustrating multiple
      electrophoretically fractionated samples;
PAR  FIG. 5 is a view in perspective of a modification of the apparatus suitable
      for carrying out thin layer gel chromatography or thin layer gel
      electrophoresis;
PAR  FIG. 6 is a view in perspective of a broken portion of an apparatus
      generally similar to that of FIG. 1, but showing the guidance system for
      the sample applicator; and
PAR  FIG. 7 is an enlarged perspective broken view showing a portion of the
      underside of the sample applicator.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, an electrophoresis assembly is illustrated in
      accordance with the present invention. It includes anode and cathode
      buffer chambers 11 and 12, respectively, with a centrally disposed
      container 13 for coolant such as ice to prevent the plate from heating up
      during passage of electrical current. In the illustrated device, partition
      14 provides a common wall between buffer chamber 11 and cooling chamber 13
      and, similarly, partition 16 provides a common wall between buffer chamber
      12 and chamber 13. Removable electrodes 17 and 18 are provided in chambers
      11 and 12, respectively. The electrodes are maintained at opposite
      polarities during electrophoresis to supply the current.
PAR  An essentially rigid generally flat support plate 20 formed of an
      electrically non-conductive material such as glass is illustrated as being
      supported by resting upon the top edges of partitions 14 and 16.
PAR  A cellulose acetate membrane 21 is layered onto plate 20 in the manner to
      be described hereinafter. These strips are suitably of a size (a) sold by
      Gelman Instruments Co. under the name "Sepraphore III," size 5.7 .times.
      14.6 cm, or (b) sold by Schleicher & Schuell (2.5 .times. 30 cm or 5
      .times. 20 cm). Paths of buffer solution are provided by a pair of wicks
      22 and 23 suitably of a sorbent material such as paper toweling such as
      sold under the name "Selfold Towels" by Fort Howard Paper Company. These
      wicks layered onto plate 20 to overlap opposing edges of membrane 21 and
      extend into the buffer solution contained in chambers 11 and 12,
      respectively.
PAR  An applicator 24 including teeth 24a is suitable for application of a
      number of samples to membrane 21, as described hereinafter. One type of
      multi-sample applicator, made of stainless steel, is described in the
      publication, Kohn, J. "A Multi-Sample Applicator For Zone
      Electrophoresis." Clin. Chim. Acta 18:65, 1967. The sample adsorbing
      surface is grooved to pick up a relatively small quantity of sample.
PAR  Another type of applicator formed of plastic is a modification of a
      so-called Cordis applicator. These applicators made of plastic are
      modified by removal of segments of plastic to form the spacing for the
      teeth in the applicator. A greater volume of sample may be applied per
      unit length with this latter type of applicator.
PAR  A suitable applicator structure is shown on an enlarged scale in FIG. 7 in
      which 51 and 52 represent successive teeth having grooves 53 and 54,
      respectively, to hold the small quantities of sample being transferred.
PAR  Before layering samples onto membrane 21, a coolant such as ice is placed
      in cooling chamber 13 in preparation for applying current to electrodes 17
      and 18. The system is then equilibrated for, say, 5 minutes with current
      passage.
PAR  After equilibration, membrane 21 is wetted from below in a buffer solution
      of the desired pH value (normally alkaline) and placed on plate 20. Wicks
      22 and 23 are cut from paper towels, wetted with buffer solution, and are
      positioned so that about 1 cm of one edge of each wick overlaps opposing
      edges of the membranes. The other edges of the wicks extend into the
      buffer solution in chambers 11 and 12, respectively. In order to remove
      excess buffer solution from the membrane, the contact area between the
      membrane and plate, and the overlapping wick portions, paper toweling may
      be placed over the membrane and common wick area and pressed firmly
      against plate 20 as with a photographic roller. This not only forces out
      excess buffer solution which would otherwise short-circuit during
      electrophoresis but also causes the membrane to be flattened and to
      intimately contact the plate 20. The paper towels used for buffer
      adsorption are then discarded and the procedure may be repeated, if
      necessary, for removing any remaining surface fluid.
PAR  Thereafter, sample is applied to the center of the membrane as illustrated
      in FIG. 1. A convenient technique for loading multiple samples onto the
      teeth of applicator 24 utilizes a sample holder containing individual
      surfaces or platforms, each containing a small quantity (e.g., one drop)
      of specimen. The platforms and applicator teeth are spaced to be in
      registry. The applicator teeth are contacted with and adsorb sample for
      transfer to the membrane by contacting the same for, say, 15 seconds.
PAR  After the applicator has taken up the samples in the grooves of its teeth,
      it is positioned for deposit of its samples at the precise locations
      desired in the manner shown in FIG. 6. Brackets 56 and 57, located on the
      interior of the end walls of chamber 13, contain grooves 56a through 56e,
      and grooves 57a through 57e, respectively; and one end of applicator 24'
      can be set into a groove in bracket 56 while the other end is set into a
      groove in bracket 57 to provide firm guidance for the applicator as it is
      moved downwardly into contact with the membrane to deposit its samples
      thereon. The applicator is then held firmly in position for a few seconds
      to assure proper deposit of its samples, movement during the deposit being
      precluded by the guidance of the grooves and by the rigidity of the
      supported membrane. Should there be failure to transfer one or more
      samples, or an inadequate transfer of samples, the applicator may once
      more be brought into contact with the samples and then returned to contact
      with the membrane with assurance that each tooth of the applicator will
      return to the same location on the membrane as its first contact
      therewith.
PAR  For transfer of samples to the mid-line of the membrane, grooves 56c and
      57c will be used. For transfer of samples to other positions or where more
      than one line of samples is to be used, other pairs of grooves may be
      used.
PAR  After sample application, electrophoresis is performed by applying a
      current (e.g., 250 volts and 15-20 mA) for, say, 20-30 minutes.
PAR  After completion of electrophoresis the membranes are removed from the
      glass plate and stained for the desired constituents. For a blood serum
      sample some of the constituents which may be demonstrated by
      electrophoresis include isoenzymes, lipoproteins, glycoproteins,
      hemoglobin variants, and haptoglobins. FIG. 4 illustrates a magnified
      portion of a typical membrane after electrophoresis and staining. The
      stained membranes may be removed from the glass plate and placed on a
      suitable backing such as Cronar film sold by DuPont, cleared in a mixture
      of say, acetic acid-methanol, and placed in a notebook.
PAR  Different stains are suitable for different components. For example, a
      suitable stain for protein is Ponceau Red S in a concentration of 2
      grams/liter in a solution of trichloroacetic acid (75 grams/liter) and
      sulfosalicylic acid (75 grams/liter). Glycoproteins may be stained with
      PAS as described in Kohn, J., In Chromatographic and Electrophoretic
      Techniques. Ivor Smith, 2d ed., Interscience, New York, N.Y., 1968,
      chapter 3, p. 84. An o-dianisidine method may be utilized for analyzing
      haptoglobins.
PAR  Referring to FIG. 2, a number of membranes are illustrated in a
      relationship suitable for series electrophoresis on a single plate 20
      utilizing the apparatus illustrated in FIG. 1. Three membranes 27, 28 and
      29 are illustrated inter-connected by overlapping interconnecting wicks 30
      and 31 and communicating with the buffer chambers, not shown, by wicks 32
      and 33 of the same type as wicks 22 and 23 of FIG. 1. The same general
      technique as described above is utilized in this series configuration.
      Excess buffer solution is removed from membranes 27, 28 and 29, as well as
      interconnecting wicks 30 and 31.
PAR  Suitable positioning for sample application in a series oriented membrane
      as illustrated in FIG. 2 is as follows: on the cathodic membrane--an
      imaginary line joining the cathodic 1/3 of the strip with the anodic 2/3
      of the same; on the middle membrane--in the middle, and on the anodic
      membrane on an imaginary line joining the cathodic 2/3 of the strip with
      the anodic 1/3. By the application of 14 specimens across each strip and
      utilizing both sides of the plate, as described hereinafter, as many as 84
      specimens may be run simultaneously.
PAR  In the series arrangement of FIG. 2, the same buffer solutions may be
      employed in each membrane. However, an advantage of this series
      orientation is that buffer solutions at different pH values may be
      employed so that different components may be fractionated in each membrane
      simultaneously. For example, a TEB, tris (hydroxylmethyl)
      aminomethane-sodium ethylenediaminetetraacetate-borate (pH 9.1, 60
      mol/liter) may be used for separation of hemoglobin variants and of serum
      haptoglobins while a barbital buffer (pH 8.6, 0.5 mol/liter) may be used
      for the remainder of the proteins. This arrangement is designated a
      discontinuous buffer system.
PAR  Referring to FIG. 3, an embodiment is illustrated utilizing a plate 20 and
      the general apparatus illustrated in FIG. 1, (a) for parallel
      electrophoretic runs, and (b) for utilizing both the upper and lower
      surface of the plate for simultaneous runs. The thicknesses of the plate,
      membranes, and wicks have been exaggerated for clarity.
PAR  Referring to the upper surface of plate 20, three wetted membranes 36, 37
      and 38 are superposed one above the other and layered onto plate 20.
      Wetted wicks 39 and 40 are disposed at opposed outer edges of the
      membranes with the lower surface of each wick interposed between the plate
      20 and membrane 38 and the upper surface of each wick folded over the
      opposed edges of the top surface of membrane 36 in an overlapping manner.
      Wicks 41 and 42 rest at their upper end upon the top surfaces of wicks 39
      and 40, respectively, and at the lower end project into the buffer
      solutions of corresponding buffer reservoirs. Excess buffer solution is
      removed in the aforementioned manner and the system is equilibrated.
PAR  A plurality of samples are applied to the exposed surface of the outer
      membrane 36 with an applicator of the type illustrated in FIG. 1.
      Sufficient sample is deposted to diffuse through membranes 36 and 37 and
      onto membrane 38. Electrophoresis is then carried out in parallel by
      applying a current of, say, 400 volts and 15-20 mA for a time of about 45
      minutes. In a single electrophoretic run each of the multiple samples is
      fractionated on all of the superposed membranes by parallel
      electrophoresis. Thereafter, the membranes are peeled off and a single
      sample may be stained in different manners on each membrane depending upon
      the desired component to be analyzed.
PAR  Referring again to FIG. 3, one technique is illustrated for layering the
      underside of plate 20 with a membrane 43 for simultaneous runs on both
      sides of the plate. Wick strips 44 and 46 are first layered along opposing
      sides of plate 20. Then membrane 43 is layered with its opposed edges
      overlapping the corresponding opposed wick strips. Excess buffer solution
      is removed as described above. This is facilitated because of the ready
      adherence of a wetted membrane to the glass plate. Wicks 47 and 48 are
      deposited to overlay corresponding partitions 14 and 16 with the lower
      wick portions projecting into opposed buffer reservoirs 11 and 12,
      respectively. Plate 20 is then supported on partitions 14 and 16 so that
      wicks 47 and 48 contact wick strips 44 and 46, respectively, to provide
      communication between opposed edges of membrane 46 and the buffer
      reservoirs. By application of an electric current to this system,
      electrophoresis may be performed simultaneously on both sides of the
      support plate.
PAR  Series and parallel orientations may be run on both sides of the plate to
      electrophorese a very large number of samples with a single run. By way of
      example, utilizing a 5 .times. 20 cm cellulose acetate strip, 23 specimens
      may be applied per membrane. A narrower size (e.g., 2.5 .times. 30 cm)
      membrane may be used for screening hemoglobin variants, haptoglobins, and
      hepatitis-associated antigen (Australia antigen) because the respective
      components migrate relatively short distances. In a typical run employing
      the series oriented membranes, protein fractions migrate about 2.5 cm in
      20 minutes. Pathologic sera and variant-type hemoglobins were readily
      available by visual inspection.
PAR  The foregoing technique may also be employed for counter-electrophoresis, a
      form of electrophoresis used to detect a specific antigen by driving a
      protein sample (containing the antigen) against a monospecific antiserum
      for interaction with the formation of a precipitin line. This is feasible
      because the weakly charged immunoglobins flow along with the buffer in the
      reverse or retrograde direction compared to the antibodies. The technique
      may be employed for the detection of a variety of antigens at high
      sensitivity in a relatively short period of time (e.g., 45 minutes).
PAR  Briefly described, counter-electrophoresis according to the present
      invention includes applying a known control specimen from the teeth of an
      applicator to a membrane on a line of origin using an assembly as
      illustrated in FIG. 1. Then antiserum is applied from the applicator to
      the same membrane on a line at an angle with the origin. Electrophoresis
      is carried out at approximately 200V for 45 minutes. Thereafter the
      membrane is successively washed in saline solution and distilled water
      after which it is stained, as with Ponceau Red for 15 minutes and rinsed
      in 5% acetic acid solution to remove background stain. The area where the
      precipitin line is approximately midway between the origin line and
      antiserum application line is located and the distance is measured. This
      distance is used to apply antiserum parallel to the origin line for
      comparative analysis of known samples.
PAR  Among the advantages of carrying out counter-electrophoresis on cellulose
      acetate membranes as described above in comparison to using agar include
      (a) less antiserum is used, (b) the technique is more rapid (45 minutes
      compared to 2 hours), (c) the supporting medium is ready to use and the
      antiserum and antigen can be applied directly to the supporting medium
      without the need for producing wells (as required with agar), (d) a large
      number of samples (antigen) and antisera can be applied at one time with a
      multi-sample applicator on cellulose acetate in contrast to agar in which
      antigen and antisera wells must be filled individually. Finally, the
      distance between antigen and antiserum which is critical for accurate
      results, is dependent to a large extent on the titre of a given antiserum.
      Even relatively slight variation in the strength of an antiserum may lead
      to false negative findings due to a prozone phenomenon, i.e., excess
      antigen or antibody. Thus, the optimum distance between antigen and
      antiserum must be determined for each lot of antiserum. This distance is
      easier to determine with cellulose acetate than agar.
PAR  Another application of the electrophoresis technique described herein is
      for the electrophoretic portion of immuno electrophoresis. In this
      technique electrophoresis is first carried out upon multiple samples
      applied to a membrane in the foregoing manner. Thereafter multiple
      parallel lines of monospecific or multispecific antisera are interposed
      between the fractionated samples. After allowing sufficient diffusion
      time, the membrane is stained in the foregoing manner. For monospecific
      antiserum the formation of a precipitin line indicates the presence of the
      corresponding antigen in the sample. For a multispecific antiserum, the
      location of the precipitin line indicates the particular type of antigen
      present in the sample.
PAR  FIG. 5 illustrates an embodiment of the invention adapted for thin layer
      gel electrophoresis or chromatography. In this system samples are
      separated into their molecular weight components while the samples are on
      a thin layer gel supported on a rigid plate at an angle to the horizontal,
      as for example an angle of 30.degree.. The embodiment of FIG. 5 utilizes
      partitions 14 and 16 of the apparatus of FIG. 1 as supports for holder 58.
      It does not require ice in chamber 13, nor buffer solution in chamber 11.
PAR  Holder 58 comprises essentially triangular side walls 59 and 61, suitably
      made of a rigid plastic material, held and braced together at the top by
      strip 62, at its narrow end by strip 63, at the bottom of its wide end by
      strip 64, and at intermediate points by rods 66 and 67. Side walls 59 and
      61 are recessed at their bottom edges to prevent movement off the
      supporting partitions. The side walls also include notches 68 and 69 near
      the lower edges of their upper surfaces to provide support for the glass
      plate (not shown) on which the thin layer gel is supported.
PAR  Thin layer gel electrophoresis and chromatography require constant wetting
      of the thin gel layer, and for this purpose wicks (not shown) comparable
      to wicks 22 and 23 of FIG. 1 are provided, one wetted by the buffer
      solution in chamber 12, and the other wetted by buffer solution in
      auxiliary chamber 71 which is arranged to hang onto holder 58 by hooks 72
      on the auxiliary chamber and pegs 73 on the side walls (only one hook and
      one peg being visible in FIG. 5).
PAR  Cathode 18' in cathode chamber 12 is similar to cathode 18 of FIG. 1,
      except that FIG. 6 illustrates a preferred embodiment in which the cathode
      lead passes through an end wall of chamber 12, and in which the cathode
      length is substantially the length of the chamber. Anode 74 in auxiliary
      chamber 71 is generally similar in structure to cathode 18', except that
      it is shorter because chamber 71 is shorter than chamber 12.
PAR  The cathode and anode are connected to the terminals of a source of direct
      current when the apparatus of FIG. 6 is used for thin gel electrophoresis.
      They are unconnected when the apparatus of FIG. 6 is used for thin gel
      chromatography.
PAR  It is apparent from the foregoing that the above system may be modified
      within the scope of the present invention so long as solid support is
      provided for the membrane which communicates with buffer solution without
      short-circuiting across the membrane.
PAR  As employed in the claims, electrophoresis includes that portion of immuno
      electrophoresis and counter-electrophoresis in which a sample is
      fractionated under the influence of an electric current.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electrophoretic method for separating components of a mixed
      macromolecule sample, the steps of
PA1  a. depositing an electrically conductive buffer solution containing at
      least two flexible paper-thin liquid-permeable membranes in spaced apart
      side-by-side relationship onto an essentially rigid generally flat support
      plate and layering an interconnecting buffer solution containing wick
      between adjacent edges of said membranes;
PA1  b. pressing the membranes against the plate to provide a flat configuration
      to the membranes corresponding to that of the plate with intimate contact
      between the membranes and the plate;
PA1  c. removing excess buffer solution from the membranes and area of contact
      between the membranes and the plate;
PA1  d. providing two paths of buffer solution sorbed in wicks, each extending
      from an opposing edge of an outermost of said membranes to separate
      reservoirs of buffer solution;
PA1  e. applying a plurality of samples to the exposed surfaces of at least two
      of said membranes; and
PA1  f. electrophesing the samples by passing an electric current across said
      membranes between said buffer reservoirs maintained at opposite polarities
      while said membranes are maintained having one surface in contact with
      said plate and with their opposite surfaces exposed.
NUM  2.
PAR  2. A method as in claim 1 in which different buffers are layered for each
      membrane.
NUM  3.
PAR  3. A method for carrying out counter-electrophoresis at an optimum distance
      to be maintained on a counter-electrophoresis membrane between an unknown
      protein sample and a plurality of antisera which comprises applying to a
      test membrane a plurality of site applications of a known control protein
      specimen along a first straight line perpendicular to the expected line of
      protein migration, applying to said membrane a plurality of site
      applications of a monospecific anti-serum for said protein along a second
      straight line spaced from said first straight line and at an angle
      thereto, subjecting said membrane to electrophoresis to cause at least a
      portion of said protein and at least a portion of said antiserum to
      migrate toward each other and form a precipitin line, measuring the
      distance between said first and second straight lines where the precipitin
      line is about midway between them and thereafter subjecting an unknown
      protein specimen to counter-electrophoresis on a test membrane on which
      the protein specimen is applied to said membrane in a plurality of site
      applications in a line perpendicular to the expected line of protein
      migration and a plurality of antisera are applied to said membrane in a
      plurality of site applications in a line parallel to said line of protein
      applications and spaced therefrom by said measured distance.
NUM  4.
PAR  4. In an electrophoretic method for separating components of a mixed
      macromolecule sample, the steps of
PA1  a. depositing an electrically conductive buffer solution containing a
      flexible paper-thin, liquid-permeable membrane onto opposite faces of an
      essentially rigid generally flat support plate;
PA1  b. pressing each membrane against the plate to provide a flat configuration
      to the membrane corresponding to that of the plate with intimate contact
      between the membrane and the plate;
PA1  c. removing excess buffer solution from each membrane and area of contact
      between the membrane and plate;
PA1  d. providing for each membrane two paths of buffer solution sorbed in
      wicks, each extending from an opposing edge of said membrane to separate
      reservoirs of buffer solution;
PA1  e. applying a plurality of samples to the exposed surface of each membrane;
      and
PA1  f. simultaneously electrophesing the samples on each membrane by passing an
      electric current across said membrane between said buffer reservoirs
      maintained at opposite polarities while said membrane is maintained having
      one surface in contact with said plate and with its opposite surface
      exposed.
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PAL  This invention provides a process for selectively removing metal values
      from ocean floor nodule ore by a two-stage procedure. In the first stage,
      the ore is leached with an aqueous solution of sulfuric acid or a hydrogen
      halide to preferentially remove nickel and copper. In the second stage,
      the ore is leached with a reducing agent to preferentially remove cobalt
      and manganese. The two leach solutions can then be further treated to
      separate the individual metal values, e.g., by liquid ion exchange
      procedures.
PARN
PAR  This application is a continuation-in-part of co-pending application Ser.
      No. 247,554 filed April 26, 1972, and of application Ser. No. 272,226,
      filed July 17, 1972, as a continuation of Ser. No. 40,585, filed May 26,
      1970, now abandoned.
BSUM
PAR  It is not a common situation to obtain a relatively valuable nonferrous
      metal such as nickel, cobalt, copper, manganese, titanium, indium and
      zinc, from minerals which contain a relatively high proportion of iron. A
      relatively untapped source of a high-quality manganiferous ore, however,
      is a material which is found on the ocean floor and has come to be known
      as ocean floor nodule ore.
PAR  With the increased awareness on the part of both the public and the metals
      industry of the ecological dangers that can arise from continued surface
      mining of minerals and the increased problems of pollution caused by the
      refining procedures required for most ores mined from the land, industry
      has been interested for several years now in the mining of minerals from
      the sea. This has been an extremely elusive target up to the present. The
      directions taken have included both attempts to wrest minerals directly
      from solution in sea water and the mining of ores which are available on
      the floor of the ocean. These ores do not require any digging into or
      stripping of the earth's crust; the ocean floor ores can merely be scooped
      up or in other ways removed from the ocean floor without actually rending
      the earth's surface.
PAR  Ocean floor nodules were first collected in the first half of the 1870's.
      They have been studied by many workers in an attempt to determine their
      composition, and after their composition had been determined to try to
      decipher ways to wrest from their peculiar structure the valuable metals
      contained therein. It is presently believed that these nodules are
      actually creations of the sea; they are somehow grown generally in the
      form of the metal oxides, from the metal compounds which are dissolved in
      the sea water.
PAR  The metal values in the nodules are almost exclusively in the form of the
      oxides and moreover are present in a very peculiar physical configuration.
      The physical and chemical structure of the nodules are believed to be a
      direct result of the conditions under which they were created and to which
      they have been exposed since their creation. First, the nodules have never
      been exposed to temperatures other than those at the bottom of the ocean
      at the location at which they were formed. They have an extremely large
      surface area, often better than 50% porosity, and they are thus relatively
      chemically reactive ores.
PAR  The nodules are formed as an extremely complex crystal matrix of iron and
      manganese oxides: tiny grains of each oxide of a size and type which are
      substantially impossible to separate with present available physical
      means. These iron and manganese oxides form the crystalline structure
      within which are held, by means not precisely known, other metal
      compounds, most likely oxides, including those of nickel, copper and
      cobalt, as the main ingredients, followed by chromium, zinc, tin,
      vanadium, and many more elements, including the rare metals silver and
      gold.
PAR  In addition to the crystals of compounds of the valuable metals present,
      there is also a large quantity of silt, or gangue material, intimately
      admixed in the nodule ore. This silt, or gangue, is sand and clay, and
      includes the usual oxides of silicon and aluminum in varying proportions
      and some carbonates, especially calcium carbonate.
PAR  The precise chemical composition of the nodules varies depending upon their
      location in the ocean. The variation apparently is caused by differences
      in temperature in various places, differences in composition of sea water
      perhaps caused by the pressure and temperature variations at different
      depths and composition of adjacent land areas, variations in the amount of
      oxygen which is present in the water in different locations and perhaps
      other variables not readily apparent to observers. Generally, however, in
      almost all cases the metals which are present in primary proportions are
      manganese and iron. The following table (taken from an article entitled
      "The Geochemistry of Manganese Nodules and Associated Deposits from the
      Pacific and Indian Oceans" by Croonan and Tooms in Deep Sea Research
      (1969), Volume 16, pages 335-359, Pergamon Press (Great Britain) shows the
      relative compositions of the most valuable metals contained in nodules
      taken from different areas within the Pacific and Indian Oceans.
TBL                                    Table I                                 

     __________________________________________________________________________

     1          2    3    4     5   6     7   8     9                          

     __________________________________________________________________________

     Mn   13.95                                                                

               16.67                                                           

                    15.71                                                      

                         15.85 22.33                                           

                                   19.31 16.61                                 

                                             13.55 15.83                       

     Fe   13.40                                                                

               13.30                                                           

                    9.05 12.22 9.44                                            

                                   10.20 13.92                                 

                                             15.75 11.31                       

     Ni   0.393                                                                

               0.548                                                           

                    0.955                                                      

                         0.346 1.030                                           

                                   0.961 0.433                                 

                                             0.322 0.512                       

     Co   1.127                                                                

               0.395                                                           

                    0.213                                                      

                         0.514 0.192                                           

                                   0.164 0.595                                 

                                             0.358 0.453                       

     Cu   0.061                                                                

               0.393                                                           

                    0.711                                                      

                         0.077 0.627                                           

                                   0.311 0.125                                 

                                             0.402 0.330                       

     Pb   0.174                                                                

               0.034                                                           

                    0.049                                                      

                         0.035 0.028                                           

                                   0.030 0.073                                 

                                             0.051 0.034                       

     Bi   0.274                                                                

               0.152                                                           

                    0.155                                                      

                         0.386 0.381                                           

                                   0.145 0.230                                 

                                             0.145 0.155                       

     Mo   0.042                                                                

               0.037                                                           

                    0.041                                                      

                         0.040 0.047                                           

                                   0.037 0.035                                 

                                             0.029 0.031                       

     V    0.054                                                                

               0.044                                                           

                    0.035                                                      

                         0.055 0.041                                           

                                   0.031 0.050                                 

                                             0.051 0.040                       

     Cr   0.0011                                                               

               0.0007                                                          

                    0.0012                                                     

                         0.0051                                                

                               0.0007                                          

                                   0.0005                                      

                                         0.0007                                

                                             0.0020                            

                                                   0.0009                      

     Ti   0.773                                                                

               0.310                                                           

                    0.551                                                      

                         0.489 0.425                                           

                                   0.457 1.007                                 

                                             0.820 0.552                       

     L.O.I.                                                                    

          30.37                                                                

               25.50                                                           

                    22.12                                                      

                         24.73 24.75                                           

                                   27.21 23.73                                 

                                             25.89 27.18                       

     Depth                                                                     

     (m)  1757 5001 5049 1146  4537                                            

                                   4324  3539                                  

                                             3793  5046                        

     __________________________________________________________________________

      1. Mid-Pacific Mountains (5 samples)                                     

      2. West Pacific (23 samples)                                             

      3. Central Pacific (9 samples)                                           

      4. Southern Borderland Seamount Province (5 samples)                     

      5. Northeast Pacific (10 samples)                                        

      6. Southeast Pacific (8 samples)                                         

      7. South Pacific (11 samples)                                            

      8. West Indian Ocean (10 samples)                                        

      9. East Indian Ocean (14 samples)                                        

PAR  Nodules are also found in the Atlantic Ocean; however, it has been found
      that generally these nodules contain lower amounts of the more valuable
      metals and correspondingly high amounts of the less desirable metals which
      cannot be readily refined and which have little or no value; such as the
      alkaline earth metals.
PAR  Because of the peculiar and intricate crystal structure of the ocean floor
      nodules, the common refining techniques used for refining of land ores are
      not generally suitable for the nodules.
PAR  Mero in U.S. Pat. No. 3,169,856 discloses a scheme for "separating the
      nickel from the cobalt in ocean floor ore deposits". The Mero process is
      directed to a specific type of ocean floor nodule ore wherein the separate
      mineral phases of manganese and iron contain different metal constituents.
      Specifically, according to Mero nickel and copper are present only in the
      manganese phase of the material whereas cobalt is present solely in the
      iron phase. Mero further states that the oxides are in solid solution
      within the nodule. Mero reacts the nodule ore with a strong reducing
      agent, for example, SO.sub.2 or NO.sub.2.
PAR  The Mero process is based upon an alleged unique relationship of the metal
      constituents in being sub-divided between the manganese and iron phases.
      Mero states that as a result of the phase differences in the nodule ores
      he has tested, it is possible to carry out a process for differentially
      leaching these materials from the ore. In a first stage, the ore is
      contacted with an aqueous solution comprising SO.sub.2 or NO.sub.2 to
      selectively leach out manganese, nickel, cooper and other mineral elements
      bound up in the manganese phase of the ore. The cobalt and iron are not
      leached out. The first solution containing the manganese, nickel and other
      elements is then treated by various chemical means to separate the
      different metal values.
PAR  Hannay, U.S. Pat. No. 2,259,418, discloses a "continuous cyclic process for
      the extraction of manganese from its ores". Hannay treats manganese ores
      containing divalent manganese oxide or divalent manganous carbonate with a
      sulfuric acid solution obtained from a special type of diaphragm cell for
      electrolyzing aqueous solutions of manganous sulfate to form the manganese
      metal Hannay treats the ore with the sulfuric acid to dissolve the
      manganous compounds present in the ore, with other metals which are in the
      ore; Hannay next treats the leach solution to remove metals other than
      manganese and then feeds the manganous sulfate solution into the cathode
      compartment of the diaphragm-containing electrolytic cell. The cycle is
      continued with the reacting of fresh ore with the newly generated sulfuric
      acid and the feeding of the resulting manganous sulfate to the cathode of
      the diaphragm cell.
PAR  It has now been determined that ocean floor nodule ores, containing
      manganese primarily in the tetravalent state, can be treated by a
      two-stage leaching procedure to selectively remove, initially, copper and
      nickel values from the ore with a first aqueous leaching reagent and
      subsequently, with a second aqueous leaching reagent, to remove manganese
      and cobalt values. Two separate pregnant leach solutions containing the
      respective pairs of metal values, can be obtained and can be each readily
      separated to obtain four separate streams of the individual metal values.
PAR  In accordance with the present invention, there is provided a two-stage
      method for the selective leaching of metal values from ocean floor nodule
      ores. The ores contain copper, nickel, cobalt, tetravalent manganese and
      iron, generally the iron is in the trivalent form. The method comprises
      (1) leaching the nodules initially with an aqueous solution of a mineral
      acid capable of reacting with the ore to form water-soluble salts of
      copper and nickel, but which do not reduce tetravalent manganese to
      divalent manganese, e.g. sulfuric acid or an aqueous solution of a
      hydrogen halide, especially hydrogen chloride, as well as hydrogen bromide
      and hydrogen iodide, to obtain a first aqueous pregnant leach solution
      comprising dissolved copper and nickel salts, i.e. halides or sulfates;
      (2) separating the pregnant leach solution from the ore solids; (3)
      separating the individual copper and nickel metal values by selectively
      extracting at least one of the metal values from the aqueous leach
      solution to form two separate solutions of the individual copper and
      nickel metal values respectively, in the form of a water-soluble salt of
      each; (4) releaching the ore with an aqueous solution of a reducing agent
      capable of forming a water-soluble salt of cobalt and manganese,
      respectively, so as to form a second aqueous pregnant releach solution
      comprising the water-soluble salts of manganese and cobalt; (5) separating
      the second pregnant releach solution from a solid ore residue; (6)
      separating the soluble cobalt and manganese compounds from any iron
      compound; (7) separating out an individual metal value by selectively
      extracting at least one of the metal values from the pregnant releach
      solution to form two separate solutions of the individual cobalt and
      manganese metal values in the form of a water-soluble salt of each; and
      (8) reducing each of the separated metal values to the elemental metal.
      The metal values are to be reduced by cathodically electroplating each
      metal, optimally from its respective aqueous solution.
PAR  The separation of the iron compound, step 6, from the dissolved cobalt and
      manganese salts in the second pregnant leach solution can be carried out
      simultaneously with the leaching by the second reagent (steps 4 and 5 ) or
      subsequently. Encompassed within steps 4, 5 and 6 above, are processes
      wherein the second pregnant leach solution is initially formed including
      iron as well as cobalt and manganese, dissolved in the water, and the iron
      is then removed from the solution; also encompassed within steps 4, 5 and
      6 are processes wherein the iron is converted to a water insoluble
      material e.g. iron oxide, during the releaching operation with the
      reducing reagent while the cobalt and manganese salts are dissolved in
      water, and the pregnant releach solution separated from the insoluble ore
      solids which include the insoluble iron material. If an aqueous pregnant
      leach solution is formed which contains dissolved iron, the iron can be
      removed by a variety of means including (1) increasing the pH of the
      solution to above about 2 and passing oxygen therethrough to precipitate
      the iron as iron oxide; (2) extracting the soluble iron salt from
      solution, as by liquid extraction, or (3) drying the solution and then
      converting the iron salt to iron oxide at elevated temperatures of above
      about 200.degree.C in the presence of water and redissolving the cobalt
      and manganese salts. The solution of the cobalt and manganese can then be
      separated into the individual metal values, for example, by liquid ion
      exchange.
PAR  Preferably, the desired individual metal values are separated by
      selectively extracting one of the metals from each solution in seriatim,
      and then treating the individual metal values in a known manner to obtain
      the elemental metal. In a preferred embodiment, the first aqueous pregnant
      leach solution and the second aqueous pregnant leach solutions are each
      contacted with a liquid ion exchange medium capable of selectively
      extracting at least one of the metal values from the solution. The liquid
      ion exchange medium is separated from the aqueous solution raffinate and
      the metal value then stripped from the liquid ion exchange medium to form
      an aqueous solution of the separated metal value.
PAR  Preferably, the ocean floor nodule ore is initially comminuted, as in a
      crusher or grinder, to a size of not greater than about 10 mesh on the
      U.S. Sieve scale, and preferably of from about 25 to about 100 mesh.
PAR  The first stage acid solution can be substantially pure, but preferably is
      obtained from an aqueous electrolytic cell, such as the manganese sulfate
      or manganese chloride aqueous electrolytic cell or the nickel sulfate or
      nickel chloride aqueous electrolytic cell. When the acid is obtained from
      such a cell, other compounds are present with the acid including a
      relatively small proportion of the corresponding salt of the electroplated
      metal, e.g. sulfuric acid mixed with manganese sulfate or nickel sulfate.
PAR  The acid electrolyte solution from either type of cell, i.e. nickel or
      manganese, (the anolyte if the cell is a diaphragm-divided cell) normally
      contains about 4% by weight of acid, e.g. H.sub.2 SO.sub.4 or HCl, from
      the usual commercial cells. However, an acid solution of substantially any
      concentration of acid can be used if available. Preferably, a
      concentration of not less than about 2 % by wt. H.sub.2 SO.sub.4 or 2 % by
      wt. of HX, wherein X is Cl--, Br-- or I--, is used, in order to avoid
      using too large a volume of leaching solution.
PAR  The initial leaching operation with the acid can be carried out at ambient
      temperatures although temperatures in the range of from about 10.degree.
      to about 110.degree.C can be utilized, and preferably elevated
      temperatures of from about 40.degree. to about 80.degree.C. Temperatures
      of above about 110.degree.C, the normal boiling point are unnecessary,
      merely increasing the complexity and cost of the operation.
PAR  The solid ore remaining following the initial leaching with the acid is
      almost depleted of nickel and copper. Substantially any reducing agent
      that is capable of reducing manganese from its tetravalent state to its
      divalent state and of forming water-soluble salts of manganese and cobalt
      can be the second leaching reagent. For example, the leached ore can be
      treated with a solution of sulfur dioxide or ferrous sulfate, a solution
      of a hydrogen halide (under reducing conditions), especially of hydrogen
      chloride, or of hydrogen bromide or hydrogen iodide, or of a ferrous
      halide, especially ferrous chloride. When reacting the ore solids with a
      hydrogen halide the iron compounds are converted to soluble iron halides,
      are usually dissolved by the leach liquid and must be removed therefrom as
      explained above. Preferably, however, the initially leached ore is
      releached with a solution of a ferrous halide, e.g., ferrous chloride or
      ferrous sulfate.
PAR  The second leaching can be carried out using a mixture of reducing agents.
      For example, a solution of ferrous sulfate or of ferrous chloride can be
      contacted with the ore, each alone or in admixture, while passing e.g.
      either SO.sub.2 or HCl through the ore releach solution mixture.
      Additional gaseous SO.sub.2 or hydrogen halide can be bubbled through
      aqueous solutions of these same materials while releaching.
PAR  An advantage to using ferrous halide or ferrous sulfate as the reducing
      agent is that the iron present in the ore is not dissolved and that such
      solutions are often available as waste products from acid pickling plants
      and thus can be extremely economical reagents.
PAR  The second pregnant leach solution containing ferric sulfate, manganous
      sulfate and cobalt sulfate or ferric chloride, manganous chloride and
      cobalt chloride can be oxygenated and the ferric compound converted to
      insoluble ferric oxide.
PAR  The second leaching of the nodule ore, using the reducing agent, can be
      carried out at substantially ambient temperatures. The preferred range of
      operating temperatures is from about 10.degree. to about 110.degree.C;
      optimum temperatures for ferrous sulfate, ferrous halides, SO.sub.2 and
      sulfurous acid are from about 20.degree. to about 50.degree.C, but for
      hydrogen halides a temperature of at least about 95.degree.C. Although
      higher and lower temperatures can be utilized, much higher or much lower
      temperatures have been found to be unnecessary and therefore uneconomical
      based on the cost of cooling or heating the reagents. It is only necessary
      that reducing conditions be maintained.
PAR  Generally, sufficient first and second leach solutions should be fed to the
      ore so as to form solutions which are less than saturated in each of the
      desired metal values to be dissolved during each procedure. The minimum
      possible concentration of the metal values is limited by the cost of
      handling large volumes of dilute solutions.
PAR  Each of the two leaching operations can occur in a single stage or in
      multiple stages. Preferably, several stages, e.g. of mixer-settler stages,
      are used. However, the design and operation of such contacting procedures
      and the equipment used therefore is known to the art and does not
      constitute a feature of this invention.
PAR  The two pregnant leach solutions can be separated from any remaining solid
      residue and finally filtered, if desired, to insure complete removal of
      all particulate solid matter. The solid residue from the second leaching,
      as stated above, includes the iron as well as the gangue from the ore.
PAR  The pregnant leach solutions can be separated from the insoluble solids by
      any conventional liquid-solid separation procedure, e.g. filtering or
      thickening. The two leaching operations and the solid-liquid separations
      can be carried out batchwise or continuously; continuous countercurrent
      flow is preferred.
PAR  It is important that the iron present in the second pregnant leach solution
      can be removed prior to further treatment to separate the other metal
      values in the solution. Iron tends to interfere with the preferred methods
      for separating and purifying the metal values remaining in the pregnant
      releach solution.
PAR  In carrying out the above leaching and releaching operations, it must be
      pointed out that the separations usually are not complete. The amount of
      manganese which is dissolved in the initial leach solution is that which
      is present in the divalent state. This ranges from zero to about 5% of the
      total manganese in the ore.
PAR  The amount of cobalt which is dissolved by the sulfuric acid or aqueous
      hydrogen halide, can be, for example, from about 10 to about 20% of the
      cobalt present in the ore. However, the proportion of cobalt dissolved is
      such that the cobalt need not be separated from the nickel for some
      applications of nickel. Thus, for these situations, the separate leaching
      solution does give a very efficient and economical process, requiring only
      a relatively simple selective extraction procedure.
PAR  For separating copper from nickel, and any small amount of manganese and
      cobalt, in the initial leach solution, and for separating cobalt from
      manganese and any small amounts of copper and nickel, in the second leach
      solution, a liquid ion exchange extraction procedure is most preferred.
PAR  The liquid ion exchange extraction procedure requires the use of an
      extracting medium which is readily separable from water, which comprises
      an extracting agent selective for extracting one or more of the metal
      values from the aqueous leach solution and from which the metal value can
      be readily stripped.
PAR  The extracting medium should be immiscible with water to improve the
      economic efficiency of the process. If the extracting medium were not
      immiscible with water, a substantial loss of the extracting agent would
      occur during each extraction, by virtue of at least a partial solubility
      in the water phase and a loss of the extracting agent in the aqueous
      raffinate.
PAR  Extracting agents which are especially suitable because they are highly
      specific to the metal values in the leach solutions which are obtained,
      e.g. from ocean floor nodule ores, include, for example, certain
      substituted 8-hydroxyquinolines, .alpha.-hydroxy oximes and naphthenic
      acids.
PAR  The 8-hydroxyquinoline compounds, which are especially useful for the
      separation of the metal values in accordance with the present process, can
      generally be defined by the following formula:
      ##SPC1##
PAL  wherein each of the R groups can be hydrogen or hydrocarbyl group or
      inertly-substituted hydrocarbon groups, such as alkenyl, alkyl, alkynyl,
      cycloalkyl, cycloalkenyl, aryl or combinations thereof, such as alkaryl,
      aralkyl, aralkenyl, alkyl-cycloalkyl, etc.
PAR  At least one of the R Groups, however, must be a hydrocarbon group. Any
      inert substituent can be present as long as it does not adversely affect
      the solubility of the substituted 8-hydroxyquinolines in organic solvents
      nor adversely affect the solubility in the organic solvent of the metal
      chelate formed therefrom.
PAR  The resulting metal chelate must remain soluble at least to the extent of
      approximately 2% by weight in the organic solvent.
PAR  The preferred position of the hydrocarbyl substituent of the
      8-hydroxyquinoline nuclear structure is such as to preferentially complex
      with the desired metal ion in the aqueous solution. The sum of the carbon
      atoms in the R Groups must be at least about 8 and can be as high as 24 or
      more. The preferred R Groups are alkylbenzyl groups or beta-alkenyl groups
      containing from 12 to 18 carbon atoms, preferably attached at the R.sup.5,
      R.sup.6, or R.sup.7 position. The optimum position for substitution is at
      the R.sup.7 position to obtain the highest degree of efficiency. For a
      more complete description of these hydrocarbyl-substituted
      8-hydroxyquinolines, see Republic of South Africa specification No.
      69/4397 to Budde Jr., et al., assigned to Ashland Oil, Inc.
PAR  Representative compounds useful for liquid ion exchange and within the
      scope of the above general formula are: 7-octylbenzyl-8-hydroxyquinoline,
      7-dodecyl-benzyl-8-hydroxyquinoline, 7-nonylbenzyl-8-hydroxyquinoline,
      7-ditertiarybutyl-benzyl-8-hydroxyquinoline,
      7-hexadecenyl-8-hydroxyquinoline, 7-dibenzyl-8-hydroxyquinoline,
      7-dimethyldicyclopentadienyl-8-hydroxyquinoline,
      7-phenyl-dodecenyl-8-hydroxyquinoline, and the like where one or more of
      the hydrocarbyl groups R are attached to ring carbon atoms in the 2nd,
      3rd, 4th, 5th and 6th positions. Mixtures of these 8-hydroxyquinoline
      derivatives can be used if desired.
PAR  The second preferred type of metal extracting agents are the alpha-hydroxy
      oximes, which are disclosed inter alia in U.S. Pat. Nos. 3,224,873;
      3,276,863 and 3,479,378. These materials have the general formula:
      ##EQU1##
      wherein the R.sup.a, R.sup.b and R.sup.c groups can be any of a variety of
      organic, hydrocarbon radicals such as aliphatic and alkyl aryl radicals.
      R.sup.b can also be hydrogen. Preferably R.sup.a and R.sup.c are
      unsaturated hydrocarbon or branched chain alkyl groups containing from
      about 6 to about 20 carbon atoms. R.sup.a and R.sup.c are also preferably
      the same, but when alkyl are preferably linked to the central carbon atoms
      by a secondary carbon atom, R.sup.b is preferably hydrogen or unsaturated
      hydrocarbon or branched chain alkyl group containing from about 6 to about
      20 carbon atoms. The oxime preferably contains a total of from about 14 to
      about 40 carbon atoms. Useful R.sup.a, R.sup.b and R.sup.c groups include
      in addition to hydrogen, the mono-and polyunsaturated groups such as
      heptenyl, octenyl, decenyl, octadecenyl, octadecynyl, and
      2-ethyl-octadecenyl, 1,3-heptadienyl.
PAR  Alkyl groups include 2-ethylhexyl, 2,3-diethylheptyl, 2-butyldecyl,
      2-butylhexadecyl, 2,4-ethylbutyldodecyl, 4-butylcyclohexyl, and the like.
      Examples of the preferred alpha-hydroxy oximes include
      19-hydroxyhexatriaconta-9,27-dien-18-oxime;
      5,10-diethyl-8-hydroxytetradecan-7-oxime;
      5,8-diethyl-7-hydroxydodecane-6-oxime.
PAR  The above liquid ion exchange agents, which are used for the extraction of
      copper, cobalt and nickel values, are generally chelates and thus remove
      only the metal values from the solution, leaving behind the anions.
PAR  The above hydroxyquinolines and oximes are compounds generally known to
      industry and commercially available. Any other compounds useful as
      selective extractants for the metal values in the aqueous systems obtained
      from the reduction of ocean floor nodules ores can also be used in the
      process of this invention.
PAR  The extracting agent can be a liquid which is itself water-immiscible but
      generally can be dissolved in a solvent which is substantially immiscible
      with water. The oximes and hydroxyquinolines are at least partially
      insoluble in water. It has been found to be preferable to use them in
      solution in a water-immiscible solvent to form a water-immiscible
      extraction medium to prevent loss of the extraction agent in the aqueous
      raffinate.
PAR  It has been found, when utilizing common commercially available
      water-immiscible solvents, that solutions containing from about 2 to about
      50 percent by wt. and preferably from about 5 to about 30 percent by wt.
      of the extracting agent are economically useful as being sufficiently
      active to remove the desired metal values selectively from the aqueous
      solution and being sufficiently dilute in the extracting agent so that
      substantially no extracting agent is leached out and lost in the aqueous
      raffinate. If it is desired, however, more concentrated solutions can be
      utilized. Mixtures of extracting agents can be used as long as they are
      not jointly reactive and do not interfere with the process of this
      invention.
PAR  Useful solvents include generally any inert hydrocarbons which are solvents
      for the extracting agent per se, and for the metal chelate, or, extracting
      agent-metal complex, and which do not react with any of the other
      materials present, under the conditions of the extraction process.
      Generally, liquid aliphatic, cycloaliphatic, aromatic,
      cycloaliphatic-aromatic, aliphatic-aromatic or chlorinated such
      hydrocarbons are preferably utilized as the solvent for the extracting
      agent. Optimally, the solvent has a specific gravity in the range of from
      about 0.65 to about 0.93 and a mid-boiling point in the range of from
      about 120.degree. to about 615.degree.F. (ASTM distillation). However,
      substantially any liquid can be used as a solvent that meets the following
      criteria:
PA1  1. A solvent for the extracting agent;
PA1  2. A solvent for the extracting agent-metal complex, or chelate;
PA1  3. Immiscible with water; and
PA1  4. Readily separable from water.
PAL  Examples of suitable solvents include benzene, toluene, xylene, aliphatic
      and aromatic petroleum fractions such as naphtha and derivatives thereof
      and mixtures of the foregoing. In addition to the aliphatic, aromatic,
      cycloaliphatic-aromatic, aliphatic-aromatic hydrocarbons and
      cycloaliphatic hydrocarbons; chlorinated such hydrocarbon liquids can also
      be usefully utilized.
PAR  Light fuel oil, high flash point kerosene and other petroleum hydrocarbons,
      such as hexane-heptane mixtures are preferred. Generally, the aliphatic
      materials are most preferred because of their ready availability and ease
      of separation from the aqueous phase.
PAR  The concentration of the extracting agent in the solvent is determined not
      only by the solubility of the extracting agent per se, but also by the
      solubility of the extracting agent-metal complex, or chelate.
PAR  In addition to the solvent and the extracting agent, there can preferably
      also be present in the liquid extracting medium a phase modifier which
      prevents formation of an emulsion with, or entrainment of, the organic
      phase in the aqueous phase. This is accomplished, it is believed, by
      altering the interfacial tension and related physical properties of the
      organic-aqueous mixture during extraction. These phase modifiers are
      generally most useful when an aliphatic solvent is utilized and include,
      preferably, aliphatic alcohols containing from about 8 to about 16 carbon
      atoms such as n-octyl, alcohol, n-decyl alcohol, n-dodecyl alcohol,
      n-tetradecyl alcohol, n-hexadecyl alcohol, isooctyl alcohol, 2-ethylhexyl
      alcohol, cyclohexanol and mixtures of these and other alcohols. Decanol is
      a preferred material.
PAR  Generally no more than the necessary amount of the phase modifier, e.g.,
      alcohol, which is necessary to inhibit the formation of the emulsion or
      prevent entrainment, should be used. Usually no more than about 25% by
      volume of the phase modifier is necessary. Preferably, from about 2 to
      about 10% by volume is satisfactory and not more than about 5% is most
      preferred. The phase modifier can be completely eliminated if desired,
      and, therefore, is optional in the present procedure.
PAR  The present invention does not comprise solely the selection of the
      extracting medium. It is preferred that the extracting medium be a liquid,
      because liquid-liquid extraction of a normally solid material from
      solution is a relatively simple and common procedure. However, other
      extraction procedures can be followed and other types of extractants used.
PAR  When utilizing liquid-ion exchange extraction from an aqueous solution of
      mixed metal halides, a wide range of aqueous
      phase-to-aqueous-immiscible-phase volume ratios can be utilized in the
      present invention. Generally, using a 20% by wt. solution of the
      extracting agent, aqueous-to-aqueous-immiscible phase volume ratios of
      from about 10:1 to about 1:10 are desirable.
PAR  The above two types of extraction agents are especially preferred for the
      separation of the metal values found in the leach liquid obtained from
      ocean floor nodules because it has been discovered, as an aspect of this
      invention, that a single one of these agents can be utilized for the
      selective removal of all of the important metal values from the pregnant
      leach and releach solutions. Thus, by utilizing either an .alpha.-hydroxy
      oxime or an 8-hydroxyquinoline, a single extracting medium can be utilized
      for removing, in seriatim, all of the desired metal values. It is
      unnecessary to utilize a multiple extractant system when utilizing these
      materials, but is merely necessary to vary the pH of the leach and releach
      solutions following each successive extraction.
PAR  The first pregnant leach solution contains the dissolved copper salt and
      nickel salt as its primary solutes. There may also be a small proportion
      of the manganese salt present, if any divalent manganese was present in
      the ore, and a small proportion of the cobalt may also have been leached
      out. The extraction of the desired individual metals, especially the
      copper and nickel, and the separation thereof, can be carrier out, for
      example, by the following general procedures, using a liquid ion exchange
      agent:
PAR  1. Adjusting the pH of the first pregnant leach solution to a pH in the
      range of from about 1.5 to about 2.5, optimally from about 1.8 to about
      2.2; the best results for extracting copper being obtained at a pH of
      about 2 when utilizing an alpha-hydroxy oxime or 8-hydroxyquinoline liquid
      ion exchange extracting agent as defined above:
PAR  2. Mixing the first pregnant leach solution with the water-immiscible
      extracting medium specific to extracting copper;
PAR  3. Separating the aqueous raffinate depleted in copper from the extracting
      medium phase, now rich in copper;
PAR  4. Adjusting the pH of the aqueous raffinate to the range for extracting
      nickel, using, for example, an alpha-hydroxy oxime or an
      8-hydroxyquinoline as defined above; nickel can be extracted at a pH in
      the range of from about 3 to about 7, and preferably not above about 6,
      preferred at 3 to 4.5. At a pH of about 7, manganese and cobalt together
      with the nickel would all tend to precipitate. In those situations where
      no manganese or cobalt, or any other metal, is present together with the
      nickel and copper in the pregnant leach solution, there would be no need
      to extract the nickel; the aqueous raffinate from the copper extraction
      would be a substantially pure solution of soluble nickel salts.
PAR  5. The raffinate from the final nickel extraction, if carried out, can
      contain small amounts of metals. It may not be economical to attempt to
      obtain these metal values, however.
PAL  Metals other than manganese can be precipitated, for example, by sulfide
      precipitation utilizing a soluble sulfide salt, such as an alkali metal
      sulfide or hydrogen sulfide, or by cementation, for example, passing the
      aqueous solution over a bed of elemental manganese metal. Thus, metals
      such as zinc and chromium, which may be present in small amounts in the
      solution, can be removed.
PAR  The second pregnant leach solution, which contains large proportions of
      manganese and a substantially smaller, but still primary, amount of cobalt
      in solution, can also be treated by liquid ion exchange to obtain the
      individual metal values.
PAR  a. The pH of the second pregnant solution is initially adjusted to about
      3.5 to about 7, preferably not greater than about 6 and optimally from
      about 3.5 to about 5 with the most preferred results being obtained at a
      pH of from about 3.5 to about 4.5.
PAR  b. The second pregnant solution is contacted with an immiscible liquid
      extracting medium containing an extracting agent specific to cobalt at
      that pH, e.g. an alpha-hydroxy oxime or 8-hydroxyquinoline, as defined
      above.
PAR  c. The aqueous raffinate from the cobalt extraction is separated from the
      extracting medium phase.
PAR  It is usually necessary to continually add alkaline material during the
      above extraction stages in order to maintain the desired pH. The
      extracting agents act by releasing hydrogen ion when extracting metals,
      and thus the pH would decrease during extraction. Caustic soda solution is
      preferably used. An alkali metal ion generally does not interfere with the
      further processing of any metal salt. However, other useful basic
      materials include generally the oxides, hydroxides and carbonates of
      alkali metals and of alkaline earth metals. Such compounds include sodium
      carbonate, potassium hydroxide, potassium carbonate, lithium hydroxide,
      lithium carbonate and ammonium hydroxide and ammonium carbonate. Manganese
      hydroxide and manganese carbonate are especially useful because they do
      not introduce any additional metal values.
PAR  The metal-containing extract medium can be stripped of the metal values by
      contacting with an aqueous stripping solution. Generally an acidic
      solution is used. Following stripping, the extracting medium can be
      recycled for additional extraction.
PAR  Copper can be readily stripped by any aqueous mineral acid. The amount of
      hydrogen ion provided by the stripping liquid must be at least slightly in
      excess (preferably at least about 5% in excess) of the stoichiometric
      amount needed to substitute for the metal in the extracting medium.
      Preferably the stripped copper salt is soluble in the stripping liquid.
      The preferred stripping acids include sulfuric acid, nitric acid, and
      hydrochloric acid. As the acid used determines the metal salt to be
      formed, this can be a basis for selecting the acid, if a particular salt
      is desired.
PAR  The nickel can be stripped using a relatively weak acid aqueous solution,
      such as the mineral acids or the stronger organic acids, such as
      chloracetic acid, in a concentration of less than about 6N, preferably
      from about 0.01N to about 3N acid and most preferably from about 0.1N to
      about 1.0N. Cobalt can be stripped from the extracting medium using a
      strong mineral acid aqueous solution in a concentration of at least 6N
      hydrogen ion and 6N chloride ion. Strong hydrochloric acid, containing at
      least about 20% by weight HCl is preferred. Where cobalt and nickel are
      both present in the leach solution, they are normally extracted together
      using the above two extracting agents. They are readily separated by first
      selectively stripping the nickel with a weak acid and then stripping the
      cobalt with the stronger hydrochloric acid.
PAR  Although the strong acid-chloride solution of cobalt can be directly used
      for the further reduction to cobalt metal, it is preferred to re-extract
      the cobalt and then strip again. This can be done by contacting the
      cobalt-strong hydrochloric acid solution with a tri-alkyl amine, or other
      material capable of extracting cobalt from an aqueous solution. The amine
      is preferably dissolved in a water-immiscible solvent to form a solution
      of the type described above for use with the hydroxyquinolines and oximes.
PAR  The tri-alkyl amine solution forms a complex with the cobalt halide and can
      then be readily separated from the strong acid solution. The cobalt halide
      can be stripped from the extractant by a weakly acidic aqueous solution,
      which can be used, for example, as an aqueous electrolyte for refining to
      the elemental metal by cathodic electroplating.
PAR  The aqueous raffinate leach solution remaining after the cobalt has been
      removed contains substantially all of the manganese value which was
      leached from the nodule plus minor amounts of the salts of other metals
      from the nodule ore.
PAR  In order to obtain a sufficiently pure stream of manganese salt, it is
      advisable to separate the other metals from the manganese. This can be
      done in various ways: "cementation", passing the solution through a bed of
      manganese metal particles, which results in the removal of the more noble
      metals by substitution therefore by manganese, or precipitation, as by
      sulfide precipitation of the other metals present. The remaining manganese
      salt in solution can then be utilized for the preparation of manganese
      metal by any conventional means. The presence of alkali or alkaline earth
      metals results in no interference at this point.
PAR  The solutions of the individual metal salts can then be treated in a
      conventional manner to reduce them to the elemental metals, e.g., by
      cathodic electroplating techniques. For example, manganese sulfate or
      manganese chloride can be reduced to manganese in an aqueous electrolytic
      cell. Copper, nickel and cobalt salts, either sulfates or halides, can be
      reduced to the metal from aqueous solutions in electrolytic cells.
      Manganese halide can also be reduced to the metal from the anhydrous fused
      salt either by electroplating or aluminum displacement. The electrolytic
      procedures include the conventional methods for electrolytically reducing
      the salts to the elemental metals and the exact procedure forms no part of
      this invention. However, preferably, aqueous electrolysis procedures are
      followed wherein the electrolysis solution comprising sulfuric acid or an
      aqueous solution of hydrogen halide can be utilized in leaching the copper
      and nickel, and in stripping the metal value from the liquid ion exchange
      medium and then can be reused directly, with or without preliminary
      treatment, in the electrolysis, so as to continuously replenish the supply
      of electrolyte salt.
PAR  It should be noted that under this procedure the electrolyte salt, which is
      obtained from the liquid ion exchange medium, need not be the original
      salt produced during the leaching or releaching reactions. The salts
      formed when the metal values are stripped from the extraction medium
      depends upon the acid which is used for the stripping.
PAR  For a more complete explanation and description of various electrolysis, or
      cathodic electroplating, refining procedures, see Graham Electroplating
      and Engineering Handbook (1971), for example.
DRWD
PAR  The drawings accompanying this application are schematic flow diagrams of
      preferred procedures for a two stage leaching of the ore in accordance
      with this invention.
PAR  FIG. 1 depicts a process where the separation between nickel and cobalt
      during leaching is sufficient for the purpose to which the nickel and
      cobalt are to be put.
PAR  FIG. 2 depicts a process where the nickel and cobalt must be further
      refined.
DETD
PAR  Referring to the drawings, ocean floor nodule ore is initially crushed to a
      particle size of from about 35 to about 100 mesh. The crushed ore is then
      contacted with an acid solution, e.g. from a manganous halide, or sulfate,
      aqueous electrolysis cell. The acid solution has a temperature of about
      60.degree.C. The solid ore residue separated from the aqueous solution in
      the leaching step is then passed to a second mixer-settler tank where it
      is releached again by being passed countercurrently to an aqueous solution
      of a reducing agent, e.g. FeSO.sub.4, while bubbling air through the
      aqueous solution.
PAR  The first pregnant leach solution comprises the soluble salts of primarily
      nickel and copper. When the electrolysis solution from a manganese cell is
      utilized, however, there will be manganese salt present in the first
      pregnant leach solution together with any divalent manganese leached from
      the ore.
PAR  The solid ore residue from the final releach settler stage includes the
      gangue or ore residue, and iron oxide, e.g. Fe.sub.2 O.sub.3. The pregnant
      releach solution comprises primarily salts of manganese and of cobalt
      dissolved, plus any minor quantities of other metals, including nickel and
      copper not dissolved during the initial leaching step.
PAR  The first pregnant leach solution and the second pregnant releach solution
      are each extracted in a liquid ion exchange system to separate the
      individual metals. The pregnant leach solution is initially extracted with
      a liquid ion exchange agent specific to copper at the pH of the leach
      solution, approximately 2. The liquid ion exchange agent, e.g.
      alpha-hydroxyoxime or 8-hydroxyquinoline, is dissolved in an organic
      medium which is immiscible with the aqueous leach solution.
PAR  Referring now to FIG. 1, the raffinate from the copper extraction is sent
      directly to the nickel electrolysis cell. For the purpose here intended,
      the nickel thus obtained is sufficiently pure. The spent electrolyte from
      the nickel cell can be recycled to the first, acid, leaching stage. The pH
      of the second pregnant leach solution is initially adjusted to a value of
      from 3 to about 4 and contacted with the liquid ion exchange agent to
      extract the cobalt, and any nickel, from the second pregnant leach
      solution. The nickel is first selectively stripped using a portion of the
      spent nickel electrolyte and fed to the nickel cell. The cobalt is next
      stripped from the extract with, for example, a 20% HCl solution, which is
      in turn reextracted and the 20% HCl solution recycled. The reextract is
      stripped with the electrolyte solution from a cobalt electrolysis cell and
      the stripping solution forms the feed to the cobalt cell. The aqueous
      raffinate from the initial cobalt extraction is the feed to the manganese
      electrolysis cell.
PAR  Referring now to the alternative embodiment as given in FIG. 2, the pH of
      the raffinate from the copper extraction is raised to at least about 3 to
      extract nickel and any cobalt present, and the aqueous raffinate is
      discarded or mixed with the raffinate of the nickel and cobalt extraction.
      The pH of the second pregnant leach solution is initially adjusted to at
      least 3, preferably to from about 3 to about 4 and contacted with the
      nickel and cobalt-containing extract, from the first leach solution, to
      extract the nickel and cobalt in the second leach solution.
PAR  The extracting medium and the pregnant leach solutions can be contacted in
      conventional liquid-liquid extraction equipment. Preferably, multi-stage,
      countercurrent flow extraction is carried out, preferably in multiple
      mixer-settler stages or in an extraction column. The aqueous raffinate
      from the initial extraction of the first leach solution is substantially
      depleted of copper. The aqueous raffinate from the first extraction of the
      second leach solution is substantially depleted of cobalt and nickel.
PAR  The extracting media containing the metal values can be stripped of their
      metal values, in each case, by countercurrent flow contact in multiple
      mixer-settler stages or in a column, with aqueous acid solutions having
      the indicated concentration. For example, copper can be stripped by an
      acid solution having a hydrogen concentration in an amount to provide at
      least 5% excess of hydrogen ion required to substitute for the copper, in
      this case recycled from a copper sulfate aqueous electrolysis cell. The
      copper value is thus stripped out as copper sulfate which can be directly
      fed to the electrolytic cell. The extracting medium is then recycled.
PAR  Again referring to FIG. 2, the extracting medium separated from the second
      leach solution, containing nickel and cobalt, is first selectively
      stripped of its nickel content by the spent electrolyte from the nickel
      electroplating cell and is next stripped of its cobalt value by contact
      with an aqueous hydrochloric acid solution having a concentration of
      hydrogen ion and of chloride ion of at least 6 Normal each.
PAR  The highly acidic aqueous stripping solution containing the cobalt, as the
      only metal value present, is then contacted with a 5 - 30% solution of an
      organic amine, e.g., tri-isooctylamine, to extract cobalt. Cobalt can be
      readily stripped from the amine solution using the electrolyte solution
      from a cobalt chloride cell. The aqueous stripping solution from the amine
      stripping can be fed directly to the cobalt chloride electrolysis cell.
      The amine solution and the 6N HCl solution can then be recycled.
PAR  The aqueous raffinate from the nickel and cobalt extraction contains
      primarily manganese. If there are no other metal values present, the
      raffinate can be fed directly to a manganese electrolysis cell. However,
      in most cases, there are small proportions of other metals present which
      are more noble than manganese. These other metals are often not present in
      amounts sufficient to warrant recovery. They can be removed so that they
      won't interfere with the electroplating of the manganese from the aqueous
      solution by, for example, cementation with elemental manganese.
PAR  The following examples set forth preferred embodiments of the present
      invention but are exemplary and not exclusive of the full range of this
      invention.
PAC  EXAMPLE 1
PAR  Ocean floor nodule ore was obtained having the following composition:
TBL  COMPONENT    % BY WEIGHT (of metal)                                       

     ______________________________________                                    

     manganese    17.6                                                         

     iron         11.6                                                         

     nickel       0.61                                                         

     cobalt       0.32                                                         

     copper       0.1                                                          

     ______________________________________                                    

PAR  A sample comprising 31 grams of the above nodule ore was ground to an
      average particle size of less than 50 mesh and initially contacted with
      500 milliliters (ml.) of a 4% by wt. H.sub.2 SO.sub.4 solution at a
      temperature of 60.degree.C., as a first leach solution. The aqueous
      solution and ground nodule ore were continuously mixed for a period of 14
      hours at the temperature of 60.degree.C., and then the mixture filtered to
      separate the remaining particulate solids from the pregnant leach
      solution.
PAR  The particulate solids filtered from the first stage leaching step were
      then mixed in a second stage releaching operation with 500 ml. of a
      ferrous sulfate solution containing 57 grams FeSO.sub.4.7 H.sub.2 O/liter;
      the liquid and solids were continuously mixed for two hours with a paddle
      mixer. This mixture was then filtered to separate the second pregnant
      leach solution from the solid residue. The solid residue was then leached
      again in a third stage with another 500 ml. of ferrous sulfate solution
      containing 57 grams FeSO.sub.4.7 H.sub.2 O/liter. Air was bubbled through
      the leach solution in the second and third stages.
PAR  The pregnant leach solutions were each analyzed separately to determine the
      amount of manganese, nickel, cobalt and copper present. The amounts are
      shown in Table 1, in terms of the percentage of the metal present in the
      ore.
TBL                TABLE I                                                     

     ______________________________________                                    

                  Percentage Dissolved                                         

     Treatment      Manganese Nickel  Cobalt                                   

                                            Copper                             

     ______________________________________                                    

     1st Stage 500 mls                                                         

     4% H.sub.2 SO.sub.4 for 14 hours                                          

                    4.5       74.8    12.8  77.1                               

     2nd Stage 500 mls of                                                      

     ferrous sulfate solution                                                  

     (57 grams FeSO.sub.4.7H.sub.2 O)                                          

     for 2 hours.   57.7       4.8    50    Trace                              

     3rd Stage 500 mls of                                                      

     ferrous sulfate solution                                                  

     (57 grams FeSO.sub.4.7H.sub.2 O)                                          

     for 2 hours.   28.9       4.2    24.5   3.5                               

     ______________________________________                                    

PAR  Both of the second and third steps of leaching were maintained at
      82.degree.C.
PAR  The first pregnant leach solution had a pH of about 2. The copper was
      extracted by liquid ion exchange means. The first pregnant leach solution
      was contacted with a solution comprising 10% by volume of an
      alpha-hydroxyoxime (5,8-diethyl-7-hydroxy dodecane-6-oxime) known as
      LIX-64N, 20% by volume isodecanol and a mixed hydrocarbon solvent
      comprising aromatic and aliphatic petroleum hydrocarbons having a boiling
      point range of 410.degree.-460.degree.F. and a specific gravity of 0.81.
PAR  The aqueous leach solution and the extracting medium were passed
      countercurrently through three mixer-settler stages at an
      organic-to-aqueous ratio of 1:1 by volume. The aqueous raffinate from the
      copper extraction contained substantially all of the nickel value
      originally present but substantially all of the copper had been extracted.
      The small proportions of the manganese and cobalt present in the original
      leach solution were also passed through the extraction stage in the
      aqueous phase.
PAR  Following the separation from the final settling stage, the organic extract
      was stripped of copper by a sulfuric acid solution from a copper sulfate
      aqueous electrolysis cell having a hydrogen ion concentration of 3N
      utilizing countercurrent flow through three mixer-settler stages.
PAR  Referring to FIG. 2, the nickel and cobalt can be separated from the leach
      solution using, if desired, the same LIX 64N extracting medium. The
      aqueous raffinate from the copper extraction step was adjusted to a pH of
      about 4.5 by the addition of 2N caustic solution. The resulting aqueous
      solution was treated in a 3-stage countercurrent, mixer-settler system
      with the LIX 64N extracting medium and the nickel and cobalt values were
      extracted. The organic extract phase containing nickel and the small
      amount of cobalt from the first leach solution is next contacted with the
      combined leach solutions from stages 2 and 3. This combined pregnant
      releach solution from stages 2 and 3 comprised substantially all of the
      manganese from the ore, i.e. 86.6% and most of the cobalt, i.e. 74.5%.
      There were also a relatively minor amount of nickel and a very small
      quantity of copper present. The copper was removed from the combined
      releach solution by cementation. The pH of the combined pregnant releach
      solution was set at about 4.5 to insure that substantially all of the
      cobalt and nickel were removed.
PAR  The combined releach solution and extract phase are contacted in a 3-stage,
      countercurrent mixer-settler system to extract the nickel and cobalt from
      the combined solution. The organic extract phase from the final settler
      stage contains substantially all of the cobalt and nickel present in all
      of the three leach solutions, but is substantially free of copper and
      manganese.
PAR  The nickel is stripped from this extract using the spent electrolyte
      solution from a nickel sulfate electrolysis cell to which sulfuric acid
      was added to a concentration of hydrogen ion of 3N in order to insure
      stripping of all of the nickel. The organic liquid and stripping acid are
      passed countercurrently through three mixer-settler stages at an
      organic-to-aqueous liquid ratio of 3:1 by volume. Substantially, all of
      the nickel was removed from the organic phase.
PAR  The cobalt was stripped from the organic extract phase by contacting the
      organic phase with an aqueous solution containing 20% by wt. HCl in a
      four-stage, countercurrent, mixer-settler system, at an organic-to-aqueous
      ratio of 3:1. The cobalt was extracted from the 20% HCl solution obtained
      from the final mixer-settler stripping stage using a kerosene solution
      containing 10% by volume tri(isooctyl)amine (TIOA) in a three-stage,
      countercurrent, mixer-settler system at an organic-to-aqueous volume ratio
      of 2:1. The cobalt was stripped from the TIOA solution utilizing the spent
      aqueous electrolyte from the cobalt chloride electrolysis cell in a
      three-stage countercurrent, mixer-settler system at a 1:2
      organic-to-aqueous phase volume ratio.
PAR  The raffinate from the above cobalt extraction contains primarily manganese
      sulfate. The raffinate is passed over a bed of manganese metal to
      precipitate the various other metal values present leaving a substantially
      pure solution of manganese sulfate. The metals precipitated out by the
      manganese metal include the small proportions of nickel and copper present
      in the releach solution and the trace amounts of other metals which were
      present in the nodule ore and which were releached therefrom.
PAR  There were thus obtained, as a result of this process, four separate final
      streams, each containing a substantially pure soluble metal salt - copper
      sulfate, nickel sulfate, cobalt chloride and manganese sulfate,
      respectively. Each of these solutions is then fed to an aqueous
      electrolytic cell to reduce the salt to the respective elemental metal,
      i.e., cathodically electroplate the elemental metal.
PAR  The advantage of the embodiment of the present invention described in this
      Example is that the two primary leaching reagents, sulfuric acid and
      ferrous sulfate, are waste by-products from industrial operations, one of
      which is the final stage of this process. Such by-products are normally a
      problem to dispose of, and herein become valuable and useful primary
      reagents.
PAC  EXAMPLE 2
PAR  Example 1 above was repeated, but substituting for the LIX 64N extraction
      medium an extraction medium comprising 10% by volume
      7-[3-(5,5,7,7,-tetramethyl-1-octenyl)] -8-hydroxyquinoline, and 20% by
      volume isodecanol in a kerosene solvent. Similar results were obtained as
      when using the LIX 64N extraction medium.
PAC  EXAMPLE 3
PAR  Example 1 above was repeated except that the first leach solution was 500
      ml. of an aqueous solution of 3 % by wt. HCl fed at a temperature of
      60.degree.C. Substantially the same results were obtained as in Example 1,
      except that the first pregnant leach solution comprised the chlorides of
      the metal values leached.
PAR  The patentable embodiments of the above described invention are as follows:
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for selectively removing metal values from an ocean floor
      nodule ore, the nodule ore comprising as primary components the oxides of
      manganese and iron and as secondary components, compounds of copper,
      cobalt and nickel, the process comprising the steps of (a) leaching the
      nodule ore with an aqueous solution of a mineral acid, which is capable of
      reacting with the ore to form water-soluble salts of nickel and copper,
      without reducing substantially any of the tetravalent manganese in the ore
      to divalent manganese, selected from the group consisting of sulfuric acid
      and aqueous hydrogen halide solutions, to form an aqueous solution
      comprising the dissolved water-soluble salts of copper and nickel; (b)
      separating the aqueous solution from insoluble ore solids to form a
      pregnant leach solution comprising the mixed soluble salts of copper and
      nickel; (c) separating the individual copper and nickel metal values by
      selectively extracting at least one of the metal values from the aqueous
      leach solution to form two separate solutions of the individual metal
      values, respectively, in the form of a water-soluble salt of each; (d)
      obtaining an aqueous, releach solution comprising dissolved water-soluble
      salts of manganese and cobalt, substantially free from iron, by the
      following steps: (i) releaching the insoluble ore solids with an aqueous
      solution of a reducing agent capable of forming water-soluble salts of
      cobalt and manganese, and selected from the group consisting of ferrous
      sulfate, ferrous halides and sulfur dioxide to form an aqueous solution
      comprising dissolved cobalt, manganese and iron, and, in any chronological
      order or simultaneously, (ii) separating the aqueous solution from an
      insoluble ore residue; (iii) oxygenating the aqueous solution to convert
      the dissolved iron to an insoluble iron oxide, and (iv) separating the
      aqueous solution from the insoluble iron oxide; (e) separating out the
      individual metal values from the releach solution by selectively
      extracting cobalt from the releach solution to form a separate solution of
      the cobalt value in the form of a water-soluble salt and a releach
      raffinate substantially free of cobalt; and (f) reducing the individual
      metal values thus obtained to the respective elemental metals by
      cathodically electroplating the individual metal values.
NUM  2.
PAR  2. The process of claim 1, wherein the copper is selectively extracted from
      the first pregnant leach solution by contacting the first pregnant leach
      solution with a water-immiscible liquid ion exchange extraction medium
      selective to extract copper, separating the extraction medium containing
      the copper value from an aqueous leach raffinate substantially free of
      copper, and stripping the copper from the extraction medium with an acidic
      aqueous stripping solution to form a separate aqueous solution of the
      copper.
NUM  3.
PAR  3. The process of claim 2, comprising in addition contacting the aqueous
      leach raffinate solution with a water-immiscible liquid ion exchange
      extraction medium selective to extract nickel from the leach raffinate,
      separating the extraction medium containing the nickel from the aqueous
      solution substantially free of nickel, and stripping the nickel from the
      extraction medium with a weak acid solution having a hydrogen ion
      concentration less than about 6N, to form a separate aqueous solution of
      nickel.
NUM  4.
PAR  4. The process of claim 3, wherein the weak acid solution is the
      electrolyte from a nickel sulfate aqueous electrolysis cell.
NUM  5.
PAR  5. The process of claim 3 wherein the liquid ion exchange extraction medium
      comprises an extracting agent selected from the group consisting of
      alpha-hydroxyoximes and the hydrocarbyl-substituted-8-hydroxyquinolines.
NUM  6.
PAR  6. The process of claim 2, wherein the stripping solution is the
      electrolyte from an aqueous copper sulfate electrolysis cell.
NUM  7.
PAR  7. The process of claim 1, wherein the cobalt is selectively extracted from
      the second pregnant releach solution by contacting the pregnant releach
      solution with a water-immiscible liquid ion exchange extraction medium
      selective to extract cobalt, separating the extraction medium containing
      the cobalt value from an aqueous releach raffinate substantially free of
      cobalt and stripping the cobalt from the extraction medium with an aqueous
      solution of hydrochloric acid having a concentration of hydrogen ion and
      chloride ion of at least 6N each to form a highly acidic solution of
      cobalt chloride.
NUM  8.
PAR  8. The process of claim 7 wherein the liquid iron exchange extraction
      medium comprises an extracting agent selected from the group consisting of
      alapha-hydroxyoximes and the hydrocarbyl-substituted-8-hydroxyquinolines.
NUM  9.
PAR  9. The process of claim 1, wherein the reducing agent reacts with the
      cobalt and manganese present in the nodule ore to form the soluble sulfate
      salts of cobalt and manganese.
NUM  10.
PAR  10. The process of claim 1, wherein the reducing agent reacts with the
      cobalt and manganese present in the nodule ore to form the soluble
      chloride salts of cobalt and manganese.
NUM  11.
PAR  11. The process of claim 1, wherein the mineral acid is sulfuric acid.
NUM  12.
PAR  12. The process of claim 1, wherein the mineral acid is hydrochloric acid.
NUM  13.
PAR  13. The process of claim 1, wherein the individual metal values are
      cathodically electroplated from an aqueous solution of their individual
      metal salts.
NUM  14.
PAR  14. The process of claim 7 comprising extracting the cobalt from the highly
      acidic solution with an extracting medium, from which the cobalt can be
      stripped using a weakly acidic electrolyte solution from an aqueous cobalt
      electrolytic cell, leaving an aqueous raffinate 6N in chloride and
      hydrogen ion substantially free of cobalt.
NUM  15.
PAR  15. The process of claim 1, wherein the aqueous solution of the mineral
      acid is derived from a manganese electrolysis cell.
NUM  16.
PAR  16. The process of claim 1 comprising in addition treating the releach
      raffinate with a reagent capable of precipitating metal value more noble
      than manganese which may be present in the releach raffinate, and
      separating the precipitated metal value from the aqueous solution
      comprising soluble manganese salts.
NUM  17.
PAR  17. The process of claim 1 wherein the reducing agent is sulfur dioxide and
      the oxygenation occurs simultaneously with the releaching of the insoluble
      ore with the aqueous solution of the reducing agent and wherein the
      releach solution is simultaneously separated from the insoluble ore
      residue and from the insoluble iron oxide.
NUM  18.
PAR  18. A process for separating metal values from an ocean floor nodule ore,
      the nodule ore comprising as primary components the oxides of manganese
      and iron and as secondary components, compounds of copper, cobalt and
      nickel, the process comprising the steps of (a) leaching the nodule ore
      with a mineral acid selected from the group consisting of aqueous hydrogen
      halides and sulfuric acid so as to form an aqueous solution comprising the
      corresponding water-soluble salts of the copper and nickel present in the
      nodule ore; (b) separating the aqueous solution from insoluble ore solids
      to form a first pregnant leach solution comprising the mixed water-soluble
      salts of copper and nickel; (c) releaching the insoluble ore solids with
      an aqueous solution of a reducing agent capable of forming water-soluble
      salts of cobalt and manganese and oxygenating the aqueous solution so that
      substantially all of the iron is in an insoluble ore residue; (d)
      separating the aqueous solution from the insoluble ore residue so as to
      form a second pregnant releach solution comprising water-soluble salts of
      cobalt and manganese and substantially free of iron; (e) separating out
      the individual metal values from the pregnant leach solution by
      selectively extracting the copper from the pregnant leach solution to form
      a separate solution of a water-soluble copper salt and a leach raffinate;
      (f) separating out the individual metal values from the second pregnant
      releach solution by selectively extracting cobalt from the releach
      solution to form a separate solution of the cobalt value in the form of a
      water-soluble salt and a releach raffinate; (g) selectively extracting the
      nickel from the leach raffinate to form a separate solution of the nickel
      in the form of a water-soluble salt; (h) removing other metal values more
      noble than manganese from the releach raffinate; and (i) reducing the
      individual metal values to the elemental metal by cathodically
      electroplating from the individual metal salt.
NUM  19.
PAR  19. The process of claim 18, wherein the mineral acid is sulfuric acid and
      wherein cobalt sulfate and manganese sulfate are dissolved in the second
      pregnant releach solution.
NUM  20.
PAR  20. The process of claim 18, wherein the cathodic electroplating of each of
      the metal salts is carried out in an aqueous electrolyte solution.
NUM  21.
PAR  21. A process for selectively removing metal values from an ocean floor
      nodule ore, the nodule ore comprising as primary components the oxides of
      manganese and iron and as secondary components, compounds of copper,
      cobalt and nickel, the process comprising the steps of (a) leaching the
      nodule ore with a mineral acid selected from the group consisting of
      aqueous hydrogen halides and sulfuric acid to form an aqueous solution
      comprising the dissolved water-soluble salts of copper and nickel; (b)
      separating the aqueous solution from any insoluble ore solids to form a
      pregnant leach solution comprising the mixed soluble salts of copper and
      nickel; (c) separating out the individual metal values from the pregnant
      leach solution by selectively extracting the copper from the pregnant
      leach solution to form a separate solution of the copper value in the form
      of a water-soluble salt; (d) releaching the insoluble ore solids with an
      aqueous solution of sulfur dioxide while oxygenating the aqueous solution
      to form an aqueous pregnant leach solution comprising the water-soluble
      salts of cobalt and manganese and water-insoluble solids comprising ore
      residue and iron oxide; (e) separating the releach solution from the
      insoluble solids; (f) separating out the individual metal values from the
      releach solution by selectively extracting cobalt from the releach
      solution to form a separate solution of the cobalt value in the form of a
      water-soluble salt and a releach raffinate substantially free of cobalt
      and thus forming four separate aqueous solutions comprising the copper
      value, the nickel value, the manganese value, and the cobalt value,
      respectively.
NUM  22.
PAR  22. The process of claim 21, wherein the reducing agent reacts with the
      cobalt and manganese present in the nodule ore to form the soluble sulfate
      salts of cobalt and manganese.
NUM  23.
PAR  23. The process of claim 21, wherein the mineral acid is sulfuric acid.
NUM  24.
PAR  24. The process of claim 21, wherein the mineral acid is hydrochloric acid.
NUM  25.
PAR  25. A process for selectively removing metal values from an ocean floor
      nodule ore, the nodule ore comprising as primary components, the oxides of
      manganese and iron and as secondary components, compounds of copper,
      cobalt and nickel, the process comprising the steps of (a) leaching the
      nodule ore with an aqueous solution of a mineral acid, which is capable of
      reacting with the ore to form water-soluble salts of nickel and copper,
      selected from the group consisting of sulfuric acid and aqueous hydrogen
      halide solutions, to form an aqueous solution comprising the dissolved
      water-soluble salts of copper and nickel, without reducing substantially
      any of the tetravalent manganese in the ore to divalent manganese; (b)
      separating the aqueous solution from insoluble ore solids to form a
      pregnant leach solution comprising the mixed soluble salts of copper and
      nickel; (c) separating the individual copper and nickel metal values by
      selectively extracting at least one of the metal values from the aqueous
      leach solution to form two separate solutions of the individual metal
      values, respectively, in the form of a water-soluble salt of each; (d)
      releaching the insoluble ore solids with an amount of an aqueous solution
      of a reducing agent selected from the group consisting of ferrous halides
      and ferrous sulfate, to form an aqueous pregnant leach solution comprising
      the water-soluble salts of cobalt and manganese substantially free of
      dissolved iron; (e) separating the releach solution from any insoluble ore
      residue; (f) separating out the individual metal values from the releach
      solution by selectively extracting cobalt from the releach solution to
      form a separate solution of the cobalt value in the form of a
      water-soluble salt and a releach second raffinate substantially free of
      cobalt; and (g) reducing the individual metal values thus obtained to the
      respective elemental metals by cathodically electroplating the individual
      metal values.
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ABST
PAL  Copper is sputtered onto a substrate to make a solder-fast contact layer by
      carrying out the sputtering in a discharge of a monatomic gas containing
      0.5 to 16% of air, nitrogen or oxygen which reduces the conductivity of
      the copper layer, but makes it resistant to alloying with a solution in
      solder, to an extent comparable with the results obtained by the provision
      of intermediate diffusion barrier layers. Best results are obtained in an
      argon discharge in the presence of an admixture of nitrogen or air between
      2 and 4% by volume. The solder-wetting properties are not impaired.
BSUM
PAR  This invention concerns a method of cathodic sputtering a solder-resistant
      copper layer on a substrate.
PAR  Simple thin film circuits are produced by depositing a set of layers on a
      substrate comprising a layer with a certain resistance constituting
      electrical components and a contacting layer of good electrical
      conductivity. The resistance layer contains preferably nichrome (Ni Cr),
      tantalum nitride (Ta.sub.2 N), tantalum oxide-nitride and
      tantalum-aluminum mixtures. Insofar as connections are to be made to the
      contacting layer by soldering, the contact layer must not dissolve in
      solder during the time necessary for the soldering operation, which is to
      say the contacting layer must be solder-resistant. This result is
      obtained, in the case of known contacting layers, by producing pure copper
      layers in sufficient layer thickness, which may be done with noble metals
      as well as with copper, or, on the other hand, by providing so-called
      diffusion barriers under the copper layer, in the form of additional
      layers of iron, nickel, platinum, tungsten or the like. The alloying of
      the solder right through the layer is particularly difficult to control if
      tin-rich solder, for example, eutectic lead-tin solder, is used. The
      production of sequences of different layers, and likewise the production
      of thick layers, is expensive and frequently connected with unusual
      processing and finishing difficulties. Among these difficulties are
      control of adhesion of the layers, control of the phosphorus content of
      nickel layers deposited by an electroless process and the danger of
      oxidation of iron layers.
PAR  It is an object of the invention to provide copper layers that are
      inexpensive and as thin as possible, particularly for thin film circuits,
      on a substrate body, in such a way that the alloying tendency of the
      copper is reduced to such an extent that alloying does not occur
      completely through the layer when connections are soldered to the
      terminals or contacts.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION:
PAR  Briefly, the gas sputtering medium, preferably consisting mainly of argon,
      contains another gas which is partly trapped in the copper layer and
      reduces the conductivity of the deposited copper without reducing the
      conductivity relative to massive pure copper. Air, nitrogen and oxygen
      have been found particularly desirable as additives for the sputtering
      gas. The favorable volumetric proportion of these additives is not the
      same for all gases and varies between 0.5 and 16%; the best results were,
      however, obtained with additives comprising between 2 and 4 % by volume of
      the sputtering gas.
PAR  With the process of this invention, highly solder-fast copper layers are
      obtained that on the one hand are very thin, being of the order of
      magnitude of about 0.5 .mu.m, that are capable of functioning without
      alloying additions and without intermediate layers functioning as
      diffusion inhibitors. Soldering times of 30 seconds at 210.degree.C.,
      using eutectic composition Pb-Sn solder, are easily usable without any
      complications.
PAR  The copper layers of this invention are produced by cathodic sputtering in
      a low-pressure gas discharge in which positive gas ions bombard the
      cathode and dislodge particles of cathode material which are projected
      onto the substrate at or on the anode. Direct cathodic sputtering by a
      diode apparatus produces shiny metallic layers. The pressure for such a
      discharge is, as is known, in the range between approximately
      10.sup.-.sup.2 and 5.times.10.sup.-.sup.1 torr. The gas consists
      principally of a monatomic gas, preferably a noble gas, usually argon. The
      discharge gas, which may be referred to as the sputtering medium, is
      provided with an addition of nitrogen (N.sub.2), oxygen (O.sub.2) or a
      mixture of oxygen and nitrogen such as air. The production of the layers
      thus carried out reduces the conductivity of the deposited copper,
      compared with pure solid copper, by a factor of 5 to 7 as a result of gas
      inclusions. This factor can fall to a value of 2.5 and can rise as high as
      the value 15.  For direct cathodic sputtering in a diode apparatus, the
      sputtering potential runs from 3 to 8 kV, and is preferably made 6 kV,
      while the current density has a value of the order of 1 mAcm.sup.-.sup.2.
      Gas flow through the discharge vessel can be varied between 0.1 and 3
      liters per hour (as reduced to 20.degree.C. and 1 atm.) and is to be
      varied in accordance with the size of the cathode that is used, the larger
      the cathode the greater the flow. As determined by experiment, the best
      layers are obtained with a nitrogen or air additive quantity of between 2
      and 4 volume %. A layer thickness of the order of 0.5.mu.m is readily
      produced.
PAR  These values set forth an advantageous set of sputtering parameters, which,
      nevertheless, can be modified by taking appropriate account of their
      interdependence. The rate of sputtering drops noticeably only with very
      high oxygen content, beginning above about 10% by volume.
DETD
PAC  EXAMPLE I -- LAYER PRODUCTION
PAR  Copper was sputtered in a diode apparatus in a discharge atmosphere of 97%
      argon and a 3% admixture of air at 5.times.10.sup.-.sup.2 torr, under a
      potential of 6 kV and at a current density of 1.2 mAcm.sup.-.sup.2. The
      experimental apparatus, in the tests set up giving these results, had a
      spacing between cathode and substrate of 5.5 to 6 cm, for the case of a
      cathode surface of 826 cm.sup.2 and a gas feed-through, reduced to normal
      conditions, of 1 liter per hour.
PAR  The layer thickness of the sputtered copper layer was of the order of 0.5
      .mu.m.
PAR  The solder-fastness of the copper layer can be tested as follows:
PAC  EXAMPLE II -- TEST PROCEDURE
PAR  A circuit pattern is produced with contact patches measuring 1.5 .times.
      1.5 mm.sup.2 on a substrate provided with a resistance layer and a
      conducting layer. The substrate is dipped into a liquid flux and then put
      for 6 seconds in liquid lead-tin solder containing 4% by weight of silver.
      Thereafter, the substrate is cooled outside of the solder bath back down
      to room temperature. This procedure is repeated a number of times until
      the solder-covered surface on the contact spot becomes smaller, usually
      beginning from the edges inward. The number of dip operations that must be
      made until the copper layer is alloyed through is a measure of the
      solder-fastness.
PAR  Experimental procedures of this type have shown that copper layers prepared
      in accordance with the above-specified parameters show an improvement
      compared to copper layers made with the greatest possible purity, even
      when the air content of the sputtering gas is as small as 0.5% by volume.
      The solder-resistance in these cases remains only slightly below that
      which is obtained with much greater expense by the provision of
      intermediate iron layers of 2,000 A thickness. For practical applications,
      the copper layers produced according to the much simpler, more reliable
      and trouble-free process of the present invention are fully satisfactory.
      The production of sputtered copper layers, according to the present
      invention, possesses a number of advantages compared to known methods. The
      deposition of rates of sputtered copper are higher than the rates of
      deposition of layer materials that are suitable for use as diffusion
      barriers. In consequence there is a significant increase in manufacturing
      capacity for the sputtering equipment. Corrosion problems, furthermore,
      such as are present when intermediate iron layers are provided in the
      copper, are entirely absent in the copper layers produced in accordance
      with the invention. The adhesion of the copper layers on an underlying
      layer of tantalum oxide-nitride, moreover, is improved. The sputtering
      equipment can be substantially simplified, particularly because of the
      simple construction of the cathodes. Variations in the resistance of the
      first layer can be held constant simply by keeping the sputtering process
      parameters constant, with the result that various resistivity levels can
      be obtained in a predictable fashion.
CLMS
STM  We claim:
NUM  1.
PAR  1. Method of producing a solder-fast thin film circuit unit having copper
      layer connection paths and contact patches which comprises the step of
      cathodically sputtering copper onto a substrate in a circuit pattern
      including contact patches, said sputtering being carried out in a gas
      discharge medium consisting of a monatomic gas with an admixture of
      between 0.5 and 16% by volume of a normally predominantly diatomic
      atmospheric gas under conditions in which said atmospheric gas is taken up
      in part in said copper layer and reduces the conductivity of the deposited
      copper to between 7 and 40% of the conductivity of a pure copper layer,
      whereby contact patches capable of being soldered and of withstanding
      soldering are produced.
NUM  2.
PAR  2. Method as defined in claim 1 in which said substrate is a substrate
      which has been previously provided with constituting a surface layer a
      resistance to electrical conductivity.
NUM  3.
PAR  3. Method as defined in claim 2 in which said copper layer is sputtered
      without any intermediate sputtering of an interleaved layer functioning as
      a diffusion barrier.
NUM  4.
PAR  4. Method as defined in claim 1 in which said monatomic gas is argon and in
      which said atmospheric gas is nitrogen.
NUM  5.
PAR  5. Method as defined in claim 1 in which said monatomic gas is argon and
      said atmospheric gas is oxygen.
NUM  6.
PAR  6. Method as defined in claim 1 in which said monatomic gas is argon and
      said atmospheric gas is air.
NUM  7.
PAR  7. Method as defined in claim 1 in which the amount of said admixture of an
      atmospheric gas is between 2 and 4% by volume.
NUM  8.
PAR  8. Method as defined in claim 1 in which the copper sputtering step employs
      a pure copper target cathode.
NUM  9.
PAR  9. Method as defined in claim 1 in which sputtering is carried out under a
      potential between 3 and 8 kV. in a diode apparatus.
NUM  10.
PAR  10. Method as defined in claim 9 in which said potential is approximately 6
      kV.
NUM  11.
PAR  11. Method as defined in claim 1 in which during the cathode sputtering
      step a gas flow through the sputtering vessel is provided of a magnitude,
      reduced to normal conditions, between 0.1 and 3 liters per hour.
NUM  12.
PAR  12. Method as defined in claim 11 in which said gas flow is approximately 1
      liter per hour and the cathode surface has an area of approximately 1,000
      cm.sup.2.
NUM  13.
PAR  13. Method as define in claim 1 in which the sputtering step is carried out
      for such a period that the copper layer produced has a thickness of about
      0.5 .mu.m.
NUM  14.
PAR  14. Method as defined in claim 1 in which monatomic gas is argon and said
      atmospheric gas is a mixture of oxygen and nitrogen.
NUM  15.
PAR  15. Method of producing a solder-fast thin film unit having a resistive
      layer and a copper layer thereon which comprises the step of cathodically
      sputtering copper onto a substrate which has previously been provided with
      a surface layer of a material selected from the group which consists of
      tantalum nitride, tantalum oxynitride and mixtures of tantalum and
      aluminum, said step of sputtering copper being carried out in a gas
      discharge medium consisting of a monatomic gas with an admixture of
      between 0.5 and 16% by volume of a normally predominantly diatomic
      atmospheric gas under conditions in which said atmospheric gas is taken up
      in part in said copper layer and reduces the conductivity of the deposited
      copper to between 7 and 40% of the conducitivity of a pure copper layer.
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ABST
PAL  An electrochemical glass electrode comprising a glass membrane sealing an
      end of a glass tube, a quantity of electrolyte in the tube and in contact
      with the internal surface of the membrane, a conductor extending through a
      rubber plug in the tube and immersed at one end in the electrolyte, and a
      screened electrical lead extending into the tube and connected to the
      other end of the conductor. The rubber plug is a sealing fit in the tube
      and provides an electrically insulating barrier between the electrolyte
      and the screen on the electrical lead.
PARN
PAR  This application is a Continuation-in-Part of my copending application,
      Ser. No. 164,410, filed July 20, 1971, now abandoned.
BSUM
PAR  This invention relates to electrode assemblies for use in electro-chemical
      test or measurement, and is concerned more particularly with glass
      electrode assemblies of the kind in which the electrical conductor in
      contact with the electrolyte is connected to the output terminal through a
      screened electrical lead.
PAR  In the past glass electrode assemblies using screened electrical leads
      comprise inner and outer glass tubes which co-operate to provide an
      annular chamber for the screening, the glass member providing the membrane
      of the electrode being sealed to an exposed end of the inner tube, one end
      of the outer tube being sealed to the inner tube in the region adjacent
      the exposed end thereof, and the conductor being sealed in the opposite
      end of the inner tube and in contact with the electrolyte in the inner
      tube. These glass electrode assemblies were difficult to manufacture. In
      particular it was difficult to anneal the glass in the sealing regions,
      giving rise to inherent mechanical stress in the glass. The only ways
      possible of fastening the lead to the conductor resulted in a large volume
      for the electrode space and the danger of unsatisfactory operation if the
      assembly was not in a substantially upright position.
PAR  One object of the present invention is to provide a glass electrode
      assembly having a screened electrical lead which involves less elaborate
      glass working and a much simpler and more effective screening arrangement
      than in the prior known electrode assemblies. A further object of the
      invention is to provide an electrode assembly in which the electrolyte
      space can be small and can be substantially filled with electrolyte, with
      a corresponding improvement in performance over the prior known electrode
      assemblies.
PAR  According to the present invention there is provided an electrochemical
      electrode assembly comprising a tube of glass terminating in a glass
      member defining a glass membrane, said member containing a quantity of
      electrolyte liquid in contact with the internal surface of said membrane,
      the external surface of said membrane being externally accessible, closure
      means retaining the electrolyte in said tube, an electrical conductor
      passing through said closure means and extending into said electrolyte, an
      electrical lead extending into said tube and connected to said conductor,
      and an electrical screen surrounding said lead and extending to the
      proximity of said closure means, said closure means being made of a
      resilient electrically-insulating material and being of a size such that
      it is compressed by said tube and provides a sealing fit against the
      inside wall of the tube and the electrical conductor so as to form an
      electrically insulating barrier between the electrolyte and said
      electrical screen.
PAR  The electrode assembly of the invention may be manufactured by providing a
      glass tube having a substantially cylindrical portion terminating in a
      glass member providing a glass membrane, inserting electrolyte in said
      member, providing a closure plug of resilient electrically-insulating
      material of a size adapted to be a sealing fit within said cylindrical
      portion to retain said electrolyte in said member, said closure plug
      having an electrical conductor embedded in and passing therethrough,
      providing an electrical lead having a surrounding electrical screen and
      connecting said lead to said conductor, inserting a length of wire or
      other strip element into said tube at the end remote from said member,
      inserting said closure plug into said tube at the end remote from said
      glass member and moving the closure plug along the tube to the proximity
      of said glass member so that the conductor is in contact with the
      electrolyte, said wire extending between the plug and the wall of the
      glass tube and deforming the wall of the plug to form a groove therein
      which permits escape of air from said glass member, and withdrawing the
      wire from between the closure plug and the wall of the tube.
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      with reference to the accompanying drawing, in which:
PAR  FIG. 1 is an elevation view of an electrode assembly manufactured in
      accordance with the method of the present invention.
PAR  FIG. 2 is a sectional view of the lower end of the glass tube of the
      assembly fitted with the membrane and containing the electrolyte, the
      closure plug and the electrode conductor, and
PAR  FIG. 3 illustrates the components of the electrode assembly at one stage in
      the manufacture of the assembly.
DETD
PAR  Referring to FIGS. 1 and 2, the electrode assembly comprises an outermost
      cylindrical glass tube 1 which at its lower end at 2 is sealed to a glass
      member 3 at least part of which is formed as a thin glass membrane. The
      sealing of the tube to the member 3 results in a slight reduction of
      diameter as shown. The chamber formed by the lower end of the tube and the
      member 3 contains electrolyte 4, and an electrode conductor 5 has its
      lower end immersed in the electrolyte.
PAR  The electrode conductor 5 is in the form of a wire which is embedded in and
      extends through a closure plug 6 made of inert resilient
      electrical-insulating material, such as silicone rubber. The plug 6 has a
      cylindrical outer wall of a diameter slightly larger than the internal
      diameter of the glass tube 1 so that it is compressed when in position in
      the glass tube and is thus a tight sealing fit around its full periphery
      against the inside wall of the tube 1. The lower end of the plug 6 is
      conical to facilitate insertion of the plug into the top open end of the
      glass tube. The upper end of the plug 6 is of reduced diameter and fits
      within the lower end of an inner tube or sleeve 7, which can be of any
      suitable material, preferably of nylon, though it can be of polypropylene,
      or other similar material. The upper end of the plug 6 also has a central
      recess 8 which receives the end of a cable 9. The cable 9 is of the
      coaxial screened type, comprising an innermost central conductor 10, an
      insulator 11, a braided or laid electric conductive screening sheath 12
      and an outer impervious insulating layer 13. The electrode conductor 5
      passes through the plug 6 into the central recess 8 and is soldered or
      otherwise connected at 14 to the central conductor 10 of the cable. The
      screening sheath 12 of the cable and the outer insulating layer 13 are
      stripped back a short distance from the junction point 14 with the
      electrode conductor wire, as shown, and the end of the cable is sealed
      within the recess 8 by an inserted sealing material 15. This material
      should be flexible, and is conveniently an RTV sealant which is identified
      commercially as room temperature vulcanising (R.T.V.) sealant though other
      rubber based or rubber like sealants can be used.
PAR  At the upper end of the sleeve 7 the cable 9 passes through a further
      locating plug 16 fitting within the upper end of the tube 7. The plug 16
      is formed with a head as at 17 which is a sealing fit within the outer
      tube 1. Alternatively the zone at 16 can be filled with a suitable
      resilient sealing means, such as R.T.V. The upper end of the assembly is
      covered and protected by a cap 18. The cap can be of plastics material, or
      of metal such as anodised aluminium and is preferably a friction fit on
      the tube 1. The cap may be sealed to or fixed to the tube, for example by
      adhesive. The end of the cable 9 carries a connecting plug 19.
PAR  In the assembly of the electrode the glass tube 1 is mounted in an upright
      position and the electrolyte liquid fed into the bottom of the tube 1. It
      is essential that none of the electrolyte comes into contact with the wall
      of the tube at the part thereof occupied by the plug 6 in the assembled
      electrode since this would form an electric track past the plug. For this
      reason the electrolyte is preferably inserted in the tube by a syringe
      having an outlet nozzle which extends to the bottom of the tube.
PAR  The cap 18, the locating plug 16, 17, and the sleeve 7 are then threaded in
      succession onto the cable 9, the central conductor 10 soldered to the
      electrode conductor 5 and the recess filled with the sealing material 15.
      The plug 6 together with the cable 9 is then ready for insertion in the
      glass tube 1.
PAR  It is however not possible merely to insert the plug 6 into the open end of
      the tube and then force the plug down the tube, for the reason that the
      closure plug is a sealing fit against the inside wall of the tube 1 and
      the air in the tube would be compressed, and if the plug was forced down
      to the position shown in FIG. 2 the pressure of air would either fracture
      the thin glass membrane at the bottom of the tube or tend to force the
      plug back up towards the top of the glass tube. It is a feature of the
      present invention that, prior to or simultaneously with insertion of the
      closure plug 6 into the glass tube 1, a thin wire 20 is inserted into the
      glass tube 1 through the open upper end thereof, as shown in FIG. 3. The
      plug 6, together with the sleeve 7 and cable 9, can then be moved
      downwards inside the tube 1 to the position shown in FIG. 2. The wire 20
      extends between the plug and the wall of the glass tube and deforms the
      wall of the plug to form a groove 21 therein. The wall of the plug, even
      though it is compressed by the wall of the tube, does not completely fill
      the junction between the wire 20 and the wall of the tube 1 so that
      clearance passages are formed alongside the wire through which the air in
      the tube can escape past the plug when the plug is moved downwards to the
      position shown in FIG. 2. The wire 20 may be anchored to the top of the
      tube during the insertion of the plug 6, or alternatively the wire can be
      positioned alongside the plug and the wire and plug fed simultaneously
      into and down the tube. It is however essential that the wire 20 should
      not dip into the electrolyte since, in this event, when it was withdrawn
      the wire would smear electrolyte between the plug and the wall of the tube
      and form a track for electric current.
PAR  When the plug 6 is in the desired position in the tube 1, the wire 20 is
      withdrawn and the top of the tube sealed by the plug 16, 17 and cap 18.
      Upon withdrawal of the wire 20, the plug 6 expands into the space
      previously occupied by the wire and thereby provides an electrically
      insulating barrier between the electrolyte and the screening sheath 12 on
      the cable.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrochemical electrode assembly comprising a tube of glass
      terminating in a glass member defining a glass membrane, said member
      containing a quantity of electrolyte in contact with the internal surface
      of said membrane, the external surface of said membrane being externally
      accessible, closure means retaining the electrolyte in said tube, an
      electrical conductor passing through said closure means and extending into
      said electrolyte, an electrical lead extending into said tube and
      connected to said conductor, an electrical screen surrounding said lead
      and extending to the proximity of said closure member, and a sleeve
      mounted within said tube and abutting at one end against said closure
      means, said closure means comprising a plug of resilient
      electrically-insulating material having two portions of different
      diameter, the larger diameter portion of said plug being of a size such
      that it is compressed by said tube and provides a sealing fit against the
      inside wall of said tube and said electrical conductor, and the smaller
      diameter portion of said plug being fitted within said sleeve and
      providing a sealing fit against the inside wall of the sleeve, whereby
      said plug forms an electrically-insulating barrier between the electrolyte
      and said electrical screen.
NUM  2.
PAR  2. An electrochemical electrode comprising a tube of glass terminating in a
      glass member defining a glass membrane, said member containing a quantity
      of electrolyte in contact with the internal surface of said membrane, the
      external surface of said membrane being externally accessible, closure
      means retaining the electrolyte in said tube, a metallic electrical
      conductor passing through said closure means and extending into said
      electrolyte, and a co-axial screened electrical cable extending into said
      tube, said cable comprising an inner electrical lead connected to said
      conductor, a co-axial electrical screen surrounding said lead and
      insulated therefrom, and an external electrically insulating covering on
      said screen, characterized in that said closure means comprises a
      preformed plug of resilient electrical insulating material which in an
      unstressed condition has a transverse cross section of the same shape but
      larger diameter than the cross section of the interior of the tube,
      whereby upon insertion in the tube the plug is compressed by said tube
      between the wall of the tube and the electrical conductor, and the end of
      said cable is embedded in a mass of resilient electrically insulating
      sealing material on the adjacent end of the plug, whereby said plug and
      said mass of sealing material form an electrically insulating barrier
      between the electrolyte and the screen on the cable in direct sealing
      contact with said conductor, screen and tube.
NUM  3.
PAR  3. An electrochemical electrode as claimed in claim 2, characterized in
      that the end of the plug remote from the electrolyte is formed with a
      recess, the end of the cable extends into said recess, and the mass of
      sealing material is cast in said recess so as to embed the end of the
      cable in the sealing material.
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ABST
PAL  A system for protecting the personnel and the electrical equipment of power
      boats having non-metallic hulls, and for the cathodic protection of the
      hulls of the metal fittings of such boats when docked and supplied from a
      shore-based alternating current supply, in which circuit breakers are
      inserted in the hot leg and the neutral leg of the shore-based alternating
      current supply, and including a polarity alarm and a polarity light socket
      in which is inserted a polarity light tester as described in U.S. Pat. No.
      3,383,588, and in which the negative lead of the battery ground, the
      equipment ground, and the neutral leg of the shore-based alternating
      current supply are connected electrically with both the ground plate and
      the bonding ground of the boat.
BSUM
PAR  This invention relates to a system for the protection of personnel and the
      electrical equipment of power boats having non-metallic hulls, and for the
      cathodic protection for the hulls of such boats.
PAR  This application is a continuation-in-part of my prior application Ser. No.
      324,665, filed Jan. 18, 1973, entitled Cathodic Protection System for the
      metallic fittings of Non-Metallic Hulls of Power Boats. The latter
      application describes a novel circuitry in which a battery charger is used
      to maintain all banks of storage batteries in operating condition, a
      flexible switching arrangement permitting the testing and charging of each
      bank of batteries, together or separately, and in which the negative leads
      of the battery charger; the banks of storage batteries; the equipment
      ground, and the neutral leg of a shore-based alternating current supply
      are electrically connected with both the ground plate and the bonding
      ground of the boat to lessen or eliminate electrolysis. Such a circuitry
      eliminates the direct current being generated by the lag and lead in the
      sine wave between the equipment ground and neutral as well as the
      rectifying effect of the earth and sea water on the equipment ground.
PAR  The circuitry described in my prior filed application, above identified,
      which includes a battery charger as a component in the circuit, has been
      found to be particularly effective for the cathodic protection of the
      metallic fittings of non-metallic hulls of power boats. However, I have
      now found that the latter advantages may be obtained even though a battery
      charger is not included as a component in the electrical system.
PAR  In order to insure effective protection for both the boat's personnel and
      electrical equipment, the present circuit has been designed to incorporate
      a number of safe-guards, namely, circuit breakers in the hot leg and in
      the neutral leg of the 110-120 volt alternating current shore-based power
      supply; a polarity alarm and a polarity light socket in which is inserted
      a Hubbell Polarity Light, described in detail in U.S. Pat. No. 3,383,588,
      issued to R. F. Stoll et al., on May 14, 1968.
PAR  In my prior application it was pointed out that, normally, when boats of
      the type in question are docked, electrical power is obtained from a
      shore-based power source rather than from on-board electrical generation
      equipment.
PAR  The circuits customarily employed are usually responsible for excessive
      corrosion of the metal fittings of the boat which are immersed in sea
      water because of the galvanic condition existing between the boat and
      shore-based metal installations.
PAR  One of the purposes of this invention is to lessen or eliminate this
      objectionable electrolysis problem and at the same time to provide
      adequate safe-guards to insure protection for the personnel and boat
      equipment when the shore-based power supply at the dock is improperly
      wired or is defective for any reason.
PAR  In this system, all battery grounds, as in my prior system, and the 110-120
      volt alternating current shore-based equipment ground and neutral leg are
      electrically connected and it has been found that this minimizes the
      electrolysis problem encountered on conventionally wired boats with
      non-metallic hulls, and in most instances, eliminates the necessity of
      using sacrificial zincs.
PAR  These, and other advantages of my novel circuitry, will be apparent from
      the following description.
PAR  In the accompanying drawing there is shown a diagram of a preferred form of
      circuitry for power boats having non-metallic hulls, such as wood or fiber
      glass, and supplied from a shore-based 110-120 volt alternating current
      supply and including circuit breakers, a polarity alarm and a
      grounding-type test socket adapted to receive a circuit tester of the type
      herein described.
PAR  The major components of my improved circuit comprise a 110-120 volt
      alternating current shore-based source of power 1; a conventional shore
      connection 5; a reverse service boat receptace 6; 30-40 ampere circuit
      breakers B.sub.1 and B.sub.2 ; a single pole spring-loaded switch S.sub.1,
      normally closed; a grounding-type test socket PL.sub.1 ; and a polarity
      alarm, including a bell B.sub.3, and a warning light L.sub.1.
PAR  In the accompanying drawing, the numeral 1 designates, in general, a
      shore-based 3-wire 110-120 volt source of alternating current comprising a
      hot leg 2 (coded black); a neutral leg 3 (coded white); and an equipment
      ground 4 (coded green).
PAR  The numeral 5 identifies a conventional shore connection linked by the
      customary cable to the boat's electrical circuit through a reverse service
      boat receptacle 6. This portion of the circuit represents conventional
      practice as shown in the February 1972 issue of MOTOR BOAT AND SAILING,
      FIG. 1, at page 82.
PAR  The hot leg 2 of the shore-based power supply is connected through the
      shore connection 5 and the reverse boat receptacle 6 by line 8 to terminal
      9 of circuit breaker B.sub.1, of 30 or 40 ampere capacity. The other
      terminal 10 of this circuit breaker is connected by line 11 to the load,
      indicated generally as L.sub.2.
PAR  The neutral leg 3 is also connected through shore connection 5 and the
      reverse boat receptacle 6 by line 13 through junction 14 to terminal 15 of
      S.sub.1, a single pole, normally closed, spring loaded switch of 30 to 40
      ampere capacity. The other terminal 16 of this switch is connected through
      junction 17, by line 18 to terminal 19 of circuit breaker B.sub.2, also of
      30 or 40 ampere capacity. The ampere capacity of the two circuit breakers
      is preferably the same. The other terminal 20 of circuit breaker B.sub.2
      is connected through junction 21 by line 22 to the load, designated
      generally, by L.sub.2. Line 23 is connected at junction 21 to line 22 and
      to the ground plate 7.
PAR  The equipment ground 4 of the shore-based power supply is connected through
      shore connection 3 and the reverse service receptacle 6, by line 12 to
      ground plate 7.
PAR  PL designates a grounding-type test socket having three contacts 24, 25 and
      26, adapted to receive a three-prong circuit tester, such as that
      described in U.S. Pat. No. 3,383,588, issued to R. F. Stoll et al., on May
      14, 1968. The device described in this patent provides a reliable tester
      adapted for plug-in application in a grounding socket of the type shown
      and wired in accordance with the circuit described herein. The hot,
      neutral and grounding conductors of the socket must be correctly wired or
      connected with the corresponding conductots of the supply line or cable to
      which it is attached.
PAR  The tester described in the patent, identified above, is adapted to
      distinguishably indicate wiring errors, including the reversed connection
      of the hot and neutral terminals of the socket, respectively, with the
      neutral and hot conductors of the supply line; the reversed connection of
      the hot and grounding terminals of the socket, respectively, with the
      grounding and hot conductors of the supply line; the connection of the
      neutral terminal of the socket with the hot conductor of the supply line,
      and the failure to connect either the hot terminal, the neutral terminal
      or the grounding terminal of the socket with the corresponding conductor
      of the supply line.
PAR  Line 27 connects line 13 at junction 14, with contact 24 of the
      grounding-type test socket P.sub.L while line 29 connects contact 25 of
      said socket with the load, designated generally as L.sub.2. Contact 26 of
      the test socket P.sub.L is connected by line 28 to terminal 9 of the
      circuit breaker B.sub.1, completing the circuitry to the test socket.
PAR  The circuitry includes a polarity alarm designated generally, at P and
      comprises, for audible warning, a bell, B.sub.3, and for visible warning,
      a light, preferably red, L.sub.1.
PAR  Line 31 connects terminal 30 of terminal strip T.sub.1 to line 29 at
      junction point 32 while line 33 connects line 18 at junction point 17 with
      terminal 34 of said terminal strip. R.sub.1 designates a conventional
      double socket, the common terminal thereof 35, being connected by line 36
      to terminal 30 of terminal strip T.sub.1. The other terminals 37 and 38 of
      the double socket R.sub.1 are connected by line 39 and at junction 40 by
      line 41 to terminal 34 of terminal strip T.sub.1.
PAR  Terminals 42 and 43 of alarm bell B.sub.3 are connected by lines 44 and 45,
      respectively, to a conventional 2-prong plug 46.
PAR  Terminals 47 and 48 of warning light L.sub.1 are connected by lines 49 and
      50, respectively, to a conventional 2-prong plug 51. In operation, the
      plugs 46 and 51 are inserted into the upper and lower sockets,
      respectively, of receptacle R.sub.1. While I have illustrated but one form
      of plug and socket to connect the alarm bell and warning light into the
      circuit, it is obvious that other types of plugs and sockets may be used.
      The bell and light, for example, may be directly wired into the circuit
      and switches may be used if desired.
PAR  To complete the circuitry, line 52 connects the ground plate 7 with the
      battery ground while line 53 connects the ground plate 7 with the ship's
      bonding ground.
PAR  The herein described circuitry affords effective protection for personnel
      and the boat's electrical equipment. In the event the shore connection is
      improperly wired, namely, one in which a hot wire is connected to either
      ground, instantaneously, one or both circuit breakers will kick out,
      cutting off the current to the ship's equipment but not off the alarm
      since the latter draws its current from the hot or shore side of the
      circuit breakers rather than from the load side. The alarms, both audible
      and visual, will therefore continue to operate until unplugged from the
      improperly wired shore connection.
PAR  The Hubbell Polarity Light will not only indicate reversed polarity but
      also a broken or disconnected wire in any one of the three wires supplying
      the boat from a shore-based power source. This tester, as described in the
      patent, includes three interdistinguishable lamps, designated in the
      patent as 21 (red); 22 (yellow), and 23 (white), so wired as to
      selectively glow in response to correct or defective wiring conditions in
      a circuit including an electrical outlet into which the tester is plugged.
PAR  Correct or improper wiring in the circuit may be detected in accordance
      with the Table appearing at the top of Column 5 of the patent, namely,
      U.S. Pat. No. 3,383,588. If the wiring of the current supply is correct,
      the yellow and white lights will light up; if either the ground or neutral
      wire is open, the white light alone will light up; if the hot and neutral
      wires are reversed, the red and the yellow lights will light up, while if
      the hot and ground wires are reversed, the red and the white lights will
      be activated.
PAR  In the event the hot wire of the power source is connected to the neutral
      terminal, the hot terminal being unwired, only the red light will light up
      while if the hot wire is open, no light will show.
PAR  It will be obvious to those skilled in the art that various modifications
      may be made in the conventional portion of the described circuit within
      the scope of the present invention without departing from the spirit
      thereof, it being essential, however, that the neutral leg of the
      shore-based alternating current supply by electrically connected with both
      the ground plate and the bonding ground of the boat.
CLMS
STM  I therefore particularly point out and distinctly claim as my invention:
NUM  1.
PAR  1. In a system protecting personnel and electrical equipment of docked
      power boats having non-metallic hulls and protecting the immersed metal
      fittings of such hulls from corrosion, said boats being supplied from a
      shore-based source of 3-wire, customary voltage alternating current
      comprising a hot leg, a neutral leg and an equipment ground;
PA1  circuit breakers inserted in the hot leg and the neutral leg of the
      alternating current supply;
PA1  a polarity alarm which will continue to operate when a circuit breaker is
      in open position;
PA1  a grounding socket adapted to receive a polarity light tester;
PA1  a battery ground;
PA1  a ground plate and a bonding ground, and
PA1  an electrical circuit in which the negative lead of the battery ground, the
      equipment ground, and the neutral leg of the shore-based alternating
      current supply are electrically connected with both the ground plate and
      the bonding ground of the boat.
NUM  2.
PAR  2. The protective system of claim 1 in which the polarity alarm includes a
      bell for audible warning and a light for visual warning.
NUM  3.
PAR  3. The protective system of claim 1 in which the shore-based power source
      is 110-120 volt, 3-wire alternating current.
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PAL  A novel circuit of electrolytic cells comprising novel electrolytic cells,
      novel jumper switches and novel arrangement of the jumper switches
      referring to the electrolytic cells which enable the novel circuit to be
      designed to operate at high current capacities upward to about 500,000
      amperes while maintaining high operating efficiencies. These high current
      capacities provide for high production capacities which result in high
      production rates for given cell room floor areas and reduce capital
      investment and operating costs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a circuit of electrolytic cells suited with
      vertical electrodes for the electrolysis of aqueous solutions. More
      particularly, this invention relates to a circuit of electrolytic cells
      suited for the electrolysis of aqueous alkali metal chloride solutions.
PAR  Electrolytic cells arranged as a circuit have been used extensively for
      many years for the production of chlorine, chlorates, chlorites, caustic,
      hydrogen and other related chemicals. Over the years, such cells circuits
      have been developed to a degree whereby high operating efficiencies have
      been obtained, based on the electricity expended. Operating efficiencies
      include current, voltage and power. The most recent developments in
      electrolytic cells circuit have been in making improvements for increasing
      the production capacities of the individual cells while maintaining high
      operating efficiencies. This has been done to a large extent by modifying
      or redesigning the individual cells and increasing the current capacities
      at which the individual cells operate. The increased production capacities
      of the individual cells operating at higher current capacities provide
      higher production rates for given cell room floor areas and reduce capital
      investment and operating costs.
PAR  Circuit of electrolytic cells means a plurality of cells, which are
      electrically connected in series with a direct current power supply and
      which are arranged in one or more rows and are equipped with at least one
      portable jumper switch.
PAR  In general, the most recent developments in circuits of electrolytic cells
      have been towards larger cells which have high production capacities and
      which are designed to operate at high current capacities while maintaining
      high operating efficiencies. Within certain operating parameters, the
      higher the current capacity at which a cell is designed to operate, the
      higher is the production capacity of the cell. As the designed current
      capacity of a cell is increased, however, it is important that high
      operating efficiencies be maintained. Mere enlargement of the component
      parts of a cell designed to operate at low current capacity will not
      provide a cell which can be operated at high current capacity and still
      maintain high operating efficiencies. Numerous design improvements must be
      incorporated into a high current capacity cell so that high operating
      efficiencies can be maintained and high production capacity can be
      provided.
PAR  Circuits of electrolytic cells for making chlorine and caustic soda is of
      primary importance and will be used to exemplify our invention. Table I
      shows the development.
TBL  ______________________________________                                    

     current   KA   80.degree.                                                 

                              150       200                                    

     cell width   m ca.                                                        

                    1.6       2.3       3.0                                    

     cell length   m ca.                                                       

                    1.9       2.2       2.2                                    

     chlorine production                                                       

                    2.4       4.5       6.0                                    

     t/day                                                                     

     ______________________________________                                    

PAR  In the early prior art, chlor-alkali diaphragm cell circuits were designed
      to operate at the above mentioned current capacities having the shown
      production capacities.
PAR  Conventional circuits of electrolytic cells consist in a plurality of
      series-connected cells, normally arranged in two more rows. The cells are
      rated for a current up to about 150,000 Amps. The limited life time of
      certain cell parts, such as anodes, seperators respectively diaphragms,
      requires the removal of each cell from time to time and transportation of
      this cell to a workshop for the renewal of the spent or exhausted cell
      parts. Normally such cell circuits are equipped with one or more portable
      jumper switches for bypassing the electrical current around each
      incapacitated cell to the two adjacent cells, thus allowing steady
      operation of the cell circuit without any interruptions due to the
      incapacity of a cell.
PAR  In conventional cell circuits for bypassing a cell the jumper switch is
      positioned in an operation aisle in front of that cell and is electrically
      connected by means of busbars or cables to the cathode part of an adjacent
      cell and the anode part of the other adjacent cell. It is necessary to
      equip each cell with special means for the connection to the switch. By
      the positioning of the switch beside the cell row the current distribution
      in the adjacent cells is distubed.
PAR  As illustrated in FIG. -2- cell parts next to the operation aisle, where
      the switch is positioned, have to carry a higher electric load than
      normal, where as in the opposite cell parts the current is discharged.
      This uneven current distribution results in higher heat generation of
      overloaded cell parts, higher power consumption and lower current
      efficiency. Due to the fact of uneven current distribution in the
      switch-connected cells the length of the cells in conventional circuits is
      very limited. In conventional circuits of vertical-electrode cells the
      usual aspect ratio of cell length to cell width is about 2 or less.
      Regarding to this invention, cell length means the horizontal extension of
      the electrolytic chamber of the cell rectangular to the direction of the
      cell row and cell width means the horizontal extension of the electrolytic
      chamber of the cell in the direction of the cell row.
PAR  In conventional circuits of vertical electrode cells the jumper switch is
      located on the same level as the cells. For transportation of the
      incapacitated cell to the workshop the cell must be lifted by a crane over
      the switch or over the adjacent cells resulting in an enlarged
      construction height of the cell house building to accommodate the crane.
PAR  The above description of the prior art shows the development of
      chlor-alkali diaphragm cell circuits design to operate at higher current
      capacities with correspondingly higher production capacities. Chlor-alkali
      diaphragm cell circuits have now been developed which operate at high
      current capacities of about 150,000 amperes and upward to about 200,000
      amperes with correspondingly higher production capacities while
      maintaining high operating efficiencies.
PAR  Nevertheless the circuits of electrolytic cells of the prior art are still
      subject to some disadvantages, which influence efficiencies, operating
      costs and capital investment and which prevent further increasing of cell
      current and production rates.
PAC  SUMMARY OF THE INVENTION
PAR  It is the purpose of this invention to avoid disadvantages of conventional
      circuits of electrolytic cells due to the positioning of the jumper switch
      beside the cell rows in the operation aisle and to enlarge cell size and
      thus cell loads and product capacities by enlargement of the aspect ratio
      up to 8 or more while maintaining an equal current distribution in each
      cell regardless whether connected with the adjacent cell or whether
      connected with the jumper switch.
PAR  In accordance with the present invention, there is provided a novel circuit
      of electrolytic cells. The novel circuit of electrolytic cells comprises
      novel electrolytic cells having novel anode lead-in and cathode lead-out
      busbars, which are preferably uniformly disposed across substantially the
      entire length of the cell, a novel jumper switch, and a novel arrangement
      of the cells to the jumper switch.
PAR  The novel circuit of electrolytic cells comprises at least one row of a
      plurality of electrolytic cells whose length is at least twice as long as
      its width. The cells being disposed in row so that the anode lead-in and
      cathode lead-out are disposed along the length of each cell. The cell
      circuit contains at least one portable jumper switch located beneath the
      row of cells. The portable jumper switch has anode- and
      cathode-connections at opposite sides and uniformly disposed across
      substantially its entire length corresponding to the cell length. The
      novel circuit allows that a cell may be taken out of service by means of
      the jumper switch without interrupting the continuous operation of the
      other cells in the circuit. The portable jumper switch, located beneath
      the row of cells ensures that the electric current flows through the
      jumper switch from one cell to the other cell connected to the jumper
      switch in a straight line when viewed from the top.
PAR  Essential for this invention is the installation of a portable jumper
      switch beneath a cell row in its center line, as shown in FIG. 3, the
      adjustment of the length of the switch to the length of the cell allowing
      a short and straight-lined connection between the electrode elements of
      the one cell connected to the switch over a plurality of switch connectors
      and a plurality of switch contacts to the corresponding electrode elements
      of the other cell connected to the switch. In comparison to conventional
      cell circuits the new concept of this invention involves various
      advantages. Due to the position of the jumper switch in the center line of
      the cell row, due to the extension of the switch over the total cell
      length and due to the plurality of switch connectors and switch contacts
      extended over the total cell length any disturbance of the current flow in
      the switch connected cells occuring unnormal and bad operation conditions
      are avoided; fully independent on the length of the cell. The effect of
      any desired prolongation of the cell and the jumper switch allows scaling
      up of cells and switches to vary high capacities, such as 300,000, 400,000
      Amp. or even more with the consequence of according higher production
      rates of such cells, and savings of capital investment.
PAR  The possibility of such prolongation of cells and switches furthermore
      allows to design the cells for narrow width and long length, resulting in
      a high aspect ratio of cell length to cell width while maintaining high
      current and high production rates. The reduction of the cell width while
      maintaining high production rates is very advantageous because of the
      reduction of the path of the current to each cell and inside each cell,
      thus reducing the total path of the current in the circuit as shown in
      FIGS. 6 and 7. This reduction of the total current path of a circuit
      results in substantial savings in material for electrical conduction and
      reduced losses of electrical power in the circuit.
PAR  Additional advantages of the present invention are: good accessibility of
      all cells from beneath, good ventilation of the cell room, omission of
      water cooling means for overloaded cell parts of the switch connected
      cells, omission of additional busbars for the switch connection at each
      cell.
PAR  The novel circuit of electrolytic cells arrangement makes the most economic
      use of invested capital, namely, the amount of highly conductive metal
      used in the busbar structure. The configuration and different relative
      dimensions of the lead-in busbar and lead-out busbars and the plurality of
      busbar strips significantly reduce the amount of conductive metal required
      in the busbar structure as compared to the prior art. Lead-out busbars and
      the plurality of intercell connectors by means of their configuration and
      different relative dimensions are adapted to carry the electric current
      from cell to cell as well as from cell to switch without additional
      requirements of conductive material.
PAR  The novel electrolytic cell circuit comprises a circuit of chlor-alkali
      electrolytic cells wherein the anode lead-in and cathode lead-out are
      provided with separate electrical contact areas for the cell to cell
      connection and for the cell to jumper switch connection.
PAR  The anode lead-in and cathode lead-out be provided evenly disposed across
      substantially the entire length of the cell.
PAR  The novel circuit of electrolytic cells of the present invention may be
      used in many different electrolytic processes. The electrolysis of aqueous
      alkali metal chloride solutions is of primary importance and the circuit
      of electrolytic cells of the present invention will be described more
      particularly with respect to this type of process. However, such
      description is not intended to be understood as limiting the usefulness of
      the circuit of electrolytic cells of the present invention or any of the
      claims covering the circuit of electrolytic cells of the present invention
     .
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be more fully described by reference of the
      drawings in which is
PA1  Fig. 1: typical cell circuit
PA1  Figs. 2 and 3: Comparison, of switch to cell arrangement in cell room of
      prior art and of this invention (top view and transversal section)
PA1  Fig. 4: longitudinal view of switch to cell arrangement of this invention
PA1  Fig. 5: transversal view of switch to cell arrangement of this invention
PA1  Figs. 6 and 7: Comparison of current circuit of prior art and this
      invention
PA1  Figs. 8 and 9: Comparison of cell room piping of prior art and this
      invention
PA1  Figs. 10 and 11: Comparison of cross over busbar arrangement of prior art
      and this invention
DETD
PAR  FIG. 1 illustrates an arrangement of a circuit of electrolytic cells 1,
      which are connected electrically by means of intercell busbars 3 in series
      and where the first and the last cell is electrically connected with the
      direct current supply 2. The cells are installed in straight rows, for the
      electrical connection between the rows there are provided cross over
      busbars 4. The number of cell rows is variable, for instance, 2, 4 or 6
      rows.
PAR  In FIG. 2 the positioning of the jumper switch 5 and its connection with
      means of the switch connectors 6 to the cells in a conventional cell
      circuit is shown. It is evident, that the current distribution in the
      switch-connected cells is uneven, as indicated by the arrows of 7 in these
      cells. Furthermore the transport of an incapacitated cell or a renewaled
      cell between cell room and workshop is shown. It is evident that the crane
      8 has to lift the cell over the top of the jumper switch 5 or the cells in
      the cell rows.
PAR  In comparison to the prior art FIG. 3 shows the arrangement of the jumper
      switch 5 to cells in a cell circuit of this invention. The portable jumper
      switch 5 can be moved beneath a cell row exactly adjusted to the centre
      line of the row and can be positioned under each cell of the row to bypass
      this cell electrically. It is evident that the current distribution in the
      switch connected cells is very even, illustrated by the straight direction
      of the arrows 7 in these cells thus avoiding any disturbances of current
      distribution and related disadvantages. This is provided by the described
      arrangement of the switch and by the special switch construction, that
      means the adjustment of the length of the switch to the length of the cell
      and by the plurality of the switch connectors 6 extended over the total
      length of the switch respectively cell.
PAR  The arrangement of switch to cells and their connection in cells circuit of
      this invention is illustrated in detail in FIG. 4 in lonitudinal view to a
      cell row and the switch installed beneath. The portable jumper switch 5 is
      moved beneath the cell determined for switch off. The contacts 9 are in
      "off" position. Then, the plurality of the switch connectors 6 are
      attached to contact areas 3a at the cathode part of the one and contact
      areas 3 b at the anode part of the other adjacent cell. By conventional
      automatic devices for example activators then the switch 9 will be closed
      so the bypassed cell is interrupted from the current of the circuit. Then
      the plurality of the flexible intercell. busbars 3 between the
      incapacitated cell and the adjacent cells is disconnected so that the
      incapacitated cell can be removed and a renewable cell can be installed
      without any interruption or disturbance of the operation of the other
      cells of the circuit. The necessary maintenance operations before
      switching the new cell into the circuit is provided by the inverse
      sequence of the above description.
PAR  In FIG. 5 a transversal view of the cell with its support means and the
      switch installed beneath this cell is shown. In contradiction to
      conventional electrolytic cells the support structure of the cell of this
      invention is not provided beneath the cell, but outside the cell wall
      enclosure. For this purpose at the outside of the wall enclosure current
      insulated and adjustable bases 10 are provided, these bases 10 are
      supported on pillars 11. The pillars 11 can be used as supporting means of
      the cell gangway 12 too. The pillars 11 are provided in a height,
      sufficient for the necessary operation of the switch beneath the cell row.
      It is further shown, that the length of the switch 5 is adjusted to the
      length of the cell 1, more particularly, that the plurality of the switch
      connectors 6 is adjusted to the plurality of electrode elements 13 thus
      allowing a straight current flow between each electrode element and the
      corresponding switch connector.
PAR  FIG. 6 shows a circuit of electrolytic cells with vertical electrodes with
      conventional aspect ratio of cell length to cell width.
PAR  FIG. 7 shows a circuit of electrolytic cells with vertical electrodes of
      this invention, with the same number of cell, same number of electrode
      elements 13 per cell, same current as the circuit in FIG. 6, thus
      representing the same production rate, but with enlarged aspect ratio of
      cell length to cell width. It is evident that by this modification of the
      cell geometry the total length of the current flow between the output
      terminal of the power supply 2 through the cells and back to the input
      terminal of the power supply is substantial decreased in comparison to
      cell circuits of the prior art. This new geometrical cell circuit
      configuration results in significant savings of current conductor material
      as well as electric power, the more, the higher the number of installed
      cells is.
PAR  FIG. 8 illustrates a transversal section of a conventional cell room, with
      the cells positioned on the floor. The liquid cell products flow by
      gravity from the cells to a collecting tank. Due to the low position of
      the cells the liquor pipes 14 must be installed in trenches 15 whose
      depths depend on the length of a cell row and the collecting tank 16 must
      be installed in a pit 17.
PAR  In comparison to the prior art demonstrated in FIG. 8, FIG. 9 shows the
      arrangement of the cell liquor piping in a cell circuit of this invention.
      Due to the high position of the cells, collecting pipes and tank can be
      installed over the floor, avoiding all trenches and pits. All the other
      piping, for example, for product, utilities, or raw materials can be
      installed beneath the floor level 1 of the cells too so that no pipe line
      can interfere in the cell operators and crane area.
PAR  FIG. 10 shows arrangements of the cross over busbars 4 in conventional cell
      circuits. In case of overhead installing the cross over busbars interfere
      the crane area. In case of underfloor installing extensive trenches must
      be used for the reception of the voluminous cross over busbars.
PAR  In comparison to the prior art as demonstrated in FIG. 10 in FIG. 11 is
      shown an installation of the crossover busbars which makes use of the
      higher position of the cells regarding to a circuit of this invention. The
      crossover busbars are positioned below the level of the cell gangway 12
      and do not interfere with the cell aisle area, or the crane area or the
      floor area.
PAR  The novel circuit of electrolytic cells of the present invention have many
      other uses. For example, alkali metal chlorates can be produced using the
      circuit of electrolytic cells of the present invention by further reacting
      the formed caustic and chlorine outside of the novel circuit of
      electrolytic cells. In this instance, solutions containing both alkali
      metal chlorate and alkali metal chloride can be recirculated to the
      circuit of electrolytic cells for further electrolysis. The circuit of
      electrolytic cells can be utilized for the electrolysis of hydrochloric
      acid by electrolyzing hydrochloric acid alone or in combination with an
      alkali metal chloride. Thus, the novel circuit of electrolytic cells of
      the present invention is highly useful in these and many other aqueous
      processes.
PAR  While there have been described various embodiments of the present
      invention, the novel circuit of electrolytic cells described is not
      intended to be understood as limiting the scope of the present invention.
      It is realized that changes therein are possible. It is further contended
      that each component recited in any of the following claims is to be
      understood as referring to all equivalent components for accomplishing the
      same results in substantially the same or equivalent manner. The following
      claims are intended to cover the present invention broadly in whatever
      forms the principles thereof may be utilized.
CLMS
STM  We claim:
NUM  1.
PAR  1. A circuit of electrolytic cells installed in electrical series,
      comprising:
PA1  a plurality of vertical electrode cells whose aspect ratio of cell length
      to cell width is at least 2:1, said cells being disposed in at least one
      row so that the anode lead-in and cathode lead-out busbars are disposed
      along the length of each cell, said cell circuit containing at least one
      portable jumper switch beneath a cell row and movable along the center
      line of the cell row, said portable jumper switch having cell connectors
      on opposite sides, said jumper switch permitting that a cell may be taken
      out of service by conducting the current through the jumper switch without
      interrupting continuous operation of the other cells in the circuit
      thereby ensuring that the electric current flow through said connectors of
      the jumper switch from one cell to the other cell connected to the jumper
      switch is rectilinear in the top view of the cell row.
NUM  2.
PAR  2. A circuit of electrolytic cells according to claim 1 wherein the support
      means of the cells and the support structure carrying the cells are
      located outside the switch operating area permitting installation,
      movement and operation of the portable jumper switch beneath the cell row.
NUM  3.
PAR  3. A circuit of electrolytic cells according to claim 2 wherein the support
      structure supporting the cells is also used for supporting the cell
      gangways.
NUM  4.
PAR  4. A circuit of electrolytic cells according to claim 2 wherein the support
      structure carrying the cells is also used for supporting the piping of the
      cell room.
NUM  5.
PAR  5. A circuit of electrolytic cells according to claim 1 wherein the anode
      lead-in and cathode lead-out busbars are uniformly disposed across
      substantially the entire length of the cells.
NUM  6.
PAR  6. A circuit of electrolytic cells according to claim 1 wherein the anode
      lead-in and cathode lead-out busbars are provided with separate electrical
      contact areas for the cell to cell connection and for the cell to switch
      connection.
NUM  7.
PAR  7. A circuit of electrolytic cells according to claim 1 containing at least
      one portable jumper switch, said jumper switch comprising a plurality of
      flexible cell connectors, a plurality of switch contacts all evenly
      disposed across substantially the entire length of the switch
      corresponding to the length of the cell.
NUM  8.
PAR  8. A circuit of electrolytic cells according to claim 1 wherein means
      supporting the crossover busbars are arranged to be located below the
      level of the cell gangway.
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ABST
PAL  A process for the manufacture of a porous diaphragm of a synthetic
      material, especially polytetrafluoroethylene, which comprises forming a
      sheet of the synthetic material in admixture with a solid particulate
      additive (eg starch) to be removed therefrom, introducing said sheet into
      a cell, and removing the solid particulate additive from the sheet by
      treating the sheet in situ in the cell with an acid (eg hydrochloric acid)
      containing a corrosion inhibitor (eg propargyl alcohol). The porous
      diaphragms are especially suitable for use in diaphragm cells for the
      production of chlorine from sodium chloride brine.
BSUM
PAR  This invention relates to the manufacture of porous diaphragms.
PAR  More particularly, the invention relates to the manufacture of porous
      diaphragms based on polytetrafluoroethylene. Such diaphragms are
      especially suitable for use in cells electrolysing alkali metal chloride
      solutions.
PAR  In the specification of our UK Pat. No. 1,081,046 there is described a
      method of manufacturing porous diaphragms which comprises forming an
      aqueous slurry or dispersion of polytetrafluoroethylene and a solid
      particulate additive such as starch, adding an organic coagulating agent
      such as acetone to said dispersion and then drying the coagulated
      dispersion. An organic lubricant such as petroleum ether is then added to
      the dried coagulated material to serve as a processing aid when the
      material is being rolled into a sheet. On completion of the rolling
      operation the starch is removed to give the desired porous diaphragm. The
      lubricant can also be removed if required.
PAR  An improved method of manufacturing porous diaphragms in which the organic
      lubricant is replaced by water as the lubricant is described in the
      specification of our copending UK Application No. 5351/72. This method
      comprises preparing an aqueous slurry or dispersion comprising
      polytetrafluoroethylene and a solid particulate additive, thickening said
      aqueous slurry or dispersion to effect agglomeration of the solid
      particles therein, forming from the thickened slurry or dispersion a
      dough-like material containing sufficient water to serve as lubricant in a
      subsequent sheet forming operation, forming a sheet of desired thickness
      from said dough and removing solid particulate additive from the sheet.
PAR  In each of the above methods the solid particulate additives are removed
      from the diaphragm prior to introducing the diaphragm into the cell. The
      particulate additives may be removed, for example, by soaking the
      diaphragm in an acid, preferably a mineral acid eg hydrochloric acid. The
      diaphragm is then washed with water to remove the acid and assembled,
      whilst wet, into a cell. It is necessary to keep the diaphragm wet during
      assembly in order to prevent collapse of the pores and this leads to
      considerable difficulties in handling since the diaphragm is both
      extremely wet and extremely slippery (the latter being due to the
      polytetrafluoroethylene).
PAR  Further disadvantages arising from the use of pre-extracted diaphragms,
      prepared as described above, include the difficulty of ensuring adequate
      tautness of the wet diaphragm whilst in the cell unit, and the possibility
      of leakages occurring at the sealing gasket mounted along the wet edges of
      the diaphragm. We have now found that the above disadvantages and
      difficulties are obviated or mitigated by the process of the present
      invention in which the solid particulate additive is removed from the
      diaphragm in situ in in the cell.
PAR  According to the present invention there is provided a process for the
      manufacture of a porous diaphragm of a synthetic material for use in an
      electrolytic cell which comprises forming a sheet of the synthetic
      material in admixture with a solid particulate additive to be removed
      therefrom, introducing said sheet into an electrolytic cell, and removing
      solid particulate additive from the sheet by treating the sheet in situ in
      the cell by treating the sheet with an acid containing a corrosion
      inhibitor.
PAR  The process according to the invention is especially applicable to the
      manufacture of porous diaphragms based on synthetic organic polymeric
      materials, for example polyvinylidene fluoride and more particularly
      polytetrafluoroethylene.
PAR  Suitable acids include inorganic acids, especially mineral acids, for
      example nitric, sulphuric and hydrochloric acids, and organic acids, for
      example alkanoic acids, especially acetic acid.
PAR  In general, it is preferred to use hydrochloric acid in view of its ready
      availability in electrolytic chlorine plants and its cheapness, for
      example hydrochloric acid containing 16 to 18% HC1.
PAR  Corrosion inhibitors which may be used in the process according to the
      invention include any additives which are stable in the acid being used
      and which effectively prevent corrosion of mild steel. Suitable corrosion
      inhibitors include propargyl alcohol (prop-2-yne-1-ol; HC .tbd. C.CH.sub.2
      OH), thiourea and alkali metal thiocyanates (eg potassium thiocyanate),
      but the use of propargyl alcohol is preferred.
PAR  The proportion of corrosion inhibitor, for example propargyl alcohol, is
      conveniently, in the range 0.01 percent to 5.0 percent by volume, for
      example 0.1 percent by volume, based on the volume of acid.
PAR  The removal of solid particulate matter from the diaphragm may conveniently
      be carried out at an ambient temperature, although if desired it may be
      carried out at an elevated temperature, for example 50.degree.to
      60.degree.C, without any deleterious effects.
PAR  The acid, for example hydrochloric acid, may be used several times (eg 3 or
      4 times) without loss of effectiveness.
PAR  After treatment, the acid is drained off, the cell is refilled with the
      working electrolyte (for example sodium chloride brine) and electrolysis
      is commenced.
PAR  The process of the invention is applicable to the removal of a range of
      solid particulate additives from the diaphragm, for example starch (eg
      maize starch and/or potato starch), cellulose acetate, cellulose (as
      described in our copending UK Application No. 34169/73) and water-soluble
      inorganic bases or carbonates, for example calcium carbonate. It is
      preferred to use a mineral acid, especially hydrochloric acid, when
      removing starch, cellulose and water-soluble inorganic bases or
      carbonates, for example calcium carbonate. The use of acetic acid is
      preferred when removing cellulose acetate as the additive.
PAR  The unextracted diaphragms may conveniently be prepared from aqueous
      slurries or dispersions of the synthetic material (for example
      polytetrafluoroethylene) and the solid particulate additive by the methods
      described in our UK Pat. No. 1,081,046 and in our copending UK application
      No. 5351/72, referred to above.
PAR  When using polytetrafluoroethylene as the synthetic material for example,
      the preferred particle size of the polytetrafluoroethylene in the aqueous
      slurry or dispersion is in the range of 0.05 to 1 micron, for example 0.1
      to 0.2 micron.
PAR  Generally, the additive has a particle size substantially all of which are
      within the range of 5 to 100 microns. The amount of additive will depend
      on the permeability desired in the final diaphragm. Thus, the weight ratio
      of additive to polytetrafluoroethylene may be, for example, from 10:1 to
      1:10, preferably from 5:1 to 1:1.
PAR  In many cases it is desirable to incorporate other components in the
      aqueous slurry or dispersion which are not removed when the sheet is
      subjected to the treatment to remove the particulate additive. Examples of
      such components include particulate fillers, generally inorganic fillers,
      for example titanium dioxide which is particularly preferred, barium
      sulphate, asbestos, (for example amphibole or serpentine asbestos),
      graphite and alumina. Suitably the filler has a particle size of, for
      example, less than 10 microns and preferably less than 1 micron. The
      weight ratio of filler to the synthetic material, for example
      polytetrafluoroethylene may be for example from 10:1 to 1:10, preferably
      from 2:1 to 1:2.
PAR  The diaphragms produced by the process according to the invention are
      generally strong enough to be used without any support but for extra
      strength it may be desirable to incorporate a sheet of a suitable
      strengthening material, for example, a polymer gauze such as a
      polypropylene gauze.
PAR  The diaphragms thus produced are particularly suitable for use in
      electrolytic cells for the electrolysis of alkali metal halides, for the
      production of chlorine and caustic alkalies.
DETD
PAR  The invention is illustrated but not limited by the following Example in
      which all parts and percentages are by weight.
PAC  EXAMPLE
PAR  To 100 parts of an aqueous dispersion of polytetrafluoroethylene containing
      60% of the polymer in the form of particles approximately all in the size
      range 0.15 to 0.2 micron were added 101 parts of water, 60 parts of
      titanium dioxide of particle size approximately 0.2 micron, 60 parts of
      maize starch of particle size approximately 13 microns and 120 parts of
      potato starch of particle size less than 75 microns. The mixture was then
      stirred with a paddle-mixer for 30 minutes to form a substantially uniform
      paste. This paste was spread on trays and dried at 24.degree.C for 48
      hours to a water content 5.7% by weight. 100 parts of the resultant crumb
      were mixed with 52 parts of water to form a dough having a viscosity of 4
      .times. 10.sup.6 poise. The dough was then spread along the shortest edge
      of a rectangular piece of card, and calendered on the card between dual,
      even-speed, calender rolls, set 3 mm apart, into an oblong sheet. After
      calendering, the oblong sheet was cut, in the direction of calendering,
      into four equal pieces. These were laid congruently over each other to
      obtain a four-layered laminate. The card was picked up, rotated 90.degree.
      in the horizontal plane, and calendered (directed 90.degree. to the
      original direction of calendering) again through the 3 mm roll separation.
      This process, the successive cutting into four, stacking, rotating and
      calendering was repeated until the composition had been rolled a total of
      five times. The resultant laminate was cut into four, in the direction of
      calendering, stacked, removed from the card, and calendered, without
      rotation through 90.degree., the inter-roll space being reduced by the
      thickness of the card. After calendering, the laminate was cut, at right
      angles to the direction of calendering, into four equal pieces, stacked,
      rotated through 90.degree. and calendered again. This process, cutting at
      right angles to the direction of calendering, stacking, rotating and
      calendering was repeated until the composition had been rolled a total of
      nine times. The resultant essentially rectangular laminate was then passed
      through the rolls with its largest side directed at 90.degree. to the
      direction of calendering, and with the inter-roll space slightly reduced,
      no cutting, stacking or rotating through 90.degree. being involved. This
      process was repeated through a gradually reduced inter-roll space, the
      same edge of the laminate being fed to the rolls on each occasion, until
      the thickness of the laminate was 1.5 mm. A square of 22 .times. 26 mesh
      gauze woven of 0.011 inch diameter monofilament polypropylene yarn was
      placed on the top of the laminate, and rolled into the laminate by
      calendering through a slightly reduced inter-roll space.
PAR  The resultant reinforced sheet was removed from the rolls and assembled in
      an electrochemical cell. The cell was filled with 18% HCl containing 0.1%
      propargyl alcohol, and allowed to stand for 24 hours at ambient
      temperature. The acid was then drained from the cell and replaced with
      sodium chloride brine. The current was switched on and a head of brine
      applied across the diaphragm. Flow through the diaphragm was
      instantaneous. Design flow and normal cell voltage was achieved within 30
      minutes. Inspection of the hydrochloric acid drained from the catholytic
      compartment revealed that corrosion of the cathode had been minimal.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the manufacture of a porous diaphragm of a synthetic
      material for use in an electrolytic cell which comprises forming a sheet
      of the synthetic material in admixture with a solid particulate additive
      to be removed therefrom, introducing said sheet into an electrolytic cell,
      and removing solid particulate additive from the sheet in situ in the cell
      by treating the sheet with an acid containing a corrosion inhibitor.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the acid is a mineral acid.
NUM  3.
PAR  3. A process as claimed in claim 2 wherein the acid is nitric, sulphuric or
      hydrochloric acid.
NUM  4.
PAR  4. A process as claimed in claim 3 wherein the acid is 16 to 18% by weight
      hydrochloric acid.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the acid is an alkanoic acid.
NUM  6.
PAR  6. A process as claimed in claim 5 wherein the acid is acetic acid.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein the corrosion inhibitor is
      propargyl alcohol.
NUM  8.
PAR  8. A process as claimed in claim 1 wherein the corrosion inhibitor is
      thiourea.
NUM  9.
PAR  9. A process as claimed in claim 1 wherein the corrosion inhibitor is an
      alkali metal thiocyanate.
NUM  10.
PAR  10. A process as claimed in claim 9 wherein the corrosion inhibitor is
      potassium thiocyanate.
NUM  11.
PAR  11. A process as claimed in claim 1 wherein the proportion of corrosion
      inhibitor is in the range 0.01 to 5.0 percent by volume based on the
      volume of acid.
NUM  12.
PAR  12. A process as claimed in claim 11 wherein the proportion of corrosion
      inhibitor is 0.1 percent by volume based on the volume of acid.
NUM  13.
PAR  13. A process as claimed in claim 1, which is carried out at ambient
      temperature.
NUM  14.
PAR  14. A process as claimed in claim 1, which is carried out at a temperature
      in the range 50.degree. to 60.degree.C.
NUM  15.
PAR  15. A process as claimed in claim 1 wherein the synthetic material is
      polytetrafluoroethylene.
NUM  16.
PAR  16. A process as claimed in claim 1 wherein the solid particulate additive
      is starch, cellulose, cellulose acetate, or a water-insoluble base or
      carbonate.
NUM  17.
PAR  17. A process as claimed in claim 16 wherein the removable solid
      particulate additive is maize starch and/or potato starch or calcium
      carbonate.
NUM  18.
PAR  18. An electrolytic cell fitted with a porous diaphragm, which porous
      diaphragm is produced in accordance with claim 1.
NUM  19.
PAR  19. An electrolytic cell as claimed in claim 18 for the electrolysis of an
      alkali metal chloride brine.
NUM  20.
PAR  20. An electrolytic cell as claimed in claim 18 for the electrolysis of
      sodium chloride brine.
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ABST
PAL  Describes an electrolysis cell having metal anodes (preferably titanium)
      and metal cathodes connected together, back to back, by a metal to metal
      contact forming a bimetallic partition. The anodes and cathodes are in
      wave form with their active surfaces intermeshed together and the cell may
      be unipolar or bipolar with terminal positive and negative end unit cells
      and a plurality of intermediate cell units.
BSUM
PAR  This invention relates to electrodes, namely, cathodes and anodes, for use
      in diaphragm electrolysis cells and to the electrolysis cell made by the
      use of these electrodes. The electrodes may be either unipolar or bipolar,
      but to better illustrate the advantages of this invention, the use of
      bipolar electrodes in the production of chlorine and caustic soda will be
      described in the principal embodiment of the invention illustrated and
      described below.
PAR  Electrolysis cells built according to the teachings of this invention may
      be used for the electrolysis of sodium or potassium chloride to produce
      chlorine and caustic soda or caustic potash, for the production of
      chlorates or perchlorates, for the electrolysis of hydrochloric acid, to
      produce hydrogen and chlorine, for the electrolysis of water to produce
      hydrogen and oxygen, for the electrolysis of sodium and potassium sulfate
      to produce caustic soda or caustic potash and sulphuric acid, for
      electro-osmosis and electrodialysis, for organic oxidation and reduction
      reactions, for electrometallurgical uses and for other processes which may
      be carried out by electrolysis reactions.
PAR  One of the objects of this invention is to provide new types of electrodes
      and electrolysis cells in which anodic and cathodic reactions may be
      carried out more efficiently than in prior electrolysis cells.
PAR  Another object of this invention is to provide new types of unipolar and
      bipolar electrolysis cells which are easier and cheaper to construct and
      operate than prior electrolysis cells.
PAR  Another object of this invention is to provide a metal to metal bimetallic
      connection between the anodes and the cathodes of a bipolar electrolysis
      cell.
PAR  Various other objects and advantages of this invention will appear as this
      description proceeds.
DRWD
PAR  Referring now to the drawings, which show various concrete and diagrammatic
      embodiments of the invention for the purpose of illustration:
PAR  FIG. 1 is a plan view with parts broken away, of a three unit bipolar cell
      constructed according to the principles of this invention;
PAR  FIG. 2 is a part sectional side view, with parts broken away, of the cell
      illustrated in FIG. 1;
PAR  FIG. 3 is a partial front view of the three unit bipolar cell illustrated
      in FIGS. 1 and 2;
PAR  FIG. 4 is a cross sectional view, approximately on the line 4 -- 4 of FIG.
      1;
PAR  FIGS. 5 and 6 are detail cross sectional plan views of the anode-cathode
      connections in a bipolar cell;
PAR  FIG. 7 is a diagrammatic perspective view of a portion of a bipolar anode
      and cathode showing the connection therebetween;
PAR  FIG. 8 is a cross sectional view of another embodiment of this invention,
      along the line 8 -- 8 of FIG. 9;
PAR  FIG. 9 is a diagrammatic sectional view along the line 9 -- 9 of FIG. 8;
PAR  FIG. 10 is a sectional view approximately along the line 10 -- 10 of FIG.
      9; and
PAR  FIG. 11 is a plan view showing the use of diaphragms on both the anode and
      cathode fingers with the electrolyte being fed into the cell between the
      two diaphragms.
DETD
PAR  In bipolar diaphragm cells used in the past for the electrolysis of brine,
      the diaphragm covered steel screen cathode fingers have been used with
      graphite anode plates in the places between the cathode fingers. As
      illustrated, for example, in U.S. Pat. No. 3,337,443, the electrical
      connection between the steel screen cathode fingers and the graphite anode
      set of the next bipolar element was normally a complicated system of
      graphite and steel bolts with springs to hold the connections together.
      This presented a bulky construction with complicated maintenance problems,
      and the bipolar graphite anode and steel cathode cells of the prior art
      usually had a useful life of only 6 to 8 months before rebuilding was
      necessary. In the bipolar cells of this invention, both the anodes and the
      cathodes are constructed of metal and there is a metal to metal connection
      between the electrodes and a metal to metal path for the flow of current
      through the cell.
PAR  Referring now to the embodiments of this invention illustrated in FIGS. 1
      to 6 of the drawings, FIG. 1 illustrates a three unit bipolar cell having
      a terminal positive end unit A, an intermediate unit B and a terminal
      negative end unit C. Only one intermediate unit B has been illustrated,
      but it will be understood that any number of intermediate units B, B, etc.
      may be used. The unit A consists of a positive (anode) end plate 1,
      preferably of steel, to which the positive electrical connections 2 are
      secured. The plate 1 is provided with a titanium, tantalum or other valve
      metal lining 3 which is resistant to the electrolyte and the electrolysis
      conditions encountered in the cell and the anode waves or fingers 4 are
      connected to the titanium lining by titanium connectors 5, illustrated in
      greater detail in FIGS. 5 and 6 and described in detail below, which space
      the anodes from the lining 3 and insure good electrical connections
      between the end plate 1 and the anode waves or fingers 4. The interior of
      the anode waves are hollow as illustrated in FIGS. 1, 5, 6 and 7. The
      titanium or other valve metal lining 3 is secured to the end plate 1 by
      sandwich welding, using intermediate sandwich metals if necessary, or by
      bolting or any other connection which insures a good metal to metal
      electrical contact between the end plates 1 and the electrolyte resistant
      lining 3. Titanium, tantalum or other valve metals or alloys of these
      metals may be used for the lining 3 and the anode waves or fingers 4.
PAR  The end anode plate 1 is spaced from a steel cathode supporting end plate
      1a, from which the steel screen cathode waves or fingers are supported by
      welding strips or projections 7 which space the cathode from end plates 1a
      and form the electrical connection between the cathode fingers and the
      steel plate 1a. A rectangular spacer frame 8 forming the side walls of
      each cell unit, extends between the lining 3 and a squared pipe 9 which
      surrounds the catholyte compartment 10 formed between the inside of the
      cathode fingers 6 and the plate 1a. The spacers are lined with a titanium
      lining 8a or with a polyester or other lining which is resistant to the
      anolyte and the corrosive conditions encountered in an electrolytic cell.
      The rectangular spacer frames 8 are provided with outwardly extending
      flanges 11a which form the joints between the spacers 8 and the end plates
      1, 1a, etc. and rubber gaskets 11 seal the joints between the plates 1 and
      1a and the spacers 8 so that a fluid-tight box-like structure housing the
      anode waves 4 and the cathode waves 6 is formed between the plates 1 and
      1a in each of units A, B and C of the bipolar cell. Inside each cathode
      finger 6, zigzag bent steel reinforcements 12 are welded at spaced
      intervals inside the cathode fingers to prevent collapse of the screen
      cathode waves or fingers 6 when an asbestos or other diaphragm material is
      deposited on the screen cathode fingers under vacuum. The steel screen
      cathode waves or fingers 6 are closed at the top and bottom as illustrated
      in FIG. 4 and are covered with a diaphragm material 6a (FIGS. 5 and 6),
      usually either woven asbestos fiber or asbestos flock applied under
      vacuum. The diaphragm material covers the side walls as well as the top
      and bottom of cathode waves or fingers 6. The diaphragms are only
      partially and diagrammatically shown in FIGS. 5 and 6, but it will be
      understood that the cathode waves 6 are completely covered with diaphragms
      in the cells. The diaphragms separate the anolyte compartment from the
      catholyte compartment and keep the gases formed in each of these
      compartments separate as is well understood in the diaphragm cell art. In
      the case of chlorine and caustic production from a sodium chlorine brine,
      the diaphragms keep the chlorine released at the anode from mixing with
      the sodium hydroxide and hydrogen formed at the cathode.
PAR  When the cell illustrated in FIGS. 1 to 3 is used for the electrolysis of
      sodium chloride brine to produce chlorine, caustic soda and hydrogen, the
      electrolyzing current flows from the anode waves 4 to the cathode waves 6.
      Chlorine is released at the anode waves or fingers, the brine flows
      through the diaphragms surrounding the cathode waves 6 and caustic soda
      and hydrogen are formed at the cathode surfaces inside the diaphragms.
PAR  Chlorine (or other anodic gases) released at the anodes 4 rises along both
      the front and the back of the anodes 4 through the electrolyte and escapes
      through the chlorine passages 13 into brine containers 14 on the top of
      each cell unit A, B, C and flows out of the chlorine outlets 15 to the
      chlorine recovery system. A pipe connection 16 feeds brine from each of
      the brine containers 14 (FIG. 2) to the spaces between the anode and
      cathode fingers of the cell units A, B and C and a sight glass 16a (FIG.
      3) indicates the level of the brine in the brine containers 14.
PAR  Sodium hydroxide and hydrogen released at the cathode fingers flows into
      the catholyte space between diaphragms surrounding the cathode fingers 6
      and the end plates 1a and into a squared pipe 9 (FIG. 4) which surrounds
      the catholyte space. The hydrogen flows upward through the holes 9a at the
      top of the squared pipe 9 and out through the hydrogen outlets 17 and the
      depleted brine containing the sodium hydroxide (about 11 - 12%) flows
      through the holes 9b to the catholyte outlet 18. An electrolyte drain 18a
      near the bottom of the square pipe 9 permits the catholyte compartment, as
      well as the anolyte compartment, of each cell unit to be drained.
      Partitions 18b at each end of the bottom leg of squared pipe 9 seal off
      the bottom leg so that no electrolyte enters the bottom leg of squared
      pipe 9. A gooseneck connection 18c (FIG. 3) communicating with the
      catholyte outlet 18 is adjustable to control the level of the catholyte in
      the catholyte compartment, preferably by pivoting the gooseneck 18c around
      the outlet 18 so that the catholyte level is always sufficiently below the
      anolyte level to insure a sufficient flow from the anolyte compartments
      through the diaphragms into the catholyte compartments.
PAR  The cell units A, B, B, B and C are mounted on I-beam supports 19 (FIG. 3),
      supported on insulators 19a. Syenite plates 20 cemented to the upper faces
      of the I-beams 19 insulate the titanium lined boxes of the cell units A, B
      and C from the metal I-beams and permit the heavy elements of the cell
      units to slide on the syenite plates 20 without too great friction during
      assembly or disassembly of the units. The sides of spacers 8 and the ends
      1 and 1a are held together by tie rods 21a, suitably insulated from their
      surrounding parts by means of insulating bushings, as shown in FIGS. 1 and
      5. The temporary bolts 21 shown in FIGS. 1 and 5, are used only during
      assembly of the electrolyzer, to tighten the units together at the flanges
      11a and are taken off before start up of the cell in order to avoid short
      circuits. During operation of the cell, the tie rods 21a, suitable
      insulated from their surrounding parts, hold the terminal end plates 1 and
      1a and the rectangular side spacers 8, forming the electrolyte box of each
      cell unit, together. The tie rods 21a extend from the positive terminal
      end plate 1 of unit A to the negative terminal end plate 1a of the
      terminal unit C regardless of the number of intermediate units B in the
      bipolar cell assembly.
PAR  The electrolyzing current flows consecutively from the positive terminal 2
      through the end unit A, through the intermediate units B, which vary in
      number from one to twenty or more, depending on the size and use of the
      bipolar cell, and through the terminal unit C to the negative terminal 2a
      of the circuit. The anode waves or fingers 4 are preferably made of
      titanium mesh, suitably coated with an electrocatalytic conductive coating
      such as a platinum group metal or mixed oxides of titanium and platinum
      group metal oxides. Other valve metals and other coatings may be used. The
      cathode waves or fingers 6 are preferably steel screen material or other
      ferrous metal similar to the cathode screens now used in diaphragm cells.
      However, other metals may be used for the anode and cathode waves
      depending on the material to be electrolyzed and the end products to be
      produced.
PAR  The anodes 4 and cathodes 6 are preferably formed as uniform waves or
      fingers nested together and uniformly spaced apart, as illustrated in
      FIGS. 1, 5 and 6, to provide a substantially uniform electrode gap between
      the anodic surfaces and the cathodic surfaces. The anode waves 4 and
      cathode waves 6 may be moved together by moving the plates 1 and 1a with
      the anodes and cathodes mounted thereon horizontally toward each other, to
      form the nesting anode and cathode waves as illustrated in FIGS. 1, 2, 5
      and 6, or, by giving a slight taper in the vertical direction to the anode
      and cathode waves, the anodes and cathodes may be nested together by
      vertically inserting the cathode waves between the anode waves. The anode
      waves 4 and cathode waves 6 need not be long or deep as illustrated.
      Shallower waves may be used, but the deeper waves illustrated provide
      greater anode and cathode surfaces within cell units of the same square
      area than shallower waves would provide.
PAR  The words "waves" or "fingers" wherever used in the specification or claims
      are intended to describe the wave embodiments of FIGS. 1 to 6 or the
      finger embodiments of FIGS. 8 to 10.
PAR  To insure good electrical connection between the anodic and the cathodic
      sections of the cell, the anodic metals, such as titanium, tantalum and
      other valve metals, are preferably sandwich welded to the steel plates 1
      and 1a constituting the anodic and cathodic pole of any single cell unit,
      using appropriate intermediate metals, such as copper, lead, etc., to form
      the sandwich weld, if necessary. Other means which will provide good
      electrical connections may be used. The valve metal anodic plates 3 and
      the steel cathodic plates 1a form bimetallic partitions between the cell
      units A-B-B-B and C.
PAR  As illustrated in FIG. 5, the anode waves 4 are connected to and spaced
      from the titanium lining plate 3 by titanium or other cylinders 5 welded
      to the plate 3. The cylinders 5 are screw threaded on the inside and
      titanium bolts 5a are used to connect the anode waves 4 to the cylinders 5
      and plate 3, using titanium strips 22b, where the titanium anodes are
      welded on. The steel cathode waves 6 are connected to the plates 1a by
      steel strips 7 welded to the plates 1a and to the trough or base of the
      waves 6. The cathode waves are entirely covered with a diaphragm material,
      such as woven asbestos, asbestos fibers or the like, partially illustrated
      at 6a in FIGS. 5 and 6. A modified form of connection between the steel
      plates 1a and the anode waves is illustrated in FIG. 6, in which holes 22
      are drilled part way through plates 1a and screw threaded. Hollow titanium
      bolts 22a are screwed into these holes and, after tightening, are welded
      to the titanium plate 3 to insure a fluid tight connection, and titanium
      bolts 5a used to connect the titanium strips 22b with the trough of anode
      waves 4 and with the hollow titanium bolts 22a. Titanium strips 22b
      distribute the current to the anode waves 4. The titanium anode waves 4
      may be solid titanium sheet, perforated titanium sheet, slitted,
      reticulated titanium plates, titanium mesh, rolled titanium mesh, woven
      titanium wire or screen, titanium rods or bars all of which will be
      referred to as "open mesh" construction or similar tantalum and other
      valve metal plates and shapes or alloys of titanium or other valve metals,
      or any other conductive form of titanium and the waves 4 are provided with
      a conductive electrocatalytic coating capable of preventing the titanium
      from becoming passivated, and when used for chlorine production are
      capable of catalyzing discharge of chloride ions from the surfaces of the
      anodes. The coating may be on either one or both faces of the anode waves
      and is preferably on the face of the anode waves 4 facing the cathodes 6.
PAR  Diaphragms may be provided on the anode waves 4 or the cathode waves 6 or
      on both the anode waves and cathode waves as illustrated in FIG. 11, and
      the anolyte liquor and catholyte liquor kept separate by cell liquor
      between the diaphragms. The cell liquor undergoing electrolysis may be
      flowed into the space between the anode diaphragms and the cathode
      disphragms and the anolyte liquor and gaseous anode products flowed out
      from the inside of the anode fingers or waves as the gaseous and liquid
      cathode products are flowed out from the inside of the cathode fingers in
      the embodiments of FIGS. 1 to 6 described above and more complately shown
      and described in connection with FIG. 11.
PAR  FIGS. 7 to 10 are diagrammatic embodiments, illustrating, in principle,
      various forms of this invention. In the diagrammatic illustration of FIG.
      7, the perforated or reticulated titanium anode waves or fingers 30 are
      mounted in the front of a titanium hollow box 31 with which the hollow
      insides of the fingers 30 communicate. The back of the box 31 is a sheet
      of titanium 31a which is welded, bolted or otherwise secured to the back
      32a of steel box 32 to which the screen cathode fingers 33 are secured.
      The interior of the cathode fingers communicate with the interior of steel
      box 32 and the exterior of the cathode fingers are covered with diaphragm
      material. While only two anode fingers 30 and one cathode finger 33 are
      shown in FIG. 7, it will be understood that a plurality of anode and
      cathode fingers are used and that these fingers mesh as illustrated in
      FIG. 8. In a complete cell according to FIG. 7, the anode and cathode
      fingers are meshed together as illustrated in FIGS. 1, 6 or 8 to form
      intermediate cell units and terminal positive and negative end plates are
      provided to form a bipolar cell containing the anode and cathode sets
      illustrated in FIG. 7.
PAR  Brine enters the box 31 at the brine inlet 34 and flows out through the
      hollow anode fingers 30 toward the nested cathode fingers 33 (not shown),
      facing the anode fingers 30 at the left side of FIG. 7. Chlorine formed at
      the anodes flows out box 31 at the chlorine outlet 35. The front or anode
      finger face of box 31 is provided with slots or openings 31b through which
      chlorine gas may flow into the box 31 as well as from the inside of the
      anode fingers 30. Hydrogen released inside the diaphragms at the cathode
      fingers 33 flows out of outlet 36 and sodium hydroxide (11 - 125) and
      brine flow from the outlet 37.
PAR  In the diagrammatic embodiments of FIGS. 8, 9 and 10, the current flows
      from right to left in FIG. 8. The anode fingers 30a and the cathode
      fingers 33a fit between each other as illustrated in FIG. 8, to form the
      cell units A', B', B' and C' and positive and negative end plates 40 and
      41 form the terminal connections for the bipolar cell. The end plate 40
      and the sides of the box-like structure formed by units A', B', B' and C'
      are lined with titanium or other material which is resistant to the
      corrosive conditions encountered in a chlorine cell. Various valve metals
      may be used for this purpose, and glass fiber polyester or hard rubber
      lining may be used in those areas where no current is to be conducted.
      Intermediate titanium and steel plates 42 and 43 welded back to back
      separate the cell units A', B', B' and C' and provide supports,
      respectively, for the anode fingers 30a and cathode fingers 33a. Brine
      enters the titanium boxes 31, supporting the anode fingers 30a, at the
      brine inlets 34a and flows toward the diaphragm covered cathode fingers
      33a. Chlorine is discharged through the chlorine outlets 35a, hydrogen is
      discharged from the steel boxes 32c through the hydrogen outlets 36a and
      sodium hydroxide and depleted brine is discharged through the outlets 37a.
      The long bolts 44 which hold the units A', B', B' and C' together are
      suitably insulated from the end plates 40 and 41 to prevent short circuits
      around the cell units.
PAR  FIG. 11 shows an embodiment of the invention in which both the mesh anode
      fingers 4 and steel cathode fingers 6 are provided with diaphragms 4a and
      6a and in which the fresh electrolyte enters the cell through passages 23
      and flows through the diaphragms covering both the anode fingers 4 and the
      cathode fingers 6. The cell box walls 1, 1a, 8, etc. are lined with
      titanium sheets 3 or other suitable corrosion resistant lining as
      described in the previous embodiments. When an electrolyzing current is
      passed through the electrolyte between the anodes and the cathodes, the
      anodic products are released at the anodes and the cathodic products at
      the cathodes. The anodic and cathodic products are kept separate by the
      two diaphragms 4a and 6a and by the body of electrolyte between the two
      diapharagms. This embodiment is particularly useful for the electrolysis
      of sodium or potassium sulfate solutions to produce sodium or potassium
      hydroxide and sulfuric acid. It may, however, be used for other
      electrolysis processes.
PAR  The concrete and diagrammatic embodiments of the invention shown herein are
      for illustrative purposes only and various modifications and changes may
      be made within the spirit and objects of the invention. The cells
      illustrated may be used as unipolar single cells or as bipolar multiple
      cells and while titanium and steel have been described as the metals of
      construction, various dissimilar metals may be used for the anodes and
      cathodes of the cell units. Examples of other suitable anode metals are
      lead, silver and alloys thereof and metals which contain or are coated
      with PbO.sub.2, MnO.sub.2, Fe.sub.3 O.sub.4 etc. and examples of other
      suitable cathode metals are copper, silver, stainless steel, etc. The
      metals used should be suitable to resist the corrosive or other conditions
      encountered in the cell when operating on a particular electrolyte. While
      diaphragms on the cathodes, the anodes or both will usually be used, the
      cells can be used without diaphragms for certain purposes, such as
      chlorate, perchlorate, hypochlorite, periodate production and for other
      electrolysis processes in which diaphragm separation of the electrolysis
      products is not necessary.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrolysis cell, a plurality of cell units, a rectangular frame
      around each cell unit, an anode compartment and a cathode compartment in
      each cell unit, said anode compartments and cathode compartments being
      separated from the anode and cathode compartments of the adjacent cell
      units by a continuous separating partition of a ferrous metal on the
      cathode side and a valve metal on the anode side, said frames and the
      anode and cathode compartments therein being substantially rectangular
      throughout and extending substantially from top to bottom and from side to
      side of said cell units, a plurality of valve metal anodes in hollow wave
      form in each said anode compartment, valve metal electrical connectors
      between the base of the waves of said anodes and the valve metal of said
      separating partition, said electrical connectors spacing the anodes from
      the valve metal of said partitions, an electrically conductive
      electrocatalytic coating on said anode waves, a plurality of metal
      cathodes in wave form in said cathode compartments, electrical connectors
      between the base of said cathode waves and the ferrous metal of said
      partitions, said electrical connectors spacing the cathodes from the
      ferrous metal of said partitions, said anodes and cathodes extending
      substantially vertically in said compartments substantially from the top
      to the bottom and from side to side of said compartments, said anodes and
      cathodes being nested together to provide a substantially uniform spacing
      between the anode and cathode surfaces, a lining on the side walls of said
      anode compartments resistant to the electrolyte and electrolysis
      conditions, means to feed an electrolyte to said cell, means to pass an
      electrolysis current through the electrolyte between said anode and
      cathode surfaces, means to discharge anodic gases and cathodic gases from
      said cell, and means to discharge a catholyte liquor from the cathode
      compartments of said cell.
NUM  2.
PAR  2. The cell of claim 1, in which diaphragms are provided between the anode
      and cathode waves.
NUM  3.
PAR  3. The cell of claim 2, in which the anodes are made of titanium, and the
      lining of the anode compartment is made of titanium.
NUM  4.
PAR  4. A bipolar electrolysis cell according to claim 2, in which the cathodes
      are diaphragm covered steel net and the anodes are open mesh titanium
      provided with a conductive electrocatalytic coating.
NUM  5.
PAR  5. A bipolar electrolysis cell according to claim 4, in which the anodes
      are in the form of closed end fingers extending from the valve metal
      portion of said separating partitions, the cathodes are in the form of
      fingers extending from the ferrous metal portion of said separating
      partitions, the rectangular frame is titanium lined, the anode fingers and
      the cathode fingers nest together providing a uniform spacing therebetween
      and the valve metal of said separating partitions and the ferrous metal of
      said separating partitions are secured together back to back to provide a
      bipolar metallic electrical contact between one cell unit and another cell
      unit.
NUM  6.
PAR  6. A bipolar cell according to claim 5, in which the titanium and the
      ferrous metal of said separating partitions are secured together by
      electric welding.
NUM  7.
PAR  7. A bipolar electrolyzer according to claim 5, in which the titanium
      portion and the ferrous metal portion of said separating partitions are
      secured together by titanium bolts extending through the titanium portion
      into threaded holes in the ferrous metal portion of said separating
      partitions and the anode waves are connected to the titanium bolts to
      provide an electrical path between the bipolar cell units.
NUM  8.
PAR  8. The cell of claim 7, in which the anode waves are connected to the
      titanium bolts which extend into the ferrous metal portion of the
      separating partitions by smaller titanium bolts which are screw threaded
      into a hole in the first-named titanium bolts.
NUM  9.
PAR  9. A bipolar electrolyzer according to claim 5, in which the cathode
      compartments are surrounded by a rectangular-shaped steel pipe frame, said
      frame has a number of holes in its upper horizontal leg for the passage of
      gas into the horizontal leg and a gas discharge passage from said
      horizontal leg and one of the side legs of said frame has holes for the
      passage of catholyte liquor into said side leg and said side leg is
      connected to an adjustable catholyte outlet.
NUM  10.
PAR  10. The cell of claim 1, in which the anodes are of open mesh construction
      and each cell unit is provided with a diaphragm and means are provided to
      regulate the level of the catholyte liquor in the cathode compartments.
NUM  11.
PAR  11. A bipolar electrolyzer according to claim 1, in which a chlorine
      resistant container on the top of each cell unit receives produced
      chlorine gas from the cell units and feeds fresh brine into the cell
      units.
NUM  12.
PAR  12. The cell of claim 1, in which the means to discharge catholyte liquor
      from the cathode compartment constitutes an adjustable tube to control the
      catholyte liquor level in said cell unit.
NUM  13.
PAR  13. The cell of claim 1, in which the rectangular frame of each cell unit
      is provided with flanges matching with the flanges of the adjacent cell
      unit, gaskets are provided between said flanges and all the cell units are
      held together with said flanges in contact with said gaskets by tie rods
      insulated from their surrounding parts.
NUM  14.
PAR  14. In a bipolar electrolysis cell, a positive end unit containing anodes
      and cathodes, a negative end unit containing anodes and cathodes and a
      plurality of intermediate units containing anodes and cathodes, all of
      said units being substantially rectangular and each of said units having
      an anode compartment and a cathode compartment, said anode compartments
      and cathode compartments being separated from the adjacent cell units by a
      continuous partition of ferrous metal on the cathode side and a valve
      metal on the anode side, a corrosion resistant lining in each of said
      anode compartments, said units being connected in series to pass an
      electrolysis current through all of said cell units, the anode being
      constructed of a valve metal in the form of open mesh hollow finger-like
      waves and the cathodes being constructed of ferrous metal in the form of
      hollow finger-like waves which are nested together, means to permit anodic
      gases rising through the electrolyte to escape from the electrolyte from
      both the front and back of the anodes and from the top of each cell unit,
      the cathodes of one cell unit being connected back to back to the anodes
      of the adjacent cell unit by a metal to metal contact between the valve
      metal anodes and the ferrous metal cathodes through said partitions.
NUM  15.
PAR  15. The electrolysis cell of claim 14, in which the anodes are formed of
      titanium having an electrocatalytic conductive coating thereon, the
      cathodes are formed of ferrous metal, and a diaphragm is provided between
      the anodes and cathodes.
NUM  16.
PAR  16. The cell of claim 15, in which the anodes are supported on the valve
      metal portion of said separating partitions, the said valve metal portion
      also forms part of the lining of the anode compartments, a titanium lining
      is provided on the side walls of the anode compartments, the cathodes are
      supported on the ferrous metal portion of said separating partitions and
      the two portions of said partitions are secured together back to back with
      a metal to metal contact.
NUM  17.
PAR  17. The cell of claim 16, in which the space between the cathodes and the
      ferrous metal portion of the separating partitions forms a catholyte
      chamber and said space is surrounded by a rectangular pipe, said pipe
      having openings to receive and discharge catholyte gas and openings to
      receive and discharge catholyte liquor.
NUM  18.
PAR  18. The electrolysis cell of claim 14, in which gas formed at the anodes
      rises through the electrolyte and is fed into a gas receiver at the top of
      each unit.
NUM  19.
PAR  19. In an electrolysis cell, a first hollow rectangular metal box-like
      support, vertically mounted hollow metal anode fingers supported on and
      projecting from said first box-like support, means to introduce
      electrolyte into said first box-like support and said anode fingers, a
      second hollow rectangular metal box-like support, vertically mounted
      hollow cathode fingers supported on and projecting from said second
      box-like support, means to discharge spent electrolyte from said second
      box-like support, the said first and second box-like supports being
      secured together, back to back, in electronically conductive contact.
NUM  20.
PAR  20. The cell of claim 19, in which the first hollow box-like support and
      the anode fingers supported thereby are made of titanium, the second
      hollow box-like support and the cathode fingers supported thereby are made
      of steel and each pair of anode and cathode fingers is enclosed within a
      hollow box-like enclosure forming the side walls of the cell.
NUM  21.
PAR  21. The cell of claim 20, in which the first hollow box-like support has a
      passage for the inlet of electrolyte into the cell and a passage for the
      outlet of anodic gases, and the second hollow box-like support has a
      passage for the outlet of cathodic gases and a passage for the outlet of
      catholyte liquor.
NUM  22.
PAR  22. In a bipolar electrolysis cell, an intermediate cell element comprising
      a first hollow valve metal box-like support, hollow open mesh valve metal
      anode fingers supported on and projecting vertically from said first
      support, means to introduce electrolyte into said first box-like support
      and discharge anodic gases therefrom, a second hollow metal box-like
      support, hollow open mesh metal cathode fingers supported on and
      projecting vertically from said second support, means to discharge
      cathodic gases and spent electrolyte from said second box-like support,
      the said anode and cathode fingers communicating with the interior of
      their respective supports, the said first and second supports being
      electrically secured to each other, back to back, and a hollow rectangular
      box-like enclosure, for each pair of anode and cathode fingers, forming
      the side walls of each cell element.
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ABST
PAL  Describes electrolysis diaphragm cells with substantially vertical,
      dimensionally stable, valve metal anodes and steel cathodes forming
      substantially vertical interelectrodic gaps therebetween with grooved,
      slotted, reticulated or rod type anodes and baffles on either the front or
      back, or on both the front and back, of said anodes to direct the anodic
      gases away from the interelectrodic gap, and slots or other openings in
      the anodes, adjacent said baffles, through which the anodic gases pass to
      the rear of the anodes, to thereby protect the diaphragms against
      destruction by the anodic gases produced in the interelectrodic gap.
BSUM
PAR  This invention relates to a gas control means for gas producing
      electrolysis cells and to a method of controlling gases, especially in
      diaphragm containing electrolysis cells, equipped with dimensionally
      stable anodes, to remove the anodic gases from the interelectrodic gap and
      to prevent disturbance or destruction of the diaphragm by the gases
      released during the electrolysis process, whereby current efficiency is
      improved and cell voltage is lowered.
PAR  It is applicable to cells for the production of halogen gases from alkali
      metal halides, to the production of hydrogen and oxygen from water, to the
      production of chlorates, hypochlorites, to HCl electrolysis and to other
      electrolysis processes in which a gas is released at the anode or the
      cathode.
PAR  When vertical or substantially vertical anodes and cathodes are used in
      electrolysis processes and cells, the gas bubbles rise in the
      interelectrodic gap between the anodes and cathodes and travel toward the
      top of the gap. As the gas bubbles approach the top of the cell, the
      accumulation of bubbles is so great that the current efficiency is greatly
      reduced and the agitation toward the top of the cell tends to destroy the
      diaphragms. This gas bubble accumulation toward the top of the anodes has
      heretofore severely limited the height of vertically arranged anodes and
      cathodes, because if anodes beyond about one meter in height were used,
      the amount of gas bubbles in the electrolyte toward the top of the gap was
      so great as to virtually stop the flow of electrolysis current through the
      top portion of the gap. This invention overcomes this problem by passing
      the gases released at the anode through the anode and deflecting the gases
      away from the anode faces and from the interelectrodic gap and into the
      electrolyte space behind the active face of the anodes.
PAR  Also in cells of this type, the height of the cell has been limited to
      about one meter because of the accumulation of gases in the
      interelectrodic gap and because of the destruction of the diaphragms near
      the top of the one meter high cells. However, if deflecting baffles are
      used approximately every 2/3 rd meter along the interelectrodic gap, so
      that the gases are deflected away from the gap, the height of these cells
      can be increased to two or four meters or higher.
PAC  DEFINITIONS
PAR  The term "dimensionally stable anodes" as used herein is intended to
      describe metal anodes formed from valve metals such as titanium, tantalum,
      zirconium, molybdenum, niobium and tunsten and alloys thereof, carrying an
      electrically conducting electrocatalytic coating thereon capable of
      conducting current to the electrolyte over long periods of time without
      becoming passivated and in the production of chlorine capable of
      catalyzing the formation of chlorine molecules from the chloride ions
      released in a chloride electrolysis process. Typical electrical conducting
      electrocatalytic coatings contain gold, silver, platinum, palladium,
      iridium, ruthenium, osmium, rhodium, iron (magnetite), nickel, chromium,
      copper, lead, manganese or mixtures thereof in the metallic state or as
      oxides, nitrides, carbides and sulfides of these metals. Other
      electrocatalytic coatings may be used.
PAR  The "front" or "face" of the anodes is the surface of the anodes facing the
      cathodes and forming one wall of the interelectrodic gap -- the other wall
      being the cathode.
PAR  The "back" or "rear" of the anodes is the other side of the anodes, away
      from the cathodes.
PAR  This invention is useful in all forms of electrolysis processes and cells
      using vertically arranged dimensionally stable anodes and cathodes which
      have passages through which the electrolyte and gases may pass from the
      front to the back of the anodes and baffles to deflect the gases through
      the anodes and into the electrolyte to the rear of the anodes.
PAR  It is especially useful in apparatus and processes in which dimensionally
      stable anodes are used with diaphragms to separate the electrolysis
      products. These diaphragms are usually made of asbestos fibers or flock
      deposited from solution on the cathode screens or from woven asbestos
      cloth. The diaphragms must be porous enough for the electrolyte to flow
      through them, under the pressure head maintained between the anolyte and
      catholyte and, hence, the asbestos fiber must be loosely woven or
      deposited, to provide the desired porosity. The diaphragms are usually
      maintained in place against the cathode screens by the pressure
      differential (pressure head) between the anolyte and catholyte and have
      little mechanical strength. The gases produced during the electrolytic
      process and rising along the surfaces of the diaphragms, however, disturb
      the asbestos fibers carrying away portions of the fibers and, hence,
      gradually eroding and destroying the diaphragms to the extent that the
      cell must be dismantled and new diaphragms applied.
PAR  When dimensionally stable metal anodes are used with diaphragm covered
      cathodes in electrolysis cells, it is desirable that both the anodes and
      the cathodes have a long life so that dismantling the cells to replace
      diaphragms or to replace worn or passivated anodes becomes largely
      unnecessary.
PAR  The accumulation of gas bubbles in the interelectrodic gap, particularly
      toward the top of a vertically arranged gap, reduces the conductivity of
      the electrolyte at this point, thereby increasing the voltage drop across
      the gap and also causes greater destruction of the diaphragms toward the
      top of the interelectrodic gap.
PAC  OBJECTS
PAR  One of the objects of this invention is to provide dimensionally stable
      valve metal anodes which will deflect the rising gases away from the face
      of the anode and away from the interelectrodic gap, to prevent
      accumulation of gas bubbles in the top of the interelectrodic gap and
      prevent disturbance of the diaphragms by the rising gas bubbles.
PAR  Another object of the invention is to provide dimensionally stable valve
      metal anodes which are grooved or slotted, reticulated or rod shaped and
      which will promote the flow of anodic gases vertically along the grooved
      or spaced rod surfaces and divert the gases away from the interelectrodic
      gap between the anode and the cathode.
PAR  Another object of the invention is to provide vertically mounted or
      slightly inclined grooved, reticulated or rod type dimensionally stable
      valve metal anodes with deflectors which will deflect rising anodic gases
      away from the interelectrodic gap between the anodes and the cathodes, and
      with slots or passages through the anodes adjacent these deflectors or
      baffles, to prevent mixing or remixing of the anodic and cathodic
      products, and in cells having diaphragms, prevent disturbance and erosion
      of the diaphragms by the rising anodic gases. Deflectors may also be
      provided on the cathode screens.
PAR  Another object of this invention is to provide dimensionally stable valve
      metal anodes with means to automatically deflect vertically rising gas
      bubbles produced at the anodes of an electrolysis cell through
      perforations, slots or holes in the anodes and away from the
      interelectrodic gap between the anodes and cathodes of an electrolysis
      cell, so that the conductivity of the electrolyte in said gap is not
      diminished by the accumulation of gas bubbles near the top of said gap and
      destruction of the diaphragms is reduced.
PAR  Another object of this invention is to provide a bipolar electrolysis cell
      with hollow wave shaped anodes and cathodes, with deflectors on the anodes
      to deflect gases out of the interelectrodic gap and into the hollow space
      behind the anodes and away from the anodes, whereby the above recited
      objects are accomplished.
PAR  Another object is to provide an electrolysis cell and a method of operating
      said cell which will realize the above described improvements.
PAR  Various other objects and advantages of the invention will appear as this
      description proceeds.
DRWD
PAR  The accompanying drawings show only simplified embodiments of the
      invention, which can take many other forms than those specifically
      illustrated.
PAR  FIG. 1 is a plan view with parts broken away, of a three unit bipolar cell
      having dimensionally stable anodes with baffles according to this
      invention;
PAR  FIG. 2 is a part sectional side view, with parts broken away, of the cell
      illustrated in FIG. 1;
PAR  FIG. 3 is an end view of the cell illustrated in FIG. 1;
PAR  FIG. 4 is a cross sectional view approximately along the line 4 -- 4 of
      FIG. 1;
PAR  FIGS. 5 and 6 are detail cross sectional plan views of modifications of the
      new anode described herein;
PAR  FIGS. 7 and 8 are perspective views of rod and mesh anodes, respectively,
      having deflectors in both the front and back of the anode and having slots
      or other openings to pass the anodic gases from the front to the back of
      the anodes;
PAR  FIG. 9 is a partial perspective view of a vertical rod anode with baffles
      to pass gases through and away from the anode;
PAR  FIG. 10 is a face view of a reticulated metal anode, with diamond-shaped
      openings in which the upper portion of each diamond is tilted forward of
      the plane of the anode face and the lower portion of the diamond is tilted
      rearward of the plane of the anode;
PAR  FIG. 11 is a sectional view substantially along the line 11 -- 11 of FIG.
      10;
PAR  FIG. 12 is a face view of a typical hollow rectangular anode used in
      monopolor diaphragm electrolysis cells; and
PAR  FIG. 13 is a sectional view along the line 13 -- 13 of FIG. 12.
DETD
PAR  FIGS. 1 to 9 illustrate a three unit bipolar cell having a terminal
      positive end unit B, and intermediate unit C and a terminal negative end
      unit D. Only one intermediate unit C has been illustrated, but it will be
      understood that any number of intermediate units C, C, etc. may be used.
      The unit B consists of a positive (anode) end plate 11, preferably of
      steel, to which the positive electrical connections 12 are secured. The
      plate 11 is provided with a titanium, tantalum or other valve metal lining
      13, which is resistant to the electrolyte and the electrolysis conditions
      encountered in the cell and the anodes 14 in rod or other forms are
      supported on baffle bars 14a (FIGS. 2,4,5,6 and 7) and connected to the
      titanium lining by titanium connectors 15, illustrated in greater detail
      in FIGS. 5 and 6, which insure good electrical connections between the
      titanium linings 13, end plate 11 and the anode rods 14 or other forms of
      anodes. The plates 11a and 13 between the end units B and the intermediate
      units C,C and end unit D from a bimetallic partition between these cell
      units, said partitions having valve metal 13 on the anodic side and steel
      or other ferrous metal 11a on the cathode side. The titanium or other
      valve metal lining 13 is secured to the plates 11 and 11a by sandwich
      welding, using intermediate sandwich metals if necessary, or by bolting or
      vacuum held connection or any other connection which insures a good metal
      to metal electrical contact between the catholyte resisting plates 11,
      11a, etc. and the anolyte resisting valve metal lining plates 13. Similar
      bimetallic plates 11a and 13 constituting the bipolar connection between
      cell units B and C,C and D, etc., are provided between each unit of the
      bipolar cell. Titanium, tantalum or other valve metals or alloys of these
      metals may be used for the lining 13, the anode rods 14 and the baffle
      bars 14a and 14c (FIGS. 7 and 8). Only the anode rods or faces 14 are
      provided with an electrocatalytic coating. The anodes and cathodes shown
      in FIGS. 1 to 9 are in hollow wave or finger form, nested together as
      shown, to provide a large anode and cathode area in a small space.
PAR  The steel cathodic end plate 11a of each of the bipolar cell units B, C,C
      and D supports the steel screen cathode waves or fingers 16 on welded
      steel strips or projections 17 which form the electrical connection
      between the cathode fingers and the steel plate 11a (FIGS. 1 and 3). A
      spacer box 18 forming the side walls of each rectangular cell unit B, C,C
      and D, etc., extends between the lining 13 and a squared pipe 19 which
      surrounds the catholyte compartment 110 formed between the inside of the
      cathode fingers 16 and the plate 11a. The spacer boxes are lined with a
      titanium lining 18a or with a polyester or other lining which is resistant
      to the anolyte and the corrosive conditions encountered in an electrolytic
      cell and are provided with matching flanges 18b. Rubber gaskets 111 seal
      the joints between the flanges 18b, plates 11 and 11a and squared pipe 19,
      so that a fluid-tight rectangular box-like structure housing the anode
      rods 14 and the cathode waves 16 is formed between the plates 11 and 11a
      and squared pipe 19 in each of units B, C,C and D of the bipolar cell of
      FIG. 1. The construction is such that by loosening the tie rods 121a, one
      or more cell units may be removed from a multiple unit cell and replaced
      with new units without dismantling the other units in the cell. Inside
      each cathode finger 16, zigzag bent steel reinforcements 112 are welded at
      spaced intervals to prevent collapse of the screen cathode waves or
      fingers 16 when an asbestos or other diaphragm material is deposited on
      the screen cathode fingers under vacuum. The steel screen cathode waves or
      fingers 16 are closed at the top and bottom, and are covered with a
      diaphragm material 16a (FIGS. 5 and 6), usually either woven asbestos
      fiber or asbestos flock applied under vacuum. The diaphragm material
      covers the side walls as well as the top and bottom of cathode waves or
      fingers 16. The diaphragms are only partially and diagrammatically shown
      in FIGS. 5 and 6, but it will be understood that the cathode waves 16 are
      completely covered with diaphragms in the cells. The diaphragms separate
      the anolyte compartment from the catholyte compartment and keep the gases
      formed in each of these compartments separate, as is well understood in
      the diaphragm cell art. In the case of chlorine and caustic soda
      production from a sodium chloride brine, the diaphragms keep the chlorine
      released at the anode from mixing with the sodium hydroxide and hydrogen
      formed at the cathode.
PAR  The baffle bars 14a supporting the rods 14 from the anode back plates, are
      welded at their lower edge 14b to the anode screen or rods 14 (FIGS. 7 and
      8) to deflect the gases (chlorine in the case of sodium chloride
      electrolysis) which rise along the anode rods 14 away from the anode
      screens or rods and into the spaces 14e at the rear of the anodes and the
      baffles 14c in front of the anodes, which may be valve metal or plastic,
      are secured at their upper edge 14d to the anode screen or rods or to
      baffles 14a. Baffles may be mounted at either the front or back of the
      anodes, or both, and may be mounted at an angle of 20.degree. to
      80.degree. (preferably about 45.degree.) with the anode and rest against
      the diaphragm at their lower external side 14c to deflect the gases
      (chlorine) which rise along the anodes 14 away from the interelectrodic
      gap between the anodes and cathodes to prevent disturbance of the
      diaphragms on the cathode screens 16 and to reduce the amount of gas
      bubbles in the upper portion of the interelectrodic gap where they tend to
      reduce the conductivity of the electrolyte in the interelectrodic gap.
PAR  When the cell illustrated in FIGS. 1 to 9 is used for the electrolysis of
      sodium chloride brine to produce chlorine, caustic soda and hydrogen, the
      electrolyzing current flows through the interelectrodic gap from the anode
      rods 14 to the cathode waves 16. Chlorine is released at the anode rods,
      the brine flows through the diaphragms surrounding the cathode waves 16
      and caustic soda and hydrogen are formed at the cathode surfaces inside
      the diaphragms.
PAR  Chlorine (or other anodic gases) released at the anode rods 14 rises
      through the electrolyte, is deflected away from the interelectrodic gap by
      the baffles 14c to the space 14e at the back or rear of the anodes and
      here again is deflected away from the anodes by baffles 14b, and escapes
      through the chlorine passages 113 to brine containers 114 on the top of
      each cell unit B, C, C, D and flows out of the chlorine outlets 115 to the
      chlorine recovery system. A pipe connection 116 (FIG. 2) feeds brine from
      the end of each of the brine containers 114 to the spaces between the rod
      anodes and cathodes of cell units B, C and D. The feed pipe 116 preferably
      extends to near the bottom of each of the cell units B, C, D and feeds
      brine into the cells near the bottom. Sight glasses 116a show the brine
      level in the feed tanks 114.
PAR  Sodium hydroxide and hydrogen released at the cathode fingers flows into
      the catholyte space between diaphragms surrounding the cathode fingers 16
      and the end plates 11a and into the square pipe 19 (FIGS. 1 and 2) which
      surrounds and forms part of the catholyte space. The hydrogen flows upward
      through the holes 19a (FIGS. 2 and 4) in the horizontal leg at the top of
      the squared pipe 19 and out through the hydrogen outlets 117 and the
      depleted brine containing the sodium hydroxide (about 11 -12%) flows
      through holes 19b (FIG. 1) in the vertical legs of the squared pipe 19 and
      out of the catholyte outlet 118 (FIGS. 1 and 3). A gooseneck connection
      118c (FIG. 1) communicating with the catholyte outlet 118 or a telescoping
      connection (not shown) is adjustable to control the level of the catholyte
      in the catholyte compartment, preferably by pivoting the gooseneck 118c
      around the outlet pipe 118, so that the catholyte level is always
      sufficiently below the anolyte level to insure a sufficient flow from the
      anolyte compartments through the diaphragms into the catholyte
      compartments. A drain 118a permits drainage of the cell units when not in
      use and partitions 118b at each end of the lower horizontal leg of the
      squared pipe 19 prevent entrance of catholyte into this leg.
PAR  The cell units B, C and D are mounted on I-beam supports 119 (FIG. 2),
      supported on insulators 119a. Syenite plates 120 cemented to the upper
      faces of the I-beams 119 insulate the titanium lined boxes of the cell
      units B, C and D from the metal I-beams and permit the heavy elements of
      the cell units to slide on the syenite plates 120 without too great
      friction during assembly or disassembly of the units. The rectangular side
      frames 18 and the end plates 11 and 11a are held together by tie rods
      121a, suitably insulated from their surrounding parts by means of
      insulating bushings, as shown by FIGS. 1 and 5. The temporary bolts 121
      shown in FIG. 5 are used only during assembly of the electrolyzer or
      during replacement of one or more units, to tighten the units together and
      are taken off before start up of the cell in order to avoid short
      circuits. During operation of the cell, the tie rods 121a, suitably
      insulated from their surrounding parts, hold the terminal end plates 11
      and 11a and the rectangular frames 18, forming the electrolyte box of each
      cell unit, together, with the flanges 18b in contact with the sealing
      gaskets 111. The tie rods 121a extend from the positive terminal end plate
      11 of unit B to the negative terminal end plate 11a of the terminal unit D
      regardless of the number of intermediate units C in the bipolar cell
      assembly.
PAR  The electrolyzing current flows consecutively from the positive terminal 12
      through the end unit B, through the intermediate units C, which vary in
      number from one to twenty or more depending on the size and use of the
      bipolar cell, and through the terminal unit D to the negative terminal 12a
      of the circuit. The anode rods 14 or other forms of anodes are preferably
      made of titanium, suitably coated with an electrocatalytic conductive
      coating such as a platinum group metal or mixed oxides of titanium and
      platinum group metal oxides. Other valve metals and other coatings may be
      used. Rod anodes are illustrated in FIG. 7 and mesh anodes in FIG. 8. The
      cathode waves or fingers 16 are preferably steel screen material or other
      ferrous metal similar to the cathode screens now used in diaphragm cells.
      However, other metals may be used for the anode and cathode waves,
      depending on the meterial to be electrolyzed and the end products to be
      produced.
PAR  The rod anodes 14 or other forms of anodes and cathode screens 16 are
      preferably formed as uniform closed end waves, or fingers, nested together
      and uniformly spaced apart, as illustrated in FIGS. 1, 5 and 6, to provide
      a substantially uniform interelectrodic gap between the anode surfaces and
      the cathode surfaces. The anode rods 14 and cathode waves 16 may be moved
      together by moving the plates 11 and 11a with anodes 14 and cathodes 16
      mounted thereon horizontally toward each other, to form the nesting anode
      and cathode waves as illustrated in FIG. 1, 2, 5 and 6, or, by giving a
      slight taper in the vertical direction to the anode rods and cathode
      waves, the anode rods and cathodes may be nested together by vertically
      inserting the cathode waves between the anode rod waves. The anode and
      cathode waves 14 and 16 need not be as long or as deep as illustrated.
      Shallower waves may be used, but the deeper waves illustrated provide
      greater anode and cathode surfaces within cell units of the same square
      area than shallower waves would provide and the baffles 14c on the front
      of the anode and 14b on the back of the anode rods 14, deflect the anodic
      gases away from the interelectrodic gap and into the electrolyte space 14e
      at the rear of the anodes, to reduce the build up of gas bubbles toward
      the top of the interelectrodic gap and prevent destruction of the
      diaphragms, so that the cells can be built higher than if the baffles were
      not used.
PAR  FIG. 9 shows the anode rods 14 mounted on titanium baffles 14b by welding
      or in any other suitable way. The baffles 14b are welded to the titanium
      support strips 14a (see also FIG. 2) which are secured by the titanium
      connectors 15 to the lining plates 13, forming part of each bimetallic
      partition. Gases rising in the interelectrodic gap formed between the
      cathode screens 16 and the anode rods 14 pass through the openings between
      the rods 14 and are deflected by the baffles 14b away from the anode rods
      14 and into the spaces 14e at the rear of the anode rods and away from the
      interelectrodic gap. Baffles (not shown) may also be mounted between the
      anodes 14 and the diaphragms 16a.
PAR  The words "waves" or "fingers" wherever used in the specification or claims
      are intended to describe the rod wave embodiments of FIGS. 1 to 5 and 7,
      or sheet, screen or reticulated metal anode waves of FIGS. 8,10 and 11
      (hereinafter described).
PAR  To insure good electrical connection between the anodic and the cathodic
      sections of the cell, the anodic metals, such as titanium, tantalum and
      other valve metals, are preferably sandwich wleded to the steel partition
      plates 11 and 11a, to form bimetallic partitions 11 -13 between the cell
      units. These partitions constitute the anodic and cathodic pole of any
      single cell unit. Appropriate intermediate metals, such as copper, lead,
      etc., may be used to form the sandwich weld, if necessary. Other means,
      such as vacuum held electrical contact or bolts passing through the
      bimetallic partitions which will provide good electrical connections
      between the bipolar elements may be used.
PAR  As illustrated in FIG. 6, the anode mesh or rods 14 are in wave form,
      connected to the titanium lining plate 13 by titanium baffle supports 14a,
      secured to hollow titanium cylinders 15 welded to the plate 13. The
      cylinders 15 may be screw threaded on the inside and titanium bolts 15a
      may be used to connect the baffle supports 14a supporting the baffles 14b
      to which rods 14 are welded to the cylinders 15 and plates 13, using
      titanium strips 122b, where the titanium baffle supports are welded on.
      The rods or mesh 14 are welded on the baffles 14b. The steel cathode waves
      16 are connected to the plates 11a by steel strips 17 welded to the plates
      11a and to the trough of the waves 16. The cathode waves are entirely
      covered with a diaphragm material, such as woven asbestos, asbestos fibers
      or the like, partially illustrated at 16a in FIGS. 5 and 6. In the
      modified form of connection between the steel plates 11and the anode waves
      illustrated in FIG. 6, holes 122 are drilled part way through plates 11and
      screw threaded. Hollow titanium bolts 15 are screwed into these holes and,
      after tightening are welded to the titanium plates 13 to insure a
      fluid-tight connection, and titanium bolts 15a are used to connect the
      titanium strips 14a with the baffles 14b supporting the anode rods 14 and
      with the hollow titanium bolts 15. Titanium strips 122b distribute the
      current to the anode mesh or to the baffle supports 14a and rods 14. The
      titanium rods 14 may be grooved titanium plates provided with holes and
      baffles to direct the anodic gases away from the interelectrodic gap, or
      similar tantalum or other valve metal plates, the rods 14 are provided
      with a conductive electrocatalytic coating capable of preventing the
      titanium from becoming passivated, and when used for chlorine production
      are capable of catalyzing discharge of chloride ions from the surfaces of
      the anodes. The coating may be on either or on both faces of the anode
      rods and is preferably on the face of the anode rods 14 facing the
      cathodes 16.
PAR  Diaphragms may be provided on the anode rods 14 or the cathode waves 16 or
      on both the anode rods and cathode waves.
PAR  FIGS. 10 and 11 illustrate an expanded sheet metal type anode 130, made of
      titanium, tantalum or other valve metal, provided with an electrically
      conducting electrocatalytic coating (not shown in the drawings) on at
      least the face of the anode. The coated face of each anode is mounted
      opposite a cathode in an electrolyzer cell as illustrated in FIGS. 1 to 9,
      inclusive. These anodes are provided with diamond-shaped openings 131, in
      which the bottom central portion a of each diamond has been pushed
      rearwardly of the vertical center plane of the anode, and the top central
      portion c of each diamond pushed forwardly of the vertical center plane of
      the anode. The corners b and d of each diamond-shaped opening lie
      approximately in the vertical plane of the anode. The lower half b-a-d of
      each diamond-shaped opening is tilted or pushed toward the rear of the
      anode, while the upper half b-c-d of each diamond-shaped opening is tilted
      or pushed toward the front of the anode, so that gases released on the
      b-a-d - half of each diamond-shaped opening pass through said opening to
      the back or rear of the anode and are deflected rearwardly of the anode by
      the forwardly tilted upper half b-c-d of the anode and into the
      electrolyte space at the rear of the anode, away from the cathode, as
      indicated by the arrows in FIGS. 10 and 11. In FIG. 10, the solid portions
      of the arrows indicate the path of the gases along the legs b -a-d of each
      opening and the dotted portion of the arrows indicate the path of the
      gases behind the legs b-c-d of each opening and away from the cathode, so
      that most of the gas released along the legs b-a-d- which are tilted to
      the rear of the anode, when released into the diamond-shaped opening, is
      deflected to the rear of the anode by the legs b-c-d which are tilted
      toward the front of the anode. In this way, most of the gases released
      along the coated face of the anodes is directed through the opening in the
      anodes and deflected toward the rear of the anodes, away from the cathodes
      and their diaphragms.
PAR  While diamond-shaped openings 131 have been illustrated in FIGS. 10 and 11,
      it will be understood that square, round, triangular, hexagonal, or other
      shaped openings may be provided in anodes 130, with the lower portion of
      each opening tilted or pushed toward the rear of the anode and the upper
      portion of each opening tilted or pushed toward the front of the anode to
      accomplish the same object as described in connection with FIGS. 10 and
      11, namely, to pass the gases released at the front of each anode through
      the opening therein and deflect them to the rear of each anode. The
      expanded metal type anodes of FIGS. 10 and 11 may be bent into the wave
      form anodes shown in FIGS. 1 to 9 or may be used flat.
PAR  FIGS. 12 and 13 illustrate the principles of this invention applied to a
      typical dimensionally stable anode as used in monopolar diaphragm cells,
      in which titanium or other suitable deflectors 132 have been applied to
      the faces 134 of hollow rectangular anodes 135 having screen, rod or
      reticular metal faces. The anodic gases rising along each face 134 of the
      anodes 135 are deflected by the baffles 132 into slots 133 in the anode
      faces and into the hollow interior of the anodes 135 where they rise to
      the top of the electrolyte through the hollow anodes. The anodes 135 are
      mounted between diaphragm covered cathodes and the baffles 132 deflect the
      anodic gases away from the diaphragm covered cathodes 136. The anode
      construction illustrated in FIGS. 12 and 13 is similar to that illustrated
      in U.S. Pat. No. 3,707,454, but the anodes of these figures may take
      diverse forms as now used in monopolar diaphragm cells.
PAR  The embodiments of the invention shown in FIGS. 1 to 13 are for
      illustrative purposes only and various modifications and changes may be
      made therefrom within the spirit and objects of this invention. The cells
      illustrated may be used as unipolar single cells or as bipolar multiple
      cells and while titanium and steel have been described as the metals of
      construction, various dissimilar metals may be used for the anodes and
      cathodes of the cell units. Examples of other suitable anode metals are
      the valve metals, lead, silver and alloys thereof and metals which contain
      or are coated with PbO.sub.2, MnO.sub.2, Fe.sub.3 O.sub.4, etc. and
      examples of other suitable cathode metals are copper, silver, stainless
      steel, etc. The metals used should be suitable to resist the corrosive or
      other conditions encountered in the anolyte or catholyte compartments of
      the cell when operating on a particular electrolyte. While diaphragms on
      the cathodes, the anode, or both, will usually be used, the cells can be
      used without diaphragms for certain purposes, such as chlorate,
      perchlorate, hypochlorite, and periodate production and for other
      electroylsis processes in which diaphragm separation of the electrolysis
      products is not necessary. The diaphragms may be formed of any material
      suitable for this purpose including asbestos, rubber or resin impregnated
      asbestos, perm selective membranes, polyethylene, polyvinyl chloride,
      perfluoro-sulfonic acid membrances and other synthetic or natural membrane
      or diaphragm materials.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrolysis cell having substantially vertically mounted
      dimensionally stable hollow wave anodes and diaphragm covered hollow wave
      cathodes nested together and forming an interelectrodic gap in wave form
      therebetween, the method of removing anodic gases from the interelectrodic
      gap between the hollow wave anodes and the diaphragm covered hollow wave
      cathodes, which comprises passing the gases released at the anodes
      substantially vertically upward in the interelectrodic gap along the anode
      faces, passing the gases through openings in the anode faces, deflecting
      the gases to the back of the anodes, away from the top of the
      interelectrodic gap and discharging the gases from the interelectrodic gap
      and from the top of the space behind the anodes.
NUM  2.
PAR  2. The method of claim 1, in which the gases are deflected to the back of
      the anodes by baffles at the back of the anodes.
NUM  3.
PAR  3. The method of claim 1, in which the gases are deflected to the back of
      the anodes by baffles at the front of the anodes.
NUM  4.
PAR  4. The method of claim 1, in which the gases are deflected into a space
      behind the anodes which is larger than the space between the hollow wave
      anodes and the hollow wave cathodes.
NUM  5.
PAR  5. The method of claim 1, in which the gases released at the anodes are
      passed through diamond-shaped openings in the anodes in which the top of
      the diamonds are forward of the center longitudinal plane of the anodes
      and the bottom of the diamonds are rearward of the center longitudinal
      plane of the anodes and the gases released from the bottom area of the
      diamond-shaped openings are deflected from the front to the back of the
      anodes.
NUM  6.
PAR  6. The method of claim 1, in which the gases released at the anodes travel
      substantially vertically upward along anode rods and are deflected toward
      the rear of the anode rods away from the interelectrodic gap by baffles
      extending away from the interelectrodic gap and upwardly from the anode
      rods.
NUM  7.
PAR  7. In an electrolysis cell having substantially vertically mounted
      dimensionally stable hollow metal anodes and cathodes in nested wave form
      forming an interelectrodic gap in wave form therebetween, an electrically
      conducting electrocatalytic coating on said dimensionally stable anodes,
      facing said gap, a diaphragm in said gap covering said cathodes, passages
      through the anodes for the escape of anodic gases formed at the anode
      faces to the rear of the anodes, and deflectors, deflecting the anodic
      gases upwardly and away from the interelectrodic gap.
NUM  8.
PAR  8. The cell of claim 7, in which the cell is bipolar and the space behind
      the hollow anodes and cathodes in wave form is greater than the space in
      the interelectrodic gap and the anodic gases are deflected into the said
      greater space.
NUM  9.
PAR  9. The cell of claim 7, in which the deflectors are at the back of said
      anodes.
NUM  10.
PAR  10. The cell of claim 7, in which the deflectors are at the front of said
      anodes.
NUM  11.
PAR  11. The cell of claim 7, in which the deflectors are at both the front and
      back of said anodes.
NUM  12.
PAR  12. The cell of claim 7, in which the passages through the anodes are
      diamond-shaped openings and in which the top of the diamonds are forward
      of the center longitudinal plane of the anodes and the bottom of the
      diamonds are rearward of the center longitudinal plane of the anodes, so
      that gases released from the bottom area of the diamond -shaped openings
      will pass through the diamond-shaped openings and be deflected away from
      the interelectrodic gap.
NUM  13.
PAR  13. The cell of claim 7, in which the anodes are formed of substantially
      vertically arranged rods secured to said deflectors.
NUM  14.
PAR  14. The cell of claim 13, in which the anode rods are titanium covered with
      an electrically conducting electrocatalytic coating and the deflector
      blades are non-conducting.
NUM  15.
PAR  15. The cell of claim 14, in which the anode rods are from the group
      consisting of round, oval, square and diamond-shaped rods.
NUM  16.
PAR  16. In a bipolar electrolyzer, substantially vertically mounted hollow wave
      anodes and cathodes forming an interelectrodic gap therebetween, vertical
      grooves in said anodes through which gases released at the anode rise and
      gas passages through the anodes and deflectors for deflecting the anodic
      gases away from the interelectrodic gap.
NUM  17.
PAR  17. The electrolyzer of claim 16, in which the anodes are formed of
      vertically mounted rods.
NUM  18.
PAR  18. In an electrolysis cell substantially vertically mounted diemnsionally
      stable metal anodes with an electrically conducting electrocatalytic
      coating thereon and diamond-shaped gas passages through the anodes, in
      which the top of the diamonds are forward of the center longitudinal plane
      of the anodes and the bottom of the diamonds are rearward of the center
      longidutinal plane of the anodes, and the longer dimension of the
      diamond-shaped openings is horizontal, so that gases released from the
      bottom area of the diamond-shaped opening will pass through the
      diamond-shaped openings and be deflected away from the interelectrodic
      gap.
NUM  19.
PAR  19. In a monopolar diaphragm electrolysis cell having diaphragm covered
      cathodes and rectangular hollow perforate anodes in vertical rod form in
      the spaces between the cathodes, the method of removing anodic gases from
      the interelectrodic gap between the anodes and the diaphragm covered
      cathodes which comprises passing the gases released at the anodes
      substantially vertically upward along the rod faces of the anodes, passing
      a portion of the gases through openings between the rods in the anodes,
      into the hollow interior thereof, deflecting a portion of the gases away
      from the interelectrodic gap and into the rectangular hollow space inside
      the anodes and discharging a portion of the gases from the interior of the
      hollow space at the top of the rectangular hollow anodes.
NUM  20.
PAR  20. In a monopolar diaphragm cell having diaphragm covered cathodes and
      dimensionally stable rectangular hollow perforate metal anodes in vertical
      rod form between the cathodes, forming an interelectrodic gap between the
      anodes and cathodes, an electrically conducting electrocatalytic coating
      containing a platinum group metal oxide on the exterior of the rods of
      said dimensionally stable rectangular hollow anodes, facing said gap,
      passages between the rods through the coated anode faces for the escape of
      anodic gases formed at the anode rod faces to the rear of the anode rod
      faces and deflector means deflecting the anodic gases into the rectangular
      hollow spaces in the rear of said anodes and upwardly through rectangular
      hollow space inside said rod anodes and away from the interelectrodic gap.
NUM  21.
PAR  21. The method of producing chlorine in a bipolar electrolysis cell having
      hollow perforate nested valve metal anodes in finger form extending from
      the acid resistant side of a bimetallic supporting partition which is acid
      resistant on one side and alkali resistant on the other side, and hollow
      perforate cathodes in finger form extending from the alkali resistant side
      of said bimetallic partition, said anode and cathode fingers being nested
      togather and forming an electrolysis gap in wave form therebetween and
      having a diaphragm between the anode and cathode fingers, said cell being
      filled with electrolyte, which comprises passing an electrolysis current
      from the anode fingers to the cathode fingers, releasing anodic gases at
      the anode and passing a portion of said gases upwardly through the
      electrolyte in said electrolysis gap, passing another portion of said
      gases through the perforate anode fingers and upwardly through the
      electrolyte behind said anode fingers, discharging both portions of said
      anodic gases above the top of the anodes and into a gas receiving space at
      the top of said cell, discharging cathode liquor and cathode gases behind
      the cathode fingers and maintaining the level of the liquor behind the
      cathode fingers below the liquor level in the electrolysis gap.
NUM  22.
PAR  22. The method of claim 21, in which the anode and cathode fingers are more
      than two meters in height and the anodic gases are deflected away from the
      electrolysis gap approximately every 2/3rd meter in height and passed
      through the anode fingers and upwardly behind said anode fingers and are
      discharged behind said anode fingers, whereby the anode and cathode
      fingers can be made two to four times higher than normal and the
      accumulation of gas bubbles in the electrolysis gap and the destruction of
      the diaphragms in the electrolysis gap is reduced.
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ABST
PAL  Polarizable particulate material, such as organic and inorganic colloidal
      particles such as small pieces of metal, oxides and the like, zwitterionic
      molecules, and even living organisms and viruses can be preferentially
      removed from a liquid by dielectrophoresis, by passing the liquid
      containing the polarizable particulate material to be removed over a
      ferroelectric apparatus which generates a periodic non-uniform electric
      field near the boundary between alternately polarized portions of the
      ferroelectric material. The periodic non-uniform electric field is
      generated by subjecting portions of the ferroelectric material to an
      alternating potential to alternately polarize the portions, while allowing
      other portions of the ferroelectric material to remain polarized in the
      same direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known that if an electric field is generated between two
      oppositely charged electrodes, any charged particles which are located
      between the two electrodes will be attracted to the corresponding
      electrode having a charge opposite that of the particle. This phenomenon
      is known as electrophoresis. If the particles do not have a net charge,
      and are polarizable, the electric field will induce a polarization in the
      particle; for example in a metal particle this results in a shift of
      electrons to the side of the particle facing the positive electrode. Since
      the particle is still neutral, although polarized, no movement occurs in a
      uniform field. The mangitude of the resultant polarization is related to
      the effective dielectric constant of the material and of the support
      medium. Materials which have high dielectric constants exhibit large
      polarizations in the presence of an electric field. Materials which have a
      low dielectric constant, on the other hand, develop much lower
      polarization in the presence of an electric field.
PAR  If the particles are placed between two oppositely charged electrodes which
      produce a non-uniform field, such as that produced when one electrode is a
      point or line and the other electrode is a plane, the polarized particles
      will experience a net force tending to move the particle into the region
      of higher electric field strength, assuming the dielectric constant of the
      particle is greater than that of the medium in which it is located. It may
      be noted that the direction of the force is not dependent upon the sign of
      the electric field but is always in the direction of the field gradient.
      This motion of matter caused by polarization effects in a non-uniform
      electric field is known as "dielectrophoresis". The principle of
      dielectrophoresis has been utilized in various types of apparatus to
      remove polarizable particles from fluids, by passing the fluid containing
      the polarizable particles to be removed between two dissimilar electrodes,
      between which is generated a non-uniform electric field. The most popular
      electrode configuration for such particle separation apparatus appears to
      be the concentric cylinder configuration or some variant of it, such as a
      single wire in the center of a surrounding cylindrical electrode. Other
      electrode configurations have been used, however. All of these various
      prior art apparatuses appear to have in common the feature of passing the
      fluid containing the polarizable particles to be separated between two
      electrodes which have a configuration other than parallel planes, so that
      a non-uniform electric field is formed between the electrodes when a
      current is applied to them.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a process and
      apparatus for removing polarizable particulate material from a fluid. The
      apparatus comprises a ferroelectric material, polarizable in directions
      perpendicular to the surfaces of the ferroelectric material, as more fully
      hereinafter described; a plurality of electrodes, applied to opposite
      sides of the ferroelectric material; a source of alternating potential,
      connectable to the electrodes; and means for positioning the fluid
      containing the polarizable particulate material to be removed in the
      periodic non-uniform electric field which is generated by the apparatus,
      while the field is being generated. The ferroelectric material, electrodes
      and source of alternating current are arranged such that the ferroelectric
      material comprises at least one portion, preferably a plurality of
      portions, the direction of polarization of which is to be alternated
      during generation of the periodic non-uniform field. The ferroelectric
      material also comprises at least one portion, and again preferably a
      plurality of portions, the direction of polarization of which is to remain
      the same during the generation of the periodic non-uniform electric field.
PAR  More generally, the present invention also provides an apparatus and
      process for generating a periodic non-uniform electric field external to
      the field-generating electrodes, whether for use in a particle extraction
      apparatus or for other purposes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of one type of dielectrophoresis
      particle extraction apparatus, in accordance with the present invention.
PAR  FIGS. 2, 4, 6, 8 and 10 are enlargments of a portion of the electroded
      ferroelectric material of FIG. 1, illustrating the directions of
      polarization and field strength under the various conditions of applied
      field.
PAR  FIGS. 3, 5, 7, 9 and 11 are illustrations of the hysteresis loop which is
      characteristic of the ferroelectric material of FIG. 1, showing the
      condition of applied field, E, and polarization, P, for FIGS. 2, 4, 6, 8
      and 10, respectively.
PAR  In particular, FIGS. 2-3 illustrate the condition in which no field is
      present inside or outside the element.
PAR  FIGS. 4-5 illustrate the condition in which the positive field, less than
      the coercive field (E.sub.c) is applied to the element, so that no
      polarization switching has yet occurred.
PAR  FIGS. 6-7 illustrate the condition in which a positive field, greater than
      the coercive field E.sub.c, is applied to the element, so that the
      direction of polarization under the electrodes is completely switched.
PAR  FIGS. 8-9 illustrate the condition in which an even greater positive field
      is applied to the element, so that significant switching is induced beyond
      the edge of the electrodes.
PAR  FIGS. 10-11 illustrate the condition in which the applied field is again
      reduced to 0.
PAR  FIG. 12 is a schematic isometric illustration of an electrode configuration
      for another form of apparatus according to the present invention, for
      removing polarizable particulate material from a fluid.
PAR  FIG. 13 is a second view of the configuration of FIG. 12, taken along line
      13--13 of FIG. 12, and illustrating additional components.
PAR  FIG. 14 is a schematic plan view of another form of apparatus accordiing
      the the presentinvention, for generating a periodic non-uniform external
      electric field.
PAR  FIG. 15 is a schematic view of another configuration in accordance with the
      present invention, wherein portions of the ferroelectric material, the
      direction of polarization of which is to remain the same during generation
      of the periodic non-uniform electric field, are polarized in alternate
      directions perpendicular to the surface of the ferroelectric material.
PAR  FIG. 16 illustrates another configuration in accordance with the present
      invention, wherein alternate electrodes are slightly overlapped on
      opposite sides of the piece of ferroelectrode material.
PAR  FIGS. 17 and 18 illustrate a configuration of assembling a plurality of
      pieces of ferroelectrode material in an apparatus for removing particulate
      polarizable materials from a fluid.
PAR  FIG. 19 illustrates an alternative method of forming electrded and
      non-electroded portions of the surface of the ferroelectric material.
PAR  FIGS. 20, 21, 22 illustrate additional configurations of electrodes and
      ferroelectric material which can be utilized in the present invention.
      FIGS. 23-25 together illustrate yet another configuration of electrodes
      and ferroelectric material for use in an apparatus in accordance with the
      present invention.
PAR  Throughout the drawings the following conventions are used: Arrows with
      conical heads indicate fluid flow. Solid arrows with ordinary heads
      indicate directions of polarization. Double-headed arrows indicate
      alternated directions of polarization. Dotted arrows indicate electric
      fields.
DETD
PAC  DETAILED DESCRIPTION
PAR  This invention relates to an apparatus and process for generating a
      periodic non-uniform electric field, and to an apparatus and process for
      removing polarizable particulate material from a fluid, using the
      apparatus for generating a periodic non-uniform electric field as an
      element of the apparatus for removing polarizable particulate material
      from a fluid.
PAR  By a "non-uniform" electric field, it is meant that the lines of force of
      the electric field are not parallel, and are therefore more concentrated,
      and the electric field is stronger, in one location than in another. By
      "periodic" it is meant that the non-uniform electric field is not of
      constant strength, but becomes stronger and weaker and reverses at various
      times, passing through a repeated sequence of such values. By "external"
      it is meant that the place where the periodic non-uniform electric field
      is generated is located other than between the electrodes which are used
      to generate the periodic non-uniform electric field.
PAR  The central element of the apparatus for generating a periodic non-uniform
      electric field is a ferroelectric material which is polarizable in
      directions perpendicular to the surface of the ferroelectric material.
      "Ferroelectric materials"  (or simply "ferroelectrics") are a sub-set of
      the class of pyroelectric materials, and they have been used for a variety
      of sophisticated electronic equipment. A ferroelectric material is a
      pyroelectric material whose polarization can, as a consequence of the
      crystallographic structure of the ferroelectric, be reversed or reoriented
      by application of a suitably directed electric field of sufficient
      magnitude. The electric field needed to switch the polarization is a
      characteristic of the particular ferroelectric utilized. The electric
      field necessary to switch the direction of polarization is known as the
      "coercive field" (E.sub.c) of the ferroelectric material and may vary with
      the direction of the crystal orientation with respect to the field
      direction when the coercive field is measured. In most ferroelectric
      crystals and ceramics the coercive field is also a function of both form
      and frequency of the applied field. In fact, depending on the
      crystallographic strucutre of the particular ferroelectric material
      involved, there may not be a coercive field defined in a particular
      direction because it may be that no amount of electric field applied in
      that direction will cause a change in the direction of polarization of the
      ferroelectric material.
PAR  Ferroelectric materials which can be utilized for the present invention
      includes various known ferroelectric materials such as barium titanate,
      triglycine sulfate ("TGS"), triglycine fluoberylate ("TGFB"), barium
      niobate, strontium niobate, and sodium potassium taratrate tetrahydrate
      (Rochele salt).
PAR  Solid solutions made from suitable ferroelectric end members such as those
      listed below, can also be employed.
TBL  ______________________________________                                    

     TGS             --     TGFB                                               

     BaTiO.sub.3     --     SrTiO.sub.3                                        

     PbTiO.sub.3     --     PbZrO.sub.3                                        

     BaNb.sub.2 O.sub.6                                                        

                     --     SrNb.sub.2 O.sub.6                                 

     BaNb.sub.2 O.sub.6                                                        

                     --     SrTa.sub.2 O.sub.6                                 

     ______________________________________                                    

PAR  For suitable compositions such as PbTiO.sub.3 -PbZrO.sub.3 the
      ferroelectric may also be used in polycrystalline ceramic form.
PAR  For use in the present invention, ferroelectric material polarizable in
      directions perpendicular to the surface of the ferroelectric material is
      needed. Ferroelectric materials can have one or more "ferroelectric axes",
      or directions in which polarization of the ferroelectric material can
      exist. Some crystals have only a single ferroelectric axis, in which case
      the crystal can exhibit spontaneous polarizations in only two directions
      (each direction along the single axis); other crystals have multiple
      ferroelectric axis, so that spontaneous polarization can exist in several
      directions. Either type of ferroelectric material, either having a single
      axis or multiple ferroelectric axis, is useful for the present invention.
PAR  Before describing in detail the circuit of the apparatus for generating a
      periodic non-uniform electric field in accordance with the present
      invention, one type of apparatus foor removing polarizable particulate
      material from a fluid which utilizes this circuit will be briefly
      described with reference to FIG. 1.
PAR  Referring now to FIG. 1, it is a sectional schematic view of a
      dielectrophoresis particle extraction apparatus in accordance with the
      present invention, i.e., an apparatus for removing polarizable particulate
      material from a fluid. This apparatus comprises a piece of planar
      ferroelectric material 21 bearing electrodes 22 and 23, planar
      ferroelectric material 21 serving as one wall of a conduit through which
      fluid containing polarizable particulate material to be removed is past.
      The remaining walls 24 of the conduit complete the basic apparatus, except
      for the electric circuitry described below. In order to utilize this
      apparatus, the fluid containing the polarizable particulate material to be
      removed is positioned in the periodic non-uniform electric field while the
      periodic non-uniform electric field is being generated, in this case by
      passing the fluid through the periodic non-uniform electric field which is
      located in the positions between electrodes 22. The path of the fluid
      through the conduit defined by planar ferroelectric material 21 and walls
      24 is indicated by arrows 25.
PAR  To illustrate the influenece of the ferroelectric material in generating
      the very high field gradients necessary for effective dielectrophoretic
      separation, reference is made to FIGS. 2-11. In these figures, the
      direction of polarization of the portions of the ferroelectric material
      are indicated by unbroken arrows, and the direction of field strength is
      indicated by dotted arrows. It is assumed that before electroding, the
      ferroelectric crystal (or ceramic) was poled to negative remanence, as
      shown by the working point "a" in FIG. 3, then left to equilabrate. After
      a time which is long compared to the dielectric relaxation time tau of the
      ferroelectric material 21, the charge situation at the surfaces of
      ferroelectric material 21 will be as shown in FIG. 2. Unbroken arrows 27
      illustrate the spontaneous polarization of ferroelectric material 21 with
      bound charges 28 and 28' on the surfaces of the ferroelectric material 21.
      These bound charges will be exactly compensated by "free" surface charges
      29 and 29', and no field will exist either inside or outside the piece of
      ferroelectric material 21.
PAR  If electrodes 22 and 23 are now connected to a generator which begins to
      generate a positive field between electrodes 22 and 23, as illustrated in
      FIG. 4, some positive charge will be applied to electrode 23, negative
      charge to electrode 22, and a field will be set up in the direction
      opposing the spontaneous polarization P.sub.s (unbroken polarization
      arrows 27), as shown by the dotted arrows 30 in FIG. 4. If the voltage
      appled to electrodes 22 and 23, shown as single cell DC potential source
      31, is less than the coercive field E.sub.c of the ferroelectric material
      21, the working point will now more out on the hysteresis loop (FIG. 5) to
      some point "b". Electric field as shown by dotted arrows 30 and 30' will
      now exist both inside and in the space outside the ferroelectric material
      21, and a strong field gradient (dotted arrows 30") begins to develop at
      the edge 32 of electrode 22, on the upper surface of ferroelectric
      material 21.
PAR  Of special importance, however, is the field at the edge 32 but inside the
      ferroelectric material 21. It can be seen from FIG. 4 that because of the
      equipotential of the electrode on the lower surface of ferroelectric
      material 21, the field will tend to spill out (fringe) into the
      unelectroded portion of the ferroelectric material 21 (see dotted field
      arrow 30'"of FIG. 4).
PAR  Referring now to FIGS. 6 and 7, if the field is further raised beyond the
      coercive field E.sub.c necessary for ferroelectric switching, as
      illustrated by triple cell DC potential source 33 in FIG. 6, for example
      to point "c" in FIG. 7, the spontaneous polarization P.sub.s under
      electrode 22 will now invert (see polarization arrows 27 of FIG. 6). It
      should be noted that while FIGS. 4, 6 and 8 illustrate the potential
      applied to electrodes 22 and 23 as DC potential sources, this is merely an
      indication of the instantaneous potential condition which is in reality
      supplied by an alternating source of potential.
PAR  Massive negative charge must now flow onto electrode 22 to compensate the
      switching charge associated with the spontaneous polarization which is
      indicated by polarization arrows 27. However, spillover of the field,
      together with the continuity of the domain wall, will force some switching
      beyond edge 32 (see polarization arrow 27' of FIG. 6). Since, however,
      there is no electrode on this surface above polarization arrow 27', and
      therefore no contact to the source of potential 33, no free charge will
      accumulate to compensate the large bound positive charge of the domain
      switching.
PAR  This large positive charge now forms a virtual electrode (accumulation of
      charge which behaves as an electrode) extremely close to the true negative
      electrode at edge 32, driving up the surface field to very high values and
      producing an exceedingly large field gradient at edge 32, as shown by
      field arrows 30" in FIG. 6.
PAR  One cardinal advantage of this virtual electrode is shown in FIGS. 8 and 9.
      If the E field at the surface of the ferroelectric material 21 is now
      increased further, for example to working point "d" in FIG. 9, so that
      further fringe switching is induced (see polarization arrow 27" in FIG.
      8), then the E field at the surface at the point indicated by number 34,
      near the edge 32 of the real electrode, may exceed the breakdown strength
      of the ambient medium. In this case, carriers will be transported from the
      negative electrode over the surface. In a normal electroded device,
      catastrophic short circuit would result. For the circuit under
      consideration, however, the accumulating negative surface charge simply
      moves the high field region over, new switching is induced, and anew high
      field region is generated at point 34.
PAR  Referring now to FIGS. 10 and 11, when the source of potential has cycled
      to the point where no field is applied to electrodes 22 and 23, as
      illustrated by working point "e" of FIG. 11, the polarization and charge
      situation will be as shown in FIG. 10. Both the internal and external
      fields will be absent at this point, and the only charges present will be
      the bound polarization charges 28 and 28' and the compensating free
      surface charges 29 and 29'. A new half cycle may now be initiated, with
      the working point moving around the hysteresis loop at points on the left
      hand (negative field) side, corresponding to b, c and d in FIGS. 5, 7, and
      9, on the right hand side of the hysteresis loops in these figures. The
      field and polarization effects for this half of the cycle are exactly
      opposite to those of the half of the cycle illustrated in FIGS. 4-11, with
      the high intensity field having the same shape but merely the opposite
      direction.
PAR  It may be noted that:
PA1  1. The highest field is generated immediately adjacent to the electrode
      edge 32.
PAR  2. The field strength drops away rapidly into the ambient medium, with
      distances further from electrode edge 32.
PAR  3. The sign of the field inverts on each half cycle of the driving field.
PAR  4. The field gradient, unlike the field itself, does not change sign, so
      that the gradient E.sup.2 which is responsible for the dielectrophoretic
      driving force for particle removal goes from zero to its maximum value
      twice on each cycle of the driving electric field.
PAR  5. Breakdown or limited conduction in the ambient medium only serves to
      transport the region of maximum field (and of the highest field gradient)
      along the surface of the ferroelectric material 21.
PAR  The invention will now be illustrated with two examples.
PAC  EXAMPLE 1
PAR  To demontatrate the high field, field gradient and particle separation,
      referring now to FIG. 12, a piece of ferroelectric material 36 (barium
      titanate) was mounted upon an alumina substrate 37. The piece of planar
      ferroelectric material 36 was approximately 50 mm by 1.6 mm and 0.17 mm
      thick. To the bottom of the piece of planar ferroelectric material 36 as
      illustrated in FIG. 12, a metallized silver electrode was applied over a
      25 mm length center section (not shown in FIG. 12). To the top surface of
      the piece of planar ferroelectric material 36 was applied a pair of silver
      electrodes 38, having a thin gap of about 0.25-1.0 mm width. The piece of
      planar ferroelectric material 36 was then cemented with silver epoxy
      cement to the alumina substrate 37, suitable electrodes (not shown in FIG.
      12) were applied, and the assembly was then enclosed between two glass
      plates 40 (see FIG. 13). In one end of the cell was mounted a microscope
      illuminating lamp, and at the other end of the cell a telemicroscope with
      camera attachment was mounted. Electrical fields were obtained from an
      audio power amplifier driven by a General Radio unit oscillator, and the
      amplitude of the voltage applied to electrodes 38, on the one hand, and
      the electrode on the bottom of the piece of planar ferroelectric material
      36 on the other hand, was monitored with a Tektronix oscilloscope and a
      Hewlett-Packard vacuum tube voltmeter. Glass plates 40 were secured with a
      room temperature vulcanizing silicone cement.
PAR  The completed cell was then filled with a liquid containing acicular
      polarizable particles suspended in a nonionic insulating liquid. This
      liquid was Marks Polarized Corporation's Varad Electrooptical Fluid No.
      V102. This liquid contains needle-like crystalline polarizable particles
      in a phthalic acid ester base. When randomly distributed, the fluid is
      opaque, but at well defined field strength and frequency, the crystals can
      be reoriented parallel to the field and the fluid becomes clear.
PAR  A frequency of 4500 cycles alternating potential of a variable voltage was
      applied to the electrodes on both sides of the planar ferroelectric
      material 36. As voltage was gradually increased, a small clear area
      developed about the gap in the top surface electrode 38. This area grew
      larger with increased voltage and became smaller as the voltage was
      decreased, and the effect was found to be reproducible. In a second test
      in simialr apparatus, as the voltage was increased, a halo was observed in
      the vicinity of the gap 39 between the two electrodes 38. Because the
      planar ferroelectic material had not been fastened securely to the alumina
      substrate 37 along its entire length, light could be transmitted between
      the planar ferroelectric material 36 and the alumina substrate 37. At zero
      volts this area was quite dark. Increasing the voltage to 225 volts (root
      mean squared) resulting in a clearing of the area. The clear area grew
      larger at 350 vrms applied to the test cell.
PAR  The effect of frequency was not quite as pronounced. Applying a voltage of
      225 vrms on the cells, a larger clear area was observed with a frequency
      of 45000 cycles than was observed with 450 cycles. Each of these
      observations was reproducible, as well as the halo effect in the gap area.
PAR  As a control, a test cell of similar design, but with a glass strip
      substituted for the planar ferroelectric material 36, was subjected to the
      same voltage conditions. With 50 vrms applied to the cell, no optical
      effect was noted. At 100 vrms heating and bubbling of the electrooptical
      fluid were the only effect observed.
PAR  The test was repeated again with a second glass test cell. Again at 30 vrms
      no optical effect was noted. This was also true at 45000 cycles and at 450
      cycles. With 100 vrms applied, slight movement of the particles was
      observed, indicating a dielectric heating effect. Increasing the voltage
      to 150 vrms resulted in rapid boiling of the fluid.
PAR  It was noted for the ferroelectric cells that after a time of the order of
      5 minutes under alternating potential of 225 vrms, the efficiency of the
      cell as judged by the halo about the electrode gap began to diminsh.
      Stopping the experiment, a thin deposit was observed in the gap region. On
      removing this deposit with a soft camel's hair brush, the full efficiency
      was restored. This process was repeated several times, indicating that the
      strong field gradient was causing the acicular semiconducting particles to
      be removed from the Marks fluid.
PAC  EXAMPLE 2
PAR  Illustrating the extention of ferroelectric switching into the gap region
      between electrodes, a piece of planar ferroelectric material, polarizable
      in directions perpendicular to the plane of the planar ferroelectric
      material, specifically a lead zirconate -- lead titanate produced by
      Vernatron Piezoelectric, Inc., and identified by them as PZT-5H was
      prepared. This piece was 12.7 mm by 15.1 mm and 0.17 mm thick. On this
      piece of ferroelectric material 41 (see FIG. 14) a series of three
      electrodes 42-44 were applied to the upper side piece of ferroelectric
      material 41. Electrode 42 was rectangular, approximately 2.4 mm by 7.1 mm.
      Electrode 43 was also rectangular, approximately 3.2 mm by 7.1 mm. A space
      between electrodes 42 and 43 of about 0.25 mm was provided. Midway between
      electrodes 42 and 43, a narrow strip electrode, the upper portion of
      electrode 44 as illustrated in FIG. 14, 0.038 mm in thickness, was
      applied. This electrode was in its entirety of a T-shape as illustrated in
      FIG. 14.
PAR  In operation, electrodes 42 and 43 were connected to an AC generator of 800
      volts rms at 60 Hz. Electrode 44 was connected to a 0.22 microfarad
      integrating capacitor and then directly to the Y-amplifier of a
      cathode-ray oscilloscope. For this oscilloscope, the x-deflection was
      provided by a tap from the 60 Hz supply to electrodes 42 and 43.
PAR  The appearance of a hysteresis loop on electrode 44 clearly indicated the
      occurrence of switching of the ferroelectric material 41 within the gap
      region between electrodes 42 and 43, driven by the fringe field from
      electrodes 42 and 43. From the quantity of charge switched (about 0.053
      microcoulombs, over an area of 0.0028 cm.sup.2), it is clear that some 20
      microcoulombs/cm.sub.2, a major fraction of the spontaneous polarization
      P.sub.s in this PZT-5H material, was being switched.
PAR  Other configurations of ferroelectric material can be used, such as
      successive portions 21a, 21b, 21c, 21 d of planar ferroelectric material
      21 (see FIG. 15) between successive electrodes 22 being polarized in
      alternate directions perpendicular to the plane of the planar
      ferroelectric material. This configuration may have advantages in
      situation in which a number of parallel plates of ferroelectric material
      21 are arranged in close array, so that the overlapping electric fields
      from adjacent plates can be correlated in their directions. In FIG. 15, as
      in FIG. 16, the portions of the ferroelectric material whose direction of
      polarization is alternated are indicated with double-headed arrows, and
      the directions of polarization of those portions of the ferroelectric
      material which is not alternated are indicated by single-headed arrows.
PAR  Another configuration is shown in FIG. 16, wherein alternate slightly
      overlapping electrodes 22, 23 are placed on opposite sides of
      ferroelectric material 21. An advantage of the configuration shown in FIG.
      16 is that the high intensity fields can be generated on both sides of
      ferroelectric material 21, and in fact a plurality of plates of
      ferroelectric material 21 as illustrated in FIG. 16 can be arranged in
      juxtaposition as shown in FIG. 17. Using this configuration, it is
      possible to connect certain of the electrodes to separate sources of
      alternating potential, 26', 26", 26'", so that the various differing
      portions of the array of ferroelectric materials 21 can be subjected to
      different phase conditions, and a proper cooperation of the high intensity
      field locations can be obtained; or so that by utilizing different
      frequencies, different types of particles which are more responsive to
      different frequencies can be selectively collected in different locations
      of the apparatus.
PAR  The parallel plate configuration as shown in FIG. 17 can then be placed in
      a suitable conduit 47 (see FIG. 18), through which the fluid to be
      purified can be passed as shown by arrows 48.
PAR  The electrodes need not be in the configuration of parallel stripes, and a
      polka-dot configuration of non-electroded portions is illustrated in FIG.
      19. The non-electroded portions 50 can be formed by high spots in the
      ferroelectric material, so that the entire surface of the ferroelectric
      material is initally electroded (such as by flashing on gold metallic
      electrodes by conventional technology), following which the high portions
      are polished off to remove the unwanted portions of the electrode
      material. the irregular dimpled shape of the ferroelectric material
      necessary to produce this configuration can either be formed by pressing
      the uncured ferroelectric material, prior to firing and polarization, or
      by sandblasting the cured ferroelectric material after firing. In either
      case, the high portions of ferroelectric material 21 which is covered by
      electrode 22 are polished off leaving exposed portions 50 of ferroelectric
      material 21, which can serve as local cites of particle collection.
PAR  Another variant of the apparatus illustrated in FIG. 18 is shown in FIG.
      20. Instead of parallel sheets of ferroelectric material, the
      ferroelectric material with alternate striped electrodes can be arranged
      in a spiral.
PAR  Another approach to using a tube as the conduit is illustrated in FIG. 21,
      wherein the walls of the conduit are themseleves the ferroelectric
      material, with electodes being applied inside and outside the conduit.
      Although the configuration of FIG. 21 is shown with electrodes 22 running
      parallel to the axis of the ferroelectric conduit 21, other configurations
      are also possible, such as parallel annular electrodes or spiral
      electrodes, inside or outside ferroelectric conduit 21.
PAR  Another approach which can be taken in the construction of ferroelectric
      bodies for use in the present invention is illustrated in FIG. 22. In this
      embodiment, small particles of ferroelectric material are sintered lightly
      together, with random directions of polarization of the individual
      particles. the porosity of the body as a whole is maintained, so that the
      liquid to be purified can be passed between the particles, for example
      from top to bottom as illustrated in FIG. 22. The electrodes can be
      applied to the surface of the ferroelectric material 21 in a wire mesh
      configuration, see electrodes 22 of FIG. 22. This allows the passage of
      fluid directly through the electrodes. Additional electrodes (not shown in
      FIG. 22), likewise in wire mesh configuration, can be applied to the
      bottom of the sintered ferroelectric material 21. This configuration has
      the advantage of combining conventional filter technology with the
      ferroelectric dielectrophoretic particle removing method according to the
      present invention.
PAR  Yet another scheme is illustrated in FIGS. 23-25. A number of individual
      plates can be fabricated as per FIGS. 23 and 24, each plate consisting of
      a piece of ferroelectric material 21 which has deposited upon it
      electrodes 22, 23. For use in this configuration, it is convenient to
      place a palladium or platinum material on the uncured ferroelectric
      material 21, together with a material over electrode 22 which can later be
      leached out be appropriate chemical action. The ferroelectric material 21
      and the electrodes 22, 23, together with the material to be leached (not
      shown in FIG. 24, but present between legs 21e, 21f of ferroelectric
      material 21), can all be cured together at the same time. A plurality of
      these plates can then be assembled together in a sandwich configuration as
      illustrated in FIG. 25, and the material between legs 21e and 21f can be
      leached out to form a passage for the fluid to be passed through the
      apparatus as illustrated by arrows 48 in FIG. 25.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for generating a periodic non-uniform electric field, external
      to the field-genrating electrodes, comprising
PA1  a. a ferroelectric material, polarizable in directions perpendicular to the
      surface of the ferroelectric material; the ferroelectric material
      comprising at least one portion, the direction of polarization of which is
      to be alternated during generation of the periodic non-uniform electric
      field, and at least another portion, the direction of polarization of
      which is to remain the same during generation of the periodic non-uniform
      electric field;
PA1  b. a plurality of electrodes, applied to opposite sides of the
      ferroelectric material, covering both sides of the portions of the
      ferroelectric material, the direction of polarization of which is to be
      alternated during generation of the periodic non-uniform electric field,
      but leaving uncovered at least one side of the portions of the
      ferroelectric material so as to produce a non-uniform electric field, the
      direction of polarization of which is to remain the same during generation
      of the periodic non-uniform electric field, defining a location external
      to the field-generating electrodes and adjacent the boundary between the
      alternately polarized portions of the ferroelectric material, in which the
      periodic non-uniform electric field is to be generated; and
PA1  c. means for providing alternating potential to the electrodes
PAR  1. for alternating the direction of polarization of the covered portions of
      the ferroelectric material and leaving polarized in their original
      direction, the uncovered portions of the ferroelectric material;
PA2  2. for producing periodically alternately polarized portions of the
      ferroelectric material; and
PA2  3. for generating a periodic non-uniform electric field external to the
      field-generating electrodes, in the location adjacent the boundary between
      the alternately polarized portions of the ferroelectric material.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein the portions of the direction of
      polarization of which is to remain the same during generation of the
      periodic non-uniform electric field, are all polarized in the same
      direction perpendicular to the surface of the ferroelectric material.
NUM  3.
PAR  3. Appartus according to claim 1, wherein the portions the direction of
      polarization of which is to remain the same during generation of the
      periodic non-uniform electric field, are polarized in alternate directions
      perpendicular to the surface of the ferroelectric material.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein the ferroelectric material is
      barium titanate.
NUM  5.
PAR  5. Apparatus for removing polarizable particulate material from a fluid,
      comprising
PA1  a. apparatus according to claim 1 for generating a periodic non-uniform
      electric field, and
PA1  b. means for positioning the fluid which contains the polarizable
      particulate material to be removed, in the periodic non-uniform electric
      field while the periodic non-uniform electric field is being generated.
NUM  6.
PAR  6. Apparatus for generating a periodic non-uniform electric field, the
      apparatus comprising
PA1  a. a base element having a plurality of surfaces on opposite sides of the
      base element and formed of a ferroelectric material, which ferroelectric
      material is polarizable in directions generally perpendicular to the
      surfaces on opposite sides of the base element;
PA1  b. a first electrode means applied to at least a portion of a first surface
      of the base element, the first surface being generally perpendicular to a
      direction of polarizability of the ferroelectric material;
PA1  c. a second electrode means applied to at least a portion of a second
      surface of the base element, the second surface being on an opposite side
      of the base element from the first electrode means; the first elecrode
      means and seocond electrode means being positioned to cover a first part
      of the base element on opposite sides, and to expose a second part of the
      base element on at least one side of the second part of the base element;
      and
PA1  d. means for providing an alternating potential to the first and second
      electrode means, for alternating the direction of a polarization of the
      first part of the base element, without alternating the direction of
      polarization of the second part of the base element.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein said base element is planar and
      polarizable in directions perpendicular to the plane of the planar
      ferroelectric material.
NUM  8.
PAR  8. Apparatus according to claim 6, wherein the first electrode means
      completely covers the first surface of the base element.
NUM  9.
PAR  9. Apparatus according to claim 8, whrein the second electrode means
      comprises a plurality of spaced elecrodes.
NUM  10.
PAR  10. Apparatus for removing polarizable particulate material from a fluid,
      comprising
PA1  a. appaaratus according to claim 6 for generating a periodic non-uniform
      electric field, and
PA1  b. means for positioning the fluid which contains the polarizable
      particulate material to be removed in the periodic non-uniform electric
      field while the periodic non-uniform electric field is being generated.
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ABST
PAL  An arrangement for the simultaneous qualitative or quantitative
      determination of several antigens in mixtures of antigens by
      immunoelectrophoresis in a matrix containing antibodies, by coating the
      support for the matrix with several matrix strips, one following the other
      and each containing a specific antiserum, and a process for the
      determination of several antigens in mixtures, wherein said arrangement is
      used.
BSUM
PAR  The present invention relates to an arrangement for the simultaneous
      qualitative or quantitative immunological determination of several
      antigens and to a process for using it.
PAR  Human serum and body fluids contain protein species which can be referred
      to in medicinal diagnostics under a collective name according to certain
      clinical pictures or physiological tasks. For example, the proteins acid
      .alpha..sub.1 -glycoprotein, .alpha..sub.1 -antitrypsin, coeruloplasmin
      and haptoglobin, which change during inflammatory diseases with regard to
      the normal values, are referred to as acute-phase proteins. The term
      immunoglobulins comprises the proteins IgG, IgA, IgM, IgD and IgE. They
      substantially influence the immunization of the organism, and their
      concentrations undergo characteristical changes due to certain diseases.
PAR  In the quantitative protein analysis, it is therefore necessary to examine
      several proteins of such a group for a diagnosis or the determination of a
      clinical picture. It can be expected that an increasing number of these
      protein groups will be found which, due to certain clinical pictures,
      undergo changes in concentration that have to be correlated.
PAR  Therefore, in series tests on patients who suffer from acute inflammatory
      diseases, it is desirable that the concentration values, for example of
      four acute-phase proteins, can be determined in a single analysis. It has
      been necessary up to now to carry out one analysis for each species of
      proteins.
PAR  Immunological evidence and determination is based on the property of
      antigens to react with antibodies, which are contained in corresponding
      antisera and have a specific action against these antigens, in
      stoichiometric amounts, while forming precipitates. The methods, referred
      to as simple linear and simple radial immune diffusion, are based on the
      fact that antigens diffuse into a matrix containing an antiserum and
      thereby form an antigen/antibody complex. The equivalence range of complex
      formation corresponds to the concentration of the reactants and is
      indicated by the outlines of a precipitate, which can be observed with the
      naked eye or made visible by coloring them with adequate dyes.
PAR  When an antigen is moved through an electric field in a matrix containing a
      homologue antibody, a more or less stretched-out precipitate is formed as
      a function of the migration velocity of the antigen. The diffusion or
      migration distance in each case is taken as a measure for the amount of
      the antigen to be determined. If there is no relation with a standard
      amount, the formation of a precipitate is taken as qualitative evidence
      for the unknown substance.
PAR  These techniques called immuno-diffusion or immuno-electrophoresis,
      however, permit the determination of only one single antigen per analysis.
      Further development of the immuno-electrophoresis has been disclosed by
      Laurell, Scand. J. clin. Lab. Invest. 29, suppl. 124, pages 21-37 (1972),
      which generally permits the determination of several antigens by
      electro-immuno-diffusion using an antiserum that contains antibodies with
      specific action against several antigens.
PAR  For a mixture of two antibody species, that method still provides
      relatively discernable pictures. The length of the immunization
      precipitates, however, depends on the protein concentration, so it is not
      easy to decide which of the precipitate peaks building up from the same
      starting spot is to be attributed to a determined protein. Things become a
      complete mess if more than two species of antibodies are applied.
PAR  Hence, the essential limit to that method is that, on the one hand, the
      amount of concentration and the electrophoretic behavior of the two
      antigens have to provide precipitates which differ from each other and, on
      the other hand, it must be easily possible to decide which precipitate is
      to be attributed to each individual antigen to be determined. Otherwise,
      fatal misinterpretation of results may occur in the examination of
      patients' sera. Moreover, ambiguous results require a repeated
      determination, for which adequate material is no longer available in many
      cases.
PAR  There has long been demand for an immunological method of determining
      several antigens of one sample in a single operation, which excludes
      confusion of the concentrations established.
PAR  As mentioned, it has been known to determine the corresponding antigen in a
      mixture of antigens by subjecting it to an electrophoresis in a matrix
      containing a monospecific antibody against one of the antigens.
PAR  Surprisingly, it has now been found that in the electrophoretic migration
      of a mixture of antigens through several matric strips put in series, each
      strip containing a specific antiserum against a single antigen, each
      individual matrix strip behaved as if the electrophoresis had been carried
      out using a matrix that had uniformly be charged with only one antibody.
      The antigens migrate unattacked through the matrix strips containing an
      antiserum other than that specific for them and precipitate exclusively in
      the matrix strip containing the antiserum which is specific for them. In
      this manner, the qualitative or quantitative determination of several
      antigens at the same time is possible.
PAR  Object of this invention is therefore an arrangement for the simultaneous
      qualitative or quantitative determination of several antigens in antigen
      mixtures by immuno-electrophoresis in a matrix containing antibodies,
      which arrangement is characterized in that a support for the matrix is
      coated with several matrix strips, one placed next to the other and each
      containing a specific antiserum.
PAR  Further object of the invention is a process for the qualitative or
      quantitative determination of antigens by using this arrangement.
PAR  Immuno-electrophoresis is most frequently performed on agar or agarose gel
      as the matrix. Other gel-forming substances, such as starch, gelatin or
      acrylamide may, however, also be used.
DRWD
PAR  The arrangement of the invention is illustrated diagrammatically by way of
      example in the accompanying drawing. In the drawing, FIG. 1 is a
      perspective view of the arrangement during preparation. FIG. 2 is a
      perspective view of the arrangement with the typical distribution of the
      precipitates on the matrix during immuno-electrophoresis.
DETD
PAR  In FIG. 1, a support plate 1 is being coated with agar as a matrix in gel
      strips 2 to 5, each strip containing a determined monospecific antiserum.
      The strips are produced successively in a desired width by spreading a
      liquid solution that contains the antiserum and consists for example of
      agar or agarose in an electrophoresis buffer on a horizontal plate while
      limiting the area of the plate, which is to be coated with a gel strip,
      for example by means of a bar 6, preferably made of metal. After the gel
      has solidified, this bar is moved further and the next strip is produced
      by filling liquid gel in the space thus freed. In an advantageous
      dimension, the gel strips have a width of about 2 to 4 cm. Thus, up to
      four or five different gel strips can be placed on a usual plate sized 10
      .times. 10 cm. The lowermost gel strip 2 (cathode), labeled -, should
      contain the antiserum against the antigen having the lowest migration
      velocity in the electric field, the uppermost strip 5 (anode, not yet
      placed in FIG. 1) and labeled + contains the antiserum against the antigen
      having the highest migration velocity. The lowermost strips are then
      punched to provide holes 7, which are filled with the antigen solutions to
      be examined. Thus, the plate illustrated in FIG. 1 is suitable for
      determining four different species of antigens in seven samples. An
      accordingly increased number of samples can be applied using
      correspondingly longer support plates and adequate equipment.
PAR  The matrix strips may, however, also be arranged in such a manner that the
      holes (application points) are placed in a small strip of antiserum-free
      gel, followed by the first strip of gel that contains the antiserum. This
      arrangement has the advantage that the antigens enter the first gel strip
      successively according to their migration velocity. Thus, the slowest
      antigen reacting in the first strip does not hamper the rest of the
      antigens, while forming the immunization precipitate, since these have
      already migrated farther.
PAR  The electrophoretical separation is carried out under the usual conditions
      of electro-immuno-diffusion in an adequate apparatus. The antigens are
      introduced as solutions into the application holes by means of a
      micro-pipette or a microliter syringe. After an electric field of 7 to 10
      V/cm has been established, the antigens migrate undisturbed through the
      antiserum-containing gel strips until inhibited by the antibodies having a
      specific activity against them in the corresponding strip.
PAR  After an electrophoresis time of about 3 hours, the reaction is complete.
      In a low-voltage field, for example of  2- 3 V/cm, the electrophoresis
      takes 8 to 16 hours. The reaction proceeds with the formation of
      rocket-shaped immunization precipitates, the length of which is a measure
      for the concentration of antigens. Upon electrophoresis, the
      antigen/antibody complex is advantageously colored by means of appropriate
      dyes, for example with the dyestuff Coomassi Brilliant Blue R, according
      to known methods. The precipitate line may be measured by means of a
      millimeter rule.
PAR  In FIG. 2, four antigens are simultaneously determined in seven samples
      upon electrophoresis and subsequent coloration of the precipitates formed.
      Application holes 7 correspond to those illustrated in FIG. 1.
PAR  The evaluation is made in the usual manner by means of calibrated curves.
PAR  A reference curve can be drawn by preparing three or four different
      dilutions of an adequate antigen standard with a physiological sodium
      chloride solution as the dilution liquid. These dilutions have to be
      adjusted so as to cover the preferred measuring range, in the case of
      plasma proteins, for example  3- 30 mg/100 ml. The sera of patients to be
      examined are advantageously applied in a dilution of 1:2.
PAR  An almost straight-lined curve is obtained by transferring the lengths of
      the precipitates as a function of the standard antigen concentration on
      graph paper (graded in millimeters).
PAR  When a quantitative reference of the antigens to be determined is not
      needed, the arrangement of the invention is to be used for the qualitative
      evidence of antigens. This only requires checking if there is a formation
      of precipitates of the antigen to be determined with the antibody
      correspondingly applied in the matrix, or not.
PAR  The determination may be performed on any antigens which show
      electrophoretic migration under adequate conditions and against which
      specific antisera can be obtained. Antigens which, under the conditions
      chosen, do not show or show only slight electrophoric mobility as such,
      may be correspondingly modified according to known methods, such as by
      carbamylation or reaction with .beta.-propiolactone, formaldehyde,
      ethylene oxide and the like, and may be subjected to the determination
      method of the invention. A preferred application field of this method is,
      of course, the clinical diagnosis for the evidence or determination of the
      constituents of plasma and of body fluids. There is, however, no reason
      against the arrangement and process also being used for determining
      microbial metabolic products or vegetable components, provided they show
      antigen properties.
PAR  A plain attribution of the precipitates to the antigens to be determined
      makes it possible even for persons without special qualification to handle
      the method of the invention. It will therefore be possible to introduce it
      with good success as a routine method for clinics and research
      laboratories.
PAR  The following Example illustrates the invention.
PAC  EXAMPLE
PAR  A matrix layer was prepared by heating a mixture of 1.5 g of agarose and
      100 ml of a barbital buffer solution, pH 8.6, .mu. 0.02, to the boiling
      point. After having been clarified, the solution was allowed to cool.
      Antiserum was admixed at 56.degree.C for preparing the
      antiserum-containing matrix. The hot liquid agarose solution was cooled in
      a water bath of 56.degree.C to this temperature which was optimum for the
      mixture. This bath served at the same time for preheating the antiserum.
PAR  The 1.5% agarose solution of 56.degree.C was poured on one end of a glass
      plate, 10 .times. 10 cm in size, with the help of a metal bar in a strip
      of 2 cm width, which did not contain the antiserum. The layer thickness of
      this agarose strip was about 1.5 mm. About 3 ml of agarose solution were
      required. After solidification of the gel strip, the metal bar was
      displaced for 2 cm and the free space was filled out with 3 ml of an
      agarose gel containing 2% of an anti-C3-serum of rabbits. In the same
      manner, further strips each with 2% of antitransferrin, 5% of
      anti-.beta.-lipoprotein and 7% of anti-haptoglobin serum were produced.
      The antiserum-free strip was punched to provide holes of a diameter of 2.5
      mm, which served for receiving 5 .mu.l each of the patients' sera to be
      examined.
PAR  After the sera had been placed in the holes, the electrophoretic separation
      was carried out at a field potential of 10 V/cm for 3 hours.
PAR  The length of the precipitates obtained was correlated with the
      corresponding values obtained from standard substances, thus allowing the
      quantitative determination of the complement factor C 3, of transferrin,
      of .beta.-lipoprotein and of haptoglobin in a single operation.
CLMS
STM  I claim:
NUM  1.
PAR  1. An arrangement for the simultaneous qualitative or quantitative
      determination of several antigens in mixtures of antigens by
      immuno-electrophoresis in a matrix containing antibodies, which
      arrangement comprises coating the support for the matrix with several
      matrix strips, one following the other and each containing a specific
      antiserum.
NUM  2.
PAR  2. An arrangement as claimed in claim 1, wherein the support for the matrix
      is coated with an antiserum-free matrix strip suitable for receiving the
      mixtures of antigens, followed by several other matrix strips each
      containing a specific antiserum.
NUM  3.
PAR  3. A process for the simultaneous qualitative or quantitative determination
      of several antigens, which comprises using an arrangement as claimed in
      claim 1.
NUM  4.
PAR  4. A process for the simultaneous qualitative or quantitative determination
      of several antigens, which comprises using an arrangemetn as claimed in
      claim 2.
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ABST
PAL  A heavy hydrocarbon feedstock is upgraded by at least one of the processes
      of desulfurization, decreasing carbon residues, increasing API gravity,
      and liquefaction of solid feedstock by reacting the feedstock at elevated
      temperature and pressure in the presence of carbon monoxide and in the
      presence of a catalytically active metal. In one embodiment the active
      metallic catalyst is associated with minor amounts of alkali or alkaline
      earth metals to minimize promotion of cracking side reactions. In a
      preferred embodiment a heavy hydrocarbon feedstock is upgraded in the
      presence of the catalyst system formed from a barium salt which has been
      deposited on cobalt molybdate dispersed on an alumina support.
PARN
PAR  This is a divisional application of my copending application having Ser.
      No. 77,360, filed on Oct. 1, 1970, now U.S Pat. No 3,728,252, issued Apr.
      17, 1973.
BSUM
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  In my application Ser. No. 757,113, filed Oct. 3, 1968, now U.S. Pat. No.
      3,586, 621, issued June 22, 1971, is disclosed a method for desulfurizing
      heavy hydrocarbon feeds by contacting such feeds with steam in the
      presence of suitable catalysts. The effectiveness of that process is
      believed to be due to the occurrence of reactions such as the water-gas
      shift reaction and the hydrogenation reaction.
PAR  It has now been found that still more improved results can be obtained by
      contacting heavy hydrocarbon-containing feeds with carbon monoxide in
      either the presence or absence of steam over suitable catalysts. Not only
      are beneficial results obtained at temperatures which are generally lower
      than those of the above-described filed case, but also benefits other than
      desulfurization are obtained.
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to the upgrading of heavy hydrocarbon feedstocks. In
      one of its aspects, this invention relates to multiple purpose catalysts.
      In another of its aspects, this invention relates to effecting multiple
      reactions with a single catalyst system. In still another of its aspects,
      this invention relates to desulfurization of hydrocarbon feedstocks. In
      still another of its aspects, this invention relates to decreasing carbon
      residues in hydrocarbon feedstocks. In yet another of its aspects, this
      invention relates to liquefaction of solid hydrocarbons in feedstock
      materials. In yet another of its aspects, this invention relates to
      increasing the API gravity of hydrocarbon feedstocks.
PAR  In one of its concepts, this invention provides a method for performing at
      least one reaction chosen from: desulfurizing a hydrocarbon feedstock,
      decreasing the carbon residues in a hydrocarbon feedstock, increasing the
      API gravity of a hydrocarbon feedstock, or liquefying a solid hydrocarbon
      in hydrocarbon feedstock material using an active metal catalyst. Another
      of its concepts, this invention provides a method for simultaneously
      catalyzing multiple chemical reactions using active metal catalysts.
PAR  Catalytic methods that can desulfurize, increase the API gravity, or
      decrease the carbon residues in hydrocarbon feedstocks are known. Methods
      for liquefying solid hydrocarbons and hydrocarbon feedstocks are also
      known. These known methods are, however, directed to specific reactions
      and do not possess the versatility of generally upgrading a hydrocarbon
      feedstock by promotion of a combination of reactions.
PAR  It is therefore an object of this invention to provide an economical method
      for the upgrading of hydrocarbon feedstocks. It is another object of this
      invention to provide a method for effecting a multiple upgrading of
      hydrocarbon feedstocks.
PAR  Other aspects, concepts and objects of the invention are apparent from the
      study of this disclosure and the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a method for upgrading
      heavy hydrocarbon feedstock which comprises reacting the feedstock at an
      elevated temperature and pressure in the presence of carbon monoxide and
      in the presence of an active metal selected from molybdenum, tungsten,
      nickel, cobalt, copper, iron, and zinc.
PAR  In a further embodiment of this invention the reaction of the feedstock at
      an elevated temperature and pressure takes place in the presence of carbon
      monoxide and an active metal catalyst from the list above and steam.
PAR  The process of the invention will upgrade the applicable feedstocks in one
      or more ways. The process can substantially desulfurize the feedstocks. It
      can decrease the carbon residue and increase the API gravity of a crude
      oil. It can reduce the sulfur content of a coal and/or convert a
      substantial portion of a coal to liquid hydrocarbon products.
PAR  The above benefits can be obtained without the need for hydrogen generation
      and compression apparatus. Moreover, these benefits are obtained with
      relatively low coke formation and with relatively low formation of cracked
      low molecular weight byproducts.
PAR  The feedstocks which can be upgraded according to the process of the
      invention are heavy hydrocarbon-containing feedstocks. These can be crude
      oils, heavy hydrocarbon oils, residual hydrocarbon fractions, as well as
      solid carbonaceous materials such as coal. These feedstocks can contain
      aliphatic and aromatic hydrocarbons as well as acyclic and alicyclic
      paraffins and olefinic compounds such as those containing up to 40 or more
      carbon atoms per molecule or those having molecular weights as high as 500
      or more. The feedstock can also comprise pulverized coal dispersed in a
      hydrocarbon oil particularly in a hydrocarbon oil capable of participating
      in hydrogen exchange reactions as a hydrogen donor, such as an aromatic
      oil or a hydrogenated aromatic oil. The heavy hydrocarbon-containing
      feedstocks will generally be naturally occurring and will generally
      contain a substantial sulfur content, although any crude oil and any coal,
      including bituminous and anthracite, is applicable.
PAR  The catalysts which are applicable for use in the present invention are
      those which contain catalytically active metals selected from molybdenum,
      tungsten, nickel, cobalt, copper, iron, zinc, and mixtures thereof. These
      elements can be present in the metallic state or in the form of oxides, or
      carbonyls, or sulfides, or salts of carboxylic acids such as naphthenic
      acids, or chemically combined with each other, or chemically or physically
      combined with other metals such as the alkali or alkaline earth metals,
      particularly barium. Some examples of these are molybdenum oxide, cobalt
      molybdate, nickel sulfide, zinc molybdate, copper oxide barium oxide,
      copper molybdate, magnesium tungstate, iron oxide barium molybdate,
      tungsten oxide, zinc sulfide, molybdenum hexacarbonyl, cobalt oxide,
      cobalt naphthenate, nickel naphthenate, barium naphthenate, and the like
      and mixtures thereof.
PAR  Such catalytically active materials can be associated, if desired, with
      catalytic support materials, preferably of the non-acidic type, such as
      alumina, calcium aluminate, barium aluminate, magnesium aluminate,
      bauxite, and the like and mixtures thereof. When such support materials
      are present, they can constitute from 40 to about 95 weight percent of the
      total catalyst composite.
PAR  In some instances, the catalysts, either supported or unsupported, can be
      associated with sufficient, though generally minor amounts, of alkali or
      alkaline earth metals to minimize or eliminate acid sites which would
      otherwise promote cracking side reactions.
PAR  Such solid catalysts can be prepared by any suitable means known in the
      art. For example, they can be prepared by coprecipitation, impregnation,
      or dry mixing. Whichever method of preparation is used, the compositions
      should be catalytic in that they will have a surface area of at least
      about 1 square meter per gram. They are generally activated prior to use
      by calcination in air at 800.degree.-1500.degree.F. Catalyst regeneration
      is similarly carried out.
PAR  Presently preferred catalyst systems are those containing molybdenum
      associated with barium. Particularly good results are obtained using a
      catalyst comprising cobalt molybdate dispersed on a predominantly alumina
      support material and impregnated with sufficient barium salt solution,
      such as a solution of barium nitrate or barium acetate or other carboxylic
      acid barium salt, to provide from about 1 to about 20, preferably from
      about 2 to about 15, weight percent barium. Another catalyst which has
      been found to be particularly effective is an unsupported barium molybdate
      catalyst in which the barium and molybdenum are present in approximately
      stoichiometric quantities.
PAR  The catalysts of the present invention are bifunctional in that they have
      activity for both the water gas shift reaction and hydrogenation.
PAR  The hydrocarbon conversion process of the present invention is carried out
      in liquid phase which in this application means as a totally liquid
      mixture or as a slurry of solid hydrocarbons in a liquid hydrocarbon
      carrier and in the presence of carbon monoxide. The process can be carried
      out both batchwise, such as in an autoclave, or it can be carried out
      continuously such as in a fixed bed reactor. Any convenient type of
      reactor can be used. In any event, sufficient carbon monoxide will be
      present to provide a reaction pressure in the range of about 1000 to about
      5000 psig, preferably in the range of about 1500 to about 3500 psig.
      Steam, when used, will be present in the reaction zone in amounts
      corresponding to a ratio of liquid water: liquid hydrocarbon feed of from
      about 1:5 to about 1:100 by volume. In batch operations, the ratio of
      solid catalyst to feedstock will be in the range of about 0.1 to about 20,
      preferably from about 1 to about 5, weight percent catalyst based upon the
      weight of the feedstock and the reaction time will generally be in the
      range of about 0.1 to about 20 hours. In continuous fixed-bed processes,
      the liquid hourly space rate of the feed will generally be in the range of
      from about 0.2 to about 10 LHSV.
PAR  The conversion temperature will generally be in the range of from about
      550.degree. to about 800.degree.F, preferably from about 675.degree. to
      720.degree.F. In the lower portion of the temperature range, the reaction
      can be relatively slow, while in the upper portion of the temperature
      range, the extent of coking can become more significant.
PAR  The products from the reaction zone generally include upgraded liquid
      products, some gaseous products, and minor amounts of coke. The gaseous
      products can include removed sulfur in the form of carbonyl sulfide and/or
      hydrogen sulfide.
DETD
PAR  The following specific examples show the preparation of the specific
      catalysts of this invention and the method of using catalysts of this
      invention in desulfurization, reducing carbon residues and increasing the
      API gravity using liquid feedstock, and liquefying solid hydrocarbon
      feedstock. These examples are meant to be illustrative and are not
      exclusive.
PAC  EXAMPLE I
PAC  Preparation of Barium-Treated Cobalt Molybdate Catalyst
PAR  A barium-treated cobalt molybdate catalyst was prepared by impregnatng a
      commercially available cobalt molybdate catalyst with a solution of barium
      acetate. Specifically, an alumina-supported cobalt molybdate catalyst
      (AERO HDS-1441 from American Cyanamide Company) in the form of an 11-32
      inch extrudate wad impregnated in this manner by subjecting a 200-gram
      quantity of the catalyst to contact with a solution containing 55 g of
      barium acetate in 85 ml water. After impregnation and drying, the
      impregnated extrudate was calcined at 1100.degree.F for about 4-5 hours.
      The composition of this catalyst, both before and after the incorporation
      of the barium, is shown in the following Table 1.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Composition and properties of Cobalt Molybdate                            

     Catalyst and its Barium Promoted Derivatives                              

                                Ba-Promoted                                    

                    Cobalt Molybdate(a)                                        

                                Cobalt Molybdate                               

     __________________________________________________________________________

     Surface area, m.sup.2 /gram                                               

                    290         228                                            

     Pore volume, cc/gram                                                      

                    0.56        0.48                                           

     Pore diameter, A                                                          

                    77          84                                             

     Aluminum, weight percent                                                  

                    35.8        32.6 (b)                                       

     Silicon, weight percent                                                   

                    1.3         1.2 (b)                                        

     Molybdenum, weight percent                                                

                    7.9         7.2                                            

     Cobalt, weight percent                                                    

                    2.0         1.8                                            

     Barium, weight percent                                                    

                    0.0         12.0                                           

     __________________________________________________________________________

      (a) Emission spectrographic analysis indicated the presence of trace     

      quantities of Fe, Ca, Mg, and Cu.                                        

      (b) Calculated values.                                                   

PAC  EXAMPLE 2
PAC  Desulfurization of Crude Oil with Carbon Monoxide over Barium-Promoted
      Cobalt Molybdate Catalyst
PAR  A 50/50 blend of Eocene and Ratawi crude oils were treated according to the
      process of the present invention using the catalyst described in the
      preceding example. The conversions were carried out in a stirred autoclave
      for five hours under several sets of conditions. The essential details and
      the results of these tests are shown in Table 2 on the following page.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Run No.     Feed (a)                                                      

                      1     2    3     4     5     6 (b)                       

     __________________________________________________________________________

     Operating Conditions                                                      

     Temperature, .degree.F                                                    

                 --    675   728  678   708   660   708                        

     Pressure, psig                                                            

                 --   2100  2300 2100  2200  20002 23502                       

     Time, hours --    10    10   10    10     10    10                        

     Feed/catalyst, grams                                                      

                 --   60/0  70/3 60/3  60/3  60/3  60/3                        

     Products                                                                  

     Coke, wt%   --   2.5   11.8 4.5   7.66  1.0   2.0                         

     Liquids                                                                   

     API 60.degree.F gravity                                                   

                 20.4 --    31.9 26.0  26.5  18.9  27.7                        

     Carbon, wt% 83.7 84.3  86.45                                              

                                 85.4  85.4  84.9  84.7                        

     Hydrogen, wt%                                                             

                 11.6 11.2  10.92                                              

                                 11.54 11.9  10.7  12.09                       

     Sulfur, wt% 4.0  3.4   2.4  2.9   2.5   3.8   2.8                         

     Sulfur removal,%                                                          

                 --   15.0  40.0 27.5  37.5  5.0   32.4                        

     Carbon residue, %                                                         

                 9.07 9.70  6.30 11.54 6.82  9.78  6.0                         

     Gases, Mole%                                                              

     H.sub.2     --   0.8   0.3  0.5   0.4   0.5   1.5                         

     CO          --   92.9  7.3  46.3  29.2  90.4  9.6                         

     CO.sub.2    --   1.1   9.1  21.5  21.0  4.5   53.4                        

     COS         --   0.8   9.6  6.0   6.9   0.3   2.4                         

     H.sub.2 S   --   0.0   2.0  0.3   0.3   0.0   4.1                         

     Methane     --   0.6   2.3  44.2  5.8   0.8   3.4                         

     Ethane      --   0.4   23.6 6.9   11.5  0.4   8.1                         

     Ethylene    --   0.0   0.0  0.1   0.0   0.0   0.0                         

     Propane     --   0.4   25.6 5.3   11.8  0.3   7.5                         

     Propylene   --   0.0   0.0  0.0   0.0   0.0   0.1                         

     Heavier     --   0.9   18.9 6.8   11.0  0.7   7.1                         

     N.sub.2 /O.sub.2                                                          

                 --   1.9/0.2                                                  

                            0/1.2                                              

                                 1.4/0.7                                       

                                       1.3/0.8                                 

                                             1.9/0.2                           

                                                   0.9/0.2                     

     __________________________________________________________________________

      (a) Feed -- a 50/50 blend of Eocens and Ratawi crudes.                   

      (b) 4.8 percent H.sub.2 O added.                                         

PAR  The data in the table above show that the process of the invention was
      successful in substantially decreasing the sulfur content of the
      feedstock. Further, it is seen that Runs 2-6 using the invention process
      have, in several instances, increased the API gravity of the oil as well
      as reducing its carbon residue value. This was generally accomplished with
      the production of relatively small quantities of coke. The presence of
      substantial amounts of carbonyl sulfide in the invention runs indicate
      that the substantial portion of the sulfur is removed from the crude oil
      in the form of this compound. In the invention Run 6 which 4.8% water
      (based upon the feed) was added, there appears to be a reduction in the
      amount of coke which was formed. Run 5 indicates that, under these
      specific conditions, a temperature higher than 660.degree.F is desirable.
PAC  EXAMPLE 3
PAC  Conversion of Crude Oil with Carbon Monoxide-Steam over Barium-Promoted
      Cobalt Molybdate
PAR  In another series of runs, the same 50/50 blend of crude oils was subjected
      to the process of the invention utilizing both carbon monoxide oand steam
      in 5-hour autoclave reactions. The essential details and the results of
      these tests are shown in the following Table 3.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Run No.             Feed  7     8     9                                   

     __________________________________________________________________________

     H.sub.2 O-Crude ratio                                                     

                         --    1-6   1-6   1-6                                 

     Temperature, .degree.F                                                    

                         --     575   640   690                                

     Initial CO Pressure, psig (43-78.degree.F)                                

                         --    1000  1000  1000                                

     Operating Pressure, psig                                                  

                         --    3000  3500  3775                                

     Final gas pressure (71-74.degree.F) psig                                  

                         --    1150  1225  1190                                

     Catalyst, % of feed --    5.0   5.0   5.0                                 

     Liquid product recovered, %                                               

                         --    96.6  95.5  94.4                                

     Coke, % of feed     --    1.0   1.7   4.16                                

     API gravity, 60.degree.F                                                  

                         20.4  24.4  19.8  26.1                                

     Carbon residue, %   9.07  7.99  8.72  6.44                                

     Carbon wt%          83.70 --    --    84.6                                

     Hydrogen, wt%       11.60 --    --    11.7                                

     Oxygen, wt%         0.14  --    --    0.15                                

     Nitrogen, wt%       0.22  --    --    0.20                                

     Sulfur, wt%         4.00  3.5   3.5   2.35                                

     Sulfur removal, % of total                                                

                         --    12.5  12.5  41.25                               

     Molecular weight    656   --    --    313                                 

     Gas Analysis                                                              

     H.sub.2             --    24.0  15.1  2.3                                 

     CO                  --    15.5  15.2  6.4                                 

     CO.sub.2            --    56.2  64.3  69.9                                

     H.sub.2 S           --    0.3   1.2   5.2                                 

     N.sub.2             --    2.3   1.1   1.9                                 

     O.sub.2             --    0.1   0.1   0.0                                 

     Methane             --    0.3   0.0   1.8                                 

     Ethane/Ethylene     --    0.3   0.6/0.0                                   

                                           3.7/0.0                             

     Propane/Propylene   --    0.2/0 0.6/0.0                                   

                                           3.2/0.0                             

     Heavier             --    0.9   1.2   5.5                                 

     __________________________________________________________________________

PAR  The results of these tests show that as much as 40% of the sulfur can be
      removed at temperatures which are about 150.degree.-200.degree.F lower
      than what had been previously observed in the absence of carbon monoxide.
      The low yields of methane, ethane, and propane in the gas effluent
      indicate that essentially no cracking takes place. Similarly, lower coke
      yields were obtained than with previous processes carried out in the
      absence of carbon monoxide.
PAC  EXAMPLE 4
PAC  Conversion of Coal-Oil Slurry with CO over Barium-Promoted Cobalt Molybdate
      Catalyst
PAR  A slurry of powdered coal in anthracene oil was desulfurized according to
      the process of the present invention in a 5-hour autoclave run at
      2200-2275 psig. The essential conditions of the run and the results are
      shown in the following Table 4.
TBL                                    TABLE 4                                 

     __________________________________________________________________________

                       Feed Composition   Slurry                               

                       A          B       of                                   

                       Anthracene Oil(a)                                       

                                  Coal(b) A + B(c)                             

                                                Run 10                         

                                                      Run 11                   

     __________________________________________________________________________

     Wt %              86.3       13.7    100   97.6  93.3                     

     Benzene Insoluble matter, wt %                                            

                       Nil        99+     13.7  8.63  10.75                    

     Pyridine insoluble matter, wt %                                           

                       Nil        99+     13.7  3.2   5.0                      

     Catalyst, wt %    --         --      --    0     5                        

     Temperature, .degree.F                                                    

                       --         --      --    670   750                      

     Conversion of coal(d)                                                     

     To benzene solubles, %                                                    

                       --         --      --    37.2  21.5                     

     To pyridine solubles, %                                                   

                       --         --      --    46.7  63.5                     

     Composition and Properties                                                

     Carbon, wt %      90.6       68.0    87.6  89.6  91.26                    

     Hydrogen, wt %    6.1        5.0     5.88  5.9   6.26                     

     Oxygen, wt %      1.2        11.28(e)                                     

                                          2.58  2.2   1.7                      

     Nitrogen, wt %    0.78       1.0     0.81  0.73  0.98                     

     Sulfur, wt %      0.69       2.97    0.90  0.61  0.54                     

     Ash, wt %         Nil        11.75   1.61  1.56  --                       

     Carbon residue, % 2.78       65.55   11.40 10.89 6.62                     

     Molecular wt      1.69       --      --    --    --                       

     Sulfur removal, % --         --      0     32.89 40.0                     

     __________________________________________________________________________

      (a)Anthracene oil contained primarily phenanthrene.                      

      (b)Washed southern Illinois coal.                                        

      (c)Physical mixture, assuming no reaction.                               

      (d)Moisture-free basis.                                                  

      (e)By difference.                                                        

PAR  Analyses of the gaseous products from these runs are shown in the following
      table. The original gas was comprised solely of CO which was used to
      pressurize the autoclave to 100 psig at about 75.degree.F at the start of
      the test.
TBL  ______________________________________                                    

     Run No.            10       11                                            

     ______________________________________                                    

     Composition, mol %                                                        

     Hydrogen           0.9      2.1                                           

     CO                 63.4     46.6                                          

     CO.sub.2           26.8     31.9                                          

     COS                5.5      3.6                                           

     H.sub.2 S          1.1      1.7                                           

     Methane            0.3      5.1                                           

     Ethane             1.6      4.4                                           

     Ethylene           0.0      0.0                                           

     Propane            0.6      2.2                                           

     Propylene          0.0      0.0                                           

     Heavier            0.8      1.0                                           

     ______________________________________                                    

PAR  These data clearly indicate that COS is the primary reaction product.
      Carbon dioxide can be derived from the reaction of CO with
      oxygen-containing derivatives of the coal products. H.sub.2 S can be
      formed by hydrogen exchange with the aromatic compounds such as
      phenanthrene which is a major component in the anthracene oil.
PAC  EXAMPLE 5
PAC  Liquefaction of Coal with CO-Steam over Barium-Promoted Cobalt Molybdate
      Catalyst
PAR  In this example, a slurry of coal (a washed coal obtained from southern
      Illinois) in anthracene oil was subjected to the process of the present
      invention in a 5-hour autoclave run. The reaction conditions included the
      presence of carbon monoxide, steam, and catalyst. The catalyst was the
      same as that prepared in Example 1. The essential conditions and results
      of these runs are shown in Table 5 below.
TBL                                    TABLE 5                                 

     __________________________________________________________________________

     Run No.          Feed (b)                                                 

                           12     13                                           

     __________________________________________________________________________

     Operating Conditions                                                      

     Coal/Anthracene oil ratio                                                 

                      --   1/6.4  1/6.3                                        

     Water/total hydrocarbon feed                                              

                      --   0.163  0.17                                         

     Catalyst, BaO on R-4311, wt %                                             

                      --   0.0    5.2                                          

     Temperature, .degree.F                                                    

                      --   708    700                                          

     Pressure, psig   --   3250   3375                                         

     Liquid Product                                                            

     Total recovery, wt %                                                      

                      --   100.00 95.0                                         

     Benzene insolubles, wt %                                                  

                      16.3 5.45   3.59                                         

     Pyridine insolubles, wt %                                                 

                      16.3 2.44   1.75                                         

     Conversion of Coal (a)                                                    

     To benzene sols., %                                                       

                      --   60.0   74.0                                         

     Carbon residue, (Rams.) %                                                 

                      13.25                                                    

                           8.17   10.1                                         

     To pyridine sols., %                                                      

                      --   82.4   87.4                                         

     H/C mole ratio   0.82 0.81   0.87                                         

     Sulfur, wt %     1.07 0.55   0.44                                         

     __________________________________________________________________________

      (a) Moisture-free basis.                                                 

      (b) Calculated Properties of physical -- 83.3% anthracene oil and 16.7%  

      coal.                                                                    

PAR  The data in the above Table show that the catalytic invention Run 13
      converted 74.0% of the coal into benzene soluble matter, in addition to
      substantially reducing the sulfur content of the coal slurry.
PAC  EXAMPLE 6
PAC  Liquefaction of Coal with CO-Steam Using Soluble Catalysts
PAR  In a manner closely analogous to that of the preceding example, a similar
      coal/anthracene oil slurry was converted in a 5-hour autoclave run
      employing carbon monoxide, steam, and several combinations of oil-soluble
      metal naphthenates. The essential conditions and results of these runs are
      shown in Table 6 below.
TBL                                    TABLE 6                                 

     __________________________________________________________________________

     Run No.        Feed(a)                                                    

                         14    15     16    17                                 

     __________________________________________________________________________

     Test Conditions                                                           

     Coal/anthracene oil ratio                                                 

                    --   1/4.5 1/4.5  1/4.5 1/4.5                              

     Water/hydrocarbon ratio                                                   

                    --   1/5.5 1/5.5  1/5.5 1/5.5                              

     Catalyst (as naphthenates)                                                

                    --   Ba/Ni Ba/Co  Ba/Mo Ba/Fe                              

     Catalyst added, wt %(b)                                                   

                    --   5.5/3.6                                               

                               5.5/3.6                                         

                                      5.5/3.6                                  

                                            5.5/3.6                            

     Temperature, .degree.F                                                    

                    --    705   710    710   710                               

     Pressure, psig --   3200  3400   3400  3400                               

     Liquid Product                                                            

     Total recovery, wt %                                                      

                    --   98.6  101.5(c)                                        

                                      98.5  95.0                               

     Benzene insolubles, wt %                                                  

                    16.3 5.63  5.49   5.8   5.67                               

     Pyridine insolubles, wt %                                                 

                    16.3 3.79  2.99   5.4   3.79                               

     n-Hexene insolubles, wt %                                                 

                    16.3 10.7  12.5   --    --                                 

     Conversion of Coal(d). %                                                  

     To benzene solubles                                                       

                    --   68.0  67.1   65.3  66.0                               

     To pyridine solubles                                                      

                    --   77.1  82.0   67.7  77.4                               

     To hexane solubles                                                        

                    --   35.5  25.0   13.6  --                                 

     Carbon residue, %                                                         

                    13.02                                                      

                         --    9.08   8.49  8.82                               

     Sulfur, wt %   1.00 0.63  0.43   0.53  0.43                               

     __________________________________________________________________________

      (a)Properties of blend as calculated from composition of feed used in    

      tests.                                                                   

      (b)As corresponding metal naphthenates.                                  

      (c)Contains some coke derived from the CO.                               

      (d)Moisture-free basis.                                                  

PAR  The data above show that the combination of barium naphthenate salts
      together with nickel, cobalt, molybdenum, or iron naphthenate salts also
      catalyze the liquefaction of coal in the presence of carbon monoxide.
PAC  EXAMPLE 7
PAC  Conversion of Crude Oil with CO-Steam over Barium Molybdate Catalyst
PAR  In this series of runs, a 50/50 mixture of Eocene and Ratawi crude oils
      were desulfurized according to the process of the present invention using
      an unsupported barium molybdate (46.2 weight percent Ba) catalyst. The
      tests were conducted in a 300.degree.C rocking autoclave equipped with a
      quartz liner. The crude oil, catalyst, and water, if used, were added to
      the autoclave which was then closed and flushed several times with
      nitrogen. After pressuring to 1000 psig with CO at room temperature, heat
      was applied as rapidly as possible until the desired operating temperature
      was reached. The tests were of 5 hours duration. The pressures shown in
      the table were at the beginning of the reaction period. As water was
      consumed, pressures were distinctly lower towards the end of the tests.
TBL                                    TABLE 7                                 

     __________________________________________________________________________

     Run No.       Feed 18     19   20   21   22   23                          

     __________________________________________________________________________

     Operating Details                                                         

     Temperature, .degree.F                                                    

                   --    708(a)                                                

                                711  709  728  728  728                        

     Pressure, psig                                                            

                   --   2200   2200 2650 4100 3900 3850                        

     BaMoO.sub.4, wt %                                                         

                   --   none   4.75 4.55 4.0  2.7  2.7                         

     Metal naphthenate                                                         

                   --   none   none none none Co   Ni                          

     Wt, % naphthenate                                                         

                   --   none   none none none 1.37 1.37                        

     Water, wt %   --   none   none 4.55 16.0 13.7 13.7                        

     Coke, wt %    --   7.2    1.67 2.3  2.33 1.55 3.0                         

     Liquid Product                                                            

     Wt, %         --   85     96.0 96.2 96.3 96.0 95.5                        

     API gravity, 60.degree.F                                                  

                   20.4 26.0   24.4 24.8 23.7 23.4 24.0                        

     Carbon, wt %  83.7 84.8   83.7 84.3 86.2 85.5 --                          

     Hydrogen, wt %                                                            

                   11.6 11.7   11.7 11.9 10.7 11.3 --                          

     Sulfur, wt %  4.00 3.6(b) 3.1  3.2  2.8  3.0  2.9                         

     Sulfur removed, %                                                         

                   --   10.0(c)                                                

                               24.4 22.0 32.7 26.8 29.2                        

     Carbon residue, %                                                         

                   9.07 6.14   8.17 7.72 6.57 7.01 6.84                        

     Gaseous Materials, mol %                                                  

     H.sub.2       --   0.8    0.8  3.7  3.6  5.5  4.2                         

     CO            --   70.7   75.2 19.8 4.8  5.1  2.5                         

     CO.sub.2      --   3.3    3.6  50.8 62.7 64.6 50.6                        

     COS           --   3.1    3.9  0.3  0    0    0                           

     H.sub.2 S     --   0.3    0.3  6.5  6.8  7.0  9.6                         

     Methane       --   6.0    3.0  1.6  0.6  0.9  0.7                         

     Ethane        --   5.9    3.9  4.8  5.2  4.4  6.8                         

     Ethylene      --   0.0    0.1  0.0  0    0    9                           

     Propane       --   3.7    3.2  3.4  7.8  5.5  10.4                        

     Propylene     --   3.7    0.1  0.8  0    0    0.3                         

     Heavier       --   4.1    4.3  6.6  6.8  6.8  14.4                        

     __________________________________________________________________________

      (a)10-hour run.                                                          

      (b)Converted to 100% yield basis.                                        

      (c)Based on 3.6 value.                                                   

PAR  The data show that, without a catalyst, no substantial desulfurization
      occurs. Moreover, there is a greater level of cracking as evidenced by the
      greater quantities of lower hydrocarbons produced. On the other hand, the
      invention runs using the barium molybdate catalyst show substantial
      desulfurization, the sulfur being predominantly removed as carbonyl
      sulfide in the absence of steam and predominantly as hydrogen sulfide in
      the presence of steam. In the invention runs using both the barium
      molybdate and the metal naphthenates, substantial desulfurization occurs
      and it appears that coke formation is reduced.
PAR  Reasonable variation and modification are possible within the scope of the
      foregoing disclosure and the appended claims to the invention the essence
      of which is that a heavy hydrocarbon feedstock can be reacted in the
      presence of carbon monoxide and a catalyst comprising an active metal and
      an alkaline earth metal at elevated temperatures and pressures to improve
      the quality of the reactive material.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for liquefying coal in which the coal is slurried in anthracene
      oil, said method comprising contacting said coal anthracene oil slurry
      with a catalytically active metal selected from the group consisting
      essentially of molybdenum, nickel, cobalt, and iron promoted with a barium
      compound in the presence of carbon monoxide at a temperature in the range
      of 675.degree. to 720.degree.F and a pressure in the range of about 1,000
      to about 5,000 psig for a time sufficient to carry out the process of
      liquefaction of the coal.
NUM  2.
PAR  2. The method of claim 1 wherein the catalytically active metal is present
      as cobalt molybdate and the barium compound is present as barium oxide.
NUM  3.
PAR  3. The method of claim 1 wherein said catalytically active metal is
      associated with an aluminum catalytic support material which comprises
      from about 40 to about 95 weight percent of the total catalyst
      composition.
NUM  4.
PAR  4. The method of claim 1 wherein said reaction is carried out batchwise and
      the ratio of solid catalyst to feedstock is in the range of about 0.1 to
      about 20 weight percent catalyst based on weight of feedstock and the
      reaction time is in the range of about 0.1 to about 20 hours.
NUM  5.
PAR  5. The method of claim 1 wherein steam is added to the reaction zone in a
      ratio of liquid water to liquid hydrocarbon feed of from about 1:5 to
      about 1:100 by volume.
NUM  6.
PAR  6. The method of claim 1 wherein said reaction is continuous in a fixed
      span and the liquid hourly space velocity of the feed is in the range of
      about 0.2 to about 10.
NUM  7.
PAR  7. The method of claim 5 wherein steam is added to the reaction zone in a
      ratio of liquid water to liquid hydrocarbon feed of from about 1:5 to
      about 1:100 by volume.
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PAL  A method of making special cokes according to which a mixture of from
      50-90% by weight of an atmospheric distillation residue of a petroleum,
      e.g. a Pannonian petroleum, with a density of from 0.935-0.965 grams per
      cubic centimeter, a viscosity of from 2.8.degree.-4.3.degree. Engler at
      100.degree.C, a sulfur content of from 0.85-1.10%, a coke value according
      to Conradson of from 5-7 %, an aromatics content of from 40-60%, an
      asphalt content below 1.8% with a boiling component of less than 20%
      within the temperature range of from 250.degree.-350.degree.C, and a
      content in ash forming elements of less than 0.05% is coked together with
      from 10-50% by weight of a catalyst-free catalytic residue obtained by
      catalytic cracking of a distillate low in ashes, e.g. gas oil, which last
      mentioned residue has a density of from 0.90-0.95 grams per cubic
      centimeter, a viscosity of from 2.5.degree.-3.2.degree. Engler at
      50.degree.C, a sulfur content less than 0.6%, a coke value according to
      Conradson of from 3.5-4.5%, an aromatics content of more than 35%, an
      asphalt content of less than 0.6%, and boiling components of from 8 to 12%
      for the range of from 250.degree.-300.degree.C and from 30-40% within the
      temperature range of from 300.degree.-350.degree.C in a 24 to 48 hour
      cycle at temperatures of from 475.degree.-515.degree.C and at a pressure
      of from 3-7 atmospheres above atmospheric pressure at a high recycling
      ratio.
BSUM
PAR  The present invention relates to a method of producing special cokes which
      are suitable for making graphite electrodes which are adapted to be loaded
      thermally and electrically to an extremely high degree and which are
      intended for use in ultra-high-power electric arc furnaces (UHP-furnaces).
PAR  Such graphite electrodes, in addition to having a high mechanical strength,
      must be thermoshock-resistant, which means that also at very high
      temperature differences over relatively short time intervals the electrode
      must remain tear-free. This thermoshock resistance is greatly influenced
      by the type of raw material employed for the production of the electrode.
PAR  The increasing competition of the individual steel producing methods made
      it mandatory to improve the economy in connection with the electrosteel
      production, for instance by employing larger units of electric arc
      furnaces with a higher melting output. The operation of such
      output-intensive furnaces became possible only after, on one hand, in view
      of the construction of larger transformers, it was made possible to supply
      the necessary electric energy and, on the other hand, after a long
      development phase it became possible to furnish graphite electrodes of
      high electric capacity and of great thermoshock resistance.
PAR  Of primary importance in connection with the manufacture of graphite
      electrodes having a low heat expansion coefficient, a high electric and
      thermal conductivity and a good mechanical strength is the employment of
      cokes with certain definite quality features. The cokes suited for this
      purpose must in addition to having a high density and a low sulfur
      content, above all, be adapted to be well graphitized and must have a low
      thermal expansion coefficient. These cokes, as a rule, have a longitudinal
      spiky or stalked structure and when observed under the microscope show
      large anisotropy regions.
PAR  A number of methods have become known to produce cokes of the just
      described properties. With all heretofore known methods a specially
      prepared feedstock is converted into coke by the delayed coking method.
      The goal of these known methods consists in so to prepare or generate the
      starting product for the manufacture of coke that it will contain as small
      quantities as possible of asphaltic, naphthenic and soot-like substances
      which initiate a too fast and structurally random coke formation.
PAR  According to some of these heretofore known methods also certain petroleum
      components or bituminous coal tar fractions with certain boiling limits
      are employed. Thus, for instance, Kendall coke was produced by coking raw
      oil distillation residues. The thus produced cokes, however, yielded only
      a slight increase in the anisotropic properties which does not suffice to
      meet the modern requirements of special cokes for the production of high
      capacity electrodes.
PAR  Nowadays the starting substances for the coker feedstock are, for instance,
      extracted, cracked and distilled or centrifuged. The feedstock is,
      primarily with customary methods for producing premium cokes, a mixture of
      a high proportion of cracked tars or aromatic decanting oils with gas oils
      or extracts as well as of relatively small proportions of residues of the
      atmospheric distillation.
PAR  These heretofore known methods have the drawback that the production of the
      feedstock is rather expensive.
PAR  It is, therefore, an object of the present invention to provide an economic
      method for producing special cokes which are suitable for the production
      of electrodes which are adapted to be subjected to high electric and
      thermal loads.
PAR  This object and other objects and advantages of the invention have been
      realized according to the present invention by employing as coker
      feedstock a combination of primarily atmospheric distillation residues
      with precisely specified characteristic values with relatively small
      quantities of catalyst-free catalytic residues. This combination which is
      surprising with respect to the proportion of its components yields a
      special coke with excellent properties with regard to the production of
      high-capacity electrodes. Numerous tests have shown, however, that this
      result can be realized only when employing feedstock components with the
      characteristic values and properties according to the present invention.
      Already relatively small deviations will yield cokes of reduced quality.
      These substances are in conformity with the present invention coked
      together in customary manner in the proportions by weight according to the
      present invention without the necessity of a pretreatment, while a 24 to
      48 hour cycle is used at temperatures of 475.degree.-515.degree.C, at
      pressures of from 3-7 atmospheres above atmospheric pressure and while a
      high recycling ratio is employed.
PAR  The present invention is characterized primarily in that, in contrast to
      heretofore known methods, the high proportion of from 50 to 90% by weight
      of an atmospheric distillation residue of certain mineral oils, as for
      instance Pannonian oils, having a density of from 0.935 to 0.965
      gr/cm.sup.3, a viscosity of from 2.8.degree. to 4.3.degree. Engler at
      100.degree.C, a sulfur content of from 0.85 to 1.10%, a coke value
      according to Conradson of from 5 to 7%, an aromatics content of from 40 to
      60%, an asphalt content below 1.8%, with a boiling component less than 20%
      in the temperature range of from 250.degree. to 350.degree.C, and a
      content of ashes forming elements less than 0.05% is coked together with
      from 10 to 50% by weight of a catalyst-free catalytic residue obtained by
      a catalytic cracking of distillates low in ashes, for instance, gas oils.
      These catalyst-free catalytic residues have a density of from 0.90 to 0.95
      gr/cm.sup.3, a viscosity of from 2.5.degree. to 3.2.degree. Engler at
      50.degree.C, a sulfur content of less than 0.6%, a coke value according to
      Conradson of from 3.5 to 4.5%, an aromatics content of more than 35%, an
      asphalt content of less than 0.6% and boiling components of from 8 to 12%
      for the range of from 250.degree. to 300.degree.C and of from 30 to 40%
      for the temperature range of from 300.degree. to 350.degree.C. The mixture
      is coked in a cycle lasting from 24 to 48 hours at temperatures of from
      475.degree. to 515.degree.C, pressures of from 3 to 7 atmospheres above
      atmospheric pressure and at a high recycling ratio. In this way a yield in
      green coke of primarily from 20 to 30% is obtained. The necessary
      criterions or characteristic factors of the atmospheric feedstock
      proportion are without difficulties obtained during the distillation of
      oils from the deposits in Pannonia.
PAR  The production of the starting material required for the method according
      to the present invention, namely the atmospheric distillation residues and
      the catalyst-free catalytic residues, is carried out in customary manner.
PAR  The heretofore produced cokes are, as far as they have properties which are
      satisfactory for the later purpose of application, made with a far
      preponderant proportion of catalytic components.
PAR  Surprisingly it has been found that already with considerably lower
      proportions of from 10 to 50%, preferably of from 20 to 40%, of
      catalyst-free catalytic residue mixed with atmospheric residue while
      precisely maintaining the criterions or characteristic factors according
      to the invention of the atmospheric distillation residue and with a high
      recycle, cokes with a very low thermal expansion behavior can be obtained.
PAR  The atmospheric residue employed in conformity with the invention for
      producing the special coke according to the invention yields with
      different charges the following criterions or characteristic factors:
TBL                   Example 1                                                

                               Example 2                                       

                      Pannonic oil                                             

                               Pannonic oil                                    

                      Origin A Origin B                                        

     ______________________________________                                    

     Density         gr/cm.sup.3                                               

                            0.935      0.936                                   

     Sulfur         %       0.98       0.95                                    

     Viscosity at 100.degree.C                                                 

                    .degree.E                                                  

                            2.67       3.81                                    

     Coke value according to                                                   

                    %       5.10       6.56                                    

     Conradson                                                                 

     Aromatics, content                                                        

                    %       44         57                                      

     Asphalt content                                                           

                    %       0.9        1.6                                     

     Boiling range  %       15.6       16.5                                    

      (250.degree. - 350.degree.C)                                             

     Ashes forming elements                                                    

                    %       0.05       0.02                                    

     ______________________________________                                    

PAL  The catalyst-free catalytic residue, which is mixed-in at the proportion of
      primarily from 20 to 40%, showed the following coefficients:
TBL  Density              0.93 gr/cm.sup.3                                     

     Viscosity at 50.degree.C                                                  

                          2.8 .degree.E                                        

     Sulfur content       0.5 %                                                

     Coke value according to Conradson                                         

                          4.1%                                                 

     Aromatics content    38 %                                                 

     Asphalt content      0.5 %                                                

     Boiling range (250.degree.-350.degree.C)                                  

                          8.45 %                                               

     Ashes forming elements                                                    

                          0.01 %.                                              

PAR  In the delayed coker 800 tons of feedstock were introduced and, more
      specifically, at the ratio of 60 % atmospheric residue to 40%
      catalyst-free catalytic residue.
PAR  The coker charging temperature was 487.degree.C. The pressure amounted to
      4.6 atmospheres above atmospheric pressure, and the staying time in the
      coker was 36 hours. As a recycle ratio there was used 1:2.13. The yield in
      green coke was 26 %. With the top distillate, in contrast to the normal
      charges, the gas oil proportion increased whereas the quantity of gasoline
      decreased. The contents in C.sub.3 and C.sub.4 were less than normal.
PAR  The ascertained characteristic values for the green coke were as follows:
TBL  Volatile components                                                       

                       6.5 - 8.5   %                                           

     Actual density    1.37 - 1.39 gr/cm.sup.3                                 

     Virtual density   0.98        gr/cm.sup.3                                 

     Sulfur            1.11 - 1.15 %                                           

     Ashes             0.06        %                                           

     Structure: Longitudinally-spiky or stalked,                               

                anisotropic.                                                   

PAL  The coke is then in customary manner calcined in a rotary furnace at
      1250.degree.C.
PAR  The coke calcinate, in a plurality of tests, yielded the following analysis
      data:
TBL  Water content   %     0.1 to 0.3                                          

     Volatile components                                                       

                     %     0.2 to 0.5                                          

     Ash content     %     0.05 to 0.2                                         

     Sulfur content  %     0.8 to 1.0                                          

     Actual density after                                                      

     calcining at 1300.degree.C                                                

                      gr/cm.sup.3                                              

                           2.11 to 2.13                                        

     Thermal volume expansion                                                  

     coefficient .alpha..sub.V of graphitized                                  

     press bodies after treatment                                              

     at 2700.degree.C                                                          

                     10.sup..sup.-6 /.degree.C                                 

                           3.5 to 4.0                                          

     Thermal expansion coefficient                                             

     .alpha..sub.L of the coke processed into                                  

     graphite rods   10.sup..sup.-6 /.degree.C                                 

                           0.7 to 0.8                                          

     Grain shape           longitudinally spiky                                

     Appearance            metallic shining, spiky or                          

                           stalked texture, crystalline                        

     Texture               dense, poor in pores, strong-walled                 

     Structure             high degree of anisotropy, good                     

                           structural pre-orientation,                         

                           presence of large-surfaced homo-                    

                           geneously formed longitudinally                     

                           directed ranges of anisotropy                       

     Graphitizing ability  very good.                                          

PAR  It appears to be interesting that the properties of the produced coke will
      decrease in quality when in the feedstock according to the invention, with
      the characteristic values according to the invention for the atmospheric
      component, the proportion in catalyst-free catalytic residue is increased.
      Thus, for instance, the true density of the coke will drop from 2.11 to
      2.13 gr/cm.sup.3 at a catalyst-free catalytic residue proportion of from
      20 to 40% to 2.09 gr/cm.sup.3 at a catalyst-free catalytic residue
      proportion of more than 50%.
PAR  The porosity of the coke is most favorable with the starting feedstock
      combination according to the invention of from 20 to 40% of the
      catalyst-free catalytic residue proportion. The pores are of intermediate
      size. Already at a catalyst-free catalytic residue proportion exceeding
      50% the pores of the coke change and have a larger cross section. The
      anisotropy ranges, on the other hand, will have a smaller surface with a
      proportion of the catalyst-free catalytic residue exceeding 50%. This
      tendency continues up to the cokes which are produced from pure
      catalyst-free catalytic residue.
PAR  It is also to be noted that the yield in green coke is a maximum with 20 to
      30% catalyst-free catalytic residue. This appears to point to special
      chemical processes which are assumed to be inherent to the specific
      composition of the feedstock components obtained from the Pannonian oil.
PAR  There is provided a method of producing cokes for use in connection with
      the making of ultra-high-power electrodes which includes the steps of:
      coking a mixture of from 50 to 90% by weight of atmospheric petroleum
      distillation residues having a density of from 0.935 to 0.965 grams per
      cubic centimeter, a viscosity of from 2.8.degree. to 4.3.degree. Engler at
      100.degree. C, a sulfur content of from 0.85 to 1.10%, a coke value
      according to Conradson of from 5 to 7%, a content in aromates of from 40
      to 60%, an asphalt content below 1.8% with a boiling component less than
      20% within the temperature range of from 250.degree. to 350.degree. C, and
      with a content in ash forming elements of less than 0.05% and with from 10
      to 50% by weight of an oil selected from the group consisting of
      petrochemical gas oils and circulatory oils with a boiling range of from
      250.degree. to 370.degree. C.
PAR  The above described invention yields the possibility of economically
      producing special cokes as they are needed for high capacity graphite
      electrodes in UHP-use inasmuch as, on one hand, the heretofore necessary
      expensive pretreatments of the coker feedstock become superfluous while,
      on the other hand, already a considerably smaller proportion of the
      catalyst-free catalytic residue will suffice for producing special
      electrode cokes in customary manner from oils which have the
      characteristic values in the feedstock, as for instance the oils from the
      Pannonic Basin.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific examples set forth above but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of producing cokes for use in connection with the making of
      ultra-high-power electrodes which includes in combination the steps of:
      coking a mixture of from 50 to 90% by weight of atmospheric virgin reduced
      crude oil having a density of from 0.935 to 0.965 grams per cubic
      centimeter, a viscosity of from 2.8.degree. to 4.3.degree. Engler at
      100.degree.C, a sulfur content of from 0.85 to 1.10%, a coke value
      according to Conradson of from 5 to 7%, a content in aromatics of from 40
      to 60%, an asphalt content below 1.8% with a boiling component less than
      20% within the temperature range of from 250.degree. to 350.degree.C, and
      with a content in ash forming elements of less than 0.05% and with from 10
      to 50% by weight of a catalyst-free catalytic residue which has been
      obtained by catalytic cracking of distillates low in residues and ashes
      and which has a viscosity of from 2.5.degree. to 3.2.degree. Engler at
      50.degree.C, with a sulfur content of less than 0.6%, a coke value
      according to Conradson of from 3.5 to 4.5%, a content in aromatics
      exceeding 35%, an asphalt content of less than 0.6% and boiling components
      of from 8 to 12% for the range of from 250.degree. to 300.degree.C and
      boiling components of from 30 to 40% for the range of from 300.degree. to
      350.degree.C in a 24 to 48 hour cycle at temperatures of from 475.degree.
      to 515.degree.C at pressures of from 3 to 7 atmospheres above atmospheric
      pressure, said coking being effected at such a recycling ratio as to
      obtain a yield in green coke of from 15 to 40%, in which as atmospheric
      virgin reduced crude oil residues there are used atmospheric distillation
      residues from Pannonian petroleum.
NUM  2.
PAR  2. A method in combination according to claim 1, in which said
      catalyst-free catalytic residue is obtained by cracking gas oils.
NUM  3.
PAR  3. A method of producing cokes for use in connection with the making of
      ultra-high-power electrodes which includes in combination the steps of:
      coking a mixture of from 50 to 90% by weight of atmospheric virgin reduced
      crude oil having a density of from 0.935 to 0.965 grams per cubic
      centimeter, a viscosity of from 2.8.degree. to 4.3.degree. Engler at
      100.degree.C, a sulfur content of from 0.85 to 1.10%, a coke value
      according to Conradson of from 5 to 7%, a content in aromatics of from 40
      to 60%, an asphalt content below 1.8% with a boiling component less than
      20% within the temperature range of from 250.degree. to 350.degree.C, and
      with a content in ash forming elements of less than 0.05% and with from 10
      to 50% by weight of a catalyst-free catalytic residue which has been
      obtained by catalytic cracking of distillates low in residues and ashes
      and which has a viscosity of from 2.5.degree. to 3.2.degree. Engler at
      50.degree.C, with a sulfur content of less than 0.6%, a coke value
      according to Conradson of from 3.5 to 4.5%, a content in aromatics
      exceeding 35%, an asphalt content of less than 0.6% and boiling components
      of from 8 to 12% for the range of from 250.degree. to 300.degree.C and
      boiling components of from 30 to 40% for the range of from 300.degree. to
      350.degree.C in a 24 to 48 hour cycle at temperatures of from 475.degree.
      to 515.degree.C at pressures of from 3 to 7 atmospheres above atmospheric
      pressure, said coking being effected at such a recycling ratio as to
      obtain a yield in green coke of from 15 to 40%.
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ABST
PAL  An improved combination process for the production of an unleaded, narrow
      boiling range, high octane motor fuel which involves (1) a novel form of
      low-severity hydrocracking followed by (2) catalytic reforming wherein the
      exothermic conversion in the hydrocracking zone is controlled by adjusting
      the hydrocracking reaction zone pressure. The process is effected without
      the intermediate separation of the product effluent from the low-severity
      hydrocracking zone, and therefore, provides a true "in-line"
      hydrocracking/reforming combination process.
PARN
PAC  RELATED APPLICATIONS
PAR  The present invention is a continuation-in-part of my copending
      application, Ser. No. 405,251, filed Oct. 10, 1973 now U.S. Pat. No.
      3,867,276 which in turn is a continuation-in-part of my application Ser.
      No. 237,776, filed Mar. 24, 1972, now abandoned, all the teachings of
      which copending applications are incorporated herein by specific reference
      thereto.
BSUM
PAR  The present invention is directed toward a multiple-stage combination
      process for the conversion of naphtha, or gasoline boiling range
      hydrocarbons, into a high octane motor fuel which does not require the
      addition of metallic components --i.e., lead compounds--to enhance the
      anti-knock characteristics thereof. Although aromatic hydrocarbons,
      principally benzene, toluene and the various xylene isomers, are required
      in large quantities to satisfy the demand for a wide variety of
      petrochemicals, a principal utilization thereof is as gasoline blending
      components in the production of a high octane motor fuel. Benzene has a
      clear research octane blending value of about 99, while the more abundant
      toluene and other aromatics have a value in excess of about 100; they are,
      therefore, the predominant octane-improvers in a refinery gasoline pool.
      One well-known and well-documented refining process, capable of providing
      significant improvement in the octane rating of naphtha boiling range
      fractions, is the catalytic reforming process. In such a process, the
      principal octane-improving reactions are naphthene dehydrogenation,
      naphthene dehydroisomerization, paraffin dehydrocyclization and paraffin
      hydrocracking. Naphthene dehydrogenation is an extremely rapid reaction
      constituting the principal octane improving reaction. With respect to a
      five-membered ring alkyl naphthene, it is first necessary to effect
      isomerization to produce a six-membered ring naphthene, followed by the
      dehydrogenation thereof to an aromatic hydrocarbon. Paraffin aromatization
      is achieved through the dehydrocyclization of straight-chain paraffins
      having at least six carbon atoms per molecule. This latter reaction is
      limited in view of the fact that the aromatic concentration increases as
      the charge stock traverses the reforming reaction zones, thereby
      decreasing the rate of additional dehydrocyclization. Unreacted,
      relatively low octane paraffins, principally comprising pentanes and
      hexanes, are, therefore, present in the reformed product effluent and
      effectively reduce the overall octane rating thereof. Currently, these
      components can be tolerated in view of their comparatively high lead
      susceptibility.
PAR  Relatively recent investigations into the causes and cures of environmental
      pollution have indicated that more than half the violence perpetrated upon
      the atmosphere stems from vehicular exhaust consisting primarily of
      unburned hydrocarbons and carbon monoxide. These investigations have
      resulted in the development of various catalytic converters which, when
      installed within the exhaust system, are capable of converting more than
      90% of the noxious components. During the development of these catalytic
      converters, it was learned that the efficiency of conversion and stability
      of the selected catalytic composites were severely impaired when the
      exhaust fumes resulted from the combustion of lead-containing motor fuel.
      Therefore, it has been recognized throughout the petroleum industry, as
      well as in major gasoline-consuming countries, that suitable motor fuels
      must ultimately be produced for consumption in current internal combustion
      engines without requiring the addition of lead-containing,
      ecologically-deleterious compounds.
PAR  It has also been observed recently that a narrow boiling range motor fuel,
      consisting almost exclusively of C.sub.5 -C.sub.8 hydrocarbons, with only
      minor quantities of C.sub.4 -C.sub.9 (and heavier), would have certain
      advantages in reducing the emmission of unburned hydrocarbons into the
      atmosphere. Currently-marketed gasolines have a much broader boiling
      range, particularly with respect to the high-boiling end. One of the
      principal objects of my invention is to offer an efficient process for
      producing a highly desirable narrow-boiling range motor fuel. It is also
      being recognized that unburned hydrocarbons and carbon monoxide are not
      the only dangerous pollutants being discharged via vehicular exhaust. The
      possibility that lead compounds emitted in exhaust gases contributes to
      lead poisoning has resulted in appropriate legislation, enacted in some
      countries, to reduce significantly the quantity of lead permitted in motor
      fuel.
PAR  One natural consequence of the removal of lead, in addition to others,
      resides in the fact that petroleum refining techniques will necessarily
      experience modification in order to produce the required voluminous
      quantities of a high octane, unleaded motor fuel, in an economically
      attractive fashion. With respect to a high-severity catalytic reforming
      system, paraffinic hydrocarbons are subjected to, and undergo cracking.
      Although this partially increases the octane rating of the gasoline
      boiling range product, substantial quantities of normally gaseous material
      are produced. At a relatively low reforming severity, paraffin cracking is
      decreased with the result that an increased quantity of low octane rating
      saturates is produced. In order to upgrade the overall quality of the
      gasoline, either the addition of lead becomes necessary, or the low octane
      rating saturates must be subjected to further processing to produce higher
      octane components. As previously stated, additional processing of the
      saturates can be eliminated by increasing the severity of operation within
      the catalytic reforming reaction zone. This type of operation produces a
      two-fold effect, notwithstanding an increase in the final octane rating of
      the ultimate product; first, additional high octane aromatic components
      are produced and, secondly, the low octane components are at least
      partially eliminated by conversion either to aromatic hydrocarbons, or to
      light normally gaseous material. The end result includes a lower liquid
      yield of motor fuel due both to "shrinkage" in molecular size, and to the
      production of the aforesaid light gaseous components.
PAR  Such problems attendant the production of a high octane, unleaded motor
      fuel, are eliminated through the utilization of the present combination
      process. The application of the present process is by no means limited to
      the production of lead-free gasoline, but is also advantageous for leaded
      gasolines as well. As hereinafter indicated in greater detail, the novel
      hydrocracking zone characteristically retains most of the rings present in
      the feed, albeit with fewer side chain carbon atoms. Thus, the integrity
      of the cyclic structure of alkyl aromatics can be largely preserved while
      producing isomeric paraffins from the side chain components. Of course,
      the extent of ring retention is a function of the extent of hydrocracking,
      so that a degree of freedom exists with regard to this aspect of the
      invention.
PAR  Hydrocarbonaceous charge stocks, contemplated for conversion in accordance
      with the present invention, constitute naphtha boiling range hydrocarbon
      fractions and/or distillates. "Gasoline boiling range hydrocarbons"
      generally connotes those hydrocarbons, usually devoid of pentane and
      lighter material, having an initial boiling point of at least about
      100.degree.F., and an end boiling point less than about 450.degree.F., and
      is inclusive of intermediate boiling range fractions often referred to in
      the art as "light naphtha" and "heavy naphtha". However, it is not
      intended to limit the present invention to a charge stock having a
      particular boiling range. Suffice to say, a suitable charge stock will
      generally have an initial boiling point above about 100.degree.F. and an
      end boiling point below about 450.degree.F. During the selective
      hydrocracking step, the charge stock is reduced in boiling range;
      consequently, a charge stock having a substantially higher boiling range
      may be successfully processed to yield a suitable charge stock for the
      catalytic reforming step. The precise boiling range of any given naphtha
      fraction will be dependent upon the economic and processing considerations
      which are prevalent in the particular locale where such a charge stock is
      available. A key feature of the present invention resides in a combination
      of hydrocracking and catalytic reforming in which (1) alkyl side chains on
      aromatic hydrocarbons are reduced and cracked to useful components, (2)
      higher molecular weight paraffins are cracked into more highly branched,
      lower boiling material and (3) the ring structure of both naphthenes and
      aromatics is largely preserved so that the catalytic reforming operation
      will result in exceptional product quality and volumetric yield.
PAR  It must be acknowledged that the prior art contains references to the
      hydrocracking of hydrocarbon fractions followed by the catalytic reforming
      of a portion of the hydrocracked product effluent. The distinct feature of
      my invention, however, is contrary and resides in the utilization of a
      compatible catalyst system in which the operating conditions of pressure,
      hydrogen recycle and contaminant level are such that a true series-flow
      from hydrocracking to catalytic reforming is afforded. That is, the
      combination may be maintained in a completely integrated fashion without
      the necessity for the separation of gaseous and/or liquid phases
      intermediate the two systems. According to the prevalent prior art
      preferential practice, hydrocracking is best conducted at significantly
      higher pressures than catalytic reforming -- e.g., 1,000-3,000 psig. vs.
      100-700 psig. Applicable prior art further teaches the requirement of
      independent control of contaminant levels. Thus, hydrocracking systems
      require, or are enhanced by a high hydrogen sulfide level in a reaction
      system for some catalysts, or a high hydrogen chloride level for other
      catalysts. The latter type of catalyst is also generally intolerant of
      water at any level; thus, there exists a need for water elimination from
      the feed stock. Conversely, catalytic reforming operations generally
      require the presence of water and/or hydrogen chloride at only some few
      parts per million, and usually prefer the substantially complete prior
      elimination of sulfurous compounds. The prior art does not, therefore,
      disclose the essentials of the present invention which is the
      compatibility of the two catalysts to the same pressure level and reaction
      atmosphere.
PAR  The essence of the present invention resides in the "in-line" processing
      afforded by the integrated compatibility of the entire system. There is no
      intermediate separation of the effluent from the first, hydrocracking
      reaction zone, but rather the introduction of the total product effluent
      thereform into the catalytic reforming zone. Thus, there is necessitated
      only a single separation system, that following catalytic reforming,
      therefore eliminating one entire system involving cooling, condensing,
      high-pressure separation, compression and hydrogen recycle. Typical of the
      diametrically-opposed prior art hereinbefore described, and wherein
      intermediate separation is effected between the two reaction zones, is the
      multiple-stage process delineated in British Pat. No. 1,108,667 (Int. Cl.
      C-10g 37/10). Throughout the specification, and especially with reference
      to the accompanying drawing, there is disclosed a two-stage system in
      which each reaction zone possesses its own heating, reacting, cooling and
      condensing equipment. More importantly, it is required that each reaction
      system have a separate recycle gas system integrated therewith. There
      exists, therefore, no awareness of the catalytic compatibility which
      permits a single system of cooling, condensing, separation and compressive
      hydrogen recycle.
PAR  Another feature of the present invention, not found in prior art
      combination processes, resides in the reduction of the molecular weight of
      aromatic hydrocarbons. The prior art has disclosed the concept of
      selectively cracking normal paraffins from a reformed product effluent
      without disturbing aromatic molecular weight. In another type of
      processing, the molecular weight of the aromatics is reduced by the
      utilization of extremely inefficient demethylation, resulting in a
      decreased liquid volumetric yield. In the present process, the alkyl side
      chains are selectively converted to C.sub.3, C.sub.4 and C.sub.5
      hydrocarbons before reforming without substantial loss of the ring
      structure itself, so that the overall liquid hydrocarbon yield is high.
PAR  Yet another feature of the present invention is the method of maintaining
      the overall exothermic temperature increase in the hydrocracking reaction
      zone at a relatively high value while preventing a run-away exothermic
      reaction, which method comprises adjusting the hydrocracking reaction zone
      pressure in response to the prevailing temperature conditions therein.
PAR  A principal object of the present invention is to afford the production of
      a high octane, unleaded, or low leaded motor fuel. A corollary objective
      is to produce an aromatic-rich, normally liquid motor fuel product heavily
      concentrated in high octane rating isoparaffins.
PAR  A specific object is to provide an improved combination process for the
      production of an unleaded, narrow boiling range high octane motor fuel
      through the use of a low-severity hydrocracking system followed by
      catalytic reforming, which process is effected without the intermediate
      separation of the product effluent from the low-severity hydrocracking
      zone, wherein the conversion in the hydrocracking zone is controlled by
      adjusting the hydrocracking reaction zone pressure.
PAR  Therefore, in a broad embodiment, my invention encompasses a process for
      the production of a high octane rating motor fuel which comprises the
      steps of: (a) reacting a naphtha boiling range charge stock with hydrogen,
      in a first reaction zone, at conditions, including a pressure below about
      700 psig, selected to convert long-chain paraffins into lower-boiling
      isoparaffins; (b) reacting the resulting first zone effluent, without
      intermediate separation thereof, in a second reaction zone, at catalytic
      reforming conditions, including a pressure below about 700 psig., selected
      to convert naphthenic hydrocarbons into aromatics; and, (c) recovering
      said high octane rating motor fuel from the resulting second zone
      effluent, wherein the conversion in the hydrocracking zone is controlled
      by adjusting the hydrocracking reaction zone pressure.
PAR  In a more specific embodiment, the present invention is directed toward a
      process for the production of a high octane motor fuel which comprises the
      steps of: (a) hydrocracking naphtha boiling range hydrocarbons containing
      cyclic components, including aromatics, with hydrogen, in a first reaction
      zone, in contact with a first catalytic composite of a Group VIII noble
      metal component and a zeolitic aluminosilicate carrier material and at a
      temperature in the range of about 350.degree.F. to about 800.degree.F. and
      a pressure from about 100 to about 700 psig. which is conducted
      adiabatically and has a marked propensity for a high temperature run-away;
      (b) reacting the resulting first reaction zone effluent without
      intermediate separation thereof, in a second reaction zone, in contact
      with a second catalytic composite comprising platinum and alumina, at a
      temperature in the range of about 800.degree.F. to about 1100.degree.F.
      and at a pressure of from about 100 to about 700 psig.; and, (c)
      recovering said high octane motor fuel from the resulting second reaction
      zone effluent; the method of maintaining the over-all exothermic
      temperature increase in said first reaction zone at a relatively high
      value while preventing a run-away exothermic reaction, which method
      comprises: (1) employing a first reaction zone inlet temperature generally
      below the hydrocracking range but sufficient to promote exothermic
      hydrogenation of aromatics so that the induced temperature increase
      initiates a favorable hydrocracking rate; and, (2) employing a first
      reaction zone outlet pressure favoring sufficient endothermic
      dehydrogenation of naphthenes to aromatics to prevent a run-away
      hydrocracking situation.
PAR  Other embodiments of my invention involve the composition of the catalytic
      composites, operating conditions and various processing techniques. In one
      such other embodiment, the zeolitic crystalline aluminosilicate carrier
      material comprises mordenite having a silica to alumina mole ratio from
      about 12.0 to about 30.0.
PAR  As hereinabove set forth, the present invention constitutes an improved
      combination process for the production of a high octane, unleaded, or low
      leaded motor fuel. A key feature of this combination process is a true
      series-flow system between the initial hydrocracking zone and the
      subsequent catalytic reforming zones; that is, the hydrocracking product
      effluent is utilized as the charge to the catalytic reforming zone without
      any intermediate separation thereof. The naphtha boiling range charge
      stock to the hydrocracking reaction zone may be obtained from a multitude
      of sources. For example, one suitable source constitutes the naphtha
      distillate derived from a full boiling range petroleum crude oil; another
      source is the naphtha fraction obtained from the catalytic cracking of gas
      oil, while still another source constitutes the gasoline boiling range
      effluent from a hydrocracking reaction zone which processes
      heavier-than-gasoline charge stocks. In view of the fact that the greater
      proportion of such naphtha fractions are contaminated through the
      inclusion of sulfurous and nitrogenous compounds, as well as olefinic
      hydrocarbons, it is contemplated that such contaminants will be removed by
      conventional hydrorefining before the charge stock is supplied to the
      hydrocracking reaction zone. Details of hydrorefining processes are well
      known and thoroughly described in the prior art. It is understood that
      such pretreatment of the naphtha charge stock is not a novel feature of
      the present combination process.
PAR  The hydrocracking reaction zone is unlike present-day hydrocracking
      processes, both in function and result. Initially, the charge to the
      hydrocrackinig reaction zone is a naphtha boiling range stock, and the net
      product effluent contains very little normally gaseous material such as
      methane and ethane. That normally gaseous material present in the recycled
      hydrogen-rich vaporous phase will, of course, be present in the effluent.
      Through the utilization of a particular catalytic composite and operating
      conditions, the integrity of cyclic rings is largely maintained, and the
      cracking of paraffinic hydrocarbons results primarily in low molecular
      weight isoparaffins. In view of the unique character of the product
      effluent, being exceedingly rich in isoparaffins, with respect to the
      total paraffin content, the present hydrocracking reaction zone is
      referred to herein as "I-cracking". The selective nature of the
      hydrocracking reactions taking place include the retention of cyclic rings
      and the reduction in molecular weight thereof, via isomerization and the
      splitting of isoparaffins from the parent molecule. Thus, cyclic compounds
      boiling in the higher temperature range of the feed stock are converted to
      lower-boiling naphthenes and aromatics; in the subsequent catalytic
      reforming reaction zone, the naphthenes are dehydrogenated into gasoline
      boiling range aromatics while the aromatics in the hydrocracked product
      effluent are retained intact. Beneficial effects are thus afforded since
      high octane aromatic hydrocarbons are more uniformly distributed
      throughout the final gasoline boiling range.
PAR  Another key feature of this combination process is the ability to maintain
      the over-all exothermic temperature increase in the hydrocracking reaction
      zone at a relatively high value while preventing a run-away exothermic
      reaction by adjusting the reaction zone pressure in response to the
      prevailing temperature conditions therein.
PAR  It is conventional in fixed-bed catalytic hydrocracking processes to obtain
      as long a run length as possible by initiating the run at a relatively low
      temperature, and compensating for catalyst deactivation during the run by
      gradually increasing the hydrocracking temperature. This procedure is
      advantageous in that the quality of the gasoline product varies
      considerably over the run length. One of the advantages of the present
      process is that the entire run can if desired be operated at substantially
      the same average bed temperature, while compensating for catalyst
      deactivation by incrementally increasing the reaction zone pressure.
      Conventional hydrocracking processes also employ interstage quenching, as
      with cool hydrogen, to prevent exothermic runaways. This quenching
      technique adds considerably to the capital and operating expense of the
      process. For example, some local construction codes for high pressure
      reactor shells require heavier side walls for a given service if side
      nozzles for quench fluid injection are required along the length of the
      reactor, and the side nozzles themselves are an expensive item. By using
      variable pressure to moderate the activity of the catalyst, instead of
      massive quantities of fluid quench media, side nozzles may be entirely
      eliminated.
PAR  Additional benefits may also be derived from a hydrocracking process
      utilizing pressure as a process variable because, for example, if it is
      desired to increase hydrocracking and reduce aromatization, the reaction
      zone pressure could be raised. A reduction in pressure would reduce
      hydrocracking and increase aromatization. A temperature increase would
      increase both hydrocracking and aromatization, while a decrease would
      accomplish a reduction in both reactions.
PAR  Recognition of the fact that an increase in pressure increases
      hydrocracking and reduces aromatization and, conversely a decrease in
      pressure increases aromatization and decreases hydrocracking has proved to
      be useful in controlling adiabatic hydrocracking reactions. Hydrocracking
      is a highly exothermic chemical reaction while aromatization is a highly
      endothermic chemical reaction. Since hydrocracking is highly exothermic,
      it is difficult to operate a hydrocracking reaction zone isothermally
      because there is no practical method for removing the generated heat as
      fast as it is created. Therefore, most catalytic hydrocracking reaction
      zones are permitted to operate in an adiabatic manner. One of the first
      problems encountered in the operation of an adiabatic hydrocracking
      reaction zone is the control of the temperature profile within the
      reaction zone. The temperature at the inlet of the reaction zone must be
      increased sufficiently to initiate the desired hydrocracking and once the
      hydrocracking reaction begins, adjustment of the inlet temperature has no
      influence on the reactants which have passed the inlet and are continuing
      to generate heat. Of course, if the inlet temperature is decreased the
      cooler wave of reactants passing through the reaction zone will definitely
      and ultimately control the temperature but the lower temperature will
      preclude the desired reaction of the reactants which is the ultimate goal
      of the entire scheme. Again considering the reactants which have passed
      the inlet of the reaction zone and which are generating more heat in an
      adiabatic environment, it is recognized that the increase in the
      temperature of the reactants will accelerate the reaction rate, thereby,
      creating even more heat. This uncontrolled and continual generation of
      heat cannot be tolerated because of probable damage to the catalyst and/or
      the vessels which contain the reaction zone. If the hydrocracking reaction
      zone temperature cannot be controlled at a temperature high enough to
      perform the desired conversion while maintaining downstream temperature
      control, the ultimate goal is thwarted. I have discovered that when there
      is a continuous generation of heat and increase of the reactants
      temperature, a decrease of the reaction zone pressure will be immediately
      seen by all of the reactants within the reaction zone, regardless of the
      distance from the reaction zone inlet, which will tend to decrease the
      elevated reaction zone temperatures by slowing the hydrocracking reaction
      rate and by increasing the aromatization reaction rate. Conversely, I have
      discovered that when a desired reaction zone inlet temperature is reached
      or no higher inlet temperature may be realized because of equipment
      limitation, the desired hydrocracking reactions may be performed and
      controlled by increase of the reaction zone pressure which will tend to
      increase hydrocracking and decrease aromatization. By adjusting the
      hydrocracking reaction zone pressure and inlet temperature, the desired
      balance of reactions can therefore be obtained.
PAR  The conversion conditions employed in the hydrocracking reaction zone
      include a liquid hourly space velocity of about 0.5 to about 100, a
      hydrogen circulation rate of from about 1 to about 20 moles per mole of
      feed, a pressure of from aboout 100 to about 700 psig. and a maximum
      catalyst bed temperature in the range of about 350.degree. to about
      800.degree.F. In most instances, the maximum catalyst bed temperature will
      be in the range of about 600.degree.F. to about 750.degree.F.
PAR  The catalytic composite disposed in the hydrocracking reaction zone of the
      present combination process comprises a Group VIII noble metal component
      combined with a porous carrier material, either amorphous, or zeolitic in
      nature, and preferably siliceous; a particularly preferred carrier
      material comprises the crystalline aluminosilicate generally known as
      mordenite. Suitable carrier materials may be selected from the group of
      amorphous refractory inorganic oxides including alumina, silica, titania,
      zirconia, mixtures thereof, etc., or from zeolitic, aluminosilicate
      materials such as faujasite, mordenite, Type A or Type U molecular sieves,
      or zeolitic material which is combined with an amorphous matrix. As
      abovenoted, a Group VIII noble metal component comprises an element of
      hydrocracking catalyst. Suitable metals are those from the group of
      platinum, palladium, rhodium, ruthenium, osmium and iridium, as well as
      mixtures thereof. Of these, a palladium, or platinum component is
      especially preferred in view of the increased propensity to maintain the
      cyclic structure. The noble metal will be combined with the carrier
      material in an amount of about 0.01% to about 2.0% by weight, calculated
      as the elemental metal. Mordenite, the preferred carrier material, from
      the standpoint of converting normal paraffins into the isomeric
      counterparts, may be employed in and of itself; generally, however, the
      carrier material is amorphous alumina with the mordenite being in the
      range of about 1.0% to about 75.0%. The utilization of this specific
      hydrocracking/reforming combination permits a common recycle gas system.
      It further permits the catalytic reforming zone to function at relatively
      low-severity conditions.
PAR  As hereinabove set forth, the catalytic composite disposed within the
      hydrocracking reaction zone utilizes a mordenite-containing carrier
      material for a palladium, or platinum component. Mordenite is a highly
      siliceous zeolitic crystalline aluminosilicate which, as
      naturally-occurring, or synthetically-prepared, has a silica to alumina
      mole ratio in the range of about 6 to about 12. The crystalline structure
      of mordenite consists of four- and five-membered rings of silicon and
      aluminum tetrahedra arranged to form channels, or tubes running parallel
      to the axis of the crystal. Being parallel, these channels do not
      intersect with the result that they may be entered only at the ends
      thereof. Such a channel-type structure is unique to mordenite among the
      many zeolites, and the mordenite structure is often termed
      "two-dimensional" in contrast to other zeolitic materials, such as
      faujasite, in which the cages may be entered from three directions. The
      conventional silicon to aluminum mole ratio of 6 to about 12 may be
      increased to as high as 50 or more by acid-leaching alumina from the
      mordenite, while simultaneously preserving the characteristic mordenite
      crystal structure. Although substantially pure mordenite may be employed
      in the carrier material for the hydrocracking reaction zone, the preferred
      technique utilizes a mordenite crystal structure contained in amorphous
      alumina which is fixed in combination therewith in an amount in the range
      of about 25.0% to about 99.0% by weight.
PAR  The hydrocracking catalytic composite is prepared by initially forming the
      mordenite component having a silica/alumina mole ratio of about 12 to
      about 30, and preferably from about 15 to about 25. This is in contrast to
      conventional mordenite which commonly has a silica to alumina mole ratio
      in the range of about 6 to about 12. An amorphous silica-alumina composite
      is utilized as the starting material, and one particularly suitable source
      thereof is amorphous cracking catalyst containing about 13.0% by weight of
      alumina. The mordenite is typically manufactured by a process involving
      several steps, one of which is the formation of an acidic silica sol via
      the acidification of an aqueous sodium silicate solution. Other steps in
      the manufacture of the cracking catalyst include gelation of the silica
      sol, subsequent adjustment of the pH of the resulting slurry to about 3.5,
      followed by impregnation with an alumina sol using an aqueous aluminum
      sulfate solution. The aluminum sulfate is thereafter hydrolyzed and
      precipitated. The silica-alumina product from the above steps is slurried
      with water and spray-dried to yield fine silica-alumina microspheres
      suitable as the starting material for the manufacture of the mordenite
      component of the catalyst employed in the combination process of the
      present invention.
PAR  Regardless of the origin of the amorphous silica-alumina starting material,
      the same is heated in admixture with an aqueous alkali metal solution, for
      example, sodium hydroxide, at a temperature in the range of about
      275.degree.F. to about 480.degree.F. The solution has an alkali metal
      concentration sufficient to provide an alkali metal/aluminum weight ratio
      from about 1.5 to about 3.5 within the reaction mixture. Yields of
      zeolites in the range of 90.0% to about 100.0% may be obtained after the
      stirred reaction mixture has been heated for a period from about 8 to
      about 24 hours. The resulting zeolite has a silica/alumina mole ratio
      substantially the same as the amorphous silica-alumina starting material.
PAR  Although it is understood that no precise method of manufacturing the
      mordenite component is essential to my invention, it is preferred to
      convert the resulting sodium form to the hydrogen form by conventional
      ion-exchange techniques. Conversion of the sodium form to the hydrogen
      form is achieved either by the direct replacement of sodium ions with
      hydrogen ions, or by the replacement of sodium ions with ammonium ions,
      followed by decomposition of the ammonium form by way of calcination at an
      elevated temperature. At least about 95.0%, and preferably at least about
      99.0% of the alkali metal is removed by the ion-exchange technique.
PAR  The noble metal component, and especially palladium, or platinum may be
      incorporated within the catalytic composite in any suitable manner
      including ion-exchange or impregnation. The latter constitutes a preferred
      method, and utilizes water-soluble compounds of the noble metal component.
      Thus, the mordenite-containing carrier material may be impregnated with an
      aqueous solution of ammonium chloropalladate, chloropalladic acid,
      palladic chloride, hydrated palladium nitrate or the corresponding
      platinum compounds, etc. Following impregnation, the carrier material is
      dried at a temperature in the range of about 200.degree.F. to about
      400.degree.F., and subsequently subjected to a calcination, or oxidation
      technique at an elevated temperature in the range of about 900.degree.F.
      to about 1200.degree.F.
PAR  Prior to its use, the catalytic composite may be subjected to a
      substantially water-free reduction technique. This is designed to insure a
      more uniform and thorough dispersion of the metallic components throughout
      the carrier material. Substantially pure and dry hydrogen is employed as
      the reducing agent at a temperature of about 800.degree.F. to about
      1200.degree.F., and for a time sufficient to reduce the metallic
      component. In the present specification, as well as the appended claims,
      the use of the term Group VIII noble metal component is employed
      generically to encompass the existence of the metal in the elemental
      state, or in some combined form such as an oxide, sulfide, chloride, etc.
PAR  In view of the fact that the reactions being effected within the
      hydrocracking reaction zone are exothermic in nature, an increasing
      temperature gradient will be experienced as the hydrogen and charge stock
      traverse the catalyst bed. In accordance with the present process, the
      maximum catalyst bed temperature, virtually the same as that measured at
      the outlet of the catalytic reaction zone, is maintained in the aforesaid
      range of from about 350.degree.F. to about 800.degree.F., and preferably
      from about 600.degree.F. to about 750.degree.F. In order to assure that
      the catalyst bed temperature does not exceed the maximum selected limit,
      the use of reaction zone pressure as a process variable, is contemplated.
      The total product effluent from the I-cracking reaction zone, without any
      intermediate separation thereof, is introduced into the catalytic
      reforming reaction zone.
PAR  Catalytic composites, suitable for utilization in the reforming reaction
      zone, generally comprise a refractory inorganic oxide carrier material
      containing a metallic component selected from the noble metals of Group
      VIII. Recent developments in the area of catalytic reforming have
      indicated that catalyst activity and stability are significantly enhanced
      through the addition of various modifiers, and especially tin, rhenium,
      nickel, and/or germanium. Suitable porous carrier materials include the
      amorphous refractory inorganic oxides such as alumina, silica, zirconia,
      etc., and various crystalline aluminosilicates or combinations or alumina
      and/or silica with the various crystalline aluminosilicates. Generally
      favored metallic components include ruthenium, rhodium, palladium, osmium,
      rhenium, platinum, iridium, germanium, nickel, tin, and mixtures thereof.
      A preferred catalytic composite constitutes alumina and a platinum
      component in a concentration ranging from about 0.01% to about 5.0% by
      weight, and preferably from about 0.01% to about 2.0% by weight,
      calculated as the elemental metal. Reforming catalysts, suitable for
      utilization in the present combination process, may also contain combined
      halogen selected from the group of chlorine, fluorine, bromine, iodine and
      mixtures thereof.
PAR  Effective reforming operating conditions include catalyst temperatures
      within the range of about 800.degree.F. to about 1100.degree.F.,
      preferably having an upper limit of about 1050.degree.F. The liquid hourly
      space velocity, defined as volumes of hydrocarbon charge per hour per
      volume of catalyst disposed within the reforming reaction zone, is
      preferably within the range of about 1.0 to about 5.0, although space
      velocities from about 0.5 to about 15.0 may be employed. The quantity of
      hydrogen-rich gas, in admixture with the hydrocarbon feed stock, is
      generally from about 1.0 to about 20.0 moles of hydrogen per mole of
      normally liquid hydrocarbons. Pressures in the range of about 100 to about
      700 psig. are suitable for effecting catalytic reforming reactions.
      However, since the present combination process is effected in true
      series-flow fashion, the reforming zone pressure will be somewhat less
      than that imposed upon the hydrocracking reaction zone, allowing for the
      pressure drop normally experienced as a result of fluid flow through the
      system, or at some intentionally reduced pressure level--i.e., from about
      100 psig. to about 300 psig. The reforming reaction zone effluent is
      introduced into a high-pressure separation system at a temperature of
      about 60.degree.F. to about 140.degree.F., to separate lighter components
      from heavier, normally liquid components. Since normal reforming
      operations produce large quantities of hydrogen, a certain amount of
      gaseous stream is removed from the reforming system by way of pressure
      control, the remaining hydrogen-rich gaseous phase being recycled to
      combine with the charge to the hydrocracking reaction zone.
PAR  The inventive concept, encompassed by the present process, is illustrated
      in the accompanying drawing. Miscellaneous appurtenances, not believed
      necessary for a completely clear understanding of the present combination
      process, have been eliminated. The use of details such as pumps,
      compressors, instrumentation and controls, heat-recovery circuits,
      miscellaneous valving, start-up lines and similar hardware, etc., is well
      within the purview of those skilled in the petroleum refining art.
      Similarly, with respect to the flow of materials throughout the system,
      only those major streams required to illustrate the interconnection and
      interaction of the reaction zones are presented. Thus, recycle lines,
      quench streams, and vent gas streams have also been eliminated.
DETD
PAR  With reference now to the drawing, it will be described in conjunction with
      a commercially-scaled unit designed to process a principally heptane-plus,
      straight-run naphtha fraction which has previously been subjected to a
      hydrorefining technique for desulfurization, denitrification and olefin
      saturation. Pertinent properties of this naphtha fraction are presented in
      the following Table I:
TBL                TABLE I                                                     

     ______________________________________                                    

     Charge Stock Properties                                                   

     ______________________________________                                    

     Specific Gravity      0.759                                               

     100 ml. Distillation, .degree.F.                                          

       I.B.P.              210                                                 

       10%                 230                                                 

       30%                 244                                                 

       50%                 262                                                 

       70%                 286                                                 

       90%                 318                                                 

       End Point           369                                                 

     Hydrocarbon Type, vol.%                                                   

       Paraffins           48.5                                                

       Naphthenes          41.4                                                

       Aromatics           10.1                                                

     ______________________________________                                    

PAR  Apparent to those having skill in the art of catalytic reforming, is the
      fact that this charge stock constitutes a suitable feed for present-day
      reforming systems. However, normally-conducted catalytic reforming, or
      those variants which practice selective cracking of the reformed product
      effluent, result in a final product containing substantial amounts of
      C.sub.9, C.sub.10 and C.sub.11 aromatics, resulting in ASTM distillation
      end points approaching 400.degree.F. Although this constitutes a suitable
      motor fuel gasoline for current requirements, it will not have the more
      narrow boiling range characteristics made possible through the use of the
      present invention.
PAR  The heavy naphtha charge stock is introduced into the process via line 1
      and passes into heat-exchanger 2 where the temperature thereof is
      increased by suitable heat-exchange with the reformed product effluent in
      line 3. The charge stock continues through line 4, is admixed with a
      hydrogen-rich recycle gaseous phase in line 5, the source of which is
      hereinafter described, and the temperature is further increased in heater
      7.
PAR  The heated charge stock/hydrogen mixture passes through line 8 into
      hydrocracking reaction zone 9 at a temperature such that the maximum
      catalyst bed temperature therein is about 680.degree.F. Other operating
      conditions include a liquid hourly space velocity of about 8, a hydrogen
      to charge stock mole ratio of about 10.0:1.0 and an imposed pressure of
      about 260 psig. which pressure has been selected to produce a desired
      product and which pressure is adjusted during operation to effectively
      control the exothermic temperature increase at a high value while
      preventing a runaway exothermic reaction. The catalytic composite disposed
      in hydrocracking reaction zone 9 constitutes an alumina carrier material,
      having 25% by weight of mordenite associated therewith, and about 0.75% by
      weight of a platinum component, calculated as the elemental metal. The
      product effluent is withdrawn via line 10, and is introduced thereby into
      heater 11. Analyses thereof indicate that only about 0.2% by weight of the
      charge to reaction zone 9 is converted into methane and ethane.
      Furthermore, of the 13.5% by volume butanes, 75% is isobutane; of the
      10.2% pentanes, 75% is isopentane; and, of the 5.5% hexanes, approximately
      80.0% constitutes isohexanes; the total cyclic content has increased to
      58% of the hexane-plus fraction, from the 51.5% in the fresh feed charge
      stock.
PAR  The total hydrocracked product effluent, introduced into reforming reaction
      zone 13 by way of line 12, without intermediate separation thereof, is
      initially at a temperature of about 970.degree.F. The catalytic reforming
      system, although illustrated as a single vessel, may in fact be a
      plurality of reaction zones wherein the endothermic nature of the
      reactions is compensated via interheating between zones. Other operating
      conditions include a pressure of about 180 psig., a liquid hourly space
      velocity of about 1.25 and a hydrogen to hexane-plus hydrocarbon mole
      ratio of about 8:0:1.0. The hydrogen/hydrocarbon mole ratio has been
      diminished somewhat as a result of the hydrogen consumed in hydrocracking
      reactor 9.
PAR  The reforming catalyst is a composite of alumina, 0.75% by weight of
      chloride, 0.20% by weight of germanium and about 0.60% by weight of
      platinum. The catalytically reformed product effluent is withdrawn from
      reaction zone 13 by way of line 3, is utilized as a heat-exchange medium
      in heat-exchanger 2 and, following additional cooling to a temperature of
      about 95.degree.F., is introduced into cold separator 6 by way of line 14.
      As hereinbefore set forth, a hydrogen-rich recycle gas stream is withdrawn
      by way of line 5 and combined with the fresh feed charge stock from line
      4. The principally liquid product effluent is withdrawn by way of line 15
      and sent to suitable separation facilities to recover a pentane-plus,
      normally liquid product effluent, a propane concentrate, a butane
      concentrate and, if desired, a pentane/hexane concentrate. Vent
      hydrogen-rich gas is discharged through line 16 by way of pressure
      control. Properties and yields of the reformed product effluent, including
      pentane and hexane, based upon fresh feed charge stock to hydrocracking
      reactor 9, are presented in the following Table II:
TBL                TABLE II                                                    

     ______________________________________                                    

     Reformate Yields and Properties                                           

     Component        Wt.%     Vol.%                                           

     ______________________________________                                    

     Hydrogen         1.3      --                                              

     Methane/Ethane   3.1      --                                              

     Propane          --       8.5                                             

     Isobutane        --       13.2                                            

     N-butane         --       4.5                                             

     Isopentane       --       14.5                                            

     N-pentane        --       4.6                                             

     Hexane-plus      --       54.5                                            

     Properties of pentane-Plus                                                

     Specific Gravity      .772                                                

     Research Octane Rating                                                    

                           96                                                  

     100 ml. Distillation, .degree.F.                                          

       I.B.P.              117                                                 

       10%                 138                                                 

       30%                 162                                                 

       50%                 195                                                 

       70%                 236                                                 

       90%                 278                                                 

       End Point           322                                                 

     ______________________________________                                    

PAR  Considering only the pentane-plus portion of the product effluent, the same
      is produceed in an amount of about 73% by volume, and has a research
      octane rating, without the addition of lead compounds, of about 96. It
      should further be noted that the end point of the product effluent is only
      322.degree.F., which is advantageous in view of the fact that
      consideration is being given throughout the industry to effect a decrease
      in the end point of marketable motor fuel. The mixed butanes can be
      partially dehydrogenated to produce butylenes which may be subsequently
      alkylated with unconverted isobutanes to produce a C.sub.4 -alkylate of
      known octane rating. Similarly, the propane may be utilized as a starting
      material for isopropyl alcohol, or may also be subjected to
      dehydrogenation and alkylation to produce a C.sub.3 -alkylate of good
      octane rating.
PAR  This example illustrates the application of the concept of the present
      combination to certain specific compatible catalysts in the hydrocracking
      and catalytic reforming zones. However, in a broad sense, the inventive
      concept is applicable to other hydrocracking and reforming catalysts
      provided they are compatible--i.e., they can function in a low-pressure,
      series-flow fashion with substantially the same catalytic reaction
      atmosphere prevailing in both zones and without separation of components
      between zones.
PAR  The foregoing illustrates the method by which the present combination is
      effected and the benefits afforded through the utilization thereof.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a process for the production of a high octane motor fuel which
      comprises the steps of:
PA1  a. hydrocracking naphtha boiling range hydrocarbons containing cyclic
      components including aromatics with hydrogen, in a first reaction zone, in
      contact with a first catalytic composite of a Group VIII noble metal
      component and a zeolitic aluminosilicate carrier material and at a
      temperature in the range of about 350.degree.F. to about 800.degree.F. and
      a pressure from about 100 to about 700 psig. which is conducted
      adiabatically and therefore has a marked propensity for a high temperature
      run-away;
PA1  b. reacting the resulting first reaction zone effluent without intermediate
      separation thereof, in a second reaction zone, in contact with a second
      catalytic composite comprising platinum and alumina, at a temperature in
      the range of about 800.degree.F. to about 1100.degree.F. and at a pressure
      of from about 100 to about 700 psig; and,
PA1  c. recovering said high octane motor fuel from the resulting second
      reaction zone effluent;
PA2  the method of maintaining the over-all exothermic temperature increase in
      said first reaction zone at a relatively high value while preventing a
      run-away exothermic reaction, which method comprises:
PA3  1. employing a first reaction zone inlet temperature generally below the
      hydrocracking range but sufficient to promote exothermic hydrogenation of
      aromatics so that the induced temperature increase initiates a favorable
      hydrocracking rate; and,
PA3  2.
NUM  2.
PAR  2. employing a first reaction zone outlet pressure favoring sufficient
      endothermic dehydrogenation of naphthenes to aromatics to prevent a
PAR   run-away hydrocracking situation. 2. The method of claim 1 further
      characterized in that said first catalytic composite contains a palladium
      component, in an amount of 0.01% to about 2.0% by weight, calculated as
      the elemental metal.
NUM  3.
PAR  3. The method of claim 1 further characterized in that said first catalytic
      composite contains a platinum component, in an amount of 0.01% to about
      2.0% by weight, calculated as the elemental metal.
NUM  4.
PAR  4. The method of claim 1 further characterized in that the maximum
      temperature in said first reaction zone is in the range of 600.degree.F.
      to about 750.degree.F.
NUM  5.
PAR  5. The method of claim 1 further characterized in that said carrier
      material comprises mordenite.
NUM  6.
PAR  6. The method of claim 5 further characterized in that said mordenite has a
      silica to alumina mole ratio from 12.0 to about 30.0.
NUM  7.
PAR  7. The method of claim 1 further characterized in that said carrier
      material comprises mordenite distributed within an amorphous alumina
      matrix.
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ABST
PAL  New catalyst for hydrocarbon conversion of organic feedstocks and method of
      preparing such catalyst. Catalyst is a composite made up of an inorganic
      oxide, wherein at least 50 weight percent of said inorganic oxide is
      silica and/or alumina, said matrix having dispersed therein a particulate
      crystalline aluminosilicate carrying rare earth cations, said composite
      catalyst having rare earth impregnated therein in an amount of from about
      1 to 6 percent by weight (expressed as RE.sub.2 O.sub.3), this amount
      being over and above the rare earth level attainable by ion exchange
      alone. impregnated rare earth may be incorporated into the catalyst by
      impregnating the composite with a rare earth-containing solution and then
      removing excess solution and drying, by impregnating the matrix with rare
      earth and then admixing the matrix with rare earth-exchanged crystalline
      aluminosilicate, or by impregnating rare earth-exchanged crystalline
      aluminosilicate with rare earth and then admixing the resultant rare
      earth-exchanged and impregnated crystalline aluminosilicate, preferably in
      the absence of any intermediate washing, with the matrix.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my application Ser. No.
      350,580, filed Apr. 12, 1973, which in turn is a continuation of my
      application Ser. No. 125,326, filed Mar. 17, 1971, both of which are now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to the field of catalytic compositions and methods
      for preparation and use thereof. More particularly, this invention
      pertains to a novel crystalline alumino-silicate zeolite catalyst and to a
      method of preparing such catalyst.
PAR  2. Description of the Prior Art
PAR  One of the recent major advances in catalyst technology was the discovery
      that catalytic compositions possessing both high activity and selectivity
      as well as superior attrition resistance in hydrocarbon conversion
      processing could be obtained by dispersing a crystalline aluminosilicate
      zeolite in an inorganic oxide matrix. Such compositions have been
      described, e.g., in U.S. Pat. Nos. 3,140,249 and 3,140,253 of C. J. Plank
      and E. J. Rosinski. It has further been found that certain desirable
      properties of such catalysts, including stability and activity, could be
      improved by replacing the alkali metals contained in the zeolites with
      other metals, particularly those of the rare earth group, and also by
      various pretempering treatments, e.g., steaming and dry thermal calcining.
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered a new catalytic composition for use in the catalytic
      cracking of hydrocarbon oils and a method for preparation and use thereof,
      which composition exhibits decreased carbon deposition during use. My
      catalyst comprises a composite of a crystalline aluminosilicate carrying
      rare earth metal cations (hereinafter sometimes referred to as a rare
      earth zeolite), dispersed in an inorganic oxide matrix, wherein at least
      50 weight percent of the inorganic oxide is silica and/or alumina. The
      matrix preferably is made up of silica, silica-alumina, silica-zirconia,
      or silica-zirconia-alumina, desirably along with a weighting agent,
      preferably clay. The aluminosilicate may have previously been ion
      exchanged with rare earth cations. The composite contains rare earth
      introduced by impregnation in an amount from about 1 to 6 percent by
      weight expressed as RE.sub.2 O.sub.3. That is to say, foregoing 1 to 6
      percent by weight of RE.sub.2 O.sub.3 is in excess of the maximum rare
      earth content which can be achieved by ion exchange alone.
PAR  In accordance with one preferred aspect of my invention, the additional
      rare earth is incorporated in the composite by contacting the rare
      earth-exchanged composite with a rare earth salt solution, desirably
      removing excess salt solution, and drying. In accordance with another
      aspect of my invention, the additional rare earth is incorporated in the
      composite by treating the rare earth crystalline aluminosilicate with a
      solution of rare earth cations and then admixing the resulting rare
      earth-wetted crystalline aluminosilicate with the matrix.
PAR  In accordance with another preferred aspect of my invention, after the rare
      earth impregnation, subsequent drying is carried out over a period of time
      of at least 5 minutes under such conditions as to reduce the water content
      to below 20 percent by weight at the completion of said drying, thereby
      attaining enhanced performance of the resultant catalyst.
PAR  The composite catalysts of my invention exhibit superior selectivity and
      are particularly desirable because of their ability to crack hydrocarbons
      to relatively high yields of gasoline while having low coking tendencies
      (hereinafter sometimes referred to as "coke make"). This is of great value
      when dealing with "dirty" feedstocks, e.g., heavy gas oils and "recycle"
      stocks, which ordinarily give off appreciable coke yields when subjected
      to cracking.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The composite catalyst of my invention comprises crystalline
      aluminosilicate particles, having rare earth cations therein, these
      particles being contained in a porous inorganic oxide matrix, the matrix
      comprising an inorganic oxide, e.g., silica, silica-alumina,
      silica-zirconia, or silica-zirconia-alumina, desirably along with a
      weighting agent. As noted, the inorganic oxide should be made up of at
      least 50 percent be weight of silica and/or alumina.
PAR  The inorganic oxide should have a pore volume of at least 0.4 cc per gram.
      The weighting agent employed as a component of the matrix should be
      present in such an amount as to yield a resulting catalytic composition
      having a packed density of at least 0.3 gram per cc. (It is to be
      understood that when reference is made herein to properties of the
      composite such as, e.g., packed density, or to properties of the silica,
      silica-alumina, silica-zirconia or silica-zirconia-alumina matrix such as,
      e.g., pore volume, these references are to the fresh catalyst composite,
      i.e., to the composite prior to its actual use in catalytic conversion,
      but subsequent to the removal of water therefrom, as by heating to a
      temperature of 1200.degree.F for three hours in substantially dry air.)
PAR  Referring to the synthetic amorphous inorganic oxide, e.g., silica,
      silica-alumina, silica-zirconia or silica-zirconia-alumina of the catalyst
      matrix, as previously noted, such synthetic amorphous inorganic oxide
      should desirably have a pore volume of at least 0.4 cc per gram. In
      general, the higher the pore volume, the more desirable is the overall
      composite catalyst, of course, provided that the pore volume is not so
      high as to adversely affect the attrition resistance of the catalyst.
      Thus, the pore volume of the synthetic amorphous inorganic oxide should be
      at least about 0.4 cc per gram. Generally it is from about 0.6 to 1.5 cc
      per gram, with a more preferred range being from about 0.8 to 1.3 cc per
      gram. The most preferable pore volume range is from about 1 to 1.2 cc per
      gram.
PAR  The matrix for my composite catalyst desirably also includes a weighting
      agent. Preferred weighting agents are clay and/or alumina. Representative
      clays are attapulgite, montmorillinite, hectorite and halloysite, with
      Kaolin being preferred. If alumina is employed, alpha alumina is
      preferred. Where a weighting agent is employed, the amount of agent
      employed desirable should be such that the final composite catalyst has
      packed density of at least 0.3 gram per cc. Generally the packed density
      of the composite catalyst will be from about 0.3 to 1 gram per cc, a more
      preferred range being from about 0.4 to 0.6 gram per cc.
PAR  The mean particle size of the weighting agent which may be incorporated as
      one component of the matrix is desirably less than about 40 microns.
      Preferably the particle size is from about 0.1 to 20, and most preferably
      from about 2 to 10 microns.
PAR  In the make up of the matrix, the relative proportions as between the
      synthetic amorphous inorganic oxide and weighting agent are advantageously
      from about 20 to 95% by weight of synthetic amorphous material and from
      about 5 to 80% by weight of weighting agent. A more preferred range is one
      wherein the synthetic amorphous inorganic oxide is from about 50 to 70
      weight percent of the matrix and the weighting agent is from about 30 to
      50 weight percent of the matrix.
PAR  Crystalline aluminosilicate particles are dispersed in the foregoing
      matrix, generally in such quantity that the overall composite contains
      from about 1 to 80 percent by weight of such crystalline aluminosilicate
      particles. Preferably, the composite will contain from about 2 to 25
      percent by weight of crystalline alumino-silicate particles, the most
      preferred range being from about 5 to 15 percent by weight.
PAR  One means of preparing my composite catalyst involves dispersing the
      particulate weighting agent in a liquid medium, preferably water, to form
      a dispersion. Advantageously the concentration of weighting agent in the
      dispersion is from about 0.5 to 10 percent by weight, and most preferably
      from about 1 to 3 percent by weight. The foregoing dispersion is
      intimately admixed with an alkali metal silicate. Thus, aqueous alkali
      metal silicate may be slowly added to the weighting agent dispersion with
      thorough mixing. The mixing is conveniently carried out at room
      temperature, although if desired, lower or higher temperatures may be
      employed. The relative proportions as between the weighting agent
      dispersion and alkali metal silicate solution are not critical, and merely
      require that there be present sufficient alkali metal silicate to assure
      that the particles of weighting agent are coated therewith. Hence, the
      mixing is thorough so as to insure that the clay is uniformly dispersed
      and coated with alkali metal silicate.
PAR  After mixing, the admixture is heated to a temperature from about
      70.degree. to 150.degree.F and then a strong acid, preferably H.sub.2
      SO.sub.4, is added to the admixture with mixing. Preferably, the acid is
      added at a uniform rate over a given period, e.g., from about one half
      hour up to about six hours.
PAR  The admixture is then heated to a temperature of from about 90.degree. to
      about 200.degree.F and maintained at this temperature for about 0.5 to 6
      hours. Longer ageing times may be employed, but to no particular
      advantage. As will be apparent, in general, the higher the temperature,
      the less the time required at that temperature to effect ageing. Thus, the
      ageing could be carried out at temperatures as low as, e.g., room
      temperature, but then the time requirements for such ageing would be
      considerable so that the process would be uneconomical.
PAR  If silica-alumina, silica-zirconia, or silica-zirconia-alumina is to be
      employed rather than silica, suitable sources of aluminum and/or zirconium
      ions are added after the ageing step.
PAR  In one embodiment of the present invention, a source of aluminum ions is
      added to the aged admixture, generally in amounts sufficient to give from
      about 0.3 to 1.0 percent by weight Al.sub.2 O.sub.3 in the final catalyst,
      on a dry basis. The alumina is typically added in the form of an aluminum
      salt, preferably aluminum sulfate.
PAR  Neither the concentration nor the amount of aluminum salt solution employed
      is critical. Thus, each may be adjusted so as to achieve the desired level
      of alumina in the overall amorphous inorganic oxide-weighting agent
      matrix. By way of illustration, the concentration of the aluminum salt
      solution may be of the order of 1 percent by weight to 30 percent by
      weight or even higher, a preferred range being from about 5 to 20 percent
      by weight, the most preferred range being from about 10 to 15 percent by
      weight.
PAR  Likewise, the temperature of the aluminum salt solution is not at all
      critical. It is generally most convenient to make up the solution at
      ambient temperature conditions and then add it to the aged admixture,
      although higher or lower temperatures may, of course, be employed.
PAR  Of course, the catalyst of my invention may also comprise a catalyst
      wherein the matrix is silica-zironia or silica-zirconia-alumina rather
      than silica-alumina or silica alone. In preparing such catalysts, a source
      of zirconium ions is added to the admixture after the foregoing aging
      step. If the matrix is also to contain alumina, the source of aluminum
      ions also may be added, as described hereinabove. The source of zirconium
      ions desirably is a zirconium salt, zirconium sulfate or acidified sodium
      zirconium silicate being preferred. An aqueous solution of the zirconium
      salt is advantageously employed.
PAR  Neither the concentration nor the amount of salt solution employed is
      critical. Thus, each may be adjusted so as to achieve the desired level of
      zirconia in the overall matrix. By way of illustration, the concentration
      of the zirconium salt solution may be of the order of 1 percent by weight
      to 30 percent by weight or even higher, a preferred range being from about
      5 to 20 percent by weight, the most preferred range being from about 10 to
      15 percent by weight.
PAR  Likewise, the temperature of the zirconium salt solution is not at all
      critical. It is generally most convenient to make up the solution at
      ambient temperature conditions and then add it to the aged admixture,
      although higher or lower temperatures may, of course, be employed.
PAR  Where zirconia is to be present as a component of the matrix, it is
      desirable that the zirconia level of the synthetic amorphous inorganic
      oxide be from about 0.5 to 25 % by wt on a dry basis. A more preferred
      range is from about 1 to 10 percent, with the most preferred range being
      from about 2 to 5 percent. As previously pointed out, the desired zirconia
      level is readily obtained by appropriate selection of concentration and/or
      amount of zirconium salt solution employed.
PAR  After the heat-ageing step and the addition of any aluminum or zirconium
      salts, sufficient acid (desirably sulfuric) is added to the slurry, with
      agitation, to reduce the pH from a higher value, such as in the range of 9
      to 10.5, to a pH in the approximate range of 4 to 7. Preferably the pH is
      reduced to from about 4.0 to 5.0, with from about 4.4 to 4.6 being the
      most preferred range. This addition of acid at this point results in the
      formation of a synthetic amorphous inorganic oxide-weighting agent matrix
      slurry wherein the inorganic oxide is characterized on a dry basis, by a
      pore volume of at least 0.4 cc/gram.
PAR  To the foregoing synthetic amorphous oxide-weighting agent matrix slurry a
      catalytically active component is added, this component comprising a
      crystalline aluminosilicate. While it frequently is advantageous to employ
      a rare earth crystalline aluminosilicate, this is not at all essential, as
      is demonstrated by Examples 17 and 18 hereinafter. Thus, other crystalline
      aluminosilicates, e.g., sodium Y, may readily be employed.
PAR  Various suitable crystalline aluminosilicates for use in the composite
      catalysts of my invention are described in U.S. Pat. Nos. 3,140,249 and
      3,140,253, both of which are incorporated herein by reference.
      Representative crystalline aluminosilicates suitable for the present
      invention include those natural and synthetic crystalline aluminosilicates
      having uniform pores of a diameter preferably between about 3 and 15
      Angstrom units. Such crystalline aluminosilicates include a wide variety
      of aluminosilcates both natural and synthetic which have a crystalline or
      combination of crystalline and amorphous structure. However, it has been
      found that exceptionally superior catalysts can be obtained when the
      starting aluminosilicate has either a crystalline or a combination of
      crystalline and amorphous structure and possesses at least 0.4 and
      preferably 0.6 to 1.0 equivalent of metal cations per gram atom of
      aluminum. The aluminosilicates can be described as a three-dimensional
      framework of SiO.sub.4 and AlO.sub.4 tetrahedra in which the tetrahedra
      are cross linked by the sharing of oxygen atoms whereby the ratio of total
      aluminum and and silicon atoms to oxygen atoms is 1:2. In their hydrated
      form, the alumino-silicates may be represented by the formula:
      ##EQU1##
      wherein M represents at least one cation which balances the electrovalence
      of the tetrahedra, n represents the valence of the cation, w the moles of
      SiO.sub.2 and Y the moles of H.sub.2 O. The cation can be any or more of a
      number of metal ions, depending upon whether the aluminosilicate is
      synthesized or occurs naturally. Typical cations include rare earths,
      sodium, lithium, potassium, silver, magnesium, calcium, zinc, barium,
      iron, nickel, cobalt and manganese. Although the proportions of inorganic
      oxides in the silicates and their spatial arrangements may vary affecting
      distinct properties in the aluminosilicate, the main characteristic of
      these materials is their ability to undergo dehydration without
      substantially affecting the SiO.sub.4 and A10.sub.4 framework.
PAR  Aluminosilicates falling within the above formula are well known and
      include synthesized aluminosilicates or natural occuring aluminosilicates.
      Among the aluminosilicates are included Zeolites A, Y, L, D, T, X, ZK-4,
      ZK-5, levynite, erionite, faujasite, analcite, noselite, phillipsite,
      brewsterite, natolite, chabazite, gmelinite, leucite, scapolite, and
      mordenite. The preferred aluminosilicates are those having pore diameters
      of at least about 4 Angstroms.
PAR  Particularly preferred rare earth zeolites for use in this invention may be
      made by base exchange of sodium zeolite X with rare earth ions to form
      rare earth zeolite X (see, e.g., Plank et al., U.S. Pat. No. 3,140,249,
      Example 26), and by base exchange of sodium zeolite Y with rare earth ions
      to form rare earth zeolite Y (see, e.g., Plank et al., U.S. Pat. No.
      3,436,357, Example 1), as described hereinafter.
PAR  It is to be understood that mixtures of the various aluminosilicates
      previously set forth can be employed as well as individual
      aluminosilicates.
PAR  Crystalline aluminosilicates having pore diameters between about 3 and 5
      Angstrom units may be suitable for size-selective conversion catalysis,
      while crystalline aluminosilicates having pore diameters between about 6
      and 15 Angstrom units are preferred for hydrocarbon conversion such as
      catalytic cracking and the like.
PAR  The crystalline aluminosilicate particles employed as a component in the
      catalyst compositions of the present invention are essentially
      characterized by a high catalytic activity. This high catalytic activity
      is imparted to the particles by base exchanging, as by base exchanging
      alkali metal aluminosilicate particles before dispersion thereof in the
      matrix with a base-exchange solution containing rare earth cations.
      Suitable methods of base exchange are described in the aforenoted U.S.
      Pat. Nos. 3,140,249 and 3,140,253.
PAR  Where an alkali metal aluminosilicate is employed initially, it is
      frequently advantageous to base exchange the aluminosilicate particles
      before compositing with the matrix to reduce the sodium content of the
      final product to less than about 4% by weight and preferably less than 1%
      by weight. Such base exchange can also be performed after compositing. The
      sodium content of the final composite is essentially less than 4% by
      weight. In no instance should there be any more than 0.25 equivalents of
      alkali metal per gram atom of aluminum associated with the
      aluminosilicate. Such compositions provide high catalytic activity when
      Zeolite Y is the crystalline aluminosilicate component. Preferably,
      however, and particularly when Zeolite X is the crystalline
      aluminosilicate component, the sodium content of the final composite
      should be less than 1% by weight.
PAR  As noted, the rare earth crystalline aluminosilicate is obtained by
      treating a crystalline aluminosilicate with a fluid medium, preferably a
      liquid medium, containing cations of at least one rare earth. Rare earth
      metal salts represent the source of rare earth cation. The product
      resulting from treatment with a fluid medium is an activated crystalline
      and/or crystalline-amorphous aluminosilicate in which the structure
      thereof has been modified primarily to the extent of having the rare earth
      cations chemisorbed or ionically bonded thereto.
PAR  As described hereinafter, the incorporation of the rare earth cations is
      preferably carried out on the zeolite prior to dispersion in the matrix,
      although alternatively, the entire composite may be subjected to ion
      exchange. In either event, the ion exchange is carried out in such manner
      to insure essentially complete substitution of the rare earth cation for
      the alkali.
PAR  Water is the preferred solvent for the cationic salt, e.g., rare earth
      metal salt, for reasons of economy and ease of preparation in large scale
      operations involving continuous or batchwise treatment. Similarly, for
      this reason, organic solvents are less preferred but can be employed
      providing the solvent permits ionization of the cationic salt. Typical
      solvents include cyclic and acyclic ethers such as dioxane,
      tetrahydrofuran, ethyl ether, diethyl ether, diisopropyl ether, and the
      like; ketones, such as acetone and methyl ethyl ketone; esters such as
      ethyl acetate; alcohols such as ethanol, propanol, butanol, etc; and
      miscellaneous solvents such as dimethylformamide, and the like.
PAR  In carrying out the treatment with the fluid medium, the procedure employed
      varies depending upon the particular alumino-silicate which is treated. If
      the aluminosilicate which is treated has alkali metal cations associated
      therewith, then the treatment with fluid medium or media should be carried
      out until such time as the alkali metal cations originally present are
      substantially exhausted. Alkali metal cations, if present in the treated
      aluminosilicate, tend to suppress or limit catalytic properties, the
      activity of which, as a general rule, decreases with increasing content of
      these metallic cations.
PAR  Effective treatment with the fluid medium to obtain a modified
      aluminosilicate having high catalytic activity will vary, of course, with
      the duration of the treatment and the temperature at which the treatment
      is carried out. Elevated temperatures tend to hasten the speed of
      treatment whereas the duration thereof varies inversely with the general
      concentration of ions in the fluid medium. In general, the temperatures
      employed range from below ambient room temperature of 24.degree.C. up to
      temperatures below the decomposition temperature of the alumino-silicate.
      Following the fluid treatment, the treated alumino-silicate is washed with
      water, preferably distilled water, until the effluent wash water has a pH
      value of wash water, i.e., between 5 and 8. The aluminosilicate material
      is thereafter analyzed for metallic content by methods well known in the
      art. Analysis also involves analyzing the effluent wash for anions
      obtained in the wash as a result of the treatment, as well as
      determination of and correction for anions that pass into the effluent
      wash from soluble substances, or decomposition products of insoluble
      substances, which are otherwise present in the aluminosilicate as
      impurities.
PAR  The treatment of the aluminosilicate with the fluid medium or media may be
      accomplished in a batchwise or continuous method under atmospheric,
      superatmospheric or subatmospheric pressures. A solution of rare earth
      metal cations in the form of a molten material, vapor, aqueous, or
      non-aqueous solution may be passed slowly through a fixed bed of
      aluminosilicate. If desired, hydrothermal treatment or corresponding
      non-aqueous treatment with polar solvents may be effected by introducing
      the aluminosilicate and fluid medium into a closed vessel maintained under
      autogeneous pressure. Similarly, treatments involving fusion or vapor
      phase contact may be employed.
PAR  A wide variety of rare earth compounds can be employed with facility as a
      source of rare earth ions. Operable compounds include rare earth
      chlorides, bromides, iodides, carbonates, bicarbonates, sulfates,
      sulfides, thiocyanates, peroxysulfates, acetates, benzoates, citrates,
      fluorides, nitrates, formates, propionates, butyrates, valecates,
      lactates, malanates, oxalates, palmitates, hydroxides, tartrates, and the
      like. The only limitation on the particular rare earth metal salt or salts
      employed is that it is sufficiently soluble in the fluid medium in which
      it is used to give the necessary rare earth ion transfer. The preferred
      rare earth salts are the chlorides, nitrates and sulfates.
PAR  Representative of the rare earth metals are cerium, lanthanum,
      praseodymium, neodymium, illinium, samarium, europium, gadolinium,
      terbium, dysprosium, holmium, erbium, thulium, scandium, yttrium, and
      lutecium.
PAR  The rare earth metal salts employed can either be the salt of a single rare
      earth metal or mixtures of rare earth metals, such as rare earth chlorides
      or didymium chlorides. As hereinafter referred to, unless otherwise
      indicated, a rare earth chloride solution is a mixture of rare earth
      chlorides consisting essentially of the chlorides of lanthanum, cerium,
      neodymium and praseodymium with minor amounts of samarium, gadolinium and
      yttrium. Rare earth chloride solutions are commercially available and the
      ones specifically referred to in the examples contain the chlorides of the
      rare earth mixture having the relative composition cerium (as CeO.sub.2)
      48% by weight, lanthanum (as La.sub.2 O.sub.3) 24% by weight, praseodymium
      (as Pr.sub.6 O.sub.11) 5% by weight, neodymium (as Nd.sub.2 O.sub.3) 17%
      by weight, samarium (as Sm.sub.2 O.sub.3) 3% by weight, gadolinium (as
      Gd.sub.2 O.sub.3) 2% by weight, and other rare earth oxides 0.8% by
      weight. Didymium chloride is also a mixture of rare earth chlorides but
      having a lower cerium content. It consists of the following rare earths
      determined as oxides: lanthanum 45-56% by weight, cerium 1-2% by weight,
      praseodymium 9-10% by weight, neodymium 32-33% by weight, samarium 5-7% by
      weight, gadolinium 3-4% by weight, yttrium 0.4% by weight, and other rare
      earths 1-2% by weight. It is to be understood that other mixtures of rare
      earths are also applicable for the preparation of the novel compositions
      of this invention, although lanthanum, neodymium, praseodymium, samerium
      and gadolinium as well as mixtures of rare earth cations containing a
      predominant amount of one or more of the above cations are preferred since
      these metals provide optimum activity for hydrocarbon conversion,
      including catalytic cracking.
PAR  It is preferred that the novel compositions of the present invention have
      at least 0.4 and more desirably 0.6 to 1.0 equivalent of rare earth metal
      cations per gram atom of aluminum.
PAR  A more preferred embodiment of this invention uses rare earth zeolite
      compositions which have from 0.5 to 1.0 equivalent per gram atom of
      aluminum of rare earth metal cations. Thus, as noted hereinabove, rare
      earth metal cations are substantially the only metallic cations associated
      with the aluminosilicate.
PAR  While not wishing to be bound by any theory of operation, it nevertheless
      appears that the rare earth cations tend to impart stability to the
      aluminosilicate compositions, thereby rendering them far more useful for
      catalytic purposes, particularly in hydrocarbon conversion processes such
      as cracking.
PAR  The mean particle size of the crystalline aluminosilicate incorporated into
      the matrix is advantageously less than about 40 microns. Preferably the
      particle size is in the range of about 0.1 to 20 microns, and most
      preferably from about 2 to 10.
PAR  As previously noted, the matrix into which the crystalline aluminosilicate
      is dispersed is prepared in such a manner that, as charged to the cracking
      unit, the synthetic amorphous oxide desirably has a pore volume of at
      least about 0.4 cc/g.
PAR  The porosity of the matrix can be adjusted so as to obtain the desired pore
      volume. Thus, increased porosity may be obtained, for example, by
      increasing the time and temperature of aging the silica gel. For a more
      detailed discussion of such prior art techniques for adjusting porosity,
      see "Control of Physical Structure of Silica-Alumina Catalyst"   by Ashley
      et al., Vol. 44, Industrial and Engineering Chemistry, at pages 2861-2863
      (December 1952).
PAR  The aluminosilicate is incorporated into the matrix by preparing a slurry
      of the fine particles of the crystalline aluminosilicate, preferably in an
      aqueous medium. Its concentration in its slurry is preferably in the range
      from about 1 to 40%. The concentration of the matrix in its slurry is
      preferably in the range of about 1 to 15%. The two slurries are then
      thoroughly mixed.
PAR  In one embodiment, after mixing, the blend is then filtered to removed
      water from the slurry and thus improve control of the solids concentration
      in the slurry going to the spray dryer. This, in turn, provides greater
      control over the particle size distribution of the particles coming from
      the spray dryer.
PAR  Filtration normally increases the total solids concentration of the blend
      to over 8%, e.g., typically from about 10 to 12%. Filtration also removes
      some dissolved salts. Without such filtration, and without the improved
      control of solids content of the slurry obtained thereby, the particle
      distribution of the catalyst coming from the spray dryer would vary over a
      wide range.
PAR  The rate of filtration of the slurry is also important inasmuch as the
      faster the slurry filters, the better is the control over the solid
      content of the slurry going to the spray dryer. A significant factor
      affecting the filtration rate of the slurry is the size of the particles
      in the slurry. The larger the particles, the faster the slurry filters.
      The smaller the gel particles in the slurry, the slower the filtration
      time. If the particles are too small, the filtration operation is
      virtually impossible due to plugging of the filter.
PAR  The filtered material is then subdivided and dried to form the desired
      particles. A particularly good method of making microspherical particles
      (e.g. of particle size of about 1 to 200 microns, the bulk of which are in
      the range of about 40 to 80 microns) especially suitable for use in
      fluidized catalytic cracking, is spray drying, perferably under high
      pressures, e.g., of the order of from about 200 to 2000 psig, and
      preferably from about 1000 to 1500 psig.
PAR  The spray drying temperature is ordinarily within the range of 200.degree.F
      to 1000.degree.F. The temperature used will depend upon such factors as
      the quantity of material to be dried and the quantity of air used in the
      drying. The evaporation rate will vary depending on the quantity of air
      used in the drying. The temperature of the particles which are being dried
      is preferably within the range of 150.degree.F to 300.degree.F at the
      completion of the drying.
PAR  The drying is preferably effected by a process in which the particles to be
      dried and a hot air stream are moving in the same direction for the entire
      drying period (concurrent drying), or where the hot air stream flows in
      the opposite direction (countercurrent drying), or by semi-counter current
      drying.
PAR  After the dried particles have been formed they are preferably given a wet
      treatment to further remove alkali metal (which may, for example, be
      present, at this stage in amount of about 1 to 5%, and more usually from
      about 1 to 3%, based on the zeolite), by further base exchange with
      materials capable of providing hydrogen ions. One suitable technique for
      this purpose is to treat the particles with a solution of ammonium salt,
      e.g., with water containing about 1 - 5%, of ammonium sulfate to remove
      sodium ions, and then to wash the particles with water. A series of
      alternating ammonium sulfate and water treatments may be used, ending with
      a water wash to remove sulfate ions.
PAR  In accordance with one aspect of the invention, the foregoing
      ammonium-exchanged, water-washed composite, is then impregnated with rare
      earth ions under such conditions as to acheive a rare earth content,
      expressed as RE.sub.2 O.sub.3, of from about 1 to 6 percent by weight (dry
      basis) in excess of the maxiumum RE.sub.2 O.sub.3 content which can be
      achieved by ion exchange alone. Preferably, the said excess rare earth
      content by impregnation, expressed as RE.sub.2 O.sub.3, should be from
      about 2 to 4 weight percent.
PAR  The impregnation is advantageously effected by contacting the foregoing
      composite with an aqueous solution of a rare earth salt. The residence
      time is not critical, provided that it is sufficient to assure good
      contact between the foregoing product and the rare earth salt solution.
PAR  The impregnation may be carried out at atmospheric pressure or at a
      pressure of several atmospheres.
PAR  The temperature of the impregnating solution should, of course, be
      sufficiently high to assure dissolution of the rare earth salt.
PAR  The concentration of the impregnating solution is not critical. Thus, the
      concentration will vary, depending upon such factors as the amount of rare
      earth pickup desired, the solids content of the composite being
      impregnated, etc. Generally, the concentration of the impregnating
      solution will be from about 5 to 75 grams of rare earth salt (expressed as
      RECl.sub.3.6 H.sub.2 O) per liter, although either higher or lower
      concentrations may be employed.
PAR  The impregnation step may be carried out by any number of known contracting
      procedures. The procedure that is particularly advantageous involves
      slurrying the rare earth salt in a quantity of water that is in excess of
      that required to fill the catalyst pore volume, e.g., from one and one
      half to several times such required amount. The ammonium-exchanged
      water-washed composite is then added to the rare earth solution. The
      contacting may be carried out at any convenient temperature and pressure,
      e.g., ambient temperature and atmospheric pressure, such conditions not
      being critical. The contact time may vary depending on the pore volume of
      the catalyst, but should be sufficient to achieve thorough blending.
      Desirably, the mixture is subsequently filtered, e.g., to approximately
      50% solids, and is then dried, e.g., at about 250.degree.F. The
      concentration of rare earth salt in the slurry is selected so as to give
      the desired take-up of either soluble rare earth salt or rare earth oxide.
PAR  Alternatively, the ammonium-exchanged, water-washed composite may be dried.
      Thereafter, the dried composite may be contacted with a solution of rare
      earth salt, the amount of solution being sufficient to fill the pores of
      the catalyst but leave the external surface of the catalyst essentially
      dry. Here too, the concentration of the rare earth salt in the solution
      will depend on the amount of rare earth desired to be impregnated in the
      catalyst; the contacting may be carried out at any convenient temperature
      and pressure; and the contact time may vary. The impregnated catalyst is
      then dried, generally at about 250.degree.F.
PAR  A wide variety of soluble rare earth salts can be employed with facility
      for the foregoing impregnation step. Suitable compounds include rare earth
      chlorides, bromides, iodides, carbonates, bicarbonates, sulfates,
      sulfides, thiocyanates, peroxysulfates, acetates, benzoates, citrates,
      fluorides, nitrates, formates, propionates, butyrates, valerates,
      lactates, malanates, oxalates, palmitates, hydroxides, tartrates, and the
      like. The preferred rare earth salts are the chlorides, nitrates and
      acetates.
PAR  In accordance with another aspect of the invention, the ammonium-exchanged
      water-washed composite previously referred to is first subjected to a
      post-exchange with rare earth ions, and thereafter the post-exchanged
      composite is impregnated with rear earth. Thus, the ammonium-exchange
      water-washed composite is treated with a solution containing rare earth
      ions so as to replace ammonium and residual alkali metal with rare earth
      ions and to insure substantially complete substituion of rare earth metal
      for other cations. Desirably, the rare earth ions are used as aqueous
      solutions of water soluble salts thereof, e.g., as rare earth chloride
      hexahydrate.
PAR  The foregoing post-exchange is desirably carried out using an equivalent
      amount of rare earth cation equal to at least 50% of the equivalents of
      alkali metal, e.g., sodium, present in the crystalline zeolite prior to
      the wet processing treatment with ammonium ions. Preferably, the
      equivalent amount of rare earth cation employed is equal to 100% of sodium
      present, i.e., the full stoichiometric amount required to replace all of
      the sodium present, or is in excess of the stoichiometric amount required.
      The rare earth cation may be supplied from a solution having a
      concentration of about 0.1 to 1% by weight of the soluble salts thereof,
      for example, a rare earth chloride, although higher concentrations may, of
      course, be employed. Desirably, the exchange is conducted at a temperature
      of from about 60.degree. to 120.degree.F for a time between about 1 and 60
      minutes.
PAR  The foregoing is followed with one or more water washes to minimize the
      chloride content of the finished catalyst.
PAR  The particles are then dried in any suitable manner, as by flash drying.
PAR  By virtue of the foregoing wet treatment of the dried particles with
      aqueous ammonium sulfate (and optionally with aqueous rare earth chloride
      if a post-exchange is employed) to further remove alkali metal from the
      zeolite and matrix, ammonium ions (and, if there has been a post-exchange,
      additional rare earth cations) are introduced. Upon subsequent drying,
      ammonia is liberated leaving hydrogen ions, so that the zeolite may
      contain both rare earth metal cations and hydrogen ions, thus resulting in
      a catalyst having highly desirable characteristics.
PAR  The efficiency of this subsequent treatment is greatly improved if the rare
      earth zeolite, in finely divided condition, has previously been
      pretempered by subjecting it to dehydrating conditions, as by calcination,
      to lower its residual moisture content to a value within the range of 0.3
      to 6%, more preferably within the range of 1.5 to 6%, such pretempering
      having been effected before the rare earth zeolite is brought into contact
      with the matrix. As a result of this pretempering the rare earth zeolite
      can be later exchanged to a lower sodium content much more easily, it
      becomes more resistant to loss of crystallinity on contact with acidic
      media and the relative crystallinity of the final product is higher. In
      addition, the rare earth component becomes more fixed in the crystalline
      aluminosilicate and more resistant to removal on subsequent base
      exchanges.
PAR  Suitable pretempering conditions are, for example, a temperature of about
      650.degree.F in air for about 60 minutes or a temperature of about
      1500.degree.F in air for about 10 minutes, or a treatment with superheated
      steam at about 1100.degree.-1200.degree.F at 15 psig for from about 10 to
      60 minutes; a preferred treatment is at atmospheric pressure at a
      temperature of about 1050.degree.-1250.degree.F in steam, air, or a
      steam-air mixture for from about 10 to 60 minutes. (This pretempering
      technique is described more fully in U.S. application Ser. No. 459,687,
      filed May 28, 1965, entitled "Improved Crystalline Zeolites and Method of
      Preparing Same".)
PAR  Where the crystalline aluminosilicate initially employed is a rare earth
      crystalline aluminosilicate, then the catalyst composite will, prior to
      impregnation with rare earth salt solution, generally have a earth oxide
      (RE.sub.2 O.sub.3) content in the range from about 1.0 to 6.0% by weight
      depending on the total amount of rare earth zeolite in the catalyst. This
      rare earth has been incorporated in the catalyst by ion exchange that is,
      by the exchange carried out on the zeolite itself, and optionally also by
      post-exchange of the composite, each of which have been described in
      detail previously. Thus, the maximum RE.sub.2 O.sub.3 content of the
      catalyst obtainable by ion exchange is limited by the total number of
      sites in the zeolite available for such exchange.
PAR  In accordance with said second aspect of the invention, the dried catalyst
      is then subjected to a rare earth impregnation step in order to increase
      the RE.sub.2 O.sub.3 content of the catalyst an additional 1 to 6 percent
      by weight, i.e., 1 to 6 percent by weight over and above the RE.sub.2
      O.sub.3 content resulting from ion exchange. Preferably, the increase in
      RE.sub.2 O.sub.3 content by impregnation is from about 1 to 3 percent by
      weight. The impregnation step is carried out as described previously, the
      preferred methods being either (1) contacting the dried catalyst with a
      solution of rare earth salt, the amount of solution being sufficient to
      fill the pores of the catalyst but leave the external surface of the
      catalyst substantially dry, and thereafter drying, or (2) slurrying the
      rare earth salt in a quantity of water that is in excess of that required
      to fill the catalyst pore volume, adding the dried catalyst to this rare
      earth solution, filtering the resulting mixture, and drying.
PAR  It is important to note that, following the rare earth impregnation step,
      subsequent processing, such as drying to fix the impregnated rare earth as
      RE.sub.2 O.sub.3, etc., is preferably carried out in the absence of any
      intermediate washing of the rare earth-impregnated product. Thus, washing
      of the rare earth-impregnated product prior to further processing, e.g.,
      drying, would tend to remove excess rare earth ions from the product,
      thereby tending to eliminate the desired excess rare earth of
      impregnation. Of course, in some instances it may be desirable to subject
      the rare earth impregnated product to slight or moderate washing prior to
      drying, provided that care is taken not to remove all of the excess of
      rare earth ions, so that sufficient excess rare earth ions remain to form
      the desired level of impregnated RE.sub.2 O.sub.3 upon drying.
PAR  As noted previously, rather than subject the overall composite to rare
      earth impregnation, an alternative method of making the rare
      earth-impregnated composite is to treat the matrix with a rare earth salt
      solution and thereafter to admix the so-treated matrix with the rare earth
      crystalline alumino-silicate. Alternatively, the rare earth-treated matrix
      can first be filtered and the filter cake then be admixed with the rare
      earth crystalline aluminosilicate. Note that such admixing is effected
      without an intermediate washing step. The resultant mixture is then dried
      without any additional wet processing, so as to avoid removal of rare
      earth. This technique is illustrated in Example 32 hereinafter.
PAR  In accordance with yet another embodiment of the invention, the rare-earth
      impregnated composite may be obtained by treating a rare earth crystalline
      aluminosilicate with a solution of rare earth ions to form a rare
      earth-wetted crystalline aluminosilicate, and thereafter admixing such
      wetted crystalline aluminosilicate with the matrix. See, e.g., Example 19
      hereinafter. This technique, while practicable, is not as desirable as the
      procedure wherein the entire catalyst composite (matrix plus particulate
      rare earth zeolite) is subjected to rare earth impregnation. Compare,
      e.g., Examples 20 and 21 with Example 19.
PAR  In accordance with still another aspect of my invention, I have found that
      particularly good results are obtained when, following the rare earth
      impregnation step, the subsequent drying step is carried out over a period
      of time of at least 5 minutes, and preferably at least 10 minutes, under
      such conditions as to reduce the water content to below 20 percent by
      weight at the completion of said drying. See, e.g., Examples 34 and 35
      hereinafter. As a result of this relatively slow drying procedure, the
      performance of the resultant catalyst is further enhanced.
PAR  The finished catalyst is characterized by a residual sodium content not in
      excess of about 1.0 weight percent, expressed as Na.sub.2 O, based upon
      the weight of the dried catalyst. Indeed, a catalyst having a residual
      sodium content not in excess of about 0.2 weight percent Na.sub.2 O may
      readily be attained, and where the dispersed rare earth zeolite is of the
      X form (as contrasted to rare earth zeolite Y) the residual sodium level
      is preferred to be not in excess of about 0.1 weight percent Na.sub.2 O.
PAR  The catalysts of this invention can, by a relatively mild heat treatment,
      be put in a highly active condition in which they are suitable for direct
      use in fluid catalytic cracking and in which they exhibit the desired
      selectivity for producing gasolines, mainly at the expense of the
      undesirable products of cracking, e.g., dry gas and coke. This heat
      treatment can take place during regular cracking-regeneration cycles.
      Thus, when the catalysts are added, as makeup, in an operating fluid
      catalytic cracking installation they will soon attain their desired
      selectivity after a few cracking-regeneration cycles, without the need of
      a preliminary steam-activating step. Alternatively, the catalysts may be
      given a preliminary heat treatment in air (and in fluidized condition) at
      a temperature of 1100-1400.degree.F for from about 3 to 16 hours.
DETD
PAR  The following examples will further illustrate my invention. All parts are
      by weight unless otherwise indicated.
PAC  EXAMPLES 1-8
PAR  A series of eight catalysts was prepared, each having the following
      composition: 10% rare earth Y crystalline aluminosilicate zeolite (REY)
      and 90% matrix, the matrix being made up of 40% clay, 57.4% silica, 2%
      zirconia, and 0.6% alumina.
PAR  The procedure employed in preparing the eight catalysts was as follows:
      2125 pounds of Georgia Kaolin clay on a dry weight basis were mixed with
      54,400 pounds (6550 gallons) of deionized water. 11,100 pounds (960
      gallons) of Q-brand sodium silicate [Na.sub.2 O(SiO.sub.2).sub.3.3 ]
      containing 3200 pounds of SiO.sub.2 were added to the water-clay slurry
      with stirring over a period of one half hour. The clay was uniformly
      dispersed and coated with sodium silicate. The admixture was then heated
      to 120.degree.F, and sulfuric acid (35%) was added at a uniform rate,
      while mixing, to adjust the pH to 9.8.
PAR  After the foregoing acid addition, in each instance, the admixture was heat
      aged for one hour at a temperature sufficient to produce a catalyst with a
      pore volume of 0.65-0.71 cc/g. An aqueous solution of aluminum sulfate (20
      weight percent aluminum sulfate) was then added to the aged admixture at a
      uniform rate over a period of one half hour in such amount so as to
      provide a final alumina content of 0.6 weight percent, based on the total
      dry catalyst weight.
PAR  A slurry was prepared by mixing 19 gallons of 66.degree. Baume sulfuric
      acid into a dispersion of 240 pounds of sodium zirconium silicate
      (Na.sub.2 ZrSiO.sub.5) in 270 gallons of deionized water. This slurry,
      which had a pH less than 0.4, was added at a uniform rate over a period of
      30 to 45 minutes in such amount as to provide a final concentration of
      zirconia (ZrO.sub.2) of 2.0 weight percent, based on the weight of the dry
      catalyst.
PAR  The pH of the mixture was then adjusted to between 4.5 and 4.6 by the
      addition of 35% sulfuric acid over a one half hour period.
PAR  600 pounds of REY that previously had been 68% exchanged, i.e., 68% of the
      sodium content had been replaced with rare earth cations, which previously
      had been pretempered by calcining at about 1200.degree.F. for about ten
      minutes, were slurried in about 210 gallons of deionized water. (The REY
      had the following composition: Al.sub.2 O.sub.3 =  19.9%; SiO.sub.2 =
      60.3%; RE.sub.2 O.sub.3 =  15.5%; Na.sub.2 O = 4.3%). This slurry was
      added to the silica-alumina-zirconia-clay slurry while mixing, in such
      amount as to provide a final REY concentration, based on the dry weight of
      the catalyst, of 10% by weight.
PAR  The blend was filtered. The filter cake was spray dried at 1400 - 1500 psig
      to yield a coarse grade catalyst. The spray dried product was ion
      exchanged with ammonium sulfate solution and then washed with deionized
      water until substantially free of sulfate ions. The resultant product was
      exchanged with an aqueous rare earth chloride solution (RECl.sub.3.sup..
      6H.sub.2 O) in such proportions that about 20 parts of rare earth chloride
      contacted about 2000 parts of catalyst (bone dry basis). After the
      exchange, the catalyst was water washed until essentially chloride free
      and the sulfate content was 0.5% by weight or less on a dry basis. The
      thus treated catalyst had an Na.sub.2 O content of from about 0.11 to
      0.16% by weight on a dry basis. After washing, the catalyst was flash
      dried. A sample of the foregoing flash dried catalyst was withdrawn and
      held as a "control". Hence, it was not subjected to impregnation. This
      control catalyst is designated as Example 1.
PAR  Seven samples of the flash dried catalyst were each subjected to an
      impregnation treatment. This treatment comprised mixing each sample with a
      solution of a rare earth salt. The concentration and amount of the rare
      earth salt in the solution varied from sample to sample in order to
      produce differing amounts of impregnated RE.sub.2 O.sub.3 in each sample.
      The resulting impregnated catalysts are designated as Examples 2-8. The
      impregnation treatments for each of the samples were as follows.
PAC  EXAMPLE 2
PAR  2,000 grams of the flash dried catalyst were slurried in a mixture of 50
      grams of rare earth chloride in 2,000 cc. of deionized water to provide an
      additional 1.0% by weight of RE.sub.2 O.sub.3 in the finished catalyst.
PAC  EXAMPLE 3
PAR  2,000 grams of the flash dried catalyst were slurried with 100 grams of
      rare earth chloride in 2,000 cc. of deionized water to provide an
      additional 2.0% by weight of RE.sub.2 O.sub.3 in the finished catalyst.
PAC  EXAMPLE 4
PAR  2,000 grams of the flash dried catalyst were slurried with 77.3 grams of
      rare earth acetate in  2,000 cc. of deionized water to provide an
      additional 1.2 weight percent of RE.sub.2 O.sub.3 in the finished
      catalyst.
PAC  EXAMPLE 5
PAR  2,000 grams of the flash dried catalyst were slurried with 79.5 grams of
      rare earth nitrate in 2,000 cc. of deionized water to provide an
      additional 1.3 weight percent of RE.sub.2 O.sub.3 in the finished
      catalyst.
PAR  For each of the catalysts of Examples 2-5, the amount of impregnating
      solution used was just sufficient to fill the pores of the catalyst, but
      to allow the surface of the catalyst to remain essentially dry. After
      thorough blending of the catalyst and the solution, each mixture was dried
      in an oven at 250.degree.F. for approximately 6 hours.
PAC  EXAMPLE 6
PAR  2,000 grams of the flash dried catalyst were slurried with 250 grams of
      rare earth chloride in 7,000 cc. of deionized water to provide an
      additional 1.4 weight percent of RE.sub.2 O.sub.3 in the finished
      catalyst.
PAC  EXAMPLE 7
PAR  2,000 grams of the flash dried catalyst were slurried with 104.4 grams of
      rare earth chloride in 3,000 cc. of deionized water to provide an
      additional 1.7 weight percent of RE.sub.2 O.sub.3 in the finished
      catalyst.
PAC  EXAMPLE 8
PAR  2,000 grams of the flash dried catalyst were slurried with 550 grams of
      rare earth chloride in 7,000 cc. of deionized water to provide an
      additional 3.3 weight percent of RE.sub.2 O.sub.3 in the finished
      catalyst.
PAR  For each of the catalysts of Example 7, the amount of impregnating solution
      used was about 1.5 times the volume required to fill the pores of the
      catalyst; in Examples 6 & 8, the impregnating solution was 3.5 times the
      volume required. After mixing the samples with the impregnating solution,
      the mixtures were filtered to a solids content of about 50 %. Each of the
      filtered mixtures was then dried in an oven at 250.degree.F. for
      approximately 16 hours.
PAR  The samples of the catalysts of Examples 1-8 were subjected to thermal
      treatments of varying degrees of severity. These treatments were:
PAR  Mild thermal
PAR  Calcining for 3 hours at 1,200.degree.F in air;
PAR  Mild steaming
PAR  Steaming in 100% steam for 4 hours at 1,400.degree.F. and 0 psig; and
PAR  Severe Steaming
PAR  Steaming in 100% steam for 5 hours at 1,400.degree.F. and 15 psig.
PAR  After the foregoing thermal treatments, the samples were evaluated for
      catalytic performance using FCC Bench Tests. The results of these Tests
      are set out in Tables 1, 2 and 3.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     CATALYST IMPREGNATED WITH RARE EARTH:                                     

     AFTER MILD THERMAL TREATMENT (CALCINED 3 Hr/1200.degree.F IN AIR)         

     BENCH FCC TESTS: 910.degree.F, 2 C/O, 12.5 WHSV, WCMCGO                   

     __________________________________________________________________________

     Run No.            1     2     3     4                                    

     __________________________________________________________________________

     Catalyst of Example                                                       

                        1     2     7     3                                    

     Impregnation Salt  None  RECl.sub.3                                       

                                    RECl.sub.3                                 

                                          RECl.sub.3                           

     RE.sub.2 O.sub.3 Added by Impregnation, % wt                              

                        0     1.0   1.7   2.0                                  

     Conversion, % vol  69.3  69.6  67.5  65.5                                 

     C.sub.5 + Gasoline, % vol                                                 

                        55.3  59.4  57.4  56.4                                 

     Total C.sub.4 's, % vol                                                   

                        15.0  13.5  12.6  11.9                                 

     Dry Gas, % wt      7.1   5.9   6.2   5.9                                  

     Coke, % wt         3.3   2.7   2.6   2.1                                  

     Carbon on Cat., % wt                                                      

                        1.43  1.16  1.09  0.91                                 

     Selectivity (C.sub.5 + Gasoline,                                          

      % vol/Coke, % wt) 16.8  22.0  22.0  26.8                                 

     Hydrogen Factor*   37    35    35    39                                   

     Physical Properties                                                       

      Pore Volume, cc/g 0.62  0.61  0.63  0.59                                 

      Packed Density, g/cc                                                     

                        0.62  0.62  0.58  0.60                                 

      Surface Area, m.sup.2 /g                                                 

                        345   330   347   326                                  

     Chemical Properties                                                       

      Na.sub.2 O, % wt  0.15  0.12  0.07  0.12                                 

      RE.sub.2 O.sub.3, % wt                                                   

                        2.20  3.20  3.90  4.20                                 

     __________________________________________________________________________

               Moles H.sub.2                                                   

     *Hydrogen Factor =   .times. 100                                          

               Moles C.sub.1 + Moles C.sub.2                                   

TBL                                    TABLE 2                                 

     __________________________________________________________________________

     CATALYST IMPREGNATED WITH RARE EARTH: -AFTER MILD STEAM TREATMENT (4      

     Hr/1400.degree.F/O psig)                                                  

     BENCH FCC TESTS: 925.degree.F, 3 C/O, 8.3 WHSV, WCMCGO                    

     __________________________________________________________________________

     Run No.          5     6     7     8     9     10   11   12               

     __________________________________________________________________________

     Catalyst of Example                                                       

                      1     2     6     7     3     8    4    5                

     Impregnation Salt                                                         

                      None  RECl.sub.3                                         

                                  RECl.sub.3                                   

                                        RECl.sub.3                             

                                              RECl.sub.3                       

                                                    RECl.sub.3                 

                                                         RE(Ac).sub.3          

                                                              RE(NO.sub.3).sub.

                                                              3                

     RE.sub.2 O.sub.3 Added by Impregnation,                                   

     % wt             0     1.0   1.4   1.7   2.0   3.3  1.2  1.3              

     Conversion, % vol                                                         

                      69.2  68.3  68.2  67.6  70.7  64.1 69.6 71.8             

     C.sub.5 + Gasoline, % vol                                                 

                      58.3  58.4  59.1  59.7  60.7  57.1 61.5 62.5             

     Total C.sub.4 's, % vol                                                   

                      13.9  12.7  12.6  12.1  13.3  11.2 12.4 13.2             

     Dry Gas, % wt    6.2   5.8   5.5   5.4   5.8   4.9  5.6  5.8              

     Coke, % wt       2.3   2.3   2.0   1.9   1.9   1.6  1.7  2.1              

     Carbon on Cat., % wt                                                      

                      0.65  0.66  0.57  0.55  0.54  0.46 0.50 0.60             

     Selectivity (C.sub.5 + Gasoline,                                          

      % vol/Coke, % wt)                                                        

                      25.3  25.4  29.5  31.4  32.2  30.0 36.2 29.8             

     Hydrogen Factor  16    16    17    18    17    21   18   22               

     Physical Properties                                                       

      Pore Volume, cc/g                                                        

                      0.53  0.51  0.51  0.51  0.52  0.50 0.53 0.54             

      Packed Density, g/cc                                                     

                      0.64  0.65  0.64  0.66  0.67  0.67 0.65 0.65             

      Surface Area, m.sup.2 /g                                                 

                      177   191   188   196   195   208  197  200              

     Chemical Properties                                                       

      Na.sub.2 O, % wt                                                         

                      --    0.14  0.08  0.07  0.14  --   --   --               

      RE.sub.2 O.sub.3, % wt                                                   

                      --    3.20  3.60  3.90  4.20  5.50 --   --               

     __________________________________________________________________________

TBL                                    TABLE 3                                 

     __________________________________________________________________________

     CATALYST IMPREGNATED WITH RARE EARTH:                                     

     AFTER SEVERE STEAM TREATMENT (5 Hr/1400.degree.F/15 psig)                 

     BENCH FCC TESTS: 925.degree.F, 3 C/O, 8.3 WHSV, WCMCGO                    

     __________________________________________________________________________

     Run No.            13    14    15    16                                   

     __________________________________________________________________________

     Catalyst of Example                                                       

                        1     6      4    5                                    

     Impregnation Salt  None  RECl.sub.3                                       

                                     RE(Ac).sub.3                              

                                          RE(NO.sub.3).sub.3                   

     RE.sub.2 O.sub.3 Added by Impregnation, % wt                              

                        0     1.4    1.2  1.3                                  

     Conversion, % vol  48.7  56.2   53.3 58.9                                 

     C.sub.5 + Gasoline, % vol                                                 

                        42.1  47.7   46.3 52.1                                 

     Total C.sub.4 's, % vol                                                   

                        8.2   10.8   9.3  9.8                                  

     Dry Gas, % wt      4.4   5.1    4.7  4.7                                  

     Coke, % wt         2.0   1.9    1.7  2.0                                  

     Carbon on Cat., % wt                                                      

                        0.57  0.54   0.50 0.58                                 

     Selectivity (C.sub.5 + Gasoline,                                          

      % vol/Coke, % wt) 21.1  25.1   27.2 26.1                                 

     Hydrogen Factor    18    16     16   18                                   

     Physical Properties                                                       

      Pore Volume, cc/g 0.50  0.47   0.50 0.50                                 

      Packed Density, g/cc                                                     

                        0.64  0.65   0.65 0.68                                 

      Surface Area, m.sup.2 /g                                                 

                        118   126    125  133                                  

     Chemical Properties                                                       

      Na.sub.2 O, % wt  0.11  0.08   --   --                                   

      RE.sub.2 O.sub.3, % wt                                                   

                        2.20  3.60   3.40 3.50                                 

     __________________________________________________________________________

PAR  Referring to the data in Table 1, the markedly lower coke make, after mild
      thermal treatment obtained in Runs 2, 3 and 4, namely, weight percents of
      2.7, 2.6 and 2.1, respectively, wherein the catalysts were impregnated in
      accordance with the present invention, as compared to that in Run 1,
      namely, 3.3, wherein the control catalyst was used, are readily apparent.
      Similarly, Runs 2-4 resulted in less dry gas than did Run 1. Also the
      yield of C.sub.5 + Gasoline for the catalysts of Runs 2, 3 and 4 are
      substantially higher than that for the control.
PAR  The thermal treatment of the catalyst drives off about 10-15% weight of
      water. The condition of the resulting catalyst simulates the condition of
      makeup catalyst just after such catalyst has been added to an equilibrium
      catalyst in a regenerator. The coke make of the catalyst at this stage of
      the process is very important, inasmuch as the lower the coke make, the
      longer life the catalyst will have, due to a decrease in heat damage
      during the initial regeneration cycles.
PAR  The data in Table 2 shows the FCC Test results of the catalysts of Examples
      1-8 after mild steam treatment. The decrease in coke make for the
      impregnated catalysts of the present invention, i.e., Runs 7, 8 and 9, as
      compared with control, i.e., Run 1, is readily apparent. Note also that in
      Run 10, wherein the RE.sub.2 O.sub.3 added by impregnation is above 3.0
      weight percent, although the coke make decreases to a value of 1.6, the
      conversion level, i.e., activity of the catalyst, is substantially
      decreased, that is, 64.1% vol. for Run 10 as compared with the 67-68% vol.
      range for Runs 7-9.
PAR  Runs 11 and 12 illustrate the catalysts of the present invention wherein
      the impregnation salt is rare earth acetate and rare earth nitrate,
      respectively. Here too improvements in coke make and selectivity are
      obtained that are similar to those observed with catalysts wherein the
      impregnation salt was a rare earth chloride.
PAR  Referring to Table 3, it is apparent that after severe steaming the
      activity (conversion) and the selectivity of those catalysts which have
      been impregnated with rare earth, namely, the catalysts used in Runs 14,
      15 and 16, are superior to the conversion and the selectivity obtained
      using the control catalyst (Run 13).
PAR  Mild steam pretreatment produces a catalyst which possesses activity
      similar to that possessed by the equilibrium catalyst in an actual
      process. The severe steam treatment produces a catalyst possessing an
      activity similar to that of the aged, less active fraction of an
      equilibrium catalyst. The difference in the loss of activity between the
      mild steam treatment and the severe steam treatment is indicative of the
      steam stability and the resistance to ageing of the catalyst. The superior
      steam stability of the catalysts of this invention is shown by comparing
      the decrease in conversion for the catalysts of Examples 6, 4 and 5. That
      is, for Runs 7 and 14, 11 and 15 and 12 and 16, the decrease is only 12.0,
      16.3 and 12.9% vol., respectively, as compared with a conversion loss of
      20.5% vol. for the control catalyst (Runs 5 and 13).
PAC  EXAMPLES 9 AND 10
PAR  A second series of two catalysts was prepared. This series was prepared in
      essentially the same manner as the catalysts of Examples 1-8, with the
      exception that the catalysts of the second series contained 15 weight
      percent rare earth zeolite rather than 10%. These catalysts were prepared
      as follows: 2125 lbs. of Georgia Kaolin clay on a dry weight basis were
      mixed with 54,400 lbs. (6550 gallons) of deionized water. 11,100 lbs. (960
      gallons) of Q-brand sodium silicate [Na.sub.2 O(SiO.sub.2).sub.3.3 ]
      containing 3200 lbs. of SiO.sub.2 were added to the water-clay slurry with
      stirring over a period of one-half hour. The clay was uniformly dispersed
      and coated with sodium silicate. The admixture was then heated to
      120.degree.F. and sulfuric acid (35%) was added at a uniform rate, while
      mixing, to adjust the pH to 9.8.
PAR  After the foregoing acid addition, in each instance the admixture was heat
      aged for one hour at a temperature sufficient to produce a catalyst with a
      pore volume of 0.65-0.71 cc/g. An aqueous solution of aluminum sulfate (20
      weight percent aluminum sulfate) was then added to the aged admixture at a
      uniform rate over a period of one-half hour in such amount as to provide a
      final alumina content of 1.0 weight percent based on the total weight of
      dry catalyst. A slurry was prepared by mixing 19 gallons of 66.degree.
      Baume sulfuric acid into a dispersion of 240 lbs. of sodium zirconium
      silicate (Na.sub.2 ZrSiO.sub.5) in 270 gallons of deionized water. This
      slurry, which had a pH less than 0.4, was added at a uniform rate over a
      period of one-half hour in such amount as to provide a final concentration
      of zirconia (ZrO.sub.2) of about 2 percent by weight, based on the weight
      of the dry catalyst.
PAR  The pH of the mixture was then adjusted to between 4.5 and 4.6 by the
      addition of 35% sulfuric acid over a one-half hour period.
PAR  953 lbs. of REY that previously had been 68% exchanged, i.e., 68% of the
      sodium content had been replaced with rare earth cations, and pretempered
      by calcining at about 1200.degree.F. for about ten minutes, were slurried
      in about 335 gallons of deionized water. (The REY had the following
      composition: Al.sub.2 O.sub.3 =  19.9%; SiO.sub.2 =  60.3%; RE.sub.2
      O.sub.3 =  15.5%; Na.sub.2 O = 4.3%). This slurry was added to the
      silica-alumina-zirconia-clay slurry while mixing, in such amount as to
      provide a final REY concentration, based on the dry weight of the
      catalyst, of 15% by weight. The blend was filtered. The filter cake was
      spray dried at 1400-1500 psig to yield a course grade catalyst.
PAR  The spray dried product was ion exchanged with ammonium sulfate solution
      and then washed with deionized water until substantially free of sulfate
      ions. The resultant product was exchanged with an aqueous rare earth
      chloride solution (RECl.sub.3.sup.. 6H.sub.2 O) in such proportions that
      about 20 parts of rare earth chloride contacted about 2000 parts of
      catalysts (bone dry basis). After the exchange, the catalyst was water
      washed until essentially chloride-free and the sulfate content was 0.5% by
      weight or less on a dry basis. The thus treated catalyst had a Na.sub.2 O
      content of from about 0.15 to 0.22% by weight on a dry basis. After
      washing, the catalyst was flash dried. A sample of the foregoing flash
      dried catalyst was withdrawn and held as a "control". Hence, it was not
      subjected to impregnation. This control catalyst is designated as Example
      9.
PAR  The flash dried catalyst was then contacted with a rare earth nitrate salt
      solution, the amount of solution being sufficient to fill the pores of the
      catalyst but to leave the surface of the catalyst dry. The solution
      contained 133 grams of rare earth nitrate in 2000 cc. of deionized water
      to give an additional 2.0% by weight of RE.sub.2 O.sub.3 in the finished
      catalyst. The impregnated catalyst was then dried in an oven at about
      250.degree.F for about 10 hours. This catalyst was designated Example 10.
PAR  The catalysts of Examples 9 and 10 were then subjected to a mild thermal
      treatment for three hours at 1200.degree.F. in air. Each of the catalysts
      were then evaluated for catalytic performance using FCC Bench Tests. The
      results of these Tests are set out in Table 4.
TBL                TABLE 4                                                     

     ______________________________________                                    

     Catalyst (15% REY) Impregnated With Rare Earth                            

     (as RE(NO.sub.3).sub.3): After Mild Thermal Treatment                     

     (Calcined 3 Hr/1200.degree.F in Air)                                      

     Bench FCC Tests: 910.degree.F, 2C/0, 12.5 WHSV, WCMCGO                    

     ______________________________________                                    

     Run No.              17        18                                         

     ______________________________________                                    

     Catalyst of Example  9         10                                         

     RE.sub.2 O.sub.3 Added by Impregnation, % wt                              

                          0         2.0                                        

     Conversion, % vol    75.4      71.3                                       

     C.sub.5 + Gasoline, % vol                                                 

                          57.0      59.0                                       

     Total C.sub.4 's, % vol                                                   

                          16.7      13.8                                       

     Dry Gas, % wt        9.2       6.9                                        

     Coke, % wt           5.1       3.1                                        

     Carbon on Cat., % wt 2.18      1.35                                       

     Selectivity (C.sub.5 + Gasoline,                                          

      % vol/Coke, % wt)   11.2      19.0                                       

     Hydrogen Factor      37        49                                         

     Physical Properties                                                       

      Pore Volume, cc/g   0.70      0.68                                       

      Packed Density, g/cc                                                     

                          0.57      0.54                                       

      Surface Area, m.sup.2 /g                                                 

                          351       349                                        

     Chemical Properties                                                       

      Na.sub.2 O, % wt    0.40      --                                         

      RE.sub.2 O.sub.3, % wt                                                   

                          3.40      5.40                                       

     ______________________________________                                    

PAR  Referring to Runs 17 and 18 in Table 4, the substantially decreased coke
      make and increased yield of C.sub.5 + Gasoline for the catalyst of Example
      10, which was subjected to the impregnation step, as compared with those
      values for the control catalyst of Example 9, are readily apparent.
PAC  EXAMPLES 11-14
PAR  A third and fourth series of catalysts having REY contents of 20 and 25
      weight percent, respectively, were prepared. The procedure employed in
      preparing the catalysts of the third series was as follows. 1628 grams of
      Georgia Kaolin clay on a dry weight basis were mixed with 94 pounds of
      deionized water. 8780 grams of Q-brand sodium silicate [Na.sub.2
      O(SiO.sub.2).sub.3.3 ] were added with stirring over a one half hour
      period. The clay was uniformly dispersed and coated with sodium silicate.
      The admixture was then heated to about 120.degree.F., and 449 cc. of
      concentrated sulfuric acid (96.0 weight percent sulfuric acid) was added
      at a uniform rate over a period of one half hour, while mixing to adjust
      the pH to 10.5.
PAR  After the foregoing acid addition, the admixture was heat aged at
      140.degree.F. for a period of two hours. The pH after the heat ageing was
      still 10.5. A slurry of sodium zirconium silicate (Na.sub.2 ZrSiO.sub.5)
      in sulfuric acid, this slurry having a pH of less than 0.4, was added at a
      uniform rate over a one half hour period in such amount as to provide a
      final zirconia (ZrO.sub.2) concentration of 2% by weight of the dry
      catalyst.
PAR  The pH of the mixture was then adjusted to between 4.5 and 4.6 by the
      addition of sulfuric acid over a one half hour period. A dispersion of 68%
      exchanged REY was added to the mixture (the REY having been pretempered as
      described in Examples 1-8), in such amount as to provide a final REY
      concentration based on the dry weight of the catalyst, of 20 weight
      percent.
PAR  Thereafter, the product was spray dried and was then twice slurried with
      water, allowed to settle, and the water decanted. This product was then
      continuously washed with 20 gallons of 5% ammonium sulfate solution and
      water washed until substantially free of sulfate ion. The sulfate-free
      product was exchanged with 315 grams of rare earth chloride in 3150 cc of
      water and water washed until essentially chloride free. The product was
      then dried in an oven at 250.degree.F for about 16 hours. A sample of the
      foregoing dried catalyst was withdrawn and held as a "control". Hence it
      was not subjected to impregnation. This control catalyst is designated as
      Example 11.
PAR  A 3000 gram sample of the dried catalyst was contacted with rare earth
      nitrate salt solution the amount of which was sufficient to fill the pores
      of the catalyst but to leave the surface of the catalyst dry. The solution
      contained 180 grams of rare earth nitrate in 3000 cc of deionized water to
      give an additional 1.8 percent by weight of RE.sub.2 O.sub.3. The
      impregnated catalyst was then dried in an oven at about 250.degree.F for
      about 16 hours. This catalyst was designated Example 12.
PAR  The procedure employed in preparing the catalysts of the fourth series was
      as follows. 1395 grams of Georgia Kaolin clay on a dry weight basis were
      mixed with 87 pounds of deionized water. 9477 grams of Q-brand sodium
      silicate [Na.sub.2 O(SiO.sub.2).sub.3.3 ] were added with stirring over a
      one half hour period. The clay was uniformly dispersed and coated with
      sodium silicate. The admixture was then heated to about 120.degree.F., and
      484 cc. of concentrated sulfuric acid (96.0 weight percent sulfuric acid)
      was added at a uniform rate over a period of one half hour, while mixing
      to adjust the pH to 10.4.
PAR  After the foregoing acid addition, the admixture was heat aged at
      140.degree.F. for a period of two hours. The pH after the heat ageing was
      still 10.4. A slurry of sodium zirconium silicate (Na.sub.2 ZrSiO.sub.5)
      in sulfuric acid, this slurry having a pH of less than 0.4, was added at a
      uniform rate over a one half hour period in such amount as to provide a
      final zirconia (ZrO.sub.2) concentration of 2% by weight of the dry
      catalyst.
PAR  The pH of the mixture was then adjusted to between 4.5 and 4.6 by the
      addition of sulfuric acid over a one half hour period. A dispersion of 68%
      exchanged REY was added to the mixture (the REY having been pretempered as
      described in Examples 1-8), in such amount as to provide a final REY
      concentration based on the dry weight of the catalyst, of 25 weight
      percent.
PAR  Thereafter, the product was spray dried and was then twice slurried with
      water, allowed to settle, and the water decanted. This product was then
      continuously washed with 20 gallons of 5% ammonium sulfate solution and
      water washed until substantially free of sulfate ion. The resultant
      product was exchanged with 420 grams of rare earth chloride in 4200 cc. of
      water and water washed until essentially chloride free. The product was
      then dried at 250.degree.F. A sample of the foregoing dried catalyst was
      withdrawn and held as a "control". Hence it was not subjected to
      impregnation. This control catalyst is designated Example 13.
PAR  A 3000 gram sample of the flash dried catalyst was mixed with a solution of
      rare earth nitrate the amount of which was sufficient to fill the pores of
      the catalyst but to leave the surface of the catalyst dry. The solution
      contained 150 grams of rare earth nitrate in 3000 cc. of deionized water
      to give an additional 1.5 percent by weight of RE.sub.2 O.sub.3. After the
      impregnation step, the catalyst was dried at about 250.degree.F. This
      catalyst was designated Example 14.
PAR  Samples of the catalysts of Examples 11-14 were subjected to mild thermal
      treatment and additional samples of the catalysts of Examples 13 and 14
      were subjected to mild steaming.
PAR  The foregoing heat treated catalysts were then evaluated for catalytic
      performance using FCC Bench Tests. The results of the Tests with the
      mildly thermally treated samples are set out in Table 5. The results of
      the Tests with the mildly steamed samples are set out in Table 6.
TBL                                    TABLE 5                                 

     __________________________________________________________________________

     High Activity Catalysts Impregnated With Rare Earth                       

     (as RE(NO.sub.3).sub.3): After Mild Thermal Treatment                     

     (Calcined 3 Hr/1200.degree.F in Air)                                      

     Bench FCC Tests: 910.degree.F, 2 C/O, 12.5 WHSV, WCMCGO                   

     __________________________________________________________________________

     Run No.            19    20    21    22                                   

     __________________________________________________________________________

     Catalyst of Example                                                       

                        11    12    13    14                                   

     REY, % by weight   20%   20%   25%   25%                                  

     RE.sub.2 O.sub.3 Added by Impregnation, % wt                              

                        0     1.8   0     1.5                                  

     Conversion, % vol  81.8  79.1  83.9  82.6                                 

     C.sub.5 + Gasoline, % vol                                                 

                        58.4  62.0  55.6  61.8                                 

     Total C.sub.4 's, % vol                                                   

                        18.4  16.7  19.8  17.5                                 

     Dry Gas, % wt      11.5  8.8   13.4  10.6                                 

     Coke, % wt         6.5   4.3   8.3   5.7                                  

     Carbon on Cat., % wt                                                      

                        2.76  1.85  3.51  2.47                                 

     Selectivity (C.sub.5 + Gasoline,                                          

      % vol/Coke, % wt) 9.0   14.4  6.7   10.8                                 

     Hydrogen Factor    33    39    28    31                                   

     Physical Properties                                                       

      Pore Volume, cc/g 0.71  0.71  0.86  0.86                                 

      Packed Density, g/cc                                                     

                        0.44  0.44  0.43  0.43                                 

      Surface Area, m.sup.2 /g                                                 

                        399   367   392   379                                  

     Chemical Properties                                                       

      Na.sub.2 O, % wt  0.11  0.12  0.15  0.13                                 

      RE.sub.2 O.sub.3, % wt                                                   

                        4.70  6.50  5.80  7.30                                 

     __________________________________________________________________________

TBL                Table 6                                                     

     ______________________________________                                    

     High Activity Catalysts 25% REY                                           

     Impregnation With Rare Earth (as RE(NO.sub.3).sub.3):                     

     After Mild Steam Treatment (4 Hr/1400.degree.F/O psig)                    

     Bench FCC Tests: 925.degree.F, 3 C/O, 8.3 WHSV, WCMCGO                    

     ______________________________________                                    

     Run No.              23        24                                         

     ______________________________________                                    

     Catalyst of Example  13        14                                         

     RE.sub.2 O.sub.3 Added by Impregnation, % wt                              

                          0         1.5                                        

     Conversion, % vol    85.0      84.7                                       

     C.sub.5 + Gasoline, % vol                                                 

                          63.8      65.3                                       

     Total C.sub.4 's, % vol                                                   

                          19.1      18.3                                       

     Dry Gas, % wt        10.4      9.6                                        

     Coke, % wt           5.5       5.1                                        

     Carbon on Cat., % wt 1.58      1.46                                       

     Selectivity (C.sub.5 + Gasoline,                                          

      % vol/Coke, % wt    11.5      12.8                                       

     Hydrogen Factor      16        18                                         

     Physical Properties                                                       

      Pore Volume, cc/g   0.78      0.78                                       

      Packed Density, g/cc                                                     

                          0.46      0.47                                       

      Surface Area, m.sup.2 /g                                                 

                          247       266                                        

     Chemical Properties                                                       

      Na.sub.2 O, % wt    0.15      0.13                                       

      RE.sub.2 O.sub.3, % wt                                                   

                          5.80      7.30                                       

     ______________________________________                                    

PAR  Referring to Table 5, it is appparent that even with "high activity"
      catalyst, i.e., high levels of rare earth zeolite, the impregnated
      catalysts of the present invention result in superior gasoline selectivity
      with a substantial reduction in coke make, as is evident by comparing the
      results of Runs 20 and 22 with those of runs 19 and 21, respectively.
PAR  Referring to Table 6, it is clear that even after mild steaming, the
      impregnated catalyst of the present invention, i.e., the catalyst of
      Example 14, possesses a better selectivity than does the non-impregnated
      catalyst of Example 13.
PAC  EXAMPLES 15-16
PAR  Whereas the previous examples illustrated the impregnation technique of the
      present invention as applied to catalyst composites that, prior to
      impregnation had been subject to post exchange with rare earth ions, the
      present examples illustrate the impregnation technique of the invention as
      applied to a catalyst composite that was not previously subject to rare
      earth post exchange.
PAR  Two catalysts were prepared. The procedure employed was as follows:
PAR  2,125 pounds of Georgia Kaolin clay on a dry weight basis were mixed with
      54,400 pounds (6550 gallons) of deionized water. 11,100 pounds (960
      gallons) of Q-brand sodium silicate [Na.sub.2 O)SiO.sub.2).sub.3.3
      containing 3,200 pounds of SiO.sub.2 were added to the water-clay slurry
      with stirring over a period of one half hour. The clay was uniformly
      dispersed and coated with sodium silicate. The admixture was then heated
      to 120.degree.F, and sulfuric acid (35%) was added at a uniform rate,
      while mixing, to adjust the pH to 9.8.
PAR  After the foregoing acid addition, in each instance, the admixture was heat
      aged for one hour at a temperature sufficient to produce a catalyst with a
      pore volume of 0.65-0.71 cc/g. An aqueous solution of aluminum sulfate (20
      weight percent aluminum sulfate) was then added to the aged mixture at a
      uniform rate over a period of one half hour in such amount so as to
      provide a final alumina content of 0.6 percent by weight, based on the
      total dry catalyst weight.
PAR  A slurry was prepared by mixing 19 gallons of 66.degree. Baume sulfuric
      acid into a dispersion of 240 pounds of sodium zirconium silicate
      (Na.sub.2 ZrSiO.sub.5) in 270 gallons of deionized water. This slurry,
      which had a pH less than 0.4, was added at a uniform rate over a period of
      30 to 45 minutes in such amount as to provide a final concentration of
      zirconia (ZrO.sub.2) of 2.0 weight percent, based on the weight of the dry
      catalyst.
PAR  The pH of the mixture was then adjusted to between 4.5 and 4.6 by the
      addition of 35% sulfuric acid over a one half hour period.
PAR  600 pounds of REY that previously had been 68% exchanged, i.e., 68% of the
      sodium content had been replaced with rare earth cations, which previously
      had been pretempered by calcining at about 1200.degree.F for about ten
      minutes, were slurried in about 210 gallons of deionized water. (The REY
      had the following composition: Al.sub.2 O.sub.3 =  19.9%; SiO.sub.2 =
      60.3%; RE.sub.2 O.sub.3 =  15.5%; Na.sub.2 O = 4.3%). This slurry was
      added to the silica-alumina-zirconia-clay slurry while mixing, in such
      amount as to provide a final REY concentration, based on the dry weight of
      the catalyst, of 10% by weight.
PAR  The blend was filtered. The filter cake was spray dried at 1400-1500 psig
      to yield a coarse grade catalyst. The spray dried product was ion
      exchanged with ammonium sulfate solution and then washed with deionized
      water until substantially free of sulfate ions.
PAR  A portion of the foregoing sulfate ion free product was exchanged with an
      aqueous rare earth chloride solution (RECl.sub.3.sup.. 6H.sub.2 O) in such
      proportions that about 20 parts of rare earth chloride contacted about
      2000 parts of catalyst (bone dry basis). After the exchange, the catalyst
      was water-washed until essentially chloride free and the sulfate content
      was 0.5% by weight or less on a dry basis. The thus treated catalyst had
      an Na.sub.2 O content of from about 0.11 to 0.16% by weight on a dry
      basis. After washing, the catalyst was dried at 250.degree.F. This dried
      catalyst served as a "control". Hence, it was not subjected to
      impregnation. This control catalyst is designated as Example 15. The
      control catalyst had the following composition: 10 parts rare earth Y
      crystalline aluminosilicate zeolite (REY) and 90 parts matrix, the matrix
      being made up of 40 parts clay, 57.4 parts silica, 2 parts zirconia, and
      0.6 part alumina.
PAR  A second portion of the foregoing NH.sub.4 .sup.+ exchanged sulfate free
      product was further treated to effect rare earth impregnation. Thus, 2300
      grams of wet product (55% solids) were contacted with a solution of 263
      grams of RE(NO.sub.3).sub.3.sup.. 6H.sub.2 O in 2760 cc deionized water,
      the concentration of the foregoing solution having been selected so as to
      result in the desired rare earth pickup (about 3 percent by weight,
      expressed as RE.sub.2 O.sub.3 [dry basis] over and above the rare earth
      already present). The mixture was then filtered and the product dried at
      250.degree.F. This product is designated as Example 16. It had the
      following composition: 10 parts REY; 90 parts matrix, the matrix being
      made up of 40 parts clay, 57.4 parts silica, 2 parts zirconia, and 0.6
      part alumina; and 2.8 parts RE.sub.2 O.sub.3 (1.6 parts in excess of the
      amount achieved by ion exchange).
PAR  Samples of the products of Examples 15 and 16 were subjected to thermal
      treatments of varying degrees of severity, and were then evaluated for
      catalytic performance, the thermal treatments and catalytic evaluation
      procedure having been described previously. The results are set out in
      Table 6A.
TBL                                    TABLE 6A                                

     __________________________________________________________________________

     BENCH FCC TESTS: 925.degree.F, 2.4 MIN-ON-STREAM WCMCGO                   

     __________________________________________________________________________

                      Calcined    Steamed                                      

                      3 Hr./1200.degree.F.                                     

                                  4 Hr/1400.degree.F.O psig                    

                                              5 Hr/1400.degree.F/15            

     __________________________________________________________________________

                                              psig                             

     Catalyst of Example No.                                                   

                      15    16    15    16    15    16                         

     WHSV             12.5  12.5  8.33  8.33  8.33  8.33                       

     C/O              2     2     3     3     3     3                          

     RE.sub.2 O.sub.3 by Impregnation                                          

                      --    2.8   --    2.8   --    2.8                        

     RE.sub.2 O.sub.3 by Exchange                                              

                      1.2   --    1.2   --    1.2   --                         

     Conversion, % vol.                                                        

                      67.3  68.4  73.1  74.6  61.3  63.9                       

     C.sub.5 + Gasoline, % vol.                                                

                      52.3  56.7  61.4  64.3  52.7  55.3                       

     Total C.sub.4 's, % vol.                                                  

                      14.4  13.5  13.9  13.6  11.1  11.5                       

     Dry Gas, % wt.   7.5   6.5   6.5   6.5   5.2   5.3                        

     Coke, % wt.      3.8   2.8   2.6   2.4   2.1   2.0                        

     Carbon On Cat., % wt.                                                     

                      1.62  1.23  0.75  0.68  0.61  0.59                       

     C.sub.5 + and Alky Gasoline, % vol.                                       

                      70.3  74.6  80.3  83.4  67.8  71.5                       

     Physical Properties                                                       

     Pore Volume, cc/g                                                         

                      0.65  0.62  0.55  0.56  0.53  0.52                       

     Packed Density, g/cc                                                      

                      0.50  0.51  0.60  0.59  0.59  0.60                       

     Surface Area, m.sup.2 /g                                                  

                      368   383   227   241   147   145                        

     Chemical Properties                                                       

     Na.sub.2, % wt.  0.08  0.08                                               

     RE.sub.2 O.sub.3, % wt.                                                   

                      2.7   4.3                                                

     __________________________________________________________________________

PAR  The data in Table 6A show that the catalyst of Example 16 consistently gave
      superior yields of C.sub.5 +Gasoline and a lower coke make as compared to
      the corresponding values obtained with the catalyst of Example 15.
PAC  EXAMPLE 17 AND 18
PAR  Two catalysts were prepared, one employing a rare earth post exchange, the
      other not utilyzing such post exchange but instead, employing a rare earth
      impregnation step in accordance with the present invention.
PAR  The procedure employed in preparing the two catalysts was as follows: 1860
      grams of Georgia Koalin clay on a dry weight basis were mixed with 85
      pounds of deionized water. 8000 grams of Q-brand sodium silicate [Na.sub.2
      O(SiO.sub.2).sub.3.3 ] were added to the water-clay slurry with stirring
      over a period of one half hour. The clay was uniformly dispersed and
      coated with sodium silicate. The admixture was then heated to
      120.degree.F, and 410 cc of concentrated sulfuric acid (97.2%) were added
      at a uniform rate, while mixing, over a period of one hour. The pH was
      then determined to be 10.3.
PAR  After the foregoing acid addition, in each instance, the admixture was heat
      aged for two hours at 140.degree.F, after which the pH was determined to
      be 10.1. An aqueous solution of aluminum sulfate (20 weight percent
      aluminum sulfate) was then added to the aged admixture at a uniform rate
      over a period of one half hour in such amount so as to provide a final
      alumina content of 0.6 weight percent, based on the total dry catalyst
      weight.
PAR  A slurry was prepared by mixing 115cc of concentrated sulfuric acid (97.2%)
      into a dispersion of 178 grams of sodium zirconium silicate (Na.sub.2
      ZrSiO.sub.5) in 1730 cc of deionized water. This slurry, which had a pH
      less than 0.4, was added at a uniform rate over a period of 30 minutes in
      such amount as to provide a final concentration of zirconia (ZrO.sub.2) of
      2.0 weight percent, based on the weight of the dry catalyst. The pH was
      then determined to be 9.0.
PAR  The pH of the mixture was then adjusted to between 4.5 and 4.6 by the
      addition of sulfuric acid over a one half hour period.
PAR  697 grams of a slurry of NaY in deionized water (57.8% solids) were added
      to the silica-alumina-zirconia-clay slurry while mixing. The pH was
      determined to be 5.0. Sufficient concentrated sulfuric acid was added to
      reduce the pH to 4.5.
PAR  The blend was spray dried, and the dried product was slurried with water,
      permitted to settle, and the water was decanted. The water slurrying,
      settling, and decantation were repeated. The product was then ion
      exchanged with ammonium sulfate solution and then washed with deionized
      water until substantially free of sulfate ions. The resultant product was
      then divided into two portions.
PAR  The first portion was exchanged with an aqueous rare earth chloride
      solution (RECl.sub.3.sup.. 6H.sub.2 O). After the exchange, the catalyst
      was water washed until essentially chloride free and the sulfate content
      was 0.5% by weight or less on a dry basis. The thus treated catalyst had
      an Na.sub.2 O content of 0.42% by weight on a dry basis. After washing,
      the catalyst was dried in an oven at 250.degree.F. for about 16 hours. A
      sample of the foregoing dried catalyst was withdrawn and served as a
      "control", hence it was not subjected to impregnation. This control
      catalyst is designated as Example 17.
PAR  Another sample of the dried catalyst was then subjected to an impregnation
      treatment. This treatment comprised slurrying the dried catalyst in a
      solution made up of 450 grams of rare earth nitrate,
      (RE(NO.sub.3).sub.3.sup.. 6H.sub.2 O in 7000 cc of deionized water, so as
      to result in approximately 4 weight percent of RE.sub.2 O.sub.3. The
      product was then filtered on a Buchner funnel, followed by drying at
      250.degree.F. The dried catalyst is designated as Example 18.
PAR  The foregoing catalysts were then subjected to thermal treatment, followed
      by evaluation for catalytic performance, the data being set out in Table
      7.
TBL                                    TABLE 7                                 

     __________________________________________________________________________

     Bench FCC Tests: 925.degree.F, 2.4 Min-on-Stream, WCMCGO                  

     __________________________________________________________________________

                     Calcined    Steamed                                       

                     3 Hr./1200.degree.F                                       

                                 4 Hr/1400.degree.F/O psig                     

     __________________________________________________________________________

     Catalyst of Example No.                                                   

                     17    18    17    18                                      

     C/O             2     2     3     3                                       

     RE.sub.2 O.sub.3 by Exchange, % wt.                                       

                     2.3   --    2.3   --                                      

     RE.sub.2 O.sub.3 by Impregnation, % wt.                                   

                     --    4.3   --    4.3                                     

     Conversion, % vol.                                                        

                     66.8  62.2  56.4  66.3                                    

     C.sub.5 +Gasoline, % vol.                                                 

                     52.4  54.8  47.2  56.4                                    

     Total C.sub.4 's, % vol.                                                  

                     13.8  9.7   10.6  12.6                                    

     Dry Gas, % wt.  7.5   4.8   5.0   5.7                                     

     Coke, % wt.     4.0   2.9   2.3   2.4                                     

     Carbon on Cat., % wt.                                                     

                     1.75  1.22  0.68  0.69                                    

     Hydrogen Factor 55    85    35    49                                      

     Physical Properties                                                       

      Pore vol., cc/g                                                          

                     0.70  0.68  0.62  0.61                                    

      Packed Density, g/cc                                                     

                     0.47  0.47  0.52  5.51                                    

      Surface Area, m.sup.2 /g                                                 

                     313   295   174   201                                     

     Chemical Properties                                                       

      Na.sub.2 O, % wt.                                                        

                     0.42  0.34                                                

      Re.sub.2 O.sub.3, % wt.                                                  

                     2.3   4.3                                                 

      ZrO.sub.2, % wt.                                                         

                     .about.2.0                                                

                           .about.2.0                                          

     __________________________________________________________________________

PAR  The data in Table 7 show the superior performance attainable by the use of
      the catalyst of Example 18. Thus, for fresh catalyst (3
      hr/1200.degree.F/air) note the increased yield of gasoline and the
      decrease yields of dry gas, C4's, and coke. Moreover, the catalyst of
      Example 18 shows distinctly superior stability to steaming.
PAC  EXAMPLE 19
PAC  Composite Catalyst Made of Matrix (57.4%, SiO.sub.2, 0.6% Al.sub.2 O.sub.3,
      40% clay) Containing Rare Earth-Impregnated REY
PAR  86 lbs. of deionized water were admixed with 1860 grams of Georgia Kaolin,
      and the whole was thoroughly mixed. 8000 grams of Q-Brand sodium silicate
      were added over a period of one half hour while continuously mixing. The
      admixture was heated to 120.degree.F and 407 cc of concentrated sulfuric
      acid (97.8%) were added over a period of one hour to adjust the pH to
      10.4. The admixture was heated to 140.degree.F and held at this
      temperature for 2 hours. Then a solution of 140 grams of Al.sub.2
      (SO.sub.4).sub.3 in 558 cc of water was added over a one half hour period.
PAR  A slurry was prepared by mixing 115 cc of concentrated H.sub.2 SO.sub.4
      (97.8%) into a dispersion of 178 grams of sodium zirconium silicate
      (Na.sub.2 ZrSiO.sub.5) in 1730 cc of deionized water. This slurry was
      added at a uniform rate over a period of 30 to 45 minutes in such amount
      as to provide a final concentration of zirconia (ZrO.sub.2) of 2.0 percent
      by weight, based on the weight of the dry catalyst.
PAR  The pH of the mixture was then adjusted to 4.5 by the addition of
      concentrated sulfuric acid (97.8%) over a one half hour period.
PAR  Previously, a rare earth-impregnated REY had been prepared as follows:
PAR  A rare earth solution containing 433 grams of RECl.sub.3.sup.. 6H.sub.2 O
      in 500 grams of deionized water was added to 1000 grams of 68% rare
      earth-exchanged RENaY, which previously had been pretempered by calcining
      between 1000.degree. and 1200.degree.F for about 10 minutes, to thereby
      form a wet powder. The wet powder was then dried overnight at
      250.degree.F., and then was calcined for 3 hours at 1200.degree.F. in air
      to produce a rare earth-impregnated RENaY.
PAR  444 grams of the rare earth-impregnated RENaY were slurried in 1400 cc of
      deionized water. This slurry was added to the silica-zirconia-alumina-clay
      slurry while mixing, to provide a final overall REY concentration, based
      on the dry weight of the catalyst, of 10 percent.
PAR  The blend was spray dried and the product was ion exchanged with an
      ammonium sulfate solution and then washed with deionized water until
      substantially free of sulfate ions. The resultant product was exchanged
      with a solution of 140 grams of REC1.sub.3.sup.. 6H.sub.2 O in 14,000 cc
      of water in such proportion that about 20 parts of rare earch chloride
      contacted about 2000 parts of catalyst (dry basis). After the exchange,
      the catalyst was water washed until essentially chloride free. The
      catalyst was then dried at 250.degree.F. for about 16 hours.
PAC  EXAMPLE 20
PAC  Rare Earth Impregnated Composite Catalyst Made of Matrix (57.4% SiO.sub.2,
      2% Zro.sub.2, 0.6% A1.sub.2 O.sub.3, 40% clay) Having REY Dispersed
      Therein.
PAR  A catalyst was prepared as follows:
PAR  2125 lbs of Georgia Kaolin clay on a dry weight basis were mixed with
      54,400 lbs (6550 gallons) of deionized water. 11,100 lbs (960 gallons) of
      Q-brand sodium silicate [Na.sub.2 O(SiO.sub.2).sub.3.3 ] containing 3200
      pounds of SiO.sub.2 were added to the water-clay slurry with stirring over
      a period of one half hour. The clay was uniformly dispersed and coated
      with sodium silicate. The admixture was then heated to 120.degree.F., and
      sulfuric acid (35%) was added at a uniform rate, while mixing, to adjust
      the pH to about 10.4
PAR  After the foregoing acid addition, the admixture was heat aged for one hour
      at a temperature sufficient to produce a catalyst with a pore volume of
      0.65-0.71 cc/g. An aqueous solution of aluminum sulfate (20 weight percent
      aluminum sulfate) was then added to the aged admixture at a uniform rate
      over a period of one half hour in such amount so as to provide a final
      alumina content of 0.6 weight percent, based on the total dry catalyst
      weight.
PAR  A slurry was prepared by mixing 19 gallons of 66.degree. Baume sulfuric
      acid into a dispersion of 240 lbs of sodium zirconium siliciate (Na.sub.2
      ZrSiO.sub.5) in 270 gallons of deionized water. This slurry, which had a
      pH less tha 0.4, was added at a uniform rate over a period of 30 to 45
      minutes in such amount as to provide a final concentration of zirconia
      (ZrO.sub.2) of 2.0 weight percent, based on the weight of the dry
      catalyst.
PAR  The pH of the mixture was then adjusted to between 4.5 and 4.6 by the
      addition of 35% sulfuric acid over a one half hour period
PAR  600 pounds of REY that previously had been 68% exchanged, i.e., 68% of the
      sodium content had been replaced with rare earth cations, which previously
      had been pretempered by calcining at about 1200.degree.F for about ten
      minutes, were slurried in about 210 gallons of deionized water. (The REY
      had the following composition:
EQU  Al.sub.2 O.sub.3 = 19.9%; SiO.sub.2 = 60.3%; RE.sub.2 O.sub.3 = 15.5%;
      Na.sub.2 O = 4.3%.)
PAL  This slurry was added to the silica-alumina-zirconia-clay slurry while
      mixing, in such amount as to provide a final REY concentration, based on
      the dry weight of the catalyst, of 10% by weight.
PAR  The blend was filtered. The filter cake was spray dried at 1400-1500 psig
      to yield a coarse grade catalyst. The spray dried product was ion
      exchanged with ammonium sulfate solution and then washed with deionized
      water until substantially free of sulfate ions. The thus treated catalyst
      had an Na.sub.2 O content of from about 0.11 to 0.16% by weight on a dry
      basis. After washing, the catalyst was flash dried.
PAR  1000 grams (about 90% solids) of the above catalyst were slurried into a
      rare earth solution containing 173 grams of RECl.sub.3.sup.. 6H.sub.2 O
      dissolved in 4000 cc of deionized water, and the slurry permitted to stand
      for about 10 minutes. The whole was filtered and the filter cake was dried
      at 250.degree.F.
PAR  The catalysts of Examples 19 and 20 were subjected to thermal treatments of
      varying degrees of severity, and were evaluated for catalytic performance
      using FCC Bench Tests. The results are set out in Table 8.
TBL                                    Table 8                                 

     __________________________________________________________________________

     Comparison of Method of Incorporating Excess                              

     Rare Earth Onto A Catalyst                                                

     __________________________________________________________________________

     Bench FCC Tests:                                                          

               Calcined 910.degree.F, 2 C/O, 12.5 WHSV, WCMCGO                 

               Steamed 925.degree.F, 3 C/O, 8.3 WHSV, WCMCGO                   

     CATALYST EXAMPLE NO.                                                      

                   19   20   19    20    19    20                              

     __________________________________________________________________________

                   Calcined  Steamed     Steamed                               

     Catalyst Treatment                                                        

                   3 Hrs-1200.degree. F-Air                                    

                             4 Hrs-1400.degree. F-0 psig                       

                                         5 Hrs-1500.degree. F-15 psig          

                        On         On          On                              

     Method of Rare                                                            

                   On   Finished                                               

                             On    Finished                                    

                                         On    Finished                        

     Earth Impregnation                                                        

                   REY  Catalyst                                               

                             REY   Catalyst                                    

                                         REY   Catalyst                        

     Conversion, % Vol.                                                        

                   66.0 68.4 72.8  74.5  55.0  63.9                            

     C.sub.5 + Gasoline, % vol.                                                

                   55.2 56.7 63.0  63.8  48.4  55.3                            

     Total C.sub.4 's, % vol.                                                  

                   12.5 13.5 13.1  15.4  9.1   11.5                            

     Dry Gas, % wt,                                                            

                   6.2  6.5  6.1   5.0   4.2   5.3                             

     Coke, % wt.   2.7  2.8  2.4   2.5   1.4   2.0                             

     Chemical Properties                                                       

      Na.sub.2 O, % wt.                                                        

                   0.12 0.07                                                   

     Total RE.sub.2 O.sub.3, % wt.                                             

                   3.7  4.3                                                    

     Impregnated RE.sub.2 O.sub.3, % wt.                                       

                   1.4  2.0                                                    

     __________________________________________________________________________

PAR  Referring to Table 8, the superior performance of the catalyst of Example
      20 to that of the catalyst of Example 19 is evident. In each instance, the
      catalyst of Example 20 was characterized by a higher conversion and by a
      higher yield of C.sub.5 + gasoline.
PAC  EXAMPLE 21
PAC  Rare Earth Impregnated Composite Catalyst Made of Matrix (57.4% SiO.sub.2,
      2% ZrO.sub.2, 0.6% Al.sub.2 O.sub.3, 40% clay) Having REY Dispersed
      Therein
PAR  A catalyst was prepared as described in Example 1, this catalyst having the
      following composition: 10% REY and 90% matrix, the matrix being made up of
      40% clay, 57.4% silica, 2% zirconia, and 0.6% alumina. 1000 grams (about
      90% solids) of this catalyst were slurried into a rare earth solution
      containing 200 grams of RECl.sub.3.sup.. 6 H.sub.2 O dissolved in 4000 cc
      of deionized water, and the slurry was permitted to stand for about ten
      minutes. The whole was filtered and the filter cake was dried at
      250.degree.F.
PAR  The catalysts of Examples 19 and 21 were subjected to a mild steam
      treatment and were evaluated for catalytic performance using FCC Bench
      Tests. The results are set out in Table 9.
TBL                                    Table 9                                 

     __________________________________________________________________________

     Sensitivity to Residual Coke                                              

     __________________________________________________________________________

     Catalyst Steamed 4 Hrs - 1400.degree.F - 0 psig                           

     Bench FCC Tests: 925.degree.F, 2.4 minutes on-stream time, WCMCGO         

     Catalyst of Example No.                                                   

                      19        21                                             

     __________________________________________________________________________

                      Impregnation                                             

                                Impregnation On                                

     Catalyst Description                                                      

                      On REY    Finished Catalyst                              

     Catalyst/Oil, wt/wt                                                       

                      3         5                                              

     % Wt Carbon at Start                                                      

                      0.00 0.37 0.00 0.27                                      

     Conv, % vol      72.8 56.1 78.5 72.7                                      

     C.sub.5 + Gasoline, % vol                                                 

                      63.0 50.3 65.3 62.1                                      

     Total C.sub.4 's, % vol                                                   

                      13.1 9.1  15.3 12.7                                      

     Dry Gas, % wt    6.1  4.2  7.7  6.1                                       

     Coke, % wt       2.4  1.7  3.0  1.7                                       

     Activity Loss/0.1% Residual                                               

                           4.5       2.1                                       

     Carbon                                                                    

     Chemical Properties                                                       

      Na.sub.2 O, % wt                                                         

                      0.12      0.10                                           

      RE.sub.2 O.sub.3, % wt                                                   

                      3.7       4.5                                            

     Total Impregnated RE.sub.2 O.sub.3, % wt                                  

                      1.4       2.2                                            

     __________________________________________________________________________

PAR  Referring to Table 9, it is evident that the catalyst of Example 21 gave
      superior performance as contrasted to that of Example 19. Note the
      markedly lower loss of activity with residual carbon for Example 21 as
      compared to Example 19, and the distinctly higher yield of C.sub.5 +
      gasoline.
PAC  EXAMPLES 22 AND 23
PAR  These two examples compare the performances of a rare earth-exchanged
      catalyst and a rare earth-impregnated catalyst, each employing in the
      matrix silica gelled at a low pH.
PAR  To 85.8 lbs of deionized water were added 636 cc of H.sub.2 SO.sub.4
      (96.2%). 1860 grams of Georgia SAF Kaolin were added and the whole was
      thoroughly mixed.
PAR  Sufficient Q-Brand sodium silicate was slowly added with mixing to raise
      the pH to 4.7.
PAR  458 grams of calcined REY (95.7% solids; analysis: 58.3% SiO.sub.2, 19.8%
      Al.sub.2 O.sub.3, 3.6% Na.sub.2 O, 16.1% RE.sub.2 O.sub.3) were slurried
      in 1400 cc of water containing 2.66 grams of ligno sulfonate dispersant
      ("Marosperse N"), to give a 10% REY slurry. This slurry was added.
      Sufficient Q-Brand sodium silicate was added to adjust the pH to 8.0.
PAR  The whole was heated to 120.degree.F and held at this temperature for 10
      minutes.
PAR  An aqueous aluminum sulfate solution (20%) was added in sufficient quantity
      over a one-half hour period with mixing to give an aluminum content in the
      final product, on a dry basis, of 0.6% Al.sub.2 O.sub.3.
PAR  A sodium zirconium silicate was prepared as described in Example 19. This
      slurry was added at a uniform rate over a period of about 35-45 minutes in
      such amount as to provide a final concentration of zirconia (ZrO.sub.2) of
      2.0% by weight, based on the weight of the dry catalyst.
PAR  The pH of the mixture was then adjusted to 4.5 by the addition of aqueous
      sodium hydroxide (50.9%).
PAR  The blend was then homogenized, spray dried, ion exchanged with ammonium
      ions, and water washed as described in Example 19.
PAR  The foregoing product was divided into two portions. The first portion was
      ion exchanged with rare earth ions and dried as described in Example 19.
      The resulting product served as a catalyst of Example 22.
PAR  The remaining portion was subjected to rare earth impregnation. To that
      end, 375 grams of RECl.sub.3.sup.. 6H.sub.2 O were dissolved in 5000 cc of
      deionized water. To this was added said remaining portion (wet cake
      obtained after the ammonium exchange and water wash). The whole was
      thoroughly mixed for one hour and then filtered. The resulting filter cake
      was dried at 250.degree.F. The resulting product served as the catalyst
      for Example 23.
PAR  The catalysts of Examples 22 and 23 were subjected to a thermal treatment
      as set out in Table 10, and were then evaluated for catalyst performance
      using FCC Bench Tests. The results are set out in Table 10.
TBL                Table 10                                                    

     ______________________________________                                    

     Effect of Excess Rare Earth By Impregnation On                            

     A Catalyst Prepared From Silica Gelled at Low pH                          

     ______________________________________                                    

     Catalyst Calcined 3 Hrs-1200.degree. F-Air                                

     Bench FCC Test: 910.degree.F, 2C/O, 12.5 WHSV, WCMCGO                     

     Catalyst of Example No.                                                   

                        22         23                                          

     ______________________________________                                    

     Excess Rare Earth, % Wt.                                                  

                        0.0        2.3                                         

     Conversion, % vol  63.7       61.8                                        

     C.sub.5 + Gasoline,  "                                                    

                        49.9       52.6                                        

     Total C.sub.4 's,  "                                                      

                        15.4       13.3                                        

     Dry Gas, % Wt      7.1        5.4                                         

     Coke, % Wt         3.9        2.5                                         

     Carbon on Catalyst, % wt                                                  

                        1.63       1.07                                        

     Chemical Properties                                                       

      Na.sub.2 O, % wt  0.05       0.08                                        

      RE.sub.2 O.sub.3, 2.6        4.9                                         

     ______________________________________                                    

PAR  Referring to Table 10, the superior performance of the catalyst of Example
      23 is readily apparent. Thus, notwithstanding the slightly lower percent
      conversion, the catalyst of Example 23 gave a distinctly higher yield of
      C.sub.5 plus gasoline, and additionally gave a lower percent coke and a
      lower percent carbon on the catalyst.
PAC  EXAMPLES 24-25
PAR  Two catalysts were prepared, each having the following composition: 10%
      rare earth Y crystalline aluminosilicate zeolite (REY) and 90% matrix, the
      matrix being made up of 40% clay, 58% silica, and 2% zirconia.
PAR  The procedure employed in preparing the catalysts was as follows: 1860
      grams of Georgia Kaolin clay on a dry weight basis were mixed with 87
      pounds of deionized water. 8063 grams of Q-brand sodium silicate [Na.sub.2
      O(SiO.sub.2).sub.3.3 ] were added to the water-clay slurry with stirring
      over a period of one half hour. The clay was uniformly dispersed and
      coated with sodium silicate. The admixture was then heated to
      120.degree.F, and sulfuric acid (96.5%) was added at a uniform rate, while
      mixing, to adjust the pH to 10.5.
PAR  After the foregoing acid addition, the admixture was heat aged at
      140.degree.F. for a time sufficient to produce a catalyst with a pore
      volume of 0.65-0.71 cc/g. The pH was 11.3.
PAR  A slurry was prepared by mixing 115 cc of sulfuric acid (96.5%) into a
      dispersion of 178 grams of sodium zirconium silicate (Na.sub.2
      ZrSiO.sub.5) in 1730 cc of deionized water. This slurry, which had a pH
      less than 0.4, was added at a uniform rate over a period of 30 to 45
      minutes in such amount as to provide a final concentration of zirconia
      (ZrO.sub.2) of 2.0 weight percent, based on the weight of the dry
      catalyst.
PAR  The pH of the mixture was then adjusted to 4.5 by the addition of 96.5%
      sulfuric acid over a one half hour period.
PAR  454 grams of calcined REY that previously had been 68% exchanged, i.e., 68%
      of the sodium content had been replaced with rare earch cations, which
      previously had been pretempered by calcining at about 1200.degree.F. for
      about ten minutes, were slurried in about 1400 cc of deionized water. (The
      REY was 96.3% solids and had the following composition: Al.sub.2 O.sub.3
      =19.2%; SiO.sub.2 =59.5%, RE.sub.2 O.sub.3 =15.3%; Na.sub.2 O=4.0%). This
      slurry was added to the silica-zironcia-clay slurry while mixing, in such
      amount as to provide a final REY concentration, based on the dry weight of
      the catalyst, of 10% by weight.
PAR  The blend was homogenized and then spray dried. The spray dried product was
      ion-exchanged with ammonium sulfate solution and then washed with
      deionized water until substantially free of sulfate ions. The resultant
      product was exchanged with an aqueous rare earth chloride solution
      (RECl.sub.3.sup.. 6H.sub.2 O) in such proportions that about 20 parts of
      rare earth chloride contacted about 2000 parts of catalyst (bone dry
      basis). After the exchange, the catalyst was water washed until
      essentially chloride free and the sulfate content was 0.5% by weight or
      less on a dry basis. The thus treated catalyst had an Na.sub.2 O content
      of about 0.1% by weight on a dry basis. (After washing, the catalyst was
      oven dried at 260.degree.F. A sample of the foregoing oven dried catalyst
      was withdrawn and held as a "control". Hence, it was not subjected to
      impregnation. This control catalyst is designated as Example 24.
PAR  A second sample of the dried catalyst was subjected to an impregnation
      treatment. This treatment comprised mixing 5000 grams of sample with a
      solution of 375 grams of RECl.sub.3.sup.. 6H.sub.2 O in 5000 cc of
      deionized water for one hour, followed by filtration and oven drying at
      260.degree.F. (with no intermediate wash between the filtration and
      drying). The resulting impregnated catalyst is designated as Example 25.
PAC  EXAMPLES 26-27
PAR  Two catalyst were prepared, each having the following composition: 10% rare
      earth Y crystalline aluminosilicate zeolite (REY) and 90% matrix, the
      matrix being made up of 40% clay, 58% silica, and 2% alumina.
PAR  The procedure employed in preparing the catalysts was as follows: 1860
      grams of Georgia Kaolin clay on a dry weight basis were mixed with 87
      pounds of deionized water. 8083 grams of Q-brand sodium silicate [Na.sub.2
      O(SiO.sub.2).sub.3.3 ] were added to the water-clay slurry with stirring
      over a period of one half hour. The clay was uniformly dispersed and
      coated with sodium silicate. The admixture was then heated to
      120.degree.F, and sulfuric acid 96.5% was added at a uniform rate, while
      mixing, to adjust the pH to 10.5.
PAR  After the foregoing acid addition, the admixture was heat aged at
      140.degree.F. for a time sufficient to produce a catalyst with a pore
      volume of 0.65-0.71 cc/g. The pH was 11.3.
PAR  An aqueous solution of aluminum sulfate (20 weight percent aluminum
      sulfate) was then added to the aged admixture at a uniform rate over a
      period of one half hour in such amount so as to provide a final alumina
      content of 2 weight percent, based on the total dry catalyst weight. The
      pH was 9.1.
PAR  The pH of the mixture was then adjusted to 4.5 by the addition of 96.5%
      sulfuric acid over a one half hour period.
PAR  458 grams of calcined REY that previously had been 68% exchanged, i.e., 68%
      of the sodium content had been replaced with rare earth cations, which
      previously had been pretempered by calcining at 1200.degree.F. for about
      ten minutes, were slurried in about 1400 cc of deionized water. (The REY
      was 96.3% solids and had the following composition: Al.sub.2 O.sub.3
      =19.2%; SiO.sub.2 =59.5%; RE.sub.2 O.sub.3 =15.3%; Na.sub.2 O=4.0%). This
      slurry was added to the silicaalumina-clay slurry while mixing, in such
      amount as to provide a final REY concentration, based on the dry weight of
      the catalyst, of 10% by weight.
PAR  The blend was homogenized and spray dried. The spray dried product was ion
      exchanged with ammonium sulfate solution and then washed with deionized
      water until substantially free of sulfate ions. The sulfate free product
      was exchanged with an aqueous rare earth chloride solution
      (RECl.sub.3.sup.. 6H.sub.2 O) in such proportions that about 20 parts of
      rare earth chloride contacted about 2000 parts of catalyst (bone dry
      basis). After the exchange, the catalyst was water washed until
      essentially chloride free and the sulfate content was 0.5% by weight or
      less on a dry basis. The thus treated catalyst had an Na.sub.2 O content
      of about 0.10% by weight on a dry basis. After washing the catalyst was
      oven dried at 260.degree.F. A sample of the foregoing dried catalyst was
      withdrawn and held as a "control". Hence, it was not subjected to
      impregnation. This control catalyst is designated as Example 26.
PAR  A second sample of the dried catalyst was subjected to an impregnation
      treatment. This treatment comprised mixing 5000 grams of sample with a
      solution of 375 grams of RECl.sub.3.sup.. 6H.sub.2 O in 5000 cc of
      deionized water for one hour, followed by filtration and oven drying at
      260.degree.F. (with no intermediate wash between the filtration and
      drying). The resulting impregnated catalyst is designated as Example 27.
PAC  EXAMPLES 28-29
PAR  Two catalysts were prepared, each having the following composition: 10%
      rare earth Y crystalline aluminosilicate zeolite (REY) and 90% matrix, the
      matrix being made up of 40% clay, 55% silica, and 5% alumina.
PAR  The procedure employed in preparing the catalysts was as follows: 1860
      grams of Georgia Kaolin clay on a dry weight basis were mixed with 87
      pounds of deionized water. 7639 grams of Q-brand sodium silicate [Na.sub.2
      O(SiO.sub.2).sub.3.3 ] were added to the water clay slurry with stirring
      over a period of one half hour. The clay was uniformly dispersed and
      coated with sodium silicate. The admixture was then heated to
      120.degree.F, and sulfuric acid (96.5%) was added at a uniform rate, while
      mixing, to adjust the pH to 10.4.
PAR  After the foregoing acid addition, the admixture was heat aged at
      140.degree.F. for time sufficient to produce a catalyst with a pore volume
      of 0.65-0.71 cc/g. The pH was 11.0. An aqueous solution of aluminum
      sulfate (20 weight percent aluminum sulfate) was then added to the aged
      admixture at a uniform rate over a period of one half hour in such amount
      so as to provide a final alumina content of 5 weight percent, based on the
      total dry catalyst weight. The pH was 3.9.
PAR  The pH of the mixture was then adjusted to 4.5 by the addition of saturated
      sodium carbonate over a one half hour period.
PAR  454 grams of calcined REY that previously had been 68% exchanged, i.e., 68%
      of the sodium content had been replaced with rare earth cations, which
      previously had been pretempered by calcining at about 1200.degree.F. for
      about ten minutes, were slurried in about 1400 cc of deionozed water. (The
      REY was 96.3% solids and had the following composition: Al.sub.2 O.sub.3
      =19.2%; SiO.sub.2 =59.5%; RE.sub.2 O.sub.3 =15.3%; Na.sub.2 =4.0%). This
      slurry was added to the silica zirconia clay slurry while mixing, in such
      amount as to provide a final REY concentration, based on the dry weight of
      the catalyst, of 10% by weight.
PAR  The blend was homogenized and spray dried. The spray dried product was ion
      exchanged with ammonium sulfate solution and then washed with deionized
      water until substantially free of sulfate ions. The resultant product was
      exchanged with an aqueous rare earth chloride solution (RECl.sub.3.sup..
      6H.sub.2 O) in such proportions that about 20 parts of rare earth chloride
      contacted about 2000 parts of catalyst (bone dry basis). After the
      exchange, the catalyst was water washed until essentially chloride free
      and the sulfate content was 0.5% by weight or less on a dry basis. The
      thus treated catalyst had an Na.sub.2 O content of about 0.1% by weight on
      a dry basis. After washing, the catalyst was dried at 260.degree.F. A
      sample of the foregoing dried catalyst was withdrawn and held as a
      "control". Hence, it was not subjected to impregnation. This control
      catalyst is designated as Example 28.
PAR  A second sample of the dried catalyst was subjected to an impregnation
      treatment. This treatment comprised mixing 5000 grams of sample with a
      solution of 375 grams of RECl.sub.3.sup.. 6H.sub.2 O in 5000 cc of
      deionized water for one hour, followed by filtration and oven drying at
      260.degree.F. (with no intermediate wash between the filtration and
      drying). The resulting impregnated catalyst is designated as Example 29.
PAC  EXAMPLES 30-31
PAR  Two catalysts were prepared, each having the following composition: 10%
      rare earth Y crystalline aluminosilicate zeolite (REY) and 90% matrix, the
      matrix being made up of 40% clay, 50% silica, and 10% alumina.
PAR  The procedure employed in preparing the two catalysts was as follows: 1860
      grams of Georgia Kaolin clay on a dry weight basis were mixed with 87
      pounds of deionized water. 6944 grams of Q-brand sodium silicate [Na.sub.2
      O(SiO.sub.2).sub.3.3 ] were added to the water-clay slurry with stirring
      over a period of one half hour. The clay was uniformly dispersed and
      coated with sodium silicate. The admixture was then heated to
      120.degree.F., and sulfuric acid (96.5%) was added at a uniform rate,
      while mixing, to adjust the pH to 10.1.
PAR  After the foregoing acid addition, the admixture was heat aged at
      140.degree.F. for a time sufficient to produce a catalyst with a pore
      volume of 0.65-0.71 cc/g. The pH was 10.5. An aqueous solution of aluminum
      sulfate (20 weight percent aluminum sulfate) was then added to the aged
      admixture at a uniform rate over a period of one half hour in such amount
      so as to provide a final alumina content of 10 weight percent, based on
      the total dry catalyst weight. The pH was 3.8.
PAR  The pH of the mixture was then adjusted to 4.5 by the addition of sodium
      carbonate solution over a one half hour period.
PAR  454 grams of calcined REY that previously had been 68% exchanged, i.e., 68%
      of the sodium content had been replaced with rare earth cations, which
      previously had been pretempered by calcining at about 1200.degree.F. for
      about ten minutes, were slurried in about 1400 cc of deionized water. (The
      REY was 96.3% solids and had the following composition: Al.sub.2 O.sub.3
      =19.2%; SiO.sub.2 =59.5%; RE.sub.2 O.sub.3 =15.3: Na.sub.2 O=4.0%). This
      slurry was added to the silica-zirconia-clay slurry while mixing, in such
      amount as to provide a final REY concentration, based on the dry weight of
      the catalyst, of 10% by weight.
PAR  The blend was homogenzied and spray dried. The spray dried product was ion
      exchanged with ammonium sulfate solution and then washed with deionized
      water until substantially free of sulfate ions. The sulfate-free product
      was exchanged with an aqueous rare earth chloride solution
      (RECl.sub.3.sup.. 6H.sub.2 O) in such proportions that about 20 parts of
      rare earth chloride contacted about 2000 parts of catalyst (bone dry
      basis). After the exchange, the catalyst was water washed until
      essentially chloride free and the sulfate content was 0.5% by weight or
      less on a dry basis. The thus treated catalyst had an Na.sub.2 O content
      of about 0.1% by weight on a dry basis. After washing, the catalyst was
      oven dried at 260.degree.F. A sample of the foregoing dried catalyst was
      withdrawn and held as a "control". Hence, it was not subjected to
      impregnation. This control catalyst is designated as Example 30.
PAR  A second sample of the dried catalyst was subjected to an impregnation
      treatment. This treatment comprised mixing 5000 grams of sample with a
      solution of 375 grams of RECl.sub.3.sup.. 6 H.sub.2 O in 5000 cc of
      deionized water for one hour, followed by filtration and oven drying at
      260.degree.F. (with no intermediate wash between the filtration and
      drying). The resulting impregnated catalyst is designated as Example 31.
PAC  COMPARISON OF RARE EARTH EXCHANGED AND RARE EARTH IMPREGNATED CATALYSTS
      HAVING VARYING MATRIX ALUMINA CONTENTS
PAR  The eight catalysts of Examples 24-31 were thermally treated as described
      in Table 11, and were then evaluated for catalytic performance using FCC
      Bench Tests. The results are set out in Table 11.
TBL                                    TABLE II                                

     __________________________________________________________________________

     COMPARISON OF RARE EARTH EXCHANGED AND RARE EARTH IMPREGNATED CATALYSTS   

     WITH VARYING MATRIX                                                       

     ALUMINA CONTENT                                                           

     __________________________________________________________________________

     Catalyst calcined 3 hrs - 1200.degree.F - Air Bench FCC Test:             

     910.degree.F, 2 C/O, 12.5 WHSV, WCMCGO                                    

     CATALYST OF EXAMPLE NO.                                                   

                    24   25   26   27   28   29   30   31                      

     __________________________________________________________________________

     Matrix Alumina, % wt.                                                     

                    0.0(2% ZrO.sub.2)                                          

                              2.0       5.0       10.0                         

     Excess RE.sub.2 O.sub.3, % wt.                                            

                    0.0  2.0  0.0  1.6  0.0  1.7  0.0  3.0                     

     Conversion, % vol.                                                        

                    69.5 64.6 66.0 68.4 67.7 68.8 71.7 70.0                    

     C.sub.5 +Gasoline, % vol.                                                 

                    56.3 56.7 51.6 58.3 54.3 57.9 55.5 58.5                    

     Total C.sub.4 's, % vol.                                                  

                    14.9 12.7 15.3 13.6 15.1 14.1 16.6 15.1                    

     Dry Gas, % wt. 7.6  5.3  7.7  6.6  7.4  7.0  8.6  6.8                     

     Coke, % wt.    3.9  2.4  3.9  2.6  3.8  3.0  4.4  3.2                     

     Carbon on Catalyst, % wt.                                                 

                    1.68 1.03 1.68 1.11 1.64 1.28 1.86 1.38                    

     CHEMICAL PROPERTIES                                                       

     Na.sub.2 O, % wt.                                                         

                    0.04 0.05 0.07 0.07 0.05 0.05 0.05 0.07                    

     RE.sub.2 O.sub.3, % wt.                                                   

                    2.3  4.3  3.5  5.1  3.7  5.4  2.0  5.0                     

     __________________________________________________________________________

PAR  Referring to Table 11, it is apparent that in each instance the rare earth
      impregnated catalyst (catalysts of Examples, 25, 27, 29 and 31) was
      significantly more selective then the corresponding rare earth exchanged
      catalyst (catalysts of Examples 24, 26, 28 and 30, respectively). These
      improved results occurred regardless of the particular matrix alumina
      content. In every case, the rare earth impregnated catalyst gave a
      distinctly higher yield of C.sub.5 plus gasoline as well as a lower
      percent coke.
PAC  EXAMPLE 32
PAR  This example illustrates the preparation of a rare earth-impregnated
      composite by treating a matrix with a rare earth slat solution and
      thereafter admixing the so-treated matrix with rare earth crystalline
      aluminosilicate.
PAR  The matrix was prepared as follows: 626 lbs. of Magcobar clay (Texas
      Kaolin) were added to 1750 gallons of water with agitation. Sodium
      silicate was added in such amount as to result in 900 lbs. of SiO.sub.2.
      The whole was heated with live steam to 100.degree.F. Then aqueous H.sub.2
      SO.sub.4 (25%) was added over a 36 minute period in such amount as to give
      a pH of 9.8, followed by aging for 30 minutes to give a pore volume of 0.6
      cc/gm. Aqueous aluminum sulfate (7% Al.sub.2 O.sub.3) was added over a
      period of not more than ten minutes in such amount as to provide 9.7 lbs.
      of Al.sub.2 O.sub.3.
PAR  Previously a zirconia slurry had been prepared by mixing 19 gallons of
      66.degree. Baume sulfuric acid into a dispersion of 240 lbs. of sodium
      zirconium silicate (Na.sub.2 ZrSiO.sub.5) in 270 gallons of deionized
      water. This zirconia slurry was added over a period of 30 minutes. Aqueous
      sulfuric acid (25%) was added in such quantity as to reduce the pH to 3
      and the whole was permitted to stand for 15 minutes. The pH was then
      raised to 4.5 by the addition of concentrated ammonium hydroxide.
PAR  About 40 gallons of the foregoing matrix were washed and ion exchanged as
      follows: 77 grams of "Magnifloc 570-C" (a liquid cationic flocculant
      manufactured by Cyanamid) dissolved in one liter of deionized water were
      added. The whole was filtered while washing with deionized water. The
      filter cake was repulped to 40 gallons with deionized water. The filtering
      and repulping steps were repeated twice. 1590 grams of ammonium sulfate
      dissolved in two gallons of deionized water were added and the whole was
      mixed for 30 minutes. The filtering and repulping steps were repeated
      twice. 38 grams of "Magnifloc 570-C" dissolved in 0.5 liter of deionized
      water were added. The filtering and repulping steps were repeated twice.
      By virtue of the foregoing treatment the sodium content of the matrix was
      reduced to 0.05 weight percent.
PAR  The exchanged matrix was used to prepare two catalysts, A and B, each
      having the following composition: 85% matrix and 15% rare earth Y
      crystalline aluminosilicate (REY). Catalyst A was prepared as follows: To
      29.9 lbs. of exchanged matrix (13.4 weight percent solids) were added 278
      grams of RECl.sub.3.sup.. 6H.sub.2 O dissolved in 500 cc of distilled
      water. While mixing, 332 grams of treated REY (97% solids) were added.
      [The treated REY had been prepared as follows: 2000 grams of REY (95.7%
      solids, and which analyzed as 58.3% SiO.sub.2, 19.8% Al.sub.2 O.sub.3,
      3.6% Na.sub.2 O, 16.1% RE.sub.2 O.sub.3) were slurried with a rare earth
      chloride solution containing 346 grams of RECl.sub.3.sup.. 6H.sub.2 O
      dissolved in 8000 cc of distilled water. The slurry was mixed for one hour
      at room temperature, followed by filtering, washing with 16,000 cc of
      distilled water, and calcining at 1200.degree.F. for one hour. The
      so-treated REY contained 1.1 weight percent Na.sub.2 O and 20.9 weight
      percent RE.sub.2 O.sub.3. The mixture was homogenized and spray dried.]
PAR  Catalyst B was prepared in a manner similar to that described for Catalyst
      A, except that the treatment with the rare earth chloride solution was
      omitted. Thus, to 29.9 lbs. of exchanged matrix were added 332 grams of
      treated REY, and the mixture was then homogenized and spray dried.
PAR  Catalysts A and B were thermally treated as described in Table 12, and were
      then evaluated for catalytic performance using FCC Bench Tests. The
      results are given in Table 12.
TBL                TABLE 12                                                    

     ______________________________________                                    

     RE IMPREGNATION OF MATRIX                                                 

     Catalysts calcined 3 hours - 1200.degree.F. - Air Bench FCC Test:         

     910.degree.F, 2 C/O, 12.5 WHSV, WCMCGO                                    

                      Catalyst B                                               

                               Catalyst A                                      

     ______________________________________                                    

     RE.sub.2 O.sub.3 added by impregnation,                                   

                        0.0        6.0                                         

     % weight                                                                  

     Conversion, % volume                                                      

                        77.3       71.1                                        

     C.sub.5 + Gasoline, % volume                                              

                        55.8       59.9                                        

     Total C.sub.4 's, % (volume                                               

                        19.9       14.4                                        

     Dry gas, % weight  9.4        6.7                                         

     Coke, % weight     6.5        3.8                                         

     Carbon on catalyst, % weight                                              

                        2.75       1.66                                        

     Chemical Properties                                                       

     Na.sub.2 O, % weight                                                      

                        0.17       0.17                                        

     RE.sub.2 O.sub.3, % weight                                                

                        3.1        9.0                                         

     ______________________________________                                    

PAR  The superior performance of Catalyst A is readily apparent. Note that
      markedly higher production of C.sub.5 + gasoline (59.9 volume % for
      Catalyst A as against 55.8 volume % for Catalyst B), and the decreased
      production of other products. That is to say, rare earth-impregnated
      Catalyst A showed increased gasoline production at the expense of the
      other products.
PAC  EXAMPLE 33
PAR  This example illustrates the applicability of our invention to yet other
      catalysts.
PAR  A sample of HFZ-20 was utilized. HFZ-20 is a commercial catalyst. Its
      properties, as described in the June 19, 1972 issue of "The Oil and Gas
      Journal" at pages 71-75, are as follows:
TBL  Wt. % Al.sub.2 O.sub.3                                                    

                           55                                                  

     Wt. % SiO.sub.2       45                                                  

     Particle size distrubtion wt.%                                            

     0 to 20.mu.           &lt;2                                                  

     0 to 40.mu.           13 to 20                                            

     0 to 80.mu.           78 to 85                                            

     0 to 105.mu.          93 to 97                                            

     0 to 149.mu.          99                                                  

     Average particle size 58 to 64.mu.                                        

     Attrition loss        &lt;0.2 wt.%/hr                                        

     packed-bulk density   0.86 to 0.90 kg/l                                   

PAR  2500 grams of HFZ-20 (Englehard Minerals & Chemical Corp.) were slurried
      into a solution of 291.6 grams RECl.sub.3.sup.. 6H.sub.2 O dissolved in
      8750 cc of deionized water, and the whole was mixed for one hour, followed
      by filtration and water washing until the effluent was chloride free. The
      product was dried for 16 hours at 250.degree.F., and then calcined for
      three hours at 1200.degree.F. in air, to thereby produce a rare earth
      exchanged HFZ-20.
PAR  A 1950 gram portion of the rare earth exchanged HFZ-20 was slurried into a
      solution of 521 grams RECl.sub.3.sup.. 6H.sub.2 O dissolved into 3440 cc
      water, and the whole was mixed for one hour, followed by filtration and
      drying (i.e., without an intermediate washing step between filtering and
      drying). The drying was carried out at 250.degree.F. for 40 hours,
      resulting in a rare earth-impregnated, rare earth-exchanged HFZ-20.
PAR  The bench-scale FCC test results on the calcined catalysts are set out in
      Table 13.
TBL                                    TABLE 13                                

     __________________________________________________________________________

     EFFECT OF RARE EARTH EXCHANGE AND IMPREGNATION OF HFZ-20                  

     __________________________________________________________________________

     Catalysts calcined at 1200.degree.F. - Air Bench FCC Test:                

     910.degree.F., 2 C/O, 12.5 WHSV, WCMCGO                                   

                    Catalyst A                                                 

                           Catalyst B                                          

                                  Catalyst C                                   

     __________________________________________________________________________

                           RE     RE Exchanged                                 

                           Exchanged                                           

                                  RE Impregnated                               

     Catalyst Description                                                      

                    HFZ-20 HFZ-20 HFZ-20                                       

     % Wt RE.sub.2 O.sub.3 by impregnation                                     

                    0.0    0.0    3.9                                          

     Conversion, % vol.                                                        

                    86.1   81.7   86.1                                         

     C.sub.5 + Gasoline, % vol.                                                

                    50.7   40.7   58.4                                         

     Total C.sub.4 's, % vol.                                                  

                    25.0   24.5   22.5                                         

     Dry gas, % wt. 14.0   15.9   11.3                                         

     Coke, % wt.    12.9   15.9   10.1                                         

     Carbon on Catalyst, % wt.                                                 

                    5.51   6.73   4.49                                         

     Chemical Analyses, % wt.                                                  

     Na.sub.2 O, % wt.                                                         

                    1.03   0.97   0.49                                         

     RE.sub.2 O.sub.3, % wt.                                                   

                    0.0    4.06   8.80                                         

     __________________________________________________________________________

PAR  Referring to Table 13, the superior performance of Catalyst C, containing
      impregnated rare earth, over both Catalyst B (containing rare earth only
      by ion exchange) and Catalyst A, (containing no rare earth) is manifest.
      Note particularly the increased yield of C.sub.5 's plus gasoline, as well
      as the lower carbon on the catalyst.
PAR  The remaining examples illustrate the improved results that are obtained
      when, after rare earth impregnation, the subsequent drying is carried out
      over a moderately extensive period of time, as described previously at
      page 30, last paragraph.
PAC  EXAMPLE 34
PAR  A matrix with the composition 39.9% clay, 57.5% silica, 2% zirconia and
      0.6% alumina was prepared as described in Example 32 except the gel was
      not aged at the 9.8 pH to give a pore volume of 0.5 cc/gm. A slurry (30%
      solids) containing 267 lbs of REY was added to the matrix to give a
      composite consisting of 85% matrix and 15% REY. This composite was ion
      exchanged and washed as a hydrogel in the following manner.
PAR  Two gallons of Magnifloc dissolved into 3 gallons of water were added,
      followed by filtration and washing with deionized water. Repulping was
      effected with deionized water and the addition of a 15% ammonium sulfate
      solution so that 4 lbs of ammonium sulfate were used per ton of finished
      catalyst. This was followed by filtration and washing with deionized
      water. The repulping step was repeated, followed by repulping with
      deionized water and the addition of a 15% ammonium sulfate solution so
      that 8 lbs of ammonium sulfate were used per ton of finished catalyst. An
      aqueous solution of RECl.sub.3.sup.. 6H.sub.2 O was added so as to give 1%
      wt RE.sub.2 O.sub.3 on the finished catalyst. This was followed by
      filtering and washing with deionized water. The product was spray dried
      using a spinning wheel for atomization. The spray dried catalyst was
      slurried into a 5% ammonium sulfate solution so that 400 lbs of ammonium
      sulfate were used per ton of finished catalyst. This was followed by
      filtering and washing with deionized water. RECl.sub.3.sup.. 6H.sub. 2 O
      was added so as to give 3% wt excess RE.sub.2 O.sub.3 on the finished
      catalyst.
PAR  The foregoing catalyst was divided into two portions, and the final drying
      was effected by one of two different methods:
PA1  a. spray drying, or
PA1  b. drying in a fixed bed in a muffle furnace at 750.degree.F. for 20
      minutes.
PAR  The catalytic results on these catalysts, calcined at 1200.degree.F., are
      set out in Table 14.
TBL                TABLE 14                                                    

     ______________________________________                                    

     EFFECT OF METHOD OF FINAL DRYING ON RARE EARTH IMPREGNATED                

     CATALYSTS                                                                 

     ______________________________________                                    

     Catalysts calcined at 1200.degree.F. - Air Bench FCC Test:                

     910.degree.F., 2 C/O, 12.5 WHSV, WCMCGO                                   

                  Catalyst A                                                   

                            Catalyst B                                         

     ______________________________________                                    

     Final Drying   Spray Dryer Muffle at 750.degree.F.                        

     Conversion, % vol                                                         

                    73.9        75.3                                           

     C.sub.5 + Gasoline, % vol                                                 

                    51.5        57.0                                           

     Total C.sub.4 's, % vol                                                   

                    18.7        18.0                                           

     Dry gas, % wt  10.0        8.8                                            

     Coke, % wt     6.8         4.6                                            

     Carbon on catalyst                                                        

     % wt           2.92        1.97                                           

     ______________________________________                                    

PAR  A consideration of Table 14 shows the superior performance of Catalyst B.
      Note particularly the markedly higher yield of C.sub.5 + gasoline.
PAC  EXAMPLE 35
PAR  A catalyst was prepared by the method described in Examples 9 and 10, with
      the exception that after the ammonium sulfate exchange the catalyst was
      contacted with a rare earth chloride solution whose concentration was
      selected to give the desired rare earth pickup (about 3% by wt). This
      catalyst was divided into three portions, each being dried in a different
      manner:
PA1  a. spray drying,
PA1  b. flash drying, rapidly removing the water by placing the filter cake
      (about 40% solids) in a hot (about 1200.degree.F.) vessel, or
PA1  c. drying in a muffle furnace at various temperatures, namely,
      350.degree.F. for 220 minutes, 550.degree.F. for 50 minutes, and
      750.degree.F. for 20 minutes.
PAR  The catalytic results on these catalysts calcined at 1200.degree.F. are set
      out in Table 15.
TBL                                    TABLE 15                                

     __________________________________________________________________________

     EFFECT OF DRYING METHOD ON RARE EARTH IMPREGNATED                         

     CATALYSTS                                                                 

     __________________________________________________________________________

     Catalysts calcined at 1200.degree.F. - Air Bench FCC Test:                

     910.degree.F., 2 C/O, 12.5 WSHV, WCMCGO                                   

                 Catalyst A                                                    

                        Catalyst B                                             

                               Catalyst C                                      

     __________________________________________________________________________

                 Spray  Flash  Muffle at                                       

     Drying Method                                                             

                 Drying Drying 350.degree.F                                    

                                    550.degree.F                               

                                         750.degree.F                          

     Conversion, % vol                                                         

                 73.0   72.4   75.4 72.7 67.8                                  

     C.sub.5 + Gasoline, % vol                                                 

                 53.5   52.0   61.8 61.1 57.6                                  

     Total C.sub.4 's, % vol                                                   

                 19.1   17.6   16.5 15.3 14.4                                  

     Dry gas, % wt                                                             

                 9.2    9.8    7.9  7.1  6.3                                   

     Coke, % wt  5.7    5.6    3.6  2.9  2.6                                   

     Carbon on catalyst,                                                       

     % wt        2.48   2.44   1.55 1.29 1.17                                  

     __________________________________________________________________________

PAR  Referring to Table 15, in every instance the performance of Catalyst C was
      superior to that of either of Catalysts A or B.
PAR  Variations can, of course, be made without departing from the spirit and
      scope of the invention.
CLMS
STM  Having thus described the invention what is desired to be secured by
      Letters Patent and hereby claimed is:
NUM  1.
PAR  1. A method of preparing a rare earth-impregnated composite catalytic
      composition comprising a matrix having a crystalline aluminosilicate
      zeolite dispersed therein, said crystalline aluminosilicate zeolite
      carrying rare-earth cations, said matrix comprising an inorganic oxide
      wherein at least 50 weight percent of said inorganic oxide is silica,
      alumina, or silica-alumina, said method comprising incorporating rare
      earth into said composite rare earth in an amount equivalent to about 1 to
      6 percent by weight, expressed as RE.sub.2 O.sub.3, said amount being over
      and above the rare earth level that would be present in said composite by
      virtue of rare earth ion exchange alone.
NUM  2.
PAR  2. The method of claim 1 wherein said matrix additionally comprises a
      weighting agent selected from the group consisting of clay and alumina.
NUM  3.
PAR  3. The method of claim 2 wherein said weighting agent is Kaolin clay.
NUM  4.
PAR  4. The method of claim 1 wherein said incorporation is effected by
      impregnation of said composite with a rare earth-containing solution,
      removing excess solution, and drying.
NUM  5.
PAR  5. The method of claim 1 wherein said incorporation is effected by
      impregnation of said matrix with rare earth, admixing the resulting rare
      earth-impregnated matrix with said particles of crystalline
      aluminosilicate, zeolite and drying.
NUM  6.
PAR  6. The method of claim 1 wherein said incorporation is effected by
      treatment of said crystalline aluminosilicate zeolite with a rare
      earth-containing solution, admixing the resultant rare earth-impregnated
      crystalline aluminosilicate zeolite with said matrix, and drying.
NUM  7.
PAR  7. The method of claim 6 wherein said admixing is carried out in the
      absence of any intermediate washing.
NUM  8.
PAR  8. The method of claim 6 wherein any washing carried out prior to said
      admixing is effected under such conditions as to permit removal of only a
      portion of the excess of rare earth ions present so that sufficient excess
      rare earth ions remains that upon drying, the resultant composite contains
      impregnated rare earth in an amount, expressed as RE.sub.2 O.sub.3, of at
      least about 1 percent by weight, said amount being over and above the rare
      earth level that would be present in said composite by virtue of ion
      exchange alone.
NUM  9.
PAR  9. The method of claim 4 wherein said drying is carried out over a period
      of at least 5 minutes, the water content during said period being not less
      than 20 weight percent.
NUM  10.
PAR  10. A composite catalyst comprising a matrix having a particulate
      crystalline aluminosilicate zeolite dispersed therein, said crystalline
      aluminosilicate zeolite carrying rare earth cations, said matrix
      comprising an inorganic oxide wherein at least 50 weight percent of said
      inorganic oxide is silica, alumina, or silica-alumina, said composite
      containing impregnated rare earth in an amount equivalent to about 1 to 6
      percent by weight, expressed as RE.sub.2 O.sub.3, said amount being over
      and above the rare earth level present in said composite by virtue of rare
      earth ion exchange alone.
NUM  11.
PAR  11. The catalyst of claim 10 wherein said matrix additionally comprises a
      weighting agent selected from the group consisting of clay and alumina.
NUM  12.
PAR  12. The catalyst of claim 11 wherein said weighting agent is Kaolin clay.
NUM  13.
PAR  13. The catalyst of claim 10 wherein said inorganic oxide is silica,
      silica-alumina, silica-zirconia, or silica-zirconia-alumina, said
      inorganic oxide having a pore volume of at least about 0.4 cc per gram.
NUM  14.
PAR  14. The catalyst of claim 11 wherein said weighting agent is clay, said
      weighting agent is from about 30 to 50 weight percent of said matrix and
      said inorganic oxide is correspondingly from about 70 to 50 weight percent
      of said matrix, and said crystalline aluminosilicate zeolite is present in
      said composite in an amount of from about 5 to 15 percent by weight.
NUM  15.
PAR  15. A method of catalytically converting petroleum charge stocks comprising
      contacting a petroleum charge stream under catalytic conversion conditions
      with the catalyst of claim 10.
NUM  16.
PAR  16. The method of claim 15 wherein the conversion process is catalytic
      cracking.
PATN
WKU  039309886
SRC  5
APN  5522870
APT  1
ART  116
APD  19750224
TTL  Reclaiming used motor oil
ISD  19760106
NCL  12
ECL  1,5,6
EXA  Nelson; Juanita D. M.
EXP  Gantz; Delbert E.
NDR  1
NFG  1
INVT
NAM  Johnson; Marvin M.
CTY  Bartlesville
STA  OK
ASSG
NAM  Phillips Petroleum Company
CTY  Bartlesville
STA  OK
COD  02
CLAS
OCL  208182
XCL  208 89
XCL  208254
XCL  208236
XCL  208289
XCL  208182
XCL  208299
EDF  2
ICL  C10M 1100
ICL  C10G 1700
FSC  208
FSS  182;181;179;183;299;310;289;253;184;89
UREF
PNO  1828429
ISD  19281000
NAM  Moreton
OCL  208183
UREF
PNO  3169917
ISD  19650200
NAM  Kahan
OCL  208180
UREF
PNO  3294678
ISD  19661200
NAM  Gleim
OCL  208309
UREF
PNO  3791965
ISD  19740200
NAM  Fitzsimons et al.
OCL  208183
UREF
PNO  3817855
ISD  19740600
NAM  Smith et al.
OCL  208212
UREF
PNO  3879282
ISD  19750400
NAM  Johnson
OCL  208251
FREF
PNO  2,030,609
ISD  19690900
CNT  DT
OCL  208181
OREF
PAL  "Reclamation of Gasoline Used in Dry Cleaning," Department of Commerce
      Technologic Papers of the Bureau of Standard No. 280, Part of Vol. 18,
      122.
ABST
PAL  A process for reducing the ash content and the content of metals present in
      used motor oils by contacting the used motor oil with an aqueous solution
      of ammonium sulfate and/or ammonium bisulfate under conditions to react
      with the metal compounds present to form separable solids. In another
      embodiment of the invention, the used motor oil after reaction with an
      aqueous solution of ammonium sulfate and/or ammonium bisulfate can be
      further treated with an adsorbent and then optionally hydrotreated to
      produce an oil product suitable as a fuel or as a feedstock for
      lubricating oil compositions.
BSUM
PAR  This invention relates to treatment of motor oils. In accordance with
      another aspect, this invention relates to the removal of impurities
      present in used motor oils by treatment with an aqueous solution of
      ammonium sulfate and/or ammonium bisulfate. In accordance with another
      aspect, this invention relates to an ecological process for removing
      contaminants from used motor oils comprising reacting used motor oils with
      an aqueous solution of ammonium sulfate and/or ammonium bisulfate and,
      optionally, further treating the thus-treated motor oil under
      hydrogenation conditions to remove additional contaminants and produce a
      marketable low-ash oil product. In still another aspect of the invention,
      it relates to the removal and separation of such specific contaminants as
      gasoline, metal salts, tetraethyllead, ammonia, hydrogen sulfide, and the
      like from used motor oils by treatment with aqueous ammonium sulfate
      and/or ammonium bisulfate and hydrotreating.
PAR  Broadly, this invention relates to the reduction of removal of contaminants
      from used motor oils by a series of treatments of the motor oil, the
      treating reagent, and product streams so that all process streams are
      either recycled or can be removed under conditions to avoid contamination
      of the environment.
PAR  Most used motor oil collected at service stations is now disposed of as a
      marginal furnace oil, used on rural dirt roads for dust control, or dumped
      as a major source of hydrocarbon pollution in sanitary sewers and land
      fills. Less than ten percent of the available one billion gallons per year
      of used oil is reprocessed for use as a cheap lubricant. Disposal as a
      fuel oil gives rise to serious atmospheric pollution problems from
      combustion of a fuel containing in excess of one percent lead, and higher
      burner and refractory maintenace costs offset the purchase price
      differential between used oil and regular furnace oil.
PAR  It is virtually certain that some regulation on the amount of lead in fuel
      oil will curtail the disposal of used motor oil in the near future.
      Regulations preventing the dumping of used oil into sanitary sewers or
      storm drains exist in many cities and are being contemplated in many
      states. Most existing reclaiming plants for re-refining of oil use
      sulfuric acid to coagulate as an acid sludge the ash and polar components
      in used oil. This, followed by treatment with alkaline solutions to
      neutralize the acid, water washing, active clay decolorizing, stripping,
      and filtration yields a lube stock suited to reuse as a low grade motor
      oil or as a grease base. The poor yield of re-refined oil and the
      environmental problems of disposal of acid sludge and clay make this
      reclaiming process a marginal operation at best. It is generally agreed
      that a real problem exists, none of the current disposal methods are
      satisfactory, and the only reason that legislation restricting the
      disposal of used oil by current methods has not been passed is that better
      solutions to the problem are not available.
PAR  Recently, several improved processes for reclaiming used oil have been
      proposed. Propane extraction prior to acid treatment reduces the amount of
      acid and clay required, but the yield of recovered oils remains at 65
      percent and plant investment costs are much higher. Vacuum distillation
      has been suggested, and work has been done on hydrotreating of the
      distilled oil to lube stock. This latter process leaves a high ash
      residue, and serious problems in fouling of heat exchanger and
      fractionation equipment have been encountered. The heavy oil containing
      the ash remains to be disposed of by a satisfactory manner, not disclosed.
PAR  The ideal solution to the disposal problem would be the removal of the ash
      components from the used oil as a solid for recovery of the lead at a
      smelter with reuse of the ash-free oil as a low sulfur fuel oil or
      conversion back to a lube stock by hydrotreating to remove oxygen, sulfur,
      and nitrogen compounds. Reuse of the hydrotreated product as a lube stock
      would reduce the critical shortage that now exists for this product, and
      the premium price commanded would offset the processing and collection
      costs that accompany the conversion of a nuisance-disposal problem to a
      useful marketable product.
PAR  In view of the increasing concern regarding conservation of our petroleum
      reserves and the best use of products derived from them, this invention is
      of timely significance. Oil purified by the practice of this invention can
      be used as a burning oil substantially free of the harmful lead and other
      additives of modern lubricating oils. Thus, atmospheric pollution is
      reduced by utilizing the purified oil as a burning stock. Conservation is
      achieved by reuse of the oil that would otherwise be discarded. The
      purified oil now free of metal contaminants can be reprocessed by means of
      conventional hydrotreating processes to yield a high grade lubricating
      oil-based stock that can be recompounded to give high grade lubricating
      oil. Alternately, the purified oil can be used for road oil or heating
      oil, if desired.
PAR  The process by which the used motor oil is purified is also designed to
      recirculate the processed material and to remove compounds potentially
      hazardous to the environment in such a way that no ecological problem is
      produced.
PAR  Accordingly, an object of this invention is the treatment of many different
      oils containing contaminating impurities in order to remove these
      impurities by a simple process.
PAR  A further object of the invention is to provide a method for separating and
      removing contaminants from many types of contaminated oils.
PAR  It is a further object of the invention to provide a process for reducing
      the ash content and the lead content of used motor oils.
PAR  It is another object of this invention to provide a method for treating
      used motor oils so that metal salts, tetraethyllead, gasoline, ammonia,
      hydrogen sulfide, and the like that can be removed of this invention are
      handled in such a manner that ecological hazards can be avoided.
PAR  Other aspects, objects, and the several advantages of the invention will be
      apparent to one skilled in the art upon studying this specification,
      drawing, and the appended claims.
PAR  In accordance with the invention, a process is provided for reducing the
      ash content of used lubricating oils which comprises contacting the used
      lubricating oil with an aqueous solution of ammonium sulfate and/or
      ammonium bisulfate under conditions that will react the sulfate or
      bisulfate compound with metal-containing compounds present in the used
      lubricating oil which conditions are sufficient to form a precipitate of
      contaminants in the oil thus treated. Following contacting of the used
      lubricating oil with ammonium sulfate and/or ammonium bisulfate, the
      reaction mass is allowed to gravity separate into an oil phase and an
      aqueous phase which contains the precipitate of contaminants, thereby
      leaving an oil phase substantially reduced in ash-producing contaminants.
PAR  Similarly, the instant process reduces the lead content of the used
      lubricating oil by reaction of the lead salts with ammonium sulfate and/or
      ammonium bisulfate to produce lead compounds that will precipitate from
      the reaction solution.
PAR  The treated oil product separated following contacting of the used
      lubricating oil with an aqueous solution of ammonium sulfate and/or
      ammonium bisulfate results in marketable low-ash product useful as a low
      sulfur furnace oil.
PAR  In another embodiment of the invention the oil phase recovered following
      contacting of the used lubricating oil with an aqueous ammonium sulfate
      and/or ammonium bisulfate solution is further treated by contacting with a
      solid absorbent to remove polar compounds remaining in the treated used
      lubricating oil and then subjecting the used oil reduced in polar
      compounds to hydrotreating to remove residual polar compounds and
      unsaturated materials and produce an oil product suitable for use as a
      fuel or as a feedstock for lubricating oil composition.
PAR  Further, in accordance with the invention, an integrated process is
      provided in which used lubricating oils are heated and intermixed in a
      reaction zone with a heated aqueous solution of an ammonium sulfate and/or
      bisulfate to produce precipitable metal compounds. These metal compounds
      precipitate from the hot reaction mixture and are allowed to settle in the
      water layer as the oil and water separate into separate layers. The water
      layer can then be filtered to remove the precipitate and ammonium sulfate
      and/or ammonium bisulfate is added to the filtered water and recirculated
      through a heater to the reaction zone for reuse in the process. The oil
      layer can be recovered as such for use as a marketable low-ash oil useful
      as a furnace oil. However, in a preferred embodiment, the oil layer is
      flashed to remove gasoline and water that are present in the oil, and the
      flashed mixture is cooled and allowed to separate into a gasoline layer
      and a water layer. The gasoline layer can be withdrawn and passed to
      storage, and the water layer is passed to a stripping zone for recovery of
      ammonia and H.sub.2 S overhead and a purified water stream as bottoms. The
      stripped water can be recycled to the reaction zone for reuse or discarded
      as desired. The flashed oil can then be passed through an absorption zone
      to remove polar compounds and then subjected to hydrotreating to further
      reduce residual polar compounds and unsaturates present in the lubricating
      oil and then recovered as a marketable product which can be reused as a
      lube stock.
PAR  The expression, "used lubricating oil," relates to engine and industrial
      lubricating oils which due to their use do not comply with their original
      composition. Chemical analysis of used lubricating oil shows that the
      principal metallic substituents present in these oils are lead, calcium,
      and barium with lesser amounts of zinc, cadmium, copper, and silver.
PAR  The basis for the recovery process of this invention is the discovery that
      ammonium sulfate and/or ammonium bisulfate are particularly suitable for
      reacting with metal contaminants usually contained in used lubricating
      oils to produce insoluble solids that will precipitate or separate from
      the oil. It is presently preferred for best results to use either ammonium
      bisulfate or about an equal molar mixture of ammonium bisulfate and
      ammonium sulfate. The concentration of ammonium sulfate and/or ammonium
      bisulfate in the aqueous solution can vary appreciably but will generally
      range from about 2 to about 25 weight percent. On a practical basis, it
      has been found that a concentration of the sulfate in aqueous solution of
      about 5 to about 15 weight percent is preferred.
PAR  The conditions used in carrying out the initial contacting of used
      lubricating oil with an aqueous solution of the sulfate can vary
      appreciably and will be sufficient to cause a reaction between the metal
      contaminants present in the oil with the sulfates to produce precipitable
      solids containing the contaminating material. Thus, the reaction pressure
      can vary from about atmospheric to about 750 psig, with a preferred
      reaction pressure of about 90 to about 350 psig. However, the reaction of
      the invention will take place by contact of the used lubricating oil and
      the ammonium sulfate at about atmospheric pressure. Similarly, the
      temperatures suitable for carrying out the reaction can vary from about
      200.degree.F (93.degree.C) to about 500.degree.F (260.degree.C), but for
      practical considerations a preferable temperature range is from about
      320.degree.F (160.degree.C) to about 430.degree.F (221.degree.C).
PAR  The used motor oils treated by the process of this invention are primarily
      the discared oils that have been used for automotive lubrication purposes
      such as crankcase oils, transmission and gear oils, and the like. Other
      sources of used oils include steam-turbine oils, steam-engine oils,
      hydraulic oils, heat-transfer oils, cutting oils, and the like.
PAR  The oils used for the purposes named above are the refined lubricating cuts
      from paraffin-base, mixed-base, or naphthenic crudes. Their viscosities
      are generally in the range of from about 100 to 1800 SUS at 100.degree.F
      (37.8.degree.C). The oils also contain various additives such as oxidation
      inhibitors (i.e., barium, calcium, and zinc alkyl thiophosphates,
      di-t-butyl-p-cresol, etc.), antiwear agents (i.e., organic lead compounds
      such as lead diorganophosphorodithioates, zinc dialkyldithiophosphates,
      etc.), dispersants (i.e., calcium and barium sulfonates and phenoxides,
      etc.), rust inhibitors (i.e., calcium and sodium sulfonates, etc.),
      viscosity index improvers, (i.e., polyisobutylenes, poly-alkylstyrenes,
      etc.), detergents (i.e., calcium and barium salts of alkyl benzene
      sulfonic acids and ashless type detergents such as alkyl-substituted
      succinimides, etc.).
PAR  Synthetic oils such as the diesters derived from adipic, azelaic, or
      sebacic acids esterified with C.sub.8 to C.sub.9 branched-chain alcohols
      used for lubricating purposes exemplified by di( 2-ethylhexyl) sebacate,
      di( 3,5,5-trimethylhexyl) adipate, di( 3,7-dimethyloctyl) azelate, and the
      like can also be reclaimed by the process of the invention using the
      milder conditions to avoid degradation of the oils by hydrolysis.
PAR  As indicated above, the treated used lubricating oil can be further treated
      with an absorbent to remove polar compounds present in the used
      lubricating oil to further refine the oil product. The treated oil can be
      contacted with a suitable absorbent under conditions sufficient to
      effectively remove polar compounds which can include oxygen-, nitrogen-,
      and sulfur-containing compounds, as well as other polar materials. The
      conditions of contacting with an absorbent will generally be in the range
      of 0 to 1000 psig and a temperature of 300.degree.F to 760.degree.F
      (149.degree.-404.degree.C). Suitable absorbent include at least one of
      activated clay, silica gel, alumina, and the like.
PAR  Also as indicated previously, following contacting of the oil with an
      absorbent, the treated used lubricating oil can be further subjected to
      hydrotreating to remove residual polar compounds and unsaturated compounds
      to obtain a final product suitable for use as a fuel or as a feedstock for
      lubricating oil compositions. The conditions for hydrotreating are well
      known in the art and include temperatures in the range of 500.degree.F to
      800.degree.F (260.degree.-427.degree.C) and pressures in the range of 150
      to 3000 psig in the presence of sufficient hydrogen to effectively remove
      the undersirable constituents present in the oil. Further hydrotreating
      conditions include a space velocity of 0.2 to 5 LHSV and a hydrogen
      concentration of 500-2500 ft.sup.3 /bbl of feed. Suitable hydrogenation
      catalysts include nickel-molybdenum sulfide on alumina, cobalt molybdate,
      tungsten-nickel sulfide on alumina, and the like.
PAR  The instant process can be carried out in a batch, semi-continuous, or
      continuous manner. The embodiment of the invention representing an
      integrated ecological system of treating used lubricating oil can best be
      understood in conjunction with the drawing which illustrates in schematic
      form a process for treating used lubricating oils together with recycle or
      recovery of various treating and treated components.
DETD
PAR  Referring now to the drawing, used oil can be passed through line 1 to a
      preheater 2 where the temperature is raised from about 200.degree.F
      (93.degree.C) to about 500.degree.F (260.degree.C) and in one embodiment
      from about 320.degree.F (160.degree.C) to about 430.degree.F
      (221.degree.C). Ther preheated oil is passed through line 3 into the first
      of a series of stirred reactors 4 where it is contacted with an aqueous
      solution of ammonium sulfate and/or ammonium bisulfate which has been
      pre-heated to a temperature in the same range. The pressure in the
      reactors and in the oil-water separator is sufficient to maintain the
      reaction mixture substantially completely in the liquid phase. In the
      reactor, the mixture is agitated vigorously. The reaction mixture can then
      be passed to another stirred reactor 5 where the same reaction conditions
      and agitation are maintained.
PAR  The reaction mixture is passed to a phase separator 6 in which the oil
      layer 7 and the water layer 8 are allowed to separate. During this
      separation precipitated metal salts rapidly settle into the water layer.
PAR  The water layer with precipitate is passed through a filter 9 where the
      precipitate is removed and discarded or processed to recover the metal or
      metals contained therein. The filtered water is then admixed with ammonium
      sulfate and/or ammonium bisulfate in 10 to bring the concentration of
      ammonium sulfate and/or ammonium bisulfate into the range of about 5 to
      about 15 weight percent and recycled to a preheater 11 where the
      temperature is raised within the reaction range and the material passed
      back to reactor 4. By maintaining the phase separation, filtering of the
      water, and the addition of ammonium sulfate and/or ammonium bisulfate at
      temperatures somewhat reduced from the reaction temperature, the filtering
      operation and the dissolving of the ammonium sulfate and/or ammonium
      bisulfate are facilitated and a minimum of preheat is required in
      preheater 11. Heating or cooling are adjusted as required to meet these
      objectives.
PAR  The oil layer 7 from phase separator 6 is passed either to a water wash to
      remove small amounts of ammonium sulfate from the treated oil to yield a
      low ash product suited to use as a low sulfur fuel oil or into a flash
      chamber 12 where the pressure is reduced to atmospheric or slightly above
      and the gasoline and water present in the oil are flashed to a vapor. This
      vapor is then cooled in a cooler 13 to a temperature sufficiently low to
      condense the gasoline and water at the pressure in the vessels. Cooled
      liquid is passed to a phase separator 15 where a gasoline layer 14 and a
      water layer 16 are allowed to form. The gasoline layer can then be
      transferred to storage 17 and the water layer 16 can be passed to a
      stripping operation 18 operated at conditions, such as temperature,
      pressure, flow rate, etc., well known in the art, sufficient to remove
      ammonia and hydrogen sulfide as overhead product 19. These products can
      then be recovered or suitably disposed.
PAR  The stripped water 20 from the stripper 18 can then be recycled for use in
      the aqueous ammonium sulfate system or, at this point in the operation, is
      sufficiently free from harmful contaminants to be discarded into the
      environment. Any convenient heat source such as hot flue gases from the
      preheaters can be used for operating the stripping system.
PAR  The oil layer 7 which has been flashed is passed, while still close to
      reaction temperature, through an absorbent bed 21 at a temperature above
      350.degree.F (177.degree.C) to remove polar compounds such as oxygen-,
      nitrogen-, and sulfur-containing compounds therefrom and then through a
      filter 22 to remove extraneous matter. The treated oil is then heated in
      heat exchanger 23, hydrogen is admitted, and the mixture is passed to
      hydrotreating unit 24 wherein the treated oil is subjected to
      hydrogenation conditions in the presence of a catalyst sufficient to
      remove residual polar compounds and unsaturated materials to yield an oil
      product that has utility as a lube stock.
PAR  The following example is offered as an illustration of the effectiveness of
      ammonium sulfate reagents in reducing the ash content and inorganic lead
      content of used motor oil.
PAC  EXAMPLE
PAR  A series of runs were carried out for the treatment of used motor oil
      having a sulfated ash content of 2.46 weight percent and a lead content of
      1.15 weight percent with ammonium sulfate, ammonium bisulfate, and a
      mixture of ammonium sulfate and ammonium bisulfate under conditions to
      precipitate metal contaminants as solids. The used motor oil and an
      aqueous solution of the sulfate reagent were mixed in an autoclave, heated
      to the reaction temperature, and allowed to react until a substantial
      portion of the metal contaminants present in the lubricating oil were
      formed into precipitatable solids. In one run to simulate a continuous
      process, used oil and reagent were added to a stirred reactor at rates
      shown in Table I.
PAR  The conditions of the various runs, reagents, and concentrations of the
      reagents, and the results of the runs are set forth in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     ASH REMOVAL WITH SULFATE REAGENTS                                         

                Oil,                                                           

                    Reagent,                                                   

                         H.sub.2 O,                                            

                               Temp., Time, Ash Content,                       

                                                    Pb Content,                

     Reagent    ml  Grams                                                      

                         Grams .degree.F--.degree.C                            

                                      min.  Wt. %   Wt. %                      

     __________________________________________________________________________

     (NH.sub.4).sub.2 SO.sub.4                                                 

                300 20   100   370-188                                         

                                      60    .43     .20                        

     (NH.sub.4).sub.1.5 H.sub.0.5 SO.sub.4                                     

                300 20   100   370-188                                         

                                      60    .08     .008                       

     (NH.sub.4).sub.1 H SO.sub.4                                               

                300 20   100   375-190.5                                       

                                      60    .09     .014                       

                600 20   100   375-190.5                                       

                                      60    .10     .005                       

                600 20    50   375-190.5                                       

                                      60    .09     .008                       

                300 20   100   385-196                                         

                                      30    .13     .014                       

                600 20   100   380-193                                         

                                      30    .10     .009                       

                600 20    50   375-190.5                                       

                                      30    .12     .007                       

                300 20   100   300-149                                         

                                      60    .22     .014                       

                300 20   100   250-121                                         

                                      60    .19     .051                       

     Well-Stirred Tank                                                         

                ml/Hr                                                          

                    g/Hr g/Hr         Vr/Q.sup.(a)                             

     (Continuous)                                                              

     (NH.sub.4).sub.1.5 H.sub.0.5 SO.sub.4                                     

                650 24   120   375-190.5                                       

                                      79    .29     .11                        

     __________________________________________________________________________

      .sup.(a) Vr = volume of reactor, liters. Q = flow rate, liters/minute.   

PAR  Referring to the data in Table I, it can be seen that treatment with
      ammonium bisulfate or equal molar mixtures of ammonium sulfate-bisulfate,
      (NH.sub.4).sub. 1.5 H.sub.0.5 SO.sub.4, is an effective method of reducing
      the ash content of used oil to a level where it could be used as a furance
      oil or hydrotreated to a lube stock. Ammonium sulfate is less effective as
      a high hydrogen ion concentration is necessary to promote the metathesis
      reaction.
PAR  Variation in the temperature and contact time follow the expected trends,
      particularly when the lead content of the oil is used as a conversion
      index or efficiency of removal. Treatment for one hour at 375.degree.F
      (190.5.degree.C) reduces the lead content to 50 ppm using ammonium
      bisulfate. After 30 minutes the lead content is reduced to 90 ppm at
      375.degree.F. Reducing temperature from 375.degree.F to 250.degree.F
      (121.degree.C) results in increasing lead content to 510 ppm. Varying the
      amount of water from 1 part water/3 parts of oil to 1 part water/12 parts
      of oil does not markedly alter the results.
PAR  It is apparent from the data of Table I that a low-ash treated oil could be
      prepared from this sample of used oil using the autoclave as a continuous
      well-stirred reactor. With feed rates of 650 m1/hour of used oil and 120
      m1/hour of 20 weight percent mixture of ammonium sulfate and bisulfate
      solution, the treated oil product had an ash content of 0.29 weight
      percent and a lead content of 0.11 weight percent. These are close to the
      values one would expect for a first order rate of removal, and
      significantly lower ash and lead content would be expected from using two
      smaller reactors in series rather than one of equivalent volume.
PAR  A total of 8500 grams of oil was treated in a continuous manner with a
      mixture of ammonium sulfate and bisulfate solution of this ivention from
      which 8153 grams of treated oil was recovered along with 304 grams of dry
      solids. The material balance was 99.4 percent illustrating how efficiently
      the instant process can be operated.
PAR  Elemental analysis of the physical properties of the treated oil is given
      in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     Composition and Properties                                                

     of Treated Oil                                                            

     ______________________________________                                    

     Elemental Analysis, Wt. %                                                 

     C                     84.68                                               

     H                     13.41                                               

     O                     1.28                                                

     N                     .33                                                 

     S                     .35                                                 

                           100.05                                              

     Ash, Sulfated         .29                                                 

     Pb                    .11                                                 

     Density, g/ml         .85                                                 

     Color                 Black                                               

     ______________________________________                                    

PAR  The solids settle rapidly in the spent ammonium sulfate solution and can be
      recovered by filtration. An elemental analysis of the dry exracted solids
      is given in Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

     Composition of Solids                                                     

     from Used Oil                                                             

     ______________________________________                                    

     Dried at 110.degree.C                                                     

                      Toluene Extracted                                        

                      Wt. %                                                    

     ______________________________________                                    

     Pb               39.3                                                     

     Ba               .4                                                       

     Ca               9.3                                                      

     Zn               1.3                                                      

     SiO.sub.2        1.6                                                      

     Al.sub.2 O.sub.3 .1                                                       

     SO.sub.4         42.0                                                     

                      94.0                                                     

     Unknown          6.0                                                      

                      100.0                                                    

     ______________________________________                                    

PAR  A portion of the used lubricating oil treated as above was subjected to
      hydrotreating in order to produce a product that could be reused as lube
      stock. This was done using the hydrodesulfurization catalyst HDS-3 from
      American Cyanamide in a fixed bed reactor. This catalyst is available as a
      1/16-inch .times. 3/16-inch extrudate and contains 3 percent Ni-15 percent
      Mo on Al.sub.2 0.sub.3. The treated oil prior to hydrotreating was passed
      through a bed of silica to remove polar materials present in the oil and
      therefore minimize carry-over of polar material to the hydrotreating
      catalyst. The hydrotreating reactor was operated at conditions more or
      less typical for removal of sulfur and nitrogen compounds from cycle oils,
      specifically 1.3 LHSV, 680.degree.F (360.degree.C), 700 psig, and 1200
      ft.sup.3 of hydrogen/bbl of feedstock. Hydrogen consumption was 250-275
      ft.sup.3 /bbl. The composition and properties of the final product are
      given in Table IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Composition and Properties                                                

     of Finished Oil                                                           

     ______________________________________                                    

     Elemental Analysis, Wt. %                                                 

     C                   85.94                                                 

     H                   13.82                                                 

     O                   .02                                                   

     N                   &lt;0.2                                                  

     S                   0.01                                                  

     Carbon Residue      0.05                                                  

     Sulfated Ash        &lt;0.01                                                 

     API -- Gravity      31.6                                                  

     Viscosity -- 100.degree.F(37.8.degree.C)                                  

                         214.9 SUS                                             

            210.degree.F(99.degree.C)                                          

                         49.82 SUS                                             

     Viscosity Index     128                                                   

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A process for reducing the ash content of used lubricating oils which
      comprises:
PA1  a. contacting used lubricating oil with an aqueous solution of ammonium
      sulfate and/or ammonium bisulfate under conditions of temperature and
      pressure sufficient to react said ammonium sulfate and/or ammonium
      bisulfate with metal-containing components present in the used lubricating
      oil and form metal-containing solids,
PA1  b. allowing the reaction mass of (a) to separate into an oil phase and an
      aqueous phase containing said solids, and
PA1  c. recovering the oil phase as a marketable low-ash oil product.
NUM  2.
PAR  2. A process according to claim 1 wherein said aqueous solution is a
      mixture of ammonium sulfate and ammonium bisulfate.
NUM  3.
PAR  3. A process according to claim 1 wherein said aqueous solution is
      approximately an equimolar mixture of ammonium sulfate and ammonium
      bisulfate.
NUM  4.
PAR  4. A process according to claim 1 wherein the temperature is in the range
      of about 200.degree.F to about 500.degree.F (93.degree.-260.degree.C), the
      pressure is in the range of from atmospheric to about 750 psig, and the
      concentration of ammonium sulfate and/or ammonium bisulfate in the aqueous
      phase ranges from about 2 to about 25 weight percent.
NUM  5.
PAR  5. A process according to claim 1 which additionally contains the step of
PA1  d. contacting said oil phase recovered in (c) with an absorbent selected
      from activated clay, silica gel, and alumina under conditions sufficient
      to remove polar compounds including oxygen-, nitrogen-, and
      sulfur-containing compounds therefrom.
NUM  6.
PAR  6. A process according to claim 5 which additionally contains the steps of
PA1  e. subjecting said oil phase reduced in said polar compounds to
      hydrotreating in the presence of hydrogen and a hydrofining catalyst
      selected from nickel-molybdenum sulfide on alumina, cobalt molybdate, and
      tungsten-nickel sulfide on alumina under conditions including a
      temperature in the range of 500.degree.F to 800.degree.F
      (260.degree.-427.degree.C) sufficient to remove residual polar compounds
      and unsaturated compounds, and
PA1  f. recovering as product the hydrotreated oil phase which is suited to use
      as a lube stock.
NUM  7.
PAR  7. A process for reducing the lead content of used motor oil which
      comprises
PA1  a. contacting said oil with an aqueous solution of ammonium sulfate and/or
      ammonium bisulfate reagent at conditions of temperature and pressure
      sufficient to react said ammonium sulfate with lead compounds present in
      the used motor oil,
PA1  b. allowing the precipitate formed by the reaction to settle, and
PA1  c. separting the oil from the water and solid precipitate.
NUM  8.
PAR  8. A process according to claim 7 wherein the aqueous solution is a mixture
      of ammonium sulfate and ammonium bisulfate.
NUM  9.
PAR  9. A process according to claim 7 wherein the reaction temperature is in
      the range of about 200.degree.F to about 500.degree.F
      (93.degree.-260.degree.C), the reaction pressure is in the range of about
      atmospheric to about 750 psig, and the concentration of ammonium sulfate
      in the aqueous reaction solution is about 2 to about 25 weight percent.
NUM  10.
PAR  10. A process according to claim 7 comprising the additional steps of
PA1  d. contacting said oil phase recovered in (c) with an absorbent selected
      from activated clay, silica gel, and alumina under conditions sufficient
      to remove polar compounds including oxygen-, nitrogen-, and
      sulfur-containing compounds therefrom,
PA1  e. subjecting said oil phase reduced in polar compounds to hydrotreating in
      the presence of hydrogen and a hydrofining catalyst selected from
      nickel-molybdenum sulfide on alumina, cobalt molybdate, and
      tungsten-nickel sulfide on alumina under conditions including a
      temperature in the range 500.degree. to 800.degree.F
      (260.degree.-427.degree.C) sufficient to remove residual polar compounds
      and unsaturated compounds, and
PA1  f. recovering as product the hydrotreated oil phase which is suited to use
      as a lube stock.
NUM  11.
PAR  11. A process for reclaiming used motor oil containing metal salts which
      comprises
PA1  a. preheating the used motor oil to a temperature in the range of about
      200.degree.F to about 500.degree.F (93.degree.-260.degree.C),
PA1  b. preheating an aqueous solution of ammonium sulfate and/or ammonium
      bisulfate to a temperature in the range of about 200.degree.F to about
      500.degree.F (93.degree.-260.degree.C),
PA1  c. contacting said preheated motor oil and said pre-heated aqueous solution
      of ammonium sulfate in at least one agitated reaction zone under
      conditions sufficient to maintain a reaction producing a precipitate,
PA1  d. allowing the reaction product to separate into an oil layer and a water
      layer and the precipitate to settle in the water layer,
PA1  e. removing the water layer and filtering the precipitate from the water,
PA1  f. adding sufficient ammonium sulfate to the filtered water to produce an
      aqueous solution of ammonium sulfate and/or ammonium bisulfate having a
      concentration of about 2 to about 25 weight percent ammonium sulfate and
      recycle to step (b), and
PA1  g. recovering the oil phase as a marketable low-ash oil product.
NUM  12.
PAR  12. A process according to claim 11 which comprises the additional steps of
PA1  h. contacting said oil phase recovered in (g) with an absorbent selected
      from activated clay, silica gel, and alumina under conditions sufficient
      to remove polar compounds including oxygen-, nitrogen-, and
      sulfur-containing compounds therefrom,
PA1  i. subjecting said oil phase reduced in polar compounds to hydrotreating in
      the presence of hydrogen and a hydrofining catalyst selected from
      nickel-molybdenum sulfide on alumina, cobalt molybdate, and
      tungsten-nickel sulfide on alumina under conditions including a
      temperature in the range 500.degree. to 800.degree.F
      (260.degree.-427.degree.C) sufficient to remove residual polar compounds
      and unsaturated compounds, and
PA1  j. recovering as product the hydrotreated oil phase which is suited to use
      as a lube stock.
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ABST
PAL  A method of reducing the sulfur and nitrogen content of a hydrocarbon,
      specifically, a liquid or gaseous phase hydrocarbon which comprises
      contacting the hydrocarbon with nahcolite in an amount effective to remove
      sulfur and nitrogen compounds from the hydrocarbon. The nahcolite
      containing combined sulfur and nitrogen can be removed from the
      hydrocarbon, producing a hydrocarbon having a reduced sulfur and nitrogen
      content.
PAL  The method is particularly applicable to the reduction of the sulfur and
      nitrogen content in shale oil by contacting shale oil and nahcolite in a
      shale oil retort or process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method of reducing the sulfur and
      nitrogen content of a hydrocarbon product; more particularly, the present
      invention relates to a method of reducing the sulfur and nitrogen content
      of a hydrocarbon product in the liquid or gaseous phase by contact with
      nahcolite.
PAR  2. Description of the Prior Art
PAR  The presence of sulfur and nitrogen in combustible hydrocarbon products has
      long been considered a serious pollution problem since the burning of the
      sulfur-containing hydrocarbon produces sulfur dioxide in the flue gas and
      the burning of the nitrogen-containing hydrocarbon produces nitrogen
      oxides(s). In fact, due to the SO.sub.2 and NO.sub.x (inclusive of NO and
      NO.sub.2) pollution created by the burning of the sulfur-containing and
      nitrogen-containing hydrocarbons, environmental standards have been set
      for the maximum impurity content permissible in certain combustible
      hydrocarbons, e.g., sulfur content in coal, and standards are planned for
      maximum NO.sub.x content in flue gases.
PAR  The attempts to eliminate the pollution problem have taken many forms. For
      example, various and sundry compositions have been developed for scrubbing
      the flue gas in a hydrocarbon combustion process, so as to effectively
      absorb the sulfur dioxide and NO.sub.x emissions in the flue gas. In
      addition, it has been proposed that the addition of chemicals to the
      hydrocarbon product prior to combustion can eliminate the problem of
      excessive sulfur dioxide or NO.sub.x emissions by either binding with the
      sulfur or nitrogen impurities to prevent sulfur dioxide or nitrogen
      oxide(s) formation in the combustion process or by absorption of the
      sulfur dioxide and NO.sub.x formed in the combustion process prior to
      allowing escape in the flue gas. For example, limestone has been proposed
      as one such additive, and, in the area of reduction of SO.sub.2 emissions
      from the combustion of coal, U.S. Pat. No. 3,823,676 to Cook suggests that
      naturally occurring Trona can serve this same function.
PAR  Contrary to these previous proposals, it has been discovered in accordance
      with the present invention that the sulfur and nitrogen content of a
      combustible hydrocarbon, and as a consequence, the sulfur dioxide and
      nitrogen oxides emissions upon combustion, can be reduced by contacting
      the hydrocarbon in the liquid or gaseous phase with an effective amount of
      nahcolite, a naturally occurring sodium bicarbonate, NaHCO.sub.3, the
      nahcolite being a white monoclinic mineral.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, it has been discovered that the
      sulfur and nitrogen content of a hydrocarbon containing sulfur and
      nitrogen impurities can be reduced by contacting the hydrocarbon in the
      liquid or gaseous phase prior to combustion with nahcolite in an amount
      effective to reduce the sulfur and nitrogen content thereof. Accordingly,
      upon combustion of the hydrocarbon, the sulfur dioxide and nitrogen
      oxide(s) emissions are appreciably reduced.
PAR  The method of the present invention is generally carried out by contacting
      a hydrocarbon containing sulfur and/or nitrogen impurities in the liquid
      or gaseous phase with nahcolite and subsequently removing the nahcolite
      from the hydrocarbon. While the mechanism of the present invention is not
      exactly known, it is assumed that the nahcolite acts to reduce the sulfur
      and nitrogen content of the hydrocarbon, either by a chemical reaction or
      absorption of the sulfur and nitrogen impurities. In either event, removal
      of the nahcolite from the hydrocarbon also removes the combined sulfur and
      nitrogen.
PAR  In a preferred embodiment of the present invention, the hydrocarbon is a
      shale oil and the shale oil and nahcolite are contacted in a shale oil
      retort. In this way, the shale oil in a gaseous or aerosol form passes
      through the nahcolite which has the effect of reducing the sulfur and
      nitrogen content of the shale oil. Alternatively, where the hydrocarbon is
      in the liquid phase, nahcolite in a finely divided form can be mixed with
      the liquid phase hydrocarbon, and upon removal by subsequent filtration,
      the sulfur and nitrogen content of the liquid hydrocarbon is reduced. As a
      further alternative, a liquid hydrocarbon containing sulfur and nitrogen
      impurities can be passed through a filter having nahcolite coated thereon
      in order to effectively reduce the sulfur and nitrogen content of the
      liquid phase hydrocarbon. The method of contacting may, of course, vary
      and those skilled in the art can easily determine other methods of
      achieving the desired contact between the nahcolite and hydrocarbon
      without departing from the spirit and scope of the present invention.
PAR  Accordingly, it is a principal feature of the present invention to provide
      a method of reducing the sulfur and nitrogen content of a hydrocarbon
      product, wherein the sulfur and nitrogen content of the hydrocarbon
      product is reduced by contact of the hydrocarbon product with nahcolite;
PAR  It is a further feature of the present invention to provide a method for
      the reduction of the sulfur and nitrogen content of a hydrocarbon product
      containing sulfur and nitrogen impurities wherein the hydrocarbon product
      in the gaseous or liquid phase is contacted with nahcolite, with
      subsequent removal of the nahcolite, containing combined sulfur and
      nitrogen, from the hydrocarbon product;
PAR  it is yet a further feature of the present invention to provide a method
      for the reduction of the sulfur and nitrogen content of a hydrocarbon
      product, and, consequently, a reduction of the sulfur dioxide and NO.sub.x
      emissions upon combustion of the hydrocarbon product, wherein the sulfur
      and nitrogen content of the hydrocarbon product is reduced by contacting a
      liquid phase hydrocarbon with finely divided nahcolite and subsequently
      removing the nahcolite containing combined sulfur and nitrogen by
      filtration;
PAR  Yet a further feature of the present invention lies in the above method,
      wherein shale oil as the hydrocarbon product is contacted with nahcolite
      in a shale oil retort, whereby the shale oil in an aerosol or gaseous form
      contacts nahcolite with an accompanying reduction in the sulfur and
      nitrogen content of the shale oil.
PAR  Yet further features and advantages of the method of the present invention
      will become more apparent from the following more detailed description
      thereof.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The above features of the present invention and the advantages associated
      therewith are achieved in accordance with the present invention by
      contacting a hydrocarbon product, either in the liquid or gaseous phase,
      with nahcolite, the nahcolite being used in an amount effective to reduce
      the sulfur and nitrogen content of the hydrocarbon product. Nahcolite is
      readily available as a naturally occurring sodium bicarbonate. It is a
      white monoclinic mineral in abundant supply and is located with oil shale
      deposits. Therefore, the use of nahcolite in the method of the present
      invention allows the effective and economical reduction of the sulfur and
      nitrogen content of a hydrocarbon product in a manner not heretofore
      contemplated.
PAR  Any hydrocarbon containing sulfur and/or nitrogen impurities, the reduction
      of which is desirable, can be utilized in carrying out the method of the
      present invention. Generally, the hydrocarbon product is in the liquid or
      gaseous phase when contacted with the nahcolite. Representative examples
      of typical hydrocarbons include, for example, gasoline, naphtha, kerosene,
      fuel oil, gas oil, lubricating oil, shale oil, etc. These hydrocarbon
      products can be conveniently contacted with nahcolite in the liquid phase,
      or shale oil as a typical example can be contacted with nahcolite in a
      retort where the shale oil is in the form of an aerosol or gaseous phase.
      In effect, any and all hydrocarbon products, the reduction of the sulfur
      and/or nitrogen content of which is desirable, can be contacted with
      nahcolite in accordance with the present invention for the purpose of
      reducing the sulfur and nitrogen content thereof. Of course, the method of
      the present invention can be applicably utilized where the hydrocarbon
      contains only sulfur or only nitrogen impurities, to the exclusion of the
      other, and the expression "sulfur and nitrogen impurities" clearly
      embraces such embodiment.
PAR  The method of the present invention is carried out by contacting a
      hydrocarbon product, either in the gaseous or liquid phase, with
      nahcolite, the nahcolite being employed in an amount effective to reduce
      the sulfur and nitrogen content of the hydrocarbon product. This, of
      course, in turn reduces the sulfur dioxide and nitrogen oxide(s) emissions
      upon the combustion of the hydrocarbon.
PAR  The method of the present invention can be carried out in various manners;
      for example, the nahcolite in finely divided form can be simply mixed with
      a liquid hydrocarbon product, such as a fuel oil, and thereafter removed
      from the hydrocarbon product after allowing sufficient contact. The
      removal can be carried out, for example, by simply filtering the solids
      from the hydrocarbon product. While the nature by which the nahcolite
      effectively reduces the sulfur and nitrogen content of the hydrocarbon is
      not precisely known, it is presumed that the nahcolite is effective either
      in entering into a chemical reaction with the sulfur and nitrogen
      impurities of the hydrocarbon, generally sulfides, sulfates, nitrites and
      nitrates, either of straight chain or ring structure, or by a physical
      absorption of the sulfur and nitrogen impurities. The expression,
      "nahcolite containing combined sulfur and nitrogen", as used throughout
      this application, is meant to embrace either or both of the above
      possibilities, either a chemical reaction or physical absorption. The
      removal of the nahcolite containing combined sulfur and nitrogen from the
      hydrocarbon product, such as by filtration, effectively reduces the sulfur
      and nitrogen content of the hydrocarbon.
PAR  As an alternative to the above method, the sulfur and nitrogen content of a
      liquid hydrocarbon product can be reduced in accordance with the present
      invention by filtering the liquid phase hydrocarbon through nahcolite.
      This allows sufficient contact between the nahcolite and sulfur and
      nitrogen impurities in the hydrocarbon product to allow effective
      reduction. In accordance with this embodiment of the present invention,
      the nahcolite can be advantageously coated on conventional filter cloth or
      other filter means, so as to allow the desired contact.
PAR  A further specific area in which the method of the present invention finds
      particular applicability is in the reduction of the sulfur and nitrogen
      content of shale oil. In this embodiment, the contact between the shale
      oil and nahcolite is effectively achieved in a shale oil retort in which
      the shale oil is employed as a layer above or below the nahcolite in a
      moving or static heated zone. The shale oil vaporizes in the form of a
      gaseous phase, liquid phase mist, or aerosol, which, when in contact with
      the nahcolite, has its sulfur and nitrogen content reduced. The use of a
      shale oil retort is, of course, a typically proposed technique for
      obtaining oil from shale. The method of the present invention in such
      environment has the additional advantage that the production of oil and
      the reduction of the sulfur and nitrogen content thereof can be carried
      out simultaneously.
PAR  The amount of nahcolite which is employed in any of the above embodiments
      is variable over wide limits, and any amount of nahcolite effective to
      reduce the sulfur and nitrogen content of the hydrocarbon product can be
      advantageously utilized. Generally, however, advantageous results are
      found to occur when the amount of nahcolite employed is substantially
      stoichiometrically equivalent to the amount of sulfur and nitrogen
      impurities present in the hydrocarbon product. Due to the nature of most
      hydrocarbon products, an amount of nahcolite of from about 1 to about 20
      percent by weight based upon the weight of the hydrocarbon product is
      effective in achieving the advantages of the present invention. Of course,
      slightly lesser or greater amounts than these can be employed where
      desired to achieve particular purposes.
PAR  In addition to the foregoing discussion which involves a contact of the
      hydrocarbon product with nahcolite and subsequent removal of the nahcolite
      containing combined sulfur and nitrogen, in certain environments, it may
      be advantageous to leave the nahcolite in the hydrocarbon product. Upon
      combustion of this hydrocarbon product, reduced sulfur dioxide and
      nitrogen oxide(s) emissions will occur, both from the standpoint of the
      combination of the nahcolite with the sulfur and nitrogen impurities,
      thereby reducing the sulfur and nitrogen which through combustion forms
      sulfur dioxide and nitrogen oxides, and by the absorption or chemical
      reaction of the nahcolite with any sulfur dioxide and nitrogen oxides
      which are formed during combustion. Of course, this embodiment can only be
      employed where the presence of insoluble solids in the combustible
      hydrocarbon can be tolerated.
PAR  The nahcolite employed in the method of the present invention is preferably
      used in the condition received from the mine or with partial refinement.
      However, it is preferred in accordance with the present invention that the
      nahcolite be utilized in particulate or finely divided form. Inasmuch as
      the chemical reaction or physical absorption carried out in accordance
      with the method of the present invention is presumed to be a surface
      reaction, a finely divided form of the nahcolite providing the greatest
      possible surface area is preferred. No limitation is placed upon the lower
      limit of particle size, except that resulting from the parameters of the
      filtering or other equipment utilized to remove the nahcolite with
      combined sulfur and nitrogen from the hydrocarbon product.
PAR  The method of the present invention will now be described by reference to
      the following examples, which examples are presented for purposes of
      illustration only, and the present invention cannot, under any
      circumstances, be deemed limited thereto.
PAC  EXAMPLE 1
PAR  In order to illustrate the effectiveness of nahcolite in reducing the
      sulfur content of a hydrocarbon, the sulfur content of pure thiophene was
      measured prior to and subsequent to the addition of ten percent nahcolite.
      The insoluble solids were also measured.
PAR  The samples were weighed into a cup used for combustion. The analysis
      indicated that the sulfur content of the pure thiophene was 36.6 percent
      with negligible insoluble solids. After the addition of 10 percent
      nahcolite to the thiophene and the filtering of the nahcolite from the
      thiophene, the sulfur content was 31.5 percent, with the insoluble solids
      removed being 8.2 percent of the composition. This, therefore, establishes
      that the nahcolite utilized was effective to remove 5.1 percent of the
      sulfur present in the thiophene.
PAC  EXAMPLE 2
PAR  A similar test was conducted utilizing No. 6 fuel oil. First, 25 grams of
      pure No. 6 fuel oil were analyzed. Then the same 25 grams of oil
      containing 5.625 grams of minus 65 mesh nahcolite were analyzed. The
      analysis included the total sulfur content, the insolubles content, and
      the sulfur content in insolubles. As a result of these analyses, the
      following results were obtained.
TBL  ______________________________________                                    

     (25 grams No. 6 fuel oil + 5.625 grams -- 65 mesh nahcolite)              

     Total sulfur (S)  2.0 %                                                   

     Insolubles        17.8 %                                                  

     Sulfur in insolubles                                                      

                       0.16%                                                   

     (pure No. 6 fuel oil)                                                     

     Total sulfur      2.8 %                                                   

     Insolubles        0.74%                                                   

     Sulfur in insolubles                                                      

                       0.08%                                                   

     ______________________________________                                    

PAR  It can be seen from the above data that the addition of the nahcolite was
      effective to reduce the sulfur content of the fuel oil.
PAC  EXAMPLE 3
PAR  A similar experiment was conducted with fuel No. 2 oil. The sulfur contents
      of two samples to pure oil were 0.23 and 0.22 percent, respectively. One
      percent carbon disulfide and three percent carbon disulfide were added
      respectively to these oils, bringing the sulfur content up to 0.26 and
      0.66 percent, respectively. Also, one percent thiophene and three percent
      thiophene were added respectively to these oils, bringing the sulfur
      content of the pure oil containing thiophene up to 0.76 and 1.1 percent,
      respectively. When nahcolite was added to both the oil containing carbon
      disulfide and oil containing thiophene, approximately 70 to 90 percent of
      the sulfur was removed.
PAR  While the present invention has been described primarily with regard to the
      foregoing exemplification of specific embodiments, it should be understood
      that the present invention cannot, under any circumstances, be deemed
      limited thereto, but rather must be construed as broadly as any and all
      equivalents thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for reducing the sulfur and nitrogen content of a hydrocarbon
      containing sulfur and nitrogen impurities which comprises:
PA1  a. contacting said hydrocarbon in the liquid or gaseous phase with
      nahcolite in an amount effective to remove sulfur and nitrogen impurities
      from said hydrocarbon; and
PA1  b. removing the nahcolite containing combined sulfur and nitrogen from said
      hydrocarbon.
NUM  2.
PAR  2. The method of claim 1, wherein said hydrocarbon is shale oil and said
      shale oil and nahcolite are contacted in a shale oil retort.
NUM  3.
PAR  3. The method of claim 1, wherein said hydrocarbon is in the liquid phase
      and said nahcolite containing combined sulfur and nitrogen is removed by
      filtration.
NUM  4.
PAR  4. A method of reducing the sulfur and nitrogen content of a liquid phase
      hydrocarbon containing sulfur and nitrogen impurities which comprises
      filtering said liquid phase hydrocarbon through nahcolite.
NUM  5.
PAR  5. The method of claim 4, wherein said nahcolite is coated on a filter.
NUM  6.
PAR  6. A method of reducing sulfur dioxide and nitrogen oxide(s) emissions in
      the combustion of a combustible hydrocarbon containing sulfur and nitrogen
      impurities, which comprises contacting said combustible hydrocarbon in the
      liquid or gaseous phase prior to combustion with nahcolite, in an amount
      effective to appreciably reduce sulfur dioxide and nitrogen oxide(s)
      emissions.
NUM  7.
PAR  7. The method of claim 6, wherein said combustible hydrocarbon is a fuel
      oil.
NUM  8.
PAR  8. The method of claim 6, wherein said nahcolite is contacted with said
      combustible hydrocarbon in finely divided form.
NUM  9.
PAR  9. The method of claim 6, wherein said nahcolite is contacted with said
      combustible hydrocarbon in an amount of from about one percent to about 20
      percent by weight, based on the weight of the sulfur and nitrogen in the
      combustible hydrocarbon.
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ABST
PAL  The invention relates to a process for separating mixtures of hydrocarbons,
      notably conjugated diene hydrocarbons or aromatic hydrocarbons, from
      mixtures containing the same, by the general technique of permeation or
      pervaporation through specific membranes.
PAL  The specific membranes used are formed of a high polymer comprising
      functional groups chemically combined by covalent bonding within the
      polymer forming the said membrane, the said groups possessing a
      physicochemical affinity, notably a capacity to complex, with respect to
      one of said hydrocarbons and, substantially, the absence of such a
      capacity with respect to other hydrocarbons of the mixture. For the
      separation of dienes, such as butadiene and pentadiene, membranes are used
      containing active nitrile, pyrrolidone, N-substituted groups, such as
      N-alkyl groups, preferably N-vinyl or N-methyl-pyrrolidone. The membrane
      can be obtained, for example, by copolymerization of butadiene with
      acrylonitrile, with the membrane containing about 2.5% to 30% of active
      nitrile groups and preferably from 15% to 20%.
PARN
PAC  PRIOR APPLICATION
PAR  This application is a continuation-in-part of our copending, commonly
      assigned application Ser. No. 193,494 filed Oct. 28, 1971, now U.S. Pat.
      No. 3,819,742.
BSUM
PAC  STATE OF THE ART
PAR  The known processes for the industrial separation of hydrocarbons usually
      make use of the technique of liquid-liquid extraction or extractive
      distillation. In liquid-liquid extraction, for instance, sulfuric acid is
      used to extract the isobutene from a cut of C.sub.4 hydrocarbons already
      previously depleted of butadiene. The sulfuric acid in fact permits
      selective dissolving of the isobutene from the C.sub.4 hydrocarbon
      mixtures. An example of extractive distillation is that of the separation
      of dienes in cuts of C.sub.4 and C.sub.5 hydrocarbons, the butadiene being
      separated from the C.sub.4 cut and the 1-3 pentadiene from the C.sub.5
      cut. In this case, acetonitrile is used as a selective solvent. The
      petroleum industry also uses N-methyl-pyrrolidone as a solvent for the
      extraction of butadiene and pentadienes.
PAR  The drawback to said known separation processes is that their yield
      decreases in proportion as the extraction or distillation evolves.
      Furthermore, they imply the use of bulky installations and large
      equipment, and are therefore costly. The cost of maintaining said units is
      also high.
PAR  Efforts have already been made in the prior art to overcome these various
      drawbacks by passing the mixture of hydrocarbons to be separated over
      porous substrates containing a selective extraction solvent. As an
      illustration, U.S. Pat. No. 3,244,763 proposes stripping the isobutene
      from a C.sub.4 hydrocarbon cut by passing the hydrocarbon mixture across a
      porous substrate impregnated with sulfuric acid. The isobutene is pumped
      through said substrate owing to the action of the sulfuric acid which is
      secured thereto. The isobutene can thus be removed from the other side of
      the wall of the porous substrate, by a solvent such as hexane.
PAR  Similarly, United Kingdom Patent No. 1.090,096 suggests a separation
      treatment which, instead of being applied to hydrocarbons employs
      hydrometallurgical compounds. More particularly, it deals with the
      separation of uranyl nitrate from solutions also containing iron nitrate
      and aluminum nitrate. To carry out separation, the solutions are flowed
      over a porous support on which there is deposited a coat of polyvinyl
      chloride plasticized with a tributyl phosphate or by other phosphoric
      esters.
PAR  In the examples illustrating the prior art which have been mentioned, the
      selective solvent is only physically integral with the porous support.
      This is exactly the case of a support impregnated with sulfuric acid. It
      is the same thing when the porous support is coated with polyvinyl
      chloride plasticized with tributyl phosphate, which acts as a solvent. In
      polyvinyl chloride, as a matter of fact, the tributyl phosphate forms a
      simple physical, though intimate, mixture with the macromolecules of the
      vinyl chloride polymer. The plasticizer is not, however, chemically bonded
      to the macromolecule.
PAR  In other cases, it has been suggested that membranes without electrical
      charges should be used to separate metallic ions. Such membranes carry
      functional groups adapted to the nature of the ions to be separated. Said
      separation techniques are illustrated by U.S. Pat. Nos. 3,450,630 and
      3,450,631 and obviously do not apply to the separation of hydrocarbon
      mixtures.
PAR  Other problems arose with the separation of mixtures of aromatic and
      aliphatic hydrocarbons. In the C.sub.6 - C.sub.8 oil cuts, the aromatic
      hydrocarbons are, in the majority of cases separated from the aliphatic
      hydrocarbons by extractive distillation. However, the solvents cannot be
      used if the boiling point is lower or equal to the middle boiling
      temperature of the mixture to be separated. Thus the separation of benzene
      from heptane, for example, cannot be contemplated in extractive
      distillation with acetonitrile even though studies of solubility state a
      good power of theoretical separation (partial immiscibility of the heptane
      in the acetonitrile and total miscibility of the benzene in acetonitrile).
PAR  Other documents embodying the state of the art will also be studied in
      detail hereinafter.
PAR  U.S. Pat. No. 2,388,095 relates to a process for refining mineral oils
      particularly in order to separate iso-olefins from mixtures thereof with
      normal olefins. The mixtures of gas to be treated is introduced into a
      high-pressure compartment separated from a low-pressure compartment by a
      membrane which is maintained on a perforated metal plate. Gas fractions
      enriched with one or the other components of the mixture are collected on
      either side of the membrane. The description of U.S. Pat. No. 2,388,095
      mentions that the use of rubber membranes as solid solvents to separate
      hydrocarbon gases from unsaturated hydrocarbon gases is known. The
      comparative example given in the patent shows that separation with such a
      rubber membrane is not satisfactory. U.S. Pat. No. 2,388,095 suggests
      other types of solid solvents, notably membranes obtained by the
      polymerization of isobutylene or by the copolymerization of an iso-olefin
      such as isobutylene with a conjugated diolefin. Such membranes act as
      solid solvents with respect to iso-olefins and are therefore unsuitable
      for separating conjugated diene hydrocarbons from the hydrocarbon mixture
      containing them. This patent also teaches that rubber membranes are not
      satisfactory. Furthermore, the process of U.S. Pat. No. 2,388,095 is only
      applicable to the separation of gaseous mixtures.
PAR  United Kingdom Patent 1,069,231 relates to a process for separating fluid
      or gaseous mixtures, and notably an improved apparatus for carrying out
      said process. The technique used depends on the phenomenon of permeation
      or pervaporation already described in the literature (see U.S. Pat. Nos.
      2,540,151 and 2,540,152) wherein one of the constituents of the mixture to
      be separated dissolves in the membrane and migrates through the latter
      under the influence of a pressure or concentration gradient.
PAR  United Kingdom Patent 1,069,231 is an example of prior art which
      illustrates the practical application of such a technique. The object of
      this patent is an apparatus permitting a large, active membrane surface
      area per unit volume and defines the technological parameters (pressure,
      thickness of the membrane, etc.) providing the best results. The
      indications relate neither to the nature of the membranes used nor to that
      of the mixtures separated. Moreover, the specific examples of United
      Kingdom Patent 1,069,231 relate to the purification of sea-water, organic
      products or the separation of carbon dioxide from certain mixtures. United
      Kingdom Patent 1,069,231 does not, therefore, teach means adapted to
      separate hydrocarbons, and it does not define the membranes which could be
      suitable for such an application.
PAR  French Patent 1,371,343, with its addition Patents 72,416, 72,867 and
      72,899, as well as French Patent 1,568,217, relate to semi-permeable
      membranes, which contain active groups grafted into the mass. Said groups
      can be acid or basic groups, such as carboxylic acid groups, or
      originating in a basic monomer of the pyridine or amine type. Such
      membranes can be used for ion exchanges in the techniques of
      electrodialysis or reverse osmosis. Furthermore, their chemical structure
      is peculiar, as their skeleton consists of a perhalogenated polyolefin.
PAR  The various aforesaid French patents do not therefore describe membranes
      which can be used for the separation of mixtures of hydrocarbons.
PAR  U.S. Pat. No. 3,225,107 concerns, generally speaking, a process for
      separating organic compounds in the form of a liquid mixture by a
      permeation technique using a polymeric membrane onto the surface of which
      another polymer has been grafted. Said grafting can be carried out on one
      and/or the other surface of the membranes, but in any case, as is
      mentioned in the specification and illustrated in the drawings of said
      U.S. Pat. No. 3,225,107, it concerns membranes consisting of a thick,
      permeable support and a thin film applied to the surface thereof which
      provides selective separation.
PAR  Said surface grafting is effected by the polymerization of an active
      monomer according to conventional grafting techniques. When the support
      has a thickness of from 12.5 to 25 microns, the film grafted on the
      surface is no thicker than 2.5 microns. The constitution of the membrane
      is therefore heterogenous inasmuch as the molecules of the component to be
      separated first come into contact with the grafted film, then pass through
      a thick layer of inert, porous material before arriving at the other side
      of the membrane, having optionally passed through another grafted film if
      grafting has been effected on both sides of the membrane. Such
      heterogeneity is an obstacle to the use of such membranes for the
      separation of certain gaseous or liquid mixtures. In certain cases, in
      fact, the component to be separated can in actual fact dissolve in the
      surface grafted film, but it is then stopped by the thick support layer
      whereby separation cannot take place. If the support layer is porous, the
      separation level remains insufficient and the overall yield of the
      operation is low. Finally, U.S. Pat. No. 3,225,107 vaguely mentions the
      application of the process of the separation of various mixtures of
      hydrocarbons, but it does not teach the means for separating conjugated
      diene hydrocarbons from mixtures containing same.
PAR  Other prior art describing the general technique of permeation are U.S.
      Pat. Nos. 2,953,502 and 2,981,680. The first is limited to the separation
      of azeotropic mixtures. The second relates to the separation of various
      mixtures and has as an object a process using two different types of
      membranes selective with respect to certain components of the mixture. The
      apparatus for carrying out said process is described in detail. The
      process is especially applicable to the separation of azeotropic mixtures,
      such as water and pyridine. Fractionation of mixtures of hydrocarbons and
      those containing conjugated diene hydrocarbons is not contemplated in said
      last patents.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a process for the
      separation of mixtures of hydrocarbons, which does away with the drawbacks
      of the above-described prior art techniques of selective extraction by
      solvents and extractive distillation, and which makes use of specific
      polymer membranes applying the general technique of permeation or
      pervaporation.
PAR  It is another object of the present invention to more particularly provide
      a process for the separation of conjugated diene hydrocarbons from
      mixtures also containing saturated hydrocarbons or olefin hydrocarbons.
PAR  It is a particular object of the present invention to provide a process for
      the separation of butadiene from the isobutene in a petroleum cut of
      C.sub.4 hydrocarbons.
PAR  It is another object of the present invention to provide a process for the
      separation of isoprene and pentadienes.
PAR  It is still another object of the present invention to provide a process
      for the separation of isobutene from a mixture containing isobutene and
      1-butene.
PAR  It is a further object of the present invention to provide a process for
      the separation of mixtures of aromatic and aliphatic hydrocarbons such as
      mixtures of benzene and heptane.
PAR  Another object of the invention is to provide a process for the separation
      of a mixture of hydrocarbons, particularly conjugated diene hydrocarbons,
      from mixtures containing the same, by the general technique of permeation
      and pervaporation through an improved membrane, characterized in that the
      said mixture is contacted with a membrane formed of a high molecular
      weight polymer comprising functional active groups chemically combined by
      covalent bonding within the polymer of which the said membrane is made,
      the said groups having a physicochemical affinity, notably a capacity to
      complex with respect to one of said hydrocarbons and, substantially, the
      absence of such a capacity with respect to other hydrocarbons of the
      mixture, and that a pressure gradient or chemical potential is applied to
      the said improved membrane in a known manner, which permits the recovery,
      on either side of the membrane, of a fraction enriched by the hydrocarbon
      having selectively passed through the membrane, and a fraction containing,
      predominantly, the other hydrocarbons of the mixture.
PAR  These and other, further objects of the present invention will become
      apparent as the description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to the field of the separation of mixtures of
      hydrocarbons. The invention relates more particularly to the separation of
      conjugated diene hydrocarbons from mixtures also containing saturated or
      olefinic hydrocarbons. The invention further relates to the separation of
      mixtures of olefin isomers, as well as relating to the separation of
      mixtures of aromatic and aliphatic hydrocarbons.
PAR  More particularly, the present invention is directed to an improvement in
      the process for separating hydrocarbons from mixtures thereof of
      hydrocarbons with similar boiling points by permeation or pervaporation
      through a specific membrane, wherein the improvement consisting of
      contacting a mixture of hydrocarbons with similar boiling points with a
      membrane formed of a high molecular weight polymer containing functional
      groups chemically combined by covalent bonding within the polymer forming
      the said membrane, the said groups possessing a physicochemical affinity,
      with respect to one of said hydrocarbons and substantially the absence of
      such an affinity with respect to other hydrocarbons of the mixture; the
      membrane used being substituted with an active group selected from the
      group consisting of nitrile, pyrrolidone, .beta.-lactam, N-substituted
      groups, and sulfonic acid functional groups; and applying a gradient of
      pressure or chemical potential to the said membrane whereby on one side of
      the membrane a fraction enriched with the hydrocarbon having selectively
      passed through the membrane, and on the other side of the membrane a
      fraction containing predominantly the other hydrocarbons of the mixture
      are obtained.
PAR  Preferably the present invention provides an improved process for
      separating from hydrocarbon mixtures containing a specific hydrocarbon to
      be separated, the following specific hydrocarbons and mixtures: butadiene
      to be separated from a mixture containing butadiene and isobutene
      optionally mixed with other hydrocarbons, pentadienes to be separated from
      a mixture containing pentadienes and isoprene, isobutene to be separated
      from a mixture containing isobutene and 1-butene, benzene to be separated
      from a mixture containing benzene and heptane. The mixtures containing
      isobutene and 1-butene preferably consist of only these two compounds in
      which there is from 50% to 70% by volume of isobutene and 30% to 50% by
      volume of 1-butene. The mixtures containing benzene and heptane preferably
      consist of (A) a mixture consisting of 20% to 88% of benzene and 12% to
      80% of heptane or of (B) 1% to 20% of benzene and 80% to 99% of heptane.
PAR  The new specific membranes used in the process of the invention can be
      formed by chemical modification of a wellknown basis polymer which is a
      plastic material or an elastomer. Polystyrene, polyethylene, polyvinyl
      chloride or polytetrafluoroethylene ("Teflon" ) can, for example, be used
      as a plastic material. Preference is generally given to elastomer
      membranes owing to the fact that the macromolecular chains are more mobile
      and higher coefficients of diffusion are thus obtained. The starting
      materials for such elastomers are natural and synthetic rubbers, such as,
      among others, copolymers of ethylene and propylene, butyl rubber,
      polyisoprenes, polybutadienes, and polyoxypropylene.
PAR  The aforesaid polymers are used in the form of a membrane, that is to say,
      a thin film. In practice, membranes of a thickness of one thousandth of a
      millimeter to 0.5 millimeter are suitable. Theoretically, thicker
      membranes can be used, but they provide lower separation rates. To obtain
      the best results, a minimum thickness is used, compatible with mechanical
      strength and long life. It is usual to apply the membrane to a porous
      support, which contributes to the mechanical strength of the whole. The
      membrane itself is not, therefore, subjected to mechanical stresses and it
      can be very thin, for example, one micron.
PAR  The conventional techniques for preparing such membranes from crude basis
      polymer material are known. A first technique consists in molding the
      polymer material under pressure. It does not permit membranes thinner than
      about one-tenth of a millimeter to be obtained, but cross-linking or
      vulcanization can be effected simultaneously in the press. According to a
      second technique, which is preferred for the requirements of the
      invention, a polymer solution is prepared in a solvent such as an aromatic
      hydrocarbon like benzene, chlorinated solvents such as chloroform,
      chlorinated aromatic hydrocarbons, etc. The solution also usually contains
      vulcanization ingredients. A form corresponding to the membrane to be
      manufactured is soaked in the polymer solution, the concentration of which
      notably permits the thickness of the final membrane to be varied. The form
      is dried gently to evaporate the solvent, first at ambient temperature,
      then in an oven at 40.degree.C with nitrogen or another inert gas to
      prevent oxidation, and finally at temperatures of about 140.degree.C to
      160.degree.C. It is essential to evaporate all the solvent and to avoid
      bubbles in order to obtain a thin, continuous membrane. This known
      technique enables elastomer membranes one-hundredth of a millimeter thick
      to be obtained easily. Generally speaking, and in the case of an elastomer
      membrane, the use of a vulcanized membrane is suitable for the practical
      embodiment of the invention. The imperative condition is that the basis
      membrane which does not contain active groups cannot dissolve in the
      liquid phase of either of the components of the mixture to be separated.
      Moreover, an elastomer membrane is fragile if it is not vulcanized. In all
      cases where one of the components is liquid, a vulcanized membrane should
      be used. The means for cross-linking or vulcanizing the aforesaid polymer
      are known in themselves. The operation may be effected with sulfur
      vulcanizing agents, with peroxides or by irradiation.
PAR  The preceding observations concern the nature of the basis high polymer
      used to make the membrane of the invention and the practical modes for
      embodying it. It is a question of the conditions relating to the substrate
      of the membrane as the latter should, furthermore, have other
      characteristics.
PAR  In the general definition previously given it was stated that the
      macromolecules of the polymer have chemically functional groups chemically
      combined by covalent bonding within the polymer, the said groups having a
      physicochemical affinity with respect to one of the components of the
      mixture to be separated, and particularly one of the hydrocarbons. The
      functional groups have as an essential role to increase the selectivity
      that a membrane constituted of the same basis polymer without functional
      groups may have with regard to a certain mixture of hydrocarbons.
PAR  Within the meaning of the present invention, the expression "functional
      groups chemically combined by covalent bonding within the polymer" means
      that the functional groups are distributed evenly throughout the polymer
      mass, as opposed to membranes of a support-skeleton with an active film on
      the surface thereof. In other words, when a membrane according to the
      invention is used, the molecules of the selectively separated hydrocarbon
      pass through the membrane and always come into contact with the same
      composition of material throughout the total thickness of the membrane,
      the distribution of functional groups being even in the mass throughout
      the thickness of the membrane.
PAR  The functional groups in question can either be fixed chemically by
      grafting onto the macromolecules of a preexisting high molecular weight
      polymer, or directly integrated with the skeleton of the macromolecular
      chains during polymerization with another monomer as is the case with
      copolymers where one of the monomers has an active functional group.
PAR  The following examples are merely illustrative in defining the general
      concept of physicochemical affinity. In the separation of dienes such as
      butadiene and pentadiene it is known, from experience with extractive
      distillation, that certain functional groups can be present in the
      solvents used to permit selective extraction. Thus, pyrrolidone alone does
      not permit the dienes to be extracted from C.sub.4 - C.sub.5 hydrocarbon
      cuts, whereas N-methyl-pyrrolidone provides selective extraction of
      butadiene and pentadienes. The presence of the N-substituted group
      therefore appears to be connected with the selective capacity of the
      solvent.
PAR  Similarly, the decisive function played by nitrile groups has been noticed
      when acetonitrile is used as a solvent for the extraction of dienes from
      C.sub.4 - C.sub.5 hydrocarbon mixtures. The acetonitrile acts by
      increasing the boiling points of said compounds.
PAR  In liquid-liquid extraction to separate isobutene, advantage is taken of
      the property possessed by sulfuric acid to selectively complex isobutene
      in a C.sub.4 hydrocarbon cut depleted of butadiene The active role of
      sulfuric acid should therefore be noted.
PAR  From the above examples, and others, the nature of functional groups which
      increase the selectivity of a membrane can be foreseen. These functional
      groups should be the same as those possessed by a liquid organic solvent
      having a particular affinity with respect to one of the hydrocarbons of
      the mixture to be separated. This affinity is the result of the formation
      of an electronic complex characterized by a resonant structure between the
      solvent molecules and the molecules of the said hydrocarbon.
PAR  A practical criterion exists which permits one skilled in the art to
      examine a posteriori the role of intensifying the selectivity of the
      active groups. This criterion is that the swelling of a membrane with
      active groups increases its selectivity towards a given mixture of
      hydrocarbons. This selectivity is a more effective selectivity than is the
      selectivity of a membrane with the same basic structure but without active
      groups. This increase in the swelling of the improved membrane as compared
      to conventional membranes proves the electronic complex formation between
      the active groups of the improved membrane and one or several components
      of the mixture to be separated.
PAR  Polymers can be obtained in which the active groups are combined with
      macromolecules, by being chemically bonded thereto, by the usual
      techniques such as grafting or copolymerization. For the purpose of the
      grafting which should take place in the basic polymer mass, the polymer
      and at least one compound providing active groups are contacted with
      catalysts containing peroxide or diazoic compounds. Simple heating is
      sometimes sufficient to obtain said grafting. In the case when, as is
      preferred, elastomer membranes are used, the membrane should retain its
      elastomeric properties after the grafting has ended. For copolymerization,
      the usual techniques are used, employing radical or ionic catalysts or
      which employ simple heating. Examples of such techniques will be given
      hereinafter with respect to particular applications of the process of the
      invention.
PAR  It is essential to note that the component selectively separated from the
      mixture diffuses through the improved membrane, but that after the passage
      of said component the membrane remains chemically unchanged. It is thought
      that the molecules of the selectively separated hydrocarbon, whether they
      be gaseous or liquid, when they are contacted with the membrane, pass
      through the macromolecules of the membrane in a complexed state, the
      electronic structure of the selectivity permeating species being different
      during its diffusion from that of the said species in its normal
      electronic configuration. When separation is completed the membrane is
      ready to be reused without further treatment.
PAR  A fundamental difference is thus observed compared with certain techniques
      using exchange resins, or others in which it is compulsory to carry out a
      regeneration treatment to remove the component, selectively fixed onto
      this type of resin. Owing to this property, it can also be understood that
      the process of the invention is perfectly adapted to continuous operation.
PAR  Elastomer membranes permit high diffusion coefficients to be obtained,
      particularly owing to their use at a temperature very much higher than
      their glass transition point. It should also be noted that following the
      usual vulcanization treatment, the active groups which are grafted or are
      part of the polymer macromolecule are not modified.
PAR  In order to increase the yield during separation, it may be advantageous to
      contact the mixture of components in a liquid state. In a liquid phase,
      the density of the selectively permeating species is very high and the
      yield of the separated component increases. Owing to the conditions
      previously specified with respect to the polymer substrate, the polymer
      skeleton does not prevent migration of the molecules of the component to
      be separated. It should also be noted that, during transfer of the
      components through the membrane, two parameters exert an influence, they
      are, the electronic interactions of the components with the active groups
      of the improved membrane and the values of the diffusion coefficients
      through the membrane.
PAR  It is understood that the overall action exerted by the membrane on the
      component to be extracted is the sum of the action of the active groups
      chemically combined by covalent bonding with the polymer and that of the
      basis polymer proper. Consequently, the action peculiar to the polymer
      substrate should be such that it encourages the action of the active
      groups. Said action can nevertheless be inoperative, or slightly
      unfavorable.
PAR  For the separation of dienes from hydrocarbon mixtures containing the same,
      a membrane containing nitrile active groups can be used, and particularly
      a membrane containing a butadiene acrylonitrile-copolymer. The nitrile (CN
      groups) content of the specific membrane can be in the range of about 2.5
      to 30%. It is advantageously from 15 to 20%. Some copolymers of this type
      are known by the name of "Buna N". Others are put on the market by the
      Societe Plastimer (France) under the name "Butacryl". A membrane
      containing butadieneacrylonitrile copolymers has the property of
      complexing the conjugated dienes owing to the electronic affinity between
      the nitrile groups and the dienes.
PAR  Other active groups for the separation of conjugated dienes are of the
      N-substituted type or the pyrrolidone type. N-alkyl groups, such as the
      N-methyl group can be mentioned. Examples of compounds providing such
      active groups are N-methyl-pyrrolidone, N-vinyl-pyrrolidone and maleic
      N-methylimide. When said groups are fixed by grafting onto an elastomer,
      the membrane obtained has the property of selectively extracting butadiene
      and pentadiene from the hydrocarbons treated. Polymers bearing
      N-substituted grafted groups, such as N-methyl groups, can be obtained by
      the usual techniques previously mentioned. As an example, rubbers modified
      with N-methyl pyrrolidone were described in the Bull.Soc.Chim. 1961,
      p.1433 by Christian Pinazzi, Jean-Claude Danjard and Rene Pautrat. Such
      modified rubbers bear a variable number of groups fixed to the molecule,
      and may notably amount to between 10 and 30% by weight based on the
      initial polymers. The rubbers obtained are converted into said improved
      membranes by the solvent evaporation technique previously described.
      Suitable solvents are chlorinated aromatic solvents and heavy ketones.
PAR  N-substituted groups, such as N-alkyl groups or pyrrolidone groups, can
      also be grafted onto various plastic materials such as polyacrylonitrile
      (See, for example, Graft Polymers, p. 78 by Battaerd and Tregear, series
      Polymer reviews No. 16, Interscience Public.1967).
PAR  A third category of membrane, which is suitable for the separation of
      isobutene, is prepared from polymers comprising combined or grafted strong
      acid groups. An example of such polymers is described in French Patent No.
      69,41,159 which relates to a process for the preparation of sulfonated
      polymers and the products obtained. Elastomer substrates suitable for the
      manufacture of said sulfonated polymers are polybutadiene and polyisoprene
      rubbers and ethylene-propylene copolymers. Such sulfonic groups can also
      be fixed onto plastic materials such as polystyrene, polyethylene and
      polytetrafluoroethylene ("Teflon"). Fixing on polystyrene is described,
      for instance, in "Chemical Reactions of Polymers" pp. 280-283 by H. M.
      Fettes, series High Polymers, Vol. XIX, Interscience Publ. 1964). All the
      membranes in this category enable isobutene to be separated from a mixture
      containing isobutene and 1-butene.
PAR  In the C.sub.6 to C.sub.8 oil cuts containing aromatic and aliphatic
      hydrocarbon mixtures, the aromatic hydrocarbons have been, in the majority
      of cases, separated from the aliphatic hydrocarbons by extractive
      distillation. One of the advantages of the process of the present
      invention is that separation of these mixtures by use of membranes is
      possible. In fact if a type of active group exists in a solvent which
      seems, potentially, to be used in extractive distillation, it has been
      discovered that in many instances said solvent cannot be used if the
      boiling temperature is lower or equal to the middle boiling temperature of
      the mixture to be separated. An advantage according to the invention is
      that the use of membranes bearing active groups obviates this limitation
      of the prior art process of extractive distillation.
PAR  Thus the separation of benzene from heptane is not possible by extractive
      distillation with acetonitrile, whereas solubility studies predict a good
      power of theoretical separation (partial immiscibility of the heptane in
      the acetonitrile and total miscibility of the benzene in acetonitrile). In
      this regard Example 9 infra demonstrates the novelty of the present
      process for using these membranes and the improvement brought about by the
      elastomer membranes including nitrile groups for the separation of
      aromatic and aliphatic hydrocarbons mixtures.
PAR  Another improvement over the prior art consists also in the use of
      membranes of an elastomeric substrate such as butadiene-styrene
      copolymers, for the separation of aromatic compounds, said membranes
      comprising a chemically grafted image of the molecule of which the
      permeability can be increased through use of the membrane. Example 10
      provides an example of a chemically grafted group identical to the
      molecule which is to be passed through the membrane, and which give to
      this membrane a physicochemical affinity with respect to the said
      molecule. These grafts are chemically combined within the polymer forming
      the membrane, as are the other functional groups used in the process for
      separating hydrocarbons of the present invention; and they have a
      physicochemical affinity with respect to one of hydrocarbons of the
      mixture to be separated. Specifically in Example 10 the phenyl group of
      the styrene molecule within the butadiene styrene copolymer is identical
      to the benzene molecules which are selectively to pass through the
      membrane.
PAR  If the mixture of aromatic and aliphatic hydrocarbons consists of from 20%
      to 88% of benzene and of from 12% to 80% of heptane, then the membrane
      utilized for the separation consists of a butadiene-acrylonitrile
      copolymer having from 60% to 80% of butadiene, preferably 70%, and having
      from 20% to 40% of acrylonitrile, preferably 30% acrylonitrile. If the
      mixture of aliphatic and aromatic hydrocarbons consists of from 1% to 20%
      of benzene and from 80% to 99% of heptane, then the membrane utilized for
      the separation consists of a butadiene-styrene copolymer having from 23.5%
      to 63.5% of styrene, preferably 53.5% of styrene and having from 36.5% to
      76.5% of butadiene, preferably 46.5%, and may be substituted with an
      active group selected from the group consisting of nitrile, and
      N-substituted groups.
PAR  According to the invention, it is also advisable to apply a gradient such
      as a pressure gradient or a gradient of chemical potential to the membrane
      to permit migration of the selectively selected component through the said
      membrane.
PAR  Said chemical potential gradient can notably be obtained by establishing a
      difference in partial pressure of the component to be separated on either
      side of the membrane, a difference in concentration of said component or a
      difference in temperature.
PAR  Pressure can advantageously be exerted on the surface of the membrane with
      which the mixture is in contact, or the vacuum applied to the other
      surface of the membrane, that is to say, that from which the separated
      component is collected, or both said means can be applied together. It may
      also be advisable to use a temperature gradient between the two mediums
      separated by the membrane. The specific examples hereinafter show,
      notably, that lowering the temperature enables a higher yield of separated
      gaseous constituents to be obtained.
PAR  One of the devices for carrying out the process of the invention comprises,
      essentially, an enclosure separated by a membrane into at least two
      compartments, the said membrane being integral with a flat, conical, or
      cylindrical porous support, means for introducing the mixture to be
      separated into one of the compartments and means in the other compartment
      for withdrawing the separated components, as well as means for applying a
      pressure gradient on either side of the said membrane.
PAR  Thus, in the upstream compartment, the mixture to be separated is caused to
      reside or circulate at atmospheric pressure, or under pressure, either in
      the gaseous state or in the liquid state.
DRWD
PAR  In the downstream compartment, the separation product, or permeate, is
      withdrawn by a gas or liquid carrier or extracted under vacuum. The
      invention will now be illustrated by reference to the appended drawings in
      which:
PAR  FIG. 1 shows a diagramatic cross sectional view of a device for carrying
      out the process with a membrane disposed on a porous support.
PAR  FIG. 2 is another device embodying a membrane integral with a porous,
      tubular support.
PAR  FIG. 3 is a variant of the device of FIG. 2.
PAR  FIG. 4 is a graph showing the influence of the temperature on the
      separation rate.
DETD
PAR  As can be seen in FIG. 1, the device comprises an enclosure or chamber 1
      separated into an upstream compartment 2 and a downstream compartment 3 by
      a porous support 4 which can be planar, convex or concave. The portions of
      chamber defining compartments 2 and 3 are maintained by side flanges 5, 6.
      A membrane 7 is integral with the porous support 4. A pipe 8 entering
      compartment 2 to supply the mixture to be separated under pressure.
      Another pipe 9 is used to withdraw the excess mixture from the upstream
      compartment 2. A pipe 10 is provided in compartment 3 to extract the
      permeate.
PAR  In the device of FIG. 2, chamber 11 is cylindrical in shape. It is
      separated into an upstream compartment 12 and a downstream compartment 13
      by a tubular porous support 14 bearing a membrane 17 about the entire
      periphery thereof. As is the case in FIG. 1, the mixture to be separated
      is introduced through pipe 18 and the excess mixture is withdrawn from
      compartment 12 through pipe 19. Pipe 20 is used to withdraw the permeate
      from compartment 13.
PAR  FIG. 3 shows a device similar to that of FIG. 2. In this case, chamber 21
      is also cylindrical and the porous support 24 is tubular. However, it is
      the inner surface of tube 24 which is covered by membrane 27. The upstream
      compartment 22 is situated within the tube and the downstream compartment
      23 is outside it. The mixture to be separated is introduced through tube
      28 and the excess mixture is withdrawn through pipe 29. The permeate is
      recovered by means of pipe 30.
PAR  The invention will now be illustrated, without being limited by specific
      examples of embodiment employing the devices shown in the appended
      drawings.
PAC  EXAMPLE 1
PAR  A mixture of hydrocarbons consisting essentially of butadiene and isobutene
      was treated.
PAR  Membranes were made with butadiene-acrylonitrile copolymers sold under the
      name "Butacryl". Product BT 205 is a polymer containing 16.7% nitrile
      active groups and product BT 305 contains 18.6% nitrile active groups. The
      vulcanized membranes obtained with these products have the following
      specific gravity characteristics:
PA1  Specific gravity:
PA2  0.98 with type BT 205;
PA2  0.99 with type BT 305
PAR  In the crude state the Mooney viscosity is respectively: with
PA1  Bt 205 = 45 to 55
PAL  with
PA1  Bt 305 = 50 to 55
PAR  The vulcanization formulation used was as follows with the parts being by
      weight:
TBL  Rubber                   100                                              

     Zinc oxide               5                                                

     Stearic acid             2                                                

     Sulfur                   1.5                                              

     Accelerator (cyclohexyl benzothiazyl-                                     

     sulfenamide)             1.5                                              

PAR  After vulcanization at 153.degree.C for 20 minutes, the obtained membranes
      possessed the following characteristics:
TBL  With BT 305                                                               

     Modulus at 300% elongation                                                

                            15.5kg/cm.sup.2                                    

     Tensile strength       25 kg/cm.sup.2                                     

     Elongation (at breaking)                                                  

                            670%                                               

     Swelling by volume in toluene                                             

     (measured at ambient temperature)                                         

                            160%                                               

PAR  Vulcanized membranes obtained with BT 205 possessed similar
      characteristics, with the exception of swelling in toluene, which is 192%.
PAR  The membranes used had a thickness of 150.mu. in the case of those
      manufactured with BT 205 rubber, and 300 .mu. for those made from BT 305
      rubber. As a comparison, membranes were also made of pure polybutadiene
      containing no acrylonitrile and also having a thickness of 300 .mu.. After
      vulcanization, the cross-linking of the membranes was estimated to be
      about 3.4%.
PAR  The device of FIG. 1 was used with a planar, porous support 4 corresponding
      to the useful surface of membrane 7 equivalent to 38 cm.sup.2.
PAR  The pressure in the upstream compartment 2 was 2 bars. The pressure in the
      downstream compartment 3 was 0.1 bar absolute, or 7.6 cm Hg.
PAR  The gaseous mixture introduced through pipe 8 contained, by volume 36%
      butadiene and 64% isobutene.
PAR  Using a 300 .mu. vulcanized membrane made with BT 305, and at 20.degree.C,
      a diffusion velocity of butadiene of 0.4 g/h through membrane 7 is
      measured, with a coefficient of separation of 2.85.
PAR  With a conventional rubber membrane containing no nitrile groups, at
      20.degree.C a diffusion velocity of 5 g/h is measured, but the coefficient
      of separation in two independent measurements is 1.02 and 1.01, which
      shows that there is no effective separation of butadiene taking into
      account mistakes in measurements.
PAR  This example, therefore shows the decisive influence of the presence of
      nitrile functional groups in the polymer improved membrane. These groups
      have a structural electronic affinity with respect to butadiene and
      permitting it to be separated from a butadiene-isobutene mixture.
PAC  EXAMPLE 2
PAR  Example 1 was repeated, except for the treating of a mixture comprising 75%
      butadiene and 25% isobutene by volume on a membrane containing a
      butadiene-acrylonitrile copolymer of the type "Butacryl" BT 205 having a
      thickness of 150 microns.
PAR  The coefficient of separation was measured to be between 2.5 and 3 for the
      following conditions of pressure:
TBL  Outlet pressure of the permeate                                           

                            1 bar                                              

     Difference in pressure between                                            

     the upstream compartment and                                              

     the downstream compartment                                                

     (pressure gradient)    0.8 bar                                            

PAR  The useful surface of the membrane was 38 cm.sup.2 and the device used was
      that shown in FIG. 1.
PAR  Under these conditions, at a temperature of 17.degree.C, the mixture being
      introduced in the gaseous state and the downstream compartment flushed
      with nitrogen to entrain the permeate, the rate of separated butadiene, as
      measured, corresponded to 2.1 tons per year and per m.sup.2 of membrane.
PAR  By operating at 10.degree.C and using the mixture to be treated in a liquid
      state, and retaining the sweeping of the downstream compartment with
      nitrogen, a yield of separated butadiene corresponding to 6.3 tons per
      year and per m.sup.2 of membrane was measured.
PAC  EXAMPLE 3
PAR  This example illustrates the influence of the temperature on the yield of
      the separated gaseous component.
PAR  Example 2 was repeated under identical conditions, except that the
      temperature was altered. The results obtained are given in Table 1.
PAC  TABLE I
PAR  The influence of temperature on the yield of separated butadiene.
TBL  ______________________________________                                    

     Temperature .degree.C                                                     

                    yield g/h                                                  

                    membrane surface 38 cm.sup.2                               

     ______________________________________                                    

      5             --                                                         

      8             3.40                                                       

     10             3.25                                                       

     11             2.40                                                       

     12             2.16                                                       

     15             1.40                                                       

     20             0.72                                                       

     25             0.40                                                       

     30             0.26                                                       

     35             0.20                                                       

     40             0.16                                                       

     45             0.14                                                       

     50             0.13                                                       

     ______________________________________                                    

PAR  FIG. 4 is a graph showing, in abscissa, the temperature in .degree.C and,
      in ordinates, the separated butadiene yield expressed in tons per year and
      per m.sup.2 of the membrane, according to the results given in Table I
      above.
PAR  Thus it can be seen that the yield increased as the temperature decreased.
      It may, therefore, be advantageous to work at temperatures in the range of
      about 5.degree. to 20.degree.C.
PAC  EXAMPLE 4
PAR  To obtain butadiene of a high degree of purity, a mixture containing, by
      volume, 75% butadiene and 25% isobutene was treated according to the
      invention in four successive separation stages. Each of the stages being
      of the type shown in FIG. 1. The characteristics and conditions of
      treatment were the same as in Example 2.
PAR  At the outlet of the 4th separation stage there was obtained a butadiene
      containing less than 1% impurities.
PAR  Equivalent results are obtained by treating the mixture to be separated in
      a series of devices comprising tubular membranes on porous supports of the
      type shown in FIGS. 2 and 3.
PAC  EXAMPLE 5
PAR  In this example, a mixture containing 50% isoprene and 50%
      cis-trans-1,3-pentadiene by volume was treated.
PAR  The device used was the type shown in FIG. 1 with an effective membrane
      surface of 38 cm.sup.2. The outlet pressure of the permeate was 0.1 bar
      and the difference in pressure between the upstream compartment and the
      downstream compartment (pressure gradient) was 1 bar.
PAR  The membrane used contained a butadiene acrylonitrile copolymer of the type
      Butacryl BT 305 so that the active nitrile groups content of the membrane
      was 18.6% and the thickness was 150 microns.
PAR  Under these conditions there was obtained a coefficient of separation of
      2.5 and a yield of 1,3-pentadiene separated at 17.degree.C corresponding
      to 1 ton/year/m.sup.2, with the mixture being contacted in the liquid
      state with the membrane and the separated pentadiene in the gaseous state.
PAR  With the same membrane, but of 300 microns, treating the same mixture under
      an upstream pressure of 1.4 bar and a downstream pressure of 0.1 bar, a
      coefficient of separation of 2 .+-. 0.5 and a pentadiene yield of 1.2 g/h
      at 36.degree.C were obtained.
PAC  EXAMPLE 6
PAR  In this example, a commercial C.sub.4 cut was treated by pervaporation. The
      device used was the type shown in FIG. 1, with an effective membrane
      surface of 44 cm.sup.2. The outlet pressure of the permeate is 1.0 bar and
      the difference in pressure between the upstream compartment and the
      downstream compartment (pressure gradient) is 0.9 bar. The membrane used
      was made with a butadiene-acrylonitrile copolymer of the BT 305 type,
      vulcanized with dicumyl peroxide, containing 18.6% active nitrile groups
      and having a thickness of 16 microns.
PAR  The composition of the feed, permeate and the mixture retained on the
      membrane were reported below in Table II:
TBL                TABLE II                                                    

     ______________________________________                                    

               C.sub.4 cut                                                     

                        Mixture                                                

               (feed)   retained   Permeate                                    

     ______________________________________                                    

     ISOBUTANE   0.6%       0.7%       0.2%                                    

     n-BUTANE    3.7%       3.9%       1.8%                                    

     1-BUTENE    12.6%      14.1%      10.0%                                   

     ISOBUTENE   33.8%      35.6%      21.4%                                   

     trans-2-BUTENE                                                            

                 6.3%       6.4%       5.8%                                    

     cis 2-BUTENE                                                              

                 6.1%       6.0%       6.1%                                    

     BUTADIENE   36.8%      33.4%      54.6%                                   

     ______________________________________                                    

PAR  Under these conditions, the coefficient of separation of butadiene with
      respect to isobutene was 2.6 and the yield of permeate is 26.8 g/h,
      corresponding to a yield of 52 tons/year/m.sup.2.
PAC  EXAMPLE 7
PAR  In this example, a mixture containing 50% butadiene and 50% isobutene by
      volume was treated. The device used was the type shown in FIG. 1 with an
      effective membrane surface of 44 cm.sup.2. The outlet pressure of the
      permeate was 1.0 bar and the difference in pressure between the upstream
      compartment and the downstream compartment (pressure gradient) was 1.1
      bar. The membrane used was a polyisoprene-cis basis polymer grafted in the
      mass with 9% maleic N-methylimide active groups, and having a thickness of
      350 microns.
PAR  Under these conditions there was obtained a coefficient of separation of
      1.85; and the yield of butadiene separated at 15.degree.C corresponded to
      9.9 tons/year/m.sup.2 ; the mixture being contacted in the liquid state
      with the membrane and the separated butadiene in the gaseous state.
PAC  EXAMPLE 8
PAR  In this example, a mixture containing 60% isobutene and 40% 1-butene by
      volume was treated. The device used was the type shown in FIG. 1 with an
      effective membrane surface of 44 cm.sup.2. The outlet pressure of the
      permeate was 1.0 bar; and the difference in pressure between the upstream
      compartment and the downstream compartment (pressure gradient) was 1.1
      bar. The membrane used was an ethylenepropylene diene monomer (EPDM) basis
      polymer grafted in the mass by 10% sulfonic acid active groups, and having
      a thickness of 500 .mu..
PAR  Under these conditions there was obtained a coefficient of separation of
      1.40; and the yield of isobutene separated at 20.degree.C corresponded to
      0.50 ton/year/m.sup.2 ; the mixture being contacted in the gaseous state
      with the membrane and the separated isobutene in the gaseous state.
PAC  EXAMPLE 9
PAR  The device of FIG. 1 was used with a porous horizontal support providing a
      useful membrane surface area of 10 cm.sup.2. A mixture of hydrocarbons
      consisting essentially of benzene and heptane (20% to 88% of benzene) was
      treated. Membranes BT 305 of 150 .mu. in thickness were vulcanized for 10
      minutes at 165.degree.C with 1% of dicumyl peroxides. These BT 305
      membranes were utilized. The values of the coefficients of separation,
      .alpha., and the yields, at 30.degree.C, for the indicated proportions of
      benzene in the mixture were reported below in Table III:
TBL                TABLE III                                                   

     ______________________________________                                    

     % Benzene  .alpha.     Yield t/year/m.sup.2                               

     ______________________________________                                    

     20         9.5         0.28                                               

     50         5.2         0.76                                               

     88         2.1         5.8                                                

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  Example 1 was repeated for the treatment of mixtures of benzene and heptane
      comprising between 1 to 20% of benzene. The membranes used were
      butadiene-styrene copolymers comprising 53.5% of styrene, 200 .mu. of
      thickness, useful surface area of 10 cm.sup.2, vulcanized for 10 minutes
      at 165.degree.C with 1.3% of dicumyl peroxide.
PAR  The values of the coefficients of separation, .alpha., and the yields at
      30.degree.C, for the indicated proportions of benzene in the hydrocarbon
      mixture were reported below in Table IV:
TBL                TABLE IV                                                    

     ______________________________________                                    

     % Benzene  .alpha.     Yield t/year/m.sup.2                               

     ______________________________________                                    

     1          2.6         1.5                                                

     9          2.45        3                                                  

     20         2.25        4.9                                                

     ______________________________________                                    

PAR  The invention is not limited to the aforesaid examples of embodiment. It
      can be applied to very diversified separations and, generally speaking to
      all mixtures of hydrocarbons which, in the prior art, were separated, or
      could be separated by liquid-liquid extraction or extractive distillation.
PAR  For all said types of separation, the invention teaches the use of improved
      membranes differing from the conventional ones in the fact that they are
      made of a high polymer comprising active groups chemically bonded with
      covalent bonding to macromolecular chains. The said active groups of the
      membrane having the property of forming electronic complexes with the
      permeating species, so that they replace the organic phase which forms
      either the extractant in liquid-liquid extraction operations, or, in the
      case of extractive distillation, the solvent which raises or lowers the
      boiling point of the compound to be extracted.
PAR  Various modifications of the process of the invention may be made without
      departing from the spirit or scope thereof and it should be understood
      that the invention is to be limited only as defined in the appended claims
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for separating hydrocarbons from mixtures thereof of
      hydrocarbons with similar boiling points by permeation or pervaporation
      through a specific membrane, the improvement consisting of contacting a
      mixture of hydrocarbons with similar boiling points with a membrane formed
      of a high molecular weight polymer containing functional groups chemically
      combined by covalent bonding within the polymer forming the said membrane,
      said high molecular weight polymer being less selective than said
      functional groups, the said groups possessing a physiochemical affinity,
      with respect to one of said hydrocarbons and substantially the absence of
      such an affinity with respect to other hydrocarbons of the mixture; said
      functional groups being the same as those of a liquid organic solvent
      having a particular affinity for separating one of the hydrocarbons of the
      mixture; said affinity resulting from the formation of an electronic
      complex characterized by a resonant structure between the solvent
      molecules and the molecules of the said hydrocarbon, which is selectively
      separated by the specific membrane; the membrane used being substituted
      with an active group selected from the group consisting of nitrile,
      pyrrolidone, .beta.-lactam, N-substituted groups, and sulfonic acid
      functional groups; and applying a gradient of pressure or chemical
      potential to the said membrane whereby on one side of the membrane a
      fraction enriched with the hydrocarbon having selectively passed through
      the membrane, and on the other side of the membrane a fraction containing
      predominantly the other hydrocarbons of the mixture are obtained.
NUM  2.
PAR  2. The process of claim 1, wherein the part of the membrane material which
      is less selective, is a high plastic polymer selected from the group
      consisting of polyvinyl chloride, polystyrene, polyethylene and
      polytetrafluoroethylene.
NUM  3.
PAR  3. The process of claim 1 wherein the part of the membrane material which
      is less selective, is an elastomer selected from the group consisting of
      copolymers of ethylene and propylene, of polyisoprene, of polybutadiene,
      polyoxypropylene and polyisobutene.
NUM  4.
PAR  4. The process of claim 1 wherein the membrane has a thickness in the range
      of between about 1/1000 mm and 0.5 mm.
NUM  5.
PAR  5. The process of claim 1 wherein the membrane is applied to a porous
      support.
NUM  6.
PAR  6. The process of claim 4 wherein a vulcanized membrane is used.
NUM  7.
PAR  7. The process of claim 1 wherein the specific functional groups used to
      intensify the separation power are chemically fixed by grafting onto a
      high polymer in the membrane mass.
NUM  8.
PAR  8. The process of claim 1 wherein the active functional groups used to
      intensify the selectivity are directly combined with a basis monomer
      during a polymerization step.
NUM  9.
PAR  9. The process of claim 1 wherein the active group improving the separation
      is an N-alkyl group.
NUM  10.
PAR  10. The process of claim 9 wherein the said active group improving the
      separation is the N-methyl group.
NUM  11.
PAR  11. The process of claim 1 wherein the said active group improving the
      separation is N-methyl pyrrolidone.
NUM  12.
PAR  12. The process of claim 1 wherein the specific membrane is obtained by
      copolymerizing acrylonitrile containing nitrile active groups with
      butadiene whereby the copolymer contains 5 to 60% of acrylonitrile.
NUM  13.
PAR  13. The process of claim 1 wherein the specific membrane is obtained in
      copolymerizing acrylonitrile containing nitrile active groups with
      butadiene whereby the copolymer contains 30 to 45% of acrylonitrile.
NUM  14.
PAR  14. The process of claim 3 wherein the specific membrane is vulcanized by
      curing agents selected from the group consisting of peroxides and sulfur.
NUM  15.
PAR  15. The process of claim 1 wherein the specific membrane is vulcanized by
      curing agents selected from the group consisting of peroxides and sulfur.
NUM  16.
PAR  16. The process of claim 1 wherein said active groups are fixed by grafting
      into the mass of a basis polymer membrane whereby the copolymer contains 5
      to 60% of acrylonitrile.
NUM  17.
PAR  17. The process of claim 16 wherein the basis polymer is selected from the
      group consisting of polyvinyl chloride, polystyrene, polyethylene,
      polypropylene, copolymers of ethylene and propylene, and
      polytetrafluoroethylene.
NUM  18.
PAR  18. The process of claim 16 wherein the basis polymer is selected from the
      group consisting of polyisobutene, polyisoprene, polybutadiene and
      polyoxypropylene.
NUM  19.
PAR  19. The process of claim 16 wherein said active groups are selected from
      the group consisting of N-alkyl and pyrrolidone.
NUM  20.
PAR  20. The process of claim 19 wherein said active groups are obtained from
      compounds selected from the group consisting of N-methyl pyrrolidone,
      N-vinylpyrrolidone and maleic N-methyl imide.
NUM  21.
PAR  21. The process of claim 1 wherein said acid groups are grafted into the
      basis polymer membrane.
NUM  22.
PAR  22. The process of claim 21 wherein the said basis polymer is a rubber
      selected from the group consisting of polybutadienes, polyisoprenes and
      ethylene-propylene copolymers.
NUM  23.
PAR  23. The process of claim 21 wherein the said basis polymer is a plastic
      material selected from the group consisting of polystyrene, polyethylene
      and polytetrafluoroethylene.
NUM  24.
PAR  24. The process of claim 1 wherein pressure is exerted on the surface of
      the specific membrane with which the mixture to be separated is contacted.
NUM  25.
PAR  25. The process of claim 1 wherein a vacuum is applied to the surface of
      the specific membrane opposite to the surface with which the mixture is
      contacted.
NUM  26.
PAR  26. The process of claim 1 which is operated at a temperature between about
      0.degree.C and 40.degree.C.
NUM  27.
PAR  27. The process of claim 1 wherein the mixture to be separated is used in
      the gaseous state.
NUM  28.
PAR  28. The process of claim 1 wherein the mixture to be separated is used in
      the liquid state.
NUM  29.
PAR  29. The process of claim 1 wherein the separated hydrocarbon is separated
      in the gaseous state.
NUM  30.
PAR  30. The process of claim 1 wherein the separated hydrocarbon is separated
      in the liquid state.
NUM  31.
PAR  31. The process of claim 1 wherein said gradient is a gradient of pressure.
NUM  32.
PAR  32. The process of claim 1 wherein said gradient is a gradient of chemical
      potential.
NUM  33.
PAR  33. In a process for separating hydrocarbons from mixtures thereof
      containing the same by permeation or pervaporation through a specific
      membrane, the improvement consisting of contacting a mixture consisting of
      butadiene or isoprene and a member selected from the group consisting of
      C.sub.4 -monoolefins, pentadiene, C.sub.5 -diolefins and C.sub.5
      -monoolefins with a membrane formed of a high polymer comprising
      functional groups chemically combined by covalent bonding within the
      polymer forming the said membrane, the said groups possessing a
      physiochemical affinity, with respect to one of said dienes or monoolefins
      and substantially the absence of such an affinity with respect to other
      dienes and monoolefins of the mixture; the said functional groups are the
      same as those of a liquid organic solvent having a particular affinity for
      separating one of the dienes or monoolefins from the mixture; said
      affinity resulting from the formation of an electronic complex
      characterized by a resonant structure between the solvent molecules and
      the molecules of the said diene or monoolefin, which is selectively
      separated by the specific membrane; the membrane used is substituted with
      an active group selected from the group consisting of nitrile,
      pyrrolidone, .beta.-lactam, N-substituted groups and sulfonic acid
      functional groups; and applying a gradient of pressure to the said
      membrane whereby on one side of the membrane a fraction enriched by the
      diene or having selectively passed through the membrane, and on the other
      side of the membrane a fraction containing predominantly, the other dienes
      and monoolefins of the mixture, are obtained.
NUM  34.
PAR  34. In a process for separating hydrocarbons from mixtures thereof
      containing the same by permeation or pervaporation through a specific
      membrane, the improvement consisting of contacting a mixture consisting of
      butadiene or isoprene and a member selected from the group consisting of
      C.sub.4 -monoolefins, pentadiene, C.sub.5 -diolefins and C.sub.5
      -monoolefins with a membrane formed of a high polymer comprising
      functional groups chemically combined by covalent bonding within the
      polymer forming the said membrane, the said groups possessing a
      physiochemical affinity, with respect to one of said dienes or monoolefins
      and substantially the absence of such an affinity with respect to other
      dienes and monoolefins of the mixture; the said functional groups are the
      same as those of a liquid organic solvent having a particular affinity for
      separating one of the dienes or monoolefins from the mixture, said
      affinity resulting from the formation of an electronic complex
      characterized by a resonant structure between the solvent molecules and
      the molecules of the said diene or monoolefin, which is selectively
      separated by the specific membrane; the membrane used is substituted with
      an active group selected from the group consisting of nitrile,
      pyrrolidone, .beta.-lactam, N-substituted groups and sulfonic acid
      functional groups; and applying a gradient of chemical potential to the
      said membrane whereby on one side of the membrane a fraction enriched by
      the diene having selectively passed through the membrane, and on the other
      side of the membrane a fraction containing predominantly, the other dienes
      and monoolefins of the mixture, are obtained.
NUM  35.
PAR  35. The process of claim 34 wherein the active group improving the
      separation is an N-alkyl group.
NUM  36.
PAR  36. The process of claim 35 wherein the said active group improving the
      separation is the N-methyl group.
NUM  37.
PAR  37. The process of claim 35 wherein the said active group improving the
      separation is the N-methyl pyrrolidone.
NUM  38.
PAR  38. The process of claim 35 wherein the specific membrane is obtained by
      copolymerizing acrylonitrile containing nitrile active groups with
      butadiene whereby the copolymer contains 5 to 60% of acrylonitrile.
NUM  39.
PAR  39. The process of claim 34 wherein the specific membrane is obtained in
      copolymerizing acrylonitrile containing nitrile active groups with
      butadiene whereby the copolymer contains 30 to 45% of acrylonitrile.
NUM  40.
PAR  40. The process of claim 38 wherein the specific membrane is vulcanized by
      curing agents selected from the group consisting of peroxides and sulfur.
NUM  41.
PAR  41. The process of claim 39 wherein the specific membrane is vulcanized by
      curing agents selected from the group consisting of peroxides and sulfur.
NUM  42.
PAR  42. The process of claim 34 wherein said active groups are fixed by
      grafting into the mass of a basis polymer membrane whereby the copolymer
      contains 5 to 60% of acrylonitrile.
NUM  43.
PAR  43. The process of claim 42 wherein the basis polymer is selected from the
      group consisting of polyvinyl chloride, polystyrene, polyethylene,
      polypropylene, copolymers of ethylene and propylene,
      polytetrafluoroethylene, and polyisoprene-cis.
NUM  44.
PAR  44. The process of claim 42 wherein the initial basis polymer is selected
      from the group consisting of polyisobutene, polyisoprene, polybutadiene
      and polyoxypropylene.
NUM  45.
PAR  45. The process of claim 42 wherein said active groups are selected from
      the group consisting of N-alkyl and pyrrolidone.
NUM  46.
PAR  46. The process of claim 45 wherein said active groups are obtained from
      compounds selected from the group consisting of N-methyl pyrrolidone,
      N-vinylpyrrolidone and maleic N-methyl imide.
NUM  47.
PAR  47. In a process for separating hydrocarbons from mixtures thereof
      containing the same by permeation or pervaporation through a specific
      membrane, the improvement consisting of contacting a hydrocarbon mixture
      containing an olefin selected from the group consisting of isobutene and
      1-butene with a membrane formed of a high polymer comprising functional
      groups chemically combined by covalent bonding within the polymer forming
      the said membrane, the said groups possessing a physiochemical affinity,
      with respect to one of said olefins and substantially the absence of such
      an affinity with respect to other hydrocarbons of the mixture; the said
      functional groups are the same as those of a liquid organic solvent having
      a particular affinity for separating one of said olefins from the mixture,
      said affinity resulting from the formation of an electronic complex
      characterized by a resonant structure between the solvent molecules and
      the molecules of one of said olefins, which is selectively separated by
      the specific membrane; the membrane used is substituted with a sulfonic
      acid active group; and applying a gradient of pressure to the said
      membrane whereby on one side of the membrane a fraction enriched by the
      olefin having selectively passed through the membrane, and on the other
      side of the membrane a fraction containing predominantly, the other
      hydrocarbons of the mixture, are obtained.
NUM  48.
PAR  48. The process of claim 47, wherein said hydrocarbon mixture consists of
      50% to 70% by volume of isobutene and 30% to 50% by volume of 1-butene.
NUM  49.
PAR  49. In a process for separating aromatic and aliphatic hydrocarbons from
      mixtures thereof containing the same by permeation or pervaporation
      through a specific membrane, the improvement consisting of contacting a
      mixture comprising from 20% to 88% of benzene and from 12% to 80% of
      heptane with a membrane formed of a high polymer comprising functional
      groups chemically combined by covalent bonding within the polymer forming
      the said membrane, the said groups possessing a physiochemical affinity,
      with respect to one of said benzene or heptane and substantially the
      absence of such an affinity with respect to other of said benzene or
      heptane; the said functional groups are the same as those of a liquid
      organic solvent having a particular affinity for separating one of said
      benzene or heptane from the mixture, said affinity resulting from the
      formation of an electronic complex characterized by a resonant structure
      between the solvent molecules and the molecules of the said benzene or
      heptane, which is selectively separated by the specific membrane; the
      membrane used consisting essentially of a butadiene-acrylonitrile
      copolymer having from 25% to 50% of acrylonitrile and 50% to 75% of
      butadiene; and applying a gradient of pressure or chemical potential to
      the said membrane whereby on one side of the membrane a fraction enriched
      by benzene or heptane having selectively passed through the membrane, and
      on the other side of the membrane a fraction containing predominantly, the
      other one of benzene or heptane, are obtained.
NUM  50.
PAR  50. The process of claim 49 wherein said membrane contains 30% of
      acrylonitrile and 70% of butadiene.
NUM  51.
PAR  51. In a process for separating aromatic and aliphatic hydrocarbons from
      mixtures thereof containing the same by permeation or pervaporation
      through a specific membrane, the improvement consisting of contacting a
      mixture comprising from 0.1% to 20% benzene and 80% to 99.9% heptane with
      a membrane formed of a high polymer comprising functional groups
      chemically combined by covalent bonding within the polymer forming the
      said membrane, the said groups possessing a physiochemical affinity, with
      respect to one of said benzene or heptane and substantially the absence of
      such an affinity with respect to other of said benzene or heptane; the
      said functional groups are the same as those of a liquid organic solvent
      having a particular affinity for separating one of said benzene or
      heptane, said affinity resulting from the formation of an electronic
      complex characterized by a resonant structure between the solvent
      molecules and the molecules of the said benzene or heptane, which is
      selectively separated by the specific membrane; the membrane used
      consisting essentially of a butadiene-styrene copolymer having from 23.5%
      to 63.5% of styrene and 36.5% to 76.5% of butadiene, and said membrane may
      be substituted with an active group selected from the group consisting of
      nitrile, and N-substituted groups; and applying a gradient of pressure or
      chemical potential to the said membrane whereby on one side of the
      membrane a fraction enriched by the benzene or heptane having selectively
      passed through the membrane, and on the other side of the membrane a
      fraction containing predominantly, the other one of said benzene or
      heptane, are obtained.
NUM  52.
PAR  52. The process of claim 51 wherein said membrane contains 53.5% of styrene
      and 46.5% of butadiene.
NUM  53.
PAR  53. In a process for separating hydrocarbons from mixtures thereof of
      hydrocarbons with similar boiling points by permeation or pervaporation
      through a specific membrane, the improvement consisting of contacting a
      mixture of aromatic and aliphatic hydrocarbons with similar boiling points
      with a membrane formed of a high molecular weight polymer containing
      functional groups chemically combined by covalent bonding within the
      polymer forming the said membrane, the said groups possessing a
      physiochemical affinity, with respect to one of said hydrocarbons and
      substantially the absence of such an affinity with respect to other
      hydrocarbons of the mixture; the membrane used being substituted with an
      active group identical to the molecule which is to be passed through the
      membrane; and applying a gradient of pressure or chemical potential to the
      said membrane whereby on one side of the membrane a fraction enriched with
      the hydrocarbon having selectively passed through the membrane, and on the
      other side of the membrane a fraction containing predominantly the other
      hydrocarbons of the mixture are obtained.
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ABST
PAL  A meat processing system and method wherein trim pieces of meat having lean
      meat portions and fat meat portions are divided into smaller regular sized
      meat chunks of higher lean meat content and chunks of higher fat content.
      The chunks are passed seriatim through a photometric sensing zone to
      photometrically detect an optical property related to the lean meat or fat
      content of the meat chunks and the meat chunks are thereafter sorted in
      accordance with the value of the optical property sensed in the
      photometric sensing zone. Meat chunks of higher lean meat content are
      thereby sorted from chunks of higher fat content. The temperature of the
      meat chunks is maintained at or near the freezing temperature to
      facilitate singularizing and handling of the meat chunks so that the meat
      chunks can be passed seriatim through the photometric sensing zone.
PARN
PAR  This application is a division of U.S. patent application Ser. No. 297,347,
      filed Oct. 13, 1974, now U.S. Pat. No. 3,851,074.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to processing trim meat pieces. In one of its
      aspects, the invention relates to upgrading trim pieces of meat to a
      fraction having a higher lean meat content and a fraction having a higher
      fat content.
PAR  2. State of Prior Art
PAR  Knudsen, U.S. Pat. No. 3,396,280, discloses a method for determining the
      fat content of trimmings or similar pieces of meat by photoelectrically
      sensing the color of each such meat piece and integrating the value thus
      photoelectrically sensed to give a percentage of fat content in a batch of
      meat. The batch can then be upgraded by adding lean pieces of meat if the
      lean meat content is too low.
PAR  Badgley, U.S. Pat. No. 3,499,527, discloses a method and apparatus for
      selectively separating meat products such as strips of bacon by projecting
      a green light on the surface areas of the meat products and detecting the
      intensity of the green light reflected therefrom. Typically, a batch of
      meat products, such as bacon strips, will be photoelectrically measured at
      a particular time to make certain that the meat products have a
      predetermined ratio of lean to fat meat. In the event that the products
      have a content of meat which is too low, a warning light is turned on and
      the meat products are removed selectively from a conveyor system.
PAR  Kail, in U.S. Pat. No. 3,154,625, discloses a photometric method for
      grading beef wherein a portion of a ribeye meat cut of beef is
      photoelectrically viewed with and without a filter, and the light value
      detected is correlated with the weight of the animal to give a meat yield
      and a quality grade for the animal.
PAR  Walter, in U.S. Pat. No. 2,373,361 discloses an apparatus for separating
      lean meat from fat tissue wherein fat trimmings are ground up and
      deposited on a belt. The ground meat is pressed into a thin layer on the
      belt and then cut into thin ribbons of about 1/2 inch to 1 inch in
      thickness. Light reflected from the ribbons is sensed by a photoelectric
      cell. Scrapers are operated in accordance with the light detected from the
      photoelectric cell to scrape lean meat from the belt into a first chute.
      The fatter portions remain on the belt and are later scraped therefrom
      into a second chute. The process depends on the grinding of the meat into
      coarse particles so that it can be flattened onto a belt and also depends
      on the stickiness of the meat to adhere to the belt.
PAC  SUMMARY OF THE INVENTION
PAR  A method and system has now been discovered for upgrading a particular
      quantity of trim meat pieces which may be cut from selected meat portions
      or may comprise fatter portions of animals. The trim pieces are upgraded
      to give a saleable meat product by dividing the trim meat into a plurality
      of substantially regular size chunks, passing the meat chunks seriatim
      through a photometric sensing zone and therein photometrically detecting
      an optical property related to the quantity of lean meat or fat within the
      meat chunks, and thereafter sorting the meat chunks in accordance with the
      value of the optical property thus detected to sort the meat into a
      fraction having a higher lean meat content and a fraction having a lower
      lean meat content. The dividing step, which preferably comprises extruding
      the trim meat pieces through a die opening and cutting the extruded meat
      portions into chunks, tends to separate the meat into chunks of higher
      lean meat content and chunks of lower lean meat content. Desirably, the
      meat chunks are of a substantially regular size, either cylindrical or
      cubical in shape and have a mean average diameter in the range of 1/4 to 1
       inch, and preferably of approximately 1/2 inch mean average diameter.
PAR  In accordance with one embodiment of the invention, the meat chunks are
      passed in a free-fall trajectory through the photometric sensing zone and
      those meat chunks having a given optical value are deflected after they
      are sensed in the photometric detecting zone. The optical property of the
      meat chunk detected is preferably the color so that the light value
      photometrically sensed is proportional to the fat content of the meat
      chunks. If necessary, a filter can be used to accentuate the difference
      between lean meat and fat.
PAR  Desirably, the temperature of the meat chunks is maintained at a low
      temperature, desirably about the freezing point, to assist in
      singularizing the meat chunks for feeding to the photometric detecting
      zone.
PAR  Also, according to the invention there is provided a system for processing
      trim meat pieces having lean portions and fat portions. The apparatus
      includes a means for dividing the trim meat pieces into substantially
      regular shape meat chunks having a high lean meat content and having a
      high fat content, means for singularizing the meat chunks and a
      photometric sensing means positioned to view individually the singularized
      meat chunks for detecting an optical property of each of the meat chunks.
      Means are further provided to sort the meat chunks according to the value
      of the optical property thus sensed so that the meat chunks are sorted to
      achieve a fat rich concentrate and a lean meat concentrate.
PAR  In a preferred embodiment of the invention, the sensing means includes
      means to detect the optical property at opposite sides of the meat chunks.
      An OR gate circuit is provided to separate the meat chunks when the
      optical property of either side of the meat chunks exceeds a predetermined
      value. In addition, an AND gate circuit is provided to separate the meat
      chunks only when the optical property of both sides thereof exceeds a
      predetermined value. A switch is provided for selection of the AND gate or
      the OR gate mode of operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a schematic representation of a side elevational view, partly in
      section, of a meat processing system according to the invention;
PAR  FIG. 2 is a partial sectional view taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a partial sectional view taken along lines 3--3 of FIG. 1; and
PAR  FIG. 4 is a schematic representation of an electrical control system for
      operation of an ejector.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, a hopper 14 receives trim meat 10a which
      typically has been trimmed from portions of an animal having a relatively
      high meat content. The trim meat 10a has portions thereof with lean meat,
      although predominantly will be of a high fat content. The trim meat 10a
      fed to the hopper 14 passes into an extruder 16 containing a suitable
      auger (not shown) driven by a drive shaft 20. A motor 24 drives the shaft
      20 conventionally through a pulley 26, a belt 28, and a pulley wheel 22 on
      the drive shaft 20.
PAR  In the extruder 16, the trim meat 10a is divided into smaller pieces and
      extruded through the die plate 18. The extruded meat 10b is cut into
      regular size meat chunks 10c by a suitable cutting means 30 as, for
      example, a rotating knife blade which reciprocates vertically to shear the
      meat into chunks 10c. The separation and cutting process tends to liberate
      the fat from the meat, yielding meat chunks having a high percentage of
      lean meat and chunks having a high percentage of fat. Desirably, the meat
      chunks are cut into cylindrical pieces of approximately 1/2 inch in length
      by 1/2 inch in diameter. The size of the meat chunks can vary. Generally,
      the mean diameter of the meat chunks will range from 1/4 inch to 1 inch
      and the mean length of the cylinders can range from 1/4 inch to 1 inch.
      The meat chunks are desirably substantially cubical or cylindrical in
      shape with the size and diameter of the chunks being about equal. However,
      any regular shape chunks would be suitable so long as the mean average
      diameter is in the range of about 1/4 inch to 1 inch.
PAR  The meat chunks 10c are fed by a conveyor 32 to a hopper 37 and onto a
      vibratory feeder tray 38. The conveyor belt 32 is trained conventionally
      around pulley wheels 34 and 36. The vibratory feeder tray is secured to a
      support 40 which has a pair of resilient mounting plates 42, 44 and a base
      member 46. A vibratory motor 48 drives the support 40 in a rapid
      reciprocatory manner to vibrate the tray 38, distributing the chunks along
      the width of the tray 38 and moving the chunks in singular fashion
      therealong to a multi-channel chute 50. The chunks are separated into
      channels on the multi-channel chute 50 and fed to a multi-channel belt 52
      which is conventionally trained around a pair of rollers 54 and 56. A
      cantilevered support 58 supports the rollers 54 and 56. The multi-channel
      chute 50 is mounted on a support 49 and is vibrated by a vibratory motor
      51 to move the meat chunks down the chute in a controlled manner to the
      belt 52. The meat chunks 10c are projected at a controlled speed by the
      belt 52 and through a photometric sensing unit 60.
PAR  The photometric sensing unit 60 is formed by an enclosure 61, open at the
      top and bottom, and a plurality of photocells 62 and 63 mounted at
      opposite sides thereof in staggered relationship to each other. A
      plurality of illumination tubes 64 are also mounted within the enclosure
      61 to illuminate the meat chunks 10c passing through the photometric
      sensing unit 60. An air ejector 66, supplied with air through hose 68, is
      provided beneath the photometric sensing unit 60 and is controlled by
      control circuits (FIG. 4) to selectively alter the trajectory path of the
      meat chunks 10c passing through the photometric sensing unit 60. The
      photocells 62 and 63 are connected to the control circuits to operate the
      air ejector 66 responsive to a sensed light value of the meat chunks 10c
      falling through the photometric sensing unit 60. As illustrated in FIG. 3,
      the ejector 66 is an elongated bar with a plurality of slots 67. One slot
      is provided for each pair of oppositely disposed photocells 62. Thus, each
      of the meat chunks 10c fed through the photometric sensing unit 60 will be
      viewed on opposite sides by a pair of photocells and will pass a slot 67.
      Each slot 67 is operated by a pair of oppositely disposed photocells
      aligned therewith. A suitable ejector device which can be used to dispense
      the air from each of these slots is disclosed and claimed in the patent to
      Fraenkel U.S. Pat. No. 3,053,497.
PAR  Normally, the meat chunks 10c will follow a trajectory path 72 and land on
      conveyor 70. In the event that the trajectory path is altered by ejector
      66, the meat chunks 10c will follow a trajectory path 76 and land on a
      conveyor 74. A separator plate 75 separates the conveyor belts 70 and 74.
PAR  A thermal insulating shroud 78 encloses the vibratory feeder tray 38, the
      multi-channel chute 50 and the multi-channel belt 52. The shroud 78 is
      formed by a pair of upstanding side walls 80, a bottom wall 82, and a top
      wall 81. A glass panel 92 is desirably positioned at the slanted forward
      portion of the side walls 80 for viewing the meat chunks 10c as they pass
      along the multi-channel belt 52. The side walls 80, top wall 81 and the
      bottom wall 82 are made of a thermal insulating material. A forwardly and
      upwardly extending lip 83 is provided at the front portion of the bottom
      wall 82 to partially enclose the front portion of the shroud 78, but
      leaves a sufficient opening to permit passage of the meat chunks 10c.
PAR  A table 94 supports the thermal insulating shroud 78 and the feeding
      equipment therein. Refrigerated air is provided through the upper ducts 86
      from a refrigeration heat exchanger 84 in a plenum 90. Air is fed to the
      plenum 90 by a lower duct 88. The air is drawn through the heat exchanger
      84 by a fan 96 mounted in duct 86. Cooling fluid is supplied to the heat
      exchanger 84 by a conventional refrigeration unit (not shown) housed in
      cabinet 98.
PAR  The refrigerated air supplied to the thermal insulating shroud 78 maintains
      the meat chunks 10c on the feeding equipment at or near freezing
      temperature. Desirably, the temperature of the meat chunks 10c and the
      surface of the vibratory feeder tray 38, the multi-channel chute 50 and
      the multi-channel belt 52 are maintained at a temperature at or near the
      freezing temperature which, for meat, is about 26.degree.-32.degree.F.
      Such a temperature greatly facilitates the handling of the meat chunks so
      that they can be singularizing and sorted by the photometric sorting unit.
PAR  A control circuit for operating one slot of the ejector 66 will now be
      described with reference to FIG. 4. Each pair of photocells and slot has a
      similar circuit, but only one such circuit will be described. The output
      of the photocell 63 is connected to amplifier 100 which amplifies the
      output signal and applies the amplified signal to a discriminator 102
      which is set to produce an output signal when the amplifier output reaches
      a predetermined level. The discriminator output is alternately coupled to
      an OR gate 106 or an AND gate 114 through switch 104. Similarly, the
      output of photocell 62 is amplified in amplifier 108 and applied to
      discriminator 110. The same level is set on discriminator 110 as on
      discriminator 102. The discriminator 110 thus turns on when the output
      signal from the photocell 62 reaches a predetermined level. The output
      from the discriminator 110 is alternately applied to OR gate 106 or AND
      gate 114 through switch 112. Switches 104 and 112 are ganged together
      through means (not shown) so that the output of both discriminators 102
      and 110 are simultaneously applied to the OR gate 106 or to the AND gate
      114.
PAR  The outputs from the AND gate 114 and the OR gate 106 are applied to the
      ejector 66 through a delay circuit 116 which delays the signal to the
      ejector 66 sufficiently to permit the meat chunk 10c to fall from the
      photocells 66, 63 to the ejector 66.
PAR  When the discriminator outputs are applied to OR gate 106, the ejector will
      be activated to eject the meat chunk when the output signal from either
      photocell 62 or 63 exceeds a predetermined value. Alternatively, when the
      discriminator outputs are applied to the AND gate 114, the ejector will
      not be activated to eject the meat chunk unless the output signals from
      both photocells 62, 63 exceed a predetermined limit.
PAR  As an alternate mode of operation, each of the discriminators could be
      coupled to an inverter and the discriminator set at lower levels so that
      the ejector would be activated only when the output signals from the
      photocells fall below a predetermined value. In this alternative mode, the
      ejectors would be operative to eject meat chunks having a predetermined
      amount of lean meat.
PAR  In operation, the meat chunks 10c are divided into eight different channels
      by the multi-channel chute 50 and the multi-channel belt 52. The meat
      chunks 10c are further singularized by the vibratory feeder tray 38 and
      the multi-channel chute 50. The thus divided and singularized meat chunks
      10c are fed seriatim through the photometric sensing unit 60. The light
      reflected from opposite sides of each meat chunk 10c is detected as it
      falls through the photometric sensing unit by the photoelectric cells 62
      and 63. A signal representative of the light value of each of the opposite
      sides of the meat chunks 10c is applied to the control circuit (FIG. 4).
      The amount of fat in any meat chunk 10c is proportional to the light value
      of the meat chunk. Thus, the higher the reflected light from the meat
      chunk, the more fat content of the meat chunk. If desired, a green filter
      can be used in front of the photoelectric cells 62 to accentuate the color
      or light difference between the lean meat and the fat portions of the meat
      chunks. With the photocell outputs connected to the OR gate 106, the
      control circuit is set to operate an ejector 66 for a particular slot 67
      when the value of the light detected by either of the aligned
      corresponding photocells 62 exceeds a predetermined value. When such a
      value is exceeded, the ejector 66 projects a stream of air after a short
      delay to deflect the particular detected meat chunk 10c onto a conveyor
      belt 74. Otherwise, the meat chunks will fall undeflected onto the
      conveyor belt 70.
PAR  With the photocell outputs connected to the AND gate 114, the control
      circuit is set to operate an ejector 66 for a slot 67 when the value of
      the light detected by both photocells 62 and 63 exceeds a predetermined
      value.
PAR  The AND gate and OR gate circuits with the switch provides great
      versatility for the sorting function of the machine. A much higher degree
      of sensitivity can be achieved with the OR circuit when the fat particles
      are ejected. Conversely, a higher degree of sensitivity is achieved with
      the AND circuit when the lean meat particles are ejected.
PAR  The detecting and ejection operation takes place separately for each pair
      of photocells and related air slot 67. For example, a meat chunk in one
      channel may be ejected while a meat chunk in an adjacent channel passes
      undeflected onto the conveyor belt 70.
PAR  As an alternate system, the control unit can be set to eject all those meat
      chunks having a light value below a predetermined value. In this alternate
      system, the meat chunks containing a higher percentage of lean meat would
      be ejected onto the conveyor belt 74.
PAR  The meat chunks are sorted according to their light value or color and
      consequently chunks of higher lean meat content are sorted from chunks of
      lower lean meat content. The higher lean meat content chunks can thus be
      further ground up and used for hamburger or other diverse meat products.
PAR  As used herein, "light value" refers to the degree of lightness as seen by
      a photoelectric cell, for example. "Color" is intended to designate black
      and white as well as normal spectral colors.
PAR  The invention has been described with reference to a system wherein the
      meat chunks are separated into eight channels or paths. This invention can
      be practiced with one or more such channels or paths, and the
      eight-channel system has been described for purposes of illustration.
PAR  The invention provides a method and system for upgrading a given quantity
      of meat products which would be otherwise unsuitable for high grade meat
      purposes such as hamburger and the like. The kind of meat on which the
      invention can be used would commonly be suitable for only low quality,
      high fat products. Such trim meat contains typically about half lean meat
      and half fat. The invention provides a means and method for upgrading
      these products to a fraction containing, for example, 75% lean meat and
      25% fat which is a saleable meat product for hamburger.
PAR  Reasonable variation and modification is possible within the scope of the
      foregoing disclosure, the drawings and appended claims without departing
      from the spirit of the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A system for processing trim meat pieces having lean meat portions and
      fat portions, said system comprising:
PA1  means for dividing said trim meat pieces into substantially regular shape
      meat chunks having higher lean meat content and lower lean meat content;
PA1  means for singularizing said meat chunks;
PA1  means to cool said meat chunks to a low temperature in said singularizing
      means;
PA1  A photometric sensing means for detecting an optical property related to
      the lean meat content of said meat chunks;
PA1  means for passing said singularized meat chunks through said photometric
      sensing means; and
PA1  means to sort said meat chunks according to the value of the optical
      property thus detected;
PA1  whereby said meat chunks are sorted according to the lean meat content
      thereof to achieve a fat rich concentrate and a lean meat rich
      concentrate.
NUM  2.
PAR  2. A system according to claim 1 wherein said dividing means includes an
      extruder.
NUM  3.
PAR  3. A system according to claim 2 wherein said singularizing means includes
      a vibratory feeder tray and a conveyor belt positioned to receive meat
      chunks from said vibratory feeder tray, and said conveyor belt projects
      said meat chunks through said photometric sensing means.
NUM  4.
PAR  4. A system according to claim 3 wherein said photometric sensing means
      detects the color of said meat chunks and said sorting means includes
      means to deflect the trajectory path of said meat chunks according to the
      color thereof.
NUM  5.
PAR  5. A system according to claim 4 wherein said photometric sensing means
      includes means to photometrically sense opposite sides of said meat chunks
      as said meat chunks pass through said photometric sensing means.
NUM  6.
PAR  6. A system for sorting substantially regular shape meat chunks having a
      higher lean meat content from substantially regular shape meat chunks
      having a higher fat content, said system comprising:
PA1  means for singularizing said meat chunks;
PA1  a photometric sensing means for detecting an optical property relating to
      the lean meat content of said meat chunks;
PA1  means for passing said singularized meat chunks through said photometric
      sensing means;
PA1  means to sort said meat chunks according to the value of the optical
      property thus detected; and
PA1  means for cooling said meat chunks on said singularizing means and on said
      passing means to a low temperature to assist in separation and
      manipulation of said meat chunks;
PA1  whereby said meat chunks are sorted according to lean meat content thereof
      to achieve a fat-rich concentrate and a lean meat rich concentrate.
NUM  7.
PAR  7. A system for processing trim meat pieces having lean meat portions and
      fat portions, said system comprising:
PA1  means for dividing said trim meat pieces into substantially regular shape
      meat chunks having higher lean meat content and lower lean meat content;
PA1  means for singularizing said meat chunks;
PA1  a photometric sensing means for detecting an optical property related to
      the lean meat content of said meat chunks, said sensing means including
      means to detect said optical property at opposite sides of said meat
      chunks;
PA1  means for passing said singularized meat chunks through said photometric
      sensing means; and
PA1  means to sort said meat chunks according to the value of the optical
      property thus detected, said sorting means including means to sort said
      meat chunks when said optical property at either side of said meat chunks
      exceeds a predetermined value;
PA1  whereby said meat chunks are sorted according to the lean meat content
      thereof to achieve a fat rich concentrate and a lean meat rich
      concentrate.
NUM  8.
PAR  8. A system according to claim 6 wherein said sorting means further
      includes an AND gate circuit with means to sort said meat chunks only when
      said optical property detected on both sides thereof exceeds a
      predetermined value, and switch means for alternately coupling said OR
      circuit and said AND circuit with said sensing means.
NUM  9.
PAR  9. A system for processing trim meat pieces having lean meat portions and
      fat portions, said system comprising:
PA1  means for dividing said trim meat pieces into substantially regular shape
      meat chunks having higher lean meat content and lower lean meat content;
PA1  means for singularizing said meat chunks;
PA1  a photometric sensing means for detecting an optical property related to
      the lean meat content of said meat chunks, said sensing means including
      means to detect said optical property at opposite sides of said meat
      chunks;
PA1  means for passing said singularized meat chunks through said photometric
      sensing means; and
PA1  means to sort said meat chunks according to the value of the optical
      property thus detected, said sorting means including means to sort said
      meat chunks only when said optical property detected on both sides thereof
      exceeds a predetermined value.
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ABST
PAL  The specific information storage and retrieval system described herein
      stores 49,000 microfiches in a central file, any one of which may be
      viewed in a matter of seconds. More specifically, the central file uses an
      arrangement of 20 shelves mounted on a closed loop track, each holding
      2,450 microfiches, each microfiche in turn having 50 or 60 separate
      images. When a particular microfiche is selected, the proper shelf is
      rotated into a predetermined position. Concurrently a viewing station
      including a transducer such as a film camera or a television camera is
      brought adjacent to the selected microfiche which is partially extracted
      from its storage location so as to be viewed by the transducer.
PARN
PAR  This is a division of applicants ' copending application Ser. No. 730,246
      filed May 20, 1968 for "Information Storage and Retrieval System" now U.S.
      Pat. No. 3,854,004.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to information retrieval systems and
      particularly to such systems in which information stored on many documents
      in a central file may be retrieved automatically.
PAC  BACKGROUND
PAR  Vast quantities of information are being generated during the day to day
      operations of modern business and government facilities. Efficient
      operation of such facilities requires that this information be stored
      safely and efficiently yet be readily available for use. One approach to
      the problem is to record the information on microforms of one kind or
      another, so as to minimize the storage space required, and to store the
      microforms in a central file where they may be kept safe from accidental
      damage and unauthorized removal. When access to any of the information is
      required, the pertinent microform is removed from its place in the file
      and transported, preferably automatically, to a viewing station. There it
      may be viewed directly or by a television camera so as to transmit an
      image to a remote location.
PAR  Information retrieval systems based on the above approach, although
      generally satisfactory, have been subject to a number of disadvantages.
      For example, whenever a microform is abstracted from it place, the
      integrity of the file is jeopardized. There is always the danger that the
      microform will not be returned, or, what may be worse, that it will be
      returned to the wrong place. In either case the stored information may,
      for all practical purposes, be lost. As another example, there is a
      practical limit as to how far a microform can be transported from its
      storage location to the viewing station. As the number of documents to be
      stored increases, it is necessary to provide additional viewing stations
      and transporting mechanisms. As yet another example, only one person can
      use the file at any one time. If that person needs to study a document
      carefully, the entire file is tied up while he is examining a single item.
PAR  It is a general object of the present invention to provide an improved
      information storage and retrieval method and apparatus.
PAR  Another object is to provide an information storage and retrieval system in
      which information stored at a central location can be retrieved both
      locally and at a number of remote locations.
PAR  Another object is to provide an information storage and retrieval method
      and system in which the stored information may be retrieved without
      jeopardizing the integrity of the file.
PAR  Another object is to provide an information storage and retrieval system in
      which a single retrieval mechanism serves as very large number of stored
      records.
PAR  Another object is to provide an information storage and retrieval system in
      which a viewer may study the contents of a record at length yet release
      the file for the use of others while he is doing so.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, the integrity of the file is preserved by limiting the
      withdrawal of the selected record to a position at which it or its
      container remains partially in the file, thus preserving its place and
      insuring its return to the proper location. This feature is made possible
      by the additional feature of transporting the viewing station including
      the withdrawal mechanism to the record instead of transporting the record
      to the viewing station. These features also allow great storage density.
PAR  At the viewing station the stored information is "read" from the record,
      either directly or with the aid of an optical, magnetic or other
      transducer suited to the form in which the information is recorded.
PAR  The release of the file while a record is being studied is made possible by
      a "buffering" device. In systems which include several remotely located
      stations viewing an image of the record by closed circuit television, the
      buffer may be apparatus which stores and recirculates the television
      signal to the monitor or may an imaging device which makes a print of the
      record at once either from the visual image or from the television signal.
DRWD
PAC  THE DRAWING
PAR  For a clearer understanding of the invention, reference may be made to its
      following detailed description and the accompanying drawing, in which:
PAR  FIG. 1 is a schematic block diagram of an information storage and retrieval
      system incorporating the invention;
PAR  FIG. 2 is a schematic diagram of the central file;
PAR  FIG. 3 is a perspective view of storage modules on a shelf;
PAR  FIG. 4 is a fragmentary perspective view of a bin with records stored
      therein;
PAR  FIG. 5 is a perspective view of an information bearing record and its
      retainer;
PAR  FIG. 6 is a perspective view of a modified form of record;
PAR  FIG. 7 is a fragmentary perspective view of the retrieval apparatus and the
      central file;
PAR  FIG. 8 is an exploded view of the retrieval apparatus;
PAR  FIG. 9 is a schematic block diagram of the control and positioning systems;
PAR  FIG. 10 is a schematic diagram of the shelf motor control system;
PAR  FIG. 11 is a schematic diagram of the commutator and brushes used in the
      system of FIG. 10;
PAR  FIG. 12 is a schematic diagram of the storage module platform motor control
      system;
PAR  FIG. 13 is a schematic diagram of the intermediate platform motor control
      system;
PAR  FIG. 14 is a schematic diagram of the main platform motor control system;
PAR  FIG. 15 is a schematic diagram of the finger assembly vertical positioning
      system;
PAR  FIG. 16 is a perspective view of the storage module withdrawal mechanism;
PAR  FIG. 17 is a fragmentary cross section view taken on the line 17--17 of
      FIG. 16;
PAR  FIG. 18 is a cross section view of a storage module seated on its cradle;
PAR  FIGS. 19a to 19e inclusive are schematic views showing successive positions
      of a portion of the module withdrawal mechanism;
PAR  FIG. 20 is a schematic wiring diagram of the module withdrawal control
      circuit;
PAR  FIG. 21 is a perspective view of the record extracting mechanism;
PAR  FIG. 22 is cross section view, partly schematic, showing the actuating
      mechanism for the tab grasping fingers;
PAR  FIGS. 23a through 23e are schematic diagrams depicting the tab grasping
      fingers and related apparatus in successive positions;
PAR  FIG. 24 is a schematic wiring diagram of the control system for the record
      extracting mechanism;
PAR  FIG. 25 is a schematic wiring diagram of the control circuit for
      positioning the record horizontally;
PAR  FIG. 26 is a schematic wiring diagram of the control circuit for
      positioning the transducer platform vertically; and
PAR  FIG. 27 is a fragmentary perspective view of a microform equipped with
      optical index marks, and its relation to a photosensitive device.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The invention will be described for illustrative purposes with reference to
      a preferred embodiment in which any record may be selected and viewed at
      any of several remotely located stations. Referring first to FIG. 1, there
      is shown a central file 51 in which the information bearing records are
      stored. Any record may be selected and its content examined from any of
      several remotely located operating stations, two of which, stations 1 and
      2, are shown. Station 1 is typical and includes a television monitor 52
      having a viewing screen 53, a panel 54 including a keyboard, indicating
      lamps, display areas, etc., and also a buffer 58. The buffer may be any of
      several commercially available kinds such as a hard copy printer using an
      auxiliary cathode ray tube to form an image to be photographed, or one
      which stores and recirculates the video signal so as to "refresh" the
      image on the screen 53 or on its own screen. The details of the buffer 58
      are not a part of the present invention and need not be further described.
PAR  Each operating station is connected to the central file 51 through a
      selector switch network 59 the purpose of which is to allow but one
      station at a time to have access to the file 51. The network also develops
      and transmits to each station signals indicating whether the file is busy
      or available. This network preferably comprises a bank of small
      multi-contact relays but alternatively may comprise a multi-section
      stepping switch or a logic network of solid state components.
PAR  An operator wishing to examine a record in the file determines its address
      from an index and, assuming the file is available is indicated by a
      suitable lamp on his panel, enters the address on his keyboard. In a
      manner to be more fully explained, the address is transmitted to the file
      where apparatus responds thereto by selecting the proper record,
      presenting it to the view of a television camera, and transmitting a video
      signal to the operating station whereby an image of the selected record
      appears on his screen. Also included is means controlled from the
      operating panel by which the various portions of the record may be scanned
      so that the pertinent one of the sixty or more images on the record may be
      examined. The panel also includes remote focus and magnification controls
      for the television camera. If the operator finds he needs to make an
      extended study of any item he can use the buffer to preserve the image on
      the screen or to make a hard copy, (depending on the type of buffer used)
      whereupon he may return the record to its storage location so that others
      may use the file.
PAR  As shown in FIG. 2, the central file 51 comprises a shelf assembly 61
      including a plurality of shelves 62 each mounted for movement on a pair of
      endless tracks, one on each side of the file. The shelves are
      interconnected by chains 63 which pass over sprockets 64 and are
      operatively connected to an electric motor 65. Control mechanism is
      provided so that the motor 65 can drive the shelves around the tracks and
      stop them with a preselected shelf in an accessible, active position.
      Central files as briefly described above are well known and are available
      commercially from Diebold, Incorporated, Canton, Ohio. The present
      invention uses one of these files as an important element. The specific
      embodiment being described uses such a file having twenty shelves, each
      about eight feet wide. The records are stored on the shelves and the
      information on the records is retrieved by novel apparatus indicated
      generally at 66 in FIGS. 1 and 2 and which will be fully described.
PAR  Each shelf 62 supports seven record storage modules, such as the module 71
      shown in FIG. 3. These modules are arranged beside each other on the shelf
      and each is a generally rectangular container with one open side. Each
      module is provided with a hinged handle 72 which is spring urged to an
      approximately horizontal position as shown but which may be swung downward
      out of the way when a record is to be extracted, as will be more fully
      explained. Each shelf is provided with a hinged lip 74 which, when the
      shelf is in its active position, is swung downward as shown to allow a
      storage module to be withdrawn but which is normally swung upward to
      retain the modules in place. As a selected shelf stops at its active
      position, the lip is automatically retracted to the position shown in FIG.
      3.
PAR  As shown in FIGS. 3 and 4, each storage module contains seven bins 76 which
      serve as dividers and supports for the records and each of which is
      essentially as open sided rectangular box. Each bin stores fifty records
      on edge.
PAR  As best shown in FIG. 5, each record in the embodiment being described is a
      generally rectangular sheet of film, or microfiche, 78 containing, for
      example, fifty information bearing images 79. Each microfiche is mounted
      in its own transparent retainer 81, preferably fabricated from two sheets
      of clear vinyl. The sheets are heat sealed along each side and the bottom
      as far inward as the lines 82, 83 and 84 thus forming a pocket, open at
      the top, into which the microfiche 78 is inserted. The retainer is formed
      on one side with a key portion 85 extending a significant distance beyond
      the pocket and the edge of the microfiche therein. More specifically, the
      key portion 85 extends from the line 84 to the right edge of the retainer,
      as viewed in FIG. 5. The other edge of the retainer is formed with a tab
      portion 86, which may be located in any one of ten positions along the
      edge. As best shown in FIG. 4, fifty retainers, each with its microfiche,
      are stored on edge in each bin with the key portions 85 inward and the tab
      portions 86 outward with each tab displaced one position from the next
      adjacent tab.
PAR  While it is preferred to provide retainers 81 as illustrated in FIG. 5, it
      would of course be possible to use a modified form of record 91 as shown
      in FIG. 6 wherein a key portion 92 is formed integrally on one edge
      thereof and a tab portion 93 on its other edge.
PAR  Referring now to FIG. 7, the record retrieval apparatus, indicated
      generally by the reference character 66, is mounted on a framework 95
      beside the main part of the file 51. The retrieval apparatus comprises an
      assembly of platforms, to be more fully described, which are moveable as a
      unit along a pair of rods 96 which constitute tracks. The platforms are
      also moveable with respect to each other and carry various components
      including a mechanism for partially withdrawing a storage module from the
      shelf, a record extracting mechanism, and a television camera 97. When a
      signal identifying one of the records is received, the proper shelf is
      brought to the active position. At the same time, the platform assembly is
      moved as a unit to a position adjacent to the proper storage module.
      Simultaneously the various platforms move relative to each other so as to
      position the extracting mechanism, to be fully described, adjacent to the
      selected record. The proper storage module 71 is partially withdrawn from
      the shelf, as shown, and the selected record is partially extracted from
      the bin so as to place a part of the information bearing portion of the
      record in the field of view of the camera 97 while leaving at least the
      key portion of the retainer 81 (or of the record 91, if no retainer is
      used) in place between the next adjacent stored records.
PAR  Referring next to FIG. 8, the assembly of platforms previously mentioned
      comprises a storage module platform 101, an intermediate platform 102, a
      main platform 103, and a transducer platform 104. The storage module
      platform includes a frame 105 connected to four bushings 106 which embrace
      the rods 96 so as to permit longitudinal movement. A toothed belt 107 is
      connected to the frame 105 and passes over sprockets 108 and 109 the
      latter of which is driven by an electric motor 111 through gears 112 and a
      belt 113. A commutator 114, geared to the sprocket 109, is part of the
      control system for the motor 111, which system will be fully described. A
      solenoid 115 is operatively connected to a pin 116 (best shown in FIG. 12)
      which is spring urged downward into engagement with a bar 117 connected to
      the framework 95 by springs 118 at each end. The bar 117 is formed with
      seven holes, such as 119, of a size suitable to receive the pin 116, each
      corresponding to a position of the platform adjacent to one of the seven
      storage modules which rest on each shelf. The main portion of the storage
      module platform 101 is fastened to the four bushings 106.
PAR  A storage module withdrawing mechanism, indicating generally by the
      reference character 121, is fastened to the main platform 101. This
      mechanism 121 includes a generally U shaped frame 122 which supports a
      group of four angle members 123, two on each side as shown which
      constitute a cradle for receiving the module. A pair of blocks, one of
      which is shown at 124, are fastened on the inside of one leg of the U
      frame 122 and between them support one of a pair of rods 125 which serve
      as tracks for the carriage of the withdrawing mechanism 121, as will be
      more fully explained. Another pair of blocks on the other leg of the U
      frame 122 support the other rod of the pair which serves as a second
      track.
PAR  The module platform 101 also supports a pair of longitudinally extending
      rods 127. The intermediate platform 102 is slideably supported on these
      rods for longitudinal movement. An electric motor 128 fastened to the
      storage module platform 101 is operatively connected to rotate a lead
      screw 129 which engages a nut 131 fastened to the intermediate plateform
      102. A commutator 132 fastened to the module platform 101 comprises two
      elongated conductive segments separated by a spacer made of insulating
      material. Seven brushes 133 fastened to the intermediate platform 102
      engage the commutator 132. A solenoid 134 is operatively connected to a
      pin 135 which is spring urged into contact with the intermediate platform
      102 in a region formed with seven apertures 136. The brushes 133, the
      commutator 132, the solenoid 134 and the pin 135 are part of a control
      system, to be fully described, which positions the intermediate platform
      at that one of seven positions corresponding to the selected one of the
      seven bins in the selected module.
PAR  The main platform 103 is fastened to four bushings 141 which are slideable
      on the rods 127. An electric motor 142 fastened to the intermediate
      platform 102 is operatively connected to rotate a lead screw 143 which
      engages a nut 144 (best shown schematically in FIG. 14) fastened to the
      main platform 101. The motor 142 is controlled by a system which will be
      described subsequently. The record extracting mechanism 146, to be fully
      described, is mounted on the platform and serves to grasp the selected
      record, or its retainer, and partially remove it from its storage position
      so that the information thereon may be read.
PAR  A pair of vertically disposed rods 151 are fastened to two of the bushings
      141 and extend upward therefrom through bushings 152 in the main platform
      103. Two elongated, vertically disposed bushings 153 are fastened to the
      transducer platform 104 and surround the rods 151 so that the transducer
      platform 104 moves longitudinally with the main platform 103 in a
      horizontal plane but can be moved vertically with respect to the main
      platform 103. An electric motor 154 fastened to the main platform is
      operatively connected to rotate a lead screw 155 which in turn is part of
      a "scissor" jack mounted on the main platform 103 with its pedestal 156
      fastened to the transducer platform 104 to raise and lower it. A
      vertically disposed multi-segment commutator 157 is mounted on the main
      platform and cooperates with a single brush 158 mounted on the transducer
      platform 104 for a purpose which will appear. In the present embodiment
      the transducer is the television camera 97 which is mounted on the
      transducer platform 104.
PAR  The various platforms so far described together with the apparatus mounted
      on them comprise a viewing station. In operation, the viewing station is
      moved to the proper position so that the selected module can be partially
      withdrawn from the shelf and the selected record may be partially
      withdrawn from the bin and placed within the field of view of the
      transducer 97. As will be more fully explained, the extracting mechanism
      can position the record in any of a plurality of horizontal positions so
      as to select the desired column of images while the transducer can be
      positioned vertically to select the proper row.
PAR  Referring now to FIG. 9, Station 1 (and each of the other stations)
      includes a keyboard 161, a display 162 of the keys actuated, indicating
      lamps 163, a digit encoding matrix 164 and a buffer storage shift register
      165. Let us assume that the operator wishes to view a microfiche stores on
      the 17th shelf, in the 6th module, in the 3rd bin, in the 28th position.
      Assuming the central file is available, as indicated by one of the lamps
      163, he actuates keys 1, 7, 6, 3 2 and 8 successively. As the first key
      actuated a suitable electrical representation thereof is applied to the
      matrix 164 which derives a binary signal indicative of that digit. This
      binary signal is passed to and stored in the register 165. As additional
      keys are actuated, appropriate binary signals are generated and stored
      until all five digits are stored. The operator checks the display 162 to
      verify the address encoded and then operates an actuating key which
      connects the register 165 to a cable 166 which transmits the coded address
      in parallel form to the network 59 and thence to the central file.
PAR  The illustrative example assumes that they are twenty shelves each with
      seven modules, seven bins per module and fifty records per bin. This
      requires nineteen conductors for the encoding system described and a few
      additional conductors are provided for purposes which will appear. At the
      central file, the first six conductors, identifying the selected shelf,
      are led to a control system 167 which controls the motor 65 to bring the
      17th shelf to the active position. Conductors numbers 7 through 9 are
      connected to a control system 168 which controls the motor 111 to drive
      the module platform 101 to the sixth module. Conductors 10 through 12 are
      connected to a system 169 which controls the motor 128 to drive the
      intermediate platform 102 to the third bin. Conductors 13 through 19 are
      connected to a system 171 which controls the motor 142 to drive the main
      platform 103 to position the extracting fingers (to be described
      subsequently) horizontally beside the twenty eighth microfiche. Conductor
      16 through 19, which identify the second digit of the microfiche number,
      are also connected to a system 172 which controls a motor 173 and a clutch
      174 to position the extracting finger assembly 175 vertically opposite the
      appropriate tab. Conductor 20 through 22 are connected to a control system
      176 which also controls the motor 173 and a clutch 177 to position the
      selected record horizontally by the mechanism 179. Conductors 23 through
      25 are connected to a control system 178 which controls the motor 154 to
      position the transducer platform 104 vertically. Each of the various
      control systems will be more fully described.
PAR  Referring now to FIG. 10, the first six conductors, collectively bearing a
      signal indicative of the selected shelf, are led to a decoding matrix 181
      which places a voltage on one of twenty conductors 182, the seventeenth in
      the illustrative example. As best shown in FIG. 11, each of these
      conductors is connected to one of twenty brushes 183 equally spaced around
      a circle and engaging a direction controlling commutator 184. The
      commutator 184 comprises a first generally circular conductive disc 185
      with a portion cut away to accomodate a second generally semicircular disc
      186 of slightly smaller radius and separated from the disc 185 all around
      by a strip of insulation 187 and including a hub portion at the center. As
      shown, the twenty brushes are positioned so that each one engages either
      the disc 185, the disc 186 or the insulating strip 187, depending upon the
      angular position of the commutator 184. The commutator 184 is mechanically
      connected to the motor 65 with appropriate gearing so that its angular
      position is an indication of which shelf is at the active position. Two
      additional brushes 188 and 189 are positioned to engage the discs 185 and
      186 respectively regardless of the angular position of the commutator.
PAR  The commutator 184 controls both the energization and the direction of
      rotation of the motor 65 so as to bring the selected shelf to the active
      position by the shortest route. It is obvious from FIG. 10 that the
      energized one of the twenty conductors 182 will energize the brush 188 or
      189 depending on the angular position of the commutator and therefore
      depending on the direction of the selected shelf from the active position.
      The brushes 188 and 189 are connected to a direction control switch 191
      which applies to the motor 65 a voltage the polarity of which depends upon
      which of the input conductors is energized. The motor 65 is the kind whose
      direction of rotation is determined by the polarity of the applied
      voltage.
PAR  Summarizing, the code on conductors 1-6 causes the matrix to place a
      voltage on one of the twenty conductors which, through the commutator 184
      and switch 191, energizes the motor 65 to run in the proper direction at
      the same time lifting the spring applied, electromagnetically released
      brake 192. When the selected shelf substantially reaches the active
      position, the energized brush engages the insulating strip 187, thus
      de-energizing the motor and allowing the brake to drop. The brake 192 also
      actuates contacts 193 and 194 for purposes which will appear.
PAR  Referring now to FIG. 12, there are shown schematically some parts
      previously described including the storage module platform 101, the drive
      motor 111, the sprockets 108 and 109, the toothed belt 107, the solenoid
      115 and the bar 117. As previously mentioned, the solenoid 115, when
      energized, picks up a pin 116 which cooperates with holes 119 in the bar
      117 to position the platform. Energization of the solenoid 115 also closes
      the normally open contacts 201, and opens the normally closed contacts
      202.
PAR  The seventh, eighth and ninth conductors are connected to a decoding matrix
      203 which energizes one of seven output conductors. These conductors in
      turn are connected to seven brushes which engage a commutator 114 similar
      to the commutator 184 previously described and which serve the same
      purpose which is to control the direction of rotation of the motor 111
      through the directional control switch 205. In addition, the two
      conductors connected to the output of the commutator 114 are also
      connected to a gate circuit 206 (similar to a logical OR circuit) which
      has an output when there is a voltage on either input conductor. The
      output of the gate 206 is connected to the solenoid 115 and also to the
      relay 207 which, when energized, closes contacts 208 thereby short
      circuiting a resistor 209 in series with the motor 111.
PAR  In operation, the presence of a signal on the seventh, eighth and ninth
      conductors operates through the matrix 203, commutator 114 and switch 205
      to place an output of one polarity or the other on the output conductors
      of the switch 105. These conductors are connected to the motor through the
      resistor 209 and the contacts 201. At the same time, relay 207 and
      solenoid 115 are energized thereby pulling the pin 116 out of the hole
      119, closing contacts 201, and short circuiting resistor 209 so that the
      motor runs in the proper direction at full speed. When the selected
      position (the sixth module) is approached, the energized brush will engage
      the insulating strip on the commutator 114 thereby dropping out the relay
      207 and inserting the resistor 209 in the motor circuit so that the motor
      runs slowly. At the same time, the solenoid 115 is deenergized so that its
      pin 116 rests on the surface of the bar 117, ready to drop in the hole and
      stop the platform at the proper position. The previously mentioned springs
      (not shown in FIG. 39) cushion the shock of stopping. The contacts 202 are
      used in a control circuit to be discussed.
PAR  FIG. 13 shows the drive mechanism or the intermediate platform which is
      quite similar to the previously described drive mechanisms except that the
      commutator 132 instead of being circular, is linear and comprises two
      conductive segments 211 and 212 separated by a short insulating segment
      123 all mounted on the module platform 101. Seven brushes 133 mounted on
      the intermediate platform 102 cooperate with segments 211, 212 in the same
      way as the brushes and segments previously described.
PAR  The mechanism operates in much the same way as those previously described
      in connection with FIGS. 10 and 12. The motor 128 drives the lead screw
      129 which engages the nut 131 fastened to the intermediate platform 102.
      The energization of the motor 128 is controlled by the decoding matrix
      216, the commutator 132, a directional control switch 217, a gate 218, and
      contacts 219 as in the other drive mechanisms. A signal on the 19th to
      12th conductors operates through the decoding matrix 216, the commutator
      132 and the gate 218 to energize the solenoid 134 thereby closing contacts
      219, opening contacts 221 (to be later explained) and raising the pin 135
      out of engagement with one of the seven apertures or slots in the portion
      223 of the intermediate platform 102. The motor 128 is energized to run in
      the proper direction to move the platform 102. A single speed drive is
      adequate for this application. As the selected bin is approached, the
      energized conductor on the commutator engages the insulating strip 213
      thereby dropping the pin 135 and deenergizing the motor.
PAR  FIG. 14 shows the control system for positioning the main platform so that
      the extracting fingers are opposite the selected one of the fifty records
      stored in the bin. More precise positioning is required here than is
      required for positioning the main and intermediate platforms and therefore
      a more refined system is used.
PAR  The motor 142, mounted on the intermediate platform 102, drives the main
      platform 103 through the lead screw 143 and nut 144 as previously
      mentioned. A "binary decimal" encoder 226 is operatively connected to the
      drive mechanism and generates a binary decimal digital output
      representative of the linear position of the platform 103. The encoder may
      be any of several kinds of analog to digital converter such as a code
      wheel of conductive and non-conductive segments read by brushes or of
      transparent and opaque segments read by light sensitive elements. It is
      only necessary that it generate a digital output, of the same nature as
      that on the conductors 13-19, indicative of platform position.
PAR  A disc 227 having several slots 228 in its edge is also connected to the
      drive mechanism. Suitable gearing is selected so that the disc 227 rotates
      the angular distance between adjacent slots as the platform moves the
      distance between adjacent records. A pawl 229 cooperates with the disc 227
      and may be raised by energization of a solenoid 231 which simultaneously
      closes contacts 232 and opens contacts 233.
PAR  The 13th through the 19th conductors, encoded with the desired address are
      connected to a cable 234 while the output of the encoder 226 representing
      actual platform position, is connected to the cable 235. A comparison
      circuit 236 is connected to the cable 234 and 235 and places an output
      voltage on conductor 237 only if the number representing the desired
      address is greater than the number representing the actual platform
      position and places an output voltage on conductor 238 only if the desired
      address is less than the actual position. Another comparison circuit 239
      is also connected to the cables 234 and 235 and generates a "one" output,
      that is, a voltage, if the inputs are not equal, and generates a "zero"
      output or no voltage, when they are equal. A circuit 241 connected to the
      cable 234 adds one, that is, generates an output greater than the input by
      one digit while a circuit 242 subtracts one, that is, generates an output
      less than the input by one digit. The circuits 241 and 242 are both
      connected to another comparison circuit 243 which is also connected to the
      cable 235. This comparison circuit generates a "one" output whenever the
      platform is displaced from the desired address by more than one place and
      generates a "zero" output (no voltage) when the platform is "within the
      window", that is, when the platform is at or within one space of the
      desired address.
PAR  At the start of operations, a coded indication of the desired record within
      the bin appears on conductors 13 to 19 and on the cable 234. Assume first
      that the platform is, by chance, already at the desired location. The
      comparison circuit 236 then has no output, although even if it did, it
      would be immaterial. The comparison circuit 239 has a "zero" output which
      makes the output of the AND circuit 244 "zero". The comparison circuit 243
      likewise has a "zero" output. This output, and the output of the AND
      circuit 244 are both connected to the "OR" circuit, which, accordingly,
      has a "zero" output. The drive circuit 245 and the solenoid 231 remain
      unenergized, the motor 142 does not rotate, and the platform 103 remains
      where it is.
PAR  Next assume that at the start of operations the platform 103 is just one
      space away from the desired address. The comparison circuit 236 then
      places an output on the appropriate one of conductors 237 or 238 which
      causes the directional control switch 246 to select the proper polarity
      for the motor 142 to run in the proper direction. The comparison circuit
      239 has a "one" output which is applied to the AND circuit 244 and to a
      time delay circuit 247. The latter initially has a "zero" output which is
      inverted by the circuit 248 to a "one" and applied to the "AND" circuit
      244. Therefore, the output of the "AND" circuit is "one" which is applied
      to the "OR" circuit 249 whose output is also "one" and which is applied to
      the solenoid drive circuit 245 whose function is to respond to a "one"
      signal by applying power to energize the solenoid 231. As a result, the
      pawl 229 is raised, the contacts 232 are closed, the motor 142 rotates and
      the platform moves. At the same time the circuit 247 is timing out. It is
      designed to have delay less than the time required to move the platform
      one space. When the circuit 247 has timed out, its output becomes "one"
      which is inverted to "zero" by the circuit 248 and applied to the AND
      circuit 244. This deenergizes the solenoid 231, allowing the pawl 229 to
      rest on the rim of the disc 227. The contacts 232 remain closed and the
      motor 142 remains energized until the pawl 229 drops into the next slot in
      the disc 227. During all of this time the comparison circuit 243 had an
      output of "zero" and therefore had no effect on the operation.
PAR  Assume next that at the start of operations the platform 103 is more than
      one space away from the desired address. The comparison circuits 236 and
      239 have outputs as above and the motor is energized. However, the
      comparison circuit 243 now has a "one" output which is applied to the "OR"
      circuit so as to retain the solenoid 231 energized and the motor 142
      running even after the circuit 247 has timed out. When the platform
      arrives within one space of the desired address, the output of the circuit
      243 becomes "zero" thereby deenergizing the solenoid 231 and allowing the
      pawl 229 to fall to the rim of the disc 227 so as to enter the next slot
      228 and stop the platform 103 at the desired position.
PAR  Referring now to FIG. 15, the tab engaging finger assembly is shown
      schematically by the block 175. This assembly is adjusted vertically, so
      that the fingers can engage the proper tab, by a motor 173 which is a part
      of the record extracting mechanism 146 (FIG. 8). The motor 173 is
      mechanically connected to the electromagnetically operated clutch 174
      which is engaged by energization of the winding 251. The clutch 174 is
      mechanically connected to rotate a lead screw 252 which in turn engages a
      nut 253 fastened to the finger assembly 175. The clutch 174 and lead screw
      252 are also mechanically connected to a slotted disc 254 and to a
      commutator 255. The disc 254 is formed with a single slot and is connected
      through appropriate gearing so as to make one revolution as the finger
      assembly moves the center to center distance between adjacent tabs. The
      commutator 255 is similar to those previously described. A set of ten
      brushes for the commutator 255, a decoding matrix 256, a directional
      control switch 257, a gate 258, a solenoid 259, contacts 261, 262, 263,
      264, and 265 and a pawl 266 complete the control system which operates in
      much the same way as the control systems previously described. It is to be
      noted that the sixteenth through the nineteenth conductors, which are
      connected, along with conductors 13 - 15, to the cable 234 of FIG. 14, are
      also connected to the matrix 256 since they identify the second digit of
      the microfiche number and therefore identify the vertical position of the
      tab of the selected microfiche retainer. The ten conductor output of the
      matrix 265 is connected to the commutator 255 which controls the
      directional control switch 257 so as to energize the conductors 267 and
      268 with the proper polarity to cause the motor 173 to rotate in the
      proper direction. As before, the two output conductors from the commutator
      255 are connected to the gate 258 which energizes the solenoid 259
      whenever either conductor is energized. However, in this case, the
      solenoid 259 controls many contacts. The contacts 264 and 265 connect both
      motor leads to the switch 257 while the contacts 262 and 263 connect both
      leads of the clutch winding 251 to the switch 257.
PAR  When a signal appears on the conductors 16 - 19, the decoding matrix 256
      places a voltage on one of its ten output conductors which voltage is
      transmitted through the commutator 255 to the directional control switch
      257 and the gate 258. The solenoid 259 raises its pawl 266 and closes
      contacts 262, 263, 264, and 265 so as to engage the clutch 174, and
      energize the motor 173 which rotates the lead screw 252 to raise (or
      lower) the finger assembly 175 until the energized one of the ten
      conductors from the matrix 256 engages the insulating segment whereupon
      the solenoid 259 is deenergized and the pawl 266 engages the edge of the
      disc 254 until it drops into the slot stopping the assembly 175 and
      deenergizing the motor 173 and clutch winding 251.
PAR  It is to be noted that the contacts 262, 263, 264, and 265 completely
      isolate the directional control switch 257 from the motor 173 and clutch
      winding 251 when the solenoid 266 is deenergized and the pawl 266 is in
      the slot. Also, another electromagnetically operated clutch 177 equipped
      with a control winding 269 is mechanically connected to the motor 173.
      This clutch 177, the isolation provided by the contacts 262, 263, 264, and
      265, and the auxiliary contact 261, enable the motor 173 to serve as
      additional purpose, as will be fully explained.
PAR  Having described how the various platforms are positioned, consideration
      can now be given to how the selected record is brought into viewing
      position. This is done by first partially withdrawing the storage module
      containing the selected record.
PAR  Referring to FIG. 16, the module withdrawing mechanism 121 is essentially a
      movaeable U shaped carriage denoted generally by the reference character
      280. A pair of flat bars 281 and 282 comprise the legs of the U while a
      bar 283 comprises the base. A cross piece 284 braces the ends of the U. A
      pair of bushings 285 and 286 are fastened to the outside of the bar 281
      and two similar bushings (not clearly shown in FIG. 16) are fastened to
      the outside of the bar 282. These bushings surround the previously
      mentioned rods 125 (FIG. 8) which are the tracks on which the carriage
      slides. A pneumatic ram mechanism 287 is mounted on the U frame 122 of the
      platform 101 and includes a piston rod 288 pivotally fastened to the bar
      283.
PAR  A pair of cams 291 and 292 are rigidly fastened to the insides of the legs
      281 and 282 near the base 283. A pair of upstanding yokes 293 and 294 are
      pivotally mounted on spindles 295 and 296 respectively which in turn are
      fastened to the cams 281 and 282 near the bottoms thereof. The yokes 293
      and 294 are rigidly fastened together by a flat bar 297 which is parallel
      to but spaced from the base bar 283. A pneumatic ram 298 is mounted on the
      cross piece 284 and is provided with a piston rod 299 pivotally mounted to
      a yoke 301 fastened to the bar 297. Fastened to the tops of the yokes 293
      and 294 are a pair of flat, generally horizontally extending bars, or
      pads, 302 and 303. A module withdrawing hook 304 is pivotally mounted on
      the inside of the yoke 293 near the top as shown. From its pivot point,
      the hook 304 extends forward (toward the module) and then toward the other
      yoke, as shown. As best shown in FIG. 17, an arm 305 is rigidly fastened,
      at an angle of 20.degree. or 30.degree., to the hook 304. A pneumatic ram
      306 is mounted on the bar 297 and is provided with a piston rod 307
      pivotally fastened to the arm 305 through a slot formed therein. When
      actuated, the ram 306 raises the hook 304 to engage the selected module,
      as will be more fully explained.
PAR  Returning to FIG. 16, a hook member 311 is pivotally mounted on the top of
      the yoke 293 and extends in the direction of the module to be withdrawn.
      An arm 312 is rigidly fastened to the hook member 311 at an acute angle,
      the magnitude of which depends on the proportions of the other parts and
      which, in the specific embodiment illustrated, is between thirty and forty
      degrees. The arm 312 is provided with a roller 313 at its end which rests
      on the surface of the cam 291. A similar hook member, arm and roller (not
      clearly shown in FIG. 16) are mounted on the outside of the yoke 303 and
      cooperate with the cam 292. These members are for pulling the module onto
      its cradle and for swinging the handle 72 of the module downward and out
      of the way, as will be explained.
PAR  In operation, after all of the platforms have been positioned, the ram 287
      (FIG. 16) is actuated to advance the carriage 280 forward towards the
      selected module. The pads 302 and 303 slide over the top of the module
      handle 72. When the mechanism is fully advanced, the ram 306 (FIG. 17) is
      actuated to raise the hook 304 to grasp the handle 72 from the bottom.
      Then the ram 287 is reversed to withdraw the carriage 280 and the module
      72. Next, the ram 298 is actuated to pivot the yokes 293 and 294 and the
      bar 297 about the spindles 295 and 296. This pivoting motion pulls the
      module 72 onto the cradle comprising the previously mentioned angle
      members 123 (FIG. 8) to the position shown in FIG. 18. At the same time,
      the handle 72 is swung from its horizontal position in front of the module
      to a vertical position, out of the way, so that a record may be extracted.
      This operation is best shown in FIGS. 19a to 19e. FIG. 19a shows, somewhat
      schematically, the positions of the parts just before the hook 304 is
      raised. FIG. 19b shows the position after the hook 304 has been raised.
      FIGS. 19c and 19d show intermediate positions of handle rotation. FIG. 19e
      shows the positions when the module is fully withdrawn onto its cradle and
      the handle retracted downward out of the way.
PAR  The module withdrawal operation proceeds as above described. The rams 287,
      298 and 306 are controlled by various position indicating switches,
      relays, valves, etc., as shown schematically in FIG. 20 and described in
      connection, 107 therewith. Each of the rams 287, 298 and 306 comprises
      essentially a cylinder, a piston, a piston rod and two inlet ports so that
      high pressure fluid from a supply can be directed to either side of the
      piston. These rams are controlled by valves 321, 322, and 323
      respectively. Each valve is constructed and connected so as to selectively
      connect either port of its associated ram to supply pressure and the other
      port to the return line or reservoir, indicated as S and R respectively.
      The valves are each spring biased to one position and actuatable to the
      other position by energization of control windings 324, 325 and 326
      respectively.
PAR  When the shelf assembly 61, the module platform 101, intermediate platform
      102 and main platform 103 have come to rest in their selected positions,
      the contacts 193, 202, 221 and 233 will be closed. Then the module
      withdrawal process may be started by momentarily closing switch 331,
      preferably by remote control from the operating station currently in use.
      Closure of this switch allows current to flow from the A.C. line 328 to
      the winding of the relay Kl which closes its contacts KlA, KlB, KlC, KlD
      and KlE and opens its contact KlF. The contact KlA holds winding Kl
      energized even although switch 331 be opened. Closure of contact KlB
      allows current to flow through the switch 333, which is closed until the
      hook 304 is raised and engaged, to the winding 324 thereby actuating valve
      321 to direct supply fluid to the ram 287 to advance the carriage 280 of
      the withdrawing mechanism. When the carriage 280 reaches its full forward
      position, the switch 334 is closed thereby energizing winding 326, valve
      323 and ram 306 to raise the hook 304 to grasp the handle of the module.
      Raising of the hook 304 closes switches 335, 336 and 337 and opens switch
      333. The latter deenergizes coil 324, reversing the fluid supply to the
      ram 287 whereupon the carriage is retracted. Although the switch is opened
      by retraction of the carriage, winding 326 remains energized through the
      switch 336 and the contact KlE. When the carriage is fully retracted,
      switch 338 closes, energizing winding 325 and actuating the valve 322 and
      the ram 298 to withdraw the module onto its cradle (comprising the
      previously mentioned angle members 123, FIG. 8) and to swing the handle 72
      (FIGS. 3 and 19) downward to the vertical position. As the handle 72
      leaves the horizontal position, the switch 339 opens, but this has no
      effect at this time since contact KlF is open. With the module on its
      cradle and the handle swung to the vertical position, out of the way,
      record extraction can proceed, as will be explained subsequently.
PAR  When the module is to be returned to the shelf, the push button switch 341
      is opened momentarily, also preferably by remote control, thereby
      deenergizing relay winding Kl and opening contacts K1A, K1B, KlC, KlD and
      KlE and closing contact KlF. Opening of contact KlC deenergizes the
      winding 325 thereby, through valve 322, reversing the flow of fluid to the
      ram 298. The ram 298 swings the handle 72 to the horizontal position and
      pushes the module toward the shelf. When the handle is again in the
      horizontal position, the switch 339 is closed, thereby completing a
      circuit to the winding 324 which, through the valve 321 and the ram 287,
      causes the carriage to be advanced to its forward position, thus
      completing the return of the module to the shelf. As the carriage reaches
      its fully advanced, or forward position, the switch 342 opens, thereby
      deenergizing winding 326 and, through valve 323 and ram 306, causing the
      hook 304 to be disengaged from the module handle 72. As the hook 304
      becomes disengaged, the switch 335 opens. The latter deenergizes the
      winding 324 thereby causing the carriage to be withdrawn. The apparatus is
      now in such a position that another module may be selected.
PAR  Referring now to FIG. 21, the previously mentioned motor 173 and clutch 174
      drive a flexible member 351, shown schematically in FIG. 21 and which is
      preferably a roller chain. The chain 351 drives, through appropriate
      gearing, the previously mentioned commutator 255 and disc 254. The chain
      351 also drives the previously mentioned lead screw 252 and also its twin,
      screw 352, which engages a nut 353. The fingers 354 and 355 are mounted on
      the nuts 253 and 353 respectively and are positioned vertically by the
      circuit previously discussed in connected with FIG. 15.
PAR  As best shown, somewhat schematically, in FIG. 22, the nuts 253 and 353
      embrace vertical straps 356 and 357 respectively and are vertically
      slideable therealong. The finger 354 is formed with an arm 358 and is
      pivotally mounted on a pin 359 to a plate 361 which in turn is rigidly
      fastened to the nut 253. The finger 354 is urged by a spring 362 away from
      the finger 355, that is, clockwise as viewed in FIG. 22. An elongated cam
      363 is mounted on a rod 364 in such a position that when it is rotated
      clockwise, as viewed in FIG. 22, the finger 354 will be pivoted toward the
      finger 355. The finger 355 is mirror image of the finger 354 and is
      similarly mounted and arranged to be moved toward the finger 354 by the
      counterclockwise rotation of an elongated cam 365. The two cams 363 and
      365 are operated simultaniously in their respective finger closing
      direction by the energization of a rotary solenoid 367 (FIG. 21)
      operatively connected thereto.
PAR  The fingers 353 and 354 must be moved forward, that is, to the right as
      viewed in FIG. 21, toward the stored records so as to grasp the tab of the
      selected record between them and partially extract it from the file. In
      order to provide for this motion, the fingers and their actuating
      mechanisms are mounted on a moveable subassembly 371. This subassembly is
      slideably mounted on two rods 372 and 373 and includes the upper plates
      374 and 375, the lower plate 376, uprights such as the member 377 and all
      the framework necessary to carry the fingers 353 and 354, the lead screws
      252 and 352, the cams 363 and 365, the commutator 255, the disc 254, the
      solenoid 367 and the various gear trains. The chain 351 passes over an
      idler sprocket 381 which is spring urged to the left, as viewed in FIG.
      21, so as to allow the right portion of the chain to move with the
      subassembly 371.
PAR  The motor 173 and the clutch 177, when engaged, rotate a pair of vertical
      rods 384 and 385 through a suitable gear train. These rods are each
      provided with two pulleys, one on top and one on the bottom. The two lower
      pulleys 386 and 387 are shown clearly in FIG. 21. Near the front, but not
      a part of the subassembly 371, are two more vertical rods, each with two
      pulleys. The four lower pulleys are engaged by belts 388 and 389 which
      belts are side by side and arranged to frictionally grasp a record which
      may be thrust between them. The upper pulleys are engaged by similar
      belts. The belts withdraw the record a variable distance, depending upon
      which portion is to be viewed, as will be more fully discussed. However,
      the extent of withdrawal is positively limited by a mechanical stop 391
      interposed in the line of travel of the record in such position that, with
      the record against the stop, the last column of images is in the field of
      view of the camera while the key portion 85 (FIG. 5) of the retainer (or
      the key portion 92, (FIG. 6) of the record, if no retainer is used),
      remains in place between adjacent retainers in the bin thereby preserving
      the integrity of the file and making sure that the retainer and record are
      returned to their proper place. The stop 391 is preferably resiliently
      mounted so as to avoid damage to a record striking it and so to open a
      limit switch 392 (FIG. 24) when engaged by a record.
PAR  An electric motor 393 is mounted on the stationary framework and, through
      suitable gearing and a chain 394, drives a wheel 395 to which one end of a
      strap 396 is essentrically attached. The other end of the strap 396 is
      pivotally fastened to the subassembly 371 and drives it forward and back
      as will be more fully explained.
PAR  Also shown is a light source 398 which provides the illumination necessary
      to enable the television camera 97 (FIGS. 7 and 8) to "read" the record.
PAR  Referring now to FIG. 22a, the fingers 354 and 355 are shown, somewhat
      schematically, in the positions they occupy at the start of operations.
      Five records 401, 402, 403, 404, and 405 are shown schematically. The
      record 403 is shaded and depicts that record having its tab aligned with
      the fingers, which is to be partially extracted. When the motor 393 has
      advanced the subassembly 371 all the way forward, the fingers are closed
      around the selected tab as shown in FIG. 23b. At the same time, the motor
      173, through the clutch 177, drives the belts 388 and 389 (and the other
      pair of belts as well) in a direction to oppose the movement of records
      into the apparatus. As the subassembly 371 is retracted, the record 403 is
      drawn between the idler rollers 406 and 407 and between the belts despite
      their motion in the opposite direction, as shown in FIG. 23c. If either or
      both of the adjacent records 402 and 404 should stick to the record 403
      and tend to be withdrawn at the same time, they would encounter the
      reversely rotating idler rollers and belts, as shown in FIG. 23c, and be
      repelled thereby.
PAR  A further precaution against having more than the selected record being
      drawn into the apparatus may be taken if desired. Such an additional
      precaution may comprise a "restrictive throat" including two elements 408
      and 409 positioned just above the upper idler rollers and another similar
      pair positioned just below the lower idler rollers. It is again pointed
      out that FIGS. 23a to 23e are schematic, because the fingers, the rollers
      and the throat elements are vertically aligned, making it much more
      convenient, if not absolutely necessary, to resort to a schematic showing
      to explain their operation. Soon after the fingers 354 and 355 have
      started to retract, the elements 408 and 409 are moved inward so as to
      almost touch the record 403 as shown in FIG. 23d, thereby forming a
      restricted passageway, or throat, for this record and excluding the
      adjacent records. As the retracting motion of the subassembly 371 is
      completed, the belts are reversed in direction, the fingers are opened,
      and the throat elements are separated, as shown in FIG. 23e. The record
      403 is then drawn into viewing position by frictional engagement of the
      belts 388 and 389.
PAR  Referring now to FIG. 24, there is shown schematically the motor 393
      connected to a gear box 421 which in turn is connected to a clutch 422
      operated by a winding 423. The clutch 422 is operatively connected to a
      disc 424 and to the wheel 395. The disc 424 has a single slot 425 which
      cooperates with a pawl 426 which may be withdrawn by energization of a
      winding 427, at the same time closing a normally open contact 428. The
      disc 424 is also mechanically connected to a disc shaped cam 429 which has
      a switch operating portion extending over approximately one half of its
      circumference, as shown. Two switches 431 and 432 are arranged to be
      closed by the cam 429 during opposite halves of each revolution of the
      cam. Assuming clockwise rotation, the switch 431 is closed during the
      first half revolution while the switch 432 is closed during the second
      half revolution. The wheel 395, during each revolution, advances the
      subassembly 371 (which, it will be recalled, carries the tab grasping
      fingers) and then retracts it. A portion 433 of the assembly 371 engages
      and momentarily opens a switch 434 at approximately the position of
      farthest advance of the subassembly 371.
PAR  Assuming that the module has been withdrawn and seated properly with the
      handle swung out of the way, as indicated by the closure of switch 435,
      the extraction operation can be started by momentarily closing switches
      436 and 437. These switches are preferably operated by remote control,
      manually or automatically, from the operating station. Closure of these
      switches energizes relay windings K2 and K3 which close their contacts
      K2A, K2B, K2C, K3A and K3B. Closure of contacts K2A and K2B energizes the
      motor 393. Closure of contact K2C energizes the clutch winding 423 and a
      relay K4. The latter is provided with two normally open contacts 438 and
      439 which, when closed, connect a positive and negative voltage to the
      motor 173 with such polarity as to drive the belts, typified by the belt
      388, in a direction to repel the records. The relay K4 is also provided
      with a normally closed contact 441 which, when closed, connects the
      positive voltage, through the limit switch 392, to the winding of a relay
      K5. The latter relay is provided with two normally open contacts 442 and
      443 which, when closed, apply voltage of proper polarity to the motor 173
      so as to drive the belts in a direction to draw a record into the
      apparatus.
PAR  Closure of contact K2C also applies a voltage to one terminal of each of
      the switches 431 and 432 for a purpose which will appear.
PAR  Closure of contact K3A energizes the winding 427, lifting the pawl 426 out
      of the slot 425 in the disc 424 and closing contact 248 which completes a
      holding circuit for winding K2 around the switch 436. Closure of contact
      K3B completes a holding circuit for winding K3 around the switch 437
      through the switch 434.
PAR  As the motor 393, disc 424 and wheel 395 rotate, the subassembly advances.
      After approximately one half a revolution, maximum advance is reached and
      the switch 432 is closed thereby energizing the rotary solenoid 367 which,
      it will be recalled, operates the cams to cause the fingers to grasp the
      tab. At about the same time, the portion 433 engages and opens the switch
      434, thereby breaking the holding circuit for relay K3 which opens its
      contacts K3A thereby deenergizing the winding 427. However, the pawl 426
      rests on the edge of the disc 424 and the contact 428 remains closed. When
      the disc 424 and wheel 395 complete their revolution, the record has been
      drawn between the rollers and belts despite their reverse rotation. Then
      the pawl 426 drops into the slot 425, stopping the motion of the
      subassembly 371 and opening contact 428, thereby deenergizing winding K2.
      Opening of contacts K2A and K2B deenergizes the motor 393. Opening of
      contact K2C deenergizes the clutch winding 423 and the solenoid winding
      367 (which is also deenergized by the opening of the switch 432). Opening
      of contact K2C also deenergizes the winding K4, opening its contacts 438
      and 439 and deenergizing the motor 173. At the same time, contact 441
      closes thereby energizing the relay K5 which closes its contacts 442 and
      443 so as to apply a voltage to the motor 173 of such polarity as to drive
      the belts in a direction to draw the record into the apparatus until it
      engages the stop 391 (FIG. 21) and opens the limit switch 392. The record
      is then in such position that the last column of images is aligned with
      the field of view of the camera 97 while the key portion 85 of the
      retainer remains between the next adjacent stored records.
PAR  After the selected record has been positioned as above described, the
      particular image on the record may be chosen. A double pole double throw
      switch 445 is actuated, preferably by remote control from the operating
      station, to transfer control of the motor 173 from the system above
      described to the control system 176 (previously mentioned in connection
      with FIG. 9). The latter system may take various forms, depending upon the
      nature of the stored information. In many cases, the operator may want to
      browse through the images to select the proper one or ones. In such a case
      a simple manual control such as shown in FIG. 25 and 26 may be used.
PAR  Refering to FIG. 25, the positive and negative terminals of a source of
      unidirectional voltage are connected through an on-off switch 451 to a
      polarity reversing switch 452 and from thence to two of the stationary
      contacts of the previously mentioned double pole double throw switch 445,
      the movable arms of which are connected to the motor 173 and the clutch
      winding 269. The switches 445, 451, and 452 are located at or, preferably,
      controlled from the operating station. By simple manipulation of the
      switches 451 and 452, the belts, such as the belt 388, can be driven in
      either direction or stopped so as to adjust the horizontal position of the
      record.
PAR  The system for controlling the vertical position of the camera 97 is
      similar. As shown in FIG. 26 the positive and negative terminals are
      connected through an on-off switch 454 to a polarity reversing switch 455
      and then to the motor 151 which, it will be recalled, drives a "scissor"
      jack on the main platform 103 so as to raise and lower the transducer
      platform 104 which carries the television camera 97: Manipulation of the
      switches 454 and 455, which preferably are controlled from the operation
      station, enable the camera 97 to be positioned vertically.
PAR  When a record is to be replaced in the file, it is first transported by
      manipulation of the switches 451 and 452 of FIG. 25, approximately to the
      position shown in FIG. 21 with the edge of the record just barely engaged
      by the belts and rollers. Then a single pole double throw switch 457, FIG.
      24, is shifted from its "Extract" position to its "Return" position
      thereby connecting the solenoid 367 to the switch 431 instead of to the
      switch 432. Then the switches 436 and 437 are closed momentarily and the
      subassembly 371 is advanced and retracted as before. However, the solenoid
      367 is energized through the switch 431 to close the fingers 354 and 355
      during the "Advanced" portion of the cycle and is deenergized when the
      subassembly is fully advanced and the record back in file so that the
      fingers release the record and remain open during retraction of the
      subassembly.
PAR  The selection of the particular image on the record has been described as
      largely manual. However, the control system can readily be adapted to
      automatic preselection. For this purpose, as shown in FIG. 27, each
      retainer has an opaque strip 461 across the top, broken only by tiny
      transparent spots 462, one centered above each vertical column of images.
      Horizontal position is sensed by a photoelectric sensor 463 and the
      information fed to a suitably modified control system 176 (FIG. 9).
      Vertical position of the camera can be sensed by the multi segment
      commutator 157 (FIG. 8) and brush 158 arrangement and the information fed
      back to a suitable control system 178 (FIG. 9). With such an arrangement,
      not only the particular record, but the particular image, can be
      preselected and displayed.
PAR  It is to be understood that an apparatus constructed in accordance with the
      invention and suitable for commercial use is a complex device and includes
      intricate mechanical, electric and logic elements and circuits. Many of
      the details of such an apparatus have been omitted from the present
      disclosure or shown in simplified schematic form in order to disclose more
      clearly the inventive concepts and to avoid obscuring the invention with
      engineering details.
PAR  From the foregoing it is apparent that applicants have provided an improved
      information storage and retrieval system. The records are stored in a
      central file safe from loss or damage. The individual retainers protect
      them from wear and tear. Any one of many thousands of records may be
      retrieved quickly and automatically. The tabs on the retainers facilitate
      manipulation of the records and the staggered arrangement of the tabs
      relaxes the requirements for precise positioning of the extracting
      mechanism. The key portion of the retainers protects the integrity of the
      file by marking the assigned storage locations while permitting the record
      to be fully exposed to view. When so exposed, not only may an image
      thereof be televised but by simply replacing the television camera with
      another appropriate transducer, the record may be photographed, directly
      imaged, projected, or duplicated. The information need not be recorded
      optically but may be otherwise recorded, for example, magnetically, in
      which case an appropriate form of transducer is provided to read the
      information.
PAR  Although a specific embodiment of the invention has been described in
      considerable detail for illustrative purposes, it must be realized that
      many modifications will occur to those skilled in the art. It is therefore
      desired that the protection afforded by Letters Patent be limited only by
      its true scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a storage bin having a plurality of substantially
      planar records stored on edge therein and wherein each of said records is
      provided with a tab extending beyond the edge of the remainder of the
      record, apparatus positioned adjacent to said bin for partially extracting
      a preselected record, comprising,
PA1  a finger assembly including a pair of tab grasping fingers resiliently
      urged to an open position and selectively actuatable to a closed position,
PA1  means for positioning said finger assembly opposite the tab of said
      preselected record,
PA1  a record transporting mechanism including a pair of endless belts adjacent
      to each other for frictionally engaging a record therebetween and
      transporting it in either direction, and
PA1  means for successively
PA2  driving said belts in a direction to repel records toward said bin,
PA2  advancing said finger assembly forward toward said records,
PA2  closing said fingers so as to grasp the tab of the preselected record,
PA2  retracting said finger assembly to its initial position whereby said record
      is drawn between said belts despite their motion tending to repel the
      record, while adjacent records are repelled,
PA2  reversing the direction of motion of said belts, and
PA2  releasing said fingers,
PA1  whereby said preselected record is partially extracted from said bin.
NUM  2.
PAR  2. Apparatus according to claim 1 further comprising stop means positioned
      in the prospective path of movement of said record for positively limiting
      the extent of extraction of said record.
NUM  3.
PAR  3. Apparatus according to claim 1 in which said means for advancing and
      retracting said finger assembly includes a motor, a wheel driven by said
      motor, and a strap having one end pivotally and eccentrically fastened to
      said wheel and the other end pivotally fastened to said finger assembly
      whereby a single turn of said wheel advances and retracts said assembly.
NUM  4.
PAR  4. Apparatus according to claim 1 in which said record transporting
      mechanism includes two pairs of endless belts, one pair positioned to
      engage said record near the top thereof and the other pair positioned to
      engage said record near the bottom thereof.
NUM  5.
PAR  5. Apparatus according to claim 1 in which said means for positioning said
      finger assembly and said record transporting mechanism are driven by the
      same motor.
NUM  6.
PAR  6. Apparatus according to claim 5 including first and second
      electromagnetically controlled clutches, both having their inputs
      operatively connected to said motor, the output of said first clutch being
      operatively connected to drive said means for positioning said finger
      assembly and the output of said second clutch being operatively connected
      to drive said record transporting mechanism.
NUM  7.
PAR  7. Apparatus according to claim 6 in which said means for positioning said
      finger assembly includes
PA1  an endless chain operatively connected to be driven by said first clutch,
PA1  first and second lead screws operatively connected to be driven by said
      chain,
PA1  first and second nuts threaded onto said first and second lead screws
      respectively and fastened to said finger assembly, and
PA1  an idler sprocket around which said chain passes,
PA1  said sprocket being slideably mounted and resiliently urged in a direction
      to keep said chain taut as said finger assembly is advanced and retracted.
NUM  8.
PAR  8. In combination with a module for storing a plurality of substantially
      planar records on edge which module is equipped with a handle resiliently
      urged to a first position at which it prevents removal of records but
      rotatable to a second position at which records can be removed, apparatus
      for partially withdrawing said module from its storage position,
      comprising,
PA1  a cradle for receiving and supporting said module,
PA1  a carriage mounted to be moveable toward and away from said module,
PA1  yoke means pivotally mounted on said carriage,
PA1  first means mounted on said yoke means and selectively actuatable to engage
      or release said handle,
PA1  second means pivotally mounted on said yoke means for engaging said handle,
PA1  cam means mounted on said carriage,
PA1  cam follower means fastened to said second means and engaging said cam
      means, and
PA1  means for successively
PA2  advancing said carriage toward said module,
PA2  actuating said first means to engage said handle,
PA2  withdrawing said carriage, whereby said module is withdrawn an initial
      distance, and
PA2  rotating said yoke means about its pivot, whereby said cam follower means
      engages said cam means, said second means engages said handle, said module
      is further withdrawn onto said cradle and said handle is rotated to said
      second position.
NUM  9.
PAR  9. Apparatus in accordance with claim 8
PA1  in which said yoke means comprises first and second upstanding yokes
      pivotally mounted on opposite sides of said carriage and fastened together
      by a bar,
PA1  in which said first means is a first hook means pivotally mounted near the
      top of said first yoke and extending forward toward said module and
      laterally toward said second yoke, and
PA1  including power operated means for selectively actuating said first hook
      means to engage or disengage said handle.
NUM  10.
PAR  10. Apparatus according to claim 9 in which
PA1  said cam means comprises first and second cams rigidly fastened to opposite
      sides of said carriage,
PA1  said second means comprises second and third hook means pivotally mounted
      near the top of said first and second yokes respectively,
PA1  said cam follower means comprises first and second arms, rigidly fastened
      to said second and third hook means respectively, each equipped with a
      roller, which rollers engage said first and second cams respectively, and
PA1  said cams are contoured so that as said yokes are rotated, said second and
      third hook means engage said handle, draw said module onto said cradle and
      rotate said handle to said second position.
NUM  11.
PAR  11. An information storage and retrieval system, comprising,
PA1  a record storage file having a first predetermined plurality of shelves
      mounted for movement along a closed path whereby any shelf can be brought
      to a predetermined active location on said path,
PA1  a second predetermined plurality of storage modules on each of said
      shelves,
PA1  a third predetermined plurality of bins in each of said modules,
PA1  a fourth predetermined plurality of records stored side by side in each of
      said bins,
PA1  whereby the location of each record can be specified by a series of numbers
      designating, respectively, the shelf, the module, the bin and the position
      within the bin in which the specified record is stored,
PA1  a record withdrawing mechanism, and
PA1  means responsive to a signal specifying the location of a selected one of
      said records by shelf, module, bin and record number for transporting the
      specified shelf to said active location and for transporting said
      withdrawing mechanism to a position adjacent to the specified module, bin
      and record,
PA1  said withdrawing mechanism including means for withdrawing said specified
      module away from its storage location on said shelf and for limiting
      withdrawal to a predetermined distance less than complete withdrawal and
      also including means for withdrawing said selected record from its storage
      location in said specified bin, said last named means including means for
      positively limiting withdrawal to a partial withdrawal.
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ABST
PAL  Apparatus for testing capacitors having axial leads and for sorting the
      tested capacitors into various classifications or categories in accordance
      with the results of such tests. Capacitors having capacitance
      classifications within a predetermined range of such classifications are
      preferably sorted into a plurality of containers each having associated
      therewith a classification corresponding to one of said classifications
      within said range with each of the containers being used for storing or
      shipping a predetermined quantity of capacitors of a desired capacitance.
      Alternatively, the capacitors can be sorted into bins for storage and
      desired quantities of the capacitors may be later removed from the
      respective bins and counted for shipment or delivery thereof to customers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Manually testing direct current leakage and capacitance of capacitors, and
      sorting the capacitors in accordance with the results of such tests, is
      relatively time consuming and, therefore, adds substantially to the cost
      of and the price which must be charged for capacitors which are so tested.
      Accordingly, it is an object of the present invention to provide an
      apparatus which will automatically test capacitors, that is, which will
      test the above mentioned parameters of capacitors and will automatically
      sort the tested capacitors into selected categories or classifications at
      a high rate of speed.
PAR  It is another object of the present invention to provide an apparatus which
      can rapidly sort and classify capacitors having desired parameters and
      supply such classified capacitors to corresponding containers suitable for
      storage or shipment of each class of capacitor.
PAR  Other objects and novel features of the invention will become apparent as
      the description proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is believed to be adequately summarized in the foregoing
      abstract of the disclosure and, therefore, for the sake of brevity and to
      prevent repetition or redundancy, no further summary of the invention will
      be given nor is any considered necessary.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a top plan view of a part of the apparatus embodying the
      invention;
PAR  FIG. 2 is an enlarged elevational view taken generally along line 2--2 of
      FIG. 1 and including other apparatus in conjunction with which the
      apparatus of the present invention may be employed;
PAR  FIG. 3 is a detailed elevational view of a minor part of the apparatus of
      FIG. 2;
PAR  FIG. 4 is an enlarged elevational view of a part of the apparatus of FIGS.
      1 and 2, such view being generally taken along line 4--4 of FIG. 1;
PAR  FIG. 5 is a cross-sectional detailed view of a part of the apparatus of
      FIG. 4, such view being on enlarged scale and taken generally along the
      line 5--5 of FIG. 6;
PAR  FIG. 6 is an end view of the apparatus part shown in FIG. 5, such view
      being taken generally along line 6--6 of FIG. 5;
PAR  FIGS. 6a, 6b, 6c and 6d are detail views illustrating the shapes of parts
      of the apparatus shown in FIG. 6 with FIG. 6b being taken generally along
      line 6b--6b of FIG. 6a and FIG. 6d being taken generally along line 6d--6d
      of FIG. 6c;
PAR  FIG. 7 is a detail view of a minor part of the apparatus embodying the
      invention;
PAR  FIG. 8 is a detail top plan view of a capacitor clamp assembly employed in
      the apparatus of the invention, such view illustrating a capacitor clamped
      in such assembly;
PAR  FIG. 9 is an end elevational view of the assembly and capacitor of FIG. 8,
      such view being taken generally along line 9--9 of FIG. 8;
PAR  FIG. 10 is a cross-section view of the assembly of FIG. 9, such view being
      taken generally along line 10--10 of FIG. 9;
PAR  FIG. 11 is an elevational view of a clamp assembly opener used in the
      apparatus of the invention;
PAR  FIG. 12 is an elevational view of the opener of FIG. 11, such view being
      taken generally along line 12--12 of FIG. 11;
PAR  FIG. 13 is an end elevational view of a capacitor lead contactor or
      contacting device employed in the invention;
PAR  FIG. 14 is a side elevational view of the contactor or contacing device of
      FIG. 13, such view being taken generally along line 14--14 of FIG. 13;
PAR  FIG. 15 is an end elevational view of another type of capacitor lead
      contactor or contacting device employed in the invention;
PAR  FIG. 16 is a side elevational view of the contactor or contacting device of
      FIG. 15, such view being taken generally along line 16--16 of FIG. 15;
PAR  FIG. 17 is a top plan view of several links of lengths of chains used in
      the previously mentioned other apparatus in conjunction with which the
      apparatus of the present invention may be employed, such view also
      illustrating a succession of capacitors carried by fixtures carried by
      such chains;
PAR  FIG. 18 is an elevational view of the chain links, fixtures and capacitors
      of FIG. 17, such view being taken generally along line 18--18 of FIG. 17;
PAR  FIG. 19 comprises a front elevational view of an open front receptacle for
      a capacitor container or package including a limit switch secured thereto
      and which may be used in the invention disclosed;
PAR  FIG. 20 is a top plan view of the receptacle and limit switch of FIG. 19,
      such view being taken generally along line 20--20 of FIG. 19;
PAR  FIG. 21 is a side elevational view of the receptacle and limit switch of
      FIG. 19, such view being taken generally along line 21--21 of FIG. 19;
PAR  FIG. 22 is a side view of a capacitor container such as may be used in
      conjunction with a receptacle such as shown in FIGS. 19 through 21;
PAR  FIG. 23 is a cross-sectional view showing the internal structure of the
      container of FIG. 22; such view being taken generally along line 23--23 of
      FIG. 22;
PAR  FIG. 24 is a top plan view of the container of FIG. 22, such view being
      taken generally along line 24--24 of FIG. 22;
PAR  FIG. 25 is a schematic illustration of certain mechanical parts of the
      invention and mechanical interconnections between such parts;
PAR  FIG. 26 is a timing or sequence chart which illustrates, in a time or
      sequential relationship with each other, the sequence of movements and
      actuations of certain mechanical parts of the invention including
      electrical circuit controlling contacts actuated by a rotary cam switch or
      timing drum;
PAR  FIG. 27 illustrates a part of a capacitor count selection panel of an
      electronic counter, several of which are used in the apparatus of the
      invention;
PAR  FIGS. 28 and 29 illustrate first and second terminal boards on one of the
      electronic counters used in the invention, and certain circuit connections
      to and interconnections between terminals on each respective board as well
      as connections to a relay from terminals on the terminal board of FIG. 29;
PAR  FIGS. 30 through 37 on drawing sheets 14 through 18, when such sheets are
      arranged as shown in FIG. 38, comprise a schematic electrical wiring and
      pneumatic diagram illustrating connections between electric and pneumatic
      components employed in the apparatus embodying the invention.
PAR  Similar reference characters refer to similar parts in each of the FIGS. of
      the drawings.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring to FIGS. 1 through 4 of the drawings in detail, there is shown a
      vertically reciprocative circular top or tool plate TP having a plurality
      of safety covers such as SC provided about the periphery thereof, and such
      tool plate being located above a circular rotatable turret T (FIG. 2)
      which is movable or rotatable between a plurality of equally spaced apart
      stations in a circular path of travel. Such stations are shown in FIG. 1
      as comprising 32 successive stations numbered from 1 to 32 and including a
      capacitor receiving station (station 1 in FIG. 1) located adjacent a
      capacitor loading or delivery station to be discussed hereinafter, and,
      moving counterclockwise about tool plate TP, a sequence or succession of
      twelve stations for supplying direct current electrical charges across the
      axial leads of capacitors having such leads stations 2 through 13 in FIG.
      1); a station for testing the direct current leakage of each said
      capacitor (station 14 in FIG. 1); two successive stations for electrically
      discharging the charged capacitors (stations 15 and 16 in FIG. 1); a first
      reject station for rejecting capacitors which fail or do not have suitable
      leakage characteristics (station 17 in FIG. 1); a station for testing the
      capacitance and dissipation factor of each said capacitor (station 18 in
      FIG. 1); a second reject station for rejecting capacitors which do not
      have suitable capacitance or dissipation factor characteristics (station
      19 in FIG. 1); and a succession of stations for sorting acceptable
      capacitors in accordance with one of four capacitance classifications or
      categories associated with each respective capacitor at said capacitance
      test station 18, such succession of stations comprising stations 20
      through 23 in the embodiment of the invention herein disclosed. The
      remaining stations 24 through 31 shown in FIG. 1 are spare stations and
      station 32 is a station for detecting any capacitor or capacitors which
      inadvertently are not rejected or sorted out at one of the reject or
      sorting stations, such detection of such a capacitor interrupting the
      operation of the apparatus until the detected capacitor is removed
      therefrom. It is pointed out that, in actuality, the apparatus of the
      invention is capable of sorting acceptable capacitors into more than four
      classifications or categories and, in such case, each next succeeding
      spare station would be used as a sorting station for each next additional
      classification or category into which the respective capacitors are to be
      sorted. It is also pointed out, as is believed readily apparent, that a
      succession of less or more than 32 equally spaced apart stations could be
      employed with or in the apparatus of the invention if so desired.
PAR  Referring further to FIG. 1, taken in conjunction with FIGS. 13 and 14,
      there is shown at arbitrarily selected station 9 of tool plate TP a
      capacitor lead contacting assembly or device 9TA which supports a pair of
      lead contactors or probes 9C1 and 9C2 (FIG. 14) which are spring biased to
      lowered positions and are actuable upwardly against said spring biasing
      when tool plate TP is actuated to its lowered position and the lower ends
      of the probes or contactors 9C1 and 9C2 contact the leads of a capacitor
      such as CP (FIG. 13) carried by a clamping assembly CCA mounted on the
      upper surface of turret T and to be hereinafter discussed in detail in
      conjunction with FIGS. 8, 9 and 10 of the drawings. The upper ends of
      probes or contactors 9C1 and 9C2 are provided with suitable nuts for the
      purpose of making electrical connections to the respective terminals as
      further discussed hereinafter. As mentioned above, station 9 has been
      arbitrarily selected for the purpose of illustrating the mounting of a
      contactor device such as 9TA on tool plate TP and the structure of such
      device. In actuality there is one such contactor device mounted on tool
      plate TP for each of the stations 2 through 13 of FIG. 1, such contactor
      devices other than at station 9 being omitted from FIG. 1 of the drawings
      for purposes of simplification of such drawing FIG.
PAR  Referring now to FIG. 1 taken in conjunction with FIGS. 15 and 16, there is
      shown at station 18 of tool plate TP a capacitor lead contacting assembly
      or device 18TA which supports a first pair of associated lead contactors
      or probes such as 18C1 and 18C3, and a second pair of associated probes or
      contactors 18C2 and 18C4, the latter not appearing in FIGS. 15 and 16 of
      the drawings but the arrangement of which will be readily apparent from
      the arrangement of contactors 18C1 and 18C3 in FIG. 15. Said probes or
      contactors such as 18C1, 18C2 and 18C3 are spring biased to lowered
      positions and are actuated upwardly against the force of the springs of
      the contactors when tool plate TP is actuated to its lower position and
      the ends of said contactors are pressed downwardly against the leads of a
      capacitor such as CP carried in a clamping assembly such as CCA mounted on
      the upper surface of turret T or downwardly against small electrically
      conductive plates 21 of an assembly such as CCA, such conductive plates
      being hereinafter discussed in more detail in conjunction with FIGS. 8, 9
      and 10 as previously mentioned. The probes or contactors such as 18C1,
      18C2 and 18C3 are provided on their upper ends with nuts for making
      electrical connections thereto as hereinafter further mentioned. It is
      pointed out that said probes or contactors are prevented from rotational
      movement by pins such as (FIG. 16) extending through the body of
      contacting assembly 18TA and bearing against flats or flat portions such
      as 23 provided on the outer periphery of each of the contactors as
      illustrated in FIG. 16.
PAR  There is provided adjacent stations 17 and 19 of the apparatus, clamping
      assembly openers or opening devices EA including pressurized fluid
      cylinders CY17 and CY19, respectively, (FIG. 1). The structure of cylinder
      CY17 and its associated apparatus is illustrated in detail in FIGS. 11 and
      12, and such cylinder includes the usual piston rod such as PR17, which
      has clamped thereto a vertical guide rod GR17, such piston rod carrying on
      the lower end thereof a clamping assembly opening pin P17 whose lower
      wedge shaped end actuates a clamping assembly or device such as CCA to an
      open or capacitor lead unclamping condition when tool plate TP is in its
      lower position and pressurized fluid is supplied over a conduit CD1 to the
      upper end of cylinder CY17 to actuate piston rod PR17 and pin P17
      downwardly as illustrated in FIGS. 11 and 12. Such actuation of pin P17
      and the resultant opening of an assembly or device such as CCA unclamps or
      releases a capacitor such as CP to permit it to fall through an associated
      downwardly tapered radially extending slot such as 24 in turret T, as will
      be discussed further hereinafter. Following a downward actuation of piston
      rod PR17 and its associated pin P17, and the release of a capacitor such
      as mentioned, pressurized fluid is supplied over a conduit CD2 to the
      lower end of cylinder CY17 to actuate piston rod PR17 and pin P17 upwardly
      to remove the lower wedge shaped end of such pin from the clamping
      assembly such as CCA and permit it to return to an unactuated clamping
      condition as discussed in more detail hereinafter. The structure and
      method of actuation of cylinder CY19 shown at station 19 in FIG. 1 is the
      same as that of cylinder CY17 and reference is made to FIGS. 11 and 12 if
      details of the structure of CY19 and its associated apparatus is desired.
      It is pointed out however that pressurized fluid conduits CD3 and CD4 are
      shown in FIG. 1 as connecting with the upper and lower ends, respectively,
      of cylinder CY19, such conduits corresponding respectively to conduits CD1
      and CD2 connected to cylinder CY17.
PAR  At each of the stations 21 through 23 shown in FIG. 1 there is provided a
      pressurized fluid cylinder and associated parts similar to above discussed
      cylinders CY17 and CY19 shown at stations 17 and 19, respectively.
      However, for purposes of simplication of FIG. 1, only cylinders CY17 and
      CY19 are shown therein. The cylinders at stations 20 through 23 and the
      respectfully associated pressurized fluid conduits connected thereto are
      shown schematically in FIG. 36 of the drawings along with cylinder CY19
      and such cylinders and their actuation will be discussed hereinafter in an
      operational example of the invention.
PAR  Referring now to FIGS. 8, 9 and 10, one of the previously mentioned
      capacitor lead clamping assemblies CCA is shown in detail in such drawing
      FIGS. Such assembly includes first and second fixed block members 26 and
      27 which are secured to the top surface of turret T, a pair of slide guide
      members 28 and 29 also affixed to the top surface of turret T and a slide
      member 31 itself which is slidably movable a small distance between guide
      members 28 and 29. A pair of springs 32 and 33 normally spring bias slide
      member 31 to a closed or clamping condition of the clamping assembly as
      shown in FIGS. 8 and 9, portions of the left hand end (viewing FIGS. 8 and
      9) of slide member 31 contacting the leads of a capacitor such as CP and
      pressing such leads against portions of the right hand end (also viewing
      in FIGS. 8 and 9) of block member 26 at such time to clamp the capacitor
      such as CP in the clamping assembly CCA. Slide member 31 and block member
      26 have central cut-out portions for accommodating the body of a capacitor
      such as CP whose leads are clamped in the clamping assembly. Slide member
      31 further includes an opening 31a extending downwardly therethrough and
      there is rotatably supported in such opening a roller 34 which is
      contacted and actuated by the pin such as P17 of a clamping assembly
      opener such as EA previously discussed to thereby open a clamping assembly
      such as CCA. It will be noted that the leads of a capacitor such as CP
      clamped in a clamping assembly such as CCA rest on the previously
      mentioned electrically conductive plates such as 21 of the clamping
      assembly.
PAR  Referring further to FIG. 8, it is pointed out that there is a plurality of
      32 clamping assemblies such as CCA evenly spaced apart about turret T
      adjacent the outer periphery of such turret and there is located below
      each such assembly one of the previously mentioned radial slots such as 24
      extending downwardly through the turret. Each slot such as 24 has a
      central portion which is large enough to permit the bodies of the largest
      capacitors to be tested and sorted by the apparatus of the invention to
      pass while the inner and outer portions or ends of each said slot are
      V-shaped or taper downwardly to relatively narrow openings extending
      through the bottom surface of turret T, such openings being wide enough to
      accommodate the largest axial leads of the capacitors such as CP, and the
      slots such as 24 guiding released capacitors downwardly through the bottom
      of turret T into suitable bins or containers located beneath such turret
      as hereinafter discussed.
PAR  Referring now to FIG. 7 taken in conjunction with FIGS. 1, 2 and 4, there
      is shown a support bracket 36 for a light sensitive device such as
      photocell 1PC, such bracket being located adjacent the capacitor receiving
      station or station 1 in FIG. 1 so that the lens of the photocell is
      disposed over the center of a relatively large slot such as TPS in tool
      plate TP. A light source 1LS is supported in a suitable hole embodied in a
      shelf SH located below turret T and when such light source is energized
      and there is no capacitor in the clamping assembly such as CCA at station
      1, that is, at the capacitor receiving station, a light beam from light
      source 1LS will be projected upwardly to impinge on the lens of photocell
      1PC to actuate such device. The purpose of such arrangement will be
      discussed hereinafter.
PAR  There is also shown in FIGS. 2 and 7, attached to the bottom surface of
      tool plate TP, a clamping assembly opener OW having a wedge shaped lower
      end and which is actuated upwardly and downwardly by the upward and
      downward actuations of tool plate TP. Opener OW is attached to tool plate
      OW so that when tool plate TP is lowered the lower wedge shaped end of
      opener OW will contact the roller 34 of each clamping assembly such as CCA
      moved to station 1, that is, to the capacitor receiving station, and press
      against such roller to open the respective clamping assembly then at such
      receiving station. It will be noted that there is no safety cover such as
      SC (FIG. 2) attached to the periphery of tool plate TP in the vicinity of
      the capacitor receiving station as shown in FIG. 4.
PAR  A photocell support bracket such as 37 (FIGS. 1, 2 and 4) supports another
      photocell 32PC adjacent station 32 (FIG. 1) and the lens of such photocell
      is located so as to normally receive light from a light source 32LS also
      supported in a suitable hole in said shelf SH (FIG. 4), a light beam from
      such light actuating photocell 32PC when there is no capacitor in a
      clamping assembly such as CCA then at station 32. The purpose of such
      arrangement will also be discussed hereinafter.
PAR  A third light sensitive device such as photocell 18PC is supported by
      capacitor lead contacting device 18TA at station 18 (FIGS. 1 and 15) and a
      third light source 18LS is supported in a hole in a suitable bracket 38
      disposed beneath turret T at station 18 so that a light beam projected
      vertically from such light source will impinge on the lens of photocell
      18PC and actuate such photocell when a clamping assembly such as CCA is at
      station 18 and there is no capacitor in such clamping assembly. The
      purpose of the photocell arrangement at station 18 will be pointed out
      hereinafter.
PAR  Referring to FIG. 2 of the drawings, there is shown an indexing or drive
      unit IU which is attached to the top of a support plate SP resting on a
      suitable platform PL. Such index unit drives or moves tool plate TP,
      turret T and other parts of the apparatus as hereinafter pointed out.
      Indexing unit 10 is of a type which will provide intermittent or periodic
      rotational movement to turret T and vertically reciprocative or up and
      down motion to tool plate TP when the electric motor drive included with
      such unit is energized as hereinafter discussed in detail. Indexing units
      such as IU are well known in the art and such unit may, for example, be a
      "Series B" Turret Indexing Unit which may be obtained from Swanson-Erie
      Corporation whose address is 814 East Eighth Street, Erie, Pa. Such unit
      is arranged to index or move a turret such as T through a 11.25.degree.
      arc of rotation during each periodic indexing of the unit, there being, of
      course, 32 such indexing movements in one complete revolution of the
      turret. The movements of turret T and of tool plate TP by index unit IU
      will be discussed in detail hereinafter in conjunction with FIGS. 25 and
      26 of the drawings.
PAR  Referring again to FIG. 2 taken in conjunction with FIG. 25, index unit IU
      has keyed to an output shaft SH1 thereof and for rotation therewith a
      first toothed pulley PU1 about whose outer periphery there is looped a
      first toothed timing belt TB1 which also loops about the outer periphery
      of a toothed pulley PU2 (FIG. 3) rotatably supported on a belt tension
      adjustment device BTA secured to the top of support platform SP and
      including an adjustable arm AM which supports a short stationary shaft SH2
      upon which pulley PU2 rotates. There is secured to the outer face of
      pulley PU2, for rotation therewith, a first toothed gear G1 whose teeth
      mesh with a scond toothed gear G2 (see also FIG. 4) which is keyed to the
      input shaft of a small index unit CIU which is attached to a stand ST
      having a foot portion secured to the top of support platform SP. Index
      unit CIU is further discussed below. Pulley PU2 and gear G1 are held on
      shaft SH2 by suitable washers and a collar member CO which is keyed to the
      outer end of shaft SH2. The output shaft of index unit CIU has keyed
      thereto for rotation therewith another toothed pulley PU5 about which is
      looped a toothed timing belt TB2 which also loops about the teeth of
      another toothed pulley PU6 which is mounted on and is keyed to a rotatable
      sleeve member SM of a capacitor loading assembly LA for driven rotation of
      such sleeve member (FIG. 4).
PAR  The above-mentioned index unit CIU is a unit which rotates its output shaft
      SH4 through a 180.degree. arc of rotation for each 360.degree. of rotation
      of the input shaft SH3 of such unit, such output shaft SH4 of unit CIU
      remaining stationary during rotation of said input shaft SH3 through half
      or 180.degree. of said 360.degree. of rotation of such input shaft. Index
      units such as CIU are well known in the art and such unit may, for
      example, be a model 2090, Series 1620 index unit which may be obtained
      from Cyclo-Index Corporation whose address is P.O. Box 3651, Cleveland,
      Ohio 44119. Index unit CIU will be discussed further hereinafter in
      conjunction with FIGS. 25 and 26 of the drawings.
PAR  Referring to FIGS. 5 and 6 taken in conjunction with FIGS. 1, 2 and 4,
      there is shown the above mentioned capacitor loading assembly LA including
      said sleeve member SM through the hollow of which extends a shaft SF
      surrounded, adjacent a first end thereof, by a compression spring SP, a
      first end of which bears against a collar CO1 which is keyed to said first
      end of the shaft as by a set screw. The second end of spring SP bears
      against the left hand end (viewing FIG. 4) of sleeve member SM. Sleeve
      member SM rotatably extends through a pair of vertical support members 41
      and 42 which are secured at their upper and lower ends to horizontal
      support members 44 and 45, respectively, such lower support 45 being
      secured to the top surface of previously mentioned shelf SH. Sleeve member
      SM is held against horizontal movement thereof within said support members
      by suitable washers and a pair of collars CO2 and CO3 surrounding and
      keyed to sleeve member SM. Referring to FIG. 5, it will be seen that shaft
      SF and sleeve member SM are keyed to each other by a key member KM whose
      inner side extends into a suitable recess 43 provided in the outer
      periphery of shaft SH. By such arrangement sleeve member SM and shaft SF
      are rotatable in unison while such shaft is slidably movable a limited
      distance within the hollow of sleeve member SM.
PAR  Sleeve member SM has a flange member 46 secured thereto adjacent the right
      hand end (viewing FIG. 4) of the sleeve member such as by being welded
      thereto. There is secured to such flange member 46 a circular fixed jaw
      member FJM of a capacitor loading assembly wheel LAW which is shown
      assembled in FIGS. 5 and 6 and includes such fixed jaw member, a movable
      jaw member MJM, a sleeve-like cam member CM and an annular retaining plate
      ARP. The shape of fixed jaw member is shown in FIGS. 6a and 6b and it will
      be noted that such member includes opposite jaw portions 50 and 51 each
      having a generally planar arcuate configuration of a 90.degree. a sector
      of a circle, and similar 90.degree. arcuate cutouts between such jaw
      portions 50 and 51 and in which opposite jaw portions 52 and 53 of said
      movable jaw member MJM (FIGS. 6c and 6d) are disposed when loading
      assembly wheel LAW is assembled as shown in FIGS. 5 and 6. It is pointed
      out that each of the jaw portions 52 and 53 of member MJM have generally
      planar arcuate configurations of approximately 80.degree. sectors of a
      circle and the inner ends of such jaw portions connect with a central hub
      portion 54 of member MJM. Such arrangement permits about 10.degree.
      rotation of member MJM relative to member FJM when such members are
      assembled as shown in FIG. 6. Jaw portions 52 and 53 of member MJM are,
      therefore, rotatable about 10.degree.  within the above mentioned cutouts
      of fixed jaw member FJM.
PAR  Referring to FIG. 5, sleeve-like cam member CM embodies a pair of opposite
      and similar sloping arcuate sltos such as 56 extending through such cam
      member at opposite locations on the periphery of the cam member. A pin 57
      fits tightly through a hole provided in shaft SF and opposite ends of such
      pin extend snugly but slidably movable into said slots such as 56 in cam
      member CM. Cam member CM is secured to movable jaw member MJM and the
      aforesaid annular retaining plate ARP retains arcuate portions 52 and 53
      of member MJM snugly but rotatably movable within said arcuate cutouts of
      fixed jaw member FJM for about a 10.degree. arc of rotation, that is, for
      an arc of rotation equal to the difference in the 80.degree. arcuate
      sectors of portions 52 and 53, and the 90.degree. arcuate section of said
      cutouts. By the arrangement just discussed it will be apparent that when
      shaft SF is moved longitudinally through the hollow of sleeve member SM,
      pin 57 in such shaft moves in the slots such as 56 in cam member CM and
      imparts a limited amount of rotational movement to such cam member
      relative to sleeve member SM. This, of course, causes rotational movement
      of movable jaw member MJM relative to fixed jaw member FJM, and rotational
      movement of portions 52 and 53 of member MJM in the cutouts of member FJM,
      that is to say, the opening and closing of the jaws of loading assembly
      wheel LAW of loading assembly LA.
PAR  There is attached to the upper surface of horizontal support member 44
      (FIGS. 1, 2 and 4) a pressurized fluid cylinder CY1 whose association
      piston rod PR1 is pivotally attached through suitable linkage devices to
      the upper end of a lever LV which is pivotally supported at about the
      center thereof by a clevis member or bracket 58 and whose lower end
      pivotally carries a roller or wheel 59 whose outer periphery is in contact
      with and bears against the left hand end of shaft SF (viewing FIG. 4) of
      capacitor loading assembly LA. said piston rod PR1 of cylinder CY1 is
      shown in FIG. 4 as being extended to actuate the upper end of lever LV to
      the left and the lower end of such lever to the right to move shaft SF in
      a corresponding direction, such actuation of lever LV causing compression
      of spring SP at such time. Such an actuation of lever LV occurs when
      pressurized fluid from a suitable source thereof is supplied through a
      conduit CD14 (FIG. 4) to the right hand end of cylinder CY1 while conduit
      CD13, connected to the left hand end of cylinder CY1 is connected to a
      pressurized fluid sink. The above mentioned movement of shaft SF to the
      right actuates the jaws of loading assembly wheel LAW to an open condition
      such as shown in FIG. 6. When the above mentioned pressurized fluid
      supplied to conduit CD14 (FIG. 4) is terminated and such conduit is
      connected to the aforementioned fluid sink while conduit CD13 is connected
      to said pressurized fluid source, piston rod PR1 is actuated to move the
      upper end of lever LV to the right. This removes the force previously
      supplied to shaft SF by the roller or wheel 59 on the lower end of lever
      LV and spring SP then moves shaft SF in the left hand direction to cause
      closure of the previously opened jaws of loading assembly wheel LAW of
      assembly LA. This will be further discussed hereinafter in conjunction
      with FIG. 26 of the drawings.
PAR  Referring now to FIGS. 17 and 18 taken in conjunction with FIG. 2 there is
      shown short sections of looped capacitor conveyor link chains CH1 and CH2
      each of which carry a succession of capacitor support blocks or
      attachments such as CSB used for transporting capacitors such as CP to the
      apparatus of the present invention. Link chains CH1 and CH2 loop about
      suitable spaced apart sprockets or sprocket wheels SW1 and SW2, which are
      keyed to a shaft SH6 for driven rotation therewith, and about a pair of
      similar but idler sprockets or sprocket wheels which are not shown in the
      drawings for the purpose of simplification thereof and because the
      conveyor chains, such as CH1 and CH2, the sprockets or sprocket wheels
      such as SW1 and SW2, the chain attachments such as CSB etc. are not, per
      se, part of the present invention, such parts being shown therein only to
      the extent necessary to an understanding of the operation of the apparatus
      of the invention.
PAR  Referring further to FIG. 2, said sprockets SW1 and SW2 are keyed to the
      aforesaid shaft SH6 which is rotatably supported by uprights UP1 and UP2
      secured to a suitable base BA which is supported on the upper end of a
      vertical or upright support stand SS. Base BA has secured to the bottom
      surface thereof an extending support arm SA to the bottom of which is
      affixed a vertical motor support VMS which supports a stepping motor STM
      hereinafter further discussed. There is keyed to the output shaft of motor
      STM a toothed pulley PU10 about which loops a toothed gear belt TB4 which
      also loops about a toothed pulley PU9 keyed to the aforesaid shaft SH6 for
      driven rotation thereof and of said sprockets or sprocket wheels SW1 and
      SW2. The energization of stepping motor STM and the rotation of said
      sprocket wheels SW1 and SW2 to drive chains CH1 and CH2 to convey
      capacitors such as CP to the apparatus of the present invention, will be
      discussed further hereinafter in conjunction with FIG. 26 of the drawings.
PAR  A photosensitive device such as a photocell LPC is mounted on an upright
      reverse L-shaped support bracket BB (FIG. 4) adjacent the upper end
      thereof, the lower or base end of such bracket being supported on
      previously mentioned shelf SH. A light source LLS is mounted on the base
      end of bracket BB and is positioned so that a light beam emitted from such
      light source LLS, when such source is energized, will normally impinge on
      the lens of photocell LPC and cause actuation of such cell as hereinafter
      discussed. It is pointed out, with reference to FIGS. 2 and 4 of the
      drawings, that light source LLS and photocell LPC are located and
      positioned so that said light beam will be intercepted by a lead of each
      capacitor which is conveyed by the aforesaid chains CH1 and CH2 (see FIG.
      2) to the previously mentioned capacitor loading or delivery station
      adjacent capacitor receiving station 1 of the apparatus of the present
      invention. Such interruption or interception of said light beam controls
      the operation of stepping motor STM (FIG. 2) as hereinafter discussed.
PAR  There is shown attached to the upper surface of support plate SP (FIGS. 19
      and 21) beneath turret T, and at each of the sorting stations 20, 21, 22
      and 23, a capacitor container holder CTH which comprises a pair of spaced
      apart vertical side plates 61 and 62 which are separated a distance
      corresponding to the thickness of a capacitor container such as container
      CT shown in FIGS. 22, 23 and 24 and to be hereinafter discussed. The
      holder such as CTH also includes a vertical back plate 63 to which side
      plates 61 and 62 are secured. The front or right hand inner edges (viewing
      FIGS. 20 and 21) of a holder such as CTH are beveled to facilitate the
      ease of insertion of a capacitor container such as CT into such holder and
      there are cutout sections such as 65 in each side plate of a container
      holder such as CTH for the purpose of ease of manually grasping of the
      sides of a container such as CT for removal of such a container from the
      holder since such a container will fit relatively snugly in the holder. It
      will be noted that each container holder such as CTH is located at its
      respective sorting station such as 20, 21, 22 and 23 so that the opening
      in the top of each respective such holder is disposed below one of the
      previously mentioned V-shaped or tapered slots such as 24 in turret T when
      such turret is dwelling so that a capacitor clamping assembly such as CCA
      is momentarily stopped at the respective sorting station as illustrated in
      FIGS. 19 and 21.
PAR  A limit switch support bracket 64 is shown secured to the outside of side
      plate 61 of a container holder such as CTH and a limit switch LS is
      attached to bracket 64 and is supported thereby with only the
      semi-spherical end of an actuating plugner PG of the limit switch
      extending through a cooperative hold 63a provided in back plate 63 and
      into the interior of a holder such as CTH as illustrated in FIGS. 19 and
      21. When a container such as CT (FIGS. 22, 23 and 24) is manually inserted
      into a holder such as CTH the end of plunger PG is contacted by the back
      or left hand rear edge of the container and is depressed to actuate limit
      switch LS to control electrical circuitry hereinafter discussed. Plunger
      PG of limit switch LS is spring biased to its extended position shown and,
      when a container is removed from a respective holder such as CTH, the
      plunger is returned to its undepressed condition to further control
      electrical circuitry which will be discussed hereinafter in conjunction
      with FIGS. 33 and 37 of the drawings.
PAR  The capacitor containers such as CT shown in FIGS. 22, 23 and 24 are of a
      height and a shape such as to fit relatively precisely within a container
      holder such as CTH discussed above, and a container such as CT is inserted
      into each holder such as CTH with the opening 66 in the top of the
      container to the left, that is, with the left hand side 68 of container CT
      on the left hand side of holder CTH. That is to say, a container such as
      CT is inserted into a holder such as CTH so that the upper baffle such as
      67 on the interior of the container is at the right hand side 69 of the
      container as shown in FIG. 23. A container such as CT includes on the
      interior walls of the sides 68 and 69 thereof a staggered vertical
      succession of baffles such as 67 shown in FIG. 23 and each container such
      as CT may, for example, be similar to container 10 shown in copendinig
      patent application Ser. No. 470,835 which was filed May 17, 1974, now U.S.
      Pat. No. 3,892,333, and is assigned to the same assignee as the present
      application, such copending application being entitled Container and
      Method of Using Same. It is pointed out, however, that the container CT of
      the present application is taller than the container 10 of said copending
      application and such container 10 is shown in such copending application
      in an inverted position for emptying of the container rather than in a
      position for filling thereof as in the present application.
PAR  Referring again to FIG. 25 of the drawings there is shown an electric motor
      M to whose output shaft these is keyed for rotation therewith a pulley PU4
      about which loops a drive belt DB which also loops about a pulley PU3
      keyed to the input shaft of an electrically actuated clutch-brake CB for
      driven rotation thereof and whose output shaft is connected to the input
      shaft of previously discussed index unit IU for driving of such index
      unit. When motor M and clutch-brake CB are energized as hereinafter
      discussed, the input shaft of index unit IU is driven as previously
      mentioned and, when clutch-brake CB is deenergized, the clutch of such
      brake is disengaged from the input shaft of index unit IU and the brake of
      such clutch-brake is actuated to stop further driving of unit IU and bring
      the unit to a substantially immediate stop, such stopping of the index
      unit also immediately stopping the apparatus driven from such unit as is
      readily apparent. Electrically actuated clutch-brakes such as CB are
      well-known components and such component will be further discussed
      hereinafter in conjunction with FIG. 33 of the drawings.
PAR  Referring further to FIG. 25, there is shown the previously mentioned
      pressurized fluid cylinder CY1 whose piston rod PR1 is pivotally connected
      to previously mentioned lever LV for actuation of loading assembly LA as
      previously discussed. Previously discussed output shaft SH1 of indexing
      unit IU has keyed thereto for rotation therewith another toothed pulley
      PU7 about which loops a toothed drive belt TB3 which also loops about a
      toothed pulley PU8 which is keyed to the input shaft SH5 of a timing drum
      or rotating can limit switch RCLS for rotation of such shaft and, thereby,
      of a plurality of rotary cams C1 through C8 of limit switch RCLS and which
      selectively actuate a series of switches S1 through S8, respectively, to
      open and close their electrical contacts to open and close electrical
      circuits during each 360.degree. of rotation of said shaft SH5. Switches
      S1 through S4, and S6 and S8 each have a pair of contacts which are
      normally spring biased to an open circuit interrupting condition and each
      of which are at times actuated to a closed electric circuit closing
      condition for a respectively selected period of time during each
      360.degree. rotation of shaft SH5 and of said cams. Following each
      respective period of time of closure of the contacts of each of said
      switches, the spring biasing feature of each respective switch returns the
      contacts thereof to their open conditions. Switch S5 has a set of three
      contacts or contact members one of which is a movable contact member which
      is normally spring biased to a closed condition against a so-called back
      contact and is actuated by the respectively associated cam C5 to leave
      such back contact and move to a closed condition against a so-called front
      contact of the switch for a selected period of time during each rotation
      of shaft SH5 and of cam C5. Following such period of time of closure
      against the front contact of switch S5 the spring biasing feature of such
      switch returns the movable contact member of said set of contacts to its
      normal position, that is, to a closed position against said back contact
      of the switch. Switch S7 has a set of three contacts including a movable
      contact member which is actuated similarly to the movable contact member
      of switch S5 and, therefore, the actuation of the movable contact member
      of switch S7 need not be described in detail. Switches S1 through S8 are
      the same switches that are designated S1 through S8, respectively, in FIG.
      26 of the drawings discussed below and which are also shown in various
      places throughout FIGS. 30 through 37 of the drawings to be hereinafter
      discussed. Timing drums or rotating cam limit switches such as RCLS are
      well known components and such switch RCLS may, for example, be an
      8-circuit Gemco Rotating Cam Limit Switch which is obtainable from Gemco
      Electric Company whose address is Clawson, Mich. 48017.
PAR  It is believed that it will be expedient to here discuss in conjunction
      with the timing chart of FIG. 26, the relative actuations of various
      components of the apparatus of the invention, that is, the time
      relationship between the actuations of various components of the apparatus
      as controlled by the switches S1 through S8 of rotating cam limit switch
      RCLS and also the time relationship between the periodic rotations of
      turret T, the vertical movements of tool plate TP and the periodic
      rotations of loading wheel LAW of loading assembly LA. Referring to FIG.
      26, a single indexing movement of turret T of the apparatus including
      rotation of such turret through a 11.25.degree. arc of movement and a
      stationary dwell period therefor, is performed in 0.50 seconds as shown in
      FIG. 26 under the heading Machine Movements. However, for the purpose of
      illustrating actuations of switches S1 through S8 relative to each other
      and relative to turret T, took plate TP and loading assembly wheel LAW, as
      well as the movements of these three parts relative to each other, the
      timing chart of FIG. 26 is shown as being divided into 360.degree. which
      may, for example, be considered as a single revolution of shaft SH5 and
      cams C1 through C8 of rotating cam limit switch RCLS (FIG. 25). It should
      be initially pointed out that the lines of FIG. 26 representing the
      actuations of the previously discussed sets of contacts S5 and S7 of said
      rotating cam limit switch illustrate only the closing and opening of the
      each movable contact member against and away from the fixed front contact
      of each respective set of contacts and it will be understood that each
      said respective movable member is closed against the fixed back contact of
      each said set of contacts when such movable member is not closed against
      the front contact of the respective set of contacts of switches S5 and S7.
PAR  Referring further to FIG. 26, switch S1 controls the opening and closing of
      the jaws of loading assembly wheel LAW of loading assembly LA and switch
      S2 controls the energization of stepping motor STM to move chains CH1 and
      CH2 to deliver a capacitor such as CP to the loading station in
      preparation for being grasped by the above-mentioned jaws and transferred
      to capacitor receiving station 1 of the apparatus of the present
      invention. It will be noted that motor STM is energized for only a very
      brief period of time 275.degree.-280.degree. and that switch S1 is closed
      at such time so that the said jaws of said loading wheel LAW are open to
      receive a capacitor delivered to said loading station as hereinafter
      discussed in more detail. Switch S3 closes to interrupt energization of
      clutch brake CB and further operation of the apparatus of the invention
      when a capacitor is detected as being inadvertently remaining in a
      capacitor clamping assembly such as CCA indexed to station 32 by turret T,
      such interruption of the energization of clutch brake CB occurring only
      when turret T is dwelling, tool plate TP is in its lowered condition and
      loading assembly wheel LAW is not rotating. (See FIG. 26.)
PAR  Switch S4 closes to actuate or switch on a direct current leakage testing
      device to test such leakage of each capacitor carried to station 14, said
      test device being discussed hereinafter in conjunction with FIG. 37.
      Switch S5 is actuated at the same time as switch S4 as shown in FIG. 26
      and such switch S5 actuates a reject classification storage and transfer
      means for controlling a reject of each capacitor transferred or carried to
      station 18 and classified at station 14 as a reject, that is, as having
      unsatisfactory direct current leakage characteristics.
PAR  Switch S6 closes to actuate or switch on a capacitance testing device to
      test whether each capacitor carried to station 18 has satisfactory
      capacitance characteristics and, if so, under which of four capacitance
      classifications each respective capacitor should be classified. Said
      capacitance testing devie will be discussed hereinafter in conjunction
      with FIG. 31. Switch S7 is actuated at the same time as switch S6 as shown
      in FIG. 26 and such switch S7 actuates a reject classification storage and
      transfer means, or one of four capacitance classification storage and
      transfer means for controlling a reject for each capacitor transferred or
      carried to station 19 and classified as a reject, or for actuating one of
      the four sorting means at stations 20, 21, 22 or 23 to sort each capacitor
      into its correct capacitance classification container. It will be noted
      that switch S6 does not close its contacts for as long a period of time as
      switch S4. This is because the above mentioned capacitance testing device
      must be switched off for a short period of time before another or next
      capacitor can be tested.
PAR  Switch S8 in FIG. 26 closes only momentarily, that is, for only 10.degree.
      of rotation of cam limit switch RCLS, and such closure controls the
      counting of capacitors transferred to the receiving station 1 of the
      apparatus from the loading or delivery station adjacent which station 1 is
      located for receipt of the transferred capacitors. This will be further
      discussed hereinafter in conjunction with FIG. 32 of the drawings.
PAR  It is pointed out with reference to FIG. 26, that the actuations of the
      switches S2 through S8 of rotating cam limit switch RCLS occur during the
      dwell or stationary period of turret T and while tool plate TP is in its
      lowered position. It is also pointed out that switch S1 of the rotating
      cam switch is closed during most of the above-mentioned periods and also
      for a first part of each of the periods of rotation of turret T. This
      holds the jaws of loading assembly wheel LAW of loading assembly LA open
      to permit the rotation of turret T to remove capacitors from such jaws
      during first parts of each of the periods of rotation of the turret.
PAR  Referring to the rotation of loading assembly wheel LAW relative to the
      rotation of the turret and the vertical movement of the tool plate as
      illustrated in FIG. 26, it will be noted that said rotation of wheel LAW
      starts during the rotation of turret T but is not completed until after
      the rotation of the turret is completed and tool plate TP is in its
      lowered position. This assures that each capacitor delivered or
      transferred by wheel LAW from the loading station, adjacent receiving
      station 1 of the apparatus, to such receiving station 1 is not so
      delivered until each respectively transferred or delivered capacitor can
      be received at the receiving station, that is, so that each capacitor is
      transferred or delivered to receiving station 1 only when there is a
      capacitor clamping assembly such as CCA dwelling at the receiving station
      1 and tool plate TP is in its lowered position to cause device OW (FIGS.
      2, 4 and 7) to open such clamping assembly to receive the transferred
      capacitor.
PAR  It is expedient to here point out that a first source of direct current
      electrical power of suitable voltage and capacity is provided for
      operation, control or actuation of most of the electrical components
      employed in the control system embodied in the invention. However, for
      purposes of simplification of the drawings, said source is not shown
      therein but its positive and negative terminals are designated B and N,
      respectively. Second and third sources of direct current electrical power
      of suitable voltage and capacity are provided for operation or actuation
      of the electrical components employed in the previously mentioned direct
      current leakage tests, such sources being designated PS1 and PS2 and being
      shown in FIG. 37 of the drawings. The positive and negative terminals of
      such sources are designated + and -, respectively. A commercial 110 volt
      power source of alternating current is also employed in the invention,
      such source not being shown in the drawings for purposes of simplification
      thereof. The opposite terminals of such power source are designated BX110
      and NX110, respectively.
PAR  There is shown in FIGS. 27, 28 and 29, a section of a control panel -CP,
      and first and second terminal blocks -TB1 and -TB2, respectively. Such
      components are parts of an electronic counter such as is well known in the
      art and there are several such counters employed in the apparatus of the
      present invention. Each such counter may, for example, be a Model 7302A4T1
      Electronic Counter having a so-called "L" modification and which may be
      obtained from Automatic Timing & Controls, Inc., which is located in King
      of Prussia, Pa. The section of the control panel CP shown includes a
      single row or group of four dials of rotary knobs which control rotary
      electric switches (not shown) in accordance with the position to which
      each switch is manually turned or actuated. Such dials are termed "batch
      preset" dials and, as indicated on panel CP, a batch preset count up to
      9999 can be selected by manipulation of the dials. This will be discussed
      further hereinafter. The above mentioned "L" modification of the
      electronic counter causes an internal "batch" relay to be energized and
      become locked in which the batch preset selected by the dials or knobs or
      panel -CP of the counter is reached. Said batch relay may thereafter be
      released by depressing a count reset button (not shown) on the control
      panel -CP or such relay may be released by a separate external push button
      or similar reset device which, when manually actuated, connects terminals
      16 and 17 on terminal board -TB2 to each other. This will be further
      discussed hereinafter.
PAR  There is shown in FIG. 28 and in conjunction with terminal block TB1,
      electrical connections for supplying the previously discussed source of
      commercial alternating current energy to the electronic counter, such
      connections including a conductor or jumper connected between terminals 2
      and 4, a conductor or jumper connected between terminals 3 and 5, a
      conductor connecting terminal 5 with terminal NX110 of said current
      source, and a conductor connecting terminal 1 with terminal BX110 through
      a master switch MS, shown in FIG. 33 and to be discussed, when such switch
      is actuated, that is, is pushed or depressed and left in such actuated
      condition.
PAR  There is shown in FIG. 29 a batch preset or count relay -CTR whose control
      winding is connected across terminals 12 and 13 of terminal block TB2 and
      which is energized to close its contacts a-b when the previously mentioned
      batch preset count, selected by the dials of control panel CP, is reached
      by the electronic counter. The electrical circuits controlled by said
      contacts a-b of each relay -CTR will be discussed hereinafter. There is
      also shown in FIG. 29 a relay -PR whose normally open contacts a-b are
      connected across terminals 21 and 22 of terminal block TB2. When a relay
      such as -PR is momentarily energized, as hereinafter discussed, contacts
      a-b of the relay momentarily close to pulse the respective electronic
      counter to enter into the respective counter a count of one for each
      closure of such contacts a-b of relay -PR. This will be discussed
      hereinafter in detail in conjunction with FIGS. 31, 32, 35, 36 and 37 of
      the drawings in which there are shown electronic counters 1CT, 17CT and
      19CT through 23CT, and relays 1PR, 17PR and 19PR through 23PR. It is here
      pointed out, however, that each such counter has a control panel and
      terminal boards such as discussed above in conjunction with FIGS. 27, 28
      and 29 of the drawings and the relays in 1PR, 17PR, and 19PR through 23PR
      each correspond to relay -PR shown in FIG. 29.
PAR  For purposes of simplification of the drawings, and brevity, to the extent
      possible, of the description of the control circuits and systems etc.
      covered by FIGS. 30 through 37 of the drawings, and without sacrifice of a
      ready understanding of the systems and circuits, etc. controlling the
      apparatus of the invention, the following expedients are employed to
      attain said brevity and simplification.
PAR  A plurality of electrically controlled or actuated relays are employed and
      the control winding of each such relay is represented by a rectangle with
      the designation of the respective relay being disposed above or near the
      rectangle representing a respective relay winding. The electrical circuit
      controlling contacts of each such relay are shown below their respectively
      associated control winding and a broken line extends between each
      respective relay control winding and its contacts therebelow. The members
      of each set of contacts of a respective relay are designated by different
      small case letters, and the fixed contact points or contacts b of each
      relay, and with which each movable contact member a makes contact, is
      termed a front contact (downwardly pointing contact against which the
      respective movable contact member a is closed when the respective relay
      control winding is energized) or a back contact c (an upwardly pointing
      contact against which the respective movable contact member c is closed
      when the respective relay control winding is deenergized). Most of the
      relays shown are so-called slow release relays and, in such case, an arrow
      extends through each movable contact or contact member such as a of such
      relays and points in the direction in which each respective relay (the
      movable contact members of each relay) is slow acting.
PAR  First and second manually operable electrical circuit controlling
      push-button switches MS and MS1 are shown in FIGS. 31 and 33,
      respectively, and are of the type whose electrical contacts are normally
      open but are actuated to and remain in an electrical circuit closing
      condition when the respective push button is manually pushed or pressed.
      After the pressing of such push-button switches and the closing of the
      contacts thereof, such contacts are reactuated to a circuit interrupting
      condition only when the push-button of the respective switch is manually
      pulled out of the pressed or closed condition thereof. Switch MS was
      previously mentioned in conjunction with FIG. 28 of the drawings. A
      plurality of electric solenoid actuated pressurized fluid flow control
      valves SV1, SV17, and SV19 through SV23 are shown in FIGS. 34, 36 and 37
      in the conventional manner, that is, by conventional symbols, and the
      previously discussed pressurized fluid cylinders are shown schematically
      in FIGS. 34, 36 and 37, and are designated by reference characters CY1,
      CY17, and CY19 through CY23. A suitable source of pressurized fluid, such
      as compressed air, is also provided for the actuation of the pressurized
      fluid actuated apparatus. However, said pressurized fluid source is
      omitted from the drawings for purposes of simplification thereof.
PAR  There is shown schematically in FIG. 30 the previously discussed photocell
      LPC and its associated light source LLS which are also shown in FIGS. 2
      and 4 of the drawings. The winding of stepping motor STM previously
      discussed in conjunction with FIG. 2 is also shown schematically in FIG.
      30. Light source LLS is shown in FIG. 30 as connected across terminals B
      and N of the previously mentioned direct current source and one side of
      photocell LPC is connected to said terminal B and to one side of the
      control winding of a relay LPCR, the second side of such winding being
      connected to said terminal N of the direct current source. As illustrated
      in FIG. 30, when and as long as a light beam from source LLS impinges on
      the lens of photocell LPCR such photocell is activated to conducting and
      relay LPCR is thus normally held energized to close and keep closed its
      contacts a-b. Another relay CSP is shown in FIG. 30 and such relay has an
      energizing or pickup circuit extending from terminal B of the current
      source over said contacts a-b of relay LPCR and thence over contacts a-b
      of previously discussed switch S2 of the rotating cam limit switch RCLS
      and through the control winding of relay CSP to terminal N of the current
      source. Relay CSP is also provided with a holding circuit extending from
      the movable contact member a of switch S2 and thence over its own contacts
      a-b and through the control winding of such relay to said terminal N. When
      switch S2 closes to energize relay CSP and thereafter opens, relay CSP is
      maintained energized until contacts a-b of relay LPCR open due to the
      interruption of the light beam from light source LLS and the resultant
      deenergization of the winding of relay LPCR.
PAR  There is further shown in FIG. 30 along with stepping motor STM a so-called
      preset indexer SS1 which when actuated, supplies pulses to stepping motor
      STM to energize such motor so that its output shaft is rotatively stepped
      in steps of 1.8.degree. each. Referring again to FIG. 2 of the drawings,
      pulleys PU9 and PU10 are selected in size so that said rotative steps of
      stepping motor STM will drive chains CH1 and CH2 (FIGS. 2, 17 and 18) a
      distance equal to the distance between the centers of two successive
      capacitors such as CP carried by said chains or, in other words the
      distance between the centers of two adjacent one of the notches such as NO
      in the capacitor support blocks such as CSB carried or transported by the
      chains CH1 and CH2. Indexers such as SS1 and stepping motors such as STM
      are well known components and, as an example, indexer SS1 may be a type
      SP800- 4 Slo-Syn Preset Indexer and motor STM may be a Slo-Syn Motor, Type
      SS1800-1007, both of which components are obtainable from the Superior
      Electric Company, Bristol, Conn. When such an indexer and motor are
      employed for indexer SS1 and motor STM, contacts d-e of relay CSP are
      connected across terminals 8 and 9 of the indexer while terminals 1
      through 5 of the indexer are connected to motor STM. Further discussion of
      the control system of FIG. 30 of the drawings will be set forth below in
      conjunction with the control system of FIG. 34 which controls the opening
      of the jaws of loading assembly wheel LAW for receipt of a lead of a
      capacitor transported to the loading station by said chains CH1 and CH2.
PAR  Referring to FIG. 34, there is shown the previously mentioned solenoid
      actuated and spring return fluid flow control valve SV1 including a
      solenoid winding SW1 and a compression spring SP1, such valve controlling
      a supply of pressurized fluid, such as compressed air for example, to
      previously discussed pressurized fluid cylinder CY1 for actuation of
      piston rod PR1 of such cylinder to actuate lever LV to open the jaws of
      loading assembly wheel LAW (see FIGS. 4, 5 and 6). Solenoid winding SW1 of
      valve SV1 has an energizing circuit which extends from terminal B of the
      direct current source over contacts a-b of switch S1 of rotating cam limit
      switch RCLS in their closed condition and thence through said winding to
      terminal N of the direct current source. Normally, compressed air flows
      through valve SV1 to conduit CD13 and thence to the left hand end (viewing
      FIG. 34) of cylinder CY1 while the right hand end of such cylinder is
      connected over conduit CD14 to a suitable fluid sink SK1. This maintains
      piston rod PR1 retracted in cylinder CY1. However, when contacts a-b of
      said cam switch S1 are closed, solenoid winding SW1 is energized to
      actuate valve SV1 against the force of spring SP1 which is then
      compressed. The compressed air or pressurized fluid then flows through
      valve SV1 to conduit CD14 while conduit CD13 is connected through the
      valve to fluid sink SK1. Such operation actuates piston rod PR1 to its
      extended position to open the jaws of assembly wheel LAW as previously
      mentioned. When switch S1 again opens its contacts a-b, winding SW1 is
      deenergized and spring SP1 returns valve SV1 to its unactuated condition
      and piston rod PR1 is again retracted within cylinder CY1. This results in
      the closing of the jaws of assembly wheel LAW.
PAR  Returning to FIG. 26, it will be noted that switch S1 closes its contacts
      a-b (FIG. 34) to cause the jaws of assembly wheel LAW to open at the
      270.degree. point in the rotation of the cam switch RCLS while switch S2
      does not close its contacts a-b until the 275.degree. point in the
      rotation of the cam switch. It is thus assured that the jaws of wheel LAW
      are open to receive a capacitor when stepping motor STM is actuated to
      drive chains CH1 and CH2 to transport a capacitor to the capacitor loading
      station and into the open jaws of LAW at such station. Referring again to
      FIG. 30, it will be noted that indexer SS1, when once actuated by the
      closing of contacts a-b of switch S2 and the resulting closing of contacts
      d-e of relay CPS, remains actuated to continue to step motor STM until a
      capacitor lead interrupts the light beam from light source LLS, such
      interruption occurring when such a lead moves through such beam during the
      transport of a capacitor to the loading station. When this happens, relay
      LPCR momentarily opens to open at its contacts a-b the holding circuit for
      relay CSP which then releases and opens its contact d-e to no longer
      actuate indexer SS1 and to thereby stop the stepping of motor STM and
      movement of chains CH1 and CH2. The deenergization of relay CSP also opens
      its own contacts a-b to further interrupt the holding circuit of such
      relay.
PAR  There is schematically shown in FIG. 32 the previously discussed photocell
      IPCR which receives a light beam from light source 1LS when there is no
      capacitor in a capacitor clamping assembly such as CCA at station 1, that
      is, at the capacitor receiving station of the apparatus. Light source 1LS
      is connected across terminals B and N of the direct current source and
      another circuit extends from such terminal B through the photocell 1PC and
      thence to one side of the winding of a relay 1PCR, and through such
      winding to terminal N of the battery. Relay 1PCR is thus energized when
      photocell 1PC receives a light beam from source 1LS. There is also shown
      in FIG. 32 an electronic counter 1CT which is a counter such as that shown
      in FIGS. 27, 28 and 29 and which is connected in the same manner as such
      latter counter and includes a relay 1PR connected across terminals 12 and
      13 of counter 1CT. Counter 1CT has an actuating circuit connected across
      terminals 21 and 22 of the counter and including, in series, contacts a-b
      of switch S8 of cam switch RCLS and contacts a-c  of above mentioned relay
      1PCR. It is pointed out, with reference to FIG. 26, that said contacts a-b
      of switch S8 are closed only momentarily (from 280.degree. to 290.degree.
      of rotation of cam switch RCLS) and that at such time a rotation of wheel
      LAW has been completed. If such rotation of such wheel transferred or
      delivered a capacitor to receiving station 1, the light beam from source
      1LS is interrupted by such capacitor, relay 1PCR is released to close its
      contacts a-c and said closure of contacts a-b of switch S8 will complete
      the circuit between terminals 21 and 22 of counter 1CT to enter a count of
      1 into such counter. It will, therefore, be apparent that each capacitor
      delivered to or received at receiving station 1 is counted by counter 1CT
      to maintain a tally of the number of capacitors delivered to the apparatus
      of the invention. Assuming that the dials of such counter are set for a
      count of 9999, that quantity of capacitors can be delivered to the
      apparatus before any action must be taken. However, when such a count is
      reached by counter 1CT, relay 1PR connected to the counter is energized
      and closes its set of contacts a- b to complete an obvious energization
      circuit to an indication light 1IL associated with station 1 and, through
      a diode D1, an energization circuit to a relay CPR for energization of
      such relay for a purpose hereinafter discussed. It is here pointed out,
      however, that the dials of counter 1CT can, of course, be set to a lesser
      number than 9999 if a lot or batch of capacitors to be tested and sorted
      by the apparatus of the invention is less than 9999. If the lot or batch
      of capacitors to be tested and sorted is greater than 9999, however, such
      a tally, when reached, must be manually recorded and counter 1CT then
      reset, in the manner hereinafter discussed, for a further count of
      capacitors. This will be further clarified hereinafter.
PAR  It is believed expedient at this point in the description to discuss the
      circuits, control systems and additional components shown in FIG. 33 of
      the drawings.
PAR  A master control panel MCP is shown in FIG. 33 in broken line outline form
      and such panel includes the previously mentioned master switch MS, a
      potentiometer POT, four spring return manually actuable or depressed push
      buttons designated START, MANUAL, RESET and STOP, respectively. The first
      three of such push buttons have normally open contacts a-c which are
      actuated to closed by the depressing of each respective push button and
      which are returned to open conditions by their respective springs when
      they are no longer depressed. The STOP push button has a pair of normally
      closed contacts a-b which are actuated open by depressing of the push
      button and which are returned to closed by its spring when the push button
      is no longer depressed. Panel MCP further includes a master indication
      light MIL provided for a purpose hereinafter discussed.
PAR  FIG. 33 also schematically shows previously mentioned light source 32LS and
      photocell 32PC located at station 32. Light source 32LS is energized by
      being connected across terminals B and N of the direct current source and
      a circuit extends from said terminal B through photocell 32PC, and thence
      to one side of the control winding of a relay 32PCR and through such
      winding to terminal N of the current source. Thus, if turret T is dwelling
      and a capacitor clamping assembly CCA, without a capacitor therein, is at
      station 32, relay 32PCR is energized to open its contacts a-c. This is, of
      course the normal condition since each capacitor should have been rejected
      or sorted out prior to each respective capacitor clamping assembly
      reaching station 32. However, as previously mentioned, if a capacitor
      inadvertently remains in clamping assembly CCA, when such assembly arrives
      at station 32 and dwells at such station (turret T is dwelling) the light
      beam to 32PC is interrupted and relay 32PCR releases to close its contacts
      a-c and prepare an energizing circuit for a relay STP, such circuit being
      completed when switch S3 of cam switch RCLS closes at the 280.degree.
      point in the rotation of the cam switch (after the beginning of a dwell
      period of turrent T as shown in FIG. 26). Said energizing circuit for
      relay STP extends from terminal B of the current source over contacts a-b
      of switch S3, contacts a-c of relay 32PCR and thence, in multiple, to an
      indication light 32IL to terminal N of the current source, and through a
      diode D32 to one side of the winding of relay STP and through such winding
      to terminal N of the current source. Relay STP becomes energized under
      such conditions to open its contacts a-c to deenergize a relay MCR when
      such relay is enrgized as discussed below.
PAR  Relay MCR is a master control relay which, in conjunction with above
      mentioned relay CPR, controls the energization of clutch CB hereinbefore
      discussed in conjunction with FIG. 25 and whose winding is schematically
      shown in FIG. 33. Relay MCR has a pickup or energizing circuit which
      extends from terminal B of the current source over contacts a-c of the
      start push button START in the manually pressed or actuated condition of
      such button (previously discussed) and thence over contacts a-c of relay
      STP and through the winding of relay MCR to terminal N of the current
      source. Relay MCR also has a holding circuit which extends over contacts
      a-b of the previously discussed stop push button STOP and thence through
      contacts a-b of relay MCR in their closed condition, contacts a-c of relay
      STP in their closed condition and thence through the winding of relay MCR
      to terminal N of the current source. Thus, when relay MCR is energized by
      the depressing of push button START, it remains energized until push
      button stop is depressed or until relay STP becomes energized. The
      energization of relay MCR closes, at contacts d-e of such relay, the
      energizing circuit for the winding of clutch brake CB, such circuit
      extending from terminal B of the direct current source over contacts a-c
      of previously mentioned relay CPR, contacts d-e  of relay MCR and thence
      through the winding of clutch brake CB to terminal N of the current
      source. The energization of the winding of clutch brake CB releases the
      brake and engages the clutch of such component and, if motor M (FIGS. 25
      and 33) is energized at such time, the operation of the apparatus of the
      invention is started. It is pointed out that the winding of clutch brake
      CB can also be energized by the depression of the push button MANUAL
      previously discussed and such energization will continue only so long as
      the button is held depressed. This permits manual control of the apparatus
      of the invention.
PAR  Assuming, for the purposes of a brief operational example of some of the
      apparatus of the invention, that the winding of clutch brake is energized
      and the apparatus of the invention is operating, if a capacitor is stuck
      in a clamping assembly CCA moved to station 32 as discussed above, relay
      STP becomes energized to release relay MCR and deenergize the winding of
      clutch brake CB to stop the apparatus. Similarly, when the capacitor
      count, selected on counter ICT (FIG. 33) as discussed above is reached,
      relay 1PR is energized to, in turn, energize relay CPR which energizes
      relay STP, over contacts a-b of relay CPR, to release relay MCR to stop
      the apparatus. The energization of relay CPR also opens, at contacts a-c
      of such relay, the energizing circuit for the winding of clutch brake CB,
      such circuit being opened by relay CPR at an earlier point in time than
      such circuit is opened by the energization of relay STP. However, the
      energization of relay STP opens the holding circuit for relay MCR to
      further interrupt the energizing circuit for the winding of clutch brake
      CB and maintain such circuit open until the start push button START is
      again manually depressed.
PAR  It is pointed out that the previously discussed indication lights or lamps
      1IL in FIG. 32 and 32IL in FIG. 33 are each separately energized to
      indicate to operating personnel what has stopped the operation of the
      apparatus, that is, that counter 1CT has reached its preselected count or
      that there is a capacitor at station 32, respectively. Diode D1 prevents
      the energization of indication light 1IL when relay CPR is energized by
      other circuits to be described and diode D32 prevents the energization of
      indication light 32IL when relay CPR is energized by such other circuits
      or by the energization of relay 1PR by counter 1CT.
PAR  It is believed expedient to here point out that above mentioned master
      switch MS on panel MCP in FIG. 33, when depressed, connects the previously
      mentioned source of alternating current through potentiometer POT to motor
      M for energization of such motor. Potentiometer POT is used to slowly
      bring the apparatus up to full operating speed for checking and adjustment
      thereof. It is also pointed out that the reset button RESET on panel MCP
      in FIG. 33 is, as indicated in such drawing figure, connected in multiple
      across terminals 16 and 17 of counter 1CT as well as of all the other
      counters 17CT and 19CT through 23CT employed. Each such counter has its
      own individual reset button for resetting each respective counter to zero
      but said push button RESET is a master reset button which resets all
      counters to a zero count simultaneously. Reference is made to the previous
      discussion of the parts of the counter shown in FIGS. 27, 28 and 29 of the
      drawings.
PAR  Referring to FIG. 37 of the drawings, there is schematically shown the
      previously described capacitor lead contacting assemblies or contactor
      devices provided at stations 2 through 16 and each of which is similar to
      the contacting assembly 9TA at station 9 and shown in detail in FIGS. 13
      and 14. As previously mentioned the contacting assemblies at stations 2
      through 13 are capacitor charging assemblies, the assembly at station 14
      is a capacitor direct current leakage testing assmebly and the assemblies
      at stations 15 and 16 are capacitor discharging assemblies. The twelve
      capacitor charging assemblies are provided to assure sufficient charging
      of each capacitor before it is tested and the two discharge assemblies are
      provided to assure complete discharging of each capacitor before it is
      rejected at station 17 or carried on to the capacitance testing station 18
      (FIG. 31). The previously mentioned direct current power sources PS1 and
      PS2 are connected across the aforesaid 110 volt source of alternating
      current through previously mentioned master switch MS1 (FIG. 31) and over
      a conductor BX1 connected to such switch and shown extending to FIG. 37 of
      the drawings and thence to one of the AC input terminals of each said
      power source PS1 and PS2, the other AC input terminals of each such source
      being connected to terminal NX110 of the alternating current source. The
      AC input terminals of a direct current capacitor leakage testing device or
      limit bridge LB (FIG. 37) to be discussed, is similarly connected across
      said source of alternating current. Master switch MS1 may, in practice, be
      mounted in any convenient manner at any suitable location near one of the
      testing apparatuses of the invention, to be discussed, or one of the
      aforesaid direct current power sources PS1 or PS2. The above mentioned
      direct current leakage or testing device LB may, for example, be a Model
      5355 Capacitor IR/Leakage Current Limit Bridge which is obtainable from
      Micro Instrument Company whose address is 12901 Crenshaw Boulevard,
      Hawthorne, Calif. Contacts a-b of switch S4 of rotating cam limit switch
      RCLS are connected across the "gating-on" or trigger contacts of limit
      bridge LB for actuation of such bridge to on when said contacts a-b close
      as previously discussed in conjunction with FIG. 26. The positive (+)
      output terminal of power source PS1 (150VDC) is connected through current
      limiting resistors R2 through R13 to the terminals at the upper end of
      capacitor lead contactors or probes 2C1 through 13C1, respectively, of the
      contactor assemblies at stations 2 through 13, respectively, while the
      negative (-) output terminal of power source PS1 is connected to the
      grounded terminal of test device LB and in multiple to the terminals at
      the upper ends of capacitor lead contactors or probes 2C2 through 13C2 of
      said contactor assemblies. By such arrangement, whenever tool plate TP is
      actuated to its lower position the lower tips of said contactors contact
      the leads of the capacitors then clamped in the capacitor clamping
      assemblies such as CCA at stations 2 through 13, as schematically
      illustrated in FIG. 37, to supply an electrical charge to each such
      capacitor at each of said stations.
PAR  At station 14 (FIG. 37) the positive (+) output terminal of power source
      PS1 is connected directly to the terminal at the upper end of capacitor
      lead contactor or probe 14C1 of the contactor assembly at station 14 while
      the test terminal of test device or limit bridge LB is connected to the
      terminal at the upper end of capacitor lead contactor or probe 14C2 of the
      contactor assembly at station 14. The decision on the leakage current of
      each capacitor tested at station 14 by limit bridge or test device LB is
      supplied across the winding of a relay RR from the decision output
      terminals of the test device or limit bridge LB which are energized each
      time an unsatisfactory decision on the current leakage of a capacitor
      results. Each such unsatisfactory decision thus causes the energization of
      relay RR (FIG. 37).
PAR  Referring further to FIG. 37, contact b of above mentioned relay RR is
      connected to one side of the winding of a relay 14F, the second side of
      such relay being connected to terminal N of the direct current source.
      Contact a of the pair of contacts a-b of relay RR connects to a front
      contact b of a set of contacts a-b-c of switch S5 of cam switch RCLS while
      the movable member a of such set is connected to terminal B of the direct
      current source. Contacts a-b of switch S5 are closed and opened at the
      same times as the contacts a-b of switch S4 (see FIG. 26) of limit switch
      RCLS and, therefore, whenever relay RR becomes energized to indicate an
      unsatisfactory leakage decision from limit bridge LB, relay 14F is
      energized and closes its two pairs of contacts a-b and d-e. When contacts
      a-b of relay 14F close a holding circuit for relay 14F is completed over
      its own contacts a-b and said contacts a-b of switch 55. When contacts a-b
      of switch 55 open and contacts a-c of such switch close, an energizing
      circuit for a relay 14B is closed, such circuit extending over said
      contacts a-c of switch S5, said contacts d-e of relay 14F and through the
      winding of relay 14B to terminal N of the current source. It is pointed
      out that relay 14F is a slow release relay such as previously discussed
      and the delay provided by such feature of the relay is long enough only to
      bridge the transfer of contact a of switch S5 from in contact against
      front contact b of the switch to in contact against back contact c of the
      switch to ensure that relay 14B will be energized prior to the opening of
      contacts d-e of relay 14F. When relay 14B is energized it closes a holding
      circuit for itself including its own contacts a-b and said contacts a-c of
      switch S1. The energization of relay 14B also prepares, at contacts d-e of
      such relay, an energizing circuit for a relay 15F. Relay 14F releases
      following the delay provided by the slow release feature of the relay. It
      may be said that relay 14B has stored an unsatisfactory leakage decision
      for the capacitor at station 14.
PAR  Upon the next closure of contacts a-b of switch S5 (which means that the
      capacitor previously at station 14 has been transferred to station 15)
      relay 15F is energized over said contacts a-b of switch S5 and contacts
      d-e of relay 14B, such relay also being slow release to bridge the
      transfer time of contact a of switch S5 from contact c to contact b
      thereof. The energization of relay 15F closes at front contacts a-b of
      such relay a holding circuit for itself including contacts a-b of switch
      S5. Relay 14B releases following the expiration of its slow release delay
      period. If another unsatisfactory capacitor is tested at station 14, upon
      the closing of contacts a-b of switch S5, relay 14F is again energized
      over contacts a-b of relay RR to make the storage of an unsatisfactory or
      reject classification for such other capacitor the same as with the
      capacitor at station 15. Upon the subsequent release of switch S5 relay
      15B is energized and relay 15F subsequently releases. At such time relay
      14B also becomes energized to store the unsatisfactory classification for
      the capacitor at station 14. It is believed that it will be apparent from
      the above descriptions how unsatisfactory or reject classifications for
      capacitors are transferred along with the respective capacitors as each
      capacitor is transferred to the next succeeding station in the rotation of
      turret T. It will be noted that when a capacitor is classified as
      satisfactory at station 14, relay RR is not energized and no
      unsatisfactory or reject classification is initiated or stored and none of
      the relays 14F, 14B, 15F etc. are energized during the transfer of such
      satisfactory capacitor. A pair of capacitor reject classification transfer
      relays, similar to relays 14F and 14B associated with station 14, are
      associated with each of the stations 15 and 16 and all such relays are
      slow release for the purpose mentioned above.
PAR  When an unsatisfactory or reject classification is stored for a capacitor
      at station 16 (relay 16B is energized and held energized over its holding
      circuit) and switch S5 again opens its contacts a-c and closes its
      contacts a-b due to another transfer of capacitors including the transfer
      of the capacitor at station 16 to station 17, a circuit is momentarily
      completed from terminal B of the current source over contacts a-b of
      switch S5 and contacts d-e of relay 16B through the control winding of a
      relay 17PR and through the solenoid winding SW17 of a solenoid actuated
      pressurized fluid or compressed air control valve SV17. Relay 17PR is
      energized to close its contacts a-b and enter a reject count into a
      counter 17CT, while valve SV17 is shifted so that pressurized fluid or
      compressed air is supplied over conduit CD1 to the upper end of previously
      discussed cylinder CY17 while the lower end of such cylinder is connected
      through valve SV17 to a fluid sink SK17. This momentarily actuates piston
      rod PR17 of cylinder CY1 and pin P17 downwardly to contact the roller 34
      (see FIGS. 11 and 12) of the clamping capacitor assembly CCA then at
      station 17 and open such assembly to release the reject capacitor then
      carried thereby, such released capacitor falling from the clamping
      assembly through slot 24 into a reject bin (not shown) provided below
      turret T at station 17. As mentioned above, the energization of relay 17PR
      and of solenoid winding SW17 is only momentary since the energizing
      circuit therefor is again opened when relay 16B releases following its
      slow release delay period. Upon the opening of the circuit to the solenoid
      winding SW17 ing SP17 of valve SV1 returns such valve to its normal
      condition shown and compressed air is again supplied to the lower end of
      cylinder CY17 to retract PR17 while the upper end of cylinder CY17 is
      again connected to fluid sink SK17. The upward actuation or retraction of
      piston rod PR17 causes the lower beveled or tapered end of pin P17 on the
      lower end of such piston rod (FIGS. 11 and 12) to clear assembly CCA for
      the next rotation of turret T. It is apparent that when a capacitor with
      satisfactory direct current leakage characteristics is transferred to
      station 17 no actuation of relay 17PR and 17CT or of solenoid valve SV17
      occurs since there is no unsatisfactory or reject classification stored by
      relay 16B at such time. The capacitor at station 17 is, therefore,
      transferred on to station 18 upon the next indexing movement of turret T.
PAR  As previously mentioned stations 15 and 16 shown schematically in FIG. 37
      are capacitor discharge stations for discharging the electrical charges
      supplied to capacitors at stations 2 through 13 and remaining on the
      capacitors when they arrive at stations 15 and 16. For such purpose the
      terminals at the upper ends of the capacitor lead contactors or probes
      15C1 and 16C1 of the contactor devices or contacting devices 15TA and 16TA
      at stations 15 and 16 are connected through resistors R15 and R16,
      respectively, to the positive (+) terminal of previously mentioned power
      source PS2 while the negative (-) terminal of such source is connected in
      multiple to the grounded terminal of power source PS1, and to the
      terminals at the upper ends of the capacitor lead contactors or probes
      15C2 and 16C2 of said contacting assemblies 15TA and 16TA. When tool plate
      TP is lowered, said contactors or probes contact the leads of the
      capacitors at stations 15 and 16 to electrically discharge such
      capacitors.
PAR  Referring to FIG. 31, taken in conjunction with FIGS. 1, 15 and 16, there
      is shown schematically at station 18 capacitor lead contactors 18C1, 18C2
      and 18C3 which correspond to the capacitor lead probes or contactors 18C1,
      18C2 and 18C3, respectively, of capacitor lead contacting device 18TA
      shown in FIGS. 1, 15 and 16 of the drawings. Another capacitor lead
      contactor 18C4 is shown in FIG. 31 but such contactor is not shown in
      FIGS. 15 or 16 for purpose of simplification of such drawings. The
      terminals at the upper end of the pair of capacitor lead contactors 18C1
      and 18C3 (FIG. 31) are connected over conductors TC1 and TC1A,
      respectively, to positive test terminals of a capacitance testing device
      CLB to be discussed below. The terminals at the upper ends of the
      capacitor lead contactors 18C2 and 18C4 (FIG. 31) are connected over
      conductors TC2 and TC2A to negative test terminals of said capacitance
      testing device CLB.
PAR  The above mentioned capacitance testing device CLB tests the dissipation
      factor and capacitance of capacitors such as CP shown in FIG. 17. Such
      testing device may, for example, be a Model 5310 Capacitance Limit Bridge
      which is obtainable from the previously mentioned Micro Instrument
      Company, such limit bridge being capable of rendering three reject
      decisions such as high capacitance, low capacitance, and high dissipation
      factor, and an accept decision. However, since in the apparatus of the
      present invention it is desired to sort the capacitors such as CP into a
      reject classification, or one of four capacitance classifications, a Model
      5314 Capacitance Limit Add-on Unit is employed in conjunction with the
      Model 5310 limit bridge, such add-on unit being obtainable from the same
      company as the limit bridge and the devices being connected with each
      other by a suitable cable shown in FIG. 31 as CBL. The Add-on unit is
      designated CU in FIG. 31 and provides for additional test decisions as set
      forth hereinafter. Testing device CLB is also connected through the
      previously mentioned master switch MS1, in its depressed or actuated
      condition, across terminals BX110 and NX110 of the previously mentioned
      source of alternating current.
PAR  From FIG. 15 of the drawings it will be seen that capacitor lead contactor
      18C1 will, when tool plate TP is in its lowered position, contact the
      conductor plate 21 of a clamping assembly such as CCA then at station 18
      and, thereby, make electrical contact with the lead of a capacitor such as
      CP in such clamping assembly. At the same time capacitor lead contactor
      18C3 will contact said lead directly to make electrical contact therewith.
      It will be readily understood that the second pair of capacitor lead
      contactors 18C2 and 18C4 (FIGS. 16 and 31) similarly make contact with the
      second lead of the capacitor such as CP when a clamping assembly such as
      CCA is at station 18 and tool plate TP is in its lowered position. It is
      pointed out that the use of two pairs of respectively associated capacitor
      lead contactors such as 18C1 and 18C3, and 18C2 and 18C4, and two pairs of
      associated conductors such as TC1 and TC1A, and TC2 and TC2A provide for
      so-called Kelvin connections which, along with another terminal at system
      ground, provide for the elimination of errors due to any series resistance
      such as, for example, electrical conductor resistance which would affect
      dissipation factor tests.
PAR  Referring further to FIG. 31, contacts a-b of switch S6 of rotating cam
      limit switch RCLS close (see FIG. 26) for 40.degree. of rotation of such
      cam switch RCLS and while tool plate TP is in its lowered position. Such
      contacts a-b of switch S6 are connected across a pair of terminals of unit
      CU for the purpose of triggering the capacitance testing apparatus to on
      to initiate a test. Three output terminals of unit CU, which become
      energized to reflect a reject decision because of a high dissipation
      factor, a high capacitance or a low capacitance for a capacitor tested,
      are connected to each other and then, over a conductor CRC to one side of
      a winding of a reject relay CR, the second side of such winding being
      connected to a terminal N1 of unit CU for energization of such relay when
      a reject decision such as stated is made. Four additional terminals of
      unit CU are connected over conductors C2C, C3C, C4C and C5C (FIGS. 31 and
      35) to one side of the windings of sorting or classification relays 1CL,
      2CL, 3CL and 4CL, respectively, the second side of each said winding being
      connected to said terminal N1 of unit CU. Relays 1CL through 4CL are
      associated with the previously mentioned capacitance classifications which
      may, for example, be +10% to +20% (classification 1) +5% to +10%
      (classification 2) +5% to -5% (classification 3) and -5% to -10%
      (classification 4), such percentages being, of course, the nominal rating
      of capacitors to be tested plus or minus the stated percentages. It is
      again pointed out that, in the example of the invention set forth, the
      capacitors tested by limit bridge CLB and add-on unit CU may have a reject
      classification, or one of the four satisfactory capacitance
      classifications as set forth above.
PAR  Referring further to FIG. 31, there is chematically shown the previously
      mentioned light source 18LS and photocell 18PC (see also FIGS. 1, 15 and
      16) which is located at station 18. Light source 18LS is shown in FIG. 31
      as connected across terminals B and N of the previously mentioned current
      source and when such light source is so energized a light beam impinges at
      times on the lens of photocell 18PC to activate such photocell and
      complete and energizing circuit for a relay 18PCR, such circuit extending
      from terminal B of the current source through photocell 18PC and thence to
      one side of the winding of relay 18PCR and through such winding to
      terminal N of the current source. It will be apparent that when a
      capacitor clamping assembly such as CCA is dwelling at station 18 and
      there is no capacitor in such clamping assembly, said light beam from 18LS
      to photocell 18PC is completed and relay 18PC is energized to open its
      contacts a-c. However, when a capacitor is present in a clamping assembly
      such as CCA dwelling at station 18, said light beam is interrupted and
      relay 18PCR is deenergized or released to close its contacts a-c to
      prepare an energizing circuit to a conductor 18FC for energization of a
      relay 18FO, 18F1, 18F2, 18F3 or 18F4 (FIGS. 31 and 35,) such relays being
      capacitor classification relays associated with station 18.
PAR  Contacts a-b-c of switch S7 of rotating cam limit switch RCLS are shown in
      FIG. 31 and contacts a-b of such switch close (FIG. 26) at the same time
      as contacts a-b of switch S6 mentioned above and which trigger the
      capacitance test devices CLB and CU to on. Said contacts of switch S7 also
      open at the same time as contacts a-b of switch S6 as illustrated in FIG.
      26.
PAR  There are shown in FIG. 31 a pair of relays 18FO (previously mentioned) and
      18BO which are reject classification transfer relays associated with
      station 18. Such relays are similar to the pair of relays 14F and 14B
      shown in FIG. 37 and previously discussed. However, it is believed it may
      be expedient to give a brief operational example of the operation of
      relays 18FO and 18BO when a capacitor is present in a clamping assembly
      such as CCA and such capacitor is classified as a reject by the
      capacitance testing apparatus associated with station 18 as, for example,
      when such capacitance has an unsatisfactory dissipation factor, an
      unsatisfactorily high capacitance, or an unsatisfactorily low capacitance.
PAR  Assuming then that a capacitor such as mentioned above is transported to
      station 18 and tool plate TP is moved to its lowered position, capacitor
      lead contacting device 18TA (FIGS. 15 and 16) is lowered by tool plate TP
      to contact the leads of said capacitor. Very briefly thereafter contacts
      a-b of switch S6 close to trigger the capacitance testing apparatus to on
      to test the capacitor and, in an assumed case of unsatisfactory or reject
      decision or classificaton for the capacitor, relay CR is energized by the
      testing apparatus to reflect a reject decision thereof. Contacts a-b of
      switch S7 close at the same time as said contacts of switch S6 and, there
      being a capacitor at station 18, relay 18PCR is deenergized and has its
      contacts a-c closed. Thus, when reject classification relay CR is
      energized and closes its contacts 1-b, the above mentioned reject
      classification transfer relay 18FO is energized over conductor 18FC and
      closes a holding circuit for itself including its own contacts a-b and
      contacts a-b of switch S7. The energization of relay 18FO also prepares,
      at contacts d-e of such relay, an energization circuit for reject
      classification transfer relay 18BO.
PAR  When contacts a-b of switch S6 again open, the capacitance testing
      apparatus is no longer triggered to on and reject classification relay CR
      is deenergized and releases to open its contacts a-b. Contacts a-b of
      switch S7 open at the same time as contacts a-b of switch S6 and contacts
      a-c of such switch S7 thereafter close to close the energization circuit
      for relay 18BO. Relay 18BO is thus energized to close a holding circuit
      for itself including its own contacts a-b and said contacts a-c of switch
      S7. Relay 18FO releases following the brief time delay provided by the
      slow release feature of such relay. The above mentioned energization of
      relay 18BO prepares at contacts d-e of such relay energizing circuits to
      one side of the solenoid winding SW19 of a pressurized fluid flow control
      valve SV19 and to one side of the winding of a relay 19PR (FIG. 36) the
      second sides of such windings being connected to terminal N of the direct
      current source. Such energization circuits extend from contact e of relay
      18BO over a conductor 19PC and thence (through FIG. 35) to one side of
      said winding SW19 and one side of said winding of relay 19PR (FIG. 36).
PAR  When contacts a-b of switch S7 again close at the time of the testing of a
      next capacitor transferred to station 18, (the previously tested capacitor
      having been transferred to station 19) the above mentioned prepared
      circuits are momentarily completed over contacts a-b of switch S7 and
      solenoid winding SW19 and the winding of relay 19PR become momentarily
      energized. The energization of solenoid winding SW19 causes valve SV19 to
      shift to momentarily connect pressurized fluid or compressed air over a
      conduit CD4 to the upper end of a reject cylinder CY19 at station 19 while
      the lower end of such cylinder is connected over a conduit CD3 to a fluid
      sink SK19. This actuates piston rod PR19 of cylinder CY19 out of such
      cylinder to open the clamping assembly CCA which is then at station 19 and
      is carrying the capacitor with the reject classification. Such opening of
      the clamping assembly causes said capacitor to fall therefrom in the
      manner previously described in conjunction with the rejection of a
      capacitor at reject station 17, such capacitor falling into a suitable
      capacitance reject bin located at station 19 below turret T. The above
      mentioned momentarily energization of relay 19PR associated with station
      19 also momentarily closes at contacts a-b of such relay a trigger circuit
      for a counting device 19CT associated with station 19, such counting
      device keeping a tally of capacitors rejected at such station. Counter
      19CT is similar to counter 17CT previously discussed and, as with counter
      17CT, counter 19CT is connected as shown in FIGS. 28 and 29 of the
      drawings except that a relay such as -CTR shown in FIG. 29 is not
      connected across terminals 12 and 13 of terminal board or block TB2 of
      counter 19CT. Returning to FIG. 31, when the delay period provided by the
      slow release feature of relay 18BO expires, such relay releases to open
      the energization circuits for solenoid winding SW19 of valve SV19 and for
      relay 19PR, and such components are deenergized and they return to their
      normal conditions shown in FIG. 36 of the drawings.
PAR  There are classification transfer relays 18F1 and 18B1, and 19F1 and 19B1
      (FIG. 31) associated with stations 18 and 19, respectively. These relays
      transfer through station 19 and to station 20 capacitance classifications
      1 for capacitors having such a capacitance classification. When each such
      capacitor reaches station 20, a set of components SV20 and 20CT (FIG. 36)
      are actuated in the same manner as the similar components for stations 17
      or 19 but, for the purpose of shortening repetitious description to the
      extent possible, no detail description of the components at station 20
      will be given. It is, however, pointed out that the counter 20CT (FIG. 36)
      associated with station 20 has connected across terminals 12 and 13
      thereof a relay 20CTR which is energized to close a set of contacts a-b of
      such relay whenever a preset capacitor count manually selected on counter
      20CT is reached. The circuit controlled by contacts a-b of relay 20CTR
      will be discussed hereinafter.
PAR  There is associated with each of the stations 18, 19 and 20, respectively,
      a pair of relays 18F2 and 18B2, 19F2 and 19B2, and 20F2 and 20B2,
      respectively (FIG. 35). Such relays are capacitance classification 2
      transfer relays and such classifications are transferred by such relays to
      station 21 for each capacitor having such a capacitance classification and
      which is, therefore, to be sorted out and counted at station 21 by
      actuation of a solenoid valve SV21 and a counter 21, respectively (FIG.
      36) associated with such station. Similarly, pairs of third capacitance
      classification transfer relays 18F3 and 18B3, 19F3 and 19B3, 20F3 and
      20B3, and 21F3 and 21B3 are associated with stations 18, 19, 20 and 21,
      respectively, for transferring capacitance classifications 3 through such
      stations to station 22 for sorting out and counting by, actuation of a
      solenoid valve SV22 and a counter 22CT (FIG. 36) capacitors transferred to
      station 22 and having a capacitance classification 3. Pairs of fourth
      capacitance classification transfer relays 18F4 and 18B4, 19F4 and 19B4,
      20F4 and 20B4, 21F4 and 21B4, and 22F4 and 22B4 are associated with
      stations 18, 19, 20, 21 and 22, respectively, for transferring capacitance
      classification 4 through such stations to station 23 for sorting out and
      counting, by actuation of a solenoid valve SV23 and a counter 23CT (FIG.
      36) capacitors having a capacitance classification 4. It is pointed out
      that the counters 21CT, 22CT and 23CT have relays 21CTR, 22CTR and 23CTR,
      respectively, associated therewith and connected across terminals 12 and
      13 of each respective counter in the same manner in which relay 20CTR is
      connected across terminals 12 and 13 of counter 20CT discussed above.
      Relays 21CTR, 22CTR and 23CTR are each energized when the capacitors
      sorted out at stations 21, 22 and 23, respectively, have reached a
      preselected count manually selected on counters 21, 22 and 23,
      respectively.
PAR  Referring further to FIG. 36, the previously mentioned circuit controlled
      by contacts a-b of relay 20CTR extends from terminal B of the current
      source over said contacts a-b and through a diode D20 to a conductor CPC
      and to the winding of previously discussed relay CPR (FIG. 33). There is
      also associated with station 20 a limit switch 20LS which corresponds to
      the limit switch such as LS shown in FIGS. 19, 20 and 21 and which is
      supported at station 20 on a container holder such as CTH (FIGS. 19, 20
      and 21) for supporting or holding a container such as CT (FIGS. 22, 23,
      and 24) as previously discussed. Assuming that a holder 20CTH at station
      20 has inserted therein a container such as CT, contacts a-b of limit
      switch 20LS are open as shown in FIG. 36. However, when the container CT
      is removed from holder 20CTH, limit switch 20LS is actuated to close its
      contacts a-b and close another circuit extending from terminal B of the
      current source and through diode D20 to relay CPR such circuit being in
      multiple with the circuit over contacts a-b of relay 20CTR. The filament
      of an indication relay 20IL has one of its ends connected to the circuit
      controlled by contacts a-b of relay 20CTR and of limit switch 20LS and the
      other end of such filament is connected to terminal N of the current
      source. It is believed apparent that indication lamp is thus energized to
      give an indication that counter 20CT has reached its preselected count or
      an indication that container holder 20CTH at station 20 is without or void
      of a container such as CT. This will be mentioned further hereinafter.
PAR  There is further shown in FIG. 36 additional circuits which extend over
      conductor CPC to relay CPR (FIG. 33) for energization of such relay. Such
      circuits are associated with stations 21, 22 and 23 and the circuits
      associated with station 21 include contacts a-b of relay 21CTR in multiple
      with contacts a-b of a limit switch 21LS, similar to limit switch 20LS
      discussed above, and a diode D21. The circuits associated with station 22
      include contacts a-b of relay 22CTR in multiple with contacts a-b of a
      limit switch 22LS, similar to limit switches 20LS and 21LS, and a diode
      D22. Station 23 has associated therewith circuits including contacts a-b
      of relay 23CRT in multiple with contacts a-b of a limit switch 23LS,
      similar to the limit switches mentioned above, and a diode D23. The
      contacts a of each of the relays and each of the limit switches mentioned
      above are connected to terminal B of the current source and when any of
      such relays are energized or any of the limit switches are actuated to
      close their contacts a-b, relay CPR is energized over conductor CPC.
PAR  Indication lights 21IL, 22IL and 23IL are provided and are associated with
      stations 21, 22 and 23, respectively. One side of the filaments of such
      lights are connected in multiple with contacts b of the respectively
      associated limit switch -LS and relay -CTR, and the second side of such
      filaments are connected to terminal N of the current source. Thus, each
      respective light is energized to give an indication whenever contacts a-b
      of limit switch -LS or of relay -CTR associated with the respective light
      are closed. Indication light or lamp M1L on control panel MCP (FIG. 33) is
      energized when any one of the containers in the holders at stations 20
      through 23 is full (the count manually selected on a respective counter
      20CT through 23CT has been reached) or when any one of the limit switches
      20LS through 23LS is energized, the circuit for energizaton of such
      indication lamp extending from the aforesaid conductor CPC connected to
      relay CPR and thence to one end of the filament of lamp MIL and through
      such filament to terminal N of the current source. Lamp MIL is also
      energized from conductor CPC whenever counter 1CT (FIG. 32) associated
      with station 1 has reached the end of its preselected count for which such
      counter is manually set. It is pointed out that diodes D20 through D23
      provide for the energization of indication lamps 20IL through 23IL,
      respectively, only when -LS or the contacts a-b of switches of the -CTR
      relays associated with each respective lamp are closed. Thus, when
      indication lamp or light MIL on control panel MCP is energized, it
      indicates to personnel that either the counter at station 1 has reached
      the end of its count, that the container at one of the stations 20 through
      23 is full or that a container is missing from the container holder at one
      of said stations 20 through 23. The individual lights or lamps associated
      with stations 1, stations 20 through 23 and station 32 indicate where
      and/or what action must be taken to provide for restarting of the
      apparatus of the invention previous to the depressing of push button START
      on control panel MCP.
PAR  It is pointed out that the counts manually selected on counters 20CTR
      through 23CTR depend on the number of capacitors that a container such as
      CT will hold which, in turn, depends on the size of the capacitors in each
      lot or batch of capacitors being tested and sorted, each such lot or batch
      comprising, of course, a plurality of the same size capacitors. Each
      container such as CT can accommodate or hold a different predetermined
      number of capacitors of any one of different sizes and such containers,
      after filling thereof, may be used for storing or shipping of a quantity
      of capacitors of a certain size. However it is not necessary that
      containers such as CT be used with the apparatus of the invention but, if
      it is so desired, the capacitors sorted at stations 20 through 23 can be
      dropped into suitable receiving bins as at the reject stations 17 and 19.
      However, it is highly desirable, although not necessary, that the
      capacitors sorted at stations 20 through 23 and dropped into respective
      classification bins be counted as by the counters 20CT through 23CT, or by
      other suitable counters.
PAR  It is also pointed out that, with the addition of sorting devices at one or
      more of the stations 24 through 31 and additional apparatus such as
      classification transfer relays associated with each additional sorting
      station and similar to those discussed above, the apparatus of the
      invention can be modified to sort capacitors into several more capacitance
      classifications or categories than the four acceptable classifications
      hereinbefore discussed. It is believed that this will be readily apparent
      to those skilled in the art.
PAR  Although there is herein shown and discussed in detail only one form of
      apparatus embodying the invention, it will be understood that such is not
      to be considered in any way limiting but that many changes and
      modifications may be made in the apparatus within the purview of the
      appended claims without departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for automatically testing and sorting a succession of similar
      cylindrical capacitors having axial leads and sequentially transported
      through a first path of travel to a loading station for transfer of each
      said capacitor successively to said apparatus, such apparatus comprising,
      in combination;
PA1  A. a capacitor conveyor having a capacitor receiving station located
      adjacent said loading station and carrying a succession of capacitor
      clamping assemblies;
PA1  B. means at said receiving station for successively transferring each said
      capacitor arriving at said loading station to said receiving station and
      thereby to said conveyor;
PA1  C. motor means for imparting periodic movements to said conveyor to
      successively convey said capacitors received at said receiving station
      through a second path of travel including, in sequence, such receiving
      station, a succession of capacitor electrical charge stations, a capacitor
      current leakage testing station, a capacitor electrical discharge station,
      a first capacitor reject station, an electrical capacitance testing
      station, a second capacitor reject station, and a succession of capacitor
      sorting stations, there being on said conveyor one of said capacitor
      clamping assemblies for each said station in said second path of travel;
PA1  D. a vertically reciprocative tool plate supported above said conveyor for
      movement between raised and lowered positions, such tool plate supporting,
PA2  a. at said receiving station, an opener for said clamping assemblies;
PA2  b. at each of said electrical charge, testing, and discharge stations, a
      capacitor lead contacting device; and
PA2  c. at each of said reject and sorting stations, an actuable opener for said
      clamping assemblies for selectively releasing capacitors clamped and
      carried thereby;
PA2  d. said motor means imparting said vertically reciprocative movement to
      said tool plate during dwell periods between said periodic movements of
      said conveyor, such tool plate briefly dwelling in its said lowered
      position at the end of each movement to such position;
PA1  E. means associated with each said electrical charge station for supplying
      through said capacitor lead contacting device, at each such charge
      station, an electrical charge to each capacitor moved to each respective
      charge station;
PA1  F. means associated with said current leakage testing station for testing,
      through said capacitor lead contacting device at such testing station, the
      current leakage of each capacitor moved to such station, such testing
      means providing a reject leakage classification for each said capacitor
      tested and having unsatisfactory leakage characteristics;
PA1  G. means associated with said electrical discharge station for discharging,
      through said capacitor lead contacting device at such discharge station,
      each of said capacitors moved to such station;
PA1  H. means for transferring each said reject leakage classification for a
      capacitor along with the respective capacitor as it is conveyed through
      said electrical discharge station to said first capacitor reject station;
PA1  I. means at said first reject station, and responsive to said
      classification transferring means, for actuating said actuable opener at
      such reject station to open each clamping assembly which is carried
      thereto and which is conveying a capacitor with a reject leakage
      classification, each such opening of a clamping assembly releasing into a
      reject bin the capacitor then being conveyed by the respective assembly;
PA1  J. means associated with said electrical capacitance testing station for
      testing, through said capacitor lead contacting device at such testing
      station, the capacitance of each capacitor moved to such station, such
      testing means providing a capacitance classification for each said
      capacitor tested;
PA1  K. means for transferring each said capacitance classification for a
      capacitor along with the respective capacitor during its conveyance from
      said capacitance testing station to said second reject station and sorting
      stations;
PA1  L. means at said second reject station, and responsive to said capacitance
      classification transferring means, for actuating said actuable opener at
      such reject station to open each clamping assembly which is carried
      thereto and which is conveying a capacitor with a capacitance
      classification which is without the limits of a selected range of
      capacitance, each such opening of a clamping assembly releasing into a
      reject bin the capacitor then being carried by the respective assembly;
      and
PA1  M. means at each of said sorting stations for selectively actuating said
      actuable opener at each of the respective such stations to open said
      clamping assemblies carried thereto to thereby release capacitors carried
      by such assemblies, each such actuation of a clamping assembly opener
      being selected by said capacitance classification transferring means to
      release each capacitor into a container respectively associated with the
      capacitance classification of such capacitor.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 and further including a counting
      means associated with each of said reject and sorting stations for
      counting the number of capacitors released at each respective such
      station.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 further including a counting means
      associated with said receiving station for counting the number of
      capacitors received by the apparatus.
NUM  4.
PAR  4. Apparatus in accordance with claim 3 and in which said second path of
      travel is a circular path, said conveyor is a circular turret which is
      periodically moved between said stations in said path, and said tool plate
      is a circular plate in vertical axial alignment with said turret.
NUM  5.
PAR  5. Apparatus in accordance with claim 2 and further including means,
      controlled by said counting means, for interrupting said periodic
      movements of said conveyor when a selected number of capacitors are
      counted by one of said counting means.
NUM  6.
PAR  6. Apparatus in accordance with claim 5 and in which said second path of
      travel is a circular path, said conveyor is a circular turret which is
      periodically moved between said stations in said path, and said tool plate
      is a circular plate in vertical axial alignment with said turret.
NUM  7.
PAR  7. Apparatus in accordance with claim 2 and in which said second path of
      travel is a circular path, said conveyor is a circular turret which is
      periodically moved between said stations in said path, and said tool plate
      is a circular plate in vertical axial alignment with said turret.
NUM  8.
PAR  8. Apparatus in accordance with claim 1 and further including a counting
      means associated with said receiving station for counting the number of
      capacitors received by the apparatus.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 and in which said second path of
      travel is circular path, said conveyor is a circular turret which is
      periodically moved between said stations in said path, and said tool plate
      is a circular plate in vertical axial alignment with said turret.
NUM  10.
PAR  10. Apparatus in accordance with claim 1 and further including means, at an
      additional station beyond said sorting stations, for detecting a capacitor
      in a clamping assembly arriving at such additional station; and means
      controlled by said detecting means for interrupting said periodic
      movements of said conveyor when a capacitor is detected at such additional
      station.
NUM  11.
PAR  11. Apparatus in accordance with claim 10 and in which said second path of
      travel is a circular path, said conveyor is a circular turret which is
      periodically moved between said stations in said path, and said tool plate
      is a circular plate in vertical axial alignment with said turret.
NUM  12.
PAR  12. Apparatus in accordance with claim 1 and in which said second path of
      travel is a circular path, said conveyor is a circular turret which is
      periodically moved between said stations in said path, and said tool plate
      is a circular plate in vertical axial alignment with said turret.
NUM  13.
PAR  13. Apparatus for automatically testing direct current leakage and the
      capacitance of each of a plurality of cylindrical capacitors having axial
      leads and sequentially moved through a first path of travel to a capacitor
      delivery station, and for sorting said capacitors in accordance with the
      results of said leakage and capacitance tests, such apparatus comprising,
      in combination;
PA1  A. a circular turret rotatably movable between a plurality of stations in a
      second path of travel and including,
PA2  a. a capacitor receiving station adjacent said delivery station,
PA2  b. a succession of capacitor electrical charge stations beyond said
      receiving station,
PA2  c. a direct current leakage test station beyond said succession of charge
      stations,
PA2  d. a capacitor electrical discharge station beyond said leakage test
      station,
PA2  e. a first reject station for capacitors failing said direct current
      leakage test,
PA2  f. a capacitance test and classification station,
PA2  g. a second reject station for capacitors determined at said capacitance
      test station as having a capacitance outside of a selected range of
      satisfactory capacitance ratings for the capacitors, and
PA2  h. a succession of capacitance classification sorting stations for sorting
      capacitors in accordance with the classifications therefor determined at
      said capacitance test and classification station;
PA1  B. a vertically reciprocative circular tool plate disposed above said
      circular turret in axial alignment therewith;
PA1  C. motor means for periodically moving said turret between said plurality
      of stations with a brief dwell period at each such station and for
      lowering and raising said tool plate during each such dwell period with a
      brief dwell period of the tool plate at the lowered position thereof;
PA1  D. a plurality of capacitor clamp assemblies carried on the upper surface
      of said turret at positions equally spaced apart about and adjacent the
      outer periphery of the turret, such positions corresponding in number to
      said plurality of stations and such assemblies being normally biased to
      closed clamping condition and actuable to an open unclamping condition by
      suitable opener devices;
PA1  E. an opener device supported on said tool plate and actuable thereby to
      open a capacitor clamp assembly at said capacitor receiving station each
      time such tool plate is moved to its said lowered position;
PA1  F. means, driven by said motor means in a time relationship with the
      movements of said turret, for transferring each capacitor moved to said
      capacitor delivery station to an opened clamp assembly then dwelling at
      said capacitor receiving station;
PA1  G. a capacitor lead contacting device at each of said capacitor electrical
      charge stations, said leakage test station, said discharge station and
      said capacitance test station, each such device being actuated to contact
      the leads of a capacitor at the respective station when said tool plate is
      moved to its lowered position;
PA1  H. electrical means for supplying, through each said lead contacting device
      at a respective charge station, an electrical charge to each capacitor
      whose leads are contacted by the device at the respective charge station;
PA1  I. means for testing, through said lead contacting device at said current
      leakage test station, the direct current leakage of each capacitor whose
      leads are contacted by the contacting device at such test station, such
      means producing a first reject signal for each capacitor tested as having
      undesirable leakage characteristics, each such signal being associated and
      transferred along with each respective reject capacitor as it is moved to
      said first reject station;
PA1  J. means for electrically discharging, through said lead contacting device
      at said electrical discharge station, each capacitor whose leads are
      contacted by the contacting device at such discharge station;
PA1  K. an actuable clamp assembly opener at said first reject station, such
      opener being actuated to open a capacitor clamp assembly when said tool
      plate is moved to its said lowered position and the respective capacitor
      then in the clamp assembly at such reject station has associated therewith
      one of said first reject signals, each such opening of said clamp assembly
      releasing the respectively rejected capacitor into a first reject bin;
PA1  L. means for testing, through said lead contacting device at said
      capacitance test and classification station, the capacitance of each said
      capacitor whose leads are contacted by the contacting device at such test
      station, such means producing a second reject signal for each capacitor
      tested as having a capacitance rating outside of said selected range of
      capacitance ratings and a capacitance classification signal for each
      capacitor tested as having one of the capacitance ratings within said
      selected range of ratings, each second reject signal and each
      classification signal being associated with the respective capacitor whose
      testing produced the respective signal and each such signal being
      transferred along with the respectively associated capacitor as it is
      moved to said second reject station and to one of said sorting stations;
PA1  M. an actuable clamp assembly opener at said second reject station, such
      opener being actuated to open a capacitor clamp assembly when said top
      plate is moved to its said lowered position and the respective capacitor
      then in the clamp assembly at such reject station has associated therewith
      one of said second reject signals, each such opening of said clamp
      assembly releasing the respectively rejected capacitor into a second
      reject bin; and
PA1  N. an actuable clamp assembly opener at each of said capacitance
      classification sorting stations, each such opener being actuated to open a
      capacitor clamp assembly at the respective sorting station when said top
      plate is moved to its said lowered position and a capacitor then at a
      respective one of such sorting stations has associated therewith a
      capacitance classification corresponding to the capacitance classification
      of such sorting station, each such opening of a clamp assembly at one of
      said sorting stations releasing a capacitor into a container having
      associated therewith a classification corresponding to the capacitance
      classification of said capacitor at such one sorting station.
NUM  14.
PAR  14. Apparatus in accordance with claim 13 and further including a separate
      counting means associated with each of said receiving and sorting stations
      for counting the quantity of capacitors received at such receiving station
      and released at each respective sorting station, respectively, each such
      counting means being manually operable to select desired maximum total
      quantities of capacitors to be counted; and means controlled by each said
      counting means for interrupting the movements of said turret and tool
      plate when any one of such counting means counts a quantity of capacitors
      corresponding to the maximum count manually selected for the respective
      counting means.
NUM  15.
PAR  15. Apparatus in accordance with claim 14 and further including counting
      means associated with each said reject station for counting the quantity
      of capacitors released at each respective such station.
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ABST
PAL  Apparatus and method for automatically evaluating articles particularly
      citrus fruits, on the basis of the uniformity and non-uniformity of their
      transparency to light rays and selectively separating them into different
      grades according to such evaluations, the fruit being oriented and carried
      by a conveyor in a path between a light ray source and light ray detectors
      positioned to straddle the fruit core portion, the signals from the
      detectors being carried to an internal quality computer controlled by
      timing sensors responsive to fruit movement through the light rays,
      wherein the percentage of internal damage is computed for each fruit,
      after which the fruits are successively separated into different
      predetermined grades according to their respective damage evaluations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the field of testing and evaluation of
      objects according to variations in their internal characteristics.
PAR  Our copending application Ser. No. 117,565, now U.S. Pat. No. 3,768,645,
      teaches a procedure for inspecting objects such as citrus fruit for
      internal flaws and damage by the use of beams of X-rays which are used in
      such a manner that they simultaneously scan the interior portions of the
      fruit on opposite sides of the fruit, and in which the emergent X-ray
      beams are caused to generate electrical signals which are used in the
      fashion described in the aforesaid application Ser. No. 117,565, now U.S.
      Pat. No. 3,768,645, which is hereby included herein by reference, to
      effect a mechanical sorting of the fruit into a multiplicity of grades
      related to the extent of internal damage sensed by the X-ray scanning.
PAR  We have now found quite surprisingly that our inventive system as set forth
      in the aforesaid copending application can be made to operate
      satisfactorily if for the X-ray beams there are substituted optical beams,
      that is, beams of electromagnetic radiation having a wave length of from
      about 300 to about 4,000 nanometers. It is surprising that the system can
      be made to operate satisfactorily with scanning beams of the type just
      described, since even though they are to be sure electromagnetic radiation
      even as are X-rays, nevertheless X-rays pass through objects of the
      general nature of fruit with some absorption and relatively little
      scattering, whereas light beams within the optical range recited are
      subject not only to greater absorption than X-rays but to a relatively
      larger degree of scattering, leading to the emergence of the optical beam
      in a greatly diffused form. In spite of these facts, we have found that if
      a sufficiently sensitive photoresponsive sensor is utilized on the
      emergent side of the fruit, the beam still retains enough of a directional
      character so that by the use of a pair of collimating apertures responses
      can be obtained which effectively differentiate between the
      transmissibility characteristics of the two opposite sides of the fruit
      which are subjected to the scanning optical radiation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to apparatus and method for
      automatically inspecting objects and evaluating them according to an
      internal characteristic, and then separating the objects into groups
      according to the evaluated characteristic.
PAR  It is one object of the herein disclosed invention to provide improved
      inspection and sorting apparatus for citrus fruit, which embodies greater
      flexibility of operation than the heretofore known apparatus, and which is
      so designed that a high degree of accuracy will be obtained in the
      evaluation of a variety of internal damage characteristics, such as may
      result from frost, granulation, sunburn, blossom end decline, and other
      causes.
PAR  A further object is to provide improved and unique light inspection means
      and method for evaluating the internal damage of fruit, in which the fruit
      is substantially similarly oriented prior to inspection, so as to produce
      a more accurate evaluation of the fruit damage.
PAR  A further object concerns the provision of unique inspection apparatus for
      fruit, wherein the fruit is scanned by high intensity light beams on
      opposite sides of its core structure to produce electric signals which are
      determinative of internal meat tissue damage, and wherein the signals are
      introduced into an electric computer circuit which translates the signals
      into a percentage valuation of the fruit damage.
PAR  A further object is to provide apparatus of the herein described type in
      which optical fruit scanning signals are conducted to a computer circuit
      in which the signals are integrated and compensated for fruit size so as
      to produce a percentage indication of the internal damage of the fruit
      meat tissue.
PAR  Another object of the invention concerns the provision of apparatus in
      which optical damage sensors are operatively controlled by photoresponsive
      timing sensors so as to evaluate internal damage of the meat tissue of the
      fruit and eliminate errors due to skin portions of the fruit.
PAR  Still another object is to provide unique electronic computer means in
      connection with optical fruit inspection and separating apparatus, for
      integrating and evaluating the output signals of fruit damage sensors and
      classifying these evaluations into groups according to the percentage of
      damage to the meat tissue portions of the fruit, and upon movement of the
      fruit to a sorting station to automatically separate the fruit into the
      respective classified groups.
PAR  It is also a further object to provide improved apparatus for automatically
      inspecting and sorting a fruit, such as citrus fruit, wherein the fruits
      will be successively carried on a continuously moving conveyor past
      optical sensors at an inspection station en route to a sorting station,
      the sensors having their outputs connected with electrical means for
      evaluating the internal damage of each fruit in relation to damage
      classification groups, and wherein the group evaluation accorded to each
      fruit is stored in memory means until the fruit reaches a conveyor
      position at the sorting station to permit its discharge into the proper
      group corresponding to its predetermined group evaluation.
PAR  Further objects and advantages of the invention will be brought out in the
      following part of the specification, wherein detailed description is for
      the purpose of fully disclosing one embodiment of the invention without
      placing limitations thereon.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the accompanying drawings, which are for illustrative purposes
      only:
PAR  FIG. 1 is a perspective view diagrammatically illustrating apparatus
      embodying the basic principles of the invention;
PAR  FIG. 1A is a detailed view of an alternative light beam source comprising a
      single laser utilizing a beam splitter;
PAR  FIG. 1B shows a still further alternative light source comprising a pair of
      lasers;
PAR  FIG. 2 is a view diagrammatically illustrating the positioning of the
      damage sensors and timing sensors in relation to the entering fruit at the
      inspection station as viewed in the direction of line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary section taken substantially on line 3--3
      of FIG. 2, and diagrammatically illustrates an end section of a
      photomultiplier tube with a diffusing disc as utilized in the damage
      sensor;
PAR  FIG. 4 is an enlarged fragmentary side elevational view diagrammatically
      illustrating mechanism for the discharge of fruit from the conveyor at a
      grade separation position at the sorting station;
PAR  FIG. 5 is a schematic block diagram of the circuitry for the components at
      the inspection station, the damage evaluating computer control, and the
      grade separating means at the sorting station; and
PAR  FIGS. 6A and 6B are more detailed wiring diagram views of the circuitry
      shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE DISCLOSED EMBODIMENT
PAR  Referring more specifically to the drawings, for illustrative purposes, the
      present invention is shown as being embodied in apparatus as generally
      shown in FIG. 1 as comprising an inspection or detecting station A and a
      sorting or grading station B, which are in physically spaced apart
      locations, but are interconnected by means of a suitable conveyor C by
      means of which individual fruits 10 may be continuously and successively
      moved through the inspection station and thence to the sorting station
      where they are discharged into various grades depending upon the evaluated
      characteristics at the inspection station.
PAR  It will be appreciated that the apparatus may vary as to configuration and
      as to details of the parts thereof without departing from the basic
      concepts as disclosed herein. The inspection or detecting station A in
      general comprises a housing in which an upper compartment 11a houses a
      light source 12 arranged to project a beam 13 of light into a lower
      tunnel-like housing compartment 11b through which the fruit is conducted
      by the conveyor in a path which will intercept the light beam and
      associated internal characteristic sensors as generally indicated at 14.
PAR  The light generator 12 in its most generally applicable form may comprise
      any concentrated source of high intensity light radiation, such as for
      example a zirconium arc or a so-called quartz-iodine tungsten filament
      lamp. In order to increase the efficiency and to bring about an
      essentially collimated beam, when point or point-like sources of this type
      are used, we prefer to insert a condensing lens 70 in the path of the
      light beam as shown in FIG. 1.
PAR  We find best and prefer, however, to utilize a laser as the source of the
      light beams, which may be accomplished with a single laser as shown in
      FIG. 1A or with a pair of lasers as shown in FIG. 1B.
PAR  In FIG. 1A, the light beam emitted by the laser 71 passes first through a
      beam splitter 72 which may be a half-silvered mirror although we prefer
      the well-known arrangement in which the partially reflecting surface is
      incorporated at a right angle prism, as shown in FIG. 1A. A portion of the
      laser beam is emitted at right angles downwardly from the beam splitter
      72, while another portion is reflected downwardly by mirror or prism 73,
      so that two parallel beams of approximately equal intensity result. The
      center-to-center separation of beam splitter 72 and reflecting prism 73
      should be approximately the same as the separation of the collimating
      apertures 30--30 in FIG. 2, which will be explained in more detail below.
PAR  In the arrangement shown in FIG. 1B, two lasers 74 and 75 are utilized,
      which emit their beams downwardly, and which may be in parallel
      arrangement provided that the mechanical construction of the particular
      lasers employed permits them to be placed close enough together to match
      the separation of apertures 30--30. Where this is not possible or
      convenient, the two lasers 74 and 75 should be placed as close together as
      possible and beamed respectively at the two apertures 30--30.
PAR  Returning now to the conveyor, this may comprise an embodiment which is
      illustrated as incorporating laterally spaced chains or linkages 15a and
      15b that are trained over suitable driving wheel means 16 and idler means
      (not shown) at the opposite end of the conveyor to separate the conveyor
      into upper and lower runs, the upper run passing through the housing
      compartment 11b. Each fruit 10 is preoriented prior to its reaching the
      inspection station, and is carried by a conveyor platform 17 which is
      swingably pivoted as by a pivotal support 18 at its leading end to the
      associated linkages 15a and 15b of the conveyor. The platform is normally
      held in a horizontal fruit transporting position against swinging movement
      about its pivotal support by means of a depending bracket 19 at the
      trailing end of the platform, which is adapted to normally ride upon an
      underlying rail member 20.
PAR  After passage of the fruit through the inspection or detecting station A,
      where it is evaluated with respect to its internal damage and classified
      as to its grade by means of an internal quality computer as will
      hereinafter be described in detail, the fruit is then carried to the
      sorting or grading station B where it will be automatically deposited at
      the proper grade separation position in the movement of the conveyor.
PAR  As diagrammatically illustrated in FIG. 1, the sorting or grading station B
      is arranged to provide for separation of the fruit into four grades,
      namely designated as G-3, G-2, G-1, and G-O, which are of progressively
      decreasing damage, the grade G-O being nondamaged fruit. At each grade
      position, means are provided for separately receiving from the conveyor C
      the respective fruits according to the grades as evaluated by the internal
      quality computer. Thus, at each grade position there is provided a chute
      or other conventional means for carrying the fruit away from the conveyor
      C. Preferably, such means comprises a movable conveyor belt, as indicated
      by the numeral 21, and which may be flanked by side walls 22 and 23 for
      guidingly retaining the fruit on the conveyor.
PAR  Provision is also made at each grade position for tilting the platform 17
      so as to cause the displacement of the fruit thereon. One arrangement
      which may be utilized for this purpose is diagrammatically illustrated in
      FIG. 4 wherein there is provided at each grade position a pivoted rail
      section 20a, this section being swingably supported at its right end on a
      pivot 24. Normally, the rail section 20a is longitudinally aligned with
      the main rail portions 20, but may be swung in a clockwise direction to a
      raised position of its free end as shown in phantom lines upon
      energization of a connected actuating solenoid 25. In the raised position
      the rail section 20a functions as a camming member in the path of travel
      of a laterally projecting roller 26 carried by the depending bracket 19.
      The platform 17 is thus swingably deflected in a counterclockwise
      direction about its pivot 18 so as to discharge the fruit onto the
      associated conveyor 21. When the downwardly hanging platform reaches the
      end of the conveyor C, the roller 26 will engage a position restoring
      camming rail 27 (FIG. 1) which will cause the platform to assume a normal
      position during the lower run of the conveyor. The energization of the
      correct actuating solenoid 25 for depositing the fruit at its proper grade
      position is determined by the quality computer which will hereinafter be
      explained in detail. The non-damaged fruit of grade G-O will be carried to
      the conveyor end where it will be discharged onto a receiving chute 28 or
      other appropriate means such as a conveyor belt for guiding or
      transporting the fruit to a collection point.
PAR  As shown in FIG. 2, the sensors 14--14 are positioned below an opaque
      collimating plate 29 which is provided with spaced apart openings 30--30
      that are positioned above the respective sensors so as to provide for the
      entrance of a light beam along each side of the fruit core portion 31 as
      the fruit is carried along a path of movement by the conveyor C.
PAR  As shown in FIG. 3, the collimating plate causes a light beam 13a to enter
      the sensor 14 positioned therebelow, each of the sensors comprising a
      photomultiplier tube 32 having an anode 33 and a cathode 34 (FIG. 6A)
      which forms a photosensitive surface positioned to receive incident light
      which is suitably diffused in an associated diffusion disc 35 of opal
      glass or other like material which will diffuse the incident light so that
      it impinges more uniformly on the photoemissive surface of the
      photomultiplier tube. As shown, the disc is secured to the end of the
      photomultiplier tube 32 by means of a retaining cap 36 or other suitable
      means.
PAR  The opaque collimating plate 29 as shown in FIG. 1 and in more detail in
      FIGS. 2 and 3 contains spaced apart openings 30--30 which may be of the
      order of 6 or 7 millimeters in diameter when the light beam from a point
      source is used as described earlier in connection with FIG. 1. When a
      laser or a pair of lasers is used, the essentially collimated beam or more
      properly to narrow pencil character of the optical radiation is preserved
      to a surprising extent, and in that event we may reduce the apertures
      30--30 to of the order of 3 or 4 millimeters. The plate 29 should be at
      least as thick as the diameter of the apertures 30--30. In any case, the
      apertures 30 are of substantially smaller diameter than the photoreceptive
      surface of the photomultiplier tube 32, and in order to improve the
      response and to prolong the life of the latter we prefer to spread the
      radiation incident upon the photomultiplier tube over a larger area, which
      is readily accomplished by the interposition of a diffusion disc 35
      between the aperture 30 and the receiving end of the photomultiplier tube.
      The diffusion disc 35 may comprise for example a piece of opal flash
      glass, or clear glass with either or both surfaces frosted. Alternatively,
      the diffusion disc 35 may comprise an optical filter, such as glass dyed
      so as to pass only certain wave lengths, with one or both outer surfaces
      frosted; or it may comprise an interference filter, again with an outer
      surface or two frosted. When a laser is used, an interference filter which
      has a narrow pass band for the wave length of the light provided by the
      laser is advantageous, since it reduces the effect of stray ambient light
      which, of course, should be excluded as much as possible in any case.
PAR  The diffusion disc 35 may also comprise a thickness of photochromic glass,
      which automatically darkens at high light intensities, so that the
      photoreceptor is protected against overload and damage when no fruit is
      interposed between the light source and the receptor.
PAR  Where the light source provides a continuous range of radiation, as is the
      case with a zirconium or like arc or a high intensity tungsten filament,
      the light will be mostly within the visible and near infrared regions.
      Citrus fruit being generally yellowish or orange-ish in color, the wave
      lengths towards the red end and particularly the infrared end of the
      spectrum are transmitted through the fruit with the least scattering and
      least absorption, so that in this case, for the case of citrus fruit, it
      is advantageous to utilize a yellow, orange, or red filter as part of the
      diffusion disc 35.
PAR  When a laser is used, the common and readily available helium-neon laser is
      well suited for the purposes of the invention, and its wave length of 633
      nanometers is well adapted for citrus fruit. However, other wave lengths
      may be used as, for example, the commonly available infrared lasers
      emitting at 1152 and also at 3391 nanometers. Of course, care should be
      taken particularly when infrared radiation is employed for the scanning to
      utilize a photomultiplier having good sensitivity to the wave length in
      question. Other photoreceptors may be used, especially those adapted to
      infrared radiation.
PAR  The same piece of fruit can advantageously be successively scanned at two
      different wave lengths. The difference in response is itself diagnostic of
      internal damage in many cases.
PAR  The operation of photomultiplier tubes is well known in the electronic
      field. Briefly, the cathode electron current is amplified and utilized to
      produce a photomultiplier output voltage which is characteristic of the
      fruit light absorption. For proper operation, the anode current is set at
      10 microamperes in the open light beam by varying the high voltage bias on
      the photomultiplier tube.
PAR  Since the skin portion of the fruit has different absorption and diffusion
      characteristics than the meat portion, it will be appreciated that in many
      cases a large output voltage signal will be supplied by the
      photomultiplier tube as the damage sensors pass from the skin portion of
      the fruit to the meat portion thereof. It is, of course, desirable to
      eliminate the error caused by such a signal, and to begin the damage
      evaluation period after the damage sensor has left the skin portion and
      entered the meat portion of the fruit, and to end the evaluation period
      before the sensor again enters the skin portion as the fruit progresses
      past the light beam.
PAR  Elimination of such errors is accomplished by using two timing sensors 37
      and 38 which are positioned as shown in FIG. 2 so that one will be ahead
      of the damage sensors and the other will follow the sensors in the path of
      movement of the fruit. The timing sensors are supported for adjustable
      movements in the plate 29 as by means of manually operable screws 39--39
      which provide for independent adjusting movements of each timing sensor.
      The timing sensors are utilized in connection with a timing circuit, which
      will be discussed later in detail, to obtain timing signals for
      coordinating certain operating phases of the internal quality computer.
      Briefly, the timing sensors comprise a pair of silicon photodiodes 40 and
      41 (FIG. 6A). These diodes are connected in parallel and arranged in a
      circuit to provide a voltage output signal such that when the skin portion
      at the leading end of the fruit covers one sensor, the output voltage will
      be cut substantially in half, and when both sensors are covered, the
      output voltage will be substantially zero. The spacing between the diodes,
      as indicated at a, will be substantially equal to the fruit skin portion
      average thickness at its leading end and trailing end, respectively, as
      indicated at b.
PAR  Referring more specifically to the schematic block diagram of FIG. 5 and
      the detailed circuitry as shown in FIGS. 6A and 6B, the details of the
      internal quality computer and associated timing means, for evaluating the
      fruit damage and separating it into predetermined grades according to such
      damage, now will be described more fully. As will be observed, the two
      photomultiplier tubes 32--32 of the respective internal characteristic
      sensors are connected to provide inputs to similar damage evaluating
      circuits 42 and 43 which are connected to the anodes 33--33 respectively
      of the photomultiplier tubes 32--32. These tubes have their cathodes
      34--34 connected with the ends of a suitable control potentiometer 44
      having a movable contact 45 connected with an appropriate high voltage
      source shown as comprising -600 volts which provides for an appropriate
      bias adjustment for obtaining the desired anode current setting. The ends
      of the potentiometer are connected across a resistor 46 having its
      midpoint connected to an electrostatic shield according to general
      practice. The output voltage, as indicated at 47, is in each case fed to
      an input or preamplifier 48. Since the two previously mentioned evaluating
      circuits 42 and 43 contain similarly connected components, it is believed
      that the detailed description of only one of these circuits will be
      necessary for a proper understanding of this portion of the computer.
PAR  Thus, in the evaluating circuit 42, the preamplifier 48 is provided to
      isolate the output of the internal characteristic sensors and amplify the
      output voltage of the connected photomultiplier. This preamplifier
      includes a conventional basic amplifier component A1, with the resistors
      R1 and R3 forming a feedback path that sets the stage gain to
      approximately 10, and the capacitor C1 reducing the stage gain to unity at
      high frequencies.
PAR  The output from the preamplifier 48 is connected through a resistor R5 with
      the input to a noise filter circuit 49 which will eliminate high frequency
      noise signals that do not relate to fruit damage. This low pass filter
      circuit utilizes a conventional basic amplifier component A3. A capacitor
      C5 and resistor R7 are connected in parallel to form a feedback path which
      operates in conjunction with the resistor R5. A resistor R9 and capacitor
      C3 operate to make the amplifier gain decrease 12 db/octave above 250 Hz.
PAR  The output of the noise filter 49 feeds a logarithmic amplifier circuit 50
      which is utilized to compensate for the absorption characteristic of the
      fruit, in such a manner that a change due to damage will cause the same
      output for a small fruit as a for a large fruit, and wherein the output
      voltage increases upwardly toward +10 volts. This circuit utilizes a
      conventional basic amplifier component A5 having a balance control
      resistor R11 which is adjustable for eliminating the amplifier offset
      output voltage. A resistor R13 is connected in a gain control circuit
      which is adjustable for the exact logarithmic transfer characteristic.
PAR  The output of the logarithmic amplifier circuit 50 connects with a high
      pass filter circuit 51 which is utilized to eliminate low frequency
      signals caused by drift errors, fruit shape irregularities longer than 0.2
      inches, and differences in thickness from one side of the fruit to the
      other. This circuit utilizes a conventional basic amplifier component A7,
      and a capacitor C9 and resistor R17 provide a feedback path which operates
      in conjunction with a capacitor C7, capacitor C11 and resistor R15 so as
      to make the amplifier gain decrease on the order of 12 db/octave below 75
      Hz.
PAR  The outputs from the two high pass filter circuits 51--51 of the evaluation
      circuits 42 and 43 are fed into a common difference amplifier circuit 52
      which subtracts the two filtered and compensated output signals from the
      evaluation circuits 42 and 43. This output corresponds to the difference
      between the evaluation on one side of the fruit core and the evaluation on
      the other side for small anomalies. A good fruit will have few anomalies
      and the output will be relatively small. A bad fruit will have an output
      consisting of many large pulses. The difference amplifier circuit 52
      utilizes a basic amplifier component A9 which receives the separate input
      signals through resistors R19 and R20 respectively. Resistors R21 and R22
      are utilized to set the difference gain to approximately 7. The capacitors
      C13 and C14 provide an AC feedback to decrease gain at frequencies above
      500 Hz.
PAR  The difference amplifier circuit 52 feeds into a gain adjustment amplifier
      circuit 53 which is utilized to adjust and vary the gain for different
      types of internal damage from a control center. For example, investigation
      and tests indicate that fruit granulation will require a higher gain
      setting than frost damage. The gain or damage sensitivity amplifier
      circuit 53 utilizes a basic amplifier component A10. A DC feedback having
      a resistor R24 therein sets a constant amount of feedback. A variable
      input resistor R23 provides an adjustment which allows the stage gain to
      be varied substantially from 1 to 10. A capacitor C15 paralleling the
      resistor R24 provides an AC feedback which operates to reduce noise at
      high frequencies.
PAR  Output from the gain adjustment amplifier circuit 53 is fed to an absolute
      value amplifier circuit 54 which utilizes interconnected basic amplifier
      components A11 and A12. The amplifier A11 operates as a unity gain
      inverter for positive signals only. A diode D1 makes the gain
      substantially zero for negative input signals. The amplifier A12 is
      utilized as a summing amplifier with respect to which a resistor R28 sets
      a constant DC feedback. A resistor R27, which is connected in series with
      resistor R28, makes the gain of amplifier A12 equal to 1 for input signals
      received from the gain adjustment amplifying circuit, while a resistor R29
      makes the gain of the amplifier A12 equal to 2 for signals received from
      the amplifier A11. The output of the absolute value circuit 54 is the
      absolute value of its received input and comprises the instantaneous
      magnitude of the difference in thickness of the two halves of the fruit
      lying on opposite sides of the fruit core.
PAR  The absolute value circuit 54 (FIG. 6A) is shown as being connected through
      a conductor 55 to an input resistor R37 (FIG. 6B) of an integrator circuit
      56. This circuit integrates the received absolute value signal over the
      period when the fruit is being moved by the conveyor over the sensors 14.
      The final value of the integration is the area under all of the absolute
      value output pulses. This value will be much larger for a bad fruit for
      the reason that there will be more pulses and these pulses will be larger
      than for a good fruit. The integrator circuit 56 includes a basic
      amplifier component A13 which is controlled by means of an electronic
      switch S1 connected to receive a control voltage signal from the voltage
      output terminal V2 of the timing circuit (FIG. 6A) in such a manner that
      the integrated output will be for the time that the sensors are evaluating
      the meat portion of the fruit. When the electronic switch S1 is open, a
      capacitor C18 will be charged at a linear rate determined by the output of
      the amplifier component A12 and resistor R37. When the switch S1 is
      closed, resistors R38 and R39 function to maintain the output of the
      amplifier component A13 at 0 volts. A capacitor C19 prevents overshoot in
      the output of the amplifier component A13 as the switch changes from open
      to closed position.
PAR  A ramp generator circuit 57 is provided to produce a ramp wave form which
      may be varied to provide for fruit size compensation in order to obtain
      maximum system accuracy for any given lot of fruit. Although the system is
      designed to grade fruit from 2 inches in diameter to 6 inches in diameter,
      small fruit can be graded more accurately if the size compensation is
      adjusted to allow for the maximum size to be run. Specifically, the ramp
      generator utilizes a basic amplifier component A14 which is controlled by
      an electronic switch S2 in an integrator circuit similar to the integrator
      circuit 56. A resistor R31 provides for central control adjustment and
      with a resistor R32 forms a voltage divider which sets the input to a
      constant DC level. When this input is integrated, it becomes a ramp wave
      form as a capacitor C17 is linearly charged. Resistors R35 and R36
      constitute a voltage divider which establishes the output of the amplifier
      component A14 at substantially -0.5 volts when the switch S2 is closed.
PAR  The outputs of the integrator circuit 56 and the ramp generator circuit 57
      are fed into a divider circuit 58 comprising a basic divider component DV1
      which functions in a well known manner to divide the output of the
      integrator circuit 56 by the output of the ramp generator circuit 57.
      Since the integrator output is proportional to the total amount of damage
      in the fruit, and the output of the ramp generator is proportional to the
      size of the fruit (diameter), the resulting quotient will be in terms of
      percentage damage. That is to say, that the divider output is proportional
      to the total amount of damage contained in a very thin slice of the fruit
      divided by the length of the slice. In its broad concept, it is
      conceivable that as an alternative to utilizing a ramp function as the
      divisor, it may be necessary to use a parabolic function in order to
      compensate for the area instead of diameter.
PAR  A sample hold amplifier circuit 59 receives the output of the divider
      circuit 58, this output being of a wave form as indicated at 60. The
      purpose of the sampe hold circuit is to hold the final size compensated
      output value of the divider, until the next fruit traverses the internal
      characteristic sensors 14, and thus provide a prolonged output signal as
      indicated at 61. This circuit embodies a basic amplifier component A15
      which is controlled by an electronic switch S3 operatively connected to
      receive energizing voltage from the voltage terminal V1 of the timing
      circuit. The amplifier A15 is a unity gain amplifier with a resistor R41
      in a feedback connection and a resistor R40 connected to the amplifier
      input. When the switch S3 is closed, a capacitor C21 will be charged to
      the amplifier output voltage. When the switch S3 is in opened position,
      the input signal is removed and the amplifier output remains at the
      voltage across the capacitor C21 which will be retained without
      significant decrease for several seconds. A capacitor C20 is utilized to
      reduce the amplifier gain, when the frequency is above 500 Hz.
PAR  A switched amplifier circuit 62 is provided for switching the output of the
      sample hold amplifier 59 so as to be turned on during its hold period, and
      off during the sample period as indicated by the output signal wave form
      60 of the divider circuit 58. This circuit utilizes a basic amplifier
      component A16 which is controlled by an electronic switch S4 connected
      with the voltage terminal V2 of the timing circuit. When the switch S4 is
      closed, the amplifier functions as a unity gain amplifier. When the switch
      S4 is opened, feedback through a resistor R45 drops to zero and the
      amplifier output becomes zero. Thus, the output of this amplifier circuit
      occurs only during the hold period.
PAR  The output of the switched amplifier circuit 62 is fed as an input to a
      grade separator circuit 63, which basically comprises three voltage
      comparators, each of which has a variable threshold voltage. As will be
      seen, the switched fruit characteristic evaluation signal from the
      switched amplifier circuit 62 is fed through input resistors R46, R47, and
      R48, respectively, to basic amplifier components A17, A18, and A19 of the
      three voltage comparators. The threshold voltage for the respective
      comparators for the grades into which the fruit is to be separated, is
      determined and set by resistors R52, R53, and R54 and respectively fed to
      the amplifiers through resistors R49, R50, and R51. When the input is
      larger than the threshold voltage of one of the comparators, the connected
      diode D8, D9, or D10 will be reverse biased and its associated amplifier
      output will switch from 0 to -8 volts. This output voltage is fed to the
      other amplifiers through the respective diode-resistor combinations D5-R55
      D6-R56, and D7-R57 to prevent more than one comparator output being
      supplied to the respective output terminals G-3, G-2, and G-1 at the same
      time.
PAR  With the circuit arrangement as just described, it will be observed that if
      the input is below the threshold voltage of amplifier A19, as set by
      resistor 54, then none of the amplifiers will be energized and all of the
      comparator outputs will be zero. If the input is above the threshold of
      amplifier A19 but below the threshold of amplifier A18, as set by resistor
      R53, then amplifier A19 will be energized and an output of 8 v. will
      appear at the G-1 terminal. If the input is above the threshold of
      amplifier A18 but below the threshold of amplifier A17, as set by resistor
      R52, then the amplifier A18 will be energized and an output of 8 v. will
      appear at the terminal G-2. This output voltage is also fed back to
      amplifier A19 so as to deenergize it. A similar operation occurs when the
      input is above the threshold of amplifier A17, and the output voltage will
      appear at the G-3 terminal. The absence of an output voltage at any of the
      terminals G-1, G-2, or G-3 indicates that the fruit has a damage
      evaluation which is below that of fruit having the least damage as
      selected for grade G-1.
PAR  The internal quality computer and sorting or grading of the inspected
      fruits as heretofore described is controlled and coordinated by timing
      circuitry which will now be described, and which is connected to the
      output furnished by the photodiodes 40 and 41 (FIG. 6A). The timing sensor
      diodes are connected to the input of a preamplifier circuit 63 having a
      basic amplifier component A20 which is coupled with a voltage divider
      formed by resistors R57 and R58, this voltage divider being connected to
      provide normally a reverse bias on the photodiodes 40 and 41. The sensor
      signal is coupled to the amplifier component A20 by a capacitor 25 and a
      resistor R60. Resistors R59 and R61 form a feedback path that sets the
      amplifier gain to approximately 5, and the parallel connected capacitor 24
      is utilized to reduce the gain to unity at high frequencies.
PAR  A timing offset adjust circuit 64 is provided for adjusting the voltage
      timing level. This circuit includes a basic amplifier component A21 which
      has its input connected with a DC voltage determined by a variable
      resistor R64 which may be mounted on a central control panel and varied to
      compensate for variations of skin thickness of the fruits being tested.
      The voltage determined by the resistor R64 is added to the timing signal
      received from the preamplifier circuit 63, through a resistor R63. As
      shown in the representative output curve 65, the skin compensation control
      is adjusted so that the points X--X on the wave form will be at zero
      volts. The integrator 56 will then be turned on after the fruit has
      started across the damage sensors and before it has finished.
PAR  The output from the timing offset adjust circuit 64 is then fed through a
      voltage comparator circuit 66 which operates as a timing switch circuit.
      This circuit includes a basic amplifier component A22 connected to receive
      its input from a resistor R66, and the input current will function to
      establish a circuit through either the diode D3 or the diode D4 depending
      upon its polarity. The amplifier output will be -8 v. when the input is
      greater than zero, and +8 v. when the input is less than zero. Resistors
      R68 and R70 operate to clamp the output voltage to -8 v. when diode D4 is
      conducting, and resistors R67 and R69 operate to clamp the output to +8 v.
      when the diode D3 is conducting. Therefore, the voltage appearing at the
      terminal V1 will reflect the polarity changes of the output voltage.
PAR  The output from the voltage comparator circuit 66 as just described leads
      to a time delay circuit 67 which is utilized to invert and delay the
      output of the voltage comparator circuit so that the switch S3, which is
      connected to the terminal V1, for the sample hold circuit 59 can be
      switched to its on position slightly before the switch S1, which is
      connected to the terminal V2, of the integrator circuit 56 is actuated to
      an open condition. Resistors R71 and R72 of the time delay circuit are
      utilized to set the DC gain to 1, while the significant time required to
      charge a capacitor C27 provides the time delay between the input and the
      output of this circuit.
PAR  It is an important feature of the present invention that once the
      percentage damage is evaluated for a certain fruit, this information will
      be stored until that fruit during its transport by the conveyor C reaches
      a point at the sorting or grading station B where it is to be transferred
      or discharged into the proper group corresponding to its predetermined
      group evaluation. For such purpose, an electronic shift register circuit
      67 (FIG. 5) is connected to each of the outputs G-1, G-2, and G-3 of the
      grade separator 63. The shift register is of conventional construction and
      has a memory cell for each fruit position between the inspection station A
      and the point where the fruit is to be transferred at the sorting station
      B. As each fruit moves through the inspection station, the information in
      each shift register is shifted from one memory cell to the next, thus
      keeping step with the fruit movement. The shifting operations are
      accomplished in each shift register by switching means which are
      synchronized with the passage or conveyance of the fruit through the
      inspection station and may comprise a voltage signal obtained for example
      from the terminal V1 of the timing circuit or other synchronized pulse
      generating means 68, as exemplified by such known devices or mechanisms as
      an optical shaft decoder, a micro-switch mechanically actuated by a
      rotating shaft, switch pulsing means magnetically actuated in response to
      shaft rotation, or other suitable means. When the fruit reaches the proper
      separation point, the shift register functions to energize its associated
      solenoid 25 to actuate the mechanism for tilting the fruit conveyor
      platform 17 to discharge the fruit thereon into the appropriate receiver
      for that particular group as previously explained. The undamaged fruit
      which is not discharged at the G-1, G-2, or G-3 stations will be carried
      by the conveyor and discharged at the G-0 station, this being the
      undamaged and most acceptable of the inspected fruit.
PAR  Values of the components as used in the circuitry of the herein disclosed
      invention are listed as follows:
TBL  AMPLIFIERS                                                                

     A1, A2           Burr-Brown 1557/15                                       

     A3, A4           "          3007/15                                       

     A5, A6           "          4007/40                                       

     A7, A8           "          3007/15C                                      

     A9               "          3006/15C                                      

     A10              "          3009/15C                                      

     A11, A12         "          3007/15C                                      

     A13-A16          "          3006/15C                                      

     A17, A18, A19    "          3009/15C                                      

     A20              "          3007/15C                                      

     A21              "          3009/15C                                      

     A22, A23         "          3007/15C                                      

     SWITCHES                                                                  

     S1-S4            Burr-Brown 9580/15                                       

     DIVIDER                                                                   

     DV1              Burr-Brown 4098/25                                       

     RESISTORS                                                                 

     R1, R2       2.43K    ohms                                                

     R3, R4       24.3K    "                                                   

     R5, R6       15K      "                                                   

     R7, R8       13.7K    "                                                   

     R9, R10      6.81K    "                                                   

     R11, R12     10K      "      (Potentiometer)                              

     R13, R14     20K      "      (Potentiometer)                              

     R15, R16     4.53K    "                                                   

     R17, R18     20.5K    "                                                   

     R19, R20     1.5K     "                                                   

     R21, R22     10K      "                                                   

     R23          10K      "      (Potentiometer)                              

     R24-R28      10K      "                                                   

     R29          10K      "      (Potentiometer)                              

     R30          10K      "                                                   

     R31          10K      "      (Potentiometer)                              

     R32          4.99K    "                                                   

     R33          1M       "                                                   

     R34          10K      "                                                   

     R35          1.5K     "                                                   

     R36          30.9K    "                                                   

     R37          100K     "                                                   

     R38-R48      10K      "                                                   

     R49-R51      15K      "                                                   

     R52-R54      10K      ohms   (Potentiometer)                              

     R55, R56     4.99K    "                                                   

     R57, R58     1M       "                                                   

     R59          20.5K    "                                                   

     R60          1M       "                                                   

     R61          100K     "                                                   

     R62          33.2K    "                                                   

     R63          51.1K    "                                                   

     R64          10K      "      (Potentiometer)                              

     R65          150K     "                                                   

     R66          100K     "                                                   

     R67, R68     10K      "                                                   

     R69, R70     4.99K    "                                                   

     R71, R72     100K     "                                                   

     CAPACITORS                                                                

     C1, C2       0.01     mf                                                  

     C3, C4       0.133    mf                                                  

     C5, C6       0.033    mf                                                  

     C7-C12       0.22     mf                                                  

     C---C15      0.01     mf                                                  

     C16          330      pf                                                  

     C17          0.05     mf                                                  

     C18          0.10     mf                                                  

     C19          330      pf                                                  

     C20          1000     pf                                                  

     C21          0.10     mf                                                  

     C22, C23     1000     pf                                                  

     C24          .0033    mf                                                  

     C25          1.0      mf                                                  

     C26          1000     pf                                                  

     C27          .033     mf                                                  

     DIODES                                                                    

     D1-D7            IN4154                                                   

     D8-D10           IN3155                                                   

     PHOTODIODES                                                               

     40, 41           Electro-Nuclear Labs LB 0515                             

     PHOTOMULTIPLIER TUBE                                                      
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PAR  From the foregoing description and drawings, it will be clearly evident
      that the delineated objects and features of the invention will be
      accomplished.
PAR  Various modifications may suggest themselves to those skilled in the art
      without departing from the spirit of the herein disclosed invention and,
      hence, it is not wished to be restricted to the specific form shown or
      uses mentioned, except to the extent indicated in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of automatically selecting and separating internally damaged
      citrus fruit from undamaged fruit, which comprises the steps of:
PA1  a. simultaneously scanning meat portions on opposite sides of each fruit
      core with light rays;
PA1  b. sensing variations in light transparencies of the scanned portions;
PA1  c. integrating the sensed variations to evaluate said damage and nondamage;
      and
PA1  d. classifying the fruits in accordance with such evaluations.
NUM  2.
PAR  2. The method according to claim 1 including the further steps of
      compensating the integrated sensed variations for fruit size to obtain
      damage evaluations in terms of percentage.
NUM  3.
PAR  3. The method in accordance with claim 1 in which said light rays are laser
      beams.
NUM  4.
PAR  4. The method in accordance with claim 3 in which said laser beams have a
      wave length of about 633 nanometers.
NUM  5.
PAR  5. Apparatus for grading objects according to changes in a common internal
      characteristic thereof, comprising:
PA1  a. an inspection station;
PA1  b. a sorting station including a plurality of sorting positions
      corresponding to various possible classification grades of the objects
      according to said internal characteristics thereof;
PA1  c. conveyor means for continuously moving said objects in sequence through
      said inspection station to said sorting station;
PA1  d. light-ray means at said inspection station for successively evaluating
      changes in said internal characteristic of each object and determining its
      grade classification; and
PA1  e. means at each sorting position energizable for removing from said
      conveyor each object with a determined grade classification corresponding
      to that of the sorting position.
NUM  6.
PAR  6. Apparatus in accordance with claim 5 in which said light-ray means is at
      least one laser.
NUM  7.
PAR  7. Apparatus in accordance with claim 6 in which said light rays have a
      wave length of about 633 nanometers.
NUM  8.
PAR  8. Apparatus for grading objects according to a common internal
      characteristic thereof, comprising:
PA1  a. an inspection station;
PA1  b. a sorting station including a plurality of sorting positions
      corresponding to various possible classifications of the objects according
      to said internal characteristics thereof;
PA1  c. conveyor means for continuously moving said objects in sequence through
      said inspection station to said sorting station;
PA1  d. light-ray means at said inspection station for successively evaluating
      said internal characteristic of each object and determining its
      classification, including two spaced apart sensors for simultaneously
      evaluating adjacent paths through said object; and
PA1  e. means at each sorting position energizable for removing from said
      conveyor each object with a determined classification corresponding to
      that of the sorting position.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 in which said light-ray means is at
      least one laser.
NUM  10.
PAR  10. Apparatus in accordance with claim 9 in which said light rays have a
      wave length of about 633 nanometers.
NUM  11.
PAR  11. Apparatus for automatically selecting between a plurality of generally
      spherical objects based on the optical transparency characteristics
      thereof, which comprises:
PA1  a. a source of light-rays;
PA1  b. means for translating successive changes in transparency between
      different parts on opposite sides of the center of each object subjected
      to said light-rays into an integrated electrical signal; and
PA1  c. means for selecting between the objects on the basis of this electrical
      signal.
NUM  12.
PAR  12. Apparatus in accordance with claim 11 in which said light-ray source is
      at least one laser.
NUM  13.
PAR  13. Apparatus in accordance with claim 12 in which said laser light rays
      have a wave length of about 633 nanometers.
NUM  14.
PAR  14. Apparatus according to claim 11, wherein the objects comprise core
      containing fruits initially oriented to align their cores, and said fruits
      are successively moved along a path through the light rays, and the
      transparency translating means includes means for integrating the changes
      along said path for the different parts on the opposite sides of the fruit
      core axis; and including means for limiting the integrated changes
      substantially to parts in the meat portion of the fruit between the denser
      skin portions at the leading and trailing ends of the fruit.
NUM  15.
PAR  15. Apparatus according to claim 11, wherein said objects comprise citrus
      fruits oriented with their core axes substantially correspondingly
      positioned, and said fruits are successively moved along a path through
      the light rays, and the transparency translating means comprises fruit
      damage sensor means for sensing transmitted light in said different parts
      along said path on opposite sides of the fruit core axis.
NUM  16.
PAR  16. Apparatus in accordance with claim 15 in which said light-ray source is
      at least one laser.
NUM  17.
PAR  17. Apparatus in accordance with claim 16 in which said light has a wave
      length of about 633 nanometers.
NUM  18.
PAR  18. Apparatus for automatically inspecting and sorting citrus fruits into
      different grades according to the extent of their internal nondamage and
      damage, comprising:
PA1  a. a source of light rays;
PA1  b. conveyor means for successively moving citrus fruit in a path passing
      through said light rays;
PA1  c. sensing means for translating successive changes for each fruit of its
      optical transparency along said path into electric singals;
PA1  d. electronic computer means for converting said electric signals for each
      fruit into an electric output characteristic of its internal damage in
      relation to one of said grades;
PA1  e. fruit discharge positions traversed by said conveyor corresponding to
      the respective grades of said fruit; and
PA1  f. control means synchronized with the movements of said fruits for
      selectively discharging each fruit from said conveyor when it reaches its
      grade discharge position.
NUM  19.
PAR  19. Apparatus in accordance with claim 18 in which said light-ray source is
      at least one laser.
NUM  20.
PAR  20. Apparatus in accordance with claim 19 in which said light has a wave
      length of about 633 nanometers.
NUM  21.
PAR  21. Apparatus for automatically inspecting and sorting citrus fruits into
      different grades according to the extent of their internal nondamage and
      damage, comprising:
PA1  a. a source of light rays;
PA1  b. conveyor means for successively moving citrus fruit in a path passing
      through said light rays;
PA1  c. sensing means for translating each fruit optical transparency into
      electric signals, comprising a pair of damage sensor units spaced to
      traverse scanning paths on opposite sides of the core of a preoriented
      fruit, each of said units including a photomultiplier tube responding to
      variations in the optical transparency along the path scanned by said unit
      and providing output electric signals in accordance with said variations;
PA1  d. electronic computer means for converting said electric signals for each
      fruit into an electric output characteristic of its internal damage in
      relation to one of said grades;
PA1  e. fruit discharge positions traversed by said conveyor corresponding to
      the respective grades of said fruit; and
PA1  f. control means synchronized with the movements of said fruits for
      selectively discharging each fruit from said conveyor when it reaches its
      grade discharge position.
NUM  22.
PAR  22. Apparatus in accordance with claim 21 in which said light-ray source is
      at least one laser.
NUM  23.
PAR  23. Apparatus in accordance with claim 22 in which said light has a wave
      length of about 633 nanometers.
NUM  24.
PAR  24. The method of inspecting core type fruits to determine as between
      internally damaged and nondamaged fruits, which comprises the steps of:
PA1  a. successively moving core oriented fruits through a light ray scanning
      path; and
PA1  b. simultaneously sensing variations in optical transparency of meat
      containing portions lying on opposite sides of each fruit core.
NUM  25.
PAR  25. Apparatus in accordance with claim 24 in which said light-ray source is
      at least one laser.
NUM  26.
PAR  26. Apparatus in accordance with claim 25 in which said light has a wave
      length of about 633 nanometers.
NUM  27.
PAR  27. Apparatus according to claim 11, wherein the damage sensor means
      comprises a pair of damage sensor units operatively positioned to straddle
      the core of each fruit as it is moved along said path, each of said sensor
      units including a photomultiplier tube having a photosensitive surface
      capable of responding to the changes in said light transparency of the
      different parts.
NUM  28.
PAR  28. Apparatus according to claim 18, wherein said synchronized control
      means includes memory means for storing said electrical output
      characteristic for each fruit until it reaches its corresponding grade
      discharge position.
NUM  29.
PAR  29. Apparatus according to claim 21, wherein the electronic computer means
      includes a pair of damage evaluating circuits having inputs respectively
      connected to receive the output electric signals of said photomultiplier
      tubes, and outputs connected into a difference amplifier circuit wherein
      the evaluation signals for one of said scanning paths are subtracted from
      the evaluation signals for the other of said scanning paths.
NUM  30.
PAR  30. Apparatus according to claim 29, wherein each of said damage evaluating
      circuits contains logarithmic amplifier circuit means having components
      operable to compensate for the logarithmic absorption characteristic of
      the fruit in such a manner that a change due to damage will cause the same
      output for a small fruit as for a large fruit, and its output voltage
      increases upwardly towards a predetermined positive voltage potential.
NUM  31.
PAR  31. Apparatus according to claim 30, wherein the input to each logarithmic
      amplifier is connected with a noise filter circuit having components for
      eliminating high frequency noise signals that do not relate to fruit
      damage, and the output of the logarithmic amplifier is connected to pass
      through a high pass filter circuit having components for eliminating low
      frequency signals caused by drift errors, fruit length irregularities and
      differences in thickness from one side of the fruit to the other.
NUM  32.
PAR  32. Apparatus according to claim 29, wherein the output of the difference
      amplifier circuit is coupled with a gain adjusting circuit means having
      components variable to set the gain at the most desirable values for the
      particular type of internal damage that is being evaluated.
NUM  33.
PAR  33. Apparatus according to claim 32, which includes an absolute value
      amplifier circuit having an input connected with the output of the gain
      adjusting circuit and components operative to provide at its output an
      absolute value of its received input.
NUM  34.
PAR  34. Apparatus according to claim 33, which includes an integrator circuit
      having components operative to integrate the output of the absolute value
      amplifier circuit for the period during which the fruit is moved over the
      damage sensor units and timed switching means for controlling said
      components so that the integrated output will be for the time that the
      damage sensor units are scanning the meat portion of the fruit.
NUM  35.
PAR  35. Apparatus according to claim 34, including a ramp generator circuit
      having components operable to provide an output ramp wave form variable
      for fruit size compensation, timed switching means for controlling the
      operation of the ramp generator during a period concurrent with that of
      said integrator circuit, and divider circuit means coupled with the
      outputs of said ramp generator circuit and the integrator circuit and
      having components operative to divide the output of the integrator circuit
      by the output of the ramp generator circuit to obtain a percentage
      evaluation of the fruit damage.
NUM  36.
PAR  36. Apparatus according to claim 35, including a sample hold amplifier
      circuit connected to receive the output signal of said divider, and
      including components operative to prolong said output signal for each
      fruit at its output value until the next fruit traverses the sensor units.
NUM  37.
PAR  37. Apparatus according to claim 36, including a switched amplifier circuit
      connected to receive the output of the sample hold circuit, and having
      switching component for applying the hold portion of said received output
      to a grade separator circuit.
NUM  38.
PAR  38. Apparatus according to claim 37, wherein said grade separator circuit
      comprises a plurality of voltage comparator circuits having threshold
      activating voltages for selectively providing group determinative outputs
      for the grade separator circuit depending upon the input value of the
      switched fruit characteristic damage evaluation signal.
NUM  39.
PAR  39. Apparatus according to claim 14, wherein the limiting means comprises a
      switching circuit for activating and deactivating said integrating means,
      and including timing sensor means in said path, said sensor means being
      responsive to the interception of light rays by the skin portions at the
      leading and trailing ends of the fruit.
NUM  40.
PAR  40. Apparatus according to claim 39, wherein the timing sensor means
      includes two photodiodes spaced apart in the direction of said path a
      distance substantially corresponding to the skin thickness at the leading
      and trailing ends of the fruit.
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ABST
PAL  In a system for classifying objects, particularly fruits, which pass
      successively through an inspection station for evaluation according to
      respective grades and for generating evaluation signals corresponding to
      such grades. The inspected fruits are then delivered to a distribution
      apparatus by means of a sorting conveyor having a single row of traveling
      holders for the individual fruits. The sorting conveyor has a plurality of
      discharge stations corresponding to the different evaluation grades and,
      when a holder carrying a fruit reaches a discharge station that
      corresponds to the evaluation grade for that particular fruit, the
      generated evaluation signal for that particular fruit causes the holder to
      discharge the fruit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a system for automatically inspecting successive
      objects and for dividing the objects into grades. More particularly, the
      invention relates to such a system of the general character that is
      disclosed in the Conway et al U.S. Pat. No. 3,768,645, which patent is
      hereby incorporated into the present disclosure by reference. In such a
      system fruits are conveyed in single file past an inspection station to
      classify the fruits into grades and to generate evaluation signals for the
      different grades. The fruits are then moved by traveling holders of a
      sorting conveyor having a series of discharge stations corresponding to
      different evaluated grades of the fruit. The evaluation signal for a
      particular fruit is stored electronically and is subsequently delivered to
      the corresponding discharge station as the holder for the particular fruit
      approaches the discharge station. The evaluation signal causes the fruit
      to be released at the discharge station for transfer to a corresponding
      transverse grade conveyor that carries the fruit to a corresponding
      receiving station.
PAR  The present invention is directed to the structure of such a sorting
      conveyor with special reference to means for releasing the fruit and
      diverting the fruit to the appropriate grade conveyors.
PAC  SUMMARY OF THE INVENTION
PAR  In a sorting conveyor of the type to which the invention pertains, holders
      for the individual inspected fruit are carried through seccessive
      discharge stations by a pair of parallel sprocket chains and one object of
      the invention is to provide improved holders that are operative to release
      the fruit at the appropriate discharge stations in response to the delayed
      evaluation signals. Each holder is hingedly connected to the pair of
      conveyor chains at a hinge axis that is offset on one side from the center
      of gravity of the holder and each holder is releasably connected to the
      pair of chains by a latch on the other side of the center of gravity.
      Thus, each holder carrying an individual fruit is biased by gravity to
      swing down from a normal latched position to a lower position to release
      the fruit. When a holder carrying an individual fruit approaches the
      discharge station that corresponds to the predetermined grade of the
      individual fruit, a tripper at the discharge station responds to the
      corresponding evaluation signal to trip the latch of the holder to release
      the fruit.
PAR  A further object is to provide an arrangement according to the preceding
      object, in which the latch and tripper have fail-safe operating
      characteristics. This is accomplished by utilizing a latch which is
      yieldably movable from a holder latching position to a holder releasing
      position by means of a tripper which is operable from a non-tripping
      position to a tripping position for intercepting and moving the latch from
      its latching position to its releasing position. With this arrangement,
      should the tripper stick or jam for any reason in its tripping position,
      the yieldable latch will be free to move when engaged by the tripper, thus
      preventing damage to the parts.
PAR  Another object of the invention is to ease the released fruit at a
      discharge station without damage onto a corresponding lower transverse
      grade conveyor. For this purpose the released fast moving fruit is
      received in a gentle manner by an inclined guide chute that is positioned
      at an acute angle to the sorting conveyor and acts to divert and direct
      the fruit gravitationally laterally in a downwardly inclined direction
      with respect to the direction of movement by the conveyor. The guide chute
      comprises a web of flexible sheet material of U-shaped cross section that
      is suspended along its opposite side edges from a suitable rigid frame
      with a soft elastomer bumper extending along the rigid frame to minimize
      impact damage to the fruit.
PAR  Another object of the invention is to solve the problem of minimizing the
      lost time that is involved in changing over from one run of fruit to
      another run. This problem arises because the transverse grade conveyors
      lead to corresponding receiving stations and the receiving stations must
      be cleared of fruit before operation can be resumed for distributing a new
      and different run of fruit. The same problem in a somewhat different form
      arises when some difficulty occurs at a receiving station which makes it
      imperative to divert the fruit to an alternate receiving station to avoid
      interruption in the operation of the distribution system.
PAR  This last object is accomplished by providing two alternate sets of
      receiving stations for each predetermined grade with each transverse grade
      conveyor reversible to deliver the graded fruit to the alternate receiving
      stations selectively. The angled guide chutes are correspondingly
      reversible.
PAR  The various features and advantages of the invention may be understood from
      the following detailed description and the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which are to be regarded as merely illustrative:
PAR  FIG. 1 is a diagrammatic plan view on a reduced scale showing a classifying
      system for fruit including the sorting conveyor of the present invention;
PAR  FIG. 2 is a plan view of the sorting conveyor;
PAR  FIG. 3 is a longitudinal section taken along the line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged plan view of a portion of the sorting conveyor in the
      region of one of the discharge stations;
PAR  FIG. 5 is a side elevation of the same portion of the sorting conveyor;
PAR  FIG. 6 is an enlarged transverse cross section along the line 6--6 of FIG.
      5 showing the construction of a holder for an individual fruit and a
      corresponding remotely controlled tripper;
PAR  FIG. 7 is a section along the line 7--7 of FIG. 6 showing the latch of the
      holder in its normal position for keeping the holder in normal upright
      position;
PAR  FIG. 8 is a similar view showing how the latch is released by a remotely
      controlled tripper;
PAR  FIG. 9 is a transverse section along the line 9--9 of FIG. 6, this figure
      being similar to FIG. 7 but showing the latch as viewed from the opposite
      side;
PAR  FIG. 10 is a fragmentary diagrammatic view showing how a stationary cam
      restores a released holder to its normal latched position;
PAR  FIG. 11 is an enlarged fragmentary plan view with a portion broken away
      showing the structure of a guide chute at a discharge station;
PAR  FIG. 12 is a longitudinal sectional view of the guide chute as seen along
      the line 12--12 of FIG. 11; and
PAR  FIG. 13 is a transverse section of the guide chute as seen along the line
      13--13 of FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  FIG. 1 shows diagrammatically a complete fruit classifying system including
      a conveyor, generally designated 10, or other suitable means for
      delivering fruit from an inspection station 11 to a sorting conveyor,
      generally designated 14, which distributes the fruit to six transverse
      grade conveyors designated 15-20, respectively. The use of conveyor 10 is
      merely illustrative, and it will be appreciated that in some installations
      the conveyor 10 may be eliminated and the fruit carried directly from the
      inspection station by the sorting conveyor 14. Referring to FIG. 3, each
      transverse grade conveyor comprises a belt 21 having upper and lower runs
      confined by guide rolls 21a. As shown in FIGS. 2 and 3, the first five
      transverse grade conveyors 15-19 are positioned directly under the sorting
      conveyor 14 but the last grade conveyor 20 is positioned at the end of the
      sorting conveyor to receive the fruit that is not diverted to any of the
      first five grade conveyors.
PAR  Corresponding to the first five grade conveyors 15-19 are corresponding
      discharge stations of the sorting conveyor, each of which is represented
      by a corresponding guide chute 22 which receives the fast traveling fruit
      from the sorting conveyor and diverts and directs the fragile fruit
      without damage to one of the five transverse grade conveyors. Each of the
      guide chutes 22 is inclined at an acute angle relative to the sorting
      conveyor and extends laterally to one side of the sorting conveyor so as
      to gravitationally direct the fruit in a downwardly inclined direction
      with respect to the direction of movement by the conveyor. Each of the
      five guide chutes 22 is reversible in that it may be shifted to the
      opposite side of the sorting conveyor, the alternate positions of the
      guide chutes being indicated by broken lines in FIG. 2.
PAR  In FIGS. 1 and 2 the six transverse grade conveyors travel in the
      directions indicated by the arrows to deliver the fruit to corresponding
      receiving stations 15a-20a, but when the directions of the grade conveyors
      are reversed they deliver the fruit to an alternate set of receiving
      stations 15b-20b. The last grade conveyor 20 has a diagonally positioned
      baffle 24 which diverts the newly received fruit in the direction of
      travel of the last grade conveyor and the angular position of this baffle
      is reversible to divert the fruit in the opposite direction when the
      direction of travel of the last grade conveyor is reversed.
PAR  In this particular embodiment of the invention, the fruit is classified
      into six grades in accord with the degree to which the fruit is defective.
      The inspection station 11 comprises appropriate means to detect and
      evaluate the particular defects which are being checked.
PAR  In accord with the teachings of the previously mentioned Conway et al.
      patent, a computer integrates the findings of the inspection station 11 to
      evaluate the individual fruit and the computer system creates evaluation
      signals that correspond to the five degrees of defectiveness represented
      by the first five transverse grade conveyors 15-19. The five evaluation
      signals cause the fruit to be discharged to the first five grade conveyors
      15-19, but the remaining fruit passing through all of the five discharge
      stations is delivered to the final grade conveyor 20.
PAR  When a fruit on the inspection conveyor 14 is evaluated in accord with the
      five degrees of defectiveness, the evaluation signal is stored
      electronically and subsequently when an individual fruit approaches the
      discharge station that corresponds to its evaluation signal, the
      evaluation signal is delivered to the discharge station to cause the
      particular fruit to be discharged to the appropriate one of the five
      transverse grade conveyors 15-19.
PAR  As indicated in FIG. 4, the sorting conveyor 14 has two parallel endless
      sprocket chains 25 and, as shown in FIG. 6, the upper runs of the two
      sprocket chains travel along corresponding rails 26 which are mounted by
      metal blocks 28 that are attached by screws 29 to corresponding
      longitudinal frame members 30 of the sorting conveyor. As indicated in
      FIG. 3, the pair of sprocket chains 25 pass over a corresponding pair of
      sprocket wheels 32 at the discharge end of the conveyor and pass over a
      corresponding pair of sprocket wheels 34 at the input end of the conveyor.
      Lower pairs of idler sprockets 35 and 36 at the two ends of the conveyor
      form the lower runs 38 of the two sprocket chains. The two sprocket wheels
      32 at the discharge end of the sorting conveyor are mounted on a common
      shaft which is actuated by a motor 40 by means of sprockets and sprocket
      chains concealed by a guard 42, the shaft being driven by gearing in a
      gear box 44. The two sprocket wheels 34 at the input end of the sorting
      conveyor are keyed to a common shaft 45 that carries a third sprocket
      wheel 46. If conveyor 10 is being utilized, a third sprocket wheel 46
      drives a sprocket chain 48 that actuates the conveyor 10 in synchronism
      with the sorting conveyor.
PAR  The pair of sprocket chains 25 carry an endless series of holders 50 each
      of which is in the form of an open top receptacle of rectangular plan
      configuration. Preferably, each holder is provided with a suitable
      resilient cushion (not shown) to decelerate fruit that is dropped into the
      holder and to minimize impact damage to the fruit. Each of the holders 50
      is hingedly mounted on the pair of sprocket chains 25 and for this purpose
      each holder is rotatably mounted on a corresponding transverse cross rod
      52 (FIG. 6) that is attached at its opposite ends to links of the two
      sprocket chains. The cross rod 52 is spaced forward from the center of
      gravity of the holder so that the holder is gravitationally biased to
      swing downward to a position indicated in broken lines at 50a in FIG. 5.
      At this downward position the holder releases a fruit F to a guide chute
      22 at a discharge station.
PAR  To limit the downward swing of a holder to the position shown in FIG. 5 a
      forward upper corner of each holder is provided with a laterally extending
      stop lug 54 as best shown in FIGS. 4 and 6. When a holder 50 swings
      downward its stop lug 54 abuts the upper surface of one of the two
      sprocket chains 25.
PAR  To releasably maintain each of the holders 50 in its normal upright
      position, a bottom corner of each holder is formed with a laterally
      projecting lug 55 (FIGS. 6 and 7) for releasable engagement by a
      corresponding latch that is generally designated by numeral 56 in FIGS. 4
      and 6-10. The construction of a latch 56 may be understood by reference to
      FIGS. 6-9.
PAR  Each latch 56 has an upright sheet metal base 58 that has a pair of lower
      opposite ears 60 by means of which it is mounted on two pins 62 of a
      sprocket chain 25 at opposite ends of a link of the sprocket chain. The
      base 58 of a latch 56 fixedly carries a laterally extending headed pivot
      pin 64 for a latch lever 65 and is further formed with an upper stop
      flange 66 to cooperate with the latch lever. A suitable coil spring 68 has
      a lower end 70 bearing against the base 58 and has an upper end 72 that
      bears against the upper arm of the latch lever 65 to bias the latch lever
      clockwise as viewed in FIGS. 7 and 8.
PAR  The lower arm of the latch lever 65 is cut away to form a latch shoulder 74
      for hook engagement with the holder lug 55 from below as best shown in
      FIGS. 7 and 9. The upper operating arm of the latch lever 65 extends
      upward for actuation selectively by five stationary remotely controlled
      trippers 75 located at the five discharge stations corresponding to the
      five guide chutes 22. As best shown in FIG. 6, each tripper 75 is mounted
      on one of the previously mentioned metal blocks 28 by a pair of screws 76
      that also serve to anchor the metal block to the corresponding frame
      member 30.
PAR  Each of the trippers 75 comprises a rotary solenlid 78 connected to a
      corresponding electric cable 80 for remote control. The rotary solenoid 78
      carries and rotates a corresponding disc 82 that is positioned just above
      the path of travel of the upper arms of the latch levers 65. This disc 82
      has a trip member in the form of a radial projection 84 which is normally
      above the path of the upper arms of the latch levers 65 as indicated in
      broken lines at 84a in FIG. 8.
PAR  The upwardly protruding arm of each latch lever 65 is formed with a
      forwardly facing inclined edge 85 and when energization of the rotary
      solenoid swings the trip member 84 of a tripper downward to the solid line
      position shown in FIGS. 7-9, the impingement of the inclined upper edge of
      the latch lever against the downwardly extending trip member cams the
      latch lever to open position as shown in FIG. 8 to release the holder lug
      55 and thus cause the holder 50 to swing downward to release the fruit in
      the holder.
PAR  From the foregoing description, it will be apparent that in the event that
      the rotary solenoid 78 should stick or be jammed with the trip member 84
      in a latch tripping position, the yieldable latch will, upon engagement by
      the trip member, swing to a holder releasing position, thus providing a
      fail-safe operation.
PAR  In the present embodiment of the invention the sorting conveyor travels at
      such high speed that ten of the holders 50 pass any given point in one
      second and since time must be allowed for each holder to swing downwardly
      sufficiently to release a fruit therefrom, each of the trippers 75 is
      positioned well in advance of the discharge station that is represented by
      a guide chute 22. Thus, in FIG. 3 it may be seen that the first tripper 75
      is spaced in advance of the first guide chute 22 by a distance that is
      approximately three times the length of a holder 50.
PAR  Referring to FIGS. 4, 5 and 11-13, each of the guide chutes 22 comprises a
      flexible sheet 86 suspended by its edge from a horizontal U-shaped frame
      88. The sheet 86 may be made of suitable plastic or may be made of woven
      fabric impregnated with a suitable plastic. A suitable bumper strip 90
      made of rubber-like material lines the upper rim of the guide chute to
      minimize impact damage to the fruit. In the construction shown the upper
      edge of the sheet material of the guide chute is folded over a U-shaped
      metal band 91 (FIGS. 12 and 13) that is mounted inside the U-shaped frame
      by rivets 92 to clamp the upper edge of the sheet.
PAR  The guide chute 22 is supported at its opposite sides by two opposite
      upright arms 96 of a sheet metal yoke, generally designated 98, that has a
      downwardly extending pivot pin 100. The pivot pin is journalled in two
      aligned vertical bores of a hollow frame member 102 that extends
      longitudinally of the sorting conveyor midway between the two sprocket
      chains 25. As shown in FIGS. 12 and 13, the pivot pin 100 extends through
      the bottom wall 104 of the sheet metal yoke to which it is welded and for
      rigidity the upper end of the pivot pin is welded to a transverse wall 106
      of the yoke that is parallel to the bottom wall 104.
PAR  To releasably secure each guide chute 22 at its two alternate positions
      selectively, the horizontal hollow frame member 102 is provided with an
      upwardly protruding stud 107 and, as best shown in FIG. 11, the yoke 98 is
      provided with two laterally extending ears 108 and 109 that are apertured
      to engage the stud 107 selectively. In FIG. 11 the ear 108 engages the
      stud 107 but it is apparent that the guide chute may be swung to its
      opposite position for engagement of the ear 109 with the stud.
PAR  When a downwardly hanging released holder 50 travels beyond the last guide
      chute 22, the released holder encounters an inclined cam plate 110 as
      shown in FIGS. 3 and 10. The cam plate 110 swings the released holder back
      to its latched position.
PAR  To facilitate the relatching of a holder 50, the lug 55 of the holder is
      formed with an inclined cam surface 111 shown in FIGS. 7 and 8 and the
      lower latching arm of the latch lever 65 is formed with a cooperating cam
      surface 112. It is apparent that the return upward swing of a released
      holder 50 brings the cam surface 111 of the holder lug 55 into sliding
      contact with the cam surface 112 of the latch lever to rock the latch
      lever momentarily counterclockwise to permit the holder lug to pass the
      latch shoulder 74 of the latch lever.
PAR  The manner in which the described apparatus serves its purpose may be
      readily understood from the foregoing description. With the sorting
      conveyor 14 synchronized with the conveyor 10, the conveyor 10 drops the
      inspected fruit onto the input end of the sorting conveyor as indicated by
      the arrow 114 in FIG. 3. Electronic circuitry at the conveyor 10 creates
      an evaluation signal for each fruit that is delivered to the sorting
      conveyor and this signal is delayed until the holder for the particular
      fruit approaches a tripper 75 at a particular discharge station that
      corresponds to the grade evaluation of the fruit. The evaluation signal
      energizes the rotary solenoid 78 of the tripper to cause the trip member
      84 of the tripper to swing downward into the path of the latch that
      maintains the given holder in its normal upright position. The downwardly
      extending trip member 84 releases the latch in the manner shown in FIG. 8
      to permit the holder to drop the given fruit into the guide chute 22 that
      corresponds to the evaluation of the fruit.
PAR  The guide chute diverts the released fruit laterally in the direction of
      travel of the corresponding lower transverse grade conveyor. Fruit passing
      through all the discharge stations reach the final transverse grade
      conveyor 20.
PAR  In FIG. 2 the sorting conveyor is traveling in the direction indicated by
      the arrow 115 and the grade conveyors 15-20 are traveling in the
      directions indicated by the arrows 116 to carry the sorted fruit to the
      receiving stations 15a-20a. To change over to delivery of the graded fruit
      to the alternate set of receiving stations 15b-20b, it is a simple matter
      to reverse the conveyors 15-20, reverse the positions of the guide chutes
      22 and reverse the diagonal position of the baffle 24 of the grade
      conveyor 20a.
PAR  The description herein of the preferred embodiment of the invention in
      specific detail will suggest various changes, substitutions and other
      departures from the disclosure within the spirit and scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a sorting conveyor in a system for classifying and sorting objects by
      grades wherein the objects successively pass through an inspection station
      where evaluation signals are generated for a given set of grades of the
      objects and the sorting conveyor has a series of successive discharge
      stations corresponding to the given grades where the objects are released
      in response to the corresponding evaluation signals,
PA1  the combination of:
PA1  a conveyor;
PA1  a continuous series of interconnected holders for the inspected objects
      provided by the conveyor to convey the objects to the successive discharge
      stations,
PA1  each of said holders having a normal state to transport an object and being
      biased to a release state to release the object,
PAR  each holder being hingedly mounted on the conveyor with the hinge axis
      offset on one side from the center of gravity of the conveyor so that the
      holder is gravitationally biased to swing downward to discharge an object
      therefrom;
PA1  a corresponding series of latches on the conveyor traveling with the
      respective holders to releasably retain the holders in their normal
      states,
PA1  in which the corresponding latch releasably secures the holder to the
      conveyor on the opposite side of the center of gravity of the holder so
      that releasing the latch causes the holder to swing downward to release an
      object in the holder;
PA1  said latch being responsive to return swinging movement of the holder to
      latch the holder at its normal position, and
PA1  in which the latch includes a downwardly extending spring-biased latch arm
      for hook engagement with a portion of the holder and the end of the latch
      arm is formed with a cam surface to cooperate with said portion of the
      holder so that on the return movement of the holder said portion of the
      holder impinges on said cam surface to retract the latch arm out of the
      way and then the latch arm snaps into engagement with the portion of the
      holder;
PA1  trippers at the respective discharge stations operable in response to
      corresponding evaluation signals to release the holders as the holders
      reach the discharge stations; and
PA1  fixed means in the path of the released holder to cam the holder back to
      its normal position.
NUM  2.
PAR  2. A combination as set forth in claim 1 in which said portion of the
      holder is formed with a cam surface to cooperate with the cam surface of
      said latch arm.
NUM  3.
PAR  3. A combination as set forth in claim 1 in which said latch arm is one arm
      of a lever and the second arm of the lever is an operating arm movable by
      the conveyor along a given path past the discharge stations and each of
      said trippers is operable to move from a retracted position to an
      effective position intersecting said path.
NUM  4.
PAR  4. A combination as set forth in claim 1 in which each of said trippers has
      a trip member and a corresponding solenoid responsive to evaluation
      signals is operable to shift the trip member from an ineffective retracted
      position to a latch-releasing position.
NUM  5.
PAR  5. In a sorting conveyor in a system for classifying and sorting objects by
      grades wherein the objects successively pass through an inspection station
      where evaluation signals are generated for a given set of grades of the
      objects and the sorting conveyor has a series of successive discharge
      stations corresponding to the given grades where the objects are released
      in response to the corresponding evaluation signals,
PA1  the combination of:
PA1  a conveyor;
PA1  a continuous series of interconnected holders for the inspected objects
      provided by the conveyor to convey the objects to the successive discharge
      stations,
PA1  each of said holders having a normal state to transport an object and being
      biased to a release state to release the object;
PA1  a corresponding series of latches on the conveyor traveling with the
      respective holders to releasably retain the holders in their normal
      states;
PA1  trippers at the respective discharge stations operable in response to
      corresponding evaluation signals to release the holders as the holders
      reach the discharge stations;
PA1  guide chutes at the respective discharge stations to receive the released
      objects and to direct the released objects gravitationally laterally away
      from the path of the conveyor,
PA1  each of said guide chutes being movable selectively to alternate opposite
      positions directed to the opposite sides of the conveyor; and
PA1  means to releasably secure each of the guide chutes at its two alternate
      positions selectively.
NUM  6.
PAR  6. In a sorting conveyor in a system for classifying and sorting objects by
      grades wherein the objects successively pass through an inspection station
      where evaluation signals are generated for a given set of grades of the
      objects and the sorting conveyor has a series of successive stationary
      discharge stations corresponding to the given grades where the objects are
      released in response to the corresponding evaluation signals.
PA1  the combination of:
PA1  a conveyor;
PA1  a continuous series of interconnected holders for the inspected objects
      provided by the conveyor to convey the objects to the successive discharge
      stations,
PA1  each of said holders having a normal state to transport an object and being
      biased to a release state to release the object;
PA1  a corresponding series of latches on the conveyor traveling with the
      respective holders, releasably engaging said holders and holding the
      holders in their normal states;
PA1  tripper means at the respective discharge stations operable in response to
      corresponding evaluation signals to engage and release said latches from
      said holders to thereby release the holders to their released state as the
      holders reach the discharge stations;
PA1  a plurality of grade conveyors corresponding to the discharge stations
      respectively and extending transversely of the sorting conveyor below the
      discharge stations; and
PA1  means at each of said discharge stations to divert the released objects to
      the corresponding grade conveyor.
NUM  7.
PAR  7. A combination as set forth in claim 6 in which each of said grade
      conveyors is reversible and each of the corresponding diverting means is
      reversible accordingly to divert the released objects in reverse
      directions.
NUM  8.
PAR  8. A combination as set forth in claim 7,
PA1  in which the grade conveyors are reversible in direction of travel to carry
      the objects in opposite directions from the sorting conveyor;
PA1  in which a first set of receiving stations corresponding to the grade
      conveyors receive the objects from the grade conveyors when the grade
      conveyors travel in one direction;
PA1  and in which a second similar set of receiving stations receive the objects
      from the grade conveyors when the grade conveyors travel in the opposite
      direction.
NUM  9.
PAR  9. In a system for classifying and sorting objects, wherein the objects are
      inspected in succession and corresponding evaluation signals are generated
      in accord with a given set of grades and the evaluated objects are
      delivered to a sorting conveyor of a distribution system which sorting
      conveyor has a series of discharge stations corresponding to the given
      grades and an object is released at each discharge station in response to
      a corresponding evaluation signal,
PA1  the improvement comprising:
PA1  a guide chute under each discharge station to receive the discharged
      object,
PA1  said guide chute comprising an inclined trough of flexible sheet material
      suspended by its edges,
PA1  said chute being at an acute angle to the sorting conveyor to divert the
      released object laterally of the conveyor, and
PA1  said guide chute being reversible to divert the released object in either
      direction laterally of the sorting conveyor.
NUM  10.
PAR  10. In a system for classifying and sorting objects, wherein the objects
      are inspected to succession and corresponding evaluation signals are
      generated in accord with a given set of grades and the evaluated objects
      are delivered to a sorting conveyor of a distribution system which sorting
      conveyor has a series of discharge stations corresponding to the given
      grades and an object is released at each discharge station in response to
      a corresponding evaluation signal,
PA1  the improvement comprising:
PA1  a guide chute under each discharge station to receive the discharged
      object,
PA1  said guide chute comprising an inclined trough of flexible sheet material
      suspended by its edges,
PA1  said chute being at an acute angle to the sorting conveyor to divert the
      released object laterally of the conveyor; and
PA1  rigid means suspending the flexible sheet material of the guide chute,
PA1  said rigid means being provided with an inner resilient yieldable means to
      cushion impact of the objects.
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PAL  Method and apparatus for automatically popping corn in heated seasoning
      oil. A rotary valve disk in a closed pot is operated to correlate the
      phases of corn and salt input into the pot, cooking, steam discharge, and
      discharge of popped corn and unpopped kernels by means of an air current.
      A deflector plate directs the air into a path for optimum corn evacuation
      through a downwardly facing outlet. The air current sweeps the corn and
      kernels through the outlet and along a curved path whereby the corn and
      kernels are separated from the air current. Thereafter the air current is
      recirculated into the pot. "Old maids" in the discharge of popped corn
      from the pot are trapped and separated therefrom for removal through a
      chute in one form, or through a screen in the bottom of the display case
      in another form.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 283,932 filed Aug.
      25, 1972 now U.S. Pat. No. 3,812,774 which in turn is a division of Ser.
      No. 875,759 filed Nov. 12, 1969 now U.S. Pat. No. 3,697,289.
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PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  This invention relates to automatic popcorn popping machines.
PAR  Automatic popcorn popping machines have been provided for use in theatres,
      clubs, amusement parks, and other establishments to supply the public's
      demand for popcorn. These machines, however, have many disadvantages and
      limitations. A majority of the conventional poppers must employ hot air
      popping rather than the more desirable oil popping. Operation of the prior
      art popping machines is not entirely automatic in that many of the steps
      must be performed manually, requiring the presence of an operator. Thus,
      certain of the machines require manual control of filling the popper with
      corn, seasoning oil and salt. In these machines the pot must be opened for
      each pop, and this introduces the possibility of contaminants entering the
      pot and mixing with the popped corn, as well as the possibility of injury
      to the operator. Popping machines of the open-pot type also quickly lead
      to fouling and unsightliness of the display case after only a few pops
      resulting from condensed steam and waste oil.
PAR  Previous popping machines have not been entirely successful in providing a
      salable product having the desirable qualities of uniform flavor,
      tenderness and appearance. These have varied depending upon factors such
      as operator judgment or machine limitations in measuring the amount of raw
      products in the supply hoppers, time length for each cycle, the
      temperature in the pot during a pop, control of steam and waste oil
      effluent from the popper, and separation of "old maids" from the popped
      corn. In these poppers the operation has not been failsafe such that the
      cycle is interrupted should any of the supplies be insufficient for a
      popping cycle. Also, if the operation stops during any cycle, there is no
      assurance the machine will continue with the correct cycle sequence upon
      restart. Previously, salt injection into the popper has been a problem,
      and conventional machines have not successfully metered the precise amount
      of salt into the popper for uniform results.
PAR  Conventional popping machines also do not lend themselves to a continued
      series of popping cycles untended by an operator, and they have no
      provision for selectively controlling the rate of popping and the total
      number of pops in a completely automatic process.
PAR  Another object is to provide a fully automatic machine for popping corn in
      heated seasoning oil.
PAR  Another object is to provide a popcorn popping machine having a closed pot
      throughout a series of popping cycles eliminating the possibility of
      contamination of a pop, injury to the operator, and effluent discharge
      into the display case.
PAR  Another object is a popping machine providing air evacuation of the popped
      corn product from the popper into the display case.
PAR  Another object is a popping machine providing air evacuation of the popped
      corn with a trap for removing "old maids" from the product and directing
      them into a chute for subsequent removal.
PAR  These and other objects and advantages of the invention will become
      apparent to those skilled in the art when the following specification is
      read in conjunction with the accompanying drawings.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a popping method of operation with fully automatic
      functions controlled in accordance with a predetermined program providing
      an optimum popcorn product of uniform flavor, tenderness, and appearance.
      The corn is popped in hot oil enabling the use of a lower popping
      temperature. A closed popping pot reduces the possibility of contaminants
      mixing with the product and affords removal of objectionable steam and
      waste oil effluent. The material supplies corn and salt are precisely
      metered in a predetermined quantity for each popping cycle, and are
      conveyed into the pot by an air current removing objectionable moisture
      therefrom and providing a positive hopper air pressure at all times. The
      raw corn is fed from a large bin at the base of the machine upwardly to a
      supply hopper above the pot by an air conveyor. Seasoning oil contained in
      a supply at the base of the machine is delivered upwardly to a metering
      reservoir above the pot by a pump in the oil supply through a telescoping
      supply tube and support. Heating means are provided to melt that portion
      of the solidified oil adjacent the pump inlet and telescoping tube for
      rapid start-up. As the oil is consumed, the pump melts additional oil and
      moves downwardly with the level of the solidified oil. An oil metering
      device is provided measuring the precise quantity of oil required for each
      pop by filling up above a predetermined level in the reservoir, drawing
      down the oil to a level which is vertically adjustable, and then injecting
      the charge of remaining oil into the pot. The oil level in the reservoir
      is electronically sensed to signal the control circuit for continued
      cycling, or oil re-supply, as required. A rotary valve disc is indexed in
      accordance with a predetermined program and exposes a series of inlets and
      outlets including the inlets for air, corn and salt supplies, outlet to
      the condenser, and product outlet for communication between the pot
      interior and display case. A deflector plate is disposed below the air
      inlet for directing the air current into a path around the inner periphery
      of the pot for carrying the popped corn upwardly to a discharge tube for
      delivery to the display case. In a modified form the unpopped corn or "old
      maids" are removed from the popped corn by a trap and delivered through a
      discharge chute for subsequent removal. During a popping cycle the steam
      and vaporized oil are removed from the pot by a vacuum created by a
      venturi in a self-cleaning condenser. In another modified form a major
      portion of the steam is condensed within an exit conduit having a dome
      disposed above a gutter receiving the condensed water and preventing the
      same from draining back into the pot. An agitator blade in the pot has a
      configuration with its leading edge defining a forward rake to sweep the
      popped corn radially inward for evacuation into the discharge opening. The
      drive for the agitator includes a spring-biased driving shaft mounted from
      above and interfitting with a socket in the agitator base permitting easy
      opening and closing of the agitator and hotplate for cleaning purposes. An
      electronic control circuit is provided to correlate the various machine
      processes, provide automatic warning of insufficient material supplies,
      provide a visual indication of machine cycling, provide selective
      variation of material supplies and popping times for maximum popcorn
      volume, tenderness, flavor and appearance, provide either continual
      popping or a selected number of pops at any desired rate, and
      automatically count the number of pops for supply and usage control.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation view of an automatic popcorn popping machine
      embodying features of the invention.
PAR  FIG. 2 is a side elevation view of the machine of FIG. 1.
PAR  FIG. 3 is a sectional plan view taken along the line 3--3 of FIG. 1.
PAR  FIG. 4 is a front elevation view taken along the line 4--4 of FIG. 2.
PAR  FIG. 5 is an elevation cross-sectional schematic view of a component
      condenser element in the invention.
PAR  FIG. 6 is a top plan sectional view taken along the line 6--6 of FIG. 4.
PAR  FIG. 7 is a fragmentary section view of the corn-salt hopper taken along
      the line 7--7 of FIG. 6.
PAR  FIG. 8 is a sectional view of the hopper taken along the line 8--8 of FIG.
      7.
PAR  FIG. 9 is a fragmentary elevation view, partially in cross section, taken
      along the line 9--9 of FIG. 6.
PAR  FIG. 10 is a cross-sectional elevation view of the popping pot and
      associated elements of the invention.
PAR  FIG. 11 is a fragmentary top plan view of the agitator and hot plate
      assemblies.
PAR  FIG. 12 is a side elevation view, with portions removed for clarity, of the
      popping machine showing features of the corn supply and air conveyor.
PAR  FIG. 13 is a partial front elevation view, with portions removed for
      clarity, illustrating the seasoning oil supply and pump with telescoping
      support and feed tube and heater elements.
PAR  FIG. 14 is an elevation view to an enlarged scale of the oil pump and
      heater elements of FIG. 13.
PAR  FIG. 15 is a bottom view of the oil pump of FIG. 14.
PAR  FIG. 16 is an elevation sectional view of the oil metering assembly taken
      along the line 16--16 of FIG. 6.
PAR  FIG. 17 is an elevation sectional view of the oil metering assembly taken
      along the line 17--17 of FIG. 6.
PAR  FIG. 18 is a fragmentary top plan view illustrating an operating position
      of the rotary valve disc with respect to its associated ports controlling
      the processes for the pot, and including the control switch positioning.
PAR  FIGS. 19 A and B comprise a schematic diagram of the control circuit for
      the invention.
PAR  FIG. 20 is a vertical section view of a modified form illustrating a steam
      condenser connected between the pot outlet and main condenser.
PAR  FIG. 21 is a fragmentary sectional view of a modified form illustrating a
      trap for removing "old maids" from the air current evacuating popcorn from
      the pot.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, and particularly to FIGS. 1--3, a preferred form
      of the automatic popcorn machine is illustrated generally at 10.
PAR  Popcorn machine 10 comprises a main frame or supporting structure 12
      including a lower supplies section 14, a central display case 16, a
      popping pot assembly 18 depending into the case, and an upper section 20
      containing the systems control circuits, operating mechanisms, and
      metering devices with associated control knobs and indicator lights.
PAR  Lower supplies section 14 is provided at its front with various access
      doors for resupplying the corn and oil supplies and removal of waste
      products. Access door 22 opens outward from the frame for access to a
      seasoning oil container insertable into the bottom of frame 12. Access
      door 24 opens forwardly for convenience in filling a raw popcorn bin
      within the frame. Lockable door or drawer 26 may be provided for
      safeguarding cash. An electrical outlet 28 may be provided for powering
      accessory equipment. An access door 30 is provided and hinges for outward
      swinging movement to provide access to the mechanical equipment located in
      the bottom of the frame and for removal of the "old maids" bin and
      condensate pan.
PAR  Display case 16 includes a front wall defined by a pair of outwardly
      pivoting transparent doors 32, 34, providing access to the interior of the
      case for bagging popcorn and cleaning purposes. A forward pivoting door 36
      is also provided below the transparent doors for removing popcorn. The
      display case sides 38, 40 and back 42 are preferably transparent for
      customer attention and product appeal. Referring to FIG. 3, a suitable
      screen 44 is provided in the bottom of the display case to pass the fines
      and "old maids" downwardly into a chute leading into a bin for subsequent
      removal. Popping pot 18, described in greater detail hereinafter, delivers
      the popped corn into the display case through cone 46 in an attention
      getting shower onto the bottom of the case.
PAR  Upper portion 20 includes on its front face a control panel 48 including
      the selector knobs and indicator lights to be presently described. A
      lockable control cover panel 50 is slideable along the front face of panel
      48 and, when locked in position, prevents unauthorized usage of the
      machine.
PAC  Raw Corn Storage and Conveyor
PAR  Referring to the cross-sectional elevation view of FIG. 4, elements of the
      raw corn storage and conveyor system are illustrated in greater detail. A
      large corn supply bin 52, capable of storing up to 100 lbs. of corn, is
      mounted in a lower portion of frame 12. The bin is provided with a
      trough-shaped bottom 54 directing the raw corn downwardly into
      air-conveyor device 56 which automatically delivers a supply of corn, as
      required, upwardly into corn hopper 58 disposed in upper section 20 above
      pot 18. Air conveyor 56 includes a suitable blower 60 driven by a
      preferred electric motor 62. The blower draws inlet air through opening 64
      and directs it through transverse conduit 66 upwardly through vertical
      conduit 68 passing along the rear wall of the display case, as best
      illustrated in FIG. 12. Corn from bin 54 is delivered intermittently
      through the air stream from the blower by metering device 72 operated by a
      signal from the control circuit indicating that a resupply of hopper 58 is
      required. Metering device 72 may be any suitable valving arrangement, and
      preferably comprises a conventional scroll or auger conveyor horizontally
      axised with an inlet opening at 74 communicating with bin 54 and with an
      outlet at 76 communicating with throat section 78 comprising a section of
      the air stream conduit. Metering motor 80 driving the auger is actuated
      responsive to a corn resupply signal until terminated responsive to corn
      level sensors in hopper 58 indicating that a sufficient quantity of corn
      has been supplied for an additional charge of corn into the pot.
PAR  The upper section of vertical conduit 68 passing through display case 16 is
      preferably formed of a transparent material such as plastic affording an
      attractive display of corn delivery for public viewing.
PAR  With the corn supply in bin 52 at the lowermost portion of the machine,
      reloading through access door 24 is more easily and conveniently
      accomplished as opposed to a corn supply location above the popper. At the
      same time, the lower corn storage location is cooler and thus does not dry
      the corn as fast, as opposed to a location closer to the warmer portion of
      the machine near the popper. The air feed is a simple and inexpensive
      method of deliverying a relatively small amount of corn intermittently on
      a demand basis. Neither the auger metering device nor the air conveyor
      itself are injurious or damaging to the corn kernels.
PAC  Corn and Salt Hopper 58
PAR  Referring to FIGS. 7 and 8 hopper 58 is shown in greater detail. In the
      preferred form, the hopper is divided into a corn reservoir 82 and salt
      chamber 84 by means of center partition 86, although the two supply
      reservoirs could be separated into individual chambers. The corn and salt
      supplies are in juxtaposition to simplify and inprove injection of the
      charges into the popper, as described hereafter.
PAR  Corn reservoir 82 is closed at the top by upper wall 90, at the sides by
      partition 86 and side wall 92, and at the ends by end walls 94, 96
      converging together below to define a narrowed throat section 98. The
      hopper is mounted by means of base 100 on top of a support plate 102
      separating display case 16 from upper section 20. Throat section 98 of the
      hopper is in vertical registry with an opening 104 provided in plate 102,
      and this opening in turn communicates with popping pot 18 upon a fill
      cycle of the rotary valve apparatus 106 of FIG. 18.
PAR  An inlet opening 108 is provided in end wall 94 of the corn reservoir
      communicating with conduit 70 of air conveyor 56. An outlet 110 is
      provided in the other end wall 96 and communicates with an air outlet
      conduit 112. A screen 114 is provided over opening 110 to retain the corn
      within the reservoir. During operation of the air conveyor, corn entering
      the reservoir through opening 108 refills the reservoir while the
      conveying air exits through opening 110.
PAR  The level of corn in the reservoir is sensed by a pair of capacitor plates
      116, 118 mounted at the desired level within the reservoir to respective
      side wall 92 and partition 86. As the corn fills within the reservoir and
      occupies the space between the capacitor plates, the capacitance across
      the plates changes. This actuates the control circuit through leads 120,
      122 for terminating operation of the corn meter motor, and energizes the
      corn indicator light for continuation of the cycling operation in a manner
      described hereinafter.
PAR  During injection of the corn charge into the pot, the valve hole or opening
      396 of valving apparatus 106 moves into alignment with hopper throat
      section 98. The corn is swept into the pot from the hopper by both the
      action of gravity and a stream of air from air conveyor outlet 70 moving
      down through throat section 98 into the pot and exiting through the lower
      opening 124 of cone 46, as best seen in FIG. 10. The continued air
      pressure in the hopper from air conveyor 56 insures an air flow into the
      pot preventing any effluent from entering and fouling the hopper. This
      continued air flow, although principally effective during filling,
      provides insurance of a positive pressure in the hopper to prevent
      effluent leakage at all times.
PAR  After the corn has been injected, a change of salt is then introduced into
      the pot from salt chamber 84. The salt chamber is closed at its sides by
      partition 86 and side wall 126, and at its ends by end walls 94 and 96
      coextensive with the corn reservoir. The top of chamber 84 is provided
      with a fill hole 128, and the bottom is confined by housing 130 provided
      with an opening 132 communicating with a charging valve 134. A salt bin
      136 is pivotally mounted at 138 within chamber 84. Bottom wall 140 of the
      bin slopes downwardly from the pivot point to a relatively small spout or
      opening 142. The spout is adapted to move into opening 132 and act as a
      funnel for filling the charging valve 134. Bin 136 is yieldably biased by
      suitable means such as spring 144 upwardly within the salt chamber, or
      clockwise as viewed in FIG. 8. A normally closed switch 146 is mounted on
      chamber wall 126 and is adapted for contact with salt bin 136 for opening
      when the bin is in its upper position, and for closing when the bin pivots
      away.
PAR  Salt bin 136 preferably has a capacity on the order of 61/2 pounds,
      adequate for from 75 to 100 pops. With the bin filled with salt, it will
      pivot counter-clockwise by gravity against the force of spring 144 to
      close switch 146, which in turn signals the control circuit to light the
      salt indicator light and condition the circuit for continued cycling. As
      salt si gradually used up so that an insufficient supply remains in the
      bin for continued popping, spring 144 will overcome the weight of the bin,
      pivot it clockwise, and thereby open switch 146 to signal the control
      circuit to stop the fill cycle and turn off the salt lights so that the
      salt supply must be replenished.
PAR  Charging valve 134 comprises a spool valve 148 axially slidable in housing
      130 underneath salt chamber opening 132 by the action of solenoid 150
      operatively connected with valve stem 152. A return spring 154 is provided
      at the opposite end of valve stem 152 for returning valve 134 to the
      position illustrated for receiving a supply of salt from bin 136. In this
      position, salt drains from spout 142 through opening chamber opening 132,
      and into cavity 156 formed between the lands of the spool valve. The
      volume of this cavity is selected to provide sufficient salt for one pop.
      The salt draining through spout 142 will automatically stop after the
      cavity is filled to a level just above the lower edge of the spout.
PAR  During a salt charging or filling operation after the charge of corn has
      been injected into the pot, solenoid 150 is actuated by the control
      circuit to move spool valve 148 to the left so that the salt in cavity 156
      is swept into the pot by gravity and the air current previously described.
      A shield 158 comprises a section of a cylinder secured at one side to
      partition 86, and is adapted to slideably receive spool valve 148. The
      lower section of shield 158 is cut away at 160 to allow the salt to drop
      through by gravity and be swept along by the air stream. This air
      injection of the salt into the pot serves to dry the salt and prevent
      fouling or sticking of the component elements, and at the same time
      insures that all of the salt in each charge completely enters the pot for
      popping.
PAC  Seasoning Oil Pump System
PAR  The seasoning oil pump system includes a pump assembly 160 disposed within
      a seasoning oil bucket or vessel 162 positioned at the bottom of frame 12
      for easy replacement, as illustrated in FIGS. 4 and 13. The pump assembly
      is adapted to intermittently pump a supply of oil on a demand basis from
      bucket 162 upwardly through feed line 164 into oil reservoir 166 mounted
      above support plate 102 and positioned for injecting an oil charge into
      pot 18, as explained hereinafter. The preferred seasoning oil would be
      coconut oil, although other conventional popping oils may be used with the
      invention.
PAR  The seasoning oil useful with the invention solidifies at room temperature.
      The invention provides a means for melting a small quantity of the oil
      required for a number of initial popping cycles without the necessity of
      melting the entire contents of the oil bucket. This provides a more rapid
      start-up of the machine, as well as requiring less power.
PAR  Pump assembly 160 is adapted to move downwardly on the surface of the
      solidified oil while guided by a telescoping feed line 168 and telescoping
      support 170, as best seen in FIG. 14. A bracket 172 mounted on frame 12
      supports the outer telescoping member 174 of feed line 168, and outer
      telescoping member 176 of support 170. Feed line 168 is a rigid conduit
      secured at its lower end to pump unit 178, and slideably received at its
      upper end within outer telescoping member 174. Similary, telescoping
      support 170 is mounted at its lower end to the pump unit and is slideably
      received at its upper end with telescoping member 176. An O-ring seal 180
      is mounted within the lower inner periphery of member 174 to provide a
      fluid-tight seal with feed line 168. The telescoping feed tube eliminates
      the requirement for flexible hosing which otherwise could kink and
      interfere with pump operation.
PAR  Pump unit 178 comprises a fluid pump, such as a conventional gear-type
      pump, not shown, mounted within a housing 182 and with a pump inlet 184
      underneath the housing, as best seen in FIG. 15. The pump is driven by a
      suitable electric motor 186 mounted for movement with the pump housing on
      an upwardly extending bracket 188. The motor is mounted at a sufficient
      elevation above the pump unit so that the motor is clear of the melted oil
      after the pump has dropped to its lowermost position. The pump is driven
      from the motor by a suitable drive shaft, not shown, extending along
      bracket 188.
PAR  A lift knob or handle 190, Fig. 4 and 13, is secured to bracket 188 and is
      slideable in a vertical guideway 192 formed in a plate 194 secured to
      frame 12. When it is desired to remove or insert an oil bucket 162, lift
      handle 190 is raised until the lower end of pump unit 178 clears the
      bucket. With the new bucket in place the pump is lowered until it rests on
      the seasoning oil within the bucket.
PAR  The room temperature, solidified seasoning oil is melted for pumping by
      heating elements 196 and 198, which may be conventional electrical
      resistance-type heating elements in suitable tubing or the like and
      connected in the control circuit. Lower heating element 196 is coiled in a
      serpentine path for melting oil at the base of the pump unit. The purpose
      is to both melt oil around pump inlet 184 for rapid start-up, and also to
      melt a path down through the seasoning oil as oil is consumed and the pump
      gradually moves downwardly. Heating element 198 extends vertically in a
      serpentine path or the like along telescoping feed tube 168, and may be of
      the conventional electrical resistance-type heater. The purpose of heater
      198 is to both heat the oil within feed tube 168, which may have
      solidified after a length of time following a previous pumping cycle, and
      also to melt a path through any solidified oil which may be above pump
      housing 182 during start-up so that pump operation can draw air down, thus
      preventing pump cavitation. After machine operation progresses for a
      number of pops, the heaters will gradually melt the entire oil in the
      bucket so that the pump moves downwardly through the oil to the bottom of
      the bucket.
PAR  A pair of normally closed limit switches 200, 202 are mounted on frame 172
      adjacent telescoping support 170. Switch 200 is connected to cut off the
      circuit to pump motor 532, and switch 202 resets the operating cycle, when
      the pump unit is raised to its uppermost position. A switch-operating cam
      204 mounted at the lower end of bracket 188 is in registry with and
      operates the switches 200, 202 in its raised position. This provides a
      safety feature so that the pump is automatically turned off when raised
      out of the bucket.
PAR  The oil is pumped under pressure upwardly through outer telescoping feed
      member 174 into fitting 206 connected with the lower end of feed line 164,
      as illustrated in FIG. 13. Feed line 164 guides the oil upwardly along the
      rear corner post of the display case and across to inlet 208 of oil
      reservoir 166. The overflow from oil reservoir outlet 210 is directed
      through overflow conduit 212 adjacent to the inlet conduit, down the
      corner post of the display case and directly over the oil bucket which it
      empties into through outlet 214 opening directly to atmosphere.
PAC  Oil Reservoir and Metering System
PAR  Referring to FIGS. 16 and 17, oil reservoir 166 includes a housing 216
      defining a cavity or sump 218 closed at its upper end by cover plate 220.
      Reservoir inlet 208 is connected with oil feed line 164 by means of
      fitting 222, and communicates with a transverse bore 224 formed in the
      housing. Bore 224 in turn communicates with a hollow level-adjusting tube
      226 slideably mounted in the housing in vertical bore 228. Adjusting tube
      226 is closed at its upper end and retains a compression spring 230
      functioning to yieldably urge tube 226 upwardly. A draining hole or
      opening 232 formed in the side of tube 226 provides communication between
      reservoir cavity 218, the interior of tube 226, and bore 224.
PAR  An adjusting mechanism 234 is provided to selectively adjust the vertical
      position of tube 226 and thereby adjust the level of drain 232. Adjusting
      mechanism 234 comprises an adjusting knob 236 adapted to turn shaft 238
      threadably mounted in cover plate 220 directly above the end of tube 226.
      A pivoting shoe adjustable mounted on the end of shaft 238 bears against
      the end of tube 226. A lock nut 242 is provided to lock the shaft and
      level adjustment tube in the selected position. The adjustabe drain level
      of the invention is more accurate in charge measurement than previous
      methods valve pumps, etc. where temperature variation or inaccurate pump
      shut off affects filling volume. Also, adjustable invention provides a
      degree of safety in automation wherein only a measured amount of oil can
      be displaced into the pot on each cycle without the possibility of
      overfilling or overpumping.
PAR  Reservoir outlet 210 is connected with overflow conduit 212 by means of
      fitting 244 and communicates with the reservoir cavity through bore 246.
PAR  A spring-loaded ball check valve 248 is provided to prevent trapped
      seasoning oil from hardening in the reservoir during shut-down. Valve 248
      includes a ball 250 yieldably urged upwardly by means of spring 252 within
      bore 224. A drain plug 258 is provided for retaining spring 252 in
      position. Check valve 248 is normally held in open position during
      shutdown by means of drain shaft 260 contacting ball 250 at its end and
      yieldably urging the same downwardly by means of spring 262 mounted below
      drain shaft housing 264. Drain shaft 260 includes an upwardly extending
      portion 266 slideably mounted in housing 264 and connected at its upper
      end 268 with electrically operated solenoid 270. Throughout the operating
      cycles of the machine solenoid 270 is operated to draw drain shaft 260
      upwardly permitting drain valve 248 to close. During machine shut-down,
      solenoid 270 is de-energized permitting the spring to urge drain shaft 260
      downwardly and open valve 248. Any oil remaining in the reservoir will
      drain through the valve and thus cannot solidify in the reservoir. This
      prevents the reservoir and metering device from malfunctioning and permits
      rapid start-ups without the requirement of heating the entire metering
      assembly and solidified oil.
PAR  A dump valve assembly 272, FIG. 17, is provided to direct the metered
      amount of oil into the popper at the cycle time as influenced by the
      control circuit. The dump valve assembly includes a valve head 274 carried
      on valve stem 276 and yieldably urged into sealing engagement with valve
      seat 278 by spring means 280. The valve stem in turn is connected at 282
      with electrically operated solenoid 284. When energized, solenoid 284
      lifts valve head 274 from seat 278 to open communication between the
      reservoir cavity and bore 286 in registry with an oil inlet opening 288
      formed in plate 102. The oil inlet is at a radial position clearing rotary
      valve apparatus 106 for directing oil into pot 18 by gravital flow.
PAR  An oil level sensing device 290 is provided to sense oil level in the
      reservoir and signal the control circuit for cycle functions. In the
      preferred form, the sensors comprise three horizontal, vertical spaced
      capacitor plates 292, 294 and 206 positioned at predetermined levels
      within the reservoir. Electrical leads 300, 302 and 304 attached to
      respective condenser plates signal the control circuit as the oil level
      rises above at least two of the plates.
PAR  Assuming that dump valve 272 is closed and check valve 248 is closed for
      cycling, the control circuit will signal pump 178 to pump oil through
      inlet 208 and drainhole 232 to fill the reservoir. As the oil level
      gradually rises to a level which covers both plates 292 and 294, the
      capacitors signal the control circuit to start the popping cycle. The pump
      continues to fill the reservoir until the level rises above plate 296, and
      this signals the control circuit to terminate the pumping operation.
      Should the pump fail to stop for any reason the overflow will harmlessly
      return to the oil bucket through outlet 210 and conduit 212. Also, the
      control circuit is timed to shut off after 10 seconds of operation to
      prevent damage to the pump should the pump run dry. It has been found that
      approximately 5 seconds is sufficient time for the pump to fill reservoir
      166.
PAR  After the control circuit has signaled the pump to stop, oil will start to
      drain backwards through the drain hole 232, bore 224, inlet 208, and feed
      tube 164 to pump 178. Pump 178 is provided with a conventional bypass
      opening, not shown, through which this oil will drain. The oil continues
      to drain until it reaches the lower portion of drain hole 232. The amount
      of oil in the reservoir is now at the pre-selected amount which has
      adjustably been set into the metering device through adjustment of
      mechanism 234. Following this, the control circuit signals solenoid 284 to
      operate for opening dump valve 272 and permit this quantity of oil to
      drain into the pot. In the preferred embodiment, the maximum extent of
      downward travel of level adjustment tube 226 is such that drain hole 232
      is positioned so that a minimum setting of 4 ounces of oil will be
      injected. The upper extent of tube 226 travel provides a maximum of 10
      ounces of oil.
PAC  Popping Pot and Discharge Apparatus
PAR  Popping pot 18 is positioned in the display case below support plate 102
      for receiving the corn, salt and oil charges, for discharging steam and
      waste oil upwardly into condenser outlet 306 for delivery to condensing
      system 308, for receiving inlet air through evacuation inlet 310, and for
      evacuating popcorn through outlet conduit 312 and downwardly into the
      display case through tube 46, as best seen in FIG. 10. Pot 18 comprises a
      bottom hot-plate and agitator assembly 314 pivotally mounted at 316 to a
      housing 318, shown as cylindrical, mounted below support plate 102 by
      suitable means, such as bolts 320. The lower edge of the housing is
      mounted in sealing engagement with a groove 322 provided in annular
      support rim 324. Evacuation conduit 312 extends through an opening 326 in
      housing 318 downwardly to an opening 328 radially centered in the pot and
      spaced above hot plate 314 at a height sufficient to permit popped corn to
      be swept upwardly through the conduit by a stream of air. Conduit 312
      extends outwardly from the pot through an opening 330 provided in upper
      cylindrical portion 332 of cone 46, where it angles to a downwardly facing
      discharge outlet 334. Corn exiting from the pot through conduit 312
      cascades downwardly through cone opening 124 into the display case.
PAR  Hot-plate and agitator assembly 314 includes a casting 336 of flat,
      circular configuration embedded with a suitable heating element 338, such
      as a conventional electric resistence element connected by suitable leads,
      not shown, with the control circuit. A lower cover plate 340 is secured
      beneath the hot plate as a precaution against injury to the operator.
      Upper annular rim 342 of casting 336 is in sealing engagement with housing
      rim 324 preventing escape of steam and waste oil from the pot. A locking
      mechanism 344 mounted on rim 342 at a diametral position from pivot 316
      secures hot-plate assembly 314 against housing rim 324 throughout a series
      of popping cycles. The locking mechanism prevents unauthorized or
      accidental opening of the pot during popping, inasmuch as it is not
      necessary to open the pot for either charging or popcorn removal. For
      cleaning purposes, locking mechanism 344 is released permitting hot-plate
      assembly 314 to pivot downwardly at 316.
PAR  An agitator assembly 346 is mounted above hot-plate casting 336 for
      stirring the corn kernels during popping and sweeping the popped corn
      inwardly for evacuation. The agitator assembly includes a central hub 348
      rotatably mounted on an upwardly extending spindle 350 supported in a
      recessed portion 352 of casting 336. A plurality of outwardly extending,
      generally flat blades 354, 356 are mounted for rotation with the hub in a
      clockwise direction as viewed in FIG. 11. The sharpened forward edge of
      each blade has a radially outward forward rake with respect to the axis of
      rotation. This provides a radially inward sweeping action to move the
      popcorn towards hub 348 for more efficient evacuation through conduit 312.
      The lower base portion of hub 348 is provided with an outwardly flaring
      skirt 358 functioning to direct the stream of air upwardly into conduit
      opening 328 during corn evacuation.
PAR  Agitator assembly 346 is rotated by drive assembly 360 extending downwardly
      from above the pot. The drive assembly includes a shaft 362 having a
      preferred hexagonal cross-sectional configuration and slideably locking
      with a hexagonal female socket 364 provided at the upper end of agitator
      hub 348. Shaft 362 is spring-loaded from above by suitable means such as
      compression spring 366 mounted within a sleeve 368. Sleeve 368 in turn is
      secured to a broached hexagonal nut 370 keyed for rotation with drive
      shaft 372 extending downwardly through a quill shaft 374 of drive assembly
      376 provided for operating rotary valve apparatus 106. Drive shaft 372 is
      driven from a preferred electric motor 378 during the popping cycle by
      suitable means, such as a worm gear arrangement, not shown. The lower end
      382 of hexagonal shaft 362 projects through an opening 384 of the
      evacuation conduit, and is aligned with agitator socket 364 for driving
      engagement when hot-plate assembly 314 is closed, as illustrated in FIG.
      10. When the pot is opened for cleaning, downward pivotal movement of the
      hot-plate and agitator quickly uncouples drive assembly 360 at the socket
      connection. When the hot plate is returned and locked in place the shaft
      and socket will lock in driving engagement where there is correspondence
      between their angular positions. If shaft 362 does not engage in the
      socket, it is urged upwardly against the spring which forces them in
      locking engagement upon start-up of agitator motor 378. As a result, any
      angular or vertical misalignment between the shaft and mating socket will
      not prevent engagement of the agitator drive, thus simplifying opening and
      closing of the pot for cleaning.
PAC  Rotary Valve Apparatus
PAR  The rotary valve apparatus 106 provides an accurate valving of the various
      processes into and out of pot 18 in timed relationship with a
      predetermined program under influence of the control circuit. The valve
      arrangement of the invention provides a mechanical memory to assist the
      electronic system to prevent loss of cycle position during power failure
      or accidental shutoff. The valve apparatus includes a generally flat valve
      plate or disc 386 mounted for rotation with drive assembly 376 within the
      top of pot housing 318. A mounting plate 388 supports the valve plate to a
      flange 390 of quill shaft 374 by suitable means, such as a plurality of
      mounting screws or the like. Valve disc 386 extends outwardly with a
      radius sufficient to cover a series of openings provided in the top of pot
      housing 318 and support plate 102. As illustrated in FIGS. 10 and 18,
      these openings include a condenser outlet opening 392 connected with
      condenser conduit 306, an air inlet 394 connected with evacuation inlet
      conduit 310, and opening 104 connected with throat section 98 of corn and
      salt hopper 58. An opening of disc hole 396 is formed in disc 386
      uncovering openings 104, 392 and 394 in accordance with the circuit
      program. A screen 393 covers opening 392 and prevents corn from entering
      conduit 306.
PAR  Valve drive assembly 376 includes a gear 398 keyed to quill shaft 374,
      which in turn is journaled for rotation within an upstanding sleeve 400
      mounted above opening 402 provided in support plate 102. Gear 398 is
      driven by suitable means such as an electric motor 404 mounted on bracket
      380 and in driving connection with the gear through a suitable pinion gear
      406, or the like, as illustrated in FIG. 9.
PAR  Different processes of the control circuit are triggered by a plurality of
      switches actuated responsive to gear 398 rotation, and therefore in exact
      timed relationship with rotation of valve plate 386. Referring to FIG. 18,
      a start switch 408, a fill switch 410, a cook switch 412, and an
      evacuation switch 414 are mounted on a suitable bracket, not shown, around
      the periphery of gear 398. Start switch 408 is positioned on a radial line
      bisecting the angle between fill opening 104 and evacuation inlet 394.
      Fill switch 410 is positioned on line with fill opening 104. Cook switch
      412 is positioned on line with condenser outlet opening 392. Evacuation
      switch 414 is positioned on line with evacuation inlet 394. These switches
      are actuated by suitable operating means on gear 398, shown as a switch
      operating roller or cam 416 attached to the gear and positioned on a line
      centered on disc hole 396.
PAR  Referring to the schematic circuit diagram of FIG. 19, switches 408, 410,
      412 and 414 are illustrated connected in the control circuit for operating
      the circuit relays, timers and indicator lights, as explained in greater
      detail hereinafter.
PAC  Evacuation of Effluent and Popped Corn
PAR  The system for evacuating the popped corn from the pot is illustrated in
      FIGS. 6 and 10 and includes a blower fan 418, preferably of a type
      including a non-clogging paddle impeller. The fan is driven by suitable
      means such as an electric motor 420 through a suitable belt and pulley
      drive arrangement 422. The fan inlet opens above a cover plate 424 mounted
      over opening 426 above cylindrical portion 332 enclosing popcorn discharge
      334. The fan discharges at connection 428 into evacuation inlet conduit
      310.
PAR  When valve disc opening 396 is in vertical registry or alignment with
      evacuation inlet opening 394, blower 418 is energized to draw intake air
      from cone 46 and direct it into the pot through conduit 310 and opening
      394. A deflector plate 430, preferably of a flat, circular configuration,
      is mounted within the pot by suitable means, such as a bracket 432 secured
      to the outside of conduit 312 at a position spaced directly below inlet
      394. Deflector plate 430 functions to direct the incoming air stream
      outwardly and downwardly around the inside periphery of the pot in a
      sweeping motion. This enhances the efficiency of popcorn evacuation so
      that the air stream sweeps the popcorn across the bottom of the hot-plate,
      upwardly into evacuation conduit 312, and downwardly through cone 46 into
      the display case. The stream of air issuing from outlet 334 in cone is
      recirculated and drawn upwardly through the blower intake. During this
      evacuation cycle, valve plate 386 closes off condenser outlet 392.
PAR  After a filling cycle with the corn and salt charged into the pot, motor
      404 indexes valve disc 386 until valve hole 396 opens communication with
      condenser outlet 392, and at the same time cam roller 416 actuates switch
      412 to initiate the cook cycle. The control circuit actuates solenoid 284
      of oil reservoir 166 for dumping the charge of seasoning oil through
      opening 288 into the pot. As the cooking cycle continues, the oil is
      heated by the hot plate while the agitator rotates. Steam driven from the
      corn and waste oil evolved within the pot are removed through outlet 392
      into condenser system 308. During the cook cycle, motor 404 stops the
      valve disc with its opening at the condenser outlet position until the
      corn is popped and the control circuit initiates the evacuation cycle.
PAC  Steam and Waste Oil Condensing System
PAR  Condensing system 308 is adapted to draw the steam and waste oil effluent
      from the pot by vacuum, and to condense the same by self-cleaning action
      without escaping into the surrounding room. The condenser system comprises
      an upstanding shell 434 mounted at the rear of frame 12. Effluent from the
      pot is directed through conduit 306 into an upper inlet header 436
      communicating with a plurality of downwardly extending heat exchange tubes
      438. The tubes 438 communicate at their lower end with a chamber 440 for
      reverse flow upwardly along a plurality of upwardly extending heat
      exchange tubes 442 discharging into outlet header 444 and outlet tube 446.
PAR  A partition 448 divides shell 434 into two air channels 450 and 452
      enclosing respective tubes 442 and 438. Cooling air from a condenser
      blower 454, as best seen in FIG. 4, is supplied from within lower section
      14 of the machine and directed into inlet opening 456 of shell 434. The
      cooling air is forced upwardly for cooling and condensing the steam and
      waste oil. Opening 458 in partition 448 combines the flow from channel 452
      with that of channel 450 for delivery through a venturi or narrowed throat
      section 460 adjacent the discharge end of tubes 442. The increased air
      flow and lowered static pressure at the venturi creates a vacuum within
      tubes 442 acting to draw the steam and waste oil through the condenser
      tubes from the pot in the flow path illustrated in FIG. 5.
PAR  Condensed steam and oil droplets forming on the inside surface of the
      condenser tubes drop downwardly by gravity to collect on the bottom of
      chamber 440 where it drains through outlet 462 into a removable condensate
      drain pan 464.
PAR  FIG. 20 illustrates a modified form embodying a steam condenser,
      illustrated generally at 466. Condenser 466 replaces outlet conduit 306
      between condenser outlet 392 and condenser header 436 in the preferred
      form of FIG. 6, and functions to immediately condense steam as it leaves
      the pot. The water condensate is collected and drained away preventing its
      return to the pot. This results in a dryer popcorn having improved flavor
      and tenderness.
PAR  Condenser 466 comprises an upwardly extending tube section 468 mounted over
      condenser outlet 392 on support plate 102. Conduit section 470 encloses at
      one end upper lip 472 of the tube and extends downwardly therefrom to an
      outlet 474 mounted to the inlet of condenser header 436 by suitable
      fasteners provided on mounting flange 476. A dome or cap 478 is mounted
      above an opening 480 provided in conduit 470 directly above the tube. Tube
      lip 472 is radially spaced inwardly from conduit end portion 482 to define
      a collecting gutter 484. A conical screen 486 mounted above tube lip 472
      prevents kernels of corn from entering the condenser air stream. In
      operation, steam and waste oil particles drawn from the pot by the vacuum
      created in the condenser during a cooking cycle enters tube 468 and
      impinges on both screen 486 and the inner surface of cap 478. The lower
      temperatures of these elements functions to condense the steam which
      collects and runs downwardly into gutter 484, the lower surface of conduit
      470, and through tubes 438 of condenser 308 for delivery into condenser
      outlet drain 462. After the cooking cycle, when the condenser outlet is
      closed by the valve plate, the elements of condenser 466 lose the heat
      received from the condensed steam and cool down for the following cooking
      and condensing cycles.
PAC  Removal of "Old Maids"
PAR  In the form of the invention illustrated in FIGS. 1-4 the "old maids" or
      unpopped kernels are removed from pot 18 along with the popcorn and are
      delivered into display case 16 where they fall onto screen 44. The kernels
      either drop through the screen into fine collector tray 488 unassisted, or
      else are scraped onto the screen by the operator. From tray 488 the
      kernels are directed through fine chute 490 downwardly into removable bin
      492 provided at the bottom of the frame.
PAR  In the modified form illustrated in FIG. 21, an alternate "old maid"
      removal system is indicated generally at 494. This system comprises a
      kernel trap device 496 including a lower tubular portion 498 extending
      downwardly through an opening in support plate 102 into the display case
      and opening underneath at 499. An upper tube extension 500 projects above
      plate 102 into upper machine section 20. The trap may extend through an
      opening in top cover 502 with a transparent top cover or dome 504 of a
      suitable material, such as Lucite plastic. This provides an attractive
      display of popcorn moving upwardly during an evacuation cycle. Popcorn
      issuing from the pot through evacuation conduit 312 enters the trap
      through inlet connection 506 and is deflected upwardly by means of
      partition 508. This partition comprises a vertical section of a cone
      removably attached within trap 496 and with its small end adjacent inlet
      506 and its large end 510 opening upwardly within the tube. A lower
      section 512 of the partition is lockably hinged at 514 for cleaning
      purposes and extends downwardly in abutting relationship with a tubular
      chute 516 extending downwardly from the trap to direct the "old maids"
      into bin 492 for subsequent removal.
PAR  In operation during an evacuation cycle, the popped corn and "old maids"
      are directed upwardly through conduit 312, then into opening 506 of the
      trap. The popcorn is deflected upwardly by partition 508 and carried in
      the channel between the tube and partition by the air stream until it
      cascades over upper end 510 and falls downwardly into the display case.
      The velocity of the air stream is high enough to blow the popcorn upwardly
      but insufficient to lift the "old maids", which instead are carried by
      gravity downwardly through opening 518 into chute 516. As a result, the
      "old maids" are automatically removed from the popped corn.
PAC  Automatic Control Circuit
PAR  Referring to FIG. 19, a schematic diagram for automatic control circuit 520
      is illustrated. A suitable alternating current electric energy source 522
      connected with main circuit breaker or switch 524 provides the range of
      voltages required with the invention. For heating the hot plate heater
      338, the circuit provides 240 VAC through the contacts of start switch or
      button 526 and temperature control switch 528 adapted to regulate plate
      temperature preferable at 410.degree.F. Power at 120 VAC is provided at
      530 for operating various control elements including agitator motor 378,
      valve disc motor 404, corn meter motor 80, seasoning pump motor 532
      operating pump 178, motor 420 for powering emptying or evacuation blower
      418, salt fill solenoid 150, and "total pop counter" 536. The voltage from
      source 530 also operates power supply 538 providing a suitable direct
      current control voltage, such as 26 VDC. This voltage powers the R.F
      generator 540 connected with both corn level capacitor plates 116, 118 and
      seasoning level plates 292, 294 and 296. This DC voltage further powers
      the "number of pops selector" control 542 through relay 544 and provides
      an input 546 for start switch 408 and remaining elements of the circuit.
PAR  A corn level detector and switch 548 is provided for actuating switch 550
      and corn meter motor 80 responsive to a signal from capacitor plates 116,
      118 indicating that corn resupply in hopper 58 is required. If the corn
      supply is adequate for one or more pops, a signal is directed into
      start/complete "and" switch 522.
PAR  A seasoning level detector and switch 554 is provided to signal seasoning
      pump motor switch 556 and seasoning pump motor 532 to fill oil reservoir
      166 responsive to a signal from seasoning level condenser plates 292, 294
      and 296. Upon completion of the oil filling cycle, a signal is directed
      from switch 554 into "and" switch 552.
PAR  Salt level switch 146 provides a signal to "and" switch 552 for continued
      cycling only if sufficient salt is in bin 136 for the following popping
      cycle. The "number of pops" selector 542 also provides a signal into
      switch 552 for recycling of the popping cycle only where the number of
      pops selected by the operator exceeds the total pop count received at
      input 557 following each energization of fill switch 410. The recycle
      signal from selector 542 also triggers operation of corn level detector
      548.
PAR  The seasoning temperature is measured by low temperature limit 558 which
      directs a signal to both seasoning level detector/switch 544 and switch
      552 when the temperature of the oil is high enough for pumping and
      circulation. Popper heater unit 560 provides a signal at 562 for both
      "and" switch 552 and seasoning level detector/switch 554 as a low
      temperature limit below which the cycle should not proceed. Popper unit
      560 provides a high temperature limit signal 564 into contactor control
      and interlink unit 566 above which temperature contactor solenoid 568 is
      dropped out to open switches 526 and discontinue heating current.
PAR  A popping rate or "pops per hour" selector 570 is provided to selectively
      vary the time delay between pops by controlling start time delay switch
      572. Switch 572 functions to close within a range of time, for example
      from 10 seconds to 8 minutes, after receiving a start signal from switch
      552. This provides automatic popping rate control which can be selectively
      changed at any time, depending upon popcorn consumption, without affecting
      the other settings.
PAR  Actuation of start or ready switch 408 to its normally closed position 598
      triggers agitator switch 572 for operating agitator motor 378, and
      conditions contactor control 566 for operation. Actuation of switch 408 to
      the illustrated start or ready position by cam 416 triggers operation of
      corn level detector/switch 548 when relay 574 is closed by contactor
      solenoid 568. The normally closed position of switch 408 operates as a
      hold circuit for contactor control 566 holding solenoid 567 energized to
      close relays 526, 544 and 574.
PAR  Operation of fill switch 410 by cam 416 triggers both fill and count switch
      576 and directs a count signal 557 into pops selector 542. Switch 576 in
      turn actuates salt fill solenoid 150 and total pop counter 536.
PAR  With cook or pop switch 412 in its normally closed position, and with start
      switch 408 in its normally closed position, a circuit is completed from
      power input 546 through switches 408, 412 and 414 for actuating valve disc
      switch 590 and operating motor 404 to rotate the valve disc past the fill
      position until it reaches the cook position. When cool switch 412 is
      actuated by cam 416, time delay 582 is triggered for operating seasoning
      fill solenoid 284, which automatically turns off within 10 seconds. The
      circuit to switch 590 is opened for stopping the disc at the cook
      position. Switch 412 further operates time delay 584 which closes within
      2-3 minutes to then actuate switch 590 and motor 404 to rotate the disc to
      the evacuation position, where it stops during popcorn evacuation.
PAR  When the evacuation or empty switch 414 is operated by cam 416 to its
      "empty" position, a signal is directed to energize the empty start and run
      switch 586 which energizes blower motor 420 for emptying popcorn from the
      pot. A signal is also directed into normally open time delay switch 588
      which closes after a predetermined time delay of, for example, 35 seconds.
      When switch 588 closes, switch 590 is closed to operate motor 404 to
      rotate the valve disc back to the start position.
PAC  OPERATION
PAR  Assuming that the machine is initially cold and that the corn bin, oil
      bucket and salt hopper have been replenished, operation is initiated by
      closing main switch 524. This directs power to start button 526, to
      seasoning heaters 196, 198, and to the lights and operating switches of
      control panel 48. Main switch 524 also turns on blower motors 62 and 454
      for continuous operation.
PAR  Pop selector control 542 is then adjusted to the desired number of pops. An
      indicator light, not shown, associated with this control indicates which
      pop in the cycle the machine is at, and the selector pointer indicates at
      which pop it will stop.
PAR  Pop rate selector 570 is adjusted to vary the popping rate by adding
      different time delays between pops. For example, a 10-second delay would
      be provided for a rate of 15 pops per hour, a 2-minute delay for a rate of
      10 pops per hour, and an 8-minute delay for a rate of 5 pops per hour.
PAR  After a sufficient warm-up time on the order of 15 minutes, the contacts of
      start button or switch 526 are closed by the operator. This directs power
      through temperature control switch 528 to popper heater unit 560. Relays
      544 and 574 are also closed by the start button. Where the total number of
      pops in control 542 has been set at one or more, than a recycle signal 592
      is directed into both switch 552 and contactor control 566. The signal to
      control 566 operates as a hold circuit through contactor solenoid 568,
      holding switch 526 closed if the high temperature limit signal 546 and
      agitator motor signal 594 indicate proper functioning of the heater and
      agitator.
PAR  Start switch 408 in the start or ready position of the valve disc is
      operated by cam 416 to direct power through relay 574 ad into corn level
      detector/switch 548. With no corn in supply reservoir 82, capacitor plates
      116, 118, signal switch 548 for closing switch 550 and operating corn
      meter motor 80 to inject a supply of corn into the air conveyor until the
      reservoir is filled to a position between the plates. This fill time takes
      approximately 21/2 minutes, after which time a corn supplies indicator
      light, not shown, lights up.
PAR  Power is also directed through relay 574 into seasoning level
      detector/switch 554. During the warm-up period, the heaters surrounding
      pump unit 178 have melted a sufficient amount of oil at the pump intake
      and within feed line 164. With no oil in reservoir 166, the seasoning
      level capacitor plates 292 and 294 signal switch 554 to energize switch
      556 and seasoning pump motor 532, provided that the low temperature limit
      signal 562 from the heater unit indicates proper heater temperature and
      that the signal from seasoning low temperature limit 558 indicates proper
      seasoning temperature. Seasoning pump 178 operates to fill reservoir 166
      until the liquid level is between plates 296 and 294, at which time a
      signal is produced at 596 into switch 552 for initiating the popping
      cycle, provided the remaining inputs to switch 552 and present.
PAR  When all conditions for initiating popping are present including the heater
      signal 562, corn level switch 548 indicating resupply of the corn
      reservoir, seasoning level switch 554 indicating resupply of the oil
      reservoir, salt level switch 146 indicating sufficient salt supply, and
      the number of pops is one or more, then a signal is directed to time delay
      switch 572. Switch 572 closes after the preselected time delay to direct a
      signal to switch 590 for energizing disc motor 404. This motor turns valve
      disc 106 to the fill position where valve opening 396 exposes fill opening
      104. The corn in reservoir 82 drops by gravity and the air current from
      air conveyor conduit 70 through throat section 98 into the pot. The valve
      disc is driven past the opening 104 without stopping and cam 416
      momentarily actuates fill switch 410 to trigger fill and count switch 576
      for actuating salt fill solenoid 150 and total pop counter 536. Solenoid
      150 moves charging valve 134 to drop the salt in valve cavity 156 into the
      air stream which carried it into the pot. At the same time, switch 410
      triggers a pop count signal 557 to reduce by one the number of pops set
      into selector control 542.
PAR  After the valve disc leaves its start position, cam 416 releases start
      switch 408 to its normally closed position at 598, directing power into
      agitator switch 572 for operation of the agitator motor, and into circuit
      600 as a hold circuit into contactor control 566 and solenoid 568.
PAR  Operation of start switch 408 to the position at 598 also directs power
      through circuit 602, through the normally closed switches 412 and 414, and
      through diode 604 into valve disc switch 590 for continued operation of
      disc motor 404 up to the cook position.
PAR  When the valve disc drives to the cook position the circuit to switch 590
      is opened by cam 416 stopping the disc with disc opening 396 opening
      communication with condenser outlet 392. Switch 412 then directs power
      through circuit 606 for operating time delay switches 582 and 584. Switch
      582 operates seasoning oil fill solenoid 284 to open dump valve assembly
      272 and drain the charge of oil into the pot through oil inlet 288. Time
      delay 582 opens the circuit to the solenoid after a time period of 10
      seconds, which is adequate for draining a maximum oil charge of 10 ounces.
      Time delay switch 584 closes after a preselected time within the range of
      2-3 minutes. This is the dwell time at which the disc is in the cook
      position, and this dwell time is selectively adjusted within the range and
      desired for varying cooking time. Switch 584 closes after the preselected
      time and directs a signal at 608 into valve disc switch 590 to start the
      disc towards the evaculation position. As the disc moves, cam 416 permits
      cook switch 412 to return to its normally closed position providing a hold
      circuit into switch 590 for continued disc operation.
PAR  Throughout the cooking cycle the corn is popped in pot 18 and steam and oil
      effluent is automatically removed through opening 392 and conduit 306 by
      the action of the vacuum created within condenser 308 by the air stream
      from continuously operating blower 454.
PAR  At the cook position of the disc, actuation of switch 412 also directs a
      signal through circuit 606 into branch circuit 610 to signal corn level
      detector and switch 548. Switch 548 has received a signal from plates 116,
      118 indicating that resupply of corn reservoir 82 is required for the next
      cycle, and has also received a signal at 612 from pop selector 542
      indicating that an additional pop is required. When these signals are
      received, switch 548 triggers switch 550 for operation of corn meter motor
      80 to recharge the corn reservoir.
PAR  After the cooking cycle, the valve disc is rotated to the evacuation
      position, exposing evacuation inlet 394. When cam 416 reaches the
      evacuation position, switch 414 is actuated to trigger both empty switch
      586 and time delay switch 588. Switch 586 operates empty blower motor 520
      which directs an air stream into opening 394 sweeping the corn into
      evacuation conduit 312 for delivery to the display case. Movement of
      switch 414 from the normally closed position opens the circuit to valve
      disc switch 590 for stopping the disc at the evacuation position. After
      the predetermined time delay of 35 seconds switch 588 closes to direct a
      signal to switch 590 and start the valve disc moving to the start
      position. After cam 416 passes the evacuation position, switch 414 returns
      to its normally closed position, providing a holding circuit into switch
      590 for continued operation of the disc.
PAR  When the disc reaches the start position, cam 416 actuates switch 408 to
      its open position, terminating power to the hold circuit for stopping the
      disc motor. At the same time, a signal is directed through switch 408 into
      relay 574 and seasoning level detector and switch 554. An absence of oil
      in reservoir 166 signals detector switch 554, which together with the
      signals from low temperature limit switch 558 and popper low temperature
      limit 562, trigger seasoning pump switch 556 for a repeat of the oil
      reservoir refill for a subsequent cycle.
PAR  The machine is stopped by turning pops selector 542 to the stop position
      for terminating signal 592. If stopped before the cook cycle has started,
      the control circuit will continue cycling and stop after the empty or
      evacuation cycle to insure that the effluent and popped corn has been
      completely removed from the pot. If the pop selector is turned to stop
      after the cook cycle has started, it will finish popping and then make one
      more popping cycle before a final stop. This leaves the machine in
      shut-down condition with no corn in upper hopper 58, and no oil in
      reservoir 166.
PAR  The following is a preferred timing chart indicating cycling times
      throughout one complete popping operation. It is understood that the cycle
      times are illustrative only and may be varied according to operating
      conditions and results desired. In this particular example, selector
      control 542 is set for two or more pops and rate selector 570 is set at 15
      pops per hour.
TBL  ______________________________________                                    

     Time/Seconds                                                              

               Condition or Operation                                          

                                     Program                                   

     ______________________________________                                    

     0         Main switch on, start button                                    

                                     Start                                     

               pressed, all indicator lights on.                               

     10        Corn reset, seasoning reset, and                                

                                     Start                                     

               start lights go out, indicating                                 

               corn and seasoning charges ready.                               

     12        Disc motor drives past fill                                     

                                     Fill                                      

               position, dumping corn as it                                    

               passes. Salt solenoid fires                                     

               when disc hole directly under                                   

               hopper opening.                                                 

     14-16     Disc motor turns to con-                                        

                                     Fill                                      

               denser outlet for cook cycle.                                   

               On reaching cook position,                                      

               dump valve for seasoning opens.                                 

     16        Corn metering motor starts. Con-                                

                                     Cook                                      

               densing of steam and waste season-                              

               ing starts.                                                     

     26        Seasoning dump valve closes.                                    

                                     Cook                                      

     190       Corn metering motor stops.                                      

                                     Cook                                      

     200       Disc motor turns disc to empty                                  

                                     Cook                                      

     204       Evacuation motor starts.                                        

                                     Empty                                     

     236       Evacuation motor stops. Disc                                    

                                     Empty                                     

               motor turns disc to start posi-                                 

               tion.                                                           

     240/0     Corn, salt, and start lights go                                 

                                     Start                                     

               on and seasoning pump starts,                                   

               with seasoning light on if cycle                                

               is to be repeated.                                              

     ______________________________________                                    

PAR  From the foregoing it is apparent that applicant has provided an improved
      popcorn popping method fully automatic in operation, and which provides a
      popped corn product of improved flavor, tenderness and appearance. While
      the embodiments herein are considered to be preferred, it is understood
      that numerous variations and modifications in the steps, arrangement of
      parts, and materials may be made by those skilled in the art within the
      spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of removing popped corn from the closed pot of a popcorn
      popping machine in which popcorn has been cooked in heated seasoning oil,
      including the steps of: maintaining the pot closed except for an air inlet
      opening and an evacuation outlet: directing an air current through the air
      inlet opening into the pot; carrying the popped corn and unpopped kernels
      out of the pot with said air current through the evacuation outlet;
      directing the air current with the evacuated popped corn and kernels along
      a path whereby the kernels drop downwardly by gravity and the popped corn
      is directed along a path separated from the kernals; and collecting the
      kernels for removal from the machine.
NUM  2.
PAR  2. The method of claim 1 in which the air current after being directed
      through the inlet opening is dflected outwardly and downwardly along the
      inside periphery of the pot, thereafter directing the air current across
      the bottom of the pot to sweep the popped corn and unpopped kernels toward
      the center of the pot, and thereafter directing the air current upwardly
      through said evacuation outlet.
NUM  3.
PAR  3. The method of claim 2 in which the popped corn is separated from the air
      current and the air current is recirculated in a path back into said air
      inlet.
NUM  4.
PAR  4. A method of removing popped corn from the closed pot of a popping
      machine in which popcorn has been cooked in heated seasoning oil,
      including the steps of: directing an air current downwardly through an
      upper inlet opening of the pot, directing the air current along the bottom
      of the pot and toward the center thereof to entrain along popped corn and
      unpopped kernels, discharging the air current and entrained corn and
      kernels from the pot through an evacuation conduit, directing the
      discharged air current in a path which curves downwardly and then upwardly
      whereby the corn and kernels are separated from the air current and
      directed downwardly therefrom, and thereafter recirculating the air
      current into the pot through said inlet opening.
PATN
WKU  039309975
SRC  5
APN  4654099
APT  1
ART  171
APD  19740430
TTL  Univalent metal double cyanide as reducing agents in froth flotation of
      mineral
ISD  19760106
NCL  1
ECL  1
EXP  Halper; Robert
INVT
NAM  Petrovich; Vojislav
STR  1925 W. Schiller St.
CTY  Chicago
STA  IL
ZIP  60622
CLAS
OCL  209166
EDF  2
ICL  B03D  102
FSC  209
FSS  166;167
UREF
PNO  1628046
ISD  19270500
NAM  Herman
OCL  209166
UREF
PNO  3382976
ISD  19680500
NAM  Mercade
OCL  209167
FREF
PNO  354,395
ISD  19310800
CNT  UK
OCL  209166
FREF
PNO  362,961
ISD  19311200
CNT  UK
OCL  209166
FREF
PNO  495,909
ISD  19381100
CNT  UK
OCL  209166
ABST
PAL  An improved method in concentration of oxide ores and minerals by froth
      flotation process which comprises subjecting a pulp of mineral slurry of
      an oxide ore or mineral of metal which can change the valency state from
      higher to lower by the action of reducing agent consisting of univalent
      metal double cyanide, which as strong reducing agent change the valency
      state from higher to lower of the metal at the mineral surface, thus
      rendering the mineral particle to be capable to activate the double &
      triple carbon to carbon bond of certain collector possessing this bond
      such as olefine alcohols or propargyl carbinals. The indicated compounds
      provide recovery of oxide minerals of manganese, tin, titanium, thorium,
      tungsten, vanadium, and samarium.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to a reducing method in the mineral slurry by
      introducing in the same, univalent metal double cyanides, which act as
      powerful reducing agents, which change the metal valency state of the
      metal at the mineral surface, rendering the metal at the mineral surface
      or a portion of the mineral surface to a lower oxidizing state, which
      state is chemically a very active one especially against double or triple
      carbon to carbon bonds. Thus, the involved lower oxidizing state of the
      respective metal at the mineral surface presumably activates the triple
      and the double carbon to carbon bond of a given collector, effecting in
      this way a successful flotation of the desired metal values from the
      mineral slurry. Among such ores and minerals, to the beneficiation of
      which this invention is particularly adapted are the dioxides of
      manganese, tin, titanium, thorium, tungsten, vanadium, and samarium
      minerals.
PAR  According to the use of such powerful activators with reducing activity as
      are the univalent metal double cyanides the minerals of metals at their
      higher or highest valency level, which is the most natural occurence for
      these metals, as are minerals manganese, tin, titanium, thorium, tungsten,
      vanadium, and samarium, are amenable to froth flotation with reducing
      activation following the collection with olefine alcohols, or propargyl
      carbinols or as collectors. Accordingly, the metal such as tin, titanium
      thorium and vanadium which are refractory to activate with oxidizing
      agents are amenable to reducing activation and froth flotation with the
      said collectors.
PAR  Furthermore, the reducing activation of certain minerals make feasible the
      selective separation of such minerals as are: ilmenite from zircon,
      ilmenite from magnetite, ilmenite from niobate-tantalate.
PAR  Stated more particularly I have discovered that univalent metal double
      cyanides of the formula:
TBL  di-Potassium manganese tricyanide                                         

                             K.sub.2 Mn(CN).sub.3                              

     di-Potassium iron tricyanide                                              

                             K.sub.2 Fe(CN).sub.3                              

     di-Potassium nickel tricyanide                                            

                             K.sub.2 Ni(CN).sub.3                              

PAL  are powerful reducing agents suitable for reducing activity in the pulp of
      mineral slurry. If the metal which is a consisting ingredient of a given
      mineral, which can change the valency state at the mineral surface of the
      treated mineral slurry from a higher valency state to a lower by the
      action of manganese, iron, and nickel dipotassium tricyanides, the
      acquired lower valency state of a given metal at the mineral surface will
      function by it side as reducing agent against the collector with a double
      or triple carbon to carbon bond, thus forming a mineral-hydrocarbon-air
      complex at the surface of a bubble. The mineralized bubbles unite to a
      coherent froth.
PAR  Thus this invention teaches the use of univalent metal double cyanides of
      iron, manganese, and nickel, which act as powerful reducing agents, and
      not as cyanides. After the reducing action is accomplished oxidized metal
      dipotassium tricyanides exist in the pulp of the mineral slurry. However,
      it should be noted that this invention is not based on their action as
      cyanides. In order to oxidize the metal tricyanides an adequate excess of
      potassium cyanide is maintained in the pulp of mineral slurry and sulfuric
      acid is added so that the cyanide ion is sufficiently liberated to combine
      with the metal in the tricyanide. Note, that the manganese, iron, and
      nickel are bound only with one valency bond; being in the lowest valency
      state, manganese, iron, and nickel by its very nature are avid of bonding,
      i.e., reducing, because the manganese can acquire the valency state of
      seven, iron of six, and nickel of four; thence the powerful reducing
      property of these univalent metal double cyanides, which property they
      exercise at the mineral surface for all metals which can acquire lower
      valency  state, for a given metal which is reduced at the mineral surface
      is avid of bonding, i.e., reducing of a collector with a double or triple
      carbon to carbon bond. Thus, manganese, tin, titanium, thorium, tungsten,
      vanadium, and samarium mineral particles if chemically reduced at the very
      surface are responsive to a collector with a double or triple carbon to
      carbon bond. In this behavior in the essence of this invention.
PAR  Collectors of the present invention which presumably function by the
      chemical reaction based on the activation of the double or triple carbon
      to carbon bond of an olefinic or acetylenic compound, i.e., the .pi.-bond,
      by the action of a metal in a lower oxidation state formed at a portion of
      the surface of the mineral to be floated, forming with the metal atoms
      exposed on the surface of mineral particle presumably addition compounds.
PAR  The lower oxidizing state of a metal at the mineral surface, provoked by a
      strong inorganic reducing agent, is eager of bonding, i.e., of reducing.
      If for instance an oxidizing agent is added, the lower oxidizing state,
      i.e., the lower metal oxide will oxidize to higer, i.e., to the higher
      valency state in respective case to metal dioxide, the dioxide of
      manganese, dioxide of titanium, or dioxide of tin, as they were before the
      treatment with inorganic reducing agent. But with a collector with double
      or triple carbon to carbon bond no oxygen as electron carrier is
      introduced in the electron transfer reaction, but a potentially high
      valency state, so to speak, with ready disposable valency eager of
      bonding. Such an active state in a pulp of mineral slurry forces a new
      state of things resulting in compounding the disposable lower metal
      valency state of a lower oxide and hydrocarbon with frothing properties.
      The double or triple carbon to carbon bond of the collector is lost,
      because the disposable bond binds to metal, forming a kind of
      metal-organic compound. Thus olefinic or acetylenic compound act as an
      oxidizing agent by saturation of metal binding deficit to optimum valency
      by stretching the disposable .pi.-bond, forming thus metal-organic
      compound. In such a kind of electron transfer reaction olefinic or
      acetylenic compounds of collectors of this invention becomes a saturated
      hydrocarbon, which having the froting properties effect the froth
      flotation of said minerals from their ores.
PAR  Such action in the operation of froth flotation of a mineral slurry is
      feasible because of high oxidation-reduction potential of said dipotassium
      unipositive metal tricyanides which are as follows:
TBL  System  K.sub.2 /Mn(CN).sub.3 /                                           

                         K.sub.2 /Mn(CN).sub.4                                 

                                    E.sub.h - 0.950 v                          

     System  K.sub.2 /Fe(CN).sub.3 /                                           

                         K.sub.2 Fe(CN).sub.4                                  

                                    E.sub.h - 0.922 v                          

     System  K.sub.2 /Nl(CN).sub.3 /                                           

                         K.sub.2 /Ni(CN).sub.4                                 

                                    E.sub.h - 0.889 v                          

PAR  Compounds with a double carbon to carbon bond have an oxidation-reduction
      potential of -0.52 v.
PAR  Compounds with a triple carbon to carbon bond have an oxidation-reduction
      potential of -0.73 v .
PAR  Both unsaturated hydrocarbons act as oxidizing agents being reduced to
      simple carbon to carbon bond, losing at the same time its electromotive
      force. Thus, oxidation-reduction reaction in modern meaning has no more
      exclusive connection with augmenting or lowering of oxygen in
      oxidation-reduction reaction, for olefinic, as well as acetylenic
      compounds as is in the respective case of this invention are electron
      acceptor, therefore acting as oxidizing agents. Against a high
      electronegative potential they will act as electron donor acting thus as
      reducing agents.
PAR  The investigations have shown that various ores and minerals of the
      aforesaid metals in complex mineral occurrences respond to the reducing
      process of my invention, providing an improved and simplified flotation
      process.
PAR  Thus, the object of this invention is to provide an improved process of
      beneficiating or concentrating oxide ores and minerals.
PAR  Another object of this invention is a beneficiation process effective
      economically to recover the heretofore said metallic values primarely from
      silica and silicate gangue minerals.
PAR  A still further object of this invention is to subject oxide ores to froth
      flotation, thus collecting a concentrate having improved sales appeal both
      as to grade and purity.
PAR  Still further objects of this invention will be apparent upon a complete
      understanding of the invention as hereinafter more fully described.
PAR  The collectors used in this invention presumably function by the chemical
      reaction based on the activation of the double or triple carbon to carbon
      bond, by the action of the lower valency state of the metal at the mineral
      surface, or portion of the mineral surface, which is provoked by the
      action of the powerful reducing univalent metal tricyanides, thus forming
      addition compounds of metal-hydrocarbon-air complexes. It is obvious that
      the rest of hydrocarbon compound is oriented outward from the said mineral
      particle, thus the attachment of the collector to the ore particle form a
      water repellent surface or barrier around at least a part of the surface
      of the ore particle and thereby facilitates the formation of froth when
      the ore slurry is agitated in the presence of air.
PAR  The collectors useful in recovering minerals of this invention are: olefine
      alcohols and propargyl carbinols, both series of collectors having 5 to 15
      carbon atoms. Being alcohols these collectors have pronounced frothing
      properties.
PAR  The flotation plant practice applying the inventor's method by serving the
      reducing principle in recovering of metal value, i.e., reducing the metal
      at the mineral surface to a lower valency state by the action of univalent
      metal tricyanide, and floating the mineral value with olefine alcohols or
      propargyl carbinols, the ore is crushed, milled and sized to at least
      about 80 to 120 mesh standard sieve, which depends on the particular ore
      treated. Milling to finer sizes is preferable. The crushed and sized ore
      is pulped and as a mineral slurry is ready for treatment in the flotation
      equipment, i.e., by passing through  the conditioner for the treatment
      with reducing agent such as univalent metal double cyanide. From the
      conditioner the pulp is pumped in the receiving box of the first stage or
      the main flotation bank. In the receiving box of the pump beneath the
      conditioner, the collector is added, such as olefine alcohols or propargyl
      carbinols. In the main flotation bank, i.e., the first stage, the froth
      produced by agitation and aeration is skimmed or is overflowing in the
      usual manner.
PAR  It is preferable to operate the flotation with fresh water after
      conditioning in a reducing media, thus cycloning the reduced mineral
      slurry followed by addition of fresh water is preferable. After reducing
      of the mineral surface is accomplished the collector and auxiliary agents,
      if any are to be used, are added for further treatment in the flotation
      equipment. In the flotation cell the ore pulp is contacted with air by
      agitation to form a froth to achieve the desired separation of the metal
      values from the gangue. In most cases it is advantageous to use multiple
      stage flotation process to treat the underflow or partially metal value
      barren pulp to increase the degree of separation or to enhance the grade
      of recovery. Also, the use of varying amounts of emulsifiers, dispersants,
      and depressants etc. in different stages may be used to advantage to
      obtain the highest yield and best separation.
PAR  Having disclosed the novel reducing agents of this invention as well as the
      handling of the mineral slurry, I have to say the final object of this
      invention is to provide a method for the flotation recovery of minerals
      containing manganese, tin, titanium, thorium, tungsten, vanadium, and
      samarium.
PAR  The above discussion illustrates my invention in a general way but for a
      detailed illustration thereof the examples of froth flotation procedure
      are set forth below.
PAR  The procedure in performing the laboratory examples for manganese, tin,
      titanium, tungsten ores was of the same manipulation as follows:
PAR  500 grams of ore was ground wet as 67 percent solids by weight in a
      laboratory ball mill to pass 100 mesh sieve for manganese
      feed(psylomelane); 80 mesh sieve for cassiterite feed; and for scheelite
      and ilmenite the feed was sized to pass 120 standard mesh sieve.
      Transfering the sized flotation feed in the flotation machine, various
      amounts of said univalent metal double cyanide for reducing of the metal
      at the mineral surface were added in combination with adequate amounts of
      potassium cyanide and sulfuric acid. After this step the pulp of mineral
      slurry was conditioned for five minutes. After conditioning various
      amounts of olefine alcohols or propargyl carbinols were added for
      collecting purposes. The amounts of reductant, univalent metal double
      cyanides; olefine alcohols or propargyl carbinols are indicated in the
      accompaning table. Before skimming of the rougher concentrate the pulp of
      mineral slurry was conditioned and aerated for three to five minutes. The
      rougher concentrates were skimmed from about five to ten minutes, and
      afterwards cleaned with processed water.
PAR  The procedure in performing the beneficiation test for thorite,
      metahewettite (hydrous vanadate of lime), and samarskite was as follows:
PAR  The flotation test of sized sample was accomplished in a 50 grams flotation
      cell with 5 grams of thorite, or metahewettite, or samarskite
      respectively, and 45 grams of crystalline schist material with
      predominating feldspar. The addition of reagents was done dropwise. The
      recovery of thorite, or metahewettite, or samarskite was obtained by
      microscopic count.
TBL  __________________________________________________________________________

     Ore     Activator Collector                                               

                               Assay of products                               

     treated pound per ton                                                     

                       pound per ton                                           

                               Feed                                            

                                   Conc.                                       

                                       Recovery                                

     __________________________________________________________________________

     Example 1                                                                 

             di-Potassium                                                      

                       Dodecenol                                               

                               Mn %                                            

                                   Mn %                                        

                                       Mn %                                    

             iron tricyanide                                                   

                       glycol                                                  

     Psylomelane                                                               

             0.3       0.4     19.2                                            

                                   54.9                                        

                                       95.8                                    

     Example 2                                                                 

             di-Potassium                                                      

                       Octenol Sn %                                            

                                   Sn %                                        

                                       Sn %                                    

             manganese                                                         

             tricyanide                                                        

     Cassiterite                                                               

             0.1       0.1     2.1 51.3                                        

                                       93.9                                    

     Example 3                                                                 

             di-Potassium                                                      

                       Octenol WO.sub.3 %                                      

                                   WO.sub.3 %                                  

                                       WO.sub.3 %                              

             nickel tricyanide                                                 

     Scheelite                                                                 

             0.1       0.1     2.4 57.7                                        

                                       91.2                                    

     Example 4                                                                 

             di-Potassium                                                      

                       Dodecenol                                               

                               Ti %                                            

                                   Ti %                                        

                                       Ti %                                    

             manganese glycol                                                  

             tricyanide                                                        

     Ilmenite                                                                  

             0.4       0.4     8.0 30.1                                        

                                       94.1                                    

     Example 5                                                                 

             di-potassium                                                      

                       Octinol --  --  89.0                                    

             manganese                 by microscopic                          

     Thorite tricyanide                count                                   

     Example 6                                                                 

             di-Potassium                                                      

                       Octinol --  --  90.0                                    

             manganese                 by microscopic                          

     Metahewettite                                                             

             tricyanide                count                                   

     Example 7                                                                 

             di-Potassium                                                      

                       Octinol --  --  86.0                                    

             manganese                 by microscopic                          

     Samarskite                                                                

             tricyanide                count                                   

     __________________________________________________________________________

CLMS
STM  I claim:
NUM  1.
PAR  1. An improved method of beneficiating ores and minerals selected from the
      group of dioxides of manganese, tin, titanium, thorium, the vanadates and
      the wolframates by froth flotation process to produce a froth concentrate
      of desired metal value, which improvement comprises; effecting froth
      flotation of the ore by treating the comminuted ore of the mineral slurry
      with dipotassium manganese, or dipotassium iron, or dipotassium nickel
      tricyanide, which compounds act as reducing agents reducing said ores and
      minerals with the recited cyanides to a lower oxidizing state, and an
      addition of adequate amounts of potassium cyanide and sulfuric acid,
      followed by an effective amount of a collector selected from the group of
      olefine alcohols or propargyl carbinols, said alcohols and said carbinols
      have from 5 to 15 carbon atoms; and recovering a froth concentrate
      relatively rich in the desired metal value to leave the tailings
      relatively poor in the desired metal value.
PATN
WKU  039309983
SRC  5
APN  5069777
APT  1
ART  176
APD  19740918
TTL  Wastewater treatment
ISD  19760106
NCL  8
ECL  1
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INVT
NAM  Knopp; Paul V.
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STA  WI
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STA  WI
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FR2  Wyatt; B. Woodrow
ABST
PAL  A method for the improvement of the biological removal of nitrogen from
      wastewater consisting of the partial oxidation of waste activated sludge
      and other carbonaceous material generating soluble BOD which may be
      substituted for methanol as an oxygen acceptor in biological
      denitrification.
BSUM
PAR  This invention relates to the treatment of sewage and other wastewaters to
      remove organic and inorganic impurities, namely organic carbonaceous
      materials and organic and inorganic nitrogenous material. More
      specifically, this invention describes a process for biological oxidation
      of nitrogenous material followed by reduction of the oxidized nitrogenous
      material to elemental nitrogen by biological denitrification.
PAC  BACKGROUND OF THE INVENTION
PAR  Reduced nitrogen contained in wastewater when discharged into receiving
      streams exerts a long term oxygen demand which consumes the oxygen
      resource of the receiving water upon biological oxidation. Both reduced
      and oxidized nitrogen fertilize receiving waters and are often responsible
      for algal blooms in lakes. Oxidized nitrogen in the nitrate form has been
      linked to methemoglobinemia (so called blue babies), a serious disease of
      infants.
PAR  Traditional forms of nitrogen removal from wastewater consist of
      chemical-physical and biological means. In physical-chemical methods the
      pH of the wastewater is adjusted to in excess of 9.0 and air is passed
      through the liquid to remove the ammonia nitrogen. Ammonia stripping is a
      viable process when volumes are small and ammonia concentrations
      relatively high. However, for application to wastewater the method has the
      disadvantage of requiring large quantities of stripping gas with poor
      performance at low temperature.
PAR  Alternatively wastewater is passed through an ion exchange bed. Specific
      ion exchange media for ammonium ion can be used. Such a method has the
      disadvantage that organic nitrite and nitrate nitrogen are not removed.
      Large quantities of regenerant are required and adsorption capacity
      decreases over numerous regeneration cycles requiring replacement of the
      ion exchange medium.
PAR  Ammonia nitrogen can be removed by break point chlorination. This method
      has the disadvantage of requiring close pH control and chlorine addition
      significantly increases the dissolved solids in the wastewater.
PAR  Nitrate ion can be removed by ion exchange but the selective resins require
      scarce petro-chemical feed stock for synthesis and in application require
      large quantities of corrosive regenerants such as hydrochloric acid.
PAR  Nitrogen can be effectively removed biologically by first oxidizing the
      reduced ammonia and organic nitrogen to nitrate nitrogen followed by
      biological reduction of the oxidized nitrogen to elemental nitrogen which
      is given off as a gas.
PAR  Domestic sewage contains organic and inorganic nitrogenous material as well
      as carbonaceous material. For example, a typical raw sewage contains
      approximately 250 mg/l five day biological oxygen demand (BOD.sub.5), and
      40 mg/l total Kjeldahl nitrogen (TKN) of which approximately 30 mg/l is in
      the ammoniacal form (NH.sub.3 or NH.sub.4 +). Conventional primary
      sedimentation will reduce the BOD.sub.5 and TKN to about 175 mg/l and 32
      mg/l, respectively. Subsequent aerobic biological treatment by, for
      example, activated sludge under suitable operating conditions oxidizes the
      ammoniacal nitrogen to nitrite and nitrate nitrogen as well as
      substantially reducing the BOD.sub.5. Subsequent treatment in a stage
      containing heterotrophic bacteria where no oxygen is added anaerobic
      conditions) (anaerobic sufficient organic carbon is present results in
      reduction of nitrate nitrogen to elemental nitrogen which is given off in
      gaseous form.
PAR  Organisms responsible for oxidation of carbonaceous organic material are
      ubiquitous and are generally considered to be largely heterotrophic
      organisms such as zooglea, pseudomonas and chromobacterium which require
      organic carbon as a food and energy source. Organisms responsible for
      nitrification are classed as chemotrophic because of their ability to fix
      inorganic carbon (CO.sub.2) as their carbon source. Nitrosomonas and
      nitrobacter are representative of the group responsible for nitrification.
      Denitrification is accomplished by facultative organisms capable of
      utilizing the oxygen in the nitrate form. Schematically the various
      transformations are represented as follows:
TBL               Heterotrophic                                                

                  Organisms                                                    

     Organic C + O.sub.2                                                       

                  .fwdarw.     CO.sub.2 + H.sub.2 O + Cells                    

                  Nitrosomonas                                                 

     2NH.sub.4 .sup.- + 3O.sub.2                                               

                  .fwdarw.     2NO.sub.2 .sup.- + 2H.sub.2 O + 4H.sup.+        

                  Nitrobacterium                                               

     2NO.sub.2 .sup.- + O.sub.2                                                

                  .fwdarw.     2NO.sub.3.sup.-                                 

                  Facultative                                                  

     2NO.sub.3 .sup.- + Organic C                                              

                  .fwdarw.     N.sub.2 + 3CO.sub.2                             

                  Heterotrophic                                                

                  Organisms                                                    

PAR  In conventional biological nitrification and denitrification systems the
      growth rate of the organisms responsible for nitrification is much slower
      than the heterotropic organisms. Thus long cell residence times are
      required to maintain a viable nitrifying mass in order to prevent washing
      out of nitrifiers either in the effluent or in the wasted sludge. The
      nitrification rate is strongly dependent upon pH, the optimum value lying
      between 7.5 and 8.5. Oftentimes it is necessary to add alkalinity to
      sewages deficient in alkalinity in order to maintain the pH in the optimum
      region for growth of nitrifiers. The principles governing the above
      phenomenon are described in a paper by Downing et al. (J. Inst. Sew.
      Purif., 1961, p. 130).
PAR  Denitrification is not only dependent upon the mass of denitrifying
      organisms present in the system, but also on the availability of organic
      carbon to provide energy and to act as electron donor or oxygen acceptor
      in the denitrification step. In practice the denitrification rate is
      accelerated by providing an organic carbon source, such as methanol, to
      maintain the denitrification rate at a high level.
PAR  Accordingly, it is the object of this invention to provide a method for
      simultaneously removing organic carbonaceous material and nitrogenous
      material from sewage under improved conditions so as to accelerate the
      rate of removal of nitrogen.
PAR  A further objective of the invention is to accelerate the rate of
      denitrification by providing improved conditions for increasing the
      denitrification rate in the denitrification step.
PAR  It is the purpose of this invention to provide a suitable oxygen acceptor
      which may be substituted for acetate, methanol or other commercial organic
      biodegradeable material used as an oxygen acceptor. It is a further
      purpose of this invention to provide for removal and recovery of a portion
      of the nitrogen for a fertilizer. A still further purpose is to provide
      suitable alkalinity for maintaining the pH of the nitrifying step. It is
      still a further purpose of this invention to provide an economical means
      of sludge disposal while at the same time providing the advantages listed
      above.
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention is an improvement in the process of nitrogen removal from
      wastewater by
PAR  a. mixing wastewater containing reduced nitrogenous compounds with active
      nitrifying organisms and an oxygen-containing gas for a sufficient length
      of time to convert substantially all of the nitrogenous material to the
      nitrate form;
PAR  b. separating said nitrifying organisms and the accumulated biomass from
      the nitrified wastewater stream, recycling the separated nitrifying
      organisms and accumulated biomass to the nitrification contacting step,
      and periodically or continuously removing a portion of the accumulated
      biomass from the nitrifying step;
PAR  c. contacting said nitrified wastewater stream with heterotrophic
      denitrifying bacteria for a length of time sufficient to reduce the
      nitrate nitrogen to elemental nitrogen; and
PAR  d. separating said denitrifying organisms and the accumulated biomass from
      the denitrified wastewater stream, recycling the separated denitrifying
      organisms and accumulated biomass to the denitrification step, and
      periodically or continuously removing a portion of the accumulated biomass
      from the denitrifying step. Said improvement comprises heating the biomass
      removed from the nitrifying and denitrifying steps in the presence of an
      oxygen-containing gas at a temperature of 175.degree.C. to 315.degree.C.
      at an oxygen partial pressure of 5 to 250 psi to partially oxidize the
      biomass and convert substantially all of the organic nitrogen to ammonia
      nitrogen, separating the solid phase from the liquid phase of the oxidized
      mixture, stripping ammonia from the liquid phase and directing said liquid
      phase to the denitrifying contact step to provide a source of organic
      carbon for the denitrifying organisms.
PAR  As a further aspect of the invention, the biomass removed from the
      nitrification and denitrification stages, prior to its partial oxidation,
      can be mixed with primary sludge from the sedimentation of raw sewage or
      with any other finely ground waste material, preferably having a low
      nitrogen content, in which the carbon to nitrogen ratio is at least about
      20:1.
PAR  The present invention thus provides the distinct economic advantage of
      achieving disposal of excess biomass and other waste materials while at
      the same time providing an energy source for the denitrification step.
DETD
PAR  Referring to FIG. I, raw wastewater 1 is subjectd to preliminary treatment
      such as screening and grit removal 2. The waste stream 3 is treated in an
      optional primary treatment step 4 consisting of plain settling. The
      primary effluent 5 or raw sewage is contacted with activated sludge in an
      aerobic contact tank 6 for a sufficient period of time to sustain the
      growth of nitrifying bacteria and conversion of nitrogen compounds to
      nitrate nitrogen. Air 32 or other oxygen containing gas is added to the
      contact tank to provide mixing and to maintain aerobic conditions. In some
      cases lime, soda ash or caustic 33 is added to maintain sufficient
      alkalinity to neutralize the acid formed upon oxidation of the nitrogen
      and to maintain the pH of the system at optimal pH for growth of
      nitrifying bacteria. The nitrifying bacteria and accumulated biomass 7 are
      separated from the waste stream in a settling tank 8 the underflow 15 from
      which is recycled to the contact basin 6. The nitrified effluent 9 is
      contacted in a basin 10 containing heterotrophic denitrifying bacteria in
      which the oxidized nitrogen is reduced to elemental nitrogen and is
      stripped off of the waste flow. A suitable oxygen acceptor 40, e.g.
      methanol, is added to the stream to increase the rate of denitrification.
      The denitrifying bacteria and accumulated biomass 11 are separated from
      the denitrified wastewater in a settling tank 12 and recycled 14 to the
      denitrifying contactor. The overflow 13 is treated in subsequent treatment
      steps such as sand-filtration and disinfection. Alternatively, the
      nitrified wastewater 9 may be passed through a fixed bed reactor
      containing attached growth on a suitable medium such as gravel, sand,
      rock, plastic or wood. Whether fixed or suspended growth medium is
      employed the principles disclosed herein are equally applicable. A portion
      of the accumulated biological solids from the nitrification (A) and
      denitrification (B) steps is removed from the process 16 and 17 where it
      is optionally combined 18 with primary sludge 31 and oxidized in a wet air
      oxidation unit 19 in order to simultaneously destroy sludge solids and
      produce soluble BOD and to convert organic nitrogen to ammonia nitrogen.
      Other waste organic material 36 after suitable preparation can be mixed or
      separately fed to the oxidation unit for partial oxidation and
      solubilization. Suitable material would be any organic material having a
      high carbon to nitrogen ratio such as ordinary domestic refuse or
      newsprint. The carbon to nitrogen ratio is preferably at least about 20:1
      and desirably as high as 100:1. The solids contained in the oxidized
      sludge are subsequently separated in a settling tank 21. The underflow
      solids 22 are disposed of by conventional dewatering means and the
      overflow 37 can be returned to the denitrification step (B) replacing or
      diminishing the quantity of methanol required. Where improvement in the
      BOD to nitrogen ratio is required the partially oxidized supernatant 37 is
      passed through an ammonia stripper 24 or other suitable ammonia removal
      device. In the case of ammonia stripping with a non condensible gas, the
      gas phase, rich in ammonia 27 is passed to an ammonia absorber 28. A
      typical absorber would consist of passing the gas 27 through a solution of
      sulfuric acid 29 to form ammonium sulfate 30 for use as a fertilizer.
      Lime, or other caustic material 34, e.g. sodium hydroxide, is added to the
      partially oxidized stream 37 to raise the pH to at least about 9.5 to
      improve the efficacy of ammonia stripping in the stripping column 24. The
      gas phase from the absorber 25 can be disposed of to the atmosphere or
      recycled to the stripper to preserve heat. The stripper may be operated
      under reduced pressure to improve stripping efficiency. The supernatant
      liquor stripped of ammonia 38 can be recycled to the denitrifying step (B)
      or can be treated in a settling tank 39 to remove excess lime (a mixture
      of calcium carbonate and calcium hydroxide) contained in the stripper 24
      discharge. The underflow 35 containing excess lime can be returned to the
      inlet of the nitrification step (A) replacing or reducing the requirements
      for the addition of alkalinity 33 to the nitrification step.
PAR  Alternative flow sheets are possible and will be obvious to one skilled in
      the art. For example, an aerobic biological treatment step to remove
      carbonaceous BOD in the wastewater can be inserted ahead of the
      nitrification step thereby reducing the oxygen demand of the nitrification
      step and improving the control of the nitrification/denitrification steps.
      This is the so called three stage nitrification/denitrification system.
PAR  The following examples will serve to illustrate the application and utility
      of the system described.
PAC  EXAMPLE I
PAR  The following example illustrates the conversion of nitrogen in sludge from
      organic nitrogen to ammonia nitrogen by partial wet air oxidation making
      it possible to remove the nitrogen thereby improving the BOD:N ratio of
      the supernatant liquor and making it suitable for a methanol substitute in
      the denitrification step.
PAR  Samples of raw sewage sludge were oxidized under varying conditions
      (175.degree.C. to 250.degree.C.) ranging from 13.8% to 81.4% oxidation.
      After oxidation the distribution of nitrogen as total and soluble Kjeldahl
      and ammonia nitrogen was determined. These results are summarized in the
      following table:
TBL  NITROGEN DISTRIBUTION IN PARTIALLY OXIDIZED SLUDGE LIQUORS, g/l           

            TOTAL       SOLUBLE                                                

     % Oxidation                                                               

            Kjeldahl-N                                                         

                   NH.sub.4 .sup.+-N                                           

                        Kjeldahl-N                                             

                               NH.sub.4 .sup.+-N                               

                                    Soluble BOD.sub.5                          

     __________________________________________________________________________

     13.8   1.15   0.62 1.04   0.59 11.900                                     

     35.6   1.14   0.83 1.00   0.77 10.240                                     

     66.1   1.07   0.88 0.98   0.84 7.200                                      

     81.4   1.09   1.05 1.02   0.99 6.150                                      

     __________________________________________________________________________

PAR  As the level of oxidation is increased the fraction of soluble nitrogen as
      ammonia nitrogen is increased. Stripping of the soluble ammonia nitrogen
      from the total oxidized liquor results in the following BOD:N ratios:
TBL  %       g/l Total Nitrogen Soluble   BOD:N                                

     Oxidation                                                                 

             Remaining After Stripping                                         

                                BOD g/l   Ratio                                

     ______________________________________                                    

     13.8    .56                11.90     21.20                                

     35.6    .37                10.24     27.70                                

     66.1    .23                7.20      31.30                                

     81.4    .10                6.15      61.5                                 

     ______________________________________                                    

PAR  A BOD.sub.5 :N ratio of approximately 20:1 would not significantly increase
      the leak through of ammonia or organic nitrogen to the effluent.
PAR  Removing the insoluble nitrogen from the supernatant liquor followed by
      ammonia stripping substantially increases the BOD:N ratio in the liquor as
      indicated in the following table:
TBL  %       Nitrogen Remaining                                                

                             Soluble                                           

     Oxidation                                                                 

             After Stripping g/l                                               

                             BOD g/l   BOD:N Ratio                             

     ______________________________________                                    

     13.8    .45             11.90     26.4                                    

     35.6    .23             10.24     44.5                                    

     66.1    .14             7.20      51.5                                    

     81.4    .03             6.15      205                                     

     ______________________________________                                    

PAR  Thus oxidation, solids removal and stripping greatly improve the BOD:N
      ratio making the supernatant ideally suited as a substitute for methanol
      in the denitrification step.
PAC  EXAMPLE II
PAR  The following example illustrates how cellulosic material may be processed
      to produce soluble BOD and improve the BOD:N ratio of processed sludge by
      adding the cellulosic material to the sludge prior to oxidation or by
      oxidizing it separately to produce a methanol substitute:
TBL  40 g/l     Oxidation Conditions                                           

                               Oxidation of Cellulose                          

     chromatographic       Time,   %                                           

     cellulose  Temp. .degree.C.                                               

                           min.    Oxidation                                   

                                           BOD, g/l                            

     ______________________________________                                    

              240       0      7.1       2.78                                  

              230      30      46.5      3.18                                  

              240      30      74.3      7.06                                  

     ______________________________________                                    

PAR  Since the cellulose contains little or no nitrogen the liquor makes an
      ideal substitute for methanol.
PAC  EXAMPLE III
PAR  The following example demonstrates how partially oxidized sludge can be
      stripped of ammonia nitrogen thereby improving the BOD:N ratio of the
      resulting liquor and making it suitable for use as a substitute for
      methanol in the denitrification step.
PAR  Settled supernatant from a partially oxidized mixed primary and activated
      sludge (15.9% oxidation at 175.degree.C. and 300 psig) was treated with
      8.0 g/l Ca(OH).sub.2 to adjust its pH to 12.0. The sample was aerated at
      room temperature for several hours resulting in the following:
TBL  Time   Total                                                              

     Hrs.   Nitrogen, g/l                                                      

                        NH.sub.3 -N, g/l                                       

                                   BOD.sub.5, g/l                              

                                            BOD:N                              

     ______________________________________                                    

     0      0.83        0.47       4.53      5.45                              

     1      0.46        0.15       4.53      9.85                              

     2      0.43        0.05       4.53     10.50                              

     3      0.45        0.05       4.53     10.01                              

     4      0.49        0.04       4.53      9.25                              

     5      0.50        0.04       4.53      9.05                              

     ______________________________________                                    

PAR  Thus the BOD:N ratio is improved from 5.45 to 9.05 by stripping the ammonia
      nitrogen from the liquor. The slurry after treatment had a pH of 12.0 and
      contained excess lime. This lime can be recycled to the nitrification step
      to provide alkalinity when needed. In the above treated sample the slurry
      after ammonia stripping was settled resulting in a slurry containing 3.77
      grams per liter of precipitated calcium carbonate and calcium hydroxide.
PAC  EXAMPLE IV
PAR  This example serves to illustrate how partially oxidized supernatant can be
      used in a nitrification/denitrification system as a suitable oxygen
      acceptor. A laboratory pilot plant biological
      nitrification/denitrification system was operated on primary effluent
      sewage from a municipality. Initial operation of the system utilized
      methanol as a hydrogen donor (oxygen acceptor) in the denitrification
      stip. After denitrification was established, supernatant from partially
      oxidized sludge was substituted for methanol with little or no change in
      the denitrification rate. At the end of the experiment the feed of
      supernatant was stopped and denitrification ceased indicating that the
      supernatant was a suitable substitute for methanol.
PAR  A raw sewage containing approximately 50 mg/l total nitrogen was treated in
      a two stage biological nitrification/denitrification system. Methanol was
      added to the denitrification step at the rate of 88 mg/l COD equivalent.
      Nitrate nitrogen was reduced from 16.9 mg/l to 3.2 mg/l across the
      denitrification system. Partially oxidized supernatant (derived from mixed
      primary and waste activated sludge oxidized at 200.degree.C. and 350 psig)
      from which the ammonia nitrogen had been previously stripped was
      substituted for the methanol. The resulting reduction in nitrate nitrogen
      from 15.4 mg/l to 2.4 mg/l was achieved. The following table summarizes
      the results:
TBL                     NO.sub.3 In                                            

                               NO.sub.3 Out                                    

     ______________________________________                                    

     Methanol at 88 mg/l  16.9     3.2                                         

     Methanol at 22 mg/l  15.4     2.4                                         

     Supernatant at 88 mg/l                                                    

     No methanol or supernatant                                                

                          15.8     13.5                                        

     ______________________________________                                    

PAR  Feed of both methanol and partially oxidized supernatant was ceased and
      denitrification was reduced. The example illustrates the usefulness of the
      supernatant as a methanol substitute.
PAC  EXAMPLE V
PAR  The following example will serve to illustrate how the above principles can
      be integrated into a conventional waste treatment system. For purposes of
      illustration it is assumed that 4 million liters of wastewater is to be
      treated and that preliminary treatment, primary sedimentation,
      nitrification and denitrification are included in the treatment steps.
PAR  Raw sewage is subjected to preliminary treatment consisting of screening
      and grit removal and passed through primary treatment. The performance is
      indicated in the following table:
TBL                   Primary                                                  

             Raw Sewage                                                        

                      Effluent   Primary Sludge                                

     Item      mg/l   kg/day  mg/l kg/day                                      

                                         g/l   kg/day                          

     ______________________________________                                    

     Sus. Solids                                                               

               200    757     100  379   40.0  379                             

     BOD       250    948     175  662   --    --                              

     TKN       25.0    95     21.0  79    1.68 15.9                            

     NH.sub.4.sup.+                                                            

               15.0    57     15.0  57   --    0                               

     NO.sub.3.sup.-                                                            

                0      0       0    0    0     0                               

     ______________________________________                                    

PAR  The primary effluent is treated in an activated sludge system in which the
      solids residence time is sufficient to maintain nitrifying bacteria in the
      system and to convert essentially all of the ammonia nitrogen in the
      system to nitrate nitrogen. The following summarizes the performance of
      the nitrifying system:
TBL                                 Nitrification                              

             Primary Effluent                                                  

                       Nitrification Effluent                                  

                                    Waste Sludge                               

     Item    mg/l  kg/day                                                      

                       mg/l     kg/day                                         

                                    g/l kg/day                                 

     __________________________________________________________________________

     Sus. Solids                                                               

             100   379 10      37.6 40.0                                       

                                        585                                    

     BOD     175   662 10   37.6                                               

                               --   --                                         

     TKN      21.0 79  2.0   7.6                                               

                               1.61 23.6                                       

     NH.sub.4 .sup.+-N                                                         

              15.0 57  1.0   3.8                                               

                               --   --                                         

     NO.sub.3 .sup.--N                                                         

              0    0    14.0                                                   

                            54.4                                               

                               --   --                                         

     __________________________________________________________________________

PAR  In the process of nitrification approximately 54.4 kg/day of nitrate
      nitrogen is produced. In order to maintain adequate pH in the
      nitrification step, the addition of alkalinity may be required.
PAR  The nitrified effluent is then treated in a biological denitrification step
      in which the nitrate nitrogen is reduced to elemental nitrogen and
      stripped off. The following illustrates typical performance of the
      denitrification step:
TBL          Nitrification                                                     

                      Denitrification                                          

                               Denitrification                                 

             Effluent Effluent Waste Sludge                                    

     Item    mg/l kg/day                                                       

                      mg/l kg/day                                              

                               g/l  kg/day                                     

     __________________________________________________________________________

     Sus. Solids                                                               

             10   37.6                                                         

                      5.0  19.1                                                

                               40   78.9                                       

     BOD     10   37.6                                                         

                      5.0  19.1                                                

                               --   --                                         

     TKN     2.0  7.6 2.0  7.6 1.5   2.9                                       

     NH.sub.4.sup.+                                                            

             1.0  3.8 1.0  3.8 --   --                                         

     NO.sub.3.sup.-                                                            

              14.0                                                             

                  54.4                                                         

                      0.5  1.9 --   --                                         

     __________________________________________________________________________

PAR  In the denitrification step approximately 53 kg/day of nitrogen is removed
      by reduction to elemental nitrogen. In conventional systems this will
      require approximately 2.1 kg of methanol (2.5 kg BOD equivalent) per
      kilogram of nitrogen for maintenance of nitrogen reduction at an adequate
      rate or a total methanol requirement of 237 kilograms (290 kg BOD
      equivalent per day).
PAR  The combined sludges can be characterized as follows:
TBL                  Nitri-  Denitri-                                          

             Primary fication                                                  

                             fication                                          

                                     Total                                     

     Item    mg/l                                                              

                 kg/day                                                        

                     mg/l                                                      

                         kg/day                                                

                             mg/l                                              

                                 kg/day                                        

                                     g/l kg/day                                

     __________________________________________________________________________

     Liters/day                                                                

             9,250   14,300  1,630   25,200                                    

     Sus. Solids                                                               

             40.0                                                              

                 379 40.0                                                      

                         585 40.0                                              

                                 66.2                                          

                                     40.0                                      

                                         1031                                  

     TKN     1.68                                                              

                 15.9                                                          

                     1.61                                                      

                         23.6                                                  

                              1.5                                              

                                  2.9                                          

                                     1.65                                      

                                         42.4                                  

     __________________________________________________________________________

PAL  The combined sludge from the sustem is subjected to partial wet air
      oxidation at 200.degree.C. and 350 psig, and sedimentation. The
      characteristics of the supernatant liquor before and after ammonia
      stripping are as follows:
TBL               Before Ammonia                                               

                               After Ammonia                                   

                  Stripping    Stripping                                       

     Liters/day   26,350                                                       

     Item         g/l      kg/day  g/l    kg/day                               

     ______________________________________                                    

     Soluble BOD.sub.5                                                         

                  5.0      126     5.0    126                                  

     TKN          1.59     40.1    .16    4.0                                  

     NH.sub.4 .sup.+-N                                                         

                  1.50     37.8    .07    1.8                                  

     ______________________________________                                    

PAR  The BOD:N ratio of the supernatant is 31.2 making it suitable material for
      a substitute for methanol in the denitrification step. Clarification of
      the stripped liquor results in an underflow containing as much as 710 mg/l
      CaCO.sub.3 equivalent in alkalinity which can be used to neutralize the
      acid formed in nitrification.
PAR  In the partial wet air oxidation process the extent of oxidation of the
      organic substances present can range from about 15 percent to about 95
      percent.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process of nitrogen removal from wastewater comprising:
PA1  a. mixing wastewater containing reduced nitrogenous compounds with active
      nitrifying organisms and an oxygen-containing gas for a sufficient length
      of time to convert substantially all of the nitrogenous material to the
      nitrate form and thereby produce a nitrified wastewater stream and
      accumulated biomass;
PA1  b. separating said nitrifying organisms and accumulated biomass from said
      nitrified wastewater stream, recycling the separated nitrifying organisms
      and accumulated biomass to the nitrification contacting step, and
      periodically or continuously removing a portion of the accumulated biomass
      from the nitrifying step;
PA1  c. contacting said nitrified wastewater stream with heterotrophic
      denitrifying organisms and an organic carbon source for a length of time
      sufficient to reduce the nitrate nitrogen to elemental nitrogen;
PA1  d. separating said denitrifying organisms and accumulated biomass from the
      denitrified wastewater stream, recycling the separated denitrifying
      organisms and accumulated biomass to the denitrification step, and
      periodically or continuously removing a portion of the accumulated biomass
      from the denitrifying step; and
PA1  e. removing a final effluent with nitrogen removed therefrom; the
      improvement which comprises heating the biomass removed from the
      nitrifying and denitrifying steps in the presence of an oxygen-containing
      gas at a temperature of 175.degree.C. to 315.degree.C. at an oxygen
      partial pressure of 5 to 250 psi to partially oxidize the biomass and
      convert substantially all of the organic nitrogen to ammonia nitrogen,
      separating the resulting oxidized mixture into a solid phase and a liquid
      phase, removing ammonia from the liquid phase and directing said liquid
      phase to the denitrifying contact step to provide a source of organic
      carbon for the denitrifying organisms.
NUM  2.
PAR  2. A process according to claim 1 in which the biomass to be subjected to
      partial oxidation is mixed with primary sludge from the sedimentation of
      raw sewage.
NUM  3.
PAR  3. A process according to claim 1 in which the biomass to be subjected to
      partial oxidation is mixed with finely ground waste material having a low
      nitrogen content thereby obtaining a liquid phase containing a higher
      carbon to nitrogen ratio than in the liquid phase obtained by oxidizing
      said biomass alone.
NUM  4.
PAR  4. A process according to claim 1 which comprises adding an alkaline
      substance to the liquid phase derived from the partial oxidation of
      biomass to raise the pH to at least 9.5, stripping ammonia from said
      liquid phase and directing said liquid phase stripped of ammonia to the
      denitrifying contact step.
NUM  5.
PAR  5. A process according to claim 4 in which the ammonia is stripped from the
      liquid phase by passing a non-condensible gas through the liquid phase,
      and the non-condensible gas then passed through an ammonia absorption
      vessel and recirculated through the liquid phase.
NUM  6.
PAR  6. A process according to claim 4 in which the alkaline material is sodium
      hydroxide.
NUM  7.
PAR  7. A process according to claim 4 in which the alkaline material is lime
      and a residue of a mixture of calcium carbonate and calcium hydroxide is
      produced.
NUM  8.
PAR  8. A process according to claim 7 wherein the residue of calcium carbonate
      and calcium hydroxide is transferred to step (a) of the process of claim
      1.
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ABST
PAL  Sewage sludge of a uniformly high solids content is pumped from a primary
      settling tank to a digester or thickener by an air operated spring
      assisted diaphragm pump.
BSUM
PAR  This invention is directed to a process for obtaining improved thickening
      of sewage sludge in primary settling tanks.
PAR  Sludge thickening is beneficial to many sewage treatment plant processes.
      Thus, with higher solids content, there are fewer gallons to pump in
      transferring the same quantities of suspended solids from the primary
      settling tank to the digester. In the digester, there is then less
      overflow liquid to handle and heat losses and pumping costs are reduced.
      Further, a smaller digester tank may be used. It is also true that
      dewatering filters (and centrifuges) operate more efficiently when fed by
      a sludge of higher consistency: less filter area is required; more
      capacity is obtained.
PAR  The parameters of pipe size of the sludge withdrawal piping, sludge
      velocity, required sludge consistency (% solids) and settling tank size
      limitations, restrict the ability of primary settling tanks to thicken
      sewage sludge. For example, employing standard piping and a minimum sludge
      velocity of 3 ft./sec., a third parameter (flow rate) is produced, as
      follows:
TBL  Pipe Diameter    Minimum Flow Rate                                        

     ______________________________________                                    

     4        inch        112 gal/minute                                       

     6        inch        264 gal/minute                                       

     8        inch        470 gal/minute                                       

     10       inch        735 gal/minute                                       

     ______________________________________                                    

       Continuous withdrawal of sludge at this velocity and these flow rates is
      feasible but only when pipe diameters, clarifier diameters and flow rates
      are as follows; assuming 900 gal/day/sq.ft. flow to the clarifier and an
      8% sludge:
TBL                              Clarifier Clari-                              

     Pipe    Sewage  Sludge      Area in   ifier                               

     Dia.    MGD     Flow Rate   1000 Sq.Ft.                                   

                                           Diameter                            

     ______________________________________                                    

     4 inch   89     112 gal/min.                                              

                                  99       355 ft.                             

     6 inch  210     264 gal/min.                                              

                                 233       516 ft.                             

     8 inch  273     470 gal/min.                                              

                                 303       622 ft.                             

     10 inch 584     735 gal/min.                                              

                                 648       910 ft.                             

     ______________________________________                                    

PAL  In interpreting the above results, it should be understood that, in the
      present state of the sewage treatment art, clarifiers generally do not
      exceed 400 feet in diameter. Rectangular clarifiers are generally limited
      to a separate sludge draw-off for a tank area no greater than 12,000
      square feet, which is about equal in area to a circular clarifier 124 feet
      in diameter. Employing pipe of smaller diameter would permit lower flow
      rates and smaller clarifiers, but use of such smaller pipes is contrary to
      standard practice since smaller pipes are considered vulnerable to
      plugging. Many state standards require a minimum of 6 inches or 8 inches
      diameters for primary sludge piping.
PAR  Typically, sludge accumulates (for each million gallons a day of sewage,
      MGD) at a rate equal to 2900 gallons of 5% sludge. At 8% consistency this
      is reduced to 1812 gallons of sludge. 1812 gallons per day is only 1.26
      gallons per minute on a continuous basis. At 900 gal/day/square foot (the
      overflow rate) 1 MGD requires 1110 square feet of clarifier area. It is
      not possible to satisfy all of the above parameters on a continuous basis.
PAR  The practical solution to this problem over the years has been to employ
      intermittent rather than continuous sludge pumping whereby the parameters
      are met by pumping the sludge perhaps every thirty minutes, or at longer
      intervals. The difficulty with this system is that the sludge becomes
      appreciably thinner the longer the pumping continues. In one instance, the
      sludge density drops from 8% to 6% during a pumping cycle of twenty
      minutes. In most less sophisticated systems, the drop is more severe.
PAR  Accordingly, there is a real need for a practical method of withdrawing
      sludge from primary settling tanks at a rate essentially matching the
      settling rate, which is not subject to the disadvantages noted above.
PAR  It is an object of this invention to provide an improved method for
      transferring sewage sludge from a settling tank to a thickener, digester
      or dewatering device.
PAR  It is a further object of this invention, in the treatment of sewage
      sludge, to transfer from a settling tank to a thickener or digester, a
      sludge having a relatively uniform high solids content.
DRWD
PAR  Other objects and advantages of this invention will in part be obvious and
      will in part appear hereinafter. For a better understanding of the nature
      and objects of the invention reference should be had to the following
      detailed description and drawing, in which:
PAR  FIG. 1 is a schematic view of apparatus arranged to carry out the process
      of the invention.
PAR  FIG. 2 is a view in section of a different form of settling tank which may
      be used in the process of the invention.
PAR  FIG. 3 is a view in section of an air-actuated spring assisted diaphragm
      pump suitable for use in the process of the invention.
PAR  Generally speaking, this invention is directed to a process for
      transferring sludge from a settling tank to a thickener or digester in
      pulses of relatively short duration. Each pulse involves the transfer of a
      relatively small volume of sludge at a rather high velocity.
DETD
PAR  More specifically, the present invention involves obtaining improved
      thickening of sewage sludge in a settling tank or clarifier by providing
      high velocity pulsed discharges of sludge from the settling tank wherein
      from 1 to about 20 pulses per minute and preferably, from 1 to 10 pulses
      per minute, are employed and each pulse has a duration of the order of 1/2
      to 1 second; peak sludge velocity being at least 2.5 ft./sec.
PAR  The pulsed type of discharge, where the pulses are of such short duration,
      is not suitable for centrifugal type pumps which are better operated on a
      continuous basis because the drive motor is soon severely damaged by such
      stop and start operation. The plunger type pump, which does have a pulsed
      type of discharge, nevertheless does not provide the relatively high
      velocity discharge required in this service. A pump having the necessary
      characteristics is the air-operated diaphragm pump with spring assist
      fully disclosed in my co-pending application Ser. No. 123,652 for
      "Improvements in Diaphragm Pumps and Actuating Systems Therefor", filed
      Mar. 12, 1971; now U.S. Pat. No. 3,816,034, issued May 22, 1973. The
      normal operation of this pump results in a pulsed discharge having a
      relatively high velocity. The number of pulses per unit of time may
      readily be regulated to meet the required volume of discharge.
PAR  Referring now to FIG. 1 of the drawing, a settling tank 10 is shown holding
      a body of sewage waste water 12. A feed conduit 14 is provided to the
      settling tank 10 and an overflow trough 15 is situated in the wall of the
      settling tank from which a relatively clear effluent is discharged through
      an outlet conduit 16. The bottom of the settling tank 10 is formed as a
      series of hoppers 17, 19, 21, 23 having sloping sides into which the
      sludge settles. Each of these hoppers is provided with a discharge conduit
      25, 27, 29, 31 at the lower end thereof. Pumps 35, 36, 37 and 38 are each
      located in one of the aforesaid discharge conduits to pump the sludge
      through digester feed conduits 41, 42, 43, 44 to the digester 50. The
      digester 50 is conventional having a cover 54, a gas discharge port 55 and
      an overflow trough from which a relatively clear effluent is discharged
      through conduit 59. A hopper-type bottom 61 is provided so that the thick
      sludge settles toward the lowest point of the hopper for discharge through
      the sludge outlet conduit 65. The sludge 52 in the digester 50 is heated
      by means of the heating coils 63 and may be mixed by the agitator 66.
PAR  The apparatus shown in FIG. 2 includes a settling tank or primary clarifier
      70, of rectangular configuration in plan, holding a body of waste water
      73. The settling tank 70 is provided with feed conduit 72, an overflow
      trough 74 and an outlet conduit 76. The bottom of the tank has a single
      hopper 77 at one end thereof to receive the sludge. A cross-collector 78
      is located in tank 70 to rake the sludge toward the hopper 77. Discharge
      conduit 79 is provided at the lower end of hopper 77 to conduct the sludge
      to the digester 90 under the influence of pump 80. The digester 90 is
      similar in all respects to the digester illustrated in FIG. 1.
PAR  In FIG. 3 an air-operated spring assist diaphragm pump 100 is illustrated
      having a pump body 120 within which there is a pump chamber 101 bisected
      by the flexible diaphragm 102. An air conduit 111 is provided having
      access to the pump chamber 101 for pressurizing the upper side of the
      diaphragm 102. The diaphragm 102 is secured at its center to the rod 104
      by the connecting members 103. The rod 104 extends out of the pump chamber
      101 into the spring tube 115 which is sealed to the pump body 120. The rod
      104 is encircled by a coil spring 106 which is positioned between the stop
      member 105 secured to the rod 104 and the pump body 120. A connecting
      conduit 107 has an inlet valve 108 and an outlet valve 109 positioned
      therein and is in communication with the pump chamber 101 at the lower
      side of the diaphragm 102. The operation of the diaphragm pump is readily
      understood from inspection of FIG. 3. With the pump chamber 101 filled
      with fluid and the diaphragm in a raised position, air under pressure is
      admitted into the upper portion of pump chamber 101 through air conduit
      111. An air pressure of 100 psi assures constant peak velocities on the
      discharge stroke. The air pressure forces the diaphragm 102 downward
      against the fluid in the lower portion of pump chamber 101 and this fluid
      flows into the connecting conduit 107. This flow closes valve 108 and
      opens valve 109 and the fluid is thus pumped to the right as seen in FIG.
      3. It will be noted that this pumping stroke carries rod 104 downwardly
      with the diaphragm and the stop member 105 on rod 104 compresses the
      spring 106 against the pump body 120. With the diaphragm at its lowest
      point of travel and the spring 106 fully compressed, the air pressure in
      the upper portion of pump chamber 101 is released through conduit 111 and
      the diaphragm 102 begins to move upwardly under the influence of spring
      106. The fluid in connecting conduit 107 flows into the pump chamber and
      valve 108 opens while valve 109 closes. This, then, is the suction stroke
      of the pump and fluid flows from the left as viewed in FIG. 3 into the
      lower portion of the pump chamber 101. Spring 106 assures rapid filling at
      good velocities.
PAR  At the beginning of the suction stroke, spring 106 is at its maximum
      compression and diaphragm 102 has the least amount of area in contact with
      the sludge. This creates a maximum pressure per unit area lifting force to
      be applied, greater than atmospheric pressure so that, neglecting minimal
      entrance losses, virtually the full effect of atmospheric pressure plus
      the static suction head force the sludge into the pump chamber.
PAR  Ideally, the sludge would be drawn out of the settling tank at the same
      rate that it accumulates with only the sludge from the bottom of the
      sludge blanket being pumped. When the parameters of minimum velocity, pipe
      diameter and draw-off rate equal to the accumulation are taken into
      consideration, it is found that these necessary conditions can be met only
      by intermittent pumping and the shorter the cycle, the less dilute the
      sludge becomes.
PAR  For the purpose of illustrating the advantages of the invention, the
      following Examples are offered:
PAC  EXAMPLE I
PAR  A conventional 300 ft. by 40 ft. rectangular primary settling tank with
      four sludge hoppers (see FIG. 1) produces 8 gallons of 8% sludge per
      hopper per minute. Four air-operated spring assist diaphragm pumps (see
      FIG. 3) operating with 100 psi air are employed. Each pump delivers 3.8
      gallons per stroke and executes 1 cycle per minute. Each stroke takes 11/2
       seconds, 3/4 second for suction and 3/4 second for discharge. Peak sludge
      velocity exceeded 2.5 ft./sec. The sludge consistency is stable in the
      range 7.5 - 8%.
PAC  EXAMPLE II
PAR  Conditions of Example I are repeated except that there is a cross-collector
      in the settling tank and only one hopper with a single air operated
      diaphragm pump of the type described above for pumping the sludge. The
      pump operates at four strokes per minute pumping 15 gallons per minute.
      With each stroke taking  11/2 seconds, the pump operates only 6 seconds
      out of each minute. Peak sludge velocity exceeded 2.5 ft./sec. Sludge
      consistency in this instance is stable in the range 7.5 - 8%.
PAR  The process of the invention is thus shown to be capable of delivering from
      a primary settling tank a sludge of consistently high solids content.
PAR  Although the present invention has been described in connection with
      preferred embodiments, it is to be understood that modifications may be
      resorted to without departing from the spirit and scope of the invention
      as those skilled in the art will readily understand. Such modifications
      and variations are considered to be within the purview and scope of the
      invention and appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for obtaining improved thickening of sewage sludge in a primary
      settling tank which comprises regular pulsed discharge of the thickened
      sludge from the primary settling tank, wherein from 1 to 20 discharge
      pulses per minute are employed, each pulse imparting to the sludge a peak
      velocity of at least 2.5 feet per second.
NUM  2.
PAR  2. The method of claim 1 wherein each pulse has a duration of from about
      1/2 to 1 second.
NUM  3.
PAR  3. The method of claim 1 wherein each pulse has a duration of about 3/4 of
      a second.
NUM  4.
PAR  4. The method of claim 1 wherein from 1 to 10 discharge pulses per minute
      are employed.
NUM  5.
PAR  5. The method of claim 4 wherein each pulse has a duration of from about
      1/2 to 1 second.
NUM  6.
PAR  6. The method of claim 4 wherein each pulse has a duration of about 3/4 of
      a second.
NUM  7.
PAR  7. A system for obtaining improved thickening of sewage sludge comprising a
      primary settling tank and a digester or thickener, an air operated spring
      assisted diaphragm pump located in the discharge conduit connecting said
      settling tank to said digester or thickener, said pump providing pulsed
      discharge of said sludge, each discharge pulse having a time duration of
      from 1/2 to 1 second and imparting a peak velocity to the sludge of at
      least 2.5 feet per second.
NUM  8.
PAR  8. The system of claim 7 wherein from 1 to 20 pulses per minute are
      provided by said pump and each pulse has a time duration of about 3/4 of a
      second.
NUM  9.
PAR  9. The system of claim 8 wherein from 1 to 10 pulses per minute are
      provided by said pump.
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ABST
PAL  Insoluble gases, liquid and solid materials present as the disperse phase
      in a heterogeneous dispersion are removed by contacting such dispersion
      with one side of a membrane in which the disperse phase is soluble and on
      which the disperse phase coalesces and contacting the other side of the
      membrane with a material which does not permeate or react with the
      membrane but which reacts with the disperse phase passing through the
      membrane. The reaction product is such that it does not permeate the
      membrane. In this manner the driving force for passage through the
      membrane by the disperse phase is maximized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Dialysis, i.e. the separation of materials based on differences in chemical
      potential through contact with a membrane, has been used to remove
      dissolved inorganic or organic materials from liquid or gaseous solutions,
      e.g. the artificial kidney machine. The dissolved materials which pass
      through the membrane are swept away or otherwise removed from the
      proximity of the membrane to maintain as high a driving force as possible.
      However, because of relatively low permeation rates through the membrane,
      such dialysis processes require a large membrane surface area and/or long
      contact time to permit effective separation to take place and a large
      volume of sweep fluid resulting in a relatively dilute sweep stream.
PAR  In many instances it would be desirable to separate out the disperse phase
      in a heterogeneous dispersion such as chemical waste streams (e.g.
      polysubstituted phenolics in an aqueous dispersion) or stack gases. Phase
      separation has been used but is limited by the ability to detect the
      interface. Filtration, or even ultrafiltration, has been used in some
      cases but is limited to relatively large particle size dispersions.
PAR  An object of the present invention is to provide a method for removing a
      disperse phase from a heterogeneous dispersion.
PAR  A further object of the present invention is to provide a method for
      removing a disperse phase from an aqueous dispersion.
PAR  Still another object of the present invention is to provide a method of
      removing a disperse phase from a heterogeneous dispersion wherein the
      disperse phase so separated is concentrated, recovered and/or converted to
      a useful material.
PAR  Another object of the present invention is to provide a method of removing
      and recovering polysubstituted phenolics from aqueous waste streams.
PAC  SUMMARY OF THE INVENTION
PAR  The present method comprises contacting a heterogeneous dispersion with one
      side of a membrane in which the disperse phase is soluble and on which the
      disperse phase coalesces and contacting the other side of the membrane
      with a material which does not permeate or react with the membrane but
      which reacts with the disperse phase passing through the membrane to form
      a product which is essentially insoluble in the membrane.
PAR  A primary factor in this selective dialysis process is the relationship of
      the disperse phase desired to be separated and the membrane in contact
      with the dispersion. The membrane material must be such that the disperse
      phase forms a thin film or layer on the surface, i.e. coalesces or
      produces a concentration of the disperse phase at the membrane surface
      which is greater than that in the bulk dispersion. Thus the disperse phase
      can be soluble in the bulk medium and yet coalesce in the sense that upon
      contact with the membrane a higher concentration at the membrane surface
      exists than in the bulk medium. The disperse phase must have a limited
      solubility in the membrane.
PAR  As the disperse phase passes through the membrane it is reacted with a
      material to form a product which will not pass back through the membrane.
PAR  Thus the present method maximizes the driving force and concentration
      gradient for the dialysis separation -- a layer of disperse phase on one
      side of the membrane and essentially no unreacted disperse phase on the
      other side. Such method results in relatively fast permeation rates
      permitting use of small surface area membranes and/or shorter contact
      times.
DETD
PAC  PARTICULAR EMBODIMENTS
PAR  The media (material containing the disperse phase) employed in the present
      invention can be in the gaseous or liquid state and contain one or more
      disperse phases which are gaseous, liquid or solid. Examples of disperse
      phases and the media in which they are dispersed include
      dinitro-orthosecondary-butyl-phenol (solid or liquid), trichlorophenol
      (solid or liquid), dichlorophenol (vapor), or pentachlorophenol (solid) in
      water, aqueous waste streams, brines or acids such as 2,4,5
      trichloro-phenoxy acetic acid.
PAR  The membrane used in the present technique is made from materials generally
      employed in dialysis process. Membrane materials include polyethylene,
      chlorinated or sulfonated polyethylene, silicone polymers and
      fluorocarbons.
PAR  The membrane can be in the form of a thin plate or sheet or various other
      shapes and sizes, or preferably a fine hollow fiber form which has a large
      surface area per unit volume. Where the hollow fiber form is employed the
      dispersion can be fed into or around the outside of the fiber.
PAR  Standard tests, such as those carried out in the examples herein, can be
      employed to determine the optimum membrane material for the disperse phase
      desired to be removed.
PAR  The material, gaseous, liquid or solid in form, used to react with the
      disperse phase passing through the membrane is one which produces a phase
      which is essentially insoluble in the membrane. This prevents a back
      pressure of the disperse phase on the membrane. Such reaction product
      could be recovered and used or treated to regenerate the disperse phase
      and reactant. For example, sodium hydroxide (in solid form or aqueous
      solution), sodium methoxide or alkanol amines can be used to react with
      dinitro-orthosecondary butyl-phenol, trichlorophenol, dichlorophenol and
      pentachlorophenol to produce the sodium salt, alkanolamine, or methyl
      ester of the substituted phenols. Other reactants include methyl through
      nonyl alkyls and phenyl and biphenyl aryls.
PAR  One preferred embodiment of the present method is the treatment of a
      continuous stream of a dispersion using a membrane, e.g. polyethylene in
      the form of a tube sheet of fine hollow fibers encased in a container. The
      dispersion, e.g. an aqueous waste stream containing polysubstituted
      phenols, such as bromo, nitro, amino, sulfo or chlorophenols, is fed into
      one end of the container, passed around the outside of the fibers, and
      removed from the other end of the container. A reactant for the phenols,
      e.g. NaOH solution, is fed into the hollow fine fibers. The substituted
      phenols coalesce on the fiber outside surface, and being soluble pass
      through the fiber to react with the sodium hydroxide to concentrate sodium
      phenate salts which are insoluble in the membrane. The product is swept
      out of the system as the NaOH stream is removed from the fiber tube sheet.
PAR  Where there is more than one disperse phase to be separated the present
      method can be repeated thereby removing first one and then another
      disperse phase using the same or different reactants and membranes.
PAR  The following examples are representative of the method of the present
      invention.
PAR  An experimental apparatus was set up wherein a beaker containing the media
      with the disperse phase was placed on a magnetic stirrer. Into the top of
      the beaker was placed a bag made of membrane material which was suspended
      from a ring stand and contained the reactant. Several heterogeneous
      dispersions were tested using this apparatus. The membrane bag containing
      the reactant was placed in the heterogeneous dispersion for selected
      periods of time. The starting concentration in the heterogeneous
      dispersion was noted and the rate of diffusion through the membrane
      measured by observing the disappearance of the disperse phase from the
      dispersion and its appearance in the reactant. Table I gives the results
      of these experiments.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                        Contact       Rate -- .mu.g/in.sup.2   

     Example No.                                                               

             Media  Disperse Phase                                             

                               Membrane Time -- Min                            

                                               Reactant                        

                                                      min                      

     __________________________________________________________________________

     1 A     waste stream                                                      

                    DNOSBP (1200 mg/l)                                         

                               PE* with  30    1N NaOH                         

                                                      30.75                    

                                2% VA**                                        

     1 B                                180    1N NaOH                         

                                                      48.8                     

     1 C                                1380   50% NaOH                        

                                                      11.5                     

     2       water  TCP (1000 mg/l)                                            

                               PE with 2% VA                                   

                                        240    10% NaOH                        

                                                      41.6                     

     3       water  dichlorophenol                                             

                               PE with 2% VA                                   

                                        1440   10% NaOH                        

                                                      2.6                      

                     (367 mg/l)                                                

     4 A     water  pentachlorophenol                                          

                               PE with 2% VA                                   

                                        380    10% NaOH                        

                                                      2.54                     

                     (100 mg/l)                                                

     4 B                                385           2.56                     

     4 C            pentachlorophenol   625           3.17                     

                     (200 mg/l)                                                

     5       waste stream                                                      

                    DNOSBP (2500 mg/l)                                         

                               PE with 2% VA                                   

                                        2880   alkanolamine                    

                                                      162                      

     6       waste stream                                                      

                    DNOSBP (2100 mg/l)                                         

                               PE with 2% VA                                   

                                        4320   10% NaOH                        

                                                      1.49                     

     __________________________________________________________________________

      *Polyethylene                                                            

      **Vinyl acetate                                                          

      DNOSBP = dinitro-ortho secondary-butyl-phenol                            

      TCP  = trichlorophenol                                                   

PAR  Several other experiments were run in which the membrane bag contained the
      heterogeneous dispersion and the beaker contained the reactant.
PAR  Table II indicates the results of these experiments.
TBL                                    TABLE II                                

     __________________________________________________________________________

                                        Contact      Rate -- .mu.g/in.sup.2    

     Example No.                                                               

             Media  Disperse Phase                                             

                               Membrane Time   Reactant                        

                                                     min                       

     __________________________________________________________________________

     7       waste stream                                                      

                    DNOSBP (1500 mg/l)                                         

                               PE with 2% VA                                   

                                        2880   10% NaOH                        

                                                     9.0                       

     8 A     waste stream                                                      

                    DNOSBP (14200 mg/l)                                        

                               PE with 2% VA                                   

                                        1440   10% NaOH                        

                                                     9.65                      

     8 B                                 240   10% NaOH                        

                                                     28.6                      

     8 C                                1020         11.4                      

     __________________________________________________________________________

PAR  A third experimental apparatus was used to demonstrate the method of the
      present invention. A bundle of fine hollow fibers of a membrane material
      was enclosed in a tube having feed and outlet ends. The heterogeneous
      dispersion was fed on the outside of the fibers. The reactant was fed
      through the inside of the fibers. Table III shows the results of some
      experiments run using this apparatus.
TBL                                    TABLE III                               

     __________________________________________________________________________

                                         Contact      Rate -- .mu.g/in.sup.2   

     Example No.                                                               

             Media  Disperse Phase                                             

                                Membrane Time -- Min                           

                                                Reactant                       

                                                      min                      

     __________________________________________________________________________

     9 A     water  DNOSBP (25 mg/l)                                           

                                polyethylene                                   

                                         120    10% NaOH                       

                                                      15.3                     

     9 B            DNOSBP (22.7 mg/l)    60          14.6                     

     10      water  DNOSBP (100 mg/l)                                          

                                polyethylene                                   

                                          20    10% NaOH                       

                                                      19.7                     

                                 with 2% VA                                    

     11 A    waste stream                                                      

                    DNOSBP (1910 mg/l)                                         

                                polyethylene                                   

                                         100    10% NaOH                       

                                                      40                       

                                 with 2% VA                                    

     11 B                                 10    10% NaOH                       

                                                      40                       

     12 A    waste stream                                                      

                    SNOSBP* (5000 mg/l)                                        

                                sulfonated                                     

                                         750    1N NaOH                        

                                                      14.6                     

                    DNOSBP (25,000 mg/l)                                       

                                 polyethylene         0.005                    

     12 B           SNOSBP (2 mg/l)                                            

                                sulfonated                                     

                                         750    1N NaOH                        

                                                      4.6                      

                    DNOSBP (13.6 mg/l)                                         

                                 polyethylene         0.005                    

     __________________________________________________________________________

      *sulfonitro-orthosecondary-butyl phenol                                  

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process comprising:
PA1  a. contacting a heterogeneous dispersion in which the disperse phase is a
      polysubstituted phenolic compound with one side of a membrane in which the
      disperse phase is soluble and on which the disperse phase coalesces; and
PA1  b. contacting the opposite side of the membrane with a membrane insoluble
      reactant for the disperse phase whereby the disperse phase is reacted to
      produce a material which is essentially insoluble in the membrane without
      the build-up of a back pressure against said opposite side of said
      membrane.
NUM  2.
PAR  2. The process of claim 1 wherein the polysubstituted phenolic compound is
      dinitro-orthosecondary-butyl-phenol.
NUM  3.
PAR  3. The process of claim 2 wherein the reactant is sodium hydroxide.
NUM  4.
PAR  4. A process for removing one or more polysubstituted phenolics from an
      aqueous waste stream, wherein the phenolics are present in amounts greater
      than their solubility limit, which comprises:
PA1  a. feeding said stream past a membrane in which the phenolics are soluble
      and on which the phenolics coalesce, thereby passing said phenolics
      through said membrane; and
PA1  b. feeding on the opposite side of the membrane a reactant whereby the
      phenolics passing through the membrane are reacted to produce a material
      which is essentially insoluble in the membrane.
NUM  5.
PAR  5. The process of claim 4 wherein the reactant is sodium hydroxide.
NUM  6.
PAR  6. The process of claim 4 wherein the polysubstituted phenolics are
      selected from the group consisting of bromo, nitro, amino, sulfo or
      chlorophenols.
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ABST
PAL  A method for removing antimicrobials such as pentachlorophenol from waste
      water by liquid-liquid extraction with a water immiscible organic liquid
      in a packed column; recovering the antimicrobial from the organic phase by
      distillation if desired; and, treating of the aqueous phase to remove
      residual antimicrobial and organic liquid. The process of the present
      invention recovers about 99 percent of the antimicrobial pentachlorophenol
      in the waste water producing a waste water containing less than 30 ppm
      pentachlorophenol and less than about 2 percent organic liquid, both of
      which may be removed by conventional carbon absorption or soil percolation
      to acceptable ecological levels for introduction into a stream or reuse as
      process water.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of pentachlorophenol and other anitmicrobial agents to treat wood
      and using steam to remove impregnating solvents or using water as the
      carrier has resulted in aqueous waste water containing the
      pentachlorophenol and antimicrobials. It is necessary to recover the major
      portion of the antimicrobial for economic reasons and now necessary to
      recover the remainder because of ecological reasons. The removal of the
      pentachlorophenol residue and other antimicrobials in the treating water
      permits discharge of the water into streams without detrimental effect to
      the environment. However, more advantageously it permits reuse of the
      waste in chemical processing, removing any ecological problems and
      producing an economy in water usage permitting plant site locations off
      riparian ways.
PAR  These and other objects will become apparent to those skilled in the art to
      which the present invention pertains from the following description.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  The FIGURE shows the preferred embodiment of the invention.
DETD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention a waste water containing an
      antimicrobial, as for example a waste steaming water from a methylene
      chloride-pentachlorophenol wood impregnation process, can be treated in a
      liquid-extraction column by passing the waste water upwardly through a
      packed column while passing in a counter current manner a water immiscible
      organic liquid in which pentachlorophenol is soluble. The overhead from
      the column is water with less than 30 ppm pentachlorophenol and less than
      about 2 percent organic extractant. The extractant can be removed by
      distillation or both the organic extractant and pentachlorophenol can be
      removed by carbon adsorption or soil percolation, water of high purity can
      be obtained. Likewise since the organic liquid will boil below the
      pentachlorophenol, the organic extractant can be removed readily by
      distillation or merely concentrated if it is the organic carrier for the
      pentachlorophenol or other antimicrobial agent as is the case, for
      example, in the wood treating process.
PAR  Good results have been obtained when the organic extractant is methylene
      chloride and is used in a ratio of about 1/30 to 1/10 the amount of water
      to be treated. Further, since methylene chloride boils from 37.degree.C.
      when slightly wet to 40.degree.C. when dry, it is advantageous to
      introduce the waste water at a temperature above the boiling point of the
      extractant and employ pressure to maintain the organic extractant in the
      liquid phase during extraction. This permits flash evaporation of the
      organic liquid from the purified water as well as recovery of solvent
      extractant from the pentachlorophenol or other antimicrobial by simple
      flash evaporation.
PAR  It is of course to be understood that while antimicrobials are described
      above, and pentachlorophenol in particular, other water insoluble organic
      materials such as petroleum oils may be removed from water by this
      technique.
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  In accordance with the present invention a waste water from a
      pentachlorophenol-methylene chloride wood treating process containing 0.02
      pounds of pentachlorophenol per ten (10) pounds of water was contacted in
      a counter current packed column at a rate about 0.4 gallons per minute per
      sq. ft. with one half pound of methylene chloride containing 0.001 pound
      of water. The waste water was flowed upwardly and the methylene chloride
      flowed downwardly. The temperature of the incoming streams and liquids in
      the contacting column were about 20.degree.C. An overhead was taken from
      the column above the methylene chloride inlet. This overhead contained 0.2
      pound methylene chloride, ten (10) pounds water and 15 ppm
      pentachlorophenol. A bottom stream taken from the tower below the waste
      water inlet had a composition: 0.3 pound methylene chloride, 0.0006 pound
      water and 0.02 pound pentachlorophenol. The overhead, water containing 0.2
      pound of methylene chloride and 15 ppm pentachlorophenol was heated and
      the methylene chloride flashed-off. The vapors were condensed, sent to a
      water separator and 0.15 pounds of methylene chloride were recovered. The
      water from the flash evaporator was employed as steaming water in a
      methylene chloride-pentachlorophenol wood impregnating process after
      suitable treatment to adjust the PH. The water had 15 ppm
      pentachlorophenol and a trace of methylene chloride. If the water was not
      to be reused it could be cleaned-up of both pentachlorophenol and the
      trace of methylene chloride by passing it through a carbon adsorption
      column, by soil percolation or by biodegradation in ponds. The methylene
      chloride from the bottom of the column and that from the water separator,
      a total of 0.4506 pound (90%) and the pentachlorophenol dissolved therein
      (0.02- 0.00015) 99% are available for use in the wood treating process or
      can be separated by simple distillation.
PAR  The present invention may be operated under superatmospheric pressures and
      temperatures upwards of 200.degree.F, particularly when the waste water is
      of these higher temperatures as it comes from the primary process. Such
      temperatures with appropriate pressures enable flash distillations to be
      accomplished without heating as employed in the example.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for recovering pentachlorophenol from water which comprises:
PA1  a. contacting in a zone the water containing pentachlorophenol in a
      countercurrent manner with methylene chloride to produce an aqueous phase
      and a methylene chloride phase;
PA1  b. withdrawing the aqueous phase from the top of said contacting zone;
PA1  c. withdrawing said methylene chloride phase from the bottom of said
      contacting zone;
PA1  d. heating the withdrawn aqueous phase to distill the methylene chloride
      from the phase;
PA1  e. discarding the residue of said distillation;
PA1  f. condensing the methylene chloride and water vapors from said
      distillation;
PA1  g. separating the condensed methylene chloride from said condensed water by
      decantation;
PA1  h. mixing the methylene chloride so separated with the withdrawn methylene
      chloride phase from the contacting zone;
PA1  said contacting zone being packed to increase the contact of the methylene
      chloride and the water phases;
PA1  said methylene chloride being employed in an amount sufficient to (1)
      dissolve the pentachlorophenol in the water entering the zone and (2) in
      an amount in excess of that necessary to saturate the aqueous phase in
      order to insure phase separation of the water and methylene chloride.
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ABST
PAL  A process for removal of heavy metals from solutions or gaseous mixtures is
      disclosed, wherein the solutions or gaseous mixtures are contacted with a
      suitable sulphur-containing reagent consisting of:
PA1  A. reduced keratin,
PA1  B. Bunte salts of keratin,
PA1  C. natural or synthetic polyamides at least part of whose amide groups has
      been replaced by thio-amide groups, whereupon the loaded reagent is
      separated off.
PAL  The process is suitable for the purification of waste water, whose
      discharge on the surface waters is objectionable.
BSUM
PAR  The invention relates to a process for removing heavy metals from solutions
      or gaseous mixtures by contacting these solutions or mixtures with a
      suitable, sulphur-containing reagent, whereupon the loaded reagent is
      separated off. The term `solutions or gaseous mixtures` here also
      comprises suspensions, emulsions and other dispersions.
PAR  Effective removal of heavy metals from solutions sometimes offers problems.
      Often, the use of strongly acid or strongly basic ion exchangers will not
      suffice, because these not only have an affinity towards the ionic,
      heavy-metal compounds to be removed, but also towards a few other ionic
      compounds occurring in the solution. Also adsorption of the heavy metals
      to active carbon or silica yields poor results. The resin known from the
      German Patent application No. 2,128,892, obtained by condensation of an
      aldehyde with thiourea, thiosemicarbazide or thiocarbazide, is expensive
      in use. From the German Patent application No. 2,027,276 it is known that
      copolymers of cellulose or of synthetic polymers and polyacrylic acid
      thioamide may be applied for removing mercury ions and ions of precious
      metals from an aqueous solution. Other important metals, like copper,
      nickel and cobalt, are not bound by this copolymer, which limits the field
      of application.
PAR  The object of the invention is to provide a process for removing heavy
      metals from aqueous solutions or gaseous mixtures in which the
      above-mentioned objections are avoided.
PAR  According to the invention these metals are removed by binding them to a
      sulphur-containing reagent, in which as reagent a treated natural or
      synthetic polyamide is applied. The invention, therefore, relates to a
      process for removing heavy metals from solutions or gaseous mixtures by
      contacting these solutions or mixtures with a suitable sulphur-containing
      reagent, whereupon the loaded reagent is separted off, the process being
      characterized in that the metals are bound to a treated natural or
      synthetic polyamide in the form of:
PA1  A. reduced keratin;
PA1  B. Bunte salts of keratin;
PA1  C. natural or synthetic polyamides at least part of whose amide groups has
      been replaced by thio-amide groups.
PAR  The reduced keratin to be used in the process according to the invention
      can be prepared by reducing wool in a known way (see, for instance, Austr.
      J. Biol. Sci., 21 (1968), 805) with a suitable agent, for instance a
      tertiary phosphine, like tri-n-butylphosphine, or a thiol, such as
      thioglycolic acid, 2-mercaptoethanol or toluene-.omega.-thiol. Cheap kinds
      of wool, for instance belly wool, are well useable. Also recovered, old
      wool is applicable. These are cheap materials which, after reduction, have
      a large adsorption capacity for the heavy metals. Besides from wool, the
      adsorbent can also be obtained from other material consisting wholly or
      partly of keratin, like hair, horn, such as neat's horn, skin or fowl's
      feathers. Especially chicken-feathers, of which large quantities are being
      produced and for which insufficient possibilities of application are
      known, are attractive on the basis of economic considerations. Reduced
      keratin is also understood to mean reduced, modified keratin and similar
      materials, for instance reduced carboxymethylkeratin.
PAR  It is possible for the reduction to be carried out in such a manner that
      the fibre-structure of the wool is preserved. This is of advantage to the
      application of the process according to the invention, since a strong
      permeable keratin bed can then be formed through which the solution to be
      treated can be passed well. Tri-n-butylphosphine and toluene-.omega.-thiol
      are suitable reduction agents in case one wants to retain the structure of
      the wool. Also, the solution to be treated may be mixed with the reduced
      keratin, by stirring. It may prove necessary for the material which
      contains the natural keratin to be degreased prior to being subjected to
      the reduction.
PAR  It is also possible to convert the keratin into so-called Bunte salts.
PAR  To this end, in an aqueous medium and with the aid of sulphite ions the
      keratin is split up and converted into Bunte salts, in which an oxidant is
      employed to cause the reaction to run to completion.
PAR  The reaction is a process known by itself, see Clarke, H. T., J. Biol.
      Chem. 97, 235 (1932), but it has not yet been applied, starting from
      keratin, for binding heavy metals from solutions or gaseous mixtures. The
      reaction is based on the equation:
EQU  R--S--S--R + SO.sub.3.sup.2.sup.- .revreaction. R--S--SO.sub.3.sup.- +
      R--S.sup.-                                                ( 1)
PAL  Complete conversion of the disulphide into the corresponding Bunte salts is
      possible if the thiolate formed intermediately is ever again converted
      into disulphide by oxidation according to the equation:
EQU  2 R--S.sup.- .fwdarw. 2- + R--S--S--R                      (2)
PAL  The disulphide now formed is again capable of reacting with sulphite ions.
PAR  As an oxidant use may be made of oxygen, for instance atmospheric oxygen,
      but also other suitable oxidants not containing any heavy metals, like a
      tetrathionate, for instance sodium tetrathionate, may be applied. For
      sulphite, any sulphite of alkali metals or alkali-earth metals may be
      used.
PAR  An attendant but important advantage of the Bunte salts of keratin compared
      with the reduced keratin is that the Bunte salts react more rapidly.
PAR  The reaction with sulphite ions may be carried out with any kind of
      keratin, for instance cheap kinds of wool, like belly wool. Also
      recovered, old wool is applicable. These are cheap materials which, after
      treatment, have the desired adsorption capacity for the heavy metals. It
      is possible for the treatment to be carried out in such a manner that the
      fibre-structure of wool is preserved. This is of advantage to the
      application of the process according to the invention, since a strong
      permeable keratin bed can then be formed through which the solution to be
      treated can be passed well. The solution to be treated can also be mixed
      with the treated keratin in a finely divided state, by stirring. It may
      prove necessary for the material which contains the natural keratin to be
      degreased first prior to treatment.
PAR  Besides from wool, the adsorbent can also be obtained from other material
      consisting wholly or partly of keratin, like hair, horn, such as neat's
      horn, skin, or fowl's feathers. Especially chicken-feathers, preferably in
      a ground state, large quantities of which are being produced, are
      attractive on the basis of economic considerations.
PAR  It is noted that the binding of silver ions by means of wool is mentioned
      in a publication by Simpson, W. S., and Mason, P. C. R., Textile Res.
      Journ., 1969, pages 434-441. On page 440 reduction of wool followed by
      acetylation is mentioned, but with a negative result in relation to
      adsorption of the tested metal ions. In the German Patent Specifications
      Nos. 578,828, 588,710 and 662,647 mention is made of compounds of keratin
      derivatives and heavy metals. Said compounds are prepared for
      pharmaceutical purposes and are made to precipitate out of a solution. The
      processes are not suitable for removing heavy metals from solutions or
      gaseous mixtures on an industrial scale.
PAR  Suitable sulphur-containing reagents for binding heavy metals are also
      polyamides of which at least part of the amide groups has been replaced by
      thioamide groups.
PAR  The polyamides containing thioamide groups may be obtained by reaction of
      natural or synthetic polyamides with phosphorus pentasulphide. Suitable
      synthetic polyamides which may be started from are: polybutyrolactam
      (Nylon 4), polycaprolactam (Nylon 6), polyoenantholactam (Nylon 7),
      polyundecalactam (Nylon 11), polylaurinolactam (Nylon 12),
      polyhexamethylene-diamine-adipate (Nylon 66) and copolymers based on the
      monomers of said polyamides. Natural polyamides which may be started from
      are the albumin-like substances. Highly suitable are the
      keratin-containing materials feathers, horn, outer skin, hair and wool.
PAR  The polyamides part of whose amide groups has been replaced by thioamide
      groups are new substances. Starting from polycaprolactam a compound is
      obtained having the structure:
      ##EQU1##
      where m and n represent arbitrary numbers. Starting from polyamides other
      than polycaprolactam products are obtained in which, in a similar way,
      part of the amide groups has been replaced by thioamide groups. For the
      process according to the invention it is not objectionable if all amide
      groups of the polyamides have been replaced by thioamide groups.
PAR  For preparation of the reagent the more or less finely divided polyamide
      can, in any suitable non-aqueous solvent for the phosphorus pentasulphide,
      like xylene or carbon disulphide, be made to react therewith at an
      elevated temperature. The reaction temperature is dependent on the boiling
      point of the solvent, unless an elevated pressure is worked at. The
      reaction time is set in dependence on the amount of sulphur to be taken up
      and on the nature of the polyamide. A cheap starting material for carrying
      out the process according to the invention can be obtained by reacting the
      waste of polyamide-processing industries or fowl's feathers in finely
      divided state with the phosphorus pentasulphide.
PAR  The process according to the invention is highly suitable for binding heavy
      metals to the sulphur-containing reagent; notably antimony, arsenic,
      cadmium, chromium, germanium, gallium, gold, cobalt, copper, mercury,
      lead, manganese, molybdenum, nickel, palladium, platinum, radium, rhenium,
      rhodium, rubidium, thallium, thorium, tin, vanadium, tungsten, iron,
      silver, zinc, metals from the group of the rare earths and actinides,
      particularly cerium, europium and urane, can be suitably removed from a
      solution in this way. The optimum pH value for application of the process
      depends on the metal to be bound; in general, there is no objection
      against starting from an acid solution.
PAR  With application of the process according to the invention heavy-metal
      end-concentrations in solutions of less than 0.01 part by weight per
      million are attainable. This means that waste water which contains heavy
      metals and, hence, whose discharge on the surface waters is objectionable,
      like waste water from electroplating plants, from photodeveloping
      installations or from installations for electrolysis, can be converted
      through treatment with the sulphur-containing reagent into water which may
      be discharged without there being any objections in relation to
      environmental hygiene. Also surface water which is used for the supply of
      drinking water can be treated according to the present process.
PAR  It is also possible to bind vapours of heavy metals, for instance mercury
      vapour, from gaseous mixtures to the sulphur-containing reagent. In that
      case it is favourable if these compounds are somewhat moist.
PAR  By elutriation the metal may be recovered from the reagent which is loaded
      with heavy metal, although, in view of the cheapness of the material, it
      may certainly be warranted to destroy this, for instance through burning
      after drying, and to recover the metal from the residue in a known way. In
      case, for instance, mercury has been bound the metal may also be recovered
      from the combustion gases.
DETD
PAR  The invention will be elucidated with the aid of the following examples of
      realization, however without being limited thereto.
PAC  EXAMPLE I
PAR  50 g of wool were shaken for 3 days, at 20.degree.C, with 12.5 g of
      tri-n-butylphosphine and 5 liters of 20 % by weight of n-propanol in
      water. The resulting reduced wool was washed with dilute acetic acid (10 %
      by weight), and dried at 45.degree.C.
PAR  Part of the dry, reduced wool obtained was added to a glass 1.5 cm dia
      column, the bed height being 10 cm. 1 liter of the solution was led
      through the bed, which solution contained 3 parts by weight per million of
      mercury(II)-nitrate in water. Mercury could no longer be demonstrated to
      be present in the effluent (detection limit 0.01 part per million).
PAR  In a similar way, the metals could be removed from dilute aqueous solutions
      of, amongst others, copper(II)sulphate, lead(II)nitrate, silver(I)nitrate
      and gold(III)chloride.
PAR  The drying of the reduced keratin is not essential to the application
      envisaged.
PAC  EXAMPLE II
PAR  10 g of wool were added to an aqueous solution of 350 ml of 0.05 M sodium
      acetate and 250 ml of dioxane. Subsequently, 21.3 g of sodium sulphite in
      100 ml of water were added, whose pH value had been brought at 7.5, and 4
      g of sodium tetrathionate in 100 ml of water, whose pH value had also been
      brought at 7.5. The mass was then stirred for 12 hours. Next, the treated
      wool was separated from the liquid, washed with water and then washed with
      ethanol.
PAR  Part of the resulting dry, treated wool was added to a glass 1.5 cm dia
      column, the bed height being 10 cm. 1 liter of a solution was led through
      the bed, which solution contained 3 parts by weight per million of
      mercury(II)-nitrate in water. Mercury could no longer be demonstrated to
      be present in the effluent (detection limit 0.01 part per million).
PAR  In a similar way, the metals could be removed from dilute aqueous solutions
      of, amongst others, cobalt(II)sulphate, gold(III)chloride,
      copper(II)sulphate, lead(II)nitrate, nickel(II)sulphate and
      silver(I)nitrate.
PAR  The same results were obtained when starting from ground chicken-feathers.
PAC  EXAMPLE III
PAR  A 10 cm high bed of finely divided material was inserted in a glass 1.5 cm
      dia column, which material had been obtained by treating 50-denier
      polycaprolactam fibres with a solution of phosphorus pentasulphide in
      xylene at 100.degree.C for such a time that the sulphur content of the
      polymer amounted to 11.9 %. 5 liters of a solution containing 5 parts by
      weight per million of lead(II)nitrate in water were led through the bed.
      Lead could no longer be demonstrated to be present in the effluent
      (detection limit 0.01 part by weight per million).
PAR  In a similar way, the metals could be removed from aqueous solutions of
      copper(II)sulphate, mercury(II)nitrate, silver(I)nitrate,
      gold(III)chloride and nickel(II)sulphate and cobalt(II)chloride.
PAR  Similar results were obtained with ground chicken-feathers treated in the
      same way, with phosphorus pentasulphide, as the polycaprolactam fibres.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for removing heavy metals from solutions and gaseous mixtures
      which comprises:
PA1  a. contacting the solutions or gaseous mixtures with a sulphur-containing
      reagent selected from the group consisting of reduced keratin, Bunte salts
      of keratin, and natural or synthetic polyamides at least part of whose
      amide groups has been replaced by thio-amide groups, whereby the metals
      are bound to the reagent, and
PA1  b. separating the loaded reagent formed in (a), wherein the Bunte salts of
      keratin are derived from keratin by treatment of the keratin in an aqueous
      medium with the aid of sulphite ions in which an oxidant is used to cause
      the reaction to go to completion and wherein the sulphite ions are derived
      from either alkali metal sulphites or alkaline earth metal sulphites and a
      tetrathionate is used as an oxidant.
NUM  2.
PAR  2. The process of claim 1 wherein the natural or synthetic polyamides are
      obtained by the reaction of natural or synthetic polyamides with
      phosphorous pentasulfide.
NUM  3.
PAR  3. The process of claim 1 wherein the natural or synthetic polyamides are
      selected from the group consisting of polybutyrolactam, polycaprolactam,
      polyoenantholactam, polyundecalactam, polylaurinolactam,
      polyhexamethylene-diamine adipate, copolymers on the basis of the monomers
      of these polyamides, fowl's feathers, horn, outer skin, hair and wool.
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ABST
PAL  An ion-exchanger material consisting of a cellulose ion-exchanger
      impregnated with .gamma.-manganese dioxide.
PAL  A method for the treatment of waste water to remove dissolved high
      molecular organic compounds, ammonium and phosphate ions therefrom,
      comprising a pretreatment of said waste water with a chemical selected
      from the group consisting of precipitating agents and flocculating agents
      and subsequently passing the pretreated water through a bed consisting of
      a cellulose ion-exchanger impregnated with .gamma.-manganese dioxide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a prior art process waste water is subjected to a pretreatment, e.g. a
      mechanical or biological pretreatment, so as to remove solid high
      molecular compounds from the waste water. Subsequently, the pretreated
      waste water is passed through a bed of ion exchanger materials to remove
      dissolved organic compounds, salts, toxic compounds, heavy metals etc.
      therefrom.
PAR  Among the ion exchanger materials which have been used for said purpose are
      anion exchanger materials based on polystyrene, clinoptinolit and
      cellulose ion exchangers.
PAR  Polystyrene ion exchangers are suitable for the removal of phosphate ions
      and also to some extent toxic compounds and heavy metals in the form of
      anions, such as chromate ions.
PAR  However, only the phosphate ions are removed to a satisfactory degree, viz.
      of the order of 90% or above.
PAR  Clinoptinolit is capable of removing ammonium ions, but has substantially
      no effect on the remaining contaminating substances. Cellulose ion
      exchangers are capable of removing proteins but remove substantially no
      other compounds or ions.
PAR  British Patent Specification No. 674.430 discloses a process for the
      removal of ammonia from water in which water is passed through a bed of a
      base-exchange material which has taken up manganese ions and then been
      subjected to an oxidizing treatment to convert the manganese into oxides.
PAR  Furthermore, U.S. Pat. No. 3,222,277 discloses a method of removing
      dissolved iron from water containing the same by passing the water through
      activated carbon particles impregnated with manganese dioxide which has
      been formed in situ.
PAR  The object of the present invention is to provide an ion exchanger material
      capable of removing both ammonia, phosphate ions and dissolved high
      molecular proteins from waste water containing the same.
PAR  Another object of the invention is to provide an ion exchanger material
      which can be eluated and regenerated in one step.
PAR  A further object of the invention is to provide a method of treating waste
      water in one step to remove both ammonia, phosphate ions and dissolved
      high molecular proteins.
PAC  SUMMARY OF THE INVENTION
PAR  The ion exchanger material of the invention consists of a cellulose
      ion-exchanger impregnated with .gamma.-manganese dioxide.
PAR  Surprisingly, it has been found that said novel ion exchanger material is
      capable of removing not only ammonia and dissolved high molecular proteins
      but also phosphate ions from waste water containing the same. Thus, the
      ion exchanger material of the invention is capable of taking up about 150
      mg P per liter ion exchanger material from a solution containing phosphate
      ions. At the same time, ammonium ions are taken up in an amount of up to
      about 2500 mg NH.sub.4.sup.+ per liter.
PAR  The ion exchanger material of the invention presents the additional
      advantage that the support material can be prepared from unexpensive
      starting materials, viz. cellulose products.
PAR  The preparation of the ion exchanger material of the invention is
      preferably carried out by adding to a mixture of a cellulose ion exchanger
      and a base, such as NaOH, potassium permanganate and by heating said
      mixture to a temperature of 80.degree.-95.degree.C. Subsequently, the
      solid product is separated and washed with water.
PAR  In a particularly preferred embodiment of the ion exchanger material of the
      invention the cellulose ion-exchanger consists of bark or sulphonated
      bark.
PAR  Thus, bark, e.g. from spruce, may be cut into small pieces and treated with
      sulphuric acid of a concentration of between 50 and 80% for a period of
      30-120 minutes. Even untreated bark from spruce has an efficiency as far
      as the uptake of proteins is concerned of 0.3 milliequivalents per liter.
      The treatment with sulphuric acid as described above increases said
      efficiency up to about 0.6 milliequivalents per liter.
PAR  Another aspect of the invention relates to a method for the treatment of
      waste water containing dissolved high molecular organic compounds,
      ammonium ions and phosphate ions to remove these compounds and ions
      therefrom.
PAR  This method comprises the steps of subjecting waste water to a treatment
      with a chemical selected from the group consisting of precipitating agents
      and flocculating agents and subsequently passing the pretreated water
      through a bed consisting of a cellulose ion exchanger impregnated with
      .gamma.-manganese dioxide.
PAR  In a preferred embodiment of the method of the invention the effluent from
      the impregnated cellulose ion-exchanger is further passed through a bed
      consisting of activated carbon impregnated with .gamma.-manganese dioxide.
      By passing pretreated waste water through the above mentioned beds in the
      sequence described above, a particularly efficient treatment of the waste
      water is achieved. The treatment of the water with activated carbon
      impregnated with .gamma.-manganese dioxide results in an even more
      efficient removal of phosphate and ammonium ions and also in the removal
      of dissolved low molecular compounds.
PAR  A special advantage of the ion-exchanger material of the invention is that
      it can be eluated by means of sodium hydroxide. By suitably adjusting the
      eluation process, all phosphate and ammonium nitrogen ions can be removed
      during said eluation.
PAR  The ammonium compounds which at the pH value of the eluation liquid are
      converted into ammonia can be removed from the eluation liquid by air
      blowing and preferably while heating the eluation liquid to for example
      35.degree.-40.degree.C.
PAR  The organic substances as well as the phosphates can be removed from the
      eluation liquid by adding calcium hydroxide thereto. By said addition
      about 80% of the organic compounds and 90% of the phosphates are
      precipitated. If the eluation liquid is allowed to stand for some hours, a
      clear phase which constitutes 75-80% of the total volume and a sludge
      phase are obtained. In practice it has been found that the
      .gamma.-manganese dioxide slowly is removed together with water. However,
      the amounts of manganese dioxide removed are very small. Thus, a
      concentration of Mn of below 0.1 mg per liter has been found in the
      treated water. The removal of manganese is thus insignificant as far as
      the quality of the water is concerned. However, it has an adverse effect
      on the capacity of the ion-exchanger material. Thus, when the
      ion-exchanger material has been eluated ten times, the capacity has been
      reduced to 95% of the initial capacity, and after 15 additional eluations
      the capacity has been reduced to about 88%. In order to counteract this
      decrease of capacity, potassium permanganate may be added to the waste
      water before it enters the manganese dioxide bed or beds. Such addition
      may be effected at intervals, e.g. at every 20th regeneration and the
      potassium permanganate may be added in an amount of about 50 mg potassium
      permanganate per liter waste water. Such an addition is sufficient to
      maintain the full capacity of the manganese dioxide contained in the
      ion-exchanger material. This addition corresponds to an average addition
      of about 2.5 mg potassium permanganate per liter waste water.
DETD
PAC  EXAMPLE 1
PAR  300 l sulfonated lignocellulose (chloride number: 21) were mixed with 175 l
      m NaOH solution and the mixture was heated to 80.degree.C. KMnO.sub.4
      powder was added to said mixture during a period of 2 hours, the total
      amount of KMnO.sub.4 being 45 kg. After the addition of KMnO.sub.4 had
      been completed the mixture thus formed was left to stand at
      80.degree.-95.degree.C for a period of 1 hour. During the addition of
      KMnO.sub.4 and the following reaction time air was passed through the
      mixture to stir it. The total reaction time was 3.5 hours. The solid
      product was then separated and washed with water to remove the base and
      fine particles.
PAR  100 ml portions of the material thus obtained were used for the treatment
      of solutions containing varying amounts of ammonium and phosphate ions to
      determine the efficiency and capacity of said material.
PAR  The results obtained will appear from the following table I:
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Start concen-                                                             

     tration, mg/l, of                                                         

               N--NH.sub.4.sup.+                                               

                     100                                                       

                        30  10  10  10  1                                      

               P--PO.sub.4.sup.3.sup.-                                         

                     1.0                                                       

                        1.0 1.0 10  30  10                                     

     Concentration,                                                            

     mg/l, after                                                               

     passage of                                                                

     1 liter   N--NH.sub.4.sup.+                                               

                     6  1   0.5 0.6 0.5 0.1                                    

               P--PO.sub.4.sup. 3.sup.-                                        

                     0.05                                                      

                        0.04                                                   

                            0.05                                               

                                0.5 1.0 1.0                                    

      5 liters N--NH.sub.4.sup.+                                               

                     10 3   1.0 1.1 1.0 0.1                                    

               P--PO.sub.4.sup.3.sup.-                                         

                     0.05                                                      

                        0.06                                                   

                            0.1 1.2 3.0 4.8                                    

     10 liters N--NH.sub.4.sup.-                                               

                     23 5   2.0 1.2 2.1 0.2                                    

               P--PO.sub.4.sup.3.sup.-                                         

                     0.07                                                      

                        0.06                                                   

                            0.2 3.5 8.0 9.6                                    

     15 liters N--NH.sub.4.sup.+                                               

                     47 8   3.2 2.9 3.0 0.2                                    

               P--PO.sub.4.sup.3.sup.-                                         

                     0.10                                                      

                        0.12                                                   

                            0.5 8.9 12.5                                       

                                        8.9                                    

     20 liters N--NH.sub.4.sup.+                                               

                     82 26  5   4.6 6.5 0.2                                    

               P--PO.sub.4.sup.3.sup.-                                         

                     0.18                                                      

                        0.2 0.9 9.5 27.0                                       

                                        10.3                                   

     Capacity, N--NH.sub.4.sup.+                                               

                     7300                                                      

                        2700                                                   

                            1200                                               

                                1200                                           

                                    1200                                       

                                        200                                    

     mg/l of                                                                   

               P--PO.sub. 4.sup.3                                              

                     200                                                       

                        190 100 600 1300                                       

                                        200                                    

     __________________________________________________________________________

PAR  The capacity of the ion-exchanger material is defined as the total amount
      taken up by the ion-exchanger material at the time at which the efficiency
      has decreased to 80%.
PAR  As will appear from the data set forth in table 2, the removal of
      NH.sub.4.sup.+ is almost independent of the PO.sub.4.sup.3.sup.-
      concentration whereas the removal of PO.sub.4.sup.3.sup.- increases with
      increasing NH.sub.4.sup.+ concentration. Without being bound to this
      theory it is assumed that NH.sub.4.sup.+ is taken up partly by adsorption
      and partly by surface precipitation as MnNH.sub.4 PO.sub.4 whereas
      PO.sub.4.sup.3.sup.- can be removed by surface precipitation only.
PAR  An ion-exchanger material prepared as described above was used for the
      treatment of municipal waste water which had been pretreated with a
      precipitating agent and subsequently passed through a settling tank.
PAR  The pretreated water was subjected to the following treatments
PA1  1. with a cellulose ion-exchanger,
PA1  2. with a cellulose ion-exchanger coated with MnO.sub.2 and
PA1  3. with a cellulose ion-exchanger coated with MnO.sub.2 and then with
      activated carbon coated with MnO.sub.2.
PAR  The ratio of the volume to be treated to the volume of the ion-exchanger
      material was 100:1.
PAR  The data obtained will appear from the following table II:
TBL                                    TABLE II                                

     __________________________________________________________________________

                Pre- After After  After                                        

                treated                                                        

                     passage                                                   

                           passage                                             

                                  passage                                      

                waste                                                          

                     through                                                   

                           through                                             

                                  through                                      

                water                                                          

                     a cellu-                                                  

                           a cellu-                                            

                                  a cellu-                                     

                     lose ion-                                                 

                           lose ion-                                           

                                  lose ion-                                    

                     exchanger                                                 

                           exchanger                                           

                                  exchanger                                    

                           coated coated                                       

                           with MnO.sub.2                                      

                                  with MnO.sub.2                               

                                  and sub-                                     

                                  sequently                                    

                                  through ac-                                  

                                  tivated                                      

                                  carbon                                       

                                  coated with                                  

                                  MnO.sub.2                                    

     __________________________________________________________________________

     KMnO.sub.4 value,                                                         

     mg O.sub.2 /l                                                             

                81   56    50     10                                           

     BOD.sub.5 value,                                                          

     mg O.sub.2 /l                                                             

                92   52    50      6                                           

     Protein concen-                                                           

     tration, mg/l                                                             

                 6   0.8   0.8    0.6                                          

     N--total, mg/l                                                            

                32   25    8.6    2.1                                          

     N--NH.sub.4.sup.+ , mg/l                                                  

                26   24    6.9    1.6                                          

     P--PO.sub.4.sup.3.sup.- , mg/l                                            

                0.82 0.79   0.12   0.06                                        

     COD value, mg O.sub.2 /l                                                  

                250  156   156    30                                           

     P total, mg/l                                                             

                0.96 0.92   0.15   0.04                                        

     __________________________________________________________________________

PAR  As will appear from the data contained in table II the total nitrogen and
      phosphorous contents were significantly reduced by the cellulose
      ion-exchanger coated with MnO.sub.2. This effect is further increased by
      passing the effluent from the cellulose ion-exchanger coated with
      MnO.sub.2 through the activated carbon coated with MnO.sub.2.
PAR  The sequence of said treatments is essential because the cellulose
      ion-exchanger is much less sensitive to clogging by high molecular organic
      compounds than the activated carbon.
PAC  EXAMPLE II
PAR  Fish-farming water was treated by being passed through a bed consisting of
      sulfonated lignocellulose coated with .gamma.-MnO.sub.2 and subsequently
      through a bed consisting of activated carbon coated with MnO.sub.2. The
      water was passed through each bed at a flow rate of 6 m.sup.3 per hour.
      After a period of 3 hours the total amount of water had been treated once
      in each bed.
PAR  The results obtained will appear from the following table III:
TBL                TABLE III                                                   

     ______________________________________                                    

     KMnO.sub.4 value                                                          

                     COD value  P,       N--NH.sub.4.sup.+                     

     mg O.sub.2 /l   mg O.sub.2 /l                                             

                                mg/l     mg/l                                  

     ______________________________________                                    

     Before                                                                    

     treatment                                                                 

             30          75         0.8    6                                   

     After                                                                     

     treatment                                                                 

             8           18         0.05   0.2                                 

     ______________________________________                                    

PAR  As will appear from said data the concentration of both P and
      N--NH.sub.4.sup.+ is substantially reduced as a result of the above
      mentioned treatments. Also the contents of high molecular organic
      compounds is substantially reduced.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for the treatment of waste water to remove dissolved high
      molecular weight organic compounds, ammonium ions and phosphate ions
      therefrom which comprises subjecting the waste water to a treatment with a
      chemical selected from the group consisting of precipitating agents and
      flocculating agents and subsequently passing the pretreated water through
      a bed consisting of a cellulose ion-exchanger impregnated with
      .gamma.-manganese dioxide.
NUM  2.
PAR  2. A method according to claim 1, where in the water which has been treated
      by passing through the bed consisting of a cellulose ion-exchanger
      impregnated with .gamma.-manganese dioxide is subsequently passed through
      a bed consisting of activated carbon impregnated with .gamma.-manganese
      dioxide.
NUM  3.
PAR  3. A method for the treatment of waste water to remove dissolved, high
      molecular weight organic compounds, ammonium ions and phosphate ions
      therefrom which comprises passing the water through a bed of cellulose
      ion-exchange material impregnated with .gamma.-manganese dioxide.
NUM  4.
PAR  4. The method of claim 3, wherein the water is further treated by
      subsequently passing it through a bed of activated carbon impregnated with
      .gamma.-manganese dioxide.
NUM  5.
PAR  5. The method of claim 3, wherein the cellulose ion-exchange material is
      bark.
NUM  6.
PAR  6. The method of claim 3, wherein the cellulose ion-exchange material is
      sulphonated bark.
NUM  7.
PAR  7. The method of claim 6, wherein the sulphonated bark is produced by
      treating bark with concentrated sulphuric acid having a concentration of
      about 50 to 80% for a period of from 30 to 120 minutes.
NUM  8.
PAR  8. the method of claim 3, wherein potassium permanganate is added to the
      waste water before it is passed through the bed of ion-exchange material.
NUM  9.
PAR  9. The method of claim 3, wherein the high molecular weight organic
      compounds are high molecular weight proteins.
NUM  10.
PAR  10. The method of claim 3, wherein the waste water is subjected to chemical
      pretreatment prior to passing the water through the ion-exchange material.
PATN
WKU  039310043
SRC  5
APN  3528170
APT  1
ART  176
APD  19730419
TTL  Method of treating waste liquids from photographic processings
ISD  19760106
NCL  17
ECL  1
EXA  Spitzer; Robert H.
EXP  Hart; Charles N.
INVT
NAM  Shimamura; Isao
CTY  Minami-ashigara
CNT  JA
INVT
NAM  Iwano; Haruhiko
CTY  Minami-ashigara
CNT  JA
ASSG
NAM  Fuji Photo Film Co., Ltd.
CTY  Minami-ashigara
CNT  JA
COD  03
PRIR
CNT  JA
APD  19720421
APN  47-40205
CLAS
OCL  210 32
XCL  210 37
XCL  423367
EDF  2
ICL  B01D 1506
FSC   96
FSS  50 R;60 R;60 BF;92
FSC  210
FSS  24;30;32;37
FSC   75
FSS  101 BE
FSC  423
FSS  367;377
UREF
PNO  2688000
ISD  19540800
NAM  Kressman et al.
XCL  210 30
UREF
PNO  3232867
ISD  19660200
NAM  Abrams
XCL  210 30
UREF
PNO  3253920
ISD  19660500
NAM  Rees et al.
XCL  210 30
UREF
PNO  3293036
ISD  19661200
NAM  Mekl et al.
OCL   96 60BF
UREF
PNO  3429835
ISD  19690200
NAM  Odland
XCL  210 32
UREF
PNO  3634088
ISD  19720100
NAM  Cooley
OCL   96 60BF
UREF
PNO  3667950
ISD  19720600
NAM  Amano et al.
OCL   96 60BF
OREF
PAL  Chemical Abstracts: Vol. 72, 1970, 59556a; Vol. 69, 1968, 80027b; Vol. 70,
      1969, 23149a; Vol. 66, 1967, 32248r.
PAL  Photographic Processing Chemistry, 1966, The Focal Library, Mason, p. 212.
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  Ferricyanide ions and/or ferrocyanide ions are removed effectively from a
      photographic reducer or waste liquid containing them by contacting the
      waste liquid with a weakly basic anion exhange resin in the presence of
      ammonium ions and thiosulfate ions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention generally relates to a method of treating waste liquids from
      photographic processings and more particularly it relates to a method of
      treating photographic waste liquids containing ferricyanide ions and/or
      ferrocyanide ions.
PAR  2. Description of the Prior Art
PAR  Some photographic processings containg a bleaching step. In the bleaching
      step metallic silver formed by development is converted into silver ions
      using an oxidizing agent, and such a step is included in processings for
      silver halide color photographic materials and reducers for photographic
      printing materials.
PAR  The inventors previously proposed to treat waste liquids from photographic
      processings containing ferricyanide ions and/or ferrocyanide ions with a
      weakly basic anion exchange resin for removing the ferricyanide ions
      and/or the ferrocyanide ions (Japanese patent application No. 92,115/1971
      and Japanese Patent Application No. 22,907/1972). The methods as disclosed
      in the above patent applications may be superior to conventional methods
      in the point of removing ferricyanide ions and/or ferrocyanide ions, but
      if the ion-exchange resins used in these previous treatments are reused
      after being regenerated, the ion-exchange capacity of the ion-exchange
      resins gradually becomes lower and thus the removal of feriicyanide ions
      and/or ferrocyanide ions becomes inefficient. Accordingly, by these
      conventional methods the cost of waste liquid treatment becomes high.
PAR  To overcome these difficulties, a means of modifying the ion-exchange
      resins may be encountered, but at present, materials superior to weakly
      basic anion-exchange resin have not been found.
PAR  An object of this invention is, therfore, to provide an efficient and
      economic method of removing ferricyanide ions and/or ferrocyanide ions in
      waste liquids from photographic processings.
PAR  Another object of this invention is to provide an efficient and economic
      method of removing ferricyanide ions and/or ferrocyanide ions from a waste
      reducer liquid.
PAR  The inventors have discovered that the above objects of this invention can
      be achieved by contacting such waste liquids containing ferricyanide ions
      and/or ferrocyanide ions with a weakly basic ion-exchange resin in the
      presence of ammonium ions and thiosulfate ions.
PAR  The method of this invention will now be explained by referring to an
      example of treating a photographic reducer. A reducer is used for
      correcting or reducing the developed density of excessively exposed or
      excessively developed images or fringed or fogged images which are
      undesirable for making printing masters, or is used for controlling the
      gradation of dot images. As such reducers, there are known a Farmer's
      reducer, a combination of iodine and alkali cyanide reducer, a cerium
      sulfate reducer, a potassium persulfate reducer, a potassium permanganate
      reducer and the like. The reducing treatment is described in detail in
      Erwin Gaffe; "Halftone Photography For Offset Lithography", pages 140-146,
      published in 1960 by the Lithographic Technical Foundation Inc., New York,
      New York.
PAR  The most commonly used reducers contain ferricyanide and thiosulfate as is
      well known in the art. Other components are usually present in negligible
      proportions. The reducers are different from each other only in the
      concentration of ferricyanide and thiosulfate. Recently, such reducers
      have been called Farmer's reducers in the art, often comprising potassium
      ferricyanide and sodium thiosulfate. If a used Farmer's reducer is
      contacted with a weakly basic anion-exchange resin, ferri-and ferrocyanide
      in the reducer are adsorbed on the resin and removed from solution. The
      resin is then treated with an alkaline solution to recover the ferri-and
      ferrocyanide. However, with repeated absorptions and recoveries, the
      recovery efficiency of the ferricyanide ions and/or the ferrocyanide ions
      is gradually reduced.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that if ammonium thiosulfate is added to the
      Farmer's reducer or sodium thiosulfate in the Farmer's reducer is replaced
      with ammonium thiosulfate, the ion-exchange power of the weakly basic
      anion-exchange resin is increased and thus the recovery efficiency for
      ferricyanide ions and/or the ferrocyanide ions by the ion-exchange resin
      after regeneration is remarkably increased.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The content of ammonium thiosulfate is preferably as large as possible and
      the amount is selected based on economic aspects. Thus, if ammonium
      thiosulfate is preliminarily added to the reducer before use, that is to
      say if ammonium thiosulfate is used as the thiosulfate in the reducer, the
      treatment of the waste reducer can be very effectively carried out as
      compared with the case of adding ammonium thiosulfate to a used reducer or
      waste liquid, but the present invention also includes the latter case.
PAR  Ammonium thiosulfate in the method of this invention include equivalent
      materials. For instance, in place of ammonium thiosulfate, sodium ammonium
      thiosulfate may be used and further a combination of a thiosulfate other
      than the ammonium salt or an ammonium compound per se, e.g., aqueous
      ammonia, ammonium chloride, ammonium sulfate, and ammonium acetate in
      combination with a thiosulfate, can be used. In short, the results of the
      invention can be attained in the presence of ammonium ion and thiosulfate
      ion. Therefore, any additive which gives these ions can be used. Of
      course, ammonium halides other than chloride, and salts other than the
      acetate can be used.
PAR  Generally speaking, in such reducers the amount of thiosulfate is at most
      about 20 times the amount of ferricyanide. This figure is not critical,
      but is the guideline most generally used in the art.
PAR  Ion-exchange resins generally marketed are clasified into the following
      four basic types:
PA1  1. Strongly-acid cation-exchange resins: Free acid type and salt type.
      (exchange group: --SO.sub.3 M and --CH.sub.2 SO.sub.3 M, wherein M is a
      cation).
PA1  2. Weakly-acid cation-exchange resins: Free acid type and salt type.
      (exchange group: COOm, wherein M is a cation).
PA1  3. Strongly-basic anion-exchange resins: Free acid type and salt type.
      (exchange group: .quadbond.NX, where X is an anion).
PA1  4. Weakly-basic anion-exchange resins: Free acid type and salt type.
      (exchange group: --NH.sub.2, =NH, .tbd.N).
PAR  As the results of the inventors' attempts to conduct the ion exchange of
      ferricyanide ions and/or ferrocyanide ions in waste liquids by an
      anion-exchange resin, it was confirmed that when a strongly-basic
      anion-exchange resin is used for ion exchange of ferricyanide ions/and or
      ferrocyanide ions in a waste liquid, irreversible adsorption occurs, and
      thus the ion-exchange resin can not be regeneratead completely and the
      ion-exchange faculty of the ion-exchange resin for ferricyanide ions
      and/or ferrocyanide ions after regeneration greatly decreases to about
      10-40% of the ion exchange faculty of fresh ion-exchange resin.
PAR  On the other hand, a weakly-basic anion-exchange resin has either a low or
      no ion exchange faculty for ferricyanide ions and/or ferrocyanide ions.
      However, as a result of investigating the ion-exchange faculty of a
      weakly-basic anion-exchange resin for ferricyanide ions and/or
      ferrocyanide ions in a waste liquid containing the same, when ammonium
      ions and thio sulfate ions, e.g., ammonium thiosulfate, are added to the
      waste solution containing the ferricyanide ions and/or the ferrocyanide
      ions, it was confirmed that the ion-exchange capacity of the ion-exchange
      resin increases greatly, the ion-exchange resin used for the ion-exchange
      of ferricyanide ions and/or ferrocyanide ions can be easily regenerated by
      a sodium hydroxide solution, and further the reduction in ion-exchange
      faculty of the ion-exchange resin after regeneration is quite low.
PAR  On the other hand, it was also found that when a strongly-basic
      anion-exchange resin was used for the ion-exchange of ferricyanide ions
      and/or ferrocyanide ions in the presence of ammonium thiosulfate, the
      ion-exchange faculty increased slightly but complete regeneration of the
      ion-exchange resin was impossible, the ion-exchange faculty of the
      ion-exchange resin after regeneration was very low and the ion-exchange
      faculty of the resin after regeneration was only 10-40% that of the fresh
      ion-exchange resin.
PAR  The weakly-basic anion-exchange resin used in this invention is a compound
      composed of a base material such as a copolymer of styrene and
      divinylbenzene, a copolymer of methacrylate and divinylbenzene or a
      copolymer of phenol and formaldehyde having a primary amine, a secondary
      amine, or a tertiary amine group as the ion-exchange group. If the
      weakly-basic anion-exchange resin has at least one kind of the primary
      amine, secondary amine or tertiary amine group, the resin can be used in
      this invention regardless of the kind of base resin, the method of
      synthesis thereof, the polymerization degree, the degree of cross-linking,
      the structure thereof (getatinous state, porous structure, etc.,) or the
      fabrication method for the resin.
PAR  Typical examples of commercially available weakly-basic anion-exchange
      resins used in this invention are Diaion WA-10, Diaion WA-11, Diaion
      WA-20, and Diaion WA-30 (trade names, made by Mitsubishi Chemical
      Industries Co.), Amberlite IRA-45, Amberlite IRA-93, Amberlite IR-4B, and
      Amberlite IRP-58 (trade names, made by Orhano Co.) and Dowex-44 (trade
      name, made by Dow Chemical Co.). The structural formulae of some of these
      weakly-basic ion-exchange resins are illustrated below, but the
      weakly-basic anion-exchange resins used in this invention are not to be
      limited thereto:
PA1  Diaion WA-10:
      ##EQU1##
      Diaion WA-20:
      ##SPC1##
PA1  Diaion WA-30:
      ##SPC2##
PAL  where n is always an integer.
PAR  In the case of using the method of this invention, the weakly-basic
      anion-exchange resins which are most easily regenerated are ones having
      tertiary amines as the exchange groups. The most excellent ion-exchange
      resins among the aforesaid weakly-basic anion-exchange resins are Diaion
      WA-10 and Diaion WA-11, with Diaion WA-10 being particularly preferred,
      that is to say, Diaion WA10 is the weakly-basic anion-exchange resin
      having the highest ion-exchange capacity for ferricyanide ions and/or
      ferrocyanide ions per unit volume of resin and is capable of being most
      easily regenerated.
PAR  Weakly-basic anion-exchange resins are available as the free base type and
      the salt type but in general they are marketed as the free base type.
PAR  In the method of this invention, both the free base type ion-exchange
      resins and the salt type ion-exchange resins may be used, but in general
      the free base type ion-exchange resin is used. During the regeneration of
      a weakly-basic ion-exchange resin used for the ion-exchange of
      ferricyanide ions and/or ferrocyanide ions, an alkali is ordinarily used.
      As examples of such alkalis, there are aqueous solutions of an alkali
      metal hydroxide such as sodium hydroxide and potassium hydroxide or an
      alkali metal carbonate such as sodium carbonate and potassium carbonate
      and aqueous ammonia. In the case of using the salt type ion-exchange
      resin, hydrochloric acid or sodium chloride solution is sometimes used for
      the regeneration of the ion-exchange resin. The concentration of such a
      regenerating liquid is about 1-20% by weight, in particular about 3-10%,
      of the base salt or acid.
PAR  The waste liquid processed by the method of this invention fundamentally
      contains at least a ferricyanide and/or ferrocyanide and ammonium (ions)
      (and) thiosulfate (ions), but the liquid may contain chemicals other than
      the above materials.
PAR  According to the method of this invention, any waste solutions or liquids
      containing the aforesaid components can be treated, but a Farmer's reducer
      containing ammonium thiosulfate as the thiosulfate, instead of sodium
      thiosulfate, that is to say, waste liquid of a Farmer's reducer containing
      ammonium thiosulfate in place of sodium thiosulfate, is most profitably
      treated. This is because a Farmer's reducer containing ammonium
      thiosulfate in place of sodium thiosulfate has a good reducing action.
      Furthermore, an additive such as thiocyanate, a chloride or a bromide may
      be added to such a reducer. Also, a pH-adjusting agent such as acetic
      acid, sodium acetate, boric acid, a borate, an alkali metal hydroxide or
      an alkali metal carbonate may be added to the reducer.
PAR  A ferricyanide and ammonium ions and thiosulfate ions may be present in the
      material, e.g., reducer, to be treated by the method of this invention in
      any concentrations, but the content of the ferricyanide is usually from
      0.1 g to 50 g, most preferably 0.5 g to 5 g, per liter of the material,
      e.g., reducer, to be treated by the method of this invention. The content
      of ammonium ions and thiosulfate ions, expressed as ammonium thiosulfate,
      is usually from 1 g to 400 g, most preferably from 10 g to 100 g per liter
      of material, e.g., reducer, to be treated.
PAR  When sodium ammonium thiosulfate or a combination of sodium thiosulfate and
      an ammonium compound is used in place of ammonium thiosulfate, they are
      used in an amount equivalent to the amount of ammonium thiosulfate
      mentioned above.
PAR  The reducere used in this invention can be prepared directly from a
      ferricyanide and ammonium thiosulfate or may be prepared by separately
      forming a solution containing the ferricyanide and a solution containing
      ammonium thiosulfate and by mixing the two solutions before use. Also, in
      the case of preparing two solutions, solutions having any concentration
      may be prepared, and at use they may be mixed and diluted to the desired
      concentration.
PAR  For subjecting a printing plate prepared by image-wise exposing a
      photographic material and then developing the material to a reducing
      treatment, the printing plate may be brought into contact with the
      above-mentioned reducer after wetting the plate with water. The
      photographic material may be treated with a reducer containing a
      ferricyanide and ammonium thiosulfate or with a solution containing a
      ferricyanide and a solution containing ammonium thiosulfate separately. In
      the latter case, the material may be treated first with a solution
      containing a ferricyanide and then with a solution containing ammonium
      thiosulfate or it may be treated first with a solution containing ammonium
      thiosulfate and then with a solution containing a ferricyanide. In any
      case, the treatment(s) can be repeated.
PAR  As a result of conducting the reducer treatment as stated above, the waste
      material of the reducer is discharged. The waste liquid from the reducer
      usually contains thiosulfate ions, ammonium ions, silver ions,
      ferricyanide ions, ferrocyanide ions, etc. Waste liquid cntaining any
      concentration of ferricyanide ions and/or ferrocyanide ions can be treated
      by the method of this invention. However, the concentration of the
      ferricyanide ions and ferrocyanide ions in the waste liquid is usually
      less than 5,000 ppm, more generally less than 1,000 ppm.
PAR  The waste liquid or water containing the ferricyanide ions and/or the
      ferrocyanide ions can be brought into contact with the weakly-basic
      ion-exchange resin in any manner. In general, the ion-exchange resin is
      filled in a cylindrical vessel to form a resin layer and the waste liquid
      is passed downwardly through the layer. In such a manner, the ferricyanide
      ions and/or the ferrocyanide ions can be continuously removed from the
      waste liquid. If desired, the treatment may be conducted in a batch
      system, i.e., the ion-exchange resin is added to the waste liquid stored
      in a tank followed by stirring and then the ion-exchange resin is
      precipitated or filtered off. However, the merits of this invention become
      remarkable when the waste liquid is treated in a continuous system as
      mentioned before, and thus the use of the ion-exchange resin layer is
      generally preferred.
PAR  For overall process efficiency, ferricyanide and/or ferrocyanide is usually
      adsorbed in an amount of not more than 100 g (preferably not less than 50
      g) per 1 liter of the resin.
PAR  The weakly-basic anion-exchange resin thus used for ion-exchange of the
      ferricyanide and/or the ferrocyanide is regenerated by contactng it with
      an aqueous alkali solution. As the aqueous alkali solution, there can be
      used an aqueous solution of alkali metal hydroxide such as sodium
      hydroxide and potassium hydroxide, or an alkali metal carbonate such as
      sodium carbonate and potassium carbonate, or aqueous ammonia. The
      concentration of alkali in the aqueous alkali solution used for the
      regeneration is usually about 1-20% by weight, preferably 2-10% by weight.
PAR  The aqueous alkali solution can be brought into contact with the
      ion-exchange resin to be regenerated in any manner. For instance, in the
      same manner used for contacting the waste liquid from the photographic
      processing with the ion-excahnge resin as mentioned above. By the
      regeneration, the ferricyanide ions and/or the ferrocyanide ions are
      removed from the ion-exchange resin and a waste solution containing the
      ferrocyanide ions and/or the ferrocyanide ions is discharged. The waste
      solution from the regeneration of the ion-exchange resin contains a large
      quantity of ferricyanide ions and/or the ferrocyanide, ions, e.g., as high
      a concentration as 10,000 - 100,000 ppm. Thus, the waste solution from the
      regeneration contains a highly concentrated amount of the ferricyanide
      ions and/or ferrocyanide ions but it does not contain too many other
      inorganic anions other than hydroxide ions. The ferricyanide ions and/or
      the ferrocyanide ions can then be removed from the waste solution readily
      by a thermal decomposition treatment or by a precipitation treatment with
      iron salts, etc.
PAR  The method of this invention has the following excellent points:
PAR  1. The method of this invention does not require large and expensive
      treatment as in electrodialysis or in reverse osmosis, and thus the method
      does not require a large space and equipment cost is low.
PAR  2. The electrodialysis method, reverse osmosis method, combustion method
      and thermal decomposition method require a large amount of energy (such as
      heavy oil) and have a high cost of operation, while the ion-exchange
      method of this invention does not require such an energy source and the
      operation cost is low.
PAR  3. The operation is quite simple and can be performed without great skill
      or a large number of personnel.
PAR  4. The ion-exchange resin can be regenerated and reused repeatedly, which
      makes the method of this invention very economical.
PAR  Since the waste solution discharged from the regeneration step contains a
      high concentration of ferricyanide ions and/or ferrocyanide ions, the
      ferricyanide or ferrocyanide can be easily recovered therefrom or the
      waste solution can be again used as a reducer.
PAR  The method of this invention can be applied to any waste liquids from a
      reducing treatment of any lithographic or graphic art material.
PAR  Exemplary of silver halide photographic materials used as plates for
      printing are lithographic photographic materials for making dot images or
      line images, photographic materials having high contrast and collodion wet
      plates.
PAR  Furthermore, the method of this invention can be applied to waste liquids
      from a reducer treatment for any other photographic materials for
      printing.
PAR  The invention will now be illustrated in greater detail by several
      examples:
PAC  EXAMPLE 1
PAR  Two cylinders each having an inside diameter of 4.5 cm were prepared. In
      one of the cylinders was packed 300 ml of a weakly-basic anion-exchange
      resin (Diaion WA-10) and in the other cylinder was packed 300 ml of a
      strongly-basic anion-exchange resin (Diaion SA-10 A). A solution prepared
      by diluting the Farmer's reducer having the following composition with
      water to 20 times the original volume was passed through the cylinders
      packed with the ion-exchange resins at a rate of 300 ml/min and the amount
      of the solution passed through the cylinders when ferricyanide ions or
      ferrocyanide ions appeared in the solution withdrawn (treating capacity)
      was measured.
PAR  Farmer's reducer composition:
PAR  Solution A: 500 ml of water containing 37.5 g of ferricyanide.
PAR  Solution B: 2 liters of water containing 480 g of crystalline sodium
      thiosulfate.
PAR  At use, 30 ml of Solution A was mixed with 120 ml of Solution B, and then
      the mixture was diluted with water to 1 liter.
PAR  The detection of ferricyanide ions or ferrocyanide ions was conducted by
      adding to the solution a diluted acid solution of 3% by weight ferrous
      sulfate and subjecting the solution to visible spectral photometry.
PAR  When the ferricyanide and/or ferrocyanide were detected, the ion-exchange
      resin was withdrawn from the cylinder, placed in a beaker containing 500
      ml of an aqueous solution of 4% by weight sodium hydroxide, and the
      mixture was allowed to stand for 30 minutes while stirring the mixture to
      conduct the regeneration of the ion-exchange resin.
PAR  The ion-exchange resin was then washed with water, repacked in the cylinder
      having an inside diameter of 4.5 cm, and then the solution prepared by
      diluting the above-mentioned Farmer's reducing with water to 20 times the
      original volume was further passed through the cylinder at a rate of 300
      ml/min. as above.
PAR  The results of measurements of the amounts of the treated solution passed
      when ferricyanide ions or ferrocyanide ions were detected (treatment
      capacity) are shown in the folloiwng table.
TBL  ______________________________________                                    

     No.  Ion-exchange resin                                                   

                          Treatment capacity                                   

                    fresh resin                                                

                              regenerated                                      

                              resin                                            

     ______________________________________                                    

     1    Weakly-basic anion-                                                  

          exchange resin   1 liter    1 liter                                  

          (Diaion WA-10)                                                       

     2    Strongly-basic anion-                                                

          exchange resin  30 liters   8 liters                                 

          (Diaion SA-10A)                                                      

     ______________________________________                                    

PAR  As shown in the above table, the treatment capacity of the weakly-basic
      anion-exchange resin was low but a difference in treatment capacity
      between the fresh resin and the regenerated resin was not observed. The
      treatment capacity of the strong-basic anion-exchange resin was high, but
      the treatment capacity of the resin after regeneration was proportionately
      greatly reduced.
PAR  Then, two cylinders each having an inside diameter of 4.5 cm were also
      prepared and 300 ml of a weakly-basic anion-exchange resin (Diaion WA-10)
      was packed in one the cylinders while 300 ml of a strongly-basic
      anion-exchange resin (Diaion SA-10A) was packed in the other cylinder. A
      solution prepared by diluting the reducer having the following composition
      with water to 20 times the original volume was passed through each of the
      ion-exchange resin columns at a rate of 300 ml/min. The amount of the
      solution passed through the column until ferricyanide ions or ferrocyanide
      ions were observed in the solution from the column (treatment capacity)
      was measured.
PAR  Reducer composition:
PAR  Solution A: 500 ml of water containing 37.5 g of ferricyanide.
PAR  Solution B: 2 liters of water containing 410 ml of ammonium thiosulfate
      (70% aqueous solution).
PAR  At use, 30 ml of Solution A was mixed with 120 ml of Solution B, and then
      the mixture was diluted with water to 1 liter.
PAR  Then, the ion-exchange resins were regenerated in the same manner as
      described above. Thereafter, the solution prepared by diluting the reducer
      with water to 20 times the original volume was passed through each of the
      regenerated ion-exchange resins, and the amount of the solution passed
      therethrough until ferricyanide ions or ferrocyanide ions were observed in
      the solution (treatment capacity) was measured, the results of which are
      shown in the following table.
TBL  ______________________________________                                    

     No.  Ion-exchange resin                                                   

                          Treatment capacity                                   

                    Fresh resin                                                

                              regenerated                                      

                              resin                                            

     ______________________________________                                    

     3    Weakly-basic anion-                                                  

          exchange resin  220 liters  210 liters                               

          (Diaion WA-10)                                                       

     4    Strongly-basic anion-                                                

          exchange resin   50 liters   15 liters                               

          (Diaion SA-10A)                                                      

     ______________________________________                                    

PAR  As shown in the above table, when the solution prepared by diluting the
      reducer containing ammonium thiosulfate according to the present invention
      with water was treated by the weakly-basic anion-exchange resin, the
      treatment capacity of both the fresh resin and the regenerated resin was
      great, and there was substantially no difference in treatment capacity
      between the fresh resin and the regenerated resin. On the other hand, when
      the solution prepared by diluting the reducer containing ammonium
      thiosulfate with water was treated by the strongly-basic anion-exchange
      resin, which is an ion-exchange resin outside the scope of this invention,
      the treating capacities of the fresh resin and the regenerated resin were
      quite low as compared with those of the weakly-basic anion-exchange resin
      in this invention, and although the treatment capacities of the
      strongly-basic anion-exchange resin while fresh and regenerated did
      increase to some extent, the treatment capacity of the regenerated
      strongly-basic anion exchange resin was very low.
PAC  EXAMPLE 2
PAR  In a cylinder having an inside diameter of 14 cm was packed 4 liters of a
      weakly-basic anion-exchange resin (Diaion WA-10) and a waste solution of a
      reducer was passed through the resin-packed cylinder at a rate of 5
      liters/min. The waste solution used above was derived as follows,
      photographic printing plates previously well wetted were immersed in a
      reducer having the following composition:
TBL  Reducer composition:                                                      

     ______________________________________                                    

     Solution A: Water              200 ml                                     

                 Ammonium thiosulfate                                          

                                    30 ml                                      

                 (70% aqueous solution)                                        

     Solution B: Water              100 ml                                     

                 Ferricyanide       10 g.                                      

     ______________________________________                                    

PAR  Directly before use, 5 parts of Solution A, 100 parts of the Solution B and
      100 parts of water were mixed.
PAR  After conducting the reducer treatment, the printing plates were washed
      with water to provide the waste solution. Local fog in the printing plates
      were subjected to reducer treatment by weakly rubbing the portions with
      absorbent cotton impregnated with the reducer, and then the portions were
      washed with water to also provide waste solution. Both waste solutions
      were used in the above procedure as the treated waste solution. The total
      concentration of ferricyanide ions and ferrocyanide ions in the waste
      solution of the reducer was in the range of 0-200 ppm., but the mean
      concentration was 50 ppm.
PAR  Waste solution was passed through the above-described cylinder containing
      the ion-exchange resin and then the amount of the solution passed through
      the cylinder until ferricyanide ions or ferrocyanide ions were detected in
      the solution was measured (treatment capacity).
PAR  The ion-exchange resin thus used for the treatment of the waste solution of
      reducer to remove ferricyanide ions and ferrocyanide ions by ion-exchange
      was washed with water and regenerated by passing therethrough 10 liters of
      an aqueous solution of 4% by weight sodium hydroxide at a rate of 500
      ml/min.
PAR  Then, after washing the ion-exchange resin with water, the waste solution
      of the reducer described above was passed through the ion-exchange resin
      thus regenerated and the amount of solution passed through the resin when
      ferricyanide ions or ferrocyanide ions were detected in the solution was
      measured (treatment capacity). The results are shown in the following
      table.
TBL  ______________________________________                                    

             Treatment capacity                                                

     Fresh resin       Regenerated resin                                       

     ______________________________________                                    

     11 tons             10 tons                                               

     ______________________________________                                    

PAR  As shown in the above table, the weakly-basic anion-exchange resin showed a
      high capacity for removing ferricyanide ions and/or ferrocyanide ions in
      the waste solution when fresh as well as when regenerated.
PAR  The amount of solution discharged from the cylinder packed with the
      ion-exchange resin during regenerating the ion-exchange resin with aqueous
      4% sodium hydroxide solution was 16 liters. The total concentration of
      ferricyanide and ferrocyanide ions in the waste solution from the
      regeneration was about 30,000 ppm. From this result, it can be understood
      that the ferricyanide ions and the ferrocyanide ions were concentrated
      about 600 times by the method of this invention.
PAC  EXAMPLE 3
PAR  In a cylinder having an inside diameter of 4.5 cm was packed 300 ml of a
      weakly-basic anion-exchange resin (Diaion WA-11). Then, the solution
      prepared by diluting with water to 30 times the original volume the
      reducer having the following composition was passed through the cylinder
      containing the ion-exchange resin:
TBL  Reducer composition:                                                      

     ______________________________________                                    

     Solution A:                                                               

                Ferricyanide     300 g                                         

                Water            700 ml                                        

     Solution B:                                                               

                Ammonium thiosulfate                                           

                                 600 g                                         

                Water            900 ml                                        

     ______________________________________                                    

PAR  At use, 1 part of Solution A, 10 parts of Solution B and 10 parts of water
      were mixed.
PAR  The amount of solution passed through the cylinder when ferricyanide ions
      or ferrocyanide ions were detected in the solution was measured (treatment
      capacity).
PAR  Thereafter, the ion-exchange resin was regenerated as in Example 1 and the
      solution prepared by diluting 30 times the above-mentioned reducer was
      passed through the regenerated ion-exchange resin, the results being shown
      in the following table.
TBL  ______________________________________                                    

             Treatment capacity                                                

     Fresh resin       Regenerated resin                                       

     ______________________________________                                    

     42 liters           40 liters                                             

     ______________________________________                                    

PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is cclaimed is:
NUM  1.
PAR  1. A method of treating a waste liquid from a reducer used for the reducing
      treatment of photographic printing materials containing ferricyanide ions
      and/or ferrocyanide ions from photographic processings which comprises
      contacting the waste liquid with a weakly-basic anion-exchange resin in
      the presence of ammonium ions and thiosulfate ions.
NUM  2.
PAR  2. The method as set forth in claim 1 wherein the weakly-basic
      anion-exchange resin used for the treatment of the waste liquid for
      removing therefrom ferricyanide ions and/or ferrocyanide ions is
      regenerated for reuse.
NUM  3.
PAR  3. The method as set forth in claim 2 where regeneration is with an aqueous
      alkali solution.
NUM  4.
PAR  4. The method as set forth in claim 3 where the aqueous alkali solution
      comprises 1-20 wt.% alkali, based on solution weight.
NUM  5.
PAR  5. The method as set forth in claim 1 where the amount of ferricyanide in
      the waste liquid is from 0.1 to 50 g per liter of the waste liquid, and
      the amount of ammonium ions and thiosulfate ions, expressed as ammonium
      thiosulfate, is 1 to 400 g per liter of the waste liquid.
NUM  6.
PAR  6. The method as set forth in claim 5 where the ammonium ions and
      thiosulfate ions are derived from ammonium thiosulfate present in the
      waste liquid.
NUM  7.
PAR  7. The method as set forth in claim 1 where the weakly-basic anion-exchange
      resin comprises at least one of primary, secondary or tertiary amine
      groups as the active exchange groups.
NUM  8.
PAR  8. The method as set forth in claim 7 where the groups are on a base
      material selected from the group consisting of: a copolymer of styrene and
      divinylbenzene; a copolymer of methacrylate and divinylbenzene; and a
      copolymer of phenol and formaldehyde.
NUM  9.
PAR  9. The method as set forth in claim 1, wherein said waste liquid is a
      Farmer's reducer.
NUM  10.
PAR  10. A method of removing ferricyanide ions and/or ferrocyanide ions from a
      waste solution discharged after subjecting photographic printing plates to
      a reducing treatment using a reducer containing ferricyanide and a
      thiosulfate by contacting the waste solution with an ion-exchange resin
      which comprises using ammonium thiosulfate as the thiosulfate and using a
      weakly-basic anion-exchange resin as the ion-exchange resin.
NUM  11.
PAR  11. The method as set forth in claim 10 wherein said ion-exchange resin
      used for the removal of ferricyanide ions and/or ferrocyanide ions from
      the waste solution is regenerated for reuse.
NUM  12.
PAR  12. The method as set forth in claim 11 where regeneration is with an
      aqueous alkali solution.
NUM  13.
PAR  13. The method as set forth in claim 12 where the aqueous alkali solution
      comprises 1-20 wt.% alkali, based on solution weight.
NUM  14.
PAR  14. The method as set forth in claim 10 where the amount of ferricyanide in
      the waste solution is 0.1 to 50 g per liter of the waste solution, and the
      amount of ammonium thiosulfate is from 1 to 400 g per liter of the waste
      solution.
NUM  15.
PAR  15. The method as set forth in claim 10 where the weakly-basic
      anion-exchange resin comprises at least one of primary, secondary or
      tertiary amine groups as the active exchange groups.
NUM  16.
PAR  16. The method as set forth in claim 15 where the groups are on a base
      material selected from the group consisting of: a copolymer of styrene and
      divinylbenzene; a copolymer of methacrylate and divinylbenzene; and a
      copolymer of phenol and formaldehyde.
NUM  17.
PAR  17. The method as set forth in claim 10, wherein said waste solution is a
      Farmer's reducer.
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ABST
PAL  At least one iron salt and a sodium hydroxide solution are added to an
      emulsion of oil in water to adjust a pH value of 5.5 to 6.5. An intimate
      mixture is formed as said steps are performed. The mixture is left until a
      layer of iron hydroxide having a high oil content has creamed. When said
      flotation has resulted in a separation of phases, the oilfree water is
      withdrawn first and the oil-containing sludge is withdrawn thereafter.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  The present application is a continuation application of the application
      Ser. No. 164,872 filed July 26, 1971 and now abandoned, which in turn was
      a continuation application of my prior application Ser. No. 827,387, filed
      May 21, 1969, which is likewise now abandoned.
BSUM
PAR  According to a prior proposal of the assignees of the inventor(s), sewage
      which consists of or contains stable emulsions of oil in water can be
      treated to separate the emulsified oil in that the sewage is first
      rendered alkaline by an addition of an alkaline solution, the resulting
      alkaline liquid is injected in a first stage together with a solution of
      at least one ferric salt and oil, preferably mineral oil, by means of a
      nozzle into a separating container to fill the same, the contents of the
      container is left therein until a separation of phases has occurred,
      whereafter the prepurified layer of liquid which has subsided under the
      action of gravity (separated water I) is withdrawn and in a second stage
      is fed into a second container to fill the same together with the
      suspension of a separating agent, which consists of metal hydroxide and
      oil and is stabilized e.g., by magnesium oxide, the contents of the second
      container are mixed through with the aid of a nozzle and left in the
      second container until a separation of phases has occured and the oilfree
      liquid which has subsided by gravity (separated water II) is drained.
PAR  At least two separating containers are required in the practical
      performance of said process; the required chemicals must be supplied and
      the metal hydroxide must be skimmed twice. For this reason it is an object
      of the invention to provide a process which produces the same results but
      requires only one separation by flotation and one separating container and
      which can be performed within shorter time and with a smaller consumption
      of chemicals.
PAR  The process which is proposed to accomplish this object and serves to
      separate oil from stable emulsions of oil in water, particularly from
      sewage, which consists of or contains such stable emulsions of oil in
      water, is characterized according to the invention in that an iron salt,
      such as ferric sulfate or ferric chloride, is added to the oil-containing
      sewage in a collecting container for these emulsions, the contents of the
      container are thoroughly mixed, e.g., with compressed air, and sodium
      hydroxide solution, preferably together with oil, such as mineral oil, is
      added to the resulting mixture in the reaction container itself or while
      the mixture flows to a reaction container and at such a rate that a pH
      value of 5.5-6.5 is obtained, and, when the separation by flotation has
      been effected, the oilfree clear water which has been separated and the
      oil-containing sludge are withdrawn in succession.
PAR  The surprising advantage which is afforded by the process proposed
      according to the invention resides in that the mixture of iron hydroxide
      flakes and oil droplets agglomerates much faster than was possible before
      so that a clear layer of separated water is formed much sooner than
      according to the prior proposal and can be separated. The separating
      effect is greater quantitatively than that which could be obtained in the
      prior process; the resulting separated water contains oil only in such
      small amounts that the same can be detected only with a large margin of
      error even by special analytical methods because these amounts are of an
      order of 10-50 parts per million.
PAR  The pH value is preferably adjusted with the aid of an indicator which has
      a transition point in that range although a suitable pH meter may also be
      used. It is particularly suitable to use a 2% bromocresolpurple solution,
      which exhibits a particularly clear color change. To break the emulsion, a
      splitting agent is used, which contains the well-tried ferric ions and
      preferably in the form of a highly concentrated solution. For the purposes
      of the new process, a 40% ferric salt solution has proved satisfactory.
      Tests and experience have shown that 2.5 milliliters of that solution are
      required per liter of old emulsion containing 2% oil. Only 5 milliliters
      solution are required per liter of emulsions containing 5% oil and 8
      milliliters of the iron salt solution are required for emulsions
      containing 10% oil. In a preferred embodiment of the stated process, the
      oil emulsion and separating agent may be mixed by the introduction of
      compressed air through a suitable distributing device. A sodium hydroxide
      solution of 5% concentration is used for neutralization or to adjust the
      optimum pH value because a caustic solution having the concentration can
      be handled with relatively small danger.
PAR  It has been found that the optimum amount of oil which is of essential
      significance for the separation by flotation is one hundredth of the
      volume of the emulsion to be cracked. It is not required to use fresh oil
      for this purpose because oil which has been used once or several times for
      the separation and recovered from the hydroxide sludge may be used instead
      of fresh oil.
PAR  To determine the amount of alkaline solution to be added it is suitable to
      titrate an aliquot of the iron salt-containing emulsion with the aid of
      bromocresolpurple. The amount of sodium hydroxide solution which is
      required for the neutralization is controlled preferably by mechanical
      means, e.g., by an exact adjustment of a pipe which is provided with a
      scale. The sodium hydroxide solution is drawn off automatically and
      injected into the reaction container together with the liquid to be
      handled. It is of special advantage to use for the mineral oil and for the
      sodium hydroxide solution a mixing head which is adjustable to control the
      rate of both liquids and through which they can be supplied in a finely
      divided form to the reaction container.
PAR  The plant for carrying out the process comprises generally a reaction
      container and a unit which comprises a plurality of containers
      respectively intended to collect the emulsion, for the sludge, the old oil
      and the sodium hydroxide solution. The containers are interconnected by
      means of pipelines of flexible tubes, which are provided with cocks,
      threeway cocks or valves in such a manner that a single self-priming
      pressure pump can perform all transfer operations which are required,
      provided that the cocks are suitably controlled, and the above-mentioned
      metering head is provided to mix the liquids and comprises an adjusting
      member for reducing or increasing the narrowest cross-section in order to
      change the desired mixing ratio.
PAR  In the processing of cutting oils, i.e., of aqueous emulsions such as are
      used in the machining of metal, it has been found that a relatively long
      time is required for the separation of phases, i.e., for the creaming of
      the hydroxide sludge and the formation of clear separated water. The plant
      is inoperative during that time. It has also been observed that fine
      hydroxide flakes remain in the separated water even when the large
      hydroxide flakes have creamed and these fine flakes cannot be separated
      even within a long time. Although these amounts were always negligibly
      small, their presence disturbs the visual impression of the separated
      water so that agents are to be suggested which enable a further and faster
      separation of the phases.
PAR  In searching for such agents, it has been found that high-molecular,
      water-soluble polymers based on acrylamide, polyacrylic acid, polyvinyl
      alcohol and polyethylene oxide can be used to great advantage to process
      sewage which contains stable oil emulsions, provided that the
      abovementioned pH range of 5.5-6.5 is adjusted before the separation of
      phases. Such polymers are already known for use in the flotation of ore
      and for the clarification of sewage as well as for separating oil
      emulsions by a treatment with ferric sulfate solutions, which by an
      addition of hydrochloric acid have been adjusted to a pH value between 1.0
      and 2.5. A polymer which has proved particularly desirable for the present
      purposes is sold by The Dow Chemical Comp. of Midland, Michigan, U.S.A.
      under the name "Separan NPIO." This is a polyacrylamide having a molecular
      weight of about 1,000,000.
PAR  This material dissolves slowly but to a relatively large extent in water so
      that solutions containing 2-5 grams of the agent per liter of water can
      easily be made. To separate the iron hydroxide flakes by creaming from the
      separated water, it is sufficient to provide a solution which contains 2.5
      grams Separan per liter and to add it in an amount of 20 liters to 1,000
      liters of the reaction volume so that about 50 grams of the polymer, on a
      dry basis, are present in the liquid mixture. It is suitable to add the
      polymer solution when the ferric salt, the oil and the sodium hydroxide
      solution have been added in the amounts determined by titration and when
      the reactants have been intimately mixed. Only a slow and careful stirring
      is permitted to admix the polymer solution to the liquid which is in the
      container in order to ensure that the coarse flakes which form quickly are
      not disintegrated and that the desirable effect of the added polymer is
      not endangered. The liquid flow which is produced in the container by the
      supply of the pumped polymer is generally sufficient for the distribution
      of the flocculating agent in the container because even a stronger mixing
      will not result in an increase of the speed at which the suddenly
      initiated creaming process takes place.
PAR  The creaming process in the large container is terminated after about 20
      minutes and the resulting separated water is entirely free of oil and
      hydroxide sludge; it is entirely colorless and no trace of iron hydroxide
      can be detected even objectively with the aid of optical instruments, such
      as a colorimeter.
PAR  The resulting sludge contains much less water and for this reason can be
      completely dried within short time and can be burnt after a short
      dehydration time when this is desired.
PAR  The invention will be explained more fully hereinafter with reference to
      practical examples.
PAC  EXAMPLE 1
PAR  A collecting container containing about 500 liters of liquid and the
      chemicals and solutions to be added is first filled with an oil emulsion
      which has been used in the metal-working industry as a cutting fluid in
      milling or drilling or boring operations.
PAR  Because the emulsion is assumed to contain 5% oil, 2.5 liters of a 40% iron
      chloride solution are added. For a duratin of 30 minutes, compressed air
      is injected to mix the charge. An aliquot of the contents of the container
      is then titrated to determine the amount of sodium hydroxide solution
      which is required for neutralization. Bromocresolpurple being used as an
      indicator, the color change takes place when 2.38 cubic centimeters of
      sodium hydroxide solutin of 5% concentration have been added to 100 cubic
      centimeters of the sample, which have been diluted to 300 cubic
      centimeters with water. It is thus apparent that 11.95 liters sodium
      hydroxide solutin of 5% concentration must be added to the entire charge.
      When the neutralized charge has been thoroughly mixed, it is desirable to
      check its pH value with indicator paper, which in the present case results
      in a pH value of 6.2, which is considered satisfactory so that further
      alkaline solution or acid need not be added. Mineral oil in the amount of
      5.14 liters required for  514 liters liquid can now be injected. The
      contents of the container are subsequently stored until flotation has
      taken place. After 2 hours, the flotation has proceeded to such an extent
      that the iron hydroxide sludge occupies only 20 percent by volume of the
      liquid column. The clear separated water is withdrawn and analyzed for its
      oil content. Oil can be detected only in traces which are less than 10
      milligrams per liter.
PAC  EXAMPLE 2
PAR  In a preferred embodiment of the invention, sodium hydroxide solution and
      oil can be added simultaneously, as will be discussed more fully in the
      following description of an apparatus which can be used to carry out the
      process.
PAR  A requirement for a satisfactory result of the separation is the
      above-mentioned exact adjustment of the pH value in the charge to a value
      in the range of 5.5 to 6.5 because of intense fine flocculation of the
      iron hydroxide takes place only in this range. These flakes grow rapidly
      to a large size and rise quickly. The clear separated water can be
      withdrawn after a surprisingly short time and without need for further
      purifying operations.
PAR  The added mineral oil can be recovered from the iron hydroxide sludge and
      as old oil can be repeatedly used to effect the creaming described
      hereinbefore in connection with fresh mineral oil. This old oil is
      recovered from the stored iron hydroxide sludge mixture, from which the
      oil separates after a prolonged storage time so that the oil can easily be
      withdrawn.
PAC  EXAMPLE 3
PAR  2.5 liters of a 40% iron chloride solution are added to 500 liters of a
      cutting emulsion which contains about 5% oil. Such emulsions are obtained
      during milling or drilling or boring operations in the metal-working
      industry. The solution is stirred by a suitable stirrer into the emulsion
      and is thus mixed with the same. An aliquot of the contents of the vessel
      is titrated to determine with the aid of bromocresolpurple as an indicator
      the amount of sodium hydroxide solution which is required for the
      neutralization. It has been found that 12 liters of sodium hydroxide
      solution of 5% concentration are to be added to the entire charge. When
      the neutralized charge has been thoroughly mixed, its pH value is checked
      with an indicator paper, which indicates a pH value of 6.2. There is no
      need to add more alkaline solution or acid. Oil in the amount of 5 liters
      which is required for the liquid amounting to about 514 liters may then be
      injected. As a last addition, a solution of 25 grams of the water soluble
      flocculating agent Separan TF in 10 liters of water is pumped in and is
      slightly stirred for uniform distribution. The flocculation is terminated
      when the contents of the container have been stored for 25 minutes. The
      iron hydroxide sludge which has risen to the surface occupies only about
      15% of the volume of the liquid. The colorless, clear water which has
      separated is withdrawn and analyzed for its oil content. Only traces of
      oil can be found, which amount to about 4-5 milligrams per liter of water.
PAR  In a comparison test which is carried out without an addition of a
      flocculating agent, only 80% by volume clear water has been separated but
      this separated water has a slightly yellow color and contains oil in an
      amount of 8-9 milligrams per liter of separated water.
PAC  EXAMPLE 4
PAR  The test described in Example 3 is repeated with the difference that the
      high-molecular polymer "Separan TF" is replaced by "Separan NP10," which
      is produced by the same company. The result is about the same as in
      Example 3 but a perfectly colorless separated water containing about 5-6
      milligrams oil per liter of separated water is obtained within much
      shorter time.
PAC  EXAMPLE 5
PAR  The conditions which have been described in connection with Example 3 are
      also used in another embodiment, in which a water-soluble mixture of
      polyacrylamide and alkali salts of polyacrylic acid is used. The product
      is sold by The Dow Chemical Company in Midland under the name "Separan
      Ap30." Whereas the creaming of the hydroxide floc particles is similar to
      Examples 3 and 4, the time required to complete the separation of phases
      to the same degree is about 10 minutes longer. The separated water is
      entirely clear and colorless and contains about 4-5 milligrams oil per
      liter of separated water.
DRWD
PAR  The drawing shows by way of example a plant which can be used to carry out
      a process according to the invention.
PAR  FIG. 1 is an elevation showing the plant provided with a collecting
      container.
PAR  FIG. 2 is a top plan view showing a collecting container and
PAR  FIG. 3 is an elevation showing the reaction container with the additional
      equipment which is required.
PAR  FIG. 4 is a sectional view showing a mixing head for a convenient supply of
      the additives and
PAR  FIG. 5 is a sectional view taken on line V--V in FIG. 4.
DETD
PAR  The collecting container shown in FIG. 1 is combined with several other
      containers in a unit, which comprises a compartment 1 for the emulsion to
      be separated, a compartment 2 for the sludge to be formed, a compartment 3
      provided with a suction pipe 4 and a stop 5 and serving to hold the
      prepared sodium hydroxide solution, and a compartment 21 which is also
      provided with a suction pipe and serves to hold recovered old oil. FIG. 2
      shows the above-mentioned compartments in a top plan view and with the
      same reference characters.
PAR  FIG. 3 shows a reaction container 6, an electrical control desk 7, a mixing
      or metering head 8, two three-way cocks 9, 10, a filter container 11 and a
      self-priming pressure pump 12. The mixing head 8 is shown in an enlarged
      sectional view in FIG. 4 and comprises a screw 13, which serves to vary
      the cross-section in order to change the mixing ratio. FIG. 5 is a still
      further enlarged view taken on line V--V of FIG. 4 and showing the screw.
PAR  The plant has the following mode of operation:
PAR  In the emulsion compartment 1, a separating agent consisting of a ferric
      salt solution is added to the emulsion and the contents of the compartment
      are subsequently mixed by means of compressed air which is supplied
      through conduit 14. When the supply cocks or valves have been opened and
      the pump 12 has been started by the operation of controls provided on the
      control desk 7, all three substances are drawn through the emulsion
      conduit 16, sodium hydroxide solution conduit 17 and old oil conduit 18
      and to the suction connection pipe 15 of the pump 12 and are pressurized
      in the latter and through the discharge connection pipe 19 of the pump and
      the three-way cock 10 are injected into the reaction container 6.
PAR  The amount of the sodium hydroxide solution can be adjusted in that the
      suction pipe 4 is immersed to a larger depth when the stop 5 on the
      suction pipe has previously been raised. The suction pipe 4 is provided
      with a liter scale so that sodium hydroxide solution 20 can be drawn off
      exactly in the desired amount. As has been mentioned briefly, the screw 13
      of the mixing head can be rotated to adjust the rate at which sodium
      hydroxide solution is drawn off whereas said solution is uniformly
      distributed during the filling of the container. The mixing head 8 is
      shown more clearly in FIGS. 4 and 5. The forward end of the screw 13
      extends into the through bore and controls the cross-section. The
      compartment 21 for old oil contains a suction pipe, which sucks the oil
      from the lowermost point of the oil compartment so that the pipe need not
      be adjustable.
PAR  When the phases have been completely separated by flotation within about
      two to three hours, the cocks or valves can be opened and the pump 12 can
      be started so that the separated water can be drawn off through the float
      valve 22, the three-way cock 9 provided at the suction connection pipe 15
      of the pump 12, the discharge connection pipe 19 of the pump, the
      three-way cock 10, the filter container 11 (which may be filled with
      Ekoperl material) and the outlet cock 23 for separated water.
PAR  To prevent an escape of sludge through the outlet opening for separated
      water, a float valve 22 is provided, which closes automatically when the
      layer of sludge has lowered to the outlet. The sludge can then be drawn
      through the cock 24 to the suction connection pipe of the pump 12 and
      discharged by the latter into the sludge compartment 2. The separated
      water which collects at the bottom of the sludge compartment is conducted
      from time to time through the three-way cock 25 into the empty emulsion
      compartment 1.
PAR  FIG. 3 shows the oil sludge at 26. The level of the liquid in the reaction
      vessel 6 is indicated at 27. The conduits which conduct the separated
      water are designated 28.
PAR  The special advantage of the plant which has been described resides in that
      the flow system which has been illustrated and comprises only a few two-
      and three-way cocks permits all transfer operations to be carried out with
      a single self-priming pump 12.
PAR  Owing to the adjustable metering head 8, the use of the device designed
      according to the invention enables an intense mixing of the components as
      they flow to the flotation container 6 so that a mixture which has been
      thoroughly homogenized is fed into the container 6 and there is no need
      for an additional mechanical stirring. This fact results in a further
      reduction of the time which is required.
PAR  It is inherent in the nature of the invention that the stated process can
      be performed with different apparatus without departing from the basic
      concept of the invention. For this reason, the apparatus which has been
      described is considered only a particularly desirable means for carrying
      out the novel process.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A single-stage process of separating oil from an oil-in-water emulsion
      which comprises adding a ferric salt to the emulsion, thereafter adding to
      the emulsion containing the ferric salt used oil and an alkali in
      sufficient amount to adjust the hydrogen-ion concentration of the mixture
      to a pH between 5.5 and 6.5, subsequently adding an aqueous solution of
      high-molecular weight water-soluble polymeric flocculating agent to the
      mixture, intimately mixing the mixture and thereafter allowing it to stand
      for a sufficient period for it to stratify into two phases, one phase
      consisting essentially of water free from oil and the other consisting of
      the flocculating agent and the ferric hydroxide containing the oil present
      in the emulsion, and finally separating the two phases.
NUM  2.
PAR  2. A single-stage process as defined in claim 1, in which the alkali is
      sodium hydroxide.
NUM  3.
PAR  3. A single-stage process as defined in claim 2, in which the mixture is
      adjusted to a pH of 6.2 by the addition of sodium hydroxide.
NUM  4.
PAR  4. A single-stage process as defined in claim 2, wherein the ferric salt is
      ferric sulfate.
NUM  5.
PAR  5. A single-stage process as defined in claim 2, wherein the ferric salt is
      ferric chloride.
NUM  6.
PAR  6. A single-stage process as defined in claim 1, wherein said step of
      forming said intimate mixture comprises passing a compressed gas through
      the mixture to intensify the mixing.
NUM  7.
PAR  7. A single-stage process of separating oil from an oil-water emulsion
      which comprises adding a ferric salt to the emulsion; adding under
      vigorous stirring used oil and an alkali in an amount sufficient to adjust
      the hydrogen-ion concentration of the mixture to a pH value between 5.5
      and 6.5; subsequently adding an aqueous solution of high-molecular weight
      water-soluble polymeric flocculating agent to the mixture; intimately
      mixing the components of said mixture and thereafter allowing it to stand
      for a sufficient time period to separate into two phases, one phase
      consisting essentially of water free of oil, and the other consisting of
      the flocculating agent, ferric hydroxide containing the oil originally
      present in the emulsion together with the subsequently added oil; and
      finally separating the two phases.
NUM  8.
PAR  8. A single-stage process as defined in claim 7, in which the amount of the
      aqueous solution of the polymer that is added to the mixture is equivalent
      to between 30 and 60 milligrams of polymer per liter of the mixture.
NUM  9.
PAR  9. A single-stage process as defined in claim 7, wherein said polymer is
      selected from the group consisting of polyacrylic acid, polyacrylamide
      polyvinyl alcohol and polyethylene oxide.
NUM  10.
PAR  10. A single-stage process as defined in claim 7, wherein said polymer
      consists essentially of a mixture of polyacrylamide with an alkali salt of
      polyacrylic acid.
NUM  11.
PAR  11. A single-stage process as defined in claim 7, wherein said polymer
      consists essentially of a mixture of polyacrylamide with an ammonium salt
      of polyacrylic acid.
NUM  12.
PAR  12. A single-stage process as defined in claim 7, in which the oil added is
      oil that was recovered from a prior batch of ferric hydroxide that was
      separated in a prior operation of the process.
NUM  13.
PAR  13. A single-stage process as defined in claim 7, in which a mineral oil is
      added to the mixture after its adjustment to a pH value between 5.5 and
      6.5 has been made, in an amount equivalent to approximately one volume of
      oil to each 100 volumes of the mixture.
NUM  14.
PAR  14. A single-stage process as defined in claim 7, in which the oil-in-water
      emulsion is a used cutting oil.
NUM  15.
PAR  15. A single-stage process as defined in claim 7, wherein said mixture is
      adjusted to a pH value of 5.5 by the addition of sodium hydroxide.
NUM  16.
PAR  16. A single-stage process as defined in claim 7, wherein said mixture is
      adjusted to a pH value of 6.2 by the addition of sodium hydroxide.
PATN
WKU  039310060
SRC  5
APN  5157773
APT  1
ART  176
APD  19741017
TTL  Method of reducing sludge accumulation from tar sands hot water process
ISD  19760106
NCL  1
ECL  1
EXP  Granger; Theodore A.
NDR  1
NFG  1
INVT
NAM  Baillie; Robert A.
CTY  West Chester
STA  PA
INVT
NAM  Fear; James Van Dyck
CTY  West Chester
STA  PA
ASSG
NAM  Great Canadian Oil Sands Limited
CTY  Toronto
CNT  CA
COD  03
CLAS
OCL  210 46
XCL  208 11
XCL  210 83
EDF  2
ICL  B01D 2100
FSC  210
FSS  42;44;46;55;59;66;70;83
FSC  208
FSS  11
UREF
PNO  3052621
ISD  19620900
NAM  Clark
XCL  210 83
UREF
PNO  3487003
ISD  19691200
NAM  Baillie et al.
XCL  210 42
UREF
PNO  3526585
ISD  19700900
NAM  Camp
XCL  210 44
UREF
PNO  3751358
ISD  19730800
NAM  Elliott
OCL  210 59
UREF
PNO  3763041
ISD  19731000
NAM  Cook et al.
OCL  210 42
UREF
PNO  3816305
ISD  19740600
NAM  Schutte
OCL  210 42
LREP
FR2  Church; George L.
FR2  Hess; J. Edward
FR2  Maloney; Richard P.
ABST
PAL  A method for reducing the sludge layer in an aqueous effluent retention
      pond associated with hot water extraction of bitumen from tar sands
      comprising dispersing the aqueous effluent discharge from the extraction
      process containing bitumen, sand, water, silt and clay over the surface of
      the pond thereby effecting a reduction in the volume of the sludge layer
      in the pond.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improvement in the hot water process of
      extracting bitumen from tar sands. This invention particularly relates to
      treatment of effluent discharge and treatment of water storage retention
      ponds used in retaining effluent discharge waste streams recovered from
      hot water extraction of bitumen from tar sands.
PAR  Tar sands which are also known as oil sands and bituminous sands are
      siliceous materials which are impregnated with heavy petroleum. The
      largest and most important deposits of the sands are the Athabasca sands,
      found in northern Alberta, Canada. These sands underlay more than 13,000
      square miles at a depth of 0 to 2000 feet. Total recoverable reserves
      after extraction and processing are estimated at more than 300 billion
      barrels --just equal to the world-wide reserves of conventional oil, 60
      percent of which is in the Middle East. By way of contrast, the American
      Petroleum Institute estimated total United States oil reserves at the end
      of 1965 at 39.4 billion barrels.
PAR  The tar sands are primarily silica, having closely associated therewith an
      oil film which varies from about 5 percent to 21 percent by weight, with a
      typical content of 13 weight percent of the sand. The oil is quite
      viscous--6.degree.  to 8.degree. API gravity--and contains typically 4.5
      percent sulfur and 38 percent aromatics.
PAR  The sands contain, in addition to the oil and sand components, clay and
      silt in quantities of from 1 to 50 weight percent, more usually 10 to 30
      percent. The sands also contain a small amount of water, in quantities of
      1 to 10 percent by weight, in the form of a capsule around the sand
      grains.
PAR  Several basic extraction methods have been known for many years for the
      separation of oil from the sands. In the so called "cold water" method,
      the separation is accomplished by mixing the sands with a solvent capable
      of dissolving the bitumen constituent. The mixture is then introduced into
      a large volume of water, water with a surface agent added, or a solution
      of neutral salt in water, which salt is capable of acting as an
      electrolyte. The combined mass is then subjected to a pressure or gravity
      separation.
PAR  In the hot water method, as disclosed in Canadian Pat. No. 841,581 issued
      May 12, 1971, the bituminous sands are jetted with steam and mulled with a
      minor amount of hot water at temperatures of 170.degree. to 190.degree.F.,
      and the resulting pulp is then dropped into a turbulent stream of
      circulating hot water and carried to a separation cell maintained at a
      temperature of about 185.degree.F. In the separation cell, sand settles to
      the bottom as tailings and oil rises to the top in the form of a froth. An
      aqueous middlings layer comprising clay and silt and some oil is formed
      between these layers. This basic process may be combined with a scavenger
      step for further treatment of the middlings layer obtained from the
      primary separation step to recover additional amount of oil therefrom.
PAR  The middlings layer either as it is recovered from the primary process or
      as it is recovered after the scavenger step comprises water, clay and oil.
      The oil content is, of course, higher in middlings which have not
      undergone secondary scavenger steps.
PAR  As disclosed herein the term effluent discharge is used to describe waste
      water streams associated with the hot water method for extracting bitumen
      from tar sand which streams contain at least 5 weight percent sand and are
      not the primary products of the hot water process. The effluent discharge
      is removed from the process plant as a slurry of about 35 to 75, typically
      45 percent, solids by weight. Included in the slurry is sand, silt, clay
      and small quantities of bitumen. In this specification, sand is siliceous
      material which will not pass a 325 mesh screen. Silt will pass 325 mesh
      but is larger than 2 microns. Clay is material smaller than 2 microns
      including some siliceous material of that size. Included in the slurry is
      sand, clay and small quantities of bitumen ranging from about 0.5 to 2.0
      weight percent of the total discharge. The discharge stream on an average
      contains 35 to 45 weight percent sand.
PAR  Because the effluent contains oil emulsions, finely dispersed clay with
      poor settling characteristics and other contaminants, water pollution
      considerations prohibit discarding the effluent into rivers, lakes or
      other natural bodies of water. The disposal of the effluent discharge has
      therefore presented a problem. Currently, effluent discharge is stored in
      evaporation ponds which involve large space requirements and the
      construction of expensive enclosure dikes. A portion of the water in the
      effluent discharge is recycled back into the hot water extraction process
      as an economic measure to conserve both heat and water. However,
      experience has shown that the dispersed silt and clay content of the
      recycled water can reduce primary froth yield by increasing the viscosity
      of the middlings layer and retarding the upward settling of oil flecks.
      When this occurs, the smaller oil flecks and those that are more heavily
      laden with mineral matter stay suspended in the water of the separation
      cell and are removed from the cell with the middlings layer.
PAR  Effluent discharge from the hot water process for extracting bitumen from
      tar sands contains a substantial amount of mineral matter some of which is
      colloidally dispersed in the effluent discharge and therefore does not
      settle very readily when stored in the retention pond. The lower layer of
      the retention pond can contain up to 50 percent dispersed mineral matter
      made up substantially of clay and silt and can contain up to 5 percent
      bitumen. This part of the pond water is normally referred to as sludge.
      This part of the pond is generally not suitable for recycling to the hot
      water extraction process for the reason that its addition into the
      separation cell or the scavenger cell at the normal inlet means would
      raise the mineral content of the middlings of the cell to the extent that
      recovery of bitumen would be substantially reduced. Generally, the
      settling which does take place in the pond provides a body of water in
      which the concentration of mineral matter increases substantially from the
      surface of the pond to the bottom thereof. One such pond now in commercial
      use containing effluent discharge and having a surface area of about 1000
      acres and an average depth of 40 feet can be characterized somewhat as
      follows:
PAR  a. From the surface of the pond to a depth of 15 feet, the mineral
      concentration which is primarily clay is found to be about 0.5 to 5.0
      weight percent. This pond water can normally be recycled to a hot water
      extraction process without interfering with the extraction of bitumen from
      tar sands.
PAR  b. The layer of water in the pond between 15 and 25 feet from the surface
      contains between 6 and 15 percent mineral matter. This water if recycled
      in any appreciable extent in lieu of fresh water to the separation cell
      feed with fresh tar sands would increase the mineral content of the
      middlings portion of the cell to the point that little bitumen would be
      recovered.
PAR  c. Finally, the section of the pond between 25 feet and the bottom of the
      pond contains 16 to 50 percent mineral matter and is normally referred to
      as sludge.
PAR  Any pond associated with hot water extraction of bitumen from tar sands and
      containing a sludge layer containing minerals as defined above is suitable
      for use in the method of the present invention.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a process for treating a retention pond
      containing the effluent discharge normally provided when bitumen is
      recovered from tar sands by way of hot water extraction techniques.
      Specifically, the process of the present invention provides a means to
      improve the settling of the sludge portion of the retention pond in which
      effluent discharge is stored. Most particularly, the present invention
      provides a means whereby the sludge layer of the pond is reduced in volume
      to provide a pond having a lower volume of sludge therein and therefore an
      over-all reduction in colloidally dispersed mineral matter.
PAR  The method of the present invention essentially comprises discharging the
      effluent from the hot water extraction procedure in a manner so that it is
      widely dispersed over the surface of the retention pond. This method of
      adding effluent discharge to the pond allows the sand particles in the
      effluent to rain down on the pond and thereby rain down through the sludge
      layer at the bottom of the pond. By this procedure, a part of the
      dispersed silt and clay in this sludge layer is included in the
      interstitial volume between sand grains so as to provide a pond containing
      a substantially smaller sludge layer volume. As a result of the method of
      the present invention, more of the water in the pond is suitable for
      recycle to the hot water extraction technique thereby incorporating
      efficiencies of water usage in separation of bitumen from tar sands.
DETD
PAR  In order to more clearly define the present invention, the following
      illustration is presented. Referring to the FIGURE, bituminous tar sands
      are fed into a hot water extraction system through line 1 where they first
      pass into mixing zone 16. Water and steam are introduced from line 2 and
      mixed with tar sands. The total water so introduced is a minor amount
      based on the weight of the tar sands and generally is in the range of 10
      to 45 percent by weight of the mixture. Enough steam is introduced to
      raise the temperature in the conditioning drum to within the range of
      130.degree. to 210.degree.F. preferably above 170.degree.F. Water added
      into the mixing zone can also be middlings or pond water recycled via line
      7. An alkaline reagent can also be added to the mixing zone usually in the
      amount of from 0.1 to 3.0 pounds per ton of tar sands. The amount of such
      alkaline reagent preferably is regulated to maintain the pH of the
      middlings layer in separation zone 19 within the range of 7.5 to 9.0. The
      best results are obtained at a pH value of 8.0 to 8.5. The amount of
      alkaline reagent that needs to be added to maintain the pH value in the
      range of 7.5 to 9.0 can vary from time to time as the composition of the
      tar sands obtained from the mine site varies. The alkaline reagents
      normally used for this purpose are caustic soda, sodium carbonate or
      sodium silicate although any of the other alkaline containing reagents
      known for this application in the art can be used if desired.
PAR  The mixture from zone 16 can then be passed via line 3 to screen indicated
      at 17. The purpose of screen 17 is to remove from the pulp any debris such
      as rocks or over-sized lumps of tar sands as indicated generally at 4. The
      pulp then passes via line 5 from screen 17 into sump 18 wherein it is
      diluted with additional water from line 6 which can be recycled from the
      pond surface via line 25 or fresh water from a fresh water source or can
      also be a mixture of any of these two combined with middlings from
      separation zone 19 added via line 7. Addition of water now places the pulp
      in a pumpable condition so that it can be easily transferred into
      separation zone 19. Additional water wash can also be added to screen 17
      to wash the pulp into sump 18 in place of the water added via line 6. In
      normal practice the total amount of water added to the tar sands pulp as
      liquid water and as steam prior to the separation step should be in the
      range of 0.2 to 3.0 pounds per pound of the tar sands. The water
      requirements for the separation zone, of course, are contingent upon the
      quantity of silt and clay which the tar sands contain as compared to the
      bitumen content of the tar sands. For example, when 15 percent by weight
      of the mineral matter of the tar sands has a particle size below 2
      microns, the fresh water added generally can be about 0.3 to 0.5 pounds
      per pound of tar sands. On the other hand, when 30 percent mineral matter
      is below 2 microns in diameter generally a larger quantity such as 0.7 to
      1.0 pounds of water per pound of tar sands is required. It is a general
      rule the amount of water needed within the process as fresh water
      increases as the clay content relative to the bitumen content of the tar
      sand increases and to some degree as the silt content increases.
PAR  The tar sands slurry is transferred from sump 18 to separation zone 19 via
      line 8. In separator zone 19 the slurry mixture is agitated by
      conventional means and contents of the separation zone normally separates
      into an upper bitumen froth layer as indicated by 26, a middlings layer
      indicated by 27 and sand tailings layer indicated by 28 in the FIGURE.
      From separation zone 19, the bitumen froth in the form of a primary
      bitumen froth is recovered via line 9. Middlings from the zone can be
      withdrawn for recycling via line 7 as previously disclosed and also
      middlings are withdrawn via line 11 and transferred into a secondary
      recovery zone known as a flotation scavenger zone 20. In a scavenger zone
      air is provided via aerator 23 so that an air flotation operation can be
      conducted. Air is provided at a locus where agitation of the middlings is
      being effected so that the air becomes dispersed in the middlings and
      forms small bubbles. Small bubbles combined with the bitumen aid in
      floating the bitumen to the surface of scavenger zone 20 wherein it is
      withdrawn via line 12 into froth settler zone 21 where again the froth is
      permitted to settle. The froth in zone 21 is recovered via line 15 from
      the top of the settler and combined in line 24 with the froth from line 9.
      The tailings from zone 21 containing mineral and water and some bitumen is
      withdrawn via line 14 and added to line 11 wherein it is recycled into
      flotation scavenger zone 20. The tailings from scavenger zone 20 are
      withdrawn via line 13 and combined with the tailings from the separation
      zone 19 which are withdrawn via line 10 both of which are combined in line
      29 and thereafter pumped to the settling pond as the effluent discharge.
      Combined they normally contain about 40 weight percent sand.
PAR  The pond as shown in the FIGURE can be thought of as having three zones of
      mineral and bitumen dispersed in water. This description is characteristic
      of a pond storing the effluent discharge of a hot water process as herein
      above described. The upper layer 31 of the pond dependent on the mode of
      operation of the extraction process can contain 1 to 80 percent and often
      5 to 40 percent of the pond volume and is the uppermost layer in the pond.
      This layer of the pond normally contains between 0.5 to 5.0 weight percent
      mineral matter generally in the form of fine clay less than 2 microns in
      size. The number 32 in the FIGURE denotes the middle layer of the pond
      which can contain 5 to 20 percent mineral matter including clay and silt
      dispersed colloidally. The lower layer of the pond 33 can be 40 percent of
      the volume of the pond which can contain up to 50 percent mineral matter
      in the form of clay and silt. This layer in the pond is commonly referred
      to as sludge and has not been suitable for use in any part of the hot
      water extraction process as disclosed above.
PAC  EXAMPLE
PAR  As a typical example of utilization of the invention herein disclosed, an
      effluent from the hot water extraction of bitumen from tar sands having
      approximately 48 percent water by weight, 40 percent by weight sand, 2
      percent by weight silt, 9 percent by weight clay and 1 percent by weight
      bitumen was collected from the hot water extraction as an effluent
      discharge and is sprayed over the surface in an arc of about 100 feet in
      diameter of a settling pond of approximately 380 acres in surface area.
      The sand in the effluent is provided at the rate of about 180 tons per day
      per acre. The pond has an average depth of about 40 feet having the
      characteristics as is shown in the FIGURE.
PAR  As is disclosed in the process of the present invention, when the sand
      particles rain down through the upper two layers of the pond and
      thereafter through the final lower layer, the sludge layer of the pond,
      compaction of the minerals in the intersticies of the sand is effected
      whereby more water of lower mineral content is provided in the pond. The
      compaction caused by the raining of the sand through the sludge layer at
      the bottom of the pond results in particles of clay and silt replacing
      water which normally is found in the intersticies of sand. Thus more of
      the mineral matter is compacted thereby providing a water layer in the
      pond of a lower dispersed mineral content.
PAR  For any noticeable effect to be realized the effluent sprayed on the pond
      should be applied to provide from about 50 tons per day per acre of pond
      to about 500 tons per day per acre of pond. The means of applying the
      effluent discharge to the pond can include of floating barge with a
      flexible line which permits continuous change in the area of application
      of the effluent discharge stream.
PAR  Thus the invention comprises a method of depositing effluent discharge
      containing sand in a retention pond for storing effluent discharge from
      the hot water extraction of bitumen from tar sands which comprises
      dispersing said effluent discharge over the upper surface of the pond.
      Essentially the present invention comprises a method of compacting the
      sludge layer of a retention pond for storing effluent discharge recovered
      from the hot water extraction of bitumen from tar sands, said pond
      containing a sludge layer under a non-sludge layer which comprises raining
      sand through said sludge layer thereby compacting said sludge and
      increasing the proportion of the non-sludge layer in the pond.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. In a hot water process for extracting bitumen from tar sands wherein
      said tar sands are mulled with water at a temperature in the range of
      170.degree. to 190.degree.F. to provide a bituminous froth product and a
      waste water stream containing 35 to 75% solids by weight including sand,
      silt, clay and bitumen and wherein said waste water stream is stored in a
      retention pond containing an upper layer of water and a lower layer of
      sludge containing up to 50% by weight dispersed solids including clay,
      silt and bitumen, the improvement which comprises a method for compacting
      said sludge layer which comprises dispersing said waste water stream over
      the surface of said pond thereby raining the sand in said waste water
      stream through said sludge layer thereby compacting said sludge layer and
      increasing the proportion of the non-sludge layer in the pond.
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ABST
PAL  A method is provided for extracting metal impurities from waste water to
      which ferrous ions are added to provide at least two times the amount of
      ferrous ions on the mol basis to the amount of metal ions present, the
      resulting solution containing acid radicals, a base being added to the
      solution to raise the pH to form a suspension of metal hydroxides,
      following which an oxidizing gas is bubbled in solution to form crystals
      containing ferric ions and further containing the metal ions originally in
      solution, the precipitated crystals being thereafter separated to provide
      clean water.
BSUM
PAR  This invention generally relates to the prevention of the environmental
      pollution and particularly to a method of extracting heavy metals, e.g.
      metal impurities, from industrial waste waters.
PAR  The surrounding environments, particularly the seas, lakes, rivers and the
      soil are being polluted by heavy metals contained in and thrown away with
      industrial waste waters. Waste waters of plating factories contain Cu, Ni,
      Cr, Sn, Cd or other metals. Those from glass industries, soda industries,
      and leather-tanning industries include Cd and Pb, Hg and Cr, respectively.
      Non-ferrous metal industries throw away waste waters containing a variety
      of heavy metals. It is widely known that Cd, Hg and Pb may be introduced
      into human bodies from polluted waters or soils through plants and animals
      and can fatally affect the human health. Also, other heavy metals might be
      injurious to the human body.
PAR  Among conventional methods of extracting heavy metals from waste water,
      widely known is a pH control method in which calcium hydroxide is added to
      waste water containing heavy metals to control the pH of the water. At the
      specific value of the pH, the heavy metal ions are changed to the
      hydroxide. Thus, precipitates of hydroxides of heavy metals are formed and
      separated from the water. This conventional method has, however, many
      defects. Since pH value to make precipitates differ with kinds of heavy
      metals, for example, 11 for Pb and higher than 11 for Cd, a single
      treatment is impossible to waste water containing a plurality of heavy
      metals. Since sizes of the precipitates are very small, e.g. of the order
      of 10 to 100 angstroms, separation of the precipitates from the water is
      difficult. Moreover, heavy metals are apt to be resolved from the
      precipitates when the pH of the environment is varied. For some heavy
      metals, such as Bi and V, any effective extracting method has not been
      known.
PAR  It is, therefore, the object of this invention to provide a novel method of
      extracting heavy metals from waste water in which precipitates containing
      heavy metals are easily separated from water and hardly resolve the heavy
      metals.
PAR  This invention is based on the following chemical reaction: aqueous
      solution containing ferrous ions forms the precipitates of hydroxides by
      adding alkaline materials and the precipitates change to ferromagnetic
      oxides such as Fe.sub.3 O.sub.4 and/or oxyhydrates (or oxyhdroxides) FeOOH
      of a large size by bubbling an oxidizing gas such as air into the
      suspension of hydroxides. In this case, many kinds of heavy metals in the
      solution are substituted in the metal sites of Fe.sub.3 O.sub.4 crystal
      lattice to form various kinds of ferrites or of FeOOH crystal lattice.
      Other kinds of heavy metals are firmly adsorbed by the ferrites thus
      formed, Fe.sub.3 O.sub.4, and/or FeOOH. As a result, harmful heavy metals
      are almost completely extracted from the solution. According to this
      invention, the final precipitates of ferromagnetic oxides such as Fe.sub.3
      O.sub.4 and ferrites can be instantly removed from the solution by use of
      a magnet. Moreover, the precipitates of Fe.sub.3 O.sub.4, ferrites and
      FeOOH have a larger size, e.g. at least about 0.05 microns, and hence, not
      only exhibit fast sedimentation but also are easily filtered. Anyway, the
      obtained precipitates containing heavy metals can be readily separated
      from the solution. Resolving of heavy metals from precipitates once formed
      scarcely occurs because they are enclosed in the lattice point of the
      precipitate crystals. It has been confirmed through waterwashing test that
      adsorption of other heavy metals by FeOOH, Fe.sub. 3 O.sub.4, or ferrites
      is so firm that it has not been observed in the same type of adsorption.
      The precipitates of ferrites can be used as raw materials of a low grade
      ferrite magnet. The precipitates of Fe.sub.3 O.sub.4 and FeOOH containing
      heavy metals may be employed as raw materials of oxides of various kinds,
      a magnet, and colored pigments. According to this invention, all kinds of
      metals or heavy metals contained in one solution can be extracted by a
      single treatment. Moreover, such heavy metals that no method of treatment
      has been known can be extracted by this invention.
DRWD
PAR  Now the invention will be described more in detail with reference to the
      drawings in which:
PAR  FIG. 1 is a graph illustrating the principle of the invention;
PAR  FIG. 2 is a schematic sectional view of an example of apparatus for
      magnetically separating precipitates according to the invention; and
PAR  FIG. 3 is a schematic sectional view of another example of apparatus for
      magnetically separating precipitates.
DETD
PAR  This invention is applied to waste waters containing at least one metal
      preferably having a specific gravity of 3.8 or more, such as the heavy
      metals Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Y, Cd, Sn, Hg and Bi. The
      invention is applicable to other metal impurities, such as Al, Mg, etc.
      Amounts of heavy metals contained in waste water to be treated are first
      measured to know the total mol amount of the contained heavy metals other
      than ferrous ions. To this waste water, ferrous ions are added so that
      ferrous ions are present in the waste water in mol amounts of about two to
      hundred times the total number of mols of the contained heavy metals. As a
      source of ferrous ions, a ferrous salt such as ferrous sulphate or ferrous
      chloride can be used. Ferrous salts may be obtained abundantly and
      inexpensively from industrial wastes, that is, from pickling solutions of
      iron plates in the form of FeSO.sub.4 .sup.. 7H.sub.2 O, for instance, or
      as a by-product in the manufacture of titanium dioxide. Before or after
      the addition of ferrous ions, or at the same time of the addition of
      ferrous ions, an alkaline substance or base is added to the waste water.
      Examples of such substances are hydroxides or carbonates of alkali metals
      and alkaline earth metals. Alkaline substances or bases containing
      nitrogen such as NH.sub.4 OH, or an aqueous solution thereof may be
      employed. The amount of the base should range from about 0.9 to 1.2
      equivalent, and more favorably from about 0.98 to 1.05 equivalent, of the
      acid radical contained in the waste water after the addition of ferrous
      ions. If the amount of addition of the base is in the mentioned range,
      that is, at or near 1 equivalent, all the heavy metals are easily
      extracted and magnetite or ferrites are easily formed by a subsequent
      oxidation process to be detailed below. However, if the amount is less
      than about 0.9 equivalent, heavy metals are apt to remain in the water,
      and, to prevent that, it needs too long time of oxidation. If the amount
      of addition of the alkaline substance or base exceeds 1.2 equivalent, a
      higher temperature is necessary in the oxidation process to form magnetite
      or ferrites. Moreover, some base remains in the treated waste water and
      makes it alkaline with the result that an additional process is required
      to neutralize the treated waste water before effluence.
PAR  As a result of addition of ferrous ions and alkali to the waste water, a
      suspension of ferrous hydroxide or a mixture of ferrous hydroxide and a
      hydroxide or hydroxides of some other heavy metal or metals are formed in
      the waste water. The suspension is then oxidized at a temperature between
      10.degree.C and 100.degree.C while the hydroxides are stirred up.
PAR  For oxidation, an oxidizing gas such as air or oxygen should be bubbled
      into the waste water until the hydroxides disappear. By this process,
      ferrous ions which have been dissolved in the waste water in equilibrium
      with the hydroxides are mainly oxidized and crystal particles containing
      ferric ions are precipitated from the water. The hydroxides continuously
      dissolve into the waste water to supplement the ferrous ions, whereby
      oxidation progresses. The hydroxides dissolve into the waste water
      gradually and eventually vanish. Thus, particles of compounds containing
      ferric ions are obtained as a precipitate. The chemical composition, the
      crystal structure, and the particle size of the precipitate containing
      ferric ions are governed by various conditions such as the ratio of the
      amount of base to the acid radical, temperature during oxidation, time
      duration of oxidation, and concentration of ferrous ions.
PAR  Referring to FIG. 1, the precipitated particles containing ferric ions are
      of magnetite Fe.sub.3 O.sub.4, ferric oxyhydrate FeOOH, or a mixture
      thereof, if the water contains only ferrous ions as metallic ions. Where a
      base of about 1 equivalent to the amount of the ferrous salt is added, a
      suspension of pH 9 to 10 is obtained. From this suspension, Fe.sub.3
      O.sub.4 is solely produced at an oxidizing temperature of about
      50.degree.C or more or a mixture of Fe.sub.3 O.sub.4 and .alpha.-FeOOH is
      produced at below about 50.degree.C.
PAR  From the suspension formed as mentioned above in the waste water containing
      heavy metals, ferrites having a composition of M.sub.x Fe.sub.3.sub.-x
      O.sub.4, where M represents a heavy metal or metals and O &gt; X .ltoreq. 1,
      are precipitated at a temperature of 60.degree.C or more, preferably
      60.degree.C to 90.degree.C. At a temperature of less than 60.degree.C, a
      mixture of ferrite and FeOOH is precipitated. Where the heavy metals are
      Mn, Cd, and Zn, they are easily incorporated into magnetite to form
      ferrites in an amount of 1 mol or less (X .ltoreq. 1) with respect to
      ferric ions of 2 mols. Some other heavy metals such as Pb, Cr, Hg, and Ni
      are incorporated into magnetite in a small amount of 0.1 mol or less with
      respect to 2 mols of ferric ions. For these heavy metals, therefore,
      plenty of ferrous ions, such as an amount of 20 times or more mols thereof
      are necessary. Other heavy metals are incorporated into magnetite in an
      intermediate amount between the foregoing two amounts. Two heavy metals
      may be incorporated into FeOOH in a very small amount. The remaining
      amounts of the heavy metals are considered to be adsorbed by magnetite,
      ferrite, or FeOOH. Since they cannot be taken off from magnetite, ferrite
      or FeOOH even by the ultrasonic rinsing in water, it is considered that
      they are connected with magnetite, ferrite, or FeOOH not by a simple
      adhesion but by a relatively strong bond of a certain type.
PAR  The precipitated ferrites, magnetite, or FeOOH have a larger particle size
      than 100 Angstroms. For example, ferrites and magnetite of 0.05 micron or
      more in particle size are obtained by oxidation at 50.degree.C for 1 hour.
      If the time and the temperature of the oxidation are longer and higher,
      respectively, the precipitated crystals have a larger particle size.
      Although oxidation of a relatively long time is desirable to precipitate
      completely the heavy metals, a time duration of 30 hours is sufficient for
      oxidation from an economical viewpoint.
PAR  Since the precipitates have a larger particle size, they can be easily
      separated from the water by way of the usual sedimentation and filtering
      techniques. More conveniently, ferrites and magnetite among the
      precipitates can be removed by a magnet. It has been found that some
      amount of FeOOH is attracted by the magnet together with the ferrites or
      magnetite.
PAR  Referring to FIG. 2, one example of apparatus for separating the
      precipitates from the water includes a vessel 1 and a plurality of plates
      2 made of Ba-ferrite magnet and installed in the vessel by use of
      separators 3. The waste water 4 already subjected to the oxidation process
      is introduced into the vessel 1 from one end thereof as indicated by arrow
      5, and drained away from the other end as shown by arrow 6. The
      ferromagnetic precipitate of the waste water 4 is magnetically attracted
      by the magnet 2. The other precipitate may be deposited at the same time
      on the bottom of the vessel 1 by sedimentation. In another example shown
      in FIG. 3, a rotating drum 10 made of a non-ferromagnetic material and
      provided with a magnet 11 passes through the waste water 13 with
      ferromagnetic precipitate. The ferromagnetic precipitate magnetically
      attached to the magnet 11 is taken off by a brush 12 and falls as
      indicated by arrow 14. Instead, a filtering apparatus with a filter-bed
      made of a magnet can be employed. Moreover, an electromagnet may be used
      in place of a permanent magnet.
PAR  The method of this invention can extract the heavy metals which are present
      in waste waters not only in the form of ions but may include complexes
      such as complex cyanide and ammine complex salt. In this case, the heavy
      metals are resolved from the complex to ionize by the reaction of this
      invention and are incorporated into or adsorbed by magnetite or ferrites.
      Thus, the term "metal ions" includes metal ions as such and metal ion
      complexes.
PAR  It the waste water contains beforehand ferrous ions such as in the case of
      wastes from Ti industries, addition of ferrous ions to the waste water is
      unnecessary where the amount of the originally contained ferrous ions is
      sufficient, or only partial addition is required to make the overall
      amount of ferrous ions sufficient. Similarly, if the waste water is
      alkaline or basic, addition of a base is not necessary. In this case,
      addition of a ferrous salt in an amount to introduce a necessary amount of
      ferrous ions is only required.
PAR  The present invention provides an effective pretreatment for the
      heavy-metal extracting method. This pretreatment is applicable to acidic
      waste waters containing Ni, Pb, Cd, Hg, Cu, or other metals having a
      smaller ionization tendency than Fe, i.e. below iron in the electromotive
      series. According to this pretreatment, metallic iron such as iron scrap
      or iron powder is added to the acidic waste water which is then agitated.
      As a result, free acid, for example free sulfuric acid in the solution, is
      at first lost by the reaction.
EQU  H.sub.2 SO.sub.4 + Fe .fwdarw. FeSO.sub.4 + H.sub.2,
PAL  and then ions of the heavy metal, for example, Cu, having a smaller
      ionization tendency than Fe is reacted with the remaining metallic iron by
      the reaction of
EQU  CuSO.sub.4 + Fe .fwdarw. FeSO.sub.4 + Cu
PAL  to deposit Cu on the surface of the metallic iron. Thus, the partial
      surface of iron scrap or iron powder is chemically plated with the heavy
      metal or metals having a smaller ionization tendency than Fe, and such
      heavy metal or metals are all or almost all extracted from the waste
      water. The iron scrap or metallic powder plated with the mentioned heavy
      metal or metals is removed from the waste water by filtering, by use of a
      magnet, or by other means. The waste water subjected to such pretreatment
      may contain only ferrous ions where all the heavy metals originally
      contained have been extracted by the pretreatment, or contain ferrous ions
      and the remaining ions of the mentioned heavy metals which have not been
      extracted by the pretreatment, or further contain heavy metals having a
      larger ionization tendency than Fe, (that is, above ion in the
      electromotive series), such as Cr, Mn, and Zn, originally contained in the
      waste water. In any case, the waste water is thereafter subjected to the
      treatment of this invention, with ferrous ions further added, if
      necessary, whereby ferrous ions are extracted from the water as
      precipitate of Fe.sub.3 O.sub.4 or FeOOH and other heavy metals are also
      extracted by incorporation into or adsorption to Fe.sub.3 O.sub.4 or
      FeOOH.
PAC  EXAMPLE 1
PAR  To acidic waste water containing Cr, Cd, Pb, Cu, Ni, Bi, and Hg singly or
      mixedly in the respective amounts shown in Table 1, ferrous sulphate
      FeSO.sub.4.sup.. 7H.sub.2 O was added. Then NaOH was added to the waste
      water until the neutralization was attained. The suspension was then
      oxidized by air bubbling at the rate of 50 to 100 liters/hour/liter of
      solution for 3 hours. Dark green or brown colored precipitates were
      converted to a black color. The precipitates were removed by a magnet from
      the suspended water, and residual metal ions contents in the water were
      examined by Atomic Absorption Spectrometer (Varian Techtron Model AA-5).
      The results are shown in Table 1 which indicate that all metal ions
      examined were efficiently extracted from the waste water. This extraction
      can be thought that metal ions are substituted in the Fe sites in Fe.sub.3
      O.sub.4 crystal lattice.
TBL                Table 1                                                     

     ______________________________________                                    

     Kind of                                                                   

            Contents of Metal in Waste Water                                   

     Metal  Before Treatment                                                   

                          After Treatment                                      

     ______________________________________                                    

     Cr     2,000      ppm*   less than 0.1 ppm                                

     Cd     1,800                       0.1                                    

     Pb     6,800                       0.1                                    

     Cu     9,500                       0.5                                    

     Ni     20,300                      0.5                                    

     Bi     300                         0.5                                    

     Hg     3,000                       0.01                                   

     Fe     2.8 to 8.4 wt.%             0.5                                    

     ______________________________________                                    

      *Note: ppm denotes part per million or milligram/liter.                  

PAC  EXAMPLE 2                                                                 

PAR  A waste solution of Pb system flux was prepared which contained           

      Cr.sup.6.sup.+, Fe, Ni, Pb, Cu, and Bi in amounts shown in Table 2, pH   

      being nearly zero. Ferrous sulphate was added to the solution in an amoun

      of 0.3 mol per liter of the solution. Then sodium hydroxide of 1.2       

      equivalent to the whole acid radical was added, and the solution was     

      agitated and oxidized at 60.degree.C for 3 hours by bubbling air. The    

      precipitates formed were removed by filter, and metal ions remaining in  

      the solution were examined by Atomic Absorption Spectrometer. As will be 

      seen from the results shown in Table 2, heavy metals were almost         

      extracted.                                                               

TBL                Table 2                                                     

     ______________________________________                                    

     Metal    Before Treatment                                                 

                              After Treatment                                  

     ______________________________________                                    

     Cr.sup.6.sup.+                                                            

              14 ppm          0.1 ppm                                          

     Fe       3,300           0.05                                             

     Ni       9.4             0.4                                              

     Pb       2,500           0.2                                              

     Cu       6.3             0.15                                             

     Bi       600             1.2                                              

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  A waste etching solution containing iron and a pH of almost 1 was prepared
      which contained Fe, Pb, Bi, Cu, Cr, and Ni in amounts shown in Table 3.
      Sodium hydroxide of 1.1 equivalent to the acid radical was added to the
      waste solution which was then oxidized by air-bubbling at 30.degree.C for
      4 hours. The precipitates formed comprising iron hydrate and oxide
      containing heavy metals were then removed by filtering. Metal ions
      remaining in the solution were examined by Atomic Absorption Spectrometer.
      The results are shown in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

     Metal    Before Treatment                                                 

                              After Treatment                                  

     ______________________________________                                    

     Fe       2,900 ppm       0.7 ppm                                          

     Pb       1.2             0.15                                             

     Bi       2.7             0.92                                             

     Cu       0.3             0.1                                              

     Cr       16.3            0.07                                             

     Ni       15.3            0.57                                             

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  To waste of electroless copper plating solution containing complex of
      copper of 15 gram/liter and having a pH value of 13.6 was added ferrous
      sulphate in an amount of 0.5 mol per liter of the waste solution. The pH
      value of the solution was adjusted to almost neutral, that is, 7.2. The
      solution was agitated and oxidized by air at 70.degree.C for 3 hours.
      After removal of the precipitates, copper ions and ferrous ions remaining
      in the solution were 0.33 ppm and 1.5 ppm, respectively.
PAC  EXAMPLE 5
PAR  To one liter of waste water containing Zn ions of about 0.05 mol/liter and
      Cd ions of about 0.05 mol/liter and having pH value of 2.2 was added
      ferrous sulphate of 0.2 mol. After the ferrous sulphate was dissolved into
      the waste water by agitation, sodium hydroxide of 1 equivalent of the
      whole acid radical was added to the waste water. The water was agitated
      and oxidized by air at 50.degree.C for 3 hours to produce precipitates of
      magnetite. The water was poured into the apparatus of FIG. 2, and about 1
      minute thereafter, the precipitates were removed and the water became
      transparent.
PAR  The ions of Zn, Cd, and Fe remaining in the water were measured by Atomic
      Absorption Spectrometer. The result was 0.05 ppm, 0.05 ppm, and 0.1 ppm
      for Zn, Cd, and Fe ions, respectively. The amount of suspended solid (the
      precipitates not removed) was 15 ppm.
PAC  EXAMPLE 6
PAR  To 1 liter of waste water containing Pb ions of 0.001 mol/liter and Cr ions
      of 0.002 mol/liter, ferrous sulphate of 0.25 mol was added and dissolved.
      Then, sodium hydroxide of 1.1 equivalent of the whole acid radical was
      added to the waste water to form a suspension.
PAR  The suspension was oxidized by bubbling air at 35.degree.C for 5 hours. The
      precipitates consisting of a mixture of .alpha.-FeOOH and a small amount
      of Fe.sub.3 O.sub.4 were obtained. In the supernatant liquid, a Ba-ferrite
      magnet was dipped to remove part of suspended solids. The amount of the
      suspended solids remaining 10 minutes after was 100 ppm, and amounts of
      Cr, Pb, and Fe ions in the water after the removal of the precipitates
      were 0.5 ppm, 0.2 ppm, and 0.05 ppm, respectively.
PAR  The same suspension as above was similarly oxidized at 60.degree.C for 5
      hours. The precipitate of Fe.sub.3 O.sub.4 was obtained. After removal of
      the precipitate by use of the Ba-ferrite magnet, the amount of suspended
      solids was 10 ppm and the amounts of the remaining Pb, Cr, and Fe ions
      were the same as above.
PAC  EXAMPLE 7
PAR  To 1 liter of waste water containing Cr of 0.1 mol/liter, Ni of 0.01
      mol/liter, Mn of 0.06 mol/liter, and Pb of 0.02 mol/liter, ferrous
      chloride of 2 mol was added and dissolved. Sodium hydroxide of 0.98
      equivalent of the acid radical was then added to the waste water. The
      waste water whose pH value became about 6 was oxidized by air at
      60.degree.C for 10 hours, whereby magnetite was precipitated. The fine
      particles suspended in the supernatant liquid of the resultant waste water
      were removed by a Ba-ferrite magnet. Measurements thereafter showed that
      the remaining amounts of ions were Cr 0.1 ppm, Ni 0.2 ppm, Mn 0.1 ppm, Pb
      0.15 ppm, and Fe 0.5 ppm and that the amount of suspended solids was less
      than 10 ppm.
PAC  EXAMPLE 8
PAR  To 100 cc of acidic solution containing Cu ions of 3,000 ppm and sulfuric
      acid and having a pH value of about 2, metallic iron powder of 2.5 wt. %
      was added and almost all thereof was dissolved. The resultant solution was
      filtered. To the filtered solution which contained Cu ions of only 6 ppm,
      sodium hydroxide solution of 1 equivalent to the acid radical was added to
      make pH value 10. At room temperature, air was bubbled into the solution
      to obtain precipitates. The amount of Cu ions and Fe ions in the solution
      after removal of the precipitates was 0.2 ppm and 0.5 ppm, respectively.
PAC  EXAMPLE 9
PAR  To 100 cc of an acidic solution containing sulfuric acid and Cu ions of
      9,000 ppm and having pH value 0.5, iron powder of 3.5 wt. % was added and
      almost all the iron was dissolved. The deposited Cu and the remaining iron
      powder were removed by filtering to leave the solution with Cu ions of 5
      ppm. To this solution 1N.NaOH was added to make pH larger than 13. The
      solution was then oxidized at 40.degree.C by air bubbling. The remaining
      amounts of Cu ions and Fe ions in the solution after removal of the
      precipitate were 0.08 ppm and 0.1 ppm, respectively.
PAC  EXAMPLE 10
PAR  To 100 cc of an acidic solution containing hydrochloric acid and ions of Cu
      (4,000 ppm), Ni (1,000 ppm) and Sn (3,000 ppm) and having pH value of
      about 1.0, iron powder of 2 wt. % was added and almost all thereof was
      dissolved. The solution was filtered. The resultant contents of Cu, Ni,
      and Sn ions were 600 ppm, 300 ppm, and 100 ppm, respectively. Sodium
      hydroxide was added to the filtered solution to control the pH value to
      about 9. After the oxidation of the suspension and removal of the
      precipitates, the remaining amounts of Cu, Ni, Sn, and Fe ions in the
      solution were 0.2 ppm, 0.1 ppm, less than 10 ppm, and 0.5 ppm,
      respectively.
PAR  Although the present invention has been described in conjunction with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention as those skilled in the art will readily understand. Such
      modifications and variations are considered to be within the purview and
      scope of the invention and the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of extracting heavy metals from acidcontaining waste water
      solution which comprises, providing said solution with ferrous ions and a
      base selected from the group consisting of hydroxides and carbonates of
      alkali metals and alkaline earth metals and ammonium hydroxide, the amount
      of ferrous ions being at least 2 times the amount in mols of the total
      mols of heavy metals present other than iron, the amount of base added
      corresponding to 0.9 to 1.2 equivalent of acid radicals present in said
      solution, thereby providing a suspension of metal hydroxides including
      ferrous hydroxide, bubbling an oxygen-containing gas into the suspension
      to oxidize said suspension and form a crystalline precipitate of
      essentially at least one of the ferric compounds selected from the group
      consisting of ferrites, magnetite and oxyhydrate of iron containing said
      heavy metals originally contained in said waste water, and then separating
      said precipitate from said waste water to obtain clean water.
NUM  2.
PAR  2. A method of extracting heavy metals from waste water solution,
      comprising the steps of adding ferrous ions to said waste water in an
      amount of at least about two times the mol amount of all heavy metal ions
      present other than iron in said waste water, said solution containing acid
      radicals, adding a base selected from the group consisting of hydroxides
      and carbonates of alkali metals and alkaline earth metals and ammonium
      hydroxide to said waste water in an amount corresponding essentially to
      0.9 to 1.2 equivalent of the acid radicals contained in said solution, a
      suspension of metal hydroxides including ferrous hydroxide being formed
      following addition of both the ferrous ions and the base, bubbling an
      oxygen-containing gas into the suspension to stir up and to oxidize the
      suspension, and form a crystalline precipitate of essentially at least one
      of the ferric compounds selected from the group consisting of ferrites,
      magnetite and oxyhydrate of iron containing said heavy metals originally
      contained in said waste water, and then separating said precipitate from
      said waste water to obtain clean water.
NUM  3.
PAR  3. A method of extracting heavy metals from waste water solution containing
      ferrous ions, comprising the steps of adding ferrous ions to said waste
      water in such an amount that the mol amount of ferrous ions present in the
      waste water is at least two times the total mols of heavy metal ions other
      than iron contained in said waste water, said resulting solution
      containing acid radicals, adding a base selected from the group consisting
      of hydroxides and carbonates of alkali metals and alkaline earth metals
      and ammonium hydroxide to said waste water in an amount corresponding to
      0.9 to 1.2 equivalent of the acid radicals present, a suspension of metal
      hydroxides being obtained containing ferrous hydroxide following the
      addition of both the ferrous ions and said base, bubbling an
      oxygen-containing gas into the suspension to stir up and to oxidize the
      suspension, and form a crystalline precipitate of essentially at least one
      of the ferric compounds selected from the group consisting of ferrites,
      magnetite and oxyhydrate of iron and further containing said heavy metals
      originally contained in said waste water, and then separating said
      precipitate from said waste water to obtain clean water.
NUM  4.
PAR  4. A method of extracting heavy metals from waste water solution containing
      ferrous ions in an amount at least about two times the total mols of said
      heavy metals present other than iron, said solution containing acid
      radicals, said method comprising the steps of adding a base selected from
      the group consisting of hydroxides and carbonates of alkali metals and
      alkaline earth metals and ammonium hydroxide to said waste water in an
      amount corresponding to 0.9 to 1.2 equivalent of the acid radicals
      contained in said waste water to form at least a suspension of ferrous
      hydroxide, bubbling an oxygen-containing gas into the suspension to stir
      up and oxidize the suspension, and form a crystalline precipitate of
      essentially at least one of the ferric compounds selected from the group
      consisting of ferrites, magnetite and oxyhydrate of iron containing said
      heavy metals originally contained in said waste water, and then separating
      the precipitate from said waste water to obtain clean water.
NUM  5.
PAR  5. The method claimed according to claim 1, wherein said separating step
      comprises removing said precipitate from the waste water by means of a
      magnet.
NUM  6.
PAR  6. The method as claimed in claim 2, wherein said separating step comprises
      removing said precipitate from the waste water by means of a magnet.
NUM  7.
PAR  7. A method of extracting heavy metals from acidic waste water, at least
      one of said metals lying below iron in the electromotive series which
      comprises the steps of, adding metallic iron to said waste water to
      chemically deposit said at least one metal below iron in said
      electromotive series on said metallic iron, separating the iron on which
      said at least one metal has been deposited from said waste water,
      adjusting the amount of ferrous ions in said waste water so that it is at
      least two times the mol amount of the total mols of heavy metal ions
      remaining in said waste water, raising the pH of said water by adding a
      base selected from the group consisting of hydroxides and carbonates of
      alkali metals and alkaline earth metals and ammonium hydroxide in an
      amount corresponding to 0.9 to 1.2 equivalent of the acid present, and
      then oxidizing said solution by bubbling an oxygencontaining gas
      therethrough to form a crystalline precipitate of essentially at least one
      of the ferric compounds selected from the group consisting of ferrites,
      magnetite and oxyhydrate of iron containing said heavy metals remaining in
      said solution and then separating said precipitate from said waste water
      to obtain clean water.
NUM  8.
PAR  8. The method as claimed in claim 7, wherein said at least one metal below
      iron in the electromotive series is selected from the group consisting of
      Ni, Pb, Cd, Hg and Cu.
NUM  9.
PAR  9. A method of removing at least one heavy metal selected from the group
      consisting of Pb, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Y, Cd, Sn, Hg, Bi,
      Al, and Mg from waste water, comprising the steps of providing said waste
      water with ferrous ions and a base selected from the group consisting of
      hydroxides and carbonates of alkali metals and alkaline earth metals and
      ammonium hydroxide, the mol amount of ferrous ions being at least two
      times the total mols of heavy metals present in the waste water other than
      ferrous ions, the base being added in an amount corresponding to 0.9 to
      1.2 equivalent of acid radicals present in the water, thereby providing a
      suspension of metal hydroxides including ferrous hydroxide, bubbling an
      oxygen-containing gas into the suspension to oxidize said suspension and
      form a crystalline precipitate consisting essentially of at least one
      ferric compound selected from the group consisting of ferrites, magnetite,
      and oxyhydrate of iron and containing said at least one metal originally
      contained in said waste water, and separating the precipitate from said
      waste water.
NUM  10.
PAR  10. The method claimed in claim 9, wherein said separating step includes
      attracting said precipitate by means of a magnet.
NUM  11.
PAR  11. A method of removing metals from waste water containing at least one
      metal selected from the group of Pb, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Y, Cd,
      Sn, Fe, Hg, Bi, Al and Mg and further containing ferrous ions in a mol
      amount of at least two times the total mols of said at least one metal
      present other than iron, said solution containing acid radicals, said
      method comprising the steps of adding a base selected from the group
      consisting of hydroxides and carbonates of alkali metals and alkaline
      earth metals and ammonium hydroxide to said waste water in an amount
      corresponding to 0.9 to 1.2 equivalent of said acid radicals present to
      form at least a suspension of ferrous hydroxides, bubbling an
      oxygen-containing gas into the suspension to oxidize the suspension, and
      form a crystalline precipitate of essentially at least one of the ferric
      compounds selected from the group consisting of ferrites, magnetite and
      oxyhydrate of iron and containing said at least one metal originally
      contained in said waste water, and separating the precipitate from said
      waste water.
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ABST
PAL  An apparatus which is suitable for the treatment of at least two liquid
      wastes which are chemically not compatible with one another, which
      comprises an addition zone for the addition of treatment substances to the
      wastes, a sedimentation zone for the separation of precipitates and liquid
      and a dilution zone in which the liquid separated off in the sedimentation
      zone is diluted with water and the liquid diluted in this way is run off,
      is improved by that, for each of the liquid wastes which are chemically
      not compatible with one another, separate chambers are provided in the
      addition zone and in the sedimentation zone, that the addition zone is
      located lowest in the apparatus, the dilution zone is located above the
      addition zone and the sedimentation zone is located above the dilution
      zone, that to each of the chambers of the addition zone there is allotted
      an inlet for treatment substances which can make the waste in question
      compatible with the other waste or the other wastes, that each of the
      chambers of the addition zone is equipped with a pump which on the one
      hand serves to circulate liquid waste and treatment substance through the
      particular chamber of the addition zone and on the other hand feeds waste,
      mixed with treatment substance, into the appropriate chamber of the
      sedimentation zone, and that in each chamber of the sedimentation zone a
      filter element is provided through which liquid separated from
      precipitates flows into the conjoint dilution zone, preferably under the
      action of gravity.
PARN
PAR  This is an continuation, of application Ser. No. 361,901, filed May 21,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an apparatus for the treatment of liquid wastes
      and above all to an apparatus which is suitable for the treatment of at
      least two liquid wastes which are chemically not compatible with one
      another.
PAR  By "liquid wastes" are here understood wastes of commercial or industrial
      production and processing plants which, because of their chemical nature
      or their content of chemical substances, have an excessive polluting
      action on water and must therefore not be run, without pretreatment, into
      the general effluent systems, sewage installations, settling basins,
      streams and the like. By wastes which are "chemically not compatible with
      one another" there are designated wastes which react chemically with one
      another and which thereby form precipitates, foam, gases or other toxic
      substances which pollute waters and/or the atmosphere. The chemical
      substances, for example metals such as copper or silver, contained in
      these liquid wastes may warrant recovery.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  The objective of the invention is now so to treat all liquid types of waste
      from an industrial plant, especially wastes which can be collected as at
      least two liquid wastes which are chemically not compatible with one
      another, that these wastes are converted in such a way that they can all
      be combined with one another and then be diluted and can, in the diluted
      state, be run, without misgivings, into public sewage systems and into
      waters.
PAR  It is a further objective of the invention to provide an apparatus in which
      the use of pumps is restricted as far as possible and the transport of
      quantities of liquid of substantial volume takes place, as far as
      possible, under the action of gravity.
PAR  A preferred objective of the invention is, at the same time, the isolation
      of products which separate out and from which valuable chemical substances
      can be recovered, as by-products of the conversion of one or more of the
      liquid wastes into liquids which can be diluted, are compatible with one
      another and can be run out without misgivings, as described above.
PAR  Finally, a further objective of the invention is the provision of an
      apparatus suitable for the above-mentioned purposes which is particularly
      simple in design and which can be set up close to a machine which produces
      wastes and can be directly connected to this machine.
PAR  According to the invention, these objectives are achieved by an apparatus
      which is suitable for the treatment of at least two liquid wastes which
      are chemically not compatible with one another, which comprises an
      addition zone for the addition of treatment substances to the wastes, a
      sedimentation zone for the separation of precipitates and liquid and a
      dilution zone in which the liquid separated off in the sedimentation zone
      is diluted with water and the liquid diluted in this way is run out, and
      which is characterised in that for each of the liquid wastes which are
      chemically not compatible with one another separate chambers are provided
      in the addition zone and in the sedimentation zone, that the addition zone
      is located lowest in the apparatus, the dilution zone is located above the
      addition zone and the sedimentation zone is located above the dilution
      zone, that to each of the chambers of the addition zone there is allotted
      an inlet for treatment substances which can make the waste in question
      compatible with the other waste or the other wastes, that each of the
      chambers of the addition zone is equipped with a pump which on the one
      hand serves to circulate liquid waste and treatment substance through the
      particular chamber of the addition zone an on the other hand feeds waste,
      mixed with treatment substance, into the appropriate chamber of the
      sedimentation zone, and that in each chamber of the sedimentation zone a
      filter element is provided through which liquid separated from
      precipitates flows into the conjoint dilution zone, preferably under the
      action of gravity.
PAR  If the liquid wastes of a plant can only be combined into three varieties
      which are not chemically compatible, three addition chambers are required
      in the addition zone and three sedimentation chambers may be required.
      However, in most cases two chambers suffice in each of these zones.
PAR  Preferably, means are provided for limiting the level of the liquid waste
      in each chamber of the addition zone, and these means switch the
      corresponding circulating pumps on or off. The inlet for the treatment
      substances mentioned also preferably comprises supply vessels for the
      latter which are located above the level of the addition zone so that the
      treatment substances can flow into the corresponding chambers of the
      addition zone under the action of gravity.
PAR  It is also possible to provide a return pipeline for liquid, freed of
      precipitates, from a filter element in one of the chambers of the
      sedimentation zone into a chamber of the addition zone, which makes
      possible renewed treatment of the liquid with a desired treatment
      substance and renewed circulation through the sedimentation zone.
PAR  It is also advantageous to provide means of control which regulate the
      proportion of liquid component, mixed with treatment substance, which is
      returned into a chamber of the addition zone during circulation, and which
      proportion is fed upwards into the corresponding chamber of the
      sedimentation zone.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The apparatus according to the invention will now be explained in detail
      with reference to the attached drawings, in relation to a preferred
      embodiment with two chambers in the addition zone and two chambers in the
      sedimentation zone. In the drawings,
PAR  FIG. 1 shows a schematic representation of the apparatus, and
PAR  FIG. 2 shows a perspective view, partly in section, of a preferred
      arrangement of the filter elements in two chambers of the sedimentation
      zone, in accordance with the embodiment shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE EMBODIMENT
PAR  In the drawings, the addition zone located in the lower part of the
      apparatus is marked 1, the sedimentation zone located in the upper part of
      the apparatus is marked 2 and the dilution zone located between the former
      two zones is marked 3. The addition zone 1 comprises two chambers 11 and
      12 into which liquid wastes to be treated flow under the action of
      gravity, from an industrial plant, via the feed pipelines 10 and 110; the
      flow depends on the amount of waste which arises and can be, for example,
      in irregular minor or major amounts, with or without pauses in the flow,
      or can be continuous and possibly also regular.
PAR  To each of the chambers 11 and 12 there is allotted a circulating pump or
      feed pump 4 or 5, respectively, by means of which liquid waste from the
      chambers can circulate via distributor pipelines 14 or 15, respectively,
      which are preferably provided with a perforated end piece 14a or 15a,
      respectively. Furthermore, a feed pipeline 6 or 7, respectively, leads
      upwards from the pump 4 or 5, respectively, into the sedimentation zone
      which has a corresponding number, namely two, chambers 21 and 22. The feed
      pipeline 6 opens into the upper part of the sedimentation chamber 21 near
      the chamber wall and the pipeline 7 correspondingly opens into the upper
      part of the sedimentation chamber 22.
PAR  The feed pipelines 6 and 7 are provided with shut-off valves 16 or 17
      respectively; if, for example, the valve is closed and pump 4 is in
      operation, only liquid wastes circulates via pipeline 14 through chamber
      11 whilst if valve 16 is open a greater or lesser proportion of the liquid
      waste from chamber 11 is pumped via the feed pipeline 6 up into the
      sedimentation chamber 21. The proportion of the amount pumped up is
      regulated by a control element 104, or 105, respectively, which is
      constructed, for example, as an adjustable or replaceable diaphragm.
PAR  Treatment substance is fed to the chambers 11 and 12 of the addition zone 1
      from supply vessels 8 and 9, located above the level of the addition zone,
      via pipelines 18 or 19, respectively, in which are provided metering
      devices 108 or 109, respectively, with pipettes 208 or 209, respectively.
      In a manner which is in itself known, the desired amount of treatment
      substance is adjusted in the metering chamber 108, 109, by adjusting an
      appropriate level of the pipette orifice, and treatment substance is then
      introduced via a by-pass pipeline 308 or 309, respectively, by opening a
      shut-off valve 408 or 409, respectively, located in the latter, a shut-off
      valve 118 or 119, respectively, built into the feed pipeline 18 or 19,
      respectively, below the metering device 108, 109 and the point of entry of
      the by-pass pipeline 308, 309, being shut. After introducing the dose of
      treatment substance into the metering device 108 or 109, respectively, the
      valve 408 or 409, respectively, is shut and the dose of treatment
      substance is run into the addition chamber 11 or 12, respectively, by
      opening the valve 118 or 119, respectively.
PAR  In each of the chambers 11 and 12 of the addition zone there are
      additionally fitted limiting devices in the form of an upper level switch
      111 or 112, respectively, and a lower level switch 211 or 212,
      respectively, of which the upper level switch 111 or 112, respectively,
      starts the corresponding pump 4 or 5, respectively, as soon as the level
      of the liquid waste in the chamber reaches the switch, and at the same
      time an acoustic or optical warning signal is actuated, which indicates
      that the further flow of liquid waste into the particular chamber of the
      addition zone must be interrupted. The valve 16 or 17, respectively, of
      the feed pipeline initially remains closed. At the same time, the upper
      level switch 11 or 12, respectively, can also cause the filling of the
      metering device 108 or 109, respectively, unless this has already taken
      place independently of the level of the waste in the addition chamber.
PAR  After a certain interval of time which can be set by means of a timer or
      the like, the valve 16 or 17, respectively, is opened and liquid waste,
      which has not yet been treated when the apparatus is started up, is pumped
      up into the sedimentation chamber 21 or 22, respectively, whilst at the
      same time, depending on the size of the diaphragm 104 or 105,
      respectively, a certain circulation of the content of the chamber 11 or
      12, respectively, is maintained. As soon as the level of the liquid
      contents of the chamber 11 or 12, respectively, drops below the switch 111
      or 112, respectively, the warning signal is switched off and, unless this
      has already taken place beforehand, the valve 408 and 409, respectively,
      of the by-pass pipeline 308 or 309, respectively, for the treatment
      substance is shut.
PAR  As soon as the level of the liquid contents of chamber 11 or 12,
      respectively, drops as far as the lower level switch 211 or 212,
      respectively, valve 16 or 17, respectively, is closed and valve 118 or
      119, respectively, of the feed pipeline 18 or 19, respectively is opened
      so that treatment substance flows into the particular addition chamber 11
      or 12, respectively. The amount of treatment substance corresponds to that
      which is necessary to treat the next charge of liquid waste, the volume of
      which corresponds to that of the chamber 11 or 12, respectively, between
      the upper and the lower switch (111 and 211 or 112 and 212, respectively).
PAR  After a certain interval of time, which can be set by means of a timer, the
      valve 118 or 119, respectively, is closed.
PAR  Whilst the treatment substance is flowing in, the pump 4 or 5,
      respectively, can be switched off, which can be controlled by the lower
      switch 211 or 212, respectively, when the level of liquid waste in the
      chamber 11 or 12, respectively, falls below this switch, or the pump can
      continue to run for some time and cause more rapid mixing of waste and of
      treatment substance which is running in, through circulating these two.
      The switching off of the pump can then be controlled by a timer, for
      example by the same timer which causes the valve 118 or 119, respectively,
      to close.
PAR  The volume of liquid waste and treatment substance which remains below the
      lower level switch 211 or 212, respectively, in the chamber 11 or 12,
      respectively, plays the role of a "buffer" liquid, in that it reduces
      fluctuations in the chemical composition and the temperature, such as can
      occur in the reaction which takes place between the liquid waste and the
      treatment substance. On the other hand, the chamber volume enclosed
      between the upper and the lower level switch should be at least as great
      as the total volume of the particular type of liquid waste from the
      industrial plant which arises during a particular working period, for
      example during the course of one day.
PAR  In order to achieve as trouble-free sedimentation as possible of the
      precipitates which arise in the sedimentation chambers 21 or 22,
      respectively, the feed pipeline 18 or 19, respectively, opens into the
      upper wall region of the chamber, as already stated. Furthermore, a shield
      121 or 122, respectively, is provided opposite the orifice of the feed
      pipeline 18 or 19, respectively, in the interior of the chamber 21 or 22,
      respectively, and at the lower end of the shield means for narrowing of
      the flow cross-section between the chamber wall and the shield, for
      example a disc-shaped float or a strip 221 or 222, respectively, fixed to
      the shield are provided. This forces the liquid issuing from the orifice
      of the feed pipeline 6 or 7, respectively, to flow along the wall of the
      sedimentation chamber 21 or 22, respectively, into the liquid within the
      chamber, without causing turbulence which interferes with the
      sedimentation. The lower end of the shield 121 or 122, respectively,
      should always dip into the liquid accumulated in the chamber.
PAR  Precipitates in the liquid accumulated in the lower part of the
      sedimentation chamber 21 or 22, respectively, sediment on the bottom 321
      or 322, respectively, of the chamber, which is preferably inclined
      outwards, and can periodically be withdrawn through an outlet valve 421 or
      422, respectively, and be further processed, if appropriate, to recover
      valuable substances, such as, for example, metals.
PAR  The supernatant liquid, free of precipitate, which forms in the middle part
      of the sedimentation chamber during the decanting process is withdrawn as
      follows. In the region of the liquid level, a filter element 41 or 42,
      respectively, if fitted in the sedimentation chamber 21 or 22,
      respectively, being mounted on the wall of the chamber, preferably at a
      distance from the inlet point for liquid from the feed pipeline 6 or 7,
      respectively. The supernatant liquid now flows through the filter element,
      (a valve 140 in the return pipeline being closed), via outlet pipelines
      141 or 142, respectively, which are provided with shut-off valves 241 and
      242 and which open into a conjoint pipeline 143, continuously into the
      dilution zone 3 which is constructed as a single chamber with various
      baffles 31 and 32 which accelerate mixing with water from the pipeline 30.
      The valve 140 in the return pipeline 40 is closed during this process. The
      effluent thus obtained from dilution of the supernatant liquid from the
      sedimentation chamber 21 or 22, respectively, with water, which has a
      content of impurities which is permissible for running out into public
      sewers or waters, is removed from the apparatus via outlet pipeline 33.
PAR  Gaseous substances released in the apparatus during the reaction between
      liquid wastes and treatment substances or even already during the
      treatment of such wastes are drawn off through the extraction hood 50,
      which covers the chambers of the sedimentation zone and into which also
      enters an extraction pipeline 51, from the chambers 11 or 12,
      respectively, of the addition zone, for the purpose of withdrawing gases
      already evolved in the addition zone.
PAR  If desired, the reaction between the liquid waste and the treatment
      substances can also be accelerated by warming, especially by warming the
      addition zone. However, appropriate heating devices have not been shown in
      the drawings, for reasons of clarity.
PAR  Finally, for safety purposes, an overflow pipeline 52 can also be provided
      in the chambers 11 and 12.
PAR  All valves, as well as the pumps, can be controlled electromagnetically, or
      in some other suitable form, from a central monitoring point.
PAR  In addition to the return pipeline 40 which leads from the filter element
      42 or the sedimentation chamber 22 into the addition chamber 11, it is of
      course also possible to have a corresponding pipeline from the filter
      element 41 into the addition chamber 12, and equally a return pipeline can
      also lead from the filter 41 into the chamber 11 and a further return
      pipeline from the filter element 42 into the chamber 12.
PAR  In the extraction hood 50, flaps 60 or 61, respectively, are provided,
      through which filter elements 41 or 42, respectively, which have become
      unusable can be removed and replaced by new filter elements.
PAR  However, before this is done, the liquid level in the particular
      sedimentation chamber must be lowered, by running out sludge and liquid
      from the appropriate outlet valve (421 or 422, respectively), to below the
      level of the filter element, so that liquid which has not been filtered
      cannot enter the outlet pipelines 141 or 142, respectively.
PAR  FIG. 2 shows a preferred arrangement of the filter elements 41 and 42 in
      the two sedimentation chambers 21 and 22. The filter elements are here
      constructed as plates, for example of felt or filter paper or of a similar
      material suitable for filtration, and are inserted in frames 341 or 342,
      respectively, whilst the filter space between each of the filter plates
      and the middle wall 102 which is common to the two sedimentation chambers
      21 and 22 is closed at its lower end, at the height of the desired level
      of the liquid to be decanted in the chambers 21 and 22, by a transverse
      wall 441 or 442, respectively, in which are located the inlet orifices of
      the outlet pipelines 141 or 142, respectively, and of the return
      pipelines, of which only pipeline 40 from the sedimentation chamber 22
      into the addition chamber 11 is shown.
PAR  By means of the apparatus described above it is thus possible to modify two
      or more liquid wastes which are chemically compatible with one another in
      such a way that they are mixed and diluted with one another and can then
      be run out as ordinary effluents which meet the legal stipulations
      regarding non-pollution of waters, into appropriate installations or into
      running waters.
PAR  Since the apparatus according to the invention can be kept as small as
      desired, it can be connected equally well to installations of small size
      as to larger installations.
PAR  The industrial or commercial plants of which liquid effluents can be
      treated in this way include also, above all, (those concerned with)
      effluents from photographic developing processes.
PAR  The preferred manner of use of the apparatus in practice is now first
      described in relation to an example from photographic developing. In a
      photographic silver dye bleach process, such as is described in German
      Pat. No. 1,154,345, the liquid wastes are combined into two groups in
      order to convert them, in the apparatus described above, into effluents
      which meet the leqal stipulations regarding the non-pollution of waters.
      In particular, (A) a liquid waste, containing copper, from the silver
      bleaching and the dye bleaching, and (B) a liquid waste, containing
      silver, from the developing, the stop-fixing, the actual fixing and the
      stabilizing, are formed.
PAR  A liquid waste according to (A) is run into the chamber 11 which should be
      designed for a buffer volume of 30 liters below the lower switch 211,
      whilst the working volume between the switches 211 and 111 is designed for
      15 liters. As the treatment substance, the amount required for the
      reaction, namely about 3 liters, of 30% strength sodium hydroxide solution
      is introduced through the pipeline 18, as a result of which, after pumping
      15 liters of the resulting mixture up into the sedimentation chamber 21, a
      sludge settles out, from which copper can be recovered.
PAR  The liquid waste (B) is run into the addition chamber 22, which is designed
      in the same dimensions, and is mixed therein with about 2 to 2.5 liters of
      30% strength hydrogen peroxide from pipeline 19. This oxidises the content
      of sulphite, thiosulphate and developer, for example
      1-methylamino-4-hydroxybenzene ("methol") in the waste, and gives a
      precipitate, in the sedimentation chamber 22, from which the silver can be
      recovered. The supernatant liquids from the chambers 21 and 22 then pass
      through the filter plates 41 or 42, respectively, via the pipelines 141 or
      142, respectively, and the conjoint pipeline 143, into the dilution zone
      3, where their mixture is diluted with water.
PAR  The amount of hydrogen peroxide added in chamber 12 can be kept relatively
      low since a proportion of the sulphite to be oxidised can be oxidised to
      sulphate, on mixing the two liquids in pipeline 143 and the dilution zone
      3, by oxidising substances originating from waste (A) and still present in
      the liquid from chamber 21, and can at the same time be neutralized by
      excess sodium hydroxide solution in the liquid from chamber 21.
PAR  Both the residual content of chemical substances and the pH value of the
      effluent obtained in dilution zone 3 then meets the legal stipulations, so
      that the effluent can be charged into waters or effluent installations.
PAR  If the precipitate in one or other sedimentation chamber is too fine, which
      can be recognized without difficulty through the material passing through
      the filter, the supernatant liquid in question can be returned once more
      into the corresponding addition chamber.
PAR  Apart from the preferred use of the apparatus according to the invention,
      described above, the apparatus can however also be used in other ways.
      Thus, for example, all spent baths which arise in developing photographic
      chromogen direct-viewing material can be combined with one another since
      they are more readily compatible with one another than the baths from the
      abovementioned silver bleach process, and the waste mixture can first be
      introduced into the addition chamber 12 of the apparatus. Here an amount,
      determined by preliminary test, of 30% strength hydrogen peroxide, (say of
      the order of magnitude of 1  liter) is introduced into the mixture and the
      mixture (about 15 liters) is then pumped up into the sedimentation chamber
      22. The resulting grey sludge, which contains considerable amounts of
      silver iodide or silver bromide, can then be worked up to recover the
      silver.
PAR  The supernatant liquid passes through the filter element 42 and is passed
      via pipeline 40 into the addition chamber 11 and neutralised in the latter
      with sodium hydroxide solution. Only a relatively small amount of the
      latter is required for this purpose, since the liquid from chamber 22 is
      not excessively acid (pH about 5). Since the salt content of the liquid
      finally run out from the sedimentation chamber 21 via pipelines 141 and
      143 into the dilution zone 3 is rather high, a correspondingly higher
      content of wash water must be added than in the example of the silver dye
      bleach process.
PAR  The amount of water to be added in the dilution zone 3 varies, in the
      design of the apparatus assumed above, between about 4 and about 70 liters
      per minute. In the first example, amounts near the lower limit of this
      range in most cases suffice whilst in the second example it is necessary
      to work nearer the upper limit.
PAR  Since the parts of the apparatus which form the chambers can all be
      manufactured from chemically resistant plastic, for example polypropylene,
      the entire apparatus is relatively easy to manufacture and simple to erect
      in the desired position in the factory, and to connect up.
PAR  The apparatus is of particularly simple design compared to installations
      previously used for the treatment of wastes from photographic developing.
      It does not require special pH measuring instruments or Redox probes, such
      as generally required to be used in other cases. Because of its low space
      requirement and the particular arrangement of its three stages, the
      apparatus can be accommodated directly next to a developing machine and be
      connected directly thereto, in contrast to the much more voluminous know
      apparatuses in which the treatment takes place in addition zones,
      sedimentation zones and dilution zones which are arranged in cascade form.
      Once the apparatus has been set for the particular machine, frequent
      controls are superfluous if the same developing process is adhered to.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for the treatment of at least two liquid wastes which are
      chemically incompatible with one another, comprising at least two addition
      chambers for receiving respective wastes, a common dilution chamber above
      said addition chambers, at least two sedimentation chambers above said
      dilution chamber, inlet means for introducing a respective liquid waste
      into each of said addition members, inlet means for introducing a
      respective treating substance into each of said addition chambers, at
      least two pumps each respectively connected with one of said addition
      chambers, respective pipe means connecting each pump with one of said
      sedimentation chambers and for recirculating liquid from said one addition
      chamber back thereto, means for removing sediment from said sedimentation
      chambers, filter chambers each associated with a respective one of said
      sedimentation chambers for collection of filtered overflow therein,
      conduit means for receipt of overflow from said sedimentation chambers and
      delivery to said common dilution chamber, means for introducing diluent to
      said dilution chamber, means for withdrawing diluted product from said
      dilution chamber, and a valved cross-over transfer conduit connecting the
      filter chamber of one of said sedimentation chambers with another
      non-respective addition chamber for selective supply of filtered overflow
      to said other addition chamber, whereby fresh wastes are separately
      treated, allowed to settle and are then combined for dilution prior to
      discharge.
NUM  2.
PAR  2. An apparatus according to claim 1 further including means for limiting
      the level of the liquid effluent in each of said addition chambers, which
      level-limiting means switch the respective circulating pump on or off.
NUM  3.
PAR  3. An apparatus according to claim 1 further including a respective supply
      vessel for each of said treating substances, said vessels being located
      above said addition chambers so as to feed thereto by gravity.
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ABST
PAL  A water purification apparatus is disclosed having an aeration chamber for
      aerating unpurified water from a source. A filter chamber is provided
      beneath the aeration chamber containing granular media for filtering the
      aerated water and having spaced apart headers for introducing backwash
      water as well as removing filtered water for storage in a reservoir
      beneath the filter chamber. A float actuated valve controls the flow of
      filtered water from the header to the reservoir in response to the water
      level of aerated water in the filter chamber. A float actuated timing
      device is provided for controlling the introduction of backwash water to
      the headers for a predetermined duration in response to the frequency the
      reservoir has been filled and emptied of purified water.
BSUM
PAC  RELATED APPLICATION
PAR  This application is related to my co-pending application Ser. No. 402,287,
      filed Oct. 1, 1973, entitled: "Mobile Automatic Water Purification
      Apparatus" and now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention.
PAR  This invention relates to water purification devices in general and more
      specifically a small, compact water purification plant employing a novel
      timing mechanism for controlling a backwashing cycle.
PAR  B. Description of the Prior Art.
PAR  Applicant is not aware of any device such as the one herein disclosed for
      initiating, controlling the duration of, and stopping the backwashing
      cycle of a water purification apparatus. Most prior art water purification
      apparatus whether large or small depend on electric clock-type timers for
      controlling the backwash cycle for the filter media. Such electric timers
      initiate the backwashing cycle after the passage of a certain period of
      time. This period of time may be totally unrelated to the actual need of
      the filter for backwashing which is normally a function of the amount of
      water that actually passed through the filter media as well as the
      specific chemical nature of the unpurified water supplied to the
      apparatus.
PAR  Other devices for initiating the backwash cycle of filtering apparatus
      measure the amount of water actually filtered. Such devices are very
      expensive in themselves and contribute significantly to the overall cost
      of any apparatus in which they are employed.
PAR  It is therefore the primary object of the present invention to provide a
      compact water purification plant having a novel device for initiating,
      controlling the duration of and stopping the backwashing cycle in response
      to the actual amount of water filtered by said plant.
PAR  It is another object to provide such a control device which is simple in
      its construction and extremely reliable in its operation.
PAR  It is a still further object to provide such a control device which is
      inexpensive to manufacture when compared to devices of the prior art for
      performing the same function.
PAR  Other objects and advantages will be apparent and understood from the
      following description and drawings.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an areation chamber having openings to
      permit air to enter the chamber. The areation chamber has a nozzle for
      discharging the raw water to be treated in the form of a spray. Chemicals
      which may be required are mixed with the raw water before it exits from
      the nozzle. The thus areated water falls to the top of a filter chamber
      located below the aeration chamber.
PAR  The filter chamber has a circular trough extending around the top thereof
      for receiving overflowing backwash water. The filter chamber is packed
      with a filter media consisting of several layers of different size
      aggregate. A collector in the form of a header is positioned in the layer
      of largest aggregate at the bottom of the filter chamber. The areated and
      filter water enters the collector header and from there it passes through
      a control valve into a treated water reservoir located below the filter
      chamber. When the reservoir is full, a float actuated switch de-energizes
      the raw water pump shutting off the plant.
PAR  In order to backwash the filter media, a second header is positioned a
      short distance below the top of the filter media and connected to the
      collector header and a pressurized source of backwash water via a solenoid
      actuated valve. A timing mechanism is provided which energizes the
      solenoid valve to start the backwash operation for a predetermined
      duration in response to the number of times the reservoir has been filled
      and emptied. The timing mechanism comprises a float ball on the surface of
      the water in the reservoir which is connected to a long, vertically
      extending rod. The rod has spaced apart pawls which engage a toothed wheel
      or gear to rotate same as the float ball drops in the tank. A small motor
      is also mounted on the rod and it has a drive gear which engages the
      toothed wheel only when the float ball is at its lowest point. A notched
      wheel is also provided which is driven by the toothed wheel and a
      micro-switch having an actuating arm is biased into engagement with the
      notched wheel. As the notched wheel is rotated each time the reservoir is
      emptied, the actuating arm will eventually engage the notch, closing the
      micro-switch. Closure of the micro-switch opens the solenoid valve to
      introduce backwash water to the headers and also start the small motor.
      The small motor slowly rotates the notched wheel forcing the actuating arm
      out of the notch which in turn stops the backwash cycle after a
      predetermined amount of time and the plant is then restored to normal
      operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view with parts broken away of the improved
      water purification apparatus of the present invention,
PAR  FIG. 2 is a perspective view of the apparatus shown in FIG. 1 also with a
      portion broken away,
PAR  FIG. 3 is an enlarged side elevational view of the timing device of the
      present invention taken along the lines 3--3 of FIG. 2,
PAR  FIG. 4 is a view of the timing device of FIG. 3 taken along the lines 4--4,
PAR  FIG. 5 is a view of the timing device of FIG. 3 taken along the lines 5--5,
PAR  FIG. 6 is a cross-sectional view of the control valve and float actuator
      therefor,
PAR  FIG. 7 (a), (b), (c) is a schematic representation of the sequence of
      operations of the timing device of the present invention,
PAR  FIG. 8 is a block wiring diagram of the water purification apparatus.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein similar characters of reference
      represent corresponding parts in each of the several views.
PAR  With reference to FIGS. 1 and 2, the water purification plant of the
      present invention is shown generally at 10. The plant 10 consists of three
      basic elements, an aeration chamber 12, a filter chamber 14 and a
      reservoir tank 16. The aeration chamber 12 is circular in shape and is
      removably mounted on top of the filter chamber 14. The aeration chamber
      has a circular shaped core 18 which has louvers which form recesses
      resembling a honeycomb to permit air to enter the hollow center of the
      core. Screening 20 is located around and spaced apart from the core to
      keep out insects and the like.
PAR  Raw water to be purified is pumped from a source in an inlet valve 22 to
      inlet pipe 24 by means of an electric intake pump 26 driven by electric
      motor 30. The inlet pipe 24 is connected to a nozzle 28 positioned above
      the hollow center of the core 18 in the aeration chamber 12. The amount of
      water flowing from the nozzle 28 in gallons per minute will determine the
      output of the purification plant measured over a 24 hour period. The rate
      of waterflow from nozzle 28 can be controlled by valve 22 and the pressure
      of the flow indicated on gauge 32 in inlet pipe 24. Various disinfecting
      chemicals, such as chlorine, can be added to the raw water prior to its
      discharge from nozzle 28. The chemicals are stored in tank 34 and pumped
      therefrom via hose 36 by means of electric pump 38 to a fitting 40 also
      positioned in the inlet pipe 24. The chemicals serve to control the pH
      level of the raw water and are necessary to make most raw water potable.
      The flow rate of chemicals being pumped by pump 38 can be controlled so
      that the proper amounts of chemicals are added in proportion to the flow
      rate of raw water being introduced.
PAR  As the raw, chemically treated water emanates from the nozzle 28 in the
      form of a fine spray, it is areated in the aeration chamber 12. Areation
      of the raw water serves to remove objectionable odors and, more
      importantly, oxidize matter in the raw water to facilitate its removal in
      the filter chamber 14 which will now be described. The rate of flow of
      chemically treated water can be controlled by globe type valve 25.
PAR  The filter chamber 14 has a cylindrical-shaped housing 42 made of heavy
      gauge sheet metal. The metal is coated with a layer of polyvinyl chloride
      to resist corrosion. Approximately three-fourths of the interior of the
      filter chamber 14 is filled with filter media 44. The filter media 44
      consists of aggregate of various sizes which is divided into layers, there
      being a layer of each size aggregate. The layer of largest aggregate is at
      the bottom of the filter chamber with succeeding layers of aggregate of
      lesser size placed on top of each other as shown. A commercially available
      filtering product such as "Anthrafilt" in aggregate sizes from 1 to 6 can,
      for example, be used as the filter media 44. A U-shaped trough 46 is
      secured around the outside of the housing 42 adjacent the top thereof. A
      drain pipe 48 is connected to the bottom of the trough 46 and serves to
      carry away backwash water collected in the trough in a manner to be more
      fully described later.
PAR  The thus chemically treated and areated raw water enters the filter chamber
      14 and passes through the aforementioned layers of filter media 44. A
      header system is provided comprising a first header 50 positioned at the
      bottom of the filter chamber 14 and surrounded by the largest aggregate of
      filter media 44. The first header 50 has a plurality of radially extending
      pipes 52 containing holes 54 which serve the dual function of collecting
      the filtered water from the bottom of the filter chamber 14 as well as to
      introduce backwash water to clean the filter media 44. A second header 56
      is positioned in the filter media 44, parallel to the first header 50 and
      a distance below the top of the filter media 44. The second header 56 is
      similar in construction to the first header 50 having the same radially
      extending pipes 52 and holes 54. The second header 56 serves only to
      introduce backwash water into the upper layers of filter media 44. The
      manner of the introduction of backwash water to the headers 50, 56 will be
      more fully described later.
PAR  As the filtered water passes through the holes 54 in the first header 50,
      it flows by gravity into the reservoir 16 via pipe 58, T-fitting 60, pipe
      62 and flow rate control valve 64. Flow rate control valve 64 is shown
      more clearly in FIG. 6 as comprising a valve seat 66 and a valve head 68
      connected by means of a rod 70 to a pivotably mounted lever 72 and float
      ball 74. The rod 70 extends through the pipe 62 and exits the top thereof
      through a suitable, watertight packing 76.
PAR  When the filter chamber 14 is empty of water, the weight of float ball 74
      causes flow rate control valve 64 to close. As water is introduced to the
      filter chamber 14 via nozzle 28, the filter media 44 becomes saturated and
      water begins to accumulate in the area above the filter media 44. As the
      water continues to accumulate, the float ball 74 begins to rise thereby
      opening flow rate control valve 64 to permit the filtered water to enter
      the reservoir 16. The float 74 and control valve 64 thus act to maintain
      the rate of flow of water through the filter chamber 14 in proportion to
      the amount being introduced to the filter chamber 14 from nozzle 28.
PAR  The first header 50 is connected to second header 56 by way of a
      conventional globe-type valve 78, a check valve 80 and piping 82. Check
      valve 80 is so positioned as to prohibit filtered water from being
      collected by the second header 56 but does permit backwash water to be fed
      to the second header 56 and out holes 54. The first header 56 is also
      connected to the outlet 83 of a holding tank 84 and to a purified water
      outlet valve 86 via a manual backwash valve 88 and an electrically
      actuated, normally closed, solenoid valve 90. The inlet 92 of the holding
      tank 84 is connected to the discharge outlet of a pressure responsive,
      electrically operated water pump 96 via pipe 98. The inlet to the pump 96
      is connected to the reservoir 16 via pipe 94 and check valve 100. Check
      valve 100 is so positioned to permit purified water to be withdrawn from
      the reservoir 16 but not enter the reservoir via pipe 94.
PAR  As purified water enters the reservoir 16, it is pumped into holding tank
      84 by means of pump 96. When the air pressure in the top of the holding
      tank 84 reaches a preselected amount, a pressure responsive switch 102
      de-energizes the pump 96. Water will then continue to flow into the
      reservoir 16 until intake pump motor 30 is de-energized.
PAR  The mechanism for controlling energization of the intake pump motor 30 and
      energization of solenoid valve 90 for starting and stopping the
      backwashing operation, is shown generally at 104.
PAR  Referring to FIGS. 3, 4 and 5, the control mechanism 104 consists of a
      vertically extending rod 106 which has a float 108 secured to one end
      thereof. The float 108 and rod 106 thus move up and down vertically as the
      water level in the reservoir 16 so moves. A support plate 110 is mounted
      on the reservoir 16 and has a spaced apart bracket 112 secured thereto. A
      portion 114 of the bracket 112 is proximate and parallel to the rod 106.
      The rod 106 has a perpendicularly extending member 116 secured to it which
      slidably engages the portion 114 to thereby maintain and support rod 106
      in its vertical upright position during its movement. A switch 118 is
      mounted on the support plate 110 and has an actuating arm 120 extending to
      the rod 106. Adjustable upper stop 122 and lower stop 124 are positioned
      on the rod 106 for engaging the actuating arm 120 to close the switch 118.
      When the upper stop 122 engages the actuating arm 120 indicating the
      reservoir 16 is empty, switch 118 closes to energize pump motor 30 to fill
      the reservoir and when the reservoir 16 is full, stop 124 engages the
      actuating arm 120 to stop the pump motor 30.
PAR  To start the introduction of backwash water to the headers 50, 56, solenoid
      valve 90 is energized in a manner to be more fully described later. Upon
      energization of valve 90 to its open position, water under pressure from
      holding tank 84 will enter the headers 50, 56 and out the holes 54 in
      pipes 52 into the filter media 44. The pressurized water also enters pipes
      58, 62 and forces valve head 68 into sealing engagement with valve seat
      66. As the backwash water flows rapidly from the holes 54, it has
      sufficient pressure and velocity to displace and separate the particles of
      filter media 44 and filtered solids and causes the filter bed to expand.
      Check valve 100 prevents water from entering the reservoir 16 after it has
      been pumped into holding tank 84. By using two headers during the backwash
      operation, applicants have found that more efficient cleansing action is
      achieved which is particularly necessary in the layers of finer filter
      aggregate. The filtered out solids have a lower density than the filter
      media 44 and are thus carried to the top of the filter media where they
      overflow into the U-shaped trough 46 and out drain pipe 48. When the
      backwash water reaches the float 74, the buoyancy of the float exerts a
      force on lever 72 which in turn tries to raise the valve head 68 against
      the aforementioned pressure exerted on the valve head by the backwash
      water in pipe 62. As can be seen in FIG. 6, the rod 70 is connected to the
      lever 72 at a point a distance (a) from the fulcrum point of the lever
      126. The size of the float 74 and the distance (a) are so chosen that a
      force of only about 5 to 6 pounds is exerted on the rod 70 to thereby lift
      the valve head 68. Because the pressure exerted by the backwash water on
      the valve head 68 via pipe 62 is approximately 20 pounds per square inch,
      valve head 68 remains closed as the backwash water covers the float 74 and
      runs over into trough 46. After the lapse of a predetermined period of
      time, the solenoid 90 is deenergized, in a manner to be presently
      described, and the apparatus returns to its normal operation.
PAR  Referring again to FIGS. 3, 4 and 5, the mechanism for energizing and
      de-energizing solenoid valve 90 to start and stop the backwash operation
      consists of a rotatable circular disc 128 having a notch 130 in its outer
      periphery 129. A switch 132 having an actuating arm 134 is mounted on the
      support plate 110 adjacent the disc 128. Switch 132 has three contacts,
      132a, 132b and 132c. When the actuating arm 134 is in the notch 130,
      switch contacts 132a and 132b close to energize solenoid valve 90 and
      switch contacts 132b and 132c are opened. When the actuating arm 134 is
      out of the notch 130 and adjacent the periphery 129, switch contacts 132a
      and 132b open and contacts 132b and 132c close to thereby permit
      energization of pump motor 30 as will be described in greater detail with
      respect to the operation of the apparatus and the wiring diagram of FIG.
      8.
PAR  The disc 128 is rotatably mounted on the support plate 110 by means of a
      shaft 136 having a gear 138 on one end. The gear 138 is in meshing
      engagement with another gear 140 which is connected to a large gear wheel
      142. The shaft 136 and gears 138, 142 are supported relative to the
      support plate 110 by means of a bracket 144. The disc 128 is rotated
      slowly as the gear wheel 142 is rotated via transmission gears 138, 140 by
      means of an upper and lower adjustable dog or pawls 146 and 148
      respectively mounted on the rod 106. Also mounted on the rod 106 is a
      small electric motor 150 which has a gear 152 secured to the end of its
      rotating drive shaft. The gear 152 engages gear wheel 142 each time the
      float 108 is at its lowest point of travel in reservoir 16 as will now be
      more fully described with reference to FIGS. 7a-c.
PAR  FIG. 7a shows schematically a first step of a typical sequence of operation
      of the control mechanism 104. In FIG. 7a the reservoir 16 is full, float
      108 is in its highest vertical position and lower pawl 148 is in
      engagement with the teeth of wheel 142. Arm 120 is engaged by lower stop
      124 to open switch 118 and stop pump motor 30. After an amount of purified
      water has been drawn from the reservoir 16 as shown in FIG. 7b, the upper
      pawl 146 engages the teeth of wheel 142 and correspondingly rotates disc
      128. When float 108 reaches its lowest point of travel, indicating the
      reservoir is empty, the gear 142 will begin meshing engagement with gear
      wheel 142. If as shown in FIG. 7c, the disc 128 has been rotated
      sufficiently that the actuating arm 134 of switch 132 enters notch 130,
      contacts 132a and 132b close to energize solenoid valve 90 and start
      electric motor 150 thus initiating the backwash cycle. Electric motor 150
      rotates disc 128 very slowly during the backwash cycle until the actuating
      arm 134 rides out of notch 130. The length of the notch 130 can be used to
      determine the duration of the backwash cycle. Closure of switch contacts
      132a and 132b opens switch contacts 132b and 132c to thereby prevent
      switch 118, which has been closed by upper stop 122, from energizing feed
      pump 30 during the backwash operation. After actuating arm 134 is out of
      the notch 130 and again adjacent the periphery 129 of disc 128, switch
      contacts 132b and 132c close and contacts 132a and 132b open to
      de-energize solenoid valve 90 and electric motor 150 terminating the
      backwash cycle. Switch 118 which has been closed by upper stop 122 starts
      the pump 30 to filter and purify additional water to again fill the
      reservoir 16.
PAR  If the float 108 reaches the bottom of the reservoir 16 but the notch 130
      is not in a position to receive the actuating arm 134, switch 118 will be
      closed by upper stop 122 to start the pump 30 and fill the reservoir. The
      number of times the float 108 travels up and down is an indication of the
      amount of water being purified and used. Thus, by positioning the pawls
      146, 148 close together on rod 106, the degree of rotation of disc 128 can
      be controlled for each emptying of the reservoir 16. If the very slowly
      rotating electric motor 150 were mounted so that the gear 152 was always
      in engagement with gear wheel 142, the internal gear reduction (not shown)
      in the motor 150 would be a severe drag on the entire mechanism and
      prevent it from functioning. By mounting the motor 150 directly on rod
      106, this drag is eliminated inasmuch as the gear 152 is only in
      engagement with gear wheel 142 when the float 108 is at its lowest point
      of travel.
PAR  FIG. 8 shows the wiring diagram of the plant 10. A main control switch 154
      is connected between a source of voltage L, N and the remainder of the
      circuit. Contacts 132b and 132c of switch 132 are connected in series with
      switch 118. Closure of switch 118 energizes raw water pump motor 30 and
      chemical feed motor 38. Closure of switch contacts 132a and 132b of switch
      132 energizes small electric motor 150 and opens solenoid valve 90. Switch
      102 closes to start water pump 96 in response to the degree of pressure in
      holding tank 84.
PAR  Having illustrated and described embodiments of this invention in some
      detail, it will be understood that these descriptions and illustrations
      have been offered by way of example only, and that the invention is to be
      limited in scope only by the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A water purification apparatus comprising:
PA1  a. an aeration chamber means for areating unpurified water introduced
      thereto from a source;
PA1  b. a filter chamber means directly beneath said areation chamber means
      containing a granular media extending from the top to the bottom of said
      filter chamber for filtering said aerated water;
PA1  c. means in said filter chamber for collecting said filtered water;
PA1  d. reservoir means directly beneath said filter chamber for storing said
      collected water;
PA1  e. automatic means for stopping the introduction of unpurified water to
      said aeration chamber when said reservoir means is full;
PA1  f. automatic means for controlling the flow of said filtered water from
      said collecting means to said reservoir in response to the water level of
      said areated water in said filter chamber;
PA1  g. means for introducing backwash water at different levels within said
      granular media; and
PA1  h. automatic means for starting the introduction of said backwash water in
      response to the frequency said reservoir has been filled and emptied of
      purified water.
NUM  2.
PAR  2. A water purification apparatus as set forth in claim 1 further
      comprising:
PA1  a. a source of backwash water under pressure, and
PA1  b. electrically actuated valve means connected between said source of
      backwash water and said means for introducing said backwash water at said
      different levels in said granular media.
NUM  3.
PAR  3. An apparatus as set forth in claim 1 further comprising:
PA1  a. valve means connected between said reservoir means and said collecting
      means and said source of backwash water; and
PA1  b. float means mounted beneath said areation chamber and operatively
      connected to said valve means, said float means having a buoyancy
      sufficient to open said valve means when said filter chamber is full and
      having insufficient buoyancy to maintain said valve in said open position
      upon the introduction of said backwash water.
NUM  4.
PAR  4. An apparatus as set forth in claim 2 further comprising:
PA1  a. float means in said reservoir;
PA1  b. wheel means having a circumferentially extending notch on the outer
      periphery thereof, said wheel means being operatively connected to said
      float means for rotating said wheel means as said float means drops in
      said reservoir; and
PA1  c. first switch means adjacent said wheel means, said switch means having
      actuating means engaging said outer periphery, said actuating means
      closing said switch means to energize said valve means when said actuating
      means enters said notch.
NUM  5.
PAR  5. An apparatus as set forth in claim 4 further comprising:
PA1  a. gear means connected to said wheel means;
PA1  b. rod means connected to said float means; and
PA1  c. pawl means mounted on said rod, said pawl means engaging said gear means
      to rotate said gear means as said float drops in said reservoir.
NUM  6.
PAR  6. An apparatus as set forth in claim 5 further comprising electric motor
      means mounted on said rod, said motor means having drive gear means which
      engages said gear means only when said float means is at its lowest level
      in said reservoir and wherein said switch means energizes said motor means
      when said actuating means enters said notch, said motor means rotating
      said notch a predetermined distance representing the duration said valve
      means is energized.
NUM  7.
PAR  7. An apparatus as set forth in claim 4 wherein said means for stopping the
      introduction of unpurified water to said aeration chamber is a second
      switch means having an actuating arm operatively connected between
      spaced-apart stop means on said float means, said switch being actuated
      open by said stop means when said reservoir is full and actuated closed by
      said stop means when said reservoir is empty.
NUM  8.
PAR  8. An apparatus as set forth in claim 7 wherein said first and second
      switch means are connected in series so that said second switch means is
      incapable of starting the introduction of unpurified water to said
      aeration chamber when said first switch actuating means is in said notch.
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ABST
PAL  A self-contained fluid separator assembly is disclosed capable of
      separating blood into its component parts of plasma or serum, the light
      phase, and the cellular portion, the heavy phase. The assembly comprises a
      container having at least one open end for receiving blood for subsequent
      separation and a closure sealing the open end of the container. The
      closure is formed of a self-sealing elastomeric material which is
      penetrable by a pointed hollow needle through which the blood to be
      separated is conducted into the container. A piston is slidably disposed
      in the container with its outer surfaces in sealing contact with the inner
      surfaces of the container. Centrifugally actuated valve means is provided
      on the piston which is normally closed and automatically opens in response
      to centrifugal force. When blood in the container is subjected to
      centrifugal force it first separates into its light phase and heavy phase.
      Thereafter the piston with open valve moves down through the light phase
      while retaining sealing engagement with the inner surfaces of the
      container. Positive stop means is provided on the container between its
      ends so that the piston as it moves through the light phase will contact
      the stop means and stop at a predetermined distance above the bottom of
      the tube. Then the valve means automatically closes to provide an
      impervious barrier between the separated light and heavy phases of the
      blood.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known to separate blood into its component parts by centrifugation,
      for example, the assembly disclosed in U.S. Pat. No. 2,460,641. However,
      this particular assembly does not employ a means for sealing the separated
      plasma or serum phase from the cellular phase.
PAR  It is also known to provide assemblies for manually separating the plasma
      or serum phase from the cellular phase, for example, as disclosed in U.S.
      Pat. Nos. 3,586,064; 3,661,265; 3,355,098; 3,481,477; 3,512,940 and
      3,696,804. In all of these devices the serum is collected in a blood
      collection container and means are provided for separating the plasma or
      serum phase from the cellular phase employing filters, valves, transfer
      tubes or the like.
PAR  It is also known to provide assemblies for the sealed separation of blood
      in which a piston is actuated by centrifugal force such as is disclosed in
      U.S. Pat. Nos. 3,508,653 and 3,779,383. These devices use either a
      distortable piston made of a resilient material or valve means associated
      with the piston to affect a sealed separation after centrifugation.
PAR  The present invention relates to separators and more particularly to a
      device for separating blood plasma from cellular material of the type
      disclosed in commonly assigned application Ser. No. 247,483, filed Apr.
      25, 1972.
PAC  SUMMARY OF THE INVENTION
PAR  The invention generally contemplates the provision of an improved
      self-contained sealed fluid separator assembly capable of separating blood
      into its component parts of plasma or serum as the light phase and the
      cellular portion as the heavy phase and establishing a sealed barrier
      therebetween without the necessity of opening the container or decanting
      the separated light phase from the heavy phase.
PAR  It is an object of the invention to automatically separate blood into its
      component phases by simply subjecting the self-contained assembly to
      centrifugal force so that upon completion of the centrifuging operation an
      impervious barrier separates the light phase from the heavy phase of the
      blood. The assembly is capable of withstanding rough handling through the
      mails, inversion of the container without remixing the component phases
      and preventing various chemical constituents in the light phase from
      leaking into and mixing with the heavy phase or vice versa. Another object
      of the invention is to pass the light phase of the blood through a filter
      associated with a centrifugally actuated valve means. It is a further
      object of the invention to provide a self-contained assembly for
      separating blood into its component parts which is inexpensive to
      manufacture, simple to assemble and easy to use.
PAR  The separator assembly for separating blood into its component parts of
      plasma or serum, the light phase, and cellular portion, the heavy phase,
      is a self-contained unit which requires only that a sample of blood to be
      separated be provided within the container. The container is formed having
      at least one open end which is adapted to receive blood for separation
      into its component phases. A closure is mounted in the open end for
      sealing the container, this closure being formed of a self-sealing
      elastomeric material which is penetrable by a pointed hollow needle
      through which blood to be separated is conducted into the container. A
      piston is slidably mounted in the container having its outer cylindrical
      surfaces in sealing engagement with the inner surfaces of the container.
      Centrifugally actuated valve means is disposed on said piston and is
      normally closed. The valve means automatically opens in response to
      increased centrifugation so that when the container is subjected first to
      moderate centrifugal force, the blood separates into its light phase and
      heavy phase; and when the centrifugal force is substantially increased
      thereafter the valve means automatically opens with the light phase
      passing up through the valve means while the piston moves down through the
      light phase retaining its sealing engagement with the inner surfaces of
      the container. A stop means is formed on the container and disposed a
      predetermined distance from the bottom of the container which is remote
      from the piston in its initial position. The piston after moving through a
      major part of the light phase is caused to stop when it reaches the stop
      means. When centrifugation ceases the valve means automatically shifts
      from the open position to the closed position to provide an impervious
      barrier between the separated light phase and heavy phase of the blood.
      Thereafter, the separated sample is ready for testing.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention reference is had to the
      drawings which illustrate the preferred embodiments of the invention
      herein.
PAR  FIG. 1 is a sectional elevational view of the separator assembly
      illustrating a pointed cannula penetrating one of the closures through
      which blood is introduced into the container prior to separation.
PAR  FIG. 2 is a view similar to FIG. 1 illustrating the separation of the blood
      into the light phase and heavy phase with the piston engaging the stop
      means.
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 1.
PAR  FIG. 4 is an enlarged fragmentary view showing the centrifugally actuated
      valve with its open position depicted in phantom.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the separator assembly 10 comprises a tubular member of
      container 12 having mounted in each of the open ends 11 and 15 closures 14
      and 16. Closures 14 and 16 are made of a self-sealing elastomeric material
      such as rubber. Closure 16 is capable of being penetrated by cannula 18
      for conducting blood into the container. When the cannula is removed, the
      closure reseals with no loss of blood.
PAR  Closure 14 is formed with a depending cylindrical body portion 20 and an
      integral flanged head portion 22. Body portion 20 has a diameter slightly
      greater than the internal diameter of the container 12 so that closure 14
      when mounted into end 11 provides an interference fit to seal this end.
      Head portion 22 may be shaped in the form of a hexagon and is slightly
      greater in diameter than body portion 20 which permits the assembly to be
      positioned on its side without danger of rolling. Body portion 20 has an
      annular recess 24 to provide a relatively thin zone which is more readily
      penetrable by a cannula, when desired.
PAR  Stopper 16 has a cylindrical body portion 28 and an integrally formed
      cylindrical head portion 30 having an axial recess 24'. Body portion 28
      has an annular recess 29 to provide a self-sealing penetrable zone 31 to
      facilitate insertion of cannula or pointed hollow needle 18 with minimum
      force while maintaining a sealed closure. As noted above, stopper or
      closure 14 as well as 16 is inserted into ends 11 and 15 in compression to
      maintain ends 11 and 15 of container 12 in sealed gas tight engagement.
PAR  Tubular member of container 12 is formed preferably of glass but any other
      suitable material may be employed. Intermediate ends 11 and 15 of tubular
      member 12 is an annular groove 32 forming a constriction and a stop means
      34 as a part of the inner surfaces of container 12. Thus, as piston 40
      moves from the initial starting position illustrated in FIG. 1 to the
      terminal position after the separation of the light phase from the heavy
      phase, the piston comes to rest at the stop means 34. The piston may be
      formed of elastomeric material and has greater specific gravity than blood
      so that it will move through the light phase when the increased
      centrifugal force is applied to the assembly and eventually will
      automatically come to rest at stop means 34. The seal of the piston with
      respect to the inner surfaces of the container is maintained throughout
      its travel from its initial position of FIG. 1 to its terminal position of
      FIG. 2.
PAR  The piston 40 comprises an outer wall 48 and formed integrally with wall 48
      are a plurality of axially spaced resilient sealing rings 50 which contact
      the inner wall surface 13 of container 12 in sealing engagement. Piston 40
      when mounted in container 12 will maintain sealing contact with inner wall
      13 of container 12 throughout its path of travel within container 12.
PAR  During higher speed centrifuging when increased forces are generated piston
      40 will start to move downwardly. At the same time, and in most instances
      before, because of the greater specific gravity of the valve means 42,
      slits 44 will automatically open and will enable the separated light phase
      liquid to pass upwardly through the opened apertures and enable piston 40
      to move from its initial position of FIG. 1 to its final position of FIG.
      2 while maintaining sealing engagement with the inner wall 13 of container
      12. After piston 40 stops its movement in container 12 and comes to rest
      on stop means 34, centrifugal force is terminated and valve means 42
      automatically closes.
PAR  As illustrated in FIG. 2 piston 40 has completed its travel within
      container 12 and is stopped from further movement in container 12 by stop
      means 34 but valve means 42 remain open as long as high speed
      centrifugation continues. Upon termination of centrifugation valve means
      42 close. Also, a portion of the light phase remains above the separated
      heavy phase and is not utilized as part of the separated light phase.
PAR  Filter element 60 is mounted in annular recess 80 of piston 40 and may be
      made of any suitable filter material chemically inert to blood and capable
      of filtering serum or plasma. Such a material may be asbestos or glass
      wool, a plastic foam having interconnecting passages, waterproof paper or
      other suitable fibrous or particulate material. The main purpose for
      employing filter 60 is to remove any fibrin or partially formed fibrin
      material from passing through valve means 42.
PAR  When operating the separator assembly of the invention herein it is
      preferred that the assembly be evacuated so that when cannula 18
      penetrates closure 16 blood will fill container 12. It is also
      contemplated to provide a separator assembly disclosed in U.S. Pat. Nos.
      2,460,641; 3,469,572 and 3,494,352. It is important when filling the
      assembly 10 that blood be introduced into container 12 through the stopper
      16 mounted on the bottom of the container to obviate the possibility of
      having blood ceels trapped between the piston 40 and stopper 22 which will
      later separate to form the chamber where the light phase will be collected
      and which would contaminate the light phase with whole blood. If the
      assembly is evacuated it is obvious blood will fill the space between
      closure 16 and the piston 40.
PAR  After cannula 18 is withdrawn and container 12 is filled with blood the
      assembly is placed in a centrifuge and the blood is separated initially
      employing moderate centrifugal forces which do not cause the piston 40 to
      move from its initial position. This precipitates or separates the blood
      cells or blood clot into the tube portion below constriction stop means
      34. Thereafter the rotational speed of the centrifuge is increased which
      causes a substantial downward thrust on the piston. Before the time piston
      40 starts to move valve means 42 automatically opens and the piston moves
      downwardly through the light phase with the light phase passing up through
      the valve means. Piston 40 maintains sliding and sealing engagement with
      the inner wall 13 of container 12. The piston completes its movement when
      it engages stop means 34 and then centrifuging is terminated. The valve
      means 42 will close to thereby establish an impervious barrier between the
      light and heavy phases of the blood.
PAR  The separated blood sample is ready for use. As desired, the serum or
      plasma can be taken from one end and/or the concentrated red cells can be
      taken from the other end.
PAR  While variations of the invention herein may be had, the objectives of the
      invention have been illustrated and described.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A self-contained fluid separator assembly, capable of separating blood
      into its component parts of plasma or serum and cellular portion,
      comprising:
PA1  a. a container having at least one open end which is adapted to receive
      blood for subsequent separation into a light phase ans a heavy phase;
PA1  b. a closure sealing the open end of the container, the closure being
      formed of a self-sealing elastomeric material which is penetrable by a
      cannula through which blood to be separated is conducted into the
      container;
PA1  c. a piston having a specific gravity relatively greater than the cellular
      portion of the blood and slidably mounted in the upper portion of the
      container and having means on an outer surface in sealing engagement with
      an inner surface of the container;
PA1  d. centrifugally actuated valve means associated with said piston, said
      valve means being in the form of a downwardly projecting substantially
      dome-shaped concave diaphragm having a specific gravity greater than blood
      and having a slit therein openable when subjected to substantial
      centrifugal force, said valve means being normally closed, so that when
      said container is subjected to moderate centrifugal force the blood
      separates into its light phase and heavy phase with the piston staying in
      the upper portion of the container, and subsequently when increased
      centrifugal force is used on the valve means automatically opens with the
      light phase passing up through the valve means enabling the piston to move
      down through the light phase while retaining sealing engagement with the
      inner surfaces of the container, said valve means remaining open until
      termination of the substantial centrifugal force; and
PA1  mechanical stop means on the container whereby the piston when moving
      through the light phase will stop a predetermined distance from one of the
      ends of the container followed by termination of substantial centrifugal
      force which permits the vlave means to automatically shift from an open
      position to a closed position to provide an impervious barrier between the
      separated light phase and heavy phase of the blood.
NUM  2.
PAR  2. A self-contained fluid separator of claim 1, wherein the stop means on
      the container is an annular groove interposed between the ends of the
      container forming an annular constriction of the inner surface of the
      container so that said piston is prevented from passing the stop means
      when subjected to centrifugal forces.
NUM  3.
PAR  3. The invention in accordance with claim 1, wherein a plurality of spaced
      annular sealing rings are on the periphery of the piston and in sealing
      engagement with the interior of the container.
NUM  4.
PAR  4. The invention in accordance with claim 1, wherein the valve means is
      independent of the piston sealing means.
NUM  5.
PAR  5. The piston of claim 1, wherein the body portion of said piston is formed
      having a filter means associated therewith and in fluid communication with
      said valve means whereby said filter means is adapted to remove
      particulate material from the light phase as the piston moves downwardly
      therethrough.
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ABST
PAL  An improved self-contained apparatus for the separation of low density
      fluids from higher density insoluable fluids or particles or both in which
      initial separation, coalescing and filtration steps are carried out
      substantially in series and in that order, is disclosed. Specific
      embodiments of such apparatus for use in oil-water separation are
      described and specific structures and devices for use in such apparatus
      are disclosed.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for the separation of low density
      fluids from higher density fluids or particles or both and more
      particularly to self-contained apparatus in which initial separation,
      coalescing and filtration steps are carried out substantially in series
      and in that order.
PAR  Self-contained devices for the separation of solid particulate matter and
      high density fluids such as water from lower density fluids such as oil,
      kerosene, diesel fuel, gasoline and even air, have been devised heretofore
      in which separation, coalescing, and filtration action have occurred.
      However, in such prior art devices, such actions have been carried out
      more or less simultaneously and often without adequate provision for one
      or more of such actions. In particular, the initial separation of fluids
      has not been adequately provided for or accomplished in the prior art.
PAR  It will be understood that "initial separation" action comprises the
      removal of large particles and droplets of high density fluids that may be
      entrained in the flow of the mixture of fluids and which, if not separated
      out, tend to be collected on the leading surface of the filter means, due
      to their size, requiring frequent replacement or cleaning of the filter
      means. "Coalescing" action is the formation of large droplets of high
      density fluid due to the capture of smaller droplets by larger droplets.
      Such action is a function of the surface tension of the high density fluid
      and is sometimes referred to as "beading"  action. Finally, "filtration"
      action is the straining of the lower density fluid to physically remove
      higher density fluids and particles by means of a filter element.
PAR  In general, prior art devices of interest have comprised a hollow chamber
      providing a sediment bowl at the bottom and containing a replaceable
      filter element at the top. The fluid is introduced into the bottom of the
      chamber and allowed to percolate upwardly and through the filter element
      to an outlet at the top of the chamber.
PAR  U.S. Pats. No. 2,543,481 to Wicks et al. and No. 2,486,389 to Clark are
      representative of such prior art devices. In the operation of such devices
      the higher density fluids and particles are expected to gravitate into the
      bottom of the sediment bowl where they may be drained from the system.
PAR  However, in actual practice, the constant flow of fluid into the bottom of
      such prior art devices tends to re-entrain a substantial portion of the
      fluids and particles which settle into the sediment bowl before they can
      be drained, carrying them to the leading surface of the filter element
      where they are collected, thus tending to clog the filter and require its
      early replacement. It will be understood that, in such prior art devices,
      there is essentially no initial separation action other than in
      conjunction with whatever coalescing action may occur at the leading
      surface of the filter element or elsewhere in the device.
PAR  In U.S. Pat. No. 3,187,893 to Poll et al., a device is disclosed in which
      an attempt is made to provide coalescing action in a portion of the device
      physically distinct from the filtration element. However, no provision
      whatever is made for initial separation prior to the coalescing element
      thereof which element is a coarse filter that is subject to clogging by
      large particles entrained in the incoming fluids.
PAR  The device disclosed in U.S. Pat. No. 3,428,180 to Rogers represents an
      entirely different approach to the problem and is a great improvement over
      the prior art. However, it has been found that even greater improvement
      over the prior art may be obtained by providing an initial separation
      action and by physically dividing the initial separation, coalescing and
      filtration action from each other so that these actions occur in series
      and in that order in accordance with the teaching of this invention.
PAR  Thus, it is an object of this invention to provide improved apparatus for
      the separation of low density fluids from higher density fluids or
      particles or both.
PAR  It is a further object of this invention to provide such apparatus in a
      self-contained and compact form which is convenient to install and
      maintain, simple and inexpensive to manufacture and yet more efficient in
      operation without frequent servicing.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the self-contained apparatus for separating low density fluids
      from higher density fluids and particles according to the teaching of this
      invention comprises a hollow elongated chamber closed at one end by a cup
      means. A fluid inlet extends into the chamber intermediate its ends and
      includes a tubular portion extending toward the cup means along the axis
      of elongation of the chamber. A fluid impervious funnel member surrounds
      the tubular portion of the inlet passage in close spaced relation to its
      outer surface with apex of the funnel member extending toward the cup
      means and the outer periphery of the funnel member extending into
      fluid-tight relation with the inner surface of the chamber. A deflector
      turbine means is mounted at the free end of the tubular portion of the
      inlet passage to receive fluid therefrom and urge it to move in generally
      annular paths about the axis of elongation of the chamber and extends
      across the chamber with portions thereof in contact with and other
      portions in close spaced relation to the inner surface of the chamber. An
      outlet passage extends out of the chamber intermediate its end and has a
      tubular portion extending away from the cup means along the axis of
      elongation of the chamber and a tubular filter element surrounds such
      tubular portion of the outlet passage in spaced relation thereto and with
      the outer surface of the filter element spaced from the inner surface of
      the chamber. A fluid impervious wall means closes the inner end of the
      filter element extending into close spaced relation with the inner surface
      of the chamber and a cap member, in cooperation with means forming a
      closure across the outer end of the filter element, closes the end of the
      chamber opposite from the cup means.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing and other objects and features of the apparatus of this
      invention will be more fully understood from the following detailed
      description of preferred embodiments thereof when read in conjunction with
      the drawing wherein:
PAR  FIG. 1 is a side view in elevation of a device according to one embodiment
      of this invention.
PAR  FIG. 2 is an enlarged cross-sectional view of the embodiment of this
      invention shown in FIG. 1.
PAR  FIG. 3 is a cross-sectional view taken along lines 3--3 of FIG. 2.
PAR  FIG. 4 is an exploded perspective view of the deflector turbine element of
      the embodiment of this invention shown in FIGS. 1 and 2.
PAR  FIG. 5 is an enlarged side view in elevation of a pair of devices as shown
      in FIG. 1 mounted in tandem and interconnected in series with each other.
PAR  FIG. 6 is a top view of the devices mounted in tandem as in FIG. 5 but
      interconnected in parallel with each other.
PAR  FIG. 7 is a cross-sectional view of a device according to a further
      embodiment of this invention taken along lines 7--7 of FIG. 8.
PAR  FIG. 8 is a cross-sectional view of such further embodiment of the
      invention taken along lines 8--8 of FIG. 7.
PAR  FIG. 9 is a block diagram of a manually controlled electrical system for
      draining high density fluids and particulate matter from a device
      according to this invention.
PAR  FIG. 10 is a block diagram similar to FIG. 9 showing an automatically
      controlled electrical system for draining high density fluids and
      particulate matter from a device according to this invention.
PAR  FIG. 11 is a cross-sectional view of a cup means which may be used in
      embodiments of this invention as shown in FIGS. 1 and 2 to enable such
      device to be used with the electrical systems of FIGS. 9 and 10.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a device 10 according to a preferred embodiment of the
      apparatus of this invention is shown in side elevation. The device 10
      comprises four major structural elements forming an elongated hollow
      chamber closed at both ends. Thus a cup means 11 is mounted on the
      underside of an annular body 12 in fluid-tight relation thereto and an
      elongated hollow filter chamber 13 is mounted on the upper side of the
      annular body 12 in fluid-tight relation thereto with the free end of the
      elongated filter chamber 13 being closed fluid-tight by a cap member 14.
PAR  The cap member 14 is removably mounted on the free end of the filter
      chamber 13 in fluid-tight relation thereto by means of a "T" handle
      fastener 15, the structure and purpose of which will be more fully
      described hereinafter. One or more mounting brackets 16 may be provided
      about the filter chamber 13 for convenient mounting of the device 10 in
      operation.
PAR  As shown in FIG. 1, the cup means 11 comprises a conventional sediment bowl
      made of transparent material although it could also be made of metal. The
      cup means is mounted on the underside of the annular body 12 in
      fluid-tight relation by means which will be more fully described
      hereinafter and a drain valve 17 is provided at the bottom of the cup
      means 11 to enable sediment in the form of high density fluid and
      particles to be drained from the apparatus 10.
PAR  The cup means 11, annular body 12, filter chamber 13, cap 14 and all other
      internal parts of the device 10 are made of non-corrosive materials which
      are resistant to the fluids to be separated therein which materials are
      preferably low cost and light in weight. A fluid inlet means 18 and a
      fluid outlet means 19 (not shown in FIG. 1) are provided in the annular
      body 12.
PAR  Referring to FIG. 2, it will be seen that the inlet means 18 comprises a
      passageway in annular body 12 terminating in a tubular portion 20 which
      extends toward the cup means 11 coaxially of the device 10. Similarly, it
      will be seen from FIG. 2 that the outlet means 19 comprises a passageway
      through the annular body 12 terminating in a tubular portion 21 extending
      toward the cap 14 coaxially of the device 10. Although the inner surfaces
      of the cup means 11, annular body 12 and filter chamber 13 define sections
      of right circular cylinders, it will be understood that such shape is not
      an essential feature of this invention although circular configuration of
      the cup means 11, tubular portion 20 of the inlet means 18 and other
      elements associated therewith is highly desirable for reasons which will
      be more fully discussed hereinafter. Similarly, the coaxial arrangement of
      the inlet means 18 and outlet means 19 is not an essential feature of this
      invention although it is preferred for the tubular portion 21 of the
      outlet means 19 of the device 10 and highly beneficial for the tubular
      portion 20 of the inlet means 18 in any embodiment of the apparatus of
      this invention.
PAR  According to the teachings of this invention, a deflector turbine means
      designated generally by the reference numeral 24 in FIGS. 2 and 4 is
      mounted at the free end of the tubular portion 20 of the inlet means 18.
      As shown in FIG. 2 the deflector turbine means extends all the way across
      the cup means 11 thereby dividing it into upper and lower sections, the
      deflector turbine means having portions of its outer periphery in contact
      with the inner surface of the cup means 11 and other portions in close
      spaced relation to the inner surface of the cup means 11 to thereby
      provide communication between the upper and lower sections of such cup
      means 11.
PAR  According to this embodiment of the invention, the deflector turbine means
      24 is made in two parts as shown in FIG. 4 and is mounted directly on the
      end of the tubular portion 20 of the inlet means 18, as will be more fully
      described hereinafter. However, it will be understood that the deflector
      turbine means 24 could comprise a single wall mounted on the cup means 11
      adjacent the free end of the tubular portion 20 of the inlet means 18,
      provided that its upper surface is properly configured to provide the
      desired centrifuge action which will be more fully described hereinafter.
PAR  According to this embodiment of the invention, a float valve is included in
      the device 10 to prevent the fluids contained therewithin from draining
      out of the device 10 and back into the source of such fluid if the system
      in which the device 10 is being used should be shut down for any reason.
      Such float valve comprises a hollow ball 25, preferably made of aluminum
      and received within the tubular portion 20 of the inlet means 18. As shown
      in FIG. 2, the inlet means 18 is provided with a restriction 26 within the
      tubular portion 20 thereof, and above the ball 25. Such restriction is
      preferably provided with a resilient gasket 27 adapted to engage the outer
      surface of the ball 25 and form a fluid-tight seal therewith.
PAR  Thus, if the flow of fluid into the inlet means 18 is interrupted, the
      hollow ball 25 will float upwardly into contact with the resilient gasket
      27, closing the restriction 26 in the inlet means 18. The weight of the
      fluid contained in the upper portion of the device 10, including the
      filter chamber 13, will tend to force the ball 25 into intimate contact
      with the gasket 27 thereby preventing the flow of fluid in the reverse
      direction and out of inlet means 18 toward the source of fluid.
PAR  A funnel member 30 surrounds the tubular portion 20 of the inlet means 18
      in close spaced relation thereto forming an annular space 29. The outer
      periphery of the funnel member is joined to the cup means 11 in a
      fluid-tight manner with the apex of the funnel member 30 extending into
      the cup means 11. In the embodiment of this invention shown in FIG. 2,
      both the cup member 11 and the outer periphery of funnel member 30 are
      mounted on the underside of the annular member 12 by means of a collar 31
      adapted to be secured to the annular member 12 by a plurality of screws 32
      which bring the collar 31 into compressive contact with shoulders on the
      cup member 11 and funnel member 30 forcing them into fluid-tight relation
      with a gasket 33 received in a groove in the annular member 12.
PAR  As shown in FIG. 2, the filter chamber 13 comprises a hollow cylinder, one
      end of which is received together with a gasket 34 in a groove in the
      upper surface of the annular member 12 provided by a pair of upstanding
      flanges 35 and 35'. The tubular portion 21 of the outlet means 19 extends
      coaxially of the filter chamber 13 substantially the full length thereof
      and terminates in a threaded restriction 36 adapted to receive the end of
      a threaded stud 37 which forms a part of T handle fastener 15.
PAR  The stud 37 passes through an aperture in the cap 14 which is provided with
      an appropriate gasket 38 adapted to be compressed into fluid-tight
      relation with the stud 37 and cap 14 when the threads of the stud 37 are
      fully engaged with the threaded restriction 36. The gasket 38 may be of
      nylon, for example, to facilitate the removal of the cap 14 by rotating
      the T handle to disengage the threads of the stud 37 from the threaded
      restriction 36. It will be seen that the outer periphery of the cap 14 is
      provided with a groove 39 adapted to receive the free end of the filter
      chamber 13 together with an appropriate gasket to insure a fluid-tight
      seal between the free end of the filter chamber 13 and the cap 14.
PAR  A hollow cylindrical filter element 40 surrounds the tubular portion 21 of
      the inlet means 19 and apertured upper 41 and lower 42 walls are provided
      at opposite ends of the filter element 40. The apertures in the walls 41
      and 42 are dimensioned to receive the tubular portion 21 of the outlet
      means 19 and are provided with appropriate gaskets to insure a fluid-tight
      seal between the outer surface of the tubular portion 21 and the walls 41
      and 42.
PAR  The upper wall 41 is engaged by the cap 14 and the lower wall 42 is engaged
      by a spring means 43 interposed between such lower wall 42 and the annular
      body 12. Thus, the spring means 43 assists in the removal of the filter
      element 40 from the filter chamber 13 upon removal of the cap 14 by
      disengaging the threads of the stud 37 from the threaded restriction 36.
PAR  Since the walls 41 and 42 are made of fluid impervious material and since
      the outer surface of the cylindrical filter element 40 is spaced from the
      inner surface of the filter chamber 13 and the inner surface of the
      cylindrical filter element 40 is spaced from the outer surface of the
      tubular portion 21 of the outlet means 19, it willl be seen that a pair of
      spaced annular volumes 45 and 46 are formed with the cylindrical filter
      element 40 providing the only fluid communication therebetween. The filter
      element 40 preferably comprises a foraminous outer cylindrical wall 47 and
      a foraminous inner cylindrical wall 48 forming an annular volume 49
      therebetween which is filled with a radial flow surface type filter
      material preferably of resin impregnated cellulose. Thus, it will be seen
      that in flowing from the outer volume 45 to the inner volume 46 of the
      device 10, the fluid must pass radially through the foraminous walls 47
      and 48 and through the filter material contained in the volume 49 between
      such foraminous walls.
PAR  A pair of aligned outlet ports 50 are provided at the upper end of the
      tubular portion 21 of the outlet means 19. Thus, fluid which passes
      through the filter element 40 and into the volume 46 will flow out of such
      volume 46 through the outlet ports 50 and outlet means 19.
PAR  It will be understood that in the usual application for a device such as
      the embodiment 10 of the apparatus of this invention, a pump is attached
      to the outlet means 19 of the device 10 which pump delivers the fluid
      which passes through the device 10 to an appropriate utilization device
      such as a diesel engine, for example. Thus the inlet means 18 of the
      device 10 is connected to an appropriate reservoir of a fluid such as
      diesel oil, for example, the function of the device 10 in this application
      being to remove undesirable high density fluids such as water and any
      particulate matter that may be entrained in the diesel fuel before the
      diesel fuel reaches the pump attached to the outlet means 19. It will be
      understood that it is virtually impossible to control the condition of
      diesel fuel from the time it leaves the refinery until it reaches the
      reservoir from which it is drawn for utilization in a diesel engine, for
      example. Even in the reservoir it is subject to further contamination due
      to the condensation of water therein or the introduction of carbon, rust
      or other contaminants into the reservoir. In addition, aeration of the
      fuel in the reservoir is inescapable. Thus, when diesel fuel, for example,
      is drawn from a reservoir thereof, water, particulate matter and air will
      all be entrained in the fuel and if the water and particulate matter are
      not removed, they will tend to cause damage to the pump and to the engine
      to which the fuel is supplied. The entrainment of air in the fuel produces
      a particular problem in connection with the filtration of the fluid to
      remove the water and particulate matter therefrom which will be more fully
      discussed hereinafter.
PAR  It will be understood that the flow of fluids through embodiments of this
      invention such as the device 10 comprises a complex system of currents of
      various velocities often flowing in opposite directions within the volume
      of the fluid due to the fact that the volume of the device 10 is large in
      comparison to the cross sectional area of the inlet 18 and outlet 19 means
      and it may be helpful in visualizing the operation of the device 10 to
      keep in mind the phenomena of eddy currents in flowing fluids. Thus, the
      introduction of a flowing fluid into the inlet means 18 and through the
      restriction 26 thereof will force the hollow ball 25 downwardly within the
      tubular portion 20 and against the upstream end of the deflector turbine
      means 24 as shown in FIG. 2.
PAR  Referring to FIG. 4, the deflector turbine means 24 of this embiment 10 of
      the apparatus of this invention comprises a deflector member 55 and a
      shield member 56 made of light weight, low cost, non-corrosive material
      which is impervious to the fluid involved such as plastic, for example.
      The deflector member 55 and the shield member 56 comprise mating
      frusto-conical bodies 57 and 58. However, the deflector member 55 is
      provided with a fluted stem 59 extending from the apex thereof and the
      shield member 58 is provided with a tubular extension 60 surrounding an
      aperture at its apex adapted to receive the fluted stem 59 with a tight
      fit. The tubular extension 60 of the shield member 58 is in turn
      dimensioned to be received within the end of the tubular portion 20 of the
      inlet means 18 with a tight fit.
PAR  Both the deflector member 55 and the shield member 58 are dimensioned such
      that the bodies 57 and 58 thereof extend to outer peripheries in close
      spaced relation to the inner surface of the cup means 11. However, the
      outer periphery of the body 57 of the deflector member 55 is provided with
      a plurality of protuberances 61 which extend into contact with the inner
      surface of the cup means 11. In addition, the upper surface of the body 57
      of the deflector member 55 is provided with extensions 62 of the flutes on
      the stem 59 which extend helically across the upper surface of the body
      57, each of such flutes 62 terminating between different pairs of the
      protuberances 61 about the outer periphery of the body 57.
PAR  As shown in FIG. 4, the flutes on the stem 59 are notched at their upper
      extremity to provide passageways 63 for the fluid when the ball 25 is
      received on the upper end of the stem 59 (see FIG. 2).
PAR  Thus, the fluid introduced into the inlet means 18 passes through the
      restriction 26, tubular member 20 and around the ball 25 into the
      passageways 63 which admit the fluid to the helical flutes 62. As best
      shown in FIG. 4, the channel size of the flutes 62 increases in its
      dimensions as it approaches the outer periphery of the body 57 of the
      deflector member 55, thus tending to impart increased velocity to the flow
      of the fluid in the channels through a venturi action. Due to the shape of
      the channels the fluid will be urged to flow in annular pathways about the
      axis of the device 10, thereby producing a centrifuge action in the upper
      section of the cup means 11 bounded by the lower and upper surfaces of the
      funnel member 30 and shield member 58, respectively, with such centrifuge
      action being most pronounced at the outer periphery of the deflector
      member 55.
PAR  The result of such centrifuge action will be that the higher density fluids
      and particles entrained in the fluid introduced into the inlet means 18
      will tend to be concentrated at the inner surface of the cup means 11
      within the volume bounded by the funnel member 30 and shield member 56 due
      to inertial forces. However, the contact between such higher density
      fluids and particles with the inner surfaces of the cup means 11 and with
      the protrusions 61 at the outer periphery of the member 55 will counteract
      the inertia of such higher density fluid and particles tending to
      selectively cause them to fall by the force of gravity between the
      protrusions 61 into the lower section of the cup means 11.
PAR  The lower density fluids will tend to flow through the annular space 29
      between the apertured apex of the funnel member 30 and the outer surface
      of the tubular portion 20 of the inlet means 18 and upwardly through the
      annular body 12 into the filter chamber 13. It will be understood that
      once the higher density fluids and particles have entered the lower
      portion of the cup means 11 past the deflector member 55, they will be
      essentially trapped in such lower section of the cup member 11.
      Furthermore, there will be little if any current in the fluids below the
      deflector member 55. Thus, the heavier fluids and particles contained in
      the lower section of the cup member 11 will not tend to be re-entrained in
      the lower density fluid. Similarly, the velocity of the current flow of
      the fluid above the funnel member will be very low.
PAR  However, it will be understood that very fine droplets of high density
      fluid and fine particles entrained in the low density fluid will be
      relatively insensitive to the centrifuge action which occurs in the upper
      section of the cup means 11 bounded by the shield member 56 and funnel
      member 30 thus such fine droplets of high density fluid and fine particles
      will tend to be carried into the volume defined by the annular body 12 and
      filter chamber 13 which is bounded at its ends by the funnel member 30 and
      the wall 42 at the bottom of the filter element 40. However, in this area,
      the gentle flow of the fluid, particularly against the lower surface of
      the wall 42 but also against the inner surface of the annular body 12 and
      the outer surface of the inlet 18 and outlet 19 means thereof, will
      provide an opportunity for the fine droplets of high density material to
      coalesce with each other. The presence of fine particulate matter will
      encourage such coalescing action by providing nuclei about which such
      coalescing action may take place in a manner similar to formation of
      raindrops about dust particles. In any event, large droplets of high
      density fluids, usually containing one or more particles, will tend to
      form in the fluid and particularly on the surfaces of the volume above the
      funnel member and below the wall 42. When such droplets attain a
      sufficient size their weight will cause them to move downwardly against
      the gentle flow of fluid in such volume and into the funnel member 30. As
      such large droplets move downwardly and through the annular space 29 at
      the apex of the funnel member 30 against the gentle upward flow of fluid,
      they will tend to collect fine droplets entrained in such upward flow by
      coalescing action. The mere size of the large droplets thus formed and
      their location will cause them to be relatively insensitive to the
      centrifuge action as they pass through the volume in the upper section of
      the cup means 11 defined by the shield member 56 and funnel member 30.
      Thus, such larger droplets will tend to move along the upper surface of
      the shield member 56 and past the outer periphery of the deflector member
      55 into the lower section of the cup means 11.
PAR  Thus, it will be seen that most of the higher density fluids and particles
      will have been removed from the flow of fluid before it reaches the outer
      periphery of the filter element 40 in the filter chamber 13, leaving only
      the extremely fine droplets and extremely fine particles to be removed by
      the filter element 40. Thus, the useful life of the filter element 40 will
      be increased and its effectiveness insured.
PAR  After passing through the filter element 40 the fluid will enter the inner
      volume 46 defined about the tubular portion 21 of the outlet means 19 by
      the inner foraminous wall 48 of the filter element 40. As mentioned
      hereinabove, the inescapable aeration of the fluid will produce a
      particular problem at this point in the operation of the filter since any
      air entrained in the fluid will not be removed by the centrifuge action,
      or the coalescing action, or even the filter element 40, as discussed
      hereinabove. In fact, the air will pass through the filter element 40 even
      more easily than the fluid which it is designed to pass and will tend to
      collect at the upper end of the volume 46. Thus, it is an important
      feature of this invention that the tubular portion 21 of the outlet means
      extend substantially the full length of the filter element 40 and that it
      have a pair of outlet holes 50 adjacent the upper end thereof. Each of
      such outlet holes 50 must have an area greater than one-half the cross
      sectional area of the inlet 18 and outlet 19 means. The outlet holes 50
      should be directly opposite each other in the walls of the upper end of
      the tubular portion 21.
PAR  It will be understood that if the air which tends to accumulate within the
      volume 46 is not removed, it will tend to reduce the effective length of
      the filter element 40 through which fluid may flow in a radial path. It
      will also be understood that if a pocket of air is allowed to collect in
      the upper end of the device, there is always the danger that it will be
      sucked into the outlet means in place of fuel under conditions of maximum
      demand for fuel flow. The delivery of a pocket of air to a diesel engine,
      for example, under conditions of maximum demand may well result in damage
      to the engine and will certainly result in inadequate operation.
PAR  In the prior art this problem has either been ignored or has been avoided
      by locating the outlet at the furthest possible point from the volume in
      which an air pocket might be formed. Where the flow of fluid through the
      filter element is longitudinal rather than radial, such a solution to the
      problem may be adequate. However, where the flow of fluid through the
      filter element 40 is radial, as in the device embodying the subject
      invention, the problem cannot be simply ignored without sacrificing filter
      element efficiency.
PAR  It has been found that by locating a pair of opposite holes having a total
      area greater than the total area of the fuel line at the very peak of the
      device where the air pocket tends to form maximum efficiency of the device
      may be assured without the danger of an air pocket being drawn into the
      fuel line. It will be seen that if a sufficient air pocket is formed to
      effect the efficiency of the filter unit 40, it will also tend to lower
      the level of the fluid in the volume 46 below the upper boundary of the
      holes 50. As soon as this happens, air will be injected back into the fuel
      from whence it came in minute distributed quantities incapable of
      affecting the operation of the system. Since the total area of the holes
      50 is greater than the cross sectional area of the fuel line and since the
      air pocket in the top of the device 10 is being constantly depleted by the
      injection action described above, it is impossible for an air pocket to be
      drawn into the air line even under conditions of maximum demand.
PAR  Thus, it will be seen that the device 10 embodying this invention is
      designed to approach maximum quality of separation while simultaneously
      approaching maximum fluid flow through the device. In addition, the device
      has been designed for ease of maintenance and operation. Thus, the drain
      valve 17 may be opened to drain high density fluids and particles from the
      system while it is in operation. It is, of course, necessary to shut down
      the system in order to replace the filter element 40 periodically since
      its efficiency will by nature decrease in use as it becomes clogged with
      fine particles and droplets. The device 10 is designed to enable
      replacement of the filter element 40 quickly and with little effort.
      Furthermore, the float valve action provided by the ball 25 will prevent
      the fluid in the device 10 from draining back into the reservoir through
      the inlet means 18 when the system is shut down thus maintaining a
      constantly primed system which will be ready for operation immediately
      after the replacement of a filter element 40.
PAR  According to a further embodiment of the apparatus of this invention,
      advantageous operation may be obtained by utilizing a pair of devices 10
      as described above, in cooperation with each other. Thus, as shown in FIG.
      5, the brackets 16 on one of the devices 10 may be reversed in orientation
      about the filter chamber 13 thereby providing a convenient means for
      mounting both devices on a common support bracket 65 (best shown in FIG.
      6). According to the embodiment shown in FIG. 5, the devices 10 are
      connected in series by means of coupling pipe 66 interconnecting the
      outlet means of the left hand device 10 with the inlet means of the right
      hand device 10. Thus the fluid is subjected to successive filtering
      action, passing first into the inlet means 18 of the left hand device 10
      and then through the pipe 66 into the inlet of the right hand device 10
      and to the utilization device from the outlet means 19 of the right hand
      device 10. The advantage of this embodiment of the apparatus of this
      invention is that the filter element 40 of the left hand device 10 may be
      different from the filter element 40 of the right hand device 10. For
      example, the filter element 40 of the left hand device 10 may be a coarse
      filter while that of the right hand device 10 may be much finer. Such
      arrangement would be useful in dealing with heavily contaminated fluids in
      that it would extend the useful life of both filter elements providing a
      longer time between shut down periods for the purpose of changing such
      filter elements.
PAR  Referring to FIG. 6, a further embodiment of the apparatus of this
      invention is shown which is adapted for use in applications where there is
      at least a periodic demand for a very high volume of filter fluid flow. As
      shown in FIG. 6, a pair of devices 10 are mounted on a common mounting
      bracket 65 as described in connection with FIG. 5. However, the devices 10
      are connected in parallel by means of inlet pipe 67 which is connected to
      the inlet means 18 of both devices and outlet pipe 68 which is
      interconnected with the outlet means 19 of both devices. A first pair of
      shut off valves 69, each connected between the inlet means 18 of a
      different one of the devices 10 and the pipe 67 and a second pair of shut
      off valves 69, each connected between the outlet means 19 of a different
      one of the devices 10 and the pipe 68, are provided to enable the fluid
      flow through each of the devices 10 to be shut off independently of the
      flow through the other device 10. This arrangement makes it possible to
      change the filter element 40 of one of the devices 10 without interrupting
      the operation of the other device 10. It will be understood that the
      embodiment shown in FIG. 6 will provide a volume of fluid flow which is
      substantially twice the volume of fluid flow possible through a single one
      of such devices 10.
PAR  However, it has been found that the initial separation action and the
      coalescing action provided in embodiments of the apparatus according to
      the teaching of this invention tends to be capable of handling a far
      greater volume of fluid flow than is a filter element 40 of equivalent
      size. It will be understood that the surface area of the filter element 40
      must be increased in order to increase the volume of fluid flow which it
      can handle. Such surface area may be increased either by increasing the
      length of the filter element 40 or by increasing its diameter or both. In
      any case, a filter element capable of effectively filtering a volume of
      fluid flow equal to the volume of fluid flow which can be effectively
      handled by an initial separation and coalescing structure of given
      dimensions according to the teaching of this invention, would have to have
      dimensions so large as to be out of all practical proportion to such given
      dimensions.
PAR  Thus, referring to FIGS. 7 and 8, a device 70 according to a still further
      embodiment of this invention is shown in which a plurality of filter
      elements 71 are utilized. It will be understood that the total surface
      area of a plurality of cylindrical filter elements of small diameter
      having equal lengths and being closely spaced from each other will be
      greater than the surface area of a cylinder of the same length having a
      diameter large enough to circumscribe the array of small cylinders. For
      this reason, the volume of fluid flow which can be handled by an array of
      filters 71 as shown in FIGS. 7 and 8 is much greater than the volume of
      fluid flow which could be handled by a single cylinder of the same length
      but having a diameter substantially equal to the total diameter of the
      array of small cylinders 71.
PAR  The device shown in FIGS. 7 and 8 comprises a large cylindrical tank 72
      closed at its lower end by a cup-like member 73 and at its upper end by a
      top plate 74. An inlet means 75 extends through the side wall of the tank
      intermediate its ends and includes a tubular portion 76 extending
      downwardly toward the cup member 73. An outlet means 77 extends through
      the side wall of the tank 72 intermediate its ends and above the inlet
      means 75 and includes a hollow, circular, disc-like manifold member 78. A
      plurality of tubular members 79 extend upwardly from the manifold member
      78 toward the top plate 74, each of such tubular members 79 communicating
      with the hollow interior of the manifold 78 and being provided at its
      upper end with a pair of outlet holes in accordance with the teaching of
      this invention. Each of the plurality of filter elements 71 surrounds a
      different one of the plurality of tubular members 79 and each of the
      filter elements 71 is provided with upper and lower fluid impervious walls
      in accordance with the teaching of this invention.
PAR  A frusto-conical funnel means 80 surrounds the tubular portion 76 of the
      inlet means 75 with its apertured apex 80a extending toward the cup member
      73 and with its outer periphery mounted on the inner wall of the tank 72
      in fluid-tight relation thereto. A deflector turbine member 81 having
      helical flutes 82 formed on the upper surface thereof and being otherwise
      similar in construction to the deflector turbine member 55 of FIGS. 1
      through 4, is mounted in the free end of the tubular portion 76 of the
      inlet means 75 and extends into close spaced relation with the inner
      surface of the tank 72. However, in this embodiment of the invention the
      protuberances on the outer periphery of the deflector turbine 81 have been
      omitted. Similarly, there is no member corresponding to the shield member
      56 of the embodiment shown in FIGS. 1 through 4. However, in all other
      respects the operation of the embodiment shown in FIGS. 7 and 8 with
      regard to the centrifuge action is the same as has been described
      hereinabove in connection with FIGS. 1 through 4 except that the large
      droplets resulting from the coalescing action in the upper portion of the
      tank 72 are returned into the funnel 80 and from thence enter into the
      initial separation process by virtue of their deposition onto the upper
      surface of the deflector turbine member 81 from the aperture 80a in the
      apex of the funnel member 80.
PAR  According to this embodiment of the apparatus according to this invention,
      a sight glass 83 structure is provided at the bottom of the tank 72
      immediately above the cup member 73 for providing an external indication
      of the level reached by the high density liquids in the lower part of the
      tank 72 below the deflector turbine 81. It will be noted that an outlet
      opening 84 is provided in the lowermost extremity of the cup member 73
      through which such high density liquids and particulate matter may be
      drained. It will also be noted that there is no valve means indicated in
      FIG. 7 corresponding to the drain valve 17 of FIGS. 1 and 2. Similarly,
      the drain valve has been omitted in FIG. 5. It will be understood that an
      appropriate means will be provided in both embodiments to enable the
      selective draining of high density fluids and particulate matter from the
      system. As indicated generally in FIG. 11, an appropriate
      electro-mechanical valve 85 may be mounted in the drain opening in place
      of the valve 17 in the embodiments of this invention shown in FIGS. 1 and
      5. However, as shown in FIGS. 9 and 10, it will be necessary to pump the
      high density liquids and particulate matter out of the system if it is
      desired to remove them while the system is in operation. This is due to
      the fact that a pump means is usually connected to the outlet means 19 and
      77 to deliver the fluid to the utilization device, thus creating a low
      pressure within the fluid separation device. As also indicated in FIGS. 9
      and 10, the devices 70 and 70' may be provided with sensor probes 86 and
      87 which are insulatingly sealed through the wall of the tank 72 and into
      the fluid contained in the lower portion thereof. An appropriate
      electrical device may be connected to the probes 86 and 87 to establish a
      potential difference therebetween which will produce a current flow
      through the fluid in contact with such probes. It will be understood that
      the current flow through the low density fluid will tend to be different
      than the current flow through a high density fluid and that the electrical
      control device may be designed to sense such difference. Thus, referring
      to FIG. 9, the electrical control device 90 may be designed to cause an
      indicator light 91 to be energized when the current flow between the
      probes 86 and 87 indicates that enough high density fluid has accumulated
      in the bottom of the tank 72 to contact such probes. An electrical switch
      may be provided on the control device 90 which may be manually operated to
      turn on the pump 93 thereby pumping the fluid from the bottom of the tank
      72 through a check valve 94 and into a sump, not shown. However, referring
      to FIG. 10, it would also be possible to utilize an automatic electrical
      control device 90' which would automatically activate the pump 93 when the
      current flow between the probes 86 and 87 indicates the presence of
      sufficient high density fluid. In the embodiment of the invention shown in
      FIG. 10 the probe 86 would be located vertically above the probe 87
      instead of both of the probes being located in a single horizontal plane
      as shown in FIG. 9.
PAR  Referring to FIG. 11, it will be understood that appropriate probe means
      could be provided in a modified cup means 11' in the devices 10 of the
      embodiments of this invention shown in FIGS. 1 through 6. Such probe means
      may conveniently take the form of inner 88 and outer 89 coaxial conductors
      insulated from each other and sealed through the wall of the cup means
      11'. An appropriate electrical control device could of course be connected
      to the conductors 88 and 89 and to the electro-mechanical valve 85, as
      shown in either FIGS. 9 or 10 with or without a pump means corresponding
      to the pump 93.
PAR  From the above, it will be understood that a highly efficient apparatus for
      separating low density fluids from high density fluids and particles is
      provided by this invention. It is believed that such apparatus will find
      many applications and although the foregoing description has been written
      with respect to applications in which the low density fluid is the fluid
      sought for utilization, it will be understood that the apparatus could be
      used to remove low density fluid such as oil from a high density fluid
      such as water in applications where it is the high density fluid which is
      sought for utilization. In such applications it would of course be
      necessary to filter particulate matter from the high density fluid by a
      further filter means not shown in this application. However, even in such
      applications, apparatus according to the teaching of this invention would
      provide beneficial operation in the efficient removal of the low density
      fluids without requiring frequent replacement of the low density fluid
      filter.
PAR  It is believed that those skilled in the art will find many applications
      for the apparatus of this invention and that they may make obvious
      modifications in the specific structure and devices shown and described
      herein without departing from the teaching of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for separating low density fluid from high density fluid and
      particles comprising:
PA1  a. a fluid impervious hollow elongated chamber closed at one end by cup
      means;
PA1  b. a fluid inlet passage extending into said chamber intermediate the ends
      thereof and having a tubular portion with a free end extending toward said
      cup means along the axis of elongation of said chamber;
PA1  c. a fluid impervious funnel member surrounding said tubular portion of
      said inlet passage in close spaced relation to the outer surface thereof,
      the apex of said funnel member extending toward said cup member and the
      outer periphery of said funnel member forming a fluid-tight annular joint
      with the inner wall of said chamber;
PA1  d. a deflector turbine means mounted at the free end of said tubular
      portion of said inlet passage to receive fluid from said inlet passage and
      urge said fluid to move in generally annular paths about the axis of
      elongation of said chamber, said deflector turbine means including a
      frusto-conical fluid impervious surface spaced from the free end of said
      tubular portion of said inlet passage having helical flutes therein and
      extending across said chamber with the apex thereof adjacent said free end
      of said tubular portion of said inlet passage and the periphery of the
      base thereof in close spaced relation to the inner surface of said
      chamber, said periphery of the base of said frusto-conical fluid
      impervious surface having a plurality of protuberances spaced from each
      other thereabout with each of said protuberances being located between a
      different pair of flutes on said frusto-conical surface and extending into
      contact with the inner surface of said chamber, and a frusto-conical
      member having an aperture at its apex communicating with said free end of
      said tubular portion of said inlet passage and having an inner
      frusto-conical surface mating with said fluted frusto-conical fluid
      impervious surface in close spaced relation thereto and an outer
      frusto-conical surface substantially parallel to said inner frusto-conical
      surface;
PA1  e. an outlet passage extending out of said chamber intermediate its ends
      and having a tubular portion extending away from said cup means along the
      axis of elongation of said chamber;
PA1  f. a tubular filter element more pervious to said low density fluid than
      said high density fluid surrounding said tubular portion of said outlet
      passage in spaced relation thereto, the outer surface of said tubular
      filter element being spaced from the inner surface of said chamber;
PA1  g. fluid impervious wall means extending outwardly from the outer surface
      of said tubular portion of said outlet passage and across the inner end of
      said tubular filter element, said wall means forming fluid-tight joints
      with said outer surface of said tubular portion of said outlet passage and
      with the inner end of said tubular filter element and having its outer
      periphery in close spaced relation to the inner surface of said chamber;
      and
PA1  h. fluid impervious cap means closing the other end of said chamber.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said inlet means is provided
      with a restriction spaced from said free end of said tubular portion
      thereof by a distance greater than the diameter of said tubular portion
      and a hollow ball of lightweight material having a diameter less than the
      diameter of said tubular portion is contained in said tubular portion and
      greater than the diameter of said restriction between said restriction and
      said deflector turbine means at said free end of said tubular portion.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein said tubular portion of said
      outlet passage extends the length of said filter element and at least two
      aligned outlet holes are provided through the wall of said tubular portion
      at the end thereof adjacent said cap means, said holes having a total area
      greater than the cross-sectional area of said outlet passage.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein said filter element comprises
      inner and outer foraminous walls with the volume therebetween filled with
      radial flow surface type filter material or resin impregnated cellulose.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 wherein said hollow elongated chamber
      comprises a hollow cylinder and an annular body between said hollow
      cylinder and said cup means, said annular body including a pair of
      integrally formed radially extending tubular members providing a pair of
      oppositely disposed passageways through the wall of said annular body,
      said tubular members being mechanically joined at the center of said
      annular body, one of said pair of tubular members providing said inlet
      passage, and the other of said pair of tubular members providing said
      outlet passage.
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ABST
PAL  A novel sewage treatment system and components thereof are presented
      providing in site separation of solids from liquid, incineration or other
      disposal means of solids, and treatment and purification of the liquid
      effluent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Sewage treatment systems in common use employ the well known biological
      process utilizing aerobic or anaerobic digestion. These systems rely on
      bacterial action to break down organic materials and in so doing the
      solids are reduced to inactive sludge, and the liquid is rendered aseptic
      and suitable for disposal.
PAR  In a typical sewage treatment plant all sewage wastes, solids and liquid,
      are transmitted by conduits to a centrally located treatment plant. Solid
      materials are broken up into fine particles and transported to collecting
      and settling tanks where the solids, in the form of a sludge, are allowed
      to settle to the bottom. Bacterial action in the activated sludge is
      frequently improved by agitation, injection of oxygen, heating, and other
      means. The time required to treat sewage is measured in days. A great deal
      of equipment such as settling basins, clarifiers, filters, chlorinators,
      etc., is required to produce final effluent suitable for disposal in
      rivers, streams, or lakes.
PAR  There are many undesirable aspects of presently available biological sewage
      treatment systems. A large network of sewage pipes must be utilized to
      convey sewage to the treatment plant. Such piping systems employ large
      diameter conduit, and where gravity flow is not possible pumping stations
      must be provided.
PAR  The conventional sewage treatment plants require a great deal of space for
      settling basins, clarification tanks and ancillary equipment. When storm
      drains are connected with the sewer mains an additional liquid load is
      imposed on the plant during rainfall.
PAR  As cities expand outward away from the centrally located treatment plant
      the cost of additional sewer lines goes up, and frequently existing sewers
      can not handle the increased load. In large municipalities sewage must be
      piped miles to the treatment plant.
PAR  Biological treatment is time consuming, and the long time required for
      treatment necessitates a large retention capacity.
PAR  Biological treatment systems as presently known do not lend themselves
      readily to small isolated installation in areas of low population density
      because of cost, space requirements, and maintenance.
PAC  SUMMARY OF THE INVENTION
PAR  This invention sets forth a novel sewage treatment system and components
      thereof which effectively overcome the disadvantages inherent in
      conventional biological treatment systems.
PAR  Sewage consists mainly of water which serves as a carrier for the solid
      materials. The water itself is not a principal contaminant, but through
      mixture with solid materials it becomes contaminated. The longer the
      liquid and solids are in mixing contact the greater will become the degree
      of contamination of the water. As an example, in a typical sanitary toilet
      the required amount of water for flushing is from 4 to 8 gallons. Until
      the time of flushing the water is pure, its source being the normal
      purified water supply. Upon contact with fecal and organic material the
      water becomes contaminated, and its degree of contamination increases in
      proportion to the contact time. By the time the solids-liquid mixture
      reaches a remote treatment plant the solids may be completely broken up
      and dispersed in the liquid conveying medium. Because of the enormous
      ratio of water to solids, and since the solids are the primary pollutant,
      the amount of contamination which must be treated in a conventional
      treatment system is approximately 200 to 250 pounds per minute.
PAR  By mechanically separating the solids from the water it is possible to
      remove 85 to 90 percent of the contamination. The resultant effluent
      therefore has only 10 to 15 percent as much pollution as it would have if
      all the solid materials were dispersed in the effluent. There is provided
      herein a system incorporating a highly effective, self cleaning,
      mechanical filtering means to separate solids from water as soon as
      possible after the pollutants have been flushed into the system. This
      device is located at the site where the pollution originates and therefore
      its effectiveness is enhanced by reducing the time of contact between
      water and organic contaminants. There is also provided in the system a
      novel and maintenance-free fully automatic incinerator to reduce the
      solids totally to inert ash after separation of solids from water. This is
      accomplished in an electrically operated incinerator utilizing high
      intensity radiant heat to evaporate and degasify the solids in the absence
      of oxygen, and by means of an electrically operated afterburner to fully
      consume the organic emission. The total incinerator is accomplished
      without air pollution in the form of smoke, odors, or vapor plume.
PAR  There is further provided a storage or retention tank for the filtered
      effluent and means to pump therefrom to a series of reactor columns in
      which the effluent is purified by means of contact with ozone.
PAR  The ozone, produced from air or pure oxygen, is normally injected into the
      bottom of the column and it rises by gravity to the top. The water,
      typically, is introduced at the top of the column and it flows downward in
      a counter-current direction in relation to the ozone. Reaction columns are
      provided in cascade arrangement so that the water continuously flows
      counter to the flow of ozone, and the total reaction time is regulated by
      the rate of flow.
PAR  A control system is included whereby all functions of the total system are
      fully automatic, so that the equipment operates unattended.
PAR  In accordance with the invention certain components are provided packaged
      and integrated and with all these components connected so that operation
      is automatic.
PAR  An additional feature of the invention is the use of an ozonator which by
      electrical discharge converts oxygen (O.sub.2) to ozone (O.sub.3). Since
      ozone reverts back to O.sub.2 in approximately one-half hour the ozonator
      is designed for continuous operation. The ozonator can use air or oxygen
      as a feed source and it can be either incorporated as a part of the sewage
      treatment package or mounted separately.
PAR  It is a further feature of the invention to provide a sewage treatment
      system which can be split into separate components with the
      separator-filter and incinerator located at the site of sewage generation
      and the effluent treatment system and ozonator located at a remote site.
      This permits a single effluent treatment station to serve a multiplicity
      of separator-incinerator units located at various locations.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a flow diagram of a sewage treatment system constructed in
      accordance with the teachings of this invention;
PAR  FIG. 2 is a flow diagram of a second embodiment of the invention, referred
      to herein as a "split system" which can be provided to more readily handle
      the wastes from widely dispersed units, such as housing developments;
PAR  FIG. 3 is a schematic of the split system of FIG. 2 illustrating the system
      as applied to three houses indicated by the letters A, B and C;
PAR  FIG. 4 is a partially sectional scale view of a solid separator employed in
      the practice of my invention;
PAR  FIG. 5 is a plan view of a screen utilized in the solid separator shown in
      FIG. 4;
PAR  FIG. 6 is a plan view similar to FIG. 5 of an alternate screen used in the
      practice of my invention;
PAR  FIG. 7 is a partially sectional view taken along the line 7--7 in the
      direction of the arrows in FIG. 6 illustrating the drive cooperating with
      timing belts to move the screen;
PAR  FIG. 8 is a partially sectional view of the incinerator of the invention
      taken along the line 8--8 in the direction of the arrows in FIG. 9; and
PAR  FIG. 9 is a partially sectional elevation of the incinerator utilized in
      the system illustrated in FIG. 1.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As seen in the figures and especially as illustrated in FIG. 1, raw sewage
      is transmitted by gravity to separator 10 by means of a conduit which is
      indicated in the figures by the numeral 11. Solids are removed in the
      separator 10 and transmitted by conduit 12 to incinerator 13 where the
      solids are burned completely and the products of combusion are then
      transmitted through vent conduit 14 to afterburner 15 where residual
      gaseous, combustibles and carbon is burned. The gases are transmitted to a
      venturi ejector 16 which discharges to a vent or flue 17.
PAR  The liquid from the separator 10 is discharged through conduit 18 to a
      reservoir tank 19. It then flows by gravity via conduit 20 to pump 21 and
      is pumped via conduit 22 through venturi eductor 23 to reactor column 24
      via conduit 25 where it enters column 24 from the top. Liquid in reactor
      column 24 flows downward and out of the column at the bottom to column 26
      via conduit 27. The liquid flows downward by gravity in column 26 and
      discharges through conduit 28 where modulating valve 29, actuated by level
      control regulator 30, regulates the flow from column 26 and maintains a
      constant static head of liquid in columns 24 and 26. The function of level
      control regulator 30 is to open valve 29 when liquid rises in columns 24
      and 26 and close valve 29 when the liquid level is lowered. Discharged
      purified water from valve 29 is piped away for reuse or disposal at the
      conduit indicated by the numeral 31.
PAR  A compressor is shown and indicated by the numeral 32. Air from atmosphere
      is sucked into the compressor 32 via conduit 33 and the compressed air is
      routed through conduit 34 to the liquid-solids separator 10 where it is
      used for cleaning the separation media. Spent air from separator 10 is
      vented through conduit 35 to conduit 36 and ultimately vented through
      venturi ejector 16 and vent 17 to atmosphere. A part of the air from
      compressor 32 is conveyed under pressure through conduit 37 to dryer 38
      where moisture is removed. The air is dried to approximately - 50.degree.F
      dew point in the dryer and passes through conduit 39 to ozonator 40 where
      by means of electrical charge some of the oxygen (O.sub.2) is converted to
      ozone (O.sub.3) and the resultant mixture of air and ozone is transported
      through conduits 41, 42 and 43 to the bottoms of reactor columns 24 and
      26. The live pressure of air-ozone mixture is greater than the static head
      of liquid in the columns 24 and 26 and the air-ozone mixture bubbles up
      through the liquid therein. As contact is made between ozone and organic
      materials and contaminants in the liquid the oxidizing action of ozone
      destroys biochemical oxygen demand (BOD) and coliform bacteria. As the
      reaction takes place the ozone is consumed.
PAR  Air and unreacted ozone are collected at the tops of columns 24 and 26 and
      are vented via conduits 44 and 45 to conduit 46, and by action of eductor
      23 the air-ozone mixture is mixed with liquid being pumped from reservoir
      tank 19. The liquid and entrained air-ozone is piped via conduits 25 for
      entrance to reactor column 24.
PAR  Overflow conduit 47 is also provided at the top of column 24. Conduit 47
      performs two functions: (a) should the flow of liquid exceed the maximum
      rate at which it can be discharged through valve 29 the liquid level in
      columns 24 and 26 will rise, and when the liquid reaches the overflow
      level it is returned via conduit 47 to reservoir tank 19. (b) the
      air-ozone mixture at the top of columns 24 and 26 is under pressure in
      each and this pressure is sufficient to force the air-ozone mixture
      through conduit 47 to the bottom of reservoir tank 19. There it is bubbled
      by means of perforated pipe 48 or nozzle through the liquid contained in
      reservoir tank 19. When the ozone contacts the contaminated liquid in the
      reservoir tank 19 it is mostly spent and therefore the air vented through
      conduit 36 is largely free of ozone. The air and remaining ozone is
      finally passed under pressure through venturi ejector 16 and its velocity
      creates a slight draft which assists in venting incinerator 13 and
      afterburner 15.
PAR  The reservoir tank 19 serves as a means of storing the excess of liquid
      received during surge periods. The pump 21 operates continuously and a
      small bypass valve 49 provides for a constant flow of liquid via conduit
      50, thus preventing pump 21 from running, regardless of whether or not
      liquid is being introduced into reservoir tank 19.
PAR  The operation of compressor 32, dryer 38, and ozonator 40 is continuous in
      the preferred arrangement, although bottled oxygen may also be used and in
      such case the dryer can be eliminated. As mentioned above, the head in
      columns 24 and 26 is maintained by level controller 30 and discharge valve
      29 so that air-ozone or oxygen-ozone is continuously bubbled up through
      the liquid in columns 24 and 26.  Also in the preferred arrangement the
      liquid-solids separator 10 operates continuously and solids are discharged
      to the incinerator 13 as soon as separated.
PAR  The incinerator 13 is operated automatically on a demand cycle, with heat
      input controlled by means of sensors not shown actuated by the weight of
      solids or level in the combustion chamber. Heat input to the incinerator
      13 and afterburner 15 is applied simultaneously, and the incineration
      cycle is completed and heat input interrupted by means of sensors not
      shown actuated by weight or temperature of material in the combustion
      chamber.
PAR  The sewage treatment system illustrated in FIG. 1 can be a completely
      integrated unit capable of handling the sewage from a single source or
      multiple sources in close proximity. For example, the system is suitable
      for use in a single living unit or an apartment building containing
      several units. In either case the separations of solids and liquids is
      performed almost immediately after the waste is disposed of from sink,
      toilet or other source.
PAR  Another embodiment of the invention is a split system as described in FIGS.
      2 and 3 which enables the treatment system to be more readily suitable for
      handling the wastes from widely dispersed units such as housing
      developments.
PAR  The principles of operation of the split system are the same as that of the
      integrated system illustrated in FIG. 1, involving the three steps of
      solid-liquid separation, incinerations of solids, and purifications of
      liquid. In the split system the first two steps, separation and
      incineration of solids, are accomplished at the site of waste generation
      by means of package systems. The liquid is pumped via small diameter
      conduit to one or more remotely located liquid purification stations.
PAR  In the system described in FIG. 2 liquid and solid wastes flow by gravity
      through conduit 11' to liquid-solids separator 10' from which solids are
      conducted via conduit 12' to incinerator 13'. By means of electrical, gas,
      or oil heat input the solids are burned in the incinerator and exhaust
      gases are vented via conduit 14' to afterburner 15' and then vented to
      atmosphere via ejector 16' and flue conduit 17'. The self-cleaning
      separator 10' is served by air compressor 32' via conduit 51. Air is
      vented from separator 10' via conduit 35' to vent conduit 36' and finally
      discharged via ejector 16' and flue 17' to atmosphere.
PAR  Liquid from separator 10' flows by gravity via conduit 18' to holding tank
      19'. The liquid is piped away by means of pump 21' and conduit 52. The
      pump 21' operates automatically upon command from float control switch
      30'.
PAR  The package system as described in FIG. 2 is compact and completely
      automatic, and its preferred location is as close to the source of waste
      generation as practicable. These units serve the function of removing
      solid materials from raw sewage, incinerating them automatically, and
      reducing the material to ash. The screened or filtered liquid is then
      piped away for treatment in a remotely located purification plant.
PAR  The liquid purification plant illustrated in FIG. 2 is arranged and
      operates in the same manner as the totally integrated system described in
      FIG. 1. The difference is that the influent in the FIG. 2 systems is of
      substantially reduced solids content, and the separation medium in
      separator 10' of FIG. 2 provides for finer filtration than is practical
      when handling raw unscreened sewage. Thus, the separator 10' can be
      designed for greater liquid flow and less solids separation, and the
      incinerator 13' can be designed for smaller incineration capacity.
PAR  Reaction columns similar to columns 24 and 26 and an ozonator similar to
      ozonator 29 of FIG. 1 and ancillary controls and equipment are sized to
      handle the liquid flow, and there is no limitation on the capacity of the
      purification system.
PAR  The split system thus described has several advantages over conventional
      sewage treatment systems.
PAR  Once the solids are removed from the sewage there is no further
      contamination of the liquid, and it can be piped over long distances
      without being loaded further with BOD, coliform bacteria, or other
      pollutants.
PAR  The liquid can be pumped easily by common centrifugal pumps. No special
      non-clogging sewage pumps are required.
PAR  The liquid can be pumped in small diameter pipe of any suitable material,
      such as plastic, and it is not necessary to grade the pipeline or provide
      pitch for gravity flow, as is required when pumping raw sewage.
PAR  By providing holding capacity at the liquid purification plant the surges
      in influent flow can be modulated, thus enabling the purification system
      to be sized for continuous operation at average flow conditions.
PAR  FIG. 3 is provided to illustrate further the utilization of the split
      system. The letters A, B and C in FIG. 3 represent houses or buildings
      separately located, each of which is served by sewage treatment systems as
      shown in FIG. 2. The liquid is pumped through conduits 53, 54 and 55 to a
      holding or surge tank 56 from which it is pumped to liquid purification
      system 57 and finally disposed of via conduit 58.
PAR  For proper operation of the system, and in order to minimize the oxidation
      requirements of the liquid purification system as efficient solids
      separator such as is indicated by the numeral 10 in FIG. 1 and the numeral
      10' in FIG. 2, is required. In order that the separator be fully automatic
      it can not become plugged and therefore it must be of a self-cleaning
      design. A self-cleaning screen separator used in the operation of the
      sewage treatment system is shown in FIG. 4.
PAR  When handling raw sewage stationary screens are not suitable for continuous
      separation because they become clogged. They are suitable only for batch
      separation. Rotary drum or disc filters utilizing vacuum are used for
      separating solid materials from slurries. These machines are used
      primarily for applications where the solids are delivered in the form of a
      cake, and they require a thick slurry feed so that a uniform cake can be
      formed on the filtering medium. Inclined stationary screens have the
      disadvantage of being limited in the type or size of materials that can be
      effectively separated. None of the above means of solids-liquid separation
      can effectively handle raw sewage and provide the quality of effluent
      required by the sewage treatment system.
PAR  A feature of this invention is a liquid-solids separator utilizing an
      endless screen driven continuously or on a start-stop cycle. The screen is
      made of metal wire or synthetic filament. The open area is designed to
      provide optimum separation on sewage wastes from toilets, showers, sinks,
      kitchen utensils and related sources. One feature of the invention is a
      screen having the flexibility to form a concavity in which the
      solids-liquid mixture is cradled. This hammock effect provides a
      self-regulating means of offering increased screening surface as the
      weight of material is increased. The sagging of the middle of the screen
      prevents spilling of liquid over the edges and ends of the screen surface,
      and this is of vital importance because the sewage received by the screen
      comes in surges. No retaining walls, baffles, etc., are required as would
      be needed with a flat screen. Another feature of the separator is a
      cleaning device which reconditions the screen, removing material clinging
      to the screen, and provides a continuous clean screen to receive and
      separate the solids-liquid mixture. This cleaning means is accomplished by
      means of an air jet blowing through the screen in a direction counter to
      the direction of flow of liquid through the screen. This air jet is
      provided by a slotted tube through which compressed air is blown. The
      screen passes over the slotted tube and air jetted therefrom blows off any
      clinging material and liquid, thus cleaning and unclogging the screen.
PAR  Another feature of the invention is a blade or scraper which assists in
      removing solid material from the screen. This blade is held in tension
      against the screen at the point where solids are removed from the screen.
      Assisted by gravity the solids drop into a bin serving the incinerator.
PAR  Another feature of the invention is a liquid collection tray or hopper
      whereby the strained or screened liquid falling through the screen by
      gravity is collected and piped to the purification system.
PAR  Another feature of the invention is a series of belt pulleys and idlers
      which serve to maintain tension on the endless screen and provide
      sufficient friction on the drive roll to provide horizontal movement of
      the screen.
PAR  A feature of the invention is a means of attaching the screen to timing
      belts or chain drives so that the screen is always properly centered and
      motion is imparted to the screen by positive means rather than by friction
      of the screen on the drive pulley.
PAR  This fully automatic self-cleaning separator provides a superior means of
      separating sewage solids from its conveying liquid. Dewatering and
      separating is accomplished by simple gravity flow, requiring no vacuum
      pumps, high pressure pumps, and attendant pressure or vacuum vessels,
      seals, and mechanisms. Wear on the screen is minimal due to the fact that
      belt speeds are relatively slow and the only forces on the screen are
      those imposed by the weight of solids and liquid on the screen. The
      endless screen described herein is unique in that the woven wire or
      syntehtic screen is ideally made so that the mesh is in one embodiment
      arranged on the bias with the strands of wire or synthetic lying
      approximately 45.degree. from the direction of travel. This bias
      arrangement provides stretching in the length and width so that as a load
      is applied to the center of the screen it will sag to form a hammock-like
      concavity. This concave shape holds the solids-liquid mixture; the liquid
      freely flows through the screen and the solids are retained. It can be
      seen that as the belt moves horizontally to the drive roll the screen, to
      conform to the flat shape of the roll must move in an inclined plane with
      the inclination to the front. Thus, any liquid not yet strained through
      the screen will flow back down the incline to be drained through the clean
      screen traveling forward from the rear roll. The solids remain on the
      screen until removed by gravity and scraping.
PAR  This invention is not limited to a bias arranged screen and also includes
      the use of screens having mesh arranged in the fore and aft direction with
      sufficient slack provided to form a concavity as with the bias arranged
      screen. This arrangement can be achieved by fastening the edges of the
      screen to a timing belt or chain which serve to provide a drive for the
      belt and also keep the edges elevated above the center of the screen.
PAR  Referring to FIGS. 1 and 4 the separator 10 consists of a woven screen 59
      made of wire or syntehtic mesh supported by drive roller 60 and idler
      roller 61. The drive roller 60 is carried on shaft 62 to which is attached
      drive pulley 63. Motor 64 drives roller 60 by means of V-belt 65 and motor
      pulley 63. Material is fed on the screen 59 via conduit 11 by gravity.
      Liquid is strained through the screen and collected in collection hopper
      66, and thence the liquid is discharged through drain 18. Solids are
      conveyed on screen 59 by means of doctor blade 67 and gravity. The screen
      passes by and contacts air conduit 68 which is provided with a
      longitudinal slot 69.
PAR  Air jetting through slot 69 passes through screen 59 and in so doing blows
      off solids and liquid adhering to the screen, thus cleaning it. The solids
      fall by gravity to a hopper not shown from which it is fed to the
      incinerator 13 of FIG. 1. The screen 59 passes over idler roller 70 and is
      kept in tension by idler roller 71 held by lever arms 72 pivoting on pins
      73. The entire assembly is contained in suitable enclosure such as is
      indicated by the numeral 74. The drive arrangement shown in FIG. 4
      illustrates a V-belt drive for purposes of illustration. Any other type of
      drive, such as chain or gear, can be used and is included in the scope of
      this invention.
PAR  FIG. 5 is a plan view of endless screen 59 of woven wire or synthetic
      filament with the strands arranged on a bias as related to the direction
      of travel. The screen 59 moves horizontally in the direction of the arrow
      in FIG. 5 under the influence of shaft 62. The shaft of idler 61 is shown
      and indicated by the numeral 75. The edges of the screen are trimmed by
      flexible bindings 76 of material which serves to prevent fraying of the
      bias cut screen 59. The flexibility of the screen 59 and edge binding 76
      results in a hammock-like configuration when material is loaded in the
      center of the screen. This concavity contains the solids-liquid mixture
      and prevents liquid or solids from spilling over the edge of the screen.
PAR  In FIG. 6 an alternate form of screen is shown. In this endless screen of
      woven wire or synthetic filament the strands are arranged parallel to and
      at right angles to the direction of travel. The screen in FIG. 6 is
      indicated by the numeral 77 and moves horizontally as driven by pulley 78
      on shaft 75'. Pulley 78 is connected to pulley 79 on shaft 62' by notched
      timing belts 80 which cause pulleys 78 and 79 to rotate in like direction
      and speed. The notched timing belts 80 are engaged by cogs 81 as shown in
      FIG. 7, which insure that both belts are driven at the same speed, thus
      the screen 77 is not distorted. The screen 77 is secured to the belts 80
      by means of fasteners 82 which can be in the form of snaps, hooks, screws,
      or other means. The screen 77 is provided with ample width so that some
      natural sag is present. When screen 77 is loaded the belts are drawn
      together, thus increasing the sag in the screen and increasing its
      concavity. In FIG. 7 there is shown the use of notched timing belts, but
      chains with sprockets, or other means, are equally adaptable to the method
      and are included in the scope of the invention.
PAR  It is important to the practice of the invention that the solid materials
      be disposed of in an efficient manner which does not add to environmental
      pollution. Removal of the solids for treatment elsewhere would negate many
      of the advantages of the self-contained sewage treatment process, and such
      additional handling would present a health hazard and would not be
      economical. An economical way to dispose of the solid materials is by
      incineration, because only a small amount of residual inert ash would need
      to be removed. The solids discharged by the separator 10 have a water
      content, and because of additional water which is carried along with the
      solid materials the material to be incinerated is of lumpy slurry-like
      consistency, with heavier material settling to the bottom and lighter
      material on the top. The inconsistency and high water content creates
      substantial problems in burning, and existing incinerators are not
      suitable for burning the solids-liquid slurry discharged by the separator.
PAR  Incinerators designed to burn loose materials are normally provided with
      fixed or moving grates to support the material, and combustion is achieved
      by applying heat, when moisture content does not permit self-combustion,
      and combustion air. This type of incinerator is not suitable for burning
      wet materials.
PAR  Fluidized bed incinerators are used successfully to incinerate materials in
      slurry form. Such systems require substantial combustion air, spray
      nozzles to inject the slurry into the combustion chamber, and a bed medium
      of amorphous material or sand to provide surface for support of the
      materials being burned. The sand or bed material must be continuously
      regenerated, and a complicated scrubbing arrangement is required to
      prevent discharge of pollutants out of the vent stack. Such incinerators
      are usually of very large size and operate continuously. For the above
      reasons fluidized bed incinerators are not practical for use on package
      treatment plants.
PAR  A unique incinerator 13 is presented herein which is important to the
      functioning of the system. This provides optimum performance when burning
      materials of the type discharged from the separator. It has the advantages
      of being fully automatic, it effectively reduces to inert ash any material
      being fed to it, and it operates on a batch basis so that energy is
      consumed only when a volume of material has been collected. Because of the
      unique design combustion is totally free of discharge smoke, odor, or
      vapor flume. The heat energy is directed to the material by means of high
      intensity infra-red radiation, and so the material is never in direct
      contact with the heat source. There is no reduction of efficiency due to
      ash or slag creating an insulating barrier against the heat energy source.
      This is because the heat is directed to the top of the material which is
      always exposed to the high intensity heat. Ash collects on the bottom of
      the incinerator vessel and does not retard heat input to the material
      being burned.
PAR  The unique incinerator dexcribed herein is all electric; however, gas or
      oil could be used as an alternate heat source and such other fuels are
      also included as a part of the invention. The incinerator is fully
      automatic, and the incineration is done on a batch basis according to a
      demand. In the preferred arrangement the heat is applied upon a signal
      from sensors which determine the weight of material collected in the
      incinerator vessel. Level control sensors can also be used, but they are
      subject to clogging and are therefore not reliable. As soon as combustion
      has been completed the heat input is cut off by means of temperature
      switches or sensors actuated by weight of the vessel.
PAR  The incinerator 13 is shown in detail in FIGS. 8 and 9 wherein the solids
      are transmitted from the separator 10 (not shown in FIG. 8 and 9) through
      conduit 12, valve 83, and conduit 84 and drop by gravity into the
      incinerator vessel 85. The solids slurry material collects in vessel 85
      which is supported by a beam 86 which rests on support rods 87. The rods
      87 are supported on frame 88 by spring 89 and adjustment bolt 90. As the
      weight of vessel 85 is increased by addition of solids the springs 89 are
      compressed and rod 87 is depressed. The rods 87 are spring loaded and
      connect to lever arm 91 of electric switch 92.
PAR  When lever arms 91 are depressed to a set level the switch 92 is actuated.
      The switch 92 energizes motorized valve 83 which closes, and infra-red
      radiant heating elements 93 are energized. The infra-red heaters 93 are
      normally constructed with tungsten elements contained in quartz tubes of
      well known design. The heaters 93 direct radiant energy from the high
      temperature (4000.degree. - 5000.degree.F) filament to the material to be
      incinerated. The heaters 93 are contained in reflectors of ceramic,
      aluminum, or other suitable material, and they are so arranged that the
      infra-red radiation is directed over a narrow beam to the material
      contained in vessel 85. It should be pointed out that the incinerator
      vessel 85 and heaters 93 are contained within an insulated chamber
      supported by legs 94. The vessel 85 can be removed via insulated door 95
      which has gasket 96 to provide an airtight seal.
PAR  Intense heat is directed to material in vessel 85 and as it is absorbed the
      temperature of material rises until the boiling point of the material has
      been reached. Since heat is directed at the top of the boiling slurry
      steam is liberated evenly and the material is dehydrated without
      turbulence as would occur if heat were applied to the bottom of the
      vessels. This is because the bubbles are formed at the top do not rise up
      through the material to be liberated at the surface.
PAR  At the same time motorized valve 83 and heaters 93 are energized additional
      infra-red heaters 97 are energized in insulated afterburner 15. The
      heaters 97 direct intense heat to conduit section 98 which is loosely
      filled with stainless steel, titanium, or other high temperature
      conducting medium 99 which, by conduction heats up to as high as
      1200.degree.F. As steam and gases are liberated from the material in
      vessel 85 they flow through conduit 14 and as they pass through
      afterburner medium 99 the steam and gas is elevated to high temperature.
      Convective gas currents caused by temperature differential and stack
      action cause balanced flapper valve 100 to open permitting air to be drawn
      up into the afterburner. The introduction of oxygen contained in the air
      permits complete combustion of unburned hydrocarbons, converting to carbon
      dioxide. Admission of air and raising the temperature of the steam
      produced superheated vapor which is expelled along with carbon dioxide
      through vent flue 101 and thence to an atmospheric stack. The afterburner
      provides the function of consuming unburned hydrocarbons and superheating
      the vapor so that the discharge is free of pollutants and vapor flume.
PAR  As the moisture is evaporated from the material the temperature increases
      until it reaches the combustion temperature of the material. It is then
      reduced to inert ash by pyrolysis in the absence of combustion air, and
      the hydrocarbon gases are consumed without smoke or odor in the
      afterburner 15. As soon as the temperature reaches a set point of
      approximately 700.degree.F a thermostatic sensor 102 actuates temperature
      switch 103 which cuts off the electric energy supplying heaters 93 and 97,
      thus completing the incineration cycle. By means of an electrical control
      system the switch 92 is reactivated and motorized valve 83 is once again
      opened to permit solids to flow into the incinerator. Springs 89 return
      the vessel 85 to its original position and the incineration cycle is
      repeated as the vessel 85 is filled.
PAR  The amount of residual inert ash is very small and so removal is required
      only infrequently. When it is desired to empty the vessel 85 the door 95
      can be opened and the vessel 85 is slid out. The vessel is positioned in
      the incinerator chamber 104 by a slot 105 in the preferred arrangement,
      but other methods or configurations can be used.
PAR  As seen, the invention provides a sewage treatment system which offers
      outstanding technical and economic advantages. The systems can be supplied
      as completely assembled, piped, and wired units, requiring no field
      erection. The total effluent treatment time can be as little as 30 minutes
      because of the powerful oxidizing reactivity of ozone. This eliminates the
      need for large storage tanks. The system is pollution-free. There are no
      chemical pollutants in the treated effluent, and because of the unique
      incinerator design no smoke, odor or steam emits from the incinerator vent
      stack. The system can be all electric, eliminating fuel storage tanks.
      However, if fuels such as gas or oil are preferred for incineration those
      fuels are also within the scope of the invention. The effluent is of
      drinking water quality and can be reused or disposed of without polluting
      run-off streams, rivers or lakes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sewage treatment system including in combination: an incinerator for
      receiving solids and burning them to inert ash, a liquid reactor column
      for receiving separated liquids,
PA1  a separator for receiving sewage wastes containing solids and liquids and
      for separating the solids and the liquids, said separator including an
      endless screen, drive and idler pulleys supporting said screen for
      movement in a horizontal plane, first means for disposing said sewage
      wastes on said screen so that liquid flows therethrough by gravity and
      solids are held on said screen and dropped by gravity at one of said
      pulleys and second and third means for respectively delivering said liquid
      to said column and said solids to said incinerator;
PA1  said incinerator including a removable vessel for receiving said solids,
      tungsten-quartz infrared radiant heaters directed to the top of said
      vessel to incinerate said solids contained therewithin, an insulated first
      chamber enclosing said vessel and said radiant heaters, an insulated and
      gasketed access door to said first chamber, an afterburner, a second
      chamber of said afterburner, conduit means connecting said first and
      second chambers for flow of gas and vapor discharge from said first
      chamber to said second chamber, infra-red radiant heating elements
      external of said second chamber and heating the same, said second chamber
      being provided with conductive and non-corrosive material through which
      gases and vapor are directed whereby upon contact residual hydrocarbon
      gases are oxidized and vapors superheated and means for introducing air
      into said afterburner to act as an oxidizer;
PA1  means for introducing ozone into said column to contact the liquids therein
      oxidizing organic pollutants in the liquids; and
PA1  level control means on said column to control liquid level in said column
      and by linkage to overflow valve control the flow of water through the
      column and maintain a constant level of water in the column.
NUM  2.
PAR  2. A sewage treatment system in accordance with claim 1 in which water is
      introduced at the top of said column so that flow is in a downward
      direction, and includes an air compressor, dryer, and electrically
      operated ozone generator feeding ozone in air to the bottom of said column
      under sufficient pressure that the static head in said column is exceeded
      and ozone-air mixture bubbles up counter to the flow of water, said
      ozone-air mixture passing through perforated plate or gas distribution
      means so that maximum contact is made between water and ozone, with
      unreacted ozone and air collected at the top of said column and vented to
      discharge stack, and further including water pump means to pump water from
      storage tank to said column and water operated eductor means in the pipe
      between the pump and column with connection to top of column so that by
      venturi action unspent ozone plus air is introduced into the water
      providing mixing and reaction of unspent ozone in the heavily polluted
      water supply to said column.
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ABST
PAL  A trough, which receives mixed water and waste, has first and second
      openings in the bottom thereof. Oscillating grid means overlies the first
      opening, and is associated with stationary wiper means. The grid means
      allows the water to flow therepast into the first opening, and in
      conjunction with the wiper means directs the waste into the second
      opening.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to commercial dishwashing machines,
      and more particularly to an adjunct water separator-recirculator which
      receives mixed water and waste from a dishwashing machine and separates
      the same whereby the water may be recirculated through the dishwashing
      machine.
PAC  SUMMARY OF THE INVENTION
PAR  The water-waste separator of the present invention comprises a trough into
      which mixed water and waste is introduced at one end thereof. The bottom
      of the trough is formed with a first opening intermediate of the ends
      thereof, and with a second opening at the other end thereof. Horizontal
      grid means overlies the first opening and accommodates the flow of water
      therethrough into the first opening. Stationary wiper means is associated
      with the grid means along the upstream side of the first opening. Means
      oscillates the grid means whereby waste collected thereon is cyclically
      forced by the wiper means over the end of the grid means and is directed
      into the second opening. The water separated from the waste is available
      for reuse.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a commercial dishwashing machine with
      which is associated the water separator-recirculator of the present
      invention;
PAR  FIG. 2 is a plan view of the dishwashing machine and water
      separator-recirculator of FIG. 1;
PAR  FIG. 3 is a vertical sectional view, on an enlarged scale, taken
      substantially along the line 3--3 in FIG. 2 looking in the direction
      indicated by the arrows;
PAR  FIG. 4 is a vertical sectional view, on a further enlarged scale, taken
      substantially along the line 4--4 in FIG. 3 looking in the direction
      indicated by the arrows;
PAR  FIG. 5 is a vertical sectional view, on a further enlarged scale, taken
      substantially along the line 5--5 in FIG. 3 looking in the direction
      indicated by the arrows;
PAR  FIG. 6 is a vertical sectional view, on a further enlarged scale, taken
      substantially along the line 6--6 in FIG. 3 looking in the direction
      indicated by the arrows;
PAR  FIG. 7 is a partial vertical sectional view, on a further enlarged scale,
      taken substantially along the line 7--7 in FIG. 3 looking in the direction
      indicated by the arrows;
PAR  FIG. 8 is a horizontal sectional view taken substantially along the line
      8--8 in FIG. 7 looking in the direction indicated by the arrows; and
PAR  FIG. 9 is a perspective view of one of the wiper segments shown in FIGS. 7
      and 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2, there is indicated generally by the
      reference numeral 10 a conventional flight conveyor type dishwashing
      machine with which is associated a water separator-recirculator 12
      embodying the principles of the present invention.
PAR  The dishwashing machine 10 includes an open top load section 14, an open
      ended preflush housing section 16, an open ended wash housing section 18,
      an open ended rinse housing section 20, and an open top unload section 22.
      Extending lengthwise of the machine 10, between the load and unload
      sections 14 and 22, is a conventional endless conveyor (not shown) which
      serves to move dishes, trays or other articles through the housing
      sections 16, 18 and 20. Mounted within the housing sections 16, 18 and 20
      are conventional spray boxes (not shown) from which sprays or jets of
      water or washing solution are projected against the dishes, trays or other
      articles being moved through the machine 10.
PAR  The water separator-recirculator 12, which is located at the side of the
      machine sections 14 and 16, comprises as shown in FIG. 3, a trough 24
      supported on a reservoir tank 26.
PAR  The trough includes an upstream section 28 and a downstream section 30. The
      upstream section 28 has a bottom removable panel 32 formed with an
      upwardly offset portion 34. The vertical abutment defined by the offset
      portion 34 serves to stop or block the passage of silverware and the like
      into the downstream section 30. A transverse web member 36 is secured
      across the bottom of the downstream section 30 whereby to define separate
      first and second openings 38 and 40 in the bottom of the section 30 or
      trough 24.
PAR  Overlying the first opening 38, and underlying the bottom offset portion
      34, is horizontal grid means 42 comprised of a plurality of laterally
      spaced apart elongated bars 44. The outer ends of the grid bars 44 are
      slidably supported on the web member 36. The intermediate portions of the
      grid bars 44 are slidably supported in stationary wiper means 46 mounted
      along the upstream side of the first opening 38. The wiper means 46
      comprises, as shown in FIGS. 7-9, side-by-side C-shaped plastic wiper
      segments 48 located in upper and lower channel members 50. The grid means
      42 accommodates the flow of water therethrough into the first opening 38.
PAR  Means for oscillating the grid means 42, as shown in FIGS. 3 and 6,
      comprises a pair of generally horizontally movable L-shaped push-pull
      drive members 52 each having a horizontal leg portion 54 and a vertical
      leg portion 56. The inner ends of the grid bars 44, separated by washer
      spacers 58, are mounted on a transverse shaft 60 journaled in the lower
      ends of the vertical leg portions 56 of the drive members 52. The corner
      of each drive member 52 is provided with a roller 62 which rides on the
      horizontal bearing surface 64 of an adjacent side channel 66. Each
      vertical leg portion 56 is provided with an intermediate slide pad 68
      which rides along the vertical bearing surface 70 of the adjacent side
      channel 66.
PAR  Drive means for effecting movement of the drive members 52, as shown in
      FIGS. 3-5, are arranged within a housing 72 mounted at the end of the
      downstream section 30. The drive means comprises an electric motor 74
      connected by a belt 76 to the input shaft 78 of a reduction gear box 80.
      Secured to the output shaft 82 of the bear box 80 is a crank arm 84. A
      connecting link 86 is pivotally connected at its one end to the crank arm
      84 and at its other end to the end of the horizontal leg portion 54 of the
      adjacent drive member 52. Also, reaction links 88 are pivotally connected
      at their one ends to the ends of the horizontal leg portions 54 and at
      their other ends to a transverse shaft 90 secured in stationary frame
      elements 92. The reaction links 88 are interconnected by a sleeve member
      94 surrounding the shaft 90 which establishes a stationary pivot point.
PAR  The crank arm 84 revolves upon energization of the motor 74 and effects
      generally rectilinear movement of the drive members 52 and concurrent
      oscillation of the grid means 42. An oscillation rate of about 30 cycles
      per minute has been found to be satisfactory for purposes of the present
      invention.
PAR  As shown in FIG. 3, conduit means in the form of a channel duct 96 serves
      to place the first opening 38 in communication with the reservoir tank 26;
      and the reservoir tank 26 is provided with a removable strainer tray 98
      and a conventional manually operable drain assembly 100. As shown in FIGS.
      1 and 2, a conventional mechanical waste disposal unit 102 is mounted
      below the downstream trough section 30 and communicates with the second
      opening 40. The upstream end of the trough 24 is placed in communication
      with the lower portion of the load section 14 by a trough extension 104. A
      conventional motor-pump unit 106, mounted at the end of the reservoir tank
      26, draws water from the tank 26 and circulates it to spray boxes located
      within the preflush section 16 or elsewhere in the machine 10.
PAR  As dishes, trays and silverware are being moved through the dishwashing
      machine 10 from the load section 14 to the unload section 22, a
      substantial portion of waste food and other foreign material is dislodged
      from these articles by jets of water in the preflush section 16. The mixed
      water and waste initially collects in the bottom of the load secion 14,
      and then travels through the trough extension 104 to the trough 24 where
      it flows over the offset portion 34 to the oscillating grid means 42. The
      water passes through the grid means 42, the first opening 38, the channel
      duct 96 and the strainer tray 98 to the bottom portion of the reservoir
      tank 26 where it is available for recirculation by the pump 106. The waste
      initially collects on the oscillating grid means 42.
PAR  As the grid means 42 moves to the left from the dotted line position to the
      solid line position shown in FIG. 3, the waste adjacent the wiper means 46
      is pushed or forced by the latter toward the end of the grid means 42
      thereby forcing the waste at the end over the end onto the web member 36.
      Then as the grid means 42 moves to the right from the solid line position
      to the dotted line position shown in FIG. 3, the waste on the web member
      36 is forced by the end of the grid means 42 into the second opening 40
      where it falls into the disposal unit 102 and is comminuted thereby. Also,
      during oscillation of the grid means 42 through the wiper means 46, an
      area of the grid means 42 adjacent the wiper means 46 is cyclically
      cleared of waste for allowing the passage of water therethrough.
PAR  While there has been shown and described a preferred embodiment of the
      present invention, it will be understood by those skilled in the art that
      various rearrangements and modifications may be made therein without
      departing from the spirit and scope of the invention.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A water-waste separator comprising a trough into which mixed water and
      waste is introduced at one end thereof, a first opening in the bottom of
      said trough intermediate of the ends thereof, a second opening in the
      bottom of said trough at the other end thereof, a plurality of horizontal
      laterally spaced apart elongated grid bars overlying said first opening
      and accommodating the flow of water therethrough into said first opening,
      a stationary transverse wiper unit along the upstream side of said first
      opening and having a plurality of laterally spaced apart apertures, said
      grid bars being slidably supported in said apertures of said wiper unit,
      and means for oscillating said grid bars whereby waste collected thereon
      is cyclically forced by said wiper unit over the ends of said grid bars
      and is directed into said second opening.
NUM  2.
PAR  2. A water-waste separator comprising a trough into which mixed water and
      waste is introduced at one end thereof, a first opening in the bottom of
      said trough intermediate of the ends thereof, a second opening in the
      bottom of said trough at the other end thereof, a plurality of
      horizontally laterally spaced apart elongated grid bars overlying said
      first opening and accommodating the flow of water therethrough into said
      first opening, stationary side-by-side C-shaped wiper segments along the
      upstream side of said first opening, said grid bars being slidably
      supported in said wiper segments, and means for oscillating said grid bars
      whereby waste collected thereon is cyclically forced by said wiper
      segments over the ends of said grid bars and is directed into said second
      opening.
NUM  3.
PAR  3. The water-waste separator of claim 2 wherein said first and second
      openings are defined by an intermediate transverse web member, and the one
      ends of said grid bars are slidably supported on said web member.
NUM  4.
PAR  4. The water-waste separator of claim 1 wherein said means for oscillating
      said grid bars comprises a generally horizontally movable L-shaped
      push-pull drive member having horizontal and vertical leg portions with
      the end of said vertical leg portion being pivotally connected to said
      grid bars, and drive means for effecting movement of said drive member.
NUM  5.
PAR  5. The water-waste separator of claim 4 wherein said drive means comprises
      a crank arm, a connecting link pivotally connected at its one end to said
      crank arm and at its other end to the end of said horizontal leg portion,
      a reaction link pivotally connected at its one end to said end of said
      horizontal leg portion and at its other end to a stationary pivot point,
      and means for revolving said crank arm.
NUM  6.
PAR  6. The water-waste separator of claim 1 including a reservoir tank beneath
      said trough, and conduit means between said first opening and said
      reservoir tank for conveying water from the former to the latter.
NUM  7.
PAR  7. The water-waste separator of claim 6 including a mechanical waste
      disposal unit communicating with said second opening for receiving waste
      therefrom and comminuting the same.
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ABST
PAL  In a filter plate-and-diaphragm assembly, the marginal sealing zone of the
      diaphragm has a sealing rib received in a groove of the filter plate
      frame. During operation, the diaphragm, with the exception of the sealing
      zone, is lifted off the filter plate by a pressure medium introduced in a
      pressure chamber bounded by the diaphragm. The rib is situated in the
      vicinity of that edge of the sealing zone that is remote from the pressure
      chamber, so that an intermediate sealing zone of considerable width is
      disposed between the rib and the pressure chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a filter plate-and-diaphragm assembly that finds
      application in a plate-type filter press. The diaphragm is of the type
      that has, along its outer edge, a peripheral rib. The latter may be
      inserted into a complemental groove at the sealing edge of the filter
      plate for anchoring the diaphragm thereto. The filter press comprises a
      usually great number of such plate-and-diaphragm assemblies arranged in a
      face-to-face stacked series. Between each filter plate there is disposed a
      filter cloth, through which the filtrate passes. When the diaphragms are
      expanded by means of a pressure medium, the residue between the filter
      cloths is compressed, whereby a filter cake is obtained.
PAR  A known pressure diaphragm of the above-outlined type -- as disclosed in
      German Offenlegungsschrift (Laid Open Application) No. 1,960,821 -- is
      designed in such manner that the cross-sectional width of the rib provided
      on the diaphragm and the groove provided in the plate extend over the
      entire range of the diaphragm zone clamped between two adjoining filter
      plates. The diaphragm rib thus serves in its entirety as the sole sealing
      means.
PAR  In order to ensure a reliable seal between the diaphragm and the filter
      plate, a minimum sealing force (compression force) per unit area has to be
      present.
PAR  It is a disadvantage of a diaphragm designed in the above-outlined manner
      that the minimum sealing pressures have to be substantial in view of the
      fact that the diaphragm rib fills the entire groove in the filter plate
      and is of a very considerable width, resulting in a large sealing surface.
      The requirement for a high sealing pressure, however, necessitates a heavy
      construction of the filter press components proper. Further, the
      disadvantage has to be taken into account that the stroke of such filter
      presses during the compression of the plates is relatively large because
      the rib thickness, due to the substantial rib width has to be sufficiently
      great to ensure an effective anchoring of the diaphragm so that the latter
      does not separate from the groove. Accordingly, in known structures the
      amount of material used for the diaphragm to obtain a large
      cross-sectional area of the ribs is also substantial.
PAR  In view of the above, it has already been proposed to omit the anchoring
      ribs at the pressure diaphragms and to glue the diaphragms to the filter
      plate at the planar marginal diaphragm zones. Such a solution, however, is
      circumstantial, expensive and further has the disadvantage that during the
      compression of the components, due to the differences in hardness between
      the soft diaphragm edge and the hard plate edge, shearing stresses appear
      which may lead to the destruction of the diaphragm edge, or to a
      separation of the diaphragm from the filter plate, or to unsealed
      locations.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to eliminate the above-discussed
      disadvantages by providing an improved filter plate-and-diaphragm assembly
      in plate-type filter presses for improving the sealing of the diaphragm
      and yet allowing a reduction in the sealing pressures.
PAR  This object and others to become apparent as the specification progresses,
      is accomplished by the invention, according to which, briefly stated, the
      rib on the diaphragm and the complemental groove in the filter plate are
      arranged in the vicinity of that edge of the relatively wide marginal
      sealing zone of the diaphragm which is situated remote from the location
      (pressure chamber) where a pressure medium is applied for lifting the
      diaphragm off the filter plate. Thus, in otherwise known plate and
      diaphragm structures, the grooves and the ribs extend, according to the
      invention, in the vicinity of the outer edge of the diaphragm and the
      plate.
PAR  It follows from the above that the cross-sectional dimensions of the rib
      may be small. Thus, in a corresponding ratio of the height to the width of
      the rib, the height too may be smaller than heretofore because the
      unchanged width of the sealing face is disposed in a preponderant portion
      after the pressure side of the sealing face.
PAR  The object of the invention is fully accomplished by the structure
      according to the invention since, on the one hand, the sealing pressure is
      significantly reduced in the zone of the narrower rib under the same
      compression of faces and, on the other hand, there is achieved an
      effective pre-sealing by the remaining sealing face of the diaphragm. This
      remaining sealing face lies against the plate frame over a relatively
      large area and is only slightly deformed in thickness. Such a pre-sealing
      takes place before the pressure of the pressure medium can reach the
      diaphragm rib which is anchored in the groove provided in the filter plate
      frame. Consequently, the rib lies against the three profile faces under a
      relatively high pressure. In this manner an advantageous combined effect
      results from the pre-sealing in the zone of the wide sealing face and the
      principal sealing under the elevated pressure in the zone of the diaphragm
      rib and the plate groove.
PAR  It is noted that the sealing arrangement in this environment has to be
      based on two considerations: first, a seal has to be provided between the
      filtration space and the adjoining chamber of filter plate and, second, a
      seal has to be provided between the plate base and the diaphragm to
      isolate the pressure medium that serves to lift the diaphragm off the
      filter plate.
PAR  The sealing between the outer sealing faces of the diaphragm and the
      adjoining chamber or filter plate is generally effected by means of two
      interposed filter cloths. These filter cloths, because of their textile
      characteristics, particularly their woven web characteristics (that is,
      the overlying weft and warp threads) have the tendency to effect a
      transverse filtration that is, a "creeping" of the liquid. The sealing
      effect is secured here not so much by the specific sealing pressure than
      by the length of the sealing path in the longitudinal direction through
      the filter cloths; thus, a labyrinth-type seal is present.
PAR  With regard to the seal between base plate and the diaphragm, smooth and
      planar surfaces have to be sealed with respect to one another, so that in
      this case one seeks to obtain a relatively high sealing pressure per unit
      area. Such is the case when narrow sealing ribs are used, the height of
      which is greater than the depth of the groove in the filter plate.
PAR  In view of the above considerations, the invention constitutes an
      advantageous combination with an unexpected, heretofore unrecognized
      effect, particularly with respect to the aforenoted transverse filtration
      and results in a mutual, advantageous complementation of different
      effects.
PAR  The sealing effected according to the invention may be further improved by
      insuring that the cross-sectional height of the diaphragm rib is greater
      than the cross-sectional depth of the groove in the plate, since in this
      manner the sealing pressure is concentrated even stronger to the zone
      between the rib and the groove: the narrow rib is, because of its
      cross-sectional height that is greater than the groove depth, pressed into
      the latter even more strongly.
PAR  The diaphragm rib and the plate groove may have a dovetail section as known
      by itself in order to accomplish, on the one hand, a better anchoring of
      the diaphragm with respect to the plate in the open state of the filter
      press and, on the other hand, to achieve an increased sealing effect at
      the inclined faces and cross-sectional edges in the operational state of
      the filter press.
PAR  The anchoring, particularly during the mounting of the diaphragm to the
      plate and in the open condition of the filter plate, may be further
      improved by providing between the diaphragm rib and the plate groove a
      bounding medium, particularly a strip which is provided with an adhesive
      on both sides. This measure is particularly advantageous and sometimes
      even required in large-size diaphragms because, according to the
      invention, the cross-sectional dimensions of the rib are substantially
      smaller than in structures known heretofore. Thus, in case of heavier
      diaphragms, an anchoring alone may not be sufficient.
PAR  A further means for even better accomplishing the principal object of the
      invention, that is, an improvement of the sealing while simultaneously the
      sealing pressure is lowered, resides by maintaining uniform the thickness
      of that diaphragm portion which is disposed inwardly of the rib and is
      clamped between adjoining plates. In addition, there may be provided a
      sealing lip of the type shown, for example, in German Offenlegungsschrift
      (Laid Open Application) No. 2,002,302. This lip is located in the vicinity
      of the inner edge of the diaphragm zone clamped between adjoining plates
      and on that side of the diaphragm which is oriented away from the rib.
PAR  The invention, together with all the preceedingly described modifications
      may find application not only at the outer sealing edge of pressure
      diaphragms but also at the openings which are disposed in the zone of the
      wide sealing faces. These openings which also have to be mutually sealed,
      serve for the admission of the slurry, the wash water, the pressure medium
      and for the withdrawal of the filtrate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a broadside view of one filter plate-and-diaphragm assembly
      incorporating the invention.
PAR  FIG. 2 is a sectional view along line II--II of FIG. 1.
PAR  FIG. 3 is an enlarged view of an end portion of the sectional view
      illustrated in FIG. 2, showing additional details and illustrating the
      components in a released (non-operating) position.
PAR  FIG. 4 is a view similar to that of FIG. 3, but showing the components in a
      compressed and pressurized condition.
PAR  FIG.5 is an enlarged sectional view of one embodiment taken along line V--V
      of FIG. 1.
PAR  FIG. 6 is an enlarged sectional view of another embodiment taken along line
      V--V of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to FIG. 1, there is illustrated one filter plate-and-diaphragm
      assembly. The filter press itself, which is not illustrated, comprises a
      great number of these assemblies arranged in a stacked, aligned
      relationship. These assemblies are adapted to be pressed together with a
      sealing pressure by a force-exerting mechanism forming part of the filter
      press.
PAR  The filter plate-and-diaphragm assembly essentially comprises a recessed
      (dish-shaped) filter plate generally indicated at 1, to at least one face
      of which there is attached a dish-shaped pressure diaphragm 7 which, in
      its relaxed condition, generally conforms to the shape of the filter plate
      1.
PAR  FIG. 2 illustrates the filter plate-and-diaphragm assembly in section. It
      is seen that in this example, both sides of the filter plate 1 are
      provided with a pressure diaphragm 7. It may be further observed that the
      filter plate 1 comprises a depressed base 2 and a thickened, marginal
      portion which constitutes the plate frame 3. The peripheral edge face of
      the frame 3 is designated at 4. Further, the diaphragm 7 has a depressed
      base 8 which, in the non-pressurized (released) condition of the diaphragm
      7, conforms to the face of the plate base 2 as shown in FIG. 2.
PAR  Turning now to FIG. 3, there are illustrated in detail the components
      disposed in the zone of the plate frame 3.
PAR  The frame 3 further includes a channel 3a which extends from the edge face
      4 within the frame 3 and terminates adjacent the frame 3 at the frame base
      2. Channel 3a serves for introducing a pressure medium between the plate
      base 2 and the diaphragm base 8 for a purpose that will become apparent as
      the specification progresses.
PAR  The frame 3 is, in the vicinity of the peripheral edge face 4, provided
      with a dovetail-shaped groove 5. The groove 5 receives a dovetail-shaped
      rib 6 which is an integral part of the diaphragm 7 and which extends along
      the outer marginal zone thereof. The rib 6 may be bonded to the base of
      the groove 5 by a strip 24 provided with an adhesive on both sides.
PAR  On that side of the diaphragm 7 which is oriented away from the plate base
      2, there is positioned a filter cloth 23 which, along its marginal zones,
      is clamped between two adjoining filter plates. The diaphragm base 8 is,
      on its face oriented towards the filter cloth 23, provided with channels
      8' through which the filtrate may flow out as it will also be described in
      more detail later. The filter cloth 23 as well as all the other components
      illustrated in FIG. 3 are shown in their relaxed position, that is, no
      compressing sealing force is applied to the filter plate series and no
      pressure medium is introduced through the channel 3a.
PAR  The diaphragm 7 has a relatively wide sealing zone 9 which extends along
      the face 16 of the plate frame 3 and which, at its outer edge, includes a
      diaphragm rib 6. The sealing zone 9 is adapted to be clamped between the
      frames of two adjoining filter plates. The sealing zone 9 is connected in
      its inner edge with the diaphragm base 8 by means of a truncated
      pyramid-shaped connecting wall 10. Between the rib 6 and the wall 10 of
      the diaphragm 7, there extends, as part of the zone 9, an intermediate
      sealing zone 11 of a relatively large width and of a uniform thickness 12.
      The surface 15 of the zone 11 which is oriented towards the frame face 16
      is planar and is adapted to sealingly cooperate with the frame face 16.
      The outer surface of the intermediate sealing zone 11 that is on the
      reverse side with respect to the surface 15, is designated at 18. The
      height 13 of the rib 6 is greater than the depth 14 of the groove 5 so
      that, as it may be observed from FIG. 3, in the released condition of the
      components, the planar sealing surface 15 of the diaphragm 7 extends at an
      acute angle with respect to the frame surface 16. The angle decreases to
      zero towards the wall 10. The diaphragm 7 is, at the location where the
      intermediate zone 11 changes into the wall 10, provided with a sealing lip
      17. The latter is located at that side of the diaphragm 7 which is
      oriented away from the rib 6. By virtue of the lip 17, the surface 18 too,
      is disposed, in the released condition of the components, at an acute
      angle with respect to the adjoining face of the adjacent filter plate (not
      shown).
PAR  Prior to starting the filtering operation, the plurality of filter
      plate-and-diaphragm assemblies are pressed together with the sealing force
      exerted by the filter press. Upon application of this sealing force, the
      rib 6 and lip 17 will be deformed the most with respect to all other
      locations of the sealing zone 9 and thus the highest sealing pressures
      develop in the zones of components 6 and 17. The relatively soft diaphragm
      material is capable of lateral displacement without the appearance of
      significant shearing forces. By virtue of the above-described structural
      arrangement of the sealing portion of the diaphragm 7, the overall sealing
      pressure in the sealing zone 9 may be of reduced magnitude with respect to
      prior art structures. The compressed condition of the sealing zone 9 in
      response to the sealing force with which the filter plate stack is pressed
      together may be observed in FIG. 4.
PAR  After the sealing pressure has been applied as described above, the filter
      operation proper may be started by introducing the slurry to be filtered
      through an opening 25 (FIG. 1) provided in the filter plate 1. The slurry
      is admitted into the chamber 30 bounded by the filter cloth 23. The
      pressure of the slurry in the chamber 30 presses the filter cloth 23
      against the base 8 of the diaphragm 7. It is noted that this position of
      the filter cloth 23 is not illustrated.
PAR  The filtrate passes from the chamber 30 through the filter cloth 23 and
      flows in the channels 8' provided in the diaphragm 7 towards the outlet
      channel 28 (FIG. 1) through which it is removed from the filter press as
      it flows out therefrom in the filtrate collecting port 29.
PAR  After a certain period of time, when for example, already a substantial
      amount of residue has accumulated in the chamber 30, a pressure medium,
      such as air or water, is introduced through the channel 3a. As a result,
      the diaphragm 7, inwardly of its sealing zone 9, is lifted off the plate
      base 2 together with the filter cloth 23. As it may be well observed in
      FIG. 4, there is thus now a pressure medium present in a pressure chamber
      31 which is defined by those faces of the diaphragm portions 8 and 10
      which are oriented towards the associated filter plate 1. It is noted that
      a deformation of the connecting wall 10 of the diaphragm 7 and thus its
      movement away from the filter plate 1 in response to the pressure in
      channel 3a is facilitated by the channels 20 and 21. As it may also be
      observed in FIG. 4, the filter cloth 23 lies against the projections 22
      bounding the longitudinal and transverse channels 20 and 21.
PAR  As a consequence of pressing the filter cloths together in the filter press
      by the diaphragms, the residue in the chamber 30 is compressed and thus a
      filter cake is obtained. The additional filtrate leaving the chamber 30
      through the filter cloth 23 as a result of the pressure applied in chamber
      31 may flow out into the filtrate outlet port 29 through the longitudinal
      channels 20 transverse channels 21 provided in the diaphragm wall 10.
PAR  As it may be further observed for FIG. 4, the rib 6 of the diaphragm 7 is
      disposed along that edge of the sealing zone 9 which is remote from the
      pressure chamber 31. Stated in different terms, the pressure chamber 31
      and the rib 6 are separated from one another by the relatively wide
      intermediate sealing portion 11 of the sealing zone 9 of the diaphragm 7.
PAR  Subsequent to the formation of the filter cake, the pressure medium is
      removed from the chamber 31 and thus, by virtue of its resiliency, the
      diaphragm 7 again conforms to the surface of the filter base 2 thus
      reducing the volume of the pressure chamber 31 substantially to zero. The
      filter cloth 23 remains adhered to the filter cake. Thereafter, wash water
      is introduced into the space between the diaphragm base 8 and the filter
      cloth 23 through ports 26 and channels 27 (FIG. 1).
PAR  Turning now to FIG. 5, there is illustrated a sealing arrangement of the
      diaphragm 7 in the zone of the wash water inlet port provided in the
      filter plate 1. As seen, with the port 26 provided in the frame 3 of the
      filter plate 1, there is aligned an opening 32 provided in the sealing
      zone 9 of the diaphragm 7. In the frame 3 there is provided a groove 33
      which surrounds the port 26 and which receives a rib 34 provided in the
      sealing zone 9 and surrounding the opening 32. A bond between the rib 34
      and the groove 33 is ensured, for example, by a strip 24' which is
      provided with an adhesive on both sides.
PAR  Turning now to FIG. 6, there is shown a modified sealing arrangement in the
      zone of the wash water port 26. According to this embodiment, the
      anchoring of the diaphragm 7 in this zone is effected by the cooperation
      between the rib 34 and the groove 33 with the aid of auxiliary ribs 35
      provided in the base of groove 33 and auxiliary grooves 36 provided in the
      rib 34.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended with-in the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a filter plate-and-diaphragm assembly of the type including a filter
      plate having a base and a marginally extending frame, the frame having a
      sealing face; a pressure diaphragm having a dished base and a marginally
      extending sealing zone lying over the sealing face of the frame; the
      sealing zone including a sealing face oriented toward and adjoining the
      sealing face of the frame; means provided in said filter plate for
      introducing a pressure medium between the diaphragm base and the plate
      base; a portion of the diaphragm and a portion of the filter plate
      together defining between themselves and inwardly of the sealing zone, a
      pressure chamber for the pressure medium, the improvement comprising:
PA1  a. means defining a groove in said frame;
PA1  b. a rib forming part of said diaphragm and received in said groove, said
      rib being situated in said sealing zone adjacent an edge thereof, said
      edge being remote from said portions defining said pressure chamber,
      whereby said sealing face of said diaphragm being disposed between said
      rib and said portions defining said pressure chamber;
PA1  c. means defining open channels on that side of the diaphragm base that is
      oriented away from the plate base;
PA1  d. a truncated pyramidal portion forming part of said diaphragm and
      connecting said sealing zone of said diaphragm with the diaphragm base;
      and
PA1  e. means defining a plurality of additional open channels in said truncated
      pyramidal portion, said additional open channels being oriented away from
      the plate base.
NUM  2.
PAR  2. In a filter plate-and-diaphragm assembly of the type including a filter
      plate having a base and a marginally extending frame, the frame having a
      sealing face; a pressure diaphragm having a dished base and a marginally
      extending sealing zone lying over the sealing face of the frame; the
      sealing zone including a sealing face oriented toward and adjoining the
      sealing face of the frame; means provided in said filter plate for
      introducing a pressure medium between the diaphragm base and the plate
      base; a portion of the diaphragm and a portion of the filter plate
      together defining between themselves and inwardly of the sealing zone, a
      pressure chamber for the pressure medium; means defining a groove in said
      frame; and a rib forming part of said diaphragm and received in said
      groove; the improvement wherein said rib is situated in said sealing zone
      adjacent an edge thereof, said edge being remote from said portions
      defining said pressure chamber for positioning said sealing face of said
      diaphragm between said rib and said portions defining said pressure
      chamber; the diaphragm portion which carries said sealing face has a
      uniform thickness; said rib and said groove having a dovetail-shaped
      section; and said rib having a height that is greater than the depth of
      said groove.
NUM  3.
PAR  3. An assembly as defined in claim 2, including adhesive means bonding said
      rib to said groove.
NUM  4.
PAR  4. An assembly as defined in claim 3, wherein said adhesive means
      constitutes a strip provided with an adhesive on both sides, said strip
      being disposed in said groove.
NUM  5.
PAR  5. An assembly as defined in claim 2, including a projecting lip provided
      on said diaphragm along a further edge of said sealing zone, said further
      edge being remote from said rib, said lip being situated on the reverse
      side of said diaphragm with respect to said rib.
NUM  6.
PAR  6. An assembly as defined in claim 2, said filter plate further having
      means defining a throughgoing opening in said frame, the improvement
      further comprising:
PA1  c. means defining an additional groove in said frame about said opening;
PA1  d. means defining an opening in said sealing zone in alignment with the
      opening in said frame; and
PA1  e. an additional rib surrounding said opening in said sealing zone and
      received in said additional groove.
NUM  7.
PAR  7. An assembly as defined in claim 6, wherein said additional groove and
      said additional rib have at least one interengaging auxiliary rib and
      auxiliary groove.
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ABST
PAL  A casing preferably formed of sheet metal deep drawn and seamless has an
      outlet at its bottom and an inlet in its cylindrical side wall below its
      open top a portion of which is circumferentially indented providing an
      inwardly projecting shoulder below said inlet, and a cover is removably
      clamped on said open top of the casing and has an extension engaging and
      holding a circumferential projection on a filter element in liquid-tight
      contact with said shoulder. The extension has perforations providing for
      passing of liquid from said inlet into said filter element, and may have
      an imperforate portion to extend into the liquid in said casing below said
      circumferential shoulder when the cover is closed during filtering
      operations so the liquid level will drop below the upper end of the filter
      element when the cover is removed and thus prevent spilling of the liquid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to filters and particularly pressure filters of the
      type that include a vessel or casing in which is removably suspended a
      filter element, for example, a cylindrical perforated or woven wire side
      wall and a bottom wall, with or without a filter bag or a filter cartridge
      disposed therein, the vessel having a cover-closed upper end for insertion
      and removal of the filter element, and having a fluid inlet and an outlet
      at the upper and lower end portions, respectively.
PAR  Filters of this general type are exemplified by several patents among which
      are U.S. Pat. Nos. 3,640,392; 3,774,769 and 948,993. While these prior art
      filters serve well in filtering fluids especially liquids they are either
      complicated in construction, including many complex parts, or they are too
      expensive, or they are too difficult to assemble and disassemble
      especially when it is desired to clean or replace the filter elements.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide a filter of this
      general type which shall comprise a minimum number of parts that are
      simple and relatively inexpensive and which can be easily and quickly
      assembled and disassembled.
PAR  Another object is to provide a novel and improved construction and
      combination of a filter element, a vessel or casing therefor, preferably
      of sheet metal deep drawn and seamless, having an outlet connection and a
      cylindrical side wall having an open top and formed with an inlet and a
      portion of which is circumferentially indented providing an inwardly
      projecting circumferential shoulder below said inlet on which is seated a
      circumferential outward projection on the filter element, a cover
      removably clamped on said open top and having an extension formed with
      perforations to press and hold said outward projection on the filter
      element in liquid-tight contact with said shoulder providing for passage
      of liquid from said inlet into said filter element.
PAR  The invention also provides such a filter assembly wherein there is an
      outwardly extending flange on the upper open end of the casing in spaced
      opposed relation to an outwardly turned flange on the cover, and a clamp
      for connecting said flanges with a packing ring between them, and said
      cover includes a spacer extension on a top wall extending into the casing
      body and having a perforated flange connected thereto for holding said
      filter element in operative position with said flange below said inlet,
      whereby incoming fluid from said inlet can circulate around said spacer
      extension and through the perforations in said flange into said filter
      element.
PAR  Another feature of the invention is a liquid displacement extension on said
      cover to extend into the liquid in the casing when the cover is closed
      during filtering operations to displace a predetermined volume of liquid
      so the liquid level will drop below the upper end of the filter element
      when the cover is removed thereby to prevent spilling of the liquid.
PAR  Other objects, advantages and results will appear as the description
      proceeds.
DRWD
PAC  A BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a complete understanding of the invention, reference should be had to
      the following description in conjunction with the accompanying drawings in
      which:
PAR  FIG. 1 is a central vertical sectional view through a filter embodying the
      invention;
PAR  FIG. 2 is a view partially in top plan and partially in horizontal section
      on the plane of the line 2-2 of FIG. 1, with parts broken away;
PAR  FIG. 3 is a fragmentary vertical sectional view showing a modification of
      the filter element.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Specifically describing the invention, the filter includes a casing A, a
      cover B therefor and a removable filter element C. The casing preferably
      is formed of sheet metal deep drawn and seamless with a cylindrical side
      wall 1 having a fluid inlet connection or coupling 2 intermediate its
      ends, and a bottom wall 3 having an outlet connection or coupling 4. The
      other or top end of the cylindrical wall is open and has an outwardly
      extending upwardly flared frusto-conical flange 5.
PAR  The cover has a top wall 6 to close the open top of said casing and
      provided with an outwardly and downwardly extending perimetral flange 7
      which when the cover is closed is juxtaposed to the flange 5 with a
      packing ring preferably an elastic O-ring D between said flanges. The top
      wall has a dished portion 6a to fit loosely within the upper portion of
      the cylindrical wall when the cover is closed.
PAR  The cover is clamped in closed position in fluid-tight engagement with the
      flange 7 by a known type of ring clamp generally exemplified in Pat. No.
      2,727,634. This clamp is shown as comprising a flexible band 8 having its
      ends connected together by T-headed bolt 9 whose head 9a is pivotally
      connected to one looped end of the band and whose threaded shank loosely
      passes through a bolt socket 10 that has at one end lateral studs 10a
      pivotally connected to the other looped end of the band. A nut 12 is
      screwed on the bolt shank in abutting relation to the outer end of said
      socket so that upon tightening of the nut the ends of the band are drawn
      toward each other. Secured on the inner side of the band are complemental
      arcuate segments 13 of a clamping ring each of which has inner integral
      diverging sides 11 each to engage the outer surface of one of the flanges
      6 and 7 so that as the nut 12 is tightened the cover flange 7 is drawn
      toward the casing flange 6, the O-ring is compressed to form a fluid-tight
      connection between the flanges, and the dished portion 6a is moved
      inwardly of the casing.
PAR  The side wall 1 of the casing has an inwardly projecting circumferential
      shoulder 14 between the inlet 2 and the outlet 4, preferably formed by an
      exterior circumferential indentation 15. This shoulder serves as a seat
      for suspending the filter element C in the casing. One type of filter
      element, shown in FIGS. 1 and 2 comprises a basket 16 having a perforated
      cylindrical side wall 17 with an open top and a perforated bottom wall 18,
      and also having an outwardly extending circumferential projection to seat
      on said shoulder. Filter elements of different specific constructions may
      be utilized. Preferably, the basket is formed of deep drawn sheet metal
      with an outwardly extending circumferential flange 19 to seat on said
      shoulder 14, as shown in FIGS. 1 and 2; and disposed in the basket is a
      known type of felt or fabric filter bag 20 having an upper open end a
      packing ring such as an O-ring 21 secured in upper portion of the bag wall
      and which when in use seats on said shoulder 14 and on said flange 19 of
      the basket. The flange 19 and said O-ring 21 provide said outwardly
      extending circumferential projection of the filter element which is
      engaged by the cover and pressed on the shoulder 14 when the cover is
      closed. The cover has a knob 6b.
PAR  While the construction of the cover may be varied, preferably the top wall
      of the cover has a coaxial perforated extension 23 on its inner side, said
      extension being shown as comprising a coaxial cylindrical spacer 24 which
      is substantially smaller in diameter than the casing side wall and is
      secured to said top wall. The spacer 24 has an outwardly extending
      circumferential flange 25 to be disposed below said inlet 2 and to seat on
      said circumferential projection of the filter element when the cover is
      clamped in closed position. The flange 25 is perforated by holes 26 so
      that fluid entering the filter through said inlet may freely flow around
      the spacer and through said holes 26 into the filter element. Of course,
      the total area of the holes 26 should be greater than the area of the
      inlet opening.
PAR  The extension 23 preferably has a closed inner end 27 and has such a length
      as to project into the filter element a distance below the circumferential
      projection on the filter element when the cover is closed during filtering
      operations and displace a predetermined volume of the liquid in the casing
      so that when the cover is removed the level of the liquid will drop below
      the upper end of the filter element and thereby prevent spilling of the
      liquid.
PAR  A modification of the filter is shown in FIG. 3 and includes a filter
      element 28 having a perforated side wall 28a formed of fine foraminated,
      or reticulated material such as wire mesh or guage, a bottom wall, not
      shown, and a collar 29 secured to said side wall at the upper end thereof
      and provided with a circumferential outward projection in the form a
      flange 30 to seat on the inner shoulder 14 of the casing. Seated on said
      flange and said inner shoulder 14 of the casing is a packing ring,
      preferably an elastic O-ring 31. The extension 23a of the cover has a
      circumferential flange 24a at its inner end to engage and exert pressure
      on said O-ring to form a liquid-tight contact of the O-ring with said
      flange 30 and said shoulder 14 when the cover is closed, and the flange
      has perforations 32.
PAR  If desired a filter cartridge or other suitable filtering material could be
      included in the filter element 28.
PAR  From the foregoing it will be seen that the casing having the integral
      inner shoulder, the filter element having the circumferential outwardly
      extending projection removably seated on said shoulder, and the cover
      having the coaxial extension for pressing and holding said projection on
      said shoulder when the cover is clamped in closed position on the flange
      at the upper end of the casing, provide a simple and inexpensive
      combination the parts of which can be easily and quickly assembled and
      disassembled by an unskilled operator.
CLMS
STM  I claim:
NUM  1.
PAR  1. A filter comprising a casing having a vertical cylindrical side wall, an
      open top, a side inlet extending through said side wall below said open
      top, and a bottom outlet, said cylindrical wall having a circumferentially
      indented portion providing an inner circumferential shoulder below said
      inlet and above said outlet, a filter element open at its top and having a
      circumferential outward projection separably seated on said shoulder below
      said inlet, a cover including a top wall and closing said top of said
      cylindrical side wall and having an extension to extend into said casing
      to a point below said inlet and engage said outward projection of the
      filter element and press said projection against said shoulder when the
      cover is closed, said extension having perforations located above said
      shoulder when the cover is closed and providing for flow of liquid from
      said inlet through the open top of said filter element, and means for
      releasably holding said cover in closed position.
NUM  2.
PAR  2. The filter as defined in claim 1 wherein said extension has a
      cylindrical wall coaxial with said top wall of the cover and provided with
      an outwardly projecting circumferential flange to engage said outward
      projection of said filter element and press said projection against said
      shoulder when the cover is closed, and said perforations are formed in
      said circumferential flange.
NUM  3.
PAR  3. The filter as defined in claim 2 wherein said extension has a portion
      below said circumferential flange to extend into the liquid in the casing
      below said inner circumferential shoulder when the cover is closed.
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ABST
PAL  A self-cleaning fluid filter for filtering fluid entering an inlet of a
      pump, such as an air pump, in which a fluid filter is wrapped around a
      filter spool forming a filter drum and the drum coupled to the shaft of
      the pump motor for rotation thereof. The fluid entering the rotating
      filter will then be filtered of its impurities which, due to centrifugal
      force, will be dispersed outwardly from the filter drum to drop into a
      residue container. A deflector plate is disposed in proximity to the inlet
      for deflecting heavy particles to the residue container.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a self-cleaning fluid filter and more
      particularly to a self-cleaning fluid filter which is rotatably attached
      to a pump motor.
PAR  According to the invention, a self-cleaning fluid filter is wrapped around
      a filter spool which comprises a filter drum. The filter can be either an
      air filter or a water filter, etc. The drum is then attached to the drive
      shaft of a pump motor. As the motor rotates the pump pulls the fluid
      through the fluid filter, i.e., the wall of the drum leaving the residue
      on the outside of the filter which due to centrifugal force caused by
      rotation of the filter will be dispersed and collected in a suitable
      container. A deflector plate is disposed in proximity to the inlet for
      deflecting heavy particles to the container. An annular plate surrounds
      the top portion of the filter drum in immediate proximity but spaced from
      the top of the container. This forms an air seal between the drum and the
      container since the high pressure area will be the exhaust side of the
      container, bleeding a small amount of filtered air back into the container
      and allowing only filtered air to be exhausted therefrom. An adjustable
      damper is provided for optimizing the air seal.
PAR  An object of the present invention is the provision of a self-cleaning
      fluid filter.
PAR  Another object of the invention is the provision of a self-cleaning fluid
      filter which rotates causing filtered particles to disperse.
PAR  A further object of the invention is the provision of a self-cleaning fluid
      filter which is inexpensive to manufacture and install and extremely
      convenient in use.
DRWD
PAR  Other objects and many of the attendant advantages of the present invention
      will be readily appreciated as the same becomes better understood by
      reference to the following detailed description when considered in
      connection with the accompanying drawings in which like reference numerals
      designate like parts throughout the Figures thereof and wherein:
PAR  FIG. 1 is a perspective view, partially sectioned, of the preferred
      embodiment of the invention; and
PAR  FIG. 2 is a side elevational view sectioned along the exhaust line of FIG.
      1 and through the center of the pump of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring to FIG. 1, a motor 11 is coupled through belt 15 to drive shaft
      12, pump 13 and filter drum 14. Pump 13 has exhaust outlet 16. Filter drum
      14 has a filter mesh 18 coupled to end plate 19 and intake spider fitting
      21 coupled to an opening (not shown) in plate 20 which is fixedly attached
      to the bottom of the impeller blades of pump 13. Duct 24 is coupled
      through the wall of housing 22 and has an exhaust outlet 26 and an inlet
      27. Deflection plate 25 is coupled by brackets to duct 22. Housing 22 is
      clamped to container 23. Impeller pump 13 is rotatably disposed within
      housing 15.
PAR  Referring to FIG. 2, motor 11 is shown coupled to shaft 12 via V-belts 15.
      Shaft 12 is carried by bearings 31 and 32 and terminates at end plate 19
      of filter assembly 14. Intake fitting 21 of filter assembly 14 is coupled
      to bottom plate 20 which is fixedly attached to impeller blades 13.
      Annular mounting plate 33 is bolted to conical guide 34, housing 22 and
      pump duct 36. Damper 10 is shown in an intermediate position on its axis
      10A. The dotted lines extending from axis illustrate the extreme open and
      closed position of damper 10. Damper 10 is controlled by handle 36 (FIG.
      1), which has an extension 37 riding in detent bar 38 for incremental
      adjustment thereof.
PAC  OPERATION
PAR  Referring back to FIGS. 1 and 2, it can be seen that when pump motor 11 is
      energized, pump 13 pulls air from inlet 27 of duct 24 through duct 24 to
      outlet 26 within housing 22. The heavier particles will strike deflector
      plate 25 and fall into container 23. The particles that do not settle into
      container 23 will attempt to ride through mesh 18 of filter assembly 14
      along with the air being pulled by pump 13. These particles will be thrown
      off the surface of mesh 18 toward the inside wall of housing 22 which will
      then drop into container 23. The fluid passing through filter 18 into pump
      13 will be exhausted through exhaust 16 after passing over damper 10. With
      the adjustment of damper 10 as by handle 36, a slight pressure area will
      be formed outside impeller blades 13 which will bleed back through the gap
      between plate 20 and conical guide 34, insuring that no unfiltered air
      will pass upward through the said gap. This pressure is adjusted through
      damper 10 and is optimized when there is very little bleed-back of fluid.
PAR  It should be understood, of course, that the foregoing disclosure relates
      to only a preferred embodiment of the invention, and that it is intended
      to cover all changes and modifications of the example of the invention
      herein chosen, for the pruposes of the disclosure, which do not constitute
      departures from the spirit and scope of the invention.
CLMS
STM  THE INVENTION CLAIMED IS:
NUM  1.
PAR  1. A self-cleaning fluid filter comprising:
PA1  a housing, said housing having an intake opening in one side thereof, and a
      centrally located exhaust opening in a top portion thereof;
PA1  a pump disposed immediately above said exhaust opening, said pump having a
      plurality of blades;
PA1  a pump duct surrounding said pump and having an exhaust opening;
PA1  an annular plate fixedly attached to the bottom edges of the blades of said
      pump;
PA1  a cylindrical filter drum attached to said annular plate at a top portion
      thereof and extending downwardly into said housing through said centrally
      located exhaust opening, said annular plate and said cylindrical filter
      drum being disposed in close proximity to said exhaust opening with said
      annular plate overlapping said exhaust opening; and
PA1  a deflection plate disposed in proximity to said inlet in the direction of
      flow from said inlet and angled for deflecting particles away from said
      cylindrical drum.
NUM  2.
PAR  2. The self-cleaning fluid filter of claim 1 and further including:
PA1  a conical guide extending downwardly from said exhaust opening in said
      housing converging towards said exhaust opening.
NUM  3.
PAR  3. The self-cleaning fluid filter of claim 1 and further including:
PA1  an adjustable damper disposed in said pump duct.
NUM  4.
PAR  4. The self-cleaning fluid filter of claim 1 wherein:
PA1  said inlet and said deflection plate are disposed directly beneath said
      filter drum.
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ABST
PAL  A filter unit for wet and dry filtration comprising a hollow shaft provided
      with ribs in parallel position with respect to the longitudinal axis of
      the said shaft, filter discs covered by a filtering material, said discs
      being stacked over and enclosing the shaft in positive connection
      therewith, the lower surfaces of the said filter discs having radial
      elevations the height of which corresponds to the distance between two
      adjacent discs, spacer rings provided with cams arranged between each
      filter disc and the respective filtering material, the said spacer rings
      enclosing the hollow shaft and the free cross sectional area between the
      cams of the said spacer rings diminishing from one disc to the other.
BSUM
PAR  This invention relates to a filter unit with centering hollow shaft
      suitable for wet or dry filtration, particularly for wet or dry filtration
      with backwash.
PAR  Filter units are known having a hollow shaft provided on the circumference
      with ribs in parallel position with respect to the longitudinal axis, on
      which shaft the filter discs are stacked. Each filter disc is provided
      with a filtering material, for example a fabric, paper, or fleece, through
      which the stream of liquid or gas must pass. The substances to be
      separated deposit on the filtering material, from where they must be
      removed periodically. This is generally done by leading the stream of
      clarified fluid in reverse direction. Additionally, the residue on the
      filter can be removed by rotation of the filter unit. The backward flow of
      the fluid causes the filter material to bulge, whereby it is overstressed
      and hence, its lifetime is strongly reduced. Moreover the filtration costs
      are increased. To avoid bulging the filtering material is held by a type
      of spider consisting of a ring with radial spokes. The ring is placed
      between two adjacent discs and the spokes are fastened at the rims of the
      discs. A serious disadvantage of the known filter unit is the great number
      of individual elements which require much time for assembling.
PAR  It is the object of the present invention to provide a filter unit
      consisting of a few elements only which can be assembled in easy and
      simple manner and which ensure that the filtering agent is not damaged
      when the stream of gas or liquid is reversed.
PAR  The filter unit in accordance with the invention, suitable for wet and dry
      filtration, comprises a hollow shaft with ribs on the circumference in
      parallel position with respect to the longitudinal axis, filter discs
      covered with filtering material which are stacked over and enclose the
      shaft in positive connection therewith, the lower surface of the filter
      discs having radial elevations the height of which corresponds to the
      distance between two adjacent discs, and spacer rings with cams enclosing
      the shaft, which rings are mounted between the filter discs and the
      filtering material, the free cross sectional area between the cams of the
      spacer rings diminishing from filter disc to filter disc.
DRWD
PAR  The filter unit according to the invention will now be described, by way of
      example, in further detail with reference to the accompanying drawing in
      which
PAR  FIG. 1 shows a filter unit partly in section.
PAR  FIG. 2 is a side elevation in section of a part of the filter unit.
PAR  FIG. 3 is a top view of a part of a filter disc.
PAR  FIG. 4 is a cross sectional view of a part of a filter disc with elevation
      on line A -- A of FIG. 3.
DETD
PAR  The hollow shaft 1 is rotatably mounted in filter casing 3 and provided
      with vertically extending ribs 2 in parallel position with respect to the
      longitudinal axis of the shaft. Ribs 2 form channels 13 along the shaft in
      which the clarified fluid runs off. It passes into the hollow shaft
      through orifices 4. Filter discs 5 are positively connected with the
      hollow shaft 1. At their lower surface they are provided with elevations
      6, for example in the form of ribs, bulgings, cams or the like. The height
      of elevations 6 corresponds to the distance of two adjacent filter discs 5
      from each other. The filter discs are covered with a filter material 7.
      Between the filter material and the filter discs a porous supporting
      layer, not represented on the drawing, may be inserted. To allow the
      clarified fluid to flow into the hollow shaft spacer rings 8 are inserted
      between the filtering material and the respective filter disc, which
      spacer rings are provided with spaced cams or feet 14 so as to form a free
      cross sectional area. In order to ensure a uniform load on the filter
      material of all filter discs when the clarified fluid is led back it is
      advantageous to vary the free cross sectional areas between the cams from
      filter disc to filter disc as for example by varying the number of feet 14
      on the rings 8, as seen in FIG. 2. It proved advantageous to position the
      spacer ring with the smallest cross section between the cams nearest to
      the inlet (i.e. the bottom of casing 3) through which the clarified fluid
      is led back for removing the residue from the filter material and the one
      with the largest cross section farthest from the said inlet (i.e. the
      bottom of casing 3). When the largest free cross section is equal to 100
      %, the smallest free cross section should expediently be in the range of
      from 30 to 50 %. All other spacer rings have free cross sections in the
      range between 30 - 50 % and 100 %. In this manner, a dynamic pressure is
      produced owing to which the recycled clarified fluid is supplied to all
      filter discs under approximately equal conditions (pressure, speed).
PAR  By the elevations 6 and the graduation of the free cross sections between
      the cams of the spacer rings (FIG. 2) bulging and overstress of the filter
      material is avoided when the stream of filtered fluid is reversed. In the
      center of the filter disc the filter material is held between the spacer
      ring and the adjacent filter disc, while it is fastened at the outer rim
      of the disc by a clamping ring 9.
PAR  According to FIG. 1 turbid fluid is fed to the filter unit through inlet
      10, the clarified liquid or gas passes the filter material 7 while the
      solid matter is held back. The clarified fluid passes through the free
      cross sections between the cams into the channels formed by the ribs 2 on
      shaft 1 and enters the hollow shaft 1 by the orifices 4.
PAR  To clean the filter material, i.e. to remove the deposit thereon, the
      stream of clarified fluid is reversed; it passes from conduit 12 via
      hollow shaft 1, orifices 4, channels 13 formed by ribs 2 and spacer rings
      8 back to the filter material which is kept in position by elevations 6.
      To improve the cleaning effect the filter unit may be rotated whereby the
      filter residue is thrown off the filter material. It is removed from the
      casing 3 through outlet 11. The drive to rotate the filter unit is not
      represented on the drawing.
PAR  In the filter unit according to the invention the individual filter discs
      are arranged in vertical or in horizontal position. When a throwing off of
      the filter residue by rotation is not desired flat structures which are
      not symmetrical to rotation may also be used as filter discs. The filter
      discs can be made of metal, plastic material, for example chlorinated or
      not chlorinated polyolefins, reinforced artificial resins, such as
      polyesters and epoxide resins.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A filter unit for use in a filter casing having fluid inlet and outlet
      openings, said unit including a hollow shaft having a plurality of
      elongated radial ribs thereon extending along the length of the shaft,
      defining fluid flow channels therebetween, and filtrate outlet openings
      communicating with said channels and an outlet in said casing; a plurality
      of filter disks concentrically mounted in stacked superimposed relation on
      said shaft and each having first and second opposite surfaces with said
      second surfaces having radially extending ribs formed thereon of
      predetermined height; a plurality of spacer rings concentrically mounted
      on said shaft and respectively located between and engaged with adjacent
      pairs of filter disks, said rings each having a plurality of spacer cams
      formed on one side thereof engaging the first side of an immediately
      adjacent filter disk and defining a predetermined free cross-sectional
      area between the ring and the immediately adjacent filter disk engaged
      with its spacer cams, a plurality of filtering sheets respectively secured
      to said filter disks on the first side thereof, each of said sheets having
      inner ends positioned over the side of the spacer ring engaged with its
      associated filter disk which is opposite to the spacer cams thereof,
      thereby to define a fluid passage between the sheet and the disk which
      communicates through said free cross sectional area of the ring with the
      flow channels defined by said shaft ribs, whereby fluid to be filtered
      flows between the ribs on the second side of a filter disk through the
      filter medium on the first side of its adjacent filter disk to be filtered
      thereby, and the filtrate then flows into said passage to said channels
      and filtrate outlet openings in the shaft.
NUM  2.
PAR  2. The filter unit as defined in claim 1 wherein the free cross-sectional
      area of said spacer rings diminishes from one filter disk to the other
      with the minimum cross-sectional area being located adjacent the outlet
      opening in said shaft and the maximum cross sectional area being located
      at the filter disk farthest from said outlet opening.
NUM  3.
PAR  3. The filter unit as defined in claim 2 wherein said cross-sectional area
      is determined by the number of spacer cams on the respective spacer rings.
NUM  4.
PAR  4. The filter unit as defined in claim 2 wherein the height of the radial
      ribs on said filter disks corresponds to the distance between two adjacent
      disks.
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ABST
PAL  Devices are disclosed which are useful in the simultaneous separation and
      filtration of the liquid portion of clotted whole blood and anti-coagulant
      treated whole blood. The devices are employed in novel apparatus of the
      invention, for the collection, separation and filtration of blood serum
      and blood plasma from clotted whole blood and anti-coagulant treated whole
      blood, respectively.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns devices and apparatus for the separation of blood
      serum and blood plasma, with the aid of centrifugal force, from whole
      blood mixtures.
PAR  2. Brief Description of the Prior Art
PAR  Devices and apparatus for the separation of blood serum and blood plasma
      from clotted whole blood and anticoagulant treated whole blood,
      respectively, by the aid of centrifugal force have been known prior to my
      invention. Representative of such devices are those disclosed in U.S. Pat.
      No. 3,508,653.
PAR  In general, the devices of the prior art employ a solid, elastomeric plug
      or piston which may or may not have a filter element mounted therein. The
      elastomeric piston forms a sliding seal with the inner walls of a tubular
      container for the blood mixture to be separated. The disadvantage of prior
      art devices employing solid elastomeric plugs as pistons resides in the
      fact that they must meet dimensional specifications of a very narrow range
      in order that a proper and effective seal is obtained between the
      collection container wall and the piston member.
PAR  The devices and assemblies of my invention are relatively simple in
      construction, and do not require the precise dimensional specifications of
      solid piston members previously employed for the separation of blood
      plasma or blood serum.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a device for the simultaneous filtration and
      separation of the liquid phase of blood from the substantially cellular
      phase thereof which comprises; a cylindrical filter member having a solid
      mass attached to the central portion of one end, said member and said mass
      together having a specific gravity within the range of from 1.03 to about
      1.09.
PAR  The invention also comprises unitary, self-contained assemblies for the
      separation of blood serum and plasma from whole blood, which employ the
      devices of the invention as components thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of an embodiment device of the invention.
PAR  FIG. 2 is a cross-sectional side elevation of a preferred embodiment of the
      device of FIG. 1, shown in use, prior to the separation and filtration of
      the liquid phase of a blood specimen.
PAR  FIG. 3 is a view as in FIG. 2 but following separation and filtration of
      the blood specimen.
PAR  FIG. 4 is a cross-sectional side elevation of an assembly of the invention.
PAR  FIG. 5 is a fragmentary cross-sectional side elevation of an alternate
      embodiment assembly of the invention.
PAR  FIG. 6 is a fragmentary cross-sectional view of an alternate embodiment.
PAR  FIG. 7 is a fragmentary view of the assembly in FIG. 4 but after initial
      centrifugation.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A complete understanding of the invention is conveniently obtained by
      referring to those embodiments illustrated in the accompanying drawings.
PAR  FIG. 1 is a view in perspective of a representative device of the
      invention. The device is a piston 9 which comprises a cylindrical filter
      member 12 having attached to one end a cylindrical mass 14. The mass 14 is
      of a lesser diameter than filter member 12 and is attached to the center
      of filter member 12 so that the periphery 16 of filter member 12 radiates
      beyond the body of mass 14. Filter member 12 may be any flexible
      filtration material which is inert to blood or reagents employed in the
      collection, storage and analysis of blood material. For example, filter
      member 12 may be fabricated from flexible porous plastic such as porous
      polyethylene, porous polyurethane, porous tetrafluoroethylene and the
      like; fiberglas in the form of woven sheets or batts; woven asbestos and
      like filtration materials. The filter materials employed will generally
      have pores which permit the passage of the liquid phase of a blood mixture
      but prevent passage of the insoluble, substantially cellular blood phase.
      In general, the pores of the filter deny passage of solid and semi-solid
      particulate material having a spherical diameter of greater than about 50
      microns. Preferred as a flexible filter material is a disc fabricated of
      open cell polyurethane foam having the above described porosity. This
      preference is based not only upon its suitability as a filter element, but
      also on its resiliency in shape as will be described more fully
      hereinafter. Most preferred as a filter material is a relatively dense
      polyurethane foam having pore sizes on the order of about 50 microns or
      less, i.e.; having a density of from about 15 to about 40 lbs. per cubic
      foot.
PAR  Mass 14 may be fabricated of any body or material which is inert to
      reaction with blood, blood constituents and reagents commonly employed in
      treating or analyzing blood. Illustrative of materials which may be used
      to fabricate mass 14 are polymeric materials such as
      acrylonitrile-butadienestyrene (ABS), polyacrylates, polycarbonates,
      polystyrene and the like. The density and dimensions of mass 14 are
      selected so as to provide the combination of mass 14 and filter 12 with an
      overall specific gravity of from about 1.03 to about 1.09, preferably from
      about 1.03 to about 1.05. The preferred shape of mass 14 is such that the
      length of mass 14 between ends 15a and 15b exceeds the diameter of the
      filter member 12. This assures that the device of the invention will be
      stable in operation as will be described hereinafter. Mass 14 may be
      hollow or solid in cross-section. Preferably mass 14 is a solid cylinder.
PAR  As shown in FIG. 1, mass 14 is attached to the lower end of filter 12 at
      the center thereof so as to leave exposed peripheral margin 16. Mass 14
      may be attached to filter member 12 in any conventional manner, i.e.; by
      adhesive, staples, pins and like conventional means of attachment.
PAR  The method of using the device of the invention is illustrated in FIGS. 2
      and 3. FIG. 2 is a cross-sectional view of a blood collection tube 11
      containing blood 2 which is to be separated by centrifugation into blood
      plasma or serum 5 and substantially cellular portion 6. The piston-like
      device 10 has been inserted into the open end of the tube 11. Device 10 is
      a preferred embodiment device of the invention differing from the device 9
      shown in FIG. 1 only in that the end 15b adjacent to the filter member 12
      is substantially cone shaped, to facilitate the complete descent of solid
      particulate matter which might otherwise adhere to mass 14. The dimensions
      of device 10 are such that filter member 12 periphery 16 lightly impinges
      upon the inner wall 20 of tube 11 to form a sliding fit 18 by a slight
      compression of the resilient and flexible filter member 12 at periphery
      16. The flexibility of member 12 allows it to flex upward on insertion so
      that there is only a light pressure of member 12 upon the inner wall 20 of
      tube 11. With device 10 in place, the entire assembly 22 is centrifuged in
      a conventional manner to effect separation of the blood into its component
      liquid and substantially cellular phases. During centrifugation, device 10
      is carried down tube 11 into the interface 4 between the separated liquid
      5 and solids 6 as seen in FIG. 3. During descent, the serum or plasma 5
      displaced by descending device 10 is forced through the pores of filter
      member 12 in the area of periphery 16. As the serum or plasma 5 passes
      through filter 12 it is filtered so that serum or plasma 3 above device 10
      is filtered so as to be substantially free of any particulate matter which
      may have remained suspended in the serum or plasma following
      centrifugation.
PAR  The specific gravity of device 10 is between about 1.03 and 1.09,
      preferably between 1.03 and 1.05. This specific gravity is generally less
      than the substantially solid portion 6 but more than the liquid portion 5
      of the blood mixture separated. Thus, during centrifugation, device 10
      automatically comes to rest in the area of the interface 4 between the
      relatively heavy solid phase 6 and the substantially lighter liquid
      portion 5.
PAR  Generally, device 10 has sufficient interference fit between the inner wall
      20 of collection tube 11 and the periphery 16 of filter member 12 so that
      the filtered serum 3 can be decanted from tube 11 following separation and
      filtration of the serum or plasma 3 without moving the piston 10. Filter
      member 12 in its deflected position forms the well-known mechanical toggle
      which greatly increases the friction force to be overcome for withdrawal,
      thereby holding device 10 in position at interface 4 during decantation of
      the filtered serum 3.
PAR  During descent of device 10 within tubular container 11, filter member 12
      is maintained substantially in the same position as shown in FIGS. 2 and
      3, i.e.; having its upper and lower surfaces substantially parallel to the
      plane normal to the long axis of tube 11. Stabilization and maintenance of
      filter member 12 in this position whereby periphery 16 maintains a sliding
      engagement with the inner wall 20 of tube 11 is one of the functions of
      mass 14 and is obtained by placement of mass 14 to put the center of
      gravity of device 10 precisely along the longitudinal axis of the center
      of tube 11. When the preferred mass 14 is employed, i.e.; one having a
      length exceeding the diameter of member 12 and having a close (but not
      impinging) diametral fit with the inner wall 20 of tube 11, tumbling of
      device 10 is obviated, thereby serving to keep periphery 16 of filter
      member 12 in contact with the walls 20 of tube 11.
PAR  FIG. 4 is a cross-sectional side elevation of a unitary, self-contained
      assembly which comprises a preferred embodiment of the invention for the
      collection, separation, filtration and storage of blood. The assembly,
      generally referred to by the numeral 30 comprises a tubular container 32
      having open ends 34 and 36 which are fitted with closures 38 and 40,
      respectively. Closure 38 is an elastomeric stopper which forms a
      compression fit with the inner walls 42 of tube 32. Closure 40 is
      similarly held in end 36 by a compression fit. Closures 38 and 40 have an
      annular recess 44 in their inner surface and a recess 46 in their outer
      surface, to provide a thin penetrable zone 48. Thin penetrable zone 48
      provides a zone for inserting a cannula into chamber 50 defined by tube
      32.
PAR  Mounted in tube 32 at the end distal to closure 40 is an alternate device
      52 embodiment of the invention which comprises a filter member 54 secured
      by a pin 56 to mass 58. That portion of mass 58 adjacent to filter member
      54 has groove 62 to receive O-ring seal 64 which forms a seal between mass
      58 and the inner walls 42 of tube 32 when seal 64 nests in the groove 62.
      The seal 64 serves to separate filter 54 apart from chamber 50 and is of a
      resilient, deformable, elastomeric material. A preferred seal 64 is
      fabricated from natural rubber. Seal ring 64 is frictionally mounted on
      the mass 58 and when device 52 descends under centrifugal force, friction
      between seal 64 and inner walls 42 causes the seal 64 to slide upward. out
      of groove 62 and into the smaller diameter groove 63 above it. The annular
      space defined by seal ring 64 has an inside diameter smaller than the
      diameter of groove 62 but greater than the diameter of groove 63 so that
      seal ring 64 is stretched when nested in groove 62 and recovers its normal
      size when moved to groove 63. Thus, when ring 64 is moved to groove 63,
      communication is established between filter member 54 and chamber 50 by
      ring 64 contracting to normal diameter. Device 52, comprising filter
      member, mass and seal ring has the specific gravity of between about 1.03
      and 1.09, preferably about 1.03 to about 1.05.
PAR  Assembly 30 is operated as follows. Whole blood or anti-coagulant treated
      whole blood is collected in chamber 50 through a cannula inserted through
      penetration zone 48 of closure 40. To assist filling chamber 50, the
      assembly 30 may be first air evacuated in any conventional manner. Whole
      blood received in chamber 50 is then allowed to coagulate. This generally
      occurs in about 30 minutes when the assembly is allowed to stand at room
      temperature. Anti-coagulant treated blood of course does not require any
      waiting time. When plasma is desired, chamber 50 may alternatively contain
      a proportion of anti-coagulant such as potassium oxalate for mixing with
      the whole blood as it is collected within chamber 50. The whole assembly
      30 is then centrifuged, to effect separation of the blood into its serum
      or plasma portion and its substantially cellular portion. During
      centrifugation, device 52 descends into the interface between serum or
      plasma and the substantially cellular or solid portion of the blood as
      previously described in relation to device 10 of FIGS. 2 and 3. Prior to
      centrifugation, and during filling of chamber 50 with blood, seal 64
      prevents the blood from contacting the periphery 66 of filter member 54.
      This prevents a premature clogging of the pores in filter 54 with solid
      particulate matter normally found in blood. During centrifugation, the
      centrifugal force on mass 58 and filter member 54 causes mass 58 to move
      downwards carrying seal 64 which rolls upward relative to piston 58. Seal
      64 then moves into groove 63 and contracts in size so that there is no
      contact between seal 64 and the inner wall 42 of tube 32 (shown best in
      FIG. 7.). This permits the displaced serum or plasma to move through the
      filter member 54 to the space being made available above descending device
      52. During passage through filter 54 the blood serum or plasma is filtered
      as previously described. When descent of device 52 halts, continued
      displacement of serum or plasma is terminated. The separated and filtered
      serum or plasma may be withdrawn by removing closure 38 and decanting or
      by inserting a cannula through closure 38 and withdrawing the fluid by
      means of a syringe.
PAR  FIG. 5 is a fragmentary cross-sectional side elevation of an alternate
      assembly embodiment of the invention, and differs from the embodiment
      illustrated in FIG. 4 in respect to the form of closure 38 and device 52.
      The separator device of the invention is referred to by the numeral 9 in
      FIG. 5 and has the construction of device 9 as seen in FIG. 1 supra.
      Closure 74 has an annular recess 76 in the lower surface, of such
      dimension as to receive container 70, and close the end 78 thereby. Within
      recess 76 and integral with the inner wall 80 of closure 74 is a sealing
      ring 82 which provides a constricted area for recess 76 of smaller
      diameter than the diameter of tube 70. Mounted within closure 74 is the
      device 9, in such a manner that the filter member 12 is above the
      constriction formed by ring 82 and thereby sealed apart from the confines
      of chamber 86 as defined by tube 70. The barrier separating filter 12 from
      chamber 86 is formed by the mating of seal ring 82 with the body of mass
      14 as shown in the FIG. 5. In the embodiment of FIG. 5, the filter member
      12 is protected from premature contact with the blood mixture during
      filling of chamber 86. During centrifugation the centrifugal force on mass
      14 causes it to slide out of engagement with seal ring 82 by moving
      axially downwards. During this sliding of mass 14 filter member 12 is
      pressed against seal 82, deforms and passes over the seal 82. Once past
      the seal 82, filter 12 conforms to the dimensions of tube 70 to form a
      sliding fit with the inner wall 90 of tube 70. In all other respects, the
      embodiment of FIG. 5 functions in the same manner as described for the
      unitary assembly of FIG. 4. The advantage of the embodiment illustrated in
      FIG. 5 resides in the elimination of the separate seal member 64 as
      described and shown in relation to FIGS. 4 and 7.
PAR  Although the above described embodiments represent preferred forms of the
      invention, they are not to be considered as defining the limits of the
      invention. For example, means of isolating the serum or plasma from the
      cellular elements after centrifugation may be employed. Illustrative of
      such means is that shown in FIG. 6, a cross-sectional, fragmentary side
      elevation of a unitary assembly similar to that shown in FIG. 4 except
      that a thin sheet 100 of blood impermeable, flexible material such as
      ethylene-vinyl-acetate copolymers, low density elastomeric material or
      like polymeric flexible material is interposed between filter 54 and mass
      58. The specific gravity of sheet 100 is about 0.1 to 1.0, preferably as
      low as possible. Sheet 100 may be attached to bolt 56 and divides the
      space between mass 58 and filter 54 into an upper zone 102 and a lower
      zone 104. Alternatively, sheet 100 may be affixed to the upper surface 106
      of mass 58 thus obviating area 104.
PAR  Sheet 100 is of such dimension as to just touch the inner walls 42 of
      container 32, and prevents mass transfer from cellular material into
      plasma or serum or vice versa. During centrifugation of the assembly to
      separate the blood mixture as previously detailed, the piston component 52
      descends. The pressure of displaced blood serum or plasma coupled with the
      upwards centrifugal force on sheet 100 due to its low density forces sheet
      100 to flex away from walls 42 and into area 102, providing a passageway
      for the displaced serum or plasma to reach filter member 54. After
      centrifugation sheet 100 establishes contact with walls 42 to seal area
      102 from 104 and thus isolate serum or plasma from cellular material.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. An assembly for the collection, separation and filtration of the liquid
      portion of blood, which comprises:
PA1  a tubular container having one open end and one closed end;
PA1  a removable closure for said open end;
PA1  a piston component which comprises,
PA2  a. a cylindrical flexible filter member slidably mounted in said container
      so as to form a sliding fit with the inner wall of said container and
      having a central portion and a peripheral portion; and
PA2  b. a mass member having a width which is less than the diameter of said
      filter member, said mass member being attached to the central portion of
      one end of said filter member so that the periphery portion of said filter
      member extends radially beyond said mass member, whereby said mass does
      not mate with the inner walls of said container, said filter member and
      said mass member together having a specific gravity within the range of
      from about 1.03 to about 1.09.
NUM  2.
PAR  2. The assembly of claim 1 wherein said filter member is an open cell
      polyurethane foam.
NUM  3.
PAR  3. The assembly of claim 1 wherein said filter member and said mass member
      together have a specific gravity within the range of from about 1.03 to
      about 1.05.
NUM  4.
PAR  4. The assembly of claim 1 wherein said mass has a length which exceeds the
      diameter of said filter member.
NUM  5.
PAR  5. The assembly of claim 1 wherein the end of said mass proximal to said
      filter member is conical.
NUM  6.
PAR  6. The assembly of claim 1 wherein said mass includes a sealing O-ring
      circumscribing said mass at a point adjacent to said filter member.
NUM  7.
PAR  7. An assembly for the collection, separation and filtration of the liquid
      portion of blood which comprises:
PA1  a tubular container having open ends;
PA1  a first closure sealing one of the open ends of the container and a second
      closure which is penetrable by a cannula sealing the other of said open
      ends, both of said closures being formed of self-sealing elastomeric
      material;
PA1  a piston component which comprises,
PA2  a. a flexible cylindrical filter member slidably mounted in said container
      so as to form a continuous sliding fit with the inner wall of said
      container; and
PA2  b. a solid mass attached to the central portion of one end of said filter
      member said mass having a width which is less than the diameter of said
      filter member whereby said mass does not mate with the inner walls of said
      container;
PA1  said filter member and said mass together having a specific gravity within
      the range of from about 1.03 to about 1.09; and
PA1  means for preventing contact between said filter member and blood collected
      within said tubular container, said means being removable by a centrifugal
      force.
NUM  8.
PAR  8. An assembly according to claim 7 wherein said filter member is an open
      cell polyurethane foam.
NUM  9.
PAR  9. An assembly according to claim 7 wherein the specific gravity of said
      filter member together with said mass and said means for preventing
      contact is from about 1.03 to about 1.05.
NUM  10.
PAR  10. An assembly according to claim 7 wherein said cylinder has a length
      which exceeds the diameter of said filter member.
NUM  11.
PAR  11. An assembly according to claim 7 wherein said mass has a conical end
      and said conical end is the point of attachment to said filter member.
NUM  12.
PAR  12. An assembly according to claim 7 wherein said means comprises a sealing
      ring mounted on said cylindrical mass and which in association with said
      cylindrical mass and the inner walls of said container seals the space
      between said mass and said walls below said filter member.
NUM  13.
PAR  13. An assembly according to claim 7 wherein said means comprises a sealing
      ring mounted on said first closure and which in association with said mass
      seals the space between said mass and the inner walls of said tubular
      container beneath said filter member.
NUM  14.
PAR  14. The assembly of claim 7 wherein said first closure comprises:
PA1  a. an elastomeric plug having an annular recess in one surface thereof;
PA1  b. an annular sealing ring integral with the interior sidewall of said
      recess, said ring dividing said recess into an inner and an outer zone,
      said outer zone being adapted to receive the open end of a tubular
      container;
PA1  said filter member being mounted within the inner zone of said recess and
      said recess and said inner zone being sealed by said means for preventing
      contact between said filter member and blood collected within said tubular
      container, said means being the mating of said cylindrical mass with said
      sealing ring.
PATN
WKU  039310191
SRC  5
APN  5501881
APT  1
ART  176
APD  19750218
TTL  Reinforced coalescing cell
ISD  19760106
NCL  3
ECL  1
EXP  Adee; John
NDR  1
NFG  3
INVT
NAM  Fowler; Leslie L.
CTY  Tulsa
STA  OK
ASSG
NAM  Products and Pollution Controls Co.
CTY  Tulsa
STA  OK
COD  02
RLAP
COD  72
APN  408458
APD  10731023
PSC  03
CLAS
OCL  210485
XCL  210489
XCL  210DIG5
EDF  2
ICL  B01D 2522
FSC  210
FSS  222;192;198;489-491;448;485;502-510;DIG. 5
UREF
PNO  926038
ISD  19090600
NAM  True
XCL  210485
UREF
PNO  2164142
ISD  19390600
NAM  Moore
OCL  210490
UREF
PNO  2395301
ISD  19460200
NAM  Sloan
XCL  210505
UREF
PNO  2405838
ISD  19460800
NAM  Lawson et al.
OCL  210DIG.5
UREF
PNO  3016345
ISD  19620100
NAM  Price
OCL  210DIG.5
UREF
PNO  3228527
ISD  19660100
NAM  McPherson
OCL  210DIG.5
UREF
PNO  3231091
ISD  19660100
NAM  Kingsburn et al.
OCL  210DIG.5
UREF
PNO  3241680
ISD  19660300
NAM  Humbert, Jr.
OCL  210484
ABST
PAL  A cell for coalescing oil droplets dispersed in a water emulsion including
      a perforated core into which the emulsion is injected, a layer of emulsion
      breaking fibrous material wound about the core through which the emulsion
      passes, and a helical wire wrapping on the outside of said fibrous
      material. The wire wrapping is of selected tension and spacing.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of application Ser. No. 408,458, filed Oct.
      23, 1973, entitled: REINFORCED FILTER CELL and now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  A problem frequently encountered in industry is that of separating oil from
      a water emulsion. While the problem may arise in many ways, an example is
      that which occurs when oil is spilled on the surface of water, such as
      when an underwater pipeline breaks, a tanker carrying crude develops a
      leak or breaks up in a storm, or the like. In addition to these accidental
      instances wherein water is mixed with oil, in many industries the problem
      occurs as a normal part of manufacturing and treating processes utilizing
      methods and facilities wherein the mixing of oil and water cannot be
      averted.
PAR  In all these instances it is necessary to provide some means of extracting
      or separating the entrained oil from the water. In a broader sense the
      problem is that of separating an entrained immiscible liquid from a water
      base medium, oil and other petroleum products being good examples of such
      immiscible liquids.
PAR  One of the best known methods of separating oil from water is the use of a
      coalescing cell. As an example, reference may be had to U.S. Pat. No.
      3,450,632 which describes a method of separating oil dispersed in a liquid
      medium by coalescing the oil droplets. The emulsion is passed through
      fibrous material which causes the dispersed oil droplets to coalesce and
      float to the surface of the water.
PAR  This invention relates to a method of improving the effectiveness of
      coalescing oil droplets suspended or entrained in a water phase. More
      particularly, the invention is directed towards improving the
      effectiveness of the coalescing action of fibrous materials through which
      oil and water emulsions are passed.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide an improved cell for
      coalescing oil droplets dispersed in a water emulsion.
PAR  More particularly, an object of this invention is to provide a method of
      improving the coalescing of oil droplets dispersed in a water emulsion.
PAR  Still more particularly, the invention relates to a cell comprising a
      central tubular perforated core with at least one batt of fibrous material
      wound around the outside of said batt and a helical wound reinforcing wire
      wound on the exterior cylindrical surface of the fibrous material, said
      winding of selected tension and spacing.
PAR  These general objects, as well as other objects, will be fulfilled in the
      apparatus and method to be described, taken in conjunction with the
      attached drawings.
DRWD
PAC  DESCRIPTION OF VIEWS
PAR  FIG. 1 is an elevational view of an embodiment of a separator for
      separating oil suspended in a water emulsion, the separator being shown
      partially cut away to show an elevational view of an improved cell for
      coalescing oil droplets dispersed in a water emulsion.
PAR  FIG. 2 is a cross-sectional view taken along the line 2--2 of the cell of
      FIG. 1 showing the construction of the cell.
PAR  FIG. 3 is an exterior view of the cell containing a tubular core and
      wrapping of fibrous material, bound by a helical wire wrapping.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings and first to FIG. 1, an oil-water separator is
      generally indicated by a numeral 10. The separator includes a vessel 12
      having a removable top 14, a water outlet 16 in the bottom thereof and oil
      outlet 18 in the side wall adjacent top 14. Vessel 12 is supported on legs
      21. Emulsion is introduced into the vessel through inlet 20. Positioned
      within the vessel is a cell, generally indicated by the numeral 22, which
      performs the function of coalescing oil droplets entrained in the emulsion
      introduced through inlet 20 to effect the separation of the two liquids.
PAR  The upper end of inlet 20 is provided with a plate 24. An opposed upper
      plate 26 is affixed to the lower end of a downwardly extending rod 28
      affixed to the interior of the vessel, such as to a bar 30 extending
      across the top portion. Thus the cell 22 is positioned between plates 24
      and 26 in a manner to receive the flow of emulsion from inlet 20.
PAR  The specific arrangement for supporting cell 20 in vessel 10 is illustrated
      as an example only and is not a part of the invention. Many means are
      known for supporting filter cartridges and the like in vessels in a
      removable and leakproof arrangement all of which may be utilized in
      practicing the invention.
PAR  The essence of the invention is the construction cell 22. As shown in FIG.
      1, the cell 22 includes an upper end cap 32 which sealably engages plate
      26 and a lower end cap 34 which engages lower plate 24.
PAR  Referring to FIG. 2, a cross-sectional view of cell 22, the construction of
      the cell is best illustrated. The cell includes an elongated perforated
      core tube 36. By means of an opening in lower end cap 34 the interior of
      core tube 36 communicates with the interior of inlet 20 so that emulsion
      injected into inlet 20 flows into the interior of core tube 36 and out
      through the perforations therein. Wound about core tube 36 is a plurality
      of layers of material having the characteristic of achieving the
      coalescence of dispersed oil droplets. The layers may vary as to
      composition, porosity, density, thickness and so forth. As an example, the
      first layer 38 surrounding core tube 36 may be of emulsion breaking
      fibrous material, such as polyester fibers, acrylic fibers, modacrylic
      fibers or fiberglass. The next layer 40 may be a structural layer, such as
      a fiberglass screen to protect the outer layers of material from inlet
      fluid pressures.
PAR  The next three layers 42, 43 and 44 may be of fibrous material such as the
      material above mentioned. The layers may be of varying densities. Next may
      be provided a fiberglass layer 46 followed by a fiber layer 48 and a third
      fiberglass layer 50.
PAR  The cell described to this point is not unlike other cells of known use for
      coalescing dispersed oil droplets in a water emulsion to separate oil from
      water. The improvement of this invention is the provision of means for
      augmenting the efficiency and effectiveness of coalescing of oil droplets
      as they migrate outwardly from the core tube 36 to the exterior of the
      cell 22. The essence of this invention is the provision of improved means
      of causing the coalescence of oil droplets. It has been learned that by
      wrapping the outer layer 52 of fibrous material with a selected metal of
      selected tension and spacing between turns the capability of the cells are
      enhanced for the formation of large drops or globules of oil as the
      emulsion passes from the interior to the exterior of the cell.
PAR  The purpose of the wrapping is to vary the density, porosity and
      permeability in accordance with the type of mixture, to enhance the
      separation of the oil and water. When the wire turns are spaced widely
      apart, there is considerable variation in density, porosity and
      permeability along the length of the cell. This permits the fluid mixture
      to seek the conditions that are best for the separation of the oil into
      droplets. Also, as the interstices between the fibers become clogged with
      dirt, wax, etc., as more and more mixture is passed through the cell the
      portions of the cell between the wires turns, where the spacings between
      the fibers were originally greatest, are still available for the passage
      of fluid, etc. This permits longer operating cycles between cleaning, for
      example.
PAR  The cell of this invention may be employed utilizing vessels having many
      configurations that substantially depart from that of vessel 10 and in
      which the cells are arranged in many different ways. In addition, the
      configuration of the cell required to practice the invention may depart
      drastically from the illustrated embodiment.
PAR  As shown in FIG. 1 the emulsion entering inlet 20 passes outwardly through
      the cell 22. As the dispersed oil droplets migrate through the cell they
      are caused to coalesce into larger droplets by the action of the emulsion
      breaking fibrous material. As the oil droplets move to the exterior of the
      cell they grow in size sufficient to form globules which overcome the
      surface tension of the cell and the water to arise to the surface to form
      a layer of oil 56. The oil thus accumulates on top of water 58 contained
      in the lower portion of the vessel.
PAR  The collected oil 56 passes out of the vessel through outlet 18 while water
      is drawn off through outlet 16. Means must be provided for maintaining the
      level of water in vessel 12. Many different means are known and utilized
      in industry for this purpose, including the use of interface floats (not
      shown).
PAR  The tension and spacing of the wire applied to a cell varies depending upon
      these primary factors:
PAR  a. the design pressure differential between the interior and exterior of
      the cell, that is, the pressure drop of fluid flowing through the cell;
PAR  b. the material of which the cell is made, short fiber material and
      nonwoven material requiring closer spacing than woven or long fiber
      material.
PAR  Filter cells of the type described of four to 6 inches in diameter have
      been constructed to withstand a pressure differential of approximately 60
      pounds. When the filter media is of nonwoven fibrous material, stainless
      steel wire of about 0.032 inch diameter is helically wound on the cells
      with spacing of about 1/2 inch. When the cells are intended for use for
      higher pressure applications, such as in the 70 to 80 pound range, the
      spacing between the wire is reduced to 1/4 inch. When the cells are
      constructed with filter media of woven long fiber material, such as long
      fiber cellulose or plastic materials, the spacing of the wire is reduced
      to one inch.
PAR  The wire is applied by rotating the cells with the wire being fed onto the
      cells. Sufficient tension is applied to the wire as it is fed onto the
      exterior of the rotating cells so that the wire causes a crease or helical
      indentation in the cylindrical surface of the cell, such that the radius
      from the axis of the cell to the point contacted by wire is less than the
      radius to the exterior of the filter media between the spaced wires, as
      illustrated in FIG. 3.
PAR  The wire may be wound on the rotating cell manually or by machine. The
      tension applied to the wire is preferably in the range of 10 to 25 pounds,
      with a tension of between 15 to 18 pounds being that which provides the
      desired results of reinforcing the cell without unnecessary stress on the
      cell fibrous materials.
PAR  The preferred embodiment of the invention utilizes a stainless steel wire
      of about 0.032 inch diameter, applied to the exterior of a cell to form a
      helical indentation therein, the wire being spaced apart from 1/4 inch to
      1 inch and applied with a tension of about 10 to 25 pounds. As long as the
      pressure differential and materials remain the same, the diameter of the
      cell does not materially change the wire spacing.
PAR  While the invention has been described with a certain degree of
      particularity, it is manifest that many changes may be made in the details
      of construction, the steps of practice, and the arrangement of components
      without departing from the spirit and scope of this disclosure. It is
      understood that the invention is not limited to the embodiment set forth
      herein for purposes of exemplification, but is to be limited only by the
      scope of the attached claim or claims, including the full range of
      equivalency to which each element or step thereof is entitled.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A coalescing cell for use in coalescing oil dispersed in a water
      emulsion, comprising:
PA1  an elongated perforated tube core into which emulsion is injected;
PA1  at least one layer of emulsion breaking fibrous material wound around said
      core through which emulsion is forced to pass; and
PA1  a length of wire wound helically on the exterior cylindrical surface of
      said fibrous material, the wire being wound thereon with a tension of
      about 10 to 25 pounds, the spacing between the wire being between 1/4 inch
      and 1 inch, the wire forming a helical indentation in the cylindrical
      surface of the fibrous material.
NUM  2.
PAR  2. A coalescing cell according to claim 1 wherein said wire is of stainless
      steel and of a diameter of about 0.032 inch.
NUM  3.
PAR  3. A coalescing cell according to claim 1 in which said wire is wound on
      said cell at a tension of between 15 and 18 pounds.
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ABST
PAL  A lubricant for high temperature metal forging applications comprises a
      water soluble inorganic salt whose melting point is below the metal
      working temperature, in admixture with an inorganic salt which decomposes
      to a gas at temperature below the metal working temperature, and one or
      more particulate lubricants. The low melting point inorganic salt is
      sodium nitrite and the decomposible salt is sodium bicarbonate. The
      particulate lubricant material may be graphite and/or zinc oxide pigment
      powder. Water may be added to the mixture and, in such case, surfactants
      and thickening agents are added to the formulation. Minor amounts of other
      ingredients such as an anti-oxidant, may also be added to the water-based
      embodiments.
BSUM
PAR  The present invention is concerned with a lubricant for forging and
      extrusion operations in which metals are heated to an elevated temperature
      and the hot metals forged or otherwise worked by dies, presses or other
      appropriate metal forming tools.
PAR  More particularly, the invention is concerned with an improved smokeless
      lubricant with excellent lubrication properties and excellent ability to
      cling or adhere to the metal and tool surfaces to be lubricated, even at
      elevated metalworking temperatures, and excellent part-release properties.
PAR  The use of lubricants to lubricate metal and metal-forming tools during
      high temperature forging, or other operations, is of course well known in
      the art.
PAR  In high temperature metal working operations, such as forging operations,
      the hot metal billets or slugs, which are usually heated to a working
      temperature between about 1300.degree.F to 2500.degree. F, are hammered or
      stamped in a forging die, or the like, to form them into the desired
      shape. These dies, which are generally made of extremely hard alloy steel,
      are nonetheless subject to scoring and heat checking by the hot metal
      billets, which also have a tendency to be "welded" to the die. This causes
      rapid wearing and deterioration of these dies, which must then be
      discarded and replaced.
PAR  Another problem which arises with certain shaped parts forged in closed
      dies, is the difficulty of releasing the part from the die after it has
      been formed.
PAR  It is well known, of course, to ameliorate these problems by the use of a
      suitable lubricant to be employed during the high temperature metal
      forming operation.
PAR  The use of oil based lubricants has been long known in the art. Oil based
      lubricants have extremely good lubricating properties even under extremely
      high pressures such as are attained in metal working dies. However, oil
      based lubricants tend to decompose at the high temperatures involved and
      cause odor, large quantities of smoke and staining of the dies and
      workpieces.
PAR  It is also known in the art to employ water-base lubricants such as
      colloidal suspensions of graphite in water. For example, see U.S. Pat. No.
      2,821,016 (W. M. Dickson, Jan. 28, 1958). Water-base lubricants are
      generally better coolants than oil based lubricants and not as susceptible
      to decomposition and smoking. However, water-base lubricants have the
      disadvantages that they are less adherent, i.e., they do not stick to the
      hot metal parts as well as do oil-based lubricants. Further, the water
      content of water-base lubricants causes corrosion of the dies and
      workpieces, and the stored lubricant is susceptible to hydration and phase
      separation of some components. It is well known in the art to attempt to
      overcome at least some of these shortcomings of water-base lubricants by
      adding various additives thereto. Accordingly, it is known to add
      anti-oxidants to overcome the corrosion problems and to add surfactants to
      assist in maintaining the graphite or other lubricant particles in
      suspension in the water base. One of the primary difficulties remaining is
      the low degree of adhesion of water-base lubricants to the heated dies and
      workpieces.
PAR  It is also known in the art to include inorganic salts in oil or grease
      lubricants. See U.S. Pat. No. 1,913,953 (R. S. Prendergast et al, June 13,
      1933), U.S. Pat. No. 2,614,986 (A. Beerbower et al, Oct. 21, 1952) and
      U.S. Pat. No. 3,676,342 (A. Gathman, July 11, 1972). The use of inorganic
      salts in dilute water base lubricating agents is also known. See U.S. Pat.
      No. 3,046,225 (J. L. Murray et al, July 24, 1963), U.S. Pat. No. 3,177,144
      (T. E. Reamer et al, Apr. 6, 1965), U.S. Pat. No. 3,249,538 (R. Freier,
      May 3, 1966) and U.S. Pat. No. 3,265,620 (D. K. Heiman, Aug. 9, 1966).
PAR  A very old patent, U.S. Pat. No. 343,943 (J. H. Brown, June 15, 1886)
      discloses the use of a mixture of inorganic salts, either dry or in
      water-paste form, for use as a lubricant for railroad car-axle bearings.
PAR  Other patents of general interest in the art which show the use of
      inorganic salts in lubricant compositions are U.S. Pat. No. 1,253,362 (K.
      Farkas, Jan. 15, 1918), U.S. Pat. No. 2,252,385 (G. H. Orozco, Aug. 12,
      1941) and U.S. Pat. No. 3,679,459 (V. D. Rao et al, July 25, 1972).
PAR  It is accordingly an object of the present invention to overcome the
      foregoing problems and to provide a forging lubricant which can be used
      dry, or as a water base lubricant, which overcomes the difficulties and
      problems heretofore associated with water-base lubricants, and which
      provides a simple and inexpensive formulation which is a highly efficient
      lubricant, adheres well to dies and other parts to which it is applied,
      serves as a "lifting agent" to help separate formed parts from dies, does
      not cause smoking or other decomposition problems associated with oil base
      lubricants, and may be applied by spraying, brushing, dipping, or
      sprinkling in paste or dry powder form.
PAR  In accordance with the present invention, a metal working lubricant
      comprises a mixture of inorganic salts, including sodium bicarbonate and
      sodium nitrite, at least one of which (sodium nitrite) melts at or below
      the metal working temperature at which it is to be used, and at least one
      of which (sodium bicarbonate) decomposes to a gas at or below the metal
      working temperature, in combination with particulate lubricants.
PAR  The low melting temperature inorganic salt acts as a vehicle which adheres
      to heated metal surfaces and thereby holds the particulate lubricant to
      the surface to be protected. The melted salt itself also has lubricating
      properties. The decomposible inorganic salt forms a gaseous interface
      between the parts to be lubricated, thus serving both a lubricating
      function and a "lifting agent" function by helping to separate the part
      from the die by virtue of the pressure of the evolved gas. The
      decomposition to a gas may be explosive in nature, literally lifting the
      part out of the die. Naturally, the low melting point salt may decompose
      and the decomposible salt may melt at certain temperatures within the
      metal working range.
PAR  In accordance with one aspect of the invention, the inorganic salts
      employed are water soluble.
PAR  In accordance with one aspect of the invention, the decomposible inorganic
      salt is sodium bicarbonate, the low melting point inorganic salt is sodium
      nitrite, and the particulate lubricant is selected from the class
      consisting of graphite and zinc oxide. Zinc oxide will not carbonize steel
      as do organic lubricants, i.e., oil. The sodium nitrite melts and adheres
      well to hot metal surfaces.
PAR  In one embodiment of the invention, sufficient water is added to the
      aforesaid composition to prepare a thick paste, and minor amounts of a
      suitable surfactant and anti-oxidant are added to the composition. Other
      ingredients may be added in minor amounts to adjust the pH of the solution
      or of components thereof.
PAR  The decomposition point (to yield CO.sub.2 gas) of sodium bicarbonate is
      about 270.degree.C (518.0.degree. F) and the melting point of sodium
      nitrite is about 271.degree. C (519.8.degree.F). Zinc oxide sublimates at
      about 1800.degree.C (3,272. .degree.F) and graphite sublimates at about
      3,500.degree.C (6,332.degree.F). Consequently, at any point throughout the
      usual range of metal working temperatures, e.g., 1,300.degree.F to
      2,600.degree. F(704.4.degree.C to 1,426.7.degree. C), the nitrite salt
      will melt, the bicarbonate will decompose, and the lubricant particles
      will be stable.
PAR  In a typical operation, for example, the forming of steel plugs in a 50 ton
      metal working press, the press plates are heated to about 700.degree.F to
      800.degree.F(371. .degree.C to 426.7.degree.C) and the metal slugs to be
      worked are heated to about 2,200.degree.F (1204.4.degree.C). The lubricant
      of the invention applied in dry powder or paste form as convenience
      dictates, adheres to surfaces to be lubricated, by virtue of the fact that
      the sodium nitrite melts and clings to the heated surfaces, keeping the
      particulate lubricant particles in contact therewith, and the sodium
      bicarbonate decomposes to form a gaseous interface between adjacent heated
      surfaces.
PAR  In general, at the lower end of the metal working temperature range, a
      lower ratio of inorganic salts (sodium bicarbonate, sodium nitrite) to
      particulate lubricant is preferred, and at the higher end of the metal
      working temperature range, a higher proportion of the inorganic salts to
      particulate lubricant is preferred.
PAR  A wide range of proportions of the essential ingredients (sodium
      bicarbonate, sodium nitrite, and particulate lubricant) may be utilized,
      depending on the particular mode of application of the lubricant and the
      temperature range involved. In general, the proportion range of essential
      ingredients is as follows in Tables I and II.
TBL                TABLE I                                                     

     ______________________________________                                    

     Dry Lubricant                                                             

     Ingredient        Weight Percent                                          

     ______________________________________                                    

     Sodium bicarbonate (NaHCO.sub.3)                                          

                       25% - 76%                                               

     Sodium nitrite (NaNO.sub.2)                                               

                        8% - 32%                                               

     Particulate lubricant                                                     

                        5% - 65%                                               

     ______________________________________                                    

TBL                TABLE II                                                    

     ______________________________________                                    

     Water Base Lubricant                                                      

     Ingredient              Weight Percent                                    

     ______________________________________                                    

     Sodium bicarbonate (NaHCO.sub.3)                                          

                             10%-55%                                           

     Sodium nitrite (NaNO.sub.2)                                               

                              3%-15%                                           

     Particulate lubricant    4%-40%                                           

     Minor ingredients (surfactant, thickening                                 

     agent,etc)              Less than 1%                                      

     Water                   Balance                                           

     ______________________________________                                    

PAR  The particulate lubricant may be zinc oxide, graphite, or a mixture
      thereof.
PAR  As used in the claims, the term "thickening agent" includes chemicals (such
      as sodium hydroxide) added thereto to adjust the pH thereof.
PAR  For best results, it has been found that the ratio of the total weight of
      inorganic salts (sodium bicarbonate and sodium nitrite) to the total
      weight of particulate lubricants should be varied, depending on the metal
      working temperature involved. At the low end (about 1300.degree.F) of the
      metal working temperature range, a low ratio (as low as 0.4:1) of
      inorganic salts: particulate lubricant is preferred. At the high end
      (about 2600.degree.F) of the metal working temperature range a high ratio
      (as high as 17:1) of inorganic salts: particulate lubricant is preferred.
PAR  The invention may be better understood by referring to the following
      detailed description of specific embodiments thereof.
PAR  A dry smokeless forging lubricant of good lubricity and with the ability to
      cling satisfactorily to forging dies consists of the following ingredients
      in the proportions given.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Ingredients     Parts by Weight                                           

                               Example                                         

     __________________________________________________________________________

     Sodium Bicarbonate (NaHCO.sub.3)                                          

                     40-60     2000-3000 grams                                 

     Sodium Nitrite (NaNO.sub.2)                                               

                     10-30      500-1500 grams                                 

     Graphite        3-6        150-300 grams                                  

     __________________________________________________________________________

PAR  The graphite is "Superflake" brand graphite, manufactured by Superior
      Graphite Company, or the equivalent.
PAR  The foregoing provides a black, smokeless lubricant powder which may be
      directly applied to forging dies which, upon being heated to working
      temperature, say 700.degree. to 800.degree.F, in order to process billets
      heated to, say, 2,200.degree.F, will cause the sodium nitrite to melt and
      the sodium bicarbonate to rapidly decompose to yield carbon dioxide gas.
      The melted salt serves as a binder, clinging to the die or plate surfaces
      and holding the graphite particles suspended therein.
PAR  If it is desired to apply the lubricant in the form of a paste, sufficient
      water is added so that the total mixture of the example makes on gallon of
      volume. Minor amounts of Triton QS44 brand surfactant (manufactured by
      Rohm and Haas Company) or the equivalent together with 10 to 20 grams of
      Carbopol 904 brand anti-oxidant (manufactured by The B. F. Goodrich
      Company) or the equivalent are desirably also included.
PAR  A white smokeless forging lubricant comprises the following formulation:
TBL                Table IV                                                    

     ______________________________________                                    

     Formula II                                                                

     Ingredients  Parts by Weight                                              

                                Example                                        

     ______________________________________                                    

     Sodium Bicarbonate                                                        

                  40-60         2000-3000 grams                                

     Sodium Nitrite                                                            

                  10-30          500-1500 grams                                

     Zinc Oxide   3-6            150-300  grams                                

     ______________________________________                                    

PAR  The zinc oxide is a pigment powder grade of zinc oxide, or the equivalent.
PAR  The foregoing forms a white smokeless forging lubricant powder of similar
      characteristics to the black smokeless forging lubricant powder of Formula
      I.
PAR  As with the case of the black lubricant powder, water and surfactant and
      anti-oxidant as above may be added to make a paste.
PAR  The lubricant, whether in powder or paste form, may be applied by any
      suitable method, such as dripping, brushing, swabbing, dry rolling or
      spraying the powder or paste onto the part or parts to be lubricated.
PAR  Because the lubricant may be employed as a dry powder mixture, it can be
      applied by sprinkling or dusting, in a manner not feasible with liquid or
      paste lubricants. Also, the dry powder formulation avoids the necessity
      for surfactants, anti-oxidants or other additives, thus providing a
      simpler, readily usable formulation.
PAR  The composition of the invention employs selected water-soluble inorganic
      salts in either powder or paste form (water base) so that at least one of
      the inorganic salts melts and adheres to the hot surfaces to be
      lubricated, and at least one decomposes to form a gas. The particular
      salts selected overcome prior art deficiencies of difficult adhesion,
      phase separation and hydration of ingredients.
PAR  A test comparing a lubricant formula made in accordance with the invention
      and the prior art formulation disclosed in the above-mentioned U.S. Pat.
      No. 343,943 to J. H. Brown, was carried out.
PAR  Three lubricant formulations were prepared as follows:
TBL  Lubricant A--                                                             

              Sodium bicarbonate                                               

                               51 grams                                        

              Sodium nitrite   14 grams                                        

              Graphite          5 grams                                        

              Water            30 grams                                        

     Viscosity and settling control ingredients 1 gram                         

     Lubricant B--                                                             

              Sodium carbonate 51 grams                                        

              Potassium nitrate                                                

                               14 grams                                        

              Graphite          5 grams                                        

              Water            30 grams                                        

     Viscosity and settling control ingredients 1 gram                         

     Lubricant C--                                                             

              Sodium carbonate 32 grams                                        

              Potassium nitrate                                                

                               32 grams                                        

              Graphite          6 grams                                        

              Water            30 grams                                        

PAR  The composition of lubricant A is in accordance with the teachings of this
      invention; that of Lubricant B utilizes the ingredients disclosed in the
      Brown patent in the same proportion as the closest equivalent ingredients
      in the composition of applicant's Lubricant A, and the composition of
      Lubricant C is in accordance with the disclosure in the Brown patent.
PAR  After preparation, a portion of each of the three Lubricants was stored
      with the following results. Lubricant A was stable, except for soft
      settling of some of the solids in the liquid over a period of several
      months. Both Lubricant B and Lubricant C, after about three days, formed a
      solid, damp mass. Apparently, a hydration reaction occurred.
PAR  Freshly prepared formulations of Lubricants A, B, and C were tested in the
      forging of steel slugs. In separate lubricant application tests, each of
      these lubricant formulations was applied to the surfaces of a forging die
      heated to between about 700.degree.F to 800.degree.F. Lubricant A spread
      well when brushed onto the die surfaces. Brush marks were observed as the
      material was spread. Both Lubricant B and Lubricant C boiled and
      "balled-up" on application, forming small spheroids on the die surfaces.
      It was necessary to practically pour these latter two lubricants onto the
      die surfaces to attain sufficient coverage to conduct the forging tests
      described below.
PAR  In separate forging tests, a steel slug, heated to about 2,200.degree.F was
      compressed under a lubricated forging die, which had been lubricated as
      described above in connection with the application tests. The forging dies
      were heated to between about 750.degree.F to 800.degree.F. Overall,
      Lubricant A provided "coins" forged from the slugs, which coins had
      diameters about 10 to 20% greater than those obtained under otherwise
      identical conditions with Lubricant B or C. This indicates, at least
      qualitatively, the great lubricity of Lubricant A as compared to either
      Lubricant B or Lubricant C.
PAR  The formulation of the Brown patent was chosen for comparison with a
      formulation in accordance with the invention because Brown teaches using
      his lubricant composition in dry or paste form, and in this respect is
      closer to applicant's teaching than any of the other prior art of which
      applicant is aware. However, it is noted that Brown teaches utilization of
      his lubricant formulation in connection with lubricating bearings and not
      for use at the substantially higher temperatures involved in metal forming
      operations.
PAR  In any event, the test results clearly indicate the inadequacy of the Brown
      composition for use in metal forming operations. This is not intended to
      deprecate in any way the teachings of the Brown disclosure, which, as
      aforesaid, deals with a formulation for lubricating bearings, a less
      rigorous application for a lubricant than metal working.
PAR  The following table gives a number of specific lubricant formulations in
      accordance with the present invention, which formulations have been
      successfully tested in metal forming operations. All the formulations
      provided excellent lubricating characteristics and part release from the
      forming die.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     EXAMPLES                                                                  

     Formulation   M-3         M-7         M-9         No. 3 Swab              

     Ingredient    lbs.  wt%   lbs.  wt%   lbs.  wt%   lbs.  wt%               

     __________________________________________________________________________

     Sodium bicarbonate                                                        

                   177.00                                                      

                         44.23 125.00                                          

                                     31.27 49.95 12.43 102.00                  

                                                             51.00             

     Sodium nitrite                                                            

                   47.50 11.90 28.00 7.00  15.00 3.75  28.00 14.00             

     Surfactant                                                                

     (Triton QS44 Brand)                                                       

                   0.12  0.03  1.53  0.38  0.84  0.21  1.00  0.50              

     Graphite      24.00 6.00  150.00                                          

                                     37.50 118.00                              

                                                 29.55 9.50  4.75              

     Thickening Agent                                                          

     Carbopol      0.14  0.04  1.80  0.45  0.73  0.18  0.50  0.25              

     Sodium Hydroxide                                                          

                   0.40  0.10  0.40  0.10  0.07  0.02  0.20  0.10              

     Water         150.84                                                      

                         37.70 93.27 23.30 215.41                              

                                                 53.86 58.80 29.40             

     TOTAL         400   100   400   100   400   100   200   100               

     __________________________________________________________________________

TBL                TABLE VI                                                    

     ______________________________________                                    

     WEIGHT PERCENT RANGE OF INGREDIENTS                                       

     OF TABLE I EXAMPLES                                                       

             M-3    M-7      M-9      No. 3 Swab                               

     ______________________________________                                    

     Sodium                                                                    

     Bicarbonate                                                               

               42-46%   29-33%   11-14% 49-53%                                 

     Sodium Nitrite                                                            

               11-13%   6- 8%    3- 5%  13-15%                                 

     Graphite  5- 7%    35-39%   27-32% 31/2-51/2%                             

     Water     35-39%   21-25%   51-55% 27-31%                                 

     ______________________________________                                    

PAR  The formulations identified as M3, M7 and M9 in the above table are
      particularly adapted to be applied to the surfaces to be lubricated by
      being sprayed on by any suitable applicator spray. The formulation
      identified as "No. 3 Swab", is particularly adapted to be applied by
      brushing onto the surfaces to be lubricated.
PAR  The graphite formulations given in the above table are black in color.
      Corresponding formulations white in color may be prepared by substituting
      for the indicated quantity of graphite formulations, the identical
      quantity of zinc oxide.
PAR  In each case (including corresponding zinc oxide formulations), the
      formulation is prepared as follows. To a major portion, but not all, of
      the water to be included in the formulation, is added the entire specified
      quantity of sodium bicarbonate, sodium nitrite and the (Triton
      brand)surfactant. This mixture is stirred in a high speed mixer until the
      ingredients are dissolved and/or dispersed. The graphite (or,
      alternatively, the zinc oxide) is then added to the mixture with stirring
      to disperse the particles of graphite or zinc oxide into the solution. The
      surfactant helps to maintain these particles suspended in the liquid.
PAR  The thickening agent is mixed in a separate container with the remainder of
      the water and the sodium hydroxide is added thereto. The sodium hydroxide
      neutralizes the acidity of the thickening agent, which would otherwise
      tend to react with sodium nitrite to form nitrous oxide. The thickening
      agent and water mixture, adjusted with the sodium hydroxide, forms a
      gelatinous mass which is added with stirring to the main body of the
      formulation. The result is a thickened paste-like mixture, which may be
      applied by brushing or spraying.
PAR  Table V shows the following weight ratios of inorganic salts to particulate
      lubricant for, respectively, the M-9, M-7, M-3 and No. 3 Swab
      formulations; 0.45:1, 1.02:1, 9.2:1, and 13.7:1. Accordingly, the M-9 and
      M-7 formulations are preferable for use in metal working operations near
      the lower end of the metal working temperature range (1300.degree.F to
      2600.degree.F) and the M-3 and No. 3 Swab near the higher end of this
      range.
PAR  Naturally, the formulation proportion may be varied considerably and may be
      used at any point within the metal working temperature range, but best
      results are believed obtained if these proportions roughly correspond to
      the corresponding point within the metal working temperature range.
PAR  While the invention has been described in detail with reference to specific
      embodiments thereof, it will be apparent that numerous modifications and
      alterations and additions thereto may be made by those skilled in the art
      after a reading and understanding of the foregoing description. It is
      intended to include all such modifications, alterations, and additions
      within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lubricant for metal working operations comprises a mixture of sodium
      bicarbonate, sodium nitrite, and a particulate lubricant selected from the
      group consisting of graphite and zinc oxide.
NUM  2.
PAR  2. The lubricant of claim 1, wherein the proportion by weight of the sum of
      sodium bicarbonate and sodium nitrite to particulate lubricant is between
      about 0.4:1 to about 17:1.
NUM  3.
PAR  3. The lubricant of claim 1 further including water.
NUM  4.
PAR  4. The lubricant of claim 1 wherein the essential ingredients thereof are
      present in the following proportions by weight percent of the total weight
      of lubricant:
TBL  Sodium bicarbonate    25% to 76%                                          

     Sodium nitrite         8% to 32%, and                                     

     Particulate lubricant  5% to 65%.                                         

NUM  5.
PAR  5. The lubricant of claim 3 wherein the water and essential ingredients are
      present in the following proportions by weight percent of the total weight
      of lubricant:
TBL  Sodium bicarbonate    10%-55%                                             

     Sodium nitrite         3%-15%                                             

     Particulate lubricant  4%-40%                                             

     Water and minor ingredients                                               

                           Balance                                             

NUM  6.
PAR  6. The lubricant of claim 5 further including a total of less than 1% by
      weight surfactant and thickening agent.
NUM  7.
PAR  7. A lubricant for metal working operations including the following
      ingredients present in the following proportions by weight percent of the
      total weight of the lubricant:
TBL  Sodium bicarbonate    42%-46%                                             

     Sodium nitrite        11%-13%                                             

     Particulate lubricant  5%- 7%                                             

     Water                 35%-39%                                             

PAL  wherein the particulate lubricant is selected from the class consisting of
      graphite and zinc oxide.
NUM  8.
PAR  8. The lubricant of claim 7 further including a total of less than 1% by
      weight of a thickening agent and a surfactant.
NUM  9.
PAR  9. A lubricant for metal working operations including the following
      ingredients present in the following proportions by weight percent of the
      total weight of lubricant:
TBL  Sodium bicarbonate    29%-33%                                             

     Sodium nitrite         6%- 8%                                             

     Particulate lubricant 35%- 39%                                            

     Water                 21%-25%                                             

PAL  wherein the particulate lubricant is selected from the class consisting of
      graphite and zinc oxide.
NUM  10.
PAR  10. The lubricant of claim 9 further including a total of less than 1% by
      weight of a thickening agent and a surfactant.
NUM  11.
PAR  11. A lubricant for metal working operations including the following
      ingredients present in the following proportions by weight percent of the
      total weight of lubricant:
TBL  Sodium bicarbonate    11%-14%                                             

     Sodium nitrite         3%- 5%                                             

     Particulate lubricant 27%-32%                                             

     Water                 51%-55%                                             

PAL  wherein the particulate lubricant is selected from the class consisting of
      graphite and zinc oxide.
NUM  12.
PAR  12. The lubricant of claim 11 further including a total of less than 1% by
      weight of a thickening agent and a surfactant.
NUM  13.
PAR  13. A lubricant for metal working operations including the following
      ingredients present in the following proportions by weight percent of the
      total weight of lubricant:
TBL  Sodium bicarbonate    49%-53%                                             

     Sodium nitrite        13%-15%                                             

     Particulate lubricant 31/2%-51/2%,                                        

     Water                 27%-31%                                             

PAL  wherein the particulate lubricant is selected from the class consisting of
      graphite and zinc oxide.
NUM  14.
PAR  14. The lubricant of claim 13 further including a total of less than 1% by
      weight of a thickening agent and a surfactant.
NUM  15.
PAR  15. The lubricant of claim 3 further including a surfactant and a
      thickening agent.
NUM  16.
PAR  16. The lubricant of claim 1 wherein the particulate lubricant is graphite.
NUM  17.
PAR  17. The lubricant of claim 4 wherein the particulate lubricant is graphite.
NUM  18.
PAR  18. A lubricant for metal working operations including the following
      ingredients present in the following proportions by weight percent of the
      total weight of the lubricant:
TBL  Sodium bicarbonate    42%-46%                                             

     Sodium nitrite        11%-13%                                             

     Graphite               5%- 7%                                             

     Water                 35%-39%                                             

NUM  19.
PAR  19. The lubricant of claim 18 further including a total of less than 1% by
      weight of a thickening agent and a surfactant.
NUM  20.
PAR  20. A lubricant for metal working operations including the following
      ingredients present in the following proportions by weight percent of the
      total weight of lubricant:
TBL  Sodium bicarbonate    29%-33%                                             

     Sodium nitrite         6%- 8%                                             

     Graphite              35%-39%                                             

     Water                 21%-25%                                             

NUM  21.
PAR  21. The lubricant of claim 20 further including a total of less than 1% by
      weight of a thickening agent and a surfactant.
NUM  22.
PAR  22. A lubricant for metal working operations including the following
      ingredients present in the following proportions by weight percent of the
      total weight of lubricant:
TBL  Sodium bicarbonate    11%-14%                                             

     Sodium nitrite         3%- 5%                                             

     Graphite              27%-32%                                             

     Water                 51%-55%                                             

NUM  23.
PAR  23. The lubricant of claim 22 further including a total of less than 1% by
      weight of a thickening agent and a surfactant.
NUM  24.
PAR  24. A lubricant for metal working operations including the following
      ingredients present in the following proportions by weight percent of the
      total weight of lubricant:
TBL  Sodium bicarbonate    49%-53%                                             

     Sodium nitrite        13%-15%                                             

     Graphite              31/2%- 51/2%                                        

     Water                 27%-31%                                             

NUM  25.
PAR  25. The lubricant of claim 24 further including a total of less than 1% by
      weight of a thickening agent and a surfactant.
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ABST
PAL  The instant invention relates to a process for controlling the viscosity of
      organic liquids by incorporating in said liquid a minor amount of an ionic
      polymer, and a cosolvent for the ionic groups of said polymer. The ionic
      polymer comprises a backbone which is substantially soluble in said
      organic liquid, and pendant ionic groups which are substantially insoluble
      in said organic liquid. A cosolvent is selected which will solubilize the
      pendant ionomeric groups and provide a reasonably homogeneous mixture of
      solvent, cosolvent and ionomeric polymer. The preferred compositions
      prepared by the method of the instant invention comprise an organic liquid
      having a solubility parameter of from 6 to 10.5 in combination with a
      sulfonated polymer containing from 0.2 up to 10.0 mole % ionic groups
      which has been neutralized by a basic material selected from Groups IA and
      IIA, IB and IIB of the Periodic Table of the Elements (and also lead, tin
      and antimony) and a nonvolatile alcohol or amine cosolvent. In a most
      preferred embodiment, the solvent is a high boiling paraffinic type oil,
      the polymer is a sulfonated noncrystalline olefin copolymer, comprising
      from 0.3 to 3.0 weight percent sodium or potassium sulfonate groups, and a
      C.sub.6 to C.sub.12 alcohol, or C.sub.2 --C.sub.12 glycol, or C.sub.3
      -C.sub.12 triol is used as the cosolvent.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The instant invention relates to a process for controlling the viscosity of
      organic liquids by incorporating in said liquid a minor amount of an ionic
      polymer, and a cosolvent for the ionic groups of said polymer. The ionic
      polymer comprises a backbone which is substantially soluble in said
      organic liquid, and pendant ionic groups which are substantially insoluble
      in said organic liquid. A cosolvent is selected which will solubilize the
      pendant ionomeric groups and provide a reasonably homogeneous mixture of
      solvent, cosolvent and ionomeric polymer. The preferred compositions
      prepared by the method of the instant invention comprise an organic liquid
      having a solubility parameter of from 6 to 10.5 in combination with a
      sulfonated polymer containing from 0.2 up to 10.0 mole % ionic groups
      which has been neutralized by a basic material selected from Groups IA and
      IIA, IB and IIB and also lead, tin and antimony of the Periodic Table of
      the Elements and a nonvolatile alcohol or amine as the cosolvent. In a
      most preferred embodiment, the solvent is a high boiling paraffinic type
      oil, the polymer is a sulfonated non-crystalline olefin copolymer,
      comprising from 0.3  to 3.0 mole percent sodium or potassium sulfonate
      groups, and a C.sub.6 to C.sub.12 alcohol, or C.sub.2 -C.sub.12 glycol, or
      C.sub.3 -C.sub.12 triol as the cosolvent.
PAC  BACKGROUND OF THE PRIOR ART
PAR  The rapid decrease in viscosity of liquids with increasing temperature is
      well known. Ideally, for many applications (automobile lubricants, etc.)
      it would be desirable to solve this problem so that liquid viscosity would
      be insensitive to temperature. Alternatively it might be desirable to
      provide liquid systems whose viscosities actually increase with
      temperature. To the best of our knowledge, neither of these goals have
      been accomplished in a reversible manner prior to this invention. It is
      true that with selected polymeric additives, it has been possible to
      reduce substantially the viscosity change with temperature which does
      occur with most oils and similar systems. These polymer additives, known
      as viscosity index improvers (or V.I. Improvers) are generally high
      molecular weight polymers.
PAR  The way in which these additives function can be summarized very briefly.
      In effect they perform two functions, i.e., thickening, which merely
      increases fluid viscosity; and Viscosity Index (V.I.) improvement, which
      corresponds to limited thickening at ambient temperatures and a
      correspondingly greater thickening at elevated temperatures. This can be
      accomplished by utilizing a polymeric additive which is poorly solvated by
      the liquid at ambient temperatures; however at elevated temperatures the
      polymer is more highly solvated such that the polymer expands and is a
      relatively more effective thickener.
PAR  While these V.I. Improvers have proven successful commercially, it is
      important to note that their effect at reducing viscosity changes with
      temperatures is rather mild. For a typical base oil containing a suitable
      V.I Improver the kinematic viscosity will still decrease by a factor of
      from 5 to 10 as the temperature increases from 30.degree. to 100.degree.C.
      Obviously, if it is desired to hold the viscosity roughly constant with
      such temperature changes, current technology has not offered an
      appropriate additive system.
PAR  U.S. Pat. No. 3,396,136 describes how copolymers of alkenyl aromatic
      sulfonic acids, when properly neutralized, can be employed as thickeners
      for non-polar solvents. Those metal sulfonate systems have been shown to
      be very effective; however, when employed as 2 component systems (i.e.,
      ionic polymer plus non-polar solvent), the variation of viscosity with
      increased temperature is very conventional and predictable. That is, the
      solution viscosity decreases markedly as temperature is increased.
PAR  U.S. Pat. No. 3,396,136 further teaches "in situ" neutralization of the
      sulfonic acid polymer which under some conditions can result in the
      availability of a small amount of polar cosolvent--i.e., a solvent for the
      sulfonate groups about equal in amount to the amount of sulfonate groups
      which are present. This amount of polar cosolvent is not within the
      critical limits of the instant invention, which require amounts of the
      third component (which interacts with the ionomeric groups of the ionomer
      copolymer) at levels which range from 10 to 600 times the molar
      equivalence of ionic groups. This level of cosolvent is about one to two
      orders of magnitude or more higher than employed in the cited art. This
      amount of such cosolvent is required to obtain the unusual and unexpected
      viscosity-temperature behavior which is observed. In addition, the cited
      patent is restricted to aromatic sulfonate polymers. The instant invention
      describes other polymers such as sulfonated ethylene propylene
      terpolymers, sulfonated butyl, etc.
PAR  U.S. Pat. No. 3,666,430 teaches the gelling of organic liquids by the
      interaction of polar "associative bonds" which includes hydrogen bonding
      and "ionic crosslinking." Again this patent specifies that 2 components
      are necessary--the associating polymer (or polymers in some cases) and the
      non-polar organic liquid. There is no mention of a third polar cosolvent
      except to point out that such polar liquids should not be present.
      Specifically this patent states (Column 2, line 7) that the hydrocarbon
      liquids to which this invention is to be applied should not contain a
      substantial portion of a miscible protolytic liquid such as methanol. It
      is clear that the language of this patent limits this invention to gels
      and further that any amount of polar liquids which are present to an
      extent where they disrupt those gels are undesirable. The instant
      invention is distinct from that cited in that amounts of such polar
      compounds as will break up gel at ambient conditions are required, and in
      fact the most preferred state is free of any said gel at ambient
      temperatures.
PAR  U.S. Pat. No. 3,679,382 teaches the thickening of aliphatic hydrocarbons
      with synthetic organic polymers which contain olefinically unsaturated
      copolymerizable acids, amides, hydroxyacrylic esters, sulfonic acids, etc.
      It is emphasized in this patent (Column 3, line 72) that it is critical
      that in the preparation of such polymers no surface active agent, catalyst
      or other additive be employed which introduces a metallic ion into the
      system. Therefore it is preferred to employ ammonium or amine salts. It is
      clear that this invention (U.S. Pat. No. 3,679,382) specifically precludes
      the use of metallic counterions--and is directed towards amine or ammonium
      derivatives. Only metallic counterions are effective in the instant
      invention--and that, in fact, attempts to employ amine derivatives have
      not resulted in the results which are the objectives of this invention.
      Finally this cited patent does describe (Column 7, lines 13-19) that the
      addition of alcohols will reduce the viscosity of the thickened
      hydrocarbon and alter flow characteristics thereof.
PAC  SUMMARY OF THE INSTANT INVENTION
PAR  It is now unexpectedly discovered that the viscosity of organic liquids may
      be conveniently controlled by incorporating in said organic liquid a minor
      amount of the ionomeric polymer and a polar cosolvent. The ionomeric
      polymer is characterized as having a backbone which is substantially
      soluble in said organic liquid, and pendant ionic groups which are
      substantially insoluble in said organic liquid.
PAR  The number of ionic groups contained in the ionic polymer is a critical
      parameter affecting this invention. The number of ionic groups present in
      the polymer can be described in a variety of ways such as weight percent,
      mole percent, number per polymer chain, etc. For most polymer systems of
      interest in this invention, it is desirable to employ mole percent. For
      vinyl homopolymers, such as polystyrene, the sulfonated analog having a
      sulfonate content of 1.0 mole percent means that one out of every 100
      monomer repeat units in the polymer chain is sulfonated. In the case of
      copolymers, the same definition applied, except for the purposes of this
      calculation the polymer can be considered to be prepared from a
      hypothetical monomer having an average molecular weight, which is the
      average of the two monomer components. Similarly for terpolymers the same
      averaging concepts apply, however three components are involved. For
      example, ethylene-propylene-ethylidene norbornene (ENB) is a preferred
      polymer backbone for this invention. A representative terpolymer would
      have a composition (weight percent) of 50% ethylene, 45% propylene and 5%
      ENB. This composition has an average repeat unit molecular weight of about
      38.9. Thus, sulfonation of this composition, which occurs at the
      unsaturation of the ENB units to a level of 1.0 mole %, which means that
      in 38.9 gms (1 mole of average monomer repeat units) of this polymer,
      there would be present 0.01 mole of sulfonic acid groups. An alternate way
      of expressing this is to state the sulfonate level in terms of
      milli-equivalents of sulfonic acid groups per 100 gms of polymer. This
      latter procedure provides a rapid and independent measure of sulfonic acid
      content in a polymer through simple titration. This value is obtained from
      the above by simply stating the moles or equivalents of acid per 100 gms:
      100/38.9 .times. .01 = .0257 or 1000 .times. .0257 = 25.7
      milli-equivalents acid/100 gms of polymer.
PAR  Both mole percent sulfonate and milli-equivalent of sulfonate will be
      employed to describe the ionic polymers employed in this invention.
PAR  In general, the ionomeric polymer will comprise from 0.1 to 25 mole %
      pendant ionomeric groups, more preferably from 0.2 to 10 mole % pendant
      ionomeric groups. The ionic groups may be conveniently selected from the
      group consisting of carboxylate, phosphonate, and sulfonate, preferably
      sulfonate groups. The ionomers utilized in the instant invention are
      neutralized with the basic materials selected from Groups IA, IIA, IB, and
      IIB of the Periodic Table of the Elements (lead, tin, and antimony). Ionic
      polymers which are subject to the process of the instant invention are
      illimitable and include both plastic and elastomeric polymers. Specific
      polymers include sulfonated polystyrene, sulfonated t-butyl styrene,
      sulfonated polyethylene, sulfonated polypropylene, sulfonated
      styrene/acrylonitrile copolymers, sulfonated styrene/methyl methacrylate
      copolymers, sulfonated block copolymers of styrene/ethylene oxide, acrylic
      acid copolymers with styrene, sulfonated polyisobutylene, sulfonated
      ethylene-propylene terpolymers, sulfonated polyisoprene, and sulfonated
      elastomers and their copolymers.
PAR  Neutralization of the cited polymers with appropriate metal hydroxides,
      metal acetates, metal oxides etc. can be conducted by means well known in
      the art. For example, the sulfonation process as with butyl rubber
      containing a small 0.3 to 1.0 mole % unsaturation can be conducted in a
      suitable solvent such as toluene with acetyl sulfate as the sulfonating
      agent. The resulting sulfonic acid derivative can then be neutralized with
      a number of different neutralization agents such as sodium acetate, sodium
      ethoxide, sodium hydroxide, sodium phenolate and similar metal salts. The
      amounts of such neutralization agents employed will normally be equal
      stoichoimetrically to the amount of free acid in the polymer plus any
      unreacted reagent which still is present. It is preferred that the amount
      of neutralizing agent be equal to the molar amount of sulfonating agent
      originally employed plus 10% more to insure full neutralization. The use
      of more of such neutralization agent is not critical. Sufficient
      neutralization agent is necessary to effect at least 50% neutralization of
      the sulfonic acid groups present in the polymer, preferably at least 90%,
      and most preferably essentially complete neutralization of such acid
      groups should be effected.
PAR  The degree of neutralization of said ionomeric groups may vary from 50 to
      500 mole % preferably 90 to 200%. Most preferably it is preferred that the
      degree of neutralization be substantially complete, that is with no
      substantial free acid present and without substantial excess of the base
      other than that needed to insure neutralization. Thus, it is clear that
      the polymers which are utilized in the instant invention comprise
      substantially neutralized pendant groups and, in fact, an excess of the
      neutralizing material may be utilized without defeating the objects of the
      instant invention.
PAR  The ionomeric polymers of the instant invention may vary in number average
      molecular weight from 1,000 to 10,000,000, preferably from 5,000 to
      500,000, most preferably from 10,000 to 200,000. These polymers may be
      prepared by methods known in the art; for example, see U.S. Pat. No.
      3,642,728, hereby incorporated by reference.
PAR  It is evident that the polymers covered within this invention encompass a
      broad class of hydrocarbon polymer systems. It is important that these
      hydrocarbon polymer backbones (in the absence of the ionic groups) be
      soluble in the organic liquid whose viscosity is to be controlled. To
      achieve the desired solubility it is required that the polymer to be
      employed possess a degree of polarity consistent with that solvent. This
      solubility relationship can readily be established by anyone skilled in
      the art simply by appropriate texts (e.g. Polymer Handbook, Edited by
      Brandrup and Immergut, Interscience Publishers, 1967, section IV-341). In
      the absence of appropriate polymer-solvent compatibility knowledge, this
      can be determined experimentally by observing whether the selected polymer
      will be soluble in the solvent at a level of 1 gm. polymer per 100 ml
      solvent. If the polymer is soluble, then this demonstrates that it is an
      appropriate backbone for modification with ionic groups to achieve the
      objectives of this invention. It is also apparent that polymers which are
      too polar will not be soluble in the relatively nonpolar organic liquids
      of this invention. Therefore, only those polymer backbones (i.e. as
      measured in the absence of ionic groups) having a solubility parameter
      less than 10.5 are suitable in this invention. This precludes the use of
      such polymers as polyvinyl alcohol, polyacrylonitrile etc. Also highly
      crystalline polymers are to be avoided since they tend not to be soluble
      in the relatively nonpolar organic liquids employed herein. Therefore
      acceptable polymers employed in this invention must possess a level of
      crystallinity of less than 25%. Thus, these acceptable polymers can be
      considered substantially noncrystalline.
PAR  The preferred ionic copolymers for use in the instant invention e.g.
      sulfonated polystyrene and substituted derivatives thereof, may be
      prepared by the procedures described in U.S. Ser. No. 294,489 filed on
      Oct. 2, 1972, in the names of H. S. Makowski, R. D. Lundberg, and G. H.
      Singhal, hereby incorporated by reference.
PAR  The ionomeric polymers may be incorporated into the organic liquid at a
      level of from 0.1 to 20 weight % preferably from 0.2 to 10 weight % most
      preferably from 0.5 to 5 weight % based on said organic liquid. Specific
      examples of preferred ionomeric polymers which are useful in the instant
      invention include sulfonated polystyrene, sulfonated poly-t-butyl styrene,
      sulfonated polyethylene, (substantially noncrystalline) and sulfonated
      polyethylene copolymers, sulfonated polypropylene (substantially
      noncrystalline), and sulfonated polypropylene copolymers, sulfonated
      styrene-methyl methacrylate copolymers, (styrene)-acrylic acid copolymers,
      sulfonated polyisobutylene, sulfonated ethylene-propylene terpolymers,
      sulfonated polyisoprene, sulfonated polyvinyl toluuene, and sulfonated
      polyvinyl toluene copolymers.
PAR  The ionomeric polymers of the instant invention may be prepared prior to
      incorporation into the organic solvent, or by neutralization of the acid
      form in situ. For example, preferably the acid derivative is neutralized
      immediately after preparation. For example, if the sulfonation of
      polystyrene is conducted in solution, then the neutralization of that acid
      derivative can be conducted immediately following the sulfonation
      procedure. The neutralized polymer may then be isolated by means well
      known to those skilled in the art; i.e., coagulation, steam stripping, or
      solvent evaporation, because the neutralized polymer has sufficient
      thermal stability to be dried for empolyment at a later time in the
      process of the instant invention. It is well known that the unneutralized
      sulfonic acid derivatives do not possess good thermal stability and the
      above operations avoid that problem.
PAR  It is also possible to neutralize the acid form of these polymers in situ,
      however, this is not a preferred operation, since in situ neutralization
      requires preparation of the sulfonic acid in the organic liquid which is
      to be subjected to the instant process, or the acid form of the ionic
      polymer must be dissolved in said organic liquid. The former approach is
      impractical for many formulators, e.g., where viscosity control of oils
      (as defined below) is desirable; the latter approach may involve handling
      of an acid form of an ionic polymer which has limited thermal stability.
      Therefore, it is quite apparent that the preparation and isolation of a
      neutralized ionic polymer affords the maximum latitude in formulation,
      less problems in handling polymers of limited thermal stability, and
      maximum control over the final mixture of ionic polymer, polar cosolvent
      and organic liquid. The organic liquids, which may be utilized in the
      instant invention, are selected with relation to the ionic polymer and
      vice-versa. For example, the following preferred ionic polymers may be
      utilized to control the viscosity of the following organic liquids.
TBL  __________________________________________________________________________

     Polymer             Organic Liquid                                        

     __________________________________________________________________________

     sulfonated polystyrene                                                    

                      benzene, toluene, ethyl benzene, methylethyl ketone,     

                      xylene, styrene, ethylene dichloride, methylene chloride 

     sulfonated poly-t-butylstyrene                                            

                      benzene, toluene, xylene, ethyl benzene, styrene,        

                      t-butyl styrene, aliphatic oils, aromatic oils, hexane,  

                      heptane, decane, nonane, pentane                         

     sulfonated ethylene-propylene terpolymer                                  

                      aliphatic and aromatic solvents, oils such as Solvent    

                      100Neutral.sup.a, 150 Neutral.sup.b and similar oils,    

                      benzene, toluene, xylene, ethyl benzene, pentane,        

                      hexane, heptane, octance, iso-octane, nonane, decane     

     sulfonated styrene-methylmethacrylate copolymer                           

                      Aromatic solvents, ketone solvents, dioxane, halogenated 

                      aliphatics, e.g., methylene chloride, tetrahydrofuran    

     styrene-acrylic acid copolymers                                           

                      Aromatic solvents, ketone solvents, tetrahydrofuran,     

                      dioxane, halogenated aliphatics, e.g., methylene         

                      chloride                                                 

     sulfonated polyisobutylene                                                

                      Saturated aliphatic hydrocarbons, diisobutylene,         

                      triisobutylene, aromatic and alkyl substituted aromatic  

                      hydrocarbons, chlorinated hydrocarbons, n-butyl ether,   

                      n-amyl ether, methyl oleate, aliphatic oils, oils        

                      predominantly paraffinic in nature and mixtures          

                      containing naphthenic hydrocarbons. Solvent 100 Neutral, 

                      Solvent 150 Neutral and all related oils, low molecular  

                      weight polymeric oils such as squalene, white oils and   

                      process oils having 60% or less aromatic content         

     sulfonated polyvinyl toluene                                              

                      Toluene, benzene, xylene, cyclohexane, ethyl benzene,    

                      styrene, methylene chloride, ethylene dichloride,        

                      methylethyl ketone, methyl cyclohexane, oils containing  

                      at least 40% aromatic content by weight.                 

     __________________________________________________________________________

      .sup.a Solvent 100 Neutral is a solvent extracted, neutral mineral       

      lubricating oil having a viscosity at 100.degree.F. of about 100 SUS.    

      .sup.b Solvent 150 Neutral is a solvent extracted, neutral mineral       

      lubricating oil having a viscosity at 100.degree.F. of about 150 SUS.    

PAR  In general the organic liquid should possess a solubility parameter ranging
      from 6.0 to 10.5. Generally the ionic polymer will be derived from a
      polymer backbone having a solubility parameter within this range also.
PAR  Of particular interest in this invention as organic liquids to be thickened
      are lubricating oils.
PAR  The lubricating oil can be any fluid of low dielectric constant which does
      not chemically react with the ionic polymer or polar cosolvent. Fluids of
      lubricating viscosity generally have viscosities of from 35 to 50,000 SUS
      at 100.degree.F. (V.sub. 100).
PAR  The fluid medium or oil may be derived from either natural or synthetic
      sources. Included among the hydrocarbonaceous oils are paraffin bases,
      naphthenic base and mixed base oils. Synthetic oils include polymer of
      various olefins, generally of from 2 to 6 carbon atoms, alkylated aromatic
      hydrocarbons, etc. Non-hydrocarbon oils include polyalkylene oxide, e.g.,
      polyethylene oxide, silicones, etc. The preferred media are the
      hydrocarbonaceous media, both material and synthetic, particularly those
      intended for use as a crankcase lubricant. The lubricating fluid should
      meet the viscosity standards of the Society of Automotive Engineers
      Recommended Practice, SAEV 300a.
PAR  In lubricating fluids, it is often the practice to add additional
      components to perform certain functions, i.e., to increase oxidative
      stability, antioxidants are added. There are many such components. Such
      materials normally will not interfere with the purposes of the instant
      invention and at the normal level that they are employed, they can often
      be regarded as inert. However, there may be such additives which are
      within the constraints (i.e. solubility parameter) of the polar solvent.
      If so, those materials cannot be present at a higher level than that set
      for the polar cosolvent. Indeed such components can replace part of the
      polar cosolvent provided that they are within the aforementioned
      constraints.
PAR  The method of the instant invention includes incorporating a cosolvent, for
      example a polar cosolvent, into the mixture of organic liquid and ionomer,
      to solubilize the pendant ionomeric groups. The polar cosolvent will have
      a solubility parameter of at least 10.0, more preferably at least 11.0,
      and may comprise from 0.1 to 40, preferably .5 to 20 weight % of the total
      mixture of organic liquid, ionomeric polymer, and polar cosolvent.
PAR  In addition to the requirements for ionic polymer, organic liquid and polar
      cosolvent there is the additional and important constraint that the polar
      cosolvent be more polar than the organic liquid. This is required in order
      that the proper interaction between polar cosolvent and ionic groups
      obtain. If we designate the solubility parameter of the organic liquid as
      S.sub.L and the solubility parameter of the polar cosolvent as S.sub.p,
      then we require that
EQU  S.sub.p .gtoreq. S.sub.L  +  1.0
PAR  In other words the polar cosolvent will be substantially more polar than
      the organic liquid to be thickened.
PAR  Normally the polar cosolvent will be a liquid at room temperature, however,
      this is not a requirement. It is required that the polar cosolvent be
      soluble or miscible with the organic liquid at the levels employed in this
      invention. Under normal circumstances, this miscibility requirement
      precludes the use of water as a polar cosolvent.
PAR  It should be noted that some of the prior art teachniques disclose systems
      wherein organic liquids were thickened by neutralized ionomers and in
      certain cases, for example see U.S. Pat. No. 3,396,136, cited above,
      wherein neutralization in situ with alcoholates inherently provided a very
      small amount of polar cosolvent in systems similar to those of the instant
      invention. However, it has now been discovered that polar cosolvent must
      be present in critical amounts of from 10 to 600 moles per mole of ionic
      group in order to give the desirable results of the instant invention and
      preferably from 20 to 400 moles per mole of ionic group. This amount is
      some 10 to 600 times greater than amounts employed in the cited patent.
      The criticality of these amounts is demonstrated below.
PAR  The method of the instant invention is especially useful for preparing
      systems wherein the viscosity may be reversibly controlled over broad
      temperature ranges. Thus, the polar cosolvent is chosen to be
      substantially non-volatile at the temperatures at which the compositions
      prepared by the instant method are utilized. In general, this means that
      alcohols and amines which are the preferred class of polar cosolvents will
      have a boiling point of at least 50.degree.C. and more preferably, at
      least 80.degree.C. Specific examples of polar cosolvent include
     Methanol           Ethylene glycol                                        

     Ethanol            Diethylene glycol                                      

     Propanol           Glycol                                                 

     n-butanol          1,4-butanediol                                         

     sec-butanol        Dimethyl phthalate                                     

     Isopropanol        Foramide                                               

     Pentanol           N-methyl formamide                                     

     Hexanol            Pyrrolidone                                            

     Benzyl alcohol     Propylene glycol                                       

     2-ethyl hexanol    Butyrolactone                                          

     ethylamine         Dimethyl phosphite                                     

     Methylamine        N-ethyl acetamide                                      

     Dimethylamine                                                             

PAR  The compositions prepared by the method of the instant invention have
      unexpectedly different properties than the prior art systems which utilize
      ionomeric polymers, without a cosolvent to thicken organic liquids. For
      example, lightly sulfonated polystyrene (less than 0.5 metal sulfonate
      groups per 100 repeating units) is soluble in hydrocarbon liquids and
      behaves as a thickener. Higher sulfonate levels lead to gelled hydrocarbon
      liquids. However, the viscosity of such solutions or gels decrease
      markedly and monotonically with increasing temperature. In other words,
      the simple combination of a two-phase polymer such as polystyrene with a
      low level of sulfonate groups (from 0.1 to 5.0 mole %) appended, results
      in a true solution of a gel or a combination of these two states. The
      viscosity behavior of such liquids with change in temperature is
      unremarkable - in that one obtains an expected decrease in solubion
      viscosity with increasing temperature. This behavior is typical also of
      polymers which contain no ionic groups appended and is well known to those
      skilled in the art.
PAR  In the process of the instant invention the addition of a small but
      critical amount of a polar cosolvent, such as an alcohol, with the
      hydrocarbon liquid and the sulfonated polymer, results in a homogeneous
      solution but surprisingly, one in which the solution viscosity can:
PA1  a. be held virtually constant over a broad temperature range;
PA1  b. decrease only slightly as temperature increases;
PA1  c. actually increase as temperature increases.
PAL  The difference in viscosity behavior of such solutions when the polar
      cosolvent is present is unexpected, especially over the broad temperature
      ranges, observed. For example, in a system comprising 3% by weight
      sulfonated polystyrene (0.32 mole % sodium sulfonate) in xylene, the
      solution viscosity is observed to drop from 106 cps at 25.degree.C. to
      19.75 cps at 65.degree.C. With the addition of 1.0% by weight of a polar
      cosolvent, i.e. hexanol the viscosity decreases from 109.6 cps at
      65.degree.C. to 79.4 cps at 25.degree.C. By adjusting cosolvent content
      and/or polymer concentration the viscosity can be held nearly constant
      over a given temperature range. In the absence of the polar cosolvent the
      solution viscosity is observed to decrease monotonically as temperature
      increases.
PAR  The following theory is proposed for this unusual viscosity behavior, but
      there is no intent to be bound thereby. A multiphase polymer, can be
      defined as a system consisting of two or more phases which, in the bulk
      polymer are sufficiently incompatible to display two or more phases when
      studied by small angle X-ray scattering or a similar technique.
      Polystyrene containing 3 mole % sodium sulfonate groups, displays a
      continuous polystyrene phase with a sodium sulfonate phase dispersed
      therein and therefore meets the multiphase criteria. In the sodium
      sulfonate-polystyrene system, the polystyrene backbone is soluble in
      xylene as a representative hydrocarbon. The metal sulfonate groups,
      however, tend to aggregate strongly in xylene such that the system is
      simply a gel. The addition of a polar cosolvent, such as 1-hexanol,
      solvates the sulfonate groups very strongly and therefore in a mixed
      solvent (for example 90% xylene-10% 1-hexanol) the cited polymer is
      soluble. With a substantial amount of alcohol present, the
      viscosity-temperature behavior of this system is normal, decreasing
      rapidly with temperature. However, over a critical alcohol concentration
      range, the unexpected behavior of viscosity with temperature is observed
      (i.e., the viscosity either increases with increasing temperature or is
      relatively constant).
PAR  This behavior is consistent with the two polymer phases being solvated
      somewhat independently by the respective solvents. Thus, the polystyrene
      backbone will be solvated by xylene with approximately the same
      effectiveness across a wide temperature range. However, the solvation of
      the sulfonate groups can be expressed as follows:
      ##EQU1##
      It is believed that at higher temperatures the dissociation of the
      solvated sulfonate groups on the right side of the reaction occurs. The
      consequence of this is that at higher temperatures, increased interchain
      aggregation and a consequent increase in both polymer reduced viscosity
      and solution viscosity is observed.
PAR  It is clear that if this postulated equilibrium is correct, then the
      presence of higher levels of alcohol will essentially break up the
      interchain ionic aggregation. At very low levels of alcohol, there will be
      insufficient interaction to break up the ionic interaction to permit
      polymer dissolution. Similarly if the agent (such as the alcohol
      postulated in the equilibrium) does not solvate the polymer strongly
      enough again the polymer will not tend to dissolve adequately. Therefore,
      it is apparent that a relatively polar cosolvent is required.
PAR  The compositions prepared by the method of the instant invention have use
      as explosive compositions, fuels, pigment coatings, and lacquer coatings
      where viscosity control is important; and in hand soaps, explosives and
      greases, oils and other lubricants wherein viscosity index improvement is
      desirable.
DETD
PAR  The following are preferred embodiments of the instant invention.
PAC  EXAMPLE 1
PAR  Polymer solutions of 100% neutralized sodium sulfonated polystyrene were
      prepared in xylene-hexanol solvent mixtures at polymer concentrations of
      1, 3 and 5 weight percent. The amount of hexanol present in xylene ranged
      over 0, 1, 3 and 5% levels. Solution of the polymer did not occur in all
      cases, and in those cases where homogeneous solutions were not obtained,
      no measurements were performed. For example, with a sodium sulfonate level
      of 1.98 mole percent in sulfonated polystyrene, a thick gel was obtained
      when only 1% hexanol was present. Brookfield viscosities of each solution
      were obtained with an LVT Brookfield viscometer at 25, 35, 50 and
      65.degree.C. As a control, a sample of polystyrene (3.0 weight percent)
      with a reduced viscosity of 0.8 was conducted in the same manner. Those
      results are shown in Table I:
TBL                TABLE I                                                     

     ______________________________________                                    

     Viscosity (Centipoises) - Temperature                                     

     Behavior of Polystyrene (Unmodified)                                      

     (3.0 weight percent polystyrene); Solvent; Xylene                         

     1-Hexanol Alcohol .fwdarw.                                                

     Concentration      0%         3%                                          

     ______________________________________                                    

     Temperature                                                               

     .dwnarw.                                                                  

     25.degree.C        3.28       3.26                                        

     35.degree.C        2.95       2.88                                        

     50.degree.C        2.48       2.44                                        

     65.degree.C        2.12       2.13                                        

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  Following the procedure described above the viscosities of sodium
      sulfonated polystyrene were measured and the results are presented in
      Tables II and III.
TBL                                    TABLE II                                

     __________________________________________________________________________

     VISCOSITY (CENTIPOISES) - TEMPERATURE                                     

     BEHAVIOR OF SULFONATED POLYSTYRENE                                        

     (Na salt; 0.32 mole %)                                                    

     __________________________________________________________________________

     1-Hexanol  Solvent: Xylene                                                

     Concentration .fwdarw.                                                    

     Polymer        5%           3%           1%           0%                  

     Concentration .fwdarw.                                                    

                5%  3%  1%  5%   3%  1%  5%   3%   1%  5%  3%   1%             

     __________________________________________________________________________

     Temperature, .degree.C.                                                   

     .dwnarw.                                                                  

     25         8.63                                                           

                    3.69                                                       

                        1.34                                                   

                            11.94                                              

                                 4.40                                          

                                     1.50                                      

                                          79.4                                 

                                              11.04                            

                                                   1.75                        

                                                       INS 106.0               

                                                                1.87           

     35         7.64                                                           

                    3.28                                                       

                        1.27                                                   

                            11.25                                              

                                 4.08                                          

                                     1.27                                      

                                          89.6                                 

                                              10.64                            

                                                   1.42                        

                                                       INS 68.6 1.57           

     50         7.07                                                           

                    2.95                                                       

                        1.10                                                   

                            11.64                                              

                                 3.84                                          

                                     1.12                                      

                                         107.2                                 

                                              10.0 1.35                        

                                                       INS 38.3 1.37           

     65         6.66                                                           

                    2.58                                                       

                        0.86                                                   

                            11.75                                              

                                 3.60                                          

                                     0.95                                      

                                         109.6                                 

                                              8.7  1.04                        

                                                       INS  19.75              

                                                                1.18           

     __________________________________________________________________________

TBL                                    TABLE III                               

     __________________________________________________________________________

     VISCOSITY (CENTIPOISES) - TEMPERATURE                                     

     BEHAVIOR OF SULFONATED POLYSTYRENE                                        

     (Na Salt, 1.98 mole %)                                                    

     __________________________________________________________________________

     1-Hexanol  Solvent: Xylene                                                

     Concentration .fwdarw.                                                    

     Polymer          5%           3%            1%                            

     Concentration .fwdarw.                                                    

                5%    3%   1%  5%  3%    1%  5%  3%  1%                        

     __________________________________________________________________________

     Temperature, .degree.C.                                                   

     .dwnarw.                                                                  

     25         304.8 26.65                                                    

                           1.42                                                

                               2066                                            

                                   162.4 1.47                                  

                                             INS INS INS                       

     35         316.8 25.90                                                    

                           1.19                                                

                               2290                                            

                                   190.4 1.24                                  

                                             INS INS INS                       

     50         418   32.85                                                    

                           1.05                                                

                               3320                                            

                                   302.0 1.12                                  

                                             INS INS INS                       

     65         618   44.45                                                    

                           0.93                                                

                               5870                                            

                                   402   0.97                                  

                                             INS INS INS                       

     __________________________________________________________________________

      (where INS denotes substantially insolubility). The results of Tables II 

      and III contrast vividly with those of the polystyrene homopolymer in    

      Table I. For example, with 3% hexanol and 5% polymer the sulfonated      

      polymer shows almost no viscosity change from 25 to 65.degree.C (in Table

      II). In contrast polystyrene viscosities drop by 25% with and without    

      alcohol. Similarly the sulfonated polymer (Table II) without alcohol     

      displays a marked decrease in viscosity. However, the same sulfonated    

      polymer at 5% polymer concentration and 1% alcohol displays a 40% increas

      in viscosity over the same temperature range (Table II).                 

      Note that when critical amounts of cosolvent, e.g., about 200 moles/mole 

      ionic groups in Table II, column 4 or generally from 10 moles/mole ionic 

      groups to 600 moles/mole ionic groups are utilized, the viscosity is     

      approximately constant (within a factor of 2 or 3) over the temperature  

      range studied.                                                           

TBL                TABLE IV                                                    

     ______________________________________                                    

     VISCOSITY (CENTIPOISES) - TEMPERATURE                                     

     BEHAVIOR OF A SULFONATED t-BUTYL STYRENE-                                 

     ISOPRENE COPOLYMER                                                        

     (3.0 mole % Sodium Sulfonate)                                             

     1-Hexanol                                                                 

     Concentration .fwdarw.                                                    

     Polymer         4%       2%          1%                                   

     Concentration   4%       6%      4%    4%                                 

     ______________________________________                                    

     .dwnarw.                                                                  

     Temperature, .degree.C.                                                   

     25              20.4     589     64    614                                

     35              15.26    463     48.8  643                                

     50              11.68    436     43.5  813                                

     65              10.34    543     50.0   1120                              

     ______________________________________                                    

PAR  Again it is apparent that when the polymer and alcohol are present in
      appropriate concentrations, it is possible to hold viscosity nearly
      constant (6% polymer concentration, 2% hexanol) or make it increase with
      increasing temperature (4% polymer concentration, 1% hexanol).
PAC  EXAMPLE 4
PAR  Preparation of lithium, sodium magnesium and diorthotolylguanidine salts of
      Sulfo EPT acid.
PAR  A sample of sulfonated ethylene-propylene terpolymer was prepared employing
      techniques well known in the art. The resulting polymer contained
      approximately 20 milli-equivalents of sulfonic acid per 100 grams polymer.
      Solutions of the acid were prepared by dissolving 30 gms of this polymer
      acid in 600 ml of a solvent composed of 570 ml benzene and 30 ml methanol.
      The temperature of the solution was kept at about 60.degree.C. To prepare
      the appropriate salts:
PA1  A. lithium salt: At 60.degree.C. 21 ml of a solution of 5.1 gm lithium
      acetate . 2H.sub.2 O dissolved in a solution composed of 97 ml methanol
      plus 3 ml of water was added. This corresponds to an excess of 100%
      lithium acetate to insure complete neutralization. Good agitation was
      provided to ensure complete mixing in this and in the following
      experiments.
PA1  B. sodium salt: In this case only 15 gms of polymer acid was dissolved in
      600 ml of a solvent composed of 570 ml benzene and 30 ml methanol at
      60.degree.C. 21.5 ml of a solution prepared by dissolving 1 gm sodium
      acetate in 50 ml methanol was added to form the neutralized sodium salt
      (100% excess of sodium counterion).
PA1  C. magnesium salt: At 60.degree.C., 10.5 ml of a solution of magnesium
      acetate . 4H.sub.2 O (10.73 gms magnesium acetate . 4H.sub.2 O in 8 ml
      water + 92 ml methanol) was added. This corresponded to a 100% excess of
      magnesium acetate.
PA1  D. dotg salt: To a solution of polymer acid 30 gms in 600 ml (570 ml
      benzene plus 30 ml methanol) was added 42 ml of a solution containing 5.98
      gms DOTG in 100 ml of solvent comprised of 97 ml benzene and 3 ml
      methanol.
PAR  Each of the neutralized products was worked up by steam stripping the
      solution, finely subdividing the elastic crumb by high speed shearing of a
      methanol suspension of the crumb in a suitable blender, filtering the
      product, air drying the finely divided crumb in a hood overnight, and then
      drying the product in a vacuum oven at 50.degree.C. The resulting products
      were analyzed to be
TBL   Sample     Sulfur Content Metal Content                                  

     ______________________________________                                    

     A (Li)      0.57% S        0.15% Li                                       

     B Na        --             0.51% Na                                       

     C Mg        0.60% S        0.33% Mg                                       

     D (DOTG)    0.51% S        0.66% N                                        

     ______________________________________                                    

PAR  The samples described above were dissolved in xylene solvent or
      xylene-hexanol mixed solvents at various levels of polymer concentration
      and hexanol content. The solution viscosities were then measured using the
      Brookfield viscometer at various temperatures ranging from 0.degree.C. to
      100.degree.C. and at various rotational speeds. The data are indicated in
      tables which correspond to the Li, Na, Mg and DOTG salts respectively. All
      viscosities are given in centipoises.
TBL                                    Table A                                 

     __________________________________________________________________________

     LITHIUM SALT OF SULFO-EPT                                                 

               Temperature                                                     

     Solvent                                                                   

          Polymer                                                              

               0.degree.C                                                      

                       25.degree.C                                             

                               50.degree.C                                     

                                         80.degree.C                           

                                                   100.degree.C                

                                                            120.degree.C       

     Composi-                                                                  

          Concen-  Vis-    Vis-    Vis-      Vis-      Vis-     Vis-           

     tion.sup.a                                                                

          tration.sup.b                                                        

               RPM's                                                           

                   cosity                                                      

                       RPM's                                                   

                           cosity                                              

                               RPM's                                           

                                   cosity                                      

                                         RPM's                                 

                                             cosity                            

                                                   RPM's                       

                                                       cosity                  

                                                            RPM's              

                                                                cosity         

     __________________________________________________________________________

     100  1.5   .3 75,800                                                      

                        .3 14,200                                              

     xylene             .6 16,900                                              

                       1.5 20,000                  1.5 3,160+                  

                               3    8,230+         3   3,140+                  

                                          6   4,165+                           

                                                   6   3,560+                  

     99                                                                        

     xylene-                                                                   

          3                                                                    

     hexanol                                                                   

                       1.5 16,800                                              

                               1.5 20,800          1.5 29,360                  

                                                            1.5 24,400         

                       3   16,000                                              

                               3   19,760          3   28,400                  

                                                            3   23,600         

                6   5,000                                                      

                       6   15,940                                              

                               6   19,180                                      

                                          6  18,400+                           

     97                                                                        

     xylene-                                                                   

          3                     .6 179    .6  355   .6  595                    

     3                                                                         

     hexanol   1.5  92.8                                                       

                       1.5 104.8                                               

                               1.5 153.6 1.5  326                              

               3    86 3    92.6                                               

                               3   149                                         

     95                                                                        

     xylene                                                                    

     5    3    1.5  62                   1.5  58.8 1.5  98.4                   

                                                            1.5  136           

     hexanol   3    57.4                                                       

                       3   34.6                                                

                               3   35    3    55.4 3    91  3    127           

               6    55.8                                                       

                       6   33.8                                                

                               6   34.2  6    53.5 6    89.3                   

     __________________________________________________________________________

      + signifies that viscosity readings were erratic and tended to rise with 

      time                                                                     

      .sup.a and .sup.b = by weight %.                                         

TBL                                    Table B                                 

     __________________________________________________________________________

     SODIUM SALT OF SULFO-EPT                                                  

                 Temperature                                                   

                 0.degree.C                                                    

                         25.degree.C                                           

                                  50.degree.C                                  

                                           80.degree.C                         

                                                    100.degree.C               

                                                            120.degree.C       

     Solvent                                                                   

            Concen-  Vis-    Vis-     Vis-     Vis-     Vis-    Vis-           

     Composition.sup.a                                                         

            tration.sup.b                                                      

                 RPM's                                                         

                     cosity                                                    

                         RPM's                                                 

                             cosity                                            

                                  RPM's                                        

                                      cosity                                   

                                           RPM's                               

                                               cosity                          

                                                    RPM's                      

                                                        cosity                 

                                                            RPM's              

                                                                cosity         

     __________________________________________________________________________

     100 xylene                                                                

            1.5                                                                

                 12  4400                                                      

                         12   4380                                             

                                  12  4170          12  5060                   

                                                            12  1440           

                         30   3320                                             

                                  30  3840 30  3120 6   4400                   

                                                            30  1820           

     99 xylene-                                                                

            3                                                                  

     1 hexanol           .6  175,000                                           

                                  .6  111,000                                  

                                           1.5 82,000                          

                                                    1.5 70,000                 

                                                            6   41,000         

                         1.5 161,200                                           

                                  1.5 102,000       6   80,000                 

                 3   84,000                                                    

                         3   162,600                                           

                                  3    88,400                                  

     97 xylene-                                                                

            3                     3   1330 3   2950 3   3620                   

                                                            3   2900           

     3 hexanol   6   600 6   755  6   1310 6   2850 6   3535                   

                                                            6   2725           

                 12   582.5                                                    

                         12  742.5                                             

                                  12  1280                                     

     95 xylene-                                                                

            3                                                                  

     5 hexanol   .6  188 .6  166  .6  207           .6   600                   

                                                            .6   768           

                 1.5 158 1.5 143.2                                             

                                  1.5 184.8                                    

                                           1.5 387+                            

                 3   149 3   133.4                                             

                                  3   173.4                                    

     __________________________________________________________________________

      .sup.a and .sup.b = by weight %.                                         

      +signifies that viscosity readings were erratic and may have tended to   

      increase with time                                                       

TBL                                    Table C                                 

     __________________________________________________________________________

     MAGNESIUM SALT OF SULFO-EPT                                               

              Temperature                                                      

     Solvent                                                                   

         Polymer                                                               

              0.degree.C                                                       

                        25.degree.C                                            

                                50.degree.C                                    

                                         80.degree.C                           

                                                  100.degree.C                 

                                                           120.degree.C        

     Comp-                                                                     

         Concen-  Vis-      Vis-    Vis-     Vis-     Vis-     Vis-            

     osition.sup.a                                                             

         tration.sup.b                                                         

              RPM's                                                            

                  cosity                                                       

                        RPM's                                                  

                            cosity                                             

                                RPM'5                                          

                                    cosity                                     

                                         RPM's                                 

                                             cosity                            

                                                  RPM's                        

                                                      cosity                   

                                                           RPM's               

                                                               cosity          

     __________________________________________________________________________

     100                                                                       

     xylene                                                                    

         1.5  3   &gt;400,000                                                     

                        .6  85,400                                             

                                1.5 14,800                                     

                                         12   6,500+                           

                                                  3   15,600+                  

                                                           6   10,700          

                                3   16,000                                     

                                6   18,400                                     

                                         6   13,500+                           

     99                                                                        

     xylene-                                                                   

         3    3     9,200                                                      

                        .6  22,200                                             

                                6   15,600+                                    

                                         1.5 43,000+                           

                                                  .6  86.400+                  

                                                           3   144,000+        

     1 hexa-                                                                   

     nol      6     8,900                                                      

                        1.5 21,600                                             

                        3   20,320                                             

     97                                                                        

     xylene                                                                    

         3                                                                     

     hexa-                                                                     

     nol                                                                       

              12  392.5 12  340 12  450  12   1575+                            

              30  392   30  337 30  448                                        

              60  391   60  333.5                                              

                                60  442.5                                      

     95                                                                        

     xylene-                                                                   

         3                                                                     

     5 hexa-                                                                   

     nol      .6  202   .6  153 .6  183  .6  418           3   1670            

              1.5 182.8 1.5 140.8                                              

                                1.5 157.6                                      

                                         1.5 386.8         6   1800            

              3   179   3   140 3   154.6                  12  1784            

     __________________________________________________________________________

      .sup.a and .sup.b = by weight %.                                         

      +signifies that viscosity readings were erratic and may have tended to   

      increase with time                                                       

TBL                                    Table D                                 

     __________________________________________________________________________

     DOTG SALT OF SULFO-EPT                                                    

                 Temperature                                                   

            Polymer                                                            

                 0.degree.C                                                    

                         25.degree.C                                           

                                 50.degree.C                                   

                                          80.degree.C                          

                                                   100.degree.C                

                                                            120.degree.C       

     Solvent                                                                   

            Concen-  Vis-    Vis-     Vis-     Vis-     Vis-     Vis-          

     Composition.sup.a                                                         

            tration.sup.b                                                      

                 RPM's                                                         

                     cosity                                                    

                         RPM's                                                 

                             cosity                                            

                                 RPM's                                         

                                     cosity                                    

                                          RPM's                                

                                              cosity                           

                                                   RPM's                       

                                                       cosity                  

                                                            RPM's              

                                                                cosity         

     __________________________________________________________________________

     100 xylene                                                                

            1.5                                                                

                 .6  550 .6  160                                               

                         1.5 142                                               

                         3   138.6                                             

                                 3   50    6  18.7  6  10.9 12  7.05           

                                 6   48.2 12  17.85                            

                                                   12  10.65                   

                                                            30  6.80           

                                 12  47.7 30  17.56                            

                                                   30  10.52                   

                                                            60  6.85           

     99 xylene-                                                                

            3                                                                  

     1 hexanol   1.5 122.4                                                     

                         1.5  67.2                                             

                 3   118.2                                                     

                         3    65.0                                             

                                 3   32.6                                      

                         6    62 6   32.3  6  15.6                             

                                 12  30.75                                     

                                          12  15   12   9.1 12  6.65           

                                          30  14.64                            

                                                   30   9.0 30  6.70           

                                                   60   9.15                   

                                                            60  6.60           

     97 xylene-                                                                

            3                                                                  

     3 hexanol   3    59.4                                                     

                         3    38 3   24                                        

                 6    57.2                                                     

                         6    37.3                                             

                                 6   23    6  13.2                             

                         12   36.85                                            

                                 12  22   12  12.75                            

                                                   12   8.95                   

                                                            12  7.00           

                                          30  12.46                            

                                                   30   8.74                   

                                                            30  6.26           

                                                   60   8.76                   

                                                            60  6.27           

     95 xylene-                                                                

            3                                                                  

     5 hexanol   3    58.4                                                     

                         3    30                                               

                 6    55.7                                                     

                         6    29.8                                             

                                 6   19    6  11.7                             

                         12   28.65                                            

                                 12  18.15                                     

                                          12  11.6 12   8.35                   

                                                            12  6.30           

                                 30  17.84                                     

                                          30  11.2 30   8.00                   

                                                            30  6.30           

                                                   60   8.04                   

                                                            60  6.15           

     __________________________________________________________________________

      .sup.a + .sup.b = by weight %.                                           

PAC  EXAMPLE 5
PAC  Viscosity Control of Oils
PAR  A sample of ethylene propylene terpolymer was sulfonated and neutralized to
      form the sodium salt in a manner analogous to that described previously
      and also as well known in the art. The sulfur analysis of the neutralized
      product was 0.58% S. This corresponds roughly to about 18
      milli-equivalents of metal sulfonate (or sulfonic acid moiety) per 100
      grams of polymer.
PAR  The resulting polymer in dried form was dissolved in a number of solvents
      in which the major component was a paraffinic based oil widely known as
      Solvent 150N. To this base stock a number of different alcohols were
      combined at various levels ranging from about 1% up to about 10%. The
      polymer was dissolved in these mixed solvents at various levels ranging
      from about 1% up to 3%. Sufficient time was permitted with agitation to
      achieve dissolution.
PAR  The viscosity of these resulting solutions was then measured by means of a
      Brookfield Viscometer at various rotation speeds and at various
      temperatures. All concentrations given are by weight %.
PAR  For comparison the viscosity of the base oil Solvent 150N, Esso Extra, Esso
      20W-20 oil, Shell Super X (10W-50 multigrade oil), Solvent 100 Neutral and
      solutions of ethylenepropylene terpolymer dissolved in Solvent 150N or
      Solvent 150N containing 10% alcohol were also measured as standard of
      comparison. The viscosity values at several different shear rates at
      various rotational speeds are presented in Tables E-G.
PAR  The polymer employed, unless otherwise indicated is the sulfo EPT described
      above. The alcohols employed were hexanol, decanol, benzyl alcohol. The
      righthand column indicated as .fwdarw.25.degree.C. illustrates the
      viscosity value obtained at 25.degree.C. after exposure to the high
      temperature range of up to 150.degree.C. and may be slightly different
      from the value obtained initially at 25.degree.C. due to a slight loss of
      polar cosolvent or oil due to the extreme thermal abuse. For the most part
      the values obtained after this thermal cycle do not differ substantially
      from the initial values, demonstrating the reversibility of the
      phenomenon.
PAR  The extreme right column reveals a ratio of the viscosity at 100.degree.C.
      divided by the viscosity at 25.degree.C. abbreviated as RATIO. Wherever
      possible this ratio is determined at the same shear rates, or if that is
      not feasible, the value is determined at shear rates which are as similar
      as possible.
PAR  The data in Tables E-G reveal that conventional oils such as Solvent 100N
      and 150N retain about 10% of their 25.degree.C. viscosity at 100.degree.C.
      Actually this value is somewhat deceiving since the viscosity values
      become so low (3.5 to 6.5 cps) that further viscosity losses become
      physically very difficult as the values become progressively lower at
      100.degree.C.
PAR  A more relevant comparison is that of practical motor oils as exemplified
      by Esso Extra 10W-20W-30 and Esso 20W-20. These specially formulated oils
      retain from 6% to 7.2% of their 25.degree.C. viscosity at 100.degree.C.
      One recently commercialized multigrade oil, Shell Super X, widely claimed
      to retain viscosity at high temperature is shown to retain about 7.8% of
      its 25.degree.C. viscosity at 100.degree.C.
PAR  It is indeed dramatic that the oils composed of sulfo EPT, a suitable base
      stock (150N) and small amounts of polar cosolvent are demonstrated to
      retain up to 24% of their 25.degree.C. viscosity at 100.degree.C. It is
      clearly evident (for example, Sample A of Table E) that are higher
      temperatures the viscosity retention ratio is even higher -- a value of
      31% being realized at 150.degree.C.
PAR  These results also demonstrate that, as the ratio of alcohol to sulfonate
      groups is increased, the ability to retain a relatively high ratio is
      reduced if one considers the ratio of
      ##EQU2##
      however, the consideration of viscosity for these samples at even higher
      temperatures such as
      ##EQU3##
      demonstrates that the unusual viscosity phenomenon is still manifested.
      However, if the alcohol to sulfonate content is increased such the molar
      ratio of alcohol to metal sulfonate exceeds 600 the magnitude of the
      phenomenon is sufficiently reduced to be of little interest.
PAC  EXAMPLE 6
PAR  Utilizing the same Sulfo-EPT polymer described in the previous example,
      similar experiments were conducted employing Solvent 100 Neutral as the
      hydrocarbon liquid. The results are shown in Table (H). Again the ratio of
      the viscosity at 100.degree.C. to that at 25.degree.C. is provided. It is
      apparent that the values of this ratio for the specific systems described
      there runs from 0.14 up to the very high value of 0.41. In contrast, less
      than one-tenth of the 25.degree.C. viscosity of 100N is observed at
      100.degree.C.
TBL                                    Table E                                 

     __________________________________________________________________________

     SULFO-EPT (Na SALT, 0.58% S), IN SOLVENT 150 N                            

            0.degree.C                                                         

                   25.degree.C                                                 

                          50.degree.C                                          

                                 80.degree.C                                   

                                        100.degree.C                           

               Vis-   Vis-   Vis-   Vis-   Vis-                                

     Sample RPM                                                                

               cosity                                                          

                   RPM                                                         

                      cosity                                                   

                          RPM                                                  

                             cosity                                            

                                 RPM                                           

                                    cosity                                     

     __________________________________________________________________________

     3% Polymer                                                                

     5% Hexanol                                                                

            .6 12,500                                                          

                  .6  2,000                                                    

            1.5                                                                

               11,140                                                          

                  1.5 2,000                                                    

                          1.5                                                  

                             640                                               

                  3   2,000                                                    

                          3  600 3  270                                        

                  6   2,025                                                    

                          6  600 6  300 6  375                                 

                  12  1,960                                                    

                          12 610 12 307.5                                      

                                        12 385                                 

                          30 604 30 310 30 362                                 

                                 60 311.5                                      

                                        60 377.5                               

     3% Polymer                                                                

     10% Hexanol                                                               

            1.5                                                                

               5,900                                                           

            3  5,730                                                           

                  3   1,120                                                    

                  6   1,125                                                    

                          6  325 6  125                                        

                  12  1117.5                                                   

                          12 330 12 125 12 82.5                                

                          30 335 30 128 30 85                                  

                          60 335 60 132.5                                      

                                        60 87.5                                

     1% Polymer                                                                

     2.5%   .6 680                                                             

                  .6  167 .6 60                                                

      Hexanol     1.5 153.6                                                    

                          1.5                                                  

                             50.8                                              

                                 1.5                                           

                                    24                                         

                  3   147.6                                                    

                          3  49.0                                              

                                 3  22  3  14.4                                

                          6  49.3                                              

                                 6  22.1                                       

                                        6  14.2                                

                          12 48.2                                              

                                 12 21.75                                      

                                        12 14.2                                

                                        30 14.1                                

     1% Polymer                                                                

            .3 710                                                             

                  .3  176                                                      

     1.66%  .6 697                                                             

                  .6  162 .6 62                                                

      Hexanol     1.5 154.8                                                    

                          1.5                                                  

                             54.4                                              

                                 1.5                                           

                                    26.5                                       

     1.60         3   154.6                                                    

                          3  53.4                                              

                                 3  25  3  16.8                                

                          6  54.5                                              

                                 6  25  6  16.8                                

                                 12 24.75                                      

                                        12 16.7                                

     1% Polymer                                                                

            .3 900                                                             

                  .3  228                                                      

     1% Hexanol                                                                

            .6 867                                                             

                  .6  208 .6 83                                                

                  1.5 204.8                                                    

                          1.5                                                  

                             74.0                                              

                                 1.5                                           

                                    40                                         

                  3   196 3  72.4                                              

                                 3  37.4                                       

                                        3  23.5                                

                          6  71.3                                              

                                 6  35.7                                       

                                        6  23.0                                

                                 12 34.25                                      

                                        12 21.85                               

                                        30 19.84                               

     Solvent                                                                   

      150 N .6 242                                                             

                  .6  65                                                       

            1.5                                                                

               225.2                                                           

                  1.5 54.4                                                     

                          1.5                                                  

                             20.8                                              

                  3   51.2                                                     

                          3  18     7.8 3  6                                   

                  6   50.3                                                     

                          6  17.2                                              

                                 6  7.6 6  6.4                                 

                          12 16.9                                              

                                 12 7.0 12 5.4                                 

                          30 16.8                                              

                                 30 6.84                                       

                                        30 4.73                                

                                 60 6.89                                       

                                        60 4.56                                

     2% Polymer                                                                

     1% Benzyl                                                                 

            .6 728                                                             

                  .6  175 .6 75                                                

      Alcohol     1.5 164 1.5                                                  

                             60  1.5                                           

                                    30                                         

                  3   160.2                                                    

                          3  57.4                                              

                                 3  27.2                                       

                                        3  17                                  

                          6  57.3                                              

                                 6  27.2                                       

                                        6  16.4                                

                                 12 26.9                                       

                                        12 16.0                                

                                        30 15.9                                

     2% Polymer   .3  510 .3 190 .3 128 .3 138                                 

     2% Benzyl    .6  500 .6 178 .6 119 .6 132                                 

      Alcohol                                                                  

            1.5                                                                

               3,520      1.5                                                  

                             173.6                                             

                                 1.5                                           

                                    111.2                                      

                                        1.5                                    

                                           124                                 

            3  3,500      3  171.2                                             

                                 3  111.6                                      

                                        3  122                                 

     __________________________________________________________________________

              120.degree.C                                                     

                     135.degree.C                                              

                             150.degree.C                                      

                                    .fwdarw.25.degree.C                        

                 Vis-   Vis-    Vis-   Vis-                                    

     Sample   RPM                                                              

                 cosity                                                        

                     RPM                                                       

                        cosity                                                 

                             RPM                                               

                                cosity                                         

                                    RPM                                        

                                       cosity                                  

                                           Ration                              

     __________________________________________________________________________

     3% Polymer                            0.185                               

     5% Hexanol                                                                

                                    1.5                                        

                                       2,460                                   

              3  400 3  500  3  620 3  2,330                                   

              6  410 6  500  6  615 6  2,235                                   

              12 405 12 500  12 617.5                                          

                                    12 2157.5                                  

              30 396 30 493  30 597                                            

              60 391 60 481                                                    

     3% Polymer                            .073                                

     10% Hexanol                                                               

                                    1.5                                        

                                       1,260                                   

                                    3  1,230                                   

                                    6  1,210                                   

              12 62.5                                                          

                     12 60   12 62.5                                           

                                    12 1,170                                   

              30 73  30 63   30 65                                             

              60 67.5                                                          

                     60 62.5 60 66                                             

     1% Polymer                            .098                                

     2.5%                           .6 143                                     

      Hexanol                       1.5                                        

                                       131.2                                   

              3  10.0                                                          

                     3  8.4         3  133.4                                   

              6  10.0                                                          

                     6  8.0  6  6.20                                           

              12 9.9 12 7.85 12 6.35                                           

              30 10  30 8.0  30 6.54                                           

                                    .3 210 .109                                

     1% Polymer                     1.5                                        

                                       188                                     

     1.66%                          .6 174.8                                   

      Hexanol 3      3  10.4        .3 168                                     

     1.60     6  11.6                                                          

                     6  9.7  6  7.8                                            

              12 11.6                                                          

                     12 9.35 12 7.15                                           

                                    .3 230 .12                                 

     1% Polymer                     .6 215                                     

     1% Hexanol                     1.5                                        

                                       198.6                                   

              3  16.4                                                          

                     3  12.0        3  192                                     

              6  15.2                                                          

                     6  11.5 6  9.20                                           

              12 14.3                                                          

                     12 10.9 12 8.65                                           

              30 13.34                                                         

                     30 10.12                                                  

                             30 8.14                                           

                        (140.degree.C)     .118                                

     Solvent                                                                   

      150 N                                                                    

              6  4.5 6  3.3                                                    

              12 3.8 12 2.8                                                    

              30 3.26                                                          

                     30 2.44                                                   

              60 3.13                                                          

                     60 2.32                                                   

     2% Polyner                            .106                                

     1% Benzyl                                                                 

      Alcohol                                                                  

              3  11                                                            

              6  11  6  8.60                                                   

              12 11  12 8.50                                                   

              30 11.2                                                          

                     30 8.50                                                   

     2% Polymer                                                                

              .3 230 .3 180                .27                                 

     2% Benzyl                                                                 

              .6 197 .6 165                                                    

      Alcohol 1.5                                                              

                 178 1.5                                                       

                        156                                                    

              3  174.8                                                         

                     3  150                                                    

     __________________________________________________________________________

TBL                                    Table F                                 

     __________________________________________________________________________

     SULFO-EPT (Na SALT, 0.58% S) IN SOLVENT 150N                              

            0.degree.C                                                         

                   25.degree.C                                                 

                           50.degree.C                                         

                                   80.degree.C                                 

                                          100.degree.C                         

                                                 120.degree.C                  

                                                        135.degree.C           

               Vis-   Vis-    Vis-    Vis-   Vis-   Vis-   Vis-                

     Sample RPM                                                                

               cosity                                                          

                   RPM                                                         

                      cosity                                                   

                           RPM                                                 

                              cosity                                           

                                   RPM                                         

                                      cosity                                   

                                          RPM                                  

                                             cosity                            

                                                 RPM                           

                                                    cosity                     

                                                        RPM                    

                                                           cosity              

                                                               Ratio           

     __________________________________________________________________________

     2% Polymer                                                                

     3% Benzyl     .6 507  .6 160  .6 96         .6 77         .146            

     Alcohol               1.5                                                 

                              150  1.5                                         

                                      78  1.5                                  

                                             74  1.5                           

                                                    72                         

                           3  148  3  74  3  69.4                              

                                                 3  70.4                       

                                   6  74.4                                     

                                          6  68.9                              

                                                 70.7                          

     2% Polymer                                                .094            

     4% Benzyl     .6 511  .6 145  .6 60                                       

     Alcohol               1.5                                                 

                              134.8                                            

                                   1.5                                         

                                      54.4                                     

                                          1.5                                  

                                             48  1.5                           

                                                    39.2                       

                           3  131  3  54.4                                     

                                          3  42.6                              

                                                 3  37.4                       

                                   6  53.8                                     

                                          6  41.9                              

                                                 6  37                         

                                          12 41.65                             

                                                 12 37                         

     2% Polymer                                                .067            

     5% Benzyl     .6 593  .6 144  .6 70                                       

     Alcohol               1.5                                                 

                              132.8                                            

                                   1.5                                         

                                      55.6                                     

                                          1.5                                  

                                             39.6                              

                           3  128.6                                            

                                   3  53.0                                     

                                          3  37  3  29                         

                                   6  51.8                                     

                                          6  36  6  28.7                       

                                          12 35.1                              

                                                 12 28.65                      

     2% Polymer                                                .095            

     10% Decanol   .6 463  .6 143  .6 63                                       

                           1.5                                                 

                              138  1.5                                         

                                      56.8                                     

                                          1.5                                  

                                             44                                

                           3  136.8                                            

                                   3  56  3  42  3  32.6                       

                                   6  56.5                                     

                                          6  40.6                              

                                                 6  32.7                       

     1.5% Polymer                                              0.109           

     7.5% Decanol                                                              

                   1.5                                                         

                      264.8                                                    

                           1.5                                                 

                              83.2 1.5                                         

                                      38  1.5                                  

                                             28.8                              

                           3  81.4 3  35.2                                     

                                          3  24.6                              

                                                 3  19                         

                           6  81   6  34.3                                     

                                          6  24.0                              

                                                 6  18.7                       

                                   12 34  12 23.15                             

                                                 12 18.5                       

     2% Polymer                                                .062            

                   .6 640  .6 185                                              

                           1.5                                                 

                              178.8       1.5                                  

                                             40                                

                           3  177.4       3  37.4                              

                                                 3  22.6                       

                                   6  64  6  36.8                              

                                                 6  22.7                       

                                          12 36.85                             

                                                 12 22.5                       

     2% Polymer                                                .064            

     10% Decanol   .6 552  .6 150                                              

                           1.5                                                 

                              146.8                                            

                           3  146.6                                            

                                   3  56  3  33.4                              

                                                 3  19.2                       

                                   6  55  6  32.6                              

                                                 6  19.2                       

                                          12 32.3                              

                                                 12 19.0                       

     Shell Super X                                                             

            .3 1180                                            .077            

                   1.5                                                         

                      245.6                                                    

                           1.5                                                 

                              78   1.5                                         

                                      32                                       

                           3  76.4 3  30  3  19  3  12                         

                           6  76.7 6  29.9                                     

                                          6  18.3                              

                                                 6  12.5                       

                                                        6  9                   

                                   12 29.8                                     

                                          12 18.1                              

                                                 12 12.35                      

                                                        12 8.65                

                                          30 18.2                              

                                                 30 12.5                       

                                                        30 8.5                 

     __________________________________________________________________________

TBL                                    Table G                                 

     __________________________________________________________________________

     SULFO-EPT (Na SALT, 0.58% S) IN SOLVENT 150N                              

             0.degree.C                                                        

                    25.degree.C                                                

                           50.degree.C                                         

                                   80.degree.C                                 

                                           100.degree.C                        

                                                   120.degree.C                

                                                          135.degree.C         

                Vis-    Vis-    Vis-    Vis-    Vis-   Vis-   Vis-             

     Sample  RPM                                                               

                cosity                                                         

                    RPM                                                        

                       cosity                                                  

                           RPM cosity                                          

                                   RPM cosity                                  

                                           RPM cosity                          

                                                   RPM                         

                                                      cosity                   

                                                          RPM                  

                                                             cosity            

                                                                 Ratio         

     __________________________________________________________________________

     1.5% Polymer                                                .243          

     3% Decanol     .6 387 .6  152 .6  114 .6  94                              

                    1.5                                                        

                       369.6                                                   

                           1.5 139.2                                           

                                   1.5 94.8                                    

                                           1.5 90  1.5                         

                                                      74  1.5                  

                                                             66                

                           3   137 3   92.4                                    

                                           3   87.6                            

                                                   3  68  3  63                

                                   6   92  6   86  6  66.8                     

                                                          6  62                

                                                                 .153          

     1.5% polymer                                                              

     4% Decanol     .6 357 .6  130 .6  70                                      

                    1.5                                                        

                       338 1.5 117.2                                           

                                   1.5 59.2                                    

                                           1.5 51.6                            

                                                   1.5                         

                                                      47.2                     

                           3   113.6                                           

                                   3   58.8                                    

                                           3   50.4                            

                                                   3  46  3  44                

                                   6   58.8                                    

                                           6   50.2                            

                                                   6  45.7                     

                                                          6  43                

                                           12  49.75                           

                                                   12 44.85                    

                                                          12 42.55             

                                                                 .19           

     1.5% Polymer                                                              

     1.5% Benzyl    .6 307 .6  120 .6  77                                      

      Alcohol       1.5                                                        

                       302 1.5 106 1.5 68  1.5 57.2                            

                                                   1.5                         

                                                      58.4                     

                           3   104.4                                           

                                   3   64  3   56.6                            

                                                   3  53                       

                                   6   64  6   56.8                            

                                                   6  52                       

                                                                 .072          

     Esso Extra                                                                

     10W-20W-30                                                                

                    3  131.6                                                   

                           3    41.6                                           

                                   3   17                                      

             6  750        6    40.4                                           

                                   6   16.4                                    

                                           6    9.5                            

             12 750        12   40.25                                          

                                   12  16  12   9.55                           

                                                   12  6.4                     

     Esso           1.5                                                        

                       142.4                                                   

                           1.5  41.2                             .059          

     20W-20         3  139.4                                                   

                           3    39 3   14.4                                    

             6  900        6    38.3                                           

                                   6   14  6    8.2                            

             12 920             38.1                                           

                                   12  13.5                                    

                                           12   8.2                            

                                                   12 5.15                     

             30 917                30  13.52                                   

                                           30   8.02                           

                                                   30 5.04                     

     __________________________________________________________________________

TBL                                    Table H                                 

     __________________________________________________________________________

     SULFO-EPT (Na SALT, 0.58% S) IN SOLVENT 100N                              

              0.degree.C                                                       

                        25.degree.C                                            

                               50.degree.C                                     

                                      80.degree.C                              

                                             100.degree.C                      

                                                    120.degree.C               

                    Vis-    Vis-   Vis-   Vis-   Vis-   Vis-                   

     Sample   RPM  cosity                                                      

                        RPM                                                    

                           cosity                                              

                               RPM                                             

                                  cosity                                       

                                      RPM                                      

                                         cosity                                

                                             RPM                               

                                                cosity                         

                                                    RPM                        

                                                       cosity                  

                                                           Ratio               

     __________________________________________________________________________

     Solvent 100N                                          .10                 

              1.5   140.8                                                      

                        1.5                                                    

                           37.6                                                

              3    140  3  35  3  14                                           

                        6  35.2                                                

                               6  13.5                                         

                                      6  5.3                                   

                         12                                                    

                           34.8                                                

                               12 12.85                                        

                                      12 5.4 12 3.55                           

                                                    12 2.85                    

                               30 12.72                                        

                                      30 5.48                                  

                                             30 3.56                           

                                                    30 2.64                    

                                      60 5.56                                  

                                             60 3.67                           

                                                    60 2.64                    

     1.75% Polymer                                                             

              (Spindle No. 2)                                                  

                        .3 450  .3                                             

                                  182                      .305                

     4% Decanol         .6 410  .6                                             

                                  160 .6 115 .6 125 .6 110                     

              1.5  1880 1.5                                                    

                           384.8                                               

                               1.5                                             

                                  140 1.5                                      

                                         100 1.5                               

                                                108.8                          

                                                    1.5                        

                                                       102.8                   

              3    1780        3  137 3  96  3  102.6                          

                                                    3  101.4                   

              6    1735               6  95.8       6  98.8                    

               12  1680                                                        

     1.5% Polymer                                                              

              (Spindle No. 2)                                                  

                        .3 346  .3                                             

                                  134                                          

     3% Decanol         .6 325  .6                                             

                                  126 .6 99  .6 90  .6 76  .28                 

              1.5  1440 1.5                                                    

                           310 1.5                                             

                                  121.6                                        

                                      1.5                                      

                                         90.8                                  

                                             1.5                               

                                                84  1.5                        

                                                       68                      

              3    1350        3  120.4                                        

                                      3  86.6                                  

                                             3  82  3  66.4                    

              6    1310               6  84.5                                  

                                             6  81.5                           

                                                    6  66                      

               12  1260                                                        

     1.5% Polymer                                                              

              (Spindle No. 2)                                                  

                        .3 640  .3                                             

                                  394 .3 332 .3 240        .38                 

     1.5% Decanol       .6 570  .6                                             

                                  364 .6 290 .6 232 .6 173                     

              1.5  2100        1.5                                             

                                  345.6                                        

                                      1.5                                      

                                         266.8                                 

                                             1.5                               

                                                228 1.5                        

                                                       168.8                   

     1% Polymer                                                                

              .3   672  .3 254                             .14                 

     1% Decanol                                                                

              .6   650  .6 233 .6 105                                          

                        1.5                                                    

                           213.6                                               

                               1.5                                             

                                  90.4                                         

                                      1.5                                      

                                         48                                    

                               3  81.6                                         

                                      3  42.6                                  

                                             3  30                             

                               6  74.5                                         

                                      6  36.8                                  

                                             6  25.2                           

                                                    6  16.4                    

                                      12 33  12 21.5                           

                                                    12 14.4                    

                                             30 18.66                          

                                                    30 12.5                    

     1.5% Polymer                                                              

              .3   1040 .3 310                             .21                 

     3% Decanol                                                                

              .6   969  .6 285 .6 110                                          

                        1.5                                                    

                           256.8                                               

                               1.5                                             

                                  92.8                                         

                                      1.5                                      

                                         56  1.5                               

                                                53.6                           

                                                    1.5                        

                                                       43.6                    

                               3  91.2                                         

                                      3  54  3  49  3  40.6                    

                               6  89.6                                         

                                      6  52.2                                  

                                             6  47.7                           

                                                    6  40.2                    

                                             12 47.75                          

                                                    12 39.35                   

     __________________________________________________________________________

PAR  The following conclusions can be drawn from these data immediately:
PAR  1. In the case of Li, Na, Mg and DOTG salts dissolved in pure xylene
      (Tables A-D), the solution viscosity generally decreases monotonically as
      temperature increases. This is the normally accepted behavior. There are
      some subtle variations especially with sodium which arises from the gelled
      heterogeneous nature of the solutions.
PAR  2. In the case of Li, Na and Mg salts, when dissolved in hexanol/xylene
      mixed solvents, even at modest hexanol content (3%) it is observed that
      the solution viscosity actually increases as temperature increases. This
      is apparent over a broad temperature range and is clearly very exceptional
      behavior.
PAR  3. At higher hexanol contents (about 5%) the solution viscosity apparently
      goes through a minimum near 25.degree. to 50.degree.C. and then increases
      as temperature is increased from 0.degree.C to 100.degree.C.
PAR  4. At low hexanol levels (1%) the solution behavior is somewhat anomalous
      and as indicated, is somewhat erratic. Under these conditions at low
      alcohol contents with this system it appears that a truly homogeneous
      solution is not obtained and erratic values result. At 3% polymer
      concentration (containing approximately 20 milliequivalents of sulfonate
      per 100 gms of polymer) and 1% hexanol concentration, this amounts to
      about 15 moles of alcohol per mole of sulfonate. It has been determined
      that a minimum of about 10 moles of polar cosolvent per mole of metal
      sulfonate is required to result in the desired viscosity phenomenon of
      this invention. For example, at 5% hexanol (or approximately 75 moles,
      alcohol per mole of metal sulfonate) the desired viscosity behavior is
      obtained. Under these conditions the values obtained are significantly
      more reproducible.
PAR  The data obtained with the DOTG salt represent a viscosity-temperature
      behavior which obviously contrasts with that of the metal sulfonate
      systems. In the case of the amine derivative, the solution viscosity
      decreases monotonically with increasing temperature. It is suggested that
      this behavior is a consequence of the weaker interactions inherent in
      amine salts as contrasted to metal salts. As a result, the interaction
      between polar cosolvent and ionic species virtually wipes out ionic
      interactions at even modest cosolvent concentrations. In the metal
      sulfonate case the stronger ionic association can withstand the
      interaction with cosolvent such that there is maintained at all
      temperatures some ionic association. In this latter case, increase of the
      temperature serves to further promote ionic interaction and thereby
      increase the solution viscosity. Thus it is clear that amine or ammonium
      derivatives are not within the concepts of the present invention.
PAR  6. Finally as discussed above, behavior which displays the following may be
      obtained with this invention:
PA1  "Constant" over a temperature range from about 25.degree.C. to about
      100.degree.C., i.e. the solution viscosity, as measured by techniques well
      known in the art (i.e. Brookfield viscosimeter), will not vary by more
      than a factor of 2 over the indicated temperature interval from its value
      at 25.degree.C.;
PA1  Increase "substantially" over the temperature range of from 25.degree.C. to
      almost 100.degree.C. such that the value at 100.degree.C. is at least
      twice the value observed at 20.degree.C.;
PA1  In the case of more viscous hydrocarbons such as oils which normally
      display a viscosity decrease of at least 1 order of magnitude as
      temperature decreased from 25.degree.C. to 100.degree.C. (e.g. solvent
      150N decreases from about 52 cps at 25.degree.C. to about 5 cps at
      100.degree.C.), the viscosity behavior of this invention will reduce the
      magnitude of this viscosity decrease such that the ratio
      ##EQU4##
      in the present invention will be substantially higher than that of the
      unmodified oil. For example, in the case of Solvent 150N, this ratio is
      about:
      ##EQU5##
      The technology of the present invention permits this ratio to be at least
      0.13, preferably about 0.2 and in some cases considerably higher. It is
      apparent that in certain practical applications this is tantamount to
      cutting very substantially the normal viscosity decrease which occurs as
      the temperature of oils is increased from 25.degree.C. to 100.degree.C.;
      and
PA1  While the temperature interval from 25.degree.C. to 100.degree.C. is a
      convenient one to monitor and describe, it is not limiting. Indeed, we
      have demonstrated that this thickening behavior is manifested at much
      higher temperatures up to and above 150.degree.C. In some cases it is
      possible to create at very high temperatures the viscosity will go through
      a slight maximum and then decrease. In most practical applications
      hydrocarbon viscosity control up to 150.degree.C. is adequate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for controlling the viscosity of a lubricating oil, said
      lubricating oil having a solubility parameter of from about 6.0 to about
      10.5 and a viscosity of from 35 to 50,000 SUS at 100.degree.F., which
      comprises incorporating in said lubricating oil an ionomeric polymer, said
      ionomeric polymer comprising a hydrocarbon backbone which is substantially
      soluble in said lubricating oil and from 0.2 to 10 mole % pendant ionic
      groups, said pendant ionic groups being selected from the group consisting
      of carboxylate, phosphonate and sulfonate groups, and said pendant ionic
      groups being neutralized to a degree of from 50 to 500 mole % with a basic
      material selected from Groups IA, IIA, IB, and IIB of the Periodic Table
      of the Elements and lead, tin and antimony, and polar cosolvent having a
      solubility parameter of from about 10 to 20, the solubility parameter of
      said polar solvent being at least 1.0 unit higher than the solubility
      parameter of said lubricating oil, and said polar cosolvent being soluble
      or miscible with said lubricating oil, wherein said ionomeric polymer is
      incorporated into said lubricating oil at a level of from 0.1 to 20 weight
      % of said lubricating oil, and said polar cosolvent being incorporated
      into said lubricating oil in an amount of from 10 to 600 moles per mole of
      pendant ionic group.
NUM  2.
PAR  2. The method of claim 1 wherein said pendant ionic groups are sulfonate
      groups.
NUM  3.
PAR  3. The method of claim 1 wherein said lubricating oil is a
      hydrocarbonaceous oil.
NUM  4.
PAR  4. The method of claim 1 wherein said polar cosolvent comprises from about
      .1 to 40 weight percent of the total mixture of lubricating oil, ionomeric
      polymer and polar cosolvent.
NUM  5.
PAR  5. The method of claim 4 wherein said polar cosolvent is selected from the
      group consisting of alcohols and amines.
NUM  6.
PAR  6. The method of claim 5 wherein said polar cosolvent has a boiling point
      of at least 50.degree.C.
NUM  7.
PAR  7. The method of claim 2 wherein said ionomeric polymer is selected from
      the group consisting of sulfonated ethylene, sulfonated propylene,
      sulfonated ethylene-propylene copolymers and terpolymers wherein the third
      monomer is a nonconjugated diene hydrocarbon having from 5 to 15 carbon
      atoms and sulfonated polystyrene.
NUM  8.
PAR  8. The method of claim 1 wherein said ionomeric polymer comprises from 0.5
      to 5 mole % pendant ionic groups.
NUM  9.
PAR  9. The method of claim 1 wherein said ionomer groups are neutralized to a
      degree of from about 90 to about 200%.
NUM  10.
PAR  10. The method of claim 1 wherein said ionomer groups are neutralized to a
      degree of from about 100 to about 200%.
NUM  11.
PAR  11. The method of claim 2 wherein said ionomeric polymer is sulfonated
      polystyrene.
NUM  12.
PAR  12. The method of claim 2 wherein said ionomeric polymer is sulfonated
      polyethylene.
NUM  13.
PAR  13. The method of claim 2 wherein said ionomeric polymer is sulfonated
      t-butylstyrene
NUM  14.
PAR  14. The method of claim 2 wherein said ionomeric polymer is sulfonated
      polypropylene.
NUM  15.
PAR  15. The method of claim 2 wherein said ionomeric polymer is sulfonated
      polyisobutylene.
NUM  16.
PAR  16. The method of claim 2 wherein said ionomeric polymer is a sulfonated
      ethylene-propylene ethylidene norbornene terpolymer.
NUM  17.
PAR  17. The method of claim 2 wherein said ionomeric polymer is a sulfonated
      polyisoprene.
NUM  18.
PAR  18. The method of claim 3 wherein said ionomeric polymer is a sulfonated
      ethylene-propylene ethylidene norbornene terpolymer.
NUM  19.
PAR  19. The method of claim 18 wherein said polar cosolvent is selected from
      the group consisting of hexanol, decanol and benzyl alcohol.
NUM  20.
PAR  20. A composition of matter comprising a major amount of a lubricating oil
      having a solubility parameter of from 6.0 to 10.5 and a viscosity of 35 to
      50,000 SUS at 100.degree.F., and an ionomeric polymer, said ionomeric
      polymer comprising a hydrocarbon backbone which is substantially soluble
      in said lubricating oil and from 0.2 to 10 mole % pendant ionic groups,
      said pendant ionic groups being selected from the group consisting of
      carboxylate, phosphonate and sulfonate groups, and said pendant ionic
      groups being neutralized to a degree of from 50 to 500 mole % with a basic
      material selected from Groups IA, IIA, IB, and IIB of the Periodic Table
      of the Elements and lead, tin and antimony, and a polar cosolvent having a
      solubility parameter of from about 10 to 20, the solubility parameter of
      said polar solvent being at least 1.0 unit higher than the solubility
      parameter of said lubricating oil, said polar cosolvent being soluble or
      miscible with said lubricating oil, wherein said composition of matter
      comprises from 0.1 to 20 weight %, based on said lubricating oil, of said
      ionomeric polymer, and from 10 to 600 moles polar cosolvent per mole
      pendant ionic group.
NUM  21.
PAR  21. The composition of claim 20 wherein said lubricating oil is a
      hydrocarbonaceous oil.
NUM  22.
PAR  22. The composition of claim 20 wherein said polar cosolvent comprises from
      about 0.1 to 40 weight percent of the total mixture of lubricating oil,
      ionomeric polymer and polar cosolvent.
NUM  23.
PAR  23. The composition of claim 20 wherein said polar cosolvent is selected
      from the group consisting of alcohols and amines.
NUM  24.
PAR  24. The composition of claim 23 wherein said polar cosolvent has a boiling
      point of at least 50.degree.C.
NUM  25.
PAR  25. The composition of claim 20 wherein said pendant ionic groups are
      sulfonate groups.
NUM  26.
PAR  26. The composition of claim 25 wherein said ionomeric polymer is selected
      from the group consisting of sulfonated ethylene, sulfonated propylene,
      sulfonated ethylene-propylene copolymers and terpolymers wherein the third
      monomer is a nonconjugated diene hydrocarbon having from 5 to 15 carbon
      atoms and sulfonated polystyrene.
NUM  27.
PAR  27. The composition of claim 20 wherein said ionomeric polymer comprises
      from about 0.5 to about 5 mole % pendant ionic groups.
NUM  28.
PAR  28. The composition of claim 20 wherein said ionomer groups are neutralized
      to a degree of from about 90 to about 200%.
NUM  29.
PAR  29. The composition of claim 20 wherein said ionomer groups are neutralized
      to a degree of from about 100 to about 200%.
NUM  30.
PAR  30. The composition of claim 20 wherein said ionomeric polymer is
      sulfonated polystyrene.
NUM  31.
PAR  31. The composition of claim 20 wherein said ionomeric polymer is
      sulfonated polyethylene.
NUM  32.
PAR  32. The composition of claim 20 wherein said ionomeric polymer is
      sulfonated t-butylstyrene.
NUM  33.
PAR  33. The composition of claim 20 wherein said ionomeric polymer is
      sulfonated polypropylene.
NUM  34.
PAR  34. The composition of claim 20 wherein said ionomeric polymer is
      sulfonated polyisobutylene.
NUM  35.
PAR  35. The composition of claim 20 wherein said ionomeric polymer is a
      sulfonated ethylene-propylene ethylidene norbornene terpolymer.
NUM  36.
PAR  36. The composition of claim 20 wherein said ionomeric polymer is a
      sulfonated polyisoprene.
NUM  37.
PAR  37. The composition of claim 21 wherein said ionomeric polymer is a
      sulfonated ethylene-propylene ethylidene norbornene terpolymer.
NUM  38.
PAR  38. The composition of claim 37 wherein said polar cosolvent is selected
      from the group consisting of hexanol, decanol and benzyl alcohol.
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ABST
PAL  Described herein is a lubricating composition exhibiting vapor space rust
      protection, improved oxidation stability and air release properties
      comprising a mineral lubricating oil containing from 0.02 to 3.0 weight
      percent vapor space rust inhibitor such as a C.sub.8 -C.sub.10 aliphatic
      carboxylic acid; 0.001 to 0.3 wt % substituted heterocyclic antioxidant
      such as benzotriazole; 0.05 to 1.0 wt % of a rust inhibitor such as
      alkyl-succinic acid/alkyl acid phosphate/phenol; 0.001 to 0.500 wt %
      polymeric antifoamant such as a polyacrylate; 0.01 to 5.0 wt % of an aryl
      phosphate such as tricresylphosphate; and 0.01 to 2.00 wt % of a hindered
      alkyl phenol antioxidant such as 4-methyl-2, 6-di-t-butylphenol.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is concerned with a new lubricating composition and method
      for use in main turbines and gears, auxiliary turbine installations,
      certain hydraulic equipment and for general mechanical lubrication.
PAR  The lubrication of turbine engines, particularly those used in environments
      containing water requires lubricants which exhibit effective rust
      inhibition both during engine operation and while idle. In addition these
      lubricants must provide the desired oxidation stability, air release, and
      extreme pressure/antiwear properties.
PAR  The compositions of the invention exhibit excellent vapor space rust
      protection, improved oxidation stability, extreme pressure/antiwear, and
      air release properties.
PAR  2. State of the Art
PAR  The art to which this invention relates already is aware, inter alia, of
      U.S. Pat. No. 2,775,560. This patent discloses the use of carboxylic acids
      as vapor space rust inhibitors but indicates that such acids, to give
      vapor space rust protection, must be activated by oil soluble
      sulfur-containing compounds, phenolic compounds and/or by aliphatic
      polycarboxylic acids and their derivatives.
PAR  While the compositions claimed in U.S. Pat. No. 2,775,560 reportedly
      provide vapor phase rust protection, no mention is made that carboxylic
      acids VSI additives degrade the other critical properties of the
      lubricating oil. In fact, the other properties (oxidation stability and
      bearing compatibility) critical for these oils are ignored which implies
      that the claimed formulations may be deficient in these areas. The
      addition of only the VSI additive (even in the presence of phenolic and
      aliphatic polycarboxylic acid compounds as claimed in U.S. Pat. No.
      2,775,560) degrades the oil performance in the critical areas. By contrast
      the present invention discloses a lubricating oil that not only provides
      vapor space rust protection, but exhibits outstanding liquid rust
      protection, oxidation stability, bearing compatibility, and air release
      properties.
PAC  SUMMARY OF THE INVENTION
PAR  Viewed in its composition aspect, the invention sought to be patented
      resides in a lubricating oil having an SUS viscosity at 100.degree.F.
      between 70 and 5000 containing 0.001 to 3.0 weight percent of a vapor
      space rust inhibitor such as C.sub.8 -C.sub.10 carboxylic acid; 0.001 to
      0.3 weight percent of benzotriazole; 0.05 to 1 wt. % of antirust
      concentrate; 0.001 to 0.50 wt. % of polyacrylate antifoam agent; 0.01 to
      5.0 wt. % of tricresyl phosphate and 0.01 to 2.0 wt. % of
      4-methyl-2,6-di-t-butylphenol.
PAR  In its process aspect, the invention comprises employing the above
      described composition in a power system including metallic conduit and
      friction-creating sliding surfaces susceptible to rusting wherein the
      composition is at least intermittently in contact with some parts of the
      metallic surfaces.
PAR  The compositions of the invention meet the requirements of MIL-L-17731F
      Amendment 2 and MIL-L- 24467 Specifications.
PAR  The C.sub.8 - C.sub.10 acids serve to provide vapor space rust inhibition
      and can be of nominal 90-100 percent purity. The C.sub.8 - C.sub.10 normal
      aliphatic monocarboxylic acids are preferred.
PAR  The above discussed acids tend to degrade the oxidation stability of the
      lubricating oil when used alone as shown in Table I. However, this effect
      is neutralized by using a secondary oxidation inhibitor such as
      benzotriazole. Other compounds which can be used are tolytriazole,
      dihydroxy benzotriazole, alkyl aminotriazoles such as
      dodecyl-2-amino-1,3,4-triazole and other substituted heterocyclic
      compounds such as those represented by the general structure and specific
      structures listed below:
      ##EQU1##
      wherein R and R.sub.1 can be alkyl or aryl, straight or branched chain, R
      and R.sub.1 can be cyclic constituting a six membered ring e.g. benzene or
      a substituted benzene ring. R and R.sub.1 can contain from one to 30
      carbon atoms each but are preferably from 3 to 21 carbon atoms. Other
      vapor space inhibitors also can be used.
PAR  At least one member of the ring ABCDE should be carbon, preferably A and E.
      The other members can be N, O or S or any combination of the three atoms.
      It is preferably that at least one of the atoms is nitrogen.
      ##SPC1##
PAR  The antirust concentrate (ARC hereinafter) contains 1.5 weight percent of
      phenol and oil soluble polycarboxylic acids with alkyl groups of 6 to 30
      carbon atoms and preferably 8 to 20 carbon atoms. Such acids include
      C.sub.8 to C.sub.20 alkyl or alkenyl malonic, succinic glutaric, adipic
      and pimelic acids with the C.sub.10, C.sub.12, C.sub.14, C.sub.16,
      C.sub.18 and C.sub.20 alkenyl succinic acids being preferred. In the
      compositions listed below the concentrate was a mixture of 90-91 wt.
      percent of a 50-50 weight mixture of C/2 alkylmaleic acid and 100E Pale
      Oil; 7.5 weight percent of alkyl acid orthophosphate and 1.51 weight
      percent phenol.
PAR  The polyacrylate antifoamant preferably is poly (2-ethylhexyl) acrylate in
      the form of a 40% kerosene solution. This additive provides air release
      properties. Other suitable antifoamant agents include the customary
      dimethyl silicone polymers.
PAR  Tricresyl phosphate serves to provide load carrying properties.
PAR  Other suitable load carrying additives include triethyl phosphate,
      tripropyl phosphate, tributyl phosphate, dicresylphenyl phosphate,
      cresyldiphenyl phosphate, diethylphenyl phosphate, ethyldiphenyl
      phosphate, dipropylphenyl phosphate, propyldiphenyl phosphate,
      dibutylphenyl phosphate, butyldiphenyl phosphate. Other types of load
      carrying additives which can be used include all combinations of dialkyl
      acid phosphates wherein the alkyl groups can be ethyl, propyl, butyl, or
      mixtures thereof alkyl aromatic amines such as dodecylaninline where the
      (alkyl group can be C.sub.4 to C.sub.20 straight or branched chain),
      sulfurized olefins where the olefin can be from C.sub.3 to C.sub.30
      branched or straight chain either naturally derived mixtures or individual
      olefins prepared from suitable feedstocks. Sulfurization is carried out by
      the regular procedure familiar to those skilled in the art.
PAR  The preferred oxidation inhibitor is 4-methyl-2,6-di-t-butylphenol (MDBP).
      But other suitable antioxidants include 2,4,6-trimethyl phenol,
      2,4-dimethyl-6-tertiarybutyl phenol, 2,6-ditertiarybutyl phenol,
      2,6-ditertiarybutyl-4-butylphenol, and 2,2'methylene
      bis(4-methyl-6-tertiarybutyl phenol.
DETD
PAR  Preferred compositions of this invention are tabulated below. Test results
      demonstrating their effectiveness for the purposes stated are presented in
      Tables I and II.
TBL  ______________________________________                                    

     COMPOSITION A                                                             

     ______________________________________                                    

     ARC               Percent Wt. 0.1                                         

     2,6-ditertiarybutyl-4-                                                    

       methyl phenol   do.         0.3                                         

     Tricresyl phosphate                                                       

                       do.         2.0                                         

     Caprylic acid     do.         0.075                                       

     Benzotriazole     do.         0.02                                        

     Polyacrylate antifoamant                                                  

                       ppm         50                                          

     Mineral Oil                   Balance                                     

     COMPOSITION B                                                             

     ARC               Percent Wt. 0.1                                         

     2,6-ditertiarybutyl-4-methyl                                              

       phenol          do.         0.3                                         

     Tricresyl phosphate                                                       

                       do.         2.0                                         

     Pelargonic acid   do.         0.075                                       

     Benzotriazole     do.         0.02                                        

     Polyacrylate antifoamant                                                  

                       ppm         50                                          

     Mineral Oil                   Balance                                     

     COMPOSITION C                                                             

     ARC               Percent Wt. 0.10                                        

     2,6-ditertiarybutyl-4-methyl                                              

       phenol          do.         0.3                                         

     Tricresyl phosphate                                                       

                       do.         2.0                                         

     Capric acid       do.         0.075                                       

     Benzotriazole     do.         0.02                                        

     Polyacrylate antifoamant                                                  

                       ppm         50                                          

     Mineral Oil                   Balance                                     

     COMPOSITION D                                                             

     ARC               Percent Wt. 0.05                                        

     2,6-ditertiarybutyl-4-                                                    

       methyl phenol   do.         0.3                                         

     Tricresyl phosphate                                                       

                       do.         2.0                                         

     Caprylic acid     do.         0.075                                       

     Benzotriazole     do.         0.02                                        

     Polyacrylate antifoamant                                                  

                       ppm         50                                          

     Mineral Oil                   Balance                                     

     COMPOSITION E                                                             

     ARC               Percent Wt. 0.05                                        

     2,6-ditertiarybutyl-4-                                                    

       methyl phenol   do.         0.3                                         

     Tricresyl phosphate                                                       

                       do.         2.0                                         

     Caprylic acid     do.         0.1                                         

     Benzotriazole     do.         0.02                                        

     Polyacrylate antifoamant                                                  

                       ppm         50                                          

     Mineral Oil                   Balance                                     

     COMPOSITION F                                                             

     ARC               Percent Wt. 0.05                                        

     2,6-ditertiarybutyl phenol                                                

                       do.         0.3                                         

     Tricresyl phosphate                                                       

                       do.         2.0                                         

     Caprylic acid     do.         0.10                                        

     Benzotriazole     do.         0.02                                        

     Dimethylsilicone polymer                                                  

                       ppm         50                                          

     Mineral Oil                   Balance                                     

     COMPOSITION G                                                             

     ARC               Percent Wt. 0.05                                        

     2,6-ditertiarybutyl phenol                                                

                       do.         0.3                                         

     Tricresyl phosphate                                                       

                       do.         2.0                                         

     Caprylic acid     do.         0.1                                         

     Dimethyl silicone polymer                                                 

                       ppm         50                                          

     Mineral Oil                   Balance                                     

     COMPOSITION H                                                             

     ARC               Percent Wt. 0.05                                        

     2,6-ditertiarybutyl-4-                                                    

       methyl phenol   do.         0.3                                         

     Tricresyl phosphate                                                       

                       do.         2.0                                         

     Dimethylsilicone polymer                                                  

                       ppm         50                                          

     Mineral Oil                   Balance                                     

     COMPOSITION I                                                             

     ARC               Percent Wt. 0.05                                        

     2,6-ditertiarybutyl-4-                                                    

       methyl phenol   do.         0.3                                         

     Tricresyl phosphate                                                       

                       do.         2.0                                         

     Benzotriazole     do.         0.02                                        

     Dimethyl silicone polymer                                                 

                       ppm         50                                          

     Mineral Oil                   Balance                                     

     COMPOSITION J                                                             

     ARC               Percent Wt. 0.05                                        

     2,6-ditertiarybutyl-4-                                                    

       methyl phenol   do.         0.3                                         

     Tricresyl phosphate                                                       

                       do.         2.0                                         

     Caprylic acid     do.         0.10                                        

     Tolutriazole      do.         0.02                                        

     Dimethyl silicone polymer                                                 

                       ppm         50                                          

     Mineral Oil                   Balance                                     

     COMPOSITION K                                                             

     ARC               Percent Wt. 0.05                                        

     2,6-ditertiarybutyl-4-                                                    

       methyl phenol   do.         0.3                                         

     Tricresyl phosphate                                                       

                       do.         2.0                                         

     Caprylic acid     do.         0.10                                        

     Dihydroxybenzotriazole                                                    

                       do.         0.02                                        

     Dimethyl silicone polymer                                                 

                       ppm         50                                          

     Mineral Oil                   Balance                                     

     COMPOSITION L                                                             

     ARC               Percent Wt. 0.05                                        

     2,6-ditertiarybutyl phenol                                                

                       do.         0.3                                         

     Tricresyl phosphate                                                       

                       do.         2.0                                         

     Caprylic acid     do.         0.075                                       

     Benzotriazole     do.         0.02                                        

     Polyacrylate antifoamant                                                  

                       ppm         50                                          

     Mineral Oil                   Balance                                     

     ______________________________________                                    

PAR  It can be seen from Table I that Composition A through G satisfactorily
      pass the Vapor Space Corrosion Test while Compositions H and I which do
      not contain a C.sub.8 to C.sub.10 normal carboxylic acid fail the test.
      Although Compositions H and I are deficient in vapor space rust
      protection, both compositions have satisfactory oxidation stability and
      liquid phase rust protection. Compositions A and F which contain a
      substituted triazole (benzotriazole) have good RBOT values and pass the
      ASTM D-943 Oxidation Test while Composition G which does not contain a
      substituted triazole has a low RBOT and fails the ASTM D-943 Oxidation
      Test.
TBL                                    TABLE I                                 

     __________________________________________________________________________

             VAPOR SPACE                                                       

                       MILITARY                                                

                             RBOT  ASTM D-943                                  

     COMPOSITION                                                               

             CORROSION TEST.sup.1                                              

                       RUST.sup.2                                              

                             Minutes.sup.3                                     

                                   Oxidation                                   

     __________________________________________________________________________

     A       Pass      Pass  352   Pass                                        

     B       Pass      Pass  --    --                                          

     C       Pass      Pass  --    --                                          

     D       Pass      Pass  --    --                                          

     E       Pass      Pass  --    --                                          

     F       Pass      Pass  322,252                                           

                                   Pass                                        

     G       Pass      Pass  112,162                                           

                                   Fail                                        

     H       Fail      Pass  183   Pass                                        

     I       Fail      Pass  393,250                                           

                                   --                                          

     J       Pass      Pass  --    Pass                                        

     K       Pass      Pass  --    Pass                                        

     L       Pass      Pass  --    Pass                                        

     __________________________________________________________________________

      .sup.1 Test is run according to MIL-L-24467 Appendix B with an 180.degree

      F oil bath substituted for 230-240.degree.F hot plate surface temperature

      .sup.2 Oil is washed with water and then run in ASTM D-665 Procedure B.  

      .sup.3 ASTM D-2272.                                                      

      .sup.4 A 1000 hour minimum oxidation life with a 100 milligrams maximum  

      sludge and less than a 100 milligrams total of copper and iron is require

      by both MIL-L-17331 and MIL-L-24467.                                     

PAR  The data presented in Table II indicate that only compositions containing
      all of the above named ingredients (for example composition A) will
      provide the necessary air release, Navy Work Factor, and Ryder Gear Test
      levels required by MIL-L-24467.
TBL                                    TABLE II                                

     __________________________________________________________________________

            LA Air  Navy Work                                                  

                           Factor Test.sup.1                                   

                                   Ryder                                       

     Composition                                                               

            Release, min.                                                      

                    Visual Numerical                                           

                                   Gear Test.sup.2                             

     __________________________________________________________________________

     A      8,12,26 Pass   Pass    Pass                                        

     G      --      Fail   Fail    --                                          

     H      140     Pass   Pass    Pass                                        

     I      --      Pass   Pass    Pass                                        

     J      140     Pass   Pass    Pass                                        

     K      140     Pass   Pass    Pass                                        

     L       10,15  Pass   Pass    Pass                                        

     __________________________________________________________________________

      .sup.1 Passing results in both the visual and numerical portions is      

      required by MIL-L-17331 and MIL-L-24467.                                 

      .sup.2 A 2200 ppi minimum level is required by MIL-L-17331 and           

      MIL-L-24467.                                                             

PAR  Composition G fails the Navy Work Factor Test and Composition H has an
      extremely long air release time typical of lubricatns containing polymeric
      silicone antifoamants.
PAR  Thus, it can be seen from data presented in Tables I and II that addition
      of only a vapor space rust inhibitor to a regular turbine oil degrades the
      oxidation stability and Work Factor Test results (Compare G a regular
      turbine oil plus vapor space corrosion inhibitor with H a regular turbine
      oil). Similarly, the addition of only a substituted triazole such as
      benzotriazole to a regular turbine oil will not provide satisfactory
      protection against vapor space rusting (see I in Table I). Likewise, the
      polyacrylate antifoamant is required to provide adequate air release for
      critical applications; for noncritical applications a polymeric silicone
      antifoamant is acceptable.
PAR  It is well known in the art that a rust inhibitor and an antioxidant are
      required to provide the necessary protection against rusting in the liquid
      phase (contact rust inhibitor) and oxidation stability. Therefore, it can
      be seen that all of the ingredients claimed are required to provide the
      level of performance necessary to meet MIL-L-24467.
PAR  It will be appreciated that other known lubricating oil additives also can
      be incorporated in the formulations of the invention to impart thereto
      additional properties.
PAR  Thus it will now be obvious to those skilled in the art many modifications
      and variations of the compositions set forth above. These modifications
      and variations will not depart from the scope of the invention, however,
      if defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vapor phase rust inhibiting, oxidation stable, lubricating composition
      having improved air release properties and comprising in combination, a
      major amount of a mineral lubricating oil having an SUS viscosity at
      100.degree.F. between 70 and 5000; a minor effective oxidation stabilizing
      amount of a heterocyclic anti-oxidant compound of the formula:
      ##EQU2##
      wherein R and R.sub.1 are alkyl or aryl, straight or branched chain, or
      form a six membered ring and have one to 30 carbon atoms each; or can be
      absent and at least one member of the group ABCDE is carbon and at least
      three other members are selected from the group of nitrogen, oxygen and
      sulfur, a minor effective antifoaming amount of an antifoaming agent, a
      minor effective vapor phase rust inhibiting amount of a C.sub.8 to
      C.sub.10 aliphatic monocarboxylic acid, a minor work load improving amount
      of tricresylphosphate and a minor effective antioxidant amount of an
      alkylphenol antioxidant.
NUM  2.
PAR  2. A composition in accordance with claim 1 wherein the monocarboxylic acid
      is caprylic acid.
NUM  3.
PAR  3. A composition in accordance with claim 1 wherein the monocarboxylic acid
      is pelargonic acid.
NUM  4.
PAR  4. A composition in accordance with claim 1 wherein the monocarboxylic acid
      is capric acid.
NUM  5.
PAR  5. A composition in accordance with claim 1 wherein the antifoamant is a
      dimethyl silicone polymer.
NUM  6.
PAR  6. A composition in accordance with claim 1 wherein said heterocyclic
      antioxidant is tolutriazole.
NUM  7.
PAR  7. A composition in accordance with claim 1 wherein said heterocyclic
      antioxidant is dihydrobenzotriazole.
NUM  8.
PAR  8. A composition according to claim 1 containing:
TBL  (Anti-rust concentrate)                                                   

                           % wt.   0.1                                         

     2,6-ditertiarybutyl-4-methyl phenol                                       

                           "       0.3                                         

     Tricresyl phosphate   "       2.0                                         

     Caprylic acid         "       0.075                                       

     Benzotriazole         "       0.02                                        

     Polyacrylate antifoamant                                                  

                           50      50                                          

     Mineral Oil                   Balance.                                    

NUM  9.
PAR  9. A composition according to claim 1 containing:
TBL  (Anti-rust concentrate)                                                   

                           % Wt.   0.1                                         

     2,6-ditertiarybutyl-4-methyl phenol                                       

                           "       0.3                                         

     Tricresyl phosphate   "       2.0                                         

     Pelargonic acid       "       0.075                                       

     Benzotriazole         "       0.02                                        

     Polyacrylate antifoamant                                                  

                           ppm     50                                          

     Mineral Oil                   Balance.                                    

NUM  10.
PAR  10. A composition according to claim 1 containing:
TBL  (Anti-rust concentrate)                                                   

                           % wt.   0.10                                        

     2,6-ditertiarybutyl-4-methyl phenol                                       

                           "       0.3                                         

     Tricresyl phosphate   "       2.0                                         

     Capric acid           "       0.075                                       

     Benzotriazole         "       0.02                                        

     Polyacrylate antifoamant                                                  

                           ppm     50                                          

     Mineral Oil                   Balance.                                    

NUM  11.
PAR  11. A composition according to claim 1 containing:
TBL  (Anti-rust concentrate)                                                   

                           % wt.   0.05                                        

     2,6-ditertiarybutyl-4-methyl phenol                                       

                           "       0.3                                         

     Tricresyl phosphate   "       2.0                                         

     Caprylic acid         "       0.075                                       

     Benzotriazole         "       0.02                                        

     Polyacrylate antifoamant                                                  

                           ppm     50                                          

     Mineral Oil                   Balance.                                    

NUM  12.
PAR  12. A composition according to claim 1 containing:
TBL  (Anti-rust concentrate)                                                   

                           % wt.   0.05                                        

     2,6-ditertiarybutyl-4-methyl phenol                                       

                           "       0.3                                         

     Tricresyl phosphate   "       2.0                                         

     Caprylic acid         "       0.1                                         

     Benzotriazole         "       0.02                                        

     Polyacrylate antifoamant                                                  

                           ppm     50                                          

     Mineral Oil                   Balance.                                    

NUM  13.
PAR  13. A composition according to claim 1 containing:
TBL  (Anti-rust concentrate)                                                   

                           % wt.   0.05                                        

     2,6-ditertiarybutyl phenol                                                

                           "       0.3                                         

     Tricresyl phosphate   "       2.0                                         

     Caprylic acid         "       0.10                                        

     Benzotriazole         "       0.02                                        

     Dimethylsilicone polymer                                                  

                           ppm     50                                          

     Mineral Oil                   Balance.                                    
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ABST
PAL  There are disclosed triaryl phosphate ester functional fluids, such as
      lubricants and hydraulic fluids, which contain as the oxidatively stable
      component, a mixed tertiary-butylphenyl/phenyl phosphate containing about
      15 to 60 percent by weight mono- and di-t-butylphenyl radicals.
BSUM
PAR  This invention relates to improved synthetic phosphate ester functional
      fluids particularly suitable for use as lubricants, hydraulic fluids and
      the like. More particularly, the invention relates to triaryl phosphate
      ester compositions derived from mixtures of tertiary-butylphenols and
      phenol which exhibit a high degree of resistance to oxidative and thermal
      degradation.
PAR  Triaryl phosphates and mixed alkylphenyl/phenyl phosphates are known and
      are described, for example, in U.S. Pat. No. 3,576,923 issued Apr. 27,
      1971 to Randell et al. Synthetic functional fluids and lubricants
      containing alkylphenyl/phenyl phosphates and triaryl phosphates with
      various types may be found in U.S. Pat. Nos. 2,938,871 issued May21, 1960
      to Matuszak; 3,012,057 issued Dec. 5, 1961 to Fierce et al.; 3,071,549
      issued Jan. 1, 1963 to Stark; 3,468,802 issued Sept. 23, 1969 to Nail;
      3,723,315 issued Mar. 27, 1973 to Sullivan and 3,780,145 issued Dec. 18,
      1973 to Malec.
PAR  The present invention is based on the discovery that phosphorylated
      mixtures of tertiary-butylphenols and phenol provide triaryl phosphate
      ester functional fluids which exhibit heretofore unrecognized thermal and
      oxidation stability which renders such triaryl phosphate esters
      particularly suitable for use in the formulation of functional fluids such
      as lubricants, particularly turbine lubricants, hydraulic fluids and the
      like where extreme conditions such as high temperatures or extended
      periods of use require fluids of unusual stability properties.
PAR  In accordance with the present invention, there are provided functional
      fluid compositions comprising 95 to 99.99 percent by weight of a mixed
      tertiary-butylphenyl/phenyl phosphate containing between about 15 to 60
      percent, preferably 30 to 50 percent by weight mono- and di-t-butylphenyl
      radicals, as the base stock, and in admixture with the base stock very
      minor amounts, about 0.01 to 5 percent by weight of lubricant additives
      such as rust inhibitors, corrosion inhibitors, anti-foam agents, antiwear
      agents, cavitation inhibitors, and similar special purpose additives.
PAR  Rust and corrosion inhibitors commonly employed are compounds such as
      benzothiazole, benzotriazole, tri-ethanolamine, phenothiazine, trialkyl
      phosphates, such as mixed mono- and di-alkyl phosphates, N-acyl
      sarcosines, the acyl radical having 10 to 18 carbon atoms, propyl gallate,
      succinic acid and alkyl succinic acids. Other additives to inhibit foaming
      and cavitation included organo-silicone compounds, dialkyl carboxylic acid
      esters, such as diethyl succinate or dioctyl sebacate, or lower alkanes
      such as butane, propane and isomers thereof.
PAR  Functional fluids formulated in accordance with the present invention which
      contain a mixed tertiary butylphenyl/phenyl phosphate as the base stock
      with small proportions of the specialty additives described above are
      particularly suitable for high temperature use applications, since they
      exhibit a kinematic viscosity stability of .+-.5 percent when subjected to
      temperatures within the range of 175.degree.C to 220.degree.C for a period
      of 72 hours.
PAR  Particularly preferred embodiments are functional fluid formulations which
      consist essentially of a mixed t-butylphenyl/phenyl phosphate, the
      formulation containing 0.01 to 0.1 percent by weight of a member selected
      from the group of additives consisting of benzotriazole, N-oleoyl
      sarcosine, or a mixed mono- and dialkyl phosphate of the formula RH.sub.2
      PO.sub.4 and R.sub.2 HPO.sub.4, the alkyl being C.sub.8 -C.sub.12 and
      mixtures of these additives. These formulated compositions may also
      contain very small proportions, that is, about 0.001 percent, of a
      silicone anti-foam agent, such as a dimethyl silicone polymer. These
      formulated compositions are highly significant in that they offer the
      desirable combined properties of oxidative stability at elevated
      temperatures, thereby eliminating the need for antioxidant additives, and
      excellent corrosion and rust resistance, which enable functional fluids
      prepared in accordance with the present invention to meet the most
      demanding commercial specifications. So far as applicant is aware, there
      are no commercially available triaryl phosphate ester-based formulations
      which offer these combined properties. The remarkable stability of the
      compositions of the present invention at high temperatures is shown by
      their relatively unchanged viscosity and acid number when compared with
      heretofore available phosphate ester fluids.
PAR  A further embodiment of the present invention resides in thermally and
      oxidatively stable mixed functional fluids comprising 10 to 90 percent by
      weight of a mixed tertiary-butylphenyl/phenyl phosphate as hereinbefore
      described and 90 to 10 percent by weight of another fluid composition
      useful in formulating functional fluids. Thus, mixtures may be prepared
      with other functional fluids such as the synthetic or natural hydrocarbon
      oils, halogenated aromatic hydrocarbons, organic esters such as the
      alkanoic acid esters of organic polyhydroxy compounds such as
      pentaerythritol, trimethylolethane and trimethylolpropane, neopentyl
      glycol esters and the like, the alkanoic acids generally having from about
      5 to 10 carbon atoms. Other functional fluids useful for formulating
      mixtures include the alkoxypolysiloxane and organo polysiloxane fluids
      such as dimethylpolysiloxane, methylphenylpolysiloxane,
      dimethyldiphenylpolysiloxanes, methyl alkyl silicone fluids, siloxane
      esters, polyphenyl ethers such as bis(m-phenoxyphenyl) ether, diphenoxy
      biphenyl isomers, alkoxy aromatic ethers, polyglycols such as polyalkylene
      glycols and polyoxyalkylene glycols, silicate esters, such as tetraalkyl,
      tetraryl and mixed alkylaryl orthosilicate esters. Particularly useful are
      oxidatively stable functional fluids compositions comprising 40 to 60
      percent by weight of a mixed tertiary-butylphenyl/phenyl phosphate ester
      and 60 to 40 percent of a functional fluid selected from the group
      consisting of petroleum hydrocarbons of lubricating viscosity, a silicone
      functional fluid or alkanoic acid ester functional fluid, particularly a
      pentaerythritol ester.
PAR  The compositions of the present invention because of their excellent
      stability at very high temperatures, are particularly suitable for use in
      applications wherein high use temperatures are routinely encountered such
      as in the lubrication of gas turbines, particularly aero gas turbines,
      power generating gas turbines, steam turbines and the like. Fluids
      formulated in accordance with the present invention containing the mixed
      t-butylphenyl/phenyl phosphate esters described herein are also especially
      suitable for use as hydraulic fluids, capacitator and transformer oils as
      well as for heat transfer fluids. In these applications, a high degree of
      oxidative stability is of importance. Since antioxidant additives are not
      present, filtration of such fluids in the course of their use for the
      purpose of removing impurities will not diminish their stability.
PAR  A further embodiment of the present invention resides in a method of
      lubricating metallic surfaces at elevated temperatures, that is, in excess
      of about 50.degree.C, comprising applying to said metallic surfaces an
      oxidatively stable phosphate triester said triester being a mixed
      t-butylphenyl/phenyl phosphate containing about 15 to 60 percent of mono-
      and di-t-butylphenyl radicals. Mixed t-butylphenyl/phenyl phosphates are
      particularly suitable for lubrication at high temperatures of metals
      present in the gears and bearings of a gas turbine such as copper,
      magnesium, iron, steel, aluminum, silver and lead. Temperatures in the
      range of 50.degree.C to 400.degree.C are commonplace in the operation of
      steam and gas turbines. The compositions of the present invention are
      particularly suitable for lubricating at temperatures in excess of about
      175.degree.C, because of their resistance to thermal degradation at these
      high temperatures.
PAR  The tertiary-butylphenyl/phenyl phosphates described herein also exhibit
      anti-wear properties. This property, in combination with their unusual
      degree of thermal stability, renders these materials particularly suitable
      for use in very minor amounts as additives for other functional fluids. As
      special purpose additives, they may be present in amounts between about
      0.1 to 5 percent by weight. Thus, they may be employed as additives for
      functional fluids such as the polyol alkanoic acid esters, the silicone
      fluids as well as natural and synthetic hydrocarbon oils. They function as
      suitable anti-wear or extreme pressure additives and offer the additional
      advantage of superior resistance to thermal and oxidative deterioration.
PAR  The mixed t-butylphenyl/phenyl phosphate esters may be prepared by any
      suitable conventional technique such as by phosphorylation of an
      isobutylene-phenol alkylation mixture as disclosed, for example, in U.S.
      Pat. No. 3,576,923 which results in a complex mixture of mono- and
      di-t-butylphenols and phenol. Alternatively, appropriate mixtures of a
      t-butylphenol and phenol may be phosphorylated to produce the mixed
      t-butylphenyl/phenyl phosphate for use in accordance with the present
      invention.
DETD
PAR  The invention is further illustrated by the following examples which should
      not be considered as limitative of its scope. Temperatures are in degrees
      centigrade and percentages are by weight, unless otherwise indicated.
PAC  EXAMPLE I
PAR  The preparation of mixed t-butylphenyl/phenyl phosphate ester fluids is set
      forth in the following Examples 1 (a) to 1 (f). Properties of the various
      mixed t-butylphenyl/phenyl phosphate triesters are set forth in Table 1.
PAR  a. Into a stirred suspension of dried acid activated clay catalyst, sold as
      "Super Filtrol," (75 g, 2.0 percent by wt.) in phenol (3,765 g, 40 moles)
      was bubbled isobutylene (664.4 g, 11.8 moles) at 80.degree.. Aluminum
      chloride (44 g, 1.0 percent by wt.) was added to the stirred suspension
      and the temperature was increased to 118.degree. when the addition of
      phosphorus oxychloride (2,037 g, 13.0) moles began. The addition required
      3.0 hours as the temperature was gradually increased to 220.degree. where
      it was maintained for an additional 3.0 hours after the addition. The
      hydrogen chloride which evolved was swept out of the system with nitrogen
      into a scrubber.
PAR  Without filtering the catalysts, the product was flash distilled out of the
      reactor. The main fraction (4,062 g, 81%) boiled 180.degree. to
      230.degree. at 0.4 torr. Redistillation through a 12 inch Goodloe column
      in the presence of 1.0 percent by wt. of sodium carbonate provided 3,990
      grams (80 percent) of t-butylated phenyl/phenyl phosphates which boiled at
      195.degree. to 235.degree. at 0.4 torr.
PAR  b. Using a process analogous to that in Example 1 (a), phenol (4,220 g,
      44.8 moles) and isobutylene (469 g, 8.38 moles) were reacted in the
      presence of Super Filtrol. The phosphorylation was similar except
      anhydrous magnesium chloride (1.0 percent by wt.) was used. Distillation
      afforded 4,714 grams (88 percent) of t-butylated phenyl/phenyl phosphates
      which boiled at 195.degree. to 220.degree. at 0.25 torr.
PAR  c. Using a process analogous to that in Example 1 (a), phenol (3,764 g, 40
      moles) was reacted with 941 grams (16.8 moles) of isobutylene.
      Phosphorylation and distillation afforded 4,856 grams (92 percent) of
      product which boiled at 210.degree. to 240.degree. at 0.15 torr.
PAR  d. Phenol (2,069 g, 22.0 moles) and isobutylene (454 g, 8.1 moles) were
      reacted and phosphorylated in a manner as described in Example 1 (a).
PAR  e. To a stirred solution (70.degree.) of phenol (2,760 g, 29.6 moles) and
      p-t-butylphenol (1,800 g, 12.0 moles) was added 2,195 grams (14.3 moles)
      of POCl.sub.3 in the presence of MgCl.sub.2 (30 g, 0.5 percent by wt.).
      The remainder of the preparation was carried out in an analogous manner as
      described in Example 1 (a) to yield 5,140 grams (94 percent) of triester.
PAR  f. An alkylate prepared in an analogous manner to that described in Example
      1 (a) was transalkylated by heating in a sealed system at 130.degree. for
      3.5 hours in the presence of 2.0 percent by wt. of Super Filtrol catalyst.
      Comparative analyses before and after this treatment are given below.
TBL  ______________________________________                                    

                Phenols - % by weight                                          

                Phenol ortho   meta/para 2,4-di                                

     ______________________________________                                    

     Alkylate of Ex.                                                           

      1(a)        59.80    8.84    25.21   6.07                                

     Transalkylated                                                            

      product     55.80    2.91    40.8    0.39                                

     ______________________________________                                    

PAL  Phosphorylation of the transalkylated product as described in Example 1 (a)
      produced 2,870 grams (90%) which boiled at 190.degree. to 240.degree. at
      0.1 torr.
PAR  g. Alkylate from Example 1 (d) was transalkylated in a similar manner to
      Example 1 (e). Comparative analyses of the phenol distribution are again
      set forth:
TBL             Phenols - % by weight                                          

                Phenol ortho   meta/para 2,4-di                                

     ______________________________________                                    

     Alkylate of Ex.                                                           

      1(d)        52.80    7.09    35.50   4.47                                

     Transalkylated                                                            

      product     47.40    3.21    48.60   0.68                                

     ______________________________________                                    

PAL  Phosphorylation and distillation afforded a phosphate triester product.
PAC  EXAMPLE II
PAR  The mixed tertiary butyl substituted triaryl phosphates prepared in Example
      1 were evaluated for oxidative stability and corrosivity according to
      Federal Test Method Standard No. 791B Method 5308.6 "Corrosiveness and
      Oxidation Stability of Light Oils." Comparisons of the products of this
      invention with other commercial triaryl phosphates via this procedure were
      made. The results of these evaluations are presented in Table 2. The
      remarkable oxidative stability of the mixed tertiary butyl substituted
      triaryl phosphates is manifestly apparent when comparing acid number
      changes and viscosity differences with other triaryl phosphates. The
      products were evaluated before and after exposure to 175.degree.C for 72
      hours.
PAC  EXAMPLE III
PAR  Evaluations of the oxidative stability of the mixed tertiary butyl
      substituted triaryl phosphates were made according to the MIL-L-23699B
      3.3.10 military specification at 204.degree.C and 218.degree.C after 72
      hours, with data for 204.degree.C reported in Table 3 and data for
      218.degree.C reported in Table 4. The viscosity stability at very high
      temperatures is readily apparent.
PAC  EXAMPLE IV
PAR  The superior oxidative stability of the compounds of this invention is not
      diminished by treatment with additives known in the art to inhibit metal
      corrosion, rusting and foaming. Results of evaluations of mixed tertiary
      butyl substituted triaryl phosphates formulated with a copper passivator
      (benzotriazole), rust inhibitors (Sarkosyl O and Ortholeum 162), a
      dimethyl silicone anti-foam agent (Dow-Corning "Compound A"), antioxidants
      and acid sumps (Kronox S) are summarized in Tables 5 and 6.  It is readily
      apparent from these results that the extraordinary thermal and oxidative
      characteristics of the compositions are maintained and their utility
      enhanced as indicated by the ASTM D-665 rust test.
PAC  EXAMPLE V
PAR  This example demonstrates the superior oxidative stability of mixtures of
      the phosphate esters of this invention with alkanoic acid esters. The
      table below compares the stability of an unstabilized 65/35 vol./vol.
      blend of phosphate ester of Example 1 (a) and "Natcol 1570" with a similar
      65/35 mixture of tricresyl phosphate (TCP)/Natcol 1570. Natcol 1570 is a
      commercially available pentaerythritol alkanoic acid (C.sub.5 -C.sub.10
      acids) ester. It is clearly evident that by comparison of the change in
      viscosity and acid number the composition of this invention is
      significantly more stable than the one based on TCP. The data are set
      forth below. Corrosion results are also shown.
TBL  ______________________________________                                    

     Federal Test Method Standard No. 791B,                                    

     Method 5308.6 at 175.degree.C for 72 Hours                                

                 Ex. 1(a)/Natcol                                               

                             TCP/Natcol 1570                                   

                 1570 (65/35)                                                  

                             (65/35)                                           

     ______________________________________                                    

     .DELTA.TAN* (mg/KOH/g)                                                    

                   6.60          11.9                                          

     % Viscosity Change                                                        

                   29.0          54.0                                          

     (cs at 100.degree.F)                                                      

     Wt. Change (mg/cm.sup.2)                                                  

       Cu          -0.67         -0.18                                         

       Steel       +0.01         +0.01                                         

       Mg          -0.01         -0.01                                         

       Al          0.00          0.00                                          

       Ag          -0.06         -0.04                                         

     ______________________________________                                    

      *.DELTA.TAN = Change in total acid number.                               

TBL                                    TABLE I                                 

     __________________________________________________________________________

                 1(a)   1(b)   1(c)   1(d)   1(e)   1(f)   1(g)                

     __________________________________________________________________________

     N.sup.25 Refractive index                                                 

                 1.5520 1.5582 1.5452 1.5487 1.5517 1.5506 1.5480              

     Chloride, ppm                                                             

                 1.0    1.0    5.0    1.0    5.0    0.5    3.0                 

     Color, pt-Co.                                                             

                 15     20     45     10     10-15  50     30                  

     Acid No.                                                                  

     (mmKOH/g)   0.24   0.15   0.17   0.03   0.08   0.08   0.03                

     Moisture, % 0.032  0.019  0.031  0.003  0.016  0.04   0.005               

     Viscosity, cs at                                                          

      100.degree.F                                                             

                 33.71  21.4   77.15  49.34  38.3   41.9   57.64               

     Sp. Gr. at                                                                

     27/27.degree.C                                                            

                 1.17   1.20   1.13   1.15   1.16   1.16   1.16                

     Free Phenol, %                                                            

                 0.02   0.008  0.01   0.028  --     0.028  0.024               

     __________________________________________________________________________

TBL                                    TABLE 2                                 

     __________________________________________________________________________

     72 Hours at 175.degree.C                                                  

                            ACID NUMBER        WEIGHT CHANGE OF METALS         

             KINEMATIC VISCOSITY (100.degree.F)                                

                            (mg KOH/g)   APPEAR-                               

                                               (mg/cm.sup.2)                   

     COMPOSITION                                                               

             INITIAL                                                           

                  FINAL                                                        

                      % CHANGE                                                 

                            INITIAL                                            

                                 FINAL                                         

                                     .DELTA.TAN*                               

                                         ANCE* Cu  Steel                       

                                                       Mg  Al  Ag              

     __________________________________________________________________________

     1.Ex. 1(b)                                                                

             21.17                                                             

                  21.51                                                        

                      +1.61 0.05 0.25                                          

                                     0.20                                      

                                         A     -0.68                           

                                                   -0.01                       

                                                        0.00                   

                                                           -0.01               

                                                               -0.02           

     2.Ex. 1(a)                                                                

             31.99                                                             

                  32.15                                                        

                      +0.50 0.18 0.18                                          

                                     0.00                                      

                                         A     -0.33                           

                                                   0.00                        

                                                       -0.04                   

                                                            0.00               

                                                                0.00           

     3.Ex. 1(d)                                                                

             48.08                                                             

                  49.53                                                        

                      +3.02 0.06 0.38                                          

                                     0.32                                      

                                         B     -1.22                           

                                                   +0.01                       

                                                       +0.01                   

                                                           +0.01               

                                                               +0.01           

     4.Ex. 1(c)                                                                

             76.73                                                             

                  78.27                                                        

                      +2.01 0.03 0.25                                          

                                     0.22                                      

                                         A     -0.41                           

                                                   -0.07                       

                                                       -0.02                   

                                                           +0.01               

                                                                0.00           

     5. IPP* 32.04                                                             

                  86.54                                                        

                      +101.70                                                  

                            0.24 26.70                                         

                                     26.46                                     

                                         C     -0.31                           

                                                   0.00                        

                                                       +0.04                   

                                                           +0.01               

                                                               -0.18           

     6. TCP* 27.53                                                             

                  31.92                                                        

                      +15.95                                                   

                            0.30 5.05                                          

                                     4.75                                      

                                         B     -0.24                           

                                                   +0.02                       

                                                       +0.02                   

                                                           +0.02               

                                                               -0.01           

     7. TXP* 43.11                                                             

                  63.40                                                        

                      +47.06                                                   

                            0.00 7.80                                          

                                     7.80                                      

                                         B     -0.15                           

                                                   +0.02                       

                                                       +0.04                   

                                                           +0.03               

                                                               -0.07           

     8. CDP* 18.79                                                             

                  19.60                                                        

                      +4.31 0.05 1.02                                          

                                     0.97                                      

                                         B     -0.69                           

                                                   +0.01                       

                                                       +0.02                   

                                                           +0.02               

                                                               -0.03           

     __________________________________________________________________________

      IPP = Mixed isopropylphenyl/phenyl phosphate; TCP-Tricresyl phosphate;   

      TXP=Trixylyl phosphate;                                                  

      CDP=Cresyl diphenyl phosphate.                                           

      *Appearance: A=Light colored, no precipitate; B=Dark colored, no         

      precipitate; C=Dark colored, precipitate D=Catastrophic failure.         

      *.DELTA.TAN: Change in total acid number.                                

TBL                                    TABLE 3                                 

     __________________________________________________________________________

     72 Hours at 204.degree.C                                                  

                               ACID NUMBER                                     

             KINEMATIC VISCOSITY (100.degree.F)                                

                               (mg KOH/g)                                      

     COMPOSITION                                                               

             INITIAL                                                           

                   FINAL                                                       

                        %CHANGE                                                

                               INITIAL                                         

                                    FINAL                                      

                                         .DELTA.TAN                            

     __________________________________________________________________________

     Ex. 1(b)                                                                  

             21.17 22.04                                                       

                        +4.10  0.05 3.09 3.04                                  

     Ex. 1(a)                                                                  

             31.99 32.07                                                       

                        +0.25  0.06 1.34 1.28                                  

     Ex. 1(d)                                                                  

             48.08 50.69                                                       

                        +5.42  0.11 3.84 3.73                                  

     IPP*    32.04  34,560                                                     

                        +107,765.0                                             

                               0.05 125.13                                     

                                         125.60                                

     TCP*    27.41  3,860                                                      

                        +13,982.0                                              

                               0.02 125.62                                     

                                         125.60                                

     CDP*    18.79 840  +4,370.5                                               

                               0.05 80.97                                      

                                         80.92                                 

     __________________________________________________________________________

      *same as Table 2.                                                        

TBL                                    TABLE 4                                 

     __________________________________________________________________________

     72 Hours at 218.degree.C                                                  

                                   ACID NUMBER                                 

             KINEMATIC VISCOSITY (100.degree.F)                                

                                   (mg KOH/g)                                  

     COMPOSITION                                                               

             INITIAL                                                           

                  FINAL                                                        

                       %CHANGE                                                 

                              INITIAL                                          

                                   FINAL   .DELTA.TAN                          

     __________________________________________________________________________

     Ex. 1(b)                                                                  

             21.17                                                             

                  22.55                                                        

                       +6.52  0.05  4.93    4.88                               

     Ex. 1(a)                                                                  

             31.99                                                             

                  33.13                                                        

                       +3.56  0.06  3.32    3.26                               

     IPP*    32.04                                                             

                  527.00                                                       

                       +1,544.80                                               

                              0.05 89.79   89.74                               

     TCP*    27.41                                                             

                  890.00                                                       

                       +3,146.00                                               

                              0.02 105+    105+                                

     CDP*    18.79                                                             

                  63.31                                                        

                       +237.00                                                 

                              0.05 60.50   60.45                               

     __________________________________________________________________________

      *Same as Table 2.                                                        

TBL                                    TABLE 5                                 

     __________________________________________________________________________

             TIME      KINEMATIC VISCOSITY (100.degree.F)                      

     COMPOSITION                                                               

             (HOURS)                                                           

                  TEMP.degree.C                                                

                       INITIAL                                                 

                             FINAL                                             

                                  % CHANGE                                     

     __________________________________________________________________________

     Ex. 1(a)                                                                  

             72   175  31.99 32.15                                             

                                  0.50                                         

     Ex. 1(a)-A                                                                

             72   175  31.79 32.09                                             

                                  0.94                                         

     Ex. 1(a)-B                                                                

             168  175  33.10 33.10                                             

                                  8.70                                         

     Ex. 1(a)-C                                                                

             72   175  --    --   --                                           

     Ex. 1(a)-D                                                                

             72   175  41.57 41.77                                             

                                  0.48                                         

     __________________________________________________________________________

      Ex. 1(a)-A contains 0.1% Sarkosyl O, 0.01% benzotriazole, 1% diphenylamin

      (DPA) and 0.001% silicone (dimethyl silicone fluid)antifoam.             

      Ex. 1(a)-B is formulated with 1% phenyl .alpha.-naphthylamine, 0.01%     

      benzotriazole, 0.5% Kronox S, 0.025% Ortholeum 162 and 0.001% silicone   

      antifoam.                                                                

      Ex. 1(a)-C contains of 0.01% benzotriazole, 1% DPA, 0.025% Ortholeum 162 

      and 0.001% silicone antifoam. Only ASTM D-665 tests were made.           

      Ex. 1(a)-D contains 0.01% benzotriazole, 0.01% Ortholeum 162 and 0.001%  

      silicone antifoam agent.                                                 

      Sarkosyl O - trademark for N-oleoyl sarcosine free acid, a rust and      

      corrosion inhibitor.                                                     

      Kronox S - trademark for epoxidized soybean oil.                         

      Ortholeum 162 - trademark for mixed mono- and dialkyl phosphate, the alky

      groups being C.sub.8 -C.sub.12 .                                         

TBL                                    TABLE 6                                 

     __________________________________________________________________________

                                                        Rust Preventing        

             ACID NUMBER                                Characteristic         

             (mg KOH/g)                                                        

                       mg/cm.sup.2                      ASTM D-665             

     COMPOSITION                                                               

             INITIAL                                                           

                   FINAL                                                       

                       .DELTA.TAN                                              

                               Cu   Steel                                      

                                         Mg   Al   Ag   A   B                  

     __________________________________________________________________________

     Ex. 1(a)                                                                  

             0.18  0.18                                                        

                       0  A    -0.33                                           

                                     0.00                                      

                                         -0.04                                 

                                               0.00                            

                                                    0.00    F                  

     Ex. 1(a)-A                                                                

             0.41  0.59                                                        

                       0.18 A  +0.07                                           

                                    +0.02                                      

                                         +0.03                                 

                                              +0.01                            

                                                   +0.01    P                  

     Ex. 1(a)-B                                                                

             0.27  1.20                                                        

                        0.93 A/B                                               

                               +0.01                                           

                                    +0.02                                      

                                         +0.01                                 

                                              +0.01                            

                                                   +0.00    F                  

     Ex. 1(a)-C                                                                

             --    --  --      --   --   --   --   --   P   P                  

     Ex. 1(a)-D                                                                

             0.21  1.12                                                        

                       0.91 A  -0.08                                           

                                     0.00                                      

                                          0.00                                 

                                               0.00                            

                                                   -0.03                       

                                                        P   P                  

     __________________________________________________________________________

      Ex. 1(a)-A contains 0.1% Sarkosyl O, 0.01% benzotriazole, 1% diphenylamin

      (DPA) and 0.001% silicone (dimethyl silicone fluids) antifoam.           

      Ex. 1(a)-B is formulated with 1% phenyl .alpha.-naphthylamine, 0.01%     

      benzotriazole, 0.5% Kronox S, 0.025% Ortholeum 162 and 0.001% silicone   

      antifoam.                                                                

      Ex. 1(a)-C contains of 0.01% benzotriazole, 1% DPA, 0.025% Ortholeum 162 

      and 0.001% silicone antifoam. Only ASTM D-665 tests were made.           

      Ex. 1(a)-D contains 0.01% benzotriazole, 0.01% Ortholeum 162 and 0.001%  

      silicone antifoam agent.                                                 

      Sarkosyl O - trademark for N-oleoyl sarcosine free acid, a rust and      

      corrosion inhibitor.                                                     

       Kronox S - trademark for epoxidized soybean oil.                        

      Ortholeum 162 - trademark for mixed mono- and dialkyl phosphate, the alky

      groups being C.sub.8 -C.sub.12.                                          

      Note:                                                                    

      Temperatures and times of exposure are the same as Table 5.              

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Functional fluid compositions comprising, as the base stock, 95 to 99.99
      percent by weight of a mixed liquid tertiary-butylphenyl/phenyl phosphate
      containing from about 15 to 60 percent by weight mono- and
      di-t-butylphenyl radicals, and in admixture with the base stock about 0.01
      to 5 percent by weight of a lubricant additive.
NUM  2.
PAR  2. The composition of claim 1 where the lubricant additive is a rust
      inhibitor, corrosion inhibitor, anti-foam agent, cavitation inhibitor or
      anti-wear agent.
NUM  3.
PAR  3. The composition of claim 1, characterized as having a kinematic
      viscosity stability of .+-.5 percent when subjected to temperatures in the
      range of about 175.degree. to 220.degree.C. for a period of about 72
      hours.
NUM  4.
PAR  4. The composition of claim 1 wherein the fluid contains 0.01 to 0.1
      percent benzotriazole as the additive.
NUM  5.
PAR  5. The composition of claim 1 when the fluid contains 0.01 to 0.1 percent
      N-oleoyl sarcosine as the additive.
NUM  6.
PAR  6. The composition of claim 1 where the fluid contains 0.01 to 0.1 percent
      of a mixed mono- and dialkyl phosphate as the additive, the alkyl being
      about 8 to 12 carbon atoms.
NUM  7.
PAR  7. The composition of claim 1 where the fluid contains 0.01% benzotriazole,
      0.01% of a mixed C.sub.8 -C.sub.12 mono- and dialkyl phosphate and 0.001%
      of a silicone antifoam agent.
NUM  8.
PAR  8. Mixed functional fluid compositions comprising (a) 10 to 90 percent by
      weight of a mixed liquid tertiary-butylphenyl/phenyl phosphate, containing
      from about 15 to 60 percent by weight mono- and di-t-butylphenyl radicals
      and (b) 90 to 10 percent by weight of another fluid composition useful in
      formulating functional fluids.
NUM  9.
PAR  9. The composition of claim 8 where said other fluid composition is
      selected from the group consisting of synthetic and natural hydrocarbon
      oils, halogenated aromatic hydrocarbons, alkanoic acid esters of
      polyhydroxy organic compounds, alkoxy polysiloxanes, organo polysiloxanes,
      methyl alkyl silicone fluids, siloxane esters, polyphenyl ethers,
      polyglycols and silicate esters.
NUM  10.
PAR  10. The composition of claim 8 wherein there is present from 60 to 40
      percent by weight of said t-butylphenyl/phenyl phosphate.
NUM  11.
PAR  11. The composition of claim 8 where said other fluid composition is a
      pentaerythritol, trimethylolethane, trimethylol propane or neopentyl
      glycol ester of a C.sub.5 to C.sub.10 alkanoic acid.
NUM  12.
PAR  12. The method of lubricating metallic surfaces at elevated temperatures
      comprising applying to said surfaces a liquid phosphate ester lubricant
      consisting essentially of a liquid mixed t-butylphenyl/phenyl phosphate
      containing from about 15 to 60 percent by weight mono- and
      di-t-butylphenyl radicals.
NUM  13.
PAR  13. The method of claim 12 wherein said metallic surfaces are turbine
      bearings and gears.
NUM  14.
PAR  14. The method of claim 12 where the temperature is in excess of
      175.degree.C.
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ABST
PAL  A multifunctional additive for an oil from the class consisting of
      gasoline, middle distillate fuels, and lubricating oils is prepared by the
      reaction of an aliphatic polyamine such as diethylene triamine,
      tetraethylene pentamine, and the like with the product that is obtained by
      the noncatalyzed air oxidation of a polyolefin or a halogenated polyolefin
      such as polyisobutylene or chlorinated polyisobutylene.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention concerns multifunctional dispersant additives for oil
      compositions including gasoline, fuel oil, heating oil and lubricating
      oil. It also concerns the preparation of these additives and oil
      compositions containing them. The additives can be characterized as
      oil-soluble polyamine addition compounds of high molecular weight
      oxygenated polyolefins or oxygenated halopolyolefins.
PAR  Numerous addition agents are known in the prior art for improving the
      desirable properties of fuels and lubricants, including high oxidation
      resistance, freedom from the formation of insoluble material, protection
      from rust and corrosion, and the like. For heavy duty service in high
      compression internal combustion engines, it is required that the
      lubricants contain additives that will impart good dispersancy and
      detergency as well as good oxidation stability. By dispersancy is meant
      the prevention of the deposition of insoluble material and by detergency
      is meant the quality of removing deposits where they have been formed.
      Recent emphasis in this field of additives has been placed on development
      of metal-free additives that will not form an ash. The conventional
      metal-containing additives have the disadvantage of leaving an ash residue
      which tends to accumulate in the combustion chamber of the engine and
      cause spark plug fouling, valve burning, preignition, and similar
      undesirable conditions. Ash-free dispersants are also of advantage in
      diesel fuels, fuel oil compositions, and gasolines as well. Additives that
      will function not only as good dispersants and detergents but that will
      additionally furnish protection from wear and from rust and corrosion are
      of particular value.
PAC  REFERENCE TO THE PRIOR ART
PAR  It is disclosed in British Pat. No. 1,172,818 that a detergent for a
      lubricating oil composition can be prepared by oxidizing a polymer of a
      C.sub.2 to C.sub.4 olefin with ozone, treating the ozonized polyolefin
      with hydrogen to provide a polyalkyl ketone, and condensing the ketone
      with a polyamine such as tetraethylene pentamine.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been found in accordance with the present invention that a
      highly effective dispersant for a lubricating oil or a fuel can be
      prepared by the noncatalyzed air-oxidation of a polyolefin or of a
      halogenated polyolefin to form an oxygencontaining material which is then
      reacted with an aliphatic polyamine under conditions that cause the
      formation of an addition product which differs chemically from the Schiff
      bases of the prior art.
PAR  The starting materials for the preparation of the additives of this
      invention are the polymers of C.sub.2 to C.sub.5 monoolefins, e.g.,
      ethylene, propylene, butylene, isobutylene and pentene. The polymers can
      be homopolymers as well as copolymers of two or more of such olefins. The
      polymers will have number average molecular weights within the range of
      about 400 to about 4000, or more usually from about 600 to about 2400.
      Representative olefin polymers that can be used include, for example, a
      propylene polymer averaging about 36 carbon atoms per molecule, an
      ethylene polymer of about 2000 molecular weight, a copolymer of about 70
      weight percent of ethylene and about 30 weight percent of propylene of
      about 3000 number average molecular weight, and a polyisobutylene of about
      1200 molecular weight.
PAR  The air oxidation of a halogenated polymer is quite similar to the
      oxidation of a nonhalogenated polymer. Under the same conditions of
      oxidation, it has been found that oxygen consumption and selectivity to
      oxidized products appear to be independent of whether or not the polymer
      was first halogenated. However the oxidized products of the halogenated
      polymer do contain residual halogen. A principal advantage of first
      halogenating the polymer appears to be that the subsequent addition
      reaction with the polyamine proceeds more readily.
PAR  If a halogenated olefin polymer is used, halogenation can be with either
      bromine or chlorine, but is preferably with the latter, using sufficient
      halogen to provide from about 0.5 to about 2 atoms of halogen per molecule
      of the olefin polymer. The halogenation step can be conducted in the
      temperature range of from about ordinary ambient temperatures up to about
      120.degree.C. It is sometimes helpful in the halogenation step to dissolve
      the polymer in a suitable solvent such as carbon tetrachloride in order to
      lower the viscosity of the polymer, although the use of such a solvent is
      not necessary. The time for halogenation can be varied to some extent by
      the rate at which the halogen is introduced. Ordinarily from about 2 to 5
      hours is a satisfactory halogenation period.
PAR  The oxidation of the nonhalogenated polymer or of the halogenated polymer
      is conducted by contacting with air at a temperature in the range of from
      about 120.degree.to about 250.degree.C., more usually at a temperature in
      the range of about 150.degree.to about 220.degree.C. The lower
      temperatures tend to favor more unsaturation in the product. Excessively
      high temperatures are generally to be avoided so as to minimize
      degradation. No catalyst is required. Atmospheric pressure or somewhat
      elevated pressures can be used, the latter favoring the mass transfer
      rate. Efficient agitation is also helpful in increasing the rate.
PAR  The oxygenation is conducted for a sufficient period of time to obtain a
      product having from about 1 to about 4.5 percent oxygen; the optimum
      oxygen content is within the range of about 1.8 to about 3 percent by
      weight. The progress of the reaction is conveniently followed by periodic
      sampling of the reaction mixture and determination of the oxygen content.
      The product obtained by this oxidation treatment is a mixture of carbonyl
      compounds.
PAR  The oxygen-containing product obtained by the air oxidation of a
      halogenated or nonhalogenated olefin polymer is condensed with an
      aliphatic polyamine employing a mole ratio of polyamine to oxygenated
      material of from about 0.2 to about 2.5 moles of polyamine per mole of the
      oxygenated material. The reaction temperature for this condensation
      reaction will generally be in the range of from about 60.degree. to about
      250.degree.C. In most cases, however, the temperature range will be from
      about 120.degree. to about 220.degree.C.
PAR  The aliphatic polyamine that is employed in preparing the reaction products
      of the present invention can be an alkylene polyamine fitting the
      following general formula:
EQU  NH.sub.2 (CH.sub.2).sub.n --[NH(CH.sub.2).sub.n ].sub.m -- NH.sub.2
PAL  wherein n is 2 to 4 and m is a number from 0 to 10. Specific compounds
      coming within the formula include diethylene triamine, triethylene
      tetramine, propylene diamine, tetraethylene pentamine, dibutylene
      triamine, dipropylene triamine, octaethylene nonamine, and tetrapropylene
      pentamine. N,N-di-(2-aminoethyl) ethylene diamine can also be used. Other
      aliphatic polyamine compounds that can be used include the N-aminoalkyl
      piperazines of the formula:
      ##EQU1##
      wherein n is a number 1 to 3, and R is hydrogen or an aminoalkyl radical
      containing 1 to 3 carbon atoms. Specific examples include N-(2-aminoethyl)
      piperazine, N-(2-aminosopropyl) piperazine, and N,N'-di-(2-aminoethyl)
      piperazine.
PAR  The alkylene polyamines used in the practice of this invention can be
      either pure alkylene amines or they can be commercial mixtures. For
      example, one process for preparing alkylene amines involves the reaction
      of an alkylene chloride such as ethylene chloride or proplyene chloride
      with ammonia, which results in the production of somewhat complex mixtures
      of alkylene amines including various piperazines. One useful commercial
      product is a mixture of ethylene amines prepared by the reaction of
      ethylene chloride and ammonia and having a composition that corresponds to
      that of a tetraethylene pentamine. One such mixture is known in the trade
      under the name "Polyamine H."
PAR  Still other alkylene amino compounds that can be used include dialkylamino
      alkyl amines such as dimethylamino methyl amine, dimethylamino propyl
      amine, methylpropylamino amyl amine, etc. These may be characterized by
      the formula:
      ##EQU2##
      wherein R.sub.1 is an alkylene radical, e.g. an ethylene, propylene, or
      butylene radical, and R.sub.2 and R.sub.3 are C.sub.1 to C.sub.5 alkyl
      radicals.
PAR  Thus, the alkylene polyamine or aliphatic polyamine compound used in this
      invention can be broadly characterized as an alkylene amino compound
      containing from 2 to 12 nitrogen atoms wherein pairs of nitrogen atoms are
      joined by alkylene groups of from 2 to 4 carbon atoms.
PAR  The reaction of the aliphatic polyamine with the mixture of carbonyl
      compounds in the process of this invention appears to be one of addition
      with essentially no formation of Schiff bases. The evidence for this is
      that material balance determinations show that there is essentially no
      loss of oxygen during the reaction with the polyamine and that essentially
      no water is produced during the reaction.
PAR  The additives of this invention will be employed in concentrations ranging
      from about 0.001 to about 10 weight percent in oil compositions ranging
      from gasoline fractions through middle distillate fuels and lubricating
      oils.
PAR  For use as lubricating oil additives the reaction products of this
      invention can be incorporated in lubricating oil compositions in
      concentrations within the range of from about 0.1 to about 10 weight
      percent and will ordinarily be used in concentrations of from about 0.1 to
      about 5 weight percent. The lubricating oils to which the additives of the
      invention can be added include not only mineral lubricating oils, but
      synthetic oils also. The mineral lubricating oils may be of any preferred
      types, including those derived from the ordinary paraffinic, naphthenic,
      asphaltic, or mixed base mineral crude oils by suitable refining methods.
      Synthetic hydrocarbon lubricating oils may also be employed, as well as
      nonhydrocarbon synthetic oils, including dibasic acid esters such as
      di-2-ethyl hexyl sebacate, carbonate esters, phosphate esters, halogenated
      hydrocarbons, polysilicones, polyglycols, glycol esters such as C.sub.13
      oxo acid diesters of tetraethylene glycol, and complex esters, as for
      example the complex ester formed by the reaction of 1 mole of sebacic acid
      with 2 moles of tetraethylene glycol and 2 moles of 2-ethyl hexanoic acid.
PAR  The additives of this invention can also be employed in middle distillate
      fuels for inhibiting corrosion and the formation of sludge and sediment in
      such fuels. Concentration ranges of from about 0.001 to about 2 weight
      percent, or more generally from about 0.005 to about 0.2 weight percent
      are employed. Petroleum distillate fuels boiling in the range of from
      about 300.degree.to about 900.degree.F. are contemplated. Typical of such
      fuels are No. 1 and No. 2 fuel oils that meet ASTM Specification
      D-396-48T, diesel fuels qualifying as Grades 1D, 2D and 4D of ASTM
      Specification D-972-51T, and various jet engine fuels. Because they are
      ashless, these additives are particularly desirable for such fuels in that
      they do not give rise to glowing ashes nor deter from the burning
      qualities of the distillates. These additives can also be used in
      conjunction with other prior art ashless additives for fuels, such as
      polymers of acrylic or methacrylic acid esters, high molecular weight
      aliphatic amines, etc.
PAR  The additives of this invention can also be employed either alone or in
      combination with other hydrocarbon-soluble additives, in jet fuels and
      gasolines in concentrations ranging from about 0.001 to 1.0 weight percent
      as detergent and/or rust preventive additives.
PAR  In either the fuel or lubricant compositions, other conventional additives
      may also be present, including dyes, pour point depressants, antiwear
      agents, e.g. tricresyl phosphate, zinc dialkyl dithiophosphates of 3 to 8
      carbon atoms, antioxidants such as phenyl-alpha-naphthylamine, tert.
      octylphenol sulfide, bis-phenols such as 4,4'-methylene bis(2,6-di tert.
      butylphenol), viscosity index improvers such as polymethacrylates,
      polyisobutylene, alkyl fumarate-vinyl acetate copolymers, and the like as
      well as other ashless dispersants or detergents.
PAR  The dispersant additives of the invention can also be used to enhance the
      dispersancy-detergency of lubricants containing conventional
      metal-containing detergents, provided no problem of incompatability
      arises, and thereby obtain added dispersancy or detergency without
      materially increasing the total ash-forming properties of the composition.
PAR  The additives of this invention will not only be used in finished lubricant
      or fuel compositions but also as additive concentrates. Such concentrates
      can contain from about 10 to about 80 weight percent of additive on an
      active ingredient basis, the balance being lubricating oil or fuel. Such
      concentrates are convenient for handling the additive when conducting the
      ultimate blending operation to prepare the finished lubricating oil or
      fuel composition.
DETD
PAR  The nature of this invention will be further understood when reference is
      made to the following examples, which include preferred embodiments.
PAC  EXAMPLE 1
PAR  A quantity of polyisobutylene of about 980 average molecular weight was
      oxidized by blowing air through a quantity of the polymer at 170.degree.C.
      for 25 hours, no catalyst being used. More specifically, 1640 grams of the
      polymer was thus oxidized using a stream of air at the rate of 1 liter of
      air per minute measured at standard conditions. The oxidized polymer was
      found to contain 4.3 weight percent of oxygen.
PAR  This oxidized polyisobutylene was reacted with an alkylene polyamine in the
      following manner. First 8 grams of Polyamine H, a commercial mixture of
      polyamines roughly equivalent to tetraethylene pentamine, and 500 grams of
      a refined lubricating oil known as Solvent 150 Neutral were placed in a
      reactor and heated to 150.degree.C. Then while the mixture was stirred at
      150.degree.C., 100 grams of the oxidized polybutene was added over a
      period of 4 hours. The reaction product was then filtered and the filtrate
      was held without stirring at a temperature of 135.degree.F. (approximately
      53.degree.C.) for several days. The product was an additive concentrate
      containing approximately 65 percent active ingredient and 35 percent
      diluent. Analysis of the concentrate showed an oxygen content of 2.70
      weight percent and a nitrogen content of 1.11 weight percent. Material
      balance calculations showed that the product contained all of the oxygen
      originally present in the reactants and 70 percent of the nitrogen. The
      fact that all of the oxygen entering the reaction could be accounted for
      in the final product indicates that the reaction product is an addition
      type compound rather than a Schiff base, since the Schiff base reaction
      requires the splitting out of water in the reaction.
PAC  EXAMPLE 2
PAR  A product similar to that of Example 1 was prepared from air-oxidized
      polyisobutylene wherein the oxidized product contained 2.7% of oxygen. The
      additive concentrate (containing about 65 weight percent active
      ingredient) after the reaction with tetraethylene pentamine analyzed 1.85%
      oxygen and 0.52 weight percent nitrogen. Material balance calculations
      showed that all of the oxygen and 33 percent of the nitrogen originally
      present in the reactants could be accounted for in the product.
PAC  EXAMPLE 3
PAR  Air at the rate of 1.33 liters per minute was blown through 1400 grams of
      polyisobutylene of 940 molecular weight for 30 minutes at 185.degree.C.
      The product contained 2.05 weight percent oxygen. The oxidized material
      was condensed with Polyamine H as in Example 1 at 140.degree.C. for 4
      hours, using a proportion of diluent oil sufficient to provide a 50 weight
      percent concentrate of active ingredient. The concentrate analyzed 0.68
      weight percent nitrogen and 0.65 weight percent oxygen.
PAC  EXAMPLE 4
PAC  (Oxidation of Chlorinated Polyisobutylene)
PAR  Chlorine was bubbled through a quantity of polyisobutylene of about 920
      number average molecular weight for 3 hours at 93.degree.C. and the
      product was then purged with a stream of nitrogen for 1 hour at ambient
      temperature. The resulting chlorinated polyisobutylene had a chlorine
      content of 4.5 weight percent.
PAR  The effect of time and temperature on the oxidation of this chlorinated
      polyisobutylene was determined by subjecting 300-gram samples of the
      chlorinated polyisobutylene to noncatalyzed oxidation with air for various
      periods of time at temperatures in the range of 160.degree. to
      200.degree.C. In each case, 3 liters of air per minute was bubbled through
      the chlorinated polyisobutylene. Each of the products obtained was
      analyzed for its content of oxygen and residual chlorine. The results
      obtained are shown in Table 1 which follows:
TBL                TABLE I                                                     

     ______________________________________                                    

     AIR OXIDATION OF CHLORINATED POLYISOBUTYLENE                              

     Reaction Conditions                                                       

                      Analysis, Wt. %                                          

     Temp., .degree.C.                                                         

              Time, Hrs.  Oxygen   Residual Chlorine                           

     ______________________________________                                    

     160      8           1.34     1.21                                        

     160      16          3.50     1.19                                        

     170      4           1.19     1.69                                        

     170      6           1.67     1.37                                        

     170      8           2.10     1.17                                        

     185      6           2.95     0.79                                        

     190      4           1.97     1.81                                        

     190      8           3.46     0.50                                        

     200      4           1.59     0.92                                        

     200      6           1.95     0.67                                        

     200      8           3.25     0.39                                        

     ______________________________________                                    

PAC  EXAMPLE 5
PAC  (Condensation with Tetraethylene Pentamine)
PAR  Samples of oxidation products of chlorinated polyisobutylene, having
      varying oxygen contents and obtained by the procedure described in Example
      4, were each reacted with tetraethylene pentamine. In each case, 30 grams
      of the oxidized product was mixed with 30 grams of a solvent neutral
      lubricating oil of 150 SUS viscosity at 100.degree.F. and 2.5 grams of
      tetraethylene pentamine. The mixture was heated with stirring at
      150.degree.C. for 8 hours under a blanket of nitrogen. In each case the
      product was then filtered. In the following Table II are shown the oxygen
      contents of the respective oxidized starting materials and the nitrogen
      contents of the corresponding product concentrates.
TBL                TABLE II                                                    

     ______________________________________                                    

              Oxygen Content of                                                

                              Nitrogen Content of                              

              Oxidized Starting                                                

                              Product Concentrate,                             

     Product  Material, Wt. % Wt. %                                            

     ______________________________________                                    

     5-1      1.40            0.68                                             

     5-2      1.60            0.77                                             

     5-3      1.76            1.22                                             

     5-4      2.27            1.01                                             

     5-5      2.70            1.07                                             

     5-6      2.75            1.01                                             

     5-7      2.81            1.12                                             

     5-8      2.94            0.80                                             

     5-9      3.05            0.87                                             

     ______________________________________                                    

PAC  EXAMPLE 6
PAC  (Sludge Dispersancy Tests)
PAR  Additives of this invention were subjected to a sludge inhibition bench
      test which has been found, after a large number of evaluations, to be an
      excellent screening test for assessing the dispersing power of lubricating
      oil dispersant additives.
PAR  The medium chosen for the sludge inhibition bench test was used crankcase
      oil having an original viscosity of about 325 SUS at 100.degree.F. that
      had been used in a taxicab that was driven generally for short trips only,
      thereby causing a buildup of a high concentration of sludge precursors.
      The oil that was used contained only a refined base oil, a viscosity index
      improver, a pour point depressant and zinc dialkyldithiophosphate antiwear
      additive. The oil contained no sludge dispersants. A quantity of such used
      oil was acquired by draining and refilling the taxicab crankcase at
      1000-2000 mile intervals.
PAR  The sludge inhibition bench test is conducted in the following manner. The
      used crankcase oil, which is milky brown in color, is freed of sludge by
      centrifuging for 1 hour at 39,000 gs. The clear bright red supernatant oil
      is decanted from the insoluble sludge particles thereby separated out;
      however the superatant oil still contains oil-soluble sludge precursors
      which on heating under the conditions employed by this test will tend to
      form additional oil-insoluble deposits of sludge. The sludge inhibiting
      properties of the additives being tested are determined by adding to
      portions of the supernatant used oil small concentrations, e.g. 0.5, 1, or
      2 weight percent, on an active ingredient basis, of the particular
      additive being tested. Comparison blends are also prepared using a
      standardized commercial dispersant. Ten grams of each blend being tested
      is placed in a stainless steel centrifuge tube and is heated at
      280.degree.F. for 16 hours in the presence of air. Following the heating,
      the tube containing the oil being tested in cooled and then centrifuged
      for 30 minutes at 39,000 gs. Any deposits of sludge that form in this step
      are separated from the oil by decanting the supernatant oil and then
      carefully washing the sludge deposits with 25 ml of pentane to remove all
      remaining oil from the sludge. Then the weight of the solid sludge that
      has been formed in the test, in milligrams, is determined by drying the
      residue and weighing it. The results are recorded as milligrams of sludge
      per 10 grams of oil.
PAR  Comparison can be made directly between the efficacy of the sludge
      dispersant under test and that of a standard dispersant. Alternatively the
      results can be reported as a ratio of the sludge obtained with the
      additive being tested to the sludge obtained with a sample of the used oil
      itself run at the same time in the test. (Sludge dispersing ratios)
PAR  A series of blends were prepared containing 1 weight percent and 2 weight
      percent, on an active ingredient basis, of the additives of Example 5 and
      these blends were subjected to the sludge inhibition bench test. Blends
      were also prepared using a commercial dispersant designated PIBSA/TEPA
      which was prepared by reaction of 1 mole of tetraethylene pentamine with
      2.8 moles of polyisobutenyl succinic anhydride obtained from
      polyisobutylene of about 1000 number average molecular weight. This
      dispersant was obtained in the form of an additive concentrate containing
      about 50 weight percent of active ingredient in lubricating oil. The
      additive concentrate analyzed about 1.14% nitrogen. Sufficient quantities
      of the concentrate were used in making the test blends to furnish 1 and 2
      weight percent of actual additive. The test results are given in Table III
      which follows. For convenience in comparing dispersant activity in
      relation to nitrogen contents, the nitrogen contents of the addition are
      also given in the table. The numbers identifying the products tested refer
      to the examples. The numbers in brackets (for the Example 1 and Example 3
      products) refer to sludge dispersing ratios.
TBL                TABLE III                                                   

     ______________________________________                                    

     SLUDGE INHIBITION TEST RESULTS                                            

                   Mg Sludge/10 g Oil                                          

     Product   Nitrogen                                                        

     Tested    Content   1% Additive 2% Additive                               

               Wt. %                                                           

     ______________________________________                                    

     5-1       0.68      8.7         2.9                                       

     5-2       0.77      5.5         2.7                                       

     5-3       1.22      6.0         3.1                                       

     5-4       1.01      2.7         1.3                                       

     5-5       1.07      4.7         4.2                                       

     5-6       1.01      3.9         3.3                                       

     5-7       1.12      4.4         2.9                                       

     5-8       0.80      5.8         4.2                                       

     5-9       0.87      5.9         4.7                                       

     PIBSA/TEPA                                                                

               1.14      5.3         2.2                                       

     3         0.68      5.3 [0.43]  --                                        

     1         1.11      11.4 [0.78] 0.2 [0.03]                                

     ______________________________________                                    

PAC  COMPARATIVE EXAMPLE A
PAR  A quantity of polyisobutylene (PIB) of about 900 number average molecular
      weight was treated with ozone and the product was converted to a ketone,
      following the procedures described in Examples 1 and 3 of British Pat. No.
      1,172,818, adhering as closely as was practicable to the written
      description. There were added to a reaction flask 180 grams (0.2 mole) of
      the polyisobutylene, 300 milliliters of normal hexane and 9.6 grams of
      anhydrous methyl alcohol. The mixture was cooled to a temperature of about
      -65.degree.C. and ozonized at this temperature for 41/2hours using a flow
      rate of ozone of 3.276 grams per hour. It was determined that the uptake
      of ozone was 8696 milligrams. Approximately 200 milliliters of normal
      hexane was removed from the product under vacuum and 200 milliliters of
      glacial acetic acid was added. Then 33 grams (0.5 mole) of zinc dust was
      added in small portions over a period of 1/2 hour. The temperature rose to
      35.degree.C. Thereafter, the mixture was heated at 60-65.degree.C. for 1
      hour. Then the acetic acid, zinc and zinc acetate were separated from the
      normal hexane layer, after which step the hexane layer was washed with 6
      successive portions of water (300 milliliters in each portion) and
      thereafter dried over anhydrous magnesium sulfate and filtered. Hexane was
      removed from the product by evaporation giving a yield of 121 grams of the
      carbonyl derivative. The product contained 2.08% of oxygen.
PAR  A 300 gram portion of the chlorinated polyisobutylene of 4.5 weight percent
      chlorine content described in Example 4 was air oxidized for 8 hours at
      170.degree.C., giving a product containing 2.08% of oxygen.
PAR  Each of the above oxygenated products was mixed with an equal weight of a
      solvent neutral lubricating oil of 150 SUS viscosity at 100.degree.F. and
      then reacted with tetraethylene pentamine (TEPA) as in Example 5 except
      that the temperature was 120.degree.C., using 2.5 moles of the oxidized
      material per mole of TEPA.
PAR  Each of the final reaction products was tested for its sludge dispersing
      ability in the sludge inhibition bench test described in Example 6, at
      concentration levels of 0.5, 1.0 and 2.0 weight percent active ingredient.
      The results obtained are given in Table IV which follows:
TBL                TABLEIV                                                     

     ______________________________________                                    

                   Sludge Inhibition Test Results                              

                   mg sludge/10 g oil                                          

     Concentration of Additive                                                 

                        0.5%     1%       2%                                   

     ______________________________________                                    

     Source of Oxygenated Reactant                                             

     ______________________________________                                    

      Air Oxidized PIB  7.6      6.3      2.2                                  

      Ozonized PIB      12.9     10.6     9.3                                  

     ______________________________________                                    

PAC  COMPARATIVE EXAMPLE B
PAR  The difference between ozonization as taught in the prior art and air
      oxidation in accordance with the present invention is evident from the
      following comparative preparations. In one preparation the product of
      ozonization described in Comparative Example A was reacted with hexylamine
      using 25 grams of the ozonized product containing 2.08% of oxygen, 25
      grams of lubricating oil diluent and 10 grams of hexylamine. The reaction
      was conducted at 140.degree.C. for 8 hours under a blanket of nitrogen at
      the end of which time excess hexylamine was stripped from the product. In
      the second preparation the same procedure was used substituting 25 grams
      of an air-oxidized polyisobutylene having an oxygen content of 0.95
      percent. In a third preparation an air-oxidized polyisobutylene of 2.4%
      oxygen content was used. Hexylamine was chosen for these reactions in
      place of an alkylene polyamine in order to study the mechanism of the
      reaction. The 10 grams of hexylamine ensured that there would be an excess
      of amine present. The oxygen contents and nitrogen contents of the
      reaction products were then determined and material balance calculations
      were made. The results are shown in the following Table V.
TBL                TABLE V                                                     

     ______________________________________                                    

             Wt % Oxygen   Wt % N   %                                          

     Oxidation             Incorpo- Conden-                                    

     Source  Orig.    Final    rated  sation                                   

                                            Addition                           

     ______________________________________                                    

     Ozone   2.0      1.0      0.76   100   0                                  

     Air     2.4      2.0      0.88    30   70                                 

     Air     0.95     0.95     0.58    0    100                                

     ______________________________________                                    

PAR  It will be noted from the results in Table V that in the case of the
      ozonized polyisobutylene only half of the oxygen originally present
      appeared in the final product, showing that for each nitrogen atom that
      was incorporated one oxygen atom had been removed, which is the case when
      a Schiff base is formed. In contrast when using air-oxidized
      polyisobutylene all or most of the oxygen originally present in the
      starting material could be accounted for in the final product. Thus in the
      case of the ozonized polyisobutylene the reaction was 100 percent a
      condensation reaction whereas when using air-oxidized polyisobutylene from
      70 to 100 percent of the reaction was an additive reaction.
PAC  EXAMPLE 7
PAC  (Engine Tests)
PAR  A fully formulated lubricating oil blend was prepared by blending 4.75
      weight percent of a 50 percent concentrate of a dispersant additive
      prepared in accordance with the present invention, 7.7 weight percent of a
      viscosity index improver, 1.1 percent of a commercial zinc dialkyl
      dithiophosphate antiwear additive (70 percent active ingredient), 0.9
      percent of an overbased calcium hydrocarbon sulfonate concentrate (300
      total base number), 0.1 weight percent of a rust inhibitor (ethoxylated
      alkyl phenol) and 1.9 percent of a commercial barium overbased
      detergent-inhibitor, the balance of the formulation being a refined
      lubricating oil base stock. The fully formulated lubricant had a viscosity
      in the SAE 1OW-30 range.
PAR  For comparison a similar blend was prepared substituting for the 4.75
      weight percent of the additive of this invention 4.75 weight percent of
      the commercial dispersant additive concentrate designated PIBSA/TEPA
      described in Example 6.
PAR  Each of the blends prepared as described was subjected to the MS Sequence
      VC Engine Test which is a test well known in the automotive industry. The
      test is run in a Ford engine of 302 cubic inch displacement following the
      procedure described in the publication entitled "Multicylinder Test
      Sequences for Evaluating Automotive Engine Oils"  (ASTM Special
      Publication 315-E). At the end of each test various parts of the engine
      are rated on a merit basis wherein 10 represents a perfectly clean part,
      and lesser numbers represent increasing degrees of deposit formation. The
      various ratings are then totaled and averaged on the basis of 10 as a
      perfect rating. The results obtained with the two blends described above
      are given in Table VI.
TBL                TABLE VI                                                    

     ______________________________________                                    

     MS SEQUENCE VC TEST RESULTS                                               

     MERIT RATINGS (BASIS 10)                                                  

                      Additive Comparative                                     

                      of Invention                                             

                               Additive                                        

     ______________________________________                                    

     Sludge Merit       8.0        7.8                                         

     Varnish Merit      7.2        7.6                                         

     Piston Skirt Varnish Merit                                                

                        7.5        7.8                                         

     ______________________________________                                    

PAR  The above test results show that the additive of the present invention was
      essentially as good as the commercial dispersant additive in its engine
      performance.
PAR  The scope of this invention is defined by the appended claims and is not
      limited to the specific examples.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oil composition comprising a major proportion of an oil selected from
      the class consisting of gasoline, middle distillate fuel, hydrocarbon
      lubricating oil and synthetic lubricating oil, to which has been added
      from about 0.001 to about 10 weight percent of an oil-soluble
      nitrogen-containing dispersant which is an addition product obtained by
      directly reacting, with essentially no water produced, at about
      60.degree.to 250.degree.C., about 0.2 to about 2.5 moles of an aliphatic
      polyamine which is an alkylene amino compound containing from 2 to 12
      nitrogen atoms wherein pairs of nitrogen atoms are joined by alkylene
      groups of 2 to 4 carbon atoms, with one mole of an oxygen-containing
      product of the non-catalyzed air oxidation of a 400 to 4000 molecular
      weight unsaturated polymer of a C.sub.2 to C.sub.5 monoolefin, or of the
      non-catalyzed air oxidation of said polymer that has first been
      halogenated with sufficient chlorine or bromine to incorporate about 0.5
      to 2 atoms of halogen per double bond of said polymer, wherein said air
      oxidation consists of contacting said polymer with air at a temperature of
      about 120.degree. to 250.degree.C. sufficient to obtain said
      oxygen-containing product having about 1 to about 4.5 wt. % oxygen, and
      wherein about 70 to 100 percent of said reaction between said polyamine
      and said oxygen-containing product is said addition product, and wherein
      essentially all of the oxygen present in said oxygen-containing product is
      still present after reaction with said polyamine to form said
      nitrogen-containing dispersant.
NUM  2.
PAR  2. An oil composition according to claim 1, wherein said oil is a
      hydrocarbon lubricating oil.
NUM  3.
PAR  3. An oil composition as defined by claim 2, wherein said polymer is
      polyisobutylene of about 600 to 2400 molecular weight, wherein said air
      oxidation is carried out at about 120.degree.to 220.degree.C., and said
      oxygen-containing product contains about 1.8 to about 3 wt. % oxygen.
NUM  4.
PAR  4. An oil composition according to claim 2, wherein said polymer is
      chlorinated polyisobutylene of about 600 to 2400 molecular weight, wherein
      said air oxidation is carried out at about 120.degree. to 220.degree.C.,
      and said oxygen-containing product contains about 1.8 to about 3 wt. %
      oxygen.
NUM  5.
PAR  5. An oil composition according to claim 3, wherein said polyamine is
      tetraethylene pentamine.
NUM  6.
PAR  6. An oil composition according to claim 4, wherein said polyamine is
      tetraethylene pentamine.
NUM  7.
PAR  7. A process for preparing an oil-soluble nitrogen-containing ashless
      dispersant additive for an oil composition which comprises oxidizing a 400
      to 4000 average molecular weight polymer or halogenated polymer of a
      C.sub.2 to C.sub.5 aliphatic monoolefin, said oxidizing consisting of
      contacting said polymer with air in the absence of a catalyst at a
      temperature within the range of about 120.degree.to 250.degree.C. for a
      sufficient time to obtain an oxygenated product containing about 1 to 4.5
      weight percent oxygen, and (2) thereafter directly reacting one mole of
      the oxygenated product with from about 0.2 to 2.5 moles of an aliphatic
      polyamine which is an alkylene amino compound containing from 2 to 12
      nitrogen atoms wherein pairs of nitrogen atoms are joined by alkylene
      groups of 2 to 4 carbon atoms, at a temperature within the range of about
      60.degree. to 250.degree.C., wherein about 70 to 100 percent of said
      reaction between said polyamine and said oxygenated product is an additive
      reaction, with essentially no water produced, and wherein essentially all
      of the oxygen present in said oxygenated product is still present after
      reaction with said polyamine to form said additive.
NUM  8.
PAR  8. A process according to claim 7, wherein polyisobutylene of about 600 to
      2400 molecular weight is oxidized to form said oxygenated product, wherein
      said air oxidation is carried out at about 120.degree. to 220.degree.C.,
      and said oxygenated product contains about 1.8 to about 3 wt. % oxygen.
NUM  9.
PAR  9. A process according to claim 7, wherein chlorinated polyisobutylene of
      about 600 to 2400 molecular weight is oxidized to form said oxygenated
      product, wherein said air oxidation is carried out at about 120.degree. to
      220.degree.C. and said oxygenated product contains about 1.8 to about 3
      wt. % oxygen.
NUM  10.
PAR  10. A process according to claim 8, wherein said polyamine is tetraethylene
      pentamine.
NUM  11.
PAR  11. A process according to claim 9, wherein said polyamine is tetraethylene
      pentamine.
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ABST
PAL  An acicular, magnetic iron oxide pigment containing about 0.1 to 2 percent
      by weight of zinc and phosphate ions is produced by growing seeds and
      subsequently reducing and optionally reoxidizing acicular FeOOH. Said
      seeds were formed by precipitation from an iron (II) salt solution in the
      presence of about 0.1 to 4 percent by weight of zinc ions and about 0.1 to
      2 percent by weight of phosphate ions based on the formed seeds.
BSUM
PAR  Since the works of M. Camras (U.S. Pat. No. 2,694,656), magnetic recording
      supports have been produced almost exclusively having anisometric magnetic
      pigments. In the case of acicular magnetic pigments, it is possible to
      obtain orientation of the pigment during tape production under the effect
      of an external magnetic field, thereby obtaining an increase in magnetic
      flux in the tape direction. This is of considerable significance for
      magnetic recording. Another improvement obtained by the orientation of
      acicular pigments is the linearization of the remanence characteristic.
      Accordingly, tapes produced which have anisometric magnetic pigments are
      superior to those produced with isometric magnetic particles in regard to
      sensitivity to background noise, magnetic-transfer damping and dynamic
      range. The orientability of magnetic single-range particles is therefore
      one of the most important properties of magnetic pigments. It is
      determined by two measuring techniques:
PAR  A. BY THE RATIO OF SATURATION MAGNETIZATION TO REMANENT MAGNETIZATION IN A
      CAST AND, OPTIONALLY, CALENDERED TAPE;
PAR  B. BY THE ORIENTATION RATIO, WHICH IS THE RATIO OF THE SATURATION
      MAGNETIZATION IN THE TAPE DIRECTION TO THE SATURATION MAGNETIZATION
      PERPENDICULARLY THERETO.
PAR  Since measurement of the saturation magnetization and remanence in the tape
      direction is easier than determining the orientation ratio and can even be
      carried out on normally produced narrow width tapes the orientability,
      i.e. the ratio of B.sub.R to B.sub.S, is hereinafter used for
      characterizing the magnetic properties. B.sub.R and B.sub.S are measured
      by the Fluxmeter method at a field intensity of 1000 Oe.
PAR  Whereas in the case of chromium dioxide, which preferentially crystallizes
      anisometrically in the tetragonal crystal system, the c-axis coinciding
      with the needle axis and with the axis of light magnetization, thus
      providing for an orientability of 0.90 and more, much more complicated
      conditions prevail in the case of magnetic iron oxide.
PAR  Due to the cubic elementary cell of the magnetic iron oxides Fe.sub.3
      O.sub.4 and .gamma.-Fe.sub.2 O.sub.3, and to the isometric particle form
      which this normally involves, an alternative method must be found for
      obtaining these pigments in anisometric form. The starting materials
      generally used at the present time are iron oxide hydroxides, which are
      readily obtainable in anisometric acicular or flake form. These
      anisometric pigments are converted, without any change in their external
      form, into anisometric Fe.sub.3 O.sub.4 or .gamma.-Fe.sub.2 O.sub.3 by
      dehydration, reduction and, optionally, reoxidation. The conditions under
      which conversion is carried out are important, being selected in such a
      way that the acicular form remains intact. Patent Specifications which are
      concerned with improving these conversion conditions include Belgian Pat.
      No. 658,894, U.S. Pat. Nos. 3,194,640, 3,288,588, 3,498,748 and German
      Offenlegungsschriften Nos. 2,064,804; 1,803,783 and 1,592,214.
PAR  The quality of the anisometric magnetic iron oxide is largely determined by
      the configuration of the non-magnetic starting material, goethite or
      lepidocrocite. The goethite or lepidocrocite can be prepared either by the
      precipitation process or by the Penniman process. In the modified
      precipitation process, which is generally performed in a weakly acidic
      pH-range, part of an initially introduced iron (II) salt solution is
      precipitated with a precipitant which reacts basically, in the form of
      iron hydroxide, carbonate or basic iron salt. Iron oxide hydroxide seeds
      are subsequently prepared in a pH-range of about 2 to 8, preferably about
      3 to 6, by introducing air at a temperature in the range of from
      20.degree. to 80.degree.C. The seeds formed can then be grown in known
      manner, into iron oxide hydroxide pigment particles of suitable size, by
      introducing more iron(II) salt solution, alkaline reacting precipitant and
      air in the pH-range from 2 to 6 at temperature of from 30 to 100.degree.C.
      Alkaline earth hydroxides, alkali hydroxides or alkali carbonates are
      particularly suitable precipitants which react basically.
PAR  Since the iron oxide hydroxide preliminary products are relatively finely
      divided pigments for magnetic purposes, precipitation processes in
      particular are used for their production. Processes of this kind are
      described in detail in German Offenlegungsschriften Nos. 1,592,398;
      1,592,489 and 1,958,977 and British Pat. No. 1,297,310.
PAR  The Penniman process differs from the precipitation process in the manner
      in which it is performed after seed production. In the Penniman process,
      the seeds are left to grow in the presence of scrap iron (cf. for example
      U.S. Pat. Nos. 1,327,061 and 1,368,748). Disregarding the variant, in
      which the precipitation process is carried out in alkaline medium with an
      overstoichiometric addition of alkali to iron(II) salt solutions, the use
      of iron oxide hydroxide seeds is common to both processes. However, to a
      certain extent, it is also possible, in the case of alkaline precipitation
      processes, to speak in terms of seed formation if this is taken to mean
      the period of time elapsing from admixture of the iron(II) salts with the
      alkali to the appearance of the first .alpha.-FeOOH needles. The particle
      geometry obtained on completion of the pigment formation (seed growth) is
      attributable to the seeds used, which therefore play a key role in the
      production of .alpha.-FeOOH starting material for the magnetic pigments.
PAR  A variety of different methods for influencing seed formation can be found
      in a number of Patent Specifications. Thus, French Pat. No. 1,592,812, for
      example, describes an improvement in the seeds by rapid precipitation and
      intensive stirring with ultrasonics. German Auslegeschrift No. 1,176,111
      describes seed formation in the presence of phosphate ions which leads to
      a compact needle structure. According to German Democratic Republic Pat.
      No. 74 306, seed formation is influenced by the addition of surface-active
      substances, more especially polyphosphates. U.S. Pat. No. 3,243,375
      describes a process for the production of acicular .gamma.-Fe.sub.2
      O.sub.3 by precipitating the common hydroxides of iron and modifying
      metals, such as cobalt, nickel, manganese and tin, with thiosulfate and
      alkali iodate. Improving the .alpha.-FeOOH needles produced by the
      alkaline process is the object of the processes described in German
      Offenlegungsschrift No. 2,235,383 and U.S. Pat. No. 2,558,304. The
      addition of zinc ions inhibits goethite formation in the production of
      .gamma.-FeOOH in accordance with German Auslegeschrift No. 1,300,861. The
      aforementioned processes are concerned with improving the acicular form of
      .alpha.- or .gamma.-FeOOH, with a view to obtaining needles which are as
      isolated as possible, which do not show any signs of branching and which
      have a narrow particle-size distribution.
PAR  The present invention relates to an improved acicular, magnetic iron oxide
      pigment optionally containing cobalt, nickel and/or manganese,
      characterized by a zinc ion and phosphate ion content each of about 0.1 to
      2 percent by weight, preferably about 0.15 to 1.0 percent of zinc ion and
      about 0.15 to 1.0 percent of phosphate ion, calculated as
      PO.sub.4.sup.3.sup.-.
PAR  The invention also relates to a process for the production of an acicular,
      magnetic iron oxide pigment, optionally containing cobalt, nickel and/or
      manganese, by producing acicular .alpha.-FeOOH by the Penniman process or
      by the precipitation process at a pH-range of about 2 to 8 by allowing
      FeOOH-seeds to grow; the seeds being obtained by precipitating part of an
      iron(II)salt solution with a basically reacting precipitant in the form of
      iron hydroxide, carbonate or basic iron salt; followed by oxidation in the
      pH-range of about 2 to 8, and subsequently dehydrating, reducing and
      optionally reoxidizing the acicular iron oxide hydroxide formed,
      distinguished by the fact that seed formation is carried out in the
      presence of about 0.1 to 4 percent by weight of zinc ions and about 0.1 to
      2 percent by weight of phosphate ions, based on the .alpha.-FeOOH to be
      precipitated.
PAR  The surprising effect of simultaneously adding zinc and phosphate was
      discovered in the search for a method of producing acicular FeOOH
      particles with as uniform a particle size as possible, a high ratio of
      length : width and near ideal acicular form without any dendrite
      formation, from which outstanding magnetic iron oxides, such as Fe.sub.3
      O.sub.4 or .gamma.-Fe.sub.2 O.sub.3, can be obtained by known processes.
      This surprising effect thereby improved the magnetic properties of
      magnetic pigments produced in this way, for example, by improving their
      orientability.
PAR  The addition of from 0.1 to 4 percent by weight of Zn.sup.2.sup.+ -ions,
      based on the .alpha.-FeOOH to be produced, in the simultaneous presence of
      from 0.1 to 2 percent by weight of phosphate ions, gives rise to the
      formation of acicular, dendrite-free FeOOH-seeds having a uniform particle
      size distribution. The seeds can be obtained by precipitating part of an
      iron(II)salt solution with a basically reacting precipitant, in the form
      of iron hydroxides, carbonates or basic iron salts, followed by oxidation
      in a pH-range about 2 to 8 at temperatures of about 20.degree. to
      80.degree.C. By using the FeOOH-seeds improved by the process according to
      the invention for pigment formation, it is also possible to obtain
      FeOOH-pigments which are distinguished by an improved acicular form,
      irrespective of the method by which the pigment formation is carried out.
      The seeds according to the invention can be enlarged, for example by the
      process described in German Offenlegungsschrift No. 1,592,398. In this
      process, air is introduced into a prepared seed suspension in the presence
      of iron(II)salt solutions, after which the iron(III)ions formed are
      hydrolyzed by the gradual addition of alkali. The pigment-forming process
      is finished when all the Fe.sup.2.sup.+ -ions have been oxidized and all
      the Fe.sup.3.sup.+ -ions hydrolyzed.
PAR  In addition, metal salts of cobalt, nickel and/or manganese, more
      especially their sulfates or chlorides, can be added in known manner both
      during seed production and during pigment formation. In the Penniman
      process, these modifying metals may also be present in the scrap iron. The
      metal salts are used in such a quantity that the finished pigment contains
      about 1 to 10 percent by weight of these metals, preferably about 1.0 to 5
      percent.
PAR  One preferred embodiment of the process according to the invention is
      described in the following:
PAR  0.1 to 4 percent by weight and preferably from 0.2 to 2 percent by weight
      of Zn.sup.2.sup.+, based on the quantity of seed to be produced, are added
      to an iron(II)salt solution, for example iron(II) sulfate. The anions of
      the zinc salts used are primarily selected according to their
      compatibility with the iron salts. Sulfate, chloride and nitrate are
      examples of suitable anions. It is obvious to use zinc sulfate where iron
      sulfate is employed, while zinc chloride is naturally preferred where iron
      chloride is employed. Experience has shown that it is advantageous to add
      the zinc ions before precipitation of the basic iron hydroxide, although
      the zinc ions are still effective when added at a later stage.
PAR  Of the iron(II)salt initially introduced, a certain percentage, preferably
      about 30 to 60 percent, is precipitated by the addition of a precipitant
      which reacts basically, for example sodium hydroxide or sodium carbonate,
      in the form of iron hydroxide, carbonate or basic iron(II)salt, and is
      subsequently oxidized by means of air. In the process according to the
      invention, precipitation is carried out in the presence of zinc ions and
      phosphate ions. The quantity of zinc ions present in the process is about
      0.1 to 4 percent, and preferably about 0.1 to 2 percent, while the
      quantity of phosphate ions is about 0.1 to 2 percent, preferably about 0.1
      to 1 percent, all percentages being based on the quantity of .alpha.-FeOOH
      to be prepared. Preferably zinc ions and phosphate ions are present in
      equimolecular quantities. Phosphate ions can be added before or after the
      basically reacting precipitant.
PAR  In one particularly advantageous modification of the process according to
      the invention, the phosphate ions are added to the basically reacting
      precipitant. Suitable phosphate-ion sources are, for example, primary,
      secondary or tertiary orthophosphates, pyrophosphates, metaphosphates or
      polyphosphates of the alkali metals or free phosphoric acid itself. The
      combination of Zn.sup.2.sup.+  and PO.sub.4.sup.3.sup.- -ions, added in
      equimolecular quantities, has proved to be particularly effective. In such
      cases where about 0.3 to 0.8 percent by weight of Zn.sup.2.sup.+  and
      about 0.25 to 0.65 percent by weight of PO.sub.4.sup.3.sup.-  are used,
      based on the completed acicular FeOOH-pigment, orientability values of at
      least 0.86 can be readily obtained for the magnetic pigments prepared from
      the FeOOH. The simultaneous presence of phosphate and zinc ions has a
      favorable influence upon seed formation. If .alpha.-FeOOH has already been
      formed in crystalline form, this synergistic effect is no longer in
      evidence, nor are any advantages over the addition of phosphate alone
      obtained. The period during which the zinc ions and phosphate ions are
      active in influencing seed formation can be determined by X-ray
      photography, according to which these ions should be added to the basic
      precipitation products of the iron initially formed at the very latest
      when no FeOOH-reflexes show up in the X-ray diagram of the sample worked
      up under nitrogen. On completion of seed formation, i.e. after the initial
      pH-value of around 7 has fallen to 4 as a result of oxidation, for example
      in the case of the special process according to German Offenlegungsschrift
      No. 1,592,398, the improvement afforded by the process according to the
      invention is readily shown.
PAR  Photographs taken with an electron microscope, distinctly show that the
      seeds have an improved acicular form with hardly any dendrite formation.
      In addition, the seeds have a more uniform particle-size distribution than
      seeds prepared by the addition either only of phosphate ions or only of
      zinc ions or without any additions. This improved particle form remains
      intact even after the pigment-forming stage.
PAR  The iron oxide hydroxides obtained in accordance with the invention can be
      further processed by known processes of the kind designed to improve
      dimensional stability of the needles during their conversion into magnetic
      iron oxides. An aftertreatment to protect the needles, for example with
      phosphate or SiO.sub.2, with hydroxides or organic substances, and
      conversion with organic compounds, enable the advantages of the improved
      acicular form of the iron oxide hydroxide to be transferred to magnetic
      Fe.sub.3 O.sub.4 or .gamma.-Fe.sub.2 O.sub.3. Iron oxide hydroxides
      differing both in the ratio of length : width and in their particle size
      can readily be obtained by the process according to the invention.
PAR  The length : width ratio of the .alpha.-FeOOH can be controlled through the
      choice of the quantity of Zn.sup.2.sup.+  and phosphate ions (cf. Table
      1), while the particle size can be controlled through the growth rate:
TBL                Table 1                                                     

     ______________________________________                                    

     Zn           P.sub.2 O.sub.5                                              

                                 Length  : width                               

     % by weight  % by weight                                                  

     ______________________________________                                    

     0.38         0.5            13.5    : 1                                   

     0.74         0.5            15.2    : 1                                   

     0.74         0              32      : 1                                   

     1.5          0              38      : 1                                   

     ______________________________________                                    

PAR  Iron oxide hydroxides with a length : width ratio of about 10 : 1 up to 50
      : 1, and specific surfaces of about 10 to 40 m.sup.2 /g (according to BET)
      have proved to be particularly suitable starting materials for subsequent
      conversion into magnetic iron oxides.
PAR  The quality of the magnetic iron oxides produced in accordance with
      Examples 1 to 4 is shown in Table 2, from which it can be seen that the
      improved orientability is attributable to the simultaneous presence of
      Zn.sup.2.sup.+ -ions and phosphate ions. The improvement in the properties
      only reaches a maximum with a narrowly defined Zn : P.sub.2 O.sub.5 ratio
      (Examples 2 and 3). If additional Zn is used (Example 1), the properties
      are less favorable, as they are when smaller quantities of phosphate are
      used (Example 4), or when only one of the two additives zinc (Example 6)
      or phosphate (Example 5) is present.
DETD
PAR  In addition, the tapes coated with the magnetic iron oxide produced in
      accordance with the invention show the required low-noise property of the
      DIN reference tape C 264 Z. The process according to the invention is
      illustrated by the following Examples:
PAC  EXAMPLE 1
PAR  A solution of 34.3 g of Na.sub.3 PO.sub.4 . 12 H.sub.2 O in 2.1 liters of
      37% sodium hydroxide is added at 35.degree.C to 21.9 liters of an
      FeSO.sub.4 solution containing 160 g of FeSO.sub.4 per liter and 1.7 g of
      ZnSO.sub.4 per liter contained in a fine-steel vessel. This is followed by
      oxidation with air for 3 hours until the pH-value has fallen to 3.5.
      Thereafter, the formation of .alpha.-FeOOH is completed with 0.6 l/h of
      19% sodium hydroxide at 80.degree.C over a period of 6 hours, during which
      air is introduced and the pH-value increased. This is followed by stirring
      for 3 hours at 95.degree.C. The .alpha.-FeOOH is washed free from sulfate
      and then dried. It is then reduced with moist hydrogen at 420.degree.C and
      reoxidized with air at around 280.degree.C.
PAR  The brown, loose powder is dispersed in a bead mill, in accordance with
      British Patent No. 1,080,614, by grinding 22.4 parts by weight of the
      magnetic oxide for 3.5 hours with 8.0 parts of PVC/PVA copolymer, 1.3
      parts of oleic acid, 0.88 parts of organic phosphoric acid esters and 67
      parts of butyl/ethylacetate in a ratio of 1 : 1. The lacquer is then cast
      onto a 23 .mu.m thick polyester film. The magnetic layer is 12 .mu.m thick
      and contains approximately 20 g/m.sup.2 of magnetic pigment.
PAR  The measured properties are summarized in Table 2. The low noise UF.sub.3
      was measured against the DIN-reference tape blank 9.5.
PAR  Two magnetic iron oxides, one standard commercial product and the other
      modified solely with zinc, are quoted for comparison.
PAC  EXAMPLE 2
PAR  2.1 liters of a solution containing 780 g of NaOH and 34.3 g of Na.sub.3
      PO.sub.4 . 12 H.sub.2 O are added at 40.degree.C to 21.9 liters of a
      solution containing 160 g of FeSO.sub.4 per liter and 0.85 g of ZnSO.sub.4
      per liter. This is followed by oxidation with air over a period of 3.5
      hours. .alpha.-FeOOH formation is then completed by the addition of
      approximately 500 ml of 19% NaOH/h over a period of 7.5 hours, during
      which time air is also passed through. Towards the end of pigment
      formation, a solution of 33.3 g of Na.sub.4 P.sub.2 O.sub.7 . 10 H.sub.2 O
      in 400 ml of water is added dropwise. After working up in accordance with
      Example 1, a magnetic tape is prepared in the same way as described above.
PAC  EXAMPLE 3
PAR  Before conversion into .gamma.-Fe.sub.2 O.sub.3, an .alpha.-FeOOH prepared
      in accordance with Example 2 is tempered in air for 1 hour at 675.degree.
      to 680.degree.C.
PAR  After reduction and reoxidation, a magnetic tape is prepared again in
      accordance with Example 1.
PAC  EXAMPLE 4
PAR  A solution of 780 g of commercial-grade NaOH and 17.2 g of Na.sub.3
      PO.sub.4 . 12 H.sub.2 O is added at 40.degree.C to 21.9 liters of a
      solution containing 165 g of FeSO.sub.4 per liter and 19 g of ZnSO.sub.4
      per liter, followed by oxidation with air over a period of 2 hours.
      Approximately 600 ml of 19% NaOH/h are then added, and .alpha.-FeOOH
      formation is completed over a period of 5 hours during which time air is
      passed through. Working up and tape production were carried out in the
      same way as described in Example 1.
PAC  EXAMPLES 5 and 6 (see Table 2)
PAC  EXAMPLE 7
PAR  a. Seed formation is carried out in the same way as described in Example 2
      until the pH-value has fallen to 3.5. After heating to 80..degree.C, 188 g
      of CoSO.sub.4 . 7 H.sub.2 O (corresponding to 1.9% by weight of Co, based
      on the total quantity of .alpha.-(Fe, Co)OOH formed), are added and
      precipitation is completed under the conditions described in Example 1.
      After tempering at 620.degree.C, reduction with moist hydrogen at
      420.degree.C and reoxidation into .gamma.-(Fe, Co).sub.2 O.sub.3, a
      magnetic tape with the following characteristics is prepared in the same
      way as described in Example 1:
TBL         I.sup.H C powder                                                   

                         = 499 Oe                                              

            I.sup.H C tape                                                     

                         = 507 Oe                                              

            B.sub.R /B.sub.S max.                                              

                         = 0.83                                                

            B.sub.R /B.sub.S tape                                              

                         = 0.82                                                

PAR  b. Standard .gamma.-(Fe, Co).sub.2 O.sub.3 magnetic tapes prepared without
      the simultaneous addition of zinc and phosphate show B.sub.R /B.sub.S
      values of from 0.75 to 0.79 and a considerable reduction in coercive field
      strength when the .gamma.-(Fe, Co).sub.2 O.sub.3 powder is worked into a
      magnetic tape.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
TBL                                    Table 2                                 

     __________________________________________________________________________

           I.sup.H c       B.sub.R /B.sub.S                                    

                                    UF.sub.3                                   

                                        Zn      P.sub.2 O.sub.5                

           Pow-    Tape                 (% by weight)                          

                                                (% by weight)                  

           der                                                                 

     Example                                                                   

           A/cm                                                                

               Oe  A/cm                                                        

                       Oe  Max.                                                

                               Tape (dB)                                       

                                        set in                                 

                                            found                              

                                                set in                         

                                                    found                      

     __________________________________________________________________________

     1     268 337 251 315 0.85                                                

                               0.845                                           

                                    +0.5                                       

                                        0.74                                   

                                            0.64                               

                                                0.3 0.24                       

     2     264 331 266 334 0.89                                                

                               0.88 .+-.0                                      

                                        0.38                                   

                                            0.34                               

                                                0.3 0.28                       

     3     311 390 293 368 0.89                                                

                               0.89 .+-.0                                      

                                        0.38                                   

                                            0.34                               

                                                0.3 0.28                       

     4     283 355 252 316 0.82                                                

                               0.82 .+-.0                                      

                                        0.38                                   

                                            --  0.15                           

                                                    --                         

     (standard                                                                 

     commercial                                                                

     pigment                                                                   

           287 360 250 314 0.80                                                

                               0.79 .+-.0                                      

                                        --  --  0.3 --                         

     containing                                                                

     phosphate)                                                                

     6                                                                         

     Zn-con-                                                                   

     taining                                                                   

     pigment                                                                   

           332 416 298 375 0.84                                                

                               0.83 .+-.0                                      

                                        0.74                                   

                                            --  --  --                         

     7a    398 499 404 507 0.83                                                

                               --   0.38                                       

                                        0.33                                   

                                            0.3 0.27                           

     7b    399 500 359 450 0.80                                                

                               0.78 --  --  --  --  --                         

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An acicular, magnetic iron oxide pigment containing about 0.1 to 2
      percent by weight of zinc and phosphate ions.
NUM  2.
PAR  2. An iron oxide pigment as claimed in claim 1 containing about 0.15 to 1.0
      percent by weight of zinc ion, about 0.15 to 1.0 percent of phosphate ion
      and about 1 to 10 percent by weight of at least one of cobalt, nickel and
      manganese.
NUM  3.
PAR  3. In the production of an acicular, magnetic iron oxide pigment by adding
      a basically reacting precipitant to an iron (II) salt solution to
      precipitate iron hydroxide, carbonate or a basic iron salt, followed by
      oxidation at a pH of about 2 to 8 to form FeOOH seeds, growing said seeds
      and subsequently dehydrating and reducing, the improvement which comprises
      carrying out seed formation in the presence of about 0.1 to 4 percent by
      weight of zinc ions and about 0.1 to 2 percent by weight of phosphate
      ions, based on the .alpha.-FeOOH to be precipitated.
NUM  4.
PAR  4. The process of claim 3, wherein seed formation is carried out in the
      presence of about 0.1 to 2 percent by weight of zinc ions and about 0.1 to
      1.0 percent by weight of phosphate ions.
NUM  5.
PAR  5. The process of claim 3, wherein the zinc and phosphate ions are added to
      at least one of the iron (II) salt solution and the basic precipitant
      before seed formation.
NUM  6.
PAR  6. The process of claim 3, wherein the phosphate ions are added together
      with the basic precipitant to the iron (II) salt solution.
NUM  7.
PAR  7. The process of claim 3, wherein zinc and phosphate ions are used in
      about equimolecular quantities.
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ABST
PAL  An electrically insulating composition adapted for the encapsulation of a
      miconductor body and for protecting the semiconductor surface against
      harmful impurities, comprising a mixture of a polymerizable organic resin,
      at least one filler which improves the electrical properties of the
      semiconductor body, and at least one organic chelating agent capable of
      binding undesirable impurities in said resin and in said filler.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In known embodiments of semiconductor rectifying systems, particularly
      those having high reverse voltage handling capability, and which include
      at least one semiconductor body, the semiconductor body is customarily
      completely encased in an insulating material. The insulating material may
      be either a molded or cast mass, and consists of at least one organic base
      material, preferably a resin, together with fillers, such as, for example,
      quartz flour or aluminum oxide, primarily to improve the thermal operating
      characteristics of the material.
PAR  The surface of the semiconductor body not intended to be contacted is thus
      specially provided with a protective coating in the vicinity of the outlet
      of the p-n junction, said coating consisting, for example, of the oxide of
      the semiconductor material, or of a protective lacquer made from organic
      vehicles and special additives. This coating is intended to offset the
      harmful influence of undesirable impurities in the form of atoms, ions or
      molecules disposed on the semiconductor surface or in the surrounding
      atmosphere, on the biasing ability of such semiconductor devices.
PAR  The insulating material required after making such insulating and/or
      stabilizing coatings in order to encapsulate the semiconductor body is
      specifically determined, with reference to its composition and properties,
      by the requirements placed on housings for semiconductor devices.
PAR  In connection with the requirement for more and more economical embodiments
      of semiconductor rectifier systems, the use of insulating materials
      serving to encapsulate semiconductor bodies and simultaneously suited to
      protect the semiconductor surface in order to optimize the blocking
      behavior, result in a significant economic advantage since special process
      steps for the so-called surface stabilization are eliminated.
PAR  The problem of producing encapsulation masses having stabilizing properties
      has been described in German Auslegeschrift (Published Patent Application)
      No. 1,903,098. This publication discloses an electrically insulating epoxy
      resin encapsulation material for semiconductor devices which material
      consists of an unhardened epoxy resin, an amine, phenol or anhydride
      hardener, an additive in the form of an organic silicon compound, i.e. a
      lower alkyl, alkoxy silane, having a low degree of polymerization and, if
      required, an inorganic filler, and is also intended to effect a
      passivating surface treatment of the semiconductor devices.
PAR  It has been found, however, that such known, so-called silanized insulating
      materials produce the desired surface stabilization only for transistors,
      but for semiconductor devices having a reverse voltage carrying capability
      higher by one or two orders of magnitudes than that of transistors they
      can no longer effect such stabilization.
PAR  It is therefore the object of the present invention to produce insulating
      materials for encapsulating semiconductor bodies for rectifier systems
      having a high reverse voltage carrying capability and for protecting the
      semiconductor surface against undesirable impurities.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an electrically insulating encapsulation
      medium for semiconductor systems comprising a mixture of a polymerizable
      and/or condensable organic base substance and at least one filler which
      improves the electrical properties of the devices and at least one
      additive and consists in that the additive is provided as at least one
      organic substance which stabilizes the semiconductor surface by the
      formation of chelates with undesirable impurities.
PAR  The basic ingredients for the encapsulation material of the present
      invention are, for example, phenolic resins, alkyd resins, polyester
      resins, silicone resins, epoxide resins and diallylphthalate resins. Their
      electrical properties generally meet the established specifications, while
      for the required improvement of various specific physical properties, such
      as, the thermal operating performance, of the devices and components
      imbedded in such substances, these resinous substances can have added to
      them in conventional manner, so-called fillers in a quantity up to about
      70 percent by weight. Suitable fillers for this purpose are, for example,
      quartz meal, chalk meal and a variety of metal oxides, such as aluminum
      oxide and beryllium oxide.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the present invention such fillers are mixed with organic
      additives before they are added to the basic resinous substances. These
      additives bind ionized impurities, for example, by the so-called chelate
      formation, so that the deleterious influence of the undesirable impurities
      disposed on the semiconductor surface, in its vicinity, in the fillers or
      in the resins, is avoided.
PAR  Consequently, impurities contained in the fillers can also not exert any
      unfavorable influence on the resins or on the semiconductor material so
      that the necessity of using highly pure and thus very expensive fillers is
      not necessary.
PAR  The selection of the chelate forming additive depends on the process
      temperatures during the production stages and on the temperatures during
      use of the intended semiconductor system, as well as on the type of
      impurities encountered which are primarily deposited on the semiconductor
      surface during the removal, cleansing and contacting processes, or which
      may be contained in the basic resinous substances and fillers as a result
      of their manufacturing processes, as well as on the solubility in a
      solvent or in one of the intended basic substances to produce a desired
      mixture. The proportion of the chelating additive is determined by the
      saturation of the quantity of the respective filler and may be as high as
      10 percent by weight with reference to the weight of the filler. The
      proportion can go as low as 0.02 %.
PAR  Suitable chelate forming additives are, for example, organic chelating
      agent, suitable as derivatives of fluorone, e.g. gallein, resorcinbenzein;
      derivatives of xanthone, e.g. euxanthone, ravenillin; derivatives of
      cumarin, e.g. esculetin, ellagic acid; derivatives of chromone, e.g.
      flavones, isoflavones; derivatives of quinoline, e.g. quinaldinic acid,
      cuproin; derivatives of triarylmethane, e.g. phenolphthalein, aurin,
      eriocromcyanin; derivatives of quinone, e.g. naphthoquinone,
      anthraquinone; derivatives of phenoxazine, e.g. gallocyanine; derivatives
      of thiazolidin, e.g. rhodanine; derivatives of imidazolone; derivatives of
      pyrazolone; derivatives of squaric acid, e.g.
      3-hydroxy-1,2,3-triresorcyl-cyclobutenone-(4), derivatives of porphyrin
      and of phthalocyanine as well as the azo coloring agents, the azomethine
      and the azine coloring agents.
PAR  A further aspect of the present invention consists in employing together
      with the chelate forming additives, strongly surface-active fillers.
      Thereby the additive as well as impurities are adsorptively bound and
      undesirable reactions of impurities occurring in the fillers with the
      basic substances are substantially prevented. Moreover, the effect of the
      surface binding forces of such strongly adsorptive fillers serves to
      reduce the proportion of chelate forming additives which can be used only
      in a highly pure form.
PAR  Such strongly surface active fillers include, for example, highly dispersed
      silicic acids, metal oxides, calcium carbonate, calcium sulfate or calcium
      silicate. Usually the active surface of the various modifications of such
      fillers is known so that by once adding an additive to a first such filler
      the required proportion of the same additive for another filler can be
      determined from the ratio of the surface of the first filler to that of
      the other filler.
PAR  To produce the encapsulating materials of the present invention, the
      chelating additive is initially dissolved in a solvent, such as for
      example galleine in alcohol. The filler selected for intended admixture is
      then introduced into this solution, preferably in a surface active form
      and as finely divided as possible. After adsorption of the additive on the
      filler particles the filler solution is filtered. The then present
      quantity of finegrained filler to which is the solvent still adheres and
      which at least partially covered with the additive is dried by heating to
      above the boiling point of the solvent or in a vacuum. The processing can
      now be carried in a known manner in that the thus pretreated filler is
      mixed with a thin-flowing resin which is available for example in a
      prepolymerized or precondensed state for the production of molded masses.
      The thus resulting mass is heated in order to remove gases and then
      strongly cooled in order to convert it into a vitreous hard state and is
      then ground into a powder or granulate for the further processing in
      measured amounts.
PAR  The encapsulation of semiconductor bodies by means of press molds is then
      effected, for example, in that the granular encapsulation mass is
      introduced into a container, is heated therein until it softens or becomes
      plastic and is then injected into the mold under pressure and in metered
      quantities, whereupon it hardens in the mold at the appropriate
      temperature.
PAR  Resins and additives may also be processed in a known manner by the
      addition of hardening agents and polymerization initiating or accelerating
      substances to produce casting masses in which the components are embedded
      by conventional casting techniques.
PAR  There further exists the possibility of first introducing an additive which
      is soluble in the selected resinous ingredient into this substance, and
      then admixing the filler therewith.
PAR  The chelate forming additive is able by adsorption on the filler, to
      chelate impurities in the form of ions or atoms which are bound to the
      filler or, when it is added to the resinous substance, it can form a
      chelate bond with the impurities contained in the resinous substance.
      Moreover, based on the relatively large quantity of additive compared to
      the respective proportion of impurities to be bound, a further chelate
      forming effect with foreign ions is possible, particularly on the
      semiconductor surface.
PAR  The additives according to the present invention, which exhibit a high
      thermal stability, at the temperatures encountered in use of the intended
      semiconductor devices, as well as high purity, form stable chelates with
      the impurities which chelates exhibit comparably higher thermal stability,
      and thus forming no undesirable reaction with the basic substance.
PAR  The change in the dipole moment and/or the dielectric constant of the
      encapsulation mass connected with the chelate formation does not have any
      adverse effect on the electrical behavior of the encapsulation mass.
PAR  If desired, two or more chelate forming additives may be admixed at the
      same time, one of which for example, binds the foreign ions disposed on
      the semiconductor surface, and the other additive or additives forms
      chelates with the impurities of the filler and/or the resinous substance.
      Thus, all impurities which may occur in the production of the
      semiconductor bodies and their contact portions as well as in the
      production of the encapsulation masses, and which are well known to the
      person skilled in the art can thus be made ineffective by a chemical bond.
PAR  The advantages of the present invention are mainly that special measures
      for the stabilizing surface treatment of semiconductor bodies before their
      encapsulation are eliminated and the undesirable impurities disposed on
      the semiconductor surface and in the encapsulation mass are bound, thus
      removing their influence on the blocking behavior. Furthermore, the use of
      strongly adsorbing fillers permits a reduction in the amounts of the
      chelate forming additives used.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples serve to illustrate several presently preferred
      embodiments of the invention in the form of particular compositions. The
      respective resin may exist in a solid or liquid condition which depends on
      structure and the degree of polymerization or condensation. Its mixture
      with a hardener is stated by the producers and is not object of this
      invention. The hardener also may be solid or liquid.
PAR  At production of encapsulation compounds according to this invention and as
      it is mentionned for example subsequently, at first resin and hardener are
      moulten seperately, then fillers and additives and finally the hardener
      are admixed to the liquid resin. For use as molding compound the mixture
      is kept on a temperature determined by the features of the resin for a
      longer time and is changed thereby in a gel-like condition, the so-called
      B-condition, until resin and hardener will have reacted. After that, the
      mixture is cooled down and e.g. pulverized. For processing as
      encapsulation compound then it is changed into the molecular final
      condition under pressure at corresponding temperature and preferentially
      by means of catalysts. These known procedural steps do not belong to this
      invention and are not further explained.
PAR  If such a mixture is used as casting compound so it is processed in a
      liquid condition after addition of all components at a correspondingly
      high temperature at which the reaction between resin and hardener must be
      reached in a very short time. Consequently the mixture is to be changed
      very rapidly from the beginning condition into the molecular final
      condition.
PAR  If resin and hardener are liquid at first the different additions and then
      the liquid hardener are admixed to the liquid resin. For the further
      processing the above explanations are applicable.
PAR  The sealing of semiconductor bodies may now follow in the way that these
      ones are either put into a mold, pressed around with the composition
      according to invention or arranged in a housing at use of the casting
      technique and embedded into the composition by means of casting the same
      into the housing. With the known resins provided according to invention
      molding or casting masses may be produced while silicone rubber is
      applicable only as casting mass.
PAC  EXAMPLE 1
PAR  Bisphenol A-epoxy resin as organic base substance is mixed with
      calciumcarbonate powder as filler in such quantities that, with regard to
      the necessary addition of an anhydride hardener mentionned by the resin
      producer, a mixing ratio of 30 per cent of weight resin with hardener to
      67 per cent of weight filler is given. To this mixture 3 per cent of
      weight of the ellagic acid, a cumarin derivative, are added.
PAC  EXAMPLE 2
PAR  Epoxynovolake resin as base substance is mixed with silicid acid powder as
      a first filler and aluminum silicate powder as a second filler in such
      quantities that, with regard to the necessary addition of an anhydride
      hardener, a mixing ratio of 30 per cent of weight resin with hardener to
      48 per cent of weight of the said first filler and to 20 per cent of
      weight of the said second filler is given. To this mixture 2 per cent of
      weight 9-phenyl-2,3,7-trihydroxy-6-fluorone, a derivate of fluorone, are
      added which is forming chelates especially with metallic impurities of
      lead, molybdenum, tin and antimony.
PAC  EXAMPLE 3
PAR  Silicone resin as base substance is mixed with silicid acid powder as
      filler in such a quantity that, with regard to the necessary quantity of a
      peroxide hardener, a mixing ratio of 27 per cent of weight resin and
      hardener to 70 per cent of weight filler is existing. To this mixture 3
      per cent of weight 5-(4-dimethylaminobenzalrhodanin) as a thiazolidin
      derivative are added which is acting as chelate former e.g. for silver,
      gold, copper, mercury.
PAC  EXAMPLE 4
PAR  Bisphenol A-resin and epoxynovolake resin as components of the base
      substance are added with alumina as filler in such a quantity that, with
      regard to the necessary quantity of BF.sub.3 -amincomplex as hardener, a
      mixing ratio of 15 per cent of weight of the first basic substance
      component to 16 per cent of weight of the second basic substance component
      to 68 per cent of weight of the filler is existing. To this mixture 1 per
      cent of weight gallocyanine as a phenoxazine derivative is added.
PAC  EXAMPLE 5
PAR  Polyimide resin as pre-polymerized base substance is mixed with silicid
      acid powder as filler in a ratio of 35 to 64,5 per cent of weight. To this
      mixture 0,5 per cent of weight of metal-free phthalocyanine are added for
      chelating especially with iron, copper, nickel, cobalt, platinum.
PAC  EXAMPLE 6
PAR  Silicone rubber as base substance is mixed with silicid acid powder as
      filler in such a quantity that, at addition of a corresponding portion of
      amine hardener, a mixing ratio of 40 per cent of weight rubber with
      hardener to 59 per cent of weight filler is given. To this mixture 1 per
      cent of weight 4,5-diphenyl-imidazolon (-2) is admixed.
PAC  EXAMPLE 7
PAR  45 per cent of weight polyamidimide resin as pre-polymerized base substance
      are mixed with 53 per cent of weight alumina as filler. Then, 2 per cent
      of weight auritricarbon acid are admixed for chelating especially with
      aluminum and copper.
PAC  EXAMPLE 8
PAR  Epoxynovolake resin as base substance is mixed with silicid acid powder as
      filler in such a quantity that, with regard to the necessary quantity of
      an anhydride hardener, a mixing ratio of 32 per cent of weight resin with
      hardener to 67 per cent of weight filler is existing. To this mixture 1
      per cent of weight 3-hydroxy-1,2,3-triresorcyl-cyclobutenon-(4), a squaric
      acid derivative, is admixed.
PAR  Instead of the derivative of squaric acid in the mixture according to
      example 8
PAR  e.g. 5,7,4'-trihydroxyflavone (apigenin) as a chromone derivative
PAL  or
PAR  e.g. 1,5-dihydroxy anthraquinone (anthrarufin) as a quinone derivative or
PAR  e.g. 2,2'-biquinoline (cuproin) as a derivative of quinoline or
PAR  e.g. 1,3,6-trihydroxyxanthone or
PAR  e.g. glyoxal-bis-(2-hydroxyanil) as a derivative of the azomethine coloring
      agents can be used. The portion of the mentioned chelate formers can be
      substantially lower as 1 per cent of weight at a respective high portion
      of the base substance and the filler.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrically insulating composition adapted for the encapsulation of
      a semiconductor body and for protecting the semiconductor surface against
      harmful impurities, comprising a mixture of:
PA1  a. a polymerizable and/or condensable organic resin;
PA1  b. at least one filler which improves the electrical properties of the
      semiconductor body; and
PA1  c. at least one organic chelating agent which binds undesirable impurities
      in said resin and in filler, the amount of said chelating agent being
      sufficient to bind undesirable impurities on the surface of said
      semiconductor body when said composition is applied to said semiconductor
      body after formation of said composition.
NUM  2.
PAR  2. The composition of claim 1 in which the proportion of said filler is up
      to 70% by weight.
NUM  3.
PAR  3. The composition of claim 1 in which the proportion of chelating agent is
      between about 0.02% and about 10% by weight with reference to the weight
      of the filler.
NUM  4.
PAR  4. The composition of claim 1 in which the filler is a surface-active
      substance selected from the group consisting of a metal oxide, silicic
      acid and a calcium salt.
NUM  5.
PAR  5. The composition of claim 1 in which said resin is chosen from the group
      consisting of the epoxy resins.
NUM  6.
PAR  6. The composition of claim 1 in which said resin is chosen from the group
      consisting of the epoxynovolake resins.
NUM  7.
PAR  7. The composition of claim 1 in which said resin is chosen from the group
      consisting of the polyimide resins.
NUM  8.
PAR  8. The composition of claim 1 in which said resin is chosen from the group
      consisting of the silicone resins.
NUM  9.
PAR  9. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of fluorone derivatives having chelate-forming
      substituents.
NUM  10.
PAR  10. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of xanthone derivatives having chelate-forming
      substituents.
NUM  11.
PAR  11. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of cumarin derivatives having chelate-forming
      substituents.
NUM  12.
PAR  12. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of chromone derivatives having chelate-forming
      substituents.
NUM  13.
PAR  13. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of quinoline derivatives having chelate-forming
      substituents.
NUM  14.
PAR  14. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of triarylmethane derivatives having chelate-forming
      substituents.
NUM  15.
PAR  15. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of quinone derivatives having chelate-forming
      substituents.
NUM  16.
PAR  16. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of phenoxazine derivatives having chelate-forming
      substituents.
NUM  17.
PAR  17. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of thiazolidin derivatives having chelate-forming
      substituents.
NUM  18.
PAR  18. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of imidazolone derivatives having chelate-forming
      substituents.
NUM  19.
PAR  19. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of pyrazolone derivatives having chelate-forming
      substituents.
NUM  20.
PAR  20. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of squaric acid derivatives having chelate-forming
      substituents.
NUM  21.
PAR  21. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of porphyrin derivatives having chelate-forming
      substituents.
NUM  22.
PAR  22. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of phthalocyanine derivatives having chelate-forming
      substituents.
NUM  23.
PAR  23. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of azo coloring agent derivatives having
      chelate-forming substituents.
NUM  24.
PAR  24. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of azomethine coloring agent derivatives having
      chelate-forming substituents.
NUM  25.
PAR  25. The composition of claim 1 in which said organic chelating agent is
      chosen from the group of azine coloring agent derivatives having
      chelate-forming substituents.
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ABST
PAL  Cellulose material having improved resistance to thermal deterioration and
      having particular application as insulation material for electrical
      apparatus. The cellulose material is treated with an aqueous dispersion of
      a liquid, uncured, crosslinkable thermosetting resin, such as an epoxy
      resin, and a water soluble, nitrogen-containing compound. During curing of
      the resin, the cellulose molecules are believed to enter into the
      crosslinking reaction to provide a treated cellulosic product capable of
      withstanding the deteriorating action of heat over extended periods of
      time. A protein material, such as casein or isolated soy protein, can be
      added to the treating liquid and the protein not only contributes
      additional nitrogen groups to the treating media to further increase the
      thermal stability of the cellulose, but also acts as a film former. The
      thermal stability of the cellulose material can be further improved by the
      addition of an organic amine, such as melamine, to the treating liquid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Cellulose fiber materials tend to deteriorate when subjected to elevated
      temperatures for extended periods of time, resulting in a progressive
      reduction in their strength until eventual fracture occurs. Cellulose
      insulation materials are used extensively in electrical apparatus and
      during use are  subjected to elevated temperatures. In electrical
      apparatus, such as transformers for example, the rate of deterioration is
      further increased because the cellulose insulation is in contact with, or
      immersed, in a liquid dielectric, such as transformer oils. Elevated
      temperatures cause the liquid dielectrics to decompose and the resultant
      products of decomposition, in turn, attack the cellulose insulation. For
      this reason cellulose insulation materials in contact with liquid
      dielectrics generally deteriorate at a far greater rate than cellulosic
      material not in contact with such liquids.
PAR  The problem of deterioration of cellulose fiber material at elevated
      temperatures is also encountered when using cellulose fiber cord
      reinforcing in rubber articles, such as pneumatic tires, steam hoses,
      conveyor belts, and the like. In this situation, the cellulose fiber
      reinforcement which is subjected to elevated temperatures either from
      external heat or from heat generated internally by reason of repeated
      flexing, as in the case of pneumatic tires, tends to deteriorate,
      resulting in a progressive reduction in the strength of the cellulose
      fiber reinforcement.
PAR  Deterioration of cellulose fiber material at elevated temperatures is also
      encountered in calendar rolls used in the papermaking industry. Calendar
      rolls are usually formed of a series of laminated, annular, or layers of
      paper and during use, the calendar roll is subjected to a hot air
      environment along with mechanical stressing which can cause rapid
      deterioration of the cellulosic material.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to treated cellulose materials having improved
      thermal stability which enables the cellulose material to withstand the
      deteriorating action of heat over extended periods of time.
PAR  In accordance with the invention, the cellulose fiber material is treated
      with an aqueous treating medium containing a dispersion of a liquid,
      uncured crosslinkable thermosetting resin and an amine curing agent.
      Following evaporation of the aqueous carrier or vehicle, the resin is
      cured or crosslinked and it is believed that the hydroxyl radicals in the
      cellulose material enter into the crosslinking reaction to provide a cured
      product having improved thermal stability without sacrifice of the initial
      physical properties of the untreated paper.
PAR  A protein material, such as casein or soy protein, can be included in the
      liquid treating medium. The protein material not only includes amine
      groups which aid in improving the thermal stability of the treated
      cellulose material, but also acts as a film-former and a dispersing agent
      to maintain the resin in suspension in the aqueous treating medium. It is
      preferred when using a protein material to also include an organic amine
      solvent for the protein which is miscible with water to thereby make the
      protein material soluble in the aqueous solution.
PAR  To further increase the thermal stability of the treated cellulose, a
      nitrogen containing material such as melamine, can be added to the
      treating liquid.
PAR  When the treated cellulose material is to be us in fabrication of a
      calendar roll, added flexibility may be provided by incorporating a
      plasticizer, such as glycerine or propylene glycol, in the treating
      liquid.
PAR  The resulting treated cellulose has improved thermal stability when exposed
      to liquid dielectrics, such as transformer oils, or when exposed to hot
      air environments.
PAR  Other objects and advantages will appear in the course of the following
      description.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The drawings illustrate the best mode presently contemplated of carrying
      out the invention.
PAR  In the drawings:
PAR  FIG. 1 is a sectional view of a transformer embodying cellulose insulation
      which has been treated in accordance with the invention; and
PAR  FIG. 2 is a perspective view of a calendar roll to be used in a papermaking
      machine and fabricated from cellulose material treated in accordance with
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The transformer as shown in FIG. 1 is encased within a tank 1 and consists
      of a magnetic core 2 and a coil 3, both of which are supported in spaced
      relation from the bottom of the tank 1 by channel support members 4, or
      the like. The coil 3 comprises a high voltage winding 5 and a low voltage
      winding 6 which are insulated from one another by the treated cellulose
      insulation 7 of the invention. A treated cellulose wrapping 8 may also be
      applied to the exterior of the coil 3.
PAR  A standard dielectric liquid 9, comprising oil, chlorinated diphenyl, or
      the like, is located within the tank 1 to cover the core 2 and the coil 3
      and serves to insulate the core and coil as well as dissipate the heat
      generated during operation.
PAR  The cellulose fiber material to be used as the layers 7 and 8 can be Kraft
      paper, cotton, linen or other cellulosic materials commonly used as
      insulation in electrical apparatus.
PAR  In accordance with the invention, the cellulose material is treated with an
      aqueous dispersion of a liquid, uncured, thermosetting resin and an amine
      curing or crosslinking agent. The resin can take the form of an epoxy
      resin, either glycidyl ethers or esters, with the preferred epoxy resin
      being the diglycidyl ether of bisphenol-A and epichlorohydrin. In
      addition, dispersible, aromatic diclycidyl esters and cycloaliphatic
      diglycidyl esters can also be utilized as the epoxy resin component. The
      thermosetting resin can also be a polyester resin which is a condensation
      polymer resulting from the reaction of dicarboxylic acids and polyhydric
      alcohols, as for example, when maleic acid or anhydride is reacted with
      glycerol, ethylene glycol, diethylene glycol, sorbitol, mannitol,
      polyethylene glycol and the like. To aid in dispersing the resin in the
      aqueous medium, the resin may contain a conventional dispersing agent.
PAR  The thermosetting resin is utilized in an amount such that the dry
      cellulose paper will contain from 5 to 65% by weight of the resin, based
      on 100% solids.
PAR  In addition to the water dispersible thermosetting resin, the liquid
      treating medium contains an organic amine in an amount, based on 100%
      solids, of 0.1% to 10% by weight of the cellulose material. The amine is
      preferably water soluble and can be an aliphatic or cyclic amine, and can
      be a mono-amine, a diamine or a tertiary amine. The amine can take the
      form of dicyandiamide, triethyl amine, diethyl amine, disiopropyl amine,
      triethanol amine, diethanol amine, monoethanol amine, piperidine,
      N-amino-propyl morpholine, methyl diethanol amine, trimethylene diamine,
      morpholine, dimethylformamide, n-amino ethyl piperazine, and the like.
PAR  When using an epoxy resin system, the amine acts as a crosslinking or
      curing agent and crosslinks with the epoxy resin. It is believed that the
      hydroxyl radicals on the cellulose material also enter in to the
      crosslinking reaction. The amount of the amine crosslinking agent to be
      used is not critical, but it should be present in at least a
      stoichemiometric amount with respect to the epoxy resin.
PAR  When a polyester resin system is utilized the amine also aids in
      accelerating the cure in the polyester system.
PAR  A protein material, such as casein, isolated soy protein, or collagen type
      protein can be incorporated in the treating liquid in an amount of 0.1% to
      10% by weight of the cellulose material, based on 100% solids. The protein
      material includes amine groups which aid in the crosslinking reaction and
      also contribute thermal stability to the treated cellulose. As a further
      advantage, the protein material acts as a film-former and serves to retain
      the resin in suspension or dispersion in the aqueous liquid. To solubilize
      the protein material in the aqueous solution, a small amount of a water
      soluble, highly basic amine, such as morpholine or diglycolamine, can be
      added to the solution. The basic amine is generally used in an amount of
      0.1 to 5.0% of the cellulose fiber material to be subsequently treated.
      The protein material is soluble in the highly basic amine, which in turn
      is miscible with water, thereby enabling the protein material to be
      solubilized in the aqueous treating medium.
PAR  Additional heat stability can be provided for the treated cellulose
      material by incorporating an organic nitrogen-containing compound in the
      treating liquid in an amount of 0.2% to 20% by weight of the cellulose
      material based on 100% solids. The nitrogen-containing compound preferably
      has a reactive NH.sub.2 group and serves the dual function of not only
      increasing the heat stability of the cellulose but also can act as a
      curing agent for the thermosetting resin system. Examples of compounds
      which can be used are melamine, urea, dicyandiamide, diglycolamine,
      polyoxypropylenamine, phenylene diamine, p-amino phenol, and the like.
PAR  The cellulose material can be impregnated with the aqueous treating medium
      in any suitable manner, such as by immersing the cellulose fibers in the
      treating liquid for a time sufficient to fully impregnate the fibers, or
      by spraying, brushing, dipping, size pressing, or the like. It is
      important that all of the individual fibers or filaments of the cellulose
      material be impregnated with the treating liquid, so that each individual
      cellulose fiber is able to react with the active ingredients. Impregnation
      differs from surface coatings in which only the outer surface of the
      fibrous mass is coated with the active ingredients and the individual
      fibers in the interior of the mass are generally uncoated.
PAR  In treating the cellulose fibers, the treating liquid may be at room
      temperature or at a higher temperature up to its boiling point. The time
      of contact between the cellulose fiber material and the treating liquid
      should be sufficient to permit substantial penetreation of the fibers.
      Normally a time in the range of 1 to 10 minutes is adequate for this
      purpose, although longer times may be employed without adverse effect.
PAR  The concentration of active ingredients used in the treating liquid may
      vary considerably both with respect to the total ingredients and the
      individual additives, although it is somewhat more difficult to achieve
      the desired pick-up of additives from a very dilute solution as compared
      to a more concentrated one. Treating liquid containing as little as 1%
      solids can be used. Typically, however, the treating liquid will have 5%
      to 30% by weight of active ingredients.
PAR  Additional impregnation of the individual cellulose fibers by the
      thermosetting resin can be achieved by incorporating a water-soluble
      solvent for the resin in the treating solution. Nitrogen containing
      compounds, such as dimethyl formamide or morpholine, can be utilized for
      this function. These materials are used in an amount of 0.01% to 5% by
      weight of the cellulose material and act to solubilize the resin in the
      aqueous solution, and due to the nitrogen-containing groups, act as
      co-curing agents for an epoxy resin system and also contribute additional
      heat stability to the treated cellulose.
PAR  After treatment with the aqueous treating medium, the cellulose material is
      dried to evaporate the water. While drying can be carried out at room
      temperature, it is preferred to heat the cellulose material to a
      temperature in the range of 175.degree.F to 325.degree.F to accelerate the
      evaporation of the water. The crosslinking reaction involving the
      thermosetting resin will occur at room temperature, but is preferably
      accelerated by heating the cellulose material to a temperature of
      225.degree.F to 325.degree.F for a period of 5 to 60 minutes. In practice
      a single heating cycle may be utilized to both evaporate the water and
      cure the resin system.
PAR  After curing or crosslinking of the resin system, the cellulose should
      contain from 0.3 to 10% nitrogen by weight of the cellulosic fibers, and
      this amount of nitrogen is contributed by the amine curing or crosslinking
      agents, the protein material, the solubilizer for the protein material
      and/or resin, and the organic amine heat stabilizer, if employed.
PAR  FIG. 2 illustrates the treated cellulose fiber material as used in the
      fabrication of a calendar roll for a papermaking machine. The calendar
      roll is laminated from a series of annular stacked sheets of the treated
      cellulose material, which generally have a thickness in the range of 5 to
      20 mils. The annular sheets are assembled on a mandrel and compressed
      under high pressure. Subsequently, the outer peripheral surface of the
      laminated roll is machined.
PAR  When using the treated cellulose fiber material or paper for a calendar
      roll, it is desirable to add a flexibilizing or plasticizing agent in the
      system so as to provide greater flexibility in the final product.
      Flexibility can be achieved by adding glycerine or polypropylene glycol as
      a plasticizer in the treating solution in an amount of about 1 to 6% by
      weight of the resin, or can also be achieved by utilizing a common type of
      flexibilizing resin or flexibilizing curing agent.
PAR  When utilized as a calendar roll, as shown in FIG. 2, the treated
      cellulosic material is normally subjected to mechanical stress while
      exposed to a hot air environment which may be in the range of 10.degree.F
      to 220.degree.F above ambient temperatures. The treated cellulose of the
      invention is capable of withstanding deterioration when subjected to the
      conditions of operation of a calendar roll.
PAR  The following examples illustrate the method of the invention in treating
      cellulose fiber material.
PAC  EXAMPLE I
PAR  A series of samples of 100% Kraft paper (8 inch .times. 8 inch .times. 2.5
      mils) were immersed in aqueous treating solutions as set forth in the
      following table until the paper had become thoroughly soaked or
      impregnated. The impregnated paper sheets were allowed to air dry at room
      temperature and then each sample sheet was placed in a glass tube
      containing a 21 inch piece of 16 gauge Formvar-coated copper wire and a 14
      inch .times. 1 inch .times. 2 mil strip of copper foil. This paper-copper
      system was dried in an oven at 275.degree.F for sixteen hours, during
      which time the tube was evacutated under an absolute pressure of about 0.1
      mm or less. At the end of the drying period, the evacutated tube
      conqaining the paper and copper was filled under vacuum with an inhibited
      transformer oil, leaving an air space in the tube of approximately 15% of
      the total volume. The air space was filled to 1 atmosphere pressure with
      dry air and the tube was then sealed off with an oxygen gas torch. The
      sealed glass tube containing the treated paper, coated copper wire, copper
      foil and transformer oil was placed in an oven at 340.degree.F for five
      days after which time both the heated aged samples and the control samples
      were tested for tensile strength retained. The results of the tests are
      summarized in the following table:
TBL                                    TABLE I                                 

     __________________________________________________________________________

                        Percent of Original                                    

                                    Relative                                   

     Ingredients of the Tensile Strength                                       

                                    Tensile                                    

     Treating Solution  Retained    Strength                                   

     __________________________________________________________________________

     1 Control (no treatment)                                                  

                        14.3        100%                                       

     2 6.5% Epirez 2352 (epoxy resin)                                          

       2.5% propyldiamide (MW 230)                                             

                        76.5        485%                                       

     3 6.5% Epirez 2352 (epoxy resin)                                          

       0.5% propyldiamide (MW 230)                                             

       2.0% dicyandiamide                                                      

                        74.3        468%                                       

     4 2.0% Epirez (epoxy resin)                                               

       1.07% melamine                                                          

       1.0% soy protein                                                        

       2.0% dicyandiamide                                                      

                        79.6        524%                                       

     __________________________________________________________________________

PAR  The percentage amounts of the ingredients listed in the above table are
      based on the weight percent of the dry cellulose material based on 100%
      solids.
PAR  The results of the above tests, as shown in the table, indicate the
      substantial improvement achieved in the tensile strength of the cellulosic
      material treated in accordance with the invention. The control sample
      which did not undergo treatment retained only 14.3% of its original
      tensile strength, while the samples treated in accordance with the
      composition of the invention retained from 74.3% to 79.6% of their
      original tensile strength after the heat treating period. The column
      "Retained Tensile Strength" in the above table indicates the percent
      improvement in tensile strength as compared with the control sample.
PAC  EXAMPLE II
PAR  A series of 8 1/2 inch .times. 11 inch .times. 0.001 inch samples of No. 18
      card white calendar paper individually were treated with the treating
      solutions set forth in the following Table II and using the procedure of
      Example I. After treatment the samples were subjected to a hot air test to
      determine the physical characteristics of the treated samples after
      exposure to the heated air and the results are shown in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

                                              Fold                             

                           Tensile                                             

                                T.E.A.        Endurance                        

                           Strength                                            

                                in-lb/                                         

                                     Elendorf                                  

                                          Mullen                               

                                              M.I.T                            

     Sample                lb/1/2"                                             

                                1/2" Tear-                                     

                                          Burst                                

                                              Double                           

     Description   Treatment                                                   

                           Width                                               

                                Width                                          

                                     Grams                                     

                                          PSI Folds                            

     __________________________________________________________________________

     1 Control     none    6.0  1.06 29.5 21.8                                 

                                              27.6                             

     2 Control     Aged 24 hrs.                                                

                   at 125.degree.C                                             

                           6.1  0.90 27.0 21.9                                 

                                              29.5                             

     3  6.5% epoxy resin                                                       

        2.5% polyoxypropylen                                                   

          amine                                                                

        2.0% soy protein                                                       

                   Aged 24 hrs.                                                

        0.1% morpholine                                                        

                   at 125.degree.C                                             

                           10.5 1.82 20.4 39.3                                 

                                              107.0                            

       38.9% water                                                             

     4  2.2% epoxy resin                                                       

        1.0% melamine                                                          

        1.0% soy protein                                                       

        0.1% morpholine                                                        

        2.0% dicyandiamide                                                     

                   Aged 24 hrs.                                                

       93.7% water at 125.degree.C                                             

                           8.4   1.295                                         

                                     --   29.8                                 

                                              25.4                             

     5  6.5% epoxy resin                                                       

        2.5% dicyandiamide                                                     

        2.0% soy protein                                                       

        0.1% morpholine                                                        

                   Aged 24 hrs.                                                

       88.9% water at 125.degree.C                                             

                           11.4 --   19.4 38.4                                 

                                              196.8                            

     __________________________________________________________________________

PAR  The T.E.A. test is a tensile energy absorption test and is a measure of
      toughness of the paper.
PAR  The Elemdorf tear test is a determination of the force in grams required to
      tear the paper sheet from a formed slit or cut to the edge, while the
      Mullen burst test is a measurement of the pressure required to burst or
      rupture the paper sheet.
PAR  The fold endurance test is a measure of the number of double folds
      (180.degree. folds) the paper can be subjected to before fracture and is a
      determination of brittleness of the paper.
PAR  The above ttests show the substantial improvement in tensile strength, tear
      strength, burst strength, and fold endurance ahieved through use of the
      process of the invention when the paper was exposed to heated air for
      extended periods of time.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of treating cellulose material to increase its physical
      properties at elevated temperatures, comprising the steps of impregnating
      the cellulose material with an aqueous treating medium having dispersed
      therein a liquid uncured thermosetting resin selected from the group
      consisting of epoxy resins and polyester resins, and an organic amine,
      evaporating the water from the aqueous medium, and thereafter curing the
      resin to provide a treated cellulose material having improved physical
      properties at elevated temperatures.
NUM  2.
PAR  2. The method of claim 1, and including the step of incorporating in the
      aqueous medium a protein material selected from the group consisting of
      casein, isolated soy protein, collagentype protein, and mixtures thereof.
NUM  3.
PAR  3. The method of claim 1, wherein the dry cellulose material has a nitrogen
      content in the range of 0.3% to 10.0% by weight of the cellulose material.
NUM  4.
PAR  4. The method of claim 1, wherein the resin is present in an amount of 5%
      to 65% by weight of the cellulose material based on 100% solids.
NUM  5.
PAR  5. The method of claim 2, and including the step of incorporating in the
      aqueous medium a water-soluble nitrogen containing solvent for said
      protein material, said solvent being miscible with water and used in an
      amount of 0.1 to 5.0% by weight of the cellulose material based on 100%
      solids.
NUM  6.
PAR  6. The method of claim 1, and including the step of incorporating in the
      aqueous medium a water-soluble nitrogen-containing solvent for said resin,
      said solvent being miscible with water and present in an amount of 0.1% to
      5% by weight of the dry cellulose material based on 100% solids.
NUM  7.
PAR  7. The method of claim 1, wherein said organic amine has a reactive
      NH.sub.2 group and functions as a curing agent for the resin as well as
      contributing improved heat stability to the treated cellulose material.
NUM  8.
PAR  8. The method of claim 1, and including the step of incorporating in the
      aqueous medium a nitrogen-containing compound having a reactive NH.sub.2
      group, said nitrogen containing compound contributing improved heat
      stability to the treated cellulose material.
NUM  9.
PAR  9. A method of treating cellulose material to increase its physical
      properties at elevated temperatures, comprising the steps of impregnating
      the cellulose material with an aqueous treating medium having dispersed
      therein a liquid uncured epoxy resin and an organic amine curing agent for
      said epoxy resin, said medium containing from 1 to 30% by weight of
      solids, said resin being present in an amount of 5% to 65% by weight of
      the cellulose material based on 100% solids, said amine being present in a
      stoichiometric amount necessary to substantially completely cure said
      resin, evaporating the water from the aqueous medium, and thereafter
      curing the resin to provide a treated cellulose material having a nitrogen
      content in the range of 0.3 to 10% by weight of the dry cellulose
      material.
NUM  10.
PAR  10. The method of claim 9, wherein said curing agent is dicyandiamide, and
      said method includes the step of incorporating in the aqueous-medium a
      protein material selected from the group consisting of casein, isolated
      soy protein, collagen-type protein, and mixtures thereof.
NUM  11.
PAR  11. A treated cellulose fiber product having improved physical properties
      at elevated temperatures, said product being produced by impregnating a
      cellulose fiber material with an aqueous treating medium having dispersed
      therein a liquid uncured thermosetting resin selected from the group
      consisting of epoxy resins and polyester resins, and an organic amine,
      evaporating the water from the aqueous medium, and thereafter crosslinking
      the resin to provide a treated product, containing from 0.3% to 10% by
      weight of nitrogen based on the weight of the dry cellulose material, said
      product having sufficient flexibility to be wound in coiled form.
NUM  12.
PAR  12. The product of claim 11, wherein said product is produced by
      incorporating in the aqueous medium a protein material selected from the
      group consisting of casein, isolated soy protein, collagen-type protein,
      and mixtures thereof.
NUM  13.
PAR  13. The product of claim 11, wherein the resin is an epoxy resin derived
      from the reaction of bisphenol-A and epichlorhydrin and the amine is
      dicyandiamide.
NUM  14.
PAR  14. The product of claim 11, wherein said product is produced by
      incorporating in the aqueous medium a nitrogen-containing compound having
      a reactive NH.sub.2 group, said nitrogen containing compound contributing
      improved heat stability to the treated cellulose material.
NUM  15.
PAR  15. The product of claim 11, wherein said product is produced by
      incorporating in the aqueous medium a water-soluble nitrogen-containing
      solvent for said resin, said solvent being miscible with water and present
      in an amount of 0.01% to 5% by weight of the dry cellulose material based
      on 100% solids.
NUM  16.
PAR  16. The product of claim 12, wherein said product is produced by
      incorporating in the aqueous medium a water-soluble nitrogen containing
      solvent for said protein material, said solvent being miscible with water
      and used in an amount of 0.1% to 5.0% by weight of the cellulose material
      based on 100% solids.
NUM  17.
PAR  17. The product of claim 11, wherein said organic amine has a reactive
      NH.sub.2 group and functions as a curing agent for the resin as well as
      contributing improved heat stability to the treated cellulose material.
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ABST
PAL  The well-known heat transfer fluid consisting essentially of the eutectic
      mixture of diphenyl oxide and biphenyl is improved by the addition thereto
      of monomethyl- or monoethylbiphenyl. The resulting fluids have very nearly
      the same boiling point and heat stability as the binary eutectic but have
      substantially lower freezing points.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 139,882, filed May 3, 1971.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The eutectic mixture of diphenyl oxide and biphenyl has been widely used as
      a high temperature heat transfer fluid for more than forty years (Grebe,
      U.S. Pat. No. 1,882,809). Among its more critical properties are its high
      boiling point, its thermal stability at and above the boiling point in
      both the liquid and the vapor phase, and the fact that the liquid and
      vapor phases have substantially the same composition. A primary drawback
      of this binary eutectic mixture is its relatively high freezing point
      (54.degree.F.). This complicates its use in many outdoor applications.
PAR  In order to improve its utility, many additives have been proposed for the
      mixture. Among these are naphthalene, aniline, diphenylmethane and
      chlorodiphenyl (Rittler et al., U.S. Pat. No. 2,149,789). These have not
      been satisfactory, for one reason or another. Some raise the freezing
      point. Others are unstable at high temperatures or in the vapor phase.
      Still others have boiling points so different from that of the binary
      eutectic that the vapor composition differs widely from that of the
      liquid.
PAR  The alkylated diphenyls have been known for almost as long as the above
      binary eutectic and have been suggested for use as heat transfer fluids
      (Krase, U.S. Pat. No. 2,172,391) but have not been combined with the
      eutectic to improve their respective properties.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a heat transfer fluid having
      substantially the desirable high temperature properties of the binary
      eutectic mixture of diphenyl oxide and biphenyl while having a
      substantially lower freezing point is obtained by adding methyl- or
      ethylbiphenyl to said eutectic mixture.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The binary eutectic mixture of diphenyl oxide and biphenyl (DPO and BP
      respectively) is widely sold and extensively used under the trade name
      Dowtherm A fluid (hereinafter DTA). While this fluid contains the two
      components in the preferred proportions (73.6% DPO, 26.4% BP) for use in
      the present invention, it is not necessary to use precisely these
      proportions. Almost equally good results can be obtained with slightly
      different proportions (e.g., 70-80% BP) provided the proportion of
      methylbiphenyl (MBP) or ethylbiphenyl (EBP) is somewhat increased.
      Accordingly, these variations are to be understood as included wherever
      reference is made to DTA or the eutectic mixture. Also, MBP and EBP may be
      used separately or in combination as a mixture in any proportions for
      combining with DTA to produce the fluids of the invention. In fact, such
      mixtures are usually slightly more effective than either component alone
      in lowering the freezing point of DTA without substantially altering its
      high-temperature properties.
PAR  The proportion of MBP or EBP that should be incorporated into DTA depends
      primarily on the desired freezing point of the resulting fluid. For
      minimizing the differences other than freezing point between DTA and the
      new fluid, it is desirable to keep the proportion as low as possible while
      attaining the desired lowering of the freezing point. As little as 5-10%
      produces a significant lowering while less than 50% will ordinarily be
      sufficient to give an adequately low freezing point. The mixtures are
      made, of course, by merely blending together the components.
PAC  SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  The following table shows the freezing points and boiling points of the
      components of the fluids of the invention and of several typical examples
      of formulated fluids. The MBP and EBP used therein were the unfractionated
      mixed isomers unless otherwise specified and consisted mostly of the meta
      and para isomers. Such mixtures are the equal of, or even superior to, the
      individual isomers; hence, it is usually preferred to use a mixture rather
      than a single isomer. When using such mixtures of isomers, it is preferred
      that the meta isomer constitute at least about 50% of the mixture and that
      the meta and para isomers together constitute at least about 90% of the
      isomer mixture. The MBP contained about 70% by volume of the meta isomer
      and about 23% of the para isomer, the balance being the ortho isomer,
      unsubstituted biphenyl and polymethylated biphenyl.
TBL                                    TABLE I                                 

     __________________________________________________________________________

             Fluid Composition, % by Vol.                                      

                                 Freezing                                      

                                        Boiling                                

     Example No.                                                               

             DPO BP  DTA MBP EBP Pt., .degree.F.                               

                                        Pt., .degree.F.                        

     __________________________________________________________________________

             100                 77     495                                    

                 100             158    493                                    

                     100         54     495                                    

                         100     -4     515                                    

                             100 -44    536                                    

     1               67  33      16     501                                    

     2               50  50      -29    505                                    

     3               33  67      -25    508                                    

     4               70      30  10     506                                    

     5               50      50  &lt;-58   512                                    

     6               30      70  -50    522                                    

     __________________________________________________________________________

PAR  To show the effect of individual isomers of MBP as compared to a mixture
      thereof, the meta and para isomers were separated and used separately. The
      ortho isomer was not included because it is present in the crude mixture
      in only ver low proportions (&lt;5%) and is therefore quite difficult to
      isolate in useful quantities. Its F.P. is 32.degree.F.
TBL                TABLE II                                                    

     ______________________________________                                    

            Composition, % by Vol.                                             

                               Freezing                                        

     Ex. No.  DTA      p-MBP     m-MBP   Pt., .degree.F.                       

     ______________________________________                                    

                       100               120                                   

                                 100     41                                    

      7       91        9                41                                    

      8       82       18                26                                    

      9       74       26                21                                    

     10       68       32                23                                    

     11       62       38                23                                    

     12       91                  9      46                                    

     13       82                 18      35                                    

     14       70       30        19                                            

     15       60                 40      -3                                    

     16       50                 50      -22                                   

     ______________________________________                                    

PAR  The fluids of the above examples have high-temperature properties
      substantially equivalent to those of DTA; hence, these fluids can be used
      in most applications as a direct replacement of DTA. Moreover, they are
      compatible with DTA and can be mixed therewith without harm.
CLMS
STM  We claim:
NUM  1.
PAR  1. A heat transfer fluid consisting essentially of (a) diphenyl oxide, (b)
      biphenyl and (c) methylbiphenyl, ethylbiphenyl or mixture thereof, wherein
      (a) and (b) are present in essentially the proportions in their binary
      eutectic mixture and (c) is present in an amount sufficient to
      significantly lower the freezing point of the mixture of (a) and (b) said
      amount of (c) being at least about 5% by volume but not exceeding about
      70% by volume.
NUM  2.
PAR  2. The fluid of claim 1 wherein the component (c) constitutes about 5 to
      50% of the total fluid.
NUM  3.
PAR  3. The fluid of claim 1 wherein the component (c) constitutes about 10 to
      40% of the total fluid.
NUM  4.
PAR  4. The fluid of claim 1 wherein the ratio of components (a) and (b) is
      about 70:30 to 80:20 by volume.
NUM  5.
PAR  5. The fluid of claim 1 wherein component (c) is a mixture of isomers of
      methylbiphenyl.
NUM  6.
PAR  6. The fluid of claim 5 wherein component (c) contains at least about 50%
      of the meta isomer.
NUM  7.
PAR  7. The fluid of claim 6 wherein component (c) contains at least about 90%
      of the combined meta and para isomers.
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ABST
PAL  A novel antifreeze composition is provided which comprises a water soluble
      liquid alcohol freezing point depressant and an inhibitor. The freezing
      point depressant is preferably at least one water soluble alcohol
      containing from one to four carbon atoms inclusive and from one to four
      hydroxy groups inclusive such as ethylene glycol. The inhibitor comprises
      at least one substance selected from the group consisting of
PA1  A. compounds corresponding to the following structural formula:
      ##SPC1##
PAL  Wherein R.sub.1 is an alkylene radical containing from zero to 12 carbon
      atoms inclusive, R.sub.2 is an alkyl radical containing from one to 10
      carbon atoms inclusive and R.sub.3 is an alkylene radical containing from
      one to 12 carbon atoms inclusive, and
PA1  B. the mono- and di-metal salts, the mono- and di-ammonium salts, and the
      mono- and di-amides of compounds corresponding to the above structural
      formula. The presently preferred inhibitor comprises
      1-carboxy-2-hexyl-5-(7-carboxyheptyl)-cyclohex-3-ene, or the mono- and
      di-metal salts, ammonium salts, and amides thereof. The inhibitor also
      aids in solublizing antifoam agents. The invention further provides a
      process for inhibiting the corrosion of solder alloys which employs the
      novel antifreeze composition of the invention.
BSUM
PAC  THE BACKGROUND OF THE INVENTION
PAR  1. The Field of the Invention
PAR  The present invention broadly relates to corrosion inhibited antifreeze
      compositions which are especially useful as coolants in heat exchange
      systems. In some of its more specific variants, the invention is concerned
      with a novel antifreeze composition and with a process employing the same
      to reduce the rate of corrosion of solder alloys used in automotive
      cooling systems.
PAR  2. The Prior Art
PAR  The concentrated prior art antifreeze compositions adapted to be diluted
      with water and used as coolants for internal combustion engines usually
      contain a major amount of a liquid water soluble alcohol as a freezing
      point depressant, about 0.5-5% by weight of additives, and the balance
      water. The freezing point depressant is usually ethylene glycol, but other
      water soluble alcohols are used to some extent. The additives may include
      one or more prior art corrosion inhibitors, an antifoam agent and/or a
      water pump lubricant. Often a combination of corrosion inhibitors provides
      greater protection against corrosion as the cooling system of a typical
      internal combustion engine contains a substantial number of different
      metals in contact with the circulating coolant.
PAR  A WIDE VARIETY OF INHIBITORS HAVE BEEN PROPOSED HERETOFORE FOR USE IN
      ANTIFREEZE COMPOSITIONS. Several examples of the prior art inhibitors
      include inorganic compounds such as metal phosphates, borates, molybdates,
      arsenates, arsenites, nitrates, nitrites and chromates, and various
      organic compounds such as mercaptobenzothiazole, benzotriazole,
      piperazine, propynyloxynitrobenzene, bis-(nitrohydroxyphenyl)-pentanoic
      acid, and certain carboxylic acids which differ markedly from the
      inhibitor disclosed herein.
PAR  The corrosion inhibitors available heretofore, have not been entirely
      satisfactory in all respects. For example, the prior art corrosion
      inhibitors do not aid in solubilizing the antifoam agents commonly used in
      antifreeze compositions and in a number of instances may even render it
      more difficult to dissolve a sufficient amount to be effective for the
      intended purpose. This is especially true of inhibitors added for the
      purpose of reducing the rate of corrosion of solder alloys which are used
      extensively in automotive cooling systems. As a result, the prior art
      antifreeze compositions often were deficient in their antifoam properties
      and/or they lacked outstanding inhibition properties in respect to
      reducing the corrosion rate of solder. These two properties are very
      important and both should be present to a maximum degree in an ideal
      antifreeze composition. However, such an antifreeze composition was not
      available prior to the present invention.
PAC  THE SUMMARY OF THE INVENTION
PAR  The present invention provides a novel antifreeze composition comprising a
      water soluble liquid alcohol as a freezing point depressant and a markedly
      superior inhibitor which is described in greater detail hereinafter. The
      antifreeze composition is especially effective in reducing the rate of
      corrosion of metals used in automotive cooling systems. The inhibitor has
      the additional important property of solubilizing antifoam agents of the
      types commonly used in antifreeze compositions thereby allowing an optimum
      amount of an antifoam agent of limited solubility to be added. The
      resultant antifreeze composition is capable of providing a maximum degree
      of corrosion protection for solder alloys in combination with outstanding
      antifoam properties. This combination of optimum properties was not found
      in the prior art antifreeze compositions.
PAR  The detailed description of the preferred variants of the invention and the
      specific examples appearing hereinafter may be referred to for a more
      complete and comprehensive understanding of the invention.
DETD
PAC  THE DETAILED DESCRIPTION OF THE INVENTION INCLUDING PRESENTLY PREFERRED
      VARIANTS THEREOF
PAR  The antifreeze composition of the present invention comprises at least one
      water soluble liquid alcohol as a freezing point depressant and the
      markedly superior inhibitor of the invention. As will be described in
      greater detail hereinafter, when desired other prior art additives may be
      present in accordance with conventional practice.
PAR  The freezing point depressant may be any suitable water soluble liquid
      alcohol which has been used heretofore in formulating antifreeze
      compositions. In most instances, water soluble alcohols containing from
      one to four carbon atoms inclusive and from one to four hydroxy atoms
      inclusive are used as freezing point depressants. Ethylene glycol is
      presently preferred as the freezing point depressant, and especially the
      commercially available mixtures containing largely ethylene glycol and a
      small amount of diethylene glycol. The commercial mixture generally
      contains at least 85-95% by weight of ethylene glycol and the remainder
      diethylene glycol and small amounts of other substances which are
      incidentally present such as water. When desired, other water soluble
      liquid alcohols may be admixed with ethylene glycol but such admixtures
      usually are not preferred. Inexpensive commercially available water
      soluble alcohols such as methyl, ethyl, propyl and isopropyl alcohol may
      be used along or in admixtures. These latter alcohols are more volatile
      than ethylene glycol and diethylene glycol and are not preferred due to
      loss of the freezing point depressant through evaporation at the normal
      operating temperature of the cooling systems for internal combustion
      engines.
PAR  The inhibitor of the invention is at least one compound
PAR  a. corresponding to the following structural formula:
      ##SPC2##
PAL  wherein R.sub.1 is an alkylene radical containing from zero to 12 carbon
      atoms inclusive, R.sub.2 is an alkyl radical containing from one to 10
      carbon atoms inclusive, and R.sub.3 is an alkylene radical containing from
      one to 12 carbon atoms inclusive, and/or
PAR  b. the mono- and di-metal salts, mono- and di-ammonium salts, and/or mono
      and di-amides of compounds corresponding to the structural formula
      appearing in (a) above.
PAR  Better results are usually obtained in instances where R.sub.1 contains
      from zero to four carbon atoms inclusive, R.sub.2 contains from four to
      eight carbon atoms inclusive, and R.sub.3 contains from five to nine
      carbon atoms inclusive. Preferably, R.sub.1 contains zero carbon atoms,
      R.sub.2 contains six carbon atoms and R.sub.3 contains seven carbon atoms.
      More specifically, the presently preferred inhibitor is
      1-carboxy-2-hexyl-5-(7-carboxyheptyl)-cyclohex-3-ene and/or the mono- and
      di-metal salts, ammonium salts, and amides thereof.
PAR  The free acid form of the inhibitor illustrated in the above structural
      formula may be used alone, or the above described mono- and di-metal
      salts, ammonium salts, and amide derivatives thereof may be used alone, or
      an admixture of two or more of these substances may be used. In instances
      where a mono- and/or di-metal salt is employed, often the alkali metal
      salts and/or the alkaline earth metal salts give better results but it is
      understood that other suitable metal salts may be used. The ammonium,
      sodium and potassium salts are usually preferred. The inhibitor in the
      form of the free acid may be reacted with a wide variety of organic amines
      to form the corresponding mono- and di- amide derivatives. Any suitable
      amine may be used, such as open chain amines containing 1-10 and
      preferably 1-4 carbon atoms, cycloaliphatic amines and/or heterocyclic
      amines containing 4-10 and preferably 5-8 carbon atoms, and aromatic
      amines containing 6-12 and preferably 6-9 carbon atoms. Hydroxy amines
      such as mono-, di-, and tri- hydroxy alkyl amines may be reacted with the
      free acid to prepare excellent inhibitors. The presently preferred mono-
      and di- amides are prepared by reacting the free acid with one or more of
      the various ethanol amines such as mono-, di- and tri- ethanol amine.
PAR  As a general rule, the above described mono- and di- metal salts, ammonium
      salts, and amides are well known and may be prepared following the general
      procedures of the prior art in synthesizing mono- and di- inorganic base
      salts and organic base salts of di-carboxylic acids. For example, in
      instances where the inorganic base or organic base is water soluble, it
      may be dissolved in water in an amount sufficient to produce the desired
      mono- and/or di- derivative, and then the free dicarboxylic acid may be
      added with stirring. The resulting reaction mixture may be heated to an
      elevated reaction temperature if desired, such as 50-100.degree.C, but
      often room temperature is satisfactory. In instances where the inorganic
      base or organic base is soluble in an organic solvent, then the organic
      solvent may be substituted for water in the above-described preparation
      procedure. Examples of organic solvents include normally liquid alcohols,
      ethers, ketones, hydrocarbons, chlorinated hydrocarbons, and the like. In
      instances when it is desired to prepare the mono- metal salt, ammonium
      salt, or amide, then it is understood that equimolar quantities of the
      inorganic base and/or organic base are reacted with the free acid, and
      thus the reaction mixture contains the necessary ratio of reactants to
      achieve this goal. Similarly, in instances when the di-metal salt,
      ammonium salt, or amide is to be prepared, then the reaction mixture
      contains a ratio of the free acid to the inorganic base and/or organic
      base which results in the reaction of two moles thereof with the free
      acid. The mono- and di- metal salt, ammonium salt or amide thus prepared
      may be recovered from the reaction mixture following general prior art
      procedures. In some instances, the reaction mixture may be used without
      isolating or recovering the pure product. In instances when the product is
      recovered, this may be accomplished by cooling the reaction mixture and/or
      by evaporating the solvent sufficiently to cause the product to
      precipitate out upon cooling and allow recovery by filtration, decanting
      and the like.
PAR  The inhibitor is present in the antifreeze composition in a minor but
      effective amount to inhibit the corrosion of metals used in cooling
      systems for water cooled internal combustion engines, and especially
      solder or metals used in preparing solder alloys such as tin and lead. The
      inhibitor may be added, for example, in an amount of about 0.1-1% by
      weight of the antifreeze composition, and preferably in an amount of about
      0.3-0.6%. The best results are usually achieved at levels of approximately
      0.3% by weight. While the above mentioned quantities are generally
      satisfactory, it is understood that in some instances smaller or larger
      quantities may be used as it is only necessary that the inhibitor be
      present in a concentration which inhibits the corrosion of solder alloys
      and/or other metals contacted thereby in automotive cooling systems.
PAR  The antifreeze composition of the present invention may be formulated by
      admixing and/or dissolving the inhibitor in the water soluble liquid
      alcohol freezing point depressant in the concentrations set out above. As
      a general rule, the method of formulating the antifreeze composition need
      not differ from that of the prior art with the exception of providing the
      novel inhibitor.
PAR  In addition to the above mentioned essential ingredients, the antifreeze
      composition also may contain other prior art additives as is conventional
      in this art. Often it is desirable that a plurality of selected prior art
      inhibitors be used in combination with the novel inhibitor of this
      invention. This assures that the corrosion of all metals used in
      automotive cooling systems is reduced to a minimum. Examples of other
      inhibitors which may be present include inorganic compounds such as metal
      phosphates, borates, molybdates, arsenates, arsenites, nitrates, nitrites
      and chromates, and organic compounds such as mercaptobenzothiazole,
      benzotriazole, piperazine, propynyloxynitrobenzene,
      bis-(nitrohydroxyphenol)-pentanoic acid, and certain other carboxylic
      acids which differ markedly from the inhibitor disclosed herein. Usually
      the ammonium or alkali metal salts are preferred. Prior art inhibitors
      which are especially useful in combination with the inhibitors of the
      invention include alkali metal borates, alkali metal phosphates, and
      alkali metal mercaptobenzothiazole. Often sodium borate, potassium acid
      phosphate, and sodium mercaptobenzothiazole are the best prior art
      inhibitors to be used in conjunction with the inhibitor of the present
      invention. Such prior art inhibitors may be employed in the quantities
      described in the prior art, and usually are present in a total amount of
      less than 10%, and often in a total amount of approximately 1-5%.
PAR  Other additives which may be present include prior art antifoam agents,
      water pump lubricants, acid-base indicators, dyes and the like. Such
      additives may be employed in the quantities described in the prior art.
      Suitable antifoam agents include conventional silicone antifoam agents,
      aliphatic alcohols of 10 carbon atoms or more, organic phosphates and
      phthalates, conventional nonionic synthetic detergents, etc., having the
      desired properties. It is often possible to add more of the antifoam agent
      than is normally present due to the desirable hydrotropic properties of
      the inhibitor of the present invention. Thus, as a general rule, it is
      possible to add the antifoam agent in quantities sufficient to impart
      optimum properties. The antifoam agents described herein are added in an
      amount effective to control foaming such as about 0.001-0.5% by weight and
      preferably about 0.01- 0.1% by weight.
PAR  The inhibitor of the present invention is especially useful in solubilizing
      antifoam agents which are alkoxylated nonionic surfactants exhibiting low
      foaming characteristics. Examples of alkoxylated nonionic synthetic
      detergents which may advantageously be employed in the antifreeze
      compositions of the invention as antifoam agents include polyoxyalkylene
      adducts of hydrophobic bases. Ethylene oxide, for example, is condensed
      with the hydrophobic base in an amount sufficient to impart water
      solubility and surface active properties to the molecule being prepared.
      The exact amount of ethylene oxide condensed with the hydrophobic base
      will depend upon the chemical characteristics of the base employed and is
      readily apparent to those of ordinary skill in the art relating to the
      synthesis of oxyalkylene surfactant condensates. In general, the amount of
      ethylene oxide is less than 20% of the weight of hydrophobic base.
PAR  Typical hydrophobic bases which can be condensed with ethylene oxide in
      order to prepare nonionic surface active agents include mono- and
      polyalkyl phenols and the compounds prepared by condensing
      polyoxypropylene onto a base having from about one to six carbon atoms and
      at least one reactive hydrogen atom. The hydrocarbon ethers such as the
      benzyl or lower alkyl ether of the polyoxyethylene surfactant condensates
      are also advantageously employed in the compositions of the invention.
PAR  Further suitable nonionic surface active agents are the polyoxyethylene
      esters of higher fatty acids having from about eight to 22 carbon atoms in
      the acyl group. Typical products are the polyoxyethylene adducts of tall
      oil, rosin acids, lauric, stearic and oleic acids, and the like.
      Additional nonionic surface active agents are the polyoxyethylene
      condensates of higher fatty acid amines and amides having from about eight
      to 22 carbon atoms in the fatty alkyl or acyl group. Illustrative products
      are coconut oil, fatty acid amines and amides condensed with ethylene
      oxide.
PAR  Other suitable polyoxyethylene nonionic surface active agents are the
      ethylene oxide adducts of higher aliphatic alcohols and thioalcohols
      having from about 8 to 22 carbon atoms in the aliphatic portion. A typical
      product is tridecyl alcohol condensed with ethylene oxide.
PAR  Other suitable nonionic surface active agents are cogeneric mixtures of
      conjugated polyoxyalkylene compounds containing in their structure at
      least one hydrophobic oxyalkylene chain in which the oxygen/carbon atom
      ratio does not exceed 0.40 and at least one hydrophilic oxyalkylene chain
      in which the oxygen/carbon atom ratio is greater than 0.40. In accordance
      with the preferred practice of this invention, the hydrophilic oxyalkylene
      chain is less than 20% of the total weight of the oxyalkylene chain.
PAR  Polymers of oxyalkylene groups obtained from propylene oxide, butylene
      oxide, amylene oxide, styrene oxide, mixtures of such oxyalkylene groups
      with each other and with minor amounts of polyoxyalkylene groups obtained
      from ethylene oxide, butadiene dioxide, and glycidol are illustrative of
      hydrophobic oxyalkylene chains having an oxygen/carbon atom ratio not
      exceeding 0.40. Polymers of oxyalkylene groups obtained from ethylene
      oxide, butadiene dioxide, glycidol, mixtures of such oxyalkylene groups
      with each other and with minor amounts of oxyalkylene groups obtained from
      propylene oxide, butylene oxide, amylene oxide and styrene oxide are
      illustrative of hydrophilic oxyalkylene chains having an oxygen/carbon
      atom ratio greater than 0.40.
PAR  Among the conjugated polyoxyalkylene compounds which can be used in the
      compositions of the invention are those which correspond to the formula:
EQU  Y(C.sub.3 H.sub.6 O).sub.n (C.sub.2 H.sub.4 O).sub.m H
PAL  wherein Y is the residue of an organic compound having from about one to
      six carbon atoms and one reactive hydrogen atom, n has an average value of
      at least about 6.4 as determined by hydroxyl number and m has a value such
      that the oxyethylene portion constitutes up to about 20 weight percent of
      the molecule. These surface active agents are more particularly described
      in U.S. Pat. No. 2,677,700.
PAR  Other conjugated polyoxyalkylene surface active agents which are most
      advantageously used in the compositions of the invention correspond to the
      formula:
EQU  Y[(C.sub.3 H.sub.6 O).sub.n (C.sub.2 H.sub.4 O).sub.m H].sub.x
PAL  wherein Y is the residue of an organic compound having from about two to
      six carbon atoms and containing x reactive hydrogen atoms in which x has a
      value of at least about 2, n has a value such that the molecular weight of
      the polyoxypropylene hydrophobic base is at least about 900 and m has a
      value such that the oxyethylene content of the molecule is up to about 20
      weight percent. Compounds falling within the scope of the definition for Y
      include, for example, propylene glycol, glycerine, pentaerythritol,
      trimethylolpropane, ethylene diamine, and the like. As already noted, the
      oxypropylene chains optionally, but advantageously, contain small amounts
      of ethylene oxide and the oxyethylene chains also optionally, but
      advantageously, contain small amounts of other alkylene oxides such as
      propylene oxide and butylene oxide.
PAR  The polyoxypropylene-polyoxyethylene block copolymers useful as low foaming
      nonionic surfactants include compounds corresponding to the structural
      formula:
EQU  HO(C.sub.2 H.sub.4 O).sub.a (C.sub.3 H.sub.6 O).sub.b (C.sub.2 H.sub.4
      O).sub.c H
PAL  having a molecular weight of from about 900 to 4,500 and wherein a and c
      have values such that the ethylene oxide residua comprise from zero to
      about 20% by weight of the total molecular weight of the copolymer.
      Copolymers of this type are usually prepared by condensing ethylene oxide
      with polypropylene glycol, polypropylene glycol in turn being the
      condensation reaction product of propylene oxide and propylene glycol.
      These compositions are more particularly described in U.S. Pat. No.
      2,674,619.
PAR  Other suitable nonionic surface active agents include ethoxylated and
      propoxylated adducts of ethylenediamine of a type generally described in
      u.S. Pat. No. 2,979,528 but restricted to compounds exhibiting low foaming
      characteristics such as nonionic surfactants corresponding to the
      following structural formula:
      ##EQU1##
      having a total molecular weight of from 900 to 7,800, and wherein y is an
      integer having a value which insures that the ethylene oxide residua
      constitute a maximum of about 20% by weight of the total molecular weight
      of the molecule. Compounds of this type may be prepared by the sequential
      addition of propylene oxide and ethylene oxide to ethylene diamine under
      oxyalkylation conditions.
PAR  Especially suitable alkoxylated linear aliphatic alcohols may contain 8-20
      carbon atoms and preferably about 12-18 carbon atoms, and the alkylene
      oxide residua may comprise 5-40% by weight and preferably about 10-20% by
      weight of the molecule. The linear aliphatic alcohols are preferably
      ethyoxylated and/or propoxylated under prior art alkoxylation conditions.
PAR  Additional low foaming nonionic surface active agents are disclosed in U.S.
      Pat. Nos. 3,340,309, 3,504,041 and 3,770,701. Still other suitable low
      foaming polyoxyalkylene compounds are disclosed in U.S. Pat. No.
      2,425,755. The disclosures of low foaming nonionic surface active agents
      in the above mentioned United States Patents are incorporated herein by
      reference.
PAR  The various types of nonionic surfactants disclosed herein may be used
      individually as antifoam agents, or admixtures thereof may be employed.
      Preferred admixtures comprise a weight ratio of the above described
      ethoxylated and propoxylated adduct of ethylenediamine to one or more of
      the remaining nonionic surfactants ranging from about 2:1 to 1:2, and for
      best results the weight ratio is about 1:1. The inhibitor of the present
      invention is especially effective as a hydrotrope for antifoam agents of
      the foregoing types when used in antifreeze compositions.
PAR  The resultant antifreeze composition is a concentrate which may be diluted
      with water in accordance with prior art practice to produce an antifreeze
      fluid having the desired freezing point. It is understood that the
      quantities of inhibitor described herein are based upon the concentrate,
      as distinguished from the diluted concentrate which is actually used as a
      coolant in cooling systems for internal combustion engines. As a general
      rule, the concentrate may be diluted with about 1 to 3 volumes of water to
      arrive at the coolant fluid which is circulated in the cooling system.
      Smaller or larger quantities of water may be added as necessary to avoid
      freezing of the coolant.
PAR  The inhibitor of the present invention also may be added to prior art
      antifreeze compositions which contain initially one or more additional
      inhibitors. In such instances, the corrosion of solder alloys is further
      inhibited. The inhibitor of the present invention also prevents "solder
      flowering," which is an undesirable bulky buildup of a thick layer of
      corrosion products on the surface of solder alloys.
PAR  The foregoing detailed description and the following specific examples are
      for purposes of illustration only, and are not limiting to the spirit or
      scope of the appended claims. All references to percentages appearing in
      the specification and claims are by weight unless otherwise indicated.
PAC  EXAMPLE I
PAR  Three antifreeze formulations were prepared from commercial ethylene glycol
      and various additives. The compositions of the three antifreeze
      formulations are given below in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Component  Antifreeze Formulations (Weight Percent)                       

     __________________________________________________________________________

                1       2         3                                            

     __________________________________________________________________________

     Ethylene Glycol                                                           

                89.42   88.84     90.70                                        

     Diethylene Glycol                                                         

                4.30    4.89      5.00                                         

     Na.sub.2 B.sub.4 O.sub.7. 5H.sub.2 O                                      

                0.13    0.13      1.32                                         

     K.sub.2 HPO.sub.4                                                         

                2.75    2.56      --                                           

     Sodium mercapto-                                                          

                1.40    1.20      0.15                                         

     benzothiazole (50%                                                        

     aqueous solution)                                                         

     Water      2.00    2.31      2.06                                         

     NaOH (50% aqueous                                                         

                --      --        0.72                                         

     solution)                                                                 

     NaNO.sub.2 --      --        0.05                                         

     KOH (50% aqueous                                                          

                --      0.02      --                                           

     solution)                                                                 

     Antifoam Agent*                                                           

                --      0.05      --                                           

     __________________________________________________________________________

      *The antifoam agent was a low foaming polyoxyethylene adduct of a        

      polyoxypropylene hydrophobic base having a molecular weight of about 1750

      wherein the oxyethylene content is about 10 weight percent of the        

      molecule.                                                                

PAR  The above three antifreeze formulations were tested with and without an
      inhibitor of the present invention to determine the degree of corrosion
      inhibition imparted thereby. The inhibitors used in the tests were
      1-carboxy-2-hexyl-5-(7-carboxyheptyl)-cyclohex-3-ene and its disodium
      salt.
PAR  The tests were conducted on six solder compositions under the conditions
      set forth in Test A of the Chrysler Corporation publication entitled
      "Chrysler Corporation Laboratory Procedure No. LP461H94. Corrosion Tests
      for Engine Coolants." The solder compositions are set out in Table II
      below by weight percent.
TBL                                    Table II                                

     __________________________________________________________________________

     No.                                                                       

        Sn  Pb  Ag   Sb   Bi   Cu   Zn                                         

                                      Fe   As   Cd                             

     __________________________________________________________________________

     1  6   93.5                                                               

                0.52 0.006                                                     

                          0.015                                                

                               0.001                                           

                                    --                                         

                                      0.001                                    

                                           0.008                               

                                                --                             

     2  5   94.5                                                               

                0.52 0.004                                                     

                          0.015                                                

                               0.001                                           

                                    --                                         

                                      0.001                                    

                                           0.008                               

                                                --                             

     3  4   95.5                                                               

                0.52 0.004                                                     

                          0.015                                                

                               0.001                                           

                                    --                                         

                                      0.001                                    

                                           0.006                               

                                                --                             

     4  3   96.5                                                               

                0.51 0.004                                                     

                          0.015                                                

                               0.001                                           

                                    --                                         

                                      0.001                                    

                                           0.004                               

                                                --                             

     5  5   95  0.001                                                          

                     0.006                                                     

                          0.015                                                

                               0.001                                           

                                    --                                         

                                      0.001                                    

                                           0.004                               

                                                --                             

     6  30  70  --   0.001                                                     

                          0.006                                                

                               0.001                                           

                                    --                                         

                                      0.001                                    

                                           0.008                               

                                                --                             

     __________________________________________________________________________

PAR  In conducting Test A, six brass specimens were coated individually with
      double dip solder using the six solder alloys of Table II. Thus, six
      specimens were provided for testing, each of which was a brass base having
      two superimposed coatings of one of the solder alloys. An uncoated brass
      impingement specimen was also provided. The six brass specimens coated
      with the solder compositions and the uncoated brass impingement specimen
      all had the same alloy composition, i.e., brass alloy SAE CA-260 (brass
      alloy No. 6. conforming to ASTM B36, containing 68.5-71.5% copper. 0.05%
      iron 0.07% lead and the remainder zinc).
PAR  The antifreeze formulation to be tested was diluted with tap water to
      provide an antifreeze solution containing 44% by weight of the
      concentrated antifreeze formulation of Table I and 56% by weight of water.
      In one series of runs, the inhibitor was omitted, and in another series of
      runs an inhibitor was added to the concentrated antifreeze formulation so
      as to provide comparative data. The concentration of the inhibitor was
      based on the concentrated antifreeze formulation, and varied between 0.1%
      and 0.4% by weight as indicated in the data appearing hereinafter.
PAR  The antifreeze solution to be tested was placed in a test cell provided
      with a brass cathode having the same composition as the brass impingement
      specimen and was electrically connected to the negative terminal of a 11/2
      Volt DC battery. The six solder coated specimens to be tested were
      galvanically connected and immersed into the antifreeze solution. The
      impingement specimen was also immersed into the antifreeze solution and
      electrically connected to the positive terminal of the 11/2 Volt DC
      battery. An electrical potential of 1.5 Volts DC was maintained between
      the brass impingement specimen, which acted as an anode, and the brass
      cathode. The solder coated specimens were positioned between the anode and
      cathode.
PAR  Oxygen was bubbled through the antifreeze solution and the temperature
      thereof was maintained at 180.degree.F. Each test was conducted on an
      uninterrupted basis for 336 hours, during which time the antifreeze
      solution was circulated and a stream thereof was impinged upon the brass
      impingement specimen.
PAR  At the end of the 336 hour test period, the six solder coated brass
      specimens and the brass impingement specimen were removed from the
      antifreeze solution, visually examined, cleaned and weight loss or gain of
      the impingement specimens was determined. The various specimens for each
      run were given two numerical visual ratings, i.e., 1-5, the first number
      of which refers to corrosion buildup and the second number of which refers
      to erosion. The visual ratings in each instance are from 1 to 5, i.e., 1
      refers to no corrosion buildup or erosion on the group of specimens for a
      given run, and 5 refers to heavy corrosion buildup or erosion. The data
      thus obtained appear in Table III below.
TBL                TABLE III                                                   

     ______________________________________                                    

     Test A Results                                                            

     ______________________________________                                    

     Test   Antifreeze Inhibitor*                                              

                                 Weight Loss (mg)                              

     No.    Formulation                                                        

                       wt. %     Impingement                                   

                                          Visual                               

                                 Specimen Rating                               

     ______________________________________                                    

     1      1          --        33       2-4                                  

     2      1          0.2       17       1-3                                  

     3      1          0.3       20       1-3                                  

     4      2          --        138      2-4                                  

     5      3          --        294      3-4                                  

     6      3          0.2       --       2-4                                  

     7      3          0.3       36       1-3                                  

     8      3          0.4       51       2-4                                  

     9      1          0.4       24       --                                   

     ______________________________________                                    

      *The inhibitor was 1-carboxy-2-hexyl-5-(7-carboxyheptyl)-cyclohex-3-ene  

      for Tests 1-8 and the disodium salt thereof for Test 9.                  

PAR  The above data show that the inhibitor of the invention reaches both weight
      loss due to corrosion of the specimens and undesirable corrosion buildup
      on the specimens.
PAC  EXAMPLE II
PAR  The general procedure of Example I was followed in this Example with the
      exception of substituting the conditions and procedure of Chrysler
      Corporation Test B for Chrysler Corporation Test A. Test B is disclosed in
      the publication referred to in Example I and differs from Test A in that
      the antifreeze formulation is diluted with distilled water in an amount to
      produce an antifreeze solution containing 50% of the concentrated
      antifreeze formulation of Table I and 50% by weight of distilled water.
      Additionally, the six specimens to be tested are a brass specimen double
      dipped in solder alloy No. 2, solid solder alloy No. 6, brass, steel, cast
      iron and aluminum. Only the steel, cast iron and aluminum specimens are
      galvanically connected when immersed in the antifreeze solution. The
      remaining three specimens are individually insulated. The brass
      impingement specimen, brass cathode and other apparatus and procedures are
      as set out in Experiment I with the exception of omitting the visual
      rating.
PAR  The six specimens were tested using antifreeze formulation No. 1 containing
      0.2% by weight of 1-carboxy-2-hexyl-5-(7-carboxyheptyl)-cyclohex-3-ene as
      the inhibitor.
PAR  The following data were obtained:
TBL                TABLE IV                                                    

     ______________________________________                                    

     Test B Results                                                            

     ______________________________________                                    

     Specimen          Weight Gain or Loss (mg)                                

     ______________________________________                                    

     Brass Coated With                                                         

     Solder Alloy No. 2                                                        

                       -7                                                      

     Solid Solder Alloy No. 2                                                  

                       -2                                                      

     Brass Test Specimen                                                       

                       -31                                                     

     Steel             -1                                                      

     Cast Iron         +3                                                      

     Aluminum          +2                                                      

     Brass Impingement Specimen                                                

                       -8                                                      

     ______________________________________                                    

PAR  The data in Table IV show that all specimens lost small amounts of weight
      with the exception of the cast iron and aluminum specimens which gained 3
      mg. and 2 mg., respectively. The weight losses are generally markedly less
      in the presence of the inhibitor than when it is omitted.
PAC  EXAMPLE III
PAR  The general procedure of Example II was followed in this Example with the
      exception of substituting Chrysler Corporation Test C for Chrysler
      Corporation Test B. Test C is disclosed in the publication referred to in
      Example I and differs from Test B in the dilution of the concentrated
      antifreeze formulation. In Test C, the concentrated antifreeze formulation
      is diluted with tap water in an amount to prepare an antifreeze solution
      containing 44% by weight of the concentrated antifreeze formulation and
      56% by weight of water. Test C is identical with Test B in all other
      respects.
PAR  The six specimens were tested using antifreeze formulation No. 1 containing
      0.2% of 1-carboxy-2-hexyl-5-(7-carboxyheptyl)-cyclohex-3-ene as the
      inhibitor. The following data were obtained:
TBL                TABLE V                                                     

     ______________________________________                                    

     Test C Results                                                            

     ______________________________________                                    

     Specimen          Weight Gain or Loss (mg.)                               

     ______________________________________                                    

     Brass Coated With                                                         

     Solder Alloy No. 2                                                        

                       -19                                                     

     Solid Solder Alloy No. 2                                                  

                       -1                                                      

     Brass Test Specimen                                                       

                       -6                                                      

     Steel             -3                                                      

     Cast Iron         +4                                                      

     Aluminum          +1                                                      

     Brass Impingement Specimen                                                

                       -22                                                     

     ______________________________________                                    

PAR  The data in Table V show that the cast iron and aluminum specimens gained 4
      mg. and 1 mg. respectively, and the remaining specimens lost weight. The
      weight losses are generally markedly less in the presence of 0.2% of the
      inhibitor than when it is omitted.
PAC  EXAMPLE IV
PAR  The general procedure of Example II was followed in this Example with the
      exception of substituting Chrysler Corporation Test D for Chrysler
      Corporation Test B. Test D is disclosed in the publication referred to in
      Example I and differs from Chrysler Corporation Test C in the dilution of
      the concentrated antifreeze formulation. In conducting Test D, the
      concentrated antifreeze formulation is diluted with distilled water
      containing 500 parts per million of chloride ion in amounts to provide an
      antifreeze solution containing 20% by weight of the concentrated
      antifreeze formulation and 80% by weight of the chloride ion-containing
      distilled water.
PAR  The six specimens were tested using antifreeze formulation No. 1 or No. 3
      and with or without an inhibitor as indicated in the data in Table VI. The
      following data were obtained:
TBL                                    TABLE VI                                

     __________________________________________________________________________

     Test D Results                                                            

     __________________________________________________________________________

                 Specimen**                                                    

     Test                                                                      

        Anti-                                                                  

            Inhibi-                                                            

                 Weight Loss (mg)                                              

     No.                                                                       

        freeze                                                                 

            tor*                                                               

        formu-                                                                 

            wt. %                                                              

                 1   2   3 4   5   6   7                                       

        lation                                                                 

     __________________________________________________________________________

     1  1   0.2  16   13 4  4   15 134  11                                     

     2  3   --   182 857 5 667     381 1147                                    

     3  3   0.2  68  235 --                                                    

                           93  434 305 --                                      

     4  3   0.3  87  231 --                                                    

                           43  802 292 1056                                    

     5  3   0.4  45  206 --                                                    

                           21  534 352  540                                    

     __________________________________________________________________________

      *The inhibitor was 1-carboxy-2-hexyl-5-(7-carboxyheptyl)-cyclohex-3-ene  

      for Tests 1-5.                                                           

      **The specimens 1-7 were as follows:                                     

      1. Brass Coated with Solder Alloy No. 2                                  

      2. Solid Solder Alloy No. 2                                              

      3. Brass Test Specimen?                                                  

      4. Steel?                                                                

      5. Cast Iron?                                                            

      6. Aluminum?                                                             

      7. Brass Impingement Specimen?                                           

PAR  The data in Table VI show that the inhibitor also markedly reduces weight
      loss under the severe test conditions of this Example.
CLMS
STM  We claim:
NUM  1.
PAR  1. A corrosion inhibited antifreeze composition comprising a water soluble
      liquid alcohol freezing point depressant and an inhibitor, the inhibitor
      being present in the antifreeze composition in an amount effective to
      inhibit the corrosion of solder alloys when intimately contacted
      therewith, the inhibitor being present in an amount of about 0.01-1% by
      weight and comprising at least one substance selected from the group
      consisting of
PA1  a. compounds corresponding to the structural formula:
      ##SPC3##
PAL  wherein R.sub.1 is an alkylene radical containing from zero to 12 carbon
      atoms inclusive, R.sub.2 is an alkyl radical containing from one to 10
      carbon atoms inclusive and R.sub.3 is an alkylene radical containing from
      one to 12 carbon atoms inclusive, and
PA1  b. the mono- and di- metal salts, the mono- and di- ammonium salts and the
      mono- and di- amides of (a).
NUM  2.
PAR  2. The antifreeze composition of claim 1 wherein R.sub.1 contains from zero
      to four carbon atoms inclusive, R.sub.2 contains from four to eight carbon
      atoms inclusive, and R.sub.3 contains from five to nine carbon atoms
      inclusive.
NUM  3.
PAR  3. The antifreeze composition of claim 1 wherein the inhibitor comprises
      1-carboxy-2-hexyl-5-(7-carboxyheptyl)-cyclohex-3-ene.
NUM  4.
PAR  4. The antifreeze composition of claim 1 wherein the inhibitor is present
      in an amount of about 0.3-0.6% by weight.
NUM  5.
PAR  5. The antifreeze composition of claim 1 wherein the inhibitor is present
      in an amount of about 0.3% by weight.
NUM  6.
PAR  6. The antifreeze composition of claim 1 wherein the freezing point
      depressant comprises at least one water soluble alcohol containing from
      one to four carbon atoms inclusive and from one to four hydroxy atoms
      inclusive.
NUM  7.
PAR  7. A corrosion inhibited antifreeze composition comprising ethylene glycol
      as a freezing point depressant and an inhibitor, the inhibitor being
      present in the antifreeze composition in a minor but effective amount to
      inhibit the corrosion of solder alloys when intimately contacted
      therewith, and the inhibitor comprising at least one substance selected
      from the group consisting of
PA1  a. compounds corresponding to the structural formula:
      ##SPC4##
PAL  wherein R.sub.1 is an alkylene radical containing from zero to 12 carbon
      atoms inclusive, R.sub.2 is an alkyl radical containing from one to 10
      carbon atoms inclusive and R.sub.3 is an alkylene radical containing from
      one to 12 carbon atoms inclusive, and
PA1  b. the mono- and di- metal salts, the mono- and di- ammonium salts and the
      mono- and di- amides of (a).
NUM  8.
PAR  8. The antifreeze composition of claim 7 wherein R.sub.1 contains from zero
      to four carbon atoms inclusive, R.sub.2 contains from four to eight carbon
      atoms inclusive, and R.sub.3 contains from five to nine carbon atoms
      inclusive.
NUM  9.
PAR  9. The antifreeze composition of claim 7 wherein R.sub.1 contains zero
      carbon atoms, R.sub.2 contains six carbon atoms, and R.sub.3 contains
      seven carbon atoms.
NUM  10.
PAR  10. The antifreeze composition of claim 7 wherein the inhibitor is present
      in an amount of about 0.01-1% by weight.
NUM  11.
PAR  11. The antifreeze composition of claim 7 wherein the inhibitor is present
      in an amount of about 0.3-0.6% by weight.
NUM  12.
PAR  12. The antifreeze composition of claim 7 wherein the inhibitor is present
      in an amount of about 0.3% by weight.
NUM  13.
PAR  13. A corrosion inhibited antifreeze composition comprising a water soluble
      liquid alcohol freezing point depressant, an antifoam agent and an
      inhibitor, the inhibitor being present in the antifreeze composition in a
      minor but effective amount to inhibit the corrosion of solder alloys when
      intimately contacted therewith, and the inhibitor comprising at least one
      substance selected from the group consisting of
PA1  a. compounds corresponding to the structural formula:
      ##SPC5##
PAL  wherein R.sub.1 is an alkylene radical containg from zero to 12 carbon
      atoms inclusive, R.sub.2 is an alkyl radical containing from one to 10
      carbon atoms inclusive and R.sub.3 is an alkylene radical containing from
      one to 12 carbon atoms inclusive, and
PA1  b. the mono- and di- metal salts, the mono- and di- ammonium salts and the
      mono- and di- amides of (a).
NUM  14.
PAR  14. The antifreeze composition of claim 13 wherein R.sub.1 contains from
      zero to four carbon atoms inclusive, R.sub.2 contains from four to eight
      carbon atoms inclusive, and R.sub.3 contains from five to nine carbon
      atoms inclusive.
NUM  15.
PAR  15. The antifreeze composition of claim 13 wherein the inhibitor comprises
      1-carboxy-2-hexyl-5-(7-carboxyheptyl)-cyclohex-3-ene.
NUM  16.
PAR  16. The antifreeze composition of claim 13 wherein the inhibitor is present
      in an amount of about 0.01-1% by weight.
NUM  17.
PAR  17. The antifreeze composition of claim 13 wherein the inhibitor is present
      in an amount of about 0.3-0.6% by weight.
NUM  18.
PAR  18. The antifreeze composition of claim 13 wherein the inhibitor is present
      in an amount of about 0.3% by weight.
NUM  19.
PAR  19. The antifreeze composition of claim 13 wherein the freezing point
      depressant comprises at least one water soluble alcohol containing from
      one to four carbon atoms inclusive and from one to four hydroxy atoms
      inclusive.
NUM  20.
PAR  20. The antifreeze composition of claim 13 wherein the freezing point
      depressant comprises ethylene glycol.
NUM  21.
PAR  21. The antifreeze composition of claim 13 wherein the antifoam agent
      comprises an alkoxylated nonionic surfactant which exhibits low foaming
      characteristics.
NUM  22.
PAR  22. The antifreeze composition of claim 13 wherein the antifoam agent
      comprises a polyoxypropylenepolyoxyethylene block copolymer corresponding
      to the formula:
EQU  HO(C.sub.2 H.sub.4 O).sub.a (C.sub.3 H.sub.6 O).sub.b (C.sub.2 H.sub.4
      O).sub.c H
PAL  wherein the copolymer has a molecular weight of from about 900 to 4,500 and
      a and c are of a size whereby the (C.sub.2 H.sub.4 O) groups comprise from
      zero to about 20% by weight of the total molecular weight of the
      copolymer.
NUM  23.
PAR  23. The antifreeze composition of claim 1 wherein the freezing point
      depressant comprises ethylene glycol, R.sub.1 contains zero carbon atoms,
      R.sub.2 contains six carbon atoms and R.sub.3 contains seven carbon atoms.
NUM  24.
PAR  24. The antifreeze composition of claim 23 wherein an antifoam agent is
      also present.
NUM  25.
PAR  25. The antifreeze composition of claim 24 wherein the antifoam agent
      comprises an alkoxylated nonionic surfactant which exhibits low foaming
      characteristics.
NUM  26.
PAR  26. The antifreeze composition of claim 24 wherein the inhibitor comprises
      1-carboxy-2-hexyl-5-(7-carboxyheptyl)-cyclohex-3-ene and the antifoam
      agent comprises a polyoxypropylene-polyoxyethylene block copolymer
      corresponding to the formula:
EQU  HO(C.sub.2 H.sub.4 O).sub.a (C.sub.3 H.sub.6 O).sub.b (C.sub.2 H.sub.4
      O).sub.c H
PAL  wherein the copolymer has a molecular weight of from about 900 to 4,500 and
      a and c are of a size whereby the (C.sub.2 H.sub.4 O) groups comprise from
      zero to about 20% by weight of the total molecular weight of the
      copolymer.
NUM  27.
PAR  27. The antifreeze composition of claim 26 wherein the inhibitor is present
      in an amount of about 0.3% by weight.
NUM  28.
PAR  28. A process for inhibiting the corrosion of solder alloys which are in
      intimate contact with an antifreeze composition which comprises intimately
      contacting the surface of the solder alloy to be inhibited against
      corrosion with the antifreeze composition of claim 1.
NUM  29.
PAR  29. A process for inhibiting the corrosion of solder alloys which are in
      intimate contact with an antifreeze composition which comprises intimately
      contacting the surface of the solder alloy to be inhibited against
      corrosion with the antifreeze composition of claim 3.
NUM  30.
PAR  30. A process for inhibiting the corrosion of solder alloys which are in
      intimate contact with an antifreeze composition which comprises intimately
      contacting the surface of the solder alloy to be inhibited against
      corrosion with the antifreeze composition of claim 7.
NUM  31.
PAR  31. A process for inhibiting the corrosion of solder alloys which are in
      intimate contact with an antifreeze composition which comprises intimately
      contacting the surface of the solder alloy to be inhibited against
      corrosion with the antifreeze composition of claim 9.
NUM  32.
PAR  32. A process for inhibiting the corrosion of solder alloys which are in
      intimate contact with an antifreeze composition which comprises intimately
      contacting the surface of the solder alloy to be inhibited against
      corrosion with the antifreeze composition of claim 10.
NUM  33.
PAR  33. A process for inhibiting the corrosion of solder alloys which are in
      intimate contact with an antifreeze composition which comprises intimately
      contacting the surface of the solder alloy to be inhibited against
      corrosion with the antifreeze composition of claim 13.
NUM  34.
PAR  34. A process for inhibiting the corrosion of solder alloys which are in
      intimate contact with an antifreeze composition which comprises intimately
      contacting the surface of the solder alloy to be inhibited against
      corrosion with the antifreeze composition of claim 16.
NUM  35.
PAR  35. A process for inhibiting the corrosion of solder alloys which are in
      intimate contact with an antifreeze composition which comprises intimately
      contacting the surface of the solder alloy to be inhibited against
      corrosion with the antifreeze composition of claim 20.
NUM  36.
PAR  36. A process for inhibiting the corrosion of solder alloys which are in
      intimate contact with an antifreeze composition which comprises intimately
      contacting the surface of the solder alloy to be inhibited against
      corrosion with the antifreeze composition of claim 23.
NUM  37.
PAR  37. A process for inhibiting the corrosion of solder alloys which are in
      intimate contact with an antifreeze composition which comprises intimately
      contacting the surface of the solder alloy to be inhibited against
      corrosion with the antifreeze composition of claim 24.
NUM  38.
PAR  38. A process for inhibiting the corrosion of solder alloys which are in
      intimate contact with an antifreeze composition which comprises intimately
      contacting the surface of the solder alloy to be inhibited against
      corrosion with the antifreeze composition of claim 25.
NUM  39.
PAR  39. A process for inhibiting the corrosion of solder alloys which are in
      intimate contact with an antifreeze composition which comprises intimately
      contacting the surface of the solder alloy to be inhibited against
      corrosion with the antifreeze composition of claim 27.
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ABST
PAL  Delicate and high grade nickel screen rolls or plates for printing are
      prepared by using corrosion-resistant mother roll and a specified
      powderless etching composition comprising HNO.sub.3, H.sub.2 O.sub.2,
      surfactants and an organic solvent.
BSUM
PAR  This invention relates to a method for producing nickel screen rolls or
      plates for printing. More specifically this invention relates to a method
      for producing nickel screen rolls or plate by polishing and plating a
      nickel roll or plate, coating the plated roll or plate with a sensitizing
      resin solution, printing half tone film and images film on the coated
      rolls or plate, developing the printings, water-washing the developed
      printings and then etching the exposed nickel by using a specified
      powderless etching composition and comprising an inorganic acid, hydrogen
      peroxide and a surfactant and an organic solvent, and also to a powderless
      etching composition useful in said method.
PAR  Recently, it has become a common process to form various complicated shape,
      figure, pattern or relief by etching. This process is called a powderless
      etching technique and uses a mixture of a water-soluble acid, a
      water-insoluble organic solvent and a surfactant. This process is
      disclosed in U.S. Pat. Nos. 2,640,763, 2,640,767, 2,828,194, 2,743,536,
      Japanese patent publication Nos. 10315/1959, 26075/63, and 1825/1968,
      relatively in detail. However, the objective metals of these processes of
      the patent literatures are zinc, magnesium, or their alloys. It has never
      been known to use nickel or nickel alloys as the objective.
PAR  Recently a rotary screen process in which a nickel roll is used in screen
      printing has been proposed. The screen rolls used in this process are
      produced by electro-plating but in forming a complicated shape, figure, or
      pattern on the screen, two kinds of processes have been used.
PAR  One of them is a process called lacquer method and the other is called
      galvano-method.
PAR  Lacquer method comprises steps of surface polishing of a mother roll,
      engraving the polished surface to give a suitable mesh pattern, plugging
      an electrically non-conductive resin in the concave parts of the engraved
      roll, melting the resin by heating, water washing for defatting, nickel
      plating, drawing the plated nickel layer from the outside of the mother
      roll to give a nickel cylinder having mesh holes all over the whole
      surface when it is drawn out, coating a sensitizing solution on the screen
      roll followed by drying but closing unnecessary hole parts
      photographically, printing images on the coated rolls, developing and
      drying.
PAR  Galvano-method comprises steps of surface polishing of a mother roll,
      coating the roll with a sensitizing resin solution, followed by drying,
      printing of halftone film and image film, developing, water washing,
      nickel-plating of the exposed metal surface of the roll and drawing out a
      plated layer from the mother roll.
PAR  Since a plating is used in both the methods they have drawbacks in the
      following points.
PAR  1. The thickness of films of a sensitizing resin and non-conductive resin
      plugged in the engraved parts is in the order of 2 - 4 microns. When a
      nickel layer is increased to more than 70 micron thickness by plating, the
      nickel tends to hang over the sensitizing resin and the reproduction of
      image cannot be carried out with high fidelity.
PAR  2. In plating methods, in the inner walls of the hole parts of plated
      layers, there are formed slopes of about 45.degree. from the top surface
      to the bottom. This is usually called that there is formed shoulders of
      about 45.degree. and this means that corresponding amount of plated layers
      hangs over resin films. On account of this angle of slope, the fineness of
      screen mesh and thickness of nickel layer are restricted.
PAR  3. In plating methods, it is impossible to control the size of holes and as
      a result, holes must be either wholly closed (100%) or wholly opened
      (100%). Accordingly, the outlines of patterns do not become sharp.
PAR  4. In plating methods, the width of line printed on the surface of a mother
      roll becomes thicker proportionally with the thickness of nickel plated
      layer. When a plated layer is 100 micron, it is impossible to make the
      width of line less than 50 micron.
PAR  Accordingly, more delicate and higher grade of plate making becomes
      impossible in cases of conventional methods.
PAR  The above-mentioned drawbacks can be overcome by the method of the present
      invention in which a nickel roll or a nickel plate is prepared according
      to a powderless etching process by using an etching composition of the
      present invention.
PAR  The powderless etching is a technique which is opposite to powdering
      process or dragon's blood process which utilizes powder treatment before
      etching and has been developed for special metals useful for engraving
      such as zinc, magnesium, copper, or the like. It is necessary to use
      different kind of and different concentration of inorganic acid and
      additive depending upon the difference of metal.
PAR  The metal used in the method of the present invention is nickel or a nickel
      alloy. Since nickel has not been used as a printing plate except as a
      nickel electroplated plate, there has not been developed etching
      technique. However, after the development of a screen printing process
      which uses a rotary screen, the usefulness of nickel has been recognized
      and after repetition of deliberation and experimentation it has become
      possible to prepare superior printing rolls or plates according to the
      etching process of the present invention.
PAR  The first requirement of the process of the present invention is the use of
      an alloy-mother roll or an alloy-plated mother roll which is not corroded
      in an etching solution and capable of producing a nickel-plated layer
      undetachable during etching step but easily detachable at the time when
      the plated nickel screen is drawn out.
PAR  For mother rolls of a rotary screen, an iron roll has been used but in the
      etching solution of the present invention, iron is corroded. Accordingly a
      stainless steel roll such as SUS-27 (composition; C--less than
      0.15%,Cr--17-20%, Ni--9-13%, Mo and Ti trace), SUS-32 (composition;
      C--less than 0.08%, Cr--16-20%, Ni--10-16% Mo--1.2-4.0%, Ti, etc. trace)
      etc. or an iron roll whose surface has been subjected to a treatment of
      incorrodible metal e.g. plating treatment of alloy of nickel or tin must
      be used in the method of the present invention.
PAR  The second requirement of the process of the present invention is an
      etching condition. The nickel screen roll or plate has been heretofore
      made through a process which relies on plating and does not utilize
      etching. However, in the process of the present invention, an etchant
      containing a suitable proportion of an inorganic acid and hydrogen
      peroxide and a specified additive is used to make nickel screen roll or
      plate with a sufficient etching speed.
PAR  The present invention thus resides in a process comprising a combination of
      the first and second requirement.
PAR  The etching composition of the present invention is most effectively used
      in the process of the present invention comprising the above-mentioned
      first and second requirements in which a surface of an alloy mother roll
      is polished, plated, coated with a sensitizing resin solution, printed
      with a halftone film and images film, subjected to development, water
      washing, and etching and plated roll is drawn out from the mother roll.
PAR  The etching composition of the present invention, is, however, also useful
      in a conventional process comprising polishing and plating the surface of
      a conventional mother roll, drawing out the plated roll from the mother
      roll, coating the inside surface of the roll wholly with an acid-resisting
      paint, inserting the plated roll whose inside surface is coated, onto an
      etching roll, to give a firm engagement, printing a halftone film and
      images film thereupon, followed by development, water washing, etching
      through the second requirement, drawing out of the plated roll from the
      etching roll and removing the coating of the inside surface.
PAR  For carrying out etching an etching solution is splashed vertically upon
      the nickel plated surface by using a spray or a paddle. However with the
      etching solution alone, not only the etching of the vertical direction but
      also that of the lateral direction which is a so-called side-etching takes
      place, but if the etching composition of the present invention is used,
      the etching of the vertical direction alone is advanced and the etching of
      the lateral direction is suppressed, resulting in a screen having a high
      fidelity to images.
PAR  Since the side-etching can be suppressed by the etching composition of the
      present invention, it is possible to obtain a higher percentage
      perforation according to the present invention. According to the
      conventional galvano or lacquer methods, a percentage perforation of only
      9 - 15% can be attained, but according to the composition of the present
      invention, perforation percentage of as high as 85 - 95% can be easily
      attained.
DRWD
PAR  The present invention will be more fully described by referring to
      drawings.
PAR  FIG. 1 shows a cross-sectional view of a hole obtained according to a
      galvano process.
PAR  FIG. 2 shows a cross-sectional view of a hole obtained according to a
      lacquer process.
PAR  FIG. 3 shows a cross-sectional view of a hole obtained according to a
      process in which the composition of the present invention is used. The
      superiority of the perforation percentage of the present invention is seen
      clearly when FIG. 3 is compared with FIGS. 1 and 2.
PAR  FIG. 4 shows a vertical schematic view of an apparatus for carrying out
      etching.
PAR  FIG. 5 shows a vertical section of hole obtained according to example 17.
PAR  FIG. 6 shows a vertical section of a hole obtained when a steel mother roll
      is used with a protection coating on the back side.
DETD
PAR  The etching composition of the present invention comprises (i) an etching
      solution consisting of 5 - 15% by volume of 62% HNO.sub.3, 15 - 25% by
      volume of 35% hydrogen peroxide, 3 - 6% by volume of additives and a
      balance of water. The additives comprise 40 - 60% by volume of a film
      builder, 15 - 25% by volume of a film builder assistant, 4 - 6% by volume
      of a first etching promoter and 20 - 30% by volume of a second etching
      promoter.
PAR  The film builder is kerosene and organic hydrocarbon solvents incompatible
      with water and containing 50% or more of aromatic hydrocarbon such as
      Solvesso 150  (Trade mark for aromatic petroleum solvent applied from Esso
      Research) or Panasol AN-1 (Trade mark for petroleum aromatic solvent
      available in a variety of boiling ranges, supplied from Amoco Chemicals).
PAR  The film builder assistant is a sulfate salt of glycerides mainly of
      C.sub.18 fatty acid, a sulfate salt mainly of C.sub.18 fatty acid or
      sulfate salt mainly of C.sub.18 fatty alcohol.
PAR  The first group etching promoter is dioctyl sulfosuccinate salt, sulfonate
      salt of C.sub.10 - C.sub.12 petroleum hydrocarbon, sulfonate or sulfate
      salt of C.sub.10 - C.sub.12 fatty acids or C.sub.10 - C.sub.12 fatty
      alcohols.
PAR  The second group etching promoter is butyl carbitol, polyethylene glycol,
      polypropylene glycol, a mixture of a block copolymer thereof. The
      above-mentioned sulfate or sulfonate salts are all alkali metal salts,
      mainly sodium salts.
PAR  It is also possible to add 10 mol % or less of nonionic ethylene oxide
      adduct.
PAR  If a film builder of hydrocarbon solvent is used less than 40% by volume of
      the additive, side etching becomes greater and if it is used greater than
      60% by volume of the additive, unevenness of etching takes place.
PAR  If a film builder assistant is less than 20% by volume of the additive,
      side-etching becomes greater and if it is used greater than 30%, etching
      becomes weaker. If an etching promoter is used less than 20% of the
      additive, etching becomes weaker and if it is used greater than 30% of the
      additive, side etching tends to increase. Further in case of smaller
      amount of additive in general, side etching tends to increase and in case
      of greater amount of additive in general, etching tends to be weaker.
PAR  As alternative for nitric acid, there are hydrochloric, sulfuric acid, etc.
      and all of them can be used only for the purpose of etching but if the
      easiness of use, and processability are concerned, nitric acid is
      advantageous. Hydrochloric acid generates hydrochloric acid gas, and
      sulfuric acid may be dangerous at the time of dilution with water.
PAR  Moreover, they are inferior to nitric acid also in the point of etching
      speed. The use in an amount of 5 - 15% by volume of 62% nitric acid,
      preferably about 9 - 10% by volume of 62% nitric acid is suitable.
PAR  According to one opinion, hydrogen peroxide serves a function of removing
      inactive state films of hydrogen ion or nitrous acid in carrying out
      etching with nitric acid. Accordingly, compounds having an activity same
      as hydrogen peroxide e.g. such oxidizing agents as ammonium persulfate
      etc. can be substituted for it but from the easiness of handling
      simplicity of treatment, and effectiveness per unit weight of additive,
      hydrogen peroxide is most suitable. It is used in an amount of 15 - 25% by
      volume of 35% products preferably 18 - 20% by volume of 35% product.
PAR  It is convenient to use an apparatus shown in FIG. 4 for carrying out
      etching according to the process of the present invention. In this figure,
      1 is a mother roll, 2 is a nickel layer, 3 is nozzles for spraying etching
      composition, 4 is an etching machine. A roll useful for this purpose is
      made of martensite, ferrite, austenite type stainless steel, an alloy of
      nickel and tin (35 : 65). Particularly special austenite steel roll, a
      Ni-Mo-Fe-Cr-alloy roll, a cobalt alloy roll, a precious alloy roll such as
      rolls of platinum group metal, a plated roll of vanadium group metal, a
      titanium alloy roll and a titanium roll, etc.
PAR  The following examples will further illustrate this invention without
      limiting its scope.
PAC  EXAMPLE 1
PAR  A stainless mother roll (SUS 27, circumferential length of 640 mm and
      length 1000 mm) was immersed in a bath of nickel sulfamate aqueous
      solution and an electric current was passed through a solution temperature
      of 50.degree.C and at a rate of 10 A/dm.sup.2 to give a thickness of 90 -
      100 .mu..  To the nickel surface, 7% by weight polyvinyl cinnamate in 6:4
      ethyl acetate:toluene solution was coated to give a 5 - 7.mu. film by
      spraying. After drying for 10 minutes, 3:1-100 mesh halftone film was
      printed by using a Xenon lamp. The image was developed in the solution of
      7:3 xylene:ethyl cellosolve acetate to dissolve out unexposed parts,
      washed with water to produce images.
PAR  Thereafter etching was carried out in a known spray type etcher by
      employing following bath composition
     Composition A    2.5 parts by volume                                      

     62% HNO.sub.3     5 parts by volume                                       

     35% H.sub.2 O.sub.2                                                       

                       10 parts by volume                                      

     Water             35 parts by volume                                      

PAR  The composition A was prepared by sufficiently mixing 100 parts by volume
      of commercial kerosene (having a KB value greater than 75) as a film
      builder, 40 parts by volume of sulfonated castor oil (SCO) as a film
      builder assistant. 10 parts by volume of sodium dioctyl sulfosuccinate
      (SDOS) and 50 parts by volume of butyl carbitol (BC) as an etching
      promoter.
PAR  As etching condition, a bath temperature of 35.degree.C, and a spray
      pressure of 0.3 kg/cm.sup.2 were employed. Etching of pretreated nickel
      roll was carried out after stirring for about 5 minutes.
PAR  The revolutions per minute for the roll was 12 and the direction was
      reversed after every 30 seconds. Etching time for the roll being plated to
      the thickness of 100 .mu. was 40 minutes. For the depth of etching of 100
      .mu., there was observed a side etching of 20 .mu. on one side.
PAC  EXAMPLE 2
PAR  The roll made according the procedure of Example 1 was subjected to etching
      by using a following bath.
TBL  ______________________________________                                    

     Composition B    2.5 parts by volume                                      

     62% HNO.sub.3     5 parts by volume                                       

     35% H.sub.2 O.sub.2                                                       

                       10 parts by volume                                      

     Water             35 parts by volume                                      

     ______________________________________                                    

PAR  The composition B was prepared by sufficiently mixing 100 parts by volume
      of Solvesso 150 (Esso Standard KB value 75 - 100) as a film builder, 40
      parts by volume of sulfated castor oil (SCO) as a film builder assistant,
      10 parts by volume of sodium dioctyl sulfosuccinate (SDOS) and 50 parts by
      volume of butylcarbitol (BC).
PAR  By using a bath temperature of 35.degree.C, a spray pressure of 0.3
      kg/cm.sup.2 and a roll revolution of 12 r.p.m., etching was carried out
      for 30 minutes for a nickel plating of 100 .mu. thickness. For the depth
      of 100 .mu. there was observed in side etching of 20 .mu. on one side.
PAC  EXAMPLES 3 - 17
PAR  Several runs of experiments were carried out similarily to Example 1
      according to the conditions described in the following tables.
TBL  ______________________________________                                    

     PAN        =      Panasol AN-1                                            

     SCO        =      Sulfonated castor oil                                   

     NaDOS      =      Sodium dioctylsulfosuccinate                            

     BC         =      Butyl carbitol                                          

     KB         =      Kauri-Butanol values                                    

     ______________________________________                                    

TBL  Examples        1    2    3     4    5    6    7     8                    

     __________________________________________________________________________

           Condition                                                           

     Parts by                                                                  

           62% HNO.sub.3                                                       

                     5    5    5     5    5    5    5     5                    

     weight of                                                                 

           35% H.sub.2 O.sub.2                                                 

                     10   10   10    10   10   10   10    10                   

     etching                                                                   

           Water     35   35   35    35   35   35   35    35                   

     solution                                                                  

           Additive  2.5  2.5  2.5   2.5  2.5  2.5  2.5   2.5                  

                          Solvesso                                             

           Film Builder                                                        

                     Kerosene                                                  

                          (150)                                                

                               11 PAN                                          

                                      PAN  PAN  PAN PAN   PAN                  

                     100  100   100   100  100  100 100   100                  

                                     Sulfo-                                    

                                          Sulfo-                               

                                               Sulfo-                          

     Parts by        SCO  SCO   SCO  nated                                     

                                          nated                                

                                               nated                           

                                                    SCO   SCO                  

                     40   40   40    oleic                                     

                                          sperm                                

                                               olive                           

                                                     40    40                  

                                     acid oil  oil                             

     volume of                                                                 

           Film Builder              40   40   40                              

           Assistant  NaDOS                                                    

                           NaDOS                                               

                                NaDOS                                          

                                      NaDOS                                    

                                           NaDOS                               

                                                NaDOS                          

                                                    Petroleum                  

                                                          Lauryl               

     additive        10   10   10    10   10   10   Sulfonate                  

                                                          Sulfonate            

                                                    10    10                   

           Etching   BC   BC   BC    BC   BC   BC   BC    BC                   

           promoter  50   50   50    50   50   50   50    50                   

           Etching (.degree.C)                                                 

           temperature                                                         

                     35   35   35    35   35   35   35    35                   

           Etching time                                                        

           for 100 .mu. nickel                                                 

           plating (min)                                                       

                     40   30   20    25   30   35   40    15                   

           One side etching                                                    

           for 100 .mu. depth                                                  

                     20   20   10     5   10   5    5     20                   

     __________________________________________________________________________

           Examples  9    10   11    12   13   14   15    16    17             

           Condition                                                           

     Parts by                                                                  

           62% HNO.sub.3                                                       

                     5    5    5     5    6    4    5     5     5              

     weight of                                                                 

           35% H.sub.2 O.sub.2                                                 

                     10   10   10    10   10   10   10    10    10             

     etching                                                                   

           Water     35   35   35    35   35   35   35    35    35             

     solution                                                                  

           Additive  2.5  2.5  2.5   2.5  2.5  2.5  2.5   2.5   0              

           Film Builder                                                        

                     PAN  PAN  PAN   PAN  PAN  PAN  PAN   PAN                  

                     100  100  100   100  100  100  100   100                  

                                     Sulfo-                                    

                     SCO  SCO  SCO   nated                                     

                                          SCO  SCO  SCO   SCO                  

                     10   10   10    oleyl                                     

                                          40   40   40    40                   

     Parts by                         alcohol                                  

           Film Builder              40                                        

     volume of                                                                 

           Assistant NaDOS                                                     

                          NaDOS                                                

                               NaDOS NaDOS                                     

                                          NaDOS                                

                                               NaDOS                           

                                                    NaDOS NaDOS                

                     10   10   10    10   10   10   10    10                   

     additive                  Polypro-                                        

                               pylene                                          

                     Poly-                                                     

                          Polypro-                                             

                               and poly-                                       

           Etching   ethylene                                                  

                          pylene                                               

                               ethylene                                        

                                     BC   BC   BC   BC    BC                   

           promoter  glycol                                                    

                          glycol                                               

                               glycol                                          

                                     50   50   50   50    50                   

                     600  1000 block                                           

                     50   50   copolymer                                       

                               50                                              

           Etching (.degree.C)                                                 

           temperature                                                         

                     35   35   35    35   35   35   30    40    35             

           Etching time                                                        

           for 100.mu. nickel                                                  

           plating (min)                                                       

                     18   30   15    20   18   25   28    17    5              

           One side etching                                                    

           for 100.mu. depth,.mu.                                              

                     15   15   10     5   15    5    5    10    100            

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An etching composition for nickel screen rolls or plates which comprises
      5 - 15% by volume of 62% HNO.sub.3 and 15 - 25% by volume of 35% hydrogen
      peroxide and 3 - 6% by volume of additives and a balance of water; said
      additives comprising 40 - 60% by volume of a petroleum hydrocarbon solvent
      which is incompatible with water, 15 - 25% by volume of sulfate salt of
      glyceride of fatty acid consisting essentially of 18 carbon atoms, sulfate
      salt of fatty acid consisting essentially of 18 carbon atoms, or sulfate
      salt of fatty alcohol consisting essentially of 18 carbon atoms, 4 - 6% by
      volume of a first etching promoter selected from the group consisting of
      dialkyl sulfosuccinate salt, sulfonate salt of C.sub.10 - C.sub.12
      petroleum hydrocarbon, sulfonate salt or sulfate salt of C.sub.10 -
      C.sub.12 fatty acid, and sulfonate salt or sulfate salt of C.sub.10 -
      C.sub.12 fatty alcohol and 20 - 30% by volume of a second etching promoter
      selected from the group consisting of butyl carbitol, polypropylene
      glycol, polyethylene glycol, a mixture thereof and a block copolymer
      thereof.
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ABST
PAL  Improved surface active compositions are provided which contain a surface
      active agent and a catalytically effective amount of a novel catalyst. The
      catalyst is prepared by steps including admixing a water soluble alkali
      metal silicate with an aqueous medium containing carefully controlled
      amounts of dissolved water soluble substances which are sources of calcium
      ion and magnesium ion, reacting the same to produce an aqueous colloidal
      suspension of the reaction product, admixing a micelle-forming surfactant
      with the aqueous medium, and agitating the aqueous medium containing the
      colloidal particles and surfactant to form catalyst-containing micelles.
      The improved surface active compositions are especially useful as laundry
      detergents, dish washing detergents, and general household and industrial
      cleansers.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 317,097, filed Dec. 20, 1972 on behalf of John W. Willard, Sr. for
      Novel Catalyst and Process For Preparing The Same, now U.S. Pat. No.
      3,893,493 application Ser. No. 317,097, in turn, is a continuation of
      application Ser. No. 108,198 filed Jan. 20, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention broadly relates to an improved surface active or cleaning
      composition which is expecially useful for removing stains, soil and
      foreign materials in general from a wide variety of substrates.
PAR  A large number of surface active agents have been used heretofore in
      formulating surface active compositions. Examples include the alkali metal
      soaps of long chain fatty acids, the alkali metal soaps of rosin acids and
      the derivatives of rosin acids, synthetic detergents of the anionic,
      cationic or nonionic types, and mixtures of one or more of the foregoing
      surface active agents. It has also been common practice to use inert
      diluents such as sodium sulfate, or builders such as polyphosphates,
      polysilicates or sodium carboxymethylcellulose in combination with one or
      more of the foregoing surface active agents. A number of
      nitrogen-containing sequestering agents, antibacterial agents, and enzymes
      capable of removing certain stains have also been added to surface active
      compositions heretofore.
PAR  Many of the commercially available surface active compositions presently
      recommended for general household and industrial uses are not entirely
      satisfactory for a number of reasons. The laundry detergents most widely
      used at the present time usually include phosphorus or nitrogen-containing
      compound which either directly or indirectly results in a pollution
      problem. The phosphates and nitrogen-containing compounds promote the
      growth of microorganisms and alga in streams and other bodies of water
      into which sewage is introduced and this results in an adverse change in
      the ecology. The presence of a high concentration of sodium sulfate and
      other soluble fillers also is undesirable when the water is to be reused
      downstream for purposes which require a low sodium or solubles content. In
      instances where laundry or dish washing detergents contain synthetic
      surfactants which are not destroyed by microorganisms at a sufficiently
      rapid rate, the surfactant concentration in streams tends to increase to
      an objectionable level. The enzymes presently added to laundry detergents
      are not effective for removing many stubborn stains and thus do not always
      produce the desired results. Also, all of the enzyme-producing
      microorganisms may not be killed prior to adding the enzyme to the laurdry
      detergent. It has been reported that the live microorganisms are capable
      of causing lung infections when finely divided particles of the laundry
      detergent are inhaled.
PAR  As a result of the above mentioned and other disadvantages, the art has
      long sought an entirely satisfactory surface active composition for
      general household and industrial use which does not require the presence
      of phosphorus or nitrogen-containing compounds, inert fillers, enzymes and
      the like. However, prior to the present invention an entirely satisfactory
      heavy duty surface active composition was not available which overcomes
      the pollution problems of the prior art and yet is capable of removing
      stubborn stains, deeply embedded soil and other foreign materials from
      numerous types of substrates.
PAR  It is an object of the present invention to provide an improved surface
      active composition which is useful as a general household and industrial
      cleanser.
PAR  It is a further object to provide an improved detergent composition which
      is especially useful in washing culinary articles.
PAR  It is still a further object to provide an improved laundry detergent which
      is useful in washing textile materials
PAR  Still other objects and advantages of the invention will be apparent to
      those skilled in the art upon reference to the following detailed
      description and the specific examples.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION INCLUDING PREFERRED VARIANTS THEREOF
PAR  The improved surface active compositions of the present invention comprise
      a surface active agent and a catalytic amount of a novel catalyst to be
      described more fully hereinafter. When desired, the compositions may also
      contain a bleaching agent and/or a water softening agent.
PAR  Suitable surface active agents of the prior art may be used in formulating
      the surface active compositions of the invention. Examples of surface
      active agents include the alkali metal soaps of long chain fatty acids and
      especially the sodium and potassium soaps of fatty acids containing 14-25
      carbon atoms and preferably about 16-18 carbon atoms. Other surface active
      agents include detergents which are not derived directly from fatty acids
      such as synthetic anionic, cationic and nonionic detergents. Specific
      examples of synthetic anionic detergents include the alkali metal salts of
      organic sulfonates or organic sulfates, and especially the alkali metal
      salts of high molecular weight alkyl or alkylaryl sulfonates such as
      sodium or potassium dodecyl benzene sulfonate, and the sodium and
      potassium sulfates of straight chain primary alcohols such as sodium
      lauryl sulfate and other sodium and potassium sulfates of fatty alcohols
      or products of the "Oxo" process. Specific examples of cationic detergents
      include the quaternary ammonium halides such as benzethonium chloride, and
      often members of this group have outstanding germicidal activity as well
      as surface active properties. Specific examples of nonionic detergents
      include compounds having a polyoxyethylene or other oxygenated side chain
      and the remainder of the molecule may be derived from fatty acids,
      alcohols, phenols, amides or amines.
PAR  Further examples of surface active agents are disclosed in the section on
      detergency appearing in the Kirt-Othmer Encyclopedia of Chemical
      Technology (2nd Edition), Volume 6, pages 853-895, the disclosure of which
      is incorporated herein by reference. Still additional specific examples of
      detergent compositions for industrial or household use are found in
      numerous United States patents, including the following which are
      incorporated herein by reference:
TBL  3,031,510  3,119,848  3,222,287  3,382,177                                

     3,043,780  3,140,261  3,223,647  3,382,285                                

     3,048,548  3,144,412  3,282,852  3,422,021                                

     3,053,771  3,156,655  3,314,891  3,424,689                                

     3,061,551  3,173,877  3,320,172  3,429,822                                

     3,067,143  3,203,955  3,326,807  3,437,697                                

     3,082,172  3,208,949  3,337,463  3,444,242                                

     3,095,381  3,101,374  3,349,038  3,499,841                                

     3,101,297  3,213,028  3,359,205  3,507,798                                

     3,118,000  3,215,633  3,382,176                                           

PAR  It is understood that the above surface active agents are given by way of
      example only, and that other suitable surface active agents may be used. A
      mixture of one or more of the above surface active agents may be used when
      desired. It is also common practice to admix therewith inert diluents such
      as sodium sulfate, or builders such as polyphosphates, polysilicates and
      sodium carboxymethyl cellulose.
PAR  Water softening agents may be present in the improved surface active
      composition. Examples of water softening agents include washing soda,
      trisodium phosphate, sodium metaphosphate, sodium tetraphosphate and other
      substances effective to remove calcium and/or magnesium ions from water.
      Mixtures of water softening agents may be used. The water softening agent
      may be employed in the usual amount necessary to soften the water to be
      admixed with the surface active composition at the time of use.
PAR  A bleaching agent also may be present in the improved surface active
      composition. Examples of bleaching agents include hydrogen peroxide,
      sodium or potassium hypochlorite, peroxide, chlorite and perborate,
      calcium hypochlorite, "Chlorinated lime" and other organic and inorganic
      substances exhibiting a bleaching action. Mixtures of bleaching agents may
      be used. The bleaching agent may be employed in the usual amount necessary
      to result in the desired degree of bleaching action when the surface
      active agent is admixed with water at the time of use.
PAR  The active ingredients of the surface active composition of the invention,
      i.e., the surface active agent and the water softening agent and/or
      bleaching agent when used, may be present in a major proportion by weight
      and the catalyst is present in a catalytically effective minor amount by
      weight. The proportions of surface active agents and other ingredients
      present in the prior art surface active composition, including those
      disclosed herein, may be used when desired and the catalyst may be added
      thereto in a catalytically effective amount. For example, the catalyst may
      be added to commercially available solid or liquid surface active
      compositions such as Ivory Snow, Tide and Thrill, or the compositions
      disclosed in the patents listed herein. The catalyst is present in a
      quantity to provide a catalytic amount when the composition is admixed
      with water in the recommended ratio to produce a washing or a cleaning
      solution. Usually the catalyst is present in an amount to provide about
      0.00001-0.1 weight percent, and preferably about 0.0004-0.001 weight
      percent in the water that is added thereto at the time of use. Often the
      catalyst is present in an amount of about  0.01-1 weight percent based
      upon the weight of the concentrated surface active composition. Larger or
      smaller amounts may be present as it is only necessary to provide the
      catalyst in catalytic amounts in the washing or cleaning solution prepared
      by diluting the composition with water.
PAR  The surface active composition of the invention may be used as a general
      purpose household cleaning agent for removing stains, soil, grease, oil
      and foreign materials in general from textile materials, culinary
      articles, walls, floors, furniture and other surfaces. The preformed
      composition may be admixed with water in the usual ratios employed in the
      prior art in the absence of the catalyst. Preferably, the preformed
      composition is admixed with water under vigorous conditions of agitation
      so as to assure that a uniform aqueous suspension of the catalyst is
      formed. Alternatively, the surface active composition may be prepared at
      the time of use by admixing the surface active agent with the catalyst,
      e.g., with the aqueous catalyst suspension produced in the catalyst
      preparation step discussed hereinafter. The aqueous catalyst suspension as
      prepared may be diluted with for example, 1,000 to 10,000 volumes of water
      either before, during or after adding the surface active agent.
PAR  The surface active composition of the invention may be diluted with water
      and used as an industrial cleaner for removing burned-on carbon and for
      removing oil, grease, dirt, stains and other deposits from industrial
      surfaces in general. In some instances, better results are obtained when
      an organic solvent is present in an amount of approximately 1-30% by
      weight and preferably about 10-20% by weight of the diluted aqueous
      composition. Examples of organic solvents include normally liquid
      hydrocarbons, halogenated hydrocarbons, alcohols and ketones, and
      preferably those having about 6-20 carbon atoms. The solvent may be
      admixed with the aqueous composition to form an emulsion-like mixture, and
      it seems to have a synergistic effect as heavy deposits may be removed
      more quickly and with less effort. Partially saponified fats and oils such
      as corn oil, soy bean oil, castor oil and cotton seed oil also aid in
      removing heavy deposits and may be admixed with the aqueous composition in
      amounts approximating those set out above for the solvent.
PAR  It is understood that the surface active composition of the invention, when
      used for a given specific purpose, may contain the same surface active
      agent that is recommended for use therefor by the prior art. However, the
      novel catalyst increases the effectiveness of a given quantity of the
      surface active agent and thus less may be used, and/or the washing or
      cleaning time may be shortened, and/or the cleaning or washing action is
      enhanced markedly.
PAR  When the surface active composition is used for a specific purpose, then
      the usual prior art cleaning or washing techniques therefor may be
      employed and it is not necessary to use special equipment. The surface
      active composition of the invention may be simply substituted for the
      surface active agent used in the prior art without otherwise changing the
      washing or cleaning process except as noted herein.
PAC  PREPARATION OF THE CATALYST
PAR  The catalyst used in practicing the present invention may be prepared as
      described below. In the presently preferred process for preparing an
      aqueous suspension of the catalyst, a water soluble alkali metal silicate
      is admixed and reacted with an aqueous solution of a water soluble
      dissolved substance which is a source of calcium ion and a water soluble
      dissolved substance which is a source of magnesium ion to produce a finely
      divided or collodial suspension of the reaction product. The aqueous
      solution contains the dissolved substances initially in amounts to provide
      between about 1 .times. 10.sup.-.sup.4 and 1 .times. 10.sup.-.sup.1 mole
      per liter each of calcium ion and magnesium ion, preferably between about
      1 .times. 10.sup.-.sup.3 and 1 .times. 10.sup.-.sup.2 mole per liter, and
      for still better results between about 1 .times. 10.sup.-.sup.3 and 6
      .times. 10.sup.-.sup.3 mole per liter. The dissolved substances should
      also be present in amounts to provide a molar ratio of calcium ion to
      magnesium ion between about 2.0:1.0 and 1.0:2.0, and perferably about
      1.5:1.0 and 1.0:1.5. For best results, the aqueous medium should contain
      the dissolved substances in amounts to provide between about 2.5 .times.
      10.sup.-.sup.3 and 3.0 .times. 10.sup.-.sup.3 mole per liter each of
      calcium ion and magnesium ion, and the molar ratio of calcium ion to
      magnesium ion should be about 1.0:1.0, e.g., 2.9 .times. 10.sup.-.sup.3
      mole per liter of calcium ion and 2.7 .times. 10.sup.-.sup.3 mole per
      liter of magnesium ion. The alkali metal silicate should have an alkali
      metal oxide to silicon dioxide ratio between about 0.9:1.0 and less than
      2.0:1.0, and preferably between about 0.9:1.0 and 1.2:1.0. The alkali
      metal silicate should be admixed with the aqueous medium in an amount of
      about 0.05-2 moles per liter, preferably about 0.1-1 mole per liter, and
      for still better results about 0.2-0.5 mole per liter. For best results,
      the alkali metal silicate should be an alkali metal meta-silicate having
      an alkali metal oxide to silicon dioxide ratio of about 1:1, and it should
      be admixed with the aqueous medium in an amount to provide about 0.2-0.3
      mole per liter, e.g., about 0.25 mole per liter.
PAR  Examples of sources of calcium ion and magnesium ion for use in preparing
      the aqueous solution include mineral acid salts such as the halides,
      sulfates, bisulfates, nitrites, and nitrates of calcium and magnesium. The
      chlorides are usually the preferred halides, and both calcium and
      magnesium chloride are soluble and may be used. Magnesium sulfate and
      bisulfate are soluble and often are the preferred sources of magnesium
      ion. Calcium sulfate is only slightly soluble in water and usually is not
      a preferred source of calcium ion, but calcium bisulfate is somewhat more
      soluble. While calcium and magnesium nitrite or nitrate are soluble in
      water and may be used, these substances are not preferred in most
      instances. The sources of calcium ion and magnesium ion are dissolved in
      the aqueous medium in amounts to provide calcium ion and magnesium ion
      within the above ranges. Complete ionization is assumed when calculating
      the quantities to be dissolved and any desired order of addition is
      satisfactory. For example, the source of calcium ion may be added to the
      aqueous medium before, during or after the source of magnesium ion.
PAR  The alkali metal silicate to be admixed with the aqueous medium is
      preferably a water soluble sodium or potassium silicate having an alkali
      metal oxide (M.sub.2 O) to silicon dioxide (SiO.sub.2) mole ratio between
      about 0.9:1.0 and less than 2.0:1.0, and preferably between about 0.9:1.0
      and 1.2:1.0. The best results are usually obtained with an alkali metal
      metasilicate having an alkali metal oxide to silicon dioxide ratio of
      about 1:1. Hydrated alkali metal silicates dissolve faster and should be
      used for best results when the alkali metal silicate is added in solid
      form. In instances where an anhydrous alkali metal silicate is used, it
      may be desirable to dissolve it in water and then add the solution to the
      aqueous medium. Sodium metasilicate is preferred and usually a hydrated
      sodium metasilicate such as the pentahydrate gives the best results.
PAR  Carbonate ion and/or bicarbonate ion should not be present in the aqueous
      medium in substantial concentrations as the calcium ion and magnesium ion
      are precipitated in the form of their respective carbonates. The free
      carbonate ion and/or bicarbonate ion concentrations in the aqueous medium
      should not exceed about 10 parts per million by weight based upon the
      combined weight of the water and the ingredients added thereto and for
      this reason, the alkali metal silicates should be substantially free of
      carbonate ion and bicarbonate ion. A small amount of preciptated calcium
      carbonate and/or magnesium carbonate may be present in the aqueous medium
      provided additional calcium ion and magnesium ion are available to meet
      the above defined concentrations.
PAR  Distilled water and/or deionized water are usually preferred over a natural
      or untreated water when preparing the aqueous medium. In instances where
      water is used which contains substantial initial concentrations of
      alkaline earth metal ions, then this should be taken into consideration in
      calculating the amounts of the sources of calcium ion and magnesium ion
      which are necessary to arrive at the final concentrations previously
      discussed.
PAR  An electrolyte which aids in the preparation of colloidal suspensions may
      be present in the aqueous medium at the time of admixing the alkali metal
      silicate therewith. Examples of electrolytes include those used in
      preparing prior art colloidal suspensions such as the alkali metal
      halides, sulfates and bisulfates. Sodium chloride, sodium sulfate and
      sodium bisulfate are usually preferred. The electrolyte should be added in
      small amounts such as, for example, about 0.00001-0.1 mole per liter, but
      often larger or smaller amounts may be present.
PAR  The conditions under which the alkali metal silicate is admixed with the
      aqueous medium and reacted with the sources of calcium ion and magnesium
      ion are not critical provided the reaction mixture is maintained in the
      liquid phase. The reaction temperature may be, for example, between the
      freezing point and boiling point of water under the existing pressure
      conditions. At atmospheric pressure, the temperature is usually about
      10.degree.-90.degree.C and often a more convenient temperature is about
      20.degree.-50.degree.C. In many instances, ambient or normal room
      temperature is satisfactory.
PAR  The degree of agitation is not critical, and mild to vigorous agitation may
      be employed during addition of the alkali metal silicate. For the best
      results, the aqueous medium should be agitated sufficiently to assure
      rapid and uniform admixing of the alkali metal silicate. After completing
      the addition of the alkali metal silicate, when desired the agitation may
      be continued for a sufficient period of time to assure complete reaction
      and aging of the resulting colloidal suspension, such as for approximately
      1-5 minutes to one hour or longer.
PAR  Upon admixing the alkali metal silicate with the aqueous medium, it takes
      on a turbid appearance but in most instances no significant amount of
      visible precipitate is formed. The colloidal suspension of the reaction
      product thus produced should be strongly basic and may be have a pH value
      of, for example, approximately 10-14 and preferably about 11-13, and for
      best results about 12. In view of this, the initial pH value of the
      aqueous medium containing the dissolved sources of calcium ion and
      magnesium ion is of importance and should be about 6-9 and preferably
      about 7-8. When necessary, it is possible to adjust the pH value of the
      aqueous medium to the foregoing levels either before, during or after
      addition of the alkali metal silicate by adding bases such as sodium or
      potassium hydroxide, or mineral acids such as sulfuric or hydrochloric
      acid.
PAR  The colloidal suspension may be stored for several weeks or longer while
      awaiting the further treatment described hereinafter. In instances where
      the colloidal suspension is to be stored over a substantial period of
      time, the pH value should be maintained at the above described level and
      the storage vessel is preferably a tightly capped polyethylene bottle or
      other inert plastic container which prevents the contents from absorbing
      carbon dioxide from the atmosphere.
PAR  The colloidal suspension of the reaction product is not suitable for use as
      a catalyst as prepared and it should be agitated sufficiently in the
      presence of a micelle-forming surfactant to form catalyst-containing
      micelles. The degree of agitation, the length of the agitation period, and
      the amount of the micelle-forming surfactant that is present in the
      colloidal suspension are controlled at levels favorable to the formation
      of micelles. For example, the surfactant may be present in an amount of
      about 0.001-0.1 mole per liter and preferably about 0.03-0.07 mole per
      liter for most surfactants. Smaller or larger amounts may be effective
      with some surfactants such as 0.001 mole per liter or less, or 0.2 mole
      per liter or more. About 0.05 mole per liter often gives the best results
      with many surfactants.
PAR  The minimum period of agitation and the minimum degree of agitation that
      are required for micelle formation varies somewhat with temperature and
      the type and amount of surfactant. As is well understood in this art,
      gradually increasing these variants in the presence of an effective amount
      of the micelle-forming surfactant will result in micelle formation when
      the proper levels are reached. As a general rule, longer periods of
      agitation and/or more vigorous agitation are required to form micelles at
      lower temepratures approaching the freezing point of the colloidal
      suspension than at higher temperatures approaching the boiling point. In
      instances where the aqueous suspension has a temperature of approximately
      50.degree.-90.degree.C., then mild agitation over a period of about 10-60
      minutes is satisfactory. Often longer or shorter periods of mild to
      vigorous agitation may be employed such as from about 1-5 minutes to
      several hours at temperatures varying, respectively, between the boiling
      point and the freezing point. When desired, the agitation may be continued
      long after the catalyst-containing micelles are formed as continued
      agitation does not seem to have an adverse affect.
PAR  As a general rule, the micelle-forming surfactants known in the prior art
      may be used in practicing the present invention. Micelle-forming
      surfactants used in the emulsion polymerization of monomeric organic
      compounds are disclosed in the text Synthetic Rubber, by G. S. whitby, et
      al, John Wiley & Sons Incorporated, New York (1954), and surface active
      agents in general are disclosed on pages 418-424 of the text Organic
      Chemistry, Fieser and Fieser, 2nd Edition, Reinhold Publishing
      Corporation, New York, New York (1950), the disclosures of which are
      incorporated herein by reference. Examples of surfactants disclosed in the
      above texts include the alkali metal soaps of long chain fatty acids, and
      especially the sodium and potassium soaps of fatty acids containing about
      14-25 carbon atoms and preferably about 16-18 carbon atoms, and the sodium
      and potassium soaps of the rosin acids, abietic acid and the derivatives
      thereof. Other micelle-forming surfactants include fats and oils such as
      corn oil, cotton seed oil, castor oil, soy bean oil and safflower oil
      which have been fully or partially saponified with alkali metal bases to
      produce mixtures including saponified long chain fatty acids, the mono- or
      di-glycerides thereof, and glycerin.
PAR  Examples of synthetic micelle-forming surfactants include the sulfonates of
      long chain alcohols prepared by hydrogenation of naturally ocurring fats
      and oils of the above types and especially sulfonated long chain alcohols
      containing about 10-20 and preferably about 12-14 carbon atoms, the alkali
      metal salts of the monosulfonates of monoglycerides such as sodium
      glyceryl monolaurate sulfonate, the sulfonates of succinic acid esters
      such as dioctyl sodium sulfosuccinate and the alkylaryl alkali metal
      sulfonates. Specific examples of presently preferred micelle-forming
      surfactants include sodium and potassium sulforicinoleate,
      tetrahydronaphthalene sulfonate, octahydronanthracene sulfonic acid, butyl
      naphthalene sulfonic acid, sodium xylene sulfonate, alkyl benzene sulfonic
      acid and potassium benzene sulfonate.
PAR  Sulfated long chain hydroxycarboxylic acids containing about 14-25 carbon
      atoms and preferably about 16-18 carbon atoms, and sulfated fats and oils
      containing hydroxycarboxylic acids of this type produce exceptionally good
      micelle-forming surfactants. At least 25% of the hydroxyl groups and
      preferably at least 50% should be sulfated, and up to 95-100% may be
      sulfated. It is usually preferred that the sulfated oils and/or long chain
      hydroxycarboxylic acids be neutralized with an alkali metal base, and that
      the corresponding alkali metal salts be added to the colloidal suspension
      in the form of an aqueous solution. The aqueous solution may contain at
      heat 25% of water and preferably at least 35-40% by weight. Much larger
      percentages of water may be present when desired such as 75-80% or more by
      weight.
PAR  A very active catalyst is produced when using sulfated castor oil as the
      micelle-forming surfactant (Turkey Red oil). Sulfated castor oil which has
      been purified sufficiently to be of U.S.P. or medicinal grade produces an
      exceptionally active catalyst. For the best results, the castor oil is
      reacted with about an equal weight of concentrated sulfuric acid (e.g.,
      20% by weight) at a temperature of approximately 25.degree.-30.degree.C.
      The mixture may be reacted for about two hours with stirring and is then
      neutralized with sodium hydroxide solution. The reaction mixture separates
      into three layers, i.e., an upper layer which is a water solution, an
      intermediate or oily layer, and a white curdy precipitate. The
      intermediate oily layer is separated from the upper and lower layers, and
      maybe added to the colloidal suspension as the micelle-forming surfactant
      in an amount, for example, of 0.001-0.1 mole per liter, and preferably
      about 0.005 mole per liter.
PAR  The activity of the catalyst may be increased very markedly be cooling the
      aqueous catalyst suspension to a temperature approaching the freezing
      point such as about 0.degree.-10.degree.C., and then warming over one or
      more cycles. For best results, the aqueous catalyst suspension should be
      frozen and thawed over one or more cycles. The reason for the increased
      catalytic activity is not fully understood at the present time but cooling
      and then warming the aqueous catalyst suspension seems to increase the
      concentration of the catalyst-containing micelles and/or increases the
      catalytic activity thereof.
PAR  The aqueous suspension of the catalyst contains a relatively small
      percentage by weight of the active catalyst as produced. When desired, it
      may be concentrated by evaporating a portion of the water to produce a
      concentrated liquid catalyst suspension which may be stored and used more
      conveniently. It is also possible to prepare a dry catalyst concentrate by
      evaporating substantially all of the water. The preferred method of
      producing the dry catalyst concentrate is by flash evaporation using a
      technique analogous to that employed in preparing powdered milk. The
      catalyst concentrates produced upon partial or complete evaporation of the
      water content of the intially prepared aqueous suspension may be
      reconstituted by addition of water with little or no loss of catalytic
      activity. Preferably, the water is added to the dry catalyst concentrate
      under sufficiently vigorous conditions of agitation to assure that the
      catalyst micelles are resuspended and uniformly distributed.
PAR  The aqueous catalyst suspension may be used as produced in practicing the
      invention, but preferably it is diluted with approximately 100-10,000
      parts by weight of water and then used. For better results, the catalyst
      suspension should be diluted with about 250-2,000 parts by weight of water
      before use, and for best results it should be diluted with about 500-1,000
      parts by weight of water before use. The surface active agent may be added
      thereto when desired as previously discussed. Alternatively the dry
      catalyst or liquid catalyst concentrate may be admixed with water and/or
      the surface active agent to provide an effective catalyst concentration in
      the quantities previously discussed. The weight of the catalyst is
      calculated on a dry solids basis, i.e., the weight of the catalyst
      ingredients in the aqueous suspension as produced after removal of the
      water.
PAR  The invention is further illustratd by the following specific examples.
PAC  EXAMPLE I
PAR  This example illustrates one presently preferred process for preparing the
      novel catalyst used in practicing the invention.
PAR  Anhydrous calcium chloride in an amount of 0.66 gram and magnesium sulfate
      heptahydrate in an amount of 1.32 grams were dissolved in two liters of
      deionized water with stirring and warming until solution was complete.
      Then 95 grams of sodium silicate pentahydrate having a molecular ratio of
      sodium oxide to silicon dioxide of 1:1 were added to the solution with
      stirring and continued warming to produce a white colloidal suspension of
      the reaction product.
PAR  After setting for 10 minutes, the colloidal suspension was heated to
      80.degree.C. and sulfated castor oil in an amount of 201 grams was added
      with stirring. The average molecular weight of the sulfated castor oil was
      940 and it contained 50% of water. The turbidity lessened somewhat as the
      colloidal suspension was heated at 80.degree.-90.degree.C. for 1 hour with
      vigorous stirring to produce catalyst micelles. The aqueous suspension of
      catalyst micelles thus prepared had a viscosity similar to that of water
      and it was used as the catalyst in certain Examples as noted hereinafter.
PAR  A dry or solid catalyst concentrate was prepared in a further run by
      evaporating water from the initially prepared aqueous catalyst suspension.
      The resulting dry catalyst concentrate was resuspended in water and there
      was no substantial loss of catalytic activity. In still other runs, the
      catalytic activity of the aqueous suspension of catalyst as initially
      prepared, the diluted aqueous suspension of catalyst, and the
      reconstituted aqueous catalyst suspension was enhanced by freezing and
      thawing.
PAC  EXAMPLE II
PAR  This example illustrates the preparation of additional catalyst
      suspensions.
PAR  Five suspensions of the catalyst were prepared from the same ingredients as
      used in Example I and following the general procedure of Example I. The
      ratios of ingredients were varied as follows:
     Ingredient Amount of Ingredient                                           

               Run 1  Run 2   Run 3   Run 4 Run 5                              

     ______________________________________                                    

     Deionized water                                                           

                 2 l      1.5 l   1.5 l 1.5 l  0.25 l                          

     CaCl.sub.2  0.66 g   0.5 g   0.5 g 1.0 g 0.5 g                            

     MgSO.sub.4.7H.sub.2 O                                                     

                 1.32 g   1.0 g   1.0 g 2.0 g 1.0 g                            

     Na.sub.2 SiO.sub.3.5H.sub.2 O                                             

                 165 g    132 g   71 g  185 g 71 g                             

     Sulfated Castor                                                           

                 100 ml    150 ml  150 ml                                      

                                         200 ml                                

                                               150 ml                          

     oil (approximately -50% by weight H.sub.2 O)                              

     ______________________________________                                    

PAR  The catalyst suspensions prepared by the above five runs were used in
      certain examples as noted hereinafter.
PAC  EXAMPLE III
PAR  This example illustrates the use of the catalyst prepared in accordance
      with Example I in treating fabrics.
PAR  A standard household automatic washer (9 pounds capacity) was used in
      obtaining the data for this example. The recommended washing cycle for the
      stained fabrics was also used.
PAR  In one run, an attempt was made to remove chocolate stains from a cotton
      shirt using commercially available laundry detergents (laundry detergents
      sold under the trademarks Biz and Tide-XK) and an oxidizing agent
      (Clorox). The chocolate stains were not removed by this treatment.
      However, chocolate stains were easily removed in a second run when washing
      with a catalytic amount of the diluted catalyst suspension prepared in
      accordance with Example I.
PAR  In subsequent runs, six fluid ounces of the catalyst suspension prepared in
      accordance with Example I were added to the washer along with the
      recommended amount of cold water, laundry detergent and stained clothing.
      Blood, grape juice, catsup, grease and grass stains were easily removed.
      It was not possible to remove stains of this type when using only a
      laundry detergent and Clorox.
PAR  The fabrics washed in water containing the catalyst suspension were softer
      and brighter. Thus, the catalyst suspension is useful as a fabric softener
      and brightner as well as a stain remover.
PAC  EXAMPLE IV
PAR  The general procedure of Example III was repeated in a series of runs with
      the exception of reducing the amount of laundry detergent to between one
      half and one eighth of the recommended amount employed in Example III. It
      was found that only one-fourth as much laundry detergent was required when
      washing clothing in the presence of a catalytic amount of the catalyst.
PAC  EXAMPLE V
PAR  The general procedures of Examples III and IV were repeated in a series of
      runs with the exception of using the catalysts prepared in accordance with
      Example II. The catalysts of Example II were found to be active and
      produced comparable results.
PAC  EXAMPLE VI
PAR  A catalyst suspension was prepared in accordance with the procedure of
      Example I. The water content was removed by evaporation to produce a dried
      catalyst concentrate.
PAR  The dried catalyst concentrate and commercially available laundry detergent
      (Tide-XK) are admixed in proportions to provide 1 weight percent of the
      catalyst in the resulting catalyzed surface active composition. A portion
      of the admixture is tested following the general washing procedure of
      Example III. The admixture is as effective in washing soiled clothing as
      separate additions of catalyst and detergent.
PAC  EXAMPLE VII
PAR  A second portion of the admixture of Tide-XK and dried catalyst prepared in
      Example VI is stirred in water to produce a soap solution. The soap
      solution is tested as a general household detergent to remove stains, dirt
      and grease from woodwork, linoleum, painted surfaces and porcelain enamel.
PAR  The catalyst is omitted in a second run which was otherwise identical to
      the previous run for the purpose of obtaining comparative data. The
      catalyzed soap solution is much more effective and removes the stains,
      dirt, grease and other foreign materials faster and with less effort than
      the soap solution which does not contain the catalyst.
PAC  EXAMPLE VIII
PAR  A catalyst suspension was prepared following the general procedure of
      Example I and then diluted with 1,000 volumes of water.
PAR  White cloth was treated in accordance with prior art practices to prepare a
      standard stained and soiled cloth for use in testing the effectiveness of
      laundry detergents. The cloth was saturated with an admixtue of soil,
      mustard, catsup, milk, grape juice, vegetable oil, mineral oil and bacon
      grease. The admixture was dried and the initially white cloth took on a
      dark brown color.
PAR  A portion of the stained and soiled cloth was washed in the diluted
      catalyst suspension prepared above using the recommended amount of
      ordinary laundry soap. A standard household automatic washer and the
      recommended washing cycle were used.
PAR  A second portion of the stained and soiled cloth was washed in soft tap
      water to which had been added the recommended amount of a commercially
      available heavy duty laundry detergent. The manufacturer considered the
      laundry detergent to be the best formula available. The washer, washing
      cycle, and other variables were the same in the two runs with the
      exception of using laundry soap and catalyst in the first run, and the
      heavy duty laundry detergent without catalyst in the second run.
PAR  Following washing, the two test cloths were dried and examined in daylight.
      The cloth washed in the first run with ordinary laundry soap and diluted
      catalyst suspension was substantially the same color as the original white
      cloth. The cloth washed in the second run with heavy duty detergent
      without catalyst was somewhat lighter in color than the stained and soiled
      cloth, but markedly darker in color than the washed cloth from the first
      run. It was obvious that the stains and soil were not removed effectively
      from the cloth washed in the second run, whereas they were in the cloth
      washed in the first run.
PAC  EXAMPLE IX
PAR  A catalyst suspension was prepared in accordance with Example I and the
      water content was evaporated to produce a dried catalyst concentrate.
PAR  The dried catalyst concentrate is admixed with a commercially available
      dish washing detergent in an amount of 1% by weight.
PAR  The resulting admixture of catalyst and detergent is used in one series of
      runs to wash soiled dishes with dried food particles thereon in a standard
      automatic dishwasher. In a second series of runs which were otherwise
      identical, the catalyst was omitted and only the original detergent
      formulation is used. The recommended amount of detergent and the
      recommended washing cycle was used in each series of runs.
PAR  The dishes washed in the series of runs using the catalyst were much
      cleaner and were free of food particles. The dishes from these runs also
      dried without leaving behind a noticeable soap film.
PAR  The dishes washed in the absence of the catalyst had dried food particles
      still adhering to the surfaces. The dried dishes also had a noticeable
      film thereon.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composition of matter for use in removing stains and soil from
      substrates consisting essentially of as active ingredients
PA1  A. major proportion by weight of a surface active agent effective in
      removing stains and soil from substrates washed therewith in water, and
PA1  B. catalytically effective minor proportion by weight of a catalyst,
PA1  the surface active agent being present in an amount effective to remove
      stains and soil from substrates washed in water containing the said
      composition and the catalyst being present in a catalytically effective
      amount which promotes the removal of the stains and soil from the
      substrates.
PA1  the catalyst being prepared by a process comprising
PA1  admixing a water soluble alkali metal silicate with an aqueous medium
      containing a dissolved substance which is a source of calcium ion and a
      dissolved substance which is a source of magnesium ion,
PA1  the aqueous medium containing said dissolved substances in amounts to
      provide between about 1 .times. 10.sup.-.sup.4 and 1 .times.
      10.sup.-.sup.1 mole per liter each of calcium ion and magnesium ion,
PA1  the aqueous medium containing said dissolved substances in amounts to
      provide a molar ratio of calcium ion to magnesium ion between about
      2.0:1.0 and 1.0:2.0,
PA1  the alkali metal silicate having an alkali metal oxide to silicon dioxide
      ratio between about 0.9:1.0 and less than 2.0:1.0 and being admixed with
      the aqueous medium in an amount of about 0.05-2 moles per liter,
PA1  reacting the alkali metal silicate with said dissolved substances providing
      calcium ion and magnesium ion in the aqueous medium in liquid phase to
      produce an aqueous suspension of finely divided particles of the reaction
      product,
PA1  admixing a micelle-forming surfactant with the aqueous medium in an amount
      to form catalyst micelles comprising said finely divided particles of the
      reaction product upon agitating the aqueous medium, and
PA1  agitating the aqueous medium containing the finely divided particles of the
      reaction product and surfactant to form said catalyst micelles.
NUM  2.
PAR  2. The composition of claim 1 wherein the said active ingredients consist
      essentially of (A) a major proportion by weight of the said surface active
      agent and an additional water softening agent effective to soften water
      containing calcium and/or magnesium ions when admixed therewith other than
      the said surfactant or the said micelle-forming surfactant, and (B) the
      said catalytically effective minor proportion by weight of the catalyst.
NUM  3.
PAR  3. The composition of claim 1 wherein the said active ingredients consist
      essentially of (A) a major proportion by weight of the said surface active
      agent and a bleaching agent which exhibits a bleaching action when admixed
      with water, and (B) the said catalytically effective minor proportion by
      weight of the catalyst.
NUM  4.
PAR  4. The composition of claim 1 wherein the said active ingredients consist
      essentially of (A) a major proportion by weight of the said surface active
      agent, an additional water softening agent effective to soften water
      containing calcium and/or magnesium ions when admixed therewith other than
      the said surfactant or the micelle forming surfactant, and a bleaching
      agent which exhibits a bleaching action when admixed with water, and (B)
      the said catalytically effective minor proportion by weight of the
      catalyst.
NUM  5.
PAR  5. The composition of claim 1 wherein in the process for preparing the
      catalyst, said ratio of calcium ion to magnesium ion is between about
      1.5:1.0 and 1.0:1.5.
NUM  6.
PAR  6. The composition of claim 1 wherein in the process for preparing the
      catalyst, said ratio of calcium ion to magnesium ion is about 1.0:1.0.
NUM  7.
PAR  7. The composition of claim 1 wherein in the process for preparing the
      catalyst, the alkali metal silicate is admixed with an aqueous medium
      containing said dissolved substances in amounts to provide between about 1
      .times. 10.sup.-.sup.3 and 6 .times. 10.sup.-.sup.3 mole per liter each of
      calcium ion and magnesium ion.
NUM  8.
PAR  8. The composition of claim 1 wherein in the process for preparing the
      catalyst, the alkali metal silicate is admixed with an aqueous medium
      containing said dissolved substances in amounts to provide between about
      2.5 .times. 10.sup.-.sup.3 and 3.0 .times. 10.sup.-.sup.3 mole per liter
      each of calcium ion and magnesium ion.
NUM  9.
PAR  9. The composition of claim 1 wherein in the process for preparing the
      catalyst, about 0.2-0.5 mole per liter of the alkali metal silicate is
      admixted with the aqueous medium.
NUM  10.
PAR  10. The composition of claim 1 wherein in the process for preparing the
      catalyst, the alkali metal silicate has an alkali metal oxide to silicon
      dioxide ratio between about 0.9:1.0 and 1.2:1.0.
NUM  11.
PAR  11. The composition of claim 1 wherein in the process for preparing the
      catalyst, the alkali metal silicate is alkali metal metasilicate having an
      alkali metal oxide to silicon dioxide ratio of about 1.0:1.0.
NUM  12.
PAR  12. The composition of claim 1 wherein in the process for preparing the
      catalyst, about 0.01-0.1 mole per liter of the surfactant is admixed with
      the aqueous medium.
NUM  13.
PAR  13. The composition of claim 1 wherein in the process for preparing the
      catalyst, the surfactant comprises sulfated castor oil.
NUM  14.
PAR  14. The composition of claim 1 wherein in the process for preparing the
      catalyst, the alkali metal silicate is admixed with an aqueous medium
      containing said dissolved substances in amounts to provide between about 1
      .times. 10.sup.-.sup.3 and 6 .times. 10.sup.-.sup.3 mole per liter each of
      calcium ion and magnesium ion, the ratio of calcium ion to magnesium ion
      is between about 1.5:1.0 and 1.0:1.5, about 0.2:0.5 mole per liter of the
      alkali metal silicate is admixed with the aqueous medium, and the alkali
      metal silicate has an alkali metal oxide to silicon dioxide ratio between
      about 0.9:1.0 and 1.2:1.0.
NUM  15.
PAR  15. The composition of claim 1 wherein in the process of preparing the
      catalyst, the alkali metal silicate is admixed with an aqueous medium
      containing said dissolved substances in amounts to provide between about
      2.5 .times. 10.sup.-.sup.3 and 3.0 .times. 10.sup.-.sup.3 mole per liter
      each of calcium ion and magnesium ion, the aqueous medium contains about
      equimolar amounts of calcium ion and magnesium ion, about 0.2-0.3 mole per
      liter of the alkali metal silicate is admixed with the aqueous medium, and
      the alkali metal silicate is alkali metal metasilicate having an alkali
      metal oxide to silicon dioxide ratio of about 1.0:1.0.
NUM  16.
PAR  16. The composition of claim 15 wherein in the process for preparing the
      catalyst, the alkali metal metasilicate is sodium metasilicate having a
      sodium oxide to silicon dioxide ratio of about 1.0:1.0.
NUM  17.
PAR  17. The composition of claim 15 wherein in the process for preparing the
      catalyst, about 0.01-0.1 mole per liter of the surfactant is admixed with
      the aqueous medium.
NUM  18.
PAR  18. The composition of claim 15 wherein in the process for preparing the
      catalyst, the alkali metal silicate is admixed with an aqueous medium
      containing said dissolved substances in amounts to provide about 2.9
      .times. 10.sup.-.sup.3 mole per liter of calcium ion and about 2.7 .times.
      10.sup.-.sup.3 mole per liter of magnesium ion, about 0.25 mole per liter
      of sodium metasilicate having a sodium oxide to silicon dioxide ratio of
      about 1.0:1.0 is admixed with the aqueous medium, the aqueous medium
      contains not more than 10 parts per million by weight of carbonate ion and
      bicarbonate ion, the surfactant comprises sulfated castor oil and at least
      50% of the hydroxy groups of the castor oil are sulfated, and about 0.05
      mole per liter of the sulfated castor oil is admixed with the aqueous
      medium.
NUM  19.
PAR  19. The composition of claim 17 wherein in the process for preparing the
      catalyst, the surfactant comprises sulfated castor oil.
NUM  20.
PAR  20. The composition of claim 19 wherein in the process for preparing the
      catalyst, the alkali metal metasilicate is sodium metasilicate having a
      sodium oxide to silicon dioxide ratio of about 1.0:1.0.
NUM  21.
PAR  21. The composition of claim 20 wherein in the process for preparing the
      catalyst, at least 50% of the hydroxy groups of the castor oil are
      sulfated, and about 0.03-0.07 mole per liter of the sulfated castor oil is
      admixed with the aqueous medium.
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ABST
PAL  Antibacterial and germicidal detergent compositions contain as an active
      ingredient N,N-dialkylthiocarbamoyl sulfenamides of the formula
      ##EQU1##
      where R.sup.1 and R.sup.2 represent lower alkyl groups, both R.sup.3 and
      R.sup.4 are cyclohexyl or R.sup.3 is hydrogen when R.sup.4 is phenyl and
      compounds where R.sup.1 and R.sup.2 as well as R.sup.3 and R.sup.4 form a
      heterocyclic ring, particularly morpholine. The active compounds are
      particularly useful as skin substantive bacteriostats in soap and shampoo
      formulations and as germicides in cosmetic and toilet preparations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the use of certain
      N,N-dialkylthiocarbamoyl sulfenamides as bacteriostats and germicides and
      more particularly to their use as active ingredients in detergent
      compositions used for skin cleansing. The detergent compositions find
      advantageous applicability in cosmetic and toilet preparations including
      shaving creams, cosmetic cleansing creams, hair treatment preparations and
      the like as well as in medicinal and germicidal bar and liquid soaps and
      shampoos.
PAR  2. Description of the Prior Art
PAR  The use of compounds such as N,N-dialkylthiocarbamoyl mono- and
      dicycloalkylsulfenamides and N,N-dialkylthiocarbamoyl mono- and
      diarylsulfenamides as fungicides is described in U.S. Pat. No. 2,432,255.
      U.S. Pat. No. 2,692,862 states that disinfectant soaps and synthetic
      detergents of anit-bacterial activity and skin retentivity may be obtained
      by incorporating into cleansing compositions alkyl derivatives of
      thiocarbamoyl sulfenamides of the formula:
      ##EQU2##
      wherein R.sub.1 and R.sub.2 are the same or different alkyl radicals
      having not more than 2 C-atmos each, while N=Z is a radical of the group
      obtained by removing 1 N-attached H-atom from ammonia, a primary or
      secondary alkyl amine, morpholine and piperidine, the alkyl radicals in
      the alkyl amine containing not more than 4 C-atoms each.
PAR  Thiosulfenyl dithiocarbamates as fungicides are disclosed in U.S. Pat. No.
      2,598,989 wherein the patentee also states that even a slight variation in
      the basic structure or composition of the functional group will often, if
      not actually always, destroy the fungicidal efficacy of the particular
      compounds. Variation in or substitution of so-called non-functional or
      inactive groups or substituents may change the degree of efficacy, making
      the compound more or less valuable as a fungicidal substance.
PAR  Thus, the prior art thiocarbamoyl sulfenamides disclosed as bactericides
      and fungicides may be considered as being specific and unsuggestive of
      other combination of substituents providing unpredictable properties,
      especially in different applications.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that certain N,N-dialkylthiocarbamoyl sulfenamides
      unexpectedly possess specific antibacterial properties and that these
      properties are advantageously retained in the presence of detergents.
      Furthermore, the compounds of this invention possess effective skin
      substantivity, i.e., the property of remaining on the skin and retaining
      antibacterial and germicidal activity over a period of time after washing.
      and rinsing of the skin. Besides antibacterial properties, the compounds
      of this invention possess other desirable properties that are important in
      their commercial use. For illustration, after inclusion of the compounds
      of this invention in a detergent composition, the detergent bar, powder,
      paste or liquid possesses the following properties: initial whiteness,
      color stability under aging and sunlight exposure and absence of
      discoloration in the presence of copper.
PAR  The aforementioned advantages of this invention are achieved by providing
      antibacterial and germicidal detergent compositions containing as an
      active ingredient N,N-dialkylthiocarbamoyl sulfenamides of the formula
      ##EQU3##
      where R.sup.1 and R.sup.2 represent methyl and ethyl groups, both R.sup.3
      and R.sup.4 are cyclohexyl, compounds where R.sup.1 and R.sup.2 are methyl
      and R.sup.3 is hydrogen when R.sup.4 is phenyl and compounds where R.sup.1
      and R.sup.2 as well as R.sup.3 and R.sup.4 form a heterocyclic ring,
      particularly morpholine. Therefore, it is an object of this invention to
      provide microorganism inhibiting methods and detergent compositions
      displaying antibacterial and germicidal activity on the skin even after
      repeated washing and rinsing of the skin.
PAR  The term "detergent" is intended to include soap as well as non-soap
      surface-active agents of the anionic, cationic, nonionic and amphoteric
      type. Furthermore, the term detergent is intended to cover all products in
      which soap is a major constituent, for example bar soap, liquid soaps,
      shaving creams, cosmetic cleansing creams, hair treatment preparations
      such as shampoos and similar formulations.
PAR  A further object of this invention is the provision of shampoo or detergent
      compositions containing the N,N-dialkylthiocarbamoyl sulfenamides
      compounds of the invention that are substantive to the skin and that give
      prolonged effect in reducing the number of microorganisms on skin.
DETD
PAR  Other objects and advantages will become apparent from the detailed
      description which follows.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The compounds of this invention are prepared by general known methods. See,
      for example, U.S. Pat. No. 2,333,468 describing the oxidative condensation
      of dithiocarbamic acids and primary or secondary amines to yield
      N,N-dialkylthiocarbamoyl sulfenamides. To further illustrate,
      N,N-dimethylthiocarbamoyl-N', N'-dicylohexylsulfenamide is prepared as
      follows:
PAR  A mixture of 100 ml CCl.sub.4, 39.6g 25% aqueous solution of dimethylamine
      and 36.2g dicyclohexylamine is placed in a reaction vessel and cooled to
      10.degree.C. 114 ml of 14% aqueous solution of NaOCl is added and the
      mixture is stirred for 15 minutes at 10.degree.-15.degree.C. After
      addition of 200 ml NaHCO.sub.3 --Na.sub.2 CO.sub.3 buffer solution, the
      mixture is warmed to 20.degree.C and admixed with 15.2g CS.sub.2 with
      stirring. The mixture is agitated for 40 minutes at 32.degree.
      -.dbd..degree.C. After settling, the nonaqueous phase is separated out and
      filtered. CCl.sub.4 is evaporated by heating under reduced pressure. The
      residual liquid is added to 150 ml methanol resulting in a precipitation
      of a solid. The methanol slurry is cooled to 10.degree.C and filtered. The
      recovered solid is white crystalline material having a melting point of
      80.degree.-2.degree.C. The yield is 44.1g.
PAR  Relatively small amounts of the antibacterial agents are sufficient to
      obtain the advantages of the invention. Satisfactory results are obtained
      when the weight of the antibacterial agent is from 0.1 to 5 percent of the
      total weight of the detergent composition. The preferred range is 1 to 3
      percent based on the weight of the detergent composition. However, it
      should be understood that greater amounts will be effective but without
      further substantial advantages. Those skilled in the art will be able to
      determine, according to known practice, what the effective amount for a
      given application and/or desired germicidal or biostatic effect must be.
PAR  The germicidal agents of this invention can be added to soap or other
      alkaline skin cleaning agent by any of the common employed methods which
      result in a uniform distribution of the antibacterial agent throughout the
      entire mass. Shampoo and soap formulations can, of course, contain any of
      the usual additives such as coloring agents, perfume, thickeners,
      solvents, opacifiers, suds builders, conditioning agents, preservatives,
      buffers, and anti-static agents. The detergent may be soap as well as
      non-soap surface active agents of the anionic, cationic, nonionic and
      amphoteric type.
PAR  Anionic detergents include both the soap and non-soap detergents. Examples
      of suitable soaps are the sodium, potassium, ammonium and alkanolammonium
      salts of higher fatty acids (C.sub.10 -C.sub.20). Particularly useful are
      the sodium and potassium salts of the mixtures of fatty acids derived from
      coconut oil and tallow. Examples of anionic non-soap detergents are alkyl
      glyceryl ether sulfonates, alkyl sulfates, alkyl monoglyceride sulfates or
      sulfonates, alkyl polyethoxy ether sulfates, acyl sarcosinates, acyl
      esters of isothionates, acyl N-methyl taurides, alkyl benzene sulfonates,
      and alkyl phenol polyethoxy sulfonates. In these compounds the alkyl and
      acyl groups, respectively, contain 10 to 20 carbon atoms. They are used in
      the form of water-soluble salts, the sodium, potassium, ammonium and
      alkanolammonium salts, for example. Specific examples are sodium lauryl
      sulfate, potassium N-methyl lauroyl tauride; and triethanolamine dodecyl
      benzene sulfonate.
PAR  Suitably useful cationic detergents are exemplified by dilauryldimethyl
      ammonium chloride, diisobutyl phenoxy ethoxy dimethylbenzyl ammonium
      chloride, cetyl trimethyl ammonium bromide, N-cetylpyridinium bromide and
      benzethonium chloride, which are classed as quaternary ammonium salts.
PAR  Suitable examples of amphoteric detergents are alkyl
      beta-iminodipropionates, and alkyl beta-amino propionates, wherein the
      alkyl group contains 10 to 20 carbon atoms, and basic quaternary ammonium
      compounds derived from 2-alkyl-substituted imidazoline.
PAR  The properties of the preferred embodiments of the invention were evaluated
      and the results are set forth in the following examples and tables.
PAC  EXAMPLE 1
PAC  a. Soap Plug Test
PAR  Bacteriostatic activity per se was tested by milling into Ivory soap (made
      according to U.S. Pat. No. 2,295,594) 1 percent test material based on the
      weight of the soap and by compressing it into plugs. Plugs (0.5 inch in
      diameter and 0.25 inch thick) of each of the test soaps were placed on
      agar plates seeded with one of three representative test bacteria,
      Bacillus subtilis, Staphylococcus aureus, and Salmonella typhosa. After
      incubation at 37.degree.C. for 24 hrs., the clear zone of inhibition (lack
      of bacterial growth) was measured and reported as average diameter of zone
      inhibition (diameter of clear zone less the diameter of the soap plug),
      and tabulated in Table IA.
PAC  b. Hide Substantivity (soap)
PAR  For the test of substantivity or retention of bacteriostat by the skin
      after washing with the test soap, untanned calf-skin hide buttons were
      soaked in an 8 percent solution of the test soap containing 1%
      bacteriostat, rinsed four times with distilled water, placed on seeded
      agar plates and incubated for 24 hrs., at optimum temperature of the test
      bacteria, Bacillus subtilis, Staphylococcus aureus and Salmonella typhosa.
      The zones of inhibition was measured and reported as in the soap plug
      test, and tabulated in Table IA.
PAR  The results set forth in Table IA demonstrate the good microorganism
      inhibiting and skin substantive properties possessed by the compositions
      of this invention. Moreover, the unexpected effectiveness of the
      thiocarbamoyl sulfenamides of this invention in detergent compositions is
      apparent from comparison with the ineffectiveness of structurally similar
      compounds. Employing the identical test procedure previously described,
      bacteriostatic activity for some thiocarbamoyl sulfenamides not falling
      within the formula of this invention was evaluated. The results, tabulated
      in Table IB, demonstrate a lack of substantial bacteriostatic activity and
      substantivity in soap for these related compounds and thus the
      unpredictability of useful efficacy.
TBL                                    TABLE IA                                

     __________________________________________________________________________

     BACTERIOSTATIC ACTIVITY AND SUBSTANTIVITY IN SOAP                         

                          Average Diameter of Inhibited Zone in MM             

     Active Ingredients   (a) Activity in Soap (b) Hide Substantivity in Soap  

                          B. subtilis                                          

                                 S. aureus                                     

                                        S. typhosa                             

                                               B. subtilis                     

                                                      S. aureus                

                                                             S.                

     __________________________________________________________________________

                                                             typhosa           

     N,N-Dimethylthiocarbamoyl-N',N'-                                          

     dicyclohexylsulfenamide                                                   

                          12     12     10     3      4      2                 

     N,N-Diethylthiocarbamoyl-N',N'-                                           

     dicyclohexylsulfenamide                                                   

                          15     16     12     2      3      2                 

     N,N-Dimethylthiocarbamoyl-N'-phenyl-                                      

     sulfenamide          24     22     19     3      6      2                 

     N,N,N',N'-Bis(2,2'-oxydiethylene)-                                        

     thiocarbamoylsulfenamide                                                  

                           5     12      4     4      10     2                 

     __________________________________________________________________________

TBL                                    TABLE IB                                

     __________________________________________________________________________

     THICARBAMOYL SULFENAMIDES WITHOUT SUBSTANTIAL BACTERIOSTATIC ACTIVITY AND 

     SUBSTANTIVITY IN SOAP                                                     

     __________________________________________________________________________

                         Average Diameter of Inhibited Zone in MM              

                         Activity in Soap      Hide Substantivity in Soap      

     Active Ingredients  B. subtilis                                           

                                 S. aureus                                     

                                        S. typhosa                             

                                               B. subtilis                     

                                                       S. aureus               

                                                              S.               

     __________________________________________________________________________

                                                              typhosa          

     N,N-di-n-butylthiocarbamoyl-N',N'-                                        

     dicyclohexylsulfenamide                                                   

                         6       0      0      0       0      0                

     N,N-diethylthiocarbamoyl-N'-phenyl-                                       

     sulfenamide         0       0      0      0       0      0                

     bis(3,5-dimethyloxydiethylene)-                                           

     thiocarbamoyl sulfenamide                                                 

                         0       0      0      0       3      0                

     N,N-dieicosylthiocarbamoyl-N',N'-                                         

     dicyclohexylsulfenamide                                                   

                         0       0      0      0       0      0                

     __________________________________________________________________________

PAC  EXAMPLE II
PAR  The skin substantivity test was repeated using shampoo formulations as
      follows:
TBL                     Shampoo A  Shampoo B                                   

                        Percent    Percent                                     

     Ingredients        By Weight  By Weight                                   

     ______________________________________                                    

     Sodium salt of sulfated coconut                                           

     fatty alcohol      23         --                                          

     Sodium stearate    8.7        --                                          

     Sodium alkyl glyceryl ether                                               

     sulfonate.sup.1    --         28.3                                        

     Sodium acyl sarcosinate.sup.2                                             

                        --         5.0                                         

     Sodium sulfate     0.8        2.6                                         

     Sodium chloride    --         6.6                                         

     Trisodium phosphate                                                       

                        2.1        --                                          

     Diethanolamide of coconut                                                 

     fatty acids        --         2.0                                         

     Perfume            1.0        0.4                                         

     Active Ingredient  2.0        2.0                                         

     Water, made up to 100%                                                    

                        --         --                                          

     pH                 7.7        7.4                                         

     ______________________________________                                    

      .sup.1 alkyl radicals derived from fatty alcohol, 25.3% from coconut and 

      3% from tallow                                                           

      .sup.2 acyl radicals derived from coconut fatty acids                    

PAR  Untanned calf-skin buttons were soaked in an 8 percent solution of the test
      shampoo containing 2% bacteriostat, rinsed four times with distilled
      water, placed on seeded agar plates and incubated for 24 hrs. at optimum
      temperature of the test bacteria, Bacillus subtilis, Staphylococcus aureus
      and Salmonella typhosa. The zones of inhibition were measured and reported
      as in the soap plug test and tabulated in TABLE II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     HIDE SUBSTANTIVITY IN SHAMPOO                                             

                             Average Diameter of Inhibited Zone in MM          

                             Shampoo                                           

     Active Ingredient       Composition                                       

                                    B. subtilis                                

                                           S. aureus                           

                                                 S. typhosa                    

     __________________________________________________________________________

     N,N-Dimethylthiocarbamoyl-N',N'-dicyclo-                                  

     hexylsulfenamide        A       4      0    2                             

     do.                     B      11     11    13                            

     N,N-Dimethylthiocarbamoyl-N'-phenyl-                                      

     sulfenamide             A      10      8    5                             

     do.                     B      18     20    14                            

     N,N,N',N'-Bis(2,2'-oxydiethylene)thio-                                    

     carbamoylsulfenamide    A      14     14    9                             

     do.                     B      12     13    11                            

     N,N-Diethylthiocarbamoyl-N',N'-dicyclohexyl-                              

     sulfenamide             A      11     11    3                             

     do.                     B      12     10    6                             

     __________________________________________________________________________

PAC  EXAMPLE III
PAR  To test the color stability of detergent compositions, a soap plug
      containing N,N-dimethylthiocarbamoyl-N', N'-dicyclohexylsulfenamids as
      active ingredient was cut in two, and one portion was exposed to sunlight
      for 40 hrs. Upon comparison to the unexposed portion of the soap, no color
      change was observed.
PAR  Thus, there have been disclosed N,N-dialkylthiocarbamoyl sulfenamides which
      unexpectedly possess excellent germicidal and substantive properties which
      are retained in the presence of detergents. These properties, as well as
      the color stability of the compounds of the invention, indicate the
      applicability of the compounds as active ingredients in germicidal or
      medicinal soaps, shampoos and other skin-cleansing compositions.
CLMS
STM  I claim:
NUM  1.
PAR  1. A skin-substantive microorganism-inhibiting cleansing composition
      comprising a synthetic organic detergent selected from the group
      consisting of anionic, nonionic cationic and amphoteric detergents and
      fatty acid soaps, and a biostatically effective amount of a compound of
      the general formula:
      ##EQU4##
      said compound being selected from the group consisting of compounds
      wherein (1) R.sub.1 and R.sub.2 are methyl or ethyl, R.sub.3 and R.sub.4
      are cyclohexyl; (2) R.sub.1 and R.sub.2 are methyl and R.sub.3 is hydrogen
      when R.sub.4 is phenyl; and (3) R.sub.1 with R.sub.2 and R.sub.3 with
      R.sub.4 form heterocyclic rings.
NUM  2.
PAR  2. A skin substantive microorganism inhibiting cleansing composition as
      claimed in claim 1 wherein the heterocyclic ring formed by R.sub.1 and
      R.sub.2, and R.sub.3 and R.sub.4 is morpholine.
NUM  3.
PAR  3. A skin substantive microorganism inhibiting cleansing composition as
      claimed in claim 1 wherein the biostatically effective amount is 0.1 to 5
      percent of the total weight of the composition.
NUM  4.
PAR  4. A skin substantive microorganism inhibiting cleansing composition as
      claimed in claim 3 wherein the detergent is a shampoo.
NUM  5.
PAR  5. A biostatically active, skin substantive detergent composition
      comprising at least one synthetic organic detergent selected from the
      group consisting of anionic, nonionic, cationic and amphoteric detergents
      and fatty acid soaps, and a biostatically effective amount of an active
      agent selected from the group consisting of
      N,N-dimethylthiocarbamoyl-N',N'-dicyclohexylsulfenamide,
      N,N-diethylthiocarbamoyl-N',N'-dicyclohexylsulfenamide,
      N,N-dimethylthiocarbamoyl-N' -phenylsulfenamide and N,N,N',
      N'-bis(2,2'-oxydiethylene) thiocarbamoylsulfenamide.
NUM  6.
PAR  6. A method of inhibiting skin microorganisms comprising applying thereto a
      cleansing agent composition including at least one synthetic organic
      detergent selected from the group consisting of anionic, nonionic,
      cationic and amphoteric detergents and fatty acid soaps and from 0.1 to 5
      percent of the total weight of the composition of a compound of the
      general formula
      ##EQU5##
      where the compound is selected from the group consisting of compounds were
      (2) R.sub.1 and R.sub.2 are methyl or ethyl, R.sub.3 and R.sub.4 are
      cyclohexyl; (2) R.sub.1 and R.sub.2 are methyl and R.sub.3 is hydrogen
      when R.sub.4 is phenyl; and (3) R.sub.1 and R.sub.2 and R.sub.3 and
      R.sub.4 form a heterocyclic ring.
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ABST
PAL  Liquid foam-regulated washing and cleansing agent compositions containing
      non-ionic surface-active compounds and organic water-miscible solvents of
      the following composition:
PAL  A. 30 to 60 percent by weight of a combination of two ethoxylated alcohols
      having from 12 to 20 carbon atoms,
PAL  B. 2 to 6 percent by weight of an alkali metal soap of fatty acids with
      substantially 12 to 18 carbon atoms,
PAL  C. 0.1 to 1 percent by weight of a water-soluble organic sequestering agent
      for heavy metal ions,
PAL  D. 20 to 35 percent by weight of a water-miscible organic solvent
      combination of an aliphatic ether alcohol with 5 to 8 carbon atoms and an
      alkanediol with 2 to 6 carbon atoms, optionally with up to 3 percent by
      weight of ethanol or isopropyl alcohol, and
PAL  E. at least 8 percent by weight up to the balance of 100 percent by weight,
      of water; as well as the method of washing solid articles utilizing the
      said compositions.
BSUM
PAC  THE PRIOR ART
PAR  The high quality of modern detergents and cleansers, as is well known, is
      due in a substantial part to the action of the sodium tripolyphosphate
      contained therein in large amounts. In connection with the increasing
      eutrophication of standing surface waters, such as lakes and ponds, by
      insufficiently clarified waste water, whose phosphate content originates
      partly from these detergents and cleansers, the man skilled in the art is
      forced to develop new preparations which contain substantially less or no
      tripolyphosphate.
PAR  The known powdered detergents and cleansers contain mostly 30 to 65 percent
      by weight of sodium tripolyphosphate. In these preparations the sodium
      tripolyphosphate has the additional function of a solid carrier substance
      and permits the production of dry pourable granular powders according to
      the conventional cold and hot spraying methods. Up to a certain degree,
      surface-active compounds which are in themselves liquid or pasty can also
      be incorporated in such solid preparations without the powdery aspect of
      the dried product being considerably changed. These powder preparations
      have a good solubility even in cold water, particularly if they are
      produced by spraying an aqueous batch of the components through pressure
      nozzles in a hot air current where water-soluble particles with a hollow
      spherical structure are formed.
PAR  Faced with the problem of developing a washing and cleansing agent
      composition without sodium tripolyphosphate, it was therefore
      self-suggesting for the man skilled in the art to eliminate other solid
      carrier substances also, and to produce the phosphate-free preparation as
      a liquid. This also opened the possibility of substantially increasing the
      content of liquid or pasty surface-active compounds in the liquid
      preparation.
PAR  Among the surface-active compounds of liquid or pasty consistency, there
      are particularly many non-ionic surface-active compounds, especially
      ethoxylation products of higher fatty alcohols, alkanediols or
      alkylphenols. Liquid preparations have therefore been frequently described
      which contain as an active substance substantially the so-called non-ionic
      surface-active compounds (Non-ionics) and as a solvent large amounts of a
      low-boiling monohydric alcohol, mostly ethanol or isopropyl alcohol, if
      necessary mixed with a glycol. These solvents serve to keep the non-ionics
      and the other liquid or solid preparation components in solution, and to
      prevent the preparation from gelling.
PAR  When liquid Non-ionics are diluted with water, the viscosity increases
      greatly, as is known, and difficulty dispersible gels are formed (see, for
      example, American Perfumer and Cosmetics, 82 (1967) 41). This
      gel-formation impairs to a great extent the use of the Non-ionics as
      active substances in liquid washing and cleansing agents, since the
      gel-formation appears particularly when the preparations come in contact
      with cold water. These preparations can therefore easily lead to the
      formation of coatings or to clogging in the feeding devices of automatic
      washing machines. However, even in hand washing the formation of a gel
      would interfere in the production of the wash liquor and undissolved gel
      particles could lead to deposits on the washed material and thus to
      stains.
PAR  Lower molecular weight alcohols, such as ethanol and isopropyl alcohol,
      prevent the undesired formation of gel, if they are used in sufficient
      amounts as a solvent. However, a liquid preparation with these solvents is
      not safe enough, particularly for use in the household, because of its
      relatively low flash point and high vapor pressure. If the lower molecular
      weight monohydric alcohols are replaced by diols or triols, such as
      ethylene glycol, propylene glycol (1,2-propanediol) or glycerin, which
      have also been suggested as solvents for Non-ionics, (see Soap, Perfuming
      and Cosmetics, 46 (1973) 205), unsatisfactory preparations are likewise
      obtained which mostly gel in the preparation.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is to provide liquid washing and cleansing
      preparations which are easily pourable and stable in storage, but which
      contain the surfaceactive components in a very high concentration. The
      preparations according to the invention should, in addition, dissolve
      readily in cold water; that is, they should dissolve in water of room
      temperature and below without forming gels or lumps. In addition, the
      preparations should meet certain safety standards so that they can be
      safely manufactured, stored, shipped and used; that is, their flash point,
      vapor pressure and toxicity must be such that they can be handled without
      special safety measures and precautions.
PAR  Another object of the present invention is the development of a liquid
      foam-regulated washing and cleansing agent composition containing
      non-ionic surface-active compounds and organic water-miscible solvents
      consisting essentially of
PAR  a. from 30 to 60 percent by weight of a combination of two ethoxylated
      alcohols having from 12 to 20 carbon atoms selected from the group
      consisting of alkanols, alkenols and mixtures thereof, where one of the
      two ethoxylated alcohols is adducted with an average of from 2 to 6 mols
      of ethylene oxide and the other ethoxylated alcohol is adducted with an
      average of 8 to 20 mols of ethylene oxide, and where the quantitative
      ratio of the lower ethoxylated alcohol to the higher ethoxylated alcohol
      is from 1:3 to 1:1;
PAR  b. from 2 to 6 percent by weight of an alkali metal soap of fatty acids
      with substantially from 12 to 18 carbon atoms;
PAR  c. from 0.1 to 1 percent by weight of a water-soluble organic sequestering
      agent for heavy metal ions;
PAR  d. from 20 to 35 percent by weight of a water-miscible solvent combination
      of a monohydric ether alcohol having from 5 to 8 carbon atoms selected
      from the group consisting of alkoxyalkanols and alkoxyalkoxyalkanols, and
      a diol having from 2 to 6 carbon atoms selected from the group consisting
      of alkanediols and alkoxyalkanediols, said alcohol and said diol having
      boiling points of over 160.degree.C and flash points of over 60.degree.C
      and the quantitative ratio of said alcohol to said diol being from 2:1 to
      1:2, with the proviso that up to 3 percent by weight, based on the total
      composition, of said monohydric ether alcohol is replaced with a
      monohydric alcohol selected from the group consisting of ethanol and
      isopropyl alcohol; and
PAR  e. at least 8 percent by weight up to the balance of 100 percent by weight,
      of water.
PAR  A yet further object of the present invention is the development of a
      method of washing solid articles particularly at temperatures of under
      60.degree.C using the above washing and cleansing composition.
DETD
PAR  These and other objects of the invention will become more apparent as the
      description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been found that the problems of the prior art have been solved
      and the above objects have been achieved with the present invention if
      certain combinations of non-ionic surface-active compounds are used
      together with soaps, an organic sequestering agent for heavy metal ions,
      as well as with organic solvents and water.
PAR  The present invention, therefore, concerns liquid foam-regulated washing
      and cleansing agents. The invention relates particularly to clear
      homogeneous preparations without builder salts, which are completely free
      of the usual detergent phosphates and which contain other organic
      sequestering salts only in small amount necessary to sequester heavy metal
      ions, and which are suitable as prewashing and principal washing agents
      for all customary washing machines, but also for washing by hand and for
      cleaning solid surfaces of all kinds.
PAR  The liquid washing and cleansing agent according to the invention is
      characterized by the following composition:
PAR  a. from 30 to 60 percent by weight of a combination of two ethoxylated
      aliphatic C.sub.12 to C.sub.20 alcohols, where one ethoxylation product
      has an average degree of ethoxylation of 2 to 6, and the other an average
      degree of ethoxylation of 8 to 20, and where the quantitative ratio of the
      lower ethoxylated compound to the higher ethoxylated compound is from 1:3
      to 1:1;
PAR  b. from 2 to 6 percent by weight of a soap, consisting of the alkali metal
      salts of fatty acids with substantially 12 to 18 carbon atoms;
PAR  c. from 0.1 to 1 percent by weight of a water-soluble organic sequestering
      agent for heavy metal ions;
PAR  d. 20 to 35 percent by weight of a water-miscible solvent combination of an
      alkoxyalkanol or alkoxyalkoxyalkanol with 5 to 8 carbon atoms, and an
      alkanediol with 2 to 6 carbon atoms whose boiling points are above
      160.degree.C and whose flash points are above 60.degree.C, the two
      solvents being present in a quantitative ratio of 2:1 to 1:2, and where
      optionally the amount of alkoxyalkanol is replaced up to 3 percent by
      weight, based on the entire composition by ethanol or isopropyl alcohol;
      and
PAR  e. the balance up to 100 percent by weight, but not less than 8 percent by
      weight of water.
PAR  More particularly, the invention relates to a liquid foam-regulated washing
      and cleansing agent composition containing non-ionic surface-active
      compounds and organic water-miscible solvents consisting essentially of
PAR  a. from 30 to 60 percent by weight of a combination of two ethoxylated
      alcohols having from 12 to 20 carbon atoms selected from the group
      consisting of alkanols, alkenols and mixtures thereof, where one of the
      two ethoxylated alcohols is adducted with an average of from 2 to 6 mols
      of ethylene oxide and the other ethoxylated alcohol is adducted with an
      average of 8 to 20 mols of ethylene oxide, and where the quantitative
      ratio of the lower ethoxylated alcohol to the higher ethoxylated alcohol
      is from 1:3 to 1:1;
PAR  b. from 2 to 6 percent by weight of an alkali metal soap of fatty acids
      with substantially from 12 to 18 carbon atoms;
PAR  c. from 0.1 to 1 percent by weight of a water-soluble organic sequestering
      agent for heavy metal ions;
PAR  d. from 20 to 35 percent by weight of a water-miscible solvent combination
      of a monohydric ether alcohol having from 5 to 8 carbon atoms selected
      from the group consisting of alkoxyalkanols and alkoxyalkoxyalkanols, and
      a diol having from 2 to 6 carbon atoms selected from the group consisting
      of alkanediols and alkoxyalkanediols, said alcohol and said diol having
      boiling points of over 160.degree.C and flash points of over 60.degree.C
      and the quantitative ratio of said alcohol to said diol being from 2:1 to
      1:2, with the proviso that up to 3 percent by weight, based on the total
      composition, of said monohydric ether alcohol is replaced with a
      monohydric alcohol selected from the group consisting of ethanol and
      isopropyl alcohol; and
PAR  e. at least 8 percent by weight up to the balance of 100 percent by weight,
      of water.
PAR  The liquid washing and cleansing agent according to the invention is
      homogeneous and easily pourable. It represents a new combination of known
      substances and has an excellent cleansing power. The preparation is
      characterized by insensitivity to hard water in the washing of textiles of
      various fibers of natural or synthetic origin, and, because of its foam
      regulation reliability over the entire washing temperature range, it is
      suitable for use in all conventional washing machines.
PAR  The new preparation is particularly suitable for washing up to 60.degree.C
      in the one liquor washing method for washing machines, but also for drum
      washing machines. However, it can also be used with excellent results in
      the two-liquor washing methods as a preliminary washing agent instead of
      the known triphosphate-rich powdered preparations, followed by washing
      with a conventional full range detergent and the subsequent rinsing,
      without the undesired excessive sudsing during the subsequent clear
      washing, because of the wash liquor still existing from the preliminary
      washing. A perborate-free detergent, which can be used for all textiles
      and washing methods up to 60.degree.C as well as for the preliminary
      washing before boiling is known in general as a main or primary detergent.
      In addition, the new preparation is highly suitable for cleaning solid
      surfaces, such as dishes, floors, sanitary installations, tiles, glass,
      car bodies, containers soiled with oil, etc.
PAR  Due to the good water-solubility of the preparation according to the
      invention even in cold water below room temperature, the dosing through
      the feeding devices of the washing machines, which are suitable for the
      addition of liquid detergents, poses no problem. Naturally the dosed
      amount of detergent can also be added directly to the material to be
      washed. Because of its good cold water-solubility, the preparation is also
      excellently suitable for hand-washing in wash basins, tubs, etc. where the
      wash water has generally temperatures between 15.degree. and 40.degree.C.
PAR  The excellent cleaning power of the new preparation is based substantially
      on the combination of surfaceactive compounds or tensides used according
      to the invention, which consists of a mixture of two ethoxylation products
      with a different degree of ethoxylation, and which is obtained by mixing
      the separately produced ethoxylation products.
PAR  These ethoxylation products are produced in known manner from the
      corresponding aliphatic alcohols with chain lengths between C.sub.12 and
      C.sub.20 by reaction with ethylene oxide, where alcohols, particularly
      alkanols and alkenols with chain lengths between C.sub.12 and C.sub.20 are
      used primarily as the aliphatic alcohols.
PAR  Preferably used in the tenside combination, because of their particularly
      good biodegradability, are the ethoxylation products of the
      straight-chained primary alkanols and alkenols with chain lengths between
      C.sub.12 and C.sub.18, where the alcohol radicals can be both of natural
      and of synthetic origin. Suitable and readily available starting materials
      are natural higher fatty alcohols, for example, a mean cut of coconut oil
      fatty alcohols with mainly C.sub.12 /C.sub.14 alkyl radicals and tallow
      oil fatty alcohols with mainly C.sub.16 /C.sub.18 alkyl and alkenyl
      radicals. But the ethoxylation derivatives of the Oxoalcohols, obtained by
      hydroformylation of olefins, or the alcohols of the corresponding chain
      lengths obtained by oxidation of paraffins, are also suitable for use in
      the tenside combination according to the invention.
PAR  A good cleaning effect combined with a good biodegradability is obtained if
      the ethoxylation products from the primary and straight-chained C.sub.12
      to C.sub.18 alkanols or alkenols have an average degree of ethoxylation of
      3 to 5 for the lower ethoxylated products, and an average degree of
      ethoxylation of 10 to 15 for the higher ethoxylated products.
PAR  The optimum cleaning action of the preparation is also influenced by the
      mixing ratio of the two non-ionic surface-active compounds with a
      different mean degree of ethoxylation. It was found that an optimum
      cleaning effect is obtained when the mixing ratio of the two non-ionic
      tensides in the surfactant-combination (a) with a lower and higher average
      degree of ethoxylation is, as indicated, in the range of 1:3 to 1:1,
      preferably in the range of 1:2 to 1:1.
PAR  Typical representatives of lower ethoxylated aliphatic C.sub.12 to C.sub.20
      alcohols that can be used according to the invention are the products:
      coconut fatty alcohols + 3EO, tallow fatty alcohol +5EO, oleyl/cetyl
      alcohol + 5EO, lauryl alcohol +3EO, C.sub.12 /C.sub.14 synthetic fatty
      alcohol + 4.5EO, C.sub.12 /C.sub.16 synthetic fatty alcohol + 6EO,
      C.sub.11 to C.sub.15 oxoalcohol + 3EO, etc. Examples of higher ethoxylated
      aliphatic C.sub.12 to C.sub.20 alcohols are: lauryl alcohol +8EO, coconut
      fatty alcohol + 12EO, C.sub.12 /C.sub.14 synthetic fatty alcohol +9EO,
      oleyl/cetyl alcohol +10EO, tallow fatty alcohol + 14EO, C.sub.11 to
      C.sub.15 oxoalcohol + 13EO, C.sub.15 to C.sub.18 oxoalcohol + 18EO, etc.
PAR  The soaps used according to the invention are ordinarily the sodium and
      potassium salts of individual fatty acids or fatty acid mixtures of the
      chain lengths of C.sub.12 to C.sub.18. The fatty acids can be saturated or
      unsaturated, and can contain small amounts of fatty acids outside the
      above range as might occur in the natural fats. Particularly suitable are
      fatty acid mixtures derived from natural sources, such as the fatty acids
      obtained from coconut oil or tallow oil. The soap content of the
      preparations according to the invention serves to regulate foam
      development in the wash liquors. The foam-inhibiting effect of the soap is
      particularly noticeable when the preparations are used as preliminary or
      main detergents in washing machines. Undesired foam formation is then
      effectively prevented during the washing cycle proper and during the
      rinsing out of the wash liquor. The soaps are easily soluble in the
      aqueous-alcoholic medium of the preparation according to the invention.
      They can therefore be readily incorporated in the indicated amounts in the
      form of the potassium as well as the more difficultly soluble sodium
      salts.
PAR  The soap must be considered as the essential salt-containing component of
      the preparation, together with the sequestering agent which is present in
      a small amount. The alkalinity of the liquid product, which has a pH value
      of 11 to 12 in the undiluted state, is therefore due primarily to the
      amount of soap contained therein. For aqueous dilutions of the
      preparations, as they are generally used as wash liquors for textiles;
      that is, from 1 to 2 percent solutions of the preparation, a pH value in
      the range of 7.7 to 9 is obtained. This value often drops, however, to 7.3
      to 8 at the end of the washing cycle.
PAR  The combination according to the invention of organic solvents (d)
      according to the above definition has the effect, together with the water
      portion of the formula, that the liquid preparations are highly stable in
      storage, and that their liquid consistency is not permanently changed even
      by temporary extreme temperature fluctuations. For example, after cooling
      to 0.degree.C or below, as it can happen in winter when they are stored in
      unheated rooms, the preparation appears again in its original quality
      after defrosting. Another advantage due to the solvent combination is the
      good cold water solubility of the liquid preparations, which makes it
      possible to use them without any difficulties even in cold wash water
      without the gel formation typical of Non-ionics which occur in contact
      with the wash water.
PAR  To make sure that the preparations represent clear and homogeneous liquids,
      the water portion of the preparations should not be less than 8 percent by
      weight. A water demineralized, for example, by distillation or
      ionexchange, is preferred over ordinary tap water in the production of the
      preparations.
PAR  From a safety point of view, the use of the combination of organic solvents
      according to the invention with flash points over 60.degree.C together
      with the water portion of the preparation has the effect that a flash
      point below 100.degree.C (method by Pensky-Martens) is not found for the
      preparation.
PAR  Suitable alkoxyalkanols or alkoxyalkoxyalkanols with 5 to 8 carbon atoms,
      and with boiling points over 160.degree.C and flash points over
      60.degree.C are, for example, the compounds n-butoxyethanol
      (n-butyl-glycol), methoxyethoxyethanol (methyl diglycol),
      ethoxyethoxyethanol (ethyl diglycol), propoxyethoxyethanol (propyl
      diglycol), and n-butoxyethoxyethanol (n-butyl diglycol). One component of
      the solvent combination according to the invention is composed of these
      and similar ether alcohols.
PAR  The second component of the solvent combination according to the invention
      is composed of alkanediols having from 2 to 6 carbon atoms, as well as
      alkoxyalkanediols having from 2 to 6 carbon atoms, which means that the
      alkyl radical in the compound can also be interrupted by ether groups.
      Examples of such compounds, which likewise have boiling points over
      160.degree.C and flash points over 60.degree.C are ethylene glycol,
      diethylene glycol, propylene glycol, (1,2-propanediol), trimethylene
      glycol (1,3-propanediol), dipropylene glycol (dimeric 1,2-propanediol), as
      well as glycerin monomethyl ether and glycerin monoethyl ether.
PAR  The liquid preparations produced with the solvent combination according to
      the invention are characterized by good storability, easy cold water
      solubility, and difficult combustibility. They are clear, homogeneous and
      easily pourable, despite the high concentration of surface-active
      compounds.
PAR  An optimum combination of the cleansing properties and ease of production
      of the liquid preparations according to the invention is observed if the
      content of tenside combination (a), foam inhibitor (b), and sequestering
      agent (c), as defined above, is characterized by the following amounts:
PAR  a. from 35 to 45 percent by weight of a combination of two ethoxylated
      aliphatic C.sub.12 to C.sub.20 alcohols, preferably primary,
      straight-chained alkanols and alkenols with 12 to 18 carbon atoms, where
      one ethoxylation product has an average degree of ethoxylation of 2 to 6,
      preferably 3 to 5, and the other has an average degree of ethoxylation of
      8 to 20, preferably 10 to 15, and where the quantitative ratio of the
      lower ethoxylated compound to the higher ethoxylated compound is 1:3 to
      1:1, preferably 1:2 to 1:1;
PAR  b. from 4 to 6 percent by weight of a soap, consisting of the alkali metal
      salts of fatty acids with substantially 12 to 18 carbon atoms;
PAR  c. from 0.3 to 0.5 percent by weight of a water-soluble organic
      sequestering agent for heavy metal ions.
PAR  Preferably, the above defined solvent combination (d) represents from 25 to
      30 percent by weight of the preparations. Preparations with a particularly
      good cold water solubility and storage stability contain a solvent
      combination (d) of a monohydric ether alcohol and a diol in a quantitative
      ratio of 3:2. Particularly preferred as the ether alcohol is the compound
      n-butoxyethoxyethanol (n-butyl diglycol), and as alkanediol, the compound
      propylene glycol (1,2 propanediol). A liquid preparation produced with
      these solvents according to the invention has not only the above mentioned
      favorable properties, it also is practically odorless. The absence of a
      specific odor in the preparation is particularly of advantage when it is
      used at elevated temperatures, for example, when washing at 60.degree.C in
      the washing machine. During the washing, and particularly during the
      draining of a hot wash liquor through an open outlet, the specific odor of
      the detergent components may be noticed in the room. It is therefore an
      advantage of the liquid detergent according to the invention that the wash
      liquors prepared with it give off practically no solvent vapors to the
      outside, due to the low partial vapor pressure of the solvents, and are
      not annoying for the user due to the absence of a characteristic odor.
PAR  The favorable acceptance of a washing and cleansing agent by the user may
      depend on whether the products have a pleasant smell. The commercial
      detergents and cleansers therefore contain perfumes which have to perform
      four different functions, particularly in detergents. Undoubtedly they
      should first of all impart to the powdered or liquid product a pleasant
      smell. Beyond that, however, they also have to hide or mask the unpleasant
      odors of the wash liquor frequently appearing during the washing, and
      finally accompany the washing result in the freshly washed wet wash and in
      the dry wash by an impression of cleanliness and freshness.
PAR  Liquid products have a substantially smaller surface area than powdered
      preparations, and larger amounts of perfumes are therefore required to
      achieve the same odor intensity in liquid products as in powdered
      products. A given amount of perfume, which is found to be pleasant in a
      liquid product, would impart to the wash liquor as well as to the textiles
      washed with it a too strong odor after the dissolution of the preparation.
PAR  It was found that these perfuming problems can be solved if a part of the
      aliphatic monohydric ether alcohol or alkoxy alkanol of the solvent
      combination according to the invention, namely up to an amount of 3
      percent by weight based on the total preparation, is replaced by ethanol
      or isopropyl alcohol. This small amount changes the odor impression of the
      liquid product according to the invention in such a way that a sufficient
      odor intensity is already achieved for the liquid concentrate with perfume
      amounts which are sufficient for powdered products; that is, it is
      possible this way to use from 0.15 to 0.25 percent by weight, instead of
      0.4 to 0.5 percent by weight, of perfume.
PAR  A content of more than 3 percent by weight of ethanol or isopropyl alcohol
      should be avoided, however, because then not only will the characteristic
      odor of these alcohols be noticed, but the flash point of the liquid
      preparation will drop to a temperature which is no longer acceptable for
      safety reasons.
PAR  Preparations according to the invention which contain up to 3 percent by
      weight ethanol or isopropyl alcohol have a flash point which is between
      60.degree. and 70.degree.C for the finished preparation. If such
      preparations are diluted with water to the concentrations customary for
      washing, the wash liquors thus obtained have a flash point which is above
      100.degree.C. The preparations with an ethanol or isopropyl alcohol
      content of up to 3 percent by weight are thus much safer than known liquid
      detergents which contain these low boiling alcohols in larger amounts as
      principal solvents. Cold water solubility and storage stability of the
      detergents according to the invention are practically not affected by this
      small amount of ethanol or isopropyl alcohol.
PAR  The preparations according to the invention furthermore contain in small
      amount of from 0.1 to 1 percent by weight of a water-soluble organic
      sequestering agent for heavy metal ions as component (c). Preferably these
      water-soluble organic sequestering agents for heavy metal ions are
      selected from the group consisting of (1) the aminopolyalkylene carboxylic
      acids, (2) the alkanepolyphosphonic acids, (3) the
      aminoalkanepolyphosphonic acids, (4) the hydroxy alkanepolyphosphonic
      acids, (5) the aminopolyalkylenepolyphosphonic acids, and their alkali
      metal salts. Typical examples of such sequestering agents are
      nitrilotriacetic acid, ethylenediaminetetraacetic acid,
      diethylenetriaminepentaacetic acid, methanediphosphonic acid,
      dimethylamino-methane-1,1-diphosphonic acid,
      aminotrimethylenetriphosphonic acid, 1-hydroxethane-1,1-diphosphonic acid,
      etc. The sequestering agents are preferably used in the form of their
      watersoluble sodium or potassium salts.
PAR  Sequestering agents for heavy metal ions are characterized by their much
      greater sequestering power for the ions of the heavy metals, which are
      primarily iron, copper, manganese and nickel, than for alkaline earth
      ions, such as calcium and magnesium, which are also responsible for the
      hardness of ordinary tap water. These sequestering agents yield therefore
      stable complexes with the heavy metal ions, even in the presence of
      alkaline earth ions, where the amount of the sequestering agents is not
      sufficient to sequester all the metal ions.
PAR  The formation of the complexes eliminates the undesired catalytic activity
      of the free heavy metallions. Thus, for example, the soap component is
      protected by the sequestering agent from becoming rancid, and oxidation of
      the optical brighteners is prevented. The formation of the colorless heavy
      metal complexes also prevents the undesired discoloring of the preparation
      by traces of heavy metal ions, which can get into the preparation during
      the manufacture, and the yellowing of the washed material caused by iron
      ions derived from the wash liquor.
PAR  In order to mask or separate the heavy metal ions which can be present in
      traces in the basic components of the liquid preparation, in the tap water
      used for washing and in the soil, small amounts of sequestering agents, of
      the order of from 0.1 to 0.3 percent by weight, are sufficient. Under
      certain circumstances it may be necessary to increase the sequestering
      agent content up to 1% by weight, particularly when the water used for
      washing has an extremely high iron content, or when mixing apparatus, pipe
      lines or storage tanks of metal are used in the large-scale production of
      the liquid preparation.
PAR  The low content of sequestering agents in the preparations makes it clear
      that it is not intended to sequester the hardness formers of the wash
      water, since this would require much larger amounts of sequestering
      agents. It is therefore another advantage of the invention that no other
      sequestering agents have to be present, except for the small amount
      necessary to sequester the heavy metal ions, in order to obtain a good
      cleaning effect even in hard water.
PAR  Preferably, so-called optical brighteners are added to the preparations
      according to the invention, just as in most modern detergents, in order to
      further increase the impression of whiteness of the clean and, if
      necessary, bleached wash. Because of the great number of different fibers
      used today, and the specific affinity which the various optical
      brighteners have to certain types of fibers, several optical brighteners
      are mostly used jointly to obtain a good brightening effect, for the
      mostly used fibers, such as cotton, polyamide, polyester and blended
      fabrics.
PAR  The detergents can contain particularly derivatives of
      diaminostilbene-disulfonic acid or its alkali metal salts as the optical
      brighteners for cotton. Suitable, for example, are salts of
      4,4'-bis-(2-anilino-4-morpholino-1,3,5-triazin-6-yl-amino)-stilbene-2,2'-d
     isulfonic acid, or similarly structured compound which carry instead of the
      morpholino group, a diethanolamino group, a methylamino group, or a
      2-methoxyethylamino group. The brighteners for polyamide fibers which can
      be used as those of the type of the 1,3-diaryl-2-pyrazolines, for example,
      the compound 1-(p-sulfamoylphenyl)-3-(p-chlorophenyl)-2-pyrazoline, as
      well as similarly structured compounds which carry instead of the
      sulfamoyl group, for example, the methoxycarbonyl group, the
      2-methoxyethoxycarbonyl group, the acetylamino group or the vinylsulfonyl
      group. Suitable polyamide brighteners are also the substituted
      aminocumarines, for example, 4-methyl-7-dimethylamino-cumarine or
      4-methyl-7-diethylamino-cumarine. Furthermore the compounds
      1-(2-benzimidazolyl)-2-(1-hydroxyethyl-2-benzimidazolyl)-ethylene and
      1-ethyl-3-phenyl-7-diethylamino-carbostyril can be used as polyamide
      brighteners. Brighteners for polyester and polyamide fibers are, for
      example, the compound
      2,5-di-(2-benzoxazolyl)-thiophene,2-(2-benzoxazolyl)-naptho-[2,3-b]-thioph
     ene and 1,2-di-(5-methyl-2-benzoxazolyl)-ethylene. Also suitable are
      brighteners of the type of the substituted 4,4'-distyryldiphenyls, for
      example, the compound 4,4'-bis-(4-chloro-3-sulfostyryl)-diphenyl. Mixtures
      of the above mentioned brighteners can also be used.
PAR  The optical brighteners can be contained in the preparations according to
      the invention in amounts of from 0.1 to 0.4 percent by weight. As far as
      the optical brighteners are salt-like, they are used in the form of the
      free acid or of their readily soluble salts, particularly the alkali metal
      salts. The incorporation both of the salt-like and of the non-ionogenic
      optical brighteners in the preparations according to the invention is
      readily possible since they are sufficiently soluble in the
      aqueous-alcoholic system of the preparations.
PAR  Furthermore, other washing agent auxiliaries can be added in small amounts
      to the preparations, such as, preservatives, anti-microbial compounds,
      dyes, and perfumes. If desired, a pearly luster of turbidizing substance,
      such as ethylene glycol-distearate can be incorporated in the
      preparations.
PAR  Preservatives can be added to protect the liquid preparations against
      bacterial decomposition. Suitable active substances are, for example,
      benzoic acid, salicylic acid, sorbic acid or aqueous formaldehyde
      solution. For preservation purposes, it suffices to add these substances
      in amounts of from 0.1 to 0.3 percent by weight, based on the total liquid
      product.
PAR  An extensive antimicrobial action is obtained if antimicrobial substances
      which are soluble in the preparations are added, and which display during
      the washing and cleansing process an additional bactericidal or
      bacteriostatic or fungicidal or fungistatic effect on the substrate, thus
      enhancing the cleaning action proper of the tensides. As known, washing
      temperatures of up to 60.degree.C, at which the preparations according to
      the invention are to be mainly used, are not sufficient to kill or inhibit
      all the existing germs so that the addition of antimicrobial substances
      may be desirable for hygienic reasons.
PAR  Quaternary ammonium compounds can be used as antimicrobial substances which
      have, in addition to one long-chained and two short-chained alkyl radicals
      generally a benzyl or allyl radical, such as the compounds
      dimethylbenzyl-dodecyl-ammonium chloride or dibutylallyl-dodecylammonium
      chloride. Suitable are also the halogenated phenolic compounds of the type
      of the halogenated alkylenebisphenols, the hydroxybenzoic acid derivatives
      and the phenoxy-phenols, known as antimicrobial compounds. These
      compounds, if used, may be employed in amounts up to 1 percent by weight
      of the preparation.
PAR  The liquid preparations according to the invention can be produced in a
      simple manner by mixing the components in conventional mixing apparatus.
      It is not necessary to maintain a certain sequence for the addition of the
      individual components. The mixing of the components can be effected at
      room temperature, but it can be accelerated at elevated temperatures.
      Additives like perfumes and preservatives are added to the preparation
      with advantage at room temperature. Details of the process of the
      manufacture of the washing and cleansing compositions of the invention are
      given in the Examples which follow.
PAR  When washing textiles, for which the liquid preparations according to the
      invention are particularly suitable, a good washing effect is achieved
      both in hard and in soft water and at washing temperatures which are at
      room temperatures or below; that is, the water hardness of the wash
      liquors can be in the range of 0.degree. - 30.degree.dH (dH=degrees German
      hardness = 0 to 300 ppm calcium oxide) and the temperature of the wash
      liquor can vary between 10.degree. and 60.degree.C. The washing is
      generally effected in an automatic washing machine. The liquid preparation
      is also suitable, however, for washing by hand. For stubborn stains, it
      may be of advantage to apply the liquid undiluted preparation directly on
      the dry textile, if otherwise difficult stains or spots are to be washed
      out. For ordinary washing of textiles, the liquid preparation of the
      invention are employed in dilutions with wash liquor of 1:40 to 1:200,
      preferably 1:50 to 1:100.
PAR  The washing effect and the greying behavior (maintenance of whiteness) of
      the preparation were compared with the conventional phosphate-containing
      detergents. In these comparison tests the visual evaluation of the washing
      results showed an equally good and partly even better evaluation of the
      preparation according to the invention, and in the case of the
      determination of the whiteness effect, the subjective evaluations could be
      verified by measurement of the remission values with a photometer.
PAR  The following specific embodiments are illustrative of the practice of the
      invention without being limitative in any respect.
PAC  EXAMPLES
PAR  In the manufacture of the preparations under laboratory conditions, as well
      as on a technical scale, the following procedure was found particularly
      expedient.
PAR  First the sequestering agent, then the soap was dissolved in demineralized
      water with stirring and heating to about 40.degree. to 60.degree.C.
      Preferably, the fatty acid and the calculated amount of alkali metal
      hydroxide were added separately instead of the soap, the alkali metal
      hydroxide being dissolved first and then the fatty acids were added. By
      this procedure, preparation with a less pronounced natural color were
      obtained, as compared to those obtained with the addition of a finished
      soap. The organic solvents were mixed with the clear batch, then the
      optical brighteners were added and dissolved with stirring. Subsequently,
      the two non-ionic surface-active compounds were added and the solution
      thus obtained was cooled to room temperature. The dye or colorant was
      dissolved either in a partial amount of the ether alcohol which has been
      retained or in the portion of ethanol or isopropyl alcohol provided, and
      this solution as well as the preservative and the perfume are added to the
      cooled batch with stirring.
     EXAMPLE 1                                                                 

                              Percent                                          

                              by                                               

                              Weight                                           

     ______________________________________                                    

     oleyl/cetyl alcohol (alcohol iodine number                                

      50) + 5 EO                20                                             

     oleyl/cetyl alcohol (alcohol iodine number                                

      50) + 10 EO               20                                             

     fatty acid mixture (5% by weight C.sub.12, 6% by                          

      by weight C.sub.14, 31% by weight C.sub.16, 58% by                       

      by weight C.sub.18 ; iodine number 45)                                   

                                5.55                                           

     sodium hydroxide           0.83                                           

     2-(2-n-butoxyethoxy)-ethanol                                              

      ("Butyl Carbitol")        15                                             

     propylene glycol (1,2-propanediol)                                        

                                10                                             

     sodium ethylenediaminetetraacetate                                        

                                0.5                                            

     cotton brightener I (4,4'-bis-(2-anilino-4-                               

      morpholino-1,3,5-triazin-6-yl-amino)-                                    

      stilbene-2,2'-disulfonic acid-sodium salt)                               

                                0.06                                           

     cotton brightener II (4,4'-bis-(2-anilino-                                

      4-methyl-amino-1,3,5-triazin-                                            

      6-yl-amino)-stilbene-2,2'-di-                                            

      sulfonic acid-sodium salt)                                               

                                0.06                                           

     dye                        0.0012                                         

     perfume                    0.4                                            

     formalin (37%)             0.1                                            

     distilled water balance up to                                             

                                100                                            

     ______________________________________                                    

      EO = mols of ethylene oxide adducted to the alcohol                      

PAR  For the production of the liquid preparation, the distilled water was
      charged and the sodium ethylenediaminetetraacetate and sodium hydroxide
      were dissolved therein. Then the fatty acid mixture was added with
      stirring and the mixture was heated to 60.degree.C. After the batch had
      become clear, the organic solvents butoxyethoxyethanol and propylene
      glycol were stirred in. About one-fifth of the total amount of the
      butoxyethoxyethanol was retained, however, and the dye was dissolved
      therein separately. After adding the organic solvents, the optical
      brighteners and then the two non-ionic surfactants were added. A clear
      solution was obtained which was cooled to room temperature and then mixed
      under stirring with the dye solution, the formalin solution and the
      perfume. The following physical characteristics were determined for the
      preparation thus obtained:
TBL  viscosity  93 cP (Brookfield 20.degree.C)                                 

     density (20.degree.C)                                                     

                1.000 g/ml                                                     

     pH-value   11.5                                                           

     flash point                                                               

                over 100.degree.C (according to DIN 51,758)                    

PAC  EXAMPLE 2
PAR  The composition of the preparation corresponds to that of Example 1, with
      the exception of the combination of the organic solvents. The solvent
      combination used (related to the total amount) was:
TBL  butoxyethoxyethanol  12% by weight                                        

     propylene glycol     10% by weight                                        

     isopropyl alcohol    3% by weight                                         

PAR  The production was effected as described in Example 1. The dye was
      dissolved in the isopropyl alcohol and added to the cooled preparation
      together with the preservative and the perfume. 0.2 percent by weight of
      the perfume were sufficient in this instance.
TBL  ______________________________________                                    

     Characteristics of the preparation:                                       

     ______________________________________                                    

     viscosity      85 cP (Brookfield, 20.degree.C)                            

     density (20.degree.C)                                                     

                    0.997 g/ml                                                 

     pH-value       11.3                                                       

     flash point    62.degree.C (according to DIN 51,755):                     

                    when diluted with water 1:50, the                          

                    flash point is above 100.degree.C.                         

     ______________________________________                                    

PAR  The liquid preparations according to Examples 1 and 2 were clear and easily
      pourable. A homogeneous solution was obtained immediately when they were
      poured into cold tap water of 13.degree.c (40 ml of preparation, 300 C of
      water) and stirred with a glass rod (stirring time about 1 second)
PAR  The properties of the preparations were not permanently changed by
      prolonged storage under extreme temperature conditions (+5.degree.C to
      +60.degree.C).
PAR  Other liquid preparations according to the invention whose properties are
      comparable to those of Examples 1 and 2, and which can be produced in a
      similar manner, will be described in the following Table I. The following
      designations and abbreviations respectively are used for the components.
      The components in their form of salts, unless explicitly indicated
      otherwise, are present as the sodium salts. "CA+3EO," "CA+12EO," "TA+5EO,"
      "TA+14EO," "OCA+5EO," OCA+10EO" the addition products of 3, 5, 10, 12 and
      14 mols of ethylene oxide (EO) adducted on 1 mol of technical coconut
      alcohol (CA) or tallow alcohol (TA) or oleyl-cetyl alcohol (iodine number
      50) (OCA).
PAR  "Soap A": a soap produced in situ from a tallow fatty acid mixture of about
      5% by weight C.sub.12, 6% by weight C.sub.14, 31% by weight C.sub.16, and
      58% by weight C.sub.18 (iodine number 45).
PAR  "Soap B": a soap produced in situ from the C.sub.12 to C.sub.14 fatty acids
      of coconut oil (iodine number 2)
PAR  "EDTA", "NTA": the sodium salts of ethylenediaminetetraacetic acid and
      nitrilo-triacetic acid.
PAR  "Cotton brightener": a compound of the formula
      4,4'-bis-(2-anilino-4-morpholino-1,3,5-triazin-6-yl-amino)-stilbene-2,2'-d
     isulfonic acid-sodium salt.
PAR  "Polyamide brightener": a compound of the formula
      1-(p-sulfamoyl-phenyl)-3-p-chlorophenyl)-2-pyrazoline.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Component of                                                              

     Preparation       % by weight of the component according to               

     __________________________________________________________________________

                       example                                                 

                       3   4   5   6   7   8   9                               

     __________________________________________________________________________

     CA + 3 EO         --  --  --  20.0                                        

                                       --  --  --                              

     CA + 12 EO        --  --  20.0                                            

                                   --  --  --  --                              

     TA + 5 EO         --  --  20.0                                            

                                   --  --  --  --                              

     TA + 14 EO        --  20.0                                                

                               --  --  --  --  --                              

     OCA + 5 EO        30.0                                                    

                           20.0                                                

                               --  --  15.0                                    

                                           20.0                                

                                               20.0                            

     OCA + 10 EO       30.0                                                    

                           --  --  20.0                                        

                                       15.0                                    

                                           20.0                                

                                               20.0                            

     Soap A            6.0 6.0 6.0 --  --  6.0 6.0                             

     Soap B            --  --  --  6.0 2.0 --  --                              

     EDTA              0.5 0.5 0.5 0.5 0.3 --  0.5                             

     NTA               --  --  --  --  --  1.0 --                              

     Butoxyethanol     --  --  --  --  --  --  --                              

     Ethoxyethoxyethanol                                                       

                       --  --  --  --  --  --  --                              

     Butoxyethoxyethanol                                                       

                       12.0                                                    

                           12.0                                                

                               12.0                                            

                                   12.0                                        

                                       15.0                                    

                                           12.0                                

                                               15.0                            

     Ethylene glycol   --  --  --  --  --  --  --                              

     Diethylene glycol --  --  --  --  --  --  --                              

     Propylene glycol  10.0                                                    

                           10.0                                                

                               10.0                                            

                                   10.0                                        

                                       10.0                                    

                                           10.0                                

                                               10.0                            

     Ethanol           --  --  --  3.0 --  --  --                              

     Isopropyl alcohol 3.0 3.0 3.0 --  --  3.0 --                              

     Cotton brightener  0.12                                                   

                            0.12                                               

                                0.12                                           

                                    0.12                                       

                                        0.12                                   

                                            0.12                               

                                                0.12                           

     Polyamide brightener                                                      

                       --  --  --  --  --  --   0.02                           

     Balance: distilled water, dye and perfume, preservatives.                 

     __________________________________________________________________________

                       10  11  12  13  14                                      

     __________________________________________________________________________

     KA + 3 EO         --  --  --  --  --                                      

     KA + 12 EO        --  --  --  --  --                                      

     TA + 5 EO         --  --  --  --  --                                      

     TA + 14 EO        --  --  --  --  --                                      

     OCA + 5 EO        20.0                                                    

                           20.0                                                

                               20.0                                            

                                   20.0                                        

                                       25.0                                    

     OCA + 10 EO       20.0                                                    

                           20.0                                                

                               20.0                                            

                                   20.0                                        

                                       25.0                                    

     Soap A            6.0 6.0 6.0 6.0 --                                      

     Soap B            --  --  --  --  6.0                                     

     EDTA              0.5 0.5 0.5 0.5 0.6                                     

     Butoxyethanol     --  --  --  12.5                                        

                                       --                                      

     Ethoxyethoxyethanol                                                       

                       --  --  12.0                                            

                                   --  --                                      

     Butoxyethoxyethanol                                                       

                       12.0                                                    

                           12.0                                                

                               --  --  15.0                                    

     Ethylene glycol   10.0                                                    

                           --  --  --  --                                      

     Diethylene glycol --  10.0                                                

                               --  --  --                                      

     Propylene glycol  --  --  10.0                                            

                                   12.5                                        

                                       10.0                                    

     Ethanol           3.0 --  --  --  --                                      

     Isopropyl alcohol --  3.0 3.0 --  --                                      

     Cotton brightener  0.12                                                   

                            0.12                                               

                                0.12                                           

                                   0.2  0.12                                   

     Polyamide brightener                                                      

                        0.02                                                   

                            0.02                                               

                               --  --  --                                      

     Clouding agent    --  --  --  1.0 --                                      

     Balance: distilled water, dye and perfume, preservatives.                 

     __________________________________________________________________________

PAC  EXAMPLE 15
PAR  When washing textiles in automatic washing machines, using the liquid
      preparations of the above examples in ratios of 1:40 to 1:100 parts of the
      wash liquor, a good washing effect was achieved both in hard and in soft
      wash liquor and at washing temperatures which are at room temperature or
      below; that is, the water hardness of the wash liquors was in the range of
      0.degree. to 30.degree. dH (0 to 300 ppm of calcium oxide) and the
      temperature of the wash liquor varied between 10.degree. and 60.degree.C.
PAR  The washing effect and the greying behavior (maintenance of whiteness) of
      the preparation were compared with the conventional phosphate-containing
      detergents. In these comparison tests the visual evaluation of the washing
      results showed an equally good and partly even better evaluation of the
      preparation according to the invention, and in the case of the
      determination of the whiteness effect, the subjective evaluations could be
      verified by measurement of the remission values with a photometer.
PAR  The preceding specific embodiments are illustrative of the practice of the
      invention. It is to be understood, however, that other expedients known to
      those skilled in the art or disclosed herein may be employed without
      departing from the spirit of the invention or the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A liquid foam-regulated washing and cleansing agent composition
      containing non-ionic surface-active compounds and organic water-miscible
      solvents consisting essentially of
PA1  a. from 30 to 60 percent by weight of a combination of two ethoxylated
      alcohols having from 12 to 20 carbon atoms selected from the group
      consisting of alkanols, alkenols and mixtures thereof, where one of the
      two ethoxylated alcohols is adducted with an average of from 2 to 6 mols
      of ethylene oxide and the other ethoxylated alcohol is adducted with an
      average of 8 to 20 mols of ethylene oxide, and where the quantitative
      ratio of the lower ethoxylated alcohol to the higher ethoxylated alcohol
      is from 1:3 to 1:1;
PA1  b. from 2 to 6 percent by weight of an alkali metal soap of fatty acids
      with substantially from 12 to 18 carbon atoms;
PA1  c. from 0.1 to 1 percent by weight of a water-soluble organic sequestering
      agent for heavy metal ions;
PA1  d. from 20 to 35 percent by weight of a water-miscible solvent combination
      of a monohydric ether alcohol having from 5 to 8 carbon atoms selected
      from the group consisting of alkoxyalkanols and alkoxyalkoxyalkanols, and
      a diol having from 2 to 6 carbon atoms selected from the group consisting
      of alkanediols and alkoxyalkanediols, said alcohol and said diol having
      boiling points of over 160.degree.C and flash points of over 60.degree.C
      and the quantitative ratio of said alcohol to said diol being from 2:1 to
      1:2, with the proviso that up to 3 percent by weight, based on the total
      composition, of said monohydric ether alcohol is replaced with a
      monohydric alcohol selected from the group consisting of ethanol and
      isopropyl alcohol; and
PA1  e. at least 8 percent by weight up to the balance of 100% by weight, of
      water.
NUM  2.
PAR  2. The washing and cleansing composition of claim 1 wherein, in component
      (a), said two ethoxylated alcohols are ethoxylated products of
      straight-chained primary alcohols having from 12 to 18 carbon atoms.
NUM  3.
PAR  3. The washing and cleansing composition of claim 1 wherein, in component
      (a), one of said two ethoxylated alcohols is adducted with an average of
      from 3 to 5 mols of ethylene oxide and the other ethoxylated alcohol is
      adducted with an average of 10 to 15 mols of ethylene oxide.
NUM  4.
PAR  4. The washing and cleansing composition of claim 1 wherein, in component
      (a), the quantitative ratio of said lower ethoxylated alcohol to said
      higher ethoxylated alcohol is from 1:2 to 1:1.
NUM  5.
PAR  5. The washing and cleansing composition of claim 1 wherein the amount of
      component (a) is from 35 to 45 percent by weight, the amount of component
      (b) is from 4 to 6 percent by weight, the amount of component (c) is from
      0.3 to 0.5 percent by weight.
NUM  6.
PAR  6. The washing and cleansing composition of claim 1 wherein the amount of
      component (d) is from 25 to 30 percent by weight.
NUM  7.
PAR  7. The washing and cleansing composition of claim 1 wherein, in component
      (d), said quantitative ratio of said alcohol to said diol is from 3:2 to
      1:1.
NUM  8.
PAR  8. The washing and cleansing composition of claim 1 wherein, in component
      (d), said monohydric ether alcohol is n-butoxyethoxyethanol and said diol
      is 1,2-propanediol.
NUM  9.
PAR  9. The washing and cleansing composition of claim 1 wherein, in component
      (d), up to 3 percent by weight, based on the total composition, of said
      monohydric ether alcohol is replaced by ethanol.
NUM  10.
PAR  10. The washing and cleansing composition of claim 1 wherein, in component
      (d), up to 3 percent by weight, based on the total composition, of said
      monohydric ether alcohol is replaced by isopropyl alcohol.
NUM  11.
PAR  11. The washing and cleansing composition of claim 10 wherein from 0.15 to
      0.25 percent by weight of perfume is additionally contained in said
      composition.
NUM  12.
PAR  12. The washing and cleansing composition of claim 1 wherein said
      composition contains up to 1 percent by weight of an optical brightener.
NUM  13.
PAR  13. The washing and cleansing composition of claim 1 wherein the amount of
      component (a) is from 35 to 45 percent by weight of two ethoxylated
      alcohols having from 12 to 18 carbon atoms where said alcohols are
      straight-chained, primary alcohols, one of said ethoxylated alcohols being
      adducted with an average of from 3 to 5 mols of ethylene oxide and the
      other, with an average of 10 to 15 mols of ethylene oxide, with the
      quantitative ratio between said lower ethoxylated alcohol to said higher
      ethoxylated alcohol being from 1:2 to 1:1; the amount of component (b) is
      from 4 to 6 percent by weight, the amount of component (c) is from 0.3 to
      0.5 percent by weight; and the amount of component (d) is from 25 to 30
      percent by weight where the quantitative ratio of said alcohol to said
      diol is from 3:2 to 1:1.
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ABST
PAL  A mixture of a non-cationic surface active detergent, a bacterial amylase
      of the alpha type, and an alkaline protease, which composition contains
      about 100,000 to 400,000 Novo alpha-amylase units of said amylase per
      Anson unit of said alkaline protease.
PARN
PAR  This is a continuation of application Ser. No. 200,629 filed Nov. 19, 1971,
      now abandoned, which was a continuation of Ser. No. 733,279, filed May 31,
      1968, now abandoned.
BSUM
PAR  The preparation of detergent compositions containing enzymes for use in the
      washing of clothes is well known in the art. Best results have been
      obtained thus far by the use of proteolytic enzymes ("proteases"). The use
      of amylases has also been suggested but these have been found to be much
      less effective. The more effective proteolytic enzymes are quite expensive
      and their inclusion in detergent compositions results in a substantial
      increase in the cost of the composition.
PAR  In accordance with one aspect of this invention there is provided an
      enzyme-containing detergent composition comprising a mixture of a
      non-cationic surface active detergent, a bacterial amylase of the alpha
      type, and an alkaline protease, which composition contains about 100,000
      to 400,000 Novo alpha-amylase units of said amylase per Anson unit of said
      alkaline protease. It is found, surprisingly, that by the use of an amount
      of alpha-amylase within this range the amount of the expensive protease
      needed to attain a given level of stain removal is greatly reduced, and
      the cost of the enzyme-containing detergent composition is lowered
      considerably although its effectiveness is retained.
PAR  One especially suitable alkaline protease for use in the practice of this
      invention is subtilopeptidase A, which is found in the enzyme preparation
      sold under the name "Alcalase", which has its greatest activity at pH 8-9.
PAR  The activity of the alkaline protease may be measured by an assay procedure
      in which the enzyme is used to digest a denatured haemoglobin substrate
      for 10 minutes at 25.degree.C in a buffered aqueous medium at the selected
      pH and the amount of digested material is determined by a color test with
      phenol reagent, as in the measurement of the Anson unit activity, as
      described in Jour. Gen. Physiology Vol. 22 p. 79 (1939).
PAR  Another assay procedure (for the alkaline protease) involves the use of the
      known Hammersten type of casein as the substrate, the digestion of the
      substrate being carried out in buffered aqueous medium at a temperature of
      50.degree.C. for, say, 15 minutes in a glass tube. The enzyme is then
      inactivated, and the digestion is stopped, by plunging the glass tube into
      a boiling water bath. The extent of digestion is then measured by adding
      an aliquot of the digested solution to citrate buffer and a ninhydrin
      solution. Ninhydrin reacts with the amino groups freed during the original
      assay to form a blue color at high temperature. The darker the color the
      greater the digestion of casein by the enzyme. The intensity of color is
      measured (e.g. with a Spectronic "20" colorimeter). Since undigested
      casein in the solution also contributes to the color, the results for all
      samples must be compared to the results obtained on a blank containing
      only the casein and buffer, without the added enzyme. Further details of
      the assay procedure are given later in this application.
PAR  The alkaline protease used in the practice of this invention is found to be
      resistant to the effects of chelating agents such as trisodium
      ethylenediaminetetraacetate (EDTA), indicating that a metal cofactor is
      not involved in the activity of the enzyme. Thus, when the casein
      digestion test described above is modified by the inclusion of EDTA (in a
      concentration of about 0.01 M, based on total mixture being digested in
      the aqueous digestion medium) the activity of the alkaline protease is
      reduced by at most about 25%. In contrast the same inclusion of EDTA in a
      test of a neutral type of protease reduces the activity by some 75% or
      more, but the neutral protease can be reactivated, or prevented from
      losing its activity in the presence of EDTA by the action of certain metal
      ions (such as zinc), which indicates that a metal cofactor is required for
      its activity. The alkaline protease used in the practice of this invention
      is, however, substantially inactivated by conventional treatment with
      diisopropyl fluorophosphate (which is a standard reagent for combining
      with a serine unit of a protein), thus indicating that the active site of
      the enzyme has a serine unit; in this respect the alkaline protease used
      in this invention again differs from the common neutral protease which
      substantially retains its activity after it has been treated with the same
      diisopropyl fluorophosphate reagent. Using these, and other known
      distinctions (such as the known tests in which the activity is measured
      after treatments, as with cyanides, that destroy SH groups) one skilled in
      the art can readily determine the Anson activity attributable to the
      alkaline protease in a mixtue containing both alkaline and neutral
      proteases.
PAR  The alpha-amylase used in the practice of this invention may also be
      obtained by fermentation of B. subtilis. It may contain other enzymes in
      admixture with the amylase (e.g. some neutral protease). The amylase
      assay, in Novo units, may be found by a well known standard procedure
      which is a modification of the SKB method (Sandstedt, Kneen & Blish,
      Cereal Chemistry 16, 712, (1939)) without addition of beta-amylase. In
      this procedure 20 ml of a buffered starch solution are measured in a test
      tube (diameter 24 mm, length 190 mm) and placed in a water thermostat at a
      temperature of 37.degree.C. After a few minutes pre-warming, 10 ml of the
      amylase solution to be tested (or v ml amylase solution + (10-v) ml water)
      is added. The contents of the tube are thoroughly mixed and at the same
      time a stopwatch is started. At appropriate time intervals 1 ml of the
      reaction mixture is added to 5 ml of a dilute iodine solution, shaken and
      transferred to a comparison tube, and the colour is compared with the
      standard colour. If the colour endpoint is reached in less than 10
      minutes, a more dilute amylase solution or a smaller volume of amylase
      solution is used.
PAR  As colorimeter the Hellige Comparator 607 is used with the glass
      alpha-amylase standard. (cf. Redfern Methods for determination of
      alpha-amylase, Cereal Chemistry 24, 259, (1947)). The alpha-amylase
      activity of the sample may be calculated by using the following formula:
      ##EQU1##
      where A = alpha-amylase activity in Novo Units per gram
PA1  t = time to reach the colour endpoint
PA1  a = weight of sample in grams
PA1  V = volume to which the sample is diluted (ml)
PA1  v = volume of amylase solution used (ml)
PAR  The factor "1430" is not strictly constant but depends to some degree upon
      the starch quality used. For exact determinations, the value of the factor
      should be calculated by means of a commercially available standard amylase
      preparation with known activity. The dilute iodine solution mentioned
      above is prepared by dissolving 1 ml of "stock iodine solution" and 20 g
      of potassium iodide in sufficient water to make 500 ml; the "stock iodine
      solution" is prepared by dissolving 11 g of iodine crystals and 22 g of
      potassium iodide in sufficient water to make 500 ml. The buffered starch
      solution mentioned above is prepared as follows: 10 g soluble starch (e.g.
      Merck. Amylum solubile, Soluble Starch, Erg. B.6) calculated as dry matter
      are made into a slurry with some water. The slurry is added to about 200
      ml of boiling water. When the starch is completely dissolved, the solution
      is cooled, transferred to a 1 liter volumetric flask and made up to the
      mark with water. The starch solution is mixed with 390 ml water and 50 ml
      of a buffer-salt solution (made by dissolving 9.36 g NaCl, 69.00 g
      KH.sub.2 PO.sub.4, 4.80 g Na.sub.2 HPO.sub.4, 2 H.sub.2 O in sufficient
      water to make 1 liter). Finally the solution is saturated with toluene.
      The pH of the finished buffered starch solution should be 5.7. The starch
      solution must be as freshly prepared as possible but can be stored in the
      refrigerator for not more than 24 hours. Distilled water is used in all
      cases.
PAR  One particularly suitable source of alpha-amylase is the endoamylase
      preparation sold as Novo amylase which contains about 360,000 Novo amylase
      units and 0.4 - 0.5 Anson unit of neutral protease per gram. Another
      suitable source, which is substantially free of protease, is Wallerstein
      Amylase.
PAR  The amount of the enzyme mixture present in the detergent composition will,
      of course, depend to some extent on the amount of the detergent
      composition which is to be added to the wash water. For detergent
      compositions which are intended for use at concentrations of, say, about
      0.15% in the wash water of an automatic home laundry machine, one suitable
      amount of enzyme mixture is such as to provide 1 Anson unit of the
      alkaline protease for each 100 to 500 (e.g. 200 to 400) grams of the
      detergent composition.
PAR  The mixture preferably contains an anionic surface active detergent, most
      preferably a sulfonated detergent, such as an alkylbenzenesulfonate.
      Nonionic surface active detergents or amphoteric surface active detergents
      may also be present, alone or together with the anionic detergent.
PAR  The anionic surface active agents include those surface active or detergent
      compounds which contain an organic hydrophobic group and an anionic
      solubilizing group. Typical examples of anionic solubilizing groups are
      sulfonate, sulfate, carboxylate, phosphonate and phosphate. Examples of
      suitable anionic detergents which fall within the scope of the invention
      include the soaps, such as the water-soluble salts of higher fatty acids
      or rosin acids, such as may be derived from fats, oils and waxes of
      animal, vegetable origin, e.g. the sodium soaps of tallow, grease, coconut
      oil, tall oil and mixtures thereof; and the sulfated and sulfonated
      synthetic detergents, particularly those having about 8 to 26, and
      preferably about 12 to 22, carbon atoms to the molecule.
PAR  As examples of suitable synthetic anionic detergents there may be cited the
      higher alkyl mononuclear aromatic sulfonates such as the higher alkyl
      benzene sulfonates containing from 10 to 16 carbon atoms in the alkyl
      group in a straight or branched chain, e.g., the sodium salts of higher
      alkyl benzene sulfonates or of the higher alkyl toluene, xylene and phenol
      sulfonates; alkyl naphthalene sulfonate, ammonium diamyl naphthalene
      sulfonate, and sodium dinonyl naphthalene sulfonate. In one preferred type
      of composition there is used a linear alkyl benzene sulfonate having a
      high content of 3- (or higher) phenyl isomers and a correspondingly low
      content (well below 50%) of 2- (or lower) phenyl isomers; in other
      terminology, the benzene ring is preferably attached in large part at the
      3 or higher (e.g. 4,5,6 or 7) position of the alkyl group and the content
      of isomers in which the benzene ring is attached at the 2 or 1 position is
      correspondingly low. Particularly preferred materials are set forth in
      U.S. Pat. No. 3,320,174, May 16, 1967, of J. Rubinfeld.
PAR  Other anionic detergents are the olefin sulfonates, including long chain
      alkene sulfonates, long chain hydroxyalkane sulfonates or mixtures of
      alkenesulfonates and hydroxyalkanesulfonates. These olefin sulfonate
      detergents may be prepared, in known manner, by the reaction of SO.sub.3
      with long chain olefins (of 8-25, preferably 12-21 carbon atoms) of the
      formula RCH=CHR.sub.1, where R is alkyl and R.sub.1 is alkyl or hydrogen,
      to produce a mixture of sultones and alkenesulfonic acids, which mixture
      is then treated to convert the sultones to sulfonates. Examples of other
      sulfate or sulfonate detergents are paraffin sulfonates having, for
      example, about 10-20, preferably about 15-20, carbon atoms such as the
      primary paraffin sulfonates made by reacting long chain alpha olefins and
      bisulfites (e.g. sodium bisulfite) or paraffin sulfonates having the
      sulfonate groups distributed along the paraffin chain such as the products
      made by reacting a long chain paraffin with sulfur dioxide and oxygen
      under ultraviolet light followed by neutralization with NaOH or other
      suitable base (as in U.S. Pat. Nos. 2,503,280; 2,507,088; 3,260,741;
      3,372,188 and German patent 735,096); sulfates of higher alcohols; salts
      of .alpha.-sulfofatty esters (e.g. of about 10 to 20 carbon atoms, such as
      methyl .alpha.-sulfomyristate or .alpha.-sulfotallowate).
PAR  Examples of sulfates of higher alcohols are sodium lauryl sulfate, sodium
      tallow alcohol sulfate, Turkey Red Oil or other sulfated oils, or sulfates
      of mono- or di-glycerides of fatty acids (e.g. stearic monoglyceride
      monosulfate), alkyl poly (ethenoxy) ether sulfates such as the sulfates of
      the condensation products of ethylene oxide and lauryl alcohol (usually
      having 1 to 5 ethonoxy groups per molecule); lauryl or other higher alkyl
      glyceryl ether sulfonates; aromatic poly (ethanoxy) ether sulfates such as
      the sulfates of the condensation products of ethylene oxide and nonyl
      phenol (usually having 1 to 6 oxyethylene groups per molecule.
PAR  The suitable anionic detergents include also the acyl sarcosinates (e.g.
      sodium lauroylsarcosinate) the acyl esters (e.g. oleic acid ester) of
      isethionates, and the acyl N-methyl taurides (e.g. potassium N-methyl
      lauroyl- or oleyl tauride).
PAR  The most highly preferred water soluble anionic detergent compounds are the
      ammonium and substituted ammonium (such as mono-, di- and
      triethanolamine), alkali metal (such as sodium and potassium) and alkaline
      earth metal (such as calcium and magnesium) salts of the higher alkyl
      benzene sulfonates, olefin sulfonates, the higher alkyl sulfates, and the
      higher fatty acid monoglyceride sulfates. The particular salt will be
      suitably selected depending upon the particular formulation and the
      proportions therein.
PAR  Nonionic surface active agents include those surface active or detergent
      compounds which contain an organic hydrophobic group and a hydrophilic
      group which is a reaction product of a solubilizing group such as
      carboxylate, hydroxyl, amido or amino with ethylene oxide or with the
      polyhydration product thereof, polyethylene glycol.
PAR  As examples of nonionic surface active agents which may be used there may
      be noted the condensation products of alkyl phenols with ethylene oxide,
      e.g., the reaction product of isooctyl phenol with about 6 to 30 ethylene
      oxide units; condensation products of alkyl thiophenols with 10 to 15
      ethylene oxide units; condensation products of higher fatty alcohols such
      as tridecyl alcohol with ethylene oxide; ethylene oxide addends of
      monoesters of hexahydric alcohols and inner ethers thereof such as
      sorbitan monolaurate, sorbitol mono-oleate and mannitan monopalmitate, and
      the condensation products of polypropylene glycol with ethylene oxide.
PAR  A particularly suitable composition, for use as a granular detergent
      material contains a mixture of a linear alkylbenzenesulfonate, as
      previously described, soap and a nonionic detergent, with the soap and
      nonionic detergent being present in minor portions. The ratios of the
      amounts of (A) soap, and (B) nonionic detergent, to (C) the total amount
      of the synthetic anionic sulfate and sulfonate detergent, in this mixture
      are preferably as follows: A:C, about 1:10 to 1:2, preferably about 1:4 to
      1:6, on an anhydrous basis; B:C about 1:10 to 1:3, e.g. about 1:4 to 1:6,
      on an anhydrous basis. The component (C) may comprise a blend of the
      linear alkylbenzenesulfonate detergent with other anionic synthetic
      sulfate or sulfonate detergents (e.g. olefin sulfonates, paraffin
      sulfonates having the sulfonate groups distributed along the paraffin
      chain, or alkyl sulfates) with the alkylbenzenesulfonate constituting,
      say, 1/3, 1/2 or 2/3 of this blend.
PAR  Examples of suitable amphoteric detergents are those containing both an
      anionic and a cationic group and a hydrophobic organic group, which is
      advantageously a higher aliphatic radical, e.g. of 10-20 carbon atoms.
      Among these are the N-long chain alkyl aminocarboxylic acids (e.g. of the
      formula
      ##EQU2##
      the N-long chain alkyl iminodicarboxylic acids (e.g. of the formula
      RN(R'COOM).sub.2) and the N-long chain alkyl betains (e.g. of the formula
      ##EQU3##
      where R is a long chain alkyl group, e.g. of about 10-20 carbons, R' is a
      divalent radical joining the amino and carboxyl portions of an amino acid
      (e.g. an alkylene radical of 1-4 carbon atoms), M is hydrogen or a
      salt-forming metal, R.sub.2 is a hydrogen or another monovalent
      substituent (e.g. methyl or other lower alkyl), and R.sub.3 and R.sub.4
      are monovalent substituents joined to the nitrogen by carbon-to-nitrogen
      bonds (e.g. methyl or other lower alkyl substituents). Examples of
      specific amphoteric detergents are N-alkyl-beta-aminopropionic acid;
      N-alkyl-beta-iminodipropionic acid, and N-alkyl, N,N-dimethyl glycine; the
      alkyl group may be, for example, that derived from coco fatty alcohol,
      lauryl alcohol, myristyl alcohol (or a lauryl-myristyl mixture),
      hydrogenated tallow alcohol, cetyl, stearyl, or blends of such alcohols.
      The substituted aminopropionic and iminodipropionic acids are often
      supplied in the sodium or other salt forms, which may likewise be used in
      the practice of this invention. Examples of other amphoteric detergents
      are the fatty imidazolines such as those made by reacting a long chain
      fatty acid (e.g. of 10 to 20 carbon atoms) with diethylene triamine and
      monohalocarboxylic acids having 2 to 6 carbon atoms, e.g.
      1-coco-5-hydroxethyl-5-carboxymethylimidazoline; betaines containing a
      sulfonic group instead of the carboxylic group; betaines in which the long
      chain substituent is joined to the carboxylic group without an intervening
      nitrogen atom, e.g. inner salts of 2-trimethylamino fatty acids such as
      2-trimethylaminolauric acid, and compounds of any of the previously
      mentioned types but in which the nitrogen atom is replaced by phosphorus.
PAR  Examples of water-soluble builder salts which may be used, particularly
      when heavy duty cleaning is desired, include phosphates and particularly
      condensed phosphates (e.g. pyrophosphates or tripolyphosphates),
      silicates, borates and carbonates (including bicarbonates), as well as
      organic builders such as salts of nitrilotriacetic acid or ethylene
      diamine tetracetic acid. Sodium and potassium salts are preferred.
      Specific examples are sodium tripolyphosphate, potassium pyrophosphate,
      sodium hexametaphosphate, sodium carbonate, sodium bicarbonate, sodium
      sesquicarbonate, sodium tetraborate, sodium silicate, salts (e.g. Na salt)
      of methylene diphosphonic acid, trisodium nitrilotriacetate, disodium
      diglycollate, or mixtures of such builders, including mixtures of
      pentasodium tripolyphosphate and trisodium nitrilotriacetate in a ratio,
      of these two builders, of 1:10 to 10:1, e.g. 1:1. The proportions of
      builder salt may be, for example, 50 parts or more (e.g. 50 to 1000 parts)
      per 100 parts of detergent.
PAR  The alkaline protease preparation and the alpha-amylase preparation may be
      added separately, as dry powders, to the detergent composition, or the two
      enzymes may be preblended before adding them. The enzymes, alone or
      preblended together, may be mixed with other ingredients before they are
      added to the detergent composition. Thus they may be mixed with a larger
      amount of a builder salt (such as particles of anhydrous pentasodium
      tripolyphosphate) and adhered to the surfaces of the builder salt
      particles by means of a water-soluble polyvinyl alcohol or carboxymethyl
      cellulose coating; in one embodiment a dry mixture of 3.7 parts of each of
      the two powdered enzyme preparations, and 87 parts of light density
      granular pentasodium tripolyphosphate (anhydrous, Form I or II) which is
      mainly of 20-40 mesh particle size (particle diameters 0.25 - 0.84 mm) is
      tumbled while 5.5 parts of a 10% aqueous solution of polyvinyl alcohol is
      sprayed thereon to give a non-dusty, non-caking granular product.
PAR  A dry blend of powders of the neutral protease preparation in the
      proportions described herein may be separately packaged and added to the
      wash water. The package may be a packet or capsule of the water soluble
      type, e.g. of polyvinyl alcohol film, and may contain enough enzyme for
      use in one wash (e.g. sufficient of the enzymes to provide the same
      concentration thereof, in 17 gallons of wash water, as if the enzyme
      mixture were premixed into the detergent composition, i.e. the packet may
      contain an amount of the enzyme blend such as to supply a total of about
      1/4 or 1/3 or 1/2 Anson unit of the alkaline protease). The packet may
      also contain a solid finely divided carrier or diluent (such as a builder
      salt or a nonionic solid detergent mixed with or coated with the enzyme
      preparations). On addition of the packet to the wash water the film
      dissolves, releasing the enzyme mixture.
PAR  It is also within the broad scope of this invention to use the enzyme
      mixture in a liquid detergent composition, e.g. an aqueous solution
      containing the enzymes and an organic detergent such as an olefin
      sulfonate detergent or alkylbenzenesulfonate detergent, as previously
      described, with or without builder salts.
PAR  The compositions often contain sodium sulfate, present in proportions of,
      for example, up to about 50% of the total solids.
PAR  Various other materials may be added to the detergent mixture in suitable
      amounts. Materials such as the higher fatty acid amides may be added to
      improve detergency and modify the foaming properties in a desirable
      manner. Examples thereof are the higher fatty acid alkanolamides,
      preferably having 2-3 carbons in each alkanol group and a fatty acyl
      radical within the range of 10-18 carbons, preferably 10-14 carbons, such
      as lauric or myristic monoethanolamides, diethanolamides and
      isopropanolamides. Tertiary higher alkyl amine oxides such as those having
      about 10-18 carbons in one alkyl group, e.g. lauryl or myristyl
      dimethylamine oxide, may be added also. Fatty alcohols of 10-18 carbons
      such as lauryl or coconut fatty alcohols, or cetyl alcohol  are suitable
      additives also. A hydrotropic material such as the lower alkyl aryl
      sulfonates, e.g. sodium toluene or xylene sulfonates, can assist
      processing also. In general, these materials are added in minor amounts,
      usually from about 1/2 to 10%, preferably 1 to 6%, based on the total
      solids.
PAR  The mixtures may also contain optical brightening agents or fluorescent
      dyes (e.g. in amounts in the range of about 1/20% to 1/2%); germicidal
      ingredients such as halogenated carbanilides, e.g. trichlorocarbanilide,
      halogenated salicylanilide, e.g. tribromosalicylanilide, halogenated
      bisphenols, e.g. hexachlorophene, halogenated trifluoromethyldiphenyl
      urea, zinc salt of 1-hydroxy-2- pyridinethione and the like (e.g. in
      amounts in the range of about 1/50% to 2%); soil-suspending agents such as
      sodium carboxymethyl cellulose or polyvinyl alcohol, preferably both, or
      other soluble polymeric materials, such as methyl cellulose (the amount of
      suspending agent being, for example, in the range of about 1/20% to 2%);
      antioxidants such as 2,6-di-tert-butylphenol, or other phenolic
      antioxidant materials (e.g. in amounts in the range of about 0.001 to
      0.1%), coloring agents, bleaching agents and other additives.
PAR  Borax, e.g. in proportion of up to about 10% (such as 1 to 15%) of the
      total solids may also be present.
PAR  In the assay using a casein substrate, described above, the enzyme
      preparation to be tested is dissolved (in a concentration on the order of
      15 ppm) in an amine buffered aqueous solution having a pH of 9.0 (measured
      at 50.degree.C.); this amine-buffered solution is made by mixing 1000 ml
      of an aqueous aminediol solution, containing 21.3 grams of
      2-amino-2-methyl-1,3-propanediol in said 1000 ml, with 500 ml of 0.1N HCl
      solution and adding sufficient water to make 4000 ml. A casein solution is
      prepared at a concentration of 1/2% w/v in said amine-buffered solution,
      using heat to aid in dissolving the casein. Equal volumes (e.g. 1 ml each)
      of the casein solution and the enzyme solution are mixed and maintained at
      50.degree.C for the predetermined period (e.g. 15 minutes), then subjected
      to a temperature of 100.degree.C (in the boiling water bath, as previously
      described) to stop the reaction. The digested mixture is then diluted with
      an equal total volume (e.g. 2 ml) of water and maintained at 50.degree.C.
      A 0.3 ml aliquot of the diluted digested mixture is then further diluted
      with 2.5 ml of a citrate buffer solution; this buffer solution is made by
      mixing 20 ml of a stock citric acid solution (made by dissolving 21.02
      grams of citric acid monohydrate in an amount of water sufficient to give
      a total volume of 500 ml) with 55 ml of a stock trisodium citrate solution
      (made by dissolving 29.41 grams of trisodium citrate in an amount of water
      sufficient to give a total volume of 500 ml) and add sufficient water to
      make 100 ml. Then 1.5 ml of a freshly prepared ninhydrin solution is added
      to the resulting buffered diluted digested mixture; the ninhydrin solution
      is made by mixing 2 grams ninhydrin with 4 ml of a 0.01 M solution of KCN
      in methyl cellosolve and diluting this solution to 300 ml with methyl
      cellosolve; the methyl cellosolve should be free of peroxides (e.g. it
      should not develop a yellow color on admixing with a potassium iodide
      solution). After the ninhydrin solution has been added the mixture (in a
      capped tube) is placed in a boiling water bath for 18 minutes, removed,
      and immediately placed in a cool water bath. After cooling the color
      intensity is measured at a wavelength of 570 m.mu..
DETD
PAR  The following Example is given to illustrate this invention further. In
      this Example and in the remainder of the application, all proportions are
      by weight unless otherwise indicated.
PAC  EXAMPLE
PAR  One suitable spray-dried detergent composition has the following
      approximate overall composition: 10% sodium linear
      tridecylbenzenesulfonate; 2% of the ethoxylation product made from
      ethylene oxide and primary alkanols of C14-C15 chain length, the
      ethoxylation product containing 11 mols of oxyethylene per mol of alkanol;
      2% of sodium soap of a mixture of 3 parts of tallow fatty acids and 1 part
      of coconut oil fatty acids; about 8.5% total moisture; 34% of phosphate
      solids; 7% of sodium silicate solids (Na.sub.2 O:SiO.sub.2 mol ration
      1:2.35); 0.15% of ultramarine blue; 0.5% of sodium carboxymethyl
      cellulose; 0.2% of watersoluble polyvinyl alcohol; 0.44% of fluorescent
      brighteners; 0.023% Polar Brilliant Blue RAW; 0.01% of a phenolic
      antioxident ("Iphol") and the balance sodium sulfate and a small amount of
      perfume.
PAR  This composition is prepared in granular form by spray drying a heated
      aqueous slurry containing the ingredients described and having a solids
      content of about 60% (i.e. the slurry has a total moisture content of
      about 40%). The slurry is prepared by vigorous agitation in a crutcher and
      is at a temperature of about 60.degree.C; in making the slurry the
      phosphate (supplied as a powder of anhydrous pentasodium tripolyphosphate)
      is added last, just before spraying.
PAR  The slurry is sprayed into a spray tower fed, countercurrent, with heated
      air; the air enters at the base of the tower at a temperature in the range
      of about 290.degree. or 310.degree. to 370.degree.C and leaves at, say,
      80.degree. to 105.degree.C. During spray drying there are formed granules
      of hollow beads, some being in the form of individual beads and most being
      in the form of clusters of such beads.
PAR  The brighteners used in this Example include (a) a naphthotriazole stilbene
      sulfonate brightener (Geigy "Tinopal RBS-200%"), (b) another stilbene
      brightener, bis (anilino diethanolamino triazinyl) stilbene disulfonic
      acid (c) another stilbene brightener, sodium bis (anilino morpholino
      triazinyl) stilbene disulfonate, and (d) an oxazole brightener, having a
      1-phenyl 2-benzoxazole ethylene structure, in the proportions of (a)
      0.071%, (b) 0.071% (c) 0.21% and (d) 0.088%.
PAR  The resulting granules are blended with 1/4% of their weight of very finely
      powdered alkaline protease preparation ("Alcalase," containing 1.5 Anson
      units of protease per gram, measured at pH 7.5) and 1/4% of their weight
      of an alpha-amylase (containing 360,000 Novo units per gram together with
      a minor amount, about 0.4-0.5 Anson unit per gram, of neutral protease).
PAR  The resulting product is found to be highly effective in practical laundry
      tests in automatic washing machines, using 0.15% of the product in New
      Brunswick, N.J., tap water (whose hardness is about 100 ppm) at
      120.degree.F., both for all-cotton clothes and garments made of blends of
      polyethylene terephthalate fibers and cotton fibers (e.g. 65:35 and 35:65
      fiber blends). The results are substantially as good as those obtained
      with an otherwise identical composition containing twice as much of the
      Alcalase (i.e. 1/2%) without the amylase preparation.
PAR  The product is tested for retention of its fabric-washing effectiveness in
      storage in both ordinary cardboard boxes (of the type in which built
      household detergent compositions are sold, conventionally, for home use)
      and boxes of the same type but which have walls that are highly resistant
      to the passage of atmospheric moisture. Tests are also carried out at
      elevated temperatures (e.g. 130.degree.F.) and under humid conditions
      (e.g. 90.degree.F., 90% R.H.). The composition of this Example shows good
      retention of its stain removal ability.
PAR  In another case, the procedure and proportions are identical, except that
      the assay of the alpha-amylase is 264,000 Novo units (rather than 360,000)
      per gram.
PAC  EXAMPLE II
PAR  Example I is repeated, using Wallerstein Amylase B6-3-7 P (having an
      alpha-amylase assay of 3.2 million PL units per gram) as the alpha-amylase
      preparation. In washing tests using cocoastained and
      blood-milk-ink-stained fabrics the results were as good as or better than
      those obtained by the use of twice as much (i.e. 1/2%) of the Alcalase
      without the amylase preparation.
PAC  EXAMPLE III
PAR  Example I is repeated, using as the granular detergent a composition
      containing 8.5% moisture, 10% nonionic detergent (polyethoxylated fatty
      alcohol) 7.0% sodium silicate solids, 29.3% tripolyphosphate as Na.sub.5
      P.sub.3 O.sub.10, 8.7% pyrophosphate as Na.sub.4 P.sub.2 O.sub.7, and 1.2%
      orthophosphate as Na.sub.2 HPO.sub.4, 3% sodium carbonate and the balance
      sodium sulfate plus small amounts of brighteners. To these granules there
      is added 1/4% of each of the two enzyme preparations used in Example I.
PAC  EXAMPLE IV
PAR  Example I is repeated except that there is used, as the spray dried
      detergent, a composition containing about 8% of sodium tallow alcohol
      sulfate, about 8% of sodium linear dodecylbenzenesulfonate, about 3% coco
      monoethanalamide, about 1% lauryl alcohol, about 50% pentasodium
      tripolyphosphate, about 5% sodium silicate, about 7% water and the balance
      sodium sulfate plus small amounts of brighteners.
PAR  Formulations are also prepared as in Example 1 containing about 150,000,
      200,000, and 300,000 Novo alpha-amylase units per Anson unit of alkaline
      protease, there being about 0.35 Anson unit of said alkaline protease per
      100 grams of the total composition.
PAR  The mixture of enzymes described herein is found to be effective at the
      relatively high pH values typical of commercial heavy duty built detergent
      compositions, such as a pH in the range of 9 to 10.5, e.g. 9.5 - 10; these
      pH values are measured on an aqueous 0.15% solution of the detergent
      composition.
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that variations may be made therein without
      departing from the spirit of the invention. The "Abstract" given above is
      merely for the convenience of technical searchers and is not to be given
      any weight with respect to the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A detergent composition for the washing of fabrics which consists
      essentially of a mixture of a surface active synthetic organic detergent
      selected from the group consisting of anionic, nonionic and amphoteric
      detergents and a mixture of enzyme powders, which enzyme powder mixture
      consists essentially of about 90,000 Novo alpha-amylase units of a
      bacterial alpha-amylase to about 3/8 Anson unit of an alkaline protease,
      with the alkaline protease being present in an amount to provide one Anson
      unit thereof for each 100 to 500 grams of detergent composition.
NUM  2.
PAR  2. A detergent composition according to claim 1 wherein the synthetic
      organic detergent contains a hydrocarbon sulfonate having 8 to 26 carbon
      atoms and the content of alkaline protease is about one Anson unit thereof
      for each 200 to 400 grams of detergent composition.
NUM  3.
PAR  3. A composition according to claim 2 in which the hydrocarbon sulfonate is
      sodium linear alkyl benzene sulfonate, having 10 to 16 carbon atoms in the
      alkyl group thereof and in which there is present a water soluble builder
      salt, with the proportion thereof being 50 to 1,000 parts by weight per
      100 parts by weight of synthetic organic detergent and the content of
      alkaline protease is about 3/8 Anson unit per 100 grams of detergent
      composition.
NUM  4.
PAR  4. A composition according to claim 3 wherein the synthetic organic
      detergent is a mixture of about 10 parts of sodium linear tridecylbenzene
      sulfonate, about 2 parts of the ethoxylation product of 11 mols of
      ethylene oxide and a primary alkanol of 14 to 15 carbon atoms and about 2
      parts of sodium soap of higher fatty acids and the builder salt is
      pentasodium tripolyphosphate.
NUM  5.
PAR  5. A built synthetic organic detergent composition for use in washing
      fabrics which consists essentially of a mixture of an alkaline builder
      salt and a minor proportion of a mixture of a surface active synthetic
      organic detergents selected from the group consisting of anionic, nonionic
      and amphoteric detergents, and an enzyme powder, which enzyme powder
      consists essentially of a mixture of bacterial alpha-amylase and alkaline
      protease with the proportion thereof being about 90,000 Novo alpha-amylase
      units of bacterial alpha-amylase to about 3/8 Anson unit of alkaline
      protease, the builder salt being present in an amount corresponding to
      about 50 to 1,000 parts thereof by weight per 100 parts by weight of said
      surface active synthetic organic detergent and said alkaline protease
      being present in an amount to provide one Anson unit thereof for each 100
      to 500 grams of detergent composition.
NUM  6.
PAR  6. A composition according to claim 5 which has a pH, measured in 0.15%
      aqueous solution, of 9 to 10.5.
NUM  7.
PAR  7. In the washing of fabrics in wash water containing a surface active
      synthetic organic detergent selected from the group consisting of anionic,
      nonionic and amphoteric detergents, and water soluble builder salt, said
      builder salt being present in an amount of about 50 to 1,000 parts by
      weight per 100 parts by weight of said synthetic organic detergent, the
      improvement which comprises including in the wash water a mixture of
      enzymes, which mixture consists essentially of bacterial alpha-amylase and
      alkaline protease with the proportion thereof being about 90,000 Novo
      alpha-amylase units of the bacterial alpha-amylase to about 3/8 Anson unit
      of alkaline protease and with the amounts of such enzymes being such as to
      provide one Anson unit of the alkaline protease for each 100 to 500 grams
      of detergent composition.
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ABST
PAL  A soap bar composed of a hollow shell of bar soap material defining a
      cavity filled by a core composed of small remaining pieces of soap bars
      and a congealed mass of a soap solution. The shell has an access opening
      through which the soap pieces and solution, in a fluent form, are applied
      to the cavity.
BSUM
PAC  SUMMARY
PAR  It is a primary object of the present invention to utilize the small
      remaining pieces of soap bars which are normally thrown away due to their
      size making it substantially impossible to utilize such pieces in the
      normal manner that soap bars are utilized.
PAR  More particularly, it is an object of the present invention to provide a
      bar or cake of soap composed of a thin shell of soap bar material having a
      large cavity and a restricted access opening through which the cavity can
      be substantially filled with soap bar remnants and the remaining space
      hereafter filled with a soapy solution in liquid, cream or paste form,
      which, when congealed, will form a substantially solid core of a shape and
      size to conformably fill said cavity.
DRWD
PAR  Various other objects and advantages of the invention will hereinafter
      become more fully apparent from the following description of the drawing,
      illustrating a presently preferred embodiment thereof, and wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal sectional view showing the soap bar shell;
PAR  FIG. 2 is a similar view showing the cavity of the shell filled with soap
      bar remnants, and
PAR  FIG. 3 is a similar view of the complete soap bar consisting of the shell,
      remnants and the congealed soap solution.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more specifically to the drawing, the soap bar in its entirety,
      as illustrated in FIG. 3, is designated generally 5 and includes a shell 6
      of bar soap material of a thickness sufficient to render it substantially
      rigid. Preferably, the shell 6 is of a size and shape corresponding to
      conventional bars of hand soap; however, the size and shape of the shell 6
      and, accordingly, the bar 5 may obviously vary. The shell 6 defines a
      large cavity 7 and said shell is provided with an access opening 8,
      preferably in an end thereof, communicating with the cavity 7 and the
      exterior of the shell.
PAR  As seen in FIG. 3, the bar 5, in addition to the shell 6, is composed of a
      solid core 9. The core 9 includes a plurality of small pieces or remnants
      10 of soap bars which have been worn down through use to a size so small
      that said pieces 10 cannot be conveniently utilized in a conventional
      manner. The opening 8 is of sufficient size so that the remnants 10 can be
      passed inwardly therethrough for substantially filling the cavity 7, as
      illustrated in FIG. 2. The remainder of the cavity 7, preferably including
      the opening 8, is then filled with a soap solution 11 in either liquid,
      cream or paste form which is allowed to congeal and solidify to provide
      the core 9 which is of a size and shape to completely fill the cavity 7
      and opening 8, as illustrated in FIG. 3.
PAR  The solution 11 may be formed in various ways, such as by collecting small
      remnants of soap bars in a pliable plastic receptacle to which water is
      added and let stand until the soap remnants are dissolved or are
      sufficiently soft so that they can be dissolved by kneading the
      receptacle, to form a cream or paste which can be poured into the cavity
      7, or exuded from the container into said cavity through the opening 8.
      The solution 11 may also comprise a liquid, such as water, poured into the
      cavity through the opening 8 and allowed to set until it has softened the
      soap remnants 10 and has been absorbed thereby to provide a soapy solution
      which thereafter congeals to form the core 9.
PAR  It will be apparent that the bar 5, after the core 9 has hardened, can be
      utilized in the same manner as a conventional bar of soap.
PAR  Various modifications and changes are contemplated and may be resorted to,
      without departing from the function or scope of the invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A soap bar comprising a hollow shell of bar soap material defining a
      large cavity and an access opening, said shell, cavity and access opening
      having the configuration shown in FIG. 1, and a hard core of soap material
      of a size and shape substantially filling said cavity.
NUM  2.
PAR  2. A soap bar as in claim 1, said core being composed of a multiplicity of
      bar soap remnants and a congealed soap solution in which said remnants are
      imbedded.
NUM  3.
PAR  3. A soap bar as in claim 2, said shell having an access opening for
      initially receiving the soap bar remnants and thereafter a soapy solution
      in cream, paste or liquid form.
NUM  4.
PAR  4. A soap bar as in claim 3, and a portion of the congealed soap solution
      filling said access opening.
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ABST
PAL  This invention generally relates to the production of alkali metal
      silicates. More particularly the invention relates to the production of
      compressed alkali metal silicate granules of desirable density and
      particle properties.
BSUM
PAC  BACKGROUND
PAR  Alkali metal silicate powders and granules, especially sodium silicates,
      are important components of many detergent formulations. Many such
      formulations require the silicate to have particular physical
      characteristics such as a certain particle size and density. In general,
      small particles of silicate (smaller than 100 mesh) with various densities
      can be prepared by spray drying and the preparation of particles larger
      than 100 mesh with low densities (less than 25 lbs/ft.sup.3) is fairly
      routine since silicate particles are easily expanded by heating. This
      tendency toward expansion on heating renders it difficult to prepare
      relatively dense particles (bulk density more than 35 lbs/ft.sup.3)
      significantly larger than 100 mesh. Attempts have been made to prepare
      alkali metal silicate granules with such physical characteristics by
      compression or compaction techniques. These processes have not been
      completely successful. It has been necessary to use relatively high
      pressures to achieve compaction. These high pressures result in the
      development of relatively high temperatures to which the silicates are
      exposed during compaction. The silicates become adhesive at these
      temperatures and glassy bonding between the particles is accomplished but
      at the same time a build-up of glassy silicate on the compaction equipment
      is evident and interferes with the process. The glassy sheets produced by
      such methods are relatively thick and are difficult to grind with the
      consequent development of numerous fine particles (smaller than 100 mesh)
      that are unsuitable and must be recycled.
PAR  Other materials have also been subjected to compaction to increase the
      particle size. In one such process an inorganic salt is coated with a
      liquid hydrocarbon, subjected to a chemical etching step or a mechanical
      attrition step and then compressed. The resulting thin sheet is then
      granulated.
PAC  SUMMARY OF THE INVENTION
PAR  I have found a method of preparing hydrated alkali metal silicate granules
      that results in improved yields of granules with particle sizes larger
      than 100 mesh and bulk densities greater than 35 lbs/ft.sup.3. The process
      involves the preparation of a uniform, damp mixture of hydrated alkali
      metal silicate powder with alkali metal silicate solution in a manner that
      minimizes the period of contact between the components; introducing this
      mixture into a means for applying pressure thereby producing a thin sheet
      of compacted material; aging said compacted material for a significant
      period, during this aging period said compacted material can be subjected
      to heating and/or cooling; the compacted material is then granulated.
PAC  THE INVENTION
PAR  Any powdered or particulate hydrated alkali metal silicate that can absorb
      further amounts of moisture can be used in the process of this invention.
      Such materials are obtained by drying alkali metal silicate solutions by
      any of a number of methods including spray drying, thin-film drying, fluid
      bed drying and others. I have not found the product of any particular
      drying method more desirable for the process of my invention than the
      products of the other drying systems. The composition of such particles is
      disclosed by the mol ratio of SiO.sub.2 /M.sub.2 O, wherein M stands for
      an alkali metal and the ratio can vary between 1.6/1.0 and 4.0/1.0. I
      prefer to use sodium silicate powders with SiO.sub.2 /Na.sub.2 O mol
      ratios between 2.0/1.0 and 2.6/1.0. The moisture content of the particles
      can vary between 10 and 20% but I prefer to use particles with a moisture
      content of 15 to 19%. Part of the powdered or particulate material used in
      this invention can be supplied as powdered anhydrous alkali metal silicate
      glass. Such glass can constitute about 10 to 50% of the powder or
      particles used in the process of this invention.
PAR  These particles are mixed with alkali metal silicate solution with a
      SiO.sub.2 /M.sub.2 O mol ratio between 1.6/1.0 and 4.0/1.0. Examples of
      useful sodium and potassium silicate solutions include:
TBL                   SiO.sub.2 /M.sub.2 O                                     

     Silicate           Wt. Ratio   Mol Ratio                                  

     ______________________________________                                    

     B-W   Sodium Silicate                                                     

                        1.60        1.65                                       

     RU   Sodium Silicate                                                      

                        2.40        2.47                                       

     N    Sodium Silicate                                                      

                        3.22        3.30                                       

     S 35 Sodium Silicate                                                      

                        3.75        3.92                                       

     Kasil No. 1 Potassium Silicate                                            

                        2.5         3.92                                       

     ______________________________________                                    

PAL  B-w, ru, n, s 35 and Kasil are registered trademarks of the Philadelphia
      Quartz Company. The important property to be controlled in applying such
      silicate solutions is the viscosity; the solution must be sufficiently
      fluid to enable the preparation of the damp mixture quickly. I have found
      solutions that contain 25 to 45% silicate solids have the required
      viscosities. I have also found that water is not a satisfactory substitute
      for the alkali metal silicate solution. It appears that the water is
      absorbed too quickly and there is not sufficient working time to prepare
      the required uniform damp mixture.
PAR  The damp mixture of hydrated alkali metal silicate powder and alkali metal
      silicate solution can be prepared in almost any standard blending device
      such as twin shell or ribbon blenders as long as the preparation of a
      uniform damp mixture can be accomplished quickly and the powder is
      maintained in motion during the addition of the silicate solution. The
      contact time between the silicate powder and solutions appears to be very
      important. I have found that the contact between the solution and the
      powder until compaction should be 2 to 8 minutes and I prefer that this
      period be 2 to 6 minutes. The silicate solution is added to the powder and
      blended as quickly as possible to obtain a uniform mixture. The addition
      of the silicate solution should be completed in 1 to 4 minutes, preferably
      1 to 2 minutes. The additional blending should be completed in 1 to 4
      minutes and preferably 1 to 2 minutes. If the contact time between the
      powder and solution is longer than about 8  minutes, particularly if the
      blending step after the addition of the silicate solution is prolonged,
      compacting is more difficult and the problems inherent in the prior art
      processes are encountered. Thicker sheets with their resulting low yields
      of usable particles are the most common results. The same problems are
      encountered if water is substituted for the silicate solution.
PAR  The uniform, damp mixture which consists essentially of 90 to 97% alkali
      metal silicate powder which may include both hydrated powder and anhydrous
      glass particles, and 3 to 10% alkali metal silicate solution is
      immediately subjected to pressure between 2 surfaces. The most convenient
      method of supplying such pressure is to feed the mixture between
      compression rollers. I have found that 500 to 2500 psi is required to form
      a thin compacted sheet. The best sheets which, when granulated, yield more
      usable particles are formed when 900 to 1600 psi is applied. Pressures of
      less than about 500 psi result in only loosely agglomerated materials that
      are not of the desired density. Pressures of more than 3000 psi result in
      glassy products that deposit on the compacting surfaces and that are
      difficult to granulate and result in excessive fines which are recycled.
      The heat developed during these process steps is quite minimal so that the
      process can be carried out with no supplemental heating. The temperature
      during these steps can be 5.degree. to 50.degree.C and I prefer the
      temperature to be 15.degree. to 35.degree.C. Lower temperatures prevent
      the necessary adsorption of moisture while temperatures higher than this
      range result in glassy build-up and difficulty in granulation.
PAR  The product of the compaction step is a thin dense sheet that is 1/32 to
      1/8 of an inch in thickness. If the sheet is thicker than 1/8 of an inch,
      the granulation of the sheet is more difficult and the yield of useful
      granules larger than 100 mesh is reduced. If sheets thinner than 1/32 of
      an inch are produced, the production rate is very low. The sheets so
      produced can be flaked as they leave the compacting equipment or left
      whole to age for a period of 5 to 15 minutes before granulation.
      Surprisingly, I have found that this aging step can be shortened by
      heating the sheets or flakes for 3 to 8 minutes above 65.degree.C but
      below 200.degree.C and then cooling these materials to below 21.degree.C
      in 1 to 10 minutes. Various combinations of these steps have been used
      with total times of 4 to 12 minutes. The cooling can be carried out in any
      convenient manner such as blowing air over the sheets or flakes. The
      sheets or flakes are easily granulated by crushing in various types of
      mills. The resulting granules are screened and those that are larger than
      desired are regranulated while the fines are completely recycled.
PAR  The products realized from this process are free-flowing white granules
      with bulk densities of 35 to 75 lbs/ft.sup.3. The moisture content is 12
      to 26% with a preferred moisture content of 18 to 22%. The particle size
      of the product is larger than 100 mesh and can consist of numerous
      particle size ranges such as 10 to 65 mesh. I prefer a particle size of 14
      to 65 mesh. The yield of particles with these desirable properties is 50
      to 75% based on the raw material used. Such yields are much higher than
      those found with prior art methods.
PAR  Composite products can be made by this process by preparing a mixture of
      alkali metal silicate powder and an inorganic salt such as sodium sulfate,
      soda ash and/or sodium tripolyphosphate. This mixture is then subjected to
      the same process. The inorganic salt can be 10 to 55% of the damp mixture.
PAR  The advantages that are realized with the process of this invention are
      rather surprising. It is surprising that the addition of a relatively
      small amount of alkali metal silicate solution would result in a process
      that overcomes the difficulties encountered in prior art processes,
      especially when an equivalent amount of water does not produce such
      results. It is also surprising that heating the sheet or flakes after
      compaction would reduce the time needed for aging before granulation.
PAC  EXAMPLES
PAR  The following examples illustrate certain embodiments of the invention and
      should not be considered restrictive. All of the screen sizes used in
      these examples and throughout the disclosure and claims are for Tyler
      series screens. All proportions are in parts by weight (pbw) or percent by
      weight (%) unless otherwise noted.
PAC  EXAMPLE 1
PAR  This example illustrates a compaction process carried out according to the
      prior art. Spray dried sodium silicate powder with a ratio of 2.0
      SiO.sub.2 /Na.sub.2 O, particle size of less than 100 mesh, and 18%
      moisture content was compacted. The silicate powder was fed between
      compression rollers and subjected to 5100 psi. The temperature of the
      silicate became 175.degree.C because of the energy required to exert this
      high pressure and to force the silicate powder through the compression
      rollers. The silicate powder became very adhesive and there was a glassy
      build-up on the rollers which required the production runs to be of
      limited duration. The resulting sheet was about 1/2 inch thick and was
      difficult to granulate. The granulated material contained 16% of material
      in the 10 to 65 mesh size range with a bulk density of 58 lbs/ft.sup.3.
      The moisture content was 17.7%.
PAR  The same spray dried sodium silicate powder was subjected to 1500 psi. The
      temperature rose only to 50.degree.C. Only a few loosely compacted groups
      of particles were formed. The material contains 3% of material in the 10
      to 65 mesh size range with a bulk density of 30 lbs/ft.sup.3.
PAC  EXAMPLE 2
PAR  The sodium silicate powder of Example 1 was compacted by the method of this
      invention. 93 pbw of the silicate powder was charged to a twin shell
      blender and 7 pbw of sodium silicate solution with a 2.0 SiO.sub.2
      /Na.sub.2 O ratio and a silicate solids content of 40% was added to the
      powder through an intensifier bar in 2 minutes. Blending was completed in
      an additional 4 minutes and the damp mixture was fed through the
      compression roller in 2 minutes. The total contact time of the silicate
      powder and solution was 8 minutes before compaction. The pressure was 1500
      psi. The temperature rose to only 50.degree.C. The compression rollers
      remained free of glassy buildup throughout the run. The compacted sheet
      was about 1/8 inch thick and was flaked as it left the compactor. The
      sheet was aged for about 10 minutes before granulation which yielded 60%
      granules in the 14 to 65 mesh size range. The bulk density was 48
      lbs/ft.sup. 3 and the moisture content was 19.8%.
PAC  EXAMPLE 3
PAR  A spray dried sodium silicate with a ratio of 2.4 SiO.sub.2 /1.0 Na.sub.2
      O, a moisture content of 17% and a particle size smaller than 100 mesh was
      compacted according to the process of this invention. The twin shell
      blender was charged with 95 pbw of the silicate powder and 5 pbw of a
      sodium silicate solution with a 2.4 SiO.sub.2 /1.0 Na.sub.2 O ratio and a
      silicate solids content of 30% was added to the powder through an
      intensifier bar in 2 minutes. Blending was completed in an additional 4
      minutes and the damp mixture was fed through the compression rollers in 2
      minutes. Total contact time of the powder and solution was 8 minutes
      before compaction. The pressure was 1000 psi. The temperature did not rise
      to 50.degree.C and the compression rollers remained free of any glassy
      buildup throughout several runs. The compacted sheet was slightly less
      than 1.8 of an inch and was flaked as it left the compactor. The compacted
      sheet was aged for 15 minutes before granulation. The granulated material
      yielded 65% granules in the 14 to 65 mesh size range. The bulk density was
      46 lbs/ft.sup.3 and the moisture content was 19.1%.
PAC  EXAMPLE 4
PAR  The process of Example 3 was repeated except that the compacted sheet was
      heated to 85.degree.C for 4 minutes and then cooled to 20.degree.C in 2
      minutes. The cooled sheet was granulated and the yield of 14 to 65 mesh
      particles was 67%. The bulk density was 47 lbs/ft.sup.3 and the moisture
      content was 19.0%.
PAC  EXAMPLE 5
PAR  60 pbw of a spray dried sodium silicate powder with a ratio of 2.0
      SiO.sub.2 /1.0 Na.sub.2 O were blended with 40 pbw of -325 mesh ground
      silicate glass with a ratio of 2.0 SiO.sub.2 /1.0 Na.sub.2 O in a twin
      shell blender. 10 pbw of a liquid sodium silicate solution of ratio 2.0
      SiO.sub.2 /1.0 Na.sub.2 O were added to the dry mix through the
      intensifier bar in 1 minute. After continued blending for 1 minute the
      damp mix was fed to the compactor. The compactor with 4 inches face and
      corrugated rolls was operated at 1200 psig at 40 rpm. The temperature of
      the 1/8 inch sheet reached the 45.degree.C and the rollers remained free
      of buildup. The ribbon was shattered and the flakes allowed to cool for 20
      minutes before granulation. 60% of the discharge fell in the -10+65 mesh
      range. The bulk density was 72 lbs/ft.sup.3 and the moisture content was
      15% and only 0.3% of the product remained undissolved after stirring 5 gms
      in 100 mls water at 190.degree.F for 5 minutes.
PAR  20 lbs. of dense soda ash and 20 lbs. of spray dried sodium silicate powder
      with a ratio of 3.22 SiO.sub.2 /1.0 Na.sub.2 O were mixed in a 2 cu.ft.
      twin shell blender. 10 lbs. of a liquid sodium silicate solution of ratio
      3.22 SiO.sub.2 /1.0 Na.sub.2 O were added to the dry mixture through the
      intensifier bar in 1 minute. After 1 minute of continuous blending, the
      mix was fed to the compactor with 4 inches face corrugated rollers
      operated at 30 rpm and 1300 psi. The temperature of the 3/16 inch sheet
      reached 130.degree.F, and the rollers remained free of build-up. The
      ribbon was shattered and the flakes allowed to cool for 15 minutes before
      crushing. 62% of the discharge granules fell in the -10+65 mesh range. The
      bulk density was 66 lbs/ft.sup.3 and the moisture content was 17% and only
      0.12% of the product remained undissolved after stirring 5 gms in 100 mls
      of water at 190.degree.F for 5 minutes.
PAC  EXAMPLE 7
PAR  The sodium silicate powder of Example 1 was compacted by the method of this
      invention. 100 pbw of the powder was charged to a Littleford FM130D mixer.
      4 pbw of a sodium silicate solution with a ratio of 2.0 SiO.sub.2 /1.0
      Na.sub.2 O and a solids content of 23% was blended into the powder for 3
      minutes at ambient temperature. The damp mixture was immediately forced to
      a flat roll compactor with 24 inches .times. 6 inches rolls operating at
      10 rpm, 1500 psig with a 0.03 inch gap. A warm plastic 6 inches wide
      ribbon 0.1 inch thick was cleanly discharged. A compacted specimen had a
      true density of 1.90g/cm.sup.3 and an apparent density of 1.50g/cm.sup.3
      with a porosity of 21.1%. After cooling for little more than 5 minutes the
      ribbon hardened to a brittle condition ready for granulation between 6
      inches .times. 6 inches rolls then ground between No. 4, 8 and 12 LePage
      rolls.
PAR  Crushing immediately after collection yielded 40% +14 mesh, 49% 14+65 mesh,
      and 11% -65 mesh. The same flakes cooled 10 minutes yielded 28% +14 mesh,
      59% 14+65 mesh and 13% -65 mesh. Very slight improvement in the 14+65 mesh
      yield occurred after 30 and 60 minute cooling.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the known process of preparing product granules of hydrated alkali
      metal silicate with a particle size larger than 100 mesh, a mol ratio of
      SiO.sub.2 /M.sub.2 O between 1.6/1.0 and 4.0/1.0 wherein M stands for an
      alkali metal, a bulk density of 35 to 75 lbs/ft.sup.3 and a moisture
      content of 12 to 26%, the improvement comprising:
PA1  a. preparing a damp, uniform mixture of 90 to 97% alkali metal silicate
      powder and 3 to 10% alkali metal silicate solution by:
PA2  1. maintaining said alkali metal silicate powder with a moisture content of
      10 to 20% and a particle size of less than 100 mesh in motion while adding
      to said powder the alkali metal silicate solution containing 25 to 45%
      silicate solids in 1 to 4 minutes, and
PA2  2. blending said mixture for 1 to 4 minutes by maintaining it in motion;
PA1  b. subjecting said mixture to a pressure between 500 and 2500 psi, thereby
      forming a compacted sheet of 1/32 to 1/8 inch thickness;
PA1  c. aging the compacted material for 5 to 15 minutes; and
PA1  d. granulating said sheet and recovering 50 to 75% of the resulting
      granules that are larger than 100 mesh.
NUM  2.
PAR  2. The process of claim 1 wherein the alkali metal silicate powder has a
      SiO.sub.2 /M.sub.2 O mol ratio between 2.0/1.0 and 2.6/1.0 with a moisture
      content of 15 to 19%.
NUM  3.
PAR  3. The process of claim 1 wherein the addition of the alkali metal silicate
      solution is completed in 1 to 2 minutes and the blending after the
      addition is completed in 1 to 2 minutes.
NUM  4.
PAR  4. The process of claim 1 wherein said damp, uniform mixture of alkali
      metal silicate powder and alkali metal silicate solution is subjected to a
      pressure of 900 to 1600 psi.
NUM  5.
PAR  5. The process of claim 1 wherein the alkali metal silicate powder of step
      (a) (1) includes 75 to 90% hydrated alkali metal silicate powder and 10 to
      50% anhydrous alkali metal silicate glass.
NUM  6.
PAR  6. In the known process of preparing product granules of hydrated alkali
      metal silicate with a particle size larger than 100 mesh, a mol ratio of
      SiO.sub.2 /M.sub.2 O between 1.6/1.0 and 4.0/1.0 wherein M stands for an
      alkali metal, a bulk density of 35 to 75 lbs/ft.sup.3 and a moisture
      content of 12 to 26%, the improvement comprising:
PA1  a. preparing a damp, uniform mixture of 90 to 97% alkali metal silicate
      powder and 3 to 10% alkali metal silicate solution, by:
PA2  1. maintaining said alkali metal silicate powder with a moisture content of
      10 to 20% and a particle size of less than 100 mesh in motion while adding
      to said powder the alkali metal silicate solution containing 25 to 45%
      silicate solids in 1 to 4 minutes, and
PAR  2. blending said mixture for 1 to 4 minutes by maintaining it in motion.
PA1  b. subjecting said mixture to a pressure between 500 and 2500 psi, thereby
      forming a compacted sheet of 1/32 to 1/8 inch thickness;
PA1  c. heating the compacted material to a temperature of 65.degree. to
      200.degree.C for 3 to 8 minutes;
PA1  d. cooling the compacted material to below 21.degree.C in 1 to 10 minutes;
      and
PA1  e. granulating said compacted material and recovering 50 to 75% of the
      resulting granules that are larger than 100 mesh.
NUM  7.
PAR  7. The process of claim 6 wherein the alkali metal silicate powder has a
      SiO.sub.2 /M.sub.2 O mol ratio between 2.0/1.0 and 2.6/1.0 with a moisture
      content of 15 to 19%.
NUM  8.
PAR  8. The process of claim 6 wherein the addition of the alkali metal silicate
      solution is completed in 1 to 2 minutes and the blending after the
      addition is completed in 1 to 2 minutes.
NUM  9.
PAR  9. The process of claim 6 wherein said damp, uniform mixture of alkali
      metal silicate powder and alkali metal silicate solution is subjected to a
      pressure of 900 to 1600 psi.
NUM  10.
PAR  10. The process of claim 6 wherein the alkali metal silicate powder of step
      (a) (1) includes 75 to 90% hydrated alkali metal silicate powder and 10 to
      50% anhydrous alkali metal silicate glass.
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ABST
PAL  Substantially uncolored detergent products containing coloring materials
      are prepared by mixing the coloring materials in a dry particulate form
      with a granular material to form a composition to be incorporated in a
      granular detergent product. With continuous mixing, water or other liquid
      materials are sprayed on the mixture containing the coloring material to
      form substantially uncolored agglomerated granules.
PARN
PAR  This is a continuation, of application Ser. No. 202,600 filed Nov. 26,
      1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Colored granular detergent products are well known. Also well known are
      distinctively colored granular detergent products containing dyes or
      pigments which have a beneficial "bluing" effect on fabrics resulting in
      an improvement of apparent fabric whiteness. U.S. Pat. No. 2,930,760
      issued Mar. 29, 1960 describes the use of the water-soluble dye, Polar
      Brilliant Blue GAW (similar to C.I. 61135), as an effective non-staining
      bluing agent in a detergent product. U.S. Pat. No. 3,529,923 issued Sept.
      22, 1970, describes a bluing composition containing the water-insoluble
      pigment Ultramarine Blue (C.I. 77007) which has a greatly reduced
      potential for staining fabrics.
PAR  The preparation of colored granular detergent products is generally
      accomplished by mixing a coloring material into a detergent composition
      prior to spray drying it into granules. Alternatively, coloring materials
      can be present in only a portion of the granules in the total detergent
      product to provide a speckled appearance. These speckles can be prepared
      by spray drying. They can also be prepared by an agglomeration method,
      such as described in U.S. Pat. No. 3,035,30l issued May 22, 1962, which
      utilizes water solutions of adhesives to agglomerate hydratable salts. A
      coloring material can be present in the adhesive solution to provide a
      colored speckle. Still another alternative is provided by U.S. Pat. No.
      2,889,283 issued Apr. 29, 1956 which describes a process for spraying a
      water solution or suspension of a coloring material onto a diverted
      portion of a granular detergent composition process stream. A speckled
      appearance results by blending the undiverted and uncolored stream with
      the stream subjected to the spray containing a coloring material.
PAR  All these methods provide a distinctly visible color to the finished
      granular detergent product. definite
PAR  In order to meet the requirements of some users of granular detergent
      products and to minimize fabric staining due to localized high
      concentrations of coloring material, it is desirable to provide a granular
      detergent product that is substantially uncolored in its dry state yet
      contains sufficient coloring material to provide a definiate color to a
      washing solution. Additionally, depending on the coloring material used,
      it is desirable to provide a benefit to fabrics washed in such solutions.
PAR  Canadian Pat. No. 586,019 issued Oct. 27, 1959 describes a granular
      detergent composition in which a coloring material is distributed in a dry
      state and in a state of subdivision such that the dry composition is not
      appreciably colored. The process by which these compositions are prepared
      does not result in agglomeration or adhesion of the coloring material to
      prevent subsequent separation from the bulk of the composition.
PAR  It is an object of the present invention to provide a granular detergent
      product substantially uncolored in its dry state which contains coloring
      materials that are not subject to separation and segregation and are
      readily soluble or dispersible when the granular detergent product is
      mixed with water to form a washing solution.
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention pertains to a substantially uncolored granular detergent
      product containing coloring materials which provide a distinct color to a
      washing solution. Depending on the material chosen, these coloring
      materials may additionally provide a benefit to fabrics washed in such
      solutions. For example, the coloring materials can be effective fabric
      bluing agents that improve apparent fabric whiteness by counteracting a
      yellow discoloration of fabric due to incomplete soil removal or other
      causes.
PAR  Specifically, a granular detergent product is prepared by the steps of:
PA1  a. mixing together, by weight, from about 0.001 percent to about 10 percent
      of a dry particulate coloring material having substantially no particles
      larger than 150 .mu. with from about 90 percent to about 99.999 percent of
      a granular material having an average particle size of about 150 .mu. to
      1000 .mu.;
PA1  b. spraying onto the mixture prepared in step (a), during continuous
      mixing, from about 1 percent to about 15 percent, based on the total
      weight of (a), of a liquid material to form agglomerates of said coloring
      material and granular material that are substantially uncolored and not
      subject to separation during subsequent processing or handling.
PAR  The coloring materials contemplated for use in this invention are
      characterized by their ability to provide a color to washing solutions.
      The coloring material may be a water-soluble dye or a water-insoluble
      pigment capable of dispersion in water. For the purposes of this
      invention, the coloring material must be in a dry particulate form. It is
      preferable that the coloring material does not contain an appreciable
      percentage of particles having a size larger than 150 .mu.. Dry
      particulate coloring materials that will pass through a 100 mesh Tyler
      screen and have less than about 3 percent by weight of particles that will
      not pass through a 325 mesh Tyler screen are particularly preferred.
PAR  Examples of dyes which can be utilized in this invention are: (1) Polar
      Brilliant Blue GAW 180 percent sold by Ciba-Geigy S.A., Basel, Switzerland
      (similar to C.I. ["Color Index"] 61135 - Acid Blue 127), (2) FD&C Blue No.
      1 (C.I. 42090), (3) Rhodamine BM (C.I. 45170), (4) Pontacyl Light Yellow
      36 (similar to C.I. 18820), (5) Polar Brilliant Blue RAW (C.I. 61585 -
      Acid Blue 80).
PAR  Examples of pigments which can be utilized in this invention are: (1)
      Phthalocyanine Blue (C.I. 74160), (2) Phthalocyanine Green (C.I. 74260),
      (3) Ultramarine Blue (C.I. 77007 - Pigment Blue 29).
PAR  The initial step in the practice of this invention is an intimate
      dry-mixing of a coloring material as described above with a granular
      material suitable for use in a detergent product The granular material may
      be a complete detergent composition in itself, a usual ingredient in a
      detergent composition, or any granular material not incompatible with the
      other ingredients or the purposes of a detergent product. A particularly
      preferred granular material is a hydratable salt such as sodium
      tripolyphosphate. Preferably, the granular material should have an average
      particle size of 150 .mu. to 1000 .mu.. Granular materials, such as sodium
      tripolyphosphate are also satisfactory, which have a particle size
      distribution such that 90 percent by weight will pass through a 20 Tyler
      mesh screen and be retained on an 80 Tyler mesh screen.
PAR  The mixing of dry particulate coloring material and granular material and
      the spraying of agglomerating liquid material can be effected batchwise or
      by a continuous process. The mixing and spraying steps can be effected in
      one apparatus or the steps may take place in separate apparatus. A useful
      technique for admixing solid materials in agglomeration processes
      involving the addition of liquid materials utilizes a pan agglomerator
      such as produced by the Dravo Corporation of Pittsburgh, Pennsylvania. A
      Dravo-Lurgi Pan Agglomerator may be used for the practice of this
      invention; this is a preferred apparatus for continuous operation. A small
      cement mixer may also be used for the practice of the invention for a
      non-continuous batch operation.
PAR  Detergent compositions for laundry use contain an organic surface active
      agent and at least one detergency builder material generally characterized
      by an ability to sequester or precipitate water hardness ions such as
      calcium or magnesium. Builders may also be used to maintain an alkaline pH
      in a washing solution. The organic surface active agent can be selected
      from well-known classes of natural and synthetic surface active agents
      including anionic, nonionic, ampholytic, and zwitterionic surface active
      agents.
PAR  Anionic surface active agents include alkali metal soaps and the alkali
      metal salts of organic sulfuric reaction products such as sodium alkyl
      sulfate and sodium alkyl benzene sulfonate.
PAR  Nonionic surface active agents include compounds produced by the
      condensation of alkylene oxide groups with an organic hydrophobic compound
      which may be aliphatic or alkyl aromatic in nature. Also included are the
      amine oxides such as dimethyl alkyl amine oxide, the alkyl group
      containing from about 10 to about 28 carbon atoms.
PAR  Ampholytic and zwitterionic surface active agents include, respectively,
      compounds such as aliphatic derivatives of heterocyclic secondary and
      tertiary amines and derivatives of aliphatic quaternary ammonium and
      phosphonium or tertiary sulfonium compounds.
PAR  Suitable detergency builders can be organic or inorganic in nature.
      Examples of inorganic builders are the alkali metal carbonates, borates,
      phosphates, polyphosphates, bicarbonates, and silicates. Examples of
      organic builders are the alkali metal aminopolycarboxylates and
      polyphosphonates.
PAR  The following examples illustrate the present invention.
DETD
PAC  EXAMPLE I
PAR  The following granular detergent product containing a blue dye is prepared
      by an agglomeration process utilizing a 39 inch diameter Dravo-Lurgi Pan
      Agglomerator manufactured by the Dravo Corporation of Pittsburgh,
      Pennsylvania. As a granular material, a spray-dried granular synthetic
      detergent composition is used containing 26 percent alkyl benzene
      sulfonate, 32 percent sodium tripolyphosphate, 6 percent sodium silicate,
      17 percent sodium sulfate, and 17 percent moisture and minor ingredients.
      It is added to the pan at a rate of 958 pounds per hour. The water-soluble
      dye Polar Brilliant Blue GAW (180 percent) is also added in a dry
      particulate form to the pan at a rate of 12 pounds per hour. When the pan
      is filled with the mixture of granular synthetic detergent and dry
      particulate dye, water is added at a rate of 30 pounds per hour in the
      form of a spray. The location of this spray is not critical for the
      purposes of this invention. The mixture is tumbled and thereby
      agglomerated to form a dye-containing detergent composition. When the pan
      agglomerator reaches a state of continuous operation, about 990 pounds per
      hour of the dye-containing granular detergent composition flows over the
      lip of the pan. About 10 pounds of water per hour is lost to the
      atmosphere. The dye-containing granular detergent composition produced is
      substantially uncolored but for a slight blue hue. When added at a level
      of about 1 percent to about 10 percent to a spray-dried granular detergent
      composition having a white color, the total product is uncolored, the
      slightly blue hue being completely masked by the white color of the
      overall product.
PAR  The advantages of Example I can be illustrated by the following. The same
      quantity of Polar Brilliant Blue GAW (180 percent) added to the total
      product or any portion of the product before the spray drying step
      produces a definite coloration in the final product. A definite coloration
      is also produced if the same quantity of dye is dissolved in the water
      added to the pan agglomerator.
PAC  EXAMPLE II
PAR  The following granular product containing a blue dye is prepared according
      to the process and other conditions of Example I except anhydrous sodium
      tripolyphosphate with a particle size such that 90 percent passes through
      a 20 Tyler mesh screen and is retained on an 80 Tyler mesh screen is the
      granular material and is substituted for the spray-dried granular
      synthetic detergent composition in the pan agglomerator. A comparable
      visual result, i.e., a substantially uncolored detergent product such as
      that described in Example I, is obtained when about 1 percent to about 10
      percent of the pan agglomerator composition is mixed with 95 percent to 99
      percent of a spray-dried granular detergent composition having a white
      color.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a granular composition for use in a granular
      detergent product comprising the steps of:
PA1  a. mixing together, by weight, from about 0.001 percent to about 10 percent
      of a dry particulate coloring material selected from the group consisting
      of Polar Brilliant Blue GAW 180 percent, FD&C Blue No. 1, Rhodamine BM,
      Pontacyl Light Yellow 36, Polar Brilliant Blue RAW, Phthalocyanine Blue,
      Phthalocyanine Green, and Ultramarine Blue having substantially no
      particles larger than 150 .mu. with from 90 percent to 99.999 percent of a
      granular material selected from the group consisting of hydratable salts
      and detergent compositions having an average particle size of about 150
      .mu. to about 1000 .mu.;
PA1  b. spraying onto the mixture prepared in step (a) during continuous mixing,
      from about 1 percent to about 15 percent, based on the total weight of
      (a), of water to form agglomerates of said coloring material and said
      granular material.
NUM  2.
PAR  2. The process of claim 1 wherein the granular material is sodium
      tripolyphosphate.
NUM  3.
PAR  3. The process of claim 1 wherein the coloring material is a fabric bluing
      agent selected from the group consisting of Ultramarine Blue, Polar
      Brilliant Blue GAW, and Polar Brilliant Blue RAW.
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PAL  A corrosion and scale inhibiting composition and process useful in
      recirculating cooling water systems consisting essentially of the
      following components calculated as weight percent:
TBL  Alkoxylated polyol phosphate ester                                        

                          30 to 50%                                            

     ZnCl.sub.2            2 to 25%                                            

     Tannin                5 to 25%                                            

     Water                30 to 10%                                            

BSUM
PAR  The present invention is directed to a process and composition for scale
      and corrosion inhibition of metal surfaces in contact with cooling waters
      which are usually designated recirculating cooling waters. The twin
      problems of scale inhibition and corrosion resistance have been met by
      multi-component compositions and the present invention generally consists
      of three components; namely, (1) an alkoxylated polyol phosphate ester,
      (2) a soluble zinc salt such as ZnCl.sub.2, and (3) a water-soluble tannin
      in an aqueous milieu.
PAR  The pH of cooling water systems previously utilized in the prior art has
      usually been in the range 6.0 to 7.5, the upper limit being to avoid
      corrosion and the lower limit to avoid scale formation. In the present
      composition it has been found that it is possible to operate in the
      alkaline range above 7.5 and up to 8.0 and 8.6, which is a substantial
      advantage, since the pH of cooling water systems normally is in the
      alkaline range (confer J. I. Bregman, Corrosion Inhibitors, MacMillan
      Company, 1963, pages 76 and 79).
PAR  A formulation showing the preferred percentages of the components is set
      out below in TABLE I:
TBL                TABLE I                                                     

     ______________________________________                                    

                    Range     Preferred                                        

     ______________________________________                                    

     1)   Alkoxylated polyol                                                   

          phosphate ester 30-50%      40%                                      

     2)   ZnCl.sub.2       2-25%      20%                                      

     3)   Tannin           5-25%      10%                                      

     4)   Water           30-10%      30%                                      

     ______________________________________                                    

PAR  The alkoxylated polyol phosphate esters are esterified alkoxylated
      aliphatic polyhydric alcohols which contain from 2 to 6 carbon atoms and
      from 2 to 5 hydroxyl groups. The hydrogen in the hydroxyl groups is
      replaced by an R group wherein R is:
      ##EQU1##
      n is 1 to 30, and AlkO is an ethylene oxide, a propylene oxide or a
      butylene oxide with the proviso that at least one occurrence of R is (B).
PAR  A preferred group of alkoxylated polyol phosphate esters is presented in
      FORMULA I:
PAC  FORMULA I
PA1  R'(or)y
PA1  Where R' is an aliphatic hydrocarbon radical C.sub.1 -C.sub.6
PA2  Y = 2-5
PA1  and where R is:
      ##EQU2##
      n = 1 to 30, and AlkO is an ethylene oxide, a propylene oxide or a
      butylene oxide with the proviso that at least one occurrence of R is (B).
PAR  A preferred group of alkoxylated glycerol phosphate esters is presented in
      FORMULA II:
PAC  FORMULA II
      ##EQU3##
      where R is:
      ##EQU4##
      n is 1-10 and AlkO is ethylene oxide with the proviso that at least one
      occurrence of R is (B).
PAR  The aliphatic polyhydric alcohols from which the polyol phosphate esters
      are prepared may be selected from any number of well known commercially
      available alcohols. Illustrative are ethylene glycol, 1,2-propylene
      glycol, glycerin, pentaerythritol, 1,6-hexanediol, and the like. Of the
      above starting alcohols, glycerin is preferred.
PAR  The composition of TABLE I is utilized in cooling tower water in contact
      with iron and other metals normally used in the amount of 30 to 150 ppm
      and in a preferred range of about 50 ppm with a start up usually of 150
      ppm for 48 hours.
PAR  The water medium contiguous with the present composition may be operated
      advantageously at an alkaline pH range as for example 8.0 to 8.6 without
      need of pH adjustment. It has been found that the composition acts to
      provide a protective film on metal surfaces and thus acts as a corrosion
      inhibitor and additionally is a powerful antiscale. The composition
      concentrate has the following characteristics:
TBL  Color         Brown                                                       

     Odor          Mild                                                        

     Density (20.degree.C)                                                     

                   1.36-1.37 dg/lt (11.5 lb/gal)                               

     Viscosity     65-70 cps at 20.degree.C                                    

     Pour Point    &lt;20.degree.C                                                

     pH of a 1% solu-                                                          

     tion          4.5-5.0                                                     

PAR  The concentrate may be added neat directly from the drum or diluted with
      water. In utilization it has been found that the recommended concentration
      should be maintained at a continuous level in the treated water and this
      concentration after start up at 150 ppm is recommended as between 30 and
      100 ppm.
PAR  The concentration utilized is related to the stability index in that where
      the stability range is 6.0 to 6.5, then a preferred dosage of the
      composition is in the range 30 to 40; whereas, where the stability indices
      range is 7.5 to 8.5, then the dosage range for this composition is between
      60 and 80.
PAC  THE COMPOSITION COMPONENTS
PAR  1. The Phosphate Component -- The majority component in the present
      composition is a polyoxyalkylene ether derivative of glycerol and other
      polyols which has been further esterified with P.sub.2 O.sub.5. The
      repeating alkylene oxide group may be a (alkylene-O).sub.n H including the
      terminal hydrogen where the alkylene oxide is preferably (CH.sub.2
      CH.sub.2 O).sub.n or polyethylene oxide and for solubility purposes n = 1
      to 30 with a preferred range for n of 1 to 3, which value expresses the
      estherification of 1 or more of the glycerol hydroxy groups.
PAR  Operable but not preferred are polyalkylene oxides which include such
      compounds derived by the addition polymerization of 1,2-propylene oxide,
      1,3-propylene oxide, and 1,2-butylene oxide.
PAR  P.sub.2 O.sub.5 is utilized to carry out the esterification of the glycerol
      ether and the molar proportions are adjusted so that one or more glycerol
      hydroxyl groups are esterified.
PAR  The use of a 1:1 molar reactant mix of glycerol with P.sub.2 O.sub.5 or an
      excess of glycerol suppresses the tendency of P.sub.2 O.sub.5 to produce
      cyclic products with two of the glycerol hydroxy groups.
PAR  The compounds described above and utilized as anti-corrosion components
      here are known in other fields and analogous compounds have been described
      as precursors for phosphorus containing flame-retardant polyurethane in
      U.S. Pat. No. 3,251,828 Lutz (FMC Corp.) where Examples 3 and 4
      specifically teach glycerol + P.sub.2 O.sub.5  + propylene oxide, and the
      teachings of the patent are herewith incorporated by reference in this
      invention
PAR  Additionally, surface-active agents related to the present glycerol ether
      esters are described in U.S. Pat. No. 3,004,056 Nunn et al (GAF) although
      the thrust of the patent is devoted to monohydroxy phenol ethers rather
      than glycerol.
PAR  It is noted that as to scale prevention, phosphates have a favorable
      influence on scale based on alum in prevailing formation of a floc. In the
      present formulation the phosphate component combines the usefulness in one
      compound of an anti-floc agent as well as the inherent advantages of a
      surfactant.
PAR  2.  The Zinc Component -- The zinc component is utilized in water-soluble
      form as a zinc salt or zinc oxide and functions as a cathodic inhibitor of
      corrosion.
PAR  3.  Water-soluble Tannins -- Water-soluble tannins, including preferred
      alkali metal salts, either natural or synthetic, may be utilized. Also
      useful are lignins. Exemplary usable tannins include those described in
      Encyclopedia of Chemical Technology II, 12, 319-329, Interscience, 1967,
      which is incorporated by reference and also in the Betz Handbook, 6, 160
      (1962) where natural tannins are divided into catechol and pyrogallol
      types of mixtures. Among the catechol tannins are cutch, quebracho,
      hemlock, larch, and gambier. Pyrogallol tannins include gallnuts, sumac,
      myrobalans, chestnut, valonia and dividivi. Synthetic tannins embrace
      naphthalenic syntans and aromatic hydroxy syntans.
DETD
PAC  EXAMPLE 1
PAR  A composition according to the present invention was prepared utilizing the
      composition of FORMULA III below:
PAC  FORMULA III
PAR  1.  Ethoxylated glycerin phosphate ester 40% of the following formula:
      ##EQU5##
PAC  EXAMPLE 2
PAR  150 ppm of a solution of the composition in Example 1 was added to the
      cooling water of the tower and a start up regimen was followed for 48
      hours, maintaining the pH between 7.2 to 7.7. After this initial period,
      the concentration of Example 1 Formula II in the system was decreased to
      50 ppm. After a 60-day test period, it was noted that the system was
      exemplified by low corrosion and low scale.
PAC  EXAMPLE 3
PAR  In accordance with Example 1 but utilizing a different water as set out
      below, an additional industrial test was run.
TBL  ______________________________________                                    

     TDS              1000 ppm                                                 

     Calcium hardness  500 ppm                                                 

     Magnesium hardness                                                        

                       300 ppm                                                 

     M alkalinity      250-300 ppm                                             

     Silica            50 ppm                                                  

     pH               8.3-8.5                                                  

     ______________________________________                                    

PAR  After 30 days, inspection of the heat transfer units, contiguous to the
      aqueous system, revealed little or no corrosion or scale.
PAC  EXAMPLE 4
PAR  An anticorrosion, antiscale composition was prepared and utilized according
      to Example 1. Additionally, a small amount of a slimicide was utilized.
      Excellent results were obtained.
PAC  EXAMPLE 5
PAR  An alkoxylated glycerin phosphate ester was prepared from P.sub.2 O.sub.5
      and glycerin to esterify the glycerin. Subsequently, ethylene oxide was
      added to the reactant mix to introduce an average of 30 ethylene oxide
      groups to etherify the remaining two hydroxyl groups of the glycerol
      molecule. Analysis showed that a portion of this composition was utilized
      in a cooling tower in southern Italy in amount of 80 ppm and the pH of the
      water had an average value of 8.1. After 30 days, there was noticeable
      lack of deposit as well as corrosion problems in the tower.
PAC  EXAMPLE 6
PAR  In the same manner as Example 5, a composition was prepared from P.sub.2
      O.sub.5 and glycerin which was subsequently etherified by utilizing
      propylene oxide to introduce the repeating alkoxy groups in the glycerol
      molecule. Analysis showed an average of 25 propylene oxy groups had been
      introduced. The cooling tower of Example 5 was operated 30 days and the
      concentrated cooling water exhibited an average pH of about 7.9. After 30
      days, there was a noticeable lack of corrosion as well as deposits on the
      metal surfaces of the cooling system.
CLMS
STM  The embodiments of this invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1.  A corrosion and scale inhibiting composition useful in preventing
      corrosion of iron and other metal surfaces in contact with cooling water
      consisting of:
TBL                 Range                                                      

     ______________________________________                                    

     1)   Alkoxylated polyol                                                   

          phosphate ester 30-50%                                               

     2)   ZnCl.sub.2       2-25%                                               

     3)   Tannin           5-25%                                               

     4)   Water           30-10%                                               

     ______________________________________                                    

PA1  wherein said polyol ester is R'(OR)y where R' is an aliphatic hydrocarbon
      radical from 1-6 carbon atoms and Y = 2-5 and where R is:
      ##EQU6##
      n is 1 to 30, and AlkO is an ethylene oxide, a propylene oxide or a
      butylene oxide with the proviso that at least one occurrence of R is (B).
NUM  2.
PAR  2.  The composition according to claim 1 consisting essentially of:
TBL  1)   Alkoxylated polyol                                                   

          phosphate ester 40%                                                  

     2)   ZnCl.sub.2      20%                                                  

     3)   Tannin          10%                                                  

     4)   Water           30%                                                  

NUM  3.
PAR  3.  The composition according to claim 1 wherein the alkoxylated polyol
      phosphate ester is:
      ##EQU7##
      where R is:
      ##EQU8##
      n is 1-10 and AlkO is ethylene oxide with the proviso that at least one
      occurrence of R is (B).
NUM  4.
PAR  4.  The composition according to claim 3 where n = 1.
NUM  5.
PAR  5.  A process for inhibiting scale and corrosion of a ferrous metal surface
      in contact with a corrosion cooling water medium which comprises
      maintaining contact of said surface with said water which additionally
      contains between 30 to 150 ppm of a composition in weight percent
      consisting of:
TBL                 Range                                                      

     ______________________________________                                    

     1)   Alkoxylated polyol                                                   

          phosphate ester 30-50%                                               

     2)   ZnCl.sub.2       2-25%                                               

     3)   Tannin           5-25%                                               

     4)   Water           30-10%                                               

     ______________________________________                                    

PA1  wherein said polyol ester is R'(OR)Y where R' is an aliphatic hydrocarbon
      radical from 1-6 carbon atoms and Y = 2-5 and
PA1  where R is:
      ##EQU9##
      n is 1 to 30, and AlkO is an ethylene oxide, a propylene oxide or a
      butylene oxide with the proviso that at least one occurrence of R is (B).
NUM  6.
PAR  6.  The process according to claim 5 wherein the percentage relationships
      are as follows:
TBL  1)   Alkoxylated polyol                                                   

          phosphate ester 40%                                                  

     2)   ZnCl.sub.2      20%                                                  

     3)   Tannin          10%                                                  

     4)   Water           30%                                                  

NUM  7.
PAR  7. The process according to claim 5 wherein the alkoxylated polyol
      phosphate ester is:
      ##EQU10##
      where R is:
      ##EQU11##
      n is 1-10 and AlkO is ethylene oxide with the proviso that at least one
      occurrence of R is (B).
NUM  8.
PAR  8. The process according to claim 7 where n = 1.
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ABST
PAL  A phosphorus nitride-silicon oxide composition having good thermal
      stability and diffusion characteristics for use as a diffusant source of
      n-type impurities for a semi-conductor device.
BSUM
PAR  This invention relates to a phosphorus nitride -- silicon oxide composition
      and more particularly to a composition containing phosphorus nitride
      having good thermal stability and diffusion characteristics for use as a
      diffusant source of n-type impurities of a semi-conductor device and to a
      method of preparing the composition.
PAR  It has been known that a n-type region is formed by diffusing phosphorus
      into silicon in order to produce a semi-conductor device such as
      transistor, diode, IC, etc. and that POCl.sub.3, PH.sub.3, P.sub.2 O.sub.5
      and the like have been used as a phosphorus source.
PAR  Meanwhile, where a P-type region is to be formed by diffusing boron into
      silicon, it was a common practice to evaporate a liquid such as B Br.sub.3
      to effect diffusion in a gaseous condition. Recently it has often been put
      into practice to use a wafer comprising as a major ingredient boron
      nitride (Hereinafter referred to as a BN wafer.). In this method BN wafers
      are placed alternately with silicon wafers, each wafer being spaced at
      intervals of 2-3 mm, and then the wafers are heated to a predetermined
      temperature to thereby diffuse boron into silicon. This method is known as
      a surface diffusion method. With its accuracy and ease in operation the
      method has prevailed widely for the diffusion of boron.
PAR  There has for a long time been a need for a phosphorus diffusion source
      which enables stable diffusion with accuracy like a BN wafer. Although a
      surface diffusion method by the use of a phosphorus nitride wafer was
      known, this method has not yet been put to practical use due to the fact
      that phosphorus nitride is thermally unstable and readily decomposes.
      Alternately, a method is known in which phosphorus nitride is formed on
      the surface of a graphite plate wafer by gaseous reaction of PH.sub.3 with
      NH.sub.3, and the resulting product is used as a phosphorus diffusion
      source. The method, however, involves various drawbacks, for example
      difficulties in producing a great deal of uniform wafers and in effecting
      stable diffusion for a long period of time because the wafer obtained is
      of such structure that phosphorus nitride is in the form of an extremely
      thin film and the film has low adhesion to the graphite plate.
PAR  Accordingly, it is an object of the present invention to provide a wafer
      for phosphorus diffusion which makes it possible to effect stable
      diffusion for a long period of time.
PAR  Another object of the invention is to provide a method to prepare wafers
      for phosphorus diffusion which can be mass-produced at relatively low
      cost.
PAR  A further object of the invention is to provide a stable and accurate
      method for diffusing phosphorus with a phosphorus diffusion source
      prepared in accordance with the present invention.
PAR  The above objects of the invention are achieved by the use of sintered
      bodies made by mixing phosphorus nitride with silicon dioxide and then
      subjecting the mixture to a hot pressing process.
PAR  The details of the present invention will be apparent from the following
      description.
PAR  What is generally called "phosphorus nitride" includes PN, P.sub.4 N.sub.6,
      P.sub.3 N.sub.5 and amorphous phosphorus nitride (molar ratio of N/P : 0.9
      - 1.7). They are thermally unstable and start to decompose at
      approximately 500.degree.c and abruptly at 850.degree. - 900.degree.C in
      an inert atmosphere. In an oxidic atmosphere they start to be oxidized at
      about 150.degree.C to form P.sub.2 O.sub.5.
PAR  Since phosphorus nitride has poor sintering property, hot pressed sintered
      bodies consisting only of phosphorus nitride are rather fragile.
      Furthermore, the use of a product made of sintered bodies consisting only
      of phosphorus nitride results in decomposition of phosphorus nitride upon
      heating during diffusion so that the wafer will bend and/or swell up.
      Thus, it is not possible to easily make use of such a wafer even several
      times for diffusing phosphorus. Additionally, P.sub.2 O.sub.5 formed by
      the oxidation of phosphorus nitride has extremely high hygroscopicity. And
      the so formed P.sub.2 O.sub.5 will absorb moisture in the course of
      treatment and change into phosphoric acid H.sub.3 PO.sub.4 which causes
      the wafer to swell up during diffusion.
PAR  It has been found that a phosphorus nitride wafer having good diffusion
      characteristics can be obtained by hot pressing a mixture of phosphorus
      nitride powder and silicon dioxide powder. Any powder of phosphorus
      nitride will do so long as it contains little alkali metal and heavy metal
      which will exert unfavorable influences upon the characteristics of
      semi-conductors. Preferably the size of the powder is 1.sub.mm or less in
      diameter.
PAR  Silicon dioxide to be incorporated with phosphorus nitride acts not only as
      a binder for phosphorus nitride but also as a suppressor against the
      effects of P.sub.2 O.sub.5. Preferably the silicon dioxide is of fine
      particle shape and in high purity. For instance, commercially available
      white carbon made by a dry method containing 10.sub.ppm or less of alkali
      metal and 1000.sub.ppm or less of heavy metal is preferred.
PAR  The compounding ratio of phosphorus nitride to silicon dioxide may be
      preferably 95 - 30 percent by weight : 5 - 70 percent by weight,
      particularly 90 - 70 percent by weight 10 - 30 percent by weight of
      silicon dioxide. Below 5 percent by weight of silicon dioxide sintered
      bodies would have poor strength and instability when subjected to a
      heating process, while above 70 percent by weight of silicon dioxide it
      would be difficult to make up the bodies into a wafer, besides the wafer
      would readily bend when heated.
PAR  The hot press process which comprises incorporating phosphorus nitride with
      silicon dioxide may be suitably carried out in an inert atmosphere at a
      temperature of 700.degree. - 950.degree.C under a pressure above 50.sub.kg
      /cm.sup.2 for 5 - 60 minutes by means of a graphite mold. An inert gas
      usable in this process is a gas which does not react with phosphorus
      nitride, for example nitrogen, argon, helium and the like. The mold may be
      of any material unless it is reactable with phosphorus nitride within the
      range of 700.degree. - 950.degree.C and may be of any type if it is
      resistant to high pressure. Molds made of graphite have the advantages of
      good machinability and in addition thereto such molds can be heated by
      high frequency radiation. When the hot pressing temperature is below
      700.degree.C, it is impossible to proceed on sintering so that the hot
      pressed bodies have poor strength, whereas above 950.degree.C much
      phosphorus nitride volatilizes. Thus, the temperature should be within the
      range of 700.degree. - 950.degree.C, particularly 850.degree. -
      900.degree.C.
PAR  When pressure above 50.sub.kg /cm.sup.2 is applied a suitable hot pressed
      product is obtained. The maximum pressure may not be limited if it is
      within a range allowable for the strength of mold. Usually, in case of
      using a carbon mold 500.sub.kg /cm.sup.2 or less is proper. Hot pressing
      too long results in much volatilized phosphorus nitride. Thus, most
      preferably the hot pressing period may be approximately half an hour. The
      hot pressed product thus obtained is a relatively porous sintered body
      having a density of 1.2 - 1.7.sub.g /cm.sup.3 and Shore hardness of 20 -
      60. From the bodies disks 0.7 - 1.5.sub.mm thick (wafers) are cut with a
      diamond-tipped cutter. The disks are then used for surface diffusion of
      phosphorus.
DRWD
PAR  A method for diffusing phosphorus using a phosphorus nitride -- silicon
      dioxide wafer obtained in accordance with the present invention
      (hereinafter referred to as a phosphorus nitride wafer) will be made clear
      with reference to the following description.
PAR  FIG. 1 is a schematic view illustrating a device by means of which the
      method of the invention is carried out.
PAR  FIG. 2 is a schematic view showing the wafers of the present invention.
DETD
PAR  Reference is now made to FIG. 1 in which: Reference numeral 1 refers to a
      quartz tube, reference numeral 2 to a quartz cap, reference numeral 3 to a
      gas inlet, reference numeral 3' to a gas outlet, reference numeral 4 to a
      quartz boat, reference numeral 5 to a phosphorus nitride wafer, reference
      numeral 6 to a silicon wafer and reference numeral 7 to an electrical
      heater.
PAR  Two silicon wafers are put together with the surface to be diffused turned
      outwardly. The diffusion process comprises a first and second step. In the
      first step phosphorus nitride wafers 5 and the pairs of silicon wafers 6
      are set up on the quartz boat 4 as shown in FIG. 2. These are then, after
      cap 2 is taken off, placed in tube 1, through which nitrogen gas or a gas
      mixture of nitrogen and oxygen, etc. is introduced at 1 - 3l/min.
      Temperature and period of time to be treated in the quartz tube 1 can vary
      depending on the required phosphorus concentration in silicon. Where a
      relatively large amount of phosphorus is to be diffused, the temperature
      must be higher for a longer time, and if on the contrary a relatively
      small amount should be diffused the subject to be treated must be at a
      lower temperature for a shorter period. In general the wafers are treated
      at 600.degree. - 900.degree.C for 15 - 60min. After being treated for a
      predetermined period as shown in FIG. 1, the wafers on the boat are pulled
      out of the tube 1. Illustrated hereinabove is a first step.
PAR  In the second step the silicon wafers thus obtained are detached from the
      quartz boat 4 and then with or without etching the surfaces thereof
      further subjected to a heating treatment in a furnace to re-distribute
      phosphorus into the silicon wafers whereby a semi-conductor device having
      a desired profile of phosphorus is obtained.
PAR  In the meanwhile, new pairs of silicon wafers are set as hereinbefore
      described and phosphorus diffusion is again effected in the same manner as
      set forth. These cycles are repeated until the phosphorus nitride wafers
      are used up due to volatilization.
PAR  The most important thing in diffusing phosphorus is that phosphorus should
      be diffused uniformly into any part of a silicon wafer and into all the
      wafers as well. If uniform diffusion is not made, each of the
      semi-conductors produced may have different characteristics.
PAR  The method of the present invention has made it possible to effect uniform
      phosphorus diffusion. More specifically, wafers prepared according to the
      present invention may be, before using them in a phosphorus diffusion
      process, subjected to a pre-treatment wherein wafers are heated in a wet
      or oxidic atmosphere. If the pre-treatment is not applied wafers may be
      diffused in a wet or oxidic atmosphere, or the both methods may be used
      jointly.
PAR  The reason for the treatment in a wet or oxidic atmosphere will be made
      clear if the chemical reactions according to the method of the present
      invention are understood. Phosphorus nitride contained in the wafer is
      oxidized to P.sub.2 O.sub.5, which then reacts with H.sub.2 O to produce
      H.sub.3 PO.sub.4 on the surface of phosphorus nitride wafers and
      subsequently the so-formed H.sub.3 PO.sub.4 partly containing P.sub.2
      O.sub.5 vaporizes and deposits on the surface of silicon wafers. H.sub.3
      PO.sub.4 deposited diffuses into silicon and forms an N-type region. In a
      prior art method phosphorus nitride is predominantly decomposed into
      elemental phosphorus, in the form of which phosphorus is diffused into the
      silicon wafers. In handling or treating wafers it is inevitable that the
      surface of the phosphorus nitride wafers are oxidized slightly for example
      when wafers are put into or out of the quartz tube. Thus, it may
      necessarily occur that P.sub.2 O.sub.5 and H.sub.3 PO.sub.4 formed on the
      surface of phosphorus nitride wafers vaporize together with elemental
      phosphorus into silicon wafers. In such case diffusion of phosphorus into
      silicon may vary depending on to what extent phosphorus nitride is
      oxidized. Accordingly, a uniformly diffused silicon wafer is not available
      by the prior art method.
PAR  It would be surmised that P.sub.2 O.sub.5 and H.sub.3 PO.sub.4 formed by
      heating a phosphorus nitride wafer in a wet or oxidic atmosphere may cause
      the wafer to be adhesive or to swell or bend upon heating. It is however
      little worth consideration to take notice of such a phenomenon. Although
      the greater part of P.sub.2 O.sub.5 and H.sub.3 PO.sub.4 occurred by
      oxidation are vaporized during a diffusion process, the remaining P.sub.2
      O.sub.5, if any, reacts with Si O.sub.2 contained in the wafer of the
      present invention to form silicon phosphate P.sub.2 O.sub.5.SiO.sub.2.
      Being stabilized, P.sub.2 O.sub.5 is deprived of its hygroscopic property.
      Thus, the formation of P.sub.2 O.sub.5 or H.sub.3 PO.sub.4 may not be a
      cause for swelling or bending upon heating. That is to say, incorporation
      of Si O.sub.2 renders P.sub.2 O.sub.5 to be stabilized in addition to its
      effect as a binding material for phosphorus nitride powder.
PAR  An oxidic atmosphere may be an inert gas containing moisture and/or oxygen.
      In the case where pre-treatment in which phosphorus nitride wafer is
      oxidized before diffusing phosphorus is applied, the wafer is pre-treated
      at 500.degree. - 900.degree.C for 0.5 - 3 hours introducing a nitrogen gas
      saturated with water vapor of 0.degree. - 30.degree.C or a gas mixture
      consisting of nitrogen and 0.1 - 10 percent by volume of oxygen. More
      oxygen or water vapor content will increase the amount to be oxidized,
      which will shorten the lifetime of wafer. After such pre-treatment the
      subsequent diffusion process may be carried out in an inert atmosphere.
      The above mentioned oxidation treatment is again applied when P.sub.2
      O.sub.5 formed in the pre-treatment is almost used up and thus the
      phosphorus diffusion process does not proceed well.
PAR  In the case where the wafer is not pre-treated, a diffusion process may be
      made in an atmosphere similar to that employed in the pre-treatment.
      However, the amount of oxygen or water vapor may be reduced to 1/5 - 1/100
      of the amount used in the pre-treatment.
PAR  In the following examples there are described enbodiments of the present
      invention.
PAC  EXAMPLE 1
PAR  To 80 parts by weight of phosphorus nitride powder shown in Table I
      prepared by reacting phosphorus pentsulphide with NH.sub.3 was added 20
      parts by weight of white carbon (prepared by the dry method).
TBL                Table I                                                     

     ______________________________________                                    

             N          42.71 %                                                

             P          57.19 %                                                

             Al         100 ppm                                                

             Ca          10 ppm                                                

             Fe         170 ppm                                                

             Si         250 ppm                                                

             Cr         110 ppm                                                

             Ni          90 ppm                                                

             Mn          80 ppm                                                

             Na, N      Not detected                                           

             Particle                                                          

              diameter  0.5.sub.mm or less                                     

     ______________________________________                                    

PAR  Then the mixed powder was hot pressed by placing the mixture in a graphite
      mold, applying a pressure of 80kg/cm.sup.2 in an atmosphere of a nitrogen
      gas for 30min. at 850.degree.C. A hot pressed body thus obtained had an
      outside diameter of 45.sub.mm and was 60.sub.mm long. The product showed a
      density of 1.35g/cm.sup. 3 and Shore hadness of 35. Thereafter, phosphorus
      nitride wafers, each having a diameter of 45.sub.mm and a thickness of
      1.0mm, were made of the hot pressed product with a diamond-tipped cutter.
      The phosphorus nitride wafers were stood on a grooved quartz boat
      alternately with silicon wafers. These wafers were then led into a quartz
      tube heated to 800.degree.C. At a flow rate of 1l/min. a nitrogen gas
      saturated with water vapor of 1.degree.C was introduced into the tube and
      maintained for 30 minutes to thereby diffuse phosphorus into silicon, and
      thereafter the wafers were drawn out of the quartz tube. Subsequently,
      only the silicon wafers were placed in a quartz tube, which was then set
      in a furnace kept at 1200.degree.C for 30 minutes under a stream of
      nitrogen whereby phosphorus was re-distributed into the silicon wafers.
      After etching the surfaces of the silicon wafers with an aquous fluoric
      acid, surface resistance thereof was measured. It was confirmed that there
      existed a uniform n-type region and the product had a resistance of
      2.5.+-.0.1 ohms per sq.
PAR  The used phosphorus nitride wafers did not show deformation such as bending
      or swellings and retained a smooth surface.
PAC  EXAMPLE II
PAR  65 parts by weight of phosphorus nitride powder prepared in the same way as
      in Example I and 35 parts by weight of white carbon (prepared by the dry
      method) were mixed. The mixture was introduced into a graphite mold having
      an inner diameter of 45mm and subjected to hot pressing at 800.degree.c
      under a pressure of 150 Okg/cm.sup.2 for 45 minutes in an argon
      atmosphere. The hot pressed body thus obtained (45mm .phi. .times. 55mm in
      length) had a density of 1.43g per cm.sup.3 and Shore hardness of 45.
      Wafers (45mm .times. 1mm in thickness), which had been made of the
      product, were pre-treated at 850.degree.C for 1 hour introducing a stream
      of a nitrogen gas saturated with water vapor of 20.degree.C. The
      pre-treated wafers were set up on a grooved quartz boat alternately with
      silicon wafers, and put into a quartz tube, maintained at a temperature of
      800.degree.C in a diffusion furnace and kept for 30 minutes in a dry
      nitrogen gas at a flow rate of 2.0 l/min. After the treatment the wafers
      were taken out of the quartz tube. The Silicon wafers were etched with an
      aquous fluoric acid to remove the deposits on the surface, after which the
      wafers were subjected to a second or re-distribution step at 1150.degree.C
      for 30 minutes under a nitrogen gas. The final silicon wafers had a
      uniform n-type region, having a surface resistance of 37.5 .+-. 0.5 ohms.
      per sq.
PAC  EXAMPLE III
PAR  90 parts by weight of phosphorus nitride powder prepared in the same way as
      in Example I and 10 parts by weight of white carbon (prepared by the dry
      method) were mixed and the mixed powder was hot pressed with a graphite
      mold (50mm in inner diameter) at 900.degree.C under 80.sub.kg /cm.sup.2
      for 30 minutes under a nitrogen atmosphere. The hot pressed body thus
      obtained (50 .phi. .times. 65mm in length) showed a density of 1.29.sub.g
      /cm.sup.3 and Shore hardness of 28. Of the hot pressed product, wafers 1mm
      thick were made. These wafers were pre-treated in a gas mixture consisting
      of 5 percent of oxygen and 95 percent of nitrogen at a temperature of
      750.degree.C for 30 minutes. In the same manner as shown in Example 2,
      phosphorus diffusion was effected with the thus treated wafers.
      Confirmation was shown by the fact that the silicon wafers obtained had a
      uniform n-type region and 36.9 .+-. 4.OMEGA./sq in surface resistance.
PAC  EXAMPLE IV
PAR  40 parts by weight of phosphorus nitride powder prepared in Example I and
      60 parts by weight of white carbon (prepared by the dry method) were mixed
      and the mixture was subjected to hot pressing in an atmosphere of a
      nitrogen gas by the use of a graphite mold under a pressure of
      150kg/cm.sup.3 and 900.degree.C for 30 minutes. The hot pressed bodies
      (50mm .phi. .times. 65mm in length) had a density of 1.23g/cm.sup.3 and
      Shore hardness of 55. Wafers having a thickness of 1 mm were produced from
      the bodies. Without pre-treating the wafers, phosphorus diffusion into
      silicon wafers was effected at 850.degree.C for 60 minutes under a stream
      of a mixture of a nitrogen gas saturated with 5.degree.C water vapor.
      These silicon wafers were re-distributed in the same manner as set forth
      in Example (second step) I. The forming of a uniform n-type region with
      1.7 .+-. 0.1 ohm/sq in surface resistance was confirmed.
PAC  EXAMPLE V
PAR  A mixture of 80 parts by weight of phosphorus nitride and 20 parts by
      weight of white carbon (prepared by the dry method) were hot pressed at
      750.degree.C for 10 minutes under a pressure of 200kg/cm.sup.2 with a
      graphite mold in an atmosphere of a nitrogen gas. The hot pressed bodies
      thus obtained (40.sub.mm .phi. .times. 55mm in length) showing a density
      of 1.31g/cm.sup.3 and Shore hardness of 32 were cut into a plurality of
      wafers having a thickness of 1mm. The wafers were pre-treated at
      700.degree.C for 2 hours in a gas mixture of 1 percent of oxygen and 99
      percent of nitrogen. From the pre-treated wafers phosphorus was diffused
      into silicon wafers at 800.degree.C for 30 minutes in a steam of a
      nitrogen gas saturated with water vapor of 0.degree.C. Subsequently,
      without etching the silicon wafers they were heated in 1050.degree.C and
      maintained for 15 minutes in a nitrogen gas to thereby re-distribute
      phosphorus into the silicon wafers. It was found that there were formed a
      uniform n-type region in the silicon wafers and surface resistance thereof
      had 320 ohm./sq.
PAC  EXAMPLES 6, 7 and 8
PAR  Mixing 80 parts by weight of phosphorus nitride powder with 20 parts by
      weight of white carbon (prepared by the dry method), the mixed powder was
      hot pressed at 890.degree.C for 30 minutes under 80kg/cm.sup.2 in an
      atmosphere of a nitrogen gas using a graphite mold. The hot pressed bodies
      thus produced had a diameter of 55mm and length of 65mm and showed a
      density of 1.30g/cm.sup.3 and Shore hardness of 33. Of the bodies wafers
      1mm thick were made. Under the conditions shown in Table 2 phosphorus
      diffusion into silicon wafers was effected. In all of the cases the
      forming of a uniform n-type region was confirmed.
PAR  The phosphorus nitride wafers after use had no swellings or bending and the
      surfaces thereof were excellent in appearance.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Pre-treatment       Diffusion (First step)                                

                                      Etching after                            

                                             Diffusion (Second                 

                                                           Surface             

                                      the first step       resistance          

          Atm.  Temp.                                                          

                     Time                                                      

                         Atm. Temp.                                            

                                  Time       Atm.                              

                                                 Temp Time of silicon          

     Example    (.degree.C)                                                    

                     (hr.)    (.degree.C)                                      

                                  (min.)         (.degree.C)                   

                                                      (min.)                   

                                                           wafer               

     No.                                                   (ohms/sq)           

     __________________________________________________________________________

     6    N.sub.2        01.%O.sub.2                                           

          satura-                                                              

          ted wi-                                                              

          th 20.degree.C                                                       

          H.sub.2 O                                                            

                600  1.0 99.9%N.sub.2                                          

                              700 30  No     N.sub.2                           

                                                 1050 15    410.+-. 5          

     7    K.sub.2                                                              

          satura-        dry N.sub.2                                           

          ted wi-                                                              

          th 15.degree.C                                                       

          H.sub.2 O                                                            

                800  1.0      750 30  Yes    N.sub.2                           

                                                 1200 30    83 .+-. 1.5        

     8    5% O.sub.2     N.sub.2                                               

          and   550  2.5 saturat-                                              

          95%N.sub.2     ed with                                               

                              600 15  Yes    N.sub.2                           

                                                 1100 30   1130 .+-. 2.5       

                         O.degree.C                                            

                         H.sub.2 O                                             

     __________________________________________________________________________

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A composition for diffusing phosphorus which comprises 30 - 95 percent
      by weight of phosphorus nitride and 70 - 5 percent by weight of silicon
      dioxide.
NUM  2.
PAR  2. A composition as claimed in claim 1 wherein the composition is in the
      form of wafer.
NUM  3.
PAR  3. A wafer as claimed in claim 2 treated with an inert gas saturated with
      water vapor having a temperature of 0.degree. - 30.degree.C at 500.degree.
      - 900.degree.C for 0.5-3.0 hours.
NUM  4.
PAR  4. A wafer as claimed in claim 2 treated with a gas mixture of 0.1-10
      percent by volume of oxygen and 99.9- 90 percent by volume of an inert gas
      at 500.degree.-900.degree.C for 0.5 - 3.0 hours.
NUM  5.
PAR  5. A method for treating a wafer as claimed in claim 2 with an inert gas
      saturated with water vapor having a temperature of 0.degree. - 30.degree.C
      at 500.degree. - 900.degree.C for 0.5 - 3.0 hours.
NUM  6.
PAR  6. A method for treating a wafer as claimed in claim 2 with a gas mixture
      of 0.1 - 10 percent by volume of oxygen and 99.9 - 90 percent by volume of
      an inert gas at 500.degree. - 900.degree.C for 0.5 - 3.0 hours.
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ABST
PAL  A solid composition capable of self-sustained combustion to produce gaseous
      nitrogen and nonvolatile solids as its combustion products comprises a
      mixture of a first metal azide and the oxide or salt of a second metal
      which second metal is below the first metal in the electrochemical series
      and which is capable of being substituted by the first metal in the oxide
      or salt. Many combinations of various components may be used, but some
      care is required to select only those combinations in which the solid
      products are nonvolatile at the temperatures encountered during the
      combustion. A representative system employes iron oxide and sodium azide
      according to the following reactions:
EQU  Fe.sub.2 O.sub.3 +6NaN.sub.3 .fwdarw.2Fe+3Na.sub.2 O+9N.sub.2 .uparw.
PAL  Another embodiment of the invention generates mixtures of nitrogen and
      other gases such as carbon dioxide, carbon monoxide and/or water
      particularly suitable for use in lasers. This is accomplished by adding to
      the mixture materials which react or decompose into the desired gases. If
      carbon monoxide or carbon dioxide is the desired additional gas, a metal
      carbonate may be used as the salt in the above reaction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are many applications which require a storable source of gaseous
      nitrogen which may be used for a variety of pressurization or purging
      applications, for example. Nitrogen is inert with respect to many
      oxidizers, including the high energy interhalogen compounds such as
      ClF.sub.3 and ClF.sub.5, fluorine, oxygen, or various nitric acid
      compositions such as red fuming and white fuming nitric acid and many
      fuels such as hydrogen, hydrazine, kerosene, or other hydrocarbons. Thus,
      in rocket motors for example, it is possible to use nitrogen to pressurize
      or purge both fuel and oxidizer tanks. Nitrogen is also used in space
      station and vehicle atmospheres as a diluent for the oxygen. Thus, in the
      event of leakage not only will oxygen but also nitrogen will be lost and a
      storable means of replenishing nitrogen in the event of leaks is required.
      Nitrogen gas is also used in many laser applications and a storable source
      of gaseous nitrogen would be highly desirable, particularly for portable
      and military operations. In laser applications for example, it is also
      desirable that nitrogen contain amounts of other gases such as carbon
      dioxide, carbon monoxide or water.
PAR  There are three basic ways of storing nitrogen, i.e., as a gas, as a
      liquid, or chemically combined in a manner in which it can be controllably
      released. Storage as either gas or liquid is done by state-of-the-art
      techniques, but is associated with the problems inherent to pressurized
      gases or cryogenic liquids. A substantial body of art, therefore, has been
      developed towards making so-called nitrogen "candles" which are
      combustible compositions capable of liberating gaseous nitrogen. Such a
      composition is represented by U.S. Pat. No. 2,981,616 to Boyer for a Gas
      Generator Grain. The composition of this patent utilize a metal azide as a
      source of the nitrogen and an amount of oxidizing agent selected from the
      class of metal peroxides, inorganic perchlorates and metal nitrates in
      amounts sufficient to fully oxidize the metal component of the azide. Such
      compositions are capable of producing nitrogen gas, however, they are
      relatively energetic systems which can present safety hazards from
      inadvertent ignition. Further, these oxidizing agents produce high flame
      temperatures in the combustion process and in many cases the nitrogen gas
      evolved must be subsequently treated to cool it to a usable temperature
      and in some cases the temperature may also be so sufficiently high as to
      produce volatilization of some of the normally solid reaction products.
PAC  DESCRIPTION OF THE INVENTION
PAR  According to this invention, novel gas generator compositions have been
      discovered which have substantially no impact or friction sensitivity and
      which produce nitrogen gas or nitrogen mixed with other gases as the only
      volatile products at relatively low flame temperatures.
PAR  The desirable features of this invention are obtained by reacting metal
      azides with various metal oxides and salts as the oxidative reactant. To
      permit self-sustained combustion, the metal forming the azide should be
      sufficiently above the metal of the oxide or salt in the electromotive
      series of the elements so that the metal of the azide is capable of
      exothermically replacing the metal of the oxide or salt. To prevent the
      liberation of volatiles, other than the desired gases, the metal oxide or
      salt must be selected such that the residue produced by the reaction
      consists only of materials which are non-volatile under the reaction
      conditions. The general reaction sequence may be shown as follows:
      metal.sub.1 azide+metal.sub.2 oxide (or salt).fwdarw.metal.sub.1 oxide(or
      salt)+metal.sub.2 +nitrogen
PAR  In the above reaction metal.sub.1 is a metal which is higher in the
      electromotive series of the elements than metal.sub.2 and is capable of
      replacing the metal.sub.2 exothermically in the above general reaction
      scheme and the stoichiomety of the system is preferably adjusted to permit
      maximum liberation of the nitrogen of the azide and of metal.sub.2
      together with the total substitution of metal.sub.1 in the oxide or salt.
PAR  The addition of a hydrogen-free carbon compound and an oxidizing agent for
      the carbon in amounts sufficient to convert desired amounts of carbon
      monoxide to carbon dioxide may be made to the compositions of this
      invention to permit the generation of nitrogen - CO.sub.2 mixtures for use
      in lasers. Suitable carbon compounds include, without being limited to,
      carbonates, metal oxalates such as Li.sub.2 C.sub.2 O.sub.4, Na.sub.2
      C.sub.2 O.sub.4, and MgC.sub.2 O.sub.4 and carbon-nitrogen compounds such
      as tetracyanoethylene (C6N.sub.4).
PAR  Elimination or reduction of the additional oxidizer will result in the
      evolution of carbon monoxide. Addition of hydrated materials or basic
      oxides such as Mg(ClO.sub.4).sub.2.6H.sub.2 O, FeO.sub.2 H, oxamide and
      oxalic acid dihydrate either alone or in conjunction with the carbon
      compound will generate water. The formulas for oxamide and oxalic acid
      dihydrate are respectively (CO.NH.sub.2).sub.2 and (COOH).sub.2.2H.sub.2
      O.
PAR  Representative theoretical chemical reactions by which these gases may be
      generated are set forth below:
     NITROGEN GENERATORS                                                       

     6NaN.sub.3 + Fe.sub.2 O.sub.3 .fwdarw. 3Na.sub.2 O + 2Fe + 9N.sub.2       

     12NaN.sub.3 + 3SiO.sub.2 .fwdarw. 6Na.sub.2 O + Si.sub.3 N.sub.4 +        

     16N.sub.2                                                                 

     6LiN.sub.3 + B.sub.2 O.sub.3 .fwdarw. 3Li.sub.2 O + 2BN + 8N.sub.2        

     6KN.sub.3 + Fe.sub.2 O.sub.3 .fwdarw. 3K.sub.2 O + 2Fe + 9N.sub.2         

     4LiN.sub.3 + TiO.sub.2 .fwdarw. 2Li.sub.2 O + Ti + 6N.sub.2               

     3NaN.sub.3 + 3LiCl.fwdarw. Li.sub.3 N + 3NaCl + 4N.sub.2                  

     6NaN.sub.3 + 2AlF.sub.3 .fwdarw. 6NaF + 2AlN + 8N.sub.2                   

     3NaN.sub.3 + 3LiF.fwdarw. Li.sub.3 N + 3NaF + 4N.sub.2                    

     6NaN.sub.3 + 3CuCl.sub.2 .fwdarw. 6NaCl + 3Cu + 9N.sub.2                  

     6NaN.sub.3 + Fe.sub.2 (SO.sub.4).sub.3 .fwdarw. 3Na.sub.2 SO.sub.4  + 2Fe 

     + 9N.sub.2                                                                

     2NaN.sub.3 + FeS.fwdarw. Na.sub.2 S + Fe + 3N.sub.2                       

     2NaN.sub.3 + FeCO.sub.3 .fwdarw. Na.sub.2 CO.sub.3 + Fe + 3N.sub.2        

     12NaN.sub.3 + 3CaMg(CO.sub.3).sub.2 .fwdarw. 6Na.sub.2 CO.sub.3 +         

     Ca.sub.3 N.sub.2 + Mg.sub.3 N.sub.2 + 16N.sub.2                           

     NITROGEN-CARBON DIOXIDE GENERATORS                                        

     6NaN.sub.3 + 9FeCO.sub.3 .fwdarw. 3Na.sub.2 CO.sub.3 + 9FeO + 9N.sub.2 +  

     3CO + 3CO.sub.2                                                           

     16NaN.sub.3 + 4SiO.sub.2 + 15MgCO.sub.3 .fwdarw. 8Na.sub.2 CO.sub.3 +     

     Si.sub.4 N.sub.3 + 15MgO + 27N.sub.2 + 7CO.sub.2                          

     2NaN.sub.3 + Fe.sub.2 O.sub.3 + 2FeCO.sub. 3 .fwdarw. Na.sub.2 CO.sub.3 + 

     4FeO + 3N.sub.2 + CO.sub.2                                                

     8NaN.sub.3 + 10FeCO.sub.3  + 2NaNO.sub.3 + 2FeO.sub.2 H.fwdarw. 5Na.sub.2 

     CO.sub.3 + 2Fe.sub.2 O.sub.3 + 8FeO + 13N.sub.2 + H.sub.2 O + 5CO.sub.2   

     10NaN.sub.3 + 9MgCO.sub.3 + 0.17Mg(NO.sub.3).sub.2.sup.. 6H.sub.2 O +     

     1.04 NaClO.sub.4 .fwdarw. 5Na.sub.2 CO.sub.3 + 9.17 MgO + 15.17 N.sub.2 + 

     4CO.sub.2 + 1.02H.sub.2 O + 1.04NaCl                                      

     8NaN.sub.3 + 1.2C.sub.6 N.sub.4 + 0.3(COOH).sub.2.sup.. 2H.sub.2 O + 4.75 

     NaClO.sub.4 .fwdarw. 4Na.sub.2 CO.sub.3 + 4.75 NaCl + 0.9H.sub.2 O +      

     3.8CO.sub.2 + 14.4N.sub.2                                                 

PAR  Table I sets forth the results of tests on various gas generator
      compositions.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     (A) Compositions of Pelletized Propellants - no                           

     Reinforcing Fiber                                                         

     Mole                                                                      

     %  Component                                                              

               Mole                                                            

                   Component                                                   

                          Mole                                                 

                             Mole   Solid Residue                              

                                              Ignition & Combus-               

                                                             Combustion        

     NaN.sub.3                                                                 

          (1)  %     (2)  %  Ratio Reaction Products                           

                                               tion Behavior Temperature       

     __________________________________________________________________________

     60.0                                                                      

        AlF.sub.3                                                              

               40.0                                                            

                    --    -- 3/2   Na.sub.3 AlF.sub.6 +AlN                     

                                              ignited-slow burning             

                                                             940               

                                              rate                             

     85.7                                                                      

        Al.sub.2 O.sub.3                                                       

               14.3                                                            

                    --    -- 6/1   Na.sub.2 O+AlN                              

                                              no ignition with                 

                                                              ---              

                                              tained burning                   

     85.7                                                                      

        Al.sub.2 O.sub.3                                                       

                8.7                                                            

                   Fe.sub.2 O.sub.3                                            

                          5.6                                                  

                             .about.77/8/5                                     

                                   Na.sub.2 O+Fe+AlN                           

                                              ignited-moderate                 

                                                             1020-1090         

                                   Na.sub.2 Fe.sub.2 O.sub.4 (?)               

                                              burning rate                     

     85.7                                                                      

        B.sub.2 O.sub.3                                                        

               14.3                                                            

                    --    -- 6/1   Na.sub.2 O+BN                               

                                              slow to ignite-moderate          

                                                             830               

                                              burning rate                     

     49.2                                                                      

        CaCO.sub.3                                                             

               36.5                                                            

                   FeO.sub.3                                                   

                          14.3                                                 

                             .about.17/13/5                                    

                                   Na.sub.2 O+CaO+Fe                           

                                              ignited-moderate                 

                                                              --n-             

                                              ing rate                         

     50.0                                                                      

        CuCl   50.0                                                            

                    --    -- 1/1   NaCl+Cu    ignited-very rapid               

                                                             686n-             

                                              ing rate                         

     66.7                                                                      

        CuO    33.3                                                            

                    --    -- 2/1   Na.sub.2 O+Cu                               

                                              ignited-moderate                 

                                                             &gt;1200             

                                              ing rate                         

     85.7                                                                      

        Fe.sub.2 O.sub.3                                                       

               14.3                                                            

                    --    -- 6/1   Na.sub.2 O+Fe                               

                                              ignited easily-good              

                                                             940               

                                              burning rate                     

     66.4                                                                      

        FeCO.sub.3                                                             

               33.6                                                            

                    --    -- 2/1   Na.sub.2 CO.sub.3 +Fe+FeO                   

                                              ignited-fairly                   

                                                              --id             

                                              burning rate                     

     88.9                                                                      

        Fe.sub.3 O.sub.4                                                       

               11.1                                                            

                    --    -- 8/1   Na.sub.2 O+Fe                               

                                              ignited-moderate                 

                                                             .about.566        

                                              ing rate                         

     85.7                                                                      

        Fe.sub.2 (SO.sub.4).sub.3                                              

               14.3                                                            

                    --    -- 6/1   Na.sub.2 SO.sub.4 +Fe                       

                                              ignited-moderate                 

                                                              --n-             

        1.sub.nH.sbsb.2O 3                    ing rate                         

     66.7                                                                      

        FeS    33.3                                                            

                    --    -- 2/1   Na.sub.2 S+Fe                               

                                              ignited-fairly                   

                                                              --id             

                                              burning rate                     

     49.5                                                                      

        L.sub.1 Cl                                                             

               50.5                                                            

                    --    -- 1/1   NaCl+Li.sub.3 N                             

                                              ignited (after                   

                                                              --ydration)      

     moderate burning rate                                                     

     49.8                                                                      

        LiF    50.2                                                            

                    --    -- 1/1   NaF+Li.sub.3 N                              

                                              ignited-extremely                

                                                              --w              

                                              burning rate                     

     88.8                                                                      

        Li(CO.sub.2).sub.2                                                     

               11.2                                                            

                    --    -- 8/1   Na.sub.2 O+Li.sub.3 N                       

                                              ignited-moderate                 

                                                              --ning           

                                              rate                             

     66.6                                                                      

        Li.sub.2 SO.sub.4                                                      

               33.5                                                            

                    --    -- 2/1   Na.sub.2 SO.sub.4 +Li.sub.3 N               

                                              ignited, but not                 

                                                              --tained         

                                              combustion                       

     46.4                                                                      

        MgCO.sub.3 ..times.H.sub.2 O                                           

               53.6                                                            

                    --    -- .about.1/1                                        

                                   Na.sub.2 CO.sub.3 +Mg.sub.3 N.sub.2         

                                              no ignition with                 

                                                              --tained         

                                              burning                          

     61.3                                                                      

        MgCO.sub.3..times.H.sub.2 O                                            

               38.7                                                            

                    --    -- .about.3/2                                        

                                   Na.sub.2 CO.sub.3 +Mg.sub.3 N.sub.2         

                                              ignited-extremely slow           

      --                                                                       

                                              burning rate                     

     80.0                                                                      

        MnO.sub.2                                                              

               20.0                                                            

                    --    -- 4/1   Na.sub.2 O+Mn                               

                                              ignition difficult-moderate      

                                                             740               

                                              burning rate                     

     80.0                                                                      

        SiO.sub.2                                                              

               20.0                                                            

                    --    -- 4/1   Na.sub.2 O+Si.sub.3 N.sub.4                 

                                              ignited easily-fairly            

                                                             760id             

                                              burning rate                     

     75.0                                                                      

        SiO.sub.2                                                              

               25.0                                                            

                    --    -- 3/1   Na.sub.2 SiO.sub.3                          

                                              ignited-fair to                  

                                                             893erate          

                                              burning rate                     

     (B) Compositions of Molded Propellants -                                  

     Fiberglass Binder (1 wt %)                                                

     Mole                                                                      

     %  Component                                                              

               Mole                                                            

                   Component                                                   

                          Mole                                                 

                             Mole   Solid Residue                              

                                              Ignition & Combus-               

     NaN.sub.3                                                                 

          (1)  %     (2)  %  Ratio Reaction Products                           

                                              tion Behavior                    
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     56.4                                                                      

        AlF.sub.3                                                              

               43.6                                                            

                    --    -- 4/3   NaAlF.sub.4 (?)+NaF                         

                                              ignited-moderate burning         

                                              rate                             

     21.0                                                                      

        AlO.sub.3                                                              

               10.5                                                            

                   SiO.sub.2                                                   

                          68.4                                                 

                             12/6/37                                           

                                   Na.sub.2 O.Al.sub.2 O.sub.3.6SiO.sub.2      

                                              no ignition with sustained       

                                    silicate  burning                          

     20.3                                                                      

        Al.sub.2 O.sub.3                                                       

                4.9                                                            

                   SiO.sub.2                                                   

                          74.8                                                 

                             .about.25/6/90                                    

                                   Na.sub.2 O.Al.sub.2 O.sub.3.6SiO.sub.2      

                                              no ignition with sustained       

                                    silicate  burning                          

     42.0                                                                      

        Al.sub.2 O.sub.3                                                       

                7.8                                                            

                   SiO.sub.2                                                   

                          50.2                                                 

                             .about.24/6/39                                    

                                   Na.sub.2 O.Al.sub.2 O.sub.3.6SiO.sub.2      

                                              ignited, but very slow           

                                    silicate  burning rate                     

     83.3                                                                      

        Al.sub.2 O.sub.3                                                       

                6.1                                                            

                   SiO.sub.2                                                   

                          10.6                                                 

                             13.7/1/1.7                                        

                                   sodium ferrate or                           

                                              ignition easy-good burning       

                                   sodium aluminate                            

                                              rate                             

     61.9                                                                      

        Al.sub.2 O.sub.3                                                       

               12.9                                                            

                   Fe.sub.2 O.sub.3                                            

                          25.2                                                 

                             .about.4.8/1/2                                    

                                   sodium ferrate or                           

                                              ignited-less rapid burning       

                                   sodium aluminate                            

                                              rate                             

     69.9                                                                      

        Al.sub.2 O.sub.3                                                       

               18.7                                                            

                   Fe.sub.2 O.sub.3                                            

                          11.4                                                 

                             .about.6.1/1.6/1                                  

                                   sodium ferrate or                           

                                              ignited-slow burning rate        

                                   sodium aluminate                            

     48.9                                                                      

        Al.sub.2 O.sub.3                                                       

               31.3                                                            

                   Fe.sub.2 O.sub.3                                            

                          19.9                                                 

                             .about.2.5/1.6/1                                  

                                   sodium ferrate or                           

                                              ignited-very slow burning        

                                   sodium aluminate                            

                                              rate                             

     25.2                                                                      

        Al.sub.2 O.sub.3                                                       

               46.1                                                            

                   Fe.sub. 2 O.sub.3                                           

                          28.7                                                 

                             .about.1/1.8/1.1                                  

                                   sodium ferrate or                           

                                              no ignition                      

                                   sodium aluminate                            

     70.0                                                                      

        Al.sub.2 O.sub.3                                                       

               23.5                                                            

                   Fe.sub.2 O.sub.3                                            

                           6.5                                                 

                             .about.10.8/3.6/1                                 

                                   sodium ferrate or                           

                                              no ignition with sustained       

                                   sodium aluminate                            

                                              burning                          

     54.0                                                                      

        Al.sub.2 O.sub.3                                                       

               36.1                                                            

                   Fe.sub.2 O.sub.3                                            

                           9.9                                                 

                             5.5/3.6/1                                         

                                   sodium ferrate or                           

                                              ignited, but would not           

                                   sodium aluminate                            

                                              sustain combustion               

     23.6                                                                      

        Al.sub.2 O.sub.3                                                       

               60.4                                                            

                   Fe.sub.2 O.sub.3                                            

                          16.0                                                 

                             1.5/3.8/1                                         

                                   sodium ferrate or                           

                                              no ignition                      

                                   sodium aluminate                            

     27.4                                                                      

        Al.sub.2 O.sub.3                                                       

               25.7                                                            

                   Fe.sub.2 O.sub.3                                            

                          46.9                                                 

                             1.1/1/1.8                                         

                                   sodium ferrate or                           

                                              no ignition with sustained       

                                   sodium aluminate                            

                                              combustion                       

     64.9                                                                      

        CaCO.sub.3                                                             

               24.3                                                            

                   Fe.sub.2 O.sub.3                                            

                          10.8                                                 

                             6/2.2/1                                           

                                   Na.sub.2 CO.sub.3 +CaOFe                    

                                              ignited-moderate burning         

                                              rate                             

     77.8                                                                      

        CaMg(CO.sub.3).sub.2                                                   

                9.3                                                            

                   Fe.sub.2 O.sub.3                                            

                          12.9                                                 

                             8.4/1/1.4                                         

                                   Na.sub.2 CO.sub.3 +MgO+CaO+Fe               

                                              ignited-moderate burning         

                                              rate                             

     85.7                                                                      

        Fe.sub.2 O.sub.3                                                       

               14.26                                                           

                    --    -- 6/1   Na.sub.2 O+Fe                               

                                              ignited easily-fairly rapid      

                                              burning rate                     

     82.0                                                                      

        Fe.sub.2 O.sub.3                                                       

               18.0                                                            

                    --    -- 4.56/1                                            

                                   Na.sub.2 O+Fe+Fe.sub.2 O.sub.3              

                                              ignited-less rapid burning       

                                              rate                             

     71.1                                                                      

        Fe.sub.2 O.sub.3                                                       

               28.9                                                            

                    --    -- 2.46/1                                            

                                   Na.sub.2 O+Fe+Fe.sub.2 O.sub.3              

                                              ignited-moderate burning         

                                              rate                             

     54.3                                                                      

        FeCO.sub.3                                                             

               45.7                                                            

                    --    -- .about.1/1                                        

                                   Na.sub.2 CO.sub.3 +Fe                       

                                              ignited-slow burning rate        

     45.3                                                                      

        FeCO.sub.3                                                             

               42.4                                                            

                   Fe.sub.2 O.sub.3                                            

                          12.3                                                 

                             3.7/3.4/1                                         

                                   Na.sub.2 CO.sub.3 +Fe+Fe.sub.2 O.sub.3      

                                              ignited-slow burning rate        

     57.7                                                                      

        FeCO.sub.3                                                             

               32.4                                                            

                   MgCO.sub.3..times.H.sub.2 O                                 

                           9.9                                                 

                             5.8/3.3/1                                         

                                   Na.sub.2 CO.sub.3 +MgO+Fe                   

                                              ignited-slow burning rate        

     51.4                                                                      

        FeCO.sub.3                                                             

               28.8                                                            

                   MgCO.sub.3..times.H.sub.2 O                                 

                          19.8                                                 

                             2.6/1.5/1                                         

                                   Na.sub.2 CO.sub.3 +MgO+FeO                  

                                              no ignition with sustained       

                                              burning                          

     46.0                                                                      

        MgCO.sub.3..times.H.sub.2 O                                            

               40.6                                                            

                   Fe.sub.2 O.sub.3                                            

                          13.4                                                 

                             3.4/3.0/1                                         

                                   Na.sub.2 CO.sub.3 +MgO+FeO                  

                                              no ignition with sustained       

                                              combustion                       

     57.7                                                                      

        SiO.sub.2                                                              

               42.3                                                            

                    --    -- 4/3   Na.sub.2 SiO.sub.3 +Si.sub.3 N.sub.4        

                                              ignited-very rapid burning       

                                              rate                             

     __________________________________________________________________________

PAR  As can be seen by comparing the theoretical reactions and the actual
      experimental reactions noted in Table I, some differences between the
      experimental result and the theoretical expectations are observed. For
      example, in the reaction of aluminum fluoride with sodium azide, the
      reaction does not proceed to the production of aluminum nitride and sodium
      fluoride but rather Na.sub.3 AlF.sub.6 and AlN is produced. Also, as can
      be seen from the above table, it is not always possible to predict which
      combinations of materials will function properly according to this
      invention and in what particular relationship they may occur. For example,
      in the system using lithium azide, aluminum oxide, silicon dioxide, and 1
      percent fiberglass reinforcement, no combustion was obtained when the mole
      ratio of the materials were respectively 12/6/39 and 25/6/90, yet good
      residue retention was obtained with a mole ratio of 24/6/39. It has not
      been determined if this was because of the increased amount of sodium
      azide, decreased amount of silicon oxide or some combination of the two
      with the latter being the most probable. Thus, while the applicant has not
      tested every combination of materials in all proportions to determine
      which do and which do not function to produce a gas generator grain
      capable of generating nitrogen in self sustained manner at reasonable
      temperatures, this disclosure is believed adequate to teach workers
      skilled in the art a new type of composition and how generally to
      determine which materials will work. Nevertheless, some experimentation,
      well within ordinary skill, will be required by workers skilled in the art
      to select the precise composition for any particular combination of
      materials within the scope of this disclosure and the claims but which are
      not specifically disclosed by example herein. While this invention has
      been illustrated with respect to numerous examples, the invention is not
      limited thereto and various modifications can be made by workers skilled
      in the art without departing from the scope of the invention which is
      limited only by the following claims wherein:
CLMS
STM  We claim:
NUM  1.
PAR  1. A gaseous nitrogen generating composition comprising a mixture of a
      metal azide and a material selected from the group consisting of: Fe.sub.2
      O.sub.3, AlF.sub.3, Al.sub.2 O.sub.3 +Fe.sub.2 O.sub.3, B.sub.2 O.sub.3,
      CuCl, CuO, Fe.sub.3 O.sub.4, MnO.sub.2, SiO.sub.2, TiO.sub.2 and mixtures
      thereof, said materials being oxides and salt of elements lower in the
      electrochemical series of the elements than the metal component of the
      azide and being capable of liberating sufficient heat upon exothermic
      reaction with said azide to maintain a self-sustained combustion.
NUM  2.
PAR  2. The composition of claim 1 wherein said metal azide is selected from the
      group consisting of alkali metal azides.
NUM  3.
PAR  3. The composition of claim 2 further comprising a material selected from
      the group consisting of carbon-nitrogen compounds, metal oxalates and
      metal carbonates.
NUM  4.
PAR  4. The composition of claim 3 wherein said carbon-nitrogen compounds, metal
      oxalates and metal carbonates are selected from the group consisting of
      tetracyanoethylene, Li.sub.2 C.sub.2 O.sub.4, Na.sub.2 C.sub.2 O.sub.4,
      MgC.sub.2 O.sub.4, CaCO.sub.3, FeCO.sub.3, MgCO.sub.3,
      MgCa(CO.sub.3).sub.2 and mixtures thereof.
NUM  5.
PAR  5. The composition of claim 4 further comprising an oxidizing agent
      selected from the group consisting of NaNO.sub.3, NaClO.sub.4, LiNO.sub.3,
      LiClO.sub.4, NaClO.sub.3, Mg(ClO.sub.4).sub.2.
NUM  6.
PAR  6. The composition of claim 4 further comprising a material selected from
      the group consisting of FeO(OH), Mg(ClO.sub.4).sub.2.6H.sub.2 O,
      (COOH).sub.2.2H.sub.2 O and oxamide.
NUM  7.
PAR  7. The composition of claim 6 further comprising a material selected from
      the group consisting of NaNO.sub.3, NaClO.sub.4, LiNO.sub.3, LiClO.sub.4,
      NaClO.sub.3 and Mg(ClO.sub.4).sub.2.
NUM  8.
PAR  8. The composition of claim 1 wherein said azide is sodium azide and said
      material is Fe.sub.2 O.sub.3.
NUM  9.
PAR  9. The composition of claim 1 wherein said azide is sodium azide and said
      material is CuCl.
NUM  10.
PAR  10. The composition of claim 1 wherein said azide is sodium azide and said
      material is Al.sub.2 O.sub.3 +Fe.sub.2 O.sub.3.
NUM  11.
PAR  11. The composition of claim 1 wherein said azide is sodium azide and said
      material is SiO.sub.2.
NUM  12.
PAR  12. The composition of claim 1 wherein said azide is sodium azide and said
      material is CuO.
NUM  13.
PAR  13. The composition of claim 1 wherein said azide is sodium azide and said
      material is B.sub.2 O.sub.3.
NUM  14.
PAR  14. The composition of claim 1 further comprising a fiberous binder.
NUM  15.
PAR  15. The composition of claim 7 further comprising a fiberous binder.
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ABST
PAL  Liquid crystalline compositions having the optical properties of the
      cholesteric mesophase are disclosed. The compositions comprise at least
      one nematic liquid crystalline material and at least one potentially
      cholesteric material which has a molecular structure which is similar to
      that of a nematic liquid crystal. Uses of the novel compositions are also
      described.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of prior copending application Ser. No.
      228,958, filed Feb. 24, 1972 now U.S. Pat. No. 3,819,531.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to liquid crystalline compositions and more
      specifically to liquid crystalline compositions having optically negative
      characteristics.
PAR  Recently there has been substantial interest in the discovery of more
      useful applications for the class of substances known as "liquid
      crystals." The name "liquid crystals" has become generic to liquid
      crystalline materials which exhibit dual physical characteristics, some of
      which are typically associated with liquids and others which are typically
      unique to solids. Liquid crystals exhibit mechanical characteristics, such
      as viscosities, which are ordinarily associated with liquids. The optical
      scattering and transmission characteristics of liquid crystals are similar
      to those characteristics ordinarily unique to solids. In liquids or
      fluids, the molecules are typically randomly distributed and oriented
      throughout the mass of the substance. Conversely, in crystalline solids
      the molecules are generally rigidly oriented and arranged in a specific
      crystalline structure. Liquid crystals resemble solid crystals in that the
      molecules of the liquid crystalline substances are regularly oriented in a
      fashion analogous to but less extensive than the molecular orientation and
      structure in a crystalline solid. Many substances have been found to
      exhibit liquid crystalline characteristics in a relatively narrow
      temperature range; but below such temperature ranges the substances
      typically appear as liquids.
PAR  Liquid crystals are known to appear in three different forms: the smectic,
      nematic and cholesteric forms. These structural forms are sometimes
      referred to as mesophases thereby indicating that they are states of
      matter intermediate between the liquid and crystalline states. The three
      mesophase forms of liquid crystals mentioned above are characterized by
      different physical structures wherein the molecules are arranged in a
      manner which is unique to each of the three mesomorphic structures. Each
      of these three structures is well known in the liquid crystal art.
PAR  Some liquid crystalline substances possess optically negative
      characteristics. Birefringence, also referred to as double refraction, is
      an optical phenomenon characteristic of some solid crystals and most
      liquid crystal substances. When a beam of unpolarized light strikes a
      birefringent substance it is split into two polarized components whose
      transverse vibrations are at right angles to each other. The two
      components are transmitted at different velocities through the substance
      and emerge as beams of polarized light. By the term "liquid crystalline
      substances which have optically negative characteristics," as used herein,
      is meant those for which the extraordinary index of refraction .eta..sub.E
      is smaller than the ordinary index of refraction .eta..sub.O. Cholesteric
      liquid crystal substances exhibit this property. For a detailed
      description of this phenomenon see Optical crystallography, Wahlstrom, 4th
      Edition, Wiley and Sons, Inc., New York.
PAR  The molecules in cholesteric liquid crystals are arranged in very thin
      layers with the long axes of the molecules parallel to each other and to
      the plane of the layers within each layer. Because of the asymmetry and
      steric nature of the molecules the direction of the long axes of the
      molecules in each layer is displaced slightly from the corresponding
      direction in adjacent layers. This displacement is cumulative over
      successive layers so that overall displacement traces out a helical path.
      A comprehensive description of the structure of cholesteric liquid
      crystals is given in "Molecular Structure and the Properties of Liquid
      Crystals," G. W. Gray, Academic Press 1962.
PAR  Cholesteric liquid crystals have the property that when the propagation
      direction of plane polarized or unpolarized light is along the helical
      axis thereof, i.e., when the light enters in a direction perpendicular to
      the long axes of the molecules, (neglecting absorption considerations),
      this light is essentially unaffected in transmission through thin films of
      such liquid crystals except for a wavelength band centered about some
      wavelength .lambda..sub.o where .lambda..sub.o = 2np with n representing
      the index of refraction of the liquid crystal substance and p the pitch or
      repetition distance of the helical structure. The bandwidth
      .DELTA..lambda..sub.o of this wavelength band centered about will
      typically be of the order of about
      ##EQU1##
      For light of a wavelength .lambda..sub.o, the cholesteric liquid crystal,
      under these conditions, exhibits selective reflection of the light such
      that approximately 50 percent of the light is reflected and approximately
      50 percent is transmitted, assuming negligible absorption which is usually
      the case, with both the reflected and transmitted beams being
      approximately circularly polarized in opposite directions.
PAR  For light having wavelengths around .lambda..sub.o but not at
      .lambda..sub.o the same effect is present but not as pronounced. The
      transmitted light is not circularly polarized but is instead elliptically
      polarized. The cholesteric liquid crystals which exhibit this property of
      selective reflection of light in a region centered around some wavelength
      .lambda..sub.o are said to be in the Grandjean or "disturbed" texture. If
      .lambda..sub.o is in the visible region of the spectrum the liquid
      crystalline film appears to have the color corresponding to .lambda..sub.o
      and if .lambda..sub.o is outside the visible spectral region the film
      appears colorless.
PAR  Depending upon the intrinsic rotary sense of the helix, i.e., whether it is
      a right-handed or left-handed, the light that is transmitted in the region
      about .lambda..sub.o is either right-hand circularly polarized light
      (RHCPL) or left hand circularly polarized light (LHCPL). The transmitted
      light is circularly polarized with the same sense of polarization as that
      intrinsic to the helix. Thus, a cholesteric liquid crystal having an
      intrinsic helical structure which is left-handed in sense will transmit
      LHCPL and one having a helical structure which is right-handed in sense
      will transmit RHCPL.
PAR  Hereinafter these cholesteric liquid crystal substances will be identified,
      in order to conform with popular convention, by the kind of light which is
      reflected at .lambda..sub.o. When a film is said to be right-handed, it is
      meant that it reflects RHCPL, and when a film is said to be left-handed,
      it is meant that it reflects LHCPL.
PAR  A right-handed cholesteric liquid crystal substance transmits LHCPL
      essentially completely at .lambda..sub.o whereas the same substance
      reflects almost completely RHCPL. Conversely a left-handed film is almost
      transparent to RHCPL at .lambda..sub.o and reflects LHCPL. Since plane
      polarized or unpolarized light contain equal amounts of RHCPL and LHCPL, a
      cholesteric liquid crystal film is approximately 50% transmitting at
      .lambda..sub.o for these sources when the liquid crystal is in its
      Grandjean texture.
PAR  A further unique optical property of optically negative liquid crystal
      films is that contrary to the normal situation when light is reflected,
      such as by a mirror, where the sense of the circular polarization of the
      reflected light is reversed, this same phenomenon does not occur with
      light reflected by these liquid crystal films. The sense of the circular
      polarization of light reflected from these liquid crystal substances is
      not reversed but rather remains the same as it was before it came into
      contact with the liquid crystal substance. For example, if RHCPL having a
      wavelength .lambda..sub.o is directed at a right-hand film having
      .lambda..sub.o =2np it is substantially completely reflected and, after
      reflection, remains RHCPL. If the same light were to be directed on a
      mirror the reflected light would be LHCPL.
PAR  Because of these optical properties, optically negative liquid crystalline
      substances have been found to be highly advantageous for use in a number
      of varying applications. Copending patent applications Ser. No. 104,367
      and Ser. No. 104,369, both filed Jan. 6, 1971, now U.S. Pat. Nos.
      3,669,525 and 3,679,290 respectively disclose the use of such liquid
      crystalline materials in optical filter systems. The materials may be
      advantageously utilized in imaging methods such as are disclosed in
      copending application Ser. No. 821,565, filed May 5, 1969, now U.S. Pat.
      No. 3,652,148 and Ser. No. 867,593, filed Oct. 20, 1969, now U.S. Pat. No.
      3,642,348. The thermal properties of these materials make them
      advantageous for use in thermometers, in detecting flaws in structural
      members, and in medical applications. Of course many other uses could be
      described but these should be sufficient to indicate the varied and
      important applications of optically negative liquid crystals.
PAR  In many of the applications cited above it would be desirable to have a
      liquid crystalline material which exists in the cholesteric mesophase at
      some temperature around room temperature (about 23.degree.C); although
      there are also applications where it is to be desired to have the liquid
      crystalline material in this optically active state above room temperature
      or below room temperature. To achieve a material having a particular
      desired operational cholesteric mesomorphic temperature as well as other
      desired properties, e.g. a particular pitch or electric field sensitivity,
      it has heretofore been the usual practice to form compositions which are
      made up entirely of cholesteric liquid crystals or combinations of
      cholesterics and nematic liquid crystals or combinations of cholesterics
      and smectic liquid crystals.
PAR  Furthermore it has been found that considerable versatility can be achieved
      with respect to cholesteric liquid crystals by mixing together
      combinations of right-handed and left-handed cholesteric liquid crystals.
      In such a mixture there is a composition at which the right-handed and
      left-handed components nullify each other to provide an infinite pitch.
      This technique also makes it possible to generally achieve a broader range
      of pitches than typically can be achieved by mixing together only
      right-handed or only left-handed materials. See Proc. ACS Symposium on
      Ordered Fluids and Liquid Crystals, Sept. 1969, page 463.
PAR  Many left-handed cholesteric liquid crystal materials are known; however to
      date only relatively few right-handed materials have been provided. Thus
      there exists a continuing need for optically negative liquid crystalline
      compositions, particularly those which are right handed.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide novel liquid
      crystalline compositions.
PAR  It is another object of the invention to provide liquid crystalline
      compositions which have the optical properties of the cholesteric
      mesophase.
PAR  It is a further object of the invention to provide liquid crystalline
      compositions having the optical properties of the cholesteric mesophase
      which are formed with at least one nematic liquid crystalline material and
      at least one potentially cholesteric material which has a molecular
      structure similar to that of nematic liquid crystals.
PAR  It is still another object of the invention to provide optically negative
      liquid crystalline compositions which are useful in electro-optic
      applications.
PAR  It is yet another object of the invention to provide optically negative
      liquid crystalline compositions which may be utilized in imaging and
      display devices.
PAR  The foregoing and other objects and advantages are accomplished in
      accordance with the invention by providing novel liquid crystalline
      compositions having the optical properties of the cholesteric mesophase
      which comprise at least one nematic liquid crystalline material and at
      least one potentially cholesteric material having a structure similar to
      that of a nematic liquid crystalline material. Thus, according to the
      invention it is possible to form liquid crystalline compositions having
      optically negative characteristics by combining two materials, neither of
      which itself forms a cholesteric mesophase.
PAR  The invention will be more fully understood from the following detailed
      description of various preferred embodiments thereof particularly when
      read in conjunction with the accompanying drawing wherein the FIGURE is a
      partially schematic cross-sectional view of a liquid crystalline imaging
      member.
PAR  These novel and advantageous compositions are typically prepared by heating
      a mixture of the individual components to the isotropic state, mixing the
      components thoroughly at this point and then allowing the mixture to cool.
      The existence of the optically negative characteristics can be determined
      by conventional microscopic analysis which shows, for example, cholesteric
      textures, a pitch band and extrinsic optical activity. Another technique
      for determining the existence of optically negative characteristics is
      described in copending application Ser. No. 191,671, filed Oct. 22, 1971.
PAR  This copending application generally relates to mixtures of cholesteric
      liquid crystalline materials and extrinsically optically inactive
      materials which become circularly dichroic when introduced into an
      optically negative environment. The existence of induced circular
      dichroism in the region of the absorption bands of the optically inactive
      additive materials has been found to be present only when a chiral
      arrangement of molecules, i.e., a helicoidal cholesteric mesophase,
      exists.
PAR  Any suitable nematic liquid crystalline material may be used in the novel
      compositions of the invention. Typical suitable nematic liquid crystalline
      materials include: p-azoxyanisole, p-azoxyphenetole, p-butoxybenzoic acid,
      p-methoxycinnamic acid, butyl-p-anisylidene-p'-aminocinnamate,
      anisylidene-p-aminophenylacetate, p-ethoxybenzylamino-a-methyl-cinnamic
      acid, 1,4-bis (p-ethoxybenzylidene) cyclohexane, 4,4'-dihexyloxybenzene,
      4,4'-diheptyloxybenzene, anisal-p-aminoazobenzene, anisaldazine,
      a-benzeneazo (anisal naphthylamine), anisylidene-p-n-butylaniline,
      n,n'nonloxybenzyltoluldine, p-ethoxybenzylidene-p'-n-butylaniline and
      mixtures thereof.
PAR  Any suitable potentially cholesteric optically active material may be used
      in the compositions of the invention. These materials typically are chiral
      as single molecules because of molecular asymmetry or dissymmetry (racemic
      or non-chiral materials typically will not produce the desired effect;)
      should be soluble to at least some extent in the nematic liquid
      crystalline materials with which they are combined; and have a molecular
      structure which is rod-like, preferably one which possesses a relatively
      high degree of polarizability and conformational rigidity. Typical
      suitable potentially cholesteric optically active materials can be
      generally described as being represented by the general formulas
      ##EQU2##
      wherein X and Y are chosen from the following radicals: X = Y = CH
PA1  X = ch, y = n
PA1  x = y = n
PA1  x = n, y = n .fwdarw. o
PA1  x = ch, y = n .fwdarw. o
PAL  where W and Z can be the same or different radicals and can be a radical
      such as, alkenyl, alkynyl, alkoxy, halogen, alkyl, ester, nitro, cyano,
      amino, (CH.sub.3).sub.2 N, RCO.sub.2, R--O--C, RO(CH.sub.2).sub.n --0
      (where R = Straight or branched alkyl), n is any integer and where Ar may
      be
      ##SPC1##
PAR  The concentration of each component may vary over an extremely wide range,
      e.g. from about 0.5 percent to about 98 percent by weight. Generally, the
      minimum and maximum amounts of the potential cholesteric, optically active
      material which may be incorporated in any composition are controlled
      primarily by the requirement that the composition must possess the optical
      properties of the cholesteric liquid crystal mesophase. Of course it will
      be recognized that the amount of the potentially cholesteric, optically
      active material typically required to obtain the desired properties in any
      composition can vary, this depending primarily on the material itself and
      the nematic liquid crystalline material with which it is combined.
PAR  Experimentation has shown that the interaction between the potentially
      cholesteric, optically active materials and the nematic liquid crystalline
      materials may, to some extent, be viscosity dependent. The potentially
      cholesteric optically active materials may be more effective with lower
      viscosity nematogenic materials. Low viscosity compositions may, in some
      embodiments be preferred for use in device applications since the
      molecules in these compositions may switch from one orientation to another
      more quickly. Thus there are provided advantageous low viscosity
      compositions having the optical properties of the cholesteric mesophase.
PAR  It has also been found that enantiomeric or mirror image, compositions may
      advantageously be prepared according to the invention. Enantiomeric
      compositions, left and right-handed helices respectively) can be prepared
      by adding enantiomeric potentially cholesteric, optically active materials
      having the opposite chirality to the same nematogenic material in
      accordance with the invention. For example, optically active
      S-ethyl-2-octyl carbonate can be combined with butyl (p-ethoxyphenoxy
      carbonyl) phenyl)carbonate (BPC) to form a mixture which has the optical
      properties of the cholesteric mesophase, possessing a right-handed helix
      and a pitch of about 5.0 .mu.. The optically active R-ethyl-2-octyl
      carbonate added to BPC also forms a mixture having the optical properties
      of the cholesteric mesophase, this composition having a left-handed helix
      and a pitch of about 5.0 .mu..
PAR  It will be appreciated that this is an advantageous technique for preparing
      left and right-handed materials at will.
PAR  The novel compositions having the optical properties of the cholesteric
      mesophase may be advantageously employed in various electro-optic
      applications such as imaging and display devices. Copending patent
      application, Ser. No. 821,565, filed May 5, 1969, now U.S. Pat. No.
      3,652,148 and hereby incorporated by reference herein discloses a system
      wherein an optically negative liquid crystalline substance is transformed
      to an optically positive liquid crystalline mesophase by an applied
      electric field. Copending patent application Ser. No. 867,593, filed Oct.
      20, 1969, now U.S. Pat. No. 3,642,348 and hereby incorporated by reference
      herein discloses a system which transforms a cholesteric liquid
      crystalline material from its Grandjean or "disturbed" texture state to
      its focal-conic or "undisturbed" texture state by an applied electric
      field.
PAR  In FIG. 1 a typical liquid crystalline imaging member 10, sometimes
      referred to as an electroded imaging sandwich is shown in partially
      schematic cross-section where a pair of transparent plates 11 having
      substantially transparent conductive coating 12 upon the contact surface,
      comprise a parallel pair of substantially transparent electrodes. An
      imaging member wherein both electrodes are transparent is preferred where
      the imaging member is to be viewed using transmitted light; however a
      liquid crystalline imaging member may also be viewed using reflected light
      thereby requiring only a single transparent electrode while the other may
      be opaque. The transparent electrodes are separated by spacing member 13
      which contains voids which form one or more shallow cups which contain the
      liquid crystalline film or layer 14 which comprises the active element of
      the imaging member. A field is created between the electrodes by an
      external circuit 15 which typically comprises a source of potential 16
      which is connected across the two electrodes through leads 17. The circuit
      15 may also contain suitable switching means. The potential source may be
      either A.C., D.C. or a combination thereof.
PAR  According to the system described in copending application Ser. No.
      867,593, when cholesteric liquid crystals or a mixture of cholesteric
      liquid crystalline substances is used in an electrode sandwich such as
      described in FIG. 10, electrical fields applied across the liquid
      crystalline film cause an electrical field-induced texture transition to
      occur wherein a cholesteric liquid crystalline material initially in its
      Grandjean or "disturbed" texture is transformed to its focal-conic or
      "undisturbed" texture. The Grandjean texture is typically characterized by
      selective dispersion of incident light around a wavelength .lambda..sub.o
      (where .lambda..sub.o =2np  where n = the index of refraction of the
      liquid crystalline film and p = the pitch of the liquid crystalline film)
      and optical activity for wavelengths of incident light away from
      .lambda..sub.o. If .lambda..sub.o is in the visible spectrum, the liquid
      crystalline film appears to have the color corresponding to
      .lambda..sub.o, and if .lambda..sub.o is outside the visible spectrum the
      film appears colorless and non-scattering. The Grandjean texture of
      cholesteric liquid crystals is sometimes referred to as the "disturbed"
      texture.
PAR  The focal-conic texture is also typically characterized by selective
      dispersion but in addition this texture also exhibits diffuse scattering
      in the visible spectrum, whether .lambda..sub.o is in the visible spectrum
      or not. The appearance of the focal-conic texture state is typically
      milky-white when .lambda..sub.o is outside the visible spectrum. The
      focal-conic texture of cholesteric liquid crystals is sometimes referred
      to as the "undisturbed" texture.
PAR  For example, in this system when cholesteric liquid crystals are placed in
      the unbiased electrode sandwich, they initially appear colored, or
      colorless and transparent. If the electrode sandwich is observed between
      polarizers the imaging sandwich appears colored or black. When the
      electrical field is placed across the liquid crystalline film, the
      field-induced texture change is observable because the liquid crystalline
      film becomes white in the imaged area when the imaging sandwich is
      observed in transmitted or reflected light. The described imaging system
      thereby produces a white image on a dark or colored background. However,
      it is clear that either field or non-field areas in the liquid crystalline
      imaging sandwich may be used to create the desired image, with or without
      the use of polarizers or other image enhancing devices.
PAR  The system described in copending application Ser. No. 821,565, filed May
      5, 1969 is similar to that just described but typically uses higher
      voltages and field strengths, (relative to those used in the system of
      application 867,593) to transform an optically negative liquid crystalline
      substance to an optically positive liquid crystalline mesophase. However,
      the respective processes produce entirely different effects as will be
      appreciated by those skilled in the art.
PAR  In the liquid crystal imaging member described in FIG. 10 the electrodes
      may be of any suitable transparent conductive material. Typical suitable
      transparent, conductive electrodes include glass or plastic substrates
      having substantially transparent and continuously conductive coatings of
      conductors such as tin, indium oxide, aluminum, chromium, tin oxide, or
      any other suitable conductor. These substantially transparent conductive
      coatings are typically evaporated onto the more insulating transparent
      substrate, NESA glass, a tin oxide coated glass manufactured by the
      Pittsburgh Plate Glass Co., is a commercially available example of a
      typical transparent, conductive electrode material.
PAR  The spacer, 13 in FIG. 10, which separates the transparent electrodes and
      contains the liquid crystal film between said electrodes, is typically
      chemically inert, transparent, substantially insulating and has
      appropriate dielectric characteristics. Materials suitable for use as
      insulating spacers include cellulose acetate, cellulose triacetate,
      cellulose acetate butyrate, polyurethane elastomers, polyethylene,
      polypropylene, polyesters, polystyrene, polycarbonates, polyvinylfluoride,
      polytetrafluoroethylene, polyethylene terephthalate, and mixtures thereof.
PAR  Such spacers, which also approximately define the thickness of the imaging
      layer of film of liquid crystals, are preferably of a thickness in the
      range of about 10 mils or less. Optimum results are typically attained
      with spacers in the thinckness range between about 1/4 mil and about 5
      mils.
PAR  It will be further recognized that the devices used in the imaging systems
      just described may be modified. For example, at least one of the
      electrodes shown in FIG. 10 may be provided in image configuration thereby
      providing a system where the desired image is defined by the shape of one
      of the electrodes, or the desired image may be defined by the shape of the
      spacing member; or at least one of the electrodes may also be a
      photoconductor and an imagewise field may be applied across the
      cholesteric liquid crystalline film by means of an imagewise pattern of
      activating radiation being directed upon the imaging cell while a
      potential is applied to the electrodes.
PAR  The invention will now be further described with respect to specific
      preferred embodiments thereof by way of Examples, it being understood that
      these are intended to be illustrative only and the invention is not
      limited to the materials, procedures, conditions, etc. recited therein.
      All parts and percentages recited are by weight unless otherwise
      specified.
DETD
PAC  EXAMPLE I
PAR  0.01 mole of p-n-butylaniline and 0.01 mole of
      (S)-p-sec-amyloxybenzaldehyde (previously prepared from the reaction of
      racemic (S)-sec. amyl alcohol with p-hydroxybenzaldehyde in the presence
      of base) are refluxed in 100 cc of absolute ethanol for about one hour
      after which the solvent is flash evaporated. The crude product is then
      distilled at 0.05 mm (204.degree.-5.degree.C) to give a yellow isotropic
      liquid which is (S)-p-sec.-amyloxybenzaldehyde-p-n-butylaniline anil (I).
      Analysis of the compound shows 81.97 percent C, 9.13 percent H and 4.16
      percent N. C.sub.22 H.sub.29 ON requires 81.68 percent C, 9.04 percent H
      and 4.33 percent N.
PAR  Compound I which does not possess any mesomorphic behavior is added to
      butyl(p-ethoxyphenoxy carbonyl phenyl)carbonate (BPC) to form a solution
      having a 10 percent concentration of I. The resulting mixture is heated at
      100.degree.C. until it is completely isotropic and then mixed thoroughly
      while it is in this state. The resulting supercooled mesomorphic material
      possesses the optical properties normally associated with the cholesteric
      mesophase, i.e., the existence of Grandjean and focal-conic cholesteric
      textures, a pitch band and extrinsic circular dichroism as determined by
      optical microscopy and by the use of a circular dichroism
      spectropolarimeter.
PAC  EXAMPLE II
PAR  Bis-((S)-sec. amyl)-4,4'-azoxycinnamate (II) is prepared by the following
      technique. 0.10 mole of sec. amyl-4-nitrocinnamate (previously prepared
      from 4-nitrocinnamic acid chloride treated with (S)-sec. amyl alcohol in
      the presence of triethylamine) is suspended in 200 cc of water (The pH
      adjusted to 10 with ammonium hydroxide) along with 1.0 mole of sodium
      dithionite and stirred for about 2 hours at about 25.degree.C. The crude
      hydroxylamine is collected by suction filtration and recrystallized from
      hexane.
PAR  0.05 mole of the hydroxylamine is then dissolved in 100cc of absolute
      ethanol and the reaction mixture is refluxed for about 5 hours. The crude
      axoxy compound (II) crystallizes from the reaction mixture on cooling and
      is collected by suction filtration and then recrystallized from absolute
      ethanol. Analysis of the compound shows 70.59 percent C, 7.04 percent H,
      5.58 percent N. C.sub.28 H.sub.34 N.sub.2 O.sub.5 requires 70.27 percent
      C, 7.16 percent H and 5.85 percent N.
PAR  Compound (II), which forms only a smectic mesophase between about 125 and
      162.5.degree.C, is added to 4,4-diheptyloxyazoxybenzene, a nematic
      material commercially available from Eastman Kodak to make a solution
      having a 50 percent concentration of (II). The resulting mixture is heated
      at 170.degree.C until it is completely isotropic and mixed thoroughly
      while it is in this state. The composition possesses the optical
      properties normally associated with cholesteric mesophases, i.e.,
      cholesteric textures, a pitch band and extrinsic circular dichroism as
      determined by the techniques previously described.
PAR  The racemic form of compound (1), described in Example I, is added to the
      4,4-diheptyloxyozoxybenzene. The resulting composition does not possess
      the optical properties of the cholesteric mesophase.
PAC  EXAMPLES III-XI
PAR  The compositions formed in these examples possess the optical properties
      normally associated with the cholesteric mesophase, i.e., the existence of
      cholesteric textures, a pitch band and extrinsic circular dichroism as
      determined by the techniques previously described.
PAC  EXAMPLE III
PAR  A composition comprising about 5 percent p-(S)-sec.
      amyloxybenzylidene-p-butylaniline and about 95 percent BPC.
PAC  EXAMPLE IV
PAR  A composition comprising about 5 percent (R)-2 octylethylcarbonate and
      about 95 percent BPC. The composition is found to be right-handed.
PAC  EXAMPLE V
PAR  A composition comprising about 5 percent of (S)-2-octylethylcarbonate and
      about 95 percent BPC. The composition is found to be left-handed.
PAC  EXAMPLE VI
PAR  A composition comprising about 10 percent (S)-sec. amyl-p-aminocinnamate
      and about 90 percent BPC. The composition is found to be right-handed.
PAC  EXAMPLE VII
PAR  A composition comprising about 10 percent (R)-2-octyl-p-aminobenzoate and
      about 90 percent BPC. The composition is found to be right-handed.
PAC  EXAMPLE VIII
PAR  A composition comprising about 10 percent (S)-2-octyl-p-aminobenzoate and
      about 90 percent BPC. The composition is found to be left-handed.
PAC  EXAMPLE IX
PAR  A composition comprising about 10 percent (S)-sec. amyl-p-aminobenzoate and
      about 90 percent BPC. The composition is found to be right-handed.
PAC  EXAMPLE X
PAR  A composition comprising about 10 percent (S)-2-octyl-p-aminocinnamate and
      about 90 percent BPC. The composition is found to e left-handed.
PAC  EXAMPLE XI
PAR  A composition comprising about 10 percent (R)-2-octyl-p-aminocinnamate and
      about 90 percent BPC. The composition is found to be right-handed.
PAR  Although the invention has been described in detail with respect to various
      preferred embodiments thereof it is not intended to be limited thereto but
      rather it will be appreciated by those skilled in the art that
      modifications and variations are possible which are within the spirit of
      the invention and the scope of the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An imaging method comprising the steps of
PA1  a providing an imaging member comprising a layer of a liquid crystalline
      composition having the optical properties of the cholesteric liquid
      crystalline mesophase, said composition consisting essentially of at least
      one nematic liquid crystalline material and at least one structurally
      similar non-mesomorphic optically active material which is represented by
      a general formula selected from the group consisting of
PA1  W-ar-Z, and
PA1  W-ar-X = Y-Ar-Z
PAL  where X and Y are radicals chosen from the group consisting of
PA1  X = y = ch
PA1  x = ch, y = n
PA1  x = y = n
PA1  x = n, y = n .fwdarw. o
PA1  x = ch, y = n .fwdarw. o
PAL  where W and Z can be the same or different and are chosen from the group
      consisting of NH.sub.2 and alkenyl, alkynyl, alkoxy, alkyl, ester,
      carbonate, and aldehyde radicals having up to and including nine carbon
      atoms, and where Ar is chosen from the group consisting of
      ##SPC2##
PA1  b applying an electrical field in imagewise configuration across said layer
      whereby the image portions of said layer are distinguishable from the
      background portions of said layer.
NUM  2.
PAR  2. The imaging method as defined in claim I wherein said imaging member
      further includes a pair of electrodes and said liquid crystalline layer is
      arranged between said electrodes, wherein at least one of said electrodes
      is substantially transparent.
NUM  3.
PAR  3. The imaging method as defined on claim 2 wherein at least one of said
      electrodes is shaped in image configuration.
NUM  4.
PAR  4. An imaging method comprising the steps of
PA1  a providing an imaging member comprising a layer of a liquid crystalline
      composition having the optical properties of the cholesteric liquid
      crystalline mesophase shaped in imagewise configuration, said composition
      consisting essentially of at least one nematic liquid crystalline material
      and at least one structurally similar non-mesomorphic optically active
      material which is represented by a general formula selected from the group
      consisting of
PA1  W-ar-Z, and
PA1  W-ar-X = Y-Ar-Z
PAL  where X and Y are radicals chosen from the group consisting of
PA1  X = y = ch
PA1  x = ch, y = n
PA1  x = y = n
PA1  x = n, y = n .fwdarw. o
PA1  x = ch, y = n .fwdarw. o
PAL  where W and Z can be the same or different and are chosen from the group
      consisting of NH.sub.2 and alkenyl, alkynyl, alkoxy, alkyl, ester,
      carbonate, and aldehyde radicals having up to and including nine carbon
      atoms, and where Ar is chosen from the group consisting of
      ##SPC3##
PA1  b applying an electrical field across said layer whereby an image is
      observed.
NUM  5.
PAR  5. The imaging method as defined in claim 4 wherein said imaging member
      further includes a pair of electrodes and said liquid crystalline layer is
      arranged between said electrodes, wherein at least one of said electrodes
      is substantially transparent.
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PAL  A cathodochromic sodalite defined by the formula Na.sub.3 Al.sub.3 Si.sub.3
      O.sub.12.NaX (X = Cl, Br or J) comprising at least one of the elements
      tin, lead and germanium in a quantity of between 0.05 and 2 atom %
      calculated with respect to silicon. The addition of the said elements
      results in an improvement of the reversible bleaching properties. Notably,
      a faster and also a more complete bleaching is obtained.
BSUM
PAR  The invention relates to a cathodochromic sodalite defined by the formula
      Na.sub.3 Al.sub.3 Si.sub.3 O.sub.12.NaX in which X represents at least one
      of the halogen chrorine, bromine and iodine. Furthermore, the invention
      relates to a cathode-ray tube provided with a display screen comprising
      such a cathodochromic sodalite and to a method of manufacturing such a
      cathodochromic sodalite.
PAR  Materials exhibiting a dark discolouration under irradiation are referred
      to as scotophors. When the material is discoloured under the influence of
      electromagnetic radiation, frequently ultraviolet radiation, it is a
      so-called photochromic material. Materials which discolour under electron
      bombardment are cathodochromic materials. Cathodochromic materials may be
      advantageously used in the display screen of cathode-ray tubes if it is
      desirable that the information displayed by the tube remains available for
      the user during a comparatively long period, for example, in monitor
      tubes, radar tubes and oscilloscope tubes. In such tubes, an image which
      is rich in contrast is obtained and it consists of a dark track on a light
      background, which image is maintained for a comparatively long period
      after discontinuation of the electron bombardment. The image may be
      observed without any difficulty in a brightly lit environment, for
      example, in daylight. Erasion of the image is possible by heating the
      cathodochromic material or by irradiating the material with radiation
      having suitable wavelengths.
PAR  Known scotophors are hackmanite which is a mineral occurring in nature and
      synthetic hackmanite or sodalite. The mineral sodalite is more or less
      permanently discoloured. The use of natural hackmanite and of synthetic
      sodalite in cathode-ray tubes is known from U.S. Pat. No. 2,752,521. The
      nautural hackmanite, which is comparatively rare, has the drawback of
      being contaminated so that the cathodochromic properties are deleteriously
      influenced and unreproducible results are obtained when they are used in
      tubes.
PAR  A method of manufacturing sodalite is known from U.S. Pat. No. 2,761,846 in
      which use is made of a solid-state reaction at a high temperature. The
      starting mixture is a mixture of powder comprising sodium hydroxide,
      aluminium oxide, silicon dioxide and sodium chloride in quantities
      corresponding to the formula Na.sub.3 Al.sub.3 Si.sub.3 O.sub.12.NaCl for
      chlorine sodalite. The mixture furthermore preferably comprises an excess
      of silicon dioxide and a quantity of sodium carbonate.
PAR  United Kingdom Patent Specification No. 1,187,982 describes a method of
      manufacturing sodalites which comprise a quantity of sulphur. The presence
      of an activating quantity of sulphur is found to be necessary for
      obtaining satisfactory photochromic proporties.
PAR  The sodalites manufactured in accordance with the above-mentioned known
      methods generally have satisfactory photochromic properties. For use in
      cathode-ray tubes they are, however, unsuitable, because they exhibit no
      or only a slight discolouration under cathode rays, which discolouration
      is in addition poorly erasable.
PAR  Netherlands Patent Application No. 7204203 proposes a method of
      manufacturing cathodochromic sodalite in which sodium halide and
      furthermore silicon dioxide are added to a solution comprising sodium
      aluminate, whereafter the suspension obtained is dried and the product
      obtained in subsequently heated at a temperature below the melting point
      of sodalite. It has been found that very pure materials must be used as
      starting materials if sodalites having satisfactory cathodochromic
      properties are to be obtained. Notably the presence of sulphur necessary
      for obtaining satisfactory photochromic properties is to be avoided.
PAR  The object of the invention is to provide a cathodochromic sodalite having
      improved reversible bleaching properties, that is to say, the sodalite
      discoloured under cathode rays can be bleached faster and more completely
      by irradiation with light.
PAR  According to the invention, a cathodochromic sodalite is defined by the
      formula Na.sub.3 Al.sub.3 Si.sub.3 O.sub.12.NaX in which X represents at
      least one of the halogen chlorine, bromine and iodine and is characterized
      in that the sodalite comprises at least one of the elements tin, lead and
      germanium in a quantity of between 0.05 and 2 atom % calculated with
      respect to silicon.
PAR  It has been surprisingly found that the elements tin, lead and germanium in
      the above-mentioned quantities considerably enhance the reversible
      bleaching properties of sodalite without deleteriously influencing the
      other properties of the sodalite. A sodalite according to the invention is
      substantially as white as the known sodalites which do not contain tin,
      lead or germanium and thus does not shown any initial discolouration.
      Furthermore, the sodalite is found to discolour as deeply as the known
      sodalites under cathode rays especially when using the elements tin and
      lead. Bleaching of a discoloured sodalite according to the invention by
      means of irradiation with light is effected at a considerably faster rate
      than in the case of the known sodalites. The time required for reversibale
      bleaching of a sodalite according to the invention, which is discoloured
      by cathode rays, until a given final density is obtained is found to be
      approximately half the time required to obtain the same final density
      under the same circumstances with a sodalite not containing any tin, lead
      or germanium, as will be proved hereinafter. The sodalites according to
      the invention have the additional advantage that they can be reversibly
      bleached in a more complete manner, that is to say they can be made
      substantially as white by irradiation with light as the freshly prepared
      undiscoloured sodalite.
PAR  The elements tin, lead and germanium may be added to the starting materials
      as such in the required quantities for the manufacture of the
      cathodochromic sodalites according to the invention. It is alternatively
      possible to add these elements in the form of compounds, for example,
      oxides or chlorides.
PAR  The quantity of at least one of the elements tin, lead and germanium is
      preferably chosen in a sodalite according to the invention between 0.1 and
      1 atom % calculated with respect to silicon, for optimum results are then
      obtained.
PAR  A sodalite according to the invention comprising tin and/or lead is
      preferred because images which are richest in contrast are obtained when
      using such a sodalite in a cathode-ray tube. Experiments have shown that
      when using the element germanium, sodalites are obtained which discolour
      slightly less deeply under cathode rays than the tin and for
      lead-containing sodalites.
PAR  Optimum results as regards completeness and rate of reversible bleaching
      are obtained with the tin-containing sodalites according to the invention.
      These sodalites are therefore preferred.
PAR  In an advantageous embodiment of a sodalite according to the invention, the
      halogen denoted by X is bromine. In fact, bromine sodalite is found to
      exhibit the greatest density under cathode rays. The large extent of
      density obtained with bromine sodalite is a result on the one hand of the
      great sensitivity of bromine sodalite and on the other hand a result of
      the location of the reflection curve of the discoloured bromine sodalite.
      In fact, this curve is found to be substantially complementary with the
      eye sensitivity curve.
PAR  In the manufacture of a sodalite according to the invention, a method is
      preferably used which is characterized in that a solution is made which
      comprises sodium aluminate (NaAlO.sub.2), at least 0.33 mol of sodium
      halide (NaX) per mol of NaAlO.sub.2 and furthermore at least one of the
      elements tin, lead and germanium in a quantity of between 0.0005 and 0.02
      mol per mol of NaAlO.sub.2, silicon dioxide being added to said solution
      in a quantity of between 0.90 and 1.10 mol per mol of NalO.sub.2, the
      suspension obtained being dried and the product thus obtained being heated
      at a temperature below the melting point of sodalite and the heating
      product being washed with water. It is advantageous to mix the heating
      product with 5 to 200 % by weight of NaX and to subject it subsequently to
      a second heat treatment at a temperature below the melting point of
      sodalite whereafter the product is finally washed with water. The
      above-described method is completley analogous to that described in
      Netherlands Patent Application No. 7204203.
DETD
PAR  The invention will now be described in greater detail with reference to a
      number of examples and measurements.
PAC  EXAMPLE 1
PAR  1.6 grams of NaCH (pro analysis) are dissolved in 5 mls water in a
      polythene breaker. Subsequently, 0.73 gram of aluminium (99.99%) is
      dissolved in the lye. 10.2 mgs of SnO.sub.2 are added to the solution.
      Subsequently, 11.2 mls of HBr (pro analysis: comprises 0.80 gram HBr) are
      added drop-wise. Finally, 1.66 grams of SiO.sub.2 (water content 2.34% by
      weight) are added to the solution and the suspension thus obtained is
      homogenized by stirring. The suspension is subsequently evaporated to
      dryness in a vacuum drying stove at 80.degree.C. The product is then
      heated in air for 2 hours in an alundum crucible at 1100.degree.C. After
      cooling, the firing product is mixed with 100% by weight of NaBr and once
      more heated in air for 2 hours at 1,100.degree.C. After cooling, the
      product obtained is pulverised, washed with water and dried. The product
      obtained consists of bromine sodalite as is apparent from X-ray
      diffraction analysis. It contains 0.25 at. % of tin calculated with
      respect to silicon.
PAC  EXAMPLE 2
PAR  In a manner completely analogous to that as described in example 1, a
      bromine sodalite is manufactured which comprises 0.25 atom % of lead (with
      respect to silicon). 18.9 mgs of PbCl.sub.2 instead of the tin oxide
      applied in example 1 are used.
PAC  EXAMPLE 3
PAR  In order to obtain a bromine sodalite comprising 0.25 atom % of germanium
      (calculated with respect to silicon), the same procedure is used as in
      example 1. Instead of the tin oxide used in example 1, 7.11 mgs of
      germanium oxide are added to the solution.
PAR  A number of measurements whose results are summarized in the table were
      performed on the sodalites manufactured in accordance with the
      above-mentioned examples.
TBL                TABLE                                                       

     ______________________________________                                    

               Reflection in %                                                 

                     not dis- dis-   reversible                                

                                             t.sub.60                          

     Example                                                                   

            Addition coloured coloured                                         

                                     bleached                                  

                                             in sec.                           

     ______________________________________                                    

     a      --       96       28     87      400                               

     1      0.25                                                               

            at.% Sn  94       33     91      210                               

     2      0.25                                                               

            at.% Pb  94       32     87      200                               

     3      0.25                                                               

            at.% Ge  97       38     88      140                               

     ______________________________________                                    

PAL  The table states for each example the reflection in % measured relative to
      a magnesium oxide standard. For the purpose of comparison, example a
      states the result of measurements of a known sodalite not containing tin,
      lead or germanium and prepared in a manner completely analogous to that in
      the above-mentioned example 1. The column "not discoloured" shows the
      reflection of the freshly prepared sodalite powder. The measurements show
      that the sodalites according to the invention are as white as the known
      sodalite. The column "discoloured" shows the reflection values of the
      sodalite discoloured by cathode rays under standard circumstances
      (electron bombardment at an energy of approximately 5keV for 10 seconds).
      It is readily evident that the sodalites according to the invention
      according to examples 1 and 2 substantially discolour as deeply as the
      known sodalite. For the sodalite according to example 3, this is the case
      to a slightly lesser extent. The column "reversely bleached" shows the
      reflection of the sodalites if they are subjected to a reversible
      bleaching treatment under standard circumstances (the same light intensity
      and the same time of exposure to light). It is found that reversible
      bleaching especially in the case of example 1 (Sn) takes place very
      completely. In the last column the duration of time is stated in seconds
      under the heading t.sub.60 which is necessary for each example so as to
      reversibly bleach the sodalite upon exposure to light having a light
      intensity of 500 Lx until a reflection of 60% of the freely prepared
      sodalite is achieved. It is clear that bleaching of the sodalites
      according to the invention is effected at a rate which is twice as fast as
      in the case of the known sodalite.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cathodochromic sodalite defined by the formula Na.sub.3 Al.sub.3
      Si.sub.3 O.sub.12.NaX in which X represents at least one halogen selected
      from the group consisting of chlorine, bromine and iodine, wherein the
      sodalite contains at least one element selected from the group consisting
      of tin, lead and germanium in a quantity of between 0.05 and 2 atom %
      calculated with respect to silicon.
NUM  2.
PAR  2. A cathodochromic sodalite as claimed in claim 1, wherein the said
      quantity has a value of between 0.1 and 1 atom %.
NUM  3.
PAR  3. A cathodochromic sodalite as claimed in claim 1 wherein the sodalite
      contains at least one element selected from the group consisting of tin
      and lead.
NUM  4.
PAR  4. A cathodochromic sodalite as claimed in claim 3, wherein the sodalite
      contains tin.
NUM  5.
PAR  5. A cathodochromic sodalite as claimed in claim 1, wherein X is bromine.
NUM  6.
PAR  6. A cathode-ray tube provided with an image screen comprising a
      cathodochromic sodalite as claimed in claim 1.
NUM  7.
PAR  7. A method of manufacturing a cathodochromic sodalite of claim 1
      comprising forming an aqueous solution of sodium aluminate (NaAlO.sub.2),
      at least 0.33 mol of sodium halide (naX) per mol of NaAlO2, at0.0005 to
      0.02 mol per mol of NaAlO.sub.2 of at least one element selected from the
      group consisting of tin, lead and germanium and 0.90 to 1.10 per mol of
      NaAlO.sub.2 of silicon dioxide, drying said solution, heating said
      resultant dried product below the melting point of the sodalite and
      washing said heated product with water.
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ABST
PAL  Methods and compositions for inhibiting the corrosion of metal components
      in which filming amine emulsions containing ethoxylated beta amines and
      diamines are utilized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to methods and compositions for inhibiting the
      corrosion of metal components which are contacted by aqueous fluids.
PAR  More particularly, this invention relates to the use of filming amine
      emulsions containing ethoxylated beta amines and diamines in order to
      inhibit the corrosion of metal components in aqueous systems. The term
      "metal components" is intended to include ferrous materials and alloys,
      non-ferrous alloys, such as, copper or nickel-based alloys, and the
      "aqueous systems" is intended to include steam boiler systems, steam
      return condensate systems, steam distribution systems, heat transfer water
      systems, evaporator systems, processing water systems, and various heating
      and cooling water systems.
PAR  Previous attempts to inhibit corrosion experienced under the described
      conditions have also employed aliphatic amines. In such treatments, as in
      the present invention, it is theorized that the treating materials are
      entrained in the corrosive fluids and deposit to form a protective film
      upon the metal surfaces. For example, U.S. Pat. No. 2,460,259, issued to
      Kahler, disclosed the use of aliphatic amines of a relatively high
      molecular weight. While such amines yield satisfactory corrosion
      inhibition, they present a number of problems in respect to processing,
      function, economics and feeding. First, the fact that those amines which
      yield adequate corrosion inhibition are solids at room temperature,
      necessitates their transformation to a liquid state. Secondly, effective
      utilization requires a composition which may be accurately metered to and
      dispersed within the system to be treated. Since the extremely low water
      solubility of corrosion inhibiting aliphatic amines has resisted
      dispersion in such systems, it has been the practice to prepare dilute
      aqueous dispersions which are then metered and fed to the system to be
      treated. However, even the preparation of these dilute intermediate
      dispersions has entailed the utilization of these amines either in the
      form of salts as disclosed by U.S. Pat. No. 2,712,531, issued to Maguire,
      or in combination with dispersant aids or emulsifiers as disclosed by U.S.
      Pat. No. 3,088,796, issued to Kahler et al. In such cases, the salts and
      dispersant aids do not directly contribute to the corrosion potential of
      the system, and the dispersant aids may recycle to the boiler, induce
      foaming, or form an undesirable precipitate. Furthermore, the conversion
      of the amines to liquids, salts or emulsions add appreciably to the
      treatment cost.
PAR  Other representative patents which disclose various amine corrosion
      inhibitors include U.S. Pat. Nos. 3,239,470; 3,382,186; 3,398,196;
      3,444,090 and 3,717,433.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a method and
      composition for inhibiting the corrosion of metal surfaces exposed to
      corrosive fluids.
PAR  It is a further object of this invention to provide a corrosion inhibitor
      that is a stable liquid at room temperature.
PAR  A still further object of this invention is to provide a corrosion
      inhibitor that can be fed in solutions of from 0.1% active amine up to any
      practical maximum concentration.
PAR  Another object of this invention is to provide a corrosion-inhibiting
      composition that incorporates emulsifiers that are in themselves volatile
      film-forming materials that aid in corrosion inhibition.
PAR  These and other objects of this invention are achieved by means of the
      addition of ethoxylated beta amines and diamines to the
      corrosion-inhibiting formulation.
PAR  Suitable ethoxylated beta amines may be represented by the formula:
      ##EQU1##
      wherein R.sub.1 is an alkyl group containing from 8 to 20 carbon atoms,
      R.sub.2 is an alkyl group containing from one to four carbon atoms and x
      and y each are equal to or greater than 1, provided, however, that the sum
      of x and y is less than 100.
PAR  Suitable ethoxylated beta diamines may be represented by the formula:
      ##EQU2##
      wherein R.sub.1 is an alkyl group containing eight to 20 carbon atoms,
      R.sub.2 is an alkyl group containing one to four carbon atoms and x and y
      each are equal to or greater than 1, provided, however, that the sum of x,
      y, and z is less than 100.
PAR  The treating materials of the present invention are liquids which may be
      employed and added to the treated systems without further processing,
      modification or intermediate handling, in concentrated or readily
      dilutable forms. In addition, the treating materials are readily and
      effectively dispersed within the treated systems and provide highly
      satisfactory corrosion inhibition.
PAR  Typical ethoxylated beta amines and ethoxylated beta diamines include the
      following amines sold by Armour Industrial Company:
      ##EQU3##
      wherein x + y = 15
      ##EQU4##
      wherein x + y = 5
      ##EQU5##
PAR  In practicing the present invention, the quantity of the treating material
      which is utilized is largely dependent upon the corrosive conditions which
      are present in the particular systems to be treated. In systems having
      mildly corrosive conditions, as little as 0.01 part by weight of the
      treating material for each one million parts by weight of the corrosive
      fluids to be treated, have been found adequate to inhibit corrosion.
      Conversely, as much as 100 parts by weight of the treating material have
      been employed to inhibit corrosion in systems characterized by extremely
      corrosive conditions. Thus, while between 0.01 to 100 parts may be
      employed, the treatment will normally constitute between 0.1 to 20 parts,
      and preferably 0.5 to 5 parts.
DETD
PAR  The following examples illustrate the preparation of representative
      formulations that may be utilized in accordance with the teachings of the
      instant invention. These formulations are stable preparations and will
      remain fluid for extended periods of time.
PAC  Example 1
PAR  Ethomeen L 11/15, 2 grams, Ethomeen L 15/15, 2 grams, and octadecylamine, 8
      grams, are added to 15 cc of distilled water. The mixture is heated to
      150.degree.F. while being continuously agitated and an additional 73 cc of
      water are added. The mixture is then cooled to room temperature with
      stirring. This emulsion is then diluted to feed solution strength of from
      about 1 to about 10 percent of the above formulation.
PAR  The following preparations can be prepared by the procedure of Example 1:
TBL  Example 2                                                                 

             Octadecylamine                                                    

                         9%                                                    

             Ethomeen L 11/15                                                  

                         1%                                                    

             Distilled Water                                                   

                         90%/ -                                                

     Example 3                                                                 

             Octadecylamine                                                    

                         10%                                                   

             Ethomeen L 11/25                                                  

                         4%                                                    

             Distilled Water                                                   

                         86%                                                   

     Example 4                                                                 

             Armeen HT   12.5%                                                 

             Arnac HT    2.5%                                                  

             Ethomeen L 11/25                                                  

                         2.5%                                                  

             Distilled Water                                                   

                         82.5%                                                 

PAR  Although the main purpose of the ethoxylated beta amines as described in
      this invention is to provide a vehicle which will aid in ease of
      application of the basic corrosion-inhibiting substance, the primary
      aliphatic amine, it is critical that the substance not adversely effect
      corrosion.
PAR  A test device was developed which consisted of a two-liter, glass reaction
      vessel which contained distilled water and was maintained by a
      thermostatically controlled electrical heater at 125.degree.F. Distilled
      water containing the desired inhibitor concentration was continuously
      pumped into the reaction vessel and continuously bledoff through a
      constant level overflow device. CO.sub.2 and air were continuously metered
      into the reaction vessel and continuously vented so as to hold a constant
      CO.sub.2 and air blanket on the simulated steam condensate. Three
      corrosion test coupons were immersed into the test solution and were
      continuously rotated at constant speed. These test coupons were thus
      exposed for forty-eight hours and then removed for evaluation. The
      corrosion rates were determined by weighing the amount of metal lost
      following acid cleaning of the exposed specimens. The results of several
      of these tests are shown below:
TBL                       Percent Corrosion Reduction                          

                          (Converted to equal aliphatic                        

                          amine content basis of                               

     Corrosion Inhibitor  15 ppm)                                              

     __________________________________________________________________________

     A.                                                                        

       Coco Amine         32%                                                  

     B.                                                                        

       Hydrogenated Tallow Amine                                               

                          60%                                                  

       Acetate (a commercial emulsion                                          

       product)                                                                

     C.                                                                        

       Hydrogenated Tallow Amine                                               

                          87%                                                  

       (a commercial emulsion product)                                         

     D.                                                                        

       Product of this invention                                               

                          93%                                                  

       a. 2% ethoxylated beta amine                                            

       b. 2% hydrogenated tallow amine                                         

       c. 13% hydrogenated tallow amine                                        

       d. 83% water                                                            

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A stable, fluid corrosion-inhibiting composition comprising from about 1
      percent by weight to about 90 percent by weight of an aliphatic amine
      selected from the group consisting of octadecylamine, coco amine, and
      hydrogenated tallow amine, from about 1 percent by weight to about 10
      percent by weight of a dispersing agent which is at least one member
      selected from the group consisting of ethoxylated beta amines and
      ethoxylated beta diamines and from about 10 percent to about 99 percent
      water.
NUM  2.
PAR  2. A composition as in claim 1 wherein the dispersing agent is an
      ethoxylated beta amine.
NUM  3.
PAR  3. A composition as in claim 2 wherein the ethoxylated beta amine is
      represented by the formula:
      ##EQU6##
      wherein R.sub.1 is an alkyl group containing from eight to 20 carbon
      atoms, R.sub.2 is an alkyl group containing from one to four carbon atoms
      and x and y each are equal to or greater than 1, provided, however, that
      the sum of x and y is less than 100.
NUM  4.
PAR  4. A composition as in claim 3 wherein R.sub.1 is nonyl, R.sub.2 is methyl
      and x plus y equals 15.
NUM  5.
PAR  5. A composition as in claim 3 wherein R.sub.1 is tridecyl, R.sub.2 is
      methyl and x plus y equals 5.
NUM  6.
PAR  6. A composition as in claim 1 wherein the dispersing agent is an
      ethoxylated beta diamine.
NUM  7.
PAR  7. A composition as in claim 6 wherein the ethoxylated beta diamine is
      represented by the formula:
      ##EQU7##
      wherein R.sub.1 is an alkyl group containing from eight to 20 carbon
      atoms, R.sub.2 is an alkyl group containing from one to four carbon atoms
      and x and y each are equal to or greater than 1, provided, however, that
      the sum of x, y, and z is less than 100.
NUM  8.
PAR  8. A composition as in claim 7 wherein R.sub.1 is tridecyl and R.sub.2 is
      methyl.
NUM  9.
PAR  9. A method of inhibiting the formation of corrosion in an aqueous system
      which comprises maintaining in the water of said system from about 0.01 to
      about 100 ppm of a composition comprising from about 1 percent by weight
      to about 90 percent by weight of an aliphatic amine selected from the
      group consisting of octadecylamine, coco amine, and hydrogenated tallow
      amine, from about 1 percent by weight to about 10 percent by weight of a
      dispersing agent which is at least one member selected from the group
      consisting of ethoxylated beta amines and ethoxylated beta diamines and
      from about 10 percent to about 99 percent water.
NUM  10.
PAR  10. A method as in claim 9 wherein the dispersing agent is an ethoxylated
      beta amine.
NUM  11.
PAR  11. A method as in claim 10 wherein the ethoxylated beta amine is
      represented by the formula:
      ##EQU8##
      wherein R.sub.1 is an alkyl group containing from eight to 20 carbon
      atoms, R.sub.2 is an alkyl group containing from one to four carbon atoms
      and x and y each are equal to or greater than 1, provided, however, that
      the sum of x and y is less than 100.
NUM  12.
PAR  12. A method as in claim 11 wherein R.sub.1 is nonyl, R.sub.2 is methyl and
      x plus y equals 15.
NUM  13.
PAR  13. A method as in claim 11 wherein R.sub.1 is tridecyl, R.sub.2 is methyl
      and x plus y equals 5.
NUM  14.
PAR  14. A method as in claim 9 wherein the dispersing agent is an ethoxylated
      beta diamine.
NUM  15.
PAR  15. A method as in claim 14 wherein the ethoxylated beta diamine is
      represented by the formula:
      ##EQU9##
      wherein R.sub.1 is an alkyl group containing from eight to 20 carbon
      atoms, R.sub.2 is an alkyl group containing from one to four carbon atoms
      and x and y each are equal to or greater than 1, provided, however, that
      the sum of x, y, and z is less than 100.
NUM  16.
PAR  16. A method as in claim 15 wherein R.sub.1 is tridecyl and R.sub.2 is
      methyl.
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ABST
PAL  This application is directed to a method for regenerating catalyst values
      used in the synthesis of a diol; the synthesis consists of a hydroperoxide
      reaction with an olefin in the presence of water and a molybdenum
      catalyst; the regenerating process consists in treating the molybdenum
      catalyst residue (or a fraction thereof) with ammonia -- optionally after
      calcining -- and causing a diol to act on the ammonium molybdate so
      obtained; in one embodiment ammonia in gaseous form is passed in contact
      with a catalyst residue (not previously calcined) which is in solution;
      the reaction products in the synthesis of the diol are a hydroperoxide
      such as tertiary hydroperoxide of isopentane and an olefin such as methyl
      2-butene; the diol synthesized in 2-methyl 2,3-butanediol; it is also the
      synthesized diol which is preferably reacted with the ammonium molybdate.
PARN
PAR  This is a continuation of application Ser. No. 178,234,  filed Sept. 7,
      1971, now abandoned.
BSUM
PAR  The present invention relates to a method of recovering compounds of
      molybdenum used as catalyst; more particularly it relates to molybdic
      ester values, and it comprises the use of the recovery process in the
      recycling of said catalyst in a synthesis of oxides or diols from olefins.
PAR  It is known that molybdenum salts are useful as catalysts for the oxidation
      of olefins by a hydroperoxide; the oxidation products are epoxides or
      diols corresponding to the olefins employed, depending on whether one
      operates in anhydrous medium or not.
PAR  In the U.S. patent application Ser. No. 92,985,  filed Nov. 27, 1970, a
      method for synthesizing catalyst which contains molybdenum has been
      described. This process consists in reaction molybdic acid or a salt of
      said acid with polyalcohol, i.e., a polyhydroxy compound. This patent
      application also includes a description of the utilization of the
      catalysts thus obtained in a method for synthesizing vicinal diols, the
      polyalcohol used then advantageously having the carbon structure of the
      vicinal diol which it is desired to prepare; the use of the catalyst is of
      particular interest in the synthesis of methyl  2,3 -butanediol, a
      precursor of isoprene. The above-identified application is incorporated by
      reference herein in respect to the synthesis aspect of diols.
PAR  It has now been found that after removal of the products of synthesis, and
      in particular the vicinal diols, by distillation, a residue remains from
      which it is very difficult to isolate the catalyst containing the
      molybdenum, which therefore becomes more and more diluted as the number of
      recycles increase.
PAR  An object of the present invention is specifically to avoid an increase in
      the dilution of the catalyst or to limit the catalyst in the recovery of
      same to desired or acceptable proportions.
PAR  Another object of the present invention is a method of recovering the
      molybdenum contained in an organic compound, the said method being
      characterized by treating said compound with ammonia in gaseous state or
      in the form of an aqueous solution, optionally after calcining of the
      catalyst, whereupon the product of the reaction with the ammonia is
      contacted with a polyalcohol, i.e., a polyhydroxy compound, to form a
      molybdic ester, the ammonia being recovered in this second reaction.
PAR  The method of the invention finds use in processes which employ molybdic
      esters as catalysts. This is particularly true of the synthesis of
      epoxides or diols by oxidation of olefins by means of hydroperoxides.
PAR  Still another object of the present invention is the use of the
      above-defined treatment in the regeneration of a catalyst for the
      preparation of epoxides or diols by oxidation of olefins with
      hydroperoxides, wherein the use is characterized by the fact that after
      separation of the reaction products from the catalyst composition, at
      least a part of said composition is subjected to the recited combination
      of steps before being recycled for use in the process.
PAR  The process of the invention can be carried out in numerous ways; the spent
      molybdenum-containing compound from which it is desired to form a molybdic
      ester can be isolated from the medium in which it is present by a number
      of means, such as by distillation.
PAR  A first embodiment of the present invention consists of calcining the
      molybdenum-containing fraction containing the spent catalyst (this
      fraction may be the residue of a distillation) at a temperature of less
      than about 500.degree.C.
PAR  Molybdenum trioxide is recovered thereby and is dissolved in an aqueous
      ammonia solution. The ammonium molybdate obtained in the previous step is
      treated with a polyalcohol, i.e., a polyhydroxy compound, in accordance
      with the process described in the afore-mentioned U.S. Pat. application
      and converted to the molybdic ester. When the polyhydroxy compound is
      methyl 2,3-butanediol, for instance, the reaction can be carried out at
      80.degree.C under reduced pressure.
PAR  A second embodiment of the invention consists in directly treating the
      spent molybdenum-containing fraction with an aqueous solution of ammonia
      but without prior calcining. The ammonium molybdate obtained, which is in
      an aqueous phase, is treated with a polyalcohol to give a molybdic ester;
      the latter is not identical with the one which is obtained by the use of
      the first embodiment of the invention; however, it has excellent catalylic
      properties.
PAR  A third embodiment of the invention which is particularly advantageous
      consists in directly treating the molybdenum-containing fraction, without
      prior calcining, with ammonia in gaseous state. The ammonium molybdate
      then appears in the form of a precipitate which can be allowed to settle
      out and filtered as a precipitate. This treatment is carried out under
      very favorable conditions when the fraction to be treated by the gaseous
      ammonia is placed in solution in a solvent such as acetone. The ammonium
      molybdate obtained is then treated with a polyalcohol.
DRWD
PAR  The accompanying drawing is a schematic showing, given by way of
      illustration and not of limitation, of an apparatus for the utilization of
      the present invention as a component in a method for obtaining methyl
      2,3-butanediol.
DETD
PAR  In reference to the FIGURE wherein a process is represented schematically,
      isopentane tertiary hydroperoxide is introduced into a mixer 1 through the
      line 2, water is introduced through the line 3 and methyl 2-butene is
      introduced through the line 4. After these products have been mixed, there
      are introduced via the line 5 into a reactor 6 in which the reaction
      catalyst, consisting of the molybdic ester, is introduced initially or as
      a make-up or regenerated fraction via the line 7.
PAR  The products of the reaction pass via the line 8 into a distillation column
      9 which separates these products; the methyl 2-butene which has not
      reacted passes over at the top through the line 10 and is recycled into
      the reactor 1; the 2-methyl 2-butanol resulting from the reduction of the
      isopentane tertiary hydroperoxide, as well as any excess water, are
      withdrawn through the line 11, while the methyl 2,3-butanediol is
      withdrawn through the line 12.
PAR  Finally, the catalyst mixed with the distillation residue is recovered via
      the line 13 as bottoms of distillation column 9, is introduced in a
      storage vessel 14, and the portion of catalyst which is not regenerated is
      re-introduced through line 7b into the reactor 6.
PAR  The alcohol withdrawn through the line 11 is dehydrated, at least in part,
      in the reactor 15, for instance over alumina. The water is removed from
      this reactor via the line 16, while the resultant methyl 2-butene is
      recycled through the line 17 to the mixer 1.
PAR  The part of the alcohol which is not desired to be dehydrated in the
      reactor 15 can be recycled via the line 11 directly into the mixer 1 to
      serve as solvent.
PAR  The part of the molybdenum-containing compound which is desired to be
      regenerated (generally in the range of from 20% to 80% of the recovered
      bottom portion withdrawn from distillation column 9 via line 13 in the
      form of molybdic ester) is introduced via the line 19 into a reactor 20
      containing an agitator. A solvent, such as acetone, and gaseous ammonia
      are introduced through the lines 21 and 22, respectively. The product of
      the reaction is withdrawn through the line 23 and arrives into a separator
      24; the organic phase is extracted via the line 25; and the ammonium
      molybdate, via the line 26.
PAR  The ammonium molybdate arrives into a reactor 27 in which fresh methyl
      2,3-butanediol is introduced through the line 28. After reaction, the
      liquid and solid products are introduced via the line 29 into a separator
      30. The molybdic ester is withdrawn via the line 31 and re-introduced via
      the line 7 into the reactor 6. The ammonia and the water vapor emerging
      from the reactor 27 pass via the line 32 into a gaseous ammonia
      regenerating device 33, such as a distillation column; the gaseous ammonia
      is recycled via the line 22 into the reactor 20, while water is discharged
      through the line 34.
PAR  Excess methyl 2,3-butanediol saturated with catalyst is recycled from the
      separator 30 to the reactor 27 via the line 35. The acetone is removed
      from the organic phase (collected via line 25) in column 36 and is
      recycled via the line 21, while the residue is withdrawn at 37. This
      residue comprises mainly heavy hydroxyl and ether compounds.
PAR  Furthermore, the present invention is illustrated by the following examples
      which are given solely by way of illustration and not as limitations on
      the broader scope of the invention.
PAC  EXAMPLE I
PAC  A -- Preparation of Molybdic Ester
PAR  Ammonium molybdate in solution is prepared by dissolving, in water at
      40.degree.C, 0.047 mol of molybdenum oxide (MoO.sub.3), and 0.094 mol of
      ammonia (NH.sub.4 OH); in this way 0.047 mol of ammonium molybdate
      [MoO.sub.4 (NH.sub.4).sub.2 ] is obtained. To this solution there are
      added 100 cc of benzene containing 0.095 mol of methyl 2,3-butanediol
      (i.e., 9.88 g of the diol product). Water, containing the ammonia, is
      azeotropically distilled until complete exhaustion. A yellow precipitate
      is then formed which is collected after evaporation of the benzene; this
      precipitate contains 28.7% by weight molybdenum.
PAC  B -- Preparation of Methyl 2,3-Butanediol
PAR  The solid product consisting of the molybdic ester is introduced into an
      autoclave together with 12 moles of tertiary butyl hydroperoxide, 36 mols
      of methyl 2-butene and 36 mols of water. Heating is effected for 1 hour at
      120.degree.C. After distillation there are collected 9.84 mols of methyl
      2,3-butanediol (namely 1,024 grams) and 96 grams of a residue containing
      4.67% by weight of molybdenum and containing no 2-methyl 2,3-butanediol.
      Therefore, in the manner there is collected 0.0467 gram atom of molybdenum
      in organic solution.
PAC  C -- Recovery of the Molybdenum; Regeneration of the Ester
PAR  The organic solution containing the molybdenum obtained as residue is used
      as catalyst in a reaction for the oxidation of methyl 2-butene by tertiary
      butyl hydroperoxide as previously described in reference to the drawing;
      it, as a matter of fact, retains the catalytic properties of the molybdic
      ester. However, within the scope of the process of the present invention,
      at least a part of the molybdic ester is again regenerated.
PAR  For this purpose, 48 g of organic solution containing 2.24 g of molybdenum
      (that is to say, 0.023 gram atom) are subjected to calcining in a
      crucible, first of all at low temperature in order to eliminate the
      volatile compounds and then in a muffle furnace at 500.degree.C. There are
      then obtained 3.35 g of molybdenum oxide (MoO.sub.3), i.e., 0.023 mol.
      Taking the experimental losses into consideration, the molybdenum
      originally used has been recovered.
PAR  The molybdenum oxide obtained is then transformed into ammonium molybdate
      and then into molybdic ester by the process described above under A. The
      molybdic ester is regenerated and is used as catalyst in accordance with
      the process described above under B.
PAC  EXAMPLE II
PAR  To the second part of the residue obtained in Example I (B), i.e., to 48 g
      of 4.67% organic solution of molybdenum, 3 N ammonia is added at room
      temperature. It is found that 0.046 mol of ammonia must be added to obtain
      a neutral state.
PAR  Benzene is added to obtain a good separation since this substance dissolves
      the supernatant organic phase. The benzene phase is washed with water; the
      wash water is then added to the aqueous phase.
PAR  0.063 mol of methyl 2,3-butanediol and therewith fresh benzene are added to
      the aqueous phase. The water present in the mixture is azeotropically
      distilled.
PAR  During this operation, the ammonia (0.046 mol) which had been used for the
      formation of the ammonium molybdate is recovered. The appearance of a
      brown precipitate is noted. The benzene is evaporated and the solid
      product obtained is heated under a vacuum of about 3 mm mercury. In this
      way 0.033 mol of methyl 2,3-butanediol is recovered.
PAR  The solid product weighs 8.78 g. It contains 2.20 g of molybdenum, namely
      0.023 gram atom, which corresponds to a content of 25.1% molybdenum. This
      molybdic ester can be used as catalyst in a new diol synthesis cycle, as
      described in Example I and in the drawing.
PAC  EXAMPLE III
PAR  This example illustrates the treatment of a residue similar to that
      obtained in Example I (B) by gaseous ammonia.
PAR  An amount of 9.183 g of residue obtained under conditions similar to those
      described in Example I (B) and containing 5.02% by weight of molybdenum,
      i.e., 0.048 gram atom of said metal, is dissolved in 50 cc of acetone
      containing about 0.5% by weight water. Gaseous ammonia is bubbled into
      said solution; a stirrer makes it possible for good contact between the
      ammonia and the liquid.
PAR  The appearance of a white precipitate is noted, and it is filtered off.
      This precipitate is then rinsed with a small amount of acetone and then
      dried. Analysis thereof shows that is corresponds to the formula of
      ammonium molybdate [MoO.sub.4 (NH.sub.4).sub.2 ], and that thus 0.047 gram
      atom of molybdenum has been recovered. The ammonium molybdate is then
      contacted with methyl 2,3-butanediol to form molybdic ester, which is then
      recycled as catalyst.
PAR  This embodiment represents the most advantageous aspect of this invention
      when coupled to the process for preparing the diols previously described.
PAR  In summary, the above-described invention is mainly directed to recovery or
      regeneration of catalyst values in a process for synthesis of a diol
      containing from two to 10 carbon atoms, more particularly four or five
      carbon atoms, by reacting an olefin having the corresponding carbon number
      to form the diol and a hydroperoxide which preferably has the same carbon
      structure as the olefin in water in the presence of a molybdenum catalyst
      in the range from 5 .times.  10.sup.-.sup.4 to 5 .times. 10.sup.- .sup.2
      atom of Mo based on the total content of hydroperoxide wherein the
      improvement comprises the steps of : distilling a reaction mixture
      comprising said diol in a weight percent range from 10 to 50 and, as an
      intermediate synthesis product, an alcohol in a weight percent range from
      8 to 45 based on said reaction mixture and which alcohol is derived from
      said hydroperoxide; recovering said diol as a product of said
      distillation; recovering a bottom fraction of said distillation which
      comprises of the following constituents in the following weight percent
      ranges :
PA1  molybdenum compound : 1,5 to 20% expressed in MoO.sub.3
PA1  diol : zero to 60 %
PA1  heavy organic products : complement to 100%
PAL  introducing a first part of said bottom fraction generally from 20 to 80%
      by weight of the bottoms containing said molybdenum catalyst in the amount
      from 1% to 14% of molybdenum based on weight of the bottoms as a catalyst
      recycle stream into a synthesis zone for said diol; introducing into a
      first reaction zone a solvent in the range from 15 to 85 based on weight
      percent of the total charge to said first reaction zone and for reaction
      in said reaction zone ammonia in the range from 0.05 to 6 based on weight
      percent of the total charge to said first reaction zone and a second part
      of said bottom fraction containing molybdenum catalyst values and water
      which is in the percent ranges as given above for said bottoms
      constituents; separating after reaction from said first reaction zone as a
      first phase from about 70 to about 99% by weight an organic phase
      comprising said solvent and as a second phase ammonium molybdate;
      introducing said ammonium molybdate and said diol in an amount from 2.2 to
      50 mole % based on said ammonium molybdate in a second reaction zone for
      obtaining a molybdic ester; withdrawing from said reaction zone ammonia
      and water wherein water constitutes from 50 to 70% by weight of said
      withdrawn charge; introducing said ammonia and water in an ammonia
      separation zone; recycling said ammonia to said first reaction zone;
      separating said diol saturated with molybdic ester from said molybdic
      ester; recycling said diol saturated with said molybdic ester to said
      second zone; recovering said solvent from said organic phase;
      reintroducing a recovered solvent into said first reaction zone, and
      recycling said molybdic ester to said synthesis zone as a 20 to 80%
      percent charge of the total catalyst charge based on said molybdic ester.
PAR  As useful solvents for the process described above, the following are
      mentioned by way of example :
PA1  acetone
PA1  methylethylketone
PA1  methylisopropylketone
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for regenerating as a molybdic ester, a molybdenum catalyst
      used in synthesizing a vicinal alkane diol having four or five carbon
      atoms per molecule by contacting in an aqueous medium butene or
      methyl-butene, an alkane hydroperoxide which forms an alcohol as reduction
      product, and a catalyst which consists essentially of the reaction product
      of molybdic acid or ammonium molybdate with a vicinal alkanediol having
      four or five carbon atoms per molecule; separating the products of the
      reaction by distillation to isolate any unreacted olefin, said alcohol,
      said diol, and with the distillation bottoms said catalyst; comprising the
      steps of:
PA1  a. taking at least a portion of said bottoms and reacting ammonia with the
      molybdenum content thereof to form ammonium molybdate;
PA1  b. separating said ammonium molybdate from at least any organic phase of
      the reaction mixture resulting from step (a);
PA1  c. reacting an aqueous solution of said ammonium molybdate with an amount
      of said diol to convert said ammonium molybdate to the corresponding
      molybdic ester precipitate with released ammonia being recycled to step
      (a).
PA1  d. separating said precipitate from the reaction mixture of step (c) and
      recycling it as at least a portion of the catalyst for said synthesizing
      process.
NUM  2.
PAR  2. The process as defined in claim 1 wherein the bottoms of step (a) is
      dissolved in a solvent and contacted with gaseous ammonia.
NUM  3.
PAR  3. The process as defined in claim 2 wherein said ammonia and said solvents
      constitute respectively from 0.05 to 6 and from 15 to 85 wt. % of the
      total reaction charge; wherein said solvents are selected from the group
      consisting of acetone, methylethylketone, and methylisospropylketone; and
      said portion of bottoms reacted with said ammonia is from 20 to 80% by
      weight of the bottoms from said synthesizing process.
NUM  4.
PAR  4. The process as defined in claim 2 wherein said separated organic phase
      is distilled in turn to separate the organic residue from said solvent,
      which latter is recycled in step (a).
NUM  5.
PAR  5. The process as defined in claim 4 wherein the separation in step (b) is
      by filtration.
NUM  6.
PAR  6. The process as defined in claim 5, wherein said ammonia and water are
      boiled off in step (c) and thereafter are separated from one another by
      distillation, said gaseous ammonia being then recycled to step (a), and
      further wherein excess diol from step (d) saturated with molybdic ester is
      recycled to step (c).
NUM  7.
PAR  7. The process as defined in claim 6, wherein said solvent in step (a) in
      acetone.
NUM  8.
PAR  8. The process as defined in claim 1, wherein the bottoms in step (a) is
      first calcined at a temperature of less than about 500.degree.C,
      converting the catalyst therein to MoO.sub.3, which in turn is reacted
      with said ammonia in an aqueous solution.
NUM  9.
PAR  9. The process as defined in claim 8 wherein said ammonia reaction in step
      (a) is at about 40.degree.C and said ammonium molybdate reaction in step
      (c) is at about 80.degree.C.
NUM  10.
PAR  10. The process as defined in claim 1 wherein said ammonia and water are
      boiled off in step (c).
NUM  11.
PAR  11. The process as defined in claim 1 wherein the bottoms in step (a) is
      directly treated with an aqueous solution of ammonia, the resulting
      aqueous phase containing ammonium molybdate is decanted from the organic
      phase and thereafter treated according to step (c).
NUM  12.
PAR  12. The process as defined in claim 11 wherein the organic phase is
      distilled to separate the organic residue from said solvent, which latter
      is recycled to step (a); wherein said ammonia and water are boiled off in
      step (c) and thereafter are separated from one another by distillation,
      said gaseous ammonia being then recycled to step (a); and further wherein
      excess diol from step (d) saturated with molybdic ester is recycled to
      step (c).
NUM  13.
PAR  13. The process as defined in claim 7 wherein said diol is butane diol-2,3;
      said olefin is butene-2; said hydroperoxide is t-butyl hydroperoxide; and
      said alcohol is t-butyl alcohol.
NUM  14.
PAR  14. The process as defined in claim 7 wherein said diol is methyl-2-pentane
      diol-2,3; said olefin is methyl-2-butene-2; said hydroperoxide is t-amyl
      hydroperoxide; and said alcohol is t-amyl alcohol.
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ABST
PAL  Solid comminuted catalytic materials are activated by passing an activating
      stream through a shallow deposit of such materials on a porous substrate,
      characterized in that the catalyst particles are in a quiescent state
      during contact with the activating stream.
BSUM
PAR  This invention relates to catalytic processes. More particularly, this
      invention relates to a method for activation of catalysts, especially
      solid olefin polymerization catalysts.
PAR  Many solid catalyst compositions, such as those employed in hydrocarbon
      conversion operations, e.g., polymerization, cracking, dehydrogenation,
      hydrogenation, and the like, require for maximum effectiveness an
      activation treatment which comprises subjecting the raw catalyst to
      elevated temperatures for an interval of time, while passing over the
      catalyst a stream of fluid which is inert, nonoxidizing, nonreducing,
      oxidizing, reducing, dry, or the like, depending on the particular nature
      of the catalyst and its intended use. One of the objects of such treatment
      is the removal of moisture from the catalyst, since water is a catalyst
      poison in many applications.
PAR  In their simpler form, catalyst activation processes comprise drying and
      heating an activating fluid such as air and passing it through a catalyst
      bed at a constant rate until the catalyst reaches the desired temperature,
      at which point the temperature of the activating fluid is stabilized and
      the catalyst is held at the activation temperatures for the proper length
      of time. However, solid catalyst compositions are often relatively
      impermeable, thus requiring a shallow bed in order to obtain the required
      flow of activating fluid. The bed thus becomes large and expensive.
PAR  In order to at least alleviate the deficiencies encountered in activating
      solid particulate catalysts, including the continuous removal of
      impurities and catalyst poisons from the activation zones and temperature
      control of the bed, fluidized activation processes have been developed. In
      these processes, the catalyst is heated by contacting it while in a
      fluidized state with a stream of activating fluid at elevated
      temperatures. While such fluidized activation processes do provide
      activated catalysts having distinct advantages over catalysts which have
      been activated by passing the heated activating fluid through a fixed deep
      bed of catalyst particles, such processes do have several shortcomings.
      For example, fluidized bed activation results in abrasion and attrition of
      the particles, which not only results in a loss of catalyst, at times in
      excess of 50 percent, but may also affect the productivity, i.e., pounds
      of product produced per pound of catalyst employed, and, as well, the
      molecular weight of the polymer. The catalyst is also affected by the
      manner in which the activating fluid contacts the catalyst. Generally, a
      high air/catalyst space velocity is desired, but if the air distributor
      under the bed does not properly fluidize the bed, large bubbles and spouts
      will occur in the bed and part of the bed may even be settled and
      stationary with very little air flow through these regions. Other
      disadvantages include the high investment and capital equipment, high fuel
      requirements for heating, larger equipment size, heavy weight, and the
      necessity to safely dispose of large volumes of very hot air, entrained
      catalyst fines, catalyst poisons and the like. Thus, it is evident that
      there is a need for improved methods of activating said particulate
      catalytic materials.
PAR  It is an object of this invention to provide a process for activating solid
      catalysts.
PAR  It is another object of this invention to provide a process for activating
      solid olefin polymerization catalysts.
PAR  It is another object of this invention to provide a process for activating
      water-sensitive catalysts.
PAR  It is another object of this invention to provide a process for activating
      chromium oxide-based polymerization catalyst, particularly such catalysts
      as are employed in the polymerization of monoolefins.
PAR  These and other objects, aspects, and advantages of the invention will be
      apparent from a study of the disclosure, drawings, and appended claims.
PAR  In accordance with the present invention, there has been discovered an
      improved process for activating solid catalytic materials, particularly
      water-sensitive catalytic materials, and more especially, such catalytic
      materials which are suitable for the polymerization of monoolefins.
PAR  More particularly, in accordance with the present invention, solid
      particulate catalytic materials are activated by a process comprising
      contacting a shallow settled bed or deposit of catalyst particles with a
      heated stream of activating fluid at activation temperatures for a period
      of time sufficient to activate the catalyst for its intended activity and
      thereafter recovering or collecting the activated catalyst.
PAR  Further, in accordance with the present invention, there is provided an
      apparatus suitable for shallow bed activation of solid catalytic
      materials.
PAR  The process of the present invention can be readily applied to the
      activation of any solid particulate catalytic material, regardless of type
      and regardless of the activating fluid. More particularly, the present
      invention is suited for the activation of particulate metal oxide
      catalytic materials, especially such catalytic materials as are employed
      in polymerization reactions.
PAR  Catalytic materials which are especially advantageously activated in
      accordance with this invention are supported monoolefin polymerization
      catalysts comprising chromium, at least a portion of which is in the
      hexavalent form such as chromium trioxide. Such chromium-containing
      catalysts and their use as polymerization, particularly monoolefin
      polymerization, catalysts are well known. A representative method of
      preparing such catalysts is disclosed in U.S. Pat. No. 2,825,721, the
      disclosure of which is incorporated herein by reference. As set forth in
      said patent, such supported chromium oxide catalysts can be prepared by
      depositing chromium oxide (e.g., Cr.sub.2 O.sub.3) or a chromium compound
      calcinable to chromium oxide, on a suitable support and activating to
      leave part of the chromium on the support in the hexavalent form. The
      support can be selected from one or more of the following members: silica,
      alumina, thoria, zirconia, silica-alumina, silica-thoria, silica-zirconia,
      acid-treated clays, and other materials generally known in the art as
      catalyst supports. In its preferred form, the catalyst is a silical
      gel-supported chromium oxide, wherein at least a portion of said chromium
      is in the hexavalent state.
PAR  As previously noted, the solid particulate catalysts are activated in
      accordance with the present invention by heating the particulate catalyst
      at activation temperature for a specified period of time. After such
      activation, the catalyst is cooled, purged with an inert gas, and
      collected in a dry container. The activation is accomplished solely by
      heating the bed or deposit of catalyst at a temperature in the range of
      about 400.degree. F. to about 2,000.degree. F., preferably about
      800.degree. F. to about 1,800.degree. F., for about 60 minutes to about 20
      hours, preferably about 4 hours to about 12 hours. This activation at
      elevated temperatures can be done in several stages such as gradually
      heating the bed of catalyst particles to an intermediate temperature of
      approximately 400.degree. F. to about 800.degree. F. and holding the
      particles at that temperature for 30 minutes to 2 hours after which a
      higher temperature, e.g., 1,400.degree. F., is employed.
PAR  Catalysts activated in accordance with the present invention are extremely
      valuable in the polymerization and copolymerization of polymerizable
      olefins, especially aliphatic and cyclic olefins including both mono- and
      diolefins, for example, ethylene, butadiene, and the like. Among the
      examples of the preferred class of products which can be obtained in
      processes using this catalyst are homopolymers of ethylene, propylene,
      1-butene, 1-pentene, and the like, and copolymers of ethylene and
      propylene, 1-butene, 2-butene, or butadiene, and the like. A preferred use
      for these catalysts is the polymerization of aliphatic monoolefins with a
      maximum of eight carbon atoms per molecule and no branching nearer the
      double bond that the 4 position. Such a polymerization is ordinarily
      carried out at a temperature in the range of about 150.degree. to
      550.degree. F., and the pressure can vary over a wide range, for example,
      from atmospheric to 1,000 psia or above. It is preferred that a solvent be
      used which is liquid and inert under contacting conditions, such as
      cycloparaffinic hydrocarbons and paraffinic hydrocarbons having from three
      to 12 carbon atoms, for example, cyclohexane, n-pentane, isobutane, and
      the like. In such cases, the catalyst can be employed in a slurry form in
      the solvent, contacting the polymerizable material which is dissolved in
      the solvent, although fixed bed systems are also operable.
DRWD
PAR  A better understanding of the invention may be had by referring to the
      accompanying drawings in which:
PAR  FIG. 1 is a flow diagram of a system embodying the invention; and
PAR  FIG. 2 is an enlarged detail drawing of a preferred catalyst activating
      vessel.
DETD
PAR  Referring to the drawings in greater detail, particularly FIG. 1, an
      oxygen-containing catalyst activating stream, e.g., air, is introduced at
      ambient conditions through conduit 1 into drying zone 51. The
      substantially moisture-free stream exiting zone 51 is passed through
      conduits 2, 3, and 5 through mixing zone 52. Catalyst to be activated is
      introduced from catalyst storage 53 in a predetermined amount and rate
      through line 6 into mixing zone 52, which comprises a means for mixing
      particulate material and fluid streams, e.g., a venturi aspirator. After
      the predetermined amount of catalyst charge has been introduced into the
      mixing zone, further introduction of catalyst is terminated. The catalyst
      fed into zone 52 is mixed into and entrained by the catalyst activating
      stream and flows through lines 7, 8, 9, and 10 into catalyst activating
      zone 54; where the catalyst is deposited in a thin bed on one or more
      porous substrates or supports 32. The carrier fluid, i.e., catalyst
      activating stream, exiting activator 54 passes through line 13 and is
      discharged to the atmosphere.
PAR  After charging of the predetermined amount of catalyst to activator 54, the
      activating stream, which now carries no entrained catalyst, is bypassed
      around line 9 through line 9a into heating zone 56 where its temperature
      is raised to the desired activating temperature. The heated stream exiting
      heating zone 56 is passed through lines 9b and 10 into activator 54 and
      brought into contact with the catalyst deposited on supports 32. The
      activating stream passes through the shallow deposit of catalyst and then
      through the porous substrate before exiting the activator 54 through line
      13.
PAR  At the conclusion of the activating treatment, the flow of heated
      activating stream is discontinued and an inert carrier fluid such as
      nitrogen is flowed through lines 4, 5, 7, and 11 into activator 54 and
      then through porous substrate 32 to dislodge the activated catalyst from
      the porous substrate 32. The velocity of the carrier fluid is such as to
      transport the catalyst particles which are then carried from activator 54
      through lines 14 and 15 to catalyst recovery zone 55. In catalyst recovery
      zone 55, e.g., cyclone separator, the activated catalyst is separated from
      the carrier stream, and the catalyst is withdrawn from zone 55 through
      line 17 and passed to storage or charged directly to an operating unit.
      The carrier fluid is withdrawn from zone 55 through line 16 and recovered
      or otherwise disposed of.
PAR  To ensure proper fluidization of catalyst during the charging of activator
      54, there can be provided a surge vessel 57, wherein a supply of
      activating stream, supplied through line 18, can be maintained under an
      elevated pressure and introduced as needed through lines 19 and 20 to the
      interior of activator 54 to entrain catalyst which may have accumulated in
      an undesirable fluidized state in the lower region of activator 54
      adjacent the inlet thereof. If desired, the high pressure stream from
      vessel 57 can be used to purge activator 54 prior to and after each
      activation treatment. Alternatively, inert carrier gas can be introduced
      into the lower region using lines 3 and 18 as by exhausting vessel 57 of
      activating carrier fluid, providing a bypass around vessel 57 (not shown)
      or through line 20.
PAR  The system is provided with appropriate two-, three- and four-way valves V
      to provide for switching of streams and direction of flow in the manner
      set forth hereinbefore.
PAR  As shown in greater detail in FIG. 2, activator 54 is a vessel comprising a
      vessel shell 30, a first end chamber 36, a second end chamber 37 and an
      activating chamber positioned within said vessel between said first and
      second end chambers. Vessel shell 30 is formed from an appropriate
      heat-resistant material capable of maintaining its structural integrity at
      operating conditions, such as an Inconel alloy, with the exterior surface
      of the shell being covered with an insulating material 31 such as
      fiberglass, alumina, alumina-silica and the like. First end chamber 36
      contains a first opening 10 whereby catalyst is charged to activator 54.
      The activating fluid is introduced and resulting activated catalyst can be
      withdrawn. Second end chamber 37 contains a second opening 14 whereby
      activated catalyst is withdrawn from activator 54. The activating chamber
      contains a plurality of porous substrates 32, which, in a preferred
      embodiment, are porous tubes constructed of sintered metal supported on a
      metallic screen. Porous substrates 32 are jointly and severally maintained
      in a fixed position by upper and lower seal plates 34 and 33,
      respectively. In addition, seal plates 33 and 34 isolate the spaces 35
      between the porous substrates 32 from the first and second end chambers 36
      and 37. The activating chamber further contains a third opening 13 whereby
      the activating stream is withdrawn from said activator 54; and a fourth
      opening 11 whereby a fluid suitable for disengaging activated catalyst
      from the porous substrates 32 is introduced.
PAR  In operation, the catalyst to be activated is transported in a fluidized
      state and introduced into activator 54 through first opening 10. The
      catalyst is emplaced in a shallow deposit on the inside surface of porous
      substrates 32. The heated activating stream is introduced into activator
      54 and passes through the shallow deposit of catalyst particles which are
      maintained in a quiescent state on substrates 32 through substrate 32 into
      spaces 35 and exit vessel 54 through third opening 13. At the conclusion
      of the activation treatment, a fluid suitable for disengaging the
      now-activated catalyst from the porous substrates is introduced into
      activator 54 through fourth opening 11. The disengaging fluid passes
      sequentially through the spaces 35, through the porous substrate 32 and
      through the deposit of catalyst at a velocity sufficient to dislodge the
      catalyst particles, entrain the particles and transport the activated
      catalyst from activator 54 through opening 14 or alternatively through
      opening 10. If desired, additional disengaging fluid can be introduced
      through opening 10 to aid in transporting the activated catalyst.
PAR  In activating catalysts in accordance with the present invention, the
      particulate, i.e., granular, solid catalyst is introduced into a carrier
      stream, which is preferably a desired activating medium, and transported
      in a fluidized state to the activation zone. Within the zone, the catalyst
      particles are deposited, as by shutting off the flow of carrier stream or
      by pressure drop, on the porous substrate into a bed or layer of shallow
      depth, such depth being on the order of about .05 inch to about 1.0 inch,
      preferably in the range of about 0.1 inch to about 0.4 inch. The catalyst,
      now disposed as such shallow deposit, is contacted with the activating
      fluid at such temperature and for such time as to activate the catalyst to
      a desired level. The activating fluid passes sequentially through the
      deposit of catalyst particles and porous substrate so as to maintain the
      deposit in a static condition. After the activated catalyst particles are
      cooled, the particles are dislodged from the porous substrate by reversing
      the direction of flow so that the displacing medium, preferably an inert
      medium such as nitrogen gas, passes sequentially through the porous
      substrate and deposit of catalyst particles. The flow of displacing medium
      is such as to fluidize the catalyst particles which dislodge from the
      porous substrate, whereby the catalyst is transported from the activation
      zone to catalyst recovery.
PAR  Generally, the catalyst to be activated will be emplaced in the porous
      substrate to a shallow depth in the range of about 0.05 inch to about 1
      inch, preferably in the range of about 0.1 to about 0.4 inch. The depth of
      the deposit is such as to limit the pressure drop across the bed to not
      more than 280 inches water column. Preferably, the pressure drop across
      the bed will be not more than 60 inches water column and, at present, it
      is desired that such pressure drop not exceed 15 inches of water column.
PAR  It is presently preferred that relatively high fluid velocities be employed
      during the activation treatment. Thus, the bed, which is maintained in a
      quiescent state, is contacted with the activating fluid at superficial
      velocities in the range of about 0.01 to about 10, preferably 0.05 to
      about 2, and preferentially about 0.1,  feet per second.
PAR  As noted earlier, substantially any activating fluid known in the art can
      be used in the practice of the present invention. In activating the
      preferred olefin polymerization catalysts in accordance with this
      invention, air, oxygen, or an oxygen-containing stream are especially
      preferred. Where a carrier stream other than an activating fluid is
      employed to entrain and transport catalyst to the activator zone, it is
      preferred that such other carrier stream be an inert fluid such as
      nitrogen or carbon dioxide.
PAR  Fluids which can be used to dislodge and recover the activated catalyst
      particles include nitrogen and dry air.
PAR  Materials suitable for use as porous substrates are preferably sintered
      materials which retain their structural integrity at activation
      temperature, which have a pore size such that the substrate will not blind
      with catalyst fines, and which are resistant to oxidation at operating
      conditions which would result in a reduction in permeability.
      Representative of such materials are 316 stainless steel, Inconel and
      Hastelloy metals. A presently preferred porous substrate is Union Carbide
      UCAR.sup.(R) SA 496B, which is formed by sintering Inconel 600 powder on
      Inconel 600 wire screen and which has a mean pore size of approximately 30
      microns. Generally, the porous substrates can be formed from high melting
      alloys of nickel, iron, and at least one other metal selected from the
      group consisting of chromium, molybdenum, silicon, copper, and aluminum
      with alloys of nickel, iron, and chromium being especially preferred.
PAR  To further illustrate the invention, a catalyst was prepared by
      impregnating a coprecipitated gel composite consisting of 90 weight
      percent silica and 10 weight percent alumina with an aqueous solution of
      chromium nitrate. The total chromium trioxide content of the catalyst was
      2.5 weight percent. The composite was dried and the thus-prepared catalyst
      was emplaced in a porous sintered metal screen to form a deposit having a
      thickness of 0.2 inch. This shallow deposit of catalyst particles was
      activated by contact with a heated air stream at a temperature of
      1,650.degree. F. for 12 hours, using a superficial velocity of 0.1 fps.
      Catalyst following such treatment was suitable for the polymerization of
      ethylene to produce polyethylene. It has a very small reduction in
      chromium content while having the adsorbed water completely removed
      therefrom. Catalyst loss is minimal, i.e., virtually all catalyst charged
      to activator is recovered in an activated condition, in comparison to
      standard activation treatments wherein catalyst loss can approach values
      considerably in excess of 50 percent and are as high as 65 percent.
PAR  Reasonable variations and modifications are possible within the scope of
      this disclosure without departing from the spirit and scope thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for activating a solid, particulate metal oxide catalytic
      material which comprises contacting said material with a heated free
      oxygen-containing gas, the improvement which comprises emplacing a deposit
      having a thickness in the range of about 0.05 inch to about 1 inch of said
      particulate catalytic material on a porous substrate comprising a sintered
      metal; passing a stream of a free oxygen-containing gas through said
      deposit and said porous substrate at a temperature in the approximate
      range of 400.degree. to 2,000.degree.F for a period of time sufficient to
      activate said catalytic material, said deposit being maintained in a
      quiescent state during said time period, dislodging the thus activated
      catalytic material from said porous substrate; and separately recovering
      said activated catalytic material.
NUM  2.
PAR  2. The process of claim 1 wherein said deposit thickness is in the
      approximate range of 0.1 inch to 0.4 inch.
NUM  3.
PAR  3. The process of claim 1 wherein said oxygen-containing gas is molecular
      oxygen.
NUM  4.
PAR  4. The process of claim 1 wherein said oxygen-containing gas is air.
NUM  5.
PAR  5. The process of claim 1 wherein said oxygen-containing gas has a
      superficial velocity in the approximate range of 0.01 to 10 feet per
      second.
NUM  6.
PAR  6. The process of claim 1 wherein said oxygen-containing gas has a
      superficial velocity in the approximate range of 0.05 to 2 feet per
      second.
NUM  7.
PAR  7. The process of claim 1 wherein said temperature is in the approximate
      range of 800.degree. to 1,800.degree.F.
NUM  8.
PAR  8. The process of claim 1 wherein said time period of activation is in the
      approximate range of 1 to 20 hours.
NUM  9.
PAR  9. The process of claim 1 wherein said catalytic material is a chromium
      oxide-based catalyst, said deposit thickness is 0.2 inch, said temperature
      is 1,650.degree.F, said time is 12 hours and said oxygen-containing gas is
      air.
NUM  10.
PAR  10. The process of claim 1 wherein said porous substrate is a cylinder.
NUM  11.
PAR  11. The process of claim 1 wherein the pressure drop across said deposit
      and said substrate is not more than 280 inches of water.
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ABST
PAL  V-P-Zr catalysts having good activity and selectivity and high physical
      strength for the oxidation of alkanes, cycloalkanes and mixtures rich in
      them to dicarboxylic acid anhydrides (e.g. maleic anhydride) are prepared
      by refluxing an aqueous mixture of vanadium pentoxide and lower dialkyl
      phosphonate, adding a zirconium salt, and then adding phosphoric acid.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to copending application Ser. No. 461,777 filed
      concurrently herewith, now U.S. Pat. No. 3,888,886 which describes
      catalysts comprising complex reaction products of a vanadium oxy salt and
      phosphoric acid promoted with certain metals, and which is a
      continuation-in-part of Ser. No. 379,667, filed July 16, 1973, now
      abandoned which is a continuation-in-part of Ser. No. 261,030, filed June
      8, 1972, now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention has to do with a method for preparing
      vanadium-phosphorus-zirconium catalysts with good activity and selectivity
      and high physical strength for the oxidation of alkanes, cycloalkanes and
      mixtures rich therein to dicarboxylic acid anhydrides, particularly butane
      to maleic anhydride.
PAR  2. Description of the Prior Art
PAR  Vanadium-phosphorous complex catalysts for the oxidation of butane to
      maleic anhydride, are described in U.S. Pat. No. 3,293,268. Such catalysts
      operate at temperatures greater than 500.degree.C. In general, yields of
      maleic anhydride with such catalysts are relatively low and not
      commercially attractive or feasible.
PAR  More recently, catalysts comprising antimony, molybdenum and iron or
      vanadium, have been described for oxidizing C.sub.4 and C.sub.5 paraffin
      hydrocarbons to maleic anhydride. The catalysts are indicated to be useful
      at 300.degree.-600.degree.C.
PAR  Metal-promoted vanadium-phosphorus complex catalysts are described in U.S.
      Pat. No. 3,156,705. The metal promoters, identified as phosphorus
      stabilizers, are broadly disclosed to include transition metals and rare
      earth metals. The catalysts are taught for oxidizing an olefin (butene) to
      a dicarboxylic acid anhydride (maleic anhydride). There is no teaching
      that such catalysts are effective in the more difficult oxidation of
      saturated hydrocarbons (alkanes and cycloalkanes).
PAR  In application Ser. No. 261,030, filed June 8, 1972, now abandoned, there
      is described an improved process for oxidizing an alkane to a dicarboxylic
      acid anhydride in the presence of a catalyst comprising a complex reaction
      product of a vanadium oxy salt and a phosphoric acid promoted with one or
      more of Cr, Fe, Hf, Zr, La and Ce. The atomic ratio of P/V is between
      about 0.5 and about 2, and the atomic ratio of promoter metal/V is between
      about 0.0025 and about 1, in such catalysts.
PAR  As an improvement over, and an extension of, the catalysts described in
      said application Ser. No. 461,777, now U.S. Pat. No. 3,888,886, the
      present invention is concerned with a particular method for making V/P/Zr
      catalysts and with the particular catalysts obtained with that method. In
      prior catalyst preparation methods using HCl, at least 5 moles or more of
      HCl were required per gram atom of vanadium. Such preparation method
      presents a high corrosivity problem requiring the use of expensive
      corrosion resistant equipment. It also increases the volume of material
      that must be handled. The method of this invention, however, does not
      involve the use of hydrogen halide (HCl) and eliminates problems
      associated with its use. When the vanadium or zirconium source or both, is
      a halogen-containing vanadium or zirconium salt or both, the amount of
      by-product hydrogen halide encountered is relatively and comparatively
      small and involves a relatively negligible problem.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a method for
      preparing vanadium-phosphorus-zirconium composites which are catalytically
      active and selective for the oxidation of an alkane, cycloalkane or
      mixtures thereof to a dicarboxylic acid anhydride and which have high
      physical strength. The method comprises forming an aqueous mixture of a
      vanadium compound and a lower dialkyl phosphonate, adding a zirconium
      salt, and then adding phosphoric acid or a compound which hydrolyzes to
      phosphoric acid to the resulting solution to form a slurry and drying the
      slurry.
PAR  The invention is also concerned with a process for oxidizing an alkane,
      cycloalkane or mixtures rich in them to a dicarboxylic acid anhydride by
      contacting the alkane with a molecular oxygen-containing gas under
      specified conditions in the presence of said composites.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The catalysts produced by the method of this invention are effective in the
      oxidation of alkanes, cycloalkanes, and mixtures rich in alkanes and
      cycloalkanes to maleic anhydride in good yields and with good selectivity.
      These catalysts also have the high physical strength needed to be used in
      fluid bed reactors.
PAR  Preferably and in order to have all the aforementioned properties of
      activity, selectivity, and strength, the catalyst is prepared in three
      steps or stages. First, an aqueous slurry of vanadium pentoxide and a
      lower dialkyl phosphonate is refluxed at 100.degree.-120.degree.C for
      between about 0.5 hour and about 5 hours. Then, a zirconium salt is added
      and refluxing is continued for another 0.5 hour to 5 hours. Finally,
      phosphoric acid or a compound hydrolyzable to phosphoric acid is added and
      refluxing is continued (between about 0.5 hour and about 5 hours).
PAR  Vanadium compounds employable herein are V.sub.2 O.sub.5, VOCl.sub.3,
      VO(NO.sub.3).sub.3, NH.sub.4 VO.sub.3, and VF.sub.5, of which V.sub.2
      O.sub.5 is particularly preferred. The zirconium salts are illustrated by
      ZrOCl.sub.2.4H.sub.2 O, ZrOCl.sub.2.8H.sub.2 O, ZrO(OAc).sub.2.H.sub.2 O,
      ZrCl.sub.4, Zr (OAc).sub.4, Na.sub.2 ZrCl.sub.6 and ZrOBr.sub.2.XH.sub.2
      O.
PAR  The phosphorus component of the catalyst of this invention is derived from
      both the lower dialkyl phosphonate and phosphoric acid. The lower dialkyl
      phosphonates have 1-4 carbon atoms in each alkyl group and include
      dimethyl phosphonate, diethyl phosphonate, dipropyl phosphonate,
      diisopropyl phosphonate, dibutyl phosphonate, diisobutyl phosphonate,
      di-t-butylphosphonate, and mixed esters, such as methyl ethyl phosphonate,
      methyl propyl phosphonate, and ethyl butyl phosphonate. These phosphonates
      can exist in one or both tautomeric forms:
      ##EQU1##
      The corresponding trialkyl phosphites are readily hydrolyzed during the
      catalyst preparation to form dialkyl phosphonates. Accordingly, they are
      the equivalent of the dialkyl phosphonate and as such their use in the
      method of this invention is contemplated. The other phosphorus source is
      phosphoric acid or a phosphorus compound hydrolyzable to phosphoric acid,
      such as P.sub.2 O.sub.5 and POCl.sub.3. The concentration of phosphoric
      acid can be from about 25% to 100%.
PAR  The amount of phosphorus in the finished catalyst should be sufficient to
      give a phosphorus/vanadium atomic ratio of 1.1-1.5/1. The P/V atomic ratio
      attributable to the lower dialkyl phosphonate should be about 0.5/1, i.e.,
      there will be used 0.5 gram atom of lower dialkyl phosphonate per gram
      atom of vanadium compound. Accordingly, there will be used between about
      0.6 gram atom and about 1 gram atom of phosphoric acid per gram atom of
      vanadium compound. A P/V atomic ratio of about 1.2/1 is preferred.
PAR  The quantity of zirconium salt employed is from about 0.0025 to about 0.5
      gram atom per gram atom of vanadium compound. Thus, the quantities of
      vanadium compound and zirconium salt are such that the atomic ratio of
      Zr/V of the final composite is between about 0.0025 and about 0.5.
PAR  The solution formed with the final step addition of phosphoric acid is
      refluxed, to form a slurry. Then, the slurry is concentrated and
      evaporated to substantially dry condition in trays or by spray drying. The
      dried material is ground to about 20-60 mesh (U.S. sieve size) for fixed
      bed operation. The ground material can be pelletized, for example, to 1/8
      inch .times. 5/32 inch cylindrical pellets. Optionally, a binder such as
      stearic acid, can be added before pelletizing. Alternatively, the catalyst
      solution, before drying, can be used to impregnate a suitable carrier,
      such as alumina, alundum, silica, silicon carbide, silica-alumina,
      zirconia, zirconium phosphate, and/or a zeolite, to produce a supported
      catalyst suitable for use in a fixed or fluidized bed reactor. As a
      further and preferred alternative, the dried, unsupported catalyst can be
      ground to produce a powdered catalyst (e.g., 60-200 mesh) for use in a
      fluidized bed reactor.
PAR  The catalyst can be conditioned in the reactor by passing a hydrocarbon-air
      mixture through the catalyst bed at about 450.degree.C., prior to running
      the oxidation reaction. Such conditioning is, however, not necessary to
      obtain catalyst efficiency. In practice, anhydride product can be obtained
      upon commencing the flow of oxidation feed through the reactor.
PAR  The charge stocks utilizable in the process using the catalyst of this
      invention are alkanes having between 4 and 10 carbon atoms, or mixtures of
      hydrocarbons rich in alkanes and cycloalkanes having between four and 10
      carbon atoms. The alkanes can be normal alkanes or they can have
      branching. Typical alkanes are butane, pentane, isopentane, hexane,
      3-methylpentane, heptane, octane, isooctane, and decane. The cycloalkanes
      utilizable can be methyl substituted and include cyclobutane,
      cyclopentane, methylcyclopentane, cyclohexane, methylcyclohexane,
      1,4-dimethylcyclohexane, cycloheptane, and cyclooctane. Mixtures of
      hydrocarbons rich in alkanes and cycloalkanes having between four and 10
      carbon atoms, i.e., containing about 70 weight per cent or more alkanes
      and cycloalkanes, are well known in the art. Particularly suitable and
      readily available mixtures are naphthas obtained from paraffinic or
      naphthenic petroleum sources. Full boiling range naphthas (boiling within
      the range of about 35.degree.-230.degree.C.) can be used but it is
      preferred to use light naptha cuts boiling within the range of about
      35.degree.-145.degree.C. The naphthas usually contain about 5-15 per cent
      benzene and alkylbenzenes. It has been found that benzene is oxidized to
      maleic anhydride in the process of this invention, whereas to some extent
      alkylbenzenes are oxidized to benzene carboxylic acids or anhydrides. It
      will be understood that other mixtures can be used, such as a paraffinic
      raffinate from the glycol-water solvent extraction of reformates (Udex
      process).
PAR  Butane, because of its ready availability, is preferred. In the following
      discussion and exemplification, therefore, butane is used in most examples
      to demonstrate (but not to limit) the present process for producing maleic
      anhydride. It is contemplated that mixtures rich in butane can be used,
      such as a typical butane-butene (B-B) refinery stream.
PAR  The oxidation of n-butane (or other feed as aforedefined) to maleic
      anhydride is carried out using air or other molecular oxygen-containing
      gases, such as mixtures of carbon dioxide and oxygen or mixtures of
      nitrogen or steam with air or oxygen. Air is preferred. The oxidation
      reaction is carried out at temperatures of 300.degree.-600.degree.C.,
      preferably 325.degree.-550.degree.C. The feed concentration is 0.5-6
      volume percent butane in the oxygen-containing gas and preferably 1-5
      volume percent. The contact time is generally varied between about 0.08-3
      seconds, preferably about 0.16-1.6 seconds for fixed bed operation.
      Generally, contact times of up to about 30 seconds can be used in the case
      of fluidized bed operation. Thus contact time, depending upon the type of
      operation, will be about 0.08-30 seconds. Although the reaction can be
      carried out at 0.5-20 atmospheres pressure (absolute), it is preferably
      carried out at about 1-5 atmospheres. The reaction can be carried out in
      any suitable reactor for effecting vapor phase oxidation reactions. For
      example, a fixed catalyst bed can be employed. The reaction can be carried
      out, preferably, by using smaller catalyst particles in a fluidized
      reactor bed.
PAR  In the examples and tables, percent yield of "MA" indicates maleic
      anhydride yield expressed as weight of desired product based upon weight
      of (butane) feed and was determined by titration.
PAR  Similarly, selectivity to maleic anhydride is represented by:
      ##EQU2##
PAR  Contact time is determined by:
      ##EQU3##
PAR  The flow rates of air and butane were measured at room temperature and
      pressure.
PAR  The attrition index (A.I.) is a relative rating of the per cent fines
      produced from the catalyst under test compared to the fined produced from
      a commercial vanadium sulfate (about 3%) on silica gel catalyst (Grace No.
      906) used in a fluid process for oxidizing naphthalene to phthalic
      anhydride. The per cent fines is determined in 1 inch I.D. copper tube
      fluid bed apparatus provided at the top with a disengaging section adapted
      to retain particles of 40 microns or greater in diameter and provided with
      a thimble to entrap smaller size particles, i.e., fines. In operation, a
      weighed sample (about 20 ml.) of catalyst is placed in the fluid bed
      apparatus and the thimble is tared. Air is passed upwardly through the
      bottom of the tube at a rate of 13 liters per minute. After 1 hour, the
      air flow is stopped and the tared thimble is weighed to determine the
      weight of fines. The per cent of fines is calculated.
      ##EQU4##
PAR  The invention is shown by the following illustrative examples, contrasted
      with comparative examples.
PAC  EXAMPLE 1
PAR  A vanadium-phosphorus-zirconium catalyst having a V-P-Zr ratio of
      1/1.2/0.132 (atomic) was prepared as follows: 129.2g. of V.sub.2 O.sub.5
      and 78.1 g. of dimethyl phosphonate were added to 500 ml. of H.sub.2 O.
      The mixture was refluxed for 4 hours, followed by addition of 44.8 g. of
      ZrO(OAc).sub.2.H.sub.2 O. Reflux was continued for 80 minutes during which
      time the slurry turned blue. To the slurry, 114 g. of 85% H.sub.3 PO.sub.4
      was added. Reflux was continued for an additional 2 hours. The mixture was
      put into a tray in an oven to dry at 130.degree.C. The resulting solid was
      ground to 60-200 mesh.
PAR  The catalyst (100 ml.) was charged to a fluid bed reactor at room
      temperature and 20 m./min. of n-butane and 1,000 ml./min. of air were
      passed through the catalyst. The reactor was heated at 450.degree.C for
      about 16 hours.
PAR  A mixture of 30 ml./min. of n-butane and 750 ml./min. of air was passed
      through the catalyst at 425.degree.C. Maleic anhydride was determined by
      scrubbing the exit gases through water, followed by titration of an
      aliquot of the aqueous solution. In a 1 hour sampling period, 73% MA yield
      was obtained at 57% butane selectivity. At 400.degree.C., the MA yield was
      54% at 60% butane selectivity.
PAR  The physical stability of the catalyst was determined in an accelerated
      attrition test and compared to a commercial fluid bed catalyst in the same
      test. Its attrition index (A.I.) was 0.7. This shows the catalyst to be
      superior to the commercial catalyst in physical stability.
PAC  EXAMPLE 2
PAR  A vanadium-phosphorus-zirconium catalyst having a V-P-Zr ratio (atomic) of
      1/1.7/0.132 was prepared as follows: 129.2g. of V.sub.2 O.sub.5 and 78.1
      g. of dimethyl phosphonate were added to 500 ml. of H.sub.2 O. The mixture
      was refluxed for four hours, followed by addition of 44.8 g. of
      ZrO(OAc).sub.2.H.sub.2 O. Reflux was continued for 80 minutes, followed by
      addition of 196.6g. of 85% H.sub.3 PO.sub.4. Reflux was continued for an
      additional 2 hours. The mixture was put into a tray in an oven to dry at
      130.degree.C. The resulting solid was ground to 60-200 mesh.
PAR  The catalyst (100 ml.) was charged to a fluid bed reactor at room
      temperature and 20 ml./min. of butane and 1,000 ml./min. of air were
      passed through the catalyst. The reactor was heated at 450.degree.C. for
      about 16 hours.
PAR  A mixture of 30 ml./min. of n-butane and 750 ml./min. of air was passed
      through the catalyst at 450.degree.C. Maleic anhydride was determined by
      scrubbing the exit gases through water, followed by titration of an
      aliquot of the aqueous solution. In a 1 hour sampling period, 46% MA yield
      was obtained at 51% butane selectivity. Example 2 demonstrates that the
      phosphorus from the reducing agent becomes part of the catalyst
      composition. The amount of H.sub.3 PO.sub.4 used in this example is what
      is used in preparations done in HCl, in which all phosphorus came from
      H.sub.3 PO.sub.4. As a result, the amount/H.sub.3 PO.sub.4 charged has to
      be reduced by the amount of dimethyl phosphonate used in order to obtain a
      catalyst with the proper composition.
PAC  EXAMPLE 3
PAR  A vanadium-phosphorus-zirconium catalyst having a V-P-Zr of 1/1.2/0.132
      (atomic) was prepared as follows: 129.2 g. of V.sub.2 O.sub.5, 78.1 g. of
      dimethyl phosphonate and 44.8 g. of ZrO(OAc).sub.2.H.sub.2 O were added to
      550 ml. of H.sub.2 O. The mixture was refluxed for 5 hours and 20 minutes
      followed by the addition of 114 g. of 85% H.sub.3 PO.sub.4. The mixture
      was refluxed for an additional hour. The mixture was put into a tray in an
      oven to dry at 130.degree.C. The resulting solid was ground to 60-200
      mesh.
PAR  The catalyst (100 ml.) was charged to a fluid bed reactor at room
      temperature and 20 ml./min. of butane and 1,000 ml./min. of air were
      passed through the catalyst. The reactor was heated at 450.degree.C for
      about 16 hours.
PAR  A mixture of 30 ml./min. of n-butane and 750 ml./min. of air was passed
      through the catalyst at 400.degree.C. Maleic anhydride was determined by
      scrubbing the exit gases through water, followed by titration of an
      aliquot of aqueous solution. In a 1 -hour sampling period, 32% MA yield
      was obtained at 50% butane selectivity.
PAR  The physical stability of the catalyst was determined in an accelerated
      attrition test. The attrition index (A.I.) was 0.9.
PAC  EXAMPLE 4
PAR  A vanadium-phosphorus-zirconium catalyst having a V-P-Zr ratio of
      1/1.2/0.132 (atomic) was prepared as follows: 129.2 g. of V.sub.2 O.sub.5,
      78.1 g. of dimethyl phosphonate and 114 g. of 85% H.sub.3 PO.sub.4 was
      added to 550 ml. of H.sub.2 O. The mixture was refluxed for 4 hours,
      followed by the addition of 44.8 g. of ZrO(OAc).sub.2.H.sub.2 O. The
      mixture was refluxed an additional 1 1/2 hours. The mixture was put into a
      tray in an oven to dry at 130.degree.C. The resulting solid was ground to
      60-200 mesh.
PAR  The catalyst (100 ml.) was charged to a fluid bed reactor at room
      temperature and 20 ml./min. of n-butane and 1,000 ml./min. of air were
      passed through the catalyst. The reactor was heated at 450.degree.C for
      about 16 hours.
PAR  A mixture of 30 ml./min. of n-butane and 750 ml./min. of air was passed
      through the catalyst at 400.degree.C. Maleic anhydride was determined by
      scrubbing the exit gases through water, followed by titration of an
      aliquot of the aqueous solution. In a one-hour sampling period, 56% MA
      yield was obtained at 64% butane selectivity.
PAR  The physical stability of the catalyst was determined in an accelerated
      attrition test. The attrition index (A.I.) was 1.5.
PAR  The effect of reagent addition order in the catalyst preparation is clearly
      demonstrated by the data obtained using the catalysts of Examples 1, 3, 4
      and given in Table I. The data show that the preferred order of addition
      is vanadium + phosphonate, zirconium, and phosphorus (phosphoric acid)
      last. This gives a catalyst of superior physical hardness and high maleic
      anhydride yields.
TBL                                    Table I                                 

     __________________________________________________________________________

     Reagent Addition Order                                                    

                  Example No.                                                  

                          % Maleic  % Butane                                   

     1st 2nd  3rd         Anhydride Yield                                      

                                    Selectivity                                

                                           A.I.                                

     __________________________________________________________________________

     V   Zr   P   1       54        60     0.7                                 

     V,Zr                                                                      

         P        3       32        50     0.9                                 

     V,P Zr       4       56        64     1.5                                 

     Temperatures = 400.degree.C., contact time = 3.3 sec. in all Examples.    

     V = vanadium compound + dimethyl phosphonate.                             

     P = phosphorus as phosphoric acid.                                        

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  A vanadium-phosphorus-zirconium catalyst having a V-P-Zr ratio (atomic) of
      1/1.2/0.132 was prepared as follows: 129.2 g. of V.sub.2 O.sub.5, 117.3 g.
      of dimethyl phosphonate and 40.4 g. of 85% H.sub.3 PO.sub.4 was added to
      500 ml. of H.sub.2 O. The mixture was refluxed for 4 hours, followed by
      the addition of 44.8 g. of ZrO(OAc).sub.2.H.sub.2 O. The mixture was
      refluxed an additional 2 hours. The mixture was put into a tray in an oven
      to dry at 130.degree.C. The resulting solid was ground to 60-200 mesh.
PAR  The catalyst (100 ml.) was charged to a fluid bed reactor at room
      temperature and 20 ml./min. of n-butane and 1000 ml./min. of air were
      passed through the catalyst. The reaction was heated at 450.degree.C for
      about 16 hours.
PAR  A mixture of 30 ml./min. of n-butane and 750 ml./min. of air was passed
      through the catalyst at 425.degree.C. Maleic anhydride was determined by
      scrubbing the exit gases through water, followed by titration of an
      aliquot of the aqueous solution. In a 1 -hour sampling period, 41% MA
      yield was obtained at 38% butane selectivity.
PAR  This example (compare to Example 4) demonstrates that the molar ratio of
      dimethyl phosphonate to V.sub.2 O.sub.5 used should be approximately one.
      Higher ratios give catalysts which are not as selective.
PAC  EXAMPLE 6
PAR  The catalyst of Example 1 (250 ml.) was charged to a (36 inch long by 1
      inch diameter) fluid bed reactor to test the catalyst at longer contact
      times.
PAR  A mixture of 30 ml./min. of n-butane and 750 ml./min. of air was passed
      through the catalyst at 400.degree.C. Maleic anhydride was determined by
      scrubbing the exit gases through water, followed by titration of an
      aliquot of the aqueous solution. In a 1 -hour sampling period, 79% MA
      yield was obtained at 59% butane selectivity.
PAC  EXAMPLE 7
PAR  The catalyst and reactor of Example 6 were used to oxidize light Arabian
      Naphtha in order to show the catalyst was applicable to other feeds. The
      light Arabian naphtha used was a boiling point cut of C.sub.5 to
      290.degree.F., with an average molecular weight of about 100 and an
      average carbon number of seven. It contained about 70 wt. % paraffins, 18%
      monocycloparaffins, &lt; 1 wt. % olefins, and 12% alkylbenzenes.
PAR  A mixture of 6.4 ml./hour of liquid light Arabian naphtha and 1,000
      ml./min. of air was passed through the catalyst at 400.degree.C. Maleic
      anhydride was determined by scrubbing the exit gases through water,
      followed by titration of an aliquot of the aqueous solution. In a 1 -hour
      sampling period, 55% MA yield was obtained at about 56% selectivity to
      maleic anhydride.
PAR  Although the present invention has been described with preferred
      embodiments, it is to be understood that modifications and variations may
      be resorted to, without departing from the spirit and scope of this
      invention, as those skilled in the art will readily understand. Such
      modifications and variations are considered to be within the purview and
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for preparing a vanadium-phosphorus-zirconium catalyst
      composite that consists essentially of:
PA1  a. forming an aqueous mixture of V.sub.2 O.sub.5, VOCl.sub.3,
      VO(NO.sub.3).sub.3, NH.sub.4 VO.sub.3, or VF.sub.5 and a lower dialkyl
      phosphonate, in a P/V atomic ratio of 0.5, refluxing said mixture for
      between about 0.5 hour and 5 hours;
PA1  b. adding ZrOCl.sub.2.4H.sub.2 O, ZrOCl.sub.2.8H.sub.2 O,
      ZrO(OAc).sub.2.H.sub.2 O, ZrCl.sub.4, Zr(OAc).sub.4, Na.sub.2 ZrCl.sub.6,
      or ZrOBr.sub.2.XH.sub.2 O, in a Zr/V atomic ratio of between about 0.0025
      and about 0.5, continuing refluxing for between about 0.5 hour and about 5
      hours;
PA1  c. adding phosphoric acid or a compound hydrolyzable to phosphoric acid, in
      a P/V atomic ratio of between about 0.6 and about 1, continuing refluxing
      for between about 0.5 hour and about 5 hours to form a slurry; and
PA1  d. drying said slurry.
NUM  2.
PAR  2. The method of claim 1, wherein said lower dialkyl phosphonate is
      dimethyl phosphonate.
NUM  3.
PAR  3. The method of claim 1, wherein said zirconium salt is zirconyl acetate.
NUM  4.
PAR  4. The method of claim 2, wherein said zirconium salt is zirconyl acetate.
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ABST
PAL  Stable catalyst compositions providing faster cure time in room temperature
      vulcanizing organopolysiloxane compositions containing them comprise
      stannous salts of branched chain alkyl carboxylic acids having from eight
      to 12 carbon atoms and, as a stabilizing carrier therefor, a methyl alkyl
      polysiloxane fluid having hydroxy aryl substituents. The catalyst
      compositions are uniquely adapted to provide injectable compositions
      curable to low density, high compressive strength syntactic foams, useful,
      e.g., for custom fitting footwear to the wearer.
PARN
PAR  This is a division of application Ser. No. 432,409, filed Jan. 10, 1974,
      now U.S. Pat. No. 3,865,759.
BSUM
PAR  This invention relates to stabilized active catalyst composition for
      increasing the cure rate of room temperature vulcanizing
      organopolysiloxane compositions, and to compositions catalyzed with such
      compositions. More particularly, the invention relates to catalyst
      compositions comprising stannous salts of branched chain alkyl carboxylic
      acids having from eight to 12 carbon atoms, and as a carrier therefor, a
      fluid methyl alkyl polysiloxane having hydroxy aryl substituents, and to
      room temperature vulcanizing compositions catalyzed therewith, the latter
      comprising silanol-terminated polyorganosiloxanes and cross-linking
      polyfunctional organosilicon compounds. The catalyzed compositions may
      also include lightweight hollow microspheres, in which case they cure to
      syntactic foams.
PAC  BACKGROUND OF THE INVENTION
PAR  It is a well known characteristic of stannous octoate, when used as a
      catalyst in room temperature vulcanizing silicone compositions, to find
      that it loses all of its catalytic activity upon repeated opening and
      closing of the containers in which it is stored, alone or as commonly
      diluted for use in a silicone fluid, e.g., a trimethylsilyl-stopped
      dimethyl polysiloxane. The loss in activity is apparently due primarily to
      oxidation of stannous tin to the inactive stannic tin by air or by air and
      moisture during exposure. Somewhat better results are obtained if stannous
      octoate is replaced by stannous salts of branch chain carboxylic acids
      having from eight to 12 carbon atoms. Best results in this series are
      obtained if the acids are fully branched. Stannous neodecanoate, which has
      10 fully branched carbon atoms, is especially improved in stability in
      comparison to stannous octoate. However, when these more stable stannous
      salts are diluted in a dimethyl polysiloxane fluid to facilitate storage,
      measurement and compounding these are found to deteriorate quickly on air
      exposure.
PAR  It has now been discovered that if the stannous salts of branched chain
      alkyl carboxylic acids having from eight to 12 carbon atoms are combined
      with a very specific type of organopolysiloxane carrier fluid, there will
      be obtained a very superior catalyst composition. In particular, a stable,
      active catalyst composition is obtained using as carrier fluid, a methyl
      alkyl polysiloxane having hydroxy aryl substituents. These fluids appear
      to solubilize the stannous salts of branched carboxylic acids very readily
      and, at the same time, provide in solubilized form a hindered phenolic
      type substituent which effectively retards the oxidation of stannous tin
      to inactive stannic tin. Somwhat surprisingly, this same fluid does not
      readily solubilize the conventional tin soap catalyst, stannous octoate,
      and many attempts to provide catalysts system based on this fluid and
      stannous octoate have failed because such compositions deteriorate rapidly
      upon air exposure.
PAR  Such novel catalyst compositions are superior to conventional stannous soap
      compositions in all room temperature vulcanizing rubber formulations, but
      they are vastly superior to stannous octoate compositions in the
      production of articles having silicon compositions injected and then cured
      in place, in contact with human body parts. Such articles comprise
      footwear, such as shoes, boots and the like, custom-fitted to the foot of
      the wearer, and they are disclosed and claimed in the copending
      application of Robert L. Blomquist, Alfred H. Smith, Jr., Robert A. Smith
      and Richard P. Surprenant, entitled, FOOTWEAR INCLUDING CORE OF CUSTOM
      FITTING COMPOSITION, filed in the United States Patent Office on Dec. 5,
      1973 Ser. No. 421,968, now abandoned, assigned to the assignee of the
      present invention and the disclosure of which is incorporated herein by
      reference. The present invention has, as one of its principal features,
      the provision of a curable, injectable syntactic foam composition for
      custom fitting footwear, catalyzed with the new stabilized composition.
PAC  DESCRIPTION OF THE INVENTION
PAR  According to this invention, there are provided stabilized catalyst
      compositions comprising:
PAR  i. a stannous carboxylate of a branched chain alkyl carboxylic acid having
      from about eight to about 12 carbon atoms in the alkyl chain; and, as a
      stabilizing carrier therefor,
PAR  ii. a fluid organopolysiloxane composition having an average formula:
      ##EQU1##
      where R is a higher alkyl radical, R.sup.1 is selected from the class
      consisting of monovalent and divalent hindered t-butyl-substituted
      radicals, the sum of a plus b is from 5 to 40, inclusive, and the ratio of
      b over the sum of a plus b is from 0.005 to 0.1, inclusive.
PAR  Component (i) of the catalyst composition is a stannous salt of a branched
      alkyl carboxylic acid from eight to 12 carbon atoms. The higher the degree
      of branching within the chain, the better. Fully branched chains are best,
      e.g., the so-called neocarboxylates. If less than eight carbon atoms are
      present or if greater than 12 carbon atoms are present, the solubility
      compatibility with the stabilizing carrier fluid becomes a factor and the
      compositions do not function as effectively, and they are not as stable.
      Most preferably, the alkyl carboxylic acid in the stannous carboxylate
      will contain 10 carbon atoms and the fully branched carboxylate of 10
      carbon atoms per carboxylate group, known as stannous neodecanoate is the
      most preferred. All such stannous carboxylates can be made by those
      skilled in the art, e.g., by reacting a stannous halide or alkoxide with
      the corresponding branched alkyl carboxylic acid or reactive derivative
      thereof, alone, or in an inert solvent. Several such carboxylates are also
      commercially available. Illustrate of specific branch chained carboxylates
      are isooctanoates, isodecanoates, neodecanoates, 2',2' dimethyldecanoates,
      and the like. Stannous neodecanoate is commercially available from Mooney
      Chemicals, Inc., Cleveland, Ohio 44113. It is a bland liquid which is
      insoluble in water and has a specific gravity of 1.23.
PAR  Component (ii) of the catalyst composition, the fluid organopolysiloxane
      having hydroxy aryl substituents can be made following the procedures
      described in detail in Brown, Jr., U.S. Pat. No. 3,579,467, assigned to
      the assignee of the present application, and incorporated herein by
      reference.
PAR  As described in the Brown patent, the preparation of the polysiloxanes
      defined as component (i) involves an SiH-olefin addition reaction. This
      reaction involves the addition of an alpha-olefin having a higher alkyl
      content, from four to 30 carbon atoms, more particularly, from six to 12
      carbon atoms, and an allylated t-butyl phenol to a conventional methyl
      hydrogen polysiloxane. For example, butene-1, hexene-1, octene-1,
      decene-1, dodecene-1, hexadecene-1, and the like, can be used. More
      specifically, the preparation of a methyl higher alkyl polysiloxane having
      a hydroxy aryl substituent involves the reaction between a methyl hydrogen
      polysiloxane having the formula:
      ##EQU2##
      wherein a is from 5 to 40, an alpha olefin and an allylated t-butyl
      phenol.
PAR  The reaction of the alpha olefin and the methyl hydrogen polysiloxane can
      take place in the presence of a known elemental platinum or platinum
      compound catalyst.
PAR  Among the many useful catalysts for this addition reaction are
      chloroplatinic acid as described in Speier, et al, U.S. Pat. No.
      2,823,218, the reaction product of chloroplatinic acid with either an
      alcohol, an ether or an aldehyde as described in Lamoreaux, U.S. Pat. No.
      3,200,972, trimethyl platinum iodide and hexamethyl diplatinum as
      described in Lamoreaux, U.S. Pat. No. 3,313,773, the platinum olefin
      complex catalysts described in Ashby, U.S. Pat. No. 3,159,601, the
      platinum cyclopropane complex catalyst described in Ashby, U.S. Pat. No.
      3,159,662, and the like.
PAR  The SiH-olefin addition reaction to produce component (ii) may be conducted
      at room temperature or at temperature up to 200.degree.C., depending upon
      the catalyst concentration, which can vary from 10.sup.-.sup.7 to
      10.sup.-.sup.3 and preferably, 10.sup.-.sup.5 to 10.sup.-.sup.4 moles of
      platinum as metal per mole of olefin containing molecules present.
      Generally, the methyl hydrogen polysiloxane is reacted first with an
      allylated aromatic hydroxy compound in an amount less than that necessary
      to cover all of the Si-H bonds. The catalyst is added in aliquot portions
      as the reaction proceeds. Then the alpha olefin is added at a rate
      sufficient to maintain the reaction temperature within the range of from
      about 50.degree. to 120.degree.C. and, at the end of the addition of the
      alpha olefin, the reaction is completed. The product is recovered by any
      convenient method, as is described in the above-mentioned Brown, Jr.
      patent.
PAR  For example, when it is desired to produce a methyl alkyl polysiloxane
      having hydroxy aryl substituents corresponding to component (ii), the
      starting material can be a trimethylsilyl chain-stopped methyl hydrogen
      polysiloxane containing an average of 38 methyl hydrogen siloxane units
      per molecule. One mole of this methyl hydrogen polysiloxane is reacted
      with 1 mole of an allylated t-butyl-substituted phenol, such as
      ##SPC1##
PAL  to produce a trimethylsilyl chain-stopped copolymer in which the average
      molecule contains 37 methyl hydrogen siloxane units and 1 unit in which
      the R.sup.1 is the radical shown in the formula:
      ##SPC2##
PAL  Then one mole of the resulting copolymer is reacted with 37 moles of an
      appropriate alpha olefin, such as decene-1, according to the method
      previously described, to produce component (ii) wherein R is, e.g., decyl
      and R.sup.1 is the radical shown above and a is 37 and b is 1 and the
      ratio of b/a +  b is 0.026.
PAR  Component (i) and (ii) can be mixed in any desirable or convenient manner
      to produce the stabilized catalyst compositions; the order of addition is
      not critical. It is preferred to use an amount of component (i) which
      gives a high enough concentration of the stannous branched carboxylate in
      the composition to minimize the volume of material required for storage
      and shipment, but the amount should not exceed the solubility of the
      stannous carboxylate in the silicon fluid carrier. In general, the amount
      of compound (i) can vary between about 5 and 30% by weight and preferably,
      between 15 and 25% by weight, based on the combined weights of (i) and
      (ii).
PAR  The catalyst compositions can be used in any room temperature vulcanizing
      composition wherein stannous octoate has heretofore been employed as a
      catalyst, making suitable adjustments for the stannous tin content in the
      final formulation. The catalyzed compositions are an embodiment of this
      invention. They have especially fast cure times.
PAR  According to the present invention, there are provided catalyzed room
      temperature vulcanizable silicone rubber compositions comprising:
PAR  A. a linear diorganopolysiloxane having terminal silicon-bonded hydroxyl
      groups;
PAR  B. a polyfunctional organo silicon compound containing more than two
      functional groups and capable of cross-linking (A); and
PAR  C. a tin soap condensation catalyst, the catalyst component (C) being the
      improved catalyst composition of this invention, as hereinabove defined.
      Such compositions have excellent shelf life and cure very rapidly at
      ordinary temperatures.
PAR  Room temperature vulcanizable silicone rubber compositions including (A),
      (B) and (C) are well known to those skilled in this art, and are
      described, for example, in Nitzsche, et al, U.S. Pat. No. 3,127,363, and
      in Shaw, U.S. Pat. No. 3,701,753, the disclosures of which are
      incorporated herein by reference.
PAR  The improved compositions of this invention are made by substituting as
      component (C), the catalyst composition hereinabove described.
      Illustratively, component (A) will be a substantially difunctional,
      linear, extensively precondensed but not resin-like organosiloxane of the
      general formula:
      ##EQU3##
      in which R.sup.2 represents an alkyl or aryl radical, such as a methyl,
      ethyl or phenyl radical, or a halogen- or cyano- substituted such radical;
      X represents hydrogen or radical R.sup.2 and n is a whole number of at
      least 10.
PAR  Conventionally, the cross-linking component (B) will be a polyfunctional
      organo-silicon compound containing more than two functional groups. They
      will be either organo-silicon compounds of the general formula:
EQU  R.sup.7.sub.m Si X.sub.4.sub.-m
PAL  in which R.sup.7 is an alkyl or aryl radical, X is a reactive group capable
      of condensation with a silanol group of component (A), such as a hydroxyl,
      alkoxy, aryloxy or acyloxy group, and m is a number from 0 to less than 2;
      or they will be the corresponding siloxanes. This definition covers the
      following groups of compounds:
PAR  a. silanes of the formulaR.sub.m SiX.sub.4.sub.-m ;
PAR  b. corresponding di-, tri-, tetra- or polysiloxanes;
PAR  c. organopolysiloxane resins having a functionality greater than 2, and
      advantageously greater than 2.5;
PAR  d. organo hydrogen polysiloxanes of the formula:
EQU  R.sub.m HSiO.sub.3.sub.-m/ 2
PAL  in which m is a number less than 2, but is not zero. Preferably, they will
      be trialkoxyalkylsilanes or triacyloxyalkylsilanes.
PAR  In the Nitzsche et al patent, catalyst components (C) are illustratively
      metal soaps, for example, tin ricinoleate or cobalt naphthenate. In the
      patent, the disadvantages of the prior art metal salts of simple
      carboxylic acids are pointed out, it being said that they act too slowly,
      are not satisfactory physiologically, or discolor the mass. In any event,
      the amount of the present catalyst component (C) will preferably be 0.1 to
      5% by weight of tin based on component (A). Moreover, as is conventional,
      it is possible to include any filler or additive customarily used in the
      manufacture of silicone rubber, and known methods for curing and using
      such compositions, for example, as in conventional sealing, impregnating
      or casting compositions, as paints or coating compositions, and in the
      manufacture of molded articles. These are fully set forth in the Nitzsche
      et al patent, which has been incorporated herein by reference to save
      unnecessarily detailed description.
PAR  The present invention in another of its especially preferred aspects
      provides syntactic foam compositions. "Syntactic" in this sense means that
      the foam has not been prepared by internally generating voids thereon,
      such as by blowing gas into the composition or using blowing agents, but
      rather by adding lightweight filler material, such as cork, and the like,
      but preferably, hollow microspheres or beads of the type well known to
      those skilled in the art.
PAR  According to the present invention, low density, high compressive strength
      syntactic foam compositions will comprise:
PA1  1. a low density filler comprising hollow microspheres;
PA1  2. a linear, fluid, organopolysiloxane containing only terminal,
      silicon-bonded hydroxy groups, convertible to a cured, solid state, alone,
      or in admixture with a linear, fluid organopolysiloxane having a 1 to 1
      ratio of terminal silicon-bonded triorganosiloxy to terminal
      silicon-bonded hydroxy groups, convertible to a cured, solid state;
PA1  3. an alkyl silicate selected from the class consisting of
PA2  a. a monomeric organosilicate corresponding to the general formula:
      ##EQU4##
      wherein R.sup.4 is alkyl, haloalkyl, aryl, haloaryl, alkenyl,
      cycloalkenyl, cyanoalkyl, and R.sup.3 is the same as R.sup.4 or alkoxy or
      aryloxy, or
PA2  b. a liquid partial hydrolysis product of the aforementioned organosilicate
      monomeric compounds; and
PA1  4. a catalyst composition comprising:
PA2  i. a stannous carboxylate of a branched chain alkyl carboxylic acid having
      from about eight to about 12 carbon atoms in the alkyl chain; and as a
      stabilizing carrier therefor; and
PA2  ii. a fluid organopolysiloxane composition having an average formula:
      ##EQU5##
      wherein R is a higher alkyl radical, R.sup.1 is selected from the class
      consisting of monovalent and divalent hindered t-butyl-substituted hydroxy
      aryl radicals, the sum of a plus b is from 5 to 40, inclusive, and the
      ratio of b over the sum of a plus b is from 0.005 to 0.1, inclusive.
PAR  The amount of lightweight filler employed will be selected to provide the
      final density desired. In general, enough will be used to insure that the
      final composition has a density of below 0.9 g./cm..sup.3 . Hollow
      microspheres of glass, carbon, phenolic, epoxy, silica, vinylidene
      chloride/acrylonitrile, urea-formaldehyde resins, and the like, are
      articles of commerce. They are typically spheroidal in shape and appear as
      free flowing powders. The particles range in diameter from 1 to a few
      hundred microns, with a wall thickness usually in the order of 1 to 4
      microns. The most preferred such microspheres will be bubbles varying in
      size from 0.0002 inch to 0.005 inch and which have an average diameter of
      0.0017 inch. The preferred microspheres are made of glass, phenolic or
      urea-formaldehyde.
PAR  Optionally, the syntactic foams can include a reinforcing or
      semi-reinforcing filler, so long as the amount does not cause the density
      of the foam to go above 0.9 g./cm..sup.3. If such a filler is used, it
      will preferably be calcium carbonate or a fumed colloidal silica or a
      precipitated silica, said silica filler having been treated with an
      organosilicon trimer, tetramer, or disilazane to render it hydrophobic.
PAR  In the syntactic foam composition, it is preferred to use an admixture of
      polysiloxanes of the formulae:
      ##EQU6##
      wherein R.sup.5 and R.sup.6 are alkyl, aryl, haloalkyl, haloaryl, alkaryl,
      aralkyl, alkenyl, haloalkenyl, cyanoalkyl, cycloalkyl or cycloalkenyl, and
      n is a number sufficiently high to provide a fluid viscosity of at least
      about 400 centipoises. The amount of the components in the admixture can
      vary between 5 and 95 parts of one to 95 to 5 parts of the other.
      Especially preferably, the organopolysiloxane will be one wherein R.sup.5
      and R.sup.6 are methyl.
PAR  The organosilicate cross-linker is, preferably one of the formula:
      ##EQU7##
      wherein R.sup.3 is ethoxy, phenyl, n-propoxy or vinyl and R.sup.4 is
      ethyl, or n-propyl.
PAR  The catalytic agent for curing will be the stannous carboxylates in a
      methyl alkyl organopolysiloxane containing hydroxy aryl substituents as
      described above and, preferably, it will be stannous neodecanoate. In some
      cases, the syntactic foam composition also will include a thioxtropic
      agent comprising a hydrogenated oil, e.g., hydrogenated castor oil.
PAR  A preferred family of syntactic foam compositions will comprise:
PAR  1. a low density filler comprising glass hollow microspheres, phenolic or
      urea-formaldehyde hollow microspheres in an amount sufficient to provide
      an ultimate composition density of below 0.9 g./cm..sup.3 and from 0 to
      20% by weight of calcium carbonate or fumed or precipitated silica, said
      silica having been treated to render it hydrophobic;
PAR  2. a polydimethylsiloxane having silicon-bonded terminal hydroxyl groups
      and a viscosity of 600 to 6,000 cps. blended with a partially
      trimethylsilyloxy, partially --OH terminated polydimethylsiloxane of 400
      to 900 cps.;
PAR  3. from about 0.2 to about 5% by weight of ethyl ortho silicate or a
      mixture of diphenyl dimethoxysilane and triethoxy vinyl silane; and
PAR  4. from about 0.5 to about 2% by weight of stannous neodecanoate based on
      (2), in admixture with from a major proportion, based on the stannous
      carboxylate, of a methyl decyl polyorganosiloxane containing a hydroxy
      aryl substituent.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples illustrate the compositions and articles prepared
      according to this invention. They are illustrative, and are not to be
      construed to limit the scope of the invention in any manner whatsoever.
PAC  EXAMPLE 1
PAR  A catalyst composition according to this invention is prepared comprising
      20 parts by weight of stannous neodecanoate (Stannous Ten-Cem, Mooney
      Chemical Co., Cleveland, Ohio) and 80 parts by weight of a liquid
      trimethylsilyl chain-stopped methyl decyl polysiloxane having a t-butyl
      hydroxy aryl propyl-substituted silicon atom content, prepared according
      to Example 6 of U.S. Pat. No. 3,579,467.
PAR  A room temperature vulcanizing silicone-base composition is prepared under
      anhydrous conditions comprising:
TBL                 parts by weight                                            

     ______________________________________                                    

     a fluid, silanol                                                          

     end-stopped polydimethyl-                                                 

     siloxane having a viscosity                                               

     of 3,000 .+-. 500 centipoises                                             

     (cps.) at 30.degree.C.                                                    

                      100                                                      

     a precipitated calcium                                                    

     carbonate (filler)                                                        

                      40                                                       

     a partially condensed ethyl                                               

     orthosilicate (Union                                                      

     Carbide, ES-40)  3                                                        

     ______________________________________                                    

PAR  A catalyzed, room temperature vulcanizable composition according to this
      invention is prepared by adding 10% by weight of the catalyst composition
      in the base composition.
PAR  The catalyzed composition cures to a rubber within 140 seconds.
PAR  To demonstrate the stability of the catalyst composition, it is stored in a
      vial open to the air at 77.degree.F. and 50% relative humidity then used
      to catalyze the base compositions. The cure times after storage intervals
      are as follows:
TBL  Open vial storage (days)                                                  

                      Cure time (seconds)                                      

     ______________________________________                                    

      7               175                                                      

     16               255                                                      

     31               435                                                      

     ______________________________________                                    

PAR  Not only is initial cure very fast, but after storage in the open, fast
      cure rates still are obtained after 31 days, indicating excellent storage
      stability.
PAR  The catalyst composition is also subjected to accelerated aging in a sealed
      vial at 50.degree.C. and then used to catalyze the base composition. The
      cure times after storage intervals are as follows:
TBL  Sealed vial storage, 50.degree.C.                                         

                      Cure time (seconds)                                      

     (days)                                                                    

     ______________________________________                                    

      2               155                                                      

     16               260                                                      

     31               450                                                      

     ______________________________________                                    

PAR  Thus, the catalyst retains a substantial amount of its activity even when
      heated during storage.
PAR  The catalyzed composition is also subjected to stability testing by storing
      in sealed containers at 25.degree.C., then opening and measuring the cure
      times after intervals. The results are as follows:
TBL  Sealed vial storage, 25.degree.C.                                         

                      Cure time (seconds)                                      

     (days)                                                                    

     ______________________________________                                    

     0 (initial)      165                                                      

     13               185                                                      

     23               200                                                      

     37               180                                                      

     ______________________________________                                    

PAR  For all practical purposes, the composition retains its pot life or working
      time throughout the interval. It is seen that an efficient, stable
      composition with rapid cure rate is provided.
PAC  EXAMPLE 2
PAR  An injectable syntactic foam composition is prepared using the stabilized
      catalyst composition described in Example 1. The base formulation is 29.91
      parts by weight of a silanol stopped dimethylpolysiloxane of 8,000 .+-.
      2,000 cps. viscosity weight; 11.90 parts by weight of a calcium carbonate
      filler; 47.52 parts by weight of a trimethylsilyl/hydroxy terminated
      dimethylpolysiloxane fluid, 0.40 parts by weight of hydrogenated castor
      oil as a thixotrope; 7.80 parts of a low density filler comprising glass
      microballoons (GMBS-B-22A, 3M Co., Minneapolis, Minnesota); and 1.86 parts
      of a partially hydrolyzed ethyl orthosilicate cross-linking agent (Union
      Carbide Corp., ES-40) and 0.6 parts of water. To 150 parts of the base
      1.7% by weight of stannous neodecanoate is added (to provide 2.2% based on
      the polysiloxane fluids) by using an appropriately weighed quantity of the
      catalyst composition. The compound properties are white; the uncatalyzed
      viscosity is 15,000 cps. After catalyzing, the work life in minutes is
      5.7; and the tack-free time is 9 minutes. The measurement of catalyzed
      viscosity vs. time at 1 minute intervals is as follows:
TBL  Time (minutes)   Viscosity (cps.)                                         

     ______________________________________                                    

     2                31,000                                                   

     3                52,000                                                   

     4                97,000                                                   

     5                220,000                                                  

     ______________________________________                                    

      Physical properties on the cured composition are measured according to
      ASTM methods after curing at 77.degree.F. and 50% relative humidity for 24
      hours. The results are as follows:
TBL  Shore A durometer                                                         

                      29                                                       

     Tensile strength, psi                                                     

                      70                                                       

     Elongation, %    90                                                       

     Tear strength, pounds/inch                                                

                      20                                                       

     Specific gravity g./cc.                                                   

                      0.80                                                     

PAR  Ski boots are custom-fitted by injecting the catalyzed composition into the
      free space between the foot of the wearer and the inside of the boot and
      allowed to cure, as described in the above-identified copending Blomquist,
      Smith, Smith, Jr., and Surprenant application. The boots are test skied
      and the foam is found to retain its shape and to provide good edge
      control.
PAR  It is obvious that the specific examples describe the preparation of a
      stabilized catalyst composition with improved storage stability and the
      ability to catalyze the curing silicone compositions very efficiently. The
      examples describe the preparation of catalyzed silicone compositions with
      excellent storage stability when sealed. The examples also describe the
      preparation of a catalyzed foam composition uniquely adapted to custom
      fitting footwear to the wearer. Obviously, many variations will suggest
      themselves to those skilled in the art in the light of the present
      detailed disclosure. The appended claims are intended to define the
      invention as specifically disclosed as well as all obvious variations
      thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A catalyst composition for room temperature vulcanizing silicone rubber
      compositions, said catalyst composition comprising:
PA1  i. a stannous carboxylate of a branched chain alkyl carboxylic acid having
      from about eight to about 12 carbon atoms in the alkyl chain; and, as a
      stabilizing carrier therefor,
PA1  ii. a fluid organopolysiloxane composition having an average formula:
TBL  .vertline.                                                                

     CH.sub.2                                                                  

     .vertline.                                                                

     CH.sub.2                                                                  

     .vertline.                                                                

     RCH.sub.2                                                                 

     .vertline..vertline.                                                      

     (CH.sub.3).sub.3 SiOSiOSiOSi(CH.sub.3).sub.2                              

     .vertline..vertline.                                                      

     CH.sub.3 CH.sub.3                                                         

     ab                                                                        

PAL  where R is a higher alkyl radical, R.sup.1 is selected from the class
      consisting of monovalent and divalent hindered t-butyl-substituted hydroxy
      aryl radicals, the sum of a plus b is from 5 to 40, inclusive, and the
      ratio of b over the sum of a plus b is from 0.005 to 0.1, inclusive.
NUM  2.
PAR  2. A catalyst composition as defined in claim 1 wherein component (i)
      comprises a fully branched chain alkyl carboxylic acid and constitutes
      from about 5 to about 30% by weight of (i) and (ii).
NUM  3.
PAR  3. A catalyst composition as defined in claim 2 wherein component (i)
      constitutes from about 15 to about 25% by weight of (i) and (ii).
NUM  4.
PAR  4. A catalyst composition as defined in claim 1 wherein said stannous
      carboxylate is stannous neodecanoate.
NUM  5.
PAR  5. A catalyst composition as defined in claim 1 in which the
      t-butyl-substituted hydroxyaryl radical is of the formula
      ##SPC3##
NUM  6.
PAR  6. A catalyst composition as defined in claim 1 wherein, in component (ii),
NUM  7.
PAR  7. A catalyst composition as defined in claim 6 wherein R is a decyl
      radical.
PATN
WKU  039310485
SRC  5
APN  466759&
APT  1
ART  115
APD  19740503
TTL  Hydrocarbon conversion catalytic composite
ISD  19760106
NCL  3
ECL  1
EXP  Dees; Carl F.
NDR  1
NFG  1
INVT
NAM  Hilfman; Lee
CTY  Mount Prospect
STA  IL
ASSG
NAM  Universal Oil Products Company
CTY  Des Plaines
STA  IL
COD  02
CLAS
OCL  252455R
XCL  252453
XCL  208111
EDF  2
ICL  B01J 2906
ICL  C10G 1302
FSC  252
FSS  453;455 R
FSC  208
FSS  111
UREF
PNO  3216922
ISD  19651100
NAM  O'Hara
OCL  208111
UREF
PNO  3433748
ISD  19690300
NAM  Magee, Jr. et al.
OCL  252453
UREF
PNO  3472791
ISD  19691000
NAM  Vesely
XCL  252453
LREP
FR2  Hoatson, Jr.; James R.
FR2  McBride; Thomas K.
FR2  Page, II; William H.
ABST
PAL  A catalytic composite, comprising a combination of a nickel component and a
      tungsten component with a silica-alumina carrier material wherein said
      carrier material is co-gelled silica-alumina consisting of from about 43
      percent to about 57 percent by weight of alumina and from about 57 percent
      to 43 percent by weight silica and wherein said components are present in
      amounts sufficient to result in the composite containing, on an elemental
      basis, about 2 to about 10 percent by weight of the nickel component and
      about 8 to about 20 percent by weight of the tungsten component, is
      disclosed. Key features of the subject composite are the criticality of
      the alumina content of the carrier material and the facility of using a
      co-gelled silica-alumina carrier material. The principal utility of the
      subject composite is in the hydrocracking of hydrocarbons. A specific
      example of the catalyst disclosed is a combination of nickel and tungsten
      with a co-gelled silica-alumina carrier material containing 50 weight
      percent alumina in amounts sufficient to result in the composite
      containing, on an elemental basis, about 7 to about 9 weight percent
      nickel and about 17 to about 19 weight percent tungsten.
BSUM
PAR  The subject of the present invention is a novel catalytic composite which
      has exceptional activity, selectivity and resistance to deactivation when
      employed in a hydrocarbon conversion process. This invention also relates
      to the preparation of a novel catalytic composite. More particularly, the
      invention relates to a catalyst which is useful for performing destructive
      hydrogenation of hydrocracking of hydrocarbons.
PAR  Destructive hydrogenation by catalytic means, more commonly called
      hydrocracking, is old and well-known to the art. Destructive hydrogenation
      of the hydrocarbon oil, which is usually a coal tar or a high-boiling
      petroleum fraction, such as gas oils or topped crude, generally is
      performed at relatively high temperatures and pressures of the order of
      750.degree.F. and 1500 psig. and upward. Catalysts for the destructive
      hydrogenation of hydrocarbons are generally a combination of hydrogenation
      and cracking catalysts.
PAR  While many types of catalyst compositions have been proposed for
      destructive hydrogenation or hydrocracking, it has been found that
      catalysts comprised of silica, alumina, tungsten and nickel are especially
      suitable. Such catalysts are well known in the hydrocracking art.
PAR  From U.S. Pat. No. 3,216,922, a process is known for the preparation of
      hydrocracking catalysts comprising a silica-alumina mixture as a carrier
      in which the carrier is obtained by first precipitating silica gel from a
      water glass solution and subsequently, after aging of the gel,
      precipitating aluminum hydroxide thereon. As the aluminum salt from which
      the aluminum hydroxide is formed, use is made of aluminum sulphate which
      is added in such a quantity that the molar ratio of silica to alumina in
      the finished carrier is approximately 5:1. It was found, however, that the
      use of hydrocracking catalysts, of which the carrier was obtained in the
      manner described, produced less favorable results in the hydrocracking of
      flashed distillates.
PAR  In an effort to prepare a more satisfactory hydrocracking catalyst, British
      Pat. No. 1,183,778 teaches a process for the preparation of an
      alumina-silica-nickel-tungsten hydrocracking catalyst which comprises
      preparing a catalyst carrier by first precipitating from an aqueous
      solution comprising silicate ions, a silica gel, subjecting the gel to
      aging at elevated temperature, precipitating aluminum hydroxide on the
      aged gel by addition of an aqueous aluminum nitrate solution and an
      alkaline-reacting solution, separating, drying and finally calcining the
      resulting precipitate of aluminum hydroxide on silica gel and then
      supporting tungsten and nickel on the catalyst carrier and subsequently
      oxidizing the carrier comprising the metal salts.
PAR  However, because commercial scale hydrocracking of hydrocarbons is
      performed at low space velocities, catalyst cost is an appreciable factor
      in both the initial investment and operating costs of hydrocracking
      plants. For this reason, there is considerable incentive to manufacture
      such catalysts by the most economic method while improving the catalyst
      activity. I have discovered an improved process for the preparation of
      tungsten-nickel on silica-alumina hydrocracking catalyst.
PAR  More specifically, I have found that a co-gelled silica-alumina is an
      exceptionally suitable carrier material. A co-gelled silica-alumina
      carrier material in addition to being catalytically suitable is more
      simply and economically produced than the prior art carriers. The
      production of prior art carriers has been a multi-step process which has
      required the expenditure of time and effort far in excess of that required
      for a co-gelled carrier.
PAR  More specifically, my process is an improved process for the preparation of
      such catalyst wherein the nickel component is present in an amount from
      about 2 weight percent to about 10 weight percent, and the tungsten
      component is present in an amount from about 8 weight percent to 20 weight
      percent. I have also discovered that an unusually superior catalyst
      results if the catalyst base contains from about 43 percent to about 57
      percent by weight of alumina. The criticality of the range of the alumina
      concentration is further illustrated hereinbelow.
PAR  A particularly preferred co-gelled silica-alumina catalyst base comprises
      from about 43 percent to about 57 percent alumina and from about 57
      percent to about 43 percent silica and still more preferably from about 48
      percent to about 52 percent alumina.
PAR  In addition to the foregoing compositional limitations, it is important
      that the catalyst base have adequate pore volume, that is, a pore volume
      of at least 0.5 cc./g. and preferably at least 0.6 cc./g. or even 0.7
      cc/g.
PAR  The co-gelled silica-alumina catalyst base is preferably in the xerogel
      state, that is, it is dried sufficiently to afford the usual microporous
      structure and therefore an appreciable available surface. It is also
      possible to use a rigid silica-alumina catalyst base which has merely been
      dried at a relatively low temperature, e.g., 125.degree.C., and which
      still contains considerable amounts of water. In this latter case,
      however, the degree of drying must nevertheless be sufficient to remove
      essentially all water from the pores of the base.
PAR  The catalyst of the present invention can be utilized to achieve the
      maximum production of LPG (liquefied petroleum gas) in the propane/butane
      range from naphtha or gasoline boiling range distillates. Heavier charge
      stocks, including kerosenes, light gas oils, heavy gas oils, full boiling
      range gas oils and "black oils" may be readily converted into
      lower-boiling, normally liquid products including gasolines, kerosenes,
      middle-distillates, lube oils, etc.
PAR  In one embodiment accordingly, the present invention provides a method of
      preparing catalysts having hydrocracking activity comprising the steps:
      (a) co-gelling a silica-alumina carrier material consisting of from about
      43 percent to about 57 percent by weight alumina and from about 57 to 43
      percent by weight silica; (b) impregnating said silica-alumina carrier
      material with an aqueous solution of a nickel salt and a tungsten salt,
      the concentrations of the salts in the aqueous solution being sufficient
      to deposit on the carrier material an amount of salts equivalent to 2 to
      10 percent by weight nickel and 8 to 20 percent by weight tungsten based
      on the total weight of the finished catalyst; and, (c) calcining the
      impregnated carrier material.
PAR  In a second embodiment, the present invention relates to a process for
      hydrocracking hydrocarbons which process comprises reacting said
      hydrocarbons with hydrogen in a reaction zone containing a catalytic
      composite prepared by a method comprising the steps: (a) co-gelling a
      silica-alumina carrier material consisting of from about 43 percent to
      about 57 percent by weight alumina and from about 57 to 43 percent by
      weight silica; (b) impregnating said silica-alumina carrier material with
      an aqueous solution of a nickel salt and a tungsten salt, the
      concentrations of the salts in the aqueous solution being sufficient to
      deposit on the carrier material an amount of salts equivalent to 2 to 10
      percent by weight nickel and 8 to 20 percent by weight tungsten based on
      the total weight of the finished catalyst; and, (c) calcining the
      impregnated carrier material.
PAR  In a specific embodiment, the hydrocracking conditions include a maximum
      catalyst bed temperature of about 600.degree.F. to about 900.degree.F., a
      pressure of about 500 to about 5,000 psig., a liquid hourly space velocity
      of about 0.1 to about 10 and a hydrogen circulation rate in the range of
      about 1,000 to about 50,000 scf./bbl.
PAR  In another specific embodiment, the catalytic composite is oxidized, in an
      atmosphere of air, at a temperature about 1,000.degree.F. prior to contact
      with the fresh feed charge stock.
PAR  Another embodiment relates to a catalytic composite, comprising a
      combination of a nickel component and a tungsten component with a
      silica-alumina carrier material wherein said carrier material is co-gelled
      silica-alumina consisting of from about 43 percent to about 57 percent by
      weight alumina and from about 57 percent to 43 percent by weight silica
      and wherein said components are present in amounts sufficient to result in
      the composite containing, on an elemental basis, about 2 to about 10
      percent by weight of the nickel component and about 8 to about 20 percent
      by weight of the tungsten component.
PAR  Other objects and embodiments of my invention relate to additional details
      regarding the preferred catalytic ingredients, the concentration of
      components within the catalytic composite, the method of catalyst
      preparation, preferred processing techniques and similar particulars which
      are hereinafter set forth.
PAR  Catalytic composites, tailored for the conversion of hydrocarbonaceous
      material and particularly those intended for utilization in a
      hydrocracking process, have traditionally consisted of metallic elements
      chosen from Group VIII of the Periodic Table; however, metallic components
      from Group VI-B are quite often incorporated therein. In those instances
      where hydrocracking is intended to be accompanied by some hydrorefining
      (desulfurization, denitrification, etc.) the preferred metallic components
      have been nickel and molybdenum, and nickel and tungsten, which components
      are usually combined with a porous carrier material comprising both
      alumina and silica, either amorphous or zeolitic in nature. Ample evidence
      may be found in the literature which confirms the ability of the nickel
      component to effect both cracking and hydrogenation reactions.
      Furthermore, the prior art indicates a preference for two particular
      methods of catalyst preparation. Predominantly preferred is an
      impregnating procedure wherein a previously calcined, preformed carrier
      material, which is precipitated in a multi-step manner as hereinabove
      described, is contacted with suitable soluble compounds of the nickel
      component and the Group VI-B component, where the latter is utilized.
      Impregnation involves both subsequent drying at a temperature of about
      300.degree.F., and oxidation at a temperature of about 1,100.degree.F. The
      second preferred preparation scheme involves coprecipitating all the
      catalyst components, including those of the carrier material.
PAR  I have found that a particularly effective silica-alumina-nickel-tungsten
      hydrocracking catalyst can be prepared when the alumina content of the
      co-gelled silica-alumina support is maintained within the critical range
      of from about 43 percent to about 57 percent by weight alumina. Thus, it
      is now possible to prepare a more active and stable hydrocracking
      catalyst.
PAR  As is customary in the art of catalysis, when referring to the
      catalytically active metal, or metals, it is intended to encompass the
      existence of such metal in the elemental state or in some form such as an
      oxide, sulfide, halide, etc. Regardless of the state in which the metallic
      components actually exist, the concentrations are computed as if they
      existed in the elemental state.
PAR  The co-gelled silica-alumina may be prepared and utilized as spheres,
      pills, pellets, extrudates, granules, etc. In a preferred method of
      manufacture, an aqueous water glass solution, diluted to a silica
      concentration of from about 5 to about 15 weight percent, is acidified
      with hydrochloric acid or other suitable mineral acid. The resulting sol
      is acid aged at a pH of from about 4 to about 4.8 to form a hydrogel, and
      the hydrogel is further aged at a pH of from about 6.5 to about 7.5. The
      silica hydrogel is then thoroughly admixed with an aqueous aluminum salt
      solution of sufficient concentration to provide a desirable alumina
      content in the silica-alumina product. The silica-alumina sol is then
      precipitated at a pH of about 8 by the addition of a basic precipitating
      agent, suitably aqueous ammonium hydroxide. The silica-alumina, which
      exists as a hydrogel slurried in a mother liquor, is recovered by
      filtration, water-washed and dried at a temperature of from about
      200.degree. to about 500.degree.F. Drying is preferably by spray-drying
      techniques whereby the co-gelled silica-alumina is recovered as
      microspheres, admixed with a suitable binding agent, such as graphite,
      polyvinyl alcohol, etc., and extruded or otherwise compressed into pills
      or pellets or uniform size and shape.
PAR  The particularly preferred method for preparing the co-gelled
      silica-alumina support is by the well known oil-drop method which permits
      the utilization of the support in the form of macrospheres. For example,
      an alumina sol, utilized as an alumina source, is commingled with an
      acidified water glass solution as a silica source, and the mixture further
      commingled with a suitable gelling agent, for example, urea,
      hexamethylenetetramine, or mixtures thereof. The mixture is discharged
      while still below gellation temperature, and by means of a nozzle or
      rotating disk, into a hot oil bath maintained at gellation temperature.
      The mixture is dispersed into the oil bath as droplets which form into
      spheriodal gel particles during passage therethrough. The alumina sol is
      preferably prepared by a method wherein aluminum pellets are commingled
      with a quantity of treated or deionized water, with hydrochloric acid
      being added thereto in a sufficient amount to digest a portion of the
      aluminum metal and form the desired sol. A suitable reaction rate is
      effected at about reflux temperature of the mixture.
PAR  The spheroidal gel particles prepared by the oil-drop method are aged,
      usually in the oil bath, for a period of at least 10-16 hours, and then in
      a suitable alkaline or basic medium for at least 3 to about 10 hours, and
      finally waterwashed. Proper gellation of the mixture in the oil bath, as
      well as subsequent aging of the gel spheres, is not readily accomplished
      below about 120.degree.F., and at about 210.degree.F., the rapid evolution
      of the gases tends to rupture and otherwise weaken the spheres. By
      maintaining sufficient superatmospheric pressure during the forming and
      aging steps in order to maintain water in the liquid phase, a higher
      temperature can be employed, frequently with improved results. IF the gel
      particles are aged at superatmospheric pressure, no alkaline aging step is
      required.
PAR  The spheres are water-washed, preferably with water containing a small
      amount of ammonium hydroxide and/or ammonium nitrate. After washing, the
      spheres are dried, at a temperature of from about 200.degree.F. to about
      600.degree.F. for a period of from about 6 to about 24 hours or more, and
      then calcined at a temperature of from about 800.degree. to about
      1,400.degree.F. for a period of from about 2 to about 12 hours or more.
PAR  The nickel component and the tungsten component are composited with the
      co-gelled silica-alumina carrier material by any suitable co-impregnation
      technique. Thus, the carrier material can be soaked, dipped, suspended, or
      otherwise immersed in an aqueous impregnating solution containing a
      soluble nickel salt and a soluble tungsten salt. One suitable method
      comprises immersing the carrier material in the impregnating solution and
      evaporating the same to dryness in a rotary steam dryer, the concentration
      of the impregnating solution being such as to ensure a final catalyst
      composite comprising from about 2 to about 10 percent by weight nickel and
      8 to about 20 percent by weight tungsten.
PAR  The catalyst composite is usually dried at a temperature of from about
      200.degree. to about 500.degree.F. for a period of from about 1 to about
      10 hours prior to calcination. In accordance with the present invention,
      calcination is effected in an oxidizing atmosphere at a temperature of
      from about 700.degree. to about 1,200.degree.F. The oxidizing atmosphere
      is suitably air, although other gases comprising molecular oxygen may be
      employed.
PAR  Following the high temperature oxidation procedure the catalyst is usually
      reduced for a period of from about 1/2 to about 10 hours at a temperature
      in the range of from about 700.degree.F. to about 1,000.degree.F. in the
      presence of hydrogen. The catalyst may be used in a sulfided form. Thus
      after reduction, the catalyst may be subjected to sulfidation by passing
      hydrogen sulfide, or other suitable sulfur containing compound, in contact
      therewith, preferably at an elevated temperature of from about
      500.degree.F. to about 1,100.degree.F. The reduced catalyst is preferebly
      sulfided by contacting the catalyst with a stream of hydrogen containing
      from about 1 to 20 percent or more by volume of hydrogen sulfide at
      elevated temperatures of from about 500.degree.F. to about 1,100.degree.F.
      When the petroleum hydrocarbon to be hydrocracked contains sulfur
      compounds, by design or otherwise, sulfidation may be suitably effected in
      situ in the initial stages of the hydrocracking process.
PAR  The catalyst composite, prepared in accordance with the method of this
      invention, is preferably employed in a reaction zone as a fixed bed. The
      hydrocarbon charge stock after being combined with hydrogen in an amount
      of from about 2,000 to about 20,000 standard cubic feet per barrel, and
      preferably at least about 5,000 standard cubic feet per barrel, is
      introduced into the reaction zone. THe charge stock may be in a liquid,
      vapor, or liquid-vapor phase mixture, depending upon the temperature,
      pressure, proportion of hydrogen and the boiling range of the charge stock
      being processed. The liquid hourly space velocity through the reaction
      zone will be in excess of about 0.2 and generally in the range of from
      about 1.0 to about 15.0. The source of hydrogen being admixed with a
      hydrocarbon charge stock may comprise a hydrogen-rich gas stream which is
      withdrawn from a high-pressure, low-temperature separation zone and
      recycled to supply at least a portion of such hydrogen. Excess hydrogen
      resulting from the various dehydrogenation reactions effected in a
      catalytic reforming unit may also be employed in admixture with the
      hydrocarbon charge. The reaction zone will operate under an imposed
      pressure within the range of from about 80 to about 3,000 pounds per
      square inch gauge. The catalyst bed inlet temperature is maintained within
      the range of from about 350.degree. to about 800.degree.F. Since the
      hydrocracking reactions are exothermic, the outlet temperature or the
      temperature at the bottom of the catalyst bed will be significantly higher
      than that at the inlet thereto. The degree of exothermicity exhibited by
      the temperature rise across the catalyst bed is at least partially
      dependent upon the character of the charge stock passing therethrough, the
      rate at which the normally liquid hydrocarbon charge contacts the catalyst
      bed, the intended degree of conversion to lower-boiling-hydrocarbon
      products, etc. In any event, the catalyst bed inlet temperature will be
      such that the exothermicity of the reactions taking place does not cause
      the temperature at the outlet of the bed to exceed about 900.degree.F.,
      and preferably 850.degree.F. The operation may also be effected as a
      moving-bed type, or suspensoid type of operation in which the catalyst,
      hydrocarbon and hydrogen are admixed and passes as a slurry through the
      reaction zone.
PAR  Although the method of preparing the catalyst, and careful selection of
      operating conditions within the ranges hereinbefore set forth, extend the
      effective life of the catalyst composite, regeneration thereof may
      eventually become desired due to the natural deterioration of the
      catalytically active metallic components. The catalytic composite is
      readily regenerated by treating the same in an oxidizing atmosphere, at a
      temperature of from about 750.degree. to about 850.degree.F., and burning
      coke and other heavy hydrocarbonaceous material therefrom. The catalyst
      composite may then be subjected to the reducing action in hydrogen, in
      situ, at a temperature within the range of from about 1,000.degree. to
      about 1,200.degree.F. If desirable, the catalyst may then be sulfided in
      the same manner as fresh catalyst as hereinbefore described.
DRWD
PAR  The drawing included in the instant application is for the purpose of
      visually demonstrating the improvements and advantages afforded by the
      manufacture of silica-alumina-nickel-tungsten hydrocracking catalyst
      according to the present invention.
DETD
PAR  The following example is presented in illustration of the catalyst of this
      invention and a method of preparation thereof, and is not intended as an
      undue limitation on the generally broad scope of the invention as set out
      in the appended claims.
PAC  EXAMPLE
PAR  This example describes the preparation and testing of three
      silica-alumina-nickel-tungsten catalysts each of which contains 8% nickel
      and 18% tungsten and which contain 40, 50 and 63 weight percent alumina,
      respectively. The co-gelled silica-alumina support material for each
      catalyst was prepared by the hereinabove described oil-drop method and the
      ratio of silica and alumina sources was selected to yield a finished
      support material which had the desired alumina content. The finished
      support material was in the form of 1/16 inch spheres.
PAR  A batch of co-gelled support material containing 40 weight percent alumina
      was impregnated with an aqueous solution of nickel nitrate and ammonium
      metatungstate. The impregnated spheres were dried and then oxidized at a
      temperature of 1,100.degree.F. The concentration of the metal salts in the
      aqueous impregnation solution was selected to yield a finished catalyst
      which contained 8 weight percent nickel and 18 weight percent tungsten.
      This batch of finished hydrocracking catalyst will hereinafter be referred
      to as catalyst 1.
PAR  A batch of co-gelled support material containing 50 weight percent alumina
      was then used to prepare catalyst 2 in the same manner as catalyst 1.
      Catalyst 2 also contained 8 weight percent nickel and 18 weight percent
      tungsten.
PAR  A batch of co-gelled support material which contained 63 weight percent
      alumina was impregnated to yield a finished catalyst 3 containing 8 weight
      percent nickel and 18 weight percent tungsten in exactly the same manner
      as the two previous preparations.
PAR  Each of the catalysts prepared in this manner were then used in the
      hydrocracking of a light vacuum gas oil whose properties are summarized in
      Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Properties Of Light Vacuum Gas Oil                                        

     ______________________________________                                    

     API.degree. Gravity at 60.degree.F.                                       

                             36.7                                              

     Specific Gravity at 60.degree.F.                                          

                             0.8413                                            

     Distillation, .degree.F.                                                  

     IBP                     550                                               

     10                      635                                               

     30                      688                                               

     50                      716                                               

     70                      742                                               

     90                      785                                               

     E.P.                    856                                               

     Total Sulfur, wt. %     0.07                                              

     Total Nitrogen, wt. %   0.044                                             

     Aromatics, Vol. %       12.7                                              

     Paraffins and Naphthenes, vol. %                                          

                             87.3                                              

     Pour Point, .degree.F.  80                                                

     ______________________________________                                    

PAL  In each case, the light vacuum gas oil was processed with a reactor
      pressure of 2,000 psig., a liquid hourly space velocity of 1.0, a hydrogen
      circulation rate of 9,500 scf./bbl. and at a catalyst bed temperature
      which was required to yield a 315.degree.F.+ product with a -5.degree.F.
      pour point. Catalysts 1, 2 and 3 required catalyst temperature of
      763.degree.F., 754.degree.F. and 779.degree.F., respectively, to yield the
      desired product characteristics. These data are presented in tabular form
      in Table II and in graphical form in the accompanying drawing.
TBL                TABLE II                                                    

     ______________________________________                                    

     Evaluation For Hydrocracking Activity                                     

     ______________________________________                                    

     Catalyst Identity 1        2        3                                     

     ______________________________________                                    

     Alumina Concentration                                                     

                       40       50       63                                    

     Reactor Temperature Required                                              

      For -5.degree.F. Pour Point                                              

                       763      754      779                                   

     ______________________________________                                    

PAR  From the data presented in foregoing Table I and with reference to the
      accompanying drawing, itt will be seen that the three catalysts'
      increasing concentrations of alumina in the carrier material, the latter
      ranging from 40% to 63% by weight, did not produce normally liquid
      hydrocarbon products with improved pour point characteristics at the
      lowest catalyst bed temperature. This is clearly brought out upon
      comparing the results obtained through the use of catalysts 1, 2 and 3
      which resulted in catalyst bed temperatures of 763.degree.F.,
      754.degree.F. and 779.degree.F., respectively, for the desired product
      characteristics. Datum points 1, 2 and 3 in the drawing are representative
      of the results obtained with catalysts 1, 2 and 3, respectively. These
      data were employed in preparing curve 4 of the drawing, which curve
      clearly illustrates the criticality attached to an alumina concentration
      within the range of about 43% to about 57% by weight, in order to produce
      a liquid product with the desired characteristics at the lowest catalyst
      bed temperature. The additional economic advantages afforded through this
      particular result will be readily recognized by those possessing skill
      within the art of petroleum refining processes.
PAR  The foregoing specification and example clearly illustrate the improvements
      emcompassed by the present invention and the benefits to be afforded a
      process for the production of lowerboiling hydrocarbon products with
      improved pour point characteristics.
CLMS
NUM  1.
PAR  1. A catalytic composite comprising a combination of a nickel component,
      and a tungsten component with a silica-alumina carrier material wherein
      said carrier material is co-gelled silica-alumina consisting of from about
      43 percent to about 57 percent by weight alumina and from about 57 to 43
      percent by weight silica and wherein said components are present in
      amounts sufficient to result in the composite containing, on an elemental
      basis, about 2 to about 10 percent by weight of the nickel component and
NUM  2.
PAR  2. A catalytic composite as defined in claim 1 wherein said carrier
      material consists of 50 percent by weight of alumina and wherein said
      composite contains, on an elemental basis, about 7 to about 9 percent by
      weight of nickel and about 17 to about 19 percent by weight of tungsten.
NUM  3.
PAR  3. A catalytic composite comprising a combination of the catalytic
      composite of claim 1 with a sulfur component in amounts sufficient to
      incorporate about 0.05 to about 1 weight percent sulfur, calculated on an
      elemental basis.
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PAL  A catalyst for the reduction of automobile pollution and a method for
      forming the same are described. The catalyst comprises a nickel alloy
      substrate having specified composition and a surface layer containing from
      10 to 50% copper. The copper concentration varies from 10 to 50% at the
      surface to 0% within the substrate.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This case is a division of copending application Ser. No. 385,077 by James
      A. Ford and Sheldon H. Butt for "Catalyst For The Reduction Of Automobile
      Exhaust Gases," filed Aug. 2, 1973, now U.S. Pat. No. 3,876,456 which in
      turn is a continuation-in-part of application Ser. No. 342,271 by James A.
      Ford and Sheldon H. Butt for "Oxidation Resistant Nickel Base Alloys,"
      filed Mar. 16, 1973, now U.S. Pat. No. 3,810,754.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of automotive emission controls represents an area which is
      receiving a great deal of attention, particularly as government
      regulations concerning automotive pollution become more and more strict.
      It is now accepted that some sort of catalytic control system will be
      necessary in order that automobiles may meet future regulations,
      particularly with regard to emissions of oxides of nitrogen.
PAR  Potential catalysts must be evaluated from at least three view points;
      effectiveness, durability and cost. The catalysts systems proposed in the
      past have been deficient in one or more of the factors. Noble metal
      catalysts such as platinum or rhodium are effective and may be long
      lasting but they are extremely expensive while non-noble metal catalysts
      such as certain nickel base, stainless steel, and copper base alloys have
      not shown themselves to be durable enough for commercial use.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention consists of a catalyst for use in a reduction of
      automotive pollution and a method for fabricating catalysts.
PAR  The catalysts described in the present application possess a unique
      combination of effectiveness, durability and low cost. The catalysts of
      the present invention comprising a nickel base alloy substrate having
      extreme resistance to high temperature oxidation, nitridation and
      sulfidation, and a metallic layer on the surface of the substrate which
      comprises a nickel-copper alloy containing alloy constituents which
      increase its oxidation resistance.
PAR  It is a primary object of the present invention to provide a highly
      effective catalyst for the reduction of oxides of nitrogen.
PAR  It is a further object of the present invention to provide a low cost
      catalyst for use in automotive pollution control systems.
PAR  Yet another object of the present invention is to provide a highly durable
      non-noble metal catalyst for the reduction of pollution.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the composite catalyst to the present invention, in its final
      form after heat treatment. FIG. 1 includes a graph showing the
      concentration of copper as a function of depth below the surface of the
      catalyst.
PAR  FIG. 2 shows an intermediate step in the production of the catalyst of the
      present invention showing the substrate and surface layers before the heat
      treatment step.
PAR  FIG. 3 shows another possible form of intermediate step in the process of
      the present invention, showing a substrate layer, and with multiple
      metallic layers on the surface.
PAR  FIG. 4 shows in schematic form, the production of a composite catalytic
      material by a pressure welding process.
PAR  FIG. 5 shows a blank from which expanded metal mesh may be made.
PAR  FIG. 6 shows the blank of FIG. 5 after it has been slit.
PAR  FIG. 7 shows expanded mesh which has been produced from the slit blank
      shown in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Past research has demonstrated that alloys containing 50 to 90% nickel and
      10 to 50% copper are effective catalysts. However, catalysts formed of
      nickel-copper alloys have been found to be subject to degradation during
      use and consequently have not been practical for use in long term
      applications. The observed degradation is a combination of surface and
      internal oxidation which occurs during use. Past attempts to overcome this
      problem include the application of a copper or a nickel-copper layer to
      the surface of an oxidation resistant substrate. These attempts have been
      unsuccessful because the surface layer is still subject to oxidation and
      is not in any way protected by the oxidation resistant substrate. The
      ordinary substrate degrades by unusual internal oxidation when coated with
      copper or nickel-copper alloys. An additional observed effect is that
      during the high temperature exposure encountered during use the copper of
      the surface layer tends to diffuse into the substrate, thereby locally
      diluting the substrate and rendering it subject to oxidation attack. The
      preceeding discussion has dealt with the oxidation problem. In an actual
      operating situation there is also a form of attack due to the presence of
      sulfur and nitrogen in the exhaust gases. Past attempts which use a clad
      substrate material have generally been unsuccessful in resisting
      sulfidation and nitridation attack for the same reasons that they have
      failed to resist oxidation attack.
PAR  The composite catalyst of the present invention, as shown in FIG. 1,
      overcomes these difficulties by providing an oxidation resistant substrate
      C containing alloying constituents which may diffuse into the surface
      layer during use thereby increasing the oxidation resistance of the
      surface layer while simultaneously protecting areas of the substrate which
      have become copper rich by diffusion of the surface layer into the
      substrate.
PAR  The oxidation resistant substrates used in the past have generally relied
      upon the presence of chromium for oxidation resistance for example,
      stainless steels and Nichrome and various nickel, iron and chromium
      alloys. Chromium, however, is extremely insoluble in pure copper and in
      nickel-copper alloys. The oxidation resistant substrate of the present
      invention comprises a nickel base alloy containing aluminum and silicon
      and optionally containing chromium. The solubilities are given in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Solid Solubilities of Elements in Copper                                  

            at 500.degree.C                                                    

                       at 800.degree.C                                         

                                    at 1000.degree.C                           

     ______________________________________                                    

     Aluminum  19          17            16                                    

     Silicon   9            4            4                                     

     Chromium .05          .1           .45                                    

     ______________________________________                                    

PAL  The increased solubility of these elements in copper as compared with
      chromium, indicates that they are better able to protect the copper
      containing outer layer of the catalyst as well as the copper rich areas of
      the substrate from damaging oxidation and sulfidation.
PAR  The broad composition of this alloy substrate of the present invention is
      from 2 to 6% aluminum, from .5 to 4% silicon, from .001 to 6% chromium,
      from .001 to 0.4% manganese, from .001 to 1% magnesium, with the balance
      being nickel. The chromium addition serves mostly to increase the
      integrity and the oxidation-sulfidation resistance of the substrate, and
      it contributes little if anything to the oxidation-sulfidation resistance
      of the surface layer. The manganese eliminates the tendency which nickel
      base alloys have to crack during hot rolling and the magnesium serves as a
      deoxidizing agent. A preferred composition range for the substrate is from
      3 to 5% aluminum, from 1.5 to 3.5% silicon, from 2 to 5% chromium. Alloys
      falling within this composition range possess a particularly desirable
      combination of oxidation resistance, sulfidation resistance, and high
      temperature mechanical properties.
PAR  The metallic surface layer of the catalyst of the present invention, in its
      final form, contains from 10 to 50% copper, from 50 to 90% nickel,
      preferably from 20 to 40% copper and from 60 to 80% nickel, from 0.01 to
      8% aluminum, from 0.01 to 6% silicon, from .001 to 6% chromium, from .001
      to 0.4% manganese and from .001 to .1 magnesium. Because of the
      possibility that chromium may impair the efficiency of the catalyst, the
      maximum chromium level is preferably .1%. The final surface composition is
      controlled by the diffusion of the substrate constituents into the surface
      layer. FIG. 1 shows, in schematic form, the variation of copper
      concentration with depth below the surface S of the finished catalyst.
PAR  The surface layer may be applied in a variety of different ways. For
      example, a layer of copper may be electroplated on the nickel base alloy
      substrate. Conventional electroplating techniques may be used with the
      thickness of the coating being from 1,000 A to .1 inch. FIG. 2 shows
      copper plate layers 1 applied to the edges of substrate 2. If a layer of
      pure copper 1 is applied to the surface A of the substrate 2, for example
      by electroplating, the substrate 2 and the copper coating 1 must be heat
      treated at a high temperature so that the composition of the surface S
      falls within the limits previously cited. This change in surface
      composition is due to inter-diffusion between the nickel substrate 2 and
      the copper surface layer 1. The temperature of this heat treatment will
      fall between 750.degree. and 1,050.degree.C and the time of the treatment
      will be from 5 minutes to 4 hours. The heat treatment process may be
      performed in an atmosphere neutral or reducing to nickel. The time and
      temperature required for the heat treatment is largely dependent upon the
      thickness of the copper layer 1. The correct time temperature combination
      may be calculated through the use of diffusion data and equations. As an
      alternative to plating one relatively thick copper layer 1 on the surface
      A of the substrate 2, a series of layers of metal may be plated on the
      surface of substrate 2 for example a layer of copper 3, a layer of nickel
      4, and a layer of copper 5 may be plated on the surface of the substrate 2
      in the order given as shown in FIG. 3. This technique has the advantage of
      permitting a thicker layer of surface material to be formed, by diffusion,
      having the desired nickel-copper ratio of 50-50 to 90-10, however the
      surface layers 3, 4, 5 generally will still be thin enough to permit
      diffusion of the protective alloying elements from within the substrate 2.
      The total thickness of the surface layers will be from 1,000 A to .1 inch.
PAR  Other techniques may be used to form the surface layer 1 on the substrate
      2. An example is the use of a technique such as plasma spraying of metal
      powder onto the surface of the substrate 2. Another practical technique
      consists of vapor deposition of the surface layer 1 on the substrate 2 in
      a vacuum. Any technique resulting in adherent layer of the correct
      thickness and composition may be used.
PAR  Yet another method by which the surface layer may be applied is by pressure
      welding strips of metal together, as shown in FIG. 4, to form a composite
      material having a central core of nickel alloy substrate 6 material and
      having layers of catalytic material 7, 7 integrally bonded to the major
      surfaces of the substrate. The pressure welding process is a comparatively
      simple one in which the strips of metal 8, 9, 10 are arranged so that the
      major surfaces 11, 12, 13, 14 of the strips come in contact with each
      other with the surfaces which are in contact having been mechanically or
      chemically cleaned. The strips of metal are then subject to welding by
      pressure for example by passing them through a rolling mill 15 so that the
      strips of metal 8, 9, 10 are bonded together. In the case of the present
      invention the central core 6 would be composed of nickel base alloy
      containing silicon, aluminum and optionally containing chromium and the
      surface layers 7, 7 would be composed of copper, or nickel-copper alloy of
      the desired composition. Representative patents which describe the
      pressure welding process are U.S. Pat. Nos. 3,397,045 and 3,634,926, both
      issued to Joseph Winter.
PAR  Regardless of the technique used to apply the surface layer of copper, or
      nickel-copper alloy of the desired composition, the thickness of the layer
      should be within the limits cited previously in regard to electroplating,
      from 1,000 A to .1 inch so that the heat treatment process may be
      performed in a reasonable amount of time.
PAR  After the surface layers have been applied and the heat treatment step
      performed, the composite may be oxidized to form the catalytic layer. The
      oxidation process may be performed over a wide temperature range. It is
      preferred that the oxidation be performed at a temperature of between
      200.degree. and 600.degree.C for a time period of from 1 minute to 2
      hours. The thickness of the oxide layer formed in this manner will be from
      100 A to 1,000 A. Alternatively, the oxidation step may be performed in
      situ by exposure to exhaust gases during use.
PAR  The preceeding discussion has assumed that it would be desirable to form a
      catalytic surface on both sides of the substrate 2. Of course this may not
      always be true, for example it may be desirable to fabricate a muffler
      shell with an internal catalytic surface. In this case it would not be
      necessary to plate both sides of the substrate.
PAR  The composition catalyst of the present invention may be formed into a
      large variety of mechanical shapes depending upon the desired application.
      It is desirable that the catalyst have a high ratio of surface area to
      mass. A particularly desirable physical form for the catalyst is a form
      known as expanded mesh.
PAR  FIGS. 5, 6 and 7 show steps in the production of expanded mesh. FIG. 5
      shows a strip of metal 18, the raw material from which a strip of metal is
      produced. A series of slits 19 are punched or cut through the metal strip
      as shown in FIG. 6. The slits have a length to width ratio upon the order
      of 10 to 1. The long axis of all the slits are parallel. A tensile force
      is applied longitudinally along the strip, in a direction perpendicular to
      the long axis of the slits, as shown by the arrows, 20. The tensile force
      expands the slits S resulting in a porous mesh 21 as shown in FIG. 7
      having a plurality of openings 22, defined by metal strips 23. The use of
      an expanded mesh form for the catalyst of the present invention has
      several highly desirable advantages. Expanded mesh has a high ratio of
      surface area to weight, thereby providing increased catalytic activity per
      unit weight of catalyst material. Expanded mesh is particularly adaptable
      for use in applications such as automobile catalytic converters wherein
      high flow rates of exhaust gases must be maintained. Expanded mesh also
      has a comparatively low heat capacity relative to its surface area and
      reaches operating temperature rapidly. Finally, the production of expanded
      mesh is economical since there is no scrap or waste material produced by
      the process.
PAR  The production of the expanded mesh could be performed at any one of
      several stages during the production of the catalyst of the present
      invention, depending upon the method used to apply the surface layer. If
      the surface layer is applied by a plating process the expanded mesh is
      preferably produced from the substrate material prior to the plating
      operation. In this way the entire exposed area of substrate may be coated
      with the catalytic alloy leading to improved catalytic efficiency.
PAR  Of course any form or shape having a high ratio of surface area to volume
      may be employed. For example, the nickel alloy substrate of the present
      invention may be formed into particles, short lengths of wire of small
      strips. These small pieces may then be coated with copper and sintered
      together during the heat treatment process to form a porous catalytic
      body. If the small shapes are not sintered together, they may be confined
      and arranged in such a way that the exhaust gases pass over their surface.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all respects
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      meaning and range of equivalency are intended to be embraced therein.
CLMS
NUM  1.
PAR  1. A method for producing a catalyst comprising the steps of:
PA1  A. providing a nickel alloy substrate, said alloy containing from 2 to 6%
      aluminum, from 0.5 to 4% silicon and the balance essentially nickel;
PA1  B. applying to said substrate a layer of a surface material of copper or a
      copper alloy by electroplating, said layer having a thickness of from
      1,000 A to 0.1 inch; and
PA1  C. heat treating the substrate-surface layer combination at a temperature
      of from 750.degree. to 1050.degree.C for from 5 minutes to 4 hours in an
      atmosphere nonoxidizing to nickel, whereby the surface layer and the
      substrate interdiffuse so that the ratio of nickel to copper at the
NUM  2.
PAR  2. A method as in claim 1 wherein the copper concentration at the surface
NUM  3.
PAR  3. A method as in claim 1 wherein said nickel alloy substrate contains from
      .001 to .4% manganese and from .001 to .1% magnesium in addition to the
NUM  4.
PAR  4. A method as in claim 1 wherein the nickel alloy substrate contains from
NUM  5.
PAR  5. A method as in claim 1 wherein the nickel alloy substrate contains from
NUM  6.
PAR  6. A method as in claim 1 wherein the nickel alloy substrate contains from
NUM  7.
PAR  7. A method as in claim 1 including the steps of heating the heat treated
      substrate-surface layer combination in an oxidizing atmosphere at a
      temperature of between 200.degree. and 600.degree.C for a time period of
NUM  8.
PAR  8. A method as in claim 1 including the step of forming the substrate into
NUM  9.
PAR  9. A method as in claim 1 wherein the copper layer is formed by
      electroplating alternate layers of copper and nickel until the desired
      thickness is obtained.
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ABST
PAL  A catalyst for purifying exhaust gas from vehicles comprises a monolithic
      carrier having a plurality of exhaust gas passages penetrating through the
      carrier, a layer of active refractory metallic oxide such as
      .gamma.-alumina, containing 1 to 20% by weight of a catalytic metal such
      as platinum deposited as first layer on inside surfaces of said plurality
      of the passages, and a layer of exhaust gas-permeable refractory metallic
      oxide such as .gamma.-alumina free from a catalytic metal deposited as an
      outermost layer further upon the first layer.
BSUM
PAR  This invention relates to a catalyst for purifying exhaust gas from
      vehicles, and more particularly to a catalyst for converting harmful
      carbon monoxide (CO), hydrocarbons (HC) and nitrogen oxides (NO.sub.x)
      contained in the exhaust gas from automobiles, etc. to harmless carbon
      dioxide (CO.sub.2), hydrogen (H.sub.2), nitrogen (N.sub.2), etc.
PAR  Heretofore, catalysts for purifying the exhaust gas have been prepared by
      depositing a layer of active refractory metallic oxide containing such
      catalytic metals as platinum, palladium, ruthenium, rhodium, etc. onto
      surfaces of exhaust gas passages penetrating through a monolithic carrier,
      or directly depositing said catalytic metals simply onto the surfaces of
      the exhaust gas passages penetrating through said monolithic carrier.
PAR  However, the conventional catalysts as prepared in the foregoing manner can
      perform a satisfactory catalytic action only under relatively mild
      conditions, but have such inconveniences, when used for a prolonged period
      of time under very severe conditions as in the service for automobiles,
      etc., that the reaction of the catalytic metals with the harmful
      components of the exhaust gas is gradually deteriorated and the catalyst
      cannot maintain a sufficient catalytic activity. Furthermore, there is
      such an inconvenience that the catalytic metals are poisoned by lead,
      sulfur, phosphorus, etc. contained in the exhaust gas, and consequently
      the catalytic activity is considerably deteriorated.
PAR  An object of the present invention is to overcome these inconveniences
      encountered in the conventional art. According to the present invention, a
      catalyst is prepared by depositing a layer of active refractory metallic
      oxide, for example, active alumina, containing a small amount of a
      catalytic metal, for example, platinum, as first layer on surfaces of a
      large number of exhaust gas passages penetrating through a monolithic
      carrier, and further depositing an exhaust gas-permeable layer of
      refractory metallic oxide, for example, .gamma.-Al.sub.2 O.sub.3,
      containing no catalytic metal as an outermost layer on the first active
      layer containing the catalytic metal, and a catalyst having a good
      durability and a good resistance to poisoning can be obtained thereby in
      the present invention.
PAR  In the present invention, deposition of an active refractory metallic oxide
      layer containing a small amount of catalytic metal on the surfaces of
      exhaust gas passages penetrating through a monolithic carrier and
      successive deposition of an exhaust gas-permeable layer of the refractory
      metallic oxide containing no catalytic metal on the active layer
      containing catalytic metal can be carried out in several manners.
PAR  One of the manners is given as follows: a monolithic carrier is dipped in a
      solution containing a refractory metal salt, and then the dipped carrier
      is calcined to decompose the refractory metal salt into active refractory
      metallic oxide. Then, the monolithic carrier having the active refractory
      metallic oxide layer thus deposited on the surface is dipped in a solution
      containing a catalytic metal salt, and the dipped carrier is calcined in
      air or treated in a hydrogen gas stream, whereby the catalytic metal can
      be deposited on said active refractory metallic oxide layer with a good
      distribution. Finally, the carrier having the active refractory metallic
      oxide layer containing said catalytic metal is dipped in a solution
      containing only a refractory metal salt, and the dipped carrier is
      calcined to decompose the salt into an oxide form. The refractory metallic
      oxide layer can be further formed on said active refractory metallic oxide
      layer containing the catalytic metal thereby.
PAR  The term "active" used herein means a property of promoting a catalytic
      reaction by increasing a contact area of the catalytic metal with the
      exhaust gas, and materials having such property, that is, the active
      materials, are in a very fine granular state.
PAR  The term "the exhaust gas-permeable" used herein means that the exhaust gas
      can be well brought in contact with the catalytic metal in an active
      refractory metallic oxide layer containing the catalytic metal, which is
      deposited on the inner surfaces of exhaust gas passages penetrating
      throughout the monolithic carrier.
PAR  The active refractory metallic oxides and exhaust gas-permeable refractory
      metallic oxides used in the present invention include .gamma.-Al.sub.2
      O.sub.3 (gamma-alumina), MgO (magnesium oxide), ThO.sub.2 (thorium oxide),
      BeO (beryllium oxide), La.sub.2 O.sub.3 (lanthanum oxide), BaO (barium
      oxide) and Li.sub.2 O (lithium oxide). Particularly, .gamma.-Al.sub.2
      O.sub.3 is preferable in the present invention, so long as the catalyst is
      used for purification of exhaust gas from vehicles.
PAR  As the catalytic metal for the purification of the exhaust gas from
      vehicles, at least platinum, must be used, as shown in Examples which
      follow, but metals of platinum group elements, such as palladium,
      ruthenium, rhodium, etc., or a mixture of at least two of these metals or
      their compounds; metals of transition elements such as nickel, iron,
      cobalt, copper, chromium, etc. or mixture of at least two of these
      transition element metals; or mixtures of at least one of the metals of
      platinum element group with at least one of the metals of transition
      elements; mixtures of at least one of oxide of metals of transition
      elements with at least one of metals of platinum group elements; mixtures
      of at least one of metals of transition elements with at least one of
      oxides of the metals of transition elements and at least one of metals of
      platinum group elements can be used together with platinum or not.
PAR  In the present invention, a ratio of the catalyst metal to the layer of
      active refractory metallic oxide is very important from the viewpoint of
      activity and durability of the catalyst for purifying exhaust gas from the
      vehicles. That is to say, it is preferable that about 0.1 to about 50% by
      weight of the catalytic metal is contained in a layer of active refractory
      metallic oxide containing the catalytic metal, which is to be initially
      deposited on the monolithic carrier, on the basis of the weight of said
      layer. Further, it has been found in the experiments that about 1 to about
      20% by weight of the catalytic metal is particularly preferable in both
      activity and durability of the catalyst.
PAR  The weight of the outermost, exhaust gas-permeable refractory metallic
      oxide layer containing no catalytic metal, which is to be deposited
      further on the layer of active refractory metal oxide containing the
      catalytic metal on the monolithic carrier, naturally depends upon the
      ratio of the catalytic metal contained in the layer of active refractory
      metallic oxide already deposited on the carrier, and kinds of the
      catalytic metal used and the active refractory metallic oxide as a layer.
      When platinum is used as a catalytic metal, and .gamma.-Al.sub.2 O.sub.3
      as an active refractory metallic oxide and an exhaust gas-permeable
      refractory metallic oxide, it has been found in experiments that the
      weight of .gamma.-Al.sub.2 O.sub.3 as the outermost layer is usually about
      1 to about 50 g, preferably 4 to 30 g per gram of platinum. If the weight
      of the outermost .gamma.-Al.sub.2 O.sub.3 exceeds 50 g, the surfaces of
      the catalytic metal is excessively covered by .gamma.-Al.sub.2 O.sub.3,
      and a satisfactory initial activity is hardly obtained in the most cases.
DRWD
PAR  Now, the present invention will be explained by way of examples, referring
      to the accompanying drawings, but the examples given below are never
      limitative of the present invention.
PAR  FIG. 1 is a characteristic diagram showing relations between percent by
      weight of the outermost, exhaust gas-permeable .gamma.-Al.sub.2 O.sub.3
      layer to the monolithic carrier having the .gamma.-Al.sub.2 O.sub.3 layer
      containing platinum of the present invention and CO percent purification
      before durability tests.
PAR  FIG. 2 is a characteristic diagram showing relations between percent by
      weight of the outermost, exhaust gas-permeable .gamma.-Al.sub.2 O.sub.3
      layer to the monolithic carrier having the .gamma.-Al.sub.2 O.sub.3 layer
      containing platinum of the present invention and CO percent purification
      after the duration tests.
PAR  FIG. 3 is a schematic perspective view of a monolithic carrier used in the
      present invention.
PAR  FIG. 4 is a cross-sectional, enlarged view of the part A of FIG. 3.
PAR  FIG. 5 is a diagram showing relations of several catalysts used in Examples
      and Comparative Examples and initial and steady NO.sub.x percent
      purifications.
DETD
PAR  In FIGS. 3 and 4, numeral 9 is a cylindrical monolithic carrier having a
      circular cross-section, and the carrier consists mainly of cordierite, one
      of the refractory materials and has a large number of passages 9a for the
      exhaust gas in its axial direction. Numeral 10 is a layer of active
      refractory metallic oxide containing the catalytic metal, and the layer 10
      is deposited on the surfaces of said passages 9a. Numeral 11 is a
      refractory metallic oxide layer containing no catalytic metal, and is
      deposited on the layer 10 of active refractory metallic oxide containing
      the catalytic metal. The layer 11 is in a porous state, as is obvious from
      FIG. 4, and is so permeable to the exhaust gas, that the catalytic metal
      can be brought in good contact with the exhaust gas.
PAC  EXAMPLE 1
PAR  Initially, a dipping solution was prepared in the following manner.
PAR  To a well mixed solution containing 15 g of alumina sol and 20 g of
      Al(NO.sub.3).sub.3 was gradually added a mixed solution of 50 cc of
      colloidal silica and 50 cc of water little by little with stirring. Then,
      160 g of powdery .gamma.-Al.sub.2 O.sub.3 and 100 cc of water were
      alternately added to the solution with stirring. Monolithic carriers as
      shown by 9 in FIG. 3 were dipped into the resulting dipping solution for
      about 1 to about 2 minutes. Then, the monolithic carriers were picked up,
      made free from the excessive solution by light swing, dried with
      compressed air for about 10 minutes. Then, the monolithic carriers were
      dried in a hot air drier kept at about 140.degree.C for about 3 to about 4
      hours, and then calcined at 800.degree.C in air for 1 hour. Then, the
      calcined monolithic carriers were dipped in an aqueous 0.1 M
      chloroplatinic acid solution for about 30 seconds, picked up, made free
      from the excessive solution by light swing, dried with compressed air for
      about 10 minutes, and further dried in a hot air drier kept at about
      170.degree.C for about 3 to about 4 hours. Then, the dried monolithic
      carriers were subjected to reduction in a hydrogen gas stream at
      200.degree.C for 30 minutes. Separately, the dipping solution as prepared
      above was diluted to two-fold with water, and said calcined monolithic
      carriers were dipped in the diluted dipping solution for about 1 to about
      2 minutes, picked up, blown with compressed air to make the carriers free
      from excessive solution, and dried in a hot air drier kept at about
      140.degree.C for about 3 to about 4 hours.
PAR  Then, the carriers were calcined at 500.degree.C in air atmosphere for 1
      hour, and finally subjected to reduction in a hydrogen gas stream at
      200.degree.C for 30 minutes.
PAR  In this manner, the .gamma.-Al.sub.2 O.sub.3 layer containing a small
      amount of platinum (which corresponds to the active refractory metal oxide
      layer 10 containing the catalytic metal as shown in FIG. 4) was deposited
      on inside surfaces of the passages penetrating through the monolithic
      carrier, and further the exhaust gas-permeable .gamma.-Al.sub.2 O.sub.3
      layer (which corresponds to the refractory metal oxide layer 11 containing
      no catalytic metal as shown in FIG. 4) was deposited on said
      .gamma.-Al.sub.2 O.sub.3 layer.
PAR  The .gamma.-Al.sub.2 O.sub.3 layer containing a small amount of platinum
      and the exhaust gas-permeable .gamma.-Al.sub.2 O.sub.3 layer contained
      some colloidal silica contained in the dipping solution, which was used
      for depositing the layers. Same situation as this dominates also in the
      successive Examples 2 to 5 and Comparative Example 1.
PAR  The amount of .gamma.-Al.sub.2 O.sub.3 further deposited on the
      .gamma.-Al.sub.2 O.sub.3 layer containing a small amount of platinum, that
      is, the amount of .gamma.-Al.sub.2 O.sub.3 in the outermost layer was
      10.5% by weight, on the basis of the weight of monolithic carriers having
      the .gamma.-Al.sub.2 O.sub.3 containing a small amount of platinum, and
      30.5 g per gram of platinum.
PAR  The amount of platinum and total amount of .gamma.-Al.sub.2 O.sub.3 were
      0.345% by weight and 29.5% by weight, respectively, on the basis of the
      weight of the monolithic carriers.
PAC  EXAMPLE 2
PAR  In the process for depositing the .gamma.-Al.sub.2 O.sub.3 layer further on
      the .gamma.-Al.sub.2 O.sub.3 layer containing a small amount of platinum,
      which was deposited on inside surfaces of the passages penetrating through
      the monolithic carriers in Example 1, the dipping solution diluted to
      four-fold with water was used. That is to say, deposition of layers was
      carried out in the same manner as in Example 1, except that the resulting
      dipping solution diluted to four-fold was used in place of said dipping
      solution diluted to two-fold. The amount of .gamma.-Al.sub.2 O.sub.3
      deposited further on the .gamma.-Al.sub.2 O.sub.3 layer containing a small
      amount of platinum was 6.2% by weight, on the basis of the weight of the
      monolithic carriers having the .gamma.-Al.sub.2 O.sub.3 layer containing a
      small amount of platinum, and 17.0 g per gram of platinum in this Example
      2. Total amount of .gamma.-Al.sub.2 O.sub.3 and the amount of platinum
      were 21.4% by weight and 0.362% by weight, respectively, on the basis of
      the weight of the monolithic carriers.
PAC  EXAMPLE 3
PAR  In the process for depositing the .gamma.-Al.sub.2 O.sub.3 layer further on
      the .gamma.-Al.sub.2 O.sub.3 layer containing a small amount of platinum,
      which was deposited on inside surfaces of the passages penetrating through
      the monolithic carriers in Example 1, the dipping solution diluted to
      six-fold with water was used. That is to say, deposition of layers was
      carried out in the same manner as in Example 1, except that the resulting
      dipping solution diluted to six-fold was used in place of said dipping
      solution diluted to two-fold. The amount of .gamma.-Al.sub.2 O.sub.3
      deposited further on the .gamma.-Al.sub.2 O.sub.3 layer containing a small
      amount of platinum was 4.0 % by weight, on the basis of the weight of the
      monolithic carriers having the .gamma.-Al.sub.2 O.sub.3 layer containing a
      small amount of platinum, and 11.4 g per gram of platinum in this Example
      3. Total amount of .gamma.-Al.sub.2 O.sub.3 and the amount of platinum
      were 18.5 % by weight and 0.350 % by weight, respectively, on the basis of
      the weight of the monolithic carriers.
PAC  EXAMPLE 4
PAR  In the process for depositing the .gamma.-Al.sub.2 O.sub.3 layer further on
      the .gamma.-Al.sub.2 O.sub.3 layer containing a small amount of platinum,
      which was deposited on inside surfaces of the passages penetrating through
      the monolithic carriers in Example 1, the dipping solution diluted to
      ten-fold with water was used. That is to say, deposition of layers was
      carried out in the same manner as in Example 1, except that the resulting
      dipping solution diluted to ten-fold was used in place of said dipping
      solution diluted to two-fold. The amount of .gamma.-Al.sub.2 O.sub.3
      deposited further on the .gamma.-Al.sub.2 O.sub.3 layer containing a small
      amount of platinum was 1.4 % by weight, on the basis of the weight of the
      monolithic carriers having the .gamma.-Al.sub.2 O.sub.3 layer containing a
      small amount of platinum, and 3.58 g per gram of platinum in this EXAMPLE
      4. Total amount of .gamma.-Al.sub.2 O.sub.3 and the amount of platinum
      were 16.8 % by weight and 0.395 % by weight, respectively, on the basis of
      the weight of the monolithic carriers.
PAC  EXAMPLE 5
PAR  In the process for depositing the .gamma.-Al.sub.2 O.sub.3 layer further on
      the .gamma.-Al.sub.2 O.sub.3 layer containing a small amount of platinum,
      which was deposited on inside surfaces of the passages penetrating through
      the monolithic carriers in Example 1, the original dipping solution, that
      is, the dipping solution not diluted with water was used. That is to say,
      deposition of layers was carried out in the same manner as in Example 1,
      except that the original, not diluted dipping solution was used in place
      of said dipping solution diiluted to two-fold. The amount of
      .gamma.-Al.sub.2 O.sub.3 deposited further on the .gamma.-Al.sub.2 O.sub.3
      layer containing a small amount of platinum was 17.8 % by weight, on the
      basis of the weight of the monolithic carriers having the .gamma.-Al.sub.2
      O.sub.3 layer containing a small amount of platinum, and 50.7 g per gram
      of platinum in this Example 5. Total amount of .gamma.-Al.sub.2 O.sub.3
      and the amount of platinum were 31.5 % by weight and 0.351 % by weight,
      respectively, on the basis of the weight of the monolithic carriers.
PAC  EXAMPLE 6
PAR  To 200 ml of an aqueous 0.1 M chloroplatinic acid solution were added 20 g
      of .gamma.-Al.sub.2 O.sub.3 and 10 g of Al(OH).sub.2.sup.. Cl.sup..
      nH.sub.2 O (Takibine, a trademark) with sufficient stirring, and then
      monolithic carriers as depicted by 9 in FIG. 3 were dipped in the
      resulting solution for about 1 to about 2 minutes, then picked up, made
      free from the excessive solution by light swing, spontaneously dried for
      about 5 to about 6 hours, and finally dried in a hot air drier kept at
      about 170.degree.C for about 3 to about 4 hours. Then, the dried
      monolithic carriers were subjected to reduction in a hydrogen gas stream
      at 200.degree.C for 30 minutes, and calcined in air atmosphere at
      800.degree.C for 30 minutes. The resulting monolithic carriers having the
      .gamma.-Al.sub.2 O.sub.3 containing platinum were dipped in a well mixed
      solution containing 10 g of .gamma.-Al.sub.2 O.sub.3 and 5 g of
      Al(OH).sub.2.sup.. Cl.sup.. nH.sub.2 O (Takibine, a trademark) in 200 cc
      of water for about 1 to about 2 minutes, picked up, spontaneously dried
      for about 5 to about 6 hours, further dried in a drier kept at about
      170.degree.C for about 3 to about 4 hours, and finally calcined in air
      atmosphere at 500.degree.C for 1 hour. The amount of the .gamma.-Al.sub.2
      O.sub.3 layer further deposited on the .gamma.-Al.sub.2 O.sub.3 layer
      containing a small amount of platinum was 2.1 % by weight, on the basis of
      the weight of the monolithic carrier having the .gamma.-Al.sub.2 O.sub.3
      layer containing a small amount of platinum, and 5.4 g per gram of
      platinum. Total amount of .gamma.-Al.sub.2 O.sub.3 and the amount of
      platinum were 5.3 % by weight and 0.390 % by weight, respectively, on the
      basis of the weight of the monolithic carriers.
PAR  To clarify the effect of the present invention, comparative examples are
      given below:
PAC  COMPARATIVE EXAMPLE 1
PAR  To a well mixed solution of 15 g of alumina sol and 20 g of
      Al(NO.sub.3).sub.3 was gradually added a mixed solution of 50 cc of
      colloidal silica and 50 cc of water little by little with stirring. Then,
      160 g of powdery .gamma.-Al.sub.2 O.sub.3 and 100 cc of water were
      alternately added to the solution with stirring.
PAR  Monolithic carriers as depicted by 9 in FIG. 3 were dipped in the resulting
      dipping solution for about 1 to about 2 minutes, then picked up from the
      solution, made free from the excessive solution by light swing, dried with
      compressed air for about 10 minutes, further dried in a hot air drier kept
      at about 140.degree.C for about 3 to about 4 hours, and calcined in air at
      800.degree.C for 1 hour.
PAR  Then, the calcined monolithic carriers were dipped in an aqueous 0.1 M
      chloroplatinic acid solution for about 30 seconds, picked up, made free
      from the excessive solution by swing, dried with compressed air for about
      10 minutes, and further dried in a hot air drier kept at 170.degree.C for
      about 3 to about 4 hours. Then, the dried monolithic carriers were
      subjected to reduction in a hydrogen gas stream at 200.degree.C for 30
      minutes, and then calcined in air atmosphere at 800.degree.C for 30
      minutes. The amount of platinum and the amount of .gamma.-Al.sub.2 O.sub.3
      were 0.360 % by weight and 17.2 % by weight, respectively, on the basis of
      the weight of the monolithic carrier in this COMPARATIVE EXAMPLE 1.
PAC  COMPARATIVE EXAMPLE 2
PAR  Monolithic carriers as depicted by 9 in FIG. 3 were dipped in an aqueous
      0.1 M chloroplatinic acid solution for about 30 seconds, picked up, made
      free from the excessive solution by swing, dried with compressed air for
      about 10 minutes, and further dried in a hot air drier kept at
      170.degree.C for about 3 to about 4 hours. Then, the dried monolithic
      carriers were subjected to reduction in a hydrogen gas stream at
      200.degree.C for 30 minutes, and then calcined at 800.degree.C in air
      atmosphere for 30 minutes. The amount of platinum was 0.359 % by weight,
      on the basis of the weight of the monolithic carrier, in this COMPARATIVE
      EXAMPLE 2.
PAR  The catalysts prepared according to the foregoing Examples 1 to 6, and
      COMPARATIVE EXAMPLES 1 to 2 were tested on one hand, to determine initial
      CO percent purification under the conditions given in Table 1, and, on the
      other hand, to determine steady CO percent purification under the same
      conditions as given in Table 1, after the catalysts of Examples 1 to 6 and
      COMPARATIVE EXAMPLES 1 and 2 were subjected to duration tests for 200
      hours under the same conditions as given in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Exhaust gas composition:                                                  

                         CO about 1.5 %                                        

                         HC about 1000 ppm                                     

     Outlet gas temperature of                                                 

     the monolithic carriers:                                                  

                         800.degree.C                                          

     Gasoline:           unleaded gasoline                                     

     ______________________________________                                    

PAR  The results are given in the following Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

             CO Percent  Amount of the outer-                                  

             Purification                                                      

                         most layer to the                                     

     Ex. No.   Initial  Steady   carrier (% by weight)                         

     ______________________________________                                    

     1         83 %     78 %      10.5                                         

     2         90 %     85 %      6.2                                          

     3         91 %      85.5 %   4.0                                          

     4         92 %     82 %      1.4                                          

     5         62 %     52 %      17.8                                         

     6         89 %     78 %      2.1                                          

     Comp. Ex. 1                                                               

               92 %     65 %      --                                           

     Comp. Ex. 2                                                               

               89 %     65 %      --                                           

     ______________________________________                                    

PAR  The following results are also shown in FIG. 1 for the initial CO percent
      purification, and in FIG. 2 for the steady CO percent purification after
      the duration test.
PAR  In FIG. 1, the ordinate presents CO percent purification (%) of catalysts
      and abscissa amounts of the .gamma.-Al.sub.2 O.sub.3 layer deposited
      further on the .gamma.-Al.sub.2 O.sub.3 layer containing a small amount of
      platinum, that is, the amount of .gamma.-Al.sub.2 O.sub.3 of the outermost
      layer in percent by weight, on the basis of the weight of the monolithic
      carrier having the .gamma.-Al.sub.2 O.sub.3 layer containing a small
      amount of platinum. In FIG. 1, the CO percent purification represents the
      initial ones, that is, those of the catalysts before the duration test.
      Numerals 1 to 6 in FIG. 1 relate to the catalysts prepared according to
      Examples 1 to 6 of the present invention, respectively, and numerals 7 and
      8 the catalysts of Comparative Examples 1 and 2, respectively.
PAR  FIG. 2 shows relations between CO percent purification of the catalysts
      after the duration test, and percent by weight of the .gamma.-Al.sub.2
      O.sub.3 layer further deposited on the .gamma.-Al.sub.2 O.sub.3 layer
      containing a small amount of platinum on the basis of the weight of the
      monolithic carriers having the .gamma.-Al.sub.2 O.sub.3 layer containing a
      small amount of platinum, where the ordinate and the abscissa represent
      the same definitions as in FIG. 1. Numerals 1' to 6' in FIG. 2 relate to
      the catalysts prepared according to Examples 1 to 6, respectively, and
      numerals 7' and 8' the catalysts of Comparative Examples 1 and 2.
PAR  As is obvious from FIGS. 1 and 2, the catalysts of the present invention,
      that is, the catalysts having the structure as shown in FIG. 4 have a good
      initial activity and also a remarkable durability, as compared with the
      catalysts of the conventional structure.
PAR  In detail, the CO percent purification of the catalysts of Comparative
      Examples 1 and 2 before the duration test is as high as 93 to 95 %, and
      the CO percent purification of the catalysts of Examples 1 to 6 before the
      duration test are 62 to 94.5 %. However, the CO percent purification of
      the catalysts of Comparative Examples 1 and 2 after the duration test are
      62 to 65 %, which is by about 30 % lower than the CO percent purification
      before the duration test, whereas the CO percent purification of the
      catalysts of Examples 1 to 6 after the duration test are 53 to 86 %, which
      is only by about 8 to about 9 % lower than the CO percent purification
      before the duration test. It is seen that the present catalysts of
      Examples 1 to 6, that is, the catalysts having a structure as shown in
      FIG. 4 have a better activity than that of the catalysts of Comparative
      Examples 1 and 2, that is, the catalysts of the conventional structure.
PAR  The foregoing Examples 1 to 6, are directed to the catalysts for oxidation.
      The present invention can also provide catalysts for purifying nitrogen
      oxides (NO.sub.x) contained in the exhaust gas by reduction. The following
      Example 7 and Comparative Example 3 illustrate this embodiment.
PAC  EXAMPLE 7
PAR  Monolithic carriers, as depicted by 9 in FIG. 3, which had a
      .gamma.-Al.sub.2 O.sub.3 layer on the inside surfaces of the passages
      penetrating through the monolithic carriers, as prepared in the same
      manner as in Example 1, were dipped in an aqueous 0.05 M chloroplatinic
      acid solution for about 30 seconds, picked up, dried with compressed air
      for about 10 minutes, and further dried in a hot air drier kept at about
      170.degree.C for about 3 to about 4 hours, Then, the dried monolithic
      carriers were subjected to reduction in a hydrogen gas stream at
      200.degree.C for 30 minutes, and then left for cooling. The cooled
      monolithic carriers wee dipped in an aqueous 0.1 M ruthenium chloride
      solution for about 30 seconds, picked up, and then subjected to drying and
      reduction in the same manner as above. Then, the resulting monolithic
      carriers are dipped in the dipping solution used in Example 3 for about 1
      to about 2 minutes, picked up, blown with compressed air to remove excess
      water, and dried in a hot air drier kept at about 140.degree.C for about 3
      to about 4 hours. Then, the dried monolithic carriers are calcined in air
      atmosphere at 600.degree.C for 30 minutes, and finally subjected to
      reduction in a hydrogen gas stream at 200.degree.C for 30 minutes. The
      amount of the .gamma.-Al.sub.2 O.sub.3 layer further deposited on the
      .gamma.-Al.sub.2 O.sub.3 layer containing a small amount of platinum and
      ruthenium was 4.2 % by weight, on the basis of the weight of the
      monolithic carriers having the .gamma.-Al.sub.2 O.sub.3 layer having a
      small amount of platinum and ruthenium, and 23.0 g per gram of platinum
      and 28.8 g per gram of ruthenium in this Example 7.
PAC  COMPARATIVE EXAMPLE 3
PAR  Platinum and ruthenium were deposited onto the .gamma.-Al.sub.2 O.sub.3
      layer on the inside surfaces of passages penetrating through the
      monolithic carriers as depicted by 9 in FIG. 3, and prepared in the same
      manner as in Example 1, by dipping, drying, etc. in the same manner as in
      Example 7. The amounts of platinum, ruthenium and .gamma.-Al.sub.2 O.sub.3
      were 0.17 % by weight, 0.21 % by weight and 17.5 % by weight,
      respectively, on the basis of the weight of the monolithic carrier in this
      Comparative Example 3.
PAR  The catalysts prepared according to the foregoing Example 7 and Comparative
      Example 3 were tested, on one hand, to determine initial NO.sub.x percent
      purification under the conditions given in Table 3, and, on the other
      hand, to determine steady NO.sub.x percent purification under the same
      conditions as given in Table 3, after the catalysts of Example 7 and
      Comparative Example 3 were subjected to duration tests of 150 hours under
      the same conditions as given in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

     Exhaust gas composition:                                                  

                         CO: about 1.5 %                                       

                         HC: about 1300 ppm                                    

                         NO.sub.x : 3000 ppm                                   

     Outlet gas temperature of                                                 

     the monolithic carriers:                                                  

                         720.degree.C                                          

     Gasoline:           Unleaded gasoline                                     

     ______________________________________                                    

PAR  The results are given as follows:
PAR  For the catalyst of Example 7, the initial NO.sub.x percent purification
      and the steady NO.sub.x percent purification after the duration test were
      89 % and 82.5 %, respectively, whereas for the catalysts of Comparative
      Example 3, the initial NO.sub.x percent purification and the steady
      NO.sub.x percent purification after the duration test were 87 % and 55.5
      %, respectively. It is evident from these results that the catalyst of
      Example 7 has better initial NO.sub.x percent purification and steady
      NO.sub.x percent purification after the duration test than the catalyst of
      Comparative Example 3.
PAR  In the foregoing Examples 1 to 7, the active alumina, that is,
      .gamma.-Al.sub.2 O.sub.3, was used as the outermost layer, and the amounts
      of the outermost .gamma.-Al.sub.2 O.sub.3 layer were changed. On the other
      hand in the following Examples 8 to 10, other refractory oxides than
      .gamma.-Al.sub.2 O.sub.3 were used as the outermost layer.
PAC  EXAMPLE 8
PAR  The monolithic carriers having a .gamma.-Al.sub.2 O.sub.3 layer containing
      a small amount of platinum prepared in the same manner as in Example 1
      were dipped in a dipping solution containing 371 g of lanthanum chloride
      (LaCl.sub.2.sup.. 7H.sub.2 O) in 1 l of distilled water for about 1 to 2
      minutes, picked up, blown with compressed air to remove excess solution,
      and dried in a hot air drier kept at about 140.degree.C for about 3 to
      about 4 hours.
PAR  Then, the dried monolithic carriers were calcined in air atmosphere at
      600.degree.C for 30 minutes, and then subjected to reduction in a hydrogen
      gas stream at 200.degree.C for 30 minutes to convert lanthanum chloride to
      lanthanum oxide. The resulting oxide on the outermost layer was mostly in
      a form of La.sub.2 O.sub.3, and the amount of La.sub.2 O.sub.3 was 5.1 %
      by weight on the basis of the weight of the monolithic carriers having the
      .gamma.-Al.sub.2 O.sub.3 containing a small amount of platinum, and 14.4 g
      per gram of platinum.
PAC  EXAMPLE 9
PAR  Deposition of the outermost layer was carried out in the same manner as in
      Example 8, except that a dipping solution containing 244 g of barium
      chloride (BaCl.sub.2.sup.. 2H.sub.2 O) in 1 l of distilled water was used
      in place of the lanthanum chloride solution. The oxides in the outermost
      layer took a form of barium oxide (BaO), and the amount of barium oxide
      was 4.7 % by weight on the basis of the weight of the monolithic carrier,
      and 13.5 g per gram of platinum.
PAC  EXAMPLE 10
PAR  Deposition of the outermost layer was carried out in the same manner as in
      Example 8, except that a dipping solution containing 84.8 g of lithium
      chloride (LiCl) in 1 l of distilled water was used in place of the
      lanthanum chloride solution. The oxides in the outermost layer took a form
      of lithium oxide (Li.sub.2 O) and the amount of lithium oxide was 1.5 % by
      weight on the basis of the weight of the monolithic carrier, and 4.32 g
      per gram of platinum.
PAR  The catalysts prepared according to the foregoing Examples 8 to 10 were
      tested, on one hand, to determine initial CO percent purification under
      the same conditions as given in Table 1, and, on the other hand, to
      determine steady CO percent purification under the same conditions as
      given in Table 1 after the catalysts of Examples 8 to 10 were subjected to
      duration tests for 200 hours under the same conditions as given in Table
      1.
PAR  The results are given in the following Table 4.
TBL                Table 4                                                     

     ______________________________________                                    

            CO Percent  Amount of the outer-                                   

            purification                                                       

                        most layer to the                                      

     Ex. No.  Initial  Steady   carrier (% by weight)                          

     ______________________________________                                    

     8        91.5 %   87.0 %   5.1                                            

     9        92.5 %   90.5 %   4.7                                            

     10       89.0 %   86.0 %   1.5                                            

     ______________________________________                                    

PAR  It is seen from the foregoing results that the catalysts having an
      outermost layer consisting from other than .gamma.-Al.sub.2 O.sub.3 have
      also good effects in the initial and steady CO percent purifications.
PAR  The foregoing Examples 8 10 are directed to the catalysts for oxidation of
      carbon monoxide (CO) and hydrocarbons (HC) contained in automobile exhaust
      gas, but the following Examples 11 to 14 illustrate the catalysts for
      reduction of nitrogen oxides (NO.sub.x) contained in the automobile
      exhaust gas.
PAC  EXAMPLE 11
PAR  The monolithic carriers having the .gamma.-Al.sub.2 O.sub.3 layer prepared
      in the same manner as in Example 1 were dipped in an aqueous 0.05 M
      chloroplatinic acid solution for about 30 seconds, picked up, dried with
      compressed air for about 10 minutes, and further dried in a hot air drier
      kept at about 170.degree.C for about 3 to about 4 hours. Then, the dried
      monolithic carriers were subjected to reduction in a hydrogen gas stream
      at 200.degree.C for 30 minutes, and left for cooling, Then, the cooled
      monolithic carriers were dipped in an aqueous 0.1 M ruthenium chloride
      solution for about 30 seconds, picked up, and subjected to drying and
      reduction in the same manner as above.
PAR  Then, the resulting monolithic carriers were dipped in a dipping solution
      for depositing the outermost layer used in Example 3, that is, the dipping
      solution diluted to six-fold with water, for about 1 to about 2 minutes,
      blown with compressed air to remove excess water, and dried in a hot air
      drier kept at about 140.degree.C for about 3 to about 4 hours.
PAR  Then, the dried monolithic carriers were calcined in air atmosphere at
      600.degree.C for 30 minutes, and finally subjected to reduction in a
      hydrogen gas stream at 200.degree.C for 30 minutes.
PAR  The amount of .gamma.-alumina in the outermost layer on the monolithic
      carriers thus prepared was 4.2 % by weight on the basis of the carriers
      having the .gamma.-Al.sub.2 O.sub.3 layer containing platinum and
      ruthenium, and 23.0 g per gram of platinum and 28.8 g per gram of
      ruthenium.
PAC  EXAMPLE 12
PAR  Catalyst was prepared in the same manner as in Example 11, except that the
      dipping solution of Example 8 was used to deposit the outermost layer in
      place of the dipping solution used in Example 11. The amount of La.sub.2
      O.sub.3 of the outermost layer was 5.0 % by weight on the basis of the
      weight of the monolithic carriers having the .gamma.-Al.sub.2 O.sub.3
      layer containing platinum and ruthenium, and 29 g per gram of platinum and
      36 g per gram of ruthenium in this Example 12.
PAC  EXAMPLE 13
PAR  Catalyst was prepared in the same manner as in Example 11, except that the
      dipping solution of Example 9 was used to deposit the outermost layer in
      place of the dipping solution used in Example 11. The amount of BaO was
      4.8 % by weight on the basis of the weight of the monolithic carriers
      having the .gamma.-Al.sub.2 O.sub.3 containing platinum and ruthenium, and
      26.5 g per gram of platinum, and 34 g per gram of ruthenium in this
      Example 13.
PAC  EXAMPLE 14
PAR  Catalyst was prepared in the same manner as in Example 11, except that the
      dipping solution of Example 10 was used to deposit the outermost layer in
      place of the dipping solution used in Example 11. The amount of Li.sub.2 O
      was 1.6 % by weight on the basis of the weight of the monolithic carriers
      having the .gamma.-Al.sub.2 O.sub.3 layer containing platinum and
      ruthenium, and 9 g per gram of platinum and 1.15 g per gram of ruthenium.
PAC  COMPARATIVE EXAMPLE 4
PAR  Platinum and ruthenium were deposited onto the monolithic carriers having
      the active .gamma.-Al.sub.2 O.sub.3 layer prepared according to
      Comparative Example 1 by carrying out dipping, drying and reduction in the
      same manner as in Example 11. The resulting catalyst had no outermost
      layer as in Comparative Example 1.
PAR  The amounts of platinum, ruthenium and active .gamma.-Al.sub.2 O.sub.3 were
      0.17 % by weight, 0.21 % by weight and 17.5 % by weight, respectively, on
      the basis of the weight of the monolithic carriers in this Comparative
      Example 4.
PAR  The catalysts prepared according to the foregoing Examples 11 to 14 and
      Comparative Example 4 were tested, on one hand, to determine initial
      NO.sub.x percent purification under the same conditions as given in Table
      3, and on the other hand, to determine steady NO.sub.x percent
      purification under the same conditions as given in Table 3 after the
      catalysts of Examples 11 to 14 and Comparative Example 4 were subjected to
      duration tests for 150 hours under the same conditions as given in Table
      3.
PAR  The results are given in the following Table 5 and also plotted in FIG. 5.
TBL                Table 5                                                     

     ______________________________________                                    

                           Amount of the                                       

               No.sub.x percent                                                

                           outermost layer                                     

               purification                                                    

                           to the carrier                                      

     Ex. No.     Initial  Steady   (% by weight)                               

     ______________________________________                                    

     11          89 %     82.5 %   4.2                                         

     12          89 %     84 %     5.0                                         

     13          90 %     84.5 %   4.8                                         

     14          87 %     76.5 %   1.6                                         

     Comp. Ex. 4 87 %     55.5 %   --                                          

     ______________________________________                                    

PAR  It is seen from the foregoing results that the present catalysts have good
      effects in the initial and steady NO.sub.x percent purifications, as
      compared with the catalyst having no outermost layer.
PAR  Quite contrary to such a presumption that, when an exhaust gas-permeable
      refractory metallic oxide layer, for example, a .gamma.-Al.sub.2 O.sub.3
      layer, is deposited further onto an active metallic oxide layer, for
      example, .gamma.-Al.sub.2 O.sub.3 layer, containing a catalytic metal that
      plays the most part of catalytic activity, for example, platinum, an
      initial catalytic activity would be considerably lowered owing to the
      coating effect of the outermost layer, the initial catalytic activities of
      the present catalysts are equivalent or rather superior to those of the
      conventional catalysts. It seems that a special structure of the present
      catalysts favors a catalytic reaction of the exhaust gas with the
      catalytic metal, for example, platinum. That is to say, it seems that the
      exhaust gas-permeable .gamma.-Al.sub.2 O.sub.3 layer deposited on the
      .gamma.-Al.sub.2 O.sub.3 layer containing platinum would permit the
      exhaust gas to have a substantially slowest flow velocity at the position
      of the exhaust gas-permeable outermost .gamma.-Al.sub.2 O.sub.3 layer
      throughout the passages penetrating through the monolithic carriers. In
      other words, particles of .gamma.-Al.sub.2 O.sub.3 in the exhaust
      gas-permeable .gamma.-Al.sub.2 O.sub.3 layer deposited on the
      .gamma.-Al.sub.2 O.sub.3 layer containing platinum are larger than the
      particles of platinum, and the exhaust gas is so retained in clearances
      among the .gamma.-Al.sub.2 O.sub.3 particles as to effect sufficient
      reaction with platinum. Furthermore, the exhaust gas-permeable
      .gamma.-Al.sub.2 O.sub.3 layer deposited further on the .gamma.-Al.sub.2
      O.sub.3 layer containing platinum that plays the most part of catalytic
      activity catches or combines poisoning materials such as lead, sulfur,
      phosphorus, etc. contained in the exhaust gas, with itself, and therefore
      there is less chance of poisoning the platinum with these poisoning
      materials. That is to say, in the conventional catalysts, the particles of
      the catalytic metal itself are enlarged by said poisoning materials and
      deteriorated, or the catalytic metal is combined with the poisoning
      materials to form compounds, and deteriorated, or the poisoning materials
      are deposited on the surfaces of the catalytic metal and deteriorate the
      catalytic metal.
PAR  In the present catalysts, an exhaust gas-permeable .gamma.-Al.sub.2 O.sub.3
      layer is deposited further on the .gamma.-Al.sub.2 O.sub.3 layer
      containing platinum, and the sizes of particles of the poisoning materials
      are larger than the sizes of the clearances among the particles of the
      exhaust gas-permeable .gamma.-Al.sub.2 O.sub.3 layer, and consequently the
      particles of the poisoning materials cannot be entered into the clearances
      among the .gamma.-Al.sub.2 O.sub.3 particles or caught or absorbed by the
      .gamma.-Al.sub.2 O.sub.3 particles. That is, the platinum is hardly
      poisoned by the poisoning materials. Further, it seems that the exhaust
      gas-permeable .gamma.-Al.sub.2 O.sub.3 layer reacts with the poisoning
      materials to form compounds.
PAR  Furthermore, in the conventional catalysts, the particles of the catalytic
      metal are enlarged by the elevated temperature of the exhaust gas, and
      their catalytic activities are deteriorated, resulting in a decrease in
      the durability. On the other hand, in the present catalysis the exhaust
      gas-permeable .gamma.-Al.sub.2 O.sub.3 outermost layer can retard the heat
      transfer to the catalytic metal, and therefore the particles of the
      catalytic metal are hardly enlarged, resulting in an improvement in the
      durability.
PAR  As described above, in the present catalysts, an active refractory metal
      oxide layer containing a catalytic metal is deposited as first layer on
      the inside surfaces of a plurality of passages penetrating through
      monolithic carrier, and further an exhaust gas-permeable refractory
      metallic oxide layer containing no catalytic metal is deposited on the
      first layer. Therefore, there is less chance of poisoning the catalytic
      metal with lead, sulfur, phosphorus, etc. contained in the exhaust gas,
      and the present catalysts have a good effect in improvements in the
      durability and resistance to poisoning without any considerable reduction
      in the initial catalytic activity, as compared with the conventional
      catalysts.
CLMS
NUM  1.
PAR  1. A catalyst for purifying exhaust gas from vehicles, which comprises a
      monolithic carrier having a plurality of exhaust gas passages penetrating
      through the carrier, a layer of active refractory metallic oxide selected
      from the group consisting of .gamma.-alumina, magnesium oxide, beryllium
      oxide and thorium oxide containing a catalytic metal of the platinum group
      deposited as first layer on inside surfaces of said plurality of the
      passages, and a layer of exhaust gas-permeable refractory metallic oxide
      selected from the group consisting of .gamma.-alumina, magnesium oxide,
      beryllium oxide, thorium oxide, lanthanum oxide, barium oxide and lithium
      oxide free from said catalytic metal deposited as an outermost layer
NUM  2.
PAR  2. A catalyst according to claim 1, wherein the catalytic metal comprise at
NUM  3.
PAR  3. A catalyst according to claim 1 including also at least one oxide of
NUM  4.
PAR  4. A catalyst according to claim 1, wherein 1 to 20 % by weight of the
      catalytic metal is contained in the first layer on the basis of the weight
      of the active refractory metallic oxide layer containing the catalytic
NUM  5.
PAR  5. A catalyst according to claim 1, wherein the catalytic metal is
      platinum, and the active refractory metallic oxide and the exhaust
NUM  6.
PAR  6. A catalyst according to claim 4, wherein an amount of the
      .gamma.-alumina as the active refractory metallic oxide is four to 30
NUM  7.
PAR  7. A catalyst according to claim 1, wherein the catalytic metal is a
      mixture of platinum and ruthenium, and the active refractory metal oxide
      and the exhaust gas-permeable refractory metal oxide are .gamma.-alumina.
NUM  8.
PAR  8. A catalyst according to claim 1 wherein the catalytic metal consists of
NUM  9.
PAR  9. A catalyst according to claim 1 wherein the catalytic metal is a mixture
NUM  10.
PAR  10. A catalyst according to claim 1 wherein the catalytic metal is a
      mixture of platinum and at least one oxide of nickel, iron, cobalt, copper
      or chromium.
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ABST
PAL  There is provided a catalyst for the oxidation of ammonia for the
      production of nitrogen oxides consisting of a gauze packet of
      platinum-rhodium alloy and non-noble metal alloys in which at least a part
      of the individual gauzes of the gauze packets contain both wires of
      platinum-rhodium alloy and also of oxidation resistant, heat resistant
      non-noble metal alloys.
BSUM
PAR  The present invention is directed to a catalyst for the oxidation of
      ammonia for the production of nitrogen oxides for the production of nitric
      acid consisting of a gauze packet which contains wires of noble metal and
      non-noble metal alloys.
PAR  The nitrogen oxide necessary for the production of nitric acid is obtained
      by the oxidation of ammonia. In this process there are chiefly used as
      catalysts platinum-rhodium-alloys. On technological and physical-chemical
      grounds they are used almost exclusively as standard today in the form of
      fine mesh gauzes. These are arranged in a reactor in compact packing on
      the top of each other in amounts up to 50 gauzes, usually there being at
      least 10 gauzes. This type of formed catalyst gauze system is flowed
      through by the ammonia-air mixture which has been preheated up to
      250.degree.C. Thereby there occurs the reaction to form nitrogen oxide and
      steam with large positive evolution of heat. The yield of nitrogen oxides
      ranges between 90 and 98%.
PAR  As a result of the thermal process occurring on the catalyst this takes on
      a temperature between 820.degree. and 950.degree.C. during the oxidation
      process. The gauzes are subjected therewith during their time of operation
      to a considerable thermal stress on which there is superimposed in high
      pressure plants a considerable mechanical load. From this there results a
      considerable wear and tear which in combination with the high loss of
      platinum and rhodium (the cause of which is still not clear) occurring
      during the reacting makes necessary a frequent change and reworking of the
      catalyst gauzes.
PAR  Since for some years the art has continued to use greater pressures and
      higher temperatures in the burning of ammonia this means that the time
      between two gauze changes is reduced and therewith the down time of the
      plant increased This fact allows to be disregarded all previous efforts
      which have the object of reducing the amount of platinum-rhodium-catalyst
      added and/or the loss of the same and/or the effecting of an improvement
      of the yield of nitrogen oxides. Sometimes in regard to the useful life of
      the gauzes this point of view becomes even counteracting.
PAR  Processes are known in which a portion of the catalyst is replaced by
      regular or irregular netting on non-noble wires which replacement has a
      favorable influence on the flow and thereofre leads to a reduction of the
      amount of catalyst and therewith to a reduction of the loss of platinum
      (German Offenlegungsschrift No. 2,101,188, Gillespie U.S. Pat. No.
      3,660,024 and German Offenlegungsschrift No. 2,239,514). A disadvantage of
      these processes consists of the fact that the added catalyst gauzes of
      platinum-rhodium must be renewed regularly in quite a short time because
      of the previously mentioned wear and tear.
PAR  Therefore, it was the problem of the present invention to find a catalyst
      in gauze form which can stand firm as long as possible in the thermal and
      mechanical wear and tear occuring in the ammonia oxidation and thereby
      reduce the down time of the combustion plant.
PAR  This problem was solved according to the invention by using gauze packets
      in which all or a part of the individual gauzes of the gauze packet, e.g.
      20 to 100% of the individual gauzes contain both wires of a
      platinum-rhodium-alloy and also wires of an oxidation resistant heat
      resistant non-noble metal alloy. Some of the individual gauzes in the
      packet can be free of non-noble metal alloy wires.
PAR  The catalyst gauzes of the invention have a significantly longer life than
      the known catalyst gauzes of platinum-rhodium alloys so that the frequency
      of changes of gauzes can be reduced in the combustion plants.
      Simultaneously with the catalyst gauzes of the invention there is an
      equivalent reduction of the platinum addition compared to the known
      processes and there is attained therewith a reduction of the loss of this
      metal.
PAR  The gauze fabric is preferably a mixed fabric of platinum-rhodium wires
      with up to 30% rhodium and non-noble wires of a nonscaling and heat
      resistant steel. The rhodium can be as little as 3 percent of the
      platinum-rhodium alloy. The mixed fabric can contain 30 to 90 percent of
      the platinum-rhodium alloy. The mixed fabric contain 10 to 70 percent of
      non-noble wires. It is especially advantageous to use a steel containing
      20 to 25 percent chromium and 3 to 5 percent aluminum. The diameter of the
      non-noble metal wires is in the order of magnitude of the noble metal
      wires, namely 0.06 to 0.15 mm.
PAR  It has been found that these non-noble metal wires act as carriers for the
      interwoven catalyst filaments and therefore make possible a longer use of
      their catalytic properties. From this quality as well as from the
      considerable saving in amount of added catalyst and of the loss there
      results substantial advantages for the process of ammonia combustion in
      all types of burner.
PAR  Advantageously the gauze fabric is so formed that either only the warp
      fibers or only the weft fibers consist of non-noble metal alloy. In order
      to lend a still higher life to the catalyst gauzes, however, a part of the
      warp wires of platinum-rhodium can be replaced by non-noble metal wires,
      preferably in regular arrangement, and likewise non-noble metal used for
      the weft fibers. However, exactly as good in this case a platinum-rhodium
      alloy also can be used for the weft fibers. Furthermore, it is possible to
      furnish the individual catalyst gauzes of a gauze packet with a different
      fraction of non-noble metal wires, which can bring about further
      advantages depending on the type of combustion plant.
PAR  By the addition of the catalyst gauzes of the invention, the rate of change
      of ammonia into nitrogen oxide remains unchanged compared to known
      catalysts.
DRWD
PAR  The invention will be understood best in connection with the drawings
      wherein:
PAR  FIG. 1 is a partial schematic representation of one form of gauze packet
      according to the invention; and
PAR  FIG. 2 is a similar representation of another form of gauze packet
      according to the invention.
DETD
PAR  Referring more specifically to FIG. 1 of the drawings, the warp fibers 11,
      12, 13 and 14 consist of a platinum-rhodium alloy (e.g., containing 10 %
      rhodium) and the weft fibers 15, 16, 17 and 18 consist of a non-noble
      metal alloy, for example an iron alloy containing 20 percent chromium and
      5 percent aluminum, balance, iron.
PAR  In FIG. 2 the warp fibers 21, 22, 23, 24, 25 and 26 alternatingly consist
      of platinum-rhodium alloy, fibers 21, 22, and 23 and a non-nobel metal
      alloy, fibers 24, 25 and 26 while the weft fibers 27, 28, 29 and 30
      likewise consist of platinum-rhodium-alloy.
PAR  Unless otherwise indicated all parts and percentages are by weight.
PAR  The advantages of the invention are further explained by the following
      examples.
PAC  EXAMPLE 1
PAR  There were inserted in a 7 atmospheres absolute plant for making nitrogen
      oxide from ammonia in place of 35 gauzes of platinum alloyed with 10
      percent rhodium similar gauzes having about a 50 percent noble metal
      content; i.e., the weft wires of the gauze fabric consisted of an iron
      alloy containing 23 percent chromium and 4 percent aluminum. The warp
      wires were of the Pt 10 Rh alloy. Thereby there was produced at an
      unchanged reaction of 91 to 93 percent an increase in the operation time
      between two gauze changes from 60 days to 85 days and thereby the loss of
      platinum and rhodium was reduced from 1.85 grams/metric ton of ammonia
      nitrogen to 1.14 grams/metric ton of ammonia nitrogen.
PAC  EXAMPLE 2
PAR  An increase of working time of the gauze from 180 to 270 days was obtained
      in a 2.5 atmospheres absolute plant (for making nirogen oxide from
      ammonia) with a load per unit surface of 5 tons N/m.sup.2 xday by
      installation of the gauze of the invention having the composition of
      Example 1. The platinum lost of 0.66 g/t (metric ton) of ammonia nitrogen
      with the old type of gauze was thereby reduced to 0.35 g/t (metric ton) of
      ammonia nitrogen.
PAC  EXAMPLE 3
PAR  Finally, in a plant for making nitrogen oxide from ammonia operating at 7
      atmospheres absolute with a load per unit surface of 22 tons N/m.sup.2
      xday there was produced a running time of 136 days with 25 mixed fabric
      gauzes according to Example 1 while in contrast under the same operating
      conditions a Pt 10 Rh gauze could only be used for 90 days. The specific
      platinum loss amounted to 0.71 g/N-NH.sub.3 with the catalyst gauze of the
      invention in contrast to a loss of about 1.2 g/N-NH.sub.3 with the Pt 10
      Rh gauze.
PAR  Characteristic of all tests there was a savings in platinum addition of
      about 50 percent, a reduction of the specific noble metal loss of up to 47
      percent and an increase of the life of the catalysts gauze of up to 52
      percent. These determinations serve substantial industrial advantages in
      the production of nitrogen oxides by the oxidation of ammonia. Their
      importance is, therefore, so large because the use of platinum saving
      processes in plants with working pressures up to 5 atmospheres absolute
      until now have had limited success in industrial use. The catalyst gauze
      of the invention in contrast can be added in all types of plants with the
      described results without problems. In high pressure plants the reduction
      in loss of platinum and the greater life of the gauzes of the invention
      are of primary importance since the productivity of the plant is
      increased.
PAR  Instead of the iron alloy with 23 percent chromium and 4 percent aluminum
      naturally there can be used other non-noble metal alloys which are
      oxidation resistant and heat resistant under the conditions of the ammonia
      combustion.
PAR  Such alloys are iron alloys with 15 percent chromium and 7 percent
      aluminium, 20 percent chromium and 5 percent aluminium, 25 percent
      chromium and 3 percent aluminium, 30 percent chromium and 5 percent
      aluminium, 18 percent chromium and 2 percent silicon, 25 percent chromium,
      4 percent nickel and 1 percent silicon.
CLMS
NUM  1.
PAR  1. A catalyst gauze packet suitable for use in the oxidation of ammonia to
      nitrogen oxide wherein 20 to 100 percent of the individual gauzes in the
      packet consist essentially of wires of platinum-rhodium alloy and wires of
      an oxidation-resistant, heat-resistant non-noble metal alloy, and the
      balance of the individual gauzes consist essentially of wires of
NUM  2.
PAR  2. The catalyst packet according to claim 1, wherein all of the individual
      gauzes contain both platinum-rhodium alloy wires and the non-noble metal
NUM  3.
PAR  3. The catalyst packet according to claim 1, wherein some of the individual
NUM  4.
PAR  4. The catalyst packet according to claim 1 wherein the non-noble metal
NUM  5.
PAR  5. The catalyst packet according to claim 4 wherein the non-noble metal
      alloy consists essentially of iron containing 20 to 25 percent chromium
NUM  6.
PAR  6. The catalyst packet according to claim 1, wherein the non-noble metal
NUM  7.
PAR  7. The catalyst packet according to claim 1, wherein the non-noble metal
NUM  8.
PAR  8. The catalyst packet according to claim 1, wherein the warp of the gauze
      fabric consists of both wires of platinum-rhodium-alloy and wires of
      non-noble metal alloy and the weft wires consist of either
NUM  9.
PAR  9. The catalyst of claim 1 wherein the individual gauzes of the gauze
NUM  10.
PAR  10. The catalyst of claim 1, wherein the platinum-rhodium alloy contains up
NUM  11.
PAR  11. The catalyst of claim 10 wherein the platinum-rhodium alloy contains 10
      percent rhodium and the non-noble metal alloy contains 23 percent
      chromium, 4 percent aluminum and balance iron.
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ABST
PAL  This disclosure concerns the demetalation and desulfurization of metal and
      sulfur containing petroleum oils, preferably those containing residua
      hydrocarbon components, through the use of a catalyst comprising a
      hydrogenating component composited on a refractory base, preferably an
      alumina, whose pores are substantially distributed over a narrow 180A to
      300A diameter range.
PARN
PAR  This is a division of copending application Ser. No. 392,708, filed Aug.
      29, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to demetalation and desulfurization of petroleum
      oils, preferably those containing residual hydrocarbon components, and
      having a significant metals and sulfur content. More particularly the
      invention relates to a demetalation-desulfurization process for reducing
      high metals and sulfur contents of petroleum oils, again preferably those
      containing residual hydrocarbon components, by the use of catalytic
      compositions that are especially effective for such a purpose.
PAR  2. Description of the Prior Art
PAR  Residual petroleum oil fractions such as those heavy fractions produced by
      atmospheric and vacuum crude distillation columns, are typically
      characterized as being undesirable as feedstocks for most refining
      processes due primarily to their high metals and sulfur content. The
      presence of high concentrations of metals and sulfur and their compounds
      precludes the effective use of such residua as chargestocks for cracking,
      hydrocracking and coking operations as well as limiting the extent to
      which such residua may be used as fuel oil. Perhaps the single most
      undesirable characteristic of such feedstocks is the high metals content.
      Principal metal contaminants are nickel and vanadium, with iron and small
      amounts of copper also sometimes present. Additionally, trace amounts of
      zinc and sodium are found in some feedstocks. As the great majority of
      these metals when present in crude oil are associated with very large
      hydrocarbon molecules, the heavier fractions produced by crude
      distillation contain substantially all the metal present in the crude,
      such metals being particularly concentrated in the asphaltene residual
      fraction. The metal contaminants are typically large organo-metallic
      complexes such as metal prophyrins and asphaltenes.
PAR  At present, cracking operations are generally performed on petroleum
      fractions lighter than residua fractions. Such cracking is commonly
      carried out in a reactor operated at a temperature of about 800.degree. to
      1500.degree.F., a pressure of about 1 to 5 atmospheres, and a space
      velocity of about 1 to 1000 WHSV. Typical cracking chargestocks are coker
      and/or crude unit gas oils, vacuum tower overhead etc., the feedstock
      having an API gravity range of between about 15 to about 45. As these
      cracking chargestocks are lighter than residual hydrocarbon fractions,
      residual fractions being characterized as having an API gravity of less
      than about 20, they do not contain significant proportions of the heavy
      and large molecules in which the metals are concentrated.
PAR  When metals are present in a cracking unit chargestock such metals are
      deposited on the cracking catalyst. The metals act as a catalyst poison
      and greatly decrease the efficiency of the cracking process by altering
      the catalyst so that it promotes increased hydrogen production.
PAR  The amount of metals present in a given hydrocarbon stream is generally
      judged by petroleum engineers by making reference to a chargestock's
      "metals factor." This factor is equal to the summation of the metals
      concentration in parts per million of iron and vanadium plus ten times the
      amount of nickel and copper in parts per million. The factor may be
      expressed in an equation form as follows:
EQU  F.sub.m = Fe + V + 10 (Ni + Cu)
PAL  A chargestock having a metals factor greater than 2.5 is indicative of a
      chargestock which will poison cracking catalyst to a significant degree. A
      typical Kuwait atmospheric crude generally considered of average metals
      content, has a metals factor of about 75 to about 100. As almost all of
      the metals are combined with the residual fraction of a crude stock, it is
      clear that metals removal of 90 percent and greater will be required to
      make such fractions (having a metals factor of about 150 to 200) suitable
      for cracking chargestocks.
PAR  Sulfur is also undesirable in a process unit chargestock. The sulfur
      contributes to corrosion of the unit mechanical equipment and creates
      difficulties in treating products and flue gases. At typical cracking
      conversion rates, about one half of the sulfur charged to the unit is
      converted to H.sub.2 S gas which must be removed from the light gas
      product, usually by scrubbing with an amine stream. A large portion of the
      remaining sulfur is deposited on the cracking catalyst itself. When the
      catalyst is regenerated, at least a portion of this sulfur is oxidized to
      form SO.sub.2 and/or SO.sub.3 gas which must be removed from the flue gas
      which is normally discharged into the atmosphere.
PAR  Such metals and sulfur contaminants present similar problems with regard to
      hydrocracking operations which are typically carried out on chargestocks
      even lighter than those charged to a cracking unit, and thus typically
      having an even smaller amount of metals present. Hydrocracking catalyst is
      so sensitive to metals poisoning that a preliminary or first stage is
      often uutilized for trace metals removal. Typical hydrocracking reactor
      conditions consist of a temperature of 400.degree. to 1000.degree.F. and a
      pressure of 100 to 3500 psig.
PAR  In the past, and to a limited extent under present operating schemes, high
      molecular weight stocks containing sulfur and metal have often been
      processed in a coker to effectively remove metals and also some of the
      sulfur, the contaminants remaining in the solid coke. Coking is typically
      carried out in a reactor or drum operated at about 800.degree. to
      1100.degree.F. temperature and a pressure of one to ten atmospheres
      wherein heavy oils are converted to lighter gas oils, gasoline, gas and
      solid coke. However, there are limits to the amount of metals and sulfur
      that can be tolerated in the product coke if it is to be saleable. Hence,
      there is considerably need to develop economical as well as efficient
      means for effecting the removal and recovery of metallic and non-metallic
      contaminants from various fractions of petroleum oils so that conversion
      of such contaminated charges to more desirable product may be effectively
      accomplished. The present invention is particularly concerned with the
      removal of metal contaminants from hydrocarbon materials contaminated with
      the same. Also of concern is the removal of sulfur contaminants from the
      contaminated hydrocarbon fractions.
PAR  It has been proposed to improve the salability of high sulfur content,
      residual-containing petroleum oils by a variety of hydrodesulfurization
      processes. However, difficulty has been experienced in achieving an
      economically feasible catalytic hydrodesulfurization process, because
      notwithstanding the fact that the desulfurized products may have a wider
      marketability, the manufacturer may be able to charge little or no
      additional premium for the low sulfur desulfurized products, and since
      hydrodesulfurization operating costs have tended to be relatively high in
      view of the previously experienced, relatively short life for catalysts
      used in hydrodesulfurization of residual-containing stocks. Short catalyst
      life is manifested by inability of a catalyst to maintain a relatively
      high capability for desulfurizing chargestock with increasing quantities
      of coke and/or metallic contaminants which act as catalyst poisons.
      Satisfactory catalyst life can be obtained relatively easily with
      distillate oils, but is especially difficult to obtain when desulfurizing
      petroleum oils containing residual components, since the asphaltene or
      asphaltic components of an oil, which tend to form disproportionate
      amounts of coke, are concentrated in the residual fractions of a petroleum
      oil, and since a relatively high proportion of the metallic contaminants
      that normally tend to poison catalysts are commonly found in the
      asphaltene components of the oil.
PAR  An objective of this inventioin is to provide means for the removal of
      metal and/or sulfur contaminants from petroleum oils. A further objective
      of this invention is to provide means for the removal of metal and/or
      sulfur contaminants from residual hydrocarbon fractions. Another objective
      of this invention is to provide a method whereby hydrocarbon fractions
      having a significant metal and/or sulfur contaminant content may be
      demetalized in order to produce suitable cracking, hydrocracking or coking
      unit chargestock. An objective of this invention is to provide means for
      the removal of sulfur contaminants from petroleum oils. A further
      objective of this invention is to provide a method whereby hydrocarbon
      fractions having a significant metal and/or sulfur contaminant content may
      be demetalized in order to produce a suitable fuel oil or fuel oil blend
      stock. Other and additional objectives of this invention will become
      obvious to those skilled in the art following a consideration of the
      entire specification including the drawings and claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a curve showing the demetalation and desulfurization ability of a
      catalyst of the class according to the present invention as compared with
      another catalyst now used commercially for demetalation and
      desulfurization.
PAR  FIG. 2 is a curve showing demetalation activity as a function of
      temperature for a catalyst of the class of the present invention as
      compared with another catalyst now used commercially for such a process.
PAR  FIG. 3 is a curve showing desulfurization activity as a function of
      temperature for a catalyst of the class of this invention as compared with
      another catalyst now used commercially for such a process.
PAR  FIG. 4 is a porosity profile of a catalyst of the class of this invention.
PAR  FIG. 5 is an alumina phase diagram.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  A hydrodemetalation-desulfurization class of catalysts comprising a
      hydrogenating component (cobalt and molybdenum in a preferred embodiment)
      composited with a refractory base (alumina in a preferred embodiment),
      said composite catalyst having not less than 65 .+-. 10 percent of the
      volume of the pores having a diameter within the range of about 180-300A
      and having a surface area of about 40 to 100 m.sup.2 /g has been
      discovered.
PAR  While not wishing to be bound by any particular theory of operability, it
      is postulated that the utility of this invention's catalyst is produced by
      the high concentration of pores within the 180-300A range.
PAR  A metal and/or sulfur containing hydrocarbon chargestock is contacted with
      a catalyst of the class of this invention under a hydrogen pressure of
      about 500 to 3000 psig and a hydrogen circulation rate of about 1000 to
      15,000 s.c.f./bbl of feed, and at about 600.degree. to 850.degree.F.
      temperature and 0.1 to 5.0 LHSV. When higher desulfurization is desired,
      the preferred operating conditions are more severe: 725.degree. to
      850.degree.F., a hydrogen pressure of 2000 to 3000 and a space velocity of
      0.10 to 1.5 LHSV.
PAR  Catalysts having a surface area of about 40 to about 100 m.sup.2 /g
      performed well. A preferred surface area is 70 m.sup.2 /g or less. FIG. 4
      illustrates the porosity profile of a catalyst of the class of applicants'
      invention. Such a profile is produced by plotting the amount of a fluid
      (in this case mercury) in cc/g forced into the pore structure as a
      function of pressure. As the pressure is increased, the mercury is forced
      into smaller and smaller pores. As is shown by curve 4, a dramatic
      increase in penetration with a small pressure increase indicates that the
      structure has a large number of pores within a particular size. The
      specific size is determined by a standard capilliary tube equation
      calculation.
PAR  As illustrated in FIG. 1, a catalyst of such a class has the ability to
      dramatically reduce metals content by as much as 98 percent, while also
      removing over 90 percent of the sulfur contaminants.
PAR  As illustrated by FIG. 1, a catalyst of the class of this invention has a
      strong selectivity for metals removal. Thus, a catalyst of the type of
      this invention might well be employed with a second catalyst having a high
      selectivity for sulfur removal, such as a catalyst having at least about
      50 percent of its pores in the 30A to 100A range. Optimum metals lay-down
      might be achieved by layering the two catalysts, the 30A to 100A catalyst
      upstream of the catalyst of this invention. The petroleum oils
      demetallized and desulfurized by such a layered catalyst treatment would
      be particularly useful as a cracking feedstock.
PAR  The catalyst is prepared by impregnating one or more hydrogenating
      components on a suitable particulate matter refractory base, in a
      preferred embodiment cobalt and molybdenum on a theta and/or delta phase
      alumina base. A specific method of preparation is given in Example 4. A
      particularly suitable particulate material for demetalizing is one which
      has pores sufficiently large to permit relatively unrestricted movement of
      the metal complex molecule in and out of the pore as well as decomposition
      products thereof after deposition of released metal. Solid porous
      particulate materials which may be used with varying degrees of success
      for this purpose include relatively large pore silica alumina and
      silica-magnesia type compositions of little cracking activity, activated
      carbon, charcoal, petroleum coke and particularly large pore aluminas or
      high alumina ores and clays.
PAR  Clay supports of particular interest are those known as dickite, halloysite
      and kaolinite. On the other hand, ores fitting the herein provided
      physical properties either as existing in their natural or original form
      or employed with alumina binders or after chemical treatment thereof may
      also be used as porous support materials in combination with the desired
      hydrogenation activity herein discussed. By chemical treatment we intend
      to include acid or caustic treatment as well as treatment with aqueous
      solutions like sodium aluminate and alumina sulfate containing alumina to
      increase the alumina content of the support.
PAR  The feedstock to be demetalized can be any metal contaminant containing
      petroleum stock, preferably one containing residual fractions. A process
      in accordance with the previously described operating conditions is
      especially advantageous in connection with chargestocks having a metals
      factor of greater than about 25.
PAR  From what has been said, it will be clear that the feedstock can be a whole
      crude. However, since the high metal and sulfur components of a crude oil
      tend to be concentrated in the higher boiling fractions, the present
      process more commonly will be applied to a bottoms fraction of a petroleum
      oil, i.e. one which is obtained by atmospheric distillation of a crude
      petroleum oil to remove lower boiling materials such as naphtha and
      furnace oil or by vacuum distillation of an atmospheric residue to remove
      gas oil. Typical residues to which the present invention is applicable
      will normally be substantially composed of residual hydrocarbons boiling
      above 900.degree.F. and containing a substantial quantity of asphaltic
      materials. Thus, the chargestock can be one having an initial or 5 percent
      boiling point somewhat below 900.degree.F., provided that a substantial
      proportion, for example, about 40 or 50 percent by volume, of its
      hydrocarbon components boil above 900.degree.F. A hydrocarbon stock having
      a 50 percent boiling point of about 900.degree.F. and which contains
      asphaltic materials, 4 percent by weight sulfur and 51 ppm nickel and
      vanadium is illustrative of such chargestock. Typical process conditions
      may be defined as contacting a metal and or sulfur contaminant containing
      chargestock with this invention's catalyst under a hydrogen pressure of
      about 500 to 3000 psig, of 600.degree. to 850.degree.F. temperature, 0.1
      to 5 LHSV.
PAR  The hydrogen gas which is used during the
      hydrodemetalation-hydrodesulfurization is circulated at a rate between
      about 1000 and 15,000 s.c.f./bbl of feed and preferably between about 3000
      and 8000 s.c.f./bbl. The hydrogen purity may vary from about 60 to 100
      percent. If the hydrogen is recycled, which is customary, it is desirable
      to provide for bleeding off a portion of the recycle gas and to add makeup
      hydrogen in order to maintain the hydrogen purity within the range
      specified. Satisfactory removal of hydrogen sulfide from the recycled gas
      will ordinarily be accomplished by such bleed-off procedures. However, if
      desired, the recycled gas can be washed with a chemical absorbent for
      hydrogen sulfide or otherwise treated in known manner to reduce the
      hydrogen sulfide content thereof prior to recycling.
PAR  The invention is especially beneficial where the
      hydrodemetalation-desulfurization is effected without concomitant cracking
      of the hydrocarbons present in the feedstock. To achieve this result, the
      temperature and space velocity are selected within the ranges specified
      earlier that will result in the reduction of the metals content of the
      feedstock of about 75 to 98 percent, preferably over 90 percent.
PAR  The hydrogenating component of the class of catalysts disclosed herein can
      be any material or combination thereof that is effective to hydrogenate
      and desulfurize the chargestock under the reaction conditions utilized.
      For example, the hydrogenating component can be at least one member of the
      group consisting of Group VI and Group VIII metals in a form capable of
      promoting hydrogenation reactions, especially effective catalysts for the
      purposes of this invention are those comprising molybdenum and at least
      one member of the iron group metals. Preferred catalysts of this class are
      those containing cobalt and molybdenum, but other combinations of iron
      group metals and molybdenum such as iron, zinc, nickel and molybdenum, as
      well as combinations of nickel and molybdenum, cobalt and molybdenum,
      nickel and tungsten or other Group VI or Group VIII metals of the Periodic
      Table taken singly or in combination. The hydrogenating components of the
      catalysts of this invention can be employed in sulfided or unsulfided
      form.
PAR  When the use of a catalyst in sulfided form is desired, the catalyst can be
      presulfided, after calcination, or calcination and reduction, prior to
      contact with the chargestock, by contact with a sulfiding mixture of
      hydrogen and hydrogen sulfide, at a temperature in the range of about
      400.degree. to 800.degree.F., at atmospheric or elevated pressures.
      Presulfiding can be conveniently effected at the beginning of an onstream
      period at the same conditions to be employed at the start of such period.
      The exact proportions of hydrogen and hydrogen sulfide are not critical,
      and mixtures containing low or high proportions of hydrogen sulfide can be
      used. Relatively low proportions are preferred for economic reasons. When
      the unused hydrogen and hydrogen sulfide utilized in the presulfiding
      operation is recycled through the catalyst bed, any water formed during
      presulfiding is preferably removed prior to recycling through the catalyst
      bed. It will be understood that elemental sulfur or sulfur compounds, e.g.
      mercaptans, or carbon disulfide that are capable of yielding hydrogen
      sulfide at the sulfiding conditions, can be used in lieu of hydrogen
      sulfide.
PAR  Although presulfiding of the catalyst is preferred, it is emphasized that
      this is not essential as the catalyst will normally become sulfided in a
      very short time by contact, at the process conditions disclosed herein,
      with the high sulfur content feedstocks to be used.
PAR  The most relevant prior art discovered in the area is that of Beuther et
      al., U.S. Pat. No. 3,383,301. That patent also deals with demetalation and
      desulfurization and an alumina base catalyst on which is composited a
      hydrogenating component, the pore volume of the resultant catalyst having
      a particular pore size distribution. However, the particular pore size
      distribution of this disclosure is significantly different from that of
      Beuther. Not only does that patent not teach or tend to lead one to the
      catalyst characteristics of this invention, the Beuther et al. disclosure
      basis of patentability is in fact contrary to that which has been
      discovered.
PAR  While Beuther discloses a desulfurization catalyst "whose pore volume is
      distributed over (a) wide range of pore sizes," it has been discovered
      that a catalyst which has its pore volume substantially concentrated in
      certain narrowly defined sizes produces superior demetalation and
      desulfurization properties. Beuther teaches that in order to attain such a
      wide range of pore size, no more than 15 percent of the volume of the
      pores should be present in any 10A radius incremental unit in the overall
      range of 0-300A radius. Not only does the catalyst which has here been
      discovered have several 10A radius increments having greater than 15
      percent of the pore volume, the catalyst has such large percentage pore
      size increments adjacent to each other, thus further distinguishing from
      Beuther's wide pore size range. The catalyst of this invention has over 65
      .+-. 10 percent of its pore volume in the narrow range of 90-150A radius
      (180-300A diameter). The catalyst of this invention may be further defined
      as having a surface area of about 40 to 100 m.sup.2 /g, and preferably
      about 70 m.sup.2 g or less, and an average pore diameter of about 200A to
      400A diameter. Other somewhat less relevant patents in this general area
      are listed as follows: Anderson (U.S. Pat. No. 2,890,162); Erickson (U.S.
      Pat. No. 3,242,101); Bertolacini (U.S. Pat. No. 3,393,148); Roselius (U.S.
      Pat. No. 3,684,688); Bertolacini (U.S. Pat. No. 3,714,032) and Christman
      (U.S. Pat. No. 3,730,879). None of these patents teach the particular pore
      distribution of this disclosure.
PAR  While not wishing to be bound by any particular theory of operability, it
      is felt that the uniqueness of this invention"s catalyst is at least
      partially due to the fact that the alumina catalyst base is calcined to a
      particular temperature thereby producing a specific alumina. It is felt
      that it is this phase which produces the distinct pore size distribution
      of the catalyst. The particular method of preparation of the catalyst of
      this invention is explained in detail in Example 4.
PAR  As noted in Alumina Properties p. 46 by Newsome, Heiser, Russel and Stumpf
      (Alcoa Research Laboratories, 1960), the theta alumina phase may only be
      reached through employing an alpha monohydrate or a beta trihydrate
      alumina form. Calcining temperatures required to achieve the theta phase
      vary depending on which alumina form is utilized as the initial alumina.
      An alpha monohydrate enters the gamma phase at about 500.degree.C.,
      crosses the transition point into the delta phase at about 860.degree.C.
      and enters the narrowly temperature banded theta phase at about
      1060.degree.C. The transition point between theta and alpha phases being
      at about 1150.degree.C.
PAR  When utilizing a beta trihydrate as an initial alumina, the theta phase is
      broader, its limits being about 860.degree.C. to about 1160.degree.C. It
      should be noted that both beta trihydrate and alpha trihydrate aluminas
      may also be transformed into the alpha monohydrate form. The alumina phase
      diagram is presented in FIG. 6.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAC  EXAMPLES 1-3
PAR  In these specific embodiments, two catalysts representative of the class
      disclosed herein (Examples 2 and 3) were prepared by cobalt-molybdenum
      deposition on alumina as further described in Example 4. These catalysts
      were then tested for demetalation and desulfurization ability. Both the
      physical characteristics of these catalysts and the
      demetalation-desulfurization activity results are shown in Table 1 as
      compared with the characteristics and activity of a commercial catalyst
      (Example 1).
PAR  The operating conditions for each of the Examples 1-3 comprised 2000 psig
      hydrogen pressure, 0.75 LHSV space velocity, 725.degree.F., and 5000
      s.c.f. H.sub.2 /bbl of residual fraction (Kuwait Atmospheric Residua
      having 3.54 percent by weight sulfur, 12 ppm Ni and 42 ppm V).
PAR  FIGS. 1, 2 and 3 as previously described represent a comparison of the
      activity of demetalation and desulfurization of Example 1, a catalyst now
      being used commercially and Example 2, a catalyst of the class of this
      invention.
PAC  EXAMPLE 4
PAR  A preparation procedure for the demetalation-desulfurization class of
      catalysts of this invention may be defined as follows:
PAR  1400 grams of catapal SB alumina was aged in about 700 grams of water for
      about 16 hours at about 200.degree.F. The mixture of alumina was then
      mixed with a mechanical mixer for about 15 minutes. The alumina was then
      extruded through a 1/32 inch diameter auger extruder and dried thoroughly
      at about 250.degree.F.
PAR  The alumina was then calcined with a dry air flow at a rate of about
      2.degree.F/minute up to a temperature of about 1000.degree.F., that
      temperature being held constant for about 10 hours. The alumina was next
      calcined for two hours at about 1950.degree.F., the temperature being
      increased as rapidly as possible and without an air flow.
PAR  Water was added to about 91.8 grams of ammonium molybdate solution (81.9
      purity) until a total volume of about 260 grams was reached. This solution
      was then placed under vacuum with the alumina. Following this vacuum
      impregnation step, the alumina was dried at about 250.degree.F.
PAR  Finally, the 585 grams of molybdenum impregnated alumina was impregnated
      under vacuum with about 76.2 grams of CoCl.sub.2.6H.sub.2 O diluted in
      water to a total volume of about 176 ml. The cobalt molybdenum impregnated
      alumina was then dried at 250.degree.F. and calcined by heating to a
      temperature of about 1000.degree.F. at a rate of about
      3.degree.-4.degree.F/minute and held at that temperature for about ten
      hours.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     PROPERTIES AND ACTIVITY OF RESID HYDROPROCESSING CATALYSTS                

     __________________________________________________________________________

     Example Number         1      2      3                                    

     __________________________________________________________________________

     Catalyst               CATALYST A                                         

                                   SMo-8056                                    

                                          SMo-8051                             

     Description            CoMo/Al.sub.2 O.sub.3                              

                                   CoMo/Al.sub.2 O.sub.3                       

                                          CoMo/Al.sub.2 O.sub.3                

     Size                   1/32"  1/32"  1/32"                                

     Properties                                                                

     Surface Area, m.sup.2 /g                                                  

                            286    70     69                                   

     Pore Volume, cc/g      0.491  0.625  0.359                                

     Avg. Pore Diam, A      69     357    208.1                                

     Crush Strength, No./in.                                                   

                            76     50     --                                   

     Pore Size Dist, % of Total Pore Vol.                                      

     (According to pore Diam in A)                                             

     500     +              2.2    5.1    2.5                                  

     500     -400           0.0    2.1    0.3                                  

     400     -300           0.0    11.7   0.6                                  

     300     -240           0      33.9   2.5                                  

     240     -220           0      12.8   3.9                                  

     220     -200           0      8.0    43.7                                 

     200     -180           0      5.1    24.5                                 

     180     -160           0      3.8    8.4                                  

     160     -140           0.2    2.2    5.6                                  

     140     -120           0.2    1.6    4.2                                  

     120     -100           1.0    1.3    2.8                                  

     100     -80            1.0    1.0    1.1                                  

     80      -60            76.4   1.4    0.0                                  

     60      -40            6.9    1.8    0.0                                  

     40      -0             12.0   8.2    0.0                                  

     Activity                                                                  

      Desulfurization, wt. %                                                   

                            85     77     76                                   

      Demetalation, wt. %   57     94     71                                   

      H.sub.2 Consumption, SCF/B                                               

                            600    420    510                                  

     __________________________________________________________________________

CLMS
NUM  1.
PAR  1. A hydrodemetalation-desulfurization catalyst comprising : at least one
      metal selected from the group consisting of Group VI-B metals, Group VIII
      metals and zinc composited with an alumina base, said composite catalyst
      having not less than about 65 percent of the volume of the pores with a
      diameter within the range of about 180A to about 300A, and further having
      a surface area of about 40 m.sup.2 /g to about 100 m.sup.2 /g, and an
NUM  2.
PAR  2. The catalyst as claimed in claim 1 wherein said catalyst has a surface
NUM  3.
PAR  3. The catalyst as claimed in claim 1, said hydrogenating component
      consists essentially of about 2 to about 10 percent by weight cobalt and
NUM  4.
PAR  4. The catalyst of claim 3, the pore volume distribution being further
      defined according to pore diameter as follows: 0 to 20 percent in the
      0-80A range, 0 to 30 percent in the 80A-180A range, 65 to 75 percent in
      the 180A-300A range and 0 to 20 percent in the range greater than 300A.
NUM  5.
PAR  5. The catalyst as claimed in claim 4 wherein said alumina is in the theta
NUM  6.
PAR  6. The catalyst as claimed in claim 4 wherein said alumina is in the delta
NUM  7.
PAR  7. The catalyst as claimed in claim 4 wherein said alumina is a mixture of
NUM  8.
PAR  8. The catalyst as claimed in claim 4 wherein said alumina is produced by
      calcining an alpha monohydrate to a temperature of about 1700.degree.F to
      about 2000.degree.F.
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ABST
PAL  According to the invention, the catalyst contains oxides of nickel (25 per
      cent by weight), of aluminium (50 per cent by weight), of magnesium (14
      per cent by weight), of calcium (10 per cent by weight) and of barium (1
      per cent by weight), and the method of preparing it consists in that
      nickel carbonate, oxide or hydroxide of aluminium, and magnesium oxide
      pre-calcined at a temperature of 1300.degree..+-.50.degree.C, are mixed
      with an aqueous solution of nickel nitrate and of barium oxide; the
      obtained mixture is dried and calcined, and to the obtained mixture of the
      metal oxides are added a binding agent (calcium aluminate), a lubricating
      agent (potassium stearate), and a wetting agent (water or an aqueous
      solution of sulphosalicylic acid or of triethanolamine); the prepared
      mixture is pressed into tablets and the latter are hardened hydraulically,
      dried and calcined.
PAL  The invention can be used in petrochemical synthesis.
BSUM
PAR  This invention relates to catalyst for hydrocarbon conversion, and more
      particularly for conversion of natural gas with steam or carbon dioxide
      gas.
PAR  Conversion of hydrocarbons with steam, oxygen or carbon dioxide gas is
      widely used for producing hydrogen, process gases for synthesis of
      ammonia, methanol and other alcohols in chemical, petrochemical,
      iron-and-steel, and other industries.
PAR  The interaction of gaseous hydrocarbons with steam, carbon dioxide or
      oxygen is effected in the presence of catalysts, most popular of which are
      nickel-base catalysts. Reactions of hydrocarbon conversion proceed as a
      rule at temperatures ranging from 400.degree. to 1100.degree.C, at
      pressures from 0 to 50 kg/sq.cm; under these conditions hydrocarbons are
      decomposed into hydrogen, carbon monoxide and carbon dioxide gas.
PAR  Catalysts used for hydrocarbon conversion should be highly active, have
      high mechanical strength, stable to sharp fluctuations of temperature and
      thermally stable.
PAR  Since the active component of the catalyst in the working state is metallic
      nickel, it is important that the catalysts of hydrocarbon conversion
      should be capable of reducing nickel oxides to metallic nickel during
      establishment of the temperature conditions of the process, that is, to
      display its activity immediately on the attainment of the working
      temperature, without preliminary reduction of the catalyst.
PAR  It is important that the catalyst should not shrink during the process,
      since otherwise the apparatus should be stopped to replenish the deficient
      volume of the catalyst.
PAR  The catalyst should possess highly developed surface and porosity to
      decrease hydraulic resistance of the catalyst bed to the flow of the
      gaseous reaction mixture.
PAR  Known catalysts for hydrocarbon conversion that are used in processes at
      pressures close to atmospheric, contain acid components, silicon dioxide
      in particular.
PAR  These compounds make part of the binding agent, which actually are various
      alumosilicates, for example, kaolin, various natural clays. The
      introduction of a binding agent into the catalyst ensures high strength of
      the catalyst tablets on account of cohesion forces inherent in finely
      dispersed plastic particles of the catalyst mixture.
PAR  In modern high-pressure processes of hydrocarbon conversion with steam, the
      use of silicon-containing catalyst is undesirable, since at increased
      pressures silica becomes volatile and is entrapped in the steam flow; as a
      result the silicon content of the catalyst decreases with time, while
      silica is transferred by the gaseous reaction mixture to the zones with
      lower temperatures, for example into heat exchangers or economizers, where
      gel-like silica is precipitated on the working surfaces to interfere with
      their normal operation.
PAR  Therefore, in modern processes of conversion of hydrocarbons with highly
      efficient apparatus working at pressures from 30 to 50 atmospheres, (for
      example, in the manufacture of ammonia) use should be made of catalysts
      that contain no silicon compounds.
PAR  The conversion of hydrocarbons with steam is an endothermic process. Heat
      required to ensure the conversion of hydrocarbon is supplied through the
      walls of a tubular reactor filled with the catalyst, the heat being
      obtained from combustion of hydrocarbon gases in burners arranged in the
      lining of the tubular furnace.
PAR  High efficiency of the apparatus for conversion of hydrocarbons can be
      ensured with uniform withdrawal of heat from the walls of the tubular
      reactor by the gaseous mixture, which in turn is ensured by stable
      hydrodynamic conditions inside the tubes filled with the catalyst. The
      stable hydrodynamic conditions inside the tubes depend on the mechanical
      and thermal stability of the catalyst, since destruction of the catalyst
      during the process results in clogging the tubes and in growing hydraulic
      resistance which involves local superheating of the tube surfaces.
PAR  Most of the known catalysts that are now used for conversion of
      hydrocarbons with steam in tubular furnaces working at increased
      pressures, are prepared on the basis of nickel with the use of a binding
      agent, namely calcium aluminates, and a filler material - oxides of
      magnesium, aluminium, calcium, zirconium, and other refractory oxides.
PAR  The filler components produce their effect on both the activity of the
      catalyst, and also on its physico-mechanical properties, such as strength,
      density, porosity and refractoriness.
PAR  The best in this respect are nickel-base catalysts in which nickel is
      uniformly distributed throughout the volume of the tablet prepared from
      the mass obtained by mixing nickel oxide and oxides of other metals with a
      binding component, and other additives. Such catalysts practically contain
      no silicon.
PAR  The decreased silicon content of the catalyst reduces the strength of the
      tablets. Known are various compositions of catalysts on the basis of
      nickel, in which the strength of the catalyst tablets is increased by
      adding various binding components, strengthening additives, etc.
PAR  Known in the prior art is a catalyst, containing 25-30 per cent of nickel,
      a binding component, namely hydrolytic cement consisting of Portland
      cement and calcium aluminate. This binder, in combination with a solution
      of slaked or quick lime produces a cementing action on the catalyst
      tablets.
PAR  Also known is another catalyst containing 5-50 per cent of NiO and to 0.5
      per cent of chromate or bichromate of an alkali metal. The binder in this
      catalyst is aluminous cement containing low quantities of silicon.
      Mechanical strength of the catalyst tablets is ensured by impregnating
      them with an aqueous solution of chromate of dichromate of an alkali
      metal.
PAR  Another known catalyst of hydrocarbon conversion contains 10-25 per cent of
      nickel, 55-85 per cent of alumina and less than 10 per cent of oxides of
      magnesium and calcium. In this catalyst anhydrous aluminium oxide is the
      carrier and calcium aluminate is the binder.
PAR  The main disadvantages of the known catalysts are their low mechanical
      strength, the presence of harmful admixture of silica, and complexity of
      the processes by which they are produced. Impregnation of the catalyst
      tablets with solutions of chromate or dichromate of alkali metals does not
      give the required mechanical strength to the catalyst tablets. Possessing
      sufficient mechanical strength at the beginning of the process, the
      tablets very soon lose their strength, especially at increased pressures.
      High alumina content of the catalyst mixture results in premature wear of
      tabletting machines.
PAR  Moreover, the presence of Portland cement in the abovedescribed known
      catalysts makes them inapplicable for use in modern high-pressure and
      efficient catalytic processes, since Portalnd cement contains many harmful
      admixtures such as sulphides.
PAR  These disadvantages are inherent also in other known catalysts on the basis
      of nickel, for example in the known catalyst proposed for producing
      synthesis gas by steam conversion of gaseous hydrocarbons that contains
      (in per cent by weight)
     NiO              25.2                                                     

     CaO              9.2                                                      

     Al.sub.2 O.sub.3 39.8                                                     

     ZrO.sub.2        12.0                                                     

     MgO              13.6                                                     

     SiO.sub.2        0.2                                                      

PAR  Another catalyst for producing synthesis gas by conversion of various
      hydrocarbons has the following composition (in per cent by weight)
TBL  NiO              25.0                                                     

     Al.sub.2 O.sub.3 32.6                                                     

     MgO              12.2                                                     

     CaO              7.5                                                      

     SiO.sub.2        12.9                                                     

     K.sub.2 O        9.8                                                      

PAR  The proportion of silica in the catalyst is very high, while the presence
      of potassium oxide weakens the structural strength of the catalyst.
PAR  Known is a catalyst that contains large quantities of oxides of silicon. It
      is intended for conversion of gaseous hydrocarbons with oxygen-containing
      gases, and has the following composition, in per cent:
TBL  nickel               14-20                                                

     calcium aluminate    20-35                                                

     alumosilicate (clay) 3-6                                                  

     aluminium oxide      39-63                                                

PAR  Alumina and clay are filler materials, while calcium aluminate is a binder.
PAR  The catalyst contains much silica.
PAR  Best catalysts known in the prior art for conversion of hydrocarbons and
      practically containing no silica are those specified in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Nos.                                                                      

        Composition (% w/w)                                                    

     NiO    Al.sub.2 O.sub.3                                                   

                 CaO MgO SiO.sub.2                                             

                             Fe.sub.2 O.sub.3                                  

                                  Cr.sub.2 O.sub.3                             

                                       Loss                                    

                                       on calcin-                              

                                       ing                                     

     __________________________________________________________________________

     1  23.2                                                                   

            45.1 11.5                                                          

                     3.0 traces                                                

                             --   --   16.4                                    

     2  33.8                                                                   

            37.0  7.9                                                          

                     5.8 0.4 3.6  3.4   7.9                                    

     3  27.1                                                                   

            42.6 17.9                                                          

                     traces                                                    

                         --  --   --   12.4                                    

     __________________________________________________________________________

PAR  These catalysts, intended for conversion of hydrocarbons at high pressures,
      possess high activity, that can meet the requirements of a high-rate
      passage of the starting material (to 2000 cu.m/hour, calculating with
      reference to methane per cubic meter of the catalyst).
PAR  The working characteristics of these catalysts are listed in Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

        Mechanical strength of                                                 

                       Density, g/cu.cm                                        

                                Poro-                                          

                                    Specific                                   

     Nos.                                                                      

        tablets, kg/sq.cm       sity,                                          

                                    surface,                                   

     Starting                                                                  

             After 150 hours                                                   

                       True                                                    

                           Apparent                                            

                                total,                                         

                                    sq.m/g                                     

             of work            %                                              

     __________________________________________________________________________

     1  500  130       2.92                                                    

                           1.78 39.0                                           

                                    57.5                                       

     2  403  75        3.53                                                    

                           1.69 52.3                                           

                                    49.9                                       

     3  560  80        3.01                                                    

                           1.96 34.9                                           

                                    86.1                                       

     __________________________________________________________________________

PAR  As can be seen from Table 2, the catalyst tablets lose markedly their
      mechanical strength after 150 hours of work under a pressure of 30
      atmospheres during steam conversion of natural gas.
PAR  The loss of mechanical strength at high pressures is characteristic of all
      catalysts working under conditions of steam conversion of hydrocarbons, if
      cements are used as binding agent, and especially if silicon dioxide is
      practically absent in the catalyst.
PAR  It has already been said that the most active are nickel-base catalysts
      prepared in the form of hollow cylindrical tablets.
PAR  Tablets are pressed out of a mass prepared from a mixture of oxides of
      nickel, aluminium, magnesium, calcium, and other metals and containing a
      binder, such as cement, calcium aluminate, etc. A wetting liquid, mostly
      water, and also substances that function as a lubricating agent necessary
      for the tabletting operation, are added to the mixture. The lubricating
      agent ensures favourable conditions for the work of pressing equipment, to
      prevent its working elements from premature wear due to contact with hard
      and abrasive materials. Graphite is mostly used as the lubricant.
PAR  The mixture for tabletting is prepared by mixing salts of nickel, for
      example, basic nickel carbonate, oxides of aluminium, magnesium and of
      other metals that function as the filler material, with an aqueous
      solution of a nickel salt, for example, of nickel nitrate. The prepared
      mixture is dried at a temperature of 110.degree.-120.degree.C, then
      calcined at a temperature of 350.degree.-380.degree.C to yield a powder
      which is a mixture of oxides of nickel, aluminium, magnesium and of other
      metals. The required mechanical strength is given to the tablets by a
      binder agent added to the mixture of the metal oxides, the binder being,
      for example, calcium aluminate, which is also a fine powder. Moreover,
      added are graphite, to give the mixture elasticity, and finally water, or
      some other wetting agent, to give plasticity to otherwise dry mixture.
      Before pressing into tablets, the mixture is compacted and granulated to
      increase its bulk weight. To this end, the mixture is, for example, passed
      between rollers, rotating in different directions and through a sieve
      having apertures of the required size.
PAR  The thus pre-treated mixture is pressed into tablets which then are
      hydraulically hardened by dipping into water for a few hours, with
      subsequent retention in an atmosphere saturated with steam at room
      temperature, for a few days. The tablets were then dried and calcined at a
      temperature of 350.degree.-380.degree.C; during the latter operation the
      lubricant (graphite) is burnt out. The finished catalyst is packed in
      metallic containers.
PAR  Disadvantages of the catalysts prepared by the above method have been
      described above.
PAR  The objects of this invention is to provide a composition of a catalyst
      mixture and a simple method for preparing silicon-free catalyst, having
      high stability, activity, and resistance to sharp temperature
      fluctuations, well developed surface and high mechanical strength that
      would persist lengthy periods of the catalyst operation.
PAR  Said object has been attained in a catalyst for conversion of hydrocarbons,
      consisting of the following components, in per cent by weight:
TBL  NiO              25.0                                                     

     Al.sub.2 O.sub.3 50.0                                                     

     MgO              14.0                                                     

     CaO              10.0                                                     

     BaO              1.0                                                      

PAR  Barium oxide is added to the mixture as an aqueous solution, to promote
      uniform distribution of barium oxide in the catalyst and ensure mechanical
      strength of the tablets during operation of the catalyst. Barium oxide
      strengthens the skeletal base of the catalyst tablets thus giving the
      tablets strength against the action of the gaseous reaction mixture at
      high temperatures.
PAR  Said composition of the catalyst ensures high strength of the catalyst
      tablets not only in the freshly prepared state, but also after prolonged
      operation in the hydrocarbon conversion process.
PAR  However, the strength of the catalyst tablets does not depend only on the
      composition of the catalyst, but also on the method of its manufacture.
PAR  The above objects have been attained also by that a method of preparing
      said catalyst has been proposed, consisting in mixing 21.5 parts by weight
      of basic nickel carbonate, 25 parts by weight of oxide or 38 parts by
      weight of hydroxide of aluminium, and 15 parts by weight of magnesium
      oxide, pre-calcined at a temperature of 1300.degree..+-.50.degree.C, with
      an aqueous solution of 56 parts by weight of nickel nitrate and an aqueous
      solution of 1 part by weight of barium oxide; the prepared mixture is
      dried and calcined at a temperature of 380.degree.C; to the obtained
      mixture of the oxides of said metals added are a binder component (40
      parts by weight of calcium aluminate), and a wetting agent (water or an
      aqueous solution of sulphosalicylic acid or of triethanolamine); the
      prepared mixture is compacted, granulated and pressed into tablets; the
      obtained tablets are hydraulically hardened, dried, and calcined at a
      temperature of 380.degree.C.
PAR  As has already been stated, the introduction into the catalyst composition
      of barium oxide increases the mechanical strength of the catalyst tablets.
      This strength persists at a sufficiently high level throughout prolonged
      operation of the catalyst at high pressures, if magnesium oxide intended
      for preparing the catalyst is first calcined at temperatures from
      1250.degree. to 1350.degree.C. This phenomenon can be explained by that,
      in contrast to non-calcined magnesium oxide, calcined magnesium oxide
      loses its ability to form magnesium hydroxide under conditions of the
      steam conversion of hydrocarbons, while magnesium hydroxides loosen the
      structural frame of the catalyst tablets. Thus, the use of calcined
      magnesium oxide also increases the mechanical strength of the catalyst
      tablets.
PAR  To increase mechanical strength of the catalyst tablets, and also its
      activity, which is manifested by lower temperatures at which the
      conversion of hydrocarbons begins, according to the invention, potassium
      stearate is added to the mixture as a lubricating agent. This compound
      possesses high lubricating property which facilitates the tabletting
      process, and moreover, it is soluble in water at temperatures from
      80.degree. to 90.degree.C. This property is utilized at the stage of
      hydraulic hardening of the catalyst during which the tablets acquire high
      mechanical strength. In contrast to some other known lubricating agents,
      for example graphite, stearic acid, stearates of magnesium, calcium,
      aluminium and of zinc, oleic acid, polyvinyl alcohol, that possess
      hydrophobic properties and screen the catalyst pores, potassium stearate
      is practically fully washed out with water from the catalyst to give free
      access for water to the catalyst pores during hydraulic hardening of the
      catalyst tablets and thus ensures full hydration of aluminates of calcium.
      Full removal of the lubricant from the catalyst during hydraulic hardening
      and subseqeunt calcining at temperatures of 380.degree.C, ensure free
      access of the steam-gas mixture (by diffusion) into all pores of the
      catalyst and make it possible to lower the temperature at which the
      reaction of hydrocarbon conversion begins to 400.degree.C since the
      reduction of nickel oxides in the catalyst begins at lower temperatures,
      and is fully accomplished at 400.degree.c.
PAR  The catalyst shows stable performance at temperatures from 400.degree. to
      800.degree.C, which cannot be obtained with catalysts, wherein graphite is
      used as the lubricant, which does not burn out completely at temperatures
      below 400.degree.C, and stable conditions for the catalyst operation are
      only established at temperature of 500.degree.C.
PAR  One of the reasons why the strength of the catalyst tablets decreases if
      the catalyst contains cements as the binding agent is dehydration and
      re-crystallization of calcium aluminate that take place during steam
      conversion of hydrocarbons at high temperatures, and the changing acidity
      of the medium. To prevent re-crystallization and dehydration of calcium
      aluminates, that are responsible for descreased strength of the catalyst
      tablets during operation, according to the invention it is recommendable
      to use aqueous solutions of sulphosalicylic acid or of triethanolamine as
      a wetting agent. The introduction into the composition of the catalyst of
      weak aqueous solutions of sulphosalicylic acid or of triethanolamine
      decreases the negative effect of the above-named factors. Aluminium oxide
      or hydroxide are used as filler materials in preparing the catalyst
      according to the invention.
PAR  It is preferable to use aluminium hydroxide, since the mixture of the
      catalyst in this case possesses greater plasticity during the tabletting
      process. The pressing operation proceeds under less stringent conditions,
      the loads on the working elements are reduced, and the friction forces
      that arise during the tabletting process are much less significant than
      with alumina.
PAR  The preferable embodiment of the proposed method of preparing catalysts for
      conversion of hydrocarbons is the one in which according to the invention
      calcium aluminate is added in two steps, 50 per cent of its total quantity
      being introduced in the form of calcium dialuminate (CaO. 2Al.sub.2
      O.sub.3) during mixing basic nickel carbonate, oxide or hydroxide of
      aluminium, magnesium oxide with aqueous solutions of nickel nitrate and
      barium oxide, while the rest 50 per cent are introduced in the form of
      mono-(CaO.Al.sub. 2 O.sub.3) or di-aluminate of calcium during
      introduction of lubricating and wetting agents to the mixture of metal
      oxides.
PAR  Adding calcium aluminate into the mixture in two portions ensures high
      stability of the catalyst tablets during operation.
PAR  According to the invention, it is recommendable to introduce into the
      catalyst mixture potassium stearate in the quantity of 0.5-2.0 per cent of
      the weight of dry catalyst mixture.
PAR  Sulphosalicyclic acid, according to the invention, is taken in the quantity
      of 0.06 - 0.75 per cent of the weight of dry catalyst mixture, and
      triethanolamine - in the quantity of 0.03-0.45 per cent.
PAR  The proposed nickel-base catalyst is a highly effective catalyst for
      conversion of hydrocarbons that is suitable for operation in tubular
      furnaces working at pressures to 50 atmospheres and at temperatures of the
      outer wall of the tube of about 900.degree.C.
PAR  The catalyst activity is sufficiently high and ensures practically
      equilibrated conversion of methane at the volumetric load (with respect to
      methane) of 2000 c.mu..m/hour per cu.m. of catalyst with the ratio of
      steam to methane of 4.0-4.2, at pressure of 30 atmospheres and at
      temperatures within the range of 400.degree.-800.degree.C.
PAR  The proposed composition of the catalyst mixture and the method of
      preparing the catalyst make it possible to prepare the catalyst possessing
      high mechanical strength which in turn ensures intactness of the catalyst
      tablets throughout the entire process so that they retain their regular
      geometrical shape of rings with an outer diameter (D) of 15 mm, the inner
      diameter (d) of 7 mm, and the height of (H) of 12 mm. The tablets are
      manufactured on automatic rotary tabletting presses.
PAR  The catalyst according to the invention is characterized by the following
      technical characteristics:
TBL  1.                                                                        

       Bulk weight, kg/liter       0.9-1.1                                     

     2.                                                                        

       Mechanical strength (crushing force                                     

       applied to the butt end of the                                          

       tablet), kg/sq.cm           600-900                                     

     3.                                                                        

       Thermal stability -- withstands                                         

       20 cycles of sharp heating and cooling                                  

       at temperatures from 20 to 1000.degree.C and                            

       from 1000 to 20.degree.C                                                

     4.                                                                        

       Density, g/cu.cm            true 3.0-3.15                               

                                   apparent 2.3-2.5                            

     5.                                                                        

       Total porosity, %           20-30                                       

     6.                                                                        

       Specific surface, as determined by the low-temperature                  

       nitrogen adsorption method, sq.m/g-60-90                                

     7.                                                                        

       Activity of the catalyst:- in conversion with steam                     

       of hydrocarbon gas containing not less than 90 per                      

       cent of methane, not more than 2 per cent of olefines,                  

       with volumetric ratio of steam to methane of 2.0-2.2                    

       and the volumetric rate of 2000 cu.m/hour of the                        

       said gas per cubic meter of the catalyst, the content                   

       of residual methane in the converted gas is not more                    

       than (in per cent by volume) at temperatures of                         

     400.degree.C - 65.0                                                       

     500.degree.C - 30.0                                                       

     600.degree.C -  9.0                                                       

     700.degree.C -  2.0                                                       

     800.degree.C -   0.2                                                      

PAR  This catalyst can successfully work in a tubular furnace, intended for
      production of ammonia, having the capacity of 400,000 tons of NH.sub.3 a
      year. The pressure in the reaction tubes is 30 atm, the ratio of steam to
      methane is 4.0-4.2. The shrinkage of the catalyst bed in the tubes does
      not exceed 1 per cent in 18 months, the tablets retaining their high
      mechanical strength (not less then 450-500 kg/sq.cm), the percentage of
      dust or crushed granules being not higher than 3 per cent by weight.
PAR  Operation of the proposed catalyst in a tubular furnace ensures uniform
      distribution of gas flows in the tubes, uniform temperature conditions for
      outer walls of the tubes, and constancy of the converted gas composition
      at the outlet from the tubular furnace.
PAR  The invention will become better understood from the following description
      of its possible embodiment.
PAR  The catalyst having the composition (in per cent by weight)
TBL  NiO              25.0                                                     

     Al.sub.2 O.sub.3 50.0                                                     

     MgO              14.0                                                     

     CaO              10.0                                                     

     BaO              1.0                                                      

PAL  was prepared by mixing together 21.5 parts by weight of basic nickel
      carbonate, 38 parts by weight of aluminium hydroxide, 15 parts by weight
      of magnesium oxide, pre-calcined at a temperature of 1300.+-. 50.degree.C,
      and 20 parts by weight of calcium dialuminate. One part by weight of
      barium oxide was dissolved in 60 liters of an aqueous condensate and then
      56 parts by weight of nickel nitrate were dissolved in it. As soon as
      these components have been dissolved, the solution was poured into a mixer
      loaded with the above--specified mixture of dry compounds of nickel,
      aluminium, magnesium, and calcium, and all the components were mixed for
      two hours. The prepared mixture was dried at a temperature of
      100.degree.-120.degree.C for five hours and calcined at a temperature of
      380.degree.C until all metal salts were decomposed and nitrous gases
      stopped evolving.
PAR  To the obtained mixture of metal oxides 20 parts by weight of calcium
      dialuminate, 1 part by weight of potassium stearate and ten liters of an
      aqueous solution containing 0.12 parts by weight of sulphosalicylic acid
      were added. The components were mixed for 30 minutes, and the mixture was
      transferred onto a compacting machine, where it was granulated to that the
      bulk weight of the material increased to 1.4-1.55 g/cu.cm, the granule
      size not exceeding 1.5 mm.
PAR  The thus prepared granulated mixture was placed in a hopper of a tabletting
      machine and pressed into tablets by a pressure of 2000-3000 kg/sq.cm.
      Freshly pressed tablets, having the shapes of rings sizing 15 .times. 7
      .times. 12 mm ( D .times. d .times. H) were kept in air for one day then
      were hydraulically hardened by immersing into water at room temperature
      for two hours, after which the temperature of water was raised to
      90.degree.C within four hours and the tablets were kept at this
      temperature for another two hours. Next the tablets were removed from
      water, dried for five hours at a temperature of 100.degree.-120.degree.C
      and calcined at a temperature of 380.degree.C for five hours. The finished
      catalyst was packed in metallic drums and dispatched to consumers.
PAR  The advantages of the proposed invention will become apparent from the
      following examples of its practical embodiment, which are given below by
      way of illustration.
DETD
PAC  EXAMPLE 1
PAR  A mixer was loaded with 25 kg of finely ground technical alumina, 15 kg of
      a magnesium oxide calcined at a temperature of
      1300.degree..+-.50.degree.C, and 21.5 kg of basic nickel carbonate
      NiCO.sub.3 ..times.Ni(OH).sub.2.yH.sub. 2 O. Then 56 kg of nickel nitrate
      Ni(NO.sub.3).sub.2.6H.sub.2 O were dissolved in 45 liters of water and 1
      kg of bariuum oxide was dissolved in 15 liters of hot water. The solutions
      were poured into the mixer and the components were mixed for two hours to
      prepare a homogeneous paste. The paste was then dried at a temperature of
      100.degree.-120.degree.C and calcined at a temperature of 380.degree.C
      until the salts were all decomposed and a mixture of metal oxides was
      formed. (This was indicated by discontinuation of nitrous gas evoltion).
      To the obtained mixture of metal oxides 40 kg of calcium dialuminate (CaO.
      2Al.sub.2 O.sub.3), ten liters of water and 1 kg of potassium stearate
      were added. The components were mixed for thrity minutes. Then the mixture
      was compacted on rollers and shaped into granules by rubbing through a
      metallic sieve having apertures of 1.times.1 mm. The granulated material
      sizing from 0.1 to 1.0 mm was charged into a hopper of the tabletting
      press, on which tablets were prepared in the form of rings sizing 15
      .times. 7 .times. .times. 12 mm (D.times.d.times.H). The tablets were then
      kept in air for one day, then placed into water at room temperature for
      two hours, the temperature was raised within four hours to 90.degree.C and
      the tablets were kept at this temperature for another two hours. After
      drying and calcining at a temperature of 380.degree.C the tabletted
      catalyst was ready for use. The mechanical strength of the thus prepared
      tablets, and the activity of the catalyst are specified in Table 3.
PAC  EXAMPLE 2
PAR  A mixer was loaded with 25 kg of finely ground technical alumina, 15 kg of
      magnesium oxide calcined at a temperature of 1300.degree..+-.50.degree.C,
      21.5 kg of basic nickel carbonate and 20 kg of calcium dialuminate. Then 1
      kg of barium oxide and 56 kg of nickel nitrate were dissolved in 60 liters
      of water and the solution was added to the charge in the mixer. The
      components were mixed for two hours, the mass was dried and calcined at a
      temperature of 380.degree.C until the salts were all decomposed and oxides
      of the said metals were formed.
PAR  To the obtained mixture of the metal oxides added were 20 kg of calcium
      dialuminate, 10 liters of water and 1 kg of potassium stearate. The
      components were mixed for thirty minutes, then the mass was compacted,
      granulated, and tabletted into rings sizing 15.times.7.times.12 mm.
PAR  Further treatment was similar to that described in Example 1. The
      characteristics of the catalyst are given in Table 3.
PAC  EXAMPLE 3
PAR  A mixer was loaded with 38 kg of aluminium hydroxide Al(OH).sub.3, 15 kg of
      magnesium oxide calcined at a temperature of 1300.degree..+-.50.degree.C,
      and 21.5 kg of basic nickel carbonate. Then, 56 kg of nickel nitrate were
      dissolved in 45 liters of water and 1 kg of barium oxide in 15 liters of
      hot water. The prepared solutions were transferred into the mixer and the
      components were mixed for two hours. The obtained mass was dried and
      calcined at a temperature of 380.degree.C until the salts were all
      decomposed and a mixture of oxides was fomed. To the obtained mixture of
      the oxides added were 40 kg of calcium dialuminate, 10 liters of water and
      1 kg of potassium stearate and the components were mixed for thirty
      minutes.
PAR  The further procedure was the same as in Example 1.
PAR  The characteristics of the catalyst are given in Table 3.
PAC  EXAMPLE 4
PAR  A mixer was loaded with 38 kg of aluminium hydroxide, 15 kg of magnesium
      oxides calcined at 1300.degree..+-.50.degree.C, 21.5 kg of basic nickel
      carbonate, and 20 kg of calcium dialuminate. Next, 1 kg of barium oxide
      was dissolved in 60 liters of water and then 56 kg of nickel nitrate were
      dissolved in the same solution. The whole quantity was transferred into
      the mixer. The components were mixed for two hours, and the mass dried and
      calcined at a temperature of 380.degree.C until the salts were all
      decomposed and the metal oxides formed.
PAR  To the obtained mixture of the oxides added were 20 kg of calcium
      dialuminate, 10 liters of water, and 1 kg of potassium stearate. The
      components were mixed for thrity minutes.
PAR  Further procedure was the same as described in Example 1.
PAR  The characteristics of the catalyst are given in Table 3.
PAC  EXAMPLE 5
PAR  A mixer was loaded with 38 kg of aluminium hydroxide, 15 kg of magnesium
      oxide pre-calcined at a temperature of 1300.degree..+-.50.degree.C, 21.5
      kg of basic nickel carbonate and 20 kg of calcium dialuminate. Then,
      first, 1 kg of barium oxide and then 56 kg of nickel nitrate were
      dissolved in 60 liters of water and the solution was added to the mixer.
      The components were mixed for two hours, the mass was dried, and finally
      calcined at a temperature of 380.degree.C until the salts were all
      decomposed and the mixture of the metal oxides was formed.
PAR  To the obtained mixture of the oxides added were 20 kg of calcium
      monoaluminate, ten liters of water and 1 kg of potassium stearate, and the
      components were mixed for thirty minutes.
PAR  Further procedure was the same as described in Example 1.
PAR  The characteristics of the catalyst are given in Table 3.
PAC  EXAMPLE 6
PAR  The catalyst was prepared by a procedure similar to that described in
      Example 4, except that potassium stearate was taken in the quantity of 0.5
      kg.
PAR  The characteristics of the catalyst are given in Table 3.
PAC  EXAMPLE 7
PAR  The catalyst was prepared by a procedure similar to that described in
      Example 4, except that potassium stearate was taken in the quantity of 2
      kg.
PAR  Characteristics of the catalyst are given in Table 3.
PAC  EXAMPLE 8
PAR  The catalyst was prepared by a procedure similar to that described in
      Example 4, except that the wetting agent was 10 liters of an aqueous
      solution containing 60 g of sulphosalicylic acid.
PAR  The characteristics of the catalyst are given in Table 3.
PAC  EXAMPLE 9
PAR  The catalyst was prepared by a procedure similar to that described in
      Example 4, except that the wetting agent was 10 liters of an aqueous
      solution, containing 120 g of sulphosalicylic acid.
PAR  The characteristics of the catalyst are given in Table 3.
PAC  EXAMPLE 10
PAR  The catalyst was prepared by a procedure similar to that described in
      Example 4, except that the wetting agent was 10 liters of an aqueous
      solution, containing 750 g of sulphosalicyclic acid.
PAR  The characteristics of the catalyst are given in Table 3.
PAC  EXAMPLE 11
PAR  The catalyst was prepared by a procedure similar to that described in
      Example 4, except that the wetting agent was 10 liters of an aqueous
      solution containing 30 g of triethanolamine.
PAR  The characteristics of the catalyst are given in Table 3.
PAC  EXAMPLE 12
PAR  The catalyst was prepared by a procedure similar to that described in
      Example 4, except that the wetting agent was 10 liters of an aqueous
      solution, containing 150 g of triethanolamine.
PAR  The characteristics of the catalyst are given in Table 3.
PAC  EXAMPLE 13
PAR  The catalyst was prepared by a procedure similar to that described in
      Example 4, except that the wetting agent was 10 liters of an aqueous
      solution, containing 450 g of triethanolamine.
PAR  The charateristics of the catalyst are given in Table 3.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Example                                                                   

          Mechanical strength                                                  

                      Residual methane in dry                                  

     No.  of catalyst tablets,                                                 

                      converted gas, in % (v/v),                               

          kg/sq. cm   at .degree.C                                             

     Initial   After 150                                                       

               hours of                                                        

                      400.degree.C                                             

                             600.degree.C                                      

                                    800.degree.C                               

               work                                                            

     __________________________________________________________________________

     1    700  330                                                             

     2    680  350                                                             

     3    670  320                                                             

     4    690  360                                                             

     5    620  270                                                             

     6    800  390                                                             

     7    520  230    48.5-55.0                                                

                             10.8-12.5                                         

                                    0.0-0.2                                    

     8    800  470                                                             

     9    830  550                                                             

     10   820  490                                                             

     11   800  400                                                             

     12   780  410                                                             

     13   760  400                                                             

     __________________________________________________________________________

CLMS
NUM  1.
PAR  1. A catalyst for conversion of hydrocarbons consisting of a mixture of
NUM  2.
PAR  2. A catalyst for conversion of hydrocarbons according to claim 1, having
      the following composition, in per cent by weight:
TBL  NiO              25                                                       

     Al.sub.2 O.sub.3 50                                                       

     MgO              14                                                       

     CaO              10                                                       

     BaO              1                                                        

NUM  3.
PAR  3. A method of preparing a catalyst for conversion of hydrocarbons,
      containing oxides of nickel, aluminium, magnesium, calcium, and of barium,
      consisting in that 21.5 parts by weight of basic nickel carbonate, an
      aluminium compound, selected from the group, consisting of aluminium oxide
      and aluminium hydroxide, and 15 parts by weight of magnesium oxide,
      pre-calcined at a temperature of 1300.degree..+-.50.degree.C, are mixed
      with an aqueous solution containing 56 parts by weight of nickel nitrate
      and an aqueous solution, containing 1 part by weight of barium oxide; the
      prepared mixture is dried, and calcined at a temperature of 380.degree.C;
      to the obtained mixture of the metal oxides are added a binding agent, a
      lubricating agent and a wetting agent, selected from the group, consisting
      of water, an aqueous solution of sulphosalicylic acid and an aqueous
      solution of triethanolamine; the prepared catalyst mixture is compacted,
      granulated, and tabletted; the obtained tablets are hardened
NUM  4.
PAR  4. A method of preparing the catalyst for conversion of hydrocarbons,
      containing oxides of nickel, aluminium, magnesium, calcium, and of barium,
      consisting in that 21.5 parts by weight of basic nickel carbonate, an
      aluminium compound, selected from the group, consisting of aluminium oxide
      taken in the quantity of 25 parts by weight and aluminium hydroxide taken
      in the quantity of 38 parts by weight, 15 parts by weight of magnesium
      oxide, pre-calcined at a temperature of 1300.degree..+-.50.degree.C, a
      binding agent of calcium dialuminate, taken in the quantity of 50 per cent
      with respect to the total quantity of the binding agent in the catalyst,
      are mixed with an aqueous solution, containing 56 parts by weight of
      nickel nitrate and an aqueous solution, containing 1 part by weight of
      barium oxide; the prepared mixture is dried and calcined at a temperature
      of 380.degree.C; to the obtained mixture of the metal oxides are added the
      other 50 per cent of the binding agent, selected from the group,
      consisting of calcium monoaluminate and calcium dialuminate, so that the
      total quantity of the binding agent is 40 parts by weight, a lubricating
      agent of potassium stearate, and a wetting agent selected from the group,
      consisting of water, aqueous solution of sulphosalicylic acid, and aqueous
      solution of triethanolamine; the prepared catalyst mixture is compacted,
      granulated, and tabletted; the obtained tablets are hardened
NUM  5.
PAR  5. A method according to claim 3, in which potassium stearate is taken in
      the quantity of 0.5-2.0 per cent of dry weight of the catalyst mixture.
NUM  6.
PAR  6. A method according to claim 4, in which potassium stearate is taken in
      the quantity of 0.5-2.0 per cent of dry weight of the catalyst mixture.
NUM  7.
PAR  7. A method according to claim 3, in which sulphosalicylic acid is taken in
      the quantity of 0.06-0.75 per cent of dry weight of the catalyst mixture.
NUM  8.
PAR  8. A method according to claim 4, in which sulphosalicylic acid is taken in
      the quantity of 0.06-0.75 per cent of dry weight of the catalyst mixture.
NUM  9.
PAR  9. A method according to claim 3, in which triethanolamine is taken in the
NUM  10.
PAR  10. A method according to claim 4, in which triethanolamine is taken in the
      quantity of 0.03-0.45 per cent of dry weight of the catalyst mixture.
PATN
WKU  039310540
SRC  5
APN  462470&
APT  1
ART  115
APD  19740419
TTL  Method of catalyst manufacture
ISD  19760106
NCL  9
ECL  1
EXP  Shine; W. J.
INVT
NAM  Lester; George R.
CTY  Park Ridge
STA  IL
ASSG
NAM  Universal Oil Products Company
CTY  Des Plaines
STA  IL
COD  02
CLAS
OCL  252466PT
XCL  252466J
XCL  252472
XCL  4232135
EDF  2
ICL  B01J 2356
ICL  B01J 2374
ICL  B01J 2104
FSC  252
FSS  460;466 PT;466 J;472
FSC  423
FSS  213.5
UREF
PNO  3259454
ISD  19660700
NAM  Michalko
OCL  423213.5
UREF
PNO  3367888
ISD  19680200
NAM  Hoekstra
XCL  252456
LREP
FR2  Hoatson, Jr.; James R.
FR2  Welch; Robert W.
FR2  Page, II; William H.
ABST
PAL  A method of impregnating a catalytic component as a subsurface layer on a
      carrier material. The carrier material is immersed in an impregnating
      solution containing a catalytic component and a dibasic carboxylic acid,
      with a sulfur-containing carboxylic acid being subsequently added to the
      solution whereby the catalytic component is dispersed in a subsurface
      layer on the carrier material and penetration beyond the desired
      subsurface layer is substantially obviated.
BSUM
PAR  Gaseous waste products resulting from the burning or combustion of
      hydrocarbonaceous fuels, such as gasoline and fuel oils, comprise
      hydrocarbons, carbon monoxide and oxides of nitrogen as products of
      combustion or incomplete combustion and, when discharged directly to the
      atmosphere, pose a serious health problem. While exhaust gases from other
      hydrocarbonaceous fuel burning sources such as stationary engines,
      industrial furnaces, and the like, contribute substantially to air
      pollution, the exhaust gases of automobile engines are a principal source
      of pollution. In recent years, with the ever growing number of automobiles
      powered by internal combustion engines, the discharge of waste products
      therefrom has been of increasing concern, particularly in urban areas, and
      the control thereof has become exceedingly important. Of the various
      methods which have been proposed for reducing the hydrocarbons, carbon
      monoxide and nitrogen oxides emissions, the incorporation of a catalytic
      converter in the exhaust system holes the most promise of meeting the
      increasingly rigid standards set by responsible governmental agencies.
PAR  It has heretofore been shown that a catalytically active component embedded
      as a subsurface layer on a support or carrier material provides a
      particularly useful catalyst for the conversion of hydrocarbons, carbon
      monoxide and nitrogen oxide contained in hot exhaust gases emanating from
      an internal combustion engine. For example, see U.S. Pat. No. 3,259,454
      which provides a method of impregnating a catalytic component on a carrier
      material as a subsurface layer a finite distance from the exterior surface
      and a finite distance from the center thereof. Briefly, the method
      comprises commingling a dibasic carboxylic acid, such as citric acid, with
      a catalytic component in an impregnating solution whereby said component
      is deposited as a subsurface layer on a carrier material subsequently
      impregnated with said solution. In addition to the improved conversion of
      noxious components of exhaust gases, deposition of the catalytic component
      on the carrier material as a subsurface layer substantially obviates
      poisoning of said component and the loss thereof which typically occurs by
      reason of the abrasion and attrition of surface-impregnated catalyst
      particles.
PAR  Subsequent experience has shown that while substantially all of the
      catalytic component is embedded as a subsurface layer a finite distance
      from the exterior surface and a finite distance from the center of the
      carrier material, a significant amount of the frequently expensive
      catalytic component will invariably penetrate beyond the desired
      subsurface layer out of effective contact with a reactant stream.
PAR  It is therefore an object of this invention to present a novel method of
      impregnating a catalytic component as a subsurface layer on a refractory
      inorganic oxide carrier material, which method precludes the penetration
      of said catalytic component beyond said subsurface layer.
PAR  In one of its broad aspects, the present invention embodies a method of
      manufacturing a catalytic composite which comprises commingling a
      refractory inorganic oxide carrier material in an impregnating solution
      with a Group VIII metal compound and from about 0.05 to about 0.75 wt. %
      dibasic carboxylic acid; maintaining said carrier material in said
      solution for a period of from about 2 to about 10 minutes, and then
      commingling from about 0.1 to about 1.5 wt. % sulfur-containing carboxylic
      acid with said solution, based on the weight of said carrier material, and
      effecting the deposition of said Group VIII metal compound concentrated in
      a thin subsurface layer on the carrier material; thereafter washing,
      drying and calcining the impregnated carrier material.
PAR  Other objects and embodiments of this invention will become apparent in the
      following detailed specification.
PAR  In accordance with the method of this invention, a refractory inorganic
      oxide support or carrier material is initially commingled in an
      impregnating solution with a Group VIII metal compound and a dibasic
      carboxylic acid. The refractory inorganic oxides may be naturally
      occurring materials, for example clays and silicates such as fuller's
      earth, Attapulgus clay, feldspar, halloysite, montmorillonite, kaolin, and
      diatomaceous earth, frequently referred to as siliceous earth,
      diatomaceous silicate, kieselguhr, and the like, and the naturally
      occurring materials may or may not be activated prior to use by one or
      more treatments including drying, calcining, steaming and/or acid
      treatment. Synthetically prepared refractory inorganic oxides like
      alumina, silica, zirconia, boria, thoria, magnesia, titania, chromia,
      etc., or composites thereof, particularly alumina in combination with one
      or more refractory inorganic oxides, for example, alumina-silica,
      alumina-zirconia, alumina-chromia, and the like are especially suitable.
      In some cases, the refractory inorganic oxide support or carrier material
      may also exhibit a catalytic effect alone or in combination with other
      components of the catalytic composite. Alumina is a preferred refractory
      inorganic oxide, and the alumina may be any of the various hydrous
      aluminum oxides or alumina gels including alphaalumina monohydrate
      (boehmite), alpha-alumina trihydrate (gibbsite), betaalumina trihydrate
      (bayerite), and the like. Activated aluminas, such as have been thermally
      treated to eliminate substantially all of the water and/or hydroxyl groups
      commonly associated therewith, are particularly useful. Preferably, the
      alumina is an activated alumina with a surface area of from about 25 to
      about 600 and more specifically from about 100 to about 500 square meters
      per gram, especially gamma-alumina and eta-alumina resulting from the
      thermal treatment of boehmite alumina and bayerite alumina respectively,
      generally at a temperature of from about 400.degree. to about 850.degree.
      C. The alumina may be employed in any suitable shape or form including
      spheres, pills, extrudates, granules, cakes, briquettes, rings, etc., and
      particularly low density spheres such as are continuously manufactured by
      the oil-drop method described in detail in U.S. Pat. No. 2,620,314.
PAR  As heretofore stated, the refractory inorganic oxide support or carrier
      material is commingled with an impregnating solution of a Group VIII metal
      compound and a dibasic carboxylic acid -- the dibasic carboxylic acid
      effecting impegnation of the Group VIII metal compound on the support or
      carrier material as a subsurface layer a finite distance from the surface
      thereof and a finite distance from the center. Suitable Group VIII metal
      compounds, that is, compounds of iron, nickel, cobalt, platinum,
      palladium, ruthenium, rhodium, osmium and iridium, include nickel nitrate,
      nickel sulfate, nickel chloride, nickel acetate, nickel formate, cobaltous
      nitrate, cobaltous sulfate, ferric chloride, ferric nitrate, ferric
      sulfate, chloroplatinic acid, platinum tetrachloride, ammonium
      chloroplatinate, dinitrodiamino platinum, palladium chloride,
      chloropalladic acid, rhodium trichloride, ruthenium tetrachloride, osmium
      trichloride, iridium trichloride, and the like.
PAR  Of the Group VIII metals, the noble or platinum group metals are preferred.
      While platinum per se has long been known to catalyze the oxidation of
      noxious exhaust gases to effect substantially complete conversion of the
      combustible pollutants contained therein, it has now been found that the
      required amount of the relatively expensive platinum can be substantially
      reduced utilizing a palladium promoter, and it has been further found that
      substantially less total noble metals, palladium and platinum, is required
      to obtain substantially complete conversion than is the case with platinum
      alone. The total noble metals concentration and the palladium/platinum
      weight ratio for a given concentration are factors which exert a strong
      influence on the activity stability of the catalytic composite of this
      invention. The activity stability of a catalytic composite containing from
      about 0.0025 to about 2.0 wt. % or more total noble metals is improved
      utilizing a palladium/platinum weight ratio in the range of from about 9:1
      to about 1:4. In any case, the total noble metals in the range of from
      about 0.0025 to about 2.0 wt. % or more, utilizing a palladium/platinum
      weight ratio of from about 9:1 to about 1:4, is appreciably less than
      would otherwise be required of platinum alone to achieve an equivalent
      conversion. A total noble metals concentration in the lower range, say
      from about 0.0025 to about 1.0 wt. % is particularly effective in
      combination with a palladium/platinum weight ratio of from about 2:1 to
      about 4:1.
PAR  Prior associated work, as exemplified by U.S. Pat. No. 3,259,589, has shown
      the improved conversion of exhaust gases through the use of an
      impregnating agent to position the Group VIII metal component a finite
      distance below the surface of the carrier material. The impregnating agent
      is a dibasic carboxylic acid having the following structural formula:
      ##EQU1##
      where: R is selected from hydrogen, hydroxyl and alkyl groups;
PA1  R.sup.1 is selected from hydrogen, alkyl and carboxyl groups; and
PA1  n is within the range of 0-6 Examples of the dibasic carboxylic acids are
      oxalic, malonic, succinic, glutaric, adipic, pimelic, suberic, malic,
      tartaric, citric, and the like. The amount of dibasic carboxylic acid,
      preferably citric acid, employed in the impregnating solution is
      determined by the weight of the carrier material impregnated. The amount
      is suitably in the range of from about 0.05 to about 0.75 wt. % of said
      carrier material.
PAR  As heretofore mentioned, it has been observed that although the inclusion
      of a dibasic carboxylic acid in the impregnating solution is effective to
      deposit a catalytic component embedded as a subsurface layer a finite
      distance from the exterior surface of a support or carrier material, a
      significant amount of the frequently expensive catalytic component will
      invariably migrate and penetrate beyond the desired subsurface layer
      during the impregnation process. While U.S. Pat. No. 3,367,888 describes
      the use of a sulfur-containing carboxylic acid to impregnate a catalytic
      component on the extreme outer surface of a support or carrier material,
      it has now been discovered that the subsequent and timely addition of said
      sulfur-containing carboxylic acid to the above-described impregnating
      solution in contact with the support or carrier material, as herein
      practiced, will effectively arrest the migration of the catalytic
      component and limit its penetration beyond the desired subsurface layer
      during the impregnation process.
PAR  Accordingly, pursuant to the method of this invention, the support or
      carrier material is maintained in the dibasic carboxylic acidcontaining
      impregnating solution for a period of from about 2 to about 10 minutes
      after which a sulfur-containing carboxylic acid is added thereto. The
      sulfur-containing carboxylic acid is substantially as described in U.S.
      Pat. No. 3,367,888, that is, preferably a thio or mercapto carboxylic acid
      such as, for example, thiomalic acid, thioglycolic acid, mercaptopropionic
      acid, and the like. The quantity to be employed is generally based on the
      weight of the carrier material, and is suitably from about 0.1 to about
      1.5 wt. % thereof.
PAR  The method of this invention can be effected utilizing impregnating
      techniques known to the art. Thus, a particulate carrier material can be
      immersed in a common aqueous solution of chloroplatinic acid and
      chloropalladic acid or palladium chloride, said solution further
      containing a selected dibasic carboxylic acid, preferably citric acid, in
      the requisite amount. The selected sulfur-containing carboxylic acid,
      preferably thiomalic acid, is added to the solution within from about 2 to
      about 10 minutes of the carrier material, and the solution thereafter
      evaporated to dryness in contact with the carrier material. For example, a
      given volume of 1/16-1/8inch alumina spheres is immersed in a
      substantially equal volume of an impregnating solution in a steam-jacketed
      rotary dryer -- the impregnating solution comprising chloroplatinic acid,
      chloropalladic acid and a requisite quantity of citric acid. The spheres
      are tumbled in the impregnating solution for a period of from about 2 to
      about 10 minutes after which thiomalic acid is added thereto. Steam is
      subsequently applied to the dryer jacket to expedite evaporation of the
      solution and recovery of substantially dry impregnated alumina spheres.
      The resulting composite is subsequently heat treated at a temperature of
      from about 200.degree. to about 1000.degree.C. or more and preferably from
      about 315.degree. to about 925.degree. C. for a period of from about 1/2
      to about 2 hours or more, preferably in a reducing atmosphere such as
      hydrogen. Sulfidation, by treating the catalyst composite in contact with
      hydrogen sulfide at ambient temperature, has in some cases been shown to
      be of advantage.
PAR  There are a number of factors which effect the activity, activity stability
      and physical stability of a catalytic composite, and the factors are
      generally peculiar to the environment in which the catalytic composite
      functions. For example, the automotive internal combustion engine is
      commonly operated over a wide range of speed and load conditions including
      idling, cruising, accelerating and decelerating conditions, and the
      combustion efficiency varies accordingly. Consequently, the environment in
      which the catalytic composite must function will comprise not only
      variations in the concentration of pollutants at any given time, but also
      variations in temperature and space velocity at any given time. Thus, in
      the treatment of noxious exhaust gases from an internal combustion engine,
      the catalytic composite must function in an environment of changing
      gaseous hourly space velocities in the range of from about 10,000 to about
      100,000 or more, and temperature variations of from about 95.degree. to
      about 1100.degree. C. or more, and must exhibit high activity and physical
      strength over an extended period equivalent to about 50,000 miles or more
      of automotive operation.
PAR  While the particular refractory inorganic oxides herein contemplated are
      generally useful as a catalyst support or carrier material, and
      exceptionally resistant to physical degradation in a more conventional
      type of operation, they experience a shrinkage upon continued exposure to
      the extreme temperatures encountered in the treatment of exhaust gases
      from an internal combustion engine resulting in breakage and loss of
      catalyst. This is particularly so with respect to the more desirable low
      density refractory inorganic oxides. The catalytic composite of this
      invention preferably includes an alkaline earth component selected from
      the group consisting of barium, strontium and calcium to improve the
      activity and activity stability of the catalytic components, and
      especially the physical stability of the refractory inorganic oxide
      support or carrier material on which the physical stability of the
      catalytic composite depends. Of the alkaline earth components, barium is
      preferred. The optimum alkaline earth component is a function of the
      density of the refractory inorganic oxide employed as a support or carrier
      material. It will be appreciated that refractory inorganic oxides of
      higher density suffer less shrinkage at higher temperatures than do those
      of lower density, and the optimum alkaline earth content will therefore
      increase in the range of from about 1 to about 20 wt. % with decreasing
      density. Preferably, the refractory inorganic oxide is alumina
      characterized by an average bulk density of from about 0.3 to about 0.5
      grams/cubic centimeter, and the alkaline earth content, preferably barium,
      is in the range of from about 3 to about 10 wt. %.
PAR  The alkaline earth component may be added to the catalytic composite prior
      to, concurrently with, or subsequent to the catalytic component. In some
      cases, the addition sequence may provide an improved catalytic composite
      for a particular use. For example, in the conversion of noxious exhaust
      gases, it has been observed that the initial activity of the catalytic
      composite is improved when the alkaline earth component is added
      subsequent to the noble metals component. However, it is not intended to
      limit this invention to any particular sequence of alkaline earth and
      noble metals addition. The alkaline earth component is suitably added to
      the catalytic composite by the method whereby a soluble compound of the
      desired alkaline earth component is impregnated on the support or carrier
      material from an aqueous solution. The soluble compound serves as a
      precursor of the desired component such that, upon subsequent heating of
      the impregnated support or carrier material at temperatures effecting
      decomposition of said compound, the desired component is formed deposited
      on the support or carrier material. The aqueous impregnating solution will
      thus comprise a soluble alkaline earth compound such as barium hydroxide,
      barium nitrate, barium chloride, barium sulfide, barium formate, barium
      acetate, barium chloroplatinate, calcium hydroxide, calcium nitrate,
      calcium chloride, calcium sulfide, calcium formate, calcium acetate,
      strontium hydroxide, strontium nitrate, strontium chloride, strontium
      sulfide, strontium formate, strontium acetate, and the like.
PAR  The carrier material, with or without the noble metals component added
      thereto, is suitably impregnated by immersing the carrier material in a
      solution of the selected alkaline earth compound, maintaining the carrier
      material in contact with the solution at quiescent conditions and at
      ambient temperature for a brief period, preferably at least about 30
      minutes, and thereafter evaporating the solution to dryness in contact
      with the carrier material. The dried composite is subsequently calcined,
      preferably in air, at a temperature of from about 315.degree. to about
      925.degree. C. for a period of from about 2 to about 4 hours.
PAR  The following example is presented in illustration of a preferred
      embodiment of this invention and is not intended as an undue limitation on
      the generally broad scope of the invention as set out in the appended
      claims.
DETD
PAC  EXAMPLE
PAR  In the preparation of a catalyst in accordance with the method of this
      invention, 200 grams of 1/8 inch gamma-alumina spheres having an average
      bulk density of about 0.3 grams per cubic centimeter and a surface area of
      about 180 square meters per gram were immersed in 600 milliliters of
      impregnating solution contained in a steam-jacketed rotary dryer. The
      impregnating solution contained 0.018 grams of platinum (as chloroplatinic
      acid) and 0.075 grams of palladium (as palladium chloride), and further
      contained 0.150 grams of citric acid monohydrate. The alumina spheres were
      tumbled in the solution for about 8 minutes after which 0.36 grams of
      thiomalic acid was added thereto. Steam was thereafter applied to the
      dryer jacket and the solution was evaporated to dryness in contact with
      the tumbling spheres. The impregnated spheres were heated at about
      535.degree. C. for two hours in a hydrogen atmosphere and thereafter
      cooled to room temperature under nitrogen. The spheres were next immerged
      and soaked for about 90 minutes in a warm, stirred, 800 milliliter
      solution of  40 grams of barium oxide in water, water-washed and
      oven-dried at about 120.degree. C. The dried spheres were subjected to a
      final reduction in hydrogen in the manner last described.
PAR  Another catalyst was prepared substantially as described except that the
      thiomalic treatment was omitted.
PAR  The attached drawing represents a cross-sectional view of an average
      catalyst particle prepared by each of the described methods. FIG. 1 is
      illustrative of the catalyst particles produced by the prior art method
      utilizing citric acid in the impregnating solution, and FIG. 2 is
      illustrative of the catalyst particles produced by the method of this
      invention. In FIG. 1, the numeral 1 indicates the exterior surface of the
      sphere, and the totally embedded continuous layer of the
      platinum-palladium component is shown by the numeral 2. An inner core of
      alumina, virtually free of the platinum-palladium component but with some
      penetration of the outer fringe area, is indicated by the number 3. A
      numeral 4 depicts an outer band of alumina also virtually free of the
      platinum-palladium component. In the comparison, FIG. 2 shows an inner
      core of alumina, number 3', which is virtually free of the
      platinum-palladium component, including the outer fringe area thereof. The
      limited penetration results in a greater concentration of the
      platinum-palladium component in the subsurface layer 2'. The numeral 1'
      indicates the exterior surface of the sphere, and the numeral 4' indicates
      the outer band of alumina virtually free of the platinum-palladium
      component.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method of manufacturing a catalytic composite which comprises:
PA1  (a) commingling a refractory inorganic oxide carrier material in an
      impregnating solution with a metal component selected from the group
      consisting of iron group metal salt, noble metal salt and noble metal acid
      and from about 0.05 to about 0.75 wt. % dibasic carboxylic acid having the
      following structural formula:
      ##EQU2##
      where: R is selected from hydrogen, hydroxyl and alkyl groups;
PA1  R.sup.1 is selected from hydrogen, alkyl and carboxyl groups; and
PA1  n is within the range of 0-6
PA1  b. maintaining said carrier material in said solution for a period of from
      about 2 to about 10 minutes, thereafter commingling from about 0.1 to
      about 1.5 wt. % sulfur-containing carboxylic acid with said solution,
      based on the weight of said carrier material, said sulfur-containing acid
      being selected from the group consisting of thiomalic, thioglycolic and
      mercaptopropionic acids, and effecting the deposition of said metal
      component concentrated in a thin subsurface layer on the carrier material;
PA1  c. thereafter washing, drying and calcining the impregnated carrier
      material.
NUM  2.
PAR  2. The method of claim 1 further characterized in that said dibasic
      carboxylic acid is citric acid.
NUM  3.
PAR  3. The method of claim 1 further characterized in that said
      sulfur-containing carboxylic acid is thiomalic acid.
NUM  4.
PAR  4. The method of claim 1 further characterized in that said metal component
      is a noble metal salt or noble metal acid.
NUM  5.
PAR  5. The method of claim 1 further characterized in that said metal component
      is a platinum salt or platinum acid.
NUM  6.
PAR  6. The method of claim 1 further characterized in that said metal component
      is a platinum salt or platinum acid in combination with a palladium salt
      or palladium acid.
NUM  7.
PAR  7. The method of claim 1 further characterized in that said metal component
      comprises palladium salt or palladium acid in combination with platinum in
      a weight ratio of from about 9:1 to about 1:4, in an amount to yield a
      final catalytic composite containing from about 0.0025 to about 2.0 wt. %
      of the palladium-platinum combination.
NUM  8.
PAR  8. The method of claim 1 further characterized in that said refractory
      inorganic oxide carrier material is a low density, spheroidal alumina with
      a surface area of from about 25 to about 600 square meters per gram.
NUM  9.
PAR  9. The method of claim 1 further characterized in that said impregnated
      carrier material is dried and calcined at a temperature of from about
      200.degree. to about 1000.degree. C. or more.
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ABST
PAL  Glass powder is wetted with an aqueous solution or emulsion of an organic
      binder and mixed with carbon black in the form of soot or lampblack. The
      resulting material is packed between the parts of the central electrode of
      a sparkplug and fired at a temperature sufficient to fuse the glass to
      produce a gas-tight seal with electrically conducting properties. Up to 5%
      of metal powders may be included in the material if it is desired to
      prevent the resistance from rising during service. Oxides or carbides and
      certain other metal powders may be added to bring the thermal expansion
      coefficient to a desired average value.
BSUM
PAR  This invention relates to an electrically conducting sealing material for
      joints between ceramic and metal parts, particularly in sparkplugs, and
      more specifically relates to sealing materials made principally from
      powdered glass and an electrically conducting component likewise in the
      form of a powder. The invention also involves a method for the production
      of such sealing materials.
PAR  Sparkplugs, as is well known, are produced in very large quantities. In
      consequence it is important to introduce every possible economy in the
      manufacture of such articles. This applies also for the sealing material
      with which the electrodes are set in a gas tight fashion in the insulating
      body of the sparkplug. This sealing material, which consists essentially
      of a vitrified material, must at the same time as providing a seal also
      have good electrical conductivity, because as sparkplugs are commonly
      built, the lower and upper parts of the central electrode must be
      electrically connected together by the sealing material.
PAR  Metals of good electrical conductivity, especially copper, are
      predominantly used today as the conductive component of the seal. Copper
      is relatively expensive, however, so that efforts have been made to
      replace it by a cheaper metal. That effort has in fact been successful,
      for in the meanwhile it was found that copper can be fully replaced by a
      mixture of iron and graphite, a substitution that brought about an
      appreciable cost reduction in sparkplug production. The iron part of these
      sparkplugs is still the principal cost factor of the seal, because a
      relatively high proportion by weight of iron must be used, as the result
      of the relatively high specific gravity of iron.
PAR  Experiments have been made to make similar sealing materials with graphite
      powder as the only electrically conducting component, but these
      experiments have failed, because a relatively high proportion by volume of
      graphite is necessary to produce electrically stable melts and thereby to
      obtain an adequate electrical conductivity in the finished seal. Such high
      graphite proportions are difficult to control, even in the known
      production processes for articles pressed out of graphite-glass mixtures,
      which are quite simple and therefore also economic. This is because
      graphite is poorly wetted by aqueous solutions of organic binders.
      Finally, high volume proportions of graphite limit the gas tightness
      itself when used for a sealing material.
PAR  It is an object of the present invention to provide a sealing material
      containing a conductive material that is cheaper than those previously
      used and is suitable for prolonged operation in such articles as
      sparkplugs, in that the resistance will not substantially increase and
      that the tightness of the seal and other important properties will not be
      damaged by temperature variations.
PAR  It is a further object of this invention to provide such a sealing material
      in a form that can be made by the utilization of existing production
      procedures.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, finely divided carbon in the form known as soot or lampblack is
      used as the electrically conducting component and mixed with a larger
      quantity of glass granules and an aqueous solution of emulsion of an
      organic binder. When this material is packed into a seal and heated to
      finish the seal, a cylindrical body of about 4.5mm diameter and 4.5mm long
      has an electrical resistance between 0.5 and 50 Ohms.
PAR  The use of carbon black in so-called resistance inserts is in itself known.
      By resistance inserts is understood bodies providing a resistance of at
      least 1000 Ohms and higher. In consequence such resistance bodies contain
      a carbon black content of at most 4% by weight, which gives rise to no
      particular difficulty in preparation. In contrast, the sealing material
      according to the present invention, the principal conducting component of
      which is carbon black, contains carbon black in substantially greater
      proportions by volume, to wit from 10 to 40% by volume with reference to
      the sealing material as finally prepared. This higher carbon black content
      contributes to other physical properties, especially the thermal expansion
      coefficient. The thermal expansion coefficient of the insulator material
      and of the sealing compound must be made at least approximately equal in
      order for the seal to be durable under thermal variations.
PAR  In the sealing material of this invention there is used along with the
      carbon black a glass powder that has a thermal expansion coefficient
      similar to or in some cases somewhat smaller than that of carnon black,
      which is 6 .sup.. 10.sup.-.sup.6 /.degree.C. A somewhat smaller thermal
      expansion coefficient for the glass compared with that of carbon black has
      been found particularly favorable, a circumstance which can perhaps be
      traced to the fact that in this case the carbon patches compressed between
      melted glass are not broken up or only slightly split up upon cooling of
      the sealing material, so that no interruption of the conducting paths nor
      even an increase of the resistance across the seal occurs. In order to
      adjust the average thermal expansion coefficient (TEC) of the sealing
      material to that of the surrounding ceramic, materials with higher or
      lower TEC are mixed in according to whether a raising or lowering of the
      composite TEC is necessary. These additions are made within the basic
      requirement that in any event these materials should not chemically react,
      or should react only to a very small extent, with the glass or with the
      carbon black. Among such materials the following have been found
      particularly well suited for the purpose: oxides such as corundum,
      mullite, and zirconium dioxide; carbides such as silicon carbide or
      titanium carbide, and nitrides such as boron nitride, titanium nitride or
      zirconium nitride. Metal powder may also be added for this purpose even if
      it reacts in part to form a carbide, as in the case of iron. For sealing
      compounds to be fired in a ceramic material rich in clay, as for example
      sparkplug insulators with a TEC of 6.5 to 7.0 .sup.. 10.sup.-.sup.6
      /.degree.C, graphite powder is particularly useful in an inert additive.
      Graphite is a relatively cheap raw material with a low specific gravity of
      2.25g per cm.sup.3. The TEC of graphite, which is 7.9 .sup..
      10.sup.-.sup.6 /.degree.C, is higher than that of the sparkplug insulator,
      which means that the average TEC of the fired seal can be brought close to
      that of the insulator. A somewhat smaller value for the TEC of the seal is
      desirable, because upon cooling after firing, the seal is held under
      compressive forces in the central bore of the insulator. Care must be
      taken, however, that the TEC of the seal does not fall too low, because
      then the grasp on the metallic electrode will no longer be sufficient.
      Apart from the properties just discussed, graphite can absorb mechanical
      stresses in the cooled seal after firing without producing cracks, because
      of its layer structure and its resulting lubricating quality. Finally, the
      graphite also contributes to the formation of conductive paths, by virtue
      of its good electrical conductivity.
PAR  The graphite or the other above-named inert materials are added as required
      for the purposed above described in a quantity amounting to 0.5 to 15% by
      volume of the final mixture.
PAR  Under the prolonged stress of sparkplug service, for example 300 hours at
      350.degree.C with 3200 sparks per minute at a peak voltage of 15kV,
      sealing materials of the kind here described show a rise of the resistance
      value from about 2 Ohms to about 6 Ohms. This effect produces practically
      no impairment of the function of the sparkplug under normal conditions.
      This rise in the resistance can, however, be fully suppressed if there is
      provided in the sealing material 0.5 to 5.0% by volume of the powder of a
      low-melting metal, or else the powder of a metal that is capable of
      forming carbides at the firing temperature of the seal, which is between
      750.degree. and 950.degree.C. Zinc or tin come most prominently into
      consideration for addition as a low-melting metal powder, whereas aluminum
      and iron are preferred as carbide forming metals. Aluminum has worked
      particularly well, because it has a low specific gravity and therefore is
      effective even in small proportions by weight, because in these mixtures
      what is important is not the proportion by weight but rather the
      proportion by volume.
PAR  There is evidence that the aluminum reacts partly or fully with the carbon
      black to form aluminum carbide, and that this aluminum carbide component
      produces the electrical stability of the fired seal. The aluminum powder
      must be a very fine grain powder, so that it can be distributed as
      uniformly as possible throughout the material by a mixing or milling
      process. Aluminum powder available under the designation Type A1 1401 from
      Alcoa has been found particularly suitable for these sealing materials.
PAR  The proportion of low-melting metal powder must not exceed particular
      values that are set by the fact that when present in larger amounts, the
      melted metal will be pressed out of the seal during firing, which in the
      case of sparkplug manufacture, for example, would mean that the melted
      metal would flow through, past the central electrode, into the recess at
      the lower end of the device.
PAR  If the aluminum content is kept sufficiently small, the sealing material of
      this invention has the advantage, as compared with conventional
      copper-containing seals, that silver electrodes can be heat-sealed in
      insulators with it, because no corrosive attack of aluminum on the silver
      electrode takes place.
PAR  Two production methods are preferred for the preparation of the sealing
      compounds of this invention:
PAR  1. Glass powder is wetted with an aqueous solution or emulsion of an
      organic binder such as dextrin, methyl cellulose or wax or a mixture of
      some or all of them, and then the remaining components are applied
      successively or simultaneously to the powdered glass, in which case the
      particle size of the powdered glass must be at least ten times that of the
      other powder.
PAR  2. All components of the sealing material are milled together and then are
      mixed with an aqueous solution or emulsion of an organic binder such as
      dextrin, methyl cellulose or wax or a mixture of some or all of them, to
      form a pasty mass, which is then granulated in a granulator to provide a
      material that can be poured for handling and can be packed into a seal.
DRWD
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinal cross section of a sparkplug;
PAR  FIG. 2 is a highly magnified veiw of an agglomerate of the powder mixture
      resulting from the process designated as 1 above, prior to firing, and
PAR  FIG. 3 is a likewise magnified view of a fragment of the seal after firing
      a sealing material made by the process designated as 1 above.
DETD
PAR  The sparkplug 1 shown in FIG. 1 consists of an insulator 3 held gas tight
      in a metal ferrule or housing 2. In the axial bore 4 of the insulator 3 is
      an upper central electrode 6 for the contact side of the device, provided
      with a threaded portion 5 at its lower end and also a lower central
      electrode 7 at the spark side of the device. In the central section of the
      insulator bore 4 is a vitrified insert 8' made of one of the compositions
      further described below, through which the electrode portions 5 and 7 are
      conductively connected together. The ground electrode of the sparkplug is
      indicated with the reference numeral 14.
PAR  The manufacture of the sparkplug 1 follows known procedures, which may
      briefly be described as follows: The lower electrode piece 7 is inserted
      from above into the bore 4 of the sparkplug insulator, until it is seated
      with its bevelled end portion 9 resting on an internal annular shoulder
      10. The thoroughly mixed sealing material 8, for example that produced by
      the process identified as 1 above, having one of the compositions further
      set forth below, is then put into the insulator bore. As the result of the
      method of production above described (method 1), the sealing material
      consists (see FIG. 2) of glass particles 12 with a conductive surface
      layer 13 consisting essentially of carbon black and graphite, with an
      aspect such as shown schematically in FIG. 2.
PAR  While the material is still in the cold state, the central electrode 6 for
      the contact side of the device is introduced and pressed into the cold
      sealing material. The insulator assembly thus prepared is then heated in
      an oven to the necessary firing temperature. Immediately after it is
      removed from the oven, the upper central electrode piece 6 is pressed into
      the sealing material until the shoulder near its upper extremity hits
      against the top of the insulator. The insulator cools down under pressure
      until the temperature falls below the transformation temperature of the
      glass. A vitrified insert 8' surrounding in gas tight fashion both of the
      parts of the central electrode has now been formed. This vitrified insert
      has a characteristic structure shown in FIG. 3 in which the individual
      glass particles 12 have been fused by the firing into a continuous glass
      skeleton 12' which is interpenetrated by a coherent conductive structure
      13' in the form of an irregular three-dimensional web formed out of the
      conductive powder grains 13 of FIG. 2.
PAR  For securing of the head 9 of the electrode 7 on the spark side of the plug
      firmly in the device, which is important because of the particularly high
      thermal stresses, the head 9 is provided with an extension 11 having
      mutually intersecting ribs. The transformation temperature of the glass,
      which has already been mentioned above, should lie clearly above the
      temperatures at which the firing of the seal takes place. If the
      transformation temperature should be lower than the temperature of use,
      the gas-tightness of the seal and the mechanical solidity of the two
      central electrodes pieces 6 and 7 are in danger.
PAR  It is therefore particularly desirable that the glass used in the sealing
      material should have a transformation temperature as high as possible. Its
      softening temperature, moreover, should be low and should extend over a
      broad temperature range, in order to meet the firing requirements as
      simply and economically as possible. It is, moreover, necessary to select
      the properties of the glass component of the sealing material,
      particularly its TEC, so that an average TEC results which approximates as
      closely as possible the TEC of the insulator material.
PAR  Another property of the glass plays an important part when sealing
      materials of this invention are used on a large scale: The obtaining of
      the desired particle size fraction in a pulverizing operation must proceed
      with a sufficiently high yield.
PAR  It has been found that alkali borosilicate glasses and lead borosilicate
      glasses most satisfactorily meet these required conditions. It is also
      possible to use lithium-calcium-borosilicate glasses or
      barium-calcium-borosilicate glasses, which is particularly to be
      recommended if resistor inserts for radio interference prevention are to
      be fired in the sparkplug at the same time as the seals, because in this
      case both heat fusions can be carried out with the same glass. This can
      have particular advantages from both the technical and economic
      standpoint, because then preparation facilities for only one type of glass
      need be provided.
PAR  In the following table examples of glasses are specified which fill the
      requirements above mentioned, and for each example there is given the
      composition, the thermal expansion coefficient, the transformation
      temperature and the usable fusion temperature:
TBL                                    Table I                                 

     __________________________________________________________________________

     Ser. Glass Composition (% by weight) TEC t.sub.g                          

                                                  t.sub.F                      

     No.                                                                       

        SiO.sub.2                                                              

            B.sub.2 O.sub.3                                                    

                Na.sub.2 O                                                     

                     Li.sub.2 O                                                

                         CaO BaO PbO Al.sub.2 O.sub.3                          

                                          10.sup.6                             

     __________________________________________________________________________

     1  63,1                                                                   

            27,8                                                               

                 6,8 --  --  --  --  2,5  4,6 510 830                          

     2  61,0                                                                   

            30,2                                                               

                 8,2 --  --  --  --  0,4  5,2 505 820                          

     3  56,0                                                                   

            33,5                                                               

                 4,4 1,7 3,4 --  --  0,8  5,0 520 820                          

     4  41,3                                                                   

            44,7                                                               

                 0,12                                                          

                     2,4 6,1 --  3,7 0,5  4,1 520 810                          

     5  55,5                                                                   

            38,9                                                               

                 --  5,6 --  --  --  0,1  5,0 500 830                          

     6  51,0                                                                   

            38,0                                                               

                 0,7 3,4 6,9 --  0,1 0,5  4,8 545 820                          

                 0,16                                                          

     7  57,1                                                                   

            21,1                                                               

                +0,48                                                          

                     --  6,9 3,6 0,1 10,3 4,0 635 950                          

                 K.sub.2 O                                                     

     8  59,3                                                                   

            27,5                                                               

                 9,5 --  --  --  --  3,8  6,3 500 810                          

     __________________________________________________________________________

      TEC: Thermal expansion coefficient in .degree.C.sup.-.sup.1              

      t.sub.g :  Transformation temperature in .degree.C                       

      t.sub.F :  Usable temperature of fusion (under the same heat sealing     

      conditions) in .degree.C.                                                

PAR  The glasses with the serial numbers 1 through 7 are suitable for use as the
      sole glass component of the material. Mixtures of powders of different
      glasses can also be used to make the materials of this invention if a
      fused glass of the necessary properties is formed by the interaction or
      combination of these glass varieties with each other. In such case,
      however, no voids or cracks should be produced, for example by escape of
      gases or brought about by thermal overstrains. It is also possible to
      include types of glass with deformability qualities, as for example alkali
      borosilicate glasses with a TEC equal to or greater than 6 .sup..
      10.sup.-.sup.6 /.degree.C. There may be mentioned here, as an example, a
      mixture of equal proportions by weight of the glasses listed in Table I
      with the Ser. No's. 6 and 8, which mixture has the desired properties.
PAR  Of the glass compositions set forth in Table 1, the one with the Ser. No. 6
      has the most favorable processing and application properties. The
      temperature necessary for fusion, 820.degree.C, lies relatively low, while
      the transformation temperature, 545.degree.C, is the highest in the table,
      except for the one with the Ser. No. 7. Since the properties of fused
      seals made with glass No. 6 at temperatures about 100.degree.C lower are
      fully adequate, the glass composition No. 7 is uneconomic for sparkplugs.
PAR  The electrically conducting component of the sealing composition above
      described is, as already mentioned, finally carbon black powder, such as
      lampblack, channel black, or xome other variety of industrially produced
      soot. The thermally deposited carbon powder specifically known as "thermal
      black" works particularly well. That is a relatively coarse particle soot
      with an average primary grain size of 0.1 to 0.5.mu.m, obtained by thermal
      decomposition of hydrocarbons. As compared with pelletized carbon black
      used in the tire industry, even coarse soot is finely divided.
      Particularly good results for the purposes of the present invention are
      obtained with thermally deposited carbon black having a specific surface
      area of approximately 5 to 15m.sup.2 /g, for example the variety known as
      Sterling MT available from Cabot Corporation, which has a specific surface
      of about 7m.sup.2 /g. Carbon black in the form of soot has a very low
      specific gravity (1.8g/cm.sup.3), from which it follows that only small
      proportions by weight of carbon black need to be included in the material.
      Such carbon blacks are industrially produced on a large scale and are
      therefore very cheap.
PAR  On account of the higher specific resistance of carbon black in comparison
      to the metal powders previously used for ceramic to metal seals, the fused
      seals produced in accordance with the invention have basically higher
      resistance values, which may lie between about 0.5 and 50 Ohms, whereas
      with the metal powders above named, if more than 10% by volume thereof is
      provided, resistances from 1 to 200 milliohms are obtainable. In the
      application of the sealing materials of the invention to sparkplugs,
      however, the higher resistance values of the seals containing carbon black
      can be accepted without consequence. Resistance values varying in the
      range above set forth have no significance at all if the sealing material
      of this invention is provided as a contact capsule for each and of the
      central electrode, supplementing a fused resistor insert. In this case the
      same glass can be used both for the contact capsules and for the
      resistance insert between them, as already mentioned above, to obtain the
      result that the resistance insert suffers no substantial fall of the
      resistance value at higher spark voltages, so that the desired
      interference elimination function is likewise not impaired. With the use
      of different glasses, voids and cracks could arise in the transition
      zones, which could produce many undesirable effects.
PAR  Several specific examples of compositions of the sealing material 8 of FIG.
      2 according to the invention are set forth below. The manufacture of the
      sealing materials of these examples was carried out in each case in
      accordance with the process described as 1 above. The composition of the
      glass used is identified by a number referring to Table I above. All
      percentage compositions are by weight.
PAC  EXAMPLE I:
TBL  Glass 6; 0.06 to 0.3 mm particles                                         

                                61.0%                                          

     Carbon black(7 m.sup.2 /g) 14.0%                                          

     Graphite                   11.8%                                          

     Aluminum powder (Type Al 1401)                                            

                                0.9%                                           

     Dextrin, 35% water solution                                               

                                1.3%                                           

     Methyl-Cellulose, 3% water solution                                       

                                11.0%                                          

PAL  Resistance Value Obtained: 1 - 3 Ohms.
PAC  EXAMPLE II:
TBL  Glass 4; 0.06 to 0.3 mm particles                                         

                                61.0%                                          

     Carbon black               14.8%                                          

     Graphite                   11.8%                                          

     Binders as in Example I                                                   

PAL  Resistance Value Obtained: 2 - 4 Ohms.
PAC  EXAMPLE III:
     Glass 6; 0.06 to 0.3 mm particles                                         

                                63.1%                                          

     Carbon black               23.5%                                          

     Aluminum powder            1.1%                                           

     Binders as in Example I                                                   

PAL  Resistance Value Obtained: 5 - 7 Ohms.
PAC  EXAMPLE IV:
PAR  Composition as in Example I, except that Glass 2 is used
PAL  Resistance Value Obtained: 1.5 - 3 Ohms.
PAC  EXAMPLE V:
PAR  Composition as in Example I, except that the Glass is a mixture of two
      varieties of glass:
     Glass 6; 0.06 to 0.3 mm particles                                         

                                30.5%                                          

     Glass 8; 0.06 to 0.3 mm particles                                         

                                30.5%                                          

PAL  Resistance Value Obtained: 1 - 2 Ohms.
PAC  EXAMPLE VI:
TBL  Glass 6; 0.06 to 0.3 mm particles                                         

                                60.6%                                          

     Carbon black               11.7%                                          

     Graphite                   11.7%                                          

     Aluminum powder            3.6%                                           

     Binders as in Example I                                                   

PAL  Resistance Value Obtained: 9 - 18 Ohms.
PAC  EXAMPLE VII:
     Glass 6; 0.06 to 0.3 mm  50.6%                                            

     Carbon black             11.7%                                            

     Zirconium dioxide        24.6%                                            

     Binders as in Example I                                                   

PAL  Resistance Value Obtained: 15 - 25 Ohms.
PAR  As may be observed from the above examples, the resistance values that can
      be obtained lie mostly below 10 Ohms, while in no case is the value of 50
      Ohms exceeded.
PAR  Although the invention has been described with respect to particular
      examples and embodiments, it is to be understood that variations and
      modifications may be made within the inventive concept.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrically conducting material for ceramic to metal seals,
      particularly suitable for spark plugs, said material being composed of
      glass granules and of a conducting powder composed principally of carbon
      black in its powder form and containing no substantial amount of a metal
      other than not more than 5% by volume of a powdered metal capable of
      forming a carbide between 750.degree. and 950.degree.C and other than not
      more than 5% by volume of a metal melting at a temperature not higher than
      the melting point of zinc (419.degree.C), said material being mixed
      together and sintered in place and exhibiting, with reference to a
      cylindrical body of about 4.5 mm diameter and about 4.5 mm length, a
      resistance between 0.5 and 50 Ohms.
NUM  2.
PAR  2. A ceramic to metal seal material as defined in claim 1 in which the
      conducting material is thermal black.
NUM  3.
PAR  3. A ceramic to metal seal material as defined in claim 2 in which said
      thermal black has a specific surface of 5 to 15 square meters per gram.
NUM  4.
PAR  4. A ceramic to metal seal material as defined in claim 3 in which the
      material as prepared contains carbon black in a proportion of between 10
      and 40% by volume.
NUM  5.
PAR  5. A ceramic to metal seal material as defined in claim 4 in which the
      glass component has a thermal expansion coefficient equal to or smaller
      than 6 .times. 10.sup.-.sup.6 /.degree.C.
NUM  6.
PAR  6. A ceramic to metal seal material as defined in claim 5 in which the
      glass component is a borosilicate glass with or without a minor content of
      oxides of one or more of the metals in the group consisting of lithium,
      calcium and barium.
NUM  7.
PAR  7. A ceramic to metal seal material as defined in claim 6 in which there is
      also present an additional material that is inert with respect to glass
      and to carbon black and cooperates with the glass and the carbon black to
      provide an average thermal expansion coefficient for the material, which
      approximates that of the surrounding ceramic.
NUM  8.
PAR  8. A ceramic to metal seal material as defined in claim 7 in which said
      inert component is a material selected from the group consisting of
      corundum, mullite, zirconium dioxide, silicon carbide, titanium carbide,
      boron nitride, titanium nitride and zirconium nitride.
NUM  9.
PAR  9. A ceramic to metal seal material as defined in claim 7 suited for use
      with high alumina ceramic materials, which material contains graphite as
      part of its inert component.
NUM  10.
PAR  10. A ceramic to metal seal material as defined in claim 8 in which the
      inert component is present in a proportion between 0.5 and 15% by volume.
NUM  11.
PAR  11. A ceramic to metal seal material as defined in claim 1 in which, in
      order to prevent a rise of resistance under prolonged stress in spark
      service, there is included as a component the powder of a metal having a
      melting point not higher than the melting point of zinc, in a proportion
      between 0.5 and 5.0% by volume.
NUM  12.
PAR  12. A ceramic to metal seal material as defined in claim 1 in which there
      is provided for prevention of rise of resistance by prolonged stress in
      spark service, a component consisting of the powder of a metal capable of
      forming a carbide between 750.degree. and 950.degree.C, said metal powder
      being incorporated in the material in a proportion between 0.5 and 5.0% by
      volume.
NUM  13.
PAR  13. A process for preparing a sealing material for ceramic to metal seals
      comprising the steps of:
PA1  wetting glass powder with a water solution or emulsion of an organic binder
      selected from the group consisting of dextrin, methyl cellulose, wax and
      combinations of two or more of them, and then
PA1  coating the particles of said glass powder over a substantial part of their
      respective surfaces with smaller particles of carbon black no greater than
      one-tenth the size of the particles of the glass powder by mixing the
      wetted glass particles with a finely divided material of which at least
      85% consists of the aforesaid carbon black particles and the remainder
      consists of particles of non-metallic inert material selected from the
      group consisting of corundum, mullite, zirconium dioxide, silicon carbide,
      titanium carbide, boron nitride, titanium nitride and zirconium nitride,
      the particles of said inert material being of a size likewise no greater
      than one-tenth the size of the particles of the glass powder.
NUM  14.
PAR  14. A process as defined in claim 13 in which the finely divided material
      with which the glass particles are mixed constitutes not more than 40% of
      the mixture by volume and contains between 0.5 and 15% by volume of said
      inert nonmetallic material.
NUM  15.
PAR  15. A process for preparing a sealing material for ceramic to metal seals
      comprising the steps of:
PA1  wetting glass powder with a water solution or emulsion of an organic binder
      selected from the group consisting of dextrin, methyl cellulose, wax and
      combinations of two or more of them, and then
PA1  coating the particles of said glass powder over a substantial part of their
      respective surfaces with smaller particles of carbon black no greater than
      one-tenth the size of the particles of the glass powder by mixing the
      wetted glass particles with a finely divided material constituting between
      10 and 40% by volume of the complete mixture, said finely divided material
      consisting of at least 85% by volume of the said carbon black particles,
      between 0.5 and 5% by volume of the mixture of a component for preventing
      increase of resistance in sparkplug service, selected from the group
      consisting of powdered zinc, powdered tin, powdered aluminum and powdered
      iron, and the remainder consisting of particles of nonmetallic inert
      material selected from the group consisting of graphite, corundum,
      mullite, zirconium dioxide, silicon carbide, titanium carbide, boron
      nitride, titanium nitride and zirconium nitride, all the particles of said
      finely divided material being of a size no greater than one-tenth the size
      of the particles of the glass powder.
NUM  16.
PAR  16. A ceramic to metal seal as defined in claim 11 in which said metal
      having a melting point not higher than the melting point of zinc is a
      metal selected from the group consisting of zinc and tin.
NUM  17.
PAR  17. A ceramic to metal seal as defined in claim 12 in which said metal
      capable of forming a carbide is a metal selected from the group consisting
      of aluminum and iron.
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ABST
PAL  Solid diffusion sources for phosphorus doping comprise from 5 to 95 percent
      SiP.sub.2 O.sub.7 with an inert phase of ZrP.sub.2 O.sub.7. While such
      materials may be hot-pressed, it is preferred to cold-press and sinter to
      obtain diffusion source wafers of the appropriate dimensions and porosity.
      A preferred composition comprises from 25 to 75 weight percent SiP.sub.2
      O.sub.7 the balance ZrP.sub.2 O.sub.7. Fabrication parameters range from
      about 4000 psi to about 20,000 psi pressure during cold-pressing, and from
      about 1080.degree.C to about 1190.degree.C firing temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the manufacture of semiconductor devices such as microwave transistors
      and silicon integrated circuits, shallow phosphorus diffusion in
      semiconductor silicon has become important. The characterization of
      semiconductor bodies is influenced substantially by diffusion profiles,
      especially from the emitter of a n-p-n structure, and the profiles are
      further dependent upon the diffusion source used. Up to the present time,
      liquid diffusion sources have been chiefly utilized in the diffusion
      process since satisfactory solid phosphorus diffusion sources have been
      unavailable. The liquid sources which have been employed are compounds
      such as phosphine (PH.sub.3), phosphorus pentoxide (P.sub.2 O.sub.5),
      phosphorus oxychloride (POC1.sub.3) and phosphorus chlorides (PC1.sub.3
      and PC1.sub.5). Of these liquid sources, POC1.sub.3 and PH.sub.3 have most
      frequently been used. These five phosphorus compounds are all low
      melting-point substances and are in liquid or gas phases at temperatures
      below 650.degree.C.
PAR  Conventional doping methods for phosphorus diffusion as performed with
      liquid diffusion sources are briefly, as follows. One of the compounds
      listed above is heated at a low temperature, below 600.degree.C, and the
      phosphorus gas and/or phosphorus compound gas thus developed is introduced
      in a doping chamber kept at a high temperature ranging from 850.degree.C
      to 1200.degree.C. In this chamber the silicon wafers to be doped are
      arranged perpendicular to the phosphorus gas flow. In this method, the
      carrier concentration of phosphorus, p-n junction depth, and other
      electronic properties of the doped wafer are primarily influenced by the
      reaction condition between phosphorus gas and the solid silicon wafer.
      This reaction is further influenced by the flow rate of gas. When a
      uniform diffusion layer is required, a uniform flow of gas is necessary,
      which is quite difficult to establish. As a result, uniform diffusion of
      phosphorus in terms of each silicon wafer is difficult to control. This is
      one of the shortcomings of conventional phosphorus doping methods using
      liquid diffusion sources. Another deficiency of the liquid diffusion
      source method is inconvenience due to the dangerous nature of the liquid
      sources. Phosphine, phosphorus oxychloride and many other phosphorus
      compounds are toxic, corrosive, flammable or explosive.
PAR  While liquid diffusion sources continue to be used for the treatment or
      doping of semiconductor materials, the disadvantages of irregular
      diffusion control and high toxicity must be overcome to give a
      satisfactory diffusion procedure. An effective phosphorus diffusion or
      doping procedure for semiconductor silicon should provide: (1) a shallow
      phosphorus doping in silicon; (2) the doping procedure should not be
      complicated and should have a high reproducibility and reliability; (3)
      the doping procedure should be safe, even if personnel are exposed to
      exhaust gas during doping; (4) the diffusion sources should be
      economically reusable for many doping runs; and (5) a solid form of dopant
      source material should be utilized for greater safety, ease of handling,
      and convenience in use.
PAR  A number of solid diffusion sources have been developed in the past.
      Examples of such sources are indicated by U.S. Pat. No. 3,540,951, issued
      Nov. 17, 1970; U.S. Pat. No. 3,473,980, issued Oct. 21, 1969; U.S. Pat.
      No. 3,849,344, issued Nov. 19, 1974; and U.S. Pat. No. 3,852,086, issued
      Dec. 3, 1974.
PAR  In addition, prior doping techniques have included application of a doping
      or donor composition directly to the surface of a semiconducting material.
      Examples of these techniques include U.S. Pat. No. 3,514,348, issued May
      26, 1970; U.S. Pat. No. 3,630,793, issued Dec. 28, 1971; U.S. Pat. No.
      3,354,005, issued Nov. 21, 1967; and U.S. Pat. No. 2,794,846, issued June
      4, 1957. Such techniques have suffered from a number of faults, including
      non-uniformity of doping, and difficulty of control of dopant
      concentrations and junction depth.
PAR  The method of the present invention provides solid phosphorus diffusion
      sources, which are non-toxic, convenient, uniform, and which may be used
      in a standard dopant diffusion apparatus to give precise control of the
      diffusion treatment of semiconductor materials.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method for the preparation of a semiconductor
      doping composition which comprises silicon pyrophosphate, SiP.sub.2
      O.sub.7, and an inert refractory additive, specifically zirconium
      pyrophosphate, ZrP.sub.2 O.sub.7. The composition is preferably formed
      into suitable solid diffusion sources by a cold-pressing technique,
      followed by sintering. Pressures of from 4,000 to 20,000 psi are employed
      during cold-pressing, and temperatures of from 1080.degree.C to about
      1190.degree.C are suitable for sintering, dependent upon composition and
      desired end usage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents a partial side view of a doping furnace.
PAR  FIGS. 2-4 illustrate graphically results of doping experiments conducted
      with diffusion sources prepared in accordance with this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The solid phosphorus containing diffusion sources of this invention are
      prepared in the form of thin circular disks by cold-pressing a blend of
      finely divided particles of SiP.sub.2 O.sub.7 and ZrP.sub.2 O.sub.7, and
      sintering the thus formed green body at a suitably elevated temperature.
      The body comprises essentially pure SiP.sub.2 O.sub.7 with an inert phase
      of essentially pure ZrP.sub.2 O.sub.7. It has been found quite necessary
      to minimize any presence of the compound Si.sub.2 P.sub.2 O.sub.9
      [(SiO.sub.2).sub.2.P.sub.2 O.sub.5 ] to obtain a porous body having the
      necessary structural integrity and sourcing capability.
PAR  In the past, phosphorus doping sources have been prepared using SiP.sub.2
      O.sub.7 with or without Si.sub.2 P.sub.2 O.sub.9 with a high melting
      additive material, such as zirconium oxide, which has a melting point in
      excess of 2000.degree.C. Such materials were prepared in accordance with
      the teachings of U.S. Pat. No. 3,852,086, by hot-pressing a slug of
      blended particles and cutting, such as with a diamond saw, to the desired
      thickness. Such a method has a number of obvious disadvantages, such as
      high material loss rates during machining, difficult processing, and high
      cost. Other problems associated with such methods include expansion of the
      body during hot-pressing, which occasionally results in explosions;
      non-homogeneous products, having a P.sub.2 O.sub.5 rich center and
      depleted outer surface; thermal instability, as indicated by warping,
      thermal cracking, and blistering during doping; and non-uniform phosphorus
      transfer during doping. These problems are avoided by the avoidance of
      hot-pressing as a forming technique and use of compatible refractory
      filler or skeleton material to provide structural strength, although the
      composition of the present invention is suitable for hot-pressing. If
      desired, one may utilize the techniques set forth in U.S. Pat. No.
      3,852,086, incorporated herein by this reference, to obtain hot-pressed
      solid diffusion sources consisting essentially of SiP.sub.2 O.sub.7 and
      ZrP.sub.2 O.sub.7. When utilizing the hot-pressing technique, however, a
      body of less than theoretical density should be produced, so as to yield a
      porous wafer, as hereinafter set forth.
PAR  Phosphorus doping or transfer results from the decomposition of SiP.sub.2
      O.sub.7 at elevated temperatures, in accordance with the formula
EQU  SiP.sub.2 O.sub.7 .fwdarw. SiO.sub.2 + P.sub.2 O.sub.5.
PAL  Such decomposition commences at a temperature of 700.degree.C and increases
      as temperature increases. Therefore, hot-pressing temperatures in excess
      of 1100.degree.C can result in rapid decomposition of the silicon
      pyrophosphate. This decomposition is desirable during doping, but
      undesirable during formation for the reasons above set forth, especially
      in the presence of a filler material such as ZrO.sub.2, which can react
      with P.sub.2 O.sub.5 to form ZrP.sub.2 O.sub.7, thus depleting the source
      material and causing an undesired volume change.
PAR  The advantages of cold-pressing and sintering over hot-pressing are many,
      including a more uniform density from center to edge of doping wafer;
      controlled porosity for P.sub.2 O.sub.5 escape during doping; a much less
      expensive forming process in terms of both capital and operating costs;
      greater material utilization through elimination of cutting loss; and
      closer dimensional control.
PAR  The present process simulates a spray dried powder of the desired
      proportions. It has been found that the composition range of silicon
      pyrophosphate relative to zirconium pyrophosphate may vary widely. While
      100 percent silicon pyrophosphate may be used for doping at relatively low
      temperatures (e.g., 700.degree. to 900.degree.C) this composition is not
      satisfactory at higher temperatures. First, pure silicon pyrophosphate
      softens at a relatively low temperature, thus losing structural strength
      at elevated temperatures. Also, the P.sub.2 O.sub.5 generation from 100
      percent silicon pyrophosphate is relatively rapid, and may cause problems
      of quantitative control. Accordingly, from 5 to 95 weight percent of
      zirconium pyrophosphate is used with the silicon pyrophosphate. This
      additive material serves both as a diluting influence upon P.sub.2 O.sub.5
      generation, and as a structural member at doping temperatures. While
      silicon pyrophosphate may be present in less than 5 percent proportion,
      such proportions are economically disadvantageous.
PAR  After careful evaluation of many possible additive materials, it has been
      determined that ZrP.sub.2 O.sub.7 is particularly suitable for use with
      SiP.sub.2 O.sub.7 in a cold-pressing technique. The principle attributes
      of ZrP.sub.2 O.sub.7 include non-reactivity with P.sub.2 O.sub.5 during
      decomposition of SiP.sub.2 O.sub.7; resistance to decomposition to
      ZrO.sub.2 and P.sub.2 O.sub.5 through temperatures up to about
      1400.degree.C; provision of thermal stability to the cold-pressed and
      sintered wafer; and cold-pressing capability.
PAR  Through investigation and experimentation, it has been established that the
      presence of Si.sub.2 P.sub.2 O.sub.9 [(SiO.sub.2).sub.2.P.sub.2 O.sub.5 ]
      in the doping wafer results in lower softening points and inferior thermal
      behavior. This compound manifests itself as a pink coloration when fired
      to about 1100.degree.C, and may be analytically detected by x-ray
      diffraction. It has been found that SiP.sub.2 O.sub.7 may be prepared
      without the formation of undesired Si.sub.2 P.sub.2 O.sub.9 by providing a
      rich source of P.sub.2 O.sub.5 during the reaction with the SiO.sub.2, and
      by using a rapid rate of temperature increase to achieve the reaction.
PAR  As indicated, blends of the finely powdered SiP.sub.2 O.sub.7 and ZrP.sub.2
      O.sub.7 are formed in the desired proportions. Suitable proportions range
      from about 5 percent SiP.sub.2 O.sub.7 and 95 percent ZrP.sub.2 O.sub.7 to
      about 95 percent SiP.sub.2 O.sub.7 and 5 percent ZrP.sub.2 O.sub.7. A
      preferred range of proportions is from about 75 percent SiP.sub.2 O.sub.7
      /25 percent ZrP.sub.2 O.sub.7 to about 25 percent SiP.sub.2 O.sub.7 /75
      percent ZrP.sub.2 O.sub.7. The blended materials are then mixed with a
      suitable organic resin binding agent to lend structural strength to the
      green wafer.
PAR  The blended powders are placed in a die or cavity for pressing, the
      diameter of the cavity being essentially that of the desired finished
      wafer. Sufficient powder is used to yield the wafer thickness for the
      pressure utilized and desired density. It is noted that green density is
      directly proportional to applied pressure, and can be controlled thereby.
      Suitable pressures may range from 4,000 to 20,000 psi, with about 10,000
      psi to 12,000 psi being the preferred pressure.
PAR  The cold-pressed wafer is cold-pressed to approximately the desired density
      and thickness, removed from the press, and then fired. The firing
      temperature may be varied somewhat, depending upon the specific
      composition, and may vary from about 1080.degree.C to about 1190.degree.C.
      For example, a wafer consisting of 100 percent SiP.sub.2 O.sub.7 may be
      fired at from about 1080.degree.C to about 1120.degree.C, while a
      composition of 50 percent SiP.sub.2 O.sub.7 to 50 percent ZrP.sub.2
      O.sub.7 may be fired at from 1090.degree.C to 1190.degree.C. Since
      SiP.sub.2 O.sub.7 melts at about 1190.degree.C, this temperature should
      not be exceeded. A temperature below 1080.degree.C is to be avoided, since
      little or no bonding occurs in this temperature range. Conversely,
      temperatures above 1200.degree.C should be avoided due to excessive
      shrinkage and warping, as well as depletion of P.sub.2 O.sub.5 from the
      wafer. The ZrP.sub.2 O.sub.7 does not have a liquid phase at doping
      temperatures (700.degree. to 1200.degree.C) and therefore serves to
      strengthen the wafer at elevated temperatures. Sintering times may range
      from about 1 hour up to 6 or more hours, and may be carried out under an
      inert atmosphere, such as argon or nitrogen. Air or vacuum may also be
      used. The parts may be fired in a conventional lab kiln, with controlled
      heating and cooling rates. The parts may be heated to the firing
      temperature over a period of from one half to three hours, and soaked at
      the firing temperature for fifteen minutes or longer. After soaking, the
      furnace is allowed to cool to room temperature.
PAR  As indicated, a temporary binder is utilized to provide additional strength
      to the green body. Such binders should be easily removed from the green
      body by volatilization during firing. This also helps to provide added
      porosity in the fired body, which is considered beneficial. It is known
      that in P.sub.2 O.sub.5 source materials of this nature, P.sub.2 O.sub.5
      vapor is generated uniformly throughout the wafer. Therefore,
      interconnected porosity or channels for the passage of P.sub.2 O.sub.5
      vapor are necessary to prevent loss of structural integrity.
PAR  A variety of organic binders may be utilized, such as polyvinyl alcohol,
      starch, vinyl butyrate, methyl cellulose, and cyanoethylated cellulose.
      Still other suitable organic binder materials will suggest themselves to
      persons of ordinary skill in the art.
PAR  A suitable solvent may be employed in conjunction with the organic binder,
      such as acetone, acetonitride, acrylonitride, butyrolacetone,
      dimethylformamide, nitromethane, tetrahydrofuran, ethyl acetate, butyl
      acetate, etc. Still others will suggest themselves to persons of ordinary
      skill in the art.
PAR  The invention is further illustrated by the following Examples, although it
      will be understood that the Examples are intended merely for purposes of
      illustration and are not intended to limit the scope of the invention.
PAC  EXAMPLE 1
PAR  A dry mixture of 50 grams of SiP.sub.2 O.sub.7 and 50 grams of ZrP.sub.2
      O.sub.7 is blended with 10 grams of a 5 percent polyvinyl alcohol solution
      (available from E. I. duPont Inc., under the Trademark Elvanol 51.05) and
      0.6 grams of polyethylene glycol (available from Union Carbide under the
      Trademark Carbowax 200). The mixture is blended well, and dried at about
      82.degree.C. It is then screened through a 40 mesh U.S.S. (420 micrometer)
      wire screen.
PAR  A portion comprising 2.29 grams of the dried and screened material is
      placed into a 1 1/2 inch round die, and pressed using 11,800 psi force.
      The pressed piece has a thickness of approximately 0.038 inches upon
      release. The part is then fired in a lab kiln, in accordance with the
      following schedule:
     Temperature         Time                                                  

     ______________________________________                                    

     Room Temp. to 1110.degree.C                                               

                        3 hours                                                

     Soak at 1100.degree.C                                                     

                        1/2 hours                                              

     1110.degree.C to 1038.degree.C                                            

                        8 minutes                                              

     1038.degree.C to 816.degree.C                                             

                        10 minutes (door                                       

                          open)                                                

     Wafers Removed                                                            

     ______________________________________                                    

PAR  Typical results obtained are as follows:
TBL                TABLE I                                                     

     ______________________________________                                    

     Typical Diffusion Source Wafers                                           

     ______________________________________                                    

             Green      Fired                                                  

     Thickness 0.038 inch   0.038 inch                                         

     Diameter  1.507 inch   1.503 inch                                         

     Weight    2.287 gram   2.069 gram                                         

                            (9.53% weight loss)                                

     ______________________________________                                    

PAR  Samples made in accordance with this technique are subjected to doping
      analysis, and produce uniform doping as outlined in the following Example.
PAC  EXAMPLE 2
PAR  The results of phosphorus doping using solid diffusion sources prepared by
      the method of Example 1 are shown in FIGS. 2-4. The sheet resistance,
      junction depth, and glass transfer are measured as a function of time and
      temperature to demonstrate doping capability.
PAR  The diffusion experiments are conducted using 1 1/2 inch diameter silicon
      epitaxial wafers which were boron doped and have a resistivity of 1.5 to
      2.2 ohm-cm and a film thickness of 8 to 12 microns. The diffusions are
      conducted in a standard 60 mm inside diameter quartz tube furnace,
      available from the Thermco Company under the model designation Thermco
      Brute. A flow of 0.5 liters per minute of nitrogen is established. The
      positioning of the individual wafers is as illustrated in FIG. 1. As
      shown, the diffusion carrier has a phosphorus source wafer in every other
      slot, with two silicon wafers placed back to back spaced 125 mils (3.2 mm)
      from the source wafers. This type of source positioning within a tube
      provides a one-to-one correspondence with each silicon wafer. The active
      component during sourcing is P.sub.2 O.sub.5, which is transported to the
      silicon wafer by concentration gradient diffusion. The decomposition
      reaction is as follows:
EQU  SiP.sub.2 O.sub.7 .fwdarw. P.sub.2 O.sub.5 + SiO.sub.2.
PAL  At the silicon wafer surface, a portion of the transported P.sub.2 O.sub.5
      reacts thusly:
EQU  2 P.sub.2 O.sub.5 + 5 Si .fwdarw. 5 SiO.sub.2 + 4P.
PAL  The phosphorus thus formed at the surface diffuses into the silicon wafer,
      while the by-product silica combines with unreacted P.sub.2 O.sub.5,
      forming the glass transfer layer.
PAR  The source wafers used are 35 mils thick and 1 1/2 inches in diameter. No
      chemical cleaning is performed, but prior to diffusion, the source wafers
      are baked at 345.degree.C for 30 minutes in nitrogen and annealed for 15
      minutes in nitrogen at 1100.degree.C.
PAR  The sheet resistance is measured using a four-point probe consisting of a
      linear array with 100 mm spacing and a 200 gram load. All wafers are
      deglazed using a standard buffered HF solution to remove the P.sub.2
      O.sub.5 surface layer. FIG. 2 illustrates sheet resistances obtained as a
      function of time for four different doping temperatures, from 950.degree.C
      to 1100.degree.C in 50.degree.C steps. These results compare favorably
      with liquid sources such as POC1.sub.3 and PBr.sub.3.
PAR  Junction depth measurements are made using standard angle lapping and
      straining techniques, using a sodium light to produce interference
      patterns and counting the fringes to establish depth. FIG. 3 shows
      junction depth in sodium fringes as a function of time and temperature.
      Using the sheet resistance and junction depth, a surface concentration may
      be calculated. The surface concentration thus calculated compares
      favorably with the solid solubility limit of phosphorus in silicon at
      these temperatures.
PAR  FIG. 4 illustrates the transfer of P.sub.2 O.sub.5 in Angstroms as a
      function of time over the range 950.degree.C to 1100.degree.C. The silicon
      test wafers have 4,800 Angstroms of thermal SiO.sub.2, on top of which the
      P.sub.2 O.sub.5 is deposited during doping. The total glass layer
      thickness is then measured, and 4,800 Angstroms subtracted to obtain the
      actual P.sub.2 O.sub.5 glass transfer. Thickness measurements are made
      using UV-Visible reflectance techniques.
PAC  EXAMPLE 3
PAR  Solid diffusion sources are prepared in accordance with Example 1, using
      varying SiP.sub.2 O.sub.7 concentrations. Phosphorus doping tests using
      these sources are conducted in accordance with Example 2 at a doping
      temperature of 1100.degree.C, for one hour. Results of these tests are
      illustrated in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     Results of Doping Tests Using SiP.sub.2 O.sub.7 --ZrP.sub.2 O.sub.7       

     Sources                                                                   

     ______________________________________                                    

     Composition                                                               

              (Wt.%)   Sheet     Junction                                      

                                         Glass                                 

     SiP.sub.2 O.sub.7                                                         

              ZrP.sub.2 O.sub.7                                                

                       Resistance                                              

                                 depth   Transfer                              

                       (ohms/    (Microns)                                     

                                         (Angstrom                             

                       square)           Units)                                

     ______________________________________                                    

     50       50       2.0       2.6     2400                                  

     25       75       2.0       2.6     2400                                  

     75       25       2.0       2.6     2400                                  

     ______________________________________                                    

PAR  While the invention has been described herein with reference to certain
      preferred embodiments, it is to be understood that various changes and
      modifications may be made by those skilled in the art without departing
      from the concept of the invention, the scope of which is to be determined
      by reference to the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A solid phosphorus containing source body for semiconductor diffusion
      doping, said body consisting essentially of from about 5 to about 95
      percent by weight of silicon pyrophosphate and from about 95 to about 5
      percent by weight of zirconium pyrophosphate.
NUM  2.
PAR  2. A solid phosphorus body as set forth in claim 1 consisting essentially
      of from about 25 to about 75 percent by weight silicon pyrophosphate and
      from about 25 to about 75 percent by weight zirconium pyrophosphate.
NUM  3.
PAR  3. A method for the formation of solid phosphorus diffusion bodies
      comprising preparing a blend consisting essentially of from 5 to 95 weight
      percent SiP.sub.2 O.sub.7 with from 95 to 5 weight percent ZrP.sub.2
      O.sub.7, cold-pressing a portion of said blend to thereby form a shaped
      unfired body, and sintering said body at a temperature of from about
      1080.degree.C to about 1200.degree.C.
NUM  4.
PAR  4. A method as set forth in claim 3 wherein said cold-pressing is conducted
      at a pressure of from about 4,000 psi to about 20,000 psi.
NUM  5.
PAR  5. A method as set forth in claim 4 wherein said blend consists essentially
      of SiP.sub.2 O .sub.7 and ZrP.sub.2 O.sub.7 in 1:1 proportions.
NUM  6.
PAR  6. A method as set forth in claim 5 wherein said sintering is conducted at
      a temperature of from about 1090.degree.C to about 1120.degree.C, and said
      cold-pressing is conducted at a pressure of from about 10,000 psi to about
      12,000 psi.
NUM  7.
PAR  7. A method for preparing phosphorus dopants comprising SiP.sub.2 O.sub.7,
      said method comprising the steps of:
PA1  a. forming a blend of from about 5 to about 95 weight percent SiP.sub.2
      O.sub.7, the balance ZrP.sub.2 O.sub.7 ;
PA1  b. adding to said blend a volatilizable organic binder;
PA1  c. pressing said blend containing said binder at a pressure of from 4,000
      psi to 20,000 psi to form a wafer of the desired dimensions; and
PA1  d. firing said wafer at an elevated temperature to volatilize said binder
      and form a porous wafer consisting essentially of SiP.sub.2 O.sub.7 and
      ZrP.sub.2 O.sub.7.
NUM  8.
PAR  8. A method as set forth in claim 7 wherein said SiP.sub.2 O.sub.7 is
      essentially free of any Si.sub.2 P.sub.2 O.sub.9.
NUM  9.
PAR  9. A method as set forth in claim 8 wherein said pressing is at a pressure
      of from about 10,000 psi to 12,000 psi and said firing temperature is from
      about 1080.degree.C to about 1190.degree.C.
NUM  10.
PAR  10. A method as set forth in claim 9 wherein the initial blend consists of
      from 25 to 75 weight percent SiP.sub.2 O.sub.7, the balance being
      ZrP.sub.2 O.sub.7.
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ABST
PAL  Alkane vicinal alkyl ether monohydroxyl alcohols are intermediates for
      production of alkane vicinal alkyl ether sulfates which are effective
      detergent surfactants.
PARN
PAR  This is a division, of application Ser. No. 197,504, filed Nov. 10, 1971,
      which is a continuation-in-part of application Ser. No. 710,644, filed
      Mar. 5, 1968, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel surfactant intermediates, surfactants and
      surfactant compositions and to detergent formulations containing such
      surfactants and compositions.
PAR  As is well known in the detergent industry, surfactants are compounds or
      compositions, which in solution, are effective to remove dirt, soil,
      stains, etc., from fabrics and various other materials. Such surfactants
      can be used alone or, more commonly, in combination with various
      adjuvants, re-enforcers, supplements, augmentors, potentiators and/or
      benefactors usually referred to as detergency builders which in
      combination with the surfactant provide formulations of enhanced cleansing
      ability.
PAR  In order to avoid contamination of natural water supplies, it is desirable
      that a surfactant be biodegradable. Further, from the standpoint of
      economy and, in some instances, ecological consideration, it is desirable
      that a surfactant exhibit effective cleaning power in combination with
      relatively small amounts of builder components. It has been suggested that
      under some conditions phosphates may contribute to acceleration of
      eutrophication of bodies of water. Accordingly, in geographical regions
      where eutrophication problems exist, it may be desirable to utilize
      non-phosphate builders or builders of reduced phosphate content and
      suitable surfactants should be effectively "built" by such builders.
PAR  Although many surfactants are known, many do not provide effective cleaning
      function in the absence of high levels of phosphate containing builders,
      are non-biodegradable, or are not economically producible. It is apparent,
      therefore, that the provision of novel surfactants possessing desired
      commercial requisites discussed above fulfills a recognized need in the
      detergent industry.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide novel
      surfactant intermediates and novel surfactants. A further object of the
      invention is to provide novel surfactants which are biodegradable and
      exhibit good detergency characteristics even when combined with only
      relatively low amounts of detergency builders or with non-phosphate
      builders or builders of reduced phosphate content. Still another object of
      the invention is to provide novel detergent formulations based on such
      surfactants.
PAR  The intermediate compounds of this invention are alkane vicinal alkyl ether
      monohydroxy alcohols which are sulfated to form effective surfactants.
PAR  The invention will be better understood from the following description of
      the preferred embodiments.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The surfactant intermediates and surfactants of this invention are
      represented by the formula
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are hydrogen or primary linear alkyl groups at
      least one of R.sub.1 or R.sub.2 being an alkyl group. R.sub.3 is an alkyl
      group containing from 1 to 4, preferably 1, carbon atoms and the total
      number of carbon atoms in R.sub.1, R.sub.2 and R.sub.3 is from 13-22.
PAR  X is either hydrogen, in which case the compound is a surfactant
      intermediate, or OSO.sub.3 M (M being an alkali metal, preferably sodium
      or ammonium) in which case the compound is a surfactant useful in
      cleansing applications including liquid detergents and dishwashing
      compositions, heavy duty laundry detergents, hard surface cleaning
      compositions and the like. The sulfonate compounds are also effective
      defloculating agents.
PAR  The vicinal positioning of the hydroxy or sulfonate and alkyl ether
      substituents and the limitations specified with respect to the carbon atom
      content of R.sub.1, R.sub.2 and R.sub.3 are essential to provide desired
      detergency.
PAR  The vicinally positioned substituents can occupy either terminal (1,2)
      carbon atoms of the alkane backbone or more centrally located carbon
      atoms. Normally, a mixture of isomers will be present.
PAR  The alkane vicinal alkyl ether monohydroxy alcohol surfactant intermediates
      can be prepared by reacting an epoxide with an appropriate monohydroxy
      alcohol in the presence of an acidic catalyst, preferably sulfuric acid in
      accordance with the following reaction:
      ##EQU2##
      wherein R.sub.1, R.sub.2 and R.sub.3 are as previously defined.
PAR  The product is converted to the corresponding sulfonic acid by conventional
      procedures, e.g., reaction with H.sub.2 SO.sub.4, and neutralized with an
      alkali metal base or ammonia to form the detergent sulfate.
PAR  Particularly preferred surfactant intermediates and compositions of this
      invention are mixtures of such compounds wherein R.sub.3 is methyl,
      R.sub.1 and R.sub.2 are hydrogen or primary linear alkyl groups containing
      from 1 to 15 carbon atoms, at least one of R.sub.1 or R.sub.2 being an
      alkyl group and the total number of carbon atoms in R.sub.1 and R.sub.2
      being 14 to 15.
PAR  These preferred mixtures are further particularly characterized in that the
      weight ratio of compounds in which the number of carbon atoms in R.sub.1
      and R.sub.2 is 14 to compounds in which the number of carbon atoms in
      R.sub.1 and R.sub.2 is 15 is from 1:4 to 3:2.
PAR  It is unexpectedly found that in certain applications, e.g., low
      temperature laundry operations, that the sulfate forms of such mixtures
      provides performance superior to either component of the mixture alone.
PAR  In view of the difficulty of economically obtaining raw materials strictly
      limited to the desired chain length (16-17 carbon atom alkane "backbone")
      these preferred compositions will normally contain minor amounts of higher
      and lower homologs. Preferably, at least 75%, most preferably at least 90%
      of the compounds will be of the chain length specified (R.sub.1 and
      R.sub.2 containing a total of 14 or 15 carbon atoms).
PAR  The novel detergent formulations of this invention comprise the
      above-described surfactants in combination with a detergency builder.
PAR  The amount of surfactant present in the detergent formulations, can vary
      depending on the end product performance desired. However, it is preferred
      that the range of detergent active to builder weight ratio be from about
      1:10 to about 10:1, and more preferably from about 1:7 to about 1:1. The
      detergent formulation should contain at least 2% by weight of the
      surfactant of this invention.
PAR  Any of the well known detergency builders employed in combination with
      conventional surfactants to provide enhanced cleansing performance can be
      utilized. For example, alkaline water-soluble inorganic salts such as
      trisodium phosphate and tripotassium phosphate; dialkali metal hydrogen
      phosphates such as disodium hydrogen phosphate and dipotassium hydrogen
      phosphate; the alkaline water-soluble molecularly dehydrated alkali metal
      phosphate salts such as the alkali metal pyrophosphates, for example,
      tetrasodium pyrophosphate, tetrasodium hydrogen pyrophosphate and
      tetrapotassium pyrophosphate, also the alkali metal tripolyphosphates such
      as sodium tripolyphosphate (Na.sub.5 P.sub.3 o.sub.10) and potassium
      tripolyphosphate; the water-soluble alkali metal metaphosphates such as
      sodium hexametaphosphate; the water-soluble alkali metal silicates such as
      sodium silicate having an Na.sub.2 O to SiO.sub.2 mole ratio of 1:1 to
      1:3.6, preferably 1:1 to 1:3.5 and the corresponding potassium silicates;
      the water-soluble alkali metal borates such as calcined sodium tetraborate
      or borax; and the water-soluble alkali metal carbonates or bicarbonates
      such as sodium or potassium carbonates; or sodium sulfate may be utilized.
PAR  Examples of organic builders that can advantageously be employed include
      the amino polycarboxylate acids and salts such as the sodium potassium and
      ammonium salts of nitrilotriacetic acid (trisodium nitrilotriacetate), the
      sodium potassium and ammonium salts of amino tri(methylene phosphonic
      acid), as well as the free acid; and the diphosphonic acids and salts
      (methylene diphosphonic acid and 1-hydroxy, ethylidene diphosphonic acid).
      There may also be included builders such as the water-soluble salts of
      polymeric aliphatic polycarboxylic acids such as sodium polymaleate,
      sodium polyitaconate, sodium (ita-conate-aconitate) copolymer, sodium
      (itaconate-acrylate) copolymer, sodium (ethylene-maleate) copolymer,
      sodium (ethylene-maleate) copolymer (cross-linked), sodium
      (vinylmethylether-maleate) copolymer, and sodium (isobutylene-maleate)
      copolymer as disclosed and described in U.S. Pat. No. 3,308,067 which is
      incorporated herein by reference, aa synergistic builder combination, as
      disclosed and described in U.S. Pat. No. 3,368,978, which is also
      incorporated herein by reference, and mixtures thereof.
PAR  If desired, supplementary surfactants such as well known natural soaps or
      synthetic anionic, non-ionic, zwitterionic or amphoteric may be utilized.
      It is preferred, when using the "supplemental" actives, that there by a
      weight ratio of novel surface active compositions of this invention to the
      foregoing described supplementary actives of from about at least 1:1 to
      about 50:1.
PAR  The detergent formulations incorporating or embodying the novel
      compositions of the present invention may contain any of the usual
      adjuvants, diluents and additives, for example, perfumes, antitarnishing
      agents, anti-redeposition agents, bacteriastatic agents, dyes, fluorescent
      agents, suds builders, suds depressors, foam stabilizers and the like.
PAR  The detergent formulations of the present invention can be prepared by any
      of the well known methods in order to yield desirable composition forms
      such as bar, granular, flake, liquid and tablet forms. It is to be
      understood that this invention is not limited to any particular method of
      preparing the detergent formulations containing the organic and/or
      inorganic builder and the detergent-active (i.e., both the novel
      compositions and "supplemental" detergent-actives). The builder, for
      example, may be mechanically mixed, or slurried or dissolved in a solution
      of the other ingredients of the formulations. In addition, the
      detergent-active (as heretofore defined) may be admixed with the builder
      in any of the forms in which the builder is present as well as being added
      siimultaneously or separately to an aqueous solution containing the
      builder and/or other ingredients.
PAR  To more fully illustrate the most preferred embodiment of the subject
      invention, the following detailed examples are presented. All parts,
      percentages and proportions are by weight unless otherwise indicated.
PAC  EXAMPLE I
PAR  Detergent formulations are prepared containing 20% alkane vicinal methyl
      ether sulfates; 10% sodium carbonate; 10% sodium silicate; balance sodium
      sulfate. The homolog distribution of surfactant in each formulation is
      indicated in Table I below. The formulations are used at 0.15%
      concentration in water of 100 ppm hardness at 70.degree.F to wash
      uniformly soiled cottom samples. The difference in reflectance of washed
      and unwashed samples is reported in Table I as .DELTA.Rd. The higher
      .DELTA.Rd values are indicative of superior detergency.
TBL                TABLE I                                                     

     ______________________________________                                    

            Weight Percent Surfactant Compounds                                

     Formulation                                                               

              wherein R.sub.1 and R.sub.2                                      

     No.      contain                 .DELTA.Rd                                

     ______________________________________                                    

            14 carbon atoms                                                    

                        15 carbon atoms                                        

     1        100%           0%           15.3                                 

     2        80%           20%           15.3                                 

     3        60%           40%           16.9                                 

     4        40%           60%           17.9                                 

     5        20%           80%           16.7                                 

     6         0%           100%          15.1                                 

     ______________________________________                                    

PAR  The superiority of formulations 3, 4 and 5 which are representative of the
      most preferred invention is apparent from the foregoing data. All the
      formulations exhibit effective performance.
PAC  EXAMPLE II
PAR  Detergent formulations are prepared using surfactant sulfates of this
      invention having the carbon atom contents and M constituents as shown in
      Table II below. For comparison, otherwise identical formulations
      containing a commercial alcohol ethoxylate sulfate which is a sulfate of a
      condensate of a linear primary alcohol containing 12 to 15 carbon atoms
      with 3 molecular proportions of ethylene oxide. The formulations contain
      30% surfactant, 5% alkanolamide foam stabilizer and 65% water. Dishwashing
      tests are conducted in which plates uniformly coated with "Crisco" grease
      are washed in water of 46.degree.C temperature having hardness and
      detergent concentration as shown in Table II. The number of plates washed
      prior to foam collapse is indicated.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Test               Carbon Atoms In                                        

                                  Carbon Atoms In                              

                                              %           Plate                

     No.                                                                       

        Surfactant      R.sub.1 and R.sub.2                                    

                                  R.sub.3   M Detergent                        

                                                    Hardness                   

                                                          Washed               

     __________________________________________________________________________

     1  Alkane vicinal alkyl                                                   

        ether sulfate   12        1         Na                                 

                                              0.15  150 ppm                    

                                                          13                   

     2  Alkane vicinal alkyl                                                   

        ether sulfate   14        3         Na                                 

                                              0.15  150 ppm                    

                                                          21                   

     3  Alkane vicinal alkyl                                                   

        ether sulfate   16        3         Nu                                 

                                              0.15  150 ppm                    

                                                          22                   

     4  Alkane vicinal alkyl                                                   

        ether sulfate   16        1         Na                                 

                                              0.15  150 ppm                    

                                                          26                   

     5  Alcohol ethoxylate                                                     

        sulfate alkane vicinal                                                 

        alkyl ether sulfate +                                                  

        linear alkylbenzene sulfonate                                          

        (1:1 weight ratio)                                                     

                        --        --        Na                                 

                                              0.15  150 ppm                    

                                                          20                   

     6  "               12        1         Na                                 

                                              0.15  150 ppm                    

                                                          29                   

     7  "               14        3         Na                                 

                                              0.15  150 ppm                    

                                                          33                   

     8  "               16        3         Na                                 

                                              0.15  150 ppm                    

                                                          27                   

     9  "               16        1         Na                                 

                                              0.15  150 ppm                    

                                                          35                   

     10 Alcohol ethoxylate sulfate                                             

        linear alklbenzene sulfonate                                           

        (1:1 weight ratio)                                                     

                        --        --        Na                                 

                                              0.15  150 ppm                    

                                                          26                   

     __________________________________________________________________________

PAR  The foregoing data demonstrates the effectiveness of the surfactants of
      this invention alone and in combination with other surfactants.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition comprising at least 75% by weight of a mixture of
      compounds represented by the formula
      ##EQU3##
      wherein X is selected from the group consisting of hydrogen and SO.sub.3
      M, the X group being the same in substantially all of said compounds,
      wherein M is selected from the group consisting of alkali metals and
      ammonium, and R.sub.1 and R.sub.2 are each selected from the group
      consisting of hydrogen and linear alkyl groups containing from 1 to 15
      carbon atoms, at least one of R.sub.1 and R.sub.2 being an alkyl group and
      the total number of carbon atoms in R.sub.1 and R.sub.2 being from 14 to
      15 and the weight ratio of compounds in which the number of carbon atoms
      in R.sub.1 and R.sub.2 is 14 to compounds in which the number of carbon
      atoms in R.sub.1 and R.sub.2 is 15 being from 1:4 to 3:2.
NUM  2.
PAR  2. The composition of claim 1 wherein X is SO.sub.3 M.
NUM  3.
PAR  3. A detergent formulation consisting essentially of, as a surfactant, at
      least 2% by weight of a mixture of alkane vicinal methyl ether sulfate
      compounds represented by the formula
      ##EQU4##
      wherein M is selected from the group consisting of alkali metals and
      ammonium and R.sub.1 and R.sub.2 are each selected from the group
      consostomg of hydrogen and linear alkyl groups containing from 1 to 15
      carbon atoms, at least one of R.sub.1 and R.sub.2 being an alkyl group and
      the total number of carbon atoms in R.sub.1 and R.sub.2 being from 14 to
      15 and the weight ratio of compounds in which the number of carbon atoms
      in R.sub.1 and R.sub.2 is 14 to compounds in which the number of carbon
      atoms in R.sub.1 and R.sub.2 is 15 being from 1:4 to 3:2 and a detergency
      builder, the ratio of surfactant to detergency builder being from about
      10:1 to about 1:10.
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ABST
PAL  Compounds of aromatic amines with polycarboxylic acids which possess at
      least 2 glycidyl groups bonded to the nitrogen atoms of the amide groups,
      such as, for example, N,N'-diglycidylsebacic acid dianilide or
      N,N'-diglycidyltetra-hydrophthalic acid dianilide. These compounds,
      together with curing agents for epoxide resins, are suitable for the
      manufacture of mouldings, coatings or adhesive bonds.
PARN
PAR  This is a division of application Ser. No. 183,234, filed on Sept. 23,
      1971, now U.S. Pat. No. 3,798,242, issued Mar. 19, 1974.
BSUM
PAR  The subject of the present invention are new polyglycidyl compounds with at
      least two glycidyl or .beta.-methylglycidyl groups bonded to amide groups,
      of the general formula
      ##EQU1##
      wherein R denotes a n-valent aliphatic, cycloaliphatic, araliphatic,
      aromatic or heterocyclic radical, A represents an unsubstituted or
      substituted monovalent aromatic radical, X denotes a hydrogen atom or the
      methyl group and n denotes a number greater than 1 and at most 8,
      preferably 2 or 3.
PAR  The radical R is preferably a monovalent or trivalent aliphatic or
      cycloaliphatic hydrocarbon radical. The radical A preferably denotes a
      phenyl radical which is either unsubstituted or is substituted by one or
      more alkyl groups, alkoxy groups, trifluoromethyl groups, halogen atoms or
      nitro groups.
PAR  More preferably, the invention relates to compounds of the formula I,
      wherein the radical R denotes a divalent alkylen or alkenylen group having
      2 to 18 carbon atoms or a divalent or trivalent cyclohexylen or phenylene
      group, A represents a phenyl radical which is either unsubstituted or
      substituted by one or more methyl groups, methoxy groups, trifluoromethyl
      groups or nitro groups, X denotes hydrogen, and n denotes 2 or 3.
PAR  Depending on the starting substance, the new N-glycidyl compounds of the
      formula (I) are colourless to ochrecoloured, resinous and tough, to glassy
      and brittle, monomers. They can be cured with the customary curing agents
      for epoxide resins to give mouldings having good mechanical properties.
      Here again, they are distinguished by high reactivities, for example on
      reaction with anhydride curing agents, such as hexahydrophthalic
      anhydride. The new polyglycidyl compounds of the formula (I) can be
      manufactured if polyamides of the general formula
      ##EQU2##
      WHEREIN R, A and n have the same meaning as in the formula (I), are
      reacted in one stage or several stages with an epihalogenohydrin or
      .beta.-methylepihalogenohydrin, such as, for example, epichlorohydrin,
      .beta.-methylepichlorohydrin or epibromohydrin, with elimination of
      hydrogen halide, in a manner which is in itself known.
PAR  In the single-stage process, the reaction of epihalogenohydrin with a
      compound of the formula (II) is carried out in the presence of alkali,
      preferably using sodium hydroxide or potassium hydroxide. In this
      single-stage process, the epichlorohydrin reacted according to the process
      can be replaced wholly or partly by dichlorohydrin, which is transiently
      converted into epichlorohydrin under the process conditions and on
      appropriate addition of alkali and then reacted as such with the polyamide
      of the formula (II). In the preferentially used two-stage process the
      compound of the formula (II) is reacted, in a first stage, with an
      epihalogenohydrin either without catalyst or preferably in the presence of
      a basic catalyst, to give the N-halogenohydrin compound, and thereafter
      the latter is dehydrohalogenated in a second stage by means of alkalis,
      such as potassium hydroxide or sodium hydroxide, to give the glycidyl
      compound.
PAR  The reaction can also be accelerated by adding other suitable catalysts,
      for example alkali hydroxides, such as sodium hydroxide, or alkali
      halides, such as lithium chloride, potassium chloride or sodium chloride,
      bromide and fluoride.
PAR  The new polyglycidyl compounds according to the invention, of the formula
      (I), are preferably manufactured by reacting an epihalogenohydrin,
      preferably epichlorohydrin, with a compound of the formula (II) in the
      presence of a basic catalyst, such as, preferably, a tertiary amine or a
      quaternary ammonium base or a quaternary ammonium salt, and treating the
      resulting product, containing halogenohydrin groups, with agents which
      split off hydrogen halide.
PAR  Suitable basic catalysts for the addition of epichlorohydrin are above all
      tertiary amines, such as triethylamine, tri-n-propylamine,
      benzyldimethylamine, N,N'-dimethylaniline and triethanolamine; quaternary
      ammonium bases, such as benzyltrimethylammonium hydroxide; quaternary
      ammonium salts, such as tetramethylammonium chloride, tetraethylammonium
      chloride, benzyltrimethylammonium chloride, benzyltrimethylammonium
      acetate and methyltriethylammonium chloride; also, ion exchange resins
      having tertiary or quaternary amino groups, and furthermore
      trialkylhydrazonium salts, such as trimethylhydrazonium iodide.
PAR  Further suitable catalysts are also low molecular thioethers and sulphonium
      salts or compounds which can be converted with the epihalogenohydrins into
      thioethers or sulphonium compounds, such as hydrogen sulphide, sodium
      sulphide or mercaptans.
PAR  As such thioethers or sulphonium salts there may be mentioned:
      diethylsulphide, .beta.-hydroxyethylethylsulphide,
      .beta.-hydroxypropylethylsulphide,
      .beta.-hydroxy-tetramethylene-ethylsulphide, thiodiglycol,
      mono-.beta.-cyanoethylthioglycol-ether, dibenzylsulphide,
      benzylethylsulphide, benzylbutylsulphide, trimethylsulphonium iodide,
      tris(.beta.-hydroxyethyl)sulphonium chloride, dibenzylmethylsulphonium
      bromide, 2,3-epoxypropyl-methylethysulphonium iodide,
      dodecylmethylsulphide and dithiane.
PAR  Strong alkalis, such as anhydrous sodium hydroxide or aqueous sodium
      hydroxide solution, are as a rule used for the dehydrohalogenation;
      however, other alkaline reagents, such as potassium hydroxide, barium
      hydroxide, calcium hydroxide, sodium carbonate or potassium carbonate can
      also be used.
PAR  The dehydrohalogenation can, in turn, be carried out in several stages.
      Thus it is possible first to carry out a treatment with solid sodium
      hydroxide or potassium hydroxide at elevated temperature and, after
      distilling off the excess epihalogenohydrin, to heat the residue, in an
      inert solvent, with an excess of concentrated alkali hydroxide solution,
      for example 50% strength sodium hydroxide solution.
PAR  Possible epihalogenohydrins are epibromohydrin,
      .beta.-methylepichlorohydrin and above all epichlorohydrin. Good yields
      are obtained if an excess of epichlorohydrin, and in particular preferably
      4 to 40 mols of epichlorohydrin per NH group, are used. During the first
      reaction stage, before the addition of alkali, a partial epoxidation of
      the N-chlorohydrin compound to give a compound of the formula (II) already
      takes place. The epichlorohydrin, which acts as a hydrogen chloride
      acceptor, is thereby partially converted into glycerine dichlorohydrin.
      Given the treatment with alkali, epichlorohydrin is again regenerated from
      the glycerine dichlorohydrin.
PAR  Since the polyamides of the formula (II) are as a rule sparingly soluble in
      customary solvents, it is advantageous to carry out the reaction with the
      epihalogenohydrin in suspension; the polyamide, for example a dianilide,
      is here suspended in epichlorohydrin, and this suspension, with or without
      prior reaction, is treated with alkali hydroxide solution in small
      portions, for example at 60.degree.C, under azeotropic circulatory
      distillation; the alkali hydroxide solution is advantageously added more
      slowly than in other known glycidylations. The working up and isolation of
      the polyglycidyl compounds obtained as end products can be carried out in
      the usual manner.
PAR  The polyamides of the formula (II) are known compounds which are accessible
      from cheap starting substances available on a large industrial scale, such
      as, above all, from aniline or toluidine and aliphatic, cycloaliphatic or
      aromatic dicarboxylic acids, such as adipic acid, sebacic acid,
      tetrahydrophthalic acid, hexahydrophthalic acid, maleic acid and phthalic
      acid. They are obtained in a known manner by condensing 1 mol of a
      polycarboxylic acid of the general formula
      ##EQU3##
      with n mols of an aromatic primary monoamine of the formula
EQU  H.sub.2 N--A                                               (III) wherein R,
      A and n have the same meaning as in the formula (I).
PAR  As polycarboxylic acids of the formula (III), dicarboxylic acids,
      tricarboxylic acids and tetracarboxylic acids of the aliphatic,
      cycloaliphatic, araliphatic, aromatic and heterocyclic series are
      preferentially used.
PAR  As polycarboxylic acids of the aliphatic series there may, for example, be
      mentioned: oxalic acid, malonic acid, succinic acid, glutanic acid, adipic
      acid, pimelic acid, suberic acid, azelaic acid, sebacic acid,
      1,9-nonanedicarboxylic acid, 1,10-decanedicarboxylic acid, alkylsuccinic
      acids alkenylsuccinic acids, such as dodecenylsuccinic acid or
      ethyl-butenylsuccinic acid, .alpha.- and .beta.-methyl-suberic acid,
      2,2,4-and 2,4,4-trimethyladipic acid, diethylmalonic acid,
      2,5-dimethyladipic acid, 2,2-dimethylglutaric acid, .alpha.,
      .alpha.'-dimethyl-sebacic acid, .alpha., .alpha.'-dibutylsebacic acid,
      maleic acid, fumaric acid, itaconic acid, citraconic acid, mesaconic acid,
      ethyl-idenemalonic acid, isopropylidenemalonic acid,
      1,2,4-butane-tricarboxylic acid, 1,2,3-propanetricarboxylic acid,
      tricarballylic acid, 1,1,5-pentanetricarboxylic acid,
      1,2,4-hexane-tricarboxylic acid, 2-propyl-1,2,4-pentanetricarboxylic acid,
      5-octene-3,3,6-tricarboxylic acid, dimerised and trimerised unsaturated
      fatty acids and their hydrogenation products, such as dimerised oleic
      acid, dimerised linoleic acid, dimerised linolenic acid, dimerised
      ricinenic acid and dimerised castor oil fatty acid. As polycarboxylic
      acids of the cycloaliphatic series there may be mentioned: .DELTA..sup.4
      -tetrahydrophthalic acid, 4-methyl-.DELTA..sup.4 -tetrahydrophthalic acid,
      hexahydrophthalic acid, 4-methyl-hexahydrophthalic acid,
      3-carboxy-6-methyl-.DELTA..sup.4 -tetrahydrophthalic acid,
      3,6-endomethylene-.DELTA..sup.4 -tetrahydrophthalic acid ("nadic acid"),
      methyl-3,6-endomethylene-.DELTA..sup.4 -tetrahydrophthalic acid,
      3,4,5,6,7,7-hexachloro-3,6-endomethylene-.DELTA..sup.4 -tetrahydrophthalic
      acid ("chlorendic acid"), dimerised abietic acid,
      7-allyl-bicyclo(2.2.1)hept-5-ene-2,3-dicarboxylic acid and hydrogenated
      benzenetricarboxylic and benzenetetracarboxylic acids. As polycarboxylic
      acids of the aromatic series there may be mentioned: o-phthalic acid,
      isophthalic acid, terephthalic acid, benzenetricarboxylic acids, such as
      trimellitic acid, trimesic acid and hemimellitic acid,
      benzenetetracarboxylic acids, such as pyromellitic acid,
      naphthalenedicarboxylic acids, such as naphthalene-1,8-dicarboxylic acid
      and naphthalene-2,6-dicarboxylic acid, diphenyl-o,o'-dicarboxylic acid,
      diphenyl-p,p'-dicarboxylic acid, diphenylmethane-p,p'-dicarboxylic acid,
      diphenylether-p,p'-dicarboxylic acid, 3,4,5,6-tetrachlorophthalic acid,
      and mellitic acid. As polycarboxylic acids of the heterocyclic series,
      pyridinedicarboxylic acids, pyridinetricarboxylic acids and
      pyridinetetracarboxylic acids may, for example, be mentioned.
PAR  Technical mixtures of the abovementioned polycarboxylic acids can also be
      used.
PAR  Further, mixed aliphatic-cycloaliphatic or aliphatic-aromatic
      polycarboxylic acids can be used; as examples, ether-polycarboxylic acids,
      such as ethylene glycol-bis(p-carboxyphenyl ether) or the
      aliphatic-aromatic polycarboxylic acids obtainable by reaction of
      polyphenols, such as resorcinol or diphenylolpropane, with chloroacetic
      acid, may be mentioned.
PAR  Suitable polycarboxylic acids of the formula (III) are furthermore
      polycarboxy-polyesters which in addition to ester groups contain 2 to
      eight carboxyl groups, and which are obtained in a known manner by
      condensation of a polyalcohol with one of the abovementioned
      polycarboxylic acids or their anhydrides in a suitable mutual molar ratio.
      Suitable polyols for the manufacture of such polycarboxy-polyesters are,
      for example: diols, such as ethylene glycol, diethylene glycol,
      triethylene glycol, tetraethylene glycol, 1,2-propylene glycol,
      1,3-propylene glycol, dipropylene glycol, tripropylene glycols,
      polyoxyethylene glycols, polyoxypropylene glycols, 1,2-butane-diol,
      1,4-butanediol,1,5-pentanediol, 2,4-pentanediol, 2,2-dimethyl-trimethylene
      glycol, 1,4-hexanediol, 1,5-hexanediol, 1,6-hexanediol, 2,5-hexanediol,
      3-methylpentane-1,5-diol, 2-methylpentane-2,5-diol,
      3-methylpentane-2,5-diol, 2,2-di-ethylpropane-1,3-diol,
      2,2-diethylhexane-1,3-diol, 2,5-di-methylhexane-2,5-diol,
      1,12-dodecanediol, 1,12-octadecanediol and 2-butyne-1,4-diol; quinitol,
      cyclohexane-1,1-dimethanol and 2,2-bis(4-hydroxycyclohexyl)propane;
      triols, such as glycerine, trimethylolmethane, 1,1,1-trimethylolethane,
      1,1,1-trimethylolpropane, hexane-1,2,6-triol and
      2,4-dihydroxy-3-hydroxymethylpentane; tetrahydric polyols, such as
      diglycerine and pentaerythritol, and hexahydric polyols, such as mannitol
      and sorbitol.
PAR  As examples of such polycarboxy-polyesters there may be mentioned the acid
      esters from 1 mol of a glycol, such as ethylene glycol or 1,4-butanediol,
      and 2 mols of a dicarboxylic acid such as adipic acid or terephthalic acid
      or 2 mols of a dicarboxylic anhydride, such as maleic anhydride or
      phthalic anhydride, and also the acid esters from 1 mol of a triol, such
      as glycerine, or of a tetrahydric polyol, such as pentaerythritol, and of
      3 or 4 mols of a dicarboxylic acid, such as adipic acid, or of a
      dicarboxylic anhydride, such as maleic anhydride. Further, acid polyesters
      from 1 mol of a glycol, such as ethylene glycol or butanediol, and 2 mols
      of a tricarboxylic acid anhydride, such as trimellitic anhydride or
      1,2,4-butanetricarboxylic acid anhydride, should be mentioned.
PAR  As aromatic primary monoamines of the formula (IV), monoaminobenzenes which
      are unsubstituted or substituted in the benzene nucleus by alkyl groups,
      alkoxy groups, trifluoromethyl groups, nitro groups or halogen atoms can
      above all be used. There may be mentioned: aniline, o-,m- and p-toluidine,
      2,3-xylidine, 2,4-xylidine, 2,6-xylidine, 2,5-xylidine, 3,4-xylidine,
      3,5-xylidine, o-m- and p-ethylaniline, o-,m- and p-anisidine, o-,m- and
      p-phenetidine, cresidine, 3-trifluoro-methyl-aniline,
      4-trifluoromethyl-aniline, o-,m- and p-chloro-aniline, o-,m- and
      p-bromoaniline, 2,5-dichloroaniline, 3,4-dichloroaniline,
      2,4,6-trichloroaniline, o-,m- and p-nitro-aniline, 2,4-dinitroaniline and
      2,4,6-trinitroaniline.
PAR  Further, polynuclear aromatic primary monoamines can also be used, such as
      4-phenoxyaniline, .alpha.-naphthylamine and .beta.-naphthylamine.
PAR  The new polyglycidyl compounds according to the invention, of the formula
      (I), react with the customary curing agents for polyepoxide compounds and
      can therefore be crosslinked or cured by addition of such curing agents,
      analogously to other polyfunctional epoxide compounds or epoxide resins.
      As such curing agents, basic or acid compounds can be used.
PAR  As suitable curing agents there may, for example, be mentioned: amines or
      amides, such as aliphatic, cycloaliphatic or aromatic, primary, secondary
      and tertiary amines, for example monoethanolamine, ethylenediamine,
      hexamethylenediamine, trimethylhexamethylenediamine, diethylenetriamine,
      triethylenetetramine, tetraethylenepentamine,
      N,N-dimethyl-propylenediamine-1,3, N,N-diethylpropylenediamine-1,3,
      bis-(4-amino-3-methyl-cyclohexyl)-methane,
      3,5,5-trimethyl-3(amino-methyl)-cyclohexylamine ("isophoronediamine"),
      Mannich bases, such as 2,4,6-tris-(dimethylaminomethyl)-phenol;
      m-phenylene-diamine, p-phenylenediamine, bis-(4-aminophenyl)-methane,
      bis-(4-aminophenyl)-sulphone and m-xylylenediamine;
      N-(2-aminoethyl)-piperazine; adducts of acrylonitrile or monoepoxides,
      such as ethylene oxide or propylene oxide, to polyalkylenepolyamines, such
      as diethylenetriamine or triethylenetetramine; adducts of polyamines, such
      as diethylenetriamine or triethylenetetramine in excess, and polyepoxides,
      such as diomethanepolyglycidyl-ethers; ketimines, for example from acetone
      or methyl ethyl ketone and bis(p-amino-phenyl)-methane; adducts of
      monophenols or polyphenols and polyamines; polyamides, especially those
      from aliphatic polyamines, such as diethylenetriamine or
      triethylenetetramine, and dimerised or trimerised unsaturated fatty acids,
      such as dimerised linseed oil fatty acid ("VERSAMID"); polymeric
      polysulphides ("THIOKOL"); dicyandiamide, aniline-formaldehyde resins,
      polyhydric phenols, for example resorcinol,
      2,2-bis-(4-hydroxyphenyl)-propane or phenol-formaldehyde resins; boron
      trifluoride and its complexes with organic compounds, such as BF.sub.3
      -ether complexes and BF.sub.3 -amine complexes, for example BF.sub.3
      -monoethylamine complex; acetoacetanilide-BF.sub.3 complex; phosphoric
      acid; triphenyl-phosphite; polybasic carboxylic acids and their
      anhydrides, for example phthalic anhydride, .DELTA..sup.4
      -tetrahydrophthalic anhydride, hexahydrophthalic anhydride,
      4-methylhexahydrophthalic anhydride, 3,6-endomethylene-.DELTA..sup.4
      -tetrahydrophthalic anhydride, methyl-3,6-endomethylene-.DELTA..sup.4
      -tetrahydrophthalic anhydride (= methylnadic anhydride),
      3,4,5,6,7,7-hexachloro-3,6-endomethylene-.DELTA..sup.4 -tetrahydrophthalic
      anhydride, succinic anhydride, adipic anhydride, azelaic anhydride,
      sebacic anhydride, maleic anhydride, dodecenyl-succinic anhydride;
      pyromellitic dianhydride or mixtures of such anhydrides.
PAR  Curing accelerators can furthermore be employed in the curing reaction;
      when using polyamides, dicyandiamide, polymeric polysulphides or
      polycarboxylic acid anhydrides as curing agents, suitable accelerators
      are, for example, tertiary amines, their salts or quaternary ammonium
      compounds, for example 2,4,6-tris-(dimethylaminomethyl)-phenol,
      benzyldimethylamine, 2-ethyl-4-methyl-imidazole, 4-amino-pyridine and
      triamylammonium phenolate, and also alkali metal alcoholates, such as, for
      example, sodium hexanetriolate. In the amine curing reaction, monophenols
      or polyphenols, such as phenol or diomethane, salicylic acid or
      thiocyanates, can for example be employed as accelerators.
PAR  The term "curing" as used here denotes the conversion of the abovementioned
      polyepoxides into insoluble and infusible, crosslinked products, and in
      particular, as a rule, with simultaneous shaping to give mouldings, such
      as castings, pressings or laminates and the like, or to give "sheet-like
      structures", such as coatings, coverings, lacquer films or adhesive bonds.
PAR  Depending on the choice of the curing agent, the curing reaction can be
      carried out at room temperature, (18.degree.-25.degree.C) or at elevated
      temperature (for example 50.degree.-180.degree.C).
PAR  The curing can, if desired, also be carried out in 2 stages, by first
      prematurely stopping the curing reaction or carrying out the first stage
      at only moderately elevated temperature, whereby a still fusible and
      soluble, curable precondensate (a so-called "B-stage") is obtained from
      the epoxide component and the curing agent component. Such a precondensate
      can, for example, be used for the manufacture of "Prepregs", compression
      moulding compositions or sintering powders.
PAR  A further subject of the present invention are therefore curable mixtures
      which are suitable for the manufacture of mouldings, including sheet-like
      structures, and which contain the polyglycidyl compounds according to the
      invention, optionally together with other polyepoxide compounds and also
      curing agents for epoxide resins, such as polyamines or polycarboxylic
      acid anhydrides.
PAR  The polyepoxides according to the invention or their mixtures with other
      polyepoxide compounds and/or curing agents can furthermore be mixed, in
      any stage before curing, with customary modifiers, such as extenders,
      fillers and reinforcing agents, pigments, dyestuffs, organic solvents,
      plasticisers, flow control agents, agents for conferring thixotropy,
      flameproofing substances and mould release agents.
PAR  As extenders, reinforcing agents, fillers and pigments which can be
      employed in the curable mixtures according to the invention there may, for
      example, be mentioned: coal tar, bitumen, glass fibres, boron fibres,
      carbon fibres, asbestos fibres, natural and synthetic textile fibres, such
      as polyester fibres, polyamide fibres and polyacrylonitrile fibres;
      polyethylene powder and polypropylene powder; quartz powder; mineral
      silicates, such as mica, asbestos powder and slate powder; kaolin,
      aluminium oxide trihydrate, chalk powder, gypsum, antimony trioxide,
      bentones, silica aerogel ("AEROSIL"), lithopone; baryte, titanium dioxide,
      carbon black, graphite, oxide pigments, such as iron oxide, or metal
      powders, such as aluminium powder or iron powder.
PAR  Suitable organic solvents for modifying the curable mixtures are, for
      example, toluene, xylene, n-propanol, butyl acetate, acetone, methyl ethyl
      ketone, diacetone-alcohol, ethylene glycol monomethyl ether, monoethyl
      ether and monobutyl ether.
PAR  As plasticisers for modifying the curable mixtures, dibutyl phthalate,
      dioctyl phthalate and dinonyl phthalate, tricresyl phosphate, trixylenyl
      phosphate and also polypropylene glycol can, for example, be employed.
PAR  As flow control agents when employing the curable mixtures, especially in
      surface protection, silicones, cellulose acetobutyrate, polyvinylbutyral,
      waxes stearates and the like (which in part are also used as mould release
      agents) may, for example, be added.
PAR  Particularly for use in the lacquer field, the polyepoxide compounds can
      furthermore be partially esterified in a known manner with carboxylic
      acids such as, in particular, higher unsaturated fatty acids. It is
      furthermore possible to add other curable synthetic resins, for example
      phenoplasts or aminoplasts, to such lacquer resin formulations.
PAR  The curable mixtures according to the invention can be manufactured in the
      usual manner, with the aid of known mixing equipment (stirrers, kneaders,
      rolls and the like).
PAR  The curable epoxide resin mixtures according to the invention are above all
      employed in the fields of surface protection, the electrical industry,
      laminating processes and the building industry. They can be used in a
      formulation suited in each case to the special end use, in the unfilled or
      filled state, optionally in the form of solutions or emulsions, as paints,
      lacquers, compression moulding compositions, sintering powders, dipping
      resins, casting resins, injection moulding formulations, impregnating
      resins and binders, adhesives, tool resins, laminating resins, sealing and
      filling compositions floor covering compositions and binders for mineral
      aggregates.
PAR  In the examples which follow, unless otherwise stated, parts denote parts
      by weight and percentages denote percentages by weight. The relationship
      of parts by volume to parts by weight is as of the millilitre to the gram.
PAR  In order to determine the mechanical and electrical properties of the
      curable mixtures described in the examples which follow, sheets of size 92
      .times. 41 .times. 12 mm were manufactured for determining the flexural
      strength, deflection, impact strength and water absorption. The test
      specimens, (60 .times. 10 .times. 4 mm) for determining the water
      absorption and for the flexural test and impact test (VSM 77,103 and VSM
      77,105 respectively) were machined from the sheets.
PAR  For determining the heat distortion point according to Martens (DIN
      53,458), test specimens of size 120 .times. 15 .times. 10 mm were cast in
      each case.
PAR  To test the arcing resistance and tracking resistance (VDE 0303), sheet of
      size 120 .times. 120 .times. 4 mm were cast.
DETD
PAC  MANUFACTURING EXAMPLES
PAC  EXAMPLE 1
PAC  N,N'-Diglycidyl-sebacic acid dianilide
PAR  A suspension of 176.1 g (0.5 mol) of sebacic acid dianilide (melting point
      = 197.degree.-198.degree.C), 1850 g (20 mols) of epichlorohydrin and 6.96
      g of a 50% strength aqueous tetra-methylammonium chloride solution is
      stirred for 60 minutes at 114.degree.-115.degree.C under reflux. Hereupon,
      the anilide very largely dissolves. A strong circulatory distillation is
      then so adjusted, by applying a waterpump vacuum at a bath temperature of
      140.degree.C, that the temperature of the reaction mixture is 60.degree.C;
      hereupon a considerable part of the anilide precipitates again.
PAR  96 g of 50% strength aqueous sodium hydroxide solution are now added
      dropwise under the conditions described above over the course of 31/2
      hours, with vigorous stirring; in the course thereof, the anilide
      gradually dissolves and a suspension of NaCl is formed; thereafter the
      distillation is continued until no further traces of water are eliminated
      from the system, this requiring about 30 minutes. The reaction mixture is
      cooled to 30.degree.C; the sodium chloride produced in the reaction is
      then removed by filtration. The residue is washed with 100 ml of
      epichlorohydrin and the combined epichlorohydrin solutions are extracted
      by shaking with 150 ml of water, to remove alkali, sodium chloride and the
      last traces of the catalyst. After separating off the aqueous phase, the
      pale yellow solution is treated with 100 ml of water and distilled on a
      rotary evaporator at 60.degree.C under a slight vacuum until the water and
      the bulk of the epichlorohydrin have been removed. Finally, 100 ml of
      toluene are added and the mixture is concentrated to dryness. Thereafter,
      the volatile constituents are removed at 70.degree.C/0.2 mm Hg until
      constant weight is reached.
PAR  232 g of a clear, pale yellowish crude product (100% of theory) are
      obtained, having an epoxide content of 4.07 equivalents/kg (94.5% of
      theory). The product is obtained in glass-clear, sharp-edged slightly
      sticky lumps. The total chlorine content is about 0.8%. The
      proton-magnetic resonance spectrum (recorded in CDCl.sub.3 +
      dimethylsulphoxide at 35.degree.C, against tetramethylsilane as the
      internal standard) agrees with the structure given below. Amongst others,
      the following signals are found:
EQU  12 H at .delta. = 1.1-1.7 (multiplet): --(CH.sub.2).sub.6 --
EQU   4 H at .delta. = 1.9-2.3 (multiplet):
      ##EQU4##
EQU  10 H at .delta. = 2.5-5.2 (multiplet):
EQU  10 H at .delta. = 6.55-7.38 (multiplet):
      ##SPC1##
PAR  The mass spectrum shows the molecule-ion at 464 mass units (MU) (calculated
      molecular weight = 464.58), and alongside characteristic fragment-ions at
      447 MU and 408 MU
      ##EQU5##
PAR  In addition, a trace of a molecule-ion at 352 MU is found as a slight
      impurity, originating from a very small amount of unreacted dianilide.
PAR  The molecular weight determination by vapour pressure osmometry (at
      100.degree.C in dimethylformamide) gives a numerical average molecular
      weight which agrees with both the value determined by mass spectroscopy
      and with theory: M.sub.os = 464.
PAR  The product obtained accordingly essentially consists of a compound of the
      following structure:
      ##EQU6##
PAC  EXAMPLE 2
PAC  N,N'-Diglycidyl-adipic acid dianilide
PAR  A suspension of 148.5 g (0.5 mol) of adipic acid dianilide (melting point =
      231.degree.-233.degree.C), 1850 g (20 mols) of epichlorohydrin and 5.8 g
      of a 50% strength aqueous tetramethylammonium chloride solution is stirred
      for 60 minutes at 112.degree.-115.degree.C, analogously to the description
      in Example 1. In the course thereof, only very little of the anilide
      dissolves. Dehydrohalogenation is then carried out, analogously to the
      description in Example 1, with 96 g of 50% strength aqueous sodium
      hydroxide solution at 60.degree.C over the course of 31/2 hours. In the
      course thereof, the thick suspension of the anilide changes into a fine,
      mobile suspension of sodium chloride in the organic phase. Thereafter the
      mixture is cooled to 30.degree.C and worked up as described in Example 1.
PAR  204.3 g of a very hard, brittle, glass-clear solid coloured pale
      yellow-orange are obtained (100% of theory). The epoxide content is 4.62
      equivalents/kg (94.4% of theory). The total chlorine content is 1.3%. The
      product melts at about 140.degree.-145.degree.C.
PAR  Determination of the numerical average molecular weight by vapor pressure
      osmometry gives M.sub.os =409 (M.sub.theory =408.5). The mass spectrum
      shows the molecule-ion at 408 MU. Characteristic fragment-ions at MU =
      391, 390, 377, 352 and 302.
PAR  The proton-magnetic spectrum shows that the product essentially consists of
      the compound of the following structural formula:
      ##EQU7##
PAC  EXAMPLE 3
PAC  N,N'-Diglycidyl-sebacic acid bis-(4-nitronanilide)
PAR  A mixture of 84 g (0.192 mol) of a crude sebacic acid bis-(4-nitroanilide)
      (purity approx. 85-90%), 1205 g of epichlorohydrin (13 mols) and 8.63 g of
      50% strength aqueous tetramethylammonium chloride is heated to the boil
      for two hours, whilst stirring. Dehydrohalogenation is then carried out
      analogously to the description in Example 1, with 65 g of 50% strength
      aqueous sodium hydroxide solution at 60.degree.C whilst stirring
      vigorously. The working up and isolation of the diglycidyl compound is
      also carried out in accordance with Example 1.
PAR  107.8 g of a greenish-coloured epoxide resin are obtained, having an
      epoxide content of 3.9 equivalents/kg; the total chlorine content is 2.9%.
      The product essentially consists of the compound of the formula
      ##EQU8##
PAC  EXAMPLE 4
PAC  N,N'-Diglycidyl-hexahydrophthalic acid dianilide
PAR  A solution of 68 g of hexahydrophthalic acid dianilide crude product (0.2
      mol) in 894 ml of epichlorohydrin (11.27 mols) is stirred together with
      2.3 g of a 50% strength aqueous tetramethylammonium chloride solution for
      60 minutes under reflux at 116.degree.-117.degree.C. 42.2 g of 50%
      strength sodium hydroxide solution (0.527 mol) are then added dropwise
      over the course of 3 hours under the conditions described in Example 1.
      The working up is also carried out in accordance with Example 1. 28 g of a
      highly viscous, ochre-coloured substance are obtained, having an epoxide
      content of 2.52 equivalents/kg (55% of theory); the total chlorine content
      is 1.9%.
PAC  EXAMPLE 5
PAC  N,N'-Diglycidyl-maleic acid dianilide
PAR  A solution of 245 g (0.921 mol) of maleic acid dianilide (melting point =
      188.9.degree.C) in 3,410 g of epichlorohydrin (36.85 mols), which is clear
      and colourless at 115.degree.C, and 6.1 g of 50% strength aqueous
      tetramethylammonium chloride solution, are stirred for 60 minutes at the
      same temperature and subsequently dehydrohalogenation is carried out over
      the course of two and a half hours with 184.3 g of 50% strength aqueous
      sodium hydroxide solution, under the conditions mentioned in Example 1.
      Working up is also carried out in accordance with Example 1. 202 g (58% of
      theory) of a red epoxide resin melting at 73.degree.C are obtained. The
      epoxide content is 4.89 equivalents/kg (corresponding to 92.3% of theory).
      The elementary analysis shows a nitrogen content of 7.4%, corresponding
      exactly to theory. The new diglycidyl compound accordingly has the
      following structure:
      ##EQU9##
PAC  EXAMPLE 6
PAC  N,N'-Diglycidyl-sebacic acid di(m-trifluoromethylanilide)
PAR  217 g of sebacic acid di-(3-trifluoromethylanilide) (melting point
      152.degree.-154.degree.C) (0.445 mol) together with 2470 g of
      epichlorohydrin (26.7 mols) and 2.7 kg of a 50% strength aqueous
      tetramethylammonium chloride solution are stirred for one hour at
      110.degree.-115.degree.C, in accordance with Example 1. The mixture is
      then dehydrohalogenated over the course of 3 hours with 89 g of 50%
      strength aqueous sodium hydroxide solution 60.degree.C, as described in
      Example 1; thereafter it is worked up analogously to Example 1. 267 g
      (100% of theory) of a clear, whitish-yellow resin are obtained, having a
      softening point at about room temperature. The epoxide content is 3.12
      equivalents/kg (93.7% of theory); the new diglycidyl compound essentially
      corresponds to the following structure:
      ##EQU10##
PAC  EXAMPLE 7
PAC  N,N'-Diglycidyl-sebacic acid di-(4-methylanilide)
PAR  261 g (0.686 mol) of sebacic acid di-(4-methyl-anilide) (melting point =
      203.degree.-204.degree.C), 2,528 g of epichlorohydrin (27.45 mols), 5.05 g
      of a 50% strength aqueous tetramethylammonium chloride solution and,
      subsequently, 137.3 g of a 50% strength aqueous sodium hydroxide solution
      (1.715 mol) are reacted with one another exactly analogously to Example 1.
      Working up also takes place in accordance with Example 1. 336 g of a
      clear, solid, pale yellow resin (99.4% of theory) are obtained, melting at
      about 117.degree.C. The epoxide content is 2.95 equivalents/kg (72.7% of
      theory).
PAC  EXAMPLE 8
PAC  N,N'-Diglycidyl-sebacic acid di-(2,5-dimethoxy-anilide)
PAR  Analogously to Example 1, 236.4 g (0.5 mol) of sebacic acid
      di-(2,5-dimethoxy-anilide) (melting point = 100.degree. - 102.degree.C) in
      2,775 g of epichlorohydrin (30 mols) are reacted with 100 g of 50%
      strength aqueous sodium hydroxide solution (1.25 mols), with the aid of
      5.0 g of a 50% strength aqueous tetramethylammonium chloride solution
      under the conditions described above, and worked up as mentioned.
PAR  292.4 g (100% of theory) of a brown, clear, highly viscous diepoxide with
      2.4 epoxide equivalents (69.0% of theory) and 1.2% of total chlorine are
      isolated.
PAC  EXAMPLE 9
PAC  N,N'-Diglycidyl-sebacic acid di-(2,4,5-trichloroanilide)
PAR  168 g (0.3 mol) of sebacic acid di-(2,4,5-trichloroanilide) are reacted in
      accordance with Example 1 with 1,665 g of epichlorohydrin (18mols) and 60
      g of 50% strength aqueous sodium hydroxide solution, with the aid of 2 g
      of a 50% strength sodium tetramethylammonium chloride solution; working up
      also takes place according to Example 1. A tough, brown resin with 1.73
      epoxide equivalents/kg (53% of theory) is obtained.
PAC  EXAMPLE 10
PAR  Analogously to Example 1, 120 g (0.503 mol) of the reaction product of
      trimethyladipic acid and aniline, in the ratio of 1:2, are reacted with
      1,860.0 g of epichlorohydrin (20.1 mols), using 6.6 g of a 50% strength
      aqueous tetramethylammonium chloride solution. The dehydrohalogenation is
      carried out in accordance with Example 1, using 96.6 g of 50% strength
      aqueous sodium hydroxide solution. The mixture is worked up as described
      in Example 1, and 109 g of a yellow-brown, solid resin are obtained (62%
      of theory). The epoxide content is 3.90 val/kg (corresponding to 69.3% of
      theory).
PAC  EXAMPLE 11
PAR  Analogously to Example 1, 113 g (0.213 mol) of the reaction product of
      dodecenylsuccinic anhydride and aniline (in the ratio of 1:2) are reacted
      with 788 g of epichlorohydrin (8.52 mols) and 40.9 g of 50% strength
      aqueous sodium hydroxide solution (0.512 mol), with the aid of 2.80 g of
      50% strength aqueous tetramethylammonium chloride solution, the product
      also being isolated exactly in accordance with Example 1. 116.5 g of a
      dark brown, highly viscous substance are obtained, containing 3.77 epoxide
      equivalents/kg (corresponding to 100% of theory).
PAC  EXAMPLE 12
PAR  Analogously to Example 1, 70 g (0.117 mol) of the reaction product of
      trimellitic anhydride and 2,5-dimethoxyaniline (in the ratio of 1:3) are
      reacted with 650 g of epichlorohydrin (7.07 mols) and 33.8 g of 50%
      strength aqueous sodium hydroxide solution (0.422 mol) under the catalytic
      influence of 2.3 g of 50% strength aqueous tetramethylammonium chloride
      solution, and the end product is isolated as described in Example 1. 70.5
      g (78.8% of theory) of a dark brown solid resin are obtained; the epoxide
      content is 3.47 val/kg (corresponding to 88.5% of theory).
PAC  USE EXAMPLES
PAC  EXAMPLE I
PAR  59.6 g of the N,N'-diglycidyl-adipic acid dianilide manufactured according
      to Example 2, with 4.62 epoxide equivalents/kg, are melted in a casting
      mould at 150.degree.C to give a clear melt of low viscosity. 40.4 g of
      hexahydrophthalic anhydride are rapidly stirred into this melt. The
      mixture is then at a temperature of 120.degree.C. Gelling and curing take
      place immediately, with an exothermic reaction, to give a hard, insoluble
      and infusible, clear and transparent, reddish-coloured casting.
PAC  EXAMPLE II
PAR  85 g of the N,N'-diglycidyl-sebacic acid bis-(4-nitro-anilide) manufactured
      according to Example 3, with 3.9 epoxide equivalents/kg, are stirred with
      49 g of hexahydrophthalic anhydride at 80.degree.C to give a homogeneous
      mixture. The mixture is immediately introduced into aluminium moulds
      prewarmed to 80.degree.C and thereafter gelling immediately occurs, with
      an exothermic reaction. For complete curing, the mixture is treated
      further at 140.degree.C for 10 hours. Mouldings having the following
      properties are obtained:
     Flexural strength (VSM 77,103)                                            

                          5-6.3 kp/mm.sup.2                                    

     Deflection (VSM 77,103)                                                   

                          2.1 mm                                               

     Impact strength (VSM 77,105)                                              

                          4.5 cm kp/cm.sup.2                                   

     Water absorption (4 days/20.degree.C)                                     

                          0.29%                                                

CLMS
STM  We claim:
NUM  1.
PAR  1. A curable mixture which is suitable for the manufacture of moldings,
      including sheet-like structures, consisting essentially of a polyglycidyl
      compound of the formula:
      ##EQU11##
      wherein A is phenyl or a phenyl substituted with at least one methyl,
      methoxy, trifluoromethyl or nitro group; and X is methyl or hydrogen and a
      curing agent for said epoxide resin.
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PAL  A compound adapted to be used to advantage as a catalyst for making
      carbodiimide foams is prepared by a process wherein
PAL  A. a phosphetane oxide or phosphetane sulphide of the general Formulae I
      and II:
      ##EQU1##
      wherein X represents a C.sub.1 -C.sub.18 alkyl, C.sub.2 -C.sub.18 alkenyl,
      C.sub.6 -C.sub.14 aryl, C.sub.7 -C.sub.20 aralkyl, C.sub.1 -C.sub.18
      alkoxy or C.sub.6 -C.sub.14 aroxy group and
PAL  R.sup.1 to R.sup.6 represent hydrogen and/or C.sub.1 -C.sub.4 alkyl groups
      and is reacted with
PAL  B. a mono-, di- and/or polyhydric alcohol having a molecular weight of
      about 32 to about 250, a protonic acid which has a pH of between 1 and 8
      in N/10 aqueous solution, a metal salt or an acid chloride.
BSUM
PAR  This invention relates generally to polycarbodiimides and more particularly
      to compounds adapted to be used as catalysts in making polycarbodiimide
      foams.
PAR  It is known to produce polyurethane foams from organic polyols and organic
      polyisocyanates with the aid of catalysts such as tertiary amines and/or
      metal compounds. Blowing agents such as water and/or organic low boiling
      compounds, preferably halogenated alkanes such as
      monofluorotrichloromethane and the like are often used. These polyurethane
      foams generally have poor flame resistance so it is necessary to add flame
      retardants, e.g. compounds which contain phosphorus and/or halogen, in
      order to obtain incombustible or flame resistant foams.
PAR  Furthermore, it has been disclosed, e.g. in German Pat. No. 1,130,594, that
      foam plastics with carbodiimide groups which frequently have better flame
      reistance than polyurethane foams can be obtained from organic
      polyisocyanates in the presence of phospholines or their salts and oxides.
PAR  In Belgian Pat. No. 567,835, a similar process is described for producing
      foam plastics which contain carbodiimide groups from polyisocyanates in
      the presence of phospholine oxide as a catalyst.
PAR  These processes, however, still have numerous disadvantages which limit
      their industrial use, for example, carbodiimide-containing foams produced
      by them which have a substantially closed cell structure combined with
      extremely low densities have a strong tendency to shrink.
PAR  A further disadvantage which restricts the commercialization of the known
      processes lies in the fact that, if low catalyst concentrations are used,
      the foams take more than 1 to 2 hours to harden in a heated mold. Although
      tough foams can be obtained by a very rapid reaction even at room
      temperature if high concentrations of conventional catalysts are used (2
      to 5%, based on the quantity of isocyanate), the reaction mixture
      containing these catalyst concentrations reacts so rapidly that it becomes
      difficult in practice to mix the polyisocyanate and catalyst homogeneously
      and discharge the mixture from the mixing apparatus before solidification;
      i.e. the starting time is too short.
PAR  It is also known that phosphetane oxides can be used as carbodiimidization
      catalysts.
PAR  Unchanged phosphetane oxides, however, are so highly reactive that they are
      unsuitable for the production of polycarbodiimide foams.
PAR  On the other hand, foams which have a polycarbodiimide structure have
      excellent flame resistance even at low densities so that they are of
      considerable commercial and economic interest and the solution of the
      problems mentioned above therefore constitutes an important technical
      advance.
PAR  One method of solving the technical problem mentioned above is disclosed in
      Belgium Patent 804,855 in the name of the present Applicants.
PAR  This earlier application relates to addition compounds of
PAR  a. phospholine oxides, phospholine sulphides, phospholane oxides and
      phospholane sulphides and
PAR  b. mono-, di- and/or polyalcohols with molecular weights of 32 to 250 or
      protonic acids which have pH values of 1 to 8 in N/10, aqueous solution or
      metal salts or acid chlorides
PAL  and to the use of these catalysts for producing hard or rigid foams which
      contain carbodiimide groups.
PAR  It is an object of this invention to provide a novel and improved method
      for making polycarbodiimide foams. Another object of the invention is to
      provide a method for making polycarbodiimide foams which are tough and
      dimensionally stable. Still another object of the invention is to provide
      new polyaddition products which are catalysts for the reactions which
      produce a polycarbodiimide foam.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention, generally speaking, by providing addition compounds prepared by
      reacting
PAR  a. a phosphetane oxide or phosphetane sulphide of the general Formulae I
      and II:
      ##EQU2##
      wherein
PAR  X represents a C.sub.1 -C.sub.18 alkyl, C.sub.2 -C.sub.18 alkenyl, C.sub.6
      -C.sub.14 aryl, C.sub.7 -C.sub.20  aralkyl, C.sub.1 -C.sub.18 alkoxy or
      C.sub.6 -C.sub.14 aroxy group and R.sup.1 to R.sup.6 represent hydrogen
      and/or C.sub.1 -C.sub.4 alkyl groups and
PAR  b. a mono-, di- and/or polyhydric alcohol having a molecular weight of
      about 32 to about 250, a protonic acid which has a pH of between 1 and 8
      in N/10 aqueous solution, a metal salt or an acid chloride.
PAR  Addition compounds prepared by reacting
PAR  a. 1-oxo-1,2,2,3,4,4-hexamethyl-phosphetane and
PAR  b. glycerol, ethylene glycol, oxalic acid, phosphorus oxychloride,
      hydrochloric acid or zinc chloride are particularly preferred catalysts
      for making polycarbodiimide foams.
PAR  The invention thus provides new catalysts with which tough and
      dimensionally stable, i.e. non-shrinking foams with a polycarbodiimide
      structure can be prepared in a relative short reaction time at room
      temperature.
PAR  Any suitable compound prepared from (a) and (b) above may be used to
      advantage as a catalyst in the production of polycarbodiimide foams such
      as, for example,
PA1  a. 1-Oxo-1,2,2,3,4,4-hexamethylphosphetane and
PA1  b. aluminum chloride;
PA1  a. 1-Oxo-1,2,2,3,4,4-hexamethylphosphetane and
PA1  b. formic acid;
PA1  1-Oxo-1,2,2,3,4,4-hexamethylphosphetane and
PA1  b. sulphuric acid;
PA1  a. 1-Oxo-1,2,2,3,4,4-hexamethylphosphetane and
PA1  b. zinc chloride;
PA1  a. 1-Oxo-1,2,2,3,4,4-hexamethylphosphetane and
PA1  b. zinc acetate;
PA1  a. 1-Oxo-1,2,2,3,4,4-hexamethylphosphetane and
PA1  b. antimony trichloride;
PA1  a. 1-Oxo-1,2,2,3,4,4-hexamethylphosphetane and
PA1  b. phosphorus oxychloride;
PA1  a. 1-Oxo-1,2,2,3,4,4-hexamethylphosphetane and
PA1  b. methane phosphonic acid dichloride;
PA1  a. 1-Thio-1-phenyl-2,2,3,4,4-pentamethylphosphetane and
PA1  b. glycerol;
PA1  a. 1-Thio-1-phenyl-2,2,3,4,4-pentamethylphosphetane and
PA1  b. ethylene glycol; and the like.
PAR  The phosphetanes used for preparing the addition compounds according to the
      invention are known per se.
PAR  The phosphetane oxides and phosphetane sulphides used may be any phosphorus
      compound of the following Formulae I and II:
      ##EQU3##
      wherein
PAR  X represents a C.sub.1 -C.sub.18 alkyl, C.sub.2 -C.sub.18 alkenyl, C.sub.6
      -C.sub.14 aryl, C.sub.7 -C.sub.20 aralkyl, C.sub.1 -C.sub.18 alkoxy or
      C.sub.6 -C.sub.14 aroxy group and
PAR  R.sup.1 to R.sup.6 denote hydrogen and/or C.sub.1 -C.sub.4 alkyl groups.
PAR  Examples of suitable phosphorous compounds include:
PA1  1-oxo-1,2,2,3,4,4-hexamethylphosphetane,
PA1  1-oxo-1-benzyl-2,2,3,4,4-pentamethyl-phosphetane,
PA1  1-oxo-1-methoxy-2,2,3,4,4-pentamethyl-phosphetane,
PA1  1-oxo-1-t-butyl-2,2,3,4,4-pentamethyl-phosphetane,
PA1  1-thio-1-phenyl-2,2,3,4,4-pentamethyl-phosphetane,
PA1  1-oxo-1-phenyl-2,2,3,3,4-pentamethyl-phosphetane,
PA1  1-thio-1-phenyl-2,2,3,3-tetramethyl-phosphetane,
PA1  1-oxo-1-phenyl-2,2,3,3-tetramethyl-phosphetane,
PA1  1-oxo-1-methoxy-2,2,3-trimethyl-phosphetane,
PA1  1-oxo-1-phenyl-2,2,3-trimethyl-phosphetane,
PA1  1-oxo-1-phenyl-2,2,4,4-tetramethyl-3-i-propyl-phosphetane,
PA1  1-oxo-1-methoxy-2,3,4,4-tetramethyl-phosphetane and the like.
PAR  Any suitable mono-, di- and/or polyalcohol having a molecular weight of
      from about 32 to about 250 (component b) may be used for preparing the
      addition compounds according to the invention such as, for example,
      methanol, ethanol, butanol, isopropanol, ethylene glycol, di- and
      triethylene glycol, propane-1,3- and -1,2-diol, butane-1,3- and -1,4-diol,
      glycerol, trimethylolpropane, hexane-1,6-diol, hexane-1,2,6-triol and the
      like. Preferred polyalcohols are alcohols with valencies of 3 to 8. Most
      preferred alcohols are mono-alcohols, diols and triols.
PAR  Any suitable protonic acid which as a pH of between 1 and 8 in N/10 aqueous
      solution may be used as component b. Preferred protonic acids are mono-,
      di- and/or polycarboxylic acids having a molecular weight of about 46 to
      about 250 and mineral acids known per se. The following are examples of
      suitable protonic acids: formic acid, acetic acid, propionic acid, butyric
      acid, mono-, di- and trichloro-acetic acid, oxalic acid, fumaric acid,
      maleic acid, adipic acid and the like. Suitable mineral acids are e.g.
      hydrochloric, hydrobromic and hydriodic acid, o-phosphoric acid, boric
      acid, sulphuric acid, phosphorous acid and the like.
PAR  Any suitable metal salt may be used as component b such as, for example,
      zinc chloride, tin(II) bromide, tin(IV) chloride, magnesium chloride,
      calcium chloride, lithium chloride, lithium iodide, cadmium chloride,
      manganese(II) chloride, vanadium oxytrichloride and the like. The acid
      chlorides used (also component b) may be inorganic or hetero organic and
      may contain e.g. the elements sulphur, phosphorus, silicon, arsenic and
      antimony. The following are examples of suitable acid chlorides:
      phosphorus(III) chloride, phosphorus oxy-tribromide, phosphorus
      oxychloride, antimony(V) chloride, silicon(IV) chloride, methyl
      trichlorosilane, methane phosphonic acid dichloride, methane sulphonic
      acid chloride, p-toluene sulphonic acid chloride and
      1-chloro-1-oxophospholine and the like.
PAR  To prepare the addition compounds according to the invention, component (a)
      and component (b) are mixed together in a molar ratio of between 1 : 20
      and 20 : 1, preferably between 1 : 5 and 5 : 1 and more particularly
      between 3 : 1 and 1 : 2. Inert solvents such as benzene, ethyl acetate or
      acetone and particularly chloroform may be used. The new addition
      compounds may be partially isolated by crystallization.
PAR  The addition compounds according to the invention are in many cases oily
      substances or crystalline compounds which can be identified e.g. by means
      of their infra red and/or nuclear magnetic resonance spectra or by their
      formation enthalpy.
PAR  Distinct shifts in the nuclear magnetic resonance spectrum are obtained
      when 1-methyl-1-oxophosphetanes are used. The shift in the band position
      is given in the examples wherever it is used to identify the compounds
      obtained.
PAR  This invention also provides a process for the production of addition
      compounds which contain phosphorus, characterized in that a
PAR  a. Phosphetane oxide or phosphetane sulphide of the general formulae I and
      II
      ##EQU4##
      wherein
PAR  X represents a C.sub.1 -C.sub.18 alkyl, C.sub.2 -C.sub.18 alkenyl, C.sub.6
      -C.sub.14 aryl, C.sub.7 -C.sub.20 aralkyl, C.sub.1 -C.sub.18 alkoxy or
      C.sub.6 -C.sub.14 aroxy group and
PAR  R.sup.1 to R.sup.6 represent hydrogen and/or C.sub.1 -C.sub.4 alkyl groups
      is mixed with
PAR  b. a mono-, di- and/or polyhydric alcohol having a molecular weight of
      about 32 to about 250 or a protonic acid which has a pH of between 1 and 8
      in N/10 aqueous solution or a metal salt or acid chloride in a molar ratio
      of 1 : 20 to 20 : 1, preferably 5 : 1 to 1 : 5 and particularly 3 : 1 to 1
      : 2, optionally in the presence of inert solvents.
PAR  By using the addition compounds provided by the invention as catalysts for
      the production of foam plastics which contain carbodiimide groups, a
      starting time sufficiently long for vigorous mixing and discharge of the
      mixture from the mixing apparatus is obtained even at high catalyst
      concentrations and, once the reaction has begun, conversion of the organic
      polyisocyanate to a foam resin which contains carbodiimide groups can be
      completed within a short time, even at room temperature. A particularly
      advantageous course of the reaction, i.e. a long starting time followed by
      a rapid foaming process, is obtained with those addition compounds in
      which component (b) is capable of reacting with isocyanates.
PAR  The polycarbodiimide foams which can be produced from polyisocyanates with
      the aid of the addition compounds according to the invention generally
      have densities of from 5 to 100 kg/m.sup.3, preferably 10 to 30
      kg/m.sup.3, and have stable contours and are distinguished by their
      excellent dimensional stability under heat and excellent flame resistance.
      By flame resistance is meant that the foams are "self-extinguishing"
      according to ASTM D 1692 or "flame-resistant" according to DIN 4102.
PAR  A further object of this invention is therefore a process for the
      production of hard or rigid foam plastics which contain carbodiimide
      groups from organic polyisocyanates in the presence of catalysts which
      form carbodiimide groups, water and/or organic blowing agents,
      characterized in that the catalysts used are addition compounds of
PAR  a. phosphetane oxide or phosphetane sulphide of the general formulae I and
      II:
      ##EQU5##
      wherein
PAR  X represents a C.sub.1 -C.sub.18 alkyl, C.sub.2 -C.sub.18 alkenyl, C.sub.6
      -C.sub.14 aryl, C.sub.7 -C.sub.20 aralkyl, C.sub.1 -C.sub.18 alkoxy or
      C.sub.6 -C.sub.14 aroxy group and
PAR  R.sup.1 to R.sup.6 represent hydrogen and/or C.sub.1 -C.sub.4 alkyl groups,
      and
PAR  b. a mono-, di- and/or polyalcohol with a molecular weight of about 32 to
      about 250, a protonic acid which has a pH of between 1 and 8 in N/10
      aqueous solution, a metal salt or an acid chloride,
PAL  in any catalytic amount such as, for example, 0.5% to 20 percent by weight,
      preferably 1 to 10 percent by weight, based on the quantity of
      polyisocyanate.
PAR  According to a special variation of the process of the invention, a mixture
      which is stable when stored at room temperature is prepared from an
      organic polyisocyanate, a catalyst and optionally conventional foaming
      agents such as emulsifiers and/or stabilizers. The foaming process can
      then be started by simply heating this mixture to temperatures of between
      40.degree. and 200.degree.C, preferably 50.degree. to 150.degree.C.
PAR  The following addition compounds are examples of preferred catalysts for
      this variation of the process: 1-Oxo-1,2,2,3,4,4-hexamethylphosphetane and
      hydrogen chloride; 1-oxo-1,2,2,3,4,4-hexamethylphosphetane and phosphorus
      oxychloride; 1-oxo-1,2,2,3,4,4-hexamethylphosphetane and zinc chloride;
      1-oxo-1-phenyl-2,2,3,3,4-pentamethyl-phosphetane and calcium chloride.
PAR  Any suitable organic polyisocyanate may be used for the process according
      to the invention such as, for example, aliphatic, cycloaliphatic,
      araliphatic, aromatic or heterocyclic polyisocyanates such as those
      described e.g. by W. Siefken in Justus Liebigs Annalen der Chemie, 562,
      pages 75 to 136, for example, ethylene diisocyanate,
      tetramethylene-1,4-diisocyanate; hexamethylene-1,6-diisocyanate;
      dodecane-1,12-diisocyanate; cyclobutane-1,3-diisocyanate; cyclohexane-1,3-
      and -1,4-diisocyanate and any mixtures of these isomers;
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane (German
      Auslegeschrift No. 1,202,785); hexahydrotolylene-2,4- and
      -2,6-diisocyanate and any mixtures of these isomers;
      hexahydrophenylene-1,3-and/or -1,4-diisocyanate;
      perhydrodiphenylmethane-2,4'-and/or -4,4'-diisocyanate; phenylene-1,3- and
      -1,4-diisocyanate; tolylene-2,4- and -2,6-diisocyanate and any mixtures of
      these isomers; diphenylmethane-2,4'- and/or 4,4'-diisocyanate;
      naphthylene-1,5-diisocyanate; triphenylmethane-4,4',4"-triisocyanate;
      polyphenyl-polymethylene-polyisocyanates which can be obtained by
      aniline-formaldehyde condensation followed by phosgenation and which have
      been described e.g. in British Pat. Specifications No. 874,430 and
      848,671; perchlorinated aryl polyisocyanates as described e.g. in German
      Auslegeschrift No. 1,157,601; polyisocyanates which contain carbodiimide
      groups as described in German Pat. No. 1,092,007; the diisocyanates
      described in U.S. Pat. No. 3,492,330; polyisocyanates which contain
      allophanate groups as described e.g. in British Pat. Specification No.
      994,890; Belgian Pat. No. 761,626 and published Dutch Pat. application No.
      7,102,524; polyisocyanates which contain isocyanurate groups as described
      e.g. in German Pat. No. 1,022,789; 1,222,067 and 1,027,394 and in German
      Offenlegungsschriften No. 1,929,034 and 2,004,048; polyisocyanates which
      contain urethane groups as described e.g. in Belgian Pat. No. 752,261 or
      in U.S. Pat. No. 3,394,164; polyisocyanates which contain acylated urea
      groups in accordance with German Pat. No. 1,230,778; polyisocyanates which
      contain biuret groups as described e.g. in German Pat. No. 1,101,394; in
      British Pat. Specification No. 889,050 and in French Pat. No. 7,017,514;
      polyisocyanates which are prepared by telomerization reactions as
      described e.g. in Belgian Pat. No. 723,640; polyisocyanates which contain
      ester groups as described e.g. in British Pat. Specifications No. 956,474
      and 1,072,956; in U.S. Pat. No. 3,567,763 and in German Pat. No.
      1,231,688; and reaction products of the above mentioned isocyanates with
      acetals according to German Pat. No. 1,072,385.
PAR  Aromatic isocyanates are preferred for the purpose of the invention.
PAR  The distillation residues obtained from the commercial production of
      isocyanates such as polymers of 4,4'-diphenylmethane diisocyanate which
      still contain isocyanate groups may also be used, and may be dissolved in
      one or more of the above mentioned polyisocyanates. Any mixtures of the
      above mentioned polyisocyanates may also be used.
PAR  It is generally particularly preferred to use commercially readily
      obtainable organic polyisocyanates such as tolylene-2,4- and
      -2,6-diisocyanate and any mixtures of these isomers (TDI);
      polyphenyl-polymethylene-polyisocyanates which can be obtained by
      aniline-formaldehyde condensation followed by phosgenation (crude MDI) and
      polyisocyanates which contain carbodiimide, urethane, allophanate,
      isocyanurate, urea or biuret groups (modified polyisocyanates).
PAR  It is also particularly advantageous to use, as polyisocyanates, the
      undistilled phosgenation products of tolylenediamine or mixtures of 2,4-
      and/or -2,6-tolylene diisocyanate and 5-60% by weight, preferably 10-50%
      by weight of the distillation residue obtained from the production of
      tolylene diisocyanate as well as mixtures of polyisocyanates which are
      obtained by the condensation of aniline with formaldehyde followed by
      phosgenation and 5% to 50% by weight, preferably 10% to 30% by weight, of
      the distillation residue obtained from the production of tolylene
      diisocyanate. The reason why these products are preferred is that it has
      been found that the catalysts according to the invention are not attacked
      by the azide compounds and, particularly, chlorine compounds present in
      crude isocyanate mixtures, e.g. in crude tolylene diisocyanate or crude
      diisocyanatodiphenyl methane.
PAR  According to the invention, it is often preferred to include up to 50
      equivalents percent, based on the quantity of isocyanate, of compounds
      with a molecular weight of about 62 to about 10,000 which contain at least
      two hydrogen atoms which are reactive with isocyanates, e.g. ethylene
      glycol, propylene-1,3-glycol, hexane-1,6-diol, tripropylene glycol or
      polypropylene glycol with a molecular weight of about 400.
PAR  Among the compounds which contain at least two hydrogen atoms which are
      reactive with isocyanates, those with a molecular weight of from about 400
      to about 10,000 are generally preferred. In addition to compounds which
      contain amino, thiol or carboxyl groups, the compounds of this kind are
      preferably polyhydroxyl compounds, in particular those which contain 2 to
      8 hydroxyl groups and especially those with a molecular weight of about
      800 to about 10,000, preferably 1000 to 6000, e.g. polyesters, polyethers,
      polythioethers, polyacetals, polycarbonates and polyester amides which
      contain at least 2 and generally 2 to 8 but preferably 2 to 4 hydroxyl
      groups; these compounds are known per se for the production of homogeneous
      and cellular polyurethanes.
PAR  Any suitable hydroxyl polyester may be used, for example, products obtained
      by reacting polyhydric alcohols, preferably dihydric alcohols to which
      trihydric alcohols may be added, with polybasic, preferably dibasic
      carboxylic acids. Instead of free polycarboxylic acids, the corresponding
      polycarboxylic acid anhydrides or corresponding polycarboxylic acid esters
      of lower alcohols or mixtures thereof may be used for preparing the
      polyesters. The polycarboxylic acids may be aliphatic, cycloaliphatic,
      aromatic and/or heterocyclic and may be substituted, e.g. with halogen
      atoms and/or unsaturated. The following are examples: succinic acid,
      adipic acid; suberic acid; azelaic acid; sebacic acid; phthalic acid;
      isophthalic acid; trimellitic acid; phthalic acid anhydride;
      tetrahydrophthalic acid anhydride; hexahydrophthalic acid anhydride,
      tetrachlorophthalic acid anhydride, endomethylene tetrahydrophthalic acid
      anhydride; glutaric acid anhydride; maleic acid; maleic acid anhydride;
      fumaric acid; dimeric and trimeric fatty acid such as oleic acid which may
      be mixed with monomeric fatty acids, dimethyl terephthalate and bis-glycol
      terephthalate. The following are examples of suitable polyhydric alcohols:
      ethylene glycol; propylene-1,2- and -1,3-glycol; butylene-1,4- and
      -2,3-glycol; hexane-1,6-diol; octane-1,8-diol, neopentyl glycol;
      cyclohexane dimethanol (1,4-bis-hydroxymethylcyclohexane);
      2-methyl-propane-1,3-diol; glycerol; trimethylolpropane;
      hexane-1,2,6-triol, butane-1,2,4-triol; trimethylolethane;
      pentaerythritol; quinitol; mannitol and sorbitol; methyl glycoside,
      diethylene glycol; trimethylene glycol; tetraethylene glycol; polyethylene
      glycols, dipropylene glycol; polypropylene glycols; dibutylene glycol and
      polybutylene glycols. The polyesters may contain a proportion of carboxyl
      end groups. Polyesters of lactones such as .epsilon.-caprolactone or
      hydroxycarboxylic acids such as .omega.-hydroxycaproic acid may also be
      used.
PAR  Any suitable polyether which contains at least two and generally 2 to 8,
      preferably 2 or 3 hydroxyl groups may be used. Such polyethers are known
      per se and are prepared e.g. by polymerizing epoxides such as ethylene
      oxide, propylene oxide, butylene oxide, tetrahydrofuran, styrene oxide or
      epichlorohydrin with themselves, e.g. in the presence of boron
      trifluoride, or by a process of addition of these epoxides, either as
      mixtures or successively, to starting components which contain reactive
      hydrogen atoms such as alcohols or amines, e.g. water, ethylene glycol,
      propylene-1,3- or -1,2-glycol, trimethylolpropane,
      4,4'-dihydroxy-diphenylpropane, aniline, ammonia, ethanolamine or ethylene
      diamine. Sucrose polyethers e.g. those described in German
      Auslegeschriften No. 1,176,358 and 1,064,938, may also be used according
      to the invention. It is frequently preferred to use those polyethers which
      contain predominantly primary hydroxyl groups (up to 90% by weight, based
      on all the hydroxyl groups present in the polyether). Polyethers which
      have been modified with vinyl polymers, e.g. the products obtained by
      polymerizing styrene or acrylonitrile in the presence of polyethers (U.S.
      Pat. No. 3,383,351; 3,304,273; 3,523,093 and 3,110,695 and German Pat. No.
      1,152,536) and polybutadienes which contain hydroxyl groups are also
      suitable.
PAR  Any suitable polythioether may be used such as, for example, the
      condensation products of thiodiglycol with itself and/or with other
      glycols, dicarboxylic acids, formaldehyde, aminocarboxylic acids or
      aminoalcohols. The products obtained are either polythio mixed ethers,
      polythioether esters or polythioether ester amides, depending on the
      co-component.
PAR  The polyacetals used may be, for example, the compounds which can be
      prepared from glycols such as diethylene glycol, triethylene glycol,
      4,4'-dioxethoxy-diphenyldimethyl-methane, hexanediol and formaldehyde.
      Polyacetals suitable for the purpose of the invention may also be prepared
      by polymerizing cyclic acetals.
PAR  Any suitable polycarbonate with hydroxyl groups may be used such as the
      kind known per se which can be prepared, for example, by reacting diols
      such as propane-1,3-diol, butane-1,4-diol and/or hexane-1,6-diol,
      diethylene glycol, triethylene glycol or tetraethylene glycol with
      diarylcarbonates, e.g. diphenyl carbonate or phosgene.
PAR  Suitable polyester amides and polyamides include e.g. the predominantly
      linear condensates obtained from polyvalent saturated and unsaturated
      carboxylic acids or their anhydrides and polyvalent saturated and
      unsaturated amino alcohols, diamines, polyamines and their mixtures.
PAR  Polyhydroxyl compounds which already contain urethane or urea groups as
      well as natural polyols which may be modified such as castor oil,
      carbohydrates or starch may also be used. Addition products obtained by
      reacting alkylene oxides with phenol formaldehyde resins or with urea
      formaldehyde resins may also be used according to the invention.
PAR  Representatives of these compounds which may be used according to the
      invention have been described e.g. in High Polymers, Vol. XVI,
      "Polyurethanes, Chemistry and Technology" by Saunders-Frisch, Interscience
      Publishers, New York, London, Volume I, 1962, pages 32 - 42 and pages 44 -
      54 and Volume II, 1964, pages 5 - 6 and 198 - 199 and in
      Knuststoff-Handbuch, Volume VII, Vieweg-Hochtlen, publishers Carl-Hanser
      Verlag, Munich, 1966, e.g. on pages 45 to 71.
PAR  Water and/or any suitable readily volatile organic substance may be used as
      a blowing agent in addition to the carbon dioxide liberated by the
      formation of polycarbodiimide. Suitable organic blowing agents are e.g.
      acetone, ethyl acetate, methanol, ethanol, halogenated alkanes such as
      methylene chloride, chloroform, ethylidene chloride, vinylidene chloride,
      monofluorotrichloromethane, chlorodifluoromethane or
      dichlorodifluoromethane, butane, hexane, heptane, or diethyl ether.
      Compounds which decompose at temperatures above room temperature to
      liberate gases such as nitrogen, e.g. azo compounds such as azo isobutyric
      acid nitrile, may also act as blowing agents. Other examples of blowing
      agents and details of the methods of using them may be found in
      Kunststoff-Handbuch, Volume VII, published by Vieweg and Hochtlen,
      Carl-Hanser Verlag, Munich 1966, e.g. on pages 108 and 109, 453 to 455 and
      507 to 510.
PAR  According to the invention, the catalysts commonly used in isocyanate
      chemistry may be used in addition to the addition compounds according to
      the invention. The following are examples of conventional catalysts which
      may be used along with the catalysts according to the invention: tertiary
      amines such as triethylamine; tributylamine; N-methyl-morpholine;
      N-ethyl-morpholine; N-cocomorpholine; N,N,N',N'-tetramethyl-ethylene
      diamine; 1,4-diazo-bicyclo-(2,2,2)-octane;
      N-methyl-N'-dimethyl-aminoethyl-piperazine; N,N-dimethylbenzylamine;
      bis-(N,N-diethylaminoethyl)-adipate; N,N-diethylbenzylamine,
      pentamethyl-diethylene triamine; N,N-dimethylcyclohexylamine;
      N,N,N',N'-tetramethyl-1,3-butanediamine;
      N,N-dimethyl-.beta.-phenylethylamine; 1,2-dimethylimidazole and
      2-methylimidazole.
PAR  The following are examples of suitable tertiary amine catalysts which
      contain hydrogen atoms that react with isocyanate groups: triethanolamine;
      triisopropanolamine; N-methyl-diethanolamine; N-ethyl-diethanolamine;
      N,N-dimethyl-ethanolamine and their reaction products with alkylene oxides
      such as propylene oxide and/or ethylene oxide.
PAR  Silaamines which contain carbon-silicon bonds may also be used as
      catalysts, e.g. the compounds described in German Pat. No. 1,229,290 such
      as 2,2,4-trimethyl-2-silamorpholine or
      1,3-diethylaminomethyltetramethyl-disiloxane.
PAR  Bases which contain nitrogen, such as, tetraalkylammonium hydroxides,
      alkali metal hydroxides such as, sodium hydroxide, alkali metal phenolates
      such as sodium phenolate and alkali metal alcoholates such as sodium
      methylate may also be used as catalysts. Hexahydrotriazines are also
      suitable catalysts.
PAR  According to the invention, organic metal compounds may also be used as
      catalysts, especially organic tin compounds.
PAR  The organic tin compounds preferably used are the tin(II) salts of
      carboxylic acids such as tin(II) acetate, tin(II) octoate, tin(II)
      ethylhexoate and tin(II) laurate and the dialkyl tin salts of carboxylic
      acids such as dibutyl tin diacetate, dibutyl tin dilaurate, dibutyl tin
      maleate or dioctyl tin diacetate.
PAR  Other examples of catalysts to be used according to the invention and
      details of their mode of action may be found in Kuntstoff-Handbuch, Volume
      VII, published by Vieweg and Hochtlen, Carl-Hanser-Verlag, Munich 1966,
      e.g. on pages 96 to 102.
PAR  Any catalytic amount of the usual catalysts of isocyanate chemistry may be
      used such as, for example, between about 0.001% and 10% by weight, based
      on the quantity of compounds with a molecular weight of 400 to 10,000
      which contain at least two hydrogen atoms that are reactive with
      isocyanates.
PAR  Surface active additives (emulsifiers and foam stabilizers) may also be
      used according to the invention. The emulsifiers used may be e.g. the
      sodium salts of ricinoleic sulphonates or of fatty acids or salts of fatty
      acids with amines such as oleic acid diethylamine or stearic acid
      diethanolamine. Alkali metal or ammonium salts of sulphonic acids such as
      the alkali or ammonium salts of dodecyl benzene sulphonic acid or of
      dinaphthylmethane disulphonic acid or of fatty acids such as ricinoleic
      acid or of polymeric fatty acids may also be used as surface active
      additives.
PAR  The foam stabilizers used are mainly water-soluble polyether siloxanes.
      These compounds are generally constructed so that a copolymer of ethylene
      oxide and propylene oxide is attached to a polydimethylsiloxane group.
      Foam stabilizers of this kind have been described, for example, in U.S.
      Pat. No. 3,629,308 the disclosure of which is incorporated herein by
      reference.
PAR  Reaction retarders, e.g. substances which are acid in reaction such as
      hydrochloric acid or organic acid halides, cell regulators known per se
      such as paraffins or fatty alcohols or dimethylpolysiloxanes, pigments,
      dyes and flame retarders known per se, e.g. tris-chloroethylphosphate or
      ammonium phosphate and polyphosphate, stabilizers against ageing and
      weathering, plasticizers, fungistatic and bacteriostatic substances and
      fillers such as barium sulphate, kieselguhr, carbon black or whiting may
      also be used according to the invention.
PAR  Other examples of surface active additives, foam stabilizers, cell
      regulators, reaction retarders, stabilizers, flame retarding substances,
      plasticizers, dyes and fillers and fungistatic and bacteriostatic
      substances which may also be used according to the invention and details
      concerning their methods of use and mode of action may be found in
      Kunststoff-Handbuch, Volume VI, published by Vieweg and Hochtlen,
      Carl-Hanser-Verlag, Munich 1966, e.g. on pages 103 to 113.
PAR  In certain cases, e.g. when foaming undistilled phosgenation products of
      tolylene diamine, it may be advantageous to use 0.5% to 20% by weight,
      preferably 1% to 10% by weight, based on the quantity of isocyanate, of
      isocyanurate-forming catalysts know per se in addition to the addition
      compounds according to the invention.
PAR  The catalysts used for the formation of isocyanurate groups are preferably
      those which cause gelling of the isocyanate with isocyanurate formation at
      a temperature of 20.degree.C within 10 minutes when added in a quantity of
      1 to 10 g per 100 g of organic polyisocyanate, e.g. sodium phenolate,
      potassium acetate, sodium trichlorophenolate,
      2,4,6-tri-(dimethyl-aminomethyl) phenol or a mixture of 80% of ortho- and
      20% of para-dimethylaminomethylphenol.
PAR  The foam plastics which can be produced according to the invention have
      excellent flame resistance which can be even further improved by using
      known flame retarding agents such as compounds of halogens, of nitrogen,
      of phosphorus and of antimony.
PAR  Foaming may be carried out either by hand or mechanically by known
      techniques. Mechanical devices in which a mixture of activator and
      addition compound, foaming agent, to which polyols, blowing agents and
      flame-retarding agents, etc. may be added and the isocyanate component are
      delivered through separate pumps are advantageously used.
PAR  The foams according to the invention may be produced e.g. in the form of
      blocks, panels or endless webs, either intermittently or continuously, if
      desired also on double conveyor belts. Foams which have been produced by
      foaming without restriction of volume generally have a density of 5 to 25
      kg/m.sup.3 while foams which have been produced by foaming in a closed
      mold may have a density of 25 to 100 kg/m.sup.3.
PAR  The foams containing carbodiimide groups are suitable for various types of
      insulation against cold and heat. Because of their excellent flame
      resistance, they are particularly suitable for use as insulation in walls
      of buildings and because of their high thermal resistance they are also
      suitable for the insulation of technical plants, particularly heating
      installations.
DETD
PAC  EXAMPLE 1
      ##EQU6##
PAR  6.8 g of 1-oxo-1,2,2,3,4,4-hexamethyl-phosphetane and 150 ml of chloroform
      are introduced into a three-necked flask with stirrer and dropping funnel.
      4 ml of phosphorus oxychloride are then added dropwise with constant
      stirring.
PAR  The reaction is exothermic. After termination of the reaction the
      chloroform is evaporated off. 12.8 g of a pale pink solid substance which
      melts at 189.degree.C are obtained.
PAR  The band position of the methyl group on phosphorus is shifted by 2.95 ppm
      compared with the phosphetane used as starting material (solvent CD
      Cl.sub.3).
PAC  EXAMPLE 2
      ##EQU7##
PAR  8.7 g of 1-oxo-1,2,2,3,4,4 -hexamethylphosphetane, 3.1 g of ethylene glycol
      and 150 ml of chloroform are introduced into a flask with stirrer. The
      reaction mixture is heated to 20.degree. to 30.degree.C with stirring. The
      reaction is exothermic. After termination of the reaction, the chloroform
      is evaporated off under vacuum and 10 g of a pale yellowish oil are
      obtained. The band position of the methyl protons on phosphorus has
      shifted to 1.63 ppm (solvent CD Cl.sub.3).
PAC  EXAMPLE 3
      ##EQU8##
PAR  8.7 g of 1-oxo-1,2,2,3,4,4-hexamethyl-phosphetane, 6.8 g of zinc chloride
      and 150 ml of chloroform are reacted together as in Example 2. After
      removal of the chloroform by evaporation, 16 g of a violet colored
      addition compound are obtained. The methyl proton signal of the group
      attached to phosphorus has shifted to 1.84 ppm in this compound.
PAC  EXAMPLE 4
      ##EQU9##
PAR  8.7 g of 1-oxo-1,2,2,3,4,4-hexamethyl-phosphetane, 30 ml of 37% aqueous
      hydrogen chloride and 150 ml of chloroform are reacted together as in
      Example 2. Water and chloroform are then evaporated off under vacuum. An
      oily addition compound is obtained. The band position of the methyl
      protons on the group attached to phosphorus is shifted to 1.8 ppm.
PAC  EXAMPLE 5
PAR  30 g of the addition compound described in Example 2 are heated to
      50.degree.C in a three-necked flask equipped with reflux condenser,
      thermometer and stirrer. 50 g of glycerol are then added dropwise in
      portions (2 to 3 g/min) with constant stirring. The reaction mixture is
      then heated to 100.degree.C for 2 hours. An oily product is obtained after
      cooling to room temperature.
PAR  A mixture of 8 g of the adduct described above and 0.5 g of a
      polysiloxane-polyalkylene glycol (as foam stabilizer) is prepared in a
      paper cup. 100 g of polymeric diphenylmethane diisocyanate (obtained by
      condensation of aniline with formaldehyde followed by phosgenation) which
      has a viscosity of 200 cP/35.degree.C and an isocyanate content of 31.2%
      are added to this mixture with vigorous stirring.
TBL  ______________________________________                                    

     Reaction times:                                                           

                .sup.+R                                                        

                      =     120 sec .sup.+R                                    

                                        =   stirring time                      

                .sup.+I                                                        

                      =     170 sec .sup.+I                                    

                                        =   lying time                         

                .sup.+A                                                        

                      =     610 sec .sup.+A                                    

                                        =   setting time                       

                .sup.+S                                                        

                      =     730 sec .sup.+S                                    

                                        32  rising time                        

                .sup.+K                                                        

                      =     780 sec .sup.+K                                    

                                        =   tack-free time                     

     ______________________________________                                    

PAR  The foam obtained has the following physical properties
TBL  Density:         19 kg/m.sup.3 DIN 53420                                  

     Compression strength:                                                     

                      1.1 kg/cm.sup.2 DIN 53421                                

     Resistance to bending                                                     

     under heat:      125.degree.C DIN 53424                                   

     Coefficient of thermal                                                    

                      0.029 kcal/m/h/degree                                    

     conductivity:    DIN 52612                                                

     Small sample burning                                                      

     test:            77-85 Fl, Kl DIN 4102                                    

PAR  Pure 1-oxo-1,2,2,3,4,4-hexamethylphosphetane causes such a rapid reaction
      that homogeneous mixing of polyisocyanate with catalyst and discharge of
      the mixture involves great difficulties.
PAR  Any of the other addition compounds indicated as suitable as catalysts may
      be substituted for the one used in Example 5 and other organic
      polyisocyanates can be used instead of the poly (diphenylmethane
      diisocyanate) if desired.
PAR  Although the invention has been described in detail for the purpose of
      illustration, it is to be understood that such detail is solely for that
      purpose and that variations can be made therein by those skilled in the
      art without departing from the spirit and scope of the invention except as
      it may be limited by the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for making a rigid foam plastic which contains carbodiimide
      groups from an organic polyisocyanate, the improvement which comprises
      includig a catalytic amount of an addition compound of
PA1  a. a phosphetane oxide or phosphetane sulphide of the general formulae I
      and II
      ##EQU10##
      wherein X denotes a C.sub.1 -C.sub.18 alkyl, C.sub.2 -C.sub.18 alkenyl,
      C.sub.6 -C.sub.14 aryl, C.sub.7 -C.sub.20 aralkyl, C.sub.1 -C.sub.18
      alkoxy or C.sub.6 -C.sub.14 aroxy group and
PA1  R.sup.1 to R.sup.6 denote hydrogen and/or C.sub.1 -C.sub.4 alkyl groups and
PA1  b. a mono-, di- and/or polyhydric alcohol with a molecular weight of about
      32 to about 250, a protonic acid which has a pH of between 1 and 8 in N/10
      aqueous solution, a metal salt or an acid chloride and allowing the
      polyisocyanate to react.
NUM  2.
PAR  2. The process of claim 1 wherein up to 50 equivalents percent, based on
      the quantity of isocyanate, of a compound with a molecular weight of about
      62 to about 10,000, which contains at least two hydrogen atoms which are
      reactive with isocyanates are included in the reaction mixture.
NUM  3.
PAR  3. The process of claim 1 wherein from about 0.5 to 20% by weight, based on
      the quantity of isocyanate, of a catalyst which forms isocyanurate groups
      is included in the reaction mixture.
NUM  4.
PAR  4. The process of claimm 1 wherein the polyisocyanate is an undistilled
      phosgenation product of tolylene diamine or a mixture of tolylene-2,4-
      and/or -2,6-diisocyanate and 5% to 60% by weight of the distillation
      residue obtained from the production of tolylene diisocyanate.
NUM  5.
PAR  5. The process of claim 1 wherein the polyisocyanate is a mixture of
      polyisocyanates obtained by the condensation of aniline with formaldehyde
      followed by phosgenation and 5% to 50% by weight, of the distillation
      residue obtained from the production of tolylene diisocyanate.
NUM  6.
PAR  6. The process of claim 1 wherein a mixture which is stable when stored at
      room temperature containing the polyisocyanate and the catalyst is heated
      to 40.degree. to 200.degree.C to start foaming.
NUM  7.
PAR  7. A process of making a polycarbodiimide foam from an organic
      polyisocyanate which comprises heating the polyisocyanate in the presence
      of a catalytic amount of an addition compound of a phosphetane or
      phosphetane sulphide and an alcohol, a protonic acid adapted to form a
      N/10 aqueous solution having a pH of 1 to 8, a metal salt or an acid
      chloride.
NUM  8.
PAR  8. The process of claim 7 wherein a blowing agent, an organic
      polyisocyanate and a compound having at least two hydrogen atoms
      determined by the Zerewitinoff method are heated to form a
      polycarbodiimide-polyurethane or polyurea foam.
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ABST
PAL  Polyurethane foams which are free from the usual discoloration particularly
      in the center of a block thereof are prepared from a foamable reaction
      mixture containing
PAL  A. a heterocyclic mercapto compound of the formula
      ##SPC1##
PAL  In which
PAL  X = --o--, --s--, --nh--, --n--(c.sub.1 -c.sub.12)--alkyl, --N--(C.sub.5
      -C.sub.6)--cycloalkyl--, --N--phenyl, --N--(C.sub.7 -C.sub.12)--aralkyl,
      --N--(C.sub.7 --C.sub.12)--alkylaryl-- or --N--CO--(C.sub.1
      -C.sub.6)--alkyl,
      ##EQU1##
      ##SPC2##
      R = H, (C.sub.1 -C.sub.12)--alkyl, (C.sub.1 -C.sub.12)--alkoxycarbonyl--,
      (C.sub.1 -C.sub.12)--alkoxy and
PAL  B. a phenol of the general formula
      ##SPC3##
PAL  In which R.sup.1 and R.sup.3 may be the same or different and denote
      C.sub.1 -C.sub.9 --alkyl--, C.sub.5 -C.sub.6 --cycloalkyl--, C.sub.7
      -C.sub.9 --alkylaryl--, indanyl or norbornyl groups and R.sup.2 = R.sup.1
      or --CH.sub.2 --CH.sub.2 --COO--(C.sub.1 -C.sub.12)--alkyl.
BSUM
PAR  This invention relates generally to polyurethane foams and more
      particularly to a process of making polyurethane foams which are
      substantially free from the discoloration which occurs frequently when a
      block of foam is produced.
PAR  Foams with a wide variety of physical properties have for a long time been
      produced on a technical scale by the isocyanate polyaddition process. This
      process uses compounds which contain active hydrogen atoms, in particular
      compounds which contain hydroxyl and/or carboxyl groups, and
      polyisocyanates, optionally with the addition of water, activators,
      emulsifiers, foam stabilizers and other additives (R. Vieweg, A. Hochtlen,
      Kunststoff-Handbuch, Volume VII, Polyurethanes, published by
      Carl-Hanser-Verlag, Munich 1966). With suitable choice of the components,
      elastic foams, rigid foams or foams having intermediate properties can be
      produced by this process.
PAR  The starting materials which are to be reacted together may either all be
      mixed together at once or a prepolymer which contains NCO-groups may first
      be prepared from a polyhydroxyl compound such as a polyalkylene glycol
      ether or polyester which contains hydroxyl groups and an excess of a
      polyisocyanate, and this prepolymer may then be converted into the foam by
      reaction with water.
PAR  In the foaming process, and especially when foams with low densities are
      being produced or when a relatively large quantity of isocyanate is used,
      undesirable discoloration phenomena occur in the block of foam and the
      foam may assume a yellow to brown color, especially at the center of the
      block where the temperature rises most sharply due to the heat of
      reaction. This discoloration is often increased by the substances used in
      the foaming mixture, such as tertiary amines which are used as catalysts
      or polyethers which contain amino groups or various metal compounds which
      may be present as impurities, e.g. compounds of iron, copper, nickel or
      cobalt. Halogen compounds, which are frequently used as blowing agents,
      may also have a certain discoloring effect, as may also other additives
      used as flame-retarding agents such as tris-.beta.-chloroethyl phosphate.
PAR  Attempts have already been made to prevent this undesirable discoloration
      at the core of the foam by adding phenolic compounds, e.g.
      2,2'-methylene-bis-(4-methyl-6-tert.-butyl phenol),
      2,6-di-tert.-butyl-p-cresol, 2,4-di-tert.-butyl-6-methyl phenol or
      4,4'-butylidene-bis-(2-tert.-butyl-5-methyl phenol) (U.S. Pat. Nos.
      3,280,049; 3,385,820 and 3,494,880).
PAR  Although the phenolic compounds are effective when small blocks are
      produced, technological advancements have made it possible to produce foam
      blocks with greater height and lower density than before. It has been
      found that this has considerably increased the risk of discoloration at
      the center of the block due to the increased reaction temperature. The
      phenolic compounds mentioned above are not sufficiently effective when
      used alone to prevent discoloration at the center of large blocks when
      used in larger quantities.
PAR  It is also known that 2-mercaptobenzimidazole may be used as a stabilizer
      for polyurethane foams to protect them against the influence of light and
      oxygen (German Auslegeschrift No. 1,056,368). However, when
      2-mercaptobenzimidazole is used at low concentrations in an attempt to
      prevent discoloration of the center of high polyurethane foam blocks with
      low density, the results are unsatisfactory for the same reasons as
      explained above in connection with phenolic compounds. From German
      Auslegeschrift No. 1,694,444 it is also known to use
      2-mercaptobenzimidazole with mixtures of an organic halogen compound and a
      polyol which are unstable in storage. The Auslegeschrift, however,
      contains no indication that discoloration at the center of polyurethane
      foams is prevented by 2-mercaptobenzimidazole.
PAR  It is an object of this invention to provide a process for making
      polyurethane foam blocks without discoloration particularly at the center
      of the block. Another object of the invention is to provide relatively
      large blocks of polyurethane foam which are substantially free from the
      yellow and brown discolorations frequently caused by light and/or
      oxidation.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention, generally speaking, by providing a process for making
      polyurethane foams wherein a phenol and a heterocyclic mercapto compound
      are included in the foamable reaction mixture from which the foam is
      prepared.
PAR  It has now surprisingly been found that mixtures of certain phenols and
      mercapto compounds in a foamable reaction mixture prevent discoloration at
      the center of polyurethane foam blocks.
PAR  This finding is all the more surprising in view of the fact that the
      individual compounds, i.e. both the phenols and the mercapto compounds
      when used on their own are not capable of completely eliminating
      discoloration at the center of polyurethane foams produced under technical
      conditions.
PAR  Another surprising finding is that when the two classes of compounds are
      used in combination with each other they have a disproportionately
      powerful effect, a phenomenon which is generally known as synergism. An
      effect is said to be synergistic when, for example, the resistance to
      oxidation obtained in a polymer by using two or more different
      antioxidants is distinctly higher than the sum of the effects obtained
      from the individual substances used separately (J. Voigt, Die
      Stabilisierung der Kunststoffe gegen Licht und Warme, Springer-Verlag
      Berlin 1966).
PAR  The existance of synergism between the phenolic and mercapto compound has
      the advantage that only small quantities of the mixture are required to
      eliminate discoloration at the center. Moreover, it has been found that if
      the concentration is increased, the increase in the effect of the mixture
      is more than proportional to the increase in concentration.
PAR  Another advantage is that by varying the quantity of the two components in
      the mixture, the effect can be specifically improved and adapted to the
      intensity of the discoloration.
PAR  This invention therefore, provides a process for producing polyurethane
      foams from an organic polyisocyanate, a compound which contains at least
      two active hydrogen atoms, a blowing agent, a catalyst, a substance which
      prevents discoloration at the center of the resulting foam product and
      optionally foam stabilizers and other additives, characterized in that the
      substance used to prevent discoloration at the center of the block is a
      mixture of
PAR  a. a heterocyclic mercapto compound of the general formula
      ##SPC4##
PAL  in which
PAR  X = --O--, --S--, --NH--, --N--(C.sub.1 -C.sub.12)-alkyl, --N--(C.sub.5
      -C.sub.6)--cycloalkyl, --N--phenyl, --N--(C.sub.7 -C.sub.12)-aralkyl--,
      --N--(C.sub.7 -C.sub.12)--alkylaryl-- or --N--CO--(C.sub.1
      -C.sub.6)--alkyl
PAR  Y = --CH.sub.2 --CH.sub.2 --, --CH=CH--,
      ##EQU2##
      ##SPC5##
PAR  R = H, (C.sub.1 -C.sub.12)--alkyl, (C.sub.1 -C.sub.12)--alkoxy carbonyl--,
      or (C.sub.1 -C.sub.12 --alkoxy--; and
PAR  b. a phenol of the general formula
      ##SPC6##
PAL  in which R.sub.1 and R.sub.3 may be the same or different and denote
      C.sub.1 -C.sub.9 --alkyl, C.sub.5 -C.sub.6 --cycloalkyl, C.sub.7 -C.sub.9
      --alkylaryl, indanyl or norbornyl groups and R.sub.2 = R.sub.1 or
      --CH.sub.2 --CH.sub.2 --COO--(C.sub.1 -C.sub.12)--alkyl.
PAR  The invention also provides a foamable mixture containing a compound which
      contains at least two active hydrogen atoms, a blowing agent, catalyst
      and, as a substance to prevent discoloration at the center of the block a
      mixture of
PAR  a. a heterocyclic mercapto compound of the general formula
      ##SPC7##
PAL  in which
PAR  X = --O--, --S--, --NH--, --N--(C.sub.1 -C.sub.12)--alkyl, --N--(C.sub.5
      -C.sub.6)--cycloalkyl--, --N phenyl, --N--(C.sub.7 -C.sub.12)--aralkyl--,
      --N--(C.sub.7 -C.sub.12)--alkylaryl or --N--CO--(C.sub.1 -C.sub.6)--alkyl
PAR  Y = --CH.sub.2 --CH.sub.2 --, --CH=CH--,
      ##EQU3##
      ##SPC8##
PAR  R = H, (C.sub.1 -C.sub.12)--, alkyl, (C.sub.1 -C.sub.12)--,
      alkoxy--carbonyl--, (C.sub.1 -C.sub.12)--, alkoxy--; and
PAR  b. a phenol of the general formula
      ##SPC9##
PAL  in which R.sup.1 and R.sup.3 may be the same or different and denote
      C.sub.1 -C.sub.9 --alkyl, C.sub.5 -C.sub.6 --cycloalkyl, C.sub.7 -C.sub.9
      --alkylaryl--, indanyl or norbornyl groups and R.sub.2 = R.sub.1 or
      --CH.sub.2 --CH.sub.2 --COO--(C.sub.1 -C.sub.12)-alkyl and optionally foam
      stabilizers and other additives.
PAR  The effect of substances mentioned above and of the mixtures prepared from
      them probably lies in preventing the reactions with free radicals which
      presumably cause the discoloration in the interior of the foam blocks.
      Since free radicals are produced particularly readily by treatment with
      oxygen, the effect of the phenols and heterocyclic mercapto compounds and
      of the synergistic mixtures prepared from them can be determined by
      measuring the time after which absorption of oxygen takes place. At that
      moment, the stabilizer is used up, and the length of time until that point
      is reached is a direct measure of the effectiveness of the substance or
      mixture of substances.
PAR  Any suitable phenol and mercapto compound of the above formulae may be used
      such as, for example,
PA1  2,6-di-tert.-butyl-p-cresol,
PA1  2-tert.-butyl-6-cyclohexyl-p-cresol,
PA1  2-tert.-butyl-6-cyclopentyl-p-cresol,
PA1  2-methyl-6-cyclopentyl-p-cresol,
PA1  2-methyl-6-norbornyl-p-cresol,
PA1  2-tert.-butyl-6-norbornyl-p-cresol,
PA1  2,6-di-cyclopentyl-p-cresol,
PA1  2-tert.-butyl-6-indanyl-p-cresol,
PA1  2,6-di-tert.-butyl-4-ethyl-phenol,
PA1  2,4,6-tris-.alpha.-methylbenzyl-phenol,
PA1  2,6-di-cyclohexyl-p-cresol,
PA1  2-tert.-butyl-6-.alpha.-methylcyclohexyl-p-cresol,
PA1  2,5-di-tert.-butyl-4-hydroxy-phenyl-propionic acid octyl ester,
PA1  2,6-di-o-methylbenzyl-p-cresol,
PA1  2-tert.-butyl-6-.alpha.-methylbenzyl-p-cresol,
PA1  2-cyclohexyl-6-.alpha.-methylbenzyl-p-cresol,
PA1  2,6-di-.alpha.-dimethylbenzyl-p-cresol,
PA1  2-mercaptobenzimidazole,
PA1  2-mercapto-4,5-dimethyl thiazole,
PA1  2-mercapto-4-methyl thiazole,
PA1  2-mercapto-4-ethoxycarbonyl-5-methyl thiazole,
PA1  2-mercapto-4-tert.-butyl-thiazole,
PA1  1-ethoxycarbonyl-2-mercaptobenzimidazole,
PA1  2-mercapto-4-isopropyl-5-methyl thiazole,
PA1  2-mercapto-4-isopropyl thiazole,
PA1  1-methyl-2-mercaptobenzimidazole,
PA1  2-mercaptobenzothiazole,
PA1  1-(2-ethyl)-hexyl-2-mercaptobenzimidazole, and
PA1  2-mercaptobenzoxazole.
PAR  The mixtures according to the invention are advantageously used in a
      quantity of about 0.01% to 5% by weight, preferably about 0.2% to about 2%
      by weight, based on the weight of the reaction mixture, and the proportion
      by weight of phenol to heterocyclic mercapto compound may be between about
      1:99 and 99:1, preferably between about 30:70 and 70:30%.
PAR  In the foaming process, the mixtures according to the invention or
      individual components thereof may be added to one of the reactants, e.g.
      to the polyol, either during or after its preparation, or to the organic
      polyisocyanate.
PAR  The mixtures according to the invention or individual components may be
      added in the form of very concentrated solutions in suitable solvents to
      the polyol during or after its preparation or to the organic
      polyisocyanate. The solutions may also be added separately to the foaming
      mixture.
PAR  Preparation of the phenols and heterocyclic mercapto compounds is carried
      out by known methods.
PAR  Any suitable organic polyisocyanate may be used in practicing the invention
      such as, for example, aliphatic, cycloaliphatic, araliphatic, aromatic or
      heterocyclic polyisocyanates including those described e.g. by W. Siefgen
      in Justus Liebigs Annalen der Chemie, 562, pages 75 to 136, for example,
      ethylene diisocyanate, tetramethylene-1,4-diisocyanate,
      hexamethylene-1,6-diisocyanate, dodecane-1,12-diisocyanate,
      cyclobutane-1,3-diisocyanate, cyclohexane-1,3- and -1,4-diisocyanate and
      any mixtures of these isomers,
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane (DAS No.
      1,202,785), hexahydrotolylene-2,4- and -2,6-diisocyanate and any mixtures
      of these isomers, hexahydro-1,3- and/or -1,4-phenylene-diisocyanate,
      perhydro-2,4'- and/or -4,4'-diphenylmethane-diisocyanate, phenylene-1,3-
      and -1,4-diisocyanate, tolylene-2,4- and -2,6-diisocyanate and any
      mixtures of these isomers, diphenylmethane-2,4'- and/or
      -4,4'-diisocyanate, naphthylene-1,5-diisocyanate, triphenylmethane-4,4',
      4"-triisocyanate, polyphenyl-polymethylene-polyisocyanates which can be
      obtained by aniline-formaldehyde condensation followed by phosgenation and
      which have been described e.g. in British Pat. Specification Nos. 874,430
      and 848,671, perchlorinated aryl polyisocyanates as described e.g. in
      German Auslegeschrift No. 1,157,601, polyisocyanates which contain
      carbodiimide groups as described in German Pat. No. 1,092,007, the
      diisocyanates described in U.S. Pat. No. 3,492,330, polyisocyanates which
      contain allophanate groups as described e.g. in British Pat. Specification
      No. 994,890, Belgian Pat. No. 761,626, and published Dutch Pat.
      application No. 7,102,524 polyisocyanates which contain isocyanurate
      groups as described e.g. in German Pat. Nos. 1,022,789; 1,222,067 and
      1,027,394 and in German Offenlegungsschrift Nos. 1,929,034 and 2,004,048
      polyisocyanates which contain urethane groups as described e.g. in Belgian
      Pat. No. 752,261 or in U.S. Pat. No. 3,394,164, polyisocyanates which
      contain acylated urea groups in accordance with German Pat. No. 1,230,778,
      polyisocyanates which contain biuret groups as described e.g. in German
      Pat. No. 1,101,394 in British Pat. Specification No. 889,050 and in French
      Pat. No. 7,017,514 polyisocyanates which are prepared by telomerization
      reactions as described e.g. in Belgian Pat. No. 723,640 polyisocyanates
      which contain ester groups as mentioned e.g. in British Pat. Specification
      Nos. 956,474 and 1,072,956 in U.S. Pat. No. 3,567,763 and in German Pat.
      No. 1,231,688 and reaction products of the above mentioned isocyanates
      with acetals in accordance with German Pat. No. 1,072,385.
PAR  The distillation residues which are obtained from the commercial production
      of isocyanates and still contain isocyanate groups may also be used,
      optionally as solutions in one or more of the above mentioned
      polyisocyanates. Any mixtures of the above mentioned polyisocyanates may
      also be used.
PAR  It is generally preferred to use commercially readily available
      polyisocyanates such as tolylene-2,4- and -2,6-diisocyanate and any
      mixtures of these isomers ("TDI"),
      polyphenyl-polymethylene-polyisocyanates which can be obtained by
      aniline-formaldehyde condensation followed by phosgenation ("crude MDI")
      and polyisocyanates which contain carbodiimide groups, urethane groups,
      allophanate groups, isocyanurate groups, urea groups or biuret groups
      ("modified polyisocyanates").
PAR  The starting components for use according to the invention also include any
      suitable organic compound which contains at least two hydrogen atoms
      capable of reacting with isocyanates; these compounds preferably have a
      molecular weight of 400-10,000. These include compounds which contain
      amino groups, thiol groups or carboxyl groups but the compounds of this
      kind preferably used are polyhydroxyl compounds, in particular those which
      contain 2 to 8 hydroxyl groups and especially those with a molecular
      weight of 800 to 10,000, preferably 1000 to 6000 e.g. polyesters,
      polyethers, polythioethers, polyacetals, polycarbonates or polyester
      amides which contain at least two and generally 2 to 8 but preferably 2 to
      4 hydroxyl groups of the kind known per se for the production of both
      homogeneous and cellular polyurethanes.
PAR  Any suitable polyester with hydroxyl groups may be used as one of the
      starting materials, e.g. reaction products of polyvalent alcohols,
      preferably divalent alcohols with the optional addition of trivalent
      alcohols, and polybasic, preferably dibasic carboxylic acids. Instead of
      the free polycarboxylic acids, the corresponding polycarboxylic acid
      anhydrides or corresponding polycarboxylic acid esters of lower alcohols
      or mixtures thereof may be used for preparing the polyesters. The
      polycarboxylic acids may be aliphatic, cycloaliphatic, aromatic and/or
      heterocyclic and may be substituted, e.g. with halogen atoms, and/or
      unsaturated. The following are examples: succinic acid, adipic acid,
      suberic acid, azelaic acid, sebacic acid, phthalic acid, isophthalic acid,
      trimellitic acid, phthalic acid anhydride, tetrahydrophthalic acid
      anhydride, hexahydrophthalic acid anhydride, tetrachlorophthalic acid
      anhydride, endomethylene tetrahydrophthalic acid anhydride, glutaric acid
      anhydride, maleic acid, maleic acid anhydride, fumaric acid, dimeric and
      trimeric fatty acids such as oleic acid optionally mixed with monomeric
      fatty acids, dimethyl terephthalate and bis-glycol terephthalate. Any
      suitable polyhydric alcohol may be used to prepare the polyester e.g.
      ethylene glycol, propylene-1,2- and -1,3-glycol, butylene-1,4- and
      -2,3-glycol, hexane-1,6-diol, octane-1,8-diol, neopentyl glycol,
      cyclo-hexane dimethanol (1,4-bis-hydroxymethyl cyclohexane),
      2-methyl-1,3-propanediol, glycerol, trimethylol propane,
      hexane-1,2,6-triol, butane-1,2,4-triol, trimethylol ethane,
      pentaerythritol, quinitol, mannitol and sorbitol, methyl glycoside,
      diethylene glycol, triethylene glycol, tetraethylene glycol, polyethylene
      glycols, dipropylene glycol, polypropylene glycols, dibutylene glycol and
      polybutylene glycols. A certain proportion of the polyesters may contain
      carboxyl end groups. Polyesters of lactones such as .epsilon.-caprolactone
      or hydroxycarboxylic acids such as .omega.-hydroxycaproic acid may also be
      used.
PAR  Any suitable polyether which contains at least two and generally two to
      eight and preferably two to three hydroxyl groups may be used. For
      example, polyethers prepared by polymerizing epoxides such as ethylene
      oxide, propylene oxide, butylene oxide, tetrahydrofuran, styrene oxide or
      epichlorohydrin, each with itself, e.g. in the presence of BF.sub.3 or by
      addition of these epoxides, optionally as mixtures or successively, to
      initiators which contain reactive hydrogen atoms such as alcohols or
      amines, e.g. water, ethylene glycol, propylene-1,3- or -1,2-glycol,
      trimethylolpropane, 4,4'-dihydroxy-diphenyl-propane, aniline, ammonia,
      ethanolamine or ethylene diamine. Sucrose polyethers such as those
      described e.g. in German Auslegeschrift Nos. 1,176,358 and 1,064,938 may
      also be used according to the invention. It is in many cases preferred to
      use those poly (alkylene ether) polyols which contain predominantly
      primary OH-groups (up to 90% by weight, based on all the OH-groups present
      in the polyether). Polyethers which have been modified with vinyl
      polymers, e.g. those which are obtained by polymerizing styrene or
      acrylonitrile in the presence of polyethers (U.S. Pat. Nos. 3,383,351;
      3,304,273; 3,523,093 and 3,110,695 and German Pat. No. 1,152,536) and
      polybutadienes which contain OH-groups are also suitable.
PAR  Any suitable polythioether may be used such as, for example, the
      condensation products of thiodiglycol with itself and/or with other
      glycols, dicarboxylic acids, formaldehyde, aminocarboxylic acids or amino
      alcohol. The products obtained are either polythio mixed ethers, polythio
      ether esters or polythioether ester amides, depending on the cocomponents.
PAR  Any suitable polyacetal may be used, e.g. the compounds which can be
      prepared from glycols such as diethylene glycol, triethylene glycol,
      4,4'-dioxethoxy-diphenyl dimethylmethane or hexanediol and formaldehyde.
      Polyacetals suitable for the purpose of the invention may also be obtained
      by polymerizing cyclic acetals.
PAR  Any suitable polycarbonate with hydroxyl groups may be used e.g. those
      which can be prepared by reacting diols such as propane-1,3-diol,
      butane-1,4-diol and/or hexane-1,6-diol, diethylene glycol, triethylene
      glycol or tetraethylene glycol with diaryl carbonates such as diphenyl
      carbonate or phosgene.
PAR  Any suitable polyester amide or polyamides may be used e.g. the
      predominantly linear condensates obtained from polybasic saturated and
      unsaturated carboxylic acids or their anhydrides and polyvalent saturated
      and unsaturated amino alcohols, diamines, polyamines and mixtures thereof.
PAR  Polyhydroxyl compounds which already contain urethane or urea groups as
      well as optionally modified natural polyols such as castor oil,
      carbohydrates or starch may also be used. Addition products of alkylene
      oxides with phenol formaldehyde resins or with urea formaldehyde resins
      are also suitable for the purpose of the invention.
PAR  Representatives of these compounds and processes which are to be used
      according to the invention have been described e.g. in High Polymers, Vol.
      XVI, "Polyurethanes, Chemistry and Technology" by Saunders-Frisch,
      Interscience Publishers, New York, London, Volume I, 1962, pages 32-42 and
      pages 44-54 and Volume II, 1964, pages 5-6 and 198-199 and in
      Kunststoff-Handbuch, Volume VII, Vieweg-Hochtlen, Carl HanserVerlag,
      Munich 1966, e.g. on pages 45 to 71.
PAR  According to the invention, water and/or any suitable readily volatile
      organic substance may be used as the blowing agent. Suitable organic
      blowing agents are e.g. acetone, ethyl acetate, methanol, ethanol,
      halogenated alkanes such as methylene chloride, chloroform, ethylidene
      chloride, vinylidene chloride, monofluorotrichloromethane,
      chlorodifluoromethane, dichlorodifluoromethane, butane, hexane, heptane,
      diethylether and the like. Compounds which decompose at temperatures above
      room temperature to liberate gases such as nitrogen, e.g. azo compounds
      such as azoisobutyric acid nitrile, may also act as blowing agents. Other
      examples of blowing agents and details of methods of using them may be
      found in Kunststoff-Handbuch, Volume VII, published by Vieweg and
      Hochtlen, Carl Hanser-Verlag, Munich 1966, e.g. on pages 108 and 109, 453
      to 455 and 507-510.
PAR  Conventional catalyst for the urethane reaction are also used according to
      the invention. The catalysts used may be any of those known per se, e.g.
      tertiary amines such as triethylamine, tributylamine, N-methyl-morpholine,
      N-ethyl-morpholine, N-cocomorpholine, N,N,N',N'-tetramethyl-ethylene
      diamine, 1,4-diaza-bicyclo-(2,2,2)-octane, N-methyl-N'-dimethyl
      aminoethyl-piperazine, N,N-dimethyl benzylamine, bis-(N,N-diethyl
      aminoethyl) adipate, N,N-diethyl benzylamine, pentamethyl diethylene
      triamine, N,N-dimethyl cyclohexylamine, N,N,N', N'-tetramethyl-1,3-butane
      diamine, N,N-dimethyl-.beta.-phenyl ethylamine, 1,2-dimethyl imidazole,
      2-methyl imidazole or the like.
PAR  Suitable tertiary amines which contain hydrogen atoms that are reactive
      with isocyanate groups include, for example, triethanolamine,
      triisopropanolamine, N-methyl-diethanolamine, N-ethyl-diethanolamine,
      N,N-dimethyl-ethanolamine and their reaction products with alkylene oxides
      such as propylene oxide and/or ethylene oxide.
PAR  Silaamines which contain carbon-silicon bonds as described e.g. in German
      Pat. No. 1,229,290 may also be used as catalysts, e.g.
      2,2,4-trimethyl-2-silamorpholine or 1,3-diethylaminomethyl-tetramethyl
      disiloxane.
PAR  Bases which contain nitrogen such as tetraalkyl ammonium hydroxides, alkali
      metal hydroxides such as sodium hydroxide, alkali metal phenolates such as
      sodium phenolate and alkali metal alcoholates such as sodium methylate may
      also be used as catalysts. Hexahydrotriazines are also suitable catalysts.
PAR  Organic metal compounds may also be used as catalysts according to the
      invention, in particular organic tin compounds.
PAR  The organic tin compounds used are preferably tin (II)-salts of carboxylic
      acids, such as tin(II)-acetate, tin(II)-octoate, tin(II)-ethyl hexoate and
      tin(II)-laurate and the dialkyl tin salts of carboxylic acids, e.g.
      dibutyl tin diacetate, dibutyl tin dilaurate, dibutyl tin maleate or
      dioctyl tin diacetate.
PAR  Other representatives of catalysts which may be used according to the
      invention and details of the action of these catalysts are described in
      Kunststoff-Handbuch, Volume VII, published by Vieweg and Hochtlen, Carl
      Hanser-Verlag, Munich 1966, e.g. on page 96 to 102.
PAR  Any catalytic amount of the catalysts may be used. The amount of catalyst
      may be between about 0.001% and 10% by weight, based on the quantity of
      compounds with a molecular weight of 400 to 10,000 which contain at least
      two hydrogen atoms capable of reacting with isocyanates.
PAR  Surface-active additives (emulsifiers and foam stabilizers) may also be
      included in the reaction mixture according to the invention. The
      emulsifiers used may be e.g. sodium salts of castor oil sulphonates or of
      fatty acids or salts of fatty acids with amines such as diethylamine
      oleate or diethanolamine stearate. Alkali metal or ammonium salts of
      sulphonic acids such as dodecyl benzene sulphonate or dinaphthyl methane
      disulphonate or of fatty acids such as ricinoleic acid or of polymeric
      fatty acids may also be used as surface-active additives.
PAR  Any suitable foam stabilizer may be used such as, for example,
      water-soluble polyether siloxanes. These compounds generally have a
      structure such that a copolymer of ethylene oxide and propylene oxide is
      attached to a polydimethyl siloxane group. Foam stabilizers of this kind
      have been described e.g. in U.S. Pat. No. 3,629,308 the disclosure of
      which is incorporated herein by reference.
PAR  Reaction retarders may also be used according to the invention, e.g.
      substances which are acid in reaction such as hydrochloric acid or organic
      acid halides, as may also cell regulators known per se such as paraffins
      or fatty alcohols or dimethyl polysiloxanes and pigments or dyes and
      flame-retarding agents known per se, e.g. tris-chloroethyl phosphate or
      ammonium phosphate and polyphosphate, as well as stabilizers which protect
      against the effects of ageing and weathering, plasticizers, fungistatic
      and bacteriostatic substances and fillers such as barium sulphate,
      kieselguhr, carbon black or whiting.
PAR  Other examples of surface-active additives, foam stabilizers, cell
      regulators, reaction retarders, stabilizers, flame-retarding substances,
      plasticizers, dyes, fillers and fungistatic and bacteriostatic substances
      which may be used according to the invention and details of methods of
      using them and their mode of action have been described in
      Kunststoff-Handbuch, Volume VII, published by Vieweg and Hochtlen, Carl
      Hanser-Verlag, Munich 1966, e.g. on pages 103 to 113 and in the aforesaid
      Saunders and Frisch book.
PAR  According to the invention, the reactants are reacted together by the
      one-stage process known per se, prepolymer process or semi-prepolymer
      process, in many cases using mechanical devices, e.g. those described in
      U.S. Pat. No. 2,764,565. Details concerning the processing apparatus which
      may also be used according to the invention are given in
      Kunststoff-Handbuch, Volume VI, published by Vieweg and Hochtlen, Carl
      Hanser-Verlag Munich 1966, e.g. on pages 121 to 205.
PAR  The foams produced by the process according to the invention are suitable
      in all fields where polyurethane foams have previously been used, e.g. for
      the manufacture of upholstery elements, heat insulation, sound insulation,
      textile coating, packaging and the production of structural elements.
DETD
PAC  EXAMPLES
PAC  OXIDATION DELAY
PAR  Example 1 serves to demonstrate the slight effect which the individual
      phenols and heterocyclic mercapto compounds have in delaying oxidation.
      0.1 part by weight of phenols A to H and of heterocyclic mercapto
      compounds I to XVII mentioned below are dissolved in each case in 100
      parts by weight of a linear polypropylene glycol which has a hydroxyl
      number of 112 and the oxygen absorption is measured at 130.degree.C and
      150.degree.C. The induction times shown in the table are obtained whereas
      the same polyether not containing the above mentioned compounds has an
      induction time of 2 minutes and 1 minute, respectively, at 130.degree.C
      and 150.degree.C. The induction time is the time during which the
      substrate is protected against oxidation. Uptake of oxygen takes place
      only after the end of this period of time. The longer the induction time,
      the greater is the effect of a stabilizer against oxidation. The induction
      time is measured manometrically in a Warburg apparatus. In accordance with
      the rule that the reaction velocity increases with temperature, the
      induction time decreases with increasing temperature.
TBL  ______________________________________                                    

     Compound     Induction time in minutes                                    

     0.1 part by weight                                                        

                  at 130.degree.C                                              

                                at 150.degree.C                                

     ______________________________________                                    

     none         2             &lt;1                                             

     A            60            6                                              

     B            &gt;300          15                                             

     C            300           57                                             

     D            300           18                                             

     E            300           37                                             

     F            300           5                                              

     G            300           17                                             

     H            300           15                                             

     I            2             &lt;1                                             

     II           8             &lt;1                                             

     III          2             &lt;1                                             

     IV           2             &lt;1                                             

     V            2             &lt;1                                             

     VI           1             &lt;1                                             

     VII          1             &lt;1                                             

     VIII to XVII &lt;1                                                           

     ______________________________________                                    

      symbol &lt; denotes less than                                               

      symbol &gt; denotes greater than                                            

PAR  Compounds A to H have the following constitution:
      ##SPC10##
PAR  Compounds I to XVII have the following constitution:
      ##SPC11##
PAC  EXAMPLE 2
PAR  The synergistic increase in protection against oxidation by the combination
      of phenols and heterocyclic mercapto compounds is demonstrated by the
      following tests:
PAR  The pure products or product mixtures indicated in the following table are
      dissolved in 100 parts by weight of a linear polypropylene glycol with
      hydroxyl number 112 (molecular weight 1000) and the oxygen absorption is
      measured at 130.degree.C, 150.degree.C and 160.degree.C. The induction
      times shown in the following table are obtained.
TBL  __________________________________________________________________________

     Heterocyclic     Induction time in minutes                                

     mercapto compound                                                         

                      with 0.1 part by weight of phenol A                      

     0.1 part by weight                                                        

                at 130.degree.C                                                

                      at 130.degree.C                                          

                                at 150.degree.C                                

     __________________________________________________________________________

     none       2     200       15                                             

     I          2     &gt;300      257                                            

     II         8     &gt;300      97                                             

     III        2     &gt;300      100                                            

     IV         2     &gt;300      58                                             

     V          2     &gt;300      66                                             

     VI         1     &gt;300      102                                            

     VII        1     &gt;300      207                                            

     VIII       1     &gt;300      105                                            

     IX         1     &gt;300      271                                            

     X          1     &gt;300      258                                            

     XI         1     &gt;300      222                                            

     XII        1     &gt;300      126                                            

     XIII       1     &gt;300      211                                            

     XIV        1     &gt;300      179                                            

     XV         1     &gt;300      101                                            

     XVI        1     &gt;300      88                                             

     XVII       1     &gt;300      147                                            

     __________________________________________________________________________

PAC  EXAMPLES 3 to 6
PAR  The experiment described in Example 2 is repeated using other mixtures of
      phenols and heterocyclic mercapto compounds.
TBL                                    Example 3:                              

     __________________________________________________________________________

     Heterocyclic     Induction time in minutes                                

     mercapto compound                                                         

                      with 0.1 part by weight of phenol B                      

     0.1 part by weight                                                        

                at 130.degree.C                                                

                      at 150.degree.C                                          

                                at 160.degree.C                                

     __________________________________________________________________________

     I          2     &gt;300      213                                            

     II         8     &gt;300      115                                            

     III 2      &gt;300  102                                                      

     IV         2     &gt;300      92                                             

     V          2     218                                                      

     VI         1     &gt;300      100                                            

     VII        1     &gt;300      88                                             

     VIII       1     161                                                      

     IX         1     205                                                      

     X          1     265                                                      

     XI         1     207                                                      

     XII        1     170                                                      

     XIII       1     208                                                      

     XIV        1     163                                                      

     XV         1     184                                                      

     XVI        1     136                                                      

     XVII       1     162                                                      

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  The procedure is analogous to that in Example 2.
TBL  ______________________________________                                    

     Phenol  Induction time in minutes                                         

     0.1 part                                                                  

             with 0.1 part by weight of hetero-                                

     by weight                                                                 

             cyclic mercapto compound I                                        

     at 150.degree.C                                                           

                   at 150.degree.C                                             

                                 at 160.degree.C                               

     ______________________________________                                    

     A       6         257           31                                        

     B       15        &gt;300          213                                       

     C       57        &gt;300          139                                       

     D       18        &gt;300          148                                       

     E       37        &gt;300          148                                       

     F       5         &gt;300          168                                       

     G       17        279                                                     

     H       15        166                                                     

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  The procedure is analogous to that described in Example 2.
TBL  ______________________________________                                    

     Phenol  Induction time in minutes                                         

     0.1 part                                                                  

             with 0.1 part by weight of hetero-                                

     by weight                                                                 

             cyclic mercapto compound III                                      

     at 150.degree.C                                                           

                   at 150.degree.C                                             

                                 at 160.degree.C                               

     ______________________________________                                    

     A       6         100                                                     

     B       15        &gt;300          102                                       

     C       57        249                                                     

     D       18        218                                                     

     E       37        230                                                     

     F       5         228                                                     

     G       17        &gt;300          110                                       

     H       15        177                                                     

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  The procedure is analogous to that described in Example 2.
TBL  ______________________________________                                    

     Phenol                 Induction time in minutes                          

     0.1 part               with 0.1 part by weight of hetero-                 

     by weight              cyclic mercapto compound VII                       

     at 150.degree.C                                                           

                   at 150.degree.C                                             

                                 at 160.degree.C                               

     ______________________________________                                    

     A       6         207                                                     

     B       15        &gt;300          88                                        

     C       57        249                                                     

     D       18        227                                                     

     E       37        240                                                     

     F       5         262                                                     

     G       17        159                                                     

     H       15        114                                                     

     ______________________________________                                    

PAC  EXAMPLE 7
PAC  Production of polyurethane foams by machine foaming
PAR  100 parts by weight of a branched polyether based on propylene glycol and
      trimethylolpropane containing 7% of primary hydoxyl end groups (hydroxyl
      number 49) are reacted with 6.5 parts by weight of water, 0.15 parts by
      weight of 1,4-diazabicyclo-(2,2,2)-octane, 2.0 parts by weight of
      water-soluble polyether siloxane, 0.22 parts by weight of tin-(II)-octoate
      and 76 parts by weight of tolylene diisocyanate (80% of 2,4- and 20% of
      2,6-isomer) to produce a soft polyurethane foam which has good physical
      properties. The foam has a dark brown discoloration in the interior. After
      the addition of the following phenols and heterocyclic mercapto compounds
      in the given concentrations to a foamable mixture of the same composition,
      the same soft polyurethane foams are obtained but they have no
      discoloration or a greatly reduced discoloration at the center.
TBL  ______________________________________                                    

     Phenol        heterocyclic       Discoloration                            

                   mercapto compound  at center of                             

     Quantity                                                                  

            type   Quantity      Type the foam                                 

     parts by      parts by weight                                             

     weight                                                                    

     ______________________________________                                    

     0.1    A      --            --   very dark brown                          

     0.2    A      --            --   dark brown                               

     0.3    A      --            --   dark brown                               

     0.1    A      0.1           I    pale yellow                              

     0.1    A       0.15         I    very pale yellow                         

     0.1    A      0.2           I    none                                     

     0.2    A      0.1           I    pale yellow                              

     0.1    B      --            --   very dark brown                          

     0.1    B      0.1           I    pale yellow                              

     ______________________________________                                    

PAC  EXAMPLE 8
PAC  Production of polyurethane foams by manual foaming
PAR  100 parts by weight of a branched polyether based on propylene glycol and
      trimethylolpropane containing 7% of primary hydroxyl end groups (hydroxyl
      number 49) are reacted with 15 parts by weight of water, 0.15 parts by
      weight of 1,4-diazabicyclo-(2,2,2)-octane, 8.75 parts by weight of
      water-soluble polyether siloxane, 0.2 parts by weight of tin-(II)-octoate
      and 165 parts by weight of tolylene diisocyanate (80 % 2,4- and 20 %
      2,6-isomer) to produce a polyurethane foam. The foam has a very dark brown
      discoloration in the interior. After addition of the following phenols and
      heterocyclic mercapto compounds at the given concentrations to a foamable
      reaction mixture having the same composition, the same polyurethane foams
      are obtained but they have no discoloration or only a much reduced
      dicoloration at the center. As can be seen from the following table, the
      results with regard to discoloration at the center are the same in
      manually-produced foams and in machine-produced foams.
TBL  ______________________________________                                    

     Phenol        heterocyclic       Discoloration at                         

                   mercapto compound  the center of                            

     Quantity                                                                  

            Type   Quantity      Type the foam                                 

     parts by      parts by weight                                             

     weight                                                                    

     ______________________________________                                    

     0.1    A      --            --   very dark brown                          

     0.1    A       0.15         I    very pale yellow                         

     0.1    A      0.2           I    none                                     

     0.1    A       0.15         II   pale yellow                              

     0.1    A      0.1           IX   pale yellow                              

     0.1    A      0.1           X    pale yellow                              

     0.1    A       0.15         XI   very pale yellow                         

     ______________________________________                                    

PAR  Other phenols and aliphatic mercapto compounds having the formulae set
      forth herein before may be substituted in the foregoing examples for those
      selected for illustration.
PAR  Although the invention has been described in detail for the purpose of
      illustration, it is to be understood that such detail is solely for that
      purpose and that variations can be made therein by those skilled in the
      art without departing from the spirit and scope of the invention except as
      it may be limited by the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for producing a polyurethane foam which is substantially
      free from discoloration at the center thereof from a foamable mixture
      containing an organic polyisocyanate, an organic compound which contains
      at least 2 active hydrogen atoms, a blowing agent and a catalyst for the
      reaction between the polyisocyanate and the said organic compound, the
      improvement which comprises effecting the reaction in the presence of a
      sufficient amount in effective proportions of
PA1  a. a heterocyclic mercapto compound of the general formula
      ##SPC12##
PAL  in which
PAR  X = --O--, --S--, --NH--, --N--(C.sub.1 -C.sub.12)--alkyl, --N--(C.sub.5
      -C.sub.6)--cycloalkyl-----N--phenyl, --N--(C.sub.7 014 C.sub.12)--aralkyl,
      --N--(C.sub.7 -C.sub.12)--alkyl--aryl-- or --N--CO--(C.sub.1
      -C.sub.6)--alkyl,
PA2  Y = --ch.sub.2 --ch.sub.2 --, --ch=ch--,
      ##EQU4##
      ##SPC13##
PAL  r = h, (c.sub.1 -c.sub.12)--alkyl, (C.sub.1 -C.sub.12)--alkoxy--carbonyl--,
      (C.sub.1 -C.sub.12)--alkoxy and
PA1  b. a phenol of the general formula
      ##SPC14##
PAL  in which R.sup.1 and R.sup.3 may be the same or different and denote
      C.sub.1 -C.sub.9 --alkyl--, C.sub.5 -C.sub.6 --cycloalkyl, C.sub.7
      -C.sub.9 --alkylaryl--, indanyl-- or norbornyl groups and R.sup.2 =R.sup.1
      or --CH.sub.2 --CH.sub.2 --COO--(C.sub.1 -C.sub.12)--alkyl.
NUM  2.
PAR  2. The process of claim 1, wherein the foamable reaction mixture contains
      from about 0.2% to about 2 % by weight of the mixture of (a) and (b).
NUM  3.
PAR  3. The process of claim 2, wherein the mixture of (a) and (b) contains from
      30 to 70% by weight of (b).
NUM  4.
PAR  4. A polyurethane foam, which is substantially free from discoloration at
      the center thereof, comprising the product of an organic compound which
      has at least 2 active hydrogen atoms and an organic polyisocyanate reacted
      in the presence of a blowing agent, a catalyst which promotes reaction of
      the said organic compound with an organic polyisocyanate and a substance
      to prevent discoloration at the center of the resulting foam, said
      substance comprising a sufficient amount in effective proportions of
PA1  a. a heterocyclic mercapto compound of the general formula
      ##SPC15##
PAL  in which
PA2  X = --o--, --s--, --nh--, --n--(c.sub.1 -c.sub.12)--alkyl, --N--(C.sub.5
      -C.sub.6)--cycloalkyl--, --N--phenyl, --N--(C.sub.7 -C.sub.12)--aralkyl--,
      --N--(C.sub.7 -C.sub.12)--alkyl--aryl-- or --N--CO--(C.sub.1
      -C.sub.6)--alkyl;
PA2  Y = --ch.sub.2 --ch.sub.2 --, --ch=ch--,
      ##EQU5##
      ##SPC16##
PA2  r = h, (c.sub.1 -c.sub.12)--alkyl, (C.sub.1 -C.sub.12)--alkoxy--carbonyl--,
      (C.sub.1 -C.sub.12)--alkoxy--and
PA1  b. a phenol of the general formula
      ##SPC17##
PAL  in which R.sup.1 and R.sup.3 may be the same or different and denote
      C.sub.1 -C.sub.9 --alkyl, C.sub.5 -C.sub.6 --cycloalkyl--, C.sub.7
      -c.sub.9 --alkyl--aryl--, indanyl-- or norbornyl groups and R.sup.2 =
      R.sup.1 or --CH.sub.2 --CH.sub.2 --COO--(C.sub.1 -C.sub.12)--alkyl.
NUM  5.
PAR  5. The method of stabilizing a polyurethane foam against discoloration at
      the center produced during foaming which comprises effecting the foaming
      reaction in the presence of the sufficient amount in effective proportions
      of
PA1  a. a heterocyclic mercapto compound of the general formula
      ##SPC18##
PAL  in which
PA2  X = --o--, --s--, --nh--, --n--(c.sub.1 -c.sub.12)--alkyl --N--(C.sub.5
      -C.sub.6)--cycloalkyl--, --N--phenyl, --N--(C.sub.7 -C.sub.12)--aralkyl,
      --N--(C.sub.7 -C.sub.12)--alkyl--aryl-- or --N--CO--(C.sub.1
      -C.sub.6)--alkyl,
PA2  Y = --ch.sub.2 --ch.sub.2 --, --ch=ch--,
      ##EQU6##
      ##SPC19##
PA2  r = h, (c.sub.1 -c.sub.12)--alkyl, (C.sub.1 -c.sub.12)--alkoxy--carbonyl--,
      (C.sub.1 -C.sub.12)--alkoxy and
PA1  b. a phenol of the general formula
      ##SPC20##
PAL  in which R.sup.1 and R.sup.3 may be the same or different and denote
      C.sub.1 -C.sub.9 --alkyl--, C.sub.5 -C.sub.6 --cycloalkyl--, C.sub.7
      -C.sub.9 --alkylaryl--, indanyl-- or norbornyl groups and R.sup.2 =
      R.sup.1 or --CH.sub.2 --CH.sub.2 --COO--(C.sub.1 -C.sub.12)--alkyl.
NUM  6.
PAR  6. The process of claim 5, wherein the heterocyclic mercapto compound has
      the formula
      ##SPC21##
PAL  and the phenol has the formula
      ##SPC22##
NUM  7.
PAR  7. The process of claim 5 wherein the heterocyclic mercapto compound has
      the formula
      ##SPC23##
PAL  and the phenol has the formula
      ##SPC24##
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ABST
PAL  A blushed and opaque pigment consisting essentially of spherical particles
      having a high optical efficiency and an average particle diameter in the
      range of from about 0.1 to 0.2 micron is produced from a polystyrene
      containing latex emulsion. The blushed and opaque particles have an air
      containing microporous structure as a result of air-solid interfaces
      within the pigment particles, which interfaces are created when the
      particles are penetrated and swollen by a swelling agent for the particle
      material and then the swelling agent is removed to set the particles in
      their swollen and blushed state.
PARN
PAC  CROSS-REFERENCE TO RELATED PATENT APPLICATIONS
PAR  This application is a continuation-in-part of applicant's copending
      application Ser. No. 388,383, filed Aug. 15, 1973 (now abandoned) and also
      entitled BLUSHED POLYSTYRENE PIGMENT. This application contains subject
      matter common to the following prior copending applications, U.S. patent
      application Ser. No. 196,199, filed Nov. 5, 1971, now U.S. Pat. No.
      3,775,353; U.S. patent application Ser. No. 388,368, filed Aug. 15, 1973;
      and, U.S. patent application Ser. No. 388,369, filed Aug. 15, 1973, now
      U.S. Pat. No. 3,897,300.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  A blushed and opaque pigment consisting essentially of spherical particles
      having an average particle diameter in the range of from 0.10 to 0.20
      micron is produced in accordance with the process disclosed in applicants'
      prior U.S. Pat. No. 3,775,353. The principle of the process disclosed in
      the prior patent relies on the creation of void volume within the
      particles of a polystyrene containing emulsion. The void volume created
      produces air-solid interfaces within the particles by a blushing
      technique. The blushing technique disclosed increases the volume of the
      individual particles of the emulsion without changing their mass and in so
      doing produces a significant increase in the scattering coefficient of the
      particles by providing an increase in the light scattering sites
      associated with the particles. Thus for the purpose of the present
      invention, a blushed pigment is defined as one that is optically efficient
      and which includes void volume or air-solid interfaces within the pigment
      particles.
PAR  The preferred method of preparing the product as disclosed in applicants'
      prior patent consists of the high shear mixing of a polystyrene-containing
      aqueous emulsion with a swelling agent for polystyrene. The swelling agent
      penetrates the emulsion particles causing the particles to swell, and
      these swollen particles are then set in their swollen state by one of
      several different treatments depending upon the type of swelling agent
      used. For a partially water miscible swelling agent, a washing and
      filtering step is used to remove the swelling agent from the particles and
      set them in their swollen state. In the case of a swelling agent which is
      essentially non-water miscible, the system is mixed to achieve maximum
      penetration and swelling of the polymer or copolymer particles and the
      emulsion is then filtered and dried at about 60.degree.C. or below for end
      use. Finally in systems where removal of the swelling agent is not
      necessary, the treated emulsion system may be used without either
      filtering or drying the product. Thus the product produced consists of
      expanded spherical particles of the original latex emulsion which have an
      air containing microporous structure as a result of the creation of
      air-solid interfaces within the particles or void volume within the
      particles.
PAR  In preparing the blushed and opaque pigment, the ultimate particle
      dimensions were found to be determined by the particle size of the
      starting material and the degree of swelling permitted during the process.
      The starting and final particle dimensions could have been determined by
      any means known in the art, but in the present case, two different
      techniques were used. The starting particle dimensions were determined
      using a turbidity technique developed especially for the latex industry by
      Rohm and Haas Chemical Company.
PAR  The turbidity technique is carried out by measuring the light absorption of
      a sample of the latex emulsion at 425 nm at 40% solids and diluted 125
      times. Thus, for example, a 2cc. latex sample is diluted to 250 cc. in a
      volumetric flask. A micro absorption cell equipped with a micro cell
      insert Fisher 7-102-66 or 7-102-67 is filled with the diluted sample and
      the optical density is measured with a Fisher electrophotometer using a
      425 millimicron filter. Since the particle size of the latex is directly
      related to the surface area of the particles (the smaller the particles
      the larger the surface area or more light reflected), the solution that is
      most turbid has the smallest particle size distribution.
PAR  Using the above described technique, the particles of the Dow SD-188 latex
      were found to have an average particle diameter on the order of from 0.10
      to 0.15 micron. The copolymer particles described hereafter (83%
      polystyrene and 17% acrylonitrile) were found to have an average particle
      diameter on the order of from 0.10 to 0.12 micron.
PAR  The final particle dimensions after blushing were measured on photographic
      prints prepared from electronmicrographs of the blushed material. It was
      found that the blushing process yielded a final ultimate particle diameter
      in the range of from about 0.10 to 0.20 micron. Thus, little or no
      measurable differences in particle diameters after blushing were detected.
      However, the above result was not surprising since it was known that
      extremely small changes in the diameter of spherical particles would be
      capable of producing large changes in the volume of the spheres. Thus it
      was concluded that the changes in volume produced by practicing the
      process disclosed in applicants' prior patent yielded voids or air-solid
      interfaces within the particles which in turn produced the increases in
      scattering coefficients measured.
DETD
PAC  DETAILED DESCRIPTION
PAR  The invention is best described with the aid of the following examples:
PAC  EXAMPLE I
PAR  Paper machine trials were made to compare the properties of the blushed and
      opaque polystyrene pigment directly with TiO.sub.2. The pigment was
      prepared in batches by charging a Waring blendor with 100 ml. of an
      aqueous emulsion of Dow SD-188 polystyrene at 40.0% solids (average
      particle diameter 0.10 to 0.15 micron). The emulsion was agitated at
      14,000 rpm, and immediately thereafter, 25 ml. of ethyl acetate, a true
      solvent for polystyrene, (water solubility 8.6 g./100 ml) was added to the
      emulsion from a graduated cylinder. The average time for initial
      thicknening of the emulsion into a smooth paste was 46 seconds. An
      additional 100 ml. of water was then added to the mixture and agitation
      continued for 5 minutes. After this time period, each batch was diluted in
      an excess of water, filtered and washed. Enough batches were prepared for
      evaluation of the product as a wet end pigment additive. The final
      particle dimension of the blushed pigment was determined to be from about
      0.10 to 0.20 micron.
PAR  Thereafter, the pigment was compared with TiO.sub.2 on a paper machine. The
      pulp furnish, Luke "Hi-Brite" , 70% hardwood and 30% softwood, was beaten
      to 100 seconds Williams freeness and a paper machine run was made with
      100% of this pulp as a control. The paper machine runs for comparing the
      polystyrene and TiO.sub.2 consisted of 90% "Hi-Brite" pulp and 10%
      TiO.sub.2 in the first case, and 90% "Hi-Brite" pulp and 10% polystyrene
      in the second case. Data from the machine trials is shown in Table 1.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Optical Data - Filler Pigment                                             

              100%   17.4% Clay                                                

                            10% TiO.sub.2                                      

                                   10% P.S.                                    

              Pulp   in furnish                                                

                            in furnish                                         

                                   in furnish                                  

     __________________________________________________________________________

     Basis wt.                                                                 

              31.9   34.1   29.7   30.4                                        

     Caliper  .0036  .0040  .0036  .0040                                       

     % Filler --     7.29   5.74   4.66                                        

     LRL Brightness                                                            

              83.5   81.8   87.1   86.6                                        

     B&L Opacity                                                               

              71.5   77.7   81.8   79.6                                        

     Scat. Coeff.                                                              

              --     .181   .735   .641                                        

     __________________________________________________________________________

PAR  The runnability of the blushed polystyrene pigment on the paper machine was
      excellent. There was no evidence of foam development and the sheet
      formation was excellent. The optical results indicated that the blushed
      pigment was nearly equivalent to TiO.sub.2 with respective scattering
      coefficients of 0.641 and 0.735. Moreover, the blushed pigment filled
      sheet demonstrated a much higher scattering coefficient than the clay
      filled sheet. Wet end retention data indicated a single pass retention for
      the blushed polystyrene pigment of 46.6% compared with 57.4% retention for
      TiO.sub.2 and 41.9% for clay. Furthermore, the caliper data reproduced in
      Table 1 shows a bulkier sheet with the polystyrene filler as compared with
      the TiO.sub.2 filled sheet.
PAC  EXAMPLE II
PAR  In this example, evidence was obtained to show the effects on the optical
      efficiency of the polystyrene emulsion induced by treatment with a
      swelling agent to produce the novel blushed polystyrene pigment disclosed
      herein. For this purpose, the untreated aqueous polystyrene emulsion, Dow
      SD-188, was mixed with 2% sodium carboxymethylcellulose as a binder, and
      drawdowns were made on cellophane at two different coat weights. Optical
      data was then taken for the two coatings.
PAR  Next, the procedure outlined in Example I was followed to prepare a blushed
      polystyrene pigment from the same Dow SD-188 aqueous emulsion, by treating
      the emulsion with ethyl acetate as the swelling agent to swell and set the
      polystyrene pigment particles. The treated emulsion was mixed with a 2%
      solution of sodim carboxymethylcellulose as a binder, and hand drawdowns
      of the coating composition were made on cellophane at two different coat
      weights. The optical data comparision is shown in Table 2.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

                 Coat Wt.                                                      

                       LRL   B&L  Scattering                                   

     Condition   (lbs./rm.)                                                    

                       Brightness                                              

                             Opacity                                           

                                  Coefficient                                  

     __________________________________________________________________________

     Untreated Emulsion                                                        

                 2.0   66.6  12.8 .06                                          

     Polystyrene Pigment                                                       

                 2.3   84.4  55.2 .41                                          

     Untreated Emulsion                                                        

                 14.3  75.4  29.0 .02                                          

     Polystyrene Pigment                                                       

                 12.0  94.2  91.9 .48                                          

     __________________________________________________________________________

PAR  The data in Table 2 indicates that large brightness and opacity increases
      result when the untreated emulsion is treated in accordance with the
      process disclosed in applicants' prior patent U.S. Pat. No. 3,775,353 to
      form the expanded and blushed polystyrene particles described. In
      addition, the results show that larger relative increases in brightness
      and opacity may be expected at heavier coat weights. The values for
      scattering coefficient reflect the relative optical efficiencies of the
      untreated and treated polystyrene spheres.
PAC  EXAMPLE III
PAR  To determine the effectiveness of the synthetic blushed polystyrene pigment
      in copolymer form, and, using a different swelling agent, an aqueous
      copolymer latex emulsion of 83% sytrene, 17% acrylonitrile at 39.5% solids
      (average particle diameter 0.10 to 0.12 micron) was used to prepare the
      blushed organic filler. In this experiment, increasing concentrations of
      the swelling agent VM and P naphtha were metered into 100 ml. of the
      copolymer latex in a Waring blendor, with the mixing continuing for 5
      minutes at 14,000 rpm to produce a blushed polystyrene containing pigment
      having an average ultimate particle diameter of from about 0.10 to 0.20
      micron. The treated emulsions were then combined with Dow 620 latex binder
      (25 parts Dow/100 parts polystyrene acrylonitrile) and drawdowns were made
      on cellophane to determine the optical properties achieved. The results
      are shown in Table 3.
TBL                TABLE 3                                                     

     ______________________________________                                    

                                          Scattering                           

     VM&P      LRL       B&L      Coat wt.                                     

                                          Co-                                  

     Concentration                                                             

               Brightness                                                      

                         Opacity  (lbs./rm.)                                   

                                          efficient                            

     ______________________________________                                    

     ml.                                                                       

      0        83.7      48.5     6.4     .12                                  

      5        88.0      63.0     8.8     .15                                  

     10        86.0      57.7     5.7     .19                                  

     20        93.3      88.8     16.6    .26                                  

     30        91.3      76.2     5.3     .43                                  

     40        90.6      79.1     5.3     .49                                  

     50        92.9      86.1     7.9     .49                                  

     60        90.2      75.1     4.2     .51                                  

     ______________________________________                                    

PAR  The data in Table 3 demonstrates that with increased concentrations of VM
      and P naphtha, the optical efficiency of the copolymer increases up to
      about the 40 ml. level. Accordingly, this example illustrates that a
      copolymer of polystyrene may be made to perform satisfactorily in
      producing the blushed pigment disclosed herein.
PAC  EXAMPLE IV
PAR  In order to show the level of optical efficiency achieved by treating the
      aqueous emulsion used in Example III, a small Waring blendor batch of the
      blushed pigment was prepared as outlined in Example III and used to make
      drawdowns on cellophane with 2% sodium carboxymethylcellulose as a binder.
      The optical data from the treated emulsion was then compared with the
      optical data taken from an untreated sample of the emulsion as shown in
      Table 4.
TBL                TABLE 4                                                     

     ______________________________________                                    

                   LRL     B&L            Scattering                           

                   Bright- Opac-   Coat   Coef-                                

     Condition     ness    ity     Weight ficient                              

     ______________________________________                                    

     Untreated Emulsion                                                        

                   72.8    17.4    2.5    .07                                  

     Polystyrene Pigment                                                       

                   90.4    67.7    3.5    .45                                  

     Untreated Emulsion                                                        

                   82.9    41.1    14.4   .04                                  

     Polystyrene Pigment                                                       

                   95.2    89.8    11.7   .42                                  

     ______________________________________                                    

PAR  The data obtained shows that a large increase in optical efficiency was
      produced by treating the polystyrene containing emulsion in accordance
      with the process disclosed in applicants' prior patent.
PAC  EXAMPLE V
PAR  The G.E. bulk brightness of the blushed pigment was determined using TAPPI
      Standard T 646 m-54. Two samples were used as prepared in a Waring Blendor
      including a representative sample of the ethyl acetate treated Dow SD-188
      polystyrene emulsion and a sample of the polystyrene containing emulsion
      (83% polystyrene --17% acrylonitrile) treated with VM&P naphtha. The
      results obtained are shown in Table 5.
TBL                TABLE 5                                                     

     ______________________________________                                    

                                 G.E.                                          

     Emulsion       Treatment    Bulk Brightness                               

     ______________________________________                                    

     Dow SD-188 Polystyrene                                                    

                    Ethyl Acetate                                              

                                 99.7                                          

     Polystyrene Copolymer                                                     

     (83% Polystyrene-                                                         

     17% Acrylonitrile)                                                        

                    VM&P Naphtha 99.4                                          

     ______________________________________                                    

PAR  The results shown in Table 5 demonstrate the fact that the brightness of
      the inorganic pigment disclosed herein is extremely high (magnesium oxide
      the standard, has a G.E. Bulk Brightness of 100.0) which factor
      contributes to the optical efficiency of the pigment particularly when
      used as a paper filler or coating pigment. The TAPPI test does not give a
      complete description of color, although for the paper maker, the G.E. Bulk
      Brightness of a pigment is a convenient means for indicating the color of
      commercially white materials. Thus it may be seen that the pigment of the
      present invention is extremely white in color as compared with other white
      materials and it is believed that this factor is an important novel
      feature of the pigment.
PAR  In determining the scattering coefficient for each filler pigment, the
      opacity of the handsheets containing the filler was first measured
      according to Tappi Standard T 425 with a B and L Opacimeter. Reflectance
      of the handsheets was determined at 457 millimicrons using an LRL
      integrating sphere reflectometer. Control handsheets,  similar in all
      respects to the filled sheets, except that they contained papermaking pulp
      only, were also tested for opacity. By using Tappi Data Sheet No. 65,
      which contains a graphical solution of the Kubelka-Munk equations relating
      Tappi opacity, bulk reflectance, and total light scattering power of the
      handsheet, the brightness of the sheets was obtained. Total light
      scatttering power is defined as the product of the scattering coefficient
      and the basis weight of the handsheet, based on a 3300 square feet ream.
PAR  The value for total light scattering power of the control was divided by
      the basis weight of the handsheet to arrive at the scattering coefficient
      of the papermaking pulp. To determine the total scattering power for the
      filler in a filled handsheet, the scattering coefficient for the pulp, as
      determined from the control, was multiplied by the weight of pulp in the
      filled sheet, and this value was subtracted from the total scattering
      power of the filled sheet to obtain the total scattering value for the
      filler portion of the sheet. The scattering coefficient for the filler was
      then determined by dividing the total scattering value for the filler by
      the basis weight of the filler in the handsheet. Scattering coefficients
      given throughout this specification were determined in the above described
      manner.
PAR  The blushed and opaque organic filler material disclosed herein is deemed
      novel primarily because of its optical efficiency, new structure and small
      average particle size distribution. The high opacity produced by blushing
      the polystyrene containing emulsion particles is surprising since the
      refractive index of polystyrene is not particularly high, being on the
      order of about 1.6. A refractive index as low as 1.6 would not suggest the
      high optical performance demonstrated by the pigment.
PAR  The unique properties of the organic pigment disclosed herein yields
      benefits in both paper quality and manufacture, and could be used
      successfully in other environments such as paints. It is the sum of these
      benefits, which no inorganic pigment can offer, that enables paper makers
      to realize meaningful cost performance advantages, while permitting the
      development of new paper grades not previously possible. For this reason,
      the invention is not intended to be limited by the disclosure set forth
      hereinbefore, but should be construed in accordance with the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition of matter comprising a synthetic opaque polystyrene
      pigment prepared from a polystyrne emulsion and consisting essentially of
      expanded spherical particles that are optically efficient in the absence
      of mineral matter, characterized as:
PA1  1. having an air containing microporous structure as a result of the
      presence of air-solid interfaces within the individual particles;
PA1  2. having an average ultimate particle diameter in the range of from about
      0.10 and 0.20 micron;
PA1  3. having a G.E. Bulk brightness of about 99.7; and,
PA1  4. having a scattering coefficient of from about 0.41 to 0.48 when applied
      to cellophane with a 2% solution of sodium carboxymethylcellulose at a
      coat weight of from about 2.3 to 12.0 pounds per ream.
NUM  2.
PAR  2. A composition of matter comprising a synthetic opaque polystyrene
      containing pigment prepared from a polystyrene containing emulsion and
      consisting essentially of expanded spherical particles that are optically
      efficient in the absence of mineral matter, characterized as:
PA1  1. having an air containing microporous structure as a result of the
      presence of air-solid interfaces within the individual particles;
PA1  2. having an average ultimate particle diameter in the range of from about
      0.10 to 0.20 micron;
PA1  3. having a G.E. Bulk Brightness of about 99.4; and,
PA1  4. having a scattering coefficient of from about 0.45 to 0.42 when applied
      to cellophane with a 2% solution of sodium carboxymethylcellulose at a
      coat weight of from about 3.5 to 11.7 pounds per ream.
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ABST
PAL  When a minor amount of an oxide, hydroxide or basic salt of certain metals
      from Group 2a of the Periodic Table of the Elements is introduced into the
      formulation for low density flexible and semiflexible hot-molded
      flame-retardant polyetherurethane foam compositions which also contain
      finely-divided solid chlorine-containing polymeric resins, zinc oxide
      (ZnO) and antimony trioxide (Sb.sub.2 O.sub.3), and optionally a
      chlorinated paraffin, the resulting foams can be prepared commercially
      with good reproducibility and good stream stability, and the foams
      produced are free or essentially free of uncured areas and do not exhibit
      crumbly or powdery portions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known to make flexible urethane foams by hot molding. The
      molding of any part starts with mixing and pouring from standard
      polyurethane foam-making equipment. Molds of the appropriate size, usually
      made of cast aluminum, must be heated to from about 100.degree. to
      200.degree.F. before charging to prevent heat loss from the foaming mass.
      This technique, along with the proper use of a release agent, helps to
      provide reproducible parts having good properties. Another important
      factor is the quick heating or curing of the molded foam at a temperature
      of from about 300.degree. to 450.degree.F. for from about 3-20 minutes.
      Compression set, a significant property, is influenced by this heating
      step. Final cure is attained after aging at ambient (room) conditions.
      Although mechanical and heat transfer variables can be critical in the
      molding process, the formulation determines most end properties. The
      largest application for the hot-molded flexible urethane foam is in parts
      for automobiles, particularly seats.
PAR  For example, many of the automobile deep seat foams manufactured have been
      molded via the hot cure technique. Foams can be molded around steel wires
      which gives rigidity and a means to anchor the foam part to the car body.
      A piece of burlap which may become part of the foam during molding is used
      as an insulator between a flat S shaped spring and the foam cushion.
PAR  It has been observed that when a polyetherurethane low density flexible or
      semiflexible foam formulation containing polyvinyl chloride (PVC), ZnO and
      Sb.sub.2 O.sub.3 as described, for example, in U.S. Pat. No. 3,574,149 is
      used in a hot-molding foam process, many of the foams produced are
      defective in that they have areas or sections in which the foam crumbles
      or disintegrates when the mold is opened and the foam removed from the
      mold. In some instances the foam may appear satisfactory, but then it will
      readily crumble when a finger is pressed or run along the surface. Even
      though some foams are initially satisfactory, the system has been observed
      to change with time so that at the end of a given run many foams are
      unsatisfactory. Such foams cannot be repaired readily which results in
      considerable economic loss.
PAR  It has been observed that these defective areas occur largely on the
      surface of the foam and where, in most cases, the liquid foamable mixture
      discharged from the mixing head or nozzle has run down into the mold to
      form a puddle or puddles prior to foaming. While the blowing of the foams
      appears to be complete on opening the mold, the curing or crosslinking
      reaction appears not to have been completed. In other words, for some
      reason, the isocyanate-hydroxyl reaction went so far and stopped, the
      urethane foaming reaction was killed or the activity of the catalyst was
      inhibited or stopped.
PAR  It, therefore, is an object of the present invention to overcome the
      difficulties alluded to above and to provide a hot-molded flexible or
      semiflexible low density flame-retardant polyetherurethane foam free or
      essentially free of surface defects or crumbly areas or portions and/or in
      which the surface of the foam conforms faithfully with the inner surface
      of the mold and, also, to provide a method or process for making such
      foams.
PAR  These and other objects which are apparent to those skilled in the art from
      the following detailed description and examples are satisfied by this
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  This invention consists essentially of adding to a particular type of known
      flame retardant polyetherurethane foam composition (U.S. Pat. No.
      3,574,149) a small amount of an oxide, hydroxide or basic salt of a metal
      from Group 2a of the Periodic Table of the Elements, said metal having an
      atomic number of 12 to 56 inclusive. The additive is present in an amount
      from about 0.05 to about 2.5 parts by weight per 100 parts by weight of
      polyetherpolyol in the foam formulation.
PAC  DISCUSSION OF DETAILS AND PREFERRED EMBODIMENTS
PAR  In the compositions of this invention the basic ingredients, except for the
      Group 2a oxides, hydroxides and basic salts, are generally described in
      the aforementioned U.S. Pat. No. 3,574,149, the disclosure of which is
      hereby incorporated herein by reference.
PAR  The chlorine-containing solid polymers employed herein include polymers,
      usually resinous in character, of vinyl chloride and vinylidene chloride
      and mixtures of these monomers as well as copolymers of a predominating
      molar amount of one or more of these monomers and a minor amount of vinyl
      acetate, acrylonitrile, methacrylonitrile, dimethyl or diethyl maleate or
      fumarate, methyl acrylate, methyl methacrylate, ethyl ethacrylate, vinyl
      stearate and the like and mixtures thereof. Still other halogen-containing
      resins can be used such as hydrolyzed or partially hydrolyzed copolymers
      of a major amount of the vinyl chloride and a minor amount of vinyl
      acetate. Moreover, other resinous polymers can be used such as chlorinated
      rubber, chlorinated polyethylene, chlorinated polyvinyl chloride and the
      like. Mixtures of the chlorine-containing polymeric resins can be used.
PAR  These chlorine-containing polymeric resins should contain at least 0.4
      chlorine atoms per carbon atoms, preferably about 0.5 to 0.7 chlorine
      atoms per carbon atom, but no more than about one chlorine atom per carbon
      atom. These polymers are generally finely divided solids having average
      particle sizes of from about 0.00001 to 1 mm. and have an intrinsic
      viscosity from about 0.25 to 2.5, preferably from about 0.5 to 1.5, as
      measured in 0.3 percent by weight solution in cyclohexanone at
      25.degree.C. While the chlorine-containing resinous polymers can be used
      in amounts up to about 100 parts by weight per 100 parts by weight of the
      polyol, they are generally used in an amount of from about 1 to 50 parts,
      preferably from about 2 to 25 parts by weight per 100 parts by weight of
      the polyol to obtain the desired load bearing characteristics. The larger
      particle size resins can be used in larger amounts within the given
      ranges. However, the finer or smaller particle size resins should be used
      in smaller amounts within the ranges shown to avoid the formation of
      viscous fluids, gels or pastes which are difficult to pump or stir. The
      chlorine-containing polymers can be made by bulk, solvent, emulsion or
      suspension polymerization process. A preferred polymer to use is polyvinyl
      chloride which has been prepared by emulsion polymerization.
PAR  Part of the chlorine-containing polymeric resin used in the foam
      formulation can be replaced with a chlorinated paraffin or with mixtures
      of chlorinated paraffins. These materials are made by the chlorination of
      liquid paraffin fractions and/or paraffin waxes. The chlorinated paraffins
      have average molecular weights of from about 250 to 1400 and chlorine
      contents of from about 40 to 70% by weight. They can be liquids or solids
      but are preferably liquid at room temperature (20.degree. to
      30.degree.C.). Also, it is preferred that the chlorinated paraffins be
      odor-free or substantially odor-free. Examples of chlorinated paraffins
      are the Cereclor (I.C.I. America, Inc.) chlorinated paraffins Nos. 42,
      S.45, S.52, and 70, and the Chlorowax (Diamond Shamrock Chemical Company)
      chlorinated paraffins 40, 50 and 70. Still other chlorinated paraffins can
      be used. The chlorinated paraffin is used in an amount by weight of the
      chlorine-containing polymeric resin on essentially a percent by weight
      chlorine (C1) basis. For example, based on 100 parts by weight of polyol
      in a given formulation, if 20 parts by weight of polyvinyl chloride (about
      57% by weight of chlorine - C1) containing 11.40 parts of chlorine is
      reduced to 10 parts by weight of PVC in the formulation, a chlorinated
      paraffin containing 42% by weight of chlorine (C1) should be added in an
      amount of about 13.7 parts by weight to provide a total chlorine content
      of 11.45 parts by weight. Similar adjustments can be made with other
      chlorine-containing polymeric resins and other chlorinated paraffins.
PAR  Polyols used in making the polyurethanes of the present invention are
      primary and secondary hydroxy-terminated polyoxyalkylene ethers having
      from 2 to 4 hydroxyl groups and a molecular weight of from about 1,000 to
      10,000. They are liquids or are capable of being liquified or melted for
      handling in the polyurethane foaming apparatus or machine.
PAR  Examples of polyoxyalkylene polyols include linear and branched polyethers
      having a plurality of ether linkages and containing at least two hydroxyl
      groups and being substantially free from functional groups other than
      hydroxyl groups. Among the polyoxyalkylene polyols which are useful in the
      practice of this invention are the polypropylene ether glycols, the
      polypropyleneethylene ether glycols, and the polybutylene ether glycols.
      Polymers and copolymers of alkylene oxides are also adaptable in the
      process of this invention as well as the block copolymers of ethylene
      oxide and propylene oxide. Among the copolymers that deserve some special
      mention are the ethylene oxide, propylene oxide and butylene oxide adducts
      of ethylene glycol, propylene glycol, diethylene glycol, dipropylene
      glycol, triethylene glycol, 2-ethylhexane-diol-1,3, glycerol,
      1,2,6-hexanetriol, trimethylolpropane, trimethylolethane, pentaerythritol,
      triethanolamine, triisopropanolamine, ethylenediamine, and ethanolamine.
      Linear and branched copolyethers of other alkylene oxides are also useful
      in making the foamed products of this invention as well as the
      polypropylene diols, triols, and tetrols end-blocked with ethylene oxide
      to provide primary hydroxyl groups in the polymer and having molecular
      weights of from about 2000 to 5000.
PAR  Examples of useful types of polyetherpolyols are fully depicted in the
      aforementioned U.S. Pat. No. 3,574,149.
PAR  Branched polyethers having a functionality greater than 2 have the
      advantage of making possible cross linking without the interaction of urea
      or urethane groups with the isocyanate groups. This has the advantage of
      making a larger proportion of the isocyanate present available for the
      evolution of carbon dioxide and reducing of the overall amount of
      isocyanate that is required in the preparation of the foamed polymer.
      Mixtures of polyether polyols can be used.
PAR  Likewise, there can be used as polyols grafts of ethylenically unsaturated
      monomers such as acrylonitrile, methacrylonitrile, vinyl acetate, methyl
      acrylate and the like on the polyols and having the functionality and
      molecular weight as shown above. Such graft polyols and methods for making
      the same are shown in U.S. Pat. Nos. 3,304,273; 3,383,351; and 3,294,711.
PAR  When desired, cross-linking materials having from 2 to 8 hydroxyl groups
      can be included in the foam formulation to increase cross link density and
      so forth. They have molecular weights of from about 60 to 600. Only small
      amounts of such materials are generally needed (about 0.3 to 10 mols per
      100 mols of polyol). Examples of such crosslinking agents are glycol,
      diethylene glycol, propylene glycol, butane diol-1,4, dipropylene glycol,
      glycerol, trimethylolpropane, butane triols, hexanetriols,
      trimethylolphenol, various tetrols, such as erythritol and
      pentaerythritol, pentols, hexols, such as dipentaerythritol and sorbitol,
      as well as alkyl glycosides, carbohydrates, polyhydroxy fatty acid esters
      such as caster oil and polyoxy alkylated derivatives of poly-functional
      compounds having three or more reactive hydrogen atoms, such as, for
      example, the reaction product of trimethylolpropane, glycerol,
      1,2,6-hexanetriol, sorbitol and other polyols with ethylene oxide,
      propylene oxide, or other alkylene epoxides or mixtures thereof, e.g.,
      mixtures of ethylene and propylene oxides. Grafted cross-linkers can be
      prepared by the process of the aforementioned U.S. patents. Mixtures of
      crosslinkers can be used. All of the polymer-forming ingredients should
      preferably be free of any amine function which is not sterically hindered
      or shielded.
PAR  Water in an amount of 1 to 5, preferably 1.5 to 3, parts by weight per 100
      parts of polyol is used as a blowing agent in the formulation to help
      produce carbon dioxide to develop foam structure. The water should be
      treated to remove impurities such as iron, calcium salts and other
      materials that produce hardness. Preferably, the water should be subjected
      to treatment with various zeolites and other molecular sieves or distilled
      to remove virtually all of the impurities.
PAR  Any organic di- or tri- isocyanate can be used in the practice of the
      present invention as set forth in U.S. Pat. No. 3,574,149. Diisocyanates
      are preferred, particularly when there is any considerable amount of
      branching in the polyol or crosslinker to avoid the formation of rigid or
      semi-rigid foams. The preferred di-isocyanates are the aromatic
      hydrocarbon diisocyanates containing no more than about 30 carbon atoms,
      preferably no more than about 15 carbon atoms, such as
      toluene-2,4-diisocyanate and toluene-2, 6-diisocyanate;
      diphenylmethane-p,p'- or -m,m'-diisocyanates and their polymers; and
      di-isocyanato methyl benzene. However, other organic diisocyanates and
      polyisocyanates can be included or substituted as is well known in the
      art. It is to be understood that mixtures of two or more di- and/or
      polyisocyanates can be employed as well as both monomeric and polymeric
      forms.
PAR  The isocyanate or isocyanates are employed in amounts sufficient to give
      0.9 to 1.3, preferably 1.05 to 1.15, isocyanate groups per total
      functional groups in the polyol and the water (C), i.e., the total
      hydroxyl groups, any primary and secondary amine groups and molecules of
      water. These amounts correspond to an "Index" of 90 to 130, preferably 105
      to 115, the "Index" being one hundred times the defined functional
      equivalence.
PAR  If lower density and softer foams are desired there additionally can be
      added to the polyurethane foam formulation separately or in admixture with
      one of the other components, e.g., the polyol or polyisocyanate, up to
      about 25 parts, preferably no more than about 10 parts, by weight of a
      fluorocarbon blowing agent per 100 parts by weight of the polyol. Examples
      of such blowing agents are set forth in the aforementioned U.S. Pat. No.
      3,574,149 and include monofluorotrichloromethane, dichlorodifluoromethane,
      trifluoromonochloromethane, 1,1,2-trichloro-1,2,2-trifluoroethane,
      dichlorotetrafluoroethane, ethylene chloride, methylene chloride,
      chloroform and carbon tetrachloride. Other useful foaming agents include
      lower molecular weight alkanes, such as methane, ethane, propane, pentane,
      hexane and heptane; alkenes such as ethylene and propylene; ethers such as
      ethyl ether and diisopropylether; mixtures thereof and the like. See, for
      example, U.S. Pat. Nos. 3,072,582 and 3,391,093.
PAR  Catalysts for the polyetherpolyol-polyisocyanate reaction can be any
      catalyst heretofore used in the art, particularly the metal-containing
      catalysts, as set forth in U.S. Pat. No. 3,574,149. Preferred catalysts to
      use are the divalent tin salts of carboxylic acids having from 2 to 18
      carbon atoms.
PAR  Examples of suitable organotin catalysts (G) include primarily tin
      carboxylates such as dibutyl tin dilaurate, dibutyl tin di-2-ethylhexoate,
      stannous octoate, stannous oleate, di-isobutyl tin bis(monobutyl maleate),
      di-n-butyl tin diacetate, di-2-ethylhexyl tin bis(2-ethylhexoate),
      tri-n-butyl tin acetate and dibutyl tin distearate and tin alkyls such as
      tetramethyl tin and tetra-n-butyl tin.
PAR  These catalysts are used in an amount of from about 0.1 to 0.9 part by
      weight per 100 parts by weight of the polyetherpolyol. It is less
      preferable to use these catalysts, such as the metal salts, alcoholates,
      hydroxides, alkoxides and phosphines, especially in large amounts, where
      resins containing ester groups in a substantial amount are used since they
      tend to hydrolyze the ester linkages thereby causing scission of the
      backbone polymer chain and lowering of the physical and chemical
      properties of the resultant foams, especially under conditions of high
      temperature and humidity.
PAR  Surfactants or emulsifiers are generally necessary to provide the desired
      cell formation and growth. Polysiloxane-polyoxyalkylene block copolymers
      are preferred. Polysiloxane-polyoxyalkylene block copolymers are described
      in U.S. Pat. Nos. 2,834,748 and 2,917,480. Another useful class of
      emulsifiers are the "non-hydrolyzable" polysiloxane-polyoxalkylene block
      copolymers. This class of compounds differs from the above-mentioned
      polysiloxane-polyoxyalkylene block copolymers in that the polysiloxane
      moiety is bonded to the polyoxyalkylene moiety through direct
      carbon-to-silicon bonds rather than through carbon-to-oxygen-to-silicon
      bonds. These copolymers generally contain from 5 to 95 weight percent, and
      preferably from 5 to 50 weight percent, of polysiloxane polymer with the
      remainder being polyoxyalkylene polymer. The copolymers can be prepared,
      for example, by heating a mixture of (a) a polysiloxane polymer containing
      a silicon-bonded, halogen-substituted monovalent hydrocarbon group and (b)
      an alkali metal salt of a polyoxyalkylene polymer to a temperature
      sufficient to cause the polysiloxane polymer and the salt to react to form
      the block copolymer. Still other polysiloxane-polyoxyalkylene copolymers
      known to the art may be employed as well as silicones, turkey red oil and
      so forth. The surfactant is used in an amount of from about 0.3 to 2.5
      parts by weight per 100 parts by weight of the polyether polyol.
PAR  It is advantageous to incorporate into the urethane compositions of the
      present invention at least one organic tertiary amine catalyst, preferably
      together with a metal-containing co-catalyst. The amount of organic amine
      catalyst may comprise, per 100 parts by weight of organic polyol, about
      0.05 to 3.2 parts by weight. In the case of the polyether polyols where
      metal catalyst is used for the urethane-forming reaction, it is preferred
      to use only from about 0.5 to 0.9 part by weight of the amine. On the
      other hand, where the tertiary amine is taking care of both the foaming
      (H.sub.2 O+NCO) and network (-ROH+NCO) reactions, the tertiary amines
      should be used in somewhat larger amounts within the specified ranges.
      However, since some polyols may differ in residual acid content due to
      incomplete washing, filtering or ion-exchanging of the neutralized polyol
      and since antimony trioxide has some catalytic effect during the
      polyurethane foaming and forming reactions, the amount of tertiary amine
      may necessarily have to be reduced where large amounts of water are used
      as the primary blowing agent.
PAR  In the urethane compositions of the invention there may be used a wide
      variety of such organic tertiary amine catalysts as set forth in U.S. Pat.
      No.  3,574,149. Sterically hindered organic tertiary amines, especially
      those disclosed in Canadian Pat. No. 855,757 of Edwin M. Maxey and John T.
      Harrington, entitled "Urethane Foams Containing Halogen Containing
      Polymers And Methods For Preparing The Same Using Certain Catalysts",
      issued Nov. 10, 1970, also can be employed in the foam formulations if
      desired.
PAR  The zinc oxide should be finely divided, for example, it should have an
      average particle size of from about 0.05 to 200 microns, preferably from
      about 0.15 to 50 microns. The zinc oxide is used in the foam composition
      in an amount of from about 0.1 to 10 parts by weight, preferably from
      about 0.2 to 5 parts by weight, per 100 parts by weight of the organic
      polyol. It should not contain any appreciable amount of impurities which
      would adversely affect the foaming reaction or the properties of the
      resulting foams. The zinc oxide can be American process zinc oxide, French
      process zinc oxide, or zinc oxides produced by other processes. Zinc oxide
      is a well known material and is shown by (A) "Encyclopedia Of Chemical
      Technology", Kirk and Othmer, The Interscience Encyclopedia, Inc., New
      York, Vol. 15, 1956, pages 262-266; (B) "Zinc", Mathewson, Reinhold
      Publishing Corporation, New York, 1959, pages 346 to 385; and (C)
      "Compounding Ingredients For Rubber", Third Edition,  1961, Rubber World,
      New York pages 62 to 89.
PAR  Antimony trioxide is a known material. Methods of preparing antimony
      trioxide and reactions of the same are shown by Kirk-Othmer, "Encyclopedia
      Of Chemical Technology," 2nd Ed., Vol. 2, 1963, pages 573 to 575 and 2nd
      Ed., Vol. 15, 1968, page 506 to 507, Interscience Publishers, a division
      of John Wiley and Sons, Inc., New York. In the polyurethane foam
      formulation the antimony trioxide is used in an amount of from about 0.5
      to 15 parts by weight, preferably from about 1 to 10 parts by weight, per
      100 parts by weight of the organic polyol. The antimony trioxide, also,
      should be finely divided, for example, it should have an average particle
      size of from about 0.05 to 200 microns, preferably from about 0.15 to 50
      microns. It should not contain any deleterious materials which would
      adversely affect the foaming reaction or the properties of the resulting
      foam. The smaller particle sizes of antimony trioxide are most effective
      in the foam.
PAR  The chlorine-containing polymeric resin, zinc oxide and antimony trioxide
      are all employed in effective amounts to provide a flame retardant and/or
      self-extinguishing polyetherurethane foam. When part of the
      chlorine-containing polymeric resin is replaced with a given amount of the
      chlorinated paraffin, the amount of zinc oxide should be reduced by a
      proportionate amount essentially equivalent to the amount of polymer
      eliminated. For example, where 5% by weight of the chlorine-containing
      polymeric resin is replaced with the chlorinated paraffin, then the amount
      of zinc oxide normally employed should be reduced by about 4-7%, usually
      5%, by weight. Where the amount of the chlorine-containing polymeric resin
      is reduced by 50% by weight (and replaced with an essentially equivalent
      amount of the chlorinated paraffin on a chlorine basis), the amount of
      zinc oxide used should be reduced by about 50% by weight.
PAR  The novel feature of this invention is the use of certain solid materials
      to buffer the feed streams in the commercial production of flexible
      hot-molded flame retardant polyurethane foams, particularly the feed
      streams containing a significant amount, e.g., 10% or more, of the total
      polyol in the formulation. These materials include the oxides, hydroxides
      and basic salts, primarily the carbonates, of certain metals of Group 2a
      of the Periodic Table of the Elements. While Group 2a includes beryllium,
      magnesium, calcium, strontium, barium, and radium, the metals of interest
      for the purposes of this invention are those having atomic numbers of 12
      to 56, i.e., magnesium, calcium, strontium and barium, the preferred
      metals having atomic numbers of 12 to 20, i.e., magnesium and calcium.
PAR  While a variety of compounds within this definition are both known and
      operative, preferred suitable materials include magnesium oxide, magnesium
      hydroxide, magnesium carbonate (both anhydrous and in its various hydrated
      forms), calcium oxide, calcium hydroxide, calcium carbonate (both
      anhydrous and in its various hydrated forms), barium oxide, barium
      hydroxide, strontium oxide and strontium hydroxide. Particularly preferred
      are certain magnesium oxides, magnesium carbonate and calcium carbonate.
PAR  These solid additives should be finely divided; for example, they should
      have an average particle size of from about 0.05 to 200 microns,
      preferably from about 0.15 to 50 microns. They should not contain any
      deleterious materials which would adversely affect the foaming reaction or
      the properties of the resulting foam. The smaller particle sizes are most
      effective in the foam. Since the metal oxides generally absorb H.sub.2 O
      and CO.sub.2 readily from the atmosphere, they should be suitably
      protected from the source by storage in sealed containers before use in
      making foams, for otherwise adjustment will have to be made in the foam
      formulation such as in the NCO level and so forth.
PAR  It is important that any magnesium oxide employed have an activity index or
      activity number of from 0 to about 60 which activity may be defined as the
      iodine number or the milliequivalents of iodine absorbed by 100 grams of
      the magnesium oxide. A method for determining the iodine number is shown
      by Deis and Heneghan, "Rubber World", Vol. 150, No. 6, Sept., 1964, pages
      64 to 73, especially page 67. Magnesium oxide surface activity, activity
      index or activity number is well known and also is shown by (1) Deis and
      Heneghan, "Rubber World", October, 1961, pages 85 to 90; (2) Murray and
      Thompson, "The Neoprenes", Elastomer Chemicals Department, E. I. du Pont
      de Nemours & Co. (Inc.), Wilmington, Delaware, 1963, pages 21 to 23; and
      (3) Kron and Palmer, "Rubber World", Vol. 156, No. 2, May, 1967, pages 57
      to 65. It is preferred that the magnesium oxide be obtained from the
      calcination of magnesium carbonate rather than magnesium hydroxide. If
      magnesium oxides are used having activity numbers greater than about 60 as
      set forth above, the resulting foams show poor molding exemplified by
      loose skin and poor cell structure and exhibit uncontrolled blowing. The
      magnesium oxide is used in an amount of from about 0.05 to 2.5 parts by
      weight per 100 parts by weight of said organic polyol. Excess amounts of
      the magnesium oxide may be used but do not appear to provide any
      significant results.
PAR  Other well known constituents can be added to the polyurethane foam recipes
      as set forth in U.S. Pat. No. 3,574,149. Such constituents can be added in
      various amounts to the foaming ingredients to achieve the desired
      properties in the resultant flexible, low density foams.
PAR  The various ingredients or components employed in the method of this
      invention can be mixed in any way so long as the isocyanate component is
      essentially the last to be added. Such mixing is ameliorated if those
      components which are not easily mixable are pre-mixed with part of some
      other component. For example, any tin catalyst because of the small
      amounts used is more easily evenly dispersed in a foam system if it is
      added as a pre-mix with a portion of the polyol, usually as a separate
      stream. Similarly, any solid flame retardant such as the PVC polymers is
      preferably added as a dispersion in a portion of the polyol.
PAR  Furthermore, it is preferable to pre-mix several components or portions
      thereof to improve the efficiency of this invention as well as,
      incidentally, to reduce the number of streams to be introduced into a
      mixing head on a production line. Two pre-mix streams can themselves be
      pre-mixed together if desired. Pre-mixes are particularly desirable if
      they are storage stable.
PAR  The flexible, cellular urethane-vinyl chloride polymeric foams of the
      present invention can be used as cushions, mattresses, pillows, packing,
      cushioning material for furniture, automobiles, rug underlay, interior
      automobile and other vehicle door panels, seats, arm rests, head rests,
      and so forth.
DETD
PAR  The following examples are intended to illustrate more fully the best
      presently known modes of practicing this invention but not to limit the
      invention, which is properly delineated in the claims. Unless otherwise
      stated, all quantitative measurements are by weight.
PAC  EXAMPLE I
PAR  Four mixing streams A, B, C and D were employed in this example:
TBL  Parts         Material                                                    

     ______________________________________                                    

     A      66.0      A commercial partially primary                           

                      hydroxyl capped 3000 mol. wt.                            

                      polyoxypropylene triol having                            

                      a pH of 6.0 .+-. 0.5 (Poly X-202                         

                      Olin Chemical Company)                                   

            4.40      Water                                                    

            1.20      A commercial polyoxyalkylene                             

                      polysiloxane surfactant (L540)                           

                      Union Carbide)                                           

            0.30      Magnesium oxide MgO (activity                            

                      number 20)                                               

            0.21      A 33% solution of triethylene                            

                      diamine in dipropylene glycol                            

            0.07      Dimethylcyclohexylamine                                  

            8.0       Trichlorofluoromethane                                   

     B      30.00     The polyoxypropylene triol                               

                      used in Stream A                                         

            6.0       A solid PVC plastisol grade                              

                      resin having an average particle                         

                      size of 1.0 microns and an                               

                      inherent viscosity (ASTM D 1243-                         

                      Goodrich)                                                

            0.15      Magnesium oxide MgO (activity                            

                      number 20)                                               

            2.80      Antimony oxide Sb.sub.2 O.sub.3                          

            0.90      Zinc oxide Zno (French Process)                          

     C      0.4       Stannous oleate dispersion in                            

                      dioctylphthalate (17% Sn)                                

            4.0       The polyoxypropylene triol used                          

                      in stream A                                              

     D      52.5      An 80/20 mixture of the 2,4-                             

                      and 2,6- isomers of toluene                              

                      diisocyanate (TDI) (102 Index)                           

     ______________________________________                                    

PAR  The subject streams were mixed in an Admiral mixing head at 25.degree.C.
      and the resulting mixture was pumped into a hot mold (105.degree.F.) and
      allowed to cure for 13-14 minutes at 350.degree.F. Examination of the
      resulting foam showed uniform surface characteristics with no evidence of
      uncured areas where the materials puddled prior to molding.
PAR  The resulting products passed the flammability requirements of Federal
      Motor Vehicles Specification FMVSS-302. Increasing the amounts of
      magnesium oxide and dimethylcyclohexyl amine in stream A to 0.35 to 0.08
      part respectively, increasing the amount of TDI in stream D to 54.0 parts
      and adding 8.0 parts of trichlorofluoromethane in various runs did not
      affect the flame resistance of the foam and produced only expected changes
      in the other physical properties of the resulting foam.
PAC  EXAMPLE II
PAR  The preferred commercial formulation for the desired results now consists
      of four mixing streams A, B, C and D as follows:
TBL  Parts         Material                                                    

     ______________________________________                                    

     A     76.0        The polyoxypropylene triol of                           

                       stream A in Example I                                   

           4.4         Water                                                   

           1.0         The surfactant of stream A                              

                       in Example I                                            

           0.35        Magnesium oxide MgO (USP-20)                            

           0.48-0.54   The triethylene diamine solu-                           

                       tion of stream A in Example II                          

     B     20.0        The polyoxypropylene triol of                           

                       stream A                                                

           6.0         A commercial PVC dispersion                             

                       resin having an inherent                                

                       viscosity of 0.85-0.97 (ASTM                            

                       D-1243, Procedure A) and a                              

                       specific gravity of about 1.40                          

                       (QYJV Union Carbide)                                    

           2.8         Antimony oxide Sb.sub.2 O.sub.3                         

           0.9         Zinc oxide ZnO                                          

           0.2-0.4     Magnesium carbonate MgCO.sub.3                          

                       (USP)                                                   

     C     0.4         The stannous oleate disper-                             

                       sion of stream C in Example I                           

           4.0         The polyoxypropylene triol                              

                       used in stream A                                        

     D     52-56       The TDI isomer mixture of                               

                       stream D in Example I                                   

     ______________________________________                                    

PAR  Substitution of 0.7 part of calcium carbonate CaCO.sub.3 for the magnesium
      oxide in Stream A produces the same excellent results.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the method of making a flexible or semi-flexible hot-molded low
      density, fire retardant polyurethane foam by the reaction of (A) a
      polyetherpolyol having from two to four hydroxyl groups and having a
      molecular weight of from about 1,000 to 10,000, (B) an organic
      polyisocyanate and (C) a blowing agent comprising water in admixture with
      (D) a surfactant, (E) a catalyst comprising from about 0.05 to 3.2 parts
      by weight per 100 parts by weight of said polyol of a tertiary amine and
      from 0.1 to 0.9 part by weight per 100 parts by weight of said polyol of a
      tin-containing polyurethane catalyst (F) from about 1 to 50 parts by
      weight per 100 parts by weight of said polyol of a finely divided, solid
      chlorine-containing polymeric resin containing an average of from 0.4 to 1
      chlorine atom per carbon and having an intrinsic viscosity of from about
      0.25 to 2.5 as measured in 0.3 percent by weight solution in cyclohexanone
      at 25.degree.C., (G) finely divided zinc oxide in an amount of from about
      0.1 to 10 parts by weight per 100 parts by weight of said polyol (A), (H)
      finely divided antimony trioxide in an amount of from about 0.5 to 15
      parts by weight per 100 parts by weight of said polyol (A), and,
      optionally, (J) a chlorinated paraffin having an average molecular weight
      of from about 250 to 1400 and containing from about 40 to 70% by weight of
      chlorine, using the one-shot prepolymer process, the improvment comprising
      incorporating in said formulation from 0.5 to 2.5 parts by weight per 100
      parts by weight of polyetherpolyol (A) of at least one compound selected
      from the class consisting of oxides, hydroxides and basic salts of metals
      from Group 2a of the Periodic Table of the Elements, said metals having
      atomic numbers of 12 to 20 inclusive, said compounds having an average
      particle size of from about 0.05 to 200 microns, any magnesium oxide
      having an activity number of 0 to about 60, there being at least 0.05 part
      by weight of said compounds in any premix of components containing at
      least 10 parts by weight of polyetherpolyol (A).
NUM  2.
PAR  2. The method according to claim 1 in which the polyol (A) is a
      polyalkylene ether polyol.
NUM  3.
PAR  3. The method according to claim 2 in which the resin (F) is selected from
      the group consisting of polyvinyl chloride, a copolymer of a major amount
      of vinyl chloride and a minor amount of vinyl acetate, a partially
      hydrolyzed copolymer of a major amount of vinyl chloride and a minor
      amount of vinyl acetate, and chlorinated polyethylene, and is used in an
      amount of from about 2 to 25 parts by weight, the zinc oxide (G) is used
      in amount of from about 0.2 to 5 parts by weight and the antimony trioxide
      (H) is used in an amount of from about 1 to 10 parts by weight, the
      amounts of said (F), (G) and (H) being based on 100 parts by weight of
      said polyol.
NUM  4.
PAR  4. A flexible or semi-flexible hot-molded low density, fire retardant
      polyetherurethane foam, the ether moieties of said foam being derived from
      polyetherpolyols having from two to four hydroxyl groups and having a
      molecular weight of from about 1,000 to 10,000, said foam containing from
      about 1 to 50 parts by weight per 100 parts by weight of said polyol of a
      finely divided, solid chlorine-containing polymeric resin containing an
      average of from 0.4 to 1 chlorine atom per carbon and having an intrinsic
      viscosity of from about 0.25 to 2.5 as measured in 0.3 percent by weight
      solution in cyclohexanone at 25.degree.C., finely divided zinc oxide in an
      amount of from about 0.1 to 10 parts by weight per 100 parts by weight of
      said polyol, finely divided antimony trioxide in an amount of from about
      0.5 to 15 parts by weight per 100 parts by weight of said polyol, and,
      optionally, a chlorinated paraffin having an average molecular weight of
      from about 250 to 1400 and containing from about 40 to 70% by weight of
      chlorine, said foam being particularly characterized in containing from
      0.05 to 2.5 parts by weight per 100 parts by weight of polyetherpolyol of
      at least one compound selected from the class consisting of oxides,
      hydroxides and basic salts of metals from Group 2a of the Periodic Table
      of the Elements, said metals having atomic numbers of 12 to 20 inclusive,
      said compounds having an average particle size of from about 0.05 to 200
      microns, any magnesium oxide having an activity number of 0 to about 60.
NUM  5.
PAR  5. The method according to claim 3 wherein said Group 2a metals are present
      as carbonates.
NUM  6.
PAR  6. The method according to claim 3 wherein said Group 2a metals are present
      as compounds selected from the group consisting of calcium carbonate,
      magnesium carbonate and magnesium oxide.
NUM  7.
PAR  7. The method according to claim 6 wherein said Group 2a metal is
      magnesium.
NUM  8.
PAR  8. A composition according to claim 4 wherein said Group 2a metals are
      present as compounds selected from the group consisting of calcium
      carbonate, magnesium carbonate and magnesium oxide.
NUM  9.
PAR  9. A composition according to claim 8 wherein said Group 2a metal is
      magnesium.
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ABST
PAL  To manufacture porous solids, possessing an internal surface area of more
      than 10 m.sup.2 /g of crosslinked urea-formaldehyde polycondensation
      products, an aqueous solution of urea and formaldehyde or of a
      precondensate of urea and formaldehyde is adjusted to a pH value of 0 to 4
      by adding a Bronsted acid having a dissociation constant of not less than
      1.times.10.sup..sup.-6, for example sulphamic acid or a water-soluble
      ammonium hydrogen sulphate, so that an insoluble and infusible precipitate
      consisting of polymeric condensation product is formed, in the course of
      which the molar ratio of formaldehyde: urea should be at least 0.5 and at
      most 1.2 not later than at the time of precipitation. The resulting
      precipitate is separated off, dried and ground. The powder is suitable for
      use as an absorbent, for example for effluent purification, or as a white
      pigment.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 383,696
      filed July 30, 1973 (now abandoned) which application is in turn a
      continuation of application Ser. No. 65,329, filed Aug. 19, 1970 (now
      abandoned).
BSUM
PAR  The present invention provides a process for the manufacture of porous
      solids having an internal surface area greater than 10 m.sup.2 /g of
      crosslinked urea-formaldehyde polycondensation products, which is
      characterised in that an aqueous solution or urea and formaldehyde, or of
      a precondensate of urea and formaldehyde, is adjusted to a pH value of 0
      to 4 by adding a Bronsted acid having a dissociation constant of not less
      than 1.times.10.sup.-.sup.6, so that an insoluble and infusible
      precipitate consisting of polymeric condensation product is formed, with
      the molar ratio of formaldehyde:urea being at least 0.5 and at most 1.2,
      preferably at least 0.5 and at most 1.0, not later than at the time of
      precipitation, and that the resulting precipitate is separated off and
      dried.
PAR  As examples of Bronsted acids having a dissociation constant
      .gtoreq.10.sup.-.sup.6 there may be mentioned: formic acid, acetic acid,
      chloracetic acids, acrylic acid, oxalic acid, malonic acid, maleic acid,
      tartaric acid, citric acid, sulphurous acid, nitric acid, phosphoric acid,
      sulphuric acid and hydrochloric acid. The strong acids, such as nitric
      acid, sulphuric acid and hydrochloric acid can also be employed in the
      form of their ammonium salts or amine salts or in the form of mixtures of
      these salts with the free acids.
PAR  Particularly suitable substances are sulphamic acid (amindosulphonic acid
      H.sub.2 N--SO.sub.3 H), and also water-soluble ammonium hydrogen sulphates
      of general formula
EQU  [R-NH.sub.3 ].sup.+ .sup.. [SO.sub.4 H].sup.-              I
PAL  wherein R denotes a hydrogen atom or an organic radical which does not
      impair the solubility in water, such as especially an alkyl, cycloalkyl,
      hydroxyalkyl, aralkyl or aryl radical.
PAR  Examples of such optionally substituted ammonium hydrogen sulphates of
      formula (I) are, in addition to NH.sub.4 .sup.+. HSO.sub.4 .sup.-,
      CH.sub.3 --NH.sub.3 .sup.+. HSO.sub.4 .sup.-; C.sub.2 H.sub.5 NH.sub.3
      .sup.+. HSO.sub.4 .sup.-; HO--CH.sub.2 CH.sub.2 --NH.sub.3 .sup.+.
      HSO.sub.4 ;
      ##SPC1##
PAL  Where the basicity of the amine component is too great, some excess of
      strong acid e.g. sulphuric acid is appropriately added to the ammonium
      salt solution. The formation of the insoluble precipitate of polymeric
      formaldehyde-urea condensation product can be carried out in the presence
      of surface-active substances (detergents) or of protective colloids. In
      some cases these result in an increase in the specific surface area. The
      surface-active substance can be either ionic or non-ionic. As ionic
      representatives of this class of substances there may for example be
      mentioned: cationic quaternary ammonium bases or anionic fatty alcohol
      sulphates or sulphonates, alkylarylsulphonates, salts of sulphosuccinic
      acid esters, and monoglyceride sulphates, and as non-ionic representatives
      polyglycol ethers of fatty alcohols or alkylphenols may for example be
      mentioned. Protective colloids are, in this context, understood as
      water-soluble macromolecular substances which greatly increase the
      viscosity of aqueous solutions. Typical representatives of this class of
      compound are the sodium salt of carboxymethylcellulose, methyl-, ethyl-
      and .beta.-hydroxyethyl-cellulose, polyvinyl alcohol, water-soluble
      polymers and copolymers of acrylic acid or of methacrylic acid. The
      concentrations at which surface-active substances and/or protective
      colloids display their best effect depend on the chemical structure and
      molecular weight of the substances. They are generally active in amounts
      of between 0.1 and 10% by weight, preferably between 0.5 and 5% by weight,
      relative to the weight of urea and formaldehyde.
PAR  Numerous embodiments of the process according to the invention can be
      carried out: appropriately, an aqueous solution which contains urea and
      formaldehyde in the requisite molar ratio or contains a precondensate of
      the two components, is mixed with the aqueous acid solution at
      temperatures of between room temperature and 100.degree.C. The aqueous
      solution of the precondensate is as a rule prepared in the pH range of
      between 6 and 9 and in the temperature range of between 40.degree. and
      100.degree.C. The reaction time should appropriately be so long that the
      bulk of the formaldehyde (about 90%) has the opportunity to react with the
      urea, but not so long that the compatibility with water of the
      precondensate becomes so low that it can no longer be homogeneously mixed
      with the acid solution. Relatively high temperatures and relatively low pH
      values lead to the desired degree of polycondensation within a shorter
      time. If desired, a precondensate of urea and less than the total amount
      of CH.sub.2 O employed can first be manufactured, and the remaining
      quantity of formaldehyde only added during the subsequent precipitation.
PAR  The surface-active substance and/or the protective colloid can be present
      in one of the two aqueous solutions, or in both aqueous solutions.
      Acid-sensitive substances are better added to the urea-formaldehyde
      solution. The two solutions can be mixed by adding one of the solutions
      dropwise to the other whilst stirring. It is however, also possible
      rapidly to mix the two solutions with one another and to leave them
      standing at an elevated temperature to continue reacting.
PAR  For most end uses it is advantageous, but not essential, to neutralize the
      polymer precipitate. NaOH, KOH, Ca(OH).sub.2 and aqueous ammonia are
      suitable for this purpose. Washing of the polymeric precipitate is in most
      cases not necessary. The drying is best carried out in a hot stream of
      air. In the case of short contact times, very high drying temperatures (up
      to 500.degree.C) can be used. For some end uses it is advantageous to
      comminute the dried process product. Pin mills, hammer mills, cross-beater
      mills, air jet mills and ball mills are suitable for this purpose. The
      products of the process do not consist of non-porous but of porous more or
      less agglomerated individual particles. The size of these agglomerates is
      determined by the mechanical comminution process. The size of the
      individual particles is not significantly less than 1 micron. Since the
      specific surface area is up to 300 m.sup.2 /g the bulk part of the surface
      is the internal surface area, which exists in the form of pores, grooves
      and internal cavities. The formaldehyde to urea ratio in the final
      products will vary with the ratio employed in the process. When the ratio
      employed in the process is 0.5 the ratio in the final product is 0.8. As
      the ratio utilized in the process increases up to 1.0 the ratio in the
      final product increases up to 1.0.
PAR  As used herein the term "insoluble" means that the products are not soluble
      in the conventional organic polymer solvents such as for example alcohols,
      ethers, ketones, hydrocarbons and the like. The products of the invention
      melt only under conditions of decomposition and are thus designated herein
      as "infusible".
PAR  Because of this structure and the magnitude of the internal surface area,
      these polymers are suitable for use as adsorbents, for example for off gas
      and effluent purification. They are furthermore suitable for use as white
      pigments.
DETD
PAR  In the examples which follow, parts denote parts by weight and percentages
      denote percentages by weight.
PAC  EXAMPLE 1
PAR  500 parts of 30% strength aqueous formaldehyde solution are adjusted to
      pH=7 with dilute sodium hydroxide solution and warmed to 50.degree.C. 300
      parts of urea are added and condensation is carried out for 3 hours at
      pH=7 and 50.degree.C.
PAR  The resulting solution of the precondensate is rapidly added dropwise,
      whilst stirring, to a solution of the following composition, warmed to
      70.degree.C:
PA1  16 parts of sulphamic acid,
PA1  50 parts of aqueous 30% strength formaldehyde solution, and
PA1  1705 parts of deionised water.
PAR  During the dropwise addition of the solution of the precondensate, a
      polymer precipitate forms. At the end of the dropwise addition, the pH
      value is 1.5. The mixture is allowed to continue to react for 6 hours at
      70.degree.C whilst stirring and is neutralized with a 10% strength aqueous
      Na.sub.2 CO.sub.3 solution in a stirred flask, and the product is
      centrifuged off, washed with water, dried for 24 hours at 80.degree.C and
      ground for 2 hours in a stoneware ball mill.
PAR  353 parts (corresponding to a yield of 1.17 kg per 1 kg of urea employed)
      of a white free-flowing powder with a specific surface area of 118 m.sup.2
      /g are obtained. The mean agglomerate size of the product is about 13
      microns, the molar ratio F/U in the product =1.05.
PAC  EXAMPLES 2 - 6
PAR  Exactly the same procedure as in Example 1 is followed except that the
      solution of the precondensate is added dropwise to an aqueous solution
      which, in addition to 16 parts of sulphamic acid, 50 parts of aqueous 30%
      strength CH.sub.2 O and 1705 parts of deionized water, also contains 9
      parts of one of the surface-active substances or protective colloids
      indicated in Table 1 below.
PAR  Yields and properties of the free-flowing powders obtained as end products
      are recorded in Table 1 below:
TBL                                    Table 1                                 

     __________________________________________________________________________

     Surface-active substance                                                  

                       F/U in                                                  

                            Yield     Speci-                                   

                                           Mean agglo-                         

     or protective colloid                                                     

                       the            fic  merate                              

                       product                                                 

                            Parts                                              

                                kg per                                         

                                      surface                                  

                                           size                                

        Parts                   1 kg  area                                     

                                of    m.sup.2 /g                               

                                           micron                              

                                urea                                           

     Ex.                                                                       

     __________________________________________________________________________

     2  9.0                                                                    

           Na-lauryl sulphate                                                  

                       0.98 313 1.04  284   8                                  

     3  9.0                                                                    

           C.sub.17 H.sub.33 CO; NH(CH.sub.2).sub.3                            

                       1.0  331 1.115 244  10                                  

           N(CH.sub.3).sub.2                                                   

     4  9.0                                                                    

           Wetting agent from                                                  

           Example 3. quaternized                                              

                       0.97 327 1.09  285  15                                  

           with dimethylsulphate                                               

     5  9.0                                                                    

           Na-carboxymethyl-                                                   

                       0.95 347 1.155 258  15                                  

           cellulose                                                           

     6  9.0                                                                    

           Polyvinyl alcohol                                                   

                       0.98 337 1.12  302  --                                  

     __________________________________________________________________________

PAC  EXAMPLE 7
PAR  A precondensate solution, which is manufactured according to the data of
      Example 1, is added dropwise whilst stirring, at 70.degree.C, to a
      solution of 25 parts of sulphuric acid in 1425 parts of water. A
      precipitate immediately forms. When all the precondensate has been
      introduced, the pH value is 1.2. After continuing to react for 6 hours at
      70.degree.C, the mixture is cooled to room temperature and rendered
      neutral, and the product is filtered off, dried for 24 hours at
      120.degree. in a stream of air and ground in a high speed pin mill.
PAR  352 parts (corresponding to a yield of 1.17 kg per 1 kg of urea employed)
      of a white, free-flowing powder with the following properties are
      obtained:
     Specific surface area                                                     

                           252 m.sup.2 /g                                      

     Bulk density:         273 g/liter                                         

     Volatile constituents:                                                    

                           6.9%                                                

     F/U:                  0.98.                                               

PAC  EXAMPLE 8
PAR  A solution of the following composition is prepared:
TBL  Deionised H.sub.2 O: 1700     parts                                       

     Na lauryl-sulphate:  11.76    parts                                       

     30% strength formaldehyde:                                                

                          560      parts                                       

     Urea:                420      parts.                                      

PAL  The pH is adjusted to 7 with aqueous sodium hydroxide solution and
      condensation is carried out for 3 hours at pH and 70.degree.C.
PAR  A solution of 88.5 parts of oxalic acid dihydrate in 160 parts of water is
      added dropwise whilst stirring, to the resulting precondensate solution. A
      polymer precipitate forms. The subsequent reaction and working up take
      place exactly as in Example 7.
PAR  418 parts (corresponding to a yield of 0.99 kg per 1 kg of urea employed)
      of a white, free-flowing powder with the following properties are
      obtained:
TBL  Specific surface area:                                                    

                           177 m.sup.2 /g                                      

     Bulk density:         198 g/liter                                         

     Volatile constituents:                                                    

                           1.5%                                                

     Mean agglomerate size:                                                    

                           10 micron                                           

     F/U:                  0.90                                                

PAC  EXAMPLES 9 - 14
PAR  The following series of experiments shows the influence of the molecular
      ratio of CH.sub.2 O : urea in the operative range according to the
      invention on the specific surface area of the end products; the batches
      for the precondensate solutions, the composition of which can be seen from
      Table 2 below, are in each case condensed for 3 hours at 70.degree.C and
      pH=7. Each precondensate solution is rapidly mixed with a solution of
      14.55 parts of sulphamic acid in 283.5 parts of water at 50.degree.C. In
      the course thereof, the temperature rises to 65.degree.-70.degree.C. The
      reaction mixture is left for 3 hours at this temperature, stirred up with
      water, and neutralized to pH=7.5 with 10% strength aqueous sodium
      carbonate solution, and the product is filtered off, dried at 120.degree.C
      and ground on a pin mill (3 passes). The batches, yields and properties of
      the end products are indicated in Table 2 below:
TBL                                    Table 2                                 

     __________________________________________________________________________

     Example No.        9     10    11    12    13    14                       

     __________________________________________________________________________

     Batch:                                                                    

     Deionized water    275.5 280   283.5 283.5 287   290                      

     Na-dodecylbenzenesulphonate                                               

                        4.5   4.8   4.95  5.04  5.2   5.4                      

     30% strength formaldehyde solution                                        

                        150   198   225   240   270   290                      

     Urea               180   180   180   180   180   180                      

     Molar ratio CH.sub.2 O/urea                                               

                        0.5   0.66  0.75  0.8   0.9   1.0                      

     Yield                                                                     

         Parts          106   146   170   175   192   208                      

         kg per 1 kg                                                           

         of urea        0.59  0.81  0.95  0.97  1.07  1.15                     

     Specific surface area                                                     

                        31.7  90    92.4  153   138   171                      

      (m.sup.2 /g)                                                             

     Bulk density (g/liter)                                                    

                        205   203   205   215   247   253                      

     Volatile constituents in the end                                          

                        2.70  2.0   4.6   2.8   3.2   3.3                      

      product (%)                                                              

     Molar ratio F/U in the product                                            

                        0.78  0.85  0.88  0.90  0.96  1.0                      

     Mean agglomerate size (.mu.)                                              

                        --    --    --    --    7     6                        

     __________________________________________________________________________

PAC  EXAMPLES 15 - 18
PAR  The following series of experiments shows the influence of the
      concentration of the polymer-forming agents during the precipitation on
      the properties of the porous urea-formaldehyde polymers. The batches for
      the precondensate solutions, the composition of which can be seen from the
      Table below, are in each case condensed for 3 hours at 70.degree.C and
      pH=7.
PAR  Each individual precondensate is mixed, at 50.degree.C, with a solution of
      16 parts of sulphamic acid in 100 parts of H.sub.2 O. The subsequent
      reaction and working up of the reaction mixture takes place exactly as
      described for Examples 9 - 14. The material is however, only ground once
      in the pin mill. The batches, yields and properties of the end products
      are given in Table 3 below:
TBL                                    Table 3                                 

     __________________________________________________________________________

     Example No.        15     16    17    18                                  

     __________________________________________________________________________

     Batch:                                                                    

     Deionized water    1325   575   200   --                                  

     Na-dodecylbenzenesulphonate                                               

                        9.0    9.0   9.0   9.0                                 

     30% strength formaldehyde solution                                        

                        500    500   500   500                                 

     Urea               300    300   300   300                                 

     Concentration (%)  20     30    40    50                                  

     Yield                                                                     

         Parts          361    348   361   352                                 

         kg/kg Urea     1.2    1.16  1.20  1.17                                

     Specific surface area (m.sup.2 /g)                                        

                        107.4  103.2 161.5 161.3                               

     Bulk density (g/liter)                                                    

                        284    283   250   223                                 

     Volatile constituents in the                                              

                        4.5    4.2   6.5   5.9                                 

     end product (%)                                                           

     Molar ratio F/U in the product                                            

                        0.98   0.97  1.01  0.99                                

     Mean agglomerate size (.mu.)                                              

                        8      11    15    15                                  

     __________________________________________________________________________

PAC  EXAMPLE 19
PAR  This Example describes a test according to the invention. The molar ratio
      of formaldehyde to urea in the reaction mixture is 1.0. However, the
      reaction condition does not lead to an optimum of the specific surface
      area because the product is obtained according to an Aminoplast-R-type
      process (U.S. Pat. No. 3,553,115). That means monobasic monoethanolamine
      phosphates are present in the reaction mixture.
PAR  A powder with a specific surface area of 22.9 m.sup.2 /g is obtained.
PAC  EXAMPLE 20
PAR  This is an Example according to the invention using a molar ratio F/U of
      1.0 and 2 % of Na-carboxymethylcellulose as a protective colloid in the
      reaction mixture. A powder with a specific surface area of 283 m.sup.2 /g
      is obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the manufacture of porous more or less agglomerated
      individual particles of crosslinked urea-formaldehyde polycondensation
      products having an internal surface area greater than 10 m.sup.2 /g and
      having a tendency to become agglomerated which comprises forming an
      aqueous solution of urea and formaldehyde or of a precondensate of urea
      and formaldehyde, adjusting the pH of the resulting solution at a
      temperature of between room temperature and 100.degree.C to a pH value of
      1.2- 1.5 by adding a Bronsted acid having a dissociation constant of not
      less than 1 .times. 10.sup.-.sup.6 so as to form a precipitate, the molar
      ratio of formaldehyde:urea being at least 0.5 and at most 1.0 not later
      than at the time of precipitation, separating off the resultant
      precipitate and drying.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein sulphamic acid or a
      water-soluble ammonium hydrogen sulphate of formula
EQU  [R-NH.sub. 3 ].sup.+.sup.. [SO.sub.4 H ].sup.-
PAL  wherein R denotes a hydrogen atom or an organic radical, which does not
      impair the solubility in water, selected from the group consisting of
      alkyl, cycloalkyl, hydroxylalkyl, aralkyl and aryl, is used as the
      Bronsted acid.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein the aqueous solution of a
      precondensate, which has been manufactured by precondensation of the
      reaction components in the pH range of 6 to 9 and in the temperature range
      of 40.degree.-100.degree.C, is used.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein the aqueous solution of a
      precondensate, which has been obtained by reaction of the reaction
      components over a period of time so chosen that whilst the bulk of the
      formaldehyde has reacted with the urea, the compatibility with water of
      the precondensate is still sufficiently great to permit it to be
      homogeneously mixed with an aqueous solution of the Bronsted acid, is
      used.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein the precipitation is carried
      out in the presence of a surface-active substance or of a protective
      colloid.
NUM  6.
PAR  6. A process as claimed in claim 5, wherein the surface-active substance or
      the protective colloid is employed in an amount of 0.1 to 10% by weight
      relative to the weight of urea and formaldehyde.
NUM  7.
PAR  7. A process as claimed in claim 5, wherein the surface-active substance or
      the protective colloid is employed in an amount of 0.5 to 5% by weight
      relative to the weight of urea and formaldehyde.
NUM  8.
PAR  8. A process as claimed in claim 5, wherein a member selected from the
      group consisting of a cationic quaternary ammonium base, an anionic fatty
      alcohol sulphate or sulphonate, an alkylarylsulphonate, a non-ionic
      polyglycol ether of fatty alcohol and an alkyl phenol, is used as the
      surface-active substance.
NUM  9.
PAR  9. A process as claimed in claim 5, wherein a member selected from the
      group consisting of sodium carboxymethylcellulose, methyl-, ethyl- or
      hydroxyethyl-cellulose, a polyvinyl alcohol and a water-soluble polymer or
      copolymer of acrylic or methacrylic acid is used as a protective colloid.
NUM  10.
PAR  10. A process as claimed in claim 1, wherein the precipitation is carried
      out by mixing the aqueous solution of the precondensate with an aqueous
      solution of the Bronsted acid in the temperature range of 20.degree.-
      100.degree.C.
NUM  11.
PAR  11. A process as claimed in claim 1, wherein the precipitation is carried
      out by mixing the aqueous solution of the precondensate with an aqueous
      solution of the Bronsted acid in the temperature range of 30.degree.-
      70.degree.C.
NUM  12.
PAR  12. A process as claimed in claim 1 wherein the dry polycondensation
      product is ground by means of a high-speed pin mill.
NUM  13.
PAR  13. A porous, insoluble, infusible cross-linked urea-formaldehyde
      polycondensation product in the form of individual particles having an
      internal surface area greater than 10 m.sup.2 /g and having a tendency to
      become agglomerated wherein the molar ratio of formaldehyde:urea ranges
      from 0.8 to 1.0.
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ABST
PAL  An isocyanate-based polymeric foam material having dispersed therein a
      particulate low-softening point inorganic oxide glass having a
      transformation temperature of not greater than 300.degree.C, and
      optionally a blowing agent which is capable of liberating a non-flammable
      gas on heating above a temperature in the range 150.degree. to
      400.degree.C.
BSUM
PAR  This invention relates to fire-retardant isocyanate-based polymer foams and
      more particularly to fire-retardant rigid isocyanate-based polymer foams.
PAR  It is known to incorporate fire-retardant additives into isocyanate-based
      foam materials, and in particular into rigid isocyanate-based foam
      materials. The additives conventionally used are halogenated materials,
      for example, halogenated paraffins and halogenated phosphate esters, which
      may be used in conjunction with other additives, for example, antimony
      compounds. Conventional fire-retardant additives do indeed decrease the
      flammability of isocyanate-based foams, especially rigid foams, as
      measured by tests such as the oxygen index test (ASTM D 2863-70) and
      burning rate tests (ASTM D 1692-68), but have the disadvantages that they
      generally increase the amount of smoke generated when the foam containing
      them is burned, they may be leached out of the foam, and, in the case
      where the foam is a rigid foam, they may act as plasticizers thereby
      decreasing the rigidity of the foam.
PAR  We have now found that the incorporation of a low softening point glass,
      particularly a phosphate glass, into an isocyanate-based foam, and
      especially into a rigid isocyanate-based foam, confers a degree of fire
      retardancy upon the foam, and may also give less smoke generation on
      combustion of the foam than is produced by combustion of foams containing
      conventional fire-retardant additives.
PAR  The softening point of a glass is a quantity defined by ASTM C338-57, but
      as it is more convenient to measure the transformation temperature (Tg) of
      a glass, a low softening point glass for the purposes of the present
      invention is defined as one having a transformation temperature not
      greater than 300.degree.C. An approximate correlation between softening
      point and transformation temperature is that the softening point is
      generally between 50.degree. and 70.degree.C above the transformation
      temperature.
PAR  The transformation temperature of a glass is defined herein as the value
      determined by differential calorimetry using the Du Pont Differential
      Thermal Analyser according to the following procedure. A sample of the
      powdered glass and a reference sample of pure powdered silica are heated
      at a programmed rate of temperature increase of 20.degree.C/min, and a
      graph is obtained of the temperature difference between the samples
      plotted against the temperature of the reference sample. This curve
      typically has a linear portion of small slope and a second linear portion
      of larger negative slope at higher temperatures. The two linear portions
      are produced so that they intersect, and the transformation temperature is
      taken as the temperature corresponding to the point of intersection.
PAR  According to the present invention there is provided a composition
      comprising an isocyanate-based polymeric foam material and dispersed
      therein a particulate low softening point inorganic oxide glass having a
      transformation temperature of not greater than 300.degree.C.
PAR  The isocyanate-based polymeric foam material is a material produced by
      reacting a liquid mixture comprising a polyisocyanate containing two or
      more isocyanate groups and a compound containing two or more groups
      reactive with isocyanate groups, for example, hydroxyl groups, amino
      groups, or carboxylic acid groups, and foaming the mixture during the
      reaction. The product of the foaming and of the reaction is a cross-linked
      polymeric foam material. The degree of cross-linking determines to some
      extent the physical nature of the foam material, and in particular whether
      or not the foam material is a rigid or flexible material, according to
      principles well-known in the art. In general, the greater the degree of
      cross-linking the more rigid is the foam material. The present invention
      may be applied to rigid and flexible foam materials but is preferably
      applied to rigid foam materials.
PAR  The isocyanate-based polymeric foam material may be any polymeric foam
      obtained by a reaction involving a substantial proportion of a
      polyisocyanate, and includes polyurethane foams obtained by reaction of a
      polyisocyanate with, for example, a branched polyol, polyisocyanurate
      foams obtained by trimerisation of the isocyanate groups of a
      polyisocyanate, and isocyanate/isocyanurate foams produced by reacting an
      excess of polyisocyanate with a polyol and simultaneously or subsequently
      trimerising the unreacted isocyanate groups. Polyols containing ether
      linkages or ester linkages may be used, and the polyisocyanates may be
      aliphatic or aromatic. Suitable isocyanate-based foam materials require no
      further description as they are well-known in the art and include, for
      example, those disclosed in British Pat. Nos. 874,430, 908,337, 924,111,
      1,146,661 and 1,184,893.
PAR  The inorganic oxide glass is suitably a phosphate glass, that is, an
      inorganic oxide glass comprising at least 25 mole % of P.sub.2 O.sub.5.
      Preferably, the inorganic oxide glass which is present in the composition
      has a transformation temperature of not greater than 250.degree.C, more
      preferably not greater than 200.degree.C, and the glass preferably
      comprises at least 50 mole % P.sub.2 O.sub.5 and more preferably at least
      60 mole % P.sub.2 O.sub.5 on account of the superior fire-retardant
      effects obtained with such preferred glasses.
PAR  Suitable inorganic oxide glasses for use in the compositions of the present
      invention are those having suitable transformation temperatures and
      described in our copending U.S. Pat. No. 3,804,645 (now published as
      Belgian Pat. No. 789,866), U.S. Ser. No. 293,538 (now published as Belgian
      Pat. No. 789,867), U.S. Ser. No. 329,167 (now published as Belgian Pat.
      No. 795,152) and U.S. Ser. No. 350,496 (now published as Belgian Pat. No.
      798,480), the disclosures of which are incorporated herein by reference.
      The aforementioned copending applications also describe suitable methods
      for the preparation of the inorganic oxide glasses.
PAR  Where the inorganic oxide glass is a phosphate glass its durability to
      water, especially important if the foam material containing the glass is
      to be contacted with water, may be improved if the glass contains B.sub.2
      O.sub.3. The glass preferably contains from 1.2 to 3.5 mole % of B.sub.2
      O.sub.3. The glass may contain one or more alkali metal oxides, preferably
      at least 5 mole % of such oxide, and/or one or more alkaline earth metal
      oxides, preferably at least 5 mole % of such oxide.
PAR  A glass which may be mentioned in particular is a glass consisting
      essentially of, that is consisting of at least 98 mole % of, the following
      components in the mole % proportions stated; B.sub.2 O.sub.3 1.2 to 3.5,
      P.sub.2 O.sub.5 50 to 72, PbO 0 to 30, transistion metal oxide 0 to 5, and
      the remainder, if any, being oxides selected from alkali metal oxides,
      alkaline earth metal oxides and zinc oxide. The aforementioned composition
      excludes water which may be present in the composition in a proportion of,
      for example, up to 5% by weight.
PAR  A preferred inorganic oxide glass is one consisting essentially of, in mole
      % and excluding any water which may be present, B.sub.2 O.sub.3 1.2 to
      3.5, P.sub.2 O.sub.5 58 to 70, PbO less than 15, transition metal oxide 0
      to 5, the remainder being oxides selected from alkali metal oxides,
      alkaline earth metal oxides, and zinc oxide.
PAR  The glasses used in the compositions of the invention may include hydrogen
      in the form of combined water, generally in an amount of not greater than
      5 weight % of water. Other metal oxides which may be present in the
      glasses are the oxides of Al, Ce, V, Cr, W, Mo, Sb and/or Bi provided, of
      course that the glass has a transformation temperature of not greater than
      300.degree.C.
PAR  The inorganic oxide glass may be present in the composition of the
      invention in the form of particles, flakes and/or fibres. The glass may be
      mixed with a liquid component or components and then the remaining
      component or components may be added and reaction and foaming to produce
      the foam may be caused or allowed to take place, e.g., by heating. It is
      especially convenient to follow this procedure where admixture of all of
      the components results in immediate foaming by reaction of the components.
      Where admixture of all the components does not produce an immediate
      foaming reaction the glass may be added to a mixture of the components and
      the foaming reaction may be carried out as desired, e.g., by addition of a
      separate foaming agent and heating if necessary.
PAR  In order to facilitate mixing and dispersion of the glass in the reaction
      mixture from which the foam is produced, and thus to assist dispersion of
      the glass in the resultant foam, the glass is preferably in the form of a
      fine powder of particle size in the range 0.1 to 25 .mu.m, more preferably
      1 to 5 .mu.m, although larger particle size glass may be used, for
      example, glass having a size in the range 0.1 to 300 .mu.m.
PAR  The inorganic oxide glass may be coarsely granulated and then ground to a
      fine powder, for example, by ball milling, then dispersed in a liquid
      reactant. It may be desirable to mill the glass in the presence of up to
      5% of a dispersing agent, for example, Silanox (Cabot Corporation)
      hydrophobic silica in order to improve the dispersion of the glass in the
      reactant, particularly for acidic glasses containing over 65 mole %
      P.sub.2 O.sub.5.
PAR  In general, in order that a flame-retardant effect may be achieved, the
      inorganic oxide glass will be present in the composition in a proportion
      of at least 2% by weight of the foam material in the composition.
      Generally, little further advantage is obtained by including in the
      composition more than 60% of inorganic oxide glass by weight of the foam
      material. Preferably, the inorganic oxide glass is present in the
      composition in a proportion in the range 10 to 30% by weight of the foam
      material. The composition may also contain particles, flakes or fibres of
      other filling or reinforcing material, for example E-glass.
PAR  Phosphate glasses containing a high proportion (for example, above 60 mole
      %) of P.sub.2 O.sub.5 may be susceptible to hydrolysis by water, and this
      may impair the properties of an isocyanate-based foam containing the
      glass. This effect may be reduced by coating the glass with a hydrophobic
      solid material for example magnesium stearate, or with a coupling agent
      for example an organosilane capable of increasing the bonding of the glass
      to the foamed polymer.
PAR  We have found that the presence of a blowing agent in the composition of
      the present invention may, in addition to improving the fire-retardant
      effect, also result in a further decrease in smoke generation when
      compared with the effect observed in the absence of blowing agent. The
      blowing agent is suitably a solid material and is a material which, when
      heated above a temperature in the range 150.degree. to 400.degree.C
      decomposes with evolution of a non-flammable gas or gases, for example,
      water, nitrogen, ammonia or carbon dioxide. The blowing agent should not
      volatilize or evolve gas during production of the foam material. It is
      only required to do so when the foam material is heated or burned.
PAR  Examples of suitable blowing agents are dicyandiamide (N-cyanoguanidine,
      DCDA), melamine, guanidinium carbonate, N-nitro-N'-cyanoguanidine, uracil,
      barbituric acid and phosphoramide, of which DCDA and melamine are
      preferred. Mixtures of two or more blowing may be used, and may be more
      effective than the same weight of a single one.
PAR  A suitable amount of blowing agent for use in the composition is from 2 to
      20% by weight of the foam material in the composition, preferably 5 to 10%
      by weight. The blowing agent is conveniently incorporated into the
      composition by the methods hereinbefore described for incorporation of the
      inorganic oxide glass.
PAR  The composition of the invention, in addition to foam material and
      inorganic oxide glass, and optionally blowing agent, may contain one or
      more other materials, for example, one or more conventional fire-retardant
      additives, e.g., halogenated phosphate esters, although no particular
      advantage is thereby to be obtained.
PAR  Compositions according to the invention, especially those which contain
      rigid foam materials, may find application in structural applications, for
      example, the insulation of cavity walls, and for other thermal insulation
      applications.
DETD
PAR  The invention is illustrated by the following Example.
PAC  Example
PAR  An inorganic glass was prepared having the composition (mole %), P.sub.2
      O.sub.5 65.8, B.sub.2 O.sub.3 2.3, PbO 13.1, Na.sub.2 O 9.4, Li.sub.2 O
      9.4 by heating a mixture of 88% orthophosphoric acid, boric oxide,
      litharge, sodium carbonate and lithium carbonate in the appropriate molar
      proportions to 350.degree.C for 6 hours, then refining at 750.degree.C
      until a glass having a transformation temperature of 155.degree.C was
      produced.
PAR  The glass was coarsely granulated, then 700 g of the glass was ball milled
      with 14 g Silanox (Cabot Corporation) hydrophobic silica for 40 hours,
      then screened through a 120 mesh sieve. The median particle size was
      approximately 2-3 .mu.m by microscopic examination, some particles being
      as large as 25 .mu.m.
PAR  Four rigid polyurethane foams were prepared as described below, A being an
      unmodified foam, B being a conventional fire-retardant foam containing
      tris (.beta.-chloro-ethyl) phosphate (TCEP), C containing no TCEP but
      13.5% by weight of the inorganic oxide glass powder and D being as C but
      containing in addition 4.6% by weight of blowing agent dicyandiamide
      (DCDA) and melamine. The parts by weight of each component used are shown
      in Table I. In each case all of the components except the
      diisocyanatodiphenylmethane were blended together, then the mixture was
      rapidly blended with the diisocyanatodiphenylmethane, the product
      transferred to a mould and allowed to rise to give a rigid polyurethane
      foam.
TBL                                    Table I                                 

     __________________________________________________________________________

                      parts by weight                                          

     Component        A     B     C     D                                      

     __________________________________________________________________________

     oxypropylated glycerol,                                                   

     hydroxyl value 540 mg KOH/g                                               

                      154   140   140   140                                    

     triethanolamine  15.4  14    14    14                                     

     N,N-dimethylcyclohexylamine                                               

                      2.3   2.1   3.5   3.5                                    

     water            3.1   2.8   2.8   2.8                                    

     siloxane oxyalkylene copolymer                                            

                      1.23  1.1   1.1   1.1                                    

     trichlorofluoromethane                                                    

                      30.1  30.0  38.0  41.0                                   

     tris(.beta.-chloroethyl) phosphate                                        

                      --    42    --    --                                     

     phosphate glass powder                                                    

                      --    --    71.3  71.3                                   

     DCDA             --    --    --    3.6                                    

     melamine         --    --    --    21.7                                   

     crude diisocyanatodiphenyl-                                               

                      322.2 297   297   297                                    

     methane                                                                   

     __________________________________________________________________________

PAR  Specimens cut from all four foams were tested for mechanical,
      fire-retardant and smoke emission properties. The burning tests used were
      ASTM D 1692-68, which measures whether a strip of material ignited by a
      flame which is then removed is non-burning (extinguished before reaching a
      mark on the specimen close to the applied flame), self extinguishing (fire
      extinguished before reaching a more distant mark), or burning (fire not
      extinguished before reaching the second mark), and ASTM D 2863-70 (Oxygen
      Index). In the latter test, the specimen is burned in a controlled
      oxygen-nitrogen atmosphere, the Oxygen Index being the percentage of
      oxygen in the atmosphere which is necessary to just support combustion of
      the material.
PAR  The smoke emission test used was based on ASTM D 2843-70 in which a
      specimen is burned in an enclosed box (the XP-2 box) and the degree of
      attenuation of a light beam across the box is measured as a function of
      time. The maximum obscuration reached was measured, but whereas the
      standard procedure calls for calculation of a `smoke density rating`
      proportional to the area under the obscuration/time curve for a time of 4
      minutes from ignition, in this case the time required to reach the maximum
      obscuration was measured.
PAR  Results are given in Table II.
TBL                                    Table II                                

     __________________________________________________________________________

                     A     B     C     D                                       

     __________________________________________________________________________

     Density (Kg m.sup.-.sup.3)                                                

                      37.6 41.1  37.9  39.9                                    

     % Closed cells  93    92    92    91                                      

     Brittleness (% mass loss/min)                                             

                     2.3   2.3   3.6   4.0                                     

     Mean strength (KN m.sup.-.sup.2)                                          

                     151   146   128   140                                     

     ASTM D 1692-68  burning                                                   

                           S.E.* S.E.  S.E.                                    

     Oxygen Index    21%   24%   23%   24%                                     

     Smoke emission:                                                           

      max obscuration (%)                                                      

                     75    91    87    78                                      

      reached after (sec)                                                      

                     22    19    22    28                                      

     __________________________________________________________________________

      S.E.*= self extinguishing                                                

PAR  It is seen that the incorporation of low softening point glass powder and
      optionally blowing agent does not adversely affect the mechanical
      properties of the foam (except for a slight increase in brittleness) and
      gives equivalent fire-retardance to that obtained from a conventional
      additive (TCEP) with considerably less smoke emission.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A composition comprising an isocyanate-based polymeric foam material
      selected from polyurethane, polyisocyanurate, and
      polyurethane/polyisocyanurate foam materials and produced by reacting a
      foamable liquid mixture of a polyisocyanate containing two or more
      isocyanate groups and a compound containing two or more groups reactive
      with isocyanate groups, and dispersed in said foam material inorganic
      oxide glass powder having a particle size in the range 0.1 to 300 microns
      the inorganic oxide glass having a transformation temperature of not
      greater than 300.degree.C.
NUM  2.
PAR  2. A composition as claimed in claim 1 in which the foam material is a
      rigid foam material.
NUM  3.
PAR  3. A composition as claimed in claim 1 in which the foam material is a
      polyurethane foam.
NUM  4.
PAR  4. A composition as claimed in claim 1 in which the inorganic oxide glass
      is a phosphate glass comprising at least 25 mole % of P.sub.2 O.sub.5.
NUM  5.
PAR  5. A composition as claimed in claim 4 in which the inorganic oxide glass
      comprises at least 50 mole % of P.sub.2 O.sub.5.
NUM  6.
PAR  6. A composition as claimed in claim 5 in which the inorganic oxide glass
      comprises from 1.2 to 3.5 mole % of B.sub.2 O.sub.3.
NUM  7.
PAR  7. A composition as claimed in claim 5 in which the inorganic oxide glass
      consists essentially of the following components, in mole % and excluding
      water which may be present, B.sub.2 O.sub.3 1.2 to 3.5, P.sub.2 O.sub.5 50
      to 72, PbO 0 to 30, transition metal oxides 0 to 5, and the remainder, if
      any, being oxides selected from alkali metal oxides, alkaline earth metal
      oxides and zinc oxide.
NUM  8.
PAR  8. A composition as claimed in claim 7 in which the inorganic oxide glass
      consists essentially of the following components, in mole% and excluding
      water, B.sub.2 O.sub.3 1.2 to 3.5, P.sub.2 O.sub.5 58 to 70, PbO less than
      15, transition metal oxide 0 to 5, the remainder being oxides selected
      from alkali metal oxides, alkaline earth metal oxides and zinc oxide.
NUM  9.
PAR  9. A composition as claimed in claim 1 in which the inorganic oxide glass
      in present in the form of particles having a size in the range 0.1 to 25
      microns.
NUM  10.
PAR  10. A composition as claimed in claim 1 in which the inorganic oxide glass
      is present in a proportion of 10 to 30% by weight of the foam material.
NUM  11.
PAR  11. A composition as claimed in claim 1 in which there is present a blowing
      agent which is a material which, when heated above a temperature
      150.degree. to 400.degree.C., decomposes with evolution of a non-flammable
      gas and does not volatilize or evolve gas during foam formation.
NUM  12.
PAR  12. A composition as claimed in claim 1 in which the blowing agent is
      present in a proportion of from 5 to 10% by weight of the foamed material.
PATN
WKU  039310655
SRC  4
APN  615395&
APT  1
ART  141
APD  19670213
TTL  Polyurethane-modified polyisocyanurate foam and a method for the
      preparation thereof
ISD  19760106
NCL  5
ECL  1
EXP  Welsh; M. J.
INVT
NAM  Ashida; Kaneyoshi
CTY  Tokyo
CNT  JA
INVT
NAM  Yagi; Takao
CTY  Tokyo
CNT  JA
ASSG
NAM  Nisshin Boseki Kabushiki Kaisha
CNT  JA
COD  03
PRIR
CNT  JA
APD  19660218
APN  41-9401
PRIR
CNT  JA
APD  19661227
APN  41-84772
PRIR
CNT  JA
APD  19661230
APN  42-128
CLAS
OCL  260  25AW
XCL  260  25AJ
XCL  260  25AT
XCL  260 775NC
EDF  2
ICL  C08G 1814
FSC  260
FSS  2.5 AC;2.5 AW;2.5 AT;77.5 IS;2.5 A;2.5 AJ;77.5 NC
UREF
PNO  3179626
ISD  19650400
NAM  Beitchmann
OCL  260 77.5
UREF
PNO  3206352
ISD  19650900
NAM  Collis et al.
OCL  161 93
UREF
PNO  3211704
ISD  19651000
NAM  Gilman et al.
OCL  260 77.5
UREF
PNO  3252942
ISD  19660500
NAM  France et al.
OCL  260 77.5
UREF
PNO  3516950
ISD  19700600
NAM  Haggis
OCL  260859R
FREF
PNO  908,337
ISD  19621000
CNT  UK
OCL  260 77.5NC
LREP
FR2  Burns; Robert E.
FR2  Lobato; Emmanuel J.
FR2  Adams; Bruce L.
ABST
PAL  This invention relates to polyurethane-modified polyisocyanurate foam
      having excellent flame-resistivity and non-combustibility, which is
      prepared from (A) at least one aromatic polyisocyanates having no
      ortho-substituent, (B) at least one polyhydroxyl and/or polycarboxyl
      compound, (C) at least one foaming agent and (D) at least one catalyst
      used for the trimerization of isocyanate groups. The proportions of these
      components satisfy the relationships: (1) the equivalent ratio,
      Ae/(Be+Ce+De), is more than two, and (2) the weight ratio, Bw/Aw is less
      than 0.4 and more than zero, wherein A, B, C and D represent the above
      mentioned components respectively, e represents the number of chemical
      equivalents, w represents the weight of the components and the factors and
      Ce and De are eliminated from the relationships when components C and D do
      not react with the component A.
BSUM
PAR  This invention relates to the preparation of a high flame-resistant rigid
      plastic foam.
PAR  Heretofore known rigid urethane foams defined as "non-burning grade" by
      ASTM D 1692 - 59T are essentially flammable in actual use, and have low
      flame resistivity; for example, the flame penetration test by the Bureau
      of Mines (U.S.A.) shows only 1 to 2 minutes of burn through time. On the
      other hand, isocyanurate-containing polyurethane foam with improved high
      temperature properties has been described by Nicholas and Gmitter : J.
      Cellular Plastics, Vol. 1, No. 1, page 85 (1965), and J. Burkus's patents,
      U.S. Pat. Nos. 2,979,485 and 2,993,870. These isocyanuratecontaining foams
      have also low flame-resistivity, a long time of after-flame and high
      friability; for example, the aforementioned isocyanurate-containing foams
      have only 4 to 5 minutes of burn through time.
PAR  An object of the present invention is to provide a highly flame-resistant
      rigid plastic foam. A further object of the present invention is to
      provide a highly flame-resistant rigid plastic foam having low friability.
      A still further object of the present invention is to provide a highly
      flame-resistant rigid plastic foam by one shot technique. Other objects of
      the present invention will be obvious as described hereinafter.
PAR  The main essential feature of the present invention resides in the
      preparation of isocyanurate-containing polyurethane foam by using specific
      raw materials and specific reaction conditions, that is, the highly
      flame-resistant rigid plastic foam can be obtained by the combination of a
      specific polyisocyanate, specific equivalent ratio between reagents and
      specific weight ratio of aliphatic to aromatic components, and by use of
      conventional trimerization catalysts for isocyanate groups.
PAR  The polyisocyanates to be used in the present invention include aromatic
      polyisocyanates having no orthosubstituent and aralkylene polyisocyanates
      having no orthosubstituent. Some examples of the said aromatic
      polyisocyanates are diphenylmethane-4,4'-diisocyanate, 2,2'-dimethyl
      diphenylmethane-4,4,'-diisocyanate, triphenylmethane triisocyanate,
      biphenyl-4,4'-diisocyanate, m-phenylene diisocyanate, p-phenylene
      diisocyanate, 1-methylbenzene-3,5-diisocyanate,
      azobenzene-4,4'-diisocyanate, 1,5-naphthylene diisocyanate,
      2-nitrobenzene-4,4'-diisocyanate, benzophenone-3,3'-diisocyanate,
      4-nitrotriphenylmethane-4,4'-diisocyanate, fluorene-2,7-diisocyanate,
      anthraquinone-2,6-diisocyanate, diphenylsulfide-4,4,'-diisocyanate,
      diphenylsulfone-4,4'-diisocyanate,
      diphenylmethanesulfone-4,4'-diisocyanate, 2,2'-dimethyldiphenyl
      disulfide-5,5,'-diisocyanate, which is referred to as crude MDI or PAPI
      and is described in the book entitled "Polyurethane, Chemistry and
      Technology", Part II p. 861, by J. H. Saunders. These compounds are used
      above and as mixtures.
PAR  Some examples of the said aralkylene polyisocyanates are m-xylylene
      diisocyanate, p-xylylene diisocyanate and the like or their mixtures.
PAR  Polyfunctional, active hydrogen-containing compounds to be used in the
      present invention are polyether polyols and polyesters and the like or
      their mixtures capable of use for the preparation of conventional urethane
      foams or flexible, semi-rigid and rigid urethane foam. Examples for the
      preparation of the compounds are described in the books "Polyurethanes,
      Chemistry and Technology", Part I, pages 30-47, pages 349-351; Part II,
      pages 857-865, written by J. H. Saunders, and "Rigid Plastic Foams", pages
      10 to 21, written by T. H. Ferrigno, Polyesters used for the preparation
      of conventional urethane foams, triglycerides such as caster oil having
      hydroxyl and/or carboxyl groups, dimer acids and the like, and mixtures
      thereof may be used in the present invention. Diol, triol, tetrol, pentol,
      hexol or octol type of polyether polyol capable of use for the preparation
      of conventional urethane foams may also be used in the present invention.
      Conventional polyether polyols for urethane foams are those having more
      than three hydroxy groups and a hydroxyl number of from 20 to 1000.
      Polyether polyols having a hydroxyl value in the range of 300 to 600, and
      the functionality of more than 3 are used preferably.
PAR  Foaming agents which are used for the preparation of conventional urethane
      foam may be used in the present invention. The foaming agents are
      non-reactive organic solvents, compounds generating a gaseous matter at
      heating them and reactive foaming agents and the like or their mixtures as
      described in the Ferrigno's book, pages 42-46. Some examples of the
      non-reactive organic solvents are chlorofluoroalkanes, such as
      dichlorodifluoromethane, monofluorotrichloromethane,
      trichlorotrifluoroethane, or n-pentane, n-hexane or 1,2-dichloroethane,
      tetrachloromethane and etc. Examples of said gas-generating compounds are
      diazoaminobenzene, azodiisobutyronitrile and azohexahydrobenzonitrile.
PAR  Some examples of the reactive foaming agents include water, nitroalkanes
      (as described in the Japanese Pat. No. 266,681), aldoximes (described in
      the Japanese Pat. No. 269,353), nitroureas (in the Japanese Pat. No.
      272,128), acid amides (in the Japanese Pat No. 278,181), boric acid (in
      U.S. Pat. No. 3,078,240), acetyl acetone (in the Japanese Pat. No.
      269,353) and etc.
PAR  Catalysts which are conventional for trimerization of isocyanate groups are
      used in the present invention. Some examples are described in literatures,
      such as J. R. Saunders, "Polyurethanes, Chemistry and Technology", Part I,
      pages 94-97 & 212, Beitchmann, B.D. Rubber Age, Feb. 1966, Beitchmann, B.
      D. I & EC Product Research and Development, Vol. 5, No. 1, pages 35-41,
      Mar. 1966, and Nicolas, L. and Gmitter, G. T. J. Cellular Plastics, Vol.
      1, No. 1, pages 85-95 (1965).
PAR  Examples of catalysts are (a) organic strong base, (b) tertiary amine
      cocatalyst combination, (c) Friedel Crafts catalysts, (d) basic salts of
      organic weak acids, (e) alkali metal oxides, alkali metal alcoholates,
      alkali metal phenolates, alkali metal hydroxides and alkali metal
      carbonates, (f) onium compounds from nitrogen, phosphorous, arsenic,
      antimony, sulfur and selenium, (g) epoxides and (h) mono-substituted
      monocarbamic esters. Preferable catalysts are those which are soluble in
      components to be used and include, for example, polyether polyols,
      fluorocarbons and etc.
PAR  Examples of salt of organic strong base are trialkyl phosphines (J.
      Cellular Plastics mentioned above), trialkyl-aminoalkyl phenols (U.S. Pat.
      2,993,870), 3-and/or 4-substituted pyridine (British Pat. 856,372) are
      also effective in the present invention.
PAR  Some examples of the combinations are triethylene diamine-propylene oxide,
      triethylene diamine-trioxymethylene, N,N,N',N'-tetramethyl 1,3-butane
      diamine-propylene oxide, pyridine-propylene oxide, N-methyl
      morphorine-propylene oxide, triethylene diamine-acetaldehyde,
      triethyleneimine-alkyleneimine or alkyleneimine adducts (I & EC. Res. and
      Dev. Vol. 5, No. 1, pages 35-41, 1966).
PAR  Examples of Friedel Crafts catalysts include AlCl.sub.3, FeCl.sub.3,
      BF.sub.3 and ZnCl.sub.2 (J. Cellular Plastics described above).
PAR  Examples of organic weak acids include (A) alkali metal salts of mono or
      dicarboxylic acids of aliphatic, aromatic, alycyclic or aralkyl acids
      which are described in British Pat. No. 809,809 and also (B) alkali metal
      salts of organic weak acids excluding carboxylic acids, for example, salts
      of benzensulfinic acid nitrophenols, picric acid, phthalimide, diethyl
      phosphite and etc.
PAR  Preferable salts for the preparation of the present invention are alkali
      metal salts of C.sub.6 - C.sub.20 carboxylic acid, especially potassium
      salts of the said carboxylic acid, such as potassium octoate or 2-ethyl
      hexoate, potassium benzoate, potassium oleate, potassium phthalimide,
      potassium diethyl phosphite.
PAR  Potassium salt is the most effective among lithium, sodium and potassium
      salts. The activity decreases in the order of potassium, sodium and
      lithium. Rubidium and cesium salts may also be used. Examples of common
      alkali metal oxides are potassium oxide, sodium oxide, and lithium oxide.
      Examples of alkali alcoholates are sodium methoxide, potassium ethoxide,
      and potassium alcoholates from ethylene glycol or polyether polyol.
PAR  Examples of alkali phenolates are sodium phenolate, sodium
      2,4-dinitrophenolate, potassium 2,4,6-trinitrophenolate, sodium
      2,4,6-trichlorophenolate and potassium 2,4-dichlorophenolate.
PAR  Examples of alkali hydroxides and carbonates are hydroxide and carbonate of
      lithium, sodium, potassium, rubidium and cesium respectively.
PAR  Examples of onium compounds from nitrogen, phosphorous, aresenic, antimony,
      sulfur and selenium are described in British Pat. No. 837,120, for
      example, tetraethyl ammonium hydroxide, benzyltriethylammonium hydroxide,
      tetraethylphosphonium hydroxide.
PAR  Examples of epoxides are described in J. Cellular Plastics, Vol. I, No. 1,
      page 85, 1965 and also U.S. Pat. Nos. 2,979,485 and 2,979,360.
PAR  Examples of mono-substituted monocarbamic ester are described in British
      Pat. No. 920,080. The catalysts hereinbefore described are usually used in
      a state of solution or dispersion. Suitable solvents are water, dimethyl
      formamide, dimethyl sulfoxide and etc. Polyether polyol and polyester may
      be also used as a solvent or a dispersion medium in the present invention.
PAR  Surfactants to be used to the present invention are surfactants for the
      preparation of conventional urethane foam. Some examples are a silicone
      surfactant and a nonionic surfactant. Some examples of the surfactants are
      described in the Ferrigno's book, pages 38 to 42 mentioned above.
PAR  The use of surfactant is not always necessary in the present invention, and
      in some cases a foam having good cell structure is obtaned. It is
      desirable in almost cases that the surfactant is used for aiming at fine
      cell structure and high thermal insulation property of the foam obtained.
PAR  Flame retardants to be used in the present invention are flame retardants
      for the preparation of conventional urethane foams.
PAR  Some examples are described in Ferrigno's book, pages 46 to 49 mentioned
      above, which are antimony oxide, halogen-containing phosphates, such as
      tris-chloroethyl phosphate and tris-dibromopropyl phosphate, and
      halogencontaining organic compounds, such as perchloropentacyclodecane,
      tetrachloronaphthalene, and phosphorous-containing polyesters or polyols,
      halogen-containing polyetherpolyols or polyesters.
PAR  The said flame-retardant may or may not be used in the present invention.
      The use of the flame-retardants, especially halogen-containing flame
      retardants are preferable to give the foam short time of after-flame and
      essentially after-flame is not observed.
PAR  A high flame-resistant foam can be obtained by using the specified raw
      materials described above, and by using the specific conditions
      hereinafter described.
PAR  One of the specified conditions is the ratio between chemical equivalents
      of reactants, that is, the equivalent ratio indicated either by the
      formula A.sub.e /B.sub.e +C.sub.e +.sub..sub.e) or by the formula: A.sub.e
      /(B.sub.e +C.sub.e +D.sub.e +E.sub.e +F.sub.e) must be more than 2.0,
      where A, B, C, D, E and F represent polyisocyanate, active
      hydrogen-containing compound, foaming agent, catalysts, surfactant and
      flame retardant respectively, and the suffix e represents the number of
      chemical equivalent of the components. Preferably the equivalent ratio
      indicated by the just noted formulas is less than 100. In this case, the
      formula is applied only for the components to be reacted with the
      isocyanate. Therefore, when an inert component for the isocyanate is used,
      the component must be omitted in the calculation of the equivalent ratio
      in the formula. The latter formula is used when one or both of the
      components E and F are employed in the presence of the components A, B, C
      and D. Some examples of the inert components are flame retardants such as
      tris-chloroethyl phosphate.
PAR  The specific condition is a necessary one to give excellent flame
      resistivity to the foam by the formation of isocyanurate-rich structure,
      but the isocyanuraterich structure above is not a sufficient condition for
      obtaining the final product. Another necessary condition to give the foam
      excellent flame-resistivity is the weight ratio shown by the formula: 0.5
      &gt; B.sub.w /A.sub.w &gt; O, where w represents the weight of the component
      respectively. If the weight ratio is more than 0.5, flame resistivity of
      the foam decreases markedly, even if the equivalent ratio is kept in the
      said limitation. More preferably, the weight ratio B.sub.w /A.sub.w is
      less than 0.4 and greater than 0.001.
PAR  Therefore, the said two specified conditions must be kept in the present
      invention.
PAR  Foaming techniques to be used in the present invention are analogous to
      those of conventional urethane foams, for instance, one shot system,
      quasi-prepolymer system and prepolymer system may be used respectively. In
      practice, one shot system is the most economical and convenient. Spray
      application is also possible. Furthermore, both techniques of frothing and
      non-frothing can be used as in the conventional urethane foam preparation.
PAR  A variety of products can be obtained by the present invention, for
      example, slab stock, molded product, foamed-in-place product, and sprayed
      product by any of the techniques described above.
PAR  Merits of the foams obtained by the present invention are as follows: a)
      Markedly high resistivity to flame. The property is actually proved by a
      flame-penetration test used by the Bureau of Mines (U.S.A.). Test results
      are shown in the following Table.
TBL  ______________________________________                                    

      Name of sample          Burn through                                     

                              time (sec)                                       

     ______________________________________                                    

     A foam prepared by this invention                                         

                              3600                                             

     A foam prepared by J. Cell. Plast.                                        

                              150                                              

     cited above                                                               

     Rigid urethane foam (non-burning grade *)                                 

                              120                                              

     Rigid urethane foam (self-extinguishing                                   

                               25                                              

     grade *)                                                                  

     Rigid urethane foam (burning grade *)                                     

                               10                                              

     Polyvinyl chloride foam  600                                              

     Foamed polystyrene        3                                               

     Phenolic foam            133                                              

     Glass fiber               15                                              

     ______________________________________                                    

      * by ASTM D 1692 - 59T.                                                  

PAR  b. Essentially no flame propagation. A proof is made by ASTM D 635 - 56T
      which is more severe than ASTM D 1692. The test results are shown in the
      following Table.
TBL  ______________________________________                                    

      Name of sample         Time of after-                                    

                             flame (sec)                                       

     ______________________________________                                    

     A foam prepared by the present invention                                  

                             zero                                              

     Non-burning foam by ASTM D 1692                                           

                             4 - 6                                             

     Self-extinguishing foam by ASTM D 1692                                    

                             burning is                                        

                             continued                                         

     ______________________________________                                    

PAR  c. Excellent dimensional stability. Heat distortion or crack formation was
      not observed at a test conducted by heating a test sample at 150.degree.C
      for two weeks, and only two per cent of dimensional change was observed in
      the test. On the contrary, conventional urethane foams show remarkable
      deformation and crack formation at the same condition.
PAR  d. Less friability. Heretofore known polyisocyanuratecontaining foam, such
      as a foam obtained by Nicholas & Gmitter's literature mentioned above, is
      too friable to use.
PAR  The foams obtained by the present invention have potential uses, such as
      cold insulation, high temperature insulation and etc. Some examples
      include building panel core, chemical plant insulation, insulation in ship
      insulation, heavy oil pipe insulation. The foams can also be used in the
      high temperature insulation in place of foamed class.
DETD
PAC  EXAMPLE 1
PAR  Potassium octoate containing 4% of water was used as a catalyst, which is
      soluble in polyether polyols. 94 g of sorbitol based-polyether polyol
      having a hydroxyl value of 490, 8.5 g of the potassium octoate, 120 g of
      trischloroethyl phosphate, 5 g of silicone surfactant, and 90 g of
      trichloromonofluoromethane were mixed to make a solution. 630 g of crude
      (4,4-diphenylmethane diisocyanate, was mixed, and after a vigorous
      stirring in a mechanical mixer for ten minutes a foam was obtained. The
      resultant foam had cream time: 15 sec., rise time : 120 sec., foam density
      : 0.041 g/ml, tensile strength in the direction of foam rise : 2.0
      kg/cm.sup.2, closed cell % : 90, thermal conductivity : 0.015
      kcal/mh.degree.C (10.degree.C), the equivalent ratio: 5.0, the weight
      ratio : 0.15.
PAC  EXAMPLE 2
PAR  Frothing technique was carried out by using an Admiral Foaming Machine.
      Foaming conditions were 5.9 kg/min. of our put, ambient temperature
      17.degree.C of and panel size was 60.times.90.times.100 (cm).
PAR  Foaming solution was made as follows: 96 parts of sucrose based-polyether
      polyol (hydroxyl value 460), 60 parts of trichloromonofluoromethane, 120
      parts of trischloroethyl phosphate, 20 parts of silicone surfactant, Dc
      113, 11 parts of potassium octoate dissolved in 11 parts of the said
      polyether polyol were mixed homogeneously to make a solution. Frothing is
      conducted by the co-use of dichlorodifluoromethane, in which the mixing
      ratio was 2.2 parts of crude MDI per 1.0 part of the said solution. The
      equivalent ratio and weight ratio were 5.6 and 0.14 respectively. Frothed
      foam was poured in a panel of 100 mm in thickness. Physical properties of
      the foam were as follows: Overall density : 0.047 g./cm.3, core density :
      0.042 g./cm.3 , compressive strength in the direction of foam rise : 2.2
      kg/cm.sup.2, compressive strength, in the direction of perpendicular to
      foam rise 1.6 kg/cm.sup.2, closed cell per cent : 93.8, thermal
      conductivity: 0.015 kcal/mh.degree.C (10.degree.C).
PAC  EXAMPLE 3
PAR  Mechanical mixing was carried out by using a drill mixer and by using 87 g
      of phosphorous-containing polyether polyol having a hydroxyl value of 490,
      10 g. of potassium octoate, 120 g of trischloroethyl phosphate, 5 g of
      silicone surfactant, 110 g of trichloromonofluoromethane and 630 g of
      crude MDI.
PAR  Cream time, rise time, foam density, equivalent ratio and weight ratio were
      15 sec., 110 sec., 0.037 g/ml, 5.4 and 0.14 respectively.
PAC  EXAMPLE 4
PAR  140 g of sorbitol based-polyether polyol mentioned above, 12 g of sodium
      benzoate, 120 g of trisbromoethyl phosphate, 10 g of silicone surfactant,
      DC 113, 80 g of trichloromonofluoromethane were mixed to make a solution,
      to which 630 g of crude MDI was added and stirred as described above.
PAR  Cream time, rise time, foam density, equivalent ratio and weight ratio were
      30 sec., 135 sec., 0.051 g/ml, 3.7 and 0.22 respectively.
PAC  EXAMPLE 5
PAR  Foaming was carried out by the same procedure as described in Example 1,
      and by using 10 g of cadmium naphthenate, 80 g of
      trichloromonofluoromethane, 140 g of sorbitol basedpolyester polyol
      mentioned above, 120 g of trisdibromopropyl phosphate, 10 g of silicone
      surfactant, DC 113, and 630 g of crude MDI.
PAR  The cream time, rise time, foam density, equivalent ratio and weight ratio
      were 20 sec., 55 sec., 0.072 g/ml, 3.7 and 0.22 respectively.
PAC  EXAMPLE 6
PAR  Foaming was carried out according to the same procedure and raw materials
      as described in Example 5, except the use of 8 g of potassium oleate
      instead of 10 g of cadmium naphthenate.
PAC  EXAMPLE 7
PAR  Foaming was carried out according to the same procedure as described in
      Example 1 and by using 22 g of nitroethane, 25 g of sorbitol
      based-polyether polyol mentioned above, 15 g of potassium octoate, 100 g
      of trischlorethyl phosphate, 20 g of silicone surfactant and 630 g of
      crude MDI.
PAR  Cream time, rise time and foam density were 3 sec., 160 sec. and 0.041 g/ml
      respectively. The equivalent ratio was 4.8 and the weight ratio was 0.040.
PAC  EXAMPLE 8
PAR  Foaming was carried out according to the same procedure as described in
      Example 1, and by using 20 g of dimethyl sulfoxide solution containing 30
      % boric acid, 55 g of sorbitol based-polyether, 20 g of silicone
      surfactant, 40 g of trichloromonofluoromethane, 15 g of potassium octoate
      and 630 g of crude MDI.
PAR  Foam density, the equivalent ratio and the weight ratio were 0.042 g/ml,
      5.0 and 0.087 respectively.
PAC  EXAMPLE 9
PAR  Foaming was carried out according to the same procedure as described in
      Example 1 and by using 720 g of PAPI, 62 g of sucrose based-polyether
      polyol mentioned above, 120 g of trisdibromopropyl phosphate, 20 g of
      silicone surfactant, 80 g of trichloromonofluoromethane and 15 g of
      potassium octoate.
PAR  Cream time, rise and foam density were 20 sec., 160 sec. and 0.049 g/ml
      respectively. The equivalent ratio was 6.6, and the weight ratio was
      0.094.
PAC  EXAMPLE 10
PAR  Foaming was carried out according to the same procedure as described in
      Example 1 and raw material except 1.5 g of triethylene diamine was used.
PAR  Cream time, rise time and foam density were 13 sec., 80 sec. and 0.038
      g/ml.
PAR  The same results were obtained by using the abovementioned procedure except
      the use of N-methyl morphorine or stannous octoate instead of triethylene
      diamine.
PAC  EXAMPLE 11
PAR  Foaming was carried out according to the same procedure as described in
      Example 1, and by using 39 g of sorbitol based-polyether polyol mentioned
      above, 12 g of potassium octoate, 10 g of silicone surfactant, DC 113, 96
      g of trichloromonofluoromethane and 685 g of crude MDI.
PAR  Rise time and foam density were 160 sec. and 0.037 g/ml respectively.
PAC  EXAMPLE 12
PAR  Foaming was carried out according to Example 1, and by using 77 g of
      phosphorous-containing polyether polyol, HF 490 (Sanyo Chemical Co.), 16 g
      of potassium octoate, 10 g of silicone surfactant L530 (U.C.C.), 90 g of
      trichloromonofluoromethane and 610 g of crude MDI.
PAR  Foam denisty, the equivalent ratio and the weight ratio were 0.040 g/ml,
      5.5 and 0.13 respectively.
PAC  Example 13
PAR  Foaming was carried out according to the same procedure as described in
      Example 1, and by using 127 g of sorbitol based-polyether polyol mentioned
      above, 7 g of potassium octoate, 120 g of trischloroethyl phosphate, 20 g
      of silicone surfactant and 600 g of crude MDI.
PAR  The rise time, the equivalent ratio and the weight ratio were 150 sec., 3.1
      and 0.20 respectively.
PAC  Example 14
PAR  The same result was obtained by the same procedure and raw materials as
      described in Example 13, except the use of 50 g of antimony oxide instead
      of 120 g of trischloroethyl phosphate.
PAC  Example 15
PAR  The same result was obtained by the same procedure and raw materials as in
      Example 13, except the use of 80 g of 2,4,6-tris(dimethylaminoethyl)
      phenol instead of 7 g of potassium octoate, and 100 g of
      perchloropentacyclodecane instead of trischloroethyl phosphate.
PAC  EXAMPLE 16
PAR  Foaming was carried out according to the same procedure as described in
      Example 1, and by using 130 g of polylite 8605 (a commercial named
      polyester for rigid urethane foam, Reichhold C.) 5 g of potassium octoate,
      120 g of trischloroethyl phosphate, 75 g of trichloromonofluoromethane and
      630 g of crude MDI.
PAR  Foam density, the equivalent ratio and the weight ratio were 0.060 g/ml,
      4.8 and 0.21 respectively.
PAC  EXAMPLE 17
PAR  Foaming was carried out according to the same procedure as described in
      Example 1, and by using 26 g of polylite 8605, a polyester having a
      hydroxyl value of 400 3 g of triethylenediamine, 30 g of epoxy resin
      having a molecular weight of 390, 32 g of trischloroethyl phosphate, 4 g
      of silicone surfactant, 40 g of trichloromonofluoromethane and 250 g of
      PAPI.
PAR  Foam density, cream time and rise time were 0.055 g/ml, 20 sec. and 300
      sec. respectively. The equivalent ratio was 10.4 and the weight ratio was
      0.10.
PAC  EXAMPLE 18
PAR  Foaming was carried out according to the same procedure as described in
      Example 1, and by using 6 g of sodium benzoate, 90 g of the polyester used
      in Example 17, 16 g of trischloroethyl phosphate, 40 g of
      trichloromonofluoromethane, 250 g of crude MDI.
PAR  Foam density, cream time and rise time were 0.061 g/ml, 25 sec. and 300
      sec. respectively. The equivalent ratio was 2.8 and the weight ratio was
      0.36.
PAC  EXAMPLE 19
PAR  Foaming was carried out according to the same procedure as described in
      Example 1, and by using 44 g of the polyester used in Example 17, 4 g of
      potassium octoate, 4 g of silicone surfactant, 2 g of water and 250 g of
      crude MDI.
PAR  Foam density, cream time and rise time were 0.10, 25 sec. and 360 sec.
      respectively. The equivalent ratio was 3.3 and the weight ratio was 0.17.
PAC  EXAMPLE 20
PAR  Foaming was carried out according to the same procedure as described in
      Example 1, and by using 40 g of the polyester used in Example 17, 15 g of
      2,4,6-tris(dimethylamino-methyl) phenol, 20 g of trischloroethyl
      phosphate, 4 g of nitroethane, 4 g of silicone surfactant DC 113, and 250
      g of crude MDI.
PAR  Cream time, rise time, and foam density were 10 sec., 140 sec. and 0.20
      g/ml. The equivalent ratio was 4.2 and the weight ratio was 0.16.
PAC  EXAMPLE 21
PAR  Foaming was carried out according to the same procedure as described in
      Example 1, and by using 92 g of a polyester having a hydroxyl value of 56,
      5 g of potassium octoate, 40 g of trischloroethyl phosphate, 30 g of
      trichloromonofluoromethane, 4 g of silicon surfactant, and 250 g of crude
      MDI.
PAR  Cream time, rise time and foam density were 12 sec., 85 sec. and 0.060
      g/ml. The equivalent ratio was 12.5 and the weight ratio was 0.37.
PAC  EXAMPLE 22
PAR  A chlorine-containing polyester was prepared by reacting 2 moles of
      3,6-endodichloromethylene tetrachlorophthalic acid anhydride, 1 mole of
      adipic acid and 5 mole of propylene glycol. The polyester has 1.0 of acid
      value and 350 of hydroxyl value. Foaming was carried out by the same
      procedure as described in Example 21, and by using 30 g of the polyester,
      5 g of potassium octoate, 40 g of trischloroethyl phosphate, 44 g of
      trichloromonofluoromethane, 0.4 g of silicone surfactant, and 250 g of
      crude MDI.
PAR  Cream time, rise time and foam density were 12 sec., 180 sec. and 0.057
      g/ml. The equivalent ratio was 7.9 and the weight ratio was 0.12.
PAC  EXAMPLE 23
PAR  A polyester which was prepared by reacting dimer acid and glycerine and
      having a hydroxyl value of 5 and an acid value of 150, and 80 g of said
      polyester, 2,4 g of triethylenediamine, 24 g of epoxy resin having a
      molecular weight of 390, 4 g of silicone surfactant L 530, 40 g of
      trichloromonofluoromethane, 40 g of tris (chloroethyl) phosphate and 250 g
      of crude MDI were used.
PAR  Cream time, rise time and foam density were 20 sec., 180 sec. and 0.070
      g/ml. The equivalent ratio was 8.4 and the weight ratio was 0.32.
PAC  EXAMPLE 24
PAR  A prepolymer having an isocyanate content of 30.6% was prepared by using
      98.43 parts of crude MDI and 1.57 parts of the polyester used in Example
      16. 254 g of said prepolymer, 40 g of trischloroethyl phosphate, 40 g of
      trichloromonofluoromethane and 4 g of potassium octoate were used.
PAR  Rise time and foam density were 80 sec. and 0.045 g/ml respectively. The
      equivalent ratio and the weight ratio were 41.0 and 0.016 respectively.
PAC  EXAMPLE 25
PAR  Foaming was carried out according to the same procedure as described in
      Example 1 at 40.degree.C, and by using 24 g of tris(chloroethyl)
      phosphate, 2 g of silicone surfactant, 16 g of sorbitol based-polyether
      polyol mentioned above, 0.5 g of potassium octoate, 22 g of
      trichloromonofluoromethane and 89 g of xylylene diisocyanate. The
      equivalent ratio was 5.3 and the weight ratio was 0.18. Rise time and foam
      density were 30 sec. and 0.035 g/ml.
PAC  EXAMPLE 26
PAR  Foaming was carried out by using the same procedure and raw materials as
      described in Example 25, except the use of 118 g of pure MDI instead of
      xylylene diisocyanate, Rise time and foam density were 100 sec. and 0.038
      g/ml respectively.
PAC  EXAMPLE 27
PAR  Foaming was carried out according to the procedure as described in Example
      25, and by using 76 g of m-phenylene diisocyanate instead of xylylene
      diisocyanate and 0.7 g of potassium octoate instead of 1.5 g of the same.
PAR  Rise time and foam density were 35 sec. and 0.040 g/ml respectively. The
      equivalent ratio was 5.9 and the weight ratio was 0.22.
PAC  EXAMPLE 28
PAR  Foaming was carried out by the same procedure as described in Example 1,
      and by using 120 g of glycerine based-polyether (molecular weight : 3000,
      hydroxyl value : 56), 120g of trischloroethyl phosphate, 20 g of silicone
      surfactant L 530, 7 g of potassium octoate, 120 g of
      trichloromonofluoromethane and 600 g of crude MDI. The equivalent ratio
      was 22 and the weight ratio was 0.20.
PAR  Rise time and foam density were 120 sec. and 0.046 g/ml respectively.
PAR  The same result was obtained by using the same amount of ethylene glycol
      based-polyether having a molecular weight of 2000 and hydroxyl value of 56
      instead of the said polyether.
PAC  EXAMPLE 29
PAR  Foaming was carried out by the same procedure as described in Example 1,
      and by using 154 g of dimer acid (Versamide 240, under the trade name of
      Emery Industries Inc.), 112 g of trischloroethyl phosphate, 28 g of
      silicone surfactant, 17 g of potassium octoate, 105 g of
      trichloromonofluoromethane and 620 g of crude MDI. The equivalent ratio
      and the weight ratio were 6.4 and 0.25 respectively.
PAR  Rise time and foam density were 26 min. and 0.031 g/ml respectively.
PAC  EXAMPLE 30
PAR  Foaming was carried out by the same procedure as described in Example 1,
      and by using 2.5 g of potassium hydroxide, 104 g of sorbitol
      based-polyether, 20 g of silicone surfactant, 120 g of trischloroethyl
      phosphate, 110 g of trichloromonofluoromethane and 605 g of crude MDI. The
      equivalent ratio was 4.7 and the weight ratio was 0.17.
PAR  Rise time and foam density were 45 sec. and 0.041 g/ml respectively.
PAC  EXAMPLE 31
PAR  Foaming was carried out by the same procedure as described in Example 1,
      and by using 2 g of potassium acetate, 2 g of water, 40 g of
      trischloroethyl phosphate, 4 g of silicone surfactant, 30 g of sorbitol
      based-polyether polyol mentioned above and 250 g of crude MDI. The
      equivalent ratio was 3.7 and the weight ratio was 0.12.
PAR  Rise time end foam density were 140 sec. and 0.081 g/ml respectively.
PAC  EXAMPLE 32
PAR  Foaming was carried out by the same procedure as described in Example 1,
      and by using 110 g of trichlorotrifluoroethane, 8 g of potassium octoate,
      82 g of sorbitol based-polyether mentioned above, 20 g of silicone
      surfactant L 530, 120 g of trischloroethyl phosphate and 610 g of crude
      MDI. The equivalent ratio was 5.6 and the weight ratio was 0.13.
PAR  Rise time and foam density were 135 sec. and 0.051 g/ml respectively.
PAC  EXAMPLE 33
PAR  Foaming was carried out by the same procedure as described in Example 1,
      and by using 30 of trischloroethyl phosphate, 5 g of silicon surfactant L
      530, 1.6 g of sorbitol based-polyether mentioned above, 2 g of
      triethylenediamine and 15 g of an epoxy resin having a molecular weight of
      390, 15 g of trichloromonofluoromethane and 157 g of crude MDI. The
      equivalent ratio was 84 and the weight ratio was 0.01.
PAR  Rise time was 10 min. and foam density was 0.044 g/ml.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for the preparation of a rigid, highly flame resistant
      polyurethane-modified polyisocyanurate foam which comprises reacting
PA1  A. at least one aromatic polyisocyanate having no orthosubstituent and
      having a plurality of aromatic nuclei in the molecule,
PA1  B. at least one polyether polyol containing more than 3 hydroxy groups and
      having an equivalent weight of at least 114,
PA1  C. at least one foaming agent useful for the preparation of polyurethane
      foam,
PA1  D. at least one catalyst useful for the trimerization of the isocyanate
      group,
PA1  E. at least one surfactant and
PA1  F. at least one flame retardant useful for the preparation of polyurethane
      foam, the proportion of said components A, B, C, D, E and F being such as
      to satisfy the relationships of
PA2  1. the equivalent ratio defined by the expression, Ae/(Be + Ce + De + Ee +
      Fe) &gt; 2, and
PA2  2. the weight ratio defined by the expression, 0.22 .gtoreq. Bw/Aw .gtoreq.
      0.04 wherein A, B, C, D, E and F represent said components respectively,
      represents the number of chemical equivalents of said components, and w
      represents the weight of said components and wherein any one of components
      C, D, E and F is nonreactive with the component A, the non-reactive
      component is eliminated from the relationship.
NUM  2.
PAR  2. The flame-resistant, rigid polyurethane-modified polyisocyanurate foam
      prepared in accordance with the method of claim 1.
NUM  3.
PAR  3. The method according to claim 1 in which said polyisocyanate is selected
      from a member of the group consisting of diphenylmethane-4,
      4'-diisocyanate and polyphenyl polymethylene polyisocyanate.
NUM  4.
PAR  4. The method for the preparation of a rigid plastic foam as claimed in
      claim 1 in which said method is carried out by a one shot process.
NUM  5.
PAR  5. A method according to claim 1 in which said polyisocyanate is selected
      from a member of the group consisting of diphenylmethane-4,4'-diisocyanate
      and polyphenyl polymethylene polyisocyanate and said equivalent ratio is
      not more than about 6.6.
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ABST
PAL  Selected polyether polyols are used as stabilizers in the production of
      high resilience polyurethane foam.
BSUM
PAR  This invention relates to the preparation of flexible polyurethane foam.
      More particularly, the invention relates to an improvement in the
      preparation of high resilience polyether polyurethane foam.
PAR  It is known to prepare a polyurethane foam by reacting a polyether polyol,
      or a mixture of such polyols, with an organic polyisocyanate in the
      presence of a foaming agent and a reaction catalyst. A variety of
      polyether polyols have been used for this purpose including, for example,
      the products of condensing alkylene oxide with a polyhydroxy initiator
      having from 2 to 8 hydroxyl groups or a mixture of such initiators.
      Depending on the hydroxyl number of the polyether polyol used, the
      resulting foam can range in property from very flexible to completely
      rigid.
PAR  It is also known, in the art of making flexible polyurethane foam, that the
      use of highly reactive foam-forming formulations, incorporating a highly
      reactive organic polyisocyanate and a high-molecular-weight polyol having
      a certain level of primary hydroxy groups, yields a foam with improved
      resilience and other desirable physical properties. Such a foam has come
      to be referred to in the art as a "high resilience" foam.
PAR  Due to the highly reactive nature of the reaction mixture from which these
      high resilience foams are prepared, such foams are characteristically
      unstable. Consequently, in the absence of a curing catalyst, these foams
      usually succumb to substantial shrinkage or collapse shortly after the
      foaming reaction is completed and before they have become fully cured.
PAR  Now it has been found, according to the invention, that high resilience
      polyurethane foams can be stabilized against shrinkage and collapse by
      incorporating in the foam-forming reaction mixture a certain proportion of
      a select polyether polyol which contains at least about 30 percent of
      primary hydroxy groups and has a hydroxyl number ranging from about 250 to
      about 800. Foams prepared from such a reaction mixture, while exhibiting
      all the desirable properties of high resilience foam, are not susceptible
      to shrinkage or collapse even in the absence of a curing catalyst. As such
      they are of utility in a variety of cushioning and upholstering
      applications, particularly in the production of molded automotive seats.
PAR  In the preparation of the polyurethane foams of the invention, either the
      so-called "one-shot method" or the "semi-prepolymer technique" may be
      employed, the one-shot method being generally preferred. The polyurethane
      foam is prepared from a reaction mixture comprised of any combination of
      polyether polyols, as described hereinbelow, organic isocyanate, foaming
      agents, and reaction catalysts.
PAR  In order to achieve high resilience properties in the resulting foam, a
      polyether polyol reactant is used which is characterized by (1) a
      molecular weight of at least about 4,000, (2) a polyhydroxy alcohol
      nucleus, (3) polyoxyalkylene chain segments attached to the nucleus, and
      (4) a ratio of primary to secondary hydroxy groups ranging from about
      1.5:1 to about 6:1. This polyether polyol, hereinafter referred to as "the
      main polyol reactant," can be prepared by methods generally well known in
      the art wherein, for example, a polyhydroxy alcohol initiator is
      condensed, in the presence of an alkaline catalyst, first with an alkylene
      oxide having 3 or more carbon atoms and then with ethylene oxide.
PAR  The polyhydroxy alcohol initiator which is used to prepare the main polyol
      reactant can be any such compound having a functionability of 2-4, i.e.,
      2-4 hydroxy groups. Illustrative are ethylene glycol, propylene glycol,
      the butylene glycols such as 1,3-butylene glycol, the pentane diols such
      as 1,5-pentane diol, the hexane diols such as 1,6-hexane diol, glycerin,
      trimethylolpropane, triethylolpropane, pentaerythritol, mixtures thereof
      and the like. The most preferred initiators are the aliphatic triols such
      as glycerin and trimethylolpropane.
PAR  In preparing the main polyol reactant, a polyhydric alcohol initiator as
      described above is sequentially condensed, in the presence of an alkaline
      catalyst such as potassium hydroxide, first with an alkylene oxide having
      3-8, and preferably 3-4, carbon atoms and then with ethylene oxide.
      Illustrative of the alkylene oxides which are first condensed with the
      alcohol initiator are propylene oxide, butylene oxide, pentylene oxide,
      mixtures thereof and the like, propylene oxide being most preferred. In
      carrying out the sequential condensation reactions, such amounts of
      ethylene oxide and higher alkylene oxide are employed as to provide a
      polyether having a molecular weight of at least about 4,000, and in which
      polyether the ratio of primary to secondary hydroxy groups is from about
      1.5:1 to about 6:1.  Preferably, this polyether polyol has a molecular
      weight of about 4,500-7,500 and a ratio of primary to secondary hydroxyl
      groups ranging from about 2:1 to about 5:1. The most preferred main polyol
      reactant is an oxypropylated, oxyethylated aliphatic triol having a
      molecular weight of about 5,600-6,600 and a ratio of primary to secondary
      hydroxy groups ranging from about 2:1 to about 4.5:1.
PAR  It will be appreciated by those skilled in the art that the hydroxyl number
      of the main polyol reactant depends on, and can be determined as a
      function of, its molecular weight and its functionability as specified
      above. Thus if a determination of the hydroxyl number is desired, this can
      be easily calculated using the conventional formula
      ##EQU1##
PAR  Using the above formula, for example, the minimum molecular weight of about
      4000 which is specified above corresponds to a calculated maximum hydroxyl
      number of about 28 in the case of polyether diols, about 42 in the case of
      polyether triols, and about 56 in the case of polyether tetrols. The same
      calculation can be made, if desired, in order to determine the hydroxyl
      number ranges corresponding to the preferred molecular weight ranges
      indicated above.
PAR  Pursuant to the method of the invention, the polyurethane foam is prepared
      from a reaction mixture comprising a main polyol reactant, as described
      above, and a select second polyether polyol. This second polyol, the use
      of which is critical to achieving a stable high resilience foam according
      to the invention, is hereinafter referred to as the "supplemental
      polyols."
PAR  As distinguished from the main polyol reactant, the supplemental polyol has
      a substantially higher hydroxyl number, i.e., about 250-800. Another
      important feature of the supplemental polyol is that at least about 30
      percent of the hydroxy groups therein are primary groups. Any polyether
      polyol which meets these two criteria and which has an average
      functionability of about 2-6 may be employed as the supplemental polyol.
      Illustrative are the alkylene oxide adducts of polyhydroxy compounds.
      These can be prepared, using the general prior art oxyalkylation
      techniques referred to above, by condensing a polyhydroxy compound having
      an average of 2-6 hydroxy groups, including a mixture of such compounds,
      with alkylene oxide or with a mixture of alkylene oxides using random or
      step-wise addition. These alkylene oxides preferably have 2-4 carbon atoms
      and are exemplified by ethylene oxide, propylene oxide, butylene oxide,
      the halogenated alkylene oxides, such as 4,4,4-trichlorobutylene oxide,
      and mixtures thereof.
PAR  Any suitable polyhydroxy compound, including mixtures of such compounds,
      having an average of about 2-6, and preferably 2.5-5, hydroxy groups may
      be condensed with alkylene oxide in preparing the supplemental polyol.
      This includes for example the polyhydroxy alcohol initiators exemplified
      hereinabove in connection with the preparation of the main polyol
      reactant. Further illustrative polyhydroxy compounds include mixtures of
      methyl glucoside, sucrose, or dextrose (hydrous or anhydrous) with water
      and/or with an aliphatic alcohol having 2-4 hydroxy groups. The preferred
      polyhydroxy compounds for use in preparing the supplemental polyol are
      those selected from the group consisting of a mixture of dextrose and
      water, a mixture of dextrose and an aliphatic diol or triol, and a mixture
      of dextrose, water and an aliphatic diol or triol. Illustrative aliphatic
      diols and triols are preferably used in preparing the supplemental polyol
      include those mentioned hereinabove in connection with the preparation of
      the main polyol reactant.
PAR  The condensation reaction used to prepare the supplemental polyol is
      carried out in the presence of an oxyalkylation catalyst. The acidic
      catalysts are preferred such as boron trifluoride or an etherate
      derivative thereof. This is in order to insure a product having the
      requisite minimum of primary hydroxyl groups, particularly where the
      alkylene oxide reactant is a propylene oxide, a butylene oxide or a
      mixture comprising one or more such oxides; for it is generally known that
      the oxypropylation or oxybutylation of a polyhydroxy compound in the
      presence of an acid catalyst yields a polyether product having at least 40
      percent of primary hydroxy groups. However, where feasible, a basic
      oxyalkylation catalyst such as KOH may be employed provided that only
      ethylene oxide is used as the oxyalkylating agent or that the
      oxyalkylation reaction is carried out step-wise using more than one
      alkylene oxide with ethylene oxide being used in the final step. A
      sufficient proportion of alkylene oxide, or mixture thereof, is reacted
      with the polyhydroxy compound to achieve a hydroxyl number of about
      250-800, and preferably about 300-700; whereupon, the oxyalkylation
      reaction is terminated and the polyether polyol product is recovered for
      use as taught herein. In accordance with the preferred embodiments of the
      invention a supplemental polyol, as described above, is employed in which
      about 40-100 percent of the hydroxy groups are primary.
PAR  Any suitable proportion of the supplemental polyol may be employed which is
      effective in stabilizing the foam without otherwise interfering with, or
      detrimentally altering, its properties. Thus a foam stabilizing proportion
      is usually used which may range from about 0.5 to about 12 parts per every
      100 parts by weight of the main polyol reactant. However, it is preferred
      to employ about 1-10, and more preferably about 2-8, parts per 100 parts
      by weight of the main polyol reactant. The requisite proportion of the
      supplemental polyol may be preparatorily blended in with the main polyol
      reactant or it may be added separately to the foam-forming reaction
      mixture.
PAR  In preparing the foams of the invention, any suitable organic
      polyisocyanate, or a mixture of polyisocyanates, may be employed which is
      capable of readily reacting with a polyether polyol to form a
      polyurethane. Illustrative are toluene diisocyanate, such as the 80:20 and
      the 65:35 mixtures of the 2,4- and 2,6-isomers, ethylene diisocyanate,
      propylene diisocyanate, methylene-bis(4-phenyl isocyanate),
      3,3'-bitoluene-4,4'-diisocyanate, hexamethylene diisocyanate, mixtures
      thereof and the like. It is preferred however to employ toluene
      diisocyanate or a mixture thereof with a polymethylene
      polyphenylisocyanate. Illustrative polymethylene polyphenylisocyanates are
      those described in U.S. Pat. No. 2,683,730.
PAR  The amount of polyisocyanate, including mixtures thereof, that is employed
      should generally be sufficient to provide at least 0.7 NCO group per
      hydroxy group in the reaction system, which includes the polyether polyols
      as well as any additional material and/or foaming agent present in the
      system. However, in practice such a proportion of polyisocyanate is
      usually employed as to provide no more than about 1.25, and preferably
      about 0.9-1.15 NCO, groups per each hydroxy group. A 100 multiple of the
      ratio of NCO to OH groups in the reaction system is referred to as the
      "index."
PAR  Any suitable foaming agent, or mixture of foaming agents, may be employed
      in preparing the polyurethane foam. These include inorganic foaming
      agents, such as water, and organic foaming agents containing up to seven
      carbon atoms, such as the halogenated hydrocarbons and the low molecular
      weight alkanes, alkenes, and ethers. Illustrative organic foaming agents
      include monofluorotrichloromethane, dichlorofluoromethane,
      dichlorodifluoromethane, 1,1,2-trichloro-1,2,2-trifluoroethane, methylene
      chloride, chloroform, carbon tetrachloride, methane, ethane, ethylene,
      propylene, hexane, ethyl ether and diisopropyl ether. Water and the low
      molecular weight polyhalogenated alkanes, such as
      monofluorotrichloromethane and dichlorodifluoromethane, are preferred. The
      amount of foaming agent may be varied within a reasonably wide range as is
      well known in the art. Generally, however, the halogenated alkanes, for
      example, are employed in an amount of about 2-20 parts per 100 parts by
      weight of the total polyether polyols; and water is employed in an amount
      of about 1-6 parts per 100 parts by weight of the total polyether polyols.
      In accordance with the most preferred embodiments of the invention,
      relatively low density foam is prepared by utilizing, as the foaming
      agent, water in a proportion of about 2.5-5.0 parts per every 100 parts of
      total polyether polyols.
PAR  The catalyst employed in preparing the foams of the invention may be any of
      the catalysts known to be useful for this purpose, including tertiary
      amines, mixtures thereof, organo-metallic salts, and mixture of an
      organo-metallic salt with one or more tertiary amine. The preferred
      catalysts are those which are comprised of at least one tertiary amine.
      Typical tertiary amines include for example triethylamine, triethylene
      diamine, trimethylamine, tetramethylene diamine, tetramethylbutane
      diamine, N-methylmorpholine, N-ethylmorpholine, dimethylpiperazine,
      trimethylaminoethylpiperazine, dimethylcyclohexylamine, mixtures of
      bis(dimethylaminoethylether) and dipropylene glycol such as the 7:3 weight
      ratio mixture which is available commercially under the trademark "Niax
      A-1," methyldicyclohexylamine, N-cyclohexylmorpholine,
      dimethylclohexylamine, methyldiethanolamine, mixtures of
      dimethylcyclohexylamine and 2(3-pentyl)-1-dimethylaminocyclohexane such as
      may be purchased commercially under the trademark "Polycat,"
      bis(dimethylaminoethylpropylether), mixtures of triethylene diamine and
      dipropylene glycol such as the 1:2 and 1:4 weight ratio mixtures which may
      be purchased comercially under the trademarks "Dabco 33LV" and "Dabco
      8020," respectively, and bis(dimethylaminopropylether). The preferred
      tertiary amine catalysts are triethylenediamine, mixtures of
      triethylenediamine with dipropylene glycol, mixtures of
      bis(dimethylaminoethylether) and dipropylene glycol,
      dimethylcyclohexylamine alone or as a mixture thereof with
      2-(3-pentyl)-1-dimethylaminocyclohexane. The tertiary amine catalyst is
      usually used in a proportion of about 0.1-1.5, and preferably about
      0.25-0.75, parts per 100 parts by weight of the total polyol which is
      employed in preparing the foam.
PAR  Typical organo-metallic salts include for example the salts of tin,
      titanium, antimony, aluminum, cobalt, zinc, bismuth, lead, and cadmium,
      the tin salts, i.e., stannic and stannous salts, being preferred.
      Illustratively such salts include the octoates, dilaurates, diacetates,
      dioctoates, oleates, and neodeconates of these metals, the octoates being
      preferred. The organo-metallic salt catalyst is used in a proportion of
      about 0-0.5, and preferably about 0.05-0.2, parts per 100 parts by weight
      of total polyol which is employed in the preparation of the foam.
PAR  It is preferred in the preparation of the polyurethane foams of the
      invention to employ minor amounts of a conventional surfactant in order to
      further improve the cell structure of the polyurethane foam. Suitable such
      surfactants include for example, the silicon-based surfactants such as the
      silicones and the siloxaneoxyalkylene block copolymers, all of which are
      commercially available materials. Generally the silicones are employed in
      a proportion of up to about 0.1 parts per 100 parts by weight of the
      polyether polyol; and the siloxaneoxyalkylene block co-polymers are
      employed in a proportion of up to about 2 parts per 100 parts by weight of
      the polyether polyol.
PAR  If desired a curing agent, such as a conventional amine curing agent, may
      be included in the foam forming reaction mixture. However, in accordance
      with the invention, the use of curing agents is not necessary and
      therefore it is preferable to exclude such materials from the reaction
      mixture.
PAR  In the practice of this invention, a polyurethane foamforming reaction
      mixture comprising the above-described ingredients is fed to a suitable
      reaction zone such as by pouring into a suitable mold or onto a moving
      conveyor belt where reaction proceeds. The foaming reaction is exothermic,
      and auxiliary heat is usually not necessary to effect the reaction,
      although it may be employed. After the reactants have been thoroughly
      mixed together, an emulsion or "cream" forms. As the temperature increases
      from the reaction, gas bubbles are generated bringing about the formation
      of a cellular material which, when cured, will be ready for use in various
      cushioning applications.
PAR  Foams prepared according to the invention are substantially free of the
      drawbacks of prior art high resilience polyurethane foams which are
      prepared in the absence of a curing catalyst. Thus the foams of the
      invention are relatively stable and therefore do not succumb to
      substantial shrinkage or collapse before they become fully cured.
      Furthermore, these foams are characterized by a combination of desirable
      properties. Ranging in density from about 1.8 to about 3.8, and preferably
      from about 2.2 to about 3.0, pounds per cubic foot, they have a SAC factor
      generally in excess of 2.4 and usually at least 2.7. The "SAC factor" is a
      measure of support provided by a cushioning material. In accordance with
      the test described in ASTM D-1564-64T, it is expressed as the ratio of
      indentation load deflection, ILD, at 65 percent to 25 percent deflection.
      Thus by having a SAC factor of over 2.4, the foams of the invention, while
      being quite flexible and soft at the surface, exhibit little or no
      tendency to bottom out; and this property is achieved in the foams of the
      invention in the absence of fillers or other expedients which might alter
      the basic properties of the foam. The foams of the invention are also
      characterized by good tear strength, tensile strength and elongation
      properties.
PAR  By virtue of the combination of desirable physical properties
      characterizing the polyurethane foams of the invention, these foams meet
      the rigid requirement set by the automotive industry for making molded
      auto seats. They are also of utility in numerous other cushioning
      applications sch as in the manufacture of padding, seat cushions and the
      like.
PAR  The following examples are provided to illustrate the invention. In these
      examples, all parts and percentages are by weight unless otherwise
      specified.
DETD
PAC  EXAMPLE 1
PAR  A flexible polyurethane foam was prepared from the following ingredients in
      the indicated proportions:
TBL  Ingredients            Parts by Weight                                    

     ______________________________________                                    

     Main polyol .sup.(1)   100                                                

     Supplemental polyol .sup.(2)                                              

                            1.5                                                

     Organic isocyanate .sup.(3) (105 index)                                   

                            39.7                                               

     Triethylene diamine catalyst                                              

                            0.35                                               

     composition .sup.(4)                                                      

     Bis(2-dimethylaminoethyl)ether                                            

     catalyst composition .sup.(5)                                             

                            0.1                                                

     Water                  3                                                  

     Polydimethyl siloxane surfactant .sup.(6)                                 

                            0.04                                               

     ______________________________________                                    

PA1  1. This is a 5,840 molecular weight polyether triol prepared by the KOH
      catalyzed oxyalkylation of glycerin first with about 87 moles of propylene
      oxide and then with 15 moles of ethylene oxide. It has a ratio, primary to
      secondary hydroxy groups, of 2.3:1.
PA1  2. This is a polyether polyol having approximately 50 percent primary
      hydroxy groups. It was prepared by condensing, in the presence of boron
      trifluoride etherate catalyst, a mixture of 3 moles of anhydrous dextrose
      and 1 mole of glycerin with propylene oxide to an average hydroxyl number
      of 435.
PA1  3. This is a mixture of 80 percent by weight toluene diisocyanate
      (consisting of 80 percent 2,4- and 20 percent 2,6-isomers) and 20 percent
      polymethylene polyphenylisocyanate having a functionability of about 2.6,
      which was purchased commercially under the trademark "PAPI-135."
PA1  4. this catalyst composition, purchased commercially under the trademark
      "Dabco 33LV," consists essentially of 1/3 triethylene diamine and 2/3
      dipropylene glycol by weight.
PA1  5. This catalyst composition, purchased commercially under the trademark
      "NIAX A-1," consists essentially of 70 percent
      bis(2-dimethylaminoethyl)ether and 30 percent dipropylene glycol by
      weight.
PA1  6. This surfactant was purchased commercially under the trademark
      "DC-200-5", and is a polydimethylsiloxane fluid having a viscosity of
      about 5 centristokes at 25.degree..
PAR  The above ingredients were mixed together and dispensed from a foaming
      machine into a square cardboard box. The foaming reaction took place
      instantly and was completed in less than 3 minutes. A uniform foam product
      was thus obtained which cured at room temperature without exhibiting any
      shrinkage or collapse. After measuring the core density of the foam, its
      physical properties were determined, namely, indentation load deflection
      properties and SAC factor (as described above, per ASTM D-1564-64T),
      tensile strength, tear strength and elongation. The latter three
      properties were determined in accordance with the test described in ASTM
      1564-64. The tensile strength, expressed in pounds per square inch, is a
      measure of the minimum tension per unit cross-sectional area, which must
      be exerted on a standard foam sample to cause it to snap or break. The
      tear strength is expressed in pounds per linear inch, and this indicated
      the force necessary to cause a one-inch tear in a standard foam sample.
      Finally the elongation, which is expressed as a percentage of original
      length of the sample, is a measure of the length that the sample can be
      stretched to before it breaks or snaps. The results of all these
      determinations are provided in Table 1 below.
PAC  EXAMPLES 2-4
PAR  The identical procedure of Example 1 was followed except that instead of
      1.5 parts of the supplemental polyol, 2.5 parts were used in Example 2,
      3.5 parts in Example 3, and 4.5 parts in Example 4. In each case, the
      resulting foam had a uniform appearance and no shrinkage or collapse was
      observed. The physical properties of the cured foams of each example are
      provided in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     FOAM PHYSICAL PROPERTIES                                                  

                       Ex. 1                                                   

                            Ex. 2                                              

                                 Ex. 3                                         

                                      Ex. 4                                    

     __________________________________________________________________________

     Density (lbs./cu. ft.)                                                    

                       2.7  2.7  2.7  2.8                                      

     Indentation Load Deflection                                               

      Properties (lbs.)                                                        

      at 25% deflection                                                        

                       24   24   25   26                                       

      at 65% deflection                                                        

                       67   67   70   80                                       

      SAC Factor       2.8  2.8  2.8  3.1                                      

     Tensile Strength (lbs./sq. in.)                                           

                       13.5 13.4 13.0 14.0                                     

     Tear Strength (lbs./linear in.)                                           

                       1.9  1.8  2.0  2.1                                      

     Elongation (%)    190  170  170  170                                      

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  Following the general procedure of Example 1, a flexible foam was prepared
      from the following ingredients in the indicated proportions:
TBL                            Parts                                           

     Ingredients               by Weight                                       

     ______________________________________                                    

     Main polyol (per Ex. 1)   100                                             

     Supplemental polyol .sup.(7)                                              

                               5.2                                             

     Triethylene diamine catalyst (per Ex. 1)                                  

                               1.75                                            

     Polydimethyl siloxane surfactant (per Ex. 1)                              

                               0.04                                            

     Toluene diisocyanate (80/20, 2,4-/2,6-                                    

     isomer mixture)           36.9                                            

     Water                     3.0                                             

     ______________________________________                                    

PA1  7. This is a polyether polyol having approximately 50 percent primary
      hydroxy groups. It was prepared by condensing, in the presence of boron
      trifluoride etherate catalyst, a mixture of 2 moles anhydrous dextrose and
      1 mole glycerin with propylene oxide to an average hydroxyl number of 375.
PAR  The foaming reaction proceeded as in Example 1 and a good, uniform foam
      product was obtained which exhibited no shrinkage or collapse.
PAC  COMPARISON 1
PAR  The identical procedure of Example 5 was followed except that no
      supplemental polyol was included in the reaction mixture. The resulting
      foam collapsed shortly after the foaming reaction was completed. Thus in
      light of the result of Example 5, this comparison demonstrates the fact
      that a high resilience polyurethane foam forming formulation must include
      a stabilizer, such as taught herein, to prevent the resulting foam from
      collapsing.
PAC  COMPARISON 2
PAR  The identical procedure of Example 5 was again followed with one exception.
      This is that instead of the supplemental polyol used in that example, an
      equal proportion of another polyol was employed. This polyol had less than
      10% of primary hydroxy groups and was prepared by the KOH catalyzed
      oxypropylation of a mixture of 3 moles of glycerin and 1 mole of sucrose
      to a hydroxyl number of 375. Thus the supplemental polyol used in this
      comparison, while it had the same hydroxyl number as that of the
      supplemental polyol used in Example 5, differed from the latter in that it
      had a much lower proportion of primary OH groups. The foam of this example
      again exhibited total collapse shortly after the foaming reaction was
      completed. This demonstrates the need for a supplemental polyol having the
      requisite proportion of primary hydroxy groups, as taught herein, in
      making a stable high resilience polyurethane foam.
PAC  COMPARISON 3
PAR  Again the identical procedure of Example 5 was followed with one exception.
      Instead of the supplemental polyol used in that example, an equal
      proportion of another polyol was employed. The latter, although it did
      contain more than 30 percent of primary hydroxy groups, had a hydroxyl
      number of 56.1 which is well below the range specified according to the
      invention. This polyol was prepared by the KOH catalyzed oxyalkylation of
      glycerin first with propylene oxide to a hydroxyl number of 60.5 and then
      with 5 moles of ethylene oxide. The resulting foam again succumbed to
      collapse, and this demonstrates the importance of the hydroxyl number
      criterion in the supplemental polyol which is used according to the
      invention.
PAC  EXAMPLE 6
PAR  Following the general procedure of Example 1, a flexible polyurethane foam
      was prepared from the following formulation:
TBL                            Parts                                           

     Ingredients               by Weight                                       

     ______________________________________                                    

     Main polyol (per Ex. 1)   98.2                                            

     Supplemental polyol .sup.(8)                                              

                                1.8                                            

     Toluene diisocyanate (80/20 mixture                                       

     of 2,4-/2,6-isomers)      35.6                                            

                               (105 index)                                     

     Triethylene diamine catalyst (per Ex. 1)                                  

                                1.5                                            

     Bis(2-dimethylaminoethyl)ether (per Ex. 1)                                

                                0.01                                           

     Water                      3.0                                            

     Polydimethyl siloxane surfactant (per Ex. 1)                              

                                0.04                                           

     ______________________________________                                    

PA1  8. This is polyether polyol having approximately 50% primary hydroxy
      groups. It was prepared by condensing, in the presence of boron
      trifluoride etherate catalyst, an equimolar mixture of ethylene glycol and
      .alpha.-D-glucose monohydrate with 4,4,4-trichlorobutylene oxide to an
      average hydroxyl number of 360.
PAR  A uniform, stable foam exhibiting no shrinkage or collapse was prepared
      from the above mixture. The tensile strength, tear strength and elongation
      of this foam, after it was cured, were determined, as described in Example
      1, and the results are provided in Table 2 below.
PAC  EXAMPLES 7-8
PAR  The identical procedure of Example 6 was followed except that instead of
      the 1.8 parts of supplemental polyol used in that example, 3.0 parts were
      used in Example 7 and 5.4 in Example 8. Also, in order to maintain an
      isocyanate index of 105, the proportion of toluene diisocyanate was
      increased to 36.3 parts in the case of Example 7 and to 37.6 parts in the
      case of Example 8. The foams prepared according to these two examples were
      again uniform and stable, and they exhibited no shrinkage or collapse. The
      tensile strength, tear strength and elongation properties of the foams are
      provided in Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

     FOAM PHYSICAL PROPERTIES                                                  

                     Ex. 6  Ex. 7    Ex. 8                                     

     ______________________________________                                    

     Tensile Strength (lbs./                                                   

                        14.3     13.0     13.3                                 

     sq. in.)                                                                  

     Tear Strength (lbs./                                                      

                        2.2      2.1      2.4                                  

     linear in.)                                                               

     Elongation (%)    310.0    263.3    260.0                                 

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for preparing a flexible high resilience polyurethane foam
      from a reaction mixture comprised of an organic polyisocyanate, a foaming
      agent, a reaction catalyst polydimethylsiloxane fluid surfactant, and a
      polyether polyol reactant characterized by (1) a molecular weight of at
      least 4000, (2) a polyhydroxy alcohol nucleus having a functionability of
      2-4, (3) polyoxyalkylene chain segments attached to said nucleus and (4) a
      ratio of primary to secondary hydroxy groups ranging from about 1.5:1 to
      about 6:1, the improvement which comprises including in said reaction
      mixture a foam stabilizing proportion of a supplemental polyether polyol
      having at least about 30% of primary hydroxy groups, an average of 2-6
      hydroxy groups, and a hydroxyl number from about 250 to about 800, said
      supplemental polyol being an adduct of alkylene oxide having 2-4 carbon
      atoms and a mixture selected from the group consisting of a mixture of
      dextrose and water, a mixture of dextrose and an aliphatic diol or triol,
      and a mixture of dextrose, water and an aliphatic diol or triol.
NUM  2.
PAR  2. A polyurethane foam prepared by the process of claim 1.
NUM  3.
PAR  3. The process of claim 1 wherein said polyether polyol reactant is a
      polyether triol having a molecular weight of about 4500-7500.
NUM  4.
PAR  4. The process of claim 3 wherein said supplemental polyol has a hydroxyl
      number of about 300-700 and an average of about 2.5-5 hydroxy groups.
NUM  5.
PAR  5. The process of claim 4 wherein said polyether triol has a ratio of
      primary to secondary hydroxy groups ranging from about 2:1 to about 5:1.
NUM  6.
PAR  6. The process of claim 5 wherein said stabilizing proportion ranges from
      about 0.5 to about 12 parts per every 100 parts by weight of said
      polyether triol.
NUM  7.
PAR  7. The process of claim 6 wherein said supplemental polyol contains about
      40-100 percent of primary hydroxy groups.
NUM  8.
PAR  8. A polyurethane foam prepared by the process of claim 7.
NUM  9.
PAR  9. The process of claim 7 wherein said polyether triol has a molecular
      weight of about 5600-6600 and said catalyst is comprised of at least one
      tertiary amine catalyst.
NUM  10.
PAR  10. The process of claim 9 wherein said surfactant is a
      polydimethylsiloxane having a viscosity of about 5 centistokes at
      25.degree.C.
NUM  11.
PAR  11. The process of claim 10 wherein said organic polyisocyanate is toluene
      diisocyanate or a mixture thereof with polymethylene polyphenylisocyanate.
NUM  12.
PAR  12. The process of claim 11 wherein said supplemental polyol is an adduct
      of propylene oxide or 4,4,4-trichlorobutylene oxide and a mixture of
      dextrose with an aliphatic diol or triol.
NUM  13.
PAR  13. A polyurethane foam prepared by the process of claim 12.
NUM  14.
PAR  14. The process of claim 12 wherein said foaming agent is water.
NUM  15.
PAR  15. The process of claim 14 wherein said polyether triol is an
      oxypropylated oxyethylated glycerin.
NUM  16.
PAR  16. A polyurethane foam prepared by the process of claim 15.
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ABST
PAL  A normally hydrophilic microporous material having a polymeric matrix and a
      filler dispersed throughout the matrix wherein the filler contains active
      polar groups, is rendered hydrophobic by exposing the material to a
      reactive compound. In one preferred embodiment of the invention the
      reactive compound is a silane or a silazane whereas in another preferred
      embodiment the reactive compound is a Werner-type complex of fatty acids
      coordinated with a metal. The treated microporous material is rendered
      impervious to water-based liquids but remains pervious with respect to
      vapors or gases.
BSUM
PAR  The present invention relates generally to microporous materials and more
      specifically, to normally hydrophilic microporous materials which have
      been treated in such a manner as to be rendered hydrophobic, that is,
      impervious to water-based liquids.
PAR  It is known to prepare microporous materials comprising a polymeric matrix
      or binder having particles of filler material dispersed throughout the
      matrix. The microporous nature of such materials is manifested by a
      network of microvoids or micropores extending throughout the matrix or
      binder, between neighboring particles of the dispersed filler, or between
      neighboring particles of the filler and portions of the polymeric matrix.
      Due to the many interconnections between these micropores the material is
      extremely hydrophilic, that is, water-based liquids rapidly soak the
      material and pass through even without any applied pressure. Because of
      its excellent wettability characteristic as well as other factors such
      hydrophilic microporous materials have been previously used as separators
      between the cell plates or electrodes of an electric storage battery as
      evidenced, for example, by the disclosures in the U.S. Pat. to Witt et al,
      No. 2,772,322, and Selsor et al, U.S. Pat. No. 3,696,061.
PAR  A long felt need has existed for a microporous material which rather than
      being hydrophilic as in the case of the prior art battery separator is
      hydrophobic, that is, impervious to water-based liquids, but which remains
      pervious to other liquids such as the hydrocarbons as well as remaining
      pervious to vapors and gases of all types. Without limiting the present
      invention, such hydrophobic microporous materials may advantageously be
      utilized, for example, in the fabrication of breatheable, water repellent
      clothing and upholstery.
PAR  Accordingly, it is an important object of the present invention to provide
      a process for treating a normally hydrophilic microporous material whereby
      the latter is rendered hydrophobic.
PAR  It is another important object of the present invention to provide a
      microporous material that is hydrophobic yet substantially pervious to the
      flow of vapors or gas therethrough.
PAR  To accomplish the foregoing and other objects, the present invention
      generally contemplates the preparation of a normally hydrophilic
      microporous material comprising a polymeric matrix having a filler
      material containing active polar groups dispersed throughout the matrix,
      and the subsequent exposure of the material to a reactive compound such
      as, for example, the silanes or the silazanes, or alternatively, a
      Werner-type complex of fatty acids coordinated with a metal, so as to form
      a hydrophobic coating inside the interstices or pores of the microporous
      material. In the former case, it is believed that the reaction is between
      the active polar groups of the fillR COMPONENT IN THE MICROPOROUS MATERIAL
      WITH THE SILANE OR SILAZANE TO FORM SILOXANES WHEREAS IN THE LATTER CASE
      WHERE Werner-type complexes are employed as the reagent, these active
      polar groups are believed to react with the free hydroxyl or associated
      hydroxyl groups of the fatty acids or the reaction may involved the active
      polar groups reacting with the associated hydroxyl groups of the fatty
      acids or the reaction may involve the active polar groups reacting with
      the associated coordinate metal.
PAR  A more complete understanding as well as still other objects and advantages
      of the present invention will be made apparent from a study of the
      following detailed explanation thereof.
PAR  Preferably, the hydrophobic microporous material of the present invention
      may be prepared by utilizing as the polymeric binder material therefor
      either thermoplastic resins such as polyvinyl chloride or copolymers
      thereof, or synthetic or natural thermosetting rubber polymers or
      copolymers thereof. If formed of rubber-like polymers, the latter, with
      additives such as anti-degradants, cross-linking agents, inert fillers, or
      the like normally employed by those skilled in the art of compounding
      thermosetting compounds, are intimately mixed using conventional methods
      with either silica hydrogel or precipitated hydrated silica (i.e., silicic
      acid (n Si O.sub.2 -m H.sub.2 O) where n and m are integers) the latter
      being available commercially, for example, under the trademark Hi-Sil from
      PPG Industries. The resultant compound is then formed into a sheet,
      preferably by calendering onto a suitable carrier (i.e., paper or a thin
      metal sheet or screen), wound on reels of convenient size, and then
      vulcanized under hydrostatic conditions in a steam autoclave to an
      appropriate state of cure using pressurized steam as the source of heat.
      The vulcanized sheet is then dried in a warm dry air stream which also
      serves to dehydrate the silica. Such dehydration results in the formation
      of micropores in the sheet caused by the shrinkage of the silica thereby
      forming a normally hydrophilic microporous article.
PAR  In the finished state a typical thermoset rubber-like polymeric based
      microporous sheet before being treated with the hydrophobic reagents of
      the invention contains about 1 part of rubber-like polymer to about 0.5
      parts silica by weight, and is about 60 per cent porous on a volume basis.
      The pore size distribution is typically rather wide, varying from about
      0.05 to 10 microns for the most part according to mercury intrusion data,
      the mean pore size being typically about 1.4 micron. Such thermoset
      rubber-like polymeric sheets before treatment with the hydrophobic
      reagents of the present invention are normally hydrophilic and liquid
      water soaks rapidly into the material, passing through without any applied
      pressure, indicating that the micropores are substantially interconnected.
      Such sheets, and the process of making same, are known in the prior art.
PAR  A similar process may be used with synthetic thermoplastic polymers such as
      polyvinyl chloride (PVC). A formulation comprising finely divided PVC, a
      suitable solvent such as cyclohexanone, finely divided hydrated silica
      (preferably precipitated silica) and water is prepared, preferably by
      thoroughly intermixing the PVC with the silica and then directing the
      liquid components into the PVC and hydrated silica mixture. The resulting
      composition is then formed into a sheet or tube, etc. by extruding,
      calendering or other molding techniques. After extrusion, the extrudate is
      immersed in a suitable extraction medium such as a water bath, for
      example, for about 15 minutes at 80.degree.C to leach out or extract the
      solvent. The leached or extracted sheet or tube, etc., is then dried at a
      temperature below the fusion point of the PVC to dehydrate the silica and
      also to remove from the extrudate the last traces of water and solvent.
      The displacement of the solvent from the extrudate with water and
      subsequent dehydration results in the formation of micropores in the
      material caused by the shrinkage of the silica thereby forming a normally
      hydrophilic microporous structure.
PAR  In the finished state, a typical thermoplastic polymeric based microporous
      sheet before treatment with the hydrophobic reagents of the present
      invention contains about one part PVC to about 1.4 parts silica by weight,
      and it is 65 - 70 per cent porous. The pore size distribution is typically
      rather wide, varying from about 0.05 to 4 microns for the most part
      according to mercury intrusion test data, the mean pore size being
      typically about 0.75 micron. Such sheets before being treated in
      accordance with the invention are normally hydrophilic and liquid water
      soaks rapidly into the material, passing through without any applied
      pressure, indicating that the micropores are substantially interconnected
      from surface to surface. Such sheets, and the process for making same, are
      explained in greater detail in the aforementioned U.S. Pat. Nos. 2,772,322
      and 3,696,061.
PAR  In accordance with the present invention, the dried finished polymeric
      microporous materials described above may then be treated by exposure to a
      wide variety of substituted silanes or silazanes or to a Werner-type
      complex of fatty acids coordinated with a metal, for sufficient time to
      render the surfaces of the sheet, at least within the pores, hydrophobic.
      It will be appreciated that the hydrophobic characteristics of the sheets
      thus treated arise in a manner quite different from the usual
      waterproofing by condensation of silanes or siloxanes to form a thin
      surface coating. In the present invention, for example, it is believed
      that the hydrophobic nature is imparted by a reaction of a hydrophobic or
      hydrophilic agent with the active polar groups of the filler material or
      component dispersed through the polymeric matrix of the microporous
      material and does not involve reaction with the polymeric matrix itself.
      The reaction product is thus rendered hydrophobic due to the residuals
      contributed by the reagent. Hence, the present invention is readily
      differentiated from previous waterproofing methods involving treatment of
      a polymeric matrix with alkylpolysiloxanes or the like to coat the matrix.
PAR  As mentioned, in accordance with the present invention, the interconnected
      pores in the hydrophilic microporous sheet may be rendered hydrophobic by
      treatment with a wide variety of substituted silanes or silazanes, as well
      as by organo substituted silanes or silazanes either in the liquid or
      vapor state, preferably those that readily penetrate the minute
      interstices or pores of the sheet. Applicable silanes, silazanes,
      organosilanes and organosilazanes, for example, are commercially available
      from Union Carbide Corporation, 270 Park Avenue, New York, New York 10017,
      General Electric Company, Waterford, New York 12188, and Dow Corning
      Corporation, Midland, Michigan 48640. The term "organo" is meant to
      include monovalent organic groups e.g. alkyl and cycloalkyl radicals such
      as methyl, ethyl, cyclohexyl and the like; aliphatically oxygenated
      radicals such as alkylethoxy, vinylethoxy and the like; aryl radicals such
      as phenyl, naphthyl, xenyl and the like; amino substituted forms of the
      monovalent organic group; and halogen substituted forms of the monovalent
      organic groups have noted, such as trimethylchloro, or the like. The
      foregoing treatment may be carried out by exposing the normally
      hydrophilic microporous material to a silane or silazane reagent in either
      vapor or liquid form. When treating with a liquid silane or silazane, it
      is preferable to reduce the viscosity of the reagent somewhat as by
      dissolving same in a suitable solvent such as benzene or hexane. A benzene
      or hexane solution having a liquid silane or silazane concentration of
      about 25 per cent is particularly preferred.
PAR  Alternatively, it has been further discovered that the pores in the
      microporous sheet can be rendered hydrophobic by treatment with
      Werner-type complexes of fatty acids coordinated with a metal, preferably
      those coordinated with chromium (Group VI) such as that sold under the
      trademark "Quinlon C" by E. I. du Pont de Nemours & Company, Inc.,
      Wilmington, Delaware 19898. Quinlon C comes available in a 30 per cent
      isopropanol solution which is readily diluted further with water. The low
      viscosity of the solution facilitates penetration of the minute
      interstices or pores of the microporous material rendering the pores
      hydrophobic.
PAR  In order to more fully appreciate the manner in which the hydrophilic
      microporous material is rendered hydrophobic as contemplated by the
      present invention consider, for example, that the surface of the material
      contains many molecules represented as follows:
      ##EQU1##
      due to the dispersed silica therein. The active labile OH groups arising
      from the surface render the material normally hydrophilic. Now suppose the
      surface of the material is exposed to say, a trichloromethylsilane:
      ##EQU2##
PAR  The trichloromethylsilane (2) reacts with each labile OH group on the
      silica (1) as follows:
      ##EQU3##
PAR  Since each OH group arising from the surface of the silica has now been
      replaced by an organic radical, i.e., a CH.sub.3 (methyl) group, the
      contact angle of water deposited on the surface of the micropores will be
      too great to permit wetting thereby rendering the material hydrophobic.
PAR  Alternatively, suppose now that the surface molecules of the material
      represented in (1) are exposed to a Werner-type complex of fatty acids
      coordinated with a Group VI metal (chromium) such as Quinlon C which
      latter may be represented as:
      ##EQU4##
      Where R represents a fatty acid radical (C.sub.13 -C.sub.17) and R' is an
      alkyl of the alcohol in which it is dissolved or dispersed. Due to its
      positive valence, the Quinlon C forms a strong bond with the negative
      polar (OH) groups arising from the surface of the material to yield:
      ##EQU5##
      It will be noted that upon drying of the treated material the H.sub.2 O
      molecules are irreversibly removed from the Werner-type complex and,
      accordingly, the fatty acid radicals will be found arising from the
      surface of the treated substrate. By virtue of such fatty acid radicals,
      the contact angle of water deposited on the surface of the material will
      be too great to permit wetting thereby rendering the material hydrophobic.
PAR  The present invention will now be more fully described by way of the
      following Examples, it being understood, however, that such Examples are
      not to be construed as limiting.
DETD
PAC  EXAMPLES 1 - 12
PAR  A sheet of microporous material was prepared by thoroughly intermixing 100
      parts by weight of finely divided polyvinyl chloride (Geon 103 EPF 10),
      139 parts of finely divided precipitated hydrated silica (Hi-Sil 233), 199
      parts of water and 199 parts of cyclohexanone in a low shear blender to
      form a stable, damp powder blend. The latter was then extruded directly
      into the nip of a calender roll to produce a flat sheet 0.030 inches thick
      nominal. The calendered sheet was immersed in an extraction water bath for
      15 minutes at 80.degree.C to extract the cyclohexanone and then air-dried
      in an oven maintained at 120.degree.C for 7 - 10 minutes to remove all
      traces of water and cyclohexanone. Sample specimens 4.45cm in diameter
      were then punched from the finished microporous sheet using a conventional
      arbor press and treated by exposure to the vapors of a different silane or
      silazane reagent as follows:
TBL  Example  Reagent           Catalog No.                                    

     ______________________________________                                    

     1      Trimethylchlorosilane                                              

                                SC-3001                                        

                                (General Electric)                             

     2      Diphenyldimethoxysilane                                            

                                Z-6074                                         

                                (Dow Corning)                                  

     3      Dimethyldiethoxysilane                                             

                                SC-3902                                        

                                (General Electric)                             

     4      Hexamethyldisilazane                                               

                                SC-3700                                        

                                (General Electric)                             

     5      Trichlorosilane     SC-3100                                        

                                (General Electric)                             

     6      Gamma-aminopropyltriethoxy-                                        

                                SC-3900                                        

            silane              (General Electric)                             

     7      Methyltriethoxysilane                                              

                                SC-3903                                        

                                (General Electric)                             

     8      Phenyltrichlorosilane                                              

                                SC-3023                                        

                                (General Electric)                             

     9      Phenyltriethoxysilane                                              

                                SC-3923                                        

                                (General Electric                              

     10     Vinyltriethoxysilane                                               

                                SC-3735                                        

                                (General Electric)                             

     11     Vinyltrichlorosilane                                               

                                SC-3200                                        

                                (General Electric)                             

     12     Dimethyldichlorosilane                                             

                                SC-3002                                        

                                (General Electric)                             

     ______________________________________                                    

PAR  This vapor treatment was carried out by mounting each sample specimen in a
      desiccator containing 25cc of the corresponding silane or silazane reagent
      mentioned above, respectively. The sample was mounted above the surface of
      the liquid reagent within the desiccator in a manner which gave minimum
      contact with other internal surfaces of the desiccator. The desiccator was
      then sealed and placed in an oven maintained at 60.degree.C for 12 hours.
      After this treatment period, the desiccator was removed from the oven and
      allowed to cool for 2 hours to room temperature. Subsequently, each sample
      was removed from its respective desiccator and allowed to condition in
      open air for a further period of 24 hours, to allow any unreacted silanes
      to escape.
PAC  EXAMPLES 13 - 16
PAR  Sample specimens 4.45cm in diameter prepared from the same microporous
      sheet material of Examples 1 - 12 were treated by exposure to a liquid
      silane or silazane as follows:
TBL  Example  Reagent          Catalog No.                                     

     ______________________________________                                    

     13     Trimethylchlorosilane                                              

                               SC-3001                                         

                               (General Electric)                              

     14     Diphenyldimethoxysilane                                            

                               Z-6074                                          

                               (Dow Corning)                                   

     15     Dimethyldiethoxysilane                                             

                               SC-3902                                         

                               (General Electric)                              

     16     Hexamethyldisilazane                                               

                               SC-3700                                         

                               (General Electric)                              

     ______________________________________                                    

PAR  Each Example was immersed in a hexane solvent solution containing three
      parts solvent for each part silane or silazane reagent. Total immersion
      time was 5 minutes. The silane or silazane treated sample was then removed
      from the liquid solution and allowed to condition in the open air for 24
      hours.
PAC  EXAMPLES 17 - 20
PAR  A sheet of microporous material was prepared by thoroughly intermixing 100
      parts by weight of natural rubber, 165.5 parts of silica hydrogel, 3.1
      parts inert filler (rubber dust), 39.0 parts sulfur, 0.8 parts stearic
      acid and 0.8 parts diphenylguanidine in a Banbury mixer to produce a
      homogeneous mixture. This mixture was then extruded into sheet form and
      calendered to 0.25 inches thick nominal. The calendered sheet was wound on
      a reel and vulcanized in an autoclave for 35 minutes at 172.degree.C and
      155 psig. The vulcanized sheet was then air-dried in an oven to remove all
      traces of moisture. Sample specimens 4.45cm in diameter were then punched
      from the finished microporous sheet on an arbor press and treated by
      exposure to the vapors of the following silanes and silazane:
TBL  Example  Reagent           Catalog No.                                    

     ______________________________________                                    

     17     Trimethylchlorosilane                                              

                                SC-3001                                        

                                (General Electric)                             

     18     Diphenyldimethoxysilane                                            

                                Z-6074                                         

                                (Dow Corning)                                  

     19     Dimethyldiethoxysilane                                             

                                SC-3902                                        

                                (General Electric)                             

     20     Hexamethyldisilazane                                               

                                SC-3700                                        

                                (General Electric)                             

     ______________________________________                                    

PAR  The vapor treatment was carried out in the same manner mentioned above in
      connection with Examples 1 - 12, that is, each specimen was mounted in a
      desiccator containing 25cc of the corresponding silane or silazane
      reagent. The desiccator was then sealed and placed in an oven maintained
      at 60.degree.C for 12 hours. The desiccator was then removed from the oven
      and allowed to cool for 2 hours to room temperature. Subsequently, each
      sample was removed from its respective desiccator and allowed to condition
      in open air for a further period of 24 hours.
PAC  EXAMPLES 21 - 24
PAR  Sample specimens 4.45cm in diameter were prepared from the same microporous
      sheet material of Examples 17 - 20 and were treated in the same manner as
      Examples 13 - 16, that is, they were immersed for 5 minutes in a 25 per
      cent silane or silazane solution in liquid hexane solvent as follows:
TBL  Example  Reagent           Catalog No.                                    

     ______________________________________                                    

     21     Trimethylchlorosilane                                              

                                SC-3001                                        

                                (General Electric)                             

     22     Diphenyldimethoxysilane                                            

                                Z-6074                                         

                                (Dow Corning)                                  

     23     Dimethyldiethoxysilane                                             

                                SC-3902                                        

                                (General Electric)                             

     24     Hexamethyldisilazane                                               

                                SC-3700                                        

                                (General Electric                              

     ______________________________________                                    

PAR  After treatment as described above, each of Examples 1 - 24 was tested for
      nitrogen gas permeability in comparison to identically formed specimens
      which had not been so treated. In addition, each treated Example was
      tested for resistence to the transmission of liquid water in comparison to
      identically formed untreated samples. In measuring each sample (both
      treated and untreated) for nitrogen gas permeability, the sample specimens
      were mounted in a gas permeation cell comprising a sealed enclosure having
      an inlet at one end connected to a source of regulated pressurized
      nitrogen and an outlet at its other end connected to a flow meter
      (rotameter) or to a liquid displacement gas collector. The sample was
      mounted interiorly of the gas permeation cell between a sealing gasket and
      a perforated disc. Pressure was applied to one face of the sample in the
      cell by adjusting the regulator on the nitrogen pressure source and
      increasing the pressure from 0 psig to 40 psig in 5 psig increments and
      the flow rate (liters/min.) was measured by the flow meter or by measuring
      the time required to displace 5 liters of liquid in the gas collection
      apparatus connected to the other side of the gas permeation cell.
PAR  As mentioned, each sample was also tested for liquid water permeability.
      This was done by means of a liquid permeation cell comprising a sealed
      enclosure having an inlet at one end connected to a source of regulated
      pressurized nitrogen gas. The cell contained about 1/2 inch of water and
      was sealed at its other end by the sample to be tested which latter was
      disposed between a sealing gasket and a perforated disc. On the underside
      of the perforated disc was disposed a blotter detector. Since the
      untreated microporous material is normally hydrophilic, the water within
      the cell would rapidly wet through and be indicated on the blotter with no
      pressure gradient across the sample specimen (i.e., 0 psig nitrogen at the
      inlet). On the other hand, however, samples treated in accordance with the
      invention did not wet the blotter at 0 psig, but instead, required a
      positive nitrogen pressure to be applied through the inlet of the liquid
      permeation cell in order to cause liquid water to permeate through the
      sample and be indicated on the blotter in the form of an individual wet
      spot. The hydrophobicity of each treated sample, i.e., its water
      repellency, was thus measured in the liquid permeation cell by increasing
      the nitrogen pressure within the cell from 0 in 2 psig increments every 2
      minutes. The measured flow rates of nitrogen gas at a pressure of 30 psig
      through each of the samples corresponding to Examples 1 - 24 as well as
      the positive nitrogen pressure required to pass liquid water through each
      of the treated samples corresponding to Examples 1 - 24 are set forth in
      Table I below. This Table also gives the comparative measurements for
      identically formed untreated samples.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     PERMEABILITY PROPERTIES OF EXAMPLES 1 - 24                                

                                    Flow Rate of Nitrogen,                     

                                                Pressure Required to Pass      

                          Method of 1/min. at 30 psig                          

                                                Liquid Water, psig             

     Example                                                                   

          Reagent         Treatment Before                                     

                                          After Before                         

                                                      After                    

     __________________________________________________________________________

     1    Trimethylchlorosilane                                                

                          Vapor     0.940 0.900 0     16                       

     2    Diphenyldimethoxysilane                                              

                          Vapor     0.945 0.920 0      4                       

     3    Dimethyldiethoxysilane                                               

                          Vapor     0.935 0.710 0     14                       

     4    Hexamethyldisilazane                                                 

                          Vapor     0.965 0.950 0     16                       

     5    Trichlorosilane Vapor     *0.315                                     

                                          *0.315                               

                                                0     8-10                     

     6    Gamma-aminopropyltriethoxy-                                          

           silane         Vapor     *0.625                                     

                                          *0.445                               

                                                0     8-10                     

     7    Methyltriethoxysilane                                                

                          Vapor     *0.360                                     

                                          *0.360                               

                                                0     8-10                     

     8    Phenyltrichlorosilane                                                

                          Vapor     *0.365                                     

                                          *0.335                               

                                                0     8-10                     

     9    Phenyltriethoxysilane                                                

                          Vapor     *0.400                                     

                                          *0.370                               

                                                0     8-10                     

     10   Vinyltriethoxysilane                                                 

                          Vapor     *0.400                                     

                                          *0.365                               

                                                0     8-10                     

     11   Vinyltrichlorosilane                                                 

                          Vapor     *0.285                                     

                                          *0.285                               

                                                0     8-10                     

     12   Dimethyldichlorosilane                                               

                          Vapor     *0.385                                     

                                          *0.335                               

                                                0     8-10                     

     13   Trimethylchlorosilane                                                

                          Liquid Solution                                      

                                    0.775 0.800 0     16                       

     14   Diphenyldimethoxysilane                                              

                          Liquid Solution                                      

                                    0.955 0.633 0      4                       

     15   Dimethyldiethoxysilane                                               

                          Liquid Solution                                      

                                    0.965 0.950 0      4                       

     16   Hexamethyldisilazane                                                 

                          Liquid Solution                                      

                                    0.945 0.945 0     6-8                      

     17   Trimethylchlorosilane                                                

                          Vapor     0.740 0.690 0     18                       

     18   Diphenyldimethoxysilane                                              

                          Vapor     0.705 0.705 0      4                       

     19   Dimethyldiethoxysilane                                               

                          Vapor     0.750 0.730 0     14                       

     20   Hexamethyldisilazane                                                 

                          Vapor     0.710 0.690 0     20                       

     21   Trimethylchlorosilane                                                

                          Liquid Solution                                      

                                    0.695 0.685 0     18-20                    

     22   Diphenyldimethoxysilane                                              

                          Liquid Solution                                      

                                    0.735 0.455 0      4                       

     23   Dimethyldiethoxysilane                                               

                          Liquid Solution                                      

                                    0.675 0.645 0      4                       

     24   Hexamethyldisilazane                                                 

                          Liquid Solution                                      

                                    0.725 0.710 0     8                        

     __________________________________________________________________________

      *Indicates four (4) sample specimens were mounted in stacked relationship

      in gas permeation cell to determine N.sub.2 flow rate and that flow rate 

      measurement was made by liquid displacement method.                      

PAR  From the Table it will be noted that the nitrogen gas permeability or flow
      rate for the treated and untreated samples remain substantially the same,
      whereas, with regard to permeability of liquid water, a significant
      positive pressure gradient is required to cause liquid water to flow
      through the treated Examples as compared to the untreated samples which
      readily passed liquid water at 0 psig nitrogen pressure.
PAC  EXAMPLE 25
PAR  A sheet of porous material 0.020 inches thick nominal was formed following
      the procedures described above in connection with Examples 1 - 12. From
      the finished sheet several samples were punched out on an arbor press each
      having a diameter of 12.7cm. A sample specimen then was saturated for 10
      minutes at 20.degree.C with a water solution containing 5 per cent by
      weight of Quinlon C, a Werner-type complex in which fatty acids are
      coordinated with chromium and which is available in a 30 per cent
      isopropanol solution from E. I. du Pont de Nemours & Company, Inc.,
      Wilmington, Delaware 19898. After drying for 2 hours at 76.degree.C, the
      treated samples were tested for nitrogen gas permeability and resistence
      to the flow of liquid water in comparison to untreated samples in the same
      manner described above in connection with Examples 1 - 24. Using a
      nitrogen pressure differential of 2.2 psig, a nitrogen gas flow rate of
      13.6 liters/min. was measured through an untreated sample specimen. Under
      the same pressure conditions, the Quinlon C treated sample also passed
      therethrough 13.6 liters/min. of nitrogen gas. When the untreated sample
      was tested for flow with respect to liquid water, the untreated sample was
      naturally hydrophilic and water rapidly soaked into and through the
      material without any applied pressure. In sharp contrast, the treated
      sample required a pressure of 1.1 psig to force water therethrough.
PAC  EXAMPLE 26
PAR  Another sample obtained from the sheet of microporous material prepared in
      accordance with Example 25 was saturated for 10 minutes at 20.degree.C in
      Quinlon C, i.e., an isopropanol solution containing 30 per cent by weight
      of a Werner-type complex in which fatty acids are coordinated with
      chromium, and then dried for 4 hours at 76.degree.C. Using a nitrogen
      pressure of 0.22 psig across an untreated sample, 13.3 liters/min.
      nitrogen gas passed therethrough. Under the same pressure conditions, the
      treated sample had a measured flow rate with respect to nitrogen gas of
      4.6 liters/min. When the untreated sample was tested for flow with respect
      to liquid water, the untreated sample was naturally hydrophillic and
      liquid water rapidly soaked into and through the material without any
      applied pressure. On the other hand, the treated sample required a
      pressure of 8 psig to pass the liquid water therethrough.
PAC  EXAMPLE 27
PAR  Still another sample obtained from the microporous sheet of Example 25 was
      saturated at 20.degree.C with a water solution containing 3 per cent by
      weight of Quinlon C and dried for 2 hours at 76.degree.C. The treated and
      untreated samples readily passed nitrogen gas therethrough at
      substantially equal rates over a range of pressure differentials. When
      tested for flow with respect to liquid water, the untreated sample was
      naturally hydrophilic and liquid water rapidly soaked through the material
      without any applied pressure and passed therethrough. In contrast, liquid
      water placed on the treated sample formed beads on the surface thereof and
      did not wet nor soak into the treated material. It required a pressure of
      8 psig across the treated sample to pass the liquid water therethrough.
PAC  EXAMPLE 28
PAR  A sheet of porous material 0.030 inches thick nominal was formed following
      the procedures described above in connection with Examples 17 - 24. From
      the finished sheet of microporous material several samples were punched
      out on an arbor press each having a diameter of 12.7cm. A sample specimen
      was saturated for 10 minutes at 20.degree.C with a water solution
      containing 3 per cent by weight Quinlon C and dried for 2 hours at
      76.degree.C. The treated and untreated samples of the sheet readily passed
      nitrogen gas therethrough at substantially equal rates over a range of
      various pressure differentials. When tested for flow with respect to
      liquid water, the untreated sample was naturally hydrophilic and liquid
      water rapidly soaked into and through the material without applied
      pressure. In contrast, liquid water did not wet the treated sample and
      required a nitrogen gas pressure of 7 psig to force the water
      therethrough.
PAC  EXAMPLE 29
PAR  Another sample obtained from the sheet of microporous material prepared in
      accordance with Example 28 was saturated at 20.degree.C with Quinlon C,
      i.e., an isopropanol solution containing 30 per cent by weight of a
      Werner-type complex in which fatty acids are coordinated with chromium,
      and then dried 4 hours at 76.degree.C. Both the treated and untreated
      samples of the sheet readily passed nitrogen gas therethrough at
      substantially equal rates over a range of various nitrogen gas pressure
      differentials. When tested for flow with respect to liquid water, the
      untreated sample was naturally hydrophilic and liquid water rapidly soaked
      into and through the sample. In contrast, liquid water did not wet the
      treated sample but merely beaded up on the surface thereof without passing
      therethrough.
PAR  From the foregoing it will be appreciated that the present invention
      discloses novel methods of treating normally hydrophilic microporous
      materials whereby the latter are rendered hydrophobic. Accordingly, the
      present invention should be limited only by the true spirit and scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a gas permeable hydrophobic article from a
      normally hydrophobic microporous material characterized by a polymeric
      matrix and a filler dispersed throughout said matrix forming a plurality
      of micropores therein, said filler comprising a compound having an active
      polar group, said process comprising the step of reacting the filler
      compound dispersed throughout said polymeric matrix with a silane whereby
      the contact angle of a water-based liquid deposited on the surface of said
      article after said reaction is rendered too great to permit wetting of
      said article therewith.
NUM  2.
PAR  2. The process defined in claim 1 wherein the silane is an
      organo-substituted silane.
NUM  3.
PAR  3. The process defined in claim 1 wherein the silane is in liquid form
      during said reaction.
NUM  4.
PAR  4. The process of claim 1 wherein the silane is in vapor form during said
      reaction.
NUM  5.
PAR  5. The process of claim 1 wherein said silane is dissolved in a solvent
      during said reaction.
NUM  6.
PAR  6. The process defined in claim 1 wherein the polymeric matrix comprises a
      synthetic or natural thermosetting polymer or copolymer thereof.
NUM  7.
PAR  7. The process of claim 1 wherein the polymeric matrix comprises a
      thermoplastic polymeric resin or copolymer thereof.
NUM  8.
PAR  8. The process defined in claim 6 wherein said normally hydrophilic
      microporous material is formed by:
PA1  a. blending together suitable quantities of said thermosetting polymer or
      copolymer thereof, a filler compound having an active polar group and a
      curing agent to form a composition;
PA1  b. vulcanizing said composition in a pressurized steam ambient; and
PA1  c. dehydrating the resulting vulcanizate.
NUM  9.
PAR  9. The process defined in claim 8 wherein said thermosetting polymer or
      copolymer thereof is natural rubber, said filler compound is silicic acid
      and said curing agent is sulfur.
NUM  10.
PAR  10. The process defined in claim 7 wherein said normally hydrophilic
      microporous material is formed by:
PA1  a. blending together suitable quantities of said thermoplastic resin, a
      filler compound having an active polar group, solvent, and water to form a
      composition;
PA1  b. extruding or molding said composition at room temperature or above to
      form an extrudate;
PA1  c. passing said extrudate through an extraction medium to replace said
      solvent therein with said extraction medium; and
PA1  d. removing said extraction medium from said extrudate.
NUM  11.
PAR  11. The process defined in claim 10 wherein said thermoplastic resin is
      polyvinyl chloride, said filler is silicic acid and said extraction medium
      is water.
NUM  12.
PAR  12. The reaction product of claim 1.
NUM  13.
PAR  13. The reaction product of claim 2.
NUM  14.
PAR  14. A process for producing a gas permeable hydrophobic article from a
      normally hydrophilic microporous material characterized by a polymeric
      matrix and a filler dispersed throughout said matrix forming a plurality
      of micropores therein, said filler comprising a compound having an active
      polar group, said process comprising the step of reacting the filler
      compound dispersed throughout said polymeric matrix with a silazane
      whereby the contact angle of a water-based liquid deposited on the surface
      of said article after said reaction is rendered too great to permit the
      wetting of said article therewith.
NUM  15.
PAR  15. The process defined in claim 14 wherein the silazane is an
      organo-substituted silazane.
NUM  16.
PAR  16. The process defined in claim 14 wherein the silazane is in liquid form
      during said reaction.
NUM  17.
PAR  17. The process of claim 14 wherein the silazane is in vapor form during
      said reaction.
NUM  18.
PAR  18. The process of claim 14 wherein said silazane is dissolved in a solvent
      during said reaction.
NUM  19.
PAR  19. The process defined in claim 14 wherein the polymeric matrix comprises
      a synthetic or natural thermosetting polymer or copolymer thereof.
NUM  20.
PAR  20. The process of claim 14 wherein the polymeric matrix comprises a
      thermoplastic polymeric resin or copolymer thereof.
NUM  21.
PAR  21. The process defined in claim 19 wherein said normally hydrophilic
      microporous material is formed by:
PA1  a. blending together suitable quantities of said thermosetting polymer or
      copolymer thereof, a filler compound having an active polar group and a
      curing agent to form a composition;
PA1  b. vulcanizing said composition in a pressurized steam ambient; and
PA1  c. dehydrating the resulting vulcanizate.
NUM  22.
PAR  22. The process defined in claim 21 wherein said thermosetting polymer or
      copolymer thereof is natural rubber, said filler compound is a silicic
      acid and said curing agent is sulfur.
NUM  23.
PAR  23. The process defined in claim 20 wherein said normally hydrophilic
      microporous material is formed by:
PA1  a. blending together suitable quantities of said thermoplastic resin, a
      filler compound having an active polar group, solvent, and water to form a
      composition;
PA1  b. extruding or molding said composition at room temperature or above to
      form an extrudate;
PA1  c. passing said extrudate through an extraction medium to replace said
      solvent therein with said extraction medium; and
PA1  d. removing said extraction medium from said extrudate.
NUM  24.
PAR  24. The process defined in claim 23 wherein said thermoplastic resin is
      polyvinyl chloride, said filler is silicic acid and said extraction medium
      is water.
NUM  25.
PAR  25. The reaction product of claim 14.
NUM  26.
PAR  26. The reaction product of claim 15.
NUM  27.
PAR  27. A process for producing a gas permeable hydrophobic article from a
      normally hydrophilic microporous material characterized by a polymeric
      matrix and a filler dispersed throughout said matrix forming a plurality
      of micropores therein, said filler comprising a compound having an active
      polar group, said process comprising the step of reacting the filler
      compound dispersed throughout said polymeric matrix with a Werner-type
      complex of fatty acids coordinated with a metal whereby the contact angle
      of a water-based liquid deposited on the surface of said article after
      said reaction is rendered too great to permit wetting of said article
      therewith.
NUM  28.
PAR  28. The process of claim 27 wherein said coordinating metal is chromium.
NUM  29.
PAR  29. The process of claim 27 wherein said Werner-type complex is dissolved
      in a solvent during said reaction.
NUM  30.
PAR  30. The process of claim 29 wherein said solvent is isopropanol and the
      concentration of said Werner-type complex therein is about 30 per cent by
      weight.
NUM  31.
PAR  31. The process of claim 27 wherein said Werner-type complex is dissolved
      in a solvent and water solution during said reaction.
NUM  32.
PAR  32. The process defined in claim 27 wherein the polymeric matrix comprises
      a synthetic or natural thermosetting polymer or copolymer thereof.
NUM  33.
PAR  33. The process defined in claim 32 wherein said normally hydrophilic
      microporous material is formed by:
PA1  a. blending together suitable quantities of said thermosetting polymer or
      copolymer thereof, a filler compound having an active polar group, and a
      curing agent to form a composition;
PA1  b. vulcanizing said composition in a pressurized steam ambient; and
PA1  c. dehydrating the resulting vulcanizate.
NUM  34.
PAR  34. The process defined in claim 33 wherein said thermosetting polymer or
      copolymer thereof is natural rubber, said filler compound is a silicic
      acid, and said curing agent is sulfur.
NUM  35.
PAR  35. The process of claim 27 wherein the polymeric matrix comprises a
      thermoplastic polymeric resin or copolymer thereof.
NUM  36.
PAR  36. The process defined in claim 35 wherein said normally hydrophilic
      microporous material is formed by:
PA1  a. blending together suitable quantities of said thermoplastic resin, a
      filler compound having an active polar group, solvent, and water to form a
      composition;
PA1  b. extruding or molding said composition at room temperature or above to
      form an extrudate;
PA1  c. passing said extrudate through an extraction medium to replace said
      solvent therein with said extraction medium; and
PA1  d. removing said extraction medium from said extrudate.
NUM  37.
PAR  37. The process defined in claim 36 wherein said thermoplastic resin is
      polyvinyl chloride, said filler is silicic acid and said extraction medium
      is water.
NUM  38.
PAR  38. The reaction product of claim 27.
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ABST
PAL  Blends comprising biodegradable thermoplastic oxyalkanoyl polymer, e.g.,
      epsilon-caprolactone polymer, and naturally occurring biodegradable
      product, e.g., tree bark. These novel blends are useful in the production
      of shaped articles such as mulch film, transplanter containers, package
      containers, and the like.
PARN
PAR  This is a division of application Ser. No. 275,974 filed July 28, 1972, now
      U.S. Pat. No. 3,850,863.
BSUM
PAR  This invention relates to novel blends comprising biodegradable
      thermoplastic oxyalkanoyl polymer such as epsilon-caprolactone homopolymer
      and naturally occurring biodegradable product such as tree bark, and to
      the novel shaped articles fabricated therefrom as exemplified by mulch
      films, transplanter containers, disposable containers, shipping crates and
      boxes, and the like.
PAR  Agricultural mulches are used to cover the soil about crops or other
      plantings in order to prevent or retard weed growth and to increase soil
      water retention and temperature. For many years, various naturally
      occurring materials have been used for this purpose such as peat moss,
      wood chips, chopped bark, sawdust, etc. However, repeated rainfalls tend
      to wash away such natural mulches leaving void and barren areas in the
      field. More recently, polyethylene film, both in its transparent state and
      its opaque state, has been found to be a useful mulch. When its presence
      on the ground is no longer desired, the film is physically removed from
      the fields. The necessity of such removal increases costs and complicates
      post harvest field preparation. Currently, the film is collected and
      burned. Obviously, it would be more desirable if the use of synthetic
      mulches more closely conformed to the practice with natural mulches. These
      natural mulches are not removed from the ground, but rather are turned
      back into the soil upon plowing at the start of the next growing season.
      Such factors undoubtedly led to the recent development of photodegradable
      or light degradable polyethylene film mulches. Various additives and
      ultraviolet light absorbers are compounded into the polyethylene thereby
      rendering this polymer photodegradable. The cost disadvantages incurred by
      adding and compounding such ingredients in polyethylene are obvious.
PAR  In the seed and nursery industries, it is the practice of the
      horticulturist to plant seeds or seedlings in soil or conditioned material
      which is contained in relatively small containers, such as metal cans or
      clay pots, so that initial growth may be carefully controlled under
      greenhouse or other desirable conditions. During such growth, the root
      system of the plant develops and becomes established within the soil or
      other material in the container. The use of metal, clay or other similar
      types of containers is generally satisfactory during the initial growth
      period. A major drawback of such containers is that the plant must be
      entirely removed from the container when it is to be transplanted to the
      field or to a larger container. Since the root system has developed within
      the soil or material in which growth was started, the roots are firmly
      embedded and intertwined with such soil and removal from the container of
      the plant and the soil in which the roots are established disturbs the
      root system and results in damage thereto. It would be advantageous,
      therefore, if such containers were fabricated from materials comprising
      biodegradable substances in which the container possessed the capability
      of maintaining its shape during the initial growth period of a plant and,
      after transplanting the container and its contents to the field, it
      possessed the capability of biodegrading and disintegrating.
PAR  In the regeneration of forests it is the practice of the silviculturist to
      employ, for the most part, bare-root planting methods. Though it is
      estimated that well over one billion bare-root tree seedlings are planted
      annually in North America, the bare-root planting method is fraught with
      disadvantages. A formidable obstacle to the silviculturist is the rapidity
      of physical deterioration of the bare-root stock. Reforestation is also
      beset with labor problems, antiquated tools, and dated concepts of
      planting. The silviculturist has very recently turned to experimenting
      with container planting methods. In this regard, new shapes and types of
      containers and accessory equipment for growing and planting seedlings have
      been devised. One method involves the mechanical metering of containerized
      seedlings into the terrain. The equipment utilized is a "planting gun" in
      which the container, in the shape of a "bullet," is placed into the
      planting gun, passed through the gun muzzle, and then mechanically
      inserted into the ground. The bullet can be fabricated from material such
      as polystyrene and is quite rigid in construction. To permit root egress
      of the seedling from such bullet to the surrounding soil after planting,
      the walls of the bullet can be weakened by strategically located grooves,
      splits, and/or holes. Unfortunately, there are drawbacks to the
      transplanter container method briefly described above. The plastic
      container or bullet is not biodegradable, that is, it is not consumed or
      substantially consumed by the action of microorganisms such as fungi and
      bacteria. Not only does this non-biodegradability factor represent an
      ecological problem but also interference of the root system by the
      container wall results in damage and stunted growth of the seedling.
PAR  The literal inundation of our lands in recent years with plastic and
      plastic-like packaging material and shipping containers in the form of
      discarded films, boxes, crates, wrappings, etc., has received wide
      attention during the last decade. One approach towards a partial solution
      to this litter and disposal problem has been the incorporation of various
      additives into plastics to make them photodegradable. This approach,
      though of limited applicability, has merit and will probably gain, in the
      coming years, support from citizen-minded and nature-loving groups. Other
      approaches and alternatives, obviously, are being investigated.
PAR  Accordingly, it is an object of this invention to provide novel
      biodegradable blends comprising biodegradable thermoplastic oxyalkanoyl
      polymer and naturally occurring biodegradable product. It is also an
      object of the invention to provide novel blends from materials comprising
      biodegradable substances, said blends having the capability of being
      fabricated into articles of commerce, e.g., boxes, crates, packing
      material, and the like. Another object of the invention is to provide
      novel shaped biodegradable articles in the form of film, disposable
      containers, transplanter containers, shipping containers, storage
      containers, packaging material, toys, and the like. A further object is to
      provide an improved transplanter container fabricated from materials
      comprising biodegradable substances, said container having the capability
      of maintaining its shape during the initial growth period of a plant
      whereby the entire container and its contents can be transplanted, by hand
      or mechanical means, to the field or to a larger container without
      disturbing or damaging the root system. A still further object is to
      provide a novel biodegradable transplanter container which has sufficient
      strength to contain the soil in which the seed or seedling is planted,
      which has the capability of disintegrating when planted in the field, and
      which upon disintegration possesses the quality of acting as a soil
      conditioner whereby plant growth is encouraged and improved. A particular
      object is to provide an improved transplanter container constructed of
      materials which have the property of holding its shape in a moist and/or
      humid environment. A yet further object of the invention is to provide a
      novel agricultural mulch from material comprising biodegradable
      thermoplastic oxyalkanoyl polymer. Another object of the invention is to
      provide improved methods utilizing biodegradable mulches and transplanter
      containers. At least one of the aforesaid objects and other objects will
      become apparent to those skilled in the art in the light of the
      specification.
PAR  A broad aspect of the invention is directed to novel blends or mixtures
      comprising biodegradable thermoplastic oxyalkanoyl polymer and naturally
      occurring biodegradable products. The naturally occurring biodegradable
      products which are suitable in the practice of the invention are derived
      from or are a part of plant or animal species, such products not being
      chemically modified by man. Cellulosic esters and cellulosic ethers are
      thus not included within this definition. Strictly speaking, biodegradable
      materials are those which, because of their chemical structure are
      susceptible to being assimilated by microorganisms such as molds, fungi,
      and bacteria, when buried in the ground or otherwise contacted with the
      organisms under conditions conducive to their growth. The term
      "biodegradable" is often used indiscriminately to refer to various types
      of environmental degradation, including photodegradation. Though a
      polymeric material may be degraded by sunlight and oxygen this does not
      necessarily mean that such material will also be assimilated by
      microorganisms. The term "biodegradable," as used herein, is reserved for
      that type of degradability which is brought about by living organisms,
      usually microorganisms.
PAR  The naturally occurring biodegradable products which are suitable in the
      practice of the invention include, by way of illustrations, sugar cane
      residue, sugar beet residue, peat moss, saw dust, hemp, sisal, linen, corn
      starch, cotton, rice hulls, wheat bran, soybean meal, potato starch, corn
      syrup, rice flour, gelatin, barley flour, rye flour, granulated sugar,
      wheat flour, wood chips, brewers yeast, vegetable gum, egg albumin,
      carboard, disintegrated or shredded tree bark especially Douglas Fir bark
      and Pine bark, cotton seed hulls, manure, disintegrated paper stock,
      shredded wood, hulled and coarsely ground as well as finely ground grain,
      and the like.
PAR  The thermoplastic oxyalkanoyl polymers which are contemplated as
      biodegradable material in the fabrication of the container possess a
      reduced viscosity value of at least about 0.1 and upwards to about 12, and
      higher. In various desirable embodiments thermoplastic oxyalkanoyl
      polymers which have a wide span of usefulness are those which possess a
      reduced viscosity value in the range of from about 0.2 to about 8. In the
      fabrication of transplanter containers having high utility in, for
      example, silvicultural and agricultural applications, the preferred
      thermoplastic oxyalkanoyl polymers possess a reduced viscosity value in
      the range of from about 0.25 to about 3. These polymers are further
      characterized in that they contain at least about 10 weight percent,
      desirably greater than about 20 weight percent of the oxyalkanoyl unit,
      ##EQU1##
      recurring therein, wherein x is an integer having a value of 2,3, and 5-7,
      and preferably 5. In the practice of highly suitable embodiments of the
      invention, the thermoplastic oxyalkanoyl polymers contain at least about
      50 weight percent, and preferably at least about 80 weight percent, and
      upwards to about 100 weight percent of the oxycaproyl unit, i.e.,
      ##EQU2##
      recurring therein.
PAR  The aforesaid recurring unit in interconnected through the oxy group
      (--O--) of one unit with a carbonyl group
      ##EQU3##
      of a second unit. In other words, the interconnection of such units does
      not involve the direct bonding of two carbonyl groups,
      ##EQU4##
      When the thermoplastic oxyalkanoyl polymer is a homopolymer or essentially
      a homopolymer, the polymer chain thereof consists essentially of
      interconnected recurring oxyalkanoyl units. In addition to the recurring
      oxyalkanoyl unit, the thermoplastic oxyalkanoyl polymer may comprise other
      moieties or groups therein especially those which intersperse or terminate
      the polymer chain thereof as illustrated by the oxyalkylene group,
      ##EQU5##
      the
      ##EQU6##
      the --O--(R.sub.2 O).sub.y group; the
      ##EQU7##
      the
      ##EQU8##
      the urethane group,
      ##EQU9##
      the
      ##EQU10##
      the
      ##EQU11##
      the biuret group,
      ##EQU12##
      the
      ##EQU13##
      the divalent mono- and polyaromatic rings including fused and bridged
      rings; lower alkyl substituted oxyalkanoyl groups; catalyst residue; the
      carbonate groups,
      ##EQU14##
      and others. With reference to the aforesaid groups or moieties, the
      variables R, R.sub.1, R.sub.2, R.sub.3, and y can be illustrated as
      follows: R represents hydrogen or lower alkyl; R.sub.1 represents a
      divalent hydrocarbon group; R.sub.2 represents a divalent aliphatic
      hydrocarbon group or a divalent aliphatic oxa-hydrocarbon group; R.sub.3
      represents a divalent aliphatic hydrocarbon group; and y represents an
      integer which has a value of at least one.
PAR  The term "lower alkyl," as used herein, represents a monovalent aliphatic
      hydrocarbon group having 1 to 4 carbon atoms, e.g., methyl, ethyl, propyl,
      isopropyl, n-butyl, etc. The term "divalent hydrocarbon group," as used
      herein, includes radicals such as C.sub.1 -C.sub.12 alkylene, C.sub.2
      -C.sub.12 alkylidene, and C.sub.6 -C.sub.12 arylene, e.g., methylene,
      propylene, butylene, hexamethylene, heptamethylene, cyclohexylene,
      phenylene, naphthylene, propylidene, butylidene, etc. The term "divalent
      aliphatic hydrocarbon group," as used herein, includes C.sub.2 -C.sub.12
      alkylene and C.sub.2 -C.sub.12 alkylidene. The term "divalent aliphatic
      oxa-hydrocarbon group," as used herein, can be represented by the
      empirical formula, --C.sub.2 --C.sub.12 alkylene(oxyC.sub.2 -C.sub.12
      alkylene ).sub.y. The variable x, as used herein, represents an integer
      having a value of at least one.
PAR  As previously noted, the thermoplastic oxyalkanoyl polymers which are
      suitable in the practice of the invention are expressed in terms of their
      reduced viscosity values. As is well known in the art, reduced viscosity
      value is a measure or indication of the molecular weight of polymers. The
      expression "reduced viscosity" is a value obtained by dividing the
      specific viscosity by the concentration of polymer in the solution, the
      concentration being measured in grams of polymer per 100 milliliters of
      solvent. The specific viscosity is obtained by dividing the difference
      between the viscosity of the solution and the viscosity of the solvent by
      the viscosity of the solvent. Unless otherwise noted, the reduced
      viscosity values herein referred to are measured at a concentration of 0.2
      gram of polymer in 100 milliliters of benzene (benzene is preferred
      although cyclohexanone, chloroform, toluene or other common organic
      solvent for the polymer may be used) at 30.degree.C.
PAR  The thermoplastic oxyalkanoyl polymers can be prepared by various methods.
      A general procedure involves reacting a large molar excess of the
      appropriate lactone, e.g., epsilon-caprolactone, zeta-enantholactone,
      and/or eta-caprylolactone with an organic initiator which contains two
      active hydrogen groups, e.g., hydroxyl, carboxyl, primary amino, secondary
      amino, and mixtures thereof, such groups being capable of opening the
      lactone ring whereby it adds as a linear chain (of recurring oxyalkanoyl
      units) to the site of the active hydrogen-containing group, at an elevated
      temperature, preferably in the presence of a catalyst, and for a period of
      time sufficient to produce the desired polymers. By carefully controlling
      the purity and molar ratio of lactone reactant to organic initiator, there
      can be produced "initiated" poly(oxyalkanoyl) polymers whose number
      average molecular weight can range from several hundred to above 100,000.
      Organic initiators which can be employed include, primary diamines,
      secondary diamines, mixed primary-secondary diamines, aminoalcohols,
      diols, dicarboxylic acids, hydroxycarboxylic acids, aminocarboxylic acids,
      etc. Such organic initiators are voluminously illustrated in the
      literature, e.g., U.S. Pat. Nos. 3,169,945 and 3,427,346. Catalysts which
      can be employed include, for instance, stannous octanoate,
      tetrabutyltitanate, dibutyltin dilaurate, and the like. A temperature in
      the range of from about 150.degree.C to about 250.degree.C for periods
      ranging upwards to about 24 hours, and longer, are suitable.
PAR  Thermoplastic oxycaproyl polymers can also be prepared by reacting the
      cyclic ester, e.g., epsilon-caprolactone, and/or the corresponding
      hydroxyacid, e.g., 6-hydroxycaproic acid, and/or their oligomers, with a
      mixture comprising diol and dicarboxylic acid, using a molar excess of
      diol with relation to the dicarboxylic acid, or alternatively, using a
      molar excess of dicarboxylic acid with relation to the diol. It is highly
      desirable that free diol or free dicarboxylic acid not be present at the
      termination of the polyesterification. The water of esterification which
      results during the reaction can be removed via conventional techniques.
      The diols and dicarboxylic acids which are particularly suitable include
      those illustrated by the formulae HO--R.sub.2 O).sub.y H and HOOCR.sub.1
      COOH such as ethylene glycol, propylene glycol, diethylene glycol,
      dipropylene glycol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol,
      1,10-decanediol, 1,4-cyclohexanediol, succinic acid, glutaric acid, adipic
      acid, pimelic acid, suberic acid, azelaic acid, sebacic acid, phthalate
      acid, and the like.
PAR  In the absence of added organic initiator, the thermoplastic oxyalkanoyl
      polymers can be prepared by polymerizing a lactone reactant, e.g.,
      betapropiolactone, delta-valerolactone, epsilon-caprolactone, etc., in the
      presence of anionic catalysts such as di-n-butylzinc, tri-n-butylaluminum,
      diethylmagnesium, aluminum triisopropoxide n-butyllithium,
      dimethylcadmium, and the like. The reaction is desirably conducted at an
      elevated temperature, e.g., 100.degree.C to 250.degree.C, for periods of
      time ranging from minutes to several hours, e.g., from about 10 minutes to
      about 24 hours. The reaction mixture can comprise, in addition to the
      lactone reactant, minor quantities of other polymerizable cyclic monomers
      such as tetramethylene carbonate, methyl-epsilon-caprolactone,
      keto-dioxane, etc. The number average molecular weight of the resulting
      polymeric products which are produced by this exemplified "non-initiated"
      method are, in general, quite high. For example, products which have
      number average molecular weights ranging from about 10,000 to several
      hundred thousands can be prepared. The patent literature, e.g., U.S. Pat.
      Nos. 3,021,309 to 3,021,317, discusses in detail the preparation of these
      polymers.
PAR  Thermoplastic oxyalkanoyl polymers can also be prepared by polymerizing an
      admixture of C.sub.7 -C.sub.9 lactone, a vicinal epoxy compound, e.g.,
      ethylene oxide, propylene oxide, butylene oxide, cyclohexene oxide, etc.,
      and an interfacial agent such as a solid, relatively high molecular weight
      poly(vinyl stearate) or lauryl methacrylate/vinyl chloride copolymer
      (reduced viscosity in cyclohexanone of from about 0.3 to about 1.0), in
      the presence of an inert normally liquid saturated aliphatic hydrocarbon
      vehicle such as heptane, using phosphorus pentafluoride as the catalyst
      therefor, and in the absence of an active hydrogen-containing organic
      initiator, at an elevated temperature, e.g., about 80.degree.C, and for a
      period of time sufficient to produce such polymers.
PAR  Thermoplastic oxyalkanoyl polymers can also be prepared by reacting a molar
      excess of a lactone with a polyoxyalkylene diol which has a molecular
      weight ranging from about 400 to about 20,000 under conditions discussed
      supra with reference to the "initiated" poly(oxyalkanoyl) polymers.
      Illustrative of the polyoxyalkylene diols which are contemplated include
      the poly(oxyethylene) diols, the poly(oxypropylene) diols, and the
      poly(oxyethyleneoxypropylene) diols. The resulting polymers can be
      considered, in effect, to be ABA block polymers in which the A portions
      represent a polyoxyalkanoyl segment or block and in which the B portion
      represents a polyoxyalkylene segment or block. The number average
      molecular weight of these ABA block polymers can range upwards to 50,000
      and higher, depending on the molecular weight of the polyoxyalkylene diol
      reactant and the molar ratio of the lactone reactant to polyoxyalkylene
      diol reactant employed and consumed in the process. By using mono
      end-blocked polyalkylene diols such as the monoalkyl ether of
      polyoxyalkylene diol, the above discussed preparation results in polymers
      having an AB block configuration.
PAR  Oxyalkanoyl polymers which can be considered to be "graft" polymers can be
      prepared by the addition of C.sub.6 -C.sub.9 lactone at the active
      hydrogen sites, e.g., hydroxyl or amino, which are pendant along the
      polymeric chain of so-called vinyl polymers. Such vinyl polymers may, for
      example, be obtained by the copolymerization of ethylene and vinyl acetate
      followed by subsequent saponification of the acetate groups to yield
      polymers which are characterized by a plurality of pendant hydroxyl groups
      along the polymeric chain thereof. A wide hose of ethylenically
      unsaturated monomers can be employed to prepare the vinyl polymers and
      include, for example, 2-hydroxyethyl acrylate, 2-hydroxy methacrylate,
      styrene, acrylonitrile, propylene, vinyl chloride, and the like. The
      choice of the ethylenically unsaturated monomers are such that the
      resulting polymer contains a plurality of pendant hydroxyl groups, or
      groups which can be converted to hydroxyl groups. The addition of the
      C.sub.6 -C.sub.9 lactone at the active hydrogen site will produce "graft"
      polymers of number average molecular weights upwards to approximately
      100,000 and higher.
PAR  The oxyalkanoyl polymers which have number average molecular weights of,
      for example, less than 25,000 are characterized by functional end groups.
      For instance, hydroxyl-terminated polymers can be prepared from a diol
      initiator and epsilon-caprolactone using molar ratios of lactone to
      initiator upwards to about 100:1. If desired, these hydroxyl-terminated
      polymers may be reacted with a diisocyanate, e.g., 2,4- and/or
      2,6-tolylene diisocyanate, bis(4-isocyanatophenyl)methane,
      bis(4-isocyanatocyclohexyl)-methane, etc., to extend the polymeric chain,
      or such hydroxyl-terminated polymers as well as their polyurethane
      extension products can be reacted with so-called "chain stoppers" such as
      a monocarboxylic acid or anhydride. As indicated previously, the
      thermoplastic oxyalkanoyl polymers which are suitable in the practice of
      the invention have, as its lower limit, a reduced viscosity value of at
      least about 0.1.
PAR  Though biodegradability of the thermoplastic oxyalkanoyl polymer is
      oftentimes manifest when at least about 10 weight percent of its weight is
      attributable to oxyalkanoyl units, especially oxycaproyl units, it is
      desirable that the novel blends, and articles therefrom, comprise
      thermoplastic oxyalkanoyl polymer in which at least about 20 weight
      percent of the weight of such polymer is in the form of oxyalkanoyl units,
      especially oxycaproyl units. In specific aspects of the invention it is
      preferred that such polymer contain at least about 50 weight percent, and
      preferably still at least about 80 weight percent, and upwards to about
      100 weight percent of oxycaproyl units therein.
PAR  The proportions of the thermoplastic oxyalkanoyl polymer and the naturally
      occurring biodegradable product in the novel blends can vary over a wide
      range. The optimum composition of the blend will depend, to a significant
      extent, upon a consideration of factors such as the end-use contemplated;
      the characteristics or properties desired in the article of manufacture
      made from the blend, e.g., mechanical strength properties, rate and degree
      of biodegradability, etc.; the thermoplastic oxyalkanoyl polymer of
      choice; the naturally occurring biodegradable product of choice; the
      concentrations of the thermoplastic oxyalkanoyl polymer and the naturally
      occurring biodegradable product; the presence and kind of other
      ingredients, e.g., plastic additives, filler, plasticizers, dyes, etc.;
      and the like.
PAR  Broadly, the novel blends of the invention comprise from about 3 to about
      97 weight percent of thermoplastic oxyalkanoyl polymer and from about 97
      to about 3 weight percent of naturally occurring biodegradable product,
      based on the total weight of the blend. In various desirable embodiments
      which take into consideration various factors as illustrated above, the
      novel blends comprise from about 10 to 90  weight percent, preferably from
      about 20 to about 80 weight percent, of thermoplastic oxyalkanoyl polymer;
      and from about 10 to about 90 weight percent, preferably from about 20 to
      about 80 weight percent, of naturally occurring biodegradable product;
      based on the total weight of the blend.
PAR  If desired, additional materials can be incorporated into the novel blend
      such as fibrous and non-fibrous fillers, plastic additives, plasticizers,
      dyes, etc. Illustrative of the foregoing materials include kaolin,
      bentonite, polyethylene, the butadiene/styrene rubber gum stocks, the
      nitrile rubber gum stocks, the aminoplasts, the polyurethanes, the
      wax-like and solid water-soluble ethylene oxide homopolymers and
      copolymers, iron oxide, clay, polystyrene, coal dust, urea, talc, glass
      wool, carbon black, lamp black, silica, titanium dioxide, asbestos,
      vermiculite, metallic powders, mica, calcium sulfate, the polylactams, the
      polyureas, the dialkyl esters of phthalic acid, and the like. The
      aforesaid illustrated materials which may be incorporated into the novel
      blends can vary over a rather wide range, for example, from 0 to about 75
      weight percent, preferably from 0 to about 60 weight percent, based on the
      total weight of said blend.
PAR  Suitable equipment for fluxing the novel blend comprising thermoplastic
      oxyalkanoyl polymer and naturally occurring biodegradable product include
      Banbury mixers, screw extruders, two-roll or multi-roll mills, ribbon or
      paddle blenders, calenders, and the like. The time of blending or fluxing
      is not narrowly critical. The blending time should be sufficient to obtain
      a substantially uniform mixture.
PAR  In various aspects of the invention the novel blends are useful in the
      preparation of novel biodegradable articles of manufacture such as mulch
      film, disposable containers, shipping containers, storage containers,
      packaging material, transplanter containers, and the like. Well-known
      techniques in the art can be used to fabricate these novel articles and
      they include, for instance, compression molding, injection molding,
      transfer molding, extrusion, vacuum forming, blow molding, calendering,
      rotational molding, and the like.
PAR  Novel articles of manufacture which have "tailor-made" or "built-in"
      properties or characteristics can be fabricated from the novel blends. A
      reason for this is that thermoplastic oxyalkanoyl polymer as exemplified
      by high molecular weight epsilon-caprolactone homopolymer, unlike other
      plastics such as the polyethylenes and the polystyrenes, has the
      capability of readily accepting high loadings of the naturally occurring
      biodegradable product while maintaining or evidencing an increase in the
      stiffness or modulus of shaped articles fabricated from such "filled"
      polymers. Quite obviously, too, the cost of such articles are reduced by
      increased use of the relatively inexpensive naturally occurring
      biodegradable product.
PAR  Depending upon the intended end-use, novel blends can be formulated to
      further incorporate additional features and advantages thereto. By way of
      illustrations, novel articles of manufacture having utility in
      horticultural, silvicultural, and agricultural applications, e.g., mulch
      film and transplanter containers, can be fabricated from novel blends
      comprising biodegradable thermoplastic oxyalkanoyl polymer, naturally
      occurring biodegradable product, and water-soluble polymers, e.g.,
      wax-like and solid water-soluble ethylene oxide homopolymers and
      copolymers. Such novel articles have the ability to undergo relatively
      slow dissolution or leaching in an aqueous or humid surrounding to thus
      provide a more favorable environment for growth of fungi. Additional
      ingredients which can be included in the novel blends of the invention
      include plant nutrients, fertilizer, insecticides, pesticides, herbicides,
      and the like.
PAR  In the practice of various embodiments of the invention it is desirable
      that the novel articles of manufacture possess properties and
      characteristics which are suitable for the application contemplated. For
      instance, if the novel articles are to be used in mechanical
      transplantation methods or as shipping containers, e.g., boxes, crates,
      etc., it is highly desirable that such articles have sufficient strength
      properties to withstand breakdown or failure during use. By way of
      illustration, one can use, if desired, containers which are characterized
      by a modulus range of from about 10,000 psi, and lower, to about 1,000,000
      psi (as determined by ASTM Method D-638). On the other hand, containers
      characterized by a much lower modulus can be tolerated in hand planting
      techniques, e.g., at least about 300 psi. It is to be understood that the
      aforementioned values are merely illustrative and that higher and lower
      values are contemplated as being within the scope of the invention.
PAR  By the terms "biodegradable" and "biodegradability," as used herein, are
      meant that the novel blends and articles therefrom are capable of being
      consumed by microorganisms as, for example, bacteria or fungi, in an
      invironment suitable to the growth of microorganisms such that there
      results a weight loss of at least approximately 20 weight percent in the
      biodegradable thermoplastic oxyalkanoyl polymer component within a period
      of about 4 years, and generally within about 2 years. The degree and rate
      of biodegradability depend, to an extent, on the weight percent
      oxyalkanoyl content, especially oxycaproyl content, in the thermoplastic
      oxyalkanoyl polymer used in the blend or article, and the presence or
      absence of biodegradable additives, fillers, plasticizers, etc. By way of
      illustration, containers fabricated from thermoplastic
      epsilon-caprolactone homopolymer (I.sub.r of about 0.7) and Douglas Fir
      bark and subjected to soil burial tests, evidence weight losses up to and
      exceeding 40 weight percent within one year due to container
      disintegration and container consumption by microorganisms.
PAR  In the illustrative Examples hereinafter disclosed, numerical references in
      the copolymer or blends designate parts by weight. For example, 67
      ethylene/33 vinyl acetate refers to a copolymer containing 67 parts by
      weight of vinyl acetate chemically combined therein.
DETD
PAC  EXAMPLES 1-24
PAR  In Examples 1-24 infra, samples of commercially available high molecular
      weight polymers were pressed or molded into plaques from which test
      specimens were cut. These specimens were tested for degradation by fungi
      using ASTM - D-1924-63.sup.(1). This procedure requires the placement of
      test specimens in or on a solid agar growth medium that is deficient only
      in carbon. The medium and specimens are inoculated with the test
      microorganisms and incubated for three weeks. Any growth which may occur
      is dependent on the utilization of a component of the specimen as a carbon
      source by the test organism. The test fungi consisted of a mixture of
      Aspergillus niger, Aspergillus flavus, Chaetomium globosum, and
      Penicillium funiculosum. Since possible complication that growth may occur
      as a result of the presence of additives in the polymeric specimen, it was
      necessary that the polymeric specimen test be free from stabilizers,
      plasticizers, lubricants, and other extraneous organic substances, or that
      the presence of such additives be recognized. If a pure polymeric specimen
      showed heavy growth and concurrent
FNT  .sup.(1) ASTM-D-1924: Recommended practice for determining resistance of
      synthetic polymeric materials to fungi. Ann. Book of ASTM Standards, 1970,
      Part 24, page 593.  loss of weight and mechanical properties this was
      considered good evidence of its biodegradability.
PAR  After various exposure times up to three weeks, and longer, the samples
      were examined and assigned growth ratings as shown below:
PAR  Growth Ratings:
PA1  0 = No Growth
PA1  1 = Traces (Less than 10 percent Covered)
PA1  2 = Light Growth (10 to 30 percent Covered)
PA1  3 = Medium Growth (30 to 60 percent Covered)
PA1  4 = Heavy Growth (60 to 100 percent Covered)
PAR  The pertinent data are set out in Table I below.
TBL                TABLE I                                                     

     ______________________________________                                    

     Sample   Commercial             Growth                                    

     No.     Thermoplastic           Rating                                    

     ______________________________________                                    

     1      Acrylonitrile/Butadiene/Styrene                                    

             Terpolymer (ABS).sup.(a)                                          

                                     0                                         

     2      Blend of ABS and Poly(Bisphenol A                                  

             Carbonate).sup.(b)      0                                         

     3      Butadiene/Acrylonitrile Rubber.sup.(c)                             

                                     0                                         

     4      72/Styrene/28 Acrylonitrile Copolymer                              

                                     0                                         

     5      Poly(Methyl Methacrylate).sup.(d)                                  

                                     0                                         

     6      Poly(Ethylene Terephthalate).sup.(e)                               

                                     0                                         

     7      Poly(Cyclohexanedimethanol Tere-                                   

             phthalate).sup.(f)      0                                         

     8      Poly(Bisphenol A Carbonate).sup.(g)                                

                                     0                                         

     9      Poly(4-Methyl-1-Pentene) 0                                         

     10     Polyisobutylene.sup.(h)  0                                         

     11     Chlorosulfonated Polyethylene.sup.(i)                              

                                     0                                         

     12     Cellulose Acetate.sup.(j)                                          

                                     0                                         

     13     Cellulose Butyrate.sup.(k)                                         

                                     0                                         

     14     Nylon-6; Nylon-6/6;Nylon-12                                        

                                     0                                         

     15     Poly(Vinyl Butyral)      0                                         

     16     Polyformaldehyde.sup.(l) 0                                         

     17     Poly(Vinyl Ethyl Ether); I.sub.r =4                                

                                     0                                         

     18     Poly(Vinyl Acetate); I.sub.r =0.8                                  

                                     1                                         

     19     Poly(Vinyl Acetate), 50% Hydrolyzed                                

             to Poly(Vinyl Alcohol)  1                                         

     20     High Density Polyethylene,                                         

             31,600 M.W.             0                                         

     21     High Density Polyethylene,                                         

             52,500 M.W.             0                                         

     22     High Density Polyethylene,                                         

             97,300 M.W.             1                                         

     23     Low Density Polyethylene,                                          

             21,000 M.W.             1                                         

     24     Low Density Polyethylene,                                          

             28,000 M.W.             0                                         

     ______________________________________                                    

      .sup.(a) Kralastic K2938 by Uniroyal, Inc.                               

      .sup.(b) Cycoloy by Borg Warner Corp.                                    

      .sup. (c) Hycar 1002 by B.F. Goodrich Co.                                

      .sup.(d) Lucite by E. I. duPont de Nemours & Co.?                        

      .sup.(e) Arnite by Polychem AKU-GE, Holland                              

      .sup.(f) Kodel by Eastman Kodak Co.                                      

      .sup.(g) Lexan 101 by General Electric Co.                               

      .sup.(h) Vistanex by I. G. Farben                                        

      .sup.(i) Hypalon (29% Cl) by E. I. duPont de Nemours & Co.?              

      .sup.(j) Tenite (036A3719748) by Eastman Kodak Co.                       

      .sup.(k) Tenite (233A22300H2) by Eastman Kodak Co. .sup.(l) Celcon by    

      Celanese Corp.                                                           

PAC  EXAMPLES 25-30
PAR  Various polymers were tested for biodegradability in the manner indicated
      in Examples 1-24 supra. The results are documented in Table II below.
TBL                TABLE II                                                    

     ______________________________________                                    

     Sample                     Reduced   Growth                               

     No.    Polymer             Viscosity Rating                               

     ______________________________________                                    

     25     Epsilon-Caprolactone                                               

                                0.7       4                                    

             Homopolymer                                                       

     26     Epsilon-Caprolactone                                               

             Homopolymer        0.3       4                                    

     27     Pivalolactone Homo-                                                

             polymer            0.1       0                                    

     28     Poly(Ethylene                                                      

             Terephthalate)     high      0                                    

     29     Poly(Cyclohexanedi-                                                

             methanol Terephthalate)                                           

                                high      0                                    

     30     Thermoplastic Polyoxy-                                             

             caproyl Polyurethane.sup.(a)                                      

                                high      4                                    

     ______________________________________                                    

      .sup.(a) Reaction of diethylene glycol initiated                         

      poly(epsilon-caprolactone) diol of 2000 molecular weight with            

      bis(4-isocyanatophenyl)methane using an NCO/OH ratio equal to one.       

PAC  EXAMPLES 31-34
PAR  Four normally-solid thermoplastic oxycaproyl graft polymers prepared by
      reacting epsilon-caprolactone with styrene/2-hydroxyethyl methacrylate
      copolymer were tested for biodegradability in the manner set out in
      Examples 1-24 supra. The results are recorded in Table III below.
TBL                TABLE III                                                   

     ______________________________________                                    

     Example                  Reduced    Growth                                

     No.     Graft Polymer.sup.(a)                                             

                              Viscosity  Rating                                

     ______________________________________                                    

     31      22.5 S/0.5 HM/77 CL                                               

                              0.7        4                                     

     32      67 S/1.0 HM/32 CL                                                 

                              0.9        4                                     

     33      78 S/1.0 HM/21 CL                                                 

                              0.8        2                                     

     34      89 S/3.0 HM/8 CL 0.6        1                                     

     ______________________________________                                    

      .sup.(a) The notation S/HM/CL for the graft polymer represents           

      styrene/2-hydroxyethyl methacrylate/epsilon-caprolactone.                

PAC  EXAMPLES 35-36
PAR  Two normally-solid thermoplastic oxycaproyl graft polymers prepared by
      reacting epsilon-caprolactone with hydrolyzed ethylene/vinyl acetate
      copolymer were tested for biodegradability in the manner set out in
      Examples 1-24 supra. The results are noted in Table IV below.
TBL                TABLE IV                                                    

     ______________________________________                                    

                                      Growth                                   

     Example No.                                                               

                  Graft Polymer       Rating                                   

     ______________________________________                                    

     35         18 Ethylene/6 Vinyl Alcohol/                                   

                 76 Cl.sup.(1)        4                                        

     36         36 Ethylene/12 Vinyl Alcohol/                                  

                 52 CL.sup.(1)        4                                        

     ______________________________________                                    

      .sup.(1) "CL" represents epsilon-caprolactone.                           

PAC  EXAMPLES 37-46
PAR  Several relatively low molecular weight thermoplastic copolymers of
      ethylene and different vegetable oils were tested for biodegradability in
      the manner set out in Examples 1-24 supra. These copolymers were carefully
      purified before testing to remove unreacted vegetable oil. The pertinent
      data are noted in Table V below.
TBL                TABLE V                                                     

     ______________________________________                                    

     Sample    Ethylene/Vegetable Oil Growth                                   

     No.          Copolymer           Rating                                   

     ______________________________________                                    

     37        74 Ethylene/26 Castor Oil                                       

                                      0                                        

     38        72 Ethylene/28 Linseed Oil                                      

                                      0                                        

     39        73 Ethylene/27 Safflower Oil                                    

                                      0                                        

     40        73 Ethylene/27 Soybean Oil                                      

                                      0                                        

     41        59 Ethylene/41 Neat Foot Oil                                    

                                      0                                        

     42        80 Ethylene/20 Peanut Oil                                       

                                      0                                        

     43        81 Ethylene/19 Rapeseed Oil                                     

                                      0                                        

     44        84 Ethylene/16 Olive Oil                                        

                                      0                                        

     45        82 Ethylene/18 Corn Oil                                         

                                      0                                        

     46        91 Ethylene/9 Oleic Acid                                        

                                      0                                        

     ______________________________________                                    

PAC  EXAMPLES 47-64
PAR  In Examples 47-64 various blends of epsilon-caprolactone homopolymer
      disignated as PCL for convenience, reduced viscosity (I.sub.r) of 0.7, and
      other substances were formed by fluxing on a two-roll mill for periods of
      time ranging from 5 to 20 minutes at temperatures upwards of about
      75.degree.C. depending on the softening point of the components comprising
      the blend. Plaques measuring about 6 inches .times. 6 inches .times. 0.04
      inch from the blend were then formed via compression molding techniques.
      Strips measuring approximately 1 inch .times. 2 inches .times. 0.04 inch
      were cut from the plaques. Various strips were buried in a mixture of
      equal parts of New Jersey garden soil, Michigan peat moss, and builders
      sand. After two months the strips were removed and measured for weight
      loss. Various strips were also tested for degradation by fungi using ASTM
      Method D-1924-63. The pertinent data are noted in Table VI below.
TBL                                    TABLE VI                                

     __________________________________________________________________________

     Example                                                                   

          Composition       Growth (a)                                         

                                  Modulus (b)                                  

                                         Izod (c)                              

                                              Weight Loss                      

     No.   of Blend         rating                                             

                                  .times.10.sup.3 psi                          

                                         impact                                

                                              2 Months                         

                                                    4 Months                   

     __________________________________________________________________________

     47   80 PCL (d) / 120 Shredded Paper                                      

                            4     115    0.64 6.3   20                         

     48   60 PCL/20 Hydroxypropyl-                                             

                            4     46      (l) 12.9  27                         

           cellulose/20 PCP 2000 (e)                                           

     49   80 PCL/20 Rice Hulls                                                 

                            4     71     0.62 23.1  40                         

     50   80 PCL/20 Corn Starch                                                

                            4     91     0.42 6.2   27                         

     51   80 PCL/20 Corn Syrup                                                 

                            4     78     0.63 15.5  35                         

     52   60 PCL/40 Urea    4     97     0.3  41.2  46                         

     53   80 PCL/20 Peat Moss                                                  

                            4     98      (l) 2.1   7                          

     54   80 PCL/20 Soya Bean Powder                                           

                            4     76     0.52 19.6  (k)                        

     55   80 PCL/20 Brewer Yeast                                               

                            4     106    0.58 40.4  (k)                        

     56   60 PCL/40 Hydroxypropylcellulose                                     

                            4     37     0.63 36.7  39                         

     57   60 PCL/40 Woodflower                                                 

                            4     205    0.44 4.1   (l)                        

     58   60 PCl/40 Douglas Fir Bark (f)                                       

                            4     201    0.69 6.3   (l)                        

     59   80 PCL/20 Granulated Sugar                                           

                            4     80      (l) 17.3  28                         

     60   80 PCL/20 Egg Albumin                                                

                            4     86      (l) 11.4    27 (j)                   

     61   80 PCL/20 Urea    4     76     0.52 34.9  36                         

     62   50 PCL/25 Douglas Fir Bark/                                          

                            4     60     0.72 6.2   (l)                        

           25 EEA (g)                                                          

     63   25 PCL/50 Douglas Fir Bark/                                          

                            4     73     0.54 2.7   (l)                        

           25 LDPE (h)                                                         

     64   25 PCL/25 Douglas Fir Bark/                                          

                            4     69     0.58 3.2   (l)                        

           50 EVA (i)                                                          

     __________________________________________________________________________

      (a) Determined in accordance with ASTM method D-1924-63.                 

      (b) Determined in accordance with ASTM Method D-638                      

      (c) Determined in accordance with ASTM Method D-256                      

      (d) PCL represents epsilon-caprolactone homopolymer having a reduced     

      viscosity value of 0.7.                                                  

      (e) Diethylene glycol initiated poly(epsilon-caprolactone) diol having a 

      number average molecular weight of about 2000.                           

      (f) Silvacon 412 manufactured by Weyerhaeuser Co.                        

      (g) 82 Ethylene/18 Ethyl Acrylate copolymer having a melt index of 6. All

      melt indices herein were determined in accordance with ASTM Method D-1238

      (Condition E).                                                           

      (h) LDPE represents low density polyethylene                             

      (i) 82 Ethylene/18 Vinyl Acetate copolymer having a melt index of 130.   

      (j) Weight loss at 3 months.                                             

      (k) Complete disintegration.                                             

      (l) Not measured.                                                        

PAC  EXAMPLE 65
PAR  The blends set out in Examples 47-68 are molded or extruded into containers
      designed in the shape of a "bullet" measuring approximately 5 inches in
      length and one inch in outside diameter (maximum for bullet). The wall of
      the bullet is about 1/16 inch in thickness and is weakened by a slit 1/16
      inch wide that extends longitudinally from the rim to a hole near the
      point of the bullet. The hole is about 1/4 inch wide and about 1/2 inch
      long. The containers are filled with a mixture containing equal parts of
      garden soil, Michigan peat moss, and builders sand, and seeded with
      Douglas Fir. Within the confines of a greenhouse, the containers are then
      inserted into garden soil enriched with plant nutrients and conditioners.
      The watering schedule is predetermined and takes into consideration the
      container size, climate, and tree species. After periods of six months and
      12 months, normal root structure and normal growth of the tree seedlings
      are observed. Visual examination of the containers shows substantial
      disintegration.
PAC  EXAMPLES 66-67
PAR  Poly(beta-propiolactone) and poly(deltavalerolactone) were tested for
      biodegradability in the manner indicated in Examples 1-24 supra. The
      results are noted in Table VII below.
TBL                TABLE VII                                                   

     ______________________________________                                    

     Sample                  Reduced    Growth                                 

     No.      Polymer        Viscosity  Rating.sup.(a)                         

     ______________________________________                                    

     66     Beta-Propiolactone                                                 

             Homopolymer     1.36.sup.(b)                                      

                                        4                                      

     67     Delta-Valerolactone                                                

             Homopolymer     0.48       4                                      

     ______________________________________                                    

      .sup.(a) Determined in accordance with ASTM Method D-1924-63.            

      .sup.(b) Determined 0.2 gram/100 cc chloroform.                          

PAC  EXAMPLES 68-69
PAR  Thermoplastic beta-propiolactone homopolymer (I.sub.r of 1.36; 0.2 gm/100cc
      of chloroform) and delta-valerolactone homopolymer (I.sub.r of 0.48) are
      tested for biodegradability (ASTM Method D-1924-63). The physical
      properties of the tested samples are measured by a modified ASTM D882-67
      (Method A) procedure using an Instron Tensile Tester. In this modification
      a one inch specimen is used and stretched at a rate of 0.2 inch per minute
      to a one percent stretch to obtain the modulus; the same specimen is then
      stretched at a rate of 2 inches per minute to obtain the stress-strain
      curve. The pertinent data are shown in Table VIII below.
TBL                                    TABLE VII                               

     __________________________________________________________________________

                                  Tensile                                      

                        Growth                                                 

                            Modulus,                                           

                                  Strength,                                    

                                        Elongation                             

     Sample No.                                                                

              Polymer   Rating                                                 

                            psi   psi   at Break, %                            

     __________________________________________________________________________

     68     Delta-Valerolactone                                                

             Homopolymer                                                       

                        4    67,000                                            

                                  1,400 3.0                                    

     69     Beta-Propiolactone                                                 

             Homopolymer                                                       

                        4   161,000                                            

                                  1,000 0.6                                    

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A blend comprising (i) from about 3 to about 97 weight percent of
      biodegradable thermoplastic oxyalkanoyl polymer, said polymer having a
      reduced viscosity value of at least about 0.1 and upwards to about 12 and
      being further characterized in that at least about 10 weight percent of
      said thermoplastic oxyalkanoyl polymer is attributable to recurring
      oxyalkanoyl units of the formula
      ##EQU15##
      wherein x is an integer having a value of 2 to 7, with the proviso that x
      does not equal 3; (ii) from less than 97 to about 3 weight percent of
      naturally occurring biodegradable product; and (iii) more than 0 to about
      75 weight percent of ingredients of the group consisting of plastic
      additives, fillers, and mixtures thereof, based on the total weight of
      said blend.
NUM  2.
PAR  2. The blend of claim 1 wherein said recurring oxyalkanoyl units have the
      formula
      ##EQU16##
NUM  3.
PAR  3. The blend of claim 2 wherein said biodegradable thermoplastic
      oxyalkanoyl polymer has a reduced viscosity value of at least about 0.2 to
      about 8 and is further characterized in that at least about 20 weight
      percent of said polymer is attributable to the recurring oxyalkanoyl unit
      shown therein.
NUM  4.
PAR  4. The blend of claim 3 wherein at least about 50 weight percent of said
      polymer is attributable to recurring oxycaproyl units.
NUM  5.
PAR  5. The blend of claim 4 wherein at least about 80 to about 100 weight
      percent of said polymer is attributable to recurring oxycaproyl units.
NUM  6.
PAR  6. The blend of claim 4 wherein said polymer has a reduced viscosity value
      of at least about 0.25 to about 3.
NUM  7.
PAR  7. The blend of claim 4 comprising (i) from about 10 to about 90 weight
      percent of biodegradable thermoplastic oxycaproyl polymer, and (ii) from
      about 10 to about 90 weight percent of naturally occurring biodegradable
      product, based on the total weight of said blend.
NUM  8.
PAR  8. The blend of claim 7 comprising (i) from about 20 to about 80 weight
      percent of biodegradable thermoplastic oxycaproyl polymer, (ii) from about
      20 to about 80 weight percent of naturally occurring biodegradable
      product, and (iii) from greater than 0 to about 60 weight percent of
      ingredients of the group consisting of plastic additives, fillers, and
      mixtures thereof, based on the total weight of said blend.
NUM  9.
PAR  9. The blend of claim 8 wherein said naturally occurring biodegradable
      product is tree bark.
NUM  10.
PAR  10. The blend of claim 9 wherein said naturally occurring biodegradable
      product is shredded wood.
NUM  11.
PAR  11. The blend of claim 9 wherein said tree bark is Douglas Fir bark.
NUM  12.
PAR  12. Articles of manufacture from the blend claimed in claim 1.
NUM  13.
PAR  13. Articles of manufacture from the blend claimed in claim 2.
NUM  14.
PAR  14. Articles of manufacture from the blend claimed in claim 3.
NUM  15.
PAR  15. Articles of manufacture from the blend claimed in claim 4.
NUM  16.
PAR  16. Articles of manufacture from the blend claimed in claim 5.
NUM  17.
PAR  17. The articles of manufacture of claim 16 in the form of a container.
NUM  18.
PAR  18. The articles of manufacture of claim 16 in the form of a film.
NUM  19.
PAR  19. The articles of manufacture of claim 16 in the form of packaging
      material.
NUM  20.
PAR  20. A blend comprising (i) from about 3 to about 97 weight percent of
      biodegradable thermoplastic oxyalkanoyl polymer, said polymer having a
      reduced viscosity value of at least about 0.1 and upwards to about 12 and
      being further characterized in that at least about 10 weight percent of
      said thermoplastic oxyalkanoyl polymer is attributable to recurring
      oxyalkanoyl units of the formula
      ##EQU17##
      wherein x is an integer having a value of 2 to 7, with the proviso that x
      does not equal 3; (ii) from less than 97 to about 3 weight percent of
      soybean meal; and, (iii) more than 0 to about 75 weight percent of
      ingredients of the group consisting of plastic additives, fillers, and
      mixtures thereof, based on the total weight of said blend.
NUM  21.
PAR  21. The blend of claim 20 wherein said recurring oxyalkanoyl units have the
      formula
      ##EQU18##
NUM  22.
PAR  22. The blend of claim 21 wherein said biodegradable thermoplastic
      oxyalkanoyl polymer has a reduced viscosity value of at least about 0.2 to
      about 8 and is further characterized in that at least about 20 weight
      percent of said polymer is attributable to the recurring oxyalkanoyl unit
      shown therein.
NUM  23.
PAR  23. The blend of claim 22 wherein at least about 50 weight percent of said
      polymer is attributable to recurring oxycaproyl units.
NUM  24.
PAR  24. The blend of claim 23 wherein at least about 80 to about 100 weight
      percent of said polymer is attributable to recurring oxycaproyl units.
NUM  25.
PAR  25. The blend of claim 23 wherein said polymer has a reduced viscosity
      value of at least about 0.25 to about 3.
NUM  26.
PAR  26. The blend of claim 23 comprising (i) from about 10 to about 90 weight
      percent of biodegradable thermoplastic oxycaproyl polymer, and (ii) from
      about 10 to about 90 weight percent of soybean meal, based on the total
      weight of said blend.
NUM  27.
PAR  27. Articles of manufacture from the blend claimed in claim 26.
NUM  28.
PAR  28. The articles of manufacture of claim 27 in the form of a container.
PATN
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ABST
PAL  Ketene dimer dispersion containing cationic dispersing agent and alkyl
      hydroxyalkyl cellulse and use thereof to size cellulose fibres.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a dispersion of ketene dimers for sizing
      cellulose fibres and to the use of the dispersion. In particular it
      relates to a dispersion containing a ketene dimer as sizing component and
      a cationic system of dispersing agents. The properties of the dispersing
      agent system are such as to make it possible to employ a very large amount
      of ketene dimer while maintaining the cationic properties and without
      causing the viscosity of the dispersion to become too high or without
      decreasing the storage stability of the dispersion.
PAR  It is known to use ketene dimers for sizing cellulose fibres. The ketene
      dimer group reacts with the hydroxy groups of the cellulose molecules
      resulting in an irreversible bond between the cellulose molecule and the
      organic, hydrophobic hydrocarbon groups in the ketene dimer molecule. When
      adding ketene dimers to an aqueous suspension of cellulose fibres, as so
      called beater additives, the ketene dimers are dispersed in the water by
      means of dispersing agents.
PAR  Moreover, it is known that the yield of the reaction between the ketene
      dimers and the cellulose fibres increases when the aqueous dispersions of
      the ketene dimers contain a cationic dispersing agent.
PAR  It is believed that the yield of the reaction is improved when using
      cationic dispersions due to increased affinity of the ketene dimer
      particles to the slightly negatively charged cellulose fibres.
PAR  A serious disadvantage of previously described cationic ketene dimer
      dispersions is that the amount of ketene dimer in the dispersion must be
      kept relatively low, usually about 3-8 per cent by weight. This is due
      partly in order to obtain an optimal cationic activity in relation to the
      amount of ketene dimer and partly in order not to adversely effect the
      viscosity to a significant extent along with the manageability and the
      stability of the dispersions. This, in turn, results in high transport
      costs of the dispersions from the manufacturer to the consumer and in the
      necessity of employing relatively large storage equipment.
PAR  Experiments to increase the ketene dimer content by introducing additional
      ketene dimer into a cationic dispersion result, of course, in dispersions
      having a higher solids content of ketene dimer but alter the cationic
      activity in the system so that the sizing effect of the dispersion, when
      being applied to cellulose fibres, was decreased considerably. Increasing
      the solids content by simultaneously increasing the amount of the ketene
      dimer and the cationic emulsifier results in an increase in the viscosity
      of the dispersion to such an extent that the dispersion becomes less
      manageable. Moreover, at higher concentrations, most of the cationic
      dispersing agents have a tendency to gelatinize the dispersion at storage.
PAR  According to the present invention it has been found that stable
      dispersions of ketene dimer having a solids content of up to 30 per cent
      by weight can be obtained, which when diluted and applied onto the
      cellulose fibres give an improved yield at the sizing reaction compared to
      most of the previously known dispersions having a lower dry content of
      ketene dimer.
PAR  The dispersing system according to the invention enables the preparation of
      ketene dimer dispersions having a high solids content without causing the
      viscosity of the dispersion to become so high that the manageability of
      the dispersion will decrease. Furthermore these dispersions are, dispite
      their high solids content, very stable. Storage of the dispersions for 6
      months at room temperature does not affect their viscosity.
PAR  Another advantage of the dispersions of the present invention is that the
      amount of dispersing agent based upon the ketene dimer can be kept very
      low, usually as low as about 4-5 per cent by weight based on the ketene
      dimer. On the other hand, when using only cationic starch as dispersing
      agent, it should be present in an amount of at least 30 percent by weight
      based on ketene dimer, in order to obtain satisfactory dispersions
      exhibiting good sizing effect. Due to the special dispersing agent system,
      the compositions according to the present invention do not seem to be
      sensitive to the oxidizing residual chlorine, such as chlorate ions in the
      cellulose pulp, which is usually present when the cellulose pulp is
      bleached with chlorine compounds prior to the paper making.
DETD
PAC  BRIEF DESCRIPTION OF INVENTION
PAR  The present invention is concerned with a dispersion for the sizing of
      cellulose fibres which comprises:
PA1  A. ketene dimer,
PA1  B. water,
PA1  C. cationic dispersing agent, and
PA1  D. water-soluble or water-dispersible alkylhydroxy alkyl cellulose as
      additional dispersing agent.
PAR  The present invention is also concerned with the sizing of cellulose fibres
      by applying the above dispersion to cellulose fibres.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The alkyl hydroxyalkyl cellulose included in the dispersing agent system
      preferably comprises a water-soluble or water-dispersible cellulose having
      a Brookfield-viscosity within the range of from 20-12,000 cp in a 2 per
      cent water solution at a temperature of 20.degree. C. Examples of some
      suitable types of said cellulose are those wherein the alkyl group is a
      alkyl group containing 1-4 carbon atoms, preferably methyl or ethyl and
      wherein the alkylhydroxy group is a hydroxy alkyl group containing 1-4
      carbon atoms ethylhydroxy or propylhydroxy group. The carbon chain in the
      hydroxyalkyl group can also be interrupted by one or more ogygen atoms. Of
      course mixtures of the said cellulose ethers can be employed when desired.
PAR  The amount of alkyl hydroxyalkyl cellulose in the dispersions according to
      the invention should be within the range of from about 0.5 to about 10 per
      cent by weight and preferably about 0.8 to about 8 per cent by weight
      based on the weight of the ketene dimer.
PAR  The cationic dispersing agent employed can be any of the known
      water-soluble or water-dispersible cationic polymers. These polymers have
      been described previously as retention agents, wet strength agents or dry
      strength agents in paper making. Examples of the preferred cationic
      watersoluble or water-dispersible polymers include cationic starch,
      polyethylene imine, polyacrylamide, polyvinyl pyridine,
      polyamide-polyamineresin or its epichlorhydrinmodified derivative.
      Particularly favorable results have been obtained with cationic polyvinyl
      pyridine.
PAR  The amount of cationic polymer employed in the dispersions of the present
      invention should be within the range of about 0.5 to about 10 per cent by
      weight, and preferably about 1 to about 10 per cent by weight based upon
      the weight of the ketene dimer. Thus, the total amount of dispersing agent
      in the dispersions of the present invention is within the range of about 1
      to about 20 per cent by weight, and preferably 1.8-18 per cent by weight
      based on the amount of ketene dimer. The ratio between the cellulose ether
      and the cationic polymer may vary within the range of from 1:20 - 20:1,
      and preferably 1:7 - 5:1.
PAR  The ketene dimers used in the invention are known per se and have the
      following general formula:
      ##EQU1##
      Wherein R.sub.1 and R.sub.2 each individually represents an organic
      hydrophobic hydrocarbon group having about 8-40 carbon atoms.
PAR  Examples of some suitable hydrophobic hydrocarbon groups include alkyl
      groups, alkenyl groups, aralkyl groups, alkaryl groups, and alkyl
      substituted cycloalkyl groups. Illustrative of some suitable alkyl groups
      for R.sub.1 and R.sub.2 having about 8 to about 40 carbon atoms are decyl,
      undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl,
      octadecyl, tetracosyl, and pentacosyl groups.
PAR  The preferred alkyl groups contain from about 12 to about 30 carbon atoms.
      Some examples of suitable alkenyl groups containing about 8 and 40 carbon
      atoms include decenyl, tridecenyl, heptadecenyl, octadecenyl, eicosenyl,
      and tricosenyl groups.
PAR  Some suitable aralkyl, alkaryl and alkyl substituted cycloalkyl groups
      having at least about 8 carbon atoms include 4-tert.butylphenyl,
      octylphenyl, nonylphenyl, dodecylphenyl, tridecylphenyl, pentadecylphenyl,
      octadecylphenyl, heneicosylphenyl, nonylcyclopropyl, dodecylcyclobutyl,
      tridecylcyclopentyl, tetradecylcyclohexyl, pentadecylcycloheptyl and
      octadecyl cyclohexyl groups.
PAR  It is understood that the alkyl, alkenyl, alkaryl, aralkyl and
      alkylcycloalkyl groups can contain non-interfering, inert substituents as
      is known to persons skilled in the art. Some examples of inert
      substituents include ether, carboalkoxy, alkyloxy, aryloxy, arylalkyloxy,
      keto (carbonyl)-tert.amide groups and the like. Some radicals which
      preferably sould not be, to any large degree, in the hydrophobic groups
      R.sub.1 and R.sub.2 include hydroxyl groups, amide groups containing amide
      hydrogen primary and secondary amino groups, unstable halogens and
      carboxylic groups and other acidic groups. Of course, persons skilled in
      the art can readily determine which substituents can be employed if it is
      desired to avoid undesirable side reactions.
PAR  Each R.sub.1 and R.sub.2 individually is preferably an alkyl group
      containing 8 to 30 carbon atoms. Moreover, mixtures of ketene dimers can
      be used when desired.
PAR  The ketene dimers can be prepared by previously known methods. For
      instance, the ketene dimers can be obtained by reacting thionyl chloride
      and carboxylic acid containing the desired hydrophobic hydrocarbon group
      to produce the corresponding acid chloride, and then dimerizing the acid
      chloride by hydrogen chloride splitting to produce the desired ketene
      dimer.
PAR  When preparing dispersions according to the present invention, the
      components are mixed with water and the mixture is then exposed to
      vigorous shearing. In order to facilitate mixing, the aqueous phase
      containing cellulose ethers and cationic polymers is warmed to a
      temperature of about 50.degree.-80.degree. C, and then molten ketene dimer
      is added. It is important that the temperature is not kept too high since
      this could cause hydrolysis of the ketene dimer. The upper limit for the
      warming is determined by the type of ketene dimer used. The emulsion
      obtained after mixing and shearing is then rapidly cooled to form a stable
      dispersion.
PAR  The dispersions thus obtained can then immediately or after storing either
      be added to a suspension of cellulose fibres in water or can be used for
      surface coating of paper, paper board or other material containing
      cellulose fibres. When the dispersions are added to a suspension of fibres
      in water, the dispersions are first diluted to a solids content of about 3
      percent by weight or less before being added to the stock suspension.
PAR  After addition of the dispersion to the stock, the pulp can be formed to
      sheets and dried in known ways. After the sheeting the paper can be cured
      by warming for a short time at a temperature of about 100.degree. C or the
      paper can be cured at room temperature by merely standing for a sufficient
      amount of time.
PAR  The dispersing agent system employed according to the present invention
      makes it possible to prepare stable dispersions having a high solids
      content of ketene dimer without decreasing the effect of the ketene dimer
      as a sizing agent when diluting the dispersions and adding them to a
      suspension of cellulose fibres in water. According to the invention it is
      possible to prepare dispersions having a solids content of ketene dimer up
      to about 30 per cent by weight without adversely affecting the viscosity
      properties of the dispersions to any significant extent or its storage
      stability when using them as a sizing agent. The best results in this
      respect will be achieved by using dispersions having a solids content
      within the range of about 10 to about 25 per cent by weight of ketene
      dimer, and preferably about 15 to about 20 per cent by weight.
PAR  The following non-limiting examples are provided to illustrate the present
      invention in greater detail. In the examples, all parts and per cents are
      by weight unless the contrary is stated.
PAC  EXAMPLE 1 A-E
PAR  In the following example dispersions were prepared containing ethyl
      hydroxyethyl cellulose (Modocol E 200 sold by Mo och Demsjo, Sweden) as
      dispersing agent and the various water-soluble cationic polymers as shown
      in Table I.
PAR  The cellulose ether and the cationic polymers respectively were dissolved
      in water. The aqueous solution was adjusted to a pH of 4.0 and warmed to a
      temperature of 60.degree. C. To 82 parts of each of these aqueous
      compositions were introduced under vigorous agitation in a Turrax agitator
      for 3 minutes, 18 parts of molten ketene dimer. The ketene dimer was
      obtained from technica grade stearic acid. The warm emulsions were then
      homogenized in a shearing homogeniser at a pressure of 190 kg/cm.sup.2,
      and were cooled to room temperature while passing through a plate cooler.
      The resulting dispersions were thereafter stored for 1 week in a heat oven
      at a temperature at 40.degree. C for evaluation of their storage
      stability. The results are shown in Table I. As can be seen from this
      table, the dispersions have a very good storage stability in spite of the
      disadvantageous storage conditions.
PAR  To 10 g of bleached magnephite pulp beaten to about 30.degree. SR diluted
      to a solids content of 0.2 per cent containing 20 per cent whiting, based
      on the dry fibres, were added 1 ml of the above dispersions. The
      dispersions were diluted to a ketene dimer content of 1 per cent. Also 2
      ml of a 0.1 per cent water solution of cationic acrylamide polymer (as
      retention agent for whiting and fines) are added. Sheeting was carried out
      in a laboratory sheet machine, the sheets were pressed, dried for 1 hour
      at 100.degree. C and conditioned. A commercially available ketene dimer
      dispersion having a solids content of 6 percent ketene dimer and
      containing 50 percent cationic starch based on the ketene dimer as
      dispersing agent was used as reference (ref. 1 in the table).
PAR  As is shown in Table I the dispersions according to the present invention
      show about the same sizing effect as ketene dimer dispersion having a low
      dry content. This proves that a good cationic activity is obtained despite
      the high ketene dimer content. Unsized paper of this quality has a
      Cobb-number exceeding 130 g/m.sup.2.
PAC  EXAMPLE 2 A-B
PAR  Different dispersions of the same ketene dimer were prepared in the same
      manner as described in Example 1 with the exception that the cationic
      dispersing agent polyvinyl pyridine and its amount were kept constant and
      that methyl hydroxypropyl or ethyl hydroxyethyl cellulose were used as
      additional dispersing agent. As a comparison to this cellulose ether, a
      similar compound, hydroxyethyl cellulose (ref. 2 in the table), was used.
      The different dispersions were stored in the same way as described in
      Example 1 and the results are shown in Table I.
PAR  As can be seen from the table it is essential for the storage stability of
      the dispersions that alkyl hydroxyalkyl cellulose is present.
PAR  The storage-stable above mentioned dispersions were used for sizing of
      bleached magnephite pulp in the same manner as described in Example 1.
      Table I demonstrates that the sizing effect obtained in general is the
      same as the effect obtained with ketene dimer dispersions having low
      solids content.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Ex.                                                                       

        Amount dispersing agent counted on the                                 

                                        Amount ketene                          

                                                Viscosity                      

                                                      Separation               

                                                            Sizing             

                                                            effect.sup.x)      

        amount of ketene dimer (% by weight)                                   

                                        dimer in % by                          

                                                according                      

                                                      after one                

                                                            Cobb.sub.60        

                                                            g/m.sup.2          

                                        weight counted                         

                                                to Fordcup                     

                                                      week                     

                                        on the dispers-                        

                                                sek/20.degree.C                

                                                      at 40.degree.C (%)       

                                        sion                                   

     __________________________________________________________________________

                       epichlor-                                               

                       hydrin                                                  

                            ethyl                                              

                                methyl                                         

                       modified                                                

                            hy- hy- hy-                                        

     poly-      poly-  poly-                                                   

                            droxy-                                             

                                droxy-                                         

                                    droxy-                                     

     ethy-  cat-                                                               

                vinyl                                                          

                   poly-                                                       

                       amide-                                                  

                            ethyl                                              

                                propyl                                         

                                    etyl                                       

     lene   ionic                                                              

                pyri-                                                          

                   acryl-                                                      

                       poly-                                                   

                            cellu-                                             

                                cellu-                                         

                                    cellu-                                     

     imine  starch                                                             

                dine                                                           

                   amide                                                       

                       amine                                                   

                            lose                                               

                                lose                                           

                                    lose                                       

     __________________________________________________________________________

        4.2                 2.5         18      16    2     30                 

            4.2             2.5         18      29    7     50                 

                4.2         2.5         18      23    4     22                 

                   2.2      2.5         18      17    8     27                 

                        20.0                                                   

                            2.5         18      16    2     23                 

                4.2             3.3     18      18    4     23                 

                4.2         1.7         18      23    9     22                 

     1      50                           6      12    0     22.5               

                                                      gelatin-                 

     2          4.2                 5   18      12    ization                  

                                                            --                 

     __________________________________________________________________________

      .sup.x) according to SCAN-P 12:64. Cobb-number for unsized paper &gt;130    

      g/m.sup.2                                                                

PAC  EXAMPLE 3
PAR  In a laboratory paper making machine having a capacity of 50 kg paper per
      hour at a gram weight of 65 g/m.sup.2, two sizing systems were compared.
      One was a composition according to the invention and the other one was a
      commercially available sizing system.
PAR  The sizing system I (according to the present invention) was a 18 percent
      ketene dimer (prepared from technical grade stearicacid) dispersion
      containing 1.4 percent ethyl hydroxyethyl cellulose and 4.2 percent
      polyvinyl pyridine as dispersing agent based on the ketene dimer. A
      cationic polyacrylamide as retention agent for fines and filler was also
      added to the stock. The 18 percent dispersion was diluted with water prior
      to the addition to the stock and the final concentration of ketene dimer
      in the stock was 0.08 percent based on the solids weight of the fibres.
      The amount of retention agent was 0.03 percent based on the solids content
      of the fibres.
PAR  The sizing system II (a commercially available product) was a 6 percent
      ketene dimer dispersion containing, as a dispersing agent, 50 percent
      cationic starch based on the ketene dimer. As retention agent for fines
      and fillers was used an epichlorhydrin modifier cationic
      polyamide-polyamine resin. The 6 per cent dispersion was diluted with
      water prior to addition to the stock. The final concentration of ketene
      dimer in the stock was 0.1 percent based on the dry weight of the fibres,
      and the amount of retention agent was 0.07 percent based upon the dry
      weight of the fibres.
PAR  The pulp was bleached birch sulfate. The sizing tests were carried out both
      at normal conditions (A = pH was adjusted to 7.5 by addition of sodium
      bicarbonate) and the following conditions:
PA1  1. in the form of a low pH (B),
PA1  2. in the presence of chlorate ions (C = addition of about 1% sodium
      chlorate) in order to simulate residual chlorine from the bleaching step
      of the pulp,
PA1  3. by adding 0.3% of alum (D). In all cases the tests were carried out both
      with and without a filler. The sizing effect was determined after natural
      aging of the paper for 14 days at a temperature of 23.degree. C and a
      relative humidity of 50 percent.
PAR  The results are shown in the following table.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Test                                                                      

        pH   Additive                                                          

                     Sizing effect Cobb.sub.60 g/m.sup.2                       

                     Sizing system I                                           

                               Sizing system II                                

     __________________________________________________________________________

     A  7.5 without filler                                                     

                     27.8      46.2                                            

     A  7.5 whiting  29.5      31.6                                            

     B  6.8 without filler                                                     

                     27.1      32.3                                            

     B  7.1 whiting  27.5      29.7                                            

     C  7.5 without filler                                                     

                     29.6      64.0                                            

     C  7.5 whiting  29.5      31.4                                            

     D  7.5 without filler                                                     

                     28.0      28.5                                            

     D  7.5 whiting  29.3      28.6                                            

     __________________________________________________________________________

PAR  As can be seen from the above table, a very uniform sizing effect is
      achieved when using the dispersions according to the present invention.
      Moreover, the present dispersions show improved sizing effect in
      comparison to the previously known sizing system even though 20 percent
      less ketene dimer was used in the dispersions of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cationic dispersion for the sizing of cellulose fibers having a total
      solids content of up to 30 percent by weight which contains
PA1  a. ketene dimer, having the general formula
      ##EQU2##
      wherein R.sub.1 and R.sub.2 each individually represents an organic
      hydrophobic hydrocarbon group having about 8 - 40 carbon atoms,
PA1  b. water,
PA1  c. a dispersing agent selected from the group consisting of a water-soluble
      or water-dispersible cationic polymer, the amount of the dispersing agent
      being within the range of about 0.5 to 10 percent by weight based upon the
      weight of the ketene dimer; and
PA1  d. a water-soluble or water-dispersible alkyl hydroxyalkyl cellulose,
      wherein the alkyl groups contain 1 - 4 carbon atoms, in an amount within
      the range of about 0.5 to 10 percent by weight based upon the weight of
      the ketene dimer,
PA1  e. the ratio of cellulose ether to cationic polymer being within the range
      of 1:20 - 20:1,
PA1  f. said alkyl hydroxyalkyl cellulose having a Brookfield viscosity within
      the range of from 20 - 12,000 cp in a 2 percent water solution at a
      temperature of 20.degree.C.
NUM  2.
PAR  2. The dispersion of claim 1 wherein said cationic dispersing agent is
      polyvinyl pyridine.
NUM  3.
PAR  3. The dispersion of claim 1 wherein the solids content of ketene dimer is
      within the range of about 10 to about 25 per cent by weight.
NUM  4.
PAR  4. The dispersion of claim 1 wherein the solids content of ketene dimer is
      within the range of about 15 to about 20 per cent by weight.
NUM  5.
PAR  5. The dispersion of claim 1 wherein said alkylhydroxyalkyl cellulose is
      selected from the group of ethyl hydroxyethyl cellulose, methyl
      hydroxypropyl cellulose, and mixtures thereof.
NUM  6.
PAR  6. The dispersion of claim 1 wherein said cationic dispersing agent is
      selected from the group of polyethylene imine, cationic starch, polyvinyl
      pyridine, polyacrylamide, polyalkylene polyamide, epichlorohydrin
      derivative of polyalkylene polyamide, and mixtures thereof.
NUM  7.
PAR  7. The process of sizing cellulose fibres which comprises applying the
      composition of claim 1 to said cellulose fibres.
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ABST
PAL  A phenolic plywood adhesive containing lignosulfonates and a trialkyl
      phosphate having alkyl substituents of from 1 to 6 carbon atoms for use in
      a curtain coater is described.
BSUM
PAR  This invention pertains to a plywood adhesive. More particularly, it
      pertains to phenol-formaldehyde plywood adhesives to which lignosulfonate
      has been added to improve the curtainability of the adhesives.
PAR  Adhesives for plywood preparation must have a certain working
      characteristic in addition to the proper adhesive properties for
      satisfactory performance under modern production methods. The production
      methods vary to a considerable extent such that generally the adhesives
      must be tailored for the particular process in order to achieve the
      high-speed production desired. For example, curtain coaters have certain
      advantages under particular conditions over other methods employed and are
      often used for application of adhesives to veneers. Since in this method
      of application the adhesive is applied by passage through a uniform slit
      of controlled size, the adhesive must have properties and characteristics
      which are mainly unique to this method of application. In addition to the
      viscosity characteristics, the adhesive must have good film-forming and
      other surface properties in order to evenly and uniformly coat the veneer.
      Since plywood adhesives usually contain amylaceous and/or proteinaceous
      extenders and fillers, the presence of the amylaceous or proteinaceous
      materials generally affect the surface properties of the adhesive making
      the application of the adhesive by a curtain coater difficult.
PAR  It is, therefore, an object of this invention to provide a
      phenol-formaldehyde resin plywood adhesive especially effective for
      curtain coaters. A further object is to provide a process for a
      preparation of an adhesive containing amylaceous or proteinaceous
      materials which are especially effective for use in curtain coaters. A
      still further object is to provide a process for the preparation of
      plywood using an adhesive of enhanced curtainability in a curtain coater.
      A still further object is to provide a process for enhancing the
      curtainability of the phenol-formaldehyde resin adhesives.
DETD
PAR  The above and other objects are obtained by adding, based upon the weight
      of the phenol-formaldehyde resin in the adhesive, at least 1 percent of a
      sodium lignosulfonate and from 0.05 to 1 percent of a trialkyl phosphate
      having alkyl substituents having from 1 to 6 carbon atoms. The addition of
      the alkyl phosphate and lignosulfonate to the phenol-formaldehyde adhesive
      containing extenders and fillers, especially amylaceous or proteinaceous
      materials, modifies the surface properties of the phenolic adhesive
      mixture enhancing the curtainability or film-forming properties to give
      even, uniform coating of the adhesive on the veneer.
PAR  Lignosulfonates have adhesive characteristics to a limited extent and
      numerous publications teach using lignosulfonate as an adhesive or the
      addition of lignosulfonates to adhesives such as phenolic adhesives, as an
      extender or a replacement of a resin constituent. In U.S. Pat. No.
      2,849,314 lignosulfonate is treated with ammonia and then reacted with an
      aldehyde, an amine, or a hydroxy aromatic compound to obtain a
      thermosetting resin. U.S. Pat. Nos. 2,786,820 and 3,296,159 likewise
      disclose a reaction of lignin with aldehyde in preparation of water
      soluble thermosetting adducts which may be used as adhesives or added to
      phenol-formaldehyde adhesives. Using lignosulfonate to replace a portion
      of the phenol in preparation of phenolic adhesives is taught in U.S. Pat.
      Nos. 2,395,375 and 3,658,638. Different molecular weight lignosulfonate
      were also used as extenders in phenolic adhesives as reported by Julius
      Benko in Volume 44, No. 12 pages 849- 854 of the TAPPI (December, 1961)
      published by the Technical Association of the Paper and Pulp Industry.
      Further, water insoluble lignin are commonly added as fillers in
      phenolformaldehyde plywood adhesives. However most of the work has been
      directed toward trying to utilize the lignosulfonate as an adhesive or to
      use a lignosulfonate to replace a portion of the phenolic resins and not
      to use a lignosulfonate to modify the surface properties of the adhesive
      such as to enhance the curtainability of the mixture.
PAR  Lignin is a polymeric substance of substituted aromatics found in plant and
      vegetable tissue associated with cellulose and other plant constituents.
      While there is some variation in the chemical structure and of other
      constituents found in the plant, depending upon the type of plant, place
      where the plant is grown, and also upon the method used in recovery or
      isolation of the particular constituents from plant tissue, the basic
      structure and properties of these materials are similar and upon
      sulfonation form a well-known group of materials referred to as
      "lignosulfonate" or "sulfonated lignin." The reactions and properties of
      lignosulfonates and lignin are covered in the text, The Chemistry of
      Lignin by F. E. Brauns et al, Academic Press, New York, New York (1960).
PAR  One of the main sources of sulfonated lignin is the residual pulping
      liquors obtained in pulp and paper industry where lignocellulosic
      materials such as wood, straw, corn stalks, baggasse, and the like are
      processed by well known methods to recover the cellulose or pulp. In the
      sulfite pulping process, lignocellulosic material is digested with a
      sulfite or bi-sulfite to sulfonate the lignin and obtain a residual
      product commonly referred to as "spent sulfite liquor" containing the
      sulfonated lignin. In other processes the residual pulping liquor or
      lignin as obtained from the process may not be a sulfonated product.
      However, the residual liquors or products containing the lignin portion
      may be sulfonated by the various known methods to the degree desired.
PAR  Spent sulfite liquor or other sulfonated lignin products obtained upon
      sulfonation of residual pulping liquors generally contain other
      constituents besides sulfonated lignin or lignosulfonates. The products
      may contain carbohydrates, degradation products of carbohydrate, and
      resinous materials as well as other organic and inorganic constituents.
      Although these non-lignin constituents may be removed it is not necessary
      to do so. Further, the lignosulfonates or products containing the
      lignosulfonates may be subjected to different treatment such as for
      example acid treatment, alkaline or heat treatment, oxidation or
      fermentation to remove or modify some of the non-lignin constituents or
      for other purposes. Generally, the basic phenylpropane polymeric structure
      of the lignin constituents and properties and characteristics of these
      products are not destroyed unless the treatment is unusually severe. In
      addition, the treated or non-treated products may be fractionated to
      obtain a particular lignosulfonated fraction or polymerized to increase
      the molecular weight. The high molecular weight lignosulfonates remain
      operative as long as they are water soluble and the molecular weight has
      not been increased to the extent that the product becomes a flocculent
      which is well known.
PAR  A lignosulfonate is usually added to the phenol-formaldehyde resin in an
      amount of from 1 percent of the weight of the phenol-formaldehyde resin in
      the adhesive to about 10 percent. Preferably the amount used is between 3
      to 6 percent. While larger additions of the lignosulfonate may be made,
      increase in the lignosulfonate content above 6 percent does not
      appreciably enhance the curtainability. However, the amount of
      lignosulfonate used may be increased up to 20 to 30 percent or higher with
      the higher concentrations being used mainly to obtain other
      characteristics or for other purposes in addition to improving the
      curtainability.
PAR  In the addition of the lignosulfonate to the adhesive, generally it is
      preferred to intermix the lignosulfonate with the phenol and aldehyde
      during condensation of the phenol with the aldehyde in the resin
      preparation or adding it to the phenol-aldehyde resin at the end of the
      resin preparation. The lignosulfonate however may also be added at the
      time the adhesive is being prepared by intermixing the phenol-formaldehyde
      resin with the various constituents used in the adhesive mixture. Whether
      the lignosulfonate is added to the phenol-formaldehyde resin during
      condensation or mixed with the constituents in the preparation of the
      adhesive, the same methods and procedures presently used for condensation
      of phenol with formaldehyde in preparationn of resins for plywood
      adhesives are employed as well as procedures for preparation of the
      adhesive. Generally one to three equivalents of aldehyde per mole
      equivalent of phenol are employed with a ratio of 1.6 to 2.5 moles of
      formaldehyde per mole of phenol being preferred. The mixture is heated
      usually under alkaline conditions until sufficient condensation between
      the phenol and aldehyde has been obtained to obtain the desired viscosity
      for the particular situation.
PAR  The alkyl phosphate is generally added during the mixing of the
      constituents in the preparation of the adhesive. The order of addition is
      not critical and may be added at the beginning of the formulation or near
      the end. The trialkyl phosphates having alkyl substituents of from 1 to 6
      carbon atoms may be used, but tributyl phosphate which is most readily
      available is preferred. Tributyl phosphate has been used in
      phenol-formaldehyde resins as a surfactant and also functions in this
      capacity when intermixed in the presence of the lignosulfonate. The amount
      added may be widely varied but is generally in a range of 0.05  to 1
      percent, based upon the weight of the phenol-formaldehyde resin, with from
      0.25 to 0.75 percent being preferred. The addition of other surfactants,
      such as for example a non-ionic polyoxyalkalene-alkylphenol may also be
      used with a smaller amount of the alkyl phosphate. The addition of these
      non-ionic surfactants may in many situations further enhance the
      curtainability of the mixture.
PAR  To further illustrate the invention, a phenol-formaldehyde adhesive was
      prepared and the surface tension of the mixture was determined upon
      addition of lignosulfonate and various amounts of tributyl phosphate.
PAR  It was found that a correlation could be obtained between the
      curtainability and surface tension of the adhesive mixture with the
      curtainability improving with lower surface tension values.
PAR  The phenol-formaldehyde resin adhesive was prepared by intermixing 400
      grams of hydrolysis lignin filler, sold under the trademark of NORPROFIL
      and 150 grams of wheat flour in 900 grams of water. To this mixture, 2300
      grams of an aqueous solution of phenol-formaldehyde resin containing 40
      percent phenol-formaldehyde resin with 135 grams of 50 percent caustic and
      2 grams of borax were added. The surface tension of the adhesive mixture
      as prepared above was determined and found to be 69.7 ergs per square
      centimeter. When tributyl phosphate was added to the above adhesive in an
      amount of 0.5 percent of the weight of the phenol-formaldehyde resin, the
      surface tension decreased to 68.4 ergs per cubic centimeter. The base
      adhesive as well as the one to which the tributyl phosphate was added were
      unsatisfactory for use in a curtain coater.
PAR  An adhesive was prepared in a manner similar to that above except that in
      preparation of the phenol-formaldehyde resin, a sodium base lignosulfonate
      was added in an amount of about 5.4 percent of the lignosulfonate to the
      phenol and formaldehyde mixture prior to condensation of the phenol with
      the formaldehyde in preparation of the resin.
PAR  The surface tension of the adhesive prepared from the phenol-formaldehyde
      resin containing the lignosulfonate was 66.8 ergs per square centimeter.
      To samples of this adhesive, tributyl phosphate was added in an amount of
      0.1, 0.2, and 0.5 percent of the phenol-formaldehyde resin present in the
      adhesive. The surface tension of the samples containing the tributyl
      phosphate was 60.4, 58.1, and 50.2 ergs per square centimeter,
      respectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process of applying a phenol-formaldehyde resin adhesive containing
      amylaceous or proteinaceous materials to plywood veneer using a curtain
      coater, the improvement which comprises adding at least 1 percent, based
      upon the weight of the phenol-formaldehyde resin in said adhesive, of a
      sodium base lignosulfonate and from 0.05 to 1 percent, based upon the
      weight of the phenol-formaldehyde resin, of a trialkyl phosphate having
      alkyl substituents of from 1 to 6 carbon atoms.
NUM  2.
PAR  2. A process according to claim 1 wherein the trialkyl phosphate is
      tributyl phosphate.
NUM  3.
PAR  3. A process according to claim 1 wherein a sodium base lignosulfonate is
      added in an amount of from 3 to 6 weight percent.
NUM  4.
PAR  4. A process according to claim 1 wherein the trialkyl phosphate is
      tributyl phosphate and is added in an amount of from 0.25 to 0.75 percent.
NUM  5.
PAR  5. A process according to claim 1 wherein the sodium lignosulfonate is
      added to the phenol and formaldehyde mixture during the condensation of
      the phenol with the formaldehyde in the preparation of the
      phenol-formaldehyde resin.
NUM  6.
PAR  6. A process according to claim 5 wherein the lignosulfonate is added in an
      amount of from 3 to 6 weight percent and the trialkyl phosphate is
      tributyl phosphate added in an amount of from 0.25 to 0.75 percent.
NUM  7.
PAR  7. A process according to claim 6 wherein the sodium base lignosulfonate is
      a sodium base spent sulfite liquor.
NUM  8.
PAR  8. A process according to claim 7 wherein the phenol-formaldehyde resin is
      condensed in a mole ratio of 1.6 to 2.5 moles of formaldehyde per mole of
      phenol.
NUM  9.
PAR  9. In a phenol-formaldehyde plywood adhesive containing amylaceous or
      proteinaceous materials to plywood veneer using a curtain coater, the
      improvement which comprises adding at least 1 percent, based upon the
      weight of the phenol-formaldehyde resin in said adhesive, of a sodium base
      lignosulfonate and from 0.05 to 1 percent, based upon the weight of the
      phenol-formaldehyde resin, of a trialkyl phosphate having alkyl
      substituents of from 1 to 6 carbon atoms.
NUM  10.
PAR  10. An adhesive composition according to claim 9 wherein the sodium base
      lignosulfonate is added in an amount of 3 to 6 weight percent to the
      phenol and formaldehyde mixture during the condensation of the phenol with
      formaldehyde in the preparation of the phenol-formaldehyde resin and the
      trialkyl phosphate is tributyl phosphate added in an amount of 0.25 to
      0.75 percent.
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ABST
PAL  Compositions of amine derivatives of acrylated epoxidized soybean oil,
      which are the reaction products of an organic amine with the reaction
      product of epoxidized soybean oil with acrylic acid or methacrylic acid,
      and an acrylyl compound are useful as coatings and inks; photosensitizers
      and/or pigments can optionally be present. The compositions can be cured
      by radiation.
PARN
PAR  This application is a division of Ser. No. 343,692, filed Mar. 22, 1973,
      which in turn is a divisional of Ser. No. 103,912, filed Jan. 4, 1971, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The epoxide derivatives of esters of soybean oil are known; also known are
      the acrylyl derivatives thereof. Such derivatives have also been used in
      the production of epoxide resins and in coating compositions; however, the
      coatings do not meet all of the requirements necessary in today's advanced
      technology.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that certain urethane derivatives of acrylated
      epoxidized soybean oil compounds and certain amine derivatives of
      acrylated epoxidized soybean oil compounds can be produced and that such
      derivatives are in themselves useful as coatings, adhesives, molding
      compositions, and the like, or they can be used in combination with other
      materials to produce compositions that are similarly useful.
PAC  DESCRIPTION OF THE INVENTION
PAR  The urethane derivatives of the acrylated epoxidized soybean oil compounds
      are produced by the reaction of an organic mono- or poly-isocyanate with
      the acrylated epoxidized soybean oil compound. Among the isocyanates that
      can be used in producing these derivatives are those represented by the
      general formula:
EQU  R(NCO).sub.x
PAL  Wherein R can be an alkyl group of from 1 to about 15 carbon atoms, a
      substituted or unsubstituted mono- or polycycloalkyl group of from 5 to
      about 12 carbon atoms, or a substituted or unsubstituted aryl group having
      from 6 to about 12 carbon atoms. Illustrative thereof one can mention
      methyl isocyanate, ethyl isocyanate, butyl isocyanate, 2-ethylhexyl
      isocyanate, chloroethyl isocyanate, cyclohexyl isocyanate, phenyl
      isocyanate, p-chlorophenyl isocyanate, benzyl isocyanate, naphthyl
      isocyanate, o-ethylphenyl isocyanate, 2,4-tolylene diisocyanate,
      2,6-tolylene diisocyanate, 4,4'-diphenylmethane diisocyanate,
      polymethylene polyphenylisocyanate, dianisidine diisocyanate, 1,6-hexane
      diisocyanate, m-xylylene diisocyanate, dicyclohexyl-4,4'-methane
      diisocyanate, cyclohexane-1,4-diisocyanate, 1,5-naphthalene diisocyanate,
      1-isocyanato-3-isocyanatomethyl-3,3,5-trimethylcyclohexane,
      diphenylene-4,4-diisocyanate, bicyclo[2.2.1]hept-2-en-5-isocyanate, and
      the like. Any of the known organic isocyanates can be used, including the
      tri- and tetra-isocyanate compounds; all of these are well known to those
      skilled in the art.
PAR  As previously indicated, the acrylated epoxidized soybean oil compounds are
      known. These compounds, and the methods for their production, have been
      disclosed in U.S. Pat. Nos. 3,125,592 and 3,450,613; the teachings therein
      are incorporated herein by reference. As is readily apparent, one can
      produce such compounds by the reaction of the epoxidized soybean oil with
      acrylic acid or methacrylic acid; both are included within the scope of
      this invention but for convenience the discussion will be based on the use
      of acrylic acid.
PAR  The reaction of the epoxidized soybean oil with acrylic acid proceeds with
      the opening of the epoxide ring in the molecule and the addition of
      acrylic acid; this can be represented by the equation:
      ##EQU1##
      The methacrylyl group may be present instead of the acrylyl group. Thus,
      the acrylated epoxidized soybean oil compound contains an average of at
      least two such acrylyl groups per molecule and, in addition, it may also
      contain some unreacted oxirane, preferably less than two weight per cent
      unreacted oxirane.
PAR  The reaction of the acrylated epoxidized soybean oil compound with the
      isocyanato group is via the hydroxyl group to form a urethane link. Thus,
      the urethane derivatives of the acrylated epoxidized soybean oil contain
      the group:
      ##EQU2##
      where X is hydrogen or methyl. A number of such groups present can be
      controlled by the amount of isocyanate compound added to the reaction. All
      of the hydroxyl groups in the acrylated epoxidized soybean oil can be
      reacted with an isocyanato group, or less than all can be so reacted.
      Thus, for about 2 to about 100 per cent of the available hydroxyl groups
      can be converted to urethane groups; preferably from about 50 to about 90
      per cent thereof are reacted with the isocyanato group and converted to
      the urethane group. The polyisocyanates may react in intramolecular
      fashion with two hydroxyl groups on the same acrylated epoxidized soybean
      oil molecule or they may serve to bridge or crosslink two of such
      molecules. It was observed that increased mono-urethane content in general
      provided enhanced toughness, and mar and water resistance, and decreased
      viscosity; while increased intermolecular poly-urethane content in the
      molecule in general provided increased viscosity, increased crosslink
      density, increased toughness and faster cure speed.
PAR  The reaction between the acrylated epoxidized soybean oil and the
      isocyanate can typically be carried out by the slow addition of the
      isocyanate to the acrylated epoxidized soybean oil compound. The order of
      addition, however, is not critical. The temperature can be from about
      10.degree.C, to about 100.degree.C, preferably from about 20.degree.C. to
      about 80.degree.C., and most preferably from about 40.degree.C. to about
      60.degree.C. After the addition has been completed, the reaction mixture
      is stirred to ensure completion of reaction. The time required will vary,
      of course, depending upon the size of the batch, the reactants used, the
      temperature of the reaction and other variables known to affect chemical
      reactions in general. A solvent can be present if desired. It is
      preferably an inert solvent that will not interfere with the reaction;
      these are well known and include ethers, hydrocarbons, ketones and esters
      such as diethyl ether, p-dioxane, dibutyl ether, tetrahydrofuran,
      diisopropyl ether, methyl ethyl ketone, methyl n-propyl ketone, methyl
      propionate, ethyl acetate, hexane, toluene, xylene, benzene , and the
      like. Of course, the presence of water is known to be detrimental when an
      isocyanate group is involved since this group reacts readily and rapidly
      with water. Any one of the conventional catalysts known to promote the
      reaction of an isocyanato group with a reactive hydrogen atom of the
      hydroxyl group, can be used. The number of such catalysts is large, and
      illustrative thereof one can mention triethylamine,
      N,N,N',N'-tetramethylbutane-1,3-diamine, dibutyltin dilaurate, stannous
      octoate, stannous laurate, dioctyltin diacetate, lead octoate,
      bis[2-(N,N-dimethylamino)ethyl]ether, 1,4-diazabicyclo[2.2.2]octane, and
      the like.
PAR  In the reaction of the acrylated epoxidized soybean oil compound with an
      amine compound, the amine compound is preferably a secondary amine of the
      formula R.sub.2 'NH, wherein each R' can be substituted or unsubstituted
      alkyl having from 1 to about 15 carbon atoms, or an aryl group having up
      to 15 carbons, or the R.sub.2 ' unit together with the nitrogen atom of
      the NH group forms a ring structure having 5 or 6 ring atoms. Illustrative
      thereof one can mention dimethylamine, diethylamine, dibutylamine,
      dioctylamine, di-2-ethylhexylamine, diphenylamine, N-methyl-N-phenylamine,
      morpholine, piperidine, pyrrolidine, and the like. In this reaction the
      amine compound adds across the double bond of the acrylyl unit of the
      acrylated epoxidized soybean oil compound to produce a compound containing
      the group
      ##EQU3##
PAR  The reaction between the secondary amine and the acrylated epoxidized
      soybean oil can be carried out by mixing the two compounds together and
      stirring at a temperature of from about 10.degree.C. to about
      100.degree.C.; ambient temperatures are preferred, thus eliminating any
      need for temperature control facilities. The amount of amine added can be
      an amount sufficient to react with from about 5 to 40 per cent of the
      acrylyl groups present. If desired, an inert solvent, such as those
      heretofore mentioned, can also be present.
PAR  The urethane derivatives of the acrylated expoxidized soybean oil and the
      amine derivatives of the acrylated epoxidized soybean oil can be used per
      se as coating compositions, either alone or in admixture with conventional
      solvents, pigments, fillers and other additives. They can be applied by
      conventional means and cured by exposure to heat, light, electron
      radiation, X-ray radiation, and other known means for curing and
      crosslinking a polymer, either alone or in the presence of a crosslinker.
PAR  The acrylated epoxidized soybean oil compounds, the urethane derivatives
      thereof and the amine derivatives thereof can also be used to produce
      coating compositions known as 100 per cent reactive coating compositions
      by mixing them with a reactive solvent. These reactive solvents are well
      known to those skilled in the art and include olefinic monomers such as
      styrene, alpha-methylstyrene, p-methylstyrene, p-chlorostyrene, and
      acrylyl compounds such as the acrylate esters, the methacrylate esters,
      the acrylamides and the methacrylamides. These acrylyl compounds can be
      represented by the formula:
      ##EQU4##
      wherein Z is hydrogen or methyl; t is an integer having a value of 1 to 3;
      and R'" is alkoxy having from 1 to about 18 carbon atoms (e.g., methoxy,
      ethoxy, propoxy, isopropoyx, 2-methylhexoxy, 2-ethylhexoxy, decoxy,
      octadecoxy); hydroxyalkoxy having up to about 15 carbon atoms (e.g.,
      hydroxymethoxy, hydroxyethoxy, hydroxypropoxy, hydroxydecoxy);
      alkoxyalkoxy having up to a total of about 15 carbon atoms (e.g.,
      methoxymethoxy, methoxyethoxy, ethoxybutoxy, methoxypropoxy,
      decoxypentoxy); cyano; cyanoalkoxy having up to about 15 carbon atoms
      (e.g., cyanomethoxy, cyanobutoxy, cyanodecoxy); aryloxy (e.g., phenoxy,
      toloxy, xyloxy, phenoxyethoxy, naphthoxy, benzyloxy); or an --(OC.sub.n
      H.sub.2n).sub.z NR"".sub.2 group wherein n is an integer having a value of
      1 to 10, z has a value of 0 or 1 and R"" is alkyl having 1 to 10 carbon
      atoms when t is one or polyvalent alkylene or oxyalkylene having 2 to 8
      carbon atoms in the alkylene moiety thereof when t is other than one.
PAR  Illustrative of suitable acrylyl compounds, many more of which are well
      known in the art, one can mention methyl acrylate, ethyl acrylate,
      2-ethylhexyl acrylate, methoxyethyl acrylate, butoxyethyl acrylate, butyl
      acrylate, methoxybutyl acrylate, cyano acrylate, cyanoethyl acrylate,
      phenyl acrylate, methyl methacrylate, propyl methacrylate, methoxyethyl
      methacrylate, ethoxymethyl methacrylate, phenyl methacrylate, ethyl
      methacrylate, lauryl metacrylate, N,N-dimethyl acrylamide, N,N-diisopropyl
      acrylamide, N,N-didecyl acrylamide, N,N-dimethyl methacrylamide,
      N,N-diethyl methacrylamide, (N,N-dimethylamino)methyl acrylate,
      2-(N,N-dimethylamino)ethyl acrylate, 2-(N,N-dipentylamino)-ethyl acrylate,
      (N,N-dimethylamino)methyl methacrylate, 2-(N,N-diethylamino)propyl
      acrylate, ethylene glycol diacrylate, propylene glycol diacrylate,
      neopentyl glycol diacrylate, 1,6-hexanediol diacrylate, diethylene glycol
      diacrylate, triethylene glycol diacrylate, dipropylene glycol diacrylate,
      ethylene glycol diacrylate, ethylene glycol dimethacrylate, propylene
      glycol dimethacrylate, diethylene glycol dimethacrylate, tripropylene
      glycol diacrylate, trimethylolpropane triacrylate, pentaerythritrol
      triacrylate, and the like.
PAR  The concentration of reactive solvent in the 100 per cent reactive coating
      composition can be from zero to about 90 weight per cent, with from 5 to
      60 weight per cent preferred, and from 10 to 50 weight per cent most
      perferred.
PAR  When the coating compositions are to be cured by light means they can
      contain from about 0.1 to about 10  weight per cent of an activator such
      as any of the known photosensitizers or photoinitiators, preferably at a
      concentration of from about one to about 5 weight per cent. These can be
      added singly or in mixtures and include, for example, benzophenone,
      p-methoxybenzophenone, acetophenone, m-chloroactophenone, propiophenone,
      xanthone, benzoin, benzil, benzaldehyde, naphthoquinone, anthraquinone,
      benzoin butyl ether, and the like.
PAR  If desired, an amine can also be present to further accelerate curing by
      light radiation when the photoinitiator is an aryl ketone. Amines that
      show this synergistic rate-enhancing effect include triethanolamine,
      triisopropanolamine, methyldiethanolamine, tributylamine, triethylamine
      and the like.
PAR  The photoinitiators or photosensitizers are usually present at a
      concentration of from about 0.1 to about 10 weight per cent, preferably
      from about 1 to about 5 weight per cent, based on the weight of the
      composition. The amine accelerator, when present, is preferably present at
      a concentration of from about 1 to about 10 weight per cent, and can be as
      high as 25 weight per cent of the composition.
PAR  The coating composition are produced by conventional methods mixing the
      selected components together. To facilitate preparation one can apply a
      small amount of heat. The coatings can be applied by conventional means,
      including spray, curtain, dip, pad, roll-coating and brushing procedures.
      They may, if desired, be dried under ambient or oven conditions. The
      coatings can be applied to any acceptable substrate such as wood, metal,
      glass, fabric, paper, fiber, plastic that is in any form, e.g., sheet,
      coil, molded film, panel, tube, etc.
PAR  The coating compositions containing the urethane derivatives of acrylated
      epoxidized soybean oil or the amine derivatives of epoxidized soybean oil
      can be cured by exposure to heat or radiation, either before or after the
      coating has dried. The radiation can be ionizing radiation, either
      particulate or non-particulate, or non-ionizing radiation. As a suitable
      source of particulate radiation, one can use any source which emits
      electrons or charged nuclei. Particulate radiation can be generated from
      electron accelerators such as the Van de Graaff accelerator, resonance
      transformers, linear accelerators, insulating core transformers,
      radioactive elements such as cobalt-60, strontium-90, etc. As a suitable
      source of non-particulate ionizing radiation, one can use any source which
      emits light radiation in the range of from about 10.sup.-.sup.3 Angstroms,
      to about 2000 Angstroms, preferably from about 5 .times. 10.sup.-.sup.3
      Angstroms to about 1 Angstrom. Suitable sources are vacuum ultraviolet
      lamps, such as xenon or krypton arcs, and radioactive elements such as
      cesium-137, strontium-90 and cobalt-60. The nuclear reactors are also
      known to be a useful source of such radiation. As a suitable source of
      non-ionizing radiation, one can use any source which emits radiation of
      from about 2000 Angstroms to about 4000 Angstroms, such as mercury arcs,
      carbon arcs, tungsten filament lamps, xenon arcs, krypton arcs, sunlamps,
      lasers, and the like. All of these devices and sources are well known in
      the art and those skilled in radiation technology are fully aware of the
      manner in which the radiation is generated and the precautions to be
      exercised in its use.
PAR  The use of low to high pressure mercury lamps to generate ultraviolet light
      is known. The largest such mercury lamp of commercial utility is generally
      about 5 feet long, having a diameter of about 1 to 2 inches and an
      electrical input of about 20 kilowatts. Mercury lamps generate a typical
      ultraviolet light line structure.
PAR  The ionizing radiation dosage necessary to effect curing or crosslinking of
      the coating composition will vary depending upon the composition of the
      particular coating that is undergoing radiation, the extent of
      crosslinking desired, the number of crosslinkable sites available and the
      molecular weight of the starting polymer in the coating composition. The
      total dosage will generally be from about 10.sup.3 rads to 10.sup.8 rads,
      preferably from 5 .times. 10.sup.5 rads to 10.sup.7 rads. A rad is 100
      ergs of ionizing energy absorbed per gram of material being irradiated.
PAR  Recently a source of light radiation emitting hign intensity predominantly
      continuum light radiation containing ultraviolet, visible and infrared
      radiation was discovered that can be used to polymerize monomers and to
      crosslink polymer compositions, namely the swirl-flow plasma arc radiation
      source. By means of proper light filters on this source one can
      selectively screen out a portion of the light radiation emitted,
      permitting only that wavelength portion desired to reach the material
      being treated.
PAR  The term "high intensity predominantly continuum light radiation" means
      continuum radiation with a source intensity of at least 350 watts per
      square centimeter steradian (about 1000 kilowatts per square foot of
      source projected area) having only a minor part of the energy in peaks of
      bandwidths less than 100 Angstrom units, with less than about 30 per cent
      of light radiated having wavelengths shorter than 4,000 Angstrom units and
      at least about 70 per cent of the light energy radiated having wavelengths
      longer than 4,000 Angstrom units.
PAR  This form of high intensity continuum light radiation is derived from an
      artificial source that generates high intensity predominantly continuum
      light radiation with a source intensity of at least about 350 watts per
      square centimeter steradian, as abbreviated by the term: watts
      cm.sup.-.sup.2 sr.sup.-.sup.1. Said high intensity predominantly continuum
      artificial light radiation generally has about 70 per cent of the light
      radiated at a wavelength longer than 4,000 Angstroms and less than about
      30 per cent of the light radiated having a wavelength shorter than 4,000
      Angstroms, usually, however, about 80 per cent of the light radiated has a
      wavelength longer than 4,000 Angstroms and less than about 20 per cent of
      the light radiated has a wavelength shorter than 4,000 Angstroms, and the
      source intensity can vary from about 350 watts (about 1000 kilowatts per
      square foot of source projected area) to about 5,000 watts (about 15,000
      kilowatts per square foot of source projected area) or more per square
      centimeter steradian. A convenient source of high intensity predominantly
      continuum light radiation is a swirl-flow plasma arc light radiation
      apparatus. The equipment for generating high intensity predominantly
      continuum light radiation by this means is known and available; many
      different forms thereof are described in the literature. A highly
      efficient apparatus for obtaining high intensity predominantly continuum
      light radiation is the swirl-flow plasma arc radiation source described in
      U.S. Pat. No. 3,364,387. The apparatus or equipment necessary for
      generating the light radiation is not the subject of this invention and
      any source or apparatus capable of generating high intensity predominantly
      continuum light radiation can be used.
PAR  While any artificial source of generating high intensity predominantly
      continuum light radiation can be used, as previously indicated the
      swirl-flow plasma arc radiation apparatus is most convenient. Any
      apparatus that operates according to the known principles of the
      swirl-flow plasma arc radiation source can be used to produce the high
      intensity predominantly continuum light radiation useful in the curing or
      crosslinking processes of this invention. These apparatuses are often
      known by other terms but those skilled in this art recognize that they
      emit high intensity predominantly continuum light radiation. The source of
      radiation in a 50 kilowatt swirl-flow plasma arc radiation source is an
      arc only about four inches long enclosed in a quartz envelope about 1.5
      inches in diameter. This lamp can be readily removed and refurbished and
      has an acceptable long lifetime. Further, a swirl-flow plasma arc
      radiation apparatus having a 250-kilowatt rating would be only about two
      or three times as large as a 50-kilowatt source. Another advantage is the
      absence of a need for expensive radiation shielding. Precautions required
      for the artificial light sources include those needed to protect one's
      eyes from the intense visible light and from the ultraviolet light present
      to prevent inadvertent sunburn effect on the body.
PAR  It is to be noted that in the spectra of high intensity predominantly
      continuum light radiation there is a continuum of radiation throughout the
      entire spectral range. This type of continuum radiation in the ultraviolet
      range has not heretofore been obtainable from the conventional commercial
      mercury arcs of lamps generally available for generating ultraviolet
      light. The previously known means for generating ultraviolet light
      produced light that shows a line or peak spectrum in the ultraviolet
      range, it is not a continuum spectrum in the ultraviolet range. In a line
      spectrum the major portion of useable ultraviolet light is that portion at
      which the line or band in the spectrum forms a peak; in order for such
      energy to be useful the material or composition that is to be treated with
      ultraviolet radiation must be capable of absorbing at that particular
      wavelength range at which the peak appears. In the event the material or
      composition does not have the ability to absorb at that particular
      wavelength range there is little or no absorption or reaction. Thus, in
      the event the material or composition to be treated absorbs at a
      particular wavelength range in one of the valleys of the spectral curve
      there will be little or no reaction since there is little or no
      ultraviolet energy to adequately excite the system. With a high intensity
      predominantly continuum radiation, there is a high intensity continuum
      radiation of ultraviolet energy across the entire ultraviolet wavelength
      range of the spectrum and there is generally sufficient ultraviolet energy
      generated at all useful ultraviolet wavelengths to enable one to carry out
      reactions responsive to ultraviolet radiation without the problem of
      selecting compound that will absorb at the peak wavelength bands only.
      With the high intensity continuum radiation now discovered one does not
      have the problem of being unable to react materials or compositions that
      absorb in the valley areas only since for all intents and purposes such
      valleys do not exist in high intensity continuum radiation, the high
      intensity radiated light energy is essentially a continuum, it is not in
      peak bands.
PAR  High intensity predominantly continuum light radiation is to be
      distinguished from ultraviolet radiation generated by commercially
      available low, medium and high pressure mercury arc ultraviolet lamps.
      These mercury arc lamps produce light emission which is primarily line or
      peak rather than continuum light, wherein a major part of the light
      appears in bands narrower than 100 Angstrom units, and much less than 70
      per cent is above 4,000 Angstrom units.
PAR  As is known, high intensity predominantly continuum light radiation from a
      swirl-flow plasma arc radiation source is emitted from an arc generated
      between a pair of electrodes that are lined up axially and encased in a
      quartz cylinder. In an embodiment a pair of concentric quartz cylinders
      between which cooling water or gas flows is used. A rare gas, such as
      argon, krypton, neon or xenon, introduced into the inner cylinder
      tangentially through inlets located at one end of the inner cylinder
      creates a swirling flow or vortex which restricts the arc to a small
      diameter. An electrical potential applied across the electrodes causes a
      high density current to flow through the gas to generate a plasma composed
      of electrons, positively charged ions and neutral atoms. A plasma
      generated in the above gases produces high intensity predominantly
      continuum light radiation with diffuse maxima in the region of from about
      3,000 to about 6,000 Angstroms. The radiation source can also be used with
      reflectors or refractive optical systems to direct the high intensity
      predominantly continuum light radiation emanating from the arc to a
      particular point or direction or geometrical area.
PAR  The coating compositions of this invention are readily cured by exposure to
      the radiation for a shorter period of time. The exposure can vary from a
      period as short as a fraction of a second to a period that may be as long
      as ten minutes or longer. In most instances a period of from about 0.1
      second to about two minutes is adequate. The distance of the composition
      from the radiation source will vary depending upon the particular energy
      source being employed. It can vary from a fraction of an inch up to 10
      feet or more; preferably the distance is from about 1 foot to about 4
      feet. Exposure can be under normal atmospheric conditions or under an
      inert gas blanket, for example under nitrogen; the preferred process
      includes the use of an inert gas atmosphere.
PAR  Alternatively, one can add a peroxidic compound, a perester, peracid,
      peroxide, hydroperoxide, or a persulfate or azo compound to the
      composition and then cure or crosslink by heating at from about
      50.degree.C. to about 250.degree.C. The amount of such compound added can
      vary from about 0.1 to about 10 weight per cent, preferably 0.5 to about
      2.5 weight per cent, of the composition. Any of these compounds known to
      be useful in the curing of polymer compositions can be used, such as,
      di-t-butyl peroxide, dicumyl peroxide, t-butyl hydroperoxide,
      alpha-tetralin hydroperoxide, t-butyl peracetate, peracetic acid,
      perbenzoic acid, benzoyl peroxide, dichlorobenzoyl peroxide, ammonium
      persulfate, azobis(isobutyronitrile), dimethyl azobis(isobutyrate), and
      the like.
DETD
PAC  ILLUSTRATIVE EXAMPLES-- PREPARATION OF ACRYLATED EPOXIDIZED SOYBEAN OIL
      COMPOUNDS
PAC  Example 1
PAR  A mixture was prepared containing 300 parts by weight of a commercially
      available epoxidized soybean oil and 47.5 parts by weight of acrylic acid.
      The epoxidized soybean oil had an average molecular weight of about 1,000,
      an oxirane content of about 7 per cent by weight and it was the epoxide of
      the triester of glycerol with soybean oil. The mixture was heated at
      40.degree.C. for 70 hours and then cooled. The reaction product contained
      38.6 parts of unreacted acrylic acid with the balance of the reaction
      product being acrylated epoxidized soybean oil having an oxirane content
      of 5.2 per cent and an acrylyl content of 0.354 milliequivalents per gram.
PAC  EXAMPLE 2
PAR  A mixture was prepared using 250 parts of the same epoxidized soybean oil
      used in Example 1 and 216 parts of acrylic acid; and it was then stirred
      at 125.degree.C. for 1 hour in an open reaction vessel. After cooling to
      room temperature it was diluted with diethyl ether. The mixture was washed
      several times with 1 per cent aqueous sodium acid phosphate and then with
      1 per cent aqueous sodium chloride solutions. The diethyl ether was
      removed in vacuo and the product dried. The reaction product contained 49
      parts of unreacted acrylic acid and the balance, 417 parts, was acrylated
      epoxidized soybean oil having an oxirane content of 0.2 per cent, an
      acrylyl content of 2.2 milliequivalents per gram and a viscosity of 1,500
      centistokes at 25.degree.C. by the Gardner method.
PAC  Example 3
PAR  A mixture was prepared using 100 grams of the same epoxidized soybean oil
      used in Example 1, 400 grams of ethylbenzene and 0.2 grams of
      tridecylphosphite; it was stirred at 90.degree.C. under a nitrogen purge
      for 1 hour. Five hundred grams of acrylic acid, 0.006 gram of
      phenothiazine, 0.056 gram of hydroquinone and 0.025 gram of alloocimene
      were added to the above mixture and stirring was continued for another 3
      hours at 90.degree.C. to 100.degree.C. while purging with oxygen. The
      unreacted acrylic acid and the solvent were removed by flash distillation
      under vacuum at 120.degree.C. The acrylated epoxidized soybean oil had an
      oxirane content of 0.93 per cent, an acrylyl content of 2.1
      milliequivalents per gram and a viscosity of 1,850 centistokes at
      100.degree.F. by the Gardner method; the distilled product also contained
      0.54 per cent unreacted acrylic acid.
PAC  Example 4
PAR  Two liters of the epoxidized soybean oil used in Example 1, 8 liters of
      acrylic acid, 8 grams of hydroquinone, 2 grams of p-methoxyphenol and 0.5
      gram of phenothiazine were charged to a reaction flask and reacted at
      100.degree.C. to 110.degree.C. for 5 hours while continuously purging dry
      air through the mixture. The unreacted acrylic acid was distilled under
      vacuum on a rotary film evaporator and the residual product was diluted
      with diethyl ether. The solution was passed through a column of amine
      containing ion exchange resin sold commercially as A-21 (Rohm & Haas) and
      then distilled to remove the diethyl ether. The acrylated epoxidized
      soybean oil was a straw yellow color and was free of unreacted acrylic
      acid.
PAC  PREPARATION OF URETHANE DERIVATIVES OF ACRYLATED EPOXIDIZED SOYBEAN OIL
      COMPOUNDS
PAC  Example 5
PAR  One hundred parts by weight of acrylated epoxidized soybean oil, produced
      as described in Example 4, were mixed with 10 parts of methyl isocyanate,
      30 parts of anhydrous tetrahydrofuran and 0.05 part of dibutyltin
      dilaurate in an amber glass bottle an the bottle was sealed. The mixture
      was agitated at room temperature for 12 hours. The urethane of the
      acrylted epoxidized soybean oil contained units of the following formula
      in the molecule:
      ##EQU5##
      This structure was confirmed by infrared analysis. The amber-colored
      urethane had a viscosity of 1,000 poises.
PAC  Example 6
PAR  Two hundred parts by weight of acrylated epoxidized soybean oil, produced
      as described in Example 4, were dissolved in 100 parts of diethyl ether
      and then 6 parts of an 80/20 mixture of the 2,4- and 2,6-
      tolylenediisocyanate isomers and 0.05 part of dibutyltin dilaurate were
      added. After agitating in a closed vessel at room temperature for 12 hours
      the diethyl ether was distilled under vacuum. The amber-colored urethane
      had a viscosity of 110 poises. The structure of the urethane of the
      acrylated epoxidized soybean oil was confirmed by infrared spectrum; it
      contained units of the following formula in the molecule:
      ##EQU6##
PAC  Example 7
PAR  Ninety five parts by weight of acrylated epoxidized soybean oil, produced
      as described in Example 4, were mixed with 5 parts of
      methylenebis-4,4'-phenyl isocyanate and 0.05 part of dibutyltin dilaurate
      and agitated at 50.degree.C. in a closed reactor for 16 hours. The yellow
      urethane of the acrylated epoxidized soybean oil had a Brookfield
      viscosity of 3,300 centiposies at 25.degree.C. and contained units of the
      following formula:
      ##EQU7##
PAC  PREPARATION OF AMINE DERIVATIVES OF ACRYLATED EPOXIDIZED SOYBEAN OIL
      COMPOUNDS
PAC  Example 8
PAR  Ninety seven parts by weight of acrylated epoxidized soybean oil, produced
      as described in Example 4, were reacted with three parts of diethanolamine
      in a closed vessel for one hour. The aminated acrylated epoxidized soybean
      oil was light yellow and it had a Brookfield viscosity of 17,900
      centipoises at 25.degree.C. Analysis indicated that about 14 per cent of
      the double bonds of the acrylyl group had reacted with the diethanolamine;
      the compound contained units of the formula:
      ##EQU8##
PAC  Example 9
PAR  In a manner similar to that described in Example 8, 97 parts of the
      acrylated epoxidized soybean oil and 3 parts of morpholine were reacted at
      25.degree.C. for 1 hour. The morpholine adduct of the acrylated epoxidized
      soybean oil was amber in color and it had a Brookfield viscosity of 19,000
      centipoisies at 25.degree.C. Analysis indicated that about 14 per cent of
      the double bonds of the acrylated epoxidized soybean oil had reacted with
      the morpholine; the compound contained units of the formula:
      ##EQU9##
PAC  PREPARATION OF COATING COMPOSITIONS
PAC  Example 10
PAR  The urethane of acrylated epoxidized soybean oil, produced as described in
      Example 6 by the reaction of acrylated soybean oil with two weight per
      cent of an 80/20 mixture of 2,4- and 2,6- tolylenediisocyanate, was coated
      on steel panels. The panels were placed in a flat box covered with
      polyethylene film, purged with nitrogen and irradiated with electrons from
      a 300 kilovolt electron accelerator to impart a dose of 0.5 megarad to the
      coating. The coating cured to hard, tough surfaces having the following
      properties.
TBL  ______________________________________                                    

     Run                  A         B                                          

     Sward hardness (glass=100)                                                

                          8         20                                         

     Reverse impact (inch-lbs)                                                 

                          &gt;165      25                                         

     Acetone resistance (rub cycles)                                           

                          16        50                                         

     Boiling water resistance,                                                 

       (30 min. immersion)                                                     

                          good      excellent                                  

     ______________________________________                                    

PAC  Example 11
PAR  Coating compositions were produced by the addition of varying amounts of
      2-hydroxyethyl acrylate (HEA) to the same urethane derivative of acrylated
      epoxidized soybean oil used in Example 10. The coatings were applied to
      steel panels and were then irradiated with 5 megarads of high energy
      electrons in the same manner described in Example 10; Runs A to C. In
      addition, coating compositions were produced from the unmodified acrylated
      epoxidized soybean oil and 2-hydroxyethyl acrylate and similarly
      irradiated; Runs D to G. As is evident from the results, the addition of
      the 2-hydroxyethyl acrylate lowers the viscosity making the coating
      solution easier to apply, while at the same time the properties of the
      coatings improved with the increased concentration thereof used.
TBL  ______________________________________                                    

                                   Sward    Reverse                            

            HEA     Viscosity      hardness impact                             

     Run    wt%     cps at 25.degree.C.                                        

                                   glass=100                                   

                                            in-lbs.                            

     ______________________________________                                    

     A       0      25,000         20       25                                 

     B      20      1,840          20       100                                

     C      30      750            28       165                                

     D       0      6,800          12       50                                 

     E      20      1,200          14       100                                

     F      30      390            14       &gt;165                               

     G      40      210            14       &gt;165                               

     ______________________________________                                    

PAC  Example 12
PAR  To the acrylated epoxidized soybean oil compound of Example 7 there was
      added 5 weight per cent of benzophenone as photosensitizer. The
      composition was coated on to steel panels and irradiated for sixty seconds
      under two side-by-side 550 watt medium pressure mercury arcs. The
      compositions cured to smooth, hard, clear coatings with resisted 200
      acetone rub-cycles.
PAC  Example 13
PAR  A composition was prepared containing 70 parts by weight of the acrylated
      epoxidized soybean oil compound prepared as described in Example 4 and 30
      parts of 2-hydroxyethyl acrylate; it had a viscosity of 390 centipoises at
      25.degree.C. The composition was coated on steel panels which were
      irradiated as described in Example 10 with varying amounts of high energy
      electrons to determine the effect of varying the electron dosage on the
      properties of the cured film. It was found that a dose of 2 megarads was
      sufficient, a higher dose showed little further improvement. The results
      are tabulated below; all coatings had a reverse impact of greater than 165
      in-lbs.
TBL  ______________________________________                                    

              Sward      Acetone    Boiling water                              

              hardness   resistance,                                           

                                    resistance                                 

     Megarads glass=100  rub-cycles 30 min.                                    

     ______________________________________                                    

      0.25    2          11         fair                                       

     0.5      8          15         good                                       

     1.0      8          30         good                                       

     2.0      14         46         good                                       

     5.0      14         50         good                                       

     ______________________________________                                    

PAC  EXAMPLE 14
PAR  A composition was prepared containing 80 parts of acrylated epoxidized
      soybean oil produced as described in Example 4 and 20 parts of
      2-butoxyethyl acrylate. This composition was used to produce coating
      compositions containing varying amounts of tricyclo[5.2.1.0.sup.2.6
      ]dec-3-en-8(-9)-yl acrylate (DCPA), which were coated on steel panels and
      cured in the manner described in Example 10. A dosage of 2.5 megarads was
      applied to each panel. The coatings cured to smooth, clear films. All of
      the films had an acetone resistance of 50 rub-cycles and after 30 minutes
      immersion in boiling water had a boiling water resistance rating of
      excellent. The data is recorded below:
TBL              Sward          Reverse                                        

     DCPA        hardness       impact                                         

     wt.%        glass=100      in-lbs                                         

     ______________________________________                                    

      0          12              5                                             

     12.5        16             25                                             

     25.0        22             &gt;165                                           

     37.5        34             &gt;165                                           

     ______________________________________                                    

PAC  Example 15
PAR  A composition was produced containing 95 parts by weight of the
      diethanolamine adduct of Example 8 and 5 parts by weight of benzophenone.
      The solutions were coated on steel panels and irradiated for 10 seconds as
      described in Example 12 to produce a clear, smooth, tack-free coating.
PAR  A composition containing 75 parts by weight of the adduct of Example 8, 20
      parts by weight of neopentyl glycol diacrylate and 5 parts by weight of
      benzoin butyl ether cures to a clear, hard coating when it is irradiated
      in a similar manner.
PAC  Example 16
PAR  A coating composition was produced by mixing 95 parts by weight of the
      morpholine adduct of Example 9 and 5 parts by weight of benzophenone. The
      solution was coated on steel panels and irradiated with two side-by-side
      2.2-kilowatt medium-pressure mercury arcs housed in directional reflectors
      placed 18 inches over and parallel to a conveyor line moving at 76 feet
      per minute. A single pass of the coated panel under the mercury arcs cured
      the composition to a clear, tack-free coating.
PAC  Example 17
PAR  Ninety five parts by weight of an acrylated epoxidized soybean oil produced
      as described in Example 4 and five parts by weight of benzophenone were
      mixed to form a uniform solution. This was coated on steel panels and
      irradiated as described in Example 16; three passes under the mercury arcs
      were required to cure the composition to a tack-free state. A comparison
      with Example 16 indicates that the amine adducts cure more rapidly.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition comprising:
PA1  I. an acrylated epoxidized soybean oil amine compound having in the
      molecule the group:
      ##EQU10##
        wherein X is hydrogen or methyl and R' taken singly is alkyl of 1 to 15
      carbon atoms or aryl having up to 15 carbon atoms and the two R' groups
      taken together with the nitrogen atom attached thereto form a heterocyclic
      ring having from 5 to 6 ring atoms, said compound being the reaction
      product of:
PA1  A. epoxidized soybean oil reacted with at least 2 moles of acrylic acid or
      methacrylic acid per mole thereof and
PA1  B. from 5 to 40 mole percent, based on acrylyl groups of an organic amine
      of the formula R.sub.2 ' NH wherein R' is as defined above, and
PA1  Ii. an acrylyl compound.
NUM  2.
PAR  2. A composition as claimed in claim 1 wherein said acrylyl compound (II)
      is present at a concentration up to about 90 weight percent thereof and is
      acrylonitrile or of the formula:
      ##EQU11##
      wherein Z is hydrogen or methyl;
PA1  t is an integer having a value of 1 to 3; and
PA1  R'" is alkoxy of 1 to 18 carbon atoms, hydroxyalkoxy of up to 15 carbon
      atoms, alkoxyalkoxy of up to 15 carbon atoms, cyanoalkoxy of up to 15
      carbon atoms, aryloxy, or --(OC.sub.n H.sub.2n).sub.z NR"" wherein n has a
      value of 1 to 10, z has a value of 0 or 1 and R"" is alkyl of 1 to 10
      carbon atoms when t is one or a polyvalent alkylene or oxyalkylene having
      2 to 8 carbon atoms in the alkylene moiety thereof when t is other than
      one.
NUM  3.
PAR  3. A composition as claimed in claim 2 wherein (A) is the reaction product
      of epoxidized soybean oil with acrylic acid.
NUM  4.
PAR  4. A composition as claimed in claim 2 wherein (A) is the reaction product
      of epoxidized soybean oil with methacrylic acid.
NUM  5.
PAR  5. A composition as claimed in claim 2 wherein (B) is diethanolamine.
NUM  6.
PAR  6. A composition as claimed in claim 2 wherein (B) is morpholine.
NUM  7.
PAR  7. A composition as claimed in claim 1 wherein a pigment is additionally
      present.
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ABST
PAL  Improved lignocellulosic particleboard, hardboard, and plywood are produced
      using a lignin sulfonate-phenol formaldehyde glue system. Preferred
      products are secured by using Douglas fir chips in combination with a
      unique technique of blending the lignin sulfonate with a phenol and
      formaldehyde. A specific technique is to react lignin sulfonate with
      formaldehyde under influence of caustic and heat and then to react the
      resulting compound with phenol formaldehyde resin to secure a more
      effective final glue system.
BSUM
PAR  The present invention is generally concerned with improved particleboard,
      plywood and hardboard products which can be economically produced. In
      accordance with the present process an extended phenol formaldehyde glue
      system is used which comprises a lignin sulfonate salt. The extended
      system in a preferred modification is secured by reacting lignin sulfonate
      with formaldehyde under influence of caustic and heat. The resulting
      product is then reacted with phenolic resin to secure a very reactive
      final glue system.
PAR  The manufacture of hardboard and particleboard products are well known in
      the art. Generally these boards are produced using random geometric
      configuration wood chips such as described in U.S. Pat. No. 2,642,371,
      issued June 16, 1953, entitled "Composite Wooden Board", inventor Fahrni,
      and U.S. Pat. No. 2,686,143, issued Aug. 10, 1954, entitled "Process for
      Manufacturing Composite Wooden Board", inventor Fahrni. The particleboards
      may be a single homogeneous ply or may be multiply, such as a core ply of
      relatively coarse chips and two face plies of relatively flat elongated
      chips. Generally these particleboards are manufactured using a glue system
      to adhere the particles one to the other and then subjecting the mat mass
      to heat and pressure for predetermined time periods.
PAR  The hot press conditions may vary widely depending upon operating factors
      such as type of panel, thickness of panel, etc. Temperatures may range
      from about 250.degree.F to 600.degree.F, such as about 330.degree.F,
      pressure from about atmospheric to 1000 psi, such as about 50 psi to 200
      psi, and the time periods from about 1 minute to about 10 minutes.
PAR  Many types of glue systems have been used. Two well known systems comprise
      a phenol formaldehyde system and a urea formaldehyde system. Since these
      glue systems constitute a large proportion of the manufacturing cost, many
      extenders have been tried and used commercially. However, those known
      extenders have not been successful due to the fact that, if used in the
      desired economical amounts, the resulting strengths of the board products
      are appreciably impaired.
PAR  It has now been discovered that a phenol formaldehyde glue system may be
      effectively extended by the incorporation therein of a lignin sulfonate
      salt, such as ammonium lignin sulfonate and an alkali metal lignin
      sulfonate such as sodium and/or potassium lignin sulfonate.
PAR  The preferred salt is sodium lignin sulfonate. The amount of lignin
      sulfonate salt used may vary appreciably as compared to the phenol
      formaldehyde resin, but is in the range by weight of about 25% to 60%,
      preferably 30% to 50%, such as about 40% based on resin solids. When using
      these amounts it is essential that the pH of the system be maintained
      above about 10.0, as in the range of about 10.4 to 11.5, such as about
      11.0.
PAR  The mol ratio of phenol to formaldehyde in the system may vary widely. The
      preferred ratio of phenol to formaldehyde is from 1 to 1.25, to 1 to 2.5.
      A very desirable ratio is 1 to 1.85.
PAR  The lignin sulfonates used (lignosulfonates) are made from the lignin of
      sulfite pulp mill liquids. The lignin sulfonates are a light tan to dark
      brown powder and are stable in the dry form. They are nonhygroscopic with
      no definite melting point and decompose above about 200.degree.C. The
      viscosity in an aqueous 50% solids solution ranges from about 120 to 600
      cps and the specific gravity is about 1.0 to 2.0, such as about 1.5.
DETD
PAR  The present invention may be fully understood by the following examples
      illustrating embodiments of the same.
PAC  EXAMPLE I
PAR  Sodium lignin sulfonates as described were diluted to form an aqueous
      solution containing 40% solids. This solution was then added to an
      advanced phenol formaldehyde resin in concentrations of 25%, 30% and 50%
      (based on total solids). The pH was adjusted using NaOH to a range from
      about 10.4 to 11.5. The extended glue system was sprayed on Douglas fir
      flakes using 8% by weight based on oven dry wood (O.D.). A control glue
      system of regular phenol formaldehyde was also prepared.
PAR  Three quarter inch test panels were prepared to secure a three layer board
      with a 0.660 g/cc density and about 7% by weight of moisture content after
      pressing. The glue systems as described were used in the face layer
      flakes. The panels were prepressed at 75 psi and then hot pressed at
      320.degree. to 340.degree.F for 6 to 8 minutes at 225 psi. The results are
      listed in the following Table I.
TBL                                    TABLE No. 1                             

     __________________________________________________________________________

     PHYSICAL PROPERTIES Vs. pH CHANGE IN HYBRID BOARDS WITH 3 LEVELS OF       

     LIGNIN SULFONATE IN FACE LAYER                                            

     __________________________________________________________________________

     %                                ****                                     

     Sulfo-                           24                                       

         nate              **   ***   Hour                                     

     Board                                                                     

         in       g/cc *   Face 24 Hour                                        

                                      Water                                    

                                          Stability.sup.1                      

                                                   Smoothness.sup.2            

     No. Face pH  Density                                                      

                       I.B.                                                    

                           Strength                                            

                                Swell %                                        

                                      Abs.                                     

                                          48 Hr.                               

                                               7 Day                           

                                                   Start                       

                                                       48 Hr.                  

                                                            7                  

     __________________________________________________________________________

                                                            Day                

     1   25%  10.5                                                             

                  .656 88  274  4.8   19.0                                     

     2   25%  10.7                                                             

                  .654 77  262  5.1   21.3                                     

     3   25%  11.0                                                             

                  .659 83  249  5.3   19.8                                     

     4   25%  11.3                                                             

                  .654 74  247  7.1   23.3                                     

     5   25%  11.5                                                             

                  .660 73  240  6.9   23.1                                     

     6    None                                                                 

              10.5                                                             

                  .651 64  244  6.0   21.2                                     

     7   50%  10.4                                                             

                  .693 104 299  7.5   20.9                                     

     8   50%  10.7                                                             

                  .692 103 290  6.6   19.9                                     

     9   50%  11.0                                                             

                  .695 105 270  8.1   20.6                                     

     10  50%  11.3                                                             

                  .689 111 290  8.4   22.1                                     

     11   None                                                                 

              10.5                                                             

                  .689 92  297  5.9   19.0                                     

     12  30%  10.4                                                             

                  .662 77  251  6.8   24.1                                     

                                          .12  .24 425 667  700                

     13  30%  10.7                                                             

                  .653 60  232  7.6   25.7                                     

     14  50%  10.4                                                             

                  .657 65  242  8.2   27.0                                     

                                          .12  .22 392 633  750                

     15  50%  10.7                                                             

                  .657 54  230  11.3  30.0                                     

     16   None                                                                 

              10.5                                                             

                  .659 61  250  6.7   24.1                                     

                                          .17  .22 383 633  683                

     __________________________________________________________________________

      Hybrid Boards - A core and face layer of different materials, i.e. Dougla

      fir flakes in faces and fine splinter particles in core. Face layers from

      about 1/32" to 1/4" and core from about 1/6" to 2".                      

        * I.B. Internal Bond (Tension perpendicular to surface to break board) 

      A.S.T.M. D 1037-60T Sec. 27-32                                           

       ** Face Strength - Face strength of the surface layer. Tabs are glued to

      the surface and the perpendicular pull to break the surface from the core

      recorded. (P.S.I.)                                                       

       *** 24 Hr. Swell - A.S.T.M. D 1037-60T Sec. 69-75                       

      **** 24 Hr. Water Abs. A.S.T.M. D 1037-60T Sec. 69-75                    

      .sup.1 Stability - A.S.T.M. D 1037- 60T Sec. 76-79                       

      .sup.2 Smoothness - Relative measurement of increase in surface roughness

      after exposure to high relative humidity                                 

PAR  From the foregoing it is apparent that excellent particleboards are secured
      when extending the phenol formaldehyde resin with sodium lignin sulfonate
      providing the pH is maintained relatively high.
PAC  EXAMPLE II
PAR  A second set of panels were prepared as described in Example I, using 30%
      to 50% by weight of sodium lignin sulfonate with the pH adjusted to 10.4
      and 10.7 with caustic. Superior face properties were secured. The panels
      were tested at each level of extension, and stabilities and surface
      smoothness were taken after 2 days and 7 days at 70.degree.F and 90%
      relative humidity (R.H.). Stability and surface roughening were about the
      same when using only phenol formaldehyde resin. Thus the phenolic resin
      can be extended up to about 50% with sodium lignin sulfonate if the pH is
      maintained above about 10.3 to 10.5. See data for boards 12, 14 and 16
      (Table I).
PAC  EXAMPLE III
PAR  Additional panels were prepared as described in Example I. Pine and Douglas
      fir planer shavings were used. In all cases 8% by weight of resin was used
      based on the chips. A sodium lignin sulfonate content of various amounts
      was used in the phenol formaldehyde resin utilized in the face layers. The
      lignin sulfonate had a pH of 9.0 and the extended resin a pH of 10.3 to
      10.5.
PAR  Three-eighths inch thick panels were prepared as described, pressing for
      about 6.5 minutes at 330.degree.F at a psi of about 225. The face layers
      had a thickness of about 1/8 inch and the core layer a thickness of about
      1/8 inch. The core layer was glued only with a urea formaldehyde resin.
PAR  Sections of each panel were placed in a humidity cabinet at 90% relative
      humidity (R.H.) at 90.degree.F for three days to evaluate moisture
      resistance of the face layers. Thickness swells were measured and face
      strengths tested after this time. No significant decreases occurred from
      30% to 60% by weight extension with the sodium lignin sulfonate.
PAR  Other operations were carried out using pine planer shavings in the face
      layers with 8% by weight of glue. Also higher levels of sodium lignin
      sulfonate were used. (30% to 90%). With the pine faces, a decrease in
      physical properties occurred as the percentage of sulfonate increased. A
      50% level of extension is desirable. The results are listed in the
      following Table II.
TBL                                    TABLE No. II                            

     __________________________________________________________________________

              MAXIMUM EXTENSION ON TWO SPECIES                                 

                            **  Thickness                                      

                                         Face Strength                         

     Board                                                                     

         g/cc        Extension                                                 

                           Face Swell    3 Days   *                            

                     %Na Sul-                                                  

     No. Density                                                               

              Material                                                         

                     fonate                                                    

                           Strength                                            

                                3 Days Hi.R.H.                                 

                                         Hi.R.H.  I.B.                         

     __________________________________________________________________________

     17  .661 D.Fir P.S.                                                       

                     30    274  4.2%     193      99                           

     18  .658 "      34    265  4.4      173      108                          

     19  .659 "      38    263  4.2      166      95                           

     20  .657 "      40    266  3.8      163      94                           

     21  .659 "      44    281  4.2      175      102                          

     22  .662 "      47    286  4.3      179      113                          

     23  .659 "      51    294  4.2      189      103                          

     24  .659 "      54    273  4.4      180      90                           

     25  .658 "      58    311  4.4      165      107                          

     26  .661 "      60    278  3.9      159      104                          

     27  .637 "      100    92  9.7      Failed   75                           

     28  .680 Pine P.S.                                                        

                     30    251  --       --       104                          

     29  .683 "      50    243  --       --       104                          

     30  .688 "      60    220  --       --       105                          

     31  .681 "      70    206  --       --       107                          

     32  .684 "      80    170  --       --       106                          

     33  .684 "      90    124  --       --       85                           

     __________________________________________________________________________

      * See Table I                                                            

      **                                                                       

PAC  EXAMPLE IV
PAR  In another series of tests 3/8 inch panels were prepared as described in
      Example I using 8% by weight of phenol formaldehyde resin in the face and
      a urea formaldehyde resin in the core. The chips in the face were Douglas
      fir shavings.
PAR  One set of panels was prepared using as the glue system a phenol
      formaldehyde resin containing 30% of sodium lignin sulfonate while the
      other set was prepared using a non-extended phenol formaldehyde resin. The
      results secured are listed in the following Table III.
TBL                                    TABLE III                               

     __________________________________________________________________________

     COMPARISON OF 30% SODIUM LIGNIN SULFONATE AND 70% WT.                     

     PHENOL FORMALDEHYDE RESIN vs. PHENOL FORMALDEHYDE RESIN                   

     AT DIFFERENT PRESS TEMPERATURES                                           

     __________________________________________________________________________

                  PRESS                                                        

     Board                                                                     

         g/cc % Sul-          Face Internal                                    

     No  Density                                                               

              fonate                                                           

                  Temperature                                                  

                         Time Strength                                         

                                   Bond                                        

     __________________________________________________________________________

     34  .685  30%                                                             

                   230.degree.F                                                

                         10 min.                                               

                              174  104                                         

     35  .699 30  250    10   225  120                                         

     36  .699 30  270    10   248  122                                         

     37  .698 30  290     8   255  129                                         

     38  .684 30  320     6   251  124                                         

     39  .723 None                                                             

                  230    10   235  114                                         

     40  .710 None                                                             

                  250    10   251  122                                         

     41  .707 None                                                             

                  270    10   263  118                                         

     42  .704 None                                                             

                  290     8   258  119                                         

     43  .697 None                                                             

                  320     6   270  119                                         

     __________________________________________________________________________

PAR  From the above it is apparent that when using a phenol formaldehyde resin
      containing 30% by weight of sodium lignin sulfonate the press temperature
      should exceed about 270.degree.F, preferably in the range of about
      290.degree.F to 320.degree.F, such as about 300.degree.F. The press cycle
      should range from about 6 to 10 minutes such as about 8 minutes. The
      longer press cycles do not help at the low temperatures.
PAC  EXAMPLE V
PAR  Other tests were conducted to determine the outdoor durability of the
      respective panels prepared as hereinbefore described. The results secured
      are listed in Table IV. The panels were 3/4 inch and the lignin sulfonate
      containing phenol formaldehyde resin had a pH of 9.0. Both panels had a
      10% glue content in the face and 6% glue in the core. 1% wax was also
      sprayed on the core. Pine planer shavings were used as the face material
      and the panels were pressed as hereinbefore described.
PAR  The glue content based on the weight of the wood particles may vary
      appreciably depending on many manufacturing variables. Generally the glue
      content is in the range of about 4% to 15%, preferably about 7% to 9%.
TBL                                    TABLE IV.                               

     __________________________________________________________________________

     OUTDOOR DURABILITY OF 35% SODIUM LIGNIN SULFONATE                         

     IN THE FACE -vs- PHENOLIC RESIN                                           

     __________________________________________________________________________

                                   Thickness Swell                             

              Dens-       24  24 Hr.    After                                  

                                             After                             

     Board                                                                     

         Sulfon-                                                               

              ity    Face Hour                                                 

                              Water                                            

                                   1 Hr 1    2                                 

     No. ate  g/cc                                                             

                  I.B.                                                         

                     Strength                                                  

                          Swell                                                

                              Abs. Boil Cycle                                  

                                             Cycle                             

     __________________________________________________________________________

     44  35%  .657                                                             

                  85 284  15.3                                                 

                              56.1 .042"                                       

                                        .067"                                  

                                            .075"                              

     45  0    .660                                                             

                  93 319  14.8                                                 

                              57.1 .046"                                       

                                        .064"                                  

                                            .075"                              

     __________________________________________________________________________

PAL  The foregoing results show that the addition of the lignin sulfonate has
      only a slight effect on swell and water absorption.
PAC  EXAMPLE VI
PAR  Additional tests were conducted to determine the effect of sodium lignin
      sulfonate extended phenol formaldehyde glue systems at three different
      levels of glue content (10%, 9% and 8%). The results secured are shown in
      Table V. The particleboards were 3/4 inch thick and the press cycle was as
      hereinbefore described.
TBL                                    TABLE V                                 

     __________________________________________________________________________

                                            LIGNIN SULFONATE                   

     TABULATION OF BOARD PROPERTIES OF PHENOLIC * VS. PHENOLIC                 

                                            RESINS                             

     __________________________________________________________________________

                                    24                                         

     Board        Glue       I.B.                                              

                                Face                                           

                                    Hr. Water        Warp Density              

     No.  Glue Used                                                            

                  Con.                                                         

                     Type TM PSI                                               

                                Stgth.                                         

                                    Swell                                      

                                        Abs.                                   

                                            MOR MOE  Index                     

                                                          g/cc                 

     __________________________________________________________________________

     46   Pure Phenolic                                                        

                  10%                                                          

                     D.fir Flake                                               

                             79 278 10.4                                       

                                        35.2                                   

                                            3170                               

                                                504,-                          

                                                     5.5/65                    

                                                          .661                 

     47   Pure phenolic                                                        

                  9  "       79 277 10.8                                       

                                        36.0                                   

                                            2790                               

                                                455,-                          

                                                     5.0/64                    

                                                          .661                 

     48   Pure phenolic                                                        

                  8  "       81 264 11.8                                       

                                        40.1                                   

                                            2890                               

                                                491,-                          

                                                     7.0/64                    

                                                          .659                 

          25% Sulfonate                                                        

     49   75% Phenolic                                                         

                  10 "       77 258 14.9                                       

                                        2990                                   

                                            479,-                              

                                                6.0/64                         

                                                     .654                      

     50   Pure phenolic                                                        

                  9  "       79 252 13.9                                       

                                        41.1                                   

                                            2790                               

                                                467,-                          

                                                     7.0/64                    

                                                          .652                 

     51   Pure phenolic                                                        

                  8  "       69 254 15.8                                       

                                        46.2                                   

                                            2830                               

                                                439,-                          

                                                     7.0/64                    

                                                          .650                 

     __________________________________________________________________________

      * Phenol formaldehyde resin                                              

PAR  It is apparent from the foregoing that excellent results are secured with a
      25% lignin sulfonate extended phenol formaldehyde resin.
PAR  In other tests the sodium lignin sulfonate extended phenol formaldehyde
      resin (up to 40%) was equivalent to the non-extended resin in properties
      such as compatibility with various fillers and sealers, and also ability
      to accept overlays. Fire retardant salts are also very compatible with the
      lignin sulfonate extended resin.
PAR  The preferred technique of preparing the extended lignin sulfonate phenol
      formaldehyde glue system is to prepare a lignin sulfonate formaldehyde
      prepolymer solution. This prepolymer solution is prepared by heating
      lignin sulfonate with caustic, such as NaOH at an elevated temperature in
      the range of about 80.degree.C to 110.degree.C for a time period in the
      range of about 15 to 45 minutes. This solution is preferably cooled and
      formaldehyde added, and then reheated and allowed to exotherm until the
      formaldehyde is consumed. Generally about 3% to 10% by weight of
      formaldehyde, such as about 6% is added based on the lignin sulfonate.
PAR  This prepolymer solution containing about 3% to 10% formaldehyde is allowed
      to cool and phenol is added. Then additional formaldehyde is added and the
      solution heated to a temperature in the range of about 80.degree.C to
      110.degree.C for a time period of about 20 to 60 minutes.
PAR  While the foregoing technique produces a glue system having the strongest
      bonds and is much preferred, under certain conditions the lignin sulfonate
      formaldehyde prepolymer solution may be mixed with a finished phenol
      formaldehyde resin, or the solution may be added to a phenol formaldehyde
      resin, or the solution may be added to a phenol formaldehyde prepolymer
      and advanced to the desired viscosity, the preferred viscosity is in the
      range of 1000 to 1500 cps at 50% solids at 25.degree.C. The following will
      illustrate the preferred technique for producing the glue system of the
      present invention.
PAC  EXAMPLE VII
PA0  a. 220 grams of 50% sodium lignin sulfonate was heated at 90.degree.C .+-.
      5.degree.C for 30 minutes
PA1  110 g. sodium lignin sulfonate
PA1  110 g. H.sub.2 O with 100 grams 50% N.sub.a OH solution
PA1  50 N.sub.a OH
PA1  50 h.sub.2 o
PA0  b. The solution of (a) was cooled to 40.degree.C, and sufficient grams of
      37% formaldehyde added to secure a prepolymer solution containing from
      about 3% to 10% by weight of formaldehyde. This prepolymer solution was
      then heated to 90.degree.C .+-. 5.degree.C and allowed to exotherm until
      completion.
PA0  c. The lignin formaldehyde prepolymer solution was cooled to 60.degree.C
      and 110-120 grams of 90% phenol added. Then an additional 250 grams of 37%
      formaldehyde was added and the mixture heated to 100.degree.C for a period
      of 40 minutes. The pH of the final resin was 10.3 to 10.7. Caustic may be
      added during advancement to secure this pH level.
PAR  Another method of preparing a very satisfactory glue mix for exterior
      plywood is described in the following example:
PAC  EXAMPLE VIII
PAR  In a first step the following ingredients were mixed for 5 minutes
TBL                             Grams                                          

     ______________________________________                                    

     (a) Water                    1320                                         

     (b) Anti-foam agent Parac 5609*                                           

                                  10                                           

     (c) Phenol formaldehyde resin 43%                                         

     solids Amures 5587**         1600                                         

     (d) Ground corn cobs filler  800                                          

     (e) Wheat flour              400                                          

     ______________________________________                                    

PAR  In a second step caustic was added and mixed for 10 minutes.
TBL  ______________________________________                                    

     (f) NaOH (50% aqueous solution)                                           

                                   440                                         

     Finally was added                                                         

     (g) Soda ash                  120                                         

     with                                                                      

     (h) X + Y grams of X phenol formal-                                       

      dehyde resin 5587** Y of sodium lignin                                   

      sulfonate (50%) to make a mix containing                                 

      from 40% total weight of phenol formalde-                                

      hyde resin replaced with lignin sulfonate.                               

      This will equal 6960 grams of phenol                                     

      formaldehyde for 0% extension level and                                  

      3520 grams of phenol formaldehyde resin                                  

      plus 2960 grams of sodium lignin sulfonate                               

      (50%) for 40% extension level.                                           

     ______________________________________                                    

        *Trademark of Pacific Resins, Tacoma, Wash.                            

      **Pacific Resin - Tacoma, Wash. - trademark                              

PAR  The panels prepared as described, using mixers as described, are listed in
      Table VI. The glue spread is in pounds per 1000 square feet and is a
      single glue line (SGL).
TBL                                    TABLE VI                                

     __________________________________________________________________________

     LIGNIN EXTENDER FOR EXTERIOR PLYWOOD PHENOLIC RESIN                       

                       Press Cycle        Shear Tests                          

                  Exten-                                                       

                  sion              Glue          Vacuum                       

     Bd.                                                                       

        Thick-    Level                                                        

                       Time Temp    Spread        Press   4 + 4 Hour           

     No.                                                                       

        ness Species                                                           

                  Wt/Wt                                                        

                       Min. F.degree.                                          

                                Press                                          

                                    lbs/MSP                                    

                                          Dry     Soak    Boil                 

     __________________________________________________________________________

                                PSI Lbs.  PSI WF.sup.1                         

                                                  PSI WF  PSI WF               

     1  5/8  D.Fir                                                             

                  0%   6.5  270 175 35    164  90 105 60   80 100              

     2  5/8  D.Fir                                                             

                   5   6.5  270 175 (SG-L)                                     

                                          221  95 230 60  153 100              

     3  5/8  D.Fir                                                             

                  10   6.5  270 175 "     180  95 160 55  175  95              

     4  5/8  D.Fir                                                             

                  15   6.5  270 175 "     231  95 120 90  103 100              

     5  5/8  D.Fir                                                             

                  20   6.5  270 175 "     246  90 200 55  123  90              

     6  5/8  W.Fir                                                             

                   0   7.0  285 175 35    245  95 240 95  200  95              

     7  5/8  W.Fir                                                             

                  10   7.0  285 175 35    161  95 120 95   90  95              

     8  5/8  W.Fir                                                             

                  20   7.0  285 175 35    230 100 150 100 155 100              

     9  5/8  W.Fir                                                             

                  30   7.0  285 175 35    216 100 140 95  188  90              

     10 5/8  W.Fir                                                             

                  40   7.0  285 175 35    250  95 120 80   90  90              

     11 *3/8 W.Fir                                                             

                   0   6.5  310 175 35    160 100  94 100 130 100              

     12 3/8  W.Fir                                                             

                  10   6.5  310 175 35    193 100 140 100 140 100              

     13 3/8  W.Fir                                                             

                  20   6.5  310 175 35    215 100 180 90  175  95              

     14 3/8  W.Fir                                                             

                  30   6.5  310 175 35    166  90 100 90  138  90              

     15 11/8 W.Fir                                                             

                   0   12.5 310 175 35    187 100  80 95   73 100              

     16 11/8 W.Fir                                                             

                  10   12.5 310 175 35    232 100  95 100 122 100              

     17 11/8 W.Fir                                                             

                  20   12.5 310 175 35    198 100  30 100 128 100              

     18 11/8 W.Fir                                                             

                  30   12.5 310 175 35    165 100  65 95   73 100              

     __________________________________________________________________________

      *Two per Daylight                                                        

      .sup.1 Wood failure                                                      

CLMS
STM  The embodiments of the invention in which an exclusive property of
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Process for the preparation of an improved glue system for adhering wood
      particles to each other which comprises preparing a lignin sulfonate
      formaldehyde prepolymer by heating a solution of a salt of a lignosulfonic
      acid with an alkali metal hydroxide, thereafter adding a first amount of
      formaldehyde to form said prepolymer, thereafter adding phenol to said
      prepolymer followed by the addition of a second amount of formaldehyde,
      and heating the resulting mixture to form the glue system.
NUM  2.
PAR  2. Process as defined by claim 1 wherein said salt is the sodium salt, and
      wherein said salt of lignosulfonic acid and said alkali metal hydroxide
      solution is heated to a temperature in the range of about 80.degree. to
      110.degree.C, said solution being cooled before adding said first amount
      of said formaldehyde, followed by reheating said solution and said first
      amount of formaldehyde, allowing the solution to exotherm until the
      formaldehyde is consumed, cooling the resulting reaction mixture and
      adding thereto said phenol, followed by the addition of said second amount
      of said formaldehyde, followed by heating to a temperature in the range of
      about 80.degree. to 110.degree.C for a time period in the range of about
      20 to 60 minutes.
NUM  3.
PAR  3. Process as defined by claim 1 wherein sufficient alkali metal hydroxide
      is used to secure a glue system having a pH in the range of about 10.3 to
      10.7.
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ABST
PAL  Hot melt compositions having very low melt viscosity and high adhesive
      strength, especially to metals, are disclosed. The compositions include a
      copolyester derived from a glycol having from 2 to 10 carbon atoms,
      terephthalic acid and dimer acid, blended with an aliphatic hydrocarbon
      having a molecular weight of from about 250 to about 1200. The composition
      may be modified if desired by adding a small amount of a vinyl aromatic
      polymer.
BSUM
PAR  This invention relates generally to hot melt compositions, and more
      specifically, this invention relates to hot melt adhesive compositions
      having a relatively low melt viscosity and improved adhesion to metals
      comprising a blend of a polyester and an aliphatic hydrocarbon having a
      molecular weight of from about 250 to about 1200.
PAR  Hot melt adhesive compositions are of importance because of their speed of
      application compared with other types of adhesives. Also, there are no
      solvents to evaporate, no curing takes place, and strong adhesive bonds
      are obtained as soon as the adhesive cools. Polyesters have been found
      useful in hot melt adhesives. Many polyesters, however, have low adhesive
      strength, particularly peel strength, on various uncoated substrates such
      as aluminum, copper, steel, glass, etc., and on substrates coated with
      various materials, such as polyepoxide resins, vinyls, phenolics, alkyds,
      acrylics, etc. Moreover, many hot melt adhesives, particularly crystalline
      high melting polyesters, have high melt viscosities, resulting in inferior
      flow and wetting properties and, therefore, must be applied at relatively
      high temperatures when used as hot melt adhesives. It is desirable that
      these hot melt adhesives have a relatively low melt viscosity for ease of
      application. The hot melt adhesives according to this invention are useful
      in such applications as seam adhesives for metal cans.
PAR  In U.S. Pat. No. 3,657,389, hot melt adhesive blends of poly(tetramethylene
      terephthalate) and polystyrene are disclosed. The adhesion to certain
      metals of the polyester of particular inherent viscosity (I.V.) is
      increased by the addition of polystyrene. A similar I.V.
      poly(tetramethylene terephthalate) modified with 15-20 mole percent dimer
      acid and blended with polystyrene has now been found to provide a dramatic
      increase in adhesion, especially to uncoated steel. In our U.S.
      application Ser. No. 280,930 filed Aug. 14, 1972, now U.S. Pat. No.
      3,795,644, hot melt adhesive compositions comprising a polyester derived
      mainly from 1,4-butanediol, terephthalic acid and dimer acid, blended with
      a vinyl aromatic polymer are disclosed.
PAR  In our pending application Ser. No. 425,046 filed Dec. 14, 1973, it is
      disclosed that similar compositions in which the polyester is derived from
      different glycols are also useful.
PAR  Modification of terephthalate polyesters in the adhesive blends with dimer
      acid decreases the melt viscosity of the blend at any given I.V. and the
      decrease in melt viscosity increases with increasing dimer acid
      modification. In many instances a melt viscosity of less than about 1000
      poise is desirable. A relatively low melt viscosity can be obtained by 20
      mole percent dimer acid modification of poly(tetramethylene) terephthalate
      blended with 15 weight percent polystyrene. At dimer acid contents greater
      than about 40 mole percent, the blend of copolyester and vinyl aromatic
      polymer has decreased heat resistance, whereas in the range of about
      5-20%, the adhesively bonded substrates may be used at temperatures up to
      about 100.degree.C. This blend, having an I.V. of 0.60, has good adhesion
      on metals compared to the blend without dimer acid. Polystyrene alone has
      very poor adhesive properties and dimer acid-modified terephthalate
      polyesters also have poor adhesive properties, but blends of these two
      polymers exhibit a remarkable improvement in adhesive properties.
PAR  It has now been found that hot melt adhesives having very low viscosity and
      improved adhesion to metals may be provided by preparing a composition
      which includes a copolyester derived from a glycol having from 2 to 10
      carbon atoms, terephthalic acid and dimer acid, blended with an aliphatic
      hydrocarbon having a molecular weight of from about 250 to about 1200. The
      composition may be modified if desired by adding a small amount of a
      polymeric material comprising a vinyl aromatic polymer derived from a
      monomer of the formula
      ##SPC1##
PAL  wherein R is hydrogen or an alkyl group containing 1 to 4 carbon atoms and
      R.sub.1 is hydrogen, chlorine, alkyl from 1 to 4 carbon atoms or phenyl.
PAR  It may be expected that the blend containing the aliphatic hydrocarbon
      would have a lower melt viscosity, but it was indeed surprising to find
      that this composition had greater adhesive ability. Addition of the vinyl
      aromatic polymer to the blend results in improved ability of the blend to
      be extruded.
PAR  It is, therefore, an object of this invention to provide hot melt adhesive
      compositions with improved adhesion to various types of substrates,
      especially metals.
PAR  Another object is to provide a hot melt adhesive composition having a
      relatively low melt viscosity.
PAR  A still further object is to provide laminated articles consisting of
      various substrates bonded with these compositions.
PAR  Other objects are apparent elsewhere in this specification.
PAR  These objects have been obtained in accordance with the present invention
      through the discovery that terephthalate polyesters modified with dimer
      acid and blended with aliphatic hydrocarbons having a molecular weight of
      from about 250 to about 1200, and optionally, a vinyl aromatic polymer
      unexpectedly gives greatly improved adhesion on substrates such as metal
      and low melt viscosity. The polyester is blended with from about 5 to
      about 50% by weight of the aliphatic hydrocarbon, and preferably from
      about 20 to about 35% aliphatic hydrocarbon, the weight percent of the
      aliphatic hydrocarbon being based on the total weight of the blend. It may
      also be desirable that the blend of the polyester and aliphatic
      hydrocarbon contain from about 5 to about 15%, based on the total weight
      of the blend, of a vinyl aromatic monomer and that the total weight of the
      vinyl aromatic polymer and aliphatic hydrocarbon does not exceed 30 weight
      percent, based on the total blend weight.
PAR  The polyester portion of the blend preferably has an I.V. of at least about
      0.5 (most desirably from 0.6 to 0.8) and is derived from
PA1  A. a glycol component, at least about 80 mole percent of which is an
      aliphatic or cycloaliphatic glycol containing from 2 to 10 carbon atoms.
      Other glycols, aliphatic or alicyclic, straight or branched chain,
      containing 11 to 40 carbon atoms may also be included in the glycol
      component in amounts not exceeding about 20 mole percent, and
PA1  B. an acid component of
PA2  1. dicarboxylic acid containing from 2 to 20 carbon atoms, at least about
      80 mole percent of which is an aromatic dicarboxylic acid containing 8 to
      20 carbon atoms, preferably terephthalic acid. Other dicarboxylic acids,
      aliphatic, or alicyclic, containing from 2 to 20 carbon atoms may also be
      included in this component in amounts not exceeding about 20 mole percent,
      and
PA2  2. a dimer acid component, as defined herein.
PAL  The acid component contains from about 60 to about 95 (preferably about 75
      to about 90) mole percent of dicarboxylic acid (1) and from about 30 to
      about 5 (preferably about 25 to about 15) mole percent dimer acid (2).
      Where the major glycol component is 1,4-butanediol, however, the acid
      component may contain as much as 40 mole percent dimer acid. Since the
      dicarboxylic acid of 2-20 carbon atoms must be at least about 80 mole
      percent aromatic, the minimum amount of aromatic acid, based on the total
      acid content, is 48 mole percent. The blend may include a vinyl aromatic
      polymer, preferably polystyrene.
PAR  The term "dimer acid" as used herein refers to a 36 carbon atom, long
      chain, aliphatic dicarboxylic acid. The preparation and structure of the
      dimer acids are described in Journal of American Oil Chemists Society, 39,
      534-545 (1962). It is generally prepared by dimerizing an unsaturated
      fatty acid containing 18 carbon atoms such as linoleic or linolenic acid
      or a monohydric alcohol ester thereof. It is recognized in the art that
      dimer acids are chemicals of unique properties. Several different grades
      of dimer acids are available commercially which vary in monomer and trimer
      content and iodine value. For example, dimer acid is available from Emery
      Industries, Inc. Preferably, the dimer acid used in this invention is
      substantially free of monomer and trimer fractions, which can be
      accomplished by distillation. Preferably, the dimer acid content is at
      least 95%. The dimer acid may be used in its hydrogenated or
      unhydrogenated form.
PAR  Although up to about 20 mole percent of the glycols and dicarboxylic acids,
      other than 2-10 carbon aliphatic or alicyclic glycols and aromatic acid
      may be used in the copolyester component of this invention if desired, it
      is preferred that the glycol and dicarboxylic acid portion be essentially
      2-10 carbon atom glycols, and terephthalic acid. Glycols containing from 2
      to 6 carbon atoms are preferred because of the higher melting points of
      their polyesters. Other suitable glycols are alicyclic and aliphatic
      glycols containing from 11 to 40 carbon atoms. The carbon chain may be
      straight or branched. Examples of suitable glycols include ethylene
      glycol; 1,4-butanediol; 1,6-hexanediol; 1,10-decanediol;
      2,2-dimethyl-1,3-propanediol; 1,4-cyclohexanedimethanol;
      1,4-cyclohexanediol; diethylene glycol; triethylene glycol and dimer
      glycol. Other suitable dicarboxylic acids are straight and branched chain
      aliphatic, alicyclic and aromatic acids containing from 2 to 20 carbon
      atoms including maleic, dimethylmalonic, adipic, 2-methyladipic, azelaic,
      sebacic, isophthalic, hexahydroterephthalic, hexahydroisophthalic,
      trans-1,4-cyclohexanedicarboxylic, 2,5-norbornanedicarboxylic and
      oxydipropionic acid.
PAR  The aliphatic hydrocarbon portion of the blend according to this invention
      may be straight chained or branched, may contain appreciable
      cycloaliphatic carbon, may be mixtures of these structures, and may
      contain up to about 20% aromatic carbon atoms based on the total number of
      carbon atoms present therein. The molecular weight range is from about 250
      to about 1200. Lower molecular weights may be lost by volatilization
      during blend preparation or application of the adhesive blend. Higher
      molecular weights are often less compatible with the polyester and result
      in higher melt viscosity of the adhesive blends. The preferred molecular
      weight range is from about 400 to about 800.
PAR  Among the preferred aliphatic hydrocarbons are mineral oils, eicosane,
      hexacosane, triacontane, pentatriacontane, waxes such as paraffin wax, and
      petrolatum. The preferred aliphatic hydrocarbon is mineral oil having a
      molecular weight of about 450.
PAR  The vinyl aromatic polymers which may be used if desired in the adhesive
      blends of the invention are prepared by conventional procedures from the
      corresponding monomers and contain at least 50 weight percent of polymer
      units derived from at least one monomer having the formula:
      ##SPC2##
PAL  wherein R is hydrogen or an alkyl group containing 1 to 4 carbon atoms and
      R.sup.1 is hydrogen or at least one member selected from the group
      consisting of chlorine, alkyl groups containing 1 to 4 carbon atoms, and
      phenyl.
PAR  The vinyl aromatic polymer may be a copolymer, block copolymer, graft
      polymer, or blend containing up to 50 weight percent of polymer units
      derived from one or more of the following: olefins containing up to 12
      carbon atoms (e.g., ethylene, propylene, butene, 4-methylpentene),
      butadiene, vinylnaphthalene, divinylbenzene, alkyl esters of acrylic and
      methacrylic acids wherein the alkyl groups contain from 1 to 4 carbons,
      acrylonitrile, methacrylonitrile, maleic anhydride, vinyl acetate, and
      other polymerizable compounds containing a --CH=C&lt; group and which give
      copolymers which are stable under the extrusion and bonding conditions.
      Polystyrene is the preferred vinyl aromatic polymer. The inherent
      viscosity of the vinyl aromatic polymers, if used in the blends of the
      invention, may vary from about 0.1 to 0.8 or more, but the preferred
      inherent viscosity is about 0.4 to about 0.6.
PAR  The copolyesters of this invention are prepared by conventional techniques,
      for example, by ester interchange of the glycol or glycols with the
      dimethyl ester of terephthalic acid and simultaneous direct esterification
      of the dimer acid in the presence of a titanium alkoxide catalyst.
      Copolyesters of the aliphatic or alicyclic glycols with terephthalic acid
      containing up to 50 mole percent or more of dimer acid having inherent
      viscosities of up to 1.5 can be prepared by this procedure. The preferred
      dimer acid content is 15-25 mole percent and the preferred inherent
      viscosity is 0.6-0.7 to obtain the desired low melt viscosity adhesive
      blends.
PAR  Blending of the polyester and hydrocarbon compositions with vinyl polymers
      and other additives, if used, may be carried out by various common
      procedures, including mechanical mixing of the particles, blending on hot
      rolls, mixing in the melt, or mixing in solution and then removing the
      solvent. A satisfactory procedure is to stir the two polymers together
      under an inert atmosphere in a flask immersed in a metal bath.
PAR  Substances which may be laminated by the adhesives of this invention
      include metals (such as steel, iron, aluminum, chromium, copper, brass,
      bronze, nickel, zinc, titanium, and tin), wood, glass, paper, cardboard,
      and fabrics. The same or different materials may be laminated in one
      structure. It is generally advisable to clean the surfaces of the
      components to be laminated just prior to formation of the melt adhesive
      bonds to remove foreign matter, grease, oxide coatings, etc., which might
      interfere with the formation of strong bonds.
PAR  The polyester adhesive may be applied in molten form with a spatula or
      conventional extrusion equipment to the surfaces of the components to be
      laminated. Alternatively, a film of the polyester (2 to 6 mils in
      thickness) may be placed between the surfaces. After application of the
      polyester, the surfaces are clamped together with a pressure of several
      pounds per square inch and heat is applied by placing the clamped
      structure in a forced-air oven about 20.degree. to 50.degree.C. above the
      softening range of the polyester. A convenient way of bonding metal test
      strips for peel tests is to heat them together on a hot plate while
      rubbing back and forth with a wooden spatula. No additional pressure is
      necessary. A glue line (adhesive thickness) of 3 to 5 mils is
      satisfactory.
PAR  Fillers, pigments, processing aids, metal powders and glass cloth may be
      incorporated in the adhesive layer to increase the bonding strength and
      temperature resistance. Fillers and pigments, such as very finely divided
      silica, iron powder, alumina, talc or calcium carbonate, also affect the
      degree of crystallinity and the size of the spherulites. From 1 to 20% by
      weight may be added. Additives or processing aids may be used to further
      decrease the melt viscosity of the blends for more ease of application.
      Antioxidants and stabilizers also may be incorporated in the polymers to
      improve the thermal and oxidative stability at elevated temperatures.
PAR  In the examples which follow, all copolyesters are prepared by conventional
      condensation polymerization procedures from the respective glycol, the
      dimethyl ester(s) of the respective dicarboxylic acid(s), and dimer acid
      in the presence of titanium tetraisopropoxide catalyst (150 ppm. Ti, based
      on the weight of copolyester). Inherent viscosities (I.V.) are determined
      at a concentration of 0.50 g./100 ml. in 60/40 phenol/tetrachloroethane at
      25.degree.C. Corrections are made for the hydrocarbon additives in the
      blends.
PAR  The compatibility limit of a hydrocarbon component with a particular
      copolyester is determined by heating 4.0 g. of the copolyester in a tared
      test tube containing a glass stirring rod under nitrogen at 250.degree.C.
      while stirring and slowly adding the hydrocarbon component until the
      mixture becomes detectably hazy. By reweighing the tube, the total blend
      weight, weight of hydrocarbon component, and weight percent of hydrocarbon
      component can be calculated. An exception is the dimer acid-modified
      polyterephthalate of 1,4-cyclohexanedimethanol (Example 41 in Table 1)
      which is heated at 260.degree.C. instead of 250.degree.C. because of its
      relatively high melting point and melt viscosity. The compatibility limit
      for a hydrocarbon component is defined as the weight percent of this
      component based on total blend weight which produces a slight haze in the
      melt when blended with a particular copolyester at 250.degree.C., with the
      above exception.
PAR  The molecular weights of the hydrocarbon components described in the
      examples are determined ebulliometrically in toluene according to the
      method published in Analytical Chemistry, Vol. 33, p. 447, March, 1961, a
      conventional test.
PAR  All copolyester/hydrocarbon component blends are prepared by placing the
      copolyester and component in a flask equipped with stirrer and provision
      for evacuation and a nitrogen atmosphere. After being evacuated and bled
      to nitrogen three times, the flask is heated at 250.degree.C. with
      rapid-stirring for 30-40 minutes until a uniform blend (which may be
      transparent to opaque, depending upon the copolyester and concentration of
      hydrocarbon component) is obtained. An exception is the blend which
      contains the dimer acid-modified polyterephthalate of
      1,4-cyclohexanedimethanol. The blend is prepared at 265.degree.C. because
      of its relatively high melting point and melt viscosity (Example 41 in
      Table 1). The blends are then cooled under nitrogen, removed from the
      flask, and used to prepare adhesive bonds for testing. The melt viscosity
      of the copolyester/hydrocarbon additive blends is determined with a
      Brookfield viscometer, Model LVT, and a Brookfield Thermosel Viscosity
      System according to ASTM 2556-66T at 240.degree.C. and at shear rates
      .ltoreq.3.36 sec..sup..sup.-1, except 10.0 g. instead of 10 cc. of blend
      is used and the sample is vacuum dried at 90.degree.-95.degree.C. before
      testing. The melt viscosity is measured after the sample is stirred in the
      viscometer for 20 minutes at 240.degree.C., and a sample of the material
      is then immediately removed from the unit for inherent viscosity
      determination (as earlier described). Exceptions are samples containing
      the dimer acid-modified polyterephthalate of 1,4-cyclohexanedimethanol
      (Examples 40 and 41, Table 1), which are measured at 260.degree.C., and
      samples containing poly(hexamethylene terephthalate) modified with 30 mole
      percent of dimer acid (Examples 37, 38, and 39 in Table 1), which are
      measured at 175.degree.C. after 30 minutes heating.
PAR  The T-peel strengths are determined on 12-mil aluminum (Type 1145) in
      accordance with ASTM D1876, but using precut (1-in. wide) specimens. The
      metal specimens are first degreased by washing three times in a detergent
      solution of Alconox (Alconox, Inc.) and rinsing in water each time. The
      metal specimens are then rinsed in acetone and allowed to air dry. These
      air-dried specimens are used to determine T-peel strength.
PAR  To prepare an adhesive bond, a specimen is heated sufficiently on a hot
      plate for the copolyester/hydrocarbon component blend to melt (applied as
      20-mesh to 1/8-inch particles or by rubbing a large piece back and forth).
      A hot plate temperature of 220.degree.-280.degree.C. is used. After the
      molten polymer is evenly spread on the specimen over a 2-inch length with
      a wooden spatula, the top piece of metal is pressed against the sample.
      The sample is then turned over on the hot plate with the second metal
      strip against the hot plate surface. Heating is continued while the wooden
      spatula is rubbed back and forth over the adhesive area until a smooth,
      even glue line is obtained (about 20 seconds). Then the specimen is placed
      on the laboratory bench and rubbing continued for about 10 seconds longer
      while the adhesive cools. This method of forming the adhesive bonds gives
      reproducible results similar to those obtained by clamping the specimens
      together and heating in a forced-air oven 20.degree.-50.degree.C. above
      the polymer melting point. Glue lines are about 2 to 4 mils in thickness.
DETD
TBL                                    Table 1                                 

     __________________________________________________________________________

     Properties of Dimer Acid-Modified Polyterephthalates Blended With         

     Hydrocarbon Components                                                    

     Polyterephthalate                                                         

                    Hydrocarbon Component Data                                 

                                    Blend Data          Adhesive Data          

     Glycol  Dimer          Compatibility                                      

                                    Hydrocarbon  Melt   T-Peel, Lb./In.        

     Inter-  Acid,  Com- Mol.                                                  

                            Limit at                                           

                                    Component                                  

                                             Blend                             

                                                  Viscosity                    

                                                        Width                  

     Ex.                                                                       

        mediate                                                                

             Mole %                                                            

                 I.V.                                                          

                    ponent                                                     

                         Wt.                                                   

                            250.degree.C., Wt.%                                

                                    Content, Wt.%                              

                                             I.V.                              

                                                 I.V.                          

                                                    Poise                      

                                                        -40.degree.C.          

                                                              23.degree.C.     

     __________________________________________________________________________

      1*                                                                       

        Ethylene glycol                                                        

             20  0.63                                                          

                    None -- --       0       0.63                              

                                                 0.51                          

                                                    484 4     19               

      2 Ethylene glycol                                                        

             20  0.78                                                          

                    Mineral Oil                                                

                         440                                                   

                            18      18       0.62                              

                                                 0.54                          

                                                    196 44    21               

      3 Ethylene glycol                                                        

             20  0.78                                                          

                    Mineral Oil                                                

                         440                                                   

                            18      23       0.62                              

                                                 0.54                          

                                                    218 46    23               

      4 Ethylene glycol                                                        

             20  0.78                                                          

                    Mineral Oil                                                

                         440                                                   

                            18      30       0.59                              

                                                 0.53                          

                                                    220 44    21               

      5*                                                                       

        Ethylene glycol                                                        

             30  0.72                                                          

                    None -- --       0       0.72                              

                                                 0.65                          

                                                    1820                       

                                                        3     22               

      6 Ethylene glycol                                                        

             30  0.72                                                          

                    Mineral Oil                                                

                         440                                                   

                            38      43       0.67                              

                                                 0.59                          

                                                    37  20    13               

      7*                                                                       

        1,4-Butanediol                                                         

              5  1.09                                                          

                    None -- --       0       1.09                              

                                                 1.05                          

                                                    &gt;2000                      

                                                        6     6                

      8 1,4-Butanediol                                                         

              5  1.09                                                          

                    Mineral Oil                                                

                         440                                                   

                             5      10       0.91                              

                                                 0.82                          

                                                    &gt;2000                      

                                                        33    31               

      9*                                                                       

        1,4-Butanediol                                                         

             10  0.83                                                          

                    None -- --       0       0.83                              

                                                 0.71                          

                                                    1580                       

                                                        3     3                

     10 1,4-Butanediol                                                         

             10  0.83                                                          

                    Mineral Oil                                                

                         440                                                   

                            10      10       0.79                              

                                                 0.75                          

                                                    870 12    6                

     11 1,4-Butanediol                                                         

             10  0.83                                                          

                    Mineral Oil                                                

                         440                                                   

                            10      15       0.80                              

                                                 0.77                          

                                                    970 16    22               

     12 1,4-Butanediol                                                         

             10  0.83                                                          

                    Mineral Oil                                                

                         440                                                   

                            10      20       0.79                              

                                                 0.72                          

                                                    930 18    22               

     13 1,4-Butanediol                                                         

             10  0.83                                                          

                    Paraffin wax                                               

                         500                                                   

                             5       5       0.81                              

                                                 0.76                          

                                                    1200                       

                                                        3     3                

     14 1,4-Butanediol                                                         

             10  0.83                                                          

                    Paraffin wax                                               

                         500                                                   

                             5      10       0.80                              

                                                 0.75                          

                                                    1120                       

                                                        12    10               

     15*                                                                       

        1,4-Butanediol                                                         

             20  0.67                                                          

                    None -- --       0       0.67                              

                                                 0.66                          

                                                    580 3     7                

     16 1,4-Butanediol                                                         

             20  0.67                                                          

                    Eicosane                                                   

                         282                                                   

                            25      30       0.67                              

                                                 0.62                          

                                                    44  10    5                

     17 1,4-Butanediol                                                         

             20  0.78                                                          

                    Mineral Oil                                                

                         440                                                   

                            25      10       0.72                              

                                                 0.68                          

                                                    390 3     3                

     18 1,4-Butanediol                                                         

             20  0.78                                                          

                    Mineral Oil                                                

                         440                                                   

                            25      21       0.68                              

                                                 0.62                          

                                                    112 20    13               

     19 1,4-Butanediol                                                         

             20  0.78                                                          

                    Mineral Oil                                                

                         440                                                   

                            25      25       0.71                              

                                                 0.65                          

                                                    112 26    21               

     20 1,4-Butanediol                                                         

             20  0.78                                                          

                    Mineral Oil                                                

                         440                                                   

                            25      30       0.68                              

                                                 0.65                          

                                                    106 27    30               

     21 1,4-Butanediol                                                         

             20  0.78                                                          

                    Mineral Oil                                                

                         440                                                   

                            25      35       0.68                              

                                                 0.65                          

                                                    98  19    27               

     22 1,4-Butanediol                                                         

             20  0.78                                                          

                    MIneral Oil                                                

                         440                                                   

                            25      40       0.67                              

                                                 0.63                          

                                                    86  14    27               

     23 1,4-Butanediol                                                         

             20  0.78                                                          

                    Paraffin wax                                               

                         500                                                   

                            17      17       0.71                              

                                                 0.67                          

                                                    186 15    3                

     24 1,4-Butanediol                                                         

             20  0.78                                                          

                    Paraffin wax                                               

                         500                                                   

                            17      23       0.71                              

                                                 0.69                          

                                                    239 12    9                

     25 1,4-Butanediol                                                         

             20  0.78                                                          

                    Paraffin wax                                               

                         500                                                   

                            17      30       0.70                              

                                                 0.69                          

                                                    304 16    25               

     26 1,4-Butanediol                                                         

             20  0.78                                                          

                    Paraffin wax                                               

                         500                                                   

                            17      35       0.66                              

                                                 0.62                          

                                                    138 13    23               

     27 1,4-Butanediol                                                         

             20  0.78                                                          

                    Petrolatum                                                 

                         730                                                   

                            10      10       0.66                              

                                                 0.63                          

                                                    246 9     10               

     28 1,4-Butanediol                                                         

             20  0.78                                                          

                    Petrolatum                                                 

                         730                                                   

                            10      20       0.72                              

                                                 0.69                          

                                                    406 7     27               

     29 1,4-Butanediol                                                         

             20  0.78                                                          

                    Petrolatum                                                 

                         730                                                   

                            10      30       0.73                              

                                                 0.68                          

                                                    410 6     19               

     30*                                                                       

        1,4-Butanediol                                                         

             25  0.96                                                          

                    None -- --       0       0.96                              

                                                 0.95                          

                                                    2000                       

                                                        4     17               

     31 1,4-Butanediol                                                         

             25  0.96                                                          

                    Mineral Oil                                                

                         440                                                   

                            34      39       0.87                              

                                                 0.78                          

                                                    196 15    21               

     32*                                                                       

        1,4-Butanediol                                                         

             30  0.85                                                          

                    None -- --       0       0.85                              

                                                 0.82                          

                                                    2000                       

                                                        5     16               

     33 1,4-Butanediol                                                         

             30  0.85                                                          

                    Mineral Oil                                                

                         440                                                   

                            45      45       0.76                              

                                                 0.72                          

                                                    39  12    12               

     34 1,4-Butanediol                                                         

             30  0.85                                                          

                    Mineral Oil                                                

                         440                                                   

                            45      50       0.78                              

                                                 0.73                          

                                                    47  11    9                

     35*                                                                       

        1,6-Hexanediol                                                         

             20  0.75                                                          

                    None -- --       0       0.75                              

                                                 0.71                          

                                                    770 2     14               

     36 1,6-Hexanediol                                                         

             20  0.75                                                          

                    Mineral Oil                                                

                         440                                                   

                            38      43       0.72                              

                                                 0.68                          

                                                    37  20    15               

     37*                                                                       

        1,6-Hexanediol                                                         

             30  0.70                                                          

                    None -- --       0       0.70                              

                                                 0.68                          

                                                    1210                       

                                                        18    16               

     38 1,6-Hexanediol                                                         

             30  0.70                                                          

                    Petrolatum                                                 

                         730                                                   

                            27      27       0.61                              

                                                 0.58                          

                                                    31  23    5                

     39 1,6-Hexanediol                                                         

             30  0.70                                                          

                    Petrolatum                                                 

                         730                                                   

                            27      32       0.62                              

                                                 0.57                          

                                                    26  23    4                

     40*                                                                       

        70/30 trans/cis-1,4-cyclohexanedimethanol                              

             20  0.96                                                          

                    None -- --       0       0.96                              

                                                 0.85                          

                                                    2000                       

                                                        9     22               

     41 70/30 trans/cis-1,4-cyclohexanedimethanol                              

             20  096                                                           

                    Mineral Oil                                                

                         440                                                   

                            32      35       0.79                              

                                                 0.69                          

                                                    178 19    9                

     __________________________________________________________________________

      *Control                                                                 

PAR  The examples in Table 1 illustrate the improved T-peel strengths on
      aluminum substrates at -40.degree.C. and/or 23.degree.C. and the
      substantial reduction in melt viscosity obtained when a number of
      aliphatic hydrocarbon components are blended with several
      polyterephthalates modified with 5-30 mole percent dimer acid. Similarly
      improved T-peel strengths are obtained on tin-free steel substrates. The
      examples in Table 1 also illustrate the unanticipated sudden rise in
      T-peel strength obtained with the copolyester/hydrocarbon component blends
      as the hydrocarbon component concentration in the blend approaches and
      exceeds its compatibility limit by as much as 18 weight percent units
      (Examples 17-26 and others in Table 1). The sudden rise in T-peel strength
      obtained is unobvious, since it would be expected that the addition of
      enough hydrocarbon component to give an incompatible blend would give
      poorer adhesion. This phenomenon is very well illustrated by Examples 15
      (control) and 17-20 in Table 1. In these examples of blends with similar
      I.V.'s, the T-peel strength at -40.degree.C. and 23.degree. C. is
      increased from 4 to 9 times the T-peel strength of the copolyester
      containing no hydrocarbon component. At the same time, the Brookfield melt
      viscosity at 240.degree.C. (which is determined at &lt;1 sec..sup..sup.-1) is
      decreased to a value which is only about 18% of that of the control
      (Examples 15 and 20 in Table 1). At a higher shear rate (1000
      sec..sup..sup.-1) at 240.degree.C., the decrease in melt viscosity
      imparted by the addition of sufficient mineral oil to be incompatible is
      much more pronounced. The melt viscosity, in this case, is reduced from
      about 500 poise for the copolyester alone to about 12 poise for the
      copolyester blended with 30 weight percent mineral oil. These values
      represent more than a 97% decrease in melt viscosity at these conditions
      by the addition of 30 weight percent mineral oil.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Properties of Poly(tetramethylene terephthalate) Modified With            

     20 Mole Percent Dimer Acid/Naphthenic Oil Blends                          

                                Blend Data         Adhesive Data               

            Naphthenic Oil.sup.a                                               

                                Naphthenic Oil                                 

                                             Melt  T-Peel on 12-Mil Aluminum,  

                  Molecular                                                    

                        Compatibility                                          

                                Content of                                     

                                         Blend                                 

                                             Viscosity                         

                                                   Lb./In. Width               

     Example                                                                   

            Component                                                          

                  Weight                                                       

                        Limit, Wt. %                                           

                                Blend, Wt. %                                   

                                         I.V.                                  

                                             I.V.                              

                                                Poise                          

                                                   -40.degree.C.               

                                                           23.degree.C.        

     __________________________________________________________________________

     42 (Control)                                                              

            None  --    --      None     0.67                                  

                                             0.66                              

                                                580                            

                                                   3       7                   

     43     Flexon 875                                                         

                  580   19      20       0.67                                  

                                             0.63                              

                                                123                            

                                                   --      14                  

     44     Flexon 875                                                         

                  580   19      25       0.65                                  

                                             0.63                              

                                                 96                            

                                                   --      30                  

     45     Flexon 875                                                         

                  580   19      30       0.68                                  

                                             0.65                              

                                                116                            

                                                   --      28                  

     46     Flexon 790                                                         

                  710   20      30       0.63                                  

                                             0.59                              

                                                116                            

                                                   17      20                  

     47     Flexon 791                                                         

                  760   16      26       0.63                                  

                                             0.61                              

                                                136                            

                                                   16      27                  

     48     Flexon 895                                                         

                  915   10      20       0.63                                  

                                             0.61                              

                                                191                            

                                                   13      19                  

     __________________________________________________________________________

      .sup.a See Table 3 for composition of oil.                               

PAR  Examples 42-48 in Table 2 illustrate the utility of (1) hydrocarbon
      components which contain a substantial percentage of cycloaliphatic carbon
      atoms and (2) hydrocarbon components which contain an appreciable
      percentage of aromatic carbon atoms, and (3) such hydrocarbon components
      having molecular weights of greater than 900. These components are called
      "naphthenic oils" and are sold commercially by the Exxon Chemical Co.
      under the tradename "Flexon". Table 3 gives data on these hydrocarbon
      components. The term "naphthenic carbon atoms" means that the carbon atoms
      are a part of a cycloaliphatic structure, usually cyclopentane and
      cyclohexane rings.
TBL                Table 3                                                     

     ______________________________________                                    

               Carbon Type Analysis, %                                         

     Naphthenic Oil                                                            

                 Aromatic   Aliphatic  Naphthenic                              

     ______________________________________                                    

     Flexon 790  9          59         32                                      

     Flexon 791  11         61         28                                      

     Flexon 875  4          68         28                                      

     Flexon 895  5          68         27                                      

     ______________________________________                                    

PAL  The copolyester used to prepare the blends described in Examples 43-48 is
      poly(tetramethylene terephthalate) modified with 20 mole percent dimer
      acid, I.V. 0.78.
PAR  The T-peel strengths at -40.degree. and/or 23.degree.C. on aluminum
      substrates of the blends of Examples 43-48 in Table 2 are substantially
      improved, while the melt viscosity is substantially decreased, when
      compared to those of the copolyester control (Example 42 in Table 2).
      Similarly improved T-peel strengths are also obtained on tin-free steel
      substrates.
PAR  Examples 49 and 50 illustrate the utility of a dimer acid-modified
      copolyester containing 20 mole percent isophthalate modification in the
      present invention.
PAR  A copolyester of 1,4-butanediol with 70/20/10 molar ratios of
      terephthalic/isophthalic/dimer acids is prepared by standard procedures to
      I.V. 0.74. The compatibility limit of this copolyester with mineral oil
      (mol. wt. 440) at 250.degree.C. is 12 weight percent, and the Brookfield
      melt viscosity of the copolyester at 240.degree.C. is 1200 poise at 0.42
      sec..sup..sup.-1 and 0.68 I.V. A blend of this copolyester with 20 weight
      percent mineral oil is prepared and its I.V. and melt viscosity (at
      240.degree.C.) are, respectively, 0.67 and 740 poise at 0.84
      sec..sup..sup.-1 (I.V. of melt viscosity sample: 0.63). The T-peel
      strengths of the copolyester and the copolyester/20% mineral oil blend are
      given in Examples 49 and 50 in Table 4.
TBL                Table 4                                                     

     ______________________________________                                    

                      T-Peel on 12-Mil Aluminum,                               

     Mineral Oil      Lb./In. Width                                            

     Example Content, %   -'.degree.C.                                         

                                      23.degree.C.                             

     ______________________________________                                    

     49       0            7           5                                       

     50      20           17          23                                       

     ______________________________________                                    

PAL  Similarly improved T-peel strengths are obtained on tin-free steel
      substrates.
PAR  Examples 51-54 in Table 5 illustrate the improved extrudability and good
      adhesive strength obtained when a vinyl aromatic polymer, polystyrene, is
      coblended with mineral oil in poly(tetramethylene terephthalate) modified
      with 20 mole percent dimer acid. These blends are prepared by
      "preblending" at 250.degree.C. the appropriate amount of mineral oil with
      the copolyester (I.V. 0.78) as earlier described, cooling to 23.degree.C.,
      and grinding to pass a 3-mm. screen. This granular product is then
      physically mixed with granulated polystyrene and melt extruded in a
      3/4-in. extruder at .about.200.degree.C. Extrudability is rated as poor
      (will not extrude), fair (extrudes slowly only when manually fed), and
      good (extrudes at normal rate without manual aid). T-peel strengths are
      determined at 23.degree.C.
TBL                                    Table 5                                 

     __________________________________________________________________________

             Components                 T-Peel Strength, Lb./In. Width         

             Polystyrene                                                       

                    Mineral Oil                                                

                            Blend       Tin-Free Steel                         

                                                 Aluminum                      

     Example No.                                                               

             Content, %                                                        

                    Content, %                                                 

                            I.V.                                               

                                Extrudability                                  

                                        (6-mil)  (12-mil)                      

     __________________________________________________________________________

     51      0      30      0.68                                               

                                poor    27       30                            

     52      5      25      0.72                                               

                                fair    26       29                            

     53      10     20      0.69                                               

                                good    27       29                            

     54      15     15      0.69                                               

                                good    29       30                            

     __________________________________________________________________________

PAR  All of the blends in Table 5 contain a total of 30 weight percent total
      component(s). Substantially poorer T-peel strength is obtained if this
      total is decreased to 25% or increased to 35%.
PAC  EXAMPLE 55
PAR  This example illustrates the excellent adhesive strength and very low melt
      viscosity of poly(ethylene terephthalate) modified with 20 mole percent
      dimer acid blended with a vinyl aromatic polymer (polystyrene) and mineral
      oil.
PAR  The adhesive blend is prepared by melt blending in a flask at 250.degree.C.
      under nitrogen: (1) 80.0 g. poly(ethylene terephthalate) modified with 20
      mole percent dimer acid, I.V. 0.51, (2) 10 g. (10 weight percent)
      polystyrene, I.V. 0.60, and (3) 10.0 g. (10 weight percent) mineral oil
      (m.w. 440). The blend I.V. (corrected for mineral oil content) is 0.49,
      and its Brookfield viscosity at 240.degree.C. is 102 poise at an I.V. of
      0.45. The T-peel strength of 23.degree.C. of this blend on 12-mil aluminum
      is 38 lb./in. width. Example 1 (control) in Table 1 illustrates the
      substantially lower T-peel strength obtained when no hydrocarbon and
      polystyrene components are present.
PAR  Unless otherwise specified, all parts, percentages, ratios, etc., are by
      weight.
PAR  Although the invention has been described in considerable detail with
      particular reference to certain preferred embodiments thereof, variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An adhesive composition comprising
PA1  A. from about 50 to about 95 weight percent of a copolyester of
PA2  1. a glycol component containing at least about 80 mole percent of a glycol
      having from 2 to 10 carbon atoms, and
PA2  2. an acid component which is at least about 48 mole percent of an aromatic
      dicarboxylic acid having from 8 to 20 carbon atoms or an ester forming
      derivative thereof, and from about 5 to about 40 mole percent dimer acid,
      and
PA1  B. from about 50 to about 5 weight percent of an aliphatic hydrocarbon
      having a molecular weight of from about 250 to about 1200.
NUM  2.
PAR  2. An adhesive composition according to claim 1 wherein said polyester is
      present in an amount of from about 65 to about 80 percent by weight and
      said aliphatic hydrocarbon is present in an amount of from about 35 to
      about 20 percent by weight.
NUM  3.
PAR  3. An adhesive composition according to claim 1 wherein said aromatic
      dicarboxylic acid is terephthalic acid.
NUM  4.
PAR  4. An adhesive composition according to claim 1 wherein the I.V. is at
      least 0.5.
NUM  5.
PAR  5. An adhesive composition according to claim 1 wherein the dimer acid
      content of said polyester is from about 15 to about 30 mole percent.
NUM  6.
PAR  6. An adhesive composition according to claim 1 wherein the dimer acid
      content of said polyester is from about 15 to about 25 mole percent.
NUM  7.
PAR  7. An adhesive composition according to claim 1 wherein said glycol is
      1,4-butanediol or ethylene glycol.
NUM  8.
PAR  8. An adhesive composition according to claim 1 wherein said aliphatic
      hydrocarbon has a molecular weight of from about 400 to about 800.
NUM  9.
PAR  9. An adhesive composition according to claim 1 wherein said aliphatic
      hydrocarbon is mineral oil.
NUM  10.
PAR  10. An adhesive composition according to claim 1 having from about 5 to
      about 15 percent, based on the total weight of the blend, of a vinyl
      aromatic hydrocarbon.
NUM  11.
PAR  11. An adhesive composition according to claim 10 wherein said vinyl
      aromatic hydrocarbon is polystyrene.
NUM  12.
PAR  12. An adhesive composition comprising
PA1  A. a copolyester of
PA2  1. a glycol component containing at least about 80 mole percent of a glycol
      having from 2 to 10 carbon atoms, and
PA2  2. an acid component which is at least about 48 mole percent terephthalic
      acid or an ester forming derivative thereof, and from about 15 to about 25
      mole percent dimer acid,
PA1  B. from about 35 to about 20 weight percent of an aliphatic hydrocarbon
      having a molecular weight of from about 400 to about 800, and
PA1  C. from about 5 to about 15%, based on the combined weight of (A) and (B)
      of polystyrene.
NUM  13.
PAR  13. A substrate coated with an adhesive composition according to claim 1.
NUM  14.
PAR  14. A substrate coated with the adhesive composition according to claim 12.
NUM  15.
PAR  15. A pair of substrates bonded together with an adhesive composition
      according to claim 1.
NUM  16.
PAR  16. A pair of substrates bonded together with an adhesive composition
      according to claim 12.
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ABST
PAL  Disclosed herein are high nitrile polymers which have been compounded with
      a modifier which is a combination of (1) a C.sub.12 to C.sub.28 saturated
      aliphatic fatty acid ester of glycerol or sorbitan and (2) a
      polyoxyethylene sorbitan ester. The amount of modifier used is in the
      range of from 0.01 to 1.0 percent by weight based on the weight of the
      nitrile polymer. The compounded polymers exhibit lower melt viscosity and
      increased melt flow. The modifiers also provide improved clarity, gloss
      and, in certain instances, articles molded from the compounded nitrile
      polymer exhibit lower residual monomer levels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to high nitrile polymers which have been
      compounded with small amounts of a modifier which comprises a mixture of
      (1) a C.sub.12 to C.sub.28 saturated aliphatic fatty acid ester of
      glycerol or sorbitan; and (2) a polyoxyethylene sorbitan ester.
PAR  2. Description of the Prior Art
PAR  In recent years it has been discovered that certain high nitrile polymers
      are especially suitable for packaging applications because of their
      excellent water and oxygen barrier properties. Such polymers are described
      at length in U.S. Pat. Nos. 3,451,538, 3,615,710 and 3,426,102, among
      others.
PAR  The high nitrile polymers in molded form are shaped into various articles
      such as films, sheets, and containers such as bottles, jars, cans, tubs,
      cups, etc. Which are used for the packaging of foods, beverages,
      medicines, and the like.
PAR  Those skilled in the high nitrile polymer packaging art are constantly
      searching for ways to improve the processing properties of the polymer as
      well as the properties of packaging materials fabricated from the high
      nitrile resin. The present method provides such improvements through the
      use of a combination of modifiers which are compounded with the nitrile
      polymer.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides high nitrile polymers which have been
      compounded with a combination of (1) a C.sub.12 to C.sub.28 saturated
      aliphatic fatty acid ester or glycerol or sorbitan; and (2) a
      polyoxyethylene sorbitan ester. The compounded high nitrile polymers,
      which exhibit lower melt viscosity and increased melt flow, can be
      extruded and molded using lower stock temperatures. In addition, articles
      molded from the compounded nitrile polymers exhibit improved clarity,
      gloss and, in certain instances, lower levels of residual monomer.
PAR  The high nitrile packaging materials used in the present invention contain
      from 55 to 85% by weight of a nitrile monomer unit, based on the total
      polymer weight, wherein the weight percent of nitrile monomer is
      calculated as acrylonitrile. The nitrile monomers include acrylonitrile,
      methacrylonitrile, ethacrylonitrile, propacrylonitrile, glutaronitrile,
      methylene-glutaronitrile, fumaronitrile, etc., as well as mixtures of
      these monomers. The preferred monomers which are interpolymerized with the
      nitrile monomers include aromatic monomers such as styrene and
      alpha-methylstyrene; lower alpha-olefins containing 2 to 6 carbon atoms
      such as ethylene, propylene, butylene, isobutylene, etc.; acrylic acid and
      methacrylic acid and the corresponding acrylate and methacrylate esters
      containing 1 to 4 carbon atoms such as methyl acrylate, ethyl acrylate,
      propyl acrylate, butyl acrylate and the corresponding methacrylates; vinyl
      esters such as vinyl acetate; alkyl vinyl ethers wherein the alkyl group
      contains from 1 to 4 carbon atoms such as methyl vinyl ether, ethyl vinyl
      ether, etc., and mixtures of the foregoing.
PAR  Optionally, the high nitrile packaging materials may contain from 0-25% by
      weight of a synthetic or natural rubber component such as polybutadiene,
      isoprene, neoprene, nitrile rubbers, acrylate rubbers, natural rubbers,
      acrylonitrile-butadiene copolymers, ethylene-propylene copolymers,
      chlorinated rubbers, etc., which is used to strengthen or toughen the high
      nitrile packaging materials. This rubbery component may be incorporated
      into the polymeric packaging material by any of the methods which are well
      known to those skilled in the art, e.g., direct polymerization of
      monomers, grafting the nitrile monomer onto the rubber backbone, polyblend
      of a rubber graft polymer with a matrix polymer, etc.
PAR  The preferred nitrile polymers for those packaging applications requiring
      excellent oxygen and water vapor barrier properties in the packaging
      materials, are those nitrile polymers containing from 55 to 85% by weight,
      based on the total polymer weight, of an acrylonitrile and/or
      methacrylonitrile monomer (wherein the weight percent of methacrylonitrile
      is calculated as acrylonitrile). When acrylonitrile is used as the sole
      nitrile monomer the preferred range is from 60 to 83% by weight, whereas
      with methacrylonitrile the preferred range is from 70 to 98% by weight of
      methacrylonitrile which corresponds to about 55 to 78% by weight of
      nitrile monomer calculated as acrylonitrile. The preferred comonomers are
      styrene adn alpha-methylstyrene. Also preferred are interpolymers such as
      acrylonitrile/methacrylonitrile/styrene; acrylonitrile/styrene/methyl
      vinyl ether and acrylonitrile/styrene/ethyl vinyl ether.
PAR  The high nitrile polymer modifiers used in the present invention are a
      combination of a ester of glycerol or sorbitan and a polyoxyethylene
      sorbitan ester.
PAR  The glycerol and sorbitan esters used are the full or partial
      esterification products of either glycerol or sorbitan and a saturated
      fatty acid containing from 12 to 28 carbon atoms such as lauric,
      tridecylic, myristic, pentadecylic, palmitic, margaric, stearic
      nondecylic, arachidic, behenic, lignoceric, cerotic and montanic acids.
PAR  The preferred esters are the mono esters of glycerol and sorbitan wherein
      the saturated aliphatic fatty acid contains from 16 to 20 carbon atoms
      with glyceryl monostearate and sorbitan monostearate being especially
      preferred.
PAR  The polyoxyethylene sorbitan esters used are polyxoyethylene sorbitan
      esters of a saturated aliphatic fatty acid containing from 12 to 28 carbon
      atoms such as those listed above. The polyxoyethylene segment contains
      from 4 to 30 oxyethylene units with 16 to 24 units being preferred. The
      sorbitan segment used in both components is a monohydrosorbital having the
      general formula C.sub.6 H.sub.8 O(OH).sub.4. These materials, which are
      well known in the art, are derived from sorbitol by the removal of one
      molecule of water.
PAR  The weight ratio of the glyceryl ester or sorbitan ester to the
      polyoxyethylene ester used in the present invention is in the range of
      from 80/20 to 20/80 with a weight ratio of 70/30 to 30/70 being preferred.
PAR  The total amount of (1) the glyceryl ester or sorbitan ester, and (2)
      polyoxyethylene ester used in the present invention is in the range of
      from 0.01 to 1.0% by weight based on the weight of the nitrile polymer.
      Preferred amounts are in the range of from 0.01 to 0.5% by weight based on
      the weight of the nitrile polymer, with from 0.01 to 0.1% being especially
      preferred.
PAR  The following examples are set forth in illustration of the present
      invention and are not to be construed as a limitation thereof. All parts
      and percentages given are by weight unless otherwise specified.
DETD
PAC  EXAMPLES 1 - 3
PAR  These examples illustrate the lower melt viscosity that is obtained when
      using the modifiers of the present invention. An acrylonitrile-styrene
      copolymer in particulate form containing about 70% by weight of
      acrylonitrile and 30% by weight of styrene, is dried to a moisture content
      of less than 1% by weight. The copolymer is then compounded with a
      modifier of the present invention by blending the polymer and modifier in
      a high shear blender (a Welex Mixer) for 5 minutes at 3000 R.P.M. The
      apparent melt viscosity of the compounded polymer is then measured using a
      capillary rheometer at 232.degree.C. using a shear rate of 100 sec
      .sup.-.sup.1 according to the procedure set forth in ASTM D-1238. The melt
      viscosity of the samples tested are tabulated in Table I below:
TBL                TABLE I                                                     

     ______________________________________                                    

     450.degree.C. MELT VISCOSITY                                              

                           Amount of    Apparent                               

                           Modifier(1)  Melt                                   

                           %            Viscosity                              

     Ex.   Modifier        By Weight    (K poises)                             

     ______________________________________                                    

     1     None -- Control None         29                                     

     2     sorbitan monostearate                                               

                           0.05         26                                     

           polyoxyethylene(20)                                                 

           sorbitan tristearate                                                

                           0.05                                                

     3     glyceryl monostearate                                               

                           0.06         26                                     

           polyoxyethylene(20)                                                 

           sorbitan tristearate                                                

                           0.04                                                

     ______________________________________                                    

       (1)based on the weight of the polymer.                                  

PAR  The above data indicate the lower apparent melt viscosity that is achieved
      when the acrylonitrile polymer is compounded with the modifiers of the
      present invention.
PAC  EXAMPLES 4 to 14
PAR  These examples illustrate the improved intrinsic melt flow that is obtained
      when using the modifiers of the present invention. The high nitrile
      polymers used are dried and compounded as outlined in Examples 1 to 3
      above. The intrinsic melt flow of the compounded samples is measured in a
      capillary rheometer with a 20/1 length/diameter (L/D) ratio using a force
      of 295 kilograms and a temperature of 233.degree.C. using the procedure
      set forth in ASTM D-1238-70. The melt flow value corresponding to zero
      time at 233.degree.C. is considered as the intrinsic melt flow.
PAR  The intrinsic melt flow of the samples is tabulated in Table II below.
TBL                                    TABLE II                                

     __________________________________________________________________________

     INTRINSIC MELT FLOW                                                       

     __________________________________________________________________________

                                  Amount of                                    

                                          Intrinsic                            

                                  Modifier(2)                                  

                                          Melt Flow                            

                                  %       grams/10                             

     Example  Polymer(1)                                                       

                      Modifier    By Weight                                    

                                          Minutes                              

     __________________________________________________________________________

     4  (Control)                                                              

               MAN/S  None        None    27                                   

     5         MAN/S  sorbitan mono-                                           

                                  0.05    48                                   

                      stearate                                                 

     6         MAN/S  polyoxyethylene(20)                                      

                                  0.05    44                                   

                      sorbitan                                                 

                      tristearate                                              

     7         MAN/S  sorbitan mono-                                           

                                  0.025   40                                   

                      stearate                                                 

                      polyoxyethylene(20)                                      

                                  0.025                                        

                      sorbitan tri-                                            

                      stearate                                                 

     8         MAN/S  aluminum palmitate                                       

                                  0.05    34                                   

     9         MAN/S  stannous stearate                                        

                                  0.05    34                                   

     10 (Control)                                                              

               AN/S   None        None    42                                   

     11        AN/S   sorbitan mono-                                           

                                  0.05    61                                   

                      stearate                                                 

     12        AN/S   polyoxyethylene(20)                                      

                                  0.03    64                                   

                      sorbitan tri-                                            

                      stearate                                                 

                      sorbitan mono-                                           

                                  0.02                                         

                      stearate                                                 

     13        AN/S   polyoxyethylene(20)                                      

                                  0.021   61                                   

                      sorbitan tri-                                            

                      stearate                                                 

                      glyceryl mono-                                           

                                  0.039                                        

                      stearate                                                 

     14        AN/S   polyoxyethylene(20)                                      

                                  0.024   55                                   

                      sorbitan mono-                                           

                      laurate                                                  

                      glyceryl tri-                                            

                                  0.036                                        

                      stearate                                                 

     __________________________________________________________________________

       (1)MAN/S = methacrylonitrile/styrene polymer containing 90% by weight   

      methacrylonitrile and 10% styrene.                                       

        AN/S = acrylonitrile/styrene containing 70% by weight acrylonitrile and

      30% by weight styrene.                                                   

       (2)based on the weight of the polymer.                                  

PAR  The data in Table II above indicate the improved melt flow that is obtained
      when using the modifiers of the present invention (see Examples 7, 12, 13
      and 14). In Example 7, which uses a methacrylonitrile polymer, the
      intrinsic melt flow is 40 versus 27 for the Control (Example 4). When
      using the combination of modifiers in an acrylonitrile polymer (Examples
      12 to 14) melt flow values of 64, 61 and 65 are obtained as compared with
      a melt flow of 42 for the Control (Example 10). In the acrylonitrile
      copolymer the intrinsic melt flow with a combination of modifiers is
      higher than that situation where sorbitan monostearate is used alone.
      However, Examples 5 and 6 indicate a higher melt flow in a
      methacrylonitrile polymer when sorbitan monostearate and
      polyoxyethylene(20) sorbitan tristearate are used alone as opposed to the
      combination used in Example 7. This seeming anomoly must be viewed in the
      light of the higher residual methacrylonitrile monomer content that
      results when sorbitan monostearate and polyoxyethylene(20) sorbitan
      tristearate are used alone as opposed to the combination of these
      modifiers (see Table III below).
PAC  EXAMPLES 15 to 21
PAR  These examples illustrate the low level of residual monomer that is found
      in a methacrylonitrile/styrene polymer (90% methacrylonitrile/10% styrene)
      when using the modifiers of the present invention. The polymer in
      particulate form is blended with the various modifiers in a Welex Mixer
      for 5 minutes at 3000 R.P.M. The compounded polymer is then extruded into
      pellets which are re-extruded 4 times in a laboratory type 11/4 inch
      extruder having a screw with a L/D ratio of 25:1. The extrusion stock
      temperature of the polymer was about 238.degree.-243.degree.C.
PAR  The results of the extrusion runs are tabulated below in Table III.
TBL                                    TABLE III                               

     __________________________________________________________________________

     SUMMARY OF EXAMPLES 15 to 21                                              

     AMOUNT OF RESIDUAL MAN MONOMER AFTER 4 PASS EXTRUSION                     

     __________________________________________________________________________

                               Amount of                                       

                                       Total                                   

                               Modifier                                        

                                       Residual                                

     Example  Modifier         % By Weight                                     

                                       Monomer(1)                              

     __________________________________________________________________________

     15 (Control)                                                              

              None             None    898                                     

     16       polyoxyethylene(20) sorbitan                                     

                               0.03    924                                     

              tristearate                                                      

     17       polyoxyethylene(20) sorbitan                                     

                               0.06    1009                                    

              tristearate                                                      

     18       sorbitan monostearate                                            

                               0.03    881                                     

     19       sorbitan monostearate                                            

                               0.06    1374                                    

     20       polyoxyethylene(20) sorbitan                                     

                               0.03    793                                     

              tristearate                                                      

              sorbitan monostearate                                            

                               0.03                                            

     21       polyoxyethylene(20) sorbitan                                     

                               0.024   746                                     

              tristearate                                                      

              glyceryl monostearate                                            

                               0.036                                           

     __________________________________________________________________________

      (1)Parts per million parts of polymer(PPM)                               

PAR  A comparison of Examples 20 and 21, which use a combination of modifiers as
      taught in the present invention, with Examples 15 to 19, show the lower
      levels of residual methacrylonitrile (MAN) monomer which is obtained in
      methacrylonitrile polymers when using the modifiers of the present
      invention.
PAC  EXAMPLES 22 to 29
PAR  These examples illustrate the use of a conventional antioxidant in
      combination with a modifier of the present invention in order to obtain
      even lower levels of residual methacrylonitrile monomer after a 4 pass
      extrusion. The polymer, compound and extrusion procedure used in these
      examples are the same as described above in Examples 15 to 21. The
      antioxidant used is 2,6-tertiary butyl paracresol and it is used at a
      level of 0.1% by weight based on the weight of the polymer. Also included
      for comparison purposes are various additives conventionally used as melt
      processing aids in synthetic polymers. The results of these extrusion runs
      are tabulated in Table IV below.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     SUMMARY OF EXAMPLES 22 to 29                                              

     AMOUNT OF RESIDUAL MAN MONOMER AFTER 4 PASS EXTRUSION                     

     __________________________________________________________________________

                               Amount of                                       

                                       Total                                   

                               Modifier                                        

                                       Residual                                

     Example  Modifier         % By Weight                                     

                                       Monomer PPM                             

     __________________________________________________________________________

     22 (Control)                                                              

              None             None    822                                     

     23       polyoxyethylene(20) sorbitan                                     

                               0.03    582                                     

              tristearate                                                      

              sorbitan monostearate                                            

                               0.03                                            

     24       glyceryl monostearate                                            

                               0.1     639                                     

     25       polyoxyethylene(20) stearyl                                      

                               0.1     755                                     

              ether                                                            

     26       4,4-thio bis(6-tert-butyl                                        

                               0.1     745                                     

              meta cresol)                                                     

     27       2,2'-methylene bis-(4-methyl-                                    

                               0.1     678                                     

              6-tert-butyl phenol)                                             

     28       mono-diglycerides of edible                                      

                               0.1     660                                     

              fats                                                             

     29       4,4-thio bis(6-tert-butyl                                        

                               0.1     709                                     

              meta cresol)                                                     

              polyoxyethylene glycol                                           

                               0.2                                             

     __________________________________________________________________________

PAR  The data in the foregoing table further illustrates the effectiveness of
      using a combination of modifiers as taught in the present invention in
      order to reduce the residual methacrylonitrile monomer in
      methacrylonitrile polymers.
PAC  EXAMPLES 30 to 40
PAR  Examples 30 to 40 illustrate that the modifiers of the present invention do
      not impart any taste to a cola beverage which is packaged in a bottle
      prepared from a high nitrile polymer compounded with these modifiers.
PAC  TASTE TESTS
PAR  Taste tests are conducted using 10 ounce (296 cc) bottles which are formed
      from a methacrylonitrile/styrene (90/10% by weight) copolymer containing
      various modifiers. The polymer is blended with various amounts of
      modifiers as outlined above, extruded into pellets and formed into 10
      ounce (296 cc) bottles of the type conventionally used for soft drinks.
      The bottles are filled with 10 ounces (296 cc) of a well-known
      commercially available cola beverabe (Coca-Cola) and placed in an oven for
      7 days at 38.degree.C. along with the same beverage in a glass bottle. At
      the end of this period, the contents of the high nitrile bottles are
      poured into each of 10 unmarked vessels and the contents of the glass
      bottle is poured into each of 20 unmarked vessels. Five persons previously
      trained in taste-test techniques are chosen to act as a taste panel. Each
      member of the panel is given two of the vessels containing the cola
      beverage from the glass bottle and one vessel containing the cola beverage
      from the plastic bottle. The tasters do not known which one of the three
      vessels contain the beverage from the plastic bottle and are asked to
      determine whether one of the three samples has a taste different from that
      of the other two, and, if so, to designate which one. This is known as a
      "Triangle Taste Test." The test is then repeated to determine
      reproducibility. If a panel detects a taste difference in the beverage
      packaged in a high nitrile bottle, the high nitrile bottle is deemed to
      "fail" the taste test. The results of these tests are summarized in Table
      V below.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     SUMMARY OF TASTE TESTS                                                    

                           Amount of                                           

                                   Taste                                       

     Example                                                                   

           Modifier        Modifier(1)                                         

                                   Test                                        

     __________________________________________________________________________

     30    N,N-distearyl ethylene                                              

                           0.25    Fail                                        

           diamine                                                             

     31    sorbitan tristearate                                                

                           0.5     Pass                                        

     32    polyoxyethylene(20)                                                 

                           0.5     "                                           

           sorbitan monolaurate                                                

     33    polyoxyethylene(20)                                                 

                           0.5     "                                           

           sorbitan tristearate                                                

     34    polyoxyethylene(4)                                                  

                           0.5     "                                           

           sorbitan monostearate                                               

     35    polyoxyethylene(8) stearate                                         

                           0.5     Fail                                        

     36    polyoxyethylene(2) cetyl                                            

                           0.5     "                                           

           ether                                                               

     37    glyceryl monostearate                                               

                           0.5     Pass                                        

     38    polyoxyethylene(20)                                                 

                           0.5     Fail                                        

           sorbitan monolaurate                                                

           polyoxyethylene glycol                                              

                           0.5                                                 

     39    polyoxyethylene(20)                                                 

                           0.5     Pass                                        

           sorbitan tristearate                                                

           glyceryl monostearate                                               

                           0.5                                                 

     40    polyoxyethylene(20)                                                 

                           0.5     Pass                                        

           sorbitan tristearate                                                

           sorbitan monostearate                                               

                           0.5                                                 

     __________________________________________________________________________

      (1)based on the weight of the polymer.                                   

PAR  The data in the above Table V illustrate that the modifiers of the present
      invention impart no taste to a cola beverage packaged in a high nitrile
      polymer which has been compounded with the modifiers of the present
      invention.
PAR  Examples 39 and 40 were repeated except using a copolymer of acrylonitrile
      and styrene containing 70% acrylonitrile and 30% styrene. Comparable
      results were obtained.
PAC  EXAMPLE 41
PAR  In this example an acrylonitrile/styrene copolymer containing 70% by weight
      of acrylonitrile is compounded with green pigment and 0.03% by weight of a
      40/60% by weight mixture of polyoxyethylene(20) sorbitan tristearate and
      glyceryl monostearate. The resulting composition is formed into 10 ounce
      (296 cc) bottles. The bottles are examined visually and found to have
      better color, gloss and clarity as compared to control bottles which did
      not contain the modifiers of the present invention.
PAC  EXAMPLE 42
PAR  Example 41 is repeated here except sorbitan monostearate is used in place
      of the glyceryl monostearate used in Example 41. Comparable results are
      obtained.
PAR  The present invention also contemplates the use of other additives and
      ingredients in the polymeric composition which do not adversely effect the
      taste properties of the resulting packaging materials. Examples of these
      ingredients include thermal stabilizers, light stabilizers, dyes,
      pigments, plasticizers, fillers, antioxidants, etc.
PAR  It is obvious that many variations may be made in the products and
      processes set forth above without departing from the spirit and scope of
      this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nitrile polymer which has been compounded with a modifier which is a
      combination of (1) a C.sub.12 to C.sub.28 saturated aliphatic fatty acid
      ester of a compound selected from the group consisting of glycerol and
      sorbitan; and (2) a polyoxyethylene sorbitan ester of a C.sub.12 to
      C.sub.28 saturated fatty acid, wherein the polyoxyethylene contains from 4
      to 30 oxyethylene units; wherein the weight ratio of component (1) to
      component (2) is in the range of from 80/20 to 20/80; and wherein the
      amount of modifier used is in the range of from 0.01 to 1.0% by weight
      based on the weight of the nitrile polymer.
NUM  2.
PAR  2. A nitrile polymer as in claim 1 which contains 55 to 85% by weight of a
      nitrile monomer selected from the group consisting of acrylonitrile and
      methacrylonitrile, wherein the weight of the methacrylonitrile is
      calculated as acrylonitrile.
NUM  3.
PAR  3. A nitrile polymer as in claim 2 wherein the amount of modifier used is
      in the range from 0.01 to 0.5% by weight.
NUM  4.
PAR  4. A nitrile polymer as in claim 2 wherein the amount of modifier used is
      in the range from 0.01 to 0.1% by weight.
NUM  5.
PAR  5. A nitrile polymer as in claim 2 wherein the saturated aliphatic fatty
      acids used in components (1) and (2) contains from 16 to 20 carbon atoms.
NUM  6.
PAR  6. A nitrile polymer as in claim 2 wherein the saturated aliphatic fatty
      acids used in components (1) and (2) is stearic acid.
NUM  7.
PAR  7. A nitrile polymer as in claim 2 wherein the polyoxyethylene segment
      contains 16 to 24 oxyethylene units.
NUM  8.
PAR  8. An acrylonitrile polymer containing from 60 to 83% by weight of
      acrylonitrile which has been compounded with a modifier which is a
      combination of (1) a C.sub.16 to C.sub.20 saturated aliphatic fatty acid
      ester of a compound selected from the group consisting of glycerol and
      sorbitan; and (2) a polyoxyethylene sorbitan ester of a C.sub.16 to
      C.sub.20 saturated fatty acid, wherein the polyoxyethylene contains from
      16 to 24 oxyethylene units, wherein the weight ratio of component (1) to
      component (2) is in the range of from 80/20 to 20/80; and wherein the
      amount of modifier used is in the range from 0.01 to 0.5% by weight based
      on the weight of the acrylonitrile polymer.
NUM  9.
PAR  9. An acrylonitrile polymer as in claim 8 wherein the saturated aliphatic
      fatty acids used in components (1) and (2) is stearic acid.
NUM  10.
PAR  10. An acrylonitrile polymer as in claim 8 wherein the polyoxyethylene
      ester is polyoxyethylene(20) sorbitan tristearate.
NUM  11.
PAR  11. An acrylonitrile polymer as in claim 8 wherein the modifier is a
      combination of (1) glyceryl monostearate and (2) polyoxyethylene(20)
      sorbitan tristearate.
NUM  12.
PAR  12. An acrylonitrile polymer as in claim 8 wherein the modifier is a
      combination of (1) sorbitan monostearate and polyoxyethylene(20) sorbitan
      tristearate.
NUM  13.
PAR  13. An acrylonitrile polymer containing from 60 to 83% by weight of
      acrylonitrile which has been compounded with a modifier which is a
      combination of (1) a compound selected from the group consisting of
      glyceryl monostearate and sorbitan monostearate; and (2)
      polyoxyethylene(20) sorbitan tristearate; wherein the weight ratio of
      component (1) to component (2) is in the range of from 80/20 to 20/80; and
      wherein the amount of modifier used is in the range from 0.01 to 0.5% by
      weight based on the weight of the acrylonitrile polymer.
NUM  14.
PAR  14. An acrylonitrile polymer as in claim 13 wherein the amount of modifier
      used is in the range from 0.01 to 0.1% by weight.
NUM  15.
PAR  15. An acrylonitrile polymer as in claim 13 which is rubber modified.
NUM  16.
PAR  16. A nitrile polymer as in claim 2 wherein styrene is added as a
      copolymer.
NUM  17.
PAR  17. A molded container formed from the nitrile polymer of claim 1.
NUM  18.
PAR  18. The molded container of claim 17 wherein the container is in the form
      of a bottle.
NUM  19.
PAR  19. A molded container formed from the nitrile polymer of claim 8.
NUM  20.
PAR  20. The molded container of claim 19 wherein the container is in the form
      of a bottle.
NUM  21.
PAR  21. A molded container formed from the nitrile polymer of claim 16.
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ABST
PAL  The amine derivatives of acrylated epoxidized soybean oil, which is the
      reaction product of epoxidized soybean oil with acrylic acid or
      methacrylic acid are produced by the reaction of acrylated epoxidized
      soybean oil with an organic amine. They are useful alone, or in
      conjunction with a photosensitizer, and/or a pigment as inks and coatings.
      The compositions can be cured by radiation.
PARN
PAR  This application is a divisional of Ser. No. 343,691, filed Mar. 22, 1973,
      which in turn is a continuation-in-part of Ser. No. 103,912, filed Jan. 4,
      1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The epoxide derivatives of esters of soybean oil are known; also known are
      the acrylyl derivatives thereof. Such derivatives have also been used in
      the production of epoxide resins and in coating compositions; however, the
      coatings do not meet all of the requirements necessary in today's advanced
      technology.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that certain urethane derivatives of acrylated
      epoxidized soybean oil compounds and certain amine derivatives of
      acrylated epoxidized soybean oil compounds can be produced and that such
      derivatives are in themselves useful as coatings, adhesives, molding
      compositions, and the like, or they can be used in combination with other
      materials to produce compositions that are similarly useful.
PAC  DESCRIPTION OF THE INVENTION
PAR  The urethane derivatives of the acrylated epoxidized soybean oil compounds
      are produced by the reaction of an organic mono- or poly-isocyanate with
      the acrylated epoxidized soybean oil compound. Among the isocyanates that
      can be used in producing these derivatives are those represented by the
      general formula:
EQU  R(NC0).sub.x
PAL  Wherein R can be an alkyl group of from 1 to about 15 carbon atoms, a
      substituted or unsubstituted mono- or polycycloalkyl group of from 5 to
      about 12 carbon atoms, or a substituted or unsubstituted aryl group having
      from 6 to about 12 carbon atoms. Illustrative thereof one can mention
      methyl isocyanate, ethyl isocyanate, butyl isocyanate, 2-ethylhexyl
      isocyanate, chloroethyl isocyanate, cyclohexyl isocyanate, phenyl
      isocyanate, p-chlorophenyl isocyanate, benzyl isocyanate, naphthyl
      isocyanate, o-ethylphenyl isocyanate, 2,4-tolylene diisocyanate,
      2,6-tolylene diisocyanate, 4,4'-diphenylmethane diisocyanate,
      polymethylene polyphenylisocyanate, dianisidine diisocyanate, 1,6-hexane
      diisocyanate, m-xylylene diisocyanate, dicyclohexyl-4,4'-methane
      diisocyanate, cyclohexane-1,4-diisocyanate, 1,5-naphthalene diisocyanate,
      1-isocyanato-3-isocyanatomethyl-3,3,5-trimethylcyclohexane,
      diphenylene-4,4-diisocyanate, bicyclo [2.2.1]hept-2-en-4-isocyanate, and
      the like. Any of the known organic isocyanates can be used, including the
      tri- and tetra-isocyanate compounds; all of these are well known to those
      skilled in the art.
PAR  As previously indicated, the acrylated epoxidized soybean oil compounds are
      known. These compounds, and the methods for their production, have been
      disclosed in U.S. Pat. No. 3,125,592 and U.S. Pat. No. 3,450,613; the
      teachings therein are incorporated herein by reference. As is readily
      apparent, one can produce such compounds by the reaction of the epoxidized
      soybean oil with acrylic acid or methacrylic acid; both are included
      within the scope of this invention but for convenience the discussion will
      be based on the use of acrylic acid.
PAR  The reaction of the epoxidized soybean oil with acrylic acid proceeds with
      the opening of the epoxide ring in the molecule and the addition of
      acrylic acid; this can be represented by the equation:
      ##EQU1##
      The methacrylyl group may be present instead of the acrylyl group. Thus,
      the acrylated epoxidized soybean oil compound contains an average of at
      least two such acrylyl groups per molecule and, in addition, it may also
      contain some unreacted oxirane, preferably less than two weight percent
      unreacted oxirane.
PAR  The reaction of the acrylated epoxidized soybean oil compound with the
      isocyanato group is via the hydroxyl group to form a urethane link. Thus,
      the urethane derivatives of the acrylated epoxidized soybean oil contain
      the group:
      ##EQU2##
      where X is hydrogen or methyl. The number of such groups present can be
      controlled by the amount of isocyanate compound added to the reaction. All
      of the hydroxyl groups in the acrylated epoxidized soybean oil can be
      reacted with an isocyanato group, or less than all can be so reacted.
      Thus, from about 2 to about 100 percent of the available hydroxyl groups
      can be converted to urethane groups; preferably from about 50 to about 90
      percent thereof are reacted with the isocyanato group and converted to the
      urethane group. The polyisocyanates may react in intramolecular fashion
      with two hydroxyl groups on the same acrylated epoxidized soybean oil
      molecule or they may serve to bridge or crosslink two of such molecules.
      It was observed that increased mono-urethane content in general provided
      enhanced toughness, and mar and water resistance, and decreased viscosity;
      while increased intermolecular poly-urethane content in the molecule in
      general provided increased viscosity, increased crosslink density,
      increased toughness and faster cure speed.
PAR  The reaction between the acrylated epoxidized soybean oil and the
      isocyanate can typically be carried out by the slow addition of the
      isocyanate to the acrylated epoxidized soybean oil compound. The order of
      addition, however, is not critical. The temperature can be from about
      10.degree.C, to about 100.degree.C, preferably from about 20.degree.C. to
      about 80.degree.C., and most preferably from about 40.degree.C. to about
      60.degree.C. After the addition has been completed, the reaction mixture
      is stirred to ensure completion of reaction. The time required will vary,
      of course, depending upon the size of the batch, the reactants used, the
      temperature of the reaction and other variables known to affect chemical
      reactions in general. A solvent can be present if desired. It is
      preferably an inert solvent that will not interfere with the reaction;
      these are well known and include ethers, hydrocarbons, ketones and esters
      such as diethyl ether, p-dioxane, dibutyl ether, tetrahydrofuran,
      diisopropyl ether, methyl ethyl ketone, methyl n-propyl ketone, methyl
      propionate, ethyl acetate, hexane, toluene, xylene, benzene, and the like.
      Of course, the presence of water is known to be detrimental when an
      isocyanate group is involved since this group reacts readily and rapidly
      with water. Any one of the conventional catalysts known to promote the
      reaction of an isocyanato group with a reactive hydrogen atom of the
      hydroxyl group, can be used. The number of such catalysts is large, and
      illustrative thereof one can mention triethylamine,
      N,N,N,',N'-tetramethylbutane-1,3-diamine, dibutyltin dilaurate, stannous
      octoate, stannous laurate, dioctyltin diacetate, lead octoate,
      bis[2-(N,N,-dimethylamino)ethyl]ether, 1,4-diazabicyclo[2.2.2]octane, and
      the like.
PAR  In the reaction of the acrylated epoxidized soybean oil compound with an
      amine compound, the amine compound is preferably a secondary amine of the
      formula R.sub.2 ' NH, wherein each R' can be substituted or unsubstituted
      alkyl having from 1 to about 15 carbon atoms, or an aryl group having up
      to 15 carbons, or the R.sub.2 ' unit together with the nitrogen atom of
      the NH group forms a ring structure having 5 or 6 ring atoms. Illustrative
      thereof one can mention dimethylamine, diethylamine, dibutylamine,
      dioctylamine, di-2-ethylhexylamine, diphenylamine, N-methyl-N-phenylamine,
      morpholine, piperidine, pyrrolidine, and the like. In this reaction the
      amine compound adds across the double bond of the acrylyl unit of the
      acrylated epoxidized soybean oil compound to produce a compound containing
      the group
      ##EQU3##
PAR  The reaction between the secondary amine and the acrylated epoxidized
      soybean oil can be carried out by mixing the two compounds together and
      stirring at a temperature of from about 10.degree.C. to about
      100.degree.C.; ambient temperatures are preferred, thus eliminating any
      need for temperature control facilities. The amount of amine added can be
      an amount sufficient to react with from about 5 to 40 percent of the
      acrylyl groups present. If desired, an inert solvent, such as those
      heretofore mentioned, can also be present.
PAR  The urethane derivatives of the acrylated epoxidized soybean oil and the
      amine derivatives of the acrylated epoxidized soybean oil can be used per
      se as coating compositions, either alone or in admixture with conventional
      solvents, pigments, fillers and other additives. They can be applied by
      conventional means and cured by exposure to heat, light, electron
      radiation, X-ray radiation, and other known means for curing and
      crosslinking a polymer, either alone or in the presence of a crosslinker.
PAR  The acrylated epoxidized soybean oil compounds, the urethane derivatives
      thereof and the amine derivatives thereof can also be used to produce
      coating compositions known as 100 percent reactive coating compositions by
      mixing them with a reactive solvent. These reactive solvents are well
      known to those skilled in the art and include olefinic monomers such as
      styrene, alpha-methylstyrene, p-methylstyrene, p-chlorostyrene, and
      acrylyl compounds such as the acrylate esters, the methacrylate esters,
      the acrylamides and the methacrylamides. These acrylyl compounds can be
      represented by the formula:
      ##EQU4##
      wherein Z is hydrogen or methyl: t is an integer having a value of 1 to 3;
      and R'" is alkoxy having from 1 to about 18 carbon atoms (e.g., methoxy,
      ethoxy, propoxy, isopropoxy, 2-methylhexoxy, 2-ethylhexoxy, decoxy,
      octadecoxy); hydroxyalkoxy having up to about 15 carbon atoms (e.g.,
      hydroxymethoxy, hydroxyethoxy, hydroxypropoxy, hydroxydecoxy);
      alkoxyalkoxy having up to a total of about 15 carbon atoms (e.g.,
      methoxymethoxy, methoxyethoxy, ethoxybutoxy, methoxypropoxy,
      decoxypentoxy); cyano; cyanoalkoxy having up to about 15 carbon atoms
      (e.g., cyanmethoxy, cyanobutoxy, cyanodecoxy); aryloxy (e.g., phenoxy,
      toloxy, xyloxy, phenoxyethoxy, naphthoxy, benzyloxy); or an --(OC.sub.n
      H.sub.2n).sub.z NR"".sub.2 group wherein n is an integer having a value of
      1 to 10, z has a value of 0 or 1 and R"" is alkyl having 1 to 10 carbon
      atoms when t is one or polyvalent alkylene or oxyalkylene having 2 to 8
      carbon atoms in the alkylene moiety thereof when t is other than one.
PAR  Illustrative of suitable acrylyl compounds, many more of which are well
      known in the art, one can mention methyl acrylate, ethyl acrylate,
      2-ethylhexyl acrylate, methoxyethyl acrylate, butoxyethyl acrylate, butyl
      acrylate, methoxybutyl acrylate, cyano acrylate, cyanoethyl acrylate,
      phenyl acrylate, methyl methacrylate, propyl methacrylate, methoxyethyl
      methacrylate, ethoxymethyl methacrylate, phenyl methacrylate, ethyl
      methacrylate, lauryl methacrylate, N,N-dimethyl acrylamide,
      N,N-diisopropyl acrylamide, N,N-didecyl acrylamide, N,N-dimethyl
      methacrylamide, N,N-diethyl methacrylamide, (N,N-dimethylamino)methyl
      acrylate, 2-(N,N-dimethylamino)ethyl acrylate, 2-(N,N,dipentylamino)ethyl
      acrylate, (N,N-dimethylamino)methyl methacrylate,
      2-(N,N-diethylamino)propyl acrylate, ethylene glycol diacrylate, propylene
      glycol diacrylate, neopentyl glycol diacrylate, 1,6-hexanediol diacrylate,
      diethylene glycol diacrylate, triethylene glycol diacrylate, dipropylene
      glycol diacrylate, ethylene glycol diacrylate, ethylene glycol
      dimethacrylate, propylene glycol dimethacrylate, diethylene glycol
      dimethacrylate, tripropylene glycol diacrylate, trimethylolpropane
      triacrylate, pentaerythritrol triacrylate, and the like.
PAR  The concentration of reactive solvent in the 100 percent reactive coating
      composition can be from zero to about 90 weight percent, with from 5 to 60
      weight percent preferred, and from 10 to 50 weight percent most preferred.
PAR  When the coating compositions are to be cured by light means they can
      contain from about 0.1 to about 10  weight percent of an activator such as
      any of the known photosensitizers or photoinitiators, preferably at a
      concentration of from about 1 to about 5 weight percent. These can be
      added singly or in mixtures and include, for example, benzophenone,
      p-methoxybenzophenone, acetophenone, m-chloroactophenone, propiophenone,
      xanthone, benzoin, benzil, benzaldehyde, naphthoquinone, anthraquinone,
      benzoin butyl ether, and the like.
PAR  If desired, an amine can also be present to further accelerate curing by
      light radiation when the photoinitiator is an aryl ketone. Amines that
      show this synergistic rate-enhancing effect include triethanolamine,
      triisopropanolamine, methyldiethanolamine, tributylamine, triethylamine
      and the like.
PAR  The photoinitiators or photosensitizers are usually present at a
      concentration of from about 0.1 to about 10 weight percent, preferably
      from about 1 to about 5 weight percent, based on the weight of the
      composition. The amine accelerator, when present, is preferably present at
      a concentration of from about 1 to about 10 weight percent, and can be as
      high as 25 weight percent of the composition.
PAR  The coating compositions are produced by conventional methods by mixing the
      selected components together. To facilitate preparation one can apply a
      small amount of heat. The coatings can be applied by conventional means,
      including spray, curtain, dip, pad, roll-coating and brushing procedures.
      They may, if desired, be dried under ambient or oven conditions. The
      coatings can be applied to any acceptable substrate such as wood, metal,
      glass, fabric, paper, fiber, plastic that is in any form, e.g., sheet,
      coil, molded, film, panel, tube, etc.
PAR  The coating compositions containing the urethane derivatives of acrylated
      epoxidized soybean oil or the amine derivatives of epoxidized soybean oil
      can be cured by exposure to heat or radiation, either before or after the
      coating has dried. The radiation can be ionizing radiation, either
      particulate or non-particulate, or non-ionizing radiation. As a suitable
      source of particulate radiation, one can use any source which emits
      electrons or charged nuclei. Particulate radiation can be generated from
      electron accelerators such as the Van de Graaff accelerator, resonance
      transformers, linear accelerators, insulating core transformers,
      radioactive elements such as cobalt-60, strontium-90, etc. As a suitable
      source of non-particulate ionizing radiation, one can use any source which
      emits light radiation in the range of from about 10.sup.-.sup.3 Angstroms,
      to about 2000 Angstroms, preferably from about 5 .times. 10.sup.-.sup.3
      Angstroms to about 1 Angstrom. Suitable sources are vacuum ultraviolet
      lamps, such as xenon or krypton arcs, and radioactive elements such as
      cesium-137, strontium-90 and cobalt-60. The nuclear reactors are also
      known to be a useful source of such radiation. As a suitable source of
      non-ionizing radiation, one can use any source which emits radiation of
      from about 2000 Angstroms to about 4000 Angstroms, such as mercury arcs,
      carbon arcs, tungsten filament lamps, xenon arcs, krypton arcs, sunlamps,
      lasers, and the like. All of these devices and sources are well known in
      the art and those skilled in radiation technology are fully aware of the
      manner in which the radiation is generated and the precautions to be
      exercised in its use.
PAR  The use of low to high pressure mercury lamps to generate ultraviolet light
      is known. The largest such mercury lamp of commercial utility is generally
      about 5 feet long, having a diameter of about 1 to 2 inches and an
      electrical input of about 20 kilowatts. Mercury lamps generate a typical
      ultraviolet light line structure.
PAR  The ionizing radiation dosage necessary to effect curing or crosslinking of
      the coating composition will vary depending upon the composition of the
      particular coating that is undergoing radiation, the extent of
      crosslinking desired, the number of crosslinkable sites available and the
      molecular weight of the starting polymer in the coating composition. The
      total dosage will generally be from about 10.sup.3 rads to 10.sup.8 rads,
      preferably from 5 .times. 10.sup.5 rads to 10.sup.7 rads. A rad is 100
      ergs of ionizing energy absorbed per gram of material being irradiated.
PAR  Recently a source of light radiation emitting high intensity predominantly
      continuum light radiation containing ultraviolet, visible and infrared
      radiation was discovered that can be used to polymerize monomers and to
      crosslink polymer compositions, namely the swirl-flow plasma arc radiation
      source. By means of proper light filters on this source one can
      selectively screen out a portion of the light radiation emitted,
      permitting only that wavelength portion desired to reach the material
      being treated.
PAR  The term "high intensity predominantly continuum light radiation" means
      continuum radiation with a source intensity of at least 350 watts per
      square centimeter steradian (about 1000 kilowatts per square foot of
      source projected area) having only a minor part of the energy in peaks of
      bandwidths less than 100 Angstrom units, with less than about 30 percent
      of the light radiated having wavelengths shorter than 4,000 Angstrom units
      and at least about 70 percent of the light energy radiated having
      wavelengths longer than 4,000 Angstrom units.
PAR  This form of high intensity continuum light radiation is derived from an
      artificial source that generates high intensity predominantly continuum
      light radiation with a source intensity of at least about 350 watts per
      square centimeter steradian, as abbreviated by the term: watts
      cm.sup.-.sup.2 sr.sup.-.sup.1. Said high intensity predominantly continuum
      artificial light radiation generally has about 70 percent of the light
      radiated at a wavelength longer than 4,000 Angstroms and less than about
      30 percent of the light radiated having a wavelength shorter than 4,000
      Angstroms, usually, however, about 80 percent of the light radiated has a
      wavelength longer than 4,000 Angstroms and less than about 20 percent of
      the light radiated has a wavelength shorter than 4,000 Angstroms, and the
      source intensity can vary from about 350 watts (about 1000 kilowatts per
      square foot of source projected area) to about 5,000 watts (about 15,000
      kilowatts per square foot of source projected area) or more per square
      centimeter steradian. A convenient source of high intensity predominantly
      continuum light radiation is a swirl-flow plasma arc light radiation
      apparatus. The equipment for generating high intensity predominantly
      continuum light radiation by this means is known and available; many
      different forms thereof are described in the literature. A highly
      efficient apparatus for obtaining high intensity predominantly continuum
      light radiation is the swirl-flow plasma arc radiation source described in
      U.S. Pat. No. 3,364,387. The apparatus or equipment necessary for
      generating the light radiation is not the subject of this invention and
      any source or apparatus capable of generating high intensity predominantly
      continuum light radiation can be used.
PAR  While any artificial source of generating high intensity predominantly
      continuum light radiation can be used, as previously indicated the
      swirl-flow plasma arc radiation apparatus is most convenient. Any
      apparatus that operates according to the known principles of the
      swirl-flow plasma arc radiation source can be used to produce the high
      intensity predominantly continuum light radiation useful in the curing or
      crosslinking processes of this invention. These apparatuses are often
      known by other terms but those skilled in this art recognize that they
      emit high intensity predominantly continuum light radiation. The source of
      radiation in a 50 kilowatt swirl-flow plasma arc radiation source is an
      arc only about 4 inches long enclosed in a quartz envelope about 1.5
      inches in diameter. This lamp can be readily removed and refurbished and
      has an acceptable long lifetime. Further, a swirl-flow plasma arc
      radiation apparatus having a 250-kilowatt rating would be only about two
      or three times as large as a 50-kilowatt source. Another advantage is the
      absence of a need for expensive radiation shielding. Precautions required
      for the artificial light sources include those needed to protect one's
      eyes from the intense visible light and from the ultraviolet light present
      to prevent inadvertent sunburn effect on the body.
PAR  It is to be noted that in the spectra of high intensity predominantly
      continuum light radiation there is a continuum of radiation throughout the
      entire spectral range. This type of continuum radiation in the ultraviolet
      range has not heretofore been obtainable from the conventional commercial
      mercury arcs of lamps generally available for generating ultraviolet
      light. The previously known means for generating ultraviolet light
      produced light that shows a line or peak spectrum in the ultraviolet
      range, it is not a continuum spectrum in the ultraviolet range. In a line
      spectrum the major portion of useable ultraviolet light is that portion at
      which the line or band in the spectrum forms a peak; in order for such
      energy to be useful the material or composition that is to be treated with
      ultraviolet radiation must be capable of absorbing at that particular
      wavelength range at which the peak appears. In the event the material or
      composition does not have the ability to absorb at that particular
      wavelength range there is little or no absorption or reaction. Thus, in
      the event the material or composition to be treated absorbs at a
      particular wavelength range in one of the valleys of the spectral curve
      there will be little or no reaction since there is little or no
      ultraviolet energy to adequately excite the system. With a high intensity
      predominantly continuum radiation, there is a high intensity continuum
      radiation of ultraviolet energy across the entire ultraviolet wavelength
      range of the spectrum and there is generally sufficient ultraviolet energy
      generated at all useful ultraviolet wavelengths to enable one to carry out
      reactions responsive to ultraviolet radiation without the problem of
      selecting compound that will absorb at the peak wavelength bands only.
      With the high intensity continuum radiation now discovered one does not
      have the problem of being unable to react materials or compositions that
      absorb in the valley areas only since for all intents and purposes such
      valleys do not exist in high intensity continuum radiation, the high
      intensity radiated light energy is essentially a continuum, it is not in
      peak bands.
PAR  High intensity predominantly continuum light radiation is to be
      distinguished from ultraviolet radiation generated by commercially
      available low, medium and high pressure mercury arc ultraviolet lamps.
      These mercury arc lamps produce light emission which is primarily line or
      peak rather than continuum light, wherein a major part of the light
      appears in bands narrower than 100 Angstrom units, and much less than 70
      percent is above 4,000 Angstrom units.
PAR  As is known, high intensity predominantly continuum light radiation from a
      swirl-flow plasma arc radiation source is emitted from an arc generated
      between a pair of electrodes that are lined up axially and encased in a
      quartz cylinder. In an embodiment a pair of concentric quartz cylinders
      between which cooling water or gas flows is used. A rare gas, such as
      argon, krypton, neon or xenon, introduced into the inner cylinder
      tangentially through inlets located at one end of the inner cylinder
      creates a swirling flow or vortex which restricts the arc to a small
      diameter. An electrical potential applied across the electrodes causes a
      high density current to flow through the gas to generate a plasma composed
      of electrons, positively charged ions and neutral atoms. A plasma
      generated in the above gases produces high intensity predominantly
      continuum light radiation with diffuse maxima in the region of from about
      3,000 to about 6,000 Angstroms. The radiation source can also be used with
      reflectors or refractive optical systems to direct the high intensity
      predominantly continuum light radiation emanating from the arc to a
      particular point or direction or geometrical area.
PAR  The coating compositions of this invention are readily cured by exposure to
      the radiation for a shorter period of time. The exposure can vary from a
      period as short as a fraction of a second to a period that may be as long
      as 10 minutes or longer. In most instances a period of from about 0.1
      second to about 2 minutes is adequate. The distance of the composition
      from the radiation source will vary depending upon the particular energy
      source being employed. It can vary from a fraction of an inch up to 10
      feet or more; preferably the distance is from about 1 foot to about 4
      feet. Exposure can be under normal atmospheric conditions or under an
      inert gas blanket, for example under nitrogen; the preferred process
      includes the use of an inert gas atmosphere.
PAR  Alternatively, one can add a peroxidic compound, a perester, peracid,
      peroxide, hydroperoxide, or a persulfate or azo compound to the
      composition and then cure or crosslink by heating at from about
      50.degree.C. to about 250.degree.C. The amount of such compound added can
      vary from about 0.1 to about 10 weight percent, preferably 0.5 to about
      2.5 weight percent, of the composition. Any of these compounds known to be
      useful in the curing of polymer compositions can be used, such as,
      di-t-butyl peroxide, dicumyl peroxide, t-butyl hydroperoxide,
      alpha-tetralin hydroperoxide, t-butyl peracetate, peracetic acid,
      perbenzoic acid, benzoyl peroxide, dichlorobenzoyl peroxide, ammonium
      persulfate, azobis(isobutyronitrile), dimethyl azobis(isobutyrate), and
      the like.
PAC  ILLUSTRATIVE EXAMPLES
PAC  PREPARATION OF ACRYLATED EPOXIDIZED SOYBEAN OIL COMPOUNDS
PAC  EXAMPLE 1
PAR  A mixture was prepared containing 300 parts by weight of a commercially
      available epoxidized soybean oil and 47.5 parts by weight of acrylic acid.
      The epoxidized soybean oil had an average molecular weight of about 1,000,
      an oxirane content of about 7 percent by weight and it was the epoxide of
      the triester of glycerol with soybean oil. The mixture was heated at
      40.degree.C. for 70 hours and then cooled. The reaction product contained
      38.6 parts of unreacted acrylic acid with the balance of the reaction
      product being acrylated epoxidized soybean oil having an oxirane content
      of 5.2 percent and an acrylyl content of 0.354 milliequivalents per gram.
PAC  EXAMPLE 2
PAR  A mixture was prepared using 250 parts of the same epoxidized soybean oil
      used in Example 1 and 216 parts of acrylic acid; and it was then stirred
      at 125.degree.C. for 1 hour in an open reaction vessel. After cooling to
      room temperature it was diluted with diethyl ether. The mixture was washed
      several times with one percent aqueous sodium acid phosphate and then with
      one percent aqueous sodium chloride solutions. The diethyl ether was
      removed in vacuo and the product dried. The reaction product contained 49
      parts of unreacted acrylic acid and the balance, 417 parts, was acrylated
      epoxidized soybean oil having an oxirane content of 0.2 percent, an
      acrylyl content of 2.2 milliequivalents per gram and a viscosity of 1,500
      centistokes at 25.degree.C. by the Gardner method.
PAC  EXAMPLE 3
PAR  A mixture was prepared using 100 grams of the same epoxidized soybean oil
      used in Example 1, 400 grams of ethylbenzene and 0.2 gram of
      tridecylphosphite; it was stirred at 90.degree.C. under a nitrogen purge
      for 1 hour. Five hundred grams of acrylic acid, 0.006 gram of
      phenothiazine, 0.056 gram of hydroquinone and 0.025 gram of alloocimene
      were added to the above mixture and stirring was continued for another 3
      hours at 90.degree.C. to 100.degree.C. while purging with oxygen. The
      unreacted acrylic acid and the solvent were removed by flash distillation
      under vacuum at 120.degree.C. The acrylated epoxidized soybean oil had an
      oxirane content of 0.93 percent, an acrylyl content of 2.1
      milliequivalents per gram and a viscosity of 1,850 centistokes at
      100.degree.F. by the Gardner method; the distilled product also contained
      0.54 percent unreacted acrylic acid.
PAC  EXAMPLE 4
PAR  Two liters of the epoxidized soybean oil used in Example 1, 8 liters of
      acrylic acid, 8 grams of hydroquinone, 2 grams of p-methoxyphenol and 0.5
      gram of phenothiazine were charged to a reaction flask and reacted at
      100.degree.C. to 110.degree.C. for 5 hours while continuously purging dry
      air through the mixture. The unreacted acrylic acid was distilled under
      vacuum on a rotary film evaporator and the residual product was diluted
      with diethyl ether. The solution was passed through a column of amine
      containing ion exchange resin sold commercially as A-21 (Rohm & Haas) and
      then distilled to remove the diethyl ether. The acrylated epoxidized
      soybean oil was a straw yellow color and was free of unreacted acrylic
      acid.
PAC  PREPARATION OF URETHANE DERIVATIVES OF ACRYLATED EPOXIDIZED SOYBEAN OIL
      COMPOUNDS
PAC  EXAMPLE 5
PAR  One hundred parts by weight of acrylated epoxidized soybean oil, produced
      as described in Example 4, were mixed with 10 parts of methyl isocyanate,
      30 parts of anhydrous tetrahydrofuran and 0.05 part of dibutyltin
      dilaurate in an amber glass bottle and the bottle was sealed. The mixture
      was agitated at room temperature for 12 hours. The urethane of the
      acrylated epoxidized soybean oil contained units of the following formula
      in the molecule:
      ##EQU5##
      This structure was confirmed by infrared analysis. The amber-colored
      urethane had a viscosity of 1,000 poises.
PAC  EXAMPLE 6
PAR  Two hundred parts by weight of acrylated epoxidized soybean oil, produced
      as described in Example 4, were dissolved in 100 parts of diethyl ether
      and then 6 parts of an 80/20 mixture of the 2,4- and 2,6-
      tolylenediisocyanate isomers and 0.05 part of dibutyltin dilaurate were
      added. After agitating in a closed vessel at room temperature for 12 hours
      the diethyl ether was distilled under vacuum. The amber-colored urethane
      had a viscosity of 110 poises. The structure of the urethane of the
      acrylated epoxidized soybean oil was confirmed by infrared spectrum; it
      contained units of the following formula in the molecule:
      ##SPC1##
PAC  Example 7
PAR  Ninety five parts by weight of acrylated epoxidized soybean oil, produced
      as described in Example 4, were mixed with 5 parts of
      methylenebis-4,4'-phenyl isocyanate and 0.05 part of dibutyltin dilaurate
      and agitated at 50.degree.C. in a closed reactor for 16 hours. The yellow
      urethane of the acrylated epoxidized soybean oil had a Brookfield
      viscosity of 3,300 centiposies at 25.degree.C. and contained units of the
      following formula:
      ##SPC2##
PAC  PREPARATION OF AMINE DERIVATIVES OF ACRYLATED EPOXIDIZED SOYBEAN OIL
      COMPOUNDS
PAC  EXAMPLE 8
PAR  Ninety seven parts by weight of acrylated epoxidized soybean oil, produced
      as described in Example 4, were reacted with three parts of diethanolamine
      in a closed vessel for one hour. The aminated acrylated epoxidized soybean
      oil was light yellow and it had a Brookfield viscosity of 17,900
      centipoises at 25.degree.C. Analysis indicated that about 14 percent of
      the double bonds of the acrylyl group had reacted with the diethanolamine;
      the compound contained units of the formula:
      ##EQU6##
PAC  EXAMPLE 9
PAR  In a manner similar to that described in Example 8, 97 parts of the
      acrylated epoxidized soybean oil and 3 parts of morpholine were reacted at
      25.degree.C. for 1 hour. The morpholine adduct of the acrylated epoxidized
      soybean oil was amber in color and it had a Brookfield viscosity of 19,000
      centipoisies at 25.degree.C. Analysis indicated that about 14 percent of
      the double bonds of the acrylated epoxidized soybean oil had reacted with
      the morpholine; the compound contained units of the formula:
      ##EQU7##
PAC  PREPARATION OF COATING COMPOSITIONS
PAC  EXAMPLE 10
PAR  The urethane of acrylated epoxidized soybean oil, produced as described in
      Example 6 by the reaction of acrylated soybean oil with two weight percent
      of an 80/20 mixture of 2,4- and 2,6- tolylenediisocyanate, was coated on
      steel panels. The panels were placed in a flat box covered with
      polyethylene film, purged with nitrogen and irradiated with electrons from
      a 300 kilowatt electron accelerator to impart a dose of 0.5 megarad to the
      coating. The coating cured to hard, tough surfaces having the following
      properties.
TBL  ______________________________________                                    

     Run                  A        B                                           

     Sward hardness (glass=100)                                                

                            8      20                                          

     Reverse impact (inch-lbs)                                                 

                          &gt;165     25                                          

     Acetone resistance (rub cycles)                                           

                           16      50                                          

     Boiling water resistance,                                                 

      (30 min. immersion) good     excellent                                   

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  Coating compositions were produced by the addition of varying amounts of
      2-hydroxyethyl acrylate (HEA) to the same urethane derivative of acrylated
      epoxidized soybean oil used in Example 10. The coatings were applied to
      steel panels and were then irradiated with five megarads of high energy
      electrons in the same manner described in Example 10; Runs A to C. In
      addition, coating compositions were produced from the unmodified acrylated
      acrylated epoxidized soybean oil and 2-hydroxyethyl acrylate and similarly
      irradiated; Runs D to G. As is evident from the results, the addition of
      the 2-hydroxyethyl acrylate lowers the viscosity making the coating
      solution easier to apply, while at the same time the properties of the
      coatings improved with the increased concentration thereof used.
TBL  ______________________________________                                    

                                Sward    Reverse                               

            HEA     Viscosity   hardness impact                                

     Run    wt%     cps at 25.degree.C.                                        

                                glass=100                                      

                                         in-lbs.                               

     ______________________________________                                    

     A       0      25,000      20        25                                   

     B      20      1,840       20       100                                   

     C      30      750         28       165                                   

     D       0      6,800       12        50                                   

     E      20      1,200       14       100                                   

     F      30      390         14       &gt;165                                  

     G      40      210         14       &gt;165                                  

     ______________________________________                                    

PAC  EXAMPLE 12
PAR  To the acrylated epoxidized soybean oil compound of Example 7 there was
      added 5 weight percent of benzophenone as photosensitizer. The composition
      was coated on to steel panels and irradiated for 60 seconds under two
      side-by-side 550 watt medium pressure mercury arcs. The compositions cured
      to smooth, hard, clear coatings which resisted 200 acetone rub-cycles.
PAC  EXAMPLE 13
PAR  A composition was prepared containing 70 parts by weight of the acrylated
      epoxidized soybean oil compound prepared as described in Example 4 and 30
      parts of 2-hydroxyethyl acrylate; it had a viscosity of 390 centipoises at
      25.degree.C. The composition was coated on steel panels which were
      irradiated as described in Example 10 with varying amounts of high energy
      electrons to determine the effect of varying the electron dosage on the
      properties of the cured film. It was found that a dose of two megarads was
      sufficient, a higher dose showed little further improvement. The results
      are tabulated below; all coatings had a reverse impact of greater than 165
      in-lbs.
TBL  ______________________________________                                    

              Sward      Acetone    Boiling water                              

              hardness   resistance,                                           

                                    resistance                                 

     Megarads glass=100  rub-cycles 30 min.                                    

     ______________________________________                                    

     0.25     2          11         fair                                       

     0.5      8          15         good                                       

     1.0      8          30         good                                       

     2.0      14         46         good                                       

     5.0      14         50         good                                       

     ______________________________________                                    

PAC  EXAMPLE 14
PAR  A composition was prepared containing 80 parts of acrylated epoxidized
      soybean oil produced as described in Example 4 and 20 parts of
      2-butoxyethyl acrylate. This composition was used to produce coating
      compositions containing varying amounts of tricyclo[5.2.1.0.sup.2.6
      ]dec-3-en-8(-9)-yl acrylate (DCPA), which were coated on steel panels and
      cured in the manner described in Example 10. A dosage of 2.5 megarads was
      applied to each panel. The coatings cured to smooth, clear films. All of
      the films had an acetone resistance of 50 rub-cycles and after 30 minutes
      immersion in boiling water had a boiling water resistance rating of
      excellent. The data is recorded below:
TBL                Sward          Reverse                                      

     DCPA          hardness       impact,                                      

     wt.%          glass=100      in-lbs                                       

     ______________________________________                                    

     0             12               5                                          

     12.5          16              25                                          

     25.0          22             &gt;165                                         

     37.5          34             &gt;165                                         

     ______________________________________                                    

PAC  EXAMPLE 15
PAR  A composition was produced containing 95 parts by weight of the
      diethanolamine adduct of Example 8 and 5 parts by weight of benzophenone.
      The solutions were coated on steel panels and irradiated for 10 seconds as
      described in Example 12 to produce a clear, smooth, tack-free coating.
PAR  A composition containing 75 parts by weight of the adduct of Example 8, 20
      parts by weight of neopentyl glycol diacrylate and 5 parts by weight of
      benzoin butyl ether cures to a clear, hard coating when it is irradiated
      in a similar manner.
PAC  EXAMPLE 16
PAR  A coating composition was produced by mixing 95 parts by weight of the
      morpholine adduct of Example 9 and 5 parts by weight of benzophenone. The
      solution was coated on steel panels and irradiated with two side-by-side
      2.2-kilowatt medium-pressure mercury arcs housed in directional reflectors
      placed 18 inches over and parallel to a conveyor line moving at 76 feet
      per minute. A single pass of the coated panel under the mercury arcs cured
      the composition to a clear, tack-free coating. Example 17
PAR  Ninety five parts by weight of an acrylated epoxidized soybean oil produced
      as described in Example 4 and five parts by weight of benzophenone were
      mixed to form a uniform solution. This was coated on steel panels and
      irradiated as described in Example 16; three passes under the mercury arcs
      were required to cure the composition to a tack-free state. A comparison
      with Example 16 indicates that the amine adducts cure more rapidly.
PAR  The epoxidized fatty acids and fatty oils, such as epoxidized soybean oil
      and epoxidized linseed oil are commercially available and have long been
      known. Any of the known epoxy compounds as were disclosed in Findley et
      al., J.A.C.S. 67, 412 (1945), Greenspan et al., end. & Eng. Chem., Dec.
      1953, 2722-2726, Gelb et al., J.A.O.C.S., XXXVI, 285 and the following
      United States patents can be used to produce the acrylates or
      methacrylates of the fatty acids or fatty oils:
TBL  3,125,592     3,453,252    2,993,290                                      

     3,224,989     3,497,531    3,047,415                                      

     3,256,225     3,006,936    2,569,502                                      

     2,810,733     3,008,833    2,458,484                                      

     3,070,608     3,035,069    3,254,097                                      

     2,556,145     3,112,325    3,291,764                                      

     3,119,711     3,364,143    3,281,382                                      

     3,196,117     2,485,160    2,965,657                                      

     2,801,253     3,008,911    2,978,463                                      

     2,810,732     2,857,349    3,127,413                                      

     2,828,323     2,692,271    3,155,696                                      

     3,269,965     3,041,195    3,242,200                                      

     3,262,953     2,822,368    3,243,382                                      

PAL  These well known epoxy compounds are used to produce the equally well known
      acrylates and methacrylates of the fatty acids or fatty oils, including
      the acrylates and methacrylates of epoxidized soybean oil and of
      epoxidized linseed oil. These acrylyl compounds and the processes for
      their production were disclosed in the following United States patents:
TBL  3,125,592           3,256,225                                             

     3,224,989           3,450,613                                             

PAL  Any of the well known acrylyl compounds can be used as starting materials
      in our invention. From the extensive prior literature available before the
      filing date of the parent application, Ser. No. 103,912, now abandoned, it
      is apparent that one skilled in the art has a full, clear concise and
      exact understanding of the epoxidized fatty acids, epoxidized fatty oils,
      acrylated or methacrylated fatty acids and acrylated or methacrylated
      fatty oils, including such derivatives of soybean oil and linseed oil.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Acrylated epoxidized soybean oil amine compounds having in the molecule
      the group:
      ##EQU8##
      wherein X is hydrogen or methyl, R' taken singly is alkyl of 1 to 15
      carbon atoms or phenyl, and the two R' groups taken together with the
      nitrogen atom attached thereto form a heterocyclic ring having from 5 to 6
      ring atoms, said compound being the reaction product of:
PA1  A. epoxidized soybean oil reacted with at least two moles of acrylic acid
      or methacrylic acid per mole thereof and
PA1  B. from 5 to 40 mole percent, based on acrylyl groups of an organic amine
      of the formula R'.sub.2 NH wherein R' is as defined above.
NUM  2.
PAR  2. A compound as claimed in claim 1 wherein (A) is the reaction product of
      epoxidized soybean oil with acrylic acid.
NUM  3.
PAR  3. A compound as claimed in claim 1 wherein (A) is the reaction product of
      epoxidized soybean oil with methacrylic acid.
NUM  4.
PAR  4. A compound as claimed in claim 2 wherein (B) is diethanolamine.
NUM  5.
PAR  5. A compound as claimed in claim 2 wherein (B) is morpholine.
NUM  6.
PAR  6. A composition as claimed in claim 1 wherein a pigment is additionally
      present.
NUM  7.
PAR  7. A composition as claimed in claim 2 wherein a pigment is additionally
      present.
NUM  8.
PAR  8. A composition as claimed in claim 3 wherein a pigment is additionally
      present.
NUM  9.
PAR  9. A composition as claimed in claim 4 wherein a pigment is additionally
      present.
NUM  10.
PAR  10. A composition as claimed in claim 5 wherein a pigment is additionally
      present.
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ABST
PAL  Improved vinyl asbestos compositions comprising a vinyl chloride resin,
      plasticizer stabilizer, a hydrocarbon resin, asbestos, fillers, pigments
      and colorants and heat stabilizers wherein the improvement comprises the
      inclusion of a stabilizing amount of an anti-pinking additive selected
      from the group consisting of mono- and dicarboxylic acids having from 5 to
      18 carbon atoms. In a preferred embodiment there is described an improved
      vinyl asbestos tile formula wherein the anti-pinking additive found most
      effective comprises neodecanoic acid and diethanolamine neodecanoate.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to improved vinyl asbestos compositions
      and more particularly to vinyl asbestos (VA) compositions having improved
      color. More particularly the invention is directed to the addition of
      neodecanoic acid and diethanolamine neodecanoate as effective anti-pinking
      additives in various VA tile formulations.
PAC  BACKGROUND OF THE INVENTION
PAR  Vinyl asbestos formulations particularly those used in vinyl asbestos tiles
      are generally composed of polyvinyl chloride or polyvinyl
      chloride-polyvinyl acetate polymers, a plasticizer, a plasticizer
      stabilizer, a hydrocarbon resin, asbestos, fillers such as calcium
      carbonate, pigment and colorants such as titanium dioxide, and lubricants
      and heat stabilizers. A commonly employed heat stabilizer is melamine. It
      has been found that when certain types of asbestos are used in combination
      with the melamine in the formulation, there is produced a pink
      discoloration in the finished tile. These vinyl asbestos tiles, therefore,
      are subject to discoloration.
PAR  In the prior art, the patentees of U.S. Pat. No. 3,314,906 claim the use of
      rosin acids to avoid the pink discoloration problem. However, it has been
      found that the use of these rosin acids unfortunately require high
      concentrations and are not effective in many cases and hence their use is
      a disadvantage. U.S. Pat. No. 3,084,135 discloses and claims a vinyl
      asbestos composition containing a heat stabilizing amount of melamine; it
      is noted that when such a formulation also employs certain types of
      asbestos that the finally produced tile has a pink color. The need for
      effectively eliminating pink discoloration in finished tiles employing the
      above-described formulation is of importance.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention therefor, improved vinyl asbestos
      formulations are described containing the conventional vinyl resin,
      plasticizer, stabilizers, hydrocarbon resin, asbestos, calcium carbonate
      fillers, titanium dioxide, pigments and colorants, lubricants and heat
      stabilizers such as melamine wherein the improvement comprises adding an
      effective amount of mono- and/or dicarboxylic acids as anti-pinking
      agents. Moreover, the use of the inventive additives as provided herein
      has an additional advantage over prior art rosin acids in that smaller
      concentrations are more effective in reducing color and in many instances
      eliminating color while rosin acids at the same concentration levels are
      ineffective. In a preferred embodiment, the use of neodecanoic acid and
      diethanolamine neodecanoate is described to be particularly effective in
      eliminating pinking in the tested VA tile formulas.
PAR  The invention also relates to a process for producing vinyl asbestos
      formulations with little or no discoloring. The process comprises adding
      to the initial formulation an effective amount of an anti-pinking additive
      of the present invention. Additionally, it is also contemplated that the
      addition of a plasticizer containing the anti-pinking additive may be
      employed as a practice of the inventive process.
PAR  The carboxylic acids that are effective in the present invention may be
      readily described as ones selected from the group consisting of
      monocarboxylic acids and dicarboxylic acids and may be either aliphatic or
      aromatic in character and contain from 2 to 22 carbon atoms, more
      particularly from 7 to 12 and most preferred from 8 to 10 carbon atoms.
PAR  The use of the alkyl ammonium salts of the above acid having from C.sub.2
      to C.sub.22, preferably from C.sub.7 to C.sub.12 and most preferably from
      C.sub.8 to C.sub.10, straight or branched chain ester moieties may also be
      used. Additionally, metal salts of the above acids are also useful. By
      metal salt is meant moieties such as calcium or zinc neodecanoate and the
      like.
PAR  One of the preferred species that are useful in the present invention are
      neoacids. These neoacids are essentially trialkyl acetic acids of the
      formula:
      ##EQU1##
      wherein R, R' and R" are alkyl groups having from C.sub.1 to C.sub.18
      carbon atoms, preferably from C.sub.1 to C.sub.9, most preferably from
      C.sub.1 to C.sub.6 carbon atoms.
PAR  The vinyl chloride resins used in the compositions of the present invention
      may be addition polymers produced by polymerization of vinyl chloride
      alone or in the presence of one or more polymerizable copolymers.
      Preferably, the vinyl chloride resin will be a straight polyvinyl chloride
      or a vinyl chloride/vinyl acetate copolymer or a mixture of the two types
      of resins. The vinyl chloride acetates may contain about 3 to about 20
      percent by weight of the vinyl acetate polymerized with vinyl chloride,
      most preferably about 13 percent by weight vinyl acetate.
PAR  The plasticizers suitable for plasticizing vinyl chloride resins may be any
      of the well known conventional plasticizers such as tricresyl phosphate,
      dihexyl phthalate, dibutyl phthalate, dioctyl phthalate, diisononyl
      phthalate, butylbenzyl phthalate, butyloctyl phthalate, dipropylene glycol
      dibenzoate, epoxidized soybean oil (also heat and light stabilizer) and
      mixtures thereof.
PAR  Vinyl asbestos compositions may also contain fibers, fillers in the form of
      asbestos. These asbestos additives may be any of the conventional
      materials such as chrysotile asbestos fiber (hydrous magnesium silicate)
      etc.
PAR  Additionally, vinyl asbestos compositions contain granular inorganic
      fillers such as calcium carbonate or limestone. The granular inorganic
      fillers generally are present in the vinyl asbestos compositions in the
      amount of from 20 to 80 percent of weight based on the weight of the total
      composition.
PAR  Vinyl asbestos compositions also will contain small amounts of pigments
      such as titanium dioxide or other coloring agents to impart the desired
      appearance to the tile composition. Additionally, small amounts of
      materials such as hydrocarbon resins, lubricants, other stabilizers such
      as zinc, barium and cadmium salts of organic acids may also be
      incorporated. These pigments, lubricants, coloring agents and other
      additives will generally be present in an amount of less than about 10
      percent of the weight of the total composition.
PAR  The melamine heat stabilizers employed in the vinyl asbestos compositions
      are well known items of commerce. The addition of melamine to the vinyl
      asbestos tile composition is effective in stabilizing it against heat
      degradation during manufacturing processes and against degradative effects
      of heat and light on the tile, when the tile is installed on the floor. As
      discussed above, however, the addition of melamine often results in an
      unacceptable pink color appearing in the finished vinyl tile. It is
      believed that certain types of the asbestos employed, react in some way
      with the melamine to produce the pink color. Hence to produce a tile free
      from pink discoloration while at the same time enhancing the effect of the
      melamine stabilizer it has been found that by the addition of from 0.01 to
      10 weight percent (based on total formulation), e.g., the carboxylic acids
      of the present invention or where the monoester is employed as the
      additive from 0.01 to 15 weight percent (based on total formulation), such
      tile production is ultimately accomplished.
PAR  As set forth above, the carboxylic acids that might be employed in the
      present invention may broadly be described as aromatic or aliphatic mono-
      and dicarboxylic acids having from 5 to 18 carbon atoms. Non-limiting
      representative examples of carboxylic acids useful in the present
      invention are acetic acid, ethanedioic acid, dodecanoic acid,
      dodecanedioic acid, docosanoic acid and docosanedioic acid, 3-bicyclo
      [2,2,1] heptene-1,6 dicarboxylic acid, cyclohexene dicarboxylic acid,
      benzoic acid, mesotoic acid, phthalic acids, trimellitic acids and the
      like including naphthenic acids. The use of the alkyl ammonium and metal
      salts of the above acids are also contemplated and useful in the present
      invention. Additionally, ester derivatives of these aforesaid acids in
      which there is present at least one unreacted carboxyl group which
      include, for example, monoisononyl phthalate, may also be used.
PAR  In forming the vinyl asbestos compositions, all ingredients are thoroughly
      blended at a temperature generally in the range of 250.degree. to
      350.degree.F., mixing may take 45 seconds to 6 minutes in a Banberry mixer
      and 15 to 45 minutes at the elevated temperature in a Baker-Perkins mixer.
      After the ingredients have been thoroughly mixed, they are then passed
      through a mill to form, e.g., a tile blanket. The tile blanket is formed
      in accordance with methods well known in the art, generally between a cold
      roll maintained at a temperature of about 140.degree. to 220.degree.F. and
      a hot roll maintained at a temperature of about 240.degree. to
      350.degree.C. The tile is then passed through at least one calendar to
      finish forming the sheet. The calendar face roll temperature may be
      maintained at about 110.degree. to 200.degree.F. while the backroll may be
      relatively cool, below about 160.degree.F. These roll temperatures,
      however, may vary within the scope of one skilled in the art. After
      calendering, the blanket is cooled and finally cut into a tile of desired
      size. After finishing, operations such as coating surface with a wax
      lacquer or other coating material may then be carried out. The tile is
      then ready for installation on the floor.
DETD
PAR  To further illustrate the improved vinyl asbestos compositions of the
      present invention, the following examples are provided; however, it is to
      be understood that the details thereof are not to be regarded as
      limitations, as they may be varied as will be understood by one skilled in
      the art.
PAC  EXAMPLE 1
PAR  The following components (see Table I) were blended in the laboratory using
      a Hobart mixer. The blend was then milled for 5 minutes on an 8" .times.
      16" two roll mill (front roll at 200.degree.F and 42 fpm; backroll at
      320.degree.F and 38 fpm) and was sheeted off at a thickness of 0.125".
PAR  The additives employed and the amounts used in each of the formulations are
      listed in Table I together with color of tile produced in each
      formulation. It is seen from the results in color obtained that less of
      the invention additive, i.e. monoisononyl phthalate is more effective than
      the prior art wood rosin in eliminating pinking in tile.
TBL                TABLE I                                                     

     ______________________________________                                    

                              Color                                            

     Ingredient       Amount  of Tile                                          

     ______________________________________                                    

     Vinyl Chloride-Vinyl                                                      

      Acetate Copolymer Resin                                                  

                      100                                                      

     Hydrocarbon resin                                                         

                      18.4                                                     

     Diisononyl phthalate                                                      

                      43                                                       

     Asbestos         184                                                      

     Limestone        523                                                      

     Epoxidized Soybean Oil                                                    

                      5.7                                                      

     Barium Stearate  1.8                                                      

     Zinc Stearate    0.9                                                      

     Melamine         5.5                                                      

     Titanium Dioxide 8.9                                                      

     Additive.sup.(1) :                                                        

      None            --      Deep Pink                                        

      8 wt. % Wood Rosin                                                       

                      --      Sl. Pink                                         

                              (discolored)                                     

      6 wt. % Monoiso-                                                         

       nonyl Phthalate        v. sl. pink (no                                  

                              discoloration)                                   

     ______________________________________                                    

      .sup.(1) Wt. % based on plasticizer concentration                        

PAC  EXAMPLES 2-4
PAR  The following components (see Table II) were blended in the identical
      manner as per Example 1 above.
PAR  The additives employed and the amounts used in each of the formulations are
      listed in Tables III-V together with Color of Tile produced in each
      formulation.
TBL                TABLE II                                                    

     ______________________________________                                    

     Ingredient              Amount                                            

     ______________________________________                                    

     PVC/VA.sup.(2)          100                                               

     Diisononyl phthalate    31.6                                              

     Asbestos                167                                               

     Limestone               433                                               

     Epoxidized Soybean Oil  4.7                                               

     Barium Stearate         1.5                                               

     Zinc Stearate           0.8                                               

     Melamine                4.5                                               

     Titanium Dioxide        30.4                                              

     ______________________________________                                    

      .sup.(2) Vinyl Chloride-Vinyl Acetate Copolymer Resin                    

TBL                TABLE III                                                   

     ______________________________________                                    

     Additive.sup.(1)   Color of Tile                                          

     ______________________________________                                    

     None               Deep Pink                                              

     15 wt. % wood rosin                                                       

                        Sl. Pink (discolored)                                  

     12.5 wt. % monoisononyl                                                   

      phthalate         Sl. Pink                                               

     5 wt. % neodecanoic acid                                                  

                        No Pinking                                             

     10 wt. % calcium neodecanoate                                             

      (5% Ca)           Slight Pinking                                         

     ______________________________________                                    

TBL                TABLE IV                                                    

     ______________________________________                                    

     Additive.sup.(1)     Color of Tile                                        

     ______________________________________                                    

     None                 Deep Pink                                            

     3 wt. % neodecanoic acid                                                  

                          Very Slight Pink                                     

     3 wt. % diethanolamine                                                    

      neodecanoate        No Pinking                                           

     ______________________________________                                    

TBL                TABLE V                                                     

     ______________________________________                                    

     Additive.sup.(1)     Color of Tile                                        

     ______________________________________                                    

     None                 Deep Pink                                            

     5 wt. % neodecanoic acid                                                  

                          No Pinking                                           

     6 wt. % isopropyl amine                                                   

      neodecanoate        Very Slight Pink                                     

     10 wt. % zinc neodecanoate                                                

      (8% zinc)           Slight Pink                                          

     15 wt. % calcium neodecanoate                                             

                          Slight Pink                                          

      (6.8% Ca)                                                                

     ______________________________________                                    

PAR  The above results (Tables III-V inclusive) show the effectiveness of the
      additives of the present invention in reducing pinking in tile
      formulations and in some cases eliminating pinking completely.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vinyl asbestos composition comprising a vinyl resin, asbestos,
      fillers, a stabilizing amount of from 0.1% to 2.5% by weight based on the
      weight of said composition of melamine and an effective amount of from
      0.01 to 10% by weight based on the weight of said composition of an
      anti-pinking additive selected from the group consisting of trialkyl
      acetic acids having the formula
      ##EQU2##
      wherein R, R' and R" are alkyl groups having from 1-18 carbon atoms.
NUM  2.
PAR  2. The composition according to claim 1 wherein said vinyl resin is a vinyl
      chloride/vinyl acetate copolymer.
NUM  3.
PAR  3. The composition according to claim 1 wherein said anti-pinking additive
      is a trialkyl acetic acid where R, R' and R" are alkyl groups having from
      1 to 6 carbon atoms.
NUM  4.
PAR  4. The composition according to claim 1 wherein said anti-pinking additive
      is neodecanoic acid.
NUM  5.
PAR  5. The composition of claim 4 wherein the amount of neodecanoic acid
      employed is in the range of from 3 to 5 weight per cent based on the total
      weight of the composition.
NUM  6.
PAR  6. The composition of claim 2, wherein from about 3 to about 20% by weight
      of the vinyl resin is vinyl acetate.
NUM  7.
PAR  7. The composition according to claim 1 wherein said vinyl resin is
      polyvinyl chloride.
NUM  8.
PAR  8. The composition according to claim 1 wherein said vinyl asbestos
      composition additionally contains plasticizers selected from the group
      consisting of tricresyl phosphate, dihexyl phthalate, dibutyl phthalate,
      dioctyl phthalate, diisononyl phthalate, butylbenzyl phthalate, butyloctyl
      phthalate, dipropylene glycol dibenzoate, epoxidized soybean oil and
      mixtures thereof.
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ABST
PAL  A reactive hot-melt adhesive composition useful for bonding is described
      comprising a reactive urethane prepolymer, a thermoplastic polymer, and a
      tackifier. A method for using this composition which melts at lower than
      hot-melt adhesive temperatures and has good pot-life is also described.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an adhesive composition having the combined
      characteristics of both hot melt-type and reactive-type adhesives.
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art has recognized two types of adhesive compositions; hot
      melt-type adhesive compositions and reactive-type adhesive compositions.
PAR  The hot melt adhesive compositions provide instant adhesive strength upon
      cooling after bonding so that the workability of the bonded product is
      excellent. However, they have disadvantages of low adhesive strength at
      elevated temperatures because of their rheological characteristics.
PAR  In order to obtain high heat adhesive strength at elevated temperatures, it
      is conventional to use reactive or curable adhesive compositions. However,
      the initial adhesive strength of such compositions is weak because the
      time for reactive curing is too short, consequently high instant adhesive
      strength cannot develop as with hot melt-type adhesives. Accordingly, when
      the reactive adhesives are used for the preparation of multi-layered
      sheets such as corrugated boards or plied boards, the handling
      characteristics, during manufacture, are poor.
PAR  The hot melt-type adhesive compositions generally have 100% of solid
      component. They are applied in a melted condition (in general at
      temperatures in the range 160.degree. - 200.degree.C.) They instantly bond
      the two substrates upon cooling at a temperature lower than the melting
      point of the composition.
PAR  The thermophysical characteristics of each component of the composition
      controls the viscosity of the melted adhesive composition as well as the
      final physical strength of the adhesive resin and the characteristics of
      temperature dependency. Accordingly, it has been required to select the
      adhesive characteristics from the viewpoint of the melting temperature,
      the final physical adhesive characteristics and the temperature dependency
      required in each application.
PAR  The viscosity of melted adhesive compositions are closely limited by the
      requirement of coating workability though it depends upon the type of
      coater that is used. In order to give a suitable coatable viscosity of the
      melted adhesives, each of the components should have a relatively low
      melting point and softening point. To meet these requirements, it has been
      required to increase concentration of additives of low molecular weight
      material which have high temperature dependency and low adhesive property,
      such as wax.
PAR  These requirements for the conventional hot melt-type adhesive compositions
      result in inferior physical strength and a temperature dependency
      characteristic during the application procedures. It has been proposed to
      decrease the viscosity of the melted adhesive composition by rising the
      temperature during coating. However, the thermal stability of the
      components of the melt adhesive compositions is limited, begins to rapidly
      degrade at about 200.degree.C. It has thus been difficult to modify the
      melted viscosity, the physical strength or the temperature dependency of
      such prior art melt adhesives. Moreover, in order to properly heat to such
      high temperatures at the time of coating, it has been difficult to use
      chemically-active ingredients as they tend to become thermally unstable,
      so that only low adhesive strength is possible because of weak adhesives
      thus available.
PAR  Non-solvent type reactive adhesive compositions have high reactivity at
      elevated temperatures so that such compositions have a pot-life that is
      too short. For this reason reactive adhesive compositions are coated at
      about room temperature. For this reason, it has been necessary in order
      for such compositions to have coatable low viscosity at room temperature,
      that the substrates be bonded with a monomer or a prepolymer having a low
      molecular weight. With such monomers or prepolymers the cohesive
      properties have been too low to impart a suitable instant adhesive force.
      Solvent-type reactive adhesive compositions have been used wherein a high
      molecular weight compound having an effective reactivity or a mixture of
      reactive low molecular weight compounds and another reactive component to
      form the reactive composition is dissolved in a solvent. The solution is
      mixed with a hardener solution and this mixture is coated and slightly
      dried (by hot-air, etc.) and the coated substrates are bonded in a viscous
      condition. Even here the instant adhesive strength at the time of bonding
      is too low. Various other types of adhesives such as emulsion-type and
      solvent-type adhesives, have been tried but suitable adhesive strength can
      be imparted only after removing water or the solvent. The final adhesive
      strength here too is relatively low. The characteristics of the prior art
      conventional adhesive compositions are shown in Table 1.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Type of     Pot-life   Instant     Applicable                             

     Adhesive    for coating                                                   

                            adhesive    environment                            

                            strength    temperature                            

                            (room temp. to                                     

                            60.degree.C.)                                      

     ______________________________________                                    

     Commercially                                                              

     available hot                                                             

     melt-type adhesive                                                        

     Non-solvent-type                                                          

     reactive adhesive                                                         

     Solvent-type                                                              

     reactive adhesive                                                         

     Solvent-type                                                              

     non-reactive                                                              

     adhesive                                                                  

     ______________________________________                                    

      (  .... good,   .... bad)                                                

PAR  It can been seen from Table 1 that the prior art has provided no adhesive
      composition having the three important functions of (a) pot-life for
      coating, (b) an instant adhesive strength at a room temperature to
      60.degree.C. and (c) an applicable environment temperature. It is clear,
      from the above description of adhesive compositions, that it has been
      difficult to impart these three important functions.
PAR  The conventional adhesive compositions previously available have not been
      suitable for the preparation of polymeric corrugated boards,
      film-laminated sheets, plied boards or other multi-layered sheets, which
      requires during manufacture, a high instant adhesive strength and also
      high final adhesive strength between the layers of such sheets.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a combined reactive hot
      melt-type adhesive composition having a long pot-life and high instant
      adhesive strength and good application environment temperature
      characteristics. It is another object of the invention to provide a
      reactive hot melt-type adhesive composition having the high instant
      adhesive strength and other characteristics which are similar to those of
      the conventional hot melt-type adhesive compositions and having high final
      adhesive strength after bonding and the application environment
      temperatures which are similar to those of the conventional reactive
      adhesive composition. It is the other object of the invention to provide
      reactive hot melt-type adhesive compositions which can be applied at
      relatively low temperature ranges of 100.degree. - 130.degree.C. and can
      be used for bonding polymers, metal, wood, stone or fabric to each other
      or to different materials.
PAR  It has previously been impossible to obtain such compositions by mixing
      conventional hot melt-type adhesives with the conventional reactive-type
      adhesives. The reason for this difficulty may be easily deduced from
      consideration of the relations of the temperatures of reactions and
      coating these adhesive types, the viscosities and pot-lives and the
      miscibility of the components. In the adhesive composition of the
      invention, the contradictory relations of the functions are solved by a
      choice of components whereby said three requirements for a commercial
      layering adhesive have been satisfied. The reactive hot melt-type adhesive
      compositions of this invention comprise:
PA1  A. a urethane prepolymer having terminal isocyanate groups at the ends
      thereof;
PA1  B. a thermoplastic resin of an ethylene-vinylacetate copolymer, an
      ethylene-acrylic acid copolymer, an ethylene-acrylate copolymer, an
      atactic polypropylene or a polyethyleneterephthalate linear polymer; and
PA1  C. a tackifier selected from among: abietic acid-type rosins having the
      active hydrogens or double bonds removed by esterification in whole or in
      part; and
PA2  terpene-phenol copolymers wherein the terpene is a monoterpene having 10
      carbon atoms such as .alpha.-pinene, .beta.-pinene, camphene, myrcene,
      dipentene, .beta.-phellandrene, .DELTA..sup.3 -carene, sabinene, ocimene,
      .alpha.-terpinene and hydrogenated compounds thereof or an analagous
      diterpene having 20 carbon atoms.
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The urethane prepolymers (A) used in the adhesive composition of the
      invention can be prepared by an addition polymerization of a diisocyanate
      with a diol. The diisocyanate can for example, be
      2,4-tolylene-diisocyanate, 2,6-tolylenediisocyanate,
      4,4'-diphenylmethanediisocyanate, hexamethylenendiisocyanate or
      1,5-naphthylenediisocyanate or mixtures thereof. The diol can be any of
      ethyleneglycol, propyleneglycol, 1,4-butanediol or 1,4-butinediol, or
      polymers thereof, polytetramethylene glycolether or mixtures of any or all
      of these.
PAR  It is preferable that the urethane prepolymer have a viscosity higher than
      300,000 cps. at 25.degree.C. When the urethane prepolymer has a viscosity
      of lower than 300,000 cps. at 25.degree.C., the resulting adhesive
      composition while it has a suitable viscosity at the time of bonding, has
      an inferior instant adhesive strength, (as shown in Example 3 infra). If
      the ratio of the tackifier (C) or the ethylene-vinylacetate copolymer (B)
      to the urethane prepolymer (A) is increased, the instant adhesive strength
      will be increased but the final adhesive strength is decreased. (See Table
      3 in Example 2).
PAR  The urethane prepolymer (A) having terminal isocyanate groups at the ends
      of the molecule, is used, because such a urethane prepolymer is
      chain-extended by the reactions of the isocyanate groups with the moisture
      in the air after plying and bonding as shown in the formula (I) so as to
      form a polymer having a high molecular weight and so increase the cohesive
      force of the adhesive composition. The interfacial adhesive strength is
      also increased as shown in formula II when the substrate has active
      hydrogen atoms on the surface.
      ##EQU1##
PAR  The ethylene-vinylacetate copolymer of the thermoplastic resin component
      (B) has a vinylacetate content of 5 - 70 wt.% preferably 19 - 40 wt.%.
      When the vinylacetate content is less than 5 wt.%, the miscibility and
      consequent cohesion of the copolymer with the urethane prepolymer is
      inferior, thus providing a too low final cohesive force of the adhesive
      composition and too low an instant adhesive strength for practical use. On
      the other hand, when the vinylacetate content is higher than 70 wt.%,
      while the miscibility is good, the final adhesive strength is again too
      low for practical use. The polyethyleneterephthalate type linear
      polyesters of component B should have an average molecular weight of 8,000
      - 25,000 and softening point of lower than 123.degree.C. They can be
      prepared by an addition-condensation of a monomer or oligomer of a
      divalent alcohol such as 1,4-butandiol, 1,4-butleneglycol, ethyleneglycol,
      propyleneglycol, tetramethylene ether glycol, neopentylglycol or
      1,6-hexanediol or mixtures thereof with terephthalic acid. A part of the
      terephthalic acid can be substituted by isophthalic acid, phthalic acid,
      dimethylphalate, dimethylisophthalate, linolic acid liquid dimer,
      dibutylsebacate, sebacid acid or mixtures thereof.
PAR  The ethylene-acrylate copolymer of component B can be an
      ethylene-ethylacrylate copolymer, an ethylene-butylacrylate copolymer, or
      an ethylene-2-ethyl hexyl acrylate copolymer, etc. The ethylene components
      in the copolymer are preferably in a range of 70 - 95 wt.%. When the
      ethylene component is less than 70 wt.%, the final adhesive strength is
      low, although the miscibility with the urethane prepolymer is good, and
      the coating is facilitated. On the other hand, when the ethylene component
      is higher than 95 wt.%, miscibility with the urethane prepolymer is too
      low so the cohesive force of the adhesive composition is low and instant
      adhesive strength is reduced. The atactic polypropylene of component B has
      a random configuration of the methyl group in of the units of --CH.sub.2
      --CH--CH.sub.3 --.sub.m, a specific gravity of 0.8 - 0.9 and a molecular
      weight of 2000 - 100,000, and is primarily in amorphous, non-crystal form.
PAR  The tackifiers (C) should have good miscibility with the urethane
      prepolymer. They should have low viscosity at 100 to 130.degree.C., are
      solid at about 60.degree.C., and should have high tackiness. In this
      invention, the tackifiers impart high cohesive force at temperatures below
      about 60.degree.C. and high instant adhesive strength.
PAR  The tackifier components (C) include a terpene-phenol copolymer having a
      molar ratio of terpene to phenol of 1.0 - 3.0 or (b) abietic acid type
      rosins whose active hydrogens or double bonds are removed by
      esterification etc., in whole or in part; such as hydrogenated rosin,
      hydrogenated rosin glycerine ester, hydrogenated rosin pentaerythritol,
      disproportionated rosin, polymerized rosin, etc.
PAR  The preferred terpenes are monoterpenes having 10 carbon atoms such as
      .alpha.-pinene, .beta.-pinene, camphene, myrcene, dipentene,
      .beta.-phellandrene, .DELTA..sup.3 -carene, sabinene, ocimene,
PAR  .alpha.-terpinene and hydrogenated compounds thereof. When the preferred
      .alpha.-pinene is used, optimum properties are imparted in the form of
      miscibility, pot-life and initial and final adhesive strength. Diterpene
      analogs of the above monoterpenes having 20 carbon atoms are also useful.
PAR  When the other types of tackifiers such as gum rosin, rosin modified
      glycerin esters, rosin modified phenolglycerin esters, xyleneformaldehyde
      condensates, octylphenol-formaldehyde condensates, etc., are used, they
      react with the isocyanate group to shorten the pot-life of the adhesive
      composition to a point where they are uneconomic.
PAR  The other known types of tackifiers such as the alicyclic olefins,
      petroleum resins, hydrogenated petroleum resins, .beta.-pinene polymers,
      hydrogenated .beta.-pinene polymers, etc. have low miscibility with the
      urethane prepolymer and as a result the adhesive cohesive force of the
      urethane prepolymer is decreased.
PAR  Suitable proportions of three components in the adhesive composition of the
      invention to impart good properties are as follows:
     (A) .fwdarw. urethane prepolymer                                          

                          20 - 73 wt.%                                         

     (B) .fwdarw. thermoplastic resin                                          

                          2  - 25 wt.%                                         

     (C) .fwdarw. tackifier                                                    

                          25 - 55 wt.%                                         

PAR  When the proportion of urethane prepolymer (A) is lower than 20 wt.%, the
      adhesive composition is hard and brittle even though the reaction is
      completed after application between the substrates. The isocyanate-group
      content which contributes to adhesive strength is too low and the
      proportion of urethane resin in the adhesive composition, especially at
      the interface of the substrates is too low to contribute effective cold or
      hot adhesive strength.
PAR  On the other hand, when the proportion of urethane prepolymer (A) is higher
      than 73 wt.%, the adhesive composition has a low initial cohesive force
      when applied between the substrates. The instant adhesive strength at such
      proportions is too low at temperatures lower than 60.degree.C. To impart
      high instant adhesive strength to such compositions requires an increase
      in the proportions of components (B) and (C), however, such modification
      cause a decrease of isocyanate group content making it difficult to impart
      cold and hot adhesive strength to the bonds.
PAR  When a proportion of the thermoplastic resin (B) is lower than 2 wt.%, the
      miscibility of the three components is too high. The cold and hot adhesive
      strength is too low even though the reaction is completed after applying
      it between the substrates. On the other hand, when the proportion of the
      thermoplastic resin (B) is greater than 25 wt.%, the miscibility of the
      three components is poor. As a result the cohesive force of the adhesive
      composition is low after applying it too low at temperatures below about
      60.degree.C.
PAR  When the proportion of the tackifier (C) is lower than 25 wt.%, it is
      difficult to impart a high adhesive cohesive force to the urethane
      prepolymer. As a result, the instant adhesive strength after applying it
      between the substrates is deficient at temperatures below 60.degree.C. On
      the other hand, when the proportion of tackifier is so high that the
      adhesive composition becomes brittle it cannot impart initial high
      adhesive strength.
PAR  The adhesive composition of this invention is of the non-solvent type
      having 100% solid components. In coating, no drying step to strip off a
      solvent is required. It provides desirable coating viscosity, (2000 - 9000
      cps. with no threading) which can be achieved by heating at a relatively
      low temperature of about 100.degree. - 130.degree.C., compared to
      conventional hot melt-type adhesive compositions which are applied at
      about 170.degree. - 180.degree.C. When using the compositions of this
      invention, the bonding operation can be economical as regards to heating
      costs and equipment corrosion. Moreover, as the urethane prepolymer has
      chemically active isocyanate groups, the other two components are selected
      to be inert to this urethane prepolymer, and as a result the compositions
      of this invention have a long practical pot-life at the low temperatures
      used for application.
PAR  The conventional polyethyleneterephthalate linear hot melt adhesive
      compositions have been used at a temperature of about 200.degree.C. but
      such temperatures cause discolouring and foul odors. However, with the
      compositions and methods for their use of this invention, the bonding
      operations are performed at low temperatures ranging at about 100.degree.
      - 130.degree.C., avoiding such problems.
PAR  The isocyanate groups of the adhesive composition react with moisture in
      the air to impart a cure. The curing time is thus relatively long and as
      the urethane prepolymer is in a mixed condition, the viscosity and the
      adhesive strength are maintained uniform for more than two hours from
      initial melting to coating. Even though the adhesive composition of this
      invention is coated by roller coat methods in air, the adhesive
      composition has a sufficiently long pot-life to be industrially practical
      and can be coated at low temperatures of 100.degree. - 130.degree.C. as a
      hot melt adhesive composition.
PAR  A function of a good adhesive composition is to provide good bonding after
      coating by imparting high instant adhesive strength comparable with that
      of conventional hot melt-type adhesive compositions. The adhesive
      composition of this invention imparts high viscosity and high cohesive
      force upon cooling to temperatures below about 60.degree.C., even though
      the composition has a low viscosity at a relatively low temperature of
      100.degree. - 130.degree.C. The low viscosity at temperatures of
      100.degree. - 130.degree.C. permits the substrates to be positioned and
      adhered to each other after coating. The bonding speed can be hastened
      when the difference between the coating temperature and the bonding
      temperature is reduced compared to the coating with conventional hot melt
      adhesive compositions at about 170.degree. - 180.degree.C. It has been
      possible to impart large viscosity changes with a small difference of
      temperature by adding viscosity improving agents such as waxes to
      conventional hot melt adhesive compositions. However, wax decreases the
      adhesive strength so that only small amounts of wax can be added.
      Accordingly, in order to impart an instant adhesive strength equal to the
      strength of the adhesive composition of this invention, the coating
      temperatures of conventional adhesives would have to be raised above
      170.degree. - 180.degree.C.
PAR  The combination of the three components (A), (B) and (C) of the present
      invention can impart good instant adhesive strength without requiring
      addition of viscosity improving agents such as wax, etc. and permits
      coating at low temperatures in the range 100.degree. - 130.degree.C.
PAR  The final bonded multi-layer products resulting from the compositions of
      this invention have high final adhesive strength equal to strengths
      achieved with the conventional reactive adhesive agents. The strength of
      bonds from reactive adhesives is superior to bonds with conventional hot
      melt-type adhesive compositions. The use-environment temperature range of
      the adhesive compositions of this invention is far higher than that of the
      conventional hot melt adhesive compositions and is similar to that of the
      reactive type adhesive compositions, particularly in the bonding of
      substrates such as polyolefins. As stated above, with the adhesive
      composition of this invention, it is possible to coat the composition
      comprising the three components (A) (B) (C) on various substrates at about
      100.degree. - 130.degree.C. with a long practical pot-life for the
      compositions and to impart good instant adhesive strength at the time of
      bonding and also to impart excellent final adhesive strength and a high
      use-environment temperature range. Thus the compositions and methods of
      this invention satisfy all three important requirements for an adhesive
      composition suitable for industrial bonding.
PAR  The present invention provides compositions with the advantageous
      properties of both the hot melt-type and the reactive-type adhesive
      compositions.
PAR  The adhesive composition of this invention is used as follows: The three
      components (A), (B) and (C) are heated to 100.degree. - 130.degree.C.
      preferably about 120.degree.C., to form a molten mixture having a
      viscosity of about 2000 cps. at 130.degree.C. to 9000 cps. at
      100.degree.C. Any suitable coating apparatus can be used such as
      conventional hot melt coaters including roller coater (gravure roller,
      reverse roller) curtain coaters, nozzles, sprays, doctor blades, etc.
      equipped with heated melting vessels or pots. The melting vessel can be
      purged with nitrogen gas to insure long pot-life, however the adhesive
      compositions of this invention have a pot-life of at least 2 hours at
      130.degree.C. to at least 5 hours at 100.degree.C. even when exposed to
      the ambient atmosphere.
PAR  Coating can be made practically continuous by adding and melting the
      adhesive composition of the invention to the melting vessel as the
      composition is consumed by the coater. After coating the adhesive
      composition on the substrate with the coating apparatus, the other
      substrate is applied to the coated surface with pressure for 2 or 3
      seconds for bonding. After bonding, the pressure can be discontinued and
      the adhesive composition is cooled below 60.degree.C. When the substrate
      applied is at a room temperature, the pressure can usually be removed
      within 1 second as the temperature at the bond will be rapidly reduced
      below 60.degree.C. When the bonded multi-layered substrate is cured in the
      presence of moisture for example, for 20 hours at 40PC. in a 90% relative
      humidity, the full final adhesive strength is achieved.
PAR  The adhesive composition of this invention can be applied to various
      substrates including thermosetting or thermoplastic resins, films, fibers
      or shaped objects, metals, paper, asbestos, slate, etc. for which
      conventional adhesive compositions have previously been applied.
PAR  Excellent adhesive bonds can be imparted even with polyolefins such as
      polyethylene and polypropylene which are relatively difficult to bond with
      conventional adhesive compositions.
PAR  The adhesive composition of this invention is effective as an adhesive
      composition to be used for the preparation of multilayered sheets of
      corrugated board by corrugating a polyolefin sheet with a corrugator and
      then bonding it to a linear layer to form the corrugated board.
PAR  The invention will be further illustrated by examples and test results upon
      the resultant products.
PAC  Measurements
PAR  Instant Adhesive Strength
PAR  Polypropylene films each having a length of 10 cm. and a width of 2 cm.
      were separately placed on separate stainless steel plates each heated at
      30.degree.C. and 60.degree.C. respectively.
PAR  The test adhesive composition was coated on the film at a rate of 20
      g/m.sup.2 and 1 cm. of the edge of one film was plied onto 1 cm. of the
      edge of the other film and the bonded films were immediately (within 5
      seconds) peeled off. The adhesive strength at the time of peeling off per
      2 cm. width was measured by a spring scale.
PAR  Final Adhesive Strength
PAR  A multi-layered sheet bonded with the test adhesive composition was cured
      20.degree.C. and 65% relative humidity for 7 days and the sheet was kept
      at the measuring temperature for 2 hours and then the adhesive strength
      was measured by peeling off at a rate of pulling of 200 mm./min. to
      90.degree. by using Instrone-type autograph tension tester.
PAR  Viscosity at Melting
PAR  Viscosity of melted adhesive composition was measured by using a rotary
      viscosimeter (VT-02 type) (manufactured by Rion Co.) with No. 2 rotor.
DETD
PAC  [EXAMPLE 1]
PAR  Polypropylene multi-layered sheets are shown in Table 2 together with those
      of the sheets adhered with the conventional adhesive compositions.
TBL  __________________________________________________________________________

      Sample 1                                                                 

            Adhesive composition of the invention                              

            (A) reactive component                                             

               Addition polymer of polypropyleneglycol and                     

               toluenediisocyanate having molecular weight                     

               of 2000 to 6000 and viscosity of 1610,000                       

               cps./at 25.degree.c.                                            

            (B) thermoplastic component                                        

               Ethylene vinyacetate copolymer with 50 wt.%                     

               vinyl acetate content.                                          

            (C) (Tackifier)                                                    

               Terpene-phenol copolymer (molar ratio of                        

               1.8/1.0 of terpene to phenol) having                            

               softening point of 115.degree.C.                                

               (A): (B): (C) = 50: 7.5: 42.5 wt.%                              

     Sample 2                                                                  

            Conventional emulsion type adhesive                                

               emulsion of carboxylated butadiene-styrene                      

               copolymer                                                       

     Sample 3                                                                  

            Conventional non-solvent monomer type reactive                     

            adhesive                                                           

     cyanoacrylatepha.                                                         

     Sample 4                                                                  

            Conventional hot melt-type adhesive                                

                            ethylene-vinylacetate                              

                            copolymer                                          

            Ethylene-vinylacetate copoly-                                      

                            (MI 150)                                           

            mer type        (VAC) 50 wt.%                                      

                            paraffin wax                                       

                            (151.degree.F.)                                    

                            rosin ester                                        

     Sample 5                                                                  

            Conventional prepolymer-type reactive adhesive                     

            urethane prepolymer having NCO at both ends 68 g.                  

            4,4'-methylene bis-2-chloroaniline 14 g.                           

     Sample 6                                                                  

            Conventional solvent type reactive adhesive                        

            polyester type adhesive                                            

            ethylacetate solvent                                               

     __________________________________________________________________________

TBL                                    TABLE 2                                 

     __________________________________________________________________________

              1    2   3   4   5    6                                          

        Sample                                                                 

              Invention                                                        

                   Emul-                                                       

                       Mono-                                                   

                           Hot Prepoly-                                        

                                    Solvent                                    

     Type of Adhesive                                                          

              Hot Melt                                                         

                   sion                                                        

                       mer melt                                                

                               mer                                             

     __________________________________________________________________________

     Temperature at                                                            

     bonding (.degree.C.)                                                      

              120  room                                                        

                       room                                                    

                           180.degree.C.                                       

                               room room                                       

     __________________________________________________________________________

     Instant adhesive                                                          

     strength (kg/cm)                                                          

     35.degree.C.                                                              

              2.5  0   0   2.8 0    0                                          

     60.degree.C.                                                              

              0.1  0   0    0.08                                               

                               0    0                                          

     __________________________________________________________________________

     Adhesive strength                                                         

     after 1 week                                                              

      (kg/cm)                                                                  

     - 20.degree.C.                                                            

              6.5  0   0   0   5.0  0.1                                        

      0.degree.C.                                                              

              6.0   0.01                                                       

                        0.01                                                   

                           0.9 6.0  0.5                                        

     20.degree.C.                                                              

              6.0  0.1 0   3.0 6.0  0.6                                        

     60.degree.C.                                                              

              4.0  0   0    0.08                                               

                               4.5  0.2                                        

     80.degree.C.                                                              

              2.0  0   0   0   3.0  0.                                         

     __________________________________________________________________________

PAC  [EXAMPLE 2]
PAR  To ascertain the effect of the viscosity of the urethane prepolymer used
      for this invention, the adhesive strength of polypropylene multi-layered
      sheets which were bonded at 120.degree.C. by using adhesive compositions,
      containing various urethane prepolymers each having a different viscosity,
      at a range of 10 g/m.sup.2, were measured. The adhesive compositions were
      prepared by mixing 50 wt.% of the urethane prepolymer (A) 42.5 wt.% of
      tackifier, .alpha.-pinene-phenol copolymer (C) and 7.5 wt.% of the
      thermoplastic ethylene-vinylacetate copolymer (B). The results of adhesive
      strength tests are shown in Table 3 wherein the high adhesive strength
      resulting from using the adhesive compositions containing urethane
      prepolymer having higher than 300,000 cps. at 25.degree.C. is evident.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

                       Instant Adhesive strength                               

     Viscosity of                                                              

               Viscosity of                                                    

                       adhesive                                                

                               after 1 week                                    

     urethane  melted adhe-                                                    

                       strength                                                

     prepolymer                                                                

               sive strength                                                   

     (cps. at 25.degree.C.)                                                    

               (cps. at 120.degree.C.)                                         

                       (kg/cm) (kg/cm)                                         

                       35.degree.C.                                            

                           60.degree.C.                                        

                               0.degree.C.                                     

                                  20.degree.C.                                 

                                      60.degree.C.                             

     __________________________________________________________________________

     1 14.times.10.sup.3                                                       

               2.times.10.sup.3                                                

                       0.4 0.01                                                

                               6.0                                             

                                  6.0 3.0                                      

     2 105.times.10.sup.3                                                      

               2.times.10.sup.3                                                

                       0.5 0.01                                                

                               6.0                                             

                                  6.0 2.8                                      

     3 250.times.10.sup.3                                                      

               2.3.times.10.sup.3                                              

                       0.8 0.03                                                

                               6.0                                             

                                  6.0 3.0                                      

     4 300.times.10.sup.3                                                      

               2.8.times.10.sup.3                                              

                       1.5 0.05                                                

                               6.0                                             

                                  6.0 3.5                                      

     5 1,610.times.10.sup.3                                                    

               3.0.times.10.sup.3                                              

                       2.5 0.1 6.0                                             

                                  6.0 4.0                                      

     6 2,500.times.10.sup.3                                                    

               3.4.times.10.sup.3                                              

                       2.9 0.12                                                

                               6.0                                             

                                  6.0 3.0                                      

     __________________________________________________________________________

PAC  [EXAMPLE 3]
PAR  Various adhesive compositions containing various proportions of the
      urethane prepolymer (A), the thermoplastic ethylenevinylacetate copolymer
      (B) and the tackifier (C) of terpenephenol copolymer were prepared and two
      polypropylene sheets were bonded under the conditions of Example 2. The
      types of the urethane prepolymer, the thermoplastic ethylene-vinylacetate
      and the tackifier were the same as those of Example 2. The resulting
      adhesive strengths are shown in Table 4.
TBL                                    TABLE 4                                 

     __________________________________________________________________________

     Proportion                                                                

               Viscosity                                                       

                       Instant Adhesive strength                               

     components                                                                

               of melted                                                       

                       adhesive                                                

                               after 1 week                                    

     in adhesive                                                               

               adhesive                                                        

                       strength                                                

     composition                                                               

               composition                                                     

                       (kg/cm) (kg/cm)                                         

     (wt.%)    (cps. at 120.degree.C)                                          

                       35.degree.C.                                            

                           60.degree.C.                                        

                               0.degree.C.                                     

                                  20.degree.C.                                 

                                      60.degree.C.                             

     __________________________________________________________________________

       A 50    3000    2.5  0.1                                                

                               6.0                                             

                                  6.0 4.0                                      

     1 B 7.5                                                                   

       C 42.5                                                                  

       A 30                                                                    

     2 B 20    6300    1.0 0.12                                                

                               3.5                                             

                                  4.0 2.5                                      

       C 50                                                                    

       A 20                                                                    

     3 B 25    9000    0.8 0.08                                                

                               3.0                                             

                                  3.0 2.4                                      

       C 55                                                                    

       A 50                                                                    

     4 B 25    5400    1.4 0.04                                                

                               5.5                                             

                                  6.0 3.0                                      

       C 25                                                                    

       A 50                                                                    

     5 B 20    7500    0.9 0.01                                                

                               4.5                                             

                                  5.0 1.8                                      

       C 30                                                                    

       A 73                                                                    

     6 B 2     1500    0.7 0.02                                                

                               6.5                                             

                                  7.0 4.0                                      

       C 25                                                                    

       A 15                                                                    

     7 B 25    11500   0.2 0.06                                                

                               1.0                                             

                                  1.0 0.2                                      

       C 60                                                                    

       A 30                                                                    

     8 B 10    10500   0.3 0.02                                                

                               0.9                                             

                                  1.2 0.6                                      

       C 60                                                                    

       A 75                                                                    

     9 B 0     2100    1.2 0.02                                                

                               1.0                                             

                                  1.8 2.5                                      

       C 25                                                                    

     __________________________________________________________________________

PAC  [EXAMPLE 4]
PAR  Adhesive compositions were prepared in accordance with Example 3 except
      replacing the thermoplastic ethylenevinylacetate copolymer with
      thermoplastic ethylene ethylacrylate copolymer (D) having 20 wt.% of ethyl
      acrylate component. Adhesive strengths of the multi-layered sheets
      prepared by bonding with the adhesive compositions were measured,
      respectively. The results are shown in Table 5.
TBL                                    TABLE 5                                 

     __________________________________________________________________________

     Proportion                                                                

               Viscosity                                                       

                     Instant Adhesive strength                                 

     components                                                                

               of melted                                                       

                     adhesive                                                  

                             after 1 week                                      

     adhesive  adhesive                                                        

                     strength                                                  

     composition                                                               

               composition                                                     

                     (kg/cm) (kg/cm)                                           

                     35.degree.C.                                              

                         60.degree.C.                                          

                             0.degree.C.                                       

                                20.degree.C.                                   

                                    60.degree.C.                               

     __________________________________________________________________________

       A 50                                                                    

     1 C 42.5  3000  2.0 0.08                                                  

                             6.0                                               

                                6.0 3.0                                        

       D 7.5                                                                   

       A 30                                                                    

     2 C 50    6300  1.0 0.12                                                  

                             3.0                                               

                                3.0 2.4                                        

       D 20                                                                    

       A 20                                                                    

     3 C 55    9000  0.8 0.08                                                  

                             3.0                                               

                                3.0 2.4                                        

       D 25                                                                    

       A 73                                                                    

     4 C 25    1500  0.7 0.02                                                  

                             6.5                                               

                                7.0 4.0                                        

       D 2                                                                     

       A 50                                                                    

       C 25    5400  1.4 0.04                                                  

                             5.5                                               

                                6.0 3.0                                        

     5 D 25                                                                    

       A 15                                                                    

       C 60    11500 0.2 0.06                                                  

                             1.0                                               

                                1.0 0.2                                        

     6 D 25                                                                    

       A 75                                                                    

       C 25    2100  1.2 0.02                                                  

                             1.0                                               

                                1.8 2.5                                        

     7 D 0                                                                     

       A 30                                                                    

       C 60    10500 0.3 0.02                                                  

                             0.9                                               

                                1.2 0.6                                        

     8 D 10                                                                    

       A 50    7500  0.9 0.01                                                  

                             4.5                                               

                                5.0 1.8                                        

     9 C 20                                                                    

       D 30                                                                    

     __________________________________________________________________________

PAC  [EXAMPLE 5]
PAR  Adhesive compositions were prepared in accordance with Example 2 except
      replacing the ethylene-vinylacetate copolymer with an equal amount of
      ethylene-ethylacrylate copolymer (D) having 20 wt.% of ethylacrylate
      component. The adhesive strengths of the multi-layered sheets, prepared by
      bonding with these adhesive compositions were measured and the results are
      shown in Table 6.
TBL                                    TABLE 6                                 

     __________________________________________________________________________

     Viscosity                                                                 

              Viscosity of                                                     

                      Instant Adhesive strength                                

     of urethane                                                               

              melted adhesive                                                  

                      adhesive                                                 

                              after 1 week                                     

     prepolymer                                                                

              composition                                                      

                      strength                                                 

                      (kg/cm) (kg/cm)                                          

     (cps at 25.degree.C)                                                      

              (cps at 120.degree.C)                                            

                      35.degree.C.                                             

                          60.degree.C.                                         

                              0.degree.C.                                      

                                 20.degree.C.                                  

                                     60.degree.C.                              

     __________________________________________________________________________

     1 14.times.10.sup.3                                                       

              2200    0.4 0.01                                                 

                              6.0                                              

                                 6.0 3.0                                       

     2 105.times.10.sup.3                                                      

              2600    0.5 0.01                                                 

                              6.0                                              

                                 6.0 2.8                                       

     3 305.times.10.sup.3                                                      

              3100    1.5 0.05                                                 

                              6.0                                              

                                 6.0 3.5                                       

     4 1610.times.10.sup.3                                                     

              3200    2.0 0.08                                                 

                              6.0                                              

                                 6.0 4.0                                       

     5 2500.times.10.sup.3                                                     

              3500    2.5 0.10                                                 

                              6.5                                              

                                 4.5 3.0                                       

     __________________________________________________________________________

PAC  [EXAMPLE 6]
PAR  An adhesive composition was prepared by mixing the following components:
TBL  Component A          50     wt.%                                          

     Component C          42.5   wt.%                                          

     Component D          7.5    wt.%                                          

     (Example 5)                                                               

PAR  The adhesive composition was kept at various temperatures at a relative
      humidity of 65% and the pot-life of the adhesive composition was measured.
      The results are shown in Table 7.
TBL                TABLE 7                                                     

     ______________________________________                                    

     Temperature          Pot-life                                             

     ______________________________________                                    

      95.degree.C.        360 min.                                             

     100.degree.C.        300                                                  

     110.degree.C.        270                                                  

     120.degree.C.        240                                                  

     130.degree.C.        130                                                  

     140.degree.C.         60                                                  

     ______________________________________                                    

PAR  The pot-life, as shown, is the time required for an increase in the
      viscosity of 25% of the initial viscosity.
PAC  [EXAMPLE 7]
PAR  Adhesive compositions were prepared in accordance with Example 3 except
      replacing the thermoplastic ethylene-vinyl-acetate copolymer by the
      thermoplastic resins shown in Table 8.
PAR  The adhesive strengths of the multi-layered sheets prepared by bonding with
      the adhesive compositions were measured, and the results are shown in
      Table 8.
TBL                                    TABLE 8                                 

     __________________________________________________________________________

     Thermo-  Viscosity of                                                     

                         Instant ad-                                           

                                 Adhesive strength                             

     plastic  melted adhesive                                                  

                         sive strength                                         

                                 after 1 week                                  

     resin    composition                                                      

                         (kg/cm) (kg/cm)                                       

              (cps. at 120.degree.C.)                                          

                         35.degree.C.                                          

                             60.degree.C.                                      

                                 0.degree.C.                                   

                                    20.degree.C.                               

                                        60.degree.C.                           

     __________________________________________________________________________

     Atatic                                                                    

     polypropy-                                                                

              6500       1.6 0.07                                              

                                 3.0                                           

                                    3.0 2.8                                    

     lene (SG0.87                                                              

     Mn= 50000)                                                                

     (t-Bu 11wt.%)                                                             

     Ethylene-t-                                                               

              4500       2.0 0.08                                              

                                 3.0                                           

                                    5.0 3.0                                    

     butyl acrylate                                                            

     Polyethylene                                                              

     terephthalate                                                             

              8000       1.2 0.06                                              

                                 3.0                                           

                                    4.0 4.2                                    

     linear polymer                                                            

     Ethylene-                                                                 

     acrylic acid                                                              

              3600       1.8 0.09                                              

                                 5.0                                           

                                    6.0 3.0                                    

     copolymer                                                                 

     __________________________________________________________________________

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A reactive hot melt-type adhesive composition comprising (a) a reactive
      compound, (b) a thermoplastic resin and (c) a tackifier; wherein:
PA1  a. the reactive compound is a urethane prepolymer having terminal
      isocyanate groups at both ends thereof and a viscosity higher than 300,000
      cps at 25.degree.C; resulting from the addition polymerization of at least
      one diisocyanate and at least one diol
PA1  b. the thermoplastic resin is an ethylene-vinylacetate co-polymer or an
      ethylene-acrylic acid copolymer, or an ethyleneacrylate copolymer or an
      atactic polypropylene or a polyethyleneterephthalate linear polymer; and
PA1  c. the tackifier is a hydrogenated abietic acid-type rosin or esters
      thereof having its double bonds removed by hydrogenation in whole or in
      part, or a terpene-phenol copolymer of a mono- or diterpene wherein the
      terpene has 10 carbon atoms and having a 1.0 to 3.0 molar ratio of terpene
      to phenol; said adhesive composition comprising 20 - 73 wt % of said
      urethane prepolymer (a), 2 - 25 wt % of said thermoplastic resin (b) and
      25 - 55 wt % of said tackifier (c) said composition having a viscosity
      ranging from 9000 cp to 2000 cp in the temperature range of 100.degree. -
      130.degree.C.
NUM  2.
PAR  2. The adhesive composition according to claim 1 wherein the urethane
      prepolymer is an addition polymerization product of a diisocyanate
      selected from the group consisting of 2,4-tolylenediisocyanate,
      2,6-tolylenediisocyanate, 4,4'-diphenylmethanediisocyanate, hexamethylene
      diisocyanate, or 1,5-naphthylenediisocyanate or a mixture thereof; and a
      diol selected from the group consisting of ethyleneglycol,
      propyleneglycol, 1,4-butanediol or 1,4-butinediol or polymers thereof,
      polytetramethyleneglycol ether or a mixture thereof.
NUM  3.
PAR  3. The adhesive composition according to claim 1 wherein said thermoplastic
      resin is a thermoplastic ethylene-vinylacetate copolymer having a
      vinylacetate content of 5 - 70 wt.%.
NUM  4.
PAR  4. The adhesive composition according to claim 1 wherein said thermoplastic
      resin is a thermoplastic ethylene-ethylacrylate copolymer having an
      ethylene content of 70 - 95 wt.%.
NUM  5.
PAR  5. The adhesive composition according to claim 1 wherein said tackifier has
      good miscibility with the urethane prepolymer, is non-reactive, with the
      terminal isocyanate groups thereof, has a low viscosity at 100.degree. to
      130.degree.C. and is solid at 60.degree.C.
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PAL  Sealant and coating formulations are prepared by curing a mixture
      comprising (a) a polymercaptan-terminated polymer such as a
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol having an average
      of more than two mercapto groups per molecule, (b) a bituminous material
      such as coal tar, (c) a filler such as clay, optionally together with a
      minor amount of a pigment or a wetting agent.
BSUM
PAR  This invention relates to sealant and coating formulations containing
      polymercaptan-terminated polymers. In accordance with another aspect, this
      invention relates to the use of bituminous materials and fillers in
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiols to provide
      sealants and coatings having improved physical properties. In accordance
      with another aspect, this invention relates to the preparation of sealant
      and coating compositions by curing a mixture comprising a
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol having an average
      of more than two mercapto groups per molecule, a coal tar, and a filler
      such as hard kaolin clay. The incorporation of a bituminous material such
      as coal tar and a filler into a
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol as defined,
      together with a curing agent, produces cured compositions useful as
      sealants and coatings having highly elastomeric qualities.
PAR  Accordingly, it is an object of this invention to provide sealants and
      coatings based on polymercaptan-terminated polymers.
PAR  It is another object of this invention to provide a process for the
      production of improved sealant formulations.
PAR  Another object of this invention is to provide polymercaptan-terminated
      polymers which are curable to sealants and coatings having improved
      properties.
PAR  Another object of this invention is to provide cured sealant and coating
      compositions having improved tensile break values, modulus values and
      elongation values.
PAR  Other objects, aspects and the several advantages of this invention will be
      apparent to those skilled in the art from a study of this disclosure and
      the appended claims.
PAR  In accordance with the invention, sealant and coating compositions are
      provided by admixing a
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol having an average
      of more than two mercapto groups per molecule, a bituminous material such
      as coal tar, and a filler. The resulting compositions can be cured with a
      curing agent to seal joints and cracks.
PAR  In accordance with a preferred embodiment of this invention, sealant and
      coating compositions exhibiting improved physical properties are provided
      by admixing a poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol as
      defined together with a coal tar and a hard kaolin clay as filler,
      together with a minor amount of a pigment such as carbon black and a
      wetting agent such as lecithin. The resulting compositions can be cured,
      for example, with lead dioxide to seal joints and cracks such as between
      concrete slabs in pavements.
PAR  Although these sealant and coating formulations can be employed to join or
      coat various substrates such as wood, plastics, glass, stone such as
      granite, marble, or the like, concrete, or metal such as aluminum, steel,
      iron, zinc, or the like, the formulations are especially useful in sealing
      joints of concrete pavement on highways, bridges, airfields, and the like,
      where the strength, stiffness, and elasticity characteristic of the cured
      compositions are particularly important. Additionally, the cured
      compositions have good thermal and aging stability.
PAR  The poly(oxyalkylene)-polyester-poly(monosulfide)-polythiols having an
      average of more than two mercapto groups per molecule can be produced by
      reacting at least one mercaptoalkanoic acid and at least one
      thiodialkanoic acid with poly(oxyalkylene)-polyols having an average of
      more than two hydroxy groups per molecule.
PAR  The mercaptoalkanoic acids which can be used to prepare the
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiols can be
      represented by the formula HS(CR.sub.2).sub.n COOH, wherein each R is
      hydrogen or an alkyl radical having 1 to about 5 carbon atoms, with a
      total of not more than about 10 carbon atoms in all R groups per molecule;
      and wherein n is an integer in the range of 1 to about 5. Examples of some
      mercaptoalkanoic acids which can be employed include mercaptoacetic acid,
      3-mercaptopropionic acid, 2-mercaptopropionic acid, 4-mercaptobutyric
      acid, 3-isopropyl-5-mercaptovaleric acid,
      2-ethyl-3-tert-butyl-5-mercaptovaleric acid, 2-propyl-3-mercaptoheptanoic
      acid, 3-pentyl-6-mercapto-undecanoic acid, and the like, and mixtures
      thereof.
PAR  The thiodialkanoic acids which can be employed in the production of the
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiols can be
      represented by the formula HOOC(CR.sub.2).sub.n S(CR.sub.2).sub.n COOH,
      wherein R and n are as defined above, with a total of not more than about
      20 carbon atoms in all R groups per molecule. Examples of suitable
      thiodialkanoic acids which can be used include thiodiacetic acid,
      3,3'-thiodipropionic acid, 2,2'-thiodipropionic acid, 2,3'-thiodipropionic
      acid, 4,4'-thiodibutyric acid, 5,5'-thiobis(3-isopropylvaleric acid),
      5,5'-thiobis(2-ethyl-3-tert-butylvaleric acid),
      3,3'-thiobis(2-propylheptanoic acid), 6,6'-thiobis(3-pentylundecanoic
      acid), 4-(carboxymethylthio)-valeric acid, and the like, and mixtures
      thereof.
PAR  A particularly preferred procedure for reacting the mercaptoalkanoic acids
      and thiodialkanoic acids with the poly(oxyalkylene)-polyols is to use a
      mixture of mercaptoalkanoic and thiodialkanoic acids. Generally, it is
      preferred to employ mixtures comprising 5 to 95 weight percent
      mercaptoalkanoic acid, more preferably 60 to 80 weight percent
      mercaptoalkanoic acid. Such mixtures of mercaptoalkanoic and
      thiodialkanoic acids can be prepared according to various procedures. For
      example, suitable mixtures can be prepared by mixing mercaptoalkanoic
      acids with thiodialkanoic acids. The presently preferred procedure for
      preparing such mixtures of mercaptoalkanoic and thiodialkanoic acids is by
      hydrolyzing a mixture of mercapto nitriles and thiodinitriles which can be
      produced from alkenenitriles and hydrogen sulfide according to processes
      known to the art such as that described in U.S. Pat. No. 3,280,163. For
      example, according to a presently preferred procedure, acrylonitrile can
      be reacted with hydrogen sulfide in the presence of sulfur and a weak
      organic base to form a mixture consisting largely of
      3-mercaptopropionitrile and 3,3'-thiodipropionitrile, containing minor
      amounts of other nitriles, which mixture can be subsequently hydrolyzed,
      without the necessity of separation, to form a suitable mixture of largely
      3-mercaptopropionic acid and 3,3'-thiodipropionic acid, together with
      minor amounts of other carboxylic acids. Representative examples of
      nitriles that can be used are set forth in U.S. Pat. No. 3,280,163.
PAR  The poly(oxyalkylene)-polyols used in the preparation of the
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiols employed in this
      invention have an average of more than 2, preferably at least 2.5, hydroxy
      groups per molecule and molecular weights of from about 200 to about
      20,000. These substances can be produced by the reaction of one or more
      epoxy-substituted hydrocarbons having the general formula
      ##EQU1##
      wherein each R' is hydrogen or an alkyl radical, the total number of
      carbon atoms per molecule being within the range of 2 to about 20, and m
      is an integer of from 1 to about 10, preferably 1 to 3, with a polyol
      having the formula Y(OH).sub.x, wherein Y is a hydrocarbon radical having
      at least 2, preferably 3 to about 30, carbon atoms, and a valence equal to
      the value of x, x is an integer of at least 2 and preferably 3 to about
      12, and the number of carbon atoms per molecule of Y(OH).sub.x is equal to
      or greater than x. Preferably Y is a saturated aliphatic, saturated
      cycloaliphatic, or aromatic radical, or combination thereof, having at
      least 3 hydroxy groups per molecule. Examples of some polyols which can be
      used include ethylene glycol, glycerol, 1,3-propanediol,
      2-butene-1,4-diol, erythritol, pentaerythritol,
      tris(hydroxymethyl)methane, 3-(hydroxymethyl)-1,5-pentanediol,
      1,2,6-hexanetriol, 2-methyl-1,2,4,6,8,10-decanehexol,
      1,2,3,6,7,9,12,14,15,17,19,-20-eicosanedodecol, 1,2,40-tetracontanetriol,
      4-cyclohexene-1,2-diol, 1,4-cyclohexanediol, 1,5,9-cyclododecanetriol,
      1,2,3,4-cyclopentanetetrol, 2-methyl-1,3,5-cyclooctanetriol,
      4-(1,2-dihydroxyethyl)cyclohexanol, resorcinol, phloroglucinol,
      2,4,6-trihydroxytoluene, .alpha.,.alpha.-bis(p-hydroxyphenyl)benzyl
      alcohol, 1,4,5,8-naphthalenetetrol, and the like, and mixtures thereof.
      Examples of some epoxy-substituted hydrocarbons which can be used in the
      preparation of the poly(oxyalkylene)-polyols include 1,2-epoxyethane,
      1,2-epoxypropane, 1,3-epoxypropane, 1,4-epoxybutane, 1,5-epoxypentane,
      3-methyl-1,8-epoxyoctane, 4-octyl-1,12-epoxydodecane,
      3-ethyl-5-isopropyl-1,10-epoxydecane, 2-butyl-1,6-epoxyhexane,
      3-decyl-1,5-epoxypentane, 2-heptadecyl-1,3-epoxypropane, 1,2-epoxybutane,
      2-methyl-3,4-epoxyheptane, 1,2-epoxyoctane, 2,3-epoxydodecane,
      4-ethyl-1,2-epoxytetradecane, 1,2-epoxyeicosane, and the like, and
      mixtures thereof.
PAR  The poly(oxyalkylene)-polyols can be prepared by contacting at least one
      polyol of the formula Y(OH).sub.x, as defined above, with an
      epoxy-substituted hydrocarbon, as defined above, under suitable
      polymerization conditions, as is known to the art. For instance, glycerol
      or 1,2,6-hexanetriol can be contacted with an excess of propylene oxide
      (1,2-epoxypropane) under elevated pressure and in the presence of suitable
      polymerization promoters. Products of this type can be obtained from
      commercial sources. In the preparation of poly(oxyalkylene)-polyols having
      an average of more than 2 hydroxy groups per molecule, mixtures of the
      above polyols such as at least one diol and another polyol of higher
      functionality can be reacted with the epoxy-substituted hydrocarbons
      defined above to form poly(oxyalkylene)-polyols having an average of more
      than two hydroxy groups per molecule. For instance, a mixture of
      1,4-butanediol and 1,2,6-hexanetriol can be reacted with ethylene oxide to
      produce a poly(oxyethylene)-polyol having an average of more than two
      hydroxy groups per molecule. Alternatively, a poly(oxyalkylene)-polyol
      produced, e.g., by the reaction of a diol such as ethylene glycol with an
      alkylene oxide such as propylene oxide can be mixed with another
      poly(oxyalkylene)-polyol produced, e.g., by the reaction of a triol such
      as 1,2,6-hexanetriol with an alkylene oxide such as propylene oxide.
PAR  The mixtures of mercaptoalkanoic acids and thiodialkanoic acids can be
      reacted with the poly(oxyalkylene)-polyols to form
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiols by an
      esterification reaction which can be effected in any suitable equipment at
      temperatures preferably in the range of about 50 to about 250.degree.C.
      Preferably the reaction is conducted in the presence of diluents that are
      substantially completely inert to the reactants and products under the
      reaction conditions employed. Such diluents can comprise as much as 95
      weight percent of the components charged to the reactor. Acid
      esterification catalysts such as p-toluenesulfonic acid, benzenesulfonic
      acid, sulfuric acid, and the like can also be employed, if desired, to
      accelerate the rate of reaction. In that event, the diluents employed also
      should be inert to the acid catalyst. Examples of suitable diluents
      include toluene, benzene, xylene, cyclohexane, heptane, and the like, and
      mixtures thereof. The reaction pressure should be sufficient to prevent
      excessive loss of reactants and/or solvent at operating temperatures.
      Satisfactory pressures are normally within the range of about 0.5 to about
      10 atmospheres. It is normally desirable to provide a means of removing
      water of reaction during the course of the esterification. This function
      can be accomplished by means known to the art, e.g., by azeotropic
      distillation. Preferably, an inert gas such as nitrogen or helium is
      passed through the liquid mixture and out through the condensing system,
      thereby facilitating water removal during the esterification and,
      furthermore, serving to protect the poly(oxyalkylene)-polyol and mercaptan
      groups from oxidation and/or thermal degradation. The properties of the
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiols will vary
      somewhat depending upon the reactants employed, the ratios of the various
      reactants, and other reaction conditions. Normally these polymers will be
      viscous liquid short-chain polymers, the chain length depending to
      considerable extent on the ratio of thiodialkanoic acid to
      mercaptoalkanoic acid used. In general, higher ratios of thiodialkanoic
      acid to mercaptoalkanoic acid yield longer polymer chains and a more
      viscous liquid or near solid product.
PAR  The esterification reaction should be effected to such an extent that at
      least about 80 percent of the hydroxy groups of the
      poly(oxyalkylene)-polyol are reacted with carboxy groups of the
      mercaptoalkanoic acid or thiodialkanoic acid to form ester groups. In
      general, in the range of about 0.8 to about 1.2 equivalents of hydroxy
      groups of the poly(oxyalkylene)-polyol should be employed for each
      equivalent of carboxy groups of the mercaptoalkanoic acid and
      thiodialkanoic acid. In general, an average of more than 2, preferably at
      least 2.5,  ester groups are formed for each molecule of
      poly(oxyalkylene)-polyol employed. Following the esterification reaction,
      the poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol product can be
      neutralized, e.g., with ammonium hydroxide, calcium hydroxide, or the
      like, and diluent, if employed, is removed, prior to compounding of the
      polythiol product into the desired sealant or coating formulation.
PAR  Although any coal tar can be employed in the preparation of the sealant or
      coating formulations of this invention, generally the coal tar will have a
      viscosity at 25.degree.C within the range of about 300 to about 30,000
      centipoises, preferably about 500 to about 20,000 centipoises.
PAR  Fillers which can be employed in preparing the formulations of this
      invention include various types of clays, carbon black, slate flour,
      silica, limestone, calcium carbonate, asbestine, titanium dioxide, iron
      oxide, alumina, zirconia, and the like. The filler presently preferred is
      a so-called hard clay, e.g., a hard kaolin clay such as Dixie clay.
PAR  If desired, minor amounts of one or more modifiers such as pigments,
      plasticizers, extenders, stabilizers, thickeners, adhesion promoters, or
      wetting agents can be present in the formulations of this invention.
PAR  The amount of poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol in
      the sealant or coating formulations can vary over a considerable range
      depending in part on the characteristics desired of the sealant or
      coating, but the poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol
      generally will constitute about 10 to about 65, preferably about 15 to
      about 35, weight percent of the sealant or coating formulation, excluding
      curing agent. Similarly excluding the curing agent, the coal tar should
      constitute about 25 to about 60, preferably about 30 to about 50, weight
      percent of the sealant or coating formulation, and the filler should
      constitute about 10 to about 60, preferably about 30 to about 50, weight
      percent of the sealant or coating formulation.
PAR  The poly(oxyalkylene)-polyester-poly(monosulfide)-polythiols in the sealant
      or coating formulations of this invention can be cured with conventional
      curing agents including free oxygen-containing fluids such as, for
      example, air; peroxy compounds such as, for example, di-tert-butyl
      peroxide and cumene hydroperoxide; metal oxides such as, for example, the
      oxides of lead, zinc, manganese, calcium, barium, copper, mercury, tin,
      and iron; metal salts of carboxylic acids such as, for example, lead
      stearate, zinc laurate, and zinc acetate; ammonium and alkali metal
      chromates and persulfates; sulfur; and the like. The curing time will vary
      with the polymer, the curing agent, the sealant or coating formulation,
      and the temperature. In general, sufficient curing agent is employed to
      convert at least about 70 percent of the mercapto groups in the polymer to
      polysulfide linkages.
PAR  In the mixing of ingredients, it is important that the
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol and the curing
      agent be kept separate until about the time of application of the
      composition. Otherwise, the mode of mixing is not critical. In preferred
      procedures, the poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol,
      the coal tar, and the filler are mixed first, with the curing agent
      subsequently being blended with the resulting pre-mix, or the curing agent
      is mixed with at least a portion of the coal tar and/or filler, and the
      resulting mixture is blended with the
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol, which can contain
      coal tar and/or filler. Any modifiers employed can be added at such time
      as is found to be practical. The blending of ingredients can be achieved
      by conventional methods such as hand-mixing or machine-blending.
DETD
PAC  EXAMPLE I
PAR  The sulfur-2-methyl-5-ethylpyridine-catalyzed reaction of hydrogen sulfide
      with acrylonitrile was conducted by the process of U.S. Pat. No. 3,280,163
      to provide a nitrile mixture having the following composition:
     Component            Weight Percent                                       

     ______________________________________                                    

     Lights               0.9                                                  

     3-Mercaptopropionitrile                                                   

                          71.9                                                 

     2,3'-Thiodipropionitrile                                                  

                          1.7                                                  

     3,3'-Thiodipropionitrile                                                  

                          20.5                                                 

     3,3'-Dithiodipropionitrile                                                

                          3.6                                                  

     Unknown              1.4                                                  

     ______________________________________                                    

PAR  A portion of the above product was hydrolyzed to the corresponding acids.
      To 100 pounds of the mixture of nitriles at 150.degree.F (66.degree.C) in
      a 100-gallon glass-lined stirred reactor was added slowly within a period
      of 1 hour 181 pounds of concentrated hydrochloric acid, resulting in a
      slight exotherm. The reaction temperature was then maintained at
      190.degree.-210.degree.F (88.degree.-99.degree.C) for 3 hours after the
      acid addition was complete. Water and excess hydrochloric acid were
      removed at 210.degree.F (99.degree.C) at a pressure of not less than 50 mm
      Hg. After addition of 598 pounds of xylene, the residual mixture was
      heated to 212.degree.F (100.degree.C). Both heating and stirring were then
      stopped, at which time ammonium chloride by-product settled. Analysis of a
      sample of the hot supernatant xylene solution indicated it contained 10.22
      weight percent 3-mercaptopropionic acid and 5.63 weight percent
      dicarboxylic acids, calculated as thiodipropionic acid and comprising
      largely 3,3' -thiodipropionic acid with minor amounts of
      2,3'-thiodipropionic acid and 3,3'-dithiodipropionic acid. The hot slurry
      was then filtered through a pre-coated Sparkler filter, and the filtrate
      was passed into a 1000-gallon glass-lined stirred reactor. The residue was
      washed with about 650 pounds of xylene, and the washings were combined
      with the filtrate in the 1000-gallon reactor. The resulting xylene
      solution contained about 113 pounds of the mixture of carboxylic acids.
PAR  The xylene solution of carboxylic acids was esterified with Niax LHT-34
      poly(oxyalkylene)-polyol (derived from 1,2,6-hexanetriol and propylene
      oxide, and having an equivalent weight of about 1660 and a hydroxyl number
      of about 33.7). To the 1000-gallon reactor containing the above 113 pounds
      of the mixture of carboxylic acids and about 1100 pounds of xylene was
      added 1794 pounds of Niax LHT-34 poly(oxyalkylene)-polyol, 18 pounds of
      p-toluenesulfonic acid monohydrate, and about 2400 pounds of xylene. The
      ratio of hydroxy groups in the poly(oxyalkylene)-polyol to carboxy groups
      in the mixture of acids was about 0.95:1. As the reaction mixture was
      stirred and heated, a slow stream of nitrogen was passed from the bottom
      of the reactor through the liquid mixture and out through the condensing
      system. This nitrogen stream facilitated water removal during the
      esterification reaction and served to protect the poly(oxyalkylene)-polyol
      and mercaptan groups from oxidation and/or thermal degradation. An
      induction tube was used to periodically sample the reaction mixture to
      determine the extent of esterification by means of carboxylic acid and
      mercaptan analyses. A modified Dean-Stark sight-glass was provided to
      remove water, azeotroped with xylene, as it formed. Water began to
      azeotrope at 215.degree.F (102.degree.C). The pot temperature was
      gradually increased to a maximum of 280.degree.F (138.degree.C) at the end
      of 48 hours. After the esterification was complete, as determined by the
      leveling off of the carboxylic acid content, the reaction mixture was
      cooled to about 70.degree.E (21.degree.C). To the mixture was then added
      as a neutralizing agent 100 pounds of calcium hydroxide slurried in 100
      gallons of xylene. The mixture was stirred 4 hours and filtered through a
      pre-coated Sparkler filter. The filtrate was heated to a maximum of
      200.degree.F (93.degree.C)/20 mm Hg with nitrogen bubbling through the
      liquid phase to enhance removal of xylene. Approximately 1600 pounds of
      poly(oxyalkylene)-polyester-poly(monosulfide)polythiol having an average
      of more than two mercapto groups per molecule was obtained as a residual
      product having a mercaptan sulfur content of 0.90 weight percent, an acid
      number (mg KOH/g sample) of 0.11,  and a viscosity of 7000 cps at
      25.degree.C.
PAC  EXAMPLE II
PAR  Three formulations were prepared by intimately mixing the
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol product obtained
      in Example I, herein designated as Polymer A, a coal tar, Dixie clay (hard
      kaolin clay), and lecithin (a wetting agent). Three control formulations
      outside the scope of the invention were prepared similarly except that
      Thiokol LP-32 polysulfide liquid polymer, herein designated as LP-32, was
      used instead of Polymer A. The LP-32 had an average structure which can be
      represented as HS(C.sub.2 H.sub.4 OCH.sub.2 OC.sub.2 H.sub.4 SS).sub.23
      C.sub.2 H.sub.4 OCH.sub.2 OC.sub.2 H.sub.4 SH, a viscosity at 80.degree.F
      within the range of 35,000-45,000 centipoises, and an average molecular
      weight of about 4000. The three coal tars employed differed greatly in
      viscosity. With each of the six formulations was then mixed lead dioxide
      as a curing agent, and the viscosity of each mixture was determined 5
      minutes later (on different samples prepared in like manner). Approximate
      tack-free time was determined by the method of Federal Specification
      TT-S-227b. Portions of the mixtures containing the curing agent were cast
      into picture frame molds 21/2 inches .times. 21/2 inches .times. 1/8 inch,
      and the compositions were allowed to cure at ambient room temperature
      (about 25.degree.C) for 2 days and then at 70.degree.C for 3 days. The
      cured sealant slabs were removed from the frames, and modulus, tensile
      break and elongation were determined by the method of ASTM D 638-56T on
      samples 21/2 inches .times. 1/8 inch .times. 1/8 inch cut from the slabs.
      Other portions of the mixtures containing the curing agent were poured
      into concrete-to-concrete test assemblies in which curing was allowed to
      take place at about 25.degree.C for 2 days and then at 70.degree.C for
      three days, after which modulus was determined by the method described for
      two-component polysulfide-base sealing compounds, USASI, A 116.1. The
      percent recovery after 24 hours at 100 percent elongation, conducted on
      the compositions cured at about 25.degree.C for 2 days and then at
      70.degree.C for 3  days, was determined by the method of USASI, A 116.1,
      except that the samples were held at 100 percent elongation for 24 hours
      instead of at 150 percent elongation for 5 minutes. The formulations and
      test results are summarized in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Formulation 1     2     3     4      5     6                              

     __________________________________________________________________________

     Polymer A, g                                                              

                 11.33 11.33 11.33 --     --    --                             

     LP-32, g    --    --    --    11.33  11.33 11.33                          

     X-743.sup.a, g                                                            

                 23.46 --    --    23.46  --    --                             

     L-55.sup.b, g                                                             

                 --    23.46 --    --     23.46 --                             

     Crude Tar.sup.c, g                                                        

                 --    --    23.46 --     --    23.46                          

     Dixie Clay, g                                                             

                 23.25 23.25 23.25 23.25  23.25 23.25                          

     Lecithin, g 0.74  0.74  0.74  0.74   0.74  0.74                           

     Lead Dioxide, g                                                           

                 1.20  1.20  1.20  1.20   1.20  1.20                           

     Viscosity.sup.d, cps                                                      

                 75,000                                                        

                       14,400                                                  

                             640,000                                           

                                   &gt;8,000,000                                  

                                          112,000                              

                                                &gt;8,000,000                     

     Tack-Free Time.sup.e, hr.                                                 

                 &gt;48   &gt;48   &gt;48   &gt;48    16    16                             

     50% Modulus.sup.f, psi                                                    

                 28.8  19.4  25.0  5.8    Too   3.1                            

     100% Modulus.sup.f, psi                                                   

                 38.1  29.0  33.4  4.2    soft  --                             

     Tensile Break.sup.f, psi                                                  

                 52.8  56.7  40.0  4.9    to    5.2                            

     Elongation.sup.f, %                                                       

                 255   205   200   105    test  37.5                           

     50% Modulus.sup.g, psi                                                    

                 11.0  2.4   6.3   2.3    4.0   Too                            

     100% Modulus.sup.g, psi                                                   

                 15.4  3.4   10.5  2.5    4.2   soft                           

     Recovery.sup.h, %                                                         

                 85    87    50    35     48    to test                        

     __________________________________________________________________________

      .sup.a X-743 plasticizer, a coal tar having a viscosity of 15,200        

      centipoises at about 25.degree.C from Neville Chemical Company.          

      .sup.b Nebony L-55 coal tar having a viscosity of approximately 650      

      centipoises at about 25.degree.C from Neville Chemical Company.          

      .sup.c Coal tar having a viscosity of 2725 centipoises at about          

      25.degree.C from Reilly Tar and Chemical Corporation.                    

      .sup.d Viscosity 5 minutes after mixing lead dioxide with other          

      ingredients.                                                             

      .sup.e Federal Specification TT-S-227b.                                  

      .sup.f ASTM D 638-56T.                                                   

      .sup.g USASI, A 116.1.                                                   

      .sup.h Percent recovery after 24 hours at 100 percent elongation,        

      determined as described preceding this table.                            

PAR  As shown in the above table, the compositions prepared through use of the
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol were (a) much
      stronger, based on tensile break values, (b) stiffer in most instances,
      based on modulus values, and (c) more elastic, based on elongation values
      and values for recovery after 100 percent elongation, than were the
      corresponding compositions produced through use of the Thiokol Lp-32
      polysulfide liquid polymer.
PAC  EXAMPLE III
PAR  A formulation was prepared by mixing 8 g
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol [prepared
      essentially as described in Example I and having a mercaptan sulfur
      content of 0.97 weight percent, an acid number (mg KOH/g sample) of 0.33,
      and a viscosity of 6000 cps at 25.degree.C], 14 g X-743 plasticizer (a
      coal tar described in Example II), 18 g Dixie clay (hard kaolin clay),
      0.04 g carbon black (N765 from Phillips Petroleum Company), and 0.4 g
      lecithin. The resulting blend was then mixed with 0.5 g of a mixture of 45
      weight percent lead dioxide, 50 weight percent dibutyl phthalate, and 5
      weight percent stearic acid. A portion of the resulting mixture (Mixture
      A) was cast into a picture frame mold 21/2 inches .times. 21/2 inches
      .times. 1/8 inch, and the composition was allowed to cure for 1 day at
      about 25.degree.C, then 3 days at 70.degree.C, and then 1 day at about
      25.degree.C. The cured sealant slab was removed from the frame, and the
      modulus, tensile break, and elongation were determined by the method of
      ASTM D 638-56T on a sample 21/2 inches .times. 1/8 inch .times. 1/8 inch
      cut from the slab. A like sealant slab, prepared and cured in comparable
      manner, was subjected to accelerated aging for 378 hours in an Atlas
      Weather-O-Meter (Model 600-WR12, xenon lamp ultraviolet light radiation,
      145.degree.F, 50 percent relative humidity, 15 pphm ozone), after which
      modulus, tensile break, and elongation were determined by the method of
      ASTM D 638-56T on a sample 21/2 inches .times. 1/8 inch .times. 1/8 inch
      cut from the resulting slab. Another portion of Mixture A, described
      above, was poured into a concrete-to-concrete test assembly in which
      curing was allowed to take place for 1 day at about 25.degree.C, then 3
      days at 70.degree.C, and then 1 day at about 25.degree.C, after which 50
      percent modulus, 100 percent modulus and percent recovery after 24 hours
      at 100 percent elongation were determined as described for the
      concrete-to-concrete tests in Example II. The results of the tests are
      summarized in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Specimens from Sealant Slabs                                              

                Without Weather-O-Meter                                        

                              After Weather-O-Meter                            

                Exposure      Exposure                                         

     __________________________________________________________________________

     50% Modulus, psi                                                          

                32.7          18.7                                             

     100% Modulus, psi                                                         

                45.0          24.3                                             

     Tensile Break, psi                                                        

                49.9          25                                               

     Elongation, %                                                             

                153           110                                              

     Concrete-to-Concrete Sealant Specimen                                     

     50% Modulus, psi                                                          

                11                                                             

     100% Modulus, psi                                                         

                15                                                             

     Recovery, %                                                               

                63                                                             

     __________________________________________________________________________

PAR  As shown in Table II, the cured sealant exhibited good strength, stiffness,
      and elasticity and retained these characteristics to a large degree after
      being subjected to accelerated aging conditions.
CLMS
STM  We claim:
NUM  1.
PAR  1. Compositions capable of being cured to sealant and coating compositions
      having improved tensile break values, modulus values and elongation values
      comprising:
PA1  a. about 10 to about 65 weight percent of at least one
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol having an average
      of more than two mercapto groups per molecule,
PA1  b. about 25 to about 60 weight percent coal tar,
PA1  c. about 10 to about 60 weight percent of at least one filler selected from
      clays, carbon black, slate flour, silica, limestone, calcium carbonate,
      asbestine, titanium dioxide, iron oxide, alumina, and zirconia, and
PA1  d. at least one curing agent in an amount sufficient to convert at least
      about 70 percent of the mercapto groups in the polymer to polysulfide
      linkages.
NUM  2.
PAR  2. A composition according to claim 1 which additionally contains
      non-elastomeric components selected from pigments, plasticizers,
      extenders, stabilizers, thickeners, adhesion promoters, and wetting
      agents.
NUM  3.
PAR  3. A composition according to claim 1 wherein (a) is the reaction product
      of
PA1  1. a mercaptoalkanoic acid having the formula HS(CR.sub.2).sub.n COOH
      wherein R is selected from the group consisting of hydrogen and alkyl
      radicals having from 1-5, inclusive, carbon atoms, the maximum number of
      carbon atoms in all R groups being 10, and n is an integer ranging from
      1-5,
PA1  2. a thiodialkanoic acid having the formula HOOC(CR.sub.2).sub.n
      S(CR.sub.2).sub.n COOH wherein R and n are as defined above, the maximum
      number of carbon atoms in all R groups being 20, and
PA1  3. a poly(oxyalkylene)-polyol having on average more than two pendent
      hydroxy groups per molecule and a molecular weight in the range
      200-20,000, the amount of (3) being in the range 0.8-1.2 equivalents of
      pendent hydroxy groups for each equivalent of carboxylic groups of the
      mercaptoalkanoic and thiodialkanoic acids.
NUM  4.
PAR  4. A composition according to claim 1 wherein
PA1  b. is a coal tar having a viscosity at 25.degree.C within the range of
      about 300 to about 30,000 centipoises,
PA1  c. the filler is a hard kaolin clay, and
PA1  d. the curing agent is lead dioxide.
NUM  5.
PAR  5. A composition according to claim 1 wherein
PA1  a. is present in said composition in amounts ranging from about 15 to about
      35 weight percent,
PA1  b. a coal tar is present in amounts ranging from about 30 to about 50
      weight percent, and has a viscosity at 25.degree.C within the range of
      about 500 to about 20,000 centipoises, and
PA1  c. a filler is present in amounts ranging from about 30 to about 50 weight
      percent.
NUM  6.
PAR  6. A composition according to claim 3 which contains
PA1  d. a curing agent selected from peroxy compounds, metal oxides, metal salts
      of carboxylic acids, ammonium and alkali metal chromates and persulfates,
      and sulfur, in an amount sufficient to convert at least about 70 percent
      of the pendent thiol groups to polysulfide groups.
NUM  7.
PAR  7. A composition according to claim 3 wherein
PA1  a. is present in amounts ranging from about 15 to about 35 weight percent,
PA1  b. the coal tar is present in amounts ranging from about 30 to about 50
      weight percent and has a viscosity at 25.degree.C within the range of
      about 500 to about 20,000 centipoises, and
PA1  c. the amount of filler present ranges from about 30 to about 50 weight
      percent.
NUM  8.
PAR  8. A composition according to claim 3 wherein (c) is hard kaolin clay and
      the composition contains
PA1  d. lead dioxide as a curing agent.
NUM  9.
PAR  9. A composition according to claim 3 wherein (a) is formed by reacting
PA1  1. 3-mercaptopropionic acid,
PA1  2. thiodipropionic acid, and
PA1  3. a poly(oxyalkylene)-polyol formed by reacting 1,2,6-hexanetriol and
      propylene oxide, and further wherein the amount of (1) employed ranges
      from 60 to 80 weight percent based upon the total of (1) and (2).
NUM  10.
PAR  10. A composition according to claim 9 wherein said filler (c) is hard
      kaolin clay and the composition additionally contains
PA1  d. lead dioxide as a curing agent,
PAL  together with a minor amount of carbon black as pigment and lecithin as
      wetting agent.
NUM  11.
PAR  11. A process for the production of sealant and coating compositions which
      comprises mixing
PA1  a. about 10 to about 65 weight percent of at least one
      poly(oxyalkylene)-polyester-poly(monosulfide)-polythiol having an average
      of more than two mercapto groups per molecule,
PA1  b. about 25 to about 60 weight percent coal tar,
PA1  c. about 10 to about 60 weight percent of at least one filler selected from
      clays, carbon black, slate flour, silica, limestone, calcium carbonate,
      asbestine, titanium dioxide, iron oxide, alumina, and zirconia, the amount
      of each of (a), (b), and (c) being based upon the total amount of (a) plus
      (b) plus (c), and
PA1  d. a curing agent selected from peroxy compounds, metal oxides, metal salts
      of carboxylic acids, ammonium and alkali metal chromates and persulfates,
      and sulfur in an amount sufficient to convert at least about 70 percent of
      the pendent thiol groups to polysulfide groups, and
PA1  e. allowing the thus prepared formulation to cure to form sealants and
      coatings having a desirable balance of properties.
NUM  12.
PAR  12. A process according to claim 11 wherein said polythiol is formed by
      reacting 3-mercaptopropionic acid, thiodipropionic acid and a
      poly(oxyalkylene)-polyol formed by reacting 1,2,6-hexanetriol and
      propylene oxide.
NUM  13.
PAR  13. A process according to claim 11 wherein (c) is hard kaolin clay and (d)
      is lead dioxide.
NUM  14.
PAR  14. A process according to claim 11 wherein the curing agent is added to a
      mixture of (a), (b), and (c).
NUM  15.
PAR  15. A process according to claim 4 wherein at least a portion of the curing
      agent is mixed with at least a portion of at least one of (b) and (c)
      prior to mixing with (a).
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PAL  Multicomponent wax emulsion polish compositions are viscosity stabilized
      with a compound of the formula R--X--O--(C.sub.2 H.sub.4 O).sub.n --H
      wherein R is an aliphatic group and X is selected from the group
      consisting of phenylene, carbonyl and a carbon to oxygen bond and n is a
      whole number from about 12 to about 50. The compositions are of special
      interest in providing shoe polish compositions useful in functional
      dispensers.
BSUM
PAR  This invention relates to new and novel multicomponent wax emulsion polish
      compositions which are stabilized against adverse viscosity changes. More
      particularly, this invention relates to new and novel footwear polish
      compositions which have been stabilized against adverse changes in
      viscosity permitting their use in functional applicators.
PAC  BACKGROUND OF THE INVENTION
PAR  The use of polishing compositions containing waxes to protect and beautify
      substances such as leather, wood and metals has long been known. At one
      time, the application of a waxed finish by hand required the expenditure
      of much physical effort to apply the wax composition, followed by
      additional physical effort in buffing the composition to the required
      degree of gloss. When the wax composition was colored with a dye material,
      as in shoe polish, an almost certain degree of staining the hands and
      clothing of the person applying the polish composition came to be
      expected. With the advent of the modern technological age, efforts have
      been directed to solving these age old problems of reducing the effort and
      messiness resulting from the application of polish compositions.
PAR  One direction these efforts took was to soften the wax composition used.
      This has been accomplished by the use of emulsions of waxes and softening
      ingredients. See U.S. Pat. No. 3,231,397 for this type of composition.
      These softer paste waxes were easier to apply than the previously used
      hard waxes and, if the compositions were carefully formulated, they could
      be buffed to the desired degree of gloss with a minimal amount of effort.
      However, these soft waxes still retain one great drawback. They are
      unpleasant to use in that a risk of staining the hands or clothing is
      always present and the pasty nature of the compositions lends itself to
      uneven use and application.
PAR  In efforts to solve the above-described messiness problem, other efforts
      have been taken. With the advent of the pressurized aerosol can, efforts
      have been directed to produce aerosolized polish compositions that
      required no buffing. In general, these aerosol compositions are based on a
      formulation of a relatively low wax concentration dissolved in a solvent
      system. See U.S. Pat. No. 3,328,179 for this type of composition. Although
      easy to use, several drawbacks to aerosol polish compositions are evident.
      The solvent nature of the polish composition, although requiring no
      buffing, evidences a glass-like appearance which is unacceptable to the
      consumer, especially for leather polishes. Also the aerosols are unwieldy
      to use in that exact spray patterns are hard to predict and messiness
      easily results. When using dye containing leather polishes, this can lead
      to staining of the area surrounding the field of use.
PAR  Attempts to overcome these shortcomings have developed on devising a neat,
      easy to apply composition which may be provided with a buffed finish with
      a minimal amount of effort. One method was to supply the familiar
      dauber-in-a-bottle dispenser. This has proven unacceptable to the consumer
      in that both hands are required to properly effectuate its use and the
      more acceptable looking buffable compositions, emulsions in nature, tended
      to become viscous or separate in the bottle. This has forced the use of
      solvent compositions which provide the unacceptable glassy finish. It has
      become evident that the composition most desirable under present
      conditions would use a functional applicator with a wax emulsion type
      formulation. By a functional applicator is meant one that is usable with
      one hand and provides means for dispensing as well as spreading the polish
      composition. For example, this may be in the form of a flexible, rigid or
      pressurized container with the orifice from which the polish composition
      exists covered by a spreading means, such as felt or sponge applicator.
PAR  It would be expected that the wax emulsion type compositions, which require
      a light, almost effortless, buffing to provide the more acceptable buffed
      finish, would be utilized. However, this has not been the case. The more
      desirable wax emulsion type polish compositions tend to change viscosity
      and become thick or watery upon the passage of time, and, therefore, are
      not useable in a functional type container. This increase in viscosity
      also leads to compositions which tend to become more and more uneven in
      application and require increasing amounts of effort to provide the
      required buffed finish.
PAR  It is, therefore, an object of this invention to provide wax emulsion
      polish compositions which are stabilized against adverse changes in
      viscosity and are, therefore, particularly useful in functional type
      polish applicators. Other objects will appear more fully hereinafter.
PAR  It has surprisingly been found that a multicomponent wax emulsion type
      composition is stabilized against adverse changes in viscosity by the
      inclusion in the composition of from about 0.1% to about 1.0%, by weight,
      of a stabilizer selected from the group consisting of compounds having the
      formula
EQU  R--X--O--(C.sub.2 H.sub.4 O).sub.n --H
PAL  wherein R is an aliphatic group (fatty acid residue) containing from about
      9 to about 18 carbon atoms, X is selected from the group consisting of
      phenylene, carbonyl and a carbon to oxygen bond and n is a whole number
      from about 12 to about 50. The most efficacious activity has been
      discovered to exist when the viscosity stabilizer is present, by weight,
      from about 0.4% to about 0.8% of the final composition.
PAR  In particular, substances which are useful as viscosity stabilizers are
      exemplified by substances such as Igepal CO 630, a trademark of General
      Aniline and Film Corporation for a condensation product of nonylphenol
      with nine moles of ethylene oxide, Arosurf HFS-846, a trademark of Archer
      Daniels Midland Co. for a condensation product of stearic acid with 40
      moles of ethylene oxide, Arosurf HFS-849, a trademark of Archer Daniels
      Midland Co. for a condensation product of stearic acid with 50 moles of
      ethylene oxide, Ethosperse LA-12, a trademark of Glyco Chemicals, Inc. for
      a condensation product of lauryl alcohol with 12 moles of ethylene oxide
      and Lipal 20-OA, a trademark of Drew Chemical Corporation for a
      condensation product of oleyl alcohol with 20 moles of ethylene oxide.
PAR  When the wax emulsion is a shoe polish composition, a typical range, by
      weight, of ingredients would be:
TBL  Wax           from about 1.0% to about 10.0%                              

     Silicones     from about 0.0% to about 1.0%                               

     Emulsifier    from about 0.5% to about 2.0%                               

     Morpholine    from about 0.5% to about 3.0%                               

     Viscosity regulator                                                       

                   from about 0.1% to about 1.0%                               

     Triethanolamine                                                           

                   from about 0.1% to about 1.0%                               

     Dye           from about 0.0% to about 5.0%                               

     Stabilizer    from about 0.1% to about 1.0%                               

     Water         from about 20.0% to about 95.0%                             

PAR  In the above formulation, the waxes are exemplified by the commonly used
      waxes such as microcrystalline waxes, montanic acid ester waxes, montan
      wax, Fisher-Tropsch waxes, ozokerite waxes, polyethylene waxes and natural
      waxes such as beeswax, oricury, candelilla and bayberry and the mixtures
      of waxes. The silicones are preferably of the dimethylpolysiloxane type of
      the general formula:
EQU  (CH.sub.3).sub.3 Si--O--[(CH.sub.3).sub.2 Si--O--].sub.x
      --Si(CH.sub.3).sub.3
PAL  where the viscosity of the silicone increases with increasing value of x.
      The silicones are added to enhance the buffability of the dried polish
      film. Particularly of use in this application are silicones with a
      viscosity in the range of about 200-500 centistokes at 25.degree.C. The
      emulsifiers are used to produce the wax emulsion and are exemplified by
      the alkali (Na, Li, K) and amine salts of high molecular weight fatty
      acids, (C.sub.10 -C.sub.22) such as oleic, stearic, palmitic, myristic and
      the like. The morpholine is included with the fatty acids in the
      composition to form and stabilize an emulsion system. The viscosity
      regulators are added to adjust the viscosity of the emulsion to the
      desired degree. Exemplary of these viscosity regulators are carboxyvinyl
      polymers. The carboxy vinyl polymer is substantially insoluble in water
      and is the acid form of a polymer prepared as described in U.S. Pat. No.
      2,798,053, granted July 2, 1957, selectively utilizing from about 0.75 to
      2 percent by weight of polyalkenyl polyether, for example, polyallyl
      sucrose as the crosslinking material, the remainder being essentially
      acrylic acid or its equivalent and the polymerization being carried out in
      a hydrocarbon diluent with a free radical catalyst, for example, benzoyl
      peroxide. The carboxyl vinyl polymers employed in this invention are more
      specifically described in U.S. Pat. No. 2,909,462, of particular interest
      being the preparation produced in acid form. A particularly effective
      embodiment of the high molecular weight carboxyl vinyl polymer is a
      water-soluble polymer of acrylic acid crosslinked with 1% of a polyallyl
      ether of sucrose having an average of about 5.8 allyl groups for each
      molecule of sucrose (Carbopol 934, formerly known as "Good-rite K-934").
PAR  Triethanolamine is added to stabilize and aid in cleaning by the emulsion.
      The dyes are optionally included when a colored polish is desired and are
      selected from the commonly used oil soluble shoe dyes such as D & C Brown
      1, Sudan Dark Brown BG and Oil Black.  Additional ingredients such as
      perfumes and preservatives are added when their well-known effects are
      desired.
PAR  Of particular interest in this invention are wax emulsion shoe polish
      compositions of the present invention having the formula:
TBL  Wax            from about 2.0% to about 7.0%                              

     Silicones      from about 0.1% to about 0.7%                              

     Emulsifier     from about 0.7% to about 1.5%                              

     Morpholine     from about 0.95% to about 2.0%                             

     Viscosity Regulator                                                       

                    from about 0.2% to about 0.6%                              

     Triethanolamine                                                           

                    from about 0.2% to about 0.6%                              

     Dye            from about 0.0% to about 5.0%                              

     Stabilizer     from about 0.4% to about 0.8%                              

     Water          from about 20.0% to about 95.0%                            

PAR  The stabilized polish compositions are prepared by any of the methods well
      known to those skilled in the art. One method of particular utility is to
      form an emulsion of the wax, dye, stabilizer, emulsifying agent and a
      portion of the water which is then added to the thickened balance of the
      water after which the remaining ingredients are added. Other methods known
      in the art would be useful.
PAR  The following examples are exemplary of the present invention.
DETD
PAC  EXAMPLE I
PAR  A primary of emulsion is prepared of the following:
TBL  Ingredient              Grams                                             

     ______________________________________                                    

     Petrolite C-36 (Wax)    5.54                                              

     No. 3 Carnauba Wax (Light Wax)                                            

                             0.49                                              

     Silicone Fluid (350 centistokes)                                          

                             0.17                                              

     Oleic Acid              0.97                                              

     Oil Brown Dye           0.12                                              

     Morpholine              1.31                                              

     Water                   23.40                                             

     Igepal CO 630           0.60                                              

     Total                   32.60                                             

     ______________________________________                                    

PAR  The primary emulsion is prepared by melting the Petrolite C-36 and Carnauba
      wax at 225.degree.-235.degree.F. and adding the Silicone with stirring
      followed by cooling to 215.degree. to 225.degree.F. There are then added
      in turn the oleic acid, the Ingepal CO 630, the morpholine and the dye,
      all with stirring. Mixing is continued for ten minutes at
      210.degree.-225.degree.F., followed by adding this wax mixture to water
      heated to 210.degree.-212.degree.F. slowly with stirring. The emulsion
      thus formed is cooled rapidly to 115.degree.F. and then let cool gradually
      to ambient room temperature. A 0.65% aqueous solution of Carbopol 934 is
      prepared by heating a measured amount of water to
      100.degree.-110.degree.F. and sifting slowly in the required amount of
      Carbopol 934 with high shear mixing. Mixing is continued until the
      Carbopol 934 is completely dispersed (about 30 minutes) and the solution
      is allowed to stand until all the entrapped air escapes (1 to 4 hours). To
      the original emulsion is then added 64.64 gms of the Carbopol 934 solution
      with slow stirring so as not to entrap air bubbles. With stirring
      continuing there is added succesively triethanolamine (0.36 Gm), a mixture
      of PMA-30 (0.04 Gm) and water (2.00 Gm), and lilac perfume (0.36 Gm).
      Mixing is continued for thirty minutes to provide a product having the
      formula:
TBL  Ingredient               Grams                                            

     ______________________________________                                    

     Primary Emulsion         32.60                                            

     Carbopol 934 (0.65% Aqueous Solution)                                     

                              64.64                                            

     Triethanolamine          0.36                                             

     Water                    2.00                                             

     PMA-30 (Phenyl Mercuric Acetate)                                          

                              0.04                                             

     Perfume Lilac            0.36                                             

     Total                    100.00                                           

     ______________________________________                                    

PAC  EXAMPLE II
PAR  A formulation was prepared as in Example I omitting the Igepal CO 630
      having the following formula:
TBL                PRIMARY EMULSION                                            

     ______________________________________                                    

     Ingredient              Grams                                             

     ______________________________________                                    

     Petrolite C-36          5.54                                              

     No. 3 Carnauba Wax      0.49                                              

     Silicone Oil (350 centistokes)                                            

                             0.16                                              

     Oleic Acid              0.98                                              

     Oil Brown Dye           0.12                                              

     Morpholine              1.30                                              

     Water                   24.01                                             

     Total                   32.60                                             

     ______________________________________                                    

TBL                FINAL PRODUCT                                               

     ______________________________________                                    

     Ingredient                Grams                                           

     ______________________________________                                    

     Primary Emulsion          32.60                                           

     Carbopol 934 (0.65% aqueous solution)                                     

                               64.64                                           

     Triethanolamine           0.36                                            

     Water                     2.00                                            

     PMA-30                    0.04                                            

     Perfume Lilac 3965        0.36                                            

     Total                     100.00                                          

     ______________________________________                                    

PAR  Portions of the product of Example I and of the product above were placed
      in one quart bottles and in two ounce bottles equipped with functional
      applicators. Viscosity was determined by means of a Brookfield Viscometer
      initially and after thirty days. The results are set forth in Table I.
TBL                TABLE 1                                                     

     ______________________________________                                    

                      Viscosity                                                

                               (cps)                                           

                      Initial  30 days                                         

     ______________________________________                                    

     Composition of Example I                                                  

                        1353       1188                                        

     Composition of Example II                                                 

                        1287       6806                                        

     ______________________________________                                    

PAR  At the end of this time, expressing artificial ageing, the stabilized
      formula, of Example I, dispensed satisfactorily through the applicator and
      produced an excellent shine upon being buffed. The unstabilized product
      was very viscous and could not be dispensed satisfactorily through the
      applicator.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of stabilizing the viscosity of multi-component wax emulsion
      shoe polish compositions by incorporating from about 0.1% to about 1.0% by
      weight, of a stabilizer selected from the group consisting of compounds
      having the formula:
EQU  R--X--O--(C.sub.2 H.sub.4 O).sub.n --H
PAL  wherein R is an aliphatic group containing from about 9 to about 18 carbon
      atoms and X is selected from the group consisting of phenylene, carbonyl
      and a carbon to oxygen bond and n is a whole number from about 14 to about
      50 in an emulsion shoe polish composition consisting essentially of (a)
      from about 1.0 to 10.0% by weight of a wax; (b) up to about 1.0% by weight
      of a dimethyl polysiloxane having a viscosity in the range of about 200 to
      about 500 centistokes at 35.degree.C.; (c) from about 0.5% to about 2.0%
      by weight of an emulsifier selected from the class consisting of an alkali
      metal salt of a fatty acid having C.sub.10 to C.sub.22 carbons and an
      amine salt of a fatty acid having C.sub.10 to C.sub.22 carbons; (d) from
      about 0.5 to about 3% by weight of morpholine; (e) from about 0.1 to about
      1% by weight of a carboxy vinyl polymer; (f) from about 0.1 to about 1.0%
      by weight of triethanolamine; (g) up to about 5.0% of a dye; and (h) from
      about 20.0 to 95.0% by weight of water.
NUM  2.
PAR  2. The method according to claim 1 wherein said viscosity regulator is the
      condensation product of nonylphenol and about nine moles of ethyleneoxide;
      said wax is present in an amount between 2.0% to about 7.0% by weight;
      said dimethyl polysiloxane is present in an amount between 0.1 to about
      0.7% by weight; said emulsifier is present in an amount between about 0.7
      and 1.5% by weight; said carboxy vinyl polymer is present in an amount
      between about 0.2 to about 0.6% by weight; said triethanolamine is present
      in an amount between 0.2 and about 0.6% by weight; and said morpholine is
      present in an amount between about 0.95 and about 2% by weight.
NUM  3.
PAR  3. A method according to claim 1 wherein the carboxy vinyl polymer is a
      water-soluble polymer of acrylic acid crosslinked with 1% of a polyallyl
      ether of sucrose having an average of about 5.8 allyl groups for each
      molecule of sucrose.
NUM  4.
PAR  4. The method of claim 1 wherein said stabilizer is present in the amount
      ranging from about 0.4% to about 0.8% by weight.
NUM  5.
PAR  5. The method of claim 1 wherein said stabilizer is present in the amount
      of about 0.6% by weight.
NUM  6.
PAR  6. A multicomponent wax emulsion shoe polish composition consisting
      essentially of (a) about 0.1% to about 1.0% by weight of a viscosity
      stabilizer of the formula:
EQU  R--X--O--(C.sub.2 H.sub.4 O).sub.n --H wherein R is an aliphatic radical
      containing from 9 to 18 carbon atoms; X is selected from the group
      consisting of phenylene, carbonyl and a carbon to oxygen bond; and n is a
      whole number from about 12 to about 50; (b) from about 1.0 to 10.0% by
      weight of a wax; (c) up to about 1.0% by weight of a dimethyl polysiloxane
      having a viscosity in the range of about 200 to about 500 centistokes at
      35.degree.C.; (d) from about 0.5% to about 2.0% by weight of an emulsifier
      selected from the class consisting of a alkali metal salt of a fatty acid
      having C.sub.10 to C.sub.22 carbons and an amine salt of a fatty acid
      having C.sub.10 to C.sub.22 carbons; (e) from about 0.5 to about 3% by
      weight of morpholine; (f) from about 0.1 to about 1% by weight of a
      carboxy vinyl polymer; (g) from about 0.1 to about 1.0% by weight of
      triethanolamine; (h) up to about 5.0% of a dye; and (i) from about 20.0 to
      95.0% by weight of water.
NUM  7.
PAR  7. The composition according to claim 6 wherein said viscosity regulator is
      the condensation product of nonylphenol and about nine moles of
      ethyleneoxide; said wax is present in an amount between 2.0% to about 7.0%
      by weight; said dimethyl polysiloxane is present in an amount between 0.1
      to about 0.7% by weight; said emulsifier is present in an amount between
      about 0.7 and 1.5% by weight; said carboxy vinyl polymer is present in an
      amount between about 0.2 to about 0.6% by weight; said triethanolamine is
      present in an amount between 0.2 and about 0.6% by weight; and said
      morpholine is present in an amount between about 0.95 and about 2% by
      weight.
PATN
WKU  039310809
SRC  5
APN  4210956
APT  1
ART  142
APD  19731203
TTL  Aqueous aminoplast coating composition with polymers of fluorinated
      ethylene imines
ISD  19760106
NCL  15
ECL  1
EXA  Koeckert; Arthur H.
EXP  Tillman; Murray
INVT
NAM  Hammer; Klaus-Dieter
CTY  Mainz
CNT  DT
INVT
NAM  Heinrich; Wolfgang
CTY  Wiesbaden
CNT  DT
INVT
NAM  Hoffmann; Dieter
CTY  Bobingen
CNT  DT
INVT
NAM  Schuierer; Erich
CTY  Altotting
CNT  DT
ASSG
NAM  Hoechst Aktiengesellschaft
CTY  Frankfurt
CNT  DT
COD  03
PRIR
CNT  DT
APD  19721206
APN  2259613
CLAS
OCL  260 294R
XCL  260 292TN
XCL  260849
XCL  260859
XCL  260DIG19
XCL  428 91
XCL  428421
XCL  428425
XCL  428904
EDF  2
ICL  B23B 2740
ICL  B23B 2742
ICL  C08L 6134
ICL  C08L 7512
FSC  117
FSS  135.5
FSC  260
FSS  29.4 R
UREF
PNO  3491169
ISD  19700100
NAM  Raynolds et al.
OCL  260 29.4R
UREF
PNO  3652513
ISD  19720300
NAM  Gagliardi
OCL  260 80.3
UREF
PNO  3655732
ISD  19720400
NAM  Scriver
OCL  117135.5
UREF
PNO  3679634
ISD  19720700
NAM  Schuierer et al.
OCL  117135.5
UREF
PNO  3721700
ISD  19730300
NAM  Schuierer et al.
OCL  117121
LREP
FRM  Connolly and Hutz
ABST
PAL  An aqueous composition containing (A) an aminoplast precondensate, (B) a
      polymeric ethylene imine, the monomer of which is a reaction product of
      toluenediisocyanate a fluorinated alkanol and ethylene imine, which
      polymer is dispersed by means of a dispersant obtained by reacting said
      fluorinated alkanol, toluenediisocyanate and a polyethylene glycol, (C) a
      long-chain alkyl urea and (D) a cross-linking catalyst is useful for
      rendering a velvety suede-like polyurethane structure oil- and
      water-repellant.
BSUM
PAR  The present invention relates to compositions and a process for the
      oleophobic and hydrophobic finishing of flat and shaped structures of
      polyurethane having a velvety rough surface, especially multi-layer flat
      structures having at least one surface of polyurethane.
PAR  It is generally known that plastics surfaces have the tendency to acquire
      an electrostatic charge and thus attract dust and dirt from the
      environment. With roughened surfaces this is especially disadvantageous as
      the soiling deposits are difficult to remove by brushing or wiping. This
      undesired property is particularly disturbing with shoe and clothing
      material of synthetics having suede-like properties. Inspite of repeated
      cleaning such goods become rapidly mean-looking and lose their brilliancy
      of color.
PAR  This drawback can be remedied to a certain extent by providing the surface
      of such articles with an antistatic finish. But such a finish will not
      last since the applied antistatic agents are hydrophilic and water-soluble
      so that they do not withstand the attack of water and are soon washed off
      the surface. Moreover, substances of this type increase the wetting
      properties of the surface and thus in the case of relatively porous
      roughened sufaces the penetration of water from the outside is favored.
      This is an effect which is not at all desired with shoe and clothing
      material.
PAR  It has, therefore, been proposed to prevent the peneration of water into
      synthetic leather substitutes with velvety or suede-like surface by
      inserting a dense, compact and water impermeable polyurethane layer
      between the rough surface of said material and its textile supporting
      layer. Such a water impermeable interlayer prevents the water from
      penetrating from the outside, but simultaneously it forms an undesired
      blocking layer for water vapor and air hindering any exchange with the
      ambient atmosphere, which detrimentally affects the wearing comfort of
      shoes and garments made from materials of this type.
PAR  It is, therefore, the object of the present invention to render such a
      rough and suede-like surface of plastics material oil- and water-repellant
      in such a manner that it keeps these properties also after washing or
      dry-cleaning and simultaneously remains sufficiently permeable to water
      vapor and air.
PAR  The present invention provides an aqueous finishing composition to render
      oil- and water-repellant flat or shaped structures having a suede-like
      surface of a polyurethane layer, which composition comprises
PA1  A. 1 to 10 % by weight of an aminoplast precondensate capable of being
      cross-linked,
PA1  B. 0.1 to 3 % by weight of a fluorine-containing two-component system
      composed of
PA2  .beta..sub.1. a polymer of at least one fluorine-containing ethylene-imine
      of the formula
      ##SPC1##
PA2   in which R.sub.f represents a straight or branched, saturated
      perfluorocarbon chain of 6 to 10 carbon atoms and a is 1 or 2, dispersed
      in
PA2  .beta..sub.2. at least one fluorine-containing compound of the formula
      ##SPC2##
PA1   in which R'.sub.f represents a straight or branched, saturated
      perfluorocarbon chain of 5 to 7 carbon atoms, b is 1 or 2 and c is 18 to
      50 (corresponding to polyethylene glycol radicals of a mean molecular
      weight of about 800 to about 2,000)
PA1   the ratio of components .beta..sub.1 to .beta..sub.2 in component B being
      in the range of from 40 to 60 to 60 to 40 % by weight,
PA1  C. 0.05 to 2 % by weight of a urea derivative of the formula
      ##EQU1##
       in which R.sub.1 is a straight chain or branched alkyl radical of 8 to 24
      carbon atoms, R.sub.2, X.sub.1 and X.sub.2 each is hydrogen
      ##EQU2##
       the percentages by weight of (A), (B) and (C) being calculated on the
      total weight of the aqueous composition, and
PA1  D. 5 to 80 % by weight, calculated on the weight of (A) of a water-soluble
      inorganic cross-linking catalyst.
PAR  The aqueous finishing composition of the invention is applied to the
      surface to be rendered oil- and water-repellent in an amount of from 60 to
      150 g/m.sup.2, preferably 80 to 100 g/m.sup.2. Any known mode of
      application is suitable, for example padding (foularding) and preferably
      spraying. After application of the aqueous composition the flat or shaped
      structure is dried at a temperature of from 80.degree. to 140.degree.C,
      preferably 100.degree. to 120.degree.C, for example by ultrasonics or
      under reduced pressure, with infra-red radiation, or preferably in a
      drying closet operated with hot air. It is subsequently cured by a heat
      treatment at a temperature of from 100.degree. to 180.degree.C, preferably
      140.degree. to 160.degree.C for 30 seconds to 15 minutes, preferably 1 to
      5 minutes. Under the action of elevated temperatures, beginning during the
      drying period, the reactive components of the finishing composition
      undergo chemical reaction with curing of the forming coating on the
      surface of the structure to be finished.
PAR  Component (A) of the aqueous finishing composition of the invention
      consists of a precondensate of the group of known aminoplasts, i.e. a
      condensation product of a condensable amine component with an aldehyde,
      which precondensate is contained in the composition in an amount of from 1
      to 10, preferably 1 to 7.5 % by weight, calculated on the total weight of
      the aqueous composition. Especially suitable are precondensates
      consisting, on the one hand, of formaldehyde and, on the other, of
      melamine or the derivatives thereof, or urea and its derivatives (cf.
      Angew. Chemie 76 (1964), 909-919).
PAR  Besides melamine and urea the following compounds are preferred as amine
      components
      ##EQU3##
      in which R and R' each is a short chain alkyl radical of 1 to 4 carbon
      atoms, above all methyl and preferably hydrogen.
PAR  Besides the said usual aminoplast precondensates, all reaction products of
      the aforesaid amine components with low molecular aliphatic aldehydes,
      preferably formaldehyde, having a degree of condensation such that the
      condensates are still soluble in usual solvents, preferably water, are
      also encompassed by the term "precondensate".
PAR  In the porous coating forming on the surface the aminoplast component has
      the function of a binder and support in which the other components or the
      reaction products thereof are randomly distributed.
PAR  Component (B) consists of
PA1  .beta..sub.1. polymers of at least one fluorine-containing ethylene-imine
      of the formula
      ##SPC3##
PA1   in which R.sub.f is a straight or branched, saturated perfluorocarbon
      chain of 6 to 10 carbon atoms and a is 1 or 2 and
PA1  .beta..sub.2. at least one fluorine-containing compound of the formula
      ##SPC4##
PA1   in which R'.sub.f is a straight or branched, saturated perfluorocarbon
      chain of 5 to 7 carbon atoms, b is 1 or 2  and c is 18 to 50,
      corresponding to polyethylene glycol radicals having a mean molecular
      weight of about 800 to about 2,000. The fluorine-containing compounds
      (.beta..sub.1) and (.beta..sub.2) render the coating oil- and
      water-repellent, compound .beta..sub.2 having the additional function to
      transform the water-insoluble .beta..sub.1 polymers into stable aqueous
      dispersions.
PAR  These two classes of compounds, their manufacture and application in
      textile finishing are described in U.S. Pat. NO. 3,721,700. Polymers of
      compounds .beta..sub.1 are further described in U.S. Pat. No. 3,679,634.
PAR  The ratio of .beta..sub.1 to .beta..sub.2 in component (B) is in the range
      of from 40 : 60 to 60 : 40 % by weight, a ratio of 50 : 50 being
      preferred. In its manufacture component (B) is obtained in the form of an
      aqueous dispersion containing .beta..sub.1 + .beta..sub.2 in an amount of
      from 10 to 30, preferably 25 % by weight, calculated on the total weight
      of the dispersion. Compound B is preferably added to the aqueous finishing
      composition of the invention in the form of such an aqueous dispersion,
      the amount being calculated on the intended quantity.
PAR  In the polymerization of fluorine-containing ethylene-imines of group
      .beta..sub.1 those are preferably used in which the radical R.sub.f has a
      chain length of 7 to 8 carbon atoms in straight or branched arrangement or
      mixtures thereof, or mixtures with radicals R.sub.f having a chain length
      of 6 to 10 carbon atoms containing a preponderant proportion of C.sub.7
      and/or C.sub.8 groups. Especially preferred fluorine-containing
      polyethylene glycol derivatives of formula .beta..sub.2 are those in which
      the number of polyethylene glycol radicals c is in the range of from 23 to
      46, corresponding to a mean molecular weight of 1,000 to 2,000.
      Polyethylene glycol radicals having a mean molecular weight of 1,000 have
      proved particularly advantageous.
PAR  Owing to their extremely intensive effect the perfluorinated compounds of
      component (B) can be used in a relatively small amount, their proportion
      in the total aqueous finishing composition being 0.1 to 3, preferably 0.2
      to 0.7 % by weight.
PAR  The composition of the invention further contains a component (C) which
      shall confer upon the velvety, suede-like surface a pleasant handle. It is
      composed of urea derivatives of the formula
      ##EQU4##
      in which R.sub.1 is a branched, preferably, however, straight chain,
      generally unsubstituted alkyl radical of 8 to 24, preferably 12 to 22
      carbon atoms, R.sub.2 X.sub.1 and X.sub.2 each is hydrogen or CH.sub.2 OH,
      or X.sub.1 and X.sub.2 together are
      ##EQU5##
      This class of compounds has a fat-like consistency and is easy to
      incorporate into the total system. Preferred compounds of this class are
      stearyltrimethylolurea and octadecyl-ethylene-urea. Such urea derivatives
      are described in U.S. Pat. Nos. 2,222,208 and 2,312,863. Component (C) is
      introduced into the finishing composition of the invention in an amount of
      from 0.05 to 2 % by weight, preferably 0.1 to 1.5 % by weight, calculated
      on the total weight thereof.
PAR  For cross-linking the composition of the invention contains a suitable
      catalyst, the amount of which is dependent on the weight of the aminoplast
      precondensate, being in the range of from 5 to 80 % by weight, preferably
      10 to 60 % by weight of component (A). Suitable cross-linking catalysts
      are inorganic water-soluble salts of the known group of acid condensation
      catalysts, especially ammonium chloride, magnesium chloride, zinc
      chloride, zinc nitrate, Zn(BF.sub.4).sub.2 or AlCl.sub.3.
PAR  The aqueous finishing composition of the invention is prepared by intensely
      mixing
PA1  an aqueous solution containing 30 to 70 and preferably 50 % by weight of
      component (A),
PA1  an aqueous dispersion containing 10 to 30 and preferably 25 % by weight of
      component (B),
PA1  an aqueous dispersion containing 10 to 30 and preferably 20 % by weight of
      component (C) with
PA1  an aqueous solution of 40 to 60 and preferably 50 % by weight of component
      (D),
PAL  depensing on the intended composition the proportions being chosen within
      the indicated limits for the total system. Alternatively, the finishing
      liquid can be prepared by introducing with stirring components (A), (C)
      and (D) in pure form and in appropriate proportions into the aqueous
      dispersion of component (B), thoroughly mixing the total system and
      adjusting the desired concentration by the addition of water.
PAR  For fine, velvety surfaces of a polyurethane layer liquid finishing
      compositions should preferably be used containing a higher amount of
      component (A) than for finishing rough, velvety surfaces. To finish finer
      velvety surfaces a composition containing 3 to 7.5 % by weight of
      component (A), 0.2 to 3 % by weight of component (B) and 0.1 to 1.5 % by
      weight of component C, each time calculated on the the total weight of the
      aqueous liquid, is especially suitable. With velvety surfaces having
      coarse pores and a long nap the irregularities of the surface cannot be
      compensated by a coating. In this case very good oleophobic and
      hydrophobic effects are obtained by coating the individual fibers or the
      pores of the said layer with a very thin coating; this means that the
      amount of component A in the finishing composition is reduced. Under such
      conditions a composition containing 1 to 3 % by weight of component (A),
      0.2 to 3 % by weight of component (B) and 0.1 to 0.5 % by weight of
      component (C), calculated on the total weight of the aqueous composition,
      proved especially advantageous.
PAR  The aqueous finishing composition according to the invention is applied to
      the surface to be finished in an amount of from 60 to 150 g/m.sup.2,
      preferably 80 to 100 g/m.sup.2 (weight of used liquid) by known methods.
      All processes commonly used in textile finishing are suitable, for example
      dipping, rolling, padding, and preferably spraying. During the heat
      treatment under the conditions specified above, the reactive components
      are cured on the surface of the flat structure to be finished. The formed
      coating surprisingly adheres so firmly to the substratum that it is not
      removed even after repeated washing or dry-cleaning of the finished
      material.
PAR  By the use of the composition of the invention rough velvety surfaces of
      polyurethane layers, especially synthetic materials with leather-like
      characteristics, can be provided with properties which greatly improve the
      wearing behaviour and comfort when the materials are used for producing
      shoes and clothing. Above all, the coating formed with the composition
      does not reduce the permeability to water vapor and air the material
      possesses in itself. Additionally, the water repellent effect is so
      intensive that even after prolonged dynamic stress, for example by
      dilatation and compression, for instance with shoes on walking, or by
      friction, water cannot penetrate from the outside. It is thus possible to
      produce a material having pores and capillaries that are so large that the
      moisture given off by the feet or the body can be quantitatively
      transported to the outside. The moisture transport is promoted by the
      hydrophilic urethane, ether, and ester groups and the free terminal
      groups, such as amino and carboxy groups, of the material. Hence, the
      water vapor can rapidly migrate to the outside by a kind of bridge
      mechanism over the hydrophilic pore surface. The diffusion of air (venting
      poperty) through the pores and capillaries of the material is not
      hindered.
PAR  On the other hand, the penetration of water from the outside through the
      surface into the interior of the material is fully excluded even with
      strong mechanical stress. There is no detrimental effect of a barring
      layer placed under the rough surface which, furthermore, would raise the
      price of the material.
PAR  Agents used for finishing suede or velour leather of natural material are
      unsuitable for finishing the aforesaid synthetic materials on the basis of
      polyurethane and they do not confer on the latter the indicated favorable
      properties. Adhering finishings having a sufficient wear resistance cannot
      be obtained therewith. The advantageous effect of the finishing
      composition of the invention is apparently due, at least to a certain
      extent, to the chemical relationship of the formed coating with the
      surface of the material. This results in a further decisive advantage, the
      finish obtained is permanent and outlasts the service life of the
      material. The permanence and the film formation of the finish have the
      further advantage that a fashionable print on the rough surface is
      permanently protected against abrasion.
PAR  The finish obtained prevents the dirt from adhering to the surface and oil,
      fat and other stains can be readily wiped off with a cloth. The brilliancy
      of color of the material is maintained.
PAR  In addition, the finishing film has certain antistatic properties, whereby
      soiling is further diminished. The plasticizing, fat-like component of the
      finishing composition improves the hydrophobic effect and additionally
      confers a soft and pleasant handle on the originally strawy and hard
      surface of a roughened polyurethane surface.
PAR  The finishing composition of the invention can be used for the most various
      flat and shaped structures on the basis of poly-urethane having a rough
      suede-like or velvety surface, independent of whether the structures are
      made of one or several layers. The material finished according to the
      invention is used as upper leather for shoes, for clothing, for making
      bags and as upholstery and covering material.
DETD
PAR  The following examples illustrate the invention, the parts and percentages
      are by weight unless otherwise stated.
PA0  I) finishing of polyurethane layers having a fine velvety suede-like
      surface
PAC  EXAMPLE 1
PAR  The finishing composition used contained per liter of water
PA1  A. 80 grams of a 50 % aqueous dispersion of melamineformaldehyde
      precondensate,
PA1  B. 15 grams of a dispersion of fluorine-containing substances containing
PA2  .beta..sub.1. 12.5 % of a polymer of
      ##SPC5##
EQU  R.sub.f = C.sub.6 F.sub.13 : 8F.sub.17 : C.sub.10 F.sub.21 = 1 : 1 : 1
PA2   in which R.sub.f is C.sub.6 F.sub.13 : C.sub.8 F.sub.17 : C.sub.10
      F.sub.21 in a ratio of 1 : 1 : 1
PA2  .beta..sub.2. 12.5 % of
      ##SPC6##
PA2   and 75 % of water,
PA1  C. 8 grams of a 22 % aqueous dispersion of octadecylethylene-urea
      ((N-octadecylcarbamoyl)-ethylene-imine) and
PA1  D. 10 grams of magnesium chloride.
PAL  The finishing composition was uniformly sprayed in an amount of 100
      g/m.sup.2 onto the velvety surface of a polyurethane layer, which
      constituted the visible upper layer of a synthetic material with
      leater-like properties composed of a chemically bonded non woven fleece
      support and a microporous polyurethane layer with a velvety outer surface.
PAR  To remove the volatile portion of the finishing composition the flat
      structure was dried in a drying closet heated to 120.degree. with hot air.
      After drying, the structure was exposed for 2 minutes to a radiation with
      an infra-red radiator at 150.degree.C.
PAR  The finished surface had a pleasant soft handle, an initial oil repellency
      of 130 and an initial water repellency of 80. In the present as well as in
      the following examples the oil repellency was tested according to the 3M
      test and the water repellency according to the AATCC test 22-1952, as
      described for example in U.S. Pat. No. 3,362,782, column 4.
PAC  EXAMPLE 2
PAR  The finishing composition used contained per liter of water:
PA1  A. 100 grams of a 50 % aqueous dispersion of urea-formaldehyde
      precondensate,
PA1  B. 20 grams of a dispersion of two fluorine-containing components of the
      same composition as in Example 1,
PA1  C. 10 grams of a 22 % aqueous dispersion of octadecylethylene-urea and
PA1  D. 8 grams of ammonium chloride.
PAR  The material to be treated and the finishing and drying conditions were the
      same as in Example 1. The final heat treatment was carried out for 5
      minutes at 150.degree.C. The surface had an initial oil repellency of 130
      and an initial water repellency of 90.
PAC  EXAMPLE 3
PAR  The finishing composition contained per liter of water
PA1  A. 80 grams of a 50 % aqueous dispersion of urea-formaldehyde
      precondensate,
PA1  B. 15 grams of a dispersion of fluorine-containing components as defined in
      Example 1,
PA1  C. 10 grams of a 22 % aqueous dispersion of octadecyltrimethylol urea, and
PA1  D. 10 grams of magnesium chloride.
PAR  The finish was applied under the conditions of Example 2. The initial oil
      repellency was 120 and the initial water repellency 80.
PA0  Ii. finishing of polyurethane layers having a velvety suede-like surface
      with coarse pores.
PAC  EXAMPLE 4
PAR  The finishing composition contained per liter of water:
PA1  A. 30 grams of a 50 % aqueous dispersion of melamineformaldehyde
      precondensate,
PA1  B. 15 grams of a dispersion of fluorine-containing compounds as defined in
      Example 1,
PA1  C. 10 grams of a 22 % aqueous dispersion of octadecylethylene urea and
PA1  D. 8 grams of magnesium chloride.
PAL  The finishing composition was applied to a polyurethane layer the surface
      of which differed from that of Example 1 by coarser pores and a longer
      nap. The finishing and drying conditions were the same as in Example 1.
      After drying the structure was heated for 5 minutes to 150.degree.C in a
      drying closet operated with hot air.
PAR  The treated surface was soft and had a pleasant handle. Its initial oil
      repellency was 140, the water repellency amounted to 90.
PAC  EXAMPLE 5
PAR  The finishing composition contained per liter of water:
PA1  A. 20 grams of a 50 % aqueous dispersion of melamine-formaldehyde
      precondensate,
PA1  B. 20 grams of a dispersion of fluorine-containing compounds as specified
      in Example 1,
PA1  C. 8 grams of a 22 % aqueous dispersion of octadecylethylene-urea and
PA1  D. 8 grams of ammonium chloride.
PAR  Finishing and drying were carried out under the conditions of Example 1,
      the thermal after treatment was performed for 5 minutes at 150.degree.C.
      The initial oil repellency was 120, the initial water repellency was 70.
PAC  EXAMPLE 6
PAR  The finishing composition contained per liter of water:
PA1  A. 30 grams of a 50 % aqueous dispersion of urea-formaldehyde
      precondensate,
PA1  B. 25 grams of a dispersion of fluorine-containing components as specified
      in Example 1,
PA1  C. 8 grams of a 22 % aqueous dispersion of octadecyltrimethylol-urea and
PA1  D. 8 grams of magnesium chloride.
PAR  The finishing conditions were the same as in Example 1. The material had an
      initial oil repellency of 130 and an initial water repellency of 80.
PAC  EXAMPLE 7
PAR  The finishing liquid contained per liter of water:
PA1  A. 40 grams of a 50 % aqueous dispersion of melamineformaldehyde
      precondensate,
PA1  B. 25 grams of a dispersion of fluorine-containing components as specified
      in Example 1,
PA1  C. 8 grams of a 22 % aqueous dispersion of octadecylethylene urea and
PA1  D. 10 grams of magnesium chloride.
PAR  The finishing conditions were the same as in Example 1, the initial oil
      repellency was 120, the initial water repellency 70.
PA0  Iii) the following examples illustrate the fastness of the finish to
      washing and dry-cleaning.
PAC  EXAMPLE 8
PAR  The finishing composition contained per liter of water
PA1  A. 80 grams of a 50 % aqueous dispersion of urea-formaldehyde
      precondensate,
PA1  B. 15 grams of a dispersion of fluorine-containing components as specified
      in Example 1,
PA1  C. 5 grams of a 22 % aqueous dispersion of octadecylethylene-urea and
PA1  D. 8 grams of magnesium chloride.
PAR  The liquid was sprayed in an amount of 100 g/m.sup.2 on a finely porous
      velvety surface of a polyurethane layer, dried at 120.degree.C and cured
      for 5 minutes at 150.degree.C. The following finishing values were
      obtained:
TBL         oil repellency                                                     

                      oil repellency                                           

                                  oil repellency                               

                      after 1 cold                                             

                                  after 1 hot                                  

            unwashed  washing     washing                                      

     ______________________________________                                    

     3 M-test 140         100         90                                       

     AATCC-test                                                                

              7           5           4                                        

     188/1966                                                                  

     water repellency according to AATCC 22/1952   90                          

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  The finishing composition contained per liter of water
PA1  A. 40 grams of a 50 % aqueous dispersion of melamine-formaldehyde
      precondensate
PA1  B. 25 grams of a dispersion of fluorine-containing components as specified
      in Example 1,
PA1  C. 10 grams of a 22 % aqueous dispersion of octadecylethylene-urea and
PA1  D. 10 grams of magnesium chloride,
PAR  A suede-like surface having coarse pores of a polyurethane layer was
      treated with the finishing composition as described in Example 8. The
      following values were measured:
TBL               unwashed     cold washing                                    

                               1 .times.   5 .times.                           

     oil repellency                                                            

     (3 M-test)     130        130  120                                        

     ______________________________________                                    

                  hot washing  dry-cleaning                                    

                   1 .times.   5 .times.                                       

                               1 .times.   5 .times.                           

     oil repellency                                                            

     (3 M-test)   130   110    120   110                                       

     ______________________________________                                    

                  unwashed     cold washing                                    

                               1 .times.   5 .times.                           

     oil repellency                                                            

     (AATCC-test                                                               

     188/1966)    7            7   6                                           

     ______________________________________                                    

                  hot washing  dry-cleaning                                    

                  1 .times.   5 .times.                                        

                               1 .times.   5 .times.                           

     oil repellency                                                            

     (AATCC-test                                                               

     188/1966)    7    6       5 to 6  5                                       

     ______________________________________                                    

                  unwashed  hot washing                                        

                                       dry-cleaning                            

                            5 .times.  5 .times.                               

     water repellency                                                          

     (Spray test) 70 to 80  50 to 70   50 to 70                                

     AATCC 22/1952                                                             

     ______________________________________                                    

PAR  Washing a dry-cleaning in Examples 8 and 9 were carried out under the
      following conditions:
PAR  Cold washing:
PAR  The samples were shaken and washed for 30 minutes in a commercial mild
      (light duty) detergent (5 g/l, goods to liquor ratio 1 : 10) in a
      Kottermann shaking apparatus of the type 4020 having a shaking frequency
      of 300 to and fro movements per minute (oscillation width 26 mm) and then
      rinsed for 5 minutes with tap water at room-temperature.
PAR  Hot washing:
PAR  In a household washing machine the samples were washed at 60.degree.C
      together with polyester-cotton fabric as ballast in an amount to bring the
      load to 1.5 kg, using 140 g of a commercial heavy duty detergent. The
      samples were then dried at 50.degree.C.
PAR  Dry-cleaning:
PAR  The samples were shaken for 10 minutes at about 25.degree.C in
      perchloroethylene containing 1 % of a commercial cleaning promotor (high
      molecular weight condensation product on the basis of natural fatty acid
      amide derivatives) at a goods to liquor ratio of 1 : 10 in a Kottermann
      shaking apparatus of the type 4020 having a shaking frequency of 300
      movements per minute and an oscillation width of 26 mm. The samples were
      then dried at 50.degree.C.
PAC  COMPARATIVE EXAMPLE
PAR  The finely porous suede-like surface of a polyurethane layer was treated
      with a finishing composition composed as in Example 1, with the exception
      that component B consisted of 15 grams of a 40 % aqueous dispersion of the
      polymer of fluoroalkyl acrylate of the formula C.sub.7 F.sub.15 CH.sub.2
      OCO.sup.. CH=CH.sub.2. The finishing conditions were the same as in
      Example 1. The initial oil repellency of the material was 70 and the
      initial water repellency 50 to 60.
CLMS
STM  We claim:
NUM  1.
PAR  1. An aqueous composition of matter for the treatment of structures of
      polyurethane having a velvety surface comprising
PA1  A. about 1 to about 10 % by weight of a water soluble aminoplast
      precondensate,
PA1  B. about 0.1 to about 3 % by weight of a dispersion of a polymer consisting
      essentially of recurring units of the formula
      ##SPC7##
PAL  in which R.sub.f is perfluoroalkyl of 6 to 10 carbon atoms and a is 1 or 2,
      which polymer is dispersed in a dispersant of the formula
      ##SPC8##
PAL  in which R'.sub.f is perfluoroalkyl of 5 to 7 carbon atoms, b is 1 or 2 and
      c is a number of about 18 to about 50, in which dispersion the ratio by
      weight of polymer to dispersant is from about 40 : 60 to about 60 : 40,
PA1  C. about 0.05 to about 2 % by weight of a urea of the formula
      ##EQU6##
      in which R.sub.1 is alkyl of 8 to 24 carbon atoms, R.sub.2, X.sub.1 and
      X.sub.2 each is hydrogen or hydroxymethyl or X.sub.1 and X.sub.2 together
      are ethylene, and
PA1  D. about 0.05 to about 8 % by weight of a water soluble inorganic acidic
      cross-linking condensation catalyst.
NUM  2.
PAR  2. An aqueous compostion as defined in claim 1, consisting essentially of
PA1  about 1 to about 7.5 % by weight of (A),
PA1  about 0.2 to about 3 % by weight of (B),
PA1  about 0.1 to about 1.5 % by weight of (C) and
PA1  about 0.1 to about 6 % by weight of (D).
NUM  3.
PAR  3. A composition as defined in claim 1, consisting of
PA1  3 to 7.5 % by weight of (A),
PA1  0.2 to 3 % by weight of (B),
PA1  0.1 to 1.5 % by weight of (C),
PA1  0.3 to 4.5 % by weight of (D),
PAL  the balance to 100 % by weight being water.
NUM  4.
PAR  4. A composition as defined in claim 1, consisting of
PA1  1 to 3 % by weight of (A),
PA1  0.2 to 3 % by weight of (B),
PA1  0.1 to 0.5 % by weight of (C),
PA1  0.1 to 1.8 % by weight of (D),
PAL  the balance to 100 % by weight being water.
NUM  5.
PAR  5. A composition as defined in claim 1, wherein the amount of (D) is 5 to
      80 % by weight of the amount of (A).
NUM  6.
PAR  6. A composition as defined in claim 1, wherein the amount of (D) is 10 to
      60 % by weight of the amount of (A).
NUM  7.
PAR  7. A composition as defined in claim 1, wherein in component (B) the ratio
      by weight of polymer to dispersant is 50 : 50.
NUM  8.
PAR  8. A composition as defined in claim 1, wherein (A) is a condensation
      product of formaldehyde with melamine, urea or a compound of the formula
      ##EQU7##
      in which R and R' are hydrogen or lower alkyl.
NUM  9.
PAR  9. A composition as defined in claim 1, wherein (A) is a water-soluble
      precondensate of formaldehyde and urea or melamine.
NUM  10.
PAR  10. A composition as defined in claim 1, wherein the polymer in (B) is a
      homopolymer or mixed polymer having a straight or branched per-fluoroalkyl
      of 7 to 8 carbon atoms on an average.
NUM  11.
PAR  11. A composition as defined in claim 1, wherein the dispersant in (B) is a
      polyethylene glycol chain the value c of which is about 23 to about 46.
NUM  12.
PAR  12. A composition as defined in claim 1, wherein (B) is a mixture of equal
      parts by weight of a mixed polymer consisting of recurring units of the
      formula
      ##SPC9##
PAL  in which R.sub.f is n-C.sub. 6 F.sub.13, n-C.sub. 8 F.sub.17 and n-C.sub.10
      F.sub.21, which units are contained in the molecule in about equal parts
      by weight, and
PAL  a dispersant of the formula
      ##SPC10##
NUM  13.
PAR  13. A composition as defined in claim 1, wherein (C) is stearyl trimethylol
      urea or N-stearyl - N', N'-ethylene-urea.
NUM  14.
PAR  14. A composition as defined in claim 1, wherein D is ammonium chloride,
      magnesium chloride, zinc chloride, zinc nitrate, zinc fluoborate or
      aluminum chloride.
NUM  15.
PAR  15. A composition as defined in claim 14, wherein D is ammonium or
      magnesium chloride.
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ABST
PAL  Improved flameproof moulding compositions, which are based on polyolefins
      and made from a pulverulent blend comprising a polyolefin as its essential
      ingredient and a plurality of flame-retardant ingredients. The
      flame-retardant ingredients comprise red phosphorus and at least one
      organic nitrogen compound which carbonizes after inflammation. The
      moulding compositions contain the flame-retardant ingredients in a total
      proportion of at most about 30 weight %. Red phosphorus and organic
      nitrogen compound are used in a quantitative ratio between 99:1 and 1:99.
PAL  The improved moulding compositions contain as a stabilizer
PA1  A. between about 1 and 10 weight % of amidosulfonic acid or ammonium
      bisulfate, based on the total quantity of the flame-retardant ingredients,
      or
PA1  B. between about 5 and 15 weight % of a paraffin oil having a density
      between about 0.83 and 0.88 g/cc and a viscosity between about 15 and 380
      centipoises, or of a mineral oil boiling within the range 170.degree. and
      350.degree.C, or of a silicon oil, based on the quantity of red
      phosphorus, or
PA1  C. between about 20 and 50 weight % of pentaerythritol, based on the
      quantity of organic nitrogen compound.
BSUM
PAR  The present invention relates to an improvement in, or modification of, the
      polyolefin-based moulding compositions described in copending, commonly
      assigned patent application Ser. no. 362,517, filed May 21, 1973, the
      contents of which are incorporated herein by reference, the improvement
      consisting in adding a stabilizer inhibiting the evolution of hydrogen
      phosphide during the thermal processing of the moulding compositions.
PAR  Patent application Ser. No. 362,517 describes flameproof moulding
      compositions, which are based on polyolefins and made from a pulverulent
      blend comprising a polyolefin as its essential ingredient and plurality of
      flame retardant ingredients, the said flameproof moulding compositions
      containing, as the flame-retardant ingredients, red phosphorous and at
      least one organic nitrogen compound, which carbonizes after inflammation,
      in a total proportion of at most about 30 weight %, the red phosphorous
      and the organic nitrogen compound being used in a quantitative ratio
      between 99:1 and 1:99.
PAR  The polyolefins, which can be rendered flameproof include high pressure and
      low pressure polyethylenes or polypropylene, for example.
PAR  The moulding compositions preferably contain red phosphorus and the fine
      particulate organic nitrogen compound in the form of particles having a
      size of at most 200 microns, more preferably of at most 75 microns. The
      organic nitrogen compound may be selected, for example, from melamine or
      polyacrylonitrile having a molecular weight between 15,000 and 250,000 or
      a chain length between 280 and 4,700.
PAR  The moulding compositions preferably contain the flame-retardant
      ingredients in a total proportion substantially between 10 and 30 weight
      %. Particularly good flameproofing effects are produced by the use of red
      phosphorus and organic nitrogen compound in a quantitative ratio between
      70:30 to 30:70, preferably 50:50.
PAR  It is a particular advantage of the above moulding compositions that
      relatively minor proportions of the blend of halogen-free flame-retardant
      agents are needed for achieving good flameproofing effects. As a result,
      the mechanical and rheological properties of the plastics are
      substantially not affected. Certain properties, for example the ball
      indentation hardness, are even improved.
PAR  The blend of pulverulent flame-retardant agents is preferably incorporated
      mechanically into the plastics so as to ensure an optimum degree of
      distribution therein. Use can be made, for example, of a closable intense
      mixer for the homogeneous distribution of the blend of flame-retardant
      agents in the pulverulent plastics.
PAR  The above flameproof moulding compositions were processed under commercial
      conditions in an extruder at normal processing temperatures within the
      range of about 170.degree. and 230.degree.C. This gave rise to the
      evolution of hydrogen phosphide which has an unpleasant smell
      incommodating the operating personnel. The average hydrogen phosphide
      concentration identified just downstream of the extruder die relief was
      considerably above the maximum allowable value -- also termed MAV-value --
      set to  0.1 part per million by "Kommission zur Pruefung
      gesundheitsschaedlicher Stoffe der Deutschen Forschungsgmeinschaft".
PAR  In accordance with the present invention, we have unexpectedly discovered
      that the undesirable evolution of hydrogen phosphide, which occurs on
      processing the moulding compositions, can be considerably diminished by
      incorporating certain stabilizing substances into the blend of
      flame-retardant agents in the moulding compositions.
PAR  The present invention provides more particularly improved flameproof
      moulding compositions, which are based on polyolefins and made from a
      pulverulent blend comprising a polyolefin as its essential ingredient and
      a plurality of flame-retardant ingredients, the said flameproof moulding
      compositions containing, as the flame-retardant ingredients, red
      phosphorus and at least one organic nitrogen compound, which carbonizes
      after inflammation, in a total proportion of at most about 30 weight %,
      the red phosphorus and the organic nitrogen compound being used in a
      quantitative ratio between 99:1 and 1:99, in accordance with patent
      application Ser. No. 362,517 filed May 21, 1973, the contents of which are
      incorporated herein by reference, the improved moulding compositions
      containing as a stabilizer
PA1  a. between about 1 and 10 weight % of amidosulfonic acid or ammonium
      bisulfate, based on the total quantity of the flame-retardant ingredients,
      or
PA1  b. between about 5 and 15 weight % of a paraffin oil having a density
      between about 0.83 and 0.88 g/cc and a viscosity between about 15 and 380
      centipoises,  or of a mineral oil boiling at temperatures within the range
      about 170.degree. and 350.degree.C, or of a silicon oil, based on the
      quantity of red phosphorus, or
PA1  c. between about 20 and 50 weight % of pentaerythritol, based on the
      quantity of organic nitrogen compound, or a mixture of the above (a), (b)
      and (c) stabilizers.
PAR  In those cases in which the stabilizer is a silicon oil, it has been found
      advantageous to use the silicon-polyether block copolymer U 119 of
      Wacker-Chemie GmbH, Munchen.
PAR  The stabilizers of the present invention should preferably be incorporated
      with the moulding compositions by first blending the flame-retardant
      ingredients with the stabilizers and thereafter mixing the pulverulent
      plastics mechanically with the blend so made. In those cases in which a
      liquid stabilizer, e.g. a paraffin mineral oil or silicon oil, is used, it
      is good practice to only mix the stabilizer with red phosphorus and absorb
      it therein, whereby the red phosphorus is desensitized. Following this, a
      blend of desensitized red phosphorus and organic nitrogen compound and
      further stabilizers, if desired, is incorporated into the pulverulent
      plastics.
PAR  By the addition of the present stabilizers to the moulding compositions, it
      is possible for them to be processed mechanically at elevated temperatures
      substantially without any significant evolution of hydrogen phosphide
      injurious to the health of the operating personnel.
DETD
PAR  The following Example and Table illustrate the efficiency  of the
      stabilizers of the present invention.
PAC  EXAMPLE
PAR  17 specimens of low-pressure polyethylene, which was rendered flameproof by
      means of pulverulent red phosphorus and melamine and polyacrylonitrile,
      respectively, and stabilized with different proportions of the present
      stabilizers, were prepared in a series of tests. To this end, the
      pulverulent plastics, flame-retardant ingredient and stabilizer were
      intimately blended together in an intense mixer and the resulting blend
      was extruded through a small extruder provided with a short compression
      screw. In those cases in which a liquid stabilizer, e.g. a paraffin oil,
      mineral oil or silicon oil, was used, it was first blended with red
      phosphorus and the resulting blend was then delivered to the intense
      mixer. The compression screw of the extruder rotated at a speed of 80 rpm,
      at a cylinder inlet temperature between 160.degree. and 190.degree.C, and
      a die temperature of 190.degree.C. The moulding composition issued from
      the die relief in the form of a filament which was reduced to granules. To
      determine the hydrogen phosphide evolved during the extrusion, a glass
      funnel was placed just downstream of the die relief in such a manner that
      the funnel's open side faced the die relief. Hydrogen phosphide which was
      evolved during the extrusion was collected in the funnel and removed
      through a conduit opening into the funnel. By means of a gas detector,
      model 21/31 (a product of Draeger company, Luebeck) and with the use of a
      little pipe for the selective determination of hydrogen phosphide (a
      product of Draeger company, Luebeck), the PH.sub.3 -concentration was
      identified in the funnel just above the clie relief. This was indicated by
      a color change in a coloration zone within the pipe. The PH.sub.3
      -concentration is directly readable on a scale printed on the pipe. The
      results obtained in each particular case are indicated in the Table
      hereinafter.
PAR  The flammability of the flame-retardant moulding compositions was tested on
      test tapes 1.28 cm wide and 4 mm thick, made from the individual
      specimens. They were cut out from compressed sheets. The sheets were made
      by compressing the granulated polyethylene in a steam-heated hydraulic
      press at 180.degree.C under a pressure of 50 kg/sqcm.
PAR  The burn-up tests were made in accordance with ASTM-D 635-68. The results
      obtained are indicated in the following Table 1, wherein the various
      abbreviations have the following meanings.
TBL  ______________________________________                                    

     PE       =     Parts by weight of low pressure polyethylene; melt index   

                    (i.sub.5): 19.6; density: 0.965 g/cubic centimeter.        

     P        =     Parts by weight of particulate red phosphorus with a size  

                    of at most 100 microns.                                    

     M        =     Parts by weight of particulate melamine with a size of at  

                    most 100 microns.                                          

     PAN      =     Parts by weight of polyacrylonitrile with a molecular      

                    weight of 150,000 or a chain length of 2,800.              

     S        =     Parts by weight of stabilizer                              

     PH.sub.3 =     Hydrogen phosphide concentration in parts per million      

     Column B.sub.1                                                            

              =     Burn-up length until self-extinction in mm.                

     Column B.sub.2                                                            

              =     Burn-up time until self-extinction in seconds              

     Column C =     Non-flammability of test tape (+).                         

     ______________________________________                                    

PAR  The stabilizers listed in column S of the Table have the following
      properties:
PA0  Paraffin oil: density 0.88 g/cc; viscosity up to 18.degree.C: 380
      centipoises
PA0  Mineral oil: boiling range between 280.degree. and 350.degree.C.
PA0  Silicon oil: water-soluble silicon-polyether block copolymer U 119 of
      Wacker-Chemie GmbH, Munich; density (25.degree.C) 1.04 g/cc; viscosity at
      20.degree.C =, 1 100 centipoises.
PAR  To demonstrate the stabilizer efficiency, specimens 1 and 13 were kept free
      from stabilizer. As results from the Table, by the addition of the
      stabilizers of the present invention to the moulding compositions, it is
      possible to reduce the evolution of PH.sub.3 considerably during extrusion
      substantially without any significant modification of their behaviour in
      the burn-up test.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Specimen                                                                  

          PE P M   PAN     S         PH.sub.3                                  

                                          Burn-up test(ASTM D 635-68)          

     No.                                  B.sub.1                              

                                                B.sub.2                        

                                                    C                          

     __________________________________________________________________________

     1    90 5 5   --      --        2.4  --    --  +                          

     __________________________________________________________________________

     2    90 5 4.9 --    0.1 (NH.sub.4)HSO.sub.4                               

                                     0.3  --    --  +                          

     3    90 5 4.8 --    0.2  "      0.1  --    --  +                          

     4    90 5 4.9 --    0.1 SO.sub.3 H.NH.sub.2                               

                                     0.5  --    --  +                          

     5    90 5 4.8 --    0.2  "      0.3  --    --  +                          

     6    90 5 3.5 --    1.5 pentaerythritol                                   

                                     0.2  --    --  +                          

     7    90 5 2.5 --    2.5  "      0.1  --    --  +                          

     8    90 5 4.5 --    0.5 Paraffin oil                                      

                                     0.2  3     38  -                          

     9    90 5 4.5 --    0.5 Mineral oil                                       

                                     0.3  5     56  -                          

     10   90 5 4.5 --    0.5 Silicon oil                                       

                                     0.3  4     45  -                          

     11   90 5 4.3 --    0.2 (NH.sub.4)HSO.sub.4                               

                                     &lt;0.05                                     

                                          2     24  -                          

                         0.5 Paraffin oil                                      

     12   90 5 4.3 --    0.2 SO.sub.3 H.NH.sub.2                               

                                     &lt;0.05                                     

                                          2     28  -                          

                         0.5 Paraffin oil                                      

     __________________________________________________________________________

     13   90 5 --  5     --          1.6  7     75  -                          

     __________________________________________________________________________

     14   90 5 --  4.8   0.2 SO.sub.3 H.NH.sub.2                               

                                     0.3  8     83  -                          

     15   90 5 --  2.5   2.5 Pentaerythritol                                   

                                     0.1  8     78  -                          

     16   90 5 --  4.5   0.5 Paraffin oil                                      

                                     0.15 10    101 -                          

     17   90 5 --  4.3   0.2 SO.sub.3 H.NH.sub.2                               

                                     &lt;0.05                                     

                                          9     87  -                          

                         0.5 Paraffin oil                                      

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. Improved flameproof moulding composition, comprising a pulverulent blend
      of a polyolefin and a plurality of flame retardants consisting of, in
      addition to red phosphorus, at least one organic nitrogen compound,
      selected from the group consisting of melamine and polyacrylonitrile, the
      amount of flame retardants being about 10-3o weight % of said composition,
      the quantitative ratio of red phosphorus and the organic nitrogen compound
      being 3o:7o - 7o:3o, the improved moulding composition containing as a
      stabilizer
PA1  a. between about 1 and 1o weight % of amidosulfonic acid or ammonium
      bisulfate, based on the total quantity of the flame-retardant, or
PA1  b. between about 5 and 15 weight % of a paraffin oil having a density
      between about o.83 and o.88 g/cc and a viscosity between about 15 and 38o
      centipoises, or of a mineral oil boiling within the range 17o and
      35.degree.C, or of a silicon oil, based on the quantity of red phosphorus,
      or
PA1  c. between about 2o and 5o weight % of pentaerythritol, based on the
      quantity of organic nitrogen compound, or
PA1  d. mixtures of (a) and (b).
NUM  2.
PAR  2. The moulding composition as claimed in claim 1, containing a mixture of
      the (a) and (b) stabilizers in a ratio of 2:5.
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ABST
PAL  Colloidally dispersible microcrystalline polyesters are prepared by a
      hydrolytic removal of amorphous regions in synthetic, linear polyesters
      followed by a mechanical disintegration of the resulting aggregated
      microcrystals to produce discrete microcrystalline particles at least 5%
      by weight having a particle size not exceeding 1 micron. The
      microcrystalline polyesters exhibit a sharp X-ray diffraction pattern and
      distinctly modified thermal behavior as compared to the parent or
      precursor polyester resin.
PARN
PAR  This application is a continuation of application Ser. No. 166,601, filed
      July 27, 1971, which application is a continuation-in-part of our
      copending application Ser. No. 760,358, filed Sept. 17, 1968, both now
      abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to finely divided, discrete microcrystalline
      polyesters exhibiting a sharp X-ray diffraction pattern and distinctly
      modified thermal behavior as compared to the precursor polyester resin and
      being further characterized in their ability to form stable colloidal
      dispersions in liquid media having a minimal swelling action on the
      microcrystals.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is known that synthetic linear polyesters possess a
      crystalline-amorphous network, or morphological structure consisting of
      regions of high order commonly referred to as crystalline and regions of
      low order commonly referred to as amorphous. In this network structure,
      primary chains extend through a series of microcrystals connecting them by
      amorphous regions or hinges involving primary molecular bonds. Because of
      the strength of the primary molecular bonds, it is impractical to free the
      microcrystals by mechanical means, such as attrition or grinding.
      Dissolving and reprecipitation of the polyester results merely in a
      rearrangement of the crystalline-amorphous network, leading once more to a
      continuous network of crystalline and amorphous areas, connected by
      primary molecular bonds.
PAR  It is also known that synthetic linear polyesters having molecular weights
      sufficiently high to allow conversion into fibers, possess toughness and
      elastic characteristics which make grinding of the polyesters into finely
      divided particles exceedingly difficult. Precipitation of such polyesters
      from a solution tends to produce stringy, cohesive masses. While low
      molecular weight polyesters can be ground to a finely divided state, the
      resulting particles are still characterized by a typical polyester
      crystalline-amorphous network structure. They do not form stable colloidal
      dispersions and gels in liquid swelling media as defined herein.
PAR  Typical of the prior art are U.S. Pat. No. 3,377,323 issued Apr. 9, 1968
      and U.S. Pat. No. 3,510,457 issued May 5, 1970. In accordance with the
      first of these patents, the polyester and water are heated under pressure
      to a temperature below the melting point of the polyester but high enough
      to dissolve or "suspend" the polyester and spraying the solution to form a
      finely divided powder. In accordance with the second patent, the flowable
      melt of the polyester is stirred into a liquid, organic non-solvent for
      the polyester to form a finely divided granulate. In these methods, the
      finely divided particles possess the typical crystalline-amorphous network
      structure and a normal thermal behaviour.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  The principal purpose of this invention is to provide finely divided,
      microcrystalline, synthetic, linear polyesters capable of forming stable,
      colloidal dispersions or soliquoids in liquid swelling media, as defined
      herein. A further purpose of the invention is to provide stable, colloidal
      dispersions or soliquoids of microcrystalline, synthetic, linear
      polyesters in liquid swelling media, as defined herein.
PAR  In accordance with the present invention, high molecular weight, at least
      partially crystalline, synthetic linear polyester resins are subjected to
      a two-stage process to provide the finely divided microcrystalline
      polyester product. The first step of the process consits of subjecting the
      parent or precursor polyester resin to hydrolytic conditions whereby the
      amorphous portions of the polymer chains are cleaved, solubilized and
      removed leaving as a residue the more crystalline portions or regions. The
      selective hydrolysis is achieved by conducting the reaction in a medium
      which exerts a mild swelling action on the polyester resin without
      disturbing its crystallinity. Ideally the medium should produce just
      sufficient swelling whereby the hydrolytic agent can penetrate to the
      amorphous areas of the polyester without substantially effecting the
      crystalline integrity. The residue exhibits a sharper X-ray diffraction
      pattern as compared to that of the precursor resin. The residue also
      exhibits a distinctly modified thermal behaviour not possessed by
      polyester resins.
PAR  The residue comprising aggregated microcrystals of lower molecular weight
      is subjected to the second stage of the process which consists of a
      mechanical disintegration so as to free microcrystals. The mechanical
      disintegration is effected by a mechanical shearing action such as
      provided by attrition mills, planetary mixers, sonic mixers, grinding
      mills and the like. Preferably, the mechanical disintegration is effected
      in a liquid medium which exerts a mild swelling action on the polyester
      resin.
PAR  Liquid media for the purposes of this invention which exert a mild or
      controlled swelling action can be termed "controlled liquid swelling
      media" and are liquid media which have a minimum swelling action towards
      the microcrystals and may solvate or tend to solvate the surface of the
      individual microcrystals but do not attack and destroy the lateral order
      or crystallinity in the interior of the microcrystals. Although the
      polyesters are relatively insensitive to water, the microcrystalline
      polyester products of this invention, particularly those having
      essentially all material below one micron in size and containing the
      particles below 0.01 micron in size are dispersible in water to form
      stable dispersions and gels. Water is, therefore, deemed a liquid swelling
      media for the purposes of the invention. Other satisfactory agents
      include, for example, dilute aqueous solutions of lower aliphatic acids
      including formic, acetic, dichloroacetic and trichloroacetic acids, lower
      aliphatic alcohols including methanol, ethanol and isopropanol,
      water-soluble polyhydric alcohols including, for example, ethylene glycol,
      water-soluble polyethylene glycols, propylene glycol, water-soluble
      polypropylene glycols and glycerol, water-soluble polyacrylamides,
      mixtures of phenol, cresol, and resorcinol with water, ketones such as
      acetones, aldehydes such as formaldehyde, acetaldehyde and other organic
      solvents such as ethyl acetate, formamide, dimethylformamide, etc.
PAR  In general it has been ascertained that certain types of organic liquids,
      either alone or in admixture or in admixture with water, are capable of
      providing the swelling effect to a satisfactory degree. The particular
      class of polyester being degraded as well as its degree of crystallinity
      will of course determine the choice of solvents to achieve optimum
      performance. The hydrolytic agent can be any of the types capable of
      cleaving ester linkages although basic materials are preferred. Suitable
      bases include both organic and inorganic members and in this connection
      reference is made to the lower aliphatic amines, e.g. ethylamine,
      n-propylamine, urea, ammonium hydroxide and its alkylated derivatives, as
      well as such inorganic bases as the alkali metal carbonates and
      hydroxides, preferred examples of the latter being sodium and potassium
      hydroxides. An especially effective hydrolytic medium, particularly for
      polycarbonate resins, consists of ethylacetate containing a small quantity
      of ethanolic sodium hydroxide. When refluxed for a few hours in the
      aforedescribed mixture, polycarbonate resin granules or fibers are
      converted almost quantitatively into microcrystalline material.
PAR  A characteristic of microcrystalline polymers which have been substantially
      freed of amorphous areas, is the ease with which they can be crushed to a
      fine powder. In fact, this can be utilized in a convenient manner for
      optimizing the choice of the hydrolytic medium as well as monitoring the
      course of the reaction. All that is required is that samples of the
      particular polyester resin be removed from the reaction mixture from time
      to time, dried and placed between two microscope slides and gently
      attrited using mild finger pressure. Once the amorphous areas have been
      hydrolyzed, leaving a matrix of microcrystalline aggregates, the polymer
      particles readily crush when rubbed between the glass slides.
PAR  Where the polymer particles become sticky or tacky, this signifies that the
      solvent medium is too strong and that the crystalline network is being
      unduly loosened or even partially dissolved. On the other hand, if after
      lengthy hydrolytic treatment, no sign of crystallinity has developed, this
      signifies that the particular solvent medium failed to exert even minimal
      swelling of the polymer so as to enable the hydrolytic agent to penetrate
      to the amorphous areas.
PAR  In general, it has been our finding that the swelling required to achieve
      maximum hydrolytic attack of the amorphous area of the polymer, while
      retaining its crystallinity, can be ascertained after a few trial
      reactions. Those skilled in the polymer art are familiar with the effect
      of solvents on polymers and will be able to select optimum hydrolytic
      media for obtaining the microcrystalline polyesters in accordance with the
      invention with a minimum of testing.
PAR  The temperature at which the hydrolysis of the polyester is carried out is
      not particularly critical and normally will be from about room temperature
      to about 200.degree.C. We have found it convenient to reflux the polyester
      in the hydrolytic medium and where common organic solvents are used for
      this purpose, the temperature will probably be in the range of about
      100.degree.C.
PAR  The duration of the hydrolysis will vary according to the temperature and
      the specific liquid media, as well as the particular polyester employed.
      Normally from about 1/2 hour to about 10 hours will produce satisfactory
      yields and results. As previously pointed out, in no case should the
      solvent exert such a strong swelling action on the polyester as to disturb
      its crystalline integrity.
PAR  So far as we have been able to ascertain, the point of attack of the
      hydrolytic reagent is directed towards the ester linkage and as a
      consequence, the terminal groups in the hydrolyzed polymer will be carboxy
      and hydroxy functions, when using mineral bases, whereas the use of amines
      will form a terminal amide group.
PAR  Although it can be used directly as purchased or prepared, the polyester is
      preferably subjected to a pre-annealing treatment in order to increase its
      crystallinity. A typical procedure consists of heating polyester resin
      pellets at about 150.degree.C. for one hour in a nitrogen atmosphere.
      Another satisfactory procedure consists of immersing the pellets in an
      inert liquid such as Dow-Corning Silicon 200 for about four hours in the
      general range of 125.degree.C. to 150.degree.C. The treated material is
      washed free of silicon oil with a suitable solvent such as acetone and
      then air dried.
PAR  The synthetic, linear polyester used herein are well known polymeric
      materials, the description and preparation of which are set forth in
      various journals and texts pertaining to polymer science. Exemplary at
      least partially crystalline polyesters which can be converted to the
      microcrystalline state by the process of the invention include the
      following: poly(ethylene terephthalate); poly(1,4-butylene terephthalate);
      poly (ester of 1,4-cyclohexane-dimethanol with terephthalic acid); poly
      (ester of ethylene glycol with terephthalic acid and an aliphatic dibasic
      acid, e.g. malonic, adipic, fumaric, maleic, sebacic acid and the like);
      poly(ester of neopentyl glycol with phthalic acid); poly(alkylene
      carbonates) such as poly(ethylene carbonate), poly (1,4-butylene
      carbonate), poly(1,5-pentylene carbonate), poly (ester of carbonic acid
      with bisphenols, e.g. 4,4'-sec-butylidenediphenol,
      4,4'-isopropylidenediphenol, 4,4'-methylenediphenol,
      1,4-cyclohexanedimethanol, 4,4'-sulfonyldiphenol including mixed esters
      thereof). The polyester may contain modifiers such as 5-sulfo-isophthalic
      acid provided that the amount of the modifier is not sufficient to
      eliminate the crystalline-amorphous structure of the polyester.
PAR  The mechanical disintegration is carried out to such an extent that the
      resulting particulate material is characterized by forming a stable
      soliquoid in the liquid swelling medium in which it is attrited or in
      which it is subsequently dispersed. The amount of disintegration must be
      sufficient whereby at least 5% by weight has a particle size not exceeding
      about one micron and preferably until at least 95% by weight has a
      particle size not greater than about one micron and at least about 5% has
      a particle size no greater than about 0.1 micron. By a stable soliquoid is
      understood the attrited material will not settle out, but remains
      suspended indefinitely even for periods measured in terms of weeks or
      months. At lower concentrations of the attrited material the soliquoids
      may be classed as dispersions, while at higher concentrations they may be
      classed as gels.
PAR  Following the mechanical disintegration of the hydrolyzed material, the
      resulting product, whether a dispersion or gel may be used as such; or it
      may be dried; or it may be desirable to separate it into factions having a
      more uniform particle size distribution. The dried attrited material is
      readily redispersed in liquid swelling media of the type aforesaid, with
      the help of a blender-type agitator.
PAR  For obtaining dry products, a number of drying procedures are available and
      while redispersible material results from each procedure, some are more
      advantageous and desirable than others. Examples of drying include
      freeze-drying, spray-drying, drum-drying, drying by solvent displacement
      and oven drying. Fractionation of the attrited products may be affected by
      such separation techniques as mechanical sifting, settling in a liquid or
      centrifuging. Cyclone type separators are very useful for the dry product.
PAR  Shaped articles may be formed from the stable dispersions of this invention
      by forming, for example, by extruding or casting the dispersion in the
      desired shape and washing or immersing the article in water, or a dilute
      alkaline solution, such as sodium hydroxide. Or, the microcrystalline
      polyester gels or the dry attrited material may be blended with an
      appropriate plasticizing agent and the blend extruded, molded, or cast
      into various shapes and dried. The dispersions and gels are often useful
      in the production of films, as coatings for various base materials, as
      exemplified by paper, wood and the like, and as binding agents in
      non-woven fabrics. The microcrystalline polyesters of this invention are
      also useful for admixture for other microcrystalline products, such as
      microcrystalline cellulose, microcrystalline starch, microcrystalline
      nylon in the production of molding powders and structural objects.
PAR  The following examples are set forth to illustrate the production of finely
      divided microcrystalline polyesters by the two stage process as described
      herein. In Examples 1,2 and 3, poly(ethylene terephthalate) staple fibers
      were used as the raw material, while fiber forming poly(ethylene
      terephthalate) resin pellets were utilized after being heat annealed, as
      described hereinbefore, as the raw materials in Examples 4, 5 and 6. In
      the examples these raw materials are identified as PET. In Examples 7 and
      8, the resin was a fiber forming Bisphenol A polycarbonate, a poly(ester
      of 4,4'-isopropylidenediphenol with carbonic acid), identified as BAP.
PAR  In Examples 1  through 7  the resin and liquid were introduced into a
      pressure vessel and the mass heated to 150.degree.C. .+-. 5.degree.C. and
      maintained at such temperature under the developed pressure for various
      periods of time. In Examples 1 through 5 no agitation of the reaction mass
      was utilized while occasional agitation was used in Examples 6 and 7. At
      the end of the stated period, the vessel was slowly vented to the
      atmosphere and the liquid drained from the insoluble residue. The residue
      was then washed with water until the pH of the washings was 7-8 and the
      residue subsequently attrited in the form of a wet cake. In Example 8, the
      mass was refluxed and after washing of the residue, the residue was dried
      at 70.degree.C. The dried residue was subsequently attrited to form a 25%
      solids gel in a liquid consisting of 70 ml. isopropanol, 10 ml. carbon
      tetrachloride and 20 ml. water.
PAR  Table 1 sets forth the reaction masses, periods of treatment and the yields
      of the examples:
TBL                TABLE 1                                                     

     ______________________________________                                    

     Composition             Time     Yield                                    

     ______________________________________                                    

     1.  10.0 g   pet fiber          3 hrs. 80%                                

         3.5 g    n-propylamine                                                

         1.75 g   Ethylene glycol                                              

         135.5 ml Water                                                        

     2.  10.0 g   PET fiber          4 hrs. 82%                                

         2.0 g    Ethylene diamine                                             

         1.0 g    Ethylene glycol                                              

         137.0 ml Water                                                        

     3.  10.0 g   PET fiber          4 hrs. 80%                                

         3.5 g    Urea                                                         

         136.5 ml Water                                                        

     4.  10.0 g   PET pellets        3 hrs. 72%                                

         3.5 g    n-propylamine                                                

         136.5 ml Water                                                        

     5.  10.0 g   PET pellets        3 hrs. 74%                                

         3.5 g    n-propylamine                                                

         1.75 g   Ethylene glycol                                              

         134.0 ml Water                                                        

     6.  10.0 g   60 mesh PET pellets                                          

                                     2 hrs. 85%                                

         5.0 ml   Ammonium hydroxide (29.5%)                                   

         136.5 ml Water                                                        

     7.  10.0 g   BAP                3 hrs. 61%                                

         2.5 ml   Ammonium hydroxide (29.5%)                                   

         136.0 ml Water                                                        

     8.  60.0 g   BAP                3 hrs. --                                 

         600.0 ml Ethyl acetate                                                

         30.0 ml  Soln. prepared by adding                                     

                  5 ml of soln. containing                                     

                  1.0 g sodium hydroxide per                                   

                  99 ml absolute ethanol to                                    

                  100 ml ethyl acetate                                         

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  In preparing samples of the microcrystalline polyester product for
      characterization studies, polyethylene terephthalate pellets (PET) Wiley
      milled to pass a 10 mesh screen (2 mm. openings) were subjected to
      hydrolytic treatment in an aqueous solution containing 4.5% by weight of
      ammonia. To 900 gms. of the polyethylene terephthalate pellets there was
      added 2100 gms. of the aqueous solution in a digester. The digester was
      sealed and the mass heated to 125.degree.C. under a developed pressure
      (about 89 psig) and maintained at this temperature for about 1.25 hours.
      At the conclusion of the heating period, the pressure was reduced to
      atmospheric pressure by venting the water vapor and ammonia. The liquid
      was drained and the residue cooled by washing with distilled water. The
      residue was subjected to attrition in a Readco Continuous Processor in the
      form of a wet cake, 50-55% solids. Properties of the precursor resin and
      the microcrystalline product (MCPET) were as set forth in the table which
      follows.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Property         PET       MCPET                                          

     ______________________________________                                    

     Molecular weight 17.400    2.960                                          

     Density, g/cc    1.342     1.413                                          

     Intrinsic viscosity                                                       

                      0.619     0.083                                          

     Melting Point (DSC)                                                       

      First peak - .degree.C                                                   

                      None      230-232                                        

      Second peak - .degree.C                                                  

                       250-255  244-247                                        

     Heat of crystallization                                                   

      After 1st melt  7.9 cal/gm                                               

                                12 cal/gm                                      

      After 2nd melt  --        13 cal/gm                                      

     Crystallinity     5%       71.5%                                          

     Particle size    --        80% &lt;1 micron                                  

                                70% &lt;0.2 "                                     

     ______________________________________                                    

PAR  The viscosities of the materials were measured at 30.degree.C. using as a
      solvent a mixture of 60 parts by weight of phenol and 40 parts by weight
      of s-tetrachloroethane. The intrinsic viscosities were calculated from the
      measured viscosities of the solutions and the solvent.
PAR  The thermal properties were determined by the use of a Perkins-Elmer DSC-1B
      differential scanning recording calorimeter. The polyethylene
      terephthalate (PET) exhibited a typical single endotherm which is
      characteristic of polyesters. The microcrystalline polyethylene
      terephthalate (MCPET) exhibited two separate melting point ranges or
      endotherms which is characteristic of the microcrystalline polyesters
      prepared in accordance with the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for separating a finely divided, microcrystalline polyester
      particulate product having two separate melting point ranges from a fiber
      forming, synthetic, linear polyester having an inherent
      crystalline-amorphous morphology and a single melting point range
      comprising hydrolyzing the polyester with a basic solution comprising an
      aqueous solution of a lower aliphatic amine or ammonia whereby ester
      groups in the amorphous regions are preferentially hydrolyzed and
      solubilized without substantial dissolution of the crystalline regions
      thereby forming a polyester material having a terminal amide group and
      having a higher crystallinity than the precursor polyester, removing
      solubilized amorphous regions, recovering an insoluble microcrystalline
      polyester having a terminal amide group and two separate melting point
      ranges and then mechanically disintegrating the recovered microcrystalline
      polyester until at least 5% by weight has a particle size not exceeding 1
      micron.
NUM  2.
PAR  2. A process as defined in claim 1 wherein a fiber forming polyester is
      annealed prior to the hydrolyzing treatment.
NUM  3.
PAR  3. A process as defined in claim 1 wherein the fiber forming polyester is
      poly(ethylene terephthalate) and the basic solution is an aqueous solution
      of ammonia.
NUM  4.
PAR  4. A process as defined in claim 1 wherein the fiber forming polyester is
      poly(ester of 4,4'-isopropylidenediphenol with carbonic acid).
NUM  5.
PAR  5. An article of manufacture comprising a finely divided, mechanically
      disintegrated, microcrystalline, synthetic, linear polyester product
      separated from a fiber forming, synthetic, linear polyester having an
      inherent crystalline-amorphous morphology and a single melting point
      range, the microcrystalline polyester product, in contrast to the fiber
      forming polyester, having a terminal amide group being substantially free
      of amorphous portions of the polyester chains, exhibiting a sharper x-ray
      diffraction pattern, having a lower molecular weight, having two separate
      melting point ranges, consisting of particles at least 5% by weight of
      which have a particle size not exceeding about 1 micron and being further
      characterized in forming a stable, colloidal soliquoid in liquid media
      having a minimal swelling action on the microcrystals which may solvate
      the surfaces without destroying the interior of the microcrystals.
NUM  6.
PAR  6. An article of manufacture as defined in claim 5 wherein the mechanically
      disintegrated polyester product consists of particles at least 95% by
      weight of which have a particle size not exceeding about one micron and
      about at least 5% by weight of which have a particle size not exceeding
      0.1 micron.
NUM  7.
PAR  7. An article of manufacture as defined in claim 5 which is in the form of
      a soliquoid of the mechanically disintegrated polyester product in a
      liquid media having a minimal swelling action on the microcrystals which
      may solvate the surfaces without destroying the interior of the
      microcrystals.
NUM  8.
PAR  8. An article of manufacture as defined in claim 5 which is in the form of
      a soliquoid of the mechanical disintegrated polyester product in an
      aqueous media having a minimal swelling action on the microcrystals which
      may solvate the surfaces without destroying the interior of the
      microcrystals.
NUM  9.
PAR  9. An article of manufacture as defined in claim 5 which is in the form of
      a soliquoid of the mechanically disintegrated polyester product in water.
NUM  10.
PAR  10. An article of manufacture as defined in claim 5 which is in the form of
      a soliquoid of the mechanically disintegrated polyester product in an
      organic liquid media having a minimal swelling action on the microcrystals
      which may solvate the surfaces without destroying the interior of the
      microcrystals.
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ABST
PAL  Water-reducing additives for ceramic material, and especially for cement
      paste, mortar or concrete, which comprise a phenolic compound having a
      sulfo radical or a sulfomethyl radical, wherein the hydrogen atoms of
      acidic radicals in part of said phenolic compound molecules are
      substituted by atoms of sodium, potassium or calcium.
BSUM
PAR  This invention relates to water-reducing additives for ceramic materials,
      and especially for cement paste, mortar or concrete (see ASTM Designation:
      C494-71).
PAR  Concrete products which are used on the largest industrial scale among
      ceramic products are prepared by kneading a mixture of cement, sand and
      gravel bearing proportions respectively falling within certain standard
      ranges with addition of a proper amount of water to disperse the
      ingredients uniformly, pouring a fresh concrete thus obtained into a form
      and hardening the mass at an atmospheric temperature. In this case, the
      compressive strength of the concrete products generally bears an inverse
      proportion to the water-cement ratio falling within a proper range, and
      the smaller the water-cement ratio, the higher the compressive strength of
      the product. If, however, the fresh concrete contains an excessively small
      amount of water, then it will become less workable.
PAR  As for paste of gypsum or cement, clay for manufacture of these products
      such as pre-fabricated building materials, pottery or refractory, there
      are also similar problems, namely, these are produced by mixing the
      required proportions of ingredients with water, followed by kneading,
      shaping, drying and calcining or hardening. If, in this case, the kneaded
      paste contains a relatively small amount of water, the shaped article will
      be easily released from the mold, saved from deformation and moreover take
      less time of drying, namely, the raw paste will have improved workability
      as generally desired. If, however, the water content of the paste is
      unduly small, the ingredients will not be homogeneously kneaded, failing
      not only to provide good quality product but also to attain the proper
      shaping of product.
PAR  To date, alkylarylsulfonates, such as a condensation product of sodium
      naphthalinesulfonate with formaldehyde (see Japanese Patent Publication
      No. 11737/1966), have been developed and already put to practical use with
      the view of reducing the water content of pastes of ceramic products as
      much as possible and carrying out the good dispersion of ingredients.
      Unlike the known air entraining agent, such as resin and calcium
      lignosulfonate, these water-reducing additives cause the mechanical
      strength and the workability of ceramic products to be exceedingly
      increased without entraining air, simply by being added to the paste in a
      very small amount.
PAR  The object of this invention is to provide water-reducing additives having
      a far higher property than the aforesaid alkylaryl sulfonates, namely,
      capable of more increasing the workability with a smaller water content
      and rendering the ceramic product mechanically stronger than that prepared
      by addition of said alkylaryl sulfonates.
PAR  Another object of this invention is to offer concrete products having a
      particularly great early days strength.
PAR  These objects can be attained in accordance with this invention by mixing
      ceramic pastes with an additive soluble in the water contained in said
      pastes which comprises a phenol derivative having at least one member of
      sulfo radical and sulfomethyl radical, wherein the hydrogen atoms of
      acidic radicals in part of said phenol derivative molecules contained in
      the additive are substituted by atoms of sodium, potassium or calcium.
      Instead of the above-mentioned phenol derivative, a primary condensation
      product of formaldehyde and a similar phenol derivative, etc., can also be
      employed.
PAR  The above-mentioned compounds used as a novel water-reducing additive are
      easily prepared by any customary method. Usually, the compounds are
      prepared in a state of water solution, whose pH value being controlled to
      be in the range of from 7 to 10. Such solution as mentioned above can be
      used as itself. Sometimes, however, powders of the compounds obtained from
      the solution can also be used. Upon using of this additive for ceramic
      paste, 20% aqueous solution thereof may be preferably employed.
PAR  The amount of the present additive to be used for concrete is not limited
      strictly, but, in general, the additive is added in proportions ranging
      from 0.1 to 2.0 percent by weight, or preferably from 0.5 to 1.0 percent
      by weight based on the weight of cement included in the concrete.
PAR  The additives of this invention are adapted not only for mortar and
      concrete, but also for other ceramic materials such as gypsum, cement
      paste, clay for manufacture of pre-fabricated building, pottery or
      refractory, etc., to exhibit substantially the similar effects as
      mentioned before.
PAR  This invention will be more clearly understood by reference to the
      following experiments as well as comparative data obtained by using
      Portland cement. Unit weight of Poltland cement used in the concrete
      sample was 300 Kg/m.sup.3, and the maximum size of the gravel mixed
      therewith was 25 mm.
PAR  The slump and the compressive strength of concrete were measured in
      accordance with the ASTM Designations: C-143 and C-39 respectively.
      Comparative experiments were carried out with a plain concrete free from
      any water-reducing additive and a concrete containing a commercially
      available water-reducing additive of alkylaryl sulfonate.
PAC  Preparation of additives:
PAR  No. 1 A one-liter three necked flask provided with a stirrer and a reflux
      condenser was charged with 94g of phenol, 81g of 37% formalin, 126g of
      sodium sulfite and 300g of water. Reaction was conducted for 5 hours under
      heating by a boiling water bath to obtain a water solution of sodium
      hydroxybenzylsulfonate. The concentration of the solution thus obtained
      was about 40% by weight, and the pH value thereof was 11.5. This solution
      was used as a water-reducing additive designated as A.
PAR  The chemical formulae of mixed compounds contained in A were as follows.
      ##SPC1##
PAR  No. 2 Eighty one grams of 37% formalin were added to the solution which was
      obtained by means of the same method as described in No. 1. The mixed
      solution had its pH controlled to 9.7 by addition of 30% sulfuric acid
      solution. Reaction was carried out for 5 hours on a boiling water bath to
      obtain a water-soluble condensation product. The product was used as a
      water-reducing additive designated as B. The chemical formulae of mixed
      compounds contained in B were as follows.
      ##SPC2##
PAR  No. 3 Byproduct sodium sulfate was removed from the reaction product
      obtained by the same method as described in No. 2 by means of utilizing
      the lower solubility of said sodium sulfate. A water solution of
      condensation product thus purified was used as a water-reducing additive
      designated as C.
PAR  No. 4 The same type of reactor as used in the process No. 1 was charged
      with 94g of phenol, 81g of 37% formalin, 63g of sodium sulfite, 52g of
      sodium bisulfite and 300g of water. Reaction was conducted for 5 hours
      under heating by a boiling water bath. Reaction was continued for five
      more hours after adding 81g of 37% formalin to the mixture to obtain a
      condensation product having similar compounds as described in No. 2. The
      product was used as a water-reducing additive designated as D.
PAR  No. 5 The same type of reactor as used in the process No. 1 was charged
      with 94g of phenol, 162 g of 37% formalin, 63g of sodium sulfite and 300g
      of water. Reaction was conducted for 10 hours under heating by a boiling
      water bath to obtain a condensation product. The product was used as a
      water-reducing additive designated as E. The chemical formulae of mixed
      compounds contained in E were as follows.
      ##SPC3##
PAR  No. 6 First, phenolsulfonic acid was prepared from phenol and concentrated
      sulfuric acid by a customary method. One mol of said phenolsulfonic acid
      had its pH controlled to 9.5 by addition of 48% sodium hydroxide aqueous
      solution, and 81g of 37% formalin were further added to the mixed mass.
      Reaction was carried out for 5 hours on a boiling water bath to obtain a
      condensation product. The product was used as a water-reducing additive
      designated as F. The chemical formulae of mixed compounds contained in F
      were as follows.
      ##SPC4##
PAC  Concrete tests:
PAR  There were provided 20% aqueous solutions of the water-reducing additives
      A, B, C, D, E and F obtained by the processes Nos. 1 to 6 respectively.
      Each of said 20% aqueous solutions was added to the pastes of the
      respective Portland cement concrete samples in an amount of 0.25 to 0.50
      percent by weight based on the amount of concrete as an active ingredient.
      The characteristics of the respective samples are presented in Table 1.
      Further, Table 2 sets forth percentage water reduction in each sample
      calculated from the following formula.
      ##EQU1##
      where Wp and Wa denote the amount of water contained in the plain concrete
      and admixed concrete respectively. Furthermore, the different compressive
      strengths of the respective concrete samples after 3, 7 and 28 days are
      also described in Table 2.
PAR  By way of comparison, both Tables 1 and 2 also present data of tests on a
      concrete sample free from a water-reducing additive and a concrete sample
      containing a commercially available water-reducing additive of alkylaryl
      sulfonate. Both Tables 1 and 2 further show data of tests on a concrete
      sample containing a known water-reducing additive of a melamine system
      similar to those of this invention which comprises a primary condensation
      product of melamine and formaldehyde whose molecule contains a sodium
      sulfo radical (see Japanese Patent Publication No. 21659/1968).
PAR  As apparent from Table 2, the additives of this invention attained a larger
      percentage water reduction in the concrete samples and a higher
      compressive strength in said concrete samples than the prior art or
      commercially available water-reducing additive.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Results of fresh concrete tests                                           

     Test                                                                      

        Additive                                                               

                Amount                                                         

                      Water-                                                   

                          Sand     Air                                         

        and amount                                                             

                of    cement                                                   

                          percent-                                             

                               Slump                                           

                                   content                                     

     No.                                                                       

        thereof water ratio                                                    

                          age                                                  

        (wt. % to                                                              

                (Kg/m.sup.3)                                                   

                      (%) s/a (%)                                              

                               (cm)                                            

                                   (%)                                         

        cement in                                                              

        the concrete                                                           

     __________________________________________________________________________

     1  No additive                                                            

                189   63.0                                                     

                          40.0 18.2                                            

                                   0.8                                         

     2  Commercially                                                           

        available                                                              

        additive                                                               

                176   58.7                                                     

                          40.0 17.8                                            

                                   1.2                                         

         0.60                                                                  

     3  A 0.25  177   59.0                                                     

                          40.4 15.7                                            

                                   0.6                                         

     4  B 0.25  170   56.7                                                     

                          41.6 18.3                                            

                                   0.8                                         

     5  B 0.50  167   55.7                                                     

                          41.8 18.8                                            

                                   0.6                                         

     6  C 0.25  170   56.7                                                     

                          41.6 17.5                                            

                                   0.5                                         

     7  D 0.25  172   57.3                                                     

                          41.6 17.3                                            

                                   0.6                                         

     8  E 0.25  173   57.7                                                     

                          40.4 18.3                                            

                                   0.8                                         

     9  F 0.25  172   57.3                                                     

                          40.4 17.2                                            

                                   1.0                                         

     10 Melamine-                                                              

        system  174   58.0                                                     

                          41.2 17.8                                            

                                   1.0                                         

         0.50                                                                  

     __________________________________________________________________________

TBL                Table 2                                                     

     ______________________________________                                    

     Results of strength tests                                                 

     Test  Percentage                                                          

                     Compressive strength (Kg/cm.sup.2)                        

           water     (strength ratio)                                          

     No.   reduction 3 days     7 days   28 days                               

     ______________________________________                                    

     1     --        102 (100)  178 (100)                                      

                                         296 (100)                             

     2     6.9       128 (125)  205 (115)                                      

                                         317 (107)                             

     3     6.3       168 (165)  279 (157)                                      

                                         441 (149)                             

     4     10.1      145 (142)  240 (135)                                      

                                         370 (125)                             

     5     11.6      189 (185)  296 (166)                                      

                                         398 (134)                             

     6     10.1      169 (166)  281 (159)                                      

                                         382 (129)                             

     7     9.0       155 (152)  261 (147)                                      

                                         385 (130)                             

     8     8.5       141 (138)  248 (139)                                      

                                         403 (136)                             

     9     9.0       149 (146)  263 (148)                                      

                                         398 (134)                             

     10    8.0       158 (155)  263 (148)                                      

                                         371 (125)                             

     ______________________________________                                    

PAR  Referring to Table 2, the percentage water reduction of test No. 3 was
      slightly smaller than that of test No. 2. The reason is that the additive
      in test No. 3 was applied in a far smaller amount than that in test No. 2.
      If, however, the additive in test No. 3 had been used in a large amount
      like that in test No. 2, then the former additives should have attained a
      far higher percentage water reduction than the latter.
PAR  Further, we have developed another water-reducing additive modified from
      those of this invention. This modified water-reducing additive for ceramic
      materials, particularly mortar and concrete, comprises a primary
      copolycondensation product of formaldehyde, melamine and phenol having at
      least one member of sulfo radical and sulfomethyl radical, wherein the
      hydrogen atoms of acidic radicals in part of said molecules contained in
      the additive are substituted by atoms of sodium, potassium or calcium. The
      modified additive is to be soluble in the water contained in the paste.
      The moral ratio of melamine to phenol in the molecule is in the range of
      from 40:60 to 90:10, and this additive is added to the paste in the same
      proportion as the original additive of this invention.
PAR  The modified additive can also be manufactured by any customary process.
      The manufacturing process consists in, for instance, preparing a
      prepolymer from a mixture of phenol, melamine and formalin, and subjecting
      the prepolymer obtained to sulfonation or sulfomethylation using sodium
      sulfite or sodium bisulfite, followed by neutralization with an alkaline
      substance.
PAR  The modified additive has a peculiar property of causing a concrete product
      to display a very high few hours strength. In contrast, the original
      additives of this invention provide a rather lower few hours strength for
      a concrete product than when the product is free from any such additives,
      though the product containing said additive prominently increases in the
      early days and 28 days strength.
PAR  Recently, large quantities of prefabricated concrete products are rapidly
      manufactured in a factory, so that a high few hours strength is demanded
      for the products. Therefore, the above-mentioned modified additive will
      undoubtedly meet this request.
PAR  The early days and 28 days strengths of concrete products using this
      modified additive are higher than those of products using alkylaryl
      sulfonates or a known water-reducing additive of melamine-system. However,
      28 days strength of concrete products containing this modified additive is
      almost the same as that of products using the original additives of this
      invention. The original and modified additives correspond to
      "Water-reducing and retarding additive" and "Water-reducing and
      accelerating additive" respectively which are stated in ASTM
      Designation:C494-71.
PAR  The aforesaid peculiar property of the modified additive is originated with
      the copolycondensation of phenol, melamine and formaldehyde. Therefore, an
      additive which comprises a mere mixture of an original additive of this
      invention, that is, a phenol-system, and an additive of melamine system
      can not play such a peculiar role as is displayed by the modified
      additive.
PAR  The property of the modified additive of this invention will be more
      clearly understood by reference to the undermentioned experiments as well
      as comparative experiments.
PAC  Preparation of modified admixtures:
PAR  No. 7 A 2-liter four necked flask provided with a stirrer, a reflux
      condenser and a thermometer was charged with 228g (1.8 mols) of melamine,
      19g (0.2 mol) of phenol and 595g of 37% formalin. The flask was immersed
      in a hot water bath of 80.degree.C for reaction. Having been kept alone
      for 10 minutes after the reaction liquid became transparent, said liquid
      was cooled to 50.degree.C. Thereafter, the flask was further charged with
      102g of sodium sulfite, 125g of sodium bisulfite and 300g of water. The
      flask was again immersed in a hot water bath of 80.degree.C, and reaction
      was carried out for 2 hours. The charged mass was cooled to 50.degree.C
      and 30% sulfuric acid was added thereinto to control the pH of the
      reaction liquid to 4.5. Reaction was further conducted for five more hours
      under heating at 50.degree.C by the hot water bath.
PAR  Finally, the liquid in the flask had its pH controlled to 9.5 by 48% sodium
      hydroxide aqueous solution. The reaction product thus obtained was used as
      a water-reducing additive designated as G.
PAR  No. 8 A water-reducing additive, designated as H, was prepared by reacting
      176g (1.4 mols) of melamine, 57g (0.6 mol) of phenol, 550g of 37%
      formalin, 102g of sodium sulfite, 125g of sodium bisulfite and 300g of
      water in the same manner as mentioned in No. 7.
PAR  No. 9 A water-reducing additive, designated as I, was prepared by reacting
      126g (1 mol) of melamine, 94g (1 mol) of phenol, 446g of 37% formalin,
      102g of sodium sulfite, 125g of sodium bisulfite and 300g of water in the
      same manner as mentioned in No. 7.
PAC  Concrete tests:
PAR  There were prepared 20% aqueous solutions of the modified additives G,H and
      I respectively. Each of these solutions was added to the pastes of the
      respective concrete samples in an amount of 0.5 percent by weight as the
      active ingredients based on the weight of cement included in the concrete.
      The characteristics of the concrete samples are presented in Table 3. The
      sand percentage of s/a of all concrete samples is 40%. After having left
      each concrete sample to stand for 3 hours under an atmospheric temperature
      of about 20.degree.C, the concrete sample was cured at 65.degree.C by
      steam for 1, 2 and 3 hours, and then the compressive strengths (few hour
      strengths) of each sample were measured respectively. One day and 28 days
      strengths were measured after holding the sample cured by steam for 3
      hours as mentioned above to stand for required period under an atmospheric
      or in a water bath kept at 20.degree.C. Table 4 indicates the percentage
      water reduction in the samples and a few hours and 1 and 28 days
      strengths.
PAR  By way of comparison, both Tables 3 and 4 also set forth data of tests on a
      plain concrete and other concretes containing a commercially available
      additive of alkylaryl sulfonate and an additive of a melamine-system, and
      furthermore an original additive of this invention (phenol-system) and an
      additive consisting of a mere mixture of a melamine-system and a
      phenol-system.
TBL                Table 3                                                     

     ______________________________________                                    

     Results of fresh concrete tests                                           

     Test Additive    Slump   Mixing ratio of materials - and                  

                              amount cm Kg/m.sup.3)                            

     No.  thereof             Cement                                           

                                    Water Sand  Gravel                         

          (wt. % to                                                            

          cement in                                                            

          the concrete                                                         

     ______________________________________                                    

     11   (Plain) --  5.0     300   170   729   1171                           

     12   G    0.5    5.0     300   153   744   1199                           

     13   H    0.5    4.7     300   153   744   1199                           

     14   I   0.5     4.7     300   156   741   1194                           

     15   Commercially                                                         

          available   5.2     300   158   738   1190                           

              0.6                                                              

     16   Melamine-                                                            

          system 0.5  4.8     300   158   738   1190                           

     17   Original of                                                          

          this inven- 5.0     300   147   773   1209                           

          tion   0.5                                                           

          Melamine-                                                            

          system  0.35                                                         

     18     +         4.8     300   156   741   1194                           

          Original of                                                          

          this inven-                                                          

          tion  0.15                                                           

     ______________________________________                                    

TBL                                    Table 4                                 

     __________________________________________________________________________

     Results of strength tests                                                 

     Test                                                                      

        Percentage                                                             

              Compressive strength (kg/cm.sup.2)                               

        water                                                                  

     No.                                                                       

        reduction                                                              

              1 hour                                                           

                  2 hours                                                      

                       3 hours                                                 

                             1 day 28 days                                     

        (%)                                                                    

     __________________________________________________________________________

     11 --    33.3                                                             

                  62.4 81.2  127   301                                         

     12 10.0  58.4                                                             

                  81.7 120   190   358                                         

     13 10.0  59.1                                                             

                  92.3 120   188   361                                         

     14 8.2   50.4                                                             

                  84.1 110   177   365                                         

     15 7.1   45.8                                                             

                  80.5 105   156   340                                         

     16 7.1   46.6                                                             

                  88.6 113   167   348                                         

     17 13.5  23.5                                                             

                  44.8 61.4  97.7  364                                         

     18 8.2   45.8                                                             

                  80.3 103   170   357                                         

     __________________________________________________________________________

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A ceramic paste comprising a hydraulic cement, water and as a
      water-reducing additive between about 0.1 to 2.0% by weight based on the
      weight of said cement, of phenol substituted with at least one member
      selected from the group consisting of sulfo radical and sulfomethyl
      radical, wherein the hydrogen atoms of acidic radicals in part of said
      phenol compound are substituted by atoms selected from the group
      consisting of sodium, potassium and calcium.
NUM  2.
PAR  2. The ceramic paste of claim 1 which is concrete comprising portland
      cement, sand, gravel and water.
NUM  3.
PAR  3. The ceramic paste of claim 1 which is mortar comprising portland cement,
      sand and water.
NUM  4.
PAR  4. A ceramic paste comprising hydraulic cement, water and as a
      water-reducing additive between about 0.1 to 2.0% by weight based on the
      weight of said cement of a water-soluble primary condensation product of
      formaldehyde and a phenol derivative having at least one member selected
      from the group consisting of sulfo radical and sulfomethyl radical,
      wherein the hydrogen atoms of acidic radicals in part of said condensation
      product are substituted by atoms selected from the group consisting of
      sodium, potassium and calcium.
NUM  5.
PAR  5. The ceramic paste of claim 4 wherein the amount of additive is between
      about 0.5 to 1% by weight based on the weight of cement in the paste.
NUM  6.
PAR  6. The Ceramic paste of claim 7 which is concrete comprising portland
      cement, sand gravel and water.
NUM  7.
PAR  7. The ceramic paste of claim 4 which is mortar comprising portland cement,
      sand and water.
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ABST
PAL  Fluorocarbon polymer dispersions, capable of providing a thick adherent
      coating on a substrate by means of a single application, comprise an
      aqueous dispersion of a fluorocarbon polymer, an adhesive and a film
      builder.
BSUM
PAR  This invention relates to fluid compositions containing dispersed
      fluorocarbon polymer, e.g. polytetrafluoroethylene ("PTFE") which can be
      applied to substrates as adherent coatings with "non-stick" surface
      properties.
PAR  An established technique for applying PTFE-containing coatings, e.g. to
      cookware, involves first of all substrate preparation, then application of
      a PTFE-containing primer coat followed by drying and/or baking the primer
      coat, after which a PTFE-containing top or finish coat is applied to the
      primer coat and subsequently dried, the combined coats then being
      sintered. It has been found in general that the primer coat alone,
      although it showed good adhesion to the substrate, did not give a thick
      enough crack free coating for most uses. The top coat on the other hand
      would, if used alone, have provided a relatively thick crack free coating
      but it would have given poor adhesion to the substrate in the absence of a
      primer.
PAR  We have now discovered coating compositions which may have the advantageous
      properties of the PTFE-containing primer and top coats combined and which
      may therefore provide a "one" coat system which may be applied, e.g. by
      spraying, subsequently only needing drying, baking and sintering.
PAR  According to this invention there is provided an aqueous fluorocarbon
      polymer-containing composition which is capable of forming coatings on a
      substrate by a single application which, after drying, baking and
      sintering, are at least 20 .mu.m thick without discernible cracks, showing
      good adhesion to the substrate, non-stick properties and freedom from
      toxicity. Preferably the composition has a minimum shelf life of 8 weeks.
      By minimum shelf life we mean the minimum time that a sample of the
      composition will remain usable when stored in a sealed container at
      ambient temperatures and rolled at weekly intervals.
PAR  Suitably the composition may comprise:
PA1  A. a fluorocarbon polymer dispersed in an aqueous medium
PA1  B. an adhesive, preferably an inorganic adhesive, dissolved in the aqueous
      medium to assist adhesion of the fluorocarbon polymer to substrate
      surfaces, and
PA1  C. a film builder.
PAR  According to another aspect the invention provides a coating composition
      comprising a fluorocarbon polymer dispersed in water, an adhesive
      comprising the species Al, phosphate and a mineral acid dissolved in the
      water, and a polymeric film builder also dispersed in the water, the
      fluorocarbon polymer and film builder dispersions being stabilised by a
      wetting agent, preferably a non-ionic wetting agent.
PAR  By fluorocarbon polymers there are included polytetrafluoroethylene (PTFE)
      and copolymers of tetrafluoroethylene with up to 15 percent by weight of
      other monomers such as ethylene, vinyl chloride and hexafluoropropene.
      Preferred fluorocarbon polymers are polytetrafluoroethylene and copolymers
      of tetrafluoroethylene with up to 5 percent, especially 0.05 to 2 percent,
      by weight of other monomers such as ethylene, vinyl chloride and
      hexafluoropropene. Such preferred polymers are subsequently referred to as
      "TFE resins." It is especially preferred to use an aqueous dispersion of
      PTFE of median particle size 0.1 to 0.4 .mu.m. The film builder, which is
      preferably polymeric in character, is selected to assist the formation of
      a suitably thick coating without appreciably interfering with the
      sintering together of the fluorocarbon polymer particles. The film builder
      may be a silicone resin for example alkyl aryl polysiloxanes such as a
      methyl phenyl polysiloxane.
PAR  One or more of these silicone resins may suitably be incorporated in the
      compositions of the invention by dissolving them in an organic solvent and
      emulsifying this solution in water with a wetting agent, preferably a
      non-ionic wetting agent.
PAR  A preferred silicone resin is a commercial methyl phenyl silicone resin
      supplied as 60 percent by weight solution in toluene. This may
      advantageously be emulsified in water by use of a non-ionic surfactant
      such as that sold by Rohm and Haas Company of Philadelphia, U.S.A., as
      "Triton" DN 65 and described by the suppliers as a modified ethoxylated
      straight chain alcohol. A high speed mixer should be used to form the
      emulsion.
PAR  The compositions according to the invention are preferably free of chromium
      compounds which have been used in the past as adhesives for PTFE coating
      compositions. However, it is an essential part of the invention that an
      adhesive should be present in the composition. It has been found that good
      enough adhesion to metal substrates is not obtained by merely
      incorporating a silicone resin into aqueous PTFE dispersions. Adhesives
      that may be used are aluminium chloride or aluminum hydroxychloride
      (chlorohydrate) dissolved in the aqueous composition. Preferably they are
      mixed with an aqueous fluorocarbon polymer dispersion before this is
      combined with an aqueous emulsion of the film builder.
PAR  Preferred adhesives in the compositions of this invention are materials in
      ionic or covalent form including the atoms or groups
EQU  Al.sub.a.sup.III P.sub.b.sup.V O.sub.c X.sub.d H.sub.e     I
PAL  wherein a, b, c and e are respectively the numbers of the atoms shown and d
      is the number of the units X, X being halogen e.g. Cl or Br or being
      considered as derived from a mineral acid by the removal of one or more
      acidic hydrogen atoms whether a mineral acid as such has been used in the
      preparation of the adhesive or not (whereby X may also be Cl as well as
      e.g. SO.sub.4 or NO.sub.3) characterised in that either the ratio a:d is
      from 1:0.1 to 1:5 or the ratio a:b is 1:x where x .ltoreq. 1.8 or both.
      The ratio a:b is preferably from 1:0.5 to 1:1.5. The adhesive may be added
      as a halogen-containing complex phosphate of aluminium containing a
      chemically bound hydroxy compound R-OH (of which there is preferably at
      least one molecule per atom of aluminum) where R is a hydrogen atom or an
      inert organic group (including such complexes in a hydrolysed form).
      Alternatively it may be present for example in the form of aluminium ions,
      phosphate ions and the ions of a mineral acid (HCl, H.sub.2 SO.sub.4 or
      HNO.sub.3) in the aqueous medium. Preferably the number of atoms of
      aluminium to the number of phosphate ions is 1:x where x .ltoreq. 1.8.
PAR  An adhesive solution may be made in various ways as follows:
PA1  a. by the addition of a mineral acid to an aluminium phosphate;
PA1  b. by the addition of a phosphoric acid to aluminium chloride, sulphate or
      nitrate; or
PA1  c. by the addition of a phosphoric acid and optionally a mineral acid to a
      material of the formula Al.sub.f O.sub.g (OH).sub.h X.sub.j wherein X may
      be Cl, NO.sub.3 or SO.sub.4 and when X is Cl or NO.sub.3 3f = 2g + h + j
      and when X is SO.sub.4 3f = 2g + h + 2j; in all cases either g or h but
      not both may be zero; j may be zero; and the formula represents a single
      compound or a mixture of compounds, each of which may or may not be
      hydrated.
PAR  The complex aluminium phosphates used in the compositions of the present
      invention may be made as described in published Dutch Pat. application 70
      08594 the relevant disclosure of which is incorporated herein by
      reference.
PAR  As described in the said application, the complex phosphates or a mixture
      containing the said complex phosphates, for example their solutions, may
      be prepared, for example, by reacting aluminium or an aluminium compound,
      preferably a halide, with a hydroxy compound R-OH and phosphoric acid, a
      phosphoric acid ester or a compound capable of forming phosphoric acid or
      a phosphoric acid ester. The aluminium halide may be a simple halide or an
      oxyhalide or an aluminium alkoxy halide, for example aluminium ethoxy
      chloride. Other suitable aluminium compounds include aluminium alkoxides,
      for example aluminium ethoxide. When aluminium or an aluminium compound
      other than a halide is used, the presence of a halogen acid is necessary.
      Mixtures of hydroxy compounds may be used. Substances capable of forming
      phosphoric acid or a phosphoric acid ester include phosphorus pentoxide,
      phosphorus oxyhalides and phosphorus halides. An aqueous solution of
      phosphoric acid may be used, conveniently an 89 percent solution of
      orthophosphoric acid in water, although it is preferred to ensure that no
      more than about 5 percent by weight of water based on the total weight of
      reaction mixture is present when a complex phosphate containing an organic
      hydroxy compound is prepared, thereby avoiding a loss of yield.
PAR  Further details of the preparation of adhesives and solutions of adhesive
      of the type represented by the foregoing formula I are described in German
      specification OLS P.2 161 795.
PAR  The amount of the above described aluminium-containing adhesives that is
      used to give adequate adhesion whilst giving a film thickness of at least
      20 .mu.m depends on the particular adhesive. Preferably the adhesives are
      used in amounts such that the weight of aluminium present per 100 gm of
      PTFE is chosen from the range 0.2 to 4.5 gm. A more preferred range is 1.0
      to 2.5 gm.
PAR  Compositions according to the invention may be made by use of a dispersion
      of the fluorocarbon polymer in water which may be made by a polymerisation
      process in an aqueous medium or by dispersing a suitably finely divided
      solid form of the polymer in an aqueous medium.
PAR  In the preparation of aqueous dispersions of PTFE made by an aqueous
      polymerisation process, the tetrafluoroethylene is normally polymerised in
      the presence of an emulsifying agent, for example by the processes
      described in U.K. Pat. Specifications Nos. 689 400 and 821 353. The
      emulsifying agent is preferably of the anionic type in the form of a
      fluorinated carboxylic acid compound such as ammonium perfluorooctanoate.
      For use in this invention, after polymerisation, the dispersion is further
      stabilised by means of a surfactant and, if necessary, concentrated. We
      have found that the best results are achieved if the additional
      stabilisation is effected by a non-ionic surfactant such as
      polyoxyethylated octyl phenol containing 9-10 moles of ethylene oxide per
      mole of octyl phenol sold by Rohm and Haas Company under the trademark
      "Triton" X100 or a surfactant sold by Rohm and Haas Company under the
      trademark "Triton" DN65 and described by the suppliers as a modified
      ethoxylated straight chain alcohol.
PAR  Stabilisation solely by the use of ionic surfactants is desirably avoided.
PAR  Use of anionic hydrocarbon stabilisers based on sulphates or sulphonates in
      PTFE-containing compositions tends to result in PTFE coagulation when
      complex aluminium phosphate or aluminium phosphate-acid mixtures are
      added. It is believed that aluminium hydrocarbon sulphates or sulphonates
      tend to precipitate leaving less stabiliser to stabilise the PTFE.
PAR  Alternatively PTFE-containing aqueous compositions may be made by mixing a
      PTFE powder into an aqueous medium to form a dispersion which is then
      blended with the adhesive or adhesive solution. Alternatively they may be
      made by mixing the PTFE directly into an aqueous medium containing the
      adhesive. A suitable comminution step may also be needed prior to or at
      the same time as the mixing takes place. The PTFE may be in the form of a
      lubricant grade powder. By the term lubricant grade PTFE powder we mean a
      PTFE powder of average particle size of less than 20 .mu.m (as measured
      optically) that has been prepared by processes including comminution of a
      high molecular weight PTFE.
PAR  Examples of commercially available dry lubricant powders are `Fluon` L169,
      L170 and L171 sold by Imperial Chemical Industries Limited. `Fluon` L170
      is a friable PTFE powder of 4 .mu.m median particle size which can be
      broken down to smaller particle size (as low as 0.1 .mu.m) when processed
      in various media e.g. by a high shear mixer. Thus `Fluon` L170 may be
      added to an aqueous medium and broken down by use of a high shear mixer to
      produce a colloidal dispersion of the polymer in the medium in which the
      adhesive is already present or to which it is added subsequently.
PAR  The compositions of the invention may contain pigments and/or fillers as
      well as the components previously described. A preferred manner of making
      the compositions is to mix a stabilised emulsion of a solution of the film
      builder plus any pigments or fillers in an aqueous medium with the
      stabilised aqueous fluorocarbon polymer dispersion containing the adhesive
      components.
PAR  An important technical advantage may be achieved by use of the invention in
      that a relatively thick crack-free coating showing good adhesion and
      having the desirable non-stick properties required for example on cookware
      may be achieved by a single application of the composition without the
      need to apply an initial primer coat. The coatings may for example be
      applied to the substrate surface, which has been suitably cleaned, by
      spraying and, after drying and baking the coating, it may be sintered,
      suitably at approximately 400.degree.C for PTFE-containing coatings. The
      coating materials are especially useful for coating aluminium substrates.
PAR  It has been found that the choice of stabilisers, and their concentrations,
      for the aqueous fluorocarbon polymer dispersion and for the emulsion of a
      silicone resin solution, when a silicone resin is used as a film builder,
      can have an important effect on the maximum coat thickness that can be
      obtained, without discernible cracks, from the coating composition. The
      maximum coat thickness obtainable, otherwise known as the critical film
      thickness, is at least 20 .mu.m for the compositions of this invention.
PAR  While the same surfactant e.g. "Triton" DN65 or "Pluronic" F68 can be used
      to stabilise both the fluorocarbon polymer dispersion and the silicone
      resin dispersion, it is possible to achieve a greater critical film
      thickness by using different surfactants in the composition. It has been
      found advantageous to stabilise the fluorocarbon polymer dispersion with a
      surfactant selected from alkoxy derivatives of a phenol or alcohol e.g.
      "Triton" X100 or "Triton" DN65 and to make up the emulsion of the silicone
      resin solution using an ethylene oxide propylene oxide block copolymer
      e.g. "Pluronic" F68 obtainable from BASF Wyandotte.
PAR  Using 2 percent by weight of "Pluronic" F68 on the total composition to
      stabilise the silicone emulsion, the amount of "Triton" DN65 stabilising a
      PTFE dispersion may be varied from 1 to 3 percent by weight on PTFE, but a
      preferred quantity is 1 - 2 percent by weight on PTFE.
PAR  As the polymer dispersion and the silicone emulsion become mixed in the
      final composition, stabilisers must of course be chosen for both that will
      avoid coagulation by the adhesive.
PAR  The critical film thickness of our compositions is tested by means of a
      "Hegman" gauge which is a known apparatus allowing the measurement of the
      critical film thickness of the coating material. The gauge has a smooth
      surfaced trough of increasing depth which is filled with the coating
      composition. In the case of the present compositions, the coating is then
      dried at 80.degree.C for 15 minutes, baked at 150.degree.C for 15 minutes
      and sintered at 400.degree.C for 30 minutes. After cooling, the sintered
      coating is inspected and the point along the gauge is noted at which
      cracking of the coating begins. The critical film thickness is the
      thickness of the sintered coating at this point which is measured
      according to our method by use of a "Permascope." A zero reading is taken
      on the substrate to which the coating is applied, and a measurement is
      taken on the coating at the point at which cracking begins. This reading
      on the "Permascope" is taken as the critical film thickness. Clearly the
      larger this thickness is, the thicker the crack-free film which can be
      obtained from the coating composition by application of a single coat.
PAR  Adhesion to the substrate is measured as subsequently described in the
      examples by the adhesive tape test before and after immersing a test
      plaque in heated oil.
PAR  The good shelf life obtainable with compositions of the present invention
      is believed to be an important advantage because the compositions can be
      marketed in a single container and can be used without preparation by the
      fabricator. It is also of importance that non-toxic coatings may be
      obtained. In preferred formulations, a high proportion of fluorocarbon
      polymer is obtained in the coating and this gives good release properties.
PAR  The invention is further illustrated by reference to the following examples
     .
DETD
PAC  EXAMPLE 1
PAR  15.5 gms of a commercially available aqueous aluminium hydroxychloride
      (approximate formula Al.sub.2 (OH).sub.5 Cl.) solution containing 11.6
      percent w/w aluminium and 8.6 percent w/w chloride, were added to 125.5
      gms of an aqueous PTFE dispersion containing 81.2 gms PTFE of median
      particle diameter ca 0.3 .mu.m, and 1.62 gm of a non-ionic stabiliser,
      "Triton" DN65. To this mixture were added, with stirring, 2.9 gms 36
      percent w/w hydrochloric acid and, after cooling to 10.degree.C, 7.3 gms
      89 percent w/w orthophosphoric acid. The temperature was maintained below
      20.degree.C.
PAR  To the above mixture was added an emulsion (prepared in a Silverson
      Laboratory Mixer No. L2R with 1/32 inch screen) comprising 7.4 gms of the
      previously described "Triton" DN65, 21.9 gms water, 9.7 gms toluene, 9.7
      gms silicone resin solution R282 (a commercial methyl phenyl silicone
      resin supplied as a 60 percent w/w solution in toluene and sold by
      Imperial Chemical Industries Limited) and 12.8 gms of an aqueous black
      pigment paste [this paste is described as Pigment Black Dispersion 3204
      and is supplied by Chemical Products Limited, Stockport, Cheshire]
      containing 3.2 gms carbon black stabilised with a polyethoxylated long
      chain alcohol.
PAR  The mixture was spread on a stainless steel "Hegman" gauge, dried at
      80.degree.C for 15 minutes, baked at 150.degree.C for 15 minutes and
      sintered at 400.degree.C for 30 minutes. Inspection of the coating showed
      that a thickness of 38 .mu.m could be obtained before the onset of mud
      cracking. Coating thickness was assessed by Permascope as previously
      described.
PAR  Adhesion was assessed by spraying the mixture onto a plaque of aluminium
      (previously grit-blasted with 60 mesh alumina) which was then dried at
      80.degree.C for 5 minutes, baked at 150.degree.C for 10 minutes, and
      sintered at 400.degree.C for 10 minutes. For purposes of reference,
      Permascope readings were taken both on the grit blasted surface and on the
      surface after coating, the Permascope having been zeroed on a flat smoot
      surface. The instrument reading was 15 .mu.m for the gritted surface and
      24 .mu.m for the coated surface.
PAR  The adhesion was assessed according to the following tests:
PA1  1. By cutting through the coating and into the metal with a razor blade to
      give a cross-hatched pattern of cuts providing approximately 3 mm .times.
      3 mm squares over an area of 625 mm.sup.2. The adhesion of the coating is
      then assessed by firmly pressing a length of 25 mm wide,
      pressure-sensitive, adhesive tape over the cross-hatched area and
      subsequently pulling the tape sharply backwards at an angle of 45.degree.
      to the direction of application. The application and stripping of tape
      over the cross-hatched area is repeated with fresh tape until there is
      evidence that the coating is detaching from the metal or, if no failure is
      observed, up to a maximum of 15 times.
PA1  2. The cross-hatching procedure of test 2 was repeated and the test plaque
      was then immersed in a vegetable based cooking oil at 200.degree.C for 3
      hours. The adhesive tape test is carried out, after washing and drying the
      plaque, up to a maximum of 15 times.
PAR  In the case of the present example, no adhesion failure was seen after 15
      applications of tape both before and after the hot oil test. A coating is
      regarded as showing satisfactory adhesion if it withstands more than 5
      applications of tape.
PAC  EXAMPLE 2
PAR  11.9 gms of a commercially available aqueous aluminium hydroxychloride
      solution (containing 11.6 percent w/w aluminium and 8.6 percent w/w
      chloride) were added to 200 gms of an aqueous PTFE dispersion containing
      124.6 gms PTFE of median particle diameter 0.29 .mu.m, and 3.2 gms of a
      non-ionic stabiliser "Triton" DN65. To this mixture were added with
      stirring, 2.3 gms 36 percent w/w hydrochloric acid and, after cooling to
      10.degree.C, 5.6 gms 89 percent w/w orthophosphoric acid.
PAR  To the above mixture was added an emulsion comprising 10.5 gms "Triton"
      DN65, 26.3 gm H.sub.2 O, 15 gms toluene, 15 gms silicone resin solution
      R282 and 20.0 gms of an aqueous black pigment paste, as previously
      described, containing 5.0 gm carbon black stabilised with a
      polyethoxylated long chain alcohol. The emulsion was prepared using the
      Silverson Laboratory Mixer No. L2R with the 1/32 inch screen.
PAR  The mixture above was sprayed onto plain aluminium plaques and coatings of
      40 .mu.m thickness, as assessed by Permascope, free from mud cracks, were
      obtained after sintering. The composition was thus capable of providing a
      coating having a critical film thickness greater than 20 .mu.m. Adhesion
      was assessed by spraying onto aluminium plaques (previously gritted with
      60 mesh alumina) dried at 80.degree.C for 15 minutes, baked at
      150.degree.C for 15 minutes and sintered at 400.degree.C for 15 minutes.
      The Permascope reading on the coating was 36 .mu.m and was 20 .mu.m on the
      grit blasted surface. No adhesion failure was seen after 15 applications
      of tape, before and after a hot oil test. The hot oil test for this
      example and for examples 3 to 7 was the same as in Example 1 except that
      the heating in oil was conducted for 8 hours. A coating is regarded as
      showing satisfactory adhesion under this test if it withstands more than 5
      applications of tape.
PAC  EXAMPLE 3
PAR  9.5 gms of a commercially available aqueous aluminium hydroxychloride
      solution (containing 11.6 percent w/w aluminium and 8.6 percent w/w
      chloride) were added to 191.5 gms of an aqueous PTFE dispersion containing
      124.5 gms PTFE of median particle diameter ca 0.3 .mu.m, and 2.98 gms of a
      non-ionic stabiliser "Triton" DN65. To the mixture were added 1.80 gms 36
      percent w/w hydrochloric acid and, after cooling to 10.degree.C, 4.50 gms
      of 89 percent w/w orthophosphoric acid.
PAR  To the above mixture was added an emulsion prepared in the Silverson
      Laboratory Mixer No. L2R (1/32 inch screen), comprising 15.0 gms toluene,
      15.0 gms silicone resin R282, 20.0 gms of an aqueous black pigment paste
      as previously described containinng 5.0 gms carbon black stabilised with a
      polyethoxylated long chain alcohol, 10.5 gms "Triton" DN65 and 38.5 gms
      water.
PAR  The mixture was sprayed onto plain aluminium plaques and after drying ata
      80.degree.C for 15 minutes, baking at 150.degree.C for 15 minutes and
      sintering at 400.degree.C for 15 minutes coatings of 36 .mu.m thickness,
      as assessed by Permascope, were substantially free from surface faults.
      The critical film thickness was thus greater than 20 .mu.m. Adhesion was
      assessed by spraying onto aluminium plaques (previously grit blasted with
      60 mesh alumina), dried, baked and sintered as for the plain aluminium
      plaques. The Permascope reading on the coating was 30 .mu.m (20 .mu.m on
      the grit blasted surface). No adhesion failure was seen after 15
      applications of tape before the hot oil test, although after the hot oil
      test the coating failed on the 13th application of tape. The adhesion was
      still considered good.
PAC  EXAMPLES 4 - 7
PAR  Further mixes were prepared in a similar manner to Example 3 but with
      different proportions. The weights of the various components in grams are
      tabulated under the four example numbers as follows.
TBL  __________________________________________________________________________

     Example No.      4     5     6     7                                      

     __________________________________________________________________________

     Dispersion (65.0% w/w PTFE and                                            

     2.4% w/w Triton DN65 on PTFE)                                             

                      191.5 191.5 191.5 191.5                                  

     Aluminium hydroxychloride                                                 

     (11.6% w/w aluminium and                                                  

     8.6% w/w chloride)                                                        

                      7.1   4.8   2.4   1.2                                    

     36% w/w hydrochloric acid                                                 

                      1.4   0.9   0.5   0.23                                   

     89% w/w orthophosphoric acid                                              

                      3.4   2.3   1.1   0.56                                   

     Water            3.9   7.8   11.8  13.8                                   

     Toluene          15.0  15.0  15.0  15.0                                   

     Silicone resin R282 (60% w/w                                              

     in toluene)      15.0  15.0  15.0  15.0                                   

     Aqueous black pigment paste                                               

     25% w/w in water)                                                         

                      20.0  20.0  20.0  20.0                                   

     "Triton" DN65    10.8  10.8  10.8  10.8                                   

     Water            38.5  38.5  38.5  38.5                                   

     __________________________________________________________________________

PAR  These mixtures were sprayed onto plain aluminium plaques then dried at
      80.degree.C for 15 minutes, baked at 150.degree.C for 15 minutes and
      sintered at 400.degree.C for 15 minutes. The following coating thicknesses
      were obtained substantially free from surface faults:
TBL  Example No.4       44 .mu.m                                               

     5                  40 .mu.m                                               

     6                  40 .mu.m                                               

     7                  45 .mu.m                                               

PAR  The critical film thickness in each case was therefore greater than 20
      .mu.m. Adhesion was assessed by spraying onto aluminium plaques
      (previously gritted with 60 mesh alumina), dried, baked and sintered as
      for the plain aluminium plaques.
TBL  ______________________________________                                    

     Example Adhesion failure Adhesion failure                                 

     No      before hot oil test                                               

                              after hot oil test                               

     ______________________________________                                    

     4       No failure after Failed at the                                    

             15 applications  15th application                                 

     5       No failure after Failed at the                                    

             15 applications  15th application                                 

     6       Failed at the    Failed at the                                    

             15th application 7th application                                  

     7       Failed at the    Failed at the                                    

             15th application 2nd application                                  

     ______________________________________                                    

PAR  The adhesion of Examples 4 and 5 were considered good, Example 6 was
      considered satisfactory and Example 7 was poor.
PAC  EXAMPLE 8
PAR  15.5 gms of a commercially available aqueous aluminium hydroxychloride
      solution (containing 11.6 percent w/w aluminium and 8.6 percent w/w
      chloride) were added to a mixture of 11.7 gms water and 121.9 gms of an
      aqueous PTFE dispersion containing 81.2 gms PTFE, of median particle
      diameter 0.26 .mu.m, and 0.97 gms of a non-ionic stabiliser, "Triton"
      DN65. To the mixture were added, with stirring, 3.0 gms of 36 percent w/w
      hydrochloric acid followed, after cooling to 10.degree.C, by 7.3 gms of 89
      percent w/w orthophosphoric acid.
PAR  An emulsion was prepared using the Silverson Laboratory Mixer No. L2R
      comprising 38 gms of a 21.1 percent w/w aqueous "Pluronic" F68 solution,
      19.4 gms silicone resin R282 (a methyl phenyl silicone supplied as a 60
      percent w/w solution in toluene) 19.4 gms toluene and 25.6 gms of an
      aqueous black pigment paste containing 6.4 gms carbon black stabilised
      with a polyethoxylated long chain alcohol. 51.2 gms of the emulsion were
      stirred into the aqueous PTFE dispersion mixture above.
PAR  The mixture was spread onto a stainless steel Hegman gauge, dried at
      80.degree.C for 15 minutes baked at 150.degree.C for 15 minutes and
      sintered at 400.degree.C for 30 minutes. The thickness at which the
      coating began to crack was assessed by Permascope, the instrument reading
      being 84 .mu.m.
PAR  Adhesion was assessed by spraying onto aluminium plaques (previously grit
      blasted with 60 mesh alumina) dried at 80.degree.C for 5 minutes, baked at
      150.degree.C for 10 minutes and sintered at 400.degree.C for 10 minutes.
      The Permascope reading on the coating was 34 .mu.m (gritted surface 16
      .mu.m).
PAR  No adhesion failure was noted after 15 applications of tape before hot oil
      testing but failure after 14 applications of tape was noted after hot oil
      testing as in Example 1. The adhesion was still considered good.
PAC  EXAMPLES 9 - 12
PAR  These examples were prepared in the same manner as Example 8 except that
      increasing amounts of "Triton" DN65 were used to stabilise the PTFE
      dispersion prior to addition of aqueous aluminium hydroxychloride
      solution, hydrochloric acid and phosphoric acid.
TBL  ______________________________________                                    

     Example No.  8       9       10    11    12                               

     ______________________________________                                    

     Added "Triton"                                                            

     DN65 grams   --      0.3     0.6   1.0   1.3                              

     Total "Triton"                                                            

     DN65 grams   0.97    1.27    1.57  1.97  2.27                             

     Added water                                                               

     grams        11.7    11.4    11.1  10.7  10.4                             

     ______________________________________                                    

PAR  The examples were assessed for adhesion and critical film thickness as in
      Example 1. The adhesion of Examples 8 - 12, after the hot oil test, was
      considered satisfactory.
TBL  __________________________________________________________________________

     Example                                                                   

          % Al % Al                                                            

                   %     %     CFT Permascope readings                         

                                               Adhesion tape test              

     Nos. in final                                                             

                PTFE                                                           

                   "Triton"                                                    

                         "Triton"  for adhesion sample                         

                                               (Number of appli-               

     mix           DN65 in                                                     

                         DN65                  cations needed to               

                   final mix                                                   

                         PTFE      Substrate                                   

                                         Substrate                             

                                               cause grid failure)             

                                         +                                     

                                         sintered                              

                                               Before                          

                                                     After                     

                                         coating                               

                                               hot oil                         

                                                     hot oil                   

                               .mu.m                                           

                                   .mu.m .mu.m test  test                      

     __________________________________________________________________________

      8   0.85 2.21                                                            

                   0.46  1.19  84  16    34    &gt;15   14                        

      9   0.85 2.21                                                            

                   0.60  1.56  50  17    40    &gt;15    8                        

     10   0.85 2.21                                                            

                   0.75  1.93  80  18    43    &gt;15   14                        

     11   0.85 2.21                                                            

                   0.94  2.43  26  18    44    &gt;15    6                        

     12   0.85 2.21                                                            

                   1.08  2.80  23  15    28    &gt;15   13                        

     __________________________________________________________________________

PAC  EXAMPLE 13
PAR  To 120.7 gms of an aqueous PTFE dispersion containing 81.2 gms PTFE, of
      median particle diameter 0.24 .mu., and 1.02 gms of a non-ionic
      stabiliser, "Triton" X100 were added 11.6 gms water followed by 14.7 gms
      of a commercially available aluminium hydroxychloride solution (containing
      12.20 percent w/w aluminium and 8.13 percent w/w chloride), with stirring.
      To the mixture were added, with stirring, 3.3 gms of 36 percent w/w
      hydrochloric acid followed, after cooling to 10.degree.C, by 7.3 gms of 89
      percent w/w orthophosphoric acid.
PAR  An emulsion was prepared using a Silverson Laboratory Mixer No. L2R
      comprising 38.0 gms of a 21.1 percent w/w aqueous "Pluronic" F68 solution,
      19.4 gms silicone resin R282 (a methyl phenyl silicone supplied as a 60
      percent w/w solution in toluene), 19.4 gms toluene and 25.6 gms of an
      aqueous black pigment paste, as previously described, containing 6.4 gms
      carbon black stabilised with a polyethoxylated long chain alcohol. 51.2
      gms of the emulsion were stirred into the aqueous PTFE dispersion mixture
      above.
PAR  The critical film thickness and the adhesion were assessed in the same
      manner as Example 1.
PAC  EXAMPLES 14 - 20
PAR  These examples were prepared in the same manner as Example 13 except that
      increasing amounts of "Triton" X100 were used to stabilise the PTFE
      dispersion prior to addition of the aqueous aluminium hydroxychloride
      solution, hydrochloric acid and phosphoric acid.
TBL  __________________________________________________________________________

     Example No.                                                               

              13   14   15   16   17   18   19   20                            

     __________________________________________________________________________

     Added 331/3%                                                              

     aqueous                                                                   

     "Triton" X100                                                             

     grams    --   0.8  1.8  2.8  3.8  4.7  6.7  11.6                          

     Total                                                                     

     "Triton" X100                                                             

     grams    1.02 1.29 1.62 1.95 2.29 2.59 3.25 4.89                          

     Added water                                                               

     grams    11.6 10.8 9.8  8.8  7.8  6.9  4.9  --                            

     __________________________________________________________________________

PAR  The examples were assessed for adhesion and critical film thickness as in
      Example 1. The adhesion of Examples 13 - 20, after the hot oil test, was
      considered satisfactory.
TBL  __________________________________________________________________________

                                              Adhesion tape test               

                                              (Number of appli-                

                                  Permascope readings                          

                                              cations needed to                

                                  for adhesion examples                        

                                              cause grid failure)              

                                        Substrate                              

                   %     %              +                                      

          % Al     "Triton"                                                    

                         "Triton"       sintered                               

                                              Before                           

                                                   After                       

     Example                                                                   

          in final                                                             

               % Al                                                            

                   X100 in                                                     

                         X100 CFT Substrate                                    

                                        coating                                

                                              hot oil                          

                                                   hot oil                     

     Nos  mix  PTFE                                                            

                   final mix                                                   

                         PTFE .mu.m                                            

                                  .mu.m .mu.m test test                        

     __________________________________________________________________________

     13   0.86 2.21                                                            

                   0.49  1.26 95  18    35    &gt;15  &gt;15                         

     14   0.86 2.21                                                            

                   0.62  1.59 70  18    36    &gt;15  15                          

     15   0.86 2.21                                                            

                   0.78  1.99 76  22    30    &gt;15  &gt;15                         

     16   0.86 2.21                                                            

                   0.93  2.40 90  20    34    &gt;15  &gt;15                         

     17   0.86 2.21                                                            

                   1.10  2.82 85  25    32    &gt;15  &gt;15                         

     18   0.86 2.21                                                            

                   1.24  3.19 70  18    30    &gt;15  &gt;15                         

     19   0.86 2.21                                                            

                   1.56  4.00 30  20    40    &gt;15  &gt;15                         

     20   0.86 2.21                                                            

                   2.34  6.02 30  18    36    &gt;15  &gt;15                         

     __________________________________________________________________________

PAC  EXAMPLE 21
PAR  To 123.4 of an aqueous PTFE dispersion, containing 81.2 gms PTFE of median
      particle diameter 0.21 .mu.m, and 0.57 gms of a non-ionic stabiliser,
      "Triton" DN65, were added 1.2 gms of a 331/3 percent w/w aqueous "Triton"
      DN65 solution such that the total "Triton" DN65 in the mixture was now
      0.97 gms. To this mixture were added 10.6 gms of water followed, with
      stirring, by 14.7 gms of a commercially available aqueous aluminium
      hydroxychloride [Al.sub.2 (OH).sub.5 Cl] solution (containing 12.20
      percent w/w aluminium and 8.13 percent w/w chloride).
PAR  An emulsion was prepared using the Silverson Laboratory Mixer No. L2R
      comprising 38.0 gms of 21.1 percent w/w aqueous "Pluronic" F68 solution,
      19.4 gms silicone resin R282 (a methyl phenyl silicone supplied as a 60
      percent solution in toluene), 19.4 gms toluene and 25.6 gms of an aqueous
      black pigment paste, as previously described, containing 6.4 gms carbon
      black stabilised with a polyethoxylated long chain alcohol. 51.2 gms of
      the emulsion were stirred into the aqueous PTFE dispersion mixture above.
PAR  The critical film thickness and the adhesion were assessed in the same
      manner as Example 1 and the results are provided in the accompanying
      table.
PAC  EXAMPLE 22
PAR  This was prepared in the same manner as Example 21 but the water added was
      now 17.9 gms and the aqueous aluminium hydroxychloride solution added was
      now 7.4 gms.
PAC  EXAMPLE 23
PAR  This was prepared in the same manner as Example 21 but no extra water was
      added and the aqueous aluminium hydroxychloride solution added was now
      29.4 gms.
PAR  Examples 22 and 23 were assessed for critical film thickness and adhesion
      in the same manner as Example 1 and the results are provided in the
      accompanying table.
TBL  __________________________________________________________________________

                                      Adhesive tape test                       

                          Permascope readings                                  

                                      (Number of appli-                        

                          for adhesion sample                                  

                                      cations needed to                        

                                      cause grid failure)                      

                    Critical    Substrate                                      

                    Film        +                                              

                                sintered                                       

                                      Before                                   

                                           After                               

     Example                                                                   

          % Al in                                                              

                % Al                                                           

                    Thickness                                                  

                          Substrate                                            

                                coating                                        

                                      hot oil                                  

                                           hot oil                             

     Nos. final mix                                                            

                 PTFE                                                          

                    .mu.m .mu.m .mu.m test test                                

     __________________________________________________________________________

     21   0.89  2.21                                                           

                    68    13    30    &gt;15  &gt;15                                 

     22   0.45  1.11                                                           

                    72    15    27    &gt;15  &gt;15                                 

     23   1.78  4.42                                                           

                    20    13    31    &gt;15  &gt;15                                 

     __________________________________________________________________________

PAC  EXAMPLE 24
PAR  To 123.4 gms of an aqueous PTFE dispersion, containing 81.2 gms PTFE of
      median particle diameter 0.21 .mu.m, and 0.57 gms of a non-ionic
      stabiliser, "Triton" DN65, were added 1.2 gm of a 331/3  percent w/w
      aqueous "Triton" DN65 solution such that the total "Triton" DN65 in the
      mixture was now 0.97 gms. To this mixture were added 16.2 gms water
      followed, with stirring, by 8.0 gms of aluminium chloride hexahydrate
      (AlCl.sub.3.6H.sub.2 O).
PAR  An emulsion was prepared using the Silverson Laboratory Mixer No. L2R
      comprising 38.0 gms of 21 percent w/w aqueous "Pluronic" F68 solution,
      19.4 gms silicone resin R282 (a methyl phenyl silicone supplied as a 60
      percent w/w solution in toluene), 19.4 gms toluene and 25.6 gms of an
      aqueous black pigment paste, as previously described, containing 6.4 gms
      carbon black stabilised with a polyethoxylated long chain alcohol. 51.2
      gms of the emulsion were stirred into the aqueous PTFE dispersion mixture
      above.
PAR  The critical film thickness and the adhesion were assessed in the same
      manner as Example 1. The results are provided in the accompanying table.
PAC  EXAMPLE 25
PAR  This was prepared in the same manner as Example 24 but the water added was
      now 20.2 gms and the aluminium chloride hexahydrate added was now 4.0 gms.
PAR  Example 25 was assessed for critical film thickness and adhesion in the
      same manner as Example 1 and results are provided in the accompanying
      table.
TBL  __________________________________________________________________________

     Example                                                                   

          % Al in                                                              

                % Al  Critical                                                 

                            Permascope readings                                

                                        Adhesive tape test                     

     Nos. final mix                                                            

                  PTFE                                                         

                      Film  for adhesion sample                                

                                        (Number of appli-                      

                      Thickness         cations needed to                      

                            Substrate                                          

                                  Substrate                                    

                                        cause grid failure)                    

                                  +                                            

                                  sintered                                     

                                        Before                                 

                                             After                             

                                  coating                                      

                                        hot oil                                

                                             hot oil                           

                                        test test                              

                      .mu.m .mu.m .mu.m                                        

     __________________________________________________________________________

     24   0.45    1.11                                                         

                      60    18    42    &gt;15  &gt;15                               

     25   0.22    0.54                                                         

                      70    15    30    &gt;15   10                               

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A liquid coating composition free of chromium compounds consisting
      essentially of
PA1  a. A solid fluorocarbon polymer dispersed in an aqueous medium;
PA1  b. an adhesive dissolved in the aqueous medium to assist adhesion of the
      fluorocarbon polymer to substrate surfaces, the adhesive being selected
      from the group consisting of aluminum chloride, a halogen-containing
      complex phosphate of aluminum containing a chemically-bound hydroxy
      compound R-OH where R is a hydrogen atom or an inert organic group and
      wherein the ratio of aluminum-to-phosphorus is equal to or less than 1.8
      and a composition which is constituted by aluminum ions, phosphate ions
      and the ions of a mineral acid wherein the ratio of the number of atoms of
      aluminum to the number of phosphate ions is equal to or less than 1.8, the
      amount of the adhesive being such that the weight of aluminum is from 0.2
      to 4.5 gm per 100 gm of fluorocarbon polymer;
PA1  c. a film building amount of an alkyl aryl polysiloxane dispersed in the
      aqueous medium; and
PA1  d. a stabilizing amount of non-ionic surfactant; the polysiloxane and
      non-ionic surfactant being present respectively in amounts to insure that
      the composition will form coatings on a substrate by a single application
      which, after drying, baking and sintering, are at least 20 .mu.m thick
      without discernible cracks, showing good adhesion to the substrate,
      non-stick properties and freedom from toxicity.
NUM  2.
PAR  2. A composition according to claim 1, the components being present in
      amounts such that the composition has a minimum shelf life of 8 weeks.
NUM  3.
PAR  3. A composition according to claim 1 wherein a solution of the alkyl aryl
      polysiloxane in an organic solvent is emulsified in the aqueous dispersion
      of the fluorocarbon polymer containing the adhesive.
NUM  4.
PAR  4. A composition according to claim 3 wherein the emulsion of the solution
      of the aryl alkyl polysiloxane in the organic solvent is stabilized with a
      non-ionic surfactant and the aqueous dispersion of the fluorocarbon
      polymer containing the adhesive is stabilized with a different non-ionic
      surfactant.
NUM  5.
PAR  5. A composition according to claim 1 wherein the adhesive is the
      composition of aluminum ions, phosphate ions and hydrochloric acid ions.
NUM  6.
PAR  6. A coating composition according to claim 1 wherein the fluorocarbon
      polymer is polytetrafluoroethylene, the film builder is the alkyl aryl
      polysiloxane dissolved in an organic solvent and there are present as
      stabilizers, at least one alkoxy derivative of a phenol or alcohol and at
      least one ethylene oxide propylene oxide block copolymer.
NUM  7.
PAR  7. A liquid coating composition free of chromium compounds consisting
      essentially of
PA1  a. a solid fluorocarbon polymer dispersed in an aqueous medium;
PA1  b. an adhesive dissolved in the aqueous medium to assist adhesion of the
      fluorocarbon polymer to substrate surfaces, the adhesive being selected
      from the group consisting of aluminum chloride, aluminum hydroxychloride,
      a halogen-containing complex phosphate of aluminum containing a
      chemically-bound hydroxy compound R-OH where R is a hydrogen atom or an
      inert organic group and wherein the ratio of aluminum-to-phosphorus is
      equal to or less than 1.8 and a composition which is constituted by
      aluminum ions, phosphate ions and the ions of a mineral acid wherein the
      ratio of the number of atoms of aluminum to the number of phosphate ions
      is equal to or less than 1.8, the amount of the adhesive being such that
      the weight of aluminum is from 0.2 to 4.5 gm per 100 gm of fluorocarbon
      polymer;
PA1  c. a film building amount of an alkyl aryl polysiloxane dispersed in the
      aqueous medium; and
PA1  d. a stabilizing amount of non-ionic surfactant; the polysiloxane and
      non-ionic surfactant being present respectively in amounts to insure that
      the composition will form coatings on a substrate by a single application
      which, after drying, baking and sintering, are at least 20 .mu.m thick
      without discernible cracks, showing good adhesion to the substrate,
      non-stick properties and freedom from toxicity.
NUM  8.
PAR  8. A composition according to claim 5 wherein the adhesive is made by the
      addition of hydrochloric acid and orthophosphoric acid to aluminum
      hydroxychloride.
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PAL  Synthetic resin compositions comprising: (1) a synthetic resin; (2) a
      polyvalent metal complex coordination compound; and (3) a water-soluble,
      ionically-active ammonium or alkali metal salt of an acid capable of being
      chemically converted into an ionically-inactive polyvalent metal salt of
      said acid by chemical reaction and precipitation or sequestration of said
      polyvalent metal salt.
PARN
PAR  This patent application is a division of co-pending commonly-assigned
      patent application, Ser. No. 260,613, filed June 7, 1972 now issued U.S.
      Pat. No. 3,849,173.
BSUM
PAC  GENERAL BACKGROUND OF THE INVENTION
PAR  The present invention relates to synthetic resin compositions. More
      particularly, the present invention relates to synthetic resin
      compositions suitable for methods of applying such synthetic resin
      compositions to porous or absorbent materials and controlling their
      spreading, diffusing, or migrating thereon or their penetrating therein.
      Even more particularly, the present invention is concerned with the
      so-called bonded, "nonwoven" textile fabrics, i.e., fabrics produced from
      textile fibers without the use of conventional spinning, weaving, knitting
      or felting operations. Although not limited thereto, the invention is of
      primary importance in connection with nonwoven fabrics derived from
      "oriented" or carded fibrous webs composed of textile-length fibers, the
      major proportion of which are oriented predominantly in one direction.
PAR  Typical of such fabrics are the so-called "MASSLINN" nonwoven fabrics, some
      of which are described in greater particularity in U.S. Pat. Nos.
      2,705,687 and 2,705,688, issued Apr. 5, 1955, to D. R. Petterson et al.
      and I. S. Ness et al., respectively.
PAR  Another aspect of the present invention is its application to nonwoven
      fabrics wherein the textile-length fibers were originally predominantly
      oriented in one direction but have been reorganized and rearranged in
      predetermined designs and patterns of fabric openings and fiber bundles.
      Typical of such latter fabrics are the so-called "KEYBAK" bundled nonwoven
      fabrics, some of which are described in particularity in U.S. Pat. Nos.
      2,862,251 and 3,033,721, issued Dec. 2, 1958 and May 8, 1962,
      respectively, to F. Kalwaites.
PAR  Still another aspect of the present invention is its application to
      nonwoven fabrics wherein the textile-length fibers are disposed at random
      by air-laying techniques and are not predominantly oriented in any one
      direction. Typical nonwoven fabrics made by such procedures are termed
      "isotropic" nonwoven fabrics and are described, for example, in U.S. Pat.
      Nos. 2,676,363 and 2,676,364, issued Apr. 27, 1954 to C. H. Plummer et al.
PAR  And still another aspect of the present invention is its application to
      nonwoven fabrics which comprise textilelength fibers and which are made
      basically by conventional or modified aqueous papermaking techniques such
      as are described in greater particularity in abandoned patent application
      Ser. No. 4,405, filed Jan. 20, 1970 by P. R. Glor and A. H. Drelich. Such
      fabrics are also basically isotropic and generally have like properties in
      all directions.
PAR  The conventional base starting material for the majority of these nonwoven
      fabrics is usually a fibrous web comprising any of the common
      textile-length fibers, or mixtures thereof, the fibers varying in average
      length from approximately three-eighths inch to about two and one-half
      inches. Exemplary of such fibers are the natural fibers such as cotton and
      wool and the synthetic or man-made cellulosic fibers, notably rayon or
      regenerated cellulose.
PAR  Other textile-length fibers of a synthetic or manmade origin may be used in
      various proportions to replace either partially or perhaps even entirely
      the previouslynamed fibers. Such other fibers include: polyamide fibers
      such as nylon 6, nylon 66, nylon 610, etc.; polyester fibers such as
      "Dacron", "Fortrel" and "Kodel"; acrylic fibers such as "Acrilan", "Orlon"
      and "Creslan"; modacrylic fibers such as "Verel" and "Dynel"; polyolefinic
      fibers derived from polyethylene and polypropylene; cellulose ester fibers
      such as "Arnel" and "Acele"; polyvinyl alcohol fibers; etc.
PAR  These textile-length fibers may be replaced either partially or entirely by
      fibers having an average length of less than about one-half inch and down
      to about one-quarter inch. These fibers, or mixtures thereof, are
      customarily processed through any suitable textile machinery (e.g., a
      conventional cotton card, a "Rando-Webber," a papermaking machine, or
      other fibrous web producing apparatus) to form a web or sheet of loosely
      associated fibers, weighing from about 100 grains to about 2,000 grains
      per square yard or even higher.
PAR  If desired, even shorter fibers, such as wood pulp fibers or cotton
      linters, may be used in varying proportions, even up to 100%, where such
      shorter length fibers can be handled and processed by available apparatus.
      Such shorter fibers have lengths less than one-fourth inch.
PAR  The resulting fibrous web or sheet, regardless of its method of production,
      is then subjected to at least one of several types of bonding operations
      to anchor the individual fibers together to form a self-sustaining web.
      One method is to impregnate the fibrous web over its entire surface area
      with various well-known bonding agents, such as natural or synthetic
      resins. Such over-all impregnation produces a nonwoven fabric of good
      longitudinal and cross strength, acceptable durability and washability,
      and satisfactory abrasion resistance. However, the nonwoven fabric tends
      to be somewhat stiff and boardlike, possessing more of the properties and
      characteristics of paper or board than those of a woven or knitted textile
      fabric. Consequently, although such over-all impregnated nonwoven fabrics
      are satisfactory for many uses, they are still basically unsatisfactory as
      general purpose textile fabrics.
PAR  Another well-known bonding method is to print the fibrous webs with
      intermittent or continuous straight or wavy lines, or areas of binder
      extending generally transversely or diagonally across the web and
      additionally, if desired, along the fibrous web. The resulting nonwoven
      fabric, as exemplified by a product disclosed in the Goldman Pat.
      2,039,312 and sold under the trademark, "MASSLINN," is far more
      satisfactory as a textile fabric than over-all impregnated webs in that
      the softness, drape and hand of the resulting nonwoven fabric more nearly
      approach those of a woven or knitted textile fabric.
PAR  The printing of the resin binder on these nonwoven webs is usually in the
      form of relatively narrow lines, or elongated rectangular, triangular or
      square areas, or annular, circular, or elliptical binder areas which are
      spaced apart a predetermined distance which, at its maximum, is preferably
      slightly less than the average fiber length of the fibers constituting the
      web. This is based on the theory that the individual fibers of the fibrous
      web should be bound together in as few places as possible.
PAR  The nominal surface coverage of such binder lines or areas will vary widely
      depending upon the precise properties and characteristics of softness,
      drape, hand and strength which are desired in the final bonded product. In
      practice, the nominal surface coverage can be designed so that it falls
      within the range of from about 10% to about 50% of the total surface of
      the final product. Within the more commercial aspects of the present
      invention, however, nominal surface coverages of from about 12% to about
      40% are preferable.
PAR  Such bonding increases the strength of the nonwoven fabric and retains
      substantially complete freedom of movement for the individual fibers
      whereby the desirable softness, drape and hand are obtained. This spacing
      of the binder lines and areas has been accepted by the industry and it has
      been deemed necessarily so, if the stiff and board-like appearance, drape
      and hand of the over-all impregnated nonwoven fabrics are to be avoided.
PAR  The nonwoven fabrics bonded with such line and area binder patterns have
      had the desired softness, drape and hand and have not been undesirably
      stiff or board-like. However, such nonwoven fabrics have also possessed
      some disadvantages.
PAR  For example, the relatively narrow binder lines and relatively small binder
      areas of the applicator (usually an engraved print roll) which are laid
      down on the fibrous web possess specified physical dimensions and
      inter-spatial relationships as they are initially laid down.
      Unfortunately, after the binder is laid down on the wet fibrous web and
      before it hardens or becomes fixed in position, it tends to spread,
      diffuse or migrate whereby its physical dimensions are increased and its
      inter-spatial relationships decreased. And, at the same time, the binder
      concentration in the binder area is lowered and rendered less uniform by
      the migration of the binder into adjacent fibrous areas. One of the
      results of such migration is to make the surface coverage of the binder
      areas increase whereby the effect of the intermittent bonding approaches
      the effect of the over-all bonding. As a result, some of the desired
      softness, drape and hand are lost and some of the undesired properties of
      harshness, stiffness and boardiness are increased.
PAR  Various methods have been proposed to prevent or to at least limit such
      spreading, diffusing or migration tendencies of such intermittent binder
      techniques.
PAR  For example, U.S. Pat. No. 3,009,822, issued Nov. 21, 1961 to A. H. Drelich
      et al., discloses the use of a nonmigratory regenerated cellulose viscose
      binder which is applied in intermittent fashion to fibrous webs under
      conditions wherein migration is low and the concentration of the binder in
      the binder area is as high as 35% by weight, based on the weight of the
      fibers in these binder areas. Such viscose binder possesses inherently
      reduced spreading, diffusing and migrating tendencies, thereby increasing
      the desired softness, drape and hand of the resulting nonwoven fabric.
      This viscose binder has found acceptance in the industry but the use of
      other more versatile binders has always been sought.
PAR  Resins, or polymers as they are often referred to herein as interchangeable
      terms, are high molecular weight organic comounds and, as used herein, are
      of a synthetic or man-made origin. These synthetic or man-made polymers
      have a chemical structure which usually can be represented by a regularly
      repeating small unit, referred to as "mer", and are formed usually either
      by an addition or a condensation polymerization of one or more monomers.
      Examples of addition polymers are the polyvinyl chlorides, the polyvinyl
      acetates, the polyacrylic resins, the polyolefins, the synthetic rubbers,
      etc. Examples of condensation polymers are the polyurethanes, the
      polyamides, the polyesters, etc.
PAR  Of all the various techniques employed in carrying out polymerization
      reactions, emulsion polymerization is one of the most commonly used.
      Emulsion polymerized resins, notably polyvinyl chlorides, polyvinyl
      acetates, carboxylated styrene butadiene rubbers, and polyacrylic resins,
      are widely used throughout many industries. Such resins are generally
      produced by emulsifying the monomers, stabilizing the monomer emulsion by
      the use of various surfactant systems, and then polymerizing the monomers
      in the emulsified state to form a stabilized resin polymer. The resin
      polymer is usually dispersed in an aqueous medium as discrete particles of
      colloidal dimensions (1 to 2 microns diameter or smaller) and is generally
      termed throughout the industry as a "resin dispersion", or a "resin
      emulsion" or "latex".
PAR  Generally, however, the average particle size in the resin dispersion is in
      the range of about 0.1 micron (or micrometer) diameter, with individual
      particles ranging up to 1 or 2 microns in diameter and occasionally up to
      as high as about 3 or 5 microns in size. The particle sizes of such
      colloidal resin dispersions vary a great deal, not only from one resin
      dispersion to another but even within one resin dispersion itself.
PAR  The amount of resin binder solids in the resin colloidal aqueous dispersion
      varies from about 1/10% solids by weight up to about 60% by weight or even
      higher solids, generally dependent upon the nature of the monomers used,
      the nature of the resulting polymer resin, the surfactant system employed,
      and the conditions under which the polymerization was carried out.
PAR  These resin colloidal dispersions, or resin emulsions, or latexes, may be
      anionic, non-ionic, or even polyionic and stable dispersions are available
      commercially at pH's of from about 2 to about 11.
PAR  As will be pointed out in greater detail, such resin dispersions are used
      in the present inventive concept at alkaline pH ranges. Various alkaline
      reagents, such as ammonia, are therefore added to bring the pH out of the
      acid range.
PAR  The amount of resin which is applied to the porous or absorbent material
      varies within relatively wide limits, depending upon the resin itself, the
      nature and character of the porous or absorbent materials to which the
      resins are being applied, its intended use, etc. A general range of from
      about 4% by weight up to about 50% by weight, based on the weight of the
      porous or absorbent material, is satisfactory under substantially all
      uses. Within the more commercial limits, however, a range of from about
      10% to about 30% by weight, based on the weight of the porous or absorbent
      material, is preferred.
PAR  Such resins have also found use in the coating industries for the coating
      of knitted fabrics, woven fabrics, paper, paper products, leather, and
      other materials. The resins are also used as adhesives for laminating
      films, sheets and like materials or for bonding fibrous webs. These resins
      have also found wide use as additives in the manufacture of paper, the
      printing industry, the painting industry, the decorative printing of
      textiles, and in other industries.
PAR  In most instances, the resin is colloidally dispersed in water and, when
      applied from the aqueous medium to a porous or absorbent sheet material
      which contains additional water is carried by the water until the water is
      evaporated or otherwise driven off. If it is desired to place the resin
      only on the surface of the wet porous or absorbent sheet material and not
      to have the resin penetrate into the porous or absorbent sheet material,
      such is usually not possible inasmuch as diffusion takes place between the
      aqueous colloidal resin and the water in the porous material. In this way,
      the colloidal resin tends to spread into and throughout the porous
      material and does not remain merely on its surface.
PAR  Or, if it is desired to deposit the resin in a specific intermittent print
      pattern, such as is used in bonding nonwoven fabrics, the aqueous colloid
      tends to diffuse, spread or migrate and to wick along the individual
      fibers and to carry the resin with it beyond the confines of the nominal
      intermittent print pattern. As a result, although initially placed on the
      nonwoven fabric in a specific intermittent print pattern, the ultimate
      pattern goes far beyond that due to the spreading of migration which takes
      place due to the diffusion of the water and the resin, until the water is
      evaporated or otherwise driven off.
PAR  We have discovered new resin binder compositions containing polymers
      colloidally dispersed in aqueous media and new methods of applying such
      resin binder compositions to porous or absorbent materials, as enumerated
      herein, whereby the resins are applied in a controlled, relatively
      nonmigrating manner. If it is desired that the resin be placed only on the
      surface of the porous or absorbent material, our compositions and methods
      will allow this to be done. Furthermore, if it is desired that the resin
      be impregnated throughout the material, from one surface to the other
      surface, again, our compositions and methods will allow this to be done.
PAC  SPECIFIC BACKGROUND OF THE INVENTION
PAR  In U.S. Pat. Nos. 3,720,562 and 3,706,595, there are disclosed various
      synthetic resin compositions and methods of utilizing the same by
      application to porous or absorbent materials. Basically, these methods
      disclose applying stable synthetic resin compositions under alkaline
      conditions to porous or absorbent materials which were previously treated
      and wetted with controlled concentrations or amounts of acidic media,
      aqueous media, or simply water. When the synthetic resin compositions were
      applied to the pre-treated porous or absorbent materials, their stability
      was altered and destroyed by the resulting altered acidic or dilutive
      conditions and they immediately coagulated and precipitated on the porous
      or absorbent materials under controlled migration conditions.
PAC  THE METHODS
PAR  Normally, the methods disclosed in these patent applications and in the
      present case involve the use of standard or conventional apparatus, such
      as described in FIG. 9 of U.S. Pat. No. 3,009,822. Such methods employ an
      adjustable upper rotatable back-up roll and an adjustable lower rotatable
      engraved print roll or applicator roll, with the porous or absorbent
      materials passing under adjustable pressure through the nip there between.
      In contact with the applicator roll was a lowermost rotatable pick-up roll
      partially immersed in a bath of the synthetic resin composition, which
      pick-up roll picked up the synthetic resin composition and transferred it
      to the applicator roll which applied it to the porous or absorbent
      materials.
PAC  THE APPARATUS
PAR  A typical arrangement of such apparatus is shown in the Figure for
      illustrative but not for limitative purposes. In this Figure, there is
      shown an adjustable upper rotatable back-up roll 10, rotating on a
      rotatable shaft 12, in adjustably controlled pressure contact with a lower
      rotatable engraved print roll or applicator roll 14 rotating on a
      rotatable shaft 16. In contact with the applicator roll 14 is a lowermost
      rotatable pick-up roll 18 rotating on a rotatable shaft 20 and being
      partially immersed in a bath 22 of the synthetic resin composition, which
      pick-up roll 18 picks up the synthetic resin composition 24 and transfers
      it to the applicator roll 14 which applies it to a porous or absorbent
      material W passing through the adjustable pressure nip of back-up roll 10
      and applicator roll 14. All these rolls are adjustable whereby the
      pressure applied to the porous or absorbent material W is adjusted to
      control the amount of pick-up of the synthetic resin composition 24 on the
      porous or absorbent material W. A doctor blade 26 is employed to prevent
      build-up of the resin latex on the pick-up roll 18. This apparatus is
      generally conventional and standard and other equivalent forms of
      apparatus are of use.
PAC  PRIOR OPERATING DIFFICULTIES
PAR  On occasion, it has been noted that the synthetic resin composition lost
      its stability and thickened or prematurely coagulated and precipitated in
      the bath 22 itself, prior to application to the porous or absorbent
      material W. As a result, operating difficulties were consequently
      occasionally encountered.
PAR  The premature coagulation and precipitation was evidenced primarily by a
      thickening or "setting-up" of the synthetic resin composition in the bath,
      particularly during the running of the operation.
PAR  Also, in some cases, it has been noted that a synthetic resin composition
      have a viscosity, for example, of 1,000 centipoises, when originally
      prepared, thickened to a viscosity of 20,000 centipoises or higher in a
      period of oneweek storage, prior to plant operation. A comparable
      synthetic resin composition, when protected by the application of the
      present invention, thickened only slightly to a viscosity of 1,040
      centipoises.
PAR  It is a primary purpose of the present inventive concept to prevent such
      undesirable unstability, thickening and setting-up and premature
      coagulation and precipitation of the synthetic resin compositions during
      storage and during actual manufacturing operations. It is a further
      purpose of our invention to permit the formulation of more effective and
      versatile resin compositions.
PAC  GENERAL STATEMENT OF THE INVENTION
PAR  It has been discovered that such primary purpose and other advantages and
      benefits to be described hereinafter are realized by adding to the
      synthetic resin compositions described in said patents and said patent
      applications controlled amounts of a stabilizing and anti-coagulating and
      precipitating agent comprising a water-soluble, ionically-active ammonium
      or alkali metal salt of an acid capable of being chemically converted into
      an ionically-inactive polyvalent metal salt of said acid by chemical
      reaction and precipitation of sequestration of said polyvalent metal salt.
PAR  It has not been established beyond any doubt but it is believed that
      relatively small amounts of polyvalent metal cations spontaneously ionize
      away from the polyvalent metal complex coordination compound after
      formulation and during storage before use and that these relatively small
      amounts of polyvalent metal cations "trigger" the premature thickening,
      setting-up, coagulation or precipitation in the bath prior to application
      to the porous or absorbent materials.
PAR  It is also believed that such undesirable premature coagulation and
      precipitation by the relatively small amounts of polyvalent metal cations
      is promoted and accelerated by unspecified amounts of acidic media,
      aqueous media, or simply water, which are pressed out of the porous
      materials as they pass through the nip of the back-up roll and applicator
      roll to drain downwardly into the synthetic resin composition in the bath.
      This, of course, changes the pH and/or concentration of the complex
      coordination compound whereby its stability is changed.
PAR  The addition of the stabilizing and anti-coagulating and anti-precipitating
      agent serves to render the liberated polyvalent metal cations innocuous
      and ionically inactive by chemical reaction and precipitation or
      sequestration of the polyvalent metal cations. The action of the
      stabilizing and anti-coagulating agent is thus actually a scavenging
      action. In this way, the synthetic resin is unaffected and the viscosity
      of the synthetic resin composition is relatively stabilized.
PAR  In order to understand and explain the probable mechanism of the actions
      taking place, it is instructive to show a typical equilibrium reaction
      involving a divalent complex metal compound:
EQU  M.sup.+.sup.+ + xNH.sub.4 OH.revreaction.[M(NH.sub.3).sub.x ].sup.+.sup.+ +
      xH.sub.2 O                                                (1)
PAL  or
      ##EQU1##
PAR  Prior to this invention, problems were sometimes encountered by the
      premature liberation of the M.sup.+.sup.+ cation which caused premature
      thickening or coagulation of the resin component in the binder
      formulation. This liberation of the metal cation can be triggered by an
      increase in concentration of H.sub.2 O by dilution or a decrease in
      concentration of NH.sub.4 OH by dilution, neutralization, or evaporation.
      The scavenging agents which we have discovered effectively inactivate the
      liberated M.sup.+.sup.+ cation.
PAR  Based on simple considerations of reaction kinetics the removal of
      M.sup.+.sup.+ from the system should shift the equilibrium to continuously
      form more ionic M.sup.+.sup.+  cations to maintain the constancy of the
      value of the reaction constant k. Unexpectedly and surprisingly, this does
      not appear to happen, or to happen so slowly that we can increase the
      stability of a formulation from several hours to many weeks.
PAC  THE SYNTHETIC RESIN
PAR  The improved synthetic resin compositions of the present invention comprise
      from about 0.1% to about 6% by weight on a solids basis of a colloidal
      synthetic resin and may be of a self cross-linking type, or an externally
      crosslinking type, or may not be cross-linked.
PAR  Specific examples of such colloidal synthetic resins include: polymers and
      copolymers of vinyl halides such as plasticized and unplasticized
      polyvinyl chloride, polyvinyl chloride-polyvinyl acetate, ehtylene-vinyl
      chloride, etc.; polymers and copolymers of vinyl esters such as
      plasticized and unplasticized polyvinyl acetate, ethylene-vinyl acetate,
      acrylic-vinyl acetate, etc.; polymers and copolymers of the polyacrylic
      resins such as ethyl acrylate, methyl acrylate, butyl acrylate,
      ethyl-butyl acrylate, ethyl hexyl acrylate, hydroxyethyl acrylate,
      dimethyl amino ethyl acrylate, etc.; polymers and copolymers of the
      polymethacrylic resins such as methyl methacrylate, ethyl methacrylate,
      isopropyl methacrylate, butyl methacrylate, etc.; polymers and copolymers
      of acrylonitrile, methacrylonitrile, acrylamide, N-isopropyl acrylamide,
      N-methylol acrylamide, methacrylamide, etc.; vinylidene polymers and
      copolymers, such as polyvinylidene chloride, polyvinylidene chloride-vinyl
      chloride, polyvinylidene chloride-ethyl acrylate, polyvinylidene
      chloride-vinyl chloride-acrylonitrile, etc.; polymers and copolymers of
      polyolefinic resins including polyethylene, polypropylene, ethylene-vinyl
      chloride and ethylene-vinyl acetate which have been listed previously; the
      synthetic rubbers such as 1,2-butadiene, 1,3-butadiene,
      2-ethyl-1,3-butadiene, high, medium and carboxylated
      butadiene-acrylonitrile, butadiene-styrene, chlorinated rubber, etc.,
      natural latex; the polyurethanes; the polyamides; the polyesters; the
      polymers and copolymers of the styrenes including styrene, 2-methyl
      styrene, 3-methyl styrene, 4-methyl styrene, 4-ethyl styrene, 4-butyl
      styrene; natural latex; phenolic emulsions; etc.
PAR  These resins may be used either as homopolymers comprising a single
      repeating monomer unit, or they may be used as copolymers comprising two,
      three, or more different monomer units which are arranged in random
      fashion, or in a definite ordered alternating fashion, within the polymer
      chain. Also included within the inventive concept are the block polymers
      comprising relatively long blocks of different monomer units in a polymer
      chain and graft polymers comprising chains of one monomer attached to the
      backbone of another polymer chain.
PAR  Other synthetic resins of particular applicability within the principles of
      the present inventive concept are colloidal synthetic resins containing a
      coordinating ligand.
PAR  The coordinating ligand is normally an acidic or proton donor group,
      especially those containing terminal hydroxy groups. Examples of
      hydroxy-containing coordinating ligands are: hydroxy -OH; carboxy -COOH;
      sulfino -- SO(OH) sulfo --SO.sub.2 (OH); sulfonoamino -- NHSO.sub.2 (OH);
      aci-nitro=NO(OH); hydroxyamino --NHOH; hydroxyimino=NOH; etc. It is to be
      observed that these hydroxy-containing radicals contain a hydrogen atom
      which is capable of dissociating to form an H.sup.+ ion or proton.
PAR  The colloidal synthetic resins possessing a hydroxy-containing coordinating
      ligand are obtained by copolymerizing: (1) from about 92% by weight to
      about 99% by weight of a monomer or a mixture of monomers of the group
      comprising vinyl halide, vinyl ester, or vinyl ether monomers including,
      for example, vinyl chloride, vinyl acetate and vinyl ethyl ether; olefin
      monomers such as ethylene and propylene; acrylic and methacrylic monomers
      including, for example, ethyl acrylate, ethyl hexyl acrylate, methyl
      acrylate, propyl acrylate, butyl acrylate, hydroxyethyl acrylate, dimethyl
      amino ethyl acrylate, methyl methacrylate, ethyl methacrylate, isopropyl
      methacrylate, butyl methacrylate, acrylonitrile, methacrylonitrile,
      acrylamide, N-isopropyl acrylamide, N-methylol acrylamide, methacrylamide;
      vinylidene monomers such as vinylidene chloride; diene monomers including,
      for example 1,2-butadiene, 1,3-butadiene, 2-ethyl-1,3-butadiene; styrene
      monomers including, for example, styrene, 2-methyl styrene, 3-methyl
      styrene, 4-methyl styrene, 4-ethyl styrene, 4-butyl styrene; and other
      polymerizable monomers; and (2) a relatively small amount, on the order of
      from about 1% by weight to about 8% by weight, of an unsaturated acid
      containing a terminal hydroxy group such as the .alpha. ,
      .beta.-unsaturated carboxylic acids including acrylic acid, methacrylic
      acid, fumaric acid, maleic acid, itaconic acid, crotonic acid, isocrotonic
      acid, angelic acid, tiglic acid, etc. Anhydrides of such acids, where they
      exist, are also of use. Other .alpha., .beta.-unsaturated acids are of use
      and include 2-sulfoethyl methacrylate, styrene sulfonic acid, vinyl
      phosphonic acid, etc.
PAR  It is to be appreciated that more than one monomer may be included in the
      polymerization with the .alpha., .beta.-unsaturated acid. An outstanding
      example of the use of more than one monomer is the polymerization of
      butadiene and styrene with an .alpha., .beta.-unsaturated acid such as
      acrylic acid, methacrylic acid, fumaric acid, maleic acid, or itaconic
      acid. Anhydrides, for example, maleic anhydride, are also of use.
PAC  THE WATER-SOLUBLE, POLYMERIC CARBOXYLIC THICKENER
PAR  Also of application within the principles of the present inventive concept,
      either in lieu of the previously mentioned synthetic resins or in addition
      thereto, are watersoluble, polymeric carboxylic thickeners which are
      included in the resin composition in amounts of from about 0.05% by weight
      to about 10% by weight.
PAR  The water soluble polymeric carboxylic thickener may be selected from a
      relatively large group of such materials which include, for example:
      polyacrylic acid; polymeric crotonic acid; copolymers of vinyl acetate and
      crotonic acid; copolymers of vinyl acetate and acrylic acid; polyacrylic
      acidpolyacrylamide copolymers; polymethacrylic acid; polymethacrylic
      acid-polyacrylamide copolymers; carboxymethyl cellulose; carboxyethyl
      cellulose; carboxypropyl cellulose; polycarboxymethyl hydroxyethyl
      cellulose; alginic acid; polymers of acrylic acid and acrylic acid esters;
      polymers of .alpha., .beta.-unsaturated carboxylic acids such as itaconic
      acid; etc. These water soluble, polymeric, carboxylic thickeners may be
      used in their acid forms but normally it is preferred to use their
      water-soluble, neutralized salts, that is, their sodium, potassium,
      lithium, ammonium, or like water soluble salts.
PAC  THE SURFACTANTS
PAR  On occasion, anionic and nonionic surfactants are added to the synthetic
      resin composition to create, enhance or to augment the "triggering" action
      which initiates the coagulation and precipitation of the synthetic resin.
      Such anionic and nonionic surfactants are included in the synthetic resin
      composition in amounts ranging from about 0.01% to about 5% by weight,
      based on the weight of the synthetic resin solids.
PAR  Typical examples of such surfactants are: the alkyl aromatic sulfonic
      acids, alkyl sulfonic acids, the carboxylic acids, and other surfactants
      such as, for example, dodecyl benzene sulfonate, octyl benzene sulfonate,
      hexyl benzene sulfonate, octadecyl benzene sulfonate, octyl sulfonate,
      hexyl sulfonate, dodecyl sulfonate, octadecyl sulfonate, and the sodium
      and potassium fatty acid soaps containing from 5 to 18 carbon atoms. Other
      anionic surfactants include sodium p-1-methyl alkyl benzene sulfonates in
      which the alkyl group contains from 10 to 16 carbon atoms, the sodium
      di-n-alkyl sulfosuccinates in which the alkyl groups contain from 4 to 12
      carbon atoms, the potassium n-alkyl malonates in which the alkyl group
      contains from 8 to 18 carbon atoms, the potassium alkyl tricarboxylates in
      which the alkyl group contains from 6 to 14 carbon atoms, the alkyl
      betaines in which the alkyl group contains from 6 to 14 carbon atoms, the
      ether alcohol sulfates, sodium n-alkyl sulfates, containing from 6 to 18
      carbon atoms, etc.
PAR  Non-ionic surfactants which are useful within the principles of the present
      invention possess non-ionizing hydrophilic groups and include such
      surface-active agents as fatty acid mono-esters of polyglycerol and
      pentaerythritol. Specific examples are glycerol monostearate, glycerol
      monolaurate, pentaerytritol monostearate, pentaerythritol, monolaurate,
      etc. Others include glycol esters of fatty acids, prepared by treating the
      acid with ethylene oxide. Specific useful surfactants include: nonyl
      phenoxy poly (ethyleneoxy) ethanol; nonyl phenol polyglycol ether alcohol;
      polyethylene glycol monolaurate; polyoxyethylene oleyl ether; ethylene
      oxide condensates of castor oil; polyglycol palmitate amide; ethoxylated
      alkyl phenol; lauric diethanolamide; octyl phenoxy polyethoxy ethanol;
      difunctional block-polymers terminating in primary hydroxy groups; etc.
PAR  The specific surfactant which is selected for use in the resin composition
      does not relate to the essence of the invention. It is merely necessary
      that it possess the necessary properties and characteristics to carry out
      its indicated function of stabilizing the resin composition prior to the
      time that coagulation and precipitation of the resin is required.
      Additionally, in the event that it is desired that the surfactant assist
      in or promote the coagulation and precipitation function, then it must
      possess the necessary anionic groups, as described hereinbefore, which are
      capable of reaction due to the presence of the metal cations released from
      the metal complex coordination compound.
PAC  THE POLYVALENT METAL COMPLEX COORDINATION COMPOUND
PAR  The polyvalent metal complex coordination compound is included in the resin
      composition in an amount equal to from about 0.01% by weight to about 5%
      by weight, based on the weight of the previously mentioned synthetic resin
      or polymer solids.
PAR  Examples of polyvalent metal complex coordination compounds of particular
      applicability when the porous or absorbent materials are pretreated with
      acidic media are:
PAR  ammonium carbonato zirconate
EQU  (NH.sub.4).sub.3 [ZrOH(CO.sub.3).sub.3 ] .sup.. H.sub.2 O
PAR  ammonium heptafluoro zirconate
EQU  (NH.sub.4).sub.3 [ZrF.sub.7 ]
PAR  potassium tetracyano zincate
EQU  K.sub.2 [Zn(CN).sub.4 ]
PAR  sodium tetrahydroxo zincate
EQU  Na.sub.2 [Zn(OH).sub.4 ]
PAR  sodium tetrahydroxo aluminate
EQU  Na [Al(OH).sub.4 ]
PAR  potassium trioxalato aluminate
EQU  K.sub.3 [Al(C.sub.2 O.sub.4).sub.3 ]
PAR  As defined herein, a metal complex coordination compound is one of a number
      of types of metal complex compounds, usually made by addition of organic
      or inorganic atoms or groups to simple inorganic compounds containing the
      metal atom. Coordination compounds are therefore essentially compounds to
      which atoms or groups are added beyond the number possible of explanation
      on the basis of electrovalent linkages, or the usual covalent linkages,
      wherein each of the two atoms linked donate one electron to form the
      duplet. In the cases of the coordination compounds, the coordinate atoms
      or groups are linked to the atoms of the coordination compound, usually by
      coordinate valences, in which both the electrons in the bond are furnished
      by the linked atoms of the coordinated group.
PAR  Other examples of polyvalent metal complex coordination compounds of more
      universal utility but of particular applicability when the porous or
      absorbent materials are pretreated with aqueous media are:
PAR  hexammine chromium chloride
EQU  [Cr(NH.sub.3).sub.6 ] Cl.sub.3 .sup.. H.sub.2 O
PAR  pentammine chloro chromium chloride
EQU  [Cr(NH.sub.3).sub.5 .sup..  Cl] Cl.sub.2
PAR  hexammine nickel chloride
EQU  [Ni(NH.sub.3).sub.6 ] Cl.sub.2
PAR  tetrammine dinitro cobalt nitrate
EQU  [Co(NH.sub.3).sub.4 (NO.sub.2).sub.2 ] (NO.sub.3).sub.3
PAR  hexammine cobalt chloride
EQU  [Co(NH.sub.3).sub.6 ] Cl.sub.3
PAR  hexammine cobalt iodide
EQU  [Co(NH.sub.3).sub.6 ] I.sub.2
PAR  hexammine cobalt nitrate
EQU  [Co(NH.sub.3).sub.6 ] (NO.sub.3).sub.3
PAR  hexammine cobalt sulfate
EQU  [Co(NH.sub.3).sub.6 ] SO.sub.4
PAR  hexammine cobalt bromide
EQU  [Co(NH.sub.3).sub.6 ] Br.sub.2
PAR  hexammine nickel bromide
EQU  [Ni(NH.sub.3).sub.6 ] Br.sub.2
PAR  hexammine nickel chlorate
EQU  [Ni(NH.sub.3).sub.6 ] (ClO.sub.3).sub.2
PAR  hexammine nickel iodide
EQU  [Ni(NH.sub.3 .sub.6 ] I.sub.2
PAR  hexammine nickel nitrate
EQU  [Ni(NH.sub.3).sub.6 ] (NO.sub.3).sub.2
PAR  tetrammine zinc carbonate
EQU  [Zn(NH.sub.3).sub.4 ] CO.sub.3
PAR  tetrammine zinc sulfate
EQU  [Zn(NH.sub.3).sub.4 ] SO.sub.4
PAR  tetrammine zinc nitrate
EQU  [Zn(NH.sub.3).sub.4 ] (NO.sub.3).sub.2
PAR  diammine zinc chloride
EQU  [Zn(NH.sub.3).sub.2 ] Cl.sub.2
PAR  tetrammine zinc chloride
EQU  [Zn(NH.sub.3).sub.4 ] Cl.sub.2
PAR  diammine copper acetate
EQU  [Cu(NH.sub.3).sub.2 ] (C.sub.2 H.sub.3 O.sub.2).sub.2
PAR  tetrammine copper sulfate
EQU  [Cu(NH.sub.3).sub.4 ] SO.sub.4 .sup..  H.sub.2 O
PAR  tetrammine copper hydroxide
EQU  [Cu(NH.sub.3).sub.4 ] (OH).sub.2
PAR  ammonium tetra thiocyanato diammine chromate
EQU  NH.sub.4 [Cr(NCS).sub.4 (NH.sub.3).sub.2 ] .sup.. H.sub.2 O
PAR  hexammine chromium chloride
EQU  [Cr(NH.sub.3).sub.6 ] Cl.sub.3 .sup.. H.sub.2 O
PAR  chloro pentammine chromium chloride
EQU  [Cr(NH.sub.3).sub.5 .sup.. Cl] Cl.sub.2
PAR  As defined herein, a metal ammine complex coordination compound is one of a
      number of types of metal complex compounds, usually made by addition of
      organic or inorganic atoms or groups such as ammonia (NH.sub.3) to simple
      inorganic compounds containing the metal atom. Coordination compounds are
      therefore essentially compounds to which atoms or groups are added beyond
      the number possible of explanation on the basis of electrovalent linkages,
      or the usual covalent linkages, wherein each of the two atoms linked
      donate one electron to form the duplet. In the case of the coordination
      compounds, the coordinated atoms or groups are linked to the atoms of the
      coordination compound, usually by coordinate valences, in which both the
      electrons in the bond are furnished by the linked atoms of the coordinated
      group.
PAC  THE WATER-SOLUBLE, IONICALLY-ACTIVE SALT
PAR  The water-soluble, ionically-active ammonium or alkali metal salt of an
      acid (to be defined more particularly hereinafter) is present in the reisn
      composition in an amount of from about 5% to about 90% molecular
      equivalent (stoichiometric basis) of the polyvalent metal which is present
      and which is to be precipitated or sequestered. That is to say, for
      example, if there is one mole of the polyvalent metal present, then there
      is from about 0.05 to 0.90 mole of the water-soluble, ionically-active
      ammonium or alkali metal salt present.
PAR  Ammonium and alkali metal salts of acids naturally are selected from the
      group consisting of ammonium, lithium, sodium and potassium salts. Of
      these, ammonium is preferred. As a matter of fact, in many cases where
      there is sufficient ammonium or alkali metal hydroxide in the resin
      composition, the agent may be added in the acid form rather than in the
      salt form and the water-soluble, ionically active ammonium salt will be
      formed, in situ. The above salts generally consist of the NH.sub.4, Na,
      etc., and salts of acids listed below.
PAC  THE ACIDS
PAR  Examples of acids suitable for application within the principles of the
      present invention are: inorganic mineral acids such as ortho-phosphoric
      acid, hypophosphoric acid, metaphosphoric acid, triphosphoric acid,
      tetraphosphoric acid, chromic acid, orthoboric acid, metaboric acid,
      tetraboric acid, etc.; monobasic aliphatic organic acids, preferably
      having at least 10 carbon atoms, such as capric acid, lauric acid,
      myristic acid, palmitic acid, stearic acid, oleic acid, linoleic acid,
      linolenic acid, etc.; dicarboxylic aliphatic organic acids such as oxalic
      acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic
      acid, suberic acid, etc.; aliphatic hydroxy acids such as citric acid,
      glycollic acid, lactic acid, malic acid, tartaric acid, etc.;
      monocarboxylic aromatic organic acids such as benzoic acid, o-toluic acid,
      m-toluic acid, p-toluic acid, phenylacetic acid, cinnamic acid, etc.;
      hydroxy aromatic organic acids such as salicylic acid, m-hydroxy benzoic
      acid, p-hydroxy benzoic acid, mandelic acid, etc.; dicarboxylic and
      polycarboxylic aromatic organic acids such as phthalic acid, isophthalic
      acid, terephthalic acid, gluconic acid, etc.
PAR  Many of these acids are frequently also classified as chelating agents and
      possess the ability to form chelated compounds wherein the polyvalent
      metal cations which are associated with them are rendered ionically
      inactive and remain in solution in sequestered form.
PAR  Other acids which are more truly considered as chelating agents are also
      suitable for application within the principles of the present invention.
      Such chelating agents include: ethylene diamine tetraacetic acid (EDTA);
      ethylene diamine tetrapropionic acid (EDTPA); hydroxyethyl ethylene
      diamine triacetic acid (HEDTA); ammonia triacetic acid (NTA);
      N-hydroxyethyl diethylene triamine tetraacetic acid (HDTTA); etc.
PAR  The invention will be further described by reference to the following
      Examples wherein there are disclosed preferred embodiments of the present
      invention. However, it is to be appreciated that such Examples are
      illustrative but not limitative of the broader aspects of the inventive
      concept.
DETD
PAC  EXAMPLE I
PAR  A resin binder formulation suitable for bonding nonwoven fabrics having the
      following composition is prepared:
TBL                             Pounds                                         

     ______________________________________                                    

     GAF 500-19A carboxylated butadiene-styrene                                

      resin (50% solids) GAF Corporation                                       

                                  12.5                                         

     Water                        6.0                                          

     Anti-foam agent              0.12                                         

     External curing agent for resin (80%)                                     

                                  0.55                                         

     Acrylic acid copolymer thickener                                          

      Rohm & Haas Acrysol 51 (10%) (ammonium salt)                             

                                  1.30                                         

     Zinc tetrammine chloride (169 ml.) - 10% Zn                               

      Content                     0.42                                         

     Plasticizer                  0.60                                         

     Anionic surfactant (25%)     0.05                                         

     ______________________________________                                    

PAR  The values in pounds in the above Example and in all other Examples herein
      represent the weight in pounds of the constituent or the solution added.
      To obtain the real weight of the added constituent, if in a solution, you
      must multiply by the percent solids or concentration of the constituent in
      the solution.
PAR  The viscosity of the above described composition is 1,000 centipoises, as
      initially prepared. The pH is on the alkaline side (9.0). A one-pound
      sample is exposed to air for seven days and the viscosity undesirably
      increases to 20,000 centipoises. Another one-pound sample is protected by
      the addition of 0.01 pound of a 25% solution of diammonium phosphate. The
      one-pound sample of the "protected" composition is exposed to air for
      seven days and the viscosity increases to only 1,040 centipoises. There is
      no excessive thickening or setting-up of the resin latex. The beneficial
      results of the diammonium phosphate as an anti-thickening and
      anti-coagulating agent are notable.
PAC  EXAMPLE II
PAR  A resin binder formulation suitable for bonding nonwoven fabrics having the
      following composition is prepared:
TBL                            Pounds                                          

     ______________________________________                                    

     GAF-243 carboxylated butadiene-styrene resin                              

      (50% solids) GAF Corporation                                             

                                 2.8                                           

     Water                       0.9                                           

     Anti-foam agent             0.03                                          

     External curing agent for resin (80%)                                     

                                 0.11                                          

     Acrylic acid copolymer thickener                                          

      Rohm & Haas Acrysol 51 (10%) (ammonium salt)                             

                                 0.18                                          

     Zinc tetrammine chloride (33 ml.) - 10% Zn                                

      content                    0.083                                         

     Plasticizer                 0.15                                          

     Anionic surfactant (25%)    0.03                                          

     Corrosion inhibitor (20%)   0.03                                          

     ______________________________________                                    

PAR  The viscosity of the above-described composition is 560 centipoises, as
      initially prepared. The pH is alkaline (9.2). A 0.7-pound sample is
      exposed to air for 24 hours and the viscosity undesirably increases to
      3,200 centipoises. Another 0.7-pound sample is protected by the addition
      of 1 ml. of a 25% solution of diammonium phosphate. The 0.7-pound sample
      of the protected composition is exposed to air for 24 hours and the
      viscosity increases to only 1,060 centipoises. There is no excessive
      thickening or setting-up of the resin latex. The beneficial results of the
      diammonium phosphate as an anti-thickening and anti-coagulating agent are
      notable.
PAC  EXAMPLE III
PAR  The procedures of Example II are followed substantially as set forth
      therein with the exception that the 0.7-pound sample is protected by the
      addition of 1 ml. of a 25% solution of ammonium citrate which increases
      the viscosity to 760 centipoises. The sample of the protected composition
      is exposed to air for 24 hours and the viscosity increases further to only
      1,060 centipoises. There is no excessive thickening or setting-up of the
      protected resin latex. The beneficial results of the ammonium citrate as
      an anti-thickening and anti-coagulating agent is notable.
PAC  EXAMPLE IV
PAR  The procedures of Example II are followed substantially as set forth
      therein with the exception that the 0.7-pound sample is protected by the
      addition of 1 ml. of a 25% solution of the ammonium salt of ethylene
      diamine tetraacetic acid. The sample of the protected composition is
      exposed to air for 24 hours and the viscosity increases moderately to only
      1,400 centipoises. There is no excessive thickening or setting-up of the
      protected resin latex. The beneficial results of the ethylene diamine
      tetraacetic acid as an antithickening and anti-coagulating agent are
      notable.
PAC  EXAMPLE V
PAR  The procedures of Example IV are followed substantially as set forth
      therein with the exception that ethylene diamine tetraacetic acid is added
      rather than its ammonium salt. The dispersion is sufficiently ammoniacal,
      that the ammonium salt is formed in situ. and subsequently protects the
      dispersion from coagulation and precipitation. No thickening or setting up
      of the protected resin latex is noted. The results are generally
      comparable.
PAC  EXAMPLE VI
PAR  The procedures of Example II are followed substantially as set forth
      therein with the exception that the 0.7-pound sample is protected by the
      addition of 1 ml. of a 121/2 % solution of ammonium oxalate. The sample of
      the protected composition is exposed to air for 24 hours and the viscosity
      increases to only 1,600 centipoises. This increase in viscosity is
      significantly below the unprotected sample and is still acceptable. The
      beneficial results of such a small amount of ammonium oxalate as an
      anti-thickening and anti-coagulating agent are notable.
PAC  EXAMPLE VII
PAR  A resin binder formulation suitable for bonding nonwoven fabrics having the
      following composition is prepared:
TBL                            Pounds                                          

     ______________________________________                                    

     GAF-243 carboxylated butadiene-styrene resin                              

      (50% solids) GAF Corporation                                             

                                 2.5                                           

     Water                       0.8                                           

     Anti-foam agent             0.03                                          

     External curing agent for resin (80%)                                     

                                 0.10                                          

     Acrylic acid copolymer thickener                                          

      Rohm & Haas Acrysol 51 (10%) (ammonium salt)                             

                                 0.15                                          

     Zinc tetrammine chloride (30 ml.) - 10% Zn                                

      content                    0.074                                         

     Plasticizer                 0.13                                          

     Anionic surfactant (25%)    0.03                                          

     Corrosion inhibitor (20%)   0.03                                          

     ______________________________________                                    

PAR  The viscosity of the above-described composition is 7,400 centipoises, as
      initially prepared. The pH is alkaline (9.3). A 0.7-pound sample is
      exposed to air for 24 hours and the viscosity undesirably increases to
      20,000 centipoises. Another 0.7-pound sample is protected by the addition
      of 4 ml. of a 25% solution of diammonium phosphate. The sample of the
      protected composition is exposed to air for 24 hours, and the viscosity
      decreases. There is no evidence of any thickening or setting-up of the
      resin latex. The beneficial results of the diammonium phosphate as an
      anti-thickening and anti-coagulating agent are notable.
PAC  EXAMPLE VIII
PAR  A resin binder formulation suitable for bonding nonwoven fabrics having the
      following composition is prepared:
TBL                             Pounds                                         

     ______________________________________                                    

     GAF-243 carboxylated butadiene-styrene resin                              

      (50% solids) GAF Corporation                                             

                                  2.5                                          

     De-ionized water             0.8                                          

     Anti-foam agent              0.03                                         

     External curing agent for resin (80%)                                     

                                  0.10                                         

     Acrylic acid copolymer thickener                                          

      Rohm & Haas Acrysol 51 (10%) (ammonium salt)                             

                                  0.15                                         

     Zinc tetrammine chloride (169 ml.) - 10% Zn                               

      content                     0.42                                         

     Plasticizer                  0.13                                         

     Anionic surfactant (25%)     0.03                                         

     ______________________________________                                    

PAR  The viscosity of the above-described composition is 7,400 centipoises, as
      initially prepared. The pH is alkaline (9.4). A 0.7-pound sample is
      exposed to air for 24 hours and the viscosity increases to 20,000
      centipoises. Another 0.7 -pound sample is protected by the addition of 1
      ml. of a 25% solution of diammonium phosphate. The 0.7-pound sample of the
      "protected" composition is exposed to air for 25 hours and the viscosity
      decreases to 2,800 centipoises. The beneficial results of the diammonium
      phosphate as an anti-thickening and anti-coagulating agent are notable.
PAC  EXAMPLE IX
PAR  A fibrous card web weighing about 750 grains per square yard and comprising
      100% bleached rayon fibers 1.5 denier and 1-9/16 inch in length is
      intermittently print bonded by the rotogravure process using an engraved
      roll having a diamond print pattern therein. Apparatus such as illustrated
      in the Figure is used. There are approximately four lines per inch in each
      of two directions, crossing to form a diamond pattern and each set of
      lines is approximately 30.degree. to the cross axis of the fibrous web.
      The width of each line, as measured on the engraved print roll, is 0.024
      inch. The composition by weight of the resin binder formulation used for
      the intermittent print bonding is:
PAR  1. 15 pounds of a 50% solids latex of GAF-243 terpolymer of 46% butadiene,
      51% styrene and approximately 2% alpha-beta unsaturated carboxylic acid;
PA1  2. 5 pounds of de-ionized water;
PA1  3. 0.15 pounds of an anti-foam agent; 4. 0.60 pounds of 80% solution of an
      external curing agent for the resin;
PA1  5. 0.75 pounds of a plasticizer for the resin;
PA1  6. 0.85 pounds of a 10% solution of a polymeric thickening agent - Rohm &
      Haas Acrysol 51, a co-polymer of acrylic acid (ammonium salt)
PA1  7. 0.15 pounds of an anionic surfactant (25%)
PA1  8. 0.2 pounds of blue coloring
PA1  9. 0.15 pounds of an anti-corrosion agent
PA1  10. 190 ml. (0.47 pounds) of zinc tetrammine chloride
PAL  To a 5.6-pound sample of the above composition is added 0.03 pounds of a
      25% solution of diammonium phosphate. The viscosity of the resulting
      composition, as initially prepared, is 400 centipoises. The pH is 9.
PAR  The fibrous card web is pretreated or premoistened with a large amount of
      water to an extent of 250% moisture, based on the weight of the fibers in
      the web. The extra dilution with water is sufficient to destroy the
      stability of the resin dispersion when it is applied to the fibrous web by
      a rotogravure printing process and the resin dispersion immediately
      coagulates and precipitates in place on the very wet fibrous web. The
      printed web is then processed, treated and cured as described in the
      previous referred-to patent applications.
PAR  The width of the binder line in the finished bonded nonwoven product is not
      more than about 0.048 inch which represents a controlled total migration
      of not more than about 100%.
PAR  The control over the bonding operation and production procedure is very
      good. At no time is there any evidence of premature coagulation or
      precipitation in the bath. There is substantially no thickening or
      setting-up of the synthetic resin dispersion in the bath prior to being
      applied to the nonwoven fabric.
PAR  The resulting bonded nonwoven fabric has excellent strength, excellent
      softness, and excellent drape and hand.
PAC  EXAMPLE X
PAR  The procedures of Example IX are followed substantially as set forth
      therein with the exception that an increased amount of 0.06 pounds of the
      25% solution of diammonium phosphate is added to the 5.6-pound sample of
      the resin binder composition. The pH of the resulting composition is 9.2
      and the viscosity is 440 centipoises. The results are generally comparable
      to those obtained in Example IX and the resulting bonded nonwoven fabric
      has excellent strength, excellent softness and excellent drape and hand.
PAC  EXAMPLE XI
PAR  The procedures of Example IX are followed substantially as set forth
      therein with the exception that a further increased amount of 0.12 pounds
      of 25% solution of diammonium phosphate is added to a 5.6-pound sample of
      the resin binder composition. The pH of the resulting dispersion is 9.2
      and its viscosity is 360 centipoises.
PAR  There is substantially no excessive thickening, coagulating, or premature
      coagulation of the resin latex in the bath. Calculation of the amount of
      diammonium phosphate, however, indicates that there is more than its
      stoichiometric equivalent present and the excess diammonium phosphate
      interferes seriously subsequently upon printing of the wet fibrous web and
      control is lost over the migration and lateral spread of the binder.
PAC  EXAMPLE XII
PAR  The procedures of Example IX are followed substantially as set forth
      therein with the following synthetic resin formulation:
TBL                            Pounds                                          

     ______________________________________                                    

     GAF-243 carboxylated butadiene-styrene resin                              

      (50%) solids) GAF Corporation                                            

                                 300                                           

     Anti-foam agent             4                                             

     De-ionized water            100                                           

     Resin curing agent (80%)    12                                            

     Resin plasticizer           15                                            

     Acrylic acid co-polymer thickening agent                                  

      Rohm & Haas Acrysol 51 (10%) (ammonium salt)                             

                                 15                                            

     Zinc tetrammine chloride - 10% Zn                                         

                                 6.12                                          

     Anionic surfactant          0.50                                          

     Anti-corrosion agent        0.8                                           

     Diammonium phosphate (25%)  1.5                                           

     ______________________________________                                    

PAR  The control of the application of the protected synthetic resin composition
      to the fibrous web is very good. The viscosity of the synthetic resin
      composition at the outset is 600 centipoises and this value does not
      change materially throughout the operation of the binder application.
      There is no evidence of any premature coagulation or precipitation of the
      resin binder composition in the bath and there is no undesirable
      thickening or setting up of the resin prior to being applied to the
      fibrous web. The resulting bonded nonwoven fabric has excellent strength,
      excellent softness, and excellent drape and hand. It is acceptable to the
      industry.
PAC  EXAMPLE XIII
PAR  The procedures of Example I are followed substantially as set forth therein
      with the exception that the following synthetic resin formulation is used.
TBL  ______________________________________                                    

                               Pounds                                          

     ______________________________________                                    

     Air Flex 510 ethylene vinyl acetate co-polymer                            

      (50% solids) Air Products and                                            

      Chemicals, Inc.            2.5                                           

     Water                       0.68                                          

     Anti-foam agent             0.03                                          

     Zinc tetrammine chloride 17.5 ml.                                         

                                 0.044                                         

     Acrylic acid copolymer thickener (10%)                                    

      (ammonium salt) Rohm and Haas Acrysol 51                                 

                                 0.47                                          

     Plasticizer for resin       0.25                                          

     Corrosion inhibitor         0.025                                         

     External curing agent for resin                                           

                                 0.05                                          

     ______________________________________                                    

PAR  The viscosity of the dispersion as initially prepared is 880 centipoises
      and the pH is 9.5. A sample of the resin is exposed to air and the
      viscosity thereof increases to 20,000 centipoises in 24 hours.
PAR  A 0.7-pound sample of the resin dispersion is protected by the addition
      thereto of 1 ml. of a 25% solution of diammonium phosphate. After 24
      hours, the viscosity of the resin dispersion is 840 centipoises. After 48
      hours, the viscosity increases to 1,600 centipoises.
PAR  The beneficial results of the addition of diammonium phosphate are notable.
PAR  To another 0.7-pound sample of the above resin is added 1 ml. of a 25%
      solution of ammonium citrate. After 24 hours, the viscosity of the
      dispersion is 2,000 centipoises. The beneficial results of the addition of
      ammonium citrate are notable.
PAC  EXAMPLE XIV
PAR  The procedures of Example IX are followed substantially as set forth
      therein with the exception that the zinc tetrammine chloride is replaced
      by:
PA1  1. Zinc tetrammine sulfate;
PA1  2. Zinc tetrammine carbonate;
PA1  3. Zinc tetrammine nitrate.
PAR  The results are generally comparable to the results obtained in Example IX.
      The bonded nonwoven fabric is processed with no production difficulties.
      There is no thickening or setting-up of the resin latex in the applicator
      bath. There is no premature coagulation or precipitation in the bath of
      resin latex. The resulting bonded nonwoven fabric has excellent strength,
      excellent softness, and excellent hand and drape.
PAC  EXAMPLE XV
PAR  The procedures of Example I are followed substantially as set forth therein
      with the exception that the diammonium phosphate is replaced by:
PA1  1. ammonium benzoate;
PA1  2. ammonium palmitate
PA1  3. the sodium salt of ethylene diammine tetraacetic acid;
PA1  4. ammonium succinate;
PA1  5. sodium phosphate.
PAR  The results are generally comparable to the results obtained in Example I.
      There is no excessive thickening or setting-up of the resin latex. The
      beneficial results of the anti-thickening and anti-coagulating agent are
      notable.
PAC  EXAMPLE XVI
PAR  The procedures of Example IX are followed substantially as set forth
      therein with the exception that the carboxylated butadiene styrene resin
      is replaced by:
PA1  1. National Starch 4260, a polyacrylic resin;
PA1  2. Geon 576 polyvinyl chloride resin B. F. Goodrich Company;
PA1  3. National Starch 22K11 polyvinyl acetate resin.
PAR  The results are generally comparable to the results obtained in Example IX.
      There is no excessive thickening or setting up of the resin latex in the
      bath. The beneficial results of the anti-thickening and anti-coagulating
      resin are notable. The properties of the bonded nonwoven fabric are
      generally comparable to those obtained in Example IX.
PAC  EXAMPLE XVII
PAR  The procedures of Example IX are followed substantially as set forth
      therein with the exception that the polymeric thickener (Acrysol 51) is
      replaced by the:
PA1  1. sodium salt of Hercules carboxymethylcellulose designated as grade 7H3S;
PA1  2. sodium salt of Hercules carboxymethylcellulose designated as grade 7M;
PA1  3. sodium salt of Hercules carboxymethylcellulose designated as grade 7L2;
PA1  4. kelco Kelgin F alginate (sodium salt)
PAR  The results are generally comparable to the results obtained in Example IX.
      There is no excessive thickening or setting-up of the resin latex in the
      bath. There is no evidence of any premature coagulation or precipitation.
      The resulting bonded nonwoven fabric has excellent strength, excellent
      softness, and excellent drape and hand. It is acceptable to industry.
PAC  EXAMPLE XVIII
PAR  The procedures of Example I are followed substantially as set forth therein
      with the exception that the following composition is used:
TBL                             Pounds                                         

     ______________________________________                                    

     GAF-243 Carboxylated butadiene styrene resin                              

      (50% solids) GAF Corporation                                             

                                  1.0                                          

     Water                        0.3                                          

     Acrylic acid copolymer thickener                                          

      Rohm & Haas Acrysol 51 (10%) (ammonium salt)                             

                                  0.1                                          

     Ammonium zirconyl carbonate (10 ml. - 10% ZrO.sub.2)                      

                                  0.02                                         

     Plasticizer                  0.05                                         

     Anionic surfactant (25%)     0.01                                         

     ______________________________________                                    

PAR  The viscosity of the above described composition is 1,200 centipoises as
      initially prepared. The pH is alkaline (pH 9.3). Upon exposure to air for
      4 days, the viscosity undesirably increases to 1,920 centipoises.
PAR  A 0.67-pound sample of the above resin composition is protected by the
      addition of 1.5 ml. of a 25% solution of diammonium phosphate. At the end
      of four days exposure to air, the viscosity has risen only slightly to
      1,400 centipoises.
PAR  There is no excessive thickening or setting-up of the resin latex
      composition. The beneficial results of the diammonium phosphate as an
      anti-thickening and anti-coagulating agent are notable.
PAC  EXAMPLE XIX
PAR  The procedures of Example I are followed substantially as set forth therein
      with the exception that the following composition is used:
TBL                             Pounds                                         

     ______________________________________                                    

     GAF-243 carboxylated butadiene-styrene resin                              

      (50% solids) GAF Corporation                                             

                                  1.0                                          

     Water                        0.3                                          

     Acrylic acid copolymer thickener                                          

      Rohm & Haas Acrysol 51 (10%) (ammonium salt)                             

                                  0.05                                         

     Ammonium zirconyl carbonate (15 ml. - 10% ZrO.sub.2)                      

                                  0.03                                         

     Plasticizer                  0.05                                         

     Anionic surfactant (25%)     0.01                                         

     ______________________________________                                    

PAR  The viscosity of the above described composition is 240 centipoises. The
      composition is alkaline and has a pH of 9.3. Upon exposure to air for four
      days, the viscosity of the composition increases to 520 centipoises.
PAR  A 0.65-pound sample of the above resin composition is protected by the
      addition of 2 ml. of 25% diammonium phosphate. The viscosity of the
      resulting composition is 240 centipoises which, after four days, rises 320
      centipoises.
PAR  There is no excessive thickening or setting-up of the resin latex
      composition. The beneficial results of the diammonium phosphate as an
      anti-thickening and anti-coagulating agent are notable.
PAR  Although several specific examples of the inventive concept have been
      described, the same should not be construed as limited thereby nor to the
      specific features mentioned therein but to include various other
      equivalent features as set forth in the claims appended hereto. It is
      understood that any suitable changes, modifications and variations may be
      made without departing from the spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A synthetic resin composition having an alkaline pH comprising:
PA1  1. 0.1% to 60% by weight on a solids basis of a synthetic resin solid
      colloidally dispersed in an aqueous medium;
PA1  2. 0.01% to 5% by weight based on the weight of said resin solid, of a
      polyvalent metal complex coordination compound;
PA1  3. 5% to 90% molecular equivalent on a stoichiometric basis of said
      polyvalent metal, of a water-soluble ionically active ammonium or alkali
      metal salt of an acid capable of being chemically converted into an
      ionically-inactive polyvalent metal salt of said acid by chemical reaction
      and precipitation or sequestration of said polyvalent metal salt; and
PA1  4. carboxyl groups included in said synthetic resin or in a separately
      added water-soluble polymeric carboxylic thickener which carboxyl groups
      act to coagulate the composition.
NUM  2.
PAR  2. A synthetic resin composition as defined in claim 1 wherein the
      synthetic resin is a carboxylated resin.
NUM  3.
PAR  3. A synthetic resin composition as defined in claim 1 wherein the
      synthetic resin is a carboxylated styrene-butadiene resin.
NUM  4.
PAR  4. A synthetic composition as defined in claim 1 wherein the synthetic
      resin is an ammonium salt of a copolymer of acrylic acid and acrylamide.
NUM  5.
PAR  5. A synthetic resin composition as defined in claim 1 wherein the
      synthetic resin is an acrylic latex resin.
NUM  6.
PAR  6. A synthetic resin composition as defined in claim 1 wherein the
      synthetic resin is a polyvinyl chloride latex resin.
NUM  7.
PAR  7. A synthetic resin composition as defined in claim 1 wherein the
      synthetic resin is a polyvinyl acetate latex resin.
NUM  8.
PAR  8. A synthetic resin composition as defined in claim 1 wherein the
      synthetic resin is an ethylene-vinyl acetate latex resin.
NUM  9.
PAR  9. A synthetic resin composition as defined in claim 1 wherein the metal
      complex coordination compound is ammonium zirconyl carbonate.
NUM  10.
PAR  10. A synthetic resin composition as defined in claim 1 wherein the metal
      complex coordination compound is a metal ammine complex coordination
      compound.
NUM  11.
PAR  11. A synthetic resin composition as defined in claim 1 wherein the metal
      complex coordination compound is zinc tetrammine sulfate.
NUM  12.
PAR  12. A synthetic resin composition as defined in claim 1 wherein the metal
      complex coordination compound is zinc treatment carbonate.
NUM  13.
PAR  13. A synthetic resin composition as defined in claim 1 wherein the metal
      complex coordination compound is zinc tetrammine chloride.
NUM  14.
PAR  14. A synthetic resin composition as defined in claim 1 wherein the metal
      complex coordination compound is zinc tetrammine nitrate.
NUM  15.
PAR  15. A synthetic resin composition as defined in claim 1 wherein the
      water-soluble, ionically-active salt of an acid is an ammonium salt of
      phosphoric acid.
NUM  16.
PAR  16. A synthetic resin composition as defined in claim 1 wherein the
      water-soluble, ionically-active salt of an acid is diammonium phosphate.
NUM  17.
PAR  17. A synthetic resin composition as defined in claim 1 wherein the
      water-soluble, ionically-active salt of an acid is an ammonium salt of a
      dibasic acid.
NUM  18.
PAR  18. A synthetic resin composition as defined in claim 1 wherein the
      water-soluble, ionically-active salt of an acid is ammonium oxalate.
NUM  19.
PAR  19. A synthetic resin composition as defined in claim 1 wherein the
      water-soluble, ionically-active salt of an acid is an ammonium salt of a
      hydroxy acid.
NUM  20.
PAR  20. A synthetic resin composition as defined in claim 1 wherein the
      water-soluble, ionically-active salt of an acid is ammonium citrate.
NUM  21.
PAR  21. A synthetic resin composition as defined in claim 1 wherein the
      water-soluble, ionically-active salt of an acid is an ammonium salt of a
      monocyclic aromatic acid.
NUM  22.
PAR  22. A synthetic resin composition as defined in claim 1 wherein the
      water-soluble, ionically-active salt of an acid is ammonium benzoate.
NUM  23.
PAR  23. A synthetic resin composition as defined in claim 1 wherein the
      water-soluble, ionically-active salt of an acid is an ammonium salt of an
      aliphatic acid having at least 10 carbon atoms.
NUM  24.
PAR  24. A synthetic resin composition as defined in claim 1 wherein the
      water-soluble ionically-active salt of an acid is ammonium palmitate.
NUM  25.
PAR  25. A synthetic resin composition as defined in claim 1 wherein a
      surfactant is added and at least one of said synthetic resin and
      surfactant components has a hydroxy-containing coordinating ligand.
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ABST
PAL  Thermosetting acrylic emulsions having more favorable curing properties are
      provided using reactive monomers in the largely acrylic emulsion
      copolymer, at least one-third of these reactive monomers being an
      N-methylol derivative of an allyl carbamate.
BSUM
PAR  This invention relates to thermosetting acrylic emulsion systems possessing
      lowered curing temperature.
PAR  In the conventional systems, acrylic monomers, such as methyl methacrylate
      and butyl acrylate, are copolymerized in aqueous emulsion together with a
      reactive monomer such as N-methylol acrylamide. The resulting emulsions
      are useful for many purposes, such as textile binders and paints, but the
      emulsions require an excessively high curing temperature. It is clearly
      advantageous to lower the curing temperature since this saves energy and
      extends the utility of the emulsions to include situations where the
      textile fibers or other substrate is damaged by the more elevated curing
      temperature. Even when the same curing temperature is used, it is
      advantageous to be able to speed the cure.
PAR  In this invention, the N-methylol acrylamide is replaced by an N-methylol
      derivative of allyl or methallyl carbamate. It is found that even though
      the carbamate derivative is allylic whereas the bulk of the monomers being
      copolymerized are acrylic (just as acrylamide is acrylic), the carbamate
      derivative is satisfactorily incorporated in the emulsion copolymer to
      provide an excellent rapid cure which proceeds at a lower temperature than
      can be used for the corresponding N-methylol acrylamide copolymer.
PAR  As a feature of the invention, the N-methylol derivative is etherified with
      a C.sub.1 - C.sub.8 alcohol prior to copolymerization which decreases the
      water solubility of the derivative. The acrylic esters are strongly
      hydrophobic and the decreased solubility of the carbamates used herein
      appears to have offset the allylic character of the carbamate so that the
      copolymerization which is obtained is substantially as good as with the
      previously used N-methylol acrylamide. The further decrease in water
      solubility provided by etherification further enhances the
      copolymerization.
PAR  To further facilitate the cure, and in preferred practice, at least the
      first 35% of the monomers are subjected to an essentially adiabatic
      exotherm in order to force the production of linear copolymers of higher
      molecular weight which cure more readily and more extensively. For some
      purposes these cure prematurely during drying which interferes with
      subsequent operations as when the emulsion is whipped with air to form a
      foam which is dried, crushed, and then cured. When the N-methylol
      derivative is etherified with a C.sub.1 - C.sub.8 alcohol prior to
      copolymerization, this prevents cure before enough temperature is used to
      remove the ether moiety. In this way a system of increased stability at
      low temperature is combined with increased reactivity at lowered curing
      temperature. This adiabatic polymerization is more fully illustrated in
      U.S. Pat. No. 3,732,184 to me and Donald M. Wacome.
PAR  Referring more particularly to the monoethylenic monomers which are
      copolymerized in aqueous emulsion in accordance with this invention,
      acrylic esters are primarily contemplated, though methacrylic esters may
      also be used. Indeed, in the broader contemplation of this invention, the
      ester component may be constituted by any C.sub.1 - C.sub.4 alcohol esters
      of alpha, beta-monoethylenically unsaturated monocarboxylic acids. The
      various esters are illustrated by ethyl acrylate, butyl acrylate, isobutyl
      acrylate, butyl methacrylate, butyl crotonate, hexyl crotonate, and the
      like. C.sub.1 - C.sub.8 alcohol esters of acrylic acid, and methacrylic
      acid are primarily contemplated, these being used alone or in admixture
      with other nonreactive acrylic monomers, such as acrylonitrile, to
      constitute at least 65% of the weight of the polymer, preferably at least
      85% thereof. Acrylic monomers are those in which the ethylenic group is
      terminally positioned and is alpha, beta to a carbon atom which carries an
      atom other than carbon or hydrogen. The monoethylenic esters discussed
      above desirably constitute at least 75% of the acrylic monomers. Small
      amounts, up to about 30% by weight, may be constituted by diverse
      copolymerizable monoethylenic monomers, such as styrene, vinyl toluene,
      vinyl acetate, vinyl chloride, vinylidene chloride, and the like.
PAR  It is particularly contemplated to utilize combinations of monomers which
      provide a T.sub.g below 20.degree.C., more preferably below 0.degree.C.
      down to about -60.degree.C. A T.sub.g of from about -20.degree.C. to
      15.degree.C. is preferred. T.sub.g denotes the glass transition
      temperature which can be measured directly or, as is more customary, it
      can be calculated from the known T.sub.g for the components of the
      copolymer in homopolymeric form.
PAR  The emulsion copolymers of this invention include from 0.2-15%, preferably
      from 0.5-10%, by weight of reactive monomers of which the essential
      component is an N-methylol derivative of an allyl carbamate. These can be
      etherified as pointed out hereinbefore, and have the formula:
      ##EQU1##
      in which R.sub.1 is hydrogen or methyl, R.sub.2 is an alkylidene group
      containing from 2-4 carbon atoms, and n is an integer from 0-10,
      preferably from 0-2.
PAR  Various allyl carbamates are useful herein, especially allyl carbamate and
      methallyl carbamate.
PAR  Allyl carbamate has the formula:
      ##EQU2##
PAR  This monoethylenic monomer is not an amide and it will react with
      formaldehyde in an addition reaction with the two amino hydrogen atoms to
      generate the N-methylol group. When one molar proportion of formaldehyde
      is taken up, the derivative can be described by the formula:
      ##EQU3##
PAR  The same reaction can proceed to take up more formaldehyde to increase the
      functionality which is generated.
PAR  Regardless of whether one or two moles or formaldehyde are reacted into the
      molecule, the monomer is an allyl ester.
PAR  As previously indicated, the allyl carbamate may include ether groups
      between the allyl group and the carbamate group. These ethers can be
      provided by reacting the allyl alcohol with an alkylene oxide, such as
      ethylene oxide, before converting the resulting alcohol to the carbamate.
PAR  The adduction of the carbamate with formaldehyde is well known and
      conventional and yields N-methylol derivatives. These are a mixture of the
      mono-N-methylol adduct, the di-N-methylol adduct and unreacted carbamate
      which, if present, is not harmful.
PAR  The N-methylol groups may be left unreacted, or they may be etherified with
      a C.sub.1 - C.sub.8 alcohol, preferably a C.sub.1 - C.sub.4 alcohol. The
      alcohol is released on baking to regenerate the N-methylol group for cure,
      as is well known. Accordingly, ethers of the allyl carbamates are included
      herein. Preferred alcohols are propyl alcohol and butyl alcohol, including
      isopropyl alcohol and isobutyl alcohol. These alcohols form reasonably
      hydrophobic ethers which still break down to regenerate the N-methylol
      group at moderately low baking temperatures. Methyl alcohol, ethyl
      alcohol, 2-ethoxy ethanol, 2-butoxy ethanol, and 2-ethylhexanol are also
      useful.
PAR  While the N-methylol allyl carbamates described above may be used alone,
      they may also be used in admixture with various reactive monomers
      providing other reactive groups which may be reactive with the N-methylol
      group or which may simply be used in order to improve the emulsion
      polymerization or the adhesion of the coatings to a base. Thus, amides may
      be present, such as acrylamide or methacrylamide. Allyl carbamate itself
      may be present to provide amine functionality. Hydroxy monomers such as
      hydroxy ethyl acrylate or methacrylate may also be employed. It is also
      permissible to include a small proportion of from 0.1-3% of an acidic
      monomer such as acrylic acid, or methacrylic acid, or similar
      monoethylenic acid including vinyl sulfonic acid.
PAR  The N-methylol allyl carbamate should constitute at least about one-third
      of the total reactive monomers.
PAR  The emulsion copolymerization which is carried out in this invention has
      many conventional attributes and, indeed, it may be entirely conventional.
      Thus, the polymerization is normally carried out in the presence of
      emulsifying agents which may be anionic, cationic or nonionic, the
      nonionic agent being preferably used to constitute at least a portion of
      the emulsifying agents. From 0.1-6% of emulsifying agent is commonly
      employed, based on the total weight of monomers.
PAR  The emulsion copolymerization is normally carried out in the presence of a
      suitable free radical generating polymerization initiator which is
      activated by an oxidation-reduction (redox) reaction, e.g., redox
      catalysis. The redox catalysis of emulsion polymerizations is itself well
      known, and will be adequately illustrated in the examples.
PAR  The baking temperatures of the final coatings may vary considerably from
      about 200.degree.F. to about 500.degree.F. for various periods of time,
      ranging from 30 seconds at the highest temperature to about 1 hour at the
      lowest temperature. Again, the achievement in this invention is the
      lowering of the baking temperatures normally needed and/or the speeding of
      the cure at whatever temperature is selected.
PAR  In some instances it is desirable to include with the emulsion copolymers
      of this invention a proportion of aminoplast resin which enhances the
      cure. The class of aminoplast resins is itself wholly conventional, and is
      illustrated by reaction products of polyamines such as urea, melamine, or
      benzoguanamine, with excess formaldehyde. These may be etherified, if
      desired, and used in aqueous dispersion instead of in aqueous solution.
      Dimethylol ethylene urea will further illustrate the materials which may
      be incorporated in the emulsions if desired.
DETD
PAR  The invention is illustrated in the examples which follow, it being
      understood that all parts in the examples, as well as in the claims, are
      by weight unless otherwise stated.
PAC  EXAMPLE 1
PAC  Production of N-Methylol Allyl Carbamate Solution
PAR  44 grams of allyl carbamate (0.5 mol) was added to 300 grams of water. The
      pH was adjusted to 11.5 with approximately 3 cc of a 50% sodium hydroxide
      solution after which 16.5 grams of paraformaldehyde were added. The
      mixture was heated to 75.degree.C. and kept for three hours. An additional
      6 cc of a 50% sodium hydroxide solution were added incrementally to
      maintain the pH at 11. The formaldehyde content was determined to be 0.4%
      after three hours reaction. The pH was then adjusted to 5 with sulfuric
      acid to provide the N-methylol derivative.
PAC  EXAMPLE 2
PAC  Production of Aqueous Emulsion
PAR  3502 pounds of the allyl carbamate solution of Example 1 (solids content
      16.9%) are mixed with agitation with 766 pounds of a nonionic emulsifying
      agent (an ethylene oxide adduct with octyl phenol containing 40 moles of
      ethylene oxide per mole of octyl phenol), 57.75 pounds of itaconic acid, a
      solution of 35.5 pounds of diammonium phosphate in 109 pounds of water,
      2296 pounds of acrylonitrile, and 9183 pounds of butyl acrylate. This
      provides an emulsion of monomers to which are added 9947 pounds of water
      and 96.5 pounds of the above identified nonionic emulsifying agent.
      One-half of this premixed emulsion is then pumped into a reactor and there
      is further added to the reactor 60 pounds of sodium persulfate and 45
      grams of ferrous sulfate. The contents of the reactor are then mixed for 5
      minutes whereupon 45 pounds of a reducing solution (a solution of five
      pounds sodium formaldehyde sulfoxylate in 40 pounds of water) are added to
      initiate polymerization. The temperature in the reactor rises to about
      182.degree.F. and then begins to subside. After the exotherm is over and
      the temperature begins to drop, the reactor is cooled to 100.degree.F. to
      insure that the second exotherm will not be excessive. The remainder of
      the premixed emulsion is then added to the reactor together with 63
      gallons of wash water and the contents of the reactor are agitated for 5
      minutes whereupon an additional 45 pounds of reducing solution (5 pounds
      of sodium formaldehyde sulfoxylate dissolved in 40 pounds of water) are
      added and a second exotherm takes place causing the temperature to rise to
      about 160.degree.F. The reactor contents are then cooled below
      120.degree.F. and 35.5 pounds of diammonium phosphate in 109 pounds of
      water are added. The product is then cooled to below 100.degree.F. and
      stored.
PAR  The aqueous emulsion produced as described above is suitable as a binder
      for textile fibers and it cures to the same or better insolubilization as
      does the product of Example 2 of U.S. Pat. No. 3,732,184, in which
      methylol acrylamide is used. The curing temperature needed for adequate
      cure is reduced about 10.degree.F.
PAC  EXAMPLE 3
PAR  Example 2 is repeated, with the exception that the proportion of
      acrylonitrile is reduced to constitute 10% of total nonreactive monomer,
      and the butyl acrylate content is reduced to constitute 40% of the total
      nonreactive monomers. The balance of the nonreactive monomers is then
      provided by methyl methacrylate. The polymerization is conducted as
      described in Example 2, with the proportion of the carbamate solution
      being adjusted to provide 2% by weight of N-methylol allyl carbamate,
      based on the nonreactive monomers. The product is an air drying paint,
      which cures slowly at room temperature to provide superior weather
      resistance, which is especially useful in an outdoor paint.
PAC  EXAMPLE 4
PAR  Example 2 is repeated again, with the exception that the acrylonitrile
      content is raised to constitute 30% of total nonreactive monomers, and the
      butyl acrylate content is reduced to 70% of total nonreactive monomers,
      the polymerization again being conducted as described in Example 2. The
      salts contained in the emulsion product are then removed by ion exchange,
      and the product is blended with a heat-hardening butylated
      melamine-formaldehyde condensate in a proportion to provide 15% of the
      butylated melamine-formaldehyde resin, based on the total weight of
      binder. This emulsion is suitable for coil coat application.
PAC  EXAMPLE 5
PAR  Example 2 is again repeated, but this time utilizing the propyl ether of
      N-methylol allyl carbamate in place of the unetherified product used in
      Example 2. The emulsion polymerization is otherwise unchanged, providing a
      product which has greater resistance to partial cure on extended air
      drying.
PAR  The emulsions of this invention may be used clear or pigmented as desired,
      pigmentation being fully conventional. Similarly, numerous additives may
      be utilized in the emulsions for all sorts of purposes, as is well known
      in the art of emulsion copolymerization. Thus, flow control agents,
      defoamers, thickeners, catalysts, and the like may be present.
PAR  The invention is defined in the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A thermosetting acrylic emulsion comprising water having dispersed
      therein an emulsion copolymer of monoethylenic monomers at least 65% of
      which are nonreactive acrylic monomers, and from 0.2-15% of reactive
      monomers at least about one-third of which are an N-methylol derivative,
      or a C.sub.1 - C.sub.8 alcohol ether thereof, of an allyl carbamate having
      the formula:
      ##EQU4##
      in which R.sub.1 is hydrogen or methyl, R.sub.2 is an alkylidene group
      containing from 2-4 carbon atoms, and n is an integer from 0-10.
NUM  2.
PAR  2. An emulsion as recited in claim 1 in which said acrylic monomers
      constitute at least 85% of the copolymer.
NUM  3.
PAR  3. An emulsion as recited in claim 1 in which at least 75% of the acrylic
      monomers are C.sub.1 - C.sub.8 alcohol esters of alpha,
      beta-monoethylenically unsaturated monocarboxylic acids.
NUM  4.
PAR  4. An emulsion as recited in claim 1 in which said acrylic monomers
      constitute at least 85% of the copolymer, and at least 75% of the acrylic
      monomers are C.sub.1 - C.sub.8 alcohol esters of acrylic acid or
      methacrylic acid providing a T.sub.g below 20.degree.C.
NUM  5.
PAR  5. An emulsion as recited in claim 4 in which the copolymer has a T.sub.g
      below 0.degree.C. down to about -60.degree.C.
NUM  6.
PAR  6. An emulsion as recited in claim 5 in which the N-methylol derivative or
      the ether thereof is a derivative of N-methylol allyl carbamate and said
      reactive monomers are present in an amount of from 0.5-10%.
NUM  7.
PAR  7. An emulsion as recited in claim 6 in which the propyl or butyl ether of
      N-methylol allyl carbamate is used.
NUM  8.
PAR  8. An emulsion as recited in claim 6 in which said emulsion copolymer is
      formed by subjecting at least the first 35% of the monomers to an
      essentially adiabatic exotherm.
NUM  9.
PAR  9. An emulsion as recited in claim 1 in which said emulsion further
      includes an aminoplast resin.
NUM  10.
PAR  10. A thermosetting acrylic emulsion comprising water having dispersed
      therein an emulsion copolymer consisting essentially of at least 65% of
      C.sub.1 - C.sub.8 alcohol esters of acrylic or methacrylic acids and from
      0.5-10% of reactive monomers at least about one-third of which are an
      N-methylol derivative, or a C.sub.1 - C.sub.8 alcohol ether thereof, of
      allyl or methallyl carbamate, any balance of said copolymer being selected
      from acrylonitrile, styrene, vinyl toluene, vinyl acetate, vinyl chloride
      and vinylidene chloride, said copolymer having a T.sub.g below
      20.degree.C.
NUM  11.
PAR  11. An emulsion as recited in claim 10 in which said copolymer comprises
      methyl methacrylate, and a butyl acrylate providing a T.sub.g of from
      about -20.degree.C. to about 15.degree.C.
NUM  12.
PAR  12. An emulsion as recited in claim 11 in which said N-methylol derivative
      is the propyl ether of N-methylol allyl carbamate.
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ABST
PAL  Acrylic pressure-sensitive resins comprising at least one ester of acrylic
      acid or methacrylic acid containing from 6 to 20 carbon atoms and between
      0.1 and 1.5 weight percent of 2-acrylamido-2-methylpropanesulfonic acid.
      The resins are prepared in aqueous emulsion and when coated on substrates
      and dried provide pressure-sensitive films with superior peel strength
      retention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to aqueous emulsions of pressure-sensitive
      interpolymers containing 2-acrylamido-2-methylpropanesulfonic acid and to
      articles of manufacture comprising surfaces coated with such
      pressure-sensitive interpolymers.
PAR  2. Description of the Prior Art
PAR  Pressure-sensitive resins are used conventionally in the form of films to
      provide adhesive bonds between normally non-adhering surfaces. The films
      are conventionally prepared by casting them from organic solvent solutions
      of pressure-sensitive interpolymers and evaporating the solvent. A
      disadvantage of such organic solutions arises from the large quantities of
      organic solvent effluent which is discharged into the atmosphere.
      Manufacturers of pressure-sensitive articles are, therefore, switching
      increasingly from organic solutions to aqueous emulsions of the
      pressure-sensitive interpolymers to minimize atmospheric pollution.
PAR  Acrylic resins are among the interpolymers used as pressure-sensitive
      resins. When they are prepared in aqueous emulsion and coated on a
      substrate to yield a pressure-sensitive film, they exhibit poor age
      resistance manifested in a substantial loss of peel strength. There is,
      therefore, a need in the art for pressure-sensitive acrylic resin
      emulsions which yield pressure-sensitive films with adequate age
      resistance.
PAC  SUMMARY OF THE INVENTION
PAR  The above-mentioned need in the art is supplied by the present invention
      which provides aqueous emulsions of acrylic interpolymers containing
      2-acrylamido-2-methylpropanesulfonic acid. The acrylic interpolymers
      possess a weight average molecular weight in the range of 10,000 to
      1,000,000 and a glass transition temperature in the range of -15.degree.
      to -75.degree.C., and comprise:
PA1  A. between 0.1 and 1.5 weight percent of
      2-acrylamido-2-methylpropanesulfonic acid in its acid form or neutralized
      with an alkali metal base, ammonia, or monobasic amine,
PA1  B. at least one monomer selected from the group consisting of esters of
      acrylic acid and methacrylic acid containing from 6 to 20 carbon atoms,
      and
PA1  C. optionally, a monomer selected from the group consisting of
      .alpha.-olefins containing from 2 to 10 carbon atoms, vinyl esters of
      alkanoic acids containing from 3 to 10 carbon atoms, ethyl and methyl
      esters of acrylic and methacrylic acids, acrylonitrile, methacrylonitrile,
      styrene, vinyl toluene, and vinyl chloride.
PAR  The invention provides a process for preparation of the aqueous emulsions
      of acrylic pressure-sensitive resins and a process for improving the age
      resistance of the resins. In another aspect of the invention
      pressure-sensitive articles of manufacture are obtained by coating one or
      more surfaces with the pressure-sensitive interpolymer composition.
PAC  DESCRIPTION OF THE INVENTION
PAR  The interpolymer comprises monomers selected from the Groups A, B, and C
      described above. Between 0.1 and 1.5 weight percent of 2-acrylamido-2
      -methylpropanesulfonic acid is effective to provide age resistance to the
      interpolymer, the preferred range being 0.25 to 1.0 weight percent. The
      interpolymer may be obtained by interpolymerization with
      2-acrylamido-2-methylpropanesulfonic acid in the acid form or neutralized
      with an alkali metal base, ammonia or a monobasic amine of molecular
      weight in the range 31 to 300. Sufficient base is preferably present in
      the aqueous polymerization medium or is added after polymerization to
      provide an emulsion interpolymer with a pH in the range 4 to 8.
PAR  Group B monomers include the esters of acrylic and methacrylic acid
      containing from 6 to 20 carbon atoms. Preferred esters contain branched
      chain alkyl groups such as isobutyl acrylate, 2-ethylhexyl acrylate and
      2-ethylhexyl methacrylate. The pressure-sensitive resin need only contain
      monomers from Groups A and B. However, optionally, monomers from Group C
      may also be present. Group C includes .alpha.-olefins containing from 2 to
      10 carbon atoms such as ethylene and n-decene-1, vinyl esters of alkanoic
      acids containing 3 to 10 carbon atoms such as vinyl acetate and vinyl
      octoate, ethyl and methyl esters of acrylic and methacrylic acids,
      acrylonitrile, methacrylonitrile, styrene, vinyl toluene, and vinyl
      chloride. Preferred monomers of Group C include methyl acrylate, ethyl
      acrylate and vinyl acetate because substantial amounts of them may be used
      without causing a drastic increase in the glass transition temperature of
      the interpolymer.
PAR  The ratio of monomers in the interpolymer is selected so that the glass
      transition temperature is in the range of -15.degree. to -75.degree.C. A
      suitable ratio is conventionally calculated from the equation:
      ##EQU1##
      where T.sub.g is the glass transition temperature of the interpolymer
      expressed as degrees Kelvin, T.sub.g1, T.sub.g2, etc. are the glass
      transition temperatures of the homopolymers of the respective comonomers
      and W.sub.1, W.sub.2, etc. are the weight fractions of comonomers required
      for a specific glass transition temperature of the interpolymer. Glass
      transition temperatures are determined experimentally by conventional
      methods such as by means of the duPont Differential Thermal Analyzer.
PAR  The weight average molecular weight of the interpolymer is in the range of
      10,000 to 1,000,000, corresponding to a relative viscosity in the range of
      1.3 to 12.0 measured on the salt form of the interpolymer neutralized with
      sodium hydroxide, in a benzene solution containing 2 grams of salt per
      decileter of solution. The preferred molecular weight range is from 50,000
      to 700,000, providing adequate cohesive strength and pressure sensitivity.
PAR  The emulsion polymerization is carried out by conventional methods with
      water-soluble or oil-soluble free radical initiator systems or with redox
      initiator systems in the presnece of anionic and non-ionic surfactants.
      The amount of surfactant is sufficient to give an average size to the
      emulsion particles in the range of from 0.1 to 0.8 micron. The amount of
      surfactant is usually in the range of from 0.5 to 3.0 percent of the
      aqueous emulsion. In comparison with emulsion interpolymers which do not
      contain 2-acrylamido-2-methylpropanesulfonic acid, the amount of
      surfactant may be reduced to as low as 0.1 percent to take advantage of
      the surfactant effect of the acid monomer and its salts, but the
      emulsifier cannot be entirely eliminated without causing instability and
      coagulation of the emulsion. The concentration of interpolymer in the
      emulsion is in the range 30 to 70 percent and preferably 40 to 60 percent
      to provide adequate viscosity for ease of coating and sufficient solids
      content for economy.
DETD
PAR  The following Examples illustrate the preparation, formulation, and testing
      of the special interpolymers which are to be used in the practice of this
      invention and are not to be construed as limitations thereof. All parts
      and percentages are by weight unless otherwise specified and the
      expressions, "polymer" and "interpolymer" are used interchangeably.
PAC  PREPARATION OF INTERPOLYMERS
PAC  Example 1
PAR  This Example illustrates the preparation of an emulsion interpolymer
      comprising 65 parts 2-ethylhexyl acrylate, 34.5 parts vinyl acetate, and
      0.5 parts 2-acrylamido-2-methylpropanesulfonic acid.
PAR  The polymer is prepared in a kettle equipped with a stirrer, condenser,
      holding tanks and pumps.
TBL  ______________________________________                                    

     AMOUNT OF INGREDIENTS, Parts by Weight                                    

                   Initial Subsequent Charges                                  

                   Charge  1        2                                          

     ______________________________________                                    

     Water           217.9     35.7     169.0                                  

     Surfactant A.sup.1                 2.3                                    

     Surfactant B.sup.2        11.0                                            

     Sodium Bicarbonate                                                        

                     1.3                                                       

     Sodium Hydroxide          0.54                                            

     Potassium Persulfate                                                      

                     2.5                                                       

     2-Ethylhexyl Acrylate              358.0                                  

     Vinyl Acetate                      189.3                                  

     2-Acrylamido-2-Methyl-    2.75                                            

      propanesulfonic Acid                                                     

     ______________________________________                                    

      .sup.1 Surfactant A -- Sodium Dioctyl Sulfosuccinate                     

      .sup.2 Surfactant B -- The sulfate ester of a nonylphenol ethylene oxide 

      condensate containing an average of 30 ethylene oxide units per molecule 

      of condensate.                                                           

PAR  Seven percent of Charge 1 and five percent of Charge 2 are added to the
      initial charge. The batch is heated to 75.degree.C. and the remainder of
      Charges 1 and 2 are added at a constant rate over 3 hours. The
      polymerization temperature ranges from 78.degree. to 82.degree.C. The
      emulsion interpolymer contains 54.8 percent solids and has a Brookfield
      Viscosity of 3,340 cps. and a pH of 4.7.
PAC  Examples 2-11
PAR  The general procedure of Example 1 is followed except that different
      monomers and monomer ratios are used in order to illustrate a variety of
      interpolymers.
TBL                TABLE 1                                                     

     ______________________________________                                    

     COMPOSITIONS OF INTERPOLYMERS                                             

     PREPARED IN EXAMPLES 1 to 11                                              

          Monomeric    Weight      Solids,                                     

                                          Brookfield                           

     Ex.  Components   Ratio       %      Viscosity                            

     ______________________________________                                    

      1   EHA/VAc/AMPS                                                         

                      65/34.5/0.5  54.8   3,340                                

      2   EHA/VAc/AA  65/34.5/0.5  53.9   992                                  

      3   EHA/VAc/AMPS                                                         

                      65/34.75/0.25                                            

                                   52.8   590                                  

      4   EHA/VAc/AA  65/34.75/0.25                                            

                                   53.4   1,000                                

      5   EHA/VAc     65/35        53.5   1,960                                

      6   EHA/VAc/AMPS                                                         

                      59.3/39.7/1.0                                            

                                   54.3   1,840                                

      7   EHA/IBA/VAc/                                                         

                      65/15/19/    57.7   852                                  

          AMPS/AA     0.5/0.5                                                  

      8   EHA/VAc/AMPS                                                         

                      70/29.5/0.5  54.2   1,920                                

      9   EHA/VAc/AMPS                                                         

                      76.0/23.5/0.5                                            

                                   53.4   2.900                                

     10   EHA/VAc/AMPS                                                         

                      76.0/22.0/2.0                                            

                                   53.2   980                                  

     11   EHA/VAc/AMPS                                                         

                      76.0/18.25/  52.9   1,480                                

                      5.75                                                     

     ______________________________________                                    

      LEGEND?                                                                  

      EHA 2-ethylhexyl acrylate                                                

      VAc vinyl acetate?                                                       

      AMPS 2-acrylamido-2-methylpropanesulfonic acid                           

      AA acrylic acid                                                          

      IBA isobutyl acrylate                                                    

PAC  EVALUATION OF PRESSURE-SENSITIVE RESIN EMULSIONS
PAR  In the evaluation of pressure-sensitive resin emulsions, the emulsions are
      coated on silicone release paper to provide 1.5+0.3 milligrams of dry film
      per square centimeter. The film is dried at room temperature for 10
      minutes and at 90.degree.C. for 3 minutes. It is then applied to a strip
      of polyvinyl chloride 5.08 cm wide and 0.076 mm thick and pressed to the
      polyvinyl chloride film by application of a 2.04 kg rubber roller which
      meets the specifications of the Pressure-Sensitive Tape Council. The vinyl
      film is cut into two strips 2.54 cm wide. The silicone release paper is
      removed and the vinyl film is bonded by means of the pressure-sensitive
      coating to a stainless steel surface by applying pressure with the 2.02 kg
      roller. The bond is aged for 20 minutes at 22.degree.C. and 50 percent
      relative humidity. One end of the vinyl strip is peeled from the stainless
      steel surface and clamped in the jaws of an Instron Tensile Tester. The
      vinyl strip is then peeled at an angle of  180.degree. from the stainless
      steel surface at a rate of 30.48 cm/min. Peel strength is reported in
      grams per centimeter of width.
PAR  Release paper coated with the adhesive and joined to polyvinyl chloride
      film as above is aged at 90.degree.C. for 48 hours. The peel strength
      determination is then carried out as set forth above. The difference in
      peel strength of the aged and unaged samples indicates the age resistance
      of the pressure-sensitive interpolymer adhesive. A drop in peel strength
      to less than 100 grams per cm or a loss of more than 50 percent is
      considered to be unacceptable. The data are set forth in Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Polyvinyl Chloride/Stainless Steel                                        

     (g/cm.)                                                                   

                                         % Loss                                

     Ex.    0 Age            48 hrs., 90.degree.                               

                                         in Peel                               

     ______________________________________                                    

     1      206               179        13.0                                  

     2      215                93        56.7                                  

     3      206               136        33.9                                  

     4      268                98*       63.3                                  

     5      331                98*       70.2                                  

     6      118               102        13.6                                  

     8      322               179        44.4                                  

     9      256               152        40.6                                  

     10     188                70        62.9                                  

     11     125                14        88.6                                  

     ______________________________________                                    

      *18 Hrs., 90.degree.                                                     

PAL  Examples 1, 3, 6, 8 and 9 illustrate the superior resistance of the
      compositions of the present invention to loss of peel strength on aging at
      90.degree.C. in comparison with the severe loss observed with
      interpolymers of 2-ethylhexyl acrylate and vinyl acetate unmodified,
      modified with higher concentrations of
      2-acrylamido-2-methylpropanesulfonic acid and modified with acrylic acid.
PAR  The compositions of the present invention may be used as the adhesive
      component in pressure-sensitive tapes, films and foams. They adhere well
      to resin surfaces such as plasticized poly(vinyl chloride), Mylar,
      cellulose acetate, nylon, polyethylene and polypropylene, as well as to
      paper, metal and painted surfaces. They are especially useful as the
      adhesive component of decorative vinyl sheets, decals, vinyl foam and
      tiles.
PAR  Articles of manufacture such as tapes, decals, decorative vinyl sheets and
      transfer films containing the pressure-sensitive resin composition of the
      present invention are prepared by coating the resin on the appropriate
      substrate by conventional coating methods. Such articles conventionally
      include a release paper for temporary protection of the adhesive film
      until the final adhesive bond is made. The thickness of the adhesive film
      is generally in the range of 5 to 125 microns.
PAR  Application of the film to the substrate is conventionally carried out on
      roll coaters such as reverse roll and gravure roll coaters. The resin
      emulsion viscosity is adjusted to between 25 and 5,000 centipoises with
      higher viscosities within the range preferred for reverse roll coating and
      lower viscosities within the range preferred for gravure coating. The
      coatings are applied to the substrate moving through the rolls at a rate
      of between 3.05 meters per minute and 305 meters per minute.
PAR  While the present invention has been described with particular reference to
      certain specific embodiments thereof, it will be understood that certain
      changes, substitutions and modifications may be made therein without
      departing from the scope thereof. This invention also contemplates the use
      of fillers, extenders, stabilizers, antioxidants, plasticizers,
      tackifiers, flow control agents, adhesion promoters, dyes, etc. in the
      pressure-sensitive resin emulsions and the pressure-sensitive resins of
      this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aqueous emulsion of a pressure sensitive interpolymer wherein the
      interpolymer comprises:
PA1  A. from 0.1 to 1.5 weight percent of 2-acrylamido-2-methylpropanesulfonic
      acid, and
PA1  B. at least one monomer selected from the group consisting of esters of
      acrylic acid and methacrylic acid containing from 6 to 20 carbon atoms;
PAL  and wherein the interpolymer has a weight average molecular weight in the
      range 10,000 to 1,000,000 and a glass transition temperature in the range
      of -15.degree. to -75.degree.C.
NUM  2.
PAR  2. The aqueous emulsion of claim 1 wherein the acid is neutralized with an
      alkali metal base, ammonia or a monobasic amine of molecular weight in the
      range 31 to 300, and the pH of the emulsion is in the range 4.0 to 8.0.
NUM  3.
PAR  3. The aqueous emulsion of claim 1 wherein the Group B comonomer is
      selected from the group consisting of isobutyl acrylate, 2-ethylhexyl
      acrylate and 2-ethylhexyl methacrylate.
NUM  4.
PAR  4. The aqueous emulsion of claim 1 wherein the monomer is vinyl acetate,
      methyl acrylate, or ethyl acrylate.
NUM  5.
PAR  5. The aqueous emulsion of claim 1 wherein the interpolymer contains
      between 0.25 and 1 weight percent of 2-acrylamido-2-methylpropanesulfonic
      acid.
NUM  6.
PAR  6. The aqueous emulsion of claim 5 wherein the acid is neutralized with an
      alkali metal base, ammonia or a monobasic amine of molecular weight in the
      range 31 to 300, and the pH of the emulsion is in the range 4.0 to 8.0.
NUM  7.
PAR  7. The aqueous emulsion of claim 1 wherein the interpolymer has a molecular
      weight between 50,000 and 700,000.
NUM  8.
PAR  8. A process for improving the peel strength retention of a
      pressure-sensitive acrylic interpolymer wherein the ratio of monomers in
      the interpolymer is selected to provide an interpolymer glass transition
      temperature in the range of -15.degree. to -75.degree.C. which comprises
      copolymerizing from 0.1 to 1.5 weight percent of
      2-acrylamido-2-methylpropanesulfonic acid with the monomers of the
      interpolymer.
NUM  9.
PAR  9. The aqueous emulsion of claim 1 wherein the interpolymer further
      contains a monomer selected from the group consisting of alpha-olefins
      containing from 2 to 10 carbon atoms, vinyl esters of alkanoic acids
      containing from 3 to 10 carbon atoms, ethyl and methyl esters of acrylic
      and methacrylic acids, acrylonitrile, methacrylonitrile, styrene, vinyl
      toluene, and vinyl chloride.
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ABST
PAL  An adhesive composition is provided comprising (1) a member selected from
      the group consisting of an aqueous solution of polyvinylalcohol, an
      aqueous emulsion of vinyl acetate polymer and an aqueous latex of
      butadiene polymer and (2) a hydrophobic solution of an isocyanate compound
      or polymer.
BSUM
PAR  The invention relates to a water-resistant adhesive, which is especially
      useful for bonding of wood.
PAR  At present, urea resins, melamine-urea co-condensation resins and phenol
      resins are predominately used as the adhesives for making plywood. These
      adhesives are widely used because of their low price and relatively good
      water-reistance; however, it has recently been found that evaporation of
      residual formaldehyde (hereafter called "formalin") from the adhesive
      adversely effects the environment within the plywood factory and release
      of formalin from furniture or housing made therefrom has been found
      injurious to the human body.
PAR  Although several attempts have been made recently to decrease the
      generation of formalin, they have all been largely unsuccessful since it
      is impossible, in principle, to reduce the generation of formalin to
      essentially zero. Moreover, the fluctuations in hot pressing conditions
      during the process for producing plywood, can result in incomplete curing
      of the adhesive, giving rise to the subsequent generation of formalin.
      Therefore, the use of condensation resins containing formalin in the
      preparation of plywood has been severely restricted.
PAR  Furthermore, other adhesives which do not contain formalin, such as protein
      or polyvinyl acetate based adhesives, are not useful, generally, due to
      their poor water resistance.
PAR  Furthermore, another adhesive which has heretofore been employed in plywood
      production and which does not contain formalin is a polyvinyl alcohol
      (hereafter PVA)-isocyanate system as described in U.S. Pat. No. 2,277,083.
PAR  In said United States Patent, PVA and an isocyanate are used in combination
      in a non-aqueous medium. For example, the procedure as set forth in
      Example 2 of said patent is as follows: After coating an aqueous solution
      of PVA on a single board and drying, a solution of
      hexamethylene-diisocyanate in toluene is coated over the PVA layer. By
      laminating several ply in this manner, plywood is manufactured. It is
      apparent that, in this manner, it is generally impossible to manufacture
      plywood with sufficient adhesive strength, as shown by the comparative
      example below.
PAR  Furthermore, though it is a well known fact that related isocyanate
      compounds react easily with compounds having an active hydrogen,
      isocyanates were not heretofore employed as a waterproofing component of
      an adhesive in an aqueous medium, for the reason that, not only do they
      decompose easily when mixed with water, generating carbon dioxide gas and
      resulting in a substantially unworkable system, but also no good effects
      are expected from the standpoint of stability and waterproofing.
PAR  The present invention has overcome these difficulties and defects. In
      accordance with the present invention, a water-resistant adhesive is
      prepared by uniformly dispersing a solution of a compound or polymer of an
      isocyanate in a solvent therefor, said solvent being scarcely water
      soluble, (hereafter said solvent is written as "solvent"), into an aqueous
      solution of PVA and/or an aqueous emulsion of vinyl acetate polymer and/or
      an aqueous latex of butadiene polymer.
PAR  The adhesive of the present invention exhibits superior water-resistance
      and an excellent initial adhesive strength.
PAR  In accordance with the present invention, it becomes possible to obtain
      such a water-resistant adhesive by uniformly dispersing the solution of
      isocyanate compound or polymer in said "solvent" in the aqueous solution
      of PVA and/or an aqueous emulsion of vinyl acetate polymer or latex of
      butadiene polymer. If said isocyanate compound or polymer without solvent
      or dissolved in a solvent other than the said "solvent" as defined herein,
      is dispersed in the PVA, vinyl acetate or butadiene polymer solutions,
      emulsions or latices, it is impossible to get such a water-resistant
      adhesive.
PAR  Furthermore, in the present invention, the presence of water is important.
      If a solvent other than water is employed for the vinyl alcohol, vinyl
      acetate or butadiene polymer solutions, emulsions or latices, it is
      impossible to get such a superior water-resistant adhesive.
PAR  In the present invention, the aqueous emulsion of a vinyl acetate polymer
      can be, for example, an aqueous emulsion of polyvinyl acetate, an aqueous
      emulsion of a copolymer of vinyl acetate and a comonomer polymerizable
      therewith (e.g., a copolymer of vinyl acetate and ethylene).
PAR  Further, the aqueous latex of butadiene polymer can be, for example, an
      aqueous latex of a copolymer of butadiene and styrene (SBR), an aqueous
      latex of a copolymer of butadiene and acrylonitrile or an aqueous latex of
      a copolymer of butadiene and another comonomer polymerizable therewith.
PAR  SBR latices which can be used in this invention include commercially
      available SBR and modified SBR products. Use of modified SBR obtained by
      copolymerizing or adding a carboxyl group or carboxylic acid salt to SBR,
      adding a hydroxyl group to SBR latex and other modified SBR formed by
      adding at least one functional group selected from amide, amino, sulfonic
      and epoxy groups and their salts is especially preferred. By the term
      "latex added with a carboxyl group or carboxylic acid salt" is meant a
      latex in which a carboxylic group or carboxylic acid salt is contained in
      at least one of the latex-constituting polymer or surfactant. As the
      carboxylic group-containing unsaturated monomer, there may be mentioned
      copolymerizable unsaturated organic acids such as acrylic acid,
      methacrylic acid, crotonic acid, itaconic acid, partially esterified
      itaconic acid, maleic acid, maleic anhydride, partially esterified maleic
      acid and the like. SBR in which a carboxylic acid salt (for instance,
      sodium, potassium, calcium and ammonium salts) is formed by adding a basic
      substance to a carboxyl group-containing SBR can also be employed. The SBR
      need not necessarily contain a carboxyl group or its salt therein, but a
      carboxyl group or its salt may be contained in a surfactant or stabilizer
      to be used in the polymerization process. As such surfactant, there may be
      mentioned saponified products of fatty acids, namely various soaps.
PAR  By the "hydroxyl group added latex" is meant a latex in which a hydroxyl
      group is contained in at least one of the latex-constituting polymer or
      surfactant. As the hydroxyl group-containing unsaturated monomer, there
      can be mentioned copolymerizable monomers such as allyl alcohol,
      2-hydroxylethyl (meth) acrylate, 2-hydroxypropyl (meth)acrylate,
      mono-allyl ethers of polyhydric alcohols, and N-methylol (meth)acrylamide.
      Hydroxyl group-containing polymer latices prepared by methods other than
      that mentioned above may be used. For instance, a polymer latex formed by
      adding a small amount of a basic substance to a copolymer containing vinyl
      acetate as one component and partially saponifying vinyl acetate to
      thereby introduce a hydroxyl group into the copolymer can be used. The
      hydroxyl group need not necessarily be contained in the latex-constituting
      polymer, but it may be contained in a surfactant or stabilizer to be used
      in the polymerization process. As such surfactant, there may be mentioned,
      for instance, polyoxyethylene alkyl ethers, polyoxyethylene alkylphenol
      ethers, oxyethylene-oxypropylene block copolymers and the like.
PAR  By the term "the latex added with at least one functional group selected
      from amino, amide, sulfonic and epoxy groups and their salts" is meant a
      latex in which such functional group is contained in at least one of the
      latex-constituting polymer or surfactant. As the unsaturated monomer
      containing such a functional group as amino, amide, sulfonic and epoxy
      groups, there may be mentioned copolymerizable monomers such, for example,
      as glycidyl (meth)acrylate, allyl glycidyl ether, dimethyl-aminoethyl
      methacrylate, vinylpyridine, t-butylaminoethyl (meth)acrylate, acrylamide,
      methacrylamide and maleinamide. Latices containing a salt (for example,
      amine hydrochloride) formed by adding a basic substance or acidic
      substance to the foregoing functional group-containing polymer latices can
      also be employed. Such functional group need not necessarily be contained
      in the latex-constituting polymer, but it may be contained in a surfactant
      or stabilizer to be used in the polymerization step. As such surfactant,
      there may be exemplified polyacrylamide, alkylamine sulfates, sodium
      monobutylphenylphenol sulfate, sodium monobutyldiphenyl sulphate, sodium
      dibutylphenyl sulfate, sodium monobutyldiphenyl sulfate, sodium
      dibutylphenylphenol sulfate, sodium alkylallyl sulfonate, sodium
      dodecylbenzenesulfonate, sodium paraffin sulfate, sodium lauryl alcohol
      sulfate, sodium secondary alcohol (having 14 carbon atoms) sulfate, sodium
      octyl alcohol sulfate and the like. Namely, these surfactants contain in
      the molecule an amide group, a sodium sulfonate, an amine salt or the
      like.
PAR  Among the foregoing modified SBR latices, a carboxyl group- or carboxylic
      acid salt-copolymerized or added latex is especially preferred. The
      content of the carboxyl group-containing organic acid in the latex is 0.1
      to 30% by weight, preferably 0.2 to 15% by weight, based on the total
      solids. These latices can be prepared in an aqueous system according to
      customary methods with use of a radical initiator, a surfactant and an
      adjusting agent. In addition to the above-exemplified surfactants, various
      anionic, non-ionic and cationic surfactants can also be used.
PAR  It is possible to add as a protective colloid a water-soluble macromolecule
      substance such as mentioned above before, during or after the
      polymerization. The so formed aqueous latex can also be employed in this
      invention.
PAR  The primary reason for use of SBR in this invention is that the
      characteristic properties of a film formed from a blend of SBR with PVA
      are improved to thereby increase the normal state bonding strength of
      bonded wood and the water resistance of the resulting bond. The secondary
      reason is that by employing SBR latex added with a carboxyl group or its
      salt, a hydroxyl group or an amino, amide, sulfonic, isocyanate or epoxy
      group, such functional group in the latex is allowed to react with a
      compound having at least two isocyanate groups which is incorporated in
      the adhesive composition, to thereby form a water-insoluble, cross-linked
      net-like structure and give a bond exhibiting excellent water resistance.
      The third reason is that by use of such SBR latex it is possible to
      increase the concentration of solids at a viscosity within such a range as
      will not cause any operational trouble and to obtain an adhesive
      composition having good coating processability and a highly improved
      initial bonding strength. Accordingly, use of an aqueous SBR latex is
      preferred in this invention.
PAR  The concentration of PVA in the aqueous solution desirably ranges from 5 to
      20 weight percent. The PVA employed in the present invention can exhibit a
      degree of polymerization ranging from 300 to 2500 and a degree of
      saponification of from 80 to 100 molar percent, it is especially desirable
      to use a PVA having a high degree of saponification.
PAR  The aqueous PVA solution can be prepared using hot water, or, in the case
      of PVA soluble in cold water, it is possible to first mix it with an
      additive or filler and then dissolve it in water just before coating.
PAR  In this invention, it is preferable to have PVA present in the
      above-described aqueous emulsions or latices. The concentration of PVA in
      the aqueous emulsion or latex preferably ranges from 5 to 20% by weight.
PAR  In the present invention, the isocyanate compound or polymer is a molecule
      which has two or more isocyanate residues, such as, tolylene diisocyanate
      (TDI, for example Desmodur T of Bayer Incorp.), hydrogenated TDI,
      trimethylolpropane (TMP) - TDI adduct (Desmodur L),
      triphenylmethane-triisocyanate (TTI, Desmodur R),
      methylene-bis-diphenylisocyanate (MDI, Desmodur 44), hydrogenated MDI,
      hexamethylene diisocyanate (Desmodur N), xylenediisocyanate,
      4,4'-dicyclohexylmethane-diisocyanate and the like.
PAR  Furthermore, a mixed system of a polyisocyanate and a polyol, for example,
      a mixture of polyols such as polyester or polyether with hydroxy groups
      and an excess of isocyanate such as the said Desmodur L, can also be
      employed.
PAR  Furthermore, it is possible to use a prepolymer system, such as, a
      prepolymer with NCO end groups, partially polymerized from a polyol and an
      excess of polyisocyanate, or a prepolymer with OH end groups, partially
      polymerized from an excess of polyol, mixing it with an excess of the
      above mentioned Desmodur L, just before coating.
PAR  The mixing ratio of isocyanate compound or polymer to PVA (solid content)
      and/or emulsion and/or latex (solid content) in an adhesive can range from
      1 to 200 weight percent. For plywood, it is especially preferred to range
      from 10 to 150 weight percent.
PAR  In the present invention, the "solvent" which dissolves the isocyanate
      compound or polymer, is a liquid at room temperature, and both
      solubilities, that of "solvent" in water and of water in "solvent", must
      be below 5 weight percent at a temperature between 20.degree. to
      30.degree.C.
PAR  As the "solvent", typical examples are, aliphatic or aromatic hydrocarbons,
      or mixtures thereof as the main component (such as, toluene, xylene,
      benzene, gasoline, kerosene, ligroin, tetralin, decalin, terpentine oil,
      pine oil, liquid paraffin and alkylbenzene etc.), halogenated hydrocarbons
      (such as, methylene chloride, chlorobenzene, chlorotoluene and
      bromobenzene etc.), ketones (such as, methyl isobutyl ketone,
      methyl-n-amyl ketone, methyl-n-hexyl ketone, ethyl-n-butyl ketone,
      di-n-propyl ketone and acetophenone etc.), ethers (such as isopropyl
      ether, methyl-phenyl ether, ethyl-benzyl ether and furan etc.), lower
      aliphatic esters (such as, acetic acid isopropyl ester, acetic acid butyl
      ester, and propionic acid butyl ester etc.), phthalic acid esters (such
      as, phthalic acid butyl ester, phthalic acid dioctyl ester and phthalic
      acid butyl-benxyl ester etc.), oleic acid esters, adipic acid esters,
      azelaic acid esters, sebacic acid esters, stearic acid esters, benzoic
      acid esters, abietic acid esters, oxalic acid esters and phosphoric acid
      esters. And oils composed mainly from higher aliphatic acid esters such as
      castor oil, are also available.
PAR  If the "solvent" has an active hydrogen as a carboxy-, hydroxy- or
      amino-group in the molecule, upon mixing with the isocyanate compound or
      polymer, it reacts easily, resulting in a decrease in water resistance.
      Dilute isocyanate solutions prepared from active hydrogen solvents are
      ineffective in the present invention. On the other hand, in cases wherein
      said "solvent" has no active hydrogen, it is possible to reduce the
      concentration of isocyanate compound or polymer in the solution to the
      lowest limit wherein the isocyanate solution can still be dispersed
      uniformly in water. Considering the waterproof effect and dispersion
      effect, it is desirable to dissolve the isocyanate compound or polymer in
      an amount of solvent ranging from 10 to 400 weight percent or more, and
      most desirably 50 to 300 weight percent.
PAR  As the boiling point of the "solvent" can vary, it is also desirable to
      select a solvent which matches the present process and use conditions.
PAR  For example, when the composition of the present invention is used as an
      adhesive for plywood, it is advisable to use nonvolatile solvents having
      boiling points higher than 200.degree.C., such as dibutyl phthalate,
      dioctylphthalate, oleic acid methyl ester and the like, to avoid odor,
      since the thermal press cycle for adhesion is carried out under ambient
      conditions. In this case, those solvents remain in the layer of adhesive,
      acting as a plasticizer. If, however, it is undesirable to have "solvent"
      remain in the layer of adhesive, a solvent of low boiling point should be
      employed.
PAR  The effect of the "solvent" in the adhesive is to disperse the isocyanate
      uniformly in an aqueous solution, emulsion or latex containing PVA, vinyl
      acetate polymer or butadiene polymer and to protect the isocyanate groups
      from direct contact with the water molecules in an emulsion.
PAR  In order to get an adhesive as a uniform dispersion, it is better to
      agitate it rather strongly during the addition of the solution of
      isocyanate compound or polymer in the "solvent", to the aqueous solution
      or emulsion or latex.
PAR  It is preferable to add an anionic surfactant to an adhesive mixture
      comprising an aqueous solution, emulsion or latex of PVA, vinyl acetate
      polymer or butadiene polymer and a hydrophobic solution of isocyanate. By
      adding an anionic surfactant, enhancement of water resistance, lessening
      of change in water resistance with time, reduction of bubble-formation,
      stabilization of the viscosity of the adhesive solution, and furthermore,
      preparation of an emulsified solution are easily obtained. The useful life
      of the adhesive comprising an aqueous solution, latex or emulsion of PVA,
      vinyl acetate polymer or butadiene polymer-isocyanate compound or
      isocyanate polymer admixture is increased markedly with the method of the
      present invention.
PAR  Anionic surfactants are most suitable for the present purpose. Cationic,
      nonionic or amphoteric surfactants show relatively poor effectiveness as
      compared with an anionic surfactant. A cationic surfactant has an
      accelerating effect on the rate of reaction, which increases the
      bubble-forming tendency of the mixture resulting in poor stability of the
      final product. Any type of anionic surfactant can be used for the process
      of the present invention, irrespective of the chemical structure of the
      surfactant. The anionic surfactants that are employed in the practice of
      the present invention are, for instance, carbonic acid salts such as soaps
      from aliphatic acid salts, and the like; sulfuric acid ester salts such as
      salts of sulfuric acid ester of higher alcohols, sulfuric oils, sulfuric
      fatty acid esters, sulfuric olefins, and the like; sulfonic acid salts
      such as alkyl benzene sulfonic acid salts, alkyl naphthalene sulfonic acid
      salts, alkyl sulfonic acid salts, Igepon T, Aerosol OT, lignin sulfonic
      acid salts, and the like; phosphonic ester salts such as phosphonic acid
      esters of higher fatty acids, and the like.
PAR  The concentration of the surfactant can range from 1 to 10 weight percent,
      more preferably, from 2 to 4 weight percent based on the weight of the
      PVA, vinyl acetate polymer or butadiene polymer content. When used in
      amounts less than 1 weight percent, the effect of the surfactant is not
      obtained. When used in large amounts exceeding 10 weight percent, the use
      of the surfactant gives undesired effects such as coagulation of the
      emulsion. The reason why addition of anionic surfactant imparts improved
      stability to the admixture of the present invention is not
      well-understood. While not wishing to be bound by any theory or mechanism,
      it is currently believed that in the present process, surfactant molecules
      are absorbed on the surface of the emulsified particles to prevent
      isocyanate molecules from direct contact with water molecules. Thus,
      decomposition of isocyanate is retarded to impart increased stability to
      the emulsified solution.
PAR  Furthermore, the adhesives of the present invention can contain other
      additives. The effect of the additives is not only to increase the amount
      of adhesion, but increase the waterproof property and initial adhesive
      power, reacting with the other components of the adhesive, especially with
      the isocyanate.
PAR  Additives which can be employed for these purposes include wheat flour,
      starches, extracted soybean powder, blood powder and other additives such
      as used in urea resins. Among these additives, flour and starches are
      preferred, as they enhance the water resistance, reacting with isocyanate,
      and moreover they have such a nice character that, though they are not
      like an adhesive paste in a cold water, they are converted to such a state
      by heating during the operation for adhesion.
PAR  Furthermore, the adhesives of the present invention can contain fillers.
      The effect of fillers is not only to prevent excessive penetration of
      adhesive into the wood, but also to impart better water resistance and
      initial adhesive strength by reacting with the isocyanate.
PAR  Suitable fillers include organic substances such as wood powder and powder
      of walnut shell, etc., as well as inorganic substances, such as clay,
      kaolin and talc, etc.
PAR  Though the mixing ratio of additive or filler depends upon the ultimate end
      use, the additive or filler can be generally added in the range of 10 to
      100 weight percent based on the weight of solution, latex or emulsion
      containing PVA, vinyl acetate polymer or butadiene polymer. The additive
      or filler is preferably added in an amount of 15 to 50 weight percent when
      the adhesive is used for plywood. These additives and fillers may be used
      individually or in any mixture thereof. It is most desirable to combine
      the additives and fillers.
PAR  Furthermore, the adhesive of the present invention can be admixed with an
      accelerator such as, boric acid, aluminum sulfate, alum, chrome borate and
      the like.
PAR  Further, the adhesive of the present invention can additionally include a
      water glass (an aqueous solution of sodium or potassium tetrasilicate) or
      the like to delay the drying of the adhesive.
PAR  Moreover, the adhesive of the present invention can also contain a formalin
      type thermosetting resin, e.g., urea and/or melamine-formalin resin.
PAR  Although sufficient strength of adhesion can be achieved by cold pressing
      of the adhesive, it is desirable to use a hot press treatment to get
      better water resistance and adhesion.
PAR  Although the main purpose of the adhesives of the present invention is for
      manufacturing of plywood or manufacturing with plywood, they are also
      useful for woodwork, manufacturing of particle board or corrugated
      cardboard and for promoting adhesion of metallic foil, paper, fiber and
      the like.
DETD
PAR  The following examples further define and explain the present invention. It
      is to be understood, however, that the invention is not limited to these
      examples. Unless otherwise stated, all percentages and parts are by
      weight.
PAC  EXAMPLES 1 - 4
PAR  Four kinds of adhesive with different kinds of "solvent" were prepared.
      Those solvents were dioctyl phthalate, dibutyl phthalate, toluene and
      methylene chloride. "Millionate MR", an isocyanate belonging to the MDI
      series produced by Nippon Urethane Incorp., was initially diluted with
      these solvents to form 50% solutions thereof. Then, each solution was
      added, under sufficient agitation, to a 10% aqueous solution of "PVA 117",
      polyvinyl alcohol with a degree of polymerization of 1,750 and 98.5 mole %
      degree of saponification, produced by Kuraray Co., Ltd., in the amount of
      200 percent based on the solids content of PVA, and then, 200% of clay
      based on the solids content of PVA was added.
PAR  Employing these four adhesives, plywood was prepared from three single
      boards of lauan, 0.7mm, 1.4mm and 0.7mm in thickness, under the following
      conditions:
PA1  Amount of adhesive used: 30g/0.09183m.sup.2
PA1  Cold press: 10 kg/cm.sup.2 for 20 min.
PA1  Hot press: 10 kg/cm.sup.2 for 1 min. at 120.degree.C.
PAR  The resulting adhesive strengths in tepid water are summarized in Table I:
TBL                                    TABLE I                                 

     __________________________________________________________________________

                       Solubility of                                           

                                 Solubility of                                 

                                           Adhesive                            

                                                   Wood                        

     Example     B.P. of                                                       

                       solvent in                                              

                                 water in  strength                            

                                                   break                       

     No.   Solvent                                                             

                 solvent                                                       

                       water     solvent   in tepid                            

                                                   (%)                         

                                           water                               

     __________________________________________________________________________

     1    dioctyl                                                              

           phthalate                                                           

                 340.degree.C.                                                 

                       0.02 wt.% 1.00 wt.%,20.degree.C.                        

                                           10.2 kg/cm.sup.2                    

                                                    6                          

     2    dibutyl                                                              

           phthalate                                                           

                 339.degree.C.                                                 

                       0.01 wt.%,20.degree.C.                                  

                                 0.46 wt.%,20.degree.C.                        

                                           12.3 kg/cm.sup.2                    

                                                   30                          

     3    toluene                                                              

                 110.6.degree.C.                                               

                       0.047 wt.%,                                             

                       16.degree.C.                                            

                                 0.15 mol %,10.degree.C.                       

                                           14.0 kg/cm.sup.2                    

                                                   27                          

     4    methylene-                                                           

           dichloride                                                          

                  40.4.degree.C.                                               

                       2 wt.%,20.degree.C.                                     

                                 0.17 wt.%, 25.degree.C.                       

                                           14.4 kg/cm.sup.2                    

                                                   34                          

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  10 parts of a mixture of Colonate L, an adduct of tolylenediisocyanate with
      trimethylol propane, produced by Nippon Urethane Incorp., and dibutyl
      phthalate in the ratio of one to one, was added, under strong agitation,
      to 100 parts of an emulsion, containing 50 weight percent of copolymer of
      ethylene-vinyl acetate and 5 weight percent of PVA. Next, 2.5 parts of
      wood powder sieved through 200 mesh, 2.5 parts of wheat flour, 2.5 parts
      of clay and 15 parts of water were added to it. The prepared adhesive,
      after a persistent agitation, was tested as in Example 1.
PAR  The observed strength of adhesion of plywood was as follows:
TBL  Adhesive strength                                                         

     in a normal state                                                         

                 15.4 kg/cm.sup.2                                              

                               wood break                                      

                                         (89%),                                

     Adhesive strength                                                         

     in tepid water                                                            

                 14.2 kg/cm.sup.2                                              

                               wood break                                      

                                         (61%).                                

PAR  Both strengths were above 7 kg/cm.sup.2, which is the lowest permissible
      limit.
PAC  EXAMPLE 6
PAR  In order to test the applicability of the adhesive of the invention to
      woodworking, the adhesive in Example 2 was examined, by preparing plywood
      from three single boards. of lauan, 1mm each in thickness, under the
      conditions of 22g/ft.sup.2 of adhesive and a cold press at 10 kg/cm.sup.2
      for 30 min.
PAR  The adhesive strength was observed after aging for one day, as shown in
      Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     Solvent Used                                                              

                 Adhesive stren-                                               

                                Adhesive strength in                           

                 gth in normal  in tepid water (wood                           

                 state(wood break %)                                           

                                  break %)                                     

     ______________________________________                                    

     dibutyl phthalate                                                         

                 15.1 kg/cm.sup.2 (62)                                         

                                10.4 kg/cm.sup.2 (18)                          

     ______________________________________                                    

PAC  COMPARATIVE EXAMPLE
PAR  At first, 10 weight percent solution of PVA, degree of polymerization of
      1700 and a degree of saponification of 98 molar percent, was coated on
      three single boards, 1mm each in thickness, and dried by evaporation of
      water. Then, they were coated again with a 10% solution of hexamethylene
      diisocyanate in toluene and laminated upon each other, immediately, and
      pressed at 10 kg/cm.sup.2 of pressure for 10 min. to prepare a plywood.
      The observed adhesive strength, both at room temperature and in tepid
      water was too low to obtain a useful plywood product.
PAC  EXAMPLE 7
PAR  10 parts of an isocyanate (30% solution of Desmodur 44 in ethyl acetate)
      was added to 100 parts of a commercially available SBR containing a small
      amount of carboxyl groups (SN-304 manufactured by Sumitomo Naugatuck Co.,
      Ltd.), and 10 parts of wheat flour, 5 parts of wood flour and 10 parts of
      clay were further added thereto. The resulting mixture was well blended.
      Three lauan veneers (each having a thickness of 1.0mm) were bonded with
      use of the so obtained adhesive composition under the conditions set forth
      below to obtain a plywood having a thickness of 3 mm. The bonding strength
      of the plywood was determined and the following results were obtained:
PA1  Amount of adhesive coated: 30 g/ 30 cm .times. 30 cm
PA1  Cold press: 15 minutes under 10 kg/cm.sup.2
PA1  Hot press: 60 seconds at 110.degree.C. under 10 kg/cm.sup.2
PA1  Bonding strength:
PA2  normal bonding strength of 17.4 kg/cm.sup.2 with a wood break ratio of 75%;
      bonding strength after warm and cold water treatment: 13.6 kg/cm.sup.2
      with wood break ratio of 45%
PA1  Formalin concentration: 0% (according to desiccator method)
PAC  EXAMPLE 8
PAR  10 parts of ammonia casein and 30 parts of bentonite were added to 100
      parts of a commercially available SBR containing a small amount of
      carboxyl groups (JSR 0590 manufactured by The Nippon Synthetic Rubber Co.,
      Ltd.), and 10 parts of an isocyanate (50% solution of Desmodur 44 in
      toluene) was further added thereto to form an adhesive composition.
PAR  The resulting adhesive composition was coated on one surface of a lauan
      plywood having a thickness of 3mm in an amount of 10 g/30cm .times. 30cm,
      and a decorative board having a thickness of 0.3mm was lapped on the
      coated surface of the plywood. The hot press treatment was conducted at
      100.degree.C. under a pressure of 2 kg/cm.sup.2 for 30 seconds. When test
      pieces of the resulting product were immersed in warm water maintained at
      60.degree.C. for 3 hours, no peeling was observed.
PAR  In the case of test pieces of a decorative plywood formed with use of an
      isocyanate-free adhesive, complete peeling was observed at the above warm
      water treatment.
PAC  EXAMPLE 9
PAR  10 parts of an isocyanate (50% solution of Desmodur L in ethyl acetate) was
      uniformly mixed with 100 parts of a commercially available aqueous latex
      of a copolymer of butadieneacrylonitrile containing a small amount of
      carboxyl groups (CD1-78 manufactured by Lacstar Co.). On one surface of a
      plywood having a thickness of 3mm, the so obtained adhesive was coated in
      an amount of 20 g/30 cm .times. 30 cm. An aluminum plate having a
      thickness of 0.3mm was lapped on the coated surface of the plywood and the
      cold press treatment was conducted for 3 hours under a pressure of 3
      kg/cm.sup.2.
PAR  The normal state bonding strength was determined according to the knife
      test method to obtain a wood portion break ratio of 100%. When test pieces
      were immersed for 3 hours in warm water maintained at 63 .+-.
      3.degree.C., no change was observed.
PAC  EXAMPLE 9
PAR  50 parts of a commercially available vinyl acetate emulsion (Asahisol 1527)
      was added to 100 parts of a commercially available aqueous latex of a
      copolymer of butadieneacrylonitrile containing a small amount of carboxyl
      groups (CD-80-3 manufactured by Lacstar Co.) and they were well mixed.
      Then, 80 parts of clay, 20 parts of corn starch and 20 parts of an
      isocyanate polymer (50% dilution of Desmodur 44 in DOP) were added to the
      above mixture, and the resulting mixture was well blended to form an
      adhesive composition.
PAR  A plywood having a thickness of 3mm was prepared from three lauan veneers,
      each having a thickness of 1.0mm with use of the so obtained adhesive
      composition under the conditions set forth below. The bonding strength of
      the plywood was determined and the following results were obtained:
PA1  Amount of adhesive coated: 30 g/30 cm .times. 30 cm
PA1  Cold press: 15 minutes under 10 kg/cm.sup.2
PA1  Hot press: 60 seconds at 110.degree.C. under 10 kg/cm.sup.2
PA1  Bonding strength:
PA2  Normal state bonding strength: 23.4 kg/cm.sup.2 with wood portion break
      ratio of 100%. Bonding strength after warm and cold water treatment: 17.2
      kg/cm.sup.2 with wood portion break ratio of 60%.
PA1  Formalin concentration: 0% (according to the desiccator method)
PAR  In this adhesive composition, because of the presence of the vinyl acetate
      emulsion, a good glue condition was obtained, and since the corn starch
      was made highly pasty at the hot press treatment, excessive permeation of
      the adhesive into the veneer was effectively prevented and a uniform
      adhesive layer was formed. (Note: DOP means Dioctylphthalate)
PAC  EXAMPLE 10
PAR  6 parts of zinc flower, 100 parts of clay, 100 parts of water and 15 parts
      of medium viscosity carboxymethyl cellulose (CMC) as a thickener were
      added to 100 parts of a commercially available SBR containing a small
      amount of carboxyl groups (JSR-0590) and they were well mixed. Then, 25
      parts of an isocyanate (40% solution of Desmodur L in ethyl acetate) was
      added to the mixture and uniformly dispersed therein. A plywood having a
      thickness of 3mm was prepared from three lauan veneers each having a
      thickness of 1mm with use of the so formed adhesive under the same
      conditions as adopted in Example 7 and the bonding strength was determined
      to obtain the following results.
PA1  Bonding Strength:
PA2  normal state bonding strength: 19.8 kg/cm.sup.2 with wood portion break
      ratio of 100%
PA2  bonding strength after warm and cold water treatment: 12.1 kg/cm.sup.2 with
      wood portion break ratio of 42%
PA1  Formalin Concentration:
PA2  0% (determined according to desiccator method)
PAR  In this adhesive composition, though the total solids content was
      relatively low, by action of CMC as a thickener, the adhesive could be
      coated uniformly on the veneer without excessive permeation of the
      adhesive into the veneer.
PAC  EXAMPLE 11
PAR  5 parts of wood flour and 50 parts of clay were added to 100 parts of a
      commercially available SBR containing a small amount of carboxyl groups
      (CO-1-78 manufactured by Lacstar Co.), and 25 parts of an isocyanate (76%
      solution of Desmodur 44 in toluene) was added to the mixture and dispersed
      uniformly therein. With use of the so obtained adhesive composition, a
      plywood having a thickness of 14mm was prepared from 7 lauan veneers, each
      having a thickness of 2.0mm, by the cold press treatment conducted under
      the conditions set forth below. The so formed plywood was allowed to stand
      still for 48 hours at room temperature, and the bonding strength was
      determined with the following results:
PA1  Cold Press Conditions
PA2  Amount of adhesive coated: 100 g/30 cm .times. 30 cm
PA2  Pressure: 10 kg/cm.sup.2
PA2  Time: 60 minutes
PA1  Bonding Strength
PA2  Normal state bonding strength: 17.5 kg/cm.sup.2 with wood portion break
      ratio of 100%
PA2  Bonding strength after warm and cold water treatment: 14.4 kg/cm.sup.2 with
      wood portion break ratio of 39%
PAR  As is seen from the foregoing results, in accordance with the present
      invention, a water-resistant plywood can be manufactured even by the cold
      press method.
PAC  EXAMPLE 12
PAR  25 grams of polyvinyl alcohol (having a degree of polymerization of 500 and
      a degree of saponification of 98.7  mole %) was dissolved with heat in 100
      g of water. 100 g of a styrene-butadiene latex (having a solids content of
      48% and comprising 45% of styrene and 55% of butadiene) and 15 g of wheat
      flour were added in succession to the above solution, and they were well
      mixed to obtain a white suspension. Then, 16.5 g of a trimethylol
      propanetolylene diisocyanate adduct (45% solution of Desmodur L
      manufactured by Bayer A. G. in ethyl acetate) was added to the suspension
      and they were well mixed to disperse the adduct in the suspension. The
      resulting adhesive composition (about 40 minutes had passed from the
      addition of the isocyanate compound) was coated on lauan veneers (3
      veneers each having 1mm thickness; total thickness being 3mm) in an amount
      of 32 g/ 900 cm.sup.2, and the veneers were lapped and allowed to stand
      still for 15 minutes. Then, the assembly was subjected to temporary
      compression (cold press) under a pressure of 10 kg/cm.sup.2  for 10
      minutes, and the hot press was conducted at 120.degree.C. under a pressure
      of 10 kg/cm.sup.2 for 1 minute.
PAR  Results of the bonding strength test made according to Japanese
      Agricultural Standard Notification No. 383 of the Ministry of Agriculture
      and Forestry, are shown in Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

                       Bonding Strength                                        

                       (kg/cm.sup.2)                                           

                       Maxi- Mini-   Average                                   

                       mum   mum                                               

     Normal State Bonding Strength                                             

                         24.6    19.8    22.1                                  

     Bonding Strength after Warm                                               

                         16.4    12.0    14.7                                  

     and Cold Water Treatment                                                  

     ______________________________________                                    

      Note: the value of the bonding strength was determined by conducting the 

      measurement on 15 test pieces.                                           

PAR  The initial bonding strength (temporary bonding strength) was quite
      excellent and no partial peeling was observed.
PAC  EXAMPLE 13
PAR  500 g of a carboxyl group-containing styrene-butadiene latex (composed of
      52% by weight of styrene and 48% by weight of butadiene; carboxyl group
      content of 40 millimoles per 100 g solid; solid content of 50%) was
      incorporated in succession with 167g of a separately prepared aqueous
      solution of polyvinyl alcohol (having a degree of polymerization of 1700
      and a degree of saponification of 87 mole %; PVA concentration of 15% by
      weight), 50 g of clay produced by Shokozan and 27 g of water, and the
      mixture was well blended. The resulting solution was admixed with 10 grams
      of triphenylmethane triisocyanate (60% solution of Desmodur R manufactured
      by Bayer A. G. in ethyl acetate), and they were well mixed under agitation
      to form an adhesive composition according to this invention.
PAR  In the same manner as described in Example 1, a plywood was prepared and
      the bonding strength was tested to obtain results shown in Table IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

                       Bonding Strength                                        

                       (kg/cm.sup.2)                                           

                       Maxi- Mini-   Average                                   

                       mum   mum                                               

     Normal state bonding strength                                             

                         20.6    17.2    18.9                                  

     Bonding strength after warm                                               

                         15.0    12.5    13.4                                  

     and cold water treatment                                                  

     ______________________________________                                    

      Note: the value of the bonding strength was determined by conducting the 

      measurement on 10 test pieces.                                           

PAC  EXAMPLE 14
PAR  25 g of polyvinyl alcohol (having a degree of polymerization of 400 and a
      degree of saponification of 87 mole %) was dissolved under heat in 100 g
      of water, and 35 g of a styrenebutadiene  latex (styrene/butadiene weight
      ratio of 35/65; carboxyl group content of 20 millimoles per 100 g solid;
      solid content of 50%) and 25 g of gypsum powder (passable through a
      25-mesh sieve) were added in succession to the above solution. The mixture
      was well blended and the resulting solution was incorporated with 22 g of
      a trimethylol propane-tolylene diisocyanate adduct (45% solution in ethyl
      acetate). The mixture was well agitated to form an adhesive composition.
PAR  In the same manner as described in Example 1, a plywood was prepared with
      use of the so obtained adhesive composition, and test pieces were immersed
      in water maintained at 25.degree.C. for 20 days, and then, they were dried
      in a desiccator maintained at 40.degree.C. for 24 hours. With respect to
      the so treated test species, the normal state bonding strength and the
      bonding strength after warm and cold water treatment were determined
      according to the method employed in Example 12. As a result, it was found
      that the normal state bonding strength was 16.4 kg/cm.sup.2 and the
      bonding strength after warm and cold water treatment was 10.2 kg/cm.sup.2.
PAC  EXAMPLE 15
PAR  25 g of polyvinyl alcohol (having a degree of polymerization of 700 and a
      degree of saponification of 99 mole %) was dissolved with heat in 100 g of
      water, and 60 g of styrenebutadiene latex (styrene/butadiene weight ratio
      of 65/35; carboxyl group content of 70 millimoles per 100 g solid; solid
      content of 50%), 40 g of wood flour (cryptomeria flour passable through a
      150-mesh sieve) and 15 g of water were added to the above solution and
      mixed therewith sufficiently to form a dispersion. The resulting
      dispersion was incorporated with 12.5 g of an isocyanate polymer
      ("Millinate MR" manufactured by Nippon Polyurethane; 40% solution in
      toluene), and the mixture was blended and agitated sufficiently to obtain
      an adhesive composition of this invention.
PAR  In the same manner as described in Example 12, a plywood was prepared and
      the bonding strength was determined to obtain the following results:
PA1  Bonding Strength
PA2  Normal state bonding strength (average value of 10 test pieces): bonding
      strength of 19.3 kg/cm.sup.2 with a wood portion break ratio of 94%
PA2  Bonding strength after warm and cold water treatment (average value of 10
      test pieces): bonding strength of 13.6 kg/cm.sup.2 with a wood portion
      break ratio of 23%
PAR  In the case of test pieces of a plywood formed with use of an adhesive free
      of the isocyanate compound, all the test pieces were peeled by the warm
      and cold water treatment.
PAC  EXAMPLE 16
PAR  Three parts of PVA were dissolved in water on heating, 0.2 part of "Nissan
      Rapizol B-30" (an anionic surfactant made by Nippon Oils and Fats Co.,
      Ltd., sodium dioctyl sulfosuccinate) was added to the aqueous solution,
      mixed well, and 15 parts of the dioctyl phthalate solution of 75%
      isocyanate ("Millionate MR" made by Nippon Polyurethane Co., Ltd.) under
      stirring for 5 minutes to yield an emulsified solution. Films were
      prepared from the resulting emulsion in different periods of 0, 3, and 10
      hours at 20.degree.C., after preparation of the emulsion. The water
      resistance of the films (solubility of the film in water) were measured.
      The results are shown in Table V.
TBL                TABLE V                                                     

     ______________________________________                                    

     Standing time of emulsion (hr)                                            

                       0        3        10                                    

     ______________________________________                                    

     Solubility of Film in water                                               

                       1.7%     2.4%     2.5%                                  

     ______________________________________                                    

      Condition of film-preparation: 120.degree.C., 1 min., by hot pressing    

      Condition of film-dissolving: boiled with water at 100.degree.C. for 2   

      hours                                                                    

PAR  Features of viscosity change of the emulsion and the amount of bubbles
      formed in the emulsion at different times are shown in Table VI.
TBL                TABLE VI                                                    

     ______________________________________                                    

              Viscosity    Amount of bubbles                                   

              (CPS,20.degree.C.)                                               

                           (10 hrs)                                            

                               (% amount of the                                

              20 min. 4 hrs.   emulsion)                                       

     ______________________________________                                    

     With "Nissan                                                              

     Rapizol B-30"                                                             

                4,500     5,300    5                                           

     ______________________________________                                    

PAR  From the Table it can be seen that the emulsion containing "Nissan Rapizol
      B-30" exhibited a very small increase in viscosity and a small amount of
      bubble-formation.
PAC  EXAMPLE 17
PAR  The procedure of Example 1 was repeated except adding different types of
      surfactants. Changes in water resistance of the resulting films, viscosity
      of the emulsions, and bubbleformation from the emulsion with time were
      measured. As shown in Table VII, anionic surfactants remarkably improve
      the above properties of the films and the emulsions.
TBL                                    TABLE VII                               

     __________________________________________________________________________

                                         Amount                                

                   Solubility of                                               

                            Viscosity    of bub-                               

     Surfactant    film (%) (CPS,20.degree.C.)                                 

                                         bling                                 

                                         at 10                                 

                   0hrs.                                                       

                       10hrs.                                                  

                            20min.                                             

                                  4hrs   hrs.)                                 

     __________________________________________________________________________

           Nissan                                                              

           Rapizol 2.4 2.5  3,500  3,800 8                                     

     Examples                                                                  

     of the                                                                    

           B-80.sup.1)                                                         

     present                                                                   

     invention                                                                 

           Nissan                                                              

           Sintorex.sup.2)                                                     

                   2.5 2.9  4,200 10,500 5                                     

           Nissan                                                              

           Newrex                                                              

           Powder W.sup.3)                                                     

                   3.3 4.7  3,800  8,500 25                                    

     __________________________________________________________________________

           Nissan                                                              

           Kation  4.2 18.5 7,300 &gt;100,000                                     

                                         &gt;200                                  

     Compara-                                                                  

           BB.sup.4)                                                           

     tive  Nissan                                                              

           Kation  6.4 19.1 16,400                                             

                                  26,000 &gt;200                                  

     Examples                                                                  

           M.sub.2 -100.sup.5)                                                 

           Nissan                                                              

           Nonion  4.1 17.2 4,300 29,000 180                                   

           L-4.sup.6)                                                          

     __________________________________________________________________________

      .sup.1)  Nissan Rapizol B-80", Anionic surfactant of Nippon Oils and Fatt

      Co., Ltd., Sodium dioctyl sulfo succinate.                               

      .sup.2)  "Nissan Sintorex", Anionic surfactant of Nissan Oils and Fatts  

      Co. Ltd., Sodium salt of sperm alcohol sulfuric ester.                   

      .sup.3)  "Nissan Newrex Powder W", Anionic surfactant of Nippon Oils and 

      Fatts Co. Ltd., Sodium dodecyl benzene sulfate.                          

      .sup.4)  "Nissan Kation BB", Cationic surfactant of Nippon Oils and Fatts

      Co. Ltd., Dodecyl trimethyl ammonium chloride.                           

      .sup.5)  "Nissan Kation M.sub.2 -100", Cationic surfactant of Nippon Oils

      and Fatts Co. Ltd., Hexadecyl dimethyl benzyl ammonium chloride.         

      .sup.6)  "Nissan Nonion L-4", Nonionic surfactant of Nippon Oils and Fatt

      Co. Ltd., Polyoxy ethylene monolaurate.                                  

PAC  EXAMPLE 18
PAR  To 100 parts of an aqueous solution of 10% PVA (degree of polymerization
      1700, degree of saponification 98 mole %) were added 15 parts of dioctyl
      phthalate solution of 70% isocyanate (Nippon Polyurethane "Millionate MR"
      and 20 parts of "Tsuchiya clay" and further added "Rapizol B-30" at 0.2
      weight percent, based on the weight of the total mixture and mixed well.
PAR  Adhesive tests were carried out on a piece of plywood 3 mm thick (composed
      with 3 plates each being 1mm thick) under the conditions set forth below.
      The conditions and the results obtained are shown in Table VIII.
TBL                TABLE VIII                                                  

     ______________________________________                                    

                 Viscosity CPS Adhesion                                        

                 (30.degree.C.)                                                

                               strength.sup.1)                                 

                 O.sup.2)                                                      

                        6hrs.sup.2)                                            

                                 O.sup.2)                                      

                                         6hrs.sup.2)                           

     ______________________________________                                    

     With "Nissan Rapizol            kg/cm.sup.2                               

                                           kg/cm.sup.2                         

     B-30"         4,900    5,100    13.3  13.0                                

     ______________________________________                                    

      .sup.1) Adhesion strength in hot or cold water                           

      .sup.2) Time after preparation of the adhesive emulsion Amount of adhesiv

      coating: 30g/30 .times. 30 cm.sup.2 Hot pressing: temperature            

      120.degree.C., time 60 sec.                                              

CLMS
STM  We claim:
NUM  1.
PAR  1. An adhesive composition comprising (1) an aqueous solution of polyvinyl
      alcohol and (2) a hydrophobic solution of an isocyanate compound.
NUM  2.
PAR  2. An adhesive composition according to claim 1, containing an anionic
      surface active agent.
NUM  3.
PAR  3. An adhesive composition according to claim 1, containing an aqueous
      emulsion of vinyl acetate polymer.
NUM  4.
PAR  4. An adhesive composition according to claim 1, containing an aqueous
      latex of butadiene polymer.
NUM  5.
PAR  5. An adhesive composition according to claim 1, containing both an aqueous
      emulsion of vinyl acetate polymer and an aqueous latex of butadiene
      polymer.
NUM  6.
PAR  6. An adhesive composition according to claim 5 containing an anionic
      surface active agent.
NUM  7.
PAR  7. An adhesive composition according to claim 3, wherein the aqueous
      emulsion of vinyl acetate polymer is selected from the group consisting of
      an aqueous emulsion of polyvinyl acetate, an aqueous emulsion of a
      copolymer of vinyl acetate and ethylene and an aqueous emulsion of a
      copolymer of vinyl acetate and another comonomer of polymerizable with
      vinyl acetate.
NUM  8.
PAR  8. An adhesive composition according to claim 4, wherein the aqueous latex
      of butadiene polymer is selected from the group consisting of an aqueous
      latex of a copolymer of styrene and butadiene and an aqueous latex of a
      copolymer of acrylonitrile and butadiene.
PATN
WKU  039310892
SRC  5
APN  4769759
APT  1
ART  143
APD  19740606
TTL  Acid compositions comprised of polymeric
      2-acrylamido-2-methylpropanesulfonic acid as thickener
ISD  19760106
NCL  4
ECL  1
EXA  Kulkosky; Peter F.
EXP  Schofer; Joseph L.
INVT
NAM  Karl; Curtis Lee
CTY  Minneapolis
STA  MN
ASSG
NAM  General Mills Chemicals, Inc.
CTY  Minneapolis
STA  MN
COD  02
CLAS
OCL  260 2965Q
XCL  260 296H
XCL  260 296HN
XCL  260 793MU
EDF  2
ICL  G08F22056
FSC  260
FSS  29.65 Q;29.6 HN;79.3 MU;29.6 H;29.6
UREF
PNO  2558030
ISD  19510600
NAM  Zisman et al.
OCL  252 76
UREF
PNO  2809959
ISD  19571000
NAM  Roth
OCL  260 29.65Q
UREF
PNO  3238141
ISD  19660300
NAM  Gatza
OCL  260 29.65Q
UREF
PNO  3332904
ISD  19670700
NAM  La Combe et al.
OCL  260 33.2
FREF
PNO  2,153,392
ISD  19720500
CNT  DT
FREF
PNO  404,109
ISD  19430300
CNT  IT
FREF
PNO  1,536,863
ISD  19670900
CNT  FR
OREF
PAL  "Water Soluble Resins," Davidson & Sitting Editors, Reinhold, New York,
      1962, p. 167.
LREP
FR2  Juettner; Anthony A.
FR2  Span; Patrick J.
FR2  Tweedy; Elizabeth
ABST
PAL  Acid solutions having pH values of about 2 or below and containing a
      homopolymer of 2-acrylamido-2-methylpropanesulfonic acid or a salt of the
      homopolymer.
BSUM
PAR  This invention relates to viscous acid solutions. More particularly, this
      invention relates to compositions comprising a homopolymer or a salt of
      the homopolymer of 2-acrylamido-2-methylpropanesulfonic acid as a
      thickener, water and a mineral or carboxylic acid, said acid having a
      concentration such that the pH of the composition is between about 2 and
      0.
PAC  SUMMARY OF INVENTION
PAR  The compositions included in the present invention are surprisingly stable
      at ambient and elevated temperatures. They comprise a homopolymer or a
      salt of the homopolymer of 2-acrylamido-2-methylpropanesulfonic acid in an
      amount of from about 0.05% to 5.0% by weight of the composition, mineral
      or carboxylic acid in a concentration to produce a pH of about 2 or below
      and water. The homopolymer and the alkali and aklaline earth metal salts
      of the homopolymer of 2-acrylamido-2-methylpropanesulfonic acid are very
      soluble in strong acid solutions. It has been found to produce high
      viscosities in acid concentrations of 15% (pH below the traditionally
      observed pH scale) by weight of acids such as hydrochloric acid. The
      viscosities developed have been found to be stable on standing for weeks
      at ambient temperatures. The compositions have been heated at temperatures
      of 65.degree.C for 1/2 hour to 1 hour without destroying the after cooling
      viscosity. In addition, the homopolymer did not precipitate from strong
      acid solutions even upon addition of water or multi-valent ions such as
      the calcium ion. It has also been found that the viscosities of the
      compositions can be further increased by the use of certain alcohols as
      stabilizers. The compositions find utility particularly in cleaning
      formulations for minimizing of splashing and spattering and reducing
      mobility at the designated site, such as minimizing run-off from vertical
      surfaces. They are also adaptable to the controlled release of viscous
      acidic liquids, such as retarding the action of acids on limestone suring
      acidizing of oil wells.
PAC  BACKGROUND OF THE INVENTION
PAR  Polymers have frequently been used to thicken liquids. In strong acid
      solution, problems such as low viscosity yields, rapid viscosity
      deterioration, particularly at elevated temperatures, and precipitation of
      the polymer or their hydrolysis products through insolubilization or by
      multi-valent ion salts are encountered.
PAR  I have examined numerous compositions of acid and water containing water
      soluble polymers of both the natural and synthetic types. With the
      exception of the compositions containing the homopolymer or a salt of the
      homopolymer of 2-acrylamido-2-methylpropanesulfonic acid, I have not found
      any which did not suffer one or more of the above-mentioned problems in
      aqueous solutions having pH levels below about 2.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The acids useful in the present invention include mineral acids such as
      hydrochloric acid, sulfuric acid, nitric acid and phosphoric acid and
      water soluble carboxylic acids having one to four carbon atoms, such as
      formic acid, acetic acid, oxalic acid, citric acid, butyric acid and
      succinic acid or mixtures thereof. The concentration of the acid or
      mixtures is in the order to produce pH levels of about 2 or below.
PAR  2-Acrylamido-2-methylpropanesulfonic acid is commercially available and is
      currently sold under the Trademark AMPS.sup.TM by the Lubrizol
      Corporation. It has the structural formula:
      ##EQU1##
PAR  Polymerization of this monomer is known in the art and described by the
      Lubrizol Corporation as follows:
PA1  "The following recipes are given as a guide to the homopolymerization and
      copolymerization of AMPS (2-acrylamido-2-methylpropanesulfonic acid)
      monomer and its sodium salt. The polymerizations, except where noted
      otherwise, should be conducted in a resin flask equipped with a stirrer,
      gas inlet tube, condenser and thermometer. All solutions should be purged
      for one hour with nitrogen or argon before adding the initiator, with
      purging continued during the polymerization. All amounts are in grams.
TBL  ______________________________________                                    

     AMPS (2-acrylamido-2-methylpropane-                                       

                               100                                             

      sulfonic acid) Monomer                                                   

     Distilled Water           100                                             

     Ferrous Sulfate Heptahydrate                                              

                               0.01                                            

     Hydrogen Peroxide 0.05% Solution                                          

                               0.25                                            

     ______________________________________                                    

PA1  Prepare a solution of AMPS monomer in water in an 800 ml beaker. Purge. Add
      the ferrous sulfate and hydrogen peroxide. The solution gels almost
      instantly. The temperature rises to 75.degree. - 80.degree.C in about two
      minutes. Cool to room temperature. Cut gel into pieces and dry at
      60.degree.C in a vacuum oven."
PAR  I prepared the homopolymers used in the examples below illustrating my
      invention by dissolving the monomer at a concentration of 50% by weight
      solids in water and bubbling nitrogen through the mixture until
      polymerization began. The monomer was dissolved at ambient temperature and
      polymerization began within about 30 minutes. Polymerization was
      accompanied by an increase in temperature. The reaction was completed
      within 30 minutes. The resulting gel was then dried overnight in a vacuum
      oven at aspirator pressure and a temperature of about 50.degree.C. Then
      the polymer was ground to powder. When monomers of high purity are used in
      amounts of about 50% by weight monomer in the polymerization, no catalyst
      is required to produce polymerization. A catalyst can be used, if desired.
PAR  An alternate method, when monomers of less purity or lesser solids
      concentration are used, is available. For example, 30% monomer by weight
      of the composition in water previously purged with nitrogen can be
      polymerized by adding aqueous solutions of potassium persulfate, potassium
      bisulfite and ferrous sulfate successively to initiate polymerization. The
      polymerization methods are well known in the art.
PAR  The compositions of this invention include the above homopolymer in an
      amount of about 0.05% to 5% by weight of the composition and, preferably,
      about 1% to 4% by weight of the composition. The homopolymer or a salt of
      the homopolymer of 2-acrylamido-2-methylpropanesulfonic acid is readily
      soluble in strong acid solutions, containing at least 25% water by weight
      of the composition, and can be incorporated into the compositions by
      merely mixing.
PAR  A further embodiment of the present invention includes incorporation into
      the composition an alcohol having 2 to 3 carbon atoms, such as isopropyl
      alcohol, allyl alcohol, propylene glycol, ethyl alcohol. These alcohols
      are preferably used in amounts at about 5% to 10% by weight of the
      composition.
PAR  Set out below are specific examples of the compositions of this invention
      and measurements of their rheological properties. The viscometer readings
      set out below were obtained using a Brookfield Viscometer fitted with a
      No. 3 spindle rotated at rpm shown below and at a temperature of
      25.degree.C.
DETD
PAC  EXAMPLE 1
PAR  This example illustrates the heat and time stability of the compositions of
      this invention.
PAR  The homopolymer prepared as described above in an amount to produce a
      concentration of 2% by weight of the composition was dissolved in a 30% by
      weight hydrochloric acid aqueous solution. The viscosity measurements
      obtained from this composition at various aging intervals were:
TBL  Time        rpm           cps                                             

     ______________________________________                                    

     24 hours    20            920                                             

     24 hours    100           480                                             

      1 week     20            800                                             

     ______________________________________                                    

PAR  The viscosity measurements obtained from this composition upon heating for
      one hour at a temperature of 65.degree.C and cooling back to room
      temperature are shown below. The composition had aged 24 hours at the time
      of heating.
TBL  ______________________________________                                    

     Before Heating      After Cooling                                         

     rpm        cps          rpm          cps                                  

     ______________________________________                                    

      20        920           20          1,000                                

     100        480          100          490                                  

     ______________________________________                                    

PAR  Addition of water to the aged composition did not result in the formation
      of any precipitate.
PAC  EXAMPLE 2
PAR  The compositions shown below were made by the procedure of Example 1 and
      were aged at room temperature. The viscosity measurements obtained from
      these compositions are set out below. The rpm for each measurement was 20
      rpm.
TBL  __________________________________________________________________________

     Conc. % by weight    Conc. by          Viscosity                          

     homopolymer                                                               

               Acid       weight                                               

                               pH    Aging Time                                

                                            cps                                

     __________________________________________________________________________

     4         Hydrochloric Acid                                               

                          30   Approx 0                                        

                                     24 hours                                  

                                            7,400                              

                                     336 hours                                 

                                            7,400                              

     1         Hydrochloric Acid                                               

                          36   Approx 0                                        

                                     24 hours                                  

                                             175                               

                                     672 hours                                 

                                             160                               

     1         Hydrochloric Acid                                               

                          18   Approx 0                                        

                                     24 hours                                  

                                             135                               

                                     672 hours                                 

                                             145                               

     3         Phosphoric Acid                                                 

                          50   Approx 0                                        

                                     24 hours                                  

                                            9,800                              

                (H.sub.3 PO.sub.4)   81 hours                                  

                                            9,800                              

     3         Sulfuric Acid                                                   

                          10   Approx 0                                        

                                     24 hours                                  

                                            4,900                              

                                     81 hours                                  

                                            5,000                              

     3         Sulfuric Acid                                                   

                          50   Approx 0                                        

                                     24 hours                                  

                                            2,800                              

                                     72 hours                                  

                                            2,700                              

     3         Nitric Acid                                                     

                          50   Approx 0                                        

                                     24 hours                                  

                                            4,100                              

                                     72 hours                                  

                                            4,100                              

     3         Citric Acid                                                     

                          22   Approx 0                                        

                                     24 hours                                  

                                            12,700                             

                                     72 hours                                  

                                            12,400                             

     3         Acetic Acid                                                     

                          50   Approx 0                                        

                                     24 hours                                  

                                            10,250                             

                                     72 hours                                  

                                            10,100                             

     3         Oxalic Acid                                                     

                          10   Approx 0                                        

                                     24 hours                                  

                                            4,600                              

                                     70 hours                                  

                                            2,000                              

     __________________________________________________________________________

PAR  Polymer precipitation did not occur when water was added to the aged
      composition. The polymer did not precipitate upon addition of a calcium
      ion.
PAC  EXAMPLE 3
PAR  This example illustrates the effect of including an alcohol in the acid
      composition. A composition containing 50% sulfuric acid by weight of the
      composition, 8% isopropyl alcohol by weight of the composition, 3%
      homopolymer of 2-acrylamido-2-methylpropanesulfonic acid by weight of the
      composition and 39% water by weight of the composition was prepared as
      described in Example 1. The viscosity measurement at 20 rpm after 24 hours
      was 3,000 cps and after 72 hours the viscosity measurement was 3,500 cps.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A composition of matter comprising water in an amount of at least 25% by
      weight of the composition, an acid selected from the mineral acids, the
      water soluble carboxylic acids containing one to four carbon atoms and
      mixtures thereof in an amount to produce a pH level of about 2 or below,
      and a thickener selected from a homopolymer and the alkali and alkaline
      earth metal salts of the homopolymer of
      2-acrylamido-2-methylpropanesulfonic acid in an amount of about 0.05% to
      5.0% by weight of the composition.
NUM  2.
PAR  2. The composition of claim 1 wherein an alcohol containing two to three
      carbon atoms is included in an amount of about 5% to 10% by weight of the
      composition.
NUM  3.
PAR  3. The composition of claim 1 wherein the thickener is included in amounts
      of about 1% to 4% by weight of the composition.
NUM  4.
PAR  4. The composition of claim 1 wherein the thickener is the homopolymer of
      2-acrylamido-2-methylpropanesulfonic acid in an amount of about 1% to 4%
      by weight of the composition.
PATN
WKU  039310906
SRC  5
APN  4643925
APT  1
ART  141
APD  19740426
TTL  Rubber composition for flexible belts
ISD  19760106
NCL  17
ECL  1
EXA  Fletcher; H. H.
EXP  Czaja; Donald E.
INVT
NAM  Amatangelo; Paul C.
CTY  Webster
STA  NY
ASSG
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CTY  Stamford
STA  CT
COD  02
CLAS
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EDF  2
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UREF
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UREF
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ISD  19740100
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LREP
FR2  Ralabate; James J.
FR2  Kolasch; Donald C.
FR2  Chapman; Ernest F.
ABST
PAL  A highly reversion resistant polyisoprene elastomer composition vulcanized
      with a low sulfur content is described and used in paper feed belts. The
      polyisoprene rubber compositions are particularly useful in the paper feed
      belts used to feed and transport paper in xerographic machines and paper
      sorting machines. The low-sulfur vulcanizate of isoprene provides high
      resistance to physical degradation due to dynamic mechanical stress under
      operating conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to rubber compositions, and more
      particularly, to an isoprene rubber belt material for flexible paper feed
      belts in sheet feeders, transporters or separators in xerographic
      machines.
PAR  The development of high speed xerographic machines has brought about the
      need for reliable systems which are capable of feeding, transporting,
      separating and sorting paper and other materials in and through such
      machines at high speeds. One of the most reliable modes of feeding,
      transporting, separating and sorting paper and other materials throughout
      such machines is by means of flexible, endless belts. Examples of such
      belt means are found in U.S. Pat. No. 3,468,834 issued to Stange et al
      where a flexible separator feed belt formed from a material having a high
      coefficient of friction is connected between a separator drive pulley and
      a separator idler pulley. Sheet feeder belts which include endless loops
      of elastic material supported for movement about pulleys are also
      described by Stange in U.S. Pat. 3,768,803.
PAR  Prior to the introduction of high speed systems, standard rubber belts were
      sufficient for the manufacture of paper feed belts, paper transporting
      belts, paper separating belts and paper sorting belts where stress upon
      such belts was minimal, and there was little or no mechanical or physical
      degradation due to dynamic stress upon the rubber. Thus, belts for such
      systems could be manufactured from conventional rubbers, such as, natural
      rubber, neoprene rubber, polyacrylonitrile, butadiene/styrene rubbers and
      even stock isoprene rubber. However, when such conventional rubbers are
      used in the manufacture of flexible belts for use in high speed systems,
      mechanical degradation of the rubber occurs from the mechanical stress due
      to high speeds, and the useful life of such belts is shortened
      considerably requiring early replacement and loss of use of the system
      while the belt is being replaced. Furthermore, belts manufactured from
      conventional rubbers or elastomers are also characterized by reversion due
      to overcure and are easily degraded by oxidation at elevated operating
      temperatures.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is the main object of this invention to provide a rubber
      composition for the manufacture of belts intended to feed, transport,
      separate or sort paper and other substrates.
PAR  It is a further object of this invention to provide a rubber composition
      for the manufacture of belts intended to feed, transport, separate or sort
      paper and other substrates at relatively high speeds.
PAR  It is another object of this invention to provide a rubber composition for
      paper feed belts and the like which will resist mechanical degradation due
      to physical stress when such belts are operated at high speeds.
PAR  Still another object of this invention is to provide a rubber composition
      for paper feed belts and the like which will resist overcure reversion or
      softening due to overcure.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects of the invention are attained by using a belt
      comprising isoprene rubber gum subjected to a low-sulfur cure. The
      low-sulfur vulcanizate is characterized by exceptionally high resistance
      to physical degradation caused by dynamic mechanical and thermal stress.
      Furthermore, the low-sulfur vulcanizate of the present invention is highly
      reversion resistant, that is, it can be subjected to relatively high
      temperatures during cure without reversion to lower or uncrosslinked
      states. By blending with an isoprene rubber gum, about 6.0 to about 15.0
      parts by weight metallic oxide per 100 parts of isoprene; about 1.0 to
      about 5.0 parts by weight fatty acid per 100 parts of isoprene; 0.0 to
      about 2.0 parts by weight anti-oxidant per 100 parts of isoprene; and
      sulfur-containing accelerator and cure ingredients including about 0.5 to
      about 1.5 parts by weight of an organic polysulfide per 100 parts of
      isoprene, about 0.5 to about 1.5 parts by weight of a sulfenamide
      accelerator per 100 parts of isoprene, about 0.5 to about 1.5 parts by
      weight of a thiuram sulfide accelerator having at least two sulfide
      groups, per 100 parts of isoprene, and about 0.1 to about 1.3 parts by
      weight sulfur per 100 parts isoprene, an isoprene rubber vulcanizate for
      use in the manufacture of belts having high resistance to physical
      degradation at high speeds is produced. The critical inclusion of the
      specified cure ingredients results in a vulcanizate of isoprene gum having
      negligible thermal reversion at curing temperatures up to 375.degree.F.
PAR  Although belts are described in accordance with the present invention which
      demonstrate excellent stability at high speed operating under dynamic
      stress conditions, such belts also have utility in systems where lower
      speeds are used and where mechanical and thermal stress are minimal or
      non-existent.
PAR  As used herein, paper feed belts refer to all manner of flexible,
      elastomeric belts used in xerographic systems or other paper handling
      systems where operating temperatures do not exceed about 150.degree.F.,
      and include belts used in xerographic systems or other paper handling
      systems and include belts for transporting, feeding, separating and
      sorting various weight papers and other similar materials including papers
      coated and/or impregnated with other materials such as plastics and/or
      photosensitive materials and the like.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A preferred belt material for the manufacture of flexible paper feed belts
      is prepared by adding to every 100 parts (by weight) of isoprene rubber
      gum, about 6.0 to about 15.0 parts by weight zinc oxide; about 1.0 to
      about 5.0 parts by weight stearic acid; 0.0 to about 2.0 parts by weight
      anti-oxidant; and sulfur-containing curing agents including about 0.5 to
      about 1.5 parts by weight 4,4'-dithiodimorpholine; about 0.5 to about 1.5
      parts by weight of a sulfenamide accelerator; about 0.5 to about 1.5 parts
      by weight of thiuram disulfide accelerator; and about 0.1 to about 1.3
      parts by weight sulfur.
PAR  Conventional blending and milling techniques of rubber compounding may be
      used for incorporating the ingredients including fillers, accelerators and
      curing agents into the isoprene rubber gum. The ingredients, including
      fillers and curing agents may be pre-mixed and added to the gum, or they
      may be added separately or in any desired combination to the isoprene
      rubber gum. One skilled in the art can determine the most advantageous
      method of incorporating the ingredients into the isoprene gum and the
      length of time necessary to work the ingredients into the isoprene. The
      determination may be made visually or by a predetermined length of time
      which is dependent upon the size of the batch, the blending speed and
      other factors.
PAR  When dispersion of the ingredients in the isoprene is satisfactory, the
      ingredients preferably being uniformly dispersed throughout the isoprene,
      the compounded isoprene can be formed into belts. Curing is preferably
      carried out at about 300.degree.F., to about 340.degree.F. The time
      required and optimal temperature to affect curing of the vulcanizate can
      be determined by one skilled in the art. The belts of the present
      invention may be made in any suitable manner, for example, the
      vulcanizable composition may be compression molded and heated to effect
      curing. The cured isoprene rubber may then be cut into the desirable shape
      for a paper feed belt if the sahpe of the mold is not in conformance with
      the desired belt.
PAR  It is critical that the belt material for the manufacture of paper feed
      belts in accordance with the present invention be prepared from
      polyisoprene rubber. When low-sulfur rubbers are prepared from other
      rubbers, for example, butyl rubber, natural rubber, styrene-butadiene
      rubber, nitrile rubber, chloroprene rubber and the like and curing is
      affected, the vulcanizates or elastomers formed thereby do not have the
      mechanical stability to perform in high speed systems when they are
      converted into belt members, or reproducible results cannot be attained
      with the vulcanizates. The isoprene gum used in the present invention is a
      cis 1,4-polyisoprene which may have as high as 97 percent cis content. A
      series of cis 1,4-polyisoprene synthetic rubbers which have been found
      useful in the paper feed belt compositions of the present invention are
      supplied by Good Year Tire & Rubber Company under the trademark, "Natsyn".
      For example, "Natsyn" 2200 isoprene rubber and "Natsyn" 400 isoprene
      rubber have been found useful in the compositions of the present
      invention.
PAR  The composition of the present invention normally contains a metallic
      oxide. The metallic oxide may be oxides of calcium, magnesium, lead or
      zinc, but zinc oxide is the preferred metallic oxide. There must be from
      about 6.0 to about 15.0 parts by weight of the metallic oxide, said oxide
      preferably being in a finely divided form. It is believed that the
      metallic oxide is instrumental in forming a rubber-soluble salt or soap
      with another compounding ingredient, the fatty acid, and in turn reacts
      with the accelerator, enabling it to exert its full effect. A suitable
      metallic oxide may be chosen by one skilled in the art.
PAR  Since most organic accelerators require the presence of fatty acids for
      their most efficient functioning, the composition must contain fatty
      acids, and it has been found that about 1.0 to about 5.0 parts of fatty
      acid are necessary to prepare the compositions useful for paper feed belts
      in accordance with the present invention. Stearic acid is the preferred
      fatty acid for the composition of the present invention, however, oleic
      and lauric acids can be used in place of stearic acid.
PAR  Although the anti-oxidant is not critical in preparing the vulcanizate
      found useful in accordance with the present invention, it has been found
      preferable to incorporate up to 2.0 parts by weight anti-oxidant per 100
      parts by weight of polyisoprene. They are generally incorporated to
      further improve the resistance to deterioration during aging. A rubber
      anti-oxidant containing 25 percent dipara-methoxydiphenylamine, 25 percent
      diphenyl-para-phenylene-diamine and 50 percent phenyl-beta-napthyl-amine
      sold under the trademark "Thermoflex A" by du Pont is especially effective
      in the present composition. Most classes of commercial anti-oxidants may
      be used in the belt compositions of this invention including the
      aldehyde-amine type, the substituted phenol type, the bisphenol type, the
      hydroquinone type, the diarylamine type and the like. Examples of
      bisphenol types include 2,2'-methylene bis (4-ethyl-6-tertiary-butyl
      phenol) and 2,2'-bis (4-methyl-6-tertiary-butyl phenol). One skilled in
      the art of rubber chemicals and rubber compounding can select a suitable
      anti-oxidant or combinations of anti-oxidants to prepare the compositions
      of the present invention.
PAR  In the vulcanization or curing of the isoprene rubber gum, elemental sulfur
      is required along with organic sulfur compounds. Vulcanization or curing
      is generally known as the process by which polymer molecules are joined
      together by crosslinking reactions into larger molecules with restricted
      movement. The curing agents or cure ingredients are those compounds which
      affect the vulcanization. Since the rate of reaction between rubber and
      sulfur is slow even at elevated temperatures, accelerators are desirable
      in speeding up the reaction. Generally these accelerators not only produce
      better acceleration to the cure, but also give improved properties to the
      finished product. It is the critical combination of the cure ingredients
      and organic, sulfur-containing compounds (organic sulfur compounds) which
      produce a polyisoprene rubber or elastomer having excellent properties for
      improved paper feed belts for use in xerographic machines.
PAR  In vulcanizing the polyisoprene found useful in the present invention for
      improved paper feed belts, elemental sulfur is kept at a low level and is
      used in quantities ranging from about 0.1 to about 1.3 parts by weight
      sulfur per 100 parts of isoprene. In order to obtain a suitable rubber or
      vulcanizate in accordance with the present invention, that is, a
      composition for manufacture of paper feed belts having a high coefficient
      of friction for any substrate material which the belts must transport, and
      a high resistance to physical degradation due to dynamic mechanical
      stress, in addition to guarding against overcure reversion, it is also
      necessary to incorporate the following organic sulfur-containing compounds
      as specified.
PAR  There must be about 0.5 to about 1.5 parts by weight of at least one
      organic polysulfide per 100 parts by weight of polyisoprene. In addition
      to supplying additional small quantities of sulfur for vulcanization, this
      small amount of organic polysulfide also appears to be useful as an
      accelerator. By use of the term "polysulfide" herein is meant a material
      having at least two reactive or functional sulfide groups or moieties per
      molecule.
PAR  Best of the organic polysulfides suitable mainly for supplying sulfur for
      vulcanization, are the dimorpholine polysulfides, such as
      4,4'-dithiodimorpholine. Other organic polysulfides which supply sulfur
      for vulcanization, are the liquid aliphatic polysulfides, such as the
      liquid ethylene polysulfides, typical of which is manufactured by Thiokol
      Chemical Corporation under the tradename "VA-7". Most of the compounds of
      this character are polymeric products produced by interaction of an
      alkylene dichloride, such as ethylene dichloride and like olefin
      dichlorides, with sodium sulfide, ethylene polysulfide, diethyl
      pentasulfide, alkyl phenol polysulfides, and the like.
PAR  There must also be about 0.5 to about 1.5 parts by weight of a sulfenamide
      accelerator per 100 parts of isoprene. Examples of these sulfenamides are
      N-t-butyl-2-benzothiazole sulfenamide, N-cyclohexyl-2-benzothiazole
      sulfenamide, N, N-diisopropyle2-benzothiazole sulfenamide,
      N-oxidiethylene-2-benzothiazole sulfenamide,
      N-(2,6-dimethylmorpholine)-2-benzothiazole sulfenamide, and
      N-diethyl-2-benzothiazole sulfenamide.
PAR  Another of the sulfur-containing accelerator ingredients used in
      vulcanization of the isoprene in accordance with the present invention, is
      the thiuram sulfides of the type having at least two functional or
      reactive sulfide moieties or groups. These thiuram sulfides must be
      available in the composition prior to vulcanization in amounts ranging
      from about 0.5 to about 1.5 parts by weight per 100 parts of polyisoprene.
      Typical examples of the thiuram sulfides of the type having at least two
      sulfide groups are, tetramethylthiuram disulfide, tetraethylenethiuram
      disulfide, dipentamethylenethiuram tetrasulfide, mercaptobenzothiazyl
      disulfide, and dimethyldiphenylthiuram disulfide.
PAR  Of course, it is within the purview of one skilled in the art to use two or
      more of any of the above designated ingredients in preparing polyisoprene
      rubber compositions for use in paper feed belts in accordance with the
      present invention as long as the concentrations of any particular
      combination of ingredients are within the critical limitations set forth.
      One can also add various adjuvants which do not adversely effect the
      desired characteristics of the vulcanized rubber or which do not effect
      the curing. Up to 15 parts by weight of adjuvants or combinations of
      adjuvants can be added to the compositions for use in rubber feed belt
      compounds. Examples of such adjuvants include reinforcing fillers, such as
      carbon blacks; plasticizers; and the like.
PAR  The following are typical examples of isoprene rubber recipes which are
      useful in the manufacture of paper feed belts, and tests which were
      conducted on the isoprene rubber compositions to determine if the rubber
      had the desirable properties and characteristics. Unless otherwise
      designated, all quantities herein are expressed in parts by weight.
PAR  Apparatus for Testing Paper Feed Belts
PAR  The test fixture used for performance characterization of the paper feed
      belts of the present invention consisted of a modified paper feed
      subsystem assembly as shown in FIGS. 3 and 8 of U.S. Pat. No. 3,469,834,
      incorporated herein by reference, and described therein at Column 5, line
      60 to Column 7, line 31, in which the retard roll (numeral 282 in FIGS. 3
      and 8 of the referenced patent) was mounted directly to a compression load
      cell (Honeywell Statham UC-3 transducer with a UL 4-10 coupler; range 0-10
      lbs). Located between the retard roll and load cell was a locking nut
      attachment such that the retard roll to belt interference (pressure) could
      be adjusted. Static roll to belt loads of between 1.2 to 1.4  lbs. were
      maintained as initial set-up conditions. The belt feeding pulse was
      electronically controlled by an adjustable switching unit. Pulse rates
      were maintained at approximately 6000 per hour.
PAR  Test Procedure for Paper Feed Belts
PAR  Feed belt candidates wer tested on the above mentioned fixture at nominal
      loads of 1.2 to 1.4 lbs. and a pulse rate of 6000 per hour. The variable
      parameter measured was the load variation between static and dynamic
      conditions as a function of time (pulse cycles). These variations were
      monitored using a millivolt strip chart recorder. Static condition is
      defined as the loading pressure associated with a stationary belt (no
      pulse), whereas dynamic condition is defined as the maximum load
      associated during one pulse cycle.
PAR  Testing of each belt candidate was carried out beyond the point at which
      the ratio of dynamic to static loads reached 0.96 (approximately 4 percent
      reduction from static conditions).
PAR  The belt compounds tested as described above are shown in Table I below
      where the life of the belt is designated in hours and represents time up
      to the point at which the ratio of dynamic to static loads reached 0.96.
      Unless otherwise specified, the rubber compounds in the examples below
      contain 2 parts fatty acid for every 100 parts of rubber and 10 parts
      metallic oxide (ZnO) for every 100 parts of rubber.
DETD
PAC  EXAMPLE I
PAR  Isoprene rubber, supplied by Good Year Tire & Rubber Company under the
      tradename "Natsyn" 2200, in a quantity of 100 parts, was cured with a high
      sulfur content of 3.0 parts total sulfur per 100 parts of isoprene. The
      curing agents consisted of mercaptobenzothiazole, diphenyl guanidine, and
      sulfur. A paper feed belt was made and tested in accordance with the
      methods described above. The life of the belt up to the point at which the
      ratio of dynamic to static loads reach 0.96, was 2.3 hours.
PAC  EXAMPLES II AND III
PAR  Isoprene rubbers cured by the conventional curing agents designated in
      Example I above and having a high sulfur content of at least 3.0 parts
      total sulfur as provided by the curing agents and accelerators,
      mercaptobenzothiazole, diphenyl guanidine, and sulfur. The life in hours
      of the paper feed belts tested as described above were 0.85 and 0.4 in
      these respective tests.
PAC  EXAMPLE IV
PAR  The conventional curing agents and process described for Examples I-III
      above were utilized with 100 parts of isoprene rubber in accordance with
      the present invention, and a high sulfur content greater than 3.0 parts
      per 100 parts of isoprene rubber was used. The life of the paper feed belt
      prepared and tested as described above was 2.4 hours.
PAC  EXAMPLE V
PAR  Isoprene rubber as in the above Examples, was cured in the presence of 0.0
      sulfur. The resulting paper feed belt prepared and tested in accordance
      with the above-described methods, had a life of 1.0 hour.
PAC  EXAMPLE VI
PAR  One hundred parts of isoprene rubber having a low metallic oxide (ZnO)
      content, that is, 2.0 parts zinc oxide per 100 parts of isoprene rubber,
      was prepared. The elemental sulfur content was 0.3 parts per 100 parts of
      isoprene rubber. The paper feed belt prepared and tested in accordance
      with the above-described techniques, had a life of 3.0 hours.
PAC  EXAMPLE VII
PAR  The isoprene rubber of Example I (100 parts) was cured using a low sulfur
      content of 0.3 parts sulfur per 100 parts of isoprene rubber. Sulfenamide
      accelerator designated as Santocure NS supplied by Monsanto Company, along
      with 4,4'-dithiodimorpholine, supplied by Monsanto Company under the
      tradename "Sulfasan R", were each used as curing agents or accelerators in
      quantities of 1.0 part per 100 parts of isoprene rubber. The polysulfide,
      t-methyl thiuram disulfide was used as a curing agent for crosslinking in
      a quantity of 0.7 parts per 100 parts of isoprene rubber. The paper feed
      belt compound prepared and tested as described above had a life of 2.0
      hours. The short life of this paper feed belt compound is attributed to
      the low amount of polysulfide present in the composition.
PAC  EXAMPLE VIII
PAR  An isoprene rubber composition was prepared in accordance with the
      composition set forth in Example VII above with the exception that the
      polysulfide content was 0.4 parts per 100 parts of isoprene rubber. The
      polysulfide was supplied by Monsanto Company under the tradename "Thiurad"
      and consists of tetramethylthiuram disulfide. The paper feed belt prepared
      therefrom had a life of 1.0 hour.
PAC  EXAMPLE IX
PAR  One hundred parts of an isoprene/styrene butadiene rubber having 80 parts
      isoprene and 20 parts SBR was cured using a low elemental sulfur content
      of 0.3 parts per 100 parts of isoprene in the presence of 1.0 part per 100
      parts of isoprene each of Santocure NS, a sulfenamide; Sulfasan R,
      4,4'-dithiodimorpholine; and 1.0 part Thiurad, tetramethylthiuram
      disulfide. The paper feed belt prepared and tested in accordance with the
      above-described method had a life of 3 hours.
PAC  EXAMPLE X
PAR  One hundred parts of an isoprene rubber, Natsyn 2200 was mixed with 10
      parts of zinc oxide per 100 parts of isoprene rubber, 2.0 parts of stearic
      acid per 100 parts isoprene rubber, and 1.25 parts of an anti-oxidant of
      mixed aromatic amines supplied by du Pont under the tradename "Thermoflex
      A". Curing agents consisting of elemental sulfur and accelerators were
      added to this formulation and consisted of 1.0 part
      4,4'-dithiodimorpholine supplied by Monsanto under the tradename "Sulfasan
      R" per 100 parts isoprene rubber, 1.0 part sulfenamide accelerator
      supplied by Monsanto Company under the tradename "Santocure NS" per 100
      parts isoprene rubber, 1.0 part tetro-methylthiuram disulfide supplied by
      Monsanto Company under the tradename "Thiurad" per 100 parts isoprene
      rubber and 0.3 parts sulfur per 100 parts isoprene rubber. The paper feed
      belt prepared and tested in accordance with the above described technique,
      had a life in excess of 12 hours. This Example prepared in accordance with
      the method and compositions of the present invention has a performance far
      superior to the isoprene rubber compositions described in Examples I-IX
      above.
PAC  EXAMPLE XI
PAR  A urethane elastomer cured by conventional techniques, was not functional
      in paper feed belt compounds due to rapid deterioration.
PAC  EXAMPLES XII AND XIII
PAR  Natural rubber cured by a peroxide curing technique was not functional in
      paper feed belt compounds due to rapid deterioration. In Example XIII,
      natural rubber cured with a low sulfur technique resulted in a paper feed
      belt compound having a life of 8.3 hours. However, the natural rubber
      compound is generally unsuitable for paper feed belts due to the fact that
      the results are not consistently reproducible. The molecular weight of the
      low sulfur cured natural rubber varies too much under rubber compounding
      conditions, and degradation during rubber compounding is a factor which
      contributes to the inconsistent reproducibility of the paper feed belts
      made from such natural rubber compounds.
PAR  Table I below summarizes the paper feed belt compositions prepared in
      accordance withh the present invention and represented by Example x, and
      compares other similar paper feed belt compositions represented by
      Examples I-IX and XI-XIII, all of which proved unsatisfactory for paper
      feed belts.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     EXAMPLE                                                                   

            RUBBER    CURE       LIFE (HOURS)                                  

     __________________________________________________________________________

     I     Isoprene  MBT/DPG/S   2.3                                           

     II    Isoprene  Conventional                                              

                                  0.85                                         

     III   Isoprene  Conventional                                              

                                 0.4                                           

     IV    Isoprene  High Sulfur 2.4                                           

     V     Isoprene  No Sulfur   1.0                                           

     VI    Isoprene  Low Sulfur (low ZnO)                                      

                                 3.0                                           

     VII   Isoprene  Low Sulfur  2.0                                           

     VIII  Isoprene  Low Sulfur  1.0                                           

     IX    Isoprene/SBR                                                        

                     Low Sulfur  3.0                                           

     X     Isoprene  Low Sulfur  12.0                                          

     XI    Urethane  Conventional                                              

                                 Not functional                                

     XII   Natural Rubber                                                      

                     Peroxide    Not functional                                

     XIII  Natural Rubber*                                                     

                     Low Sulfur  8.3                                           

     __________________________________________________________________________

      *Results not consistently reproducible                                   

PAR  The objects of the present invention have been amply demonstrated by the
      Examples and data set forth above. Excellent rubber compositions for the
      manufacture of belts intended to feed, transport, separate or sort paper
      and other substrates at relatively high speeds have been described. Such
      paper feed belts resist mechanical degradation due to physical stress when
      such belts are operated at high speeds. Overcure reversion has been
      overcome by the compositions of the present invention.
PAR  The apparent mechanism of failure for all but the isoprene rubber species,
      appears to be associated with the ability of the rubber to absorb
      instantaneous shear strain. All load variation failures were observed to
      be associated with the occurrence of tacky (masticated) rubber on the
      inside of the belt and on the outside of the idler roll. Static loads were
      obtained because of initial belt tension between the drive roll and idler
      roll, and interference of the retard roll with the belt. Belt pulsing
      created an instantaneous tension increase which lead to increased force on
      the retard roll. As the surfaces between the belt and idler roll became
      more adhesive, the belt tended to follow the idler roll, and thereby was
      physically lifted off the retard roll, thereby causing a force drop. As
      the intensity of adhesion increased, there occurred a commensurate drop in
      pulse load.
PAR  While this invention has been disclosed with reference to the methods and
      compositions disclosed herein, it is not necessarily confined to the
      details as set forth, and this application is intended to cover such
      modifications or changes as may come within the scope of the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition for manufacture of belts used to feed or transport
      substrate material, said belts being characterized by resistance to
      overcure reversion, by a high coefficient of friction for said substrate
      material and by a high resistance to physical degradation due to dynamic
      mechanical stress, comprising, synthetic polyisoprene; about 6.0 to about
      15.0 parts by weight metallic oxide per 100 parts of polyisoprene; about
      1.0 to about 5.0 parts by weight fatty acid per 100 parts of polyisoprene;
      0.0 to about 2.0 parts by weight antioxidant per 100 parts polyisoprene
      and sulfur-containing cure ingredients and accelerators comprising about
      0.5 to about 1.5 parts by weight of at least one organic polysulfide
      chosen from the group consisting of the dimorpholine polysulfides and the
      liquid aliphatic polysulfides per 100 parts of polyisoprene, about 0.5 to
      about 1.5 parts by weight of at least one sulfenamide accelerator per 100
      parts of polyisoprene, about 0.5 to about 1.0 part by weight of at least
      one thiuram sulfide of the type having at least two sulfide groups or
      mercaptobenzothiazyl disulfide, accelerator per 100 parts of polyisoprene,
      and about 0.1 to about 1.3 parts by weight sulfur per 100 parts of
      polyisoprene.
NUM  2.
PAR  2. The composition of claim 1 wherein said fatty acid is stearic acid.
NUM  3.
PAR  3. The composition of Claim 1 wherein said anti-oxidant is selected from
      the group consisting of 2,2'-bis(4-methyl-6-tertiary-butyl phenol;
      2,2'-methylene bis (4-ethyl-6-tertiary-butyl phenol; hydroquinone; and a
      mixture of di-para-methoxydiphenylamine, diphenyl-para-phenylene diamine,
      and phenyl-beta-naphthyl-amine.
NUM  4.
PAR  4. The composition of claim 1 wherein the sulfenamide accelerator is
      selected from the group consisting of N-cyclohexyl-2-benzothiazole
      sulfenamide and N-tertiary-butyl-2-benzothiazole sulfenamide.
NUM  5.
PAR  5. The composition of claim 1 wherein the thiuram sulfide accelerator is
      selected form the group consisting of tetramethyl thiuram disulfide and
      mercaptobenzothiazyl disulfide.
NUM  6.
PAR  6. The composition of claim 1 wherein the metallic oxide is zinc oxide.
NUM  7.
PAR  7. The composition of claim 1 wherein the organic polysulfide is
      4,4'-dithiodimorpholine.
NUM  8.
PAR  8. A belt material for the manufacture of flexible paper feed belts in
      sheet feeders, transporters or separators in xerographic machines made by
      the process of:
PA1  a. adding to synthetic isoprene rubber gum about 6.0 to about 15.0 parts by
      weight zinc oxide per 100 parts of said gum; about 1.0 to about 5.0 parts
      by weight fatty acid per 100 parts of said gum; 0.0 to about 2.0 parts by
      weight anti-oxidant per 100 parts of said gum; and sulfur-containing cure
      and accelerator ingredients consisting essentially of about 0.5 to about
      1.5 parts by weight 4,4'-dithiodimorpholine per 100 parts of said gum;
      about 0.5 to about 1.5 parts by weight of a sulfenamide accelerator per
      100 parts of said gum, about 0.5 to about 1.5 parts by weight of thiuram
      sulfide of the type having at least two sulfide groups or
      mercaptobenzothiazyl disulfide, accelerator per 100 parts of said gum; and
      0.0 to about 1.3 parts by weight sulfur per 100 parts of said gum; and
PA1  b. working the ingredients of (a) into said gum to form a blend of the
      ingredients and the isoprene rubber gum.
NUM  9.
PAR  9. The belt material made by the process of claim 8 further comprising
      forming the uniformly dispersed blend into a shape suitable for flexible
      belts and curing said blend at elevated temperatures.
NUM  10.
PAR  10. The belt material made by the process of claim 9 wherein the blend is
      cured by exposing said blend to heat at about 300.degree.F., to about
      340.degree.F.
NUM  11.
PAR  11. The belt material made by the process of claim 8 wherein the
      ingredients of step (b) are pre-mixed and added to said gum.
NUM  12.
PAR  12. The belt material made by the process of claim 8 wherein the
      sulfur-containing cure and accelerator ingredients of step (b) are
      pre-mixed and added to said gum.
NUM  13.
PAR  13. The belt material made by the process of claim 8 wherein the fatty acid
      is stearic acid.
NUM  14.
PAR  14. The belt material made by the process of claim 8 wherein the
      anti-oxidant is selected from the group consisting of diarylamines,
      hydroquinones, aldehyde-amines, substituted phenols, bis phenols and
      mixtures of aromatic amines.
NUM  15.
PAR  15. The belt material made by the process of claim 8 wherein the
      sulfenamide accelerator is selected from the group consisting of
      N-cyclohexyl-2-benzothiazole sulfenamide and
      N-tertiary-butyl-2-benzothiazole sulfenamide.
NUM  16.
PAR  16. The belt material made by the process of claim 8 wherein the thiuram
      sulfide accelerator is selected from the group consisting of tetramethyl
      thiuram disulfide and mercaptobenzothiazyl disulfide.
NUM  17.
PAR  17. The belt material made by the process of claim 8 further comprising
      adding up to 15.0 parts by weight reinforcing fillers or plasticizer or
      both per 100 parts of said gum, said fillers or plasticizers comprising
      ingredients having no effect on the curing of the gum.
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PAL  A plasticized polyvinyl chloride composition and method for its
      preparation, the plasticized polyvinyl chloride composition comprising
      polyvinyl chloride and an organic phosphate selected from the group
      consisting of the phosphates of the formula (C.sub.6 H.sub.5).sub.x
      (m-C.sub.2 H.sub.5 C.sub.6 H.sub.4).sub.y PO.sub.4, wherein x is 0,1 or 2
      and y is 1,2 or 3, x + y being 3, and mixtures of said phosphates, the
      amount of said organic phosphates being within the range of 20 to 100
      parts by weight per 100 parts by weight of polyvinyl chloride.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to plasticized polyvinyl chloride compositions and
      more particularly to polyvinyl chloride compositions containing an
      external plasticizer.
PAR  It is known that large amounts of plasticizers may be incorporated into
      polyvinyl chloride. This permits the processing of the resin to be made
      easier and also permits substantial improvement of the physical properties
      of the resin. The properties of polyvinyl chloride which may be improved
      by incorporating plasticizers depend upon the type of plasticizer. For
      example, when flexible vinyl plastics with flame-retardant properties are
      required, namely for floor coverings, electrical insulation and packaging,
      phosphate plasticizers and more particularly tricresyl phosphates are the
      most widely used.
PAR  Tricresylphosphate was one of the first plasticizers to be used with
      polyvinyl chloride. However, the poor low temperature properties of this
      phosphate, on one hand, and recurrent shortages of cresols, on the other
      hand, has led to efforts to substitute other plasticizers of the phsophate
      type for tricresyl phosphate. However, it appears that the improvement of
      one property of the vinyl resin generally takes place with accompanying
      detrimental changes of other properties when the heretofore known
      substitutes were tried. For instance, tri(ethylhexyl) phosphate imparts to
      polyvinyl chloride a better low temperature flexibility than tricresyl
      phosphate, but the plasticizer extraction by water or kerosene is
      drastically increased.
PAR  The object of the present invention is to provide plasticized polyvinyl
      chloride compositions wherein a new plasticizer of the phosphate type is
      employed.
PAR  Another object of the present invention is to provide a new and improved
      plasticized polyvinyl chloride wherein there is an improvement of the low
      temperature flexibility without detrimental effect or with little
      consequence on other valuable properties of the resin.
PAR  Still another object of the present invention is to provide a new and
      improved phosphate ester type plasticizer which may be substituted for
      tricresylphosphate as a plasticizer for polyvinyl chloride.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, which fulfills these and other objects, is a
      plasticized polyvinyl chloride composition containing polyvinyl chloride
      and an organic phosphate selected from the group comprising the phosphates
      of formula (C.sub.6 H.sub.5).sub.x (m-C.sub.2 H.sub.5 C.sub.6
      H.sub.4).sub.y PO.sub.4 where x is 0, 1 or 2 and y is 1, 2 or 3, the sum
      of x and y being 3, and mixtures of said phosphates, the amount of said
      organic phosphates present being between 20 and 100 parts by weight of the
      polyvinyl chloride present.
PAR  In another embodiment, the present invention is a method for plasticizing
      polyvinyl chloride resins, said method comprising incorporating within
      said polyvinyl chloride about 20 to 100 part by weight of an organic
      phosphate having the formula (C.sub.6 H.sub.5).sub.x (m-C.sub.2 H.sub.5
      C.sub.6 H.sub.4).sub.y PO.sub.4 wherein x is 0, 1 or 2 and y is 1, 2 or 3.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The phosphates of the present invention which contain at least one
      m-ethylphenyl group, are easily prepared by known methods. The starting
      m-ethylphenol should contain less than about 1% of its ortho-isomer and,
      preferably, should be practically free from this ortho-isomer. Indeed
      tri-(ortho-alkylaryl) phosphates are neurotoxic and mixed esters
      containing only one or two ortho-alkylphenyl groups are even more toxic.
      Tri-(para-ethylphenyl) phosphate is also toxic but mixed esters containing
      one or two meta-ethylphenyl groups and respectively two or one
      para-ethylphenyl groups are of quite reduced toxicity. It is therefore
      safe to use as a starting material, a meta-ethylphenol containing up to
      10% but preferably, no more than 5% of para-isomer. For a sake of brevity,
      unless otherwise specifically indicated, the term meta-ethylphenol as
      hereinafter used includes not only substantially pure meta-ethylphenol,
      but also meta-ethylphenol containing less than 1% of ortho-isomer and also
      less than 10% of para-isomer.
PAR  The plasticizers of the present invention may contain 1 to 3 m-ethylphenyl
      groups and respectively 0 to 2 phenyl groups, impart noticeable properties
      to polyvinyl chloride and to copolymers containing primarily polyvinyl
      chloride. They are used in the usual range of concentration, more
      particularly in amounts which are higher than 20 parts per hundred parts
      by weight of polyvinyl chloride and which do not generally exceed 100
      parts per hundred parts of PVC. The specific amount of plasticizer
      employed usually depends upon the required flexibility of the composition.
      The plasticizers according to the present invention may be selected from
      the group consisting of diphenyl-mono(m-ethylphenyl) phosphate,
      phenyl-di-(m-ethylphenyl) phosphate, tri(m-ethylphenyl) phosphate, and
      mixtures thereof. Although all of these plasticizers impart to polyvinyl
      chloride noticeably improved properties, tri(m-ethylphenyl) phosphate
      (hereinafter referred to as t-m EPP) preferably is used. In fact,
      compositions containing t-m EPP are characterized by good flexibility at
      low temperature and also by the stability of flexural properties as
      temperature is increased.
PAR  Comparative experiments have shown that polyvinyl chloride compositions
      containing t-m EPP are more flexible at low temperature than similar
      compositions containing other known organic phosphates. Table I gives the
      results of tests carried out on compositions containing 100 parts (by
      weight) of polyvinyl chloride, 50 parts of substantially pure t-m EPP and
      5 parts of a conventional stabilizer (4 parts of tribasic lead sulphate
      and 1 part of lead stearate). Flexibility characteristics of these
      compositions at low temperatures have been measured according to ASTM
      procedure D-1043-69, with a Clash and Berg torsional tester. The value
      recorded is the temperature at which the sample had a modulus of
      elasticity of 3160 kg/cm.sup.2 (or 45,000 pounds per square inch) and this
      value is designated as Tf.
TBL                Table I                                                     

     ______________________________________                                    

     Plasticizer               Tf                                              

     ______________________________________                                    

     Tricresyl phosphate       9.degree.C                                      

     Tri(dimethylphenyl) phosphate                                             

                               9.degree.C                                      

     t-m EPP                   -10.degree.C                                    

     ______________________________________                                    

PAL  These results show that the polyvinyl chloride composition containing t-m
      EPP retains its flexibility at low temperature more efficiently than
      compositions containing other known plasticizers of the phosphate type.
PAR  Another important feature of the compositions of the present invention is
      the stability of their flexural properties as temperature is increased.
      Previously used plasticizers, such as tricresyl phosphate, have a
      detrimental effect on the flow temperature of the composition. Polyvinyl
      chloride containing such known plasticizers in the usual range of
      concentration rapidly become too soft even at moderate temperatures. The
      variations in the rubbery state of compositions as hereinabove described
      have been measured with a torsional tester. The results are given in the
      following Table II.
TBL                Table II                                                    

     ______________________________________                                    

                   Modulus at                                                  

                             Modulus at                                        

     Plasticizer   25.degree.C (A)                                             

                             40.degree.C (B)                                   

                                       Ratio A/B                               

     ______________________________________                                    

     Tricresylphosphate                                                        

                   240       36        6.6                                     

     t-m EPP        85       50        1.7                                     

     ______________________________________                                    

PAL  The modulus and consequently the retention of mechanical strength of the
      compositions according to the present invention are less influenced by an
      increase of temperature, the ratio of the modulus being only 1.7, while
      this ratio is 4 times higher with the use of tricresylphosphate.
PAR  The better performances of the compositions according to the present
      invention are achieved without substantial loss or other valuable
      properties. More particularly, tests have been carried out on compositions
      containing respectively t-m EEP (substantially pure) and
      tricresylphosphate or other known phosphate plasticizers, with regard to
      efficiency of the plasticizer and resistance to extraction by
      environmental agents. The efficiency of the plasticizer has been
      determined by the 100% modulus, following the procedure outlined in
      ASTM-D-638. The 100% modulus is the load (in pounds per square inch)
      required to extend the polyvinyl chloride sample 100% in length; the lower
      the modulus, the greater the plasticizer efficiency. The % elongation
      (also according to ASTM-D-638) is the length to which a sample may be
      extended before rupture. Extraction tests have been carried out with
      hexane by dipping films of plasticized vinyl resin (0.5 mm thickness) into
      hexane at 23.degree.C during 1 hr. and by measuring the weight loss. The
      vinyl resins were prepared from polyvinyl chloride, plasticizer and
      stabilizers as hereinabove defined. With respect to 100% modulus and %
      elongation (tests carried out at 25.degree.C), t-m EPP is better than
      tricresylphosphate, as shown in Table III.
TBL                Table III                                                   

     ______________________________________                                    

                      100% modulus                                             

                                 % elongation                                  

     Tricresylphosphate (psi)                                                  

                      1115       155                                           

     t-m EPP           900       170                                           

     ______________________________________                                    

PAL  Such results have not been obtained with other plasticizers of the
      phosphate type previously suggested as substituents for
      tricresylphosphate. In addition to the above results, t-m EPP gives better
      results than said other substituents with respect to extraction by such
      agents as hexane, as shown in Table IV.
TBL                Table IV                                                    

     ______________________________________                                    

                       Hexane extraction % loss                                

     ______________________________________                                    

     t-m EPP             3.1                                                   

     Tri(2-ethylhexyl) phosphate                                               

                         55.5                                                  

     2-ethylhexyldiphenylphosphate                                             

                         5.50                                                  

     ______________________________________                                    

PAL  These results show that t-m EPP is a particularly suitable plasticizer for
      vinyl resins. A similar test with t-m EPP prepared from meta-ethylphenol
      containing 5% of its paraisomer has given practically the same results,
      the % loss being 3.2.
PAR  Other phosphates containing m-ethylphenyl groups are also efficient
      plasticizers. For example, compositions have been prepared by mixing 100
      parts (by weight) of polyvinyl chloride, 5 parts of the above specified
      stabilizers and:
PA0  50 parts of diphenyl-(m-ehtylphenyl) phosphate
PA0  50 parts of phenyl-di(m-ethylphenyl) phosphate
PA0  25 parts of each of these phosphates.
PAL  For each of these compositions, the % elongation was about 170%.
PAR  In the usual range of concentration, plasticizers of the phosphate type
      containing m-ethylphenyl groups impart to the plasticized compositions a
      number of improved important properties and are better than other
      flame-retardant plasticizers of the phosphate type.
PAR  Some improvements depend upon the amount of added plasticizer is shown in
      the following Table V, which gives results obtained from compositions
      containing 100 parts by weight of polyvinyl chloride, 5 parts of the above
      specified stabilizers and varying amounts of substantially pure t-m EPP
      (in parts per 100 parts of polyvinyl chloride)
TBL                Table V                                                     

     ______________________________________                                    

     Amount of plasticizer                                                     

                         30      50      70                                    

     ______________________________________                                    

     Elongation 100%      130    170     260                                   

     Tensile yield, psi  3340    1950    1290                                  

     Modulus at 100%                                                           

      elongation, psi    1210    900     505                                   

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Plasticized polyvinyl chloride compositions comprising polyvinyl
      chloride and an a plasticizer consisting essentially of organic phosphate
      selected from the group consisting of the phosphates of the formula
      (C.sub.6 H.sub.5).sub.x (m-C.sub.2 H.sub.5 C.sub.6 H.sub.4).sub.y
      PO.sub.4, wherein x is 0, 1 or 2 and y is 1, 2 or 3, x + y being 3, and
      mixtures of said phosphates, the amount of said organic phosphates being
      within the range of 20 to 100 parts by weight per 100 parts by weight of
      polyvinyl chloride.
NUM  2.
PAR  2. The plasticized polyvinyl chloride of claim 1 wherein said organic
      phosphate is tri(m-ethylphenyl) phosphate.
NUM  3.
PAR  3. The plasticized polyvinyl chloride of claim 1 wherein said organic
      phosphate is one prepared from a metaethylphenol containing the
      para-isomer thereof in concentration of less than 10% by weight.
NUM  4.
PAR  4. The plasticized polyvinyl chloride of claim 1 wherein said organic
      phosphate is one prepared from a metaethylphenol containing the
      ortho-isomer thereof in concentration of less than 1% by weight.
NUM  5.
PAR  5. A process for plasticizing polyvinyl chloride comprising incorporating
      into a polyvinyl chloride polymer 20 to 100 parts by weight of an organic
      phosphate plasticizer per 100 parts by weight of polyvinyl chloride, said
      organic phosphate consisting essentially of one having the formula
      (C.sub.6 H.sub.5).sub.x (m-C.sub.2 H.sub.5 C.sub.6 H.sub.4).sub.y
      PO.sub.4, wherein x is 0, 1 or 2 and y is 1, 2 or 3, x + y being 3.
NUM  6.
PAR  6. The process of claim 5 wherein said organic phosphate is
      tri(m-ethylphenyl) phosphate.
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ABST
PAL  Finely-divided dispersed solids are prepared by polymerizing in the
      presence of a free radical catalyst and an organic solvent a major amount
      of an ethylenically unsaturated monomer or mixture of monomers and a minor
      amount of a hydroxy-terminated organic compound having from one to eight
      hydroxyl groups, an equivalent weight of from 500 to 10,000 and containing
      a polymerizable carbon-to-carbon double bond. The resulting polymeric
      solids are particularly useful in the preparation of reinforced polymer
      compositions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  The present invention relates to finely-divided, hydroxy-containing
      polymeric solids having a particle size of from about 0.03 micron to 10
      microns. More particularly, the invention relates to finely-divided
      hydroxy-containing polymeric solids prepared by polymerizing in the
      presence of a free radical catalyst and an organic solvent a major amount
      of an ethylenically unsaturated monomer or mixture of monomers and a minor
      amount of a hydroxy-terminated organic compound having from one to eight
      hydroxylgroups, an equivalent weight of from 500 to 10,000 and containing
      a polymerizable carbon-to-carbon double bond.
PAR  2. Prior Art
PAR  The preparation of finely-divided polymeric solids by polymerizing an
      ethylenically unsaturated monomer in the presence of various solvents is
      well known in the art. Heretofore, however, applicants are unaware of any
      prior art which relates to the hydroxy-containing polymeric solids of the
      type described herein nor to any process for the preparation thereof.
PAC  SUMMARY OF THE INVENTION
PAR  Now in accordance with the present invention, hydroxy-containing
      finely-divided dispersed polymeric solids are prepared by polymerizing in
      the presence of a free radical catalyst and an organic solvent a major
      amount of an ethylenically unsaturated monomer or mixture of monomers and
      a minor amount of a hydroxy-terminated organic compound having from one to
      eight hydroxyl groups, an equivalent weight of from 500 to 10,000 and
      containing a polymerizable carbon-to-carbon double bond. The polymeric
      solids of the invention are particularly useful in the preparation of
      reinforced polymer compositions to enhance the physical properties
      thereof. The solids also possess surface active properties which finds
      them useful in numerous applications such as opacifying agents for liquid
      detergent formulations. Moreover, they also find utility in coating
      compositions and as flocculants, draining agents and dispersing agents.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the present invention, novel hydroxy-containing
      polymeric solids are prepared by polymerizing a major amount of an
      ethylenically unsaturated monomer and a minor amount of certain
      hydroxy-terminated organic compounds in the presence of a free radical
      catalyst and an organic solvent. The polymerization may be carried out at
      a temperature between 25.degree.C. and 180.degree.C., preferably between
      60.degree.C. and 90.degree.C. The particular temperature employed will
      depend primarily on the organic solvent used and whether atmospheric or
      non-atmospheric conditions are selected.
PAR  One of the ingredients employed in the present invention is an
      ethylenically unsaturated monomer or a mixture of said monomers.
      Representative ethylenically unsaturated monomers which may be employed in
      the present invention include butadiene, isoprene, 1,4-pentadiene,
      1,6-hexadiene, 1,7-octadiene, styrene, .alpha.-methylstyrene,
      methylstyrene, 2,4-dimethylstyrene, ethylstyrene, isopropylstyrene,
      butylstyrene, phenylstyrene, cyclohexylstyrene, benzylstyrene, and the
      like; substituted styrenes such as chlorostyrene, 2,5-dichlorostyrene,
      bromostyrene, fluorostyrene, trifluoromethylstyrene, iodostyrene,
      cyanostyrene, nitrostyrene, N,N-dimethylaminostyrene, acetoxylstyrene,
      methyl 4-vinylbenzoate, phenoxystyrene, p-vinyl diphenyl sulfide,
      p-vinylphenyl phenyl oxide, and the like; the acrylic and substituted
      acrylic monomers such as acrylonitrile, acrylic acid, methacrylic acid,
      methylacrylate, 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate,
      methyl methacrylate, cyclohexyl methacrylate, benzyl methacrylate,
      isopropyl methacrylate, octyl methacrylate, methacrylonitrile, methyl
      .alpha.-chloroacrylate, ethyl .alpha.-ethoxyacrylate, methyl
      .alpha.-acetaminoacrylate, butyl acrylate, ethyl acrylate,
      2-ethylhexylacrylate, phenyl acrylate, phenyl methacrylate,
      .alpha.-chloroacrylonitrile, N,N-dimethylacrylamide,
      N,N-dibenzylacrylamide, N-butylacrylamide, methacrylyl formamide, and the
      like; the vinyl esters, vinyl ethers, vinyl ketones, etc., such as vinyl
      acetate, vinyl chloroacetate, vinyl alcohol, vinyl butyrate, isopropenyl
      acetate, vinyl formate, vinyl methoxy acetate, vinyl benzoate, vinyl
      iodide, vinyl toluene, vinyl naphthalene, vinyl bromide, vinyl fluoride,
      vinylidene bromide, vinyl chloride, 1-chloro-1-fluoroethylene, vinylidene
      fluoride, vinylidene chloride, vinyl methyl ether, vinyl ethyl ether,
      vinyl propyl ethers, vinyl butyl ethers, vinyl 2-ethylhexyl ether, vinyl
      phenyl ether, vinyl 2-methoxyethyl ether, methoxybutadiene, vinyl
      2-butoxyethyl ether, 3,4-dihydro-1,2-pyran, 2-butoxy-2'-vinyloxy diethyl
      ether, vinyl 2-ethylmercaptoethyl ether, vinyl methyl ketone, vinyl ethyl
      ketone, vinyl phosphonates such as bis (.beta.-chloroethyl)vinyl
      phosphonate, vinyl phenyl ketone, vinyl ethyl sulfide, vinyl ethyl
      sulfone, N-methyl-N-vinyl acetamide, N-vinyl-pyrrolidone, vinyl imidazole,
      divinyl sulfide, divinyl sulfoxide, divinyl sulfone, sodium vinyl
      sulfonate, methyl vinyl sulfonate, N-vinyl pyrrole, and the like; dimethyl
      fumarate, dimethyl maleate, maleic acid, crotonic acid, fumaric acid,
      itaconic acid, monomethyl itaconate, t-butylaminoethyl methacrylate,
      dimethylaminoethyl methacrylate, glycidyl acrylate, allyl alcohol, glycol
      monoesters of itaconic acid, dichlorobutadiene, vinyl pyridine, and the
      like. Any of the known polymerizable monomers can be used and the
      compounds listed above are illustrative and not restrictive of the
      monomers suitable for use in this invention. As mentioned above, the
      monomer ingredient is employed in major amounts, that is, the monomer
      ingredient comprises more than 50% by weight of the monomer and
      hydroxy-terminated organic compound. Generally, the monomer ingredient
      will be from about 55% to 95%, preferably from about 60% to 80%, by weight
      based on the total weight of monomer and hydroxy-terminated ingredients.
PAR  Another ingredient employed in the invention is a hydroxy-terminated
      organic compound containing a polymerizable carbon-to-carbon double bond.
      The hydroxy-terminated organic compounds of use in the invention have an
      equivalent weight of from 500 to 10,000 and have from one to eight
      hydroxyl groups. These compounds are well known in the art and are
      generally prepared by the reaction of an organic compound having from one
      to eight hydroxyl groups with an organic compound having both ethylenic
      unsaturation and a hydroxyl, carboxyl, or epoxy group. They may also be
      prepared by employing an organic compound having both ethylenic
      unsaturation and a hydroxyl, carboxyl, or epoxy group as a reactant in the
      preparation of the organic compound having from one to eight hydroxyl
      groups. Furthermore, the hydroxy-terminated organic compounds may be
      prepared by the reaction of a suitable organic compound having from two to
      eight hydroxyl groups with a monoester, a halogen-containing compound or
      an isocyanate-terminated compound, each of which contains a polymerizable
      carbon-to-carbon double bond, or with a compound, such as acetylene, which
      upon reaction yields a polymerizable carbon-to-carbon double bond.
PAR  Specifically, the hydroxy-terminated organic compounds may be prepared (1)
      by the reaction of an organic compound having from one to eight hydroxyl
      groups with a compound such as maleic anhydride; (2) by employing a
      compound such as allyl glycidylether in the preparation of the organic
      compound having from one to eight hydroxyl groups; (3) by the
      transesterification reaction of an organic compound having from two to
      eight hydroxyl groups with ethyl acrylate, methyl methacrylate, or a
      similar compound, or by the esterification of the said organic compound
      with acrylic acid, methacrylic acid, etc.; (4) by the reaction of the
      sodium or potassium metal salt of an organic compound having from two to
      eight hydroxyl groups with allyl chloride or vinyl chloride; or (5) by the
      reaction of the subject organic compounds with acetylene. Additionally,
      the product of the reaction of toluene diisocyanate with a compound having
      an active hydrogen and a polymerizable carbon-to-carbon double bond such
      as 2-hydroxypropyl methacrylate may be reacted with an organic compound
      having from two to eight hydroxyl groups to yield a hydroxy-terminated
      organic compound containing a polymerizable carbon-to-carbon double bond.
      Alternatively, a similar compound may be prepared by treating the
      prepolymer resulting from the reaction of toluene diisocyanate with an
      organic compound having from two to eight hydroxyl groups with compounds
      such as 2-hydroxyethyl acrylate, 4-hydroxybutyl acrylate and the like.
PAR  Representative of the organic compounds having both ethylenic unsaturation
      and a hydroxyl, carboxyl or epoxy group which may be used include
      unsaturated polycarboxylic acids and anhydrides such as maleic acid and
      anhydride, fumaric acid, crotonic acid and anhydride, propenyl succinic
      anhydride, and halogenated maleic acids and anhydrides; unsaturated
      polyhydric alcohols such as 2-butene-1,4-diol, glycerol allylether,
      trimethylolpropane allylether, pentaerythritol allylether, pentaerythritol
      vinylether, pentaerythritol diallylether, and 1-butene-3,4-diol;
      unsaturated epoxides such as 1-vinylcyclohexane-3,4-epoxide, butadiene
      monoxide, vinyl glycidylether(1-vinyloxy-2,3-epoxy propane), glycidyl
      methacrylate and 3-allyloxypropylene oxide (allyl glycidylether). If a
      polycarboxylic acid or anhydride is employed to incorporate unsaturation
      into the compounds, it is then preferred to react the resulting compounds
      with an alkylene oxide, preferably ethylene or propylene oxide, to replace
      the carboxyl groups with hydroxyl groups prior to employment in the
      present invention. The amount of alkylene oxide employed is such to reduce
      the acid number of the hydroxyterminated organic compound to about one or
      less. Representative ester-containing compounds containing a polymerizable
      carbon-to-carbon double bond include methyl acrylate, ethyl acrylate,
      propyl acrylate, n-butyl acrylate, and the corresponding methacrylates.
      Representative halogen-containing compounds containing a polymerizable
      carbon-to-carbon double bond include vinyl chloride, allyl chloride,
      acrylyl chloride, methacrylyl chloride, vinyl bromide, allyl bromide,
      acrylyl bromide and methacrylyl bromide.
PAR  Representative organic compounds which may be employed in the preparation
      of the hydroxy-terminated organic compounds employed in the present
      invention are well known in the art. They are often prepared by the
      catalytic condensation of an alkylene oxide or mixture of alkylene oxides
      either simultaneously or sequentially with an organic compound having from
      one to eight active hydrogen atoms such as evidenced by U.S. Pat. Nos.
      1,922,451; 3,190,927, and 3,346,557.
PAR  Representative compounds having from one to eight active hydrogen atoms
      include hydroxy-containing polyesters, hydroxy-containing polyalkylene
      polyethers, hydroxy-terminated polyurethane polymers, hydroxy-containing
      phosphorus compounds, and alkylene oxide adducts of mono- and polyhydric
      thioethers, acetals, aliphatic alcohols, polyols and thiols, ammonia, and
      primary and secondary amines including aromatic, aliphatic and
      heterocyclic amines, as well as mixtures thereof. Alkylene oxide adducts
      of compounds which contain two or more different groups within the
      above-defined classes may also be used such as amino alcohols which
      contain an amino group and a hydroxyl group. Also, alkylene oxide adducts
      of compounds which contain one --SH group and one --OH group as well as
      those which contain an amino group and a --SH group may be used.
PAR  Any suitable hydroxy - containing polyester may be used such as are
      obtained from polycarboxylic acids and polyhydric alcohols. Any suitable
      polycarboxylic acid may be used such as oxalic acid, malonic acid,
      succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid,
      azelaic acid, sebacic acid, brassylic acid, thapsic acid, maleic acid,
      fumaric acid, glutaconic acid, .alpha.-hydromuconic acid,
      .beta.-hydromuconic acid, .alpha.-butyl-.alpha.-ethyl-glutaric acid,
      .alpha.-.beta.-diethylsuccinic acid, isophthalic acid, terephthalic acid,
      hemimellitic acid, and 1,4-cyclohexane-dicarboxylic acid. Any suitable
      polyhydric alcohol including both aliphatic and aromatic may be used such
      as ethylene glycol, 1,3-propylene glycol, 1,2-propylene glycol,
      1,4-butylene glycol, 1,3-butylene glycol, 1,2-butylene glycol, 1,5-pentane
      diol, 1,4-pentane diol, 1,3-pentane diol, 1,6-hexane diol, 1,7-heptane
      diol, glycerol, 1,1,1-trimethylolpropane, 1,1,1-trimethylolethane,
      hexane-1,2,6-triol, .alpha.-methyl glucoside, pentaerythritol, and
      sorbitol. Also included with the term "polyhydric alcohol" are compounds
      derived from phenol such as 2,2-(4,4'-hydroxyphenyl)-propane, commonly
      known as Bisphenol A.
PAR  Any suitable hydroxy-containing polyalkylene polyether may be used such as
      the polymerization product of an alkylene oxide or of an alkylene oxide
      with a mono- or polyhydric alcohol having from one to eight hydroxyl
      groups. Any suitable polyhydric alcohol may be used such as those
      disclosed above for use in the preparation of the hydroxy-containing
      polyesters as well as monohydric alcohols such as methanol, ethanol,
      propanol, butanol and higher aliphatic alcohols containing up to twenty
      carbon atoms. Any suitable alkylene oxide may be used such as ethylene
      oxide, propylene oxide, butylene oxide, amylene oxide, and heteric or
      block copolymers of these oxides. The hydroxy-containing polyalkylene
      polyethers may be prepared from other starting materials such as
      tetrahydrofuran and alkylene oxide-tetrahydrofuran copolymers;
      epihalohydrins such as epichlorohydrin; as well as aralkylene oxides such
      as styrene oxide. The hydroxy-containing polyalkylene polyethers may have
      either primary or secondary hydroxyl groups and, preferably, are
      polyethers prepared from alkylene oxides having from two to six carbon
      atoms such as polyethylene ether glycols, polypropylene ether glycols, and
      polybutylene ether glycols. The polyalkylene polyether polyols may be
      prepared by any known process such as, for example, the process disclosed
      by Wurtz in 1859 and Encyclopedia of Chemical Technology, Vol. 7, pp.
      257-262, published by Interscience Publishers, Inc. (1951) or in U.S. Pat.
      No. 1,922,459. Polyethers which are preferred include the alkylene oxide
      addition products of trimethylolpropane, glycerine, pentaerythritol,
      sucrose, sorbitol, propylene glycol, and 2,2-(4,4'-hydroxyphenyl)propane
      and blends thereof having equivalent weights of from 500 to 10,000.
PAR  Preferred hydroxy-containing polythioethers which may be condensed with
      alkylene oxides include the condensation product of thiodiglycol or the
      reaction product of a dihydric alcohol such as is disclosed above for the
      preparation of the hydroxy-containing polyesters with any other suitable
      thioether glycol.
PAR  The hydroxy-containing polyester may also be a polyester amide such as is
      obtained by including some amine or amino alcohol in the reactants for the
      preparation of the polyesters. Thus, polyester amides may be obtained by
      condensing an amino alcohol such as ethanolamine with the polycarboxylic
      acids set forth above or they may be made using the same components that
      make up the hydroxy-containing polyester with only a portion of the
      components being a diamine such as ethylenediamine.
PAR  Polyhydroxy-containing phosphorus compounds which may be used include those
      compounds disclosed in U.S. Pat. No. 3,639,542. Preferred
      polyhydroxy-containing phosphorus compounds are prepared from alkylene
      oxides and acids of phosphorus having a P.sub.2 O.sub.5 equivalency of
      from about 72% to about 95%.
PAR  Suitable polyacetals which may be condensed with alkylene oxides include
      the reaction product of formaldehyde or other suitable aldehyde with a
      dihydric alcohol or an alkylene oxide such as those disclosed above.
PAR  Suitable aliphatic thiols which may be condensed with alkylene oxides
      include alkane thiols such as ethane thiol, propane thiol, pentane thiol,
      1,2-ethane dithiol, 1,2-propane dithiol, 1,3-propane dithiol, and
      1,6-hexane dithiol; alkene thiols such as 2-butene-1,4-dithiol; and alkyne
      thiols such as 3-hexyne-1,6-dithiol.
PAR  Suitable amines which may be condensed with alkylene oxides include
      aromatic amines such as aniline, o-chloroaniline, p-aminoaniline,
      1,5-diamino naphthalene, methylene dianiline, the condensation products of
      aniline and formaldehyde, and 2,4-diamino toluene; aliphatic amines such
      as methylamine, diethylamine, dipropylamine, triisopropanolamine,
      ethylenediamine, 1,3-propylenediamine, 1,4-butylenediamine, and
      1,3-butylenediamine.
PAR  To prepare the hydroxy-terminated organic compounds of use in the present
      invention, from about 1.0 mole to about 6.0 moles, preferably from 1.0
      mole to 2.0 moles, of the unsaturation-containing organic compound per
      mole of organic compound having from one to eight reactive hydrogen atoms
      is employed. The preparation of the compounds employed in the present
      invention follows conventional prior art procedures such as disclosed in
      U.S. Pat. Nos. 3,275,606 and 3,280,077. Generally, this requires a
      reaction at a temperature between 0.degree.C. and 150.degree.C. Both
      acidic catalysts, such as Lewis acid catalysts and basic catalysts such as
      alkali metal hydroxides, may be used. In addition, a non-catalyzed
      reaction may be used employing temperatures between 50.degree.C. and
      200.degree.C.
PAR  As mentioned above, the polymerization reaction of the invention occurs in
      the presence of a free radical catalyst and an organic solvent. The use of
      the organic solvent allows for the preparation of the solid polymers of
      the present invention. If the organic solvent is not employed, it is not
      possible to obtain the solid polymers in finely-divided form. Moreover, it
      was highly surprising to find that the use of the organic solvent allowed
      for the preparation of finely-divided hydroxy-containing polymeric solids
      derived from a major amount of ethylenically unsaturated monomers. If the
      polymerization of the monomer is carried out in the absence of a solvent,
      the maximum amount of ethylenically unsaturated monomer which can be
      employed is about thirty weight percent, based on the monomer and
      hydroxy-containing ingredients. With greater than thirty weight percent of
      monomer, gummy masses or extremely viscous products are obtained.
PAR  To be useful in the present invention, the solvent should have a boiling
      point of from 25.degree.C. to 250.degree.C. at ambient pressure.
      Representative organic solvents which may be employed in the process of
      the subject invention include aliphatic, alicyclic and aromatic
      hydrocarbons, alcohols, esters, ketones, amides, amines, ethers, nitriles,
      sulfoxides, and the corresponding nitro- and halo-substituted derivatives
      thereof. Exemplary of these solvents include pentane, hexane, heptane,
      nonane, undecane, dodecane, petroleum ether, methanol, ethanol,
      isopropanol, t-butanol, benzyl alcohol, acetone, propanone, butanone,
      methylethylketone, ethylbutylketone, acetophenone, benzene, naphthalene,
      toluene, 1,2,4-trimethylbenzene, ethylacetate, isopropylacetate,
      butylacetate, the acetate ester of the butyl ether of diethylene glycol,
      diethylene glycol monomethyl ether, carbon tetrachloride, chloroform,
      chlorobenzene, trichloroethylene 1,1,1-trichloro-1,1,1-trifluoroethane,
      trifluorochloromethane, dimethylformamide, dimethylsulfoxide,
      tetrahydrofuran, bis(2-methoxyethylether) benzonitrile, 2-nitropropane,
      nitrobenzene and acetonitrile. Mixtures of the above solvents may also be
      employed. As is apparent, the particular solvent employed is not critical
      to the process of the subject invention. The preferred group of solvents
      are the aliphatic alcohols having from one to four carbon atoms such as
      methanol, ethanol, propanol, isopropanol and t-butanol.
PAR  Illustrative catalysts which may be employed in the present invention are
      the well-known free radical type of vinyl polymerization catalysts, for
      example, the peroxides, persulfates, perborates, percarbonates, azo
      compounds, etc., including hydrogen peroxide, dibenzoyl peroxide, acetyl
      peroxide, benzoyl hydroperoxide, t-butyl hydroperoxide, di-t-butyl
      peroxide, lauroyl peroxide, butyryl peroxide, diisopropylbenzene
      hydroperoxide, cumene hydroperoxide, paramenthane hydroperoxide, diacetyl
      peroxide, di-.alpha.-cumyl peroxide, dipropyl peroxide, diisopropyl
      peroxide, isopropyl-t-butyl peroxide, butyl-t-butyl peroxide, dilauroyl
      peroxide, difuoryl peroxide, ditriphenylmethyl peroxide,
      bis(p-methoxybenzoyl)peroxide, p-monomethoxybenzoyl peroxide, rubrene
      peroxide, ascaridol, t-butyl peroxybenzoate, diethyl peroxyterephthalate,
      propyl hydroperoxide, isopropyl hydroperoxide, n-butyl hydroperoxide,
      t-butyl hydroperoxide, cyclohexyl hydroperoxide, trans-Decalin
      hydroperoxide, .alpha.-methylbenzyl hydroperoxide,
      .alpha.-methyl-.alpha.-ethylbenzyl hydroperoxide, Tetralin hydroperoxide,
      triphenylmethyl hydroperoxide, diphenylmethyl hydroperoxide,
      .alpha.-.alpha.-azo-2-methyl butyronitrile, .alpha.,.alpha.'-2-methyl
      heptonitrile, 1,1'-azo-1-cyclohexane carbonitrile,
      dimethyl-.alpha.,.alpha.'-azo-isobutyrate, 4,4'-azo-4-cyanopentanoic acid,
      azobis(isobutyronitrile), persuccinic acid, diisopropyl peroxy
      dicarbonate, and the like; a mixture of catalysts may also be used.
      Azobis(isobutyronitrile) is the preferred catalyst. Generally, from about
      0.05% to about 5%, preferably from about 0.1% to about 2%, by weight of
      catalyst based on the weight of the monomer will be employed in the
      process of the invention.
PAR  In addition to the ingredients mentioned above, a chain transfer agent may
      be employed in the process of the subject invention. Preferred chain
      transfer agents are the alkyl mercaptans having from one to twenty carbon
      atoms in the alkyl chain. Illustrative mercaptans include ethyl mercaptan,
      propyl mercaptan, butyl mercaptan, hexyl mercaptan, octyl mercaptan, decyl
      mercaptan, dodecyl mercaptan, tetradecyl mercaptan, cetyl mercaptan, and
      stearyl mercaptan.
PAR  The finely-divided dispersed solids prepared in accordance with the present
      invention may be separated from the liquid phase by any conventional
      method including centrifugation, precipitation, solvent evaporation, etc.
      The preparation of the polymeric solids of the subject invention may be
      carried out in several ways. Since the polymerization is generally carried
      out at temperatures below 100.degree.C., a preferred embodiment of the
      invention is to charge all components to a reactor and apply heat thereto.
      Optionally, the reaction may be carried out by adding the monomer or a
      blend of the monomer and catalyst to the other reactants. Also, a portion
      of the catalyst, chain transferring agent and monomer may be dispersed in
      a portion of the hydroxy-terminated unsaturation-containing organic
      compound and added to a reaction vessel containing the remaining portion
      of the reactants, catalyst, solvent and chain transferring agent. In
      addition, the catalyst, chain transferring agent and monomer may be
      combined optionally with a portion of the hydroxy-terminated
      unsaturation-containing organic compound in a mixing device and thereafter
      added to a reaction vessel containing the remaining reactants.
PAR  The following examples illustrate the nature of the invention. All parts
      are by weight unless otherwise indicated.
DETD
PAC  EXAMPLES 1-17
PAR  A series of products was prepared by polymerizing a major amount of an
      ethylenically unsaturated monomer or mixture of monomers in an alcohol and
      a hydroxy-terminated organic compound containing a polymerizable
      carbon-to-carbon double bond. In each case, a reaction vessel equipped
      with a stirrer, thermometer, reflux condenser, inlet and outlet means,
      nitrogen source and heat exchange means was charged with the alcohol,
      catalyst monomer(s) and unsaturation-containing organic compound. The
      charge was heated to 70.degree.C.-80.degree.C. and was then maintained at
      70.degree.C.-80.degree.C. for about 5 to 8 hours. Dispersions containing
      finely-divided particles generally varying in size between 0.1 micron to 5
      microns were obtained. In all cases, the free radical catalyst employed
      was azobis(isobutyronitrile) in an amount equal to 0.5% by weight based on
      the weight of the ethylenically unsaturated monomer(s). The
      hydroxy-terminated, unsaturation-containing organic compound employed,
      hereinafter referred to as HTOC-I, was prepared in the following manner.
PAC  Preparation Of HTOC-I
PAR  A stainless steel autoclave equipped with a thermometer, stirrer, nitrogen
      source, inlet means and heat exchange means was charged with 98 parts of
      maleic anhydride and 4800 parts of a 4800 molecular weight polyol prepared
      by the reaction of ethylene oxide with the reaction product of propylene
      oxide with glycerol and propylene glycol (mole ratio of glycol to
      propylene glycol of 3.2:1), said polyol having an ethylene oxide content
      of 13% by weight of the polyol and a hydroxyl number of 35. The charge was
      purged with nitrogen and heated to 175.degree.C. Then, 264 parts of
      ethylene oxide was gradually added to the reaction mixture over 2 hours.
      Upon completion of the oxide addition, the reaction mixture was maintained
      at 175.degree.C. for 7 hours, at which time the reaction mixture was
      cooled to 25.degree.C. and discharged from the autoclave. The reaction
      product was stripped at 100.degree.C. for 1 hour under less than 10
      millimeters of mercury to remove unreacted ethylene oxide. The product, a
      clear golden yellow liquid, had a hydroxyl number of 34.3, an acid number
      of 0.3, a refractive index at 25.degree.C. of 1.4547 and a Brookfield
      viscosity at 25.degree.C. of 1420 cps.
PAR  Details of the preparations of the finely-divided dispersed solids as well
      as physical characteristics of the resulting products are presented in
      Table I, below. All of the products of the subject invention are useful in
      the preparation of polyurethane foams having improved physical properties,
      particularly tear and tensile strength and load-bearing.
TBL                                    Table I                                 

     __________________________________________________________________________

     HTOC-I    Alcohol                                                         

                      Vinyl Monomer, Parts                                     

     Example                                                                   

          Parts                                                                

               Parts  St  AN MMA VCl.sub.2                                     

                                     Product Appearance                        

     __________________________________________________________________________

     1    --   E  100 65  35 --  --  Polymer lump                              

     2    100     --  65  35 --  --  Polymer lump                              

     3    40   E  60  65  35 --  --  Finely-divided dispersed solids           

     4    25   E  75  65  35 --  --  Finely-divided dispersed solids           

     5    10   E  90  65  35 --  --  Finely-divided dispersed solids           

     6    25   E  75  100 -- --  --  Finely-divided dispersed solids           

     7    25   E  75  --  -- 25  75  Finely-divided dispersed solids           

     8    50   E  50  65  35 --  --  Finely-divided dispersed solids           

     9     5   E  95  100 -- --  --  Finely-divided dispersed solids           

     10   20   IP 80  12  -- 16  64  Finely-divided dispersed solids           

     11   17   IP 83  43  23 --  --  Finely-divided dispersed solids           

     12   17   IP 83  66  -- --  --  Finely-divided dispersed solids           

     13   20   M  80  71  29 --  --  Finely-divided dispersed solids           

     14   20   M  80  100 -- --  --  Finely-divided dispersed solids           

     15   20   t-B                                                             

                  80  100 -- --  --  Finely-divided dispersed solids           

     16    5   IP 95  100 -- --  --  Finely-divided dispersed solids           

     17   30   IP 70  100 -- --  --  Finely-divided dispersed                  

     __________________________________________________________________________

                                     solids                                    

      St = Styrene                                                             

      AN = Acrylonitrile                                                       

      MMA = Methylmethacrylate                                                 

      VCl.sub.2 = Vinylidene Chloride                                          

      IP = Isopropanol                                                         

      M = Methanol                                                             

      t-B = t-Butanol                                                          

      E = Ethanol                                                              

PAC  EXAMPLES 18-25
PAR  A series of products was prepared by polymerizing a major amount of an
      ethylenically unsaturated monomer or mixture of monomers in an alcohol and
      a hydroxy-terminated organic compound containing a polymerizable
      carbon-to-carbon double bond. In each case, the procedure described in
      connection with the previous examples was followed. The temperature of the
      reaction was maintained between 65.degree.C. and 80.degree.C. and the time
      of reaction varied between 5 hours to 8 hours. The catalyst employed was
      azobis(isobutyronitrile), hereinafter referred to as AIBN. The
      unsaturation-containing organic compound employed, hereinafter referred to
      as HTOC-II, was prepared in the following manner.
PAC  Preparation Of HTOC-II
PAR  A reaction vessel equipped as described in Example 1 was charged with 73.5
      parts of maleic anhydride and 5050 parts of a 2240 equivalent weight
      polyol prepared by capping with ethylene oxide a propylene oxide adduct of
      trimethylolpropane, said polyol having an oxyethylene content of 15% by
      weight of the polyol and a hydroxyl number of 25. Following the procedure
      described in Example 1, 198 parts of ethylene oxide was then added to the
      charge at 175.degree.C. for a period of 2 hours. The reaction temperature
      was maintained at 175.degree.C. for 11 hours, cooled to 25.degree.C. and
      discharged from the vessel. The reaction product was stripped at
      100.degree.C. for 1 hour under less than 10 millimeters of mercury. The
      product, a clear liquid, had a hydroxyl number of 24.5, an acid number of
      0.1 and a Brookfield viscosity at 25.degree.C. of 2800 cps. Details of the
      preparations of the finely-divided dispersed solids as well as physical
      characteristics of the resulting products are presented in Table II,
      below. All of the products of the subject invention described in Table II
      are useful in the preparation of polyurethane foams having improved
      physical properties.
TBL                                    Table II                                

     __________________________________________________________________________

     Exam-                                                                     

         HTOC-II                                                               

               Alcohol                                                         

                      Vinyl Monomer, Parts                                     

                                          Catalyst                             

     ple Parts Parts  St    AN AA VCl.sub.2                                    

                                      EHA Parts                                

                                               Product Appearance              

     __________________________________________________________________________

     18  20    P  80  65    35 -- --  --  0.5  Finely-divided                  

                                               dispersed solid                 

     19  20    M  100 --    -- -- 80  20  0.3  Finely-divided                  

                                               dispersed solid                 

     20  10    IP 90  --    -- 25 --  --  0.4  Finely-divided                  

                                               dispersed solid                 

     21  20    P  80  80    20 -- --  --  0.2  Finely-divided                  

                                               dispersed solid                 

     22  20    M  80  80    20 -- --  --  0.2  Finely-divided                  

                                               dispersed solid                 

     23  20    M  80  70    20 -- --  10  0.2  Finely-divided                  

                                               dispersed solid                 

     24  10    IP 90  100   -- -- --  --  0.1  Finely-divided                  

                                               dispersed solid                 

     25   5    IP 95  100   -- -- --  --  1.0* Finely-divided                  

                                               dispersed solid                 

     __________________________________________________________________________

      *Catalyst employed was benzoyl peroxide                                  

      St = Styrene                                                             

      AN = Acrylonitrile                                                       

      AA = Acrylamide                                                          

      VCl.sub.2 = Vinylidene Chloride                                          

      EHA = Ethylhexylacrylate                                                 

      IP = Isopropanol                                                         

      M = Methanol                                                             

PAC  EXAMPLE 26
PAC  A. Preparation Of HTOC-III
PAR  A stainless steel autoclave equipped with a thermometer, stirrer, nitrogen
      source, inlet means and heat exchange means was charged with 375 parts of
      a 325 molecular weight polyol prepared by the condensation in the presence
      of potassium hydroxide of 4 moles of propylene oxide with 1 mole of
      glycerol. The charge was purged with nitrogen and heated to 105.degree.C.
      With constant stirring, a mixture of 4438 parts of propylene oxide and 127
      parts (corresponding to 1.0 mole per mole of product) of
      allylglycidylether was gradually added to the reaction mixture over ten
      hours. Upon completion of the oxide addition, the reaction mixture was
      maintained at 105.degree.C. for 4 hours. Thereafter, 870 parts of ethylene
      oxide was added over a period of 1.5 hours at a temperature of
      105.degree.C. After the addition was completed, the reaction mixture was
      maintained at 105.degree.C. for an additional hour. The reaction mixture
      was cooled to 30.degree.C. and discharged from the autoclave. The reaction
      product was treated with an adsorbent, filtered to remove the catalyst and
      stripped at 100.degree.C. for 1 hour under less than 5 millimeters of
      mercury to remove volatiles. The product, hereinafter referred to as
      HTOC-III, was a clear colorless liquid having a hydroxyl number of 37 and
      an acid number of 0.015.
PAC  B. Preparation Of Finely-Divided Dispersed Solid
PAR  Following the procedure described in Example 1, 50 parts of HTOC-III, 250
      parts of isopropanol and 0.5 part of AIBN was charged to a reaction vessel
      and the charge was heated to 80.degree.C. While maintaining the
      temperature of the charge at 80.degree.C., 32.5 parts of styrene, 17.5
      parts of acrylonitrile and 0.5 part of dodecylmercaptan was continuously
      added to the charge over a period of 1 hour. The reaction mixture was then
      maintained at 80.degree.C. for 5 hours. The resulting product was an
      opaque white dispersion which upon separation of the alcohol yields a
      finely-divided white powder.
PAC  EXAMPLE 27
PAC  A. Preparation Of HTOC-IV
PAR  A reaction vessel equipped as described in the previous Examples was
      charged with 122 parts of toluene diisocyanate and 0.15 part of dibutyltin
      dilaurate. With good stirring and under a nitrogen flow, the charge was
      heated to 65.degree.C. where 115 parts of hydroxypropyl methacrylate was
      added to the vessel over a period of 1 hour maintaining the temperature of
      the reaction between 65.degree.C.-75.degree.C. After the addition was
      completed, the reaction was allowed to continue at 65.degree.C. for 30
      minutes and thereafter the reaction product was cooled to 30.degree.C. and
      discharged from the vessel. The product was a clear amber-colored liquid.
      To a vessel was charged 16 parts of the above-described amber-colored
      liquid and 450 parts of a 9000 molecular weight polyol prepared by the
      reaction of ethylene oxide with the propylene oxide adduct of
      ethylenediamine, said polyol having an oxyethylene content of
      approximately 20% by weight. The reactants were then heated for 1 hour at
      65.degree.C. The resulting product, a clear liquid, is hereinafter
      referred to as HTOC-IV.
PAC  B. Preparation Of Finely-Divided Dispersed Solid
PAR  A finely-divided dispersed solid was prepared in the manner described in
      the previous example employing the following ingredients and amounts
      thereof:
TBL  Ingredients          Parts, Weight                                        

     ______________________________________                                    

     HTOC-IV              5                                                    

     Methanol             95                                                   

     Styrene              100                                                  

     AIBN                 0.1                                                  

     ______________________________________                                    

PAL  The reaction was carried out for 17 hours at 65.degree.C.  A white stable
      liquid dispersion resulted which upon separation of the methanol yielded a
      finely-divided white powder.
PAC  EXAMPLE 28
PAR  A. Preparation Of HTOC-V
PAR  A reaction vessel equipped as described in the previous Example was charged
      with 2637 parts of an 8350 molecular weight polyoxyethylene
      polyoxypropylene block copolymer prepared by the reaction of ethylene
      oxide with the propylene oxide adduct of propylene glycol (oxyethylene
      content of 80% by weight) and 29.4 parts of maleic anhydride. The charge
      was purged with nitrogen and heated to 175.degree.C. and pressurized with
      nitrogen to 34 psig. With constant stirring, 79 parts of ethylene oxide
      was gradually added to the charge over a 2-hour period. Upon completion of
      the oxide addition the reaction mixture was maintained at 175.degree.C.
      for 11 hours. The reaction mixture was cooled to 30.degree.C. and
      discharged from the reactor. The product, hereinafter referred to as
      HTOC-V, was a clear liquid having a hydroxyl number of 25 and an acid
      number of 0.01.
PAR  B. Preparation Of Finely-Divided Dispersed Solid
PAR  A finely-divided dispersed solid was prepared in the manner described in
      the previous example employing the following ingredients and amounts
      thereof:
TBL  Ingredients          Parts, Weight                                        

     ______________________________________                                    

     HTOC-V               10                                                   

     Isopropanol          90                                                   

     Styrene              80                                                   

     Acrylonitrile        20                                                   

     Benzoyl Peroxide     0.5                                                  

     ______________________________________                                    

PAL  The reaction was carried out at 65.degree.C. for sixteen hours. A white
      stable dispersion resulted which upon separation of the isopropanol yields
      a finely-divided white powder. The powder was suspended in water to give a
      5 percent by weight solids suspension and was employed as an opacifier for
      a light duty liquid dishwashing detergent composition. The resulting
      composition retained its opacifying property after 3 weeks storage at room
      temperature.
PAC  EXAMPLE 29
PAR  A. Preparation Of HTOC-VI
PAR  A reaction vessel equipped as described above was charged with 521.4 parts
      of a 1020 molecular weight propylene oxide adduct of n-butanol and 50.1
      parts of maleic anhydride. The charge was purged with nitrogen and heated
      to 175.degree.C. With good stirring, 89 parts of propylene oxide was
      continuously added to the charge over a 1-hour period. Thereafter, the
      reaction mixture was maintained at 175.degree.C. for 11 hours. The
      reaction mixture was then cooled to 25.degree.C. and discharged from the
      reactor. The product, hereinafter referred to as HTOC-VI, was a liquid
      having a Brookfield viscosity at 25.degree.C. of 280 cps. and a hydroxyl
      number of 48.9.
PAR  B. Preparation Of Finely-Divided Dispersed Solid
PAR  A finely-divided dispersed solid was prepared in the manner described in
      the previous Examples employing the following ingredients and amounts
      thereof:
TBL  Ingredients      Parts, Weight                                            

     ______________________________________                                    

     HTOC-VI          100                                                      

     Isopropanol      200                                                      

     Acrylonitrile    127.6                                                    

     Styrene          22.4                                                     

     AIBN             1.5                                                      

     ______________________________________                                    

PAL  The reaction was carried out at 75.degree.C. for 4 hours. A white stable
      dispersion resulted which upon separation of the isopropanol yields a
      finely-divided white powder.
PAC  EXAMPLE 30
PAR  A finely-divided dispersed solid was prepared by charging 300 parts of
      ethanol and 100 parts of HTOC-II to a cleaned, dry stainless steel
      autoclave. Under pressure the charge was heated to 115.degree.C. and
      whilte maintaining a pressure of from 40 psig.-50 psig., a stream of 70
      parts of acrylonitrile, 130 parts of styrene and 2.0 parts of AIBN was
      gradually added to the charge over a period of 2 hours. Upon separation of
      the alcohol, a white solid was obtained.
PAC  EXAMPLE 31
PAR  A. Preparation Of HTOC-VII
PAR  A stainless steel autoclave equipped with a thermometer, stirrer, nitrogen
      source, inlet means and heat exchange means was charged with 5009 parts
      (1.67 moles) of a 3000 molecular weight polyol prepared by the reaction of
      propylene oxide with glycerol in the presence of potassium hydroxide. The
      charge was purged with nitrogen and heated to 103.degree.C. With constant
      stirring, 245 parts (2.5 moles) of maleic anhydride was then added to the
      charge maintaining the temperature of the charge at 103.degree.C. for 15
      minutes. Then, 290 parts (5.0 moles) of propylene oxide was gradually
      added to the reaction mixture over 2.5 hours. Upon completion of the oxide
      addition, the reaction mixture was maintained at 103.degree.C. for 2.5
      hours at which time the reaction mixture was cooled to 30.degree.C. and
      discharged from the autoclave. The reaction product was treated with an
      adsorbent, filtered to remove the catalyst and stripped at 100.degree.C.
      for 1 hour under less than 10 millimeters of mercury to remove unreacted
      propylene oxide. The product, hereinafter referred to as HTOC-VII, a clear
      golden yellow liquid, had a hydroxyl number of 52.2, an acid number of
      0.6, a refractive index at 25.degree.C. of 1.4544 and a Brookfield
      viscosity at 25.degree.C. of 1200 cps.
PAR  B. Preparation Of Finely-Divided Dispersed Solid
PAR  A finely-divided dispersed solid was prepared in the manner described in
      the previous Examples employing the following ingredients and amounts
      thereof:
TBL  Ingredients      Parts, Weight                                            

     ______________________________________                                    

     HTOC-VII         25                                                       

     Heptane          200                                                      

     Acrylonitrile    25                                                       

     Styrene          25                                                       

     AIBN             0.5                                                      

     ______________________________________                                    

PAL  The reaction was carried out at 75.degree.C. for 5 hours. A white stable
      dispersion resulted which upon separation of the heptane yields a
      finely-divided white powder.
PAC  EXAMPLE 32
PAR  A. Preparation of HTOC-VIII
PAR  An autoclave equipped as described above was charged with 196 parts of
      maleic anhydride and 5100 parts of the 2240 equivalent weight polyol
      described above in the preparation of HTOC-II. Following the procedure
      described in connection with Example 1, above, 198 parts of ethylene oxide
      was then added to the charge at 175.degree.C. for a period of 2 hours. The
      reaction temperature was maintained at 175.degree.C. for 11 hours, cooled
      to 25.degree.C. and discharged from the vessel. The reaction product was
      stripped at 100.degree.C. for 1 hour under less than 10 millimeters of
      mercury. The product, a clear liquid, had a hydroxyl number of 22.5 and an
      acid number of 0.1.
PAR  B. Preparation Of Finely-Divided Dispersed Solid
PAR  A finely-divided dispersed solid was prepared in the manner described in
      the previous Examples employing the following ingredients and amounts
      thereof:
TBL  Ingredients      Parts, Weight                                            

     ______________________________________                                    

     HTOC-VIII        25.0                                                     

     Isopropanol      150.0                                                    

     Acrylonitrile    50.0                                                     

     Styrene          75.0                                                     

     AIBN             1.25                                                     

     ______________________________________                                    

PAL  The reaction was carried out at 75.degree.C. for 5 hours. A white stable
      dispersion resulted which upon separation of the isopropanol yields a
      finely-divided powder.
PAC  EXAMPLES 33-43
PAR  Following the procedure described in Example 26, a series of products was
      prepared by polymerizing a major amount of a mixture of styrene and
      acrylonitrile in 200 parts of various solvents and in 25 parts of HTOC-II.
      In all cases, the catalyst employed was azobis(isobutyronitrile), AIBN.
      The monomers were continuously added to the charge at 80.degree.C. over a
      period of about 1 hour. The reactions were carried out at 80.degree.C. for
      about 5 hours. White dispersions were obtained which upon separation of
      the organic solvent yield a finely-divided white powder. Details of the
      preparations are presented in Table III, below.
TBL                                    Table III                               

     __________________________________________________________________________

                     Vinyl Monomer,                                            

     Exam-           Parts       Catalyst,                                     

     ple Solvent     St    AN    Parts Product Appearance                      

     __________________________________________________________________________

     33  Toluene     32.5  17.5  0.25  Finely-divided dispersed solid.         

     34  Dimethylformamide                                                     

                     25.0  25.0  0.50  Finely-divided dispersed solid.         

     35  Carbon Tetrachloride                                                  

                     25.0  25.0  0.50  Finely-divided dispersed solid.         

     36  Tetrahydrofuran                                                       

                     25.0  25.0  0.50  Finely-divided dispersed solid.         

     37  Diethylene Glycol                                                     

         Monomethyl Ether                                                      

                     25.0  25.0  0.50  Finely-divided dispersed solid.         

     38  Ethyl Acetate                                                         

                     25.0  25.0  0.50  Finely-divided dispersed solid.         

     39  Acetone     25.0  25.0  0.50  Finely-divided dispersed solid.         

     40  2-Nitropropane                                                        

                     25.0  25.0  0.50  Finely-divided dispersed solid.         

     41  Acetonitrile                                                          

                     25.0  25.0  0.50  FInely-divided dispersed solid.         

     42  Dimethylsulfoxide                                                     

                     25.0  25.0  0.50  Finely-divided dispersed solid.         

     43  Pyridine    25.0  25.0  0.50  Finely-divided dispersed                

     __________________________________________________________________________

                                       solid.                                  

CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A finely-divided dispersed solid polymer prepared by polymerizing at a
      temperature between 25.degree.C. and 180.degree.C. in the presence of from
      about 0.05 to 5.0 weight percent based on the weight of (a) below of a
      free radical catalyst and from about one part to nineteen parts by weight
      per part of (b) below of an organic solvent having a boiling point between
      25.degree.C. and 250.degree.C.:
PA1  a. from about 55 to 95 weight percent of an ethylenically unsaturated
      monomer or mixture of monomers, and
PA1  b. from about 45 to 5 weight percent of a hydroxy-terminated organic
      compound having from one to eight hydroxyl groups, a hydroxyl equivalent
      weight of from 500 to 10,000 and containing a polymerizable
      carbon-to-carbon double bond, said weight percents of (a) and (b) being
      based on the total weight of (a) and (b).
NUM  2.
PAR  2. The polymer of claim 1 wherein the ethylenically unsaturated monomer is
      selected from the group consisting of styrene, acrylonitrile, vinylidene
      chloride, methylmethacrylate, acrylamide and mixtures thereof.
NUM  3.
PAR  3. The polymer of claim 1 wherein the ethylenically unsaturated monomer is
      a mixture of styrene and acrylonitrile.
NUM  4.
PAR  4. The polymer of claim 1 wherein the ethylenically unsaturated monomer is
      styrene.
NUM  5.
PAR  5. The polymer of claim 1 wherein the hydroxy-terminated organic compound
      is prepared by the reaction of from one to two moles of an organic
      compound having both ethylenic unsaturation and a hydroxyl, carboxyl or
      epoxy group with one mole of a hydroxy-containing polyalkylene polyether
      followed by reaction with an alkylene oxide to yield a compound having an
      acid number of less than one.
NUM  6.
PAR  6. The polymer of claim 5 wherein the organic compound having both
      ethylenic unsaturation and a hydroxyl, carboxyl or epoxy group is maleic
      anhydride.
NUM  7.
PAR  7. The polymer of claim 5 wherein the hydroxy-containing polyalkylene ether
      is an alkylene oxide adduct of trimethylolpropane, glycerol, propylene
      glycol and mixtures thereof.
NUM  8.
PAR  8. The polymer of claim 1 wherein the ethylenically unsaturated monomer
      comprises from 60 to 80 weight percent based on the total weight of
      monomer and hydroxyterminated organic compound.
NUM  9.
PAR  9. The polymer of claim 1 wherein the organic solvent is an alkanol.
NUM  10.
PAR  10. The polymer of claim 1 wherein the alkanol is isopropanol.
NUM  11.
PAR  11. A process for the preparation of a finelydivided dispersed solid
      comprising polymerizing at a temperature between 25.degree.C. and
      180.degree.C. in the presence of from about 0.05 to 5.0 weight percent
      based on the weight of (a) below of a free radical catalyst and from about
      one part to nineteen parts by weight per part of (b) below of an organic
      solvent having a boiling point between 25.degree.C. and 250.degree.C.:
PA1  a. from about 55 to 95 weight percent of an ethylenically unsaturated
      monomer or mixture of monomers and
PA1  b. from about 45 to 5 weight percent of a hydroxy-terminated organic
      compound having from one to eight hydroxyl groups, a hydroxyl equivalent
      weight of from 500 to 10,000 and containing a polymerizable
      carbon-to-carbon double bond, said weight percents of (a) and (b) being
      based on the total weight of (a) and (b).
NUM  12.
PAR  12. The process of claim 11 wherein the ethylenically unsaturated monomer
      is selected from the group consisting of styrene, acrylonitrile,
      vinylidene chloride, methylmethacrylate, acrylamide and mixtures thereof.
NUM  13.
PAR  13. The process of claim 11 wherein the ethylenically unsaturated monomer
      is a mixture of styrene and acrylonitrile.
NUM  14.
PAR  14. The process of claim 11 wherein the ethylenically unsaturated monomer
      is styrene.
NUM  15.
PAR  15. The process of claim 11 wherein the hydroxy-terminated organic compound
      is prepared by the reaction of from one to two moles of an organic
      compound having both ethylenic unsaturation and a hydroxyl, carboxyl or
      epoxy group with one mole of a hydroxy-containing polyalkylene polyether
      followed by reaction with an alkylene oxide to yield a compound having an
      acid number of less than one.
NUM  16.
PAR  16. The process of claim 15 wherein the organic compound having both
      ethylenic unsaturation and a hydroxyl, carboxyl or epoxy group is maleic
      anhydride.
NUM  17.
PAR  17. The process of claim 15 wherein the hydroxy-containing polyalkylene
      ether is an alkylene oxide adduct of trimethylolpropane, glycerol,
      propylene glycol and mixtures thereof.
NUM  18.
PAR  18. The process of claim 11 wherein the ethylenically unsaturated monomer
      comprises from 60 to 80 weight percent based on the total weight of
      monomer and hydroxy-terminated organic compound.
NUM  19.
PAR  19. The process of claim 11 wherein the organic solvent is an alkanol.
NUM  20.
PAR  20. The process of claim 11 wherein the alkanol is isopropanol.
NUM  21.
PAR  21. A process for the preparation of a finelydivided solid polymer
      comprising:
PA1  a. polymerizing at a temperature between 25.degree.C. and 180.degree.C. in
      the presence of from about 0.05 to 5.0 weight percent based on the weight
      of (a) below of a free radical catalyst and from about one part to
      nineteen parts by weight per part of
PA1  b. below of an organic solvent having a boiling point between 25.degree.C.
      and 250.degree.C.:
PA2  1. from about 55 to 95 weight percent of an ethylenically unsaturated
      monomer or mixture of monomers, and
PA2  2. from about 45 to 5 weight percent of a hydroxy-terminated organic
      compound having from one to eight hydroxyl groups, a hydroxyl equivalent
      weight of from 500 to 10,000 and containing a polymerizable
      carbon-to-carbon double bond, said weight percents of (a) and (b) being
      based on the total weight of (a) and (b), to obtain a dispersed solid
      polymer, and
PA1  b. separating said organic solvent from said dispersed solid polymer.
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PAL  The invention relates to poly(arylacetylene) thermosetting compositions and
      thermoset resins prepared therefrom. The thermosetting compositions
      comprise a polyacetylenically unsaturated prepolymer and a phenol-aldehyde
      resin. The prepolymer is a polymer of at least one polyacetylenically
      substituted aromatic compound, such as diethynylbenzene, and has a number
      average molecular weight of about 900 to about 12,000 and contains about 5
      to about 20% by weight of terminal acetylenic groups. Typical
      phenol-aldehyde resins are the resoles and novolacs.
BSUM
PAR  This invention relates to thermosetting compositions and thermoset resins
      therefrom, and more particularly to such compositions and resins derived
      from acetylenically substituted aromatic compounds. The thermoset resins
      have exceptional oxidative thermal stability, and the invention also
      relates to the preparation of these resins.
PAR  One of the major disadvantages of the previously known high temperature
      resistant resins is their inability to be molded into desired shapes by
      conventional methods due to their poor flow characteristics. This
      disadvantage has been obviated by the discovery of a new class of
      arylacetylene polymers and thermosetting compositions containing them.
      These polymers and compositions are described in the copending application
      of Harold Jabloner, Ser. No. 262,166, filed June 12, 1972. The
      thermosetting compositions of the Jabloner application have excellent melt
      flow properties and can be molded or otherwise shaped without gas
      evolution, hence, after forming into the desired shape, they can be cured
      simply by heating, and this operation need not be carried out under
      pressure, since there also is no gas evolution during the curing step. In
      addition to being readily molded, these thermosetting compositions also
      are useful in other shaping or related operations, such as coating,
      casting, potting and impregnating operations. On being cured, the
      compositions provide thermoset resins having excellent thermal stability.
      Nevertheless, it was recognized that for certain end use applications it
      would be desirable for the resins to have even greater oxidative thermal
      stability and retention of physical properties after prolonged exposure to
      high temperatures.
PAR  Now, in accordance with this invention, thermosetting compositions have
      been discovered which make it possible to impart to the above resins a
      markedly improved oxidative thermal stability. The thermosetting
      compositions of this invention comprise from about 10 to about 50% by
      weight of a phenol-aldehyde resin and from about 50 to about 90% by weight
      of a polymer composition comprising a prepolymer of at least one
      polyacetylenically substituted aromatic compound, said prepolymer having a
      number average molecular weight of from about 900 to about 12,000, a ratio
      of aromatic protons to olefinic protons greater than about 2.4 and
      containing from about 5 to about 20% terminal acetylenic groups by weight
      of the prepolymer. The amount of phenol-aldehyde resin preferably is from
      about 10 to about 25% by weight of the thermosetting composition, and the
      corresponding amount of the polymer composition is from about 75 to about
      90% by weight of the thermosetting composition. The polymer composition
      preferably contains a fluidizer for the prepolymer component.
PAR  The thermoset resins obtained by curing the thermosetting compositions of
      this invention are characterized by being essentially free of aliphatic
      unsaturation and predominantly aromatic in structure. These thermoset
      resins are further characterized by having a flexural strength of at least
      about 3000 p.s.i. and a flexural modulus of at least about 300,000 p.s.i.
      (ASTM No. D-790-70). These resins also are characterized by retaining at
      least about 50% of said flexural modulus up to a temperature of at least
      about 250.degree.C. in air, retaining at least about 90% of their weight
      when a 30 mil thick sheet of the resin is aged in air at 260.degree.C. for
      350 hours and losing less than about 15% of their weight when a 30 mil
      thick sheet of the resin is heated to 500.degree.C. at a rate of
      10.degree.C. per minute in air.
PAR  The thermoset resins of this invention are prepared by a two stage process.
      There is prepared, in the first stage, a polymer composition comprising a
      polyacetylenically unsaturated prepolymer from a polyacetylenically
      substituted aromatic compound, and there preferably is incorporated into
      this composition a fluidizer for the prepolymer. In the second stage, the
      polymer composition is combined with a phenol-aldehyde resin and the
      resulting thermosetting composition is fabricated and heated, whereby
      resinification takes place. By this means it is possible to produce
      thermoset resins in any desired shape, since those thermosetting
      compositions containing the prepolymer, a fluidizer for the prepolymer and
      the phenol-aldehyde resin are readily formed into any desired shape, and
      these molded, or otherwise formed, articles can then be cured by heating
      and will retain their shape.
PAC  PREPARATION OF THE PREPOLYMER
PAR  As just mentioned, the first stage in the preparation of the thermoset
      resins of this invention involves the formation of a prepolymer from at
      least one polyacetylenically substituted aromatic compound. The
      polyacetylenically substituted aromatic compound used to prepare these
      prepolymers can be any aromatic compound containing two or more acetylene
      groups, i.e., two carbons linked by a triple bond, attached to the same
      aromatic ring or to different aromatic rings in the compound, or mixtures
      of such compounds. The acetylenic groups can be internal, i.e., acetylene
      groups of the type aryl-C.tbd.C-aryl, or they can be external, i.e.,
      ethynyl groups of the type aryl-C.tbd.C-H, or both types can be present in
      the polyacetylenic compound. Those compounds containing at least one
      external acetylenic group are preferred since these are the most reactive.
      Generally those compounds containing only internal acetylenic groups are
      used in admixture with a compound containing at least one ethynyl group.
      Exemplary of the polyacetylenically substituted aromatic compounds are m-
      and p-diethynylbenzenes; diethynyl toluenes; diethynyl xylenes;
      9,10-diethynylanthracene; diethynylbiphenyl; 9,10-diethynylphenanthrene;
      4,4'-diethynyl-transazobenzene; di(ethynylphenyl)ether;
      2,3,5,6-tetrachloro-1,4-diethynylbenzene; diphenyl-diacetylene (i.e.,
      diphenylbutadiyne); dibenzyl-diacetylene; di-p-tolyldiacetylene;
      di-.alpha.-naphthyldiacetylene; 1-chloro-2,5-diethynylbenzene; 2,2'
      -dichlorodiphenyldiacetylene; 4,4'-dichlorodiphenyldiacetylene;
      4,4'-dibromodiphenyldiacetylene; 1,4-bis(phenylethynyl)benzene;
      1,3-bis(phenylethynyl)benzene; 9,10-bis(phenylethynyl)anthracene;
      1,3,5-triethynylbenzene; 1,2,4-triethynylbenzene;
      1,3,5-tris-(phenylethynyl)-2,4,6-triphenylbenzene;
      1,2,4-tris(phenylethynyl)-3,5,6-triphenylbenzene;
      tris(ethynylphenyl)benzene, etc. Monoacetylenically substituted aromatic
      compounds such as, for example, phenylacetylene, biphenylacetylene and
      diphenylacetylene, may be used in admixture with the polyacetylenically
      substituted aromatic compound in the preparation of the prepolymers.
PAR  Representative of such an admixture is that of diethynylbenzene with
      phenylacetylene. The diethynylbenzene component may be m-diethynylbenzene,
      p-diethynylbenzene or mixtures thereof. The phenylacetylene component
      enters the resulting copolymer at approximately one-half the rate of the
      diethynylbenzene component. Thus, considerable variation in the
      composition of the reaction mixture is possible in producing copolymers
      containing from about 10 to about 45% by weight of phenylacetylene-derived
      units. The resulting copolymers, preferably combined with a fluidizer for
      the prepolymer, and then combined with a phenol-aldehyde resin, can be
      cured to provide thermoset resins having the prescribed high temperature
      oxidation resistance properties. Additionally, these resins show the same
      range of flexural strength and flexural modulus as the corresponding
      resins prepared from the diethynylbenzene homopolymers.
PAR  The prepolymerization reaction is carried out by heating the
      polyacetylenically substituted aromatic compound with an aromatization
      catalyst. The reaction can be carried out in bulk or in the presence of an
      inert diluent. Any inert diluent can be used, as, for example, ethers such
      as 1,2-dimethoxyethane, dioxane and tetrahydrofuran, ketones such as
      acetone, or aromatic hydrocarbons such as benzene, toluene, xylene, etc.
      The amount of diluent used is not critical and generally will be such as
      to form a concentration of the polyacetylenically substituted aromatic
      compound in the diluent of from 2 to 50%. Obviously, larger amounts can be
      used.
PAR  Any aromatization catalyst can be used to effect the desired cyclization
      reaction. By the term aromatization catalyst is meant a catalyst that
      promotes the formation of an aromatic ring by the cyclization of three
      acetylene groups. Preferred aromatization catalysts are nickel catalysts
      such as nickel bis(acrylonitrile), nickel bis(acraldehyde), nickel
      carbonyl bis(triphenylphosphine), nickel cyanide bis(triphenylphosphine)
      and nickel acetylacetonate in combination with triphenylphosphine, the
      Group IV-B metal halides such as titanium tetrachloride in combination
      with diethylaluminum chloride, and the Group V-B metal halides such as the
      niobium pentahalides and tantalum pentahalides. The amount of the catalyst
      used can be varied widely but generally will be from about 0.5 to about 5%
      of the monomer by weight.
PAR  The polymerization is carried out by heating the polyacetylenic monomer, or
      mixtures of monomers, with the catalyst to a temperature of from about
      55.degree.C. to about 250.degree.C. and more preferably from about
      80.degree.C. to about 150.degree.C. Preferably the reaction is carried out
      in an inert atmosphere.
PAR  In carrying out the process, it is essential to stop the reaction prior to
      complete conversion of the monomer. If the reaction is allowed to go to
      completion, the product is an insoluble, infusible material that cannot be
      plastic formed, nor can it be fluidized with a fluidizer and then plastic
      formed. Hence, the reaction is generally stopped at a monomer conversion
      above about 30% and below about 90%, and preferably at a monomer
      conversion of from about 50 to about 90%. By so doing, it is possible to
      produce a prepolymer having a number average molecular weight of from
      about 900 to about 12,000, avoid the production of very high molecular
      weight materials which are of essentially no use in the production of
      plastic formed articles, and at the same time retain in the prepolymer at
      least about 5%, and preferably about 5 to 20%, terminal acetylene groups
      by weight of the prepolymer for reaction in the second stage of the
      thermoset resin preparation. The prepolymers are soluble in aromatic
      hydrocarbons, ketones and ethers.
PAR  The method by which the prepolymerization reaction is stopped and the
      prepolymer is isolated will, of course, depend in large measure on the
      method used in preparing the prepolymer, the monomer or monomers used in
      its preparation, etc. If a monomer of comparatively high volatility is
      used in the preparation of the prepolymer, then any of such a monomer
      remaining in the prepolymer should be removed to avoid foaming and void
      formation in the plastic forming and curing steps used in the preparation
      of the thermoset resin in the second stage reaction. This removal can be
      effected by vacuum evaporation or steam distillation of the
      prepolymerization reaction mixture or the reaction mixture can be mixed
      with a diluent which is a solvent for the monomer and a non-solvent for
      the prepolymer. In the latter case, the prepolymer can be separated, as
      for example, by filtration, and the monomer, any prepolymer remaining in
      solution, and the diluents can be recovered and recycled in the process.
      Suitable diluents for precipitating the prepolymer are methanol, ethanol
      and isopropanol, and aliphatic hydrocarbons or mixtures thereof such as
      petroleum ether, pentane, hexane, heptane, etc.
PAR  The prepolymers used in accordance with this invention are unique polymers,
      and are described and claimed in the aforementioned Jabloner application.
      In contrast to the acetylene polymers of the prior art, the instant
      polymers can be used to prepare thermoset resins having the desirable
      properties described herein. It is well known that acetylene and
      substituted acetylenes, as for example, phenylacetylene, can be
      polymerized, but the polymers so produced are predominantly linear
      polymers which have appreciable olefinic or acetylenic unsaturation in the
      polymer chain. It is also known that aliphatic compounds containing two or
      more acetylenic groups can be polymerized, but again the polymer is linear
      and contains acetylenic unsaturation in the polymer chain. However, the
      instant prepolymers, prepared from a polyacetylene compound with an
      aromatization catalyst, differ from the prior art acetylene polymers in
      that they are predominately non-linear in structure, at least 50% of the
      acetylenic unsaturation of the monomer having been converted during
      polymerization into aromatic structures. Furthermore, the unsaturation
      remaining in the prepolymer is chiefly acetylenic, which permits further
      polymerization in the second stage reaction, and the prepolymer has only a
      low degree of olefinic unsaturation. The acetylenic content of the
      prepolymer will preferably be from about 5 to about 20% by weight of the
      prepolymer. The low degree of olefinic unsaturation is important since the
      presence of a significant amount of such unsaturation can lead to thermal
      and oxidative instability of the final thermoset resin at high
      temperature. The formation of aromatic structures during polymerization
      contributes oxidation resistant and stable linkages.
PAR  The olefinic unsaturation of the prepolymer can be determined by a nuclear
      magnetic resonance method in which the number of hydrogen atoms attached
      to olefinic carbons, such hydrogens hereafter being referred to as
      olefinic protons, is compared with the number of hydrogen atoms attached
      to aromatic rings, such hydrogens hereafter being referred to as aromatic
      protons. The amount of acetylenic unsaturation can be determined by a
      similar technique comparing the ratio of hydrogens attached to acetylenic
      carbons, such hydrogens hereafter being referred to as acetylenic protons,
      with the aromatic protons. The prepolymer, to be useful in the preparation
      of the final thermoset resin, will, as stated above, have a ratio of
      aromatic protons to olefinic protons greater than about 2.4:1 and
      preferably greater than about 7.5:1.
PAR  In determining the ratio of acetylenic, aromatic and olefinic protons
      present in the prepolymer by the nuclear magnetic resonance method,
      deuterated acetone is used as a solvent. The areas under the peaks near
      3.63 ppm., the peak at 7.48 ppm., and under the curve between 6.83 and 5.4
      ppm. are proportional to the number of acetylenic, aromatic and olefinic
      protons, chemical shift values being measured versus an internal
      tetramethylsilane reference. The amount of acetylenic protons, and so the
      acetylene group concentration, is determined quantitatively by use of an
      internal standard, nitromethane,, added in accurate proportion to the
      prepolymer and giving a signal peak at 4.42 ppm.
PAC  PREPARATION OF THE THERMOSETTING COMPOSITION
PAR  The above-described prepolymers have high softening points and, in so far
      as many thermoforming techniques are concerned, the unfluidized
      thermosetting compositions of this invention may not have the flow
      properties required for plastic forming at temperatures below the cure
      temperature for these compositions. Therefore, it ordinarily is desirable
      in the practice of this invention to include a fluidizer for the
      prepolymer in the thermosetting composition, thereby making it possible to
      produce a composition that will have sufficient flow to permit plastic
      forming and that, when further heated after plastic forming, will cure to
      produce a thermoset resin.
PAR  The preferred type of fluidizer used in accordance with this invention is
      that represented by the acetylenic fluidizers disclosed in the
      aforementioned Jabloner application. These fluidizers are acetylenically
      substituted (mono- or poly-) aromatic compounds having a melting point
      below about 185.degree.C. and a boiling point above about 250.degree.C. or
      vapor pressure at 125.degree.C. of less than about 20 mm. Representative
      of such acetylenic fluidizers are beta-naphthylacetylene,
      biphenylacetylene, 4-ethynyl-transazobenzene, diphenylacetylene,
      di-m-tolylacetylene, di-o-tolylacetylene, bis(4-ethylphenyl)acetylene,
      bis(3,4-dimethylphenyl)acetylene, bis(4-chlorophenyl)acetylene, phenyl
      benzoyl acetylene, betanaphthylphenylacetylene,
      di(alpha-naphthyl)acetylene, 1,4-diethynylnaphthalene,
      9,10-diethynylanthracene, 4,4'-diethynylbiphenyl,
      9,10-diethynylphenanthrene, 4,4'-diethynyl-transazobenzene,
      4,4'-diethynyldiphenyl ether, 2,3,5,6-tetrachloro-1,4-diethynylbenzene,
      diphenylbutadiyne, di-p-tolyl-diacetylene, dibenzyl-diacetylene,
      2,2'-dichlorodiphenyl diacetylene, 3,3'-dichlorodiphenyl diacetylene,
      di(alpha-naphthyl) diacetylene, diethynyldiphenyl butadiyne and
      tris(ethynylphenyl)benzene.
PAR  These fluidizer compounds may be used either individually or in admixture
      with each other. Other materials may be present in small amounts, if they
      do not detract from the desirable characteristics of the fluidizing
      compounds and if the mixture meets the specified physical properties
      requirements. For example, small amounts of volatile materials can be
      tolerated in mixtures with higher boiling materials without causing void
      formation in the compositions during cure. Also, higher melting materials
      can be tolerated in admixture with other compounds which will depress the
      melting point of the mixture to the desired temperature.
PAR  Just how the acetylenic fluidizer compound acts on the prepolymers to
      produce a plastic formable composition is not completely known. It is
      believed that in part it acts as a plasticizer, making it possible to
      shape the prepolymer, and in part that it undergoes a partial reaction
      with the prepolymer. In any event, such acetylenic fluidizers, unlike
      ordinary plasticizers, react with the prepolymer when the plastic formed
      composition is cured and hence become a part of the final thermoset resin.
PAR  The amount of acetylenic fluidizer incorporated in the polymer composition
      comprising the prepolymer can be varied over a wide range, but will
      generally be from about 2% to about 70% by weight of the prepolymer. Thus,
      when the polymer composition contains a fluidizer and this composition
      constitutes 50% of an unfilled thermosetting composition in accordance
      with this invention, the amount of fluidizer in the thermosetting
      composition will be from about 1 to about 21%, and the corresponding
      amount of prepolymer will be from about 49 to about 29%. Similarly, when
      the polymer composition containing a fluidizer constitutes 90% of an
      unfilled thermosetting composition, the amount of fluidizer in the
      thermosetting composition will be from about 2 to about 37%, and the
      corresponding amount of prepolymer will be from about 88 to about 53% by
      weight. Preferably, the amount of fluidizer will be from about 5 to about
      40% by weight of the prepolymer.
PAR  The fluidizer can be incorporated in the polymer composition in a variety
      of ways. One of the simplest methods is to mix the prepolymer and
      fluidizer in a diluent that is a solvent for the two materials and which
      is preferably low boiling for ease in removing the diluent after the
      mixing operation. The mixing operation can be carried out at any
      convenient temperature, generally at room temperature. Suitable diluents
      for this purpose are methylene chloride, dichloroethane, acetone, methyl
      ethyl ketone, benzene, toluene, etc. Such diluents can be removed, after
      adequate mixing has been achieved, by evaporation, distillation, etc. On
      the other hand, if the monomer or monomers used for the preparation of the
      prepolymer have boiling points above about 250.degree.C., the unreacted
      portion does not need to be removed from the prepolymer and can act as all
      or part of the fluidizer in the thermosetting composition.
PAR  The phenol-aldehyde resins of the compositions of this invention also can
      be combined in a number of ways with the polymer composition comprising
      the prepolymer. For example, the solvent technique just described for
      incorporation of the fluidizers may be used. This method can be
      particularly efficient if a fluidizer is employed, since both the
      fluidizer and the resin can be incorporated into the thermosetting
      composition at the same time. The phenolaldehyde resins also can be
      incorporated in the thermosetting composition by dry or melt blending
      techniques.
PAR  The phenol-aldehyde resins of the thermosetting compositions of this
      invention are well known in the art. They are prepared by the reaction of
      a phenol with an aldehyde, the first step in the reaction being the
      formation of methylol derivatives in the ortho or para positions of the
      phenol. In the presence of acid catalysts and with a mole ratio of
      aldehyde to phenol less than one, the methylol derivatives condense with
      the phenol to form fusible and soluble linear polymers of low molecular
      weight identified as novolacs, also known as two-step resins. These
      materials do not themselves react further to give cross-linked resins, but
      will do so on reaction with additional aldehyde sufficient to raise its
      mole ratio to the phenol above unity. Hexamethylene tetramine usually is
      used as the source of the additional aldehyde. In the presence of alkaline
      catalysts and with more than one mole of aldehyde per mole of the phenol,
      the initial methylol derivatives condense through formation of methylene
      and ether linkages to form fusible and soluble products containing
      residual alcohol groups. These products are known as resoles, and also as
      one-step resins, and, if the reaction leading to their formation is
      continued further, crosslinked products containing large numbers of
      phenolic nuclei are formed.
PAR  Also useful as the phenol-aldehyde resin component in the thermosetting
      compositions of this invention are the epoxy-modified novolacs, which
      ordinarily are prepared by the incomplete reaction of an epoxide such as
      epichlorohydrin with the phenolic hydroxyls of the novolac resin. The
      unreacted phenolic hydroxyls then provide basis for curing of the resin
      with a phenolic curing agent such as hexamethylene tetramine. Phenol
      itself is the preferred phenol used in preparation of the phenol-aldehyde
      resins, but alkyl-substituted phenols such as o-, m- and p-cresol and m-
      and p-tert-butylphenol also may be used. Also useful in certain instances
      are p-phenylphenol and resorcinol. Similarly, the preferred aldehyde is
      formaldehyde, although acetaldehyde, propionaldehyde, butyraldehyde and
      furfural may also be utilized.
PAR  There can also be incorporated in the thermosetting composition fillers,
      pigments, antioxidants and other desired additives. Such additives are
      readily incorporated at the time the other components of the thermosetting
      composition are combined with each other. Exemplary of the materials that
      can be incorporated are organic and inorganic fibrous materials such as
      graphite, glass, asbestos, metal, metal oxide, metal carbide, boron, boron
      carbide, boron nitride and silicon carbide fibers, and particulate
      reinforcements such as glass beads, metal oxides, metal carbonates, clay,
      talc, silica, diatomaceous earth, carbon, graphite, molybdenum sulfide and
      powdered fluorocarbon resins. The amount of filler incorporated in the
      thermosetting composition can be varied widely, but generally will be free
      from about 1 to about 95 percent by weight of the filled composition.
PAR  After effecting mixing of the components, the compositions so obtained can
      be divided by any desired means into suitable size pieces for subsequent
      fabrication operations. Alternatively, the compositions can be ground to
      fine powders and converted into pellets convenient for utilization in
      subsequent operations by compacting under pressure at room temperature of
      at a somewhat elevated temperature. These thermosetting compositions are
      stable and can be stored at room temperature.
PAC  FORMATION OF THE THERMOSET RESIN
PAR  The fluidized thermosetting compositions of this invention will flow on
      heating and remain sufficiently fluid so that the compositions can be
      shaped by conventional plastic forming such as extrusion, compression,
      transfer and injection molding, calendering, forging, etc. Thus, shapes
      such as sheets, pipes, rods and wire coatings can be made by extrusion.
      Sheets can in subsequent operations be further modified in form as by
      embossing or thermoforming. More complex shapes can be made by molding
      operations. Coatings can be prepared by application of solutions of the
      thermosetting compositions of this invention in solvents such as
      tetrahydrofuran.
PAR  The temperature employed in plastic forming and related operations can be
      varied widely, the preferred temperature being dependent on the amount of
      fluidizer when one is employed, the molecular weight of the prepolymer,
      the amount of the phenol-aldehyde resin, the type and amount of any filler
      or reinforcing agent present, the fabrication method, the pressure
      employed, and the amount of curing desired during the fabrication
      operation. Temperatures as low as about 40.degree.C. can be used, or as
      high as 200.degree.C., but generally will be within the range of from
      about 90.degree.C. to about 165.degree.C. As the heating continues above
      about 90.degree.C., and generally at a pressure of from about 15 to about
      15,000 p.s.i., the thermosetting composition resolidifies. In an operation
      such as extrusion, in which it may be desirable to recycle scrap material,
      low temperatures are employed to avoid much change in the flow properties
      of the composition during its fabrication. In other operations such as
      transfer or compression molding, it may be desirable to fabricate the
      material at an elevated temperature so that curing of the material occurs
      during the shaping operation.
PAR  The temperature at which the thermosetting composition is heated to effect
      further polymerization, which can be referred to as the curing operation,
      can be varied widely and will depend on such factors as the components of
      the thermosetting composition, the size and shape of the fabricated
      article, etc. In general, the conditions for effecting the cure will range
      from several hours at a temperature of about 100.degree.C. to a few
      minutes at a temperature of about 300.degree.C. Alternatively, a
      fabricated article can be used in its only partially cured form, and
      curing can be effected during use at an elevated temperature. During the
      curing operation, moderate pressure ordinarily will be applied to inhibit
      any void formation which might occur due to water or ammonia formed in the
      curing of the phenol-aldehyde resin component of the thermosetting
      composition.
PAR  The reaction that takes place during the curing of the thermosetting
      composition containing an acetylenic fluidizer involves a copolymerization
      reaction between the prepolymer and the acetylenic fluidizer, which
      reaction may effect some cross-linking of the prepolymer. Thus, the final
      thermoset resin can be defined as a copolymer of the prepolymer and the
      acetylenic fluidizer. In the case of a thermosetting composition
      containing no acetylenic fluidizer, the reaction during curing primarily
      is one of further polymerization of the prepolymer.
PAR  The thermoset resins so produced are hard, stiff, strong, abrasion
      resistant, infusible and insoluble. They retain strength, stiffness and
      insolubility at elevated temperatures, are stable to exposure at elevated
      temperatures for extended periods, and are resistant to oxidative attack
      at elevated temperature. They are resistant to chemical attack by strong
      acids and concentrated alkali and are resistant to swelling by organic
      solvents at elevated temperatures. As previously stated, these thermoset
      resins are characterized by having a flexural strength of at least about
      3000 p.s.i. and a flexural modulus of at least about 300,000 p.s.i. The
      resins also are characterized by retaining at least about 50% of said
      flexural modulus in air up to a temperature of at least about
      250.degree.C., retaining at least about 90% of their weight when a 30 mil
      thick sheet is aged in air at 260.degree.C. for 350 hours and losing less
      than about 15% of their weight when a 30 mil thick sheet is heated to
      500.degree.C. at a rate of 10.degree.C. per minute in air. Obviously,
      these values can be greatly improved by the addition of fillers and other
      strengthening additives.
PAR  The new thermosetting compositions of this invention are useful as
      thermosetting binder resins for glass, carbon, asbestos, graphite,
      alumina, silicon carbide, boron nitride and boron fibers, and for
      particulate materials such as molybdenum sulfide and powdered fluorocarbon
      resins, and in the preparation of moldings to be used in high temperature
      environments, as for example, turbine blades for jet engines, aeroplane
      wing edges, ablative coatings for space reentry vehicles, bearings,
      grinding wheels, brake linings and clutch facings. The compositions also
      are useful as chemically resistant coatings and as temperature resistant
      adhesive and potting compounds.
PAR  The following examples will illustrate the preparation of the prepolymers,
      the thermosetting compositions and the thermoset resins of this invention.
      All parts and percentages are by weight unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  A polymerization vessel was charged with a mixture of 630 parts of
      meta-diethynylbenzene and 70 parts of para-diethynylbenzene dissolved in
      3077 parts of anhydrous benzene. The solution was sparged with nitrogen
      and heated to reflux temperature. There then was added to the refluxing
      solution in four approximately equal increments a catalyst mixture
      prepared by mixing 4.7 parts of nickel acetylacetonate and 9.3 parts of
      triphenylphosphine in 50 parts of anhydrous benzene. After addition of the
      initial increment, the others were separately added one, two and three
      hours later. The solution was held at reflux temperature for a total of
      six and one-quarter hours, at which time the monomer conversion was 85.5%.
      The prepolymer then was precipitated by adding the solution to seven times
      its volume of petroleum ether and the yellow powder, separated by
      filtration, amounted to 406 parts. The prepolymer contained 11.8%
      acetylene groups.
PAC  EXAMPLE 2
PAR  The prepolymer used in this example was prepared by repeating the
      polymerization reaction of Example 1 several times. Monomer conversion in
      these reactions was in the range of 85-89%. The reaction mixtures then
      were added to approximately six times their total volume of heptane, and
      the precipitated prepolymer was recovered by filtration.
PAR  Molding compositions were prepared from 72.0 parts of the prepolymer, 18.0
      parts of 1,4-diphenylbutadiyne as fluidizer and 10.0 parts of the
      designated phenol-aldehyde resin. The novolac and epoxy-modified novolac
      resins contained hexamethylene tetramine as the resin curing agent, the
      amount being approximately six to seven percent in the novolac resin. The
      components of each composition were dissolved in tetrahydrofuran, with
      thorough mixing, following which the tetrahydrofuran solvent was removed
      by evaporation using a rotary evaporator. The compositions then were
      ground, dried overnight at room temperature and finally dried for one hour
      at 55.degree.C. at 5 mm. pressure. A composition containing only the
      prepolymer and the 1,4-diphenylbutadiyne in the indicated amounts was
      prepared in the same way.
PAR  The resulting compositions, as well as the phenolaldehyde resins
      themselves, then were formed into disks 30 mils thick and one inch in
      diameter by compression molding in a fully positive disk mold at
      177.degree.C. for five minutes under 7000 p.s.i. pressure. The molded
      disks subsequently were cured at atmospheric pressure for 18 hours at
      200.degree.C. These disks then were heated in a forced air oven at
      230.degree.C. The time, in hours, at this temperature to give 5 and 10%
      weight loss of the cured resin products is tabulated in Table I.
TBL                Table I                                                     

     ______________________________________                                    

                      Time to 5%  Time to 10%                                  

     Composition      Weight Loss Weight Loss                                  

     ______________________________________                                    

     1.  Prepolymer-fluidizer                                                  

                          1700        2400                                     

     2.  Novolac (Durez 19187)                                                 

                           180         800                                     

     3.  Prepolymer-fluidizer-                                                 

                          1600        3300                                     

          novolac                                                              

     4.  Epoxy-modified novolac                                                

                           130         600                                     

     5.  Prepolymer-fluidizer-                                                 

                          1550        3000                                     

          epoxy-modified novolac                                               

     6.  Resole (Durez 11078)                                                  

                           460        1350                                     

     7.  Prepolymer-fluidizer-                                                 

                          1700        3400                                     

          resole                                                               

     ______________________________________                                    

PAL  It is apparent from the above data that, over extended periods of time, the
      presence of the phenol-aldehyde resin in compositions 3, 5 and 7 markedly
      improves the resistance of the prepolymerfluidizer composition (1) to
      oxidative weight loss.
PAR  In addition to the information given in Table I, it was observed that after
      1900 hours at 230.degree.C. each of the compositions (3, 5 and 7)
      containing a phenol-aldehyde resin showed no signs of cracking, indicating
      excellent thermal stability under oxidizing conditions. By way of
      contrast, the prepolymer-fluidizer composition (1) and each of the
      phenol-aldehyde resins themselves (2, 4 and 6) exhibited considerable
      cracking under the same conditions. It was further observed in obtaining
      the data set forth in Table I that the relationship between the weight
      loss values and the corresponding time values remained linear out to at
      least 10% weight loss for each of the compositions (3, 5 and 7) containing
      a phenol-aldehyde resin. On the other hand, such a straight line
      relationship did not exist in the case of the prepolymer-fluidizer
      composition (1) nor in the case of the phenol-aldehyde resins themselves
      (2, 4 and 6). These observations indicate that the phenol-aldehyde resins
      in the compositions containing them impart to the cured compositions an
      increased resistance to degradation on exposure to air at elevated
      temperatures.
PAC  EXAMPLE 3
PAR  Using the same components and following generally the procedure of Example
      2, molding compositions were prepared, compression molded and cured. The
      resulting disks then were heated in a forced air oven at 260.degree.C. The
      time, in hours, at this temperature to give 5 and 10% weight loss of the
      resin is given in Table II.
TBL                Table II                                                    

     ______________________________________                                    

                      Time to 5%  Time to 10%                                  

     Composition      Weight Loss Weight Loss                                  

     ______________________________________                                    

     1.  Prepolymer-fluidizer                                                  

                          340          550                                     

     2.  Novolac (Durez 19187)                                                 

                           50          200                                     

     3.  Prepolymer-fluidizer-                                                 

                          320          680                                     

          novolac                                                              

     4.  Epoxy-modified novolac                                                

                           60          300                                     

     5.  Prepolymer-fluidizer-                                                 

                          640         1300                                     

          epoxy-modified novolac                                               

     6.  Resole (Durez 11078)                                                  

                           50          240                                     

     7.  Prepolymer-fluidizer-                                                 

                          500         1000                                     

          resole                                                               

     ______________________________________                                    

PAL  It again is apparent, this time at an even higher temperature and at both 5
      and 10% weight loss levels, that the presence of the phenol-aldehyde resin
      in compositions 3, 5 and 7 generally improves to a great extent the
      resistance of the prepolymer-fluidizer composition (1) to oxidative weight
      loss. It also was again observed that there was a linear relationship
      between the weight loss values and the corresponding time values out to at
      least 10% weight loss for the compositions (3, 5 and 7) containing the
      phenol-aldehyde resins, and that this relationship was nonexistent for the
      prepolymer-fluidizer composition (1) and for the phenol-aldehyde resins
      themselves (2, 4 and 6).
PAC  EXAMPLE 4
PAR  Molding compositions were prepared by grinding together 68.0 parts of the
      prepolymer of Example 2, 17.0 parts of 1,4-diphenylbutadiyne, and 15.0
      parts of the novolac resin of Example 2 in the one case, and 15.0 parts of
      the resole resin of Example 2 in the other case.
PAR  These two compositions were then formed into disks 30 mils thick and cured
      as in Example 2. The resulting disks were heated in a forced air oven at
      260.degree.C. The times, in hours, at this temperature to give 5 and 10%
      weight loss of the resins were essentially identical to those times listed
      in Table II for the prepolymer-fluidizer-novolac and
      prepolymer-fluidizer-resole compositions. The same resistance to cracking
      described in Examples 2 and 3 was observed.
PAC  EXAMPLE 5
PAR  Using the same ingredients and following generally the procedure of Example
      2, molding compositions were prepared, compression molded and cured. Small
      sections with approximately equal surface areas were then taken from each
      molded disk and subjected to dynamic thermogravimetric analysis at a
      constant heating rate of 10.degree.C. per minute in an atmosphere of air
      to a final temperature of 700.degree.C. Such dynamic heating conditions
      provide temperatures which are representative of those encountered at the
      surface of resin-bonded bearings, grinding wheels and brake linings. The
      weight retention values for each resin composition are tabulated in Table
      III. The data in this table establish that the percentage weight retention
      values for the prepolymer-fluidizerphenolic blends are consistently higher
      than would have been predicted from the linearly additive performance of
      the blend components. For example at 650.degree.C., the expected weight
      retention for composition (4a) would be 29% whereas the observed value was
      45%. This synergistic effect was entirely unexpected.
TBL                                    Table III                               

     __________________________________________________________________________

                              Weight     Weight     Weight     Weight          

                     Weight %                                                  

                          Temp.                                                

                              Retention                                        

                                     Temp.                                     

                                         Retention                             

                                                Temp.                          

                                                    Retention                  

                                                           Temp.               

                                                               Retention       

     Composition     Phenolic                                                  

                          .degree.C.                                           

                              (%)    .degree.C.                                

                                         (%)    .degree.C.                     

                                                    (%)    .degree.C.          

                                                               (%)             

     __________________________________________________________________________

     1. Prepolymer-fluidizer                                                   

                      0   500 94.3   600 55-60  650 31-39  700 14-23           

     2a.                                                                       

        Resole phenolic                                                        

                     100  500 79.5   600 54     650 23     700  2              

     3a.                                                                       

        Prepolymer-fluidizer                                                   

         and resole phenolic                                                   

                      10  500 95.0   600 78     650 59     700 40              

     4a.                                                                       

        Prepolymer-fluidizer                                                   

         and resole phenolic                                                   

                      50  500 89.5   600 71     650 45     700 19              

     2b.                                                                       

        Epoxy novolac                                                          

                     100  500 80.0   600 59     650 34     700  8              

     3b.                                                                       

        Prepolymer-fluidizer                                                   

         and epoxy novolac                                                     

                      10  500 95.5   600 76     650 51     700 34              

     4b.                                                                       

        Prepolymer-fluidizer                                                   

         and epoxy novolac                                                     

                      50  500 88     600 69     650 42     700 16              

     2c.                                                                       

        Novolac Phenolic                                                       

                     100  500 81.5   600 27     650  2     700  2              

     3c.                                                                       

        Prepolymer-fluidizer                                                   

         and novolac phenolic                                                  

                      25  500 93.0   600 70     650 39     700  2              

     4c.                                                                       

        Prepolymer-fluidizer                                                   

         and novolac phenolic                                                  

                      50  500 90.5   600 60     650 26     700  2              

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  Molding compositions were prepared by dissolving only the prepolymer (no
      fluidizer) and the resole phenolic resin of Example 2 in tetrahydrofuran
      as the solvent, then precipitating the compositions by addition of water
      to the solvent solutions. Following precipitation, the molding
      compositions were dried, compression molding and cured as in Example 2.
      The prepolymer and the resole resin themselves were individually molded
      and cured. Sections of the molded disks were subjected to dynamic
      thermogravimetric analysis in air, as described in Example 5. The weight
      retention values for each resin composition are given in Table IV, and
      once again the values obtained for the blends were higher than would have
      been predicted from the linearly additive performance of the individual
      components.
TBL                                    Table IV                                

     __________________________________________________________________________

                                Weight    Weight    Weight    Weight           

                       Weight %                                                

                            Temp.                                              

                                Retention                                      

                                      Temp.                                    

                                          Retention                            

                                                Temp.                          

                                                    Retention                  

                                                          Temp.                

                                                              Retention        

     Composition       Phenolic                                                

                            .degree.C.                                         

                                (%)   .degree.C.                               

                                          (%)   .degree.C.                     

                                                    (%)   .degree.C.           

                                                              (%)              

     __________________________________________________________________________

     1.  Prepolymer (unfluidized)                                              

                        0   500 95    600 42    650 22    700 10               

     2a. Resole phenolic                                                       

                       100  500 80    600 54    650 22    700  2               

     3a. Prepolymer (unfluidized)                                              

          and resole phenolic                                                  

                        20  500 94    600 79    650 63    700 45               

     4a. Prepolymer (unfluidized)                                              

          and resole phenolic                                                  

                        50  500 92    600 76    650 55    700 30               

     __________________________________________________________________________

PAC  EXAMPLE 7
PAR  Following generally the procedures of Example 2, cured products
      corresponding to compositions (1), (6) and (7) of that example were
      prepared in the form of disks which were four inches in diameter and
      approximately one-fourth of an inch thick. The molded disks were cured by
      heating them at atmospheric pressure over a period of about 24 hours to a
      final temperature of 200.degree.C.
PAR  The cured disks were conditioned at 72.+-.2.degree.F. and 50.+-.2% relative
      humidity and then subjected to a standard abrasion test (Taber abrasion,
      ASTM D 1044) using a CS-17 wheel and a 1000-gram load. The tests were
      carried out to a sufficient number of cycles to establish, as nearly as
      possible, a linear weight loss rate. The data obtained are tabulated in
      Table V.
TBL                Table V                                                     

     ______________________________________                                    

                        Relative Linear                                        

             Composition                                                       

                        Weight Loss Rate                                       

     ______________________________________                                    

     1.      Prepolymer-fluidizer                                              

                            0.15                                               

     2.      Resole         1.0                                                

     3.      Prepolymer-fluidizer                                              

              and resole (10%)                                                 

                            0.13                                               

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  Following the procedure of Example 2, thermosetting compositions
      corresponding to compositions (1), (3) (5) and (7) of that example were
      prepared. Each composition, dissolved in methyl ethyl ketone as the
      solvent, was applied from solution onto the last half inch of the planar
      surface on one side of each of two aluminum (6061 T4) strips one inch in
      width and four inches in length. These strips had previously been
      degreased in trichloroethylene vapor, etched in chromic acid and dried.
      After evaporation of the solvent from the coated areas of the strips, the
      strips were joined by overlapping them at the coated areas, applying 50 to
      100 p.s.i. pressure at the point of overlap and heating the assembly to
      170.degree.C. The bonded strips were then heated for one-half hour to a
      final temperature of 250.degree.C. to cure the layer of composition acting
      to bond the strips to each other. The bonded specimens were then tested in
      tension according to the method of ASTM D 1002. The lap shear strengths
      provided by the various resin compositions are shown in Table VI.
TBL                Table VI                                                    

     ______________________________________                                    

                      Lap Shear Specimen                                       

                      Strength  Failure                                        

                      (lbs./inch)                                              

                                Mode                                           

     ______________________________________                                    

     1.     Prepolymer-fluidizer                                               

                            nil         adhesive                               

     2.     Prepolymer-fluidizer                                               

             and novolac (25%)                                                 

                            450         cohesive                               

     3.     Prepolymer-fluidizer                                               

             and epoxy-modified                                                

             novolac (25%)  800         cohesive                               

     4.     Prepolymer-fluidizer                                               

             and resole (10%)                                                  

                            360         cohesive                               

                (25%)   450         cohesive                                   

     ______________________________________                                    

CLMS
STM  What I claim and desire to protect by Letters Patent is:
NUM  1.
PAR  1. A thermosetting composition comprising from about 10 to about 50% by
      weight of a phenol-aldehyde resin and from about 50 to about 90% by weight
      of a polymer composition comprising a prepolymer of at least one
      polyacetylenically substituted aromatic compound, said prepolymer having a
      number average molecular weight of from about 900 to about 12,000, a ratio
      of aromatic protons to olefinic protons greater than about 2.4 and
      containing from about 5 to about 20% terminal acetylenic groups by weight
      of the prepolymer.
NUM  2.
PAR  2. The composition of claim 1 wherein the prepolymer comprises a polymer of
      a diethynylbenzene.
NUM  3.
PAR  3. The composition of claim 2 wherein the polymer of a diethynylbenzene is
      a copolymer of a diethynylbenzene and phenylacetylene.
NUM  4.
PAR  4. The composition of claim 1 wherein the polymer composition additionally
      comprises, as a fluidizer for the prepolymer, from about 2 to about 70%,
      by weight of the prepolymer, of a monomeric acetylenically substituted
      aromatic compound having a melting point below about 185.degree.C. and a
      boiling point above about 250.degree.C.
NUM  5.
PAR  5. The composition of claim 4 wherein the fluidizer is diphenylbutadiyne.
NUM  6.
PAR  6. The composition of claim 4 wherein the fluidizer is diphenylacetylene.
NUM  7.
PAR  7. The composition of claim 1 wherein the phenolaldehyde resin is a novolac
      resin.
NUM  8.
PAR  8. The composition of claim 1 wherein the phenolaldehyde resin is a resole
      resin.
NUM  9.
PAR  9. The composition of claim 1 wherein the phenolaldehyde resin is an
      epoxy-modified novolac resin.
NUM  10.
PAR  10. The composition of claim 1 wherein the amount of phenol-aldehyde resin
      is from about 10 to about 25% by weight.
NUM  11.
PAR  11. A thermoset resin obtained by heat curing the composition of claim 1.
NUM  12.
PAR  12. The process of preparing a thermoset resin essentially free of
      aliphatic unsaturation which comprises
PA1  1. in a first stage (A) preparing a polymer composition by polymerizing at
      least one polyacetylenically substituted aromatic compound by heating said
      compound with an aromatization catalyst in an inert organic diluent to a
      temperature of from about 55.degree. to about 250.degree.C. until from
      about 30 to about 90% of said compound has been converted to polymer, (B)
      separating the polymer composition from the polymerization reaction
      mixture, and
PA1  2. in a second stage, (A) combining said polymer composition with a
      phenol-aldehyde resin, the amount of said resin in the resulting
      thermosetting composition being from about 10 to about 50% by weight, and
      (B) heating the thermosetting composition to a temperature of from about
      100.degree. to about 300.degree.C.
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ABST
PAL  The addition to filled thermoplastic resin systems of small amounts of
      fibrous material, of aspect ratio at least about 10 times the aspect ratio
      of the filler, facilitates dispersion and processing of these filled
      compositions into shaped articles and gives a product exhibiting superior
      surface properties.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improvement in the processing of filled
      thermoplastic resins into shaped articles by the addition of a dispersion
      aid in the form of small amounts of fibrous materials having an aspect
      ratio at least about 10 times that of the filler.
PAR  The addition to molding compositions of quantities of up to about 80%
      particulate fillers is known in the thermoplastic art. The use of these
      fillers offers many advantages such as improved stiffness, thermal and
      dimensional stability, or improved mechanical properties, and includes as
      well the benefit from diluting the polymer to produce a more economical
      product. However, when amounts of filler in excess of about 15% are
      employed, difficulties in processing techniques arise. According to the
      amount of filler present, it becomes increasingly difficult to thoroughly
      disperse the filler as well as to feed or extrude it, and excessively high
      power requirements are often necessary to effect processing. In many
      applications where relatively high amounts of filler are used, it may be
      necessary to process mixtures more than once to obtain suitable
      homogeneity, e.g., in order to produce a mixture containing greater than
      about 50% filler using conventional techniques, it is often necessary to
      first combine all the resin with half the filler, extrude or otherwise
      process this mixture and then add the remaining filler and reprocess the
      mixture to effect proper dispersion. Not only is this process awkward and
      time consuming, but it requires a large amount of extra mixing equipment.
PAR  Alternatively, expensive processing equipment such as continuous Banbury
      mixers, etc., may be used. The use of screw extruders with very high
      compression ratios to blend highly filled mixtures, causes significant
      wear on the extruder and the products often contain deleterious amounts of
      material from the screw and barrel. During processing, undispersed
      material may accumulate in dead spots in the equipment, e.g., behind the
      breaker plates, etc. The undispersed particles may also accumulate in the
      screen area of the equipment causing clogging of the screens which will
      slow down or completely stop processing operations and may result in a
      poorer quality product. In some cases, water is added to help densify and
      disperse the mixtures, but this procedure is not always effective and it
      is necessary to remove the water after dispersion has been completed; in
      addition, some polymers are sensitive to moisture e.g., polyamide and
      polyesters, and can hydrolytically degrade in the presence of moisture at
      elevated temperatures.
PAR  It is also difficult to feed such highly filled thermoplastic compositions
      in the hopper and much physical manipulation is usually required to
      prevent bridging of the feed stock. The uneven feeding in the hopper also
      leads to uneven filling of the screw flights thereby causing surging at
      the outlet of the extruder.
PAR  Moreover, because of the difficulty of obtaining good mixing, the quality,
      uniformity and homogeneity of the product resulting from compounding of
      these highly filled systems is often very poor. Thus, the products formed
      therefrom often exhibit poor surface and mechanical properties
      characterized in part by agglomerated clumps of filler and the presence of
      voids.
PAR  The use of long glass fibers in quantities of about 10% or greater is known
      to reinforce filled and/or unfilled thermoplastic compositions as
      described in U.S. Pat. Nos. 3,419,517, 3,639,331 and 3,503,919 as well as
      in our copending application Ser. No. 327,284, filed Jan. 29, 1973. The
      reinforced thermoplastic thus produced using long glass fibers are usually
      in sheet form and are adapted for use only in molding apparatus since the
      reinforcing advantages of these long fibers are lost during any melt
      processing techniques due to fiber breakup. It is also possible to use
      short glass fibers as fillers but when used in large amounts, the
      economical advantages inherent in the use of fillers as dilutants are
      lost.
PAR  The addition of small amounts of fibrous reinforcement is also known in the
      art, however, it has been found that such amounts often lower the
      mechanical strength of the composites. This is because fibrous
      reinforcement must be present in at least a certain critical minimum
      amount to be able to function as a load-bearing agent and at
      concentrations below this amount, fibers often stiffen the matrix without
      strengthening it. The "critical" or minimum loading level below which no
      strengthening is achieved is on the order of about 6 to 15% by total
      weight of the composites.
PAR  There is thus a need for an economical improved filled thermoplastic
      composition adaptable to easier melt processing and which will provide a
      filled thermoplastic product which can be extruded to produce articles
      possessing superior homogeneity, quality and uniformity.
PAR  There is also a need for a method for thoroughly dispersing large
      quantities of filler in thermoplastic compositions in a one-step
      processing operation.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the procedure of the present invention, the
      processability of highly filled thermoplastic compositions, which can be
      formed under heat and pressure and which have at least 15% by weight
      filler, is improved by combining the polymer, filler and a dispersion
      effecting material consisting essentially of 0.5 to 15%, preferably 1 to
      5% by weight, fibrous material having an aspect ratio at least about 10
      times the aspect ratio of the filler and intimately blending the resultant
      mixture.
PAR  We have found that the addition to highly filled thermoplastic of these
      small amounts of fiber markedly facilitates dispersion of the filler in
      the thermoplastic compositions, removes the difficulties associated with
      additional melt processing, facilitates handling and feeding of the "dry
      blend" in hoppers, conveyors, etc., prevents bridging in the hopper and
      also causes less strain on the conventional mixing and extruding
      equipment.
PAR  The fibrous dispersion aid is usually added in amounts 0.5 to 10% by weight
      of the entire composition. Amounts of up to about 15% may be used but the
      advantage would be offset by cost; thus for reasons of economy, an amount
      of less than 10%, preferably about 1 to 5% is preferred.
PAR  Another advantage to the incorporation of small amounts of the dispersion
      effecting fiber within the filled thermoplastic in addition to providing
      greater homogeneity and uniformity, is that since the fibers help densify
      the product, the final product will thereby be more homogeneous and will
      contain less voids and then a comparable filled thermoplastic which does
      not contain the fibrous dispersion aid. Although the average size range of
      the particles used as fillers varies from about 0.5 to 10 u or higher, the
      actual sizes may vary from about 0 to about 300 u. We have found that the
      addition of these small quantities of the dispersion effecting fiber
      facilitates breakup of the larger filler particles. This filler breakup is
      apparent in photomicrographs or by visual inspection of filler
      thermoplastic compositions before and after the addition of the small
      quantities of fiber as disclosed herein.
PAR  Moreover, the addition of this small amount of dispersion fiber also helps
      to process the composite material in standard thermoplastic processing
      equipment such as extruders, injection molders and the like, which would
      be used previously at best only with difficulty. Additionally, the
      dispersion fiber is beneficial in that it naturally helps in the handling
      and feeding of the composite mixtures, prevents bridging and hold-up in
      hoppers, feedscrews, bins, etc., and avoids strong wear on the processing
      equipment.
PAR  The process of the present invention is also useful for producing superior
      quality reinforced filled thermoplastic compositions. According to this
      aspect of the invention, a premix containing resin and filler is added to
      the extruder through a first inlet together with a small amount of long
      fibrous material. The long fibers function as dispersion effecting agents
      to thoroughly blend the filler and resin in the extruder. After the
      blending is completed, a reinforcing quantity of glass fibers are
      introduced through a second inlet located downstream in the extruder.
      Since there is no contact between fiber and unwetted filler and a short
      residence period for the glass fiber in the extruder, there is less
      breakage of the glass fibers than would be required to thoroughly blend,
      using conventional processes, a reinforced, filled composition and hence a
      superior quality, reinforced product is obtained.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the procedure of this invention, small amounts of fibers
      usually in amounts of 0.5-15%, preferably 1-5% by weight of the total
      mixture may be employed. The amount and size of the dispersion effecting
      fiber for a particular composition employed is closely related to the
      particulate matter used in the filled composition. Fibers in amounts of
      0.7-18% by weight of the filler are utilized; additionally, the aspect
      ratio of the fiber, defined as the length divided by the diameter (l/d),
      must be at least about 10 times the aspect ratio of the particulate
      filler. The fiber may comprise one of various materials possessing a
      modulus of at least 5 .times. 105 psi at the processing temperature of the
      thermoplastic. Such fibrous materials include glass or ceramic fiber,
      metal fibers such as steel, aluminum, copper, etc., whiskers such as
      boron, sapphire, etc., asbestos fibers, carbon fibers or synthetic fibers
      such as polyamide fibers.
PAR  It is significant to note that, in the practice of this invention that the
      dispersion effecting fibers do not serve as reinforcing agents and
      therefore the addition of these small quantities of fibrous material is to
      be distinguished from the addition of fibers as reinforcing agents as
      discussed previously. In order to provide any reinforcing advantages, it
      is necessary to use at least about 6-10% and more practically 20-30%, of
      minimum length about 1/8 inch. Moreover, when fibers are added for
      reinforcement, they are usually coated with coupling or sizing agents to
      facilitate bonding of the fiber to the resin matrix. In contradistinction
      thereto, the fibers used as dispersion aids in the manner of the present
      invention are preferably not bound to the matrix but are permitted to move
      freely therein. Furthermore, the addition of these small quantities of
      fibers will not deleteriously affect any important mechanical property of
      the composite.
PAR  The fibers can be added with the dry thermoplastic pellets and fillers and
      then processed. The fibers may also be fed into the mixing extruder or
      compounder at the feed throat, at a vent or at any similar opening.
      Optionally, thermoplastic pellets already containing glass fiber
      reinforcement could be added to the polymeric mixture in amounts such that
      the final product contains 0.5-15% long glass fiber as dispersing aid.
PAR  Adjuvants such as thixotropic agents, pH adjusters, pigments, release
      agents, flame retardants, heat and light stabilizers, etc. may be added to
      the composition in amounts less than about 1-2% of the inorganic material.
      However, it should be noted that when the fibrous dispersion aids of the
      present invention are utilized, the amounts of other additives normally
      considered necessary to aid processing (e.g., lubricants, anti-static
      agents, protective films, etc.) can be either decreased or often
      eliminated.
PAR  While previously it was usually necessary to add the resin and filler in
      powder form so as to produce highly filled thermoplastic systems, in
      accordance with the method of this invention, because of the very
      pronounced mixing aid afforded by the dispersion effecting fiber, chips or
      pellets may also be used and thorough dispersion to insure a homogeneous,
      uniform product will be assured.
PAR  Suitable thermoplastic materials may be present in amounts of about 15-80%
      by weight and may comprise a wide range of polymeric compositions.
      Included, for example, are olefinic polymers such as polyethylene,
      polypropylene, and copolymers and terpolymers thereof, e.g., copolymers of
      ethyl acrylate, vinyl polymers comprising one or more of the following
      monomers: vinyl aryls such as styrene, o-phenylstyrene, m-phenylstyrene,
      p-phenylstyrene, o-methylstyrene, m-methylstyrene, p-methylstyrene,
      o-methoxystyrene, m-methoxystyrene, p-methoxystyrene, o-nitrostyrene,
      m-nitrostyrene, p-nitrostyrene, and the like, vinyl and vinylidene
      halides, such as vinyl chloride, vinylidene chloride, vinylidene bromide
      and the like; vinylsters such as vinyl acetate, vinyl propionate, vinyl
      butyrate, vinyl chloroacetate, vinyl benzoate, and the like;
      polycarbonates, cellulosics such as cellulose acetate, cellulose
      triacetate, cellulose acetate butyrate, cellulose proprionate, ethyl
      cellulose, and the like; polyamides such as nylon 6, 6 nylon 6, nylon 6,
      10, poly-m-xylylene adipamide, polyhexamethylene terephthalamide, and the
      like; polyesters such as polyethylene terephthalate, polyethylene
      isophthalate, poly(ethylene-2, 7-naphthamate), polybutylene terephthalate,
      various copolymers thereof, and the like, chlorinated polyethylene or
      chlorinated polyvinyl chloride; polyfluorocarbons such as
      polytetrafluorethylene, polytrifluorochloroethylene, and various
      copolymers and terpolymers thereof, as for example copolymers of
      vinylidene fluoride and trifluorochloroethylene, and the like.
PAR  Other thermoplastic polymers which can be utilized include polysulfone
      resins, polyacetal resin, halogenated olefins, and phenoxy resins. Also
      included in the term thermoplastic polymers are blends of two or more
      polymeric materials. Illustrative of such blends are
      polyethylene/polypropylene, ethyleneacrylic acid-vinyl acetate
      terpolymers, and the like. The term also includes the metallic salts of
      those polymers or blends thereof, which contain free carboxylic acid
      groups, examples of such polymers include ethyleneacrylic acid polymers
      and ethylenemethacrylic acid polymer. Illustrative of the metals which may
      be used to provide the salts of such carboxylic acid polymers are 1, 2 and
      3 valent metals such as sodium, calcium, and aluminum.
PAR  the fillers used herein in conjunction with the fibrous dispersion aid in
      amounts of about 15-80% by weight, preferably 25-50%, may be selected from
      a wide variety of minerals, metals, metal oxides, siliceous materials,
      metal salts, and mixtures thereof. Examples of fillers included in these
      categories are alumina, aluminum hydrates, feldspar, asbestos, talc,
      calcium carbonates, clay, carbon black, quartz, novaculite, various
      polymorphs of silica, kaolinite, bentonite, garnet, saponite, calcium
      oxide, calcium hydroxide, mica, etc. The total amount of filler present in
      the mixture may also contain 0-50%, preferably 15-40% by weight of the
      total mixture, glass filler which may be added to the wetted filled
      mixture prior to shaping as previously described. The fillers may be
      coated with sizing agents coupling agents, adhesion promoters, wetting
      agents, and the like, as are known to those skilled in the art.
PAR  In many cases, a plate-like or acicular filler may have a relatively large
      aspect ratio of its own, even in this case, the fibrous dispersion aid
      must still possess an aspect ratio at least about 10 times that of the
      filler.
PAR  While every thermoplastic resin may possess one or more generic variety of
      filler which works best with that particular resin, the teachings set
      forth herein will apply regardless of which filler-resin combination is
      selected. It will be understood however, that the quality of the finished
      product will depend upon the filler chosen for use with each particular
      resin.
PAR  Any suitable commercial mixing apparatus may be employed to thoroughly
      blend the filled system. The time required for thorough mixing is variable
      but is generally in the order of 1 to 5 minutes. If the mixing time is too
      short, satisfactory blending will not be achieved; if the mixing time is
      too long, the glass fibers will break up and undesired clumps of filled
      resin will appear.
PAR  The resultant composition is a highly filled thermoplastic with mechanical
      properties superior to those possessed by previous highly filled
      compositions in which the filler was not so thoroughly dispersed.
      Moreover, the resultant filled composition will remain in a uniformly
      dispersed relationship throughout storage of the mixture and during any
      handling or molding required to produce a product from the composition.
      Such compositions can therefore be processed in any low or high shear
      equipment as required for the desired final product which might be floor
      tiles, conductive polymers (with metal or carbon fillers), enchanced
      temperature or moisture resistant engineering compositions useful as
      gears, bearings, and the like, etc. Optionally, the resultant compositions
      might be subsequently reinforced, using low-shear methods, with long glass
      fibers to form a laminate comprising at least one layer of the filled
      thermoplastic composition of the invention and at least one layer glass
      mat formed of fiber lengths 1.5 inches or greater. Such laminates and
      methods for the shaping thereof are disclosed in U.S. Pat. Nos. 3,664,909
      and 3,713,962 as well as in our co-pending application Ser. No. 327,284,
      filed Jan. 29, 1973 and U.S. Ser. No. 293,975 filed Oct. 2, 1972.
PAR  Alternatively, a filler premix comprising approximately 82-99.3% filler and
      0.7-18% dispersion effecting fibrous material could be prepared and any
      suitable thermoplastic polymer could be subsequently added thereto.
PAR  While we do not intend to confine our invention to any particular theory,
      the following description is presented to further clarify the invention.
      The particular mechanism by which the dispersion effecting fibers act to
      increase or improve the homogeneous dispersion of filler and
      processability of the mixture is not entirely understood. However, it may
      be hypothesized that the short fibers in effect act as small "stirring
      rods" inside the extruder or during dry blending operations and hence may
      break-up and disperse agglomerations of filler particles. Another
      mechanism which may occur is the orientation of fibers in the processing
      meachines, i.e., injection molders, extruders, etc. This orientation would
      thereby aid in achieving better mixing or dispersion. The ultimate effect
      of the improved dispersion and processability is a consequential superior
      homogeneity resulting in a substantial improvement in the surface
      properties of the final products.
PAR  The invention is illustrated by the following examples.
PAC  EXAMPLE I (COMPARATIVE)
PAR  A blend of 50% kaolin of average particle size 4 u was blended with nylon-6
      pellets of average size 1/8 .times. 1/8 .times. 1/16 inch to yield a 50-50
      mixture (by weight) of nylon and kaolin. This blend was dried in a vacuum
      oven at 100.degree.C prior to extrusion.
PAR  The blend was fed to the hopper of a 1 inch "MPM" laboratory extruder
      equipped with a 3:1 compression ratio, 20:1 L/D single stage screw. Such a
      screw specification is often considered "standard" for many extruders.
      Thirty pounds of the 50--50 mixture was dumped into the feed hopper of the
      extruder. The extruder temperature was set at approximately
      550.degree.-600.degree.F. along the entire length of the barrel and die.
      The die was a sheet die 6 inch wide with a 0.035 inch gap.
PAR  Physical manipulation was required to break up bridging in the hopper.
      Moreover, extrusion of this mixture was extremely difficult and varying
      amounts of power were required to operate the extruder as indicated by the
      surging recorded on an ammeter connected to the extruding system. When the
      operation was completed the extruder was disassembled and the flights of
      the screw were found to be coated with undispersed and unwetted kaolin.
      Additionally, agglomerated clumps of undispersed filler up to 1/4 inch
      (approx.) in diameter were noted in the extruded sheet. Variation in all
      extruder process conditions (i.e., screw, RPM, barrel temperature, die
      gap) did not improve the dispersion.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated using the same materials named
      except that glass fibers of initial length 1/8 inch (0.125 inch) were
      added to the nylon 6-kaolin mixture as dispersion promoter so that the
      final composition was 50% kaolin, 47% nylon-6 and 3% glass fibers giving a
      total amount of inorganic material of 53% of the total mixture.
PAR  The extrusion process of Example 1 was repeated. No difficulties were
      encountered in the processing and the extrudate was now very uniform in
      appearance with no regions of undispersed material or voids observable.
      When the extruder was disassembled, it was observed that the screw flights
      were coated with a uniform kaolin-resin dispersion.
PAC  EXAMPLE 3
PAR  The extruded composition of Example 2 was cut into sections one foot
      square. The cut sections were placed on either side of a continuous random
      glass mat material weighing approximately 1.5 oz ft.sup.2. The glass mat
      consisted of strands containing approximately 40 filaments/strand, each
      filament being of 0.0004 inch diameter.
PAR  The tri-layer laminate was compression molded between the platens of a
      compression molding press at 100 psi and at a platen temperature of
      270.degree.C. in an infrared oven and stamped at 800 psi for 10 seconds in
      a deep drawing press which had a polished still die-set, maintained at
      140.degree.C., to produce 5 inch diameter cylindrical cups of excellent
      surface quality.
PAC  EXAMPLE 4
PAR  The composition of Example 2 was similarly blended and then fed into a
      Battenfeld 3 oz. capacity 75 ton injection molding machine. No
      difficulties were encountered during the injection molding operation and
      the resulting product had a homogeneous cross section and a superior
      uniform appearance with no observable voids.
PAC  EXAMPLES 5-7
PAR  The procedure of Example 2 was repeated in Examples 5, 6 and 7 varying the
      amounts of fibrous dispersion aid in each example. The results were
      presented in Table 1.
TBL                TABLE 1                                                     

     ______________________________________                                    

     %Kaolin %Nylon    %Fiber    Results                                       

     ______________________________________                                    

     50%     45        5         as in Ex. 2                                   

     50%     49        1         as in Ex. 2                                   

     50%     49.5      0.5       some undispered filler                        

                                 agglomeration evident                         

                                 (not as much as in                            

                                 Ex. 1)                                        

     ______________________________________                                    

PAL  Properties were measured on the material of Examples 5-7 and on a 50--50
      nylon-kaolin control prepared by "double-extrusion" techniques. All
      properties were essentially identical indicating that the presence of
      these small quantities of fibers do not significantly affect mechanical
      properties.
PAC  EXAMPLES 8-12
PAR  The procedure of Examples 1-7 was repeated, except that a 21/2 inch "HPM"
      (Prodex) extruder was used. A sheet die 24 inch wide was used. Results
      were the same as in Examples 1-7.
PAC  EXAMPLES 13-17
PAR  The procedure of Examples 1-7 were repeated, except that a 41/2 HPM
      (Prodex) extruder with die size 24 inch wide was used. Results were the
      same as Examples 1-7.
PAC  EXAMPLES 18-20
PAR  The procedure of Example 2 was repeated using varying ingredients and
      proportions as shown in Table II.
TBL  __________________________________________________________________________

     FILLER        RESIN      FIBER                                            

     __________________________________________________________________________

     30% silica (4.mu.)                                                        

                   68% polybutylene                                            

                              2% alumina whiskers                              

                    terephthalate                                              

                              (200:1)                                          

     66% CaCo.sub.3 (14.mu.)                                                   

                   30% polyethylene                                            

                              4% glass (300:1)                                 

     25% talc and  52% vinyl acetate                                           

                              3% silicon carbide fiber                         

                              of aspect ratio 700:1                            

     20% carbon black (0.05.mu.)                                               

     __________________________________________________________________________

PAL  Superior results were obtained as in Example 2.
PAC  EXAMPLE 21
PAR  The procedure of Example 2 was repeated using a mixture of 40%
      polypropylene, 58% kaolin which had been coated with stearic acid and
      Union Carbide A1100 aminosilane (1/2% by weight of kaolin of each
      component) and 2% glass fibers of length 1/20 inch. Results were similar
      to those in Example 2.
PAC  EXAMPLE 22
PAR  A high impact strength reinforced filled extruded product was prepared
      using the following technique. Approximately equal amounts nylon 66 and
      kaolin (4u) were introduced into the first inlet of a double vented
      extruder together with 3% by weight of the total mixture glass fiber
      dispersion promoter of length 1/8 inch. After thorough blending of these
      materials in the extruder, approximately 20% by weight glass fiber of
      average length 1/8 inch were introduced into the second inlet. This
      tricomponent blend was extruded through a strand die and pelletized. The
      final composition contained approximately 23% by weight glass fiber, of
      which approximately 3% glass fiber functioned as dispersion producing
      agents and facilitated processing in accordance with the present
      invention. The length of the remaining 20% glass fiber was still above the
      critical length necessary for reinforcement thereby providing a product
      characterized by superior impact strength.
PAC  EXAMPLE 23 (COMPARATIVE)
PAR  In order to illustrate the necessity of utilizing a fiber of aspect ratio
      at least about ten times that of the filler. Example 2 was repeated with
      the following exceptions. Milled glass fibers of length about 0.003 in.
      were prepared by selective screening and were used in amounts of 3% by
      weight as dispersion promoters in a 50--50 mixture of nylon 6 and kaolin
      (10 u average). Difficulties were encountered similar to those which
      occurred during the processing of the mixture of Example 1 which contained
      no glass fiber and the final product was of comparable inferior quality.
PAC  EXAMPLE 24
PAR  A filler premix was prepared by intimately blending a mixture of 97%
      CaCO.sub.3 of size 14 u and 3% glass fiber of aspect ratio 300:1. The
      mixture was stored and subsequently combined with polytetrafluoroethylene
      in an amount such that the final composition contained 75% filler premix
      and 25% polymer. The mixture was thoroughly blended and shaped into
      pellets using injection molding equipment.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for improving the processability of highly filled thermoplastic
      compositions, which are formable under heat and pressure and which have 25
      to 50% by weight filler, comprising the steps of:
PA1  a. combining the thermoplastic polymer, filler and a dispersion material
      consisting essentially of 0.5 to 15% fibrous material having an aspect
      ratio at least about 10 times the aspect ratio of the filler said fibrous
      material being of sufficient length before blending such that its length
      after blending is less than about 1/8 inch; and
PA1  b. intimately blending the resultant mixture.
NUM  2.
PAR  2. The method of claim 1 wherein the fibrous material is added in amounts
      of 1-5%.
NUM  3.
PAR  3. The method of claim 1 wherein the fibrous material is glass fiber.
NUM  4.
PAR  4. The method of claim 1 wherein the fibrous material is alumina whisker.
NUM  5.
PAR  5. The method of claim 1 wherein the fibrous material is a synthetic
      polymeric material.
NUM  6.
PAR  6. The method of claim 1 wherein the mixture is blended in an extruder.
NUM  7.
PAR  7. The method of claim 1 wherein the mixture is blended in an injection
      molding machine.
NUM  8.
PAR  8. Filled thermoplastic molding compositions possessing improved
      processability comprising 15-80% by weight of the total mixture
      thermoplastic polymer, 25-50% filler and, as a dispersion effecting aid,
      0.5-15% fibrous material having an aspect ratio at least about 10 times
      the aspect ratio of the filler and having a length of less than about 1/8
      inch.
NUM  9.
PAR  9. The composition of claim 8 wherein the fibrous material is present in an
      amount of 1-5% by weight of the total mixture.
NUM  10.
PAR  10. The filled thermoplastic composition of claim 9 wherein the fibrous
      material is present in an amount of 0.7-18% by weight of the filler.
NUM  11.
PAR  11. The filled thermoplastic composition of claim 8 wherein the fibrous
      material and/or filler are coated with processing agents in amounts less
      than 2% of the total inorganic material.
NUM  12.
PAR  12. The compositions of claim 8 wherein the filler contains 15-40% glass
      fibers.
NUM  13.
PAR  13. A homogeneous, uniformed quality product prepared by shaping the
      composition of claim 8 in an extruder.
NUM  14.
PAR  14. A homogeneous, uniformed quality product prepared by shaping the
      composition of claim 8 in an injection molding machine.
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PAL  A fire retardant thermosetting resin composition containing tricalcium
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BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a fire retardant thermosetting resin composition
      containing tricalcium aluminate hexahydrate as a filler which renders the
      thermosetting resin composition fire retardant.
PAR  2. Description of the Prior Art
PAR  It is extremely important to render resins used in construction materials
      fire retardant from the viewpoint of fire prevention and protection of
      human life, and such fire retardant resins have also been greatly needed
      in the fields pf packing materials, furniture, toys, electric utensils and
      transport vehicles. Many prior art studies and inventions concerning such
      fire retardant resins have been made, but recently improvements therein
      have been earnestly needed.
PAR  It is known that the addition of antimony trioxide is effective for
      rendering plastics or rubber fire retardant, and antimony trioxide has
      often been used for this purpose by incorporation with halogenated resins
      together with clay. However, the use of antimony trioxide has not been
      satisfactory because of the high cost and toxicity thereof, and in
      addition, sufficient fire retardancy has not been obtained. In order to
      overcome these defects, inorganic fillers containing water of
      crystallization have been recently utilized, which dehydrate in the
      vicinity of the decomposition temperature of plastics to control
      temperature elevation and to accelerate carbonization.
PAR  Research has clarified the compatibility of aluminum hydroxide with plastic
      materials, and C-331 and Hydral 710 (trade names of the Allied Chemical
      Corporation have been used for this purpose as has been reported by W. J.
      Connolly and A. M. Thornten, 20Th SPI Sec. 11B(1965). Other used aluminum
      hydroxides include Higilite (trade name) which is sold commercially by
      Showa Denko K.K. in Japan. Particles of this aluminum hydroxide are shaped
      in hexagonal plate form, they contain 35% by weight of water of
      crystallization, and the dehydration temperature thereof is about
      200.degree. to 300.degree.C.
PAR  The following citations describe some of the representative related prior
      art inventions: Japanese Patent Publication No. 263/70 discloses the use
      of a mixture of aluminum hydroxide and an organic halide, Japanese Patent
      Publication No. 3962/68 teaches the addition of an inorganic filler
      containing chemically bound water to an ester containing polymer, and
      Japanese Patent Publication No. 10535/72 also teaches the addition of an
      inorganic filler to an epoxy resin. In addition for the purpose of
      improving the tracking resistance of insulators magnesium hydroxide has
      been added to thermosetting resins (Japanese Patent Publication No.
      16236/63), and lithium hydroxide has been added to vinyl chloride
      (Japanese Patent Publication No. 25766/67). Japanese Patent Publication
      No. 22577/71 discloses the incorporation of an adsorbent containing
      adsorbed water in thermoplastic high molecular weight substances thereby
      to impart self fire extinguishability thereto, which, however, is
      questionable in view of the fact that the composition explodes during
      treatment thereof.
PAR  The effectiveness of zinc borate, 2ZnO.3B.sub.2 O.sub.3 .3.5H.sub.2 O, for
      rendering halogenated polyesters and vinyl chloride fire resistant is
      disclosed in Japanese Patent Publication No. 13149/71 and in W. G. Woods
      and J. G. Bower, 25th SPI Sec. 9B (1970). The dehydration temperature of
      the zinc compound is suitably 250.degree.C, but the water content thereof
      is relatively small (15% or less), and in addition, this compound is very
      expensive.
PAR  On the other hand, it is known that about 50 to 60% by weight of water can
      be dispersed in unsaturated polyesters in the form of a water-in-oil
      dispersion, and this is effective for rendering this polymer fire
      retardant. However, this technique is defective in that the polymer
      gradually drys and contracts, and therefore, it is particularly difficult
      to utilize this polymer for external construction members from the
      viewpoint of the poor water-proof character thereof. For the purpose of
      stabilizing the water content in such a polymer, another method is
      suggested wherein calcined gypsum, calcium sulfoaluminate, tricalcium
      aluminate and gypsum, or calcium sulfoaluminate and Portland cement is
      (are) added, in addition to water, to form hydrates as disclosed in
      Japanese Patent Publication Nos. 11808/71, 10807/71, 22723/71 and
      22726/71. In this method, the reaction product is gypsum dihydrate or
      ettringite (3CaO.Al.sub.2 O.sub.3 .33CaSO.sub.4.32H.sub.2 O), and these
      products are alkaline. Accordingly, some products exist in this method in
      that the alkaline substances inhibit the hardening of resins and in that
      dehydration tends to occur due to heat of polymerization and hydration.
PAR  A method has been recently developed in which calcium sulfite which is
      obtained in desulfurization of exhaust fumes is combined with
      thermoplastic resins such as polyethylene as disclosed in Japanese Patent
      Publication No. 38333/71. Particles of calcium sulfite are nearly
      spherical, and they have the advantage that (1) many particles can be
      combined with these resins and (2) the dehydration temperature thereof is
      relatively high. On the other hand, however, the water content thereof is
      small, and thus it is difficult to attain resins which have been rendered
      sufficiently fire retardant in character. Rather, resins with calcium
      sulfite can be burned to a moderate extent.
PAR  As described above, various attempts have been made for the purpose of
      rendering plastics fire retardant, particularly thermosetting resin
      compositions, but additional improvements in fire retardant resins have
      been recently needed. In view of this need, systematic studies and
      investigations have been made on fire retardant resins and the present
      invention has been thus discovered. As a result of research the following
      facts have been found: Addition of a large amount of fire retardant
      fillers decreases the needed amount of resin, which is in many cases
      economically advantageous. However, it is necessary to select fillers
      whose particles are nearly spherical so that the shapability and
      mechanical properties of compositions are not be degraded. In addition,
      preferred fillers contain bound water which are dehydrated when heated to
      the vicinity of the decomposition temperature of resins thereby to control
      temperature increase, and further, the generated water vapor should cut
      off air to prevent flaming and to accelerate carbonization. The present
      invention is one in which this preferred phenomenon is achieved, and after
      systematic investigation of various kinds of inorganic fillers of
      hydroxides, salt hydrates, aluminate hydrates, silicate hydrates and
      carbonates, and it has been found that a thermosetting resin composition
      containing tricalcium aluminate hexahydrate 3CaO.Al.sub.2 O.sub.3
      .6H.sub.2 O (hereinafter referred to as C.sub.3 AH.sub.6) is fire
      retardant.
PAR  Salt hydrates include Na.sub.2 SO.sub.4 .10H.sub.2 O which contain an
      extremely large amount of bound water. This hydrate, however, is defective
      in that the dehydration temperature thereof is low and therefore easily
      dehydrates during kneading, resulting in difficulty in the manufacture of
      shaped articles, or otherwise, also easily dehydrates during use,
      resulting in a degradation of the weatherproof property of the resins. In
      addition, this hydrate has a high solubility, which also deteriorates the
      water-proof property of the resins.
PAR  Calcium aluminate hydrates and calcium sulfoaluminate hydrates have
      analogous defects. Of the calcium aluminate hydrates, CaO.Al.sub.2 O.sub.3
      .10H.sub.2 O is relatively preferred, and the dehydration temperature
      thereof is about 190.degree. to 300.degree.C, which is quite desirable.
      However, this hydrate tends to change to C.sub.3 AH.sub.6 over the course
      of a long period of time. Of the calcium sulfoaluminate hydrates,
      3CaO.Al.sub.2 O.CaSO.sub.4 .18H.sub.2 O loses a half of the bound water
      therein at 100.degree.C, and 3CaO.Al.sub.2 O.sub.3 .3CaSO.sub.4 .32H.sub.2
      O loses two thirds of the bound water therein at 100.degree.C. Since
      3CaO.Al.sub.2 O.sub.3 .3CaSO.sub.4 .32H.sub.2 O is needle-shaped, a large
      amount of these needles is difficult to combine with resins.
PAR  On the other hand, some carbonates have bound water therein whose
      decomposition heat absorption is large, but they have high decomposition
      completion temperature and most of them can not be very efficiently used
      to render resins fire retardant. For example, dehydration of MgCO.sub.3
      .3H.sub.2 O occurs at about 30.degree. to 250.degree. C and
      decarboxylation thereof at about 400.degree. to 500.degree.C. Thus, this
      carbonate moderately decomposes over a broad temperature range.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, this invention provides a fire retardant thermosetting resin
      composition which comprises essentially a thermosetting resin compound and
      tricalcium aluminate hexahydrate crystals in which the proportion of the
      crystals is 10 to 90% by weight based on the total weight of the crystals
      and the resin compound.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Tricalcium aluminate hexahydrate (C.sub.3 AH.sub.6) used in the present
      invention belongs to an isomeritic system, and the synthesized crystals
      thereof are 6-, 8- or 12-hedral, and some are 24- or 68-hedral, being
      almost nearly spherical. By appropriately changing the conditions in the
      synthesis of C.sub.3 AH.sub.6, it is possible to aggregate fine crystals
      thereof and the appearance of the thus aggregated crystals is nearly
      spherical. In any event, a large amount of these crystals can be blended
      in resins, and the C.sub.3 AH.sub.6 of this invention exceeds aluminum
      hydroxide in this point. In addition, the use of C.sub.3 AH.sub.6 is
      extremely advantageous from a number of standpoints in that a decrease in
      flexibility is comparatively rare, elasticity is improved, stress
      concentration also is comparatively rare and strength is improved. The
      greater part of the bound water in C.sub.3 AH.sub.6 is released at about
      240.degree. to 350.degree.C which is most conducive to rendering resins
      fire retardant. The amount of bound water in C.sub.3 AH.sub.6 is 29% by
      weight, which is nearly equal to aluminum hydroxide and is about twice the
      amount of bound water in zinc borate. The main raw material of C.sub.3
      AH.sub.6 is lime, and therefore, a greater amount of C.sub.3 AH.sub.6 can
      be easily manufactured as compared with aluminum hydroxide and zinc
      borate, and the use of C.sub.3 AH.sub.6 is extremely economical as a
      result.
PAR  C.sub.3 AH.sub.6 and a mixture containing C.sub.3 AH.sub.6 as one main
      component can be prepared from various raw materials through various
      reactions. One means is to select as raw materials a combination of
      Ca(OH).sub.2 and aluminum hydroxide, and industrial wastes can effectively
      be utilized for these raw materials, for example, acetylene refuse may be
      utilized for the Ca(OH).sub.2 and substances recovered from waste
      solutions in aluminum surface treatment for the aluminum hydroxide.
      Another means is to calcine raw materials of limestone and bauxite to form
      tricalcium aluminate, which is then hydrated. Alternatively, hexacalcium
      dialuminoferrite can be hydrated to form C.sub.3 AH.sub.6, or alumina
      cement containing monocalcium aluminates as a mian component can be
      hydrated in an aqueous solution of lime to obtain C.sub.3 AH.sub.6. A
      hydrate obtained by hydrating alumina cement along is converted to C.sub.3
      AH.sub.6 and aluminum hydroxide after several days. In particular, in the
      case of hydrated polyesters, it is possible to blend alumina cement and
      the resin and to hydrate the alumina cement simultaneously with
      polymerization of the polyester resin thereby to form C.sub.3 AH.sub.6 and
      aluminum hydroxide. In these cases, a small amount of aluminum hydroxide
      is intermixed with the C.sub.3 AH.sub.6, which does not seriously affect
      the property of the C.sub.3 AH.sub.6.
PAR  The reaction conditions can be appropriately selected in accordance with
      the desired size, form and purity of the C.sub.3 AH.sub.6 crystals to be
      produced, or upon a consideration of productivity. C.sub.3 AH.sub.6 having
      an inherent crystal form can be separated from a solution of low alumina
      concentration where the concentration of lime is less than the saturated
      concentration and the molar ratio of CaO to Al.sub.2 O.sub.3 is 4 or more.
      If the molar rate is 3 or less, hydrate crystals belonging to a hexagonal
      system are separated. The appearance of C.sub.3 AH.sub.6 changes with
      increase of this ratio, and more precisely, the proportion of 24-hedral
      crystals increases at a molar ratio of about 4 to 7, the proportion of
      68-hedral crystals increases at a molar ratio of about 9 to 10, that of
      the hexahedral crystals at a molar ratio of about 13 to 30 and that of the
      octahedral crystals at a molar ratio of about 50. When a large amount of
      C.sub.3 AH.sub.6 is to be obtained from a solution of high concentration,
      secondary particles of fine crystal aggregates are formed, which may have
      nearly spherical appearance under proper conditions, and it is possible to
      impart proper characters to these particles so that they can be suitably
      admixed with resins.
PAR  Representative examples of thermosetting resins which can be used in the
      present invention are urea resins, phenol resins, furan resins, amino
      resins, melamine resins, unsaturated polyester resins, diallylphthalate
      resins, epoxy resins, polyurethane resins, silicone resins and alkyd
      resins. Numerous kinds of these thermosetting resins are sold
      commercially. Any and every thermosetting resin can be used in the present
      invention so long as the resin cures at a temperature below about
      200.degree.C, preferably below 150.degree.C, in the presence of absence of
      a hardener, a curing agent and/or a curing promotor, to form an insoluble
      and non-fusible solid, and the resin does not react with C.sub.3 AH.sub.6
      under the curing conditions.
PAR  Of the thermosetting resins which can be used in the present invention
      especially advantageous resins are unsaturated polyester resins comprising
      a mixture of unsaturated polyester compounds materially containing
      residues of unsaturated polycarboxylic acids such as maleic acid, fumaric
      acid, itaconic acid, tetrahydrophthalic acid and/or
      endomethylenetetrahydrophthalic acid, and residues of polyhydric alcohols
      such as ethylene glycol, propylene glycol, diethylene glycol, dipropylene
      glycol, neopentyl glycol, trimethylpentanediol, and/or
      1,1-isopropylidene-bis-(p-phenyleneoxy)-di-2-propanol, and optionally
      residues of saturated polycarboxylic acids such as phthalic acid,
      isophthalic acid, adipic acid, hexachloroendomethylenetetrahydrophthalic
      acid and/or tetrabromophthalic acid, and vinyl monomers such as styrene,
      vinyltoluene, methyl methacrylate, triallylcyanurate, diallylphthalate
      and/or diallylphthalate prepolymer; and epoxy resins such as those
      containing at least two ethoxyline groups in the molecule which are
      obtained by reaction of one or more compounds selected from the group
      consisting of bisphenol A, dihydroxydiphenylmethane, a novolak type
      phenol-formaldehyde resin, polyethylene oxide and glycerin with
      epichlorohydrin, as well as vinyl-cyclohexenedioxide,
      dicyclopentadienedioxide and/or
      3,4-epoxy-6-methylcyclohexylmethyl-3',4'-epoxy-6'-methylcyclohexane
      carbonate.
PAR  Thermosetting resin compounds of the present invention can contain, in
      addition to the above-mentioned resins, coloring agents, plasticizers,
      stabilizers, lubricants, hardeners, curing promotors, curing agents,
      polymerization initiators, condensation initiators, fire retardants,
      thickening agents, anti-oxidants, polymerization inhibitors, anti-aging
      agents, releasing agents, blowing agents, surfactants, solvents (active
      and inactive), reinforcing materials and organic and inorganic fillers in
      addition to the C.sub.3 AH.sub.6. In particular, incorporation of fire
      retardants other than C.sub.3 AH.sub.6, such as antimony trioxide, zinc
      borate and fire retardants of organic halides and organic phosphorus
      compounds is effective.
PAR  Selection of resin and other additives in the resin mixtures and
      determination of the proportion of the respective components therein can
      easily be effected by those skilled in the art through routine
      experimentation in accordance with the use of the compositions of the
      present invention.
PAR  The resin mixture of the present invention in the uncured state must retain
      a sufficient fluidity capable of being shaped at a temperature below
      200.degree.C, preferably below 150.degree.C, after the C.sub.3 AH.sub.6 is
      added.
PAR  The composition of the present invention can be prepared by admixing the
      above described uncured resin and C.sub.3 AH.sub.6 and optionally any
      other additives which are to be added to the resin mixture in any desired
      order at a temperature below about 200.degree.C, preferably 150.degree.C,
      until the resulting mixture becomes uniform.
PAR  The proportion of C.sub.3 AH.sub.6 crystals to be incorporated in the resin
      mixture is suitably about 10 to 90%, preferably 30 to 70%, by weight based
      on the total amount of the resin mixture. The particle size of the C.sub.3
      AH.sub.6 crystals to be used in the present invention is not of particular
      concern and can vary widely. In any way, when the C.sub.3 AH.sub.6
      crystals are prepared using conventional techniques, almost all of the
      cyrstals obtained have particle sizes falling within the range of about
      0.5 to 50 .mu., and at the same time, it has been confirmed that the use
      of the C.sub.3 AH.sub.6 crystals having particle sizes within this range
      is extremely preferable to achieve the objects of the present invention.
PAR  The uncured thermosetting resin compositions of the present invention can
      be shaped and cured using any known means such as pressing, casting and
      various kinds of filament reinforced molding techniques to be carried out
      in combination with glass fibers, for example, hand lay up molding, spray
      up molding, transfer molding, sheet molding, filament winding, pultrusion,
      as well as spraying, dipping, rolling, extrusion, injection, rotational
      and centrifugal molding, by curing at a temperature below about
      200.degree.C, preferably below 150.degree.C, under proper curing
      conditions.
PAR  Fire retardant thermosetting resin compositions of the present invention
      include both cured and uncured compositions as described above.
PAR  The compositions of the present invention have sufficient fluidity in the
      uncured state and display excellent fire retardant characteristic after
      being cured.
PAR  The compositions of the present invention, after being shaped and cured,
      can be used in various fields such as furniture, construction members,
      transport utensiles, domestic articles, industrial utensils, containers,
      packing materials, electric utensils, conduits, panels, ducts, poles and
      the like.
PAR  The present invention is explained in greater detail in the following
      Example. Unless otherwise indicated, all parts, percents, ratios and the
      like are by weight.
PAC  PREPARATION OF C.sub.3 AH.sub.6
PAR  3 moles of Ca(OH).sub.2 were put in a flask filled with about 3 liters of
      distilled water, and 2 moles of Al(OH).sub.3 were gradually added thereto
      while the suspension was heated at 95.degree.C or more, and the suspension
      was stirred and reacted for 4 hours. After completion of the reaction, the
      precipitates were filtered out and dried by heating at about 100.degree.C
      using a hot air stream. X-ray diffraction analysis confirmed the presence
      of only C.sub.3 AH.sub.6 and the weight reduction thereof was measured
      with a thermobalance is 28.4% which corresponded to the amount of bound
      water of C.sub.3 AH.sub.6. The heat absorption in the differential thermal
      analysis of the sample appeared once on the temperature range of
      239.degree. to 363.degree.C. Observation with a scanning type electron
      microscope disclosed the particles were relatively nearly spherical, that
      fine particles were closely aggregated and that the surface appearance was
      scaly. Based on photo-extinction method analysis, the particles were
      observed to be of various sizes of a diameter of 25 .mu. or less exist in
      a broad range and the average particle size diameter to be 7.5 .mu..
PAC  EXAMPLE 1
PAR  100 parts of an unsaturated polyester resin (Polylite 8010, a trademark
      produced by Dai-Nippon Ink & Chemicals, Inc.), 1 part of benzoyl peroxide
      50% paste and 50 parts of the C.sub.3 AH.sub.6 crystals prepared in the
      above were kneaded in a polyethylene beaker (capacity: 1 liter) at room
      temperature until the crystals were uniformly dispersed. Next, 1 part of a
      20% styrene solution of dimethylaniline was added thereto and the mixture
      fully stirred. Then the resulting composition was immediately poured into
      three cast iron molds having a casting space of 120 mm .times. 10 mm
      .times. 10 mm. The fluidity of the composition was good and easily filled
      into the molds. After allowing the mixture in the mold to stand at room
      temperature for 1 hour, the cured moldings were removed and then
      post-cured in an oven at 70.degree.C for 10 hours. Thus, three homogeneous
      white samples were obtained.
PAC  EXAMPLE 2
PAR  The same process as described in Example 1 was repeated, with the exception
      that 100 parts of the C.sub.3 AH.sub.6 crystals were used, and three
      homogeneous white samples were obtained. The uncured composition had a
      good fluidity and easily filled into the molds when poured thereinto.
PAC  EXAMPLE 3
PAR  The same process as described in Example 1 was repeated, except that 200
      parts of the C.sub.3 AH.sub.6 crystals were used, and three homogeneous
      samples were obtained. The fluidity of the uncured composition was
      somewhat poorer when poured into the molds but the composition easily
      filled into the molds.
PAC  EXAMPLE 4
PAR  100 parts of water were added dropwise to 200 parts of a water fillable
      unsaturated polyester (Kayaresin WHC 0-55, a trademark, produced by Nippon
      Kayaku K.K.) while fully stirring, to prepare a water-in-oil resin
      emulsion. 200 parts of C.sub.3 AH.sub.6 crystals were added thereto and
      the mixture was kneaded. Then 1.6 parts of hardener (KB, a trademark of a
      50% paste of benzoyl peroxide, produced by Nippon Kayaku K.K.) were
      further added thereto. The resulting composition was poured into three
      molds the same as those of Example 1, left at room temperature for 1 hour
      and cured. The cured moldings were removed and then post-cured in an oven
      at 70.degree.C for 3 hours. Thus, three homogeneous samples were obtained.
PAC  EXAMPLE 5
PAR  100 parts of an epoxy resin (Epikote 828, a trademark of Shell Chemical
      Corporation), 50 parts of hardener (Eponate B-002, a trademark produced by
      Ajinomoto Co., Inc.) and 150 parts of C.sub.3 AH.sub.6 crystals were
      kneaded in a kneader for 10 minutes and then poured into three molds the
      same as those of Example 1. The fluidity of the mixture was good. The
      molds containing the mixture were left in an oven at 60.degree.C for 5
      hours to cure the contents in the mold. Then the cured moldings were
      removed, heated at 100.degree.C for 12 hours and then cooled to obtain
      three homogeneous samples.
PAC  COMPARATIVE EXAMPLE A
PAR  The process of Example 2 was repeated, except that 100 parts of aluminum
      hydroxide crystalline powders were used in place of the C.sub.3 AH.sub.6
      crystals. The uncured composition was poor in fluidity, and when the
      composition was placed in the molds, the composition had to be pressed
      into the corners of the molds with a spoon. The surfaces of the samples
      obtained were somewhat rough.
PAC  COMPARATIVE EXAMPLE B
PAR  The process of Example 2 was repeated, except that 100 parts of ettringite
      crystals were used in place of the C.sub.3 AH.sub.6 crystals. In this
      case, the kneading of the unsaturated polyester resin and the ettringite
      crystals was extremely difficult, and a mass mixture which was not fluid
      was obtained. This mixture was pressed into three molds the same as those
      of Example 1 under pressure, and cured and post-cured analogously to
      Example 2. Blisters and cracks occurred in the resulting moldings, and
      normal samples could not be obtained.
PAC  COMPARATIVE EXAMPLE C
PAR  The process of Example 5 was repeated, except that 150 parts of calcium
      sulfite crystals were used in place of the C.sub.3 AH.sub.6 crystals.
      Three homogeneous samples were obtained.
PAC  COMPARATIVE EXAMPLE D
PAR  The process of Example 4 was repeated, except that 200 parts of calcium
      carbonate were used in place of the C.sub.3 AH.sub.6 crystals. Three
      homogeneous samples were obtained.
PAR  A combination test in accordance with JISK-6911-1962 was carried out on the
      samples obtained in the above Examples 1 to 5 and Comparative Examples A,
      C and D, and the results obtained are shown in the following Table. The
      data in the Table are the averaged data obtained for the three samples in
      each Example.
TBL                                    TABLE                                   
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                   Combustibility                                              

                   Time (sec)                                                  

                          Time (sec) of Burning                                

            Proportion                                                         

                   of Burning                                                  

                          Continued after                                      

            (by weight)                                                        

                   Continued                                                   

                          Ignition Carried out                                 

            of C.sub.3 AH.sub.6                                                

                   30 Seconds                                                  

                          30 Seconds after                                     

            in the after  the First Fire                                       

     No.    Composition                                                        

                   Ignition                                                    

                          Extinguishing                                        

                                       Comments                                

     __________________________________________________________________________

            (%)                                                                

     Example                                                                   

            33     352    622          Self fire-                              

       1                               extinguishing                           

     Example                                                                   

            50     151    306          Fire Retardant                          

       2                                                                       

     Example                                                                   

            67     0      12           Fire Retardant                          

       3                                                                       

     Example                                                                   

            40     82     149          Fire Retardant                          

       4                                                                       

     Example                                                                   

            50     92     256          Fire Retardant                          

       5                                                                       

     Comparative                                                               

            50     138    325          Fire Retardant                          

     Example A                                                                 

     Comparative                                                               

            50     Burnt Out           Combustible                             

     Example C                                                                 

     Comparative                                                               

            40     Burnt Out           Combustible                             

     Example D                                                                 

     __________________________________________________________________________

PAR  It is obvious from the Examples and the data in the above Table that the
      compositions of the present invention of various kinds of thermosetting
      resins and C.sub.3 AH.sub.6 crystals exceed other compositions of
      thermosetting resins and similar inorganic fillers both, in the
      shapability of the compositions and in the fire retardant character of the
      cured moldings.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fire retardant thermosetting resin composition consisting essentially
      of a thermosetting resin and tricalcium aluminate hexahydrate crystals,
      wherein the proportion of the tricalcium aluminate hexahydrate crystals is
      about 10 to 90% by weight based on the total weight of the tricalcium
      aluminate hexahydrate crystals and the resin, and wherein said tricalcium
      aluminate hexahydrate crystals have a particle size ranging from about 0.5
      to 50.mu..
NUM  2.
PAR  2. The fire retardant thermosetting resin composition as claimed in claim
      1, wherein the proportion of the tricalcium aluminium hexahydrate crystals
      is 30 to 70% by weight.
NUM  3.
PAR  3. The fire retardant thermosetting resin composition as claimed in claim
      1, wherein said thermosetting resin comprises a urea resin, a phenol
      resin, a furan resin, an amino resin, a melamine resin, an unsaturated
      polyester resin, a diallyphthalate resin, an epoxy resin, a polyurethane
      resin, a silicone resin, an alkyd resin or a mixture thereof.
NUM  4.
PAR  4. The fire retardant thermosetting resin composition as claimed in claim
      1, wherein said thermosetting resin is an unsaturated polyester resin.
NUM  5.
PAR  5. The fire retardant thermosetting resin composition as claimed in claim
      1, wherein said thermosetting resin is an epoxy resin.
NUM  6.
PAR  6. The fire retardant thermosetting resin composition as claimed in claim
      1, wherein said thermosetting resin comprises an uncured thermosetting
      resin.
NUM  7.
PAR  7. The fire retardant thermosetting resin composition as claimed in claim
      1, wherein said thermosetting resin comprises a cured thermosetting resin.
NUM  8.
PAR  8. A thermosetting resin article comprising a shaped and cured molding of
      the composition as claimed in claim 6.
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ABST
PAL  Improved cementing compositions and their use in well cementing operations
      is disclosed, wherein methacrylamidopropyltrimethylammonium chloride
      polymers are used as fluid loss additives for aqueous hydraulic cement
      slurries.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improved cementing compositions and their
      use in cementing operations, particularly for cementing wells penetrating
      subterranean formations.
PAR  In particular, the present invention relates to additives to cementing
      compositions employed in the cementing of oil and gas wells, for the
      purpose of reducing fluid loss from the cementing composition to the
      surrounding subterranean formation which the well has penetrated.
PAR  More particularly, the present invention relates to
      methacrylamidopropyltrimethylammonium chloride polymers as fluid loss
      additives to aqueous hydraulic cement slurries and the use of such
      slurries in well cementing operations.
PAR  Polymer compositions have long been used as additives to cementing
      compositions for the purpose of reducing water loss. For example, U.S.
      Pat. No. 2,614,998 discloses the use of water-soluble alkali salts of
      partially hydrolyzed polyacrylamide and polyacrylic acid for reducing the
      filtration of water from cement slurries. U.S. Pat. No. 3,359,225
      describes the use of polyvinylpyrrolidone to prevent the separation of
      free water from a cement slurry to which it is added and U.S. Pat. No.
      3,511,313 discloses a method for sealing void spaces in a geological
      formation with a liquid slurry of water swellable poly-N-vinyl pyrrolidone
      in an organo solvent therefor.
PAC  SUMMARY OF THE INVENTION
PAR  In drilling and completion of wells, particularly gas and oil wells, a
      bore-hole is drilled through the overlying layers of the earth's crust to
      a geologic formation from which it is desired to recover a fluid mineral
      contained therein. A casing is then introduced into the wellbore and
      cemented in place. This secures the casing in position, preventing
      unwanted shifting of the casing when the fluid being produced from a
      formation moves through it under considerable pressure. The cement also
      serves the important function of sealing off porous formations adjacent to
      or penetrated by the wellbore. Typically, a cement slurry is pumped
      downwardly through tubing within the well casing and flows out of the open
      lower end of the casing at the well bottom. It is then forced upwardly
      around the casing in the annular space between the outer wall of the
      casing and the wall of the wellbore. Thus pumped into place, the cement
      slurry sets into a monolithic mass in situ. After setting, the cement
      prevents the flow of undesired fluids from one formation to another,
      especially into the formation producing gas or oil.
PAR  However, neat cement slurries, that is, those comprising hydraulic cement
      and water, are subject to high fluid loss in porous formations. The water
      of the slurry migrates into the formation and the cement solids of the
      slurry are filtered out onto the face of the formation. This loss of water
      from cement slurries is accelerated by the relatively high pressures
      required to inject cement slurries into the annular space between well
      casing and wellbore. This pressure often results in squeezing water from
      the slurry and forcing this water into the pores of the surrounding
      formation. This loss of water from cement slurries is also increased by
      the practice of mechanically scraping away the drilling mud from the wall
      of the wellbore prior to pumping of the cement slurry into position. This
      procedure exposes porous formations which absorb water from the slurry.
PAR  Numerous problems are created by the loss of any appreciable amount of
      water from a cement slurry during a well cementing operation. For example,
      the lost water may contaminate the producing formation. Where oil sands
      are encountered, the contaminating water may cause shaley impurities in
      the sand to swell, thus greatly reducing the permeability of the oil sand
      formation. The loss of water will result in reduced fluidity of the cement
      slurry. This, in turn, requires increased pumping pressures and
      jeopardizes the entire cementing operation. Proper emplacement of the
      cement slurry is rendered difficult, accurate prediction of pumping times
      and cement volumes is prevented, cementing operation costs are increased,
      and final results are unsatisfactory. The loss of water from the cement
      slurry results in thickening or premature setting of the cement, often
      making completion of the cementing operation either difficult or
      impossible. The loss of water tends to result in a set cement of
      non-uniform consistency and of reduced compressive strength. As is known
      in the cementing art, greater compressive strengths are obtained when
      reduced quantities of water are employed to make up the cement slurry.
      Thus, reduction of the loss of water from a cement slurry to surrounding
      formations will also result in a reduction of the initial amount of water
      required to make up the slurry. This will allow complete hydration of the
      cement with reduced amounts of water, resulting in set cements of greater
      compressive strength.
PAR  The present invention, therefore, is concerned with improved hydraulic
      cement slurry compositions and their use in cementing operations wherein
      the slurry composition is characterized by low water loss to surrounding
      porous formations during pumping of the cement slurry into place and the
      subsequent setting of the cement.
PAR  As used herein, the term "fluid loss" is intended to refer primarily to
      water loss, but is also intended to include minor amounts of other fluids
      which are subject to loss.
PAR  In accordance with the present invention, minor amounts of a polymer of
      methacrylamidopropyltrimethylammonium chloride are added to an aqueous
      hydraulic cement slurry to reduce the rate of fluid loss from the slurry
      to any fluid-absorbing medium with which the slurry may come into contact.
PAR  The polymers of our invention are high molecular weight, water-soluble
      polymers of methacrylamidopropyltrimethylammonium chloride and may be
      prepared in any convenient manner, as for example, in the manner taught by
      U.S. Pat. No. 3,661,880 or by conventional solution or inverted emulsion
      polymerization techniques, as for example the procedures disclosed in U.S.
      Pat. No. 3,284,393.
PAR  The polymers useful in this invention should have high molecular weights,
      preferably of at least 100,000 and more preferably of at least 1,000,000
      and should have a solubility in water of at least 0.25 percent. These
      polymers may be copolymers of methacrylamidopropyltrimethylammonium
      chloride and acrylamide containing from 10 to 90 percent by weight
      acrylamide. While the chloride anion is the most preferred quaternary
      ammonium derivative, other anions such as fluoride, bromide, nitrate,
      acetate, hydrogen sulfate, and dihydrogen phosphate may be utilized with
      the cationic polymers of this invention.
PAR  The compositions and methods of the present invention may employ any type
      of hydraulic cement. Hydraulic cement is defined as any cement which will
      set or cure under the action of water, and is intended to include all
      mixtures of lime, silica and alumina, or of lime and magnesia, silica, and
      alumina and iron oxide. Hydraulic cements include hydraulic limes,
      grappier cements, pozzolan cements, natural cements, and portland cements.
      Pozzolan cements include slag cements made from slaked lime and granulated
      blast furnace slag. Among these hydraulic cements, the portland cements
      are preferred, chiefly because of their superior strength characteristics.
      The term portland cement is intended to include any cement regarded in the
      cementing art as a portland cement, usually as defined by standard
      reference works. The precise composition of any one particular portland
      cement will vary from another, but generally portland cements are produced
      by mixing and grinding together a calcareous and an argillaceous material,
      kiln heating the mixture (1350.degree. to 1800.degree. C.) until
      vitrification begins, pulverizing the clinker thus produced and mixing the
      same with a small amount of gypsum. The portland cements may be ground to
      any desired particle size, and grading of portland cements is on the basis
      of the specific surface of the cement, which will range between 1200 and
      2600 square centimeters per gram. Grading is also based on the amount of
      cement particles retained on a No. 325 screen, U.S. Sieve Series. Thus,
      preferred oil well cements have a specific surface of about 1480 square
      centimeters per gram and about 85 percent by weight passes through a No.
      325 screen.
PAR  The hydraulic cement may be employed alone in preparing the cementing
      composition of the present invention, merely being admixed with water and
      the low fluid loss additive, or it may have additionally incorporated
      therein any of a number of conventional cement additives. For example the
      cement may include a minor portion, up to about 2.0 percent by weight of
      dry cement, of a retarder composition. Such an additive is preferred for
      oil well cements, since cementing operations are conducted under ambient
      well bottom temperatures which can exceed about 200.degree. F. Examples of
      conventional retarder compositions include carboxymethylhydroxyethyl
      cellulose, borax, dehydrated borax, calcium lignosulfonate and ferrochrome
      lignosulfonate.
PAR  Weighting components comprising inert materials such as barite and ilmenite
      are often employed. Silica may be employed to retard high temperature
      strength retrogression.
PAR  Other known additives conventionally employed with cementing compositions
      may be employed with the cementing compositions of this invention, and in
      amounts sufficient to produce the intended modification of the cementing
      composition characteristics for which any additive was selected. More than
      one such additive may, of course, be employed at the same time.
PAR  The dry hydraulic cement component of the cementing composition of the
      present invention is admixed with water to form a pumpable, settable
      cement slurry. The cement sets to form a monolithic solid. The water which
      is employed to form this cement slurry may be any naturally occurring
      water suitable for preparing cement slurries. Particularly, brines of any
      concentration of calcium chloride or sodium chloride or their mixtures are
      suitable. Sea water may be employed and is thus convenient in offshore
      operations. It is a particular advantage of the low fluid loss polymer
      additives of the present invention that they are effective in reducing
      fluid loss from a cement slurry even where brines are employed to make up
      the slurry. This constitutes an important advantage over many low fluid
      loss cement additives known in the art.
PAR  The amount of water employed to make up the hydraulic cement slurry is not
      critical, and generally the amount of water necessary to give a settable
      cement composition having the required characteristics will be in an
      amount of from about 25 to about 60 percent by weight, based on the weight
      of dry hydraulic cement. As discussed previously, the amount of water
      employed should be only such as is sufficient to produce a pumpable
      slurry. Use of the low water loss additives of the present invention makes
      it unnecessary to add excess water in anticipation of substantial water
      losses. The reduced initial water content will thereby tend to result in
      set cements of increased compressive strength.
PAR  The polymer fluid loss additives of the present invention are employed in
      an amount sufficient to produce a measurable reduction in the loss of
      fluid from a cement slurry to which it has been added. Preferably, the
      amount employed will effect at least a 25 percent reduction in fluid loss.
      More preferably, the amount employed will effect a 50 percent reduction in
      fluid loss; and most preferably the amount employed will be sufficient to
      effect a fluid loss reduction in excess of 75 percent. While increasingly
      greater amounts of fluid loss reduction may be produced by employing
      correspondingly greater amounts of the fluid loss additives of this
      invention, reductions in excess of about 90 percent are usually not
      justified economically. Moreover, amounts of fluid loss additive necessary
      to produce extremely high reductions of fluid loss will also produce
      attendant difficulties with respect to undesirable effects on the
      properties of the cement slurry and set cement. As a general rule, a fluid
      loss of about 100 ml. over 30 minutes (as measured by the method set out
      in Example 1 below) is considered desirable.
PAR  Generally, the amount of polymeric fluid loss additive employed will be in
      the range of from 0.05 to about 5.0 percent by weight of dry hydraulic
      cement, and usually in an amount of from about 0.15 to about 2.0 percent
      by weight of dry hydraulic cement. In determining specific amounts,
      consideration must be given to such factors as the composition of the
      cement slurry to which the fluid loss additive is added, and the
      temperatures to be encountered by the cement slurry during the cementing
      operation.
PAR  The procedure for preparing the cementing compositions of the present
      invention does not require any particular sequence of steps. The polymer
      low fluid loss additives of the present invention are water-soluble and
      thus may be mixed with the hydraulic cement before the addition of water,
      may be added to the slurry at the time of mixing, or may be added to the
      water before preparation of the cement slurry. When other conventional
      additives are employed, they may be incorporated into the final cement
      slurry composition in any known suitable manner.
DETD
PAR  The invention will be better understood from the following example which
      illustrates the preparation and fluid loss reducing activity of
      representative polymers of this invention.
PAC  EXAMPLE 1
PAC  Evaluation of Fluid Loss Reducing Properties
PAR  The evaluation procedure employed was that set out in API bulletin RP 10B,
      19th Edition, January 1974, Section 8, pages 43-44. A cement slurry was
      made up containing 600 grams of Class H cement (API Class H cement has a
      fineness in the range of 1400-1600 square centimeters per gram and
      contains, in addition to free lime and alkali, the following compounds in
      the indicated proportions: Tricalcium silicate -- 52; dicalcium silicate
      -- 25; tricalcium aluminate -- 5; tetracalcium aluminoferrite -- 12;
      calcium sulfate -- 3.3), 210 grams silica flour, and 6 grams fluid loss
      additive of the present invention (1.0 percent by weight of dry hydraulic
      cement) in 324 mls. of 18 percent sodium chloride solution. These
      ingredients were mixed in a Waring Blender for 15 seconds at low speed,
      and then for 35 seconds at high speed. The resultant slurries were then
      mixed in a Halliburton Consistometer for 20 minutes at 190.degree.F. The
      slurry samples were placed in a Baroid high pressure filter press cell
      maintained at 190.degree.F. In the filter press cell the slurry samples
      were forced against a No. 325 U.S. Standard Sieve Series screen with 1000
      psi. pressure supplied by compressed nitrogen. The fluid removed from the
      slurry was collected and measured. Constant pressure was maintained and
      the filtrate collected over a 30 minute period. Results were reported as
      volume of filtrate (in mls.) collected in a 30 minute period. The results
      obtained are illustrated in the following table:
TBL               Concentration of Additive                                    

                                 Fluid Loss                                    

                  (Percent by weight                                           

                                 (ml/30 min.                                   

     Sample       of dry cement) at 1000 psi.)                                 

     __________________________________________________________________________

     Neat Cement  0.0            1000*                                         

     MAPTAC/AM 25/75                                                           

                  1.0             60.0                                         

     (high molecular weight)                                                   

     __________________________________________________________________________

      *For neat cement (hydraulic cement and water only), virtually all water  

      present was removed in less than one minute, and the value indicated was 

      obtained by extrapolation.                                               

      MAPTAC = methacrylamidopropyltrimethylammonium chloride                  

      AM = acrylamide                                                          

CLMS
STM  We claim:
NUM  1.
PAR  1. A low fluid loss cement composition capable of forming a fluid slurry
      when mixed with water, said cement composition comprising dry hydraulic
      cement and from about 0.05 to about 5.0 percent by weight, based on dry
      hydraulic cement, of a water-soluble polymer of
      methacrylamidopropyltrimethylammonium chloride.
NUM  2.
PAR  2. A composition as in claim 1 wherein the polymer is a copolymer of
      acrylamide and methacrylamidopropyltrimethylammonium chloride.
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PAL  An ethylene-propylene copolymer rubber composition having a high Young's
      modulus, which comprises 100 parts by weight of a mixture of the following
      ingredients (a) and (b) in a weight ratio of ingredient (a)/ingredient (b)
      of 67/33-50/50, said ingredient (a) being an ethylene-propylene copolymer
      having a Mooney viscosity of at least 75, said ingredient (b) being
      divinylbenzene, (c) 0.3-2.5 parts by weight of an organic peroxide, and
      (d) 0.01-0.25 part by weight of sulfur, and the homogeneous rubber
      composition cured at 120.degree.-180.degree.C having a Young's modulus of
      200-500 Kg/cm.sup.2, a tensile strength of at least 200 Kg/cm.sup.2, an
      elongation of at least 300%, a tear energy of at least 10 Kg/cm and
      retentions of Young's modulus and tensile strength at 70.degree.C of at
      least 50%.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a one shot mouldable and curable
      homogeneous rubber composition having a high Young's modulus.
PAR  2. Description of the Prior Art
PAR  Conventional rubber compositions composed of rubber and various compounding
      ingredients have a low Young's modulus, and when it is intended to use the
      rubber composition in a portion, wherein a high mechanical strength is
      required, it has been necessary to use the rubber composition in the form
      of a laminate combined with fibers and other reinforcing materials.
PAR  However, it is troulesome to effect laminating and moulding, and moreover,
      the resulting moulded articles are often poor in the homogeneity. There
      have been known several rubber compositions composed of ethylene-propylene
      copolymer, monomer, organic peroxide, and one shot moulded articles
      prepared therefrom. However, rubber compositions having well-balanced
      physical properties in such a high level that are aimed in the present
      invention have never hitherto been obtained. For example, British Pat. No.
      896,598 and Journal of the Society of Rubber Industry Japan, 42, 921(1966)
      disclose methods wherein a rubber composition composed of
      ethylene-propylene copolymer, divinylbenzene and organic peroxide is
      heated and cured. However, the resulting cured product is still
      insufficient in the balance of the Young's modulus, tensile strength and
      tear energy at room temperature, the retentions of Young's modulus,
      tensile strength and tear energy at high temperature (about 70.degree.C),
      the creeps at room temperature and at 70.degree.C, and other physical
      properties.
PAR  The present invention provides a homogeneous one shot mouldable rubber
      composition, which simultaneously has high Young's modulus, tensile
      strength, elongation, tear energy and retention of physical properties at
      high temperature (70.degree.C) and a low creep in a well-balanced state
      without the use of reinforcing material, such well-balanced physical
      properties having never been attained without the use of reinforcing
      material by the conventional rubber compositions.
PAC  SUMMARY OF THE INVENTION
PAR  The rubber composition having a high Young's modulus of the present
      invention is characterized in that the rubber composition comprises
PA1  100 parts by weight of a mixture of the following ingredients (a) and (b)
      in a weight ratio of ingredient (a)/ingredient (b) of 67/33-50/50,
PA1  said ingredient (a) being an ethylene-propylene copolymer having a Mooney
      viscosity of at least 75, which may contain unsaturated third component,
PA1  said ingredient (b) being divinylbenzene,
PA1  (c) 0.3-2.5 parts by weight of an organic peroxide, and
PA1  (d) 0.01-0.25 part by weight of sulfur,
PAL  and the homogeneous rubber composition cured at 120-180.degree.C having a
      Young's modulus of 200-500 Kg/cm.sup.2, a tensile strength of at least 200
      Kg/cm.sup.2, an elongation of at least 300%, a tear energy .GAMMA. of at
      least 10 Kg/cm and retentions of Young's modulus and tensile strength at
      70.degree.C of at least 50%.
PAR  The moulded articles produced from the rubber composition of the present
      invention have sufficiently high mechanical strength without the use of
      reinforcing materials, such as fibers and the like, and are very small in
      the permanent deformation, and are excellent in the low temperature
      resistance and air-tightness, and further are very light and inexpensive.
PAR  The inventors have further made various investigations with respect to the
      above described rubber composition, and found out that, when a
      particularly limited several kinds of ultraviolet absorbing agents are
      added to the rubber composition, the light stability of the cured product
      of the rubber composition can be improved without affecting adversely the
      curing rate, the polymerization velocity of monomers and the low shrinkage
      of the composition in the curing, and further without deteriorating the
      Young's modulus, tensile strength, tear energy, retentions of Young's
      modulus and tensile strength, and other physical properties of the cured
      rubber.
PAR  Therefore, the rubber composition of the present invention is remarkably
      useful as a material for producing one shot moulded articles, which are
      used under severe temperature and mechanical conditions, such as vibration
      insulating rubber, bumper, tire, flexible joint, guide roller, dock
      fender, belt, hose, packing material, joint sealing element, sealing
      material and other water-resistant material, heat-resistant material,
      low-temperature resistant material and the like. Of course, the rubber
      composition can be widely used similarly to conventional rubber materials.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The rubber composition having a high Young's modulus aimed in the present
      invention comprises
PA1  100 parts by weight of a mixture of the following ingredients (a) and (b)
      in a weight ratio of ingredient (a)/ingredient (b) of 67/33-50/50,
PA1  said ingredient (a) being an ethylene-propylene copolymer having a Mooney
      viscosity of at least 75, which may contain an unsaturated third
      component,
PA1  said ingredient (b) being divinylbenzene,
PA1  (c) 0.3-2.5 parts by weight of an organic peroxide, and
PA1  (d) 0.01-0.25 part by weight of sulfur.
PAR  Further, when the following ingredient,
PA1  (e) 0.1-5.0 parts by weight of an ultraviolet absorbing agent, or
PA1  (e') 0.1-10.0 parts by weight of carbon black and/or red iron oxide,
PAL  is added to the above described rubber composition composed of the
      ingredients (a)-(d), the light stability of the cured rubber is remarkably
      improved.
PAR  The ethylene-propylene copolymer to be used in the present invention
      includes two-component copolymer composed of ethylene and propylene, and
      multi-component copolymer composed of ethylene, propylene and an
      unsaturated component, and should be a rubbery copolymer having a Mooney
      viscosity of at least 75 and containing 40-80% of ethylene unit, 60-20% of
      propylene unit and 0-10% of unsaturated component unit. Of course,
      mixtures composed of at least two ethylene-propylene copolymers and having
      a Mooney viscosity of at least 75 are included in the scope of the present
      invention.
PAR  The rubber composition having a high Young's modulus of the present
      invention is composed of the above described 4 or 5 essential ingredients.
      Among these ingredients, divinylbenzene serves to increase the Young's
      modulus and the physical properties at high temperature of the rubber
      composition in the cured state.
PAR  In the present invention, the weight ratio of rubber/divinylbenzene is very
      important, and should be within the range of 67/33-50/50, preferably
      65/35-55/45. When the weight ratio of rubber/divinylbenzene is larger than
      67/33, the Young's modulus and tear energy .GAMMA. of the cured rubber are
      decreased, while when the weight ratio is smaller than 50/50, the cured
      rubber has an extremely high Young's modulus an low tear energy .GAMMA.
      and elongation, and therefore cured rubbers having the above described
      physical properties aimed in the present invention cannot be obtained.
PAR  The organic peroxide to be used in the present invention includes dialkyl
      peroxides, such as dicumyl peroxide, di-t-butyl peroxide,
      1,1-di-t-butyl-3,3,5-trimethylperoxycyclohexane, t-butyl cumyl peroxide,
      2,5-dimethyl-2,5-di-t-butylperoxyhexane and the like. Among them, dicumyl
      peroxide is particularly preferable.
PAR  The amount of the organic peroxide is important in order to attain the
      object of the present invention. The organic peroxide has two rolls. The
      one is to act as an initiator which causes polymerization of
      divinylbenzene to form a polymer. The other is to act as a crosslinking
      agent which causes crosslinking reaction between the above formed polymer
      and the previously compounded ethylene-propylene copolymer to form a cured
      copolymer having a three-dimensional structure. In order to attain this
      objects, it is necessary to use the organic peroxide in an amount of
      0.3-2.5 parts by weight, preferably 0.5-1.5 parts by weight.
PAR  Sulfur is added to the rubber composition of the present invention in order
      to give a high Young's modulus to the cured rubber without deteriorating
      the tear resistance. In order to develop the effect of the sulfur, it is
      necessary to add sulfur in an amount of 0.01-0.25 part by weight,
      preferably 0.03-0.16 part by weight. When the addition amount of sulfur is
      smaller than the lower limit of the above described range, the Young's
      modulus and tear energy .GAMMA. of the cured rubber are lower than the
      desired values.
PAR  Ultraviolet absorbing agent is added to the rubber composition of the
      present invention in order to give a remarkably high light stability to
      the cured rubber without deteriorating the excellent physical properties
      at room temperature and the excellent retention of physical properties at
      high temperature (70.degree.C). As the ultraviolet absorbing agent,
      mention may be made of (1) benzophenone series compounds, (2)
      benzotriazole series compounds, (3) chelated nickel compounds, (4) a
      combination of (1) and (3), and the like. In the present invention, the
      following compounds are preferably used, that is, as the compounds of
      group (1), 2-hydroxy-4-n-octoxybenzophenone; as the compounds of group
      (2), 2'-hydroxy-4'-n-octoxybenzotriazole, and
      6-chloro-2-(2'-hydroxy-3'-t-butyl-5'-methyl)benzotriazole; as the
      compounds of group (3), 2,2'-thiobis-(4-t-octyl phenolate)-n-butylamine
      nickel, and nickel dibutyldithiocarbamate; and as the compounds of group
      (4) a mixture of 2-hydroxy-4-n-octoxybenzophenone and nickel
      dibutyldithiocarbamate, and the like. Among them,
      6-chloro-2-(2'-hydroxy-3'-t-butyl-5'-methyl)benzotriazole and a mixture of
      2-hydroxy-4-n-octoxybenzophenone and nickel dialkyldithiocarbamate in the
      same weight are particularly preferable. The ultraviolet absorbing agent
      is used in an amount of 0.1-5.0 parts by weight, preferably 0.5-4.0 parts
      by weight.
PAR  In the present invention, when ingredient (e) of ultraviolet absorbing
      agent, which is added to the rubber composition composed of the
      ingredients (a)-(d) in order to give a remarkably high light stability to
      the cured rubber without deteriorating the excellent physical properties
      at room temperature and the excellent retention of physical properties at
      high temperature (70.degree.C), is replaced by ingredient (e') of carbon
      black and/or red iron oxide, ingredient (e") of a mixture of ultraviolet
      absorbing agent annd pigment, or ingredient (e'") of a mixture of
      ultraviolet absorbing agent and at least one of carbon black and red ion
      oxide, such object can be attained also. In this case, the ingredient
      (e'), (e") is used in an amount of 1-10 parts by weight.
PAR  As the pigment used in the ingredient (e"), any pigments used in the
      conventional rubber and plastic industries can be used, and particularly
      Phthalocyanine Green and Parmanent Carmine are preferably used. As the
      ultraviolet absorbing agent to be used in combination with carbon black
      and/or red iron oxode in the ingredient (e'"), chelated nickel compounds
      are preferable.
PAR  The above described rubber composition of the present invention is easily
      cured by heating at a temperature of about 120-180.degree.C, preferably
      about 140-170.degree.C, for 1-90 minutes, preferably 3-40 minutes, and the
      resulting cured rubber has high Young's modulus and tensile strength and a
      low creep, and is excellent in the tear resistance and heat resistance,
      and further can maintain these excellent physical properties within a
      broad temperature range.
DETD
PAR  The following examples are given for the purpose of illustration of this
      invention and are not intended as limitations thereof. In the examples,
      the "part" means part by weight unless otherwise specified.
PAC  EXAMPLE 1 AND COMPARATIVE EXAMPLE 1
PAR  The following ingredients, (a) ethylene-propylene copolymer containing
      ethylidenenorbornene as an unsaturated third component, which has a Mooney
      viscosity of 90, an ethylene/propylene ratio of 70/30 and an iodine value
      of 12 (hereinafter this copolymer is referred to as E-1), (b)
      divinylbenzene, (c) dicumyl peroxide and (d) sulfur were kneaded according
      to the following Compounding Recipe 1 at room temperature by means of a
      mixing roll. The resulting homogeneous rubber compositions were heated and
      cured at 155.degree.C for 30 minutes to produce cured rubber sheets.
TBL  ______________________________________                                    

     Compounding Recipe 1                                                      

                                    Compara-                                   

                                    tive                                       

     Ingredient         Example 1   Example 1                                  

     ______________________________________                                    

     (a)   E-1         (part)   58.5      58.5                                 

     (b)   Divinylbenzene                                                      

                       (part)   41.5      41.5                                 

     (c)   Dicumyl peroxide                                                    

                       (part)   1.0       1.0                                  

     (d)   Sulfur      (part)   0.15      0                                    

     ______________________________________                                    

PAR  Physical properties of the above obtained cured rubber sheets are shown in
      the following Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

                                     Compara-                                  

                                     tive                                      

     Physical property        Example 1                                        

                                     Example 1                                 

     __________________________________________________________________________

     Tensile strength at room temperature                                      

                        (Kg/cm.sup.2)                                          

                              328    336                                       

     Elongation at room temperature                                            

                        (%)   370    350                                       

     Modulus at room temperature.sup.1)                                        

                        (Kg/cm.sup.2)                                          

                              308    179                                       

     Tear energy at room temperature.sup.2)                                    

                        (Kg/cm)                                                

                              13     13                                        

     Creep at room temperature.sup.3)                                          

      (20 Kg/cm.sup.2 stress)                                                  

                        (%)   1.3    3.9                                       

     Creep at 70.degree.C.sup.3)                                               

      (20 Kg/cm.sup.2 stress)                                                  

                        (%)   0.9    2.8                                       

     Retention of                                                              

     tensile strength at 70.degree.C.sup.4)                                    

                        (%)   53     45                                        

     Retention of                                                              

     elongation at 70.degree.C.sup.4)                                          

                        (%)   76     88                                        

     Retention of                                                              

     modulus at 70.degree.C.sup.4)                                             

                        (%)   66     55                                        

     __________________________________________________________________________

      Note:                                                                    

      .sup.1) Young's modulus measured under 10% elongation.                   

      .sup.2) Tear energy was measured in the following manner. A cut having a 

      length of 2 mm is made to a stripshaped rubber sample having a length of 

      60 mm, a width of 10 mm and a thickness of 2 mm from the side at the     

      center portion of the length of the sample in a direction perpendicular t

      the longitudinal direction of the sample, and the energy required for    

      tearing the sample is measured. The higher the value, the more excellent 

      tear characteristics the sample has.                                     

      .sup.3) Creep (24 hours) - Creep (1 hour)                                

     .sup.4)                                                                   

       Value at 70.degree.C                                                    

                    .times. 100 (%)                                            

       Value at room temperature                                               

PAR  As seen from Table 1, when sulfur is added to a rubber composition, the
      Young's modulus of the cured rubber sheet is improved remarkably, and
      further the retentions of tensile strength and Young's modulus at
      70.degree.C of the sheet are improved, and the creeps at room temperature
      and 70.degree.C of the sheet are considerably low.
PAC  EXAMPLES 2 AND 3 AND COMPARATIVE EXAMPLES 2 TO 4
PAR  The following ingredients, (a) ethylene-propylene copolymer E-1, (b)
      divinylbenzene, (c) dicumyl peroxide and (d) sulfur were kneaded according
      to the following Compounding Recipe 2 at room temperature by means of a
      mixing roll. The resulting homogeneous rubber compositions were heated and
      cured at 155.degree.C for 30 minutes to produce cured rubber sheets.
TBL  ______________________________________                                    

     Compounding Recipe 2                                                      

                       Example   Comparative                                   

     Ingredient                  Example                                       

                     2    3      2      3    4                                 

     ______________________________________                                    

     (a)  E-1          (part)  58.5 58.5 58.5 58.5 58.5                        

     (b)  Divinylbenzene                                                       

                       (part)  41.5 41.5 41.5 41.5 41.5                        

     (c)  Dicumyl peroxide                                                     

                       (part)   1.0  1.0  1.0  1.0  1.0                        

     (d)  Sulfur       (part)   0.1  0.2  0    0.3  0.4                        

     ______________________________________                                    

PAR  Physical properties of the above obtained cured rubber sheets are shown in
      the following Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

                              Example Comparative                              

     Physical property                Example                                  

                              2   3   2   3   4                                

     __________________________________________________________________________

     Tensile strength at room temperature                                      

                        (Kg/cm.sup.2)                                          

                              266 258 288 250                                  

     Elongation at room temperature                                            

                        (%)   340 368 295 480 soft                             

     Modulus at room temperature                                               

                        (Kg/cm.sup.2)                                          

                              230 241 186 142 sheet                            

     Tear energy at room temperature                                           

                        (Kg/cm)                                                

                               18  21  9  --                                   

     __________________________________________________________________________

PAR  It is clear from the comparison of Examples 2 and 3 with Comparative
      Example 2 that, when the addition amount of sulfur is not more than 0.2
      part, the Young's modulus and tear energy of the cured rubber sheets are
      remarkably improved. However, when the addition amount of sulfur is not
      less than 0.3 part, the Young's modulus of the cured rubber sheet is low,
      and as the increase of the amount of sulfur, the sheet becomes soft and
      finally becomes unfit for practical use.
PAC  EXAMPLES 4 TO 8 AND COMPARATIVE EXAMPLE 5
PAR  The effect of Mooney viscosity of ethylene-propylene copolymer was
      examined. Table 3 shows Mooney viscosities and structures of the
      ethylene-propylene copolymers used in this test.
TBL                Table 3                                                     

     ______________________________________                                    

     Ethylene-                          Ethylene/                              

     propylene  Mooney       Iodine     propylene                              

     copolymer  viscosity    value      ratio                                  

     ______________________________________                                    

     E-2        95           1          74/26                                  

     E-3        90           12         55/45                                  

     E-4        80           0          73/27                                  

     E-5        80           0          51/49                                  

     E-1        90           12         70/30                                  

     E-6        120          12         61/39                                  

     E-7        50           3          50/50                                  

     ______________________________________                                    

PAR  The ethylene-propylene copolymers listed in the above Table 3 were used,
      and the following ingredients, (a) ethylene-propylene copolymer, (b)
      divinylbenzene, (c) dicumyl peroxide and (d) sulfur were kneaded according
      to the following Compounding Recipe 3 at room temperature by means of a
      mixing roll. The resulting homogeneous rubber compositions were heated and
      cured at 155.degree.C for 30 minutes to produce cured rubber sheets.
PAR  Physical properties of the cured rubber sheets are shown in the following
      Table 5.
TBL  __________________________________________________________________________

     Compounding Recipe 3                                                      

                                              Compara-                         

                                              tive                             

     Ingredient     Example                   Example                          

                    4    5    6    7    8     5                                

     __________________________________________________________________________

     (a)                                                                       

        Kind of                                                                

        ethylene-                                                              

        propylene   E-2  E-3  E-4  E-5  E-1/E-6                                

                                              E-7                              

        copolymer                       =7/3                                   

     (a)                                                                       

        Amount of the                                                          

        copolymer                                                              

                (part)                                                         

                    58.5 58.5 58.5 58.5 58.5  58.5                             

     (b)                                                                       

        Divinylbenzene                                                         

                (part)                                                         

                    41.5 41.5 41.5 41.5 41.5  41.5                             

     (c)                                                                       

        Dicumyl                                                                

        peroxide                                                               

                (part)                                                         

                    1.0  1.0  1.0  1.0  1.0   1.0                              

     (d)                                                                       

        Sulfur  (part)                                                         

                    0.15 0.15 0.15 0.15 0.15  0.15                             

     __________________________________________________________________________

TBL                                    Table 5                                 

     __________________________________________________________________________

                                           Compar-                             

     Physical property Example             tive                                

                                           Example 5                           

                       4   5   6   7   8                                       

     __________________________________________________________________________

     Tensile strength at                                                       

     room temperature                                                          

                 (Kg/cm.sup.2)                                                 

                       300 271 311 203 309 167                                 

     Elongation at room                                                        

     temperature (%)   450 395 415 430 385 380                                 

     Modulus at room                                                           

     temperature (Kg/cm.sup.2)                                                 

                       329 289 296 223 297 254                                 

     Tear energy at room                                                       

     temperature (Kg/cm)                                                       

                       29  11  19  17  17   9                                  

     Creep at room                                                             

     temperature (%)                                                           

      (20Kg/cm.sup.2 stress)                                                   

                       1.3 0.9 1.6 1.5 0.3 --                                  

     Creep at 70.degree.C                                                      

                 (%)                                                           

      (20Kg/cm.sup.2 stress)                                                   

                       2.0 0.8 0.6 0.7 1.3 --                                  

     Retention of tensile                                                      

     strength at 70.degree.C                                                   

                 (%)   54  52  65  66  53  --                                  

     Retention of elonga-                                                      

     tion at 70.degree.C                                                       

                 (%)   54  75  85  74  71  --                                  

     Retention of modulus                                                      

     at 70.degree.C                                                            

                 (%)   76  70  65  80  73  --                                  

     __________________________________________________________________________

PAR  Comparison of Examples 4 to 8 with Comparative Example 5 clearly shows that
      the cured rubber sheet obtained from the rubber composition, which uses
      ethylene-propylene copolymer having a Mooney viscosity lower than the
      lower limit defined in the present invention, has not desired tensile
      strength and tear energy.
PAC  EXAMPLES 9 TO 12 AND COMPARATIVE EXAMPLES 6 TO 8
PAR  The following ingredients, (a) ethylene-propylene copolymer, (b)
      divinylbenzene, (c) dicumyl peroxide and (d) sulfur were kneaded according
      to the following Compounding Recipe 4 at room temperature by means of a
      mixing roll. The resulting homogeneous rubber compositions were heated and
      cured at 155.degree.C for 30 minutes to produce cured rubber sheets.
PAR  Physical properties of the resulting cured rubber sheets are shown in the
      following Table 6.
TBL  __________________________________________________________________________

     Compounding Recipe 4                                                      

                                          Comparative                          

     Ingredient       Example             Example                              

                      9    10   11   12   6    7   8                           

     __________________________________________________________________________

     (a)                                                                       

        Kind of ethylene-                                                      

        propylene                                                              

        copolymer E-1 E-2  E-6  E-4  E-1  E-1  E-1                             

     (a)                                                                       

        Amount of the                                                          

        copolymer (part)                                                       

                      54.5 63.6 63.6 63.6 68.7 79  89.4                        

     (b)                                                                       

        Divinylbenzene                                                         

                  (part)                                                       

                      45.5 36.4 36.4 36.4 31.3 21  10.6                        

     (c)                                                                       

        Dicumyl peroxide                                                       

                  (part)                                                       

                      0.75 1.0  1.0  1.0  1.0  1.0 1.0                         

     (d)                                                                       

        Sulfur    (part)                                                       

                      0.1  0.15 0.15 0.15 0    0   0                           

     __________________________________________________________________________

TBL                                    Table 6                                 

     __________________________________________________________________________

                                           Comparative                         

     Physical property     Example         Example                             

                           9   10  11  12  6   7   8                           

     __________________________________________________________________________

     Tensile strength at room                                                  

     temperature     (Kg/cm.sup.2)                                             

                           261 292 219 268  178                                

                                                181                            

                                                   85                          

     Elongation at room temperature                                            

                     (%)   390 550 320 420 &gt;530                                

                                               &gt;600                            

                                                   670                         

     Modulus at room temperature                                               

                     (Kg/cm.sup.2)                                             

                           323 271 202 234  83  50 32                          

     Tear energy at room                                                       

     temperature     (Kg/cm)                                                   

                            16  33  15  21 --  --   7                          

     __________________________________________________________________________

      Note:                                                                    

      All of the cured rubber sheets obtained in Examples 9 to 12 had desired  

      values in the retention of physical properties at 70.degree.C and in the 

      creeps at room temperature and at 70.degree.C.                           

PAR  It can be seen from Examples 9 to 12 in Table 6 that the ratio of
      rubber/monomer can be widely changed in the rubber composition of the
      present invention. Comparative Examples 6, 7 and 8, which are carried out
      according to the method disclosed in British Pat. No. 896,598, show that
      cured rubber sheets prepared from rubber compositions, which contains
      monomer in an amount smaller than the lower limit defined in the present
      invention and further do not contain sulfur, have a low Young's modulus
      and a poor tensile strength, and such rubber compositions cannot satisfy
      the object of the present invention.
PAC  EXAMPLE 13 AND COMPARATIVE EXAMPLES 9 AND 10
PAR  The influence of the molecular weight (defined by the Mooney viscosity) of
      ethylene-propylene copolymer upon the physical properties of cured rubber
      was examined more minutely.
PAR  The molecular structures of the copolymers used in this test are shown in
      the following Table 7.
TBL                Table 7                                                     

     ______________________________________                                    

     Ethylene-                          Ethylene/                              

     propylene  Mooney       Iodine     propylene                              

     copolymer  viscosity    value      ratio                                  

     ______________________________________                                    

     E-8        40           12         50/50                                  

     E-9        60           12         55/45                                  

     E-3        90           12         55/45                                  

     ______________________________________                                    

PAR  The following ingredients, (a) ethylene-propylene copolymers, (b)
      divinylbenzene, (c) dicumyl peroxide and (d) sulfur were kneaded according
      to the following Compounding Recipe 5 at room temperature by means of a
      mixing roll. The resulting homogeneous rubber compositions were heated and
      cured at 155.degree.C for 30 minutes to produce cured rubber sheets.
PAR  Physical properties of the resulting cured rubber sheets are shown in the
      following Table 8.
TBL  ______________________________________                                    

     Compounding Recipe 5                                                      

                                 Comparative                                   

     Ingredient         Example  Example                                       

                      13     9        10                                       

     ______________________________________                                    

     (a)  Kind of ethylene-                                                    

          propylene                                                            

          copolymer             E-3    E-8    E-9                              

     (a)  Amount of the                                                        

          copolymer     (part)  58.5   58.5   58.5                             

     (b)  Divinylbenzene                                                       

                        (part)  41.5   41.5   41.5                             

     (c)  Dicumyl peroxide                                                     

                        (part)  1.0    1.0    1.0                              

     (d)  Sulfur        (part)  0.15   0.15   0.15                             

     ______________________________________                                    

TBL                Table 8                                                     

     ______________________________________                                    

                                   Comparative                                 

     Physical property    Example  Example                                     

                        13     9       10                                      

     ______________________________________                                    

     Tensile strength at room temperature                                      

     (Kg/cm.sup.2)        236      103     149                                 

     Elongation at room temperature (%)                                        

                          400      250     340                                 

     Modulus at room temperature (Kg/cm.sup.2)                                 

                          257      182     201                                 

     Tear energy at room temperature                                           

     (Kg/cm)               17       10     --                                  

     ______________________________________                                    

PAR  It can be seen from Table 6 that, when EPDM having substantially the same
      ethylene/propylene ratio and iodine value is used, only EPDM having a
      Mooney viscosity of 90 (E-3) can provide a cured rubber sheet having the
      desired tensile strength at room temperature.
PAC  EXAMPLE 14 AND COMPARATIVE EXAMPLE 11
PAR  The influence of ethylene/propylene ratio of the ethylene-propylene
      copolymer upon the physical properties of the cured rubber were examined.
      Molecular structure of the ethylene-propylene copolymers to be used in
      this test are shown in the above Table 3.
PAR  The following ingredients, (a) ethylene-propylene copolymer, (b)
      divinylbenzene, (c) dicumyl peroxide and (d) sulfur were kneaded according
      to the following Compounding Recipe 6 at room temperature by means of a
      mixing roll. The resulting homogeneous rubber compositions were heated and
      cured at 155.degree.C for 30 minutes to produce cured rubber sheets.
PAR  Physical properties of the resulting cured rubber sheets are shown in the
      following Table 9.
TBL  ______________________________________                                    

     Compounding Recipe 6                                                      

                                    Compar-                                    

                            Ex-     ative                                      

                            ample   Example                                    

     Ingredient             14      11                                         

     ______________________________________                                    

     (a)  Kind of ethylene-propylene                                           

          copolymer                 E-2   E-7                                  

     (a)  Ethylene/propylene ratio                                             

          in the copolymer          74/26 50/50                                

     (a)  Amount of the copolymer                                              

                            (part)  58.5  58.5                                 

     (b)  Divinylbenzene    (part)  41.5  41.5                                 

     (c)  Dicumyl peroxide  (part)  1.0   1.0                                  

     (d)  Sulfur            (part)   0.15  0.15                                

     ______________________________________                                    

TBL                Table 9                                                     

     ______________________________________                                    

                                    Comparative                                

                           Example  Example                                    

     Physical property     14       11                                         

     ______________________________________                                    

     Tensile strength at room temperature                                      

       (Kg/cm.sup.2)       300      170                                        

     Elongation at room temperature (%)                                        

                           450      390                                        

     Modulus at room temperature (Kg/cm.sup.2)                                 

                           329      126                                        

     Tear energy at room temperature                                           

       (Kg/cm)              29       19                                        

     ______________________________________                                    

PAR  As seen from Table 9, as the ethylene/propylene ratio is larger, the
      Young's modulus and tensile strength of the cured rubber sheet are higher.
PAC  EXAMPLES 15 AND 16
PAR  The influence of ethylene/propylene ratio in the ethylene-propylene
      copolymer upon the heat resistance of cured rubber was examined. The
      molecular structures of ethylene-propylene copolymers to be used in this
      test are shown in the above Table 3.
PAR  The following ingredients, (a) ethylene-propylene copolymer, (b)
      divinylbenzene, (c) dicumyl peroxide and (d) sulfur were kneaded according
      to the following Compounding Recipe 7 at room temperature by means of a
      mixing roll. The resulting homogenous rubber compositions were heated and
      cured at 155.degree.C for 30 minutes to produce cured rubber sheets.
PAR  Physical properties of the resulting cured rubber sheets are shown in the
      following Table 10.
TBL                Compounding Recipe 7                                        

     ______________________________________                                    

                          Example   Example                                    

     Ingredient           15        16                                         

     ______________________________________                                    

     (a) Kind of ethylene-propylene                                            

       copolymer          E-2       E-3                                        

     (a) Amount of the copolymer                                               

                      (part)  58.5      58.5                                   

     (b) Divinylbenzene                                                        

                      (part)  41.5      41.5                                   

     (c) Dicymyl peroxide                                                      

                      (part)  1.0       1.0                                    

     (d) Sulfur       (part)  0.15      01.5                                   

     ______________________________________                                    

TBL                                    Table 10                                

     __________________________________________________________________________

                             Example                                           

                                   Example                                     

     Physical property       15    16                                          

     __________________________________________________________________________

     Tensile strength at room temperature                                      

                       (Kg/cm.sup.2)                                           

                             295   271                                         

     Elongation at room temperature                                            

                       (%)   370   395                                         

     Modulus at room temperature                                               

                       (Kg/cm.sup.2)                                           

                             426   289                                         

     Tear energy at room temperature                                           

                       (Kg/cm)                                                 

                             15    11                                          

     Creep at room temperature                                                 

                       (%)   1.3   0.9                                         

       (20 Kg/cm.sup.2 stress)                                                 

     Creep at 70.degree.C (20 Kg/cm.sup.2 stress)                              

                       (%)   2.0   0.8                                         

     Retention of tensile strength                                             

     at 70.degree.C    (%)   53    60                                          

     Retention of elongation at 70.degree.C                                    

                       (%)   87    75                                          

     Retention of modulus at 70.degree.C                                       

                       (%)   50    70                                          

     __________________________________________________________________________

PAR  As seen from Table 10, as the ethylene/propylene ratio is smaller, the
      cured rubber sheet is more excellent in the retention of physical
      properties at high temperature.
PAC  EXAMPLES 17 TO 19
PAR  The influence of ethylene/propylene ratio in the ethylene-propylene
      copolymer upon the creeps at room temperature and at 70.degree.C was
      examined. Samples of Examples 17, 18 and 19 to be used for the examination
      of creep are cured rubber sheets produced in Examples 13, 1 and 14,
      respectively. The molecular structures of the ethylene-propylene
      copolymers used in Examples 17 to 19 and the values of creep of the
      resulting cured rubber sheets are shown in the following Table 11.
TBL                Table 11                                                    

     ______________________________________                                    

                     Example                                                   

                            Example  Example                                   

                     17     18       19                                        

     ______________________________________                                    

     Kind of ethylene-                                                         

     propylene copolymer                                                       

                       E-3      E-1      E-2                                   

     Mooney viscosity  90       90       90                                    

     Ethylene/propylene ratio                                                  

                       55/45    70/30    74/26                                 

     Creep at room temperature (%)                                             

                       1.1      1.3      1.3                                   

     Creep at 70.degree.C (%)                                                  

                       1.0      1.6      1.8                                   

     ______________________________________                                    

PAR  As seen from Table 11, as the propylene content in the ethylene-propylene
      copolymer is higher, both of the creep at room temperature and that at
      high temperature lower.
PAC  EXAMPLE 20
PAR  A mixture composed of (a) 60 parts by volume of ethylene-propylene
      copolymer E-1, (b) 40 parts by volume of divinylbenzene (the ingredient
      (a) being 58.5 parts by weight and the ingredient (b) being 41.5 parts by
      weight), (c) 1.0 part by weight of dicumyl peroxide, (d) 0.15 part by
      weight of sulfur and (e) 3.0 parts by weight of HAF carbon black was
      kneaded at room temperature by means of a mixing roll. The resulting
      homogeneous rubber composition was heated and cured at 155.degree.C for 30
      minutes to produce a cured rubber sheet.
PAR  Physical properties of the resulting cured rubber sheet are shown in the
      following Table 12.
TBL                Table 12                                                    

     ______________________________________                                    

                                 Example                                       

     Physical property           20                                            

     ______________________________________                                    

     Tensile strength at room temperature                                      

                           (Kg/cm.sup.2)                                       

                                     257                                       

     Elongation at room temperature                                            

                           (%)       300                                       

     Modulus at room temperature                                               

                           (Kg/cm.sup.2)                                       

                                     244                                       

     Tear energy at room temperature                                           

                           (Kg/cm)    12                                       

     Retention of physical properties                                          

     after outdoor exposure*                                                   

      Tensile strength at room temperature                                     

                           (%)        99                                       

      Elongation at room temperature                                           

                           (%)        90                                       

      Modulus at room temperature                                              

                           (%)       133                                       

     ______________________________________                                    

      *Cured rubber sheet was exposed out of doors for 40 days under 10%       

      elongation.                                                              

PAR  As seen from Table 12, the cured rubber sheet produced from a rubber
      composition containing 3 parts, based on 100 parts of a mixture of
      ethylene-propylene copolymer and divinylbenzene, of carbon black has
      desired physical properties at room temperature and further has remarkably
      excellent light stability.
PAC  EXAMPLES 21 AND 22
PAR  The following ingredients, (a) ethylene-propylene copolymer, (b)
      divinylbenzene, (c) organic peroxide and (d) sulfur were kneaded according
      to the following Compounding Recipe 8 at room temperature by means of a
      mixing roll. The resulting homogeneous rubber compositions were heated and
      cured at 155.degree.C for 30 minutes to produce cured rubber sheets.
PAR  Physical properties of the resulting cured rubber sheets are shown in the
      following Table 13.
TBL                Compounding Recipe 8                                        

     ______________________________________                                    

                              Ex.     Ex.                                      

     Ingredient               21      22                                       

     ______________________________________                                    

     (a)  Kind of ethylene-propylene                                           

          copolymer                   E-4    E-4                               

     (a)  Amount of the copolymer                                              

                              (part)  58.5   58.5                              

     (b)  Divinylbenzene      (part)  41.5   41.5                              

     (c)  Organic peroxide                                                     

          1,1-Bis-t-butylperoxy-3,3,5-                                         

          trimethylcyclohexane                                                 

                              (part)  1.0    0                                 

          2,5-Dimethyl-2,5-di-t-butyl-                                         

          peroxyhexane        (part)  0      1.0                               

     (d)  Sulfur              (part)  0.15   0.15                              

     ______________________________________                                    

TBL                Table 13                                                    

     ______________________________________                                    

                               Ex.     Ex.                                     

     Physical property         21      22                                      

     ______________________________________                                    

     Tensile strength at room                                                  

     temperature         (Kg/cm.sup.2)                                         

                                   224     217                                 

     Elongation at room temperature)                                           

                         (%)       480     510                                 

     Modulus at room temperature                                               

                         Kg/cm.sup.2)                                          

                                   380     293                                 

     Tear energy at room                                                       

     temperature         (Kg/cm)    25      35                                 

     Retention of tensile                                                      

     strength at 70.degree.C                                                   

                         (%)        58      52                                 

     Retention of elongation at 70.degree.C                                    

                         (%)        87      85                                 

     Retention of modulus at 70.degree.C                                       

                         (%)        67      54                                 

     ______________________________________                                    

PAR  It can be seen from Table 13 that, besides dicumyl peroxide, various
      dialkyl peroxides can be used in the present invention.
PAC  EXAMPLES 23 AND 24
PAR  The following ingredients, (a) ethylene-propylene copolymer, (b)
      divinylbenzene, (c) dicumyl peroxide, (d) sulfur, and (e) red iron oxide
      were kneaded according to the following Compounding Recipe 9 at room
      temperature by means of a mixing roll. The resulting homogeneous rubber
      compositions were heated and cured at 160.degree.C for 30 minutes to
      produce cured rubber sheets.
PAR  Physical properties of the resulting cured rubber sheets are shown in the
      following Table 14.
TBL                Compounding Recipe 9                                        

     ______________________________________                                    

                            Example  Example                                   

     Ingredient             23       24                                        

     ______________________________________                                    

     (a)  Kind of ethylene-propylene                                           

          copolymer                 E-1    E-1                                 

     (a)  Amount of the copolymer                                              

                            (part)  58.5   58.5                                

     (b)  Divinylbenzene    (part)  41.5   41.5                                

     (c)  Dicumyl peroxide  (part)  1.0    1.0                                 

     (d)  Sulfur            (part)  0.15   0.15                                

     (e)  Red iron oxide    (part)  3.0    0                                   

     ______________________________________                                    

TBL                Table 14                                                    

     ______________________________________                                    

                              Ex.     Ex.                                      

     Physical property        23      24                                       

     ______________________________________                                    

     Tensile strength at room                                                  

     temperature        (Kg/cm.sup.2)                                          

                                  291     324                                  

     Elongation at room temperature                                            

                        (%)       335     355                                  

     Modulus at room temperature                                               

                        (Kg/cm.sup.2)                                          

                                  223     243                                  

     Tear energy at room temperature                                           

                        (Kg/cm)    14      14                                  

     Retention of physical properties                                          

     after outdoor exposure*                                                   

      Tensile strength at room                                                 

      temperature       (%)        96      33                                  

      Elongation at room temperature                                           

                        (%)        94      80                                  

      Modulus at room temperature                                              

                        (%)       123     119                                  

     ______________________________________                                    

      *Cured rubber sheet was exposed out of doors for 9 days without          

      elongation.                                                              

PAR  As seen from Example 23, the cured rubber sheet produced from a composition
      containing 3 parts, based on 100 parts of a mixture of ethylene-propylene
      copolymer and divinylbenzene, or red iron oxide has desired physical
      properties at room temperature, and further the cured rubber sheet is
      remarkably superior in the light stability to a cured rubber sheet
      containing no red iron oxide.
PAC  EXAMPLES 25 TO 31
PAR  The following ingredients, (a) ethylene-propylene copolymer E-1, (b)
      divinylbenzene, (c) dicumyl peroxide, (d) sulfur and (e) ultraviolet
      absorbing agent were kneaded according to the following Compounding Recipe
      10 at room temperature by means of a mixing roll. The resulting
      homogeneous rubber compositions were heated and cured at 160.degree.C for
      30 minutes to produce cured ruber sheets.
PAR  Physical properties and light stability of the resulting cured rubber
      sheets are shown in the following Table 15.
TBL                                    Compounding Recipe 10                   

     __________________________________________________________________________

                          Example                                              

                               Example                                         

                                    Example                                    

                                         Example                               

                                              Example                          

                                                   Example                     

                                                        Example                

     Ingredient           25   26   27   28   29   30   31                     

     __________________________________________________________________________

     (a)                                                                       

        Kind of ethylene-propylene                                             

        copolymer         E-1  E-1  E-1  E-1  E-1  E-1  E-1                    

     (a)                                                                       

        Amount of the copolymer                                                

                      (part)                                                   

                          58.5 58.5 58.5 58.5 58.5 58.5 58.5                   

     (b)                                                                       

        Divinylbenzene                                                         

                      (part)                                                   

                          41.5 41.5 41.5 41.5 41.5 41.5 41.5                   

     (c)                                                                       

        Dicumyl peroxide                                                       

                      (part)                                                   

                          1.0  1.0  1.0  1.0  1.0  1.0  1.0                    

     (d)                                                                       

        Sulfur        (part)                                                   

                          0.15 0.15 0.15 0.15 0.15 0.15 0.15                   

     (e)                                                                       

        Ultraviolet absorbing                                                  

        agent                                                                  

          Kind            A    B    C    D    E    B+E                         

          Amount          1.0  1.0  1.0  1.0  1.0  1.0  0                      

     __________________________________________________________________________

      A:6-chloro-2-(2'-hydroxy-3'-t-butyl-5'-methyl)benzotriazole              

      B:2-hydroxy-4-n-octoxybenzophenone                                       

      C:2,2'-thiobis(4-t-octyl phenolate)-n-butylamine nickel                  

      D:2'-hydroxy-4'-n-octoxybenzotriazole                                    

      E:nickel dibutyldithiocarbamate                                          

      B+E:a mixture of B and E in the same weight.                             

TBL                                    Table 15                                

     __________________________________________________________________________

                            Example                                            

                                 Example                                       

                                      Example                                  

                                           Example                             

                                                Example                        

                                                     Example                   

                                                          Example              

     Physical property      25   26   27   28   29   30   31                   

     __________________________________________________________________________

     Tensile strength at room                                                  

     temperature      (Kg/cm.sup.2)                                            

                            300  331  291  330  328  316  324                  

     Elongation at room temperature                                            

                      (%)   340  350  350  370  375  365  355                  

     Modulus at room temperature                                               

                      (Kg/cm.sup.2)                                            

                            221  253  243  208  233  214  243                  

     Tear energy at room temperature                                           

                      (Kg/cm)                                                  

                             14   13   15   15   17   16   14                  

     Retention of physical properties                                          

     after outdoor exposure*                                                   

      Tensile strength at                                                      

      room temperature                                                         

                      (%)    93   88  101   83   89   92   33                  

      Elongation at room                                                       

      temperature     (%)    95   80   77   83   97   96   80                  

      Modulus at room                                                          

      temperature     (%)   111  101  109  116  103  106  119                  

      Tear energy at room                                                      

      temperature     (%)    91   94   88   83   96   93   44                  

     __________________________________________________________________________

      *Cured rubber sheet was exposed out of doors for 9 days under 10%        

      elongation.                                                              

PAR  As seen from Table 15, when ultraviolet absorbing agent is added to the
      rubber composition of the present invention, the retention of tensile
      strength and the retention of tear energy after outdoor exposure of the
      resulting cured rubber sheet are remarkably improved. Particularly,
      6-chloro-2-(2'-hydroxy-3'-t-butyl-5'-methyl)benzotriazole and a mixture of
      2-hydroxy-4-n-octoxybenzophenone and nickel dibutyldithiocarbamate in the
      same weight are effective.
PAC  EXAMPLES 32 TO 34
PAR  The following ingredients, (a) ethylene-propylene copolymer containing
      ethylidenenorbornene as an unsaturated third component, which has a Mooney
      viscosity of 120, an ethylene/propylene ratio of 70/30 and an iodine value
      of 15 (hereinafter this copolymer is referred to as E-8), (b)
      divinylbenzene, (c) dicumyl peroxide, (d) sulfur, (e') MCC carbon black
      and (e"') nickel dibutyldithiocarbamate were kneaded according to the
      following Compounding Recipe 11 at room temperature by means of a mixing
      roll. The resulting homogeneous rubber compositions were heated and cured
      at 155.degree.C for 30 minutes to produce cured rubber sheets.
PAR  Physical properties and light stability of the resulting cured rubber
      sheets are shown in the following Table 16.
TBL                                    Compounding Recipe 11                   

     __________________________________________________________________________

                           Example                                             

                                Example                                        

                                     Example                                   

     Ingredient            32   33   34                                        

     __________________________________________________________________________

     (a) Kind of ethylene-                                                     

         propylene copolymer                                                   

                           E-8  E-8  E-8                                       

     (a) Amount of the copolymer                                               

                       (part)                                                  

                           64   64   64                                        

     (b) Divinylbenzene                                                        

                       (part)                                                  

                           36   36   36                                        

     (c) Dicumyl peroxide                                                      

                       (part)                                                  

                           1    1    1                                         

     (d) Sulfur        (part)                                                  

                           0.15 0.15 0.15                                      

     (e')                                                                      

         MCC Carbon black                                                      

                       (part)                                                  

                           2    4    4                                         

     (e"')                                                                     

         Nickel dibutyldithio-                                                 

         carbamate     (part)                                                  

                           0    0    1                                         

     __________________________________________________________________________

TBL                                    Table 16                                

     __________________________________________________________________________

                          Example                                              

                               Example                                         

                                    Example                                    

     Physical property    32   33   34                                         

     __________________________________________________________________________

     Tensile strength at room                                                  

     temperature    (Kg/cm.sup.2)                                              

                          462  408  420                                        

     Elongation at room                                                        

     temperature    (%)   380  405  420                                        

     Modulus at room temperature                                               

                    (Kg/cm.sup.2)                                              

                          324  315  317                                        

     Tear energy at room                                                       

     temperature    (Kg/cm)                                                    

                          25   31   34                                         

     Retention of physical                                                     

     properties after outdoor                                                  

     exposure*                                                                 

      Tensile strength at                                                      

      room temperature                                                         

                    (%)   80   102  99                                         

      Elongation at room                                                       

      temperature   (%)   90   91   91                                         

      Modulus at room                                                          

      temperature   (%)   108  119  123                                        

      Tear energy at room                                                      

      temperature   (%)   80   87   89                                         

     __________________________________________________________________________

      *Cured rubber sheet was exposed out of doors for 1 month under 10%       

      elongation.                                                              

PAR  As seen from Table 16, when MCC carbon black having a grain size smaller
      than that of HAF carbon black or a mixture of MCC carbon black and nickel
      dibutyldithiocarbamate is added to the rubber composition of the present
      invention, the resulting cured rubber sheet has a remarkably improved
      retention of physical properties after outdoor exposure.
PAC  EXAMPLES 35 AND 36
PAR  The following ingredients, (a) ethylene-propylene copolymer E-8, (b)
      divinylbenzene, (c) dicumyl peroxide, (d) sulfur and (e") a mixture of
      ultraviolet absorbing agent and pigment were kneaded according to the
      following Compounding Recipe 12 at room temperature by means of a mixing
      roll. The resulting homogeneous rubber compositions were heated and cured
      at 155.degree.C for 30 minutes to produce cured rubber sheets.
PAR  Physical properties and light stability of the cured rubber sheets are
      shown in the following Table 17.
TBL                Compounding Recipe 12                                       

     ______________________________________                                    

                            Example  Example                                   

     Ingredient             35       36                                        

     ______________________________________                                    

     (a)  Kind of ethylene-propylene                                           

          copolymer                 E-8    E-8                                 

     (a)  Amount of the copolymer                                              

                            (part)  64     64                                  

     (b)  Divinylbenzene    (part)  36     36                                  

     (c)  Dicumyl peroxide  (part)  1.0    1.0                                 

     (d)  Sulfur            (part)  0.15   0.15                                

     (e") Ultraviolet absorbing                                                

          agent A           (part)  3      3                                   

     (e") Pigment                                                              

           Phthalocyanine Green                                                

                            (part)  3      0                                   

           Permanent Carmine                                                   

                            (part)  0      3                                   

     ______________________________________                                    

TBL                Table 17                                                    

     ______________________________________                                    

                              Ex.     Ex.                                      

     Physical property        35      36                                       

     ______________________________________                                    

     Tensile strength at room                                                  

     temperature        (Kg/cm.sup.2)                                          

                                  388      384                                 

     Elongation at room temperature                                            

                        (%)       328      330                                 

     Modulus at room temperature                                               

                        (Kg/cm.sup.2)                                          

                                  265      250                                 

     Tear energy at room                                                       

     temperature        (Kg/cm)    20       21                                 

     Retention of physical properties                                          

     after outdoor exposure*                                                   

      Tensile strength at room                                                 

      temperature       (%)        80       89                                 

      Elongation at room                                                       

      temperature       (%)        85       88                                 

      Modulus at room                                                          

      temperature       (%)       116      104                                 

      Tear energy of at room                                                   

      temperature       (%)        95       96                                 

     ______________________________________                                    

      *Cured rubber sheet was exposed out of doors for 1 month under 10%       

      elongation.                                                              

PAR  As seen from Table 17, a mixture of ultraviolet absorbing agent and pigment
      also provides cured rubber sheets having a remarkably improved retention
      of physical properties after outdoor exposure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ethylene-propylene copolymer rubber composition having a high Young's
      modulus, which comprises
PA1  100 parts by weight of a mixture of the following ingredients (a) and (b)
      in a weight ratio of ingredient (a)/ingredient (b) of 67/33-50/50,
PA1  said ingredient (a) being an ethylene-propylene copolymer having a Mooney
      viscosity of at least 75, which may contain an unsaturated third
      component, and
PA1  said ingredient (b) being divinylbenzene,
PA1  (c) 0.3-2.5 parts by weight of an organic peroxide, and
PA1  (d) 0.01-0.25 part by weight of sulfur,
PAL  said rubber composition when cured at 120-180.degree.C being homogeneous
      and having a Young's modulus of 200-500 Kg/cm.sup.2, a tensile strength of
      at least 200 Kg/cm.sup.2, an elongation of at least 300%, a tear energy
      .GAMMA. of at least 10 Kg/cm, and retentions of Young's modulus and
      tensile strength at 70.degree.C of at least 50%.
NUM  2.
PAR  2. An ethylene-propylene copolymer rubber composition having a high Young's
      modulus, which comprises
PA1  100 parts by weight of a mixture of the following ingredients (a) and (b)
      in a weight ratio of ingredient (a)/ingredient (b) of 67/33-50/50,
PA1  said ingredient (a) being an ethylene-propylene copolymer having a Mooney
      viscosity of at least 75, which may contain an unsaturated third
      component, and
PA1  said ingredient (b) being divinylbenzene,
PA1  (c) 0.3-2.5 parts by weight of an organic peroxide,
PA1  (d) 0.01-0.25 part hy weight of sulfur, and
PA1  (e) 0.1-5.0 parts by weight of an ultraviolet absorbing agent,
PAL  said rubber composition when cured at 120-180.degree.C being homogeneous
      and having a Young's modulus of 200-500 Kg/cm.sup.2, a tensile strength of
      at least 200 Kg/cm.sup.2, an elongation of at least 300%, a tear energy
      .GAMMA. of at least 10 Kg/cm, and retentions of Young's modulus and
      tensile strength at 70.degree.C of at least 50%.
NUM  3.
PAR  3. An ethylene-propylene copolymer rubber composition having a high Young's
      modulus, which comprises
PA1  100 parts by weight of a mixture of the following ingredients (a) and (b)
      in a weight ratio of ingredient (a)/ingredient (b) of 67/33-50/50,
PA1  said ingredient (a) being an ethylene-propylene copolymer having a Mooney
      viscosity of at least 75, which may contain an unsaturated third
      component, and
PA1  said ingredient (b) being divinylbenzene,
PA1  (c) 0.3-2.5 parts by weight of an organic peroxide,
PA1  (d) 0.01-0.25 part by weight of sulfur, and
PA1  (e') 1-10 parts by weight of carbon black and/or red iron oxide,
PAL  said rubber composition when cured at 120-180.degree.C being homogeneous
      and having a Young's modulus of 200-500 Kg/cm.sup.2, a tensile strength of
      at least 200 Kg/cm.sup.2, an elongation of at least 300%, a tear energy
      .GAMMA. of at least 10 Kg/cm, and retentions of Young's modulus and
      tensile strength at 70.degree.C of at least 50%.
NUM  4.
PAR  4. An ethylene-propylene copolymer rubber composition having a high Young's
      modulus, which comprises
PA1  100 parts by weight of a mixture of the following ingredients (a) and (b)
      in a weight ratio of ingredient (a)/ingredient (b) of 67/33-50/50,
PA1  said ingredient (a) being an ethylene-propylene copolymer having a Mooney
      viscosity of at least 75, and
PA1  said ingredient (b) being divinylbenzene,
PA1  (c) 0.3-2.5 parts by weight of an organic peroxide,
PA1  (d) 0.01-0.25 part by weight of sulfur, and
PA1  (e") 1-10 parts by weight of a mixture of ultraviolet absorbing agent and
      pigment,
PAL  said rubber composition when cured at 120-180.degree.C being homogeneous
      and having a Young's modulus of 200-500 Kg/cm.sup.2, a tensile strength of
      at least 200 Kg/cm.sup.2, an elongation of at least 300%, a tear energy
      .GAMMA. of at least 10 Kg/cm, and retentions of Young's modulus and
      tensile strength at 70.degree.C of at least 50%.
NUM  5.
PAR  5. An ethylene-propylene copolymer rubber composition having a high Young's
      modulus, which comprises
PA1  100 parts by weight of a mixture of the following ingredients (a) and (b)
      in a weight ratio of ingredient (a)/ingredient (b) of 67/33-50/50,
PA1  said ingredient (a) being an ethylene-propylene copolymer having a Mooney
      viscosity of at least 75, and
PA1  said ingredient (b) being divinylbenzene,
PA1  (c) 0.3-2.5 parts by weight of an organic peroxide,
PA1  (d) 0.01-0.25 part by weight of sulfur, and
PA1  (e'") 1-10 parts by weight of a mixture of ultraviolet absorbing agent and
      at least one of carbon black and red iron oxide,
PAL  said rubber composition when cured at 120-180.degree.C being homogeneous
      and having a Young's modulus of 200-500 Kg/cm.sup.2, a tensile strength of
      at least 200 Kg/cm.sup.2, an elongation of at least 300%, a tear energy
      .GAMMA. of at least 10 Kg/cm, and retentions of Young's modulus and
      tensile strength at 70.degree.C of at least 50%.
NUM  6.
PAR  6. A rubber composition according to claim 1, wherein said
      ethylene-propylene copolymer is a rubbery copolymer having a Mooney
      viscosity of at least 75 and containing 40-80% of ethylene unit, 60-20% of
      propylene unit and 0-10% of unsaturated component unit.
NUM  7.
PAR  7. A rubber composition according to claim 1, wherein the weight ratio of
      ethylene-propylene copolymer/divinylbenzene is 65/35-55/45.
NUM  8.
PAR  8. A rubber composition according to claim 1, wherein said organic peroxide
      is dicumyl peroxide, di-t-butyl peroxide,
      1,1-di-t-butyl-3,3,5-peroxycyclohexane, t-butyl cumyl peroxide or
      2,5-dimethyl-2,5-di-t-butylperoxyhexane.
NUM  9.
PAR  9. A rubber composition according to claim 1, wherein said organic peroxide
      is dicumyl peroxide.
NUM  10.
PAR  10. A rubber composition according to claim 1, wherein the amount of said
      organic peroxide is 0.5-1.5 parts by weight based on 100 parts by weight
      of the total amount of ethylene-propylene copolymer and divinylbenzene.
NUM  11.
PAR  11. A rubber composition according to claim 1, wherein the amount of sulfur
      is 0.03-0.16 part by weight based on 100 parts by weight of the total
      amount of ethylene-propylene copolymer and divinylbenzene.
NUM  12.
PAR  12. A rubber composition according to claim 2, wherein said ultraviolet
      absorbing agent is
      6-chloro-2-(2'-hydroxy-3'-t-butyl-5'-methyl)benzotriazole,
      2-hydroxy-4-n-octoxybenzophenone, 2,2'-thiobis-(4-t-octyl
      phenolate)-n-butylamine nickel, 2'-hydroxy-4'-n-octoxybenzotriazole,
      nickel dibutyldithiocarbamate or a mixture of
      2-hydroxy-4-n-octoxybenzophenone and nickel dibutyldithiocarbamate in the
      same weight.
NUM  13.
PAR  13. A rubber composition according to claim 2, wherein the amount of said
      ultraviolet absorbing agent is 0.5-4.0 parts by weight based on 100 parts
      by weight of the total amount of ethylene-propylene copolymer and
      divinylbenzene.
NUM  14.
PAR  14. A rubber composition according to claim 4, wherein said pigment is
      Phthalocyanine Green or Permanent Carmine.
NUM  15.
PAR  15. A rubber composition according to claim 5, wherein said ultraviolet
      absorbing agent is 2,2'-thiobis-(4-t-octyl phenolate)-n-butylamine nickel
      or nickel dibutyldithiocarbamate.
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ABST
PAL  Means for producing fiber-reinforced foam plastic webs, panels, sandwich
      panels and the like from continuous rovings and a foam reaction mixture.
      Rovings are incorporated into a foam product or core by means of an air
      nozzle coupled to and adjustable in its position to the nozzle of a mixing
      head for ejecting the foam reaction mixture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and an apparatus for the batch-wise or
      continuous production of webs, panels or sandwich elements of foam
      plastics reinforced with rovings and in particular with glass fiber
      rovings, in which method the rovings are deposited on a support and
      permeated with a foam produced from a reaction mixture ejected from a
      nozzle. The apparatus according to the invention for carrying out the
      process batch-wise comprises a mold, with or without a cover, above which
      a displaceable mixing head is arranged. The apparatus for carrying out the
      process continuously comprises a conveyor belt with raised edges to limit
      its width and optionally a covering belt, and a mixing head which is
      reciprocally movable transversely to the direction of delivery and which
      is arranged above the conveyor belt.
PAR  It is generally desired that webs or panels of foam plastics or the foam
      plastic core of sandwich elements which have covering layers on either
      side of the core be reinforced with fiber inserts. These fiber inserts
      usually consist of glass fiber mats of fiber fleeces. They generally
      produce a foam of higher density in the marginal zones of the foam plastic
      product or of the foam core of a sandwich element. Additionally, if these
      mats or fleeces cannot be fixed to the internal surfaces of covering
      layers, they are liable to become displaced when the reaction mixture is
      introduced or when it foams up. It is not always desired to produce foam
      products or foam cores which have a higher density in the marginal zones.
      In such cases it has previously been necessary to introduce chopped
      rovings into the foaming mixture or to produce fiber mats substantially
      equal in thickness to the finished webs or panels of foam. In the former
      case, the chopped rovings are liable to be unevenly distributed when the
      reaction mixture foams up. In the second case, it is extremely difficult
      to produce glass fiber mats of the required thickness, for example, 4 cm
      or more, store them and then work them up as required without the mats
      suffering any loss in thickness. Even if this were easy to carry out, the
      mats would still be liable to be deformed by the reaction mixture as it
      foams up. When the foams are to be reinforced with mats and fiber fleeces,
      the dense arrangement of the fibers makes it difficult for the foaming
      mixture to penetrate the gaps between the fibers. This inability of the
      foam to pass through the gaps between the fibers causes the undesirable
      displacement of the mats and fleeces.
PAR  Due to the difficulties mentioned above, the fiber reinforced foam products
      or sandwich elements do not have sufficiently long fire resistance. It has
      been found, however, that the fire resistance can advantageously be
      increased by avoiding the formation of cracks which is liable to occur in
      the aforesaid products if they are exposed to heat. The reason for this is
      that early destruction of the foam begins at these cracks.
PAR  It is therefore, an object of this invention to provide means by which
      webs, panels or sandwich elements of foam plastics reinforced with rovings
      and in particular with glass fiber rovings can be produced in such a way
      that they will have a high resistance to the formation of cracks. The
      important properties which are desired to be achieved are not only a high
      resistance to mechanical stress in general, but in particular an improved
      fire resistance.
PAC  SUMMARY OF THE INVENTION
PAR  The problems of the prior art are solved according to the invention by
      directing continuous rovings onto a suitable support and permeating the
      rovings with a foam from a foamable reaction mixture. The rovings are
      delivered and directed onto the support by means of an air nozzle which is
      arranged so that the distance between the mouth of this nozzle and the
      mouth of the nozzle used for applying the mixture may be accurately
      adjusted according to the desired density of distribution of the rovings
      over the cross-section of the web.
PAR  The air nozzle is coupled to the mixing head for the reaction mixture in
      the sense that it is attached to the mixing head by means of an actual
      physical connection or is so arranged as that its movement or positioning
      is contiguous with that of the mixing head.
PAR  By observing this basic requirement, endless rovings can be distributed as
      desired over the cross-section of a molded foam product or foam core. It
      is found to be particularly advantageous that the rovings can be
      introduced at the same time that the foam product is being produced. It
      is, therefore, not necessary first to produce suitable mats or fleeces and
      then store them and later introduce them into the foaming apparatus by
      means of additional complicated and space-consuming apparatus.
PAR  Nor is it necessary to fix the rovings with a binder as is the case with
      known processes wherein reinforcements produced from endless threads are
      permeated with foam. These latter reinforcements are semi-finished
      products in which the points of intersection of the threads must be fixed
      by a binder before the reinforcement can be placed in the foaming mold and
      permeated with foam.
PAR  If the products are produced on a conveyor belt with a mixing head arranged
      above it, the distance between the mouth of the air nozzle and the mouth
      of the mixing nozzle may be adjusted between two extreme positions. In one
      extreme position, viewed in the direction of transport of the belt, the
      mouth of the mixing head is situated behind the mouth of the air nozzle at
      a distance of up to 500 mm, preferably 300 mm. In the second extreme
      position, the mouth of the air nozzle is situated behind the mouth of the
      mixing head at a distance of up to 300 mm, preferably about 200 mm.
PAR  Within this wide range of adjustments, the following procedures are
      possible.
PAR  According to one special method, the rovings are deposited first, that is
      to say both rovings and reaction mixture are deposited throughout the
      process but with a time lag so that first rovings are deposited on the
      support and then the reaction mixture is poured on the rovings, the time
      lag depending on the selected distance between the mouths of the nozzles.
      The greater the selected distance between the nozzles, which may be about
      400 mm or even more, the larger and flatter will be the loops of the
      rovings deposited on the support. The deposited, crimped rovings have
      sufficient time to settle flat on the support so that during the foaming
      process most of the rovings remain close to the support.
PAR  According to another method, the reaction mixture is first applied, that is
      to say here again both reaction mixture and rovings are deposited
      simultaneously throughout the process but with a time lag so that the
      reaction mixture is the first to reach the support. In this case, the
      rovings are mainly pushed to the top of the web or panel during the
      foaming process.
PAR  The degree to which the rovings deposited on the support will be heaped up
      can be adjusted by adjusting the angle of the air nozzle. The loops of the
      rovings will be heaped up or lie flat according to the angle of
      inclination of the nozzle. This bunching up of the rovings depends on
      various factors, for example, the diameter of the rovings, their rigidity
      and the rate at which they are delivered from the nozzle. The angle of
      inclination of the air nozzle required for obtaining the desired result
      can be determined empirically but in principle it may be said that the
      flatter the air nozzle lies in relation to the support the flatter will be
      the loops deposited on the support. If, on the other hand, the nozzle is
      practically perpendicular to the support, then the rovings will be more
      heaped up.
PAR  If it is desired to produce a foam plastics product or core in which the
      rovings are distributed as far as possible homogeneously over the
      cross-section, then according to another special method of the invention,
      the rovings and reaction mixture are deposited simultaneously at the same
      position. In this situation, the air nozzle must be set at such an angle
      to the mixing nozzle and arranged at such a distance from it that both the
      rovings and the mixture encounter the support in the same spot. For this
      purpose it is preferable to use two air nozzles arranged one to the right
      and one to the left of the mixing head.
PAR  Starting from this mid-position between the two extreme end positions, the
      quantity of rovings per cross-sectional area of the product can be varied
      over the height of the product to increase or decrease towards the bottom
      or top. If it is also desired to vary the fiber content over the length of
      the panel, this can be achieved by adjusting the draw-off rate of the
      rovings.
PAR  Structural elements in which the fire resistance conforms to the standards
      of DIN 4102 or even exceeds them can easily be produced by the process
      according to the invention. Whereas an increase in thickness of foam
      plastics which have not been reinforced does not result in any substantial
      increase in the length of fire resistance because of the cracks which are
      formed when such materials are tested for their fire resistance, the
      introduction of endless threads according to the invention results in a
      substantial increase in the fire resistance. This fire resistance may be
      increased even further by increasing the thickness of the reinforced foam
      products or reinforced foam cores so produced.
PAR  Foams suitable for reinforcement according to the invention are so-called
      hard foams known in the art and are produced from foamable reaction
      mixtures, for example, polyester, polyurethane and polyisocyanurate foams,
      especially those which themselves have a high fire resistance. If the
      rovings are intended to serve merely for mechanical reinforcement, either
      glass fiber rovings or any type of synthetic or natural fibers in the form
      of rovings may be used. If it is desired to increase the fire resistance,
      on the other hand, the rovings must have a high melting point and flash
      point so that they will act as fire retarders. Suitable synthetic fibers
      or asbestos fibers must then be used. Glass fiber rovings are particularly
      suitable for this purpose.
PAR  When producing sandwich elements, any of the materials known in the art may
      be used for the covering layers, depending on the properties required of
      the product. Materials suitable for use as covering layers are, for
      example, impregnated paper foils, plastics foils, metal sheets such as
      aluminium sheet or steel sheet, wood veneer and the like.
PAC  DETAILED DESCRIPTION
PAR  The apparatus according to the invention for carrying out the process
      batch-wise is characterized in that at least one rovings delivery device
      consisting of an air nozzle which is adjustable in its position relative
      to the delivery nozzle of the mixing head is coupled with the mixing head.
PAR  The apparatus according to the invention for carrying out the process
      continuously is characterized in that the mixing head is coupled with at
      least one rovings delivery device comprising an air nozzle which is
      adjustable in its position relative to the delivery nozzle of the mixing
      head.
PAR  The advantages arising from this constructional invention have already been
      described in connection with the process according to the invention.
PAR  The rovings delivery device is preferably attached to the mixing head by
      way of a pivotal arm which can be fixed in position.
PAR  The pivotal arm is therefore capable of pivoting about the mixing head so
      that the air nozzle is adjustable between the extreme end positions in
      front of and behind the mixing head. At the same time, the air nozzle can
      preferably be adjusted on the pivotal arm to adjust its distance to the
      mixing head. This is most easily achieved by means of an adjustment clamp.
PAR  The pivotal arm and the clamping member are provided with a tilting joint
      to adjust the angle of inclination of the air nozzle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings shown purely diagrammatically an example of an intermittently
      operating apparatus and an example of a continuously operating apparatus,
PAR  FIG. 1 represents an intermittently operating apparatus,
PAR  FIG. 2 represents a continuously operating apparatus,
PAR  FIG. 3 shows how the device for delivering the rovings is coupled to the
      mixing head and
PAR  FIGS. 4 to 10 shown various positions of the air nozzle in relation to the
      mixing head.
PAR  FIGS. 11 and 12 show an example for the air nozzle.
DETD
PAR  In FIG. 1, a frame 2 is arranged above a mold 1 and a carriage 3 is
      longitudinally displaceable on the frame 2. A mixing head 4 which is
      reciprocally movable in the transverse direction is provided on the
      carriage 3. This mixing head 4 is supplied with components of the reaction
      mixture from pipes 5 and 6.
PAR  The mouth 7 of the mixing nozzle 8 is directed vertically into the mold 2.
      The mold 2 may be adapted to be closed by a cover (not shown). A rovings
      delivery device 9 is coupled with the mixing head 4. Its representative
      construction is illustrated in FIG. 3.
PAR  FIG. 2 shows a double conveyor belt 10 comprising a lower belt 11 and upper
      belt 12. Side partitions (not shown) are employed between the upper and
      lower conveyor belts to confine the foamable reaction mixture. A mixing
      head 14 which is reciprocally movable in the transverse direction and
      supplied with reactants from pipes 15 and 16 is situated above the inlet
      end 13 of the lower belt 11. The mouth 17 of the mixing nozzle 18 is
      directed substantially vertically down to the lower belt 11. A rovings
      delivery device 19 is coupled with the mixing head 14. Its representative
      construction is shown in FIG. 3.
PAR  In FIG. 3, the rovings delivery device 29 is pivotally attached to the
      mixing head 24 by means of a swivel arm 30 which ends in a ring 31 which
      is adapted to pivot about an annular recess 32 on the circumference of the
      mixing head 24 and which can be fixed in position by means of a screw
      clamp 33.
PAR  At a point just before the swivel arm 30 becomes the ring 31 there is a
      joint 34 which also is adapted to be fixed in position by a screw clamp
      33. The swivel arm 30 supports a clamping member 35 which can be fixed by
      another screw clamp 33. A support 37 for an air nozzle 38 with air supply
      38a is fixed to the clamping member 35 in a position which can be adjusted
      by a joint 36 with clamping lever 33. The swivel arm 30 enables the air
      nozzle 38 to be adjusted in any desired direction to the mouth 27 of the
      outlet nozzle 28 of the mixing head. The distance to the mixing head 24
      can be adjusted by means of the adjustable clamping member 35 and the
      angle of delivery of the rovings 39 as well as the exact distance of the
      mouth 40 of the air nozzle 30 to the mouth 27 of the mixing nozzle 28 can
      be adjusted by means of the joints 34 and 36.
PAR  In cases where two air nozzles 38 are provided, the rovings delivery device
      shown in FIG. 3 is duplicated, with one such device arranged on each side
      of the mixing head 24.
PAR  FIGS. 4 to 10 show the most important positions of adjustment of the air
      nozzle 38 to the mixing head 24 used in conjunction with a double conveyor
      belt, the drawings indicating only the lower belt 11 and its direction of
      movement.
PAR  In FIG. 4, the air nozzle 38 is arranged at the upstream end and the mixing
      head 24 is arranged behind it. The air nozzle 38 is placed vertically.
      When the rovings 39 are deposited, they form almost circular loops. The
      distance of the mouth 40 of the air nozzle 38 to the mouth 27 of the
      outlet nozzle 28 for the mixture is approximately 30 mm.
PAR  FIG. 5 shows the air nozzle 38 in an intermediate position. The rovings 39
      are in this case deposited as elliptical loops.
PAR  In FIG. 6, the arrangement of the air nozzle 38 is extremely flat. The
      rovings 39 are deposited in long, flat loops.
PAR  Using the adjustments shown in FIGS. 4 to 6, the rovings 39 remain mainly
      in the lower region of the foam during the foaming process.
PAR  In FIG. 7, the mixing head 24 is arranged at the upstream end so that the
      mixture is the first to be deposited on the lower belt 11 or on the foil
      or other covering layer placed on it. The air nozzle 38 is arranged
      vertically so that the rovings 39 are again deposited in the form of
      approximately circular loops.
PAR  Elliptical loops are formed in FIG. 8.
PAR  In FIG. 9 the loops of rovings are again elongated due to the flat lie of
      the air nozzle 38.
PAR  Common to all these three embodiments, FIGS. 7, 8 and 9, is that when the
      mixture foams up, the rovings 39 are lifted up with it and accumulate
      mainly in the upper part of the mixture. When the air nozzle 38 is
      arranged behind the mixing head 24 as shown in FIGS. 8 and 9, it may also
      be inclined in the direction shown in FIGS. 5 and 6.
PAR  By setting the air nozzle 38 at a suitable angle and suitably choosing the
      distance of the mouth 40 of the air nozzle 38 to the mouth 27 of the
      mixing nozzle 28, however, it is possible to achieve substantially
      homogeneous distribution of the rovings 39 over the cross-section of the
      foamed product. The distance of the mouths 40 and 27 from the lower belt
      11 may also have some influence on the outcome.
PAR  FIG. 10 represents a cross-section through the lower belt 11 as it is
      moving forwards (out of the drawing). The rovings delivery device 29 in
      this case consists of two air nozzles 38 arranged symmetrically on either
      side of the central axis of the mixing head 24. Mixing head 24 and air
      nozzles 38 lie in the same plane which is perpendicular to the plane of
      the belt.
PAR  The angle of the air nozzles 38 is so adjusted that the rovings 39 and
      reaction mixture encounter the lower belt 11 at the same point. The
      rovings 39 are in this case homogeneously distributed over the
      cross-section in the finished product.
PAR  The advance in fire resistance achieved by the process and apparatus
      according to the invention may be illustrated by the following examples.
PAR  The nozzle head 40 is supplied with a pipe 41. The nozzle head 40 shows a
      central bore 42 of a diameter of 3 mm through which the rovings pass. The
      central bore 42 is surrounded by bores 43, 44, 45, 46 and 47 for air which
      have a diameter of 2 mm and are inclined under an angle of 13.degree.C
      whereas bore 48 is inclined under an angle of 22.degree.C to the central
      axis. The arrangement of the bores and all essential measurements are
      indicated in FIGS. 11 and 12 in millimeters.
PAR  The amount of glass fibres passing through bore 42 depends from the air
      pressure in an essentially linear proportion. According to a
      superatmospheric pressure of 3 to 12 atmospheres the amount of transported
      glass fibres increases from 200 to 1,500 g/mins.
PAC  EXAMPLES
PAC  EXAMPLE 1
PAR  Two wall section panels of polyisocyanate foam without covering layers and
      measuring 500 .times. 500 .times. 60 mm were tested according to DIN 4102,
      Completed Rules, 3. Edition of February 1970 (test device according to
      FIG. 2). The first wall section did not contain any glass rovings. Its
      fire resistance was only about 22 minutes. A second wall section which had
      the same thickness and dimensions but contained glass rovings
      homogeneously distributed over its cross-section was found to have a fire
      resistance of 35 minutes. For comparison, two wall sections with the same
      surface area as defined above but with a thickness of 80 mm were also
      tested. The section which was free from rovings was found to have a fire
      resistance of 25 minutes, but the section with glass rovings had a fire
      resistance of 80 minutes.
PAC  EXAMPLE 2
PAR  Two wall sections 3200 .times. 2350 mm in area and 80 mm in thickness
      covered with steel sheet 1 mm in thickness were tested. The wall section
      without glass fiber rovings had a fire resistance of 20 minutes and the
      one with rovings a resistance of about 50 minutes.
PAR  The advance achieved with the invention can be seen from these data.
PAR  The invention has been described with respect to certain preferred
      embodiments thereof. It is not intended to be limited to these
      embodiments, however, but instead is intended to include all embodiments
      included within the scope and spirit of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing a continuous fiber reinforced foam plastic web
      comprising:
PA1  a. directing a continuous roving onto a moving support means by means of an
      air nozzle wherein the roving is deposited in the form of random loops and
      the angle between the air nozzle and the moving support is used to control
      the form of the loops formed in the roving as it is deposited;
PA1  b. depositing a foamable reaction mixture onto said support means either
      before or after the deposition of said roving;
PA1  c. allowing said mixture to foam and permeate said roving; and
PA1  d. using the relative sequence and time lag between the mixture deposition
      and the roving deposition to control the ultimate position of the roving
      in the foamed web and to insure that the distribution of the roving is
      three dimensional such that the roving provides reinforcement for the web.
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ABST
PAL  Fire retardant qualities are incorporated into polyester fibers by adding
      to the polymer, prior to spinning thereof into filaments, not more than
      about 20 percent, based on the weight of the polymer, of a compound having
      the general formula:
      ##SPC1##
PAL  Where R is a radical selected from the group consisting of alkyl, aryl, and
      brominated aryl; where x + y equal 4-8, and where n is an integer of from
      2-100.
PARN
PAR  This is a continuation-in-part application of our co-pending application
      Serial No. 147,168, filed May 26, 1971, now abandoned.
BSUM
PAR  This invention relates to polyesters produced by condensation reactions of
      polymethylene glycols and dicarboxylic acids or reactive derivatives
      thereof.
PAR  It is well known that the polymeric polyesters prepared by the condensation
      of a glycol or its functional derivatives and a dicarboxylic acid or a
      polyester-forming derivative thereof, such as an acid halid, a salt, or a
      simple ester of a dibasic acid and volatile monohydric alcohol are
      excellent fiber-forming polymers. Commercially, highly polymeric
      polyesters are prepared, for example, by the condensation of terephthalic
      acid or dimethyl terephthalate and a polymethylene glycol containing from
      about 2 to 10 carbon atoms, and particularly ethylene glycol, generally as
      taught in U.S. Pat. No. 2,465,319 and improvements thereof. These
      polyesters are relatively insoluble, chemically inactive, hydrophobic
      materials capable of being formed into filaments which can be cold-drawn
      to produce textile fibers of superior strength and pliability. It has long
      been considered desirable to impart flame retardant qualities in these
      polyester fibers so that fabrics, particularly those containing natural
      fibers such as cotton, might thereby be rendered nonburnable. A wide
      variety of techniques have been employed to produce flame retardancy in
      polyesters, including the co-polymerization and transesterification of
      monomers which contain halogen and phosphorus, and the incorporation of
      these elements into the polymer by means of additives or carriers.
PAR  By adding the phosphorus-halogen containing compound while the polymer is
      in melt phase, the compound, or the fire resisting elements thereof will
      more likely remain in the fiber, even when exposed to subsequent washing
      or dry cleaning operations.
PAR  Phosphorus, bromine and chlorine have long been known as fire retardant
      elements, particularly adaptable for use in polymeric materials. These
      elements have been introduced into the polymers through a number of
      compounds; the problem of introduction being one of compatibility with the
      polymeric materials and reaction. Incompatibility, of course, results in
      degradation of alteration of the polymer, so that it cannot be spun into
      filaments or fibers with acceptable properties. Bromine, chlorine and
      phosphorus, as elements, cannot be added to polyethylene terephthalate
      prior to spinning without causing serious degradation.
PAR  The addition of low molecular weight compounds to polyesters in melt form
      is disadvantageous usually because the volatility of the compound will
      cause it to be removed by distillation; it may act as a plasticizer for
      the polymer to such an extent that the polymer cannot be spun into fibers;
      and it may cause the melting point of the polymer to be lowered to such an
      extent that it will have limited use when spun into fibers. These
      disadvantages may be overcome if the elements of phosphorus and halogen
      are part of a larger molecule such as a polymeric material. This polymeric
      additive need not be compatible with the polyester in the sense that it
      could or would become a part of the polyester chain. It is advantageous
      that the phosphorus and halogen be introduced in one compound not only for
      convenience, but because it is believed that a synergistic action results
      so that lesser amounts of the additive is required than would otherwise be
      necessary.
PAR  It is an object of this invention to provide a compound suitable for use as
      a fire retardant additive in polyethylene terephthalate.
PAR  It is another object of this invention to provide a method of preparing
      fire retardant polyethylene terephthalate fibers.
PAR  Briefly the objects of this invention are accomplished by adding, prior to
      the spinning of the polyethylene terephthalate polymer into filaments, not
      more than about 20 percent, based on the weight of the polymer, of a
      compound having the general formula:
      ##SPC2##
PAL  where R is a radical selected from the group consisting of alkyl, aryl, and
      brominated aryl; where x + y equal 4-8, and where n is an integer of from
      2-100.
PAR  By polyester fibers, as used herein, is meant a manufactured fiber in which
      the fiber-forming substance is any long chain synthetic polymer composed
      of at least 85% by weight of an ester of a dihydric alcohol and
      terephthalic acid.
PAR  I have discovered that certain phosphonates do not cause serious
      degradation of the polyester polymer, or otherwise interfere with the
      polymerization reaction.
PAR  Poly(tetrabromo dipheno phenyl phosphonate), for example, can be prepared
      by heating with stirring equimolar amounts of phenyl phosphonic dichloride
      and brominated 4-4' dihydroxy biphenyl until a homogenous liquid remains.
      Heating is continued at about 175.degree.C. until hydrogen chloride is
      evolved. Heating is continued with gradual increase in temperature until a
      highly polymeric material is present and hydrogen chloride evolution
      ceases. The polymeric material is allowed to cool and solidifies into a
      glassy mass which is finally ground, washed thoroughly with water, dilute
      caustic solution, again with water and finally with methanol. The
      treatment removes the unreacted starting materials. The product obtained
      is dissolved in chloroform, washed with water, treated with carbon and the
      polymer recovered by pouring the chloroform solution into methanol with
      rapid stirring.
PAR  The additive may be added at any convenient stage prior to spinning. Up to
      about 20% based on the final weight of the modified polymer can be
      tolerated. A minimum effective level is about 10%. As the level reaches
      20, a pronounced weakness in the fiber is found. About 15% of the additive
      is preferred. This should provide about 5-12% bromine in the fiber.
      Preferred bromine and phosphorus content is about 7% and 0.7%
      respectively. A degree of polymerization (n) of at least 2 is needed to
      maintain a sufficiently low volatility during polymer processing. A
      preferred range is about 3-10. The "R" group should be inactive. Examples
      of acceptable radicals for "R" are methyl, ethyl, propyl, butyl,
      dotriacontyl, phenyl and brominated phenyl.
DETD
PAC  EXAMPLE
PAR  A 900 ml. capacity polyester autoclave is charged with 147 g. terephthalic
      acid, 300 ml. ethylene glycol, and 0. 1 g. of antimony glycoloxide and the
      system purged with nitrogen. Heating is applied to the enclosed system,
      and when the temperature inside the autoclave has reached 100.degree.C. to
      125.degree.C., the stirrer is started. When the temperature inside the
      autoclave has reached about 230.degree.-235.degree.C. (the pressure being
      about 25 p.s.i.g.), the off-vapor valve is adjusted to maintain these
      conditions of temperature and pressure. Water from the esterification step
      and some ethylene glycol are continually removed for a period of about 60
      minutes. The pressure in the system is adjusted to atmospheric pressure
      and the heating rate continued up to a temperature of 280.degree.C. during
      which time excess glycol is distilled off. 30 grams of
      poly-(tetrabromodipheno phenyl phosphonate) with a degree of
      polymerization of 3 is added to the autoclave through an addition port
      atop the autoclave. Pressure in the autoclave is maintained at about 2 mm.
      or less until a polymer having a specific viscosity of about 0.3 is
      formed. The polymer is extruded through a spinnerette and the filaments
      obtained are drawn about 5 times their original length over a hot pin at
      about 80.degree.C. The drawn fiber is of an ivory color and melts at about
      236.degree.C.
PAR  The drawn fiber obtained above may be plied with glass fiber and knit into
      tubing of about 34 courses per inch. The technique of plying thermoplastic
      materials such as poly(ethylene terephthalate) with glass fiber and
      knitting into tubing prevents the polyester from pulling away from a flame
      and thus failing to propagate a flame when tested on standard flammability
      testers. When a flame is allowed to impinge on the modified polyester
      above, inclined at an angle of about 45.degree. from the horizontal, the
      tubing ignites briefly after which the flame goes out and is not
      propagated. In contrast, a polyester control sample in which the flame
      retardant is omitted will burn rapidly, for a distance of about 8-10
      inches from the point of ignition in a period of 7-8 seconds.
CLMS
STM  We claim:
NUM  1.
PAR  1. A synthetic fiber in which the fiber-forming substance is any long chain
      synthetic polymer comprising at least 85% by weight of an ester of a
      dihydric alcohol and terephthalic acid and not more than about 20%, based
      on the weight of the polymer, of a compound having the general formula:
      ##SPC3##
PAL  where R is a radical selected from the group consisting of alkyl, aryl, and
      brominated aryl; where x + y equal 4-8, and where n is an integer of from
      2-100.
NUM  2.
PAR  2. The fiber of claim 1 wherein said compound is present in the polymer in
      the amount of about 10-20%.
NUM  3.
PAR  3. The fiber of claim 1 wherein n is about 3-10.
NUM  4.
PAR  4. The fiber of claim 1 wherein n is about 3.
NUM  5.
PAR  5. The fiber of claim 1 wherein the compound is poly(tetrabromo dipheno
      phenyl phosphonate).
NUM  6.
PAR  6. The fiber of claim 5 wherein said compound is present in the amount of
      about 15%.
NUM  7.
PAR  7. The fiber of claim 1 wherein said ester is polyethylene terephthalate.
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ABST
PAL  A flame retardant polycarbonate composition comprising in admixture an
      aromatic carbonate polymer and a flame retardant additive which may be the
      metal salts of aliphatic and olefinic sulfonic acids, and mixtures
      thereof.
BSUM
PAR  This invention is directed to a flame retardant polycarbonate composition
      and in particular an aromatic polycarbonate containing in admixture
      therewith a particular flame retardant additive which may be the metal
      salts of aliphatic and olefinic sulfonic acids, and mixtures of these.
PAC  BACKGROUND OF THE INVENTION
PAR  With the increasing concern for safety, there is a positive move towards
      providing safe materials for public and household use. One particular area
      of need is that of providing flame resistant or flame retardant products
      for use by the ultimate consumer. As a result of this demand, many
      products are being required to meet certain flame retardant criteria both
      by local and federal government and the manufacturers of such products.
      One particular set of conditions employed as a measuring standard for
      flame retardancy is set forth in Underwriters Laboratories, Inc. Bulletin
      94. This Bulletin sets forth certain conditions by which materials are
      rated for self-extinguishing characteristics.
PAR  In the art, there are many known flame retardant additives which are
      employed by mixing with products to render such materials
      self-extinguishing or flame retardant. Such flame retardant additives have
      been known to be employed in amounts of 5 to 20 weight percent in order to
      be effective in extinguishing burning of those products which are
      combustible. It has also been found that such amounts can have a degrading
      effect upon the base product to be rendered flame retardant, resulting in
      the losses of valuable physical properties of the base product. This is
      particularly so when employing known flame retardant additives with the
      base product polycarbonate resins. Many of these known additives have a
      degrading effect upon the polymer.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been surprisingly discovered that an aromatic polycarbonate can
      be made flame retardant by incorporating with the aromatic polycarbonate
      minor amounts of certain additives, which additives are inert and do not
      degrade the aromatic polycarbonate. The particular additive employed
      herein is unique in that even very minor amounts render the aromatic
      polycarbonate flame retardant. The amount of the additive employed herein
      can vary, preferably, from 0.01 to about 10 weight percent based on the
      weight of the aromatic polycarbonate.
PAR  More specifically, the particular additive of this invention is the metal
      salt of substituted and unsubstituted aliphatic and olefinic sulfonic
      acids and includes mixtures thereof. The metal salt employed in the
      practice of this invention is either the alkali metal or alkaline earth
      metal salt or mixtures of these metal salts. The metals of these groups
      are sodium, lithium, potassium, rubidium, cesium, beryllium, magnesium,
      calcium, strontium and barium.
PAR  The aliphatic and olefinic sulfonic acids employed in the practice of this
      invention can be substituted or unsubstituted wherein the substituent
      consists of an electron withdrawing radical. As employed herein and within
      the scope of this invention, any of the electron withdrawing radicals can
      be employed in the practice of this invention. However, preferably, the
      electron withdrawing radical or substituent employed in the practice of
      this invention is the halo-, nitro-, trihalomethyl and cyano electron
      withdrawing radicals or mixtures of these electrons withdrawing radicals.
PAR  The electron withdrawing phenomenon, or as it is also referred to as
      electronegativity, is defined in Basic Principles of Organic Chemistry by
      Roberts and Caserio, 1964 (pages 185-186), and Physical Organic Chemistry
      by Jack Hine, McGraw-Hill Book Company, Inc. 1962 (pages 5, 32 and 85-93).
      Briefly, the electron withdrawing phenomenon is where the radical has a
      strong affinity for a negative charge, namely electrons, but still remains
      covalent and does not form an ion. This is an extremely brief description
      of this phenomenon and is merely set forth here to describe the electron
      withdrawing effect. Reference should be made to the texts set forth above.
PAR  The metal salts of the aliphatic or olefinic sulfonic acids have the
      following formula:
EQU  (X.sub.m R').sub.s [(X.sub.n R)(SO.sub.3 M)].sub.p         I.
PAL  wherein X is an electron withdrawing radical, M is a metal which may be
      selected from the periodic table of either an alkali metal or an alkaline
      earth metal, R' is an aryl radical of 1-2 aromatic rings, R is an
      aliphatic, cycloaliphatic, olefinic or cycloolefinic radical of 1-10
      carbon atoms, n and m are integers of 0-11, s is an integer of 0-5 and p
      is an integer of 1-4. As shown in the above Formula I, the aliphatic or
      olefinic sulfonic acid may or may not have an electron withdrawing
      radical. Preferably, in the practice of this invention, the sulfonic acid
      should contain an electron withdrawing radical.
PAR  Actually, while there are many compounds that meet the requirements of
      Formula I and which offer excellent flame retardant characteristics to an
      aromatic polycarbonate, the preferred additives employed in the practice
      of this invention are sodium 2,3,4,5,6-pentachloro-beta-styrenesulfonate
      ##SPC1##
PAL  and sodium trichlorovinylsulfonate, (Cl.sub.2 C=CClSO.sub.3).sub.2 Na.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  In order to more fully and clearly illustrate the present invention, the
      following specific examples are presented. It is intended that the
      examples be considered as illustrative rather than limiting the invention
      disclosed and claimed herein. In the examples, all parts and percentages
      are on a weight basis unless otherwise specified.
PAC  EXAMPLE I
PAR  Ninety-nine parts of an aromatic polycarbonate, prepared by reacting
      2,2-bis(4-hydroxyphenyl)propane and phosgene in the presence of an acid
      acceptor and a molecular weight regulator and having an intrinsic
      viscosity of 0.57 is mixed with 1 part of a finely ground dehydrated
      additive listed in Table I by tumbling the ingredients together in a
      laboratory tumbler. The resulting mixture is then fed to an extruder,
      which extruder is operated at about 265.degree.C., and the extrudate is
      comminuted into pellets.
PAR  The pellets are then injection molded at about 315.degree.C. into test bars
      of about 5 in. by 1/2 in. by about 1/16-1/8 in. thick. The test bars (5
      for each additive listed in the Table) are subject to the test procedure
      set forth in Underwriters Laboratories, Inc. Bulletin UL-94, Burning Test
      for Classifying Materials. In accordance with this test procedure,
      materials so investigated are rated either SE-0, SE-I or SE-II based on
      the results of 5 specimens. The criteria for each SE rating per UL-94 is
      briefly as follows:
PA0  "SE-0": Average flaming and/or glowing after removal of the igniting flame
      shall not exceed 5 seconds and none of the specimens shall drip flaming
      particles which ignite absorbent cotton.
PA0  "SE-I": Average flaming and/or glowing after removal of the igniting flame
      shall not exceed 25 seconds and the glowing does not travel vertically for
      more than 1/8  of the specimen after flaming ceases and glowing is
      incapable of igniting absorbent cotton.
PA0  "SE-II": Average flaming and/or glowing after removal of the igniting flame
      shall not exceed 25 seconds and the specimens drip flaming particles which
      ignite absorbent cotton.
PAL  In addition, a test bar which continues to burn for more than 25 seconds
      after removal of the igniting flame is classified, not by UL-94, but by
      the standards of the instant invention, as "burns". Further, UL-94
      requires that all test bars must meet the SE type rating to achieve the
      particular rating. Otherwise, the 5 bars receiving the rating of the worst
      single bar. For example, if one bar is classified as SE-II and the other
      four are classified as SE-0, then the rating for all 5 bars is SE-II.
PAR  The results of the different additives within the scope of the instant
      invention are as follows with a control being the aromatic polycarbonate
      as prepared above without the additive of the type set forth herein.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

                           Flame-Out Time                                      

                                    No. of Drips                               

     Additive (1.0 weight percent)                                             

                           Seconds (Avg.)                                      

                                    Per Test Bar                               

                                            Rating                             

                                                 Remarks                       

     __________________________________________________________________________

           CONTROL         31.6     4+      Burns                              

     Sodium beta-styrenesulfonate                                              

                           2.6      1.8     SE-II                              

     Sodium 2,3,4,5,6-pentachloro-beta-                                        

                           3.1      0.8     SE-O                               

     styrenesulfonate                                                          

     Sodium trichlorovinylsulfonate                                            

                           2.8      1.2     SE-II                              

     Calcium 2,3,4,5,6-pentabromo-beta-                                        

                           3.2      0.4     SE-O                               

     styrenesulfonate                                                          

     Sodium pentachloro-1,3-butadiene-1-                                       

                           4.2      1.6     SE-II                              

     sulfonate                                                                 

     Barium 2-chloro-3,3,4,4,5,5-hexafluoro-                                   

                           5.6      2.2     SE-II                              

     cyclopentene-1-sulfonate                                                  

     Sodium 2,4-dichlorotoluene-.alpha.-sulfonate                              

                           3.7      4       SE-II                              

     Disodium 2,4,5,6-tetrachloro-m-xylene-                                    

                           3.6      0.8     SE-O                               

     .alpha.,.alpha.'-disulfonate                                              

     Calcium pentabromotoulene-.alpha.-sulfonate                               

                           2.8      0       SE-O                               

     Sodium heptafluorocyclobutane sulfonate                                   

                           4.8      1.6     SE-II                              

     Sodium 1,2,2,2-tetrachloroethane-                                         

                           3.2      2.6     SE-II                              

     sulfonate                                                                 

     __________________________________________________________________________

PAC  EXAMPLE II
PAR  This Example is set forth to demonstrate the effect of the flame retardant
      additives of this invention at the lower limits of 0.01 weight percent
      based on the weight of the polymer composition.
PAR  In preparing the test bars for this Example, 99.99 parts of the
      polycarbonate of Example I is mixed with 0.01 weight percent of the
      additives listed in Table 2 employing the same procedure. Test bars are
      then molded using the same procedure employed in Example I. The test bars
      are subjected to the same test procedure of Example I with the following
      results:
TBL                                    TABLE 2                                 

     __________________________________________________________________________

                        Flame-Out Time                                         

                                 No. of Drips                                  

     Additive (0.01 weight percent)                                            

                        Seconds (Avg.)                                         

                                 Per Test Bar                                  

                                         Rating                                

                                              Remarks                          

     __________________________________________________________________________

           CONTROL      31.6      4+     Burns                                 

     Sodium 2,3,4,5,6-pentachloro-beta-                                        

                        10.8     4.0     SE-II                                 

     styrene-sulfonate                                                         

     Sodium trichlorovinylsulfonate                                            

                        8.8      5.5     SE-II                                 

     __________________________________________________________________________

PAC  EXAMPLE III
PAR  This Example is set forth to show the effect of a known commercially
      available flame retardant additive.
PAR  Example I is repeated except that in place of the additives employed
      therein, only 1 part 1,2,5,6,9,10-hexabromocyclododecane is used herein.
      The results obtained upon evaluating five (5) test bars are the same as
      obtained for the Control shown in Table 1 above.
PAC  B
PAR  Part A. above is repeated but using 5 weight percent of the above additive,
      namely 1,2,5,6,9,10-hexabromocyclododecane. The results obtained are the
      same as obtained in Part A. above.
PAC  C
PAR  Part A. above is repeated but using 10 weight percent of the above
      additive, namely 1,2,5,6,9,10-hexabromocyclododecane. At this level of
      additive, test bars are rated SE-II. However, the polycarbonate is badly
      degraded as evidenced by severe dark streaking of the molded test bars,
      which degradation does not occur with the additives of the instant
      invention.
PAC  D
PAR  Example III is repeated except that hexabromobiphenyl is employed herein.
      The results obtained are essentially the same as those of Example III.
PAC  EXAMPLE V
PAR  Example III is repeated except that the additive employed herein is a
      combination of antimony oxide and a material which is a mixture of
      polychlorinated biphenyl (Aroclor by Monsanto Company). The proportion of
      the ingredients of the additive employed in this example is based on 3
      parts of chlorine per 1 part of antimony. The results obtained at 1 weight
      percent and 5 weight percent amounts are the same as in Example III.
PAR  However, at the higher amount, namely 10 weight percent, flame retardancy
      effect is noted, but with, again, severe degradation of the polycarbonate,
      as evidenced by the substantial reduction in the intrinsic viscosity of
      the molded test bars. As molded, the intrinsic viscosity of the test bars
      with 1 weight percent of the above additive is about 0.50. The intrinsic
      viscosity of the molded test bars containing 10 weight percent of the
      flame retardant additive of this Example is 0.253. This shows the severe
      degradation of the polycarbonate when employing this type of well known
      flame retardant.
PAR  In the practice of this invention, aromatic carbonate polymers are rendered
      flame retardant by the addition of certain particular additives which are
      the metal salts of substituted and unsubstituted aliphatic and olefinic
      sulfonic acids and include mixtures thereof. The amount of the additives
      employed in the practice of this invention may vary from 0.01 to up to
      that amount which does not cause degradation of the physical properties of
      the carbonate polymer. This is generally up to about 10 weight percent
      based on the weight of the aromatic carbonate polymer but may be higher.
      The amount of the additive to be employed can also be a function of the
      degree of flame retardancy desired.
PAR  It is not exactly understood how the additive of this invention functions
      or how such minor amounts can act as an effective flame retardant for the
      aromatic carbonate polymer. Analysis of the composition of this invention
      after being subjected to a fire temperature of about 600.degree.C. showed
      an unusually high percentage of remaining char. This leads one to
      hypothesize that the additive may act as a cross-linking agent when the
      aromatic carbonate polymer is subjected to fire temperatures. However, it
      is emphasized that this is only theory and should not be construed as
      actually occurring.
PAR  As indicated previously, the additive of the instant invention comprises
      the alkali or alkaline earth metal salts of the substituted and
      unsubstituted aliphatic and olefinic sulfonic acids and includes mixtures
      of these. The name aliphatic and olefinic designate the carbon atoms
      directly attached to the (SO.sub.3 M) radical and even if these carbons
      carry one or more aromatic radicals, they still are considered chemically,
      and for the purpose of this categorization, as being aliphatic or
      olefinic. The same consideration applies when the (SO.sub.3 M) radical is
      attached to a cycloaliphatic or cycloolefinic entity. While a great number
      of aliphatic and olefinic sulfonic acid salts are set forth in the tables
      of the Examples of the instant invention, these are only a representative
      sample of the additives of this invention. The sodium, calcium, magnesium,
      potassium, strontium, lithium, barium, rubidium and cesium salts of other
      aliphatic and olefinic sulfonic acids can be employed in place of those of
      the Examples with the same effective flame retardancy being achieved.
      These other metal salts of aliphatic and olefinic sulfonic acids are:
PA0  2,3,4,5,6-pentachlorotoluene-.alpha.-sulfonic acid
PA0  2,3,5,6-tetrafluorotoluene-.alpha.-sulfonic acid
PA0  2,4,6-trichloromesitylene-.alpha.,.alpha.',.alpha."-trisulfonic acid
PA0  2,3,4-trichloro-1-methylnaphthalene-.alpha.-sulfonic acid
PA0  2,3,3-trichloro-2-propene-1-sulfonic acid
PA0  tetrachloro-1,3-butadiene-1,4-disulfonic acid
PA0  heptafluorocyclobutanesulfonic acid
PA0  4-nitro-beta-styrenesulfonate
PA0  3-trifluoromethyl-5-bromotoluene-.alpha.-sulfonic acid
PA0  4-cyano-2,3,5,6-tetrachlorotoluene-.alpha.-sulfonic acid
PAR  In the practice of this invention, the additive is prepared by adding the
      proper alkaline reagent to the corresponding sulfonic acid in sufficient
      amount to make the neutral salt. The salt is then recovered and dried.
PAR  In the case of the cyano-substituent, it is best to prepare the sulfonic
      acid by oxidation of the corresponding thiophenol by hydrogen peroxide or
      organic peracids. The salt is then made as above and recovered
      accordingly. This technique is also best for the preparation of sulfonic
      acids with the trichloromethyl substituent.
PAR  In the practice of this invention, any of the aromatic polycarbonates can
      be employed herein. However, particularly useful are the aromatic
      polycarbonates prepared by reacting a dihydric phenol, such as bisphenol-A
      (2,2'bis(4 hydroxyphenyl) propane) with a carbonate precursor. Typical of
      some of the dihydric phenols that may be employed in the practice of this
      invention are bis(4-hydroxyphenyl)methane, 2,2-bis(4-hydroxyphenyl)
      propane, 2,2-bis(4-hydroxy-3-methylphenyl)propane,
      4,4-bis(4-hydroxyphenyl)heptane,
      2,2-(3,5,3',5'-tetrachloro-4,4'-dihydroxydiphenyl)propane,
      2,2-(3,5,3',5'-tetrabromo-4,4'-dihydroxydiphenyl) propane,
      (3,3'-dichloro-4,4'-dihydroxydiphenyl)methane. Other dihydric phenols of
      the bisphenol type are also available and are disclosed in U.S. Pat. Nos.
      2,999,835, 3,028,365 and 3,334,154.
PAR  In addition, the reaction is carried out with the carbonate precursor in
      the presence of a molecular weight regulator, an acid acceptor and a
      catalyst. The preferred carbonate precursor generally employed in
      preparing carbonate polymers is carbonyl chloride. However, other
      carbonate precursors may be employed and this includes other carbonyl
      halides, carbonate esters or haloformates.
PAR  The acid acceptors, molecular weight regulators and catalysts employed in
      the process of preparing polycarbonates are well known in the art and may
      be any of those commonly used to prepare polycarbonates.
PAR  It will thus be seen that the objects set forth above among those made
      apparent from the preceding description are efficiently attained and since
      certain changes may be made in carrying out the above process and in the
      composition set forth without departing from the scope of this invention,
      it is intended that all matters contained in the above description shall
      be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flame retardant aromatic carbonate polymer composition comprising in
      admixture an aromatic carbonate polymer and a minor amount of an additive
      having the following formula:
EQU  (X.sub.m R').sub.s [(X.sub.n R)(SO.sub.3 M)].sub.p
PAL  wherein X is an electron withdrawing radical, M is a metal selected from
      the group consisting of alkali metals and alkaline earth metals, R' is an
      aryl radical of 1-2 aromatic rings, R is an organic radical selected from
      the group consisting of cycloaliphatic, olefinic and cycloolefinic
      radicals of 1-10 carbon atoms, n and m are integers of from 0-11, s is an
      integer of from 0-5 and p is an integer of from 1-4; or mixtures of the
      above formula.
NUM  2.
PAR  2. The composition of claim 1 wherein the composition comprises 0.01 to
      about 10 weight percent of the additive based on the weight of the
      aromatic polymer composition.
NUM  3.
PAR  3. The composition of claim 1 wherein the electron withdrawing radical is
      selected from the group consisting of halo-, nitro-, trihalomethyl- and
      cyano-radicals, and mixtures thereof.
NUM  4.
PAR  4. The composition of claim 1 wherein the additive is sodium
      2,3,4,5,6-pentachloro-beta-styrenesulfonate.
NUM  5.
PAR  5. The composition of claim 1 wherein the additive is sodium
      trichlorovinylsulfonate.
NUM  6.
PAR  6. The composition of claim 1 wherein the additive is sodium
      heptafluorocyclobutane sulfonate.
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PAL  Flameproof moulding compositions, which are based on polyolefins and made
      from a pulverulent blend comprising a polyolefin as its essential
      ingredient and a plurality of flame-retardant ingredients. The
      flame-retardant ingredients comprise red phosphorus and at least one
      organic nitrogen compound which carbonizes after inflammation. The
      moulding compositions contain the flame-retardant ingredients in a total
      proportion of at most about 30 weight %. Red phosphorus and organic
      nitrogen compound are used in a quantitative ratio between 99:1 and 1.99.
BSUM
PAR  The present invention provides flame-retardant moulding compositions which
      are based on polyolefins and made from a pulverulent blend comprising a
      polyolefin as its essential ingredient and a plurality of flame-retardant
      ingredients.
PAR  Polyolefins, which are easy to work, have good chemical, mechanical and
      electrical properties and, last but not least, are relatively inexpensive
      materials, find very widespread uses. Polyolefins which have been rendered
      flameproof find further technical uses, particularly in the mining
      industries, in constructional engineering and in the automotive
      industries, where flameproofness is generally highly desirable for reasons
      of safety. In rendering plastics flameproof, it is desirable, however, to
      have a flame-retardant agent which is easy to incorporate with the
      plastics and which does substantially not affect the properties
      characteristic of plastics that have been treated therewith. For
      polyolefins, it is often difficult to satisfy these specifications. To
      achieve satisfactory flameproofing effects, it is normally necessary to
      incorporate the flameproofing agent in quantities which strongly impair
      the plastics physical properties.
PAR  In accordance with German Patent Specifications No. 1,048,409, polyolefins,
      such as polyethylene, polypropylene or polystyrene, can be rendered
      flameproof by admixing them with between 5 and 25% of a blend of antimony
      trioxide and polyolefins containing between 15 and 50% of chlorine.
PAR  A further flameproofing blend for polyolefins has been described in U.S.
      Pat. No. 3,370,030, the blend comprising a chlorinated hydrocabron
      containing between 40 and 80% of bound chlorine, and a diphosphine oxide,
      for example ethylene-bis-diphenylphosphine oxide.
PAR  An adverse phenomenon resides in the fact that it is necessary for good
      flameproofing to use the above blends of flameproofing agents in
      relatively large proportions, which strongly impair the plastics'
      mechanical properties and their thermostability. As a result, it is
      hazardous to process the plastics at elevated temperatures, at which they
      may tend to decompose. Still further, in various fields, for example in
      electrical engineering, it is not very desirable to have plastics
      containing halogen, particularly chlorine or bromine, in view of the fact
      that they liberate hydrogen halide, under thermal load. In the event of
      fire-outbreaks, the hydrogen halide in turn corrodes and effects serous
      secondary damage to metals.
PAR  German Patent Specification No. 1,173,641 finally describes a process for
      flameproofing polyurethanes with the use of red phosphorus, which enables
      the burn-up length to be shortened and self-extinguishing properties to be
      imparted to a test specimen. No such effect can be produced in polyolefins
      with the use merely of red phosphorus, even if used in proportions up to
      30 weight %.
PAR  The use of inorganic phosphates, such as ammonium polyphosphate, as
      flameproofing components for polyolefins is a commercially unattractive
      procedure as satisfactory flameproofing can be achieved only by
      incorporating an at least 50 weight % proportion of ammonium polyphosphate
      with the polyolefin.
PAR  We have now found that polyolefins can be rendered flameproof with the use
      of a combination comprising red phosphorus and certain halogen-free
      substances, which themselves do not effect flameproofness.
PAR  The present invention provides more particularly flameproof moulding
      compositions, which are based on polyolefins and made from a pulverulent
      blend comprising a polyolefin as its essential ingredient and a plurality
      of flame-retardant ingredients, the said flameproof moulding compositions
      containing, as the flame-retardant ingredients, red phosphorus and at
      least one organic nitrogen compound, which carbonizes after inflammation,
      in a total proportion of at most about 30 weight %, the red phosphorus and
      the organic nitrogen compound being used in a quantitative ratio between
      99:1 and 1:99.
PAR  The polyolefins, which can be rendered flameproof in accordance with the
      present invention, include high pressure and low pressure polyethylene or
      polypropylenes, for example.
PAR  A preferred embodiment of the present invention comprises using fine
      particulate red phosphorus or fine particulate organic nitrogen compounds
      with a size of at most 200 microns, more preferably with a size of at most
      75 microns. The organic nitrogen compound may be selected, for example,
      from melamine or polyacrylonitrile with a molecular weight between 15,000
      and 250,000 or with a chain length between 280 and 4,700.
PAR  The moulding compositions should preferably contain the flame-retardant
      ingredients in a total proportion substantially between 10 and 30 weight
      %. Particularly good flameproofing effects are produced by the use of red
      phosphorus and organic nitrogen compound in a quantitative ratio between
      70:30 to 30:70, preferably 50:50.
PAR  The flameproofing effects produced in accordance with the present invention
      are believed to be a result of the fact that the organic compound in the
      polyolefin is carbonized upon inflammation with the resultant formation of
      a carbon layer which has a structure similar to that of graphite. The
      following is a formula representation of the mechanism underlying
      carbonization, in polyacrylonitrile.
      ##SPC1##
PAR  The carbonization upon inflammation is even promoted by red phosphorus
      which undergoes combustion to phosphorus oxides. These, however, act as
      strong dehydrating agents which favorably influence the polycondensation
      represented by the above formula. As a result, a surface heat-retaining
      carbon layer, which has glassy metaphosphoric acid embedded therein, is
      formed. This tight-structured layer extensively avoids the formation of
      burning decomposition products and equally avoids further admittance of
      atmospheric oxygen, which is necessary to sustain the combustion. As
      compared with plastics rendered flameproof by known methods, those which
      are rendered flameproof in accordance with the present invention have a
      considerably lesser tendency to drop off after inflammation. This appears
      to vouch for the accuracy of the above hypothesis. In addition to this,
      specimens rendered flameproof in accordance with this invention have been
      found to produce considerably less soot, upon inflammation.
PAR  One of the valuable beneficial effects of the present invention resides in
      the fact that relatively minor proportions of the blend of halogen-free
      flame-retardant agents are needed for achieving good flameproofing
      effects. As a result, the mechanical and rheological properties of the
      plastics are substantially not affected. Certain properties, for example
      the ball indentation hardness, are even improved. The plastics rendered
      flameproof in accordance with the present invention are substantially
      unproblematic and easy to work in view of the fact that their melt indexes
      are immaterially reduced only by the addition of the flame-retardant
      agents in proportions up to 30 weight % and in view of the fact that the
      phenomenon of thermal decomposition, which often accompanies the use of
      halogenated flame-retardant agents, does not appear at normal processing
      temperatures, in the present case.
PAR  The present blend of pulverulent flame-retardant agents should be
      mechanically incorporated with the plastics so as to ensure an optimum
      degree of distribution therein. Use can be made, for example, of a
      closable intense mixer for the homogeneous distribution of the blend of
      flame-retardant agents in the pulverulent plastics.
PAR  The flameproof polyolefins of the present invention compare favorably with
      polyolefins stabilized in known manner, as regards non-burning properties.
      By the addition of merely a 10 weight % proportion of the present blend of
      flame-retardant agents, it is possible to render polyolefins non-burning
      (ASTM D 635-68) without affecting their mechanical or rheological
      properties including ball indentation hardness, notched impact strength or
      flow properties. A further valuable avantage resides in the freeness from
      halogen of all individual components making the present blend of
      flame-retardant agents. With the use merely of red phosphorus, it is
      impossible to impart satisfactory flameproofness to polyolefins. With this
      in mind, it is an unexpected result that it is possible for the
      flameproofing properties of red phosphorus to be improved synergetically
      by using it in admixture with certain organic nitrogen compounds which,
      per se are not flameproofing agents.
DETD
PAR  The following Examples illustrate the efficiency of the present blends of
      flame-retardant agents in polyolefins, without limiting the present
      invention thereto.
PAC  EXAMPLE 1
PAR  The flammability (ASTM-D 635-68) of test tapes made from low pressure
      polyethylenes, which had different proportions of flame-retardant agents
      incorporated therein, was tested. The low pressure polyolefins had a melt
      index of 19.6 and a density of 0.965 g/cc (DIN = German Industrial
      Standards 53,735). The test tapes were 1.28 cm wide and 4 mm thick. They
      were cut out from compressed sheets. The sheets were made by compressing
      pulverulent polyethylene in a steam-heated hydraulic press at 180.degree.C
      under a pressure of 50 kg/sqcm. Flameproof polyethylene was produced by
      intimately mixing the pulverulent polyethylene with a certain quantity of
      flame-retardant agents, prior to delivering the powder to the hydraulic
      press. The burn-up tests were made in accordance with ASTM-D 635-68. The
      results obtained are indicated in the following Table 1, wherein the
      various abbreviations have the following meanings.
TBL  __________________________________________________________________________

     PE     = Low pressure polyethylene; melt index (i.sub.5):                 

              19.6; density: 0.965 g/cubic centimeter.                         

     Sb.sub.2 O.sub.3                                                          

            = Antimony trioxide.                                               

     CP     = Chloroparaffin with 70 % of chlorine, described                  

              in U.S. Patent 2 962 464.                                        

     CPE    = Chlorinated low pressure polyethylene with                       

              a molecular weight of 50 000 and 28 % of                         

              chlorine, described in German Patent Speci-                      

              fication 1 048 409.                                              

     P      = Particulate red phosphorus with a size of                        

              at most 100 microns.                                             

     Me     = Particulate melamine with a size of at most                      

              100 microns.                                                     

     PAN    = Polyacrylonitrile with a molecular weight of                     

              150 000 or a chain length of 2 800.                              

     Column A                                                                  

            = Burn-up rate of test tape in mm/minute.                          

     Column B.sub.1                                                            

            = Burn-up length until self-extinction in mm.                      

     Column B.sub.2                                                            

            = Burn-up time until self-extinction in seconds.                   

     Column C                                                                  

            = Non-flammability of test tape.                                   

     i.sub.5                                                                   

            = Melt index of test tape, determined in                           

              accordance with DIN specification 53 735.                        

     KH     = Ball indentation hardness of test tape,                          

              determined in accordance with DIN specification                  

              53 456.                                                          

     KZ     = Notched impact strength of test tape, deter-                     

              mined in accordance with DIN specification                       

              53 453.                                                          

     __________________________________________________________________________

PAR  Table 1 enables the flammability of pure polyethylene to be compared with
      that of polyethylene which has been rendered flameproof. Specimens 7 and 8
      and 14 and 15 were of polyethylene rendered flameproof in accordance with
      the present invention. Specimens 2 to 6 and 9 to 13 contained either known
      flame-retardant agents or merely one of the components making the present
      blend of flame-retardant agents. As results from the burn-up tests, a test
      tape, which contained as little as 10 weight %, for example, of the
      present blend of flame-retardant agents, was found to be
      self-extinguishing or non-burning, 10 seconds after inflammation. The
      comparative test tapes, which were all "burning", did burn off at
      different rates. Table 1 also shows the merely minor modification of the
      mechanical properties and melt indexes i.sub.5 of the test tapes rendered
      flameproof in accordance with the present invention, as compared with the
      corresponding data of pure polyethylene.
PAC  EXAMPLE 2
PAR  The procedure was the same as that described in Example 1 save that low
      pressure polyethylene of high molecular weight, which had a melt index
      i.sub.5 of less than 0.01, a flow index of  2,300 and a density of 0.94
      g/cc, was used. The flow index of the polyethylene was determined in
      accordance with ASTM D 1430-65 T. The test results are indicated in Table
      2. The (ZST) column in Table 2 indicates the flow indexes of the
      individual test specimens, the remaining columns having the same meanings
      as those in Table 1.
PAR  As results from Table 2, test tapes 18 to 21 and 23, which were rendered
      flameproof in accordance with this invention, were found to compare
      favorably with comparative test tapes 16, 17 and 22, as regards
      flammability, mechanical properties and flow index.
PAC  EXAMPLE 3
PAR  The procedure was the same as that described in Example 1 save that high
      pressure polyethylene, which had a melt index i.sub.5 of 0.58 and a
      density of 0.918 g/cc, was used. The test results are indicated in Table
      3.
PAR  As results from Table 3, the flameproofing effect produced was found to be
      a function of the concentration of the blend of flame-retardant agents, in
      the polyethylene.
PAC  EXAMPLE 4
PAR  The procedure was the same as that described in Example 1 save that
      polypropylene, which had a melt index i.sub.5 of 8 (230.degree.C) and a
      density of 0.905 g/cc, was used as the polyolefin. The test results are
      indicated in Table 4, in which PP stands for polypropylene.
PAR  Table 4 shows, as does Table 3, that the flameproofing effect was found to
      be a function of the concentration of the blend of flame-retardant agents,
      in the polypropylene.
TBL                                    Table 1                                 

     __________________________________________________________________________

           Composition of test tape    Burn-up test                            

          in weight %                  ASTM D 635-68                           

     Specimen                                                                  

     No.  PE   Sb.sub.2 O.sub.3                                                

                    CP70 CPE P  Me PAN A    B.sub.1                            

                                                B.sub.2                        

                                                   C i.sub.5                   

                                                         KH  KZ                

     __________________________________________________________________________

     1    100  --   --   --  -- -- --  14.3 --  -- --                          

                                                     19.6                      

                                                         585 3.0               

     2    90   6.65 3.35 --  -- -- --  9.6  --  -- --                          

                                                     19.9                      

                                                         556 2.2               

     3    90   3.26 --   6.74                                                  

                             -- -- --  14.5 --  -- --                          

                                                     18.1                      

                                                         550 2.9               

     4    90   --   --   --  10 -- --  11.7 --  -- --                          

                                                     18.0                      

                                                         545 2.9               

     5    90   --   --   --  -- 10 --  15.9 --  -- --                          

                                                     17.2                      

                                                         575 3.0               

     6    90   --   --   --  -- -- 10  15.8 --  -- --                          

                                                     14.1                      

                                                         630 2.6               

     7    90   --   --   --   5  5 --  --   --  -- + 18.3                      

                                                         610 2.8               

     8    90   --   --   --   5 --  5  --   7    75                            

                                                   --                          

                                                     16.0                      

                                                         615 2.3               

     9    67.8 21.4 10.8 --  -- -- --  --   7   105                            

                                                   --                          

                                                     27.7                      

                                                         600 1.9               

     10   70    9.8 --   20.2                                                  

                             -- -- --  9.6  --  -- --                          

                                                     12.5                      

                                                         395 2.7               

     11   70   --   --   --  30 -- --  15.5 --  -- --                          

                                                     14.9                      

                                                         660 2.5               

     12   70   --   --   --  -- 30 --  12.7 --  -- --                          

                                                     14.1                      

                                                         --  --                

     13   70   --   --   --  -- -- 30  17.8 --  -- --                          

                                                      4.8                      

                                                         775 1.8               

     14   70   --   --   --  15 15 --  --    10 133                            

                                                   --                          

                                                     15.3                      

                                                         690 2.2               

     15   70   --   --   --  15 -- 15  14.0 --  -- --                          

                                                      9.7                      

                                                         710 2.3               

     __________________________________________________________________________

TBL                                    Table 2                                 

     __________________________________________________________________________

           Composition of test tape  Burn-up test                              

          in weight %                ASTM D 635-68                             

     Specimen                                                                  

     No.  PE    Sb.sub.2 O.sub.3                                               

                     CP70                                                      

                         P   Me  PAN A    B.sub.1                              

                                             B.sub.2                           

                                               C ZST KH  KZ                    

     __________________________________________________________________________

     16   100   --   --  --  --  --  18   -- --                                

                                               --                              

                                                 2300                          

                                                     385 140                   

     17   90    3.35 6.65                                                      

                         --  --  --  9.6         4300                          

                                                     396  54                   

     18   90    --   --  5   5   --  8    -- --                                

                                               --                              

                                                 2200                          

                                                     396 118                   

     19   90    --   --  5   --  5   9    -- --                                

                                               --                              

                                                 2200                          

                                                     408 126                   

     20   85    --   --  7.5 7.5 --  3    -- --                                

                                               --                              

                                                 2400                          

                                                     427  88                   

     21   85    --   --  7.5     7.5 4    -- --                                

                                               --                              

                                                 2400                          

                                                     451  91                   

     22   67.8  21.4 10.8                                                      

                         --  --  --       18 --                                

                                               --                              

                                                 --  452  9                    

     23   70    --   --  15  15  --            + 2100                          

                                                     478  25                   

     __________________________________________________________________________

TBL                Table 3                                                     

     ______________________________________                                    

      Composition of test tape                                                 

                         Burn-up test                                          

     in weight %         ASTM D 635-68                                         

     Speci-                                                                    

           PE      P      Me   PAN   A     B.sub.1                             

                                                B.sub.2                        

                                                      C                        

     men                                                                       

     No.                                                                       

     ______________________________________                                    

     24    100     --     --   --    17.9  --   --    --                       

     25    90      5      5    --    --    12   105   --                       

     26    90      5      --   5     --    10   90    --                       

     27    70      15     15   --    --     2   60    --                       

     ______________________________________                                    

TBL                Table 4                                                     

     ______________________________________                                    

      Composition of test tape                                                 

                          Burn-up test                                         

     in weight %          ASTM D 635-68                                        

     Speci- PP      P      Me   PAN   A     B.sub.1                            

                                                 B.sub.2                       

                                                      C                        

     men                                                                       

     No.                                                                       

     ______________________________________                                    

     28     100     --     --   --    28.5  --   --   --                       

     29     90      5       5   --    23.5  --   --   --                       

     30     90      5      --   5     --    12   53   --                       

     31     80      5      --   15    --    12   70   --                       

     32     70      15     15   --     8.6  --   --   --                       

     33     70      15     --   15    --     5   25   --                       

     34     70      10     --   20    --     4   19   --                       

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A flameproof molding composition comprising a pulverulent blend of a
      polyolefin and a plurality of flame retardants consisting of, in addition
      to red phosphorus, melamine, the amount of flame retardants being about
      10-30 weight % of said composition, the quantitative ratio of red
      phosphorus and melamine being 1:1 - 3:1.
NUM  2.
PAR  2. The moulding composition as claimed in claim 1, wherein the polyolefin
      is polyethylene or polypropylene.
NUM  3.
PAR  3. The molding composition as claimed in claim 1, wherein the red
      phosphorus has a particle size of 75-200 microns.
NUM  4.
PAR  4. The moulding composition as claimed in claim 1, wherein the melamine has
      a particle size of 75-200 microns.
NUM  5.
PAR  5. The moulding composition as claimed in claim 1, wherein the quantitative
      ratio of red phosphorus and melamine is 1:1.
PATN
WKU  039311023
SRC  5
APN  5122961
APT  1
ART  141
APD  19741004
TTL  Moulding composition based on poly(oxymethylene)
ISD  19760106
NCL  1
ECL  1
EXA  White; R. A.
EXP  Czaja; Donald E.
INVT
NAM  Grossmann; Hans-Hermann
CTY  Oberems, Taunus
CNT  DT
INVT
NAM  Burg; Karlheinz
CTY  Naurod, Taunus
CNT  DT
INVT
NAM  Sextro; Gunter
CTY  Naurod, Taunus
CNT  DT
ASSG
NAM  Hoechst Aktiengesellschaft
CTY  Frankfurt am Main
CNT  DT
COD  03
PRIR
CNT  DT
APD  19731008
APN  2350415
CLAS
OCL  260 458NT
XCL  260 67FP
XCL  2602495
XCL  2602499
EDF  2
ICL  C08K  513
ICL  C08K  521
ICL  C08K  534
FSC  260
FSS  45.8 NT;67 FP
UREF
PNO  2985619
ISD  19610500
NAM  Roos et al.
OCL  260 45.9
UREF
PNO  3219621
ISD  19651100
NAM  Prichard
OCL  260 45.95
UREF
PNO  3240748
ISD  19660300
NAM  Schmidt et al.
OCL  260 45.8
UREF
PNO  3316206
ISD  19670400
NAM  Hermann et al.
OCL  260 45.8
UREF
PNO  3767610
ISD  19731000
NAM  Burg et al.
OCL  260 37
LREP
FRM  Curtis, Morris & Safford
ABST
PAL  A moulding composition based on poly(oxymethylene) containing a substituted
      ureido-s-triazine as nucleating and stabilizing agent is an excellent
      engineering plastic useful for preparing shaped articles having stable
      dimensions and an exact size.
BSUM
PAR  This invention relates to a moulding composition based on
      poly(oxymethylene) containing a substance which simultaneously acts as
      nucleating and stabilizing agent.
PAR  It is a known fact that oxymethylene-polymers - poly(oxymethylene)POM --
      have a strong tendency to crystallize. Slight freezing of their melt
      suffices already to have the spherulites grow rapidly which are frequently
      larger than the wave length of light and which impart a considerable
      opacity to the material. Moreover, owing to the crystallization process in
      the interior and at the surface of the material numerous microscopically
      small fissures and internal tensions are formed. These fissures and
      internal tensions detrimentally affect the mechanical properties of shaped
      articles, for example injection moulded pieces, made of
      poly(oxymethylene). The aforesaid flaws are the more pronounced the larger
      the individual spherulites.
PAR  It is further known that by addition of talc to high-molecular
      poly(oxymethylenes) and uniform distribution of this inorganic additive in
      the organic material it is possible to unify the crystal structure of
      injection moulded pieces and thus to transform coarse-spherulite
      structures having an average spherulite diameter of 100 microns into
      homogeneous structures having spherulite diameters of from 4 to 8 microns
      (cf. German "Auslegeschrift" No. 1,247,645). Since there is the question
      of injection moulded test specimen, the afore mentioned sizes refer to
      preparations which had been crystallized under pressure at temperatures
      from 50.degree. to 100.degree. C.
PAR  It is further known that the spherulite size of poly(oxymethylenes) can be
      reduced by blending the poly(oxymethylenes) prior to melting with certain
      low-molecular organic nucleating agents which are slightly soluble or
      insoluble in the poly(oxymethylene) melt, e.g. derivatives of imidazole or
      pyrazine containing hydroxyl groups (cf. German "Offenlegungsschrift" No.
      1,694,078).
PAR  However, the known nucleating agents have no stabilizing effect on
      poly(oxymethylenes) against thermal-acidolytical degradation.
PAR  On the other hand, a large number of organic compounds is known to have a
      stabilizing effect on poly(oxymethylenes), but do not show any nucleating
      effect. The most important factor for the stabilizing effect of these
      compounds is the prevention of the thermal-acidolytical degradation.
PAR  Known stabilizing agents for poly(oxymethylenes) are, for example, amides
      (cf. German Auslegeschrift No. 1,104,695), urea compounds (cf. German
      Auslegeschrift No. 1,185,371), amidines (cf. German Auslegeschrift No.
      1,285,736), triazines (cf. German Offenlegungsschrift No. 1,494,997),
      hydrazines, aromatic amines and ureae (cf. German Auslegeschrift No.
      1,127,080), cyclic ureides (cf. German Auslegeschrift No. 1,188,803),
      semicarbazones (cf. German Auslegeschriften Nos. 1,152,542 and 1,241,110)
      as well as oxalic acid diamides (cf. German Offenlegungsschrift No.
      1,693,010). The aforesaid nitrogen-containing stabilizers are normally
      used in combination with phenolic antioxydation agents.
PAR  It is finally known that certain derivatives of
      3,5-dialkyl-4-hydroxyphenyl-triazine are suitable stabilizing agents for
      organic materials, including also polyacetals, being prone to thermal and
      oxydative degradation (cf. German Offenlegungsschrift No. 2,219,012).
PAR  The present invention provides a moulding composition based on
      poly(oxymethylene) consisting of (a) from 99.9 to 95 weight percent of a
      poly(oxymethylene) and of (b) from 0.1 to 5 weight percent of a
      hydroxyphenyl-ureido-s-triazine. Especially suitable
      hydroxyphenyl-ureido-s-triazines are compounds having formula (I)
      ##SPC1##
PAL  wherein R.sup.1 representss a hydrogen atom, an alkyl radical or an alkoxy
      radical having each from 1 to 6, preferably 1,2,3 or 4 carbon atoms; a
      phenyl or phenoxy radical -- each of which may be substituted by a
      hydroxyl group or an amino group which may carry one or two alkyl radicals
      having each from 1 to 6, preferably 1, 2, 3 or 4 carbon atoms -- or an
      amino group which may carry one or two alkyl radicals each having from 1
      to 6, preferably 1, 2, 3 or 4 carbon atoms; and R.sup.2 represents a
      hydrogen atom, a hydroxyl group, an alkyl radical or alkoxy radical each
      having from 1 to 6, preferably 1, 2, 3 or 4 carbon atoms, or a phenyl
      radical.
PAR  The moulding composition according to the invention is preferably composed
      of (a) from 99.5 to 97 weight percent of a poly(oxymethylene) and (b) from
      0.5 to 3 weight percent of a hydroxyphenyl-ureido-s-triazine.
PAR  As an example for the compounds of formula (I) being used as per the
      invention may be cited the following:
PA1  4-ureido-2-(2-hydroxyphenyl)-6-methyl-1,3,5-triazine,
PA1  4-ureido-2-(2-hydroxyphenyl)-6-tert.butyl-1,3,5-triazine,
PA1  4-ureido-2-(2-hydroxyphenyl)-6-phenyl-1,3,5-triazine,
PA1  4-ureido-2-(2,4-dihydroxyphenyl)-6-phenyl-1,3,5-triazine,
PA1  4-ureido-2-(2-hydroxy-4-methoxy-phenyl)-6-ethyl-1,3,5-triazine,
PA1  4-ureido-2-(2-hydroxy-5-methyl-phenyl)-6-phenyl-1,3,5-triazine,
PA1  4-ureido-2-(2-hydroxyphenyl)-6-(4-dimethylamino-phenyl)-1,3,5-triazine,
PA1  4-ureido-2,6-bis(2-hydroxyphenyl)-1,3,5-triazine,
PA1  4-ureido-2-(2,4-dihydroxyphenyl)-6-(2-hydroxyphenyl)-1,3,5-triazine,
PA1  4-ureido-2,6-bis(2,4-dihydroxyphenyl)-1,3,5-triazine,
PA1  4-ureido-2-(2-hydroxy-4-methoxy-phenyl)-6-(2-hydroxyphenyl)-1,3,5-triazine,
PA1  4-ureido-2-(2-hydroxyphenyl)-6-phenoxy-1,3,5-triazine and
PA1  4-ureido-2-(2-hydroxyphenyl)-6-(3-methyl-phenoxy)-1,3,5-triazine.
PAR  The preparation of hydroxyphenyl-ureido-s-triazines is carried out in
      analogy to a known reaction of 4H-1,3-benzoxazine-4-ones with amidines, in
      the present case being guanyl-urea (cf. Helv.Chim.Acta, Vol.55, Fasc.5
      (1972), No. 153, pg. 1566):
      ##SPC2##
PAR  For example, 2,6-bis(2-hydroxyphenyl)-4-ureido-s-triazine
      ##SPC3##
PAL  is synthesized as follows:
PAR  To a mixture of 12 g (50 millimoles) of
      2-(2-hydroxyphenyl)-4H-1,3-benzoxazine-4-one and 7,5 g (55 millimoles) of
      guanyl-urea-sulfate with 250 ml of methanol is added dropwise, while
      stirring, a solution of 3.0 g (55 millimoles) of sodium methylate in 100
      ml of methanol, and the mixture is then refluxed for one hour. After the
      mixture has been allowed to cool to room temperature, the precipitate
      formed is suction-filtered, washed once with one liter of water and three
      times with methanol and dried at 70.degree. C in a vacuum drying cabinet.
      The yield obtained is 9.7 g (60,1 % of the theoretical yield). The
      substance obtained may be recrystallized from methyl glycol; up to
      300.degree. C it is not possible to determine a melting point, since the
      substance sublimates. The structure of the triazine derivative is
      confirmed by elementary analysis and NMR spectrum.
PAR  As poly(oxymethylenes) are used homopolymers of formaldehyde or trioxane or
      trioxane-copolymers; the poly(oxymethylenes) used as per the invention
      have, preferably, a linear structure.
PAR  By homopolymers of formaldehyde or trioxane are to be understood those the
      hydroxyl terminal groups of which are stabilized against degradation
      chemically, for example by esterification or etherification. By
      trioxane-copolymers are to be understood copolymers of trioxane and cyclic
      ethers, cyclic acetals and/or linear polyacetals the copolymers having
      primary alcohol terminal groups.
PAR  As comonomers for trioxane are to be considered (a) cyclic ethers having 3,
      4, or 5, preferably 3 ring members, (b) cyclic acetals other than trioxane
      having from 5 to 11, preferably 5, 6, 7, or 8 ring members and (c) linear
      polyacetals, each in an amount of from 0.1 to 20, preferably from 0.5 to
      10 weight percent. Most convenient are copolymers made of from 99 to 95
      weight percent of trioxane and from 1 to 5 weight percent of one of the
      aforesaid co-components.
PAR  Especially appropriate comonomers for trioxane are compounds having formula
      (II)
EQU  CH.sub.2 -- (CHR).sub.x -- [O -- (CH.sub.2).sub.z ].sub.y -- O (II)
PAL  wherein R represents a hydrogen atom, an alkyl radical having from 1 to 6,
      preferably 1, 2 or 3 carbon atoms which may be substituted by 1, 2 or 3
      halogen atoms, preferably by chlorine atoms, an alkoxymethyl radical
      having from 2 to 6, preferably 2, 3, or 4 carbon atoms, a phenyl radical
      or a phenoxymethyl radical; x being 1, 2 or 3, y then being zero; y being
      1, 2 or 3, x then being zero and z being 2; and z being an integer from 3
      to 6, preferably 3 or 4, x then being zero and y being 1.
PAR  Suitable cyclic ethers are especially epoxides, e.g. ethylene oxide,
      styrene oxide, propylene oxide and epichlorhydrin as well as phenyl
      glycidyl ether.
PAR  Suitable cyclic acetals are especially cyclic formals of aliphatic or
      cycloaliphatic .alpha.,.omega.-diols having from 2 to 8, preferably 2, 3
      or 4 carbon atoms, the carbon chain of which may be interrupted by one
      oxygen atoms in intervals of 2 carbon atoms, e.g. glycol formal
      (1,3-dioxolane), propanediol formal (1,3-dioxane), butanediol formal
      (1,3-dioxepane) and diglycol formal (1,3,6-trioxocane) as well as
      4-chloromethyl-1,3-dioxolane, hexanediol formal (1,3-dioxonane) and
      butenediol formal (1,3-dioxacycloheptene-(5)).
PAR  Suitable linear polyacetals are as well homopolymers or copolymers of the
      aforedefined cyclic acetals as also linear condensation products from
      aliphatic or cycloaliphatic .alpha.,.omega.-diols with aliphatic aldehydes
      or thioaldehydes, preferably formaldehyde. Most frequently are used
      homopolymers of cyclic formals from aliphatic .alpha.,.omega.-diols having
      from 2 to 8, preferably 2,3 or 4 carbon atoms, e.g. poly(1,3-dioxolane),
      poly(1,3-dioxane) and poly(1,3-dioxepane).
PAR  The values for the reduced specific viscosity (RSV-values) of
      poly(oxymethylenes) used according to the invention (measured on a
      solution of the polymer in butyrolactone containing 2 weight percent of
      diphenylamine, at 140.degree. C in a concentration of 0.5 g/100 ml) are
      from 0.07 to 2.50 dl.g.sup..sup.-1, preferably from 0.14 to 1.20
      dl.g.sup..sup.-1. The crystallite melting points of the
      poly(oxymethylenes) keep within the range from 140.degree. to 180.degree.
      C, preferably from 150.degree. to 170.degree. C, their densities are from
      1.38 to 1.45 g.ml.sup..sup.-1, preferably from 1.40 to 1.43
      g.ml.sup..sup.-1 (measured as per German Industrial Standard DIN 53 479).
PAR  The trioxane-copolymers used according to the invention and being
      preferably binary or ternary are prepared in known manner by
      polymerization of the monomers in the presence of cationically active
      catalysts at temperatures from 0.degree. to 100.degree.C, preferably from
      50.degree. to 90.degree. C (cf. e.g. German Auslegeschrift No. 1,420,283).
      Suitable catalysts used for that purpose are, for example, Lewis acids,
      e.g. boron trifluoride and antimony pentafluoride, and complex compounds
      of Lewis acids, preferably etherates, e.g. boron
      trifluoride-diethyl-etherate and boron trifluoride-di-tert.-butyletherate.
      Furthermore are suitable: protonic acids, e.g. perchlorid acid, as well as
      saline compounds, e.g. triphenylmethyl hexafluorophosphate,
      triethyloxonium tetrafluoroborate or acetyl perchlorate. The
      polymerization can be carried out in bulk, in suspension or in solution.
      For eliminating instable portions it is useful to submit the copolymers to
      a thermal or hydrolytical controlled partial degradation down to primary
      alcohol terminal groups (cf. German Auslegeschriften Nos. 1,445,273 and
      1,445,294).
PAR  The homopolymers of formaldehyde or of trioxane -- used as per the
      invention -- are also prepared in known manner by catalytical
      polymerization of the monomer (cf. e.g. German Auslegeschrift No.
      1,037,705 and German Pat. No. 1,137,215).
PAR  The most useful method for preparing the moulding composition according to
      the invention is to mix the components being present each as powder or
      granule and to homogenize subsequently. The nucleating agents are used
      preferably as powders fine as dust having a particle size inferior to 5,
      preferably inferior to 3 microns. Usually, mixing is carried out at room
      temperature, preferably at a temperature of from 15.degree. to 30.degree.
      C, homogenization is performed in any heatable mixing device, e.g. drums,
      calenders, kneaders or extruders, at a temperature above the crystallite
      melting point of the poly(oxymethylene), i.e. at a temperature from
      150.degree. to 250.degree. C, preferably from 170.degree. to 220.degree.
      C.
PAR  Evidently, the presence of hydroxyphenyl-ureido-s-triazines used as per the
      invention entails nucleation upon preparing shaped articles which
      nucleation reduces the size of the spherulites and improves the mechanical
      properties of the shaped articles, for example increased ball indentation
      hardness, stretching strain, tensile strength and torsional stiffness --
      compared to these properties observed on a non-modified linear
      poly(oxymethylene). Another effect of the nucleation is an increased
      crystallization speed which enables an increased processing speed, a fact
      showing especially in shorter cycle periods for injection moulding and in
      reduced tolerance ranges for injection moulded pieces.
PAR  The use as per the invention of hydroxyphenyl-ureido-s-triazines offers the
      special advantage that these compounds not only have a nucleating effect
      but also good stabilizing action as well against thermal-acidolytical as
      against thermal-oxydative degradation of poly(oxymethylenes), too.
      Contrary to the stabilizing or nucleating agents hitherto known which had
      either a stabilizing, but no nucleating effect or -- on the other hand --
      a nucleating effect without any stabilizing action, the compounds of the
      invention are as well efficient nucleating agents as stabilizers against
      heat, acid and oxygen action.
PAR  The moulding composition according to the invention can be crushed
      mechanically, for example, by chopping or grinding, to yield granules,
      chips, flakes or powder. It is well suitable for being worked-up in the
      thermoplastic state, e.g. by injection moulding or extrusion, especially
      for preparing shaped articles being used e.g. as bars, rods, plates,
      films, ribbons, jars and tubes; it is most suitable as engineering plastic
      for the preparation of machinery parts having stable dimensions and an
      exact size, such as gear wheels, bearing parts and control elements.
DETD
PAR  The following examples illustrate the invention:
PAC  EXAMPLES
PAR  A linear copolymer made of 98 weight percent of trioxane and 2 weight
      percent of ethylene oxide (having a density of 1.41 g.ml.sup..sup.-1, a
      RSV-value of 0.73 dl.g.sup..sup.-1 and a crystallite melting point of
      166.degree. C) is blended as a powder with the quantities of nucleating
      agent indicated in the following table, calculated on the quantity of
      poly(oxymethylene), and homogenized at 200.degree. C in a single screw
      extruder. The residence time in the cylinder of the extruder is about 4
      minutes. The poly(oxymethylene) mass obtained in each case is granulated
      upon emerging from the extruder.
PAR  A film is prepared from the moulding composition obtained and the size of
      the spherulites determined; the film is prepared by melting the moulding
      composition at 180.degree. C between two glass plates under a pressure of
      200 kg.cm.sup..sup.-2 and subsequent crystallization at 150.degree. C
      under atmospherical pressure to yield a film 10 microns thick for
      microscopical examination. Moreover, plates having the dimensions 60
      .times. 60 .times. 2 mm are prepared at a mass temperature of 200.degree.
      C and a mould temperature of 80.degree. C by injection moulding from the
      moulding composition obtained which plates are then used for determining
      the ball indentation hardness according to VDE regulation 0302 (loading
      time 10 seconds). Furthermore, the weight loss of the granulated moulding
      composition is determined by exposing the granule for 2 hours to a
      temperature of 230.degree.C under air. The following table shows the
      spherulite size, ball indentation hardness and weight loss of shaped
      articles made of the moulding composition according to the invention. For
      comparison, the corresponding data of poly(oxymethylenes) without addition
      of an additive or containing a known stabilizer or nucleating agent or
      both only (cf. examples A to E) are also compiled.
TBL                                    Table                                   

     __________________________________________________________________________

     Example                                                                   

          Additive (Weight)   Spherulitesize                                   

                                      ball indentation                         

                                               Weight loss                     

          %                   (Micron)                                         

                                      hardness(kg/cm.sup.2)                    

                                               (%/2h)                          

     __________________________________________________________________________

     A       --               550     1550     &gt;50                             

     B    2,3-Dioxy-chinoxaline                                                

                          1    &lt;5     1640     &gt;50                             

     C    Melamine        1   350     1550     12                              

     D    2,2'-Methylene-bis(4-methyl-                                         

          6-tert.butyl-phenol)                                                 

                          1   550     1555     &gt;50                             

     E    Melamine        0.5                                                  

          2,2'-Methylene-bis(4-methyl-                                         

                              400     1555     2.2                             

          6-tert.butyl-phenol)                                                 

                          0.5                                                  

     __________________________________________________________________________

     1    2,6-Bis(2-hydroxyphenyl)-                                            

          4-ureido-s-triazine                                                  

                          0.5  40     1580     4.3                             

     2    4-ureido-s-triazine                                                  

                          1    17     1610     2.3                             

     3    4-ureido-s-triazine                                                  

                          3    5      1630     2.2                             

     4    2-(2-Hydroxyphenyl)-6-                                               

          methyl-4-ureido-s-triazine                                           

                          1    25     1600     2.5                             

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Moulding composition based on poly(oxymethylene), consisting of (a) from
      99.9 to 95 weight percent of a poly(oxymethylene) and
PA1  (b) from 0.1 to 5 weight percent of a hydroxyphenyl-ureido-s-triazine
      having the formula
      ##SPC4##
PAL  in which R.sup.1 represents a hydrogen atom, an alkyl radical or an alkoxy
      radical each having from 1 to 6 carbon atoms, a phenyl or a phenoxy
      radical -- each of which may be substituted by a hydroxyl group or an
      amino group being able to carry one or two alkyl radicals having from 1 to
      6 carbon atoms each -- or an amino group which may carry one or two alkyl
      radicals having each from 1 to 6 carbon atoms; and R.sup.2 represents a
      hydrogen atom, a hydroxyl group, an alkyl radical or alkoxy radical each
      having from 1 to 6 carbon atoms or a phenyl radical.
PATN
WKU  039311031
SRC  5
APN  5159415
APT  1
ART  141
APD  19741018
TTL  Copper inhibitors for polyolefins
ISD  19760106
NCL  13
ECL  1
EXP  Hoke; V. P.
INVT
NAM  Hardy; William Baptist
CTY  Bound Brook
STA  NJ
ASSG
NAM  American Cyanamid Company
CTY  Stamford
STA  CT
COD  02
CLAS
OCL  260 4585B
XCL  252404
XCL  260 459NC
XCL  260 4595R
XCL  260 4595H
XCL  260559
EDF  2
ICL  C08G  600
FSC  260
FSS  45.85 B;45.95 H;45.95 R;45.9 NC
FSC  252
FSS  404
UREF
PNO  3734885
ISD  19730500
NAM  Muller et al.
OCL  260 45.9
UREF
PNO  3849942
ISD  19741100
NAM  Brunetti
OCL  260 45.9
LREP
FR2  Mintz; Philip
ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Wherein R is an alkyl of 1 to 8 carbon atoms and X is hydrogen or --OR, are
      useful, in combination with hindered-phenol antioxidants, for inhibiting
      thermal degradation of polyolefins, especially polypropylene, in contact
      with copper as metal, alloys, oxides, or salts. Such compounds can be
      prepared by reacting hydrazine with a naphthoic acid ester which may have
      an alkoxy group in the 3- position to form an intermediate which reacts
      with 3-alkoxy-2-naphthoyl chloride to form said compounds.
BSUM
PAR  This invention relates to the stabilization of polyolefins, especially
      those wherein the polyolefin chain contains a plurality of tertiary carbon
      atoms or branch points, such as polypropylene and polybutene-1, against
      degradation when in contact with copper, copper alloys, copper oxides, or
      copper salts. It also relates to certain novel compounds, useful in
      combination with hindered-phenol antioxidants for such stabilization.
PAR  It is well known that polyolefins are subject to degradation caused by
      heat, ultraviolet light, and oxygen and that many materials have been
      found to inhibit such degradation, such as antioxidants and ultraviolet
      absorbers. It is also well known that copper, whether in the form of
      copper metal, copper alloys, copper oxides, or copper salts, catalyzes or
      otherwise greatly increases the susceptibility of polyolefins to
      degradation on exposure to heat, as described in Hansen et al., J. Poly
      Sci., Part A, vol. 2, pp. 587-609 (1964), Hansen et al., Poly Eng. & Sci.,
      vol. 5, October 1965, pp. 223-226, as well as in U.S. Pat. Nos. 3,440,210;
      3,462,517; and 3,549,572. Other transition metals also catalyze the heat
      degradation of polyolefins similarly. Each of these references, and U.S.
      Pat. Nos. 3,110,696; 3,117,104; 3,660,438; German Pat. Nos. 2,124,641;
      2,140,350; and Belgian Pat. No. 773,596, mention various classes of
      compounds which they either knew of or discovered as useful for inhibiting
      copper-catalyzed thermal degradation of polyolefins. The general class of
      hindered-phenol antioxidants normally used to provide protection to
      polyolefins against degradation by oxygen fails to provide adequate
      protection against copper-catalyzed degradation (Hansen et al., supra, and
      U.S. Pat. No. 3,549,572 col. 1, line 65 through col. 2, line 12 indicate
      that the presence of the antioxidant actually makes the copper-catalyzed
      degradation worse than its absence!) although they have been used in
      combination with some of the copper inhibitor compounds to provide
      enhanced protection. However, none of these compounds has proven to be
      completely satisfactory and the problem still awaits a satisfactory
      solution. Also, as pointed out in Hansen et al., page 594 bottom,
      predictability in this area is very poor since compounds similar to useful
      inhibitors were frequently useless. As a result, the use of polyolefins in
      contact with copper or other transition metals, as for insulation on
      copper wire for instance, has been limited.
PAR  In accordance with the present invention, it has been discovered that
      compounds of the formula
      ##SPC2##
PAL  Wherein R is an alkyl of 1 to 8 carbon atoms and X is hydrogen or --OR, are
      effective to inhibit copper or other transition-metal catalyzed
      degradation of polyolefins, particularly those having a plurality of
      tertiary carbon atoms or branch points, such as polypropylene, when used
      in combination with hindered-phenol antioxidants.
PAR  These compounds can readily be prepared by various sequences of
      conventional organic reactions. For example, they can be prepared by
      reacting 3-alkoxy-2-naphthoyl chloride (prepared by reacting thionyl
      chloride with 3-alkoxy-2-naphthoic acid) with the appropriate
      naphthoylhydrazine (e.g. 3-alkoxy-2-naphthoylhydrazine made by reacting
      methyl 3-alkoxy-2-naphthoate with hydrazine or .alpha.- or
      .beta.-naphthoylhydrazine by reacting ethyl .alpha.- or .beta.-naphthoate
      with hydrazine). This complete reaction sequence can be illustrated as
      follows:
      ##SPC3##
PAR  It will be understood that these compounds (compound IX) may additionally
      be substituted on the naphthalene moieties, particularly on the rings
      remote from the bis(carbonyl)hydrazine bridge with inert substituents
      which do not interfere with the ability of these compounds to function as
      copper inhibitors, such as lower alkyl or halogen groups. Howeever, for
      reasons of economy, it is generally preferred that no additional
      substituents be present in these compounds.
PAR  For effective stabilization of polyolefins against copper-catalyzed
      degradation, these compounds should be used in combination with a
      hindered-phenol antioxidant. Many hindered-phenol antioxidants are well
      known and are conventionally used in polyolefins. Illustrative of these
      hindered-phenol antioxidants are 6,6'-di-t-butyl-4,4'-bis-o-cresol;
      4,4'-methylene-bis(3-methyl-6-t-butylphenol);
      2,6-di-t-butyl-4-methylphenol; 2,2'-thiobis(4-methyl-6-t-butylphenol);
      4,4'-thiobis(3-methyl-6-t-butylphenol);
      2,2'-methylenebis(4-ethyl-6-t-butylphenol); the benzyl esters of
      .beta.-(subst. hydroxyphenyl)propionic acids described in U.S. Pat. No.
      3,649,667; tris(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate of U.S. Pat.
      Nos. 3,531,483 and 3,637,582; bis-, tris-, and
      tetrakis-(4-t-butyl-3-hydroxy-2,6-dimethylbenzyl) thiolesters of U.S. Pat.
      No. 3,810,929; 2,4,6-trialkyl-3-(higher alkylthiomethylene)-phenols of
      U.S. Pat. No. 3,660,352; 1,3,4-thiadiazole-bridged
      bis-thiomethylene-2,4,6-trialkylphenols of U.S. Pat. No. 3,676,449;
      pentaerythrityl tetrakis-3-(3,5-di-t-butyl-4-hydroxyphenyl) propionate of
      U.S. Pat. No. 3,285,855, sold as Irganox 1010; and the like.
PAR  In general, these compounds and the hindered-phenol antioxidants are used
      at total concentrations of about 0.01 to about 10% by weight of
      polyolefin, and preferably within the range of 0.05 to 3% by weight. The
      hindered-phenol antioxidant is used in an amount sufficient to stabilize
      the polyolefin against thermal degradation in the absence of copper, as is
      described in the foregoing references thereto. The hydrazine compound is
      used in an amount sufficient to reduce the effect of copper on such
      thermal degradation in the presence of the hindered-phenol antioxidant.
      Usually about equal amounts of each are used although this combination can
      be used in a weight ratio of 10:1 to 1:10 depending on the use to which
      the polyolefin is to be put and the environment to which it is to be
      exposed. The polyolefin composition stabilized by this stabilizer
      combination may also contain other additives, such as dyes, foaming
      agents, plasticizers, pigments, etc. as is conventional practice.
DETD
PAR  The following examples illustrate some especially preferred embodiments of
      this invention.
PAC  EXAMPLE 1
PAR  To 50 grams of 3-hydroxy-2-naphthoic acid (I) which was slurried in 200
      milliliters of methanol, 10 milliliters of concentrated sulfuric acid was
      added and the reaction mixture was stirred at reflux for 4 hours, cooled,
      diluted with water, and the resulting solids filtered and dried in vacuo.
      There was obtained 53.25 grams of a yellow solid (99% yield) which was
      recrystallized from hexane to give 50.1 grams of pure methyl
      3-hydroxy-2-naphthoate (II).
PAR  While stirring 24.5 grams of (II) and 16.5 grams of dimethyl sulfate in 100
      milliliters of methanol at 0.degree.-5.degree.C., 7.5 grams of potassium
      hydroxide in 25 milliliters of methanol was added dropwise, and the
      reaction mixture was stirred for 12-15 hours at room temperature. The
      mixture was evaporated in vacuo and the residue was mixed with water and
      extracted with ether. The ether extract was washed several times with 5%
      potassium hydroxide solution and evaporated in vacuo to give 15.4 grams of
      a yellow oil, which was identified by infrared spectroscopy as methyl
      3-methoxy-2-naphthoate (III).
PAR  To 15.4 grams of (III) dissolved in 50 milliliters of methanol, 4.5 grams
      of potassium hydroxide pellets were added and the reaction mixture was
      heated at reflux for 3 hours, then cooled, diluted with water, and
      extracted with ether to remove oily fractions. The aqueous solution was
      acidified with dilute sulfuric acid and the product was filtered, washed
      with water, and dried to give 12.16 grams of a pale yellow solid,
      3-methoxy-2-naphthoic acid (VII) melting at 132.degree.-133.degree.C.
      Recrystallization from methanol gave 9.76 grams of pale yellow crystals of
      (VII) melting at 132.5.degree.-134.1.degree.C.
PAR  To 4.55 grams of (VII) slurried in 25 milliliters of benzene, 3.57 grams of
      thionyl chloride was added. The mixture was refluxed for several hours and
      the solvent was removed to yield a thick yellow resinous product,
      3-methoxy-2-naphthoyl chloride (VIII).
PAC  EXAMPLE 2
PAR  To 13.9 grams of (III) was added 25 milliliters of methanol and 3.2 grams
      of anhydrous hydrazine. The reaction mixture was stirred at reflux for 6
      hours and the solvent removed, leaving a solid which was filtered, washed
      with water, and dried to give 12.7 grams of solid product melting at
      115.degree.-120.degree.C. Recrystallization of this solid from benzene
      twice gave 9.6 grams of beige platelets of 3-methoxy-2-naphthoylhydrazide
      (VIa) melting at 121.5.degree.-123.5.degree.C.
PAR  To a solution of 4.9 grams of (VIa) in 30 milliliters of warm pyridine was
      added a solution of (VIII) in 25 milliliters of tetrahydrofuran and the
      reaction mixture was stirred for about 15 minutes and diluted with water.
      The solid product was filtered, washed with water, methanol, and ligroin
      to give 6.9 grams of a beige solid. Recrystallization from glycol
      diacetate gave 6.5 grams of tan platelets of
      N,N'-bis(3-methoxy-2-naphthoyl)hydrazine (IXa) melting at
      260.5.degree.-263.degree.C.
PAC  EXAMPLE 3
PAR  To 93 grams of ethyl 2-naphthoate was added 300 milliliters absolute
      ethanol and 125 grams anhydrous hydrazine. The reaction mixture was
      refluxed for about 16 hours, cooled to room temperature, and the white
      crystals which formed were filtered. Recrystallization from ethanol (300
      milliliters) gave 78 grams of pale yellow crystals of 2-naphthoylhydrazine
      (VIb) melting at 145.degree.-147.degree.C.
PAR  To a slurry of 1.90 grams of (VIb) in 10 milliliters of dry pyridine was
      added a solution of 2.20 grams of (VIII) in 5-10 milliliters of
      tetrahydrofuran. The reaction mixture was allowed to stand for about 1
      hour, was diluted with water, the precipitate was filtered, and washed
      with water and methanol to give 3.32 grams of solid product melting at
      194.degree.-196.degree.C. Recrystallization from methyl cellosolve gave
      3.1 grams of N-(3-methoxy-2-naphthoyl)-N'-(2-naphthoyl)hydrazine (IXb)
      melting at 194.degree.-196.degree.C.
PAR  In a similar manner, ethyl 1-naphthoate can be used to prepare
      N-(3-methoxy-2-naphthoyl)-N'-(1-naphthoyl)hydrazine.
PAC  EXAMPLE 4
PAR  A plurality of samples were prepared for testing by the following
      procedure. In a pint jar, the appropriate additive or additive combination
      (as indicated in the following table) was dry-blended with 40 grams of a
      copolymer of ethylene and propylene wire and cable grade, melt-flow 4.0
      (Hercules). The mixture was then milled on a two-roll plastic mill at
      170.degree.C. for 3 minutes. The milled polymer was then molded into a
      plurality of 18 .+-. 2 mil films at 210.degree.C. by heating in a press
      for 3 minutes under 28-ton pressure. The films were then cooled by forced
      air. A 11/8 inch square 16 mil thick piece of 60 mesh copper screen was
      cleaned by heating in trichloroethylene and air drying, after which it was
      placed between two pieces of polymer film previously prepared and
      compression molded at 210.degree.C. for 1.5 minutes to form a laminate at
      least 26-28 mils thick. The laminate was aged in forced draft oven at
      140.degree.C. and the efficiencies of the various additives were measured
      in terms of the time (in hours) for the polymer to become embrittled. The
      results obtained were:
     Copper Inhibitor Oven Aging at 140.degree.C                               

                      Hours to Embrittlement                                   

     ______________________________________                                    

     None              7**                                                     

     None             170***                                                   

     Product(IXa) of Ex.2                                                      

                       &lt;8****                                                  

     Product (IXb) of Ex. 3                                                    

                       &lt;8****                                                  

     Product (IXa) of Ex. 2                                                    

                      1900-1917*                                               

     Product (IXb) of Ex. 3                                                    

                      1420-1437*                                               

     ______________________________________                                    

      Notes:                                                                   

      *The copper inhibitors, were used at a concentration of 0.2% in          

      combination with 0.2% pentaerythrityl                                    

      tetrakis-3-(3,5-di-t-butyl-4-hydroxy-phenyl)propionate, a hindered-phenol

      antioxidant.                                                             

       **No copper inhibitor and no antioxidant used.                          

       ***0.2% antioxidant only, no copper inhibitor used.                     

      ****0.2% copper inhibitor only, no antioxidant used.                     

PAR  It is clear from the data in the foregoing table that (a) these copper
      inhibitors have no significant stabilizing properties against
      copper-catalyzed thermal degradation of polypropylene when used alone, (b)
      the conventional hindered-phenol antioxidant, provides poor stabilization
      against copper-catalyzed thermal degradation of polypropylene when used
      alone, and (c) the combinations of these copper inhibitors with the
      conventional hindered-phenol antioxidant provide a very high level of
      protection against copper-catalyzed thermal degradation of polypropylene.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stabilizer composition useful in the enhancement of the resistance of
      polyolefins to copper-catalyzed thermal degradation comprising, in
      combination, a hindered-phenol antioxidant and a compound of the formula
      ##SPC4##
PAL  wherein R is alkyl of 1 to 8 carbon atoms, and X is hydrogen or --OR.
NUM  2.
PAR  2. A composition as defined in claim 1 wherein R is methyl and X is
      hydrogen or methoxy.
NUM  3.
PAR  3. A composition as defined in claim 2 wherein X is methoxy.
NUM  4.
PAR  4. A composition as defined in claim 1 wherein said hindered-phenol
      antioxidant is pentaerythrityl
      tetrakis-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate.
NUM  5.
PAR  5. A composition comprising a polyolefin and a stabilizing amount of the
      stabilizer composition of claim 1.
NUM  6.
PAR  6. A composition as defined in claim 5 wherein said polyolefin is
      polypropylene.
NUM  7.
PAR  7. A composition comprising a polyolefin and a stabilizing amount of the
      stabilizing composition of claim 2.
NUM  8.
PAR  8. A composition comprising a polyolefin and a stabilizing amount of the
      stabilizing composition of claim 3.
NUM  9.
PAR  9. Polypropylene stabilized against copper-catalyzed thermal degradation by
      the combination of (a) an amount of a hindered-phenol antioxidant
      sufficient to stabilize said polypropylene against thermal degradation in
      the absence of copper and (b) an amount of a compound of claim 1
      sufficient to reduce the effects of copper on such thermal degradation
      even in the presence of said hindered-phenol antioxidant.
NUM  10.
PAR  10. A composition as defined in claim 9 wherein said compound has the
      formula
      ##SPC5##
NUM  11.
PAR  11. A composition as defined in claim 10 wherein R is methyl and X is
      hydrogen or methoxy.
NUM  12.
PAR  12. A composition as defined in claim 11 wherein X is methoxy.
NUM  13.
PAR  13. A composition as defined in claim 9 wherein said hindered phenol
      antioxidant is pentaerythrityl
      tetrakis-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate.
PATN
WKU  039311040
SRC  5
APN  4778340
APT  1
ART  141
APD  19740610
TTL  Plastics stabilized against ultraviolet radiation
ISD  19760106
NCL  16
ECL  1
EXP  Hoke; V. P.
INVT
NAM  Luders; Walter
CTY  Neu-Isenburg
CNT  DT
INVT
NAM  Fischer; Edgar
CTY  Frankfurt am Main
CNT  DT
ASSG
NAM  Hoechst Aktiengesellschaft
CTY  Frankfurt am Main
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730612
APN  2329782
CLAS
OCL  260 4585R
XCL  260 457P
XCL  260 457PS
XCL  260 459NP
XCL  260 4595L
XCL  260 4595S
EDF  2
ICL  C08G  600
FSC  260
FSS  45.7 P;45.9 NP;45.85 R;45.7 PS;45.95 L
UREF
PNO  3269963
ISD  19660800
NAM  Ilgemann et al.
OCL  260 45.7
UREF
PNO  3341625
ISD  19670900
NAM  Gillham et al.
OCL  260 45.9
UREF
PNO  3532668
ISD  19701000
NAM  Savides
OCL  260 45.9
UREF
PNO  3594346
ISD  19710700
NAM  Hermann et al.
OCL  260 45.9
UREF
PNO  3629365
ISD  19711200
NAM  Gardner
OCL  260 45.7
UREF
PNO  3676393
ISD  19720700
NAM  Piirma
OCL  260 45.7
LREP
FRM  Curtis, Morris & Safford
ABST
PAL  Thermoplastic polymers are stabilized against ultra-violet radiation by
      incorporating therein as a stabilizer a stabilizing amount, e.g., 0.1 to
      5% by weight of a tertiary phosphine oxide or sulfide of the general
      formula:
      ##EQU1##
      in which X is oxygen or sulfur and R.sub.1, R.sub.2 and R.sub.3 are each
      selected from hydroxyalkyl, haloalkyl, carbalkoxyalkyl, acyloxyalkyl,
      phenylhydroxyalkyl wherein the phenyl radical may be substituted by one or
      more halogens, and cyanoalkyl wherein the alkyl radical has 1 to 6 carbon
      atoms.
BSUM
PAR  It is already known that plastics, for example polyolefines, are attacked
      and gradually destroyed by the action of ultraviolet radiation, for
      example ultraviolet radiation of the sunlight. In order to reduce this
      destruction, so-called inhibitors or stabilizers are added to the
      plastics.
PAR  The present invention therefore provides plastics stabilized against
      ultraviolet radiation and containing as stabilizer a compound of the
      formula
      ##EQU2##
      wherein X represents an oxygen or sulfur atom, R.sub.1 and R.sub.2 are
      either .beta.-cyanoethyl radicals or have the same definition as R.sub.3,
      R.sub.3 represents a hydroxyalkyl or a hydroxyalkylphenyl group, the
      phenyl radical of the latter being optionally substituted by one or more
      halogen atoms, or a halogenoalkyl carbalkoxyalkyl, acyloxyalkyl or
      cyanoalkyl group the alkyl radical of which has from 1 to 6 carbon atoms.
PAR  The tertiary phosphine oxides to be used according to the invention can be
      prepared by various known methods, for example by hydrolysis of phosphine
      dihalides or quaternary phosphonium compounds, by
      Michael's-Arbusov's-reaction from phosphinous acid esters, or most simply
      by direct oxidation of the corresponding tertiary phosphines.
PAR  The tertiary phosphine sulfides to be used according to the invention can
      be easily prepared by the addition of elementary sulfur on the
      corresponding tertiary phosphines according to known methods. Suitable
      tertiary phosphine oxides are for example
      bis-(2-cyanoethyl)-hydroxymethyl-phosphine oxide,
      bis-(2-cyanoethyl)-1-hydroxyethyl-phosphine oxide,
      bis-(2-cyanoethyl)-2-chloro-1-hydroxyethyl-phosphine oxide,
      bis-(2-cyanoethyl)-2,2,2-trichloro-1hydroxyethyl-phosphine oxide,
      bis-(2-cyanoethyl)-1-hydroxycyclohexyl-phosphine oxide,
      bis-(2-cyanoethyl)-2-carboxymethylethyl-phosphine oxide,
      bis-(2-cyanoethyl)-1,2-dicarboxymethylethyl-phosphine oxide,
      bis-(2-cyanoethyl)-2,2-dichloro-1-hydroxy-ethyl-phosphine oxide,
      bis-(2-cyanoethyl)-bis-chloromethyl-hydroxy-methyl-phosphine oxide,
      bis-(2-cyanoethyl)-1-hydroxy-2-phenyl-ethyl-phosphine oxide,
      bis-(2-cyanoethyl)-1-hydroxyl-1-phenyl-2-chloro-ethyl-phosphine oxide,
      bis-(2-cyanoethyl)-1-hydroxy-1-phenyl-ethyl-phosphine oxide,
      bis-(2-cyanoethyl)-1-hydroxy-1-(4-bromophenyl)-ethyl-phosphine oxide,
      bis-(2-cyanoethyl)-hydroxy-(2,4-dichlorophenyl)-methyl-phosphine oxide.
PAR  Tris-chloromethyl-phosphine oxide, oxethylated tris-hydroxymethyl-phosphine
      oxide, tris-hydroxymethyl-phosphine oxide, oxpropylated
      tris-hydroxymethyl-phosphine oxide, tris-(2-cyanoethyl)-phosphine oxide,
      tris-acetoxymethyl-phosphine oxide, tris-stearoyloxymethyl-phosphine
      oxide, tris-benzoyloxymethyl-phosphine oxide,
      tris-(2-carbethoxy)-ethyl-phosphine oxide,
      tris-(1-hydroxy-2-chloro-ethyl)-phosphine oxide,
      tris-(1-hydroxy-1-phenyl-ethyl)-phosphine oxide.
PAR  Suitable tertiary phosphine sulfides are, for example,
      tris-hydroxymethyl-phosphine sulfide, tris-(2-cyanoethyl)-phosphine
      sulfide, tris-stearoyloxy-methyl-phosphine sulfide,
      tris-(2-carbomethoxy)-ethyl-phosphine sulfide,
      bis-(2-cyanoethyl)-hydroxymethyl-phosphine sulfide. The compounds to be
      used according to the invention are especially suitable as stabilizers
      against ultraviolet radiation for polyethylene, polypropylene, polybutene,
      poly-(4-methyl-1-pentene), copolymers of these substances as well as for
      polystyrene.
PAR  They are added to the polymers in an amount of 0.1 to 5 % by weight,
      preferably of 0.5 to 2 % by weight.
PAR  They may be incorporated into the polymer in the usual manner, for example
      by mixing, kneading or grinding. In this process it may also be
      advantageous to use mixtures of the additives.
PAR  Moreover, further components, such as pigments, lubricants, fillers or
      antistatic agents may be added to the plastics. In most applications, it
      can also be desirable to use antioxidants, for example of thiodipropionic
      acid or distearyl sulfide type and/or antioxidants corresponding to the
      general formulae
      ##SPC1##
PAL  wherein
PA1  n=O-6
PA1  R.sub.1 = alkyl having from 1 to 20 C-atoms
PA1  R.sub.2 = alkyl having from 1 to 6 C-atoms
PAR  The compounds of the invention differ from known UV-absorbers containing
      hydroxyl groups in not being colored, even after exposure to ultraviolet
      light, as well as in their partly better stabilizer properties.
DETD
PAR  The invention is illustrated by the following examples.
PAC  EXAMPLES 1- 13
PAR  100 Parts of polypropylene stabilized with 0.1 % of
      2,2-isopropylidene-bis-(4-isononylphenol) and 0.25 % of thiodipropionic
      acid lauryl ester are mixed with one part of the additives mentioned below
      in a kneader-mixer provided with heating means at a temperature of
      200.degree.C.
PAR  In order to determine the stabilizing effect under the action of
      ultraviolet light, the brittle time of sheets mounted on an aluminium foil
      and having a thickness of 100 .mu. is measured by means of the Xenon test
      apparatus 450 of the Cassella system, manufactured by Messrs. Heraeus at
      Hanau (W. Germany); it is the time after which the test sheet exhibits a
      clod-like rupture by pulling a cotton thread imbedded therein.
PAR  The results are summarized in the following table.
TBL  __________________________________________________________________________

     Example                                                                   

          stabilizer            brittle time                                   

                                       color after exposure to                 

     No.                        (hours)                                        

                                       ultra-violet radiation                  

     __________________________________________________________________________

     1    bis-(2-cyanoethyl)-hydroxymethyl-                                    

                                910    colorless                               

          phosphine oxide                                                      

     2    bis-(2-cyanoethyl)-1-hydroxy-                                        

                                850    colorless                               

          ethyl-phosphine oxide                                                

     3    bis-(2-cyanoethyl)-2-chloro-1-                                       

                                860    faintly yellow                          

          hydroxyethyl-phosphine oxide                                         

     4    bis-(2-cyanoethyl)-2,2,2-tri-                                        

                                780    faintly yellow                          

          chloro-1-hydroxyethyl-phosphine oxide                                

     5    bis-(2-cyanoethyl)-1,2-dicarboxy-                                    

                                910    colorless                               

          methylethyl-phosphine oxide                                          

     6    tris-hydroxymethyl-phosphine oxide                                   

                                1025   colorless                               

     7    oxethylated tris-hydroxymethyl-phos-                                 

                                1280   colorless                               

          phine oxide                                                          

     8    oxpropylated tris-hydroxymethyl-                                     

                                830    colorless                               

          phosphine oxide                                                      

     9    tris-2-(cyanoethyl)-phosphine sulfide                                

                                1125   colorless                               

     10   tris-stearoyloxymethyl-phosphine sul-                                

                                880    colorless                               

          fide                                                                 

     11   tris-(2-carbmethoxy)-ethyl-phos-                                     

                                810    colorless                               

          phine sulfide                                                        

     12   comparative experiment without an additive                           

                                162                                            

     13   2-(2'-hydroxy-3', 5'-di-tert.-                                       

                                920    yellow                                  

          butylphenyl)-5-chloro-benzotriazole                                  

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A plastic material consisting essentially of a polymer selected from
      homopolymers and copolymers of ethylene, propylene, butene and
      4-methyl-1-pentene and polystyrene and from 0.5 to 2% by weight of an
      ultra-violet radiation stabilizer which is a tertiary phosphine oxide or
      sulfide of the formula
      ##EQU3##
      in which X is oxygen or sulfur and either (a) R.sub.1 and R.sub.2 are
      .beta.-cyano-ethyl and R.sub.3 is a radical other than .beta.-cyanoethyl
      selected from the group of radicals consisting of hydroxyalkyl, haloalkyl,
      hydroxy haloalkyl carbalkoxyalkyl, acyloxyalkyl, phenylhydroxyalkyl
      wherein the phenyl radical may be substituted by one or more halogens, and
      cyanoethyl wherein the alkyl radical has 1 to 6 carbon atoms or (b)
      R.sub.1, R.sub.2 and R.sub.3 are the same and each is selected from said
      group of radicals.
NUM  2.
PAR  2. A plastic material according to claim 1 wherein said polymer is
      polypropylene.
NUM  3.
PAR  3. A plastic material according to claim 1 wherein at least one of R.sub.1,
      R.sub.2 and R.sub.3 is hydroxyhaloalkyl.
NUM  4.
PAR  4. A plastic material according to claim 1 wherein said stabilizer is
      bis-(2-cyanoethyl)-hydroxymethyl-phosphine oxide.
NUM  5.
PAR  5. A plastic material according to claim 1 wherein said stabilizer is
      bis-(2-cyanoethyl)-1-hydroxyethyl-phosphine oxide.
NUM  6.
PAR  6. A plastic material according to claim 1 wherein said stabilizer is
      bis-(2-cyanoethyl)-2-chloro-1-hydroxyethyl-phosphine oxide.
NUM  7.
PAR  7. A plastic material according to claim 1 wherein said stabilizer is
      bis-(2-cyanoethyl)-2,2,2-tri-chloro-1-hydroxyethyl-phosphine oxide.
NUM  8.
PAR  8. A plastic material according to claim 1 wherein said stabilizer is
      bis-(2-cyanoethyl)-1,2-dicarboxymethylethyl-phosphine oxide.
NUM  9.
PAR  9. A plastic material according to claim 1 wherein said stabilizer is
      tris-hydroxymethyl-phosphine oxide.
NUM  10.
PAR  10. A plastic material according to claim 1 wherein said stabilizer is
      oxethylated tris-hydroxymethyl-phosphine oxide.
NUM  11.
PAR  11. A plastic material according to claim 1 wherein said stabilizer is
      oxpropylated tris-hydroxymethyl-phosphine oxide.
NUM  12.
PAR  12. A plastic material according to claim 1 wherein said stabilizer is
      tris-(2-cyanoethyl)-phosphine sulfide.
NUM  13.
PAR  13. A plastic material according to claim 1 wherein said stabilizer is
      tris-stearolyoxymethyl-phosphine sulfide.
NUM  14.
PAR  14. A plastic material according to claim 1 wherein said stabilizer is
      tris-(2-carbmethoxy)-ethyl-phosphine oxide.
NUM  15.
PAR  15. A thermoplastic polymer containing a stabilizing amount of an
      ultra-violet radiation stabilizer which is a tertiary phosphine oxide or
      sulfide of the formula
      ##EQU4##
      in which X is oxygen or sulfur and R.sub.1, R.sub.2 and R.sub.3 are each
      selected from hydroxyalkyl, haloalkyl, hydroxy haloalkyl carbalkoxyalkyl,
      acyloxyalkyl, phenylhydroxyalkyl wherein the phenyl radical may be
      substituted by one or more halogens, and cyanoalkyl wherein the alkyl
      radical has 1 to 6 carbon atoms, provided that said stabilizer does not
      contain more than two cyanoalkyl groups.
NUM  16.
PAR  16. A thermoplastic polymer according to claim 15 containing from 0.5 to 2%
      by weight of said stabilizer.
PATN
WKU  039311058
SRC  5
APN  5189489
APT  1
ART  115
APD  19741029
TTL  Catalyst composition for room temperature vulcanizing silicone
      compositions and catalyzed compositions therefrom
ISD  19760106
NCL  1
ECL  1
EXP  McCarthy; Helen M.
INVT
NAM  Smith; Robert A.
CTY  Schenectady
STA  NY
ASSG
NAM  General Electric Company
CTY  Waterford
STA  NY
COD  02
RLAP
COD  74
APN  432409
APD  19740110
PSC  01
PNO  3865759
CLAS
OCL  260 465G
EDF  2
ICL  C08G 7704
FSC  260
FSS  46.5 G
UREF
PNO  3865759
ISD  19750200
NAM  Smith
OCL  260 46.5G
LREP
FR2  Pine; Granville M.
FR2  Hedman; Edward A.
FR2  Young; John L.
ABST
PAL  Stable catalyst compositions providing faster cure time in room temperature
      vulcanizing organopolysiloxane compositions containing them comprise
      stannous salts of branched chain alkyl carboxylic acids having from 8 to
      12 carbon atoms and, as a stabilizing carrier therefor, a methyl alkyl
      polysiloxane fluid having hydroxy aryl substituents. The catalyst
      compositions are uniquely adapted to provide injectable compositions
      curable to low density, high compressive strength syntactic foams, useful,
      e.g., for custom fitting footwear to the wearer.
PARN
PAR  This is a division of application Ser. No. 432,409, filed Jan. 10, 1974,
      now U.S. Pat. No. 3,865,759.
BSUM
PAR  This invention relates to stabilized active catalyst composition for
      increasing the cure rate of room temperature vulcanizing
      organopolysiloxane compositions, and to compositions catalyzed with such
      compositions. More particularly, the invention relates to catalyst
      compositions comprising stannous salts of branched chain alkyl carboxylic
      acids having from 8 to 12 carbon atoms, and as a carrier therefor, a fluid
      methyl alkyl polysiloxane having hydroxy aryl substituents, and to room
      temperature vulcanizing compositions catalyzed therewith, the latter
      comprising silanol-terminated polyorganosiloxanes and cross-linking
      polyfunctional organosilicon compounds. The catalyzed compositions may
      also include lightweight hollow microspheres, in which case they cure to
      syntactic foams.
PAC  BACKGROUND OF THE INVENTION
PAR  It is a well known characteristic of stannous octoate, when used as a
      catalyst in room temperature vulcanizing silicone compositions, to find
      that it loses all of its catalytic activity upon repeated opening and
      closing of the containers in which it is stored, alone or as commonly
      diluted for use in a silicone fluid, e.g., a trimethylsilyl-stopped
      dimethyl polysiloxane. The loss in activity is apparently due primarily to
      oxidation of stannous tin to the inactive stannic tin by air or by air and
      moisture during exposure. Somewhat better results are obtained if stannous
      octoate is replaced by stannous salts of branch chain carboxylic acids
      having from 8 to 12 carbon atoms. Best results in this series are obtained
      if the acids are fully branched. Stannous neodecanoate, which has 10 fully
      branched carbon atoms, is especially improved in stability in comparison
      to stannous octoate. However, when these more stable stannous salts are
      diluted in a dimethyl polysiloxane fluid to facilitate storage,
      measurement and compounding these are found to deteriorate quickly on air
      exposure.
PAR  It has now been discovered that if the stannous salts of branched chain
      alkyl carboxylic acids having from 8 to 12 carbon atoms are combined with
      a very specific type of organopolysiloxane carrier fluid, there will be
      obtained a very superior catalyst composition. In particular, a stable,
      active catalyst composition is obtained using as carrier fluid, a methyl
      alkyl polysiloxane having hydroxy aryl substituents. These fluids appear
      to solubilize the stannous salts of branched carboxylic acids very readily
      and, at the same time, provide in solubilized form a hindered phenolic
      type substituent which effectively retards the oxidation of stannous tin
      to inactive stannic tin. Somwhat surprisingly, this same fluid does not
      readily solubilize the conventional tin soap catalyst, stannous octoate,
      and many attempts to provide catalysts system based on this fluid and
      stannous octoate have failed because such compositions deteriorate rapidly
      upon air exposure.
PAR  Such novel catalyst compositions are superior to conventional stannous soap
      compositions in all room temperature vulcanizing rubber formulations, but
      they are vastly superior to stannous octoate compositions in the
      production of articles having silicon compositions injected and then cured
      in place, in contact with human body parts. Such articles comprise
      footwear, such as shoes, boots and the like, custom-fitted to the foot of
      the wearer, and they are disclosed and claimed in the copending
      application of Robert L. Blomquist, Alfred H. Smith, Jr., Robert A. Smith
      and Richard P. Surprenant, entitled, FOOTWEAR INCLUDING CORE OF CUSTOM
      FITTING COMPOSITION, filed in the United States Patent Office on Dec. 5,
      1973, Ser. No. 421,968, now abandoned, assigned to the assignee of the
      present invention and the disclosure of which is incorporated herein by
      reference. The present invention has, as one of its principal features,
      the provision of a curable, injectable syntactic foam composition for
      custom fitting footwear, catalyzed with the new stabilized composition.
PAC  DESCRIPTION OF THE INVENTION
PAR  According to this invention, there are provided stabilized catalyst
      compositions comprising:
PAR  i. a stannous carboxylate of a branched chain alkyl carboxylic acid having
      from about 8 to about 12 carbon atoms in the alkyl chain; and, as a
      stabilizing carrier therefor,
PAR  ii. a fluid organopolysiloxane composition having an average formula:
      ##EQU1##
      where R is a higher alkyl radical, R.sup.1 is selected from the class
      consisting of monovalent and divalent hindered t-butyl-substituted
      radicals, the sum of a plus b is from 5 to 40, inclusive, and the ratio of
      b over the sum of a plus b is from 0.005 to 0.1, inclusive.
PAR  Component (i) of the catalyst composition is a stannous salt of a branched
      alkyl carboxylic acid from 8 to 12 carbon atoms. The higher the degree of
      branching within the chain, the better. Fully branched chains are best,
      e.g., the so-called neocarboxylates. If less than 8 carbon atoms are
      present or if greater than 12 carbon atoms are present, the solubility
      compatibility with the stabilizing carrier fluid becomes a factor and the
      compositions do not function as effectively, and they are not as stable.
      Most preferably, the alkyl carboxylic acid in the stannous carboxylate
      will contain 10 carbon atoms and the fully branched carboxylate of 10
      carbon atoms per carboxylate group, known as stannous neodecanoate is the
      most preferred. All such stannous carboxylates can be made by those
      skilled in the art, e.g., by reacting a stannous halide or alkoxide with
      the corresponding branched alkyl carboxylic acid or reactive derivative
      thereof, alone, or in an inert solvent. Several such carboxylates are also
      commercially available. Illustrative of specific branch chained
      carboxylates are isooctanoates, isodecanoates, neodecanoates, 2',2'
      dimethyldecanoates, and the like. Stannous neodecanoate is commercially
      available from Mooney Chemicals, Inc., Cleveland, Ohio 44113. It is a
      bland liquid which is insoluble in water and has a specific gravity of
      1.23.
PAR  Component (ii) of the catalyst composition, the fluid organopolysiloxane
      having hydroxy aryl substituents can be made following the procedures
      described in detail in Brown, Jr., U.S. Pat. No. 3,579,467, assigned to
      the assignee of the present application, and incorporated herein by
      reference.
PAR  As described in the Brown patent, the preparation of the polysiloxanes
      defined as component (i) involves an SiH-olefin addition reaction. This
      reaction involves the addition of an alpha-olefin having a higher alkyl
      content, from 4 to 30 carbon atoms, more particularly, from 6 to 12 carbon
      atoms, and an allylated t-butyl phenol to a conventional methyl hydrogen
      polysiloxane. For example, butene-1, hexene-1, octene-1, decene-1,
      dodecene-1, hexadecene-1, and the like, can be used. More specifically,
      the preparation of a methyl higher alkyl polysiloxane having a hydroxy
      aryl substituent involves the reaction between a methyl hydrogen
      polysiloxane having the formula:
      ##EQU2##
      wherein a is from 5 to 40, an alpha olefin and an allylated t-butyl
      phenol.
PAR  The reaction of the alpha olefin and the methyl hydrogen polysiloxane can
      take place in the presence of a known elemental platinum or platinum
      compound catalyst.
PAR  Among the many useful catalysts for this addition reaction are
      chloroplatinic acid as described in Speier, et al., U.S. Pat. No.
      2,823,218, the reaction product of chloroplatinic acid with either an
      alcohol, an ether or an aldehyde as described in Lamoreaux, U.S. Pat. No.
      3,200,972, trimethyl platinum iodide and hexamethyl diplatinum as
      described in Lamoreaux, U.S. Pat. No. 3,313,773, the platinum olefin
      complex catalysts described in Ashby, U.S. Pat. No. 3,159,601, the
      platinum cyclopropane complex catalyst described in Ashby, U.S. Pat. No.
      3,159,662, and the like.
PAR  The SiH-olefin addition reaction to produce component (ii) may be conducted
      at room temperature or at temperature up to 200.degree.C., depending upon
      the catalyst concentration, which can vary from 10.sup..sup.-7 to
      10.sup..sup.-3 and preferably, 10.sup..sup.-5 to 10.sup..sup.-4 moles of
      platinum as metal per mole of olefin containing molecules present.
      Generally, the methyl hydrogen polysiloxane is reacted first with an
      allylated aromatic hydroxy compound in an amount less than that necessary
      to cover all of the Si--H bonds. The catalyst is added in aliquot portions
      as the reaction proceeds. Then the alpha olefin is added at a rate
      sufficient to maintain the reaction temperature within the range of from
      about 50.degree. to 120.degree.C. and, at the end of the addition of the
      alpha olefin, the reaction is completed. The product is recovered by any
      convenient method, as is described in the above-mentioned Brown, Jr.
      patent.
PAR  For example, when it is desired to produce a methyl alkyl polysiloxane
      having hydroxy aryl substituents corresponding to component (ii), the
      starting material can be a trimethylsilyl chain-stopped methyl hydrogen
      polysiloxane containing an average of 38 methyl hydrogen siloxane units
      per molecule. One mole of this methyl hydrogen polysiloxane is reacted
      with 1 mole of an allylated t-butyl-substituted phenol, such as
      ##SPC1##
PAL  to produce a trimethylsilyl chain-stopped copolymer in which the average
      molecule contains 37 methyl hydrogen siloxane units and 1 unit in which
      the R.sup.1 is the radical shown in the formula:
      ##SPC2##
PAL  Then one mole of the resulting copolymer is reacted with 37 moles of an
      appropriate alpha olefin, such as decene-1, according to the method
      previously described, to produce component (ii) wherein R is, e.g., decyl
      and R.sup.1 is the radical shown above and a is 37 and b is 1 and the
      ratio of b/a+b is 0.026.
PAR  Component (i) and (ii) can be mixed in any desirable or convenient manner
      to produce the stabilized catalyst compositions; the order of addition is
      not critical. It is preferred to use an amount of component (i) which
      gives a high enough concentration of the stannous branched carboxylate in
      the composition to minimize the volume of material required for storage
      and shipment, but the amount should not exceed the solubility of the
      stannous carboxylate in the silicon fluid carrier. In general, the amount
      of compound (i) can vary between about 5 and 30% by weight and preferably,
      between 15 and 25% by weight, based on the combined weights of (i) and
      (ii).
PAR  The catalyst compositions can be used in any room temperature vulcanizing
      composition wherein stannous octoate has heretofore been employed as a
      catalyst, making suitable adjustments for the stannous tin content in the
      final formulation. The catalyzed compositions are an embodiment of this
      invention. They have especially fast cure times.
PAR  According to the present invention, there are provided catalyzed room
      temperature vulcanizable silicone rubber compositions comprising:
PAR  A. a linear diorganopolysiloxane having terminal silicon-bonded hydroxyl
      groups;
PAR  B. a polyfunctional organo silicon compound containing more than two
      functional groups and capable of cross-linking (A); and
PAR  C. a tin soap condensation catalyst, the catalyst component (C) being the
      improved catalyst composition of this invention, as hereinabove defined.
      Such compositions have excellent shelf life and cure very rapidly at
      ordinary temperatures.
PAR  Room temperature vulcanizable silicone rubber compositions including (A),
      (B) and (C) are well known to those skilled in this art, and are
      described, for example, in Nitzsche, et al., U.S. Pat. No. 3,127,363, and
      in Shaw, U.S. Pat. No. 3,701,753, the disclosures of which are
      incorporated herein by reference.
PAR  The improved compositions of this invention are made by substituting as
      component (C), the catalyst composition hereinabove described.
      Illustratively, component (A) will be a substantially difunctional,
      linear, extensively precondensed but not resin-like organosiloxane of the
      general formula:
      ##EQU3##
      in which R.sup.2 represents an alkyl or aryl radical, such as a methyl,
      ethyl or phenyl radical, or a halogen- or cyano-substituted such radical;
      X represents hydrogen or radical R.sup.2 and n is a whole number of at
      least 10.
PAR  Conventionally, the cross-linking component (B) will be a polyfunctional
      organo-silicon compound containing more than two functional groups. They
      will be either ogano-silicon compounds of the general formula:
EQU  R.sup.7.sub.m Si X.sub.4.sub.-m
PAL  in which R.sup.7 is an alkyl or aryl radical, X is a reactive group capable
      of condensation with a silanol group of component (A), such as a hydroxyl,
      alkoxy, aryloxy or acyloxy group, and m is a number from 0 to less than 2;
      or they will be the corresponding silixanes. This definition covers the
      following groups of compounds:
PAR  a. silanes of the formula R.sub.m SiX.sub.4.sub.-m ;
PAR  b. corresponding di-, tri-, tetra- or polysiloxanes;
PAR  c. organopolysiloxane resins having a functionality greater than 2, and
      advantageously greater than 2.5;
PAR  d. organo hydrogen polysiloxanes of the formula:
EQU  R.sub.m HSiO.sub.3.sub.-m/2
PAL  in which m is a number less than 2, but is not zero. Preferably, they will
      be trialkoxyalkylsilanes or triacyloxyalkylsilanes.
PAR  In the Nitzache et al. patent, catalyst components (C) are illustratively
      metal soaps, for example, tin ricinoleate or cobalt naphthenate. In the
      patent, the disadvantages of the prior art metal salts of simple
      carboxylic acids are pointed out, it being said that they act too slowly,
      are not satisfactory physiologically, or discolor the mass. In any event,
      the amount of the present catalyst component (C) will preferably be 0.1 to
      5% by weight of tin based on component (A). Moreover, as is conventional,
      it is possible to include any filler or additive customarily used in the
      manufacture of silicone rubber, and known methods for curing and using
      such compositions, for example, as in conventional sealing, impregnating
      or casting compositions, as paints or coating compositions, and in the
      manufacture of molded articles. These are fully set forth in the Nitzache
      et al. patent, which has been incorporated herein by reference to save
      unnecessarily detailed description.
PAR  The present invention in another of its especially preferred aspects
      provides syntactic foam compositions. "Syntactic" in this sense means that
      the foam has not been prepared by internally generating voids thereon,
      such as by blowing gas into the composition or using blowing agents, but
      rather by adding lightweight filler material, such as cork, and the like,
      but preferably, hollow microspheres or beads of the type well known to
      those skilled in the art.
PAR  According to the present invention, low density, high compressive strength
      syntactic foam compositions will comprise:
PAR  1. a low density filler comprising hollow microspheres;
PAR  2. a linear, fluid, organopolysiloxane containing only terminal,
      silicon-bonded hydroxy groups, convertible to a cured, solid state, alone,
      or in admixture with a linear, fluid organopolysiloxane having a 1 to 1
      ratio of terminal silicon-bonded triorganosiloxy to terminal siliconbonded
      hydroxy groups, convertible to a cured, solid state;
PAR  3. an alkyl silicate selected from the class consisting of
PA1  a. a monomeric organosilicate corresponding to the general formula:
      ##EQU4##
      wherein R.sup.4 is alkyl, haloalkyl, aryl, haloaryl, alkenyl,
      cycloalkenyl, cyanoalkyl, and R.sup.3 is the same as R.sup.4 or alkoxy or
      aryloxy, or
PA1  b. a liquid partial hydrolysis product of the aforementioned organosilicate
      monomeric compounds; and
PAR  4. a catalyst composition comprising:
PA1  i. a stannous carboxylate of a branched chain alkyl carboxylic acid having
      from about 8 to about 12 carbon atoms in the alkyl chain; and as a
      stabilizing carrier therefor; and
PA1  ii. a fluid organopolysiloxane composition having an average formula:
      ##EQU5##
      wherein R is a higher alkyl radical, R.sup.1 is selected from the class
      consisting of monovalent and divalent hindered t-butyl-substituted hydroxy
      aryl radicals, the sum of a plus b is from 5 to 40, inclusive, and the
      ratio of b over the sum of a plus b is from 0.005 to 0.1, inclusive.
PAR  The amount of lightweight filler employed will be selected to produce the
      final density desired. In general, enough will be used to insure that the
      final composition has a density of below 0.9 g./cm..sup.3. Hollow
      microspheres of glass, carbon, phenolic, epoxy, silica, vinylidene
      chloride/acrylonitrile, urea-formaldehyde resins, and the like, are
      articles of commerce. They are typically spheroidal in shape and appear as
      free flowing powders. The particles range in diameter from 1 to a few
      hundred microns, with a wall thickness usually in the order of 1 to 4
      microns. The most preferred such microspheres will be bubbles varying in
      size from 0.0002 inch to 0.005 inch and which have an average diameter of
      0.0017 inch. The preferred microspheres are made of glass, phenolic or
      urea-formaldehyde.
PAR  Optionally, the syntactic foams can include a reinforcing or
      semi-reinforcing filler, so long as the amount does not cause the density
      of the foam to go above 0.9 g./cm..sup.3. If such a filler is used, it
      will preferably be calcium carbonate or a fumed colloidal silica or a
      precipitated silica, said silica filler having been treated with an
      organosilicon trimer, tetramer, or disilozane to render it hydrophobic.
PAR  In the syntactic foam composition, it is preferred to use an admixture of
      polysiloxanes of the formulae:
      ##EQU6##
      wherein R.sup.5 and R.sup.6 are alkyl, aryl, haloalkyl, haloaryl, alkaryl,
      aralkyl, alkenyl, haloalkenyl, cyanoalkyl, cycloalkyl or cycloalkenyl, and
      n is a number sufficiently high to provide a fluid viscosity of at least
      about 400 centipoises. The amount of the components in the admixture can
      vary between 5 and 95 parts of one to 95 to 5 parts of the other.
      Especially preferably, the organopolysiloxane will be one wherein R.sup.5
      and R.sup.6 are methyl.
PAR  The organosilicate cross-linker is, preferably one of the formula:
      ##EQU7##
      wherein R.sup.3 is ethoxy, phenyl, n-propoxy or vinyl and R.sup.4 is
      ethyl, or n-propyl.
PAR  The catalytic agent for curing will be the stannous carboxylates in a
      methyl alkyl organopolysiloxane containing hydroxy aryl substituents as
      described above and, preferably, it will be stannous neodecanoate. In some
      cases, the syntactic foam composition also will include a thioxtropic
      agent comprising a hydrogenated oil, e.g., hydrogenated caster oil.
PAR  A preferred family of syntactic foam compositions will comprise:
PAR  1. a low density filler comprising glass hollow microspheres, phenolic or
      urea-formaldehyde hollow microspheres in an amount sufficient to provide
      an ultimate composition density of below 0.9 g./cm..sup.3 and from 0 to
      20% by weight of calcium carbonate or fumed or precipitated silica, said
      silica having been treated to render it hydrophobic;
PAR  2. a polydimethylsiloxane having siliconbonded terminal hydroxyl groups and
      a viscosity of 600 to 6,000 cps. blended with a partially
      trimethylsilyloxy, partially --OH terminated polydimethylsiloxane of 400
      to 900 cps.;
PAR  3. from about 0.2 to about 5% by weight of ethyl ortho silicate or a
      mixture of diphenyl dimethoxysilane and triethoxy vinyl silane; and
PAR  4. from about 0.5 to about 2% by weight of stannous neodecanoate based on
      (2), in admixture with from a major proportion, based on the stannous
      carboxylate, of a methyl decyl polyorganosiloxane containing a hydroxy
      aryl substituent.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples illustrate the compositions and articles prepared
      according to this invention. They are illustrative, and are not to be
      construed to limit the scope of the invention in any manner whatsoever.
PAC  EXAMPLE 1
PAR  A catalyst composition according to this invention is prepared comprising
      20 parts by weight of stannous neodecanoate (Stannous Ten-Cem, Mooney
      Chemical Co., Cleveland, Ohio) and 80 parts by weight of a liquid
      trimethylsilyl chain-stopped methyl decyl polysiloxane having a t-butyl
      hydroxy aryl propyl-substituted silicon atom content, prepared according
      to Example 6 of U.S. Pat. No. 3,579,467.
PAR  A room temperature vulcanizing silicone-base composition is prepared under
      anhydrous conditions comprising:
TBL                     parts by weight                                        

     ______________________________________                                    

     a fluid, silanol                                                          

     end-stopped polydimethyl-                                                 

     siloxane having a viscosity                                               

     of 3,000 .+-. 500 centipoises                                             

     (cps.) at 30.degree.C.                                                    

                          100                                                  

     a precipitated calcium                                                    

     carbonate (filler) 40                                                     

     a partially condensed ethyl                                               

     orthosilicate (Union                                                      

     Carbide, ES-40)      3                                                    

     ______________________________________                                    

PAR  A catalyzed, room temperature vulcanizable composition according to this
      invention is prepared by adding 10% by weight of the catalyst composition
      in the base composition.
PAR  The catalyzed composition cures to a rubber within 140 seconds.
PAR  To demonstrate the stability of the catalyst composition, it is stored in a
      vial open to the air at 77.degree.F. and 50% relative humidity then used
      to catalyze the base compositions. The cure times after storage intervals
      are as follows:
TBL  Open vial storage (days)                                                  

                        Cure time (seconds)                                    

     ______________________________________                                    

     7                  175                                                    

     16                 255                                                    

     31                 435                                                    

     ______________________________________                                    

PAR  Not only is initial cure very fast, but after storage in the open, fast
      cure rates still are obtained after 31 days, indicating excellent storage
      stability.
PAR  The catalyst composition is also subjected to accelerated aging in a sealed
      vial at 50.degree.C. and then used to catalyze the base composition. The
      cure times after storage intervals are as follows:
TBL  Sealed vial storage, 50.degree.C.                                         

     (days)              Cure time (seconds)                                   

     ______________________________________                                    

     2                   155                                                   

     16                  260                                                   

     31                  450                                                   

     ______________________________________                                    

PAR  Thus, the catalyst retains a substantial amount of its activity even when
      heated during storage.
PAR  The catalyzed composition is also subjected to stability testing by storing
      in sealed containers at 25.degree.C., then opening and measuring the cure
      times after intervals. The results are as follows:
TBL  Sealed vial storage, 25.degree.C.                                         

        (days)           Cure time (seconds)                                   

     ______________________________________                                    

      0 (initial)        165                                                   

     13                  185                                                   

     23                  200                                                   

     37                  180                                                   

     ______________________________________                                    

PAR  For all practical purposes, the composition retains its pot life or working
      time throughout the interval. It is seen that an efficient, stable
      composition with rapid cure rate is provided.
PAC  EXAMPLE 2
PAR  An injectable syntactic foam composition is prepared using the stabilized
      catalyst composition described in Example 1. The base formulation is 29.91
      parts by weight of a silanol stopped dimethylpolysiloxane of 8,000 .+-.
      2,000 cps. viscosity weight; 11.90 parts by weight of a calcium carbonate
      filler; 47.52 parts by weight of a trimethylsilyl/hydroxy terminated
      dimethylpolysiloxane fluid, 0.40 parts by weight of hydrogenated castor
      oil as a thixotrope; 7.80 parts of a low density filler comprising glass
      microballoons (GMBS-B-22A, 3M Co., Minneapolis, Minn.; and 1.86 parts of a
      partially hydrolyzed ethyl orthosilicate cross-linking agent (Union
      Carbide Corp., ES-40) and 0.6 parts of water. To 150 parts of the base
      1.7% by weight of stannous neodecanoate is added (to provide 2.2% based on
      the polysiloxane fluids) by using an appropriately weighed quantity of the
      catalyst composition. The compound properties are white; the uncatalyzed
      viscosity is 15,000 cps. After catalyzing, the work life in minutes is
      5.7; and the tack-free time is 9 minutes. The measurement of catalyzed
      viscosity vs. time at one minute intervals is as follows:
TBL  Time (minutes)    Viscosity (cps.)                                        

     ______________________________________                                    

     2                 31,000                                                  

     3                 52,000                                                  

     4                 97,000                                                  

     5                 220,000                                                 

     ______________________________________                                    

PAL  Physical properties on the cured composition are measured according to ASTM
      methods after curing at 77.degree.F. and 50% relative humidity for 24
      hours. The results are as follows:
TBL  Shore A durometer      29                                                 

     Tensile strength, psi  70                                                 

     Elongation, %          90                                                 

     Tear strength, pounds/inch                                                

                            20                                                 

     Specific gravity, g./cc.                                                  

                            0.80                                               

PAR  Ski boots are custom-fitted by injecting the catalyzed composition into the
      free space between the foot of the wearer and the inside of the boot and
      allowed to cure, as described in the above-identified copending Blomquist,
      Smith, Smith, Jr., and Surprenant application. The boots are test skied
      and the foam is found to retain its shape and to provide good edge
      control.
PAR  It is obvious that the specific examples describe the preparation of a
      stabilized catalyst composition with improved storage stability and the
      ability to catalyze the curing silicone compositions very efficiently. The
      examples describe the preparation of catalyzed silicone compositions with
      excellent storage stability when sealed. The examples also describe the
      preparation of a catalyzed foam composition uniquely adapted to custom
      fitting footwear to the wearer. Obviously, many variations will suggest
      themselves to those skilled in the art in the light of the present
      detailed disclosure. The appended claims are intended to define the
      invention as specifically disclosed as well as all obvious variations
      thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a room temperature vulcanizable silicone rubber composition
      comprising:
PA1  A. a linear diorganopolysiloxane having terminal silicon-bonded hydroxyl
      groups;
PAR  B. a polyfunctional organosilicon compound containing more than two
      functional groups and capable of cross-linking (A); and
PAR  C. a tin soap condensation catalyst, the improvement which comprises using,
      as component (C), a catalyst composition comprising:
PA1  i. a stannous carboxylate of a branched chain alkyl carboxylic acid having
      from about 8 to about 12 carbon atoms in the alkyl chain; and, as a
      stabilizing carrier therefor,
PA1  ii. a fluid organopolysiloxane composition having an average formula:
      ##EQU8##
      where R is higher alkyl radical, R.sup.1 is selected from the class
      consisting of monovalent and divalent hindered t-butyl-substituted
      hydroxyaryl radicals, the sum of a plus b is from 5 to 40, inclusive, and
      the ratio of b over the sum of a plus b is from 0.005 to 0.1, inclusive.
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ABST
PAL  The in situ thermal decomposition of specified furoxans to yield dinitrile
      oxides is used to modify a polyfunctional species. Preferred uses involve
      cross-linking of polymers, especially rubbers, but the process may also be
      used to form polymers from monomeric materials or to bind additives to
      polymeric substrates. Compositions incorporating polymeric materials and
      suitable furoxans may be used as "one-shot" casting systems or be produced
      in the form of thermally curable sheets, etc, having useful shelf-lives.
BSUM
PAR  This invention relates to the formation of dinitrile oxides and their
      subsequent use in addition reactions.
PAR  On heating, furoxans may be made to undergo a reaction which is believed,
      without prejudice to the present invention, to involve cleavage of the
      heterocyclic furoxan ring to produce two nitrile oxide groups. Using
      compounds in which a monocyclic or polycyclic ring system is fused to the
      furoxan ring, the products are dinitrile oxides which, by virtue of their
      bifunctional character may in turn be caused to react with suitable
      substrates and thus modify their properties, for example as cross-linking
      agents.
PAR  Since the furoxans themselves are commonly more stable than the derived
      nitrile oxides, and particularly when the nitrile oxides are aliphatic, it
      is advantageous to mix the furoxan with the substrate to form a mixture
      having a reasonable shelf-life and to generate the dinitrile oxide by
      heating when desired to initiate the appropriate substrate modifying
      reaction.
PAR  Thus, according to the present invention, a process for the modification of
      a polyfunctional species comprises mixing the species with a furoxan
      containing a monocyclic or polycyclic ring system fused to the carbon
      atoms of the furoxan ring, and subsequently heating the mixture to a
      temperature at which a dinitrile oxide compound is generated in situ by
      thermal decomposition of the furoxan and caused to react with the said
      polyfunctional species.
PAR  In this context the term "dinitrile oxide compound" is used to designate a
      compound containing at least two nitrile oxide groups.
PAR  By "polyfunctional species" we mean a compound or mixture of compounds
      including two or more reactive sites capable of entering into addition
      reactions (including cycloaddition reactions) with nitrile oxides or their
      derivatives, for example the isocyanates. The polyfunctional species may
      comprise a polymerisable monomer or mixture of such monomers, or may
      itself be polymeric.
PAR  Preferably, the polyfunctional species is a polymer containing polymer
      chains substantially free from crosslinks and containing functional groups
      capable of entering into 1,3-addition or 1,3-cycloaddition reactions with
      the nitrile oxide.
PAR  Examples of such groups include olefinic double bonds, acetylenic triple
      bonds, &gt;C = N -- groups, nitrile groups, carbonyl groups, hydroxyl, thiol,
      amino, and carboxylic acid groups.
PAR  A full discussion of 1,3-dipolar cycloadditions with nitrile oxides is
      contained in Chapter V of the monograph by Ch. Grundmann and P Grunanger
      -- The nitrile Oxides, published in 1971 by Springer-Verlag (Berlin,
      Heidelberg and New York). Reference is directed to that work for a further
      discussion of the propensity of nitrile oxides to enter into 1,3-dipolar
      cycloadditions.
PAR  Nitrile oxides are, generally, reactive species, while furoxans may be more
      stable. Thus, a furoxan may be mixed with a polyfunctional species under
      conditions such that the system is stable. In this way, mixtures may be
      prepared having reasonable shelf lives. If the temperature of the mixture
      is then raised above the decomposition temperature of the furoxan, the
      corresponding nitrile oxides are generated in situ and react with the
      polyfunctional species.
PAR  Thus, a polymerisable monomer containing groups capable of entering into
      1,3-addition or 1,3-cycloaddition reactions with nitrile oxides may be
      heated with a furoxan so as to form a nitrile oxide adduct. The monomer
      may then be polymerised to form a polymer having nitrile oxide derivatives
      incorporated into the polymer structure, with consequent modification of
      the properties of the product polymer. Depending on the nature of the
      polymerisable monomer and the relative proportions of the monomer and the
      furoxan the nitrile oxide adduct may be formed before, simultaneously with
      or subsequently to the polymerisation reaction.
PAR  Alternatively, the polyfunctional species may be polymeric, provided that
      it still contains functional groups capable of reaction with the nitrile
      oxide as it is formed.
PAR  On heating a mixture of such a polymeric material with a suitable furoxan,
      the furoxan decomposes to a dinitrile oxide which may react with two
      functional groups. If these functional groups are on different polymer
      chains a cross-link will be formed between these chains, and if a
      sufficient number of such cross-links are produced the properties of the
      polymeric material will be considerably modified. Such a process, is
      particularly applicable to rubbers, in which cross-linking reactions
      produce a `cured` rubber of higher modulus and better operating properties
      then the uncured material.
PAR  The reaction of a polyfunctional species with a dinitrile oxide may also be
      used to produce polymeric materials. Thus, for example, a diene or a
      dinitrile will react with a dinitrile oxide to produce a polymer
      consisting of hydrocarbon residues linked by isoxazoline or oxadiazole
      units, respectively. The polyfunctional species may contain only one type
      of functional group, as indicated above, where the polyfunctional species
      is the diene or dinitrile. Alternatively the polyfunctional species may
      include more than one functional group, which may be in the same molecule,
      as in the olefinically unsaturated nitriles or in different molecules, as
      in a mixture of a diene and a dinitrile. The latter possibility permits
      the production of copolymers, particularly random copolymers, where the
      monomer units are derived from several different types of compounds.
PAR  Depending on the structure of the polyfunctional species and the furoxan
      from which the dinitrile oxide is generated, the polymers produced may be
      linear or cross-linked. Thus, for example, adiponitrile will react with a
      dinitrile oxide to form a linear poly(1,2,4-oxadiazole), while glycerol
      will form a cross-linked polyurethane. (In this case, the nitrile oxide
      would have had to isomerise to isocyanate prior to reacting with the
      hydroxyl groups). Cross-linked products may also be produced by employing
      starting materials which will generate nitrile oxides having a
      functionality greater than two, or dinitrile oxides which contain, double
      bonds or other unsaturation, e.g.
      ##SPC1##
PAR  Reaction with a dinitrile oxide generated by thermal decomposition of an
      appropriate furoxan may also provide a convenient route for chemically
      bonding additives to a polymer.
PAR  For example, a polymer or monomer capable of acting as a polyfunctional
      species in our process may be heated with a mixture of a suitable furoxan
      and an additive including a functional group also capable of entering into
      addition reactions with nitrile oxides. When the dinitrile oxide is
      formed, one of the nitrile oxide groups may react with the said monomeric
      or polymeric species, and the other nitrile oxide group may react with the
      functional group of the additive, so that it becomes chemically bonded to
      the polymer structure through the nitrile oxide derivative.
PAR  Examples of additives which may be introduced into a polymer structure in
      this way include dyes, soil release agents, antistatic agents,
      antioxidants and water repellents.
PAR  When the process of our invention is applied to cross-linking, the reaction
      may be confined to a part only of a mass of polymeric material. Thus, for
      example, articles composed of an acrylonitrile-butadiene-styrene copolymer
      may be treated with a nitrile oxide precursor in order to cross-link the
      surface of the article, giving an effect analogous to case-hardening of
      metals. If the nitrile oxide is permitted to isomerise to isocyanate, a
      similar reaction may apply to materials containing surface hydroxyl
      groups, for example cellulosic articles or --OH terminated polyesters.
PAR  Many materials usable as reinforcements for a polymeric matrix contain
      functional groups reactable with nitrile oxides (or isocyanates), and
      these may be chemically bonded to the polymer matrix through a dinitrile
      oxide. Thus, for example, an unsaturated polyester may be bonded to a
      fibre reinforcement, using sites of unsaturation in the polyester and the
      fibre. If the reinforcing agents contain surface hydroxyl groups as, for
      example, with cellulosic fibres or glass fibres, the nitrile oxide may
      alternatively react as the isocyanate, forming a urethane linkage.
      Alternatively, hydroxylic fillers, e.g. glasses, may be treated with a
      vinyl silane and then bonded to the polymer matrix through the vinyl
      groups.
PAR  Depending on the furoxan used, the reaction with the polyfunctional species
      may be closely controlled. The employment of a furoxan which is stable at
      room temperature permits the development of polymer-forming or
      polymer-modifying systems having useful shelf life and ease of
      fabrication. Thus, for example, an unsaturated monomer or mixture of
      monomers, for example a diene or dinitrile, may be mixed with a furoxan to
      form a liquid composition which may be cast into a desired shape and then
      polymerised merely by the action of heat. Similarly, a rubber or an
      unsaturated polyester, for example, may be blended with a furoxan and,
      after shaping, cross-linked by heating the composition. Thus, the
      polymerisable mixture or curable composition, containing a predetermined
      quantity of furoxan may be prepared in bulk by the polymer manufacturer
      and stored until required. The composition may subsequently be shaped as
      desired, for example by moulding or casting, and cured merely by the
      application of heat, there being no necessity to add a polymerisation
      initiator or cross-linking agent at the fabrication stage. Furthermore the
      amount of furoxan incorporated in the mixture gives overall control of the
      degree of cross-linking, by virtue of the stoichometry of the reaction.
PAR  It is also possible to employ a mixture of furoxans as precursors for the
      nitrile oxides, the furoxans having different decomposition temperatures.
      Thus, a composition might be partially cross-linked by heating it to a
      temperature which is high enough to decompose one furoxan, but is below
      the decomposition temperature of the second furoxan. Cross-linking could
      then be completed by raising the temperature of the composition above the
      decomposition temperature of the second furoxan. Cross-linking by the
      process of our invention may also be combined with conventional
      cross-linking reactions, for example, vinyl polymerisation, either
      consecutively or concurrently. Such two-stage curing systems enable one to
      produce, for example, a partially cured article, such as a sheet, which
      combines flexibility with reasonable mechanical strength, and which may be
      shaped readily and subsequently cured thermally to give a rigid article.
PAR  A wide variety of furoxans may be used in the practice of the present
      invention, provided that the carbon atoms of the furoxan ring are fused to
      a monocyclic or polycyclic ring system. This ring system may be aromatic
      or aliphatic or a mixture of the two, the aliphatic ring, when present,
      being saturated or unsaturated. Inert substituents may also be attached to
      the carbon atoms of the ring system or form part of the ring system.
PAR  Examples of suitable furoxans include:
PAR  The 3,4-alkanofuroxans of general formula
      ##SPC2##
PAL  where n is an integer of at least 2, and preferably from 3 to 10.
PAR  3,4-(1',4'-methano-2',3'-.DELTA..sup.2 -propeno)butano furoxan
      (Dicyclopentadiene furoxan)
      ##SPC3##
PAR  3,4-(1',4'-methano)butano furoxan
      ##SPC4##
PAR  3,4-(1',4'-ethano)butano furoxan
      ##SPC5##
PAR  3,4-(1',4'-methano-2',3'-propano)butano furoxan
      ##SPC6##
PAR  and acenaphthene furoxan (acenaphtho-[1,2]furazan-N-oxide)
      ##SPC7##
PAR  Other useful nitrile oxide precursors are cyclic hydrocarbons bearing more
      than one furoxan ring fused to the same or different hydrocarbon rings,
      for example, the isomeric furoxans formally derived from norbornadiene.
      ##SPC8##
PAL  which decompose to give propane-1,1,3,3-tetrakis(nitrile oxide).
PAR  Preferred furoxans, especially when the process of our invention is used
      for cross-linking polymeric materials, e.g. rubbers, are dicyclopentadiene
      furoxan (III), acenaphthene furoxan (VII) (hereinafter referred to as
      DCPDF and ACNF, respectively, for the sake of convenience) and
      3,4-propanofuroxan.
PAR  DCPDF is a novel compound, which exists as a mixture of isomers IIIA and
      IIIB
      ##SPC9##
PAL  whose systematic names are 3,4-(1',4'-methano-2',3'-.DELTA. .sup.1
      -propeno)-butanofuroxan and 3,4-(1',4'-methano-2',3'-.DELTA..sup.2
      -propeno)-butanofuroxan, respectively.
PAR  These isomers are practically identical in properties, are are both formed
      in the synthesis of DCPDF. Separation of the isomers is impracticable and
      unnecessary, since the same dinitrile oxide (I) is formed by ring opening
      of either isomer.
      ##SPC10##
PAR  DCPDF may be produced in a three-step synthesis from dicyclopentadiene
      (IX), a cheap and readily available raw material. The steps of the
      synthesis are shown as A, B and C below, only one isomer being shown
      although two or more isomers are produced at each step.
      ##SPC11##
PAR  In step A, dinitrogen trioxide adds across the more reactive double bond of
      dicyclopentadiene, which is the one marked with a * in formula (IX) above,
      to give a mixture of nitrosonitro isomers, which precipitate from solution
      as the nitroso dimers (X). Reflux in an inert polar solvent of suitable
      boiling point, for example, dioxan, brings about the tautomeric change
      from nitroso compound to oxime. Finally cyclodehydration of the nitroxime
      (XI) with SO.sub.3 at room temperature gives the furoxan, as described in
      our copending British Patent Application No. 24092/73.
PAR  In the cyclodehydration reaction with SO.sub.3, DCPDF may be obtained from
      the corresponding nitrooxime in higher yield than is found for other known
      methods of cyclodehydration.
PAR  As previously mentioned, DCPDF may find application as a cross-linking
      agent for unsaturated polymers and rubbers by in situ generation of the
      dinitrile oxide (I) whicy may then, for example, react with two ethylenic
      double bonds or with two carbon-nitrogen triple bonds (nitrile groups). It
      may also be useful as an intermediate in the production of diisocyanates
      by thermal ring opening and rearrangement, particularly if the ethylenic
      double bond is first hydrogenated to give the saturated furoxan VI.
      ##SPC12##
PAR  It is believed, without prejudice to the present invention, that the
      temperature at which cleavage of the furoxan ring occurs, to generate
      nitrile oxides, is largely dependent upon the degree of strain present in
      the ring system fused to the carbon atoms of the furoxan ring.
PAR  Preferred furoxan cleavage temperatures are in the range
      30.degree.-280.degree.C and especially preferred are temperatures in the
      range of 80.degree.-180.degree.C. However, it will be clear to those
      skilled in the art that particular sub-ranges of temperature may be more
      especially preferred for particular applications; for example
      140.degree.-170.degree.C for the curing of bulk rubbers. Here the curing
      system has to be essentially stable during the compounding process but
      must then rapidly effect a cure when the temperature is raised to, for
      example, 160.degree.C. Furthermore, it will be appreciated that furoxans
      which cleave at temperatures only slightly above room temperature will
      necessarily have to be stored under refrigeration until required for use.
PAR  It will also be obvious to those skilled in the art that the ring-opening
      process will not, under solution conditions such as obtain when furoxans
      are mixed with other compatible materials, for example polymers, take
      place suddenly and completely at a specific temperature. For this reason
      the preferred temperatures are those at which the process occurs at a
      convenient or advantageous rate with respect to a particular application;
      for example, it is particularly desirable to shorten curing cycles in
      natural rubber processing and so a furoxan which is stable under
      compounding conditions but then cures in, say, 1-3 minutes, at
      160.degree.C is preferred.
PAR  It will be appreciated that the type and size of ring fused to the furoxan
      ring will affect the temperature of cleavage and hence the choice of
      furoxan for any particular application of the process of our invention.
      But the factors affecting this choice will be clear from the accompanying
      Examples, from which it will be seen that, in certain cases, furoxans
      which nominally cleave at temperatures which would be too high for the
      envisaged application may be made useful by the incorporation of suitable
      additives. For example, some carbon blacks may increase the rate of
      cleavage of a furoxan at a temperature which would otherwise be too low.
PAR  Since the ring cleavage of the furoxans does not occur instantaneously, it
      is possible to allow, say, curing of a rubber composition to proceed to a
      predetermined stage and then to cool the partially cured material below
      the decomposition temperature of the furoxan to arrest the cure at that
      stage. The material may be subsequently further cured, as desired, by
      raising its temperature above the said decomposition temperature.
PAR  The proportions of furoxan and polyfunctional species will vary with the
      nature of the components and with the type of application, e.g. whether it
      is intended to form a polymer from a monomer or to cross-link a polymeric
      material.
PAR  In the first-mentioned case the proportions will depend upon the number of
      nitrile oxide groups generated per molecule of furoxan and also the number
      of reactive groups per molecule of monomer; but in general the ratio of
      furoxan to monomeric material will be in the range 3:2 to 2:3, preferably
      1:1.
PAR  In the second-mentioned case the proportions of furoxan to polymeric
      material will commonly be in the range 1:3 to 1:1000.
PAR  The process according to the invention is applicable to the curing of both
      natural and synthetic rubbers, or elastomers, although in the case of ACNF
      better results are obtained with synthetic rubbers. Without prejudice to
      the invention, it is considered that the close spacing between olefinic
      double bonds in the polymer chains of natural rubber may lead to bridging
      between two such bonds in the same chain rather than cross-linking between
      chains when reacted with the dinitrile oxide from ACNF, in which there is
      less separation between the nitrile oxide groups than in the case for the
      dinitrile oxide from DCPDF.
PAR  In the curing of rubbers by furoxans according to the invention, the rubber
      may be compounded with known additives, for example carbon black, certain
      process oils, anti-oxidants, etc. Where carbon black is present, cure
      times are generally shorter than in the absence of carbon black. However,
      additives which are used as part of conventional curing and accelerator
      systems, for example tetramethyl thiuram disulphide, zinc oxide and
      stearic acid, are unnecessary when furoxans are used as curing agents, and
      may even have an adverse effect upon the degree of cure.
PAR  Many types of synthetic rubbers, or elastomers, may be cross-linked by the
      process of our invention. Examples of such materials include the
      elastomeric copolymers of acrylonitrile/butadiene, styrene/butadiene,
      ethylene/propylene/diene, ethylene/propylene/ethylidene-norbornene,
      acrylonitrile/butadiene/styrene; polydienes, and the elastomeric
      polysiloxanes, in each case the polymer or copolymer being one which
      contains more than two functional groups capable of reacting with a
      dinitrile oxide in the polymer chain.
PAR  Examples of such groups which may be incorporated in the polysiloxanes
      include vinyl, allyl, methacryloxypropyl, 2-cyanoethyl, butadienyl and
      vinyl phenyl. Suitable polysiloxanes include poly(methyl vinyl)siloxane,
      poly(dimethyl) (methyl vinyl) siloxane and poly(vinyl phenyl) siloxane.
PAR  It will be appreciated that our process may also be applied to suitable
      latexes of such elastomers.
PAR  The curing of rubbers by furoxans according to the present invention can
      give rise to rapid cure times without the use of added accelerators. No
      gaseous by-products are produced, and the resulting cross-links may have a
      high degree of chemical and thermal stability. Furthermore, furoxans are
      generally miscible with hydrocarbon polymers allowing ease of
      incorporation.
PAR  In addition to rubbers, polymeric materials such as stoving coatings, for
      example vinylidene dichloride/acrylonitrile copolymers, may be cured via
      thermal decomposition of furoxans, and good solvent and corrosion
      resistant coatings may be obtained. A further application of furoxans as
      curing agents is the curing of tung oil (a triglyceride of eleostearic
      acid) to give a coating suitable for the protection of machine tools,
      engineering parts, etc. against rust and mechanical damage.
DETD
PAR  The invention is now illustrated by the following Examples, in which
      quantities are expressed as parts by weight, unless otherwise stated.
PAC  EXAMPLES 1 to 3
PAC  Use of 3,4 (1',4'-methano)butano furoxan
PAL  Preparation of 3,4 (1',4'-methano)butano furoxan
      ##SPC13##
PAR  i. Norbornene pseudonitrosite was prepared by the method of Scheinbaum (J.
      Org. Chem., 33 (1968) 2586).
PAR  ii. Norbornene pseudonitrosite (10 g) in 1,4-dioxan (500 ml) was heated at
      reflux, under N.sub.2, until the initial deep blue-green colour had faded
      to a pale yellow-green (2 hours). Solvent was removed under reduced
      pressure to give crude norbornene nitrooxime as an oil which slowly
      solidified. Addition of ether and fultration afforded pure nitrooxime (3.7
      g) as colourless crystals with m.p. 155.degree.-161.degree.C.
PAR  Analysis: found 49.48%C; 5.89%H; 16.26%N; C.sub.7 H.sub.10 N.sub.2 O.sub.3
      requires 49.42%C; 5.92%H; 16.47%N.
PAR  iii. Benzyl chloride (4m.moles) and the norbornene nitrooxime (4.9 m.mole)
      were mixed in ethanol (2 ml) and a solution of ethanolic sodium ethoxide
      was added (4m.moles of Na in 7 ml). The mixture was treated with water
      (2ml) and heated at reflux under N.sub.2 for 2 hours. The mixture was then
      evaporated to dryness, the residue dissolved in 10% aq. NaOH and extracted
      with CH.sub.2 Cl.sub.2. The aqueous layer was separated and treated with
      hypochlorite solution until no further product formation was observed. The
      resulting emulsion was extracted with CH.sub.2 Cl.sub.2 and the extracts
      dried and evaporated to give the furoxan.
PAR  The furoxan was characterised as follows:
PAR  It was dissolved in excess phenyl acetylene and heated at 100.degree.C for
      12 minutes; removal of the excess phenyl acetylene yielded the
      bis(isoxazole):
      ##SPC14##
PAL  m.p. 100.degree.C, resolidifying and remelting at 120.degree.C.
PAR  Analysis: 75.73%C; 5.91%H; 7.97%N. C.sub.23 H.sub.20 N.sub.2 O.sub.2
      requires: 77.55%C; 5.62%H; 7.87%N.
PAC  EXAMPLE 1
PAC  3,4(1',4'-methano)butanofuroxan with adiponitrile
PAR  The furoxan and adiponitrile were mixed together in a molar ratio of 1:1 at
      room temperature and then heated to 105.degree.C at a rate of about
      2.degree.-3.degree.C/min. The mixture was cooled to give a resinous
      material which was shown to be the polyoxadiazole formally derived by the
      1,3-dipolar cycloaddition of cyclopentane-1,3-bis(nitrile oxide) and
      adiponitrile. The polymer repeat unit had the structure:
      ##SPC15##
PAC  EXAMPLE 2
PAC  3,4(1',4'-methano)butanofuroxan with dicyclopentadiene
PAR  Dicyclopentadiene, and 3,4(1',4'-methano)butanofuroxan, were mixed and
      heated as in Example 1 to give, on cooling, a brittle resinous product.
PAC  EXAMPLE 3
PAC  3,4-(1',4'-methano)butanofuroxan with norbornadiene dimer
PAR  The pentacyclic tetradecadiene, of structure
      ##SPC16##
PAL  was mixed with an equimolar quantity of 3,4-(1',4'-methano)-butanofuroxan.
      The mixture was treated as in Example 1 to yield a brittle resinous
      polymer.
PAC  EXAMPLE 4
PAC  Curing a Liquid Rubber with 3,4-(1',4' -methano)butanofuroxan
PAR  A partially depolymerised natural rubber (M.Wt. M.sub.n = c. 13500)
      (5parts) and 3,4-(1',4'-methano) butanofuroxan (1part) were dissolved in
      methylene chloride. The methylene chloride was removed by evaporation, to
      give a solution of the furoxan in the rubber. The rubber was cured by
      heating it from 60.degree.to 104.degree.C over a period of 25 minutes.
PAC  EXAMPLE 5
PAC  Curing polybutadiene with 3,4-(1',4'-methano)butanofuroxan
PAR  A hydroxyl-ended polybutadiene (molecular weight M.sub.n = c. 3200) (8
      parts) and 3,4-(1',4'-methano)butano furoxan (1 part) were dissolved in
      methylene chloride (80 parts). The methylene chloride was removed by
      evaporation, to give a clear solution of the furoxan in polybutadiene.
      This was cured to a tacky, rubbery material by heating from 80.degree.to
      110.degree.C over a period of 15 minutes.
PAC  EXAMPLES 6 to 43
PAC  Use of DCPDF as cross-linking agent
PAL  Preparation of Dicyclopentadiene furoxan (DCPDF)
PAR  Step A. Synthesis of dicyclopentadiene pseudonitrosite (X)
PAR  A well stirred solution of dicyclopentadiene (66 g.) in n-pentane (1 1.),
      cooled in an ice bath, was treated with a mixed stream of nitric oxide
      (150 ml/min.) and air (75 -100 ml/min) for 3 hours. The mixture was purged
      with nitrogen and the solid product filtered off, sucked dry, washed with
      hot methanol and dried to give an almost colourless crystalline material,
      wt. 69 g. (66%) m.p. 122-140.degree.C, infra-red spectrum (Nujol mull)
      strong band at 1555 cm.sup.-.sup.1.
PAR  Step B. Synthesis of nitro oxime (XI)
PAR  The nitroso dimer from the previous preparation (20 g.) was heated at
      reflux under nitrogen in dioxan (500 ml.) until the initial green
      colouration disappeared (40 minutes). Removal of the solvent afforded a
      yellow oil which slowly crystallised. Washing the methanol gave 7.5 g. of
      clean crystalline material with m.p. 135.degree.-150.degree.C.
PAR  Step C. Synthesis of dicyclopentadiene furoxan (III A/B)
PAR  The nitro oxime from the previous preparation (2.20 g.) and 2.3 g. of a
      standardised DMF-SO.sub.3 mixture (containing 5% excess SO.sub.3 over the
      stoichiometric amount required for the dehydration reaction) were mixed; a
      further 1.5 ml. of DMF was added to ensure the mixture was completely
      liquid at room temperature. The mixture was then set aside at room
      temperature in a stoppered flask for 65 hours.
PAR  The mixture was poured into water (60 ml.) and extracted with
      dichloromethane (2 .times. 30 ml.) to remove DMF. The acidic aqueous layer
      was then treated with 1N aq. NaOH until the pH was approx. 8.5. The
      resulting emulsion of furoxan was extracted with CH.sub.2 Cl.sub.2 (3
      .times. 20 ml.); the extracts were dried and evaporated to give crude
      furoxan as a pale yellow oil which crystallised on standing to give the
      crude product (2.05 g.).
PAR  Crystallisation from ether-heptane afforded the pure furoxan as pale yellow
      crystals:
PA1  Yield 1.31 g. =  62%
PA1  m.p. 98.degree.-100.degree.C
PA1  I.r. 1655  cm.sup.-.sup.1 (v. strong) characteristic of furoxans
PAR  C.sub.10 H.sub.10 N.sub.2 O.sub.2 requires: 63.1%C, 5.26%H, 14.7%N. Found:
      63.1%C, 5.67%H, 14.6%N.
PAR  NB DCPDF may be handled safely in solution. However, when heated to
      80.degree.-85.degree.C on a gram scale, the solid decomposes explosively.
PAC  Characterisation of dicyclopentadiene furoxan as its bis-phenylacetylene
      adduct (C.sub.26 H.sub.22 N.sub.2 O.sub.2)
PAR  Dicyclopentadiene furoxan from the previous preparation (212 mg) in
      phenylacetylene (5 g.) was heated at 100.degree.C for 30 minutes. Excess
      phenylacetylene was removed by evaporation under reduced pressure and the
      residual yellow solid washed with methanol, filtered, and sucked dry to
      give the adduct as very pale yellow crystals:
PA1  Yield 347 mg = 79%
PA1  m.p. 229.degree.-230.degree.C
PAR  C.sub.26 H.sub.22 N.sub.2 O.sub.2 requires: 79.2%C; 5.59%H; 7.1%N, Found:
      78.9%C; 5.67%H; 7.1%N
PAC  General Procedure for Cross-linking Rubbers
PAR  In the preparation of solid rubber compositions, all components other than
      the furoxan were milled together on conventional rubber mixing equipment,
      allowed to cool to room temperature then mixed with the furoxan, also on
      the rubber mill, for no longer than 5 minutes at a temperature not greater
      than 45.degree.C.
PAR  Cure times (where given) were determined using a Wallace Shawbury
      cure-meter, taking the time required for the curing process as measured on
      the cure-meter trace to be 95% complete.
PAC  EXAMPLES 6 to 8
PAC  Use of DCPDF as cross-linking agent for natural rubbers
PAC  EXAMPLE 6
PAR  A blend of pale crepe rubber (100 parts), HAF carbon black N330 (45 parts),
      aromatic process oil (3.5 parts) and DCPDF (6parts) was cured at
      120.degree.C for a total time of 10 minutes. The product was highly
      cross-linked rubber with 9% compression set after 24 hours at 70.degree.C,
      a hardness of 62 (BS.degree. ) and a resilience of 67% at room
      temperature.
PAC  EXAMPLE 7
PAR  Pale crepe rubber (100 parts) and DCPDF (3 parts) in the absence of carbon
      black had a cure time of 20 minutes at 102.degree.C.
PAC  EXAMPLE 8
PAR  Pale crepe rubber (100 parts), HAF carbon black N330 (50 parts) and DCPDF
      (4 parts) had a cure time of &lt;15 minutes at 102.degree.C and &lt;1 minute at
      180.degree.C.
PAC  EXAMPLES 9 - 17
PAC  Use of DCPDF as cross-linking agent for synthetic rubbers
PAR  Blends used, cure times and temperatures are shown in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Example                                                                   

          COMPOSITION (parts by weight)     cure                               

                                                cure                           

     No.                           carbon   temp.                              

                                                time                           

          SBR NBR AN/BA                                                        

                       NR  BR  EPDM                                            

                                   black                                       

                                       DCPDF                                   

                                            (.degree.C)                        

                                                (mins)                         

     __________________________________________________________________________

      9    60                          1.2  102 &lt;6                             

     10    60                          1.2   90 &lt;10                            

     11    60                          1.2   80 20                             

     12                        100     3    102 40                             

     13       100                      3    102 &lt;6                             

     14           100               50 6    120 &lt;4                             

     15                100     100 100 12   120 6                              

     16   100 100                  100 12   120 &lt;2                             

     17                    100      50 6    120 10                             

     __________________________________________________________________________

     SBR  styrene/butadiene rubber, "Solprene 1204"                            

     NBR  nitrile/butadiene rubber, "butakon A 3052"                           

     AN/BA                                                                     

          acrylonitrile/butyl acrylate copolymer                               

          (approx 60% wt butyl acrylate)                                       

     NR   pale crepe natural rubber                                            

     BR   butyl rubber "Polysar 301"                                           

     EPDM ethylene/propylene/diene monomer rubber                              

          "Intolan 155" cont. ENB                                              

     __________________________________________________________________________

PAC  EXAMPLES 18 to 25
PAC  Use of DCPDF as cross-linking agent for various EPDM rubbers
PAR  6 parts of DCPDF was blended with 100 parts of EPDM rubbers incorporating a
      variety of termonomers, both with and without 50 parts of carbon black.
      Measured cure times at 120.degree.C are shown in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Example                   carbon                                          

                                    approx                                     

     No.  EPDM     termonomer  black                                           

                                    cure                                       

                               present                                         

                                    time                                       

                                    (mins)                                     

     __________________________________________________________________________

     18   "Keltan 520"                                                         

                   dicyclopentadiene                                           

                               no   30                                         

     19   "        "           yes  10                                         

     20   "Nordel 1070"                                                        

                   1,4-hexadiene                                               

                               no   20                                         

     21   "        "           yes  10                                         

     22            propylidenenorbornene                                       

                               no   30                                         

     23            "           yes  10                                         

     24   "Intolan 155"                                                        

                   ethylidenenorbornene                                        

                               no   30                                         

     25   "        "           yes  10                                         

     __________________________________________________________________________

PAC  EXAMPLES 26 to 31
PAC  Effect of temperature upon cure time of EPDM/DCPDF blends
PAR  "Intolan" EPDM containing approx 10% wt ENB as termonomer (100 parts) was
      blended with carbon black (50 parts) and DCPDF (6 parts). The blend was
      cured at various temperatures and the cure time was measured as above.
      Tensile tests were carried out on the cured rubber and tensile strength
      and elongation to break were measured. Results are shown in Table III.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Example                                                                   

          Temp                                                                 

              Cure Time                                                        

                     Elongation to Break                                       

                                 Tensile Strength                              

     No.  .degree.C                                                            

              (min)  (%)         (Kg/cm.sup.2)                                 

     __________________________________________________________________________

     26    90 70     --          --                                            

     27   100 35     285         162                                           

     28   120 10     285         145                                           

     29   140  5     320         147                                           

     30   160 &lt;2     335         134                                           

     31   180 &lt;2     340         124                                           

     __________________________________________________________________________

PAR  The decrease in the degree of cure with increase in temperature observed in
      this series of experiments is not considered to be significant. These
      results indicate that the reaction of the initially formed dinitrile oxide
      with the olefinic bonds of the rubber is probably much faster than its
      isomerisation to the diisocyanate even at the higher temperatures in this
      range. Any diisocyanate formed would probably not react with the rubber
      and so would contribute nothing to the curing process.
PAC  EXAMPLE 32
PAR  1.5 Weight % of DCPDF was added to 50 weight % solution of polynorbornenyl
      acetate (M.Wt. .about.40,000) in toluene. The resulting solution was
      spread on a metal plate, the solvent evaporated and the residual film of
      resin cured in an oven for 15 minutes at 170.degree.C. The cured film so
      produced and good flexural properties and was solvent resistant.
PAC  EXAMPLES 33 to 36
PAC  Use of DCPDF to cure stoving finishes
PAR  A copolymer of 15% wt acrylonitrile and 85% wt vinylidene dichloride
      ("Viclan 85/02", RTM, Imperial Chemical Industries Ltd) was dissolved in
      tetrahydrofuran (THF). DCPDF was added to the solution, which was then
      painted on to substrates including metal, wood and polyethylene
      terephthalate film. In some cases titanium dioxide pigment was ball milled
      into the solution before painting.
PAR  The THF was removed by evaporation and the resulting film cured at
      105.degree.C for 15 minutes. The cured film was tested for solvent
      resistance by immersing the THF, then in dimethyl formamide (DMF), and
      scrubbing the surface. Good solvent resistance is indicated by no loss of
      surface gloss. Results are shown in Table IV.
TBL                                    TABLe IV                                

     __________________________________________________________________________

     COMPOSITION (parts by weight)                                             

     Example                    Effect of THF/DMF                              

     No.                        treatment                                      

          "Viclan 85/02"                                                       

                   THF TiO.sub.2                                               

                           DCPOF                                               

     __________________________________________________________________________

     33   5        45  --  1.35 no loss of gloss                               

     34   5        45  --  0.68 no loss of gloss                               

     35   5        45  --  0.34 some loss of gloss                             

                                but better than                                

                                control                                        

     36   5        45  5   0.68 no loss of gloss                               

     Control                                                                   

          5        45  --  --   finish removed                                 

     __________________________________________________________________________

PAC  EXAMPLES 37 to 39
PAC  Use of DCPDF to cure Tung Oil
PAR  Mixtures of tung oil and a solution of DCPDF in methylene chloride were
      painted on a metal substrate, and the methylene chloride removed by
      evaporation. The film of oil was then cured at 105.degree.C for 15
      minutes, with the results shown in Table V.
TBL                TABLE V                                                     

     ______________________________________                                    

     COMPOSITION (parts by weight)                                             

     Ex.                      methylene                                        

                                      appearance of                            

     No.  tung oil  DCPDF     chloride                                         

                                      cured film                               

     ______________________________________                                    

     Con- 10        --        --      white, thin solid                        

     trol                             layer covering                           

                                      uncured oil                              

     37   9         1         4       yellow, tacky,                           

                                      rubbery                                  

     38   8         2         8       yellow, dry,                             

                                      flexible                                 

     39   7         3         12      yellow, tack-free,                       

                                      strong                                   

     ______________________________________                                    

PAR  A film prepared as in Example 38 was used to coat a chisel blade, giving a
      tough coating protecting the cutting edge.
PAC  EXAMPLE 40
PAC  Curing a liquid polybutadiene
PAR  A mixture of dicyclopentadiene furoxan (1.5 parts by wt.) and a liquid
      polybutadiene (m.wt. 3200-3500) (20 parts by wt.) was vacuum degassed and
      then cured at 95.degree.C for 20 minutes to give a clear, almost
      colourless, slightly tacky rubber.
PAR  It will be appreciated that the above system comprises a "one-shot" casting
      system.
PAC  EXAMPLES 41 to 42
PAC  Cross-linking Polysiloxanes
PAC  EXAMPLE 41
PAR  Portions of a poly(methyl vinyl)siloxane, M.Wt. .apprxeq.2 .times. 10.sup.5
      and containing 13 mole % of vinyl groups, were mixed with various amounts
      of a THF solution of DCPDF, to give concentrations of DCPDF in the mixture
      of 25, 10, 5, 2.5 and 1% by weight respectively. The solvent was
      evaporated in each case and the resultant material cured at 100.degree.C
      for 10 minutes. The materials cured to give an elastomeric product in each
      case, the products being softer as the concentration of DCPDF decreased. A
      control experiment with no DCPDF resulted in the siloxane remaining
      uncured.
PAR  The experiments were repeated with a cure time of 5 minutes and identical
      results obtained.
PAR  The experiment with 5% DCPDF was repeated with 4, 3 and 2 minute cures at
      100.degree.C, and with 3, 2 and 1 minute cures at 120.degree.C. In each
      case the cured material appeared to be identical.
PAC  EXAMPLE 42
PAR  A 50:50 wt:wt mixture was prepared of a low mol. wt. liquid
      poly(dimethyl)siloxane (F111/50) and a poly(dimethyl) (methyl vinyl)
      siloxane (EP 6295) containing 2 mole % of vinyl groups. The mixture was
      added to a tetrahydrofuran solution of DCPDF and the solvent removed at
      room temperature. Mixtures containing different amounts of DCPDF were then
      cured for 5 minutes at 100.degree.C. Results are given in Table VI.
TBL                TABLE VI                                                    

     ______________________________________                                    

     DCPDF                                                                     

     (Wt %)       Nature of Product                                            

     ______________________________________                                    

     10           opaque "cheesy" product                                      

     5            opaque "cheesy" product                                      

     2            transparent gel                                              

     1            transparent gel                                              

     0.5          transparent gel                                              

     0.25         slightly tacky transparent gel                               

     ______________________________________                                    

PAC  EXAMPLE 43
PAC  Cross-linking a Polyether
PAR  A vinyl ended polyether of formula
EQU  CH.sub.2 =CH--CH.sub.2 --NH.COO(CH.sub.2 CH.sub.2 CH.sub.2 O).sub.25
      CONHCH.sub.2 CH=CH.sub.2
PAL  and DCPDF were dissolved in chloroform in the mole ratios 1:1.2 and 1:1
      respectively. The CHCl.sub. 3 was removed under vacuum at 40.degree.C (the
      polyether melts at 35.degree.-40.degree.C). The mobile solution was cured
      at 100.degree.C for 5 minutes giving a viscous sticky fluid in the latter
      case. However, when 1.2 mole of DCPDF was employed, the mobile liquid
      cured to quite a tough elastomer, showing that this would form a useful
      casting system.
PAC  EXAMPLES 44 to 49
PAC  Cross-linking with ACNF
PAL  Preparation of Acenaphthene Furoxan (ACNF)
PAR  A solution of hydroxylamine was prepared by mixing concentrated aqueous
      solutions of hydroxylamine hydrochloride (35.1 g) and sodium acetate
      trihydrate (68.7 g), and added to 1 litre of industrial methylated
      spirits. Acenaphthoquinone (XIV) (45.5 g.) was added with stirring, and
      the mixture stirred under reflux for 51/2 hours then evaporated to
      dryness. The resulting crude acenaphthoquinone dioxime (XV) was dissolved
      in the minimum quantity of 5% aqueous sodium hydroxide, and the solution
      was filtered. The filtrate was treated with alkaline hypochlorite solution
      until no more precipitate was obtained. The precipitate was collected by
      filtration, washed with water and dried in air. The crude furoxan (VII)
      thus obtained was recrystallised from methylene chloride using a Sohxlet
      apparatus to give crystalline acenaphthene furoxan, m.p.
      163.degree.-167.degree.C. (depending on rate of heating). Yield 24 g. =
      46%.
      ##SPC17##
PAC  Use of ACNF as a cross-linking agent for synthetic rubbers
PAR  100 parts of rubber and 50 parts of HAF carbon black (ASTM class N330) were
      blended together and mixed with 6 parts ACNF as described above. The
      resulting mixtures were cured at 150.degree.C, giving cure times as shown
      in Table VII. Cure times in the absence of carbon black were longer by
      factors of from 3 to 5.
TBL                TABLE VII                                                   

     ______________________________________                                    

     Example                                                                   

            Rubber                 Cure Time                                   

     No.                           (mins.)                                     

     ______________________________________                                    

     44     Nitrile/butadiene (NBR) -                                          

                                   5                                           

            "Butakon A 3052"                                                   

     45     Styrene/butadiene (SBR) -                                          

                                   1                                           

            "Solprene 1204"                                                    

            Ethylene/propylene/ethylidene-                                     

            norbornene (EPDM/ENB) - "Intolan"                                  

     46     containing 10% wt ENB  5                                           

     47     containing 6% wt ENB   5                                           

     48     containing 3% wt ENB   5                                           

     49     Neoprene (WRT)         20                                          

     ______________________________________                                    

PAC  EXAMPLE 50
PAC  Urethane from 3,4-Decanofuroxan
PAR  A solution of 3,4-decanofuroxan (10 parts) in n-decanol (60 parts) was
      heated under reflux for 1 hour. On cooling, a white solid was formed,
      which, after separation by filtration and recrystallisation from ethanol,
      was shown to be the bis-carbamate derived from decamethylene diisocyanate
      and n-decanol according to the following equation:
      ##EQU1##
      The product was isolated in 70% yield and was identified by infra-red,
      nuclear magnetic resonance and mass spectral techniques.
PAC  EXAMPLE 51
PAC  Cross-linking polybutadiene with 3,4-decanofuroxan
PAR  A hydroxyl-ended polybutadiene (molecular weight M.sub.n = 3200) (5 parts)
      was mixed with 3,4-decanofuroxan (1 part) to form a homogeneous liquid.
      This was heated at 250.degree.C for 15 minutes to give a rubber.
PAR  A sample of the furoxan-polybutadiene mixture used in Example 5 was
      unchanged after storage in an airtight can for 6 months. on heating to
      250.degree.C for 15 minutes the mixture cured to give a rubber. This
      illustrates the shelf-life of such mixtures.
PAC  EXAMPLE 52
PAC  Curing Nautral Rubber using 3,4-Propanofuroxan
PAL  Preparation of 3,4-Propanofuroxan
      ##SPC18##
PAR  A. via the dioxime
PAR  Cyclopentane-1,2-dione (prepared by the method of Acheson, J. Chem. Soc.
      (1956) 4236) (6.66 g.) was to a solution of NH.sub. 3H.sub.2 O (18.5 g.)
      and NH2OH.HCl (9.45 g.) in IMS (200 ml.) containing approx. 5% v/v water.
      The mixture was heated at reflux for 1 hour, evaporated to dryness,
      dissolved in 1N aqueous NaOH and treated with an excess of alkaline
      hypochlorite solution. The total volume was made up to 300 ml. with water
      and the solution extracted with dichloromethane. The extracts were dried
      and evaporated to give an almost pure sample of the furoxan as a mobile
      oil (m.p. 20.degree.C); infra red 1670 cm.sup.-.sup.1 (strong, furoxan);
PAR  Analysis: Found: 44.24%C; 4.74%H; 21.02%N. Required: 47.5%C; 4.80%H;
      22.2%N.
PAR  B. via the nitrooxime
PAR  i. Cyclopentene (50 g.) in pentane (400 ml.) was treated at 5.degree.C with
      a mixed stream of nitric oxide (225 cc/min) and air (100 cc/min). The
      precipitate of pseudonitrosite was filtered off and washed with ether to
      afford a colourless crystalline solid, m.p. 88.degree.-90.degree.C;
PAR  Analysis: Found: C 41.3%; H 6.03%; N 18.3%; C.sub.5 H.sub.8 N.sub.2
      O.sub.3. Required: C 41.6%; H 5.56%; N 19.4%.
PAR  ii. The cyclopentene pseudonitrosite (21 g) was heated at reflux under
      N.sub.2 for 1 hour in 1,4-dioxan (200 ml); the dioxan was removed under
      reduced pressure to give the crude nitrooxime.
PAR  iii. DMF/SO.sub.3 (containing 5% XS over the stoichiometric amount of
      SO.sub.3 required) was slowly added to a stirred solution of the crude
      nitrooxime (10 g.) in DMF (10 ml.) The mixture was set aside at room
      temperature for 1 hour and then poured into water (200 ml) and adjusted to
      pH 10 with aqueous NaOH solution. The aqueous solution was extracted with
      CH.sub.2 Cl.sub.2 and evaporated. The residue was taken up in pentane and
      washed with water. The pentane solution was dried and evaporated to afford
      furoxan identical with that prepared by method (A).
PAR  The furoxan products obtained by procedures (A) and (B) were found to give
      identical NMR analyses, which were as follows:
TBL  NMR (CDCl.sub.3):                                                         

               7.10, (triplet)                                                 

               7.22, (split triplet)                                           

                                  In the ratio                                 

                                  1.0:1.0:1.0                                  

               7.38, (multiplet)                                               

PAC  Characterisation as the bis benzonitrile adduct of propane 1,3-dinitrile
      oxide
PAR  The furoxan (0.5 g.) in benzonitrile (20 g.) under N.sub.2 was heated
      rapidly to reflux, reflux temperature was maintained for 5 minutes and the
      mixture allowed to cool. Excess benzonitrile was removed under reduced
      pressure and the crude product recrystallized from methanol to give the
      bis oxadiazole (C.sub.19 H.sub.16 N.sub.4 O.sub.2)
      ##SPC19##
PA1  m.p. 97.degree.-99.degree.C.
PAR  Analysis: Required: 68.6%C; 4.82%H; 16.9%N. Found (i) 67.7%C; 4.81%H;
      16.2%N. (ii) 70.6%C; 5.35%H; 16.7%N.
PAC  Curing Procedure
PAR  Pale crepe natural rubber (20 parts) and HAF carbon black (10 parts) were
      mixed in an internal mixer at 60.degree.C for 6 minutes,
      3,4-propanofuroxan (1.5 parts) was then added and mixing continued for a
      further 2 minutes. Samples of the resulting furoxan-containing rubber were
      cured at various temperatures on a Wallace-Shawbury Curometer; the
      following results were obtained:
PA1  Cure temp. 88.degree.C, 102.degree.C, 120.degree.C, 130.degree.C.
PA1  Cure time: &gt;2 hrs. .about.1.5 hr; &lt;0.5 hr; .about.12 mins.
PAC  EXAMPLE 53
PAC  Chain Extension
PAL  Preparation of Elastomer from poly (tetrahydrofuran)
PAR  Vinyl end groups are attached to poly(THF) via reaction of the
      toluenediisocyanate/hydroxyethylmethacrylate adduct (XIV) with poly THF of
      2020 M.sub.n, as illustrated below.
      ##SPC20##
EQU  ii. XIV .sup.poly (THF) vinyl ended poly(THF) of .about.2620 M.sub.n
PAC  Chain Extension Procedure
PAR  Vinyl ended poly(THF) (26 g.) and DCPDF (2.38 g.) (i.e. in 4:5 molar ratio)
      were mixed in chloroform. The solvent was removed at 40.degree.C and the
      polymer cast as a sheet at 40.degree.C and cured at 100.degree.C for 1
      hour. The resulting chain extended polymer had tensile strength at break
      of 105 Kgs cm.sup.-.sup.2 , elongation to break 600%, 100% modulus 10.5 Kg
      cm.sup.-.sup.2.
PAC  EXAMPLE 54
PAC  Cross-linking and Chain extension
PAR  Vinyl ended poly(THF) (31 g.), triallylcyanurate (0.41g) and DCPDF (4.15
      g.) (i.e. 6:1 ratio of poly(THF) to TAC and a 50% excess of DCPDF) were
      mixed together. The mixture was blended using solutions in diethyl ether
      which was then removed under reduced pressure. The product was then cast
      as a sheet and cured at 100.degree.C for 2 hours to give an elastomer with
      tensile strength at break of 148 Kg cm.sup.-.sup.2, elongation at break
      190%, 100% modulas 50 Kg cm.sup.-.sup.2.
PAR  It should be noted that although the Examples relate only to the curing of
      single rubber compositions, the process of our invention may also be
      applied to rubber blends.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the modification of a polyfunctional species which
      comprises mixing the said species with a furoxan containing a monocyclic
      or polycyclic ring system fused to the carbon atoms of the furoxan ring,
      and subsequently heating the mixture to a temperature at which a dinitrile
      oxide compound is generated in situ by thermal decomposition at a
      temperature ranging from 30.degree.-280.degree.C of the furoxan and caused
      to react with the said polyfunctional species, wherein the polyfunctional
      species contains functional groups capable of entering into 1-3 addition
      or 1-3 cycloaddition reactions with the nitrile oxide and wherein said
      polyfunctional species is monomeric or polymeric and if said species is
      monomeric then the molar proportion of furoxan: monomeric material is
      between 3:2 to 2:3 and if said species is polymeric, then
      furoxan:polymeric material is 1:3 to 1:1000.
NUM  2.
PAR  2. A process as claimed in claim 1 in which the functional groups are
      selected from olefinic double bonds, acetylenic triple bonds, &gt;C=N-
      groups, nitrile, carbonyl, hydroxyl, thiol, amino and carboxylic acid
      groups.
NUM  3.
PAR  3. A process as claimed in claim 1 in which the furoxan is selected from
      3,4-alkano furoxans of general formula
      ##SPC21##
PAL  where n is an integer from 3 to 10; dicyclopentadiene furoxan; acenaphthene
      furoxan; 3,4(1',4'-methano) butano furoxan; and 3,4-propano furoxan.
NUM  4.
PAR  4. A process as claimed in claim 1 in which the polyfunctional species
      comprises one or more monomeric compounds each of said monomeric compounds
      containing at least two functional groups capable of entering into 1-3
      addition or 1-3 cycloaddition reactions with a nitrile oxide, so that
      reaction of said monomeric compounds with a nitrile oxide causes the said
      compounds to be linked together to form a polymeric material.
NUM  5.
PAR  5. A process as claimed in claim 4 in which the monomeric material or
      materials comprise a diene and/or a dinitrile.
NUM  6.
PAR  6. A process as claimed in claim 1 in which the polyfunctional species is a
      polymeric material containing more than two functional groups in the
      polymer chain, which is cross-linked by reaction with the dinitrile oxide.
NUM  7.
PAR  7. A process as claimed in claim 6 in which the polymeric material is an
      uncured natural or synthetic rubber.
NUM  8.
PAR  8. A process as claimed in claim 7 in which a synthetic rubber is
      cross-linked using dicyclopentadiene furoxan, 3,4-propano-furoxan or
      acenaphthane furoxan, the rubber being selected from the elastomeric
      copolymers of styrene/butadiene, acrylonitrile butadiene,
      ethylene/propylene/diene, ethylene/propylene/ethylidene-norbornene,
      acrylonitrile/butadiene/styrene, and polysiloxanes containing more than
      two olefinic, acetylenic or nitrile reactive groups.
NUM  9.
PAR  9. A process as claimed in claim 4 in which the monomeric material
      comprises an alcohol and the dinitrile oxide is caused to isomerise to a
      diisocyanate which reacts with the said alcohol to form a urethane.
NUM  10.
PAR  10. A process as claimed in claim 9 in which the alcohol is a polyhydric
      alcohol and the product is a polyurethane.
NUM  11.
PAR  11. A process according to claim 1 in which an additive containing a
      functional group capable of entering into a 1-3 addition or a 1-3
      cycloaddition reaction with a nitrile oxide is incorporated in the mixture
      and is subsequently bonded to the polyfunctional species by such a
      reaction.
NUM  12.
PAR  12. A process as claimed in claim 1 in which the mixture is heated to a
      temperature in the range 30.degree.-280.degree.C to generate the dinitrile
      oxide.
NUM  13.
PAR  13. A process as claimed in claim 12 in which the mixture is heated to a
      temperature in the range 80.degree.-180.degree.C.
NUM  14.
PAR  14. A process as claimed in claim 4 in which the molar proportions of
      furoxan and monomeric material are in the range 3:2 to 2:3.
NUM  15.
PAR  15. A process as claimed in claim 6 in which the molar proportions of
      furoxan and polymeric material are in the range 1:3 to 1:1000.
NUM  16.
PAR  16. A thermally curable polymeric composition which comprises a polymeric
      material containing functional groups capable of entering into addition
      reactions with a dinitrile oxide, admixed with a furoxan containing a
      monocyclic or polycyclic ring system fused to the carbon atoms of the
      furoxan ring.
NUM  17.
PAR  17. A composition as claimed in claim 16, the components of the mixture
      being chosen so that it may be formed into a flexible or pliable solid
      article in its uncured state.
NUM  18.
PAR  18. A composition as claimed in claim 16, the components of which are
      chosen so that it is pourable in its uncured state at a temperature below
      the decomposition temperature of the furoxan to allow it to be cast into
      shape.
NUM  19.
PAR  19. A process as claimed in claim 1 wherein the polyfunctional species is a
      polysiloxane.
NUM  20.
PAR  20. The process of claim 9, wherein said isomerization comprises a thermal
      ring opening.
NUM  21.
PAR  21. The process of claim 11, wherein said additive is a dye, soil release
      agent, antistatic agent, antioxidant or water repellant.
PATN
WKU  039311074
SRC  5
APN  3722406
APT  1
ART  143
APD  19730621
TTL  Polyalkoxy monovinylaromatic compound in copolymerization of a
      conjugated diene with a monovinyl-substituted aromatic compound
ISD  19760106
NCL  35
ECL  1,30
EXP  Lee; Lester L.
INVT
NAM  Trepka; William J.
CTY  Bartlesville
STA  OK
ASSG
NAM  Phillips Petroleum Company
CTY  Bartlesville
STA  OK
COD  02
CLAS
OCL  260 47UA
XCL  260 807
XCL  260 8076
XCL  260 837
EDF  2
ICL  C08F23604
FSC  260
FSS  83.7;47 UA;80.7;80.76
UREF
PNO  3410836
ISD  19681100
NAM  Hsieh et al.
OCL  260 83.7
UREF
PNO  3725368
ISD  19730400
NAM  Morrison et al.
OCL  260 84.7
ABST
PAL  Polyalkoxy monovinyl substituted aromatic compounds, such as
      3,4-dimethoxystyrene, function as both comonomer and randomizing agent in
      organolithium initiated copolymerization of a conjugated diene with a
      monovinyl aromatic compound, such as of butadiene with styrene. The
      resultant polymeric product exhibits lower levels of block styrene than
      does a corresponding copolymer made in the absence of the
      dimethoxystyrene.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to copolymerization processes of a conjugated diene
      with a monovinyl-substituted aromatic compound. The invention also relates
      to copolymers of a conjugated diene with a monovinyl-substituted aromatic
      compound. The invention further relates to polymerization initiators.
PAC  BACKGROUND OF THE INVENTION
PAR  Many methods are known for the preparation of "random" copolymers of a
      conjugated diene with a monovinyl-substituted aromatic compound. A typical
      method employs a hydrocarbyllithium initiator with a polar organic
      compound as randomizing agent. Randomization effects vary to some extent.
      Usually, the random copolymer contains some block polystyrene.
      Monomethoxystyrenes are known to copolymerize with a conjugated diene.
      U.S. Pat. No. 3,177,190 discloses copolymerization of a monomethoxystyrene
      or monomethoxyvinylnaphthalene compound to form block copolymers. However,
      monomethoxystyrenes do not exhibit randomizing properties.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is to provide a new method of copolymerization
      of a conjugated diene with a monovinyl-substituted aromatic compound.
      Another object of the invention is to provide random copolymerization of a
      conjugated diene with a monovinyl-substituted aromatic compound with
      minimization of formation of block polystyrene in the copolymer. A still
      further object is to provide new types of conjugated
      diene/monovinyl-substituted aromatic compound copolymers. An even further
      object is the preparation of novel polymerization initiators.
PAR  Other objects, aspects, and advantages of the invention will be apparent
      from a study of the specification and the appended claims.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  I have discovered that polyalkoxy monovinyl-substituted aromatic compounds,
      in which at least two alkoxy groups are adjacent on the aromatic ring,
      function both as comonomer and as effective randomizing agent in the
      copolymerization of a conjugated diene, such as butadiene, with a
      monovinyl-substituted aromatic comonomer, such as styrene.
PAR  The process is convenient, and a simplification in that it is possible to
      obtain efficient randomization with my polyalkoxy monovinyl-substituted
      aromatic compounds which also act as comonomers. The resultant product is
      a random copolymer of the conjugated diene/monovinyl-substituted aromatic
      type yet possessing alkoxyl groups located on a portion of the aromatic
      rings pendant to the polymer carbon-carbon backbone. These alkoxyl groups
      in the polymer confer a mild yet quite desirable degree of polarity, with
      attendant potential for improved incorporation of dyes, fillers, pigments,
      plasticizers, and the like. Furthermore, the presence of such alkoxyl
      groups offers wide opportunity to the polymer chemist for various other
      derivative products, such as alkoxyl cleavage reactions to obtain aromatic
      hydroxyl groups within the copolymers. This opens wide vistas to the
      polymer chemist since a variety of reactions can significantly influence
      polymer properties, yet without requiring the presence of many alkoxyl
      groups, per polymer molecule.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to my invention, a polyalkoxy monovinyl-substituted aromatic
      hydrocarbon is employed as both comonomer and randomizer in the
      copolymerization of a polymerizable conjugated diene monomer with a
      copolymerizable monovinyl-substituted aromatic compound monomer, with the
      polymerization conducted under polymerization conditions and employing an
      organolithium initiator.
PAC  POLYALKOXY MONOVINYL-SUBSTITUTED AROMATIC RANDOMIZER-MONOMER
PAR  The combination randomizer-comonomer polyalkoxy monovinyl-substituted
      aromatic compounds employed in the process of this invention contain at
      least two alkoxy groups and one vinyl group on a benzene ring nucleus,
      with at least two alkoxy groups adjacent or ortho to each other. Further
      alkoxy or other substituents can be present on the ring. These reagents
      also can be described by the formula:
      ##SPC1##
PAL  wherein each R can be hydrogen, alkoxyl --OR', hydrocarbyl, or halogen,
      with the proviso that at least two of the R groups are --OR' and are
      located on adjacent ring positions, more preferably at ring positions 3
      and 4. The halogen can be fluorine or chlorine. Each R group, where
      hydrocarbyl, can be linear or branched alkyl, cycloalkyl, aryl, or
      aralkyl, of up to 7 carbon atoms, preferably of up to 6 carbon atoms per R
      group, and wherein two adjacent R groups including the carbon atoms of the
      aromatic nucleus can form a 5 to 10 membered ring system. R' can be linear
      or branched alkyl, and while not limited specifically in size as to
      operability, presently preferably contains up to 6 carbon atoms per R'
      group. The total number of carbon atoms in my polyalkoxy monovinyl
      aromatic compound is not limited in carbon number by operability, but
      merely as a matter of convenience and solubility in the reaction
      environment. Presently, I prefer the total number of carbon atoms in the
      molecule not to exceed 20.
PAR  Exemplary of my combination randomizer-monomer compounds, my polyalkoxy
      monovinyl-substituted aromatic comonomers, are 3,4-dimethoxystyrene which
      is presently preferred, as well as 3,4-diethoxy-5-methylstyrene,
      3,4-dimethoxy-5-cyclohexylstyrene,
      3,4-dimethoxy-5-(1,3-dimethylbutyl)styrene,
      3,4-di-(n-propoxy)-5-fluorostyrene, 3-vinyl-5,6-dimethoxybiphenyl,
      1-vinyl-3,4-dimethoxy-5-ethyl-6-chloro-7-fluoronaphthalene,
      3,4,5-triethoxystyrene, pentamethoxystyrene,
      3,4-dimethoxy-5-(p-tolyl)styrene, and the like, alone or in admixture.
PAR  In the process of my invention, I employ at least one monomer which is a
      polymerizable conjugated diene and a polymerizable comonomer which is at
      least one monovinyl-substituted aromatic hydrocarbon. Any of the
      polymerizable conjugated dienes copolymerizable with a
      monovinyl-substituted aromatic compound can be employed. For convenience,
      commercial availability, and the like, I presently prefer the
      polymerizable conjugated dienes of 4 to 12 carbon atoms per molecule, and
      for similar reasons, the monovinyl-substituted aromatic hydrocarbons of 8
      to 20 carbon atoms per molecule. More preferred are the conjugated dienes
      of 4 to 8 carbon atoms per molecule, and the monovinyl substituted
      aromatic hydrocarbons of 8 to 12 carbon atoms per molecule.
PAR  In the copolymerization process, at least one polymerizable conjugated
      diene is copolymerized with at least one copolymerizable
      monovinyl-substituted aromatic compound, in any ratio. The two types of
      monomers preferably are copolymerized in a weight ratio of about 5:95 to
      95:5, more preferably 40:60 to 90:10.
PAR  Exemplary of the polymerizable conjugated dienes I prefer are 1,3-butadiene
      and isoprene as well as 2,3-dimethyl-1,3-butadiene, piperylene,
      3-butyl-1,3-octadiene, 2-phenyl-1,3-butadiene, and the like, alone or in
      admixture.
PAR  Exemplary monovinyl-substituted aromatic compounds include the presently
      preferred styrene, as well as 1-vinylnaphthalene, 2-vinylnaphthalene,
      3-methylstyrene, 4-n-propylstyrene, 4-cyclohexylstyrene, 4-dodecylstyrene,
      2-ethyl-4-benzylstyrene, 4-p-tolylstyrene, 4-(4-phenyl-n-butyl)styrene,
      and the like, alone or in admixture.
PAC  initiators
PAR  Any of the known organolithium compounds, as such as well as adducts, and
      the like, known for the polymerization of conjugated dienes and
      copolymerization of a conjugated diene with a monovinyl-substituted
      aromatic compound can be employed in the process of my invention.
      Preferred are the hydrocarbyllithium compounds and adducts. Presently
      preferred are the organolithium compounds represented by R"Li.sub.x
      wherein R" represents a hydrocarbon radical which can be aliphatic,
      cycloaliphatic, aromatic, or combination thereof, Li is lithium, and x is
      an integer of 1 to 4, inclusive. The R" in the formula, the hydrocarbon
      radical, with a valence of x, can range widely in size as far as the
      number of carbon atoms contained therein is concerned, and is not limited
      by operability. For convenience and availability, I prefer those
      organolithium compounds containing a hydrocarbon R" radical of up to 20
      carbon atoms.
PAR  Examples of some of these organolithium initiators include methyllithium,
      isopropyllithium, butyllithium, t-octyllithium, n-decyllithium,
      phenyllithium, naphthyllithium, 4-butylphenyllithium, p-tolyllithium,
      4-phenylbutyllithium, cyclohexyllithium, 4-butylcyclohexyllithium,
      4-cyclohexylbutyllithium,  dilithiomethane, 1,4-dilithiobutane,
      1,10-dilithiodecane, 1,20-dilithioeicosane, 1,4-dilithiocyclohexane,
      1,4-dilithio-2-butene, 1,8-dilithio-3-decene, 1,4-dilithiobenzene,
      1,5-dilithionaphthalene, 1,2-dilithio-1,2-diphenylethane,
      9,10-dilithio-9,10-dihydroanthracene, 1,2-dilithio-1,8-diphenyloctane,
      1,3,5-trilithiopentane, 1,5,15-trilithioeicosane,
      1,3,5-trilithiocyclohexane, 1,2,5-trilithionaphthalene,
      1,3,5-trilithioanthracene, 1,3,5,8-trilithiodecane,
      1,5,10,20-tetralithioeicosane, 1,2,3,5-tetralithiocyclohexane, and
      1,2,3,5-tetralithio-4-hexylanthracene, and the like, alone or in
      admixture.
PAC  POLYMERIZATION PROCESS
PAR  In the process of copolymerization according to my invention, the monomers,
      the initiator, and my randomizer are introduced into the reaction zone in
      any convenient order, and usually and preferably further in the presence
      of a diluent.
PAR  The amount of initiator employed appears not to be critical in the process
      of the invention, and any of the ranges known in the copolymerization art
      for conjugated dienes and monovinyl-substituted aromatic compounds can be
      employed. As exemplary, I consider a range of about 0.01 to 1 part by
      weight organolithium initiator to 100 parts by weight total monomer other
      than randomizer.
PAR  The amount of the polyalkoxy monovinyl-substituted aromatic compound
      combination randomizer monomer can range widely, so long as a sufficient
      amount is employed to provide the desired randomizing effect. I presently
      prefer a range of about 0.01 to 10, more preferably about 0.1 to 1, parts
      of randomizer by weight per 100 parts by weight of total monomer other
      than the randomizer itself.
PAR  The polyalkoxy monovinyl aromatic compound can be introduced into the
      polymerization zone in any convenient manner, alone or in admixture with
      other components. In one aspect, my randomizer can be reacted with the
      hydrocarbon lithium initiator, preferably a hydrocarbonmonolithium
      initiator, and the reaction product then introduced into the
      polymerization reaction zone as the initiator itself. These initiators
      also can have other usefulness in conjugated diene homo- and
      copolymerizations.
PAR  In preparing such novel initiators, the range of hydrocarbon lithium
      compound to polyalkoxy monovinyl substituted aromatic compound can vary
      widely, depending on the particular results desired, degree of
      functionality desired, and the like. Presently, I prefer a ratio of about
      0.00035:1 to 3.5:1, more preferred about 0.3:1 to 1.4:1 weight ratio of
      hydrocarbon lithium compound to polyalkoxy monovinylsubstituted aromatic
      compound.
PAR  The polymerization process suitably and preferably is conducted in the
      presence of a diluent. Any of the diluents known suitable for
      polymerization of monomers described with the described types of
      organolithium initiators can be employed. Typical of these are the
      aliphatic and cycloaliphatic hydrocarbons, as well as the aromatic
      hydrocarbons, such as n-heptane, 2,2,4-trimethylpentane, cyclohexane,
      n-hexane, benzene, toluene, the xylenes, and the like, alone or in
      admixture. Presently preferred are the aliphatic or cycloaliphatic
      hydrocarbons.
PAR  The polymerization reaction can be carried out under autogeneous pressure
      or at any suitable pressure sufficient to maintain the reaction mixture
      substantially in the liquid phase. Pressures employed will depend to some
      extent upon the particular diluents employed, as well as temperatures at
      which the polymerizations are to be carried out. If desired, higher
      pressures can be employed, being effected by any convenient means such as
      pressurization with an inert gas such as nitrogen.
PAR  Polymerizations can be conducted over a broad temperature range. Exemplary
      are temperatures of about -20.degree. to 215.degree. F., presently
      preferred about 85.degree. to 160.degree. F.
PAR  Various materials are known to be detrimental to the catalyst employed in
      preparing the polymers according to this invention. These materials
      include carbon dioxide, oxygen, and water. It is usually desirable,
      therefore, that the reactants and catalysts be freed of these materials as
      well as other materials which may tend to inactivate the catalyst.
      Furthermore, it is desirable to remove air and moisture from the reaction
      vessel in which the polymerization is to be conducted.
PAR  Upon completion of the polymerization, the polymerization mixture can be
      treated to inactivate the catalyst and to recover the rubbery polymer. A
      suitable means for accomplishing this result involves steam stripping the
      diluent from the polymer. In another suitable method, a
      catalyst-inactivating material, such as an alcohol, is added to the
      mixture so as to inactivate the catalyst and cause precipitation of the
      polymer. The polymer can then be separated from the alcohol and diluent by
      any suitable means, such as decantation or filtration. It has been found
      to be advantageous to add an antioxidant, such as
      2,6-di-t-butyl-4-methylphenol, to the polymer solution prior to recovery
      of the polymer.
DETD
PAC  EXAMPLES
PAR  Examples included are designed to assist in an understanding of the scope
      of my invention. Particular species employed, amounts, relationships, are
      designed to be illustrative, not limitative, of the reasonable scope of my
      invention.
PAC  EXAMPLE I
PAR  Copolymerizations were made employing a polymethoxystyrene,
      3,4-dimethoxystyrene, as the combination randomizer-monomer. These
      polymerizations were made in accordance with the following recipe:
TBL                Recipe                                                      

     ______________________________________                                    

                              phm.sup.a                                        

     Butadiene                  75                                             

     Styrene                    25                                             

     Cyclohexane                760                                            

     3,4-Dimethoxystyrene (DMS) variable                                       

     Tetrahydrofuran (THF)      variable                                       

     n-Butyllithium             0.096                                          

     Polymerization temperature, .degree.F.                                    

                                158                                            

     Polymerization time, hrs.  1                                              

     ______________________________________                                    

      .sup.a parts by weight per 100 parts of monomer.?                        

      Charge Order: Cyclohexane, nitrogen purge, butadiene, styrene, THF, DMS, 

      butyllithium.                                                            

PAR  The reactors were tumbled in a constant temperature bath for 1 hour at
      158.degree. F. Following polymerization, one part by weight per 100 parts
      of monomer of 2,6-di-t-butyl-4-methylphenol was added in the form of a
      solution in 50:50 volume toluene:isopropyl alcohol. Polymers then were
      coagulated by adding the inactivated polymerization solutions to isopropyl
      alcohol. Polymers were collected by filtration, and dried at reduced
      pressure. Polymers produced were rubbery in character. Results obtained
      are shown in Table I.
TBL                Table I                                                     

     ______________________________________                                    

     Run  DMS       THF     Conversion                                         

                                    Gel.sup.b                                  

                                           ML-4.sup.c at                       

     No.  phm       phm     wt. %   wt. %  212.degree. F.                      

     ______________________________________                                    

     1    0         0       96.8    0      86                                  

     2    0.5       0       98.3    0      24.5                                

     3    1.0       0       89.2    0      44.sub.d                            

     4    1.5       0       64.3    0      --                                  

     5    2.0       0       42.5    --     --                                  

     6    0         1.5     100     0      11                                  

     ______________________________________                                    

     Run  Inherent  Trans.sup.f                                                

                            Vinyl.sup.f                                        

                                    Styrene.sup.g                              

                                           Block Styrene.sup.h,                

     No.  Viscosity.sup.e                                                      

                    wt. %   wt. %   wt. %  wt. %                               

     ______________________________________                                    

     1    1.08      48.1    8.6     25.3   18.9                                

     2    1.35      31.4    41.2    24.8   0                                   

     3    1.49      28.4    49.1    25.0   0                                   

     4    1.53      --      --      24.9   0                                   

     5    --        --      --      --     --                                  

     6    1.14      40.7    29.6    25.6   0                                   

     ______________________________________                                    

      .sup.b Gel content determined in accordance with U.S. Pat. No. 3,278,508,

      column 20, note b.                                                       

      .sup.c ML-4 at 212.degree. F.:Mooney viscosity determined in accordance  

      with ASTM D 1646-63.                                                     

      .sup.d Dash denotes a determination was not made.                        

      .sup.e Inherent viscosity determined in THF by the process of U.S. Pat.  

      No. 3,278,508, column 20, note a.                                        

      .sup.f Trans and vinyl content determined by infrared absorption         

      spectroscopy.                                                            

      .sup.g Styrene content determined by ultraviolet light absorption        

      spectroscopy.                                                            

      .sup.h Block styrene content determined by oxidative degradation based on

      the method of Koltoff, I. M., Lee, T. S., and Carr, C. W., 1 J. Poly.    

      Sci., 429 (1946).                                                        

PAR  According to the data above, the runs indicate that as the quantity of the
      3,4-dimethoxystyrene is increased, the block styrene values show that
      effective randomization occurs at levels of 3,4-dimethoxystyrene
      sufficiently low that conversion itself was not adversely affected.
PAC  EXAMPLE II
PAR  Additional runs were made employing the recipe and methods of
      polymerization and workup as described in Example I above. Results of
      these runs are shown in Table II:
TBL                Table II                                                    

     ______________________________________                                    

     Run  DMS      THF      Conversion                                         

                                     Gel   ML-4                                

     No.  phm      phm      wt. %    %     at 212.degree.F.                    

     ______________________________________                                    

      7   0        0        99.1     0     --                                  

      8   0.2      0        99.7     0     44.5                                

      9   0.4      0        98.0     0     --                                  

     10   0.6      0        97.4     0     32.5                                

     11   0.8      0        94.5     0     --                                  

     12   1.0      0        91.2     0     40.5                                

     13   0        1.5      98.0     0     --                                  

     ______________________________________                                    

                                          Block                                

     Run    Inherent   Oxygen.sup.i                                            

                                  Styrene Styrene                              

     No.    Viscosity  wt. %      wt. %   wt. %                                

     ______________________________________                                    

      7     1.10       0.03       23.9    17.6                                 

      8     1.24       --         25.0    2.5                                  

      9     1.27       0.11       25.2    0                                    

     10     0.88       --         25.6    0                                    

     11     1.41       0.15       25.3    0                                    

     12     1.46       --         25.0    0                                    

     13     1.13       0.04       25.6    0                                    

     ______________________________________                                    

      .sup.i Oxygen determined by activation analysis.                         

PAR  The above runs indicate that the oxygen content of the copolymer product
      rises progressively with increasing usage of 3,4-dimethoxystyrene,
      indicating clearly incorporation of the randomizer into the copolymer
      product itself. Examination of the copolymer has indicated that such
      incorporation is chemical, that 3,4-dimethoxystyrene is functioning as a
      monomer, and that such incorporation is not physical. This was determined
      by deliberately adding 3,4-dimethoxystyrene monomer itself to a
      polymer-containing mixture after polymerization, but prior to polymer
      isolation, and then determining by oxygen analysis that the polymer
      isolation procedure removed any and all of the added physically present
      3,4-dimethoxystyrene. Run 13 above, employing tetrahydrofuran, a known
      randomizing agent, a polar ether compound, as an effective randomizer,
      clearly discloses by oxygen analysis no incorporation of THF into the
      product.
PAR  Runs above clearly demonstrate that the block styrene in the copolymer can
      be effectively eliminated yet without deleterious effect upon conversion.
PAC  EXAMPLE III
PAR  Further runs were made, employing parallel conditions, to contrast the
      performance as randomizer-monomer compounds of a monomethoxystyrene,
      4-methoxystyrene, with a randomizer according to my invention, the
      polymethoxystyrenes, as typified by 3,4-dimethoxystyrene. These runs were
      made in accordance with the following recipe:
TBL                Recipe                                                      

     ______________________________________                                    

                              phm                                              

     Butadiene                  75                                             

     Styrene                    25                                             

     Cyclohexane                760                                            

     3,4-Dimethoxystyrene       variable                                       

     4-Methoxystyrene (4-MS)    variable                                       

     n-Butyllithium             0.096                                          

     Polymerization temperature, .degree.F.                                    

                                158                                            

     Polymerization time, hrs.  1                                              

     ______________________________________                                    

      Charge Order: Polymerization, workup, otherwise were in accordance with  

      the runs of Examples I.                                                  

PAL  Results are shown in Table III below:
TBL                Table III                                                   

     ______________________________________                                    

     Run  4-MS      DMS      Conversion                                        

                                     Gel   ML-4                                

     No.  phm       phm      wt. %   wt. % at 212.degree.F.                    

     ______________________________________                                    

     14   0         0        98.1    0     82                                  

     15   0.2       0        100     0     88                                  

     16   0.4       0        100     0     88                                  

     17   0.8       0        100     0     89                                  

     18   0         0.2      98.4    0     54                                  

     19   0         0.4      96.1    0     48                                  

     20   0         0.8      88.9    0     66                                  

     ______________________________________                                    

                                           Block                               

     Run  Inherent  Trans    Vinyl   Styrene                                   

                                           Styrene                             

     No.  Viscosity wt. %    wt. %   wt. % wt. %                               

     ______________________________________                                    

     14   1.28      48.5     8.8     24.9  20.6                                

     15   1.30      47.2     8.8     25.0  19.5                                

     16   1.34      47.9     8.9     24.7  19.2                                

     17   1.36      49.3     9.2     25.0  19.2                                

     18   1.58      41.0     32.2    23.6  1.3                                 

     19   1.68      34.5     40.8    23.5  0                                   

     20   1.95      30.6     50.3    23.1  0                                   

     ______________________________________                                    

PAR  Data above indicated that monomethoxystyrene is not effective as a
      randomizer. Only the polymethoxystyrenes are effective as randomizers.
PAR  The rubbery polymers produced in accordance with this invention have
      utility in applications where synthetic and natural rubbers are used. The
      polymers can be compounded by any of the known methods as have been used
      in the past for compounding rubbers. Compounding ingredients, such as
      fillers, dyes, pigments, curing or crosslinking agents, softeners,
      reinforcing agents, and the like, can be used in the compounding
      operation. In manufacturing finished articles, the rubber polymers can be
      molded or extruded. They can be advantageously employed in the manufacture
      of items such as automobile tires, gaskets, containers, pipes, and the
      like.
PAR  Reasonable variations and modifications are possible within the scope of
      the foregoing disclosure and the appended claims to the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A polymerization process which comprises contacting at least one
      polymerizable conjugated diene and at least one polymerizable
      monovinyl-substituted aromatic hydrocarbon with an effective amount of an
      organolithium initiator under polymerization conditions including
      effective temperature and pressure in the presence of a polyalkoxy
      monovinyl-substituted aromatic compound randomizer, wherein said
      polyalkoxy monovinyl-substituted aromatic compound is characterized by at
      least two adjacent alkoxy groups on a benzene ring nucleus, and wherein
      said randomizer is employed in quantity effective to promote the formation
      of random copolymers between said conjugated diene and said
      monovinyl-substituted aromatic hydrocarbon.
NUM  2.
PAR  2. The polymeric product produced by the process of claim 1.
NUM  3.
PAR  3. The process according to claim 1 wherein said polyalkoxy
      monovinyl-substituted aromatic hydrocarbon can be represented by
      ##SPC2##
PAL  wherein each R is hydrogen, alkoxy --OR', hydrocarbyl, or halogen, such
      that at least two R groups are OR' and are adjacent, wherein R' is an
      alkyl radical, R groups where hydrocarbyl are alkyl, cycloalkyl, aryl,
      wherein two adjacent R groups together with the corresponding carbons of
      the aromatic nucleus can be a 5 to 10 membered ring system, wherein said
      halogen is fluorine or chlorine.
NUM  4.
PAR  4. The process according to claim 3 wherein the total number of carbon
      atoms in said polyalkoxy monovinyl-substituted aromatic hydrocarbon is 10
      to 20.
NUM  5.
PAR  5. The process according to claim 4 wherein said polyalkoxy
      monovinyl-substituted aromatic compound randomizer is
      3,4-dimethoxystyrene, 3,4-diethoxy-5-methylstyrene,
      3,4-dimethoxy-5-cyclohexylstyrene,
      3,4-dimethoxy-5-(1,3-dimethylbutyl)styrene,
      3,4-di-(n-propoxy)-5-fluorostyrene, 3-vinyl-5,6-dimethoxybiphenyl,
      1-vinyl-3,4-dimethoxy-5-ethyl-6-chloro-7-fluoronaphthalene,
      3,4,5-triethoxystyrene, pentamethoxystyrene,
      3,4-dimethoxy-5-(p-tolyl)styrene, or mixture.
NUM  6.
PAR  6. The process according to claim 1 wherein said conjugated diene contains
      4 to 12 carbon atoms per molecule; said monovinyl-substituted aromatic
      hydrocarbon contains 8 to 20 carbon atoms per molecule; and the weight
      ratio of said conjugated diene to said monovinyl-substituted aromatic
      hydrocarbon is in the range of about 5:95 to 95:5.
NUM  7.
PAR  7. The process according to claim 6 wherein said conjugated diene is
      1,3-butadiene, isoprene, 2,3-dimethyl-1,3-butadiene, piperylene,
      3-butyl-1,3-octadiene, 2-phenyl-1,3-butadiene, or mixture, and said
      monovinyl-substituted aromatic hydrocarbon is styrene, 1-vinylnaphthalene,
      2-vinylnaphthalene, 3-methylstyrene, 4-n-propylstyrene,
      4-cyclohexylstyrene, 4-dodecylstyrene, 2-ethyl-4-benzylstyrene,
      4-p-tolylstyrene, 4-(4-phenyl-n-butyl)styrene, or mixture.
NUM  8.
PAR  8. The process according to claim 6 wherein said polyalkoxy
      monovinyl-substituted aromatic compound randomizer is employed in said
      polymerization process in amounts sufficient to provide from about 0.01 to
      10 parts by weight per 100 parts by weight of monomer.
NUM  9.
PAR  9. The process according to claim 8 wherein said organolithium initiator is
      a hydrocarbyllithium initiator which can be represented by the formula
      R"Li.sub.x wherein R" is a hydrocarbon radical, and x is an integer of 1
      to 4, inclusive.
NUM  10.
PAR  10. The process according to claim 9 wherein said R" is aliphatic,
      cycloaliphatic, aromatic, or combination radical of up to 20 carbon atoms
      per radical.
NUM  11.
PAR  11. The process according to claim 10 wherein said organolithium initiator
      is methyllithium, isopropyllithium, butyllithium, t-octyllithium,
      n-decyllithium, phenyllithium, naphthyllithium, 4-butylphenyllithium,
      p-tolyllithium, 4-phenylbutyllithium, cyclohexllithium,
      4-butylcyclohexyllithium, 4-cyclohexylbutyllithium, dilithiomethane,
      1,4-dilithiobutane, 1,10-dilithiodecane, 1,20-dilithioeicosane,
      1,4-dilithiocyclohexane, 1,4-dilithio-2-butene, 1,8-dilithio-3-decene,
      1,4-dilithiobenzene, 1,5-dilithionaphthalene,
      1,2-dilithio-1,2,-diphenylethane, 9,10-dilithio-9,10-dihydroanthracene,
      1,2-dilithio-1,8-diphenyloctane, 1,3,5-trilithiopentane,
      1,5,15-trilithioeicosane, 1,3,5-trilithiocyclohexane,
      1,2,5-trilithionaphthalene, 1,3,5-trilithioanthracene,
      1,3,5,8-trilithiodecane, 1,5,10,20-tetralithioeicosane,
      1,2,3,5-tetralithiocyclohexane, or 1,2,3,5-tetralithio-4-hexylanthracene.
NUM  12.
PAR  12. The process according to claim 9 wherein said polymerization process is
      conducted in the presence of a hydrocarbon diluent, and wherein said
      polymerization conditions include a pressure sufficient to maintain the
      reactants and diluents substantially in the liquid phase, a polymerization
      temperature in the range of about -20.degree. to 215.degree. F., and
      wherein is employed about 0.01 to 1 part by weight organolithium initiator
      to 100 parts by weight total monomer excluding randomizer.
NUM  13.
PAR  13. The process according to claim 12 wherein said conjugated diene is
      butadiene, said monovinyl-substituted aromatic hydrocarbon is styrene.
NUM  14.
PAR  14. The process according to claim 13 wherein said polyalkoxy
      monovinyl-substituted aromatic hydrocarbon is 3,4-dimethoxystyrene.
NUM  15.
PAR  15. The process according to claim 14 wherein said organolithium initiator
      is n-butyllithium.
NUM  16.
PAR  16. The process according to claim 1 wherein said randomizer and said
      organolithium initiator are admixed prior to contacting said monomers.
NUM  17.
PAR  17. Copolymers of conjugated dienes and monovinyl-substituted aromatic
      hydrocarbons prepared by the process comprising polymerizing at least one
      said conjugated diene and at least one said monovinyl-substituted aromatic
      hydrocarbon under effective polymerization conditions including
      temperature and pressure and employing an effective amount of a
      hydrocarbon lithium initiator in the presence of at least one polyalkoxy
      monovinyl-substituted aromatic compound in a quantity sufficient to
      promote the formation of random copolymers between said conjugated diene
      and said monovinyl-substituted aromatic hydrocarbon, wherein said
      polyalkoxy monovinyl-substituted aromatic compound is characterized by at
      least two alkoxy groups positioned ortho to each other on a benzene ring
      nucleus.
NUM  18.
PAR  18. The copolymers according to claim 17 wherein said polyalkoxy
      monovinyl-substituted aromatic hydrocarbon is represented by
      ##SPC3##
PAL  wherein each R is hydrogen, alkoxyl, --OR', hydrocarbyl, or halogen, such
      that at least two R groups are OR', wherein R' is an alkyl radical, R
      groups where hydrocarbon are alkyl, cycloalkyl, aryl, wherein two adjacent
      R groups together with the corresponding carbons of the aromatic nucleus
      can be a 3 to 8 membered ring system, wherein said halogen is fluorine or
      chlorine.
NUM  19.
PAR  19. The copolymers according to claim 18 wherein the total number of carbon
      atoms in said polyalkoxy monovinyl-substituted aromatic hydrocarbon is
      from 10 to 20.
NUM  20.
PAR  20. The copolymers according to claim 19 wherein said polyalkoxy
      monovinyl-substituted aromatic compound randomizer is
      3,4-dimethoxystyrene, 3,4-diethoxy-5-methylstyrene,
      3,4-dimethoxy-5-cyclohexylstyrene,
      3,4-dimethoxy-5-(1,3-dimethylbutyl)styrene,
      3,4-di-(n-propoxy)-5-fluorostyrene, 3-vinyl-5,6-dimethoxybiphenyl,
      1-vinyl-3,4-dimethoxy-5-ethyl-6-chloro-7-fluoronaphthalene,
      3,4,5-triethoxystyrene, pentamethoxystyrene,
      3,4-dimethoxy-5-(p-tolyl)styrene, or mixture.
NUM  21.
PAR  21. The copolymers according to claim 18 wherein said polyalkoxy
      monovinyl-substituted aromatic compound randomizer is employed in said
      polymerization process in amounts sufficient to provide from aout 0.01 to
      10 parts by weight per 100 parts by weight of monomer.
NUM  22.
PAR  22. The copolymers according to claim 21 wherein said conjugated diene
      contains 4 to 12 carbon atoms per molecule; said monovinyl-substituted
      aromatic hydrocarbon contains 8 to 20 carbon atoms per molecule; and the
      weight ratio of said conjugated diene to said monovinyl-substituted
      aromatic hydrocarbon is in the range of about 5:95 to 95:5.
NUM  23.
PAR  23. The copolymers according to claim 22 wherein said conjugated diene is
      1,3-butadiene, isoprene, 2,3-dimethyl-1,3-butadiene, piperylene,
      3-butyl-1,3-octadiene, 2-phenyl-1,3-butadiene, or mixture, and said
      monovinyl-substituted aromatic hydrocarbon is styrene, 1-vinylnaphthalene,
      2-vinylnaphthalene, 3-methylstyrene, 4-n-propylstyrene,
      4-cyclohexylstyrene, 4-dodecylstyrene, 2-ethyl-4-benzylstyrene,
      4-p-tolylstyrene, 4-(4-phenyl-n-butyl)styrene, or mixture.
NUM  24.
PAR  24. The copolymers according to claim 22 wherein said organolithium
      initiator is a hydrocarbon lithium initiator which can be represented by
      the formula R"Li.sub.x wherein R" is a hydrocarbon radical, and x is an
      integer of 1 to 4, inclusive.
NUM  25.
PAR  25. The copolymers according to claim 24 wherein said R" is aliphatic,
      cycloaliphatic, aromatic, or combination radical of up to 20 carbon atoms
      per radical.
NUM  26.
PAR  26. The copolymers according to claim 25 wherein said organolithium
      initiator is methyllithium, isopropyllithium, butyllithium,
      t-octyllithium, n-decyllithium, phenyllithium, naphthyllithium,
      4-butylphenyllithium, p-tolyllithium, 4-phenylbutyllithium,
      cyclohexyllithium, 4-butylcyclohexyllithium, 4-cyclohexylbutyllithium,
      dilithiomethane, 1,4-dilithiobutane, 1,10-dilithiodecane,
      1,20-dilithioeicosane, 1,4-dilithiocyclohexane, 1,4-dilithio-2-butene,
      1,8-dilithio-3-decene, 1,4-dilithiobenzene, 1,5-dilithionaphthalene,
      1,2-dilithio-1,2-diphenylethane, 9,10-dilithio-9,10-dihydroanthracene,
      1,2-dilithio-1,8-diphenyloctane, 1,3,5-trilithiopentane,
      1,5,15-trilithioeicosane, 1,3,5-trilithiocyclohexane,
      1,2,5-trilithionaphthalene, 1,3,5-trilithioanthracene,
      1,3,5,8-trilithiodecane, 1,5,10,20-tetralithioeicosane,
      1,2,3,5-tetralithiocyclohexane, or 1,2,3,5-tetralithio-4-hexylanthracene.
NUM  27.
PAR  27. The copolymers according to claim 24 wherein said polymerization
      conditions include polymerization in the presence of a hydrocarbon
      diluent, a pressure sufficient to maintain the reactants and diluents
      substantially in the liquid phase, a polymerization temperature in the
      range of about -20.degree. to 215.degree. F., and employment of said
      hydrocarbon lithium initiator in the range of about 0.01 to 1 part by
      weight per 100 parts by weight total monomer other than randomizer.
NUM  28.
PAR  28. The method according to claim 27 wherein said conjugated diene is
      butadiene, said monovinyl-substituted aromatic hydrocarbon is styrene, and
      said polyalkoxy monovinyl-substituted aromatic hydrocarbon is
      3,4-dimethoxystyrene.
NUM  29.
PAR  29. The method according to claim 28 wherein said organolithium initiator
      is n-butyllithium.
NUM  30.
PAR  30. A polymerization process which comprises contacting at least one
      polymerizable monomer which is at least one polymerizable conjugated
      diene, or at least one polymerizable conjugated diene and at least one
      copolymerizable monovinyl-substituted aromatic hydrocarbon, under
      polymerization conditions, with the organolithium initiator prepared by
      the process comprising contacting at least one hydrocarbon lithium
      compound with at least one polyalkoxy monovinyl-substituted aromatic
      compound in a ratio effective to result in said initiator,
PA1  wherein said hydrocarbon lithium compound is represented by R"Li.sub.x
      wherein R" is a hydrocarbon radical containing up to 20 carbon atoms per
      molecule, x is an integer of 1 to 4, inclusive,
PA1  said polyalkoxy monovinyl-substituted aromatic hydrocarbon is represented
      by
      ##SPC4##
PAL  wherein each R is hydrogen, alkoxy --OR', hydrocarbyl, or halogen, such
      that at least two R groups are OR' and are adjacent the benzene ring, R'
      is an alkyl radical, R groups where hydrocarbyl are alkyl, cycloalkyl, or
      aryl, and wherein two adjacent R groups together with the corresponding
      carbons of the benzene ring can be a 5 to 10 membered ring system, said
      halogen is fluorine or chlorine, and wherein said polyalkoxy
      monovinyl-substituted aromatic hydrocarbon contains 10 to 20 carbon atoms
      per molecule, and
PA1  wherein said polymerization conditions include a temperature, pressure, and
      amount of said organolithium initiator effective for said polymerization
      process to produce a polymer of said conjugated diene, or copolymer of
      said conjugated diene with said monovinyl-substituted aromatic
      hydrocarbon.
NUM  31.
PAR  31. The process according to claim 30 wherein is employed a ratio of said
      hydrocarbon lithium compound to said polyalkoxy monovinyl-substituted
      aromatic compound in the range of about 0.00035:1 to 3.5:1, and wherein
      said polymerization process is conducted at a temperature in the range of
      about -20.degree. F. to 215.degree. F., in the presence of a hydrocarbon
      diluent, and under a pressure sufficient to maintain reactants and
      diluents substantially in the liquid phase, and wherein said organolithium
      initiator is employed in amounts sufficient to provide about 0.01 to 1
      part by weight initiator per 100 parts by weight total monomer.
NUM  32.
PAR  32. The polymerization process according to claim 31 wherein said
      conjugated diene contains 4 to 12 carbon atoms per molecule, and said
      monovinyl-substituted aromatic hydrocarbon contains 8 to 20 carbon atoms
      per molecule.
NUM  33.
PAR  33. The polymerization process according to claim 32 wherein said
      polymerizable monomer is butadiene, or butadiene and styrene.
NUM  34.
PAR  34. The polymerization process according to claim 33 wherein said
      hydrocarbon lithium compound is n-butyllithium, and said polyalkoxy
      monovinyl-substituted aromatic compound is 3,4-dimethoxystyrene.
NUM  35.
PAR  35. The process according to claim 31 wherein is employed a ratio of said
      hydrocarbon lithium compound to said polyalkoxy monovinyl-substituted
      aromatic compound of about 0.3:1 to 1.4:1 in a weight ratio, and wherein
      said polyalkoxy monovinyl-substituted hydrocarbon is a polymethoxy
      monovinyl-substituted aromatic hydrocarbon.
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ABST
PAL  Extruded films having reduced proneness to stress-cracking, good resistance
      to casting resins of unsaturated polyesters and no blocking effect and
      produced from branched aromatic polycarbonates which are the reaction
      products of aromatic dihydroxy compounds and branching agents having more
      than three phenolic hydroxyl groups, with polycarbonate precursors. The
      films are useful as insulating films in the electrical industry.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Aromatic polycarbonates based on bis-(hydroxyphenyl)-alkanes, especially
      2,2-bis-(4-hydroxyphenyl)-propane, can be converted into films which are
      used, in particular, as electrical insulating films in the electrical
      industry (see, for example, DT-PS 971,790; Angew. Chem. 74, 1962, pages
      647 to 650 ).
PAR  As a rule, such films are manufactured from solutions by casting. They can,
      however, also be obtained by extrusion through slit dies. If such films
      come into contact with organic non-solvents, for example carbon
      tetrachloride, their mechanical properties can be severely impaired,
      especially if the films are exposed to stresses during the action of such
      non-solvents. This can reach the point of the films breaking after a
      relatively short time. This property is known to experts as
      "stress-cracking."
PAR  Since, when using the electrical insulating films, the insulated parts may
      come into contact with non-solvents, for example, for the purpose of
      removing traces of grease and oil, it is only possible to use electrical
      insulating films whereof the proneness to stress-cracking is as low as
      possible.
PAR  As the viscosity of polycarbonates increases, the films manufactured
      therefrom show a reduction in the proneness to stress-cracking. At a
      relative viscosity of 1.70 (0.5 g in 100 ml of methylene chloride
      solution), corresponding to an average molecular weight of about 70,000,
      the proneness to stress-cracking is so slight that the usability of the
      films is no longer impaired.
PAR  Polycarbonates having such a high viscosity, however, cannot be processed
      into films on extuders, since at the high processing temperatures required
      for the purpose the polycarbonate is so severely damaged with an
      associated loss of an important part of the properties, that the material
      can no longer be used as an electrical insulating film. Hence, only
      polycarbonate of substantially lower viscosities can be extruded to give
      films. All extruded polycarbonate films corresponding to the state of the
      art, therefore, are unable to be used as an electrical insulating film, or
      can only be used to a very restricted degree, because of their proneness
      to stress-cracking
PAR  Polycarbonate films which are used for the insulation of electrical coils
      in addition to having a low susceptability to stress-cracking, must also
      be resistant to styrene solutions of unsaturated polyester casting resins
      since these coils are frequently potted in such casting resins. The known
      extruded polycarbonate films, because of their low viscosity, do not show
      sufficient resistance towards the styrene solutions of the unsaturated
      polyester casting resins used. They can, therefore, not be used for coil
      insulation.
PAR  Cast polycarbonate films and extruded polycarbonate films tend to adhere
      strongly to themselves. This phenomenon is known to experts as the
      "blocking effect" or "stick-slip effect."
PAR  This effect interferes with the manufacture and especially the processing
      of the films. This adhesion is circumvented, for example, by roughening
      one side of the films during manufacture. It is also known that the mutual
      adhesion of films can largely be prevented by additives, for example of
      silicone dioxide or talc.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found, surprisingly, that films of branched aromatic
      polycarbonates which are branched through polyphenols with more than 3,
      preferably 4, reactive hydroxyl groups, show, as compared to films of
      linear aromatic polycarbonates or branched aromatic polycarbonates which
      are branched through polyphenols with 3 reactive hydroxyl groups, at the
      same relative viscosity
PAR  a. substantially reduced proneness to stress-cracking,
PAR  b. resistance to unsaturated polyester casting resins, and
PAR  c. no blocking effect.
PAR  This property manifests itself, in particular, with branched polycarbonates
      of relative viscosities .gtoreq. 1.30 (0.5 g in 100 ml of methylene
      chloride solution), or, in other words, in polycarbonates, the melt
      viscosities of which are low enough that they can, without serious damage,
      be extruded to give films.
PAR  A particular advantageous type of branching of polycarbonates for the
      manufacture of the extruded films according to the invention is obtained
      if the polycarbonate molecules possess branches with short side chains and
      the degree of branching is taken to near the polymer gel point,
      corresponding to .gtoreq. 0.8 branches per polycarbonate molecule.
PAR  The branched polycarbonates of the invention may have relative viscosities
      between 1.30 and 1.80, preferably between 1.35 and 1.55, with the proviso
      that the polycarbonates can be extruded on the existing machines.
PAR  Short side chains in the sense of the invention are polycarbonate radicals
      consisting of the following formula
      ##SPC1##
PAL  (n = between 5 and 5) if, e.g., these side chains are based on bisphenol A
      and phenol as chain stopper. Of course, the other end of these side chains
      is linked to the polycarbonate molecule via a branching agent incorporated
      in the polycarbonate molecule.
PAR  The amount of .gtoreq. 0.8 branches per polycarbonate molecule has a
      natural upper limit which is caused by cross-linking of the branched
      polycarbonate molecule. A polycarbonate being absolutely insoluble in
      polycarbonate solvents, is not useful and therefore not embraced by the
      instant invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The branched polycarbonates which can be employed for the manufacture of
      the extruded films according to the invention are manufactured under
      polycarbonate-forming conditions which are in themselves known such as,
      for example, those of the transesterification process, the solution
      condensation process and the phase boundary condensation process (see the
      process described in U.S. Pat. No. Re. 27,682 which is hereby incorporated
      by reference), by reaction of bisphenols, aromatic dihydroxy compounds,
      with derivatives of carbonic acid which form polycarbonates, in the
      presence of about 0.05 to 2.0 mol percent, preferably 0.05 to 0.5 mol per
      cent, of branching agents with more than three, preferably four, reactive
      phenolic hydroxyl groups, relative to the mols of bisphenols, and also
      preferably in the presence of such amounts of monophenols that branched
      polycarbonates with relative viscosities .gtoreq. 1.30 (0.5 g in 100 ml of
      methylene chloride solution at 25.degree.C) are produced.
PAR  A preferred embodiment, which in particular favors the advantageous short
      chain branching, for the manufacture of branched polycarbonates for the
      extruded films according to the invention consists of carrying out the
      reaction of aqueous-alkaline solutions of bisphenols with phosgene under
      the conditions of a phase boundary reaction to give an oligomeric
      polycarbonate with a degree of polymerization of 5 to 15 and to complete
      the condensation, to give a high molecular branched polycarbonate, by
      subsequent addition of tertiary amine and branching agent. This and other
      suitable methods are illustrated in the Examples.
PAR  In theory, any polyhydric phenols having more than 3, preferably 4,
      reactive hydroxyl groups may be employed in producing branched
      polycarbonates suitable for producing the extruded films of the invention.
      Particularly suitable branching agents have proved to be organic compounds
      in which radicals of monohydric phenols are linked to one another through
      aliphatic, cycloaliphatic or araliphatic groups, or the so-called
      ortho-esters of carbonic acid, or the ortho-esters of monocarboxylic or
      dicarboxylic acids, especially of aromatic monocarboxylic or dicarboxylic
      acids such as isophthalic acid or terephthalic acid, with dihydric
      phenols, especially bis-(hydroxyphenyl)-alkanes, of which one phenolic
      group is esterified. These particularly suitable ortho-esters may be
      illustrated by the general formula:
EQU  [HO--D--O].sub.3 C--X
      ##SPC2##
PA1  R = h, c.sub.1 -c.sub.4 alkyl or halogen
PA1  Z = c.sub.1 -c.sub.10 alkylene or C.sub.3 -C.sub.10 cycloalkylene, C.sub.2
      -C.sub.15 alkylidene or C.sub.3 -C.sub.15 cycloalkylidene, a single bond,
      --Q--, --S--, --SO--, --SO.sub.2 --, --CO--, or
      ##SPC3##
PAR  Examples of suitable branching agents are
      2,2-bis-[4,4-(4-hydroxyphenyl)-cyclohexyl]-propane (see U.S. Pat. No. Re.
      27,682);
      hexa-(4-(2-(4-hydroxyphenyl)-isopropyl)-phenyl)-ortho-terephthalic acid
      ester (the preparation of which is described in Example 3b); and
      preferably tetra-(4-hydroxyphenyl)-methane (the preparation of which is
      described in Example 2a-c);
      tetra-[4-(dimethyl-4-hydroxyphenyl)-methyl-phenoxy]-methane (the
      preparation of which is described in Example 5); and
      1,4-bis-[(4',4"-dihydroxytriphenyl)-methyl]-benzene (the preparation of
      which is described in commonly owned application Ser. No. 285,699).
PAR  Examples of suitable monophenols are alkylphenols, such as the
      methylphenols, the ethylphenols, the propylphenols and the
      isopropylphenols and the butylphenols, especially p-tert.-butylphenol, as
      well as unsubstituted phenol.
PAR  The branched polycarbonates of the invention may have relative viscosities
      between 1.30 and 1.80, preferably between 1.35 and 1.55, with the proviso
      that the polycarbonates can be extruded on the existing machines.
PAR  Suitable aromatic dihydroxy compounds which may be cocondensed with the
      branching agents of the invention are, for example, hydroquinone;
      resorcinol; 4,4'-dihydroxydiphenyl; bis-(hydroxyphenyl)-C.sub.1 -C.sub.8
      -alkanes, -C.sub.5 -C.sub.15 -cycloalkanes, -sulfides, -ethers, -ketones,
      -sulfoxides or -sulfones, and also
      .alpha.,.alpha.'-bis-(hydroxyphenyl)-diisopropylbenzene and the
      corresponding nuclear-alkylated and nuclear-halogenated compounds.
      Polycarbonates based on 4,4'-dihydroxydiphenylpropane-2,2 (bisphenol A),
      tetrachlorobisphenol A, tetrabromobisphenol A, tetramethylbisphenol A and
      trinuclearbisphenols, such as
      .alpha.,.alpha.'-bis-(4-hydroxyphenyl)-p-diisopropylbenzene, and mixtures
      of these compounds, are preferred.
PAR  Further bisphenols suitable for the manufacture of polycarbonate are
      described in U.S. Pat. Nos. 3,028,365, 2,999,835, 3,148,172, 3,271,368,
      2,970,137, 2,991,273, 3,271,367, 3,280,078, 3,014,891 and 2,999,846.
PAR  The branched polycarbonates which can be used for the extruded films
      according to the invention which have relative viscosities of .gtoreq.1.30
      (0.5 g in 100 ml of methylene chloride solution at 25.degree.C) possess,
      in the form of films, the properties required for their use as electrical
      insulating films with regard to low proneness to stress-cracking,
      resistance to unsaturated polyester resins and low tendency to mutual
      adhesion.
PAR  An upper limit to the relative viscosity of the branched polycarbonates is
      imposed solely by the processability on the extruders corresponding to the
      state of the art.
PAR  The processing of the branched polycarbonates to give films can be carried
      out for example on normal single-flight free-zone screws conforming to the
      state of the art, and the shaping to give films can be effected either by
      means of slit dies to give flat films or via film-blowing heads to give
      blown films.
PAR  The films according to the invention can be cut, wound up and processed
      further at high speeds, since they do not show a blocking effect. In
      addition to their low proneness to stress-cracking and in addition to
      their resistance to unsaturated polyester casting resins, they show the
      good mechanical and dielectric properties typical for polycarbonate films.
      They are, therefore, outstandingly suitable for use as electrical
      insulating films.
PAR  The invention is further illustrated, but is not intended to be limited by,
      the following examples in which all parts and percentages are by weight
      unless otherwise specified. The relative viscosities quoted relate to a
      concentration of polycarbonate in 100 ml of methylene chloride solution at
      25.degree.C.
PAC  EXAMPLES
PAC  Example 1
PAR  1,790 G of phosgene are introduced, at 25.degree.C, into a well-stirred
      mixture of 3,440 g of bisphenol A, 90 g of p-tert.-butylphenol, 17,500 g
      of water, 33,000 g of methylene chloride and 2,690 g of 45% strength
      sodium hydroxide solution while adjusting the pH value to 12-13 by adding
      a further 1,210 g of 45% strength sodium hydroxide solution. After the
      phosgene has been added, 6 g of triethylamine and 33 g of
      1,4-bis-[(4',4"-dihydroxytriphenyl)-methyl]-benzene, corresponding to 0.35
      mol per cent relative to bisphenol A, are added and the batch is stirred
      for a further hour.
PAR  The polycarbonate solution is washed until it is practically free of ions,
      7,500 g of chlorobenzene are added and the methylene chloride is
      evaporated off. The solution of the branched polycarbonate, thus obtained,
      gels to give a white, crumbly cake, which is granulated and dried for 15
      hours under reduced pressure at 120.degree.C. The relative viscosity of
      the resulting polycarbonate is 1.339.
PAR  The pulverulent branched polycarbonate is fused in a single-flight
      three-zone screw (S 30/20 D; compression ratio 1 : 2.75) at 310.degree.C
      and extruded through a slit die, also heated to 310.degree.C, which has a
      die width of 300 mm and a gap width of 0.3 mm, to give a flat film. The
      extrudate is drawn off over a pair of cooling rollers heated to
      145.degree.C, at a speed of 5 m/second, so that an 0.040 mm thick film
      results. Because of the low blocking effect, the film can, without
      difficulty, be wound up free of creases to form a firm roll.
PAR  The change in the elongation at break after the treatment with solvents,
      and the resistance towards the styrene solution of unsaturated polyester
      casting resin are shown in Table 1 and the dielectric data and the
      breakdown resistance are shown in Table 2.
PAC  Example 2
PAR  Instead of the branching agent used in Example 1, 20.3 g (corresponding to
      0.35 mol per cent relative to bisphenol A) of
      tetra-(4-hydroxyphenyl)-methane are employed. All the remaining conditions
      are the same as those in Example 1.
PAR  The branched polycarbonate thus obtained has a relative viscosity of 1.335.
PAR  The processing of the powder particles to give a film is carried out in the
      same machine as in Example 1, but at a temperature of 290.degree.C. The
      properties of the practically non-adhering film are shown in Tables 1 and
      2.
PAR  The above-mentioned branching agent is manufactured as follows:
PA0  a. Manufacture of bisphenol-F-bisphenylcarbonate
PAR  62.6 G of chloroformic acid phenyl ester are added dropwise over the course
      of 30 minutes to a two-phase solution of 40 g of
      bis-(4-hydroxyphenyl)-methane(bisphenol-F), 600 g of methylene chloride,
      300 g of water, 41.4 g of 45% strength sodium hydroxide solution and 0.240
      g of triethylamine at 25.degree.C. After stirring for 1 hour, 3.1 g of
      unreacted bisphenol-F are again isolated from the aqueous phase and the
      organic phase is washed with dilute sodium hydroxide solution, then with
      dilute hydrochloric acid and finally with water. After drying the solution
      and distilling off the methylene chloride, recrystallization of the
      residue from 300 ml of cyclohexane yields 73.8 g (84% of theory) of
      bisphenol-F-bisphenyl-carbonate of melting point 97.5 to 98.degree.C.
PA0  b. Manufacture of
      4,4'-dihydroxydiphenyl-dichloromethane-bis-phenylcarbonate
PAR  66 G of bisphenol-F-bisphenylcarbonate are chlorinated in 100 g of
      chlorobenzene at 80.degree. to 100.degree.C, using a 250 watt lamp as the
      source of light and heat, until a weight increase of 15 g has occurred.
      After adding 60 ml of ligroin, the dichloro compound crystallizes out
      during cooling. After filtration, washing with benzene and drying over
      paraffin, 59 g (76% of theory) of product of melting point 100.degree. to
      101.degree.C are obtained.
PAR  Analysis: C.sub.27 H.sub.18 Cl.sub.2 O.sub.6 (509.35).
PAR  Calculated: 13.95% Cl.
PAR  Found: 14.20% Cl (total); 13.75% Cl (saponifiable).
PA0  c. Manufacture of tetra-(4-hydroxyphenyl)-methane
PAR  400 g of 4,4'-dihydroxydiphenyl-dichloromethane-bis-phenylcarbonate are
      added to a mixture of 735 g of phenol and 65 g of sodium acetate at
      50.degree.C, whereupon the mixture assumes a deep red color, thereafter
      the bath temperature is raised at an hourly rate of 20.degree.C up to
      170.degree.C (sump temperature 130.degree.C), and the excess phenol is
      then distilled off under reduced pressure over the course of 1 hour. The
      residue is taken up in 2 liters of ethanol, 500 g of potassium hydroxide
      are added and the mixture is boiled for three hours. Thereafter the
      mixture is dissolved in water, the tetraphenol is precipitated by means of
      dilute hydrochloric acid and the alcohol is steam-stripped off. After
      filtration, 273 g of crude product (90.5% of theory) are obtained, which
      when recrystallized from dioxane yield 169 g of melting point 303.degree.
      to 309.degree.C as colorless needles.
PAR  Analysis: C.sub.25 H.sub.20 O.sub.4 (384.44).
PAR  Calculated: C 78.11% H 5.24%.
PAR  Found: C 77.8% H 5.01%.
PAC  Example 3
PA0  a. Manufacture of ortho-terephthalic aid hexaphenyl ester
PAR  A solution of 31.3 g of hexachloro-p-xylene in 50 ml of chlorobenzene is
      added dropwise, at about 16.degree.C, to a solution of 141 g of phenol in
      120 g of anhydrous pyridine, thereafter the mixture is heated to a sump
      temperature of 100.degree.C, and this temperature is maintained for 5
      hours. After cooling, methylene chloride and water are added to the
      mixture, the organic phase is separated off and evaporated and the residue
      is digested with ethanol and recrystallized from butanol in the presence
      of active charcoal. 25 g of colorless crystals of melting point
      200.degree. to 201.degree.C are thus obtained.
PAR  Analysis: C.sub.44 H.sub.34 O.sub.6 (658.71).
PAR  Calculated: C 80.22% H 5.20%.
PAR  Found: C 79.5% H 5.69%.
PA0  b. Manufacture of precondensate containing
      hexa-(4-(2-(4-hydroxyphenyl)-isopropyl)-phenyl)-ortho-terephthalic acid
      ester
PAR  1 mol of ortho-terephthalic acid hexaphenyl ester and 18 mols of
      2,2-bis-(4-hydroxyphenyl)-propane are fused while excluding air. The
      phenol liberated is distilled off over the course of one hour at a heating
      bath temperature of 180.degree. to 200.degree.C (503 g). The contents of
      the flask are allowed to cool and the glassy product is ground.
PA0  c. Manufacture of the branched polycarbonate
PAR  1,190 g of phosgene are introduced over the course of 100 minutes into a
      mixture of 2,250 g of 2,2-bis-(4-hydroxyphenyl)-propane, 38 g of
      p-tert.-butylphenol, 26,000 g of water, 28,000 kg of methylene chloride
      and 1,720 g of 45% strength sodium hydroxide solution at 25.degree.C.
      During the phosgenation, the pH value is adjusted to .gtoreq.12 by
      dropwise addition of 300 g of 45% strength sodium hydroxide solution.
PAR  For the polycondensation, 41 g of precondensate manufactured under (b)
      (corresponding to 0.1 mol percent of branching agent relative to
      bisphenol-A), 5 g of triethylamine and 410 g of 45% strength sodium
      hydroxide solution are added and the mixture is stirred for a further
      hour. The organic phase is washed with 2% strength phosphoric acid and is
      subsequently repeatedly washed with deionised water.
PAR  The isolation of the branched polycarbonate is carried out analogously to
      Example 1; the polycarbonate has a relative viscosity of 1.340.
PAR  The processing of the granular powder to give a flat film is carried out in
      the same machine as in Example 1, at a temperature of 300.degree.C. The
      properties of the non-blocking film are reproduced in Tables 1 and 2.
PAC  Example 4 (Comparison Example)
PAR  For comparison purposes, a polycarbonate is manufactured analogously to
      Example 1, using 11.5 g (0.22 mol percent, relative to bisphenol-A) of
      2,6-bis-(2-hydroxy-5-methylphenyl)-4-methylphenol as the branching agent
      and 53 g of p-tert.-butylphenol as the chain stopper.
PAR  The relative viscosity of the branched polycarbonate is 1.342.
PAR  The polycarbonate obtained is extruded analogously to Examples 1 and 2, at
      290.degree.C, to give a flat film.
PAR  The properties of the film are shown in Tables 1 and 2.
PAC  Example 5
PA0  a. Manufacture of
      tetra-[4-(dimethyl-4-hydroxyphenyl)-methylphenoxy]-methane
PAR  1 Mol of ortho-carbonic acid tetraphenyl ester and 12 mols of
      2,2-bis-(4-hydroxyphenyl)-propane are fused in a glass flask, with
      exclusion of oxygen. The phenol formed is distilled off under reduced
      pressure (330 g) at a heating bath temperature of 180.degree. to
      200.degree.C. After the contents of the flask have cooled, the glassy
      product is comminuted in a beater mill. This precondensate can be employed
      as the branching component.
PAR  In order to isolate the monomeric branching agent, the powder is extracted
      with methylene chloride and from 45 g, 14 g of
      tetra-[4-(dimethyl-4-hydroxyphenyl)-methyl-phenoxy]-methane are thus
      obtained in the form of a colorless glass.
PAR  Analysis: C.sub.61 H.sub.60 O.sub.8 (921.16).
PAR  Calculated: C 79.57% H 6.57%.
PAR  Found: C 79.4% H 6.68%.
PA0  b. Manufacture of the branched polycarbonate
PAR  In an apparatus suitable for the customary continuous manufacture of
      polycarbonate, 61,200 g of a solution of 135,000 g of
      2,2-bis-(4-hydroxyphenyl)-propane, 630,000 g of water, 105,000 g of 45%
      strength sodium hydroxide solution, 100 g of sodium borohydride and 2,300
      g of p-tert.-butylphenol are phosgenated hourly, in a phase boundary
      reaction, with 4,750 g of phosgene in 90,000 g of a mixture of 60 parts by
      volume of methylene chloride and 40 parts by volume of chlorobenzene.
      After adding a solution of 16,850 g of 10% strength sodium hydroxide
      solution, 40 g of triethylamine and 134 g (0.35 mol percent, relative to
      bisphenol-A) of
      tetra-[4-(dimethyl-4-hydroxyphenyl)-methyl-phenoxy]-methane per hour and
      allowing the reaction to continue for an average time of 30 minutes, a
      solution of branched polycarbonate is obtained, which, after removal of
      the aqueous phase, is washed with dilute phosphoric acid and repeatedly
      with practically non-ionic water. The solvent is removed in a continuously
      operating evaporation screw and the solvent-free melt of the branched
      polycarbonate is extruded at 310.degree.C to give a ribbon which is
      comminuted to granules having a relative viscosity of 1.418.
PAR  The granules are extruded, as described in Example 1, at 340.degree.C to
      give a flat film of which the properties are shown in Tables 1 and 2.
PAC  Example 6
PAR  A branched polycarbonate with a relative viscosity of 1.410 is obtained
      analogously to Example 5 but using 51.9 g/hour (0.2 mol percent, relative
      to bisphenol-A) of 1,4-bis-[(4',4"-dihydroxytriphenyl)-methyl]-benzene as
      the branching agent and 2,110 g of p-tert.-butylphenyl as the chain
      stopper. The extrusion of the polycarbonate granules is carried out with a
      single-flight three-zone screw (S 45/25 D) which has a shear section in
      the metering zone. Under conditions otherwise comparable to Example 1, a
      film draw-off speed of 10 m/second gives a practically non-adhering film
      of 0.04 mm thickness, the properties of which are shown in Tables 1 and 2.
PAC  Example 7 (Comparison Example)
PAR  For purposes of comparison, an experiment is carried out analogously to
      Example 5, but without branching agent. The amount of p-tert.-butylphenol
      used as the chain stopper is 1,880 g so that an unbranched polycarbonate
      having a relative viscosity of 1.393 results.
PAR  The processing of the granules to give a flat film takes place analogously
      to Example 6, but at a temperature of 300.degree.C. The properties of the
      strongly adhering film are shown in Table 1.
PAC  Example 8
PAR  A branched polycarbonate is manufactured analogously to Example 5 with an
      amount of chain stopper reduced compared to Example 5, namely 2,010 g of
      p-tert.-butylphenol. A branched polycarbonate of relative viscosity 1.525
      is thus obtained.
PAR  The granules are extruded as described in Example 1, at 330.degree.C, to
      give a practically non-adhering film of which the properties are shown in
      Tables 1 and 2.
PAR  Table 1 which follows shows, for reasons of comparison, alongside the
      pattern of properties of the extruded films of branched polycarbonates,
      according to the invention (Examples 1 to 3 and 5 and 6), also the pattern
      of properties of extruded films of unbranched polycarbonates (Example 7,
      commercial product MAKROLON 3200), and does so in the relevant viscosity
      ranges of 1.33 to 1.34 and 1.39 to 1.42.
PAR  In the case of the polycarbonates of high relative viscosity, an extruded
      film according to the invention (Example 8) is compared with a
      commercially available cast film (MAKROFOL N) for which extrusion is no
      longer possible.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Polycarbonate                                                             

               Branching                                                       

                     Reactive                                                  

                          Type of Film                                         

                                  Relative Viscosity                           

                                              Untreated Film                   

               Agent Hydroxyl     at 25.degree.C (0.5 g in                     

                                              Tensile Elongation at            

               mol % Groups       100 ml of methylene                          

                                              Strength.sup.3                   

                                                      Break.sup.3 )            

                                  chloride solution)                           

                                              kp/cm.sup.2                      

                                                      %                        

     __________________________________________________________________________

     Example 1 0.35  4    flat film                                            

                                  1.339       7.8     102                      

     Example 2 0.35  4    flat film                                            

                                  1.335       9.0      96                      

     Example 3 0.10  6    flat film                                            

                                  1.340       9.1     120                      

     Example 4 0.22  3    flat film                                            

                                  1.340       8.5     155                      

     Makrolon 3200.sup.4 )                                                     

               --    --   flat film                                            

                                  1.327       8.1     160                      

     Example 5 0.35  4    flat film                                            

                                  1.418       8.2      90                      

     Example 6 0.20  4    flat film                                            

                                  1.410       8.0      94                      

     Example 7 --    --   flat film                                            

                                  1.393       8.8     145                      

     Example 8 0.35  4    flat film                                            

                                  1.525       9.7      93                      

     Makrofol N.sup.5 )                                                        

               --    --   cast film                                            

                                  1.700       12.7    160                      

     Polycarbonate Film after 10 seconds.sup.1)                                

                                   Resistance.sup.2) of the film               

                                                   Blocking Force.sup.6)       

                   storage in      to a styrene solution of                    

                   toluene/n-propanol                                          

                                   unsaturated polyester                       

                   1:3  1:3.5      casting resin                               

                   residual elongation at                                      

                   break(relative to initial                                   

                   value)                                                      

                   %         %                     p/cm.sup.2                  

     __________________________________________________________________________

     Example 1     10        85    resistant       --                          

     Example 2     13        94    resistant       --                          

     Example 3     14        87    resistant       --                          

     Example 4     --        11    slightly swollen                            

                                                    50                         

     Makrolon 3200.sup.4 )                                                     

                   --         6    severely swollen                            

                                                   120                         

                                   and warped                                  

     Example 5     67        100   resistant       --                          

     Example 6     73        96    resistant       --                          

     Example 7     14        26    slightly swollen                            

                                                   130                         

     Example 8     90        97    resistant       --                          

     Makrofol N.sup.5 )                                                        

                   67        100   resistant       800                         

     __________________________________________________________________________

PAC  Legend to Table 1
PAR  .sup.1) 15 Mm wide test strips of the films of 0.04 mm thickness, are
      spirally wound round a glass rod of 8 mm diameter and then stored for 10
      second in the toluene/n-propanol mixtures. After drying, the test strips
      are subjected to the tensile test according to DIN 53,455.
PAR  .sup.2) 10 Mm wide test strips of the films of 0.04 mm thickness, are
      embedded in the styrene solution of an unsaturated polyester casting resin
      and the cross-section of the film is assessed after curing the casting
      resin.
PAR  .sup.3) According to DIN 53,455.
PAR  .sup.4) Commercial product of BAYER AG.
PAR  .sup.5) Cast film of high molecular polycarbonate (commercial product of
      BAYER AG).
PAR  .sup.6) Two 15 mm wide and 200 mm long strips of the films, placed on top
      of one another, are subjected to a pressure of 1.6 kg/cm.sup.2 for 15
      minutes. After removing the load, the force which must be applied to
      separate the film strips in the parallel direction is measured.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Polycarbonate                                                             

             Dielectric strength at                                            

                             Dielectric loss factor                            

                                            Specific volume resistance .times. 

                                            10.sup..sup.-16                    

             50 Hz           at 50 Hz .times. 10.sup.4                         

             20.degree.C                                                       

                  100.degree.C                                                 

                       150.degree.C                                            

                             20.degree.C                                       

                                 100.degree.C                                  

                                      150.degree.C                             

                                            20.degree.C                        

                                                  100.degree.C                 

                                                        150.degree.C           

                                             . cm  . cm  . cm                  

     __________________________________________________________________________

     Example 1                                                                 

             2.97 2.95 2.94  8   6    10    4.8   2.2   0.3                    

     Example 2                                                                 

             2.91 2.90 2.88  11  9    15    7.0   2.2   0.07                   

     Example 3                                                                 

             2.92 2.92 2.90  9   8    16    4.7   2.1   0.1                    

     Example 4                                                                 

             2.92 2.92 2.93  10  11   40    5.5   2.2   0.2                    

     Example 5                                                                 

             2.98 2.98 2.97  8   7    10    4.0   2.1   0.2                    

     Example 6                                                                 

             2.97 2.95 2.94  8   6    10    4.8   2.2   0.3                    

     Example 8                                                                 

             2.98 2.98 2.97  8   7    10    4.0   2.1   0.2                    

     Makrofol N.sup.1)                                                         

             3.00 2.90 2.75  15  10   42    12.0  1.5   0.04                   

                       (145.degree.C) (145.degree.C)    (140.degree.C))        

     __________________________________________________________________________

      .sup.1) Cast film of high molecular polycarbonate (commercial product of 

      BAYER AG).                                                               

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the process of producing a polycarbonate suitable for film extrusion
      having a relative viscosity measured at a concentration of 0.5 g of
      polycarbonate in 100 ml of methylene chloride solution at a temperature of
      25.degree.C of between about 1.35 and about 1.55 by reacting an aqueous
      alkaline solution of an aromatic dihydroxy compound with phosgene under
      the conditions of a phase boundary reaction the improvement which
      comprises the sequential steps of
PA1  a. allowing the reaction to proceed to give an oligomeric polycarbonate
      having a degree of polymerization of about 5 to 15;
PA1  b. adding a catalytic amount of tertiary amine and about 0.05 to 2.0 mol
      percent relative to the aromatic dihydroxy compound, of a branching agent
      having more than three phenolic hydroxy groups to the phase boundary
      reaction mixture; and
PA1  c. allowing the condensation reaction to go to completion.
NUM  2.
PAR  2. In the process of claim 1 the further improvement wherein about 0.05 to
      0.5 mol percent of the branching agent is added.
NUM  3.
PAR  3. In the process of claim 1 the further improvement wherein about 0.10 to
      0.35 mol percent of the branching agent is added.
NUM  4.
PAR  4. The polycarbonate produced by the method of claim 1.
NUM  5.
PAR  5. The polycarbonate produced by the method of claim 2.
NUM  6.
PAR  6. The polycarbonate produced by the method of claim 3.
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ABST
PAL  Substrates are coated with relatively high molecular weight epoxy resin
      coatings by applying to a substrate a mixture comprising:
PA1  A. a relatively low molecular weight epoxy resin such as the diglycidyl
      ether of bisphenol A,
PA1  B. a phenolic hydroxyl-containing compound such as bisphenol A and
PA1  C. a catalyst for effecting a reaction between (A) and (B), and
PAL  Subjecting the coated substrate to a temperature of 120.degree. to
      300.degree.C.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of my previous
      application Ser. No. 234,390 filed Mar. 13, 1972 now abandoned.
BSUM
PAR  This invention relates to the application of epoxy resin coatings to
      substrates and more particularly to the application of high molecular
      weight coatings to substrates and to coating compositions not previously
      available.
PAR  Epoxy resin coatings are presently prepared in suitable reactors, pigmented
      when desired, diluted to suitable application viscosities and subsequently
      applied to suitable substrates.
PAR  It has now been discovered that high molecular weight, i.e. above about
      15,000, epoxy resin coatings can be prepared in situ on a suitable
      substrate by applying a mixture of the reactant materials, usually a
      compound having more than one 1,2-epoxy group, a compound having more than
      one phenolic hydroxyl group, and a suitable catalyst, and if desired dyes,
      pigments, flow control agents, solvents and other suitable additives, to a
      suitable substrate and subsequently heating the coated substrate to effect
      the reaction between the epoxy-containing compound and the
      phenolic-hydroxyl-containing compound.
PAR  The present invention offers one or more of the following advantages.
PA1  1. less solvent is required to apply a mixture of reactive components at
      the same application viscosity than is required to apply a previously
      prepared coating of substantially the same molecular weight;
PA1  2. provides for the application of coatings which have not previously been
      available because they cannot readily be prepared except by the process of
      the present invention.
PAR  For ecological considerations, it is preferred that that the quantity of
      solvent employed be less than about 20% by weight, preferably from about 5
      to about 20%, and most preferably, be zero.
PAR  Generally, it has not previously been possible to prepare coatings which
      are the reaction products of an epoxy compound containing more than two
      1,2-epoxy groups and a phenolic hydroxyl-containing compound having about
      two phenolic hydroxyl groups or from the reaction product of a compound
      having more than two phenolic hydroxyl groups and a compound having about
      two 1,2-epoxy groups or from the reaction product of a compound having
      more than two, 1,2-epoxy groups and a compound having more than two
      phenolic hydroxyl groups, because they tend to gel in the reactor during
      attempts to prepare them.
PAR  The present invention therefore also concerns coating compositions
      comprising
PA1  A. a compound having a plurality of 1,2-epoxy groups,
PA1  B. a compound having a plurality of phenolic hydroxyl groups,
PA1  C. a catalyst for effecting the reaction between (A) and (B);
PAL  and wherein at least one of the components selected from (A) and (B) has an
      average functionality greater than 2, or the combined average
      functionality of (A) and (B) is greater than 2.
PAR  The present invention also concerns a process for applying epoxy resin
      coatings to substrates which comprises applying to said substrate a
      composition comprising:
PA1  A. an epoxy resin having more than one 1,2-epoxy group,
PA1  B. a compound having more than one phenolic hydroxyl group,
PA1  C. a catalyst for effecting reaction between (A) and (B) and heating the
      coated substrate to effect the reaction between (A) and (B) usually
      between about 120.degree. to about 300.degree.C and preferably from about
      140.degree.C to about 300.degree.C for from about 10 seconds to about 60
      minutes and preferably from about 10 seconds to about 30 minutes or
      applying said composition to a substrate preheated to a temperature of
      from about 120.degree. to about 300.degree.C, preferably from about
      140.degree.C to about 300.degree.C, the cure thereby being obtained by the
      transfer of heat from the heated substrate to the coating.
PAR  The present invention also pertains to epoxy resin dispersion coatings
      comprising:
PA1  1. a liquid epoxy resin or mixture of such resins having more than one
      1,2-epoxy group.
PA1  2. a mixture comprising (a) a solid phenolic hydroxyl-containing compound
      having more than one phenolic hydroxyl group and (b) a catalyst for
      effecting the reaction between the epoxy resin and the phenolic
      hydroxyl-containing compound wherein said phenolic hydroxyl-containing
      compound and catalyst mixture is dispersed in said liquid epoxy resin and
      wherein the ratio of epoxy resin to phenolic hydroxyl-containing compound
      is such that will result in a product having a molecular weight of at
      least about 15,000.
PAR  To be included in the difinition of liquid epoxy resin are solid epoxy
      resins which have been dissolved in a compound that is a solvent for the
      epoxy resin and a non-solvent for the phenolic hydroxyl-containing
      compound such as, for example, xylene, toluene, 2-nitropropane, high
      boiling commercially available aromatic solvents such as "Aromatic 100"
      having a boiling point of 311.degree.-344.degree.F, a flash point of
      107.degree.F, an aromatic content of 98.9%, and a Kauri Butanol value of
      92, commercially available from Humble Oil and Refining Company.
PAR  The dispersions are conveniently prepared by melting the solid phenolic
      hydroxyl-containing compound and blending therein the catalyst for
      effecting the reaction between the epoxy resin and the phenolic
      hydroxyl-containing compound, cooling and forming the resultant solid
      mixture into particles of desired size. The thus prepared solid phenolic
      hydroxyl-containing compound-catalyst mixture is then dispersed in the
      liquid epoxy resin by any suitable means such as, for example, a ball
      mill, sand mill, Cowles dissolver or the like.
PAR  Pigments, flow control agents, other modifiers and the like may also be
      included in the dispersion and when so included, they are usually blended
      with the molten solid phenolic hydroxyl-containing compound along with the
      catalyst.
PAR  These dispersions have been discovered to possess better storage stability
      than a mixture comprising solutions of epoxy resin, phenolic
      hydroxyl-containing compound and catalyst.
PAR  The epoxy resin coatings to which this application pertains are those
      coatings having molecular weights above about 15,000 and preferably to
      above about 19,000. By molecular weight, it is meant the weight average
      molecular weight as determined by gel permeation chromatography.
PAR  Suitable epoxy resins which are employed in the present invention include
      the aromatic based epoxy resins represented by the following general
      formulae including mixtures thereof.
      ##SPC1##
PAL  wherein A is a divalent hydrocarbon group having from about 1 to about 6
      carbon atoms,
      ##EQU1##
      each X is independently hydrogen, chlorine or bromine, and n has an
      average value of from about 0 to about 15 and preferably from about 0.1 to
      about 5.
      ##SPC2##
PAL  wherein R is hydrogen or an alkyl group having from about 1 to about 4
      carbon atoms, n has an average value of from about 0.1 to about 5, and X
      is hydrogen, chlorine, bromine or a lower alkyl group having from 1 to
      about 4 carbon atoms.
PAR  The epoxy resins employed in the present invention may be prepared by any
      of the well known methods such as the reaction of a bisphenolic compound
      with an epihalohydrin in the presence of suitable catalysts or by the
      reaction of a liquid polyepoxide with a bisphenol in the presence of such
      compounds as quaternary ammonium compounds, tertiary amines, phosphonium
      compounds and the like. These methods are discussed in Chapter 2 of
      Handbook of Epoxy Resins by Lee and Neville, McGraw Hill Book Co., 1967
      and in U.S. Pat. No. 3,477,990 and a copending application by William O.
      Perry, entitled "Process for Reacting a Phenol With a Vicinal Epoxy
      Compound", Ser. No. 41,618, filed May 28, 1970.
PAR  Any aromatic based epoxy resin which has more than one 1,2-epoxy group are
      suitable for use in the present invention.
PAR  The aliphatic based epoxy resins may also be employed in the present
      invention and include the glycidyl ethers of aliphatic hydroxyl-containing
      compounds having more than one aliphatic hydroxyl group and include the
      glycols such as, for example, ethylene glycol, propylene glycol,
      1,4-butane, diol, neopentyl glycol, dibromoneopentyl glycol,
      dichloroneopentyl glycol, glycerine, the oxyalkylated derivatives thereof,
      such as the oxypropylated, oxyethylated, oxybutylated derivatives, or
      mixtures thereof. Suitable aliphatic based epoxy resins also include such
      epoxy resins as butadiene diepoxide and the like.
PAR  Also suitable for use in the present invention are the oxazolidinone
      modified aromaticc or aliphatic based epoxy resins which contain both
      oxazolidinone groups and epoxy groups provided such modified epoxy resins
      contain more than one 1,2-epoxy groups.
PAR  The oxazolidinone modified epoxy resins are prepared by reacting the
      appropriate glycidyl ether epoxy resin having more than one glycidyl ether
      groups with a polyisocyanate such as, for example, toluene diisocyanate,
      in the presence of a suitable catalyst such as a tertiary amine,
      quaternary ammonium compound or phosphonium compound and also in the
      presence of a primary or secondary alcohol. A preferred method is to react
      the epoxy resin with a carbamate formed by the reaction of an alcohol such
      as methanol with the polyisocyanate. The epoxy resin is employed in an
      excess, preferably at least 2 epoxy groups for each NCO group contained in
      the polyisocyanate and as much as 10 epoxy groups for each NCO group.
PAR  Other suitable epoxy resins include the esterfied epoxy resins prepared by
      reacting an epoxy resin having more than one 1,2-epoxy group with a dimer
      carboxylic acid in a ratio such that there is at least 2 epoxy groups for
      each carboxylic acid group.
PAR  Suitable compounds which have a plurality of phenolic hydroxyl groups
      include the polyhydric phenols represented by the following general
      formulae, including mixtures thereof.
      ##SPC3##
PAL  wherein X and A are as defined in formula (I) and n has an average value of
      from about 1 to about 4 and preferably from about 2 to about 3;
      ##SPC4##
PAL  wherein R and X are defined in formula (II) and n has an average value of
      from about 1 to about 8 and preferably from about 2 to about 4, y = 0 or 1
      and A is as defined in formula I.
PAR  The resins represented by the above formula VI wherein y = 1 are
      conveniently prepared by reacting a bisphenol with an epoxy novolac resin.
      ##SPC5##
PAL  wherein R, X and n are as defined in formula VI.
PAR  The compounds represented by formula V are readily prepared by reacting an
      excess of a bisphenol with a diglycidyl ether of a bisphenol in the
      presence of a suitable catalyst.
PAR  Suitable catalysts which are employed to effect the reaction between the
      epoxy group and the phenolic hydroxyl groups include the phosphonium salts
      of organic and inorganic acids, imidazoles, imidazolines, quaternary
      ammonium compounds and the like. Any catalyst which will effectively
      promote the reaction between a 1,2-epoxide group and a phenolic hydroxyl
      group can suitably be employed in the present invention.
PAR  The catalysts are generally employed in quantities of from about 0.001% to
      about 10% and preferably from about 0.05% to about 5% by weight based upon
      the combined weight of the reactants, i.e. the weight of epoxy-containing
      compound plus the weight of the phenolic hydroxyl-containing compound.
PAR  The inorganic and organic phosphonium compounds which are employed in the
      process of the present invention, as catalysts, include phosphonium salts
      of an acid, acid ester or ester of an element selected from the group
      consisting of carbon, nitrogen, phosphorus, sulfur, silicon, chlorine,
      bromine, iodine and boron which are represented by the general formula:
      ##EQU2##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are independently selected
      from the group consisting of hydrogen, aliphatic hydrocarbon radicals
      containing from about 1 to 20 carbon atoms, aromatic hydrocarbon radicals,
      alkyl substituted aromatic hydrocarbon radicals and radicals represented
      by the formula --R.sub.5 --Y wherein R.sub.5 is an aliphatic hydrocarbon
      radical having from about 1 to about 20 carbon atoms and Y is a member
      selected from the group consisting of C1, Br, I, NO.sub.2, H and OH and
      where X is the anion  portion of an acid, ester or acid ester of an
      element selected from carbon, nitrogen, phosphorus, sulfur, silicon,
      chlorine, bromine, iodine and boron and wherein m is the valence of the
      anion X.
PAR  Particularly suitable catalysts include ethyltriphenyl phosphonium iodide,
      ethyltriphenyl phosphonium chloride, ethyltriphenyl phosphonium
      thiocyanate, ethyltriphenyl phosphonium acetate acetic acid complex,
      tetrabutyl phosphonium iodide, tetrabutyl phosphonium bromide, and
      tetrabutyl phosphonium acetate acetic acid complex.
PAR  These and other phosphonium catalysts are more fully described in U.S. Pat.
      Nos. 3,477,990 and U.S. Pat. No. 3,341,580 and in a copending application
      by William O. Perry entitled, "Process for Reacting a Phenol With a
      Vicinal Epoxy Compound", Ser. No. 41,618, filed May 28, 1970.
PAR  Suitable imidazoles which may be employed as catalysts in the present
      invention include, for example, 2-styrylimidazole,
      1-benzyl-2-methylimidazole, 2-methylimidazole, 2-butylimidazole, mixtures
      thereof and the like. These and other suitable catalysts are disclosed in
      Belgium Pat. No. 756,693.
PAR  Suitable solvents include, for example, the oxygenated solvents such as
      acetone, methylethyl ketone, cyclohexanone, diacetone alcohol, mixtures
      thereof and the like, and the glycol ethers such as ethylene glycol, ethyl
      ether acetate; ethylene glycol, methyl ether; ethylene glycol, n-butyl
      ether; diethylene glycol, ethyl ether; diethylene glycol, n-butyl ether;
      propylene glycol, methyl ether; dipropylene glycol, methyl ether; mixtures
      thereof and the like and in admixture with aromatic solvents such as, for
      example, xylene, toluene, ethylbenzene and the like. Other suitable
      solvents include the halogenated solvents such as trichloroethylene,
      methylene chloride and the like.
PAR  The substrates which are employed in the process of the present invention
      are metallic substrates such as steel, aluminum, etc. but any substrate
      which will withstand temperatures of at least about 130.degree.C can be
      employed.
PAR  Pigments, fillers, dyes, flow control agents and other modifier compounds
      may also be employed in the coating compositions employed in the coating
      process or method of the present invention.
PAR  In practicing the process of the present invention, the ratio of epoxy
      resin to phenolic hydroxyl-containing compound varies depending upon the
      molecular weight desired of the coating being prepared as well as the
      functionality of the reactive components; in any event the molecular
      weight of the epoxy resin will be substantially less than the ultimate
      molecular weight obtained as the coating on the substrate being coated.
PAR  Those skilled in the art will readily recognize the ratio of epoxy compound
      to phenolic hydroxyl-containing compound required to produce a product of
      desired molecular weight or simple experimentation can be employed to
      arrive at the desirable ratio for any desired molecular weight.
PAR  The combined average functionality is readily calculated by the following
      equation:
EQU  F.sub.CA = A/A + B (F.sub.A) + B/A + B (F.sub.B)
PAL  where:
PA1  A = weight of phenolic hydroxyl-containing compound
PA1  B = weight of epoxy resin
PA1  F.sub.A = functionality of phenolic hydroxyl-containing compound
PA1  F.sub.B = functionality of epoxy resin
PA1  F.sub.CA = combined average functionality
PAR  Following is a sample calculation employing the components of Example 4.
      ##EQU3##
PAR  In general, however, the ratio of
      ##EQU4##
      phenolic OH is such as to provide a resultant resin having a molecular
      weight of at least about 15,000. Those skilled in the field of epoxy
      resins can readily ascertain with relatively simple experimentation the
      desired ratios for the particular components employed.
PAR  In the present invention, the coated substrates are subjected to
      temperatures which will effect the reaction between the epoxy resin and
      the phenolic hydroxyl containing compound. The time employed is, of
      course, dependent upon the temperature, the mass of the coated substrate,
      etc. For example, thin metallic substrates subjected to a temperature of
      300.degree.C would require only a few seconds to effect and complete the
      reaction whereas automobile bodies subjected to a temperature of
      120.degree.C would require upwards to 60 minutes to effect and complete
      the reaction between the epoxy resin and the phenolic hydroxyl-containing
      compound.
PAR  The coatings of the present invention can be employed as coatings for such
      articles as automobiles, machinery, appliances, containers and the like.
PAR  The following examples are illustrative of the present invention but are
      not to be construed as limiting the scope thereof in any manner.
DETD
PAC  EXAMPLES 1-3
PAR  Bonderized steel panels were coated with various compositions comprising a
      diglycidyl ether of bisphenol A (DGEBA) having an epoxide equivalent
      weight of 187, bisphenol A, ethyl triphenyl phosphonium acetate.acetic
      acid complex catalyst (ETPA.HAc) and the monomethyl ether of ethylene
      glycol (EGME) as a solvent. After applying the compositions to the
      bonderized steel panels they were baked in an oven at 400.degree.F for 30
      minutes. The coatings had a dry film thickness of 1.3 mils. The
      compositions and properties are given in the following Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                     COMPARATIVE                  COMPARATIVE                  

     COMPONENT       Ex. A   Example 1                                         

                                    Example 2                                  

                                           Example 3                           

                                                  Ex. B                        

     __________________________________________________________________________

     DGEBA, pbw.sup.1                                                          

                     70      65     63     60     63                           

     Bisphenol A, pbw                                                          

                     30      35     37     40     37                           

     ETPA.sup.. HAc, pbw                                                       

                     .35     .33    .32    .30    none                         

     EGME, pbw       33      33     33     33     33                           

     percent non-volatiles                                                     

                     75      75     75     75     75                           

     Gardner viscosity, poises.sup.2                                           

                     2       2      2      2      2                            

     PHYSICAL PROPERTIES AFTER HEATING AT 400.degree.F FOR 30 MINUTES          

     Spatula toughness.sup.3                                                   

                     Poor    Excellent                                         

                                    Excellent                                  

                                           Excellent                           

                                                  Very Brittle                 

                     (brittle)                                                 

     Reverse impact, in-lbs.                                                   

                     Fail 20,                                                  

                             Fail 40,                                          

                                    Passed 160                                 

                                           Fail 40,                            

                                                  Fail 5                       

                     Passed 10                                                 

                             Passed 20     Passed 20                           

     Weight average molecular                                                  

     wt. determined by GPC.sup.4                                               

                     7,752   16,979 29,931 21,893 1,300                        

     __________________________________________________________________________

PAC  EXAMPLES 4-8
PAR  A high solids epoxy solution was prepared by mixing a 3.6 functional epoxy
      novolac resin having a EEW of 176, bisphenol A, ethyltriphenyl phosphonium
      acetate.acetic acid complex catalyst (ETPA.HAc) and the monomethyl ether
      of ethylene glycol (EGME) as a solvent. The solutions were then applied to
      bonderized steel panels to a dry film thickness of 1.3 mils and baked in
      an oven at 400.degree.F for 30 minutes. The following Table II gives the
      quantities of components employed and the physical properties of the
      resultant coating.
TBL                                    TABLE II                                

     __________________________________________________________________________

     COMPONENT       Example 4                                                 

                            Example 5                                          

                                   Example 6                                   

                                          Example 7                            

                                                 Example 8                     

     __________________________________________________________________________

     Epoxy novolac, pbw.sup.1                                                  

                     70     65     63     62     60                            

     Bisphenol A, pbw                                                          

                     30     35     37     38     40                            

     ETPA.sup.. HAc  .35    .33    .32    .31    .30                           

     EGME            33     33     33     33     33                            

     Percent non-volatiles                                                     

                     75     75     75     75     75                            

     Gardner viscosity, poises.sup.2                                           

                     3.1    3.1    3.1    3.2    3.2                           

     Combined average functionality                                            

                     3.12   3.04   3.01   2.99   2.96                          

     PROPERTIES AFTER HEATING AT 400.degree.F FOR 30 MINUTES                   

     Spatula Toughness.sup.3                                                   

                     Excellent                                                 

                            Excellent                                          

                                   Excellent                                   

                                          Excellent                            

                                                 Excellent                     

     Reverse Impact, in.-lbs.                                                  

                     Pass 100                                                  

                            Pass 160                                           

                                   Pass 160                                    

                                          Pass 160                             

                                                 Pass 160                      

     5-min. methyl ethyl ketone                                                

                     Severely                                                  

     resistance.sup.5                                                          

                     Soft   Excellent                                          

                                   Excellent                                   

                                          Excellent                            

                                                 Excellent                     

     Wt. Avg. M.W. as determined                                               

     by GPC.sup.4    &gt;27,000                                                   

                            &gt;27,000                                            

                                   &gt;27,000                                     

                                          &gt;27,000                              

                                                 &gt;27,000                       

     __________________________________________________________________________

     FOOTNOTES TO TABLES I AND II                                              

      .sup.1 pbw = parts by weight                                             

      .sup.2 The Gardner viscosity was measured at 25.degree.C.                

      .sup.3 Spatula toughness was determined by scraping the coated surface   

      with the edge of a steel spatula and if the coating required heavy       

      pressure to be removed from the substrate the coating was considered to  

      have an excellent rating; if it took little pressure to be removed, it   

      would be given a poor rating.                                            

      .sup.4 GPC is Gel Permeation Chromatography.                             

      .sup.5 The 5-minute methyl ethyl ketone resistance was determined by     

      saturating a cloth with the solvent, placing the cloth over the coating  

      and covering the cloth covered panel with a watch glass. After 5 minutes,

      the portion tested was scratched with a steel spatula and if heavy       

      pressure was required to remove the coating it was given an excellent    

      rating. If it required little or no pressure, it was given a severely sof

      rating.                                                                  

PAC  EXAMPLE 9
PAR  A pigmented primer powder coating was prepared in the following manner.
PAC  Epoxy Resin
PAR  A commercially available solid epoxy resin of the digylcidyl ether of
      bisphenol A type having an EEW of 887 and a Durran's softening point of
      99.degree.C commercially available from The Dow Chemical Company as D.E.R.
      664.
PAC  SOLID PHENOLIC HYDROXYL CONTAINING COMPOUND
PAR  A solid phenolic hydroxyl containing compound was prepared by reacting a
      mixture of
PA1  140 lbs. of digylcidyl ether of bisphenol A having an EEW of 187,
PA1  171 lbs. of bisphenol A,
PA1  171 lbs. of bisphenol A,
PA1  40 grams of an 80% solution in methanol of ethyl triphenyl phosphonium
      acetate.
PAC  PROCEDURE
PAR  A mixture of 68.6 grams of the above mentioned D.E.R. 664 solid epoxy
      resin, 31.4 grams of the above prepared solid phenolic hydroxyl containing
      compound, 1.0 grams of Modaflow flow control agent from Monsanto Chemical
      and 0.45 grams of ethyl triphenyl phosphonium acetate was melt blended at
      a temperature of about 120.degree.C for 10 minutes with a Cowles dissolver
      then cooled and flaked. This was then dry blended with 100 grams of barium
      sulfate in a Welex blender and extruded through a Baker-Perkins Ko-Kneader
      extruder at about 100.degree.C. The resultant blend was then cooled,
      flaked, powdered and screened. A portion of the product which passed
      through a 325 mesh U.S. Standard Screen was electrostatically sprayed onto
      a bonderized steel panel to a dry film thickness of 1 mil, then baked in
      an oven for 30 minutes at 350.degree.F. The cured film exhibited excellent
      intercoat adhesion for a thermoplastic acrylic automotive topcoat, and the
      weight average molecular weight of the cured film was 28,455 as determined
      by GPC. The film also passed 160 pounds reverse impact at a dry film
      thickness of 1 mil.
PAC  EXAMPLE 10
PAC  Formulation A -- Example of the Present Invention
PAR  A mixture of 37 grams of bisphenol A, 63 grams of the diglycidyl ether of
      bisphenol A having an EEW of 190 and .5 grams of ethyltriphenyl
      phosphonium acetate.acetic acid complex as a catalyst was diluted to a
      viscosity at 25.degree.C of 18 second NO. 2 Zahn cup with 100 grams of
      methyl ethyl ketone to a percent non-volatile of 50. This coating expends
      to the atmosphere 100 grams of solvent for every 100 grams of resin solid
      applied.
PAC  Formulation B -- Comparative Example:
PAR  About 100 grams of a commercially available epoxy resin designated as
      D.E.R. 684 EK 40 that is essentially the reaction product of the
      digylcidyl ether of bisphenol A with bisphenol A containing 40% by weight
      of said reaction product having an average molecular weight of about
      25,000 by gel permeation chromatography and 60% by weight of the solvent
      methyl ethyl ketone was diluted to a viscosity at 25.degree.C of 18
      seconds No. 2 Zahn cup with 128 grams of methyl ethyl ketone to a percent
      non-volatiles of 17.8. This coating evaporates into the atmosphere 470
      grams of solvent for each 100 grams of resin solid applied.
PAR  Formulation A above was then applied to a steel panel and placed in an oven
      for 30 minutes at 155.degree.C.
PAR  Formulation B was applied to a steel panel and the solvent removed by
      baking at 110 minutes at 120.degree.F.
PAR  The physical properties of each of the above coatings and the molecular
      weight of each coating were then obtained. The results are given in the
      Table below.
TBL                TABLE III                                                   

     ______________________________________                                    

                               Comparative                                     

                      Example  Formulation                                     

                      10-A     B                                               

     ______________________________________                                    

     Grams of solvent evaporated into                                          

     the atmosphere per 100 grams of                                           

     solid resin applied                                                       

                        100        470                                         

     Reverse impact, in-lbs.                                                   

                        Passed 160 Passed 160                                  

     180.degree. Conical Mandrel bend                                          

                        Passed     Passed                                      

     Weight average molecular weight                                           

     as determined by gel permeation                                           

     chromatography     29,931     27,500                                      

     ______________________________________                                    

PAC  EXAMPLE 11 (Comparative)
PAR  To demonstrate that a coating composition cannot be prepared by
      conventional means from a compound having 2 phenolic hydroxyl groups and
      an epoxy resin having more than 2 epoxy groups, the following reaction was
      conducted.
PAR  Into a suitable reactor equipped with a means for stirring and temperature
      control were added 35 parts by weight of bisphenol A, 65 parts by weight
      of a 3.6 functional epoxy novolac resin having an EEW of about 176, 33
      parts by weight of the monoethyl ether of ethylene glycol as a solvent and
      0.33 parts by weight of ethyltriphenyl phosphonium acetate.acetic acid
      complex as a catalyst. The temperature was raised to 120.degree.C with
      stirring and after about 15 minutes the contents of the reaction vessel
      gelled.
PAC  EXAMPLE 12
PAR  This example is illustrative of the dispersion technique for applying the
      coatings of this invention.
PAC  Preparation of Esterified Epoxy Resin (Component I)
PAR  To a suitable reaction vessel equipped with a stirrer and temperature
      control means were added:
PA1  86.1 parts by weight of Empol Dimer Acid 1010.sup.1
PA1  213.6 parts by weight of D.E.N. 438.sup.2
PA1  0.3 parts by weight of ethyl triphenyl phosphonium acetate.acetic acid
      complex
PA1  0.07 parts by weight of sodium carbonate.
PAR  After stirring the mixture at 150.degree.C for 1 hour, the resultant
      product was cooled and reduced to 80% non-volatiles with Aromatic
      100.sup.3 solvent. This product was designated as Component I and had the
      following properties.
TBL  ______________________________________                                    

     Acid Number            2                                                  

     % Epoxide              13.2                                               

     Viscosity, Gardner     Z.sub.3 -Z.sub.4                                   

     ______________________________________                                    

PAC  Preparation of Component II
PAR  99.5 Parts by weight of bisphenol A was melt blended with 0.5 parts by
      weight of ethyltriphenyl phosphonium acetate.acetic acid complex catalyst.
PAR  A dispersion coating was prepared by thoroughly mixing in a high speed
      mixer the following:
PA1  100 parts by weight of Component I,
PA1  82.6 parts by weight of xylene,
PA1  27.6 parts by weight of Component II,
PA1  3 drops of BYK 300.sup.4 as a flow control agent.
PAR  The resultant dispersion had a % non-volatiles of 50 and a Gardner
      viscosity of 15-20 seconds.
PAR  The above dispersion was then reduced to a Gardner viscosity of 5 seconds
      with xylene and then applied to a caustic washed aluminum panel with a 12
      wire wound rod. The coated panel was baked in an oven at 350.degree.F for
      5 minutes. The dry film had a thickness of 0.3-0.6 mils and passed 30 inch
      pounds forward impact without rupture as determined by a copper sulfate
      stain test.
PAR  The dispersion coating exhibited excellent stability for at least 6 weeks.
FNT  .sup.1 Empol Dimer Acid 1010 was a mixture of 97% C.sub.36 dibasic acid
      having a molecular weight of approximately 845 and 3% by weight of
      C.sub.54 tribasic acids having a molecular weight of approximately 845,
      said mixture having an acid value of 191-197 commercially available from
      Emery Industries, Inc.
FNT  .sup.2 D.E.N. 438 was an epoxy novolac resin having an EEW of about 180 and
      a functionality of about 3.6, commercially available from The Dow Chemical
      Company.
FNT  .sup.3 Aromatic 100 was a solvent comprising 98.9% aromatics and 1.1%
      paraffins having a boiling range of 311.degree.-344.degree.F, commercially
      available from Humble Oil & Refining Co.,
FNT  .sup.4 BYK 300 was a paint compatible silicone resin having a specific
      gravity of 0.94 and a refractive index of 1.465 commercially available
      from Byk-Mallinckrodt Chem. Produkte GmbH.
PAC  EXAMPLE 13
PAR  A series of coating compositions were prepared from the following
      composition:
PA1  186 grams of D.E.N. 438
PA1  114 grams of bisphenol A
PA1  100 grams of the monoethylether of ethylene glycol (C.sub.2 H.sub.5
      --O--C.sub.2 H.sub.4 OH)
PA1  98 grams of Butyl Cellosolve Acetate
PA1  1.5 grams of a cellulose acetate butyrate resin (CAB) as a flow control
      additive.
PAL  various quantities of catalysts as indicated in Table IV.
PAR  The above compositions were prepared by melt blending the D.E.N. 438,
      bisphenol A and CAB resin at 110.degree.-120.degree.C. The mixture was
      cooled and the solvents and catalyst were added. The compositions were
      then coated onto test panels. The catalyst and results are given in the
      following Table IV.
TBL                                    TABLE IV                                

     __________________________________________________________________________

                          Cure  Film                                           

     Experiment                                                                

           Catalyst                                                            

                   Type of                                                     

                          Schedule                                             

                                Thickness                                      

                                      Reverse                                  

     No.   Type/%.sup.1                                                        

                   Test Panel                                                  

                          Min./.degree.F                                       

                                Mils  Impact                                   

     __________________________________________________________________________

     A     2MI.sup.2 /0.2                                                      

                    A.sup.3                                                    

                          10/350                                               

                                0.9-1.1                                        

                                      &gt;160                                     

     B     "       A      5/350 1.0    100                                     

     C     "       A      10/350                                               

                                0.4   &gt;160                                     

     D     "       A      5/350 0.4   50-100                                   

     E     "        B.sup.4                                                    

                          5/350 1.1   &gt;160                                     

     F     "       B      4/350 1.1   &lt;40                                      

     G     "       B      3/350 1.1   not cured                                

     H     "       B      10/300                                               

                                1.0-1.1                                        

                                      &lt;20                                      

     I     "       B      8/300 1.0-1.1                                        

                                      not cured                                

     J     "        C.sup.5                                                    

                          4/350 1.1   &gt;60                                      

     K     "       C      3/350 1.1   &lt;20                                      

     L     "       C      2/350 1.1   not cured                                

     M     2MI/0.5 B      10/350                                               

                                1.0-1.1                                        

                                       120                                     

     N     "       B      5/350 1.0-1.1                                        

                                       120                                     

     O     ETPPSCN.sup.6 /0.6                                                  

                   A      10/350                                               

                                0.9-1.1                                        

                                       160                                     

     P     "       A      5/350 1.0   &lt;160                                     

     __________________________________________________________________________

      .sup.1 % of catalyst was based upon the non-volatile components of the   

      composition.                                                             

      .sup.2 2MI was 2-methylimidazole.                                        

      .sup.3 Test panel A was 20-guage Bonderite.                              

      .sup.4 Test panel B was cold rolled steel.                               

      .sup.5 Test panel C was aluminum.                                        

      .sup.6 ETPPSCN was ethyltriphenylphosphonium thiocyanate.                

PAC  EXAMPLE 14
PAR  Preparation of dispersion of present invention (A) and a comparative
      dispersion (B) for stability on storage.
PAR  As an example of the present invention, 228 g. of bisphenol-A were melted
      and mixed with 1 g. of ethyltriphenyl phosphonium acetate.acetic acid
      complex. The mixture was then allowed to cool and solidify. This product
      was then ground into a fine powder and added to a container containing 378
      g. of a diglycidyl ether of bisphenol A (DGEBA) having an equivalent
      weight (EEW) of about 189. The mixture was then ball-milled for 18 hours
      to obtain a dispersion of the bisphenol catalyst mixture in the epoxy
      resin. This dispersion having a weight average molecular weight as
      determined by gel permeation chromatography (GPC) of 395 was stored at
      25.degree.C for forty-nine days then examined. The product was still a
      fluid dispersion. Analysis, after storage, by gel permeation
      chromatography indicated a weight average molecular weight of 567.
PAR  For a comparative experiment (B), one gram of ethyltriphenyl phosphonium
      acetate.acetic acid complex was mixed with 378 g. of DGEBA having an EEW
      of about 189. To this mixture was then added 228 g. of bisphenol-A that
      had been ground into a fine powder. The mixture was then ball-milled for
      18 hours to obtain a dispersion of the bisphenol in the epoxy
      resin-catalyst mixture. This dispersion having a weight average molecular
      weight of 395 as determined by GPC was stored at 25.degree.C for 49 days
      then examined. The product was a solid. Analysis, after storage, by gel
      permeation chromatography indicated a weight average molecular weight of
      1126.
PAR  It is readily ascertainable from the above example that the dispersions of
      the present invention wherein the catalyst is mixed with the phenolic or
      hydroxyl-containing compound before being dispersed into the epoxy resin
      are much more stable than the comparative dispersion wherein the phenolic
      hydroxyl-containing compound was dispersed into a mixture of the epoxy
      resin and catalyst.
PAC  EXAMPLE 15
PAR  Aluminum and tin-free steel panels were coated with a composition
      containing a 2.2 functional epoxy novolac resin having an EEW of 163, a
      3.6 functional epoxy novolac resin having an EEW of 176, bisphenol A,
      2-methylimidazole catalyst and the mono-methyl ether of propylene glycol
      (PGME) as a solvent. Panels were coated with this composition to a dry
      film thickness of 0.4 mils and baked in an oven at 400.degree.F for ten
      minutes. The following Table V gives the quantities of components employed
      and the physical properties of the resultant coatings. This coating
      expends to the atmosphere 25 grams of solvent for every 100 grams of resin
      solid (non-volatile materials) applied.
TBL                TABLE V                                                     

     ______________________________________                                    

     COMPONENT              pbw.sup.1                                          

     ______________________________________                                    

     2.2 f Epoxy Novolac    52.8                                               

     3.6 f Epoxy Novolac    7.2                                                

     Bisphenol A            40                                                 

     2-Methylimidazole      0.2                                                

     PGME                   25                                                 

     % Non-Volatiles        80                                                 

     GARDNER-HOLD VISCOSITY                                                    

     At 23.degree.C         V                                                  

     At 40.degree.C         F-G                                                

     At 50.degree.C         A-2                                                

     PHYSICAL PROPERTIES AFTER HEATING AT 400.degree.F FOR TEN MINUTES         

     Substrate   Aluminum.sup.2 TFS.sup.3                                      

     ______________________________________                                    

     MEK Resistance.sup.4                                                      

                 Slight Softening                                              

                                Slight Softening                               

                 at 80 double rubs                                             

                                at 80 double rubs                              

     Flexibility.sup.5                                                         

                 Pass 4"        Pass 4"                                        

     Impact.sup.6                                                              

      Forward    &gt;40 in-lbs.    &gt;12 in-lbs.                                    

      Reverse    &gt;40 in-lbs.    &gt;12 in-lbs.                                    

     ______________________________________                                    

      .sup.1 pbw = parts by weight.                                            

      .sup.2 24 gauge untreated aluminum.                                      

      .sup.3 38 gauge chrome-chromoxide treated tin-free steel.                

      .sup.4 MEK Resistance -- a 2-lb. ball-pein hammer with a piece of cheese 

      cloth is attached to the pein part of the hammer and the cloth is        

      saturated with MEK. The cloth covered pein of the hammer is pushed across

      the coating until the film shows evidence of failure. One hundred double 

      rubs is considered excellent.                                            

      .sup.5 Gardner Wedge Bend, ASTM-D522-68.                                 

      .sup.6 Gardner Impact, ASTM-D256-56.                                     

CLMS
STM  I claim:
NUM  1.
PAR  1. An epoxy resin coating composition comprising in dispersed form
PA1  1. a liquid epoxy resin having more than one 1,2-epoxy groups
PA1  2.
NUM  2.
PAR  2. a mixture comprising a solid phenolic hydroxyl containing compound
      having more than one phenolic hydroxyl group and a catalytic amount of a
      catalyst for effecting the reaction between the epoxy groups and the
      phenolic hydroxyl groups selected from the group consisting of phosphonium
      salts of organic and inorganic acids, imidazoles, imidazolines and
      quaternary ammonium compounds;
PAL  wherein the epoxy resin and phenolic hydroxyl-containing compound are
      employed in quantities such as to provide a product having an average
      molecular weight of at least about 15,000 and wherein said phenolic
      hydroxyl-containing compound and catalyst mixture is dispersed in said
PAR   liquid epoxy resin. 2. The composition of claim 1 wherein the epoxy resin
      is a liquid epoxy resin dissolved in a solvent that is a non-solvent for
      the phenolic hydroxyl-containing compound.
NUM  3.
PAR  3. The composition of claim 1 wherein the epoxy resin is a solid dissolved
      in a solvent that is a non-solvent for the phenolic hydroxyl-containing
      compound.
NUM  4.
PAR  4. The composition of claim 3 wherein the epoxy resin is a phenolic-based
      epoxy resin.
NUM  5.
PAR  5. The composition of claim 4 wherein at least one of the components
      selected from the epoxy resin and the phenolic hydroxyl-containing
      compound has a functionality greater than 2.
NUM  6.
PAR  6. The composition of claim 5 wherein the epoxy resin has a functionality
      greater than 2.
NUM  7.
PAR  7. The composition of claim 1 wherein said solid phenolic
      hydroxyl-containing compound is a material represented by the formula
      ##SPC6##
PAL  wherein A is a divalent hydrocarbon group having from about 1 to about 6
      carbon atoms,
      ##EQU5##
      each X is independently hydrogen, chlorine or bromine, and n has an
      average value of from about 1 to about 4.
NUM  8.
PAR  8. The composition of claim 7 wherein Component A is an isopropylidene
      group, each X is hydrogen.
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ABST
PAL  This invention describes resin products having particular utility as rapid
      curing adhesives for wood and other materials, and processes for making
      the resin compositions. The reaction products are made by reacting an
      aldehyde condensation polymer, such as a phenol-formaldehyde condensation
      polymer, with a primary aromatic amine having the formula:
      ##SPC1##
PAL  Where
PA1  X.sub.1 is --NH.sub.2 --CH.sub.2 NH.sub.2 ;
PA1  X.sub.2 is --X.sub.1 --OH--alkoxy;
TBL  X.sub.3 is -X.sub.1                                                       

     COOH                                                                      

     NHCOCH.sub.3                                                              

     NO.sub.2                                                                  

     OH                                                                        

     C.sub.1 to C.sub.5 alkyl                                                  

     H                                                                         

     -halogen                                                                  

     halogenated alkyl                                                         

     alkoxy                                                                    

PA1  X.sub.4 is C.sub.1 to C.sub.4 alkyl, --H--aryl; and
PA1  A is
      ##EQU1##
      where Y.sub.1 and Y.sub.2 are hydrogen or alkyl radicals having from 1 to
      3 carbon atoms and Z is an integer from 0 to 2,
PA1  --SO.sub.2 ----NH----O----S---- C----S--S----N=N--, to obtain an
      amine-modified polymer. On blending an appropriate hardening agent with
      the amine-modified polymer, the composition cures very rapidly at ambient
      temperature. When pieces of wood or other materials are spread with the
      preferred adhesives employing the resin compositions of this invention and
      brought into contact with another wood or other surface the bond strength
      develops within minutes.
PARN
PAC  CROSS REFERENCE
PAR  This application is a divisional of copending application Ser. No. 174,942,
      filed Aug. 25, 1971 (now U.S. Pat. No. 3,784,515) which application was a
      continuation-in-part of earlier copending application Ser. No. 113,681,
      filed on Feb. 8, 1971 (now abandoned), and entitled "Rapid Curing Resin
      Compositions Comprising The Reaction Product of an Aldehyde Condensation
      Polymer With a Primary Aromatic Amine Further Reacted With a Curing
      Agent." Application Ser. No. 113,681 was a continuation-in-part of earlier
      copending application Ser. No. 821,996, filed on May 5, 1969, now
      abandoned, and entitled "Rapid Curing Resin Compositions Comprising the
      Reaction Product of an Aldehyde Condensation Polymer With a Primary
      Aromatic Amine Further Reacted With Additional Aldehyde." Application Ser.
      No. 821,996 was itself a continuation-in-part of application Ser. No.
      639,270, filed May 18, 1967, entitled "Method of Making a Fast-Curing
      Adhesive and a Method of Bonding Members Utilizing Said Adhesives", now
      U.S. Pat. No. 3,518,159. While this application is directed to certain new
      methods of preparation of rapid curing resin compositions, to certain
      resin compositions per se, and to certain use of these resin compositions
      as adhesives, other methods, compositions and uses for the same purposes
      are disclosed and claimed in the copending application having a common
      assignee, Ser. No. 164,927, filed July 21, 1971 (now U.S. Pat. No.
      3,773,721), and having a title identical to that of this application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the preparation of rapid curing resin
      compositions, to the resin compositions per se, and to the use of these
      resin compositions as adhesives.
PAR  For many years the adhesives used to bond wood together to make plywood,
      laminated beams, furniture, etc., have employed aldehyde condensation
      polymers of phenol, urea, resorcinol, and other similar compounds. These
      resins, however, produce adhesives having relatively slow curing rates.
PAR  The relatively slow cure rates of these resins have necessitated long press
      times with concurrent restriction on production when used in the
      manufacture of laminated beams, plywood and other construction uses. To
      overcome the slow cure rates many modifications of the above resins have
      been proposed. Other resins, such as the epoxies, have been proposed, but
      their expense and certain of their physical properties have limited their
      use. The resins of this invention employ aldehyde condensation polymers
      modified with particular amines. These resins not only have rapid cure
      rates but develop adequate adhesive bond strengths in a short amount of
      time at ambient temperature, thereby eliminating the need for long press
      times and application of heat to develop sufficient bond strength.
PAR  Mazzucchelli et al, in U.S. Pat. No. 2,557,922, describe the preparation of
      modified phenol-formaldehyde condensation products by the inclusion of
      mono-amino diphenyls, diaminodiphenyls, or amino diphenylmethanes alone or
      as condensation products with formaldehyde. The compositions, when mixed
      with suitable fillers, are used primarily as electrical insulators.
PAR  Edison, in U.S. Pat. No. 1,283,706, teaches that small amounts of
      p-phenylenediamine may be added to two-stage phenolic molding compound or
      varnish resins as a catalyst to accelerate the heat cure of these resins.
      Other patents of which U.S. Pat. Nos. 2,106,486, 2,511,913, 2,582,849,
      2,875,160, 2,290,345, and 2,994,669 are exemplary, disclose the use of
      aromatic amines, especially m-phenylenediamine, in insoluble resins
      intended as ion exchange materials. It is also well known to make
      condensation resins from aniline and an aldehyde or to use aniline as a
      modifier for other condensation resins, as taught by Harvey in U.S. Pat.
      No. 2,766,218.
PAR  Cox et al. in U.S. Pat. No. 3,186,969 describe intermediate products which
      are further reacted with compounds containing the oxirane group to form
      vicinal epoxides. The intermediate products are reaction products of an
      aromatic primary amine, a phenol and an aldehyde. Reaction conditions,
      however, are carefully chosen to avoid any condensation between the phenol
      and aldehyde.
PAR  Bornstein in U.S. Pat. No. 3,471,443 teaches the use of aniline or aniline
      salts as cure accelerators in heat curing phenol-formaldehyde resins and
      gives the same teaching in regard to phenol-resorcinol-aldehyde resins in
      U.S. Pat. No. 3,476,706. The latter patent also teaches a so-called
      honeymoon glue system using the disclosed products.
PAR  German Pat. No. 358,195 describes resins made by using phenols having basic
      groups, such as aminophenols, as alkaline catalysts for the condensation
      of phenol with formaldehyde. The minor amount of catalyst, up to 3 parts
      per hundred parts of phenol, is cooked together with the phenol and
      formaldehyde to produce a product suggested as useful for electrical
      insulation.
PAR  Auer, in U.S. Pat. No. 2,309,088 teaches the manufacture of organic
      isocolloids through modification of resins with amine compounds. The
      isocolloids are useful, inter alia, as additives for varnishes to improve
      their alkali and hot and cold water resistance. Fusible phenolic resins
      containing a natural resin or resinous esters thereof are modified by Auer
      by heating with particular amines at elevated temperatures "to insure
      complete dissolution or dispersion of the modifying agent". It is not
      clear even to Auer whether any chemical reaction takes place between the
      phenolic resin and amine. However, if there was a reaction, the
      substituents such as carboxyl groups on the phenolic resins attributable
      to the natural resin or resinous esters thereof would result in the
      formation of amides, and not in the formation of the amine modified
      products of this invention. Amide modified condensation polymers have
      significantly lower reactivity for purposes of this invention than do
      amine modified condensation polymers, and are therefore to be avoided.
      Further, because Auer's phenolic resin starting materials are apparently
      permanently fusible, it can be inferred that they are novolaks and
      therefore contain no reactive alkylol groups, making them inappropriate
      for the practice of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a process for the preparation of rapid curing
      resin compositions for use as adhesives, and to the resin compositions
      themselves, and particularly to the addition of a curing agent to the
      reaction product of a primary aromatic amine with an aldehyde condensation
      polymer having reactive alkylol groups. The resins of this invention are
      prepared by reacting together an aldehyde condensation polymer having
      reactive alkylol groups, with a primary aromatic amine of the formula:
      ##SPC2##
PAL  where:
PA1  X.sub.1 is --NH.sub.2, --CH.sub.2 NH.sub.2 ;
PA1  X.sub.2 is --X.sub.1, --OH, --alkoxy;
TBL  X.sub.3 is -X.sub.1                                                       

     COOH                                                                      

     NHCOCH.sub.3                                                              

     NO.sub.2                                                                  

     OH                                                                        

     C.sub.1 to C.sub.5 alkyl                                                  

     H                                                                         

     -halogen                                                                  

     halogenated alkyl                                                         

     alkoxy                                                                    

PA1  X.sub.4 is C.sub.1 to C.sub.4 alkyl, --H, --aryl; and
PA1  A is
      ##EQU2##
      --SO.sub.2 --, --NH--, --O--, --S--, --C=C--, --S-S--, --N=N--;  where
      Y.sub.1 and Y.sub.2 are hydrogen or alkyl radicals having from 1 to 3
      carbon atoms and Z is an integer from 0 to 2,  to produce an
      amine-modified polymer. This resinous product is then blended with a
      sufficient amount of curing agent to cause the resin to become infusible.
      On addition of the curing agent to the amine-modified condensation
      polymer, the material rapidly sets to an insoluble, infusible condition at
      ambient temperature. Optionally, heat may be applied to increase cure
      speed.
PAR  The resins can be used to bond wood to wood, metal to metal, wood to metal,
      fabric, and many other materials where durable, moisture-resistant,
      heat-resistant adhesive compositions are needed.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Many of the aldehyde condensation polymers of phenol, resorcinol, urea, and
      melamine have been widely used as adhesives and their properties are well
      known. The aldehyde condensation polymers which can be used in this
      invention have reactive alkylol groups, and are well known and
      commercially available. "Polymers", as used herein, means resinous
      mixtures which do not crystallize nor have a sharp melting point.
      "Reactive alkylol groups" are alkylol groups capable of reacting with the
      primary aromatic amines used in this invention to modify the aldehyde
      condensation polymers. "Condensation" is used herein to mean a
      polymerization reaction in which a molecule, such as water, is eliminated
      and is to be distinguished from "addition" in which no by-product is
      formed. Further, the aldehyde condensation polymers used in this invention
      exclude those having dominant amide forming substituents.
PAR  Three classes of polymers are preferred: phenoplasts, aminoplasts, and
      ketone-aldehyde condensation polymers. They include such resins as the
      acid or base catalyzed phenol-aldehyde resins, urea-aldehyde resins,
      melamine-aldehyde resins, acetone-aldehyde resins, etc. The following
      references disclose methods of preparing the condensation resins useful in
      this invention: "The Chemistry of Synthetic Resins" by Carleton Ellis,
      Reinhold Publishing Co., 1935; "Phenolic Resin Chemistry" by N. J. L.
      Megson, Academic Press Inc., New York, 1958; "Aminoplasts" by C. P. Vale,
      Cleaver-Hume Press, Ltd., London, England; and British Pat. No. 480,316.
PAR  Specifically, the aldehyde condensation polymers which can be used include
      (1) phenoplasts comprising the condensation polymers of an aldehyde such
      as formaldehyde with a phenolic type material having open reactive
      positions, such as phenol, phenol-resorcinol, xylenol, cresol, resorcinol,
      and their derivatives, (2) aminoplasts comprising the condensation
      polymers of an aldehyde such as formaldehyde with compounds such as
      benzoguanamine, dicyandiamide, urea, melamine-urea, melamine, and their
      derivatives, and (3) ketone-aldehyde condensation polymers such as
      acetone-formaldehyde, methyl ethyl ketone formaldehyde, methyl isobutyl
      ketone formaldehyde, and the like. The preferred resins are water-soluble,
      liquid, thermosetting phenol-aldehyde resins.
PAR  A preferred resin is an ortho-condensed phenol-formaldehyde resin made by
      condensing 0.7 to 1.0 moles formaldehyde with 1 mole phenol in the
      presence of an ortho-directing catalyst such as calcium acetate. Such
      resins are known. Each of the aldehyde condensation polymers mentioned
      above is prepared and kept under conditions which prevent it from
      condensing to an infusible state by known methods. Although phenol is the
      preferred reactant the phenolic resins may be modified by incorporating
      into them predetermined amounts of other monohydric phenols or a dihydric
      phenol such as resorcinol or other polyhydroxy aromatic compounds.
PAR  The aldehyde used in preparation of the condensation polymer may be (1)
      monofunctional (i.e. a monoaldehyde), or (2) polyfunctional, having at
      least two aldehyde groups separated by at most one carbon atom, and can
      be, for instance, formaldehyde, paraformaldehyde, polyoxymethylene,
      trioxane, acrolein, and aliphatic or cyclic aldehydes such as glyoxal,
      acetaldehyde, propionaldehyde, butyraldehyde, and furfuraldehyde.
      Condensation, when using formaldehyde, furfuraldehyde, paraformaldehyde,
      polyoxymethylene or trioxane, is generally accomplished with the use of a
      mildly acid, alkaline, or no catalyst. When using acrolein, glyoxal,
      acetaldehyde, propionaldehyde, or butyraldehyde, condensation is generally
      accomplished by combining the reactants in the presence of a strongly acid
      catalyst, neutralizing the reaction product, adding more aldehyde, and
      further reacting in the presence of a mildly acid, or alkaline, catalyst.
PAR  The aldehyde condensation polymers mentioned above are modified by reaction
      with a primary aromatic amine to give an amine-modified polymer. It is
      necessary, in order to produce the low-temperature fast curing products of
      this invention, to first produce the aldehyde condensation polymer and
      then subsequently modify that polymer with the primary aromatic amine.
      Simultaneous reaction of all the reactants, i.e., phenol, formaldehyde and
      amine, produces an inferior, heterogeneous mass, i.e., comprising
      essentially an amine-formaldehyde condensation polymer containing free
      phenol.
PAR  The amount of amine used to react with the condensation polymer may range
      from about 0.05 to 2.0 parts by weight of the amine to each part of the
      condensation polymer and preferably 0.1 to 1.0 parts by weight of the
      amine to each part of the condensation polymer. More than 2.0 parts by
      weight of the amine to each part of the aldehyde condensation polymer can
      be used but there is little advantage in doing so. Most of the amines
      disclosed react with the aldehyde condensation polymers at room
      temperature, but to insure complete reaction the mixtures are usually
      heated to reflux. Many of these reactions are exothermic in nature and
      cooling is required to control the reaction. This exothermic nature of the
      reaction is in some instances controlled by slow addition of the amine to
      the prepared polymer. It may be desirable under some circumstances,
      however, to add the polymer to a solution of the amine. When the resin is
      ready to be used a curing agent is blended therein.
PAR  The amines for modifying the aldehyde condensation polymers include primary
      aromatic amines having the formula:
      ##SPC3##
PAL  where:
PA1  X.sub.1 is --NH.sub.2, --CH.sub.2 NH.sub.2 ;
PA1  X.sub.2 is --X.sub.1, --OH, --alkoxy
TBL  X.sub.3 is -X.sub.1                                                       

     COOH                                                                      

     NHCOCH.sub.3                                                              

     NO.sub.2                                                                  

     OH                                                                        

     C.sub.1 to C.sub.5 alkyl                                                  

     H                                                                         

     -halogen                                                                  

     halogenated alkyl                                                         

     alkoxy                                                                    

PA1  X is C.sub.1 to C.sub.4 alkyl, --H, --aryl; and
PA1  A is
      ##EQU3##
      --SO.sub.2 --, --NH--, --O--, --S--, --C=C--, --S--S--, --N=N--; where
      Y.sub.1 and Y.sub.2 are hydrogen or alkyl radicals having from 1 to 3
      carbon atoms and Z is an integer from 0 to 2. The following amines are
      exemplary of those that may be used in the preparation of these resins:
      4-aminosalicylic acid; 3,5-diamino benzoic acid; m-hydroxyaniline;
      o-phenylenediamine; m-phenylenediamine; p-phenylenediamine;
      1,2,4-triaminobenzene; 1,3,5-triaminobenzene; m-xylylenediamine;
      2-aminoresorcinol; m-methoxyaniline; 2,4,6-triaminotoluene;
      2,4-diaminodiphenylamine; 2-amino-5-nitrophenol;
      1,3-diamino-4-methoxybenzene; 1,3-diamino-4-nitrobenzene;
      1,4-diamino-2-nitrobenzene; 2,4-diaminophenol; 1,3-diamino-4-chloro
      benzene; 2,4-diaminotoluene; o-hydroxyaniline; and 2,4-diaminoacetanilide.
      The preferred amines from the standpoint of economics and adhesive
      properties include m-hydroxyaniline and m-phenylenediamine.
PAR  Primary aromatic amines having the basic structures of those suggested
      above, but further substituted with non-interfering substituents, are also
      useful in this invention. By "non-interfering substituents" is meant those
      substituents which do not detract from the usefulness of the primary
      aromatic amines in this invention. For example, halogen, ether, alkyl,
      aryl, cyano, sulfide, and mercaptan groups are non-interfering
      substituents which could be attached to the carbon ring of the suggested
      primary aromatic amines without reducing their usefulness, i.e., without
      significantly changing resin shelf life or adhesive cure speed. A primary
      aromatic amine containing such a non-interfering substituent which would
      be satisfactory for purposes of this invention is 2,4-diamino toluene.
PAR  Also useful for purposes of this invention are the acid salts of the
      suggested primary aromatic amines, which salts are formed by the reaction
      of such primary aromatic amines with nonoxidizing acids such as the
      hydrohalide acids, sulphuric acid, phosphoric acid, acetic acid, propionic
      acid, butyric acid, and the like. These salts are equivalent, for purposes
      of this invention, to the free primary aromatic amines, and will normally
      be present in the reaction system when the aldehyde condensation polymer
      is reacted with the primary aromatic amine under acidic conditions.
PAR  The amine-modified aldehyde condensation polymers useful in this invention
      are generally prepared by reacting the amine compounds described with
      previously prepared aldehyde condensation polymer, usually under reflux
      conditions, in the presence of a small amount of water, methanol,
      water-methanol mixture, or other suitable carrier vehicle. These polymers
      make up the first component of the resin composition. The first component
      is prepared so as to have a relatively long storage life so it can be
      shipped and stored for fairly long periods of time withoug gelation.
PAR  The second component of the resin composition is a curing agent which may
      be an alkylene donating compound, a di- or poly-isocyanate, or an epoxide,
      used either alone, in combination with one another, and/or mixed with
      conventional thickening agents. The curing agent is blended with the
      amine-modified aldehyde condensation polymer when needed. Other materials
      that readily donate alkylene bridges to the polymer system are also
      generally suitable. Reaction takes place at ambient temperature and the
      blended mixture gels rapidly to an insoluble infusible state. The
      preferred resins of this invention set to an insoluble infusible state
      within a few minutes. "Insoluble" is intended to mean not soluble in
      common solvents such as water, alcohols, ketones, hydrocarbons, esters,
      glycols, and the like. Optionally, heat may be applied to the curing
      composition if desired to further decrease the required cure time.
PAR  Sufficient curing agent is added to the first component to form an
      infusible product. The amount of curing agent is not critical and may
      range from 0.02 to 2.0 parts by weight per part of amine-modified
      condensation polymer; as stoichiometric proportions are approached and
      surpassed the completeness of the cure approaches 100%.
PAR  The preferred curing agent is an aldehyde such as formaldehyde, though the
      formaldehyde-forming compounds polyoxymethylene, trioxane and
      paraformaldehyde are quite satisfactory. Other aldehydes may be also used,
      for example, aliphatic or cyclic aldehydes having from 1 to 8 carbon atoms
      such as acrolein, glyoxal, acetaldehyde, propionaldehyde, butyraldehyde,
      and furfuraldehyde. Phenolic resoles and other similar polymers having
      free methylol groups are also efficient curing agents. Suitable
      di-isocyanate curing agents comprise toluene di-isocyanate, phenylene
      di-isocyanate, 1,6 di-isocyanoto-hexane, and the like, while suitable
      epoxy curing agents comprise diglycidyl ether of bisphenol A, epoxidized
      phenolic novolacs, epoxidized polyglycols and the like.
PAR  When the first component comprising the amine-modified condensation polymer
      and the second component comprising the curing agent are mixed together
      the composition becomes insoluble and infusible in a very short period of
      time. When bonding materials together the two components are kept separate
      until they are needed. They are then intimately mixed and spread on the
      material to be bonded by any conventional means. An automatic
      mixing-dispensing gun is most useful in this regard.
PAR  Certain of the resin compositions of this invention have such rapid cure
      times that they begin to cure before they can be spread on the material to
      be bonded. To overcome this problem the first component can be spread on
      one surface of the material to be bonded and the second component spread
      on the second surface to be bonded. Such a process is described, for
      example, in U.S. Pat. Nos. 2,557,826 and 3,476,706 using
      phenol-resorcinol-formaldehyde resins. When the surfaces are brought into
      contact the first and second resin components react forming an infusible
      glue line between the materials.
PAR  If desired, other ingredients can be added to the adhesive compositions.
      Such ingredients include conventional fillers, pigments, plasticizers, and
      the like, in amounts ordinarily employed for such purposes.
PAR  The compositions of this invention do not need additional catalyst or heat
      to cure them. They are curable at ambient temperatures and in very short
      time periods after mixing of the two components. Additionally the resin
      compositions develop bond strengths sufficient to hold articles together
      in a relatively short amount of time.
PAR  The following examples illustrate this invention. Parts and percents where
      used are intended to be parts and percents by weight, unless otherwise
      specified.
PAC  EXAMPLE 1
PAR  This example illustrates the fast cure rates of the resin compositions of
      this invention. Cure rate was determined by means of "gel" time. Gel time
      was determined by weighing out a 10 gram aliquot of the first component,
      adjusting the pH to the desired point, and mixing the second component
      with the first component. The time elapsed from mixing to gelling of the
      composition is termed gel time. In each instance, the compositions were
      formulated by mixing an amine-modified phenol-formaldehyde polymer with
      additional formaldehyde.
PAR  The phenol-formaldehyde polymer was prepared by mixing 42.06 parts by
      weight phenol, 4.51 parts water, 11.35 parts flake paraformaldehyde (91%)
      and 0.46 parts calcium acetate monohydrate. The mixture was brought to
      reflux (approximately 109.degree.C.) in about 60 minutes at a uniform rate
      and held at reflux for 120 minutes, thus producing an aldehyde
      condensation polymer having reactive alkylol groups. To separate 100 gram
      aliquots of this polymer were added 0.305 moles of each of the respective
      amines shown in Table 1. The mixture in each case was refluxed for 2.25
      hours, cooled, and 26.3 grams of methanol stirred into the mixture. The
      gel time of each of the adhesive compositions was determined as set forth
      above. The solution pH has some effect on the gel time of the resins. This
      pH effect is dependent primarily on the particular amine being used, but
      also on the solvent used and the concentration of the amine.
PAR  Table 1 lists the amines used, the gel time and the pH range over which the
      gel times were obtained. Though the cure rates of many of the resins are
      pH dependent, the determination of the optimum pH for a desired gel time
      can be determined easily by a skilled technician.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Compound        Gel Time   pH Range                                       

     __________________________________________________________________________

     4-aminosalicylic Acid                                                     

                     Less than 100 sec.                                        

                                1-10                                           

     3,5-diaminobenzoic Acid                                                   

                     "          1-7                                            

     m-hydroxyaniline                                                          

                     "          0-10                                           

     m-phenylenediamine                                                        

                     "          0-2, 6-10                                      

     p-phenylenediamine                                                        

                     "          6-12                                           

     1,2,4-triaminobenzene                                                     

                     "          2-12                                           

     1,3,5-triaminobenzene                                                     

                     "          1-12                                           

     1,3-diamino-4-methoxybenzene                                              

                     "          Greater than 9                                 

     1,3-diamino-4-nitrobenzene                                                

                     "          Less than 3                                    

     1,4-diamino-2-nitrobenzene                                                

                     Less than 10  min.                                        

                                4-5                                            

     2,4-diaminotoluene                                                        

                     Less than 100 sec.                                        

                                6-10                                           

     o-hydroxyaniline                                                          

                     Approx. 10 min.                                           

                                Greater than                                   

                                9.5                                            

     m-methoxyaniline                                                          

                     Less than 100 sec.                                        

                                Less than 5                                    

     o-phenylenediamine                                                        

                     "          Approx. 7.5                                    

     2,4-diaminodiphenylamine                                                  

                     "          5-9                                            

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  A mixture of 100 grams of high solids phenol-formaldehyde prepolymer
      prepared as described in Example 1 and 0.305 moles of 4-aminosalicylic
      acid were refluxed for 2.25 hours, cooled, and 26.3 grams methanol stirred
      into the mixture. A 10 gram aliquot of the amine-modified resin was
      weighed out, 0.5 grams concentrated hydrochloric acid added to adjust the
      pH, and 5.0 grams of a curing agent added. The curing agent comprised a
      solution of 55% formaldehyde in methanol and water, thickened with a small
      quantity of refined chrysotile asbestos (96.4% formaldehyde solution and
      3.6% asbestos.) The adhesive composition was used in a standard cross-lap
      test (see Marra, A., "Geometry as an Independent Variable in Adhesive
      Joint Studies," Forest Products Journal, Vol. XII, No. 2, pp. 81-90,
      1962.)
PAR  The cross-lap test is conducted by spreading the adhesive composition on
      the central area of a piece of Douglas fir wood 1 inch wide by
      approximately 3/4 inch thick and 23/4 inch long. A similar piece of
      Douglas fir wood is immediately laid over the first with the grain
      direction at right angles. A measured quantity of adhesive may be used or
      an excess may be applied with the surplus resin allowed to squeeze out of
      the joint. The latter method has been used for the examples given here. As
      soon as the cross-lap is laid on the first piece, a pressure of 40 pounds
      is applied for the desired length of time. The joint is then broken in
      tension and the bond strength recorded. At the end of 12 minutes press
      time the tensile strength necessary to separate the cross-lap of this
      example was 159 lbs. per sq. in.
PAR  Normally wood failure begins to occur at a value of about 150 psi. For many
      purposes, however, a bond strength well below this value is wholly
      satisfactory. It should also be noted that strength usually continues to
      increase significantly for at least a 24-hour period after initial
      assembly.
PAC  EXAMPLE 3
PAR  To 100 grams of high solids phenol-formaldehyde polymer, prepared as
      described in Example 1, was added 0.305 moles of 2,4-diaminoacetanilide.
      The mixture was refluxed for 2.25 hours, cooled, and 26.3 grams of
      methanol stirred into the mixture. A 10 gram aliquot of the amine-modified
      resin was weighed out, and 5.0 grams of an asbestos thickened solution of
      55% formaldehyde in methanol and water added. The mixture was stirred
      rapidly and used in a cross-lap test. At the end of 12 minutes press time
      the tensile strength necessary to separate the cross-lap was 282 lbs. per
      sq. in.
PAC  EXAMPLE 4
PAR  A resin was made using the molar ratios of ingredients of Example 1 with
      m-hydroxyaniline as the amine. A 4-liter reactor was charged with 1913.3
      grams of 91.5% phenol, 457.2 grams of 94.7% paraformaldehyde, 58.8 grams
      of water and 19.2 grams of calcium acetate monohydrate. Heat and agitation
      were applied and the temperature raised to reflux (about 109.degree.C.) in
      60 minutes. It was held at reflux for 2 hours to form an aldehyde
      condensation polymer having reactive alkylol groups, then cooled slightly
      to 101.degree.C. and 808.4 grams of m-hydroxyaniline added. The
      temperature dropped to 80.degree.C. but was again raised to reflux in 15
      minutes and held for 3 hours. At that time the temperature was
      104.degree.C. The reaction product was cooled to 60.degree.C. and 186.0
      grams of methanol added and thoroughly mixed in. The resin was then cooled
      to 25.degree.C. and removed to storage. The final viscosity was W on the
      Gardner series.
PAR  To 10 parts of the above resin was added 0.5 parts of concentrated
      hydrochloric acid to bring pH into a more optimum range and 5 parts of the
      thickened aldehyde curing agent of Example 2. These ingredients were
      rapidly mixed together and used in a cross-lap test. At 2 minutes press
      time a tensile strength of 105 psi was obtained. Tensile strength rose to
      230 psi after 4 minutes press time. The gel time of the adhesive
      composition was 20 seconds.
PAC  EXAMPLE 5
PAR  A resin was made using essentially the molar ratios of ingredients of
      Example 4 except that m-phenylenediamine was used in place of
      m-hydroxyaniline. A 4-liter reactor was charged with 2213.2 grams of 88.8%
      phenol, 518.8 grams of 93.5% flake paraformaldehyde and 21.6 grams of
      calcium acetate monohydrate. The resin was cooked in identical fashion to
      that of Example 4 up to the point of addition of amine. At this time 914.4
      grams of m-phenylenediamine was added and cooked as before except that the
      time was shortened to 21/2 hours. After cooling to 60.degree.C. 718.7
      grams of methanol was stirred in and the product cooled further to
      25.degree.C. Finally 219.3 grams of concentrated (38%) hydrochloric acid
      was added and thoroughly mixed.
PAR  A cross-lap test was made using an adhesive comprising 10 parts of the
      above resin and 5 parts of the thickened aldehyde curing agent of Example
      2. Tensile strength values of 50 psi were noted after 4 minutes press
      time. Cross-lap strength increased to 70 psi after 12 minutes press time.
      The gel time of the adhesive composition was 12 seconds.
PAC  EXAMPLE 6
PAR  A mixture of 100 grams of the phenol-formaldehyde polymer, prepared as
      described in Example 1, and 0.305 moles of 2,4-diaminotoluene were
      refluxed in a reaction vessel for 2.25 hours, cooled, and 26.3 grams of
      methanol stirred into the mixture. This resin was used as the adhesive in
      a cross-lap test by taking 10 grams of the resin and 5 grams of the
      asbestos-thickened aldehyde curing agent of Example 2, mixing rapidly and
      spreading on a cross-lap joint. After 12 minutes press time a joint
      strength of 70 psi had been reached. The gel time of the adhesive
      composition was 20 seconds.
PAC  EXAMPLE 7
PAR  A mixture of 100 grams of the phenol-formaldehyde polymer prepared as
      described in Example 1 and 0.305 moles of m-xylylenediamine were refluxed
      in a reactor for 2.5 hours, cooled and 26.3 grams of methanol mixed into
      the product. In a cross-lap test 10 grams of this resin were mixed with
      1.2 grams of concentrated hydrochloric acid and 5 grams of the
      asbestos-thickened aldehyde curing agent of Example 2. After 12 minutes
      press time the cross-lap had developed a tensile strength of 45 psi. Gel
      time of the adhesive was 10 seconds.
PAC  EXAMPLE 8
PAR  Two parts by weight of 2,4-diaminoacetanilide was dissolved with gentle
      heating in one part of N,N-dimethylformamide. To the reactor containing
      the amine solution were added with agitation and gentle warming 6 parts by
      weight of a urea-formaldehyde resin (Amres 255, a product a Pacific Resins
      and Chemicals Co.). Amres 255 is typical of many general purpose liquid
      urea-formaldehyde adhesive resins readily available on the market. It is
      made with an approximate 2 to 1 mole ratio of formaldehyde to urea, is
      cooked to a Gardner viscosity of U at a pH of 8.0, and contains 65% resin
      solids in a water solution. A discussion of preparation of resins of this
      type is made in "Aminoplasts" by C. P. Vale and published by Cleaver-Hume
      Press, Ltd., London, England, and especially to pages 12-46.
PAR  Five parts by weight of the amine-modified resin was mixed with 0.45 parts
      of concentrated hydrochloric acid and 2.5 parts of the asbestos-thickened
      aldehyde curring agent of Example 2. The mixture was stirred rapidly and
      used in the cross-lap test. At the end of the 12 minute press time the
      tensile strength necessary to separate the cross-lap was 230 lbs. per sq.
      in. The gel time of the adhesive composition was 120 seconds.
PAC  EXAMPLE 9
PAR  Ten grams of 2,4-diaminoacetanilide was charged to a reaction vessel and 20
      grams of N,N-dimethylformamide was added with stirring. To this mixture
      was added 30 grams of a melamineurea-formaldehyde resin (Melurac 400, a
      product of American Cyanamid Co.). Melurac 400 is a solid spray dried
      adhesive resin typical of many similar products commercially available
      which are intended for hot press or radio frequency bonding of wood
      products. Resins of this type are described on page 201 of the Vale
      reference mentioned earlier and are also described in British Pat. No.
      480,316.
PAR  The mixture was heated to 60.degree.C. and a slow addition begun of 12.5
      grams of a 55% solution of formaldehyde in methanol and water. An
      exothermic reaction took place that increased the temperature to
      74.degree.C. After a short period of additional mixing the resin was
      cooled to 25.degree.C.
PAR  The above resin was tested in the standard cross-lap by taking a 10 gram
      sample of the resin, adding 0.3 gram of HCl for pH adjustment and 5 grams
      of the thickened solution of formaldehyde in methanol of Example 2. The
      cross-laps developed a tensile strength of 55 psi after pressing 8 minutes
      and 155 psi after pressing 12 minutes. The gel time of the adhesive
      composition was 90 seconds.
PAC  EXAMPLE 10
PAR  Twenty grams of m-xylylenediamine was charged to a reaction vessel and 20
      grams of N,N-dimethylformamide was added with stirring. When a uniform
      mixture was obtained 6 grams of Melurac 400 resin was added with gentle
      heating. After all evidence of reaction had ceased the product was cooled
      and withdrawn to storage. A cross-lap was made using as the adhesive a
      mixture of 10 grams of the above resin, 1.5 grams of concentrated
      hydrochloric acid and 5 grams of the asbestos-thickened aldehyde curing
      agent of Example 2. After 12 minutes press time the joint had developed a
      tensile strength of 135 psi. Gel time of the adhesive was 30 seconds.
PAC  EXAMPLE 11
PAR  A 4-liter reactor was charged with 2468.9 grams of 90.4% phenol, 120.3
      grams of water and 1226.8 grams of flake paraformaldehyde. The temperature
      was adjusted to 25.degree.C. and 34.0 grams of 49.5% NaOH was added.
      Heating was begun with agitation and the temperature was raised at a
      uniform rate to 85.degree.C. in 82 minutes. Above 60.degree.C.
      intermittent cooling was required to control the exotherm. Heating was
      continued under reflux conditions for an additional 5 hours until a
      Gardner viscosity of about Z.sub.1 had been reached, whereupon the resin
      was cooled to 25.degree.C. The molar ratio of formaldehyde to phenol in
      this resin was 1.6 to 1.
PAR  A second 4-liter reactor was charged with 1075.6 grams of m-hydroxyaniline
      and 273.7 grams of methanol. Heating and agitation was applied and the
      temperature brought to reflux at about 84.degree.C. and held until a
      smooth slurry was formed. This slurry was then cooled to 70.degree.C. and
      1662.2 grams of the above phenolic resole was added slowly over a
      10-minute period. The mixture was again heated to reflux at about
      95.degree.C. and held approximately 30 minutes until all the
      m-hydroxyaniline had dissolved. The reaction mixture was now cooled to
      60.degree.C. and 254.1 grams of concentrated HCl added. The temperature
      was held at 65.degree.C. for 15 minutes, then 234.5 of a 55% solution of
      formaldehyde in methanol was slowly added so as to maintain the
      temperature between 65.degree. and 75.degree.C. After completion of this
      addition the resin was heated to reflux for 15 minutes, cooled to
      25.degree.C. and removed to storage.
PAR  Ten parts of the above resin was mixed with 5 parts of the
      asbestos-thickened curing agent of Example 2 and used in a cross-lap test
      on Douglas fir. After only 1 minute under pressure the tensile strength of
      the cross-lap was 85 psi. In 2 minutes a value of 290 psi was recorded and
      in 4 minutes the value was 405 psi. The gel time of the adhesive
      composition was 30 seconds.
PAC  EXAMPLE 12
PAR  An acetone-formaldehyde resin was prepared by charging 17,746 grams of 50%
      formalin, 1270 grams water and 4173 grams of acetone into a 5-gallon
      reactor. Temperature of the mixture was adjusted to 40.degree.C., and 45.4
      grams of 49.5% sodium hydroxide added with agitation. The mix was further
      cooled to 30.degree.C. and a second 45.4 gram portion of 49.5% sodium
      hydroxide added. The temperature was then allowed to rise uniformly to
      65.degree.C. over the next hour using cooling as required to control the
      exotherm. After reaching the maximum temperature the mixture was held at
      65.degree.-70.degree.C. for an additional 20 minutes until the exotherm
      had completely subsided. The acetone-formaldehyde resin was then cooled to
      room temperature and removed to storage.
PAR  An amine-modified acetone-formaldehyde resin was prepared by charging
      1777.6 grams of m-hydroxyaniline and 890.0 grams of methanol into a
      4-liter reactor. Heating and agitation were now begun and the temperature
      was brought to reflux (about 75.degree.C.) and held until all of the amine
      had dissolved. The amine solution was cooled to 60.degree.C. and addition
      of 1332.4 grams of the above acetone-formaldehyde resin was begun. This
      was added in small increments in order to control the highly exothermic
      reaction which occured. Temperature was controlled between 60.degree.C.
      and 70.degree.C. until all of the acetonealdehyde resin had been added and
      the exothermic reaction subsided. At this time the temperature was raised
      to reflux (about 80.degree.C.) and held for 30 minutes after which it was
      cooled to room temperature and removed to storage. The final viscosity was
      A, on the Gardner scale.
PAR  Cross-lap tests were made by rapidly mixing 10 parts of the above
      amine-modified resin, 0.5 parts of concentrated HCl and 5 parts of the
      thickened aldehyde curing agent of Example 2. After only 2 minutes press
      time a tensile strength of 80 psi was measured. After 4 minutes press time
      the tensile strength was 235 psi. The gel time of the adhesive composition
      was 30 seconds.
PAC  EXAMPLE 13
PAR  This experiment indicates that it is preferred that the condensation type
      polymer should be prepared first and the amine added, rather than adding
      the components simultaneously in order to obtain a polymer useful for the
      purposes desired.
PAR  To a reactor was added the following: 945.8 grams, 90% phenol, 396 grams
      m-hydroxyaniline, 12.2 grams water and 9.6 grams calcium acetate
      monohydrate. The mixture was heated to 30.degree.C. and 223.8 grams
      paraformaldehyde slowly added to avoid an excessive exothermic reaction.
      The temperature rose to about 85.degree.C. After all the paraformaldehyde
      had been added the mixture was heated to reflux (about 105.degree.C.). The
      mixture was then cooled. A gelled solid formed on cooling which could not
      be dissolved and could not be used. Analysis indicated a large excess of
      unreacted phenol.
PAC  EXAMPLE 14
PAR  This experiment shows that epoxides are effectively used as curing agents
      for the resin compositions of this invention. A mixture was made of 42.5
      grams of the resin of Example 4, a m-hydroxyaniline modified
      phenol-formaldehyde novolac, with 23.4 grams of an epoxidized
      phenol-formaldehyde novolac having an average of 2.2 epoxy groups per
      molecule (Dow Chemical Co. epoxy resin DEN 431). The resulting mixture had
      a 30.degree.C. gel time of 39 minutes.
PAR  To show that any amino groups of the Example 4 resin are not acting in a
      conventional manner to simply homopolymerize the epoxy resin the following
      experiments were made. The amount of m-hydroxyaniline and
      phenol-formaldehyde novolac present in the above Example 4 resin were held
      separately, before any reaction together, and each was mixed with 23.4
      grams of the above epoxy resin using 7.9 grams of methanol as a solvent
      carrier to insure compatibility. When 29.8 grams of the
      phenol-formaldehyde prepolymer alone in methanol was mixed with the epoxy
      a gel time greater than 2 weeks was measured. Mixing 10.8 grams of
      m-hydroxyaniline in methanol with the epoxy resulted in a composition
      having a 30.degree.C. gel time of 355 minutes, nearly ten times that of
      the Example 4 resin. No additional aldehyde was present in any of the
      three tests.
PAC  EXAMPLE 15
PAR  Isocyanates also function as effective curing agents for the resins of this
      invention as is shown by this example. To the resins of Example 4, made
      with m-hydroxyaniline and of Example 5, made with m-phenylenediamine was
      added 2,4-toluene diisocyanate using a molar equivalence of --NCO groups
      to the --NH.sub.2 groups of the amine used in the resin. Thus to 10 grams
      of the resin of Example 4 were added 1.65 grams of TDI. To 10 grams of the
      Example 5 resin 3.31 grams of TDI were added. The mixture was vigorously
      stirred immediately after addition of the hardener and the time to
      gelation noted visually. Additional experiments were made in which the pH
      of both resins are adjusted from the ambient nearly neutral or very
      slightly alkaline level to values of pH 6 and pH 4, using concentrated
      HCl, before addition of the isocyanate. Gel times as follows were
      obtained.
TBL  ______________________________________                                    

               Example 4 Resin                                                 

                            Example 5 Resin                                    

     ______________________________________                                    

     Ambient pH  6.8      seconds    3 seconds                                 

     pH 6.0      7.1      seconds   11 seconds                                 

     pH 4.0      150      seconds   10 seconds                                 

     ______________________________________                                    

PAC  EXAMPLE 16
PAR  This example shows the suitability of substituted phenols for making the
      aldehyde condensation polymers of this invention. Three polymers were made
      and designated A, B, and C in which the phenol of Example 1 was replaced
      by ortho, meta or para-cresol, respectively. These polymers were then used
      in the preparation of m-hydroxyaniline resins according to the teachings
      of Example 4.
PAR  The polymers were prepared by adding 244.6 grams of the cresol, 23.7 grams
      of water, 56.4 grams of 93.2% paraformaldehyde and 2.35 grams of calcium
      acetate to a reaction vessel. The temperature was raised to reflux over 60
      minutes and held until free formaldehyde had dropped below 0.5% based on
      samples withdrawn from the reactor. Time at reflux for the ortho-cresol
      exceeded 23 hours before the free formaldehyde had dropped to the desired
      level. Cooking time after reflux was only 20 minutes for meta-cresol and 3
      hours for para-cresol. At this time, the temperature was reduced slightly
      to 100.degree.C. and 98.2 grams of m-hydroxyaniline added. The temperature
      was allowed to increase again to the reflux point and the resin was
      reacted for an additional 21/2 hours. A marked viscosity increase occurred
      near the end of this cooking period on the B and C resins although this
      was not observed on the A resin. The resins were then cooled to
      50.degree.C. and 77.7 grams of methanol added. After cooling to room
      temperature 17.25 grams of concentrated HCl was added to the resins to
      bring pH into the desired range. Finally 11.6 grams of refined crysolite
      asbestos was added and mixed in for 30 minutes for penetration control.
PAR  Ten gram samples of the resin were mixed with 5 grams of 55% formaldehyde
      in a methanol-water solvent and cross lap and gel tests run. Results are
      shown below:
TBL                Resin A Resin B   Resin C                                   

     ______________________________________                                    

     Viscosity, Gardner*                                                       

                     A1-A       U-V      E-F                                   

     pH              3.7        4.6      4.0                                   

     Gel Time, sec.  55         40       70-75                                 

     Cross Lap Strength, psi.                                                  

                     85         65       10                                    

     ______________________________________                                    

      *Before addition of HCl, asbestos or hardener.                           

PAC  EXAMPLE 17
PAR  The aldehyde condensation polymers used in this invention can suitably be
      made with lower polyfunctional aldehydes such as glyoxal. As an example
      202.5 grams of 90.5% phenol, 109.2 grams of 40% glyoxal and 5.0 grams of
      calcium hydroxide were placed in a 500 ml. reactor. The temperature was
      raised to reflux over a 60 minute period and held at reflux for 5 hours
      until titration of a sample showed essentially no free glyoxal. At this
      point the temperature was dropped to 80.degree.C. and 84.4 grams of
      m-hydroxyaniline added. The temperature was again raised to reflux and
      held for 21/2 hours. Temperature of the resin was dropped to 50.degree.C.
      at which time 66.8 grams of methanol, 9.9 grams of refined crysolite
      asbestos and 14.8 grams of concentrated hydrochloric acid were added.
      Mixing was continued for an additional half hour at this temperature after
      which the resin was cooled and drawn to storage.
PAR  A 10 gram sample of the above resin was mixed with 5 grams of 55%
      formaldehyde in a methanol-water solution and the gel time and cross lap
      strength determined. The mixed composition gelled in 30-35 seconds. A
      12-minute cross lap strength using Douglas-fir of 10 psi was measured.
PAC  EXAMPLE 18
PAR  Polyfunctional aldehydes are also suitable as curing agents for amine
      modified condensation resins. A resin very similar to that of Example 4
      was mixed with 40% aqueous glyoxal in the ratio of 30 grams of resin to 15
      grams glyoxal solution. A gel time of 55 seconds was measured. The cross
      lap test using Douglas fir wood showed a glue line strength of 200 psi
      after 12 minutes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rapid curing adhesive composition comprising
PA1  a. an amine-modified condensation polymer comprising the reaction product
      of a ketone-formaldehyde condensation polymer containing reactive alkylol
      groups with a primary aromatic amine of the formula
      ##SPC4##
PAL  wherein X.sub.1 is --NH.sub.2 or --CH.sub.2 NH.sub.2 ; X.sub.2 is
      --NH.sub.2, --CH.sub.2 NH.sub.2 or --OH; X.sub.3 is --NH.sub.2, --CH.sub.2
      NH.sub.2, --NO.sub.2, --OH, alkyl of 1 to 5 carbon atoms, hydrogen,
      halogen, halogenated alkyl, alkyoxy or
      ##SPC5##
PAL  X.sub.4 is hydrogen, alkyl of 1 to 4 carbon atoms or aryl; and A is
      --SO.sub.2 --, --NH--, --O--, --S--, --C=c--, --S--S--, --N=N-- or
      ##EQU4##
      where Y.sub.1 and Y.sub.2 are hydrogen or alkyl of 1 to 3 carbon atoms and
      z is 0, 1 or 2; the amount of said amine being at least 0.1 part by weight
      per part of said ketone-formaldehyde condensation polymer; and
PA1  b. a curing agent reactable with said modified condensation polymer at
      ambient temperatures, the amounts of said modified polymer and curing
      agent being sufficient to cause said composition to rapidly become
      insoluble and infusible at ambient temperatures.
NUM  2.
PAR  2. The composition of claim 1 wherein said amine is m-hydroxyaniline.
NUM  3.
PAR  3. The composition of claim 1 wherein said amine is a phenylenediamine.
NUM  4.
PAR  4. The composition of claim 1 wherein said curing agent comprises an
      alkylene donating compound, a diisocyanate, a polyisocyanate or an
      epoxide.
NUM  5.
PAR  5. The composition of claim 1 wherein said curing agent comprises an
      alkylene donating compound.
NUM  6.
PAR  6. The composition of claim 1 wherein said curing agent comprises
      formaldehyde.
NUM  7.
PAR  7. The composition of claim 1 wherein the amount of curing agent is from
      0.02 to 2.0 parts by weight per part by weight of said modified
      condensation polymer.
NUM  8.
PAR  8. The composition of claim 1 wherein the amount of said amine is from 0.1
      to 1.0 part by weight per part of said ketone-formaldehyde condensation
      polymer.
NUM  9.
PAR  9. The composition of claim 1 wherein said ketone-formaldehyde condensation
      polymer is an acetone-formaldehyde polymer.
NUM  10.
PAR  10. The composition of claim 9 wherein the amount of said amine is from 0.1
      to 1.0 part by weight per part of said ketone-formaldehyde condensation
      polymer.
NUM  11.
PAR  11. The composition of claim 10 wherein said amine is m-hydroxyaniline.
NUM  12.
PAR  12. The composition of claim 10 wherein said amine is a phenylenediamine.
NUM  13.
PAR  13. The composition of claim 1 wherein said ketone-formaldehyde
      condensation polymer is an acetone-formaldehyde polymer, a methyl ethyl
      ketone-formaldehyde polymer, or a methyl isobutyl ketone-formaldehyde
      polymer.
NUM  14.
PAR  14. The composition of claim 13 wherein the amount of said amine is from
      0.1 to 1.0 part by weight per part of said ketone-formaldehyde
      condensation polymer.
NUM  15.
PAR  15. The composition of claim 14 wherein said amine is m-hydroxyaliline.
NUM  16.
PAR  16. The composition of claim 14 wherein said amine is a phenylenediamine.
NUM  17.
PAR  17. The process of claim 1 wherein said amine is m-hydroxyaniline, a
      phenylenediamine, a triaminobenzene, a diaminotoluene or xylylenediamine.
NUM  18.
PAR  18. The composition of claim 17 wherein the amount of said amine is from
      0.1 to 1.0 part by weight per part of said ketone-formaldehyde
      condensation polymer.
NUM  19.
PAR  19. The composition of claim 18 wherein the ketone-formaldehyde
      condensation polymer is an acetone-formaldehyde polymer.
NUM  20.
PAR  20. The composition of claim 19 wherein said curing agent comprises an
      alkylene donating compound.
NUM  21.
PAR  21. A process for the preparation of a rapid curing adhesive comprising:
PA1  1. blending together at ambient temperatures
PA2  a. an amine-modified condensation polymer comprising the reaction produce
      of a ketone-formaldehyde condensation polymer containing reactive alkylol
      groups with a primary aromatic amine of the formula
      ##SPC6##
PAL  wherein X.sub.1 is --NH.sub.2 or --CH.sub.2 NH.sub.2 ; X.sub.2 is
      --NH.sub.2, --CH.sub.2 NH.sub.2 or --OH; X.sub.3 is --NH.sub.2, --CH.sub.2
      NH.sub.2, --NO.sub.2, --OH, alkyl of 1 to 5 carbon atoms, hydrogen,
      halogen, halogenated alkyl, alkyoxy or
      ##SPC7##
PAL  X.sub.4 is hydrogen, alkyl of 1 to 4 carbon atoms or aryl; and A is
      --SO.sub.2 --, --NH--, --O--, --S--, --C=C--, --S--S--, --N=N-- or
      ##EQU5##
      where Y.sub.1 and Y.sub.2 are hydrogen or alkyl of 1 to 3 carbon atoms and
      z is 0, 1 or 2, the amount of said amine being at least 0.1 part by weight
      per part of said ketone-formaldehyde condensation polymer; and
PA2  b. a curing agent reactable with said modified condensation polymer at
      ambient temperatures, the amounts of said modified polymer and curing
      agent being sufficient to cause said composition to rapidly become
      insoluble and infusible at ambient temperatures and
PAR  2. allowing the resulting blend to cure to an insoluble, infusible state at
      ambient temperatures.
NUM  22.
PAR  22. The process of claim 21 wherein said amine is m-hydroxyaniline.
NUM  23.
PAR  23. The process of claim 21 wherein said amine is a phenylenediamine.
NUM  24.
PAR  24. The process of claim 21 wherein said curing agent comprises an alkylene
      donating compound, a diisocyanate, a polyisocyanate or an epoxide.
NUM  25.
PAR  25. The process of claim 21 wherein said curing agent comprises an alkylene
      donating compound.
NUM  26.
PAR  26. The process of claim 21 wherein said curing agent comprises
      formaldehyde.
NUM  27.
PAR  27. The process of claim 21 wherein the amount of curing agent is from 0.02
      to 2.0 parts by weight per part by weight of said modified condensation
      polymer.
NUM  28.
PAR  28. The process of claim 21 wherein said ketone-formaldehyde condensation
      polymer is an acetone-formaldehyde resin, a methyl ethyl
      ketone-formaldehyde resin or a methyl isobutyl ketone-formaldehyde resin.
NUM  29.
PAR  29. The process of claim 28 wherein said amine is m-hydroxyaniline, a
      phenylenediamine, a triaminobenzene, a diaminotoluene or xylylenediamine.
NUM  30.
PAR  30. The process of claim 28 wherein said amine is m-hydroxyaniline.
NUM  31.
PAR  31. The process of claim 28 wherein said amine is a phenylenediamine.
NUM  32.
PAR  32. The process of claim 21 wherein the amount of said amine is from 0.1 to
      1.0 part by weight per part of said ketone-formaldehyde condensation
      polymer.
NUM  33.
PAR  33. The process of claim 32 wherein said amine is m-hydroxyaniline.
NUM  34.
PAR  34. The process of claim 32 wherein said amine is a phenylenediamine.
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ABST
PAL  Soluble, hydrophilic polymers suitable for medical use and as blood plasma
      substitutes comprising low molecular weight polymer derived from at least
      one monomer of an acrylamide type material or a mono-ester of an acrylic
      type acid and a glycol which is condensed with bifunctional compounds to
      form a condensation polymer having increased molecular weight and
      enzymatically cleavable cross-links. The hydrophilic polymer is produced
      by polymerizing the acrylamide type material or monoester mentioned above
      to form a low molecular weight polymer which is then condensed with a
      bifunctional compound to form a high molecular weight condensation polymer
      having enzymatically cleavable cross-links.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to soluble hydrophilic polymer suitable for medical
      use and as blood plasma substitutes and to a process for making the same.
PAR  Various substitutes for blood plasma consisting of dilute solutions of
      hydrophilic polymers either natural, such as dextran or gelatin, or
      synthetic, such as polyvinylpyrrolidone are known.
PAR  The molecular weight of such polymers is one of the most important
      characteristics of supplementary infusion solutions of such polymers used
      for clinical purposes. The molecular weight influences the elimination of
      the infusion solution from the blood circulation, its elimination by
      urine, its retention in the organism, in which the solution is used,
      sedimentation of erythrocytes and toxicity as well as the immunological
      properties. In addition, the shape of molecule has important effects also
PAR  Molecular polydispersity, that is, dispersion of the high molecular weight
      material, such as by degradation to lower weight portions, remains the
      main problem. Products containing rather large high molecular weight
      fractions are generally biologically unfavorable. However, rather small
      molecules escape rapidly from the blood circulation system and, therefore,
      are inefficient. It has been found in the study of colloidal infusion
      solutions which were formerly used, that they are detained in RES, that
      is, in the reticulo-endothelial system of adrenal glands, milt and lungs,
      the cells of the liver parenchyma, the epithelium of the coiled channels
      of the kidney and numerous other organs and tissues, such as tissues in
      lungs, pancreas,, brain, skin, muscles etc. The results found differed
      according to the molecular weight values.
PAR  To enable substantially perfect and complete elimination of synthetic
      polymers from an organism, a definite region of molecular weights has to
      be maintained, since higher molecular weights bring about the danger of
      retention in the organism and blocking of the RES. It is difficult to
      reach and maintain this accurate molecular weight region in large-scale
      industrial production. Therefore, it is advantageous to use molecules
      which are split in the organism. Such molecules or compounds have a good
      osmotic effect in clinical application and increase to a fair extent the
      amount of circulating liquid and ameliorate the critical state of a
      patient. After the molecules have been split, their molecular weight is
      low enough, so that they penetrate the kidneys by filtration without
      difficulty and are not detained in the blood circulation system or
      deposited in the RES.
PAR  A disadvantage of gelatin, either high molecular weight or partially
      degraded material, is its low stability in the organism because it is
      readily split by enzymes so far as to form amino acids which are both
      metabolized and easily separated from the organism. In addition,
      preparations made from degraded gelatin combining it into larger molecules
      by means of diisocyanates possess this disadvantage also since the urea
      bridges between individual peptide molecules cannot protect the peptide
      bonds from cleavage, even though they are split at a slower rate than
      peptides per se. This is the reason that the properties of plasma
      substitutes of the gelatin type change relatively quickly and are optimal
      only in the beginning, immediately after infusion.
PAR  Quite the reverse effect occurs with common synthetic polymers. They are
      not split enzymatically at all and are accumulated in the organism causing
      injury of it. On the other hand, when the average degree of polymerization
      is decreased to the extent that the polymers are separated by the kidneys,
      the properties of the substitutes are not optimal in any respect. First of
      all, the colloidal osmotic pressure is too high, especially in the
      beginning, and it decreases only gradually as the polymer is removed from
      the body of the organism. This unfavorably influences the water content in
      intercellular spaces and cells.
PAR  There exists, therefore, a need to provide materials which do not exhibit
      the above mentioned disadvantages.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is a primary object of this invention to provide soluble,
      hydrophilic polymers suitable for medical use and as blood plasma
      substitutes.
PAR  It is a further object of the invention to provide soluble, hydrophilic
      polymers suitable for medical use and as blood plasma substitutes
      comprising low molecular weight polymer derived from at least one monomer
      of an acrylamide type material or a mono-ester of an acrylic type acid and
      a glycol which is condensed with a bifunctional compound to form a
      condensation polymer having increased molecular weight and have
      cross-links cleavable in the presence of appropriate enzymes.
PAR  It is still another object of the invention to provide a process for making
      the soluble, hydrophilic polymers which are suitable for medical use and
      as blood plasma substitutes.
PAR  Other objects and advantages of the invention will be apparent from the
      following description thereof.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, soluble hydrophilic polymers suitable for
      medical use and as blood plasma substitutes comprise low molecular weight
      polymer derived from at least one monomer selected from the group
      consisting of N-alkyl methacrylamides, N-alkyl acrylamides, N,N-dialkyl
      acrylamides or monoesters of acrylic and methacrylic acids with di-, tri-
      and higher homologous polyethylene glycols or mixtures thereof in any
      proportion, wherein the alkyl radicals are selected from the group
      consisting of unsubstituted and substituted alkyl radicals, the
      substituents therein being selected from the group consisting of hydroxy,
      amino and alkoxy groups. The low molecular weight polymer has an average
      molecular weight in a range of from about 10,000 to about 60,000 and
      containing up to 1% maximum of a fraction having a molecular weight above
      about 100,000. The low molecular weight polymer is then condensed with at
      least one bifunctional compound to a condensation polymer having a
      molecular weight in a range of from about 60,000 to about 250,000 and
      having cleavable in the presence of appropriate enzymes.
PAR  Preferably, the alkyl radicals contain one to three carbon atoms and the
      hydroxy, amino, and alkoxy groups contain one to six carbon atoms.
PAR  The process for making the described polymers comprises the steps of
      polymerizing in the presence of a chain transfer agent at least one of the
      monomers described above and forming the low molecular weight polymer and
      then condensing that polymer with the bifunctional compound and forming
      the condensation.
DETD
PAC  DESCRIPTION OF PREFERRERD EMBODIMENTS
PAR  In accordance with the invention, polymers comprising one of the monomers
      or mixtures of the monomers mentioned above can also be made. In addition,
      if desired, up to 49 mol percent of the aforementioned monomers can be
      replaced by acrylamide, methacrylamide or monolefinic monomers containing
      an -- N H -- group such as alkylamino acrylates or methacrylates and the
      respective alkyl may be substituted by one or more amino, alkylamino,
      hydroxy or alkoxy groups and the polymers preferably have an average
      molecular weight in a range of from about 20,000 to about 30,000 while at
      the same time the total water solubility of the polymers is maintained.
      Since treatment with the bifunctional compounds which are condensed
      through their functional groups with the polymeric groups having an active
      hydrogen atom form. They contain in this way, cleavable cross-links in the
      presence of appropriate enzymes.
PAR  Suitable bifunctional compounds are, for example, diisocyanates, halides of
      dicarboxylic acids which may contain a peptide or other enzymatically
      cleavable bond in their chain, phosgene, or dialdehydes derived from
      dicarboxylic acids.
PAR  The polymerization of the above mentioned monomers is advantageously
      carried out in the presence of a solvent, such as water, methanol,
      ethanol, dimethylformamide and other additive polymerization catalyst,
      such as 2,2'-azo-bis-(methyl isobutyrate), diisopropyl perorocarbonate.
      The average degree of polymerization becomes not only lower but the groups
      formed become also more equal and uniform, that is the molecular weight
      distribution becomes narrower.
PAR  Polymerization is carried out at temperatures in a range of from about
      0.degree.C. to about 90.degree.C. and preferably in a range about
      40.degree.C. to about 70.degree.C.
PAR  In addition to the major application of the polymers and copolymers, as a
      substitute for blood plasma, they can be used also for other medical
      purposes. Thus, for example, solutions of these polymers, especially those
      of higher molecular weight, may be used for topical application, such as
      the coating of surface wounds and burns, or for cosmetic purposes as
      carrier or adjunct of suitable biologically active compounds, as well as
      also for carriers of biologically active compounds in the blood
      circulatory system.
PAR  The reaction with at least bifunctional condensation agents is carried out
      in solvents such as dimethylformamide, dimethylsulphoxide which do not
      react with the participating components. Polyisocyanates can be used
      either in free or blocked form, similarly as in production of
      polyurethanes and polyureas.
PAR  The polymers and their solutions, according to the invention, are entirely
      non-toxic and they do not develop allergic or other reactions. Further,
      they are not antigens, are stable and do not interfere in the
      determination of normal blood groups.
PAR  The infusion solutions were tested in the treatment of the haemorrhagic
      shock in rabbits with good results. For instance, the copolymer of N-ethyl
      methacrylamide with acrylamide (mole ratio 8 : 2) additionally
      cross-linked with hexamethylenediisocyanate was used for the sensitization
      of an organism. The sensitization was carried out with five rabbits of
      identical sex and average weight of 2.5 kg, by injecting subcutaneously
      five 2 ml doses of the polymer solution in four-day intervals. The results
      were evaluated by biological tests and by serological methods 30 days
      after the last sensitizing dose had been applied. Non-sensitized rabbits
      were used as the comparative standards for biological tests and the normal
      rabbit serum and physiologic saline were standards for the serological
      methods.
PAC  RESULTS
PAC  A. Biological Tests
PAR  After the thirty-day interval had passed since sensitization, the Arthus
      reaction was developed by the intracutaneous injection of 1 ml of the
      material. The histological investigation of the place by intracutaneous
      puncture after 4 to 48 hours did not show any difference from the standard
      group and the reaction evaluated as negative.
PAR  Anaphylactic reaction was also developed 30 days after the last sensitizing
      injection, by injecting 20-50 ml of the solution into the heart. No
      reaction occured in the experimental animals.
PAC  B. Serological Methods
PAR  Serologically, agglutination tests were used. A drop of the tested polymer
      solution was mixed with one drop of serum from sensitized animals. The
      blank or control was carried out with a normal serum and with
      physiological saline solution. The results were read after 5, 10, 15, and
      20 minutes under a microscope. Agglutination did not occur in any of the
      tests.
PAR  Agglutination was also carried out in 12 ml conical test tubes, where 0.5,
      1, 2, 3, and 4 ml of serum was mixed with 3 ml of the polymer solution.
      The results were checked with a normal serum and physiologic saline
      solution. No agglutination occured in all of these tests.
PAR  Ouchterlony's method of two-directional double diffusion was used to test
      the material. The material was placed into a middle reservoir (16 mm in
      diameter) in a Petri dish with agar and the serum of sensitized rabbits
      was placed into the surrounding reservoirs (12 mm in diameter) at a 10 mm
      distance from the middle reservoir. The dishes were kept for four weeks in
      a refrigerator. No diffusion of antibodies was observed.
PAR  Active anaphylaxis by the copolymer of N-ethyl methacrylamide with
      acrylamide (mol. ratio 8 : 2) was followed with animals. By all methods
      used, as agglutination on glass plates, agglutination in test tubes, gel
      diffusion, Arthus reaction, and developing of the anaphylactic shock, the
      formation of antibodies was not shown.
PAR  All solutions prepared according to the invention can be used, for example,
      to treat blood loss of various origins (injuries), in bleeding states, for
      treatment of shocks, for extracorporeal circulation (e.g. for an
      artificial heart), for burns, and for high losses of blood liquids.
PAR  The invention is further illustrated in the following examples. In the
      examples, all parts and percents are by weight unless otherwise stated,
      and molecular weight was determined by use of Ubbelohde viscometer.
PAC  EXAMPLE 1
PAR  Into a reaction vessel there was weighte 15 grams of N-(2-hydroxypropyl)
      methacrylamide, 2 grams of 2,2' -azo-bis (methyl isobutyrate), 100 grams
      of water and 80 grams of methanol. Nitrogen was bubbled through the
      reactants and they were polymerized at 60.degree.C under an inert
      atmosphere for 5 hours. After the reaction was completed, the mixture was
      poured into a tenfold amount of acetone or other precipitant. The
      precipitated polymer was filtered, washed and dried in vacuum. Viscosity
      of a 2.8 % w/w aqueous solution of the polymer is 1.9 cP, determined in
      Ubbelohde viscometer. The molecular weight was 55.000 An intermediate
      material was then produced for formation of a synthetic infusion solution.
PAC  EXAMPLE 2
PAR  Into 5 grams of a 10 % w/w dimethylformamide solution of the polymer
      prepared according to Example 1, 0.075 ml of hexamethylene diisocyanate
      was added and the reaction was carried out in a sealed ampoule at
      60.degree.C for 3 hours. After the reaction was completed, the polymer was
      precipitated into a tenfold excess of acetone. The precipitated polymer
      was filtered and dried in a vacuum. Viscosity of a 2.8 % aqueous solution
      of this polymer is 3.6 cP, determined as in Example 1, and corresponds to
      a molecular weight increase of several times. The resulting polymer
      contains urethane linkages which are enzymatically cleavable. A synthetic
      infusion solution and/or carrier used for the aforementioned purposes was
      prepared from this polymer by dissolving it in physiologic saline
      solution.
PAC  EXAMPLE 3
PAR  Into 5 grams of 10 % w/w dimethylformamide solution of the polymer prepared
      according to Example 1, 0.05 ml of toluene-2,4-diisocyanate was added and
      the reaction was carried out in a sealed ampoule at 60.degree.C for 3
      hours. Further procedure identical with Example 2 was then carried out.
      Viscosity of 2.8 % aqueous solution of the resulting polymer is 2.1 cP,
      determined in Ubbelohde viscometer. Molecular weight was 80000.
PAC  EXAMPLE 4
PAR  A reaction vessel was charged with 20 grams of N-ethyl methacrylamide, 5
      grams of acrylamide, 1.9 grams of 2,2'-azo-bis(methyl isobutyrate) and 400
      grams of methanol and bubbled through with nitrogen to remove dissolved
      oxygen. Polymerization was carried out at 60.degree.C for 6 hours. After
      the reaction was completed, the mixture was poured into a tenfold excess
      of the precipitatant, e.g. acetone. The precipitated polymer was filtered,
      dried in a vacuum, and dissolved in dimethylformamide to a 10 % solution.
      Into 10 grams of this solution, 0.045 ml of toluene-2,4-diisocyanate was
      added and the reaction was carried out at 60.degree.C for 4 hours. The
      polymer was obtained by precipitation and drying and contains cleavable
      urea bridges. A synthetic infusion and/or carrier solution used for the
      purposes aforementioned was prepared by dissolving this polymer in a
      physiologic saline solution. The polymer had a molecular weight of 110000.
PAC  EXAMPLE 5
PAR  A reaction vessel was charged with 8 parts of N-ethyl acrylamide, 2 parts
      of 2-aminoethyl methacrylate, 1 part of benzoyl peroxide and 200 parts of
      ethanol. The mixture was polymerized under an inert atmosphere at
      50.degree.C for 10 hours. After the reaction was completed, the mixture
      was precipitated in a tenfold excess of a precipitant, e.g. diethylether.
      The polymer was filtered, dried and dissolved in dimethylsulphoxide to a
      15 % solution. The solution formed (200 parts) was treated with 1 part of
      4,4'-diphenylmethane diisocyanate for 2 hours at 70.degree.C. After
      precipitation and drying the polymer obtained had higher molecular weight
      and contained both urea and urethane bridges. A synthetic infusion
      solution was prepared by dissolving this polymer in a physiologic saline.
      The polymer had a molecular weight of 150000.
PAC  EXAMPLE 6
PAR  Into 10 grams of the solution prepared according to Example 4, 0.5 ml of
      triethylamine was added and the mixture was fed a moderate stream of
      phosgene at the temperature 25.degree.C-30.degree.C. After the reaction
      was completed, the mixture was neutralized, precipitated in acetone,
      filtered, and the polymer was dried. A synthetic infusion is prepared from
      this polymer by dissolving in a physiologic saline solution. The polymer
      had a molecular weight of 220000.
PAC  EXAMPLE 7
PAR  A glass ampoule was charged with 28 grams of N-(2-hydroxypropyl)
      methacrylamide, 5 grams of p-aminostyrene, 0.2 grams of methyl
      azo-bisisobutyrate, 150 grams of methanol, and 0.1 gram of butylmercaptan,
      bubbled through with nitrogen and polymerization was carried out in an
      inert atmosphere at 50.degree.C for 10 hours. After the reaction was
      completed, the mixture was poured into a tenfold amount of acetone. The
      precipitated polymer was filtered, washed with diethylether and dried in a
      vacuum to a constant weight. The molecular weight was 25000.
PAC  EXAMPLE 8
PAR  Into 50 grams of a 10 % w/w dimethylformamide solution of the polymer
      prepared according to Example 7, 1 ml of a 10 % w/w solution of the
      dichloride of glutaric acid was added at 0.degree.C. The reaction
      temperature was slowly elevated to 50.degree.C in an inert atmosphere.
      After 5 hours being maintained at the given temperature, the reaction was
      cooled and precipitated by pouring into a tenfold amount of a acetone --
      ether (1 : 1) mixture. The polymer was filtered, washed, dissolved in
      methanol and reprecipitated into a mixture acetone -- ether (1 : 1). The
      polymer was again filtered, washed and dried in a vacuum to a constant
      weight. The polymer obtained has the molecular weight several time higher
      than the molecular weight of the starting polymer and formed a synthetic
      infusion solution by dissolving it in a physiologic saline to the solution
      of viscosity about 2-3 cP, as determined in Example 2. Before application,
      the solution was sterilized in an autoclave at 120.degree.C for 30
      minutes. The molecular weight was 90000.
PAC  EXAMPLE 9
PAR  A 5 % w/w dimethylformamide solution (25 grams) of the polymer prepared
      according to Example 7 was treated with 0.08 ml of
      toluene-2,6-diisocyanate in a sealed ampoule at 50.degree.C for 15 hours.
      After the reaction was completed, the procedure was carried on as it is
      given in Example 2. The polymer had a molecular weight of 72000.
PAC  EXAMPLE 10
PAR  To 25 grams of a 10 % w/w dimethylsulphoxide solution of the polymer
      prepared according to Example 7, 5 ml of a 5 % w/w dimethylsulphoxide
      solution of phosgene was added at 0.degree.C. The mixture was treated in a
      sealed ampoule at 35.degree.C for 5 hours. After the reaction was
      completed, the procedure was carried on as it is given in Example 8. The
      polymer had a molecular weight of 217000.
PAC  EXAMPLE 11
PAR  A 8 % w/w aqueous solution (30 grams) of the polymer prepared according to
      Example 7 was treated with 1 ml of 10 % HCl and 0.5 ml of glutaric
      aldehyde at 30.degree.C for 10 hours. The polymer was then precipitated
      into acetone, washed, dried, dissolved in methanol and reprecipitated in
      ether. After filtration and washing, the polymer was dried to a constant
      weight. The polymer obtained was used as a carrier of biologically active
      compounds in the blood circulation. It had a molecular weight of 69000.
PAC  EXAMPLE 12
PAR  A solution of 0.2 gram of hexamethoxymethylmelamine in 10 ml of water and 1
      ml of 10 % HCl was added to 20 grams of a 10 % w/w aqueous solution of the
      polymer prepared according to Example 7. This mixture was heated to
      90.degree.C for 10 hours and then cooled. The polymer was precipitated
      into acetone and further processed as described in Example 11. The polymer
      had a molecular weight of 765000.
PAC  EXAMPLE 13
PAR  A glass ampoule was charged with 10 grams of monomethacrylate of diethylene
      glycol, 15 grams of monomethacrylate of tetraethylene glycol, 2 grams of
      ethylaminoethyl methacrylate, 200 grams of methanol, 0.1 gram of carbon
      tetrabromide, and 1 gram of diisopropyl peroxocarbonate, bubbled through
      with nitrogen and sealed under an inert atmosphere. The ampoule was heated
      in a thermostated bath to 50.degree.C for 7 hours and then it was cooled.
      The polymer was precipitated into a fifteenfold amount of diethylether,
      filtered, washed and vacuum-dried to a constant weight. A 15 % w/w
      dimethylformamide solution (50 grams) of the given polymer was treated
      with 0.05 ml of hexamethylenediisocyanate at 60.degree.C for 10 hours. The
      resulting polymer was precipitated into diethylether, filtered and dried
      to a constant weight. A synthetic infusion solution was prepared by
      dissolving this polymer in a physiologic saline to the solution of
      viscosity 2,2 cP. The polymer had a molecular weight of 142000.
PAC  EXAMPLE 14
PAR  A reaction vessel was charged with 10 grams of N,N-diethyl acrylamide, 10
      grams of monomethacrylate of triethylene glycol, 10 grams of
      2-aminobutylacrylamide, 350 grams of ethanol, and 15 grams of methyl
      azo-bis-isobutyrate and the mixture was polymerized under an inert
      atmosphere at 55.degree.C for 15 hours. The resulting polymer was
      precipitated by pouring the reaction mixture into a fifteenfold amount of
      diethylether. Further procedure was carried out as described in Example
      13. The polymer had a molecular weight of 173000.
PAC  EXAMPLE 15
PAR  A mixture of 15 grams of N-acryloyl morpholine, 5 grams of methylaminoethyl
      acrylate, 15 grams of monoacrylate of triethylene glycol, 400 grams of
      methanol, and 10 grams of diisopropyl peroxocarbonate was polymerized
      under an inert atmosphere at 45.degree.C for 10 hours. The resulting
      polymer was precipitated into an excess of diethylether, filtered, washed
      and dried to a constant weight. The polymer was further processed as
      described in Example 8. The molecular weight was 131000.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A water soluble hydrophilic low molecular weight polymer suitable for
      medical use including blood plasma substitute comprising the polymerizate
      of at least one monomer selected from the group consisting of N-alkyl
      methacrylamides, N-hydroxyalkyl methacrylamides, N-alkyl acrylamides,
      N-hydroxyalkyl acrylamides, N,N-dialkyl acrylamides, and mono-esters of
      acrylic and methacrylic acids with di-, tri- and higher homologous
      polyethlene glycols wherein the alkyl radicals are selected from the group
      consisting of unsubstituted and substituted alkyl radicals, the
      substituents being selected from the group consisting of hydroxy, amino
      and alkoxy groups, said low molecular weight polymer having an average
      molecular weight in a range of 10,000 to 60,000 and containing up to 1%
      maximum of a fraction having a molecular weight above 100,000, said low
      molecular weight polymer being condensed with at least one bifunctional
      compound selected from diisocyanates, halides of dicarboxylic acids,
      phosgene and dialdehydes derived from dicarboxylic acids to form a
      condensation polymer having a molecular weight in a range of 60,000 to
      250,000 and having cleavable cross-links.
NUM  2.
PAR  2. The polymer as defined in claim 1 wherein said alkyl radicals contain
      from one to three carbon atoms and the hydroxy, amino, and alkyl groups
      contain from one to six carbon atoms.
NUM  3.
PAR  3. Soluble hydrophilic polymers as defined in claim 1 wherein up to 49 mol
      % of the monomer is replaced with a material selected from the group
      consisting of acrylamide, methacrylamide and monolefinic monomers
      containing an -- N H -- group.
NUM  4.
PAR  4. Soluble hydrophilic polymers as defined in claim 1 wherein the low
      molecular weight polymer is a copolymer.
NUM  5.
PAR  5. A soluble hydrophilic polymer as defined in claim 1 comprising a
      hexamethylene diisocyanate cross-linked copolymer comprising N-ethyl
      methacrylamide with acrylamide in a molar ratio of 8 to 2, respectively.
NUM  6.
PAR  6. A process for making water soluble, hydrophilic polymers suitable as
      blood plasma substitutes comprising the steps of polymerizing, in the
      presence of a chain transfer agent, at least one monomer selected from the
      group consisting of N-alkyl methacrylamides, N-alkyl acrylamides,
      N,N-dialkyl acrylamides and mono-esters of acrylic and methacrylic acids
      with di-, tri- and higher homologous polyethylene glycols wherein the
      alkyl radicals are selected from the group consisting of unsubstituted and
      substituted alkyl radicals and the substituents therein are selected from
      the group consisting of hydroxy, amino and alkoxy groups, for a sufficient
      time to form a low molecular weight polymer having an average molecular
      weight in a range of 10,000 to 60,000 and containing up to 1% maximum of a
      fraction having a molecular weight above 100,000, thereafter condensing
      said low molecular weight polymer with at least one bifunctional compound
      selected from diisocyanates, halides of dicarboxylic acids, phosgene and
      dialdehydes derived from dicarboxylic acids in an amount sufficient to
      form a condensation polymer having a molecular weight in a range of 60,000
      to 250,000 and having cleavable crosslinks.
NUM  7.
PAR  7. The process according to claim 6 wherein said alkyl radicals contain
      from one to three carbon atoms and the hydroxy -alkyl and amino -alkyl
      group contains from one to six carbon atoms.
NUM  8.
PAR  8. The process as defined in claim 6 wherein up to 49 mol % of the monomer
      is replaced with a material selected from the group consisting of
      acrylamide, methacrylamide and monoolefinic monomers containing an -- NH
      -- group.
NUM  9.
PAR  9. The process as defined in claim 6 wherein the monomer is
      N-(2-hydroxy-propyl) methacrylamide monomer.
NUM  10.
PAR  10. The process as defined in claim 6 polymer is copolymer formed from
      N-ethyl methacrylamide with acrylamide in a molar ratio of 8 to 2,
      respectively and the bifunctional compound is hexamethylene diisocyanate.
NUM  11.
PAR  11. Soluble hydrophilic polymer as defined in claim 1, wherein the monomer
      is N-(2-hydroxypropyl)methacrylamide.
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ABST
PAL  Formaldehyde and a polyaddition product of an organic diisocyanate and an
      organic compound having hydrogen atoms determinable by the Zerewitinoff
      method are reacted in a mixture of a tertiary alcohol and an inert organic
      solvent to form N-methylolated diisocyanate polyaddition products for use,
      inter alia, as coatings, lacquers and the like.
BSUM
PAR  This invention relates generally to diisocyanate polyaddition products and
      more particularly to a process for making predominantly linear
      N-methylolated diisocyanate polyaddition products which are soluble in
      organic solvents and stable in storage and to lightfast coatings,
      lacquers, impregnations, leather dressing or microporous films made
      therefrom.
PAR  Numerous processes are already known for producing high molecular weight,
      non-crosslinked diisocyanate polyaddition products which are soluble in
      organic solvents and suitable for coating purposes. These polymers are
      generally produced from higher molecular weight dihydroxy compounds,
      organic diisocyanates and chain lengthening agents such as water,
      diamines, hydrazine, hydrazine hydrate, hydrazine derivatives,
      carbodihydrazide, etc., for example by the processes described in German
      Auslegeschriften Nos. 1,048,408; 1,122,254; 1,183,196; 1,278,687;
      1,184,947 and 1,184,984 and German Offenlegungsschrift No. 2,015,603. High
      molecular weight diisocyanate polyaddition products which are soluble in
      so-called soft solvent mixtures of aromatic solvents such as benzene,
      toluene or xylene with primary or preferably secondary alcohols such as
      isopropanol or isobutanol can be produced in this way from higher
      molecular weight organic .alpha., .omega.-dihydroxy compounds, aliphatic
      or cycloaliphatic diisocyanates such as
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohexane, hexamethylene
      diisocyanate, m-xylylene diisocyanate, p-xylylene diisocyanate or
      4,4'-diisocyanatodicyclohexylmethane and chain lengthening agents such as
      1-amino-3,3,5-trimethyl-5-aminomethylcyclohexane, 4,4'-diaminocyclohexane,
      m-xylylene diamine, p-xylylene diamine, lysine methyl esters,
      hexamethylenediamine, hydrazine hydrate or carbodihydrazide. These
      polyurethanes are particularly suitable for the purposes mentioned above
      because they can be used without physiologically harmful solvents such as
      dimethyl formamide. In addition, they have excellent physical properties
      and are very lightfast but they are very sensitive to chemical cleaning
      processes because they swell or partly dissolve in alcohols as well as in
      aromatic compounds and are completely soluble in mixtures of aromatic
      compounds and alcohols.
PAR  Attempts have therefore been made to effect crosslinking of the
      polyaddition products of the films or coatings after they have been
      produced by incorporating additional reactive groups into the polyurethane
      molecule and thereby increase the resistance to solvents. Apart from the
      known reactions with excess polyisocyanate to form biuret and allophanate
      groups, the most suitable solution to this problem appeared to be a method
      of effecting cross-linking of the polyaddition product with the aid of
      formaldehyde or substances which split off formaldehyde.
PAR  Extensive analytical investigations showed, however, that the above
      mentioned technically extremely interesting lightfast diisocyanate
      polyaddition products based on aliphatic or cycloaliphatic diisocyanates
      and diamines could not be converted into N-polymethylol compounds even
      under the most severe conditions (even at high temperatures and in the
      presence of basic N-methylolating catalysts) if they were dissolved in the
      conventional solvent mixtures of aromatic solvents and primary or
      secondary alcohols heretofore used, and therefore could not be
      corss-linked by way of N,N' -methylene bridges or N,N' -methylene ether
      segments. When Lemme's method of formaldehyde titration [Chem. Ztg. 27,
      896 (1903), Chem. Zentralblatt (1903), II, 911] was carried out after
      attempts at methylolation, the formaldehyde content was invariably found
      to be practically unchanged. Polyurethane films which have been treated in
      this way are therefore just as soluble, for example in mixtures of
      aromatic solvents and alcohols or in dimethylformamide, as before the
      treatment and equally liable to swell in alcohols. Diisocyanate
      polyaddition products dissolved in so-called soft solvent systems, which
      are particularly suitable for producing coatings and lacquers, therefore
      cannot be made to undergo N-methylolation reactions. More detailed
      analytical invetigations indicate that the main reason for this is the
      unfavorable equilibrium for the methylolation of urethane or urea groups
      in the presence of primary or secondary alcohols in accordance with
      equation a) or b):
      ##EQU1##
PAR  At pH values above 7, the equilibrium is always more than 99% on the right
      hand side of the equation, i.e. on the side of the free semiacetals. If,
      on the other hand, the reaction is carried out at pH values below 7, in
      other words in an acid madium, then formaldehyde is bound as a complete
      acetal R--O--CH.sub.2 --OR. Such complete acetals are no longer capable of
      methylolating urethane or urea groups.
PAR  The surprising finding that diisocyanato polyaddition products which
      contain groups which are normally quite readily methylolated, e.g. the
      following groups
      ##EQU2##
      will not react with formaldehyde or reagents which split off formaldehyde
      if they are dissolved in solvents which contain primary or secondary
      alcohols is utilized according to an earlier proposal for mixing such
      solutions of lightfast diisocyanatopolyaddition products with reactive
      semiacetals. In this way it is possible to prepare mixtures which are
      completely stable in storage for unlimited periods of time so that their
      semiacetal content remains constant. By virtue of their undiminished
      semiacetal content, they are highly reactive with basic amino groups
      present in leather, gelatine, etc. and are therefore suitable for use as
      leather coatings and leather finishes which render the leather easy to
      care for. These films and coatings which have excellent mechanical
      properties however still have the disadvantage of undergoing severe
      swelling in aromatic solvents or alcohols and completely dissolving in
      dimethylformamide and mixtures of aromatic solvents and alcohols.
PAR  Apart from these difficulties of methylolating the technically interesting
      systems of soft solvents and polyurethanes based on aliphatic or
      cycloaliphatic diisocyanates and chain lengthening agents, no other
      processes have previously become known for preparing sotrage stable
      solutions of diisocyanate polyaddition products which contain
      N-methylolurethane, N-methylolurea, N-methylolamide or
      N-methylolhydrazodicarbonamide groups which are capable of being
      cross-linked.
PAR  It is therefore an object of this invention to provide a novel process for
      N-methylolating organic diisocyanate polyaddition products. Another object
      of the invention is to provide storage stable solutions of diisocyanate
      polyaddition products which contain N-methylolurethane, N-methylolurea,
      N-methylolamide and/or N-methylolhydrazodicarbonamide groups which are
      capable of being cross-linked. A further object of the invention is to
      provide coatings, lacquers, impregnations, leather dressings, microporous
      films and the like containing organic diisocyanate polyaddition products
      which have improved solvent resistant properties. A still further object
      of the invention is to provide high molecular weight polyurethanes,
      polyurethane-ureas, polyurethane polyamides,
      polyurethane-polyurea-polyhydrazodicarbonamides and
      polyurethane-polyhydrazodicarbonamides which are substantially linear or
      non-crosslinked, soluble in soft solvent mixtures of alcohols and aromatic
      solvents and easily cross-linked whenever desired into products which are
      substantially resistant to swelling in aromatic solvents and substantially
      insoluble in dimethylformamide and mixtures of aromatic solvents and
      alcohols.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention, generally speaking, by providing a method for making a high
      molecular weight substantially non-crosslinked N-methylolated polymer
      containing groups formed by reaction of an isocyanato group and a group of
      an organic compound containing a hydrogen atom determinable by the
      Zerewitinoff method with formaldehyde in solution in a mixture of a
      tertiary alcohol and an organic solvent for the non-cross-linked polymer
      which is substantially inert to isocyanato groups. The formaldehyde may be
      mixed with the substantially non-crosslinked polymer as a gas, as formalin
      or as a compound which releases formaldehyde under the reaction
      conditions. The groups in the polymer formed by reaction of an isocyanato
      group with a reactive hydrogen atom of an organic compound may be
      urethane, urea, amide, hydrazodicarbonamide or the like.
PAR  It has now surprisingly been found that high molecular weight,
      N-methylolated organic diisocyanate polyaddition products, such as,
      polyurethanes, poly ureas, polyurethane polyamides,
      polyurethane-polyurea-polyhydrazodicarbonamides or
      polyurethane-polyhydrazodicarbonamides can be prepared rapidly and
      reproducibly, in some cases with very high urea and/or
      hydrazodicarbonamide concentrations, by reacting solutions of these
      polyaddition products with semiacetals, gaseous formaldehyde, formalin
      solutions or other formaldehyde releasing substances in the presence of
      tertiary alcohols.
PAR  The products obtained are readily soluble and completely free from
      cross-linking and can therefore also be shaped by thermoplastic processing
      or made into films from their solutions. They may be cross-linked at a
      later date whenever desired.
PAR  This invention therefore relates to a process for the production of
      N-methylolated diisocyanate polyaddition products which are stable in
      storage, characterized in that the polyaddition products dissolved in a
      mixture of inert solvents and tertiary alcohols are reacted with
      semiacetals of formaldehyde, formalin solution, paraformaldehyde or any
      other suitable formaldehyde releasing agents at any suitable reaction
      temperature of say -20.degree.C to 160.degree.C, preferably 20.degree.C to
      70.degree.C, if desired in the presence of basic inorganic or organic
      methylolating catalysts.
PAR  The process according to the invention can be applied to any organic
      diisocyanate polyaddition product and invariably insures reliable
      methylolation and the formation of products which are stable in storage.
PAR  Polyaddition products suitable for the process according to the invention
      are obtained in known manner from higher molecular weight polyhydroxyl
      compounds, preferably difunctional polyesters or polyethers which contain
      terminal alcoholic hydroxyl groups and have molecular weights of at least
      about 400, usually between about 400 and about 8000, and preferably
      between about 800 and about 2500, or from the corresponding
      dihydroxypolyacetals or dihydroxypolycarbonates, diisocyanates and chain
      lengthening agents. Examples of such suitable higher molecular weight
      dihydroxyl compounds commonly used in polyurethane chemistry may be found
      inter alia in Kunststoff-Handbuch, Volume VII, "Polyurethane", Carl
      Hanser-Verlag, Munich, (1966), pages 47-74. Besides or instead of the
      aforesaid polyhydroxyl compounds, higher molecular polyamines, preferably
      diamines with a molecular weight of between about 800 and 2500, may be
      used to synthesize the polyaddition products suitable for the process
      according to the invention. Compounds of this kind are described e.g. in
      U.S. Pat. Nos. 2,888,439, 3,184,502 and 3,248,424 and in Canadian Pat. No.
      784,293.
PAR  The diisocyanates used for synthesizing the polyaddition products which are
      to be methylolated according to the invention may be any suitable
      aliphatic, cycloaliphatic, araliphatic or aromatic diisocyanate. The
      following are examples: tetramethylene-1,4-diisocyanate,
      pentamethylene-1,5-diisocyanate, hexamethylene-1,6-diisocyanate,
      2,4,4-trimethyl-hexamethylene-1,6-diisocyanate,
      dodecamethylene-1,12-diisocyanate, 1,2-diisocyanatomethyl-cyclobutane,
      dicyclohexane-4,4'-diisocyanate, .alpha., .epsilon.-diisocyanato-caprioc
      acid esters containing 1 - 8 carbon atoms in the alcohol group,
      dicyclohexylmethane-4,4'-diisocyanate, p-xylylene diisocyanate, m-xylylene
      diisocyanate, 1-isocyanato-3,3,5-trimethyl-5-isocyanato-methylcyclohexane,
      1-methyl-2,4-diisocyanatocyclohexane and its isomers,
      tolylene-2,4-diisocyanate, tolylene-2,6-diisocyanate,
      4,4'-diisocyanatodiphenylmethane, 4,4'-diisocyanatodiphenylether,
      naphthylene-1,5-diisocyanate, NCO telomers of these diisocyanates such as
      those described in French Patent Specification No. 1,593,137, in
      particular those of hexamethylene diisocyanate or
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohexane with vinyl
      acetate, vinyl chloride, styrene, methyl acrylate, methylmethacrylate or
      butyl acrylate. Diisocyanates which contain semicarbazide groups such as
      those disclosed in German Offenlegungsschrift No. 1,720,711 are also
      suitable, in particular those of 2 mols of hexamethylene diisocyanate or
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane and 1 mol of
      N,N-dimethylhydrazine. Mixtures of diisocyanates may also be used.
PAR  To prepare the polyaddition products, which can be N-methylolated, the low
      molecular weight diisocyanates and high molecular weight dihydroxyl
      compounds are usually first reacted together in known manner, using an
      NCO/OH ratio of 1.5 to 3 and preferably 1.8 to 2, to produce prepolymers
      which contain terminal isocyanate groups. The subsequent reaction of these
      higher molecular weight compounds which contain terminal isocyanate groups
      with chain lengthening agents may be carried out either solvent-free or in
      solution at temperatures of 50.degree.C to 140.degree.C, preferably
      5.degree.C to 40.degree.C. It may be advantageous to carry out this
      reaction by adding a measured quantity of the higher molecular weight
      diisocyanate, optionally together with a 1 to 6 times molar quantity of
      monomeric diisocyanate, to the liquid or dissolved chain lengthening agent
      but the process may also be carried out conversely by adding the chain
      lengthening agent to the other reactant or reactants. If NCO is used in
      excess, polyaddition products with free NCO groups are first formed in the
      reaction mixture, and these are subsequently bound by impurities of the
      solvent etc., i.e. by chain breaking reactions. If it is desired to obtain
      very high molecular weight polyaddition products, however, it is preferred
      to use equimolar ratios of NCO prepolymer and chain lengthening agent.
PAR  The polyaddition products which can be methylolated in accordance with the
      invention are preferably prepared in the presence of an organic solvent
      which is inert thereto, such as acetone, methyl ethyl ketone, methylene
      chloride, chloroform, perchloroethylene, methyl isopropyl ketone, benzene,
      toluene, xylene, ethyl acetate, butyl acetate, methyl glycol acetate,
      ethyl glycol acetate, tetrahydrofuran or the like, or in mixtures of these
      solvents.
PAR  Any suitable chain lengthening agent may be used for preparing the
      polyaddition products to be methylolated according to the invention such
      as, for example, water or diols with a molecular weight of up to 400 such
      as ethylene glycol, diethylene glycol, triethylene glycol,
      propane-1,3-diol, propane-1,2-diol, butane-1,4-diol, thiodiglycol,
      hexane-1,6-diol, octane-1,8-diol, dodecane-1,12-diol, 1,4-dimethylol
      benzene, and the like. The following are examples of hydrazines and
      diamines which are suitable chain lengthening agents: hydrazine hydrate,
      hydrazine, N-methylhydrazine, N,N-dimethyl-hydrazine,
      N,N-diethyl-hydrazine, ethylene diamine, trimethylene diamine,
      1,2-diaminopropylene diamine, tetramethylene diamine,
      N-methylpropylene-1,3-diamine, pentamethylenediamine,
      trimethylhexamethylenediamine, hexamethylene diamine,
      octamethylenediamine, undecamethylene diamine, diaminomethylcyclobutane,
      1,4-diaminocyclohexane, 1,4-diaminodicyclohexylmethane,
      1-methyl-2,4-diaminocyclohexane, 1-methyl-2,6-diaminocyclohexane,
      m-xylylenediamine, 1-amino-3,3,5-trimethyl-5-aminomethyl-cyclohexane,
      p-aminobenzylamine, 3-chloro-4-aminobenzylamine, hexahydrobenzidine,
      2,6-dichloro-1,4-diaminobenzene, p-phenylenediamine, tolylene-2,4-diamine,
      1,3,5-triisopropyl-phenylene-2,4-diamine,
      1,3,5-trimethylphenylene-2,4-diamine,
      1-methyl-3,5-diethylphenylene-2,4-diamine,
      1-methyl-3,5-diethyl-phenylene-2,6-diamine, 4,4'-diaminodiphenylmethane,
      4,4'-diaminodiphenyl ether and the like. Particularly preferred hydrazines
      and amines are hydrazine hydrate, N,N-dimethylhydrazine,
      1-amino-3,3,5-trimethyl-5-aminomethyl-cyclohexane, hexamethylenediamine,
      m-xylylenediamine, 4,4'-diamino-dicyclohexylmethane, lysine methyl ester,
      trimethylhexamethylene diamine and 1-methyl-2,4-diaminocyclohexane.
PAR  The activated chain lengthening agents described in German
      Offenlegungsschrift Nos. 2,062,289 and 2,062,288 are also very suitable
      for preparing the polyaddition products which can be methylolated
      according to the invention. These chain lengthening agents are addition
      products of lactam and water or addition products of lactam and
      difunctional alcohols, diamines or hydrazines. The reactivity of the chain
      lengthening agents with isocyanates is substantially increased by the
      formation of addition products with lactams. This high reactivity enables
      high molecular weight, unbranched or substantially linear chain molecules
      to be produced since the reaction velocity of NCO groups with activated
      chain lengthening agents is many times higher than the reaction velocity
      with urethane or urea groups. This last mentioned reaction which leads to
      chain branching is therefore completely suppressed in favor of the chain
      lengthening reaction.
PAR  The activated chain lengthening agents are prepared by simply mixing the
      lactam, e.g. .epsilon.-caprolactam, with the given chain lengthening agent
      at temperatures of between 0.degree.C and 100.degree.C, preferably between
      30.degree.C and 70.degree.C. This reaction generally results in liquids
      which have remarkably low viscosities even at room temperature.
PAR  Using these activated chain lengthening agents enables polyaddition
      products to be prepared even without the addition of catalysts, in
      particular without metal compounds such as tin-II (stannous) and tin-IV
      (stannic) salts, even if a very inert polyisocyanate is used such as
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane
      ##SPC1##
PAL  in which the NCO group attached to the secondary carbon atom is very slow
      to react. Because the reaction can be carried out without the above
      mentioned catalysts, polyaddition products with improved age resistance,
      resistance to hydrolysis and resistance to oxidation can be obtained.
PAR  The activated chain lengthening agents have the advantage of generally
      being low viscosity liquids which are very highly soluble in various
      organic solvents, in polyisocyanates and NCO prepolymers and in the
      polyhydroxyl compounds used for diisocyanate polyaddition reactions and
      are therefore homogeneously miscible with all these substances to that
      uniform progress of the polyaddition reaction is insured.
PAR  In its broadest aspects the invention contemplates the use of any suitable
      organic polyol, organic diisocyanate and chain lengthening agent including
      those disclosed by Saunders and Frisch in "Polyurethanes: Chemistry and
      Technology" published by Interscience Publishers, the disclosure of which
      is incorporated herein by reference.
PAR  Any inert organic solvent for the diisocyanate polyaddition product prior
      the methylolation which does not contain any groups capable of reacting
      with isocyanates may be used in practicing the invention. It is preferred
      to use organic solvents which are not highly polar, i.e. which are
      substantially non-polar, such as benzene, toluene, xylene, ethyl benzene,
      chlorobenzene, tetrahydrofuran, dioxane, 1,3-dioxolane, glycol carbonate,
      ethyl glycol acetate, methylene chloride, chloroform or trichloroethylene
      but highly polar solvents such as dimethylacetamide, dimethyl formamide or
      tetramethylurea may also be used.
PAR  Any suitable tertiary alcohol may be used in the solvent mixture according
      to the invention but the preferred one is tertiary butanol, other suitable
      tertiary alcohols include e.g. diacetone alcohol, 2-methyl-2-butanol,
      2-methyl-2-pentanol, 3-methyl-3-pentanol, 3-ethyl-3-pentanol,
      3-ethyl-3-nonanol, 1-methylcyclopentanol, 1-methyl-cyclohexanol or
      1-ethylcyclohexanol or mixtures thereof.
PAR  The tertiary alcohol may be used in any suitable quantity such as from 5 to
      95% by weight, based on the quantity of solvent mixture. The solvent
      mixture preferably contains from 10 to 90% by weight and more particularly
      20 to 50% by weight of tertiary butanol.
PAR  In the process provided by the invention, pulverulent or rubber-like, solid
      diisocyanate polyaddition products may be dissolved in the above mentioned
      solvent mixtures at any suitable temperature such as from 40.degree. to
      160.degree.C, preferably 70.degree. to 95.degree.C to form approximately
      20 to 50% by weight solutions which are then methylolated.
PAR  It is simpler and more economical, however, to propare the polyaddition
      products directly in the mixtures of inert solvents and tertiary alcohol
      and then add the N-methylolating reagents immediately after the
      polyaddition reaction. The solvent mixtures preferably used in this case
      are benzene/toluene/xylene/tert.butanol
      (1:1:1:1);xylene/toluene/tert.butanol (1:1:1); xylene/toluene/ethyl glycol
      acetate/tert.butanol (1:1:1:1) and particularly mixtures of toluene or
      xylene and tertiary butanol in proportions by weight of between 70:30 and
      30:70.
PAR  The formaldehyde liberating compounds used in the process according to the
      invention are preferably liquid semiacetals of formaldehyde such as
      ##EQU3##
      or 2% to 50% by weight formalin solutions or paraformaldehyde. Gaseous
      formaldehyde may also be used. N-methylol compounds of lactams such as
      butyrolactam, valerolactam or preferably N-methylolcaprolactam may also be
      used as compounds from which formaldehyde is liberated. It is often
      advantageous to use these compounds because transmethylolation to the high
      molecular substrate takes place via these compounds, and in hard films the
      resulting free .epsilon.-caprolactam fullfills the function of a valuable
      additive with plasticizing properties.
PAR  The N-methylolating catalysts which may be used in the process according to
      the invention are preferably sodium and potassium carbonate, alcoholates
      of sodium potassium and calcium, barium hydroxide, tertiary organic bases
      such as triethylamine, dimethylbenzylamine and endoethylene piperazine and
      hexahydrotriazines such as N,N',N"-trimethyl-hexahydrotriazine or the
      corresponding ethyl, n-propyl- or n-butylsubstituted triazines.
PAR  The temperature of the solution during methylolation is preferably between
      20.degree.C and 70.degree.C. The quantities of formaldehyde or
      formaldehyde releasing substances used in the process according to the
      invention may vary within wide limits and depend mainly on the amount of
      urethane, urea, amide, and/or hydrazodicarbonamide groups in the high
      molecular weight polyaddition product. In general, 0.1 to 2 and preferably
      0.3 to 1.5 equivalents of formaldehyde or formaldehyde releasing
      substances are used for one methylolatable NH equivalent. If the urea
      group concentration is high, however, it may be advantageous both for
      reasons of the velocity of the reaction and for increasing the solubility,
      to use up to 10 equivalents of formaldehyde per NH equivalent, especially
      when semiacetals are used as methylolating reagents because semiacetals
      are good solvents for diisocyanate polyaddition products and therefore
      insure uniform progress of the N-methylolating reaction.
PAR  The polyaddition products preferably used for the process according to the
      invention contain about 0.2 to 0.4 NH equivalents obtained from urea
      groups for every 200 parts by weight of polyaddition product. Preparation
      of such diisocyanatopolyaddition products is carried out in known manner
      as described above from .alpha., .omega.-diisocyanatoprepolymers and chain
      lengthening agents such as water, diamines, hydrazine, hydrazine hydrate
      or hydrazine derivatives.
PAR  The semiacetals used for methylolation preferably have the following
      constitutional formulae
EQU  R--O--CH.sub.2 OH
EQU  R'--(O-CH.sub.2 OH).sub.n
EQU  (HOCH.sub.2 --O).sub.b --R"--(OH).sub.a
PAL  in which R represents an aliphatic, cycloaliphatic or araliphatic group
      which contains 1 to 20 carbon atoms and which may be unsaturated or
      substituted with oxygen or with (C.sub.1 -C.sub.10) alkylated nitrogen
      atoms, R' represents an n-polyvalent, preferably 2- to 6-valent group
      containing 2 to 20 C atoms and R" represents an (a + b)-polyvalent group
      containing 2 to 20 C atoms, where (a + b) is preferably a number between 2
      and 4 and a may be a number between 1 and 3. Based on the quantity of
      dissolved diisocyanate polyaddition product, the dissolved methylolated
      products of the process contain at least 25% by weight of tertiary
      alcohols and 2 to 400% by weight, preferably 5 to 30% by weight of
      semiacetals.
PAR  Soluble, methylated, uncross-linked one-component polyaddition products
      which have very high concentrations (based on the solid polyaddition
      product) of urethane, urea and hydrazodicarbonamide groups can be produced
      by the process according to the invention. These products are free from
      gel particles and can be cross-linked whenever desired by way of their
      methylene or methylene ether groups. The process therefore enables the
      production in particular of lightfast products which are soluble in the
      conventional solvents used in the lacquer industry, leather industry and
      textile industry and which can be dissolved in mixtures of aromatic
      hydrocarbons such as benzene, toluene, xylene and the like and tertiary
      butanol (mixed in ratios of between 70:30 and 30:70) without the addition
      of dimethylformamide even if they contain high concentrations of urea
      groups (e.g. 5 to 9% by weight). The solutions are stable in storage and
      show no tendency to gel.
PAR  N-methylolated polyaddition products which contain high concentrations of
      urea or hydrazodicarbonamide groups are of great technical interest
      because these groups and particularly the urea group have a much stronger
      tendency than the urethane group to form hydrogen bridge bonds. Properties
      such as the mechanical strength, toughness and hardness of coatings are
      improved owing to the formation of super-structures (physical
      cross-linking) in the high molecular weight polyaddition product and
      moreover higher dimensional stabilities can be obtained in the finished
      cross-linked products.
PAR  The presence of tertiary alcohols increases the storage stability of these
      products which can be cross-linked. Secondary condensation of the
      N-methylol groups with each other in the solutions is substantially
      prevented.
PAR  Since the tertiary alcohols present are not capable of being acetalized,
      the products of the process remain undiminished in their reactivity for
      cross-linking reactions since both etherification reactions (formula 1)
      and decomposition of the methylol group with formation of acetal (formula
      2) are impossible:
      ##EQU4##
PAR  Moreover, in contrast to primary and secondary alcohols, the tertiary
      alcohols used according to the invention are very much less reactive with
      polyisocyanates and epoxides. The polyaddition products produced by the
      process according to the invention can therefore be converted into highly
      cross-linked duroplastic resins by means of any suitable additional
      cross-linking reagent such as, for example, triisocyanates, dimeric
      diisocyanates, biuret triisocyanates of hexamethylene diisocyanate,
      trimerized hexamethylene diisocyanate and urea diisocyanates of
      1-methylbenzene-2,4-diisocyanates or epoxides, and the like.
PAR  The N-methylolated polyaddition products obtainable by the process
      according to the invention can even be worked thermoplastically when they
      are in the form of powders or in a rubber-like form and they can therefore
      be converted into cross-linked shaped products by thermoplastic processes.
PAR  Aliphatic N-methylolated polyaddition products produced by the process
      according to the invention are distinguished by exceptionally high
      lightfastness, high elasticity and other properties which are advantageous
      for lacquers but polyaddition products produced from aromatic
      diisocyanates by the process according to the invention are also very
      suitable for use as binders for physically drying and crosslinkable
      lacquer systems, coatings, primers and dressings if they are not required
      to be lightfast.
PAR  The cross-linking reaction of the methylolated polyaddition products, which
      may be carried out whenever desired by any suitable process such as by the
      addition of acid catalysts, by heating or by adding a cross-linking agent,
      results in films or coatings which are exceptionally resistant to the
      usual solvents.
PAR  This invention therefore also relates to the use of solutions of
      methylolated diisocyanate polyaddition products obtainable by the process
      according to the invention for producing wetproof cross-linked coatings,
      lacquers, prints and impregnations on fibrous material or leather and in
      particular for priming and dressing natural or synthetic leather to
      produce easy-to-care finishes. To produce these finishes, the mixtures
      according to the invention are applied to any supports made of fibrous
      material or leather and the solvents are left to evaporate at room
      temperature or they may be evaporated by heating to temperatures of up to
      about 140.degree.C.
PAR  The methylolated polyaddition products produced by the process according to
      the invention which are particularly suitable for use as lacquer binders
      and coating compounds are those which have been produced using
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohexane, m-xylylene
      diisocyanate, 4,4'-diisocyanatodicyclohexylmethane or 2,6-diisocyanato
      caproic acid ester or the vinyl telomers of these diisocyanates as the
      isocyanate components and chain lengthening agents such as water or the
      diamines corresponding to the above mentioned diisocyanates. Solutions of
      these methylolated polyaddition products in the mixtures of aromatic
      hydrocarbons and tertiary alcohols described above are distinguished by
      their waterclear color, they have no tendency to gel, their reactivity is
      preserved even after long times in storage and they have excellent film
      forming properties. Formation of the films is brought about on the one
      hand by physical drying due to evaporation of the solvent and on the other
      hand by the cross-linking reaction subsequently carried out, which sets in
      at room temperature and may be accelerated by heating to about 80.degree.
      to 150.degree.C. Lacquers of this type are particularly suitable for
      application as coatings which rapidly become surface-dry, especially for
      producing patent leather finishes and for coating synthetic resins,
      textiles and leather.
PAR  The solutions prepared according to the invention may, of course, also be
      mixed with other compounds for the purpose of obtaining special effects,
      for example the products of the process may be colored with soluble dyes
      or inorganic or organic pigments, and the usual fillers and matting agents
      such as silicic acid, aluminium silicates, talcum, kieselguhr or metal
      salts of fatty acids may also be added.
PAR  One property of the products which should be particularly mentioned is
      their good compatibility with other film-forming substances. This enables
      the properties of the coatings such as their handle, surface hardness or
      abrasion resistance to be varied by mixign the products with other film
      forming substances. Substances particularly suitable for this purpose are
      nitrocellulose, cellulose acetate, cellulose acetobutyrate and polyvinyl
      chloride copolymers. These film forming substances may also contain the
      plasticizers usually employed for them. The handle of coatings obtained
      from the products according to the invention may also be modified as
      desired by adding natural, semi-synthetic or synthetic or synthetic low
      molecular weight or high molecular weight compounds such as caprolactam,
      natural or synthetic waxes, natural resins, polymers which are soluble in
      organic solvents, silicone oils and alcohols with hydrocarbon chains
      containing about 8 to 20 carbon atoms. The flow and wetting properties of
      the solutions from which the coatings are applied may also be adjusted by
      the addition of conventional wetting agents.
PAR  If the methylolated products produced according to the invention are used
      on their own, coating the substrate is carried out in one or more
      applications. If several coats are applied, the first applications should
      be regarded as primers and may be adapted to the material of the substrate
      as regards fullness, sealing effect and softness. This can be achieved
      mainly by varying the concentration of the solution applied. The final
      coat applied then preferably consists of abrasion resistant, harder
      polyurethanes although the desired resistance to abrasion can also be
      achieved by addition of hard abrasion-resistant film forming substances.
PAR  The mixtures according to the invention may also be used exclusively as
      primer or exclusively as finishing coat. If used as primer, the finishing
      coat may consist of the usual substances, e.g. nitrocellulose or
      polyurethanes in the case of leather. The polyurethanes may be applied as
      two-component lacquers, in which case they undergo further cross-linking
      with isocyanates, or they may be applied in the form of NCO prepolymers or
      unreactive polyurethane coats. If the mixtures according to the invention
      are used only as finishing coats, the substrate may be primed in known
      manner, e.g. with the usual aqueous dressing in the case of leather, but
      in this case one could equally well use other dressings as primers, e.g.
      polyurethanes.
PAR  Application of the products according to the invention is carried out by
      the methods conventionally employed for substances dissolved in organic
      solvents, namely application with air spray guns or airless spray guns,
      machine casting, roller application, application with coating knife or
      application by the reversal process. In the case of leather, ironing with
      rotary or hydraulic presses between applications and after the final
      application improves the smoothness and finish of the coated products.
      Drying and cross-linking of the individual applications may be carried out
      at normal temperature or by heating to about 180.degree.C in drying
      chambers or drying channels. The quantities applied depend on the
      absorbency of the substrate and the effect desired but are normally
      between about 5 to 50 g/m.sup.2.
DETD
PAC  EXAMPLE 1
PAC  A. Preparation of a Liquid Semiacetal in a Manner Analogous to DBP No.
      1,092,002
PAR  a. 1495 Parts by weight of paraformaldehyde (49.8 mol) and 1596 parts by
      weight of methanol (49.8 mol) were heated to about 70.degree.C with
      vigorous stirring. As soom as the reaction temperature reached
      69.degree.C, 10 parts by weight of normal aqueous sodium hydroxide
      solution were added all at once to the suspension. Depolymerization of
      paraformaldehyde then set in spontaneously. After filtration, the
      semiacetal CH.sub.3 --O--CH.sub.2 OH was obtained as a low viscosity,
      water-clear liquid which was stable in storage.
PAR  b. 60 Parts by weight of paraformaldehyde in 118 parts by weight of
      isopropanol were depolymerized with 0.4 parts by weight of 2N sodium
      hydroxide aqueous solution as in a).
PAR  After filtration, the semiacetal
      ##EQU5##
      was obtained as a low viscosity, water-clear liquid which was stable in
      storage.
PAR  c. 30 Parts by weight of paraformaldehyde were depolymerized in 62 parts by
      weight of ethylene glycol in a manner analogous to a). The semiacetal
      ##EQU6##
      was formed.
PAR  d. 30 Parts by weight of gaseous formaldehyde were introduced into 32 parts
      by weight of methanol. The semiacetal CH.sub.3 O--CH.sub.2 OH described
      under a) was obtained.
PAR  e. 60 Parts by weight of paraformaldehyde were depolymerized in 119 parts
      by weight of N-methyl-diethanolamine in a manner analogous to a).
      ##EQU7##
      was obtained as a liquid which was stable in storage.
PAC  B. Preparation of a Higher Molecular Weight Diisocyanate (NCO Prepolymer)
PAR  200 Parts by weight (0.1 mol) of a polyester of adipic acid and ethylene
      glycol (OH number 56) were dehydrated at 120.degree.C for 30 minutes and
      44.4 parts by weight (0.2 mol) of
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohexane were then added
      at the same temperature in the course of the next 30 minutes. The NCO
      content of the prepolymer was 3.4% by weight.
PAC  C. Example According to the Known Art for Comparison
PAR  The NCO prepolymer prepared according to B) was diluted with 500 parts by
      weight of xylene and cooled to 25.degree.C. 16.3 Parts by weight of
      1-amino-3,3,5-trimethyl-5-aminomethylcyclohexane dissolved in 230 parts by
      weight of xylene and 314 parts by weight of isopropanol were added
      dropwise to this solution of NCO prepolymer in the course of 20 minutes
      with vigorous stirring. 30 Parts by weight (0.48 mol) of the liquid
      semiacetal prepared as described under A), a) and 2 parts by weight of
      dimethylbenzylamine were added immediately after termination of the chain
      lengthening reaction and methylolation was then carried out for 5 hours at
      500.degree.C.
PAR  A water-clear solution which contained about 19.6% by weight of high
      molecular weight solids was obtained. The solution had a viscosity of 575
      cP at 25.degree.C. The dissolved polyurethane polyureas were not
      methylolated. Even after 6 months' storage, formaldehyde titration carried
      out by Lemme's method in accordance with the following equation
EQU  CH.sub.2 O + Na.sub.2 SO.sub.3 + H.sub.2 O .fwdarw. HO--CH.sub.2 --SO.sub.3
      Na + NaOH
EQU  (Chem. Ztg. 27, 896 (1903))
PAL  showed the free formaldehyde content to be practically unchanged;
TBL  CH.sub.2 O content found:                                                 

                          1.062% by weight                                     

     original CH.sub.2 O content:                                              

                          1.07% by weight                                      

PAR  Although practically 0.5 mol of formaldehyde was used for about 0.2 NH
      equivalents of urethane groups and 0.4 NH equivalents of urea groups in
      the polyaddition product (total 0.6 NH equivalents) in this example, the
      polyaddition product could not be methylolated.
PAC  D. Process According to the Invention
PAR  The prepolymer obtained according to (B) was diluted with 100 parts by
      weight of toluene. A solution of 16.4 parts by weight of
      1-amino-3,3,5-trimethyl-5-aminomethyl cyclohexane in 422 parts by weight
      of toluene and 522 parts by weight of tertiary butanol was added dropwise
      to this solution of NCO prepolymer in the course of 20 minutes with
      vigorous stirring. The solution was then stirred at room temperature for
      10 minutes and 31 parts by weight (0.5 mol) of CH.sub.3 O--CH.sub.2 OH and
      2 parts by weight of dimethylbenzylamine were then added immediately and
      the reaction mixture was heated to 55.degree.C for 5 hours. A viscous,
      water-clear solution of a partially methylolated polyurethane-polyurea
      which contained about 20% by weight of high molecular weight solids was
      obtained. It was completely free from gel particles and was completely
      stable in storage over a tested period of 6 months without the addition of
      acid. The viscosity of the solution was 1200 cP/25.degree.C.
PAR  Lemme's titration showed that of the total of 15 parts by weight of
      formaldehyde equivalents present in the solution before methylolation, 3
      parts by weight had been bound by N-methylolation, i.e. about 16.6% of the
      NH groups of the polyaddition product were methylolated.
PAR  4 parts by weight of concentrated formic acid were added to the solution of
      methylolated polyurethane-polyurea and the solution was poured out on a
      glass plate to form a film which was then heated at 110.degree.C for 8
      minutes. A cross-linked, dimensionally stable film was obtained which was
      insoluble in dimethylformamide. By comparison, a film of polyaddition
      product which was not methylolated loses its shape in dimethyl formamide
      even at room temperature and goes into solution.
PAC  E. Gelatine Cross-linking and Adherence Properties of the Products Obtained
      According to the Invention
PAR  This example shows the undiminished reactivity of N-methylol groups or of
      free formaldehyde present in the solutions of methylolated polyaddition
      products according to the invention with basic amino groups in high
      molecular weight polypeptides, using gelatine as a typical example.
PAR  An aqueous gelatine solution containing 8% by weight of gelatine was cast
      on a glass support to form a film about 0.2 mm in thickness which was
      dried overnight at room temperature. Using the gelatine film as support,
      the methylolated solution according to the invention described in (D) was
      applied as a coating of about 0.2 mm in thickness. The coated film was
      dried at room temperature for 25 hours, heated to 140.degree.C for 10
      minutes and then stored in water for several hours. The two-component film
      system was completely preserved, a sign that the lower layer consisting of
      gelatine had been completely cross-linked by formaldehyde and that the
      substrate which contained methylol groups adhered firmly to this
      cross-linked gelatine layer. A gelatine film which had been coated in
      analogous manner with a diisocyanate polyaddition product which was free
      from formaldehyde and contained no N-methylol groups was completely
      destroyed after only a short time in water because gelatine which is not
      cross-linked readily dissolves in water.
PAR  The products which are methylolated in accordance with the invention
      therefore result in improved adherence to polypeptide supports when used
      in the formation of films, a finding which is indirect evidence for
      improved adherence of a primer produced from such products to leather
      supports. Cross-linking of the upper layer of film can be proved by
      demonstrating that the film is insoluble in dimethylformamide.
PAC  EXAMPLE 2
PAR  The procedure was analogous to that described in Example 1 D) but the
      diisocyanate used for preparing the polyurethane was replaced by
PA1  a. a mixture of 22.2 parts by weight of
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane and 16.8 parts
      by weight of hexamethylene diisocyante;
PA1  b. 37.6 parts by weight of xylylenediisocyanate;
PA1  c. 42 parts by weight of trimethylhexamethylene diisocyanate;
PA1  d. 58 parts by weight of an isocyanate telomer of hexamethylene
      diisocyanate and vinyl acetate prepared according to French Patent
      Specification No. 1,593,137 which contained 40% by weight of grafted
      polyvinyl acetate and which was dissolved in excess hexamethylene
      diisocyanate (NCO) content of the solution 29%; hexamethylene diisocyanate
      content 58% by weight);
PA1  e. 52.4 parts by weight of 4,4'-diisocyanatodicyclohexylmethane;
PA1  f. 50 parts by weight of 4,4'-diisocyanatodiphenylmethane;
PA1  g. 34.8 parts by weight of tolylene-2,4-diisocyanate.
PAR  The following chain lengthening agents were used:
PA1  a. 17 parts by weight of 1-amino-3,3,5-trimethyl-5-aminomethylcyclohexane;
PA1  b. 5 parts by weight of hydrazine hydrate;
PA1  c. 17 parts by weight of 1-amino-3,3,5-trimethyl-5-aminomethylcyclohexane;
PA1  d. 17 parts by weight of 1-amino-3,3,5-trimethyl-5-aminomethylcyclohexane;
PA1  e. a mixture of 8.5 parts by weight of
      1-amino-3,3,5-trimethyl-5-aminomethylcyclohexane and 5.8 parts by weight
      of hexamethylene diamine;
PA1  f. 5 parts by weight of hydrazine hydrate;
PA1  g. 5 parts by weight of hydrazine hydrate.
PAR  The solvent used in (a) to (d) were 1 : 1 mixtures of toluene of xylene and
      tertiary-butanol; in (e), (f) and (g), the polyadditon was carried out in
      a 70 : 30 mixture of dimethylformamide and tertiary-butanol. Approximately
      20% by weight solutions were prepared. N-methylolation was then carried
      out as described in Example 1D
PAR  The percentage of methylolated NH groups was determined by titrating the
      free formaldehyde not bound in methylol groups:
PA1  a. 30.5%
PA1  b. 32.5%
PA1  c. 23 %
PA1  d. 28.5%
PA1  e. 18 %
PA1  f. 22 %
PA1  g. 24 %
PAR  The appoximately 20% by weight solutions had viscosities of 1200 to 1400 cP
      (a,b,c,d) or 700 - 900 cP (e,f,g) and could be cross-liked to form
      insoluble films in accordance with Example 1 D in the presence of
      catalytic quantities of maleic acid semiesters of 1 mol of maleic acid
      anhydride and 1 mol of n-butanol. Films obtained from solution (a) showed
      the very interesting property of undergoing cross-linking without any
      addition of acid even at room temperature. A film cast from solution (a)
      was completely insoluble in dimethylformamide within 24 hours after
      evaporation of the solvent mixture at room temperature.
PAC  EXAMPLE 3
PAR  This Example illustrates particularly clearly how the process according to
      the invention enables substantially linear methylolated
      polyurethane-polyureas with extremely high urea group contents to be
      produced without premature cross-linking and without the formation of gel
      particles.
PAR  a. 220 Parts by weight (0.1 mol) of a polyester of adipic acid and
      butane-1,4-diol with OH number 51 were reacted as described in Example 1
      with 44.4 parts by weight (0.2 mol) of
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclo-hexane to produce
      .alpha., .omega.-diisocyanatoprepolymers which were then diluted with a
      solution of 44.4 parts by weight (0.2 mol) of
      1-isocyanato-3,3,5-trimethyl-5-isocyanato-methyl-cyclohexane in 100 parts
      by weight of toluene at 95.degree.C. The resulting solution contained 0.1
      mol of a macro-diisocyanate and 0.2 mol of the monomeric
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohexane. A mixture of
      620 parts by weight of toluene, 720 parts by weight of tertiary-butanol
      and 50 parts by weight of 1-amino-3,3,5-trimethyl-5-aminoethylcyclohexane
      was added dropwise to this prepolymer solution in the course of 20 minutes
      at 20.degree. to 25.degree.C with vigorous stirring. A viscous,
      water-clear solution of a polyurethane-polyurea which contained about 20 %
      by weight of high molecular weight solids was obtained (viscosity 1544 cP
      at 21.degree.C). The concentration of
      ##EQU8##
      was approximately 10.2% by weight, based on polyurethane solids. The
      product was then methylolated with 100 parts by weight of the semiacetal
      CH.sub.3 --O--CH.sub.2 OH and 4 parts by weight of endoethylene piperazine
      at 55.degree.C. The solution obtained was completely free from bel
      particles.
PAR  When approximately 5 parts by weight of trifunctional lightfast biuret
      polyisocyanates or urethane-containing polyisocyanates of hexamethylene
      diisocyanate, 1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohexane,
      4,4'-diisocyanatodicyclohexylmethane, m-xylylene diisocyanate or
      2,6-diisocyanatocaproic acid methyl ester are added to 100 parts by weight
      of the solutions obtained according to this example and the solutions are
      then cast as films on supports such as wood, sheet metal, textile fabrics,
      leather or synthetic resins such as polyvinyl chloride, polyurethanes or
      polyesters, firmly adhering, elastic, hard, cross-liked lacquer coatings
      with maximum light fastness and high chemical resistance are obtained.
PAR  If solutions of the polymeric film forming substances which have high urea
      group concentrations are applied to form films or coatings, etc., without
      the additional cross-linking agents mentioned above and then heated in the
      presence of acid, high quality films which are extremely resistant to
      solvents and lightfast are obtained due to chemical cross-linking or to
      physical cross-linking brought about by hydrogen bridge bonds between the
      urea groups. The films are not attacked either by toluene or by aliphatic
      hydrocarbons or by alcohols or mixtures of these solvents.
PAR  b. If chain lengthening is not carried out in toluene/tertiary butanol but
      in a mixture of dimethylformamide and tertiary butanol at an NCO--NH.sub.2
      ratio of 1.00, very high molecular weight polyureas are obtained in a
      smooth reaction. The viscosity of 20% solutions is 4850 cP at 21.degree.C.
      After methylolation with methylene glycol monomethyl ether, the viscosity
      drops to 3200 cP. When films produced from this solution are heated in the
      presence of 0.5% by weight of a maleic acid semiamide of 1  mol of maleic
      acid anhydride and 1 mol of di-n-butylamine, cross-linked coatings which
      are insoluble in dimethylformamide are obtained.
PAC  EXAMPLE 4
PAR  This Example demonstrates the surprising result that methylolated
      polyurethane-polyureas which have extremely high urea group contents can
      be converted into completely non-tacky, pourable powders.
PAR  The solution obtained in Example 3) after methylolation was added dropwise
      to 1700 parts by weight of a solution of .epsilon.-caprolactam in H.sub.2
      O (molar ratio 1:6) with stirring.
PAR  400 parts by weight of water were added to the reaction mixture after the
      reaction. By the end of 5 hours, a non-sticky powder had settled at the
      bottom. It was filtered off and freed from .epsilon.-caprolactam by
      stirring it up with water several times.
PAR  10% Solutions of this dry powder in toluene/tertiary butanol (1:1) applied
      to wood, metal, synthetic resin, textile or leather supports dry to form
      elastic, hard and completely lightfast coatings which can be cross-linked
      by heat. The internal viscosity of 0.5% solutions of this powder in
      dimethylformamide is 0.85. When dry, the pourable, nontacky powder
      obtained can be cross-linked at 180.degree.C to form insoluble shaped
      products.
PAC  EXAMPLE 5
PAR  200 parts by weight (0.1 mol) of a propylene glycol polyether with OH
      number 56 were dehydrated under vacuum at 130.degree.C for 30 minutes and
      cooled to 110.degree.C and 0.2 parts by weight of tin-II octoate and 44.4
      parts by weight (0.2 mol) of
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane were then
      added. This caused the temperature to rise to 123.degree.C within 1
      minute. Prepolymer formation was completed after 4 minutes. The NCO
      prepolymers were then diluted with 100 parts by weight of toluene, the
      solution was cooled to 25.degree.C and a solution of 11.6 parts by weight
      of hexamethylene diamine in 630 parts by weight of toluene and 314 parts
      by weight of tertiary butanol was added dropwise in the course of 20
      minutes with stirring. The resulting water-clear solution of a
      polyurethane-polyurea which contained polyether segments was methylolated
      in a manner analogous to Example 1 D. The approximately 20% by weight
      solution obtained was completely free from gel particles and stable in
      storage and had a viscosity of 350 cP at 21.degree.C. When the solution
      obtained according to this example is painted on glass, sheet metal, wood
      or synthetic resin supports and heated to 160.degree.C after evaporation
      of the solvent, completely transparent, cross-linked coatings which are
      highly lightfast are obtained after 10 minutes.
PAC  EXAMPLe 6
PAR  The prepolymer obtained in Example 1 B was reacted in each case with 0.1
      mol of the following chain lengthening agents in a manner analogous to
      Example 1 D:
PA1  a. m-xylylene diamine (13.6 parts by weight);
PA1  b. 4,4'-diaminocyclohexane (11.4 parts by weight);
PA1  c. hydrazine hydrate (5 parts by weight).
PAR  The products were then methylolated with the following compounds:
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      in the course of 4 hours at 50.degree.C in the presence of 2 parts by
      weight of trimethylhexahydrotriazine. Completely clear solutions which
      were stable in storage and completely free from gel particles were again
      obtained. They contained approximately 19% of high molecular weight,
      partly methylolated polyurethanepolyureas or
      polyurethane-polyhydrazodicarbonamides and had the following viscosities:
PA1  a. 950 centipoises/25.degree.C
PA1  b. 1150 centipoises/25.degree.C
PA1  c. 930 centipoises/25.degree.C
PAR  When 100 parts by weight of the methylolated high molecular weight
      polyurethane-polyurea or polyurethane-polyureapolyhydrazodicarbonamide
      solutions prepared in this Example, 5 parts by weight of a biuret
      triisocyanate obtained from 3 mols of hexamethylene diisocyanate or 3 mols
      of 1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane and 1 mol
      of water are rapidly stirred together and the mixtures are painted on
      glass, sheet metal or wood, soft, abrasion resistant, cross-linked
      lacquers or coatings with maximum light fastness are obtained.
PAC  EXAMPLE 7
PAR  A prepolymer was prepared in a manner analogous to Example 1 B from 167
      parts by weight of a polyester of adipic acid, dimethylpropane-2,2-diol
      and hexanediol (molar ratio 1:1:1.2) which had a molecular weight of 1670
      and 44.4 parts by weight of
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohexane. The prepolymer
      was taken up with 100 parts by weight of toluene and after the addition of
      a further 22.2 parts by weight of the same monomeric diisocyanate the
      mixture of diisocyanate and prepolymer was introduced dropwise at room
      temperature into a solution of 42 parts by weight of
      4,4-diaminodicyclohexylmethane in 451 parts by weight of toluene and 551
      parts by weight of tertiary butanol. 33 parts by weight of the liquid
      semiacetal CH.sub.3 --O--CH.sub.2 OH and 1 part by weight of
      dimethylbenzylamine were then added to the resulting approximately 20%
      solution of polyaddition product which had a viscosity of abouot 3780 cP
      at 25.degree.C, and the reaction mixture was methylolated for 11/2 hours
      at 50.degree.C.
PAR  The methylolated solution had a viscosity of 2852 cP at 25.degree.C.
PAR  Films produced from the solution can be cross-linked by heating to about
      120.degree.C and when cross-linked they swell only by about 8 to 9% in
      length and width in perchloroethylene.
PAC  EXAMPLE 8
PAR  The procedure was analogous to that employed in Example 7 but instead of
      the diisocyanate used in that Example, an equivalent quantity of
      4,4'-diisocyanatodicyclohexylmethane was used and no monomeric
      diisocyanate was added before chain lengthening. Chain lengthening was
      carried out with 17 parts by weight of
      1-amino-3,3,5-trimethyl-5-aminomethyl-cyclohexane.
PAR  The solution had a viscosity of 577 cP/25.degree.C after methylolation.
PAR  Films produced according to this Example have excellent fastness to light
      and can be cross-linked by storage at room temperature for 4 months even
      without the addition of acid. After this time, samples of film are
      insoluble even in boiling dimethylformamide. They swell much less in
      dimethylformamide than films which have not been cross-linked. After the
      films have been cross-linked, the amount to which they change in length
      and width due to swelling in trichloroethylene is only about 55% (film
      before cross-linking: approximately 102%).
PAC  EXAMPLE 9
PAR  A polyurethane-polyurea was prepared in a manner analogous to Example 1 D
      from 200 parts by weight of a polyester of adipic acid and ethylene glycol
      with OH number 56 and
PA1  a. a mixture of 22.4 parts by weight of
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane and 16.8 parts
      by weight of hexamethylene diisocyanate or
PA1  b. 37.6 parts by weight of m-xylylene diisocyanate or
PA1  c. 42 parts by weight of trimethylhexamethylenediisocyanate or
PA1  d. 58 parts by weight of an isocyanate telomer prepared according to French
      Patent Specification No. 1,593,137 from hexamethylene diisocyanate and
      vinyl acetate, this telomer containing 40% by weight of grafted polyvinyl
      acetate and being dissolved in excess hexamethylene diisocyanate (NCO
      content of the solution 29%; hexamethylene diisocyanate content 58% by
      weight); or
PA1  e. a mixture of 25 parts by weight of 4,4'-diisocyanatodiphenylmethane and
      22.4 parts by weight of
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane; or
PA1  f. a mixture of 17.4 parts by weight of 1-methylbenzene-2,4-diisocyanate
      and 22.4 parts by weight of
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohexane; and
PAL  in each case 16.5 parts by weight of
      1-amino-3,5,5-trimethyl-5-aminomethylcyclohexane as chain lengthening
      agent, using a mixture of 250 parts by weight of dimethylformamide and 250
      parts by weight of tertiary-butanol as solvent. The polyurethane polyurea
      was then methylolated in each case with 0.48 mol (30 parts by weight) of
      CH.sub.3 --O--CH.sub.2 OH and 2 parts by weight of
      trimethylhexahydrotriazine for 3 hours. The solutions obtained were stable
      in storage and had the following viscosities:
PA1  a. 750 cP/25.degree.C
PA1  b. 1350 cP/25.degree.C
PA1  c. 810 cP/25.degree.C
PA1  d. 1400 cP/25.degree.C
PA1  e. 1380 cP/25.degree.C
PA1  f. 1200 cP/25.degree.C
PAC  EXAMPLE 10
PAR  A neat's grain leather which had been predyed with aniline dye in the vat
      and then chrome tanned was primed by spraying with a primer consisting of
      150 parts by weight of the 20% by weight solution of methylolated
      polyurethane-polyurea described in Example 1 D, 600 parts by weight of
      methyl ethyl ketone, 170 parts by weight of ethyl glycol and 80 parts by
      weight of toluene. This primed aniline leather was then finished by
      spraying it with the following dressing:
PA1  110 parts by weight of the methylolated polyurethane-polyurea solution
      prepared in Example 1 D which had been used as primer,
PA1  80 parts by weight of a 10% solution in ethyl acetate of commercial
      ester-soluble collodion cotton which had a viscosity of 5000 cP when
      measured as a 10% solution in butyl acetate (purity: 98/100%),
PA1  570 parts by weight of methyl ethyl ketone,
PA1  160 parts by weight of ethyl glycol and
PA1  80 parts by weight of toluene.
PAR  After several minutes' drying at 60.degree.C, a coating with a silky gloss
      was obtained which did not impair the natural appearance of the dyed
      leather but reduced its sensitivity to wet and dirt.
PAC  EXAMPLE 11
PAR  A retanned chromed neat's leather was primed by plush pad application of an
      aqueous primer consisting of 200 parts by weight of a commercial
      casein-containing
PA1  leather paint which contained 55% of titanium dioxide, 6% of casein and 18%
      of the usual plasticizers used for casein,
PA1  180 parts by weight of a commercial aqueous polymer dispersion containing
      40% of a copolymer of butadiene and acrylonitrile and
PAL  620 parts by weight of water, followed by ironing at 70.degree.C and
      150.degree.C and another plush pad application. Priming was then completed
      by twice spraying the leather with a second primer composition consisting
      of 100 parts by weight of the primer composition described above, 70 parts
      by weight of a commercial casein solution plasticized with the usual
      casein plasticizers, 120 parts by weight of the polymer dispersion used in
      the plush formulation and 710 parts by weight of water, followed by
      ironing at 70.degree.C and 150.degree.C.
PAR  The methylolated polyester-polyurethane-polyurea solution described in
      Example 1 D was then applied to this primed leather by two light spray
      applications. A leather dressed with an equivalent quantity of a
      polyaddition product which had not been methylolated was not only less
      lightfast and heat resistant but also considerably inferior in its
      resistance to scuffing and adherence to the primer.
PAR  Any of the other organic diisocyanates, chain extenders, polyols, solvents,
      tertiary alcohols and other components indicated herein as suitable for
      use in practicing the invention may be substituted for those used in the
      foregoing examples.
PAR  Although the invention has been described in detail for the purpose of
      illustration, it is to be understood that such detail is solely for that
      purpose and that variations can be made therein by those skilled in the
      art without departing from the spirit and scope of the invention except as
      it may be limited by the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for N-methylolating a polyurethane comprising reacting
PA1  a. a polyurethane containing about 0.2 to 0.4 NH equivalents obtained from
      urea groups for every 200 parts by weight of polyurethane with
PA1  b. between 0.1 to 10 equivalents of formaldehyde per methylolatable NH
      equivalent, dissolved in a solvent mixture of
PA1  c. an inert organic solvent selected from the group consisting of benzene,
      toluene, xylene, ethyl benzene, chlorobenzene, tetrahydrofuran, dioxane,
      1,3-dioxalene, glycol carbonate, ethyl glycol acetate, methylene chloride,
      chloroform and trichloroethylene and
PA1  d. a tertiary alcohol
PAL  at a temperature of between about -20.degree. and 160.degree.C.
NUM  2.
PAR  2. A process of N-methylolating a polyurethane comprising reacting
PA1  a. a polyurethane containing about 0.2 to 0.4 NH equivalents obtained from
      urea groups for every 200 parts by weight of polyurethane, with
PA1  b. 0.1 to 2 equivalents of formaldehyde per methylolatable NH equivalent,
      in a solvent mixture of
PA1  c. an inert organic solvent selected from the group consisting of benzene,
      toluene, xylene, ethyl benzene, chlorobenzene, tetrahydrofuran, dioxane,
      1,3-dioxalene, glycol carbonate, ethyl glycol acetate, methylene chloride,
      chloroform and trichloroethylene, and
PA1  d. about 5 to 95 wt%, based on the total weight of solvent, of a tertiary
      alcohol
PAL  at a temperature of between -20.degree.C and 160.degree.C.
NUM  3.
PAR  3. The process of claim 2 wherein 0.3 to 1.5 equivalents of formaldehyde
      per methylolatable NH equivalent are used, the solvent mixture contains 10
      to 90 wt% tertiary butanol and the reaction is carried out at 20.degree.
      to 70.degree.C.
NUM  4.
PAR  4. The product of the process of claim 1.
NUM  5.
PAR  5. The product of the process of claim 2.
NUM  6.
PAR  6. The process of claim 2 wherein the formaldehyde is produced in the
      reaction mixture from a compound adapted to release formaldehyde.
NUM  7.
PAR  7. The process of claim 6 wherein the compound which releases formaldehyde
      is a semiacetal of formaldehyde.
NUM  8.
PAR  8. The process of claim 7 wherein N-methylol-caprolactam,
      N-methylol-butyrolactam or N-methylol-valerolactam is included along with
      the said semiacetal.
NUM  9.
PAR  9. The process of claim 2 wherein the polyurethane is a polyurethane-urea,
      polyurethane polyamide, polyurethanepolyurea-polyhydrazodicarbonamide, or
      a polyurethane-polyhydrazodicarbonamide.
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ABST
PAL  Polyester urethanes having superior properties for use in safety glass
      windshields are formed from (a) a hydroxy-terminated polyester of
      polycaprolactone, poly(butylene adipate), poly(butylene azelate) or
      mixtures; (b) a diol having a molecular weight less than 250, preferably
      1,4-butanediol or 1,3-butanediol and (c) a cycloaliphatic diisocyanate.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part application of our earlier
      application Ser. No. 154,944, filed June 21, 1971, now abandoned.
BSUM
PAR  This invention relates to polyester-urethanes having superior properties
      for use in preparing safety glass and particularly polyester-urethanes
      formed from (a) a polyester of polycaprolactone, poly(butylene adipate),
      poly(butylene azelate) or mixtures; (b) a diol with a molecular weight
      less than 250 and preferably 1,4-butanediol or 1,3-butanediol; and (c) a
      cycloaliphatic diisocyanate.
PAR  Safety glass is a well-known term for a glass sandwich composed of an
      interlayer bonding together two glass plates or sheets which when broken
      results in a minimum dispersion of fragments of broken glass. Recently it
      has been discovered that a plastic material can be adhered to a single
      sheet of glass to make an impact-resistant bilayer and the compositions of
      the invention are suitable for both bilayers and the conventional trilayer
      safety glass laminates although the ratios may vary in which the
      ingredients are reacted to form the polyester-urethanes and the thickness
      of the polyester-urethane may differ depending upon which type of laminate
      is desired.
PAR  The concept of employing a polyester-urethane as an interlayer for safety
      glass laminates is not new. It has been found, however, that the
      compositions of the invention give superior impact-resistance, are energy
      absorbing such that concussive injury is minimized when employed in a
      safety glass laminate and are resistant to hydrolytic and ultraviolet
      degradation when employed in a bilayer safety glass laminate.
PAR  The poly(butylene adipate) or poly(butylene azelate) polyester component
      which is employed to form the polyester-urethane of the invention is
      formed from butanediols preferably 1,4-butanediol; and adipic or azelaic
      acids to provide a molecular weight between about 750 and about 5,000 but
      preferably between about 1,000 and about 3,000. Polybutylene adipates
      useful in the invention having molecular weights between about 1,000 and
      about 2,000 are commercially available. The butanediols reacted with the
      polyester can be the 1,4- or 1,3-isomer but the particular one used will
      depend upon the diisocyanate and its isomer ratio. That is, some of the
      diisocyanates are not compatible with 1,4-butanediol in that translucent
      urethanes result and for these compositions 1,3-butanediol will be
      employed. Generally, however, 1,4-butanediol will be suitable and is
      preferred. Polycaprolactone, the other suitable polyester, can be formed
      from epsilon caprolactone by well-known procedures to provide a polyester
      in the aforesaid molecular weight range. The polyesters are hydroxyl
      terminated.
PAR  The diisocyanate which is employed to make the polyester-urethane is a
      cycloaliphatic compound and preferably a dinuclear compound bridged by an
      isopropylidene group or an alkylene group of 1 to 3 carbon atoms. Among
      the diisocyanates which can be employed are 4,4'-methylene-bis-(cyclohexyl
      diisocyanate), hydrogenated toluene diisocyanate,
      4,4'-isopropylidene-bis-(cyclohexyl isocyanate), 1,4-cyclohexyl
      diisocyanate, 4,4'-dicyclohexyl diisocyanate, 2,2,4-trimethylhexamethylene
      diisocyanate (TMDI); and 3-isocyanato methyl-3,5,5-trimethylcyclohexyl
      diisocyanate (IPDI). Mixtures can be employed to include minor amounts of
      other diisocyanates, such as toluene diisocyanate, diphenyl methane
      diisocyanate (MDI) and other aromatic diisocyanates providing that the
      amount employed is carefully controlled to avoid yellowing, translucence,
      and reduced impact resistance.
PAR  The most preferred cycloaliphatic diisocyanate is
      4,4'-methylene-bis-(cyclohexyl isocyanate) and is commerically available
      in different stereoisomer ratios. The product sold by duPont Company under
      the trademark "Hylene W" has a stereoisomer content of 19 to 21 percent
      trans, trans, 17 to 18 percent cis, cis, and 62 to 64 percent cis, trans.
      The total ratio is 55 percent trans and 45 percent cis. The diisocyanate
      may also contain a minor amount of monoisocyanate such as between about
      0.27 and 0.40 percent and has a total acidity (as HCl) between about 0.001
      and 0.002 percent by weight and an isocyanate content of about 99.8
      percent of the theoretical. In the most preferred compositions of the
      invention, the diol reacted with this diisocyanate and polyester is
      1,4-butanediol. The same diisocyanate has also been offered commercially
      by Allied Chemical Company as "Nacconate H-12" but in a different
      stereoisomer ratio of 70 percent total trans, and 30 percent total cis
      (the proportion which is cis, cis; trans, trans and cis, trans is not
      known). With this diisocyanate, the diol which is reacted with the
      polyester and diisocyanate should be 1,3-butanediol or other unsymmetrical
      or branched diol or a translucent product is likely to result. Thus, when
      the total ratio of trans to cis is high, a branched or unsymmetrical diol
      such as 1,3-butanediol should be employed to avoid the formation of
      translucent urethanes although they may have exceptional impact-resistant
      and other properties necessary for superior safety glass.
PAR  In addition to the most preferred butanediols, other low molecular weight
      diols with molecular weights less than 250 can be employed including
      aliphatic diols of from 2 to 10 carbon atoms with or without ether or
      ester linkages as well as cycloaliphatic diols. Exemplary of suitable
      aliphatic diols are 1,2-propanediol; 2-methyl-2-ethyl-1,3-propanediol;
      (2,2,4-trimethyl-1,3-pentanediol); 2-methylbutanediol-1,4;
      2-butyl-2-ethyl-propanediol-1,3; 1,5-pentanediol; and 1,6-hexanediol.
      Exemplary of suitable diols with ether linkages are diethylene glycol,
      triethylene glycol, tetraethylene glycol and dipropylene glycol. Exemplary
      of suitable cycloaliphatic diols are 1,4-cyclohexanedimethanol;
      1,4-cyclohexanediol; 2,2,4,4-tetramethyl-1,3-cyclobutanediol; and
      4,4'-isopropylidene-bis-(cyclohexanediol). Exemplary of suitable diols
      with ester linkages are hydroxypivalyl hydroxypivalate, bis-hydroxyethyl
      adipate and bis-hydroxypropylene adipate.
PAR  To obtain optically clear plastomers, it is generally necessary that the
      monomeric diol be symmetrical when the diisocyanate is low in trans, trans
      isomer content such as less than about 30 percent. Exemplary of
      symmetrical diols are 1,4-butanediol, ethylene glycol, 1,2-propanediol,
      bis-hydroxyethyl adipate and bis-hydroxypropylene adipate. Illustrative of
      unsymmetrical diols are 1,3-butanediol, 2,2,4-trimethyl-1,3-pentanediol,
      2-methyl-2-ethyl-1,3-propanediol, 2-methylbutanediol-1,4,
      2-butyl-2-ethyl-propanediol-1,3, and hydroxypivalyl hydroxypivalate. The
      low molecular weight diols are preferably saturated but unsaturated diols
      can be employed such as 2-butene-1,4-diol. For convenience, much of the
      disclosure refers to 1,4-butanediol. It should be understood, however,
      that the other monomeric diols can generally be substituted depending upon
      the isomer ratio of the diisocyanate.
PAR  The reactants are essentially linear and the resultant polyester-urethane
      is believed to be essentially linear because of its thermoplastic nature
      and solubility in solvents such as chloroform and N-methyl-2-pyrrolidone.
PAR  For interlayers having the best impact energy absorption level, it is
      important to form the polyurethane from proper proportions of these
      substituents. Other things being substantially unchanged, it has been
      discovered that the best interlayer materials are obtained when the ratio
      of butanediol to polyester, e.g., poly(1,4-butylene adipate) is controlled
      within certain limits, which limits have been observed to vary depending
      upon the molecular weight of the polyester.
PAR  Thus, when the polyester has a molecular weight of about 1,000 superior
      interlayer compositions have resulted by the use of between 0.9 and 1.2
      moles of butanediol per mole of polyester. When the ratio of butanediol to
      polyester exceeds about 1.2:1, loss of optimum performance in safety glass
      application is noted when the laminate is at a temperature of 0.degree.F.
      because the interlayer is brittle. Brittle interlayers are undesirable
      because there is little diaphragm action when the laminate is ruptured
      thereby increasing the likelihood of concussive, lacerative, and
      penetration injury. Within the aforesaid ratios, however, the compositions
      are superior to all known interlayer compositions as the penetration
      resistance is superior over a broad temperature range of from 0.degree.F.
      to 120.degree.F. Heretofore, it has been only possible to prepare
      laminates which were effective at a particular temperature and when
      variations were made to improve another temperature, the properties of a
      laminate at the first temperature suffered.
PAR  Quite surprisingly, it has been found that when the polyester has a
      molecular weight of 2,000, the ratio of ingredients can be considerably
      expanded and superior compositions still prepared. For example, the ratio
      of butanediol to polyester of 2,000 molecular weight can be between about
      0.7:1 and about 5:1 and the laminate has superior properties across a wide
      temperature range.
PAR  To prepare a transparent polyester-urethane suitable for use in automobile
      wind-shields, it is necessary that the urethane reactants be made
      homogeneous and reacted at a temperature above about 100.degree.C, or
      preferably above about 120.degree.C. In some cases, however, additional
      steps are necessary in order to obtain haze free interlayer polymers. For
      example, some compositions made from high molecular weight polyesters such
      as 4,000 molecular weight poly(1,4-butylene adipate) are translucent
      unless the reaction rate of the reactants is controlled to obtain a more
      random distribution of blocks of diisocyanate-polyester, and
      diisocyanate-diol having a molecular weight less than 250, such as by use
      of a catalyst or by mixing and/or conducting the reaction at a higher
      temperature. One method to clarify these polymers is to heat the polymer
      to a temperature between about 320.degree.F. and about 375.degree.F. such
      as by extrusion and then quench it in water, although in some cases the
      polymer may revert to its translucent state upon aging. As previously
      noted, the urethane may also become translucent because of the use of a
      diisocyanate having a high amount (70%) trans isomer but this can be
      compensated for by using the unsymmetrical 1,3-butanediol.
PAR  It is also important to rapidly obtain reaction temperatures after a
      homogenous mixture is obtained when a catalyst is not employed so that the
      polymer does not become hazy. For example, it has been found that when
      poly(1,4-butylene adipate), 1,4-butanediol, and
      4,4'-methylene-bis-(cyclohexyl diisocyanate) "Hylene W" are employed in
      the mole ratio of Example 3, infra, the mixture becomes hazy after about
      103 minutes at a temperature of 65.degree.C. When the temperature is
      raised to 80.degree.C., however, the mixture becomes hazy after about 47
      minutes and when the temperature is further raised to 100.degree.C., after
      a twenty minute heating period from 57.degree.C., the mixture is hazy
      after only sixteen minutes at 100.degree.C. Thus, it is important either
      through the use of a catalyst or by introducing the reactants at the
      reaction temperature such as by use of a mixing head, to rapidly reach the
      reaction temperature such as above about 120.degree.C. so that the polymer
      does not become hazy.
PAR  The urethane ingredients are preferably mixed in a moisture-free atmosphere
      such as nitrogen to prevent moisture contamination. When the reaction is
      conducted without a catalyst, an oxygen-free atmosphere is also preferably
      employed to prevent any surface discoloration of the urethane.
PAR  The urethanes are preferably prepared by the one-step bulk polymerization
      method which provides a flexible polymer having a more random distribution
      of segments. The total number of hydroxyl groups or labile hydrogen atoms
      is equivalent to the number of isocyanate groups although a slight
      deficiency of hydroxyl groups or NCO groups can be employed to provide an
      NCO to OH ratio of 0.99 to 1.01.
PAR  The reaction is preferably conducted until the polymer formation is
      essentially complete and the product is substantially free of unreacted
      isocyanate groups, i.e., has less than 0.3 percent by weight isocyanate
      groups and preferably less than about 0.08 percent by weight isocyanate
      groups. The polyester and butanediol should not have a water content
      higher than about 0.2 percent, preferably less than 0.05.
PAR  To obtain the randomness desired and a clear leathery polymer, the
      butanediol is preferably added to the polyester under a nitrogen
      atmosphere to exclude moisture and the temperature maintained sufficiently
      high so that there is no phase separation and a homogeneous mixture is
      obtained. The diisocyanate is then preferably added rapidly and the
      temperature of the mixture maintained sufficiently high to obtain a
      homogeneous mixture so that there is no phase separation.
PAR  The mixture is then preferably degassed with agitation for a period, for
      example, of about 3 minutes during which time the pressure is reduced from
      atmospheric to about 3 millimeters of mercury. The reduction in pressure
      facilitates the removal of the dissolved gases such as nitrogen and carbon
      dioxide and then the ingredients are preferably reacted at a temperature
      of between about 120.degree. and 150.degree.C. (e.g., 143.degree.C) if in
      the pressure of a catalyst and the reaction continued for about 4 hours
      until there are substantially no isocyanate groups. In lieu of a catalyst,
      the reaction can be conducted for about 20 hours preferably under a
      nitrogen atmosphere. The resultant semi-solid polymer is then preferably
      cut while warm, granulated, extruded and/or milled and calendered into
      sheets and assembled into laminates.
PAR  Polymers having the desired random distribution can also be prepared by the
      pre-polymer method whereby the polyester is first treated with the
      diisocyanate and the butanediol is then reacted with the pre-polymer.
PAR  If desired, a minor portion of the polyester can be replaced by other
      polymeric components providing that their use does not result in decreased
      performance of the resultant laminate. Exemplary of suitable polymers are
      polyethers such as the poly(oxy-polymethylene) glycols, such as disclosed
      in Wismer, U.S. Pat. No. 3,509,015, and the hydroxy-terminated
      polycarbonates as disclosed in Stevens, U.S. Pat. Nos. 3,248,414;
      3,248,415; and 3,248,416. Other polyols can also be employed.
PAR  After the reaction is substantially complete, the polymer is preferably
      transferred directly to an extruder and extruded, and/or milled and
      calendered to the desired thickness or the partially polymerized material
      can be further polymerized in the forming equipment. When it is not
      possible to make a direct transfer from the reaction apparatus to the
      forming apparatus, the polyurethane material can be poured into trays and
      the like and allowed to harden into blocks. The trays are preferably
      coated with a suitable coating so that the polymer does not adhere to the
      tray or removal is sometimes difficult. Suitable coating materials are
      halogenated hydrocarbons such as Teflon, or a sheet material such as
      Tedlar can be draped in the tray. Conventional granulators, rubber mills
      and extruders can be employed to form the polymer into sheet form. The
      material is then preferably sandwiched between a non-adherent protective
      material such as polyethylene to exclude dust and preferably sealed in a
      container to exclude moisture. It may be desirable to coat the polymer
      with a powder such as sodium bicarbonate in order to prevent adjacent
      sheets from adhering to each other. Before use in a laminate it is
      desirable to control the moisture content in the polymer such as by drying
      in an oven at a temperature between about room temperature and about
      120.degree.F. for from a few hours up to 3 days or more. Before lamination
      the powder, if employed, can be removed by a water bath and the sheet
      dried. The polyurethane can then be placed with other materials to form
      the desired laminate. In some cases, an adhesion promoter or inhibitor may
      be necessary so that the polyurethane adheres to the glass to prevent the
      scattering or flying of glass pieces when the laminate is ruptured but
      which does not adhere so tightly that diaphragm action is not obtained
      when the laminate is ruptured. Suitable adhesion promoters are the alkoxy
      silanes which include gamma-aminopropyltriethoxysilane (sold by Union
      Carbide Corporation under the trademark "A-1100") and
      N-(beta-aminoethyl)gamma-aminopropyltrimethoxysilane (sold by Union
      Carbide Corporation under the trademark "A-1120"). The promoter may be
      incorporated into the urethane reactants, applied externally to the sheet
      material or applied to the glass surface. Exemplary of suitable adhesion
      inhibitors are the alkyl acid phosphates disclosed in Canadian Pat. No.
      861,469. Particularly preferred is stearyl acid phosphate. Only a minor
      amount of adhesion controlling agent is required, if at all, such as from
      about 0.00001 to to about 0.1 percent.
PAR  After the desired plies have been assembled, air can be removed and the
      laminate edges sealed by placing a rubber dam or channel around the edges
      of the laminate, and pulling a partial vacuum and heating the laminate to
      the polyurethane softening temperature. Sealing can be accomplished in
      from between about 5 to 10 minutes at a temperature of 300.degree.F. and
      pressure of 10-25 p.s.i.g. The laminate can then be placed in an oil or an
      air autoclave until the laminate is sealed at a temperature between about
      275.degree. and 350.degree.F. for a period between about 45 minutes and 2
      hours at 50 to 250 p.s.i.g. The autoclave conditions, however, will depend
      upon the particular polymers employed. In lieu of edge sealing and/or when
      the polyurethane is adhered to a single layer of glass and thus will be
      exposed to the oil in the autoclave, the laminate can be placed in a
      heat-resistant, heat-sealable bag such as a polyethylene coated Mylar bag
      sold under the trademark "Polymar". The air can then be removed by pulling
      the vacuum which seals the bag and the edge sealing step eliminated.
PAR  A method for preparing trilayer and bilayer laminates useful herein is
      disclosed in Seeger et al., U.S. Ser. No. 242,347, filed Apr. 10, 1972,
      pages 39 through 46.
PAR  Conventional glass can be employed but preferably the glass is a chemically
      strengthened or thermally tempered glass.
DETD
PAR  The following examples serve to illustrate the invention and its preferred
      embodiments. All parts and percentages in said examples and elsewhere in
      the specification and claims are by weight unless otherwise indicated.
PAR  The compositions of Examples 1 and 2 were prepared and formulated into
      laminates by the following procedure. A glass kettle was employed,
      generally 2 liters, fitted with magnetic stirrer, a heating mantle,
      thermometer, a conduit for reducing the pressure in the kettle and also
      for introducing nitrogen and an emergency conduit for bleeding air through
      a drying tube. The polyester was charged to the kettle and heated to a
      mixing temperature of 160.degree. to 165.degree.F. This mixing temperature
      was maintained for approximately 1 hour under a reduced pressure of 2 of 3
      millimeters of mercury. The low molecular weight diol and diisocyanate
      were heated in separate containers to the aforesaid mix temperature under
      a reduced pressure of 2 to 3 millimeters of mercury. The vacuum was broken
      with the addition of nitrogen and the low molecular weight diol (i.e.,
      less than 250) added to the glass kettle and the pressure reduced to
      between 2 to 3 millimeters of mercury whereupon the mix temperature of
      160.degree. to 165.degree. F. was maintained from 5 to 10 minutes. The
      diisocyanate was then removed from the oven and added to the glass kettle
      by the same procedure of the low molecular weight diol and for an
      additional 5 to 6 minutes the aforesaid mix temperature was maintained.
      The mixture was then cast into pre-heated glass cells which were
      pre-heated to a cure temperature of 290.degree.F. and the cells put back
      in an oven for 24 hours and maintained at 290.degree.F. The cells were
      prepared by sealing three edges of a 1/8th inch by 12 inch sheet of glass
      with a silicone gasket or pressure-sensitive spacer tape such as
      polyvinylchloride with adhesive on each side and this sheet adhered to a
      similar sheet of glass, and tape applied to three outer edges of said
      combined sheets whereby s 30 mil space is obtained between the sheets, and
      three of the four outside edges are sealed. An aluminum tape with adhesive
      on one side was used to make a dam on the other edge of the glass through
      which the hot polymer reactants could be poured. The cell was tilted at an
      angle of 20.degree. to 30.degree. to permit the flow of reactants mix
      while pushing the air out of the cell and the mixture was poured into the
      cell and placed in an oven at the same angle. When the polyurethane was
      cured (e.g., 24 hours at 143.degree.C.) such as determined by the
      disappearance of the NCO band as evidenced by attentuated total
      reflectance (infra red spectrophotometry) the laminate of a cell was aged
      for a week at room temperature and then subjected to an impact test. By
      this test, a 5 pound steel ball is dropped on to the laminate, while held
      rigid in a frame, from a heighth which ensures it will penetrate the
      laminate. By an electronic device, a time-distance reltionship (velocity)
      is obtained for the ball as it penetrates the laminate; and this data
      along with knowing the drop heighth permits calculation of the penetration
      velocity. Several tests were conducted at each temperature and the mean
      penetration velocity given is the average value obtained from a number of
      tests, when a single value is given.
PAC  EXAMPLE 1
PAR  Polyester-urethanes were prepared employing either poly(1,4-butylene
      azelate) or poly(ethylene adipate) as the polyester with varying low
      molecular diols and the Hylene W diisocyanate. The ingredients, their mole
      ratio and the ball drop results are given in the following Table I. All
      compounds were formulated to provide a urethane content of 15.5 percent
      and three laminates were tested at 0.degree.F. and 120.degree.F. and two
      laminates at 70.degree.F. The urethane concentration can be determined by
      the following formula based upon 1 mole of polyester polyol and an NCO:OH
      ratio of 1:
      ##EQU1##
      where Wu = weight percent of urethane group. From the results reported in
      Table I, it can be seen that all of the laminates employing polyethylene
      adipate as the polyester were brittle 0.degree.F. indicating that the
      laminate had little or no impact-absorbing properties at this temperature.
      Compounds I-A, 1-B, 1-C and 1-D, however, all prepared from
      poly(1,4-butylene azelate) are effective at all three temperatures.
      Compound 1-B, however, also employing 1,4-butanediol as the low molecular
      weight diol is superior as it shows the same high impact-absorbing
      properties at all three temperatures.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Compound No.   1-A 1-B 1-C 1-D 1-E  1-F  1-G  1-H*                        

     Ingredients    (MOLE RATIO)                                               

     __________________________________________________________________________

     Poly(1,4-butylene azelate)                                                

                    1.00                                                       

                        1.00                                                   

                            1.00                                               

                                1.00                                           

                                    --   --   --   --                          

     (1908 MW)                                                                 

     Poly(ethylene adipate)                                                    

                    --  --  --  --  1.00 1.00 1.00 1.00                        

     (2029 MW)                                                                 

     Ethylene Glycol                                                           

                    3.22                                                       

                        --  --  --  3.50 --   --   --                          

     1,4-Butane diol                                                           

                    --  3.44                                                   

                            --  --  --   3.74 --   --                          

     1,5-Pentane diol                                                          

                    --  --  3.56                                               

                                --  --   --   3.87 --                          

     1,6-Hexane diol                                                           

                    --  --  --  3.69                                           

                                    --   --   --   4.01                        

     Hylene W       4.22                                                       

                        4.44                                                   

                            4.56                                               

                                4.69                                           

                                    4.50 4.74 4.87 5.01                        

     Mean Penetration Velocity                                                 

     (Miles per Hour)                                                          

     12" .times. 12" Laminates, Air Clamp, 5 lb. Ball,                         

     Corrected to .030"                                                        

     __________________________________________________________________________

      0.degree.F.   22.5                                                       

                        24.5                                                   

                            23.5                                               

                                --  Brittle                                    

                                         Brittle                               

                                              Brittle                          

                                                   Brittle                     

       70.degree.F. 23.0                                                       

                        24.5                                                   

                            23.0                                               

                                23.0                                           

                                    23.0 21.0 22.5 20.5                        

     120.degree.F.  18.5                                                       

                        24.0                                                   

                            18.0                                               

                                18.0                                           

                                    18.0 20.5 18.0 17.0                        

     __________________________________________________________________________

      *Interlayer had moderate haze which formed early during oven cure.       

PAC  EXAMPLE 2
PAR  Another series of polyester-urethane was prepared and tested in which
      varying polyesters were used with the preferred low molecular weight diol,
      1,4-butanediol and the preferred diisocyanate, Hylene w. The formulations
      are given in the following Table II which compositions were formulated to
      provide a urethane content of 15.5 percent in each polyurethane. The
      impact resistance data is presented in Table III. From the data, it can be
      seen that the compounds of the invention 2-A, 2-B and 2-K are the only
      compositions that show comparable penetration resistance at all three
      temperatures. All of the other compounds were brittle at 0.degree.F. In
      addition, the compound 2-E was translucent.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Compound No.         2-A 2-B 2-C 2-D 2-E 2-F                              

                                                 2-G 2-H                       

                                                        2-I 2-J 2-K            

     (Ingredients)        (MOLE RATIO)                                         

     __________________________________________________________________________

     Poly(1,4-butylene azelate) 1908 MW                                        

                          1   --  --  --  --  -- --  -- --  --  --             

     Poly(1,4-butylene adipate) 1990 MW                                        

                          --  1   --  --  --  -- --  -- --  --  --             

     Poly(ethylene adipate) 2029 MW                                            

                          --  --  1   --  --  -- --  -- --  --  --             

     Poly(ethylene propylene adipate)                                          

                          --  --  --  1   --  -- --  -- --  --  --             

      1011 MW                                                                  

     Poly(1,4-butylene sebacate)                                               

                          --  --  --  --  1   -- --  -- --  --  --             

      1650 MW                                                                  

     Poly(1,5-pentylene sebacate)                                              

                          --  --  --  --  --  1  --  -- --  --  --             

      2439 MW                                                                  

     Poly(1,4-butylene succinate)                                              

                          --  --  --  --  --  -- 1   -- --  --  --             

      1194 MW                                                                  

     Poly(1,6-hexylene succinate)                                              

                          --  --  --  --  --  -- --  1  --  --  --             

      1502 MW                                                                  

     Poly(1,5-pentylene succinate)                                             

                          --  --  --  --  --  -- --  -- 1   --  --             

      1385 MW                                                                  

     Poly(ethylene succinate)                                                  

                          --  --  --  --  --  -- --  -- --  1   --             

      1385 MW                                                                  

     Poly(caprolactone) 1993 MW                                                

                          --  --  --  --  --  -- --  -- --  --  1              

     1,4-butanediol       3.442                                                

                              3.910                                            

                                  3.737                                        

                                      1.250                                    

                                          2.810                                

                                              4.74                             

                                                 1.696                         

                                                     2.45                      

                                                        2.165                  

                                                            2.165              

                                                                3.649          

     Hylene W             4.442                                                

                              4.910                                            

                                  4.737                                        

                                      2.250                                    

                                          3.810                                

                                              5.74                             

                                                 2.696                         

                                                     3.45                      

                                                        3.165                  

                                                            3.165              

                                                                4.649          

     __________________________________________________________________________

TBL                                    TABLE III                               

     __________________________________________________________________________

     Compound                                                                  

          Mean Penetration                                                     

                    Velocity                                                   

                            (Miles per Hour)                                   

     No.  0.degree.F.                                                          

                    70.degree.F.                                               

                            120.degree.F.                                      

     __________________________________________________________________________

     2-A  (21) 23   (22) 22 (21) 18   (Number of sample                        

                                      in parentheses)                          

     2-B  26        26      23                                                 

     2-C   15 B     23      21                                                 

     2-D   11 B     21      17                                                 

     2-E  &lt; 10 B    &lt; 13    &lt; 10      Hazy-translucent                         

     2-F   12 B     17      15                                                 

     2-G  &lt; 10 B    21      12                                                 

     2-H  &lt; 16 B    20      18                                                 

     2-I   10 B     21      20                                                 

     2-J  &lt; 10 B    &lt; 16 B  12                                                 

     2-K  21        23      18                                                 

     __________________________________________________________________________

      B = Brittle                                                              

PAR  The following Examples are illustrative of polyester-urethanes which were
      prepared into sheet form by the preferred procedure.
PAC  EXAMPLE 3
PAR  A poly(1,4-butylene adipate) polyester (785.6 grams, 0.400 mole) having a
      molecular weight of 1965, a hydroxyl number of 57 and a melting point of
      40.degree. to 60.degree.C. and an acid number of 0.5; and a
      poly(1,4-butylene adipate) polyester (707.4 grams, 0.698 mole) having a
      molecular weight of 1014, a hydroxyl number of 111 and an acid number of
      0.5 were dried together with agitation in a glass reactor to remove trace
      amounts of water by heating to 100.degree.-105.degree.C. under 3
      millimeters of mercury pressure for about 3 hours. The pressure was
      released while introducing pre-purified nitrogen and anhydrous
      1,4-butanediol, 260.6 grams, (2.892 moles, 0.03% H.sub.2 O) was added over
      a one minute period to the agitated mixture of dried polyesters at
      93.degree.C., and the mixture heated to 95.degree.C. in 15 minutes. The
      resulting mixture was homogeneous. To this homogeneous mixture was added
      over a one minute period 1046.8 grams (3.989 moles) Hylene W.
      4,4'-methylene-bis-(cyclohexyl isocyanate) with a stereoisomer content of
      19 to 21 percent trans, trans, 17 to 18 percent cis, cis, and 62 to 64
      percent cis, trans, said diisocyanate containing between 0.27 percent and
      0.40 percent monoisocyanate, and 0.280 gram (0.01 percent of the total
      reactants) of dibutyltin dilaurate catalyst. The quantity of diisocyanate
      was sufficient to provide a urethane content of 16.81 percent in the
      resultant polymer. The butanediol and diisocyanate were at 22.degree.C.
      and the additions were both made while the reactor was under a nitrogen
      atmosphere. The resulting mixture was rapidly agitated for about one
      minute during which time the temperature of the mixture rose from
      80.degree.C. to 95.degree. C. The mixture was poured into a dry Teflon
      coated reactor which was closed and placed in a 130.degree.C.
      non-circulating oven continuously purged with nitrogen (the temperature of
      the polymer was approximately 143.degree.C.) for about 2 hours until the
      reaction and polyurethane formation was substantially complete. The NCO
      content of the polymer was 0.07 percent by weight as determined by
      infrared spectrometry. The resultant semi-solid polymer was allowed to
      cool to room temperature, removed, cut and milled (front roll
      180.degree.F. and rear roll 135.degree.F.) and calendered on a 3 roll mill
      (top roll 250.degree.F., middle roll 225.degree.;. and bottom roll
      215.degree.F.) into 35 mil sheets 14 inches in width. The polymer had an
      inherent viscosity at 30.degree.C. at a 0.5 percent concentration in
      N-methyl-2-pyrrolidone of about 1.40 before milling and an NCO content of
      0.07 percent. The inherent viscosity after calendering was approximately
      the same (1.41).
PAC  EXAMPLE 4
PAR  In accordance with the general procedure and conditions of Example 1, a
      poly(1,4-butylene adipate) polyester (2.274 moles) having a molecular
      weight of 1010 and a hydroxyl number of 111.1 was mixed with a
      poly(1,4-butylene adipate) (1.295 moles) having a molecular weight of 1965
      and a hydroxy number of 57.1 to which agitated mixture of dried polyester
      was added first 7.23 moles of 1,4-butanediol and then 9.99 moles of
      4,4'-methylene-bis-(cyclohexyl isocyanate) (Hylene W) and the mixture was
      heated to 80.degree.C. The quantity of diisocyanate was sufficient to
      provide a urethane content of 16.81 percent in the resultant polymer. No
      catalyst, however, was added and the homogeneous mass was heated at an
      oven temperature between about 122.degree. and 129.degree.C. for 19 hours.
      The resultant polymer had an inherent viscosity at 30.degree.C. at a 0.5
      percent concentration in N-methyl-2-pyrrolidone of about 0.79, and an NCO
      content of 0.1 percent by weight. The inherent viscosity remained
      unchanged after calendering. The front roll temperature of the mill was
      180.degree.F. and the rear roll 135.degree.F. The top roll of the calender
      was 150.degree.F., the middle roll 135.degree.F., and the bottom roll
      125.degree.F.
PAR  In Examples 5 through 27, the polyurethanes were prepared from the
      specified materials in the indicated molar ratio following the general
      procedure and conditions of Example 3 except no catalyst was used and in
      Examples 24 through 27 the diisocyanate which was added was at a
      temperature of about 60.degree.C. The water content reported in Examples
      24 through 27 is the amount of water in the combined hydroxyl terminated
      reactants. Inherent viscosities of the prepared polyurethanes were taken
      at 30.degree.C. at a 0.5 percent concentration in N-methyl-2-pyrrolidone
      for Examples 5 through 12 and in silica stabilized chloroform, for
      examples 13 through 27. The NCO content was determined by infrared
      spectrometry.
PAC  EXAMPLE 5
PA0  1 mole poly(1,4-butylene adipate) M.W. 1014, OH No. 110.7, Acid No. 0.5
PA0  0.905 mole of 1,4-butanediol
PA0  1.905 moles Hylene W
PA0  Reaction time: 19 hours at an oven temperature of 130.degree.C.
PA0  Inh. V. 1.21, NCO 0.1%; urethane content 14.09%
PAC  EXAMPLE 6
PA0  1 mole poly(1,4-butylene adipate) M.W. 1965, OH No. 57.1, Acid No. 0.5
PA0  3.26 moles 1,4-butanediol
PA0  4.26 moles Hylene W
PA0  Reaction time: 24 hours at an oven temperature of 130.degree.C.
PA0  Inh. V. 0.78, NCO 0.03%; urethane content 14.88%
PAC  EXAMPLE 7
PA0  1 mole poly(1,4-butylene adipate) M.W. 1965, OH No. 57.1, Acid No. 0.5
PA0  2.34 moles of 1,4-butanediol
PA0  3.34 moles of Hylene W
PA0  Reaction time: 19 hours at an oven temperature of 130.degree.-131.degree.C.
PA0  Inh. V. 1.03, 0.07% NCO; urethane content 12.91%
PAC  EXAMPLE 8
PA0  1 mole poly(1,4-butylene adipate) M.W. 1965, OH No. 57.1, Acid No. 0.5
PA0  3.40 moles 1,4-butanediol
PA0  4.40 moles Hylene W
PA0  Reaction time: 233/4  hours at an oven temperature of
      129.degree.-130.degree.C.
PA0  Inh. V. 1.06, 0.1% NCO; urethane content 15.6%
PAC  EXAMPLE 9
PA0  1 mole poly(1,4-butylene adipate) M.W. 1965, OH No. 57.1, Acid No. 0.5
PA0  3.11 moles 1,4-butanediol
PA0  4.11 moles Hylene W
PA0  Reaction time: 19.5 hours at an oven temperature of
      128.degree.-130.degree.C.
PA0  Inh. V. 0.84; urethane content 14.59%
PAC  EXAMPLE 10
PA0  1 mole poly(1,4-butylene adipate) M.W. 1965, OH No. 57.1. Acid No. 0.5
PA0  2.71 moles 1,4-butanediol
PA0  3.71 moles Hylene W
PA0  Reaction time: 19 hours at an oven temperature of 130.degree.-131.degree.C.
PA0  Inh. V. 0.88; urethane content 13.76 %
PAC  EXAMPLE 11
PA0  1 mole poly(1,4-butylene adipate) M.W. 1965, OH No. 57.1, Acid No. 0.5
PA0  3.26 moles 1,4-butanediol
PA0  4.26 moles Hylene W
PA0  Reaction time: 20 hours at an oven temperature of 130.degree.C.
PA0  Inh. V. 1.02, NCO 0.1%; urethane content 14.88%
PAC  EXAMPLE 12
PA0  1 mole poly(1,4-butylene adipate) M.W. 1965, OH No. 57.1, Acid No. 0.5
PA0  3.61 moles 1,4-butanediol
PA0  4.61 moles Hylene W
PA0  Reaction time: 18 hours at an oven temperature of 130.degree.C.
PA0  Inh. V. 0.72, NCO 0.07%; urethane content 15.56%
PAR  The following compositions of Examples 13-27 were heated in a 143.degree.C.
      circulating air oven for 20 hours.
PAC  EXAMPLE 13
PA0  1 mole poly(1,4-butylene adipate) M.W. 2011, OH No. 55.8, Acid No. 0.48
PA0  1.784 moles poly(1,4-butylene adipate) M.W. 1012, OH No. 110.9, Acid No.
      0.51
PA0  8.385 moles 1,4-butanediol
PA0  11.169 moles Hylene W; urethane content 17.57% NCO 0.07%; Inh. V. 1.18
PAC  EXAMPLE 14
PA0  1 mole poly(1,4-butylene adipate) M.W. 1989, OH No. 56.4, Acid No. 0.38
PA0  1.767 moles poly(1,4-butylene adipate) M.W. 1012, OH No. 110.9 Acid No.
      0.51
PA0  4.257 moles 1,4-butanediol
PA0  7.024 moles Hylene W
PA0  Inh. V. of polymer 0.87 at 0.5% concentration in chloroform at
      30.degree.C.; urethane content 13.81%; NCO 0.03%
PAC  EXAMPLE 15
PA0  1 mole poly(1,4-butylene adipate) M.W. 1989, OH No. 56.4, Acid No. 0.38
PA0  1.767 moles poly(1,4-butylene adipate) M.W. 1012, OH No. 110.9, Acid No.
      0.51
PA0  5.474 moles 1,4-butanediol
PA0  8.241 moles Hylene W
PA0  Inh. V. of polymer 1.25 at 0.5% concentration in chloroform at
      30.degree.C.; urethane content 15.12%; NCO 0.10%
PAC  EXAMPLE 16
PA0  1 mole poly(1,4-butylene adipate) M.W. 1989, OH No. 56.4, Acid No. 0.38
PA0  1.767 moles poly(1,4-butylene adipate) M.W. 1012, OH No. 110.9, Acid No.
      0.51
PA0  6.291 moles 1,4-butanediol
PA0  9.058 moles Hylene W
PA0  Inh. V. of polymer 1.08 at 0.5% concentration in chloroform at
      30.degree.C.; urethane content 15.90%; NCO 0.06%
PAC  EXAMPLE 17
PA0  1 mole poly(1,4-butylene adipate) M.W. 1989, OH No. 56.4, Acid No. 0.38
PA0  2.737 moles, 1,4-butanediol
PA0  3.737 moles Hylene W
PA0  Inh. V. of polymer 1.10 at 0.5% concentration in chloroform at 30.degree.C;
      urethane content 13.64%; NCO 0.04%
PAC  EXAMPLE 18
PA0  1 mole poly(1,4-butylene adipate) M.W. 2011, OH No. 55.8, Acid No. 0.48
PA0  2.150 moles 1,4-butanediol
PA0  3.150 moles Hylene W
PA0  Inh. V. of polymer 1.21 at 0.5% concentration in chloroform at
      30.degree.C.; urethane content 12.26%; NCO 0.02%
PAC  EXAMPLE 19
PA0  1 mole poly(1,4-butylene adipate) M.W. 1012, OH No. 110.9, Acid No. 0.51
PA0  1.205 moles 1,4-butanediol
PA0  2.205 moles Hylene W
PA0  Inh. V. of polymer 0.98 at 0.5% concentration in chloroform at
      30.degree.C.; urethane content 15.31%; NCO 0.09%
PAC  EXAMPLE 20
PA0  1 mole poly(1,4-butylene adipate) M.W. 1012, OH No. 110.9, Acid No. 0.51
PA0  0.904 mole 1,4-butanediol
PA0  1.904 moles Hylene W
PA0  Inh. V. of polymer 1.03 at 0.5% concentration in chloroform at
      30.degree.C.; urethane content 14.10%; NCO 0.09%
PAC  EXAMPLE 21
PA0  1 mole poly(1,4-butylene adipate) M.W. 1012, OH No. 110.9, Acid No. 0.51
PA0  0.640 mole 1,4-butanediol
PA0  1.640 moles Hylene W; urethane content 12.89%; NCO 0.07%
PAC  EXAMPLE 22
PA0  1 mole poly(1,4-butylene adipate) M.W. 2010, OH No. 55.8, Acid No. 0.5
PA0  2.354 moles 1,4-butanediol
PA0  3.356 moles 4,4'-isopropylidene bis-(cyclohexyl isocyanate) in a
      stereoisomer ratio of 77.5 percent trans and 22.5 percent cis; urethane
      content 12.4%;
PA0  Nco 0.06%; inh. V. .78
PAC  EXAMPLE 23
PA0  1 mole poly(propylene adipate), M.W. 1944, OH No. 57.7, Acid No. 0.45
PA0  2.93 moles 1,4-butanediol
PA0  2.36 moles Hylene W
PA0  1.57 moles toluene diisocyanate of 80% 2,4- and 20% 2,6- isomers; urethane
      content 14.7%; NCO 0.05%; Inh. V. 1.69
PAC  EXAMPLE 24
PA0  1 mole poly(1,4-butylene adipate) M.W. 2010, OH No. 55.8, Acid No. 0.40
PA0  2.149 moles 1,3-butanediol
PA0  3.180 moles Nacconate H-12
PA0  Urethane content 12.35%; water content 291 ppm; 0.02% NCO;
PA0  Inh. V. 1.3
PAC  EXAMPLE 25
PA0  1 mole poly(1,4-butylene adipate) M.W. 2010, OH No. 55.8, Acid No. 0.40
PA0  2.763 moles 1,3-butanediol
PA0  3.785 moles Nacconate H-12
PA0  Urethane content 13.73%; water content 252 ppm; &lt; 0.01% NCO;
PA0  Inh. V. 0.94
PAC  EXAMPLE 26
PA0  1 mole poly(1,4-butylene adipate) M.W. 2010, OH No. 55.8, Acid No. 0.40
PA0  3.175 moles 1,3-butanediol
PA0  4.217 moles Nacconate H-12
PA0  Urethane content 14.62%; water content 371 ppm; 0.01% NCO
PA0  Inh. V. 1.3
PAC  EXAMPLE 27
PA0  1 mole poly(1,4-butylene adipate) M.W. 2010, OH No. 55.8, Acid No. 0.40
PA0  3.786 moles 1,3-butanediol
PA0  4.832 moles Nacconate H-12
PA0  Urethane content 15.76%; water content 348 ppm; 0.01% NCO
PA0  Inh. V. 1.4
PAR  The Gehman moduli taken two days after molding for some of the preferred
      compositions are given below and compared with plasticized polyvinyl
      butryal.
TBL  ______________________________________                                    

     Log of 3 Times the Shear Modulus In Dynes                                 

     per Cm.sup.2                                                              

     Ex.   -20.degree.C.                                                       

                    0.degree.C.                                                

                            23.degree.C.                                       

                                   50.degree.C.                                

                                          100.degree.C.                        

     No.                                                                       

     ______________________________________                                    

     13    9.45     8.92    8.09   7.84   7.53                                 

     14    8.02     7.84    7.81   7.40   6.90                                 

     16    9.00     8.53    8.26   7.87   7.49                                 

     19    8.02     7.87    7.53   7.46   6.58                                 

     10    8.27     8.13    8.02   7.85   7.60                                 

     PVB   10.25    9.70    8.25   7.20   7.63                                 

     ______________________________________                                    

PAR  It can be seen from the data that the preferred compositions have a
      relatively constant modulus in the leathery region at various
      temperatures, whereas the polyvinyl butryal composition is out of the
      leathery region at both -20.degree. and 50.degree.C. and is not relatively
      constant at the other two intermediate temperatures.
PAR  The Example compositions meet the minimum light transmittance and haze
      requirements of the automobile code (ANSI Code Z-261 1966 Test No. 18).
PAR  Safety glass laminates were prepared employing as interlayers the
      compositions of Examples 3-27 and a commercial polyvinyl butyral polymer.
      The laminates which measured 12 inches by 12 inches employed glass sheets
      having a thickness of 1/8-inch and were formed by placing the interlayers
      (30 - 46 mils) between two glass sheets and the laminates subjected to a
      temperature of 275.degree.-350.degree.F. and 200 p.s.i. for 45 minutes in
      an autoclave. Laminates were aged for one week at room temperature and
      then subjected to the impact resistance test as described supra. The test
      results are shown in the following Table IV:
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Interlayer                                                                

             Interlayer                                                        

                   Autoclave                                                   

     Example No.                                                               

             Thickness                                                         

                   Temperature                                                 

                          Mean Penetration Velocity (MPH)                      

             Inches                                                            

                   (.degree.F.)                                                

                          0.degree.F                                           

                                    70.degree.F.                               

                                            120.degree.F.                      

     __________________________________________________________________________

     3       .034 - .037                                                       

                   275     34, &gt;35  34      25                                 

     4       .030 - .036                                                       

                   350     17       37      31                                 

     5       .032 - .034                                                       

                   275    &gt;37       34      24                                 

     6       .037 - .042                                                       

                   275     36       32      21                                 

     7       .027 - .032                                                       

                   275     37       31      22                                 

     8       .032 - .037                                                       

                   275     34, &gt;37  34      22                                 

     9       .032 - .035                                                       

                   350     35       32      27                                 

     10      .033 - .036                                                       

                   350    &gt;37       32      25                                 

     11      .027 - .033                                                       

                   275    &gt;37       31      27                                 

     12      .032 - .036                                                       

                   275     23       36      30                                 

     13      .030  275     22       35      26                                 

     14      .031 - .035                                                       

                   275     33       27      19                                 

     15      .029  275     36       34      23                                 

     16      .030 - .037                                                       

                   275     31       36      28                                 

     17      .032 - .034                                                       

                   275     36       30      23                                 

     18      .033 - .034                                                       

                   275    &gt; 37      29      22                                 

     19      .034 - .036                                                       

                   275    Brittle   36      25                                 

     20      .031 - .034                                                       

                   275     29       30      21                                 

     21      .030  275    &gt;35       30      18                                 

     22      .030  275     31       28      19                                 

     23      .028 - .035                                                       

                   275    &gt;27       32      18                                 

     23      .029 - .032                                                       

                   275     22       29      19                                 

     24      .030  275     35       27      16                                 

     25      .030  275     28       28      17                                 

     26      .030  275     31       27      20                                 

     27      .030  275     26       30      20                                 

     PVB     .028 - .032                                                       

                   275     16       24      13                                 

     __________________________________________________________________________

PAR  From the Table, it can be seen that the compositions of the invention can
      be used effectively as interlayers. They are effective over a broad
      temperature range and are generally superior to the commercial polyvinyl
      butyral interlayer. Further, it can be seen by varying the concentration
      of the reactants that a composition can be prepared for a particular use
      and temperature.
PAR  In order to test for laceration severity, sled tests were conducted [see,
      for example, "Eleventh STAPP Car Crash Conference" proceeding published by
      the Society of Automotive Engineers, Inc., New York, New York (1967, page
      143)]. These tests consist of propelling a dummy of average weight (having
      a head covered with a double layer of moist chamois) at various speeds
      into a laminated safety glass maintained at various temperatures, and the
      extent of chamois tear after impact noted. The windshields are mounted in
      a frame at an angle of 70.degree. using adhesive glazing similar to most
      domestic commercial production mountings. A laceration rating is assigned
      by the following method. Surface lacerations to the outer layer of the
      chamois only are classed as "minor" and giving an injury rating of 1. Deep
      lacerations through both layers of the chamois are considered as "serious"
      and given an injury rating of 5. Intermediate degrees of damage to the
      chamois are rated 2, 3 or 4, depending upon the severity of damage.
PAR  A factor known as the Severity Index has become identified with relative
      safety of the windshields determined by impact tests using the 50th
      percentile Alderson dummy covered with two layers of moist chamois on the
      test sled apparatus. The Severity Index (S.I.) is calculated by the
      formula:
EQU  S.I. = .intg. A.sup.2.5 dt,
PAL  where A is deceleration in units of gravity and dt is the time differential
      in milliseconds between the moment of impact of the head of the dummy with
      the test windshield to the time a horizontal accelerometer mounted within
      the dummy head indicates a sudden negative load. This value is determined
      for each millisecond during the time interval and the values integrated
      for the whole time period. In other words, the Severity Index is
      calculated from the area under a curve resulting from a plot of
      acceleration acting on the dummy head raised to the .sup.2.5 power as a
      function of time. In general, the Severity Index increases with velocity
      of impact.
PAR  The test results for the windshields employing a composition prepared by
      the procedure of Example 17 and the commercial polyvinyl butyral
      composition as the interlayers are shown in Table V. The interlayers were
      approximately 30 mils thick and the float glass 1/8 inch. The windshields
      were heated in an autoclave for 45 minutes at 275.degree.F. and 200
      p.s.i.g.
PAR  The preferred polyurethanes provide windshields with severity indices less
      than 1,000 when the windshield is not penetrated by the dummy and an inner
      glass sheet is impacted at a velocity of 25 miles per hour by the Alderson
      dummy of average weight (162-165 lbs.) while the windshield is maintained
      at a temperature of 30.degree., 75.degree. or 110.degree.F. and the total
      length of polyurethane tear is less than about 5 inches, and the
      laceration rating not more than 3.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     (Sled Impact Test Results)                                                

                            P = Penetration                                    

             Windshield                                                        

                   Velocity of                                                 

                              of Windshield                                    

                                      Total Length                             

             Temp. Dummy, at Im-      of Interlayer                            

                                              Laceration                       

                                                    Severity                   

     Interlayer                                                                

             (.degree.F.)                                                      

                   pact (m.p.h.)                                               

                            H = Held  Tear (Inches)                            

                                              Rating                           

                                                    Index                      

     __________________________________________________________________________

     Composition of                                                            

     Example 17                                                                

             30    25.6     H         0       1     807                        

             75    25.6     H         0       2     485                        

             75    30.8     H         0       2     918                        

             110   24       H         1       3     476                        

     PVB     30    25       H         16      --    860                        

             75    25       H         8       2 - 3 441                        

             110   20       H         16      --    330                        

     __________________________________________________________________________

      PVB is a commercial poly(vinyl butyral) interlayer                       

PAR  From the data reported in the Table, it can be seen that the composition of
      the invention is effective over a wide temperature range and is superior
      to the PVB interlayer at high impact velocities as evidenced by the low
      laceration ratings, limited amount of interlayer tear and low severity
      indices. The low severity indices for PVB are meaningless in view of the
      extensive interlayer tear. In addition to the reported data, the
      composition of the invention stretched to a considerable extent absorbing
      energy so as to prevent or minimize concussion injury, and also adhered
      well to the glass inhibiting scattering of broken glass particles.
PAR  The following Examples are illustrative of bilayer laminates wherein the
      composition of the invention is adhered to a single layer of glass.
PAC  EXAMPLES 28-30
PAR  Three polyurethanes prepared by the procedure and proportions of Example 3
      except that no catalyst was used, were sandwiched between two glass sheets
      (annealed float glass or thermally tempered plate glass as indicated) one
      of which glass sheets was covered on the interface with a release material
      of 1-mil thick TEDLAR film and the other was treated on the interface with
      an adhesion promoter of 1 percent solution by weight N-(beta amino ethyl)
      gamma amino propyltrimethoxysilane in isopropyl alcohol and water. The
      solvent solution was prepared from 250 milliliters of isopropanol and 195
      milliliters water from which a 99 gram portion was taken and mixed with 1
      gram of silane. A portion of this adhesion promoter was then sprayed on
      the glass sheet and allowed to air dry at room temperature. The sandwich
      was then subjected to a temperature between 275.degree.F. and
      350.degree.F. at 200 pounds per square inch pressure for 45 minutes in an
      autoclave. The laminates were then subjected to a 22 lb. headform dropped
      on the plastic side and the results are shown in the following Table VI.
TBL                                    TABLE VI                                

     __________________________________________________________________________

     Severity Index - Penetration Resistance - Lacerative Injury               

     Using 22 Lb. Headform on 24" .times. 36" Panels, Temperature During       

     Testing 75.degree.F., Impact Angle 35.degree. Off Horizontal              

                        Speed at                                               

                        Impact     Inner Liner                                 

     Example            (miles                                                 

                              Severity                                         

                                   Tear in Lacerative                          

     No.  Laminate Configuration                                               

                        per hour)                                              

                              Index                                            

                                   Inches  Injury                              

     __________________________________________________________________________

     28   0.030" polyurethane-                                                 

                        26.2  336  0       1                                   

          1/8" thermally tempered                                              

          plate glass                                                          

     29   0.030" polyurethane-                                                 

                        26.8  356  0       1                                   

          1/8" thermally tempered                                              

          plate glass                                                          

     30   0.030" polyurethane-                                                 

                        26.2  576  3       1                                   

          1/8" annealed float glass                                            

     __________________________________________________________________________

PAR  The poly(urethanes) of the invention have excellent optical properties and
      are clear and exhibit excellent transmission to visible light. They
      generally have inherent viscosities at 30.degree.C. in 0.5 percent
      solution of silica stabilized chloroform or N-methyl-2-pyrrolidone of
      between about 0.8 and about 1.6.
PAR  In addition, the poly(ester-urethanes) can be characterized by their
      urethane (HNCOO) concentration. Polyurethanes for this invention will
      generally have a urethane content between about 13 and about 16,
      preferably between 13.5 and 15.5 percent by weight with polyols having a
      molecular weight of 1,000, and between about 12 and about 18,   preferably
      between 13.5 and 17 percent by weight with an optimum of about 13.71
      percent by weight for the polyols of 2,000 molecular weight.
PAR  The urethanes of the invention can be characterized as thermoplastic or
      plastomers, that is, they are elastoplastic and thus do not snap back as a
      true elastomer when stressed. In addition, they are clear, flexible and
      essentially non-adhesive at room temperature. They can also be described
      as being leathery and generally have a relatively constant Gehman modulus
      between about -20.degree. and 50.degree.C. of 10.sup.7 and 10.sup.9.5, log
      of 3 times the shear modulus in dynes per cm..sup.2, as measured according
      to ASTM-D 1053-65.
PAR  The polyurethanes of the invention will generally have an average molecular
      weight as calculated from inherent viscosity measurements between about
      10,000 and about 100,000 and preferably between about 20,000 and 65,000.
      In addition, the optically clear polyurethanes upon heating will generally
      exhibit a low temperature endotherm at about 70.degree.C. (differential
      thermal analysis can be made with a duPont 900 Thermal Analyzer) and
      generally no endotherm or exotherm occurs between 100.degree. and
      170.degree.C. indicating that the polymer is amorphous. Softening points
      of about 170.degree.C., melting points of about 220.degree.C. and
      decomposition at about 270.degree.C. are typical. The compositions are
      suitable for use in automobile windshields and meet the standard
      requirements of minimum light transmission of 70 percent and preferably
      86.5 percent or above (Illuminant A, Tungsten Lamp 2,840.degree. K) and
      less than 2 percent haze on an abraded specimen (ANSI Code Z-26.1, 1966,
      Test No. 18). The percent light transmission and percent haze can be
      measured by the Hunter Pivotable Haze Meter.
PAR  It is believed that the polyester-urethanes of the invention have segments
      principally of (ACBC).sub.x wherein A is the polyester, B is the low
      molecular weight diol of less than 250, C is the cycloaliphatic
      diisocyanate and x is an integer. There is believed to be a small number
      of BC segments which are joined together to provide hard segments, and
      there is believed to be a smaller number of AC segments. When the
      preferred ratio of reactants is employed of 0.9 to 1.2 moles of low
      molecular weight diol per mole of 1,000 MW polyester, the number of BC and
      AC units should be about equal. When the preferred ratio of reactants are
      employed of 0.7 to 5 moles of low molecular weight diol per mole of 2,000
      MW polyester, then the number of BC units is 0.7 to 5 times as great as
      the number of AC units.
PAR  In addition, the trans, trans stereoisomer of the diisocyanate is more
      reactive with the aforesaid hydroxyl-terminated reactants than the cis,
      trans or cis, cis isomers and consequently blocks from the same isocyanate
      stereoisomer may appear in the AC and BC segments.
PAR  Further, hydrogen bonding is believed to occur between the hydrogen atoms
      of the urethane groups and the carbonyl groups of the urethane group in
      another molecule, or the carbonyl groups of the polyester. This is
      believed to impart desirable strength to the polyester-urethane but
      because the hydrogen bonds are believed to be broken at elevated
      temperature, the polyester-urethanes of the invention are easily
      processible. When allowed to return to ambient temperature, the bonds are
      believed to be reformed so as to again impart strength or impact
      resistance to the plastomeric polyester-urethane.
PAR  It is believed that if too many BC segments are joined together, a
      translucent polymer results. This may occur when a prepolymer is formed of
      the diisocyanate and low molecular weight diol, and the prepolymer reacted
      with a polyester.
PAR  When used in the appended claims, the use of the term "transparent" in
      connection with polyester-urethane refers to a polyester-urethane glass
      laminate having a minimum light transmission of 70 percent and less than 2
      percent haze on an abraded specimen as determined by A.N.S.I. Code Z 26.1,
      1966, Test No. 18, when the urethane is sandwiched between two glass
      sheets.
PAR  Mean penetration velocity as used in the appended claims is the average
      velocity at which a 5 pound free-falling 31/4 -inch diameter steel ball
      will just pass through a laminate made up of a polyester-urethane
      interlayer sandwiched between two sheets of 1/8 th inch thick 12-inch by
      12-inch float glass to form a laminate with the laminate held rigid, the
      polyester-urethane sheet approximately 0.030 inch thick and the laminate
      maintained at a temperature of 0.degree.F., 70.degree.F., or 120.degree.F.
      The term "sheet" encompasses not only pre-formed polyurethane but also
      cast-in-place or a polyurethane layer achieved by any means.
PAR  Although the present invention has been described with reference to the
      specific details of particular embodiments thereof, it is not intended
      thereby to limit the scope of the invention, except insofar as the
      specific details are recited in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A transparent, thermoplastic polyesterurethane that is the reaction
      product of (a) essentially linear hydroxy-terminated polyester selected
      from the group consisting of poly(1,4-butylene adipate) having a molecular
      weight of about 2000, poly(1,4-butylene azelate) having a molecular weight
      of from about 1000 to about 2000 and poly(epsilon caprolactone) having a
      molecular weight of from about 1000 to about 2000, (b) aliphatic diol of
      from 2 to 10 carbon atoms, and (c) 4,4'-methylene-bis(cyclohexyl
      isocyanate), the mole ratio of (b) to (a) ranging from about 0.9 to 1.2:1
      for polyesters of about 1000 molecular weight to from about 0.7 to 5:1 for
      polyesters of about 2000 molecular weight, and the number of isocyanate
      groups provided by (c) being substantially equivalent to the total number
      of hydroxy groups provided by (a) and (b) whereby to provide a
      polyesterurethane that is substantially free of unreacted isocyanate
      groups.
NUM  2.
PAR  2. The polyesterurethane of claim 1 wherein the aliphatic diol is selected
      from the group 1,4-butanediol, 1,3-butanediol, 1,5-pentanediol, and
      1,6-hexanediol.
NUM  3.
PAR  3. The polyesterurethane of claim 1 wherein the diisocyanate has a
      stereoisomer content of 19 to 21 percent trans, trans, 17 to 18 percent
      cis, cis, and 62 to 64 percent cis, trans.
NUM  4.
PAR  4. The polyesterurethane of claim 1 wherein the diisocyanate has a
      stereoisomer ratio of 70 percent total trans and 30 percent total cis.
NUM  5.
PAR  5. The polyesterurethane of claim 1 wherein the aliphatic diol is a
      symmetrical diol when the trans, trans isomer content of the diisocyanate
      is less than 30 percent and the aliphatic diol is unsymmetrical when the
      trans, trans isomer content of the diisocyanate is more than 30 percent.
NUM  6.
PAR  6. The polyesterurethane of claim 1 wherein the urethane content is between
      13 and 16 percent.
NUM  7.
PAR  7. A transparent, thermoplastic polyesterurethane that is the reaction
      product of (a) essentially linear, hydroxy-terminated polyester selected
      from the group consisting of poly(1,4-butylene azelate) and poly(epsilon
      caprolactone), said polyester having a molecular weight of about 1000, (b)
      aliphatic diol of from 2 to 10 carbon atoms, and (c)
      4,4'-methylene-bis(cyclohexyl isocyanate), the mole ratio of (b) and (a)
      being from about 0.9 to 1.2:1 and the number of isocyanate groups provided
      by (c) being substantially equivalent to the total number of hydroxy
      groups provided by (a) and (b) whereby to provide a polyesterurethane that
      is substantially free of unreacted isocyanate groups.
NUM  8.
PAR  8. The polyesterurethane of claim 7 wherein the aliphatic diol is
      1,4-butane diol.
NUM  9.
PAR  9. The polyesterurethane of claim 7 wherein the aliphatic diol is a
      symmetrical diol when the trans, trans isomer content of the diisocyanate
      is less than 30 percent and the aliphatic diol is unsymmetrical when the
      trans, trans isomer content of the diisocyanate is more than 30 percent.
NUM  10.
PAR  10. The polyesterurethane of claim 8 wherein the diisocyanate has a
      stereoisomer content of 19 to 21 percent trans, trans, 17 to 18 percent
      cis, cis, and 62 to 64 percent cis, trans.
NUM  11.
PAR  11. The polyesterurethane of claim 7 wherein the urethane content is
      between 13 and 15 percent.
NUM  12.
PAR  12. A transparent, thermoplastic polyesterurethane that is the reaction
      product of (a) essentially linear hydroxy-terminated polyester selected
      from the group consisting of poly(1,4-butylene adipate) and
      poly(1,4-butylene azelate), said polyester having a molecular weight of
      about 2000, (b) aliphatic diol of from 2 to 10 carbon atoms, and (c)
      4,4'-methylene-bis(cyclohexyl isocyanate), the mole ratio of (b) to (a)
      being from about 0.7 to 5:1 and the number of isocyanate groups provided
      by (c) being substantially equivalent to the total number of hydroxy
      groups provided by (a) and (b) whereby to provide a polyesterurethane that
      is substantially free of unreacted isocyanate groups.
NUM  13.
PAR  13. The polyesterurethane of claim 12 wherein the aliphatic diol is
      1,4-butanediol.
NUM  14.
PAR  14. The polyesterurethane of claim 12 wherein the aliphatic diol is a
      symmetrical diol when the trans, trans isomer content of the diisocyanate
      is less than 30 percent and the aliphatic diol is unsymmetrical when the
      trans, trans isomer content of the diisocyanate is more than 30 percent.
NUM  15.
PAR  15. The polyesterurethane of claim 12 wherein the diisocyanate has a
      stereoisomer content of 19 to 21 percent trans, trans, 17 to 18 percent
      cis, cis, and 62 to 64 percent cis, trans, the aliphatic diol is
      1,4-butanediol, and the polyester is poly(1,4-butylene adipate).
NUM  16.
PAR  16. The polyesterurethane of claim 12 wherein the urethane content is
      between 12 and 18 percent.
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ABST
PAL  Blow molded polybutylene terephthalate articles and a process for making
      them. A polybutylene terephthalate melt at a temperature in the range of
      the melt temperature of polybutylene terephthalate and 495.degree.F., and
      having an intrinsic viscosity of at least 1.05 deciliters per gram is blow
      molded in an extrusion blow molding apparatus the mold of which is
      maintained at a temperature of less than 150.degree.F. to produce
      polybutylene terephthalate blown articles possessing excellent strength
      characteristics. Bottles, especially aerosol pressurized bottles, are a
      primary application of the type of articles produced by this process.
PARN
PAR  This is a division of application Ser. No. 261,847 filed June 12, 1972, now
      U.S. Pat. No. 3,814,786.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  1. Field of the Invention
PAR  The instant invention is directed to blow molded articles and a process for
      forming them. More specifically, the instant invention is directed to
      polybutylene terephthalate blow molded articles and a process for forming
      them. Still more specifically, the instant invention is directed to
      polybutylene terephthalate injection blow molded articles and the process
      for forming them.
PAR  2. Background of the Invention
PAR  Work in the polyester field has accelerated in recent years. Among the more
      dramatic developments in polyester research has been the discovery that
      polybutylene terephthalate may be successfully molded. Furthermore, these
      polybutylene terephthalate molding resins have been found to be
      surprisingly superior to polyethylene terephthalate in many important
      molding applications. This has led to extensive development work in the
      area of polybutylene terephthalate injection molded articles and processes
      for forming them. As a result of these developments, it has been found the
      polybutylene terephthalate molding resins, which were first disclosed,
      along with polyethylene terephthalate, in U.S. Pat. No. 2,465,319 to
      Winfield and Dickson, solve many processing problems long associated with
      polyethylene terephthalate and believed, by those skilled in the art, to
      be equally associated with all polyalkylene terephthalate.
PAR  Although polybutylene terephthalate resins have been found to possess
      excellent properties as an injection molded resin, it was heretofore
      limited to this molding procedure. Because of the relatively low viscosity
      of polybutylene terephthalate melts, a prime market for polybutylene
      terephthalate, as blow molding resins, has not been exploited. This market
      is large and continues to grow. It includes such blow molded articles as
      containers, bottles and the like. Especially important in this market is
      blow molded bottles designed to withstand extensive pressures, i.e.,
      bottles containing aerosol fluids. In the past polybutylene terephthalate
      parisons, because of their relatively low viscosity, did not retain their
      shape for the time necessary to be enclosed within the blow mold.
      Furthermore, even in those cases when satisfactory parisons were formed,
      the resultant blow molded articles, i.e., blow molded bottles, did not
      possess sufficient strength to meet the requirements of the marketplace.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The instant invention is directed to a blow molded polybutylene
      terephthalate article having sufficient strength for utilization in many
      engineering applications. Among these applications are the use of these
      articles as containers, bottles and the like and especially as aerosol
      bottles.
PAR  The instant invention is also directed to a process for forming the blow
      molded polybutylene terephthalate articles of the instant invention.
PAR  In accordance with the instant invention a blow molded polybutylene
      terephthalate article is provided. The blow molded polybutylene
      terephthalate of the instant invention has an intrinsic viscosity of at
      least 1.05 deciliters per gram.
PAR  The instant invention is also directed to a process for making a blow
      molded polybutylene terephthalate article in which the polybutylene
      terephthalate article has an intrinsic viscosity of at least 1.05
      deciliters per gram. In accordance with this process a polybutylene
      terephthalate melt, at a temperature in the range of between the melt
      temperature of the polybutylene terephthalate and 495.degree.F., is
      formed. The melt is extruded into parisons which are blow molded in a mold
      maintained at a temperature of below 150.degree.F. The blow molded article
      is formed upon the release of the blow molded article from the mold.
PAC  DETAILED DESCRIPTION
PAR  Polybutylene terephthalate used in the instant invention to produce blow
      molded articles can be produced by the reaction product of terephthalic
      acid or a dialkyl ester of terephthalic acid (especially dimethyl
      terephthalate), and diols having 4 carbon atoms.
PAR  In the instant invention it is preferred to react the dialkyl ester of
      terephthalic acid, in which the alkyl radical can contain from 1 to 7
      carbon atoms, with about two molecular proportions of the diol described
      above. The result of this reaction is the intermediate, bis (hydroxyalkyl)
      terephthalate. It should be appreciated that the use of more than
      equimolar proportions of the diol, i.e., in excess of 1.5 moles of the
      diol per mole of the terephthalate derivative, is employed in the initial
      transesterification reaction, since by using such proportions the reaction
      is caused to take place more rapidly and completely.
PAR  The reaction occurs under conditions of elevated temperature at
      atmospheric, subatmospheric or superatmospheric pressure. The preferred
      temperature range for the reaction is from about the boiling temperature
      of the reaction mixture to as high as 275.degree.C. In this temperature
      range the bis (hydroxyalkyl) terephthalate is polymerized to form the
      polybutylene terephthalte product.
PAR  Polybutylene terephthalate resin formed by the method described above is
      unexpectedly blow moldable into blow molded articles by the process of the
      instant invention. That polybutylene terephthalate may be blow molded into
      blow molded articles such as bottles, containers and the like is
      unexpected in view of the inability of polyethylene terephthalate to be so
      processed. This unexpected result occurs because polyethylene
      terephthalate is far more amorphous than polybutylene terephthalate. A
      molded article requires a significant degree of crystallization in order
      to be formed into a shaped article of sufficient strength to meet the
      requirements of the marketplace.
PAR  The ability of polybutylene terephthalate to be formed into blow molded
      articles is even more unexpected because of the tendency, in the past, of
      polybutylene terephthalate melts to not form into stable parisons for a
      time long enough to permit the mold to enclose the parison. Furthermore,
      polybutylene terephthalate resins, even when blow moldable, in the past,
      did not form into sufficiently strong blow molded articles to be
      competitive with blow molded articles of other moldable plastics.
PAR  It has now been found that by employing a polybutylene terephthalate resin
      of sufficiently high molecular weight, parisons may be formed which
      maintain their shape for a sufficiently long period of time to be enclosed
      in a blow molding apparatus and formed into a blow molded article.
      Furthermore, it has now been found that if both the temperature of the
      polybutylene terephthalate melt as well as the mold are sufficiently low,
      the final product, the blow molded article, will possess sufficient
      strength to be employed in applications for which blow molded articles are
      ideally suited.
PAR  In the instant invention, polybutylene terephthalate resin having an
      intrinsic viscosity of at least 1.05 deciliters per gram, measured in
      orthochlorophenol at 25.degree.C., is employed. More preferably, the
      intrinsic viscosity of the polybutylene terephthalate melt is in the range
      of between 1.1 and 1.4 deciliters per gram, measured in orthochlorophenol
      at 25.degree.C.
PAR  The polybutylene terephthalate melt having an intrinsic viscosity in the
      range described above is continuously extruded through a single or double
      cross head die. The material extruded through the die has a hollow
      cylindrical shape called a parison. A split die, positioned on either side
      of the parison closes around the parison. A hot knife severs the parison
      between the top of the closed mold and the cross head die. The closed mold
      moves horizontally out from the extruder to a blowing station. At the
      blowing station a mandrel is sent into the top of the mold and thence into
      the parison, air is then introduced through the mandrel which blows the
      parison into the shape of the mold. The blown article is thereby formed.
      After cooling, the mandrel retracts, the air is evacuated, the mold opens
      and the molded article is ejected. This procedure is repeated until the
      entire polybutylene terephthalate charge is formed into blow molded
      articles.
PAR  It should be appreciated that the above description of the blow molding
      operation is illustrative of extrusion blow molding. Other apparatuses
      employing extrusion blow molding procedures may, of course, be substituted
      with correspondingly satisfactory results.
PAR  In the procedure described above it is preferable that the temperature of
      the polybutylene terephthalate melt be in the range of about the melting
      temperature of polybutylene terephthalate, i.e., about 445.degree.F., to
      about 495.degree.F. More preferably, the temperature of the melt, extruded
      to form parisons, is in the range of between the melting temperature of
      polybutylene terephthalate and 485.degree.F. Still, more preferably, the
      melt temperature of the polybutylene terephthalate is in the range of
      about the melt temperature of polybutylene terephthalate and 475.degree.F.
      The temperature of the mold which encloses the parison and in which the
      blown article is formed is also critical to the satisfactory production of
      polybutylene terephthalate blow molded articles. This temperature is
      preferably not higher than 150.degree.F. More preferably, the mold
      temperature is 120.degree.F. or below. Still more preferably, the mold
      temperature is no higher than 100.degree.F.
DETD
PAR  The following examples illustrate the polybutylene terephthalate blow
      molded articles of the instant invention. They, furthermore, illustrate
      the process by which these articles are formed.
PAC  EXAMPLE I
PAR  A polybutylene terephthalate melt having an intrinsic viscosity of 1.0
      deciliter per gram, as measured in orthochlorophenol at 25.degree.C., was
      processed in a blow molding apparatus of the type described above. The
      temperature of the melt was about 460.degree.F. and the temperature of the
      mold was maintained at approximately 90.degree.F. The attempt to form blow
      molded articles by the blow molding procedure described above was
      unsuccessful because the polybutylene terephthalate melt lacked sufficient
      strength to form a stable parison. It was concluded that a polybutylene
      terephthalate melt having an intrinsic viscosity of 1.0 deciliter per gram
      could not be employed for blow molding purposes.
PAC  EXAMPLE II
PAR  A polybutylene terephthalate melt having an intrinsic viscosity of 1.1
      deciliters per gram, as measured in orthochlorophenol at 25.degree.C., was
      extruded through a crosshair die to form parisons. The melt was maintained
      at a temperature of 460.degree.F., which provided good parison control.
      The parisons were blow molded by the procedure described above in a mold
      maintained at a temperature of about 70.degree.F. Below molded containers
      were formed having a wall thickness suitable for bottle applications.
PAR  Example II indicates that polybutylene terephthalate having an intrisic
      viscosity of 1.1 is suitable as a blow molding plastic.
PAC  EXAMPLE III
PAR  A polybutylene terephthalate melt having an intrinsic viscosity of 1.3
      deciliters per gram, as measured in orthochlorophenol at 25.degree.C., was
      extruded through a crosshaired die of the type described above to form
      parisons. The melt was maintained at a temperature of 465.degree.F. while
      the mold temperature was kept at 70.degree.F. The parisons were blow
      molded into bottles by the same procedure as that used to form the bottles
      of Example II. Good parison control was maintained throughout the test.
      The formed bottles had a uniform wall thickness within the limits required
      for use as aerosol containers.
PAC  EXAMPLE IV
PAR  A polybutylene terephthalate melt of the type employed in Example III,
      i.e., having an intrinsic viscosity of 1.3 deciliters per gram, was formed
      into parisons and blow molded by the same procedure as employed in Example
      III except that the mold temperature was increased to 150.degree.F. Good
      parison control was maintained during the test. The blow molded articles
      formed were shaped into bottles of the type employed in aerosol
      applications.
PAC  EXAMPLE V
PAR  A representative sample of bottles produced in Example III were tested to
      determine if they met the requirements of pressurized, aerosol filled
      bottles. The standard test for aerosol bottles is a drop impact test. In
      this test the blow molded bottle is dropped from varying heights. The
      bottles are dropped while filled with water, or alternatively, under
      pressure. The results of the test are reported as a height in feet. This
      height represents the maximum height at which the bottles do not break.
      Obviously, the greater the height required to break the bottle, the better
      is the bottle for aerosol bottle usage. Two values are reported, the first
      value, F.sub.0, is the maximum height at which no bottle fails, i.e.,
      cracking of any part of the bottle. The second reported value, F.sub.50,
      is the maximum height at which 50% of the bottles remain unbroken.
PAR  Two values of F.sub.0 and F.sub.50 are usually reported. The first,
      representing the result of test performed immediately after bottle
      formation, yields information regarding the effectiveness of the blow
      molding operation. The second set of F.sub.0 and F.sub.50 values represent
      values derived from a drop impact test performed a period of time after
      formation of the bottles. Typically, this second drop impact test is made
      4 weeks after formation of the bottles. Since this second test is made to
      test the shelf-life characteristics of blow molded aerosol bottles, the
      bottles during the four week storage period are stored under pressure or
      filled with water. The bottles are then dropped in accordance with the
      procedure employed during the first drop impact test. This second drop
      impact test provides an excellent test of the suitability of the blow
      molded polybutylene terephthalate bottles for aerosol usage in view of the
      fact that aerosol bottles are typically stored under pressure for long
      periods of time.
PAR  In view of the fact that the drop impact test after four weeks yields a
      true indication of the suitability of blow molded bottles for use as a
      container for a pressurized aerosol fluid, it is the result of this test
      that determines the acceptability of this blow molded product. The
      acceptable height is generally taken to be 10 feet. In view of the
      statistical possibility that a random sample of bottles to be tested may
      contain one or two atypical bottles, this criteria is met if either the
      F.sub.0 or the F.sub.50 test results yields a value equal to or greater
      than 10 feet. Obviously, if more than half a sample fails the drop impact
      test this result indicates a characteristic of the total lot rather than
      untypical samples.
PAR  A sample of ten bottles formed in Example III were pressurized and drop
      impact tested immediately after formation. Of this ten bottle sample, none
      of the bottles failed at up to 13 feet. Fifty percent of the bottles
      survived a drop of 17 feet. A second sample of five bottles were
      pressurized and tested after four weeks of storage at room temperature.
      The F.sub.0 value for this five bottle sample was 15 feet. That is, none
      of the bottles failed when dropped from a height of 15 feet. Fifty percent
      of the bottles, the F.sub.50 result, survived a drop of 161/2 feet.
PAR  The results of this test indicate that the bottles formed in Example III
      are suitable for use as aerosol bottles.
PAC  EXAMPLE VI
PAR  A sample of polybutylene terephthalate bottles formed in Example IV were
      subjected to the drop impact test described in Example V. A first sample
      of 10 bottles was pressurized and tested immediately after formation of
      the bottles. The F.sub.0 and F.sub.50 results were 7 feet and 111/2 feet,
      respectively. A second sample of five bottles made in Example IV were
      pressurized immediately after formation and stored for 4 weeks at room
      temperature. At this time they were subjected to the drop impact test,
      yielding the following results: F.sub.0 equal to 16 feet and F.sub.50
      equal to 161/2 feet.
PAR  This test indicated the suitability of the bottles formed in Example IV for
      usage as aerosol bottles.
PAR  Examples V and VI indicate that a mold temperature of 150.degree.F. or
      below is well within the allowable temperature range for producing blow
      molded bottles suitable for aerosol bottle usage.
PAC  EXAMPLE VII
PAR  A polybutylene terephthalate melt having an intrinsic viscosity of 1.38
      deciliters per gram, as measured in orthochlorophenol at 25.degree.C., was
      formed into blow molded bottles in accordance with the Example III
      procedure. The formed bottles were subjected to the drop impact test in
      accordance with the procedure enumerated in Example V. The drop impact
      test indicated the suitability of the bottles for aerosol usage.
PAR  This example indicates that although there is a lower limit, there is no
      upper limit on the intrinsic viscosity of the polybutylene terephthalate
      of the blow molded articles of the instant invention. The only limit is
      the ability to manufacture polybutylene terephthalate resin having an
      intrinsic viscosity in excess of that employed in the examples above.
PAR  The description of the preferred embodiment and the examples given above
      are meant to be illustrative of the scope and spirit of the instant
      invention. These preferred embodiments and examples will make apparent
      other embodiments and examples within the scope and spirit of the
      invention described herein. These preferred embodiments and examples,
      within the scope and spirit of the instant invention, are contemplated by
      this invention. Therefore, the invention should be limited only by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polybutylene terephthalate blow molded article wherein said
      polybutylene terephthalate has an intrinsic viscosity in the range of 1.05
      to 1.4 deciliters per gram measured in orthochlorophenol at 25.degree.C.
NUM  2.
PAR  2. A polybutylene terephthalate article in accordance with claim 1 wherein
      said polybutylene terephthalate has an intrinsic viscosity in the range of
      about 1.1 to 1.4 deciliters per gram measured in orthochlorophenol at
      25.degree.C.
NUM  3.
PAR  3. A polybutylene terephthalate blow molded article in accordance with
      claim 1 wherein said article is a bottle.
NUM  4.
PAR  4. A polybutylene terephthalate article in accordance with claim 3 wherein
      said bottle is an aerosol bottle.
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ABST
PAL  A polyurethane-polyurea composition is obtained by reacting a liquid
      prepolymer previously prepared by reaction of one or more polyols having a
      molecular weight of between 300 and 6000 with a polyisocyanate in excess
      with a diamine dissolved in a solvent, the said liquid prepolymer
      containing simultaneously polyester and polyether linkages and,
      optionally, a solvent.
PAL  Application to obtaining resistant films, by spraying the composition by
      means of a spray gun.
BSUM
PAR  The present invention relates to a polyurethane - polyurea composition,
      notably intended to be used by spraying onto a support.
PAR  There has already been described (French Pat. No. 1,427,722) a polyether
      polyurethane-polyurea composition obtained by reacting a
      polyether-polyurethane prepolymer previously prepared by reaction of
      polyether-polyols and polyisocyanates in excess in such a manner that the
      ratio NCO/OH is between 1.5 and 3 and preferably at least equal to 2, with
      an aromatic diamine dissolved in a solvent, the proportions of the
      polyether - polyurethane prepolymer and the diamine reacted being such
      that the ratio NH.sub.2 /OH is higher than 0.5 and preferably between 0.5
      and 2, and the ratio NCO/OH + NH.sub.2 is between about 0.95 and 1.6. Such
      a composition can notably be applied by spraying to provide a film or
      coating the thickness of which may range from several tenths of a
      millimeter to several centimeters.
PAR  Although the mechanical properties of the films thus obtained, variable
      within very broad limits and adaptable to the use to which they are to be
      put, are generally satisfactory, it appeared necessary in certain cases to
      improve them in order to make them more compatible with the properties of
      the support for which they are intended and to improve their performances.
PAR  In general, it is known that it is possible to improve the mechanical
      properties of polyurethanes obtained by the reaction of a polyisocyanate
      and a polyetherpolyol by replacing the latter by a polyester-polyol or
      certain polyester-polyols.
PAR  Unfortunately, especially for the preparation of polyurethane-polyurea
      compositions applicable by spraying, polyester-polyols cannot be used
      because the prepolymers which they provide by reaction with a
      polyisocyanate are almost always solid, even at temperatures of
      40.degree.C; at higher temperatures, up to 80.degree.-100.degree. C, they
      are in the liquid state, but their very high viscosity makes it extremely
      difficult to spray them and practically impossible to mix them intimately
      with a sprayed diamine solution.
PAR  To avoid these drawbacks, it has already been suggested that the
      polyester-polyurethane prepolymer should be dissolved in a solvent in
      order to obtain a solution with a fairly low level of viscosity so that
      its spraying no longer presents any difficulties. The amount of solvent to
      be used is important; it is added to the amount of solvent introduced at
      the same time as the diamine. These large amounts of solvent give rise to
      serious defects. Firstly, the polyurethane-polyurea film shrinks during
      drying and, in the case of spraying onto a flexible support (leather,
      paper, textile . . . ) causes a quite unacceptable deformation of said
      support. When spraying is effected on a mould of synthetic material, of
      silicone rubber for example, the solvent causes rapid wearing of the
      mould. Finally, after spraying, the solvent has to be allowed the time to
      evaporate, which results in a substantial slowing down of production
      rates.
PAR  The use of polyesters for the preparation of polyurethane-polyurea films
      has another, more fundamental drawback, which is their poor aging in damp
      atmosphere because the ester functions present a poor resistance to
      hydrolysis reactions. This defect does away with many of the advantages
      attached to the use of said materials in the shoe industry for example,
      where polyurethane-leather or polyurethane-textile (woven or unwoven)
      complexes could provide notable technical progress.
PAR  As documents illustrating the prior art, U.K. Pat. No. 1,210,737 and U.S.
      Pat. No. 3,440,086 may also be mentioned.
PAR  U.K. Pat. No. 1,210,737 relates to polyurethane coatings applied in the
      form of a polymer finished in solution in a solvent. It is therefore
      compulsory for the polymer to be linear and for it to have completely
      reacted prior to application. This document does not describe the means
      for obtaining two components intended to be mixed by spraying, because, if
      the polymer is to be sprayed it must, according to the teaching of U.K.
      Pat. No. 1,211,737 be dissolved in a solvent.
PAR  U.S. Pat. No. 3,440,086 does not describe simultaneous polyester-polyether
      linkages in the prepolymers and is limited to using particular viscosity
      additives.
PAR  The object of the present invention is a polyurethane polyurea composition
      making it possible to improve the mechanical properties of coatings
      realized with compositions obtained from polyether-polyols and avoiding
      the drawbacks met with when said coatings are realized with compositions
      obtained from polyester-polyols. It also has as an object a
      polyurethane-polyurea coating having, simultaneously, polyether and
      polyester sequences, easy to realize by the spraying technique, using
      limited amounts of solvent and having good resistance to ageing in a damp
      atmosphere.
PAR  The invention has as an object a polyurethane-polyurea composition, notably
      intended to be applied by spraying and obtained by reacting a liquid
      prepolymer previously prepared by reaction of one or more polyols and a
      polyisocyanate in excess in such a manner that the ratio NCO/OH is between
      1.5 and 3, with a diamine dissolved in a solvent, the proportions of the
      prepolymer and the diamine reacted being such that the ratio NH.sub.2 /OH
      is higher than 0.5 and the ratio NCO/OH + NH.sub.2 is between about 0.95
      and 1.6, characterized in that the said liquid prepolymer simultaneously
      contains polyether linkages and polyester linkages and, optionally, a
      solvent.
PAR  More particularly, the present invention has as an object a polyurethane -
      polyurea composition obtained by bringing into contact an aromatic diamine
      in a solvent and a polyether - polyurethane prepolymer previously prepared
      by reaction of polyether-polyols and polyisocyanates in excess in such a
      manner that the ratio NCO/OH is between about 1.5 and 3, the proportions
      of the prepolymer and the diamine being such that the ratio NH.sub.2 /OH
      is higher than 0.5 and the ratio NCO/OH + NH.sub.2 is between about 0.95
      and 1.6, the said composition being characterized in that the liquid
      prepolymer is previously prepared using at least one polyol the molecular
      weight of which is in the range of 300 to 6000, the said prepolymer
      simultaneously containing polyester and polyether linkages and,
      optionally, a solvent, while the diamine is chosen, apart from aromatic
      diamines, from cycloaliphatic diamines, aliphatic diamines and mixtures
      thereof one with another or with aromatic diamines.
PAR  The invention therefore consists of a polyurethane-polyurea composition
      obtained by reacting, with a diamine dissolved in a solvent, a liquid
      prepolymer previously prepared by reaction of one or more polyols the
      molecular weight of which is between 300 and 6000 with a polyisocyanate in
      excess, the said liquid prepolymer simultaneously containing polyester and
      polyether linkages and optionally a solvent, the ratio NCO/OH
      corresponding to the prepolymer composition, and the ratios NH.sub.2 /OH
      and NCO/OH + NH.sub.2 corresponding to the coating composition, being
      within the aforesaid limits.
PAR  It will be noted that among the diamines which can be chosen according to
      the invention, in addition to the aromatic diamines already mentioned,
      such as benzidine, dichlorobenzidine, methylenedianiline, 3-3' dichloro
      4-4' diaminodiphenylmethane, o-anisidine, 3,3' dimethyl 4-4'
      diaminodiphenylmethane, phenylene diamines, etc., cycloaliphatic diamines
      such as the preceding ones the aromatic ring of which has been
      hydrogenated, and aliphatic diamines and mixtures thereof are also
      suitable. Dihydrazides and derivatives thereof, preferably mixed with the
      aforesaid diamines can also be used. Amino-alcohols, on the other hand,
      most often give disappointing results owing to the great difference in
      reactivity between the NH.sub.2 group and the OH group. The composition of
      the present invention therefore provides a much greater choice of
      diamines.
PAR  Solvents for dissolving the diamine are: ketones such as acetone,
      methyl-ethylketone, methyl isobutylketone, cyclohexanone, esters such as
      methyl-, ethyl-, butyl-, methylglycol- or ethylglycol acetates,
      chlorinated hydrocarbons such as methylene chloride, dichloroethane.
PAR  For the preparation of the liquid prepolymer there will advantageously be
      used a polyether polyester polyol, that is to say a compound comprising at
      least two hydroxyl functions and containing both polyether and polyester
      linkages. Copolymers obtained by transesterification of a polyester and
      polyether, described for example in French Pat. No. 2,019,483 may be used.
      Said patent is introduced into the present specification as a reference.
      Finally, the products obtained by the condensation of an alkylene oxide
      such as ethylene oxide or propylene oxide on a polyester-polyol are also
      suitable.
PAR  The liquid prepolymer may be obtained by reacting the mixture of a
      polyether polyol and a polyester polyol with a polyisocyanate. It can,
      again, be a liquid mixture of a prepolymer obtained with a polyether
      polyol and a prepolymer obtained with a polyester polyol.
PAR  As polyether polyols, compounds will be used having at least two OH
      functions such as polyoxyalkyleneglycols, wherein the alkyl group is an
      ethyl, propyl or butyl group, or the addition products of ethylene- and/or
      propylene- and/or butylene oxides on polyols having at least two hydroxyl
      functions, such as glycols, trimethylolpropane, glycerine, hexanetriol,
      pentaerythritol.
PAR  As polyester-polyols compounds will be used obtained by esterification of
      carboxylic polyacids by polyols. By carboxylic polyacids, polyacids such
      as succinic, glutaric, adipic, phthalic, terephthalic, isophtalic,
      sebacic, pimelic acids, etc., are meant. Typical polyols are glycols such
      as ethylene-,propylene-, butylene-glycol, or polyether-polyols such as
      those mentioned above.
PAR  Lactonic polyesters known for their good behaviour in hydrolysis and
      obtained by condensation of one or more lactones (the ring of which
      comprises at least 6 carbon atoms) with a polyfunctional initiator having
      several reaction sites capable of inducing opening of the lactonic ring
      will also be used advantageously. In particular, copolymers of lactone and
      ethylene-glycol adipate which are liquid at normal temperature may be
      chosen. Said products are described, for example, in French Pat. No.
      2,015,687.
PAR  The polyisocyanates used for the preparation of the prepolymers are organic
      such as aromatic, cycloaliphatic or aliphatic. There will preferably be
      used common diisocyanates available on the market such as toluene
      diisocyanate, the mixture of their isomers, diphenylmethane diisocyanate,
      dicyclohexylmethane diisocyanate, hexamethylene diisocyanate, isophorone
      diisocyanate, etc.
PAR  It was completely unexpected to find that the use of a mixture of
      prepolymers prepared, on the one hand, by the reaction of a polyether
      polyol with a polyisocyanate, on the other hand, by reaction of a
      polyester polyol with a polyisocyanate, or a single prepolymer prepared by
      the reaction of a mixture of a polyether polyol and a polyester polyol
      with a polyisocyanate, or of a single prepolymer prepared by reaction of a
      polyol containing simultaneously polyester and polyether linkages with a
      polyisocyanate would retain the advantages of each of these materials used
      alone without adding drawbacks.
PAR  In the case where a mixture of two prepolymers is used, one obtained from a
      polyether polyol, the other from a polyester polyol or when the prepolymer
      is obtained directly from a mixture of polyether polyol and polyester
      polyol, it is preferable to obtain a homogenous liquid which, when used
      for spraying, does not separate into two phases. A low level of
      non-miscibility can be tolerated on condition that spraying is fairly fine
      and that the sprayer is supplied with a mixture which does not decant and
      retains a constant composition. To ensure the homogeneity of the
      prepolymer mixture, that is to say complete or practically complete
      miscibility of the two prepolymers, their temperature may be raised by
      heating to a temperature of at most 120.degree.-130.degree. C. It is also
      possible to introduce a limited amount of solvent and combine the addition
      of a solvent and raising of the temperature. The relative amounts of
      prepolymer comprising polyether polyol and prepolymer comprising polyester
      polyol, or the relative amounts of polyether polyol and polyester polyol
      to be used are obviously variable within broad limits. They should be
      determined as a function of a nature of said compounds, the mechanical
      properties desired, their reciprocal miscibility, etc. Generally speaking
      it may be said that the weight ratio of polyether polyol to polyester
      polyol should be between 1/9 and 9/1.
PAR  Whether a mixture of prepolymers or a single prepolymer is used it is
      essential that this liquid complies with the conditions required for
      spraying, that is to say that its viscosity should not be too high and lie
      within the range of 4000 to 20,000 cps at 25.degree. C. For higher
      viscosities it is necessary to add a solvent, but this should always be
      introduced in limited amounts, in order not to come up against the
      previously mentioned difficulties. In general, the weight of the solvent
      based on the weight of the prepolymer will be lower than about 30 %.
PAR  The solvents suitable can be the same as or different from those used to
      dissolve the amine; they should be chemically inert with respect to the
      prepolymer and, in particular, they should be anhydrous.
PAR  The viscosity of the prepolymer when it arrives in the spraying nozzle will
      be between 100 and 1000 cps. It may exceed these values and be as high as
      2000 cps with certain spray guns permitting large outputs and using a
      spraying air pressure of up to 6 kg/cm.sup.2 or more. Said viscosities are
      obtained by reheating the prepolymer or by addition of solvent or by both
      these means simultaneously.
PAR  The gelling of the sprayed mixture starts as soon as it is applied to the
      support. Owing to the reactivity of its constituents gelling takes place
      without a catalyst and equally well on a support at 20.degree.C as on a
      support at a temperature which may be as high as 120.degree.C.
PAR  A particular feature of the composition of the invention is that it does
      not require baking. This may, however, be effected between 50.degree. and
      120.degree. for 15 minutes if, for example, it is desired to withdraw the
      elastomer film from a mould. But if spraying is effected on a large
      surface, or if for any reason it is impossible to heat the support, the
      coating will acquire excellent mechanical properties after a few hours. It
      will be dry to the touch, even in the cold state, after a few minutes.
PAR  Pigments and dyes, whether or not formed into a paste with a plasticizer or
      solvent, may be added preferably to the diamine solution but if they are
      inert or anhydrous they may be mixed with the prepolymer or else partly
      with one and partly with the other.
PAR  When a composition according to the invention is applyed by spraying a film
      is obtained the thickness of which can range from a few tenths of a
      millimeter to several centimeters, and having good mechanical properties.
PAR  This invention also relates to objects covered with an adhering film
      obtained from a composition of this type and of low cost price, said
      objects being hard or flexible, compact or cellular; the film may for
      example make such objects fluid-tight or protect them against abrasion,
      chemical agents or atmospheric agents. It may in addition provide
      electrical insulation and improve the appearance of any finished articles.
PAR  In particular, the invention makes it possible to obtain pigmented or
      coloured surfaces providing not only protection but also decoration for
      objects or surfaces.
PAR  The following examples are intended to show the improvement of the
      mechanical properties of a coating, resulting from the use of a
      polyether-polyol - polyester polyol mixture instead of a polyether polyol.
      They are in no way limitative in character.
PAR  In all the following examples a 40 % by weight solution of
      methylenedianiline in methylethylketone is used as the diamine component.
PAR  The machine used had two pots, one for the prepolymer the other for the
      diamine in solution in the solvent. Each pot was connected to a spray gun
      with an intermediately positioned geared pump for proportioning the
      components. The prepolymer side could be maintained at a temperature of
      20.degree. to 120.degree.C both in the pot and the pipes supplying the
      gun.
PAR  The external mixture type spray gun provided even spraying in a mould
      (polyethylene or silicone rubber film).
PAR  In all the examples described the ratio NCO/OH + NH.sub.2 = 1.05.
DETD
PAC  EXAMPLE 1
PAR  The following were prepared:
PA1  a prepolymer A from a triol having a molecular weight of 2500 obtained by
      the oxypropylation of trimethylolpropane, which was reacted for 5 hours at
      75.degree.C with toluene diisocyanate to obtain a ratio NCO/OH = 2. After
      48 hours said prepolymer had 1.1 NCO function per kg.
PA1  a prepolymer B from a polycaprolactone homopolymer of a molecular weight of
      2000 and toluene diisocyanate in the ratio NCO/OH = 2 by baking at
      80.degree.C for 5 hours. This prepolymer had 0,81 NCO function per kg.
TBL  ______________________________________                                    

     Trial 1                                                                   

      100 g A                                                                  

      100 g B            component maintained at                               

                           90.degree.C                                         

       80 g ethylglycol acetate                                                

     Trial 2                                                                   

      100 g A                                                                  

      100 g B            component maintained at                               

                           65.degree.C                                         

      25 g dimethyl formamide                                                  

     ______________________________________                                    

PAR  With both these trials the final properties of the film, whether baked or
      not, are substantially identical.
TBL  ______________________________________                                    

     Prepolymers      A Polyether A + B                                        

                                  polyether +                                  

                                  polyester                                    

     Breaking load (kg/cm.sup.2)                                               

                      32          79                                           

     Elongation at break (%)                                                   

                      160         480                                          

     Elastic recovery 3 mn %                                                   

                      100         98                                           

     Resistance to tearing(kg/cm)                                              

                      22          33                                           

     Trial 3                                                                   

      300 g A                                                                  

      100 g B           component maintained at                                

                        70.degree.C                                            

       20 g methylethylketone                                                  

     Trial 4                                                                   

      300 g A                                                                  

      100 g B           component maintained at                                

                        24.degree.C                                            

      140 g methylethylketone                                                  

     ______________________________________                                    

PAR  The mechanical properties are identical for the trials 3 and 4.
TBL  ______________________________________                                    

     Prepolymers     A Polyether  3A + 1B                                      

                                  polyether +                                  

                                  polyester                                    

     ______________________________________                                    

     Breaking load (kg/cm.sup.2)                                               

                      32           48                                          

     Elongation at break (%)                                                   

                     160          290                                          

     Elastic recovery 3mn %                                                    

                     100          100                                          

     Resistance to tearing                                                     

     (kg/cm)          22           26                                          

     ______________________________________                                    

PAC  EXAMPLE II
PAR  The PE III prepolymer described in French Pat. No. 1.427.722 was used.
PAR  The PE III prepolymer was prepared from a mixture of 5.528 kg of a
      propylene glycol of a mean molecular weight of 2000 designated by the
      abbreviation P2010 and 472 g of polypropylene glycol of a mean molecular
      weight of 400 designated by the abbreviation P 410. This dehydrated
      mixture was brought to 80.degree. .+-. 2.degree.. 1920 kg TDI was added
      with good agitation and while maintaining this temperature. Heating was
      then effected at 95.degree.C for 2 hours.
PAR  The PE III prepolymer had 1,75 NCO function per kg. 50 parts of a
      prepolymer, obtained by baking 1000 g of a polycaprolactone diol of a
      molecular weight of 2000 and 232 g of toluene diisocyanate at 80.degree.C
      for 3 hours, is added to 100 parts of PE III prepolymer.
PAR  Eight hours after spraying, the mechanical properties of the films obtained
      were measured:
TBL  Prepolymers     PE III    PE III + prepolymer                             

                               comprising                                      

                               polycaprolactone                                

     ______________________________________                                    

     Breaking load (kg/cm.sup.2)                                               

                     300       345                                             

     Elongation at break (%)                                                   

                     375       520                                             

     Resistance to tearing                                                     

                     135       105                                             

     (kg/cm)                                                                   

     ______________________________________                                    

PAC  EXAMPLE III
PAR  A prepolymer was prepared from 1000 g of a triol obtained by oxypropylation
      of trimethylolpropane having a molecular weight of 2500, 300 g of a
      polycaprolactone diol having a molecular weight of 840 (the mixture of
      said polyols is homogenous at 30.degree.C) and 335 g of toluene
      diisocyanate. After baking for 3 hours at 85.degree.C, the isocyanate
      content is 1.15 NCO function per kg. The prepolymer is homogenous at
      30.degree.C.
PAR  Said prepolymer was used for spraying under the usual conditions defined
      hereinabove.
PAR  To obtain an intimate mixture with the diamine in the solvent medium it was
      necessary to raise the temperature of the prepolymer at the gun inlet to
      105.degree.C. The mechanical properties of the films obtained by spraying
      are excellent.
PAC  EXAMPLE IV
PAR  1000 g of a ethylene glycol polyadipate having a molecular weight of 2000,
      100 g of a diol obtained by oxypropylation of ethylene glycol having a
      molecular weight of 400, and 261 g of toluene diisocyanate, heated at
      80.degree.C for 3 hours were used to prepare a prepolymer. The prepolymer
      homogenous at 60.degree.C had 1.1 NCO function per kg.
PAR  10 g of dimethylformamide is added to 100 g of prepolymer.
PAR  Spraying is effected under normal conditions, but heating the prepolymer to
      90.degree.C. The films obtained by spraying have excellent mechanical
      properties after baking at 80.degree.C for 30 min.
PAR  Equivalent results are obtained if, in the preceding examples, the
      methylenedianiline is replaced by another aliphatic or cycloaliphatic
      diamine, optionally mixed with an aromatic diamine.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for forming a film of polyurethane-polyurea on a support
      comprising spraying said support with a two component composition mixed at
      the time of spraying consisting as first component a solution of at least
      one organic diamine in a solvent and as a second component a prepolymer
      liquid at prepolymer spray temperatures of 20.degree. to 130.degree.C
      containing both polyether and polyester linkages in a ratio of 9:1 to 1:9
      and prepared by reacting at least one polyol with a molecular weight of
      300 to 6000 and an organic polyisocyanate with a ratio of NCO/OH between
      about 1.5 and 3 and recovering the support with a polyurethane-polyurea
      coating, said second component containing from 0 up to 30% of a solvent
      and having a viscosity of 2000 cps or less at the prepolymer spray
      temperature, the proportions of the first and second components being such
      that the ratio of NH.sub.2 /OH is greater than 0.5 and the ratio of NCO/OH
      + NH.sub.2 is between 0.95 and 1.6.
NUM  2.
PAR  2. The method of claim 1 wherein the prepolymer is at a temperature of
      20.degree. to 120.degree.C at the time of spraying.
NUM  3.
PAR  3. The method of claim 1 wherein the diamine is selected from the group
      consisting of aromatic, cycloaliphatic and aliphatic diamines and mixtures
      thereof.
NUM  4.
PAR  4. The method of claim 1 wherein the polyol has at least two OH groups and
      contains in the molecule polyether and polyester linkages.
NUM  5.
PAR  5. The method of claim 1 wherein the prepolymer is prepared by reacting a
      mixture of polyether polyol and a polyester polyol and said organic
      polyisocyanate.
NUM  6.
PAR  6. An article coated with a polyurethane-polyurea coating produced by the
      method of claim 1.
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PAL  Amine-terminated polyetherurethane-urea polymers in a solvent, as for
      instance, isopropanol, toluene, and mixtures thereof, are chain-extended
      with as little as about 0.1 and up to 9 percent, by weight, based on the
      amine terminated polyetherurethane-urea, of a polyepoxide, such as a
      polyepoxide of p,p'-isopropylidenediphenol, of a phenolformaldehyde resin,
      epoxidized soybean oil, diglycidyl phthalate, and the like, to produce
      films, coatings, adhesives, and caulking having improved hydrolytic
      stability, and other improved physical properties.
PARN
     This application is a continuation-in-part of application Ser. No. 280,369,
      filed Aug. 14, 1972 now abandoned.
BSUM
PAR  This invention relates to two component polymer-forming compositions; one
      component being an amine terminated polyetherurethane-urea and a second
      component a polyepoxide, in a lacquer solvent system. The polyepoxide is
      added to a solution of an amine terminated polyetherurethane-urea in chain
      extending (coupling) amounts of up to about 9 percent, based on the amine
      terminated polyetherurethaneurea, to produce a chain-extended
      polyetherurethane-urea system from which coatings, films, or adhesives
      having improved hydrolytic resistance, and improved physical properties
      may be prepared.
PAR  The curing of a polyamine with an epoxide or polyepoxide and vice-versa is
      broadly speaking, well known in the art. This technology is found in the
      patent literature such as for instance in U.S. Pat. No. 2,500,600, issued
      to Bradley on Mar. 14, 1950; U.S. Pat. No. 2,829,984, issued to Yeager on
      Apr. 8, 1958; U.S. Pat. No. 2,880,194, issued to Glasser on Mar. 31, 1959;
      U.S. Pat. No. 3,374,186, issued to Steden et al. on Mar. 19, 1968; and
      U.S. Pat. No. 3,496,138, issued to Sellers et al. on Feb. 17, 1970.
PAR  U.S. Pat. No. 3.510,439, issued to Kaltenbach on May 5, 1970, discloses a
      polyurethane prepolymer formed by the reaction between toluene
      diisocyanate and a polyalkylene ether or ester glycol and characterized by
      an isocyanate content of from 4-10 percent, condensed with a low molecular
      weight liquid epoxy resin, a solid primary diamine and a naphthenate,
      tallate, or octoate salt of manganese, zinc, iron or lead, cured by
      heating. U.S. Pat. No. 3,565,972, issued to Harris on Feb. 23, 1971,
      discloses a high strength structural adhesive formulation which may be
      employed in either a one part or multipart composition. In both cases the
      formulation contains a polyurethane prepolymer formed by the reaction of
      TDI with a polyalkylene ether glycol, a low molecular weight liquid epoxy
      resin derived from bisphenol A and epichlorohydrin, a latent solid primary
      diamine, and a small amount of a Lewis acid-amine complex. U.S. Pat. No.
      3,384,679, issued to Stetz et al. on May 21, 1968, discloses a product
      which is made by blending a thermoplastic polyester or polyetherurethane
      with a thermoplastic copolymer of bisphenol A and epichlorohydrin. The
      polyurethanes disclosed in this patent are not amine terminated and they
      are made by blending the thermoplastic polyurethane with a thermoplastic
      copolymer of bisphenol A and epichlorohydrin. The foregoing patents are
      incorporated herein by reference.
PAR  Japanese patent publication No. 2196/1970, discloses a process for
      preparing a urethane type graft-copolymer, by bonding a polyurethane
      elastomer, having a terminal amine or hydroxy group in virtue of being
      synthesized from a diol, diamine, hydrazine or water with a copolymeric
      polyepoxide. Large amounts of polyepoxide copolymers must be employed in
      the system disclosed in this Japanese patent, i.e. 10-90 percent to 90-10
      percent, of copolymeric polyepoxide and polyurethane elastomer,
      respectively, i.e. a minimum of over 11 percent of copolymeric polyepoxide
      based on the polyurethane, to produce the therein disclosed graft
      copolymers. The graft copolymer product, according to the Japanese patent
      disclosure, acquires both the characteristics of the complex polyepoxy
      copolymer and the polyurethane elastomer. There is no indication in this
      patent of a two-component lacquer solution wherein a defined lacquer
      solvent solution of an amine terminated polyetherurethane-urea is
      chain-extended (coupled) with, a small amount i.e. as little as about 0.1
      percent by weight, of a polyepoxide to increase the molecular weight of
      the amine-terminated polyetherurethane-urea of the present lacquer system.
      There is no graft-copolymerized polyepoxidepolyurethane in the present
      system as in the Japanese patent. A graft copolymer, such as in the
      Japanese patent, is a polymer molecule in which the main backbone chain
      has attached to it, at various points, side chains containing different
      atoms, or groups, from those in the main chain. (See the Condensed
      Chemical Dictionary P. 549, 1962). The present solution contains a chain
      extended amine terminated polyetherurethane-urea which is substantially
      devoid of side chains having different moieties on a main backbone chain.
      Instead, the present amine terminated polyetherurethane-ureas are coupled
      together with a small amount of polyepoxide, in a substantially linear
      pattern, to increase the molecular weight of said polyurethane while
      maintaining its elastomeric properties and improving its ability to
      produce hydrolytically stable films, coatings, adhesives and the like.
      Graft copolymers, such as in this Japanese patent, are not suitable in the
      present lacquer system for this purpose.
PAR  None of the art known to applicants makes available or in any way teaches
      the present two component system for making improved coatings, films,
      adhesives and the like.
PAR  Specifically this invention deals with a particular isocyanate terminated
      polyetherurethane prepolymer chain-extended with an excess of diamine,
      having at least one active hydrogen on each amine, particularly
      advantageously combined with a small amount of primary or secondary
      monoamine, in conventional organic solvents such as the known lacquer
      solvents, and very desirably containing a monohydric alcohol,
      chain-extended with a polyepoxide in an amount of from about 0.1 to about
      9.0 percent and preferably between 1.0-5.0 percent, by weight of the amine
      terminated polyetherurethane urea, just before using, to increase the
      molecular weight of said amine terminated polyetherurethaneurea, as will
      be more fully described hereinafter.
PAR  The isocyanate terminated prepolymer is conventionally prepared from a
      difunctional polyalkylene ether glycol and a diisocyanate. The glycol
      ether can be poly (oxytetramethylene)glycol, poly(oxyethylene)glycol, poly
      (oxypropylene)glycol, and the like, and polyethers prepared from mixtures
      of epoxides, i.e. mixtures of two or more of ethylene oxide, propylene
      oxide, styrene oxide, epichlorohydrin, and the like, copolymers of the
      same and mixtures of any of the above. The isocyanate may be aliphatic,
      cycloaliphatic, or aromatic, such as hexamethylene diisocyanate, methylene
      bis(cyclohexyl isocyanate), toluene diisocyanate, and the like as known in
      the art. Such prepolymers appear throughout the patent literature, vide
      supra, and require no further discussion herein.
PAR  The prepolymer above is allowed to react with excess diamine, as stated
      hereinbefore, most advantageously a cycloaliphatic diamine, and
      3-aminomethyl-3,5,5-trimethyl cyclohexylamine; 1,8-diamino-p-menthane; and
      hexahydropyrazine, being particularly preferred. Although other aliphatic
      branched cyclic diamines may be employed, best results are obtained from
      the above cycloaliphatic diamines. Aromatic diamines are also operable,
      but because of discoloration by the aromatic moiety, they are not
      preferred. By "operable" is meant that the final films produced from the
      present two component solution have improved hydrolytic stability.
PAR  In the practice of the present invention, the isocyanate terminated
      prepolymer is allowed to react with excess diamine to form the
      polyetherurethane-urea, by adding the prepolymer to a solution of diamine,
      in a lacquer solvent such as toluene, xylene, acetone, methyl ethyl
      ketone, dimethylformamide, or other organic solvent, and preferably a
      mixture of solvents, including water, and even more desirable, containing
      an amount of C.sub.1 -C.sub.5 monohydric alcohol such as methanol,
      ethanol, isopropanol, etc. The amount of alcohol employed can be as little
      as 5 percent or even less, and up to 100 percent of the solvent used, i.e.
      the complete solvent system, can be substantially all monohydric alcohol,
      and preferably isopropanol because of its ready availability, low toxicity
      and ease of evaporation.
PAR  It is particularly desirable, according to the present invention, to
      achieve the proper balanced polymer solution for making improved films and
      coatings, for instance, that a primary or secondary aliphatic monoamine is
      added with the excess diamine to react with the prepolymer, in amounts up
      to about 25 percent of the equivalents, generally about 2 to 10 percent,
      based upon the total amine employed. The monoamine is preferably an
      alkylamine such as methylamine, ethylamine, diethylamine,
      diisopropylamine, or a cycloalkylamine, such as cyclohexylamine, and the
      like, or an alkanolamine such as ethanolamine, diethanolamine,
      isopropanolamine, and the like. The term "aliphatic" is used herein to
      include not only strictly aliphatic, but also cycloaliphatic monoamines.
PAR  According to the present invention, amine-terminated polyetherurethane-urea
      solutions of almost any viscosity can be employed, depending on the end
      use of the polymer and practical considerations. Good results are
      obtained, for instance, from polyetherurethane-urea solutions having a
      viscosity in the range of about 7,000-50,000 cps. for making films and
      coatings, and solutions of lower viscosity of as little as about 200 cps.,
      or even lower, are operable, but not preferred. When making caulking
      compositions the viscosity can be 400,000 cps. or even greater. It is
      preferred of course to employ the least possible solvent so that less
      solvent need be evaporated upon curing.
PAR  The amine terminated polyetherurethane-urea, in solution, is stable at
      ambient temperatures and may be stored until ready for use. Before use,
      this solution is treated with a chain-extending amount of up to about 9
      percent of a polyepoxide, such as the diglycidyl ether of
      p,p'-isopropylidene diphenol or the diglycidyl ether of the corresponding
      sulfone; butadiene dioxide; butanediol diglycidyl ether;
      1,2,3-tris(2,3-epoxypropoxy)propane; epoxidized vegetable oils such as
      soybean oil; a polyepoxide of other known phenol-formaldehyde resin;
      polyepoxides of polyesters, such as polyesters of adipic acid, phthalic
      acid and terephthalic acid; epithio ethers, wherein the epoxy oxygen is
      replaced with sulfur; diglycidyl aniline; diglycidyl ethers of resorcinol;
      triglycidyl ether of trimethylolpropane; triglycidyl ether of glycerol;
      triglycidyl p-aminophenol; diglycidyl ether of
      bisphenol-hexafluoroacetone; diglycidyl ether of tetrachlorobisphenol-A;
      tetraglycidoxybiphenyl; diglycidyl ether of hydrogenated bisphenol-A; and
      polyepoxides prepared from the reaction of a vinyl compound, such as vinyl
      glycidyl ether, glycidyl acrylate, glycidyl methacrylata and the like,
      with an olefin, such as ethylene propylene, butadiene, acrylic acid,
      methacrylic acid, .alpha.-chloroacrylic acid, acrylonitrile, and the like,
      may also be empolyed in the present lacquer system, but not as a
      preference. Mixtures of two or more of the above polyepoxides may also be
      employed. While in the broader aspects of the present invention, virtually
      any polyepoxide can be used as a chain extender so long as it is employed
      in proportions up to about 9 percent by weight of the amine-terminated
      polyetherurethane-urea, it is especially advantageous that the
      polyepoxides employed be those normally liquid, less viscous polyepoxides
      which have molecular weights within the range of about 100 to about 900.
      Polyepoxides of higher molecular weight, i.e. over about 900 and up to
      about 2,000,  for instance, may be employed in the present lacquer solvent
      system, so long as they are employed in proportions of up to about 9
      percent, based on the amine terminated polyetherurethaneurea but because
      of practical considerations such as high viscosity of the polyepoxides, or
      even solid polyepoxides which must be solubilized, as the molecular weight
      increases over 1000, and generally difficult solubility, and compatibility
      problems they are not preferred.
PAR  Furthermore, when employing excess polyepoxide, in amounts much greater
      than 9 percent by weight of the polyetherurethane-urea, i.e. 10 percent
      and more, the resulting films and coatings become progressively less
      elastomeric and often less hydrolytically stable and thus not acceptable.
PAR  Polyepoxides which are especially desirable are di- and tri- epxoides
      having terminal epoxy groups such as the triglycidylether of
      phenol-formaldehyde resin the diglycidyl ether of
      p,p'-isopropylidenediphenol, and triglycidyl ether of glycerol, diglycidyl
      terephthalate and epoxidized soybean oil for instance. It is important to
      the achievement of the significant advantages of the present invention
      that the amount of the polyepoxide does not greatly exceed about 9 percent
      by weight of the amine-terminated polyetherurethane-urea present in the
      organic solvent solution and most desirably not above about 8 percent.
PAR  This reaction proceeds slowly at ambient temperatures and fairly rapidly at
      elevated temperatures. The resulting film or coating, for instance, is
      generally aged for several days at ambient temperatures to insure adequate
      curing.
PAR  Although the present two-component composition is prepared in organic
      solvents and used as such to make films, coatings and the like, the
      organic solvent solution may also be mixed and emulsified with water
      before use, employing procedures which, per se, are known in the art.
DETD
PAR  The following examples illustrate specific embodiments of the present
      invention and are not intended to be limiting. All examples may include in
      the formula, additives such as antioxidants and U.V. screening agents or
      various other supplemental agents, as known in the art, as determined by
      the artisan. Generally the addition of these agents, as known in the art,
      is preferred. Proportions are on a weight/weight basis unless otherwise
      specified.
PAC  EXAMPLE 1
PAR  1000 parts of poly(1,2-oxypropylene)glycol having a hydroxyl number 140,
      are dehydrated at 100.degree.C. for 1 hour at 2 mm. Hg. and then allowed
      to react at about 100.degree.C. for two hours with 380 parts of tolylene
      diisocyanate (80% 2,4; 20% 2,6 isomer). The prepolymer has a free NCO
      value of 5.7. Enough toluene is added to make a solution containing about
      75% prepolymer and 25% solvent. With good mixing this prepolymer solution
      is added to a solution of 3-aminomethyl-3,5,5-trimethyl cyclohexylamine
      and diethylamine in a 70-30 mixture of toluene and isopropanol. In terms
      of equivalents the amount of diamine is 110% and the monoamine is 5% of
      the available NCO. The final solution has a total solids content of
      35percent. To 100 parts of this solution is added 0.95 parts of an
      epoxylated phenol formaldehyde resin with a functionality of 3.8,
      representing about 110 percent of the available amine in terms of
      equivalents. A film is drawn on silicone paper and then cured using
      standard coating procedure. This film is aged for 3 to 6 days. The final
      film has good U.V., and excellent hydrolytic stability, and good abrasion
      resistance and stress-strain properties.
PAC  EXAMPLE 2
PAR  1000 parts of poly(1,2-oxypropylene)glycol, hydroxyl number 56, are
      dehydrated at 120.degree.C. for one hour at 4 mm. Hg. and then allowed to
      react at 100.degree.C. for four hours with 137 parts of 2,4-tolylene
      diisocyanate, to yield a prepolymer having a free NCO value of 2.1.
      Toluene is added to make a solution containing 90% solids. With good
      mixing this prepolymer solution is added to a solution of excess
      3-aminomethyl-3,5,5-trimethyl cyclohexylamine and monobutylamine, in a
      solvent mixture of 90% isopropanol and 10% toluene. The diamine is 104%
      and the monoamine is 3% of the available NCO value in terms of
      equivalents. The final solution has a total solids content of 40 percent.
      To 110 parts of this solution is added 0.38 parts of an epoxy resin of the
      p,p'-isopropylidenediphenolepichlorohydrin type having an epoxy equivalent
      weight of about 190, representing about 140 percent of the available amine
      in terms of equivalents. The cast film after drying and aging for 3 to 6
      days has good U.V., and excellent hydrolytic stability and good physical
      properties as in Example 1.
PAC  EXAMPLE 3
PAR  1000 parts of poly(oxytetramethylene)glycol, hydroxyl number 140, are
      dehydrated at 100.degree.C. for one hour at 1 mm. Hg. and then allowed to
      react at 100.degree.C. for two hours with 380 parts of tolylene
      diisocyanate (65% 2,4-; 35% 2,6-isomer). The prepolymer has a free NCO
      value of 5.6. Enough toluene is added to make a 75% solution of the
      prepolymer. With good mixing this prepolymer solution is added to a
      solution of 1,8-diamino-p-menthane and dibutylamine, in a 50-30-20 mixture
      of methyl ethyl ketone, toluene, and isopropanol. The diamine is 108% and
      the monoamine is 4% of the available NCO value in terms of equivalents.
      The final solution has a total solids of about 35 percent. To this
      solution is added a diglycidyl ether of p,p-isopropylidenediphenol having
      an epoxy equivalent of about 175 in an amount just equivalent to the
      available amine groups. An excellent polymer results after evaporation of
      solvent, which has excellent hydrolytic stability, good physical
      properties and shows only slight discoloration after exposure in an altas
      Weatherometer, at 145.degree.F., 65 percent relative humidity, for 200
      hours.
PAC  EXAMPLE 4
PAR  1000 grams of poly(oxyethylene)glycol, hydroxyl number 140, are dehydrated
      at 110.degree.C. for two hours at 10 mm. Hg. and then allowed to react for
      2 hours at 100.degree.C. with 450 grams diphenylmethane-4,4'-diisocyanate.
      The prepolymer has a free NCO value of 3.2. Enough toluene is added to
      make a 90% solution of the prepolymer. With good mixing this prepolymer is
      added to a solution of 3-aminomethyl-3,5,5-trimethyl cyclohexylamine and
      ethanolamine in 10-90 mixture of toluene and isopropanol. The diamine is
      104% and the monoamine is 3% of the available NCO value in terms of
      equivalents. Total solids are 40 percent. To 100 parts of this lacquer is
      added 0.55 grams of an epoxylated phenol-formaldehyde resin having an
      epoxy functionality of 2.2, before applying to a surface to impart a
      coating having excellent hydrolytic stability. The epoxy represents about
      140 percent of the available amine in terms of equivalents.
PAC  EXAMPLE 5
PAR  1000 parts of poly(1,2-oxypropylene)glycol, hydroxyl number 112, are
      dehydrated at 120.degree.C. for 1 hour at 1 mm. Hg. and then allowed to
      react at 100.degree.C. for 5 hours with 518 parts of
      methylene-bis(cyclohexyl isocyanate). The prepolymer has a free NCO value
      of 5.4. Toluene is added to make a 75% solution of prepolymer. With good
      mixing this prepolymer solution is added to a solution of
      3-aminomethyl-3,5,5-trimethyl cyclohexylamine and diethylamine in a 50--50
      mixture of toluene and isopropanol. The diamine is 106% and the monoamine
      is 3% of the available NCO value in terms of equivalents. The final
      solution has a total solids of about 35 percent. To 100 parts of this
      solution is added 0.7 parts of a diglycidyl ether of
      p,p'-isopropylidenediphenol which has a functionality of about 2. The
      epoxy compound is equivalent to about 120% of the available amine in terms
      of equivalents. A film is drawn on silicone paper and then cured, using
      standard coating procedure. After allowing to age for 3 to 6 days, the
      film exhibits excellent hydrolytic stability, resistance to ultraviolet
      light and excellent physical properties as in Example 1.
PAC  EXAMPLE 6
PAR  A lacquer solution is prepared as in Example 5, the solvent, however,
      consisting of 20 parts of toluene, 70 parts of isopropanol and 10 parts of
      water in place of the 50--50 mixture of toluene-isopropanol of Example 5.
      A film is prepared from this lacquer solution, as in Example 5, having
      similar properties.
PAC  EXAMPLE 7
PAR  A lacquer solution is prepared as in Example 5, wherein 0.7 part of
      diglycidyl terephthalic acid is employed in place of the diglycidyl ether
      of p,p -isopropylidene diphenol, to chain-extend the amine terminated
      polyetherurethane-urea.
PAC  EXAMPLE 8
PAR  A lacquer solution is prepared as in Example 2, wherein 0.65 parts of
      epoxidized soybean oil is employed in place of the
      p,p-isopropylidenediphenol polyepoxide, to chain-extend the amine
      terminated polyetherurethane-urea.
CLMS
STM  We claim:
NUM  1.
PAR  1. A curable polymer-forming lacquer solution comprising:
PA1  a. An amine terminated polyetherurethane-urea prepared by the addition of
      an isocyanate terminated polyalkylene ether diol prepolymer to an excess
      of diamine, there being at least one active hydrogen on each amine group
      of said diamine, in an organic solvent system, and
PA1  b. A chain-extending amount of a polyepoxide of about 0.1 to about 9.0
      percent, by weight, based on said amine-terminated polyetherurethane-urea
      present in said organic solvent system of component (a).
NUM  2.
PAR  2. A composition as in claim 1 wherein under (b) the chain extending amount
      of polyepoxide is in the range of about 1.0-5.0 percent, by weight, based
      on said amine terminated polyetherurethane-urea.
NUM  3.
PAR  3. A composition as in claim 1 wherein the epoxide is the diglycidyl ether
      of p,p'-isopropylidene-diphenol.
NUM  4.
PAR  4. A composition as in claim 1 wherein the epoxide is a triglycidyl ether
      of a phenol-formaldehyde resin.
NUM  5.
PAR  5. A composition as in claim 1 wherein the epoxide is
      1,2,3,-tris(2,3-epoxypropoxy)propane.
NUM  6.
PAR  6. A composition as in claim 1 wherein the polyetherurethane urea is
      derived from a cycloaliphatic diamine.
NUM  7.
PAR  7. A composition as in claim 1 wherein the polyetherurethane-urea is
      derived from 3-aminomethyl-3,5,5-trimethyl cyclohexylamine.
NUM  8.
PAR  8. A composition as in claim 1 wherein the polyetherurethane-urea is
      derived from 1,8-diamino-p-menthane.
NUM  9.
PAR  9. A composition as in claim 1 wherein the polyetherurethane-urea is
      derived from hexahydropyrazine.
NUM  10.
PAR  10. A composition as in claim 1 wherein the polyetherurethane-urea is
      derived from excess diamine containing up to 25 percent equivalents based
      upon total amine, of a primary or secondary aliphatic monoamine.
NUM  11.
PAR  11. A composition as in claim 1 wherein the organic solvent is a
      conventional lacquer solvent containing more than about 5 percent of a
      C.sub.1 -C.sub.5 monohydric alcohol.
NUM  12.
PAR  12. A composition as in claim 1 wherein the organic solvent is a
      toluene-isopropanol mixture.
NUM  13.
PAR  13. A composition as in claim 1 wherein the organic solvent is
      substantially all isopropanol.
NUM  14.
PAR  14. A curable polymer-forming lacquer solution comprising:
PA1  a. An amine terminated polyetherurethane-urea prepared by the addition of
      an isocyanate terminated polyalkylene ether diol prepolymer to an excess
      of diamine, there being at least one active hydrogen on each amine group
      of said diamine, in one organic solvent system, and
PA1  b. A polyepoxide having a molecular weight within the range of about 100 to
      about 900, said polyepoxide being utilized in a chain-extending proportion
      of up to about 9% by weight of said amine terminated
      polyetherurethane-urea present in said organic solvent system of component
      (a).
NUM  15.
PAR  15. The method of chain extending an amine terminated
      polyetherurethane-urea with a polyepoxide to produce a polymer-forming
      lacquer solution comprising reacting an isocyanate terminated polyalkylene
      ether diol prepolymer with an excess of diamine, there being at least one
      active hydrogen on each amino group of said diamine, in an organic solvent
      system and chain-extending with an amount of a polyepoxide of about 0.1 to
      about 9.0 percent by weight, based on said amine terminated
      polyetherurethane-urea.
NUM  16.
PAR  16. The method of chain-extending an amine terminated
      polyetherurethane-urea as in claim 15, wherein the organic solvent system
      is a toluene-isopropanol mixture.
NUM  17.
PAR  17. The polymer formed by curing the composition of claim 1.
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ABST
PAL  Coating powders for use in the preparation of protective films comprising a
      mixture of a caprolactam-blocked organic polyisocyanate and a
      hydroxy-containing polyester or a hydroxy-containing acrylic or
      methacrylic polymer, wherein the acrylic or methacrylic polymer is derived
      from the polymerization reaction of a hydroxy lower alkyl acrylate or
      methacrylate, one or more lower alkyl acrylates or methacrylates, and
      optionally styrene or vinyl toluene. The proportions of the
      .epsilon.-caprolactam-blocked organic polyisocyanates and the
      hydroxy-containing polyesters or acrylic or methacrylic polymers in the
      mixture are such that there are about 0.8 to 1.20 blocked isocyanate
      groups for each hydroxy group in the polyester or acrylic or methacrylic
      polymer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to novel coating powders for use in the
      preparation of protective films. In particular, the present invention
      relates to solid, non-caking, electrostatically sprayable coating powders
      that are conveniently and easily handled, which upon heating cure to
      provide protective films having outstanding properties
PAR  2. Description of the Prior Art
PAR  Powder coatings have been widely used since the late 1950's. Initially,
      one-component polyurethane coating systems were used, which involved
      stable isocyanate-terminated prepolymers that were cured by means of the
      reaction of the free isocyanate group with water or atmospheric moisture.
PAR  Later, "blocked" isocyanates began to be used in coating systems. These
      early "blocked"  isocyanate systems involved the reaction of
      polyisocyanates with mono-functional hydroxy-containing compounds
      ("blocking compounds") to give products that did not react with
      hydroxy-containing compounds at room temperature, but at elevated
      temperatures the hydroxy-containing "blocking" group was eliminated
      regenerating the isocyanate groups which were then available for
      cross-linking in the unusual manner. Phenols were widely used in these
      early systems. Generally, however, the phenol-blocking agents were found
      to be somewhat objectionable since they gave blocked polyisocyanates that
      required higher temperatures to dissociate. Although these blocked
      polyisocyanates are sensitive, in general, to heat, they have the
      advantage of not being as sensitive to moisture as other types of
      urethanes. Consequently, they may be exposed for considerable periods of
      time to atmospheric moisture without any significant danger of
      decomposition. They also have the advantage over the moisture-cured
      urethanes in being able to be formulated very near the 1:1
      isocyanate:hydroxy ratio, thereby avoiding the formation of urea groups in
      the structure of the final polymerized coating. Additionally, they are
      easily handled and applied.
PAR  It has now been surprisingly found that caprolactam "blocked" isocyanate
      prepolymers can be used as cross-linking agents in hydroxy-containing
      powders that are capable of forming protective films when heated. Upon
      reaction of a suitable polyisocyanate with caprolactam, there is obtained
      a blocked isocyanate prepolymer which is solid and non-caking and can thus
      be easily formulated with solid hydroxy-containing acrylic, methacrylic or
      polyester resins.
PAR  The resulting powder coating can easily be cured by heating the powder film
      to about 325.degree.-400.degree.F whereupon the free isocyanate groups are
      regenerated and react with the hydroxy-containing polyester or acrylic or
      methacrylic resins incorporated in the powder coatings resulting in the
      formation of protective films having urethane linkages. It has been found
      that the present blocking system for powder coatings offers unique and
      outstanding advantages when compared to the use of polyisocyanates blocked
      with other blocking agents, such as methyl ethyl ketoxime, phenol, and
      alcohols, since the caprolactam-blocked polyisocyanates of the present
      invention have better flow and leveling of the protective film before
      final curing is completed. Further, it has been surprisingly found that
      the caprolactam-blocked organic polyisocyanates of the present invention
      do not "gas" during the curing process. It will be recognized by those
      skilled in the art that this avoids the formation of pin-holes and other
      objectionable surface patterns in the finished protective film, which
      commonly occur when conventional blocking agents are used with organic
      polyisocyanates.
PAR  Further, since regeneration of the free isocyanate groups from the blocked
      organic polyisocyanates occurs at a slower rate than with the conventional
      blocking agents, thicker films may be obtained.
PAR  More importantly, the instant blocking systems admirably satisfy the
      requirements for powder coatings in that they are solid, non-caking
      materials which can be easily electrostatically sprayed onto various
      articles and objects.
PAR  The present invention thus provides a unique composition ideally suited for
      use in the preparation of protective films.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a composition for use in the preparation of
      protective films comprising a mixture of a caprolactam-blocked organic
      polyisocyanate, and a hydroxy-containing polyester or a hydroxy-containing
      acrylic or methacylic polymer, wherein the polymer is derived from the
      reaction of a hydroxy lower alkyl acrylate or methacrylate, a lower alkyl
      acrylate or methacrylate, and optionally styrene or vinyl toluene, the
      polyisocyanate being present in sufficient quantity in the coating powder
      to provide from about 0.8 to 1.20 blocked isocyanate groups for each
      hydroxy group in the polyester or acrylic or methacrylic polymer.
PAR  The caprolactam-blocked organic polyisocyanates are prepared from the
      reaction of .epsilon.-caprolactam with various aliphatic or aromatic
      ployisocyanates or polyisocyanate prepolymers derived from the
      condensation of a hydroxy-containing polyester or polyhydric alcohols and
      one or more of the preferred aliphatic or aromatic polyisocyanates, or
      mixtures thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention provides unique coating powders suitable for the
      preparation of protective films comprising an intimate mixture of a
      caprolactam-blocked organic polyisocyanate together with a
      hydroxy-containing polyester, or a hydroxy-containing acrylic or
      methacrylic polymer derived from hydroxy lower alkyl acrylate or
      methacrylate, a lower alkyl acrylate or methacrylate, and optionally
      styrene or vinyl toluene. It is also possible to utilize the
      caprolactam-blocked orgainc polyisocyanate with mixtures of the
      hydroxy-containing polyesters and hydroxy-containing acrylic or
      methacrylic polymers as defined herein. The polyisocyanate is present in
      sufficient amounts to provide from about 0.8 to 1.20 blocked isocyanate
      groups for each hydroxy group in the mixture. Upon heating the coating
      powder, the caprolactam-blocked organic polyisocyanate dissociates,
      thereby liberating the polyisocyanate and the blocking
      .epsilon.-caprolactam. The liberated polyisocyanate thereupon reacts with
      the hydroxy-containing polyester or acrylic or methacrylic polymer forming
      a protective film containing urethane linkages. The powder is particularly
      suitable for use where electrostatic spraying is desired, especially since
      the powder is a non-caking material.
PAR  The caprolactam-blocked organic isocyanates are readily prepared by
      reacting the .epsilon.-caprolactam and a polyisocyanate in a 1:1
      equivalent ratio with an appropriate catalyst, such as triethylene
      diamine, dibutyl tin dilaurate, dibutyl tin diacetate, dibutyl tin
      dichloride, and stannous octoate, under preferably anhydrous conditions.
      The polyisocyanate and the .epsilon.-caprolactam can either be reacted
      directly or in a suitable reaction inert solvent such as toluene,
      methylethyl ketone, o-dichlorobenzene, a xylene, and the like. If solvent
      is used, however, it should be thoroughly removed from the product in
      order to minimize caking of the resultant prepolymer. The reaction can be
      carried out at elevated or room temperatures and is preferably carried out
      under an inert atmosphere such as nitrogen or carbon dioxide.
PAR  As will be appreciated by those skilled in the art, if the reaction is
      carried out at higher temperatures, e.g. 160.degree.-170.degree.C, the
      blocked polyisocyanate will form at a much faster rate. The time necessary
      for complete reaction will vary from a few minutes up to several hours or
      more depending upon the temperature and conditions used. Completion of
      reaction can be easily determined by analyzing for the presence of free
      isocyanate groups. This can simply be done by infrared spectroscopy or
      well known chemical methods.
PAR  A wide variety of organic polyisocyanates can be used in practicing the
      invention. Thus, aliphatic or aromatic polyisocyanates can be used, or
      alternatively, various polyisocyanate prepolymers can be utilized.
PAR  Among the aliphatic or aromatic polyisocyanates that can be used include,
      but are not limited to, isophorone diisocyanate, 4,4'-methylene
      bis-(cyclohexyl isocyanate), toluene diisocyanate, tetramethylene
      diisocyanate, pentamethylene diisocyanate, hexamethylene diisocyanate,
      propylene-1,2-diisocyanate, butylene-1,2-diisocyanate,
      ethylene-diisocyanate, cyclopentylene-1,3-diisocyanate,
      cyclohexylene-1,3-diisocyanate, m-phenylene diisocyanate, p-phenylene
      diisocyanate, 4,4'-diphenyl diisocyanate, 1,5-napthalene diisocyanate,
      toluene trisisocyanate, 1,4-xylene diisocyanate, and 4,4'-diphenyl methyl
      diisocyanate. Of the aliphatic and aromatic polyisocyanates that can be
      used, isophorone diisocyanate and 4,4'-methylene bis-(cyclohexyl
      isocyanate) are especially preferred.
PAR  Among the polyisocyanate prepolymers that can be used is practicing the
      invention are those derived from the reaction of a hydroxy-containing
      polyester with one or more of the conventional aliphatic or aromatic
      polyisocyanates cited above. The polyisocyanate prepolymers derived from
      the hydroxy-containing polyesters are conventionally obtained by reacting
      hydroxy-polyesters with the aliphatic or aromatic polyisocyanate, such as
      isophorone diisocyanate, to provide a prepolymer having terminal
      isocyanate groups. The hydroxy polyester is reacted with the aliphatic or
      aromatic polyisocyanate in an amount to provide a ratio of one equivalent
      of polyester, based upon the number of hydroxyl groups present in the
      polyester, to at least two equivalents of the polyisocyanate. The
      resultant polyisocyanate prepolymer is then reacted in the normal manner
      with .epsilon.-caprolactam to block the free isocyanate groups.
PAR  The hydroxy-containing polyesters that can be used in practicing the
      invention are those well known to those skilled in the art and can be
      prepared in the usual manner by reacting one or more polyhydric alcohols
      having at least two hydroxyl groups with one or more dibasic acids, or
      their corresponding lower alkyl esters or anhydrides.
PAR  Typical polyhydric alcohols which can be used include ethylene glycol,
      glycerine, diethylene glycol, trimethylol propane, triethylol propane,
      trimethylol ethane, pentaerythritol, and neopentyl glycol.
PAR  Among the aromatic dibasic acids and anhydrides and their esters that can
      be used include phthalic acid or anhydride, terphthalic acid and
      isophthalic acid. The corresponding lower alkyl esters of these acids can
      be used as well.
PAR  Aliphatic diacids that can be used include adipic acid, sebacic acid and
      succinic acid. It will be appreciated by those skilled in the art that the
      lower alkyl esters of these acids can be used, particularly those prepared
      from alcohols containing up to 6 carbon atoms.
PAR  An especially preferred polyhydroxy-containing polyester that can be used
      is poly (.epsilon.-caprolactone). This material is commercially available
      from the Union Carbide Corporation, New York, New York (PCP-0300) and is
      generally prepared by reacting .epsilon.-caprolactone with a compound
      containing a labile hydrogen, such as a polyol or a polyamine. The
      resulting product has a plurality of terminal hydroxyl groups, as is shown
      in the formula below
      ##EQU1##
      R = lower alkyl n = lower integer
PAR  The resulting poly (.epsilon.-caprolactone) is then reacted with an
      aromatic or aliphatic polyisocyanate to give the desired polyisocyanate
      prepolymer as shown in the formula below:
      ##EQU2##
      Ar = Aryl group, e.g. phenyl.
PAR  The resulting polyisocyanate prepolymer is then reacted with
      .epsilon.-caprolactam to give the blocked polyisocyanate.
PAR  Besides the polyisocyanate prepolymers derived from the condensation of the
      hydroxy-containing polyesters and the aliphatic and aromatic
      polyisocyanates, polyisocyanate prepolymers derived from the condenation
      of polyhydric alcohols and one or more of the conventional aliphatic or
      aromatic polyisocyanates described above can be used as well. Typical of
      the polyols that can be condensed with the aliphatic or aromatic
      polyisocyanates include glycerol, trimethylol ethane, trimethylol propane,
      and neopentyl glycol. Sufficient polyisocyanate is reacted with the
      polyhydric alcohol such that all of the hydroxy groups of the polyhydric
      alcohol are reacted with the polyisocyanate to give a prepolymer
      containing free terminal isocyanate groups, which are then blocked with
      the .epsilon.-caprolactam.
PAR  It will also be appreciated by those skilled in the art that the
      .epsilon.-caprolactam-blocked organic polyisocyanates can comprise a
      mixture of .epsilon.-caprolactam-blocked aliphatic or aromatic
      polyisocyanates of the type indicated hereinabove.
PAR  It should be further understood that mixtures of aliphatic or aromatic
      polyisocyanates and the polyisocyanate prepolymer prepared from the
      reaction of such aliphatic and aromatic polyisocyanates and the
      hydroxy-containing polyesters and the polyhydric alcohols can be used as
      well in preparing the caprolactam-blocked organic polyisocyanates. Indeed,
      an especially preferred embodiment of the invention comprises a 1:1 molar
      mixture of a caprolactam-blocked polyisocyanate prepolymer and a
      caprolactam-blocked aliphatic or aromatic diisocyanate. It has been found
      that where a caprolactam-blocked polyisocyanate is prepared from an
      aliphatic or aromatic polyisocyanate the viscosity of the reaction mixture
      can be reduced by using such a 1:1 molar ratio.
PAR  In preparing the polyisocyanate prepolymer from the condensation of a
      polyhydric alcohol and a typical aliphatic or aromatic diisocyanate, the
      polyhydric alcohol and the isocyanate are mixed together, generally under
      an inert atmosphere, e.g. carbon dioxide or nitrogen, with heating,
      usually between 90.degree. to 110.degree.C. After the prepolymer has
      formed, catalyst is added, e.g. triethylene diamine, followed by the
      .epsilon.-caprolactam. The mixture is then heated to about 165.degree.
      .+-. 5.degree.C for 3 to 4 hours. At the end of this time, molten
      caprolactam-blocked organic polyisocyanate has formed and is removed from
      the reaction flask and allowed to cool to room temperature to give a
      non-caking solid.
PAR  In preparing the polyisocyanate prepolymers from the hydroxy-containing
      polyesters and one or more aliphatic or aromatic polyisocyanates,
      essentially the same procedure is followed. Thus, the hydroxy-containing
      polyester is usually first prepared in the conventional manner, after
      which the polyisocyanate is added followed by the catalyst and
      .epsilon.-caprolactam.
PAR  The caprolactam-blocked organic polyisocyanates are then blended with a
      solid, hydroxy-containing polyester or a hydroxy-containing acrylic or
      methacrylic resin derived from a hydroxy lower alkyl acrylate or
      methacrylate, a lower alkyl acrylate or methacrylate, and optionally
      styrene or vinyl toluene. The preferred hydroxy lower alkyl acrylates or
      methacrylates or lower alkyl acrylates or methacrylates contain up to six
      carbon atoms in the alcohol protion of the esters. Among the preferred
      hydroxy lower alkyl acrylates and methacrylates are included hydroxyethyl
      acrylate and methacrylate and hydroxypropyl acrylate and methacrylate.
PAR  As with the hydroxy-containing polyester used in preparing the
      polyisocyanate prepolymers above, the hydroxy-containing polyesters used
      to blend with the caprolactam-blocked organic polyisocyanates are prepared
      in the usual way and include the conventional polyhydroxy polyesters
      obtained by the condensation of polybasic organic acids with polyhydric
      alcohols.
PAR  The hydroxy-containing acrylic or methacrylic polymers are also prepared in
      the conventional manner.
PAR  The hydroxy-containing acrylic or methacrylic polymers can be prepared from
      the polymerization reaction of hydroxy lower alkyl acrylates or
      methacrylates with lower alkyl acrylates or methacrylates and optionally
      styrene. Additionally various mixtures of these components can be used.
PAR  Where the polymer is derived from hydroxy lower alkyl acrylates or
      methacrylates and lower alkyl acrylates or methacrylates, the preferred
      range of monomers is 15-25% by weight of the hydroxy lower alkyl acrylate
      or methacrylate and 75-85% by weight of the lower alkyl acrylate or
      methacrylate.
PAR  In the three component system where styrene is included, the preferred
      ranges are by weight, 10-30% hydroxy lower alkyl acrylate or methacrylate,
      35-45% lower alkyl acrylate or methacrylate and 35-45% of styrene or vinyl
      toluene. An especially preferred hydroxy-containing acrylic polymer is one
      derived from about 20% hydroxypropyl acrylate, 20% butyl methacrylate, 20%
      isobutyl methacrylate, and 40% styrene.
PAR  After the caprolactam-blocked organic polyisocyanate is prepared, it is
      then blended with the solid hydroxy-containing polyester or acrylic or
      methacrylic resin in an amount such that there is an 0.8:1.0 to 1.2:1.0
      NCO:OH equivalent ratio.
PAR  The formulation is usually blended with a ball mill or extruded and ground
      to a fine powder. The coating powders of the present invention can
      advantageously be electrostatically sprayed and when cured at 325.degree.F
      to 400.degree.F for about 20 to 40 minutes produces a film having
      excellent solvent and mar resistance and permits the formation of a high
      gloss film which does not have surface patterns or discolorations.
      Further, the coating powders of the present invention exhibit stability at
      ambient temperature without caking or cold flowing.
PAR  The following examples are provided to illustrate the invention more fully;
      however, they should not be construed as limiting the scope of the
      invention, many variations of which are contemplated.
PAC  Preparation of .epsilon.-Caprolactam-Blocked Organic POlyisocyanates
PAC  EXAMPLE 1
PAR  Into a three liter resin flask is added 134 grams (1 mole) of trimethylol
      propane and 888 grams (4 moles) of isophorone diisocyanate. The mixture is
      heated under a carbon dioxide atmosphere with agitation to 100.degree.C
      .+-. 10.degree.C and kept at this temperature for about three hours. At
      the end of this time, 0.16 gram of triethylene diamine is added, followed,
      after a half hour, by 565 grams (5 moles) of .epsilon.-caprolactam.
PAR  The temperature of the mixture is raised to 165.degree.C .+-. 5.degree.C
      and kept at this temperature for about an additional 3 hours. At the end
      of this time the .epsilon.-caprolactam-blocked organic polyisocyanate is
      removed and allowed to cool to room temperature. the resulting solid
      product has a melting point of 108.degree.C and an equivalent weight of
      317.
PAC  EXAMPLE 2
PAR  Following the procedure of Example 1, 181 grams (1 equivalent) of Union
      Carbide's poly(.epsilon.-caprolactone), PCP-0300 is reacted with 222 grams
      (2 equivalents) of isophorone diisocyanate. After heating the mixture
      under a carbon dioxide atmosphere with agitation at 100.degree.C .+-.
      10.degree.C for 3 hours, 0.05 grams of triethylene diamine are added.
      After continuing the reaction for an additional half hour 115 grams (1
      equivalent) of .epsilon.-caprolactam is added and the temperature raised
      to 155.degree.C .+-. 5.degree.C and maintained at that temperature for an
      additional 3 hours.
PAR  The caprolactam-blocked polyisocyanate is removed from the flask and cooled
      to room temperature. The equivalent weight of the solid product is 518 and
      the melting point about 83.degree.C
PAC  EXAMPLE 3
PAR  Following substantially the procedures of Examples 1 and 2, the following
      materials are reacted:
     Glycerine      1.0 moles  92       grams                                  

     Isophorone diisocyanate                                                   

                    4.0 moles  888      grams                                  

     Dibutyl tin diacetate     0.15     grams                                  

     .epsilon.-caprolactam                                                     

                    5.0 moles  565      grams                                  

     Equivalent weight of caprolactam-blocked poly-                            

     isocyanate 309                                                            

     Melting point 112.degree.C.                                               

PAC  EXAMPLE 4
PAR  Following substantially the procedures of Examples 1 and 2, the following
      materials are reacted:
TBL  Trimethylol propane                                                       

                    1.0 mole  134       grams                                  

     Isophorone diisocyanate                                                   

                    3.0 mole  666       grams                                  

     Dibutyl tin dilaurate    0.15      gram                                   

     Toluene Diisocyanate                                                      

                    1.0 mole  178       grams                                  

     .epsilon.-caprolactam                                                     

                    5.0 mole  565       grams                                  

     Equivalent weight of caprolactam-blocked                                  

     polyisocyanate 309                                                        

     Melting point 113.degree.C.                                               

PAC  EXAMPLE 5
PAR  Following substantially the procedures of Examples 1 and 2, the following
      materials are reacted:
TBL  Trimethylol propane                                                       

                    1.0 mole  134       grams                                  

     4,4'-methylene bis-                                                       

     (cyclohexyl isocyanate)                                                   

                    4.0 mole  1056      grams                                  

     Dibutyl tin dilaurate    0.18      gram                                   

     .epsilon.-caprolactam                                                     

                    5.0 mole  565       grams                                  

     Equivalent weight of caprolactam-blocked                                  

     polyisocyanate 351                                                        

     Melting point 104.degree.C.                                               

PAC  EXAMPLE 6
PAR  To a 3 liter flask equipped with an agitator, boiling water condenser,
      thermometer and carbon dioxide blow tube is added 268 grams of trimethylol
      propane (2.0 moles) and 146 grams of adipic acid (1.0 mole). The reactants
      are heated at a maximum kettle temperature of 230.degree.C .+-. 5.degree.C
      to provide hydroxy-containing polyester which is kept for a maximum acid
      number of 2, at which time the resin is cooled to room temperature.
PAR  Under a carbon dioxide atmosphere, 888 grams (4.0 moles) of isophorone
      diisocyanate are added and the flask heated to 100.degree.C .+-.
      10.degree.C with agitation, and kept at this temperature for about three
      hours. After this period of time 0.18 grams of triethylene diamine are
      added, and after an additional one-half hour 460 grams (4.0 moles) of
      .epsilon.-caprolactam are added. The temperature is increased to
      165.degree.C .+-. 5.degree.C and the reaction mixture kept at this
      temperature for about an additional three hours.
PAR  The resultant caprolactam-blocked polyisocyanate prepolymer is then cooled
      to room temperature and removed from the flask. Melting point
      123.degree.C, equivalent weight 440.
PAC  EXAMPLE 7
PAR  Into a 3 liter flask is added 342 grams (3.0 moles) of
      .epsilon.-caprolactone, 134 grams (1.0 mole) of trimethylol propane, and
      0.75 gram of stannous octoate. The mixture is kept at 180.degree.C .+-.
      5.degree.C for about 3 hours. The resultant resin forms by
      transesterification and therefore no water loss or acid number is present.
PAR  The resultant resin is treated with 666 grams of isophorone diisocyanate
      (3.0 moles) and 345 grams (3.0 moles) of .epsilon.-caprolactam according
      to the procedure of Example 6.
PAR  The equivalent weight of the resulting caprolactam-blocked polyisocyanate
      prepolymer is 499 and the melting point is about 91.degree.C.
PAC  Preparation of Hydroxy-containing Polyesters And Acrylic And Methacrylic
      Polymers
PAC  EXAMPLE 8
PAC  Preparation of Hydroxy-Containing Polyester
PAR  Terephthalic acid (2.0 moles; 57.34%), neopentyl glycol (2.0 moles;
      36.33%), trimethylol ethane (0.3 moles; 6.23%) and dibutyl tin oxide
      (0.10%) are condensed to provide a hydroxy-containing polyester resin
      having an equivalent weight of about 534 and a melting point of about
      106.degree.C.
PAC  EXAMPLE 9
PAC  Preparation of Hydroxy-Containing Acrylic Polymer
PAR  Hydroxy-propyl acrylate (20.5%), styrene (40.0%), butyl methyacrylate
      (20.0%), and isobutyl methacrylate (19.5%) are reacted to give a
      hydroxy-containing acrylic polymer having an equivalent weight of 791 and
      a melting point of about 92.degree.C.
PAC  Preparation of Coating Powders
PAC  EXAMPLE 10
PAR  Five hundred and thirty-four grams of the polyester prepared according to
      Example 8 is blended with 317 grams of the caprolactam-blocked organic
      polyisocyanate prepared according to Example 1. The resulting intimate
      mixture has a 1.0:1.0 NCO:OH equivalent ratio. The components of the
      mixture are either ball-milled or extruded and ground to a fine powder.
      When this fine powder is electrostatically sprayed and cured at
      350.degree.F for about 20 minutes, there is produced a protective film
      having excellent solvent and mar resistance.
PAC  EXAMPLE 11
PAR  Seven hundred and ninety-one grams of the hydroxy-containing acrylic
      polymer prepared according to Example 9 is blended with 317 grams of the
      caprolactam-blocked organic polyisocyanate prepared according to Example
      1. The resulting intimate mixture has a 1.0:1.0 NCO:OH equivalnt ratio.
      The components of the mixture are either ball-milled or extruded and
      ground to a fine powder. When this fine powder is electrostatically
      sprayed and cured at 350.degree.F for about 20 minutes, there is produced
      a protective film having excellent solvent and mar resistance.
PAC  EXAMPLE 12
PAR  Following substantially the procedure of Example 10, the
      caprolactam-blocked organic polyisocyanates of Examples 2-7 are blended
      with the appropriate amount of the hydroxy-containing polyester and
      acrylic polymer of Examples 8 and 9, respectively, to give coating powders
      which when sprayed and cured provide protective films having outstanding
      solvent and mar resistant properties.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coating powder for use in the preparation of protective films which
      comprises an intimate mixture of:
PA1  i. a caprolactam-blocked organic polyisocyanate and
PA1  ii. A film-forming hydroxy-containing polyester, or a film-forming
      hydroxy-containing polymer obtained by reacting from 10-30 parts of a
      hydroxy lower alkyl acrylate or methacrylate, from 35-45 parts of a lower
      alkyl acrylate or methacrylate and from 35-45 parts of styrene or vinyl
      toluene, wherein the polyisocyanate is present in sufficient quantity to
      provide from about 0.8 to 1.20 blocked isocyanate groups for each hydroxy
      group in the coating powder, the caprolactam-blocked organic
      polyisocyanate component (i) being a 1:1 molar mixture of
PA2  (a) a caprolactam-blocked aliphatic or aromatic polyisocyanate selected
      from the group consisting of isophorone diisocyanate, 4,4'-methylene
      bis-(cyclohexyl isocyanate), toluene diisocyanate, tetramethylene
      diisocyanate, pentamethylene diisocyanate, hexamethylene diisocyanate,
      propylene-1,2-diisocyanate, butylene-1,2-diisocyanate, ethylene
      diisocyanate, cyclopentylene-1,3-diisocyanate,
      cyclohexylene-1,3-diisocyanate, m-phenylene diisocyanate, p-phenylene
      diisocyanate, 4,4'-diphenyl diisocyanate, 1,5-napthalene diisocyanate,
      2,4-toluene diisocyanate, 2,6-toluene diisocyanate, toluene
      trisisocyanate, 1,4-xylene diisocyanate, and 4,4'-diphenylmethane
      diisocyanate; and
PA2  (b) a caprolactam-blocked polyisocyanate prepolymer derived from the
      condensation of a polyhydric alcohol and one or more of the
      polyisocyanates in (a).
NUM  2.
PAR  2. The coating powder of claim 1 wherein the caprolactam-blocked
      polyisocyanate is a mixture of caprolactam-blocked toluene diisocyanate
      and a caprolactam-blocked polyisocyanate prepolymer derived from the
      condensation of trimethylol propane and isophorone diisocyanate.
NUM  3.
PAR  3. The coating powder of claim 1 wherein the hydroxy-containing polyester
      in (ii) is derived from terephthalic acid or lower alkyl esters thereof,
      neopentyl glycol and trimethylol ethane.
NUM  4.
PAR  4. The coating powder of claim 1 wherein the hydroxy-containing acrylic
      polymer is derived from hydroxypropyl acrylate, butyl methacrylate,
      isobutyl methacrylate and styrene.
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PAL  Polycarbonamide compositions having improved acid dye-resistance and basic
      dyeability properties wherein the polycarbonamides contain, as an integral
      part of the polymer chain, recurring amide linkages and terminal sulfonate
      groups resulting from aminoalkanesulfonic acids and/or alkali metal salts
      thereof, as well as the process for producing the modified polyamide
      compositions.
BSUM
PAR  This invention relates to synthetic polycarbonamides having improved acid
      dye-resistance and basic dyeability properties.
PAR  Unmodified nylon is dyeable to a single color only and is almost
      exclusively dyed with acid dyes that are absorbed by amino groups of the
      nylon molecules. The application of basic dyes which are absorbed by
      carboxy groups of the nylon molecules results in colored nylon having
      unacceptable wash- and light-fastness properties. Nylon has been modified,
      however, to improve its dyeability by forming the nylon in the presence of
      monofunctional, monosulfonated compounds. The modified molecules serve a
      dual role. First, they provide sulfonate groups which can be activated to
      absorb basic dye under acid conditions without activation of the carboxy
      groups, thereby providing color of acceptable wash- and light-fastness;
      second, they impart acid dye-resistant properties to the nylon by forming
      salts with amine end groups of unmodified molecules, thereby rendering
      these amine groups no longer available to absorb acid dyes.
PAR  While the use of monosulfonated compounds for producing modified
      polycarbonamides having acid dye-resistance and basic dyeability
      properties is broadly known in the art, the specific sulfonates and the
      various manipulative steps employed herein for producing modified
      polyamides in order to achieve highly desirable results are not known to
      be suggested by the art.
PAR  In accordance with this invention, in the production of a polycarbonamide,
      herein referred to as polyamide, an aminoalkanesulfonic acid or alkali
      metal salt thereof is incorporated in the polymerization recipe to improve
      the dyeability of the polyamide with basic dyes. As used herein, alkane is
      intended to include cycloalkane. Further, the term "sulfonate-modified
      polyamides" is inclusive of polyamides prepared through the use of
      aminoalkanesulfonic acids and/or the alkali metal salts thereof, and is
      comprised of free sulfonic acid and/or monoalkali metal sulfonate groups.
PAR  It is therefore an object of the present invention to provide modified
      polyamides having sufficient affinity for basic dyestuffs to provide
      modified nylon possessing all the characteristics essential for use in
      manufacturing fabrics, sheet materials, films, molded articles, and the
      like. Other objects will become apparent from the description which
      follows.
PAR  These objects are obtained by the polyamides of the present invention which
      comprise modified polyamides having improved acid dye-resistance and basic
      dyeability properties wherein said polyamides contain, as an integral part
      of the polymer chain, recurring amide linkages and terminal sulfonic acid
      and/or alkali metal sulfonate groups resulting from aminoalkanesulfonic
      acids and/or alkali metal salts thereof.
PAR  Suitable aminoalkanesulfonic acids and alkali metal salts thereof can be
      represented by the formula RNHR'SO.sub.3 M, where M is hydrogen or an
      alkali metal, R is hydrogen or a monovalent saturated hydrocarbon radical
      having 1-12 carbon atoms, and R' is a divalent saturated hydrocarbon
      radical having 1-18 carbon atoms, preferably 2-6 carbon atoms. Examples of
      some applicable aminoalkanesulfonic acids and alkali metal salts thereof
      include lithium aminomethanesulfonate, sodium 2-aminoethanesulfonate
      (sodium salt of taurine), sodium 2-(methylamino)ethanesulfonate (sodium
      salt of N-methyltaurine), 3-aminopropanesulfonic acid, sodium
      3-aminopropanesulfonate, 4-(ethylamino)-2-methylbutanesulfonic acid,
      potassium 6-(isobutylamino)hexanesulfonate, rubidium
      8-(cyclohexylamino)-2-ethyloctanesulfonate,
      18-(dodecylamino)octadecanesulfonic acid, cesium
      12-(hexylamino)dodecanesulfonate,
      5-(3-methylcyclopentylamino)pentanesulfonic acid, lithium
      2-[(cyclopentylmethyl)amino]ethanesulfonate, sodium
      4-aminocyclohexanesulfonate, 2-methyl-3-aminocyclopentanesulfonic acid,
      potassium 4-(aminomethyl)cyclohexylmethanesulfonate, sodium
      2-amino-2-cyclohexylethanesulfonate, and the like, and mixtures thereof.
PAR  According to the invention, a polycarbonamide composition having improved
      acid dye-resistance with basic dyeability properties wherein recurring
      amide linkages and terminal sulfonate groups are integral parts of a
      polymer chain is comprised of a polymerization product obtained from
      reactants comprising polyamide-forming compositions selected from the
      group consisting of amino acids, lactams, dicarboxylic acids and diamines,
      and salts of dicarboxylic acids and diamines, and at least one of an
      aminoalkanesulfonic acid and alkali metal salt thereof having the formula
      RNHR'SO.sub.3 M wherein M is hydrogen or an alkali metal, R is hydrogen or
      a monovalent saturated hydrocarbon radical having 1-12 carbon atoms per
      radical, R' is a divalent saturated hydrocarbon having 1-18 carbon atoms
      per radical. The polycarbonamide can be formed by polymerizing in the
      presence of aminoalkanesulfonic acids or alkali metals salts thereof, for
      example, a polyamide-forming composition selected from the group
      consisting of (a) substantially equal molar proportions of a dicarboxylic
      acid having the formula HO.sub.2 CR"CO.sub.2 H and a diamine having the
      formula H.sub.2 NR"NH.sub.2, wherein each R" having about 2 to about 18
      carbon atoms per radical, and (b) an aminocarboxylic acid having the
      formula H.sub.2 NR"CO.sub.2 H, wherein R" is as defined above.
PAR  The nature of R" in the dicarboxylic acid, the diamine, or the amino acid
      is not critical. Preferably, it is a divalent hydrocarbon radical
      containing about 2-18 carbon atoms. Typical dicarboxylic acids which can
      be used include succinic acid, glutaric acid, adipic acid, 2-methyladipic
      acid, pimelic acid, suberic acid, azelaic acid, sebacic acid,
      undecanedioic acid, dodecanedioic acid, tetradecanedioic acid,
      octadecanedioic acid, eicosanedioic acid, p-phenylenediacetic acid,
      isophthalic acid, terephthalic acid, hexahydroterephthalic acid, and the
      like, and mixtures thereof. Typical diamines which can be used include
      ethylenediamine, propylenediamine, tetramethylenediamine,
      pentamethylenediamine, hexamethylenediamine, octamethylenediamine,
      nonamethylenediamine, 5-methylnonamethylenediamine, decamethylenediamine,
      dodecamethylenediamine, octadecamethylenediamine, p-phenylenediamine,
      p-xylylenediamine, 1,4-cyclohexanediamine,
      1,4-bis(aminomethyl)cyclohexane, bis (4-aminocyclohexyl)methane, and the
      like, and mixtures thereof. If desired, the diamine can be employed as a
      salt of the dicarboxylic acid, e.g., nylon 6--6 salt from
      hexamethylenediamine and adipic acid. Typical amino acids which can be
      used include 3-aminopropionic acid, 6-aminocaproic acid,
      4-ethyl-6-aminohexanoic acid, 9-aminononanoic acid, 12-aminododecanoic
      acid, 19-aminononadecanoic acid, 4-aminocyclohexanecarboxylic acid,
      4-(aminomethyl)cyclohexanecarboxylic acid, 4-(aminomethyl)benzoic acid,
      and the like, and mixtures thereof. If desired, derivatives of these
      monomers known to be useful in the production of polyamides can be used in
      place of the above monomers. As examples, a corresponding ester or acid
      halide can be used in place of a dibasic acid, and the corresponding
      lactam can be employed instead of an amino acid.
PAR  In the production of the polyamides of this invention, the
      polyamide-forming monomer(s) are polymerized in the presence of at least
      one of the above described aminoalkanesulfonic acids and alkali metal
      salts thereof, said aminoalkanesulfonic acid or alkali metal salt thereof
      being present in an amount of 0.05-4, preferably 0.1-2, mole per cent,
      based on the moles of recurring units in the polyamide product. For
      illustrative purposes, each mole of recurring units in the polymer product
      can, for example, result from one mole of an amino acid, from one mole of
      a lactam, from one mole of each of a dicarboxylic acid and a diamine, or
      from the salt from one mole of a dicarboxylic acid and one mole of a
      diamine. When a dicarboxylic acid and a diamine are used, or when the
      corresponding salt is used, it is preferable to have present a slight
      excess of the dicarboxylic acid to keep relatively low the concentration
      of amine groups in the polymer and to provide carboxyl groups in the
      growing polymer chain for reaction with the aminoalkanesulfonic acid or
      alkali metal salt thereof. When it is desired that an alkali metal salt of
      an aminoalkanesulfonic acid be used, the salt can be employed directly as
      such, or it can be produced in the polymerization reactor, e.g., by
      reaction of the free aminoalkanesulfonic acid with an alkali metal
      hydroxide.
PAR  The polyamides of this invention are prepared through the use of procedures
      well known in the art. Thus, the reactants are heated at a temperature of
      from about 360.degree.-620.degree.F., preferably about
      400.degree.-600.degree.F., until the resulting polymer has a sufficiently
      high molecular weight, e.g., as indicated by an intrinsic viscosity of at
      least 0.4 if it is desirable that the polymer exhibit fiber-forming
      properties. The reaction can be conducted at superatmospheric,
      atmospheric, or subatmospheric pressure. Often it is desirable, especially
      in the last stage of the polymerization, to employ conditions, e.g.,
      reduced pressure, which will aid in the removal of reaction by-products.
      If desired, the polymerization can be conducted in the presence of
      additives such as pigments and light stabilizers.
PAR  Although the sulfonate-modified polyamides of this invention are
      particularly useful in the preparation of fibers, they are also of value
      in the production of sheet materials, films, molded articles, and the
      like. These sulfonate-modified polyamides can constitute substantially all
      of the polymer in compositions so used, or they can represent one
      component of a blend of polymers, such as in a blend with polypropylene or
      other polyolefin or other polymer having insufficient affinity for basic
      dyes.
DETD
PAC  EXAMPLE I
PAR  To prepare a modified polyamide through use of the sodium salt of
      N-methyltaurine in an amount of 1.0 mole percent based on nylon 6--6 salt
      employed, a mixture of 1150 g of an aqueous solution of 524 g (2.00 moles)
      of nylon 6--6 salt, 4.96 g (0.020 mole) of the sodium salt of
      N-methyltaurine as a 65 weight percent aqueous solution, 2,920 g (0.020
      mole) of adipic acid, and 1 ml of Dow Corning Antifoam C composition was
      heated in an autoclave at about 450.degree.-540.degree.F. for
      approximately 3 hours, during which time steam was vented under a pressure
      which declined from about 340 psig initially to a final pressure of about
      16 inches Hg absolute. The resulting white polyamide had an inherent
      viscosity (at 30.degree.C. in m-cresol, 0.5 weight percent concentration)
      of 0.85 and a sulfur content of 0.20 weight percent, with 38
      microequivalents of amine groups and 93  microequivalents of acid groups
      per gram of polymer.
PAC  EXAMPLE II
PAR  To prepare a modified polyamide through use of sodium
      3-aminopropanesulfonate in an amount of 1.5 mole percent based on nylon
      6--6 salt employed, a mixture of 1115 g of an aqueous solution of 524 g
      (2.00 moles) of nylon 6--6 salt, 4.17 g (0.030 mole) of
      3-aminopropanesulfonic acid, 2.92 g (0.020 mole) of adipic acid, 30 ml of
      1.0 N sodium hydroxide (0.030 equivalent), and 1 ml of Dow Corning
      Antifoam C composition was heated in an autoclave at about
      450.degree.-540.degree.F. for approximately 3 hours, during which time
      steam was vented under a pressure which declined from about 320 psig
      initially to a final pressure of about 17 inches Hg absolute. The
      resulting white polyamide had an inherent viscosity (at 30.degree.C. in
      m-cresol, 0.5 weight percent concentration) of 0.92 and a sulfur content
      of 0.20 weight percent, with 38 microequivalents of amine groups and 80
      microequivalents of acid groups per gram of polymer.
PAC  EXAMPLE III
PAR  To prepare a modified polyamide through use of 3-aminopropanesulfonic acid,
      as the free acid, in an amount of 1.0 mole percent based on nylon 6--6
      salt employed, a mixture of 1135 g of an aqueous solution of 524 g (2.00
      moles) of nylon 6--6 salt, 2.794 g (0.020 mole) of 3-aminopropanesulfonic
      acid, 2.92 g (0.020 mole) of adipic acid, 0.0214 g of manganese lactate
      light stabilizer, 0.452 g of titanium dioxide, 1 ml of Dow Corning
      Antifoam C composition, and 10 ml of water was heated in an autoclave at
      about 440.degree.-535.degree.F. for approximately 3 hours, during which
      time steam was vented under a pressure which declined from about 310 psig
      initially to a final pressure of about 22 inches Hg absolute. The
      resulting nearly white polyamide had an inherent viscosity (at
      30.degree.C. in m-cresol, 0.5 weight percent concentration) of 0.88 and a
      sulfur content of  0.15 weight percent, with less than 6 microequivalents
      of amine groups and with 155 microequivalents of acid groups per gram of
      polymer.
PAC  EXAMPLE IV
PAR  In a control run employing no sulfonic acid or salt thereof, a modified
      polyamide outside the scope of this invention was prepared by heating a
      mixture of 1235 g of an aqueous solution of 524 g (2.00 moles) of nylon
      6--6 salt, 2.920 g (0.020 mole) of adipic acid, and 1 ml of Dow Corning
      Antifoam C composition in an autoclave at about 440.degree.-540.degree.F.
      for approximately 31/2 hours, during which time steam was vented under a
      pressure which declined from about 340 psig initially to a final pressure
      of about 14 inches Hg absolute. The resulting polyamide had an inherent
      viscosity (at 30.degree.C in m-cresol, 0.5 weight percent concentration)
      of 1.14, with 20 microequivalents of amine groups and 114 microequivalents
      of acid groups per gram of polymer.
PAC  EXAMPLE V
PAR  In a control run employing no sulfonic acid or salt thereof, a modified
      polyamide outside the scope of this invention was prepared by heating a
      mixture of 1151 g. of an aqueous solution of 524 g. (2.00 moles) of nylon
      6--6 salt, 1.20 g. (0.020 mole) of acetic acid, and 1 ml. of Dow Corning
      Antifoam C composition in an autoclave at about 450.degree.-540.degree.F
      for approximately 3 hours, during which time steam was vented under a
      pressure which declined from about 340 psig initially to a final pressure
      of about 19 inches Hg absolute. The resulting polyamide had an inherent
      viscosity (at 30.degree.C in m-cresol, 0.5 weight percent concentration)
      of 1.01, with 20 microequivalents of amine groups and 75 microequivalents
      of acid groups per gram of polymer.
PAR  The modified polyamide products of Examples I, II, IV, and V were evaluated
      by spinning and drawing into fibers having a denier of about 180/12,
      followed by determination of basic dyeability and resistance to an acid
      dye. The basic dye uptake (BDU) was determined using Sevron Blue 2G dye,
      and the results were expressed as microequivalents of dye absorbed per
      gram of fiber. Staining by an acid dye was determined in competitive
      dyeing with deep dyeable Rhodiaceta nylon using Acid Light Scarlet GL by
      visually observing the extent of staining. The results are summarized in
      the following table.
TBL  ______________________________________                                    

     Source of    BDU, Microequivalents                                        

                                   Acid Dye                                    

     Modified Polyamide                                                        

                  of Dye/Gram Fiber                                            

                                   Staining                                    

     ______________________________________                                    

     Example I    28.5             None                                        

     Example II   28.4             None                                        

     Example IV   17.1             None                                        

     Example V    14.0             Stained                                     

     ______________________________________                                    

PAR  The above table shows that the modified polymers of Examples I and II, both
      within the scope of the invention, possessed greated dyeability with the
      basic dye than did the modified polyamide of Examples IV and V which were
      control polymers outside the scope of the invention. The modified
      polyamides were not stained by the acid dye.
PAR  Since many departures from the specifically exemplified embodiments
      disclosed herein may be made which are within the spirit and scope of the
      invention, limitations are to be regarded only as set out in the claims
      which follow.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A fiber-forming aliphatic polycarbonamide wherein recurring amide
      linkages and terminal sulfonate groups are integral parts of a polymer
      chain which consists essentially of a polymerization product obtained from
      reactants consisting essentially of (A) at least one polyamide-forming
      component selected from the group consisting of amino acid, lactam,
      dicarboxylic acid and diamine, and salt of dicarboxylic acid and diamine,
      and (B) at least one basic dyeability modifier selected from the group
      consisting of aminoalkanesulfonic acid and alkali metal salt thereof
      having the formula RNHR'SO.sub.3 M wherein M is hydrogen or an alkali
      metal, R is hydrogen or a monovalent saturated hydrocarbon radical having
      1-12 carbon atoms per radical, R' is a divalent saturated hydrocarbon
      radical having 1-18 carbon atoms per radical; said basic dyeability
      modifier being present therein in an amount of from about 0.05 to about 4
      mol percent based on the mols of recurring amide units in the
      polycarbonamide.
NUM  2.
PAR  2. A fiber-forming polycarbonamide according to claim 1 wherein R' is a
      divalent saturated hydrocarbon radical having from 2-6 carbon atoms per
      radical.
NUM  3.
PAR  3. A fiber-forming polycarbonamide according to claim 1 wherein reactant
      (A) is the salt of (a) at least one dicarboxylic acid having the formula
      HO.sub.2 CR"CO.sub.2 H and (b) at least one diamine having the formula
      H.sub.2 NR"NH.sub.2, wherein R" is a divalent hydrocarbon radical having
      from about 2 to about 18 carbon atoms per radical.
NUM  4.
PAR  4. A fiber-forming polycarbonamide according to claim 1 wherein reactant
      (A) is at least one aminocarboxylic acid having a formula H.sub.2
      NR"CO.sub.2 H, wherein R" is a divalent hydrocarbon radical having from
      about 2 to about 18 carbon atoms per radical.
NUM  5.
PAR  5. A fiber-forming polycarbonamide according to claim 1 wherein said
      modifier is present in an amount of from about 0.1 to about 2 mol percent
      based on the mols of recurring amide units in the polycarbonamide.
NUM  6.
PAR  6. A fiber-forming polycarbonamide according to claim 1 wherein said
      modifier is selected from the group consisting of
      18-(dodecylamino)octadecanesulfonic acid,
      5-(3-methylcyclopentylamino)pentanesulfonic acid, 3-aminopropanesulfonic
      acid, 2-methyl-3-aminocyclopentanesulfonic acid, lithium
      aminomethanesulfonate, sodium 2-aminoethanesulfonate, sodium
      2-(methylamino)ethanesulfonate, sodium 3-aminopropanesulfonate, potassium
      6-(isobutylamino)hexanesulfonate, rubidium
      8-(cyclohexylamino)-2-ethyloctanesulfonate, cesium
      12-(hexylamino)dodecanesulfonate, lithium
      2-[(cyclopentylmethyl)amino]ethanesulfonate, sodium N-methyltaurine,
      sodium 4-aminocyclohexanesulfonate, potassium
      4-(aminomethyl)cyclohexylmethanesulfonate, and sodium
      2-amino-2-cyclohexylethanesulfonate.
NUM  7.
PAR  7. A fiber-forming polycarbonamide according to claim 1 wherein said
      modifier is 3-aminopropanesulfonic acid.
NUM  8.
PAR  8. A fiber-forming polycarbonamide according to claim 1 wherein said
      modifier is sodium 3-aminopropanesulfonate.
NUM  9.
PAR  9. A fiber-forming polycarbonamide according to claim 1 wherein said
      modifier is sodium N-methyltaurine.
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ABST
PAL  New aromatic polyamide-sulphonamides consisting essentially of recurring
      units of the formula:
EQU  -- CO -- Ar.sub.1 -- CONH -- Ar.sub.2 -- SO.sub.2 NH -- Ar.sub.3 --
      (SO.sub.2 NH -- Ar.sub.4).sub.n -- NH --
PAL  in which each of the Ar radicals, which may be identical or different,
      represents a divalent aromatic radical containing one or more benzene
      rings, n is 0 or an integer equal to or greater than 1 and the arrow above
      the --SO.sub.2 NH-- groups indicates that these groups can be reversed to
      give --NHSO.sub.2 -- groups.
PAL  These new polymers are infusible products which are resistant to high
      temperatures and which can be converted into yarns and films.
BSUM
PAR  The present invention relates to new aromatic polycondensates containing
      carboxamide and sulphonamide groups.
PAR  Polymers which simultaneously contain carboxamide and sulphonamide chains
      have been mentioned in French Pat. No. 865,455, but there is no suggestion
      that they have been prepared. According to this patent, using carboxylic
      diacids, sulphonic diacids and diamines as starting materials, it is
      possible to obtain polycarboxamide-sulphonamides which can be used to
      prepare films and filaments and which, for this purpose, must be fusible
      or soluble in organic solvents. More recently, polycondensates prepared
      from para-chlorosulphonylbenzoic acid chloride and aliphatic diamines have
      been described (in British Patent Specification No. 986,356). These
      products, of high melting point, are not readily soluble in organic
      solvents such as dimethylformamide unless an inorganic salt such as
      lithium chloride is added. It is then necessary to subject the films or
      yarns prepared from such solutions to a series of acid washings followed
      by washings with water in order to remove all traces of metallic salts
      which have a detrimental effect on the properties and storage of the films
      and yarns.
PAR  The present invention relates to polycarboxamide-sulphonamides which are
      infusible, and are soluble in organic solvents at high concentrations
      without it being necessary to add inorganic salts. These polymers consist
      essentially of recurring units of the formula:
EQU  -- CO -- Ar.sub.1 -- CONH -- Ar.sub.2 -- SO.sub.2 NH -- Ar.sub.3
      --(SO.sub.2 NH -- Ar.sub.4).sub.n -- NH --
PAL  in which each of the Ar radicals, which may be identical or different,
      represents a divalent aromatic radical containing one or more benzene
      rings, n is 0 or an integer equal to or greater than 1. The arrow above
      the --SO.sub.2 NH-- groups signifies that each of these groups can be
      reversed to give --NHSO.sub.2 -- groups.
PAR  The present invention relates, in particular, to the polymers in which n is
      equal to 0 or to 1, that is to say polymers in which the ratio between the
      number of carboxamide units and sulphonamide units is 2:1 or 1:1.
PAR  The aromatic diacids of formula HOOC -- Ar.sub.1 -- COOH which can be used
      to prepare these products can be, for example, terephthalic acid,
      isophthalic acid, a dicarboxydiphenyl acid, a dicarboxynaphthalene, a
      dicarboxydiphenylmethane, a dicarboxydiphenyl ether or a dicarboxydiphenyl
      thioether.
PAR  The diamines which can be used have the formula:
EQU  H.sub.2 N -- Ar.sub.2 -- SO.sub.2 NH -- Ar.sub.3 --(SO.sub.2 NH --
      Ar.sub.4).sub.n -- NH.sub.2.
PAR  These amines can be synthesised by known methods, for example by reacting
      an aromatic diamine with an amino-arylsulphonic acid or its chloride
      according to the equation:
EQU  2 H.sub.2 N--Ar.sub.2 --SO.sub.2 Cl + H.sub.2 N--Ar.sub.3 --NH.sub.2
      .fwdarw.H.sub.2 N--Ar.sub.2 --SO.sub.2 NH--Ar.sub.3 --NH--SO.sub.2
      --Ar.sub.2 --NH.sub.2
PAL  , or by reacting a disulphonic acid dichloride with an aromatic diamine
      according to the equation
EQU  2 H.sub.2 N--Ar.sub.2 --NH.sub.2 + Ar.sub.3 (SO.sub.2 Cl).sub.2
      .fwdarw.H.sub.2 N--Ar.sub.2 --NH--SO.sub.2 --Ar.sub.3 --SO.sub.2
      NH--Ar.sub.2 --NH.sub.2
PAR  Polycondensation of the diacid or of its chloride with the diamines can be
      carried out in accordance with the usual methods for the preparation of
      polyamides, for example in solution in a polar organic solvent such as
      dimethylacetamide, hexamethylphosphotriamide or N-methylpyrrolidine. The
      reaction can be carried out at ambient temperature but it can be
      accelerated by heating. Isolation of the polymer can be carried out by
      pouring the reaction mixture into water, preferably with vigorous
      stirring; the polymer usually precipitates in the form of granules from
      which all traces of acidity can be removed by washing with water.
PAR  The polymers thus obtained are infusible products which are resistant to
      temperatures as high as 350.degree.-450.degree.C; they can be dissolved,
      at concentrations which can be as much as 40 percent, in organic solvents
      such as aliphatic or cyclic amides like dimethylformamide,
      dimethylacetamide, N-methylpyrrolidone and mixtures thereof. Their
      solutions are transparent and can be cast or extruded in order to prepare
      infusible films and fibres which are resistant to heat and possess good
      mechanical properties, in particular high tensile strength and a high
      modulus.
PAR  The following Examples further illustrate the present invention.
DETD
PAC  EXAMPLE 1
PAR  7.89 g. of 4,4'-diamino-benzene-sulphanilide are introduced into a reactor
      equipped with a scraping stirrer and are dissolved in 70 cm.sup.3 of
      dimethylacetamide. The mixture is then cooled to 10.degree.C., and 6.09 g.
      of terephthaloyl chloride are added with stirring. The mixture is kept at
      25.degree.-30.degree.C. for 4 hours. The viscous and translucent reaction
      mixture is then poured into 1,000 cm.sup.3 of water, stirring vigorously.
      The product which has thus precipitated is washed with water and then with
      acetone and dried by heating at 80.degree.-100.degree.C./1 mm.Hg for 4
      hours. The polymer is then in the form of infusible whitish granules which
      are soluble at ambient temperature in various solvents such as
      dimethylformamide, dimethylacetamide, N-methylpyrrolidone and
      hexamethylphosphotriamide. A 20 percent strength solution in
      dimethylacetamide has a viscosity of 350 poises.
PAR  This polymer of the formula:
      ##SPC1##
PAL  has an average molecular weight, determined by light diffusion, of 140,000
      and its inherent viscosity, measured at 25.degree.C. using a solution of
      0.5 g. of product in 100 cm.sup.3 of dimethylacetamide, is 1.3 dl/g. The
      heat resistance of this product is assessed by thermogravimetric analysis
      in air and under nitrogen; at 350.degree.C. the product has not undergone
      any degradation.
PAC  EXAMPLE 2
PAR  Following the procedure of the preceding Example, 7.89 g. of the same
      diamine dissolved in 100 cm.sup.3 of dimethylacetamide are reacted with
      8.37 g. of 4,4'-dicarboxydiphenyl acid dichloride. A white granular
      polymer of the formula:
      ##SPC2##
PAL  is thus obtained, the inherent viscosity of which, determined as in Example
      1, is 1.15 dl/g. This product dissolves easily in dimethylacetamide, at
      ambient temperature; a 20 percent strength solution is translucent and
      stable; the solution has an apparent viscosity of 310 poises at
      25.degree.C., which is retained after being stored for 48 hours.
PAC  EXAMPLE 3
PAR  Following the procedure of Example 1, 11.25 g. of
      1,4-di-(p-aminophenylsulphonamido)-benzene are dissolved in 67 g. of a
      75/25 mixture of dimethylacetamide and hexamethylphosphotriamide. 5.64 g.
      of terephthaloyl chloride are added and the reaction is allowed to
      continue at 25.degree.C. for 4 hours 30 minutes with stirring.
PAR  The polymer obtained, of the formula:
      ##SPC3##
PAL  has an average molecular weight of 87,000 and an inherent viscosity of 1.4
      dl/g. (determined at 25.degree.C., using a solution of 0.5 g. of product
      in an 80/20 mixture of dimethylacetamide and hexamethylphosphotriamide).
      It dissolves at ambient temperature in polar solvents. Thus it is possible
      to prepare 15 percent strength solutions in a 50/50 mixture of
      hexamethylphosphotriamide and dimethylacetamide, which can be used for
      spinning or casting films.
PAC  EXAMPLE 4
PAR  Starting from 9.52 g. of the diamine used in the preceding Example,
      dissolved in 63.5 g. of an 80/20 mixture of dimethylacetamide and
      hexamethylphosphotriamide, and 6.35 g. of 4,4'-dicarboxy-diphenyl acid
      dichloride, a polymer of the formula:
      ##SPC4##
PAL  is prepared, the inherent viscosity of which, determined as in Example 1,
      is 1.37 dl/g. With this polymer, it is possible to prepare 15 percent
      strength solutions at ambient temperature in an 80/20 solvent mixture of
      dimethylacetamide and hexamethylphosphotriamide.
PAC  EXAMPLE 5
PAR  A solution of 7.4 g. of 4,4'-di-(p-aminophenylsulphamoyl)-diphenyl in 60
      cm.sup.3 of dimethylacetamide is prepared, to which 3.04 g. of
      terephthaloyl chloride are added. Following the procedure in the preceding
      Examples, a polymer of the formula:
      ##SPC5##
PAL  is obtained which has a viscosity of 0.3 dl/g., determined at 25.degree.C.
      using a solution containing 0.5 percent of polymer in dimethylacetamide.
PAC  EXAMPLE 6
PAR  Starting from a solution of 4.94 g. of diphenyl
      4,4'-di-(p-aminophenylsulphonamides) in 35 cm.sup.3 of dimethylacetamide
      and 2.79 g. of 4,4'-dicarboxy-diphenyl acid dichloride, a polymer of the
      formula:
      ##SPC6##
PAL  is prepared, the inherent viscosity of which, determined as in Example 5,
      is 0.73 dl/g.
PAR  This polymer is infusible and resists temperatures of
      300.degree.-350.degree.C., in air or in an inert atmosphere, without
      degradation. A solution in dimethylacetamide with a solids content of 15
      percent is suitable for casting films.
PAC  EXAMPLE 7
PAR  Following the procedure of Example 6, but replacing the
      4,4'-dicarboxy-diphenyl acid dichloride by terephthaloyl chloride, the
      polymer of the formula:
      ##SPC7##
PAL  is prepared, which has an inherent viscosity, determined as in Example 5,
      of 0.66 dl/g., and which is infusible and resists temperatures of
      300.degree.-350.degree.C. without degradation.
PAC  EXAMPLE 8
PAR  A 20 percent strength solution in dimethylacetamide of a polymer prepared
      according to Example 1, the inherent viscosity of which is 1.15 dl/g., is
      prepared by stirring at ambient temperature.
PAR  This solution is then concentrated to 32 percent by evaporation at
      110.degree.C./160 mm.Hg, and is then passed through a spinneret heated at
      114.degree.C. The fibre produced passes through a column heated at
      180.degree.C., whilst being pulled at the rate of 25 m/minute, and is then
      taken up continuously in water and dried on a roller at 75.degree.C. It is
      then partially stretched (ratio 2:1) before being stretched finally at a
      ratio of 1.6:1 above a plate heated at 350.degree.C.
PAR  The yarns thus produced have the following properties:
TBL  Gauge                 : 13.5 dtex                                         

     Tenacity              : 4 g. dtex                                         

     Elongation at break   : 5%                                                

     Initial modulus       : 150 g. dtex                                       

CLMS
STM  I claim:
NUM  1.
PAR  1. A heat-resistant film- or fibre-forming aromatic polyamide-sulphonamide
      consisting essentially of recurring units of the formula:
EQU  -- CO -- Ar.sub.1 -- CONH -- Ar.sub.2 -- SO.sub.2 NH -- Ar.sub.3 --
      (SO.sub.2 NH -- Ar.sub.4).sub.n -- NH --
PAL  in which each of the Ar radicals, which may be identical or different,
      represents
      ##SPC8##
PAL  n is 0 or an integer at least equal to 1 and the arrow above --SO.sub.2
      NH-- groups indicates that each of these groups can be reversed to give
      --NH--SO.sub.2 -- groups, said polyamide-sulphonamide being resistant to
      temperatures as high as 350.degree. to 450.degree.C. and soluble in
      organic solvents without it being necessary to add inorganic salt.
NUM  2.
PAR  2. A polyamide-sulphonamide according to claim 1, in which n is 0 or 1.
NUM  3.
PAR  3. A polyamide-sulphonamide according to claim 1, in the form of a fibre or
      film.
NUM  4.
PAR  4. A method of preparing a fibre or film which comprises casting or
      extruding a solution of a polyamide-sulphonamide as defined in claim 1 in
      a polar organic solvent.
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ABST
PAL  Modacrylic fibers having excellent flameproof property and retaining the
      superior whiteness, heat-stability, etc. of Acrylonitrile polymer fibers
      are produced from the polymers containing, as principal components, 50
      percent by weight or more of acrylonitrile, 25 percent by weight of more
      of vinylidene chloride and 0.1 - 3 percent by weight of bis(2-chloroethyl)
      vinylphosphonate, and if necessary, as additional component, at least one
      copolymerizable ethylenically unsaturated compound.
PARN
PAR  This is a division, of application Ser. No. 196,100, filed Nov. 5, 1971,
      now U.S. Pat. No. 3,824,222.
PAR  This invention relates to novel flameproof modacrylic fibers. More
      particularly it relates to novel flameproof modacrylic fibers prepared
      from 50 percent by weight or more of acrylonitrile, 25 percent by weight
      or more of vinylidene chloride and 0.1 - 3 percent by weight of
      bis(2-chloroethyl) vinylphosphonate as principal components, and at least
      one copolymerizable ethylenically unsaturated compound as additional
      component, if necessary.
PAR  Attempts to give fibers flameproof property have been made heretofore by
      various ways. For example, there are methods in which an organic halogen
      compound, an organic halogen-containing phosphorous compound, an inorganic
      substance such as antimony oxide, boric acid, or the like is incorporated
      in or attached on fibers as a flameproof agent. However, in these methods,
      a large amount of the above-mentioned substance must be incorporated in
      order to give sufficient flameproof property. This often gives undesirable
      influence upon the properties, handle, dyeability, etc. Furthermore, even
      when it is incorporated with great pains, it often comes off during the
      time of after-treatment such as dyeing, scouring, etc., and hence there
      remains the problem of durability of flameproof property.
PAR  On the other hand, as a method for affording a durable flameproof property,
      copolymerization of acrylonitrile with a halogen-containing vinyl monomer
      e.g. vinyl chloride or vinylidene chloride, has been carried out. In this
      case, the object can be attained by using a large amount of monomer but it
      is said that incorporation of more than 30 percent by weight of chlorine
      into a polymer is necessary in order to obtain satisfactory flameproof
      grade in general. For this purpose, incorporation of about 53 percent by
      weight or more of vinyl chloride or about 41 percent by weight or more of
      vinylidene chloride is necessary. Further, depending upon a spinning
      solvent used, it is often attempted to incorporate vinyl chloride or
      vinylidene chloride in an amount more than that in order to increase
      solubility.
PAR  Modacrylic fibers of vinyl chloride-acrylonitrile copolymer improves
      flameproof properties a great deal but resultant fibers have a lower
      sticking point, and show a large shrinkage at a higher temperature, hence
      they are not suitable to most of the utility in spinning and weaving
      field. For example, when 20 - 40 percent of vinyl chloride is
      copolymerized with acrylonitrile, flameproof property is greatly elevated
      but its sticking point becomes lower than 150.degree.C and a considerable
      shrinkage occurs in boiling water. In contrast, the sticking point of
      acrylonitrile polymer synthetic fibers is 200.degree.C and shows shrinkage
      of only 5 percent in water. Accordingly, modacrylic fibers of vinyl
      chloride-acrylonitrile copolymer are used only in the field where the most
      flameproof property is required, e.g. carpet, curtain, etc.
PAR  On the other hand, modacrylic fibers of vinylidene chloride-acrylonitrile
      copolymer have superior heat-resistance. Compared with polyacrylonitrile,
      incorporation of 7 percent by weight of vinylidene chloride elevates the
      second order transition point of polyacrylonitrile from 87.degree.C to
      110.degree.C and incorporation of 30 percent by weight of vinylidene
      chloride elevates it to 135.degree.C. The higher the second order
      transition point, the higher the resistance to deformation caused by an
      outer force at a higher temperature. On the other hand, the dyeing becomes
      much difficult and the fastness of dyed products becomes lower with the
      increase of the second order transition point. Moreover modacrylic fibers
      of vinylidene chloride-acrylonitrile copolymer are inferior in
      light-fastness and their utilities are limited on this account.
PAR  We have paid our attention to the facts that (1) in order to give
      sufficient flameproof property to modacrylic fibers of vinylidene
      chloride-acrylonitrile copolymer, copolymerization with 41 percent by
      weight or more of vinylidene chloride would be sufficient, and (2) with
      the increase of the acrylonitrile content of polymer in modacrylic fibers,
      properties become closer to acrylonitrile polymer synthetic fibers and
      most properties such as dyeability, resistance to thermal decomposition,
      light-fastness, etc. are improved, and have repeated the study on the
      production of vinylidene chloride type synthetic fibers containing 50
      percent by weight or more of acrylonitrile. In this case, however, an
      inexpensive readily available solvent such as acetone can not be used and
      a special solvent such as dimethyl formamide must be used. This has become
      a difficult point.
PAR  However, we have found that superior flameproof modacrylic fibers whose
      whiteness, heat-stability, etc. are not inferior to acrylonitrile polymer
      fibers can be produced by preparing a polymer having a uniform
      distribution of composition by way of a continuous emulsion
      polymerization, a continuous suspension polymerization, a solution
      polymerization, etc., dissolving it in a concentrated aqueous solution of
      nitric acid to prepare a transparent colorless spinning solution, and
      extruding the spinning solution into a coagulation bath of an aqueous
      solution of nitric acid, followed by stretching and drying.
DETD
     However, the fibers comprising acrylonitrile (AN)-vinylidene chloride
      (VdCl)-copolymer containing 40-45 percent by weight of vinylidene chloride
      are less thermally-shrinkable, inferior in dyeability and dying-fastness
      and require the use of a nitric acid having a concentration considerably
      higher than that of the azeotropic mixture of nitric acid and water in
      dissolving as evident from Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Compostion of AN-VdCl                                                     

                     Minimum concentration of                                  

     copolymer                                                                 

              (% by weight)                                                    

                         nitric acid capable of di-                            

                         solving the copolymer (%)*                            

     ______________________________________                                    

     50       50                  82                                           

     55       45                  80                                           

     60       40                  78                                           

     65       35                  73                                           

     70       30                  67                                           

     75       25                  65                                           

     ______________________________________                                    

      *1 g copolymer/10 cc nitric acid at 20.degree.C?   Accordingly, there is 

      drawback in the point that a large amount of concentrated nitric acid is
      required for the control of solvent which is extremely expensive.
PAR  After our strenuous study for solving the abovementioned drawbacks, we have
      found that even a small content of vinylidene chloride can give sufficient
      flameproof properties and completed the present invention.
PAR  Namely fibers having superior flameproof property have been obtained by
      copolymerizing about 0.1 to 3 percent by weight of a phosphorus-containing
      monomer having a general formula of
      ##EQU1##
      bis(2-chloroethyl) vinylphosphonate (which will be hereinafter abbreviated
      to CVP), with acrylonitrile and vinylidene chloride.
PAR  The CVP monomer, when it is solely incorporated in acrylonitrile and
      copolymerized therewith in an amount of 20 to 40 percent by weight, the
      flameproof property of the resultant fibers is insufficient but when it is
      incorporated simultaneously with vinylidene chloride in acrylonitrile and
      copolymerized therewith, extremely superior flameproof property can be
      realized.
PAR  It is believed that this is due to the synergistic effect of chlorine atom
      and phosphorus atom in a polymer and it has been confirmed that this
      synergistic effect of CVP monomer and VdCl monomer is particularly
      pronounced when the content of VdCl monomer is 25 percent by weight or
      more and that of CVP monomer is about 2 - 3 percent by weight.
PAR  Now the experimental results of flameproof properties of modacrylic fibers
      of acrylonitrile-vinylidene chloride-copolymer and of
      acrylonitrile-vinylidene chloride-CVP-copolymer are shown in Tables 2 and
      3.
PAR  In these experiments, the measurements were carried out according to a
      following procedure (JIS 45.degree. coil process)
PAR  i. As specimens, yarns of 15 cm length and 2 g weight were used.
PAR  ii. A position of flame was fixed and specimens were allowed to contact
      with the flame until burning started (Period time of contact with flame).
      When the burning started, the flame was removed and the duration time of
      remaining flame was determined (Duration time of remaining flame).
PAR  iii. When the fire was self-extinguished on the way, the flame was again
      contacted with the lower end of the specimen and the same procedure was
      continued (Number of times of contact with flame).
PAR  iv. The same procedures were repeated until the specimen was completely
      burnt down to nothing. The number of times of contact with flame was
      recorded. The standards of evaluation are as follows:
PAR  i. Period of time of contact with flame: the longer the period of time of
      contact with flame, the more difficult to catch fire.
PAR  ii. Duration time of remaining flame and number of times of contact with
      flame: the greater the number of times of contact with flame and the
      shorter the duration time of remaining flame, the better the flameproof
      property, while the smaller the number of times of contact with flame and
      the longer the duration time of remaining flame, the worse the flameproof
      property.
PAR  To cath fire easily and to be fast in burning speed mean that
      self-extinction is difficult. When the number of times of contact with
      flame is small and the duration time of remaining flame is longer, the
      specimen is slow in burning speed and difficult to be self-extinguished.
      When the number of times of contact with flame is large and the duration
      time of remaining flame is longer, the flame does not shift and the
      specimen is self-extinguished. In such a case, burning speed is slow and
      the specimen burns slowly at one spot.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Flameproof properties of modacrylic fibers of                             

     AN-VdCl copolymer                                                         

     Spec-                                                                     

        Copolymer com-                                                         

                 Chlorine                                                      

                       Period of                                               

                              Duration                                         

                                    Number of                                  

     imen                                                                      

        position content                                                       

                       time of                                                 

                              time of                                          

                                    times of con-                              

        (% by weight)                                                          

                 of copoly-                                                    

                       contact                                                 

                              remain-                                          

                                    tact with                                  

                 mer (% by                                                     

                       with   ing flame                                        

                                    flame                                      

     No.                                                                       

        AN   VdCl                                                              

                 weight)                                                       

                       flame(sec.)                                             

                              (sec.)                                           

     __________________________________________________________________________

     1  54.8 45.2                                                              

                 33.1  9.5    1.0   15                                         

     2  59.8 40.2                                                              

                 29.4  7.3    3.0   10                                         

     3  66.2 33.8                                                              

                 24.7  5.0    9.8   9                                          

     4  69.3 30.7                                                              

                 22.5  5.8    34.0  5                                          

     5  75.0 25.0                                                              

                 18.3  4.0    185.0 1                                          

     6  100.0                                                                  

             --  --    3.0    84.0  1                                          

     __________________________________________________________________________

TBL                                    Table 3                                 

     __________________________________________________________________________

     Flameproof properties of modacrylic fibers of AN-CVP-                     

     copolymer and of AN-VdCl-CVP-copolymer                                    

     Spec-                                                                     

          Copolymer com-                                                       

                    In copolymer                                               

                              Period of                                        

                                    Duration                                   

                                            Number of                          

     imen position            time of                                          

                                    time of time of con-                       

     (% by weight)  Cl con-                                                    

                         P con-                                                

                              contact                                          

                                    remaining                                  

                                            tact with                          

                    tent %                                                     

                         tent %                                                

                              with flame                                       

                                    flame   flame                              

     No.  VdCl CVP            (sec.)                                           

                                    (sec.)                                     

     __________________________________________________________________________

     7    --   19.2 5.9  2.6  6.0   32.0    3                                  

     8    --   25.6 7.8  3.4  6.5   27.0    4                                  

     9    --   33.0 10.1 4.4  7.3   21.0    6                                  

     10   5.5  26.0 11.9 3.5  7.0   10.2    8                                  

     11   4.9  29.8 12.7 4.0  8.1   7.3     10                                 

     12   20.4 3.1  15.8 0.41 4.1   85.0    3                                  

     13   19.8 4.0  15.7 0.53 5.0   60.5    4                                  

     14   20.6 5.1  16.7 0.68 4.7   37.0    4                                  

     15   25.2 2.1  19.0 0.28 4.1   11.2    7                                  

     16   24.9 3.0  19.1 0.40 5.0   9.9     9                                  

     17   24.3 3.6  18.9 0.48 5.2   7.3     9                                  

     18   25.0 5.0  19.8 0.67 5.3   5.1     10                                 

     19   30.2 2.3  22.8 0.31 5.0   3.0     11                                 

     20   30.6 2.5  23.2 0.33 4.6   3.1     11                                 

     21   29.8 3.1  22.7 0.41 5.1   2.8     12                                 

     22   30.9 4.0  23.8 0.53 8.0   2.7     12                                 

     23   35.1 1.2  26.1 0.16 7.0   2.9     12                                 

     24   35.0 2.6  26.4 0.35 9.5   2.0     14                                 

     25   34.8 3.1  26.4 0.41 11.2  1.0     15                                 

     26   35.2 4.0  27.0 0.53 15.7  less than 1.0                              

                                            18                                 

     __________________________________________________________________________

PAR  In order to compare the flameproof effect of CVP it was inferred to what
      kinds of modacrylic fibers of AN-VdCl copolymer, each of modacrylic fibers
      of AN-VdCl-CVP copolymer corresponds in their flameproof effect, and the
      results are summarized in Table 4.
PAR  This inference was carried out by investigating which composition of two
      component fibers consisting of AN-VdCl copolymer in Table 2, a given
      composition of the three component fibers consisting of AN-VdCl-CVP
      copolymer shown in Table 3 is close to. Namely for example, according to
      Table 3, the period of time of contact with flame, duration time of
      remaining flame and number of times of contact with flame of No. 15 are
      respectively, 4.1, 11.2 and 7. Whereas according to Table 2, the period of
      time of contact with flame, duration time of remaining flame and number of
      time of contact with flame of No. 3 (VdCl content: 33.8 percent) are
      respectively 5.0, 9.8 and 9 and those of No. 4 (VdCl content: 30.7
      percent) are respectively 5.8, 34.0 and 5. Thus the flameproof property of
      No. 15 (three component fibers) is thus inferred to correspond to that of
      the two component fibers whose VdCl content is 33 percent. Similarily the
      flameproof property of No  19 (three component fibers) is inferred to
      correspond to that of the two component fibers whose VdCl content is 40
      percent, and the flameproof property of No. 22 (three component fibers) is
      inferred to that of the two component fibers whose VdCl content is 42
      percent. By the similar procedure, the compositions of corresponding
      AN-VdCl synthetic fibers were determined and results are shown in Table 4.
PAR  Next, the flameproof effects of phosphorus in contrast to chlorine were
      expressed by A-C/B, as seen in Table 4, wherein A is a Cl content of
      AN-VdCl-CVP fibers (%); B is a P content of AN-VdCl-CVP fibers (%); and C
      is a Cl content of AN-VdCl fibers (%).
TBL                                    Table 4                                 

     __________________________________________________________________________

     Comparison of flameproof properties of AN-VdCl-CVP modacrylic             

     fibers with those of AN-VdCl modacrylic fibers                            

     Spec-                                                                     

         Composition of AN-VdCl-CVP                                            

                             Composition of corresponding                      

                                              Flameproof                       

     imen                                                                      

         synthetic fibers    AN-VdCl synthetic fibers                          

                                              effect of P                      

     No.                                      in contrast                      

     VdCl     CVP  Cl   P                     to Cl                            

     (% by    (% by                                                            

                   content                                                     

                        content                                                

                             VdCl    Cl                                        

                                              C-A                              

     weight)  weight)                                                          

                   (A %)                                                       

                        (B %)                                                  

                             (% by weight)                                     

                                     content (C %)                             

                                              B                                

     __________________________________________________________________________

     10  5.5  26.0 11.9 3.5  32      23.4     3.3                              

     11  4.9  29.8 12.7 4.0  40      29.3     4.2                              

     12  20.4 3.1  15.8 0.41 27      19.8     9.8                              

     13  19.8 4.0  15.7 0.53 27      19.8     7.7                              

     14  20.6 5.1  16.7 0.68 29      21.2     6.6                              

     15  25.2 2.1  19.0 0.28 33      24.2     18.4                             

     16  24.9 3.0  19.1 0.40 34      24.9     14.5                             

     17  24.3 3.6  18.9 0.48 35      25.6     14.0                             

     18  25.0 5.0  19.8 0.67 36      26.4     9.8                              

     19  30.2 2.3  22.8 0.31 40      29.3     21.0                             

     20  30.6 2.5  23.2 0.33 40      29.3     18.5                             

     21  29.8 3.1  22.7 0.41 41-42   30.0-30.7                                 

                                              17.8-19.5                        

     22  30.9 4.0  23.8 0.53 42      30.7     13.0                             

     23  35.1 1.8  26.3 0.24 43      31.5     21.7                             

     24  35.0 2.6  26.4 0.35 45      32.9     18.6                             

     25  34.8 3.1  26.4 0.41 more than 45                                      

                                     more than 32.9                            

                                              more than 15.9                   

     26  35.2 4.0  27.0 0.53 more than 45                                      

                                     more than 32.9                            

                                              more than 11.1                   

     __________________________________________________________________________

PAR  From the comparison of the values of flameproof effect (C-A/B) in Table 4,
      it can be seen that a synergistic effect between phosphorus and chlorine
      is obtained by further adding a small amount of CVP.
PAR  The flameproof effect of phosphorus of modacrylic fibers of AN-VdCl-CVP
      copolymer are plotted against CVP content and also against VdCl content in
      FIG. 1 and FIG. 2, respectively.
PAR  From Tables 3 and 4 and FIG. 1, it can be seen that the flameproof effect
      of the phosphorus in CVP alone is extremely weak, and even when it is
      copolymerized in an amount of 30 percent by weight, sufficient flameproof
      property cannot be given. However, when it exists together with VdCl, its
      effect becomes synergistic, the most pronounced effect can be obtained
      particularly when 25 percent by weight or more of VdCl and 3 percent by
      weight or less of CVP are existent, and incorporation of CVP monomer over
      the above-mentioned value is not preferable because it does not increase
      the effect but on the other hand causes cohesion of filaments due to heat.
      Further when the content of VdCl is less than 25 percent by weight,
      sufficient flameproof property cannot be obtained even when CVP monomer is
      copolymerized.
PAR  In respect of the flameproof property and the synergistic property obtained
      by the combination of chlorine with phosphorus, it is preferable that the
      content of VdCl is in the range of 25 - 40 percent by weight. Further, it
      is possible to increase the flameproof property by increasing the content
      of VdCl. The increase of the VdCl content over 40 percent by weight is,
      however, not preferable because the heat-shrinking property and dyeability
      are reduced as in the case of two component system consisting of AN and
      VdCl, and minimum concentration of nitric acid capable of dissolving
      polymers becomes larger.
PAR  The above-mentioned AN-VdCl-CVP copolymer gives fibers having superior
      flameproof property but resultant fibers are inferior somewhat in
      dyeability and brittle somewhat in the fiber nature. On this account,
      incorporation of a copolymerizable ethylenically unsaturated compound in
      an amount of 10 percent or less or preferably 2 - 5 percent, is
      advantageous. Further it is advantageous to incorporate 1 percent or less,
      or preferably 0.1 to 0.5 percent of another copolymerizable ethylenically
      unsaturated compound having a dye site for a basic dye in order to
      increase its dyeability.
PAR  The former copolymerizable ethylenically unsaturated compound referred to
      herein include acrylic acid, methacrylic acid, methyl acrylate, ethyl
      acrylate, methyl methacrylate, acrylamide, methacrylamide, vinyl acetate.
PAR  It is preferable to use as the latter compound having a dye site,
      vinylsulfonic acid, styrenesulfonic acid, allylsulfonic acid,
      methallylsulfonic acid, or sodium, potassium or ammonium salts thereof.
PAR  The copolymer having a composition of the present invention can be readily
      prepared by using a well known redox catalyst such as potassium
      persulfate, sodium bisulfite, or the like by way of a solution-, emulsion-
      or suspension-polymerization manner.
PAR  With regard to polymerization type, any of batch process, semi-continuous
      process and continuous process can be used but in order to obtain superior
      fibers having uniform distributions of composition and polymerization
      degree, a continuous emulsion polymerization process of perfect mixing
      type is most perferable where monomers, water, an emulsifier, a catalyzer,
      etc. are continuously added to the inside of a polymerization vessel and
      resultant polymers are continuously taken out as a latex.
PAR  According to a conventional process, it is possible to obtain a polymer.
      Namely, for example, a composition consisting of 100 parts by weight of
      monomers, 400 - 500 parts by weight of water, 1.0 - 2.0 parts by weight of
      an emulsifier, 0.2 - 1.0 parts by weight of potassium persulfate and 0.2 -
      4.0 parts by weight of sodium bisulfite was continuously charged to a
      polymerization vessel and polymerized at a temperature of 10.degree. -
      30.degree.C for a retention time of 3 to 15 hours. Resultant polymer in
      latex form was continuously taken out and subjected to salting-out, water
      washing and drying to obtain polymer.
PAR  In the production of the synthetic fibers of the composition of the present
      invention, dimethyl formamide or concentrated nitric acid can be used.
      However, dimethyl formamide has disadvantage in the point that it is
      expensive, not easily available, liable to color polymers by the
      decomposition during the operation, and its recovery is not easy due to
      its high boiling point. On this account, fibers are produced by using a
      concentrated nitric acid, as a solvent.
PAR  Thus a copolymer containing 50 percent by weight or more, of AN, 25 percent
      by weight or more of VdCl, 3 percent by weight or less of CVP obtained
      according to the above-mentioned various processes, is dissolved in an
      aqueous solution of a concentrated nitric acid at a temperature of
      0.degree.C or less to give a transparent colorless spinning solution
      having a viscosity of about 800 - 1000 poises at 0.degree.C which is
      extruded into a coagulation bath of nitric acid having about a half of the
      concentration of the solvent nitric acid to coagulate into filaments.
      Resultant filaments are washed with water, stretched by using a boiling
      water bath at 100.degree.C, a steam of atmospheric pressure or a steam of
      high pressure, and dried at a temperature higher than 90.degree.C to
      obtain transparent, lustrous fibers.
PAR  The minimum concentrations of nitric acid capable of dissolving AN-VdCl-CVP
      copolymer of the present invention are shown in Table 5.
TBL                Table 5                                                     

     ______________________________________                                    

     Composition of copolymer                                                  

                         Minimum concentration of                              

     % by weight         nitric acid capable of                                

     AN    VdCl    CVP     Other   dissolving copolymer                        

                           monomer(s)                                          

                                   (%)*                                        

     ______________________________________                                    

     68.5  25      3.0     3.5     65                                          

     66.2  28      2.8     3.0     67                                          

     64.0  32      2.5     1.5     70                                          

     58.0  34      3.0     5.0     71                                          

     57.8  36      2.8     3.5     73                                          

     ______________________________________                                    

      *See Table 1                                                             

PAR  Thus it is possible to select the concentration of nitric acid according to
      the composition of polymer (mainly content of VdCl) but it is preferable
      to use as low a concentration of nitric acid as possible in the range of
      65 - 90 percent, perferably 70 - 85 percent, depending upon the solubility
      of polymer.
PAR  In general, a nitric acid having a concentration of more than 90 percent is
      not preferable because in addition to the problem regarding the material
      of production apparatus, the cost of solvent becomes expensive due to the
      high cost for concentrating nitric acid since the concentration of nitric
      acid in the azeotropic mixture thereof with water is in the range of 66.3
      - 66.5 percent, and hence such a concentration is necessary to be
      elevated. Moreover, the higher the concentration of nitric acid, the more
      difficult the removal of nitrous acid. On this account, the use of higher
      concentrated nitric acid is not preferable because polymers are liable to
      undergo degradation and become a cause of relatively wide fluctuation of
      properties of products.
PAR  The present invention is further illustrated by the following
      non-limitative examples.
PAC  EXAMPLE 1
PAR  A copolymer of AN-VdCl-CVP having following compositions was continuously
      charged to a 10l three neck flask from one side under such condition that
      water ratio was 1:5, sodium lauryl sulfate was 1.0 percent by weight
      relative to monomer, catalyst was potassium persulfate (KPS) and sodium
      bisulfite (SBS), pH was 2.5, temperature was 25.degree.C and a mean
      retention time was 4 hours, and polymer latex was taken out from the other
      side. After salting out with calcium chloride, resultant polymer was
      filtered, dehydrated, washed with water and dried to obtain polymers as
      shown in Table 6.
TBL                                    Table 6                                 

     __________________________________________________________________________

                                                  Minimum.sup.*2               

                                                  concent-                     

     Co- Composition of                                                        

                    Catalyst com-                                              

                            Copolymer   Percent-  ration of                    

     poly-                                                                     

         monomer charged                                                       

                    position %                                                 

                            composition age of                                 

                                              DM.sup.*1                        

                                                  nitric acid                  

     mer %          relative to                                                

                            (% by weight)                                      

                                        polymeri- capable of                   

                    monomer             zation    dissolving co-               

     No. AN VdCl                                                               

                CVP KPS SBS AN  VdCl                                           

                                    CVP (%)       polymer (%)                  

     __________________________________________________________________________

     A-1 61 35  4   0.75                                                       

                        1.65                                                   

                            61.8                                               

                                35.2                                           

                                    3.0 74.2  1327                             

                                                  74                           

     A-2 66 30  4   "   2.10                                                   

                            66.1                                               

                                30.9                                           

                                    3.0 52.0  1585                             

                                                  69                           

     A-3 71 25  4   "   3.20                                                   

                            70.7                                               

                                26.5                                           

                                    2.8 59.8  1669                             

                                                  67                           

     __________________________________________________________________________

                 .eta.sp .eta.r-1                                              

     .sup.*1 DM = .eta. red .times. 1000 =                                     

                    .times. 1000 =                                             

                            .times. 1000, solvent: dimethyl formamide          

                 C       C                                                     

     .sup.*2 See Table 1                                                       

PAR  Resultant polymer was dissolved in a concentrated nitric acid to prepare a
      spinning solution which was extruded from nozzles having 50 holes of 0.12
      mm diameter into a dilute nitric acid to coagulate into filaments.
      Resultant flaments were washed with water, and stretched by 7 times by a
      steam at 100.degree.C. After oiling, they were dried under tension through
      a hot air cylinder having a length of 3 m at 120.degree.C and wound up on
      a pirn with a take-up speed of 35 m/min whereby transparent yarns were
      obtained. Spinning conditions for each run are shown in Table 7 and
      various physical properties of resultant fibers are shown in Table 8 and 9
      and FIGS. 3 and 4.
PAR  FIG. 3 shows a graph in which the precentages of shrinkage of AN-VdCl-CVP
      fibers are plotted against steam set temperatures. FIG. 4 shows a graph in
      which the dyeabilities (percentages of exhaustion) of AN-VdCl-CVP fibers
      are plotted against dyeing periods of time.
TBL  ______________________________________                                    

     Dyeing conditions for each run were as follows:                           

     Untreated fibers                                                          

     Ceblon Green B*                                                           

                 15% owf   (*Trade mark of a dye                               

                           made by Dupont Co., USA)                            

     Emal 10**    2% owf   (**Trade mark of an anionic                         

                           surfactant made by Kao                              

                           Soap Co., Japan)                                    

     Scourol 400***                                                            

                  1% owf   (***Trade mark of a nonionic                        

                           surfactant made by Kao                              

                           Soap Co., Japan)                                    

     Liquor ratio                                                              

                 1:40                                                          

     Temperature 100.degree.C                                                  

     ______________________________________                                    

TBL                Table 7                                                     

     ______________________________________                                    

     Co-   Nitric acid                                                         

                      Amount*  Viscosity Nitric acid                           

     poly- concentra- of co-   of spin-  concentra-                            

     mer   tion for   polymer  ning      tion for                              

           spinning   charged  solution  coagulating                           

     No.   solution            at 0.degree.C                                   

                                         solution                              

     ______________________________________                                    

     A-1   80%        24.5     1000  poises                                    

                                           41%                                 

     A-2   75%        22.5     900   "     37%                                 

     A-3   73%        19.0     960   "     35%                                 

     ______________________________________                                    

      *g/100 cc nitric acid                                                    

TBL                                    Table 8                                 

     __________________________________________________________________________

     Co- Deni-                                                                 

             Dry    Dry   Wet    Wet   Loop   Loop                             

     poly-                                                                     

         er  tena-  elonga-                                                    

                          tena-  elonga-                                       

                                       tena-  elonga-                          

     mer     city   tion  city   tion  city   tion                             

     No.                                                                       

     __________________________________________________________________________

     A-1 6.1 3.46                                                              

                 g/d                                                           

                    12.2 %                                                     

                          3.43                                                 

                              g/d                                              

                                 14.1 %                                        

                                       0.57                                    

                                           g/d                                 

                                              6.14 %                           

     A-2 5.9 4.09                                                              

                 "  13.7 "                                                     

                          4.07                                                 

                              "  12.6 "                                        

                                       0.80                                    

                                           "  7.27 "                           

     A-3 5.8 4.15                                                              

                 "  12.7 "                                                     

                          4.12                                                 

                              "  13.2 "                                        

                                       0.92                                    

                                           "  7.40 "                           

     __________________________________________________________________________

TBL                Table 9                                                     

     ______________________________________                                    

     Flameproof properties                                                     

                                           Number                              

     Co-   In copolymers Period of Duration                                    

                                           of                                  

     poly-               time of   time of times of                            

     mer                 contact   remaining                                   

                                           contact                             

           Cl       P        with flame                                        

                                     flame   with                              

     No.   content  content  (sec.)  (sec.)  flame                             

     ______________________________________                                    

     A-1   26.7 %   0.40 %   12.2    1.0     17                                

     A-2   23.5 "   0.40 "   7.1     2.6     14                                

     A-3   20.3 "   0.37 "   6.0     9.0     10                                

     ______________________________________                                    

PAR  From the foregoing data, the fibers having compositions of A-1, A-2 and
      A-3, etc. are superior in flameproof property etc., but as seen from FIG.
      4, their dyeability looks somewhat inferior.
PAC  EXAMPLE 2
PAR  Monomers of AN, VdCl, CVP, methyl acrylate (MA) and sodium
      methallylsulfonate having compositions shown in following Table 10, were
      respectively copolymerized under following conditions: Monomer to water
      ratio, 1:5; emulsifier, sodium lauryl sulfate, 1.2 percent relative to
      monomer; catalyst, KPS - SBS; pH, 2.5; temperature, 25.degree.C; and mean
      retention time, 6 hours.
PAR  At first 0.4 percent aqueous solution of sodium lauryl sulfate was at a
      rate of 7.0 g/min, and monomers were at a rate of 5.6 g/min, respectively
      fed into a one l flask continuously where the mixture was stirred
      vigorously to emulsify the monomers. Then the resultant monomer emulsion,
      0.52 percent aqueous solution of KPS, 1.6 percent aqueous solution of SBS
      and 0.128 percent aqueous solution of sulfuric acid were charged
      continuously into a 10l flask each at a rate of 7.0 g/min and
      polymerization was carried out. During that time, a polymer latex was
      taken out from teh other side and subjected to salting out. After the
      steps of filtration, dehydration, washing with water, and drying, polymers
      shown in Table 10 were obtained.
TBL                                    Table 10                                

     __________________________________________________________________________

     Co- Composition of  Analytical data                                       

                                     Percent  Minimum con-                     

     poly-                                                                     

         monomer charged %                                                     

                         of copolymer (%)                                      

                                     age of                                    

                                          DM*.sup.1                            

                                              centration of                    

     mer                             polyme-  nitric acid                      

                                     rization capable of dis-                  

     No. AN  VdCl                                                              

                 CVP MA  AN  VdCl                                              

                                 CVP          solving the co-                  

                                              polymer(%)*.sup.                 

     __________________________________________________________________________

                                              2                                

     A-4 65.0                                                                  

             28.0                                                              

                 5.0 2.0 59.0                                                  

                             34.0                                              

                                 3.0 74.5 1320                                 

                                              73                               

     A-5 65.7                                                                  

             28.0                                                              

                 4.0 2.0 63.0                                                  

                             32.4                                              

                                 2.5 83.0 1260                                 

                                              70                               

     A-6 66.7                                                                  

             26.0                                                              

                 4.0 3.0 65.8                                                  

                             26.0                                              

                                 3.8 82.0 1100                                 

                                              67                               

     __________________________________________________________________________

      *.sup.1 See Table 6                                                      

      *.sup.2 See Table 1                                                      

PAR  In all runs, 0.65 percent of KPS and 2.0 percent of SBS relative to the
      monomers, were used as a polymerization catalyst. Further sodium
      methallylsulfonate was not used in A-4 but it was used in A-5 and A-6 in
      an amount of 0.3 percent relative to the monomers.
PAR  In runs A-4 and A-5, three stainless impellers were used at 600 r.p.m. and
      in A-6, TK homomixer was used at 3000 r.p.m.
PAR  Resultant copolymers were subjected to spinning as in Example 1 and
      transparent fibers having superior lustre were obtained. Spinning
      conditions for each runs are shown in Table 11.
TBL                Table 11                                                    

     ______________________________________                                    

     Co-  Nitric acid                                                          

                     Amount of*                                                

                               Viscosity Nitric acid                           

     poly-                                                                     

          concentra- copolymer of spinn- concentra-                            

     mer  tion for   charged   ing solu- tion for                              

          spinning             tion at   coagulating                           

     No.  solution             0.degree.C                                      

                                         bath                                  

     ______________________________________                                    

     A-4  80%        24.0      980   poises                                    

                                           40%                                 

     A-5  75"        25.0      780   "     37"                                 

     A-6  72"        26.5      830   "     35"                                 

     ______________________________________                                    

      *See Table 7                                                             

PAR  Properties of resultant fibers are shown in Table 12 and FIGS. 5 and 6.
PAR  FIG. 5 shows a graph in which the percentage of shrinkage of AN-VdCl-CVP-MA
      fibers are plotted against steam set temperatures. FIG. 6 shows a graph in
      which the dyeabilities (percentages of exhaustion) of AN-VdCl-CVP-MA
      fibers are plotted against dyeing periods of time.
TBL  ______________________________________                                    

     Dyeing conditions for each run were as follows:                           

     Fibers set at 110.degree.C                                                

     Ceblon Green B   15% owf                                                  

     Emal 10           2% owf                                                  

     Scourol 400       1% owf                                                  

     Liquor ratio     1:40                                                     

     Temperature      25.degree.C                                              

     ______________________________________                                    

TBL                Table 12                                                    

     ______________________________________                                    

     Flameproof properties                                                     

     Co-                Period of Duration                                     

                                          Number of                            

     poly-              time of   time of times of                             

     mer                contact   remain- contact                              

          Cl       P        with flame                                         

                                    ing flame                                  

                                            with                               

     No.  content  content  (sec.)  (sec.)  flame                              

     ______________________________________                                    

     A-4  25.7%    0.40%    13.0    1.0     15                                 

     A-5  24.5"    0.33"    10.0    2.7     13                                 

     A-6  20.2"    0.51"    5.1     6.0     9                                  

     ______________________________________                                    

PAR  From the foregoing data is has been confirmed that the fibers having the
      compositions of A-4 and A-5 have flameproof properties and at the same
      time properties not inferior to those of acrylonitrile polymer fibers.
      However, A-6 showed notable cohesion at the time of drying.
PAC  EXAMPLE 3
PAR  Monomers of AN, VdCl, CVP, MA and sodium allylsulfonate copolymer having
      compositions shown in following Table 13 were, respectively, copolymerized
      under following conditions: Monomer to water ratio, 1:4; catalyst, sodium
      hydroxylaminemonosulfonate (3.0 percent)-ammonium bisulfite (4.0 percent)
      redox type; suspension stabilizer, 0.2 percent polyvinyl alcohol (supplied
      from Kurare Co. with a trade name Poval No. 1500) (0.2 percent); sulfuric
      acid (0.16 percent); each percent being based on the monomers; pH, 2.5;
      polymerization temperature, 30.degree.C; mean retention time, 10 hours.
PAR  At first 0.2 percent aqueous solution of Poval NO. 1500 and monomers were
      continuously charged in a 1l flask, each at the rate of 3.3 g/min,
      agitating the mixture vigorously to make the monomer to suspend
      sufficiently. Resultant monomer suspension, and each aqueous solution of
      sodium hydroxylaminemonosulfonate, ammonium bisulfite and sulfuric acid
      were continuously charged to 10l flask and polymerization was carried out
      while at the same time a polymer slurry was taken out from the other side
      of the flask. After filtration of the slurry, resultant polymers were
      washed with water, dehydrated and dried to obtain polymers. The results
      are shown in Table 13.
TBL                                    Table 13                                

     __________________________________________________________________________

     Co- Composition of  Polymer analysis                                      

                                       Percent- Minimum con-*.sup.3            

     poly-                                                                     

         monomer charged*.sup.1        age of                                  

                                            DM*.sup.2                          

                                                centration                     

     mer                      Vinyl-   polyme-  of nitric                      

                         Acrylo-                                               

                              idene    rization acid capable                   

     No. AN  VdCl                                                              

                 CVP MA  nitrile                                               

                              chloride                                         

                                   CVP (%)      of dissolving                  

                                                copolymer                      

     __________________________________________________________________________

     A-7 67.5                                                                  

             25  5   2.5 66.5 26.7 3.0 78   1120                               

                                                67%                            

     A-8 64.0                                                                  

             28  5   2.5 61.7 29.3 2.9 76   1200                               

                                                71%                            

     __________________________________________________________________________

      *.sup.1 0.5% sodium methallylsulfonate was included.                     

      *.sup.2 See Table 6                                                      

      *.sup.3 See Table 1                                                      

PAR  Resultant polymers were subjected to spinning as in Example 1 and
      transparent fibers having superior lustre were obtained.
PAR  Various spinning conditions are shown in Table 14.
TBL                Table 14                                                    

     ______________________________________                                    

     Co-  Concentra- Amount of*                                                

                               Viscosities                                     

                                         Concentra-                            

     poly-                                                                     

          tions of   copolymers                                                

                               of spinning                                     

                                         tion of                               

     mer  nitric acid                                                          

                     charged   solution  nitric acid                           

          for spinn-                     for coagula-                          

     No.  ing solution                   tion bath                             

     ______________________________________                                    

     A-7  70%        31 g      940   poises                                    

                                           38%                                 

     A-8  75"        29 "      830   "     39"                                 

     ______________________________________                                    

PAR  Test result of flameproof properties of resultant fibers are shown in Table
      15.
TBL                Table 15                                                    

     ______________________________________                                    

     Co-                Period of Duration                                     

                                          Number of                            

     poly-              time of   time of times of                             

     mer                contact   remain- contact                              

          Cl       P        with flame                                         

                                    ing flame                                  

                                            with                               

     No.  content  content  (sec.)  (sec.)  flame                              

     ______________________________________                                    

     A-7  20.4%    0.40%    4.8     7.3     8                                  

     A-8  22.3"    0.39"    7.0     3.4     11                                 

     ______________________________________                                    

PAR  Resultant fibers having compositions of A-7 and A-8 had superior flameproof
      properties as in Example 2 and properties not inferior to those of
      acrylonitrile synthetic fibers.
PAC  EXAMPLE 4
PAR  Monomers of AN, VdCl, CVP, acrylamide (AA) and sodium methallylsulfonate
      each having following compositions were copolymerized according to
      following conditions: monomer: water ratio 1:4; polymerization catalyst,
      sodium hydroxylamine monosulfonate (3.0 percent)-ammonium bisulfite (4.0
      percent) redox catalyst; suspension stabilizer, Poval No. 1500 (0.2
      percent); sulfuric acid (0.16 percent); each percent being based on
      monomers; pH, 2.5 ; polymerization temperature, 30.degree.C; mean
      retention time, 8 hours.
PAR  At first, an aqueous solution of Poval No. 1500 and monomers were
      continuously charged into a 500 ml flask with vigorous stirring to give a
      suspension.
PAR  Resultant suspension of monomers, and each aqueous solution of sodium
      hydroxylamine monosulfonate, ammonium bisulfite and sulfuric acid were
      continuously charged to a 10l flask from an inlet to conduct
      polymerization while taking out from an outlet, polymer slurry which was
      filtered, washed with water, dehydrated and dried to give polymers
      indicated in Table 14.
PAR  These polymers were dissolved in purified 75 nitric acid cooled at
      0.degree.C to give a spinning solution which was then extruded from a
      spinneret into 35 percent nitric acid coagulation bath maintained at
      0.degree.C to effect coagulation. Resultant fibers were washed with water,
      stretched in a hot water at 90.degree.C and dried. Then the fibers were
      subjected to heat-treatment for 10 minutes in a saturated steam at
      120.degree.C. The fibers thus obtained showed superior dyeability,
      transparency and flameproof property (self-extinguishing property).
TBL                                    Table 14                                

     __________________________________________________________________________

     Co-                 Sodium                                                

                              Period                                           

                                   Duration                                    

                                        Number of                              

     poly-               methal                                                

                              of time                                          

                                   time of                                     

                                        times of                               

     mer                 lyl- of con-                                          

                                   remain-                                     

                                        contact                                

                         sulfo-                                                

                              tact ing  with                                   

     No. AN  VdCl                                                              

                 CVP AA  nate with flame                                       

                                        flame                                  

                              flame                                            

                                   (sec.)                                      

                              (sec.)                                           

     __________________________________________________________________________

     A-9 62.0                                                                  

             30.5                                                              

                 2.5 4.5 0.5  4.9  2.0  14                                     

     A-10                                                                      

         59.5                                                                  

             33.0                                                              

                 2.0 5.0 0.5  6.7  4.9  12                                     

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A modacrylic synthetic fiber prepared from a polymer composition
      consisting essentially of polymerized units of
PA1  a. at least 50 percent by weight based on the composition of acrylonitrile;
PA1  b. at least 25 percent by weight based on the composition of vinylidene
      chloride;
PA1  c. 0.1 to 3 percent by weight based on the composition of
      bis(2-chloroethyl) vinylphosphonate; and
PA1  d. at least one ethylenically unsaturated compound copolymerizable
      therewith, present in an amount of up to 10 percent by weight and which
      includes at least one ethylenically unsaturated monomer having a dye site
      therein for a basic dye, said monomer having a dye site being present in
      an amount of up to 1 percent by weight.
NUM  2.
PAR  2. A modacrylic synthetic fiber of claim 1 wherein said copolymerizable
      ethylenically unsaturated compound having a dye site is vinylsulfonic
      acid, styrenesulfonic acid, allylsulfonic acid, methallylsulfonic acid, or
      sodium, potassium or ammonium salts thereof.
NUM  3.
PAR  3. A modacrylic synthetic fiber prepared from a polymer composition
      consisting essentially of 50-70 percent by weight based on the composition
      of acrylonitrile, 25-40 percent by weight based on the composition of
      vinylidene chloride and 1-2.5 percent by weight based on the composition
      of bis(2-chloroethyl) vinylphosphonate, 2-5 percent by weight based on the
      composition of methyl acrylate and 0.1-1 percent by weight based on the
      composition of sodium methallylsulfonate.
NUM  4.
PAR  4. A modacrylic synthetic fiber prepared from a polymer composition
      consisting essentially of 50-70 percent by weight based on the composition
      of acrylonitrile, 25-40 percent by weight based on the composition of
      vinylidene chloride and 1-2.5 percent by weight based on the composition
      of bis(2-chloroethyl) vinylphosphonate, 2-10 percent by weight based on
      the composition of acrylamide and 0.1-1.0 percent by weight based on the
      composition of sodium methallylsulfonate.
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ABST
PAL  The process for curing polymers with chloronitroso compounds can be
      accelerated by incorporating metallic compounds as accelerators.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process of crosslinking organic polymers. More
      specifically, this invention relates to a process of accelerating the
      crosslinking by using metallic accelerators.
PAR  2. Prior Art
PAR  Known crosslinking systems for polymers generally have such undesirable
      features as working effectively only at highly elevated temperatures,
      requiring unsaturated polymers, or being adversely affected by air and
      moisture. The prior art is limited to teaching the preparation of
      chloronitrosylated polymers by incorporating the chloronitroso groups in
      the polymer itself. U.S. Pat. No. 3,723,404 teaches the preparation of
      chloronitrosylated polymers by reacting the polymer with nitrosyl chloride
      or chlorine and nitric oxide in the presence of a free radical catalyst
      and in the presence of a solvent. The resulting chloronitrosylated polymer
      may then be crosslinked by treatment with heat either in the presence or
      absence of any fillers. U.S. Pat. No. 3,763,134 teaches the preparation of
      chloronitrosylated polymers by reacting the polymer with nitrosyl chloride
      or chlorine and nitric oxide in a two-phase system employing fluorocarbons
      as the reaction medium. U.S. Pat. No. 3,472,822 teaches that halogenated
      nitroso compounds may be crosslinked with fluorinated olefins by using
      free radical curing agents such as organic peroxides. There is no teaching
      in the prior art of the use of metallic accelerators in crosslinking
      chloronitroso polymers.
PAC  SUMMARY OF THE INVENTION
PAR  Various polymers may be crosslinked by the use of polyfunctional
      chloronitroso compounds. These compounds are prepared by treatment of the
      corresponding polyfunctional oxime with a positive chlorine containing
      environment such as t-butyl hypochlorite or chlorine in aqueous
      hydrochloric acid solution. A procedure has been described by Diekmann and
      Luttke, Angew. Chem. 80, 395, (1968) in which the dioxime of
      1,4-cyclohexanedione is reacted with t-butyl hypochlorite in
      trichloromethane. Treatment of the dioxime of 1,4-cyclohexanedione with
      concentrated HCl followed by reaction with chlorine gas has been described
      by Piloty and Steinbock, Chem. Ber. 35, 3101 (1902).
PAR  The types of polymers which may be crosslinked by chloronitroso compounds
      include hydrocarbon polymers which may be saturated, unsaturated, linear
      or branched, crystalline, or non-linear amorphous polymers, homopolymers,
      copolymers, terpolymers as for example polyethylene, polypropylene,
      polystyrene, styrene-butadiene rubber, butyl rubber, natural rubber,
      polybutadiene, polyisobutylene, ethylene-propylene copolymers,
      bis-1,4-polyisoprene, ethylene-propylene-dichloropentadiene terpolymer,
      and blends of these polymers with each other or non-hydrocarbon polymers
      can be modified with the chloronitroso containing compound. In addition to
      the hydrocarbon polymers, non-hydrocarbon polymers including copolymers,
      terpolymers, and so forth, can also be modified with the chloronitroso
      derivatives. Typical of these non-hydrocarbon polymers are the vinyl
      chloride polymers containing at least 10 mole percent of vinyl chloride
      such as polyvinyl chloride, vinyl chloridevinyl acetate copolymers, vinyl
      chloride-vinylidene chloride copolymers, perfluoropropylene vinylidene
      fluoride, chlorinated natural rubber, sulfochlorinated polyethylene, and
      chlorinated polymers such as chloroprene, chlorinated butyl rubber,
      polyethylene, polypropylene and copolymers thereof.
PAR  it is often desirable to have a crosslinking agent which decomposes at a
      lower temperature or at a faster rate than is possible using the pure
      compound alone. It has been discovered in accordance with this invention
      that this may be accomplished by employing certain compounds as
      accelerators. The accelerators will generally not only increase the speed
      of the curing reaction but will also by their presence improve certain
      physical properties of the cured polymer. Thus, the accelerators are not
      catalysts in the true sense. The accelerators of this invention are
      compounds of copper, iron, cobalt and nickel.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The polyfunctional chloronitroso compounds which are used as crosslinking
      agents in accordance with this invention have the following general
      formula:
      ##EQU1##
      where R, R" are organic radicals selected from the group consisting of
      hydrogen, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
      nonyl, and decyl. R' is an organic radical selected from the group
      consisting of methylene, ethylene, propylene, butylene and pentylene, n
      and m are integers from 1 to 10 and z is an integer from 0 to 2.
PAR  The crosslinking is carried out by contacting the polymer and a minor
      amount of the polyfunctional chloronitroso crosslinking agent for a time
      sufficient to obtain the desired degree of crosslinking. The amount of
      polyfunctional chloronitroso compound added will depend on the amount of
      crosslinking desired. While from 0.01 percent to about 50 percent by
      weight of the polymer of polyfunctional chloronitroso compounds can be
      employed it is preferred to use between 0.1 percent and about 10 percent
      by weight of the polymer.
PAR  In order to accelerate the crosslinking reaction or to accomplish the
      reaction at lower temperatures, metallic accelerators are added to the
      mixture of the hydrocarbon polymer and the chloronitroso compound. Among
      the metallic accelerators which may be employed are: copper chloride,
      copper sulfate, copper nitrate, copper acetate, copper bromide, copper
      fluoride, copper lactate, cobalt chloride, cobalt sulfate, cobalt acetate,
      cobalt bromide, cobalt fluoride, cobalt nitrate, iron powder, iron
      bromide, iron chloride, iron fluoride, iron nitrate, iron sulfate, ferrous
      ammonium sulfate, nickel acetate, nickel chloride, nickel bromide, nickel
      fluoride, nickel iodide and nickel sulfate. Those accelerators which are
      preferred are: copper sulfate, copper chloride, iron powder, iron
      chloride, cobalt acetate, nickel bromide, and ferrous ammonium sulfate.
PAR  A simple expedient procedure to check the influence of various accelerators
      is to mix small amounts of the accelerator with the crosslinking agent and
      determine the decomposition or melting point of the mixture. Any metallic
      compound which lowers the decomposition temperature or melting point of
      the chloronitroso compound may be employed as an accelerator. This effect
      is shown in Table I below.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                    Melting                                                    

     Compound Formula                                                          

                    Point, .degree.C.                                          

                           Remarks                                             

     __________________________________________________________________________

     Cupric sulfate,                                                           

      anhydrous                                                                

              CuSO.sub.4                                                       

                    157-162                                                    

                           Light blue powder melted with                       

                            decomposition.                                     

     Ferric chloride                                                           

              FeCl.sub.3                                                       

                    85-90  Formed tan paste, melted with gas                   

                            evolution to yield light tan solid.                

     Cupric chloride                                                           

              CuCl.sub.2                                                       

                    155-160                                                    

                           Light green powder, turned to solid                 

                            black.                                             

     Iron powder                                                               

              Fe    135-137                                                    

                           Light gray powder, vigorous                         

                            decomposition.                                     

     Cobalt acetate                                                            

              Co(Ac).sub.2                                                     

               4H.sub.2 O                                                      

                    183    Pink powder, turning to lavender.                   

     Nickel bromide                                                            

              NiBr.sub.2                                                       

                    205    Light yellow powder, melted with                    

                            decomposition.                                     

     Ferrous                                                                   

     ammonium                                                                  

      sulfate Fe.sub.2 (NH.sub.4).sub.2                                        

              (SO.sub.4).sub.4.12H.sub.2 O.                                    

                    210    White powder, melted with gas evolution.            

     1 part of accelerator compound was mixed with three parts of              

     2,4-dichloro-2,4-dinitrosopentane to determine said melting               

     __________________________________________________________________________

     point.                                                                    

PAR  The metallic accelerator and chloronitroso derivatives may be incorporated
      in the polymer mixture in any desired fashion. For example they can be
      uniformly blended by simply milling on a conventional rubber mill or
      suspending in a solution containing the polymer. By either means they are
      distributed throughout the polymer and uniform crosslinking or other
      modification is rapidly effected at lower temperatures and faster times.
      Other means of mixing the metallic accelerators with the polymer will be
      apparent to those skilled in the art.
PAR  The amount of inorganic accelerator employed can range from 10 to 30 weight
      percent of the chloronitroso compound, preferably from 10 to 20 weight
      percent.
PAR  In addition to the metallic accelerators other additives can also be
      incorporated. The additives commonly used in rubber vulcanizates can be
      used here also as for example extenders, fillers, pigments, plasticizers,
      stabilizers, and so forth. Obviously there are many cases in which a
      filler is not required or desired.
PAR  The crosslinked polymers of this invention are hard, tough plastics which
      are substantially insoluble in various hydrocarbon solvents and
      chlorinated solvents such as chloroform, carbon tetrachloride, and
      methylene chloride. These polymers exhibit improved tensile properties
      over their uncured counterparts. The cured polymers which included the
      various accelerators display increased tensile strength and 500 percent
      modulus values. The cured polymers range from rubbery materials to hard
      plastics with a wide variety of uses, e.g., machine parts and potting
      compositions. They are useful in various applications such as for example
      as protective and decorative coatings for various substrates including
      wood, metals, paper and plastics, as ingredients of tires for motor
      vehicles, tubing, pipes and other rubber articles and the like.
PAR  The process of the present invention provides for accelerating the curing
      of a wide variety of high molecular weight saturated polymers prepared by
      the polymerization of monomers containing at least one carbon to carbon
      double bond. The polymers which are crosslinked by the process may be
      formed into sheets or films or fibers after incorporation of the
      accelerators before effecting a cure by heating. These shaped forms may be
      prepared by extruding the compounded stock through suitable dies. They may
      also be prepared by dissolving the compounded stock in a volatile solvent
      and laying down a layer of the solution and allowing the solvent to
      evaporate, or extruding a concentrated solution through a spinneret and
      the solution evaporated. The resulting films or fibers are then subjected
      to heat to crosslink or to cure. The compounded stock may be formed into
      thin sheets on roller mills and the sheets taken off as unsupported films.
      If desired the films may be calendered onto substrates and the composite
      heated to vulcanize or crosslink the polymers.
PAR  The polymers which are crosslinked according to the present invention may
      be used generally in a fashion similar to polymers which have been
      crosslinked by known conventional curing procedures. However, the
      crosslinking process of the present invention yields polymers which tend
      to be more solvent resistant. The vulcanized polymers may be used for
      injection molding, electrical insulation, supported and unsupported films
      and fibers, wrapping materials, and so forth. The polymers may be varied
      by the incorporation of compounding ingredients at the time the
      accelerating agents are incorporated in the polymer. Suitable compounding
      ingredients are carbon black, pigments, stearic acid, and so forth.
PAR  Mixing of the accelerating agent with liquid polymers can be accomplished
      in dough mixers, high speed impeller mixers, paddle-type mixers and the
      like. For best results it is often preferred that further mixing be
      effected by the use of a three-roll mill such as is used in paint and ink
      manufacture. When a solid polymer is to be cured, the accelerating agent
      may be dispersed on a rubber mill or in an internal mixer such as a
      Banbury mixer.
PAR  In mixing the accelerating agent and the chloronitroso compound with either
      fluid polymers or millable gums the temperature must be kept below the
      decomposition point of the accelerating and crosslinking agent to prevent
      premature curing. The decomposition points of the accelerating and
      chloronitroso compounds are a function of the particular compounds
      employed and the polymer in which the compounds are dispersed. The
      temperatures utilized during the curing of the polymer is from about
      30.degree.C. to about 300.degree.C. While the temperature is not
      particularly critical it must be above the temperature at which the
      mixture of accelerating agent and chloronitroso compound decomposes in the
      system being cured. This temperature will of course vary with each
      particular mixture.
PAR  Full curing of the polymers ordinarily takes from about one minute to about
      24 hours, depending upon the temperatures employed. Preferred curing times
      range from 0.5 hour to 12 hours at temperatures ranging from about
      75.degree.C. to about 205.degree.C. At these preferred curing temperatures
      sufficient cure to permit demolding occurs within from about 5 seconds to
      5 minutes. This is due to the fast reactivity of the mixture of
      accelerating agent and chloronitroso compound once decomposition occurs.
      The present invention provides unlimited time for mixing, prolonged
      storage of the mixture and for filling the most complex molds. The curing
      equipment and curing procedures used in the present invention are
      conventional.
PAR  Infusible, insoluble, thermoset foams may be prepared by incorporating
      blowing agents in the compounded mixtures. In preparing these foams the
      hydrocarbon polymer is first blended with select additives, the
      chloronitroso containing crosslinking agent, the desired accelerator and a
      blowing agent. Any desired means can be used to bring about this blending.
      A two-roll rubber mill or a Banbury mixer may be employed. A convenient
      method for forming the desired expandable blend is to mix the starting
      polymer with the desired additives, pass the mixture through an extruder,
      chop the extruded material into pellets and then soak the pellets in the
      solvent blowing agent until the desired amount of the latter has been
      absorbed. The blowing agent can be mixed with a diluent, which can also
      contain a stabilizer or other modifier for the pretreated polymer and then
      the polymer in finely divided form can be added and mixed into a slurry.
      On evaporation of the diluent an intimate mixture of the polymer and
      blowing agent is obtained. This mixture is then heated at a temperature
      sufficient to release the gas from said blowing agent and to effect the
      crosslinking of the polymer. The temperatures employed are in the range of
      50.degree. to 250.degree.C.
PAR  Any of the well-known chemical and solvent blowing agents can be used in
      the preparation of the foams. Illustrative chemical blowing agents include
      azobis (formamide), azodicarbonamide, diazoaminobenzene,
      N,N'-dinitrosopentamethylene tetramine,
      N,N'-dimethyl-N,N'-dinitrosoterephthalamide, p,p'-oxybis(benzenesulfonyl
      semi-carbazide), azobis(isobutyronitrile), p,p'oxybis(benzenesulfonyl
      hydrazide), p,p'diphenyl-bis(sulfonyl hydrazide), benzenesulfonyl
      hydrazide, m-benzene-bis(sulfonyl hydrazide). Illustrative solvent blowing
      agents include fluorocarbons such as tetrafluoromethane,
      bromotrifluoromethane, chlorotrifluoromethane, dibromodifluoromethane,
      dichlorodifluoromethane, trichlorofluoromethane, hexafluoroethane,
      1,2,2-trichloro-1,1,2-trifluoroethane,
      1,1,2,2-tetrachloro-1,2-difluoroethane,
      1,2-dibromo-1,1,2,2-tetrafluoroethane,
      1,2,2-tribromo-1,1,2-trifluoroethane, octafluoropropane, decafluorobutane,
      hexafluorocyclopropane, 1,2,3-trichloro-1,2,3-trifluorocyclopropane,
      octafluorocyclobutane-1,1,2-dichloro-1,2,3,3,4,4-hexafluorocyclobutane,
      1,2,3,4-tetrachloro-1,2,3,4-tetrafluorocyclobutane, trichloroethylene,
      chloroform, carbon tetrachloride, and low boiling hydrocarbons, such as
      butane, pentane, hexane, and toluene. Inorganic blowing agents such as
      metal halides, alkaline and alkali earth carbonates, bicarbonates,
      ammonium carbonates and bicarbonates may also be employed in the subject
      invention as well as various forms of ammonium nitrite. Accordingly, any
      compound which decomposes or volatilizes to yield at least one mole of gas
      per mole of blowing agent at a temperature of 250.degree.C. or less can be
      used.
PAR  The following examples are illustrative of the present invention and
      therefore are not intended in any way as a limitation on the scope
      thereof. Parts and percents are by weight unless otherwise indicated.
      These examples illustrate the cured polymers obtained when various
      polymers are cured both in the absence and presence of the metallic
      accelerators.
PAR  The following ASTM methods were employed for determining the physical
      properties of the cured polymers prepared in the subsequent Examples.
TBL  ______________________________________                                    

     Modulus at 100% Elongation                                                

                              D412                                             

     Modulus at 200% Elongation                                                

                              D412                                             

     Modulus at 300% Elongation                                                

                              D412                                             

     Modulus at 500% Elongation                                                

                              D412                                             

     Tensile at break         D412                                             

     Elongation at break      D412                                             

     Yield Point              D412                                             

     ______________________________________                                    

DETD
PAC  EXAMPLE 1
PAR  Three samples of a chlorinated polyethylene resin have the following
      typical property values:
TBL  Melt viscosity, poises/1000                                               

                               24                                              

     Bulk density, lbs./cu.ft. 28                                              

     Chlorine content, %       36                                              

     Residual crystallinity, % 0-2                                             

     Typical screen analysis:                                                  

      % retained on 12 mesh    5                                               

      % through 40 mesh        5                                               

     Volatiles, % maximum      0.2                                             

PAL  was compounded according to the following recipe:
PA1  100 parts chlorinated polyethylene resin
PA1  10 parts magnesium oxide
PA1  1 part stearic acid
PA1  40 parts carbon black
PA1  3.5 parts 2,2,4,4-tetramethyl-1,3-dichloro-1,3-dinitrosocyclobutane
PAR  Each formulation was compounded on a two roll mill by conventional rubber
      procedure and then cured in a preheated metal mold at a temperature of
      150.degree.C. for 1/2, 1, and 2 hours. The resulting vulcanizates were
      odorless. The properties of the vulcanizates were determined and set forth
      in Table II. The resulting products were hard, tough rubbers, having no
      yield point, which were completely gelled and were substantially insoluble
      in boiling carbon tetrachloride and chlorobenzene.
TBL                                    TABLE II                                

     __________________________________________________________________________

               Tensile                                                         

                    500% 300% 100%                                             

        Mold   Strength                                                        

                    Modulus                                                    

                         Modulus                                               

                              Modulus                                          

                                   %                                           

     Run                                                                       

        Time, hours                                                            

               psi  psi  psi  psi  Elongation                                  

     __________________________________________________________________________

     1  1/2    2153 1977 1070 441  603                                         

     2  1      2703 2566 1416 724  580                                         

     3  2      2166 2054 1140 453  574                                         

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  In a control run, the above procedure as described in Example 1 was
      duplicated, except that no chloronitroso containing material was added to
      the chlorinated polyethylene resin. The properties of these formulated
      resins after subjection to heat were determined and set forth in Table
      III. The resulting products had little, if any, gel content and were
      readily soluble in boiling carbon tetrachloride and chlorobenzene.
TBL                                    TABLE III                               

     __________________________________________________________________________

               Tensile                                                         

                    500% 300% 100%                                             

        Mold   Strength                                                        

                    Modulus                                                    

                         Modulus                                               

                              Modulus                                          

                                   % Elon-                                     

                                        Yield                                  

     Run                                                                       

        Time, hrs.                                                             

               psi  psi  psi  psi  gation                                      

                                        Point                                  

     __________________________________________________________________________

     4  1/2    1803 1146 627  393  771  338                                    

     5  1      1349  970 555  348  796  288                                    

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  Three samples of a chlorinated polyethylene resin having the typical
      properties described in Example 1, were crosslinked with
      2,4-dichloro-2,4-dinitrosopentane. The formulations for these examples
      were as follows:
PA1  100 parts chlorinated polyethylene resin
PA1  10 parts magnesium oxide
PA1  1 part stearic acid
PA1  40 parts carbon black
PA1  2.93 parts 2,4-dichloro-2,4-dinitrosopentane
PAR  The ingredients were compounded on a two roll mill at a temperature between
      25.degree.-35.degree.C. for 15 minutes and then cured in a preheated mold
      at a temperature of 150.degree.C. for varying times. The resulting
      vulcanizates were odorless and were completely gelled, being substantially
      insoluble in boiling carbon tetrachloride and chlorobenzene. Typical
      physical properties were determined and set forth in Table IV. No yield
      point for these vulcanizates was observed.
TBL                                    TABLE IV                                

     __________________________________________________________________________

               Tensile                                                         

                    500% 300% 100%                                             

        Mold   Strength                                                        

                    Modulus                                                    

                         Modulus                                               

                              Modulus                                          

                                   %                                           

     Run                                                                       

        Time, hrs.                                                             

               psi  psi  psi  psi  Elongation                                  

     __________________________________________________________________________

     6  1/2    1774 1661  956 476  568                                         

     7  1      1833 1734 1021 478  587                                         

     8  2      1617 1597 1009 500  542                                         

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  Two samples of a synthetic fluoroelastomer, perfluoropropylene-vinylidene
      fluoride, having the following typical properties values:
TBL  Specific gravity 1.86                                                     

     Mooney Viscosity,                                                         

     ML-4 at 212.degree.F. (typical                                            

     sample)                                                                   

     Original         117                                                      

     After cold milling                                                        

      10 minutes      117                                                      

      20 minutes      118                                                      

      30 minutes      118                                                      

     Appearance       White, translucent                                       

     Odor             None                                                     

     Solubility       Low molecular weight ketones                             

PAL  were formulated according to the following recipe:
TBL                 Run                                                        

                    9        10                                                

     ______________________________________                                    

     Fluoroelastomer  100 parts  100 parts                                     

     Carbon black     18 parts   18 parts                                      

     Magnesium oxide  15 parts   15 parts                                      

     2,4-dichloro-2,                                                           

                      2.9        --                                            

      4-dinitrosopentane                                                       

     Iron powder      0.08       --                                            

     ______________________________________                                    

PAR  The ingredients were compounded on a two roll mill and then cured at
      150.degree.C. for 1 hour followed by 200.degree.C. for 24 hours. Typical
      physical properties were determined and set forth in Table V.
TBL                TABLE V                                                     

     ______________________________________                                    

                      Run                                                      

                      9        10                                              

     ______________________________________                                    

     Tensile strength, psi                                                     

                        1195       268                                         

     100% Modulus       380        --                                          

     % Elongation       375        --                                          

     Boiling methylethyl ketone                                                

                        Insoluble  Soluble                                     

     ______________________________________                                    

PAR  The vulcanized elastomer, Run 9, had no elongation set. It is noted that
      Run 10 is a control run made in exactly the same manner, except that no
      chloronitroso containing crosslinking agent was added to the polymer and
      produced an elastomer which was completely soluble in methyl ethyl ketone.
PAC  EXAMPLE 5
PAR  Three samples of chlorinated polyethylene were crosslinked with
      2,4-dichloro-2,4-dinitrosopentane. In runs 11, 12, and 13, 0.055 parts of
      iron powder were added to the compounded mix, the remaining ingredients of
      carbon black, magnesium oxide and stearic acid were the same as described
      in Example 3. Each formulation was compounded on a two roll mill and then
      cured at 150.degree.C. for varying lengths of time in a closed iron mold.
      The resulting vulcanizates were odorless. The properties of the
      vulcanizate are listed in Table VI.
TBL                                    TABLE VI                                

     __________________________________________________________________________

              Tensile                                                          

                   500% 300% 100%                                              

        Mold  Strength                                                         

                   Modulus                                                     

                        Modulus                                                

                             Modulus                                           

                                  %                                            

     Run                                                                       

        Time, hrs.                                                             

              psi  psi  psi  psi  Elongation                                   

     __________________________________________________________________________

     11 1/2   2106 1908 1056 501  597                                          

     12 1     2206 2092 1061 530  564                                          

     13 2     2106 2053 1290 558  535                                          

     __________________________________________________________________________

PAR  The influence of the iron powder can readily be observed in the improved
      tensile strength and 500 percent modulus values for runs 11, 12 and 13.
PAC  EXAMPLE 6
PAR  Six samples of chlorinated polyethylene were crosslinked with
      1,4-dichloro-1,4-dinitrosocyclohexane. In runs 17, 18 and 19, 0.06 parts
      of anhydrous cupric sulfate were added to the compounded mix, the
      remaining ingredients of carbon black, magnesium oxide and stearic acid
      were the same as described in Example 3. Each formulation was compounded
      on a two roll mill and then cured at 150.degree.C. for varying lengths of
      time in a closed iron mold. The properties of the vulcanizates are listed
      below in Table VII.
TBL                TABLE VII                                                   

     ______________________________________                                    

                    Tensile  300%   100%                                       

          Mold      Strength Modulus                                           

                                    Modulus                                    

                                           % Elon-                             

     Run  Time, hrs.                                                           

                    psi      psi    psi    gation                              

     ______________________________________                                    

     14   1/2       1771     1412   658    409                                 

     15   1         2353     1781   787    413                                 

     16   2         1894     1676   745    411                                 

     17   1/2       2163     1637   781    519                                 

     18   1         2451     1989   908    524                                 

     19   2         2067     1918   877    522                                 

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  Six samples of chlorinated polyethylene were crosslinked with
      1,4-dichloro-1,4-dinitrosocyclohexane. In runs 22 and 23 0.025 parts of
      iron powder and in runs 24 and 25 0.05 parts iron powder were added to the
      compounded mix, the remaining ingredients of carbon black, magnesium oxide
      and stearic acid were the same as described in Example 3. Each formulation
      was compounded on a two roll mill and then cured at 150.degree.C. for
      varying lengths of time in a closed iron mold. The properties of the
      vulcanizates are listed in Table VIII.
TBL                TABLE VIII                                                  

     ______________________________________                                    

                    Tensile  300%   100%   %                                   

          Mold      Strength Modulus                                           

                                    Modulus                                    

                                           Elon-                               

     Run  Time, hrs.                                                           

                    psi      psi    psi    gation                              

     ______________________________________                                    

     20   1/2       1781     961    481    573                                 

     21   1         1838     1026   483    592                                 

     22   1/2       2126     1034   530    561                                 

     23   1         2194     1060   562    559                                 

     24   1/2       2260     1016   503    546                                 

     25   1         2171     1187   585    553                                 

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  Two samples of a chlorinated polyethylene resin having the typical
      properties described in Example 1 were crosslinked with oxolohydroximoyl
      chloride.
PAR  The formulation for runs 26 and 27 were as follows:
PA1  100 parts chlorinated polyethylene resin
PA1  10 parts magnesium
PA1  1 part stearic acid
PA1  40 parts carbon black
PA1  2.3 parts oxalohydroximoyl chloride
PA1  0.055 part iron powder
PAR  The ingredients were compounded on a two roll mill at a temperature between
      25.degree.-35.degree.C. for 15 minutes and then cured in an unheated mold
      at a temperature of 93.degree.C. for varying times. The resulting
      vulcanizates were completely gelled, being substantially insoluble in
      boiling carbon tetrachloride and chlorobenzene. Typical physical
      properties were determined and set forth in Table IX.
TBL                TABLE IX                                                    

     ______________________________________                                    

                    Tensile  300%   100%   %                                   

          Mold      Strength Modulus                                           

                                    Modulus                                    

                                           Elon-                               

     Run  Time, hr. psi      psi    psi    gation                              

     ______________________________________                                    

     26   1/2       1874     1705   693    345                                 

     27   1         1874     1806   859    346                                 

     ______________________________________                                    

CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A process for accelerating the curing of polymers selected from the
      group consisting of polyethylene, polypropylene, polystyrene,
      styrene-butadiene rubber, butyl rubber, natural rubber, polybutadiene,
      polyisobutylene, ethylene-propylene copolymers, bis-1,4-polyisoprene,
      ethylene-propylene dichloropentadiene terpolymer, polyvinyl chloride
      polymer, vinyl chloride-vinyl acetate copolymers, vinyl
      chloride-vinylidene chloride copolymers polyperfluoropropylene vinylidene
      fluoride, chlorinated natural rubber, sulfochlorinated polyethylene,
      polychloroprene, chlorinated butyl rubber, chlorinated polyethylene and
      chlorinated polypropylene, wherein said polymers are crosslinked with
      polyfunctional chloronitroso groups in the presence of a metallic or
      metallic salt accelerator selected from the group consisting of anhydrous
      cupric sulfate, ferric chloride, cupric chloride, nickel bromide, and iron
      powder, cobalt acetate tetrahydrate and ferrous ammonium sulfate
      dodecahydrate.
NUM  2.
PAR  2. The process of claim 1 wherein said polymers are crosslinked at a
      temperature range of from about 30.degree.C. to about 300.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein the concentration of the chloronitroso
      compound is from about 0.1 to about 10 weight percent of the weight of
      said polymer.
NUM  4.
PAR  4. The process of claim 1 wherein the concentration of the metallic salt
      accelerator is from about 10 to about 30 weight percent of the weight of
      the chloronitroso compound.
NUM  5.
PAR  5. The process of claim 1 wherein the concentration of the iron powder
      accelerator is from about 1 to about 3 weight percent of the weight of the
      chloronitroso compound.
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ABST
PAL  High molecular weight acrylamide polymers useful as flocculants are
      obtained by copolymerizing acrylamide with a monovinyl monomer in a
      mixture of water and acetone in the presence of a redox type catalyst
      comprising a persulfate, an aliphatic amine and at least one Lewis acid
      selected from the group consisting of chlorides and bromides of aluminum,
      antimony, lithium and zinc.
BSUM
PAR  The present invention relates to a method for producing resinous acrylamide
      polymers of high molecular weight, which are useful as highly effective
      polymer flocculants.
PAR  Removal of solid fine particles from aqueous suspensions thereof by tight
      flocculation is very essential to improvement of the efficiency of various
      processes, for example, clarificiation of waste water, and sedimentation
      and filtration of suspended materials, as involved in a water and sewage
      treatment, and in the mining and chemical industries. Therefore, it has
      been in an increasing demand to provide chemicals effective for these
      purposes.
PAR  There have been used various types of flocculants for these purposes, among
      which the most typical are polyacrylamide type flocculants, which are
      effective for flocculation of various types of suspended particles, and
      particularly the anionic type is remarkably effective in the flocculation
      of positively charged solid particles, for example, in the sedimentation
      and filtration of magnesium hydroxide for producing magnesia from sea
      water. The flocculants, however, have been required to have a high
      molecular weight as the flocculating power tends to be directly
      proportional to the molecular weight.
PAR  It is well known that the prior synthetic methods of producing
      polyacrylamides can be classified into two processes, i.e. an aqueous
      solution polymerization and a precipitation polymerization. The former is
      the most suitable synthetic process for preparing high molecular weight
      polymers. However, this process has the disadvantage of providing a highly
      viscous polymer solution which is difficult to handle as well as a
      troublesome operation for obtaining the polymers. On the other hand, the
      latter process is superior to the former in the production of powdered
      products. However, it is difficult to obtain high molecular weight
      polymers because the chain transfer of solvents occurs therewith.
PAR  As is well known, the molecular weight of polymers produced in a vinyl
      polymerization is proportional directly to the monomer concentration and
      inversely to the square root of the catalyst concentration and the
      polymerization temperature, and it is therefore natural that high
      molecular weight polymers can more advantageously be produced by the
      polymerization at a higher concentration of monomer, a lower concentration
      of catalyst and a lower temperature.
PAR  In the precipitation polymerization procedure, there exist certain
      restrictions as to monomer concentration, polymerization temperature and
      catalyst concentration in order to keep a mainly stable slurry and a
      suitable reactivity.
PAR  The inventors have studied methods for the production of high molecular
      weight polymers with great ease in order to improve the above
      disadvantages in the conventional precipitation polymerization process
      which comprises polymerizing vinyl monomers in a solvent such as acetone,
      ethyl acetate and t-butanol in the presence of a catalyst such as a
      mixture of persulfates and amines, or a reducing agent such as sodium
      thiosulfate. As the result, the inventors have found that high molecular
      weight acrylamide polymers can be obtained in powder form by using as the
      catalyst a redox type catalyst comprising a persulfate, an aliphatic amine
      and at least one Lewis acid selected from the group consisting of the
      chlorides and bromides of aluminum, antimony, lithium and zinc.
PAR  According to the present invention, there is provided a process for
      producing resinous acrylamide polymers, which comprises copolymerizing
      acrylamide with a monovinyl monomer in a mixture of water and acetone in
      the presence of a redox type catalyst comprising a persulfate, an
      aliphatic amine and at least one Lewis acid selected from the group
      consisting of the chlorides and bromides of aluminum, antimony, lithium
      and zinc.
PAR  In the process of the invention, the slurry produced can be kept stable
      even at a higher monomer concentration, a lower polymerization temperature
      and a lower catalyst concentration, compared with those of the
      conventional precipitation polymerization, so that the objective high
      molecular weight polymers can be obtained in high yields.
PAR  Examples of the monovinyl monomer to be used in the present invention
      include acrylonitrile, acrylic acid and its salts, methacrylic acid and
      its salts, vinylpyridine, etc. Particularly preferred is acrylic acid.
      Although acrylamide may be used in combination with one or more of these
      monovinyl monomers in any optional proportion, its use as a major
      component, for example, in an amount of 65 to 99 percent by weight based
      on the total amount of acrylamide and the monovinyl monomer, is preferred.
PAR  The amounts of acrylamide and of the monovinyl monomer in the reaction
      system are not essential and may be appropriately selected. From the
      practical viewpoint, however, the total amount of acrylamide and the
      monovinyl monomer may be usually from 20 to 30 percent by weight based on
      the total amount of the reaction mixture.
PAR  As for the components in the redox type catalyst, the persulfate may be,
      for example, potassium persulfate, sodium persulfate or ammonium
      persulfate. The aliphatic amine may be dimethylaminoethanol,
      triethanolamine, hexamethylene diamine, diethylene triamine, triethylene
      tetramine, tetraethylene pentamine, polyethylenimine, tetramethylethylene
      diamine, tetramethylpropylene diamine, tetramethylhexamethylene diamine or
      the like.
PAR  In the redox type catalyst, the proportion of the aliphatic amine and the
      persulfate may be from 0.5 : 1 to 2.5 : 1 in weight. Further, the
      promotion of the Lewis acid and the aliphatic amine may be from 0.5 : 1 to
      3.0 : 1 in weight. The amount of the redox type catalyst, i.e. the total
      amount of the said essential components, is usually from 0.01 to 1.0
      percent by weight based on the total weight of acrylamide and the
      monovinyl monomer before polymerization.
PAR  The solvent used preferably as the reaction medium in the process of this
      invention is a mixture of water and acetone containing 23 to 30 percent by
      weight of acetone.
PAR  The amount of the solvent in the reaction mixture is not limitative.
      However, it is generally preferred, from the standpoints of slurry
      stability and handling of slurry, to carry out the polymerization using
      the solvent in an amount of 70 to 80 percent by weight based on the total
      weight of the reaction mixture.
PAR  When desired, there may be used any dispersing agent in the polymerization.
      Among various dispersing agents, the most preferred is polyvinyl alcohol.
      The amount of the dispersing agent may be from 0.1 to 4 percent by weight
      based on the total weight of the reaction mixture.
PAR  The polymers of the present invention containing high molecular weight
      acrylamide polymers as a major component show an extremely superior
      flocculation property.
PAR  Practical and presently preferred embodiments of the present invention are
      illustratively shown in the following Examples, which are not to be
      interpreted as limiting.
DETD
PAC  EXAMPLE 1
PAR  Acrylic acid (2.7 g) was dissolved in 200 g of water while stirring and
      neutralized with about 2.6 ml of a 10N aqueous solution of sodium
      hydroxide at 35.degree.C. Then, 213 g of acrylamide, 307 g of water and
      215 g of acetone were dissolved in the resulting solution, and thereafter
      40 g of a 5 percent aqueous solution of polyvinyl alcohol and 0.2 g of
      zinc chloride were added thereto. After replacement of the atmosphere in
      the reaction vessel by nitrogen gas, 10 ml of a 1 percent aqueous solution
      of potassium persulfate and 10 ml of a 2 percent aqueous solution of
      dimethylaminoethanol were further added thereto. The reaction system which
      was first a homogeneous and clear solution became gradually turbid white.
      The polymerization was allowed to proceed at 10.degree.C for 8 hours.
      After the reaction was completed, the resulting slurry was filtered to
      collect the powdery polymer. The polymer thus obtained was washed with
      acetone and dried under a reduced pressure to give white and granular
      particles having a good solubility in water. Yield, about 92 percent.
      Intrinsic viscosity, 19.0 (determined in an N aqueous solution of sodium
      nitrate at 30.degree.C).
PAR  For comparison, the procedure was carried out in the same manner as above
      except that zinc chloride was not added to the reaction system. The slurry
      thus obtained was found to be flocculated in about 4 hours.
PAC  EXAMPLE 2
PAR  Acrylamide (195.5 g) and acrylic acid (43.2 g) were added to a mixture of
      446 g of water and 192 g of acetone, and the resulting mixture was
      neutralized with about 50 ml of a 10N aqueous solution of sodium
      hydroxide. Then, 40 g of a 5 percent aqueous solution of polyvinyl alcohol
      and 0.2 g of zinc bromide were added thereto. After replacement of the
      atmosphere in the reaction vessel by nitrogen gas, 10 ml of a 1 percent
      aqueous solution of potassium persulfate and 10 ml of a 2 percent aqueous
      solution of triethanolamine were added thereto. The reaction was initiated
      within a few minutes, and the system which was first homogeneous and clear
      became turbid white with proceeding of the reaction. The polymerization
      was carried out at 10.degree.C for 8 hours under the stream of nitrogen
      gas while stirring. After the polymerization reaction was completed, the
      procedure was carried out in the same manner as in Example 1 to obtain 230
      g of the copolymer having a good solubility in water. Intrinsic viscosity,
      25.2.
PAR  For comparison, the procedure was carried out in the same manner as above
      except that zinc bromide was not added to the reaction system. The slurry
      thus obtained was found to be flocculated in about 4 hours.
PAR  When the polymerization was carried out using tetramethylethylene diamine,
      tetramethylhexamethylene diamine or tetramethylpropylene diamine in place
      of triethanolamine, the copolymer having above 25.0 in intrinsic viscosity
      was obtained in a yield of above 90 percent.
PAC  EXAMPLE 3
PAR  A mixture of 154 g of acrylamide, 83.6 g of acrylic acid, 40 g of polyvinyl
      alcohol ("Gosenol GH-17," a registered trademark of Nihon Gosei Kagaku
      Co., Ltd.), 0.2 g of zinc chloride, 446 g of water and 192 g of acetone
      was neutralized with about 86 ml of a 10N aqueous solution of sodium
      hydroxide. To the resulting solution were added 10 ml of a 1 percent
      aqueous solution of sodium persulfate and 10 ml of a 2 percent aqueous
      solution of dimethylaminoethanol under a stream of nitrogen gas, and the
      polymerization was allowed to proceed at 15.degree.C for 8 hours. The
      slurry thus obtained was filtered and dried in the same manner as in
      Example 1 to obtain the copolymer having a good solubility in water.
      Yield, 90 percent. Intrinsic viscosity, 22.0.
PAR  The procedure was carried out in the same manner as above except that zinc
      chloride was not added to the reaction system. The slurry thus obtained
      was unstable and susceptible to flocculation, and there was obtained the
      copolymer having 20.0 in intrinsic viscosity in a yield of 90 percent.
PAC  EXAMPLES 4 TO 6
PAR  The polymerization was carried out in the same manner as in Example 2
      except that lithium chloride, aluminum bromide or antimony chloride was
      used in place of zinc bromide. The reaction proceeded very smoothly and
      gave the results as shown in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Example No.   4        5        6                                         

     ______________________________________                                    

     Lewis acid    Lithium  Aluminum Antimony                                  

                   chloride bromide  chloride                                  

     Yield (%)     90.5     91.0     92.0                                      

     30.degree.C                                                               

     [.eta.]       22.5     23.0     23.5                                      

     NNaNO.sub.3                                                               

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing resinous polymers of acrylamide which comprises
      copolymerizing acrylamide with at least one monovinyl monomer selected
      from the group consisting of acrylonitrile, acrylic acid and its salts,
      methacrylic acid and its salts and vinylpyridine, the total amount of
      acrylamide and the monovinyl monomer being 20 to 30 percent by weight
      based on the total amount of the reaction mixture and the amount of
      acrylamide being 65 to 99 percent by weight based on the total amount of
      acrylamide and the monovinyl monomer, in a solvent mixture of water and
      acetone, said solvent mixture containing 23 to 30 percent by weight of
      acetone, in the presence of a redox type catalyst consisting essentially
      of at least one persulfate selected from the group consisting of potassium
      persulfate, sodium persulfate and ammonium persulfate, at least one
      aliphatic amine selected from the group consisting of
      dimethylaminoethanol, triethanolamine, hexamethylene diamine, diethylene
      triamine, triethylene tetramine, tetraethylene pentamine,
      polyethylenimine, tetramethylethylene diamine, tetramethylpropylene
      diamine and tetramethylhexamethylene diamine and at least one Lewis acid
      selected from the group consisting of the chlorides and bromides of
      aluminum, antimony, lithium and zinc, the weight ratio of the persulfate
      to the aliphatic amine being 1 : 0.5-2.5 and the weight ratio of the
      aliphatic amine to said Lewis acid being 1 : 0.5-3.0, the amount of said
      redox type catalyst being 0.01 to 1.0 percent by weight based on the total
      amount of acrylamide and the monovinyl monomer.
NUM  2.
PAR  2. The process according to claim 1 wherein the copolymerization is
      effected in the presence of polyvinyl alcohol as a dispersing agent.
NUM  3.
PAR  3. The process according to claim 2 wherein the amount of polyvinyl alcohol
      is 0.1 to 4 percent by weight based on the total amount of the reaction
      mixture.
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UREF
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ISD  19491000
NAM  Caldwell
OCL  260486
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NAM  Schoenthaler
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PNO  3544262
ISD  19701200
NAM  Harris et al.
OCL    8115.5
UREF
PNO  3741272
ISD  19730600
NAM  Ullrich et al.
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ABST
PAL  A composition of matter with improved mechanical properties which contain 2
      - 50 mol. percent of methacrylonitrile or acrylonitrile and 50 - 98 mol.
      percent of glycol monoesters of acrylic or methacrylic acid, where the
      glycol is selected from the group comprising ethylene glycol, diethylene
      glycol, triethylene glycol and their mixtures. 0.1 - 30 mol. percent of
      the glycol monoesters may be substituted by a crosslinking agent selected
      from the group comprising 1,4-cyclohexanedimethyl dimethacrylate, ethylene
      glycol dimethacrylate, diethylene glycol dimethacrylate,
      1,6-hexamethylene-bis-acrylamide, triethylene glycol dimethacrylate,
      tetraethylene glycol dimethacrylate, methylene-bis-acrylamide,
      ethylene-bis-acrylamide. Also hydrogen catalysts of compositions bonded to
      platinum, palladium or rhodium metal.
PAL  A process for producing the matter, wherein glycol esters of acrylic or
      methacrylic acid are copolymerized with methacrylonitrile or
      acrylonitrile, if desired in the presence of a crosslinking agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to composition of matter comprising a
      hydrophilic copolymer having reactive -C.tbd.N groups and process for
      producing thereof, which are suitable namely for medical applications,
      production of contact lenses, sorption materials for metals, low
      temperature hydrogenation catalysts, etc.
PAR  The preparation of hydrophilic polymers by a cross-linking polymerization
      of glycol monomethacrylates and glycol monoacrylates is known, see e.g.
      Czechoslovak Pat. No. 91,918. Similar, but soluble not crosslinked
      hydrophilic polymers are obtained according to Czechoslovak Pat. No.
      124,819 by polymerization of a mixture consisting of glycol
      monomethacrylate and glycol monoacrylate, respectively, and solvents which
      have the interaction parameter with respect to the corresponding polymer
      lower than 0.5.
PAR  Further is known the preparation of hydrophilic polymers by
      copolymerization of acrylonitrile and methacrylonitrile, respectively,
      with hydrophilic monomers, as acrylamide, methacrylamide, acrylic acid,
      methacrylic acid, salts of ethylenesulphonic acid or vinylbenzenesulphonic
      acid. The copolymerization is carried out in this case in a medium of
      inorganic solvents, e.g. in a concentrated aqueous solution of ZnCl.sub.2
      or in concentrated nitric acid, in the limited temperature region from
      -50.degree. C to +50.degree. C.
PAR  Also known is the preparation of polymers by a partial hydrolysis of
      polyacrylonitrile or polymethacrylonitrile in a strongly acidic
      homogeneous medium, where the sequential copolymers are formed
      (Czechoslovak Pat. No. 148,810).
PAR  The purpose of the present invention and the basic object of the same is to
      overcome the aforementioned disadvantages and to significantly improve the
      composition of matter comprising a hydrophilic copolymer having reactive
      -C.tbd.N groups and process for producing thereof.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one feature of this invention we found a composition of
      matter with improved mechanical properties comprising a hydrophilic
      copolymer having reactive -C.tbd.N groups, which contains 2 - 50 mol.
      percent of methacrylonitrile or acrylonitrile and 50 - 98 mol. percent of
      glycol monoesters of acrylic or methacrylic acid, where the glycol is
      selected from the group comprising ethylene glycol, diethylene glycol,
      triethylene glycol and their mixtures. 0.1 - 30 mol. percent of the
      monoesters may be substituted by a crosslinking agent such as
      1,4-cyclohexanedimethyl dimethacrylate, ethylene glycol dimethacrylate,
      diethylene glycol dimethacrylate, 1,6-hexamethylene-bis-acrylamide,
      triethylene glycol dimethacrylate, tetraethylene glycol dimethacrylate,
      methylene-bis-acrylamide, ethylene-bis-acrylamide, etc.
PAR  Another feature of the invention is a process for producing the matter
      comprising a hydrophilic copolymer having reactive -C.tbd.N groups,
      wherein glycol monoesters of acrylic or methacrylic acid where the glycol
      is selected from the group comprising ethylene glycol, diethylene glycol,
      triethylene glycol and their mixtures, are copolymerized either single or
      in a mixture with 2 to 50 mol. percent of methacrylonitrile or
      acrylonitrile.
PAR  The copolymerization is effected either in absence of solvents or diluting
      agents or in a solution of a polar solvent such as water, a lower
      aliphatic alcohol which contains from 1 to 5 carbon atoms, dimethyl
      formamide, glycol monomethylether, glycol monoethylether, etc.
PAR  The copolymerization can be carried out, if desired, in the presence of a
      crosslinking agent of the kind mentioned above.
PAR  The copolymerization can be carried out also in presence of precipitants of
      the polymer such as benzene, toluene, xylene, etc.
PAR  The copolymerization can be carried out in the presence of a chain transfer
      agent and the soluble polymer obtained is subsequently crosslinked.
PAR  Another feature of the invention is a low-temperature hydrogenation
      catalyst prepared by reaction of manufactured copolymers with rare metals
      selected from the group comprising Pt, Pd, Rh.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It has been found, that hydrophilic polymers possessing outstanding
      physical and mechanical properties can be obtained, if glycol esters of
      acrylic and methacrylic acids, where glycol means besides the simple
      ethylene glycol also diethylene glycol, triethylene glycol and further
      homologous polyglycols, i.e. all hydrophilic diols of this type, are
      copolymerized, either alone or in a mixture, with 2 - 50 mol. percent, of
      methacrylonitrile or acrylonitrile or their mixture without solvent or in
      a solution of polar solvent, as water, lower aliphatic alcohols,
      dimethylformamide, dimethylsulphoxide, glycol monoethylether, glycol
      monoethylether, etc. The most suitable content of acrylonitrile or
      methacrylonitrile for some purposes, as soft contact lenses, substitutes
      of tubular organs or heart valves, is 2 to 30 percent of the total amount
      of monomers in the polymerization mixture. Those polar solvents are
      suitable above all, which are miscible with water and can be thus
      perfectly extracted by water after completing the polymerization.
PAR  The aforementioned copolymers were tested from the viewpoint of their
      biological compatibility by subcutaneous implantation to rats, rabbits and
      pigs in intervals from 1 month to 1 year. The implants prepared from these
      copolymers were well tolerated in all animal groups and in all tested
      intervals. They do not develop any significant reaction. The implants were
      encapsulated with a fine fibrous capsule, which adheres to the implant
      surface and grows through its inside.
PAR  An advantage of these copolymers are their good mechanical properties. For
      example, the polymer containing 20 percent of methacrylonitrile has the
      elasticity modulus and elongation at break on 50 percent better than
      poly(glycol methacrylate). This unexpected effect is due to interactions
      of -C.tbd.N groups of neighbour polymeric chains. Reproducibility in the
      preparation of these copolymers and the absence of -COOH groups causing
      the change of polymer properties with changing pH of the surrounding
      medium are further advantages in comparison with gels prepared by the
      hydrolysis of polyacrylonitrile and polymethacrylonitrile.
PAR  Incorporation of the reactive -C.tbd.N groups in the direct
      copolymerization of glycol acrylates and glycol methacrylates,
      respectively, with methacrylonitrile or acrylonitrile enables usage of the
      polymers prepared according to the invention as sorption materials for
      rare metals, as Rh, Pd, Pt, Os, Ir, etc., namely for sorption of these
      metals from solutions of their salts.
PAR  A broad selection of homogeneous or heterogeneous hydrogenation catalysts
      for both polar and nonpolar mediums can be prepared on a bases of these
      copolymers containing Pt, Pd or Rh. The metals are fixed on the polymeric
      skeleton through -C.tbd.N groups by the coordination bond. A great
      advantage of these polymers used as the low-temperature hydrogenation
      catalysts is an easy recovery of metals from the polar polymeric carriers.
PAR  The aforesaid hydrogels can be obtained either in a homogeneous transparent
      state or like an opaque sponge or macroporous gel, similarly as the gels
      made of only ethylene glycol monomethacrylate crosslinked by a suitable
      crosslinking agent, e.g. by glycol diesters of acrylic or methacrylic
      acid, or they can be obtained as soluble polymers. Their properties depend
      mostly on that, if the crosslinking agent was used in copolymerization, on
      the amount of the crosslinking agent, and on the quality of the solvent
      and concentration of monomers in it. When the crosslinking agent can
      manifest itself per se, the properties change according to a network
      density in the known manner. Thus, for instance, the effective
      concentration about 0.1 to 2 percent is suitable for soft elastic gels and
      5 - 30 percent for macroporous gels. The following examples of
      crosslinking agents soluble in the monomer mixture can be given: ethylene
      glycol dimethacrylate, diethylene glycol dimethacrylate,
      1,4-cyclohexanedimethyl dimethacrylate, 1,6-hexamethylenebisacrylamide,
      1,6-hexamethylene dimethacrylate, neopentyl glycol dimethacrylate,
      Bisfenol A dimethacrylate, tetramethylene diacrylate,
      1,1,1-trimethylolethan triacrylate, 1,1,1-trimethylolpropan
      trimethacrylate, diisopropylene glycol dimethacrylate, ethylidene
      diacrylate, ethylidene dimethacrylate, divinylsulphone,
      triacryloylperhydrotriazine. The chosen crosslinking agents have to be
      completely soluble in the given monomeric mixture. A tensile strength,
      elongation at break and stability at the long-term stress increase with
      raising content of acrylonitrile and methacrylonitrile, respectively. This
      fact found is surprising in a great deal, as it is known that copolymers
      containing less than about 85 percent of acrylonitrile lose their strength
      considerably, unless they have explicitly a block (sequential) structure.
      The analogous assumptions pay to a certain degree for copolymers with
      methacrylonitrile.
PAR  The copolymerization can be carried out also in the presence of polymer
      precipitants, as for instance toluene, xylene and benzene, or in their
      mixtures with polar solvents. It can be also carried out in the presence
      of a chain transfer agent and the soluble polymer thus obtained can be
      additionally crosslinked. Carbon tetrabromide, carbon tetrachloride,
      dodecylmercaptan, or other compounds can be advantageously used as chain
      transfer agents.
PAR  Besides the applications mentioned above, the polymers according to the
      invention can be used for various technical purposes, as for sorption
      materials, materials for the gel chromatography for preparation of
      dialysis membranes, etc.
PAR  The preparation of copolymers according to the invention is described in
      the following examples of performance, which illustrates only typical
      compositions and preparation conditions, without limiting the scope of the
      invention.
DETD
PAC  EXAMPLE 1
PAR  Water (20 wt. percent) was mixed with 80 wt. percent a mixture consisting
      of 10 wt. percent of methacrylonitrile, 89.8 wt. percent of 2-hydroxyethyl
      methacrylate and 0.2 wt. percent of ethylene dimethacrylate. This mixture
      was polymerized with 0.1 wt. percent of methyl azobisisobutyrate
      (calculated on the total amount of monomers) for 6 hours at 60.degree. C.
      The material is suitable for preparation of contact lenses by the
      mechanical process according to Czechoslovak Pat. No. 132,141.
PAC  EXAMPLE 2
PAR  A mixture consisting of 69.9 wt. percent of 2-hydroxyethyl metacrylate, 30
      wt. percent of methacrylonitrile and 0.1 wt. percent of ethylene
      dimethacrylate was mixed in amount of 70 wt. percent with 30 wt. percent
      of ethylene glycol and 0.1 wt. percent of tert-butyl peroxooctoate
      (calculated on the total amount of monomers) and polymerized for 8 hours
      at 60.degree. C. The material produced is suitable for preparation of
      membranes for a separation of rare metals from solutions of their salts.
PAC  EXAMPLE 3
PAR  Water (20 wt. percent) was mixed with 80 wt. percent of a mixture
      consisting of 15 wt. percent of methacrylonitrile, 84.6 wt. percent of
      ethylene glycol monomethacrylate and 0.4 wt. percent of ethylenne
      dimethacrylate, and polymerized with 0.1 wt. percent of a mixture of
      ammonium persulphate and dimethylaminoethyl acetate (1 : 1) calculated on
      the total amount of monomers. The polymerization proceeded at the ambient
      temperature. This low-temperature polymerization is suitable for
      preparation of contact lenses by the mechanical process (Czechoslovak Pat.
      No. 132,141) or for preparation of tubular organs or heart valves.
PAC  EXAMPLE 4
PAR  A mixture of 69.9 wt. percent of diglycol monomethacrylate, 30 wt. percent
      of methacrylonitrile and 0.4 wt. percent of diglycol dimethacrylate was
      polymerized with 0.05 wt. percent of diisopropyl peroxocarbonate (on the
      total amount of monomers). The mixture was polymerized in a bulk at
      40.degree. C.
PAC  EXAMPLE 5
PAR  Dimethylfomamide (30 wt. percent) was mixed with 70 wt. percent of a
      mixture consisting of 50 wt. percent of methacrylonitrile, 49.6 wt.
      percent of 2-hydroxyethyl methacrylate and 0.4 wt. percent ethylene
      dimethacrylate. Then, 0.1 wt. percent of
      2,2'-azobis-2,4-dimethyl-4-methoxyvaleronitrile (on the total weight of
      monomers) was added and the polymerization was carried out at 50.degree. C
      for 7 hours.
PAR  A high concentration of .tbd.CN groups enables to prepare membranes from
      these copolymers, which have a specific separation effect, while a low
      content of 2-hydroxyethyl methacrylate still secures their limited
      swelling and permeability for water.
PAC  EXAMPLE 6
PAR  A mixture consisting of 50 wt. percent of methacrylonitrile, 49.2 wt.
      percent of triethylene glycol monomethacrylate and 0.8 wt. percent of
      triethylene glycol dimethacrylate was mixed in amount of 80 wt. percent
      with 20 wt. percent of dimethylformamide and then polymerized with 0.1 wt.
      percent of azobisisobutyronitrile (on the total amount of monomers) at
      60.degree. C for 6 hours.
PAC  EXAMPLE 7
PAR  Dimethylsulphoxide (30 wt. percent) was mixed with 70 wt. percent of a
      mixture consisting of 85 wt. percent of triethylene glycol
      monomethacrylate, 10 wt. percent of methacrylonitrile and 5 wt. percent of
      triethylene glycol dimethacrylate. The mixture was polymerized in the
      presence of 0.1 wt. percent of benzoyl peroxide (on the total amount of
      monomers) at 60.degree. C.
PAC  EXAMPLE 8
PAR  2-Hydroxyethyl acrylate (80 wt. percent) was mixed with 19.9 wt. percent of
      methacrylonitrile and 0.1 wt. percent of ethylene diacrylate and
      polymerized in a bulk in the presence of 0.05 wt. percent of tert-butyl
      peroxoacetate (on the total amount of monomers) at 60.degree. C in the
      course of 5 hours.
PAC  EXAMPLE 9
PAR  A mixture consisting of 69.7 wt. percent of diethylene glycol monoacrylate,
      30 wt. percent of methacrylonitrile and 0.3 wt. percent diethylene glycol
      diacrylate was mixed in the amount of 80 wt. percent with 20 wt. percent
      of dimethylformamide and polymerized with 0.1 wt. percent of tert-butyl
      hydroperoxide (on the total amount of monomers) at 60.degree. C for 6
      hours.
PAC  EXAMPLE 10
PAR  A mixture consisting of 89.8 wt. percent of 2-hydroxyethyl methacrylate, 10
      wt. percent of methacrylonitrile and 0.2 wt. percent of ethylene
      dimethacrylate was polymerized in the amount of 80 wt. percent with 20 wt.
      percent of dimethyl cellosolve at 60.degree. C for 7 hours in the presence
      of 0.08 wt. percent of diisopropyl peroxocarbonate (on the total amount of
      monomers).
PAC  EXAMPLE 11
PAR  Dimethylsulphoxide (20 wt. percent) was mixed with 80 wt. percent of a
      mixture consisting of 30 wt. percent of methacrylonitrile, 69.2 wt.
      percent of 2-hydroxyethyl methacrylate and 0.8 wt. percent of
      divinylbenzene and then polymerized with 0.1 wt. percent of cumene
      hydroperoxide (on the total amount of monomers) at 60.degree. C for 7
      hours.
PAC  EXAMPLE 12
PAR  2-Hydroxyethyl methacrylate (89.7 wt. percent) and 10 wt. percent of
      acrylonitrile was polymerized in a bulk in the presence of 0.3 wt. percent
      of ethylene dimethacrylate using 0.05 wt. percent of diisopropyl
      peroxocarbonate, first for 4 hours at 40.degree. C and then for 3 hours at
      60.degree. C. The polymer block was used for preparation of contact lenses
      by a mechanical working.
PAC  EXAMPLE 13
PAR  Dimethylformamide (30 wt. percent) was mixed with 70 wt. percent of a
      mixture consisting of 30 wt. percent of acrylonitrile, 69.5 wt. percent of
      triethylene glycol monomethacrylate and 0.5 wt. percent of triethylene
      glycol dimethacrylate and polymerized by means of 0.1 wt. percent of
      diisopropyl peroxocarbonate (on the total amount of monomers) forming the
      gel.
PAC  EXAMPLE 14
PAR  Water (20 wt. percent) and 80 wt. percent of a mixture consisting of 94.9
      wt. percent of triethylene glycol monomethacrylate, 5 wt. percent of
      methacrylonitrile and 0.1 wt. percent of triethylene glycol dimethacrylate
      was polymerized for 7 hours at 60.degree. C with 0.1 wt. percent of
      tert-butyl peroxooctoate (on the total amount of monomers) at 60.degree.
      C. After the polymerization was completed the polymer was conditioned into
      water.
PAC  EXAMPLE 15
PAR  n-Butanol (20 wt. percent) was mixed with 80 wt. percent of a mixture
      consisting of 87 wt. percent of 2-hydroxyethyl methacrylate, 10 wt.
      percent of methacrylonitrile and 3 wt. percent of ethylene dimethacrylate
      and polymerized with 0.05 wt. percent of methyl azobisisobutyrate (on the
      total weight of monomers) for 16 hours by uv irradiation at the ambient
      temperature.
PAC  EXAMPLE 16
PAR  A mixture of 89.8 wt. percent of 2-hydroxyethyl methacrylate, 10 wt.
      percent of methacrylonitrile and 0.2 wt. percent of ethylene
      dimethacrylate was polymerized in a bulk in the presence of 0.05 wt.
      percent of diisopropyl peroxocarbonate (on the total amount of monomers)
      at 50.degree. C for 8 hours.
PAR  The Examples 1 to 16, if performed with other type of the solvent than with
      water, require a subsequent conditioning into aqueous medium for medical
      applications. The conditioning is carried out in this cases by five to
      tenfold overlaying of the polymer obtained with ethanol; time period
      between single exchanges is 24 hours. Then follows a five to tenfold
      conditioning by water with the period between single exchanges 24 hours
      again. Eventually, the five to tenfold conditioning is carried out by a
      physiologic saline with the same time periods of exchange. A volume ratio
      of the solvent (ethanol, water and physiologic saline) to the conditioned
      polymer should be minimally 30 : 1. Shortly before application, the
      polymer is sterilized for 30 min. at 120.degree. C in an autoclave or by
      irradiation.
PAC  EXAMPLE 17
PAR  Dimethylformamide (70 wt. percent) and 30 wt. percent of a mixture
      consisting of 70 wt. percent of 2-hydroxyethyl methacrylate and 30 wt.
      percent of methacrylonitrile were polymerized in an inert atmosphere using
      0.4 wt. percent of benzoyl peroxide (on the total amount of monomers) at
      60.degree. C for 10 hours. The soluble polymer was obtained, which may be
      directly used for preparation of highly elastic foils by casting and
      evaporation of a solvent from the film. The film can be prepared also in
      an insoluble form by additional crosslinking, for instance as follows:
      Into 100 wt. percent of the solution having the above given composition,
      0.8 - 1 wt. percent (on the weight of the polymer) of (NH.sub.4).sub.2
      Cr.sub.2 O.sub.7 is added as a 20 percent aqueous solution. The
      crosslinked film is obtained after 16 hours at the ambient temperature.
      The procedure is suitable to prepare coats for plasters or photosensitive
      layers.
PAC  EXAMPLE 18
PAR  Dimethylsulphoxide (80 wt. percent) and 20 wt. percent of a mixture
      consisting of 40 wt. percent of methacrylonitrile, 59 wt. percent of
      2-hydroxyethyl methacrylate and 1 wt. percent of ethylene dimethacrylate
      was polymerized with 0.5 wt. percent of tert-butyl peroxooctoate on the
      total amount of monomers at 70.degree. C for 10 hours to the maximal
      conversion. The soluble polymer was obtained which may be used either
      directly or being reprecipitated from ether and water, respectively. This
      polymer was dried and dissolved again in CH.sub.3 OH, CH.sub.3 CH.sub.2
      OH, methyl or ethyl cellosolve and used for preparation of foils,
      membranes, etc.
PAC  EXAMPLE 19
PAR  A mixture consisting of 90 wt. percent of 2-hydroxyethyl methacrylate
      (containing up to 2 percent ethylene dimethacrylate) and 10 wt. percent
      acrylonitrile was mixed in amount of 15 wt. percent with 85 wt. percent of
      dimethylformamide and polymerized at 70.degree. C for 10 hours using 1.0
      wt. percent of azobisisobutyronitrile on the total weight of monomers. The
      polymeric solution formed was mixed with 0.8 wt. percent of diisocyanates
      (on the weight of comonomers), casted on a glass or another plate,
      evaporated and heated to 135.degree. C. A crosslinked membrane was
      obtained during 30 minutes with excelent mechanical properties.
PAC  EXAMPLE 20
PAR  Dimethylformamide (70 wt. percent) was mixed with 30 wt. percent of a
      mixture consisting of 50 wt. percent of methacrylonitrile, 50 wt. percent
      of diethylene glycol monomethacrylate (content of the divinyl component up
      to 1 percent) and polymerized with 1 wt. percent of methyl
      azobisisobutyrate (on the total amount of monomers) at 70.degree. C for 10
      hours.
PAC  EXAMPLE 21
PAR  Dimethylformamide (60 wt. percent) was mixed with 40 wt. percent of a
      mixture consisting of 50 wt. percent of triethylene glycol
      monomethacrylate and 50 wt. percent of methacrylonitrile and polymerized
      with 2 wt. percent of azobisisobutyronitrile at 80.degree. C for 10 hours,
      giving rise to a soluble polymer.
PAC  EXAMPLE 22
PAR  Dimethylformamide (80 wt. percent) was mixed with 20 wt. percent of a
      mixture consisting of 10 wt. percent of acrylonitrile and 90 wt. percent
      of diethylene glycol monoacrylate and polymerized at 60.degree. C with 0.5
      wt. percent of cumene hydroperoxide (on the total weight of monomers) for
      10 hours giving rise to a soluble polymer.
PAC  EXAMPLE 23
PAR  Dimethylsulphoxide (85 wt. percent) was mixed with 15 wt. percent of a
      mixture consisting of 15 wt. percent of methacrylonitrile and 85 wt.
      percent of 2-hydroxyethyl methacrylate and polymerized with 0.4 wt.
      percent of 2,2'-azobis-2,4-dimethyl-4-methoxyvaleronitrile (on the total
      amount of monomer) at 50.degree. C. After 10 hours heating in an inert
      atmosphere a soluble polymer was obtained.
PAC  EXAMPLE 24
PAR  A mixture consisting of 40 wt. percent of methacrylonitrile and 60 wt.
      percent of 2-hydroxyethyl methacrylate was mixed in the amount of 20 wt.
      percent with 80 wt. percent of dimethylformamide and polymerized in the
      presence of 0.4 wt. percent of tert-butyl peroxooctoate (on the total
      amount of monomers) at 70.degree. C, giving after 10 hours a soluble
      polymer. An insoluble polymer can be prepared from the obtained soluble
      one by addition of diisocyanate in a free form (e.g. as
      2,4-toluenediisocyanate, hexamethylenediisocyanate, etc.) or in a blocked
      form, e.g.
      ##SPC1##
PAR  (C.sub.2 H.sub.5).sub.2 -NCONH-(CH.sub.2).sub.6 -NHCON-(-C.sub.2
      H.sub.5).sub.2, and the like, and the subsequent evaporation of the
      solvent and heating to the temperature 120.degree. - 170.degree. C
      (according to the character of diisocyanate used; for the unblocked type
      of diisocyanate suffices the lower temperature, for the blocked type the
      high temperature is necessary). For example, membranes, fibers, and the
      like, can be prepared by the additional crosslinking.
PAC  EXAMPLE 25
PAR  Methyl cellosolve (80 wt. percent) was mixed with 20 wt. percent of a
      mixture consisting of 15 wt. percent of methacrylonitrile and 85 wt.
      percent of 2-hydroxyethyl methacrylate and the resulting mixture was
      polymerized at 80.degree. C with 0.6 wt. percent of azobisisobutyronitrile
      (on the total weight of monomers) for 10 hours in an inert atmosphere. The
      soluble polymer was obtained, which may be used in preparation of coats
      for poly(vinyl chloride), using evaporation of its solution followed by
      crosslinking with (NH.sub.4).sub.2 Cr.sub.2 O.sub.7 under irradiation with
      a UV lamp for 30 minutes.
PAR  The polymer can be also applied in a preparation of lacquers for glass
      using the additional crosslinking by diisocyanates (0.5 wt. percent on the
      polymer) or melamine resins (at concentrations up to 2.5 wt. percent on
      2-hydroxyethyl methacrylate in the polymer).
PAC  EXAMPLE 26
PAR  Methanol (80 wt. percent) was mixed with 20 wt. percent of a mixture
      consisting of 5 wt. percent of methacrylonitrile and 95 wt. percent of
      2-hydroxyethyl methacrylate and 1 wt. percent of tert-butyl peroxoacetate
      (on the total amount of monomers) was added. The mixture was polymerized
      at 60.degree. C for 10 hours. The resulting soluble polymer can be used,
      after several reprecipitations, in preparation of coats for catheters and
      surgical sewing materials.
PAR  The concentration of the corresponding diester has to be taken into account
      in Example 17 to 26, which can range to the upper limit 0.01 - 50 percent,
      advantageously up to 2 percent of the monoester. At higher contents of
      diester, the concentration of the monomer mixture has to be decreased or a
      chain transfer agent can be added in the amount up to 5 percent on the
      weight of monomers, as e.g. dodecylmercaptane, CBr.sub.4, CCl.sub.1.sub.4,
      etc. The amount of the chain transfer agent is choosen according to the
      content of the divinyl component and the total concentration of the
      monomer mixture.
PAC  EXAMPLE 27
PAR  Water (60 wt. percent) and 40 wt. percent of a mixture consisting of 10 wt.
      percent of methacrylonitrile, 89.2 wt. percent of 2-hydroxyethyl
      methacrylate and 0.8 wt. percent of ethylene dimethacrylate was
      polymerized with 1 wt. percent of ammonium persulphate calculated on the
      total weight of monomers (added as a 10 percent aqueous solution) at
      60.degree.C. A microporous spongy polymer was obtained after 4 hours. The
      high mechanical strength of these spongeous polymers together with their
      porosity predetermines the polymers to numerous applications, as e.g. for
      dressings for burns, for encapsulation of drugs into these materials, and
      the like.
PAC  EXAMPLE 28
PAR  Water (80 wt. percent) and 20 wt. percent of a mixture consisting of 78 wt.
      percent of 2-hydroxyethyl methacrylate, 20 wt. percent of
      methacrylonitrile and 2 wt. percent of ethylene dimethacrylate was
      polymerized with 3 wt. percent of a 30 percent aqueous solution of H.sub.2
      O.sub.2 (on the total weight of monomers) at 70.degree.C. The macroporous
      spongeous polymer was obtained after 6 hours, which is suitable for
      preparation of block packings of separation columns.
PAC  EXAMPLE 29
PAR  Water (90 wt. percent) was mixed with 10 wt. percent of a mixture
      consisting of 89 wt. percent of diethylene glycol monomethacrylate, 1 wt.
      percent of diethylene glycol dimethacrylate and 10 wt. percent of
      methacrylonitrile. The mixture was polymerized with 1 wt. percent of
      ammonium persulphate (on the total amount of monomers) at 70.degree.C. The
      microporous spongeous polymer was obtained after 6 hours.
PAC  EXAMPLE 30
PAR  Water (60 wt. percent) was mixed with 40 wt. percent of a mixture
      consisting of 5 wt. percent of acrylonitrile, 90 wt. percent of
      2-hydroxyethyl methacrylate and 5 wt. percent of ethylene dimethacrylate
      was polymerized with 1 wt. percent of ammonium persulphate (added as a 10
      percent aqueous solution, calculated on the total amount of monomers) at
      60.degree.C. The microporous spongeous polymer was obtained after 5 hours.
PAC  EXAMPLE 31
PAR  Toluene (70 wt. percent) was mixed with 30 wt. percent of a mixture
      consisting of 30 wt. percent of methacrylonitrile, 50 wt. percent of
      2-hydroxyethyl methacrylate and 20 wt. percent of ethylene dimethacrylate
      and polymerized with 1 wt. percent of benzoyl peroxide (on the total
      weight of monomers) at 50.degree.C for 2 hours and then at 80.degree.C for
      other 6 hours in an inert atmosphere. Macroporous, highly crosslinked
      particles were obtained having a size 4 - 20 .mu.. The polymer obtained
      was added into a 1 percent dimethylformamide solution of palladium
      chloride and the mixture was thoroughly stirred and heated to 50.degree.C
      for 1 hour. The polymer was then filtered off, washed with benzene and
      dried. The polymer thus obtained may be used as a low-temperature
      hydrogenation catalyst.
PAC  EXAMPLE 32
PAR  A mixture consisting of 50 wt. percent of methacrylonitrile, 30 wt. percent
      of 2-hydroxyethyl methacrylate and 20 wt. percent of ethylene
      dimethacrylate was polymerized in amount of 70 wt. percent with 30 wt.
      percent of toluene in the presence of 0.1 wt. percent of tert-butyl
      peroxooctoate (on the total amount of monomers) at 60.degree.C. The
      compact macroporous material was obtained with a high content of nitrile
      groups.
PAC  EXAMPLE 33
PAR  A mixture consisting of 50 wt. percent of methacrylonitrile, 40 wt. percent
      of 2-hydroxyethyl methacrylate and 10 wt. percent of ethylene
      dimethacrylate was mixed in the amount of 75 wt. percent with 25 wt.
      percent of toluene. The mixture was polymerized with 0.2 wt. percent of
      azobisisobutyronitrile (on the total amount of monomers) in an inert
      atmosphere for 10 hours at 60.degree.C. The compact macroporous polymer
      was obtained.
PAC  EXAMPLE 34
PAR  Toluene (75 wt. percent) was mixed with 25 wt. percent of a mixture
      consisting of 50 wt. percent of methacrylonitrile, 20 wt. percent of
      ethylene dimethacrylate and 30 wt percent of 2-hydroxyethyl methacrylate.
      The above mixture was polymerized after addition of 1 wt. percent benzoyl
      peroxide (on the total amount of monomers) for 10 hours at 50.degree.C
      with an intense agitation. The polymer was added into a 5 percent benzene
      solution of benzonitrile complex compound with palladium chloride and the
      mixture was vigorously agitated and heated to 60.degree.C for 1 hour. The
      polymer was then filtered off and several times washed with benzene on a
      sintered glass filter. It can be used as a hydrogenation catalyst.
PAC  EXAMPLE 35
PAR  A cylindric reactor was charged with 80 wt. percent of a mixture consisting
      of 100 wt. parts of water, 36 wt. parts NaCl and 1.4 - 1.6 wt. parts of
      Mg(OH).sub.2, which was prepared directly in the reaction mixture by
      precipitation of MgSO.sub.4. 7 H.sub.2 O. Sodium hydroxide was added into
      the intensively agitated aqueous solution of NaCl and MgSO.sub.4.7 H.sub.2
      O during 20 minutes. A mixture (20 wt. percent) consisting of 20 wt.
      percent of methacrylonitrile, 40 wt. percent of 2-hydroxyethyl
      methacrylate, 10 wt. percent of ehtylene dimethacrylate and 30 wt. percent
      of toluene was then added into this suspension of Mg(OH).sub.2 in NaCl
      solution continuously agitated. The suspension was vigorously agitated and
      polymerized with 1 wt. percent of benzoyl peroxide (on the total amount of
      monomers) by heating to 25.degree.C for 10 minutes and then for 3 hours to
      60.degree.C. The polymerization was then stopped; magnesium hydroxide was
      dissolved in the equivalent amount of HCl and the suspension copolymer was
      filtered off, washed with water, methanol and ether, and dried.
PAR  The aforegiven types of copolymers can be prepared by methods described in
      Czechoslovak Pat. No. 131,449.
PAR  Given examples for preparations of macroporous polymers (Examples 31 to 35)
      do not include all possibilities of preparation. Macroporous polymers
      possessing a regular geometrical shape can be obtained by the choice of
      suitable reaction condition in such a way that the surface area and the
      volume of a particle are in an advantageous ratio. Accordingly, the
      polymers prepared in this way can be used for sorption of heavy metals, as
      e.g. platinum, palladium or rhodium, from solutions of their salts, and
      low-temperature hydrogenation catalysts can be thus prepared having a high
      concentration of these metals on the particle surface. Another advantate
      is, that the rare metals can be readily recovered.
PAR  To prepare the complexes of Pt, Rh, and Pd with the polymer, it is
      advantageous to start with complex salts of Pt, Rh or Pd in the form of
      dimethylformamide solutions or with benzonitrile, carbonyl or
      chlorocarbonyl complexes of these metals in nonpolar solvents (benzene,
      toluene, and so like). These complexes may be also used for separation of
      olefin mixtures.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition comprising a hydrophilic copolymer having reactive
      -C.tbd.N groups, which contains (A) 2 - 50 mol. percent of
      methacrylonitrile or acrylonitrile and (B) 50 - 98 mol. percent of glycol
      monoesters of acrylic or methacrylic acid, where the glycol is selected
      from the group consisting of ethylene glycol, diethylene glycol,
      triethylene glycol and their mixtures.
NUM  2.
PAR  2. A composition comprising a hydrophilic copolymer having reactive
      -C.tbd.N groups, which contains (A) 2 - 50 mol. percent of
      methacrylonitrile or acrylonitrile, (B) 97.9 - 20 percent glycol
      monoesters of acrylic or methacrylic acid, wherein the glycol is selected
      from the group consisting of ethylene glycol, diethylene glycol,
      triethylene glycol and their mixtures, and (C) 0.1 - 30 mol. percent of a
      cross-linking agent selected from the group consisting of 1,4-cyclohexane
      dimethyl dimethacrylate, ethylene glycol dimethacrylate, diethylene glycol
      dimethacrylate, 1,6-hexamethylene-bis-acrylamide, triethylene glycol
      dimethacrylate, tetraethylene glycol dimethacrylate,
      methylene-bis-acrylamide, and ethylene-bis-acrylamide.
NUM  3.
PAR  3. A low-temperature hydrogenation catalyst comprising the composition of
      claim 2 having bonded thereto a metal selected from the group consisting
      of Pt, Pd, and Rh.
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ABST
PAL  A fluoroelastomer composition which contains (a) a fluoroelastomer, (b) at
      least one member selected from the group consisting of bivalent metal
      oxide, bivalent metal hydroxide and mixture of bivalent metal oxide or
      metal hydroxide with metal salt of weak acid, (c) an aromatic polyhydroxy
      compound, and (d) a quaternary ammonium compound of 8-alkyl- or
      8-aralkyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium, provides a fluoro-rubber
      having a low compression set and an excellent elastic property. The
      fluoroelastomer composition can be handled and processed with safety, and
      yet can be cured with a good cure rate, and has excellent storage
      properties. The cure rate of the composition is further accelerated by
      addition of (e) water or a metal compound which produces water by reacting
      it with hydrogen fluoride.
PARN
PAR  This is a division, of application Ser. No. 303,769, filed 11/6/72 now U.S.
      Pat. No. 3,857,807 filed 12/31/74.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a novel fluoroelastomer composition, and
      more particularly to a fluoroelastomer composition suitable for preparing
      a fluoro-rubber having a low compression set and an excellent elastic
      property.
PAR  The term "fluoroelastomer" used herein means a highly fluorinated elastic
      copolymer and the term "fluoro-rubber" used herein means a cured copolymer
      obtained by curing the fluoroelastomer.
PAR  A fluoro-rubber has an excellent heat resistance, a low temeprature
      resistance and a chemical resistance and is useful for gaskets, sealants,
      diaphragmes, pipes and so on.
PAR  It is well known that fluoro-rubber is prepared by curing a fluoroelastomer
      in the presence of curing agent. The fluoro-rubber is required to have an
      excellent elastic property as well as a low compression set in the
      practical uses. In general, however, a fluoro-rubber prepared by curing a
      conventional composition tends to be inferior in compression set when the
      elastic property is guaranteed and, on the other hand, tends to reduce its
      elastic property when compression set is suppressed. Therefore, a
      fluoroelastomer composition which can be cured to provide a fluoro-rubber
      having an excellent elastic property in addition to a low compression set
      is earnestly desired.
PAR  Recently, various fluroelastomer compositions which can be cured to provide
      fluoro-rubbers having a low compression set have been proposed. These
      fluoroelastomer compositions are somewhat effective for reducing
      compression set, but it tends to have poor elastic property.
PAC  OBJECT OF THE INVENTION
PAR  It is an object of the present invention to provide a novel fluoroelastomer
      composition which can be cured to provide a fluoro-rubber having a low
      compression set and an excellent elastic property.
PAR  A further object of the invention is to provide a fluoroelastomer
      composition capable of being cured for a short time with safety.
PAR  A still further object of the invention is to provide a fluoroelastomer
      composition having excellent storage properties.
PAR  These and other objects will become apparent from the description
      hereinafter.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been found that the above-mentioned objects can be attained by
      the fluoroelastomer composition which comprises (a) a fluoroelastomer, (b)
      at least one member selected from the group consisting of bivalent metal
      oxide, bivalent metal hydroxide and mixture of bivalent metal oxide or
      metal hydroxide with a metal salt of weak acid, (c) an aromatic
      polyhydroxy compound, and (d) a quaternary ammonium compound having the
      general formula:
      ##SPC1##
PAL  wherein R is an alkyl group having 1 to 24 carbon atoms or an aralkyl group
      having 7 to 20 carbon atoms, and X.sup.- is an anion such as halide ion,
      hydroxylate ion, alkoxylate ion, carboxylate ion, phenoxide ion, sulfonate
      ion, sulfate ion, sulfite ion and carbonate ion. Further, by the addition
      of (c) water or a metal compound which readily produces water by reacting
      it with hydrogen fluoride, the cure rate of the composition can be
      accelerated without reducing the elastic property.
PAR  According to the present invention, there can be obtained a fluoro-rubber
      having excellent elastic properties as modulus at 100 % elongation,
      tensile strength, elongation and hardness, and low compression set at room
      or high temperature. For instance, when the fluoro-rubber of the invention
      instead of a conventional fluoro-rubber is used as a packing material in
      oil pressure machines under severe condition, repeated tightening of the
      packing material is not required to prevent leaks of oil or gas, owing to
      the excellent properties of the fluoro-rubber of the present invention,
      particularly low compression set and excellent elastic property.
PAR  Further, the fluoroelastomer composition of the invention can be handled
      and processed with safety. For instance, scorching seldom occurs during
      handling before cure. A complicated article can be readily prepared
      without any showing of back rind and other inferiorities because of the
      favorable flowability at the press cure. And yet, the composition of the
      invention can be cured at a good cure rate. Moreover, the composition of
      the invention has the advantage it has excellent storage properties in
      comparison with conventional fluoroelastomer compositions.
PAR  In the present invention, it is essential that the above (d) ingredient is
      quaternary ammonium compound of 8-alkyl- or
      8-aralkyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium. Because, when
      1,8-diaza-bicyclo[5.4.0]-7-undecene per se or their salts of mineral acid
      or organic acid are employed, such excellent effects in handling or
      processing as obtained by the present invention can not be obtained. It is
      very difficult to handle 1,8-diaza-bicyclo[5.4.0]-7-undecene per se
      because of its strong basicity. On the other hand, the use of quaternary
      ammonium compound consisting of 8-alkyl1- or
      8-aralkyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium cations and anions such as
      halide ion and sulfate ion can eliminate the above difficulty.
PAR  The fluoroelastomer (a) ingredient of the invention, which is a highly
      fluorinated elastic copolymer, is, for instance, copolymers of vinylidene
      fluoride and at least one other fluoroolefin such as hexafluoropropene,
      pentafluoropropene, trifluoroethylene, trifluorochloroethylene,
      tetrafluoroethylene, vinyl fluoride, perfluoro(methyl vinyl ether),
      perfluoro(propyl vinyl ether), or the like.
PAR  Vinylidene fluoride-hexafluoropropene copolymer and vinylidene
      fluoride-tetrafluoroethylene-hexafluoropropene terpolymer are preferably
      employed. In particular, it is interesting to use a copolymer which
      composition is in the ratio of vinylidene fluoride and hexafluoropropene
      being 92 : 8 to 66 : 34 by mole, or a terpolymer which composition is in
      rectangular area formed by the following four ratios of vinylidene
      fluoride, tetrafluoroethylene and hexafluoropropene being 85.7 : 5 : 9.3,
      59.7 : 5 : 35.3, 28 : 30 : 42 and 54 : 30 : 16 by mole, obtained by means
      of the process of suspension polymerization at low temperature.
PAR  Further, there may be effectively employed such polymers as obtained by
      copolymerizing a small amount of monomer such as vinyl compound, olefin,
      diene or .alpha.,.beta.-ethylenically unsaturated carboxylic acid in
      addition to the above-mentioned monomers.
DRWD
PAR  FIG. 1 and FIG. 2 are graphs respectively showing a curing curve of a
      fluoroelastomer composition in the present invention and those or that of
      comparative fluoroelastomer compositions.
DETD
PAR  Suitable examples of (b) ingredient of the invention are bivalent metal
      oxides such as MgO, CaO, PbO or ZnO, metal hydroxides such as
      Mg(OH).sub.2, Ca(OH).sub.2, Pb(OH).sub.2 or Zn(OH).sub.2, and mixtures of
      the above metal oxides and/or metal hydroxides with metal salts which are
      formed from metals such as Ba, Na, K, Pb and Ca and weak acids such as
      stearic acid, benzoic acid, carbonic acid, oxalic acid and phosphorous
      acid.
PAR  Examples of (c) ingredient being aromatic polyhydroxy compounds are
      2,2-bis(4-hydroxyphenyl)propane (Bisphenol A),
      2,2-bis(4-hydroxyphenyl)perfluoropropane (Bisphenol AF), resorcinol,
      1,3,5-trihydroxybenzene, 1,7-dihydroxynaphthalene,
      2,7-dihydroxynaphthalene, 1,6-dihydroxynaphthalene, 4,4'-dihyroxydiphenyl,
      4,4'-dihydroxystilbene, 2,6-dihydroxyanthracene, hydroquinone, catechol,
      2,2-bis(4-hydroxyphenyl)butane (Bisphenol B),
      4,4-bis(4-hydroxyphenyl)pentanoic acid, 2,2-bis(4-hydroxyphenyl)
      tetrafluorodichloropropane, 4,4'-dihydroxydiphenyl sulfone,
      4,4'-dihydroxydiphenyl ketone, tri(4-hydroxyphenyl)methane,
      3,3,'5,5'-tetrachloro-bisphenol A, 3,3'5,5'-tetrabromo-bisphenol A, and
      the like. Hydroquinone, Bisphenol A, Bisphenol B and Bisphenol AF are
      especially preferred, and alkali metal salts or alkaline earth metal salts
      of the above-mentioned aromatic polyhydroxy compounds may be also
      employed.
PAR  Examples of (d) ingredient being quaternary ammonium compound are as
      follows: 8-methyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride,
      8-diaza-bicyclo[5.4.0]-7-undecenium iodide,
      8-methyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium hydroxide,
      8-methyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium methylsulfate,
      8-ethyl-1,8-diaza-bicyclo-[5.4.0]-7-undecenium bromide,
      8-propyl-1,8-diaza-bicyclo-[5.4.0]-7-undecenium bromide,
      8-dodecyl-1,8-diaza-bicyclo-[5.4.0]-7-undecenium chloride,
      8-dodecyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium hydroxide,
      8-eicosyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride,
      8-tetracosyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride,
      8-benzyl-1,8-diaza-bicylclo[5.4.0]-7-undecenium chloride,
      8-benzy-1,8-diaza-bicyclo[5.4.0]-7-undecenium hydroxide,
      8-phenethyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride,
      8-(3-phenylpropyl)-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride, and the
      like.
PAR  The water (e) ingredient can be added directly or in the form of metal salt
      hydrates into the fluoroelastomer composition, which metal salt hydrates
      are capable of providing water harmlessly in cure, such as
      KgSO.sub.4.7H.sub.2 O, CuSO.sub.4.5H.sub.2 O and FeSO.sub.4.7H.sub.2 O. As
      a metal compound which readily produces water by reacting it with hydrogen
      fluoride, metal hydroxides such as Mg(OH).sub.2, Pb(OH).sub.2 and
      Ca(OH).sub.2 may be employed. In case of using these metal hydroxides, the
      addition of (b) ingredient may be omitted.
PAR  As the amount of the above ingredients to 100 parts by weight of
      fluoroelastomer in the present invention, 2 to 30 parts, preferably 5 to
      20 parts by weight of (b) ingredient, 0.5 to 5 parts, preferably 1 to
      2parts by weight of (c) ingredient and 0.2 to 10 parts, preferably 0.5 to
      3 parts by weight of (d) ingredient respectively are suitably employed. In
      case the amount of (d) ingredient is less than the above range, the cure
      of the fluoroelastomer composition tends to occur unsatisfactory. On the
      other hand, in case that of (d) ingredient is more than the above range,
      the elastic properties of the resultant fluororubber are liable to be
      reduced. The amount of water being (e) ingredient may be 0.1 to 10 parts,
      preferably 0.5 to 5 parts by weight to 100 parts by weight of
      fluoroelastomer. The amount of the metal compound varies according to the
      kind thereof, and in general it may be 0.5  to 30 parts, preferably 2 to
      10 parts by weight to 100 parts by weight of fluoroelastomer.
PAR  In the present invention, filler such as carbon black, silica, clay,
      diatomaceous earth or talc may be further added into the composition of
      the invention in accordance with necessity. If necessary, one or more of a
      small amount of the conventional curing agent may be added into the
      composition of the invention unless the spirit of the present invention is
      lost. Moreover, plasticizer and colorant also may be added.
PAR  Thus obtained fluoroelastomer composition can be cured by conventional
      process. For instance the composition is milled by mixing rolls and the
      resultant compound is put into a mold and cured under pressure and then
      the resultant article is removed out of the mold, followed by curing it in
      an oven. In general, the press cure is carried out at a temperature of
      100.degree. to 200.degree.C. under a pressure of 20 to 100 kg./cm..sup.2
      for a period of 10 to 180 minutes, and the oven cure is carried out at a
      temperature of 150.degree. to 300.degree.C. for a period of 0 to 30 hours.
      Other processes for cure, for instance, a process which the cure is
      carried out after pre-molding such as injection molding or extrusion
      molding; alternatively a process which a coating composition prepared by
      dissolving or dispersing the fluoroelastomer composition into a solvent
      such as ketons, e.g. methyl ethyl ketone, acetone and cyclohexanone,
      ethers, e.g. methylethyl ether, diethyl ether, dioxane and
      tetrahydrofuran, or a mixture thereof is applied on a surface of paper,
      fiber, film, sheet, board, tube, pipe, tank, big vessel or the other
      shaped articles (made by cellulose derivatives, synthetic resin, metal or
      the others) and then cured, may be carried out.
PAR  The fluoro-rubber obtained by the fluoroelastomer composition of the
      present invention has advantages such as an excellent heat resistance, a
      low temperature resistance and a chemical resistance as well as the
      fluoro-rubber obtained by a conventional fluoroelastomer composition, and
      further shows excellent properties above-mentioned, which can not be
      obtained by a conventional fluoroelastomer composition.
PAR  The present invention is more specifically described and explained by means
      of the following Examples which, however, are not intended to be limited.
      In Examples, all parts and percentages are by weight except as otherwise
      noted.
PAC  REFERENCE EXAMPLE 1
PAR  A three liter stainless steel autoclave was charged with 1,000 parts of
      demineralized and deoxidized water. Air within the autoclave was
      thoroughly replaced with pure nitrogen gas and then nitrogen gas within
      the autoclave was thoroughly replaced with tetrafluoroethylene. The
      autoclave was charged with 96 parts of a monomer mixture consisting of
      27.1 % of vinylidene fluoride, 63.5 % of hexafluoropropene and 9.4 % of
      tetrafluoroethylene. The temperature was raised to 100.degree.C. with
      agitation and the polymerization was initiated by adding 10 parts of a 6 %
      aqueous solution of ammonium persulfate under a pressure of 12
      kg./cm.sup.2.
PAR  The polymer was obtained in a form of emulsion. A 10 % aqueous solution of
      magnesium chloride was added to the autoclave to coagulate the polymer.
      The polymer was washed with water and dried to give 423 parts of colorless
      elastic terpolymer.
PAC  REFERENCE EXAMPLE 2
PAR  A three liter stainless steel autoclave provided with a magnetic stirrer
      was charged with one liter of deoxidized water and 0.3 g. of
      methylcellulose (50 cps.). After air within the autoclave was thoroughly
      replaced with pure nitrogen gas and then evacuated, the autoclave was
      charged with 300 cc. of 1,1,2-trichloro-1,2,2-trifluoroethane, then with
      300 g. of a monomer mixture consisting of hexafluoropropene, vinylidene
      fluoride and tetrafluoroethylene in the molar ratio of 50.6 : 44.9 : 4.5
      and kept at 30.degree.C. with agitation.
PAR  A 125 cc. tank cooled by dry ice was charged with 50 cc. of 1.97 % solution
      of di(3,5,6-trichloro2,2,3,4,4,5,6,6-octafluorohexanoyl) peroxide in
      1,1,2-trichloro-1,2,2-trifluoroethane, and the solution was introduced
      into the autoclave by nitrogen pressure to initiate polymerization.
PAR  Another 20 liter autoclave autoclave was charged with a monomer mixture for
      continuous charging consisting of hexafluoropropene, vinylidene fluoride
      and tetrafluoroethylene in the molar ratio of 20 : 68 : 12 and connected
      to the said autoclave. The monomer mixture was supplied to the autoclave
      so as to maintain a constant pressure between 9 to 10 kg./cm..sup.2 G.
      Further, 50 cc. of the said initiator solution was additionally supplied,
      and polymerization for about 5 hours gave about 300 g. of a
      fluoroelastomer as small white granules.
PAC  REFERENCE EXAMPLE 3
PAR  A three liter stainless steel autoclave provided with a magnetic stirrer
      was charged with one liter of deoxidized water and 0.3 g. of
      methylcellulose (50 cps.). After air within the autoclave was thoroughly
      replaced with pure nitrogen gas and then evacuated, the autoclave was
      charged with 300 cc. of 1,1,2-trichloro1,2,2-trifluoroethane, and then
      with 300 g. of a monomer mixture consisting of hexafluoropropene and
      vinylidene fluoride in the molar ratio of 58 : 42. It was maintained at
      30.degree.C. with agitation.
PAR  A 125 cc. tank cooled by dry ice was charged with 50 cc. of 1.97 % solution
      of di(3,5,6-trichloro-2,2,3,4,4,5,6,6-octafluorohexanoyl) peroxide in
      1,1,2-trichloro-1,2,2-trifluoroethane, and the solution was introduced
      into the autoclave by nitrogen pressure to initiate polymerization.
PAR  Another 20 liter stainless steel autoclave was charged with a monomer
      mixture for continuous charging consisting of hexafluoropropene and
      vinylidene fluoride in the molar ratio of 25 : 75 and connected to the
      said autoclave. The monomer mixture was supplied to the autoclave so as to
      maintain the polymerization pressure between 8 and 9 kg./cm..sup.2 G. The
      polymerization was carried out for about 5 hours. Then, the residual
      monomers were purged off to give about 140 g. of a small granular
      fluoroelastomer.
PAC  EXAMPLES 1 to 6
PAR  The vinylidene fluoride-hexafluoropropene-tetrafluoroethylene terpolymer
      copolymerized in the molar ratio of 66.5 : 16.0 : 17.5, which was
      previously obtained by Reference Example 1, was milled by a mixing roll at
      a room temperature, while adding medium thermal carbon, magnesium oxide,
      calcium hydroxide, hydroquinone and
      8-methyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium iodide with the amount
      showed in the following Table 1, in order, and the resultant compounds
      were allowed to stand over night. After milling again, the composition was
      put into a mold and cured at a temperature of 170.degree.C. under a
      pressure of 55 kg./cm..sup.2 G. for a period of 30 minutes to give sheet
      and block, respectively. The resultant was removed out of the mold and
      cured at a temperature of 230.degree.C. for a period of 24 hours (Example
      1).
PAR  Modulus at 100 % elongation, tensile strength, elongation and hardness of
      the obtained fluoro-rubber sheet and compression set of the obtained
      fluoro-rubber block were measured. And further curing test of the
      composition was carried out and stresses after lapse of a fixed time was
      measured by using a Curelasto Meter.
PAR  Moreover the procedure of Example 1 was repeated except that
      8-benzyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride,
      8-ethyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium bromide,
      8-n-dodecyl-1,8diaza-bicyclo[5.4.0]-7-undecenium chloride,
      8-benzyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium hydroxide, respectively,
      were employed instend of 8-methyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium
      iodide (Example 2,3,4,5), that water was further added (Example 6), and
      that N,N'-dicinnamylidene-1,6-hexanediamine was employed as a conventional
      curing agent instead of 8-methyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium
      iodide and hydroquinone (Comparative Example 1). The amount employed and
      the result were shown in the following Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Ingredients                                                               

     Fluoroelas- Magnesium                                                     

                       Medium ther-                                            

                              Calcium hyd-                                     

     tomer       oxide mal carbon                                              

                              roxide Hydroquinone                              

                                            a  b  c  d   e  f  water           

     __________________________________________________________________________

     Ex. 1                                                                     

          100    10    20     4      1      2  -- -- --  -- -- --              

     Ex. 2                                                                     

          100    10    20     2      1      -- 1  -- --  -- -- --              

     Ex. 3                                                                     

          100    10    20     4      1.2    -- -- 1  --  -- -- --              

     Ex. 4                                                                     

          100    10    20     4      1.2    -- -- -- 0.6 -- -- --              

     Ex. 5                                                                     

          100    10    20     6      1      -- -- -- --  1  -- --              

     Ex. 6                                                                     

          100    10    20     --     1      -- 1  -- --  -- -- 1               

     Com.                                                                      

     Ex. 1                                                                     

          100    10    20     --     --     -- -- -- --  -- 3  --              

     __________________________________________________________________________

                                                               3               

     Curing test                 Properties                                    

     1  2  3  4  5  10 20   30   Modulus                                       

                                       Tensile                                 

                                             Elonga-  Compression set          

     min.                                                                      

        min.                                                                   

           min.                                                                

              min.                                                             

                 min.                                                          

                    min.                                                       

                       min. min. at 100 %                                      

                                       strength                                

                                             tion     30.degree.C .times.      

                                                      24hr   200.degree.C      

                                                             .times. 24hr      

     (kg.)                       (kg./cm..sup.2)                               

                                       (kg./cm..sup.2)                         

                                             (%) Hardness                      

                                                      (%)    (%)               

     __________________________________________________________________________

     0.55                                                                      

        0.60                                                                   

           0.65                                                                

              0.70                                                             

                 0.80                                                          

                    2.25                                                       

                       3.20 3.30 71    154   180 77   11     19                

     0.75                                                                      

        0.70                                                                   

           0.70                                                                

              0.70                                                             

                 0.75                                                          

                    1.75                                                       

                       2.90 4.00 85    156   170 80   10     21                

                       (11 min.)                                               

                            (12 min.)                                          

     0.60                                                                      

        0.62                                                                   

           0.75                                                                

              1.02                                                             

                 1.68                                                          

                    5.00                                                       

                       .fwdarw.                                                

                            increase                                           

                                 104   161   170 78   9      16                

     0.60                                                                      

        0.58                                                                   

           0.60                                                                

              0.65                                                             

                 0.75                                                          

                    2.80                                                       

                       4.60 .fwdarw.                                           

                            increase                                           

                                 88    172   170 77   10     18                

     0.45                                                                      

        0.48                                                                   

           0.51                                                                

              0.58                                                             

                 0.61                                                          

                    1.20                                                       

                       2.98 3.20 83    142   180 80   12     20                

     0.50                                                                      

        1.70                                                                   

           2.40                                                                

              3.30                                                             

                 4.60                                                          

                    -- --   --   75    164   170 79   12     23                

     0.55                                                                      

        0.65                                                                   

           1.05                                                                

              1.45                                                             

                 1.80                                                          

                    2.70                                                       

                       3.10 3.20 50    180   290 76   33     35                

     __________________________________________________________________________

      (Note)                                                                   

      a: 8-methyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium iodide                 

      b: 8-benzyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride               

      c: 8-ethyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium bromide                 

      d: 8-n-dodecyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride            

      e: 8-benzyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium hydroxide              

      f: N,N-dicinnamylidene-1,6-hexanediamine                                 

PAR  NOTE
PAR  1. Modulus at 100 % elongation, tensile strength and elongation are
      measured with dumbbell test pieces (No. 3) prepared from the samples of
      cured sheet by using a universal tensile tester (UTM-III type) made by
      Toyo Sokki Kabushiki Kaisha according to the provision of Japanese
      Industrial Standard K 6301  corresponds to ASTM D 412-68.
PAR  2. Hardness is measured by using a hardness tester (Asker J type) made by
      Kobunshi Keiki Kabushiki Kaisha.
PAR  3. Compression set is measured with the test disk samples prepared from the
      samples of cured block, according to the provision to the provision of JIS
      K 6301, as follows: The test samples are kept at 30.degree.C. and
      200.degree.C. under a compression of 25 % for 24 hours, and then allowed
      to stand at a room temperature for 30 minutes for measurement with a
      thickness gauge for rubber of Peacock type made by Kabushiki Kaisha Ozaki
      Seisakusho. Compression set is calculated on the basis of a thickness of
      sample according to the following equation:
      ##EQU1##
      wherein t.sub.0 is thickness (mm.) before compression, t.sub.1 is
      thickness (mm.) after compression and t.sub.2 is thickness (mm.) of
      spacer.
PAR  4. Curing test is carried out with the sample (34 mm. .times. 7 mm. .times.
      2 mm.) by using a Curelasto Meter (JSR-Curelasto Meter No. II Type). The
      test sample is put into a mold chamber and tested under the condition of
      temperature of 180.degree.C., frequency of 6 c./min. and amplitude of
      3.degree., and then stress is measured after the lapse of the fixed time.
PAC  EXAMPLE 7
PAR  The process for curing of Example 1 was repeated for the composition shown
      in the following Table 2, and the curing test was carried out, which
      results are shown in Table 2. FIG. 1 shows the curing curves of Example 7,
      Comparative Examples 2 and 3 recorded by Curelasto Meter.
PAR  As is clear from Table 2 and FIG. 1, the composition including
      8-benzyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride of the present
      invention has an adequate induction period and an excellent processing,
      and can be cured with good cure rate in comparison with the compostions
      including 1,8-diaza-bicyclo[5.4.0]-7-undecene per se and its salts
      (hydrogenchloride and phenol) as Comparative Examples.
PAC  EXAMPLE 8
PAR  The process for curing of Example 1 was repeated for the composition shown
      in the following Table 3 and the curing test was carried out in the same
      manner as in Example 1 except that the temperature was 150.degree.C. The
      results were shown in Table 3. FIG. 2 shows the curing curves of Example 8
      and Comparative Example 5 recorded by Curelasto Meter.
PAR  As is clear from Table 3 and FIG. 2, the cure rate of the composition
      including 8-benzyl-1,8diaza-bicyclo[5.4.0]-7-undecenium chloride of the
      present invention is higher than that of the composition including
      tetradecyldimethylbenzylammonium chloride as Comparative Example.
PAC  EXAMPLES 9 to 11
PAR  Using the fluoroelastomers obtained by Reference Example 1 for Example 9,
      by Reference Example 2 for Example 10 and by Reference Example 3 for
      Example 11, the process for curing of Example 1 was repeated for the
      composition shown in the following Table 4 and the properties of the
      resultant rubber were measured. The results were shown in Table 4.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Ingredients                                                               

     __________________________________________________________________________

     Fluoro-                                                                   

            Magne-                                                             

                Medium                                                         

                     Calcium                                                   

                          Hydro                                                

                              1,8-diaza-bi-                                    

                                     1,8-diaza-bi                              

                                              1,8-diaza-bicy-                  

                                                        8-benzyl-1,8-di-       

     elasto-                                                                   

            sium-                                                              

                thermal                                                        

                     hydr-                                                     

                          qui-                                                 

                              cyclo[5.4.0]-                                    

                                     cyclo[5.4.0]-                             

                                              clo[5.4.0]-7-                    

                                                        aza-bicyclo-           

     mer    oxide                                                              

                carbon                                                         

                     oxide                                                     

                          none                                                 

                              7-undecene                                       

                                     7-undecene hy-                            

                                              undecene phenol                  

                                                        [5.4.0]-7-undece-      

                                     drochloride        nium                   

     __________________________________________________________________________

                                                        chloride               

     Ex. 7                                                                     

        100 10  20   2    1   --     --       --                               

     Com.                                                                      

     Ex. 2                                                                     

        100 10  20   2    1   1      --       --        --                     

     Com.                                                                      

     Ex. 3                                                                     

        100 10  20   2    1   --     1        --        --                     

     Com.                                                                      

     Ex. 4                                                                     

        100 10  20   2    1   --     --       1         --                     

     __________________________________________________________________________

                               Curing test                                     

     __________________________________________________________________________

                               1 min.                                          

                                   1.2 min.                                    

                                         2 min.   3 min.                       

                                                      3.5 min. 4               

     __________________________________________________________________________

                                                               min.            

                                             (kg.)                             

                               0.55                                            

                                   --    0.70     1.60                         

                                                      4.00  .fwdarw.           

                                                               increase        

                                             Scorch                            

                               1.50                                            

                                   4.0   .fwdarw.                              

                                             increase                          

                                             Scorch                            

     __________________________________________________________________________

TBL                                    Table 3                                 

     __________________________________________________________________________

     Ingredients                                                               

     __________________________________________________________________________

     Fluoroelas- Magnesium                                                     

                       Medium ther-                                            

                              Calcium hyd-                                     

                                     Hydroquinone                              

                                            8-benzyl-1,8-di-                   

                                                        tetradecyldimethyl-    

     tomer       oxide mal carbon                                              

                              roxide        aza-bicyclo-                       

                                                        benzylammonium ch-     

                                            [5.4.0]-7-undece-                  

                                                        loride                 

                                            nium chloride                      

     __________________________________________________________________________

     Ex. 8                                                                     

          100    10    20     2      1      1           --                     

     Com.                                                                      

     Ex. 5                                                                     

          100    10    20     2      1      --          1                      

     __________________________________________________________________________

     Curing test                                                               

     __________________________________________________________________________

     1 min.                                                                    

           2 min.                                                              

                 3 min.                                                        

                       4 min.                                                  

                             5 min.                                            

                                   10 min.                                     

                                          11 min.                              

                                                12 min.                        

                                                      20 min.                  

                                                             30                

     __________________________________________________________________________

                                                             min.              

                                   (kg.)                                       

     0.75  0.70  0.70  0.70  0.75  1.75   2.90  4.00  .fwdarw.                 

                                                             increase          

     0.65  0.60  0.60  0.60  0.65  0.70   --    --    1.25   1.25              

     __________________________________________________________________________

TBL                                    Table 4                                 

     __________________________________________________________________________

     Ingredients                                                               

     Fluoroelastomer                                                           

                   Magnesium oxide                                             

                            Medium thermal                                     

                                    Calcium hydr-                              

                                            Hydroquinone                       

                                                   8-benzyl-1,8-di-            

                            carbon  oxide          aza-bicyclo-                

                                                   [5.4.0]-7-undece-           

                                                   nium chloride               

     __________________________________________________________________________

     Ex. 9                                                                     

          100      10       20      2       1      0.8                         

     Ex. 10                                                                    

          100      10       20      2       1      0.8                         

     Ex. 11                                                                    

          100      10       20      2       1      0.8                         

     __________________________________________________________________________

     Properties                                                                

                                           Compression set                     

     Modulus at 100 %                                                          

                 Tensile strength                                              

                            Elongation                                         

                                    Hardness                                   

                                           30.degree.C .times. 24hr            

                                                   200.degree.C .times. 24hr   

     (kg./cm..sup.2)                                                           

                 (kg./cm..sup.2)                                               

                            (%)            (%)     (%)                         

     __________________________________________________________________________

     91          162        160     80     10      21                          

     88          159        170     79     11      23                          

     85          164        150     81     14      23                          

     __________________________________________________________________________

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A fluoroelastomer composition comprising (a) a fluoroelastomer
      copolymer, (b) at least one member selected from the group consisting of
      bivalent metal oxide, bivalent metal hydroxide and mixture of bivalent
      metal oxide or metal hydroxide with metal salt of weak acid, (c) an
      aromatic polyhydroxy compound, and from about 0.2 to 10 parts per 100
      parts by weight of fluoroelastomer copolymer of (d) a quaternary ammonium
      compound having the general formula:
      ##SPC2##
PAL  wherein R is alkyl group having 1 to 24 carbon atoms or aralkyl group
      having 7 to 20 carbon atoms, and X.sup.- is an anion such as halide ion,
      hydroxylate ion, alkoxylate ion, carboxylate ion, phenoxide ion, sulfonate
      ion, sulfate ion, sulfite ion and carbonate ion.
NUM  2.
PAR  2. The composition of claim 1, wherein said quaternary ammonium compound is
      present in an amount of 0.2 to 3 parts by weight to 100 parts by weight of
      fluoroelastomer.
NUM  3.
PAR  3. The composition of claim 1, wherein said quaternary ammonium compound is
      a member selected from the group consisting of
      8-methyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride,
      8-methyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium iodide,
      8-methyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium hydroxide,
      9-methyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium methylsulfate,
      8-ethyl-1,8-diaza-bicyclo-[5.4.0]-7-undecenium bromide,
      8-propyl-1,8-diaza-bicyclo-[5.4.0]-7-undecenium bromide,
      8-dodecyl-1,8-diaza-bicyclo-[5.4.0]-7-undecenium chloride,
      8-dodecyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium hydroxide,
      8-eicosyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride,
      8-tetracosyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride,
      8-benzyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride,
      8-benzyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium hydroxide,
      8-phenethyl-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride and
      8-(3-phenylpropyl)-1,8-diaza-bicyclo[5.4.0]-7-undecenium chloride.
NUM  4.
PAR  4. The composition of claim 1, wherein said (b) ingredient is added in an
      amount of 2 to 30 parts by weight to 100 parts by weight of
      fluoroelastomer.
NUM  5.
PAR  5. The composition of claim 1, wherein said (b) ingredient is added in an
      amount of 5 to 20 parts by weight to 100 parts by weight of
      fluoroelastomer.
NUM  6.
PAR  6. The composition of claim 1, wherein said aromatic polyhydroxy compound
      is added in an amount of 0.5 to 5 parts by weight to 100 parts by weight
      of fluoroelastomer.
NUM  7.
PAR  7. The composition of claim 1, wherein said aromatic polyhydroxy compound
      is added in an amount of 1 to 2 parts by weight to 100 parts by weight of
      fluoroelastomer.
NUM  8.
PAR  8. The composition of claim 1, wherein said polyhydroxy aromatic compound
      is hydroquinone, 2,2-bis(4-hydroxyphenyl)propane,
      2,2-bis(4-hydroxyphenyl)butane or 2,2-bis(4-hydroxyphenyl) per fluoro
      propane.
NUM  9.
PAR  9. The composition of claim 1, wherein said fluoroelastomer is a copolymer
      of vinylidene fluoride and hexafluoropropene.
NUM  10.
PAR  10. The composition of claim 9, wherein said fluoroelastomer is a copolymer
      which composition is in the ratio of vinylidene fluoride and
      hexafluoropropene being 92 : 8 to 66 : 34 by mole.
NUM  11.
PAR  11. The composition of claim 1, wherein said fluoroelastomer is a
      terpolymer of vinylidene fluoride, tetrafluoroethylene and
      hexafluoropropene.
NUM  12.
PAR  12. The composition of claim 11, wherein said fluoroelastomer is a
      terpolymer which composition is in rectangular area formed by the
      following four ratios of vinylidene fluoride, tetrafluoroethylene and
      hexafluoropropene being 85.7 : 5 : 9.3, 59.7 : 5 : 35.3, 28 : 30 : 42 and
      54 : 30 : 16 by mole.
NUM  13.
PAR  13. The composition of claim 1, wherein said fluoroelastomer copolymer is
      an elastomeric copolymer of vinylidene fluoride and at least one other
      fluoroolefin.
NUM  14.
PAR  14. The composition of claim 1, wherein said fluoroelastomer copolymer is
      an elastomeric copolymer of vinylidene fluoride and at least one of the
      members selected from the group consisting of hexafluoropropene,
      pentafluoropropene, trifluoroethylene, trifluorochloroethylene,
      tetrafluoroethylene, vinyl fluoride, perfluoro(methyl vinyl ether) and
      perfluoro(propy vinyl ether).
NUM  15.
PAR  15. A fluoro-rubber obtained by curing the fluoroelastomer composition of
      claim 1.
NUM  16.
PAR  16. A process for preparing fluoro-rubber which comprises milling a
      fluoroelastomer composition comprising (a) a fluoroelastomer copolymer,
      (b) at least one member selected from the group consisting of bivalent
      metal oxide, bivalent metal hydroxide and mixture of bivalent metal oxide
      or metal hydroxide with metal salt of weak acid, (c) an aromatic
      polyhydroxy compound, and from about 0.2 to 10 parts per 100 parts by
      weight of fluoroelastomer copolymer of (d) quaternary ammonium compound
      having a general formula:
      ##SPC3##
PAL  wherein R is alkyl group having 1 to 24 carbon atoms or aralkyl group
      having 7 to 20 carbon atoms, and X.sup.- is an anion such as halide ion,
      hydroxylate ion, alkoxylate ion, carboxylate ion, phenoxide ion, sulfonate
      ion, sulfate ion, sulfite ion and carbonate ion, putting into a mold,
      curing at a temperature of 100.degree. to 200.degree.C. under a pressure
      of 20 to 100 kg./cm..sup.2 for a period of 10 to 180 minutes, removing out
      of the mold and curing at a temperature of 150.degree. to 300.degree.C.
      for a period of 0 to 30 hours in an oven.
NUM  17.
PAR  17. A fluoro-rubber obtained by the process of claim 16.
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ABST
PAL  A process for producing a hydrocarbon resin (C) which comprises
      copolymerizing 100 parts by weight of vinyl aromatic hydrocarbons (A)
      containing more than 80% by weight isopropenyltoluene and from about 5 to
      100 parts by weight of a fraction (B) which is the by-product of cracking
      or refining petroleum and mainly comprising unsaturated hydrocarbons
      having a boiling point ranging from about -15.degree.C to 45.degree.C and
      having 4 to 5 carbon atoms in the presence of a Friedel-Crafts catalyst
      and pressure-sensitive adhesives comprising the hydrocarbon resin produced
      in combination with a rubber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a process of producing a novel hydrocarbon
      resin suitable as a tackifier for pressure-sensitive adhesives. The
      invention also relates to a pressure-sensitive adhesive containing the
      novel hydrocarbon resin produced by the process as a tackifier.
PAR  2. Description of the Prior Art
PAR  Pressure-sensitive adhesives are used for pressure-sensitive adhesive tapes
      or labels by coating the adhesives on base materials such as papers,
      cloths, and plastic films. Such pressure-sensitive adhesives must satisfy
      the following three criteria:
PAR  1. They must be tacky at normal temperature and have a high degree of
      tackiness.
PAR  2. They must have high adhesive strength.
PAR  3. They must have high breaking resistance, that is, high cohesion.
PAR  If adhesives are lacking in any one of the aforesaid three fundamental
      properties, they are not superior as adhesives. In general, as a base for
      pressure-sensitive adhesives, natural rubber or various synthetic rubbers
      are used but since such a rubber itself is insufficient in these
      fundamental properties, the insufficiency is supplemented by the addition
      of a tackifier. The tackifier also must have not only improved rubber-like
      properties but also excellent compatability with rubber, high solubility
      in solvents, good color, high chemical stability, and excellent
      weatherability. A terpene resin has hitherto been used as the most
      excellent tackifier and other resins similar to a terpene resin, such as
      rosin, a derivative of rosin, a cumarone-indene resin, an aromatic
      petroleum resin, and an aliphatic petroleum resin have also bee used for
      this purpose although they are inferior in properties to a terpene resin.
      However, since a terpene resin is prepared by polymerizing the
      .alpha.-pinene, .beta.-pinene, dipentene, etc., present in the volatile
      oils recovered from pine trees or oak trees, that is, is prepared using
      natural materials as a raw material, the supply of the resin is not stable
      and the cost of such a resin is not low.
PAR  Also, it may be possible to provide similar properties to the terpene resin
      to an aromatic petroleum resin by hydrogenating a part or all of the resin
      to an alicyclic structure but for this purpose the hydrogenation must be
      conducted under extreme conditions such as high temperature and high
      pressure and hence on considering these problems in the complicated nature
      of the steps and in the cost of the equipment, it has been difficult to
      obtain such a resin in a low cost.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, conventionally, it has been generally considered to be
      impossible to obtain a tackifier having various excellent properties from
      petroleum resins, in particular from aromatic petroleum resins without
      modifying such resins. However, it has astonishingly been discovered that
      a resin containing isopropenyltoluene as a component thereof has the same
      properties as or superior properties to the properties of a terpene resin
      as a tackifier and based on such a discovery the inventors have succeeded
      in attaining the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Isopropenyltoluene is a known material and can be prepared in accordance
      with the following procedures.
PAR  1. Dehydrogenation of Cymene:
      ##SPC1##
PAL  is dehydrated in the presence of a catalyst such as an oxide of iron,
      copper, chromium, etc. The method and the conditions employed are
      disclosed in Japanese Patent Publication No. 2373/'57.
PAR  2. By-product in Cresol Production:
PAR  Isopropenyltoluene can be obtained as a by-product in the process for
      producing cresol from cymene as disclosed in U.S. Pat. No. 2,628,983.
PAR  3. Dehydration of Tolyldimethylcarbinol
PAR  Further, isopropenyltoluene may be obtained from the dehydration of
      tolyldimethylcarbinol
      ##SPC2##
PAR  As isopropenyltoluene, the ortho isomer, the meta isomer, and the para
      isomer thereof can be used individually or as a mixture of the isomers and
      in particular it is preferable to use a mixture of about 20 to 60% by
      weight of the para isomer, about 40 to 80% by weight of the meta isomer,
      and about 0 to 10% by weight of the ortho isomer. The isopropenyltoluene
      can, of course, be pure but can also contain less than 20% by weight of
      other polymerizable monomer or monomers such as styrene, vinyltoluene, and
      .alpha.-methylstyrene. It should be noted that a resin having desirable
      properties as a tackifier is not obtained if other similar compounds such
      as, for example, styrene, vinyltoluene, and .alpha.-methylstyrene, are
      used in place of isopropenyltoluene.
PAR  The fractions containing unsaturated hydrocarbons having 4 to 5 carbon
      atoms (hereinafter, for brevity such fractions are designated "C.sub.4
      -C.sub.5 fractions" in this specification), which are by-products in the
      refining and cracking petroleum, are fractions having a boiling point
      ranging from about -15.degree.C to +45.degree.C and contain such
      polymerizable monomers as 1-butene, isobutylene, 2-butene, 1,3-butadiene
      1-pentene, 2-methyl-1-butene, 3-methyl-1-butene, 2-pentene, isoprene,
      1,3-pentadiene, cyclopentadiene, etc. The composition of the C.sub.4
      -C.sub.5 fraction generally is as follows:
     Component                 % by weight                                     

     ______________________________________                                    

     C.sub.3 --Hydrocarbons    0 to 3                                          

     Butene                    20 to 50                                        

      (1-Butene, cis and trans 2-Butene,                                       

      Isobutene)                                                               

     Butadiene                 10 to 30                                        

     Pentene                   0 to 7                                          

     Cyclopentene              0 to 3                                          

     Cyclopentadiene           2 to 8                                          

     Isoprene                   2 to 10                                        

     2-Methyl-1-butene         1 to 7                                          

     2-Methyl-2-butene         1 to 5                                          

     1,3-Pentadiene            1 to 8                                          

     C.sub.4 to C.sub.5 paraffins                                              

                               10 to 25                                        

      (for example, n-butane,                                                  

      isobutane, n-pentane, etc.)                                              

     Others                    0 to 5                                          

     ______________________________________                                    

PAR  In the present invention, not only fractions containing the polymerizable
      monomers selected from the C.sub.4 -C.sub.5 fractions, that is, the
      C.sub.4 -C.sub.5 fractions, but also a C.sub.4 fraction, a C.sub.4
      fraction from which butadiene has been removed, a C.sub.5 fraction, a
      C.sub.5 fraction from which isoprene has been removed, and a C.sub.5
      fraction from which cyclopentadiene has been removed can be used. The
      C.sub.4 fraction composition generally is as follows:
TBL         Component        % by weight                                       

     ______________________________________                                    

     C.sub.3 --Hydrocarbons  0 to 3                                            

     Butene                  40 to 65                                          

      (isobutene, 1-butene, trans                                              

      and cis 2-butene)                                                        

     Butadiene               30 to 55                                          

     C.sub.4 --Paraffins     1 to 8                                            

      (such as n-butane, isobutane)                                            

     ______________________________________                                    

PAR  The C.sub.4 fraction after butadiene removal generally has the following
      composition:
TBL         Component           % by weight                                    

     ______________________________________                                    

     C.sub.3 --Hydrocarbons     0 to 2                                         

     Isobutane and n-Butane      3 to 15                                       

     1-Butene                   20 to 33                                       

     Isobutene (Isobutylene)    35 to 55                                       

     trans- and cis-2-Butene    10 to 28                                       

     1,3-Butadiene              0 to 2                                         

     ______________________________________                                    

PAR  The C.sub.5 fraction generally has the following composition:
TBL  Component               % by weight                                       

     ______________________________________                                    

     Pentene (1-pentene, cis and                                               

                             3 to 20                                           

      trans-2-pentene)                                                         

     2-Methyl-1-butene       5 to 15                                           

     2-Methyl-2-butene       1 to 10                                           

     1,3-Pentadiene (cis and trans)                                            

                             4 to 16                                           

     Isoprene                5 to 20                                           

     Cyclopentadiene         2 to 12                                           

     3-Methyl-1-butene       0 to 2                                            

     C.sub.5 --Paraffins (such as n-pentane,                                   

                             5 to 30                                           

      isopentane)                                                              

     C.sub.4 and C.sub.6 Paraffins and Olefins                                 

                             0 to 5                                            

     ______________________________________                                    

PAR  The composition for the C.sub.5 fraction after isoprene removal generally
      is as follows:
TBL  Component               % by weight                                       

     ______________________________________                                    

     Pentene (1-pentene, cis and                                               

                             5 to 25                                           

      trans 2-pentene)                                                         

     2-Methyl-1-butene       3 to 14                                           

     2-Methyl-2-butene       2 to 11                                           

     1,3-Pentadiene          7 to 20                                           

     Cyclopentadiene         2 to 10                                           

     3-Methyl-1-butene       0 to 3                                            

     Isoprene                0 to 5                                            

     C.sub.5 --Paraffins (such as n-pentane,                                   

                             15 to 45                                          

      isopentane)-C.sub.4 and C.sub.6 Paraffins and Olefins                    

                             3 to 8                                            

     ______________________________________                                    

PAR  The general composition of the C.sub.5 fraction after cyclopentadiene
      removal is as follows:
TBL  Component               % by weight                                       

     ______________________________________                                    

     Pentene (1-pentene, cis and                                               

                             5 to 25                                           

      trans 2-pentene)                                                         

     2-Methyl-1-butene       4 to 14                                           

     2-Methyl-2-butene       2 to 10                                           

     1,3-Pentadiene          8 to 20                                           

     3-Methyl-1-butene       0 to 3                                            

     Isoprene                8 to 24                                           

     Cyclopentadiene         0 to 3                                            

     C.sub.5 --Paraffins (such as n-pentane,                                   

                             15 to 45                                          

      isopentane)                                                              

     C.sub.4 and C.sub.6 Paraffins and Olefins                                 

                             0 to 2                                            

     ______________________________________                                    

PAR  These above described fractions are copolymerized with 100 parts by weight
      of isopropenyltoluene in a proportion of 5 to 100, preferably 10 to 50,
      parts by weight. If the proportion of the fractions is not in the
      aforesaid range, a resin having satisfactory properties as a tackifier is
      not obtained.
PAR  The catalyst used for the copolymerization is the so-called Friedel-Crafts
      catalyst, such as aluminum trichloride, aluminum tribromide,
      dichloromonoethyl aluminum, titanium tetrachloride, tin chloride, boron
      trifluoride, and various complex compounds of boron trifluoride such as
      boron trifluoride-phenol complex, boron trifluoride-ethanol complex, boron
      trifluoride-ether complex and the like, especially, boron
      trifluoride-phenol complex and boron trifluoride-ethanol complex. The
      amount of the catalyst is usually about 0.1 to 3.0% by weight, preferably
      0.5 to 1.5% by weight, to the amount of the raw materials.
PAR  At copolymerization, the saturated hydrocarbons contained in the C.sub.4
      -C.sub.5 fractions can be used as a solvent therefor in situ but for
      removing the heat of reaction and controlling the viscosity of the
      reaction system, it is preferable to adjust the initial concentration of
      the polymerizable monomers 30 about 30 to 50% by weight using a solvent.
      Examples of appropriate solvents which can be used for this purpose are
      aliphatic hydrocarbons such as pentane, hexane, heptane, octane, etc.;
      alicyclic hydrocarbons such as cyclopentane, cyclohexane,
      methylcyclohexane, etc.; aromatic hydrocarbons such as toluene, xylene,
      ethylbenzene, mesitylene, etc.; and mixtures of the above-mentioned
      solvents.
PAR  The polymerization temperature depends upon the composition of the raw
      materials but is generally in the range of from about -50.degree.C to
      +50.degree. C, preferably -20.degree. to +10.degree.C. The polymerization
      can be conducted in a batch system or a continuous system. Furthermore,
      the polymerization can be conducted as a multi-step polymerization as
      disclosed in U.S. Pat. Nos. 2,775,576, 2,894,937 and 3,379,663, employing
      the processing parameters hereindisclosed, the polymerization time usually
      is about 1 to 5 hours, more generally 2 to 4 hours, and the progress and
      completion of the polymerization can be determined using gas
      chromatography based on the amount of isopropenyltoluene remaining.
PAR  An aqueous alkali or an alcohol such as methanol is generally added to the
      reaction liquid obtained when the polymerization is completed to decompose
      and deactivate the catalyst and then the reaction product treated with the
      alkali or alcohol is washed with water or water containing a small amount
      of an alcohol. The unreacted materials, solvents, etc., are then stripped
      by heating or heating under reduced pressure, whereby the desired resin
      can be obtained. Generally, the unreacted materials, solvent, etc. are
      stripped by heating and then flashed under reduced pressures, e.g., 5 to
      100 mmHg at high temperatures, e.g., 150.degree. to 200.degree.C, in order
      to complete the stripping.
PAR  The resin thus obtained by the process of this invention has the following
      characteristics:
TBL  (a)  Softening Point  :     about 30 to 140.degree.C                      

          (ring and ball method) (preferably 70 to -(b) Bromine                

                                 Value : 120.degree.C) 3 to 20                 

     (c)  Mean Molecular Weight                                                

                           :     about 500 to 1,200                            

     (d)  Hue              :     Gardner Value 1 to 5                          

     (e)  Other Properties :     Volatile Components -   less than 3%          

                                 -   (resulting in a lack of                   

                                 an offensive odor)                            

PAR  The hydrocarbon resin containing an isopropenyltoluene group obtained by
      the process of this invention can be used as a tackifier and for other
      various purposes but in particular it is useful as a tackifier for
      pressure-sensitive adhesives.
PAR  The pressure-sensitive adhesives of this invention can be prepared by
      blending the resin produced by the above-described process with a rubber
      material such as natural rubber, a styrene-butadiene copolymer rubber,
      polybutadiene, polyisoprene, polyisobutylene, a butyl rubber,
      polychloroprene, a butadiene-acrylonitrile copolymer rubber, a polyvinyl
      ether, and the like, especially natural rubber, a styrene-butadiene
      copolymer rubber and polyisoprene rubber. The blend ratio of the aforesaid
      resin is usually about 50 to 150, preferably 30 to 100, parts by weight
      per 100 parts by weight of the rubber material.
PAR  The pressure-sensitive adhesives of this invention can contain, in addition
      to the aforesaid resin, a plasticizer such as process oil, polybutene,
      dioctylphthalate (DOP) and dibutylphthalate (DBP), a filler such as
      calcium carbonate (CaCO.sub.3), zinc oxide (ZnO) and titanium dioxide
      (TiO.sub.2), a pigment such as zinc oxide (ZnO), an antioxidant (or
      antiozonate) such as 2,6-di-tert.-butyl-p-cresol,
      2,5-di-tert.-butyl-hydroquinone (DBH) and
      2,2'-methylene-bis-(4-methyl-6-tert.-butyl phenol) (W-400), a stabilizer,
      etc.
PAR  The blending operation can be conducted in a conventional manner such as
      using a blending roll or in an appropriate solvent.
PAR  More particularly the pressure-sensitive adhesives of the invention can be
      prepared using the following two approaches.
PAR  1. Solvent Type
PAR  A rubber is dissolved in a solvent and the resin of this invention along
      with optional components such as a tackifier resin (hydrocarbon resin), a
      plasticizer, a filler, an antioxidant, etc. are then added to the above
      solution followed by mixing at a temperature of room temperature to
      50.degree.C for 5 to 25 hours. Suitable examples of solvents which can be
      used in this process are aromatic hydrocarbons such as benzene, toluene,
      xylene, etc., aliphatic hydrocarbons such as pentane, hexane, heptane,
      etc., halogenated aliphatic hydrocarbons such as trichlene, perclene,
      etc., and the like.
PAR  2. Solvent-free Type
PAR  A composition containing the resin of this invention and a rubber and
      optionally, a plasticizer, a filler, an antioxidant, etc. is mixed at a
      temperature of 80.degree. to 150.degree.C for 0.5 to 3 hours using a
      Bumbury mixer, an open roll, etc.
PAR  The pressure-sensitive adhesives of this invention thus prepared are
      superior in tackiness, adhesive strength, and cohesion and can provide
      high quality adhesive tapes and labels upon coating on base materials such
      as papers, cloths, plastic films, etc.
PAR  Now, the present invention will be further illustrated in and by the
      following examples. Unless otherwise indicated, all parts, percents,
      ratios and the like are by weight.
PAC  EXAMPLE 1
PAR  In an autoclave were charged 100 g of isopropenyltoluene of a purity of
      99.2% obtained by distillation from the acid decomposition products of
      cymenehydroperoxide in the process of producing cresol by a cymene process
      as disclosed in U.S. Pat. No. 2,628,983, 10 g of the C.sub.4 -C.sub.5
      fraction having a boiling point of -15.degree. to +45.degree.C and
      containing unsaturated hydrocarbons obtained by the thermal cracking of
      petroleum naphtha, and 150 g of toluene and then while maintaining the
      reaction mixture at about 0.degree.C with stirring, 1.5 g of a complex
      compound of BF.sub.3 and phenol was added dropwise to the mixture over a
      period of about 10 minutes. Thereafter, the reaction system was further
      stirred for 3 hours. Then, after adding 50 ml of a 5% aqueous solution of
      sodium hydroxide to the reaction product, the mixture was stirred
      vigorously for 30 minutes to decompose the catalyst and then an aqueous
      layer formed was removed. The polymer oil thus obtained was washed with
      water until the oil became neutral and the unreacted oils and the solvent,
      toluene were distilled off to provide 105 g of a light yellow resin chunks
      as a residue.
PAR  The compositions of the raw materials used in this example and the
      properties of the resin thus prepared were as follows:
TBL  Composition of Isopropenyltoluene:                                        

     ortho-Isopropenyltoluene   5.3%                                           

     meta-Isopropenyltoluene    60.4%                                          

     para-Isopropenyltoluene    33.5%                                          

     Cymene                     0.8%                                           

     Composition of the C.sub.4 --C.sub.5 Fraction:                            

     C.sub.3 -Hydrocarbons      1.5%                                           

     Isobutane                  0.4%                                           

     n-Butane                   1.3%                                           

     1-Butene                   10.5%                                          

     Isobutylene                19.8%                                          

     trans-2-Butene             8.7%                                           

     cis-2-Butene               4.4%                                           

     1,3-Butadiene              20.9%                                          

     n-Pentane                  5.1%                                           

     Isoprene                   5.6%                                           

     1,3-Pentadiene             2.8%                                           

     Cyclopentadiene            3.1%                                           

     Other Fractions (boiling points                                           

                                15.9%                                          

      lower than 80.degree.C)                                                  

PAR  Properties of the Resin:
PAR  Hue of 3 (Gardner, ASTM D 154-58), softening point of 92.degree.C (by the
      ring and ball test), mean molecular weight of 730, and bromine value of 6
      (ASTM D 1158-57).
PAR  Then, an adhesive was prepared by mixing 24 g of the resin thus obtained,
      30 g of natural rubber (RSS No. 1 Mooney viscosity ML.sub.1-4
      (100.degree.C) 76), and 250 g of toluene.
PAC  EXAMPLE 2
PAR  By following the same polymerization and post treatment as described in
      Example 1 except that the amount of the C.sub.4 -C.sub.5 fraction employed
      was 50 g and the reaction temperature was -20.degree.C, 126 g of a resin
      having the properties of a hue of 3, a softening point of 108.degree.C, a
      mean molecular weight of 870, and a bromine value of 22 was obtained.
PAR  An adhesive was also prepared in the same way as described in Example 1
      using the resin thus obtained.
PAC  EXAMPLE 3
PAR  By following the same polymerization and post treatment as described in
      Example 1 except that the amount of the C.sub.4 -C.sub.5 fraction was 80 g
      and the reaction temperature was -35.degree.C, 133 g of a resin having the
      properties of a hue of 3, a softening point of 81.degree.C, a mean
      molecular weight of 940, and a bromine value of 27 was obtained.
PAR  An adhesive was also prepared in the same way as described in Example 1
      using the resin thus obtained.
PAC  COMPARISON EXAMPLE 1
PAR  By following the same polymerization and post treatment as described in
      Example 1 except that the amount of the C.sub.4 -C.sub.5 fraction was 120
      g and the reaction temperature was -45.degree.C, 141 g of a resin having
      the properties of hue of 4, a softening point of 83.degree.C, a mean
      molecular weight of 1130, and a bromine value of 35 was obtained.
PAC  COMPARISON EXAMPLE 2
PAR  In a flask were charged 100 g of isopropenyltoluene having the same
      composition as described in Example 1 and 150 g of toluene and while
      maintaining the reaction system at 5.degree.C under stirring, 1 g of a
      complex compound of BF.sub.3 and phenol was added dropwise to the reaction
      system over a period of about 10 minutes. Thereafter, the mixture was
      further stirred for 3 hours. Then, by conducting the post treatment as
      described in Example 1, 98 g of a resin having the properties of a hue of
      1, a softening point of 97.degree.C, a mean molecular weight of 670, and a
      bromine value of 1 was obtained.
PAR  An adhesive was prepared in the same way as described in Example 1 using
      the resin thus obtained.
PAC  EXAMPLE 4
PAR  A mixture of 100 g of isopropenyltoluene having the same composition as
      described in Example 1 and 60 g of the C.sub.5 fraction having a boiling
      point of 30.degree. to 45.degree.C obtained in the thermal cracking of
      petroleum naphtha was added dropwise to a flask containing 2 g of
      anhydrous aluminum chloride and 150 g of toluene at 30.degree.C with
      stirring over a period of about 10 minutes. Then, after adding 50 ml of
      methanol and 100 ml of water to the reaction product, the mixture was
      stirred vigorously for 30 minutes to decompose the catalyst and then an
      aqueous layer which formed was removed. The polymer oil thus obtained was
      washed with water until the product became neutral and the unreacted
      materials and the solvent, toluene were distilled off, whereby 122 g of a
      resin having the properties of a hue of 6, a softening point of
      90.degree.C, a mean molecular weight of 910, and a bromine value of  25
      was obtained.
PAR  An adhesive was prepared in the same way as described in Example 1 using
      the resin thus obtained.
PAR  The composition of the C.sub.5 fraction used in this example was as
      follows:
     C.sub.4 -Hydrocarbons     0.4%                                            

     3-Methyl-1-butene and Isopentane                                          

                               12.0%                                           

     n-Pentane                 17.2%                                           

     1-Pentene                 4.8%                                            

     2-Methyl-1-butene         7.2%                                            

     trans-2-Pentene           3.1%                                            

     cis-2-Pentene             1.8%                                            

     2-Methyl-2-butene         3.5%                                            

     Isoprene                  14.7%                                           

     trans-1,3-Pentadiene      6.7%                                            

     cis-1,3-Pentadiene        2.4%                                            

     Cyclopentadiene           9.3%                                            

     Other Fractions (boiling points                                           

                               17.3%                                           

      lower than 80.degree.C)                                                  

PAC  EXAMPLE 5
PAR  By following the same polymerization and post treatment as described in
      Example 4 except that a C.sub.5 fraction having the same composition as
      described in Example 4 from which, however, the cyclopentadiene had been
      removed by heat treatment and distillation thereof (for brevity, such a
      fraction is designated a "cyclopentadiene-removed C.sub.5 fraction") was
      used in place of the C.sub.5 fraction and the reaction temperature was
      10.degree.C, 117 g of a resin having the properties of a hue of 4, a
      softening point of 93.degree.C, a mean molecular weight of 960, and a
      bromine value of 23 was obtained.
PAR  An adhesive was also prepared in the same way as described in Example 1
      using the resin thus obtained.
PAR  In addition, the composition of the cyclopentadiene-removed C.sub.5
      fraction used in this example was as follows:
TBL  C.sub.4 -Hydrocarbons     0.3%                                            

     3-Methyl-1-butene and Isopentane                                          

                               13.5%                                           

     n-Pentane                 21.4%                                           

     1-Pentene                 5.7%                                            

     2-Methyl-1-butene         8.4%                                            

     trans-2-Pentene           3.9%                                            

     cis-2-Pentene             2.2%                                            

     2-Methyl-2-butene         4.4%                                            

     Isoprene                  16.3%                                           

     trans-1,3-Pentadiene      8.3%                                            

     cis-1,3-Pentadiene        2.4%                                            

     Cyclopentadiene           0.8%                                            

     Others                    12.4%                                           

PAC  EXAMPLE 6
PAR  By following the same polymerization and post treatment as described in
      Example 4 except that the C.sub.5 fraction from which the isoprene had
      been removed by extraction (for brevity, such a fraction is designated an
      "isoprene-removed C.sub.5 fraction") was used in place of the C.sub.5
      fraction and the reaction temperature was -10.degree.C, 114 g of a resin
      having the properties of a hue of 4, a softening point of 88.degree.C, a
      mean molecular weight of 990, and a bromine value of 26 was obtained.
PAR  An adhesive was also prepared in the same way as described in Example 1
      using the resin thus obtained.
PAR  In addition, the composition of the isoprene-removed C.sub.5 fraction used
      in this example was as follows:
TBL  C.sub.4 -Hydrocarbons     5.4%                                            

     3-Methyl-1-butene and Isopentane                                          

                               15.4%                                           

     n-Pentane                 22.4%                                           

     1-Pentene                 4.0%                                            

     2-Methyl-1-butene         7.6%                                            

     trans-2-Pentene           2.7%                                            

     cis-2-Pentene             1.5%                                            

     2-Methyl-2-butene         2.9%                                            

     Isoprene                  3.9%                                            

     trans-1,3-Pentadiene      8.4%                                            

     cis-1,3-Pentadiene        3.5%                                            

     Cyclopentadiene           2.2%                                            

     Others                    20.4%                                           

PAC  EXAMPLE 7
PAR  In an autoclave were charged 150 g of hexane and 2 g of anhydrous aluminum
      chloride and while maintaining the mixture at -5.degree.C with stirring, a
      mixture of 100 g of isopropenyltoluene having the same composition as
      described in Example 1 and 30 g of a fraction containing unsaturated
      hydrocarbons having boiling points of -15.degree.C to +20.degree.C and
      containing mainly 4 carbon atoms (hereinafter, for brevity the fraction is
      designated a "C.sub.4 fraction") obtained by the thermal cracking of
      petroleum naphtha was added dropwise to the mixture in the autoclave over
      a period of about 10 minutes. Thereafter, the reaction system was further
      stirred for 3 hours. Then, after adding to the reaction product, 50 ml of
      methanol and 100 ml of water, the mixture was stirred vigorously for 30
      minutes to decompose the catalyst and an aqueous layer which formed was
      removed from the system. The polymer oil thus obtained was washed with
      water until the product became neutral and then the unreacted materials
      and the solvent, hexane, were distilled off, whereby 118 g of a resin
      having the properties of a hue of 2, a softening point of 103.degree.C, a
      mean molecular weight of 810, and a bromine value of 13 was obtained.
PAR  An adhesive was also prepared in the same way as described in Example 1
      using the resin thus obtained.
PAR  In addition, the composition of the C.sub.4 fraction used was as follows:
TBL  C.sub.3 -Hydrocarbons  0.2%                                               

     Isobutane              0.5%                                               

     n-Butane               3.0%                                               

     1-Butene               9.4%                                               

     Isobutylene            26.4%                                              

     trans-2-Butene         4.6%                                               

     cis-2-Butene           3.3%                                               

     1,3-Butadiene          52.3%                                              

     Others                 0.3%                                               

PAC  EXAMPLE 8
PAR  By following the same polymerization and post treatment as described in
      Example 7 except that the C.sub.4 fraction having the same composition as
      described in Example 7 from which, however, butadiene had been removed by
      extraction was used in place of the C.sub.4 fraction (for brevity, such a
      fraction is designated a "butadiene-removed C.sub.4 fraction") and the
      reaction temperature was -40.degree.C, 109 g of a resin having the
      properties of a hue of 2, a softening point of 83.degree.C, a mean
      molecular weight of 880, and a bromine value of 4 was obtained.
PAR  An adhesive was prepared in the same way as described in Example 1 using
      the resin thus obtained.
PAR  In addition, the composition of the butadiene-removed C.sub.4 fraction was
      as follows:
TBL  C.sub.3 -Hydrocarbons  0.3%                                               

     Isobutane              2.0%                                               

     n-Butane               9.0%                                               

     1-Butene               24.2%                                              

     Isobutylene            48.6%                                              

     trans-2-Butene         8.2%                                               

     cis-2-Butene           5.1%                                               

     1,3-Butadiene          1.0%                                               

     Others                 0.6%                                               

PAC  COMPARISON EXAMPLE 3
PAR  In an autoclave were charged 100 g of styrene of 99.9% in purity, 50 g of a
      C.sub.4 -C.sub.5 fraction having the same composition as described in
      Example 1, and 150 g of toluene and while maintaining the reaction system
      at -25.degree.C with stirring, 1.5 g of a complex compound of BF.sub.3 and
      phenol was added dropwise to the mixture over a period of about 10 minutes
      and thereafter the mixture was further stirred for 3 hours. Then, by
      subjecting the reaction product to the post treatment as described in
      Example 1, 120 g of a resin having the properties of a hue of 3, a
      softening point of 101.degree.C, a mean molecular weight of 1230, and a
      bromine value of 20 was obtained.
PAR  An adhesive was also prepared in the same way as described in Example 1
      using the resin thus obtained.
PAC  COMPARISON EXAMPLE 4
PAR  By following the same polymerization and post treatment as described in
      Example 3 except that .alpha.-methylstyrene of a purity of 99.8% was used
      in place of styrene and the reaction temperature was -10.degree.C, 124 g
      of a resin having the properties of a hue of 3, a softening point of
      97.degree.C, a mean molecular weight of 860, and a bromine value of 23 was
      obtained.
PAR  An adhesive was also prepared in the same way as described in Example 1
      using the resin thus obtained.
PAC  COMPARISON EXAMPLE 5
PAR  By following the same polymerization and post treatment as described in
      Comparison Example 3 except that vinyltoluene (having a purity of 99.3%
      and consisting of 59.3% m-vinyltoluene, 40.1% p-vinyltoluene, and 0.6%
      o-vinyltoluene) was used in place of styrene and the reaction temperature
      was -30.degree.C, 122 g of a resin having the properties of a hue of 3, a
      softening point of 104.degree.C, a mean molecular weight of 1410, and a
      bromine value of 22 was obtained.
PAR  An adhesive was also prepared in the same way as described in Example 1
      using the resin thus obtained.
PAC  COMPARISON EXAMPLE 6
PAR  An adhesive was prepared in the same way as described in Example 1 using
      Piccolite S-100 (trade name of a terpene resin produced by Pennsylvania
      Industrial Chemical Corp., U.S.A., having a softening point of
      100.degree.C).
PAR  Each of the adhesives prepared in the aforesaid examples or comparison
      examples was coated on a kraft paper using an applicator and after drying
      for 20 minutes at 100.degree.C, the coated paper was allowed to stand for
      8 hours at a constant temperature to provide an adhesive tape. The
      thickness of the adhesive layer of the adhesive tape was 40 .+-. 3
      microns. The adhesive tape was subjected to the following evaluations
      described hereinafter.
PAC  COMPARISON EXAMPLE 7
PAR  In an autoclave, 0.8 g of aluminum chloride was suspended in 20 ml of
      toluene and 100 g of a C.sub.4-C.sub.5 fraction as described in Example 1
      was added thereto followed by polymerization at a temperature of
      50.degree.C for three hours. The catalyst was then decomposed by addition
      of 300 ml of a 5% aqueous sodium hydroxide solution and washed with water
      to remove unreacted materials and the solvent (toluene). 57 g of a resin
      was thus obtained as a residue. The resin had a hue of 7 (Gardner), a
      softening point of 93.degree.C, a mean molecular weight of 1730, and a
      bromine value of 36.
PAR  An adhesive was also prepared in the same was as described in Example 1
      using the resin thus obtained.
PAR  1. Tackiness (J. Dow Rolling Ball Method):
PAR  An adhesive tape having a width of 10 cm and a length of 30 cm was
      supported on a stand for the tackiness test, which had been set at an
      angle of 30.degree. to the horizontal, with the opposite surface of the
      tape to the adhesive layer bearing surface facing the stand. Then a
      parchment paper was attached to the adhesive paper thus supported at a
      tape portion 15 cm from the upper end. Various steel balls having
      diameters ranging from 1/32 inch to 1 inch and differing from each other
      by 1/32 of an inch rolled from the position were rolled from a position on
      the parchment paper 10 cm up from the lower end of the parchment paper.
      The tackiness was expressed by the value obtained by multiplying the
      maximum diameter of the steel ball stopped on the adhesive layer of the
      adhesive tape within 10 cm down from the lower end of the parchment paper
      by 32 (ball No.). Thus, the higher is the value, the larger is the
      tackiness.
PAR  2. Adhesive Strength (180.degree. Stripping Method):
PAR  The test was conducted according to the method described in JIS Z 1523.
PAR  3. Cohesion (0.degree. Holding Strength Test):
PAR  An adhesive tape having a width of 25 mm was attached to a stainless steel
      plate of an area of 15 mm .times. 25 mm. The stainless steel plate having
      the adhesive tape was fixed above, a load of one kg was applied to the
      lower end of the adhesive tape attached to the plate, and then the
      distance which the tape had slipped after one hour was measured. Thus, the
      cohesion is higher with a shorter distance of slipping.
PAR  The results obtained are shown in the following table.
TBL                Table 1                                                     

     ______________________________________                                    

     Adhesives  Tackiness Adhesive Strength                                    

                                         Cohesion                              

                (ball No.)                                                     

                          (g/25 mm width)                                      

                                         (mm)                                  

     ______________________________________                                    

     Example 1  23        1050           0.2                                   

     Example 2  22        1090           0.2                                   

     Example 3  20        970            0.3                                   

     Example 4  21        1040           0.2                                   

     Example 5  20        1100           0.3                                   

     Example 6  20        1010           0.4                                   

     Example 7  22        1130           0.2                                   

     Example 8  24        1240           0.2                                   

     Comparison                                                                

     Example   1                                                               

                11        650            0.7                                   

     Comparison                                                                

     Example 2   8        510            0.2                                   

     Comparison                                                                

     Example 3   5        230            0.2                                   

     Comparison                                                                

     Example 4   6        350            0.2                                   

     Comparison                                                                

     Example 5   3        110            0.3                                   

     Comparison                                                                

     Example 6  20        950            1.0                                   

     Comparison                                                                

     Example 7   4        450            0.4                                   

     ______________________________________                                    

PAR  From the above results it can be understood that the adhesives of the
      present invention are excellent in tackiness, adhesive strength, and
      cohesion as compared with even the adhesive prepared in Comparison Example
      6 using the terpene resin.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a hydrocarbon resin (C) which comprises
      copolymerizing 100 parts by weight of vinyl aromatic hydrocarbons (A)
      comprising about 80 to 100% by weight isopropenyltoluene and 0 to 20% by
      weight vinyl aromatic hydrocarbons having 8 to 9 carbon atoms and from
      about 5 to 100 parts by weight of a fraction (B) having a boiling point
      range from about -15.degree.C to 45.degree.C and comprising a major
      proportion by weight of unsaturated hydrocarbons having 4 to 5 carbon
      atoms, which is the by-product in the refining or cracking of petroleum,
      in the presence of a Friedel-Crafts catalyst.
NUM  2.
PAR  2. The process for producing the hydrocarbon resin (C) as claimed in claim
      1, wherein said by-product fraction (B) is a fraction having a boiling
      point range from about 30.degree.C to 45.degree.C and comprising a major
      portion by weight of unsaturated hydrocarbons having 5 carbon atoms.
NUM  3.
PAR  3. The process for producing the hydrocarbon resin (C) as claimed in claim
      1, wherein said by-product fraction (B) is a fraction having a boiling
      point range from about -15.degree.C to 15.degree.C and comprising a major
      portion by weight of unsaturated hydrocarbons having 4 carbon atoms.
NUM  4.
PAR  4. The process for producing the hydrocarbon resin (C) as claimed in claim
      1, wherein said vinyl aromatic hydrocarbon having 8 to 9 carbon atoms is
      selected from the group consisting of styrene, vinyltoluene,
      .alpha.-methylstyrene and a mixture thereof.
NUM  5.
PAR  5. The process for producing the hydrocarbon resin (C) as claimed in claim
      1, wherein said component (A) is isopropenyltoluene.
NUM  6.
PAR  6. The process for producing the hydrocarbon resin (C) as claimed in claim
      1, wherein said component (A) is copolymerized with said component (B) in
      the presence of a solvent selected from the group consisting of an
      aliphatic hydrocarbon, an alicyclic hydrocarbon and an aromatic
      hydrocarbon.
NUM  7.
PAR  7. The process for producing the hydrocarbon resin (C) as claimed in claim
      6, wherein said solvent is selected from the group consisting of aliphatic
      hydrocarbons having 5 to 8 carbon atoms, alicyclic hydrocarbons having 5
      to 7 carbon atoms, and aromatic hydrocarbons having 7 to 9 carbon atoms.
NUM  8.
PAR  8. The process for producing the hydrocarbon resin (C) as claimed in claim
      6, wherein said solvent is toluene or xylene.
NUM  9.
PAR  9. The process for producing the hydrocarbon resin (C) as claimed in claim
      1, wherein the polymerization of said components (A) and (B) is conducted
      at a temperature ranging from about -50.degree.C to 50.degree.C.
NUM  10.
PAR  10. The process for producing the hydrocarbon resin (C) as claimed in claim
      1, wherein said Friedel-Crafts catalyst is selected from the group
      consisting of aluminum chloride, aluminum bromide, dichloromonoethyl
      aluminum, titanium tetrachloride, tin tetrachloride, boron trifluoride,
      and a complex compound of boron trifluoride.
NUM  11.
PAR  11. The process for producing the hydrocarbon resin (C) as claimed in claim
      10, wherein said complex compound is a complex compound of boron
      trifluoride and phenol or a complex compound of boron tifluoride and
      ethanol.
NUM  12.
PAR  12. The process for producing the hydrocarbon resin (C) as claimed in claim
      1, wherein the amount of said Friedel-Crafts catalyst is about 0.1 to 3%
      by weight of the total amount of said component (A) and component (B).
NUM  13.
PAR  13. The process for producing the hydrocarbon resin (C) as claimed in claim
      1, wherein the amount of said Friedel-Crafts catalyst is about 0.5 to 1.5%
      by weight of the total amount of said component (A) and component (B).
NUM  14.
PAR  14. A process for producing a hydrocarbon resin having a softening point of
      30.degree.C to 140.degree.C which comprises copolymerizing 100 parts by
      weight of isopropenyltoluene (A) and 10 to 50 parts by weight of a
      by-product fraction (B) produced in cracking or refining petroleum and
      having a boiling point ranging from about -15.degree.C to 45.degree.C, and
      comprising a major proportion by weight of unsaturated hydrocarbons having
      4 to 5 carbon atoms, at temperatures of -20 to 10.degree.C in the presence
      of a complex compound of boron trifluoride and phenol in an amount of
      about 0.1 to 1.5% by weight of the total amount of said components (A) and
      (B) and toluene.
NUM  15.
PAR  15. A hydrocarbon resin having a softening point of about 30.degree.C to
      140.degree.C, and a bromine value of 3 to 20 produced by the process as
      claimed in claim 1.
NUM  16.
PAR  16. A hydrocarbon resin having a softening point of about 30.degree.C to
      140.degree.C, and a bromine value of 3 to 20 produced by the process as
      claimed in claim 14.
NUM  17.
PAR  17. The hydrocarbon resin of claim 15 having a Gardner value of 1 to 5.
NUM  18.
PAR  18. The hydrocarbon resin of claim 16 having a Gardner value of 1 to 5.
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ABST
PAL  Treatment of conjugated diene homo and copolymers with a mixture of an
      organolithium compound and N,N,N',N'-tetramethylalkylenediamine reduces
      inherent viscosity of the polymers.
BSUM
PAR  This invention relates to treating conjugated diene polymers in order to
      reduce their inherent viscosity. In another aspect the invention relates
      to treating such polymers to increase gel formation therein. In still
      another aspect, it relates to the treatment of conjugated diene polymers,
      to reduce their inherent viscosity and thereafter reacting the polymer
      with a compound that adds functional groups to the polymer macromolecule.
PAR  It is known to treat various polymers with an organolithium compound in the
      presence of a tertiary amine such as trimethylamine, triethylamine,
      dimethylcyclohexylamine, N,N-dimethylaniline, and the like, to furnish
      reactive sites for graft polymerization reactions. The inherent viscosity
      of the base polymer is changed very little, if any, as a result of the
      treatment.
PAR  It has now been discovered that if N,N,N',N'-tetramethylalkylenediamine is
      substituted for any of the aforesaid tertiary amines, and this composition
      is employed for treating a conjugated diene polymer, a pronounced lowering
      of the inherent viscosity of the gel-free portion of the polymer occurs.
      Branching and gel formation can also occur as a result of the treatment.
      The results obtained are dependent upon the relative amounts of components
      in the treating composition, the quantity of treating composition
      employed, and the time and temperature of treatment.
PAR  It is an object of my invention to provide a method for modifying the
      properties of conjugated diene polymers.
PAR  Another object of my invention is to provide a method for reducing the
      inherent viscosity of conjugated diene polymers.
PAR  Another object of my invention is to provide a method for converting linear
      conjugated diene polymers with a narrow molecular weight distribution into
      branched polymers with a wide molecular weight distribution.
PAR  Still another object of my invention is to produce polymer products of
      conjugated dienes ranging from very soft, gel-free materials to those
      containing considerable quantities of gel.
PAR  Still another object of my invention is to produce branched conjugated
      diene polymers with a certain inherent viscosity which have a lower cold
      flow than linear polymers with the same inherent viscosity.
PAR  Still further, it is an object of my invention to provide a method for
      adding functional groups to polymers.
PAR  Another object is to produce a novel polymer of a conjugated diene.
PAR  Other objects, advantages and features of my invention will be apparent to
      those skilled in the art from the following disclosure.
PAR  The polymers which can be treated according to this invention are
      conjugated diene homopolymers as well as random and block copolymers of
      conjugated dienes with monovinyl aromatic compounds, preferably containing
      from 8 to 20 carbon atoms per molecule. Copolymers of 2 or more conjugated
      dienes can also be treated according to this invention. Examples of
      conjugated diene polymers are polymers of conjugated diene monomers,
      preferably containing 4 to 8 carbon atoms per molecule, and include
      1,3-butadiene, isoprene, 1,3-pentadiene, 1,3-octadiene, and the like.
      These polymers may be made by any known polymerization process. In this
      invention the treatment is not dependent upon the polymer having any
      particular microstructure. Thus, the polymers can contain varying amounts
      of cis, trans or vinyl linkages within the polymer macromolecules. Blends
      composed of two or more of the above polymers can also be used.
PAR  Examples of monovinyl-substituted aromatic compounds which can be
      copolymerized with the conjugated dienes include styrene, 3-methylstyrene,
      2,4-dimethylstyrene, 3-ethylstyrene, 4-methylstyrene, 1-vinylnaphthalene,
      2-vinylnaphthalene, and the like.
PAR  The N,N,N',N'-tetramethylalkylenediamine compounds employed in the treating
      compositions can be represented by the following formula:
      ##EQU1##
      wherein a is an integer from 1 to 6, inclusive, and each Y is selected
      from the group consisting of hydrogen and alkyl radicals containing from 1
      to 3, inclusive, carbon atoms per molecule. The Y groups in the
      N,N,N',N'-tetramethylalkylenediamine molecules can be the same or
      different. Examples of these compounds include
      N,N,N',N'-tetramethylmethylenediamine,
      N,N,N',N'-tetramethylethylenediamine,
      N,N,N',N'-tetramethyltrimethylenediamine,
      N,N,N',N'-tetramethyl(1-methyl)ethylene-1,2-diamine,
      N,N,N',N'-tetramethylhexamethylenediamine,
      N,N,N',N'-tetramethyl(2-methyl)-trimethylenediamine,
      N,N,N',N'-tetramethyl-(2,3-diethyl)-tetramethylenediamine,
      N,N,N',N'-tetramethyl(1,3,5-tri-n-propyl)-pentamethylenediamine,
      N,N,N',N'-tetramethyl(2,5-diethyl-3-isopropyl)pentamethylenediamine, and
      the like.
PAR  The mole ratio of the organolithium treating agent to the
      N,N,N',N'-tetramethylalkylenediamine should be in the range of from 1:10
      to 10:1. From 20 to 200 gram millimoles of the
      N,N,N',N'-tetramethylalkylenediamine generally are used per 100 grams of
      polymer to be treated.
PAR  The organolithium compound used in this invention may be any organolithium
      compound capable of polymerizing conjugated dienes. This would include all
      organolithium compounds which contain at least one lithium-carbon bond
      wherein this lithium bonded carbon is bonded to at least two other atoms,
      preferably hydrogen or carbon atoms.
PAR  The organolithium compound which is most frequently used and preferred as a
      treating agent in this invention corresponds to the formula R(Li).sub.x,
      wherein R is a hydrocarbon radical selected from the group consisting of
      alkyl, cycloalkyl, alkenyl, cycloalkenyl, aryl or any combination thereof,
      and x is an integer from 1 to 4, inclusive. The R in the formula has a
      valence equal to the integer, and preferably contains from 1 to 20,
      inclusive, carbon atoms, although it is within the scope of the invention
      to use higher molecular weight compounds. Examples of these compounds
      include methyllithium, isopropyllithium, n-butyllithium,
      tert-octyllithium, n-decyllithium, phenyllithium, naphthyllithium,
      4-butylphenyllithium, p-tolyllithium, 4-phenylbutyllithium,
      cyclohexyllithium, 4-butylcyclohexyllithium, 4-cyclohexylbutyllithium,
      dilithiomethane, 1,4-dilithiobutane, 1,10-dilithiodecane,
      1,20-dilithioeicosane, 1,4-dilithiocyclohexane, 1,4-dilithio-2-butene,
      1,8-dilithio-3-decene, 1,4-dilithiobenzene, 1,5-dilithionaphthalene,
      1,2-dilithio-1,2-diphenylethane, 9,10-dilithio-9,10-dihydroanthracene,
      1,2-dilithio-1,8-diphenyloctane, 1,3,5-trilithiopentane,
      1,5,15-trilithioeicosane, 1,3,5-trilithiocyclohexane,
      1,2,5-trilithionaphthalene, 1,3,5-trilithioanthracene,
      1,3,5,8-tetralithiodecane, 1,5,10,20-tetralithioeicosane,
      1,2,4,6-tetralithiocyclohexane, 1,2,3,5-tetralithio-4-hexylanthracene,
      1,3-dilithio-4-cyclohexene, and the like. Other preferred organolithium
      treating agents are halogen substituted phenyllithium compounds such as
      3-bromophenyllithium, lithium adducts of naphthalene, and lithium adducts
      of stilbene.
PAR  The amount of organolithium treating agent is that which will provide from
      5 to 200, preferably from 10 to 100, gram milliequivalents of lithium per
      100 grams of preformed polymer being treated. The proportions of
      organolithium compound and N,N,N',N'-tetramethylalkylenediamine can vary
      over a fairly broad range. Generally from 0.1 to 10, and preferably from
      0.25 to 4, gram equivalents of lithium per gram mol of
      N,N,N',N'-tetramethylalkylenediamine is employed in the treating
      composition.
PAR  Temperatures preferable for treatment of the butadiene polymers are in the
      range of 25.degree. to 200.degree.C. preferably in the range of
      50.degree.C. to 175.degree.C. However, temperatures outside this range can
      be employed if desired. The treatment is conducted at a pressure
      sufficient for liquid phase operation. The reaction time is dependent upon
      the temperature and will generally range from 2 minutes to 24 hours. A
      reaction time in the range of 5 minutes to 10 hours is most preferred.
PAR  Treatment of polymers according to this process is ordinarily conducted in
      an inert diluent such as an aliphatic, cycloaliphatic, or aromatic
      hydrocarbon. Examples of suitable diluents are butane, pentane, hexane,
      decane, cyclopentane, cyclohexane, methylcyclohexane, benzene, toluene,
      xylene, and ethylbenzene. Mixtures of the foregoing diluents can also be
      used.
PAR  Products suitable for a variety of applications can be obtained by treating
      conjugated diene polymers according to the present process. Low inherent
      viscosity polymers are particularly suitable as adhesives and adhesive
      ingredients and can also be employed as rubber plasticizers that can be
      used in rubber compounding for the production of automobile tires and the
      like.
PAR  In another embodiment the conjugated diene polymer can be prepared in the
      presence of an organolithium initiator and, without inactivation of the
      initiator, more of the same or different organolithium compound is added,
      if necessary, together with the N,N,N',N'-tetramethylalkylenediamine to
      effect the desired treating. Again, there is a reduction in inherent
      viscosity of the gel-free portion of the polymer and an increase in gel
      formation. High gel polymers are suitable compounds for use in adhesive
      formulation.
PAR  In another aspect of this invention after treatment of a polymer with the
      organolithium and N,N,N',N'-tetramethylethylenediamine composition, and
      prior to inactivation of the treating agent, a compound that is capable of
      replacing the lithium atoms with more stable radicals can be reacted with
      the treated polymer to introduce functional groups into the polymer. Such
      compounds, for introducing functional groups into the polymer include
      carbon dioxide, sulfur dioxide, oxygen, stannic chloride, silicon
      tetrachloride, oxirane compounds such as ethylene oxide or propylene
      oxide, cyclic disulfides such as 1,2-dithiocyclohexane or
      1,2-dithiocyclopentane, aziridinyl phosphine oxides and sulfides such as
      tri(2-methyl-1-aziridinyl)phosphine oxide or tri(1-aziridinyl)phosphine
      sulfide, and the like. The resulting products can also be employed as
      adhesives or as ingredients in adhesive compositions. Such polymer
      products can also be used in the production of rocket propellant fuel
      grains by mixing the polymer with fuel ingredients and curing agents.
      These polymers can also be cured by reacting the functional groups with
      various types of coupling and/or crosslinking agents that are well known
      in the art.
PAR  The advantages of this invention are further illustrated by the following
      examples. The reactants and their proportions and other specific
      conditions are presented as being typical and should not be construed to
      limit the invention unduly.
DETD
PAC  EXAMPLE I
PAR  Cyclohexane was charged to the reactor after which it was purged with
      nitrogen. 1,3-Butadiene was added in an amount equal to 10 weight per cent
      of the cyclohexane and then 0.6 gram millimoles of butyllithium per 100
      grams monomer was added. The reactor was maintained at 70.degree.C. for 1
      hour, then shortstopped with a 10 weight percent solution of
      2,2'-methylene-bis(4-methyl-6-tert-butylphenol) in a mixture of equal
      parts by volume of isopropyl alcohol and toluene, the amount used being
      sufficient to provide approximately 1 part by weight of the antioxidant
      per 100 parts by weight of the rubber. The polymer was then separated,
      dried and dissolved in 10 times its weight of cyclohexane. The cyclohexane
      solution was treated with a mixture of 16 gram millimoles n-butyllithium
      and 4 gram millimoles N,N,N',N'-tetramethylethylenediamine or
      triethylamine per 100 grams polybutadiene. The temperature was maintained
      at 70.degree.C. for 3 hours, then the reaction was terminated by the
      addition of a 10 weight per cent solution of
      2,2'-methylenebis(4-methyl-6-tert-butylphenol) in a mixture of equal parts
      by volume of isopropyl alcohol and toluene, the amount used being
      sufficient to provide approximately 1 part by weight of the antioxidant
      per 100 parts by weight of the rubber. The thus treated polymer was then
      separated and dried. The inherent viscosity and gel content were
      determined as described in U.S. Pat. No. 3,278,508, column 20, before and
      after treatment and the results were as follows:
TBL                        Inherent Viscosity                                  

                                       Gel, Wt. %                              

                           Before                                              

                                 After After                                   

                           Treatment                                           

                                 Treatment                                     

                                       Treatment                               

     __________________________________________________________________________

     BuLi + N,N,N',N'-tetramethylethylenediamine                               

                           4.66  1.91  0                                       

     BuLi + Triethylamine  4.81  4.73  0                                       

     __________________________________________________________________________

PAL  A significant decrease in inherent viscosity was obtained when the
      polybutadiene was treated with butyllithium plus
      N,N,N',N'-tetramethylethylenediamine but, when triethylamine was employed
      with butyllithium, there was only a very slight change in inherent
      viscosity.
PAC  EXAMPLE II
PAR  Polybutadiene was prepared by charging a reactor with 1,3-butadiene,
      n-heptane and n-butyllithium in a ratio of 500 milliliters of diluent and
      0.75 gram millimoles of initiator per 100 grams of monomer. The reactor
      was maintained at 70.degree.C. for 2 hours, then the reaction was
      shortstopped and polybutadiene recovered as in Example I giving a product
      that had an inherent viscosity of 2.58 and a 0 weight per cent gel
      content.
PAR  The recovered polybutadiene was dissolved in n-heptane using 100 grams of
      rubber per 9000 ml of solvent (6156 grams). The treating mixture of
      n-butyllithium and N,N,N',N'-tetramethylethylenediamine (TMDA) was added
      to the polymer solution and the temperature was maintained at 70.degree.C.
      during treatment. Aliquots containing about 1 gram of polymer were
      withdrawn from each reaction mixture at intervals and recovered as in
      Example I. Inherent viscosity and gel were determined on each sample in
      the same manner as Example I. Amounts of treating materials, time of
      treatment, and results in inherent viscosity and gel determinations were
      as follows:
TBL                                 Treating                                   

     Run  BuLi,   TMDA,    BuLI:TMDA                                           

                                    Time,  Inh.  Gel                           

     No.  mhr     mhr      Mol Ratio                                           

                                    Hours  Visc. %                             

     ______________________________________                                    

     1    0       80       --       1.0    2.43  0                             

     2    0       80       --       2.5    2.38  0                             

     3    0       80       --       4.0    2.44  0                             

     4    0       80       --       6.0    2.42  0                             

     5    160     160      1:1      1.0    0.51  19                            

     6    160     160      1:1      2.5    0.41  19                            

     7    160     160      1:1      4.0    0.32  22                            

     8    160     160      1:1      6.0    0.40  31                            

     9    80      80       1:1      1.0    0.80  0                             

     10   80      80       1:1      2.5    0.69  16                            

     11   80      80       1:1      4.0    0.65  41                            

     12   80      80       1:1      6.0    0.47  43                            

     13   40      40       1:1      1.0    1.42  0                             

     14   40      40       1:1      2.5    1.30  0                             

     15   40      40       1:1      4.0    1.05  0                             

     16   40      40       1:1      6.0    0.75  37                            

     17   80      40       2:1      1.0    1.35  0                             

     18   80      40       2:1      2.5    0.65  33                            

     19   160     40       4:1      1.0    1.53  0                             

     20   160     40       4:1      2.5    0.31  53                            

     21   40      80       1:2      1.0    1.02  0                             

     22   40      80       1:2      2.5    0.89  0                             

     23   40      80       1:2      4.0    0.89  0                             

     24   40      80       1:2      6.0    1.17  19                            

     25   40      160      1:4      1.0    1.00  0                             

     26   40      160      1:4      2.5    1.02  0                             

     27   40      160      1:4      4.0    0.95  0                             

     28   40      160      1:4      6.0    1.19  13                            

     ______________________________________                                    

      mhr = gram millimoles per 100 grams rubber.                              

PAR  The first four runs are control runs which show that no significant change
      in inherent viscosity occurred when the
      N,N,N',N'-tetramethylethylenediamine was used alone as the treating agent.
      The length of treating time when the amine was used alone had no effect.
      The data show that a significant reduction in inherent viscosity of
      polybutadiene was achieved and gelfree products were produced when
      operating with different levels and different mol ratios of components in
      the treating mixture. In all cases there was a tendency toward gel
      formation as the treating time was increased. An increase in the level of
      butyllithium treating agent promoted gel formation, as evidenced by the
      data obtained at a 1:1 mol ratio of BuLi:amine.
PAR  As will be apparent from the above disclosure, various modifications can be
      made in my invention without parting from the spirit or the scope thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for reducing the inherent viscosity of a preformed polymer
      wherein said polymer is at least one of a polymer of at least one
      conjugated diene having from about 4 to 8 carbon atoms per molecule and a
      copolymer of said conjugated diene with a vinyl aromatic compound
      containing up to 20 carbon atoms per molecule, which comprises reacting
      said preformed polymer for at least two minutes in an inert hydrocarbon
      diluent at a pressure sufficient for liquid-phase operation with (1) an
      organolithium treating agent selected from (a) compounds represented by
      the formula R(Li).sub.x wherein R is a hydrocarbon radical selected from
      the group consisting of alkyl, cycloalkyl, alkenyl, cycloalkenyl, aryl
      radicals, and combinations thereof, and x is an integer of from 1 to 4,
      (b) a halogensubstituted phenyllithium, or (c) a lithium adduct of
      naphthalene or stilbene and (2) N,N,N',N' -tetramethylalkylenediamine,
      wherein said N,N,N',N'-tetramethylalkylenediamine is
      ##EQU2##
      wherein a is an integer from 1 to 6, inclusive, and each Y is selected
      from the group consisting of hydrogen and alkyl radicals containing from 1
      to 3, inclusive, carbon atoms, and wherein the mole ratio of said
      organolithium treating agent to said N,N,N',N'-tetramethylalkylenediamine
      is in the range of from 1:10 to 10:1 and wherein from 20 to 200 gram
      millimoles of said N,N,N',N'-tetramethylalkylenediamine are used per 100
      grams of said polymer.
NUM  2.
PAR  2. The method of claim 1 wherein said preformed polymer is selected from
      homopolymers of said conjugated diene and copolymers at least two of said
      conjugated dienes.
NUM  3.
PAR  3. The method of claim 2 wherein the temperature is maintained in the range
      of 25.degree. to 200.degree.C. and said preformed polymer is treated in
      the range of from 5 to 10 hours.
NUM  4.
PAR  4. The method of claim 3 wherein said preformed polymer is a homopolymer of
      butadiene.
NUM  5.
PAR  5. The method of claim 1 wherein said preformed polymer is a copolymer of
      butadiene and a monovinyl aromatic compound.
NUM  6.
PAR  6. The method of claim 3 wherein said N,N,N',N'-tetramethylalkylenediamine
      is N,N,N',N'-tetramethylethylenediamine wherein said organolithium
      treating agent is n-butyllithium.
NUM  7.
PAR  7. The method of claim 2 wherein the treated conjugated diene polymer is,
      prior to inactivation of said organolithium treating agent, further
      treated with a compound capable of replacing the lithium atoms with more
      stable radicals.
NUM  8.
PAR  8. The composition prepared by the method of claim 1.
NUM  9.
PAR  9. The composition prepared by the method of claim 2.
NUM  10.
PAR  10. The method of treating an unsaturated polymer from the class consisting
      of homopolymers and copolymers of conjugated dienes and conjugated dienes
      with monovinyl aromatic compounds, containing a plurality of olefinic
      groups, which method comprises reacting the polymer at a plurality of the
      double bonds thereof with an organolithium treating reagent and
      N,N,N',N'-tetramethylalkylenediamine of the formula:
      ##EQU3##
      wherein a is any whole number from 1-6, and each Y is H or alkyl of 1-3
      carbon atoms, the ratio of organolithium treating reagent to
      N,N,N',N'-tetramethylalkylene diamine is 1:10 to 10:1, and wherein said
      treating is conducted in a hydrocarbon diluent at pressure sufficient for
      liquid phase operation.
PATN
WKU  039311279
SRC  5
APN  4173112
APT  1
ART  144
APD  19731119
TTL  Cyclized copolymer from a conjugated diene and an alpha olefin, and the
      production thereof
ISD  19760106
NCL  3
ECL  1
EXP  Holler; Alan
NDR  2
NFG  2
INVT
NAM  Halasa; Adel Farhan
CTY  Bath
STA  OH
INVT
NAM  Cheng; Tai Chun
CTY  Akron
STA  OH
ASSG
NAM  The Firestone Tire & Rubber Company
CTY  Akron
STA  OH
COD  02
CLAS
OCL  260 853R
XCL  260 946
EDF  2
ICL  C08F  446
ICL  C08F 3604
ICL  C08F23604
FSC  260
FSS  85.3 R
FREF
PNO  893,463
ISD  19620400
CNT  UK
OCL  260 85.3R
OREF
PAL  Abstract Papers, American Chemical Society, Meeting Chicago, Sept. 1958, p.
      32T.
ABST
PAL  A conjugated diene or a mixture of conjugated dienes or a mixture of a
      conjugated diene and an aryl vinyl monomer is polymerized with an alpha
      olefin in a reaction which is starved for monomer, and cyclization takes
      place. The catalyst includes a N,N,N', N'-tetra-alkyl alkylene diamine in
      which each alkyl group contains about 1 to 8 carbon atoms and the alkylene
      group contains 2 to 10 carbon atoms. N,N,N',N'-tetraethylenediamine is
      preferred. Other components of the catalyst include metallic sodium or
      potassium and alkyl sodium or potassium, preferably together with an
      alkali metal alkoxide.
BSUM
PAR  The invention relates to polymers and copolymers which include cyclic
      polymer units and 5 to 50 weight percent of an alpha olefin in the cyclic
      units. The invention includes the new compounds and their preparation.
PAR  The polymer is produced by copolymerization of (a) a conjugated diene which
      contains 4 to 8 carbon atoms, a mixture of such conjugated dienes or a
      mixture of such a conjugated diene and an aryl vinyl monomer and (b) 5 to
      50 weight percent of an alpha olefin. The conjugated diene units may be
      polybutadiene, polyisoprene, polypiperylene, polyoctadiene or a mixture of
      two or more such conjugated dienes, or such a conjugated diene mixed with
      an aryl vinyl monomer such as styrene alpha-styrene, etc. Such copolymers
      are well known in the art.
PAR  The usual catalyst is metallic sodium or potassium or an alkyl sodium or
      potassium in which the alkyl group contains 1 to 8 carbon atoms, and
      ordinarily n-butyl sodium or n-butyl potassium is used. Whether the sodium
      or potassium is used as metal or alkyl metal, 10 to 50 millimoles is used
      per 100 parts of conjugated diene. Such alkyl alkali metal catalysts for
      polymerization of conjugated dienes with or without an aryl vinyl monomer
      are well known in the art.
PAR  As a modifier of the polymerization one uses with the catalyst, a
      substantially equal molar amount of N,N,N',N'tetraalkylaklylenediamine in
      which the alkyl group contains about 1 to 8 carbon atoms and the alkylene
      group contains about 2 to 10 carbon atoms. Such compounds include
      tetramethylmethylenediamine, tetraethylmethylenediamine,
      tetramethylethylenediamine (TMEDA), tetraethylethylenediamine,
      tetraamylbutylenediamine, tetrahexyloctylenediamine, etc. The alkyl and
      alkylene groups are usually straight chain but may be branched.
PAR  The catalyst usually includes a substantially equal molar amount of an
      alkali metal alkoxide to speed up the reaction. The alkali metal in the
      catalyst is different from that used as a metal or an alkyl derivative.
      The alkoxide may be derived from an alkyl group which contains 1 to 8
      carbon atoms such as methoxide, ethoxide, butoxide, pentoxide, etc.
PAR  The reaction mixture includes an alpha olefin which contains 2 to 8 carbon
      atoms, such as ethylene, isobutylene, 1-butane, cyclopentene, etc. The
      polymer may contain 20 to 60 weight percent of olefin units.
PAR  The polymerization is carried out using a starved condition of the
      conjugated diene monomer. Under starved conditions which provide a starved
      supply the terminal sodium or potassium ion on the conjugated diene
      attaches itself to the carbon of a double bond in the polymer chain; thus
      producing a cyclic component which includes from 6 to 18 carbon atoms in
      alkylene groups, and also groups derived from the olefin. Such compounds,
      which include an olefin in the cyclic structure, differ from the polymers
      containing cyclic structures in which there is no such unsaturated
      element. The principal differences are: this polymer can be thought of as
      copolymer of an alpha olefin and a cyclic diene in which the olefin is
      part of the polymer backbone. A distinguishing physical feature of the
      copolymer is that it is non-shrinking thermoset resin since the total
      double bonds in the backbone are reduced by the amount of olefins
      included. Since olefin homopolymers have high melting points, the
      copolymers of cyclic structures disclosed herein are of low melting point
      and are less crystalline in nature which gives them good strength and
      impact resistance on curing with peroxides.
PAR  The molecular weight of the polymer produced may be as little as 500 or it
      may be several thousands, or as great as 100,000 or 200,000 or more. In
      addition to the cyclized portion of the polymer, it will contain 10 to 15
      percent of cis-1,4 polymer, 15 to 25 percent of trans-1,4 polymer and
      between about 70 to 60 percent of 1,2 polymer. The polymers have broad
      molecular weight distribution. The vulcanizates of the products containing
      cyclized polymers of sufficiently high molecular weight may be used where
      other rubbers are commonly used, as in tires, hose, mechanical goods, etc.
PAR  Langer U.S. Pat. No. 3,450,795 uses TMEDA and butyllithium in the
      polymerization of mixtures of ethylene and butadiene, but does not suggest
      using starved monomer conditions or describe a cyclized polymer. German
      Offenlegungsschirft No. 2,063,643 of Lithium Corporation of America,
      describes in Example 7  the production of cyclized polymer, using
      n-butyllithium and TMEDA, but uses no olefin. Although the art discloses
      such cyclization, it utilizes a lithium catalyst component and it is known
      that lithium-terminated polymers are stable, whereas the corresponding
      prior art sodium and potassium polymers are unstable and have a greater
      tendency to cyclize. Furthermore, the yield of the reactions is superior
      to that known in the prior art.
PAR  The results of three different experiments follow. In Example 1, butadiene
      was cyclized with ethylene. In Examples 2 and 3 no ethylene was present.
      In Example 2, there was no TMEDA in the catalyst. The analysis of the
      polymer content of each of the products is given together with Total
      Found, a measure of the double bonds present in the product, obtained by
      infra-red analysis.
PAR  Example 2 illustrates what is generally known: that n-butyl sodium, alone,
      gives no cyclization and low conversion of monomer to polymer. The low
      conversion is evidenced by the high Total Found. Example 3 utilizes TMEDA
      to modify the action of the n-butyl sodium but no ethylene. High
      conversion of monomer to polymer (as shown by the amount of solid
      produced) is due to the presence of the TMEDA, which also produces
      cyclization, as shown by the lower Total Found. The higher the Total Found
      (as in Example 2) the less the cyclization that has occurred.
DETD
PAC  EXAMPLE 1
PAR  A catalyst blend of 43.2 mM. of n-butyl sodium and 86.4 mM. of TMEDA was
      added to 5.10 pounds of a blend of 17% (by weight) of butadiene in hexane
      over a period of 8 hours under a pressure of 200 pounds of ethylene at
      200.degree. F. After the blend addition was completed, the polymer
      reaction was deactivated by the addition of methanol. The results are
      recorded in the following table.
TBL  ______________________________________                                    

     Run No.     1        2        3      4                                    

     ______________________________________                                    

     DSV, %      .3       .16      .27    .17                                  

     cis-1,4, %  12.1     13.7     12.5   12.8                                 

     trans-1,4, %                                                              

                 16       21       20.9   19.4                                 

     1,2, %      72       65.3     66.5   67.8                                 

     Total Found, %                                                            

                 71       69       78     78                                   

     ______________________________________                                    

PAR  It can be seen from the Total Found that a considerable amount of
      cyclization was introduced into the polymer. The NMR analysis showed
      characteristic peaks in the region of 1 to 2 parts per million due to
      methylene units. The sharpness of these peaks, however, was due to
      consecutive methylene units which usually appear in the absorption
      characteristic of polyethylene.
PAC  EXAMPLE 2
PAR  This example uses no ethylene.
PAR  The catalyst consisting of n-butyl sodium, 43 mM., is added to a two-gallon
      reactor to which 1.92 pounds of a blend of 17% of butadiene in hexane is
      added during 8 hours under a nitrogen pressure of 200 pounds at 86.degree.
      F. On completion of the addition, the live cement is deactivated with
      methanol.
PAR  The analysis of the polymer shows that the DSV is 0.19%; cis-1,4 is 13.5%;
      trans-1,4 is 15.1%; 1.2 is 71.4%; and TOTAL FOUND is 90.5%.
PAR  This control experiment showed that with the absence of ethylene, there was
      low conversion of monomer to polymer, as evidenced by the high TOTAL FOUND
      which was 90.5%. Very little cyclization was introduced into the polymer.
      It is significant that the TOTAL FOUND of 90.5% is much greater than that
      found in the runs of Example 1 in which ethylene was copolymerized with
      the butadiene. This difference in the TOTAL FOUND may be considered as
      showing that cyclization occurred in Example 1 in which polyethylene was
      present and cyclized with the ethylene. The NMR spectra of Examples 1 and
      2 are included as FIGS. 1 and 2.
PAR  The NMR spectrum of the sample given in FIG. 1 shows cyclized peaks
      measuring 24% of methylene units; whereas in FIG. 2, based on Example 2 in
      which no ethylene was present the measure of the methylene units was only
      16%. The difference of 8% in the saturation is due to the presence of
      ethylene during the polymerization.
PAC  EXAMPLE 3
PAR  This sample uses no ethylene. It uses the same catalyst mixture of n-butyl
      sodium and TMEDA as was used in Example 1. A blend of 5.21 pounds of
      butadiene in hexane (17%) is added during 8 hours at 200.degree. F. under
      200 pounds of nitrogen. No ethylene is used. The polymer is deactivated
      with methanol after all the blend is added to the reactor. Results: DSV is
      .2%; cis-1,4 is 15.5%; trans-1,4 is 21.2%; 1,2 is 63%; and TOTAL FOUND is
      71.3%. This drop in the TOTAL FOUND to 71.3% as compared to 90.5% in
      Example 2, showed good conversion of monomer to polymer, and the NMR
      spectrum showed characteristic absorptions at 1 and 2 ppm. indicating
      cyclization of part of the polymer has taken place. Since no ethylene is
      added to the polymerization, the sharp methylene peaks are absent in the
      NMR spectrum.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cyclized polymer with a molecular weight of substantially 500 to
      200,000 which includes substantially 20 to 60 percent of cyclized units
      having in the cycle 50 to 95 parts by weight of conjugated diene units and
      50 to 5 parts by weight of alpha olefin units, each conjugated diene unit
      containing 4 to 8 carbon atoms and each alpha olefin unit containing 2 to
      8 carbon atoms, and in addition to the cyclized portion of the polymer, an
      uncyclized portion, 10 to 15 percent of which is cis-1,4 polymer, 20 to 25
      percent of which is trans-1,4 polymer and between about 70 to 60 percent
      of which is 1,2-polymer.
NUM  2.
PAR  2. The process of producing a cyclized polymer which includes cycles of
      alpha olefin and conjugated diene units, the alpha olefin units containing
      2 to 8 carbon atoms and the conjugated diene units containing 4 to 8
      carbon atoms, which process comprises polymerizing in solution 5 to 50
      weight percent alpha olefin with 95 to 50 percent of a monomer of the
      class consisting of such conjugated dienes and copolymerizable mixtures of
      such a conjugated diene and an aryl vinyl monomer, using as a catalyst
      composition (a) sodium, potassium, alkyl sodium or alkyl potassium in
      which the alkyl group contains 1 to 8 carbon atoms and (b) an equimolar
      amount of N,N,N',N'-tetraalkylalkylenediamine in which each alkyl group
      contains 1 to 8 carbon atoms and each alkylene group contains
      substantially 2 to 10 carbon atoms, and maintaining the monomer in such
      starved supply that substantially 20 to 60 percent of the monomer is
      cyclized.
NUM  3.
PAR  3. The process of claim 2 in which the catalyst includes a substantially
      equal molar amount of an alkali metal alkoxide containing 1 to 8 carbon
      atoms, the alkali metal being different from that present in the alkali
      metal or alkyl alkali metal used in the catalyst.
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ABST
PAL  A process for preparing a copolymer of acrylonitrile and an aromatic vinyl
      compound such as styrene having a well-balanced combination of color,
      transparency and softening point by suspension polymerization in the
      presence of about 0.01 to 0.5% of an azo-type catalyst and about 0.005 to
      0.2% of an organic peroxide catalyst free from a benzene ring, both based
      on the weight of the monomers where the polymerization is carried out at a
      temperature of 90.degree. to 110.degree.C until a monomer conversion of
      about 70% is obtained, and when the monomer conversion exceeds 70%, the
      polymerization is carried out at a temperature of 110.degree. to
      140.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for preparing a copolymer of
      acrylonitrile and an aromatic vinyl compound having a well-balanced
      combination of color, transparency and softening point.
PAR  2. Description of the Prior Art
PAR  According to the conventional polymerization process for preparing
      copolymers of acrylonitrile and an aromatic vinyl compound in which an
      azo-type catalyst alone is used, the color of the resulting copolymer is
      good, but even when the polymerization system is heated to a temperature
      of 135.degree.C, the unreacted monomers do not decrease in quantity very
      much. As a result, the resulting copolymer has a low heat distortion
      temperature. When an organic peroxide catalyst is used alone, the
      resulting copolymer has a poor color.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a process for preparing a copolymer of
      acrylonitrile and an aromatic vinyl compound by suspension-polymerization
      using a specific catalyst system comprising an azo-type catalyst having a
      decomposition temperature of not less than 95.degree.C and an organic
      peroxide catalyst which is free from a benzene ring and having a
      temperature, at which the organic peroxide catalyst exhibits a half life
      of 10 hours, of not less than 95.degree.C, in the polymerization system;
      and with the polymerization being carried out at a temperature of
      90.degree. to 110.degree.C until the conversion of the monomers reaches
      70%, and being carried out at a temperature of 110.degree. to 140.degree.C
      when the monomer conversion exceeds 70%.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Suitable azo-type catalysts which can be used in this invention include
      1,1'-azobiscyclohexanitrile (hereinafter referred to as ACHN),
      1,1'-azobiscycloheptanitrile (hereinafter referred to as ACHEN),
      2,2'-azobis-(2,3,3-trimethylvaleronitrile),
      2,2'-azobis-(2-thiocyanopropane), 2,2'-azobis-(2-nitropropane), and
      2,2'-azobis-(2-methoxycarbonyl propane). ACHN and ACHEN are especially
      preferred as an azo-type catalyst for use in the invention.
PAR  Examples of organic peroxide catalysts which can be used in this invention
      include ditertiary butyl peroxide, tertiary butyl peroxy diisopropyl
      carbonate, 2,5-dimethyl-2,5-di(tertiary butyl peroxy) hexane, and tertiary
      butyl peroxy acetate. Tertiary butyl peroxy isopropyl carbonate is
      especially preferred as an organic peroxide catalyst for use in the
      invention.
PAR  When the organic peroxide catalyst is used conjointly with a known peroxide
      containing a benzene ring, such as benzoyl peroxide, tertiary butyl
      perbenzoate, dicumyl peroxide or tertiary butyl cumyl peroxide, the
      resulting copolymer is heavily colored. Accordingly, the organic peroxide
      catalyst used in this invention is limited to those which do not contain a
      benzene ring.
PAR  The amount of the azo-type catalyst which is suitably used ranges from
      about 0.01 to 0.5% by weight based on the weight of the monomers, and the
      amount of the organic peroxide catalyst ranges from about 0.005 to 0.2% by
      weight based on the weight of the monomers.
PAR  The polymerization is carried out at a temperature of about 90.degree. to
      110.degree.C until the conversion of the monomers reaches 70%. This is to
      prevent the organic peroxide catalyst from participating in the
      polymerization at the initial stage of the polymerization. After the
      conversion of the monomers has reached 70%, the polymerization should be
      carried out at a temperature of about 110.degree. to 140.degree.C.
      Furthermore, it is most preferred to add the organic peroxide catalyst
      when the conversion of the monomers has exceeded 70%.
PAR  Since the reactivity of acrylonitrile is lower than that of the aromatic
      vinyl compound and the acrylonitrile is partially soluble in water, it is
      the practice in this invention to initiate the polymerization while
      adjusting the amount of acrylonitrile added to about 1.4 to 1.6 times the
      weight of the final acrylonitrile content, and add the aromatic vinyl
      compound continuously or incrementally after the polymerization has
      proceeded to a certain extent. Specifically, at the time of charging the
      monomers, the ratio of the acrylonitrile to the aromatic vinyl compound is
      adjusted to about 30 to 50 : 70 to 50 (parts by weight), then the aromatic
      vinyl compound is further added, and finally this ratio is adjusted to
      about 20 to 35 : 80 to 65 (parts by weight). As the polymerization
      progresses, the viscosity of the dispersion increases, and dispersion
      becomes unstable. As a result the dispersion sometimes tends to form
      agglomerates. When the polymerization is performed while adding the
      aromatic vinyl compound incrementally at a temperature of about
      90.degree.C or higher, a copolymer of acrylonitrile and the aromatic vinyl
      compound can be obtained with good dispersibility. The incremental
      addition of the aromatic vinyl compound at a temperature lower than
      90.degree.C is not desirable since an increase in the viscosity of the
      dispersion occurs, and this results in the formation of agglomerates.
PAR  Suitable aromatic vinyl compounds which can be used in this invention
      include, for example, styrene, o-methylstyrene, m-methylstyrene,
      p-methylstyrene, and .alpha.-methylstyrene.
PAR  The suspension polymerization of this invention is usually conducted
      employing a dispersing agent and the dispersing agent which can be
      suitably employed are conventional dispersing agents usually employed in
      suspension polymerizations. For example, tri-calcium phosphate, tri-sodium
      phosphate, sodium phosphate, calcium chloride, or di-sodium phosphate can
      be suitably used as dispersion agents.
PAR  A molecular weight adjuster can also be used in the practice of the process
      of this invention. Examples of suitable molecular weight adjusters are
      tertiary dodecyl mercaptan, normal dodecyl mercaptan, an unsaturated dimer
      of .alpha.-methylstyrene, trichloroethylene, and terpinolene.
PAR  The copolymer produced by the process of this invention has a color value
      of B or better, a haze of not more than 0.5%, a softening point of at
      least 100.degree.C, and a size distribution such that the proportion of
      particles remaining on a 32-mesh sieve is not more than 1%.
PAR  The following Examples and Comparative Examples illustrate the present
      invention. The various properties of the copolymer were measured in
      accordance with the following methods. The haze is a measure of the
      transparency, and the softening point is a measure of the heat distortion
      temperature. The color and haze were measured after pelletizing the
      copolymer and molding the pellets at 220.degree.C.
TBL  ______________________________________                                    

     Color Evaluation Standard                                                 

                       (visual evaluation of a                                 

                        molded step plate)                                     

            Grade                                                              

            A:       very slightly yellow                                      

            B:       slightly yellow                                           

            C:       light yellow                                              

            D:       yellow                                                    

            E:       slightly dark yellow                                      

            F:       deep yellow                                               

     ______________________________________                                    

PAL  Haze
PAR  The haze of a 2 mm part of a step plate obtained by injection molding was
      measured in accordance with ASTM-D-1003. The molding machine used was a
      2-ounce in-line screw (SJ-45A) (the product of Meiki Seisakusho Co. Ltd.).
PAL  Softening Point
PAR  A sample was pelletized using a 40 mm open vent extruder (the product of
      Toshiba Kikai Kabushiki Kaisha), and the softening point of the pellets
      was measured in accordance with JIS-K-6870.
PAL  Particle Distribution
PAR  Particles which were retained on a 32-mesh Tyler screen were weighed, and
      their percentage based on the total amount of the sample was determined.
PAL  Unreacted Monomer
PAR  The amount of the remaining unreacted monomers using dry beads of the
      copolymer product as a sample was measured by gaschromatography.
PAL  Tensile Strength
PAR  A test piece was prepared by molding on a 2-ounce in-line screw (8J-45A)
      (the product of Meiki Seisakusho Co. Ltd.), and the tensile strength of
      the molding was measured in accordance with ASTM D-638.
PAL  Acrylonitrile Content
PAR  The polymerized acrylonitrile content (hereinafter referred to as P.AN) of
      the resulting copolymer was measured using a CHN Corder (the product of
      Yanagimoto Seisakusho).
DETD
PAC  EXAMPLE 1
PAR  A 200 l autoclave was charged with 100 kg of pure water and 500 g of
      tri-calcium phosphate, and the mixture were stirred at 100 rpm. Then, 34.5
      kg of styrene, 19.5 kg of acrylonitrile, 39 g of ACHN, and 156 g of
      tertiary dodecyl mercaptan were added, after which the mixture was stirred
      by bubbling nitrogen gas through the mixture for 15 minutes, and the
      autoclave was sealed. The temperature of the reaction system was
      increased, and when the temperature reached 95.degree.C, a mixture of 23
      kg of styrene monomer, 39 g of ACHN and 78 g of tertiary dodecyl mercaptan
      was continuously added at a rate of 3.84 kg/hour. The reaction mixture was
      maintained under these conditions at 95.degree.C for 5 hours, and then, at
      120.degree.C for 2.5 hours.
PAR  After 30 minutes had elapsed after the temperature became 120.degree.C, 39
      g of ditertiary butyl peroxide was added. In accordance with conventional
      procedures, the product was neutralized, dehydrated, and dried.
PAR  The results obtained are shown in Table 1.
PAC  EXAMPLE 2
PAR  Example 1 was repeated except that all of the ditertiary butyl peroxide was
      added at the initial stage of the polymerization. When the temperature of
      the polymerization system was increased to 120.degree.C, the conversion of
      the monomers was 80%. The results obtained are shown in Table 1.
PAC  EXAMPLE 3
PAR  Example 1 was repeated except that ACHN was added at the initial stage and
      at the time of adding a fresh supply of styrene the catalyst was changed
      to 1,1'-azobiscycloheptanitrile, and the polymerization cycle was changed
      to 5 hours at 92.degree.C, and 2 hours at 125.degree.C. The conversion of
      the monomers was 82% when the temperature of the polymerization system was
      increased to 125.degree.C.
PAR  The results obtained are shown in Table 1.
PAC  COMPARATIVE EXAMPLE 1
PAR  Example 1 was repeated except that ditertiary butyl peroxide was not added.
      The results obtained are shown in Table 1.
PAC  COMPARATIVE EXAMPLE 2
PAR  Example 1 was repeated except that tertiary butyl peroxybenzoate was added
      instead of the ditertiary butyl peroxide. The results obtained are shown
      in Table 1.
PAC  COMPARATIVE EXAMPLE 3
PAR  Example 1 was repeated except that instead of using ACHN, the
      polymerization was performed for 5 hours at 105.degree.C and then for 2.5
      hours at 120.degree.C using only ditertiary butyl peroxide. In addition,
      the additional monomers were fed after the temperature had increased to
      105.degree.C (conversion 75%). The results obtained are shown in Table 1.
PAC  COMPARATIVE EXAMPLE 4
PAR  Example 1 was repeated except as noted below. Azobisisobutyronitrile was
      used instead of ACHN, and the polymerization was performed for 7 hours at
      60.degree.C, and then for 2.5 hours at 120.degree.C. The additional
      monomers were fed to the polymerization reaction system one hour after the
      temperature had increased to 60.degree.C. Tertiary butyl peroxy acetate
      was added 30 minutes after the temperature had increased to 120.degree.C
      (conversion 66%). The results obtained are shown in Table 1.
PAC  EXAMPLE 4
PAR  Example 1 was repeated except as noted below. 29.2 kg of styrene, 23.8 kg
      of acrylonitrile, 30 g of ACHN and 20 g of 1,1'-azobiscycloheptanitrile
      were charged, and when the temperature became 90.degree.C, a mixture of 25
      kg of styrene monomer, 20 g of ACHN, 20 g of 1,1'-azobiscycloheptanitrile
      and 78 g of tertiary dodecyl mercaptan was added at a rate of 4.17
      kg/hour. Thirty minutes after the temperature had increased to
      120.degree.C (when the conversion became 71%), 20 g of tertiary butyl
      peroxy isopropyl carbonate and 20 g of ditertiary butyl peroxide were
      added. The results obtained are shown in Table 1.
PAC  COMPARATIVE EXAMPLE 5
PAR  Example 4 was repeated except that 40 g of tertiary butyl peroxy benzoate
      was added instead of 20 g of tertiary butyl peroxy isopropyl carbonate and
      20 g of ditertiary butyl peroxide, 30 minutes after the temperature became
      120.degree.C (when the conversion reached 70%). The results obtained are
      shown in Table 1.
PAC  COMPARATIVE EXAMPLE 6
PAR  Example 4 was repeated except as noted below. Instead of ACHN and
      1,1'-azobiscycloheptanitrile, the same amount of azobisisobutyronitrile
      was added, and the polymerization was performed for 7 hours at 60.degree.C
      and 1 hour after the temperature had increased to 60.degree.C, styrene was
      added incrementally at a rate of 3.57 kg/hour. After performing the
      polymerization for 7 hours at 60.degree.C, the polymerization was further
      carried out for 2.5 hours at 120.degree.C. 30 minutes after the
      polymerization temperature had increased to 120.degree.C (when the
      conversion reached 65%), 20 g of tertiary butyl peroxy isopropyl carbonate
      and 20 g of ditertiary butyl peroxide were added. The results obtained are
      shown in Table 1.
PAC  EXAMPLE 5
PAR  A 200 l autoclave was charged with 100 kg of pure water and 500 g of
      tri-calcium phosphate, and the mixture was stirred at 100 rpm. Then, 29.2
      kg of styrene, 23.8 kg of acrylonitrile, 40 g of ACHN and 430 g of an
      unsaturated dimer of .alpha.-methylsytrene were added, after which the
      mixture was stirred by bubbling nitrogen gas through the mixture for 15
      minutes and the autoclave was sealed. When the temperature was increased,
      and reached 90.degree.C, a mixture of 26 kg of styrene monomer, 40 g of
      ACHN and 30.0 g of an unsaturated dimer of .alpha.-methylstyrene was
      further added continuously at a rate of 4.35 kg/hour. The reaction mixture
      was maintained under these conditions at 90.degree.C for 5 hours, and then
      at 120.degree.C for 2.5 hours. 30 minutes after the temperature had
      increased to 120.degree.C, 12 g of tertiary butyl peroxy isopropyl
      carbonate was added. The product was recovered in accordance with
      conventional customary procedures. The results obtained are shown in Table
      1.
PAC  EXAMPLE 6
PAC  Example 5 was repeated except that 40 g of
      2,2'-azobis(2-methoxycarbonylpropane) was added instead of ACHN added at
      the initial stage of polymerization and also as the additional monomer,
      and also 12 g of tertiary butyl peroxyacetate was used instead of the
      tertiary butyl peroxy isopropyl carbonate added 30 minutes after the
      temperature had increased to 120.degree.C. The results obtained are shown
      in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

               Examples                                                        

     Properties                                                                

               1   2    3    4    5   6                                        

     __________________________________________________________________________

     Unreacted                                                                 

     Monomers (%)                                                              

               0.7 0.6  0.6  0.5  0.4 0.6                                      

     Color     A   A    A    B    B   B                                        

     Haze (%)  0.45                                                            

                   0.43 0.47 0.50 0.50                                         

                                      0.49                                     

     Softening                                                                 

     Point(.degree.C)                                                          

               100 101  101  103  103 102                                      

     Particles Larger                                                          

     Than 32 Mesh                                                              

               0.5 0.5  0.5  1.0  0.8 1.0                                      

     (%)                                                                       

     Tensile Strength                                                          

     (kg/mm.sup.2)                                                             

               6.7 6.7  6.6  7.5  7.4 7.4                                      

     P. AN     25.1                                                            

                   25.0 24.9 29.7 29.8                                         

                                      29.9                                     

     Unreacted                                                                 

     Monomers (%)                                                              

               3.5*                                                            

                   1.1* 0.7  1.0* 0.9*                                         

                                      0.7                                      

     Color     B   E*   D*   B    F*  D*                                       

     Haze (%)  0.50                                                            

                   0.70*                                                       

                        0.60*                                                  

                             3.0* 1.2*                                         

                                      3.5*                                     

     Softening                                                                 

     Point (.degree.C)                                                         

               88* 94*  100  95*  95* 100                                      

     Particles                                                                 

     Larger Than                                                               

               0.6 0.6  0.6  30.0*                                             

                                  1.0 40.0*                                    

     32 Mesh (%)                                                               

     Tensile                                                                   

     Strength  6.7 6.3  6.4  6.7  7.4 7.4                                      

     (kg/mm.sup.2)                                                             

     P. AN     24.9                                                            

                   24.8 29.7 29.9 29.8                                         

                                      29.9                                     

     Remarks   Beads                                                           

                   Beads     10% of                                            

                                  Beads                                        

                                      Contained                                

               turned                                                          

                   turned    the  turned                                       

                                      15% of                                   

               yellow                                                          

                   slight-   beads                                             

                                  yellow                                       

                                      particles                                

                   ly        retained larger                                   

                   yellow    on 100   than 10                                  

                             mesh as  mesh                                     

                             agglome-                                          

                             rates                                             

     __________________________________________________________________________

      Asterisk indicates unfavorable results.                                  

PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a copolymer of acrylonitrile and an aromatic
      vinyl compound comprising suspension polymerizing acrylonitrile and an
      aromatic vinyl compound chosen from the group consisting of styrene,
      o-methylstyrene, m-methylstyrene, p-methylstyrene and
      .alpha.-methylstyrene in an initial weight ratio of acrylonitrile to vinyl
      compound of 30-50: 70-50 which is during the process adjusted to a ratio
      of 20-35: 80-65 by the addition of vinyl compound, in the presence of at
      least one azo catalyst selected from the group consisting of
      1,1'-azobiscyclohexanitrile, 1,1'-azobiscycloheptanitrile,
      2,2'-azobis(2-nitropropane), 2,2'-azobis-(2-thiocyanopropane) and
      2,2'-azobis(2-methoxycarbonyl propane) and at least one peroxide catalyst
      selected from the group consisting of ditertiary butyl peroxide,
      2,5-dimethyl-2,5-di(tertiary butyl peroxy) hexane, tertiary butyl peroxy
      acetate and tertiary butyl peroxy isopropyl carbonate in an amount of
      catalyst of about 0.01 to 0.5% by weight, and and about 0.005 to 0.2% by
      weight, respectively, based on the weight of the monomers, and maintaining
      the temperature at a first level of about 90.degree. to 110.degree.C until
      the conversion of the monomers reaches 70%, and then, increasing the
      temperature to a second level in excess of said first level in the range
      of about 110.degree. to 140.degree.C until completion of the
      polymerization.
NUM  2.
PAR  2. The process of claim 1, wherein said azo catalyst is
      1,1'-azobiscyclohexanitrile or 1,1'-azobiscycloheptanitrile, and said
      peroxide catalyst is tertiary butyl peroxy isopropyl carbonate.
NUM  3.
PAR  3. The process of claim 1, wherein said peroxide catalyst is added when the
      conversion of monomers has reached 70%.
NUM  4.
PAR  4. The process of claim 1, wherein a dispersing agent selected from the
      group consisting of tricalcium phosphate, trisodium phosphate, sodium
      phosphate, calcium chloride or disodium phosphate is present in said
      process as a dispersing agent.
NUM  5.
PAR  5. The process of claim 1, wherein a compound selected from the group
      consisting of tertiary dodecyl mercaptan, normal dodecyl mercaptan, an
      unsaturated dimer of .alpha.-methylstyrene, trichloroethylene and
      terpinolene is present as a molecular weight adjuster.
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PAL  A fluoroelastomer composition which contains (a) a fluoroelastomer, (b) at
      least one member selected from the group consisting of bivalent metal
      oxide, bivalent metal hydroxide and mixture of bivalent metal oxide or
      metal hydroxide with metal salt of weak acid, (c) an aromatic polyhydroxy
      compound, and (d) a quaternary ammonium compound of imidazole or
      imidazoline, provides a fluoro-rubber having a low compression set and an
      excellent elastic property. The fluoroelastomer composition can be handled
      and processed with safety, and yet can be cured at a good cure rate, and
      has excellent storage properties. The cure rate of the composition is more
      accelerated by further addition of (e) water or a metal compound which
      produces water by reacting it with hydrogen fluoride.
PARN
PAR  This is a division, of application Ser. No. 303,764, filed 11/6/72, now
      U.S. Pat. No. 3,864,298.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a novel fluoroelastomer composition, and
      more particularly to a fluoroelastomer composition suitable for preparing
      a fluoro-rubber having a low compression set and an excellent elastic
      property.
PAR  The term "fluoroelastomer" used herein means a highly fluorinated elastic
      copolymer and the term "fluoro-rubber" used herein means a cured copolymer
      obtained by curing the fluoro-elastomer.
PAR  A fluoro-rubber has an excellent heat resistance, a low temperature
      resistance and a chemical resistance and is useful for gaskets, sealants,
      diaphragmes, pipes and so on.
PAR  It is well known that fluoro-rubber is prepared by curing a fluoroelastomer
      in the presence of curing agent. The fluoro-rubber is required to have an
      excellent elastic property as well as a low compression set in the
      practical uses. In general, however, a fluoro-rubber prepared by curing a
      conventional composition tends to be inferior in compression set when the
      elastic property is guaranteed and, on the other hand, tends to reduce its
      elastic property when compression set is suppressed. Therefore, a
      fluoroelastomer composition which is able to provide a fluoro-rubber
      having an excellent elastic property in addition to a low compression set
      is earnestly desired.
PAR  Recently, various fluoroelastomer composition which can be cured to provide
      fluoro-rubbers having a low compression set have been proposed. These
      fluoroelastomer compositions are somewhat effective for reducing
      compression set, but it tends to have poor elastic property.
PAC  OBJECT OF THE INVENTION
PAR  It is an object of the present invention to provide a novel fluoroelastomer
      composition which is able to provide a fluoro-rubber having a low
      compression set and an excellent elastic property.
PAR  A further object of the invention is to provide a fluoroelastomer
      composition capable of being cured for a short time with safety.
PAR  A still further object of the invention is to provide a fluoroelastomer
      composition having an excellent storability of uncured composition.
PAR  These and other objects will become apparent from the description
      hereinafter.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been found that the above-mentioned objects can be attained by
      the fluoroelastomer composition which comprises (a) a fluoroelastomer, (b)
      at least one member selected from the group consisting of bivalent metal
      oxide, bivalent metal hydroxide and mixture of bivalent metal oxide or
      metal hydroxide with metal salt of weak acid, (c) an aromatic polyhydroxy
      compound, and (d) a quaternary ammonium compound having the general
      formula:
      ##SPC1##
PAL  wherein R.sub.1 is alkyl group having 1 to 20 carbon atoms, carbocyclic
      group, heterocyclic group or aralkyl group hvaing 7 to 20 carbon atoms,
      R.sub.2 is hydrogen, alkyl group having 1 to 12 carbon atoms, carbocyclic
      group, heterocyclic group, phenyl group, substituted phenyl group, aralkyl
      group having 7 to 12 carbon atoms, alkoxyl group having 1 to 12 carbon
      atoms, benzyloxy group, hydroxyl group, carboxyl group, alkoxycarbonyl
      group, acyl group, benzoyl group or cyclohexylcarbonyl group, R.sub.3 is
      alkyl group having 1 to 20 carbon atoms or aralkyl group having 7 to 20
      carbon atoms, R.sub.4 and R.sub.5 are hydrogen or lower alkyl group, A is
      alkylene group or phenylene group, B is alkylene group, and X.sup.- is an
      anion such as halide ion, hydroxylate ion, alkoxylate ion, phenoxide ion,
      carboxylate ion, sulfonate ion, sulfate ion, sulfite ion and carbonate
      ion.
PAR  Further, by the addition of (e) water or a metal compound which readily
      produces water by reacting it with hydrogen fluoride, a cure rate of the
      composition can be accelerated without reducing the elastic property.
PAR  According to the present invention, there can be obtained a fluoro-rubber
      having excellent elastic properties such as modulus at 100 % elongation,
      tensile strength, elongation and hardness, and low compression set at room
      or high temperature. For instance, when the fluoro-rubber of the invention
      instead of a conventional prior art fluoro-rubber is used for packing
      material in oil pressure machines under severe conditions, repeated
      tightening of the packing material is not required to prevent leaks of oil
      or gas, owing to the excellent properties of the fluoro-rubber according
      to the present invention, particularly low compression set and excellent
      elastic property.
PAR  Further, the fluoroelastomer composition of the invention can be handled
      and processed with safety. For instance, scorching seldom occurs during
      handling before cure. A complicated article can be readily prepared
      without any showing of back rind and other inferiorities because of the
      favorable flowability at the press cure. And yet, the composition of the
      invention can be cured with a good cure rate. However, the composition of
      the invention has an advantage such as an excellent storability in
      comparison with conventional fluoroelastomer compositions.
PAR  In the present invention, it is essential that the above (d) ingredient is
      quaternary ammonium compound of imidizole or imidazoline. Because, when
      imidazole or imidazoline per se or their salts of mineral acid or organic
      acid are employed, such excellent effects in handling or processing as
      obtained by the present invention can not be obtained.
PAR  The fluoroelastomer (a) indgredient of the invention, which is a highly
      fluorinated elastic copolymer, is, for instant, a copolymer of vinylidene
      fluoride and at least one fluoroolefin such as hexafluoropropene,
      pentafluoropropene, trifluoroethylene, trifluorochloroethylene,
      tetrafluoroethylene, vinyl fluoride, perfluoro(methyl vinyl ether),
      perfluoro(propyl vinyl ether), or the like.
PAR  Vinylidene fluoroide-hexafluoropropene copolymer and vinylidene
      fluoride-tetrafluoroethylene-hexafluoropropene terpolymer are preferably
      employed. In particular, it is interesting to use a copolymer which
      composition is in the ratio of vinylidene fluoride and hexafluoropropene
      being 92 : 8 to 66 : 34 by mole, or a terpolymer which composition is in
      rectangular area formed by the following four ratios of vinylidene
      fluoride, tetrafluoroethylene and hexafluoropropene being 85.7 : 5 : 9.3,
      59.7 : 5 : 35.3, 28 : 30 : 42 and 54 : 30 : 16 by mole, obtained by means
      of the process of suspension polymerization at low temperature.
PAR  Further, there may be effectively employed such polymers as obtained by
      copolymerizing a small amount of monomer such as vinyl compound, olefin,
      diene or .alpha.,.beta.-ethylenically unsaturated carboxylic acid in
      addition to the above-mentioned monomers.
DRWD
PAR  FIG. 1 is a graph showing a curing curve of a fluoroelastomer composition
      in the present invention and those of comparative fluoroelastomer
      composition.
DETD
PAR  Suitable examples of (b) ingredient of the invention are bivalent metal
      oxides such as MgO, CaO. PbO or ZnO, metal hydroxides such as
      Mg(OH).sub.2, or Zn(OH).sub.2, and mixtures of the above metal oxides
      and/or metal hydroxides with metal salts which are formed from metals such
      as Ba, Na, K, Pb and Ca and weak acids such as stearic acid, benzoic acid,
      carbonic acid, oxalic acid and phosphorous acid.
PAR  Examples of (c) ingredient being aromatic polyhydroxy compounds are
      2,2-bis(4-hydroxyphenyl)propane (Bisphenol A),
      2,2-bis(4-hydroxyphenyl)perfluoropropane (Bisphenol AF), resorcinol,
      1,3,5-trihydroxybenzene, 1,7-dihydroxynaphthalene,
      2,7-dihydroxynaphthalene, 1,6-dihydroxynaphthalene,
      4,4'-dihydroxydiphenyl, 4,4'-dihydroxystilbene, 2,6-dihydroxyanthracene,
      hydroquinone, catechol, 2,2-bis(4-hydroxyphenyl)butane (Bisphenol B),
      4,4-bis(4-hydroxyphenyl)pentanoic acid,
      2,2-bis(4-hydroxyphenyl)tetrafluorodichloropropane, 4,4'-dihydroxydiphenyl
      sulfone, 4,4'-dihydroxydiphenyl ketone, tri(4-hydroxyphenyl)methane,
      3,3',5,5'-tetrachlorobisphenol A, 3,3',5,5'-tetrabromo-bisphenol A, and
      the like. Hydroquinone, Bisphenol A, Bisphenol B and Bisphenol AF are
      especially preferred, and alkali metal salts or alkaline earth metal salts
      of the above-mentioned aromatic polyhydroxy compounds may be also
      employed.
PAR  Examples of (d) ingredient being quaternary ammonium compound are as
      follows: 1,3-dimethyl-2-heptylimidazolium iodide,
      1,3-dimethyl-2-nonylimidazolium iodide, 1,3-dimethyl-2-undecylimidazolium
      iodide, 1,3-dimethyl-2-heptadecylimidazolium chloride,
      1,3-diethyl-2-heptadecylimidazolium chloride,
      1,3-dipropyl-2-heptadecylimidazolium chloride,
      1-dodecyl-3-propylimidazolium iodide, 1-dodecyl-2,3-dimethylimidazolium
      p-toluenesulfonate, 1,3-didodecyl-2-methylimidazolium chloride,
      1-decyl-2,3-dimethylimidazolium iodide, 1-decyl-2,3-dimethylimidazolium
      bromide, 1-tetradecyl-2,3-dimethylimidazolium iodide,
      1-tetradecyl-2,3-dimethylimidazolium hydroxide,
      1-dodecyl-2-undecyl-3-methylimidazolium sulfate,
      1,3-dihexadecyl-2-heptadecylimidazolium chloride,
      1-hydroxyethyl-2-methyl-3-dodecylimidazolium p-toluenesulfonate,
      1,3-didodecyl-2-phenylimidazolium chloride,
      1-dodecyl-2,4-dimethyl-3-benzylimidazolium chloride,
      1,3-dihexadecyl-2-phenyl-4-methylimidazolium chloride,
      1-vinyl-2-methyl-3-dodecylimidazolium chloride,
      1-vinyl-2-methyl-3-hexadecylimidazolium chloride,
      1-allyl-2-methyl-3-dodecylimidazolium chloride, 1-(.gamma.
      -aminopropyl)-2-methyl3-dodecylimidazolium chloride,
      1-undecenyl-2-octyl-3-ethylimidazolium bromide,
      1-eicosyl-2-eicosenyl-3-decylimidazolium bromide,
      1-dodecyl-2-methyl-3-benzylimidazolium chloride,
      1,3-dibenzyl-2-methylimidazolium chloride,
      1,3-dibenzyl-2-methylimidazolium hydroxide,
      1-benzyl-2-methyl-3-dodecylimidazolium chloride,
      1-dodecyl-2-methyl-3-benzylimidazolium chloride,
      1-butyl-2-heptyl-3-benzylimidazolium chloride,
      1-tetradecyl-2-methyl-3-benzylimidazolium bromide,
      1-dodecyl-2-phenyl-3-benzylimidazolium bromide,
      1-benzyl-2-undecyl-3-methylimidazolium sulfate,
      1-amyl-2-undecyl-3-benzylimidazolium bromide,
      1-dodecyl-2,5-dimethyl-3-benzylimidazolium chloride,
      1-dodecyl-2-phenyl-3-benzyl-4-methylimidazolium bromide,
      1-(2'-pyrimidinyl)-2,3-dimethylimidazolium chloride,
      1,4-butylene-bis[1'-ethyl-3'-dodecylimidazolium-(2')] dichloride,
      1,4-phenylene-bis[1'-dodecyl-3'-benzyl-4'-methylimidazolium-(2')]
      dichloride,
      1,4-phenylene-bis-[1'-dodecyl-3'-dibenzyl-4'-methylimidazolium-(2')]
      dibromide, 1,4-butylene-bis[2'-ethyl-3'-dodecyl-4'-methylimidazolium-(1')]
      dichloride, 1,4-butylene-bis[ 2'-methyl-3'-hydroxyethylimidazolium-(1')]
      dichloride, 1,2-ethylene-bis[2',3'-dimethylimidazolium-(1')] dichloride;
      1,3-dimethyl-2-heptylimidazolinium iodide,
      1,3-dimethyl-2-nonylimidazolinium iodide,
      1,3-dimethyl-2-undecylimidazolium iodide,
      1,3-dimethyl-2-heptadecylimidazolinium chloride,
      1,3-diethyl-2-heptadecylimidazolinium chloride,
      1,3-dipropyl-2-heptadecylimidazolinium chloride,
      1-dodecyl-3-propylimidazolinium iodide,
      1-dodecyl-2,3-dimethylimidazolinium p-toluenesulfonate,
      1,3-didodecyl-2-methylimidazolinium chloride,
      1-decyl-2,3-dimethylimidazolium iodide, 1-decyl-2,3-dimethylimidazolinium
      bromide, 1-tetradecyl-2,3-dimethylimidazolinium iodide,
      1-tetradecyl-2,3-dimethylimidazolinium hydroxide,
      1-dodecyl-2-undecyl-3-methylimidazolinium methylsulfate,
      1,3-dihexadecyl-2-heptadecylimidazolinium chloride,
      1-hydroxyethyl-2-methyl-3-dodecylimidazolinium p-toluenesulfonate,
      1,3-didodecyl-2-phenylimidazolinium chloride,
      1-dodecyl-2,4-dimethyl-3-benzylimidazolinium chloride,
      1,3-dihexadecyl-2-phenyl-4-methylimidazolinium chloride,
      1-vinyl-2-methyl-3-dodecylimidazolinium chloride,
      1-vinyl-2-methyl-3-hexadecylimidazolinium chloride,
      1-allyl-2-methyl-3-dodecylimidazolinium chloride,
      1-(.gamma.-aminopropyl)-2-methyl3-dodecylimidazolinium chloride,
      1-undecenyl-2-octyl-3-ethylimidazolinium bromide,
      1-eiconyl-2-eicosenyl-3-decylimidazolinium bromide,
      1-dodecyl-2-methyl-3-benzylimidazolinium chloride,
      1,3-dibenzyl-2-methylimidazolinium chloride,
      1,3-dibenzyl-2-methylimidazolinium hydroxide,
      1-benzyl-2-methyl-3-dodecylimidazolinium chloride,
      1-dodecyl-2-methyl-3-benzylimidazolinium chloride,
      1-butyl-2-heptyl-3-benzylimidazolinium chloride,
      1-tetradecyl-2-methyl-3-benzylimidazolinium bromide,
      1-dodecyl-2-phenyl-3-benzylimidazolinium bromide,
      1-benzyl-2-undecyl-3-methylimidazolinium methylsulfate,
      1-amyl-2-undecyl-3-benzylimidazolinium bromide,
      1-dodecyl-2,5-dimethyl-3-benzylimidazolinium chloride, 1-dodecyl-
      2-phenyl-3-benzyl-4-methylimidazolinium bromide,
      1(2'-pyrimidinyl)-2,3-dimethylimidazolinium chloride, 1,4-butylene-bis[
      1'-ethyl-3'-dodecylimidazolinium-(2')] dichloride,
      1,4-phenylene-bis[1'dodecyl-3'-benzyl-4'-methylimidazolinium-(2')]
      dichloride,
      1,4-phenylene-bis[1'-dodecyl-3'-dibenzyl-4'-methylimidazolinium-(2')]
      dibromide,
      1,4-butylene-bis[2'-ethyl-3'-dodecyl-4'-methylimidazolinium-(1')]
      dichloride, 1,4-butylene-bis[2'-methyl-3'-hydroxyethylimidazolinium-(1')]
      dichloride, 1,2-ethylene-bis[2',3'-dimethylimidazolinium-(1')] dichloride.
PAR  The water (e) ingredient can be added directly or in the form of metal salt
      hydrates into the fluoroelastomer composition, which metal salt hydrates
      are capable of providing water harmlessly in cure, such as MgSO.sub.4.7
      H.sub.2 O, CuSO.sub.4.5 H.sub.2 O and FeSO.sub.4.7 H.sub.2 O. As a metal
      compound which readily produces water by reacting it with hydrogen
      fluoride, metal hydroxides such as Mg(OH).sub.2, Pb(OH).sub.2 and
      Ca(OH).sub.2 may be employed. In case of using these metal hydroxides, the
      addition of (b) ingredient may be omitted.
PAR  As the amount of the above ingredients to 100 parts by weight of
      fluoroelastomer in the present invention, 2 to 30 parts, preferably 5 to
      20 parts by weight of (b) ingredient, 0.5 to 5 parts, preferably 1 to 2
      parts by weight of (c) ingredient and 0.2 to 10 parts, preferably 0.5 to 3
      parts by weight of (d) ingredient respectively are suitably employed. In
      case the amount of (d) ingredient is less than the above range, the cure
      of the fluorolastomer composition tends to occur unsatisfactory. On the
      other hand, in case that of (d) ingredient is more than the above range,
      the elastic properties of the resultant fluororubber are liable to be
      reduced. The amount of water being (e) ingredient may be 0.1 to 10 parts,
      preferably 0.5 to 5 parts by weight to 100 parts by weight of
      fluoroelastomer. The amount of the metal compound varies according to the
      kind thereof, and in general it may be 0.5 to 30 parts, preferably 2 to 10
      parts by weight to 100 parts by weight of fluoroelastomer.
PAR  In the present invention, filler such as carbon black, silica, clay,
      diatomaceous earth or talc may be further added into the composition of
      the invention in accordance with necessity. If necessary, one or more of a
      small amount of the conventional curing agent may be added into the
      composition of the invention unless the spirit of the present invention is
      lost. Moreover, plasticizer and colorant also may be added.
PAR  Thus obtained fluoroelastomer compositions can be cured by a conventional
      process. For instant, the composition is milled by mixing rolls and the
      resultant compound is put into a mold and cured under pressure and then
      the resultant article is removed out of the mold, followed by curing it in
      an oven. In general, the press cure is carried out at a temperature of
      100.degree. to 200.degree.C. under a pressure of 20 to 100 kg./cm..sup.2
      for a period of 10 to 180 minutes, and the oven cure is carried out at a
      temperature of 150.degree. to 300.degree.C. for a period of 0 to 30 hours.
      Other processes for cure, for instant, a process which the cure is carried
      out after pre-molding such as injection molding or extrusion molding;
      alternatively a process which a coating composition prepared by dissolving
      or dispersing the fluoroelastomer composition into a solvent such as
      ketons, e.g. methyl ethyl ketone, acetone and cyclohexanone, ethers, e.g.
      methyl ethyl ether, diethyl ether, dioxane and tetrahydrofuran, or a
      mixture thereof is applied on a surface of paper, fiber, film, sheet,
      board, tube, pipe, tank, big vessel or the other shaped articles (made by
      cellulose derivatives, synthetic resin, metal or the others) and then
      cured, may be carried out.
PAR  The fluoro-rubber obtained by the fluoroelastomer composition of the
      present invention has advantages such as an excellent heat resistance, a
      low temperature resistance and a chemical resistance as well as the
      fluoro-rubber obtained by a conventional fluoroelastomer composition, and
      further shows excellent properties above-mentioned, which can not be
      obtained by a conventional fluoroelastomer composition.
PAR  The present invention is more specifically described and explained by means
      of the following Examples which, however, are not intended to be limited.
      In Examples, all parts and percentages are by weight except as otherwise
      noted.
PAC  REFERENCE EXAMPLE 1
PAR  A three liter stainless steel autoclave was charged with 1,000 parts of
      demineralized and deoxidized water. Air within the autoclave was
      thoroughly replaced with pure nitrogen gas and then nitrogen gas within
      the autoclave was thoroughly replaced with tetrafluoroethylene. The
      autoclave was charged with 96 parts of a monomer mixture consisting of
      27.1 % of vinylidene fluoride, 63.5 % of hexafluoropropene and 9.4 % of
      tetrafluoroethylene. The temperature was raised to 100.degree.C. with
      agitation and the polymerization was initiated by adding 10 parts of a 6 %
      aqueous solution of ammonium persulfate under a pressure of 12
      kg./cm..sup.2.
PAR  The polymer was obtained in a form of emulsion. A 10 % aqueous solution of
      magnesium chloride was added to the autoclave to coagulate the polymer.
      The polymer was washed with water and dried to give 423 parts of colorless
      elastic terpolymer.
PAC  REFERENCE EXAMPLE 2
PAR  A three liter stainless steel autoclave provided with a magnetic stirrer
      was charged with one liter of deoxidized water and 0.3 g. of
      methylcellulose (50 cps.) After air within the autoclave was thoroughly
      replaced with pure nitrogen gas and then evacuated, the autoclave was
      charged with 300 cc. of 1,1,2-trichloro-1,2,2-trifluoroethane, then with
      300 g. of a monomer mixture consisting of hexafluoropropene, vinylidene
      fluoride and tetrafluoroethylene in the molar ratio of 50.6 : 44.9 : 4.5
      and kept at 40.degree.C. with agitation.
PAR  A 125 cc. tank cooled by dry ice was charged with 50 cc. of 1.97 % solution
      of di(3,5,6-trichloro-2,2,3,4,4,5,6,6-octafluorohexanoyl) peroxide in
      1,1,2-trichloro-1,2,2-trifluoroethane, and the solution was introduced
      into the autoclave by nitrogen pressure to initiate polymerization.
PAR  Another 20 liter autoclave was charged with a monomer mixture for
      continuous charging consisting of hexafluoropropene, vinylidene fluoride
      and tetrafluoroethylene in the molar ratio of 20 : 68 : 12 and connected
      to the said autoclave. The monomer mixture was supplied to the autoclave
      so as to maintain a constant pressure between 9 to 10 kg./cm..sup.2 G.
      Further, 50 cc. of the said initiator solution was additionally supplied,
      and polymerization for about 5 hours gave about 300 g. of a
      fluoroelastomer as small white granules.
PAC  REFERENCE EXAMPLE 3
PAR  A three liter stainless steel autoclave provided with a magnetic stirrer
      was charged with one liter of deoxidized water and 0.3 g. of
      methylcellulose (50 cps.). After air within the autoclave was thoroughly
      replaced with pure nitrogen gas and then evacuated, the autoclave was
      charged with 300 cc. of 1,1,2-trichloro-1,2,2-trifluoroethane, and then
      with 300 g. of a monomer mixture consisting of hexafluoropropene and
      vinylidene fluoride in the molar ratio of 58 : 42. It was maintained at
      30.degree.C. with agitation.
PAR  A 125 cc. tank cooled by dry ice was charged with 50 cc. of 1.97 % solution
      of di(3,5,6-trichloro-2,2,3,4,4,5,6,6 -octafluorohexanoyl) peroxide in
      1,1,2-trichloro-1,2,2-trifluoroethane, and the solution was introduced
      into the autoclave by nitrogen pressure to initiate polymerization.
PAR  Another 20 liter stainless steel autoclave was charged with a monomer
      mixture for continuous charging consisting of hexafluoropropene and
      vinylidene fluoride in the molar ratio of 25 : 75 and connected to the
      said autoclave. The monomer mixture was supplied to the autoclave so as to
      maintain the polymerization pressure between 8 and 9 kg./cm..sup.2 G. The
      polymerization was carried out for about 5 hours. Then, the residual
      monomers were purged off to give about 140 g. of a small granular
      fluoroelastomer.
PAC  EXAMPLES 1 to 3
PAR  To a vinylidene fluoride-hexafluoropropenetetrafluoroethylene terpolymer
      copolymerized in the molar ratio of 66.5 : 16.0 : 17.5, which was
      previously obtained by Reference Example 1, was added medium thermal
      carbon, magnesium oxide, calcium hydroxide, hydroquinone and
      1,3-dibenzyl-2-methylimidazolium chloride with the amount showed in the
      following Table 1, in order. The composition was milled by a mixing roll
      at a room temperature, and the resultant compounds were allowed to stand
      over night. After milling again, the composition was put into a mold and
      cured at a temperature of 170.degree.C. under a pressure of 55
      kg./cm..sup.2 G. for a period of 30 minutes to give sheet and block,
      respectively. The resultant was removed out of the mold and cured at a
      temperature of 230.degree.C. for a period of 24 hours (Example 1).
PAR  Modulus at 100 % elongation, tensile strength, elongation and hardness of
      the obtained fluoro-rubber sheet and compression set of the obtained
      fluoro-rubber block were measured. And further curing test of the
      composition was carried out and stresses after lapse of a fixed time was
      measured by using a curelasto meter.
PAR  Moreover the procedure of Example 1 was repeated except that
      1-dodecyl-2-methyl-3-benzylimidazolium chloride was employed instead of
      1,3-dibenzyl-2-methylimidazolium chloride (Example 2), that water was
      further added (Example 3), that no quaternary, ammonium compound was
      employed (Comparative Example 1), and that
      N,N'-dicinnamylidene-1,6-hexanediamine was employed as a conventional
      curing agent instead of 1,3-dibenzyl-2-methylimidazolium chloride and
      hydroquinone (Comparative Example 2). The amount employed and the result
      were shown in the following Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Ingredients                                                               

                                       1,3-dibenzyl-                           

                                                1-dodecyl-2-                   

                                                        N,N'-dicinna-          

                Medium                 2-methylimida-                          

                                                methyl-3-ben-                  

                                                        mylidene-1,6-          

     Fluoro-    thermal                                                        

                     Magnesium                                                 

                           Calcium                                             

                                 Hydroqui-                                     

                                       zolium chlori-                          

                                                zylimidazoliu-                 

                                                        hexane-                

     elastomer  carbon                                                         

                     oxide hydroxide                                           

                                 none  de       m chloride                     

                                                        diamine  water         

     __________________________________________________________________________

     Ex. 1                                                                     

          100   20   10    2     1     1        --      --       --            

     Ex. 2                                                                     

          100   20   10    3     1     --       1.5     --       --            

     Ex. 3                                                                     

          100   20   10    --    1     0.8      --      --       1.5           

     Com.                                                                      

     Ex. 1                                                                     

          100   20   10    2     1     --       --      --       --            

     Com.                                                                      

     Ex. 2                                                                     

          100   20   15    --    --    --       --      3        --            

     __________________________________________________________________________

     Curing test                   Properties                                  

     1  2   3   4   5   10  15  20 Modulus                                     

                                         Tensile                               

                                               Elonga-                         

                                                    Hard-                      

                                                        Compression set        

     min.                                                                      

        min.                                                                   

            min.                                                               

                min.                                                           

                    min.                                                       

                        min.                                                   

                            min.                                               

                                min.                                           

                                   at 100 %                                    

                                         strength                              

                                               tion ness                       

                                                        30.degree.C            

                                                              200.degree.C     

                                                              .times.          

     (kg.)                         (kg/cm..sup.2)                              

                                         (kg./cm..sup.2)                       

                                               (%)      24 hr                  

                                                              24 hr            

     __________________________________________________________________________

                                                              (%)              

     0.45                                                                      

        0.60                                                                   

            0.80                                                               

                1.75                                                           

                    3.35                                                       

                        3.65                                                   

                            3.70                                               

                                3.70                                           

                                   68    155   180  78  10    20               

     0.60                                                                      

        0.65                                                                   

            0.75                                                               

                1.60                                                           

                    2.50                                                       

                        3.30                                                   

                            3.40                                               

                                3.40                                           

                                   88    150   160  82  15    21               

     0.70                                                                      

        1.40                                                                   

            1.90                                                               

                2.25                                                           

                    2.55                                                       

                        3.50                                                   

                            --  4.00                                           

                                   81    159   170  82  12    25               

     not cured -                                                               

     0.50                                                                      

        0.70                                                                   

            1.10                                                               

                1.40                                                           

                    1.80                                                       

                        2.70                                                   

                            3.05                                               

                                3.10                                           

                                   50    180   290  76  33    35               

     __________________________________________________________________________

      NOTE                                                                     

      1. Modulus at 100 % elongation, tensile strength and elongation are      

      measured with dumbbell test pieces (No. 3) prepared from the samples of  

      cured sheet by using a universal tensile tester (UTM-III type) made by   

      Toyo Sokki Kabushiki Kaisha according to the provision of JIS K Japanese 

      Industrial Standard 6301 (corresponds to ASTM D-412-68).                 

      2. Hardness is measured by using a hardness tester (Asker J type) made by

      Kobunshi Keiki Kabushiki Kaisha.                                         

      3. Compression set is measured with the test disk samples prepared from  

      the samples of cured block, according to the provision of JIS K 6301, as 

      follows: The test samples are kept at 30.degree.C. and 200.degree.C. unde

      a compression of 25 % for 24 hours, and then allowed to stand at a room  

      temperature for 30 minutes for measurement with a thickness gauge for    

      rubber of Peacock type made by Kabushiki Kaisha Ozaki Seisakusho.        

      Compression set is calculated on the basis of a thickness of sample      

      according to the following equation:                                     

TBL                   t.sub.0 - t.sub.1                                        

     Compression set (%) =                                                     

                          .times. 100                                          

                      t.sub.0 - t.sub.2                                        

      wherein t.sub.0 is thickness (mm.) before compression, t.sub.1 is        

      thickness (mm.) after compression and t.sub.2 is thickness (mm.) of      

      spacer.                                                                  

      4. Curing test is carried out with the sample (34 mm. .times. 7 mm.      

      .times. 2 mm.) by using a curelasto meter (JSR-curelasto meter No.II     

      Type). The test sample is put into a mold chamber and tested under the   

      condition of temperature of 180.degree.C., frequency of 6 c./min. and and

      amplitude of 3.degree., and then stress is measured after the lapse of th

      fixed time.                                                              

PAC  EXAMPLE 4
PAR  The process for curing of Example 1 was repeated for the composition shown
      in the following Table 2, and the curing test was carried out, which
      results are shown in Table 2. FIG. 1 shows the curing curves of Example 4,
      Comparative Examples 4 and 5 recorded by curelasto meter. As is clear from
      Table 2 and FIG. 1, the composition including
      1-dodecyl-2-methyl-3-benzylimidazolium chloride of the present invention
      has an adequate induction time and an excellent processing, and can be
      cured with good cure rate in comparison with the compositions including
      imidazole per se and its salt of hydrogenchloride as comparative Examples.
PAC  EXAMPLE 5 to 9
PAR  The process for curing of Example 1 was repeated for the composition shown
      in the following Table 3 and the properties were measured. The results
      were shown in Table 3.
PAC  EXAMPLES 10 to 12
PAR  Employing the fluoroelastomers obtained by Reference Example 1 for Example
      10, by Reference Example 2 for Example 11 and by Reference Example 3 for
      Example 12, the process for curing of Example 1 was repeated for the
      composition shown in the following Table 4 and the properties of the
      resultant rubber were measured. The results were shown in Table 4.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Ingredients                                                               

     Fluoro-   Medium                                                          

                    Magnesium                                                  

                          Calcium                                              

                                Hydroqui-                                      

                                      2-methyl-                                

                                            1-dodecyl-2-                       

                                                    1-dodecyl-2-               

                                                            1-dodecyl-2-       

     elasto-   thermal                                                         

                    oxide hydroxide                                            

                                none  imidazole                                

                                            methylimida-                       

                                                    methylimida-               

                                                            methyl-3-ben-      

     mer       carbon                       zole    zole hydro-                

                                                            zylimidazolium     

                                                    chloride                   

                                                            chloride           

     __________________________________________________________________________

     Ex. 4                                                                     

          100  20   10    3     1     --    --      --      1                  

     Com.                                                                      

     Ex. 3                                                                     

          100  20   10    2     1     1     --      --      --                 

     Com.                                                                      

     Ex. 4                                                                     

          100  20   10    2     1     --    1       --      --                 

     Com.                                                                      

     Ex. 5                                                                     

          100  20   10    2     1     --    --      1.2     --                 

     __________________________________________________________________________

     Curing test                                                               

     1 min.   2 min. 3 min. 4 min. 5 min  10 min.  20 min.  30 min.            

     1 (kg.)                                                                   

     0.45     0.50   0.70   0.85   1.75   3.10     3.20     --                 

     not cured                                                                 

     0.50     0.55   0.60   0.65   0.70   1.05     2.90     3.00               

     0.50     0.60   0.70   0.75   0.77   1.00     2.25     2.75               

     __________________________________________________________________________

TBL                                    Table 3                                 

     __________________________________________________________________________

     Ingredients                                                               

     Fluoro-    Magnesium                                                      

                      Medium                                                   

                           Calcium                                             

                                 Bisphenol                                     

                                       Potassium                               

                                             1,3-dibenzyl-2-                   

                                                       1-dodecyl-2-            

                                                                Water          

     elastomer  oxide thermal                                                  

                           hydroxide                                           

                                 A     salt of                                 

                                             methylimidazo-                    

                                                       methyl-3-benzyl-        

                      carbon           bisphenol                               

                                             lium chloride                     

                                                       imidazolium             

                                       A               chloride                

     __________________________________________________________________________

     Ex. 5                                                                     

          100   10    20   2     2     --    1         --       --             

     Ex. 6                                                                     

          100   10    20   3     2     --    --        1        --             

     Ex. 7                                                                     

          100   10    20   --    2     --    1         --       1              

     Ex. 8                                                                     

          100   10    20   --    2     --    --        1        2              

     Ex. 9                                                                     

          100   10    20   --    --    3     1         ----                    

     __________________________________________________________________________

     Properties                                                                

     Modulus at 100 %                                                          

                   Tensile strength                                            

                               Elongation                                      

                                        Hardness                               

                                                Compression set                

                                                30.degree.C .times. 24         

                                                           200.degree.C        

                                                           .times. 24 hr       

     (kg./cm..sup.2)                                                           

                   (kg./cm..sup.2)                                             

                               (%)              (%)        (%)                 

     75            158         170      82      12         20                  

     72            151         170      80      13         21                  

     62            155         180      78      12         19                  

     61            152         170      77      14         22                  

     80            155         180      81      14         23                  

     __________________________________________________________________________

TBL                                    Table 4                                 

     __________________________________________________________________________

     Ingredients                                                               

     Fluoroelastomer                                                           

                   Magnesium oxide                                             

                            Medium thermal                                     

                                    Calcium hydr-                              

                                            Hydroquinone                       

                                                   1,3-dibenzyl-2-             

                            carbon  oxide          methylimidazolium           

                                                   chloride                    

     __________________________________________________________________________

     Ex. 10                                                                    

          100      10       20      2       1      0.8                         

     Ex. 11                                                                    

          100      10       20      2       1      1                           

     Ex. 12                                                                    

          100      10       20      2       1      1                           

     __________________________________________________________________________

     Properties                                                                

                                         Compression set                       

     Modulus at 100 %                                                          

                  Tensile strength                                             

                            Elongation                                         

                                   Hardness                                    

                                         30.degree.C .times. 24                

                                                   200.degree.C .times. 24 hr  

     (kg./cm..sup.2)                                                           

                  (kg./cm..sup.2)                                              

                            (%)          (%)       (%)                         

     90           161       170    77    11        21                          

     85           158       180    77    12        23                          

     98           163       160    87    11        22                          

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluoroelastomer composition comprising per 100 parts by weight of (a)
      a fluoroelastomer, (b) from 2 to 30 parts by weight of at least one member
      selected from the group consisting of bivalent metal oxide, bivalent metal
      hydroxide and mixture of bivalent metal oxide or metal hydroxide with
      metal salt of weak acid, (c) from 0.5 to 5 parts by weight of an aromatic
      polyhydroxy compound, and (d) from 0.2 to 10 parts by weight of a
      quaternary ammonium compound having the general formula:
      ##SPC2##
PAL  wherein R.sub.1 is alkyl group having 1 to 20 carbon atoms, carbocyclic
      group, heterocyclic group or aralkyl group having 7 to 20 carbon atoms,
      R.sub.2 is hydrogen, alkyl group having 1 to 12 carbon atoms, carbocyclic
      group, heterocyclic group, phenyl group, substituted phenyl group, aralkyl
      group having 7 to 12 carbon atoms, alkoxyl group having 1 to 12 carbon
      atoms, benzyloxy group, hydroxyl group, carboxyl group, alkoxycarbonyl
      group, acyl group, benzoyl group or cyclohexylcarbonyl group, R.sub.3 is
      alkyl group having 1 to 20 carbon atoms or aralkyl group having 7 to 20
      carbon atoms, R.sub.4 and R.sub.5 are hydrogen or lower alkyl group, A is
      alkylene group or phenylene group, B is alkylene group, and X.sup.- is an
      anion such as halide ion, hydroxylate ion, alkoxylate ion, phenoxide ion,
      carboxylate ion, sulfonate ion, sulfate ion, sulfite ion and carbonate
      ion.
NUM  2.
PAR  2. The composition of claim 1, wherein said quaternary ammonium compound is
      present in an amount of 0.5 to 3 parts by weight to 100 parts by weight of
      fluoroelastomer.
NUM  3.
PAR  3. The composition of claim 1, wherein said quaternary ammonium salt is a
      member selected from the group consisting of
      1,3-dibenzyl-2-methylimidazolium chloride and
      1-dodecyl-2-methyl-3-benzylimidazolium chloride.
NUM  4.
PAR  4. The composition of claim 1, wherein said (b) ingredient is added in an
      amount of 5 to 20 parts by weight to 100 parts by weight of
      fluoroelastomer.
NUM  5.
PAR  5. The composition of claim 1, wherein said aromatic polyhydroxy compound
      is added in an amount of 1 to 2 parts by weight to 100 parts by weight of
      fluoroelastomer.
NUM  6.
PAR  6. The composition of claim 1, wherein said polyhydroxy aromatic compound
      is hydroquinone, Bisphenol A, Bisphenol B or Bisphenol AF.
NUM  7.
PAR  7. The composition of claim 1, wherein said fluoroelastomer is a copolymer
      of vinylidene fluoride and hexafluoropropene.
NUM  8.
PAR  8. The composition of claim 1, wherein said fluoroelastomer is a terpolymer
      of vinylidene fluoride, tetrafluoroethylene and hexafluoropropene.
NUM  9.
PAR  9. The composition of claim 7, wherein said fluoroelastomer is a copolymer
      which composition is in the ratio of vinylidene fluoride and
      hexafluropropene being 92 : 8 to 66 : 34 by mole.
NUM  10.
PAR  10. The composition of claim 8, wherein said fluoroelastomer is a
      terpolymer which composition is in rectangular area formed by the
      following four ratios of vinylidene fluoride, tetrafluoroethylene and
      hexafluoropropene being 85.7 : 5 : 9.3, 59.7 : 5 35.3, 28 : 30 : 42 and 54
      : 30 : 16 by mole.
NUM  11.
PAR  11. A process for preparing fluoro-rubber which comprises milling a
      fluoroelastomer composition comprising per 100 parts by weight of (a) a
      fluoroelastomer, (b) from 2 to 30 parts by weight of at least one member
      selected from the group consisting of bivalent metal oxide, bivalent metal
      hydroxide and mixture of bivalent metal oxide or metal hydroxide with
      metal salt of weak acid, (c) from 0.5 to 5 parts by weight of an aromatic
      polyhydroxy compound, and (d) from 0.2 to 10 parts by weight of a
      quaternary ammonium compound having the general formula:
      ##SPC3##
PAL  wherein R.sub.1 is alkyl group having 1 to 20 carbon atoms, carbocyclic
      group, heterocyclic group or aralykl group having 7 to 20 carbon atoms,
      R.sub.2 is hydrogen, alkyl group having 1 to 12 carbon atoms, carbocyclic
      group, heterocyclic group, phenyl group, substituted phenyl group, aralkyl
      group having 7 to 12 carbon atoms, alkoxyl group having 1 to 12 carbon
      atoms, benzyloxy group, hydroxyl group, carboxyl group, alkoxycarbonyl
      group, acyl group, benzoyl group or cyclohexylcarbonyl group, R.sub.3 is
      alkyl group having 1 to 20 carbon atoms or aralkyl group having 7 to 20
      carbon atoms, R.sub.4 and R.sub.5 are hydrogen or lower alkyl group, A is
      alkylene group or phenylene group, B is alkylene group, and X.sup.- is an
      anion such as halide ion, hydroxylate ion, alkoxylate ion, phenoxide ion,
      carboxylate ion, sulfonate ion, sulfate ion, sulfite ion and carbonate
      ion, putting into a mold, curing at a temperature of 100.degree. to
      200.degree.C. under a pressure of 20 to 100 kg./cm..sup.2 for a period of
      10 to 180 minutes, removing out of the mold and curing at a temperature of
      150.degree. to 300.degree.C. for a period of 0 to 30 hours in an oven.
NUM  12.
PAR  12. A fluoro-rubber obtained by curing the fluoroelastomer composition of
      claim 1.
NUM  13.
PAR  13. A fluoro-rubber obtained by the process of claim 11.
NUM  14.
PAR  14. The composition of claim 1 adapted to be cured to form a fluoro-rubber
      having a low compression set and elasticity.
NUM  15.
PAR  15. The composition of claim 1 wherein the fluoroelastomer (a) is a
      copolymer of vinylidene fluoride and at least one fluoro-olefin.
NUM  16.
PAR  16. The composition of claim 15 wherein the said fluoroolefin is
      hexafluoropropene, pentafluoropropene, trifluoroethylene
      trifluorochloroethylene, tetrafluoroethylene, vinyl fluoride,
      perfluoro-(methyl vinyl ether) or perfluoro(propyl vinyl ether).
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ABST
PAL  An improved process for the treatment of pellets of a partially crystalline
      polymer to aid in the removal of volatile impurities from the polymer
      pellets is disclosed. The improvement comprises the step of contacting the
      polymer with water at a temperature at least as high as the boiling point
      of the solvent used in the polymerization process, the temperature being
      between the boiling point and the temperature at which the pellets of
      polymer agglomerate. In preferred embodiments the polymer is an ethylene
      polymer, e.g., an ethylene homopolymer or copolymer of ethylene and a
      higher .alpha.-olefin (e.g. butene-1), and the process is conducted as a
      continuous process at temperatures between 115.degree. and 125.degree.C.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a process for the treatment of partially
      crystalline polymers for the removal of volatile impurities. In
      particular, the invention relates to a continuous process for the
      treatment of such polymers in pellet form, especially olefin polymers in
      pellet form, by contacting the polymer with hot water.
PAR  Many polymers are polymerized from monomers in the presence of a solvent.
      The solvent is frequently an organic solvent and in the case of the
      polymerization of olefins the solvent is usually hydrocarbon solvent.
      After polymerization, the polymer is separated from the bulk of the
      solvent by known techniques, such as described in U.S. Pat. No. 3,090,774
      or Canadian Pat. No. 628,784. However, in commercial scale processes these
      techniques normally result in leaving small amounts of solvent dissolved
      in the polymer, especially after the polymer has been converted into the
      form of pellets. It is desirable, both from the effect of the loss of
      solvent on the economics of the process and because of potential
      toxicological, fire and/or explosion hazards to remove from the polymer as
      high a percentage of residual volatile impurities, especially solvent, as
      is practical.
PAC  PRIOR ART
PAR  Processes for treating polymers in pellet form to remove residual volatile
      impurities, for example solvent, are known. One such process is that
      disclosed by R. E. U. Routley and R. Seller in Canadian Pat. No. 836,977,
      which issued on 17th March 1970 and in which a mass of pellets is
      subjected to a gaseous stream of a mixture of dry steam and hot air. Such
      a process has not been found to be fully satisfactory, especially with
      polymers which tend to agglomerate at temperatures near to or below
      100.degree.C. For example, if the steam is passed upwardly through, and
      countercurrent to the flow of polymer, the back pressure that the steam
      must overcome in treating the polymer at an economic rate may require the
      use of steam of such a high pressure, and therefore such a high
      temperature, that the polymer tends to agglomerate. In such a process very
      rapid flow of steam is required to effectively strip the solvent from the
      dry pellets. Moreover, the contact between pellets results in areas of
      relatively high pressure in sections of the apparatus, depending on the
      configuration of the apparatus, thereby causing localized areas of
      agglomerated polymer pellets which remain in the apparatus. Hence in
      processes involving the use of steam, it has been a difficult problem to
      design apparatus which will substantially eliminate mixing between
      successive batches of polymeric material.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that a process for the treatment of crystalline
      olefin polymers in pellet form for the removal of volatile impurities can
      be improved by contacting the pellets with heated water under atmospheric
      or super-atmospheric conditions.
PAR  Accordingly, the present invention provides, in a process for the treatment
      of pellets of a partially crystalline thermoplastic polymer to remove
      residual volatile impurities, the improvement comprising the step of
      contacting the polymer with water at a temperature at least as high as the
      boiling point of the solvent used in said polymerization process, the
      temperature of the water being between said boiling point of said solvent
      and the temperature near the crystalline melting point at which the
      pellets of polymer agglomerate.
PAR  In the preferred embodiment, the invention provides a continuous process
      for removing residual solvents, or other volatile impurities, from polymer
      pellets in which the pellets, slurried with water, are passed into the
      base of cylindrical columns filled with water and pellets, the water is
      heated with steam, pellets are passed upwardly through the water in
      plug-flow fashion and continuously removed from the top of the column
      while water is continuously withdrawn from bottom and recirculated. The
      pellets removed from the top of the column are passed through a steam
      drier system.
DRWD
PAR  FIG. I shows a schematic diagram of an apparatus suitable for the preferred
      process of this invention.
PAR  FIG. II shows a top view at position A--A of FIG. I, showing pellet sweeper
      configuration in relation to main stripping column 1 and auxiliary drying
      tower 13.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In an embodiment, the pellets of polymer treated in the process of the
      present invention are pellets of a crystalline, thermoplastic
      poly-.alpha.-olefin, and in a preferred embodiment, the
      poly-.alpha.-olefin is a polymer of ethylene or a copolymer of ethylene
      and a higher .alpha.-olefin, for example butene-1.
PAR  In a further embodiment, the pellets are contacted with water at a
      temperature of at least 100.degree.C. especially when the volatile
      impurity is cyclohexane or other aliphatic or cycloaliphatic hydrocarbon
      having a boiling point at atmospheric pressure below 100.degree.C.
PAR  The process of the present invention can be operated over a range of
      temperatures. The lower temperature limit is at or preferably
      substantially above the boiling point of the solvent used in the
      polymerization process while the upper temperature limit is that
      temperature at which the pellets of the polymer agglomerate. This higher
      temperature is a few degrees, usually about 8.degree. C., below the
      crystalline melting point of the polymer. The lower temperature limit is
      determined mainly by the rate at which it is desired that the volatile
      impurities, and especially solvent, be removed from the pellets of the
      polymer. From an economic viewpoint, this rate should be as rapid as
      feasible.
PAR  The upper temperature limit is determined mainly by the temperature at
      which agglomeration of the pellets of the polymer occurs, which is
      primarily determined by the crystalline melting point and secondarily by
      the molecular weight of the polymer. When agglomeration occurs, the
      polymer will not flow freely through the apparatus used for the treatment
      process of the present invention, or through subsequent apparatus, thereby
      resulting in partial or complete blockage of such apparatus and/or in
      mixing with polymer subsequently fed to the treatment apparatus. Such
      mixing will result in contamination of the second polymer especially if
      the second polymer is of a different type, for example is of different
      molecular weight or is obtained from different monomers. Moreover, pellets
      within an agglomeration of pellets may contain more solvent after
      treatment for removal of solvent than similar pellets that are not within
      an agglomeration of pellets. The polymer and water mixture is heated by
      inert gaseous means, for example steam and/or air. One limitation on using
      higher temperatures is that this will require greater flow of steam or hot
      inert gas. Since often it is desired to prevent mixing of different
      increments or layers of the polymer pellets, such higher flow rates would
      cause a degree of agitation of the pellets and hence produce undesired
      mixing.
PAR  The polymer treated in the process is in the form of pellets, the shape and
      size of which may be varied, as is known. Usually such pellets are
      obtained by meltextrusion of a polymer from the synthesizer and cutting
      the extrudate. Typical pellets of an ethylene polymer may be either
      spherical or cylindrical in shape and be of average dimensions of about
      0.12-0.20 inches. The size and shape of the pellets will be a factor in
      determining the time of treatment according to the process of the present
      invention.
PAR  While the water used in the process may be heated by any convenient method,
      a preferred method is to heat the water by injecting steam at a controlled
      rate and at a suitable temperature and pressure into the water.
PAR  The process of the invention may be operated on a batch or continuous
      basis, but the latter usually is preferred for large-scale manufacturing.
      In a batch process, the heated water may be passed either co-currently or
      counter-currently through the polymer for the desired time or the polymer
      can be placed in a stagnant hot water bed. The continuous process may be
      operated so as to minimize mixing of polymer or to obtain any desired
      level of mixing. The first type will be referred to hereinafter as
      plug-flow while the second type will be referred to as blending.
PAR  In a preferred plug-flow continuous process, the polymer is immersed in
      water for a period of time under conditions that minimize mixing. The
      water may be made to move co-currently with, or counter-currently to, the
      movement of the polymer. In one modification of the process volatile
      materials are separated from the mixture of water and polymer at one or
      more intermediate positions between the point at which the pellets are
      contacted with water and the point where the pellets are separated
      therefrom. However, the feasibility of such partial separation often will
      be dependent on the shape of the vessel; for example, such separation may
      not be practical in an elongated vessel in which the longitudinal axis is
      vertical.
PAR  The design of apparatus suitable for blending polymers while treating the
      polymers by the process of the present invention is also known. Such
      apparatus comprises one or more zones in which the water is moved
      co-currently with, or countercurrently to, the bulk movement of the
      pellets and contains means for the injection of steam and/or air.
PAR  Suitable apparatus for a plug-flow continuous process is an elongated
      vessel, especially a pipe. It is preferred that the longitudinal axis of
      the elongated vessel be vertical. When the pellets are fed to the
      apparatus as a mixture of pellets and water, it is desirable to remove a
      major portion of the water so added at a location in the apparatus that is
      near the location of the inlet for such mixture, if the water entering
      with the pellets is at a substantially lower temperature than the
      treatment temperature. This will minimize mixing of pellets during
      subsequent heating of the water to the desired temperature.
PAR  After treatment in accord with the process of the invention, the pellets
      may be separated from the water by known techniques --for example the use
      of baffles, sieve plates, rotating paddles and screws. In order to dry the
      pellets, they are then contacted with steam, especially dry steam, or a
      heated gas inert with respect to the polymer at the temperature of the
      pellets, in order to thoroughly dry the treated pellets after separation
      of the pellets from the water.
PAR  When water is used in accord with the process for the removal of volatile
      impurities from a polymer, there will be relatively little pressure
      between pellets, thereby making possible the use of higher temperatures
      compared with a process using steam for the removal of volatile
      impurities. The use of higher temperatures in the water treatment process
      results in higher rates of removal of volatile impurities and shorter
      contact times needed to obtain a desired lowering of the level of volatile
      impurities in the pellets.
PAR  FIG. I is a schematic side view of apparatus suitable for use in the
      preferred continuous process. A cylindrical tower, 1, has a conical base,
      2. The tower, 1, is filled with water to level 5. Polymer pellets, moving
      upward in plug-flow, fill column from position 8 to position 9, above
      water level 5 at top. Zone 6 contains only pellets having water films on
      surfaces. The polymer pellets slurried in cool water enter the system
      through ports 3 circumferentially spaced around conical base 2 and rise up
      from cool zone 17 through hot water zone 18 to base 8 of the column of
      pellets floating in water. The water is heated by steam entering through
      port 7 and distributed through manifold 7a into the water below the base
      of the bed of pellets in water. Cool water is continuously withdrawn
      through valve 10 at the base of conical bottom 2; a portion of this water
      is recirculated through pipe 25 to polymer-water slurry make-up vessel 4
      together with fresh water entering through 21. The remainder of the
      withdrawn water is passed throughh pipe 33 to a steam distillation system
      for separation and recovery of the stripped volatile solvent. The polymer
      pellets from the melt-extrusion, cutting operation enter vessel 4 through
      inlet 20. Agitation is supplied by stirrer 23, and the slurry of pellets
      in water is continuously passed through pipe 26 to inlet ports 3. The
      polymer pellets form a cylindrical bed within tower 1 from lever 8 to the
      top, 9, of column which is maintained above the top 5 of the column of
      water. The bed of polymer pellets flows continuously upward in plugflow
      fashion as pellets are continuously added to the bottom and continuously
      removed from the top. The pellets can be removed at the top, with the aid
      of sweeper blades 11 driven by motor 12, and passed into drying tower 13.
      One cover, 27, covers both columns 1 and 13 and contains a vapor outlet 15
      and pressure regulator 24. An inclined chute 28 guides the pellets into
      the drying tower 13. Steam and/or hot nitrogen or air entering through
      line 14 is passed up through drying column 13 from inlet ports 14a and out
      through outlet 15 and pressure regulator 24. Volatilized solvent passing
      through outlet 15 may be recovered. The dried pellets are drawn off
      through valve 16 and passed through pipe 19 to blending or bagging
      operations. Valve 29 controls portion of water, drawn from bottom of
      stripper, which is directly recirculated.
PAR  In FIG. II there is shown a schematic top view looking down from position
      A--A of FIG. I. Inclined chute 28 provides pellet guide passage from top
      of stripping column 1 to top of drying column 13. Sweeper blades 11 sweep
      pellets, from top of stripping column 1 into drying column 13 via chute
      28, and turn inside the circle 30 which is tangent to stripper column 1 at
      point 31 and tangent to drying column 13 at point 32. The diameter of the
      circle 30 is equal to the sum of the diameter of columns 1 and 13.
PAR  In the operation of the process, sweeper blades 11 are rotated slowly at a
      rate just sufficient to remove pellets from the top of column 1 at the
      same rate that pellets enter the bottom of column 1.
PAR  Thus this invention provides a process for the treatment of pellets of a
      crystalline, thermoplastic polymer to remove residual volatile hydrocarbon
      solvent by heating below the melting point of the polymer, in which the
      improvement comprises passing the pellets slurried with water into the
      base of a generally cylindrical, vertical column of hot water, passing the
      pellets in plug-flow upwardly through the column of hot water maintained
      at a temperature between 100.degree.C. and about 8.degree.C. below the
      crystalline melting point of the polymer while removing excess cooler
      water from the base of the column at a rate such that the height of the
      water in the column remains constant, continuously supplying heat to the
      base of the column of water at a rate sufficient to maintain the
      temperature in the column, maintaining sufficient pressure on the column
      to prevent boiling of the water, and withdrawing the pellets from the top
      of the column of water to a drying column where dry superheated steam
      and/or air is passed through to evaporate the water, and recovering the
      volatile solvent stripped from the pellets from the water drawn off from
      the bottom of the column by steam distillation.
PAR  The process of the present invention can be used for removing volatile
      materials from pellets of polymers of .alpha.-olefins particularly
      polymers of ethylene and copolymers of ethylene and a higher
      .alpha.-olefin, for example propylene, butene-1 or decene-1, and from
      crystalline polypropylene. The solvent used in the preparation of these
      polymers preferably is an aliphatic or cycloaliphatic hydrocarbon such as
      cyclohexane. Cyclohexane can be removed from polymers of ethylene and
      copolymers of ethylene and higher .alpha.-olefins at temperatures of,
      preferably, at least 100.degree.C. in accord with the process. With some
      polymers of this type, for example some ethylene homopolymers and
      ethylenebutene-1 copolymers, especially of densities of 0.940-0.960,
      temperatures of 115.degree.C. or even 125.degree.C. are operable since the
      crystalline melting points of such ethylene polymers range from about
      125.degree.C to about 135.degree.C.
PAR  The process of the invention is illustrated by the following examples,
      which, however are not intended to be limiting.
PAC  EXAMPLE I
PAR  Approximately 25 g. of a pelletized ethylene polymer, obtained from a
      commercial low pressure ethylene polymerization process employing
      coordination catalysts and using cyclohexane as solvent, were placed in an
      excess of water at either 100.degree.C. or 125.degree.C.
PAR  For tests at 100.degree.C. the water was boiled at atmospheric pressure.
      The pellets were allowed to move freely within the water, which is
      designated as agitation in Table I, or were constrained by means of wire
      mesh in those cases where the pellets were not agitated.
PAR  For tests at 125.degree.C. the mixture of pellets and water were placed in
      a vessel capable of being pressurized. The mixture was then heated under
      autogenous pressure in the sealed vessel to 125.degree.C. with the pellets
      being allowed to move freely in the water.
PAR  At intervals samples of the pellets were removed, air dried at ambient
      temperature and analyzed for volatile matter as follows: 2.5 g. of polymer
      were added to 200 ml of boiling tetrachloroethylene. The volatile material
      was distilled from the polymer/tetrachloroethylene and the distillate
      analyzed for the solvent, cyclohexane, by gas chromatography.
PAR  The results are given in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Run                                                                       

        Polymer*    Water Temp.                                                

                            Agitation                                          

                                  Volatile Matter (%)                          

                    .degree.C.                                                 

     Density Melt Index           0 min.                                       

                                      15 min.                                  

                                            30 min.                            

                                                  60 min.                      

                                                        90 min.                

     __________________________________________________________________________

     1  0.945                                                                  

             0.41   100     no    1.19                                         

                                      0.91  NA    NA    NA                     

     2  0.945                                                                  

             0.41   100     yes   1.19                                         

                                      0.75  NA    NA    NA                     

     3  0.961                                                                  

             13.6   100     yes   1.40                                         

                                      NA    0.83  NA    NA                     

     4  0.961                                                                  

             13.6   125     yes   1.40                                         

                                      NA    0.31  NA    NA                     

     5  0.959                                                                  

             4.23   125     yes   1.28                                         

                                      NA    0.29  NA    NA                     

     6  0.965                                                                  

             35     100     no    1.64                                         

                                      NA     1.10.sup.1                        

                                                  NA    NA                     

     7  0.965                                                                  

             35     100     yes   1.64                                         

                                      NA    0.89  NA    NA                     

     8  0.948                                                                  

             14.3   100     yes   1.74                                         

                                      NA    NA     0.72.sup.2                  

                                                        NA                     

     9  0.927                                                                  

             35     100     yes   1.56                                         

                                      NA    0.58  0.31  NA                     

     10 0.955                                                                  

             0.40   100     yes   0.92                                         

                                      NA    0.52  NA    NA                     

     11 0.920                                                                  

             0.60   100     yes   1.97                                         

                                      NA    0.74  NA    NA                     

     12 0.917                                                                  

             1.0    100     no    1.13                                         

                                      0.62  NA    NA    NA                     

     13 0.917                                                                  

             2.0    100     yes   1.29                                         

                                      NA    0.42  0.21  0.15                   

     __________________________________________________________________________

      .sup.1 25 min.                                                           

      .sup.2 45 min.                                                           

      NA not analyzed                                                          

      *Available from Du Pont of Canada under the trademark "Sclair". 0.96     

      density polymers are ethylene homopolymers, lower density polymers are   

      ethylene-butene-1 copolymers.                                            

PAC  EXAMPLE II
PAR  A vertical tubular vessel of FIG. 1 of 6-inch diameter and 2.5 feet long
      was capped at the lower end and fitted with a pellet outlet at the upper
      end. A pellet feed system essentially comprising a flexible tube was
      connected to an inlet through the capped lower end of the vessel. Water
      was added to the vessel to the level of the water outlet. Quantities of
      non-pigmented pellets, pigmented pellets and additional non-pigmented
      pellets, each slurried with water, were successively fed to the vessel
      thereby forming three separate and distinct layers of pellets in water,
      the bottom of the bed of pellets being 6 inches above the bottom of the
      tube. As additional pellets were fed to the vessel, with pellets being
      removed from the top of the vessel at the same rate, the layers of pellets
      moved upward in plug-flow while remaining undisturbed. The water fed to
      the vessel with the pellets was removed through a water outlet in the
      lower end of the vessel at a rate such that a constant water level was
      maintained in the vessel. Water temperature was controlled by the
      injection of steam into the lower end of the vessel.
PAR  The removal of 3/4 to 7/8 of the cyclohexane solvent originally present was
      demonstrated by the test of Example I under these conditions.
PAC  EXAMPLE III
PAR  The process of Example II was repeated except that agitation was introduced
      to eliminate plug flow and provide blending. The layers of pellets were
      readily agitated by the introduction of bubbles of gas, for example air,
      at the lower end of the vessel. Blending of pigmented and non-pigmented
      pellets was demonstrated by the introduction of air, or sufficient steam
      to cause formation of bubbles, to the lower end of the vessel.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for the treatment of pellets of a crystalline,
      thermoplastic polymer to remove residual volatile solvents contained
      therein by heating below the melting point of the polymer, the improvement
      which comprises passing the pellets slurried with water into the base of a
      generally cylindrical, vertical column of hot water, passing the pellets
      in plug-flow upwardly through the column of hot water, said water being
      maintained at a temperature between at least 100.degree.C. and about
      8.degree.C. below the crystalline melting point of the polymer, while
      removing excess, cooler water from the base of the column of water at a
      rate such that the height of the water in the column remains constant,
      continuously supplying heat to the column of water at a point above the
      base of the column at a rate sufficient to maintain the temperature in the
      column, maintaining sufficient pressure on the top of the column to
      prevent boiling of the water, and withdrawing the pellets from the top of
      the column of water to a drying column and there drying them with a hot
      gas comprising superheated steam while recovering the volatile solvent,
      stripped from the pellets, from the water drawn off from the bottom of the
      column, by steam distillation.
NUM  2.
PAR  2. The process of claim 1 in which the polymer is an .alpha.-olefin
      polymer.
NUM  3.
PAR  3. The process of claim 2 in which the .alpha.-olefin comprises ethylene.
NUM  4.
PAR  4. The process of claim 3 in which the polymer is a homopolymer of
      ethylene.
NUM  5.
PAR  5. The process of claim 3 in which the polymer is a copolymer of ethylene
      and a higher .alpha.-olefin.
NUM  6.
PAR  6. The process of claim 5 in which the higher .alpha.-olefin is butene-1.
NUM  7.
PAR  7. The process of claim 1 in which the temperature of the water is about
      125.degree.C. and the density of the polymer is in the range about 0.940 -
      0.960.
NUM  8.
PAR  8. The process of claim 1 in which the temperature of the water is about
      115.degree.C. and the density of the polymer is in the range about 0.940 -
      0.960.
NUM  9.
PAR  9. The process of claim 1 in which the volatile impurity removed comprises
      cyclohexane.
NUM  10.
PAR  10. The process of claim 1 in which the crystalline, thermoplastic polymer
      is a polymer of ethylene having a density above 0.940, the volatile
      solvent removed is cyclohexane and the water temperature in the vertical
      column is maintained at a temperature in the range of 115.degree. to
      125.degree.C.
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ABST
PAL  In a suspension polymerization process which comprises polymerizing an
      ethylene halide by itself or a mixture of an ethylene halide and a monomer
      copolymerizable therewith in an aqueous medium in the presence of a
      suspending agent and an oil-soluble catalyst under pressure, a pressure
      polymerization vessel the internal exposed surfaces of which are wholly or
      at least partially lined with wood is used so as to prevent adhesion of
      the resulting polymer to the exposed area.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a suspension polymerization process in
      which an ethylene halide or a mixture of an ethylene halide and a monomer
      copolymerizable therewith is continuously suspension polymerized while
      adherence of the polymerization component to the wall of the
      polymerization apparatus is prevented and to a polymerization apparatus
      therefor.
PAR  That is, as is well known, in the suspension polymerization of at least one
      monomer selected from ethylene halides including vinyl chloride, vinyl
      fluoride, vinylidene chloride, vinylidene fluoride, tetrafluoroethylene,
      or mixtures thereof or mixtures of an ethylene halide and a monomer
      copolymerizable therewith in an aqueous medium in the presence of an
      oil-soluble catalyst and a suspending agent, the resulting polymer adheres
      to the inner wall of the polymerizatiton vessel and to the internal
      accessory devices such as agitating vanes, baffle plates, a temperature
      detector, and the like. This adhesion of the polymer reduces the yield of
      the polymer and a polymerization temperature adjusting ability and gives
      rise to problems such as difficulty in adjusting the polymerization
      temperature and mixing of the adhering material into the product thereby
      to cause deterioration of the physical properties of the product.
PAR  Further, there is caused another problem from the standpoint of operation
      of a polymerization vessel in that removal of the adhering material
      requires an excessive amount of labor and time, reducing the rate of
      production. In addition, occurrence and growth of the adhering material is
      a great obstacle to continuation of the suspension polymerization
      operation.
PAR  That is, in order to insure good quality of the product produced by a
      continuous suspension polymerization process, it is necessary to use a
      so-called multi-vessel type reactor so as to reduce reverse mixing as much
      as possible. For this purpose, a passage of a very small area must be
      formed at least between adjacent vessels, which in turn gives rise to the
      problem of plugging, whereby normal operation is hindered.
PAR  It is known that the occurrence of the sticking material depends upon the
      material from which the polymerization vessel used is made and the content
      contained in the polymerization vessel. In general, with a polymerization
      vessel made of stainless steel severe sticking occurs. In the case of a
      polymerization vessel lined with glass, the degree of sticking is slightly
      reduced, but when this type of vessel is used, the polymerization vessel
      must be cleaned after every polymerization operation and, thus, operated
      by a batch operation. It is not suitable for a continuous operation.
      Although various attempts have been long made to prevent such sticking, a
      satisfactory method is still to be found, and this lack is a great
      obstacle to the continuous operation of the suspension polymerization
      described above.
PAR  It is considered that the adhesion of a polymer to the inner wall of the
      polymerization vessel in the suspension polymerization process is caused
      by the monomer being first adsorbed on the inner wall and then being
      polymerized on the surface.
PAR  In view of this consideration, as one measure for preventing adhesion in
      the suspension polymerization of the ethylene halide in an aqueous medium,
      coating of various materials capable of adsorbing water and forming a film
      of water on the inner wall of the polymerization vessel has been
      heretofore practiced. However, in all cases, the film of water formed on
      the surface is composed of a monomolecular layer or at most 20 layers, and
      this film may be easily removed depending on change in the conditions
      surrounding the film, whereby it is thus impossible to maintain the film
      for a long period of time. Therefore, it is possible to attain temporary
      adhesion prevention using the prior art, but it is almost impossible to
      expect a continuous effect.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to solve the above-mentioned
      problems of the prior art and to provide a process for the continuous
      suspension polymerization of the ethylene halides mentioned above and an
      apparatus therefor.
PAR  That is, in the suspension polymerization of at least one monomer selected
      from ethylene halides including vinyl chloride, vinyl fluoride, vinylidene
      chloride, vinylidene fluoride, tetrafluoroethylene, or mixtures thereof or
      mixtures of an ethylene halide and a monomer copolymerizable therewith in
      an aqueous medium containing an oil-soluble catalyst and a suspending
      agent, polymerization under pressure is carried out in a pressure
      polymerization vessel in which the whole or at least adhesion susceptive
      surfaces of the inner wall and accessory instruments contained therein are
      lined with wood or are constructed of wood. As to the ability of wood to
      prevent adhesion in the process of the present invention, it is considered
      that because of its tendency to adsorb water, the wood forms a film of
      water on the surface thereof which acts as a barrier to a sticking
      polymer.
PAR  The wood used in the process of the present invention adsorbs water within
      the interior thereof and forms a film of water. As compared with the prior
      method in which a film of water is formed on the inner wall of the
      polymerization vessel merely using a thin coating of a wettable material,
      the process of the present invention provides a film of water which is
      thicker and not easily removed, and, accordingly, adhesion is effectively
      prevented. Moreover, this effect lasts for a long time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is an elevation, in vertical section, of a polymerization vessel to
      the inner wall surface of which wood is partially attached;
PAR  FIG. 2 is an elevation, in vertical section, of one example of a
      polymerization apparatus which may be used in the practice of the present
      invention; and
PAR  FIG. 3 is a schematic view, partly in vertical section, of another example
      of a polymerization apparatus which may be used in the practice of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  In accordance with the process of the present invention, for example, as is
      shown in FIG. 1, wood 3 is attached to a part subject to adhesion of a
      polymer in a polymerization vessel, particularly to the inner wall surface
      of a side pipe nozzle such as an outlet 1 of a product and a baffle
      fitting part 2 by inserting the wood formed to fit the nozzle in the inner
      wall of the nozzle. Further, wood is bonded onto parts subject to adhesion
      such as a baffle, an agitator and the like or the portion in which a glass
      lining is broken in a glass lined vessel by means of a suitable adhesive
      in order to prevent adhesion of polymer. Wood having a thickness of at
      least 0.1 mm, and preferably at least 1 mm, is satisfactory.
PAR  If the wood is attached to the entire inner exposed surfaces of a
      suspension polymerization apparatus, a more effective result can be
      obtained. However, in this case, because the wood is lower in heat
      conductivity than a metallic material or glass conventionally used, it is
      very difficult to remove heat from the inner wall of the polymerization
      vessel. As a countermeasure to this problem, it is desirable to remove
      heat by a cooling coil provided in the interior of the polymerization
      vessel. Even by this method, it is expected that a polymer will adhere to
      the surface of the coil thereby to reduce the heat transfer effect thereof
      in a short period of time. In such a case, however, it is possible to
      remarkably reduce the rate of polymerization on the surface of the coil
      and to prevent the adhesion of the polymer thereto by controlling the
      surface temperature of the coil.
PAR  That is, if the surface of the coil is maintained at a temperature lower
      than the polymerization temperature, the rate of polymerization on the
      surface is reduced, whereby the adhesion of the polymer is prevented. This
      surface temperature can be determined on the basis of the decomposition
      temperature of a catalyst or a half-period.
PAR  Since the rate of a radical polymerization is reduced approximately by
      half, in general, when the polymerization temperature is reduced by
      10.degree.C, the rate of polymerization on the surface of the coil becomes
      about 1/16 if the surface temperature of the coil is about 40.degree.C
      lower than that of the polymerization temperature. Accordingly, if the
      surface temperature of the coil is maintained at a lower level, little
      precipitation of the polymer on the surface of the coil is observed.
PAR  On the other hand, when considering the area of heat transfer, it is
      possible to reduce it remarkably as compared with areas conventionally
      used by lowering the temperature of the refrigerant in the coil without
      damaging the function of the polymerization vessel. Unlike a jacket, the
      coil has an advantage in that the area of heat transfer may be changed as
      desired. It was also found that the design of the coil per se could be
      changed so as to improve the stirring effect.
PAR  Almost any kind of wood is capable of exhibiting a satisfactory effect of
      adhesion prevention in the process of the present invention. Preferably,
      however, the wood for use in the present invention is dense, has a high
      specific gravity in an air-dried state, and has high mechanical strength.
      For example, the specific gravity is preferably at least 0.65. Examples of
      such woods include red oak, white oak, Quercus crispula Blume, maple,
      lignumvitae.
PAR  As a rule, in considering wood as a material for an apparatus, the
      mechanical strength of wood is not significantly high. Therefore, instead
      of making the polymerization vessel of the wood alone, the polymerization
      vessel may be simply made by using the wood as a thin film lining on the
      inner wall of a pressure vessel such as a conventional steel clad or
      glass-lined vessel or shaping the wood per se.
PAR  This simplification of fabrication and repair cannot be achieved by any
      other industrial material which may be used in the above-mentioned
      suspension polymerization process.
PAR  In accordance with the present invention, it is possible to effect
      continuous polymerization because of the absence of polymer adherence. For
      example, referring to FIG. 2, there is shown a single polymerization
      vessel containing a plurality of compartments. Also, FIG. 3 shows a
      plurality of polymerization vessels connected to each other by means of
      pipes 18 lined with wood. In these cases, the number of the polymerization
      vessels or the compartments is determined by the quality of the polymer
      product.
PAR  Further, since adhesion in the polymerization reaction tends to occur
      during a period in which the polymerization reaction starts and reaches a
      polymer yield of 30 to 50%, it is possible to use a conventional
      polymerization vessel in the latter half of the polymerization.
PAR  The continuous polymerization process according to the present invention
      will be further described with reference to FIG. 2. In the apparatus shown
      in FIG. 2, a single polymerization vessel is provided with a plurality of
      compartments therewithin, and the upper compartments 4 are internally
      lined with wood. The vessel is divided into these compartments by
      partition walls 5, and the divided compartments are each provided with
      stirring vanes 6. These members are made of wood itself or have wood
      lining at least on the surface thereof (the cross-hatched parts in the
      drawing are constructed of wood). Each compartment is further provided
      with a cooling coil 7.
PAR  The lower portion 8 of the vessel, which takes part in the latter half of
      the polymerization reaction during which there is little possibility of
      adhesion, comprises conventional polymerization vessels made of stainless
      steel or of steel lined with glass, which are equipped with cooling
      jackets 9 on the outside. The partition walls 5a and stirring vanes 6a in
      this portion may be made of stainless steel or of steel lined with glass.
PAR  In the practice of the polymerization, pure water is first poured into the
      polymerization vessel and a refrigerant is passed through the cooling
      coils. Following this, a heated solution of a suspending agent in water is
      charged into the vessel at the top part thereof through a pipe 10. When
      the solution reaches a predetermined temperature, a monomer and a catalyst
      are charged into the vessel at the top part thereof through a pipe 11. The
      heat developed as the polymerization reaction proceeds is removed by the
      coils 7 and jackets 9. The polymer produced falls from the top compartment
      to the bottom compartment while passing through interstices between a
      vertical stirring shaft supporting the vanes 6 and the partition wall 5
      and is removed through a nozzle 12 provided at the bottom of the vessel,
      while an extremely small quantity of an inert gas contained in the monomer
      is discharged through a nozzle 13 provided at the top of the vessel at a
      flow rate such as to maintain the pressure within the vessel at a constant
      value. In FIG. 2, reference numerals 14 and 15 designate pipes for
      conducting a refrigerant at a low temperature, and reference numerals 16
      and 17 designate pipes for conducting water at normal temperature or a
      refrigerant.
PAR  In accordance with the present invention ethylene halides are polymerized,
      or copolymerized with a monomer copolymerizable therewith. Examples of the
      ethylene halide include vinyl chloride, vinyl fluoride, vinylidene
      chloride, vinylidene fluoride, tetrafluoroethylene and mixtures thereof.
      Examples of the monomer copolymerizable with the ethylene halide include
      vinyl esters such as vinyl acetate, vinyl ethers such as methyl vinyl
      ether, acrylic acid, methacrylic acid, esters of acrylic acid such as
      methyl acrylate, esters of methacrylic acid such as methyl methacrylate,
      and olefins such as ethylene, propylene, and butylene.
PAR  Any conventional polymerization recipe may be used in the process of the
      present invention. Examples of suspending agents usable in the present
      invention are conventional suspending agents such as polyvinyl alcohol,
      partially saponified polyvinyl acetate, vinylmaleic anhydride copolymers,
      styrene-maleic anhydride copolymers, polyacrylic acid, gelation, and
      starch and cellulose derivatives such as methyl cellulose, hydroxymethyl
      cellulose, and carboxymethyl cellulose. Examples of polymerization
      catalysts usable in the present invention are oil-soluble hydroperoxides,
      acylperoxides, benzoylperoxide, azo compounds, for example,
      azobisisobutylnitrile, and radical generating catalysts such as
      peroxycarbonates, for example, isopropyl peroxydicarbonate.
PAR  In order to indicate more fully the nature and utility of this invention,
      the following specific examples of practice are set forth, it being
      understood that these examples are presented as illustrative only and that
      they are not intended to limit the scope of the invention.
PAC  EXAMPLE 1
PAR  6300 g of pure water, 3 g of partially saponified polyvinyl acetate and 3 g
      of lauroyl peroxide were added to a 10 l pressure polymerization vessel
      which was made of stainless steel and provided with a stirrer having a
      paddle in the upper and lower portions thereof, and which had a sheet of
      white oak on its inner wall surface at the interface between gas and
      liquid. After the atmosphere within the vessel was displaced with
      nitrogen, 3000 g of vinyl chloride was added to the vessel and the
      polymerization reaction was carried out at a rotational speed of 400
      r.p.m. of the stirrer and a temperature of 58.degree.C for 15 hours. It
      was observed that no scale adhesion was formed on the surface of the white
      oak sheet, while a coating having a thickness of 0.1 mm was formed on the
      surface of the stainless steel portion throughout the wall of the vessel.
PAR  Further, when the same polymerization procedure was repeated 50 times, no
      scale adhesion was still formed on the surface of the white oak sheet.
PAC  EXAMPLE 2
PAR  With the use of a 14 m.sup.3 pressure polymerization vessel lined with
      glass and equipped with a stirrer having two paddle type vanes positioned
      on the upper and lower portions thereof, as shown in FIG. 1, in which a
      bush 3 made of lignumvitae was inserted into the interstice between a
      baffle and a nozzle and a cylinder made of lignumvitae was inserted into a
      nozzle for recovering the product at the bottom of the vessel,
      polymerization of vinyl chloride was carried out according to the
      polymerization procedure described in Example 1.
PAR  When the polymerization was repeated about 180 times by batch operation, no
      occurrence of adherence was observed, and the polymerization was carried
      out very smoothly.
PAR  Ordinally, in the case where the above described measure is not adopted,
      only two cycles of the polymerization operation result in adhesion, and
      the adhering material grows into a lump which leads to a very dangerous
      state. In contrast, by the practice of the process of this invention,
      there is no possibility whatsoever of such as occurence.
PAC  EXAMPLE 3
PAR  With the use of a polymerization vessel having a diameter of 0.5 m and a
      height of 3 m and including six compartments as shown in FIG. 2,
      continuous polymerization was carried out. 40 kg/h of an aqueous
      suspension containing 0.05% of partially saponified polyvinyl acetate and
      20 kg/h of vinyl chloride containing 0.1% of lauroyl peroxide dissolved
      therein were continuously charged into the vessel, respectively. The
      polymerization was conducted at a temperature of 58.degree.C, a pressure
      of 9.7 kg/cm.sup.2 G and a rotational speed of 400 r.p.m. of a stirrer.
      When the vessel was examined after 1,000 hours of continuous
      polymerization, no adhesion was found in the upper three compartments in
      which wood was used as an aparatus material, and no adhesion was similarly
      formed on the surfaces of the coils. On the other hand, it was found that
      adhesion in the form of a thin film was formed on the surface portion made
      of stainless steel in the lower three compartments of the vessel, but that
      the adhering material had no adverse effect on the continuous
      polymerization.
CLMS
STM  We claim:
NUM  1.
PAR  1. A suspension polymerization process which comprises polymerizing a
      member selected from the group consisting of ethylene halides and mixtures
      of an ethylene halide and a monomer copolymerizable therewith in an
      aqueous medium in the presence of a suspending agent and an oil-soluble
      catalyst under pressure in a pressure polymerization vessel the internal
      exposed surfaces of which are at least partially lined with wood thereby
      to prevent adhesion thereto of the resulting polymer.
NUM  2.
PAR  2. The process according to claim 1 wherein the pressure polymerization
      vessel is provided with a cooling coil therein.
NUM  3.
PAR  3. The process according to claim 2 wherein the pressure polymerization
      vessel is a single polymerization vessel which is divided into a plurality
      of compartments.
NUM  4.
PAR  4. The process according to claim 2 wherein the pressure polymerization
      vessel comprises a plurality of single vessels connected to each other by
      pipes lined on the inner wall surface thereof with wood.
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ABST
PAL  Oxygen difluoride, OF.sub.2, is reacted with ethylenically unsaturated
      fluorocarbon compounds. Depending upon the fluorocarbon material and
      reaction conditions, OF.sub.2 can chain extend fluoropolyenes, convert
      functional perfluorovinyl groups to acyl fluoride and/or epoxide groups
      and act as a monomer for an addition type copolymerization with diolefins.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 83-568 (73 Stat.
      435; 42 USC 2457).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of new fluorocarbon compounds and method of
      making same. More particularly, the invention relates to the utilization
      of oxygen fluorides for the synthesis of new fluoropolymers,
      fluoromonomers and additional organic fluorine containing compounds.
PAR  2. Description of the Prior Art
PAR  Fluorinated hydrocarbon polymers, particularly those containing a
      high-fluorine content, such as perfluorinated materials, are of increasing
      interest. Because of high fluorine content the polymers tend to possess
      excellent thermal stability as well as having high chemical resistance and
      low temperature properties. To date, many processes for formulating
      fluorinated polymers are complex and often involve severe reaction
      conditions of temperature and pressure. Of particular interest because of
      its availability is perfluorobutadiene utilized as a starting monomer
      material. For example, in copending application Ser. No. 848,351 filed
      Aug. 7, 1969, now abandoned, there is disclosed a new process for low
      temperature and pressure polymerization of that material in the presence
      of certain free radical catalysts. However, there has been little
      additional effort in the prior art directed to utilizing this material and
      other similar fluorocarbon monomers to form graft polymers, linear
      addition polymers and further new fluorocarbon polymeric materials under
      relatively mild reaction conditions.
PAR  As will be described, oxygen difluoride is utilized in the herein invention
      as a major reactant. This material has been well known as a powerful
      fluorinating agent requiring more energy of activation than is needed for
      elemental fluorine. In addition to its fluorine-like reactions OF.sub.2
      has been reported to form products resulting from simple OF.sub.2 addition
      to a substrate, such as addition to SO.sub.2 and SO.sub.3. Additionally,
      OF.sub.2 has been reacted with carbonyl fluoride and was reported to
      produce bis(trifluoromethyl)trioxide through a polar mechanism.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, an object of this invention is to provide new fluorinated polymer
      materials.
PAR  Another object of this invention is to provide a means for obtaining graft
      copolymerizations, chain extensions, and addition copolymerizations for
      fluorine-containing monomers and polymeric materials.
PAR  A still further object of this invention is to provide a means for
      modifying terminal and pendant perfluorovinyl groups of fluoropolymers to
      introduce functional groups.
PAR  The above and other objects of this invention are obtained through the
      utilization of OF.sub.2 as a difunctional reagent for reactions with
      various fluorine containing polymers, monomers and other compounds.
      According to the starting materials and the reaction condition, various
      novel products can be formed utilizing OF.sub.2. Basically, there are
      three types of reactions involved. These include: (1) chain extension of
      fluoropolyenes, (2) insertion of acyl fluoride groups or epoxide groups or
      both into fluoromonomers or polymers containing perfluorovinyl groups, and
      (3) addition type copolymerization between OF.sub.2 as a monomer and a
      fluorodiene. The chain extension of fluoropolyenes is in accord with the
      following general formula:
EQU  2 --CF = CF.sub.2 + OF.sub.2 .fwdarw. --CF.sub.2 CF.sub.2 OCF.sub.2
      CF.sub.2 --                                               1.
PAR  As can be seen, this chain extension in effect produces an ether formation.
      When the aforegoing reaction is carried out at higher temperatures acyl
      fluoride groups are formed in accord with the following reaction:
      ##EQU1##
PAR  The acyl fluoride groups formed in the above general reaction are
      functional groups which provide sites for grafting materials to polymers.
      Finally, addition type copolymerization between diolefins can occur in
      accord with the general reaction:
EQU  n CF.sub.2 =CFRCF=CF.sub.2 + nOF.sub.2 .fwdarw. (CF.sub.2 CF.sub.2
      RCF.sub.2 CF.sub.2 O)n                                    3.
PAR  where R can be any divalent organic radical which remains stable under
      reaction conditions and can, for example, contain 1 to at least 100 C
      atoms. Thus, R can be alkylene, arylene, alkyarylene, alkenylene,
      aralkylene and the like. Preferably, R is perfluorinated.
PAR  As with Reaction 1 above, it can be seen that ether linkages are provided.
      However, since the diolefins are utilized as starting monomer materials
      for copolymerization, a resulting long chain linear polymer can be formed
      which can be terminated with acyl fluoride groups particularly when
      conducted at higher temperature conditions in accord with Reaction 2
      above. Thus, it can be seen that as pointed out, reaction temperature
      appears to be an important control upon the formation of acyl fluoride
      groups.
PAR  By controlling reaction temperatures below 0.degree.C, Reaction 1 above can
      generally be obtained where chain extension of the polymer is achieved
      without the formation of the acyl fluoride or epoxide group. As
      temperature is increased above 0.degree.C, the acyl fluoride and epoxide
      groups begin to appear in the reaction products. As reaction temperature
      is increased to ambient temperature, above 25.degree.C, essentially only
      acyl fluoride groups are present. Thus, as can be seen, new materials are
      thus formed in accord with the invention which include the type of
      chain-extended ether-containing material of Reaction 1, the polymer
      material of Reaction 3 and the acyl-terminated polymer of the same type.
PAR  In one particularly novel aspect of the herein invention, it has been found
      that an acyl fluoride containing polyperfluoro-1,2-and 1,4-butadiene
      formed in accord with Reaction 2 above, can be converted to carboxyl
      polyperfluorobutadiene having the general formula:
      ##EQU2##
      where x and y are positive integers
PAR  This material has been found to bond surface untreated
      polytetrafluoroethylene. The polyperfluoro-1,2-and 1,4-butadiene and its
      method of manufacture is disclosed in copending application Ser. No.
      848,325, filed Aug. 7, 1969 now abandoned. It is believed that the
      invention will be better understood from the following detailed
      description and specific examples.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The herein invention is based upon the discovered reaction between OF.sub.2
      and a perfluorovinyl group which has the formula --CF=CF.sub.2. At
      temperatures under 0.degree.C, the reaction between OF.sub.2  and the
      perfluorovinyl group will form the following group:
EQU  --CF.sub.2 - CF.sub.2 OF
PAR  Thus, as can be seen from the above formula, if a single perfluorovinyl
      group is present in a monomer or a polymer, a chain extension can readily
      occur producing an ether linkage between the two monomers or polymers
      containing the perfluorovinyl groupings. If the polymers or monomers
      involved contain two perfluorovinyl groups, then an addition type
      copolymerization can occur, once again having ether linkages.
PAR  As the temperature of reaction increases above 0.degree.C, an acyl fluoride
      group having the formula,
      ##EQU3##
      and epoxide groups having the formula,
      ##EQU4##
      occur. As the temperature approaches ambient and above, only acyl fluoride
      groups are present.
PAR  In the reaction to form the acyl fluoride grouping, a transition state of a
      hypofluorite or fluoroxy group (--OF) is initially formed. Upon liberation
      of F.sub.2 from the --CF.sub.2 OF, the acyl fluoride group is thus formed.
      It has been found that this serves as a useful mechanism to provide a free
      radical polymerization means to achieve a graft polymerization where there
      are additional unsaturated bonds present in the fluoropolymers.
PAR  Thus, for example, in one aspect of the herein invention, OF.sub.2 can be
      reacted with a material such as polyperfluorobutadiene together with a
      monomer such as tetrafluoroethylene, whereby the liberation of the
      fluorine gas from hypofluorite sites will serve to promote a free radical
      graft polymerization of the tetrafluoroethylene onto the
      polyperfluorobutadiene at available double bonds present in the polymer
      chain. The following discussion will be broken down into the various types
      of reactions as described above that can occur utilizing OF.sub.2.
PAC  CHAIN EXTENSION
PAR  High molecular weight fluoropolymers are particularly desirable. In various
      prior art techniques extreme high pressure was required in order to obtain
      high molecular weight polyperfluorobutadiene. The maximum molecular weight
      obtainable in the prior art at low pressure was 10,000. Increased
      molecular weight of these materials provides for improved mechanical
      strength in elastomers as well as other desired properties. Thus, through
      the utilization of OF.sub.2 under proper conditions, any perfluorinated
      polyperfluoropolyene can be extended provided that the polymers have a
      perfluorovinyl grouping, --CF = CF.sub.2. A general reaction for the chain
      extension of the fluoropolyenes is given as Reaction 1 above.
PAR  As can be seen, it is to be noted that there must at least be a vinyl
      linkage at a terminal or pendant grouping of the polymer in order to get
      chain extension. Internal double bonds are not affected by the reaction.
PAR  One of the preferred starting materials to be utilized in the herein
      invention is polyperfluorobutadiene. Particularly preferred is
      polyperfluoro-1,2- and 1,4-butadiene having the general formula:
      ##EQU5##
      where x and y are as defined above.
PAR  The above material is described in U.S. patent application Ser. No. 848,325
      now abandoned mentioned above and can be prepared by reacting
      perfluorobutadiene with diisopropyl peroxydicarbonate,
      bis(trifluoromethyl) peroxide and others. The chain extension of
      polyperfluoro-1,2- and 1,4-butadiene will proceed in accord with the
      following general reaction:
      ##EQU6##
PAR  The starting polymers which are chain extended, such as the
      polyperfluorobutadiene, are normally solid materials due to their
      molecular weight. As a result, when the reaction is carried out in a solid
      state, a very minimal amount of ether linkages are obtained since there is
      little mobility between the polymer groups and exposure of terminal
      perfluorovinyl groups.
PAR  OF.sub.2 is an extremely reactive material and is easy to subject to
      explosion at ambient temperatures and above. It is thus preferred to
      utilize dilute concentrations of OF.sub.2. Thus, in the process of this
      invention, OF.sub.2 is diluted with a suitable inert gas such as helium
      and nitrogen and suspension or solution of material in inert solvent as
      Freon 113, or other similar materials. Typical mixtures include 50--50
      volume percent of OF.sub.2 and the dilutant gas.
PAR  The chain extension reaction is carried out at a temperature range from
      -145.degree.C, which is the boiling point of OF.sub.2, to up to
      0.degree.C. Preferably the reaction is carried out between -100.degree.C
      and 0.degree.C. Over that temperature range, most of the polymers utilized
      will be solid, such as the polyperfluorobutadiene mentioned above. As
      temperature is increased above 0.degree.C, the reaction will produce both
      a chain extension through ether linkages, and will additionally form acyl
      fluoride groups and epoxide groups. Generally, the presence of the acyl
      fluoride and epoxide groups will prevent chain extension. As will be
      pointed out subsequently, the presence of these groups, however, can be
      useful and thus the mixture of these groups together with some chain
      extension can be desirable as lower molecular weight products which are
      later cross-linkable are desired.
PAR  The reaction between the polymer and OF.sub.2 can be carried out under
      either static or flow conditions. In either event, it is desirable to have
      an excess of OF.sub.2 present over that stoichiometrically required to
      achieve the chain extension. The concentration of the OF.sub.2 is normally
      reduced by adding a diluent gas such as helium or the like. The use of the
      inert gas serves to prevent possible explosion from occurring. The
      reaction can go to completion sooner under higher pressures. However,
      lower pressures are preferred because selective reactions are easier to
      control. The chain extension has been found to proceed satisfactorily at
      pressures as low as 1/6 atmosphere. It is preferred to maintain pressure
      at less than 3 atmospheres. Once the pressure condition is set, whether
      utilizing static or flow conditions of the OF.sub.2, the completion of the
      reaction can be determined when the pressure no longer decreases during
      the reaction for static condition.
PAR  It is obviously desirable to maximize the contact between the OF.sub.2 and
      the starting polymer material in order to obtain the chain extension.
      Thus, the polymer should provide as large a surface area contact for the
      OF.sub.2 as possible. This can be achieved by contacting a plain polymer
      powder with OF.sub.2. Additionally, the polymer powder can be dispersed in
      a liquid suspension of Freon 113 or Freon 11, or other suitable material
      such as fluorochemical FC-75 from the 3M Company. The OF.sub.2 is then
      bubbled through the liquid dispersion or sealed with the liquid dispersion
      in a flask in a static condition. As a third alternative, the polymer can
      be at least partially dissolved in a suitable solvent such as
      polyperfluorobutadiene partially dissolved in hexafluorobenzene. The
      solution can be then rotated in a Dry Ice-acetone bath to freeze it. The
      solvent is then sublimed from the mixture which leaves the polymer in a
      very fluffly dried state. This fluffy state significantly increases the
      surface area of contact of the polymer, thus utilizing a freeze-dried
      polymer for contact with OF.sub.2 gas is highly desirable.
PAR  As indicated above, a particularly preferred starting material to be
      contacted with the OF.sub.2 is polyperfluoro-1,2- and 1,4-butadiene. It
      has been found that the rate of reaction between the OF.sub.2 and that
      butadiene is dependent upon the amount of either 1,2- or 1,4-butadiene
      present in the polymer. The reaction proceeds much faster with a higher
      percentage of the 1,2-butadiene since it appears that the double bond of
      the pendant group is more polar than internal double bonds.
PAR  It has additionally been found that the presence of catalysts or polymer
      initiators used in making the starting polymer such as the
      polyperfluorobutadiene, can affect the herein reaction with OF.sub.2.
      Thus, it is preferred to utilize a gaseous catalyst to form the initial
      polymer, which gaseous catalyst does not remain in the final product. It
      is also preferred to use perfluoroalkyl peroxide. The reason for this is
      that catalysts and the initiator fractions attached to the polymers are
      subject to attack by the very reactive OF.sub.2.
PAR  For example, a peroxide catalyst such as bis(trifluoromethyl) peroxide,
      CF.sub.3 OOCF.sub.3, which is a gaseous catalyst not remaining in the
      final product and also when it attaches to a butadiene polymer when it is
      formed, will not be attacked by the OF.sub.2. The initiator fraction
      CF.sub.3 O. attached to butadiene forming the stable perfluorinated ether
      linkages at end of polymer is stable to OF.sub.2. However, initiators such
      as benzoyl peroxide and diisopropyl peroxydicarbonate form initiator
      fractions as
      ##EQU7##
      respectively which attach to polyperfluorobutadiene. These terminal ends
      will be very reactive in the presence of OF.sub.2 to cause explosions.
PAR  By achieving the chain extension herein, as can be seen, ether linkages are
      added to the polymer. The starting polymer when, for example, the
      polyperfluorobutadiene described, is a hard elastomer. By adding ether
      linkages one can go from a hard elastomer material to a gum, even though
      the overall molecular weight increases. Further, the solubility of the
      polymer will increase even though the molecular weight increases from the
      chain extension of polyperfluorobutadiene. It would appear that the
      OF.sub.2 affects the crystallinity and morphology of the polymer where it
      tends to become more gummy. For example, it has been found that when the
      chain extended polyperfluorobutadiene has a resulting molecular weight
      under 25,000, a gummy product results. Over 25,000, a hard product can be
      obtained. Thus, one can control the hardness of the resulting chain
      extended polymer by controlling the molecular weight as well as structure
      of the chain extended product.
PAR  It is also found that hardness of the product is not only affected by the
      final molecular weight, but also the molecular weight of the starting
      polymer. In other words, the chain-extended products of identical
      molecular weight vary in hardness due to the molecular weight of the
      starting polymer or the number of ether linkages added. To obtain a hard
      elastomer, a higher molecular weight starting polymer is used. For
      example, a molecular weight of about 15,000 is used. Additionally, the
      reaction time is increased between the temperatures of 0.degree. to
      -20.degree.C, as required. A gummy elastomer is obtainable using a lower
      molecular weight starting polymer of, for example, 5,000. The reaction
      time is then increased between the same temperatures of 0.degree. to
      -20.degree.C.
PAR  It should be pointed out that the plain polyperfluorobutadiene prior to
      treatment with the OF.sub.2 is normally a hard elastomer-like material. By
      the chain extension method herein, where a gum-like product can be formed
      at lower molecular weights below 25,000, the polyperfluorobutadiene then
      can be used as a binder, adhesive, lubricant, and the like. The chain
      extended product can be further cross-linked to form a solid material for
      various elastomeric applications, or alternatively a higher-molecular
      weight chain extended product can be formed, above 25,000 molecular weight
      which is solid, and will have such elastomeric uses. It is believed that
      the following examples will further describe the chain extension utilizing
      OF.sub.2 :
DETD
PAC  EXAMPLE I
PAC  CHAIN EXTENSION OF POLYPERFLUOROBUTADIENE
PAR  In this example, a polyperfluoro-1,2- and 1,4-butadiene was used as a
      starting material. The butadiene was prepared in accord with the method
      disclosed in application Ser. No. 848,325. The polymer was prepared by
      mixing monomer with bis(trifluromethyl) peroxide and subjecting the
      perfluorobutadiene and catalyst to ultraviolet light exposure under a 275
      Watt sunlamp. The particular polymer utilized had an intrinsic viscosity,
      [.eta.] of 0.032 dl/g in hexafluorobenzene as solvent at 30.1.degree.C,
      and a molecular weight of 7,800. The polyperfluorobutadiene was in a
      powder form, of which 5 grams was placed in a Pyrex pressure bottle. The
      pressure bottle was connected to a vacuum manifold system. 50 milliliters
      of anhydrous Freon 113 was condensed into the reaction vessel, during
      which a liquid nitrogen bath was placed around the vessel. The polymer was
      stirred in the Freon 113 with a magnetic stirrer after warming to ambient
      temperature until a polymer suspension was formed.
PAR  Oxygen fluoride which had passed through a sodium fluoride scrubber and
      contained in a receiver vessel was then admitted to the reaction vessel
      which was then exposed to the atmosphere through a soda-lime scrubber to
      remove OF.sub.2. The flow of the OF.sub.2 was controlled to about 1 bubble
      per second passing through the polymer suspension in the Freon 113. The
      bubbling continued for four hours at ambient temperature. At the end of
      the four hours, the reaction vessel was purged with helium to sweep out
      any oxygen difluoride. The Freon 113 was then removed by continued
      sweeping with helium at ambient temperature.
PAR  A colorless gum was then left in the reaction vessel, which was removed
      from the vacuum manifold and placed in a vacuum dessicator at 40.degree.
      to 50.degree.C overnight. This colorless gum product had an [.eta.] 0.061
      and a molecular weight of 20,000 in a quantitative yield. Infrared
      spectrum of the gum indicated the presence of C-F at 7.4 and 9.1 .mu., a
      perfluorovinyl group at 5.6 .mu., and a perfluorovinylene group at 5.8
      .mu.. Additionally, it had a characteristic peak of 5.3 .mu., indicating
      an acyl fluoride group which was not present in the spectrum of the
      starting material. The following Table I indicates the comparison of
      physical properties of the polyperfluorobutadiene before and after the
      exposure to the OF.sub.2.
TBL                TABLE I                                                     

     ______________________________________                                    

     COMPARISON OF PHYSICAL DATA OF                                            

     POLYPERFLUOROBUTADIENE BEFORE                                             

     AND AFTER OF.sub.2 EXPOSURE                                               

     Polyperfluorobutadiene                                                    

                          Same Batch after                                     

     Batch No. 2          OF.sub.2 Exposure                                    

     ______________________________________                                    

     Tm(.degree.C)                                                             

             90-100           120-135                                          

     [.eta.] 0.032             0.061                                           

     M.sub.n 7,800            20,000                                           

     DP        48               123                                            

     ______________________________________                                    

PAR  In the above Table:
PA1  Tm is the melting point of the product;
PA1  the solubility [.eta.] was determined in hexafluorobenzene as solvent at
      30.1.degree.C;
PA1  M.sub.n is the average molecular weight; and
PA1  Dp is the approximate number of repeating units in the polymer.
PAR  As can be seen from above Table I, there was a significant increase in
      molecular weight of almost three times, due to the chain extension
      utilizing OF.sub.2, yet the product obtained from this chain extension was
      a gum as compared to a hard elastomeric-like solid starting
      polyperfluorobutadiene.
PAC  EXAMPLE II
PAC  FURTHER CHAIN EXTENSION OF PERFLUOROBUTADIENE WITH OF.sub.2
PAR  A series of reactions between OF.sub.2 and the polyperfluorobutadiene used
      in Example I were conducted to demonstrate the effect of various
      controlled reaction conditions. The same apparatus used in Example I was
      used for these series of runs. However, in some instances, the OF.sub.2
      was not bubbled through the suspension but introduced from the top above
      the freeze-dried solid. In the table, PPFB-1 is a polyperfluoro-1,2- and
      1,4-butadiene which has a melting point of less than 50.degree.C, a
      molecular weight about 2,000. PPFB-2 represents a polyperfluoro1,2- and
      1,4-butadiene that has a melting point between 90.degree. and
      100.degree.C, an intrinsic viscosity of 0.32 dl/g in hexafluorobenzene at
      30.1.degree.C, and molecular weight of 7,800. As can be seen the starting
      polyperfluorobutadiene was either in a suspension with Freon 113 or was a
      freeze-dried fluffy solid. The OF.sub.2 was either flowed through a
      suspension of the polymer or sealed in the reaction vessel, either with
      the dried material or the suspension material which is indicated in the
      Table. The pressure conditions varied because of requirements to maintain
      a slight positive pressure to insure a positive flow without drawing the
      material back into the system. Further, and most importantly, the
      temperature conditions of the vessel varied widely to determine the effect
      of temperature on the reaction. Additionally, reaction times were varied.
      In some of the runs, as can be seen, 100% OF.sub.2 was placed in the
      reaction vessel. In other runs, a 50--50 volume percent mixture of
      OF.sub.2 and helium was utilized.
TBL                                    TABLE II                                

     __________________________________________________________________________

     REACTIONS OF OF.sub.2 WITH POLYPERFLUOROBUTADIENE                         

                       OF.sub.2                                                

            Batch      Conc.,                                                  

                             Pressure                                          

                                  Temp                                         

            No. of                                                             

                Starting                                                       

                       Flow  (atm.)                                            

                                  (.degree.C)                                  

                                     Time                                      

            Product                                                            

                Polymer                                                        

                       or Static     (hr)                                      

     __________________________________________________________________________

            1   Freeze-dried                                                   

                       100% OF.sub.2                                           

                             2    25  25                                       

                solid PPFB-1                                                   

                       Static                                                  

            2   "      100% OF.sub.2                                           

                             2    50 1                                         

                       Static                                                  

            3   Freon 113-                                                     

                       100% OF.sub.2                                           

                             1    19 4                                         

                stirred                                                        

                       flow                                                    

                suspension                                                     

                of PPFB-1                                                      

            4   "      100% OF.sub.2                                           

                             2    25 168                                       

                       flow                                                    

            5   "      50%OF.sub.2 -He                                         

                             11/3 20 4                                         

                       flow                                                    

            6   Freeze-dried                                                   

                       100%OF.sub.2                                            

                             2    50  18                                       

                sollid PPFB-1                                                  

                       Static                                                  

            7   Freon 113-                                                     

                       50%OF.sub.2 -He                                         

                             11/2 25 2                                         

                stirred                                                        

                suspension                                                     

                of PPFB-1                                                      

            8   Freon 113-                                                     

                       100% OF.sub.2                                           

                             2    15 144                                       

                stirred                                                        

                suspension                                                     

                of PPFB-2                                                      

            9   "      100% OF.sub.2                                           

                             2    15 4                                         

                       flow                                                    

            10  "      50%OF.sub.2 -He                                         

                             12/3  0 1                                         

                       flow                                                    

            11  "      50%OF.sub.2 -He                                         

                             11/3  0 1                                         

                       static                                                  

            12  "      50%OF.sub.2 -He                                         

                             11/3 20 4                                         

                       flow                                                    

            13  "      50%OF-He                                                

                             11/3  0 1                                         

                       flow                                                    

     __________________________________________________________________________

     Product                                                                   

     Relative Infrared Peaks                                                   

     Batch                                                                     

         AmongO                                                                

     No. of                                                                    

         5.3.mu..parallel.                                                     

               5.6.mu.                                                         

                     5.8.mu.                                                   

                           Tm    [.eta.]                                       

                                      M.sub.n                                  

                                            DP                                 

     Product                                                                   

         --CF.sub.2 --CF                                                       

               --CF=CF.sub.2                                                   

                     --CF=CF--                                                 

                           (.degree.C)                                         

                                 dl/g                                          

     __________________________________________________________________________

     1   Strong                                                                

               Medium                                                          

                     None                                                      

     2   Strong                                                                

               Medium                                                          

                     Weak                                                      

     3   Strong                                                                

               Medium                                                          

                     Weak  &lt;30                                                 

     4   Very  Weak  None  &lt;25   0.012                                         

                                      1,900 11                                 

         Strong                                                                

     5   Weak  Strong                                                          

                     Weak  110-112                                             

                                 0.04 10,000                                   

                                            62                                 

     6   Strong                                                                

               Weak  None  53-74                                               

     7   Weak  Strong                                                          

                     Medium                                                    

                            97-106                                             

                                 0.017                                         

                                      3,300 20                                 

     8   Medium                                                                

               Strong                                                          

                     None  &lt;25   0.0125                                        

                                      2,000 12                                 

     9   Medium                                                                

               Medium                                                          

                     Weak  120-135                                             

                                 0.061                                         

                                      20,000                                   

                                            123                                

     10  None  Strong                                                          

                     Medium                                                    

                           130-145                                             

                                 &gt;0.068                                        

                                      &gt;24,000                                  

                                            &gt;148                               

     11  None  Medium                                                          

                     Weak  117-125                                             

                                 0.032                                         

                                      7,800 48                                 

     12  Weak  Strong                                                          

                     Medium                                                    

                           130-145                                             

     13  None  Strong                                                          

                     Weak  127- 147                                            

     __________________________________________________________________________

PAR  As can be seen from the above Table II, at higher temperatures there was
      greater production of acyl fluoride groups
      ##EQU8##
      At the lower reaction temperatures of, for example, 0.degree., it can be
      seen that no acyl fluoride was formed while there was a strong presence of
      perfluorovinyl groups, --CF=CF.sub.2. This indicates that a chain
      extension more likely and readily will occur at the lower temperatures
      since the acyl fluoride groups are not readily formed. It should be
      pointed out that it might be desirable for some applications to both chain
      extend and have acyl fluoride groups present in the polymer, since the
      acyl fluoride groups are susceptible to further cross-linking reactions
      when the material is to be used as a binder or other similar applications.
PAR  From the above Table II, various conclusions can be drawn as to the effect
      of reaction conditions upon the resulting product: At 0.degree.C, no acyl
      fluoride groups are obtained, while chain extension occurs; (2) at
      temperatures above 0.degree.C, acyl fluoride groups are obtained; (3)
      between 0.degree.C and ambient temperatures, it appears that both chain
      extension and acyl fluoride groups result; (4) at ambient temperature and
      above, there are acyl fluoride groups present and as the reaction time
      increases to over one day and temperature further increases, chain
      scission is evident. Thus, it appears that at higher temperatures and
      longer reaction times, the likelihood of chain scission is present with
      the degree of scission related to both of these reaction variables.
PAR  Polyether groupings are between 9.17 and 9.71.mu. region, but since the
      starting polymer also exhibits absorption at that region, therefore they
      are not characteristic peaks, while acyl fluoride at 5.382  is a
      characteristic peak. Perfluorovinyl at 5.6.mu. and perfluorovinylene
      --CF=CF-- at 5.8.mu. are also characteristic peaks. The presence of ether
      linkages is deduced from increase of molecular weight and lack of 5.3.mu.
      for
      ##EQU9##
      and 6.5.mu. for epoxide. The perfluoro-n-heptene-1 and OF.sub.2 reaction
      is the model, where isolation and identification for (perfluoro-n-heptyl)
      ether can easily be accomplished by infrared spectra since it is lacking
      all the other possibilities of having --CF=CF.sub.2 at 5.6.mu.,
      ##EQU10##
      at 5.3.mu. and molecular weight determination.
PAC  INSERTION OF FUNCTIONAL GROUPS ON POLYPERFLUOROBUTADIENE BACKBONE
PAR  As can be seen from the previous Table II, and as was pointed out with
      regard to its description, the same reaction can produce the chain
      extension of the polyperfluorobutadiene and/or terminal or pendant acyl
      fluoride groups. The main control in determining whether or not acyl
      fluoride groups are present is temperature. At lower temperatures, one
      will get chain extension, or as will be described, a copolymerization if a
      diolefin is used. At the higher temperatures up to 100.degree.C there is
      the tendency to form acyl fluoride groups in accord with the following
      reaction:
      ##EQU11##
      where R can be any monovalent organic radical which remains stable under
      the reaction conditions and can, for example, contain 1 to at least 100
      carbon atoms. Thus R can be alkyl, aryl, alkaryl, alkenyl, aralkyl and the
      like. Preferably, R is perfluorinated.
PAR  As can be seen from the above reaction, a hypofluorite is formed as an
      intermediate. This hypofluorite is unstable and liberates fluorine to
      produce the resulting acyl fluoride group. Depending upon the position of
      the perfluorovinyl group which is reacted with the OF.sub.2, acyl fluoride
      can be formed either pendant to a backbone, as a single terminal group,
      the end of a chain, or at both ends of a polymer when the polymer is
      terminated at each end with a perfluorovinyl grouping. The presence of the
      acyl fluoride groups is often desirable, since they present reactive sites
      that could be utilized for future cross-linking reactions, or for adding
      functional groups. Particularly, in accord with the herein invention, an
      acyl fluoride terminated polyperfluorobutadiene has been hydrolyzed to
      produce a carboxyl-containing polyperfluorobutadiene. This novel material
      is a castable and vulcanizable unsaturated perfluoropolymer between
      ambient to 100.degree.C, depending upon the molecular weight distribution
      and its functionality.
PAR  It has been found that the carboxyl polyperfluorobutadiene will adhere
      tenaciously to all surfaces to which it is attached, including surface
      untreated polytetrafluoroethylene. Prior to the herein invention in order
      to provide a high bond strength between polytetrafluoroethylene to a
      substrate, the polytetrafluoroethylene surface had to be treated with
      treating agents, such as sodium-ammonia complex, sodium-naphthalene or
      alkali metal in a polycyclic carbon before adhesives were applied. The
      adhesives generally were epoxies or phenol formaldehyde types. Thus, these
      prior procedures have limited applications especially in the presence of
      strong oxidizers and very reactive chemicals. The adherence of the
      carboxyl polyperfluorobutadiene to the surface of untreated Teflon is
      believed due to the improved wettability of the new polymer arising from
      the chemical structure and its gum nature.
PAR  Additionally, the improved bonding is believed to result from the carboxyl
      groups present together with olefinic bonds in the polymer. It has been
      found that the carboxyl polyperfluorobutadiene formed will adhere to
      surfaces at temperatures as low as -40.degree.C. The formation of the
      carboxyl polyperfluorobutadiene can be seen from the following exemplary
      equation:
      ##EQU12##
PAR  It should be noted that for chain extension to high molecular weight, a
      stirred suspension of the starting polymer with OF.sub.2 in flow state at
      0.degree.C and lower are preferred reaction conditions. To obtain acyl
      fluoride groups as well as chain extension of not too high molecular
      weight, the polymer can be either in solid state or suspension in Freon
      113 or the like.
PAC  EXAMPLE III
PAC  CARBOXYL POLYPERFLUOROBUTADIENE
PAR  A solution of 6 grams of a polyperfluorobutadiene having [.eta.].045 dl/g
      and molecular weight of 13,000 was dissolved in hexayluorobenzene to form
      a solution. The solution was then freeze-dried in a Pyrex pressure bottle.
      The bottle containing the freeze-dried polymer was connected to a
      stainless steel vacuum system and evacuated at 50.degree.C for one hour,
      and cooled to ambient temperature. Gaseous oxygen difluoride was
      introduced into the bottle, after having been passed through a sodium
      fluoride scrubber. The gaseous oxygen difluoride was introduced slowly to
      2 atmospheres as initial pressure in the bottle for 48 hours. The bottle
      containing the freeze-dried polymer was maintained at 50.degree.C during
      the contact with the gaseous oxygen difluoride. At the end of the 48 hour
      period the bottle was then evacuated of gaseous OF.sub.2. The resulting
      gum formed had a [.eta.] of 0.035 dl/g and molecular weight of 9,000. The
      gum was hygroscopic. A partially soluble suspension of the gum product in
      Freon 113 was stirred with distilled water, and an emulsion was formed.
      Separation of the gum was achieved after removal of the Freon 113 by
      evaporation. The infrared spectrum clearly indicated that a carboxyl
      polyperfluorobutadiene was formed by a very strong broad band between 7.5
      and 9.1.mu. region for C-F absorption, a peak at 5.65.mu. for carbonyl and
      a broad peak at 3.0.mu. for hydroxyl group. The gum was an adhesive
      material that was found to stick tenaciously to all surfaces on which it
      had been tried.
PAC  EXAMPLE IV
PAC  BONDING POLYTETRAFLUOROETHYLENE
PAR  The carboxyl polyperfluorobutadiene of Example III was used to bond two
      pieces of untreated polytetrafluoroethylene for tensile strength
      measurement. Tensile strength value of 169 psi at -25.degree.C was
      obtained between 1.times.1 inch squares of untreated
      polytetrafluoroethylene. Additionally, a composite was formed of
      aluminum-adhesive-polytetrafluoroethylene sheet-adhesive-aluminum for lap
      shear strength measurement. The piece parted in the bulk of the adhesive
      due to cohesive failure. There was no parting of adhesive-Teflon or
      adhesive- metal interface.
PAC  ADDITION COPOLYMERIZATION
PAR  OF.sub.2 can be utilized as a monomer in a copolymerization with a
      perfulorinated diolefin having terminal or pendant unsaturated groups. The
      reaction between the OF.sub.2 and the diolefin is essentially the same
      mechanism as in the chain extension described above. However, in the
      copolymerization reaction as seen in reaction 3 above an ether linkage is
      formed between each repeating unit.
PAR  The copolymerization reaction to form a polymer having ether linkages to
      bond the monomers together in a chain is obtained only at lower
      temperatures, preferably below 0.degree.C. As the temperature increases
      above 0.degree.C, the following reaction will also occur where acyl
      fluoride groups are produced.
      ##EQU13##
PAR  As previously indicated, in addition to forming acyl fluoride groups,
      epoxide groups such as
      ##EQU14##
      are also formed at increasing temperatures. At, for example, 15.degree.C
      both ether linkages, epoxide linkages and acyl fluoride groups are formed.
      As can be appreciated, the presence of either the epoxide or the acyl
      fluoride groups prevent a long chain polymer of the perfluoroalkylene
      oxide type from forming. However, both of these groups are useful for
      further cross linking reactions. For example, when a reaction carried out
      at ambient temperature of 25.degree.C between OF.sub.2 and
      perfluorobutadiene for 5 days, only an acyl fluoride terminated product
      was obtained, having a low molecular weight. Such a product, however, is
      valuable, since the acyl fluoride groups can be irradiated by ultraviolet
      light to give higher molecular weight products. The higher molecular
      weight products or longer chain polymers can then be further cross linked
      utilizing an amine or peroxide type catalyst.
PAR  Normally the starting monomer materials are often in gaseous form. For
      example, perfluorobutadiene is a gas at ambient conditions. The reaction,
      however, is preferably carried out by condensing the gaseous monomer in a
      cold reactor sufficient to maintain it in a liquid state. The OF.sub.2 can
      then be either bubbled through the liquefied monomer in an inert solvent
      such as Freon 113 or maintained in contact therewith under static
      conditions in the manner previously described. Polymerization can be
      readily noticed by obtaining either a solid precipitate which remains
      solid at ambient conditions, or a viscous oil which once again maintains
      that consistency under ambient conditions. The following example describes
      the preparation of a copolymer.
PAC  EXAMPLE V
PAC  ADDITION COPOLYMERIZATION OF PERFLUOROBUTADIENE AND OXYGEN DIFLUORIDE
PAR  10 mmoles of perfluorobutadiene was condensed into a Pyrex reaction tube
      through a stainless steel vacuum line which had been calibrated and
      passivated. Then 10 mmoles of gaseous oxygen difluoride which had been
      passed through a sodium fluoride scrubber was brought into contact with
      the liquid perfluorobutadiene at -78.degree.C maintained by a Dry
      Ice-Freon 11 bath. The OF.sub.2 was allowed to remain in the reaction
      vessel for three hours at the aforegoing temperature. This was then
      followed by adding an additional 20 mmoles of OF.sub.2 into the vapor
      phase. The vessel was then maintained at the -78.degree.C temperature for
      an additional 2 hours. The addition of OF.sub.2 in increments is mainly
      for safety purposes. This approach additionally gives less side products.
      At the end of this additional 2-hour exposure to the OF.sub.2, the mixture
      was cooled to -78.degree. by a Dry Ice-Freon 11 bath and the reaction tube
      then evacuated for 12 minutes to remove OF.sub.2 in the system. This was
      followed by cooling to -196.degree.C by liquid nitrogen bath and evacuated
      for 20 minutes, before the reaction tube was vacuum sealed and brought to
      ambient temperature. A precipitation of a white polymer was observed in an
      hour at the ambient temperature. The white solid polymer had a melting
      point of 137.degree.-167.degree.C and was insoluble in hexafluorobenzene.
      The infrared spectrum of the white solid polymer had a strong broad peak
      between 7.4 and 9.0.mu. indicating C-F absorption, and two strong bands at
      9.21.mu. and 9.70.mu. which can be assigned to perfluorinated ether.
PAC  EXAMPLE VI
PAC  ADDITION COPOLYMERIZATION OF PERFLUOROBUTADIENE AND OF.sub.2
PAR  1 ml of perfluorobutadiene was condensed into an evacuated Pyrex reaction
      tube containing a magnetic stirring rod. The temperature of the tube at
      the time of condensation was -78.degree.C and was maintained by a Dry
      Ice-Freon 11 bath. The tube was connected to a stainless steel manifold.
      After the condensation of the perfluorobutadiene the valve above the tube
      was closed and gaseous OF.sub.2 which had passed through a sodium fluoride
      scrubber was introduced into the evacuated manifold to 1/3 atmosphere
      before the valve above the reaction tube was opened. The initial pressure
      was recorded after the reaction tube was exposed to OF.sub.2 at the
      -70.degree.C under stirring, warmed slowly to 0.degree.C for a period of
      thirty minutes and maintained at 0.degree.C for thirty minutes before
      warming to ambient temperature. A pressure drop of 1/6 atmosphere was
      observed after cooling the tube back to -70.degree.C.
PAR  The OF.sub.2 addition to 1/3 atmosphere, followed by the same warming up
      steps, was repeated three times except before the last OF.sub.2 addition,
      the manifold was evacuated after cooling the reaction tube to
      -70.degree.C. After the three additions, the reaction mixture was then
      left stirring at ambient temperature overnight before evacuation after
      cooling the reaction tube to -70.degree.C. This was then followed by a
      further addition of 1 milliliter of perfluorobutadiene into the reaction
      mixture and stirring for 2 hours at 20.degree.C. The further addition was
      done for two reasons: (1) to eliminate the presence of fluoroxy groups for
      safety, and (2) to attempt to replace each fluoroxy group with a
      perfluorovinyl termination. Upon fractionation of the mixture, the last
      fraction, which was a residual liquid, did not boil at 20.degree.C under 1
      mmHg pressure.
PAR  The infrared spectrum of this product had characteristic strong broad peak
      at 7.4 to 9.5.mu. for C-F absorption, strong 5.65.mu. peak for carbonyl
      ##EQU15##
      absorption and a broad peak from 2.8.mu. to 3.7.mu. for a hydroxyl group
      (--OH). The spectrum was almost identical with a previously made and
      described acid carboxylic terminated poly(perfluorotetramethylene oxide).
      This prior described product, however, was synthesized by an entirely
      different procedure, utilizing a photopolymerization of
      perfluorooxydipropionyl fluoride.
PAR  It can be concluded from the above examples that a low temperature at or
      below 0.degree.C is essential for higher molecular weight copolymer
      because the formation of acyl fluoride groups at the terminal ends means
      that the copolymerization reaction of OF.sub.2 and perfluorodiene stops.
PAC  GRAFT COPOLYMERIZATION UTILIZING OXYGEN DIFLUORIDE
PAR  As disclosed in U.S. patent application Ser. No. 810,815 filed Mar. 26,
      1969, there is disclosed a method of treating polyperfluoropolyenes to
      provide radical reactive sites which comprises exposing the
      polyperfloropolyene to a source of fluorine gas to create free radical
      sites. This enables one to attach monomers to the free radical sites on
      the polyperfluoropolyene. In other words, the procedure of creating the
      free radical sites as disclosed in copending application allows one to
      graft monomers onto a polymer backbone.
PAR  As shown in the above Reaction 4, fluorine is generated in situ when a
      hypofluorite group which is formed upon contact of a perfluoropolyene with
      OF.sub.2 degenerates to an acyl fluoride or epoxide grouping. This
      generation of fluorine can serve, as in the copending case, to create free
      radical sites on the polymer backbone which can then be susceptible sites
      for grafting of monomers. One advantage of the herein technique of
      utilizing OF.sub.2 is that grafting can be achieved while concurrently
      obtaining a chain extension of the basic polymer material. Further, acyl
      fluoride and/or epoxide groups are obtained as a product of the grafting,
      which groups are more susceptible to further crosslinking reactions as has
      been previously indicated. The graft polymerization can occur by
      concurrently mixing fluoroxy-containing polyperfluoropolyene as result of
      reaction of the perfluoropolyene and OF.sub.2 and monomeric material
      together.
PAR  Alternatively, the polyene can be initially contacted with the OF.sub.2
      generating the free radical sites. The free radical sites so generated on
      a fluorinated polyene are highly stable and thus can be subsequently
      reacted with a monomer to achieve the desired grafting. The temperature
      conditions under which the grafting occurs will affect the length of
      polymer chain. Generally the reaction should be carried out above
      0.degree.C, since, as indicated above, this is required in order to
      generate fluorine from the hypofluorite groups. The closer the temperature
      is to 0.degree.C, the longer the resulting polymer chain. As the
      temperatures go higher, up to for example 100.degree.C, the chains become
      shorter, maintaining the same length as the original starting polyene and
      eventually, at the higher temperatures, chain scission will occur, thus
      obtaining a low molecular weight material. For example, at 50.degree.C,
      chain scission has been observed in perfluorobutadiene. The following
      examples indicate the grafting of monomers onto polyperfluorobutadiene.
PAC  EXAMPLE VII
PAC  GRAFT POLYMERIZATION OF TETRAFLUOROETHYLENE TO POLYPERFLUOROBUTADIENE
PAR  A hexafluorobenzene solution containing 0.346 grams of a
      polyperfluorobutadiene having a melting point of 102.degree.-130.degree.C
      containing both 1,2 and 1,4-butadiene groups was freeze-dried in a
      borosilicate glass tube. The tube was then evacuated at 50.degree.C and
      then cooled to -80.degree.C prior to introducing gaseous oxygen
      difluoride. The oxygen difluoride which had been passed through a sodium
      fluoride scrubber was admitted into the glass tube to a 1/6 atmosphere
      pressure. The tube was then warmed to 0.degree.C and kept at the 1/6
      atmosphere. It was further warmed from 0.degree.C to 15.degree.C over a
      ten minute period, at the same pressure. Then the tube was evacuated.
      Tetrafluoroethylene which had been passed through a silica gel column to
      remove a terpene inhibitor was introduced into the tube 1-1/3 atmosphere
      at 15.degree.C. A very slight pressure drop was observed at the end of 15
      minutes before evacuation. A white remaining resin was evacuated at
      50.degree.C overnight and weighed 0.349  grams, having a melting point of
      130.degree.-147.degree.C. The infrared spectrum of the resin was almost
      identical to the starting polymer except with a definite decrease in the
      5.6.mu. peak. This decrease in the presence of the perfluorovinyl
      groupings indicated that the preference of OF.sub.2 addition is to
      perfluorovinyl groups of PPFB and also that the product, which is
      fluoroxy-containing PPFB, is an intermediate to react with another
      perfluorovinyl group of PPFB.
PAR  The same procedure was repeated between polyperfluorobutadiene and
      tetrafluoroethylene, varying conditions of the reaction. The results are
      summarized in the Table III below. As can be seen from the table, when the
      gaseous OF.sub.2 exposure was carried out at 100.degree.C and longer
      exposure time, the infrared spectrum of the product shows disappearance of
      the 5.8.mu. band and the appearance of 5.3.mu., indicating the presence of
      acyl fluoride groups.
TBL                                    TABLE III                               

     __________________________________________________________________________

     GRAFT COPOLYMERIZATION OF PERPERFLUOROBUTADIENE-                          

     TETRAFLUOROETHYLENE BY MEANS OF OF.sub.2                                  

                                       Product                                 

                                       Relative Infrared                       

                                       Peaks to Starting                       

                                       Polymer                                 

              Static Exposure to                                               

                          Static Exposure to                                   

                                       5.3.mu.                                 

                                            5.6.mu.                            

                                                  5.8.mu.                      

                                                        Wt.                    

              OF.sub.2    C.sub.2 F.sub.4                                      

                                       O                Change                 

                                                              Tm               

     Starting Pres.                                                            

                  Temp.                                                        

                      Time                                                     

                          Pres.                                                

                              Temp.                                            

                                  Time .parallel.                              

                                            --CF=CF.sub.2                      

                                                  --CF=CF--                    

                                                        (%)   (.degree.C)      

     Polymer  (atm.)                                                           

                  (.degree.C)                                                  

                      (min)                                                    

                          (atm.)                                               

                              (.degree.C)                                      

                                  (min)                                        

                                       --C--F                                  

     __________________________________________________________________________

     Freeze-Dried                                                              

     PPFB     1/6 0   10  11/3                                                 

                              0   15        Decrease                           

                                                  Same  +0.9  130-147          

     (Tm 102-130.degree.C)                                                     

     Freeze-Dried                                                              

     PPFB     1   0   30  11/3                                                 

                               25 15        Decrease                           

                                                  Same  0                      

     (Tm 138-159)                                                              

     Freeze-Dried                                                              

     PPFB     2   100 60  21/3                                                 

                              0   35   New  Decrease                           

                                                  Dis-  +14.7 175-207          

     (Tm 138-159)                                 appear                       

     __________________________________________________________________________

PAC  EXAMPLE VIII
PAC  GRAFT COPOLYMERIZATION OF POLYPERFLUOROBUTADIENE AND HEXAFLUOROPROPYLENE
      EPOXIDE AND POLYPERFLUOROBUTADIENE-PERFLUOROBUTADIENE
PAR  The procedure described in Example VII above was followed except under
      different OF.sub.2 conditions. The monomer, either hexafluoropropylene
      epoxide or perfluorobutadiene, was condensed into the reaction tube and
      vacuum sealed. The sealed reaction tube was kept at room temperature for
      three months after the initial reaction conditions. The unreacted monomer
      was then discharged into another tube through a vacuum system after
      cooling the tube. A three-month period was selected because of the general
      slow rate of polymerization of fluoromonomers such as hexafluoropropylene
      oxide and perfluorobutadiene in the presence of free radicals. In each
      instance a white resin which remained was evacuated at 50.degree.C
      overnight. The results and experimental conditions are summarized in Table
      IV below.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     GRAFT COPOLYMERIZATIONS OF POLYPERFLUOROBUTADIENE-                        

     HEXAFLUOROPROPYLENE EPOXIDE AND -PERFLUOROBUTADIENE                       

                                    Product                                    

                                    Relative Infrared                          

                                    Peaks to Starting                          

                                    Polymer                                    

               Static Exposure to   5.3.mu.                                    

                                        5.6.mu.                                

                                              5.8.mu.                          

               OF.sub.2                                                        

                                    O                                          

                Starting                                                       

                        Pres.                                                  

                            Temp.                                              

                                Time                                           

                                    .parallel.      Tm                         

     Graft Copolymer                                                           

                Polymer (atm.)                                                 

                            (.degree.C)                                        

                                (min)                                          

                                    --C--F                                     

                                        --CF=CF.sub.2                          

                                              --CF=CF--                        

                                                    (.degree.C)                

     __________________________________________________________________________

     Polyperfluorobuta-                                                        

               Freeze-Dried                                                    

                        1   25  60      Slight                                 

                                              Slight                           

     diene-Hexafluoro-                                                         

               solid                    decrease                               

                                              decrease                         

                                                     90-105                    

     propylene Epoxide                                                         

               PPFB                                                            

               (Tm 138-159.degree.C)                                           

               "        1   100 90  New Slight                                 

                                              Dis-  &lt;50                        

                                        decrease                               

                                              appear                           

     Polyperfluorobuta-                                                        

               Freeze-Dried                                                    

                        1   17  60      Slight                                 

                                              Slight                           

                                                    137-150                    

     diene-Perfluoro-                                                          

               solid                    decrease                               

                                              decrease                         

     butadiene PPFB                                                            

               (Tm 50.degree.C)                                                

               "        1   55  60  New Slight                                 

                                              Slight                           

                                        decrease                               

                                              decrease                         

                                                    139-148                    

     __________________________________________________________________________

PAR  As seen from Table IV graft copolymerization with hexafluoropropylene
      modified the starting polymer as indicated by the decrease in melting
      point. At 100.degree.C a new peak for acyl fluoride appears which, with
      apparent chain scission at this temperature, significantly lowers the
      melting point. Such a low melting point at a 100.degree.C exposure cannot
      be attributed to chain scission alone. Rather, it is apparent that a
      modification of the polymers results. The grafting with perfluorobutadiene
      increased the molecular weight of the starting material since the grafted
      monomer is of the same species.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of modifying a polyperfluoro-1,2 and 1,4 butadiene polymer
      containing a high percentage of pendant 1,2-perfluoro vinyl groups and
      being prepared by the free radical polymerization of perfluorobutadiene by
      a gaseous perfluoroalkyl peroxide catalyst, said polymer consisting
      essentially of units of the formula:
      ##EQU16##
      where x and y are integers such that the molecular weight is at least
      25,000 comprising the step of:
PA1  reacting said polymer with oxygen difluoride at a temperature of no less
      than 25.degree.C to form a polymer containing acyl groups of the formula:
      ##EQU17##
NUM  2.
PAR  2. The method of claim 1 wherein said polymer prepared by said free radical
      polymerization reaction is solid at ambient conditions and further
      comprising:
PA1  forming a dispersion of particles of said solid polymer in an inert liquid,
PA1  and contacting said OF.sub.2 with said dispersion.
NUM  3.
PAR  3. The method of claim 2 comprising:
PA1  continuously bubbling said OF.sub.2 through said liquid dispersion to form
      said resulting groups.
NUM  4.
PAR  4. A method according to claim 1 further including the step of hydrolyzing
      said acyl groups to form a carboxyl-containing group of the formula:
      ##EQU18##
NUM  5.
PAR  5. An acylated polyperfluoro-1,2 and 1,4 butadiene polymer from a
      polyperfluoro-1,2 and 1,4 butadiene polymer containing a high percentage
      of pendant 1,2-perfluoro vinyl groups, said last mentioned polymer being
      prepared by the free radical polymerization of perfluorobutadiene by a
      gaseous perfluoroalkyl peroxide catalyst, said acylated polymer consisting
      of units of the formula:
      ##EQU19##
      where x and y are positive integers such that the molecular weight is at
      least 25,000.
NUM  6.
PAR  6. A carboxyl substituted polyperfluoro-1,2 and 1,4 butadiene polymer from
      a polyperfluoro-1,2 and 1,4 butadiene polymer containing a high percentage
      of pendant 1,2-perfluoro vinyl groups, said last mentioned polymer being
      prepared by the free radical polymerization of perfluorobutadiene by a
      gaseous perfluoroalkyl peroxide catalyst, said carboxyl substituted
      polymer consisting of units of the formula:
      ##EQU20##
      where x and y are positive integers such that the molecular weight is at
      least 25,000.
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ABST
PAL  This invention concerns a process for polymerizing ethylenic monomers in
      aqueous suspension, characterized by the use, as suspension agent, of an
      inorganic precipitate obtained by coprecipitating a mixture of soluble
      phosphate and carbonate containing at least 1 gram-ion of CO.sub. 3
      .sup.-.sup.- to 3 gram-ions of PO.sub.4 .sup.-.sup.-.sup.-  with a soluble
      salt of the metals in columns IIa and IIb of the periodic table of
      elements, or of aluminum or iron.
PAL  Styrene is preferably polymerized in the presence of a precipitate obtained
      by the action of calcium caloride on a mixture of sodium phosphate and
      carbonate containing between 1 gram-ion of CO.sub.3 .sup.-.sup.-  to 2
      gram-ions of PO.sub.4 .sup.-.sup.-.sup.-  and 2 gram-ions of CO.sub.3
      .sup.-.sup.-  to 3 gram-ions of PO.sub.4 .sup.-.sup.-.sup.- .
PAL  The spherical particles of polymer obtained are particularly suitable for
      the manufacture of expanded polymers.
PARN
PAR  This is a continuation, of application Ser. No. 211,062, filed Dec. 22,
      1971, now abandoned.
BSUM
PAR  This invention concerns a new polymerization process for etaylanic
      monomers, characterized by the use of a new category of suspension agents.
PAR  A process has existed for some time to obtain polymers in the form of
      spherical particles, from ethylenic monomers. This is done by dispersing
      the monomer in a liquid medium which will not dissolve it (usually water),
      so that polymerization occurs inside the droplets in suspension.
      Suspension polymerization allows closer control of temperature, and
      control of the speed of polymerization and molecular weight. One of its
      major drawbacks, however, is that the polymer becomes sticky and viscous
      during polymerization, and tends to coagulate or cake.
PAR  This is usually overcome by adding a suspension agent which keeps the
      particles apart as they form. In particular, the addition of insoluble
      phosphates, such as barium, magnesium or calcium phosphates, which to some
      extent stabilize these suspensions, has been recommended. Under extremely
      restrictive operating conditions, notably as regards the percentage of
      insoluble phosphate in the aqueous phase and the ratio of organic phase --
      namely the monomer or monomers - to aqueous phase, these phosphates do
      reduce the tendency of the particles to coagulate or cake together. There
      are considerable difficulties, however : the results obtained are hard to
      reproduce, the stability of the suspension is poor, and the process lacks
      flexibility, because of the very narrow field of use of these phosphates.
      Attempts have been made to improve the process, for instance by
      controlling the pH value during polymerization, or by adding phosphates
      with particular grain-sizes. The major improvement consists of performing
      polymerization in the presence of surface-active agents and inorganic
      precipitates obtained in situ in the reaction mixture, notably those
      obtained from sodium phosphate and calcium chloride. This modification of
      the process has enabled earlier results to be improved considerably
      particularly as regards reproducibility, the stability of the suspension,
      and even the field of use. Many problems remain, however. Although use of
      these precipitates is slightly more flexible than for phosphates added in
      their original state, the range is still fairly restricted, and the
      presence of too high or low a percentage of precipitate in the aqueous
      phase can easily cause caking during polymerization.
PAR  In addition, this technique does not allow the size of the spherical
      particles to be controlled easily, or reasonably uniform grain-sizes to be
      obtained. This is a very important factor in certain applications, such as
      the manufacture of expanded polymers. Other disadvantages remain to be
      overcome, including polluted particles, clogging of reactors, and the
      limitation of the ratio of organic phase to aqueous phase, which cannot
      really rise above 1.
PAR  The present invention, involving the use of a new group of suspension
      agents, which are more active than existing inorganic precipitates, offers
      a way of improving all the operating conditions and results of earlier
      techniques.
PAR  The quantity of precipitate, for instance, can easily be increased without
      clogging the reactor, or reduced more than 20 times compared with existing
      methods, without any risk of caking. This is important, since the size of
      the polymer particles obtained is closely related to the percentage of
      precipitate present.
PAR  The process according to this invention also allows a much smaller range of
      grain-sizes to be obtained, and the size of the particles to be
      considerably increased. When, using earlier techniques, the percentage of
      precipitate was reduced by half under certain conditions, the size of the
      particles increased by about 20 %, whereas when the new suspension agents
      are used under the same conditions, the size of the particles can be
      increased by 200 %, when the same percentage of precipitate is reduced by
      half.
PAR  There are many other advantages : the products obtained are hardly if at
      all dirtied; results are much easier to reproduce; there is a marked
      increase in the ratio of organic phase to aqueous phase, without risk of
      caking, so that the hourly output of the machinery used is increased.
PAR  It should also be mentioned that the use of surface-active agents is no
      longer obligatory in the process according to the invention. In earlier
      processes, it was more or less essential to add surface-active agents,
      such as alkaline sulphonates, to inorganic precipitate; furthermore, the
      other conditions of the process often had to be adjusted whenever the
      nature of the agent was altered. In the present process, the nature and
      quantity of surface-active agents can be changed at will, and they can
      even be eliminated entirely, which is sometimes useful, as in the
      manufacture of impact polystyrene, where fairly large amounts of such
      agents previously had to be added.
PAR  The process according to the present invention consists of polymerizing
      ethylenic monomers suitable of polymerization in aqueous suspension, using
      as suspension agent an inorganic precipitate obtained by coprecipitating a
      mixture of soluble phosphate and carbonate containing at least 1 gram-ion
      of CO.sub.3 .sup.-.sup.- to 3 gram-ions of PO.sub.4 .sup.-.sup.-.sup.-
      equivalents (i.e. 3 gram-ions of PO.sub.4 .sup.-.sup.-.sup.- or 3
      gram-ions of PO.sub.4 H.sup.-.sup.- or 3 gram-ions of PO.sub.4 H.sub.2
      .sup.-), by a soluble salt belonging to columns IIa and IIb of the
      periodic table of elements, or of aluminium or iron. For the invention to
      be implemented properly, the suspension agent should be prepared by
      precipitating the mixture of soluble phosphate and carbonate with a metal
      salt added in sufficient quantity for there always to be at least 10
      metalious -- in the case of divalent metal salts -- to 6 PO.sub.4
      .sup.-.sup.-.sup.- equivalents, and 1 metal ion to 1 CO.sub.3 .sup.-.sup.-
      ion. In other words, the precipitate should be prepared by adding at least
      (x + y 10/6) M.sup.+.sup.+ to x CO.sub.3 .sup.-.sup.- and y PO.sub.4
      .sup.-.sup.-.sup.-, or y PO.sub.4 H.sup.-.sup.-, or y PO.sub.4 H.sub.2
      .sup.-. This method results, not as might be expected in a mixture of
      insoluble phosphate and carbonate, but in a single-phase compound
      precipitate, the formula of which varies depending on the percentages of
      carbonate and metal added.
PAR  In earlier processes, it was found that the inorganic precipitates used
      were sufficiently crystalline for it to be visible by X-ray, and this
      increased during polymerization. The risk of caking was also found to
      increase as the crystalline character increased. The compound precipitate
      obtained according to the invention does not show any crystalline
      character visible by X-ray, and although it increases during
      polymerization, it is still lower at the end than the initial crystalline
      character of earlier precipitates. It can therefore be assumed that one of
      the factors in the advantages of the process according to the invention is
      this slight crystalline character of the compound precipitate used. This
      is only an assumption, however, which helps to explain the invention, but
      which might be quite hard to verify. Clearly, the validity of the
      invention in no way depends on such verification, since the means employed
      and the results obtained are described adequately for the invention to be
      carried into effect.
PAR  When the invention is being applied industrially, it is generally
      unnecessary to add excessive amounts of carbonate, since beyond a certain
      level, carbonate with the formula CO.sub.3 M appears alongside the new
      precipitate, the amount increasing in relation to the carbonate added in
      excess of this level.
PAR  Normally, the amount of CO.sub.3 .sup.-.sup.- in the mixture of soluble
      phosphate and carbonate for precipitation will be between 1 gram-ion of
      CO.sub.3 .sup.-.sup.- to 3 gram-ions of PO.sub.4 .sup.-.sup.-.sup.-
      equivalent and 1 gram-ion of CO.sub.3 .sup.-.sup.- to 1 gram-ion of
      PO.sub.4 .sup.-.sup.-.sup.- equivalent, and preferably between 1 gram-ion
      of CO.sub.3 .sup.-.sup.- to 2 gram-ions of PO.sub.4 .sup.-.sup.-.sup.-
      equivalent and 2 gram-ions of CO.sub.3 .sup.-.sup.- to 3 gram-ions of
      PO.sub.4 .sup.-.sup.-.sup.- equivalent.
PAR  The soluble phosphates and carbonates used in the process according to the
      invention are usually alkaline phosphates and carbonates, and preferably
      sodium phosphate and sodium carbonate.
PAR  Soluble salts of metals in columns IIa and IIb and of aluminium and iron
      are generally nitrates, acetates or halides, and preferably chlorides.
PAR  The soluble salts used to coprecipitate the phosphates and carbonates are
      preferably barium, magnesium and in particular calcium salts.
PAR  To obtain the inorganic precipitate according to the invention, the mixture
      of soluble phosphate and carbonate is coprecipitated by adding a
      stoichiometric quantity or an excess of a metal salt. For economic
      reasons, there is usually not more than about 10 % moles excess.
PAR  In contrast with previous processes, the inorganic precipitate may be
      prepared in any way. For example, the soluble metal salt, such as calcium
      chloride, can be added without any special precautions to an aqueous
      suspension containing a mixture of sodium phosphate and carbonate with at
      least 1 gram-ion of CO.sub.3 .sup.-.sup.- to 3 gram-ions of PO.sub.4
      .sup.-.sup.-.sup.-, until the stoichiometric quantity is reached. Excess
      calcium chloride may also be added. Conversely, a mixture of sodium
      phosphate and carbonate may be added to an aqueous suspension of calcium
      chloride. The coprecipitate may be prepared outside the reaction mixture
      and added to it in the polymerization container. It is preferable,
      however, to prepare it in situ in the reaction mixture, before or even
      during polymerization. Polymerization, in other words, may be started
      without suspension agents, provided that they are included in the reaction
      mixture before a conversion level of 60 % has been attained. It is
      advisable, however, to add the precipitate when the rate is between 20 and
      50 %.
PAR  One improved feature of the process according to the invention,
      particularly useful when the size of the spherical particles needs to be
      increased and their size-range narrowed, consists of coprecipitating the
      mixture of soluble phosphate and carbonate by two soluble salts of two
      metals belonging to columns IIa and IIb of the periodic table of elements,
      or of iron or aluminium, and preferably by a mixture of soluble calcium
      and magnesium salts. The proportion of magnesium cation in this mixture is
      usually between 2 Mg.sup.+.sup.+ to 1 Ca.sup.+.sup.+ and 0.1
      Mg.sup.+.sup.+ to 1 Ca.sup.+.sup.+, and preferably between 1
      Mg.sup.+.sup.+ to 2 Ca.sup.+.sup.+ and 1 Mg.sup.+.sup.+ to 9
      Ca.sup.+.sup.+.
PAR  The concentration of inorganic precipitate used in the process according to
      the invention and its improvements can vary widely since, as already
      explained, it can be higher than before, without causing dirtying of the
      reactor, or much lower, more than 20 times lower for instance, without
      causing caking. There is usually between 0.01 and 10 g of precipitate per
      litre of aqueous phase, more often between 0.1 and 5 g and preferably
      between 0.2 and 3 g per litre.
PAR  As already mentioned, the presence of surface-active suspension agents in
      the reaction mixture is not always necessary. However, it is sometimes
      advisable to use such agents, which may be cationic or non-ionic, but are
      preferably anionic, in quantities ranging from 0.005 to 2 % weight of the
      aqueous phase. They include organic sulphates and sulphonates such as
      octyl-sodium sulphate, tetradecyl-sodium sulphate, dodecyl-benzene-sodium
      sulphonate and others such as lecithin, sodium caprylate, sodium caproate
      and sodium oleate.
PAR  The ratio of organic phase (namely monomer or monomers) to aqueous phase
      can vary widely, but is usually between 3 and 0.5, preferably between 2
      and 1, and particularly about 1.5.
PAR  The process according to the invention can be applied to any ethylenic
      monomer suitable for suspension polymerization. It can also be used to
      polymerize mixtures of monomers, or one or more monomers in which one or
      more polymers are dispersed or dissolved. Where polymerization occurs in
      the presence of polymers, it should be started in bulk, until a certain
      level of conversion is reached, for example between 5 and 40 %, and then
      continue in suspension. It can be performed with or without catalyst, and
      some heat may be applied. Finally, various chain-transfer agents, such as
      mercaptans, and other auxiliary agents commonly used in suspension
      polymerization, may be added.
PAR  One method of performing the process consists of co-precipitating the
      precipitate in situ and keeping it in suspension in the water by stirring.
      Any surface-active agents and other additives are added. Finally, the
      substances to be polymerized are added, together with the catalysts, and
      the mixture is stirred until a homogeneous dispersion in fine droplets is
      obtained. The temperature is then gradually raised to approximately
      160.degree.C, while stirring continues. After from 3 to 24 hours,
      depending on the monomers, catalysts and temperature, hard spherical
      particles of polymer are obtained.
PAR  Monomers that can be polymerized by this process include styrene,
      halogenated-styrenes, particularly chloro-styrenes, alkyl-styrenes,
      vinyl-naphthalenes, vinyl-pyridine, acrylonitrile and its homologues,
      alkyl acrylates and methacrylates, acrylic and methacrylic acids, vinyl
      and vinylidene halides, particularly vinyl chloride, vinyl esters such as
      vinyl acetate and propionate, acrylamide and methacrylamide, butadiene and
      isoprene.
PAR  Polymers in the presence of which polymerization can be performed include
      polybutadiene, polyisoprene, butadiene-styrene and butadiene-acrylonitrile
      copolymers, butyl and chloro-butyl rubber, ethylene-propylene copolymers
      and ethylene-propylene-diolefin terpolymers.
PAR  Many different catalysts can be used in the process. They should preferably
      be soluble in the monomer or monomers used. They may be peroxides or
      peresters, such as benzyl peroxide, tertiary-butyl perbenzoate,
      tertiary-butyl peracetate, ditertiary-butyl-peroxy-butane, 2.5-dimethyl
      2.5-ditertiobutyl-peroxy-heptane, tertiary-butyl peroxide, dicumyl
      peroxide, tertiary-butyl perisononanoate, capryl peroxide, lauryl
      peroxide, bis (ditertiary-butyl-peroxy-cyclohexyl) 2.2 propane,
      tertiary-butyl perphthalate, chlorobenzyl peroxide, alkyl
      peroxydicarbonates, alkyl perpivalates, or combinations of these catalysts
      with one another or with other radical-type catalysts.
PAR  The process is used in particular to polymerize and copolymerize
      vinyl-aromatic monomers, preferably styrene. Styrene may be copolymerized,
      for instance, with acrylonitrile, methacrylonitrile, alkyl methacrylates
      and acrylates, vinyl chloride, and butadiene. It may also contain a
      dissolved rubber polymer such as a butadiene or isoprene polymer of
      copolymer; in this case, however, polymerization has to be started in
      bulk, until 5 to 40 % conversion has occurred, to ensure satisfactory
      products.
PAR  The following method may be used when polymerizing styrene. The styrene is
      placed in an aqueous suspension containing the new suspension agents and
      catalyst or catalysts, such as tertio-butyl perbenzoate and tertio-butyl
      peroxide. The temperature of the suspension, which is approximately
      40.degree.C, is then raised over one or two hours to between 90.degree.
      and 120.degree.C. Polymerization then begins, and the temperature
      continues to be raised over 21/2 to 5 hours, either in succeeding stages
      or gradually, to between 130.degree. and 160.degree.C. This temperature is
      held for between half an hour and 4 hours, while polymerization is
      completed.
DETD
PAR  The following examples illustrate the invention and its advantages, without
      its being in any way confined to them.
PAR  In these examples :
PAR  P represents a suspension agent obtained by precipitating sodium phosphate
      by calcium chloride in situ:
PAR  C represents a suspension agent obtained by precipitating sodium carbonate
      by calcium chloride in situ:
PAR  PC 1/5, PC 1/3, PC 1/2 and PC 2/3 represent suspension agents obtained by
      coprecipitating mixtures of sodium phosphate and carbonate by calcium
      chloride in situ, the ratio of CO.sub.3 .sup.-.sup.- to PO.sub.4
      .sup.-.sup.-.sup.-, in gram-ions, being 1/6,1/3, 1/2, and 2/3;
PAR  PC 1/2 mg 1/9, PC 1/2 Mg 1/4 and PC 1/3 Mg 3/7 represent suspension agents
      obtained by coprecipitating mixtures of sodium phosphate and carbonate in
      situ, in the ratios already mentioned, by mixtures of calcium chloride and
      magnesium chloride, so that the ratio of Mg.sup.+.sup.+ to Ca.sup.+.sup.+
      in the precipitates, expressed in gram-ions, is 1/9, 1/4  and 3/7;
PAR  c indicates that caking has occurred during polymerization;
PAR  n indicates that polymerization has occurred normally.
PAC  EXAMPLES 1 to 6
PAR  These examples are designed mainly to show the effect of the carbonate
      content of the precipitate on the polymerization of styrene.
PAR  The following ingredients are placed in turn in a 20-litre reactor,
      equipped with a 200 rpm stirrer :
     Water             5 000   g                                               

     Precipitate obtained in situ                                              

                       10      g(i.e. 2 g per liter                            

                                of water)                                      

     Dodecyl-benzene-sodium                                                    

     sulphonate        0.05    g                                               

     Styrene           5 000   g                                               

     Tertiary-butyl perbenzoate                                                

                       6.5     g                                               

PAR  The water in the reactor is first heated to 50.degree.C, and the
      temperature is then raised steadily from 50.degree. to 115.degree.C, in
      11/4 hours, and from 115.degree. to 140.degree.C, in 3 hours. It is then
      held at 140.degree.C for one hour.
PAR  The following results are obtained.
TBL  ______________________________________                                    

     Example  Precipitate                                                      

                         Remarks on polymerization                             

     ______________________________________                                    

     1        P          c at 130.degree.C                                     

     2        C          c at 130.degree.C                                     

     3        PC 1/6     c at 130.degree.C                                     

     4        PC 1/3     n                                                     

     5        PC 1/2     n                                                     

     6        PC 2/3     n                                                     

     ______________________________________                                    

PAC  EXAMPLES 7 to 18
PAR  These examples are designed mainly to show the effect of the concentration
      of precipitate and type of surfactant on the polymerization of styrene,
      according to the invention and according to the existing art.
PAR  The following ingredients are placed in turn in a 120-litre reactor
      equipped with a 110 rpm stirrer :
TBL  Water                45.000 g                                             

     Precipitate          0.75, 1.5 or 3 g/l                                   

     Surface-active agent                                                      

     (lecitain or dodecyl-                                                     

     benzene-sodium sulphonate)                                                

                             4 g                                               

     Styrene              55.000 g                                             

     Tertiary-butyl perbenzoate                                                

                            70 g                                               

PAR  Polymerization is performed as in examples 1 to 6.
PAR  The following results are obtained.
TBL  Ex.  Precipitate                                                          

                     Weight of Surfactant                                      

                                       Remarks on                              

                     precipitate       polymerization                          

     ______________________________________                                    

      7   P           135 g    Lecitain                                        

                                       c                                       

      8   PC 2/3      135 g    Lecitain                                        

                                       n                                       

      9   P           135 g    Sulphonate                                      

                                       n                                       

     10   PC 2/3      135 g    Sulphonate                                      

                                       n                                       

     11   P           67.5 g   Lecitain                                        

                                       c                                       

     12   PC 2/3      67.5 g   Lecitain                                        

                                       n                                       

     13   P           67.5 g   Sulphonate                                      

                                       c                                       

     14   PC 2/3      67.5 g   Sulphonate                                      

                                       n                                       

     15   P          33.75 g   Lecitain                                        

                                       c                                       

     16   PC 2/3     33.75 g   Lecitain                                        

                                       n                                       

     17   P          33.75 g   Sulphonate                                      

                                       c                                       

     18   PC 2/3     33.75 g   Sulphonate                                      

                                       n                                       

     ______________________________________                                    

PAC  EXAMPLES 19 to 23
PAR  These examples are designed mainly to show the effect of the type and
      concentration of precipitate on the polymerization of styrene.
PAR  The following ingredients are placed in turn in a 20-litre reactor equipped
      with a 300 rpm stirrer :
TBL  water            5 000    g                                               

     Precipitate      0.2 to 4 g per liter of water                            

     Dodecyl-benzene-sodium                                                    

     sulphonate       0.1      g                                               

     Styrene          5 000    g                                               

     Tertiary-butyl perbenzoate                                                

                      6.5      g                                               

PAR  Polymerization is performed as in examples 1 to 6.
PAR  The following results are obtained.
TBL  Examples                                                                  

          Precipitate                                                          

                 4 g/l                                                         

                     2 g/l                                                     

                         1 g/l                                                 

                             0.7 g/l                                           

                                   0.5 g/l                                     

                                         0.2 g/l                               

     __________________________________________________________________________

     19   P      c   c   c   c     c     c                                     

     20   PC 1/6 c   c   c   c     c     c                                     

     21   PC 1/3 n   n   n   n     n     n                                     

     22   PC 1/2 n   n   n   n     n     n                                     

     23   PC 2/3 n   n   n   n     n     n                                     

     __________________________________________________________________________

PAC  EXAMPLES 24 to 37
PAR  These examples are designed mainly to show the effect of the concentration
      of surface-active agent on polymerization, according to the invention and
      according to the existing art.
PAR  The following ingredients are placed in turn in a 20-litre reactor equipped
      with a 200 rpm stirrer :
TBL  water               5 000     g                                           

     Precipitate         0.8       g                                           

     Dodecyl-benzene-sodium                                                    

     sulphonate          0 to 60   ppm/water                                   

     Styrene             5 000     g                                           

     Tertiary-butyl perbenzoate                                                

                         6.5       g                                           

PAR  Polymerization is performed as in examples 1 to 6.
PAR  The following results are obtained.
TBL  ______________________________________                                    

     Examples Surfactant                                                       

                        Precipitate                                            

                                   Precipitate PC 1/2                          

              in ppm    P                                                      

     ______________________________________                                    

     24 and 25                                                                 

               0        c          n                                           

     26 and 27                                                                 

              10        c          n                                           

     28 and 29                                                                 

              20        c          n                                           

     30 and 31                                                                 

              30        c          n                                           

     32 and 33                                                                 

              40        c          n                                           

     34 and 35                                                                 

              50        n          n                                           

     36 and 37                                                                 

              60        n          n                                           

     ______________________________________                                    

PAC  EXAMPLES 38 to 58
PAR  These examples are designed mainly to show the effect of the type and
      concentration of precipitate on the average size of the spherical
      particles.
PAR  The following ingredients are placed in turn in a 20-litre reactor equipped
      with a 200 rpm stirrer :
TBL  Water            5 000    g                                               

     Precipitate      0.2 to 3 g per litre of water                            

     Dodecyl-benzene-sodium                                                    

     sulphonate       40       ppm/water                                       

     Styrene          5 000    g                                               

     Tertiary-butyl perbenzoate                                                

                      6.5      g                                               

PAR  Polymerization is performed as in examples 1 to 6.
PAR  The following results are obtained.
TBL  ______________________________________                                    

                           Average size                                        

     Examples   Precipitate                                                    

                           of particles in mm                                  

              in g/l   P        PC 1/6   PC 2/3                                

     ______________________________________                                    

     38, 39 and 40                                                             

                0.2        c        c      1.10                                

     41, 42 and 43                                                             

                0.3        c        c      0.90                                

     44, 45 and 46                                                             

                0.5        c        c      0.74                                

     47, 48 and 49                                                             

                0.8        0.40     0.37   0.30                                

     50, 51 and 52                                                             

                1          0.37     0.34   0.23                                

     53, 54 and 55                                                             

                2          0.26     0.26   0.17                                

     56, 57 and 58                                                             

                3          0.22     0.20   0.12                                

     ______________________________________                                    

PAC  EXAMPLES 59 to 61
PAR  Styrene is polymerized in the presence of tertio-butyl perbenzoate in a
      15,000-litre reactor equipped with an 85 rpm stirrer.
PAR  The temperature is raised gradually from 40.degree. to 113.degree.C in 2
      hours, and from 113.degree. to 140.degree.C in 31/4  hours; it is then
      held at 140.degree.C for 2 hours.
PAR  The ingredients of the reaction mixture and results are shown in the
      following table.
TBL  __________________________________________________________________________

     Ingredients Precipitate in kg                                             

                 P      0.2 PC 2/3                                             

                               0.2 PC 1/2 Mg 1/4                               

     __________________________________________________________________________

     H.sub.2 O   5330   5330   5330                                            

     PO.sub.4 Na.sub.3                                                         

                 14.9     3      3                                             

     CO.sub.3 Na.sub.2                                                         

                 --     1.28   0.97                                            

     Cl.sub.2 Ca 16.8   4.71   3.50                                            

     Cl.sub.2 Mg --     --     0.75                                            

     Dodecyl-benzene-                                                          

     sodium sulphonate                                                         

                   0.395                                                       

                         0.095  0.110                                          

     Styrene     5325   5325   5325                                            

     T-butyl perbenzoate                                                       

                 5.3    5.3    5.3                                             

     Average size of                                                           

     particles in mm                                                           

                 0.15-0.30                                                     

                        0.40-0.80                                              

                               0.40-0.60                                       

     __________________________________________________________________________

PAR  These results show that, in spite of there being 5 times less phosphate and
      a smaller concentration of surfactant in the examples according to the
      invention than in the control example, larger particles are obtained.
PAC  EXAMPLES 62 to 64
PAR  A mixture of styrene and methyl methacrylate is copolymerized in the
      presence of benzyl peroxide, with tertiary-dodecyl mercaptan as transfer
      agent, in a 16-litre reactor equipped with a 200 rpm stirrer.
      Polymerization is performed in two stages : at 73.degree.C for 6 hours
      after which the temperature is raised quickly to 95.degree.C and held
      there for 11/2  hours.
PAR  The ingredients of the reaction mixture and results are shown in the
      following table.
TBL  __________________________________________________________________________

     Ingredients   Precipitate in g                                            

                   P    0.5 PC 1/2                                             

                               PC 1/2 Mg 1/9                                   

     __________________________________________________________________________

     H.sub.2 O     6000 6000   6000                                            

     PO.sub.4 Na.sub.3                                                         

                   16.8  8.4   16.8                                            

     CO.sub.3 Na.sub.2                                                         

                   --   2.71   5.44                                            

     Cl.sub.2 Ca    19  12.3   22.2                                            

     Cl.sub.2 Mg   --   --      2.1                                            

     N-octyl-sodium sulphate                                                   

                    1.8  1.8   --                                              

     Styrene       1400 1400   1400                                            

     Methyl methacrylate                                                       

                   2600 2600   2600                                            

     Benzyl peroxide                                                           

                    34   34     34                                             

     T-dodecyl mercaptan                                                       

                    3.4  3.4    3.4                                            

     Average size of                                                           

     particles in mm                                                           

                   0.27 0.29   0.41                                            

     __________________________________________________________________________

PAR  This table shows that when approximately the same amount of new precipitate
      (example 64) as conventional precipitate (example 62) is used, much better
      results are obtained, while when the amount is reduced by half (example
      63), slightly better results are still obtained.
PAC  EXAMPLES 65 and 66
PAR  A mixture of styrene and acylonitrile is copolymerized in the presence of
      tertiary-butyl acetate and 2.5-dimethyl 2.5-ditertiary-butyl-peroxy
      heptane, in a 16-litre reactor equipped with a 150 rpm stirrer.
PAR  Polymerization is performed by raising the temperature of the mixture
      quickly to 110.degree.C, holding it at this level for 31/2 hours, then
      raising it to 140.degree.C in half an hour, and holding it at this level
      for an hour.
PAR  The ingredients of the reaction mixture and the results are shown in the
      following table.
TBL  ______________________________________                                    

     Ingredients      Precipitate in g                                         

                    P      0.5 PC. 1/3 Mg 3/7                                  

     ______________________________________                                    

     H.sub.2 O        5 000    5 000                                           

     PO.sub.4 Na.sub.3                                                         

                        14       7                                             

     CO.sub.3 Na.sub.2                                                         

                      --        1.51                                           

     Cl.sub.2 Ca       15.8     6.63                                           

     Cl.sub.2 Mg      --        2.50                                           

     Dodecyl-benzene-sodium                                                    

     sulphonate        0.15     0.05                                           

     Styrene          3 870    3 870                                           

     Acrylonitrile    1 130    1 130                                           

     Tertiary-butyl peracetate                                                 

                        5        5                                             

     2.5-dimethyl 2.5-                                                         

     ditertio-butyl-peroxy                                                     

     heptane            2        2                                             

     Average size of                                                           

     particles in mm   0.32     0.37                                           

     ______________________________________                                    

PAC  EXAMPLES 67 to 69
PAR  Styrene is prepolymerized in bulk, in the presence of 8 % polybutadiene,
      until approximately 30 % conversion has taken place. The prepolymer is
      then placed in a 16-litre reactor equipped with a 125 rpm stirrer, and
      polymerization is completed in the presence of a mixture of catalysts
      consisting of tertio-butyl perbenzoate and ditertio-butyl-peroxy butane.
PAR  The reaction is performed in two stages : the temperature is raised quickly
      to 115.degree.C and held at this level for 21/2 hours, then held at
      130.degree.C for 1/2 hours.
PAR  The ingredients of the reaction mixture and the results are shown in the
      following table.
TBL  __________________________________________________________________________

     Ingredients    Precipitate in g                                           

                    P    0.15.PC 2/3                                           

                                PC.1/2 Mg 1/4                                  

     __________________________________________________________________________

     H.sub.2 O      5 500                                                      

                         5 500  5 500                                          

     PO.sub.4 Na.sub.3                                                         

                     15.4                                                      

                          7.7    15.4                                          

     CO.sub.3 Na.sub.2                                                         

                    --    3.3     5                                            

     Cl.sub.2 Ca     17.4                                                      

                          12.2   18.1                                          

     Cl.sub.2 Mg    --   --      3.86                                          

     N.octyl-sodium sulphate                                                   

                      50   50     50                                           

     Prepolymer     3 000                                                      

                         3 000  3 000                                          

     Tertiary-butyl perbenzoate                                                

                     3.3  3.3    3.3                                           

     Ditertio-butyl-peroxy                                                     

     butane          2.7  2.7    2.7                                           

     Average size of                                                           

     particles in mm                                                           

                     0.90                                                      

                          1.58   1.52                                          

     __________________________________________________________________________

PAC  EXAMPLES 70 to 74
PAR  Styrene is polymerized in the presence of tertio-butyl perbenzoate, in a
      500-litre reactor equipped with a 100 rpm stirrer.
PAR  The reaction is performed by raising the temperature gradually from
      50.degree. to 113.degree.C in 11/2 hours, and then from 113.degree. to
      140.degree.C in 31/4 hours, after which it is held at this level for an
      hour.
PAR  The ingredients of the reaction mixture and the results are shown in the
      following table.
TBL  __________________________________________________________________________

     Ingredients                                                               

                Precipitate in kg                                              

                P     0.5 P                                                    

                           0.5 PC 2/3                                          

                                 0.5 PC 2/3                                    

                                       0.5 PC 1/2                              

                                       Mg 1/4                                  

     __________________________________________________________________________

     H.sub.2 O  210   210  210   210   210                                     

     PO.sub.4 Na.sub.3                                                         

                0.59  0.30 0.30  0.30  0.30                                    

     CO.sub.3 Na.sub.2                                                         

                --    --   0.126 0.126 0.095                                   

     Cl.sub.2 Ca                                                               

                0.66  0.33 0.460 0.460 0.345                                   

     Cl.sub.2 Mg                                                               

                --    --   --    --    0.074                                   

     Dodecyl-benzene-                                                          

     sodium sulphonate                                                         

                0.012 0.012                                                    

                           0.012 0.004 0.003                                   

     Styrene    200   200  200   200   200                                     

     Tertiary-butyl                                                            

     perbenzoate                                                               

                0.2   0.2  0.2   0.2   0.2                                     

     Average size of                                                           

     particles in mm                                                           

                0.25-0.4                                                       

                      c    0.25-0.4                                            

                                 0.4-0.85                                      

                                       0.85-1.25                               

     __________________________________________________________________________

PAC  EXAMPLES 75 to 77
PAR  Vinyl chloride is polymerized for 6 hours in the presence of lauryl
      peroxide, in a 16-litre reactor equipped with a 300 rpm stirrer.
PAR  The ingredients of the reaction mixture and the results are shown in the
      following table.
TBL  __________________________________________________________________________

     Ingredients  Precipitate in g                                             

                  P    0.5 PC 2/3                                              

                              0.5.PC 1/2 Mg 1/9                                

     __________________________________________________________________________

     H.sub.2 O    6 950                                                        

                       6 950  6 950                                            

     PO.sub.4 Na.sub.3                                                         

                   19.5                                                        

                        9.7    9.7                                             

     CO.sub.3 Na.sub.2                                                         

                  --    4.2    3.14                                            

     Cl.sub.2 Ca    22  15.4   12.8                                            

     Cl.sub.2 Mg  --   --      1.22                                            

     Dodecyl-benzene-sodium                                                    

     sulphonate    0.4 0.135   0.07                                            

     Vinyl chloride                                                            

                  4 500                                                        

                       4 500  4 500                                            

     Lauryl peroxide                                                           

                   5.4  5.4    5.4                                             

     % Conversion   71   68     72                                             

     Average size of                                                           

     particles in mm                                                           

                   0.12                                                        

                       0.150  0.140                                            

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the suspension polymerization of styrene in the presence
      of a tertiary butyl perbenzoate, which comprises co-precipitating in
      water, a mixture of an alkali metal phosphate and an alkali metal
      carbonate containing at least one gram-ion of carbonate to 3 gram-ions of
      phosphate equivalents by means of a soluble salt of metals selected from
      the group consisting of calcium, barium, magnesium, iron and aluminum in
      an amount of at least 10 metal ions to 6 phosphate equivalents and 1 metal
      ion to each carbonate ion, at a temperature range from about ambient to
      40.degree.C, dispersing in the thus obtained suspension, whose
      concentration range is from 0.01 to 10 g/liter, the said styrene and
      tertiary butyl perbenzoate, then raising the temperature of the resulting
      suspension to about 140.degree.C for a period of from 3 to 24 hours.
NUM  2.
PAR  2. A polymerization process according to claim 1, in which the mixture of
      soluble phosphate and carbonate contains not more than 1 gram-ion of
      CO.sub.3 .sup.-.sup.- to 1 gram-ion of PO.sub.4 .sup.-.sup.-.sup.-
      equivalents.
NUM  3.
PAR  3. A polymerization process according to claim 2, in which the mixture of
      soluble phosphate and carbonate contains between 1 gram-ion of CO.sub.3
      .sup.-.sup.- to 2 gram-ions of PO.sub.4 .sup.-.sup.-.sup.- equivalents,
      and 2 gram-ions of CO.sub.3 .sup.-.sup.- to 3 gram-ions of PO.sub.4
      .sup.-.sup.-.sup.- equivalents.
NUM  4.
PAR  4. A polymerization process according to claim 1, in which the soluble
      salts are nitrates of said metals.
NUM  5.
PAR  5. A polymerization process according to claim 1, in which the soluble
      salts are halides of said metals.
NUM  6.
PAR  6. A polymerization process according to claim 1, in which the soluble
      salts are acetates of paid metals of the periodic table of elements.
NUM  7.
PAR  7. A polymerization process according to claim 1, in which the soluble
      salts are barium salts.
NUM  8.
PAR  8. A polymerization process according to claim 1, in which the soluble
      salts are magnesium salts.
NUM  9.
PAR  9. A polymerization process according to claim 1, in which the soluble
      salts are calcium salts.
NUM  10.
PAR  10. A polymerization process according to claim 1, in which the mixture of
      soluble phosphate and carbonate is coprecipitated by a mixture of soluble
      salts of two different metals.
NUM  11.
PAR  11. A polymerization process according to claim 10, in which the mixture of
      soluble phosphate and carbonate is coprecipitated by a mixture of calcium
      and magnesium salts.
NUM  12.
PAR  12. A polymerization process according to claim 11, in which the mixture of
      calcium and magnesium salts contains between 2 Mg.sup.+.sup.+ to 1
      Ca.sup.+.sup.+ and 1 Mg.sup.+.sup.+ to 10 Ca.sup.+.sup.+.
NUM  13.
PAR  13. A polymerization process according to claim 12, in which the mixture of
      calcium and magnesium salts contains between 1 Mg.sup.+.sup.+ to 2
      CA.sup.+.sup.+ and 1 Mg.sup.+.sup.+ to 9 Ca.sup.+.sup.+.
NUM  14.
PAR  14. A polymerization process according to claim 1, in which a
      stoichiometric quantity of soluble salts is added to the mixture of
      phosphate and carbonate.
NUM  15.
PAR  15. A polymerization process according to claim 1, in which a molar excess
      of approximately 10 % of soluble salts is added to the mixture of
      phosphate and carbonate.
NUM  16.
PAR  16. A polymerization process according to claim 1, in which the precipitate
      is prepared in the reaction mixture, before polymerization begins.
NUM  17.
PAR  17. A polymerization process according to claim 1, in which the precipitate
      is prepared in the reaction mixture during polymerization, before 60 %
      conversion has occurred.
NUM  18.
PAR  18. A polymerization process according to claim 17, in which the
      precipitate is prepared in the reaction mixture during polymerization,
      before 50 % conversion has occurred.
NUM  19.
PAR  19. A polymerization process according to claim 1, in which the
      concentration of precipitate is between 0.01 and 10 g per litre of aqueous
      phase.
NUM  20.
PAR  20. A polymerization process according to claim 19, in which the
      concentration of precipitate is between 0.1 and 5 g per litre of aqueous
      phase.
NUM  21.
PAR  21. A polymerization process according to claim 1, in which the suspension
      medium contains a surface-active agent.
NUM  22.
PAR  22. A polymerization process according to claim 1, in which the ratio of
      organic phase to aqueous phase is between 3 and 0.5.
NUM  23.
PAR  23. A polymerization process according to claim 22, in which the ratio of
      organic phase to aqueous phase is between 2 and 1.
NUM  24.
PAR  24. A polymerization process according to claim 1, in which polymerization
      occurs in the presence of a polymer.
NUM  25.
PAR  25. A polymerization process according to claim 24, in which polymerization
      is begun in bulk until between 5 and 40 % conversion has occurred, after
      which it is completed in suspension.
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ABST
PAL  Elutriation apparatus and process using apparatus comprising an upper and a
      lower member separated by a restricted intermediate cross-section member
      wherein the lower member has a lesser cross section than the upper member.
      The process is carried out by operating the lower member as a dispersed
      suspension (known per se) elutriation apparatus and by operating the upper
      member as a dense fluidized bed (known per se) elutriation apparatus with
      the intermediate member causing an increase in the velocity, of at least
      1.2 times, of the elutriant passing therethrough from the lower to the
      upper members.
PARN
PAR  This application is a division of application Ser. No. 792,682, filed Jan.
      21, 1969, now U.S. Pat. No. 3,627,129.
BSUM
PAR  It is known that a separation of the constituents can be brought about in a
      granular mixture of solids that is composed of particles of variable size
      and weight and that is held in a fluidized state by means of a gas flow,
      said separation causing heavy or large-size particles to collect in the
      lower and lighter or smaller-size particles in the upper area.
PAR  Large-size and/or heavy particles, on the one hand, and small-size and/or
      light particles, on the other, are differentiated hereinafter as coarse
      and fine particles, respectively.
PAR  The upwardly flowing gas generating the fluidized condition in the mixture
      of solids is referred to hereinafter as carrier gas or elutrient.
PAR  It is known that mixture of solids of variable size or weight of the
      individual particles can be sorted out of the fluidized solids in that the
      finer particles are upwardly blown or flushed out of the fluidized solids
      by means of the carrier gas, with the coarser particles collecting for
      instance on the oncoming flow floor for the carrier gas, designed for
      instance as a grate, or where the coarser particles fall out of the
      spinning mixture, counter to the flow of the carrier gas, from a
      grateless, preferably conical zone.
PAR  In this manner it is possible to draw off the fine particles collecting at
      the surface of the spinning mixture of solids from a dense and only
      slightly agitated fluidized bed, and to remove the coarse particles
      depositing on the oncoming flow floor while the charge-mixture is being
      fed in at medium height of the bed.
PAR  Frequently, as a result of the formation of bubbles or tunnels in fluidized
      bed agitated more intensively by a carrier gas, a separation of the
      mixture of solids into its constituent elements fails to occur so that the
      aforementioned method is unsuccessful; this is the case in particular if
      the fluidized bed must be heavily agitated by the carrier gas to prevent,
      e.g., an agglutination of wet or glutinous particles.
PAR  Such a relatively dense bed can be compared with a boiling liquid since the
      carrier gas is apparently forming the dispersed phase -- corresponding to
      steam bubbles in the liquid. Between the bubbles and tunnels, the mixture
      of solids forms coherent areas in which it is hardly possible for the
      individual particles to move with respect to one another.
PAR  Contrary to this system is the principle of the dispersed suspension: in
      this state, the individual particles can be considered as the dispersed
      phase in view of the fact that they are distributed in the carrier gas in
      a comparatively low concentration and can, therefore, move practically
      independently of one another.
PAR  In operations for the sorting out of coarser particles resulting from
      agglomeration, polymerization and the like, by means of grateless
      chambers, one uses, as a rule, a dispersed suspension.
PAR  The granular mixture is held in the grateless chamber in a strongly
      agitated and brokenup (aerated) condition. Through the adjusting of the
      amount of carrier gas to the amount of solids in the chamber it is
      possible to achieve an unstable state of the dispersed suspension in which
      solid particles fall out of the lower opening of the chamber. In the case
      of a particle mixture, the coarser particles whose speed of fall is
      greater than the velocity of the carrier gas are preferably discharged out
      of the chamber downwardly counter to the direction of flow of the gas. On
      the other hand, the finer particles contained in the mixture and whose
      speed of fall is smaller than the velocity of the carrier gas are carried
      along by the carrier gas and discharged upwardly out of the dispersed
      suspension.
PAR  The use of such devices for the particle separation of fine-grained solids,
      e.g., artificial fertilizer, and for the polymerization of gaseous or
      vaporous olefins with suitable catalysts is known in the art. The
      particular disadvantage in working with a free-flowing, spinning
      suspension of solids is that the carrier gas velocity required for
      maintaining the desired fluidized state is substantially above that of a
      fluidized bed of comparable diameter.
PAR  Moreover, in the case of these grateless vortex chambers known in the art,
      the amount of gas required to maintain the desired state of a vortex
      suspension increases with changes in the device dimensions to a greater
      extent than the square of the diameter of the most narrow cross-section,
      namely, as is known, by an exponential factor of about 2.5. Therefore, the
      enlarging of such equipment to sizes suitable for industrial applications
      is subject to rather narrow limitations.
PAR  To obviate this drawback, the carrier medium flow entering the chamber has
      been broken up by means of suitable installations into a plurality of
      currents of smaller cross-section, with the individual flow paths being
      designed for instance as Venturi tubes. However, even this design does not
      make it possible to achieve any substantially larger assemblies. Reactors
      exceeding a diameter of 50 cm in the most narrow reactor cross-sections
      are thus far unknown.
PAR  To this fact one must add that such reactors are rather critical with
      regard to their design. Once the geometric dimensions have been chosen,
      the aperture angle of the conical reactor jacket been determined, and the
      grain-size distribution of the mixture of solids to be separated has been
      preset, it is hardly possible to modify the reactor capacity in any way,
      and the elevation of the suspension zone can likewise not be substantially
      altered in view of the fact that the amount of gas required to cause the
      spinning of the particles present in the maximum reactor crosssection
      results in such an excessive speed with regard to the most narrow reactor
      cross-section that the coarse particles can no longer be made to drop out
      counter to the flow of the carrier medium.
PAR  Therefore, these reactors are sensitive also with respect to deviations
      from the preset grain-size distribution.
PAR  The object of the invention is a process and apparatus for the continuous
      separation of a coarse grain fraction, having a close grain-size
      distribution, out of a mixture of solids having variable grain sizes,
      maintained in a fluidized state by means of a carrier gas, whose
      grain-size distribution can be modified by agglomeration or
      polymerization.
PAR  It has now been found that it is possible to achieve a clear-cut separation
      of a narrow fraction of a given coarsest grain out of mixture of granular
      solids in a fluidized state, with any desired grain-size distribution, if
      one maintains in the upper section of a fluidized state chamber the state
      of a comparatively dense turbulent layer and, in the lower section, the
      state of a markedly aerated dispersed suspension, achievable through the
      selection of suitable cross-sections, and if one increases the velocity of
      the carrier gas at the border area between the two states through a
      reduction in cross-section in such a way that it comes into the range of
      incipient delivery, i.e., above the suspension velocity of the coarser
      particles.
PAR  This process is characterized in that the mixture of solids is maintained
      by the carrier gas in the upper area of the reactor at a greater reactor
      cross-section in a state of a dense fluidized bed and, in the lower area
      of the reactor at a smaller reactor cross-section in a state of a
      dispersed suspension and that in the boundary cross-section between these
      areas the velocity of flow of the carrier gas is increased, by means of a
      reduction in the cross-section, to more than 1.2 times the velocity of
      flow in the area of the dispersed suspension.
PAR  In view of the fact that the state of incipient delivery is unstable,
      coarse grains having a relatively broad grainsize distribution are
      discharged out of the upper turbulent layer into the dispersed suspension
      situated therebeneath. Within the dispersed suspension there occurs an
      intensive sorting of the grain fraction with the coarsest particles
      accumulating directly above the entrance floor for the carrier gas while
      the finer grain portions are carried into the upper turbulence layer by
      the carrier gas.
PAR  What was surprising was the fact that, as a result of the introduction of
      an intermediate border area with the ability to increase velocity, the
      combonation of a dense fluidized layer and a dispersed suspension layer in
      a single device was realizable at all, and that the required amount of
      carrier gas is practically independent of the elevation of the turbulent
      layer. This means that the conditions of the dense fluidized bed can be
      computed and adjusted in accordance with per se known methods and that
      such a reactor is operated in its upper section like a conventional
      fluidized bed reactor.
PAR  The great advantage of the discovered process consists, furthermore, in
      that the required velocity of the carrier gas for any desired suspension
      state is independent of the diameter of the selected fluidized bed and
      that, as a result, based on the instant invention, it is possible to
      operate reactors of any engineering dimensions.
PAR  A part of the carrier gas can be shunted off and discharged to the outside
      ahead of the reduced border area cross-section. This shunted off part of
      the carrier medium can be reintroduced in whole or in part above the
      narrowed boundary area cross-section into the dense fluidized bed in the
      upper reactor area; however, it can be returned also beneath the oncoming
      flow floor thereby achieving a cycle of the carrier medium across the area
      of the dispersed suspension. In addition to the carrier gas introduced
      from below into the reactor, a further amount of carrier gas can be
      introduced above the reduced boundary area cross-section.
PAR  By means of this simple arrangement it is possible to vary with respect to
      one another the velocity of flow in the fluidized bed, in the dispersed
      suspension and in the reduced boundary area cross-section.
PAR  As a result, a device of given dimensions can be readily adjusted to
      different particle size distribution charge mixtures.
PAR  Furthermore, it thus becomes possible to sort out a mixture of solids of
      mixed particle sizes, i.e., to separate it into several fractions of per
      se uniform grain sizes. This result can be achieved in such a way that the
      coarsest fraction contained in the mixed charge is separated out first and
      that, thereupon, the velocity of flow of the carrier gas in the individual
      or in more than two, e.g., three, zones is modified in such a way that the
      next grain fraction that has now become the coarsest one is separated out.
PAR  The possibility for an individual change in the velocity of flow of the
      carrier gas in a single, in two or in all three zones of the reactor is
      advantageous if the grain-size distribution of the mixed charge is being
      altered during its presence in the reactor, e.g., as a result of
      agglomeration, deposition of solids (e.g., coking) on the particles, or by
      means of polymerization. This is applicable, for example, with regard to
      the polymerization in the gaseous phase of olefins through contact with a
      catalyst-containing fine-grained polymer held in the fluidized state by
      means of an olefin-containing carrier gas (as set forth in one of the
      following Examples).
PAR  A reactor for the execution of the process according to the invention
      comprises two superpositioned preferably substantially coaxial cylindrical
      jackets, the upper one of which has a wider cross-section than the lower
      one. The cross-section ratio can be about 1:2 to 1:15, preferably 1:3 to
      1:10, between the lower and the upper cross-sections, respectively.
PAR  The two cylindrical jackets can be interconnected at their adjoining
      extremities by means of an ordinary, annular disk. However, it is
      preferred to use a conical spacer as a connecting element in order to
      avoid producing blind angles in which solids are likely to deposit.
PAR  As is customary with this type of reactor, the carrier gas is introduced at
      the lower end of the lower cylinder via a floor suitable to receive the
      oncoming flow, a grate, or the like, and discharged at the upper end of
      the cylinder, possibly via a cyclone.
PAR  The granular mixture of solids to be sorted is being introduced laterally
      into the upper or lower cylinder. The coarse material accumulates on the
      oncoming flow floor or grate whence it is removed periodically or
      continuously in a per se known manner via a central peripheral or lateral
      removal means.
PAR  The fine grain material can, in a per se known manner, be discharged by the
      carrier gas current out of the upper cylinder and be separated out of the
      gas current in a cyclone, and/or be drawn off laterally from the level of
      the dense fluidized bed layer.
PAR  In the upper cross-section of the lower cylinder there is arranged,
      according to the invention, a cross-section reduction by means of which
      the velocity of flow of the carrier gas is increased so that maximum
      velocity of flow within the reactor prevails at this point.
PAR  Such a reduction in cross-section can be brought about for instance by
      means of a perforated plate, or by means of a concentrically inserted
      element, and should have an orifice total cross-section not exceeding 0.85
      times the cross-section of the lower cylinder.
PAR  The aperture in the perforated plate are preferably dimensioned so that
      their individual diameters represent 5 to 20 times the size of the coarse
      grain particles to be separated out. In the case of the use of a
      concentric insert element, the annular clearance formed by it with respect
      to the reactor cross-section should have a width of 2 to 10 times the
      particle size of the coarse grain to be separated out. These values are
      preferred and may be adjusted upwardly or downwardly in given cases. The
      shape of the grain particles and the structure of the grain surface, on
      which the flow properties of a granular mixture depend to a large extent,
      have considerable influence on the dimensioning of said apertures.
PAR  The concentric insert element can be connected with the reactor by means of
      radial supports. Its shape may be conical or double truncated conical and
      it can be movably arranged on a vertical rod displaceable along the
      reactor axis.
PAR  Above and under the zone with the most narrow reactor cross-section,
      openings can be arranged in the reactor jacket, which lead to annular
      ducts. By means of these annular ducts, partial amounts of the carrier
      medium can be drawn off from and/or introduced into the reactor.
PAR  More specifically, a part of the carrier medium can be drawn off from the
      lower reactor zone through the lower annular duct ahead of the reduction
      in area and be reintroduced into the upper reactor zone above the
      reduction in area.
DRWD
PAR  The accompanying drawing illustrates schematically and by way of example a
      reactor for the execution of the process according to the invention and
      individual components of said reactor.
PAR  FIG. 1 schematically shows an axial cross-section of a reactor;
PAR  FIG. 2 is a cross-section along line A--A of FIG. 1 and through the
      intermediate perforated plate narrowing down the flow cross-section;
PAR  FIG. 3 represents another embodiment of the reduction in cross-section
      between the two reactor zones by means of a concentric insert element
      shown as an axial section;
PAR  FIG. 4 represents a horizontal section through FIG. 3 along line B--B;
PAR  FIG. 5 illustrates a variant of the device according to FIG. 4, with
      adjustable intermediate area-reducing member;
PAR  FIG. 6 illustrates a perforated plate according to FIGS. 1 and 2, with
      means for the additional introduction of carrier gas into the upper
      reactor zone;
PAR  FIG. 7 shows another device for the introduction of additional carrier gas
      into the upper reaction zone, in a vertical cross-section;
PAR  FIG. 8 represents a horizontal section through FIG. 7 along line C--C;
PAR  FIG. 9 shows a mode of realization of the coarse grain discharge above the
      floor suitable to receive the oncoming flow, represented as a vertical
      section;
PAR  FIG. 10 represents, as an axial cross-section, a special design of the
      lower reactor zone;
PAR  FIG. 11 is the flow diagram of a plant for the execution of the process
      according to the invention applied to the polymerization of gaseous
      monoolefins.
DETD
PAR  The elutriation apparatus 1 schematically illustrated in FIG. 1
      substantially comprises an upper chamber 2 having a larger cross-section,
      a lower chamber 3 having a smaller crosssection, a connecting intermediate
      zone 4 having a more narrow cross-section, a floor 5 suitable to receive
      feed flow of a carrier gas via an air chamber 6, and is provided with
      supply lines 7 and 8 for solid material to be processed, as well as with a
      discharge line 9 for coarse grain product that has been separated out, and
      an outlet 10 for fine grain product.
PAR  The connecting zone 4 is designed as a truncated cone 11. The reduction in
      area is by means of a perforated plate 12 illustrated enlarged as a
      horizontal cross-section in FIG. 2.
PAR  Beneath the perforated plate 12 in the jacket of the lower chamber and
      above the perforated plate 12 in the jacket of the connecting zone 4 there
      have been arranged openings 13 leading outside into annular ducts 14 and
      15, respectively. The annular ducts are provided with pipe connections 16
      and 17 by means of which the carrier gas can be drawn off or supplied.
PAR  In the manner customary with fluidized bed reactors, the upper chamber 2
      can be joined via a truncated cone 18 to a stabilizer chamber 19 from
      which the carrier gas is drawn off through a separator by means of a line
      (not shown).
PAR  As illustrated in FIGS. 3 and 4, the perforated plate 12 can be replaced by
      an insert 20, concentrically arranged in the area of the contact point of
      the jackets of the lower chamber 3 and the connecting zone 4, which is
      fixedly connected to the elutriation apparatus jacket. The reduction in
      cross-section area is in this case accomplished by an annular clearance
      22.
PAR  As illustrated in FIG. 5, the concentrically arranged insert element 23 may
      have the shape of a cone and be fastened to a rod 24 displaceable along
      the apparatus axis. As a result of the vertical displacement of the
      element 23 in the area of the connecting zone 4, the cross-section area
      reduction 25 can be altered during operation. This principle may be
      applied also with regard to each individual bore of a perforated plate.
PAR  The system for the introduction of additional carrier gas into the upper
      chamber, consisting of an annular duct 15 with appropriate openings 13 and
      a pipe connection 16 (FIG. 1), can be replaced for instance by a special
      design of perforated plate 12 illustrated in FIG. 6.
PAR  In this case, the perforated plate consists of a plurality of pipes 26 held
      at their extremities in support elements 27 and 28. The support elements
      are connected with a cylindrical housing 29, which may also be the jacket
      of the lower chamber 3 (FIG. 1), and which is provided with a pipe
      connection 30 for the supply of carrier gas. In the upper support element
      27, bores 31 have been arranged between the end points of the pipes 26,
      which lead to the hollow space between the pipes in the housing, thereby
      permitting the carrier gas supplied through a pipe connection 30 to issue
      through said bores. Pipes 32 provided with screen covers 33 are shown
      inserted in the bores 31.
PAR  FIGS. 7 and 8 illustrate another mode of realization for the supply of
      additional carrier gas to the upper reactor zone 2. Into a central bore in
      the perforated plate 12 there has been inserted a pipe 34 leading, via a
      bend 35, to a pipe connection 36 in the jacket of the lower chamber. The
      pipe 34 is provided at its upper end with a porous or perforated gas
      distribution plate 37. Furthermore, perforated distributor pipes 38
      emanate radially from the upper pipe end, which can in per se known manner
      be provided with screen covers (not shown).
PAR  Additional carrier gas is introduced via the pipe connection 36 and enters
      into the upper chamber through the openings in the gas distributor pipe 37
      and in the distributor pipes 38.
PAR  FIG. 9 illustrates a variant of the coarse grain discharge means. Whereas
      in the apparatus according to FIG. 1 the sorted-out coarse grain
      accumulated on the floor 12 is being removed via a central outlet 9
      traversing the air chamber 6 and by means of a bucket-wheel valve, the
      jacket of the lower chamber can, as shown in FIG. 9, be expanded at its
      lower extremity to form a bead-like annular space 39 constituting a cover
      over the floor 5 and the air chamber 6 and can be provided with a delivery
      pipe 40 comprising a bucket-wheel valve 41 for the removal of the coarse
      grain product.
PAR  FIG. 10 illustrates a particular design of the lower chamber 3, by means of
      which the selectivity with regard to the grain size to be sorted can be
      improved if need be. Spaced a short distance above the floor 5 for the
      feed flow, which comprises a central aperture for the coarse grain
      particle outlet 9, there is arranged a conical insert element 42 attached
      to the floor for instance by means of supports 43. The annular edge of
      this conical insert forms a narrowed passage 44 with the wall of the lower
      chamber. The carrier medium coming in through the oncoming flow floor
      flows first under the floor of the cone horizontally with respect to
      passage 44 at a velocity of flow somewhat greater than that of the
      velocity of the gas in the reactor zone, and generates in this area a
      final crosscurrent classification.
PAR  This arrangement is of significance in particular in the case of
      polymerization processes. For example, in olefin polymerization the
      carrier medium comprises a reactant in view of the fact that it contains
      the monomer.
PAR  The monomer can react with the catalyst still active in the polymer
      particles in the area of the lower reaction zone and thus use up the
      residual activity thereof while standardizing the grain size.
PAR  FIG. 11 illustrates the application of the process to the gaseous phase
      polymerization of ethylene. In an upper part 51 of a reactor 50, designed
      according to the invention, there is a dense turbulent fluidized layer
      formed by polymer and catalyst particles. In the course of the reaction
      there occurs a growth in the particles, owing to the growth of polymer on
      the catalyst nuclei, which results in an increase in the volume of the
      fluidized bed. In order to prevent a swelling of the bed, the large
      polymer particles containing only small amounts of still partially active
      catalyst must be flushed out of the process and, to this end, one uses the
      process according to the invention.
PAR  The coarse particles that have been produced are flushed out of the process
      by means of the pipe portions associated with the reduced area
      intermediate member designed according to FIG. 6 and a coarse grain
      particle discharge means 53 and enter a lower reactor part 52 where the
      state of an aerated dispersed suspension is formed and maintained. Here,
      the particles containing still partially active catalyst can permit full
      reaction before they enter the bin 56 by means of a discharge pipe 54 via
      a bucket-wheel valve 55.
PAR  To replenish the spent catalyst, a mixture comprising fine polymer and
      catalyst particles is continuously fed into the upper part of the vortex
      bed via a dosing device 57 and air input pipe 58 form a bin 60.
PAR  Fine particles can be drawn off at the surface of the turbulent layer via a
      discharge pipe 59 and a bucket-wheel valve 61, as initial preparation of
      the polymer particle and catalyst mixture. The carrier gas consisting,
      substantially, of the monomer to be polymerized enters a chamber 63 of the
      reactor via pipe connections 62 and flows sequentially via a gas
      distribution grid 64 through the lower part 52, the intermediate reduction
      in area member 53 and the vortex bed 51 of the reactor. In the enlarged
      top section of the reactor, particles that have been dragged along by the
      elutriant are separated out as a result of the reduction in the gas
      velocity. The carrier gas emerges from the reactor at 66, via line 67, and
      enters a cyclone 68 where the dust portion taken up by the carrier gas is
      separated out and falls into a dust accumulator 69.
PAR  Following cooling in gas coolers (not shown), the dustfree carrier gas is
      subsequently fed into a circular gas compressor 70 where it is compressed
      to the required pressure. The monomer consumed in the course of the
      reaction is replenished via a line 71 and a pressure-regulating valve 72.
      In accordance with process requirements it is possible, as described
      above, to feed a part of the current of the carrier gas, via a line 73,
      into the upper part of the reactor; a part of the gas current can be drawn
      off from the lower reactor part via line 74 and fed via a line 75 into the
      upper vortex bed, or completely or partially drained out of the reactor
      via a line 76. Control of the amount of carrier gas supplied to the
      reactor is achieved by means of a by-pass valve 77 of the compressor. The
      olefin polymerization in accordance with the invention process can also be
      carried out at elevated pressures up to about 50 atm. gauge. In the case
      of propylene polymerization, for instance, preferred pressures may be
      around 15 atm. rxcess pressure.
PAR  The following Examples are illustrative of the practice of this invention
      without being limiting thereon.
PAC  EXAMPLE 1
PAR  For polymerization of ethylene in the gaseous phase, the plant was operated
      as illustrated in FIG. 11 and described above.
PAR  The upper cylindrical reactor part for accommodating the fluidized bed had
      a diameter of 200 mm and a height of 1.0 meter. The lower reactor zone had
      a diameter of 90 mm and a height of 15 cm. The two zones were connected by
      means of a 15 cm high conical junction element. The narrowing in the
      cross-section area at the boundary zone between the lower and the upper
      parts of the reactor, in accordance with the invention, was carried out in
      this case by means of a concentric rotor according to FIG. 3 and having an
      effective cylindrical diameter of 55 mm. The height of the cylindrical
      part was 50 cm while the overall height was 100 mm. The cone had been
      displaceably arranged in a manner similar to that shown in FIG. 5 and, in
      order to close the 40 mm diameter central discharge tube 9 (see FIG. 1),
      could be moved completely down. For the purpose of emptying the reactor
      completely, the cone could be slidably displaced up to a point in the
      upper reactor zone.
PAR  No use was made of the possibility of draining any carrier gas from the
      lower part of the reactor or of feeding additional amounts of carrier gas
      into the upper part.
PAR  The height of the fluidized bed in the upper reactor part varied between
      400 and 800 mm. The grain-size of the material formed by catalyst and
      polymer particles was between 0.5 and 4.0 mm.
PAR  To maintain a well agitated fluidized state in the upper part of the
      reactor, 55 m.sup.3 ethylene had to be fed into the reactor per hour.
PAR  The polymerization reaction was carried out at a slight overpressure of 1.2
      atm. absolute pressure.
PAR  As a catalyst there was used a suitable Ziegler catalyst which was applied
      onto fine-grain polyethylene particles having an average grain size of
      approximately 0.5 mm. The catalyst represented 8 percent by weight of the
      catalyst-polymer mixture. To replenish the used up catalyst, upon working
      in continuous operation, 125 g/hour of catalyst-polymer mixture were fed
      into the reactor. 5 kg of polyethylene particles of a diameter between 2.0
      and 3.5 mm were discharged per hour from the central discharge tube 9 via
      the bucket-wheel valve. In view of the fact that the polymerization is
      associated with particle growth, it was not necessary to flush fine
      material out of the reactor. The dust resulting from abrasion in the
      vortex bed was separated out in a cyclone; it amounted to approximately 10
      g/hr.
PAR  The polymer particles discharged in the process exhibited the following
      grain spectrum:
     Particle size (mm)                                                        

                      Part by Weight (%)                                       

     ______________________________________                                    

     up to 1.0        5.2                                                      

        1.0 - 2.0     21.0                                                     

        2.0 - 3.0     44.8                                                     

        3.0 - 4.0     25.8                                                     

     above     4.0    3.2                                                      

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  For the purpose of separating out a fraction of coarse grain from an
      aggregate of polypropylene particles and for treating the particles
      simultaneously with air to deactivate the catalyst contained in the
      particles, a device was operated in accordance with FIG. 1, in which the
      annular ducts 14 and 15, as well as the gas inlet and outlet openings 13
      had been omitted.
PAR  In this case, the ratio of the lower to the upper member diameters amounted
      to 0.4 with an upper reactor diameter of 500; the ratio of the narrowest
      cross-section member to the lower reactor cross-section was 0.45, the
      narrowest cross-section member having been formed by means of a perforated
      plate according to FIG. 2 and having openings of a total diameter of 22
      mm.
PAR  The overall height of the reactor was 4.5 m; the height of the fluidized
      bed was varied between 1.0 and 1.5 m. The velocity of the carrier gas
      required to maintain a moderately agitated fluidized bed was 0.25 m/sec.
      Polypropylene granulate of the following composition was fed into the
      reactor at the rate of 44 kg/hr:
TBL  Particle Size (mm)                                                        

                      Part by Weight (%)                                       

     ______________________________________                                    

     up to 0.5        33.3                                                     

        0.5 - 1.0     21.4                                                     

        1.0 - 2.0     22.4                                                     

        2.0 - 3.0     13.0                                                     

        3.0 - 4.0     6.1                                                      

        4.0 - 5.0     2.1                                                      

     above     5.0    1.3                                                      

     ______________________________________                                    

PAR  There were removed via the central tube in the lower part of the reactor
      15.0 kg/hr of coarse material having the following composition:
TBL  Particle Size (mm)                                                        

                      Part by Weight (%)                                       

     ______________________________________                                    

     up to 1.0        10.0                                                     

        1.0 - 2.0     29.0                                                     

        2.0 - 3.0     34.1                                                     

        3.0 - 4.0     17.6                                                     

        4.0 - 5.0     5.5                                                      

     above     5.0    3.8                                                      

     ______________________________________                                    

PAR  The enriched fine material was drawn off from the surface of the fluidized
      bed by means of an overflow discharge tube 10.
PAC  EXAMPLE 3
PAR  To improve the selectivity of the process described in Example 2, a device
      according to FIG. 10 was mounted into the lower part of the reactor. The
      ratio of the diameter of the base of the cone to the diameter of the lower
      reactor part amounted to 0.69. The cone had an angle of 42.degree. and was
      situated at a distance of 15 mm from the oncoming flow floor. The
      supplying of the charge material and the discharging of the coarse and
      fine material was carried out as in Example 2. The hourly yield was 13.5
      kg of coarse material having the following composition:
     Particle Size (mm)                                                        

                      Part by Weight (%)                                       

     ______________________________________                                    

     up to 1.0        2.1                                                      

        1.0 - 2.0     27.2                                                     

        2.0 - 3.0     39.6                                                     

        3.0 - 4.0     20.0                                                     

        4.0 - 5.0     6.9                                                      

     above     5.0    4.2                                                      

     ______________________________________                                    

PAR  The composition of the fine material was practically unchanged.
PAC  EXAMPLE 4
PAR  A grain fraction having a greater proportion of coarse material than that
      referred to in Examples 2 and 3 was treated by performing the process, in
      the identical device used in such Examples. There was used as a reduction
      in area member a perforated plate designed according to FIG. 6 and having
      gas outlet bores 31 of a diameter of 2 mm each, without, however, tubes 32
      and cover screens 33. In view of the fact that the velocity of the carrier
      gas required to maintain a moderately agitated fluidized state amounted to
      0.3 m/sec with regard to the granulation of the material in question,
      another volume of gas representing approximately 20% of that entering the
      reactor via the floor receiving the oncoming flow was introduced
      additionally into the upper part of the reactor via the pipe connection 30
      and the bores 31.
PAR  The charge material supply and volume were the same as in Example I. The
      discharging of the coarse and fine fractions was carried out as in Example
      1. The charge product exhibited the following composition:
TBL  Particle Size (mm)                                                        

                      Part by Weight (%)                                       

     ______________________________________                                    

     up to 0.5        10.2                                                     

        0.5 - 1.0     27.6                                                     

        1.0 - 2.0     32.4                                                     

        2.0 - 3.0     18.4                                                     

        3.0 - 4.0     7.1                                                      

        4.0 - 5.0     1.8                                                      

        5.0 - 6.0     1.5                                                      

     above     6.0    1.0                                                      

     ______________________________________                                    

PAR  21.0 kg of coarse material having the following composition were separated
      out per hour:
TBL  Particle Size (mm)                                                        

                      Part by Weight (%)                                       

     ______________________________________                                    

     up to 1.0        5.4                                                      

        1.0 - 2.0     35.1                                                     

        2.0 - 3.0     35.4                                                     

        3.0 - 4.0     14.9                                                     

        4.0 - 5.0     3.9                                                      

        5.0 - 6.0     3.2                                                      

     above     6.0    2.1                                                      

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process of continuously recovering particulate material of coarser grain
      size from admixture with material of smaller grain size, which particulate
      material contains an olefin polymerization catalyst, which process
      comprises feeding a gaseous olefin through a first zone; establishing and
      maintaining a gas-solids suspension consisting of solid particulate
      material in said gaseous olefin in said first zone, said solid particulate
      material being reactable with said olefin so as to increase in grain size
      olefin undergoes polymerization; feeding said olefin from said first zone
      through an intermediate zone whose cross-section is a smaller
      cross-section up to about 0.85 that of said dispersed suspension first
      zone thereby increasing the velocity of said olefin relative to its
      velocity in said first zone; feeding said olefin from said intermediate
      zone to a second zone having a crosssectional area about 2 to 15 times
      that of said first zone; establishing and maintaining a dense fluidized
      bed of said solid particulate material in said second zone; and recovering
      coarser grain solid particles from the base of said dispersed suspension
      first zone.
NUM  2.
PAR  2. The process as claimed in claim 1 including providing said intermediate
      zone as a perforated plate and sizing the aperture of said perforations
      such that the diameters thereof are about 5 to 20 times the particle size
      of the coarser grain particles recovered from the base of said dispersed
      suspension first zone.
NUM  3.
PAR  3. Process as claimed in claim 1 including providing said intermediate zone
      as an annulus between a jacket means and an insert element which annulus
      has a gap which is about 2 to 10 times the diameter of said coarser grain
      particles withdrawn from said dispersed suspension first zone.
NUM  4.
PAR  4. Process as claimed in claim 1 including tapping a portion of said gas
      upstream of said intermediate zone.
NUM  5.
PAR  5. Process as claimed in claim 4 including reintroducing said tapped gas to
      said process downstream of said intermediate zone.
NUM  6.
PAR  6. Process as claimed in claim 5 including admixing said gas with fresh gas
      and feeding said admixture to said process downstream of said intermediate
      zone.
NUM  7.
PAR  7. Process as claimed in claim 1 wherein the gas is under pressure.
NUM  8.
PAR  8. Process as claimed in claim 5 including admixing said gas with fresh gas
      and feeding said admixture to said process upstream of said intermediate
      zone.
PATN
WKU  039311350
SRC  5
APN  4255941
APT  1
ART  144
APD  19731217
TTL  Process for reusing polymerization solvent by recycling
ISD  19760106
NCL  2
ECL  1
EXP  Holler; Alan
INVT
NAM  Asada; Mamoru
CTY  Niihama
CNT  JA
INVT
NAM  Shiga; Akinobu
CTY  Niihama
CNT  JA
INVT
NAM  Matsuyama; Kiyoshi
CTY  Niihama
CNT  JA
ASSG
NAM  Sumitomo Chemical Company, Limited
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19721216
APN  47-126351
PRIR
CNT  JA
APD  19721216
APN  47-126352
CLAS
OCL  260 937
XCL  260 949E
XCL  260 949F
XCL  260 949P
EDF  2
ICL  C08F  214
ICL  C08F  452
ICL  C08F 1000
FSC  260
FSS  94.9 P;94.9 F;93.7;94.9 E
UREF
PNO  3058963
ISD  19621000
NAM  Vandenberg
OCL  260 88.2R
UREF
PNO  3160622
ISD  19641200
NAM  Gilbert et al.
OCL  260 94.9P
UREF
PNO  3227526
ISD  19660100
NAM  Scoggin
OCL  260 94.9P
UREF
PNO  3303178
ISD  19670200
NAM  Krishnamurthy
OCL  260 94.9E
UREF
PNO  3309350
ISD  19670300
NAM  Kelley et al.
OCL  260 94.9E
FREF
PNO  887,707
ISD  19620100
CNT  UK
OCL  260 94.9P
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  A process for polymerizing .alpha.-olefins in a solvent under conditions
      such that the polymer formed grows as particles, in which the process
      comprises reusing a greater part of the solvent used for the
      polymerization by recycling the solvent to the polymerization zone without
      carrying out any purification treatment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  The present invention relates to a process for polymerizing .alpha.-olefins
      in a solvent under the condition that the polymer formed grows as
      particles, in which the process comprises reusing a greater part of the
      solvent used for the polymerization by recycling the solvent to the
      polymerization zone without carrying out any purification treatment. In
      greater detail, the present invention relates to a process which comprises
      carrying out a slurry polymerization reaction of .alpha.-olefins in the
      presence of a Ziegler-Natta catalyst, and particularly a polymerization
      reaction of ethylene and propylene, using an inert hydrocarbon liquid or a
      liquefied monomer to be polymerized as a solvent or as a dispersing agent
      (hereinafter, it is called a solvent), wherein said process is
      characterized by that the solvent and the produced polymer are separated
      before adding a polymerization inhibitor or a catalyst decomposing agent
      to the polymerization reaction product, and the separated solvent is
      reused by recycling to the polymerization reactor.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  The polymerization of .alpha.-olefins in the presence of a Ziegler-Natta
      catalyst is generally carried out in an inert hydrocarbon liquid or a
      liquefied monomer. The temperature at which the polymer formed exists in
      the liquid as solid particles is usually used in the reaction. As is well
      known, since the catalysts used in such a polymerization are generally
      compound systems consisting mainly of a compound of a transition metal,
      such as titanium and vanadium, and an organic compound of a metal, such as
      aluminium, the polymers produced contain these metals. Accordingly, in
      such a polymerization, an important post treatment of the polymer is the
      removal of the catalyst from the polymer by dissolution and extraction
      simultaneously with the stopping of the polymerization reaction.
PAR  The stopping of the polymerization reaction and the solubilization and
      extraction of the catalyst are usually carried out in the form of a
      solvent slurry, because the polymer formed is a solid. It is operationally
      advantageous that this solvent be that which is used in the
      polymerization. However, since the polymerization inhibitor and the
      solubilizing agent (usually alcohols are used for both purposes) added in
      the step of treating the catalyst are, as a matter of course, catalyst
      poisons and the decomposition product formed by the treatment of the
      catalyst are also metal compounds, it is not practical to utilize the
      solvent containing such metals for polymerization by recycling the solvent
      to the polymerization zone as it is. Therefore, it is impossible to use
      the same solvent for the polymerization by recycling the solvent if the
      solvent is not purified using a distillation, etc. Thus, this is an
      important disadvantage of the slurry polymerization process utilizing a
      solvent from the standpoint of cost.
PAC  SUMMARY OF THE INVENTION
PAR  The present inventors have succeeded in removing this disadvantage by using
      a solvent for the polymerization and a solvent for the post treatment.
      That is, the present inventors have found a process wherein a solvent used
      in the polymerization step is circulated to the polymerization step
      without adding a catalyst and a solvent used in the post treatment is
      circulated in the post treatment step after removing the catalyst
      decomposition products to the degree necessary to reuse the solvent in
      only the post treatment step, by which not only the quantity of the
      solvent necessary for purification by distillation and the purification
      degree of the solvent can be reduced but also the catalyst can be
      effectively utilized.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  One of objects of the present invention, which will be clear in the
      following description, is to remarkably decrease the quantity of the
      solvent for polymerization which must be purified by distillation by
      circulating it only in the polymerization step. Another object is to keep
      low the distillation degree (the degree of separating the solvent and the
      catalyst treating agent) by circulating the solvent for the post treatment
      in only the post treatment step. These objects contribute to a decrease in
      the cost of the distillation of the solvent and consequently they
      contribute to a decrease of the cost of the polymer.
PAR  A further object of the present invention is to provide a process in which
      not only the solvent is effectively utilized by circulating the solvent
      for polymerization in the polymerization step without adding a catalyst
      treating agent but also the catalyst is effectively utilized by
      circulating the catalyst components dissolved in the solvent and fine
      solid catalyst particles. Furthermore, another object of the present
      invention is to facilitate the circulation of .alpha.-olefins by removing
      the .alpha.-olefin monomers dissolved in the solvent or the
      .alpha.-olefins themselves as the solvent from the post treatment step
      without bringing them into contact with the catalyst treating agent.
PAR  Further, the present inventors found that the yield of the solvent
      insoluble polymer which is of great value industrially can surprisingly be
      improved by using a specific catalyst system without the necessity of
      reducing the polymerization rate whereby the industrial advantages of the
      process are unexpectedly increased. That is, another feature of the
      present invention is to provide a process for the polymerization of an
      .alpha.-olefin which comprises polymerizing alpha-olefin by a mass
      polymerization or a suspension polymerization using a catalyst system
      consisting of, as a catalyst component (A), titanium trichloride or an
      eutectic mixture of titanium trichloride and a metal halide, and, as a
      catalyst component (B), an organo-aluminum compound represented by the
      formula AlR.sub.3.sub.-n Cl.sub.n wherein R represents an alkyl group and
      n is a value of 0 to 1, recycling after completion of the polymerization
      but prior to the separation of the catalyst, an appropriate amount of the
      solvent separated from the resulting solvent insoluble polymer without
      purification of the solvent, adding an additional amount of a purified
      solvent and fresh catalyst components A and B to the recycled solvent and
      further polymerizing the solvent-insoluble polymer.
PAR  As is set forth above, the catalyst system used in the present invention
      should be a combination of the component (A), titanium trichloride or an
      eutectic mixture of titanium trichloride and a metal halide, and the
      component (B), an organo-aluminum compound represented by the formula
      AlR.sub.3.sub.-n Cl.sub.n wherein R and n are as defined above. The
      catalyst component (A) can be a titanium trichloride prepared by any of
      various procedures, but it is preferably an eutectic mixture of titanium
      trichloride and aluminum chloride obtained by reducing titanium
      tetrachloride with aluminum metal, or titanium trichloride obtained by
      reducing titanium tetrachloride with an organo-aluminum compound such as
      triethyl aluminum, diethyl aluminum chloride, sesquialuminum chloride or
      the like under limited conditions. The catalyst component (B) can be
      trimethyl aluminum, dimethyl aluminum chloride, triethyl aluminum,
      tri-n-propyl aluminum, di-n-propyl aluminum chloride, triisopropyl
      aluminum, diisopropyl aluminum chloride, triisobutyl aluminum, diisobutyl
      aluminum chloride, tri-n-hexyl aluminum, di-n-hexyl aluminum chloride or a
      mixture thereof, preferably a mixture of triethyl aluminum-diethyl
      aluminum chloride or diethyl aluminum chloride. The proportion of the
      component (A) and the component (B) in the catalyst system varies
      depending upon the type of the component (B) used, but generally the molar
      ratio of B/A is 1 to 20. Since the solvent reused in the second
      polymerization generally contains the catalyst component (B) which is
      soluble in the solvent at usual polymerization temperatures, the second
      polymerization can be effected, once the polymerization is conducted using
      the above catalyst system (hereinafter referred to "initial
      polymerization"), for example, in a batch manner, by feeding an additional
      amount of only the catalyst component (A) to the polymerization zone. Of
      course, the catalyst-forming ability of the catalyst component (B) which
      is used in the initial polymerization is lower than that of a fresh
      catalyst component (B) and, therefore, the activity of the polymerization
      in the second polymerization tends to be lowered in the second
      polymerization. However, the activity of the polymerization in the second
      polymerization can be maintained as high as more than 70% of the activity
      in the initial polymerization of feeding a fresh catalyst component (B) to
      the polymerization zone. In particular, when an organo-aluminum compound
      having the above formula wherein n is near 0.9 is used, the overall yield
      of the solvent insoluble polymer in the polymerization process of this
      invention can be improved by about 10% as compared with the yield in the
      first polymerization, i.e., the yield obtainable in the conventional
      process. The above improvement is believed to be unexpected from
      conventional techniques, and the process of this invention makes it
      possible to advantageously utilize the catalyst component (B) which has
      not been considered to be used industrially due to the production of a
      large quantity of a solvent-soluble polymer which is of less value
      industrially.
PAR  The amount of the catalyst component (B) fed into the second polymerization
      can be approximately the same as or lower than that used in the initial
      polymerization. A higher amount of the component (B) can be used without
      adversely affecting the polymerization but is not preferred from the
      standpoint of economy and the increase in the amount of residual catalyst
      contained in the desired solvent-insoluble polymer. That is, when a fresh
      catalyst component (B) is fed in an amount corresponding to the difference
      between the amount of component (B) consumed in the initial polymerization
      and the amount of component (B) fed by the recycling solvent, the residual
      catalyst remaining in the solvent-insoluble polymer can be lowered to the
      same level as that of the polymer obtainable by the conventional process.
      When the amount of the catalyst component (B) fed to the second
      polymerization is further decreased, the amount of the residual catalyst
      in the resulting polymer naturally decreases whereby the quality of the
      polymer is improved.
PAR  Suitable examples of the solvent for the polymerization are aliphatic
      hydrocarbons such as a propylene monomer, propane, butane, pentane,
      hexane, heptane, octane and the like, aromatic hydrocarbons such as
      benzene, toluene and the like. The polymerization can be carried out at a
      temperature in the range of room temperature (about 20.degree. .about.
      30.degree.C) to 100.degree.C, preferably 50.degree. to 80.degree.C under
      atmospheric pressure to 50 Kg/cm.sup.2 (gauge). When the polymerization is
      conducted in the presence of hydrogen, the molecular weight of the
      resulting solvent-insoluble polymer can be adjusted to the desirable value
      without adversely affecting the crystallinity of the polymer.
PAR  When homo- or copolymerization of .alpha.-olefins such as ethylene and
      propylene is carried out in the presence of an inert hydrocarbon liquid
      such as an aliphatic hydrocarbon, e.g., hexane and heptane, using a
      catalyst consisting of a solid metal compound, such as titanium
      trichloride, and an organic metal compound, such as diethyl aluminum
      chloride, at a temperature of 40.degree. to 80.degree.C under a pressure
      of 5 to 50 Kg/cm.sup.2 G, the resulting polymerization product is a slurry
      composed of a greater part of a powder polymer and a lesser part of a
      solvent soluble polymer. The liquid phase of this slurry consists of a
      solvent for polymerization, a solvent soluble polymer and soluble organic
      metal compounds, such as ethyl aluminium chloride. This slurry is treated
      under a reduced pressure or at normal pressure using, for example, a
      liquid cyclone or a centrifugal separator in an inert atmosphere to
      separate the solid and the liquid. If the slurry is treated under a
      reduced pressure, it is possible to return the .alpha.-olefin monomers to
      the polymerization zone directly, because the .alpha.-olefin monomers
      which have dissolved under high pressures are volatile. If the slurry is
      not treated under a reduced pressure, it is necessary to separate the
      solid and the liquid under a high pressure. However, the increase of the
      pressure for circulating the liquid phase is small because the solvent
      including .alpha.-olefins or the liquefied .alpha.-olefin is permitted to
      circulate in the polymerization zone. When a liquid cyclone is used for
      separating the liquid and the solid, separation is not completely carried
      out and sometimes the liquid in an amount larger than the amount of the
      polymer is carried over into the solid phase. In such case, since solids
      having a fine particle size are also carried over into the liquid phase,
      it is also possible to return again the catalyst particles to the polymer
      zone, for example, in a continuous polymerization process wherein the
      catalyst particles are not retained sufficiently and the formation of the
      polymer is small.
PAR  Further, in a case of using a centrifugal separator, it is possible to
      increase the quantity for circulation because the separation can be
      carried out to a considerable extent. In general, since the concentration
      of the polymer in the solvent in the polymerization zone is 2 to 5 l of
      the solvent/1 Kg of the polymer and the concentration of a wet cake after
      separation of the liquid and the solid is 0.2 to 1 l of the solvent/1 Kg
      of the polymer, the quantity of the solvent for circulation is 96 to 50%
      of the solvent in the polymerization zone. Namely, the quantity of the
      purified solvent for polymerization is 4 to 50% of the prior method.
      Especially, in the case of producing polypropylene, the quantity of
      by-product solvent soluble polymers, such as atactic polypropylene is
      large, by which it is necessary to control the content of such polymers in
      a definite range. Therefore, the quantity for circulation is based on
      considerations of this condition.
PAR  The polymer separated from the solvent by the above described method
      contains a large amount of solid components of the catalyst such as
      titanium trichloride and a small amount of liquid components such as
      diethyl aluminium chloride. In order to remove these components, it is
      necessary to provide good contact by supplying a polymerization inhibitor
      and a catalyst decomposing agent, e.g., alcohols such as methanol,
      isopropanol and butanol, to a mixture of solvents with stirring. In this
      case, any inert hydrocarbon liquid can be used as a solvent for forming a
      re-slurry. But, preferably, the same solvent as that used for the
      polymerization should be used. If the solvent in the polymerization zone
      is a liquefied monomer per se, it is convenient to use a common solvent,
      such as hexane and heptane.
PAR  The catalyst is decomposed and becomes solvent-soluble by forming a
      re-slurry in the solvent in the presence of alcohols. In order to treat
      this re-slurry, several methods are known. For example, there is a method
      which comprises washing the slurry with an acidic aqueous solution, a
      method which comprises washing with an alkaline aqueous solution, a method
      with comprises removing the solvent and washing the polymer again with the
      solvent, and a method which comprises washing with water. Regardless of
      the method, it is possible to use the process of the present invention in
      any of these methods. Namely, after dissolving the catalyst, the solvent
      containing the solubilized catalyst or the solvent from which the catalyst
      is removed by washing with water is separated from the polymer produced,
      and then the residual catalyst and the soluble polymers in the solvent are
      removed. Then the treated solvent is circulated again without completely
      removing the alcohols into the step of forming a re-slurry of the polymer
      or the step of decomposing the catalyst. Since the solvent used in the
      polymerization step is not carried into the washing step as much, it is
      not necessary to regenerate the solvent in a large amount by high
      purification. Even if it is distilled, the distillation can be carried out
      using a simple apparatus.
DETD
PAR  In the following, examples are shown by which the present invention will be
      illustrated. However, the present invention is not limited to these
      examples. Unless otherwise indicated all parts and percents are by weight.
PAC  EXAMPLE 1
PAC  Primary polymerization
PAR  After a 200 l autoclave was charged with propylene, 100 l of purified
      heptane for polymerization was charged therein. Then hydrogen was
      introduced so that a concentration of the gas phase at the polymerization
      conditions was 3% by volume. 24 g of titanium trichloride (AA, produced by
      Stauffer Co.) and 1.5 l of a heptane solution containing 100 g of diethyl
      aluminium chloride were added thereto. The temperature of the reactor was
      increased to 60.degree.C while stirring. The pressure of the reactor was
      then increased to 6 Kg/cm.sup.2 G by introducing propylene monomer to
      initiate polymerization. Propylene and hydrogen were introduced so as to
      keep the pressure at 6 Kg/cm.sup.2 G and the hydrogen gas concentration at
      3%. The polymerization reaction was continued for 5 to 6 hours until the
      quantity of propylene introduced reached 1 Kg/1 g of titanium trichloride
      AA.
PAR  After conclusion of the polymerization, the mixture was introduced into a
      centrifugal separator (superdecantor, produced by Sharpress Co.) under a
      nitrogen atmosphere to separate the liquid and solid. The separated liquid
      phase was charged into another 200 l autoclave which was filled with
      propylene. On the other hand, the separated solid phase was added to
      heptane to form a re-slurry. n-Butanol was then added to this slurry to
      decompose the catalyst. After washing the slurry with water, the water was
      removed. The slurry was treated again with a centrifugal separator to
      produce solvent insoluble polymer particles. After drying, they were
      weighed. The yield of the polymer particles was 900 g/1 g of titanium
      trichloride AA.
PAR  Volume of the separated liquid phase was 83 l (after removing propylene).
      When the amount of atactic polypropylene dissolved therein was determined
      by sampling a part of the liquid phase, it was found to be 13 g/l of
      heptane. Accordingly, the entire amount of atactic polypropylene formed
      was 1.3 Kg. Thus, the yield of the granular polymer in all of the polymers
      produced was 94.5% and the average polymerization rate was 170 g of the
      polymer/1 g of titanium trichloride AA.Hr.
PAC  Re-polymerization
PAR  The liquid phase separated at the first separation step of the primary
      polymerization was polymerized again using another 200 l autoclave. Since
      the heptane separated in the primary polymerization was about 80 liters,
      20 liters of fresh purified heptane were added thereto to make 100 l. Then
      the polymerization of propylene was carried out using the same procedures
      as in the primary polymerization using 24 g of titanium trichloride AA and
      1.5 l of a heptane solution containing 100 g of diethyl aluminium chloride
      in the presence of 3% by volume of hydrogen at 60.degree.C under 6
      Kg/cm.sup.2 G. Period of time for the amount of polypropylene introduced
      to reach 1 Kg/1 g of titanium trichloride AA was 6.0 hours.
PAR  After carrying out the same post treatment as that of the primary
      polymerization, the total amount of polymers produced in re-polymerization
      were 23.1 Kg. The amount of granular polymer was 22.0 Kg, the yield of
      which based on the total amount of polymers being 95.3%. The average
      polymerization rate was 160 g of the polymer/1 g of titanium trichloride
      AA.Hr. No adverse influence was observed in the re-polymerization. As is
      clear, the amount of the solvent necessary for purification was only 20%
      of the total amount of the solvents necessary to carry out the
      polymerization, which meant a remarkably decreased amount.
PAC  EXAMPLE 2
PAC  Primary polymerization
PAR  The pressure in a 5 l stainless steel autoclave equipped with a stirrer was
      reduced and hydrogen at a pressure of 120 mmHg was introduced. Then, 2.0 l
      of n-heptane was charged into the autoclave together with 0.5 g of
      titanium trichloride (AA, produced by Toho Titanium Co.) and 37.5 moles of
      a diethyl aluminium chloride-triethyl aluminium mixture in a molar ratio
      of 9/1. The temperature was maintained at 70.degree.C. The pressure was
      kept at 6 Kg/cm.sup.2 gauge by introducing propylene. Introduction of the
      monomer was stopped when the amount of monomer introduced reached 500
      g/g-TiCl.sub.3. Then the supernatant solution was removed through a pipe
      and introduced into another 5 l autoclave (equipped with a stirrer, in
      which hydrogen at a pressure of 120 mmHg was introduced under a reduced
      pressure). The residual slurry was treated with n-BuOH to decompose the
      catalyst. After washing the slurry with water, it was removed from the
      autoclave and filtered. The solvent insoluble polymer was dried and
      weighed. On the other hand, the filtrate was evaporated and the
      concentration of the soluble polymer was determined, from which the total
      amount of soluble polymer was calculated.
PAC  Re-polymerization
PAR  Since the amount of the solution removed was 1.3 l, 0.7 l of purified
      heptane was added. Further, 0.5 g of titanium trichloride (AA, produced by
      Toho Titanium Co.) and 13.1 mmoles of a diethyl aluminium
      chloride-triethyl aluminium mixture in a molar ratio of 9/1, by which the
      total amount became 37.5 mmoles of the catalyst component B in the
      re-circulation solvent, were charged into an autoclave. Polymerization was
      carried out using the same conditions as in the primary polymerization.
      After conclusion of the polymerization, n-butanol was added to decompose
      the catalyst. After washing the contents with water, the contents were
      removed from the autoclave and filtered. The solvent insoluble polymer was
      dried and weighed. The amount of the soluble polymer produced in the
      re-polymerization step was the value obtained by subtracting the amount of
      the soluble polymer previously coexisting in the re-circulation solvent.
PAR  The results of the primary polymerization and the re-polymerization are
      shown in Table 1.
PAR  It can be understood from the results contained in Table 1 that the yield
      of the solvent insoluble polymer according to this example of the
      invention increased to 92.3% by carrying out the re-polymerization step,
      while it is only 78.3% of the total polymers according to the prior
      technique (that is, the primary polymerization). Further the
      polymerization rate does not change and, or course, the amount of catalyst
      ash hardly changes.
PAC  EXAMPLE 3
PAC  Primary polymerization
PAR  Into a 1 l electromagnetic agitation type stainless steel autoclave in
      which the pressure had been reduced, 0.1 g of titanium trichloride (AA,
      produced by Toho Titanium Co.) and 12.5 mmoles of a diethyl aluminium
      chloride-triethyl aluminium mixture previously prepared by mixing these
      components in a molar ratio of 8/2 were charged. Then, 410 g of liquefied
      propylene was introduced. Polymerization was carried out at 60.degree.C
      for 2.5 hours. After conclusion of the polymerization, the autoclave was
      cooled in a dry ice-methanol bath. On the other hand, 0.1 g of titanium
      trichloride (AA, produced by Toho Titanium Co.) and 3 mmoles of a diethyl
      aluminium chloride-triethyl aluminium mixture prepared previously by
      mixing these components in a molar ratio of 8/2 were charged into another
      1 l electromagnetic agitation type stainless steel autoclave, the pressure
      in which had been reduced. This autoclave was also cooled in a dry
      ice-methanol bath. The supernatant liquefied propylene was removed from
      the autoclave for the primary polymerization and transferred into the
      other autoclave. To the residual slurry, n-BuOH and n-heptane were added
      to decompose the catalyst. After the slurry was washed with water, it was
      removed from the autoclave and filtered. The resulting solvent insoluble
      polymer was dried and weighed. On the other hand, the filtrate was
      distilled to produce a soluble polymer.
PAC  Re-polymerization
PAR  The supernatant propylene removed at the primary polymerization was 190 g.
      Then, 220 g of purified liquefied propylene was added thereto and
      polymerization was carried out at 60.degree.C for 2.5 hours. After
      conclusion of the polymerization, the autoclave was cooled in a dry
      ice-methanol bath. After the supernatant liquefied propylene was removed,
      n-BuOH and n-heptane were added to the residual slurry to decompose the
      catalyst. After the slurry was washed with water, it was removed from the
      autoclave and filtered. The resulting solvent insoluble polymer was dried
      and weighed. On the other hand, the filtrate was distilled to produce a
      soluble polymer, which was dried and weighed. The quantity of the soluble
      polymer obtained in the re-polymerization was calculated by subtracting
      the amount of the polymer coexisting in the re-circulation liquefied
      propylene (calculated amount) from the total amount of the soluble
      polymers. The results of the primary polymerization and the
      re-polymerization are shown in Table 1. From the results contained in
      Table 1, it is clear that reuse by circulation is effective in the case of
      mass polymerization in this example.
PAC  EXAMPLE 4
PAC  Primary polymerization
PAR  Polymerization was carried out using the same conditions as those in the
      primary polymerization of Example 1 but the catalyst component B consisted
      of 37.5 mmoles of diethyl aluminium chloride. After the polymerization,
      the supernatant solution was removed in the same manner and the polymer
      was recovered in the same manner as in the primary polymerization of
      Example 1.
PAC  Re-polymerization
PAR  Since the solution removed was 1.4 l, 0.6 l of fresh n-heptane was added.
      Polymerization was carried out under the same conditions as those in
      Example 1 but 8.75 mmoles of diethyl aluminium chloride were added so as
      to become 20 mmoles if combined with the catalyst component in the
      re-circulation solvent. After polymerization, the polymer produced was
      recovered using the same procedures as in Example 1. The results of the
      primary polymerization and the re-polymerization are shown in Table 1. It
      is understood from the results contained in Table 1 that the yield of the
      crystalline polymer increased about 1% by re-polymerization in the case of
      using diethyl aluminium chloride as the catalyst component B. Further, the
      quantity of the residual catalyst in the solvent insoluble polymer was of
      course smaller than the prior technique.
PAC  EXAMPLE 5
PAC  Primary polymerization
PAR  The primary polymerization was carried out using the same procedure as in
      the primary polymerization of Example 1 but 19.8 mmoles of diisobutyl
      aluminium chloride was used as the catalyst component B. After the
      polymerization, the supernatant solution was removed in the same manner
      and the polymer was recovered in the same manner as in Example 1.
PAC  Re-polymerization
PAR  The solution removed was 1.4 l. The re-polymerization was carried out using
      the same procedure as in the re-polymerization in Example 1 but 0.6 l of
      n-heptane and 5.94 mmoles of diisobutyl aluminium chloride were added.
PAR  The results of the primary polymerization and the re-polymerization are
      shown in Table 1.
PAR  It is understood from the results in Table 1 that when diisobutyl aluminium
      chloride was used as the catalyst component B, the yield of the solvent
      insoluble polymer increased as compared with the prior technique (primary
      polymerization).
PAC  EXAMPLE 6
PAC  Primary polymerization
PAR  Polymerization was carried out using the same conditions as those in
      Example 1. The recovery of the polymer was carried out using the same
      procedure.
PAC  Re-polymerization 1
PAR  Since the solution removed was 1.3 l, 0.7 l of fresh n-heptane was charged
      into the autoclave. Further, 13.1 mmoles of a diethyl aluminium
      chloride-triethyl aluminium mixture which was previously prepared by
      mixing these components in a ratio of 9/1 was added thereto, by which the
      catalyst became 37.5 mmoles if combined with the catalyst component B in
      the re-circulation solvent. The polymerization was carried out using the
      same procedure as that of the primary polymerization. After the
      polymerization, the supernatant solution was removed in the same manner
      and the polymer was recovered in the same manner as that in the primary
      polymerization.
PAC  Re-polymerization 2
PAR  Since the solution removed was 1.35 l, 0.65 l of fresh n-heptane was added.
      The re-polymerization was carried out using the same procedure as in
      re-polymerization 1 but the catalyst component B was 12.2 mmoles. The
      treatment after polymerization was carried out in the same manner as in
      re-polymerization 1.
PAR  The same re-polymerization was repeated 12 times.
PAR  Results of the primary polymerization and the re-polymerization are shown
      in Table 1. It is understood from the results in Table 1 that when the
      re-polymerization is repeated, the polymerization rate decreased gradually
      to about 85% of the primary polymerization. On the contrary, the yield of
      the solvent insoluble polymer remarkably increased from 78% to 93 .about.
      94%.
TBL                                    Table 1                                 

     __________________________________________________________________________

            Primary Polymerization                                             

     Example                                                                   

            Catalyst                                                           

                 Catalyst                                                      

                       Catalyst                                                

                            Poly-                                              

                                 Yield of  Poly-                               

            Compo-                                                             

                 Compo-                                                        

                       Compo-                                                  

                            meri-                                              

                                 Polymer   meri-                               

                                                ISP Residual                   

            nent A                                                             

                 nent B                                                        

                       nent B                                                  

                            zation                                             

                                 (g)       zation                              

                                                (%) Catalyst                   

            (g)  (molar                                                        

                       (m mole)                                                

                            Time           Rate R   (ppm)                      

                 ratio)     (hr) IP   SP                                       

     __________________________________________________________________________

     Example 2                                                                 

            0.5  DEAC-TEA                                                      

                       37.5 1.42 247  68.5 410  78.3                           

                                                    200                        

                 (9:1)                                                         

     Example 3                                                                 

            0.1  DEAC-TEA                                                      

                       12.5 2.5   83.2                                         

                                      46.8 533  64.0                           

                                                    112                        

                 (8:2)                                                         

     Example 4                                                                 

            0.5  DEAC  37.5 1.92 267  19.4 288  93.3                           

                                                    213                        

     Example 5                                                                 

            0.5  DIAC  19.8 4.0  264  20   142  93.0                           

                                                    133                        

     Example 6                                                                 

            0.5  DEAC-TEA                                                      

                       37.5 1.55 248  69   408  78.2                           

                                                    213                        

                 (9:1)                                                         

     __________________________________________________________________________

TBL  __________________________________________________________________________

             Re-polymerization                                                 

     Example Catalyst                                                          

                  Catalyst                                                     

                        Catalyst                                               

                             Poly-                                             

                                  Yield of   Poly-                             

             Compo-                                                            

                  Compo-                                                       

                        Compo-                                                 

                             meri-                                             

                                  Polymer    meri-                             

                                                  ISP Residual                 

             nent A                                                            

                  nent B                                                       

                        nent B                                                 

                             zation                                            

                                  (g)        zation                            

                                                  (%) Catalyst                 

             (g)  (molar                                                       

                        (m mole)                                               

                             Time            Rate R   (ppm)                    

                  ratio)     (hr) IP    SP                                     

     __________________________________________________________________________

     Example 2                                                                 

             0.5  DEAC-TEA                                                     

                        13.1 1.33 260   16.5 398  92.3                         

                                                      210                      

                  (9:1)                                                        

     Example 3                                                                 

             0.1  DEAC-TEA                                                     

                        3    2.5  104.6 21.4 504  83.1                         

                                                       74                      

     Example 4                                                                 

             0.5  DEAC  8.75 1.92 246   15   274  94.1                         

                                                      143                      

     Example 5                                                                 

             0.5  DIAC  5.94 4.1  261   16   135  94.3                         

                                                      129                      

     Re-polymeri-                                                              

     zation in                                                                 

     Example 6, 1                                                              

             0.5  DEAC-TEA                                                     

                        15.0 1.30 242.5 13.5 400  93.3                         

                                                      203                      

                  (9:1)                                                        

     Example 2                                                                 

             0.5  "     15.0 1.42 238   15   356  94.0                         

                                                      213                      

     Example 5                                                                 

             0.5  "     15.0 1.58 253.5 14.5 340  94.5                         

                                                      199                      

     Example 10                                                                

             0.5  "     15.0 1.42 245   15.5 368  93.8                         

                                                      206                      

     Example 12                                                                

             0.5  "     15.0 1.37 236   15.5 367  93.9                         

                                                      211                      

     __________________________________________________________________________

PAL  Note:
PA1  Ip: solvent insoluble polymer
PA1  Sp: solvent soluble polymer
PA1  Polymerization Rate: R = W/C.t wherein the total amount of polymer is W
      (g), the catalyst component is C (g) and the polymerization time is t
      (hr).
PA1  Deac: diethyl aluminium chloride
PA1  Tea: triethyl aluminium
PA1  Diac: diisobutyl aluminium chloride
PA1  Isp: yield of solvent insoluble polymer
      ##EQU1##
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for mass polymerizing or suspension polymerizing
      .alpha.-olefins in a polymerization zone to produce a
      polymer-polymerization solvent slurry using a catalyst system consisting
      of, as catalyst component (A), titanium trichloride or an eutectic mixture
      of titanium trichloride and a metal halide, and, as catalyst component
      (B), an organoaluminium compound, the improvement which comprises
      polymerizing the .alpha.-olefins using an organoaluminium compound
      represented by the formula AlR.sub.3.sub.-n Cl.sub.n, wherein R represents
      an alkyl group and n is about 0.9 as catalyst component (B), said
      organoaluminium compound being a mixture of trialkylaluminium and
      dialkylaluminium halide, separating the polymer produced and the solvent
      before adding a polymerization inhibitor to the polymer, recycling the
      solvent to the polymerization zone, adding purified fresh solvent, fresh
      catalyst component (A) and fresh catalyst component (B) to said separated
      solvent and further carrying out the polymerizing.
NUM  2.
PAR  2. The process of claim 1 wherein said organoaluminium compound is a
      mixture of triethyl aluminium and diethyl aluminium chloride.
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ABST
PAL  High molecular weight cis-1,4-polyisoprene is produced by contacting
      isoprene with a catalyst formed by admixing (A) a titanium tetrachloride,
      (B) a trihydrocarbylaluminum and (C) a beta-diketone. The activity of this
      ternary catalyst is not adversely affected by such impurities as
      cyclopentadiene that are contained in the feed stock isoprene.
PARN
     This application is a continuation-in-part of application Ser. No. 26,105
      filed April 6, 1970 now abandoned.
BSUM
PAR  This invention relates to an improved process for producing commercially
      advantageously high molecular weight cis-1,4-polyisoprene in good yield as
      well as to a new ternary catalyst for use in such process. More
      particularly, the invention relates to a process wherein in producing high
      molecular weight cis-1,4-polyisoprene by bringing isoprene into contact
      with a polymerization catalyst under an inert atmosphere the catalyst used
      is characterized by being a three-component mixture of (A) a titanium
      tetrachloride, (B) an organoaluminum compound of the formula AlR.sub.3,
      where each R is either alkyl, preferably C.sub.1 -C.sub.8 alkyl, aryl,
      preferably phenyl, or cycloalkyl, preferably cyclohexyl, and (C) a
      beta-diketone of the formula
      ##EQU1##
      where R' and R", which may be the same or different, are either alkyl,
      preferably C.sub.1 -C.sub.5 alkyl or aryl, preferably phenyl.
PAR  It was found that the foregoing catalyst according to the present invention
      has a very unique property not only in that it has the activity of
      effecting the polymerization of pure isoprene at a high efficiency to
      yield 1,4-cis-polyisoprene but also in that this activity is not
      particularly affected adversely by such impurities as cyclopentadiene
      which are usually present in commercial isoprene.
PAR  It is well known from the disclosures of such, for example, as Belgian Pat.
      No. 543,292 (1955) that the Ziegler catalyst consisting of titanium
      tetrachloride and trialkylaluminum catalyzes the formation of
      cis-1,4-polyisoprene from isoprene. However, in polymerizing isoprene in
      the presence of the Ziegler catalyst, the cyclopentadiene contained in the
      isoprene feed stock greatly impaire the polymerization activity of the
      catalyst. A cyclopentadiene content of less than 100 ppm, e.g., several
      tens of ppm, as shown in the hereinafter given control experiments, cause
      a decrease in the activity of the conventional Ziegler catalyst to a low
      value of such as one-half to one-fourth. On the other hand, the commercial
      isoprene that is presently being produced by various processes usually
      contain a substantial amount of cyclopentadiene as a impurity. Hence,
      heretofore, in producing cis-1,4-polyisoprene it was necessary for
      ensuring the maintenance of the activity of the catalyst to reduce the
      cyclopentadiene content of the isoprene feed stock used to the order of
      not more than several ppm by removing the cyclopentadiene in advance of
      the use of the isoprene feed stock in the polymerization process. However,
      for carrying out the purification of isoprene to such a high degree,
      precise fractionation using a distillation column of a great number of
      theoretical plates or the carrying out of special chemical treatments was
      a necessity. It goes without saying that a purification treatment of this
      kind brings about a rise in the cost of the feed stock isoprene to
      unfavorably affect the process in carrying it out economically on a
      commercial basis.
PAR  In contrast, the invention catalyst possesses the property that its
      activity does not demonstrate a marked decrease by the presence of
      cyclopentadiene in amounts up to about 100 ppm. Thus, even in the case of
      isoprene containing a considerable amount of cyclopentadiene, it can be
      effectively used as the polymeric starting material after having reduced
      its cyclopentadiene content to an amount below 100 ppm by means of the
      usual simple fraction distillation technique or other appropriate
      treatments. For example, as shown in the hereinafter given examples, the
      activity of the invention catalyst decreases only several percent even
      when impure isoprene containing 40 ppm of cyclopentadiene is used instead
      of pure isoprene whose cyclopentadiene content is substantially zero ppm.
      Thus the invention catalyst is fully satisfactory for practical use. The
      use of such inexpensive isoprene as the feed stock is of great
      significance from the standpoint of commercial economy.
PAR  The most characteristic component of the invention catalyst is the
      beta-diketone, the component (C). It was truly surprising as well as
      unexpected that this betadiketone component when used conjointly with a
      titanium tetrachloride, component (A), and an organoaluminum compound,
      component (B), would provide a high polymerization activity in
      polymerizing isoprene and, in addition, have the property that the
      activity of the catalyst would not be adversely affected by the impurity,
      cyclopentadiene. This effect cannot be obtained by the use of carbonyl
      compounds other than the beta-diketone as component (C). For example, a
      compound having a carbonyl group in its molecule but not a beta-diketone,
      e.g. acetone or acetoin, when used as component (C), provides a catalyst
      whose activity decreases to less than one-half its initial value upon the
      presence of 40 ppm of cyclopentadiene in the isoprene. Further, the
      activity of the catalyst which uses in combination an alcohol, e.g.
      ethanol or octyl alcohol, frequently used as a modifier of the
      organoaluminum component of the Ziegler catalysts, decreases to a value
      one-fourth to one-third of the initial value even when the amount present
      of the cyclopentadiene is 30 ppm. these results will be shown in the
      hereinafter given control experiments.
PAR  The embodiments of the present invention will be more fully described
      hereunder. The catalyst of the present invention consists of components
      (A), (B) and (C). Component (B) is an organoaluminum compound of the
      formula AlR.sub.3, where each R is either alkyl, aryl or cycloalkyl;
      specific examples including trimethylaluminum, triethylaluminum,
      tripropylaluminum, triisobutylaluminum, trihexylaluminum,
      triphenylaluminum, and tricyclohexylaluminum. Component (C) is a
      beta-diketone of the formula R'CO.Ch.sub.2. CO.R", which may be the same
      or different, are each either alkyl or aryl. Specific examples include
      acetylacetone, propionylacetone, butyrylacetone, isobutyrilacetone,
      caproylacetone, benzoylacetone and dibenzoylmethane; of which
      acetylacetone is to be most preferred.
PAR  While the molar ratio of components (A) and (B) in the catalyst will vary
      depending upon the amount of component (C), usually a ratio of component
      (A) to component (B) ranging from 0.1:1 to 2:1, and preferably from 0.2:1
      to 1:1, is chosen. The molar ratio of component (B) to component (C),
      which is of especial importance, ranges from 1:0.05 to 1:0.7, and
      preferably 1:0,1 to 1:0.5. If component (C) is used in an amount less than
      0.05 mol per mol of component (B), the hoped-for results cannot be fully
      demonstrated. On the other hand, if 0.7 mol is exceeded, there is a
      tendency to a decrease in the activity of the catalyst.
PAR  The catalyst of the present invention is prepared by mixing first
      components (B) and (C) and then adding component (A) thereto. The mixing
      is preferably carried out in an inert organic solvent. As such an inert
      organic solvent, mention can be made of such, for example, as the aromatic
      hydrocarbons as benzene and toluene and the aliphatic hydrocarbons as
      hexane and heptane. After having mixed the three components, the mixture
      is preferably aged for a while. The aging time differs depending on the
      aging temperature. Usually a shorter aging time is sufficient under higher
      temperatures. For example, at 10.degree.C. approximately an hour's aging
      is preferred, but at 20.degree.C. or higher, 30 minutes' aging is
      sufficient. The mixing of the catalyst components can also be carried out
      in the presence of a part or all of the isoprene to be polymerized.
PAR  The polymerization of isoprene is carried out by contacting the isoprene
      with the hereinbefore described catalyst in an inert organic solvent or in
      the absence of the solvent. As the inert organic solvents that are usable,
      included are those hydrocarbons mentioned hereinbefore in connection with
      the preparation of the catalyst.
PAR  The preparation of the catalyst and the polymerization operation are all
      carried out under an atmosphere of an inert gas. The inert gas used is,
      for example, either nitrogen or argon.
PAR  The polymerization reaction temperature is imposed with no special
      restriction, but usually a range between -30.degree.C. and +80.degree.C.
      is chosen. Again, the reaction pressure is neither restricted in
      particular, and a pressure sufficient to maintain the reaction mixture in
      a liquid phase will do. After the polymerization reaction has proceeded to
      the desired stage, the reaction is terminated by a conventional method,
      e.g., by the addition of either oxygene-free methanol or isopropanol,
      followed by separation, washing and drying of the resulting polymer to
      obtain the intended polyisoprene. The reaction can be carried out either
      batchwise or continuously, as well as in accordance with the various
      modified modes of manufacturing polyisoprene known to the art.
PAR  The polyisoprene obtained by the present invention is a high molecular
      weight polymer, in which the cis-1,4-structure accounts for at least 96 %
      of the polymer, and its inherent viscosity [.eta.] as measured at
      30.degree.C. in toluene is usually 3-8.
DETD
PAR  The following examples and control experiments are given for further
      illustration of the invention.
PAC  EXAMPLES 1 - 4
PAR  These examples illustrate the effect of the content of cyclopentadiene in
      the feed stock isoprene on the polymer yield.
PAR  A catalyst was prepared in the following manner. A flask thoroughly purged
      with nitrogen was charged with 12 ml. of a 0.5 mol per liter toluene
      solution of triethylaluminum (AlEt.sub.3), after which 2.4 ml. of a 0.5
      mol per liter toluene solution of acetylacetone were added with stirring
      at 0-5.degree.C., followed by holding the reaction mixture at 10.degree.C.
      for 10 minutes. After cooling the contents of the flask at from
      -50.degree.to -40.degree.C., 10 ml. of a 0.5 mol per liter toluene
      solution of TiCl.sub.4 were added, followed by stirring for 60 minutes at
      10.degree.C., thus obtaining the catalyst.
PAR  A 300-ml. pressure glass reactor thoroughly purged with nitrogen was
      charged with 160 ml. of hexane, 40 ml. (27.2 g) of pure isoprene and a
      0.0000272 gram per milliliter hexane solution of cyclopentadiene in the
      amount prescribed, after which 2.0 ml. of the foregoing catalyst mixture
      [molar ratio of isoprene: Ti=1000] were added, the reactor was closed, and
      the polymerization reaction was carried out for 5 hours at 20.degree.C.
PAR  After completion of the reaction, the reaction was terminated by the
      addition of isopropyl alcohol containing p-tert.-butyl catechol as the
      antioxidant. This was followed by introducing the reaction mixture into a
      large quantity of methanol to precipitate the resulting polymer. The
      precipitated polymer was then isolated, washed and vacuum dried overnight
      at 45.degree.C. The microstructure of the so obtained polyisoprene was
      98.6 % cis-1,4 bonds and 1.4 % 3,4 bonds. The results of the
      polymerization are shown in Table 1. As can be seen from these results,
      the invention catalyst not only provides high yields but also is not
      adversely affected as to its activity by the presence of cyclopentadiene.
TBL                Table 1                                                     

     ______________________________________                                    

              Cyclopentadiene                                                  

                            Yield of                                           

     Example  (ppm)         Polyisoprene(%)                                    

                                          [.eta.]                              

     ______________________________________                                    

     1         0            98            3.8                                  

     2        20            97            4.3                                  

     3        40            91            4.8                                  

     4        60            80            5.1                                  

     ______________________________________                                    

PAC  CONTROLS 1- 5
PAR  These control cxperiments are given for illustrating the fact that the
      control catalysts not containing the beta-diketone component are adversely
      affected by the presence of cyclopentadiene. In the case of Control 1,
      except that the molar ratio of Al:Ti chosen was 1.0-- that having the
      highest activity of this catalyst-- the experiment was otherwise carried
      out as in Example 1. On the other hand, in the case of Controls 2-5, the
      experiments were conducted as in Example 1 except that acetone, acetoin,
      ethanol and n-octyl alcohol were used instead of acetylacetone. The
      results obtained are shown in Table 2. As can be seen from the results
      presented in this table, the control catalyst were affected without
      exception by the presence of a small quantity of cyclopentadiene.
TBL                                    Table 2                                 

     __________________________________________________________________________

                         Yield of Polyisoprene (%)                             

                         Cyclopentadiene Content(ppm)                          

     Control                                                                   

          Catalyst        0   30   40                                          

     __________________________________________________________________________

     1    TiCl.sub.4 -AlEt.sub.3                                               

                         73   --   41                                          

     2    TiCl.sub.4 -AlEt.sub.3 -acetone                                      

                         82   --   41                                          

     3    TiCl.sub.4 -AlEt.sub.3 -acetoin                                      

                         75   --   28                                          

     4    TiCl.sub.4 -AlEt.sub.3 -ethanol                                      

                         87   21   --                                          

     5    TiCl.sub.4 -AlEt.sub.3 -n-octylalcohol                               

                         95   32   --                                          

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  This example illustrates the case where triisobutylaluminum was substituted
      for the triethylaluminum of Example 1.
PAR  The polymerization reaction was carried out using triisobutylaluminum
      instead of triethylaluminum and also changing the aging temperature to
      30.degree.C. and polymerization temperature to 50.degree.C., but otherwise
      as described in Example 1 to form a polymer at a yield of 92 %.
PAC  EXAMPLE 6 - 7
PAR  These examples illustrate the case where benzoylacetone and
      dibenzoylmethane were substituted for acetylacetone of Example 1.
PAR  The experiments were conducted as in Example 1 except that benzoylacetone
      and dibenzoylmethane were used instead of acetylacetone. The results
      obtained are shown in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

                              Yield of                                         

     Ex.  Catalyst            Polyisoprene(%)                                  

                                           [.eta.]                             

     ______________________________________                                    

     6    TiCl.sub.4 -AlEt.sub.3 -benzoyl acetone                              

                              86           4.9                                 

     7    TiCl.sub.4 -AlEt.sub.3 -dibenzoylmethane                             

                              61           4.9                                 

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  This example was conducted to show the effect of the mode of preparing the
      catalyst, namely the order of addition of the components, on
      polymerization.
PAR  The catalyst components were as follows:
PAR  A. 10 ml. of a 0.5 mol/1 solution of TiCl.sub.4 in toluene.
PAR  B. 12 ml. of a 0.5 mol/1 solution of AlEt.sub.3 in toluene. C. 2.4 ml. of a
      0.5 mol/1 solution of acetylacetone in toluene.
PAR  The order of addition of each component was as follows:
TBL         1st stage mixing (at 0-5.degree.C.)                                

                                2nd stage mixing                               

     Run    stirring of 10 minutes at                                          

                                (at -50 to -40.degree.C.)                      

            10.degree.          stirring of 60                                 

                                minutes at 10.degree.C.                        

     ______________________________________                                    

     No. 1*    (A) + (C)           +(B)                                        

     No. 2*    (A) + (B)           +(C)                                        

     No. 3     (B) + (C)           +(A)                                        

     ______________________________________                                    

      *Control                                                                 

PAR  In each Run, the catalyst was prepared in a flask completely purged with
      nitrogen.
PAR  The polymerization was carried out as follows:
PAR  A 300 ml. glass reaction vessel purged completely with nitrogen was charged
      with 160 ml. of hexane and 60 ml. (40.8 g) of purified isoprene, and then
      2.0 ml. of said catalyst mixture solution (the molar ratio of isoprene to
      titanium being 1500:1) was added thereto. Polymerization was conducted
      twice in each Run. The results were as follows:
TBL                    Yield of                                                

     Run               polyisoprene (%)                                        

     ______________________________________                                    

     No. 1             54 : 53                                                 

     No. 2             74 : 79                                                 

     No. 3             86 : 87                                                 

     ______________________________________                                    

PAR  It is apparent from the above results that the catalyst activity varies
      with the order of addition of the catalyst components, and the catalyst
      activity is the highest in Run No. 3 according to the present invention.
PAC  EXAMPLE 9
PAR  Run No. 1 (control) and Run No. 3 (this invention) of Example 8 were
      repeated except that benzoyl acetone and dibenzoyl methane were
      respectively used instead of acetylacetone as component (C) of the
      catalyst. The results were as follows:
TBL               Yield of polyisoprene (%)                                    

     ______________________________________                                    

                    Run No. 1  Run No. 3                                       

     Benzoyl acetone                                                           

                    49         86                                              

     Dibenzoyl methane                                                         

                    37         61                                              

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  Run No. 1 (control) and Run No. 3 (this invention) of Example 8 were
      repeated except that 4.2 ml. of a 0.5 mol/l solution of acetylacetone (the
      molar ratio of AlEt.sub.3 to acetylacetone being 1:0.35)was used as
      component (C) of the catalyst. The results were as follows:
TBL  Run No.        Yield of polyisoprene (%)                                  

     ______________________________________                                    

     1              47                                                         

     3              82                                                         

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  Run No. 1 (control) and Run No. 3 (this invention) of Example 8 were
      repeated except that 13 ml. of a 0.5 mol/l solution of AlEt.sub.3 was used
      as component (B) of the catalyst and 2.6 ml. of a 0.5 mol/l solution of
      acetylacetone, as component (C) of the catalyst. In other words, the molar
      ratio of TiCl.sub.4 to AlEt.sub.3 was 1:1.3. The results obtained were as
      follows:
TBL  Run No.        Yield of polyisoprene (5)                                  

     ______________________________________                                    

     1              51                                                         

     3              84                                                         

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. In the process for producing at least an 80% yield of high molecular
      weight high cis-1,4-polyisoprene by contacting isoprene in the presence of
      cyclopentadiene in amounts up to about 100 ppm. with a polymerization
      catalyst, the improvement which comprises using as said polymerization
      catalyst a catalyst consisting of
PA1  A. titanium tetrachloride,
PA1  B. an organoaluminum compound of the formula AlR.sub.3 wherein each R is
      selected from the group consisting of alkyl, aryl and cycloalkyl radicals,
      and
PA1  C. a beta-diketone of the formula
      ##EQU2##
      wherein R' and R" are each independently selected from the group
      consisting of alkyl and aryl radicals, said catalyst being prepared by
      mixing first the components (B) and (C) and then adding the component (A)
      thereto, and the molar ratio of the component (A) to the component (B)
      being in the range of from 0.1:1 to 2:1, and the molar ratio of the
      component (B) to the component (C) being in the range of from 1:0.05 to
      1:0.7.
NUM  2.
PAR  2. The process of claim 1 wherein the ratio of component (A) to component
      (B) is 0.2:1 to 1:1, and the ratio of component (B) to component (C) is
      1:0.1 to 1:0.5.
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ABST
PAL  A solid complex of a herbicidal bipyridylium salt in combination with urea
      or thiourea having the formula:
EQU  X(A).sub.n (H.sub.2 O).sub.m
PAL  Wherein X represents the bipyridylium salt, A represents urea or thiourea,
      n is 1, 2 or 4, and m is 0 to 4, its preparation and use are disclosed.
PARN
PAR  This is a continuation of application Ser. No. 703,532 filed Feb. 7, 1968,
      now abandoned.
BSUM
PAR  This invention relates to novel compositions containing a herbicidal
      bipyridylium salt, their preparation and use. Bipyridylium salt herbicides
      have previously been made available for use in the form of aqueous
      solutions containing wetting agents and/or corrosion inhibitors, as
      described in British Pat. Nos. 813,53l and 913,413.
PAR  According to the present invention there is provided a solid complex of a
      herbicidal bipyridylium salt with urea or thiourea. More particularly
      there is provided a solid complex of a herbicidal bipyridylium salt having
      the formula:
EQU  X(A).sub.n (H.sub.2 O).sub.m
PAL  Where X represents a herbicidal bipyridylium salt, A represents urea or
      thiourea, n is 1, 2 or 4 and m is an integer from 0 to 4. The complexes
      are solid crystalline materials and are generally coloured white or
      yellow. Examples of herbicidal bipyridylium salts forming such complexes
      include the following:
PA1  1,1'-ethylene-2,2'-bipyridylium dibromide
PA1  1,1'-dimethyl-4,4'-hipyridylium dichloride
PA1  1,1'-di-2-hydroxyethyl-4,4'-bipyridylium dichloride
PA1  1,1'-bis-3,5-dimethylmorpholinocarbonylmethyl-4,4'-bipyridylium dichloride
PA1  1-(2-hydroxyethyl)-1'-methyl-4,4'-bipyridylium dichloride
PA1  1,1'-di-carbamoylmethyl-4,4'-bipyridylium dichloride
PA1  1,1'-di-N-methylcarbamoylmethyl-4,4'-bipyridylium dichloride
PA1  1,1'-bis-N,N-dimethylcarbamoylmethyl-4,4'-bipyridylium dichloride
PA1  1,1'-diacetonyl-4,4'-bipyridylium dichloride
PA1  1,1'-diethoxycarbonylmethyl-4,4'-bipyridylium dibromide
PA1  1,1'-diallyl-4,4'-bipyridylium dibromide
PAR  The bipyridylium salts listed above are all chorides or bromides, in which
      form they are most commonly encountered. However, many other salts, for
      example the iodide, methylsulphate, or p-toluenesulphonate, may be
      employed in forming the complexes of the invention. The
      1,1'-dimethyl-4,4'-bipyridylium ion may also be referred to by its
      alternative name "paraquat" ion. Thus the second compound in the list
      above may be referred to as paraquat dichloride.
PAR  The complexes are conveniently obtained by adding urea or thiourea, in at
      least the stoichiometric quantity necessary to form the complex, to an
      aqueous solution of the bipyridylium salt. Solvents other than water, for
      example methanol or ethanol, may also be employed in preparing the
      complexes of the invention. Where an aqueous solution is used, its
      termperature may be any temperature between 0.degree. and 100.degree.C,
      but may conveniently be the temperature of the room in which the
      preparation is carried out.
PAR  In order to obtain solid compositions readily without the need for
      concentrating the reaction liquors by evaporation, the urea or thiourea is
      preferably added to a hot solution of bipyridylium salt in which the ion
      concentration exceeds the following limits.
PA1  a. 1,1'-dimethyl-4,4'-bipyridylium ion: 10%
PA1  b. 1,1'-di-2-hydroxyethyl-4,4'-bipyridylium ion: 10%
PA1  c. 1,1'-bis-3,5-dimethylmorpholinocarbonylmethyl-4,4'-bipyridylium ion: 20%
PA1  d. 1,1'-ethylene-2,2'-bipyridylium ion: 20%
PAR  Crystallisation occurs on cooling, but is rather slow when using dilute
      aqueous liquors.
PAR  It is often desirable to incorporate a suitable wetting agent in
      bipyridylium salt herbicides, and such wetting agents may be added to the
      hot aqueous bipyridylium salt solution before the addition of the urea or
      thiourea complexing agent.
PAR  The solids resulting are white or yellow-brown crystalline materials, which
      incorporate the bulk of the water originally present in the bipyridylium
      salt solution as lattice hydration. Generally they can be pressed
      sufficiently free from residual water to yield an easily handleable
      crystalline product.
PAR  If desired the solid complex may be freed from water by conventional drying
      techniques; for example, drying for a few hours at 80.degree.C proves
      sufficient in some cases to cause virtually complete dehydration. This is
      important where solids containing a high concentration of bipyridylium ion
      are required, so that the cost of bulk transport may be minimised. Thus,
      for example, 30% aqueous solutions of 1,1'-dimethyl-4,4-bipyridylium ion
      can be converted into solid formulations with very little reduction in ion
      concentration when a small excess of thiourea is used, and moreover with
      an increase in ion concentration when the stoichiometric quantity is used:
      i.e. 33% paraquat ion concentration solids being obtained. The materials
      resulting from such treatments are very easily handled, free running
      systems, which dissolve quite readily in cold water in the proportion
      required for most applications. They can be converted to coloured solids
      by the addition of small quantities of suitable dyestuffs at the
      pre-crystallisation stage.
PAR  When making urea/bipyridylium salt complexes it is generally desirable to
      use more urea than the stoichiometric amount to form the complex, in order
      to precipitate the complex from solution more easily.
PAR  If desired, one can also prepare mixed urea/thiourea complexes in an
      analogous fashion. If desired, the solid complexes may be diluted with
      inert fillers.
PAR  Suitable inert fillers include potassium chloride, potassium nitrate,
      sodium sulphate, magnesium sulphate and sucrose.
PAR  Solid complexes associated with inert filler may be prepared by:
PA1  a. adding, if desired, a surfactant-wetter component to the hot aqueous
      bipyridylium salt solution,
PA1  b. maintaining the solution at an elevated temperature whilst solid urea
      and/or thiourea is added, and
PA1  c. maintaining the solution sufficiently hot to prevent solidification,
      where such may occur, whilst solid inert filler is added and dissolved.
PAR  The quantities of urea and/or thiourea, and inert filler which are added
      may be varied over quite large ranges, depending somewhat upon the complex
      and filler system being used.
PAR  Notably good results are obtainable by using as fillers the lower hydrated
      and anhydrous forms of magnesium sulphate. For example, when bipyridylium
      salt liquor -- magnesium sulphate -- urea/thiourea formulations are
      prepared, then allowed to stand in open shallow dishes, solidification can
      occur very rapidly, for example in less than 5 minutes. In this fashion
      solid blocks are obtainable. By varying the quantities of magnesium
      sulphate added one can vary the hardness of the formulations -- the lower
      the quantity of magnesium sulphate added the softer the product, and the
      higher the overall bipyridylium ion concentration
PAR  If during the cooling process the surface of the solution is agitated,
      small granules can be formed. These solid compositions can, if desired, be
      freed from water by conventional drying techniques.
PAR  The formulations produced with magnesium sulphate with or without drying
      dissolve in cold water rapidly, and very rapidly in warm water. Moreover,
      allowing for the variation of hardness with magnesium sulphate content,
      both dried and undried treatments yield easily handleable yellow-brown
      solids, with bipyridylium ion concentration of the order of 20--30% by
      weight but with drying manipulable up to about 35%.
PAR  As with the complexes, dried or undried "filled" systems may be coloured by
      the incorporation of small quantities of suitable dyestuffs.
TBL  ______________________________________                                    

     e.g.  lemon chrome                                                        

                                --    bright yellow                            

           brilliant yellow                                                    

           brilliant green      --    green                                    

           tolylene blue        --    blue-green                               

           acridin red          --    scarlet red                              

     ______________________________________                                    

PAL  These dyes if required should be incorporated at the precrystallisation
      stage. The resultant solutions prepared by dissolution of these solid
      compositions in water are of the same colour as the solid substance.
PAR  The solid colorations could be used as a colour code indication of
      bipyridylium ion concentration for use in both agricultural and
      horticultural applications.
PAR  Herbicidal compositions as described above have a number of advantages.
      Thus, in some cases, in comparison with the bipyridylium salt from which
      they are drived, the urea and the thiourea complexes of this invention are
      effective in controlling the growth of unwanted vegetation for longer
      periods.
PAR  A second advantage is that these compositions, being solid, may be
      transported in plastic or paper sacks rather than water-tight containers.
      A third advantage is that they may be prepared without the use of special
      machinery (i.e. for granulating). Another advantage is that aqueous
      formulations of the complexes have reduced corrosivity. Thiourea, in
      particular, has been found to be an excellent corrosion inhibitor, and for
      this reason it is desirable, although not essential, that all compositions
      should contain a proportion of thiourea. Although this feature is not
      required insofar as the compositions of the invention can be transported
      in non-metallic containers, it is potentially useful in preventing
      corrosion of metallic spray equipment.
DETD
PAR  The following Examples 1-7 illustrate as one aspect of the invention the
      preparation of urea or thiourea complexes of bipyridylium salts.
PAC  EXAMPLE 1
PAR  This Example illustrates the preparation of 1,1'-dimethyl-4,4'-bipyridylium
      dichloride:thiourea having the formula:
      ##SPC1##
PAL  1,1'-Dimethyl-4,4'-bipyridylium dichloride dihydrate (1.0 g.) was suspended
      in refluxing ethanol (20 ml.). Thiourea (2.0 g.) was added, producing a
      yellow colouration in solution together with a yellow solid. The solution
      was filtered hot to yield a crude solid with melting point
      164.degree.-172.degree.C. Recrystallisation from methanol yielded 1.8 g.
      of the complex. The melting point was found to be
      160.degree.-161.degree.C. The results of the elemental analysis of the
      complex were as follows:
PAR  Found: C, 31.7; H, 5.0; N, 24.6; Cl, 12.8; S, 24.5%. The above formula
      requires: C, 34.2; H, 5.3; N, 25.0; Cl, 12.7; S, 22.8%.
PAC  EXAMPLE 2
PAR  This Example illustrates the preparation of
      1,1'-di-2-hydroxyethyl-4,4'-bipyridylium dichloride:thiourea having the
      formula:
      ##SPC2##
PAL  Thiourea (1.5 g.) was dissolved in hot ethanol (20 ml.) and then added to a
      solution of 1,1'-di-2-hydroxyethyl-4,4'-bipyridylium dichloride (1.6 g.)
      in hot aqueous ethanol, (H.sub.2 O-1 ml. plus ethanol 20 ml.). This
      treatment produced an orange solution which deposited yellow crystals on
      cooling. The yield of the complex was 1.6 g. The complex was
      recrystallised from aqueous ethanol and was then found to have a melting
      point of 144.degree.-145.degree.C. The results of the elemental analysis
      of the complex were as follows:
PAR  Found: C, 40.0; H, 4.1; N, 17.8; S, 14.2%. The above formula requires: C,
      41.0; H, 4.1; N, 18.0; S, 13.8%.
PAC  EXAMPLE 3
PAR  This Example illustrates the preparation of
      1,1'-bis-3,5-dimethylmorpholinocarbonylmethyl-4,4'-bipyridylium
      dichloride: thiourea, having the formula:
      ##SPC3##
PAL  1,1'-Bis-3,5-dimethylmorpholinocarbonylmethyl-4,4'-bipyridylium dichloride
      (2.66 g.) was dissolved in hot methanol (20 ml.), and a saturated solution
      of thiourea (1.52 g.) in methanol was added. An orange solution was
      produced, which upon evaporation to dryness deposited orange rather
      hygroscopic crystals. The crude product was recrystallised from ethanol to
      yield orange crystals of the complex (2.0 g.). The melting point of the
      complex was found to be 173.degree.-174.degree.C. The results of the
      elemental analysis of the complex were as follows:
PAR  Found: C, 41.0; H, 6.1; N, 18.2; S, 15.0%. The above formula requires: C,
      42.7; H, 6.2; N, 20.0; S, 15.2%.
PAC  EXAMPLE 4
PAR  This Example illustrates the preparation of 1,1'-ethylene-2,2'-bipyridylium
      dibromide:thiourea having the formula:
      ##SPC4##
PAL  1,1'-Ethylene-2,2'-bipyridylium dibromide (1.0 g.) was dissolved in hot
      methanol (15 ml.). To this solution was added a hot saturated solution of
      thiourea (1.0 g.) in methanol. An orange solution was produced which on
      cooling deposited light yellow crystals. The yield of the complex was 1.0
      g., and its melting point was found to be 105.degree.-107.degree.C. The
      material was recrystallised from methanol. The results of the elemental
      analysis of the complex were as follows:
PAR  Found: C, 33.1; H, 4.0; N, 16.7; S, 13.0%. The above formula requires: C,
      33.8; H, 4.0; N, 16.8; S, 12.8%.
PAC  EXAMPLE 5
PAR  The preparation of 1,1'-dimethyl-4,4'-bipyridylium dichloride: urea having
      the formula:
      ##SPC5##
PAL  1,1'-Dimethyl-4,4'-bipyridylium dichloride (1.0 g.) was suspended in a
      mixture of hot ethanol and methanol (20 ml. and 10 ml. respectively). Urea
      (2.0 g.) was added to this solution, and on cooling white crystals were
      deposited. The crude product was recrystallised to constant melting
      behaviour from ethanol-methanol to yield 1.0 g. of pure crystalline
      material. The melting point of the complex was found to be
      180.degree.-200.degree.C. The results of the elemental analysis of the
      complex were as follows:
PAR  Found: C, 40.9; H, 6.4; N, 19.2; Cl, 17.4%. The above formula requires: C,
      40.7; H, 6.3; N, 20.3; Cl, 17.2%.
PAC  EXAMPLE 6
PAR  This Example illustrates the preparation of 1,1'-dimethyl-4,4'-bipyridylium
      dichloride: urea having the formula:
      ##SPC6##
PAL  1,1'-Dimethyl-4,4'-bipyridylium dichloride (12.85 g.) and urea (6.0 g.)
      were dissolved together in water (10 ml.) with slight warming. The
      solution was treated with charcoal, filtered, and set aside for several
      days. The crystals which separated were collected, washed quickly with ice
      cold water, and dried in air. The yield of the complex was 4 g.
PAR  Found: C, 40.3; H, 5.8; N, 20.7 . 1,1'-dimethyl-4,4'-bipyridylium ion
      45.1%. C.sub.14 H.sub.22 Cl.sub.2 N.sub.6 O.sub.2.2H.sub.2 O. The above
      formula requires: C, 40.7; H, 6.3; N, 20.3.
      1,1'-dimethyl-4,4'-bipyridylium ion, 45.0%.
PAC  EXAMPLE 7
PAR  This Example illustrates the preparation of 1,1'-dimethyl-4,4'-bipyridylium
      dichloride:urea having the formula:
      ##SPC7##
PAL  1,1'-Dimethyl-4,4'-bipyridylium dichloride dihydrate (10.6 kg.) dissolved
      in methyl alcohol (18 liters) was heated under reflux while urea (8.65
      kg.) was added. Refluxing was continued for a further 30 minutes and ethyl
      alcohol (9 liters) was then added. After a further 30 minutes refluxing
      the solution was allowed to cool and the separated solid (13 kg.)
      collected. This solid was recrystallised by dissolving it in methyl
      alcohol (30 liters) heated under reflux, adding ethyl alcohol (15 liters)
      and allowing the solution to cool. The solid which separated (10.8 kg.)
      was collected and dried in air.
PAR  Found: C, 42.9; H, 6.1; N, 21.4. 1,1'-dimethyl-4,4'-bipyridylium ion 47.0%.
      C.sub.14 H.sub.22 Cl.sub.2 N.sub.6 O.sub.2 .2NH.sub.2 CONH.sub.2 .H.sub.2
      O. The above formula requires: C, 43.l; H, 6.2; N, 21.5;
      1,1'-dimethyl-4,4'-bipyridylium ion 47.l%.
PAC  EXAMPLE 8
PAR  This Example illustrates the preparation of
      1,1'-di-2-hydroxyethyl-4,4'-bipyridylium dichloride:urea having the
      formula:
      ##SPC8##
PAL  1,1'-Di-2-hydroxyethyl-4,4'-bipyridylium dichloride (2.0 g.) was dissolved
      in hot ethanol (20 ml.) with a small quantity of water added (less than 1
      ml.). Urea (1.2 g.) dissolved in hot ethanol (10 ml.) was added, and the
      resultant solution cooled. Crystals of the unreacted diquaternary salt
      were first deposited, but on standing and the addition of a further small
      quantity of ethanol, white feathery crystals of the complex then
      separated. The yield of the complex was 1.0 g. and its melting point was
      determined as 184.degree.-186.degree.C. The results of the elemental
      analysis of the complex were as follows:
PAR  Found: C, 47.4; H, 5.9; N, 15.5%. The above formula requires: C, 47.7; H,
      5.8; N, 15.0%.
PAC  EXAMPLE 9
PAR  This Example illustrates the preparation of
      1,1'-bis-3,5-dimethylmorpholinocarbonyl-methyl-4,4'-bipyridylium
      dichloride:urea having the formula:
      ##SPC9##
PAL  1,1'-Bis-3,5-dimethylmorpholinocarbonylmethyl-4,4'-bipyridylium dichloride
      (2.0 g.) was suspended in a mixture of hot ethanol and methanol (20 ml.
      and 10 ml. respectively). Urea (1.0 g.) was added, producing a solution
      which initially was coloured blue, but which rapidly faded to yield a
      yellow solution on cooling. The total solvent volume was reduced by
      evaporation to about one half, whereupon white crystals separated out. The
      yield of the complex was 1.0 g. and its melting point was found to be
      154.degree.-156.degree.C. This complex was recrystallised from a small
      quantity of ethanol. The results of the elemental analysis of the complex
      were as follows: Found: C, 44.4; H, 6.8; N, 21.2; Cl, 8.2%. The above
      formula requires: C, 44.2; H, 6.8; N, 20.6; Cl, 8.6%.
PAC  EXAMPLE 10
PAR  This Example illustrates as another aspect of the invention the lower
      corrosivity of the urea and/or thiourea complexes of bipyridylium salts as
      compared with the corrosivity of the bipyridylium salts themselves. The
      test used to determine the amount of corrosion caused by a solution of the
      compound under investigation was carried out as follows: A rectangular
      strip of sheet aluminum measuring approximately 3/2 inches by 1/4 inch was
      immersed to two-thirds of its length in a solution of the compound under
      test. Each test was carried out using a separate glass container in order
      to avoid electrolytic effects. The degree of corrosion caused by the test
      compounds in solution was assessed visually after 30 minutes. In the Table
      below, the amount of corrosion caused by a solution of bipyridylium salt
      complex has been expressed as a percentage of the corrosion caused by a
      solution of uncomplexed bipyridylium salt of the same concentration. Thus,
      for example, the FIG. 10 opposite the thiourea complex means that the
      solution of this complex caused corrosion to the extent of 10% of that
      produced by a solution of the uncomplexed bipyridylium ion of the same
      concentration.
TBL  ______________________________________                                    

      Complex        Percent-   Amount of                                      

                     age        corrosion as                                   

                     concentra- a percentage of                                

                     tion       that                                           

                     of         caused by                                      

                     bipyridylium                                              

                                uncomplexed                                    

                     cation in  bipyridylium salt                              

                     solution                                                  

     ______________________________________                                    

     1,1'-dimethyl-4,4'-                                                       

     bipyridylium dichloride:                                                  

     thiourea        5          10                                             

     "               10         10                                             

     1,1'-dimethyl-4,4'-                                                       

     bipyridylium dichloride:                                                  

     urea            5          40                                             

     "               10         90                                             

     1,1'-ethylene-2,2'-                                                       

     bipyridylium dichloride:                                                  

     thiourea        5          15 - 20                                        

     "               10         15 - 20                                        

     1,1'-ethylene-2,2'-                                                       

     bipyridylium dibromide:                                                   

     thiourea        5          50 - 75                                        

     "               10         40 - 60                                        

     1,1'-ethylene-2,2'-                                                       

     bipyridylium dibromide:                                                   

     urea            5          30 - 50                                        

     "               10         40 - 60                                        

     1,1'-di-2-hydroxyethyl-                                                   

     4,4'-bipyridylium di-                                                     

     chloride:thiourea                                                         

                     10         30                                             

     ______________________________________                                    

PAR  It is evident from the above Table that complexing bipyridylium salts with
      urea or thiourea results in a substantial degree of inhibition of
      corrosion.
PAR  The following Examples 11 and 12 illustrate as another aspect of the
      invention the discovery that when used as agents for killing plants, the
      complexes of 1,1'-dimethyl-44'-bipyridylium dichloride with urea or
      thiourea show improved biological efficiency in comparison with the
      uncomplexed compound.
PAR  The procedure used in the tests for evaluating the phytotoxic effect of
      these compounds was as follows. An aqueous solution containing 0.1% of the
      test compound was sprayed onto cocksfoot plants. The damage to the plants
      was assessed visually at intervals and expressed as a percentage. The
      rates of application of the test compound are expressed in terms of pounds
      of cation per acre.
PAC  EXAMPLE 11
PAR  Results of herbicide tests with 1,1'-dimethyl-4,4'-bipyridylium
      dichloride:thiourea complex.
TBL  __________________________________________________________________________

     1,1'-dimethyl-4,4'-bipyridylium                                           

                         1,1'-dimethyl-4,4'-bipyridylium                       

     dichloride:thiourea complex at                                            

                         dichloride at 1/100 lb. cation                        

     1/100 lb. cation per acre                                                 

                         per acre.                                             

     __________________________________________________________________________

     Time of             Time of                                               

     Assessment          Assessment                                            

     After Spraying % damage                                                   

                         After Spraying    % damage                            

     3 weeks        63   3 weeks           58                                  

     4 weeks        63   4 weeks           51                                  

     Complex at 1/50 lb. cation                                                

                         1,1'-dimethyl-4,4'-bipyridylium                       

     per acre.           cation at 1/50 lb. per acre.                          

     4 weeks        78   4 weeks           76                                  

     6 weeks        69   6 weeks           62                                  

     __________________________________________________________________________

PAR  The above Table shows that the thiourea complex gave approximately the same
      level of control as the uncomplexed bipyridylium salt initially, but the
      former persisted for a longer period.
PAC  EXAMPLE 12
PAR  Results of herbicide tests with 1,1'-dimethyl-4,4'-bipyridylium
      dichloride:urea complex.
TBL  __________________________________________________________________________

     Bipyridylium compound                                                     

                  Rate of                                                      

                         % damage                                              

                  Application                                                  

                         2 dys                                                 

                              1 wk                                             

                                  2 wks                                        

                                       3 wks                                   

                                            4 wks                              

     __________________________________________________________________________

     Urea complex 1/50 lb.                                                     

                  cation 55   80  87   89   85                                 

     1,1'-dimethyl-4,4'-                                                       

                  1/50 lb.                                                     

     bipyridylium dichloride                                                   

                  cation 34   53  71   59   46                                 

     __________________________________________________________________________

PAR  It is evident from the above Table that the complex produces a higher level
      of herbicidal activity, attained more rapidly, and lost more slowly than
      the uncomplexed bipyridylium salt.
PAR  The following Examples 13 and 14 illustrate as another aspect of the
      invention the preparation of solid compositions containing an inert salt
      in addition to urea or thiourea.
PAC  EXAMPLE 13
PAR  A hot solution (2.5 ml.) of 1,1'-dimethyl-4,4'-bipyridylium dichloride
      (containing 30% weight of 1,1'-dimethyl-4,4'-bipyridylium cation) was
      mixed with thiourea (1.4 g.) and anhydrous magnesium sulphate (3.3 g.).
      The solution solidified rapidly. A sample of this material was dried at
      80.degree. and it was found that the loss in weight was equal to the
      weight of water calculated to be originally present in the mixture.
PAC  EXAMPLE 14
PAR  A hot solution (2.5 ml.) of 1,1'-dimethyl-4,4'-bipyridylium dichloride
      (containing 30% by weight of 1,1'-dimethyl-4,4'-bipyridylium ion) was
      mixed with urea (1.4 g.) and anhydrous magnesium sulphate (0.77 g.). The
      solution solidified rapidly. A sample of this material was dried at
      80.degree. and it was found that the loss in weight was equal to the
      weight of water calculated to be originally present in the mixture.
PAC  EXAMPLE 15
PAR  This Example illustrates the preparation of a solid composition containing
      a solid complex of a herbicidal bipyridylium salt and a wetting agent.
PAR  A hot solution (2.5 ml.) of 1,1'-dimethyl-4,4'-bipyridylium dichloride
      (containing 30% by weight of the herbicidal cation) was mixed with 0.2 g.
      of a wetting agent sold under the same name of `LISSAPOL` NX (LISSAPOL is
      a Registered Trade Mark). Urea (1.4 g.) and anhydrous magnesium sulphate
      (0.77 g.) were then dissolved in the solution. The solution solidified on
      standing for a short time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A solid cyrstalline, essentially dry complex of a herbicidal
      bipyridylium salt selected from the group consisting of
PA1  1,1'-ethylene-2,2'-bipyridylium dibromide,
PA1  1,1'-dimethyl-4,4'-bipyridylium dichloride,
PA1  1,1'-di-2-hydroxyethyl-4,4'-bipyridylium dichloride,
PA1  1,1'-bis-3,5 -dimethylmorpholinocarbonylmethyl-4,4'-bipyridylium
      dichloride,
PA1  1-(2-hydroxyethyl)-1'-methyl-4,4'-bipyridylium dichloride,
PA1  1,1'-di-carbamoylmethyl-4,4'-bipyridylium dichloride,
PA1  1,1'-di-N-methylcarbamoylmethyl-4,4'-bipyridylium dichloride,
PA1  1,1'-bis-N,N-dimethylcarbamoylmethyl-4,4'-bipyridylium dichloride,
PA1  1,1'-diacetonyl-4,4'-bipyridylium dichloride,
      1,1'-diethoxycarbonylmethyl-4,4'-bipyridylium dibromide, and
PA1  1,1'-diallyl-4,4'-bipyridylium dibromide in combination with urea or
      thiourea, said complex having the formula X(A).sub.n (H.sub.2 O).sub.m,
      wherein X represents the bipyridylium salt, A represents a compound
      selected from urea and thiourea, n is selected from the integers 1, 2, and
      4 and m is O or an integer of from 1-4, any water in said complex being
      present as lattice hydration.
NUM  2.
PAR  2. A solid complex according to claim 1, in which X is a
      1,1'-dimethyl-4,4'-bipyridylium dichloride, A is urea, and n is 2.
NUM  3.
PAR  3. A solid complex according to claim 1, in which X is a
      1,1'-dimethyl-4,4'-bipyridylium dichloride, A is thiourea, and n is 4.
NUM  4.
PAR  4. A process of preparing a solid crystalline, essentially dry complex of a
      herbicidal bipyridylium salt selected from the group consisting of
PA1  1,1'-ethylene-2,2'-bipyridylium dibromide,
PA1  1,1'-dimethyl-4,4'-bipyridylium dichloride,
PA1  1,1'-di-2-hydroxyethyl-4,4'-bipyridylium dichloride,
PA1  1,1'-bis-3,5-dimethylmorpholinocarbonylmethyl-4,4'-bipyridylium dichloride,
PA1  1-(2-hydroxyethyl)-1'-methyl-4,4'-bipyridylium dichloride,
PA1  1,1'-di-carbamoylmethyl-4,4'-bipyridylium dichloride,
PA1  1,1'-di-N-methylcarbamoylmethyl-4,4'-bipyridylium dichloride,
PA1  1,1'-bis-N,N-dimethylcarbamoylmethyl-4,4'-bipyridylium dichloride,
PAR  1. 1'-diacetonyl-4,4'-bipyridylium dichloride,
PA1  1,1'-diethoxycarbonylmethyl-4,4'-bipyridylium dibromide, and
PA1  1,1'-diallyl'4,4'-bipyridylium dibromide in combination with urea or
      thiourea, said complex having the formula X(A).sub.n (H.sub.2 O)m, wherein
      X represents the bipyridylium salt, A represents a compound selected from
      urea and thiourea, n is selected from the integers 1, 2, and 4 and m is O
      or an integer of from 1-4, any water in said complex being present as
      lattice hydration, which comprises adding urea or thiourea to a heated
      solution of said bipyridylium salt in which the concentration of
      bipyridylium cation is a least 10% on a grams per milliliter basis and
      separating and drying the resulting crystalline complex so that any water
      therein is present as lattice hydration.
NUM  5.
PAR  5. A process according to claim 4 which includes adding a salt which is
      capable of acquiring water of crystallization to said solution.
NUM  6.
PAR  6. A solid, crystalline, essentially dry herbicidally effective complex of
      a herbicidal salt of the 1,1'-dimethyl- 4,4'-bipyridylium cation having
      the structure:
      ##SPC10##
PAL  in combination with urea or thiourea, said complex having the formula
      X(A).sub.n (H.sub.2 O).sub.m, wherein X represents the
      1,1'-dimethyl-4,4'-bipyridylium salt, A represents a compound selected
      from urea or thiourea, n is selected from the integers 1, 2 and 4 and m is
      O or an integer from 1 to 4.
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ABST
PAL  A method for making N-carbobenzoxy-pGlu-His which is an important
      intermediate for the manufacture of several releasing hormones. The new
      product is made by a rapid method which produces good yields and good
      quality dipeptide material.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of our earlier application Ser.
      No. 340,893, filed Mar. 13, 1973, now U.S. Pat. No. 3,870,694.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  N-carbobenzoxy-pyroglutamyl-histidine, hereinafter referred to as
      Z-pGlu-His is an N-protected dipeptide that represents an important
      chemical intermediate in the synthesis of some natural releasing hormones
      and some synthetic analogs thereof. For instance, the thyrotropin
      releasing hormone TRH can be made from the above intermediate by a simple
      condensation which produces essentially the theoretical yield of
      Z-pGlu-His-Pro-NH.sub.2 which, in turn, yields TRH quantitatively.
PAR  In a general embodiment, the new Z-pGlu-His is prepared by condensing an
      active ester of Z-pGlu with histidine. A preferred ester of Z-pGlu for
      this reaction is the N-hydroxy-5-norbornene-2,3-dicarboximide ester,
      although other esters such as the N-hydroxy-succinimide, the
      pentachlorophenyl, the trichlorophenyl, the p-nitrophenyl ester and others
      that are well known in the peptide art may be used.
DETD
PAR  In order to illustrate the method of preparing and using the new compound,
      reference is made to the following example which, however, is not intended
      to limit the invention in any respect.
PAC  EXAMPLE
PAR  A solution of 24 g. of Z-L-pGlu in 200 ml. tetrahydrofuran (THF) and 200
      ml. of dioxane is cooled in an ice bath and 17.8 g. of
      N-hydroxy-5-norbornene-2,3-dicarboximide (HONBI) and 21 g. of
      N,N'-dicyclohexylcarbodiimide are added. The mixture is stirred under ice
      cooling for 20 minutes and subsequently, 40 minutes at room temperature.
      At that time, the formed dicyclohexylurea is removed by filtration and the
      filtrate is evaporated to dryness under reduced pressure.
PAR  Recrystallization of the formed crystals from ethyl acetate/petroleum
      benzine produces the pure Z-L-pGlu-ONBI ester in a yield of 36 g. (94% of
      theory); m.p. 143.5.degree.-144.degree.C.; [.alpha.].sub.D.sup.26 =
      -41.9.degree. (c = 0.2, ethanol).
PAR  L-histidine hydrochloride (3.6 g.) and 2.5 g. anhydrous sodium carbonate
      are dissolved in 90 ml. of dioxane/water/DMF 5:4:2 under heating; the
      solution is rapidly cooled and 8.49 g. of Z-L-pGlu-ONBI is added. The
      mixture is stirred under ice cooling for 30 minutes and 4 hours at room
      temperature. The solvents are removed by vacuum distillation and 24 ml. of
      N hydrochloric acid is added to the residue. The resultant solution is
      then washed twice with ethyl acetate. The aqueous layer is concentrated to
      about 20 ml. and allowed to cool overnight at about 5.degree.C. The
      columnar crystals are separated, washed with water and recrystallized from
      water containing a small amount of methanol yielding 6.67 g. (78% of
      theory) of pure Z-L-pGlu-L-His; m.p. 146.degree.-147.degree.C. (decompn.);
      [.alpha.].sub.D.sup.21 = -6.4.degree. (c = 1.12, methanol).
PAR  To a solution of 2.15 g. of Z-L-pGlu-L-His in 30 ml. of DMF is added 1.25
      g. of L-prolinamide and 1 g. of HONBI and the mixture is cooled to
      0.degree.C, at which time 1.1 g. of dicyclohexylcarbodiimide is added. The
      mixture is stirred at this temperature for 2 hours and then allowed to
      stand overnight. The dicyclohexylurea is removed by filtration, the
      filtrate is evaporated under vacuum and the residue is triturated with 30
      ml. of ether. The ether is removed, 20 ml. of chloroform is added and the
      solution is passed over a 60 g. column of silica gel. The column is washed
      with 300 ml. of methanol/chloroform 1:19 and eluted with a 20%
      methanol/chloroform solution. Routine recovery of the material from this
      solution yields 2.4 g. (96% of theory) of Z-L-pGlu-L-His-L-Pro-NH.sub.2 as
      a white powder. From this material, TRH is obtained by catalytic reduction
      over palladium black in methanol, producing this material in quantitative
      yield and highest purity; [.alpha.] .sub.D.sup.23 = -42.0.degree. (c =
      1.0, methanol), [.alpha.].sub.D.sup.23 = -43.2.degree. (c = 0.6, acetic
      acid).
PAR  The new material Z-pGlu-His is an advantageous intermediate for making
      peptides containing this sequence particularly because it is obtainable in
      excellent purity, in high yield and in crystalline form. This latter is a
      totally unexpected characteristic as peptides containing the histidine
      moiety often are not easily obtained in high purity and not expected to be
      crystallizable.
CLMS
STM  We claim:
NUM  1.
PAR  1. Carbobenzoxy-pyroglutamyl-histidine.
NUM  2.
PAR  2. The compound of claim 1 wherein both aminoacids are in the L-form.
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PAL  Chang et al.: J. Med. Chem., 14, 484-487, (1971).
LREP
FRM  Curtis, Morris & Safford
ABST
PAL  The invention relates to tripeptide amides containing pyroglutamine,
      proline and histidine as amino acids having anti-depressive activity and a
      process for their manufacture.
BSUM
PAR  It is already known that the tripeptide
PAR  Glu-his-pro-NH.sub.2 (TRH) does not only aid the liberation of thyreotropic
      hormone but also the release of prolactin (German Offenlegungsschrift No.
      2,253,274) and furthermore has an anti-depressive action (U.S. Pat. No.
      3,737,549). However, the TRH which has been hitherto examined, especially
      with regard to the three actions mentioned, has the disadvantage of the
      strong thyreotropin -releasing effect when used as an anti-depressive drug
      and as a lactation-promoting factor.
PAR  It has now been found, surprisingly, that by a relatively small
      substitution in the TRH molecule, compounds may be prepared in which the
      TRH effect is insignificant, but the prolactin-releasing and
      anti-depressive action remains nearly unchanged. With these compounds
      there is no risk of hyperthyreosis.
PAR  The present invention relates to tripeptides of the general formula I
      ##SPC1##
PAL  wherein X is alkyl having 2 to 8 carbon atoms, a cycloalkyl radical having
      5 to 7 carbon atoms or an aralkyl radical having 1 or 2 carbon atoms in
      the alkyl portion.
PAR  The invention further relates to a process for preparing these peptides,
      wherein either
PAL  A. Z-Histidine-azide is reacted with a proline derivative of the general
      formula II
      ##EQU1##
      wherein X has the above meaning and Z is the benzylcarboxy radical, the N
      radical Z is subsequently removed by hydrogenation and the compound formed
      is reacted with a pyroglutamic acid active ester or
PAL  B. Z-Gln(MbH)-his-OH is reacted with a proline derivative of the general
      formula II with addition of DCC and 1-hydroxybenzotriazol and the
      protected tripeptides obtained are treated with trifluoro-acetic
      acid/anisol.
PAR  Method (a) describes the stepwise build-up. According to this method, the
      Z-his-hydrazide is converted into the Z-his-azide and reacted with the
      proline amides of the general formula II to give Z-his-pro-NH-X. By
      catalytic hydrogenation in methanol, the radical Z is split off. With the
      addition of 1N methanolic hydrochloric acid a pH-value of 4 is maintained
      with the aid of an autotitrator. Then the reaction product can be reacted
      with a pyroglutamic acid active ester to form the compounds of the
      invention. For example the 4-nitro-phenyl-, pentachloro-phenyl or the
      2,4,5-trichloro-phenyl ester may be used.
PAR  In this step there may be used as solvents preferably strongly polar
      solvents such as dimethylformamide, dimethylacetamide or
      dimethylsulfoxide. To increase the reaction speed there may also be added
      in the last condensation step acidic N-hydroxy compounds, as for example
      1-hydroxybenzotriazole, 3-hydroxy-4-oxo-3,4-dihydro-quinazoline or
      1-hydroxy-pyridone-2.
PAR  According to method (b) the Z-Gln (MbH)-his-OH is reacted with the proline
      compounds of the general formula II with the aid of DCC and
      1-hydroxy-benzotriazole. The resulting tripeptides may be converted into
      the compounds of the invention by boiling (about 90 minutes) in a mixture
      of trifluoroacetic acid/anisol (9:1 ). The free base may be obtained from
      the trifluoroacetate by means of an alkaline ion exchanger.
PAR  The compounds of the invention are drugs which increase the prolactin level
      in the blood and are used for the therapy of neurotic and psychotic
      diseases, especially of depressions.
PAR  They may be administered orally in the form of tablets or capsules or by
      intravenous or intramuscular injection in a dissolved state in a
      physiological sodium chloride solution. To increase the amount of milk
      these substances may be used above all for brood animals such as swine or
      cattle.
PAR  As dosage units there are considered for both indications perorally, 10 mg
      -0.25 mg/kg; by subcutaneous and intramuscular injection, 0.015 mg -
      0.0004 mg/kg; by intravenous injection, 0.01 mg - 0.00025 mg/kg. The
      parenteral application is preferred with 0.001 mg/kg.
PAR  Abbreviations:
     Glu  Pyroglutamic acid                                                    

                        Tcp Trichlorophenyl                                    

     Z    Benzyloxycarbonyl                                                    

                        HOBT                                                   

                            1-hydroxy-benzotriazole                            

     Mbh  4,4'-dimethoxybenzhydryl                                             

     DCC  dicyclohexylcarbodiimide                                             

DETD
PAR  The following Examples illustrate the invention.
PAC  E X A M P L E 1
PAC  Glu-his-pro-ethyl amide
PAR  a. Z-Gln(Mbh)-his-pro-ethyl amide
PAR  2.6 ml of N-ethyl-morpholine and an ice-cold solution of 4.4 g of DCC
      dissolved in dimethylformamide were added at 0.degree.C to a solution of
      13 g (20 mmols) of Z-Gln(Mbh)-his-OH, 2.7 g (20 mmols) of HOBt and 3.6 g
      (20 mmols) of HCl.H-pro-ethyl amide in 50 ml of dimethylformamide. The
      mixture was stirred for 1 hour at 0.degree.C and stirred over night at
      room temperature. The deposit was suction-filtered and the filtrate was
      evaporated. The residue was distributed between ethyl acetate and sodium
      bicarbonate solution. The ethyl acetate phase was washed again with water,
      dried over sodium sulfate and evaporated. The residue was triturated with
      ether and suction-filtered. The product obtained was reprecipitated from
      tetrahydrofurane/ether.
PAR  Yield: 13.6 g of an amorphous substance without sharp melting point.
PAR  b. Glu-his-pro-ethyl amide - CH.sub.3 COOH-H.sub.2 O
PAR  6.5 g of Z-Gln(Mbh)-his-pro-ethyl amide were refluxed in 50 ml of
      trifluoro-acetic acid/anisol (10:1 ) at a bath temperature of 80.degree.C
      for 90 minutes and then evaporated. The residue was digested several times
      with ether and suction-filtered. The substance was dissolved in water,
      chromatographed over a strongly alkaline ion exchanger ("Serdolit Blau")
      and the eluate was freeze-dried.
PAR  Yield: 3.07 g.
PAR  For purification, 2 g of the substance were chromatographed over Sephadex
      LH 20. To prepare the column, first 400 ml of glacial acetic acid, 4 l of
      water and 800 ml of n-butanol were shaken 300 ml of the upper phase were
      stirred with 240 g of Sephadex LH 20, whereby the whole amount of the
      solvent was absorbed. The thus pre-treated column filling was suspended in
      a corresponding amount of the lower phase. The mixture was allowed to
      swell for 3 hours and the column was filled up. The product was eluted
      with the lower phase.
PAR  Yield of chromatographically pure product: 1.17 g, [.alpha.].sub.D.sup.20 =
      - 45.1.degree. (c = 1, in methanol).
PAC  E X A M P L E 2
PAR  a. Z-Pro-n-propyl amide
PAR  22 g of DCCI, dissolved in 50 ml of cold tetrahydrofuran were added at
      0.degree.C to a solution of 25 g of Z-Pro-OH (0.1 mol) and 13.5 g (0.1
      mol) of HOBt and 5.9 g of n-propylamine in 250 ml of absolute
      tetrahydrofuran. The mixture was stirred for 1 hour at 0.degree. and for 3
      hours at room temperature. The deposit was suction-filtered and the
      filtrate was evaporated. The oily residue was dissolved in ethyl acetate
      and then extracted successively with a sodium bicarbonate solution, 2N
      hydrochloric acid, a sodium bicarbonate solution, and water, dried over
      sodium sulfate and evaporated. The residue was triturated with petroleum
      ether and suction-filtered. For purification it was dissolved in ethyl
      acetate and chromatographed over about 60 g of alkaline Al.sub.2 O.sub.3.
      It was eluted with ethyl acetate. The eluate was evaporated and triturated
      with petroleum ether.
PAR  Yield: 18.8 g (65%). Melting point: 77.degree. - 77.5.degree..
PAR  b. HCl-H-pro-n-propyl amide
PAR  18.5 of Z-Pro-n-propyl amide were dissolved in methanol and hydrogenated
      catalytically after addition of a Pd - catalyst. By addition of methanolic
      hydrochloric acid by means of an auto-titrator, a pH-value of 4.5 was
      maintained. When hydrogenation was finished the catalyst was
      suction-filtered and the filtrate was evaporated. 12.4 g of an oil
      remained.
PAR  c. Z-Gln(Mbh)-his-pro-n-propyl amide
PAR  4.2 ml of N-ethyl-morpholine and an ice-cold solution of 4.4 g of DCC
      dissolved in a small amount of dimethylformamide were added at 0.degree.C
      to a solution of 21.5 g (32.3 mols) of Z-Gln(Mbh)-his-OH, 4.47 g (32.3
      mmols) of HOBt and 6.2 g of HCl.H-pro-n-propyl amide in 50 ml of
      dimethylformamide. Stirring was continued as in Example 1 a.
PAR  Yield: 21.4 g of an amorphous substance without sharp melting point.
PAR  d. Glu-his-pro-H.sub.2 O
PAR  6.5 g of Z-Gln(Mbh)-his-pro-n-propyl amide were reacted in analogous manner
      as described in Example 1 b. Yield: 3 g. 1.5 g were purified on Sephadex
      LH 20 in analogous manner as described in 1 b.
PAR  Yield of acetate: 1032.6 mg. Since the acetate was hygroscopic, it was
      dissolved in water and chromatographed over the ion exchanger "Serdolit
      Blau".
PAR  Yield: 770 mg [.alpha.].sub.D.sup.20 = - 52.5.degree. (c = 0.5, in
      methanol).
PAC  E X A M P L E 3
PAC  Glu-his-pro-isobutyl amide
PAR  a. Z-Pro-isobutyl amide
PAR  The procedure was carried out as described in Example 2a: instead of
      n-propyl-amide 7.3 g of isobutyl amide were used.
PAR  Yield: 23.8 g, melting point 89.degree. - 90.degree.C.
PAR  b. HCl.H-Pro-isobutyl amide
PAR  23.5 g of Z-Pro-isobutyl amide were hydrogenated catalytically as described
      in Example 2 b.
PAR  Yield: 16.9 g of oil.
PAR  c. Z-Bln(Mbh)-his-pro-isobutyl-amide
PAR  5.3 ml of N-ethyl-morpholine and an ice-cold solution of 9 g of DCCI
      dissolved in dimethylformamide were added at 0.degree.C to a solution of
      27.3 g of Z-Gln(Mbh)-his-OH, 5.7 g of HOBt and 8.45 g of
      HCl-H-pro-isobutyl amide in 50 ml of dimethyl-formamide. Working up was
      carried out as described in Example 1a. Yield: 26.8 g of amorphous
      substance without sharp melting point.
PAR  d. Glu-his-pro-isobutyl amide . H.sub.2 O
PAR  6.5 g of Z-Gln(Mbh)-his-pro-NH-isobutyl amide were reacted in analogous
      manner as in Example 1b.
PAR  Yield: 2.9 g.
PAR  1 g was purified in analogous manner as in Example 1 b on Sephadex LH 20
      and subsequently chromatographed over ion exchanger "Serdolit Blau".
      Yield: 400 g of chromatographically pure substance. [.alpha.].sub.D.sup.20
      = - 58.2.degree. (c = 0.5, in methanol).
PAC  E X A M P L E 4
PAC  Glu-his-pro-n-pentyl amide
PAR  a. Z-Pro-n-pentyl amide
PAR  The same procedure as in Example 2a was used: instead of n-propyl amine 8.8
      g of n-pentyl amine, were used.
PAR  Yield: 27.3 g, melting point 70.degree. - 72.degree.C.
PAR  b. HCl.H-pro-n-pentyl amide
PAR  27 g of Z-Pro-n-pentyl amide were hydrogenated catalytically as described
      in Example 2 g. Yield: 16.7 g of oil.
PAR  c. Z-Gln(Mbh)-his-pro-n-pentyl amide
PAR  4.8 ml of N-ethyl-morpholine and an ice-cold solution of 8.3 g of DCC
      dissolved in dimethylformamide were added at 0.degree.C to a solution of
      24.4 g of Z-Gln(Mbh)-his-OH, 5.08 g of HOBt and 8.3 g of
      HCl.H-Pro-n-pentyl amide in 50 ml of dimethylformamide. Working up was
      carried out as described in Example 1a.
PAR  Yield: 22 g of amorphous substance without sharp melting point.
PAR  d. Glu-his-pro-n-pentyl amide . H.sub.2 O
PAR  6.5 g of Z-Gln(Mbh)-his-pro-n-pentyl amide were reacted in analogous way as
      in Example 1b. Yield: 3.1 g. 3 g were purified in analogy to Example 1b on
      Sephadex LH 20 and then chromatographed over ion exchanger "Serdolit
      Blau".
PAR  Yield: 2.1 g.; [.alpha.].sub.D.sup.20 = - 54.2.degree. (c = 1, in
      methanol).
PAC  E X A M P L E 5
PAR  a. Z-Pro-.beta.-phenylethyl amide
PAR  124.5 g (0.5 mol) of Z-Pro-OH were dissolved in 800 ml of tetrahydrofuran.
      After addition of 69.5 ml of triethyl amine the mixture was cooled, while
      stirring, to -10.degree.C. Then 48 ml (0.5 mol) of chloroformic acid ethyl
      ester were added dropwise. Stirring was continued for 3 minutes at the
      temperature indicated, then the previously cooled solution of 60.5 g (0.5
      mol) of .beta.-phenylethyl amine in 200 ml of tetrahydrofuran were added,
      and stirring was continued for 20 minutes at 0.degree.C and for 1.5 hours
      at room temperature. The crude product isolated at room temperature by
      evaporating the reaction solution under reduced pressure was purified with
      charcoal by taking up in ethyl acetate, extracting with saturated N--HCl,
      saturated NaHCO.sub.3 -solution and water and saturated N--HCl, saturated
      NaHCO.sub.3 -solution and water and subsequently clarifying the ethyl
      acetate solution, dried over MgSO.sub.4 and crystallized by evaporation
      under reduced pressure. After recrystallization from methylene
      chloride/petroleum ether, 137 g (78%) having a solidification point of
      89.degree. - 91.degree.C were obtained.
PAR  [.alpha.].sub.D.sup.20 = - 53.degree. (c = 1, ethanol).
PAR  b. H-Pro-.beta.-phenylethyl amide . HCl
PAR  135 g (0.382 mol) of Z-Pro-.beta.-phenylethyl amide were dissolved in 1
      liter of methanol and hydrogenated as usual with addition of a
      1N-methanolic hydrochloric acid at pH 3.5 with a 10 % Pd/BaSO.sub.4 -
      catalyst. After 3 hours the hydrogenation was completed. The mixture was
      evaporated under reduced pressure at room temperature. The remaining solid
      substance was dried under reduced pressure and then triturated with ether.
PAR  Yield: 95 g; solidification point 143.degree. - 146.degree.C
      [.alpha.].sub.D = - 53.3.degree.C (c = 1, ethanol).
PAR  c. Z-his-pro-.beta.-phenylethyl amide
PAR  38.2 g (0.15 mol) of H-pro-.beta.-phenylethyl amide. HCl were dissolved in
      300 ml of chloroform and extracted several times with a 2N-Na.sub.2
      CO.sub.3 -solution and then with water. The chloroform solution was
      evaporated under reduced pressure after drying over MgSO.sub.4. The
      resulting oil was taken up in ethyl acetate and cooled to -5.degree.C. A
      solution of 45.5 g of Z-his-hydrazide in 600 ml of N-HCl was cooled to
      0.degree.C. 34.5 ml of aqueous 5N sodium nitrite solution at 0.degree.C
      were added dropwise. Stirring was continued for 4 minutes at 0.degree.C,
      then 300 ml of precooled ethyl acetate were added. The aqueous phase of
      the reaction mixture was adjusted to pH 9 with cooled 2N sodium carbonate
      solution; after transferring the reaction mixture to a cooled separatory
      funnel, the ethyl acetate phase was separated and dried for a short time
      over magnesium sulfate together with two further ethyl acetate extracts of
      the reaction mixture. After filtration from the drying agent, it was added
      at 0.degree.C to the above-described solution of H-pro-.beta.-phenylethyl
      amide.
PAR  The reaction mixture was stirred for 2 hours at 0.degree.C and allowed to
      stand over night at +4.degree.C. After filtration from a small amount of
      difficultly soluble material, the mixture was washed with a sodium
      bicarbonate solution and water, dried over MgSO.sub.4, and evaporated
      under reduced pressure at room temperature. The solid residue was
      dissolved in 100 ml of methylene chloride and converted into the
      hydrochloride by addition of a solution of anhydrous hydrochloric acid.
      Yield after precipitation with absolute ether: 35.9 g.
PAR  Solidification point: 108.degree.C (Z), [.alpha.].sub.D = - 51.2.degree. (c
      = 1, ethanol).
PAR  d. H-his-pro-.beta.-phenylethyl amide, 2 HCl
PAR  35 g of Z-his-pro-.beta.-phenylethyl amide were dissolved in 400 ml of
      methanol, mixed with 10 % of a Pd/BaSO.sub.4 catalyst and hydrogenated as
      usual with a 1N-methanolic hydrochloric acid, while maintaining a constant
      pH-value of 3.5. After evaporating the filtered solution under reduced
      pressure at room temperature and triturating the residue with absolute
      ether, the dipeptide-amide-hydrochloride was obtained with a practically
      quantitative yield.
PAR  Solidification point: 161.degree. (Z) [.alpha.].sub.D = - 64.2.degree. (c =
      1, CH.sub.3 OH).
PAR  e. Glu-his-pro-.beta.-phenylethyl amide
PAR  10.18 g (0.033 mol) of pyroglutamic acid-2,4,5-trichlorophenyl ester in 30
      ml of DMF were added at 0.degree.C to a solution of 12.84 g (0.03 mol) of
      H-His-pro-.beta.-phenylethyl amide . 2 HCl and 7.6 ml (0.06 mol) of
      N-ethylmorpholine in 90 ml of DNF. Stirring was continued for 3 hours at
      this temperature and the mixture was allowed to stand for 20 hours at
      +4.degree.C. Then it was evaporated at room temperature under reduced
      pressure, and the residue was digested with absolute ether. The crude
      product thus obtained was recrystallized from ethanol.
PAR  Yield: 9.4 g, solidification point 121.degree.C . [.alpha.].sub.D = -
      24.6.degree.C (c = 0.5, DMF/ethanol 1:1 ).
PAC  E X A M P L E 6
PAR  a. Z-Pro-n-hexyl amide
PAR  50 g (0.1 mol) of Z-Pro-OH were dissolved in 400 ml of anhydrous
      tetrahydrofuran, 28 ml of triethyl amide were added. The mixture was
      cooled to -10.degree. and then 19.5 ml (0.2 mol) of chloroformic acid
      ethyl ester were added dropwise. After stirring for 10 minutes at
      -10.degree.C, 96 ml (1 mol) of n-hexyl amine were added portionwise at
      this temperature, and the whole was stirred for another 6 hours without
      cooling. Subsequently it was evaporated under reduced pressure and taken
      up with ethyl acetate. The ethyl acetate solution was extracted with a 5 %
      KHSO.sub.4 -solution, saturated NaHCO.sub.3 -solution and water. After
      evaporating the ethyl acetate solution, dried over sodium sulfate, the
      product was crystallized.
PAR  Yield: 55.5 g (83.5 %) Solidification point: 60.degree.C.
PAR  b. H-Pro-n-hexylamide . HCl
PAR  50 g of Z-Pro-n-hexyl amide were hydrogenated as usual in a methanolic
      solution in the presence of 10 % of a Pd/BaSO.sub.4 catalyst and with
      titration of the released amino groups with methanol . HCl (P.sub.H 4.0).
      Yield after filtration from the catalyst and evaporation of the methanol
      under reduced pressure at room temperature and subsequent digestion of the
      residue with absolute ether: 29 g of a colorless, viscous oil.
PAR  c. Z-his-pro-n-hexyl amide
PAR  15.1 g (0.05 mol) of Z-his-hydrazide were dissolved in 200 ml of N-HCl and,
      at 0.degree.C, 11.5 ml of a 5N sodium nitrite solution were added
      dropwise. After stirring for 4 minutes at 0.degree.C, the solution was
      covered by a layer of ethyl acetate at 0.degree.C and alkalized at
      0.degree.C with a cooled saturated sodium carbonate solution. After
      thoroughly mixing, the ethyl ester solution was separated. It was
      extracted twice and the combined ethyl acetate extracts were dried for a
      short time, while cooling, over anhydrous magnesium sulfate. The cooled
      dried ethyl acetate solution was added, while stirring, to a solution also
      cooled to 0.degree.C of 11.6 g (0.05 mol) of H-pro-n-hexyl-amide . HCl and
      6.6 ml of N-ethyl morpholine in 80 ml of DMF/methanol (8:2 ). After
      stirring for 2 hours at 0.degree.C and allowing to stand for 16 hours at
      +4.degree.C, the solvents were removed by distilling off under reduced
      pressure at room temperature. The residue was taken up in ethyl acetate,
      and the ethyl acetate solution was extracted several times with a
      saturated sodium carbonate solution and water. From the ethyl acetate
      solution thus purified and dried over MgSO.sub.4 the final product was
      obtained after evaporating the solvent as a colorless oil.
PAR  Yield: 19 g = 81 % of the theory.
PAR  d. H-his-pro-n-hexyl amide . 2HCl
PAR  19 g of Z-his-pro-n-hexyl amide were dissolved in 200 ml of absolute
      methanol and hydrogenated as usual while using 10 % of a Pd/BaSO.sub.4
      -catalyst. The released amino groups were filtered with 1N-methanol . HCl
      at P.sub.H 4.0. After 2.5 hours the hydrogenation was finished. The
      reaction product was precipitated with absolute ether after filtration
      from the catalyst and evaporation of the solution under reduced pressure
      at room temperature.
PAR  Yield: 15.4 g (94 %), Melting point: 164.degree.C. [.alpha.].sub.D = -
      52.5.degree. (c = 1, CH.sub.3 OH).
PAR  e. Glu-his-pro-n-hexyl amide
PAR  A solution of 3.7 g of Glu-OTcp in 15 ml of dimethylformamide was added at
      0.degree.C while stirring to a solution of amide. 4.06 g (0.01 mol) of
      H-his-pro-n-hexyl amide.sup. 2 HCl and 2.52 ml (0.02 mol) of
      N-ethyl-morpholine in 40 ml of DMF. Stirring was continued for 1 hour at
      0.degree.C. The mixture was allowed to stand over night at +4.degree.C and
      the reaction mixture was stirred for 5 hours at 0.degree.C and for 2 hours
      at room temperature. The residue was digested with 60 ml of a mixture of
      ethyl acetate and saturated sodium carbonate solution. The insoluble salt
      was separated and taken up in ethanol. From the ethanol solution the final
      product was precipitated with absolute ether as a colorless hydroscopic
      solid substance.
PAR  Yield: 2.0 g Melting point: decomposition begins at 221.degree.C.
      [.alpha.].sub.D = - 41.3.degree. (c = 1, CH.sub.3 OH).
PAR  The amino acid analysis after a 72 hours' hydrolysis with 6N-hydrochloric
      acid in a sealed tube at 110.degree.C showed the following proportions of
      amino acid: Glu: 1.09, His: 0.92, Pro: 1.0.
PAC  E X A M P L E 7
PAR  a. Z-Pro-cyclohexyl amide
PAR  The preparation was carried out as described in Example 6a, but instead of
      n-hexyl-amine a cyclohexyl amine was used. The final product was
      recrystallized from methanol/water.
PAR  Yield: 33.4 g (50 % of the theory). Melting point: 146.degree.C.
PAR  b. H-Pro-cyclohexyl amide-hydrochloride
PAR  The compound was prepared by hydrogenation of 33.4 g of Z-procyclohexyl
      amide as described under 6 b.
PAR  Yield: 19.8 g (practically quantitative). Melting Point: 213.degree.C,
      [.alpha.].sub.D = - 19.0.degree.C (c = 1, DMF).
PAR  c. Z-His-Pro-cyclohexyl amide
PAR  The preparation was carried out as described in Example 6c, but instead of
      H-pro-n-hexyl amide the H-pro-cyclohexyl amide was used.
PAR  Yield: 18.6 g (80 % of the theory). Melting point: 103.degree.C
      [.alpha.].sub.D = -48.2.degree. (c = 1, CH.sub.3 OH).
PAR  d. Hi-his-pro-cyclohexyl-amide-dihydrochloride
PAR  A solution of 18.6 g of Z-his-pro-cyclohexyl amide in 200 ml of methanol
      was hydrogenated and worked up as described in Example 6 d.
PAR  Yield: 15.5 g (95 % of the theory). Melting point: 152.degree.
      (decomposition [.alpha.].sub.D = - 53.8.degree.C (c = 1, CH.sub.3 OH).
PAR  e. Glu-his-pro-cyclohexyl amide
PAR  The preparation was carried out as described in Example 6e; instead of
      H-his-pro-n-hexyl amide the H-his-pro-cyclohexyl amide was used.
PAR  Yield: 2.0 g Melting point: decomposition begins at 192.degree.C
      [.alpha.].sub.D = - 4.6.degree.C (c = 1, CH.sub.3 OH)
PAR  Amino acid analysis (after a 72 hours' hydrolisis with 6N-HCl in the sealed
      tube at 110.degree.C):
PAR  glu: 1.08; His: 0.97; Pro: 1.0.
PAC  E X A M P L E 8
PAC  (method b)
PAR  a. Z-Gln(Mbh)-his-pro-n-hexyl amide
PAR  1.3 ml of N-ethyl-morpholine and at 0.degree.C 2.2 g of DCC were added to a
      solution of 6.5 g of Z-Gln(Mbh)-his-OH, 1.35 g of 1-hydroxy-benzotriazole
      and 2.35 g of proline-n-hexyl amide-hydrochloride in 50 ml of DMF. The
      mixture was stirred for 1 hour at 0.degree.C and over night at room
      temperature. The deposit was suction-filtered and the filtrate was
      evaporated. The residue was distributed between ethyl acetate, to which a
      small amount of dimethylformamide was added, and a sodium carbonate
      solution. The ethyl acetate solution was dried with sodium sulfate and
      evaporated. The residue was triturated with ether.
PAR  Yield: 7.1 g of amorphous substance.
PAR  b. Glu-his-pro-n-hexyl amide
PAR  4.1 g of Z-Gln(Mbh)-his-pro-n-hexyl amide were dissolved in 20 ml of
      trifluoroacetic acid/anisol (9:1 ) and refluxed for 90 minutes. The
      trifluoroacetic acid was evaporated and the residue was distributed
      between water and ether. The aqueous solution was clarified with a small
      amount of charcoal and filtered over an alkaline ion exchanger. The
      alkaline eluate was freeze-dried.
PAR  Yield: 1.8 g.
PAR  The product was identical with the substance obtained according to Example
      6e.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A tripeptide of the formula
      ##SPC2##
PAL  wherein X is alkyl having 3 to 8 carbon atoms, cycloalkyl having 5 to 7
      carbon atoms, or aralkyl having 1 or 2 carbon atoms in the alkyl portion
      thereof.
NUM  2.
PAR  2. A tripeptide as in claim 1 wherein X is n-propyl.
NUM  3.
PAR  3. A tripeptide as in claim 1 wherein X is isobutyl.
NUM  4.
PAR  4. A tripeptide as in claim 1 wherein X is n-pentyl.
NUM  5.
PAR  5. A tripeptide as in claim 1 wherein X is .beta.-phenylethyl.
NUM  6.
PAR  6. A tripeptide as in claim 1 wherein X is n-hexyl.
NUM  7.
PAR  7. A tripeptide as in claim 1 wherein X is cyclohexyl.
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ABST
PAL  The growth hormone release inhibiting compound.
      ##EQU1##
      the protamine zinc, protamine aluminum and non-toxic acid addition salts
      thereof as well as the corresponding linear heptadecapeptide and
      intermediates therefore are herein described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The structure of the growth hormone release inhibiting factor,
      somatostatin, has been determined by Brazeau et al., Science, 179,
      77(1973). Several techniques for synthesizing somatostatin have been
      reported in the literature, including the solid phase method of Rivier,
      J.A.C.S. 96, 2986(1974) and the solution methods of Sarantakis et al.,
      Biochemical Biophysical Research Communications 54, 234(1973) and Immer et
      al., Helo. Chim. Acta, 57, 730(1974).
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, there is provided a growth hormone
      release inhibiting compound of the formula; (H-Gly-Gly-Tyr-Ala).sup.1
      -Somatostatin, the non-cyclic form of that heptadecapeptide, the protamine
      zinc and protamine aluminum adducts and non-toxic acid addition salts
      thereof as well as the protected intermediates useful for the synthesis of
      that heptadecapeptide. The heptadecapeptide of this invention is useful in
      the treatment of conditions characterized by excessive growth hormone
      production, such as juvenile diabetes and acromegaly.
PAR  The heptadecapeptide of this invention (H-Gly-Gly-Try-Ala).sup.1
      -Somatostatin presents the amino acid sequence:
      ##EQU2##
      in its [6-17] cyclic form and is devoid of the disulfide linkage in the
      linear form. The protamine zinc and protamine aluminum derivatives of the
      heptadecapeptide represent derivatives conventionally derived from
      polypeptides for characterization and administrative purposes. The acid
      addition salts of the heptadecapeptide are derived from both inorganic and
      organic acids known to afford pharmaceutically acceptable non-toxic
      addition products, such as hydrochloric, hydrobromic, sulfuric,
      phosphoric, maleic, acetic, citric, benzoic, succinic, malic, ascorbic
      acid and the like.
PAR  The heptadecapeptide of this invention is prepared by solid phase
      methodology, employing as the initial reactant the fully protected
      peptidoresin R-Ala-Gly-Cys (R.sup.2)-Lys (R.sup.3)-Asn-Phe-Phe-Trp-Lys
      (R.sup.4)-Thr(R.sup.5)-Phe-Thr (R.sup.6)-Ser (R.sup.7)-Cys
      (R.sup.8)-O-Resin, in which each of the protective R groups are defined,
      infra. Deprotection of the .alpha.-amino protecting group (R) of the
      alanyl moiety followed by the sequential coupling and deprotection of each
      of the newly introduced intermediate amino acids tyrosine and glycine
      followed by the introduction of the terminal glycyl group affords the
      fully protected intermediate R-Gly-Gly-Tyr (R.sup.1)-Ala-Gly-Cys
      (R.sup.2)-Lys (R.sup.3)-Asn-Phe-Phe-Trp-Lys (R.sup.4)-Thr
      (R.sup.5)-Phe-Thr (R.sup.6)-Ser (R.sup.7)-Cys (R.sup.8)-O-Resin, which is
      totally deprotected and removed from the Resin support by treatment with
      liquid hydrofluoric acid in the presence of anisole to yield the linear
      heptadecapeptide
      H-Gly-Gly-L-Tyr-L-Ala-Gly-L-Cys-L-Lys-L-Asn-L-Phe-L-Phe-L-Trp-L-Lys-L-Thr-
     L-Phe-L-Thr-L-Ser-L-Cys-OH. If desired, the fully protected
      heptadecapeptide may be removed from the Resin support by methanolysis to
      yield the 17-Cysteine methyl ester of the fully protected linear
      heptadecapeptide. The methylester may then be converted to the free
      carboxylic acid by mild hydrolysis and the protecting groups may be
      subsequently removed by treatment with liquid HF in the presence of
      anisole or by catalytic (e.g. Pd. on BaSO.sub.4) hydrogenation under
      conditions avoiding attack of the tryptophan moiety.
PAR  The deprotected linear heptadecapeptide is readily converted to the [6-17]
      cyclic disulfide (H-Gly-Gly-Tyr-Ala).sup.1 -Somatostatin by mild oxidation
      (e.g. air), preferably through exposure of a solution of the linear
      compound to atmospheric oxygen. The protamine zinc and protamine aluminum
      complexes and non-toxic acid addition salts are produced by methods
      conventional in the polypeptide art.
PAR  Thus the intermediates which constitute part of this invention may be
      represented as:
PAR  R-Gly-Gly-Tyr (R.sup.1)-Ala-Gly-Cys (R.sup.2)-Lys
      (R.sup.3)-Asn-Phe-Phe-Trp-Lys (R.sup.4)-Thr (R.sup.5)-Phe-Thr
      (R.sup.6)-Ser (R.sup.7)-Cys (R.sup.8)-X, in which X represents --OH,
      --OCH.sub.3 or --O--CH.sub.2 -[polystyrene resin support];
PAR  R represents hydrogen or an .alpha.-amino protecting group; R.sup.1 is a
      protecting group for the phenolic hydroxyl group of the tyrosyl moiety
      selected from the group consisting of benzyl, 2,6-dichlorobenzyl,
      benzyloxycarbonyl and 2-bromobenzyloxycarbonyl;
PAR  R.sup.2 and R.sup.8 are protecting groups for the sulfhydryl group of the
      two cysteinyl moiety independently selected from the group consisting of
      benzyl; methyl, methoxy or nitro-benzyl; trityl, benzyloxycarbonyl,
      benzhydryl, tetrahydropyranyl, carboxymethyl, acetamidomethyl, benzoyl,
      benzylthiomethyl, ethylcarbamyl, thioethyl, p-methoxybenzyloxycarbonyl,
      and the sulfonate salt;
PAR  R.sup.3 and R.sup.4 are members independently selected from the group
      consisting of hydrogen and a protecting group for the epsilon amino group
      of the two lysyl moieties selected from benzyloxycarbonyl; halo- or
      nitro-benzyloxycarbonyl; tosyl, diisopropylmethoxycarbonyl,
      t-amyloxy-carbonyl and t-butyloxycarbonyl; and
PAR  R.sup.5, R.sup.6 and R.sup.7 are selected from the group consisting of
      hydrogen and a protecting group for the hydroxyl group of the threonyl and
      seryl moieties, independently selected from acetyl, benzoyl, tert-butyl,
      trityl, benzyl, 2,6-dichlorobenzyl, and benzyloxycarbonyl.
PAR  The .alpha.-amino protecting group represented by R may be any group known
      in the art to be useful in the stepwise synthesis of polypeptides.
      Illustrative of these known groups for protection of an .alpha.-amino
      group are (a) acyl type protective groups such as formyl, trifluoroacetyl,
      phthalyl, toluenesulfonyl (tosyl), benzenesulfonyl, nitrophenylsulfenyl,
      tritylsulfenyl, o-nitrophenoxyacetyl, chloroacetyl, acetyl,
      .alpha.-chlorobutyryl, and the like; (b) urethan type protecting groups
      such as benzyloxycarbonyl and substituted benzyloxycarbonyl
      (p-chlorobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
      p-bromobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl,
      tert-butyloxycarbonyl, diisopropylmethoxycarbonyl, isopropyloxycarbonyl,
      ethoxycarbonyl, allyloxycarbonyl, cyclopentyloxycarbonyl,
      adamantyloxycarbonyl, cyclohexyloxycarbonyl, phenylthiocarbonyl, and the
      like; (c) aralkyl type protecting groups as illustrated by
      triphenylmethyl, benzyl, and the like; and (d) trialkylsilane groups such
      as trimethylsilane. The preferred .alpha.-amino protecting group defined
      by R is tert-butyloxycarbonyl.
PAR  The criterion for selecting protecting groups for R.sup.1.sup.-8 are (a)
      the protecting group must be stable to the reagent and under the reaction
      conditions selected for removing the .alpha.-amino protecting group at
      each step of the synthesis, (b) the protecting group must retain its
      protecting properties (i.e., not be split off under coupling conditions),
      and (c) the side chain protecting group must be removable upon the
      completion of the synthesis of the desired amino acid sequence, under
      reaction conditions that will not alter the peptide chain.
PAR  The group --O--CH.sub.2 --polystyrene resin support] defining X in the
      intermediates of this invention described supra, represents the ester
      moiety of one of the many functional groups of the polystyrene resin
      support.
PAR  The solid phase method of preparing the heptadecapeptide of this invention
      is generally known in the art and is described by Merrifield, J.A.C.S.,
      85, 2149(1963). The resin support employed may be any suitable resin
      conventionally employed in the art for the solid phase preparation of
      polypeptides, preferably polystyrene which has been cross-linked with from
      0.5 to about 3 percent divinyl benzene, which has been either
      chloromethylated or hydroxymethylated to provide sites for ester formation
      with the initially introduced .alpha.-amino protected amino acid.
PAR  An example of a hydroxymethyl resin is described by Bodanszky et al., Chem.
      Ind. (London) 38, 1597-98 (1966). A chloromethylated resin is commercially
      available from Bio Rad Laboratories Richmand, California and the
      preparation of such a resin is described by Stewart et al., "Solid Phase
      Peptide Synthesis" (Freeman & Co., San Francisco 1969), Chapter 1, pp 1-6.
      The .alpha.-amino and sulfhydryl protected cysteine is coupled to the
      chloromethylated resin according to the procedure of Gisin, Helv. Chim.
      Acta., 56, 1476 (1973). Following the coupling of the .alpha.-amino and
      sulfhydryl protected cysteine to the resin support, the .alpha.-amino
      protecting group is removed by standard methods employing trifluoroacetic
      acid in methylene chloride, trifluoroacetic acid alone or HCl in dioxane.
      The deprotection is carried out at a temperature between about 0.degree.C.
      and room temperature. After removal of the .alpha.-amino protecting group
      the remaining .alpha.-amino protected amino acids are coupled, seriatim,
      in the desired order to obtain the product. Alternatively, multiple amino
      acid groups may be coupled by the solution method prior to coupling with
      the resin supported amino acid sequence. The selection of an appropriate
      coupling reagent is within the skill of the art. A particularly suitable
      coupling reagent is N,N.sup.1 -diisopropyl carbodiimide. Other applicable
      coupling agents are (1) carbodiimides (e.g. N,N.sup.1
      -dicyclohexycarbodiimide, N-ethyl N.sup.1 -(.alpha.-dimethylamino propyl
      carbodiimide); (2) cyanamides (e.g. N,N-dibenzylcyanamide; (3)
      ketenimines; (4) isoxazolium salts (e.g. n-ethyl-5-phenyl
      isoxazolium-3'-sulfonate; (5) monocyclic nitrogen containing heterocyclic
      amides of aromatic character containing one through four nitrogens in the
      ring such as imidazolides, pyrazolides, 1,2,4-triazolides, Specific
      heterocyclic amides that are useful include N,N'-carbonyl diimidazole,
      N,N'-carbonyl-di-1,2,4-triazole; (6) alkoxylated acetylene (e.g.
      ethoxyacetylene); (7) reagents which form a mixed anhydride with the
      carboxyl moiety of the amino acid (e.g. ethylchloroformate,
      isobutylchloroformate) and (8) nitrogen containing heterocyclic compounds
      having a hydroxy group on one ring nitrogen (e.g. N-hydroxyphthalimide,
      N-hydroxysuccinimide, 1-hydroxybenzotriazole). Other activating reagents
      and their use in peptide coupling are described by Schroder & Lubke supra,
      in Chapter III and by Kapoor, J. Pharm. Sci., 59, pp. 1-27, (1970).
PAR  Each protected amino acid or amino acid sequence is introduced into the
      solid phase reactor in about a four-fold excess and the coupling is
      carried out in a medium of dimethylformamide: methylene chloride (1:1) or
      in dimethylformamide or methylene chloride alone. In cases where
      incomplete coupling occurred the coupling procedure is repeated before
      removal of the .alpha.-amino protecting group, prior to introduction of
      the next amino acid to the solid phase reactor. The success of the
      coupling reaction at each stage of the synthesis is monitored by the
      ninhydrin reaction as described by E. Kaiser et al., Analyt. Biochem, 34,
      595 (1970).
PAR  The in vivo activity of the heptadecapeptide of this invention was
      established by injecting Nembutal intraperitoneally into rats weighing
      between 200 to 250 grams in an amount of 50 milligrams per kilogram body
      weight. After five minutes, the heptadecapeptide of this invention was
      administered to the rats in a dose of 500 micrograms per kilogram body
      weight from a solution made from three milligrams of the heptadecapeptide,
      1.2  milliliters of water and 4.8 milliliters of polyethylene glycol (PEG
      400). The rats blood was sampled 15 minutes after administration of the
      heptadecapeptide and the amount of growth hormone present in the plasma
      was determined by radioimmunoassay. In one determination, with eight
      control rats presenting an average of 86 .+-. 15 nanograms growth hormone
      per milliliter of plasma, the eight treated animals had an average of 9
      .+-. 4 nanograms growth hormone per milliliter of plasma (p&lt;0.01). In
      another experiment employing twelve rats for control and testing, the
      control group had an average of 66 .+-. 10 nanograms growth hormone per
      milliliter of plasma while the treated animals had 21 .+-. 7 nanograms
      growth hormone per milliliter of plasma (p&lt;0.01).
PAR  The heptadecapeptide is the first discovered polypeptide containing more
      amino acid residues than somatostatin itself, to exhibit inhibition of
      growth hormone secretion or to reduce growth hormone concentration in
      blood plasma. In fact, the activity of the compound of this invention
      exceeds the activity of somatostatin in reducing growth hormone
      concentrations in blood plasma. Therefore, the heptadecapeptide of this
      invention is useful in the prevention of excessive secretion of
      somatotropin in domestic animals and for the control of the
      immuno-reactive pituitary growth hormone in comparative and experimental
      pharmacology. From the known relationship between growth hormone control
      in standard experimental animal and the human, the activity of the
      disclosed heptadecapeptide characterizes the compound as useful in the
      treatment of acromegaly and juvenile diabetes in the same manner as
      somatostatin itself. Administration of the heptadecapeptide may be by
      conventional routes common to somatostatin and related polypeptides, under
      the guidance of a physician, orally or parenterally, in an amount dictated
      by the extent of the dysfunction as determined by the physician. The
      compound may be administered alone or in conjunction with conventional
      pharmaceutically acceptable carriers and adjuvants, in unit dosage form
      containing from about 2 to about 100 milligrams per kilogram host body
      weight. Furthermore, the protamine zinc or protamine aluminum adducts
      present desireable administrable forms of the heptadecapeptide as is
      conventional in therapy involving the use of polypeptides.
PAR  In the following preparatory scheme, the abbreviations employed are:
PA1  Boc = tertiary butyloxycarbonyl
PA1  Mbzl = p-methoxybenzyl
PA1  ClZ = 2-chlorobenzyloxycarbonyl
PA1  Bzl = benzyl
PA1  Ch.sub.2 bzl = 2,6-dichlorobenzyl
DETD
PAC  EXAMPLE 1
PAC  tert-Butyloxycarbonyl-glycyl-glycyl-O-2,6-dichlorobenzyl-L-tyrosyl-L-alanyl
     -glycyl-S-p-methoxybenzyl-L-cysteinyl-N.sup..epsilon.-2-chlorobenzyloxycarb
     onyl-L-lysyl-L-asparaginyl-L-phenylalanyl-L-phenylalanyl-L-tryptophyl-N.sup
     ..epsilon.-2-chlorobenzyloxycarbonyl-L-lysyl-O-benzyl-L-threonyl-L-phenylal
     anyl-O-benzyl-L-threonyl-O-benzyl-L-seryl-S-p-methoxybenzyl-L-cysteinyl-hyd
     roxy methyl polystyrene.
PAR  The peptidoresin Boc-Ala-Gly-Cys (SMBzl)-Lys (ClZ)-Asn-Phe-Phe-Trp-Lys
      (ClZ)-Thr (Bzl)-Phe-Thr (Bzl)-Ser (Bzl)-Cys (SMBzl)-O-methylpolystyrene
      was prepared by conventional solid phase techniques reported in the
      literature. Deprotection of the .alpha.-amino group of alanine was
      effected by treatment with trifluoroacetic acid - CH.sub.2 Cl.sub.2 -
      1,4-dithioerythritol (1:1:0.5 percent) for thirty minutes at room
      temperature in a Merrifield solid phase reaction flask. The product was
      washed with CH.sub.2 Cl.sub.2 (3 times), dimethylformamide,
      dimethylformamide-triethylamine (12 percent), CH.sub.2 Cl.sub.2
      -triethylamine (12 percent) and CH.sub.2 CL.sub.2 (3 times). A positive
      ninhydrin test was obtained after the method of Kaiser et al., Anal.
      Biochem, 34, 595(1970). The peptido resin was then treated with Boc-Tyr
      (Cl.sub.2 Bzl)-OH (7 grams) in dimethylformamide-CH.sub.2 Cl.sub.2 (2:1)
      followed by disopropylcarbodiimide (4 milliliters) in two portions in
      CH.sub.2 Cl.sub.2. The mixture was shaken overnight, filtered and the
      treatment repeated with one half the original amount of Boc-Tyr (Cl.sub.2
      Bzl)-OH and diisopropylcarbodiimide. The mixture was filtered and washed
      with CH.sub.2 Cl.sub.2 (two times), dimethylformamide (three times) and
      CH.sub.2 Cl.sub.2 (three times). The ninhydrin test on the product was
      negative. The peptidoresin was then deprotected following the preceding
      method and treated with Boc-Gly-OH (2.8 grams) and diisopropylcarbodiimide
      (4 milliliters) overnight. This treatment was again repeated with half the
      quantity of materials and the complete cycle repeated for the
      incorporation of the second Boc-Gly-OH to afford a 4.3 gram yield of the
      title peptidoresin.
PAC  EXAMPLE 2
PAC  Glycyl-glycyl-L-tyrosyl-L-alanyl-glycyl-L-cysteinyl-L-lysyl-L-asparaginyl-L
     -phenylalanyl-L-phenylalanyl-L-tryptophyl-L-lysyl-L-threonyl-L-phenylalanyl
     -L-threonyl-L-seryl-L-cysteine[6- 17 cyclic disulfide]
PAR  The peptidoresin of Example 1 (4.7 gr.) was mixed with 5 ml. anisole and
      treated with 100 ml. liquid HF in vacuo. The mixture was stirred for 45
      minutes at room temperature, then the excess HF was removed in vacuo as
      fast as possible (ca. 90 minutes time). The residue, the linear form of
      the title compound, was washed with dry diethyl ether by decantation under
      a N.sub.2 atmosphere and then extracted with 1 percent aqueous acetic acid
      which was flushed with N.sub.2. The aqueous solution was diluted to 1500
      ml. and brought to pH .apprxeq. 8 with dilute NH.sub.4 OH, stirred for 24
      hours with exposure to atmospheric oxygen and lyophilized to yield, 1.3
      gram of the cyclic disulfide as a white solid. This crude product was
      chromatographed through a column of Sephadex G-25 which was equilibrated
      first with the lower phase of a mixture of n-butanol-acetic acid -- water
      (4:1:5) then with the upper phase and eluted with the upper phase. The
      fractions (7 ml. each) which emerged in the 55-77 tubes were pooled and
      lyophilized to yield 86 mg. of a fluffy white solid. R.sub.f
      (n-butanol-water-acetic acid, 4:5:1 upper phase)0.41 R.sub.f (i-amyl
      alcohol-water-pyridine, 7:6:7) 0.52. Aminoacid analysis, Asp (1) 0.99,
      Thr(2) 2.08, Ser (1) 0.88, Gly (3) 3.1, Ala(1) 1, Tyr(1) 0.93, Phe (3)
      3.16, Lys(2) 2.16, NH.sub.3 (1) 1.62, Trp and Cys N.D.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group consisting of
      ##EQU3##
      the corresponding linear heptadecapeptide, the protamine zinc, protamine
      aluminum and non-toxic acid addition salts thereof.
NUM  2.
PAR  2. The heptadecapeptide of claim 1 which is
      glycyl-glycyl-L-tyrosyl-L-alanylglycyl-L-cysteinyl-L-lysyl-L-asparaginyl-L
     -phenylalanyl-L-phenylalanyl-L-tryptophyl-L-lysyl-L-threonyl-L-phenylalanyl
     -L-threonyl-L-seryl-L-cysteine.
NUM  3.
PAR  3. The heptadecapeptide of claim 1 which is
      glycyl-glycyl-L-tyrosyl-L-alanylglycyl-L-cysteinyl-L-lysyl-L-asparaginyl-L
     -phenylalanyl-L-phenylalanyl-L-tryptophyl-L-lysyl-L-threonyl-L-phenylalanyl
     -L-threonyl-L-seryl-L-cysteine [6- 17 disulfide].
NUM  4.
PAR  4. A heptadecapeptide of the formula
      R-Gly-Gly-Try(R.sup.1)-Ala-Gly-Cys(R.sup.2)-Lys(R.sup.3)-Asn-Phe-Phe-Trp-L
     ys(R.sup.4)-Thr (R.sup.5)-Phe-Thr (R.sup.6)-Ser (R.sup.7)-Cys (R.sup.8)-O-X
      in which R is a member selected from the group consisting of hydrogen and
      an .alpha.-amino protecting group; R.sup.1 is a protecting group for the
      phenolic hydroxyl group of the tyrosyl moiety selected from the group
      consisting of benzyl, 2,6-dichlorobenzyl, benzyloxycarbonyl and
      2-bromobenzyloxycarbonyl;
PA1  R.sup.2 and R.sup.8 are protecting groups for the sulfhydryl group of the
      two cysteinyl moiety independently selected from the group consisting of
      benzyl; methyl, methoxy or nitro-benzyl; trityl, benzyloxycarbonyl,
      benzhydryl, tetrahydropyranyl, carboxymethyl acetamidomethyl, benzoyl,
      benzylthiomethyl, ethylcarbamyl, thioethyl, p-methoxybenzyloxycarbonyl,
      and the sulfonate salt;
PA1  R.sup.3 and R.sup.4 are members independently selected from the group
      consisting of hydrogen and a protecting group for the epsilon amino group
      of the two lysyl moieties selected from benzyloxycarbonyl; halo- or
      nitro-benzyloxycarbonyl; tosyl, diisopropylmethoxycarbonyl,
      t-amyloxy-carbonyl and t-butyloxycarbonyl;
PA1  R.sup.5, r.sup.6 and R.sup.7 are selected from the group consisting of
      hydrogen and a protecting group for the hydroxyl group of the threonyl and
      seryl moieties, independently selected from acetyl, benzoyl, tert-butyl,
      trityl, benzyl, 2,6-dichlorobenzyl, and benzyloxycarbonyl;
PAL  and
PA1  X is a member selected from the group consisting of hydroxy, methoxy and
      --O--CH.sub.2 -[polystyrene resin support], wherein said polystyrene resin
      is cross linked with from 0.5 to about 3 percent divinylbenzene.
NUM  5.
PAR  5. The compound of claim 4 in which R is t-butyloxycarbonyl, R.sup.1 is
      2,6-dichlorobenzyl, R.sup.2 and R.sup.8 are p-methoxybenzyl, R.sup.3 and
      R.sup.4 are 2-chlorobenzyloxycarbonyl and R.sup.5 and R.sup.6 and R.sup.7
      are benzyl.
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ABST
PAL  Heptapeptides of the general formula
EQU  HOOC--(CH.sub.2).sub.3 --CO--Ala--Tyr--Gly--Trp--X--Asp--Phe--NH.sub.2
PAL  in which X represents leucine or methionine, and process for preparing them
      by reacting tert.butyl-protected heptapeptides with glutaric acid
      anhydride and subsequently splitting off the protective groups with the
      aid of trifluoroacetic acid.
BSUM
PAR  The present invention relates to novel heptapeptides having gastrin
      activity.
PAR  More particularly, the invention relates to novel heptapeptides of the
      general formula I
EQU  HOOC--(CH.sub.2).sub.3 --CO--Ala--Tyr--Gly--Trp--X--Asp--Phe--NH.sub.2 (I),
PAL  in which X represents leucine or methionine.
PAR  The invention also relates to a process for preparing the novel
      heptapeptides of the general formula I specified above, wherein peptides
      of the general formula II
EQU  H--Ala--Tyr(Bu.sup.t)--Gly--Trp--X--Asp(OBu.sup.t)--Phe--NH.sub.2 (II),
PAL  in which Bu.sup.t stands for the tert. butyl radical and X has the meaning
      given above, are reacted with glutaric acid anhydride and from the
      reaction products of the general formula III
EQU  HOOC--(CH.sub.2).sub.3
      --CO--Ala--Tyr(Bu.sup.t)--Gly--Trp--X--Asp(OBu.sup.t)--Phe--NH.sub.2 (III)
PAL  the protective groups are removed by treatment with trifluoroacetic acid.
PAR  Numerous synthetic peptides which are shortened gastrinanalogs have been
      described which, in a similar way as is done by the natural hormone,
      stimulate the stomach with regard to acid production and the quantity
      secreted. Among these synthetic peptides, the pentapeptide of the formula
      IV
EQU  Boc--.beta.--Ala--Trp--Met--Asp--Phe--NH.sub.2             (IV)
PAL  in which Boc stands for the tert. butyloxycarbonyl group (The Lancet 1966,
      page 933) is outstanding and shows the strongest stimulating action,
      compared with that of other synthetic peptides.
PAR  With this pentapeptide IV, a heptapeptide has been compared which differs
      from the compound of the invention of the formula I with X = Met in that
      it does not contain the glutaroyl group. It has a biological action which
      is comparable to that of the peptide IV.
PAR  In contradistinction thereto, the peptide of the formula I of the
      invention, in which X stands for methionine, has a 1.3-fold stronger
      biological action than the peptide of the formula IV and the peptide of
      the invention of the formula I with X = leucine even has a 3-fold stronger
      biological activity than the peptide of the formula IV, calculated on
      molar basis.
PAR  The biological activity was determined in a perfused stomach of the rat
      according to Brit. J. Pharmacol. 38 (1970), pages 206-213.
PAR  For preparing the compounds of the general formula I, the peptides of the
      formula II are reacted with glutaric acid anhydride in dimethylformamide,
      reaction times of about 4 - 20 hours at 0.degree. - 5.degree. C being
      sufficient. The solvent is removed by distillation under reduced pressure
      and the residue is triturated with ether. The reactive groups are split
      off with 90% trifluoroacetic acid at room temperature (reaction time about
      1 hour). For purifying the peptides of the general formula I, it is
      sufficient, for example, to dissolve and reprecipitate them in a mixture
      of alcohol and ether.
PAR  The novel peptides of the invention are medicaments. They are free from
      non-physiological components, serve for the stimulation of the production
      of gastric juice and may be used as diagnostic agents in function tests of
      the stomach or as therapeutic agents in the case of reduced secretion of
      gastric juice in the stomach, gall and pancreas.
PAR  The form for parenteral adminstration is a 0.001 to 0.1 % aqueous solution,
      if desired with the addition of physiological amounts of sodium chloride
      or in a buffered aqueous solution. As buffer there may be used, for
      example: m/15 phosphate buffer (primary potassium phosphate and secondary
      sodium phosphate according to Sorensen and Clark) with pH-values of 5.0 to
      7.5. These solutions serve for subcutaneous and intramuscular injections.
PAR  For nasal application, about 0.1% aqueous solutions, 0.1 to 3% oily
      suspensions or a 0.1 to 3% dry powder, for example with lactose or mannite
      as carrier, may be used.
DETD
PAR  The following Examples illustrate the invention:
PAC  EXAMPLES
PAR  For the purity tests of the compounds prepared as described in the
      following Example, thin-layer chromatography was used with the following
      solvent systems:
PA1  1. tert.Butanol/pyridine/petroleum ether, 1:1:8
PA1  2. Methanol/water, 80:20
PA1  3. Methylethylketone/pyridine/water/glacial acetic acid, 70:15:15:2
PA1  4. Butanol/acetic acid/water, 2:1:1.
PAR  The abbreviations usual in peptide chemistry are used;
      dicyclohexyl-carbodiimide = DCC; dimethylformamide = DMF.
PAC  EXAMPLE 1
PAC  Glutaroyl--Ala--Tyr--Gly--Trp--Leu--Asp--Phe--NH.sub.2
PAL  a. Z--Tyr(Bu.sup.t)--Gly--OCH.sub.3
PAR  74 g (0.2 mole) of Z--Tyr(OBu.sup.t)--OH and 54 g (0.4 mole) of
      1-hydroxybenzotriazole were dissolved in 300 ml of tetrahydrofurane, the
      whole was cooled to -5.degree. C and then combined with the solution of 42
      g (0.2 mole) of DCC in 50 ml of tetrahydrofurane. The mixture was stirred
      for 1 hour at 0.degree. C and for 1 hour at room temperature. The
      dicyclohexyl-urea that had separated was removed by suction-filtration.
      The remaining solution was combined at 0.degree. C with a solution of 25 g
      (0.2 mole) of glycinemethyl ester-hydrochloride and 27 ml (0.2 mole) of
      N-ethylmorpholine in 150 ml of tetrahydrofurane. The solution was stirred
      for 2 hours at room temperature, the solvent was removed by distillation
      under reduced pressure at room temperature, the residue was dissolved in
      ethyl acetate and the ethyl acetate solution was shaken with 0.2N-sulfuric
      acid, a saturated sodium bicarbonate solution and water. After the ethyl
      acetate solution was dried over magnesium sulfate, the final product was
      obtained by removal of the solvent by distillation under reduced pressure
      in the form of a weakly yellowish oil. Thin-layer chromatography showed
      the product to be uniform in the systems 1, 2, 3 and 4.
PAR  Yield: 64 g (73% of the theory).
PAL  b. H--Tyr(Bu.sup.t)--Gly--OCH.sub.3 . HCl
PAR  60 g of Z--Tyr(Bu.sup.t)--Gly--OMe in 1 liter of methanol were hydrogenated
      catalytically at pH 3 with 10 g of 10% Pd/SO.sub.4 with the addition of
      1N-methanolic HCl. After the catalyst was separated, the solvent was
      removed by distillation. The remaining resin solidified upon trituration
      with ether.
PAR  Yield: 45 g, melting point: from 97.degree. C onwards, under foaming.
      [.alpha.].sub.D.sup.20 : + 27.0.degree. (c = 1, in methanol).
PAL  c. Z--Ala--Tyr(Bu.sup.t)--Gly--OCH.sub.3
PAR  29 g of DCC were added at 5.degree. C to a solution of 29 g (0.13 mole) of
      Z--Ala--OH and 35 g of 1-hydroxybenzotriazole in 240 ml of DMF. The whole
      was stirred for 1 hour at 0.degree. C and for 1 hour at room temperature,
      the dicyclohexyl-urea that had precipitated was filtered off and a
      solution of 44.8 g (0.13 mole) of H--Tyr(Bu.sup.t)--Gly--OCH.sub.3, HCl
      and 16.5 ml of N-ethyl-morpholine in 300 ml of DMF was added. After a
      reaction time of 3 hours at room temperature, the solvent was removed by
      distillation under reduced pressure, the residue was dissolved in ethyl
      acetate and the ethyl acetate solution was washed with 1N--HCl, saturated
      sodium bicarbonate and water, dried over sodium sulfate and evaporated
      under reduced pressure. The semi-solid reaction product solidified upon
      digestion with ether.
PAR  Yield: 46.5 g (70%); melting point 107.degree. C. [.alpha.].sub.D.sup.20 =
      -34.9.degree. (c = 1, in methanol).
PAR  C.sub.27 H.sub.35 N.sub.3 O.sub.7 (513) Calc.: C, 63.1; H, 6.8; N, 8.2.
      Found: C, 63.4; H, 6.9; N, 8.1.
PAR  In thin-layer chromatography, the product was found to be uniform in the
      systems 1 and 2.
PAL  d. Z--Ala--Tyr(Bu.sup.t)--Gly--OH
PAR  44.6 g of the methyl ester obtained according to (c) were stirred for 1
      hour at room temperature in 150 ml of dioxane and 89 ml of 1N-sodium
      hydroxide solution. The mixture was neutralized with 1N--HCl, evaporated
      under reduced pressure to one third of its original volume and adjusted to
      pH 3 with 1N--HCl. The oil that had separated was dissolved in 700 ml of
      ether. The solution was dried over MgSO.sub.4 and combined with 250 ml of
      petroleum ether. The precipitate crystallized within some days at
      0.degree. C.
PAR  Yield: 37.4 g (88%); melting point 89.degree. C. [.alpha.].sub.D.sup.20 =
      -42.7.degree. (c = 1 in methanol).
PAR  In thin-layer chromatography, the product was found to be uniform in the
      systems 1 and 2.
PAL  e. Z--Trp--Leu--OH
PAR  83. g of Z--Trp--Leu--OMe, prepared according to J. Org. Chem. 31 (1966),
      page 3400, were stirred in a mixture of 500 ml of dioxane and 100 ml of
      2N--NaOH for 100 minutes. The pH was adjusted to 6 with the aid of
      1N--HCl, the mixture was concentrated, combined with a small amount of
      water and the pH was adjusted to 3 with the aid of 1N--HCl. The product
      that had precipitated was recrystallized from a mixture of methanol and
      water.
PAR  Yield: 72.5 g, melting point 70.degree. C, [.alpha.].sub.D.sup.20 =
      -27.5.degree. (c = 1, in methanol).
PAL  f. Z--Trp--Leu--Asp(OBu.sup.t)--Phe--NH.sub.2
PAR  A solution of 10.8 g of DCC in 18 ml of tetrahydrofurane was added, at
      -5.degree. C, while stirring, to a solution of 23.8 g (52 mmoles) of
      Z--Trp--Leu--OH, 19.5 g (52 mmoles) of
      H--Asp(OBu.sup.t)--Phe--NH.sub.2.HCl, prepared according to J. Chem. Soc.
      (C) 1966, page 555, 12 g of N-hydroxysuccinimide and 6.65 ml of
      N-ethylmorpholine in 400 ml of tetrahydrofurane. The temperature of the
      reaction mixture was allowed to rise to room temperature, while stirring.
      The mixture was allowed to stand overnight, the dicyclohexylurea that had
      precipitated was filtered off and the solution was dried under reduced
      pressure. The remaining oil was saturated with 5% citric acid, digested
      with sodium bicarbonate and water, dried over P.sub.2 O.sub.5 under
      reduced pressure and boiled with a small amount of ethanol.
PAR  Yield: 31.5 g, melting point 212.degree. C, [.alpha.].sub.D.sup.20 =
      -36.7.degree. (c = 1, in DMF).
PAR  In thin-layer chromatography, the product was found to be uniform in the
      systems 1, 2, 3 and 4.
PAL  g. H--Trp--Leu--Asp(OBu.sup.t)--Phe--NH.sub.2, HCl
PAR  7.68 g of Z-tetrapeptide were hydrogenated catalytically in 350 ml of
      methanol in a manner analogous to that described in Example 1(b). After
      the usual working up, 6.5 g of an amorphous product were obtained.
      [.alpha.].sub.D.sup.20 = -22.degree. (c = 1, in methanol).
PAR  The product was found to be uniform in thin-layer chromatography in the
      systems 1, 2, 3 and 4.
PAL  h. Z--Ala--Tyr(Bu.sup.t)--Gly--Trp--Leu--Asp--(OBu.sup.t)--Phe--NH.sub.2
PAR  0.5 g (1 mmole) of Z--Ala--Tyr(Bu.sup.t)--Gly--OH, 0.64 g (1 mmole) of
      H--Trp--Leu--Asp(OBu.sup.t)--Phe--NH.sub.2.HCl, prepared from the
      Z-compound by catalytic hydrogenation (Example g), 0.27 g (2 mmoles) of
      1-hydroxybenzotriazole and 0.13 ml of N-ethyl-morpholine were dissolved in
      10 ml of DMF, combined at 0.degree. C with 0.24 g of DCC and stirred for
      15 hours at room temperature. The dicyclohexylurea that had separated was
      filtered off and the solution was concentrated under reduced pressure. The
      residue was dissolved in ethyl acetate and extracted at a temperature
      below 5.degree. C with 10% citric acid, then washed at room temperature
      with saturated sodium bicarbonate and water. After the ethyl acetate
      solution was dried over MgSO.sub.4, it was concentrated. Thereupon, 450 mg
      of the Z-heptapeptide precipitated. A further 193 mg could be isolated
      from the mother liquor by precipitation with ether. Melting point
      192.degree. C. [.alpha.].sub.D.sup. 20 = - 27.8.degree. (c = 1, in DMF).
PAR  Amino-acid analysis: Asp 1.0, Gly 0.99, Ala 1.02 Leu 0.98, Tyr 0.90, Phe
      0.99 Tyr/Trp = 1.03
PAR  In thin-layer chromatography, the product was found to be uniform in the
      systems 1, 3 and 4.
PAL  i. H--Ala--Tyr(Bu.sup.t)--Gly--Trp--Leu--Asp(OBu.sup.t)--Phe--NH.sub.2, NCl
PAR  4 g of Z-heptapeptide were hydrogenated catalytically in 1.3 liter of
      methanol in a manner analogous to that described in Example 1(b). After
      the solvent had been removed by distillation, the residue was digested
      with ether, whereupon 2.8 g of product melting at 199.degree. -
      200.degree. C (decomposition) were obtained.
PAL  k.
      Glutaroyl--Ala--Tyr(Bu.sup.t)--Gly--Trp--Leu--Asp--OBu.sup.t)--Phe--NH.sub
     .2
PAR  2.3 g (20 mmoles) of glutaric acid anhydride and 2.56 ml of
      N-ethylmorpholine were introduced portionwise at 0.degree. C, while
      stirring, into a solution of 8.8 g (12 mmoles) of the H-heptapeptide
      hydrochloride in 50 ml of DMF, within 40 minutes. The whole was stirred
      for 5 hours at 0.degree. C and allowed to stand for 16 hours at 4.degree.
      C. The solvent was then removed by distillation under reduced pressure and
      the residue was digested with ether.
PAR  Yield: 8.8 g, melting point 230.degree. - 232.degree. C (decomposition).
      [.alpha.].sub.D.sup.20 = - 31.degree. (c = 1, in DMF).
PAL   l. Glutaroyl--Ala--Tyr--Gly--Trp--Leu--Asp--Phe--NH.sub.2
PAR  1.27 g of the protected glutaroyl-heptapeptide were stirred for 90 minutes
      at room temperature in 5 ml of 90% trifluoroacetic acid. The
      trifluoroacetic acid was then removed by distillation under reduced
      pressure and the residue was digested with ether and reprecipitated from a
      mixture of ethanol and ether.
PAR  Yield: 620 mg, melting point 213.degree. C (decomposition).
      [.alpha.].sub.D.sup.20 = - 33.8.degree. (c = 1, in DMF).
PAR  Amino-acid analysis: Asp 1.09, Gly 1.00, Ala 1.07, Leu 1.08, Tyr 0.69, Phe
      1.02 Tyr/Trp = 1.02
PAR  In thin-layer chromatography, the product was found to be uniform in the
      systems 2, 3 and 4.
PAC  EXAMPLE 2
PAC  Glutaroyl-Ala-Tyr-Gly-Trp-Met-Asp-Phe-NH.sub.2
PAL  a. Z--Ala--Tyr--(Bu.sup.t)--Gly--Trp--Met--Asp--(OBu.sup.t)--Phe--NH.sub.2
PAR  17.7 g of Z--Ala--Tyr(Bu.sup.t)--Gly--OH, prepared according to Example 1
      (d), 23 g of H--Trp--Met--Asp(OBu.sup.t)--Phe--NH.sub.2, prepared
      according to J. Chem. Soc. (C), 1967, page 2410, and 9.6 g of
      1-hydroxy-benzotriazole were dissolved in 120 ml of DMF. 8 g of DCC were
      added at 0.degree. C and the whole was stirred overnight at room
      temperature. After the dicyclohexyl-urea had been removed by filtration,
      the solution was concentrated under reduced pressure, the residue was
      triturated with water, 0.2N--HCl, saturated sodium bicarbonate and water
      and dried under a high vacuum over P.sub.2 O.sub.5.
PAR  Yield: 37.3 g, melting point 228.degree. C. [.alpha.].sub.D.sup.20 =
      -27.9.degree. (c = 1, in DMF).
PAR  C.sub.59 H.sub.75 N.sub.9 O.sub.12 S (1133) Calc.: C, 62.5; H, 6.62; N,
      11.1; S, 2.82. Found: C, 62.6; H, 6.7; N, 11.1; S, 2.9.
PAL  b. H--Ala--Tyr(Bu.sup.t)--Gly--Trp--Met--Asp(OBu.sup.t)--Phe--NH.sub.2
PAR  37 g of the Z-heptapeptide were hydrogenated catalytically in 400 ml of DMF
      with the addition of 15 ml of cyclohexylamine and a large amount of Pd.
      When the splitting off of the Z-group was completed, the catalyst was
      removed by filtration, the solution was dried under reduced pressure and
      the residue was triturated with ether. For further purification, the
      product was precipitated from a mixture of DMF/ether/petroleum ether.
PAR  Yield: 24.3 g, melting point 209.degree. C (Z), [.alpha.].sub.D.sup.20 =
      -22.5.degree. (c = 1, in DMF).
PAL  c.
      Glutaroyl--Ala--Tyr(Bu.sup.t)--Gly--Trp--Met--Asp(OBu.sup.t)--Phe--NH.sub.
     2
PAR  3 g of glutaric acid anhydride and 4.3 ml of N-ethylmorpholine were added
      portionwise, at 0.degree. C, while stirring, within 40 minutes, to a
      solution of 12 g of the H-heptapeptide in 60 ml of DMF. Stirring was
      continued for 5 hours at 0.degree. C and the whole was allowed to stand
      for 16 hours at 4.degree. C. The solvent was then removed by distillation
      under reduced pressure and the residue was digested with ether.
PAR  Yield: 10.3 g, melting point 231.degree. C (decomposition),
      [.alpha.].sub.D.sup.20 = -31.degree. (c = 1, in DMF).
PAL  d. Glutaroyl--Ala--Tyr--Gly--Trp--Met--Asp--Phe--NH.sub.2
PAR  10.1 g of the protected glutaroyl heptapeptide were dissolved in 50 ml of
      90% trifluoroacetic acid. After the whole had been allowed to stand for 75
      minutes at room temperature, the trifluoroacetic acid was removed by
      distillation under reduced pressure. The residue was digested with 10 ml
      of ethanol and the combined with 100 ml of ether. For purification, the
      product was reprecipitated from a mixture of methanol and ether.
PAR  Yield: 9.65 g, melting point 216.degree. C, [.alpha.].sub.D.sup.20 =
      -31.2.degree. (c = 1, in DMF).
PAR  Amino-acid analysis: Asp 0.96, Gly 0.94, Ala 0.93, Met 0.85, Tyr 0.99, Phe
      1.00. Tyr/Trp = 1.04.
CLMS
STM  We claim:
NUM  1.
PAR  1. A heptapeptide of the formula
EQU  HOOC--(CH.sub.2).sub.3 --CO--Ala--Tyr--Gly--Trp--X--Asp--Phe--NH.sub.2,
PAL  wherein X is leucine (Leu) or methionine (Met) and the optically-active
      amino acids are L-amino acids.
NUM  2.
PAR  2. A heptapeptide as defined in claim 1 in which X represents leucine
      (Leu).
NUM  3.
PAR  3. A heptapeptide as defined in claim 1 in which X represents methionine
      (Met).
NUM  4.
PAR  4. A method for making a heptapeptide of the formula
EQU  HOOC--(CH.sub.2).sub.3 --CO--Ala--Tyr--Gly--Trp--X--Asp--Phe--NH.sub.2,
PAL  wherein the optically-active amino acids are L-amino acids and wherein X is
      leucine (Leu) or methionine (Met), which method comprises reacting
      glutaric acid anhydride with a peptide wherein the optically-active amino
      acids are L-amino acids, said peptide having the formula
EQU  H--Ala--Tyr(Bu.sup.t)--Gly--Trp--X--Asp(OBu.sup.t)--Phe--NH.sub.2,
PAL  wherein Bu.sup.t is tert. butyl, to form a reaction product of the formula
EQU  HOOC--(CH.sub.2).sub.3
      --CO--Ala--Tyr(Bu.sup.t)--Gly--Trp--X--Asp(OBu.sup.t)--Phe--NH.sub.2,
PAL  wherein the optically-active amino acids are L-amino acids, and then
      treating said reaction product with trifluoroacetic acid to remove the
      protective tert. butyl groups.
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ABST
PAL  Polyazo dyestuffs of the formula
EQU  A--N=N--M--D--M'--N=N--A'
PAL  wherein A and A' each represents a 2(8)-amino-8(2)-hydroxynaphthalene
      radical further substituted with a sulphonic acid group, M and M' each
      represents a substituted 1,4- or 1,3-phenylene radical and D represents an
      organic radical bonded in the manner of an amide to M and M', said
      dyestuffs containing at least two sulphonic acid groups in the molecule,
      as well as photographic material containing in at least one layer a
      polyazo dyestuff of the above formula are described.
PARN
PAR  This is a divisional of application Ser. No. 183,244, filed on Sept. 23,
      1971, now abandoned.
BSUM
PAR  The subject of the invention are polyazo dyestuffs of the formula
EQU  A -- N = N -- M -- D -- M' -- N = N -- A'                  (1)
PAL  wherein A and A' each denote a naphthalene radical which in the 1- or
      2-position contains the azo group, in the 2- or 8-position contains an
      optionally substituted amino group, in the 8- or 1-position contains a
      hydroxyl group, in the meta-position to the hydroxyl group contains a
      sulphonic acid group and optionally contains a sulphonic acid group in the
      amine-substituted ring, M and M' each denote a 1,4- or 1,3-phenylene
      radical which is substituted by --CF.sub.3, --CN, --SO.sub.2 T or
      ##EQU1##
      and optionally additionally by lower alkyl, lower alkoxy or halogen, with
      T denoting optionally substituted alkyl, cycloalkyl, aralkyl or aryl,
      R.sub.1 denoting hydrogen or optionally substituted alkyl, cycloalkyl,
      aralkyl or aryl and R.sub.2 denoting hydrogen or optionally substituted
      alkyl, or R.sub.1 and R.sub.2 together forming the supplement to a
      heterocyclic 5-membered or 6-membered ring, and D denotes an organic
      radical bonded in the manner of an amide to M and M', and the dyestuffs
      contain at least two sulphonic acid groups in the molecule.
PAR  Possible substituents optionally present in T, R.sub.1 and R.sub.2 are, for
      example, halogen atoms or hydroxyl, carboxylic acid, sulphonic acid or
      lower alkoxy radicals.
PAR  If the amino group in the 2- or 8-position of the naphthalene radical is
      substituted, the substituents are as a rule acyl, phenyl or alkyl radicals
      which are optionally further substituted.
PAR  By polyazo dyestuffs, dyestuffs with, preferably, 2 or 3 azo components are
      to be understood in the present text.
PAR  Preferably, these polyazo dyestuffs correspond to the formula
EQU  2. A.sub.1 -- N = N -- M -- D -- M' -- N = N -- A.sub.1 '
PAL  wherein A.sub.1 and A.sub.1 ' each represent the radical
      ##SPC1##
PAL  Wherein Q denotes hydrogen or an acyl radical derived from an optionally
      substituted aliphatic, aromatic or heterocyclic carboxylic acid or an
      optionally substituted aliphatic or aromatic sulphonic acid, X.sub.1
      denotes hydrogen, optionally substituted lower alkyl or optionally
      substituted phenyl, X.sub.2 denotes hydrogen or optionally substituted
      lower alkyl and L denotes hydrogen or a sulphonic acid group, and M, M'
      and D have the indicated meanings.
PAR  D can thus be an aliphatic, aromatic or heterocyclic radical which is
      bonded in the manner of an amide to M and M', or can be the diamide
      radical of carbonic acid or oxalic acid. Radicals D bonded in the manner
      of an amide hence correspond, for example, to the following formulae:
PA1  3a. --HN--CO--NH--
PA1  3b. --HN--CO--CO--NH--
PA1  3c. --HN--CO--D'--CO--NH--
PA1  3d. --HN--CO--D'--NH--CO--
PA1  3e. --CO--HN--D'--NH--CO--
PA1  3f. --SO.sub.2 --HN--D'--NH--SO.sub.2 --
PA1  3g. --HN--SO.sub.2 --D'--SO.sub.2 --NH--
PA1  3h. --HN--D"--NH--
PAR  D' here represents an organic radical of the indicated type and D" denotes
      a heterocyclic radical of acid character, such as, for example, a cyanuric
      acid radical.
PAR  The lower alkyl or alkoxy radicals present as substituents as a rule
      contain at most 4 carbon atoms. Methyl and methoxy are in most cases
      preferred.
PAR  Where halogen atoms occur as substituents, they are fluorine, iodine or
      above all bromine and especially chlorine.
PAR  Phenyl or alkyl radicals which are substituted further contain, for
      example, alkoxy, lower alkyl, lower alkylsulphonyl, lower alkylcarbonyl,
      carboxylic acid or sulphonic acid groups, hdyroxyl groups or halogen
      atoms, as in the case of trifluoromethyl group.
PAR  The dyestuffs of the Formula (1) and (2) can be asymmetrical or preferably
      symmetrical.
PAR  However, polyazo dyestuffs of particular interest are those of the formula
      ##SPC2##
PAL  wherein A.sub.2 denotes the radical
      ##SPC3##
PAL  wherein Q.sub.1 denotes hydrogen or an acyl radical which is derivied from
      an aliphatic, heterocyclic or optionally substituted aromatic carboxylic
      acid or from an optionally substituted aromatic aliphatic acid, X.sub.3
      denotes hydrogen, lower alkyl or optionally substituted phenyl, X.sub.4
      denotes hydrogen or lower alkyl, Y denotes --CF.sub.3, --CN, --SO.sub.2
      T.sub.1 or
      ##EQU2##
      wherein T.sub.1 denotes a lower alkyl, phenyl or lower alkylphenyl radical
      which is optionally substituted by hydroxyl, carboxylic acid or sulphonic
      acid and V denotes hydrogen, lower alkyl, lower alkoxy or halogen,
      R.sub.1, R.sub.2, D and L have the indicated meaning, and V is preferably
      in the p-position relative to Y.
PAR  Advantageous properties are also displayed, above all, by polyazo dyestuffs
      of the formula
      ##SPC4##
PAL  wherein Y.sub.1 denotes --CF.sub.3, --CN, --SO.sub.2 T.sub.2 or
      ##EQU3##
      wherein T.sub.2 denotes a methyl, phenyl or 4-methyl-3-sulpho-phenyl
      radical, R.sub.3 denotes hydrogen, a lower alkyl radical optionally
      substituted by hydroxyl, lower alkoxy or sulphonic acid or phenyl
      optionally substituted by sulphonic acid, carboxylic acid, lower alkyl,
      lower alkoxy or halogen, R.sub.4 denotes hydrogen or an alkyl radical
      optionally substituted by hydroxyl, and R.sub.3 and R.sub.4 together
      denote an alkylene radical with 4 or 5 carbon atoms or a radical of the
      formula
PA1  5a. -- (CH.sub.2).sub.2 -- Z -- (CH.sub.2).sub.2 --
PAL  wherein Z represents --O--, --NH-- or --N(CH.sub.3)--, and D.sub.1 denotes
      a diamide radical of an at least dibasic carbon-containing organic acid,
      preferably carboxylic acid, which is bonded to the two adjacent benzene
      radicals by the amide nitrogen atoms, and wherein A.sub.2 has the
      indicated meaning.
PAR  Polyazo dyestuffs of particular importance are those of the formula
      ##SPC5##
PAL  wherein A.sub.3 represents the radical
      ##SPC6##
PAL  wherein Q.sub.2 denotes an acyl radical which is derived from an optionally
      substituted benzenecarboxylic or benzenesulphonic or pyridinecarboxylic
      acid, X.sub.5 denotes hydrogen or optionally substituted phenyl and
      D.sub.2 denotes a carbonyl radical or a heterocyclic or carbocyclic
      aromatic dicarbonyl radical and L and Y.sub.1 have the indicated meaning.
PAR  Suitable polyazo dyestuffs of the Formula (6), wherein A.sub.3 is the
      radical (6a), correspond, for example, to the formula
      ##SPC7##
PAL  wherein X.sub.6 denotes hydrogen or phenyl optionally substituted by lower
      alkyl, lower alkoxy, halogen, sulphonic acid, lower alkylsulphonyl or
      lower alkylcarbonyl, or hydrogen (sic) and Y.sub.1 and D.sub.2 have the
      indicated meaning.
PAR  Amongst these polyazo dyestuffs, those of the formula
      ##SPC8##
PAL  are preferred wherein Y.sub.2 represents --CF.sub.3, --CN, --SO.sub.2
      T.sub.3 or
      ##EQU4##
      wherein T.sub.3 denotes methyl or 4-methyl-3-sulphophenyl, R.sub.5 denotes
      hydrogen, methyl, ethyl, hydroxyethyl, sulphoethyl, sulphopropyl or phenyl
      optionally substituted by lower alkyl, lower alkoxy, carboxylic acid or
      sulphonic acid, and R.sub.6 denotes hydrogen, methyl or hydroxyethyl, and
      D.sub.2 and X.sub.6 have the indicated meaning.
PAR  Here, polyazo dyestuffs in the forefront of interest are those of the
      formula
      ##SPC9##
PAL  wherein X.sub.7 denotes hydrogen or a radical of the formula
      ##SPC10##
PAL  wherein G.sub.1 denotes hydrogen, methyl or methoxy, G.sub.2 denotes
      chlorine, methyl, methoxy, methylsulphonyl or sulphonic acid and G.sub.3
      denotes hydrogen or methyl, and D.sub.3 denotes carbonyl, terephthaloyl,
      isophthaloyl, benzophenone-4,4'- or 3,4'-dicarbonyl,
      diphenylsulphone-4,4'- or 3,4'-dicarbonyl, diphenylurea-4,4 - or
      3,3'-dicarbonyl, azobenzene-3,3'-dicarbonyl, thiophene-2,5-dicarbonyl,
      pyridine-2,6-dicarbonyl, pyridine-2,4-dicarbonyl, pyridine-2,5-dicarbonyl
      or pyridine-3,5-dicarbonyl and Y.sub.2 has the indicated meaning.
PAR  Very particularly preferred polyazo dyestuffs of this nature correspond to
      the formula
      ##SPC11##
PAL  wherein R.sub.6 and D.sub.3 have the indicated meanings, Y.sub.3 represents
      --CF.sub.3, --CN, --SO.sub.2 CH.sub.3,
      ##SPC12##
PAL  wherein R.sub.7 denotes hydrogen, methyl, hydroxyethyl, sulphoethyl or
      phenyl, and X.sub.8 denotes hydrogen or the 2,6-dimethylphen-(1)-yl
      radical.
PAR  In the polyazo dyestuffs of the Formulae (6) to (10), the --NH-- group is
      preferably in the p-position to the azo group in the benzene radical.
PAR  Amongst the dyestuffs of the Formula (10), these of the formula
      ##SPC13##
PAL  wherein Y.sub.4 denotes
      ##SPC14##
PAL  or --SO.sub.2 N--CH.sub.2 CH.sub.2 OH).sub.2 and D.sub.4 denotes carbonyl,
      terephthaloyl, isophthaloyl, pyridine-2,6-dicarbonyl or
      azobenzene-3,3'-dicarbonyl, are above all outstanding.
PAR  As particularly suitable types of polyazo dyestuffs of the Formulae (1),
      (2) and (4) to (11) there may be mentioned:
      ##SPC15##
PAR  Polyazo dyestuffs of the Formula (6), wherein A.sub.3 is the radical (6b)
      preferably correspond to the formula
      ##SPC16##
PAL  wherein the radicals E.sub.1 and E.sub.2 are in the 3-, 4- or 5- position
      to the --CO-- group and E.sub.1 and E.sub.2 each denotes halogen,
      hydrogen, nitro, nitrile, trifluoromethyl, lower alkyl, lower alkoxy or a
      radical of the formula
PA1  15a. --CO -- W.sub.1,
PA1  15b. -- SO.sub.2 -- W.sub.2,
PA1  15c. -- NH -- CO -- W.sub.3 or
PA1  15d. -- NH -- SO.sub.2 -- W.sub.4
PAL  wherein W.sub.1 represents hydroxyl, lower alkyl, lower alkoxy, phenyl or
      an optionally substituted amino group, W.sub.2 denotes hydroxyl, lower
      alkyl, phenyl or an optionally substituted amino group, W.sub.3 represents
      hydrogen, lower alkyl, phenyl, HOOC-alkylene, HOOC-alkenylene,
      HOOC-phenylene, HO.sub.3 S-phenylene, furyl, thienyl or pyridyl and
      W.sub.4 represents lower alkyl, phenyl lower alkylphenylene or
      HOOC-phenylene, and n, Y.sub.1 and D.sub.2 have the indicated meaning.
PAR  Amongst the polyazo dyestuffs of the Formula (15), those are preferred
      which correspond to the formula
      ##SPC17##
PAL  and especially to the formula
      ##SPC18##
PAL  wherein n, Y.sub.2, Y.sub.3 and D.sub.3 have the indicated meaning and
      E.sub.3 denotes hydrogen, a halogen atom, nitrile, trifluoromethyl, lower
      alkyl, lower alkoxy or a radical --CO--W.sub.5, --SO.sub.2 --W.sub.6,
      --NH--CO--W.sub.7 or --NH--SO.sub.2 --W.sub.8, wherein W.sub.5 represents
      lower alkyl or lower alkoxy, W.sub.6 represents lower alkyl or an
      optionally substituted amino group, W.sub.7 represents lower alkyl or
      -alkylene-COOH and W.sub.8 represents lower alkyl, and E.sub.4 denotes
      hydrogen, chlorine, nitrile, acetyl, carbomethoxy, sulphonamido,
      methylsulphonyl or methanesulphonylamino.
PAR  In the polyazo dyestuffs of the Formulae (6) and (15) to (17), the --NH--
      group is preferably also in the p- or m-position to the azo group in the
      benzene radical.
PAR  Preferred polyazo dyestuffs of this nature correspond to the formula
      ##SPC19##
PAL  or
      ##SPC20##
PAL  wherein Y.sub.3 and D.sub.4 have the indicated meaning.
PAR  A suitable example of a dyestuff of the Formula (19) corresponds, for
      example, to the formula
      ##SPC21##
PAR  The dyestuffs of the Formulae (1), (2) and (4) to (20) can not only be, as
      indicated, in the form of their free acids, that is to say with HOOC-- or
      HO.sub.3 S-- groups, but also be in the form of a salt. Depending on the
      conditions under which the dyestuff is separated out, for example on the
      chosen p.sub.H -value or on the cation which presents the salt used for
      separating out the dyestuff, the acid groups can be present as --SO.sub.3
      .sup.--- or --COO .sup.--cation .sup.+ groups, such as, for example,
      --SO.sub.3 Na, --SO.sub.3 K, (--SO.sub.3).sub.2 Ca, --COONa, --COOLi, or
      --COONH.sub.4. Thus, the salts are preferably salts of the alkaline earth
      group or especially of the alkali group.
PAR  The radicals A and A' in the Formula (1) are, for example, derived from
      2-amino-8-hydroxy-naphthalene-6-sulphonic acid or
      2-amino-8-hydroxy-naphthalene-3,6-disulphonic acid, wherein the amino
      group can be substituted by aliphatic or aromatic radicals.
PAR  Examples of such substituents are: methyl, hydroxyethyl, phenyl,
      2,6-dimethylphenyl, 2- or 3- or 4-chlorophenyl, 2,3- or 3,4- or
      3,5-dichlorophenyl, 2- or 3- or 4-fluorophenyl, 2-methyl-4- or
      2-methyl-5-chlorophenyl, 3-trifluoromethylphenyl, 2,6-dimethoxyphenyl, 2-
      or 4-phenylsulphonic acid, 2-methylphenyl-4-sulphonic acid, 4
      -chlorophenyl-3-sulphonic acid, 3- or 4-acetylphenyl, 3- or
      4-methylsulphonylphenyl, 4-bromophenyl, 4-phenoxy-phenyl-3-sulphonic acid,
      4-chloro-3-methoxyphenyl, 4-methoxy-phenyl-3-sulphonic acid,
      4-phenyl-carboxylic acid, 4-phenyl-(N,N-dimethyl)-carboxylic acid amide
      and 4-phenyl-(N,N-diethyl)sulphonic acid amide.
PAR  Further, the radicals A or A' in the formula (1) are derived, for example,
      from 1-amino-8-hydroxy-3,6- or 4,6-disulphonic acid, wherein the amino
      group can be substituted by acyl groups. Examples of such acyl groups are,
      for instance: acetyl, caproyl, mesyl, benzenesulphonyl,
      p-toluenesulphonyl, nicotinoyl, benzoyl, 4-bromobenzoyl,
      2,4-dichlorobenzoyl, 4-methoxybenzoyl, 4-toluyl-, 3,5-dinitrobenzoyl,
      3-trifluoromethylbenzoyl, 4-cyanobenzoyl, 4-methylsulphonylbenzoyl,
      3-methylsulphamoylbenzoyl, 4-chloro-3-sulphamoylbenzoyl,
      4-benzoylaminobenzoyl, 4-chloro-3-nitrobenzoyl, 3-acetylaminobenzoyl,
      4-carbomethoxybenzoyl, 4-benzoylbenzoyl, 4-acetylbenzoyl,
      4-succinylaminobenzoyl, 4-glutarylaminobenzoyl, 4-fumaroylaminobenzoyl,
      4-benzenesulphonylaminobenzoyl, 4-[4'-toluenesulphonyl]-aminobenzoyl,
      4-methylsulphonylaminobenzoyl, 4-furoylaminobenzoyl,
      4-pyridoylaminobenzoyl, 3-thienovlaminobenzoyl, benzoyl-3-sulphonic acid,
      benzoyl-4-carboxylic acid, 3-formylaminobenzoyl,
      4-(3'-sulphobenzoylamino)-benzoyl, 4-benzoylaminobenzoyl-4'-carboxylic
      acid and 4-phenylsulphonylbenzoyl.
PAR  The radicals M and M' in the Formula (1) are derived from the following
      nitroaminobenzenes or diaminobenzenes: 2-amino-5-nitro-benzotrifluoride,
      2-amino-5-nitro-benzontrile, 2-amino-4-acetylamino-benzonitrile,
      2-amino-5-nitro-benzenesulphonamide,
      2-amino-5-nitro-(N-methyl)-benzenesulphonamide,
      2-amino-5-nitro-(N,N-dimethyl)-benzenesulphonamide,
      2-amino-5-nitro-(N-.beta.-hydroxyethyl)benzenesulphonamide,
      2-amino-5-nitro-(N,N-bis-.beta.-hydroxyethyl)-benzenesulphonamide,
      2-amino-5-nitro -(N-methyl-N-.beta.-sulphoethyl)-benzenesulphonamide,
      2-amino-5-nitro-(N-methyl-N-.beta.-hydroxyethyl)-benzenesulphonamide,
      2-amino-5-nitro-(N-methoxypropyl)-benzenesulphonamide,
      2-amino-5-nitro-(N-phenyl)-benzenesulphonamide,
      2-amino-5-nitro-(N-methyl-N-anthranyl)-benzenesulphonamide,
      2-amino-5-nitro-(N-metanyl)-benzenesulphonamide,
      2-amino-5-nitro-(endo-N-morpholinyl)-benzenesulphonamide,
      2-amino-5-nitro-(endo-N-piperidyl)-benzenesulphonamide,
      2-amino-5-nitro-(endo-N-pyrrolidinyl)-benzenesulphonamide,
      2-amino-5-nitro-(endo-N'-piperazinyl)-benzenesulphonamide,
      2-amino-4-acetylamino-benzenesulphonamide and its derivatives,
      2-methylsulphonyl-4-nitroaniline,
      2-methylsulphonyl-5-methyl-4-nitroaniline,
      2-methylsulphonyl-5-methoxy-4-nitroaniline,
      2-methylsulphonyl-5-chloro-4-nitroaniline,
      2-methylsulphonyl-5-methylmercapto-4-nitroaniline,
      2-methylmercapto-4-acetylamino-aniline, 4-methylsulphonyl-3-nitroaniline,
      2-ethylsulphonyl-4-acetylamino-aniline,
      2-[n-butylsulphonyl]4-acetylamino-aniline,
      2-[iso-butylsulphonyl]-4-acetylaminoaniline,
      2-amino-4-acetylamino-diphenylsulphone,
      2-amino-4-acetylamino-3'-methyl-diphenylsulphone,
      3-[2'-amino-5'-nitro-benzenesulphonylamino-]-benzoic acid,
      2-[2'-amino-5'-nitro-phenylsulphonyl-]ethanol and
      2-amino-4-acetylamino-4'-methyl-3'-sulpho-diphenylsulphone.
PAR  The bridge member D in the Formula (1) is derived from, for example, the
      following acid halides: phosgene, succinic acid dichloride, thiophosgene,
      glutaric acid dichloride, pimelic acid dichloride, chlorosuccinic acid
      dichloride, 2,3-dichlorosuccinic acid dichloride, fumaric acid dichloride,
      terephthaloyl chloride, isophthaloyl chloride, 5-nitroisophthaloyl
      chloride, thiophene-2,5-dicarboxylic acid dichloride,
      furane-2,5-dicarboxylic acid dichloride, pyridine-2,5-dicarboxylic acid
      dichloride, pyridine-2,4-dicarboxylic acid dichloride,
      pyridine-2,6-dicarboxylic acid dichloride, pyridine-3,5-dicarboxylic acid
      dichloride, pyrrole-2,5-dicarboxylic acid dichloride,
      diphenylurea-4,4'-dicarboxylic acid dichloride,
      diphenylurea-3,3'-dicarboxylic acid dichloride,
      diphenylketone-4,4'-dicarboxylic acid dichloride,
      diphenylketone-3,3'-dicarboxylic acid dichloride,
      diphenylketone-3,4'-dicarboxylic acid dichloride,
      diphenylsulphone-4,4'-dicarboxylic acid dichloride,
      diphenylsulphone-3,3'-dicarboxylic acid dichloride,
      diphenylsulphone-3,4'-dicarboxylic acid dichloride,
      benzene-1,3-disulphonic acid dichloride, diphenylmethane-4,4'-dicarboxylic
      acid dichloride, diphenylsulphide-4,4'-dicarboxylic acid dichloride,
      4,4'-dimethyl-azobenzene-3,3'-dicarboxylic acid dichloride,
      4,4'-dichloro-azobenzene-3,3'-dicarboxylic acid dichloride,
      2,2'-dichloro-azobenzene-5,5'-dicarboxylic acid dichloride,
      2,2'-dimethyl-azobenzene-5,5'-dicarboxylic acid dichloride,
      2,2'-dimethoxy-azobenzene-5,5'-dicarboxylic acid dichloride,
      azobenzene-3,3'-dicarboxylic acid dichloride, azobenzene-4,4'-dicarboxylic
      acid dichloride, azobenzene-3,4'-dicarboxylic acid dichloride,
      naphthalene-2,6-dicarboxylic acid dichloride, azobenzene-4,4'- and
      3,3'-disulphonic acid dichloride,
      2,2'-dimethylazobenzene-4,4'-dicarboxylic acid dichloride,
      4-methoxyazobenzene-3,4'-dicarboxylic acid dichloride,
      3,3'-dichloroazobenzene-4,4'-dicarboxylic acid dichloride,
      4,4'-dichloroazobenzene-5,5'-dicarboxylic acid dichloride,
      4,6-dichloropyrimidine, 1-phenyl-3,5-dichloro-2,4,6-triazine or
      1-methoxy-3,5-dichloro-2,4,6-triazine. Furthermore cyanuric chloride can
      also be used.
PAR  The azo dyestuffs of the Formula (1) are manufactured according to methods
      which are in themselves known.
PAR  One process, for example, is characterised in that at least one compound of
      the formula
PA1  21. A -- N = N -- M -- NH.sub.2
PAL  is reacted with a halide of an acid of the formula
PA1  22. HO -- L.sub.1 -- D' -- L.sub.2 -- OH
PAL  wherein A and M have the indicated meaning, D' represents an organic
      radical and L.sub.1 and L.sub.2 each represent --CO-- or --SO.sub.2 --, or
      with phosgene.
PAR  The starting compounds of the Formula (21) are obtained if an aniline of
      the formula
PA1  23.1. H.sub.2 N--M--NO.sub.2
PAL  or
PA1  23.2. H.sub.2 N--M'--NO.sub.2
PAL  or
PA1  23.3. H.sub.2 N--M--NH--U
PAL  or
PA1  23.4. H.sub.2 N--M'--NH--U'
PAL  wherein U denotes a protective group which can be removed, is diazotised
      and coupled with a compound of the formula
PA1  24.1. A -- H
PAL  or
PA1  24.2. A' -- H.
PAL  After reduction of the nitro group and/or splitting off of the protective
      group, an aminoazo dyestuff of the Formula (21) or
PA1  25. A' -- N = N -- M'-- NH.sub.2 is obtained.
PAR  It is then possible to link 2 mols of the amino compound of the Formula
      (21) or (25) with one mol of bridge member, for example of the formula
      ##EQU5##
      wherein Hal represents halogen, n and m are 1 or 2 and D' has the
      indicated meaning, so that symmetrical azo dyestuffs of the formula
PA1  27.1. A -- N = N -- M -- NH -- CO -- D' -- CO -- NH -- M -- N = N -- A
PAL  or
PA1  27.2. A' -- N = N -- M' -- NH -- CO -- D' -- CO -- NH -- M' -- N = N -- A'
PAL  are obtained. If 1 mol of a compound of the Formula (21) and 1 mol of a
      compound of the Formula (25) are successively reacted with 1 mol of bridge
      member of the Formula (26), the corresponding asymmetrical azo dyestuffs
      of the Formula (1) are obtained. Furthermore, it is also possible to allow
      a mixture of different dyestuffs of the Formula (21) to react with a
      compound of the Formula (26).
PAR  A different process for the manufacture of dyestuffs of the Formula (1) is
      that an aminonaphthol of the Formula (24.1) and/or (24.2) is reacted with
      a tetraazo compound of a diamine of the formula
PA1  28. H.sub.2 N--M--D--M'--NH.sub.2
PAL  wherein M, M' and D have the indicated meaning.
PAR  A further process for the manufacture of dyestuffs of the Formula (1) is
      characterized, for example, in that an aminonaphthol of the Formula (24.1)
      or (24.2) is reacted with a diazo compound of an aminoazo dyestuff of the
      formula
PA1  29. A--N=N--M--D--M'--NH.sub.2
PAL  wherein A, M, M' and D have the indicated meaning. This method is in
      particular suitable for the manufacture of asymmetrical azo dyestuffs. The
      compounds of the Formula (29) are obtained by diazotisation of a compound
      of the formula
PA1  30.1. H.sub.2 N--M--D--M'--NO.sub.2
PAL  or
PA1  30.2. H.sub.2 N-- M--D--M'--NH--U
PAL  wherein M, M', D and U have the indicated meaning, and coupling to a
      compound of the Formula (24.1) or (24.2).
PAR  The condensation of amines with acid dichlorides is advantageously carried
      out in polar solvents such as water, diethylacetamide, dimethylformamide
      or N-methylpyrrolidone or mixtures thereof.
PAR  It can also be of advantage to effect the condensation in the presence of
      acid-binding agents such as, for example, alkali carbonates or alkali
      borates. Solvents such as pyridine themselves already serve as
      acid-binding agents.
PAR  The dyestuffs of the Formula (1) are used for various purposes in
      photographic materials and amongst these particularly advantageously as
      image dyestuffs for the silver dye bleach process. Accordingly, valuable
      photographic materials which contain, on a layer carrier, at least one
      layer with a dyestuff of the Formula (1), can be manufactured in the
      customary manner which is in itself known.
PAR  In particular, these dyestuffs can be present in a multi-layer material
      which contains, on a layer carrier, a layer dyed with a cyan dyestuff
      which is selectively sensitive to red, on top of this a layer dyed with a
      magenta dyestuff of the Formula (1) which is selectively sensitive to
      green and finally a layer dried with a yellow dyestuff, which is sensitive
      to blue. It is, however, also possible to incorporate the dyestuffs of the
      Formula (1) in an auxiliary layer or especially into a layer adjacent to
      the light-sensitive layer.
PAR  Furthermore, the dyestuffs of the Formula (1) can also be used, for
      example, for retouching purposes.
PAR  In most cases it suffices to add the dyestuffs to be used according to the
      invention, as a solution in water or in a water-miscible solvent, to an
      aqueous gelatine solution at normal or slightly elevated temperature,
      whilst stirring well. Thereafter the mixture is brought together with a
      gelatine containing silver halide and/or other materials for the
      production of photographic images, cast in the usual manner on a substrate
      to give a layer, and dried if required.
PAR  The dyestuff solution can also be added directly to a gelatine containing
      silver halide and/or other materials for the production of photographic
      images. Thus it is, for example, possible only to meter in the dyestuff
      solution immediately prior to casting.
PAR  Instead of simple stirring, the usual methods of distribution by means of
      kneading forces and/or shear forces to ultrasonics can also be employed.
PAR  It is also possible to add the dyestuff not as a solution but in the solid
      form or as a paste.
PAR  The casting solution can contain yet further additives, such as hardeners,
      sequestring agents and wetting agents, as well as sensitisers and
      stabilisers, for the silver halide.
PAR  The dyestuffs neither undergo chemical reactions with the light-sensitive
      materials nor impair their sensitivity to light. The dyestuffs of the
      Formula (1) are at the same time very diffusion-resistant and also form
      stable, aqueous solutions which are insensitive to calcium ions and can
      easily be bleached to white.
PAR  On addition to the casting solutions, the dyestuffs cause neither an
      increase in viscosity nor a significant change in viscosity on leaving the
      casting mixture to stand.
PAR  The spectral absorption in gelatine lies in an advantageous range, so that
      the dyestuffs of the Formula (1) can be combined with a suitable yellow
      and cyan dyestuff to give a triple dyestuff combination which shows grey
      shades appearing neutral to the eye over the entire density range.
PAR  The dyestuffs of the Formula (1) are distinguished by particularly high
      fastness to light.
PAR  In the manufacturing instructions and examples which follow, the
      percentages are percentages by weight.
PAC  MANUFACTURING EXAMPLES (GROUP 1)
DETD
PAC  EXAMPLE 1
PAR  1.1 A solution of 7.65 g. of
      2-amino-5-nitro-(N,N-.beta.-di-hydroxyethyl)-benzenesulphonamide in 50 ml
      of pyridine, 20 ml of water and 6.5 ml of 4 N sodium nitrite solution is
      diazotised by adding it dropwise to a mixture of 100 ml of 37% strength
      hydrochloric acid and 100 g of ice. The whole is stirred for a further 15
      minutes and the excess nitrite is then destroyed with sulphamic acid. A
      solution of 6.4 g of 2-amino-8-naphthol-6-sulphonic acid in 75 ml of water
      is then added at 0.degree.C. The reaction mixture is stirred for a further
      hour, a 30% strength sodium hydroxide solution is added until p.sub.H 3 is
      reached, and the whole is warmed to 40.degree.C. After stirring for half
      an hour, the dyestuff which has separated out is filtered off whilst warm
      and is washed with ethanol.
PAR  The nitroazo dyestuff thus obtained is reduced in 300 ml of water with 8.9
      g of sodium sulphide at 40.degree.C. After one hour, the reaction is
      complete. The aminoazo dyestuff is precipitated with a 7 N potassium
      acetate solution. The crude dyestuff is dissolved in water, an equivalent
      amount of dioxane is added, and the mixture is clarified by filtration.
      After distilling off the dioxane, the dyestuff is precipitated with a
      potassium chloride solution, filtered off and dired. Yield: 6.7 g. of the
      aminoazo dyestuff of the formula
      ##SPC22##
PAR  1.2 1.1 g of the aminoazo dyestuff of the Formula (101.1) are dissolved in
      20 ml of water and 10 ml of dimethylformamide and 0.2 g of terephthalic
      acid dichloride in 1 ml of acetone is added at ice bath temperature. At
      the same time the p.sub.H -value is kept at 7 by adding 2 N sodium
      carbonate solution. After stirring for one hour, 0.1 g of terephthalic
      acid dichloride is again added and the mixture is stirred for a further
      hour at p.sub.H 7 and 0.degree. to 5.degree.C. The dyestuff which has
      separated out is filtered off and purified by dissolving it in water and
      precipitating it. Yield: 0.6 g of the dyestuff of the formula (101).
PAC  EXAMPLE 2
PAR  2.1 16.3 g of 2-amino-5-nitro-benzonitrile are dissolved in 95 g of
      nitrosylsulphuric acid at room temperature and the solution is left to
      stand in the dark for 15 hours. The reaction mixture is carefully poured
      onto ice and the resulting clear diazonium solution is then added dropwise
      at 10.degree.-15.degree.C and p.sub.H 7 to a solution of 73 g of
      1-benzoylamino-8-naphthol-4,6-disulphonic acid (73% strength) in 800 ml of
      water, whilst stirring well. The mixture is stirred for a further 2.5
      hours at room temperature; the resulting nitroazo dyestuff is precipitated
      by means of a saturated sodium chloride solution, filtered off, washed
      with dilute sodium chloride solution and then dissolved in 2,000 ml of
      water at 40.degree.C. 74.4 g of Na.sub.2 S.9H.sub.2 O are then added at
      40.degree.C; the mixture is stirred for one hour at 40.degree.C until no
      nitroazo dyestuff is detectable by thin layer chromatography. The reaction
      mixture is then slightly acidified with 37% strength hydrochloric acid and
      salted-out with sodium chloride. The residue is dissolved in water and
      reprecipitated with ethanol, filtered off, washed and dried.
PAR  Yield: 24 g of the aminoazo dyestuff of the formula
      ##SPC23##
PAR  2.2 2.0 g of the aminoazo dyestuff of the Formula (301.1) and 2.0 g of
      sodium tetraborate are dissolved in 100 ml of water, the resulting
      solution is clarified by filtration, a solution of 0.35 g. of terephthalic
      acid dichloride in 10 ml of absolute acetone is added at room temperature
      whilst stirring well, and the whole is then stirred for one hour at
      70.degree.C. The resulting disazo dyestuff is precipitated with 100 ml of
      ethanol and filtered off. The red dyestuff is dissolved in 200 ml of
      water, the solution is clarified by filtration, and the dyestuff is
      precipitated with ethanol. After filtering off and drying at 40.degree.C
      in vacuo, 1.6 g of the dyestuff of the Formula (301), which according to a
      thin layer chromatogram is a single substance, are obtained.
PAR  The remaining dyestuffs of Tables I to III are manufactured analogously.
PAR  Tables I to III below lists the dyestuffs of the Formulae (101) to (121),
      (201) to (208) and (301) to (303).
PAR  In all tables the columns denote the following:
     Column (1):                                                               

                Formula No.                                                    

     Column (2):                                                               

                Position of the second HO.sub.3 S - group in                   

                the naphthalene nucleus.                                       

     Column (3):                                                               

                Position of -NH- relative to the azo                           

                group.                                                         

     Column (4):                                                               

                Absorption maxima in nm                                        

                (a) measured in DMF/H.sub.2 O, 1:1                             

                (b) measured in gelatine.                                      

PAR  The remaining symbols in Tables I to III relate to the following formulae:
PAC  TABLE I
      ##SPC24##
PAC  TABLE II
      ##SPC25##
PAC  TABLE III
      ##SPC26##
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                                        (4)                    

     (1) V    L           Y         D                   (a)  (b)               

     __________________________________________________________________________

     101                                                                       

        --H  --H  --SO.sub.2 --N--(C.sub.2 H.sub.4 OH).sub.2                   

                                                        532/561                

                                                             531/560           

     102                                                                       

        --H  --H  --SO.sub.2 --N--(C.sub.2 H.sub.4 OH).sub.2                   

                                                        529  505/580           

     103                                                                       

        --H  --H  --SO.sub.2 --N--(C.sub.2 H.sub.4 OH).sub.2                   

                                    --CO--              540/562                

                                                             512               

     104                                                                       

        --H  --H  --SO.sub.2 CH.sub.3                                          

                                    --CO--              546/570                

                                                             516/595           

     105                                                                       

        --H  --H  --SO.sub.2 CH.sub.3                   538/560                

                                                             502/580           

     106                                                                       

        --H  --H  --SO.sub.2 CH.sub.3                   534/554                

                                                             507/582           

     107                                                                       

        --H  --H                    --CO--              550/574                

                                                             537/590           

     108                                                                       

        --H  --H                                        546/570                

                                                             536/585           

     109                                                                       

        --H  --H                                        539/558                

                                                             535/578           

     110                                                                       

        --H  --H  -- CF.sub.3       --CO--              531/553                

                                                             499/576           

     111                                                                       

        --H  --H  --CF.sub.3                            523/543                

                                                             512/560           

     112                                                                       

        --H  --H  --CF.sub.3                            520/550                

                                                             513/556           

     113                                                                       

        --H  --H  --CN                                  527/559                

                                                             516/570           

                  CH.sub.3                                                     

     114                                                                       

        --H  --H  --SO.sub.2 --N.angle.                 534/560                

                                                             503/580           

                  CH.sub.2 CH.sub.2 SO.sub.3 H                                 

                  CH.sub.3                                                     

     115                                                                       

        --H  --H  --SO.sub.2 --N.angle.                 537/560                

                                                             508               

                  CH.sub.2 CH.sub.2 SO.sub.3 H                                 

     116                                                                       

        --H  --H  --SO.sub.2 --NH--C.sub.2 H.sub.4 OH   540/560                

                                                             500               

     117                                                                       

        --H  --H  --SO.sub.2 --NH--C.sub.6 H.sub.5      536/560                

                                                             515/560           

     118                                                                       

        --H  --H  --SO.sub.2 --NH.sub.2                 522/544                

                                                             521/560           

     119                                                                       

        --H  --H  --SO.sub.2 --NH.sub.2                 524/544                

                                                             523/560           

     120                                                                       

        --H  --H  --SO.sub. 2 --NH.sub.2                522/544                

                                                             532/562           

     121                                                                       

        --H  --H  --SO.sub.2 --NH.sub.2                 525/544                

                                                             525/560           

     122                                                                       

        --CH.sub.3                                                             

             --H  --SO.sub.2 CH.sub.3                                          

                                    --CO--              537/570                

                                                             508/590           

     123                                                                       

        --CH.sub.3                                                             

             --H  --SO.sub.2 CH.sub.3                   534  498/580           

     124                                                                       

        --Cl --H  --SO.sub.2 CH.sub.3                                          

                                    --CO--              538/570                

                                                             509/598           

     125                                                                       

        --H  --H  --SO.sub.2 NH.sub.2                   520/540                

                                                             522/560           

     126                                                                       

        --H  --H  --SO.sub.2 NH.sub.2                   526/546                

                                                             527/566           

     127                                                                       

        --H  --H  --SO.sub.2 N(CH.sub.3).sub.2          535/560                

                                                             500               

     128                                                                       

        --H  --SO.sub.3 H                                                      

                  --CN                                  532/554                

                                                             529/570           

     129                                                                       

        --OCH.sub.3                                                            

             --H  --SO.sub.2 CH.sub.3                   541/565                

                                                             525/593           

     130                                                                       

        --H  --H  --SO.sub.2 NHCH.sub.3                 537/562                

                                                             500/594           

     131                                                                       

        --H  --H  --SO.sub.2 NHCH.sub.3                 534/559                

                                                             504/594           

     132                                                                       

        --H  --H  --SO.sub.2 NHCH.sub.3                 535/561                

                                                             505/594           

     133                                                                       

        --H  --H  --SO.sub.2 NH--(CH.sub.2).sub.3 --OCH.sub.3                  

                                                        540/564                

                                                             504/594           

     134                                                                       

        --H  --H  --SO.sub.2 NH--(CH.sub.2).sub.3 --OCH.sub.3                  

                                                        535/560                

                                                             506/592           

     135                                                                       

        --H  --H                                        537/560                

                                                             548/589           

     136                                                                       

        --H  --H                                        535/557                

                                                             506/576           

     137                                                                       

        --H  --H                                        540/557                

                                                             554/593           

     138                                                                       

        --H  --H                                        540/561                

                                                             530               

     139                                                                       

        --H  --H                                        534/562                

                                                             533               

     140                                                                       

        --H  --H                                        542/562                

                                                             524/582           

     __________________________________________________________________________

TBL                                    TABLE II                                

     __________________________________________________________________________

                                               (4)                             

     (1)   Y     X           D              (3)                                

                                               (a)  (b)                        

     __________________________________________________________________________

     201                                                                       

        --SO.sub.2 CH.sub.3  --CO--         p  558/586                         

                                                    565/596                    

     202                                                                       

        --SO.sub.2 CH.sub.3                 p  548/571                         

                                                    567/611                    

     203                                                                       

        --CF.sub.3           --CO--         p  548/576                         

                                                    549/583                    

     204                                                                       

        --CF.sub.3                          p  539/562                         

                                                    537/569                    

     205                                                                       

        --CF.sub.3                          p  538/560                         

                                                    552/596                    

     206                                                                       

        --SO.sub.2 CH.sub.3  --CO--         m  536/552                         

                                                    538/560                    

     207                                                                       

        --SO.sub.2 CH.sub.3                 m  537/551                         

                                                    542/554                    

     208                                                                       

        --CN                                p  530/554                         

                                                    532/565                    

     209                                                                       

        --CF.sub.3                                                             

                 --CH.sub.3                 p  532/570                         

                                                    502/582                    

     210                                                                       

        --CF.sub.3                                                             

                 --CH.sub.3                 p  531/566                         

                                                    505/586                    

     211                                                                       

        --SO.sub.2 CH.sub.3                                                    

                 --CH.sub.3                 m  550/557                         

                                                    511/580                    

     212                                                                       

        --SO.sub.2 CH.sub.3                                                    

                 --CH.sub.3  --CO--         m  530/557                         

                                                    570/615                    

     213         --CH.sub.3                 p  549/577                         

                                                    536/594                    

     __________________________________________________________________________

     TABLE III                                                                 

                                               (4)                             

     (1)                                                                       

        Q              Y    D            (2)                                   

                                            (3)                                

                                               (a)  (b)                        

     __________________________________________________________________________

     301              --CN               5  p  534/558                         

                                                    474/540                    

     302              --SO.sub.2 CH.sub.3                                      

                            --CO--       6  m  524  527/559                    

     303              --SO.sub.2 CH.sub.3                                      

                                         5  p  536/550                         

                                                    536/575                    

     304              --SO.sub.2 CH.sub.3                                      

                                         6  p  544/563                         

                                                    575                        

     305              --SO.sub.2 CH.sub.3                                      

                                         6  p  534/553                         

                                                    545                        

     306              --SO.sub.2 CH.sub.3                                      

                                         6  p  543/564                         

                                                    577                        

     __________________________________________________________________________

PAC  USE EXAMPLES (GROUP 2)
PAC  EXAMPLE 1
PAR  3.3 ml of a 6% strength gelatine solution, 2.0 ml of a 1% strength aqueous
      solution of the hardener of the formula
      ##SPC27##
PAL  1.0 ml of a 1% strength aqueous solution of the magenta dyestuff of the
      Formula (108) and 3.3 ml of silver bromide emulsion, containing 35 g of
      silver per liter, are pipetted into a test tube and made up to 10.0 ml
      with deionised water. This solution is vigorously mixed and kept at
      40.degree.C in a waterbath for 5 minutes.
PAR  The casting solution, which is at 40.degree.C, is cast on a 13 cm .times.
      18 cm substrated glass plate. After solidifying at 10.degree.C, the plate
      is dried in a drying cabinet with circulating air at 32.degree.C.
PAR  A strip, cut to 3.5 cm .times. 18 cm, is exposed for 3 seconds with 50
      Lux/cm.sup.2 under a step wedge and through a Kodak 2b + 49 blue filter.
      Thereafter it is further processed as follows:
PAR  1. 10 minutes' developing in a bath which per liter contains 1 g of
      p-methylaminophenol sulphate, 20 g of anhydrous sodium sulphite, 4 g of
      hydroquinone, 10 g of anhydrous sodium carbonate and 2 g of potassium
      bromide;
PAR  2. 2 minutes' soaking;
PAR  3. 6 minutes' stop-fixing in a bath which per liter contains 200 g of
      crystalline sodium thiosulphate, 15 g of anhydrous sodium sulphite, 25 g
      of crystalline sodium acetate and 13 ml of glacial acetic acid;
PAR  4. 8 minutes' soaking;
PAR  5. 20 minutes' dye-bleaching in a bath which per liter contains 27.5 ml of
      96% strength sulphuric acid, 10 g of potssium iodide and 15 ml of a
      solution of 0.3 g of 2,3-dimethyl-6-aminoquinoxaline in 50 ml of ethanol;
PAR  6. 4 minutes' soaking;
PAR  7. 8 minutes' bleaching of residual silver in a bath which per liter
      contains 50 g of potassium ferricyanide, 15 g of potassium bromide, 10 g
      of disodium phosphate and 14 g of monosodium phosphate;
PAR  8. 6 minutes' soaking;
PAR  9. 6 minutes' fixing as indicated under 3.);
PAR  10. 10 minutes' soaking.
PAR  A brilliant, light-fast purple wedge is obtained which is completely
      bleached to white in the position of what was originally the greatest
      density of silver.
PAR  Similar results are obtained on using one of the other dyestuffs of Tables
      I to III.
PAC  EXAMPLE 2
PAR  The following layers are successively applied to an opaque white acetate
      film provided with an adhesive layer:
PAR  1. Red-sensitive silver bromide emulsion in gelatine, containing the cyan
      dyestuff of the formula
      ##SPC28##
PAR  2. Colourless gelatine layer without silver halide.
PAR  3. Green-sensitive silver bromide emulsion in gelatine, containing the
      magenta dyestuff of the Formula (201).
PAR  4. Blue-sensitive silver bromide emulsion in gelatine, containing the
      yellow dyestuff of the formula
      ##SPC29##
PAR  The gelatine layers can additionally contain additives such as wetting
      agents, hardeners and stabilisers for the silver halide. In other
      respects, the procedure followed is such that the individual layers
      contain, per square meter of film, 0.5 g of the particular dyestuff and
      the amount of silver bromide corresponding to 1 - 1.2 g of silver.
PAR  This film is exposed with red, green and blue copying light under a
      coloured diapositive. Thereafter the copy is developed in accordance with
      the instruction indicated in Example 1.
PAR  A light-fast and a document-fast positive direct-viewing image is obtained.
PAR  Similar results are obtained if instead of the dyestuff of the Formula
      (201) a different dyestuff of Tables I to III is used.
PAC  EXAMPLE 3
PAR  3.3 ml of 6% strength gelatine solution, 2.0 ml of a 1% strength aqueous
      solution of the hardener of the Formula (401), 3.3 ml of silver bromide
      emulsion containing 35 g of silver per liter, and 1.4 ml of deionised
      water are pipetted into a test tube.
PAR  The whole is thoroughly mixed and kept at 40.degree.C in a waterbath for 5
      minutes.
PAR  The casting solution, which is at 40.degree.C, is cast on a 13 cm .times.
      18 cm substrated glass plate. After solidifying at 10.degree.C, the plate
      is dried in a drying cabinet with circulating air at 32.degree.C.
PAR  A mixture of 3.3 ml of a 6% strength gelatine solution, 2.0 ml of a 1%
      strength aqueous solution of the hardener of the Formula (401), 0.5 ml of
      a 1% strength aqueous solution of the magenta dyestuff of the Formula
      (102) and 4.2 ml of deionised water is then cast onto the dried layer.
PAR  The new layer is allowed to solidify and dry as indicated above.
PAR  A strip, cut to 3.5 cm .times. 18 cm, is exposed with 50 Lux/cm.sup.2 for
      10 seconds under a step wedge and through a Kodak 2b +  49 blue filter.
PAR  Thereafter, the procedure described in Example 1 is followed.
PAR  A brilliant, very light-fast purple wedge is obtained, which is completely
      bleached to white in the position of what was originally the greatest
      density of silver.
PAR  Similar results are obtained if instead of the dyestuff of the Formula
      (102) a different dyestuff of Tables I to III is used.
PAC  EXAMPLE 4
PAR  A test strip which has been manufactured in accordance with Example 1 using
      the magenta dyestuff of the Formula (115), and has been exposed in
      accordance with Example 1, is processed as follows:
PAR  1. 5 minutes' developing in a bath which per liter contains 1 g of
      p-methylaminophenol sulphate, 20 g of anhydrous sodium sulphite, 4 g of
      hydroquinone, 10 g of anhydrous sodium carbonate, 2 g of potassium bromide
      and 3 g of sodium thiocyanate;
PAR  2. 2 minutes' soaking;
PAR  3. 2 minutes' treatment in a reversal bath which per liter contains 5 g of
      potassium bichromate and 5 ml of 96% strength sulphuric acid;
PAR  4. 4 minutes' soaking;
PAR  5 minutes' treatment in a bath which per liter contains 50 g of anhydrous
      sodium sulphite;
PAR  6. 3 minutes' soaking;
PAR  7. 4 minutes' developing in a bath which per liter contains 2 g of
      1-phenyl-3-pyrazolidone, 50 g of anhydrous sodium sulphite, 10 g of
      hydroquinone, 50 g of anhydrous sodium carbonate, 2 g of sodium
      hexametaphosphate and 20 ml of a 1% strength aqueous solution of
      tert.-butylaminoborane;
PAR  8. 2 minutes' soaking;
PAR  9. further treatment as indicated in Example 1 under 5.) to 10.).
PAR  A brilliant, highly light-fast magenta wedge running conversely to the
      initial original is obtained.
PAR  Similar results are obtained on using one of the remaining dyestuffs of
      Tables I to III.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A disazo dyestuff of the formula
      ##SPC30##
PAL  wherein A.sub.2 denotes
      ##SPC31##
PAL  wherein Q.sub.1 denotes hydrogen, pyridinecarboxyl, benzoyl, phenylsulfonyl
      or substituted benzoyl, pyridenecarboxyl or phenylsulfonyl wherein the
      substituents are selected from the group consisting of
PA1  halo, nitro, cyano, trifluoromethyl, lower alkyl,
PA1  lower alkoxy,
PA1  --CO--W.sub.1,
PA1  --so.sub.2 --w.sub.2,
PA1  --nh--co--w.sub.3,
PAL  or
PA1  --NH--SO.sub.2 --W.sub.4
PAL  wherein W.sub.1 is hydroxyl, lower alkyl, lower alkoxy, phenyl, or
      --NH.sub.2, W.sub.2 is hydroxyl, lower alkyl, phenyl, or --NH.sub.2,
      W.sub.3 is hydrogen, lower alkyl, phenyl, HOOC-lower alkylene,
      HOOC-phenylene, HO.sub.3 S-phenylene, furyl, thienyl or pyridyl, and
      W.sub.4 is lower alkyl, phenyl, lower alkylphenylene or HOOC-phenylene;
PA1  X.sub.4 is hydrogen or lower alkyl,
PA1  X.sub.3 is hydrogen, lower alkyl, phenyl or substituted phenyl wherein the
      substituents are selected from the group consisting of lower alkyl, lower
      alkoxy, halo, sulfo, lower alkylsulphonyl and lower alkylcarbonyl,
PA1  Y is -CF.sub.3, -CN, -SO.sub.2 T.sub.1 or
      ##EQU6##
      wherein T.sub.1 is lower alkyl, phenyl or lower alkylphenyl, or lower
      alkyl, phenyl or lower alkylphenyl substituted by hydroxyl, carboxy or
      sulfo;
PA1  R.sub.1 is hydrogen, lower alkyl, lower hydroxyalkyl, lower alkoxyalkyl,
      sulpho lower alkyl, phenyl or phenyl substituted by carboxy, sulpho, halo,
      lower alkyl or lower alkoxy;
PA1  R.sub.2 is hydrogen, lower alkyl or lower hydroxyalkyl;
PA1  V is hydrogen, lower alkyl, lower alkoxy or halo;
PA1  L is hydrogen or sulpho; and
PA1  D.sub.1 is a dicarboxylic acid amide radical derived from pyridine,
      thiophene or furane dicarboxylic acid.
NUM  2.
PAR  2. A disazo dyestuff according to claim 1, wherein V is hydrogen, and
PA1  T.sub.1 is methyl, pheyl or 4-methyl-3-sulpho-phenyl.
NUM  3.
PAR  3. A disazo dyestuff according to claim 1, wherein
PA1  V is hydrogen;
PA1  Q is pyridinecarboxyl, benzoyl, phenylsulfonyl, or said substituted
      benzoyl, pyridinecarboxyl or phenylsulfonyl, X.sub.4 is hydrogen, and
      X.sub.3 is hydrogen, phenyl or said substituted phenyl.
NUM  4.
PAR  4. A disazo dyestuff according to claim 1, of the formula
      ##SPC32##
PAL  wherein X.sub.4 is hydrogen, phenyl or said substituted phenyl,
PA1  Y is --CF.sub.3, --CN, SO.sub.2 T.sub.1 or
      ##EQU7##
      wherein T.sub.1 is methyl, phenyl or 4-methyl-3-sulpho-phenyl, R.sub.1 is
      hydrogen, lower alkyl, lower hydroxyalkyl, lower alkoxyalkyl, sulpho lower
      alkyl phenyl or phenyl substituted by carboxy, sulpho, halo, lower alkyl
      or lower alkoxy, R.sub.2 is hydrogen, lower alkyl or lower hydroxyalkyl,
      and D.sub.2 is the dicarbonyl radical of pyridine, thiophene or furane
      dicarboxylic acid.
NUM  5.
PAR  5. A disazo dyestuff according to claim 4, wherein R.sub.1 is hydrogen,
      methyl, ethyl, hydroxyethyl, sulphoethyl, sulphopropyl, phenyl or phenyl
      substituted by lower alkyl, lower alkoxy, carboxy or sulpho, and R.sub.2
      is hydrogen, methyl or hydroxyethyl.
NUM  6.
PAR  6. A disazo dyestuff according to claim 5, wherein X.sub.3 is hydrogen or a
      group of the formula
      ##SPC33##
PAL  wherein G.sub.1 is hydrogen, methyl or methoxy,
PA1  G.sub.2 is chloro, methyl, methoxy, methylsulphonyl or sulpho,
PA1  G.sub.3 is hydrogen or methyl and
PA1  D.sub.2 is thiophene-2,5-dicarbonyl, pyridine-2,6-dicarbonyl,
      pyridine-2,4-dicarbonyl, pyridine-2,5-dicarbonyl or
      pyridine-3,5-dicarbonyl.
NUM  7.
PAR  7. A disazo dyestuff according to claim 6, wherein T.sub.1 is methyl or
      4-methyl-3-sulpho-phenyl, and X.sub.3 is hydrogen or 2,6-dimethylphenyl.
NUM  8.
PAR  8. A disazo dyestuff according to claim 7, which contains the --NH-- group
      in the p-position to the azo group in the benzene radical.
NUM  9.
PAR  9. A polyazo dyestyff according to claim 1, of the formula
      ##SPC34##
PAL  wherein Y.sub.4 denotes
      ##SPC35##
PAL  or --SO.sub.2 N--CH.sub.2 CH.sub.2 OH).sub.2 and D.sub.4 denotes,
      pyridine-2,6-dicarbonyl.
NUM  10.
PAR  10. A disazo dyestuff according to claim 1 of the formula
      ##SPC36##
PAL  wherein E.sub.1 and E.sub.2 are in the 3-, 4- or 5-position to the --CO--
      group and E.sub.1 and E.sub.2 each are halogen, hydrogen, nitro, cyano,
      trifluoromethyl, lower alkyl, lower alkoxy or
PA1  -- CO -- W.sub.1,
PA1  -- so.sub.2 -- w.sub.2,
PA1  -- nh -- co -- w.sub.3 or
PA1  --NH -- SO.sub.2 -- W.sub.4.
NUM  11.
PAR  11. A disazo dyestuff according to claim 10 of the formula
      ##SPC37##
PAL  wherein Y.sub.2 represents --CF.sub.3, --CN, --SO.sub.2 T.sub.3 or
      ##EQU8##
      wherein T.sub.3 is methyl, phenyl or 4-methyl-3-sulpho-phenyl, R.sub.5 is
      hydrogen, methyl, ethyl, hydroxyethyl, sulphoethyl, sulphopropyl phenyl or
      phenyl substituted by lower alkyl, lower alkoxy, carboxy or sulpho and
PA1  R.sub.6 is hydrogen, methyl or hydroxyethyl,
PA1  D.sub.3 is thiophene-2,5-dicarbonyl, pyridine-2,6-dicarbonyl,
      pyridine-2,4-dicarbonyl, pyridine-2,5-dicarbonyl or
      pyridine-3,5-dicarbonyl,
PA1  E.sub.3 is hydrogen, halo, cyano, trifluoromethyl, lower alkyl, lower
      alkoxy or --CO--W.sub.5, --SO.sub.2 --W.sub.6, --NH--CO--W.sub.7 or
      --NH--SO.sub.2 --W.sub.8,
PAL  wherein
PA1  W.sub.5 represents lower alkyl or lower alkoxy,
PA1  W.sub.6 represents lower alkyl or --NH.sub.2,
PA1  W.sub.7 represents lower alkyl or lower alkylene--COOH and
PA1  W.sub.8 represents lower alkyl.
NUM  12.
PAR  12. A polyazo dyestuff according to claim 11, of the formula
      ##SPC38##
PAL  wherein Y.sub.3 represents --CF.sub.3, --CN, SO.sub.2 CH.sub.3,
      ##SPC39##
PAL  wherein R.sub.7 denotes hydrogen, methyl, hydroxyethyl, sulphoethyl pr
      phenyl, R.sub.6 denotes hydrogen, methyl or hydroxyethyl and E.sub.4
      denotes hydrogen, chlorine, cyano, acetyl, carbomethoxy, sulphoamido,
      methylsulphonyl or methanesulphonylamino.
NUM  13.
PAR  13. A polyazo dyestuff according to claim 12, of the formula
      ##SPC40##
PAL  wherein D.sub.4 denotes pyridine-2,6-dicarbonyl and Y.sub.3 has the meaning
      indicated in claim 12.
NUM  14.
PAR  14. A polyazo dyestuff according to claim 12, of the formula
      ##SPC41##
PAL  wherein Y.sub.3 has the meaning indicated in claim 12 and D.sub.4 denotes
      pyridine-2,6-dicarbonyl.
PATN
WKU  039311430
SRC  5
APN  1490613
APT  1
ART  117
APD  19710601
TTL  Unsymmetrical aliphatic monoazo compounds
ISD  19760106
NCL  13
ECL  1
EXP  Warren; Charles F.
INVT
NAM  MacLeay; Ronald Edward
CTY  Williamsville
STA  NY
INVT
NAM  Sheppard; Chester Stephen
CTY  Tonawanda
STA  NY
ASSG
NAM  Pennwalt Corporation
CTY  Philadelphia
STA  PA
COD  02
RLAP
COD  72
APN  725180
APD  19680429
PSC  03
RLAP
COD  82
APN  616158
APD  19670215
PSC  03
CLAS
OCL  260192
XCL  260 883
XCL  260 891
XCL  260 893
XCL  260 895
XCL  260 915
XCL  260 928
XCL  260 935
XCL  260 937
XCL  260 942
XCL  260 949
XCL  260864
XCL  260465E
XCL  2604655A
XCL  260566B
EDF  2
ICL  C07C10702
FSC  260
FSS  192
UREF
PNO  2492763
ISD  19491200
NAM  Pinkey
XCL  260192
UREF
PNO  2515628
ISD  19500700
NAM  Castle
OCL  260192
UREF
PNO  2586995
ISD  19520200
NAM  Robertson
OCL  260192
UREF
PNO  2599299
ISD  19520600
NAM  Upson
OCL  260192
UREF
PNO  2605260
ISD  19520700
NAM  Johnson
XCL  260192
UREF
PNO  2711405
ISD  19550600
NAM  Anderson
OCL  260192
UREF
PNO  2778818
ISD  19570100
NAM  Hyson et al.
OCL  260192
UREF
PNO  3309297
ISD  19670300
NAM  Takayama et al.
XCL  260192
UREF
PNO  3350385
ISD  19671000
NAM  Spialter
OCL  260192
FREF
PNO  724,144
ISD  19651200
CNT  CA
OCL  260192
FREF
PNO  374,700
ISD  19640300
CNT  CH
OCL  260192
OREF
PAL  Wagner & Zook, Synthetic Organic Chemistry, John Wiley & Sons, Inc., New
      York, 1953, pp. 591-594.
LREP
FR2  Edwards; David
ABST
PAL  Unsymmetrical azo compounds:
      ##EQU1##
      where (R").sub.3 C-- is tertiary-aliphatic and Z is cyano or a derivative
      thereof, e.g., 2-t-butylazo-2-cyanopropane; processes for preparing such
      azo compounds by (a) adding hydrocyanic acid to a preformed hydrazone,
      ##EQU2##
      of a ketone to form a hydrazo compound, and oxidizing the hydrazo
      compound; or (b) oxidizing the hydrazo compound formed by the reaction of
      a t-aliphatic hydrazine with hydrogen or alkali metal cyanide in water.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 725,180, filed Apr. 29, 1968 (now abandoned), which is a
      continuation-in-part of our application Ser. No. 616,158, filed Feb. 15,
      1967 (now abandoned).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to unsymmetrical t-aliphatic ("t"=tertiary)
      alpha-cyano-azo (and hydrazo) alkanes, their derivatives, processes for
      preparating same and processes utilizing such azo compounds as
      polymerization initiators.
PAR  Symmetrical azo compounds having a t-carbon atom joined to each azo
      nitrogen and symmetrical alpha, alpha'-dicyano-azo(and hydrazo) alkanes
      are known:
PA1  E. farenhorst and E. C. Kooyman, Rec. Trav. Chim. 72, 993 (1953).
PA1  C. g. overberger et al., J. Am. Chem. Soc., 76, p. 2722, p. 6185 (1954);
      ibid. 75, 2078 (1953).
PA1  T. e. stevens, J. Org. Chem. 26, 2531 (1961).
PA1  S. f. nelson et al., J. Am. Chem. Soc. 88, 137, 143 (1966).
PAR  Unsymmetrical azo compounds where a t-carbon atom is joined to one azo
      nitrogen are known, none coming within the scope of this invention.
PA1  H. wieland et al., Ann. 514, 145 (1934).
PA1  D. y. curtin et al., J. Org. Chem. 21, 1221 (1956).
PA1  C. g. overberger et al., J. Am. Chem. Soc. 80, 6562 (1958); ibid 81, 2154
      (1959).
PA1  D. c. iffland et al., J. Am. Chem. Soc. 83, 747 (1961).
PA1  M. c. chaco et al., J. Org. Chem. 27, 2765 (1962).
PAR  Other known azo compounds include unsymmetrical azonitriles (U.S. Pat. Nos.
      2,778,818 and 3,282,912; and Canadian Pat. No. 724,144).
PAR  To the best of applicants' knowledge, the alpha-amido and alpha-amidoximo
      azoalkanes of this invention have not been previously reported.
PAR  2,2'-Azobis (isobutyronitrile), commonly called AIBN, is a commercially
      available compound of the type disclosed by C. G. Overberger   and
      co-workers and has the structure:
      ##EQU3##
      AIBN has many shortcomings. It is a toxic solid. Moreover, the
      decomposition residue, 2,2,3,3-tetramethylsuccinonitrile, is a highly
      toxic solid (LD.sub.50 =30 mg/kg in ratg -- R. N. Harger et al.,
      Federation Proceedings, 8205(1949)). Thus, it presents a toxic dusting
      problem when used in commercial operations and extreme precautions are
      required in its handling. It cannot be used as a blowing agent for the
      great majority of the plastic foam market due to the high levels of toxic
      residue left in the foamed product. It is insoluble in petroleum
      hydrocarbon solvents and possesses very low or limited solubility in most
      of the common organic solvents, especially those which are compatable with
      polymerization systems. This insoluble nature eliminates its use for many
      applications for which it would otherwise be suitable. It presents
      problems of metering, incorporation, mixing, dispersing, etc., and
      necessitates the use of a solvent that in many cases is not ideally suited
      for the particular application.
PAR  In general, the new compositions of the present invention eliminate these
      problems. The tertiary-(alkyl, cycloalkyl, bicycloalkyl or aralkyl) group
      on the one side of the azo function lowers the melting point of these
      compounds so that most of them are liquids or low melting solids which can
      be handled in the melted state. In addition, this tertiary group increases
      the solubility of these azos so that most of them are completely miscible
      with the common organic solvents including petroleum hydrocarbons. Thus,
      no dusting, metering, incorporating, mixing, and dispersing problems are
      encountered in using these new compositions. Also, the new compositions
      and their decomposition residues have chemical structures that suggest
      that they are, for the most part, significantly less toxic. Preliminary
      toxicological studies on the new compositions made in Examples I and II,
      set out later, indicate that they are significantly less toxic than AIBN.
      The less toxic nature of the new compositions coupled with their liquid
      and high solubility properties allows them to be used in many applications
      where AIBN cannot be used.
PAR  To the best of applicants' knowledge, none of the unsymmetrical alpha-cyano
      hydrazoalkanes of the subject invention have been previously reported,
      though the above-cited C. G. Overberger et al. and U.S. Pat. No. 2,778,818
      disclose, respectively, symmetrical alpha, alpha'-dicyano-hydrazoalkanes
      and 2-(2'-hydroxyethyl-hydrazo)-2,4-dimethylvaleronitrile (primary alkyl
      group connected to the hydrazo group). Unsymmetrical t-carbon containing
      hydrazo compounds are reported by: Thiele, B. 28,2600; Angeli, Rome Atti
      Accad Tincei 26 I, 95 (1917); Thiele et al., Ann. 282,33 (1894); D.
      Neighbors et al., J. Am. Chem. Soc. 44, 1557 (1922).
PAR  Processes for preparing azonitriles have been reported by C. G. Overberger
      et al., J. Am. Chem. Soc. 71, 2661 (1949) and 80, 6562 (1958); Canadian
      Pat. Nos. 724,144 and 750,380; and U.S. Pat. Nos. 2,469,358; 2,778,818;
      and 3,282,912.
PAR  Since the subject compounds are novel, their use as initiators for vinyl
      polymerization, curing of resins, blowing agents, etc. have not been
      previously reported.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The subject invention broadly pertains to:
PA1  1. Unsymmetrical tertiary-aliphatic azoalkanes containing one alpha-cyano
      group per azo group and their derivatives as represented by the formula
      ##EQU4##
      where (R").sub.3 C- is a tertiary- (alkyl, cycloalkyl or aralkyl) radical
      where R" is alkyl, aralkyl or aryl, not more than one R" being aromatic;
      R.sub.1 and R.sub.2 are aliphatic or cycloaliphatic and together can form
      an alkylene diradical, and R.sub.2 can also be phenol or substituted
      phenyl; and Z is --CN,
      ##EQU5##
PAR  2. Unsymmetrical tertiary-aliphatic hydrazoalkanes (intermediates for I),
      of the formula
      ##EQU6##
      where R" and R.sub.1 are as defined in (1). R'.sub.2 is the same as
      R.sub.2 except that R'.sub.2 can not be aryl.
PAR  3. Process for preparing compounds (I):
PA1  a. Reacting a hydrazine, (R").sub.3 C--NH--NH.sub.2, with a ketone,
      ##EQU7##
      to form the hydrazone
      ##EQU8##
      reacting (A) with hydrogen cyanide at a temperature of from about
      0.degree. to 80.degree.C. (preferably   10.degree.-80.degree.C., most
      preferably at 10.degree.-40.degree.C.) to form the hydrazo
      ##EQU9##
      and oxidizing (B) to form the corresponding desired azo product
      ##EQU10##
      where R", R.sub.1 and R'.sub.2 are as above defined. b. Reacting a
      hydrazine, (R").sub.3 C--NH--NH.sub.2 (preferably its acid salt (R").sub.3
      C--NH--..sup.HX 2.sup.. HX where X is chlorine or bromine) with hydrogen
      cyanide or, preferably, an alkali metal cyanide (such as NaCN or KCN) and
      a ketone,
      ##EQU11##
      in water to form the hydrazo compound
      ##EQU12##
      and oxidizing (D) to the corresponding desired azo product
      ##EQU13##
      where R" is as above defined; R".sub.1 is methyl or ethyl; R".sub.2 is
      unbranched lower alkyl of 1-6 carbons, 2-carboxyethyl or
      (CH.sub.2).sub.1-3 OH; and R".sub.1 and R".sub.2 taken together can form
      the diradical --CH.sub.2 (CH.sub.2).sub.n CH.sub.2 -- where n is 2-5 and
      the diradical can also be substituted with lower alkyl groups except on
      both terminal methylene groups or on either terminal methylene group when
      the substituent is particularly bulky such as t-butyl.
PA1  c. Reacting an alpha-haloazo compound
      ##EQU14##
      where X is chlorine, bromine or iodine (preferably chlorine or bromine),
      with MCN (where M is alkali or alkaline earth metal, preferably Na, K, Cs,
      or Ag) to give the desired azo product
      ##EQU15##
PAR  4. Improved processes for the preparation of polymers or copolymers from
      unsaturated monomers wherein the polymerization is carried out in the
      presence of an added free radical affording compound as the polymerization
      initiator (such as polymerizing vinyl monomers, curing unsaturated
      polyester resins, etc.), the improvement residing in the use of compounds
      (I) as the initiator.
PAC  DETAILED DESCRIPTION OF INVENTION
PAC  Azo Compounds
PAR  The azo compounds (I) are characterized by having a tertiary group,
      (R").sub.3 C--, attached to one of the azo nitrogens. This group increases
      the solubility of the azos relative to previously reported azobisnitriles
      in the common organic solvents, especially in hydrocarbon solvents which
      are the most desirable solvents for use in vinyl polymerizations. The
      (R").sub.3 C-- group also lowers the melting point of the compounds so
      that most of them are liquids or low melting solids and can be easily
      dispersed in monomers without requiring a solvent. Compared to the
      commercially available azobisnitriles, the (R").sub.3 C-- group lowers the
      toxicity of the (I) compounds and likewise reduces the toxicity of their
      decomposition residues. Being tertiary, this group has the important
      characteristic that the (I) compounds cannot tautomerize to hydrazones on
      heating or storage.
PAR  The definitions of R", R.sub.1 and R.sub.2 are intentionally broad because
      their definition does not affect the general utility of the compounds nor
      the ability to prepare the compounds by the processes set forth herein as
      illustrated by the numerous examples. For practical reasons, however, the
      following preferred definitions can be given:
PAR  R" = lower alkyl of about 1-13 carbons (preferably 1-8 carbons, most
      preferably 1-8 carbons), aralkyl of 7-12 carbons (such as benzyl or
      phenethyl), or phenyl (can include one or more hydrocarbon substituents
      such as tolyl and xylyl so that the aryl group contains 6 to about 14
      carbons), not more than one of the R" groups being aromatic. It is also
      contemplated that one or more of the R"s may be joined to form a cyclo,
      bicyclo or tricyclo radical of 3-12 carbons.
PAR  R.sub.1 and R.sub.2 = an alkyl or substituted alkyl of 1-20 carbons (the
      alkyl portion preferably containing 1-11 carbons, most preferably 1-6
      carbons); cycloaliphatic having 1-2 condensed rings and optionally
      containing hydrocarbon substituents (preferably cycloalkyl or bicycloalkyl
      of 3-10 carbons, most preferably 3-7 carbons); or, taken together, an
      alkylene biradical of 2-16 carbons (preferably 3-11 carbons, most
      preferably 4-7 carbons); and R.sub.2 can also be phenyl or substituted
      phenyl (preferably of 6-14 carbons). It is also contemplated that R.sub.1
      and R.sub.2 may be a 5-6 membered heterocyclic radical. The preferred
      R.sub.1 and R.sub.2 substituents are (when Z is cyano, amido or amidoximo)
      lower (i.e., 1-4 carbons) alkoxy, phenoxy or alkyl substituted phenoxy,
      and (when Z is cyano or amido) carboxy, and (when Z is cyano) lower alkyl,
      hydroxy, alkoxycarbonyl, acyloxy, halogen, cyano or alkylsulfonato. The
      terms aliphatic and cycloaliphatic are used herein in their normal
      chemical meaning-the non-hydrocarbon substituents must not interfere with
      the preparation reactions.
PAR  The half-lives (an important criteria for utility) of the (I) compounds
      follow the general trend noted by Overberger et al. in the above-cited
      series of papers. The half-lives are dependent on R", R.sub.1, R.sub.2 and
      Z. The alpha-amido and alpha-amidoximo azos (I when Z is --C(O)NH.sub.2 or
      --C(NOH)NH.sub.2) are more stable then the corresponding cyano compounds.
      When R" and/or R.sub.2 are aryl, the compounds are much less stable than
      the corresponding alkyl compounds and hence would be utilized in
      polymerizations at lower temperatures. Beta-branching in the R.sub.1 and
      R.sub.2 groups tend to destabilize (lower the stability of) the azos, the
      greater the beta-branching the greater the destabilization. Also, when
      R.sub.1 and/or R.sub.2 are cyclopropyl groups, the azo compounds are
      destabilized relative to the corresponding methyl compounds. These facts
      are illustrated further in the examples below where the 10 hour half-lives
      are given for many of the compounds. It is also reflected in the polyester
      cure times at various temperatures and the polystyrene initiating
      efficiencies at various temperatures in the examples.
PAC  Hydrazo Compounds
PAR  The hydrazo compounds (II) are defined above, the preferred definitions
      being the same as given above for compounds (I). They are intermediates in
      the preparation of the (I) azos. Their preparation is shown herein and in
      copending parent application Ser. No. 725,180.
PAC  Processes
PAR  The azo compounds (I) of this invention are easily prepared from hydrazines
      containing one of the defined tertiary groups, (R").sub.3 C--, as shown in
      the examples. The t-alkylhydrazines were difficult to prepare prior to the
      teachings of parent patent application Ser. No. 409,306, filed 11/5/64 by
      C.S. Sheppard et al. of common assignee. The process described in Ser. No.
      409,306 produces t-alkylhydrazines in a simple and economical manner and
      is suited for commercial production.
PAR  Three processes for preparing compounds coming within Formula I are
      described below:
PAR  Process (a)
PAR  This process prepares azo compounds (C) by adding hydrocyanic acid to a
      preformed hydrazone (A) of a ketone
      ##EQU16##
      to form a hydrazo compound (B), and then oxidizing (B) to form the desired
      azo product (C).
PAR  The hydrazone (A) is preferably prepared in the presence of an inert
      solvent (such as benzene or like hydrocarbon) while removing the water
      produced substantially continuously during the reaction (such as by
      azeotroping off the water from a benzene solution). Alternatively, an
      alcohol solution of the hydrazine and ketone can be refluxed and the
      alcohol then evaporated. The reaction is carried out at a temperature
      which will facilitate the preferred removal of water.
PAR  The hydrazone (A) may be diluted with a nonreactive solvent such as a
      hydrocarbon, chlorinated hydrocarbon, ether or ester. While water may be
      present, the reaction with hydrogen cyanide runs better with as little
      water present as possible. The reaction can be run over a period of 1 hour
      to 1 week or longer, but usually about 3 hours at room temperature or
      above is sufficient. The reaction can be run in an autoclave, a pressure
      bottle, or in a reactor equipped with a condenser cold enough to condense
      HCN vapors back into the reaction medium. For optinum yields, a slight
      molar excess of HCN over the hydrazone is desired. After the reaction is
      complete, excess HCN can be removed with a vacuum or by washing with
      water. In some cases, it is desirable not to remove the excess HCN.
PAR  In the final step, the hydrazo compound (B) is oxidized under conventional
      conditions, such as by contacting it with an aqueous solution of alkali
      metal hypohalite or aqueous chlorine at temperatures near the freezing
      point of water, e.g., 0.degree.-10.degree.C. For hydrazos that readily
      evolve HCN in the presence of water, it is preferable to use non-aqueous
      oxidizing systems (such as mercuric oxide) or to add the hydrazo to an
      aqueous solution of the oxidizing agent at a rate and temperature such
      that the hydrazo compound will be readily oxidized to the stable azo
      compound before it can revert to the hydrazone. In some cases it is also
      advantageous to convert the hydrazo to its more stable acid salt (such as
      the hydrochloride) before oxidizing. Other oxidizing agents include:
      potassium permanganate, lead tetraacetate, ammonium nitrate, nitric acid,
      bromine, and the oxides of silver and mercury. Optionally, an organic
      solvent may also be present.
PAR  Process (b)
PAR  The concentration of the hydrazine or hydrazine salt reactant in the water
      may vary over a large range, i.e. from less than about 1% to greater than
      about 50%, but for practical use it is preferential to use a solution of
      about 5 to 20%. If a concentration of less than 5% is used, the yield
      decreases slightly and the amount of product obtained per reactor volume
      is small. On the other hand, if the concentration exceeds 20%, the
      hydrazine salt usually crystallizes out. If the free base is used, higher
      concentrations are practical. Hydrocyanic acid, NaCN, KCN or any other
      economical source of cyanide ion can be used, but the pH of the resulting
      aqueous solution must be adjusted to essentially neutral or slightly basic
      so as not to form water soluble acid salts of the hydrazo (D). The ketones
      suitable for use in this process are methyl or ethyl ketones of 3-9
      carbons which are non-sterically hindered, non-sterically hindered
      cycloalkanones of 5 to 8 carbon atoms or non-sterically hindered,
      substituted cyclopentanones and cyclohexanones. Examples of suitable
      ketones are acetone, methyl ethyl ketone, 1-acetyl-3-propanol,
      hydroxyacetone, 2-octanone, levulinic acid, cyclohexanone, methyl n-propyl
      ketone, diethyl ketone, 2-methylcyclohexanone 3-methyl-cyclohexanone,
      4-methylcyclohexanone, cyclopentanone, methyl benzyl ketone, ethyl
      acetoacetate, methyl acetoacetate and acetonyl acetate.
PAR  The reaction works very well with the lower molecular weight ketones such
      as acetone, methyl ethyl ketone and methyl propyl ketone. As the molecular
      weight increases, the yield generally decreases. The reaction also works
      very well with cyclohexanone, 2, 3, or 4-methylcyclohexanone and
      cyclopentanone. In the case of the hydroxy containing ketones such as
      hydroxyacetone and 1-acetyl-3-propanol, the hydrazo reaction works very
      well, but the hydroxyl group has to be blocked in the case of
      hydroxyacetone before oxidizing and the hydroxy should be blocked in the
      case of 1-acetyl-3-propanol before oxidation to obtain the maximum yield
      and purity. In the 1-acetyl-3-propanol case, the blocking group can be
      removed after oxidation, but in the hydroxyacetone case, it may not
      because the beta-hydroxy azo is unstable and readily decomposes. In the
      case of levulinic acid, the hydrazo is water soluble and must be separated
      out of the water either by extraction or by exceeding the solubility by
      using concentrated hydrazine solutions.
PAR  The hydrazo reactions can be run at from about 10.degree. to about
      80.degree.C, but preferably are run at 20.degree.-60.degree.C for 1-3
      hours. Running the reaction at a lower temperature or for shorter periods
      of time usually results in lower yields. Running at higher temperatures
      usually results in some decomposition of the hydrazo, again resulting in
      lower yields. Shorter reaction periods can usually be compensated for by
      higher temperatures and vice versa. The hydrazo products in most cases
      have very low water solubility and can be easily separated from the
      aqueous solution. Those having water solubility, such as those derived
      from ketones having hydroxyl or carboxylic subsituents, can be extracted
      with chlorinated hydrocarbons.
PAR  The hydrazo compound is then oxidized under conventional conditions to the
      corresponding azo compound. The oxidation may be carried out neat or in a
      nonoxidizable solvent such as ether, benzene, hydrocarbons or chlorinated
      hydrocarbons. Suitable oxidizing agents include aqueous solutions of
      alkali metal hypohalite, preferably sodium hypochlorite; aqueous
      hypochlorous acid, bromine, potassium permanganate, lead tetraacetate,
      ammonium nitrate, nitric acid, and the oxides of silver and mercury. For
      economic reasons, each of handling, and purity of the final product, it is
      preferable to use aqueous solutions of sodium hypochlorite in most cases.
      The oxidations may be carried out from 0.degree.C to just below the
      decomposition temperature of the azo. For the more vigorous oxidations,
      such as aqueous hypochlorous acid, it is preferable to run the oxidations
      at the lower temperatures where the exotherm can be easily controlled. For
      the less vigorous oxidizing agents such as silver or mercuric oxide, it is
      preferable to run the oxidations at room temperature or slightly higher.
      When using aqueous sodium hypochlorite, it is preferable to carry out the
      oxidations at 25.degree.-50.degree.C, carefully controlling the exotherm
      with a cooling bath.
PAR  The oxidation may be carried out by adding the oxidizing agent to the
      hydrazo or vice versa. Sometimes it is preferable to add the hydrazo to
      the oxidizing agent and in other cases, the reverse is true. The azos may
      be purified by washing them with aqueous acid. The aqueous acid wash
      destroys any undesirable by-product.
PAR  Process (c)
PAR  The haloazo compound (F) can be prepared as taught in our parent
      application Ser. No. 725,180 by reacting the corresponding hydrazine and
      ketone, and then halogenating the hydrazone.
PAR  The reaction with MCN is carried out in a solvent system for the haloazo
      compound (F) and the metal cyanide, normally at from about 0.degree. to
      about 50.degree.C., preferably at 10.degree.-30.degree.C. If the reaction
      is run much below 10.degree.C, the rate of reaction is quite slow and if
      the reaction is run much above 30.degree.C, problems occur with the
      stability of the haloazo and may also cause problems with the stability of
      some of the products depending on their structure.
PAR  Suitable solvents for the reaction include the lower molecular weight
      alcohols (C.sub.1 -C.sub.5 alcohols), ethers such as dioxane, glyme, and
      diglyme, dimethylformamide, acetone and methyl ethyl ketone. Preferably
      these solvents are mixed with water to give aqueous solutions which
      dissolve the metal cyanide more readily. Especially suitable solvents are
      60-80% aqueous solutions of methanol, ethanol, dioxane, dimethylformamide
      or acetone. Since both water and alcohols react with the haloazos (see
      Ser. NO. 725,180), it is advisable to add the haloazo (F) to the cyanide
      solution (or slurry) so that an excess of cyanide is always present. Since
      the cyanide is more reactive toward the haloazos, only small amounts of
      the corresponding alpha-alkoxyazos and alpha-hydroxyazos will be formed.
      The small amounts of the alkoxyazos and hydroxyazos can be destroyed by
      washing the cyanoazos with acids such as hydrochloric or sulfuric acid
      diluted to about 10-20% with water. The alpha-haloazos can be added to the
      cyanide solution neat or in a non-reactive solvent (presumably the solvent
      it was made in), such as a hydrocarbon, chlorinted hydrocarbon, ether or
      low molecular weight ester such as ethyl acetate.
PAR  At the end of the reaction, the product can be isolated by diluting the
      reaction mixture with water to dissolve the salts and the water miscible
      solvent. The product or its solution will separate and can be purified by
      washing it with dilute solutions of acid and sodium bicarbonate.
PAR  Any metal cyanide can be used in the reaction, but for solubility and
      economic reasons sodium cyanide and potassium cyanide are the preferred
      reagents.
PAR  The alpha-cyanoazos (G) can be converted to the alpha-amidoazos
      ##EQU17##
      by hydrolysis in concentrated sulfuric acid provided (G) does not contain
      any other hydrolyzable or acid sensitive groups. They can also be reacted
      with alcoholic solutions of hydroxylamine to form the corresponding
      alpha-amidoximoazos
      ##EQU18##
      provided R.sub.1 and R.sub.2 do not contain any substituents that will
      also react with alcoholic hydroxylamine. The amidoximoazos can also be
      acylated with acid chlorides or chloroformates using procedures well known
      in the art. The cyanoazos can  pg,16 also be hydrolyzed to esters and
      iminoesters with hydrogen chloride in anhydrous alcohol using procedures
      well known in the art.
PAC  Utility
PAR  These new compositions are free radical generators, polymerization
      initiators, curing agents for polyester resins, initiators for free
      radical initiated chemical reactions and blowing agents for producing
      foamed polymers and plastics.
PAR  These new compositions are initiators for the polymerization or
      copolymerization of unsaturated monomers such as alkenes,
      perfluoroalkenes, vinyl halides, vinyl esters, vinyl ketones, vinyl
      esters, vinylidene halides, alkenyl aromatics, allyl esters, allyl ethers
      and allyl ketones.
PAR  Illustrative polymerizable monomers are ethylene, vinyl chloride,
      vinylidene fluoride, vinylidene chloride, vinyl acetate, vinylpyridine,
      vinylpyrrolidone, vinylcarbazole, butadiene, isoprene, acrylonitrile,
      acrylic acid, acrylic acid esters, methacrylic acid, methacrylic acid
      esters, styrene, chlorostyrene, methylstyrenes, diallyl phthalate, allyl
      diglycol carbonate, perfluoropropene and tetrafluoroethylene. These new
      compositions are especially useful in the polymerization and/or
      copolymerization of ethylene, vinyl acetate, acrylonitrile, vinyl
      chloride, ethyl acrylate, methyl methacrylate and styrene.
PAR  These compositions are very efficient in the curing of polyester resins in
      the temperature range of 50.degree. to 145.degree.C depending on the
      half-life of the particular azo compound. The unpolymerized resins
      containing the azo compounds have very good pot-life (i.e., the length of
      time the resin may be left at ambient temperature with the curing agent
      mixed in it without the resin curing) in comparison to peroxide (having
      the same half-life) curing systems. The cure time of the resin is not
      effected by small amounts of impurities such as metal ions when these new
      azo compositions are used as the curing agents. This is not true when
      peroxide curing agents are used.
PAR  The novel I compounds evolve one mole of nitrogen gas per azo group in the
      compound when they are decomposed. In addition, other gasses are evolved
      from the breakdown and/or disproportionation of the radicals formed. Thus,
      the novel I compounds are useful in applications where copious quantities
      of gases are desired such as in producing foamed polymers.
PAR  In addition to the numerous examples to follow, the following compounds are
      also representative of compounds I and derivatives thereof.
      ##SPC1##
DETD
PAC  EXAMPLES
PAR  The following examples illustrate the subject compounds, processes and
      utility, but are not in limitation thereof.
PAC  EXAMPLE I
PAC  Preparation of 2-t-Butylazo-2-cyanopropane
      ##EQU19##
      A. (1) Preparation of 2-t-Butylhydrazo-2-cyanopropane
PAR  To a stirred solution of 35.2 grams (0.28 moles) of t-butylhydrazine
      hydrochloride and 13.7 grams (0.28 moles) of sodium cyanide in 100 ml. of
      deionized water in a 200 ml. round bottom flask, was added 16.3 grams
      (0.28 moles) of acetone. The flask was stoppered and the reaction stirred
      overnight. The next morning the organic layer was separated, the aqueous
      layer extracted with 50 ml. of methylene chloride, and the methylene
      chloride layer and organic layer combined and dried over anhydrous sodium
      sulfate. The methylene chloride solution was filtered and the methylene
      chloride evaporated on a rotating evaporator. The yield was 42.1 grams
      (96.7%). The infrared spectrum contained strong NH bands, a cyano band,
      and did not contain any carbonyl or imino bands. Thus the infrared
      spectrum was consistent with the structure of the desired hydrazo product.
PAL  A. (2) preparation of 2-t-Butylazo-2-cyanopropane
PAR  To 8.4 grams (.054 moles) of 2-t-butylhydrazo-2-cyanopropane in a 4 neck
      250 ml. round bottom flask was added, with stirring, dropwise 100 ml. of a
      solution containing .054 moles of sodium hypochlorite (prepared from 3.85
      grams of chlorine and 4.5 grams of sodium hydroxide in water), holding the
      temperature below 5.degree.C. with an ice bath. The reaction was stirred
      an additional twenty minutes after the addition was over and the organic
      layer separated. The organic layer was washed with 10 ml. of 5% HCl, two
      10 ml. portions of saturated NaHCO.sub.3 solution, 10 ml. of deionized
      water, dried over anhydrous sodium sulfate and the product filtered. The
      yield was 6.0 grams (72.5%). The infrared spectrum did not contain any NH
      bands and was consistent with the structure of the proposed azo product.
      The material assayed 99.6% by gas chromatographic analysis. It is a liquid
      and is soluble in petroleum solvents. The following half-life data in
      trichlorobenzene have been determined:
     Temp. (.degree.C.)                                                        

                      t1/2 (hours)                                             

     ______________________________________                                    

     70               40.5                                                     

     78.8             10.0                                                     

     90               2.0                                                      

     100              0.54                                                     

     110              0.20                                                     

     ______________________________________                                    

PAL  B. (1) preparation of 2-t-Butylhydrazo-2-cyanopropane
PAR  To a stirred solution of 62.4 grams (0.50 moles) of t-butylhydrazine
      hydrochloride and 25.8 grams (0.525 moles) of sodium cyanide in 450 ml of
      water in a 11/2 liter jacketed resin reactor, equipped with a thermometer,
      mechanical stirrer, condenser and dropping funnel was added 29 grams (0.5
      moles) of acetone. The reaction mixture exothermed to about 35.degree.C.
      The reaction was then warmed to 40.degree.C by circulating warm water
      through the jacket. The reaction was stirred 1 hour at 40.degree.C, the
      aqueous layer seprated into 10% sodium hydroxide and set aside in the hood
      for detoxicafication by sodium hypochlorite solution. The organic layer
      was carefully transferred to a dropping funnel and the dropping funnel
      placed in the reactor head. A small sample of hydrazo was removed, dried
      over anhydrous Na.sub.2 SO.sub.4 and its infrared spectrum run. The
      infrared spectrum contained strong NH bands, a cyano band and did not
      contain any carbonyl or imino bands. Thus, the infrared spectrum was
      consistent with the hydrazo structure.
PAL  B. (2) preparation of 2-t-Butylazo-2-cyanopropane
PAR  To the resin reactor was added 450 ml of 11% (by weight) sodium
      hypochlorite solution. With rapid stirring, the
      2-t-butylhydrazo-2-cyanopropane in the dropping funnel was slowly added,
      holding the reaction temperature at 25.degree.-35.degree.C by circulating
      cold water through the reactor jacket. The addition was carried out in
      one-half hour and the reaction mixture was stirred an additional one-half
      hour. (The oxidation was monitored by gas chromatography on a silicone
      grease column at 88.degree.C). The aqueous layer was separated and the
      organic layer cooled to 10.degree.C and washed with 50 ml of 10% HCl until
      the gassing ceased. The organic layer was then washed with 20% HCl, water,
      10% NaHCO.sub.3, dried, filtered and stripped on a rotating evaporator
      until the chloroform (a side product) was removed. The yield was 53.5
      grams (70% yield) of 2-t-butylazo-2-cyanopropane. The infrared spectrum
      did not contain any N--H bands and was consistent with the structure of
      the proposed product. The material assayed 98.8% by gas chromatographic
      analysis, using a sample that had been purified by fractional distillation
      at reduced pressure as the analytical standard. The product is a liquid at
      room temperature, has a freezing point of 17.degree.C and is very soluble
      in petroleum solvents.
PAR  2-t-Butylazo-2-cyanopropane is a thermally sensitive free radical and gas
      generator. It produces 179cc of gas per gram at 110.degree.C. The compound
      has a 10 hour half-live in trichlorobenzene at 79.degree.C and in odorless
      mineral spirits, it has a 10 hour half-life at 86.degree.C.
PAC  EXAMPLE II
PAC  Polymerization of Styrene with 2-t-Butylazo-2-cyanopropane
PAL  Low Conversion
PAR  A solution of styrene containing 5.times.10.sup..sup.-4 moles per deciliter
      of 2-t-butylazo-2-cyanopropane was heated at 85.degree.C and the change in
      density, which is a measure of polymer formation, was followed by means of
      a dilatometer to measure polymerization rates at 5% and 10% conversion to
      polystyrene. The rates obtained at 5% and 10% conversion were
      9.73.times.10.sup..sup.-3 and 9.22.times.10.sup..sup.-3 moles per liter
      per minute respectively. Without the 2-t-butylazo-2-cyanopropane, the 5
      and 10% rates were 0.92.times.10.sup..sup.-3 moles per liter per minute.
PAL  High Conversion
PAR  A series of pyrex test tubes was filled with styrene solutions containing
      varying amounts of 2-t-butylazo-2-cyanopropane. The amounts of azo
      initiator in the tubes were adjusted so that the resulting conversion
      versus concentration plots would cross 90% conversion, ideally, after 6.45
      hours at 85.degree.C. (The conversion figure was selected since styrene
      polymerizations are carried out almost to complete conversion
      commercially. Hence, initiators that dead-end before 90% conversion or
      achieve 90% conversion only after using very large quantities of initiator
      are not attractive commercially.) After flushing out the tubes with
      nitrogen gas, they were sealed and placed in a constant temperature bath
      thermostatted at 85.degree.C. After 8.5 hours at 85.degree.C., the tubes
      were removed and quickly chilled to 0.degree.C to prevent post
      polymerization. The sealed tubes were then broken and the polymer
      dissolved in 1000 ml of methanol to precipitate the polystyrene. The
      polymer was separated by filtration and dried in an oven at
      50.degree.-55.degree.C. The conversion of styrene to polymer was
      determined and plots of initiator concentration versus conversion were
      constructed. The initiator concentration required to attain 90% conversion
      was compared under similar conditions, to that of benzoyl peroxide.
      Equation (1) was used to determine efficiency data.
EQU  F.sub.1 /F.sub.2 = Rp.sub.1.sup.2 /Rp.sub.2.sup.2 .times. Kd.sub.2
      /Kd.sub.1 .times. [I].sub.2 /[I].sub.1                    (1)
PAR  F.sub.1 /F.sub.2 is the efficiency of 2-t-butylazo-2-cyanopropane compared
      to that of benzoyl peroxide (F.sub.2). Rp.sub.1 and Rp.sub.2 are the rates
      of polymerization of the azo initiator and benzoyl peroxide, respectively,
      and [I].sub.1 and [I].sub.2 are concentrations of azo initiators and
      benzoyl peroxide, respectively, required for attainment of 90% conversion
      after 6.45 hours at 85.degree.C. Under these conditions:
EQU  Rp.sub.1.sup.2 /Rp.sub.2.sup.2 = 1
PAR  Kd.sub.2 /Kd.sub.1 are also known from the half-lives of benzoyl peroxide
      and the azo initiator, respectively. Hence, the value of F.sub.1 /F.sub.2
      can be calculated and in the case of 2-t-butylazo-2-cyanopropane, F.sub.1
      /F.sub.2 was determined to be 1.10, therefore 2-t-butylazo-2-cyanopropane
      is a very efficient initiator for styrene polymerizations at 85.degree.C.
PAC  EXAMPLE III
PAC  Curing an Unsaturated Polyester-Styrene Resin with
      2-t-Butylazo-2-cyanopropane
PAR  An unsaturated polyester resin was made by reacting maleic anhydride (1.0
      mole), phthalic anhydride (1.0 mole), and propylene glycol (2.2 moles)
      until an acid number of 45-50 was obtained. To this was added hydroquinone
      at a 0.013% concentration. Seven parts of this unsaturated polyester was
      diluted with 3 parts of monomeric styrene to obtain a homogeneous blend
      having a viscosity of 13.08 poise and a specific gravity of 1.14.
PAR  To 20 grams of this blend was added 0.128 gram of
      2-t-butylazo-2-cyanopropane and the resultant composition placed in a
      constant temperature bath at 180.degree.F (82.degree.C). The internal
      temperature was recorded as a function of time and a peak exotherm of
      381.degree.F (194.degree.C) was reached in 13.3 minutes indicating an
      excellent cure of the unsaturated polyester-styrene blend had occurred.
      The resultant cured material was very hard.
PAR  Without an initiator, no cure of this resin blend occurred after more than
      30 minutes at 212.degree.F (100.degree.C).
PAC  EXAMPLE IV
PAC  Polymerization of Ethylene with 2-t-Butylazo-2-cyanopropane
PAR  Ethylene (99.5% minimum purity) was polymerized to polyethylene using
      2-t-butylazo-2-cyanopropane as the polymerization initiator at 20,000 PSI
      reaction pressure and at temperatures of 375.degree.F and also at
      432.degree.F. The polymerization was conducted in a one-liter stirred
      autoclave-type reactor wherein the fresh reactants were added continuously
      and the polyethylene and unreacted materials were continuously withdrawn.
      The initiator was diluted to 0.25 percent in odorless mineral spirits and
      this initiator solution was pumped directly to the reactor through a
      separate entry. A low molecular weight saturated hydrocarbon was added to
      the ethylene feed stream as a chain transfer agent. Its purpose was to
      increase melt index of the polyethylene produced so that product lines
      would not become plugged with low melt index (high molecular weight)
      polymer. The polyethylene and unreacted materials were withdrawn from the
      reactor to a separator where unreacted gases were rented through a
      pressure control valve. The molten polymer from the bottom of the
      separator was transferred into another vessel where additional unreacted
      gas was vented and the polyethylene continually withdrawn.
PAR  The results are summarized below and compared to an industry standard
      initiator, i.e. t-butyl peroxypivalate.
TBL  __________________________________________________________________________

                                        t-butyl                                

     Initiator          2-t-butylazo-2-cyanopropane                            

                                        peroxypivalate                         

     __________________________________________________________________________

     Reaction Temperature,                                                     

     .degree.F          375     432     375                                    

     Reactor Feed Tempera-                                                     

     ture, .degree.F    140     108     163                                    

     Reaction Pressure, PSI                                                    

                        20,000  20,000  20,000                                 

     Residence Time, sec.                                                      

                        33      41      45                                     

     Ethylene Conversion, %                                                    

                        4.7     7.4     5.7                                    

     Initiator efficiency,                                                     

     lbs. polymer/lb initiator                                                 

                         2,630   1,440  460                                    

     Melt index, g/10 min,                                                     

     of polyethylene    3.98    9.36    3.07                                   

     Density, g/cm.sup.3, of                                                   

     polyethylene       0.9279  0.9219  0.9266                                 

     Infra-red Results on Polyethylene:                                        

     a)                                                                        

       trans-internal un-                                                      

       saturation per                                                          

       1000 carbons     0.01    0.01    0.01                                   

     b)                                                                        

       terminal vinyls per                                                     

       1000 carbons     0.01    0.01    &lt;0.01                                  

     c)                                                                        

       Vinylidene groups                                                       

       per 1000 carbons 0.12    0.19    0.14                                   

     d)                                                                        

       methyl to methylene                                                     

       ratio            0.98    1.06    0.96                                   

     __________________________________________________________________________

PAR  These results show that 2-t-butylazo-2-cyanopropane is a very efficient
      initiator for ethylene polymerization and produces polyethylene of at
      least equal quality to that produced by the presently used initiators in
      the industry.
PAC  EXAMPLE V
PAC  Preparation of 1-t-Butylazo-1-cyanocyclohexane
      ##SPC2##
PAL  A. (1) 1-t-Butylhydrazo-1-cyanocyclohexane
PAR  To a rapidly stirred solution of 24.8 grams (0.2 mole) of t-butylhydrazine
      hydrochloride and 9.8 grams (0.2 mole) of sodium cyanide in 100 ml. of
      deionized water in a 250 ml. 4-neck round bottom flask, was added a
      solution of 19.6 grams (0.2 mole) of cyclohexanone in 15 ml. of ethanol.
      The reaction was stirred for 5 hours at room temperature and then allowed
      to stand overnight. The next morning the reaction was stirred an
      additional hour and filtered. The product was dried at 30.degree.C. in a
      vacuum oven and the yield was 36.3 grams (93.5%) of a white solid melting
      at 70.degree.-73.degree.C. The white solid evolves HCN on exposure to air
      over extended periods. The infrared spectrum contained strong NH bands, a
      cyano band, and did not contain any carbonyl or imino bands. The infrared
      spectrum was thus consistent with the structure of the desired hydrazo
      product.
PAL  A. (2) 1-t-Butylazo-1-cyanocyclohexane
PAR  To a rapidly stirred mixture of 39.0 grams (0.2 mole) of
      1-t-butylhydrazo-1-cyanocyclohexane, 200 ml. of methylene chloride and 100
      ml. of water, was added 14.3 grams (0.2 mole) of chlorine at such a rate
      that the reaction temperature did not exceed 5.degree.C. The reaction was
      stirred an additional 15 minutes after the addition was complete. The
      methylene chloride layer was separated, washed twice with 50 ml. portions
      of saturated NaHCO.sub.3 solution, dried over anhydrous sodium sulfate,
      filtered, and the methylene chloride evaporated on a rotating evaporator
      to obtain 35.0 grams of liquid product that assayed 86.5% by an
      ultraviolet spectrophotometric analysis. Distillation gave a product, b.p.
      71.degree.C./1.2 mm. of Hg, that assayed 97.6% as
      1-t-butylazo-1-cyanocyclohexane. The infrared spectrum was in accord with
      this structure. The following half-life data in trichlorobenzene have been
      determined:
TBL  Temp. (.degree.C.)                                                        

                      t 1/2 (hours)                                            

     ______________________________________                                    

     96.3             10.0                                                     

     100              6.7                                                      

     110              2.3                                                      

     120              0.75                                                     

     ______________________________________                                    

PAL  B. (1) 1-t-Butylhydrazo-1-cyanocyclohexane
PAR  To a rapidly stirred solution of 62.4 grams (0.50 moles) of
      t-butylhydrazine hydrochloride and 25.8 grams (0.525 moles) of sodium
      cyanide in 450 ml of water in a 11/2 liter jacketed resin reactor equipped
      with a thermometer, mechanical stirrer, condenser and dropping funnel was
      added 49 grams (0.5 moles) of cyclohexanone. The reaction mixture
      exothermed to about 35.degree.C. The reaction was then warmed to
      45.degree.-50.degree.C by circulating hot water through the jacket. The
      reaction was stirred 11/2 hours at 45.degree.-50.degree.C and then 100 ml
      of hexane was added to dissolve the solid hydrazo. The temperature had to
      be kept at 40.degree.C or above to completely dissolve the hydrazo in the
      hexane. The aqueous layer was separated into 10% sodium hydroxide and set
      aside in the hood for detoxicafication by sodium hypochlorite solution.
      The hexane solution was washed with 400 ml of warm water and the wash
      separated at 40.degree.C or above. A small sample of the hexane solution
      was dried, the hexane evaporated and an infrared spectrum run on the
      resultant solid. The infrared spectrum contained strong NH bands and a
      cyano band and did not contain any carbonyl or imino bands. Thus, the
      infrared spectrum was consistent with the structure of the desired
      product.
PAL  B.(2)1-t-Butylazo-1-cyanocyclohexane
PAR  To the rapidly stirred solution of 1-t-butylhydrazo-1-cyanocyclohexane in
      the jacketed reactor was added 450 ml of 11% (by weight) sodium
      hypochlorite solution over 1 hour. The reaction mixture was warmed to
      40.degree.-45.degree.C at the beginning of the addition and then the
      temperature held at 40.degree.-50.degree.C throughout the hypochlorite
      addition by periodically circulating cold or hot water through the reactor
      jacket, whichever was necessary to hold the temperature in the desired
      temperature range. After the addition was over, the reaction mixture was
      stirred at 40.degree.-50.degree.C until gas chromatography (one-half meter
      silicone grease column at 120.degree.C) indicated the oxidation was
      complete (usually about 15 minutes). The reaction mixture was cooled to
      room temperature, the aqueous layer separated and the organic layer
      successively washed with water, 10% HCl, 20% HCl, water, 10% NaHCO.sub.3,
      dried over anhydrous Na.sub.2 SO.sub.4, filtered and the hexane evaporated
      on a rotating evaporator to leave 82.3 grams (85% yield) of a light yellow
      liquid. Upon standing at room temperature, the liquid slowly crystallized.
      The infrared spectrum did not contain any N-H bands and was consistent
      with the structure of 1-t-butylazo-1-cyanocyclohexane. The product assayed
      97.7% by gas chromatographic analysis. The gas chromatography standard of
      1-t-butylazo-1-cyanocyclohexane was purified by distillation (b.p.
      71.degree.C at 1.2 mm of Hg) followed by low temperature recrystallization
      from pentane.
PAR  1-t-butylazo-1-cyanocyclohexane is a thermally sensitive free radical and
      gas generator. It produces 146cc of gas per gram at 130.degree.C. The
      compound has a half-life of 10 hours at 96.degree.C in trichlorobenzene.
PAR  The styrene polymerization rates at 5% and 10% conversion for
      1-t-butylazo-1-cyanocyclohexane at 85.degree.C were 3.68 .times.
      10.sup..sup.-3 and 3.33 .times. 10.sup..sup.-3 moles per liter per minute
      respectively and at 100.degree.C they were 13.3 .times. 10.sup..sup.-3
      moles per liter per minute. Without the 1-t-butylazo-1-cyanocyclohexane,
      the 5% and 10% rates at 100.degree.C were 2.81 .times. 10.sup..sup.-3
      moles per liter per minute. The method described in Example II was used.
PAR  Using the procedure described in Example III, 0.2 grams of
      1-t-butylazo-1-cyanocyclohexane cured 20 grams of the unsaturated
      polyester-styrene resin in 10 minutes giving a peak exotherm of
      414.degree.F (212.degree.C). The resultant cured piece was very hard.
PAC  EXAMPLE VI
PAC  Preparation of 2-t-Butylazo-2-cyanobutane
      ##EQU20##
      A. Preparation of 2-t-Butylhydrazo-2-cyanobutane
PAR  To a stirred solution of 62.4 grams (0.50 moles) of t-butylhydrazine
      hydrochloride and 25.8 grams (0.525 moles) of sodium cyanide in 450 ml of
      water in a 11/2 liter jacketed resin reactor, equipped wtih a thermometer,
      mechanical stirrer, condenser and dropping funnel was added 36.1 grams
      (0.5 moles) of methyl ethyl ketone. The reaction mixture exothermed to
      about 35.degree.C. The reaction was then warmed to 40.degree.C by
      circulating warm water through the jacket. The reaction was stirred 1 hour
      at 40.degree.C, the aqueous layer separated into 10% sodium hydroxide and
      set aside in the hood for detoxicafication by sodium hypochlorite
      solution. The organic layer was carefully transferred to a dropping funnel
      and the dropping funnel placed in the reactor head. A small sample of the
      hydrazo was removed, dried over anhydrous Na.sub.2 SO.sub.4 and its
      infrared spectrum run. The infrared spectrum contained strong NH bands, a
      cyano band and did not contain any carbonyl or imino bands. Thus, the
      infrared spectrum was consistent with the hydrazo structure.
PAL  B. preparation of 2-t-Butylazo-2-cyanobutane
PAR  To the resin reactor was added 450 ml of 11% (by weight) sodium
      hypochlorite solution. With rapid stirring the
      2-t-butylhydrazo-2-cyanopropane in the dropping funnel was slowly added,
      holding the reaction temperature at 25.degree.-35.degree.C by circulating
      cold water through the reactor jacket. The addition was carried out in
      one-half hour and the reaction mixture was stirred an additional one-half
      hour. (The oxidation was monitored by gas chromatography on a silicone
      grease column at 90.degree.C). The aqueous layer was separated and the
      organic layer cooled to 10.degree.C and washed with 50 ml of 10% HCl until
      the gassing ceased. The organic layer was then washed with 20% HCl, water,
      10% NaHCO.sub.3, dried, filtered and stripped on a rotating evaporator
      until the chloroform (a side product) was removed. The yield was 54.5
      grams (65% yield) of 2-t-butylazo-2-cyanobutane. The infrared spectrum did
      not contain any N-H bands and was consistent with the structure of the
      proposed product. The material assayed 98% by gas chromatographic
      analysis, using a sample that had been purified by fractional distillation
      at reduced pressure as the analytical standard. The product is a liquid at
      room temperature and has a freezing point of -25.degree.C. It is very
      soluble in hydrocarbon solvents even at temperatures as low as
      -20.degree.C.
PAR  The compound has a 10 hour half-life in trichlorobenzene around 80.degree.C
      and around 82.degree.C in odorless mineral spirits. The styrene
      polymerization rates at 5 and 10% conversion for
      2-t-butylazo-2-cyanobutane at 85.degree.C were 8.45 .times. 10.sup..sup.-3
      moles per liter per minute and 8.04 .times. 10.sup..sup.-3 moles per liter
      per minute respectively using the method described for low conversion
      polymerization in Example II. In the high conversion polymerization of
      styrene using the procedure described in Example II, F.sub.1 /F.sub.2 =
      0.81 at 85.degree.C where F.sub.1 is 2-t-butylazo-2-cyanobutane and
      F.sub.2 is benzoyl peroxide. Using the procedure described in Example III,
      0.2 grams of 2-t-butylazo-2-cyanobutane cured 20 grams of the unsaturated
      polyester-styrene resin at 212.degree.F (100.degree.C) in 3.2 minutes
      giving a peak exotherm of 420.degree.F (216.degree.C). The resultant cured
      piece was very hard.
PAC  EXAMPLE VII
PAC  Preparation of 4-t-Butylazo-4-cyano-2,6-dimethylheptane
      ##EQU21##
      A. t-Butylhydrazone of diisobutyl ketone
PAR  The t-butylhydrazone of diisobutylketone was prepared in 94.5% yield by
      heating a solution of 5.0g. (0.057m) t-butylhydrazine, 8.1g. (0.057m)
      diisobutylketone and 0.1g. p-toluene-sulfonic acid in benzene and
      azeotroping off the water formed in the reaction. The reaction was
      refluxed 4 hours and the benzene evaporated off on a rotating evaporator.
      The liquid product weighed 11.45g. (94.5%) and the infrared spectrum was
      consistent with the proposed structure.
PAL  B. 4-t-Butylhydrazo-4-cyano-2,6-dimethylheptane
PAR  4-t-Butylhydrazo-4-cyano-2,6-dimethylheptane was prepared in 99% yield by
      heating a solution of 11.0g. of diisobutylketone t-butylhydrazone in 20
      ml. of liquid HCN at 50.degree.C for 6 hours. The excess HCN was
      evaporated off into a dry ice trap leaving 12.1g. (99%) of the liquid
      product. The infrared spectrum was consistent with the proposed structure
      of the compound (strong NH and weak CN bands).
PAL  C. 4-t-Butylazo-4-cyano-2,6-dimethylheptane
PAR  To a rapidly stirred mixture of 12.1g. (0.046 m.) of
      4-t-butylhydrazo-4-cyano-2,6-dimethylheptane, 30 ml. methylene chloride
      and 15 ml. water was added 7.35g. (0.046 m.) bromine at such a rate that
      the reaction temperature did not exceed 5.degree.C. The reaction was
      stirred an additional 15 minutes after the addition was complete. The
      methylene chloride layer was separated, washed twice with 50 ml. portions
      of saturated NaHCO.sub.3 solution, dried over anhydrous sodium sulfate,
      filtered, and the methylene chloride evaporated on a rotating evaporator
      to obtain 11.5 grams of liquid product. The infrared spectrum was in
      accord with the structure of 4-t-butylazo-4-cyano-2,6-dimethylheptane.
PAR  4-t-butylazo-4-cyano-2,6-dimethylheptane is a thermally sensitive free
      radical and gas generator. It has a 10 hour half-life in trichlorobenzene
      at 61.degree.C. At a 1.0 weight percent loading it cured the unsaturated
      polyester-styrene resin of Example III at 180.degree.F. (82.2.degree.C.)
      giving a peak exotherm of 371.degree.F in 2.8 minutes and a very hard
      cured resin.
PAC  EXAMPLE VIII
PAC  Preparation of 1-t-Butylazo-1-cyano-3,3,5-trimethylcyclohexane
      ##SPC3##
PAL  A. t-Butylhydrazone of Dihydroisophorone
PAR  The same procedure as was used in Example VIIA was used for the preparation
      of dihydroisophorone t-butylhydrazone. The yield of liquid product was
      12.0 grams (100% yield) and the infrared spectrum was consistent with the
      structure of the proposed compound.
PAL  B. 1-t-Butylhydrazo-1-cyano-3,3,5-trimethylcyclohexane
PAR  1-t-Butylhydrazo-3,3,5-trimethylcyclohexane was prepared in the same manner
      as 4-t-butylhydrazo-4-cyano-2,6-dimethylheptane in Example VIIB. The
      liquid product was used directly in the next step.
PAL  C. 1-t-Butylazo-1-cyano-3,3,5-trimethylcyclohexane
PAR  1-t-Butylazo-1-cyano-3,3,5-trimethylcyclohexane was prepared by bromine
      oxidation of the above 1-t-butylhydrazo-1-cyano-3,3,5-trimethylcyclohexane
      in the same way that 4-t-butylhydrazo-4-cyano-2,6-dimethylheptane was
      oxidized in Example VIIC. The yield of liquid product was 8.2 g. (63%) and
      the infrared spectrum was consistent with the structure of the proposed
      compound.
PAR  1-t-butylazo-1-cyano-3,3,5-trimethylcyclohexane is a thermally sensitive
      free radical and gas generator. It has a 10 hour half-life in
      trichlorobenzene at 78.degree.C. At a 1.0 weight percent loading it cured
      the unsaturated polyesterstyrene resin of Example III at 180.degree.F.
      (82.2.degree.C.) giving a peak exotherm of 384.degree.F (195.6.degree.C.)
      in 9.4 minutes and a very hard cured resin.
PAC  EXAMPLE IX
PAC  Preparation of 2-t-Butylazo-2-cyano-3,3-dimethylbutane
      ##EQU22##
      A. Pinacolone t-Butylhydrazone
PAR  To a solution of 5g. (0.05 m.) pinacolone in 50 ml benzene was added 5 g.
      (0.057 m.) t-butylhydrazine and a spatula tip of para-toluenesulfonic
      acid. The flask was fitted with a Dean Stark trap and the reaction
      refluxed until 0.9 ml. (0.05 m.) of water was azeotroped off. The solution
      was cooled down and the benzene stripped off leaving 8.5g (100%) of a
      white fluffy solid. The infrared spectrum of the solid was consistent with
      the structure of the proposed compound.
PAL  B. 2-t-Butylhydrazo-2-cyano-3,3-dimethylbutane
PAR  To a solution of 7.0g (0.0413 m.) of pinacolone t-butylhydrazone in 20 ml
      of benzene in a pressure bottle was added 20 ml of liquid HCN. The bottle
      was stoppered and the reaction heated at 50.degree.C for 4 hours. The
      reaction cooled down and the benzene and HCN stripped off. The yield was
      8.0g of a crude solid. The solid was dissolved in pentane, the pentane
      solution dried over anhydrous sodium sulfate, filtered, and the pentane
      stripped off. The yield was 7.7g (94%) of a tan solid, melting range
      67.degree.-74.degree.C. The infrared spectrum was consistent with the
      structure of the proposed product.
PAL  C. 2-t-Butylazo-2-cyano-3,3-dimethylbutane
PAR  To a mixture of 7.7g (0.039 m.)
      2-t-butylhydrazo-2-cyano-3,3-dimethylbutane, 50 ml. methylene chloride and
      25 ml water, cooled to 0.degree. in an ice bath, was added 6.25g (0.039
      m.) bromine dropwise over 15 minutes holding the temperature at 0.degree.
      to 5.degree.C. After the bromine addition, the reaction was stirred 10
      minutes, the methylene chloride layer separated, washed twice with 10%
      NaHCO.sub.3 solution, dried over anhydrous sodium sulfate, filtered and
      the methylene chloride evaporated off. The yield was 7.6g (100%) of a
      white solid with a melting range of 38.degree.-40.degree.C. Its infrared
      curve was in accord with the structure of
      2-t-butylazo-2-cyano-3,3-dimethylbutane. The product is a thermally
      sensitive free radical and gas generating compound. It has a 10 hour
      half-life in trichlorobenzene at 80.degree.C.
PAR  It cured the unsaturated polyester-styrene resin of Example III at
      180.degree.F (82.2.degree.C) and 212.degree.F (100.degree.C) giving peak
      exotherms of 388.degree.F (197.8.degree.C) and 430.degree.F
      (221.1.degree.C) in 10.4 and 4.9 minutes respectively. The cured samples
      were very hard.
PAC  EXAMPLE X
PAC  Preparation of 4-t-Butylazo-4-cyanovaleric Acid
      ##EQU23##
PAR  To a solution of 312 grams (2.5 moles) of t-butylhydrazine hydrochloride in
      800 mls of water in a 3 liter jacketed resin reactor equipped with an
      efficient mechanical stirrer, thermometer, condenser and dropping funnel
      was added 123 grams (2.5 moles) of sodium cyanide and 290 grams (2.5
      moles) of levulinic acid from the dropping funnel over 5 minutes. The
      reaction exotherms to 40.degree.-45.degree.C during the addition period
      and then is heated at 50.degree.C for 1 hour by circulating hot water
      through the reactor jacket. The reaction mixture becomes very thick during
      this period. The reaction is cooled to 20.degree.C and 500 ml of
      chloroform and 500 ml of water are added. Chlorine is then passed into the
      reaction mixture through a gas inlet tube reaching to the bottom of the
      reactor until approximately 284 grams (4.0 moles) of chlorine have been
      absorbed. The reaction temperature is controlled below 25.degree.C by
      circulating ice water through the reactor jacket. At the end of the
      chlorine addition, the chloroform layer is separated and the aqueous layer
      neutralized with 20% sodium hydroxide, treated with sodium hypochlorite
      until bleaching of pH paper persists and then discarded. The chloroform
      layer is stirred into 2,000 grams of 5% sodium hydroxide for 10 minutes
      and the chloroform layer separated and discarded. The aqueous layer is
      transferred to a 4 liter beaker and acidified to a pH of 1-2 with
      concentrated HCl. The product precipitates out of solution upon
      acidification, is filtered off, washed with 2 liters of water, filtered
      and air dried. The white solid weighed 337 grams (65% yield) after drying
      and melted with decomposition at 80.degree.C. The infrared spectrum of the
      product was consistent with the structure of the proposed compound.
PAR  4-t-Butylazo-4-cyanovaleric has a 10 hour half-life at 73.degree.C in water
      and at 76.degree.C in trichlorobenzene. It cured the unsaturated
      polyester-styrene resin of Example III at 180.degree.F (82.degree.C) and
      212.degree.F (100.degree.C) at a 1.0 weight percent loading giving peak
      exotherms of 410.degree.F (210.degree.C) and 422.degree.F (217.degree.C)
      in 8.5 and 3.8 minutes respectively. The cured samples were very hard. The
      styrene polymerization rates at 5 and 10% conversion for
      4-t-butylazo-4-cyanovaleric acid at 85.degree.C were 11.95 .times.
      10.sup..sup.-3 moles per liter per minute and 11.05 .times. 10.sup..sup.-3
      moles per liter per minute respectively using the method described for low
      conversion polymerization in Example II.
PAC  EXAMPLE XI
PAC  Emulsion Polymerization of Ethyl Acrylate with 4-t-Butylazo-4-cyanovaleric
      Acid and its Sodium Salt
PAR  An emulsion containing 50 grams of deionized water, 40 grams of ethyl
      acrylate, 4.8 grams Triton X-200 (Rohm and Haas anionic surfactant) and
      0.0769 grams (3.65 .times. 10.sup..sup.-4 moles)
      4-t-butylazo-4-cyanovaleric acid (from Example X) was prepared.
      Approximately 25 grams of the emulsion was placed in a 250 ml 4-neck round
      bottom flask equipped with a mechanical stirrer, thermometer and
      condenser. Nitrogen was passed through the system and the contents of the
      flask were heated to the reflux temperature of 82.degree.C. When the
      temperature rose to 90.degree.C, indicating polymerization was occurring,
      the balance of the emulsion was slowly added from a self-venting addition
      funnel, maintaining the temperature at 85.degree.-87.degree.C. At the end
      of the addition, the temperature was raised to 95.degree.C for 5 minutes,
      a very small amount of hydroquinone added and the reaction cooled to room
      temperature. The total reaction time was 1 1/3 hours. The final pH was
      3.6. A 5 gram aliquot was weighed into a tared dish and the monomers and
      water evaporated and the conversion of monomer to polymer was determined
      to be 94%.
PAR  A similar polymerization was run under the same conditions using 3.65
      .times. 10.sup..sup.-4 moles of the sodium salt of
      4-t-butylazo-4-cyanovaleric acid as the initiator. The conversion was
      92.3% and the final pH was 6.6.
PAR  A similar polymerization run under the same conditions for 3 hours with no
      initiator gave only 3 1/2% conversion.
PAC  EXAMPLE XII
PAC  Preparation of 2-t-Cumylazo-2-cyanopropane
      ##EQU24##
      A. Acetone t-cumylhydrazone was prepared according to the method of
      Overberger (Overberger and DiGuilio, J. Am. Chem. Soc. 81, 2154 (1559)).
PAL  B. 2-t-Cumylhydrazo-2-cyanopropane
PAR  The t-cumylhydrazone of acetone (19.0g) was treated with anaqueous solution
      of excess hydrocyanic acid at R.T. This mixture was stirred for 6 hours
      and then allowed to stand overnight. The reaction mixture was then
      extracted with methylene chloride. The methylene chloride extracts were
      dried over anhydrous sodium sulfate, filtered and the methylene chloride
      evaporated to obtain a product (21.5g) that had an infrared spectrum in
      accord with the structure of 2-t-cumylhydrazo-2-cyanopropane. The product
      was used without further purification in the next step.
PAL  C. 2-t-Cumylazo-2-cyanopropane
PAR  The crude hydrazo product from above (21.4g) was dissolved in 100 ml
      methylene chloride, 50 ml of water added and the mixture cooled to
      0.degree.C. Chlorine was passed into the solution at 0.4g/min. until 7.1g
      of chlorine had been added. The temperature was held at
      0.degree.-3.degree.C. throughout the addition. At the end of the addition
      the methylene chloride layer was separated, washed twice with saturated,
      NaHCO.sub.3, dried over anhydrous sodium sulfate, filtered and the
      methylene chloride evaporated leaving 18.6g of crude
      2-t-cumylazo-2-cyanopropane. A sample of the crude
      2-t-cumylazo-2-cyanopropane (8.75g) was chromatographed through alumina
      and 6.0g of the pure liquid 2-t-cumylazo-2-cyanopropane was obtained as
      evidenced by infrared spectroscopy.
PAR  2-t-Cumylazo-2-cyanopropane is a thermally sensitive free radical and gas
      generator. The compound has a 10 hour half-life in trichlorobenzene at
      50.degree.C. The styrene polymerization rates at 5% conversion for
      2-t-cumylazo-2-cyanopropane at 60.degree.C was 5.04 .times. 10.sup..sup.-3
      moles per liter per minute using the method described in Example II. At a
      1.0 weight percent loading it cured the unsaturated polyester-styrene
      resin of Example III at 180.degree.F (82.degree.C) giving a peak exotherm
      of 378.degree.F (192.degree.C) in 1.3 minutes and a very hard cured resin.
PAC  EXAMPLE XIII
PAC  Preparation of 1-t-Butylazo-1-cyano-1-cyclopropylethane
      ##SPC4##
PAL  A. t-Butylhydrazone of Methyl Cyclopropyl Ketone
PAR  The same procedure as was used in Example VIIA was used for the preparation
      of methyl cyclopropyl ketone t-butylhydrazone. The yield of liquid product
      was 8.8g (100%) and the infrared spectrum was consistent with the
      structure of the proposed compound.
PAL  B. 1-t-Butylhydrazo-1-cyano-1-cyclopropylethane
PAR  A solution of 8.7g methyl cyclopropyl ketone t-butylhydrazone in 20 ml
      liquid hydrocyanic acid was heated for 6 hours in a pressure bottle at
      60.degree.C. The solution was cooled, poured into ice water and the
      aqueous solution extracted twice with ether. The ether extracts were
      combined, washed with saturated sodium bicarbonate solution, dried over
      sodium sulfate, filtered and the ether evaporated off. The yield was 10.0g
      (99%) of a brown liquid. The infrared spectrum was consistent with the
      structure of the proposed product.
PAL  C. 1-t-Butylazo-1-cyano-1-cyclopropylethane
PAR  To a mixture of 10.0g (.055 m.) of crude
      1-t-butylhydrazo-1-cyano-1-cyclopropylethane, 100 ml methylene chloride,
      and 50 ml water, cooled to 0.degree.C in an ice bath, was added 8.75 g
      (.055 m.) of bromine dropwise over 15 minutes holding the temperature at
      0.degree. to 5.degree.C. After the bromine addition, the reaction was
      stirred 10 minutes, the methylene chloride layer separated, washed twice
      with saturated sodium bicarbonate solution, dried over anhydrous sodium
      sulfate, filtered and the methylene chloride evaporated off. The yield was
      8.9g (90%) of a brown liquid. The liquid was chromatographed over an
      alumina column, eluting it with pentane, to give 8.1g of a light tan
      liquid which solidifies in the freezer. The infrared spectrum was
      consistent with the structure of the proposed compound. The product is a
      thermally sensitive free radical and gas generating compound. The compound
      has a 10 hour half-life in trichlorobenzene at 62.degree.C.
PAR  1-t-Butylazo-1-cyano-1-cyclopropylethane at a 1.0 percent weight loading
      cured the unsaturated polyester-styrene resin of Example III at
      180.degree.F (82.2.degree.C) and 212.degree.F (100.degree.C) giving peak
      exotherms of 403.degree.F (206.1.degree.C) and 420.degree.F
      (215.6.degree.C) in 3.3 and 2.1 minutes respectively. The cured samples
      were very hard.
PAC  EXAMPLE XIV
PAC  Preparation of 2-t-Amylazo-2-cyanopropane
      ##EQU25##
      A. t-Amylhydrazine Hydrochloride
PAR  An aqueous solution of t-amylhydrazine hydrochloride was prepared by the
      process described in WL-1320, Ser. No. 684,652. t-Amylurea was chlorinated
      to form N-t-amyl-N'-chlorourea which was then rearranged in the presence
      of sodium hydroxide to sodium t-amylhydrazocarboxylate. Acidification with
      HCl led to decarboxylation and formation of t-amylhydrazine hydrochloride.
PAL  B. 2-t-Amylazo-2-cyanopropane
PAR  To a solution of 22 grams (.159 moles) of t-amylhydrazine hydrochloride in
      about 350 ml of water warmed to 37.degree.C in a 500 ml 3-neck round
      bottom flask equipped with a mechanical stirrer and thermometer was added
      7.1 grams (.145 moles) of sodium cyanide followed by 8.4 grams (.145
      moles) of acetone. The flask was stoppered and the reaction mixture
      stirred for 2 1/2 hours at 35.degree. .+-. 3.degree.C and cooled to room
      temperature. The organic layer was separated, dissolved in 50 ml of
      pentane and placed back into the 500 ml flask. With rapid stirring 150 ml
      of an 11% solution of sodium hypochlorite was slowly added to the pentane
      solution. The temperature slowly rose to 28.degree.C and then slowly
      dropped back to 25.degree.C. The reaction was stirred an additional 11/2
      hours at 25.degree.C and the pentane layer separated. The pentane layer
      was successively washed with water, 10 % HCl, water, 10% NaHCO.sub.3,
      dried over anhydrous sodium sulfate, filtered and the pentane evaporated
      under reduced pressure, leaving 11.1  grams (46% yield) of a light yellow
      liquid. The infrared spectrum of the product was in agreement with the
      structure of the desired azo.
PAR  The compound has 10 hour half-life in trichlorobenzene at 79.degree.C. The
      styrene polymerization rates at 5% and 10% conversion for
      2-t-amylazo-2-cyanopropane at 85.degree.C were 10.47 .times.
      10.sup..sup.-3 moles per liter per minute using the method described for
      low conversion polymerization in Example II. Using the procedure described
      in Example III 0.2 grams of 2-t-amylazo-2-cyanopropane cured 20 grams of
      the unsaturated polyester-styrene resin at 180.degree.F (82.degree.C) in
      8.7 minutes. The resultant cured piece was very hard.
PAC  EXAMPLE XV
PAC  Preparation of 1-t-Amylazo-1-cyanocyclohexane
      ##SPC5##
PAR  To a solution of 22 grams (0.159 moles) of t-amylhydrazine hydrochloride in
      about 350 ml of water warmed to 36.degree.C in a 500 ml 3-neck round
      bottom flask equipped with a mechanical stirrer and theremometer was added
      7.1 grams (0.145 moles) of sodium cyanide followed by 14.2 grams (0.145
      moles) of cyclohexanone. The flask was stopperred and the reaction mixture
      stirred for 21/2 hours at 35.degree. .+-. 3.degree.C and cooled to room
      temperature. The organic layer was taken up in 50 ml of pentane and the
      aqueous layer separated. The pentane solution was placed back into the 500
      ml flask and with rapid stirring 150 ml of an 11% solution of sodium
      hypochlorite was slowly added to the pentane solution from a dropping
      funnel. The temperature rose to 35.degree.C so that the reaction was
      cooled to 30.degree.C with an ice bath. The reaction was stirred an
      additional 2 hours at 25.degree.-30.degree. C, the pentane layer separated
      and successively washed with water, 10% HCl, water 10% NaHCO.sub.3, dried
      over anhydrous sodium sulfate, filtered and the pentane evaporated under
      reduced pressure to leave 22 grams (73% yield) of a light yellow liquid.
      The infrared spectrum of the product was in agreement with the structure
      of the desired azo.
PAR  1-t-Amylazo-1-cyanocyclohexane has a 10 hour half-life in trichlorobenzene
      at approximately 94.degree.C. The styrene polymerization rates at 5% and
      10% conversion for 1-t-amylazo-1-cyanocyclohexane at 100.degree.C were
      14.75 .times. 10.sup.-.sup.3 moles per liter per minute using the method
      described for low conversion polymerization in Example II. Using the
      procedure described in Example III, 1-t-amylazo-1-cyanocyclohexane cured
      the unsaturated polyesterstyrene resin at 212.degree.F (100.degree.C) in
      5.6 minutes and the cured piece was very hard.
PAC  EXAMPLES XVI TO XXVIII
PAR  The compounds in Table I were prepared in the indicated yield using the
      procedure described in Example I (method A) or the procedure described in
      Example V (method B) substituting the proper ketone for the acetone
      (method A) or cyclohexanone (method B).
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Ex. No.                                                                   

           Name of Compound    Structure of Compound                           

                                               Starting Ketone                 

                                                            Method             

                                                                Yield          

     __________________________________________________________________________

                               C.sub.2 H.sub.5                                 

                               .vertline.                                      

     XVI   3-t-butylazo-3-cyanoheptane                                         

                               (CH.sub.3).sub.3 C--N=N--C--(CH.sub.2).sub.3    

                               CH.sub.3        3-heptanone  A   59%            

                               .vertline.                                      

                               CN                                              

                               CH.sub.3                                        

                               .vertline.                                      

     XVII  2-t-butylazo-2-cyano-3-methylbutane                                 

                               (CH.sub.3).sub.3 C--N=N--C--CH(CH.sub.3).sub.2  

                                               methyl isopropyl                

                                                            Aetone             

                                                                27%            

                               .vertline.                                      

                               CN                                              

                               CH.sub.3                                        

                               .vertline.                                      

     XVIII 2-t-butylazo-2-cyanopentane                                         

                               (CH.sub.3).sub.3 C--N=N--C--(CH.sub.2).sub.2    

                               CH.sub.3        methyl propyl                   

                                                            Aetone             

                                                                69%            

                               .vertline.                                      

                               CN                                              

                               C.sub.2 H.sub.5                                 

                               .vertline.                                      

     XIX   3-t-butylazo-3-cyanopentane                                         

                               (CH.sub.3).sub.3 C--N=N--C--C.sub.2 H.sub.5     

                                               diethyl ketone                  

                                                            A   51%            

                               .vertline.                                      

                               CN                                              

     XX    1-t-butylazo-1-cyanocyclopentane    cyclopentanone                  

                                                            B   52%            

     XXI   1-t-butylazo-1-cyano-4-methylcyclohexane                            

                                               4-methylcyclohexanone           

                                                            B   83%            

     XXII  1-t-butylazo-1-cyano-3-methylcyclohexane                            

                                               3-methylcyclohexanone           

                                                            B   82%            

     XXIII 1-t-butylazo-1cyano-2-methylcyclohexane                             

                                               2-methylcyclohexanone           

                                                            B   72%            

                               CH.sub.3                                        

                               .vertline.                                      

     XXIV  2-t-butylazo-2-cyanohexane                                          

                               (CH.sub.3).sub.3 C--N=N--C--(CH.sub.2).sub.3    

                               CH.sub.3        methyl butyl ketone             

                                                            A   65%            

                               .vertline.                                      

                               CN                                              

                               CH.sub.3                                        

                               .vertline.                                      

     XXV   2-t-butylazo-2-cyano-1-phenylpropane                                

                               (CH.sub.3).sub.3 C--N=N--C--CH.sub.2 --C.sub.6  

                               H.sub.5         phenylacetone                   

                                                            A   90%            

                               .vertline.                                      

                               CN                                              

                               CH.sub.3 O                                      

                               .vertline..parallel.                            

     XXVI  ethyl 3-t-butylazo-3-cyanobutyrate                                  

                               (CH.sub.3).sub.3 C--N=N--C--CH.sub.2 --COC.sub.2

                                H.sub.5        ethyl acetoacetate              

                                                            A   31%            

                               .vertline.                                      

                               CN                                              

                               CH.sub.3 O                                      

                               .vertline..parallel.                            

     XXVII 2-t-butylazo-2-cyano-1-acetoxypropane                               

                               (CH.sub.3).sub.3 C--N=N--C--CH.sub.2 --OCCH.sub.

                               3               acetonyl acetone                

                                                            A   24%            

                               .vertline.                                      

                               CN                                              

                               CH.sub.3                                        

                               .vertline.                                      

     XXVIII                                                                    

           2-t-butylazo-2-cyano-5-hydroxypentane                               

                               (CH.sub.3).sub.3 C--N=N--C--(CH.sub.2).sub.3    

                               --OH            3-acetyl-1-propanol             

                                                            A   75%            

                               .vertline.                                      

                               CN                                              

     __________________________________________________________________________

PAC  EXAMPLE XXIX
PAC  Preparation of 2-t-Butylazo-2-cyano-5-methylhexane
      ##EQU26##
      A. t-Butylhydrazone of Methyl Isoamyl Ketone
PAR  The t-butylhydrazone of methyl isoamyl ketone was prepared in 95% yield
      using the same procedure described in Example VIIIA for the preparation of
      the t-butylhydrazone of diisobutyl ketone, substituting methyl isoamyl
      ketone for the diisobutyl ketone. The infrared spectrum of the product was
      consistent with the structure of the desired hydrazone.
PAL  B. 2-t-Butylhydrazo-2-cyano-5-methylhexane
PAR  2-t-Butylhydrazo-2-cyano-5-methylhexane was prepared in 96% yield using the
      same procedure described in Example XIIIB for the preparation of
      1-t-butylhydrazo-1-cyano-1-cyclopropylethane, substituting the
      t-butylhydrazone of methyl isoamyl ketone for the t-butylhydrazone of
      methyl cyclopropyl ketone.
PAL  C. 2-t-Butylazo-2-cyano-5-methylhexane
PAR  2-t-Butylazo-2-cyano-5-methylhexane was prepared in 94% yield by oxidizing
      2-t-butylhydrazo-2-cyano-5-methylhexane with bromine using the same
      procedure described in Example XIIIC for the oxidation of
      1-t-butylhydrazo-1-cyano-1-cyclopropylethane. The crude product was
      chromatographed over alumina and the product eluted with pentane. The
      infrared spectrum of the purified product was consistent with the
      structure of the desired azo. The compound has a 10 hour half-life in
      trichlorobenzene at approximately 78.degree.C.
PAC  EXAMPLE XXX
PAC  Preparation of 1-t-Butylazo-1-cyanocyclooctane
      ##EQU27##
      A. t-Butylhydrazone of Cyclooctanone
PAR  The t-butylhydrazone of cyclooctanone was prepared in 95% yield using the
      same procedure described in Example VIIA for the preparation of the
      t-butylhydrazone of diisobutyl ketone, substituting cyclooctanone for the
      diisobutyl ketone. The infrared spectrum of the product was consistent
      with the structure of the desired hydrazone.
PAL  B. 1-t-Butylhydrazo-1-cyanocyclooctane
PAR  1-t-Butylhydrazo-1-cyanocyclooctane was prepared in 100% yield using the
      same procedure described in Example XIIIB for the preparation of
      1-t-butylhydrazo-1-cyano-1-cyclopropylethane, substituting the
      t-butylhydrazone of cyclooctanone for the t-butylhydrazone of methyl
      cyclopropyl ketone.
PAL  C. 1-t-Butylazo-1-cyanocyclooctane
PAR  1-t-Butylazo-1-cyanocyclooctane was prepared in 93% crude yield by
      oxidizing 1-t-butylhydrazo-1-cyanocyclooctane with bromine using the same
      procedure described in Example XIIIC for the oxidation of
      1-t-butylhydrazo-1-cyano-1-cyclopropylethane. The crude product was
      chromatographed over alumina and the product eluted with pentane. The
      infrared spectrum of the purified product was consistent with the
      structure of the desired azo. The compound has a 10 hour half-life in
      trichlorobenzene at approximately 55.degree.C.
PAC  EXAMPLE XXXI
PAC  Preparation of 1-t-Butylazo-1-cyanocycloheptane
      ##EQU28##
      A. t-Butylhydrazone of Cycloheptanone
PAR  The t-butylhydrazone of cycloheptanone was prepared in 95% yield using the
      same procedure described in Example VIIA for the preparation of the
      t-butylhydrazone of diisobutyl ketone, substituting cycloheptanone for the
      diisobutyl ketone. The infrared spectrum of the product was consistent
      with the structure of the desired hydrazone.
PAL  B. 1-t-Butylhydrazo-1-cyanocycloheptane
PAR  1-t-Butylhydrazo-1-cyanocycloheptane was prepared in 95% yield using the
      same procedure described in Example XIIIB for the preparation of
      1-t-butylhydrazo-1-cyano-1-cyclopropylethane, substituting the
      t-butylhydrazone of cycloheptanone for the t-butylhydrazone of methyl
      cyclopropyl ketone.
PAL  C. 1-t-Butylazo-1-cyanocycloheptane
PAR  1-t-Butylazo-1-cyanocycloheptane was prepared in 100% crude yield by
      oxidizing 1-t-butylhydrazo-1-cyanocycloheptane with bromine using the same
      procedure described in Example XIIIC for the oxidation of
      1-t-butylhydrazo-1-cyano-1-cyclopropylethane. The crude product was
      chromatographed over alumina and the product eluted with pentane. The
      infrared spectrum of the purified product was consistent with the
      structure of the desired azo. The compound has a 10 hour half-life in
      trichlorobenzene at approximately 68.degree.C.
PAC  EXAMPLE XXXII
PAC  Preparation of 2-t-Butylazo-2-cyano-4-methylpentane
      ##EQU29##
      A. t-Butylhydrazone of Methyl Isobutyl Ketone
PAR  To a 12 liter, 3-neck round bottom flask seated in a heating mantle was
      added 7840 grams of an aqueous solution containing 572 grams (6.5 moles)
      of t-butylhydrazine as an acid salt. The solution was stirred with a
      mechanical stirrer while 520 grams (6.5 moles) of 50% sodium hydroxide and
      610 grams (6.1 moles) of methyl isobutyl ketone were added. The flask was
      equipped with a thermometer and reflux condenser and the contents were
      heated to 95.degree.C for 2 hours and then cooled down. The organic layer
      was separated, dried over anhydrous sodium sulfate, and filtered. The
      yield was 1027 grams (99% yield).
PAL  B. 2-t-Butylazo-2-chloro-4-methylpentane
PAR  Into a 5 liter, 4-neck round bottom flask equipped with a low temperature
      thermometer, a chlorine inlet tube, a mechanical stirrer, and a gas exit
      tube protected from the atmosphere with a CaCl.sub.2 tube, was added 510
      grams (3.0 moles) of methyl isobutyl ketone t-butylhydrazone, 303.6 grams
      (3.0 moles) of triethylamine and 2400 ml of pentane. The contents were
      cooled to -15.degree.C with a dry ice-isopropanol bath. Then with rapid
      stirring 213 grams (3.0 moles) of chlorine were passed into the reaction
      mixture as fast as it was possible to control the temperature at
      5.degree.C or below. After all of the chlorine had been added the reaction
      temperature was adjusted to -5.degree.C to 0.degree.C and the reaction
      mixture filtered to remove the triethylamine hydrochloride. The
      triethylamine hydrochloride filter cake was washed with fresh pentane and
      the filtrate added to the original pentane solution.
PAL  C. 2-t-Butylazo-2-cyano-4-methylpentane
PAR  A solution of 152 grams (3.1 moles) of sodium cyanide in 1500 ml of 80%
      aqueous methanol was prepared in a 10 liter 3-neck round bottom flask
      equipped with a mechanical stirrer, a thermometer and a large dropping
      funnel. The solution was cooled to 10.degree.C in an ice bath and the
      pentane solution of 2-t-butylazo-2-chloro-4-methylpentane (from B) added
      to it at a rate slow enough to maintain the temperature below 15.degree.C.
      After the addition was complete, the reaction was stirred an additional
      two hours allowing the temperature to rise to room temperature. The
      reaction mixture was diluted with 4 liters of water, the pentane layer
      separated and washed with 300 ml water, 150 ml of 20% HCl, 200 ml water
      and 200 ml of 10% sodium bicarbonate, dried over anhydrous sodium sulfate,
      filtered and the pentane evaporated off on a rotating evaporator leaving
      500 grams (85% yield) of a light yellow liquid. The infrared spectrum of
      the product was in agreement with the structure of the desired azo
      compound. The product was stored at 10.degree.C or below.
PAR  2-t-Butylazo-2-cyyano-4-methylpentane has a 10 hour half-life in
      trichlorobenzene at approximately 70.degree.C. At a 0.5 weight percent
      loading the above azo cured and unsaturated polyester-styrene resin of
      Example III at 180.degree.F (82.degree.C) giving a peak exotherm of
      394.degree.F (201.degree.C) in 5.7 minutes and a very hard cured resin. In
      addition, the 2-t-butylazo-2-cyano-4-methylpentane was stable in the resin
      at room temperature for a period exceeding 1 month. The styrene
      polymerization rates at 5% and 10% conversion for
      2-t-butylazo-2-cyano-4-methylpentane at 70.degree.C were 5.23 .times.
      10.sup.-.sup.3 moles per liter per minute and 4.72 .times. 10.sup.-.sup.3
      moles per liter per minute respectively using the method described for low
      conversion polymerization in Example II. In the high conversion
      polymerization of styrene using the procedure described in Example II,
      F.sub.1 /F.sub.2 = 0.84 at 70.degree.C (90% conversion) where F.sub.1 is
      2-t-butylazo-2-cyano-4-methylpentane and F.sub.2 is benzoyl peroxide.
PAC  EXAMPLE XXXIII
PAC  Polymerization of Vinyl Acetate with 2-t-Butylazo-2-cyano-4-methylpentane
PAR  2-t-Butylazo-2-cyano-4-methylpentane of Example XXXII was used as an
      initiator in the polymerization of vinyl acetate using a bottle
      polymerization technique at autogenous pressures. The formulation used in
      evaluation is set out below:
     Vinyl acetate monomer (distilled)                                         

                            25 grams                                           

     Water (distilled)      100 mls                                            

     Methocel HG65, 50 cps  0.24 grams                                         

     Aerosol MA80           0.12 grams                                         

     2-t-Butylazo-2-cyano-4-methylpentane                                      

                            variable                                           

PAR  A water suspension of methocel HG65, and aerosol MA80 was prepared in
      sufficient quantity to be used in 6 runs. The suspension was then added to
      a series of six 250 cc short necked bottles according to the above
      formulation. Twenty-five grams of distilled vinyl acetate monomer was
      weighed into each of the six bottles. The
      2-t-butylazo-2-cyano-4-methylpentane was weighed into tared glass cups in
      varying amounts from 0.0098 grams to 0.049 grams and the cups placed in
      their respective bottles. The bottles were flushed with nitrogen for five
      minutes and securely capped. The bottles placed in a water bath
      thermostatted at 60.degree.C and the bottles rotated at approximately 30
      rpm for 6 hours. At the end of the reaction period, the rotation was
      stopped and as each bottle was removed from the bath, the cap was
      immediately loosened to remove any pressure. The bottle was then placed in
      a 30.degree.C tempering bath. After the bottles had been in the tempering
      bath 5  minutes, ice was added to cool the contents to 0.degree.C. The
      polymer was then filtered, washed with distilled water and dried in the
      vacuum oven at room temperature for 4 hours, 2 hours at 30.degree.C and 1
      hour at 50.degree.-60.degree.C. The polymer was weighed and the percent
      conversion obtained for each bottle by dividing the grams of polymer
      obtained by 25 and multiplying by 100. It was determined that an 80%
      conversion was obtained using 0.021 grams of
      2-t-butylazo-2-cyano-4-methylpentane per 25 grams of vinyl acetate.
PAC  EXAMPLE XXXIV
PAC  Preparation of 2-t-Butylazo-2-cyano-4-methoxy-4-methylpentane
      ##EQU30##
      A. t-Butylhydrazone of 4-methoxy-4-methylpentan-2-one
PAR  To a 12 liter 3-neck round bottom flask was added 7840 grams of an aqueous
      solution containing 572 grams (6.5 moles) of t-butylhydrazine as an acid
      salt. The flask was equipped with a mechanical stirrer, relux condeser and
      a thermometer and placed in a heating mantle. The contents of the flask
      were stirred while 520 grams (6.5 moles) of 50% sodium hydroxide and 795
      grams (6.1 moles) of 4-methoxy-4-methylpentan-2-one were added. The
      contents were then heated to reflux for 2 hours and slowly cooled down.
      The organic layer was separated, dried over anhydrous sodium sulfate,
      filtered and weighed. The yield was 1160 grams (95% yield).
PAL  B. 2-t-Butylazo-2-chloro-4-methoxy-4-methylpentane
PAR  Into a 5 liter 4 neck round bottom flask equipped with a low temperature
      thermometer, a chlorine inlet tube, a mechanical stirrer and a gas exit
      tube protected from the atmosphere with a calcium chloride tube, was added
      800 grams (4.0 moles) of the t-butylhydrazone of
      4-methoxy-4-methylpentan-2-one, 404.8 grams (4.0 moles) of triethylamine
      and 3000 mls of pentane. The contents were cooled to -15.degree.C with a
      dry ice-isoproponal bath. Then with rapid stirring 284 grams (4.0 moles)
      of chlorine were passed into the reaction mixture as fast as it was
      possible to control the temperature at 5.degree.C or below. After all of
      the chlorine had been added, the reaction temperature was adjusted to
      -5.degree. to 0.degree.C and the reaction mixture filtered to remove the
      triethylamine hydrochloride. The triethylamine hydrochloride filter cake
      was washed with fresh pentane and the filtrate added to the original
      pentane solution.
PAL  C. 2-t-Butylazo-2-cyano-4-methoxy-4-methylpentane
PAR  A solution of 206 grams (4.2 moles) of sodium cyanide in 2000 mls of 80%
      aqueous methanol was prepared in a 12 liter 3 neck round bottom flask
      equipped with a mechanical stirrer, a thermometer and large dropping
      funnel. The solution was cooled to 0.degree.C in an ice-salt bath and the
      pentane solution of 2-t-butylazo-2-chloro-4-methosy-4-methylpentane from
      step B added to it at a rate slow enough to maintain the temperature below
      5.degree.C. After the addition was complete, the reaction was stirred an
      additional 2 hours allowing the temperature to rise to room temperature.
      The reaction mixture was then diluted with 6 liters of water, the aqueous
      layer separated (oxidized with NaOCl to destroy the excess cyanide) and
      the pentane layer washed successively with 400 ml water, 200 ml 10% HCl,
      200 ml 10% NaHCO.sub.3, 200 ml water, dried over anhydrous sodium sulfate
      and filtered. The pentane was evaporated under reduced pressure on a
      rotating evaporator leaving 805 grams (90% yield) of a yellow liquid. The
      infrared spectrum of the product was in agreement with the structure of
      the desired azo compound. The product was stored at 0.degree.C.
PAR  2-t-Butylazo-2-cyano-4-methoxy-4-methylpentane has a 10 hour half-life in
      trichlorobenzene at approximately 55.degree.C. At a 0.5 weight percent
      loading the above azo cured the unsaturated polyester-styrene resin of
      Example III at 180.degree.F (82.degree.C) giving a peak exotherm of
      354.degree.F (179.degree.C) in 1.4 minutes and a very hard cured resin.
      The styrene polymerization rates at 5 and 10% conversion for
      2-t-butylazo-2-cyano-4-methoxy-4-methylpentane at 60.degree.C were 4.62
      .times. 10.sup.-.sup.3 and 3.96 .times. 10.sup.-.sup.3 moles per liter per
      minute respectively using the method described for low conversion
      polymerization in Example II.
PAC  EXAMPLE XXXV
PAC  Polymerization of Vinyl Chloride with 2-t-Butylazo-2-cyano-4
      -methoxy-4-methylpentane
PAR  2-t-Butylazo-2-cyano-4-methoxy-4-methylpentane of Example XXXIV was used as
      an initiator in the polymerization of vinyl chloride using the well-known
      bottle polymerization technique at autogenous pressures. The formulation
      used in evaluation is set out below:
TBL  Vinyl chloride monomer                                                    

                           100       grams                                     

     Water (distilled)     210       ml                                        

     Methocel* (1500 cps) (1% solution)                                        

                           20        ml                                        

     Sorbitan monostearate (1% solution)                                       

                           10        ml                                        

     Polyoxyethylene sorbitan monostearate                                     

      (1% solution)        10        ml                                        

     2-t-Butylazo-2-cyano-4-methoxy-4-                                         

      methylpentane        (variable)                                          

      *A hydroxypropyl methylcellulose product of Dow Chemical.                

PAR  A water suspension was prepared as set out in the above formulation and
      added to a 24 ounce beverage bottle which was then frozen at -20.degree.C.
      A series of bottles was prepared and varying amounts of the initiator
      added, followed by the freshly distilled vinyl chloride. The bottles were
      capped and placed in a water bath thermostatted at 50.degree.C. The bath
      was equipped to cause the rotation of the bottles end over end. After the
      polymerization had continued at 50.degree.C for 16 hours, the bottles were
      cooled, vented of excess vinyl chloride monomer, and the yield of
      polyvinyl chloride determined gravimetrically. It was found that 0.038
      grams of 2-t-butylazo-2-cyano-4-methoxy-4-methylpentane were required per
      100 grams of vinyl chloride monomer to obtain a 90% conversion to
      poly(vinyl chloride).
PAC  EXAMPLE XXXVI
PAC  Preparation of 2-t-Butylazo-2-cyano-5-isobutyroyloxypentane
      ##EQU31##
      A. 2-t-Butylhydrazo-2-cyano-5-hydroxypentane
PAR  To a solution of 7.35 grams (0.05 moles) of 84.3% t-butylhydrazine
      hydrochloride in 25 mls of water in a 50 ml erlenmeyer flask was added 5.1
      grams (0.05 moles) of 3-acetyl-1-propanol and 2.5 grams (0.05 moles) of
      sodium cyanide and the flask stopperred and stirred overnight. The next
      morning the organic layer was extracted with methylene chloride, dried
      over anhydrous Na.sub.2 SO.sub.4, filtered and the methylene chloride
      stripped off. The yield was 10 grams (100% yield) of a light orange
      liquid. The infrared spectrum of the product was in agreement with the
      structure of the desired hydrazo compound.
PAL  B. 2-t-Butylhydrazo-2-cyano-5-isobutyroyloxypentane
PAR  The 2-t-butylhydrazo-2-cyano-5-hydroxypentane (from step A) was dissolved
      in 40 ml of ether in a 4 neck 100 ml round bottom flask and 7 ml of
      pyridine and 5.3 grams of isobutyroyl chloride added, holding the
      temperature below 30.degree.C with a water bath. The reaction mixture was
      stirred 20 minutes after the addition was over, 25 ml of water added to
      dissolve the pyridine hydrochloride and the ether layer separated. The
      ether layer was washed with 25 ml of 10% NaHCO.sub.3, 25 ml of water,
      dried over anhydrous sodium sulfate, filtered and the ether evaporated
      under reduced pressure. The yield was 11.4 grams (85% yield) of a light
      orange liquid. The infrared spectrum of the product was in agreement with
      the structure of the desired hydrazo compound.
PAL  C. 2-t-Butylazo-2-cyano-5-isobutyroyloxypentane
PAR  The hydrazo (from step B) was dissolved in 50 ml of methylene chloride and
      added to 50 ml of water in a 250 ml 3-neck round bottom flask equipped
      with a thermometer, dropping funnel, condenser and magnetic stirrer. The
      contents were cooled to 10.degree.C and bromine added dropwise until the
      red color of the bromine did not disappear. The methylene chloride layer
      was separated, washed twice with 10% NaHCO.sub.3, once with water, dried
      over anhydrous sodium sulfate, filtered and the methylene chloride
      evaporated under reduced pressure leaving 9.4 grams (83% yield) of a light
      orange liquid. The product was purified by column chromatography over
      alumina, eluting the product with pentane to give 7.5 grams of
      2-t-butylazo-2-cyano-5-isobutyroyloxypentane. The infrared spectrum of the
      product was in agreement with the structure of the desired azo compound.
PAR  The product can also be prepared by esterifying
      2-t-butylazo-2-cyano-5-hydroxypentane (Example XXVIII) with isobutyroyl
      chloride.
PAC  EXAMPLE XXXVII
PAC  Preparation of 2-t-Butylazo-2-cyano-1-isobutyroyloxypropane
      ##EQU32##
      A. 2-t-Butylhydrazo-2-cyanopropanol
PAR  To a solution of 5.5 grams (0.0442 moles) of t-butylhydrazine hydrochloride
      in 25 ml of water cooled to 5.degree.C in a 50 ml erlenmeyer flask
      equipped with a magnetic stirrer was added 2.94 grams (0.06 moles) of
      sodium cyanide and 6.56 grams (0.0442 moles) of a 50% aqueous solution of
      hydroxyacetone. The flask was stopperred, the ice bath removed and the
      mixture stirred overnight at room temperature. The next morning the
      mixture was extracted with 50 mls of methylene chloride, the methylene
      chloride layer separated, washed 3 times with 25 ml portions of 10%
      NaHCO.sub.3, dried over anhydrous Na.sub.2 SO.sub.4, filtered and the
      methylene chloride evaporated under reduced pressure to leave 7.75 grams
      (100% yield) of an organge liquid. The infrared spectrum was in agreement
      with the structure of the hydrazo alcohol.
PAL  B. 2-t-Butylhydrazo-2-cyano-1-isobutyroyloxypropane
PAR  To a solution of the above hydrazo and 4 grams of pyridine in 50 ml of
      ether in a 200 ml round bottom flask was added 4.7 grams (0.0444 moles) of
      isobutyroyl chloride dropwise holding the temperature below 25.degree.C
      with an ice bath. After the addition was complete, the reaction mixture
      was stirred for 30 minutes, 25 ml of water added to dissolve the pyridine
      hydrochloride and the ether layer separated and the ether evaporated under
      reduced pressure leaving 11.7 grams of wet hydrazo.
PAL  C. 2-t-Butylazo-2-cyano-1-isobutyroyloxypropane
PAR  The wet hydrazo from step B was dissolved in 25 ml of pentane and
      transferred to a 150 ml beaker. The hydrazo was then oxidized by slowly
      adding 0.06 moles of a 10% solution of sodium hypochlorite at 20.degree.C.
      After the addition was complete the reaction was stirred an additional
      hour at 25.degree.C, the pentane layer separated, washed with 10%
      NaHCO.sub.3, twice with 10% HCl, water, 10% NaHCO.sub.3, dried over
      anhydrous Na.sub.2 SO.sub.4, filtered and the pentane evaporated under
      reduced pressure to leave 6.35 grams (61% yield) of a yellow liquid. The
      infrared spectrum of the product was in agreement with the structure of
      the desired azo. The crude product was purified by column chromatography
      over alumina and eluting the product with pentane. The pentane was
      evaporated to leave 4.6 grams of the purified azo.
PAR  2-t-Butylazo-2-cyano-1-isobutyroyloxypropane has a 10 hour half-life in
      trichlorobenzene at approximately 79.degree.C. At a 1 percent weight
      loading the above azo cured the unsaturated polyester-styrene resin of
      Example III at 180.degree.F (82.degree.C) in 5 minutes to a very hard
      resin. The styrene polymerization rates at 5 and 10% conversion for the
      above azo at 85.degree.C were 8.84 .times. 10.sup.-.sup.3 and 8.45 .times.
      10.sup.-.sup.3 moles per liter per minute respectively using the method
      described for low conversion polymerization in Example II.
PAC  EXAMPLE XXXVIII
PAC  Preparation of 2-t-Amylazo-2-cyano-1-isobutyroyloxypropane
      ##EQU33##
PAR  2-t-Amylazo-2-cyano-1-isobutyroyloxypropane was prepared using the same
      procedure used in Example XXXVII except t-amylhydrazine hydrochloride was
      used instead of t-butylhydrazine hydrochloride in Step A. The overall
      yield was 63%. The infrared spectrum of the product was in agreement with
      the structure of the desired azo.
PAC  EXAMPLE XXXIX
PAC  Preparation of 2-t-Butylazo-2-cyano-1-benzoyloxypropane
      ##EQU34##
PAR  2-t-Butylazo-2-cyano-1-benzoyloxypropane was prepared by acylating
      2-t-butylhydrazo-2-cyanopropanol (Example XXXVII A) with benzoylchloride
      and oxidizing the resultant 2-t-butylhydrazo-2-cyano-1-benzoyloxypropane
      with sodium hypochlorite using procedures similar to those used in Example
      XXXVII. The product was a white solid with a melting point of
      57.degree.-59.degree.C.
PAR  2-t-Butylazo-2-cyano-1-benzoyloxypropane has a 10 hour half-life in
      trichlorobenzene at approximately 77.degree.C. At a 1 percent weight
      loading the above azo cured the unsaturated polyester-styrene resin of
      Example III at 180.degree.F (82.degree.C) in 11 minutes to a very hard
      resin. The styrene polymerization rates at 5 and 10% conversion for the
      above azo at 85.degree.C were 2.15 .times. 10.sup.-.sup.2 and 1.28 .times.
      10.sup.-.sup.2 moles per liter per minute respectively using the method
      described for low conversion polymerization in Example II.
PAC  EXAMPLE XL
PAC  Preparation of 2-t-Butylazo-2-cyano-1-pivaloyloxypropane
      ##EQU35##
PAR  2-t-Butylazo-2-cyano-1-pivaloyloxypropane was prepared by acylating
      2-t-butylhydrazo-2-cyanopropanol (Example XXXVIII A) with pivaloyl
      chloride and oxidizing the resultant
      2-t-butylhydrazo-2-cyano-1-pivaloyloxypropane with sodium hypochlorite
      using procedures similar to those used in Example XXXVIII.
PAR  2-t-Butylazo-2-cyano-1-pivaloyloxypropane has a 10 hour half-life in
      trichlorobenzene at approximately 75.degree.C. At a 1 percent weight
      loading the above azo cured the unsaturated polyester-styrene resin of
      Example III at 180.degree.F (82.degree.C) in 51/2 minutes to a very hard
      resin. The styrene polymerization rates at 5 and 10% conversion for the
      above azo at 85.degree.C were 9.29 .times. 10.sup.-.sup.3 and 9.29 .times.
      10.sup.-.sup.3 moles per liter per minute respectively using the method
      described for low conversion polymerization in Example II.
PAC  EXAMPLES XLI TO LIV
PAR  The general procedure for the preparation of the compounds listed as
      Examples XLI to LIV in Table II are set out below:
PAL  A. preparation of Ketone t-Butylhydrazones
PAR  The ketone t-butylhydrazones, with the exception of acetophenone
      t-butylhydrazone, were prepared by refluxing an aqueous solution of
      t-butylhydrazine with the ketone for approximately 2 hours and separating
      the organic layer after cooling and drying it over anhydrous sodium
      sulfate. Acetophenone t-butylhydrazone was prepared by azeotrapping off
      the water from a benzene solution of t-butylhydrazine and acetophenone
      similar to the preparation of diisobutyl ketone t-butylhydrazone (Example
      VIIA).
PAL  B. preparation of the .alpha.-Chloroazoalkanes
PAR  The .alpha.-chloroazoalkanes were prepared at 0.degree.-5.degree.C by
      passing an equimolar equivalent of chlorine into a pentane solution of
      equimolar equivalents of the t-butylhydrazone and triethylamine and
      filtering off the triethylamine hydrochloride that formed. The procedure
      was similar to the (B) steps in Examples XXXII and XXXIV.
PAL  C. preparation of the .alpha.-Cyanoazoalkanes of Examples XLI to LIV
PAR  The .alpha.-cyanoazoalkanes were prepared at 5.degree.-15.degree.C by
      adding the pentane solution of the .alpha.-chloroazoalkanes of step B to
      an equivalent amount of sodium cyanide in 80% aqueous methanol. The
      procedure was similar to the (C) steps in Examples XXXII and XXXIV.
TBL                                    TABLE II                                

     __________________________________________________________________________

                                                            Yield              

                                                            from               

                                                                10             

                                                            .alpha.-           

                                                                hr.            

     Ex.                                        Starting    chloro             

                                                                t1/2           

     No.   Name of Compound                                                    

                           Structure of Compound                               

                                                Ketone      azo temp.          

     __________________________________________________________________________

                           CH.sub.3                                            

                           .vertline.                                          

     XLI 2-t-butylazo-2-cyano-4,4-                                             

                           (CH.sub.3).sub.3 C--N=N--C--CH.sub.2 --C(CH.sub.3).s

                           ub.3                 methyl neopentyl               

                                                            90% 52.degree.C    

         dimethylpentane   .vertline.           ketone                         

                           CN                                                  

                           m.p. 25.degree.C                                    

                           CH.sub.3                                            

                           .vertline.                                          

     XLII                                                                      

         1-t-butylazo-1-cyano-1-phenylethane                                   

                           (CH.sub.3).sub.3 C--N=N--C--C.sub.6 H.sub.5         

                                                acetophenone                   

                                                            73% .about.30.degre

                                                                e.C            

                           .vertline.                                          

                           CN                                                  

     XLIII                                                                     

         3-t-butylazo-3-cyano-2,2,4,4-          2,2,4,4-tetramethyl-           

                                                            60% 115.degree.C   

         tetramethylcyclobutanone               cyclobutandione                

     XLIV                                                                      

         1-t-butylazo-1-cyano-2,2,4-trimethyl-  mixture of 2,2,4-tri-          

                                                            90% 84.degree.C    

         cyclopentane                           methylcyclopentanone           

         and                                    and                            

         1-t-butylazo-1-cyano-2,4,4-trimethyl-  2,4,4-trimethylcyclo-          

         cyclopentane                           pentanone                      

     XLV 1-t-butylazo-1-cyano-1-(norborn-2-yl)  methyl norborn-2-yl            

                                                             77%*              

                                                                --             

         ethane                                 ketone                         

     XLVI                                                                      

         1-t-butylazo-1-cyano-1-(norborn-2-en-  methyl norborn-2-              

                                                             74%*              

                                                                --             

         5-yl)ethane                            en-5-yl ketone                 

     XLVII                                                                     

         1-t-butylazo-1-cyanocyclododecane                                     

                           (CH.sub.3).sub.3 C--N=N--C(CH.sub.2).sub.11         

                                                cyclododecanone                

                                                            86% --             

                           .vertline.                                          

                           CN                                                  

     XLVIII                                                                    

         8-t-butylazo-8-cyanotricyclo[5.2.1.0.sup.2,6 ]                        

                                                8-keto-tricyclo                

                                                            95% --             

         decane                                 [5.2.1.0.sup.2,6 ]-decane      

                           CH.sub.3                                            

                           .vertline.                                          

     XLIX                                                                      

         2-t-butylazo-2-cyanoundecane                                          

                           (CH.sub.3).sub.3 C--N=N--C--(CH.sub.2).sub.8        

                           --CH.sub.3           undecanone  85% --             

                           .vertline.                                          

                           CN                                                  

     L   1-t-butylazo-1-cyano-2-carbeth-        2-carbethoxycyclo-             

                                                            52% --             

         oxycyclopentane                        pentanone                      

                           CH.sub.3                                            

                           .vertline.                                          

     LI  2-t-butylazo-2-cyanooctane                                            

                           (CH.sub.3).sub.3 C--N=N--C--(CH.sub.2).sub.5        

                           --CH.sub.3           2-octanone  88% 79.degree.C    

                           .vertline.                                          

                           CN                                                  

                           CH.sub.3                                            

                           .vertline.                                          

     LII 2-t-butylazo-2-cyano-5-methyloctane                                   

                           (CH.sub.3).sub.3 C--N=N--C--CH.sub.2 --CH.sub.2     

                                                5-methyl-2-octanone            

                                                            78% --             

                           .vertline.                                          

                           CN                                                  

                           CH.sub.3                                            

                           .vertline.                                          

                           CH--CH.sub.2 --CH.sub.2 --CH.sub.3                  

                           CH.sub.3 O                                          

                           .vertline..parallel.                                

     LIII                                                                      

         n-butyl 4-t-butylazo-4-cyanovalerate                                  

                           (CH.sub.3).sub.3 C--N=N--C--CH.sub.2 --CH.sub.2     

                           --COC.sub.4 H.sub.9  n-butyl levulinate             

                                                            80% --             

                           .vertline.                                          

                           CN                                                  

     __________________________________________________________________________

      *Yield from t-butylhydrazone                                             

PAC  EXAMPLE LIV
PAC  Preparation of 4-t-Amylazo-4-cyanovaleric Acid
      ##EQU36##
      A. 4-t-Amylhydrazo-4-cyanovaleric Acid
PAR  To a solution of 16.0 grams (0.01 moles) of 85.5% t-amylhydrazine
      hydrochloride in 45 ml of water in a 100 ml 4 neck round bottom flask
      equipped with a thermometer and mechanical stirrer was added 5.9 grams
      (0.012 moles) of sodium cyanide followed by the dropwise addition of 11.6
      grams (0.01 moles) of levulinic acid. The temperature rose to 51.degree.C
      and the reaction was stirred 4 hours at 50.degree. .+-. 2.degree.C after
      the addition was complete and then allowed to stir overnight at room
      temperature. A thick cream-colored paste formed.
PAL  B. 4-t-Amylazo-4-cyanovaleric Acid
PAR  The next morning, the above paste was filtered. The filter cake was added
      to a 250 ml 4-neck round bottom flask equipped with a mechanical stirrer,
      thermometer and chlorine inlet tube. To the reaction flask was added 20 ml
      of water and 75 ml of methylene chloride and the contents cooled to
      10.degree.C. Chlorine was then passed into the mixture until the exotherm
      subsided and the aqueous layer bleached pH paper. The reaction mixture was
      stirred an additional one-half hour and the methylene chloride layer
      separated. The methylene chloride layer was washed three times with 100 ml
      portions of distilled water, dried over anhydrous sodium sulfate, filtered
      and the methylene chloride evaporated under reduced pressure to leave a
      viscous yellow-orange liquid which slowly solidified. The solid was broken
      up, slurried in 50 ml of pentane, filtered and air dried to leave 11.7
      grams (52% yield) of a white solid melting at 56.degree.-57.degree.C. It
      assayed 98.8% by neutralization equivalent.
PAC  EXAMPLE LV
PAC  Preparation of 12-t-Butylazo-12-cyanostearic Acid
      ##EQU37##
      A. t-Butylhydrazone of 12-Ketostearic Acid
PAR  A mixture of 45.2 grams (0.066 moles) of a 12.8% aqueous solution of
      t-butylhydrazine, 18.0 grams (0.06 moles) of 12-ketostearic acid and 10
      mls of benzene were heated in a 125 ml flask equipped with a condenser was
      heated at 95.degree.C for 2 hours. The reaction mixture was cooled, the
      organic layer separated, dried over anhydrous sodium sulfate, filtered and
      the benzene evaporated under reduced pressure. The product weighed 21.0
      grams (95.2% yield).
PAL  B. 12-t-Butylazo-12-cyanostearic Acid
PAR  To a solution of 21.0 grams (0.0568 moles) of the t-butylhydrazone of
      12-ketostearic acid in 50 ml of pentane, cooled to -20.degree.C, was
      passed 2.02 grams (0.0285 moles) of chlorine over a 10 minute period. The
      reaction was stirred an additional 15 minutes at -20.degree.C, the white
      solid that formed, filtered off, and the pentane filtrate, which should
      contain approximately 0.0285 moles of 12-t-butylazo-12-chlorostearic acid
      added to a solution of 1.5 grams (0.03 moles) of sodium cyanide in 20 mls
      of 75% aqueous methanol. The reaction was stirred for 1 hour at
      20.degree.C, poured into 100 ml of water, the pentane layer separated,
      washed with 5% HCl and then with water until neutral. The pentane solution
      was dried over anhydrous sodium sulfate, filtered and the pentane
      evaporated under reduced pressure to leave 8.5 grams (76% yield) of the
      desired acid.
PAC  EXAMPLE LVI
PAC  Preparation of 1-t-Cumylazo-1-cyanocyclohexane
      ##SPC6##
PAL  A. t-Cumylhydrazine Sulfate
PAR  t-Cumylhydrazine sulfate was prepared by acidifying an aqueous solution of
      t-cumylhydrazine. The t-cumylhydrazine was prepared according to the
      method of Overberger (Overberger and DiGuilio, J. Am. Chem. Soc. 81, 2154
      (1959)).
PAL  B. 1-t-Cumylhydrazo-1-cyanocyclohexane hydrochloride
PAR  To 188 grams of an aqueous solution containing 12.5 grams (0.0505 moles) of
      t-cumylhydrazine sulfate warmed to 34.degree.C in a 500 ml 4-neck flask
      equipped with a thermometer and a magnetic stirrer was added 2.45 grams
      (0.05 moles) of sodium cyanide followed by 4.9 grams (0.05 moles) of
      cyclohexanone. The flask was stopperred and the reaction mixture stirred
      for 3 hours at 30.degree.-35.degree.C, cooled to 20.degree.C and the
      organic layer extracted with 50 ml of pentane. Concentrated hydrochloric
      acid was added dropwise to the pentane extract until precipitation of the
      hydrazo hydrochloride ceased. The hydrazo hydrochloride was filtered,
      washed with pentane and air dried overnight to give 11.4 grams (78% yield)
      of a while solid.
PAL  C. 1-t-Cumylazo-1-cyanocyclohexane
PAR  The above hydrazo hydrochloride was slurried in 90 ml of pentane in a 250
      ml round bottom flask and cooled to 5.degree.C. Then 50 ml of water was
      added and chlorine passed into the system until a slight excess of
      chlorine was present (bleaching of pH paper by the aqueous phase). The
      reaction mixture was stirred an additional one-half hour at 10.degree.C,
      the pentane layer separated, washed with water, 5% HCl, water, 10%
      NaHCO.sub.3, dried over anhydrous sodium sulfate, filtered and the pentane
      evaporated under reduced pressure to leave 9.5 grams (96% yield) of a
      yellow liquid. The infrared spectrum of the product was in agreement with
      the structure of the desired azo.
PAR  1-t-Cumylazo-1-cyanocyclohexane has a 10 hour half-life in trichlorobenzene
      at approximately 62.5.degree.C. At a 1 percent weight loading the above
      azo cured, the unsaturated polyesterstyrene resin of Example III at
      180.degree.F (82.degree.C) in 3 minutes and the cured resin was very hard.
      The styrene polymerization rates at 5% and 10% conversion for the above
      azo at 70.degree.C were 2.40 .times. 10.sup.-.sup.3 and 2.28 .times.
      10.sup.-.sup.3 moles per liter per minute respectively using the method
      described for low conversion polymerization in Example II. It was
      determined that 0.15 grams of 1-t-cumylazo-1-cyanocyclohexane were
      required per 100 grams of vinyl chloride monomer to obtain a 90%
      conversion to poly(vinyl chloride) using a reaction cycle of 16 hours at
      50.degree.C in the suspension polymerization of vinyl chloride as
      described in Example XXXV.
PAC  EXAMPLE LVII
PAC  Preparation of 2-t-Cumylazo-2-cyano-4-methylpentane
      ##EQU38##
      A. t-Cumylhydrazone of Methyl Isobutyl Ketone
PAR  The t-cumylhydrazone of methyl isobutyl ketone was prepared in 98% yield by
      refluxing an 8.9% aqueous solution of t-cumylhydrazine with an equivalent
      amount of methyl isobutyl ketone for 1 hour, cooling and separating the
      organic layer.
PAL  B. 2-t-Cumylazo-2-chloro-4-methylpentane
PAR  2-t-Cumylazo-2-chloro-4-methylpentane was prepared using the same general
      procedure described for preparing the .alpha.-chloro-t-butylazo compounds
      (Examples XLI to LIII step B).
PAL  C. 2-t-Cumylazo-2-cyano-4-methylpentane
PAR  2-t-Cumylazo-2-chloro-4-methylpentane was converted to
      2-t-cumylazo-2-cyano-4-methylpentane in 70% yield using the same general
      procedure used for converting the .alpha.-chloro-t-butylazo compounds to
      the corresponding .alpha.-cyano azos (Examples XLI to LIII step C). The
      infrared spectrum was in agreement with the structure of
      2-t-cumylazo-2-cyano-4-methylpentane.
PAR  2-t-Cumylazo-2-cyano-4-methylpentane has a 10 hour half-life in
      trichlorobenzene at approximately 33.degree.C. At a 1 percent weight
      loading the above azo cured the unsatruated polyesterstyrene resin of
      Example III at 180.degree.F (82.degree.C) in 0.9 minutes and the cured
      resin was very hard.
PAC  EXAMPLE LVIII
PAC  Preparation of n-Butyl 4-t-Cumylazo-4-cyanovalerate
      ##EQU39##
      A. t-Cumylhydrazone of n-Butyl Levulinate
PAR  The t-cumylhydrazone of butyl levulinate was prepared in 85% yield by
      refluxing for 2 hours 150 ml of an aqueous solution containing 0.19 moles
      of t-cumylhydrazine with 31.6 grams (0.184 moles) of n-butyl levulinate,
      cooling and separating the organic layer.
PAL  B. n-Butyl 4-t-Cumylazo-4-chlorovalerate
PAR  The n-butyl 4-t-cumylazo-4-chlorovalerate was prepared in 95% yield by
      passing 7.1 grams (0.1 moles) of chlorine into a 150 ml of pentane
      containing 32 grams (0.1 moles) of the t-cumylhydrazone of n-butyl
      levulinate and 10.2 grams (0.1 moles) of triethylamine at -20.degree.C.
      The triethylamine hydrochloride was filtered off and the pentane filtrate
      dried and stripped of pentane.
PAL  C. n-Butyl 4-t-Cumylazo-4-cyanovalerate
PAR  The n-butyl 4-t-cumylazo-4-cyanovalerate was prepared in 90% yield by
      adding 12.25 grams (0.0346 moles) of n-butyl 4-t-cumylazo-4-chlorovalerate
      to 30 ml of 75% aqueous methanol containing 1.77 grams (.036 moles) of
      sodium cyanide using the procedure described for Examples XLI to LIII step
      C. The product was a yellow liquid and its infrared spectrum was in
      agreement with the structure of n-butyl 4-t-cumylazo-4-cyanovalerate.
PAC  EXAMPLE LIX
PAC  Preparation of 4-t-Cumylazo-4-cyanovaleric Acid
      ##EQU40##
PAR  To a stirred solution of 2.8 grams (0.035 moles) of 50% sodium hydroxide in
      30 ml of methanol was added 10.7 grams (0.031 moles) of n-butyl
      4-t-cumylazo-4-cyanovalerate (from Example LVIII). The reaction mixture
      was stirred for 31/2 hours at room temperature, poured into 150 ml of
      water and extracted with 50 ml of methylene chloride to remove any
      unsaponified ester. The aqueous layer was separated, acidified with HCl to
      a pH of 1 and extracted with 50 ml of methylene chloride. The methylene
      chloride extract was dried over anhydrous sodium sulfate, filtered and the
      methylene chloride evaporated under reduced pressure to leave 8.4 grams
      (94% yield) of a yellow liquid. The infrared spectrum of the product was
      in agreement with the structure of 4-t-cumylazo-4-cyanovaleric acid.
PAC  EXAMPLE LX
PAC  Preparation of 3-t-Butylazo-3-cyanobutyric Acid
      ##EQU41##
PAR  To a stirred solution of 5.6 grams (0.07 moles) of 50% sodium hydroxide in
      20 ml of methanol was added 11.25 grams (0.05 moles) of ethyl
      3-t-butylazo-3-cyanobutyrate (from Example XXVI). The reaction mixture was
      stirred for 1 hour at room temperature, poured into 100 ml of water and
      extracted with 50 ml of pentane to remove any unsaponified ester. The
      aqueous layer was separated, acidified with HCl to a pH of 1. A solid
      formed which was filtered off, washed with water and pentane and air
      dried. The solid weighed 6.0 grams. The infrared spectrum of a nujol mull
      of the solid was in agreement with the structure of
      3-t-butylazo-3-cyanobutyric acid. The melting point was
      136.degree.-145.degree.C (dec.).
PAC  EXAMPLE LXI
PAC  Preparation of 2-t-(Methylcyclohexyl)azo-2-cyanopropane
      ##SPC7##
PAL  A. t-(Methylcyclohexyl)hydrazine Sulfate
PAR  An aqueous solution of t-(methylcyclohexyl)hydrazine sulfate was prepared
      by the process described in WL-1320, Ser. No. 684,652,
      t-(methylcyclohexyl)urea was prepared from 1-methylcyclohexanol, urea and
      sulfuric acid, chlorinated to N-t-(methylcyclohexyl)-N'-chlorourea and
      then rearranged with sodium hydroxide to sodium
      t-(methylcyclohexyl)hydrazocarboxylate. Acidification with sulfuric acid
      led to decarboxylation and formation of t-(methylcyclohexyl)hydrazine
      sulfate.
PAL  B. 2-t-(Methylcyclohexyl)azo-2-cyanopropane
PAR  To a 3.8% aqueous solution containing 0.0577 moles of
      t-(methylcyclohexyl)hydrazine sulfate in a 500 ml 4 neck round bottom
      flask equipped with a mechanical stirrer and thermometer was added 2.83
      grams (0.0577 moles) of sodium cyanide followed by 3.35 grams (0.0577
      moles) of acetone. The flask was stoppered and the reaction mixture
      stirred for 1 hour at 40.degree.C and 2 hours at room temperature. The
      organic layer was extracted into 50 ml of pentane. The pentane layer was
      added to a 250 ml 3-neck round bottom flask equipped with a magnetic
      stirrer, thermometer and dropping funnel. The hydrazo was then oxidized by
      the slow addition of a sodium hypochlorite solution prepared from 16.0
      grams (0.2 moles) of 50% NaOH, 6.3 grams (0.09 moles) of chlorine and 80
      ml of water. After the addition was complete, the reaction was stirred
      overnight at room temperature. The next morning, the pentane layer was
      separated, washed successively with water, 5% HCl, water, 10% NaHCO.sub.3,
      dried over anhydrous sodium sulfate, filtered and the pentane evaporated
      under reduced pressure to leave 6.5 grams (59% crude yield) of a dark
      yellow liquid. The product was purified by column chromatography over
      alumina and eluting the product with pentane. The infrared spectrum of the
      purified azo was in agreement with the structure of
      2-t-(methylcyclohexyl)azo-2-cyanopropane.
PAC  EXAMPLE LXII
PAC  Preparation of 1-t-(Methylcyclohexyl)azo-1-cyanocyclohexane
      ##SPC8##
PAR  To 240 grams (0.0405 moles) of a 3.8% solution of
      t-(methylcyclohexyl)hydrazine sulfate in a 300 ml 4-neck round bottom
      flask equipped with a mechanical stirrer and thermometer was added 1.98
      grams (0.0405 moles) of sodium cyanide followed by 3.97 grams (0.0405
      moles) of cyclohexanone. The flask was stopperred and the reaction mixture
      stirred for 3 hours at room temperature. A yellow solid formed during this
      period. The solid was filtered off and pulled semi-dry. The solid was
      slurried in 50 ml of pentane in a 250 ml 3-neck round bottom flask
      equipped with a magnetic stirrer and thermometer and the hydrazo oxidized
      by the slow addition of a sodium hypochlorite solution prepared from 16.0
      grams (0.2 moles) of 50% sodium hydroxide, 6.3 grams (0.09 moles) of
      chlorine and 80 ml of water. After the addition was complete, the reaction
      was stirred overnight at room temperature. The next morning, the pentane
      layer was separated, washed successively with water, 5% HCl, water, 10%
      NaHCO.sub.3, dried over anhydrous sodium sulfate, filtered and the pentane
      evaporated under reduced pressure to leave 2.5 grams (27% yield) of a
      light yellow liquid. The infrared spectrum of the product was in agreement
      with the structure of 1-t-(methylcyclohexyl)azo-1-cyanocyclohexane. The
      compound has a 10 hour half-life in trichlorobenzene at approximately
      100.degree.C.
PAC  EXAMPLE LXIII
PAC  Preparation of 1-t-Butylazo-1-carbamylcyclohexane
      ##SPC9##
PAR  To 100 ml of 95% H.sub.2 SO.sub.4 in a 4 neck 250 ml round bottom flask,
      cooled to -5.degree.C in a salt-ice bath, was added 23.0 g (0.119 m) of
      1-t-butylazo-1-cyanocyclohexane (from Example V) over a one-half hour
      period holding the temperature between -5.degree. and 0.degree.C during
      the addition. The temperature was allowed to slowly rise to 20.degree.C
      over 1 hour, stirred 1 hour at 20.degree.C and finally stirred for 3 hours
      at 25.degree.C. The acid solution was then added slowly to 750 ml of
      rapidly stirred cold water, holding the temperature of the water between
      10.degree. and 15.degree.C. The reaction was stirred one-half hour and
      filtered. The filter cake was washed acid free with water and dried. After
      drying it was slurried in 50 ml pentane and filtered. The yield was 17.3 g
      of a light yellow solid with a melting range of 86.degree.-92.degree.C
      (91.degree.-93.degree.C after recrystallization from benzene-pentane). The
      percent yield was 69%. The pentane filtrate was stripped to dryness
      leaving 4.4 g of unreacted starting material. The corrected percent yield
      was 85.5%. The infrared spectrum of the product was consistent with the
      structure of 1-t-butylazo-1-carbamylcyclohexane.
PAR  1-t-butylazo-1-carbamylcyclohexane is a thermally sensitive free radical
      and gas generator. The compound has a 10 hour half-life in
      trichlorobenzene at 111.degree.C. It cured the
      unsaturated-polyester-styrene resin of Example III at a 1.0 weight percent
      loading at 240.degree.F (115.6.degree.C) giving a peak exotherm of
      444.degree.F (228.9.degree.C) in 6.8 minutes.
PAC  EXAMPLE LXIV
PAC  Preparation of 2-t-Butylazo-2-carbamylpropane
      ##EQU42##
PAR  The method of preparing 2-t-butylazo-2-carbamylpropane from
      2-t-butylazo-2-cyanopropane (from Example 1) was the same as that used in
      Example LXIV for the preparation of 1-t-butylazo-1-carbamylcyclohexane.
      The product was a white solid having a melting range of
      80.degree.-82.degree.C. The infrared spectrum of the product was
      consistent with the structure of 2-t-butylazo-2-carbamylpropane.
PAR  2-t-butylazo-2-carbamylpropane is a thermally sensitive free radical and
      gas generator. The compound has a 10 hour half-life in trichlorobenzene at
      110.degree.C. It cured the unsaturated-polyester-styrene resin of Example
      III at a 1.0 weight percent loading at 240.degree.F (115.6.degree.C)
      giving a peak exotherm of 442.degree.F (227.8.degree.C) in 5.7 minutes.
PAC  EXAMPLE LXV
PAC  Preparation of 4-t-Butylazo-4-carbamylvaleric Acid
      ##EQU43##
PAR  To 20 ml of 95% H.sub.2 SO.sub.4 cooled to -10.degree.C in a 50 ml round
      bottom flask immersed in an ice-salt bath, was added 6.0 grams (0.0284
      moles) of 4-t-butylazo-4-cyanovaleric acid (from Example X) in small
      portions over one-half hour holding the temperature at -10.degree.C. After
      the addition was complete, the mixture was stirred for an additional 4
      hours at -5.degree. to -10.degree.C. After 3 hours, the reaction mixture
      was poured into 75 ml of ice water and the product extracted with 50 ml of
      methylene chloride. The methylene chloride layer was washed with 100 ml of
      cold water, dried over anhydrous sodium sulfate, filtered and the
      methylene chloride evaporated under reduced pressure to leave 4.3 grams
      (66% yield) of a white-yellow solid. The solid was slurried in 50 ml of
      pentane, filtered and the filter cake air dried. The purified material had
      a melting point of 97.degree. -102.degree.C (dec.) and its infrared
      spectrum was in agreement with the structure of
      4-t-butylazo-4-carbamylvaleric acid.
PAC  EXAMPLE LXVI
PAC  Bottle Suspension Polymerization of Styrene with
      2-t-Butylazo-2-cyanopropane
PAR  2-t-Butylazo-2-cyanopropane (from Example I) was used as an initiator in
      the polymerization of styrene using the bottle polymerization technique at
      autogenous pressures. The formulation used in evaluation is set out below:
     Distilled Styrene                                                         

                      25 grams                                                 

     Distilled Water  50 grams                                                 

     Ca.sub.3 (PO.sub.4).sub.2                                                 

                      2.5 grams                                                

     Gelatin (100 bloom type B)                                                

                      0.0042 grams                                             

     2-t-Butylazo-2-cyanopropane                                               

                      variable amount from 6.5 .times.                         

                      10.sup.-.sup.4 to 16.4 .times. 10.sup.-.sup.4 moles      

PAR  A solution of water and gelatin is masterbatched by heating with agitation
      to 50.degree.C and cooling to room temperature. To each of six indivisual
      pop bottles was added 50 grams of the water-gelatin solution. The Ca.sub.3
      (PO.sub.4).sub.2 was weighed and added to each bottle followed by the
      styrene and 2-t-butylazo-2-cyanopropane. Each bottle was flushed with
      nitrogen, capped and placed in a water bath thermostatted at 85.degree.C.
      The bath was equipped to cause the rotation of the bottles end over end.
      After the polymerization had continued at 85.degree.C for 7 hours, the
      bottles were cooled slowly to 0.degree.C, the bottles opened and the
      contents added to 400 ml of methanol. The polystyrene precipitates out of
      solution, is filtered off and dried in a vacuum oven for 16 hours at
      50.degree.C followed by 2-4 hours at 70.degree.C. The polymer product is
      weighed and the weight of the suspending agents substracted from the
      weight of the dry product to give the corrected weight of polymer. The
      percent conversion for each bottle was determined by dividing the
      corrected weight of polymer by twenty-five and multiplying by 100. The
      percent conversion was then plotted on a graph vs. concentration of
      2-t-butylazo-2-cyanopropane. It was determined that 7.65 .times.
      10.sup.-.sup.4 moles of 2-t-butylazo-2-cyanopropane were required to
      obtain 95% conversion and 12.65 .times. 10.sup.-.sup.4 moles were required
      to obtain 98.5% conversion.
PAC  EXAMPLE LXVII
PAC  Preparation of 2-t-Butylazo-2-methylpropionamidoxime
      ##EQU44##
PAR  To a mixture of 8.35 grams (0.12 moles) of hydroxylamine hydrochloride and
      9.6 grams (0.12 moles) of 50% NaOH in 110 ml of 90% aqueous methanol in a
      250 ml round bottom flask equipped with a magnetic stirrer and condenser
      was added 15.3 grams (0.1 moles) of 2-t-butylazo-2-cyanopropane (from
      Example I). The mixture was stirred for 72 hours at room temperature,
      poured into 400 ml of water and extracted with 100 ml of methylene
      chloride, the organic layer separated, dried over anhydrous sodium
      sulfate, filtered and the methylene chloride evaporated under reduced
      pressure leaving a soft solid. The residue was slurried in 100 ml of
      pentane to remove any unreacted 2-t-butylazo-2-cyanopropane, filtered and
      the filter cake air dried. The yield was 12.5 grams (67% yield) of a white
      solid having a melting point of 105.degree.-109.degree.C (dec.). The
      infrared spectrum of the product was in agreement with the structure of
      the desired amidoxime.
PAR  2-t-Butylazo-2-methylpropionamidoxime has a 10 hour half-life in
      trichlorobenzene at approximately 90.degree.C. At a 1 percent weight
      loading the above azo cured the unsaturated polyester-styrene resin of
      Example III at 212.degree.F (100.degree.C) in 4.6 minutes and the cured
      resin was very hard.
PAC  EXAMPLES LXVIII TO LXXI
PAR  The amidoximes of Examples LXVIII to LXXI in Table III were prepared in
      exactly the same manner as the amidoxime of Example LXVII except 0.1 mole
      of the indicated .alpha.-cyanoazos were used instead of
      2-t-butylazo-2-cyanopropane. The reaction period was 10 days at room
      temperature for Examples LXX and LXXI and the products were purified by
      low temperature recrystallization from pentane. The recrystallization
      residue was mostly crude product with a small amount of unreacted starting
      material.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Ex.                                                      Melting          

     No.   Name of Compound                                                    

                           Structure of Compound                               

                                            Starting .alpha.-Cyano             

                                                         Yield                 

                                                              Point            

     __________________________________________________________________________

                           CH.sub.3 NOH                                        

                           .vertline..parallel.                                

     LXVIII                                                                    

          2-t-butylazo-2-methylbutyr-                                          

                           (CH.sub.3).sub.3 C--N=N--C----C--NH.sub.2           

                                            2-t-butylazo-2-cyanobutane         

                                                          37% 67-70.degree.C   

          amidoxime        .vertline.       (from Example VI)                  

                           C.sub.2 H.sub.5                                     

     LXIX [(1-t-butylazo)cyclohexyl]-       1-t-butylazo-1-cyanocyclo-         

                                                          43% 90-94.degree.C   

          carboxamidoxime                   hexane (from Example V)            

                           CH.sub.3 CH.sub.3                                   

                           .vertline..vertline.                                

     LXX  2-t-butylazo-2,4-dimethyl-                                           

                           (CH.sub.3).sub.3 C--N=N--C--CH.sub.2 --CH--CH.sub.3 

                                            2-t-butylazo-2-cyano-4-            

                                                          41% 64-67.degree.C   

          valeramidoxime   .vertline.       methylpentane (from Ex.            

                           C=NOH                                               

                           .vertline.       XXXII)                             

                           NH.sub.2                                            

                           CH.sub.3 CH.sub.3                                   

                           .vertline..vertline.                                

     LXXI 2-t-butylazo-2,4-dimethyl-4-                                         

                           (CH.sub.3).sub.3 C--N=N--C--CH.sub.2                

                                            2-t-butylazo-2-cyano-4-            

                                                          30% 64-68.degree.C   

          methoxy-valeramidoxime                                               

                           .vertline.       methoxy-4-methylpentane            

                           C=NOHCH.sub.3    (from Example XXXIV)               

                           .vertline.                                          

                           NH.sub.2                                            

     __________________________________________________________________________

PAC  EXAMPLE LXXII
PAC  Preparation of O-Acetyl-2-t-butylazo-2-methylpropionamidoxime
      ##EQU45##
PAR  To a solution of 9.3 grams (0.05 moles) of
      2-t-butylazo-2-methylpropionamidoxime and 3.96 grams (0.052 moles) of
      pyridine in 25 ml of methylene chloride in a 3-neck 100 ml round bottom
      flash equipped with a magnetic stirring bar, thermometer and additional
      funnel was added a solution of 3.92 gram (.052 moles) of acetyl chloride
      in 5 ml of methylene chloride dropwise from the additional funnel. The
      reaction temperature was held at 20.degree.-25.degree.C throughout the
      addition by an ice bath. The reaction mixture became cloudy and a solid
      formed near the end of the addition. The reaction mixture was stirred an
      additional one-half hour at 20.degree.C, the solid filtered off and air
      dried. The solid weighed 3.0 grams (26% yield) and its infrared spectrum
      was in agreement with the structure of the N-acetylated product
      N-acetyl-2-t-butylazo-2-methylpropionamidoxime. The filtrate was washed
      with 30 ml of 5% HCl, to remove any unreacted pyridine, water, dried over
      anhydrous sodium sulfate, filtered and the methylene chloride evaporated
      under reduced pressure to leave 6.2 grams (54% yield) of a very light
      yellow solid, m.p. 48.degree.-51.degree.C. The infrared spectrum of this
      solid was in agreement with the structure of the desired product,
      O-acetyl-2-t-butylazo-2-methylpropionamidoxime.
PAR  At a 1 percent weight loading the above azo cured the unsaturated polyester
      styrene resin of Example III at 212.degree.F (100.degree.C) in 4.2 minutes
      and the cured resin was very hard and partially foamed.
PAC  EXAMPLE LXXIII
PAC  Preparation of O-Benzoyl-2-t-butylazo-2-methylpropionamidoxime
      ##EQU46##
PAR  To a solution of 9.3 grams (0.05 moles) of
      2-t-butylazo-2-methylpropionamidoxime and 3.8 grams (0.05 moles) of
      pyridine in 25 ml of methylene chloride in a 3-neck 100 ml round bottom
      flask equipped with a magnetic stirring bar, thermometer and additional
      funnel was added a solution of 7.0 grams (0.05 moles) of benzoyl chloride
      in 5 ml of methylene chloride dropwise from the additional funnel. The
      reaction temperature was held at 20.degree.-25.degree.C throughout the
      addition by an ice bath. The reaction mixture was stirred an additional
      one-half hour at 20.degree.C and filtered. The filtrate was washed with 25
      ml of 5% HCl and 25 ml of saturated NaHCO.sub.3 solution, dried over
      anhydrous sodium sulfate, filtered and the methylene chloride evaporated
      under reduced pressure to leave 13.5 grams (93% yield) of a light yellow
      solid, m.p. 112.degree.-116.degree.C. The infrared spectrum of the product
      was in agreement with the structure of O-benzoyl-
      2-t-butylazo-2-methylpropionamidoxime.
PAC  EXAMPLE LXXIV
PAC  Preparation of O-(Propoxycarbonyl)-2-t-butylazo-2-methylpropionamidoxime
      ##EQU47##
PAR  To a solution of 9.3 grams (0.05 moles) of
      2-t-butylazo-2-methylpropionamidoxime and 3.8 grams (0.05 moles) of
      pyridine in 25 ml of methylene chloride in a 3-neck 100 ml round bottom
      flask equipped with a magnetic stirring bar, thermometer and addition
      funnel was added a solution of 6.1 grams (0.05 moles) of n-propyl
      chloroformate in 5 ml of methylene chloride dropwise from the addition
      funnel. The reaction temperature was held at 20.degree.-25.degree.C
      throughout the addition by an ice bath. The reaction mixture was stirred
      an additional one-half hour at 20.degree.C and filtered. The filtrate was
      washed with 25 ml of 5% HCl and 25 ml of saturated NaHCO.sub.3 solution,
      dried over anhydrous sodium sulfate, filtered and the methylene chloride
      evaporated under reduced pressure to leave a light yellow viscous liquid.
      The flask containing the viscous liquid was placed in the freezer and upon
      standing overnight, the liquid solidified. The solid was broken up,
      dissolved in pentane and crystallized out of the pentane in the freezer to
      give 7.8 grams (57% yield) of a light yellow solid, m.p.
      42.degree.-47.degree.C. The infrared spectrum of the product was in
      agreement with the structure of
      O-(propoxycarbonyl)-2-t-butylazo-2-methylpropionamidoxime.
PAC  EXAMPLE LXXV
PAC  Preparation of
      O-(Cyclohexyloxycarbonyl)-2-t-butylazo-2-methylpropionamidoxime
      ##EQU48##
PAR  To a solution of 9.3 grams (0.05 moles) of
      2-t-butylazo-2-methylpropionamidoxime and 3.8 grams (0.05 moles) of
      pyridine in 25 ml of methylene chloride in a 3-neck 100 ml round bottom
      flask equipped with a magnetic stirring bar, thermometer and addition
      funnel was added a solution of 8.8 grams (0.05 moles) of cyclohexyl
      chloroformate in 5 ml of methylene chloride dropwise from the addition
      funnel. The reaction temperature was held at 20.degree.-25.degree.C
      throughout the addition by an ice bath. The reaction mixture was stirred
      an additional one-half hour at 20.degree.C and filtered. The filtrate was
      washed with 25 ml of 5% HCl and 25 ml of saturated NaHCO.sub.3 solution,
      dried over anhydrous sodium sulfate, filtered and the methylene chloride
      evaporated under reduced pressure to leave 14.1 grams (90.5% yield) of a
      light yellow solid that melts at 87.degree.C with decomposition. The
      infrared spectrum of a nujol mull of the product was in agreement with the
      structure of
      O-(Cyclohexyloxycarbonyl)-2-t-butylazo-2-methylpropionamidoxime.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the formula
      ##EQU49##
      where: a. R" is alkyl of 1-13 carbons, aralkyl of 7-12 carbons or phenyl,
      not more than one R" being phenyl;
PA1  b. R.sub.1 and R.sub.2 are alkyl or substituted alkyl of 1-20 carbons,
      cycloalkyl or bicycloalkyl of 3-10 carbons or, taken together, form an
      alkylene diradical of 2-16 carbons, and R.sub.2 can also be phenyl or
      substituted phenyl, the alkyl and phenyl substituents being selected from
      lower alkoxy, phenoxy, lower alkyl-substituted phenoxy, carboxy, hydroxy,
      lower alkoxycarbonyl, phenylcarbonyloxy, lower alkylcarbonyloxy, halogen,
      cyano and lower alkylsulfonato, and the phenyl substituents being further
      selected from lower alkyl; and
PA1  c. Z is --CN, --C(O)NH.sub.2 or --C(NOH)NH.sub.2.
NUM  2.
PAR  2. A compound as in claim 1 wherein the R.sub.1 and R.sub.2 groups are
      unsubstituted.
NUM  3.
PAR  3. A compound as in claim 1 wherein the alkyl and phenyl substituents in
      (b) are selected from carboxy and lower alkoxy and Z is --CN.
NUM  4.
PAR  4. A compound as in claim 1 wherein the alkyl and phenyl substituents in
      (b) are selected from lower alkoxy, phenoxy or lower alkyl-substituted
      phenoxy.
NUM  5.
PAR  5. A compound as in claim 1 wherein Z is --CN or --C(O)NH.sub.2 and the
      alkyl and phenyl substituents in (b) are carboxy.
NUM  6.
PAR  6. A compound as in claim 1 wherein Z is --CN.
NUM  7.
PAR  7. A compound as in claim 3 wherein (R").sub.3 C--is t-butyl or t-cumyl.
NUM  8.
PAR  8. A compound as in claim 3 wherein said compound is
      2-t-butylazo-2-cyanopropane.
NUM  9.
PAR  9. A compound as in claim 4 wherein said compound is
      1-t-butylazo-1-cyanocyclohexane.
NUM  10.
PAR  10. A compound as in claim 3 wherein said compound is
      4-t-butylazo-4-cyanovaleric acid.
NUM  11.
PAR  11. A compound as in claim 3 wherein said compound is
      2-t-butylazo-2-cyanobutane.
NUM  12.
PAR  12. A compound as in claim 3 wherein said compound is
      2-t-butylazo-2-cyano-4-methylpentane.
NUM  13.
PAR  13. A compound as in claim 3 wherein said compound is
      2-t-butylazo-2-cyano-4-methoxy-4-methylpentane.
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ABST
PAL  A nondiffusible sulfonamide compound which is alkali-cleavable upon
      oxidation to release a diffusible magenta color-providing moiety from a
      benzene nucleus thereof, said compound having a formula as follows:
      ##SPC1##
PAL  Wherein
PA1  Ball represents an organic ballasting group.
PA1  Y represents the carbon atoms necessary to complete a benzene or
      naphthalene nucleus;
PA1  X represents a bivalent linking group;
PA1  R represents hydrogen or alkyl;
PA1  J represents sulfonyl or carbonyl;
PA1  M and q each represent an integer having a value of 0 or 1;
PA1  R.sup.1 represents hydrogen, halogen, alkyl or alkoxy;
PA1  Q is in the 5- or 8-position relative to the hydroxy radical and represents
      hydrogen, hydroxy or an acylamino radical;
PA1  G represents hydroxy, a salt thereof, or a hydrolyzable acyloxy group;
PA1  E represents hydrogen, sulfo, a sulfamoyl radical; or E can represent a
      radical of the formula
      ##SPC2##
PAL  Wherein
PA1  Each member is as described previously;
PA1  R is an integer having a value of 1 or 2;
PA1  Z represents halogen, carboxy; a carboxylic acid ester; a sulfamoyl
      radical; as well as hydrogen, alkoxy, an alkyl radical, or a carbamoyl
      radical;
PA1  X.sup.1 represents an alkylene, phenylene radical or substituted phenylene
      as described for R.sup.2 ;
PA1  X.sup.2 represents an alkylene radical as described for R.sup.2 ;
PA1  with the proviso that there be only one sulfo or carboxy radical present in
      said compound and that only one of R.sup.1 and Z be hydrogen.
PARN
PAR  This is a continuation-in-part of application U.S. Ser. No. 331,728 filed
      Feb. 12, 1973, now abandoned.
BSUM
PAR  This invention relates to the art of photography and more particularly to
      color diffusion transfer photography employing magenta dye-releasing
      sulfonamidophenol compounds.
PAR  Color diffusion transfer processes such as described in U.S. Pat. No.
      2,983,606 generally involve the use of a photographic element comprising a
      support, at least one silver halide emulsion layer and a dye developer
      which is contained in or contiguous said layer. A liquid processing
      composition is applied to the element and permeates the emulsion to
      provide a solution of the dye developer substantially uniformly
      distributed in the emulsion. As the exposed silver halide emulsion is
      developed, the oxidation product of the dye developer is immobilized or
      precipitated in situ with the developed silver, thereby providing an
      imagewise distribution of unoxidized dye developer dissolved in the liquid
      processing composition. This immobilization is apparently due, at least in
      part, to a change in the solubility characteristics of the dye developer
      upon oxidation. At least part of this imagewise distribution of unoxidized
      dye-developer is transferred to a superimposed image-receiving layer to
      provide a transfer image.
PAR  In these prior art systems, the developer moiety of the dye developer is
      transferred with the dye to the image-receiving layer. It is desirable,
      however, to provide a transfer system in which only the necessary chemical
      entity, i.e., the dye, is transferred to the receiver.
PAR  In U.S. Pat. Nos. 3,443,939, 3,443,940 and 3,443,941, "splittable"
      ring-closing compounds such as dye developers are described wherein a
      diffusible dye moiety is split off the compound and transferred to provide
      the desired image while the remainder of the compound undergoes an
      internal cyclization or ring-closing reaction, usually as a result of
      reaction with an oxidized aromatic primary amino color-developing agent.
      In U.S. Pat. Nos. 3,227,550, 3,227,551 and 3,227,552, nondiffusible
      couplers are described in certain embodiments which release preformed dyes
      as a result of a coupling reaction with oxidized color-developing agent.
      Canadian Pat. No. 602,607 discloses p-phenylenediamine compounds which
      contain a dye moiety. These compounds can be oxidized to the
      quinonediamine, and by subsequent treatment with strong alkali deamination
      takes place releasing a diffusible dye for transfer to a reception layer.
      However, compounds are desired which provide improved dye-release
      mechanisms in photographic systems and which do not require the use of a
      colordeveloping agent.
PAR  Fleckenstein et al, allowed U.S. Ser. No. 351,673, a continuation-in-part
      of application Ser. No. 282,796, filed Aug. 22, 1972, and now abandoned,
      and entitled PHOTOGRAPHIC SYSTEMS, describes improved dye-release
      mechanisms for photographic imaging which do not require the use of a
      color-developing agent and which offer other advantages. Certain of the
      mechanisms of Fleckenstein et al utilize nondiffusible p-sulfonamidophenol
      dye-releasing compounds which are alkali-cleavable upon oxidation to
      thereby release a diffusible dye. It is desirable to provide additional
      compounds which are highly immobile and which exhibit improved hue and
      diffusibility of the dyes released therefrom.
PAR  We have found a class of magenta azo dye-releasing sulfonamidophenol
      compounds well-suited for use in color diffusion transfer photographic
      elements. These dye-releasing compounds are immobile and the resultant
      released dyes have good hue and diffusibility properties.
PAR  The objects of the present invention are achieved through the use of a new
      class of sulfonamidophenol compounds which, when oxidized, are capable of
      releasing a novel magenta azo dye of this invention. These dye-releasing
      redox (DRR) compounds, according to our invention, are utilized in a
      photosensitive element which comprises a support having thereon at least
      one photosensitive silver halide emulsion layer, and at least one of said
      layers having associated therewith a nondiffusible p-sulfonamidophenol
      compound of the invention having a color-providing moiety attached through
      the sulfonamido group.
PAR  The sulfonamidophenol compounds of this invention can be represented by the
      following formulas:
      ##SPC3##
PAL  wherein Ball represents an organic ballasting group of such size and
      configuration as to render the compound nondiffusible during development
      in an alkaline processing composition;
PAR  Y represents the carbon atoms necessary to complete a benzene or
      naphthalene nucleus;
PAR  X represents a bivalent linking group of the formula --R.sup.2 --L.sub.n
      --R.sup.2.sub.p -- where each R.sup.2 can be the same or different and
      each represents an alkylene radical having 1 to about 8 carbon atoms; a
      phenylene radical; or a substituted phenylene radical having 6 to about 9
      carbon atoms; L represents a bivalent radical selected from oxy, carbonyl,
      carboxamido, carbamoyl, sulfonamido, sulfamoyl, sulfinyl or sulfonyl; n is
      an integer having a value of 0 or 1; p is 1 when n equals 1 and p is 1 or
      0 when n equals 0, provided that when p is 1 the carbon content of the sum
      of both R.sup.2 radicals does not exceed 14 carbon atoms;
PAR  R represents a hydrogen atom, or an alkyl radical having 1 to about 6
      carbon atoms;
PAR  J represents a bivalent radical selected from sulfonyl or carbonyl;
PAR  m and q each represent an integer having a value of 0 or 1;
PAR  R.sup.1 represents a hydrogen atom, a halogen atom, an alkyl radical having
      1 to about 6 carbon atoms or an alkoxy radical having 1 to about 6 carbon
      atoms;
PAR  Q is in the 5- or 8-position relative to the hydroxy radical and represents
      a hydrogen atom, a hydroxy radical or a radical having the formula
      --NHCOR.sup.3 or --NHSO.sub.2 R.sup.3 wherein R.sup.3 is an alkyl radical
      having 1 to about 6 carbon atoms, a substituted alkyl radical having 1 to
      about 6 carbon atoms, benzyl, phenyl, or a substituted phenyl radical
      having 6 to about 9 carbon atoms;
PAR  G represents a hydroxy radical, a salt thereof, or a hydrolyzable acyloxy
      group having the formula:
      ##EQU1##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or substituted phenyl having 6 to about 18 carbon atoms;
PAR  E represents a hydrogen atom, a sulfo radical, a sulfamoyl radical having
      the formula --SO.sub.2 NR.sup.5 R.sup.6 wherein R.sup.5 represents
      hydrogen or an alkyl group having 1 to about 6 carbon atoms and R.sup.6
      represents hydrogen, an alkyl radical having 1 to about 6 carbon atoms, a
      substituted alkyl radical having 1 to about 6 carbon atoms, a benzyl
      radical, a phenyl radical, or a substituted phenyl radical having 6 to
      about 9 carbon atoms, as described previously; or E can represent a
      radical of the formula
      ##SPC4##
PAL  wherein each member is as described previously;
PAR  r is an integer having a value of 1 or 2;
PAR  Z represents a halogen atom; a carboxy radical, a carboxylic acid ester
      having the formula --COOR.sup.4 wherein R.sup.4 is as described
      previously, a sulfo radical, a sulfamoyl radical as described for E, as
      well as a hydrogen atom, an alkoxy radical having 1 to about 6 carbon
      atoms, an alkyl radical having 1 to about 6 carbon atoms, a substituted
      alkyl radical having 1 to about 6 carbon atoms, or a carbamoyl radical
      having the formula --CON(R.sup.5).sub.2 wherein each R.sup.5 is the same
      or different and is as described previously;
PAR  X.sup.1 represents an alkylene, phenylene radical or substituted phenylene
      as described for R.sup.2 ;
PAR  X.sup.2 represents an alkylene radical as described for R.sup.2 ;
PAR  with the proviso that there be only one sulfo or carboxy radical present in
      said compound and that only one of R.sup.1 and Z be hydrogen.
PAR  Examples of bivalent alkylene linking groups representative of R.sup.2 are
      --CH.sub.2 --, --C.sub.2 H.sub.4 --, --C.sub.6 H.sub.12 --, --C.sub.3
      H.sub.6 --, --C.sub.4 H.sub.8 --, etc., as well as branched alkylene
      radicals such as
      ##EQU2##
      etc.
PAR  References hereinafter to o, m and p mean that either the ortho, meta or
      para radicals are indicated, as the case may be.
PAR  Examples of phenylene and substituted phenylene radicals representative of
      R.sup.2 are o,m,p-phenylene, o,m,p-phenylene substituted with chloro,
      methoxy, butoxy, bromo, cyano, nitro, methyl, ethyl, carboxy, sulfo,
      amino, etc.
PAR  As used herein the oxygen- or sulfur-containing bivalent radicals
      representative of L are oxy (--O--), carbonyl (--CO--), carboxamide
      (-CONH-), carbamoyl (-NHCO-), sulfonamido (--SO.sub.2 NH--), sulfamoyl
      (--NHSO.sub.2 --), sulfinyl (--SO--) and sulfonyl (--SO.sub.2 --).
      Therefore, non-limiting examples of bivalent linking groups which may be
      represented by X are --CH.sub.2 --O--CH.sub.2 --,
      ##SPC5##
PAR  Examples of the groups which R may represent are hydrogen, methyl, ethyl,
      isopropyl, pentyl, hexyl, etc. The alkyl group represented by R may
      additionally be substituted with cyano, hydroxy, methoxy, etc.
PAR  Examples of groups representative of Q are a hydrogen atom, a hydroxy
      radical or a radical having the formula --NHCOR.sup.3 or --NHSO.sub.2
      R.sup.3 wherein R.sup.3 is as described previously such as --NHCOCH.sub.3,
      --NHCOC.sub.2 H.sub.5, --NHCOC.sub.6 H.sub.13, --NHCOC.sub.2 H.sub.4 CN,
      --NHCOC.sub.3 H.sub.6 SO.sub.2 NH.sub.2, --NHCOCH.sub.2 C.sub.6 H.sub.5,
      --NHCOC.sub.6 H.sub.4 COOH, --NHSO.sub.2 CH.sub.3, --NHSO.sub.2 C.sub.6
      H.sub.4 CN, --NHSO.sub.2 C.sub.6 H.sub.4 Cl, --NHSO.sub.2 C.sub.2 H.sub.5,
      --NHCOC.sub.3 H.sub.6 SO.sub.3 H, --NHSO.sub.2 C.sub.6 H.sub.4 OCH.sub.3,
      etc.
PAR  Examples of the groups which G may represent are hydroxy, salts thereof
      such as alkali metal (e.g., -O.sup.- Li.sup.+, -O.sup.-K.sup.+,
      -O.sup.-Na.sup.+) salts and photographically inactive ammonium salts
      thereof such as -O.sup.-.sup.+NH.sub.4, -O.sup.-.sup.+NH(CH.sub.3).sub.3,
      -O.sup.-.sup.+N(C.sub.2 H.sub.5).sub.4,
      ##EQU3##
      -O.sup.-.sup.+NH(C.sub.12 H.sub.25).sub.3, -O.sup.-.sup.+NH(C.sub.2
      H.sub.5).sub.3,
      ##SPC6##
PAL  i.e., a trialkyl or tetralkyl ammonium salt (sometimes called "amine salts
      ") which does not adversely affect the photographic utility of the magenta
      image dye-providing compound or the physical or chemical processes which
      occur during development of the image.
PAR  G may also advantageously represent a hydrolyzable acyloxy group having the
      formula
      ##EQU4##
      wherein R.sup.4 is as described previously. Non-limiting examples of these
      hydrolyzable groups are
      ##EQU5##
      ##SPC7##
      ##SPC8##
      etc.
PAR  Examples of substituents which E may represent are chloro, bromo, fluoro, a
      sulfo radical including salts thereof, such as alkali metal or
      photographically inactive ammonium salts (e.g., --SO.sub.3 H, -SO.sub.3
      .sup.-Li.sup.+, SO.sub.3 .sup.-K.sup.+, -SO.sub.3 .sup.-Na.sup.+,
      -SO.sub.3 .sup.-NH.sub.4 .sup.+, etc.); --SO.sub.2 NH.sub.2, --SO.sub.2
      NHCH.sub.3, --SO.sub.2 NHC.sub.2 H.sub.5, --SO.sub.2 N(CH.sub.3).sub.2,
      --SO.sub.2 NHCH.sub.2 C.sub.6 H.sub.5,
      ##EQU6##
      ##SPC9##
      --SO.sub.2 NHC.sub.2 H.sub.4 SO.sub.2 NH.sub.2, --SO.sub.2 NHCH.sub.2
      C.sub.6 H.sub.5, --SO.sub.2 NHC.sub.2 H.sub.5 SO.sub.3 H,
      ##EQU7##
      etc.
PAR  Examples of substituents which Z may represent are chloro, bromo, fluoro, a
      carboxylic acid ester such as --COOCH.sub.3, --COOC.sub.11 H.sub.23,
      --COOC.sub.2 H.sub.5, --COOC.sub.6 H.sub.5,
      ##SPC10##
PAL  etc.; a carboxy radical including salts thereof, such as alkali metal salts
      or photographically inactive ammonium salts (e.g., -COOH,
      --COO.sup.-Li.sup.+, -COO.sup.-K.sup.+, -COO.sup.-Na.sup.+,
      -COO.sup.-NH.sub.4 .sup.+, etc.); a sulfo radical and a sulfamoyl radical
      as described for E above; hydrogen, methoxy, isopropoxy, ethoxy, butoxy,
      pentoxy, etc., methyl ethyl, butyl, hexyl, isobutyl, propyl, -C.sub.2
      H.sub.4 CN, --C.sub.3 H.sub.6 OH, --C.sub.2 H.sub.4 OCH.sub.3, --C.sub.3
      H.sub.6 CN, etc., --CONH.sub.2, --CON(C.sub.2 H.sub.5).sub.2,
      ##EQU8##
      --CONHCH.sub.3, --CONHC.sub.6 H.sub.5, etc.
PAR  Examples of the bivalent radicals which X.sup.1 may represent are those
      mentioned for R.sup.2 above.
PAR  Examples of the radicals which X.sup.2 may represent are --C.sub.2 H.sub.4
      --,
      ##EQU9##
PAR  Preferred compounds include those having the formulas above wherein
PAR  Y represents the atoms necessary to complete a naphthalene nucleus;
PAR  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms,
      phenylene or phenylene substituted with carboxy, chloro, methyl or
      methoxy;
PAR  L represents sulfamoyl, sulfonamido, carbamoyl or carboxamido;
PAR  R represents hydrogen;
PAR  n is 0, p is 0;
PAR  q is an integer having a value of 1;
PAR  m is an integer having a value of 0 or 1;
PAR  R.sup.1 represents an alkoxy radical having 1 to about 4 carbon atoms;
PAR  Q represents hydrogen, hydroxy, --NHCOR.sup.3 or --NHSO.sub.2 R.sup.3
      wherein R.sup.3 represents an alkyl radical having 1 to about 4 carbon
      atoms; an alkyl radical having 1 to about 4 carbon atoms substituted with
      hydroxy cyano, sulfamoyl, carboxy or sulfo; benzyl, phenyl or phenyl
      substituted with carboxy, chloro, methyl, methoxy or sulfamoyl;
PAR  E represents a sulfo radical, a sulfamoyl radical having the formula
      --SO.sub.2 NHR.sup.6 wherein R.sup.6 is hydrogen, an alkyl radical having
      1 to about 4 carbon atoms, or an alkyl radical having 1 to about 4 carbon
      atoms substituted with hydroxy, cyano, sulfamoyl, carboxy or sulfo;
      benzyl, phenyl, or phenyl substituted with hydroxy, sulfonyl, sulfamoyl,
      carboxy or sulfo;
PAR  r has a value of 1; and
PAR  Z represents hydrogen, an alkyl radical having 1 to about 4 carbon atoms;
      chloro; an alkyl radical having 1 to about 6 carbon atoms substituted with
      hydroxy, cyano, sulfamoyl, carboxy, sulfo, or an alkyl sulfonamido radical
      having 1 to about 4 carbon atoms;
PAR  X.sup.1 represents phenylene; and
PAR  X.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms.
PAR  Especially preferred compounds are those wherein X represents phenylene; J
      represents sulfonyl; X.sup.1 represents phenylene; X.sup.2 represents an
      alkylene radical of 1 to about 4 carbon atoms; Q represents hydrogen,
      hydroxy, --NHSO.sub.2 CH.sub.3, or --NHCOCH.sub.3 ; and Z represents
      hydrogen, chloro, or --CH.sub.2 NHSO.sub.2 CH.sub.3.
PAR  As indicated above preferred compounds are those having Formulas I, II and
      III above wherein the radical of the formula
      ##SPC11##
PAL  contains an organic ballasting group (Ball) of such size and configuration
      as to render the compound nondiffusible during development in the alkaline
      processing composition and Y represents the carbon atoms necessary to
      complete a benzene or naphthalene nucleus including substituted benzene or
      naphthalene. When Y represents the atom necessary to complete a
      naphthalene nucleus, Ball can be attached to either ring thereof.
      Preferred ballasting groups are those wherein -Ball represents -CNH-Ball
      or --SO.sub.2 NH-Ball. Examples of some of the above preferred radicals
      are as follows:
      ##SPC12##
PAR  The nature of the ballast group (Ball) in the Formula IV for the compounds
      described above is not critical as long as it confers nondiffusibility to
      the compounds. Typical ballast groups include long straight or branched
      chain alkyl radicals linked directly or indirectly to the compound as well
      as aromatic radicals of the benzene and naphthalene series indirectly
      attached or fused directly to the benzene nucleus, etc. Useful ballast
      groups generally have at least 8 carbon atoms such as a substituted or
      unsubstituted alkyl group of 8 to 22 carbon atoms, an amide radical having
      8 to 30 carbon atoms, a keto radical having 8 to 30 carbon atoms, etc.,
      and may even comprise a polymer backbone. Especially preferred compounds
      are those wherein the ballast is attached to the benzene nucleus through a
      carbamoyl radical (--NHCO--) or a sulfamoyl radical (--SO.sub.2 NH--) in
      which the nitrogen is adjacent the ballast group.
PAR  In addition to the ballast, the benzene nucleus in the above formula may
      have groups or atoms attached thereto such as the halogens, alkyl, aryl,
      alkoxy, aryloxy, nitro, amino, alkylamino, arylamino, amido, cyano,
      alkylmercapto, keto, carboalkoxy, heterocyclic groups, etc.
PAR  The preferred novel magenta dyes which are released from the novel
      dye-releasing redox (DRR) compounds as a function of oxidation under
      alkaline conditions may be represented by the following formulas:
      ##SPC13##
PAL  wherein
PAR  X.sup.1, X.sup.2, R, R.sup.1, J, q, m, Q, G, Z, r and E are as described
      previously, except that the radical corresponding to Formula IV above and
      described for E is replaced by the radical NH.sub.2 SO.sub.2
      [X-(NH-J).sub.q ].sub.m -. The preferred released dyes, of course,
      correspond to the above mentioned preferred image dye-providing (DRR)
      compounds set forth above. These dyes may be released by the reaction
      described in Fleckenstein et al, allowed U.S. Ser. No. 351,673, a
      continuation-in-part of U.S. Ser. No. 282,796.
PAR  A suitable process for producing a photographic transfer image in color
      using the compounds of our invention comprises the steps of:
PAR  1. treating the above-described photosensitive element with an alkaline
      processing composition in the presence of a silver halide developing agent
      to effect development of each of the exposed silver halide emulsion
      layers, thereby oxidizing the developing agent and the oxidized developing
      agent in turn cross-oxidizing the sulfonamido compound;
PAR  2. forming an imagewise distribution of diffusible released dye as a
      function of the imagewise exposure of each of the silver halide emulsion
      layers by cleaving each cross-oxidized sulfonamido compound; and
PA1  3. diffusing to a dye image-receiving layer at least a portion of each of
      the imagewise distributions of diffusible released dye to provide an
      image.
PAR  The photosensitive element in the above-described process can be treated
      with an alkaline processing composition to effect or initiate development
      in any manner. A preferred method for applying processing composition is
      by use of a rupturable container or pod which contains the composition. In
      general, the processing composition employed in our system contains the
      developing agent for development, although the composition could also just
      be an alkaline solution where the developer is incorporated in the
      photosensitive element, in which case the alkaline solution serves to
      activate the incorporated developer.
PAR  A photographic film unit according to our invention which is adapted to be
      processed by passing the unit between a pair of juxtaposed
      pressure-applying members, comprises:
PA1  1. a photosensitive element as described above;
PA1  2. a dye image-receiving layer; and
PA1  3. means for discharging an alkaline processing composition within the film
      unit such as a rupturable container which is adapted to be positioned
      during processing of the film unit so that a compressive force applied to
      the container by the pressure-applying members will effect a discharge of
      the contents of the container within the film unit;
PAL  the film unit containing a silver halide developing agent.
PAR  The dye image-receiving layer in the above-described film unit can be
      located on a separate support adapted to be superposed on the
      photosensitive element after exposure thereof. Such image-receiving
      elements are generally disclosed, for example, in U.S. Pat. No. 3,362,819.
      When the means for discharging the processing composition is a rupturable
      container, typically it is positioned in relation to the photosensitive
      element and the image-receiving element so that a compressive force
      applied to the container by pressure-applying members, such as found in a
      camera designed for in-camera processing, will effect a discharge of the
      contents of the container between the image-receiving element and the
      outermost layer of the photosensitve element. After processing, the dye
      image-receiving element is separated from the photosensitive element.
PAR  The dye image-receiving layer in the above-described film unit can also be
      located integral with the photosensitive silver halide emulsion layer. One
      useful format for integral receiver-negative photosensitive elements is
      disclosed in Belgian Pat. No. 757,960. In such an embodiment, the support
      for the photosensitive element is transparent and is coated with an
      image-receiving layer, a substantially opaque light reflective layer,
      e.g., TiO.sub.2, and then the photosensitive layer of layers described
      above. After exposure of the photosensitive element, a rupturable
      container containing an alkaline processing composition and an opaque
      process sheet are brought into superimposed position. Pressure-applying
      members in the camera rupture the container and spread processing
      composition over the photosensitive element as the film unit is withdrawn
      from the camera. The processing composition develops each exposed silver
      halide emulsion layer and dye images are formed as a function of
      development which diffuse to the image-receiving layer to provide a
      position, right-reading image which is viewed through the transparent
      support on the opaque reflecting layer background.
PAR  Another format for integral negative-receiver photosensitive elements in
      which the present invention can be employed is disclosed in Belgian Pat.
      No. 757,959. In this embodiment, the support for the photo-sensitive
      element is transparent and is coated with the image-receiving layer, a
      substantially opaque, light-reflective layer and the photosensitive layer
      or layers described above. A rupturable container containing an alkaline
      processing composition and an opacifier is positioned adjacent to the top
      layer and a transparent top sheet. The film unit is placed in a camera,
      exposed through the transparent top sheet and then passed through a pair
      of pressure-applying members in the camera as it is being removed
      therefrom. The pressure-applying members rupture the container and spread
      processing composition and opacifier over the negative portion of the film
      unit to render it light insensitive. The processing composition develops
      each silver halide layer and dye images are formed as a result of
      development which diffuse to the image-receiving layer to provide a
      right-reading image that is viewed through the transparent support on the
      opaque reflecting layer background.
PAR  Still other useful integral formats in which our sulfonamido compounds can
      be employed are described in U.S. Pat. Nos. 3,415,644; 3,415,645;
      3,415,646; 3,647,437; and 3,635,707.
PAR  The film unit or assembly of the present invention can be used to produce
      positive images in single or multicolors. In a three-color system, each
      silver halide emulsion layer of the film assembly will have associated
      therewith an image dye-providing material possessing a predominant
      spectral absorption within the region of the visible spectrum to which
      said silver halide emulsion is sensitive, i.e., the blue-sensitive silver
      halide emulsion layer will have a yellow image dye-providing material
      associated therewith, the green-sensitive silver halide emulsion layer
      will have a magenta image dye-providing material associated therewith, and
      the red-sensitive silver halide emulsion layer will have a cyan image
      dye-providing material associated therewith. The image dye-providing
      material associated with each silver halide emulsion layer can be
      contained either in the silver halide emulsion layer itself or in a layer
      contiguous to the silver halide emulsion layer. The magenta image
      dye-providing material will, of course, be a compound of this invention.
PAR  When G is a hydrolyzable acyloxy group, the absorption spectrum of the azo
      dye is shifted to shorter wavelength. "Shifted dyes" of this type absorb
      light outside the range to which the associated silver halide layer is
      sensitive. The use of certain related shifted azo dye developers is
      described in U.S. Pat. No. 3,307,947 issued Mar. 7, 1967. The shifted
      dye-providing materials of this invention can be advantageously contained
      in the silver halide emulsion layer without substantially reducing the
      sensitivity of the layer. The acyloxy group is hydrolyzed by the alkaline
      processing composition, releasing the magenta dye of the desired hue. The
      yellow and cyan image dye-providing materials can be selected from a
      variety of materials such as those compounds described by Fleckenstein et
      al allowed U.S. Ser. No. 351,673, a continuation-in-part of U.S. Ser. No.
      282,796, mentioned previously. Additional useful cyan image dye-providing
      materials are described in co-filed Haase et al U.S. Ser. No. 439,789, a
      continuation-in-part of application Ser. No. 331,727, and now abandoned,
      entitled Photographic Materials and Compounds Useful Therein.
PAR  The concentration of the compounds, which preferably are alkali-cleavable
      upon oxidation, that are employed in the present invention can be varied
      over a wide range depending upon the particular compound employed and the
      results which are desired. For example, the image dye-providing compounds
      of the present invention can be coated in layers as dispersions in a
      hydrophilic film-forming natural or synthetic polymer, such as gelatin,
      polyvinyl alcohol, etc., which is adapted to be permeated by aqueous
      alkaline processing composition. Preferably, the ratio of dye-providing
      compound to polymer will be about 0.25 to about 4.0. The present compounds
      may then be incorporated in a gelatin by techniques known in the art
      (e.g., a high boiling, water immiscible organic solvent or a low boiling
      or water miscible organic solvent).
PAR  A variety of silver halide developing agents can be employed in our
      invention. Any silver halide developing agent can be used as long as it
      cross-oxidizes with the image dye-providing compounds used herein. The
      developer can be employed in the photosensitive element to be activated by
      the alkaline processing composition. Specific examples of developers which
      can be employed in our invention include hydroquinone, aminophenols, e.g.,
      N-methyl-aminophenol, Phenidone (1-phenyl-3-pyrazolidone) trademark of
      Ilford, Ltd.; Dimezone (1-phenyl-4,4-dimethyl-3-pyrazolidone) trademark of
      Eastman Kodak Company; 1-phenyl-4-methyl-4-hydroxymethyl-3-pyrazolidone,
      N,N-diethyl-p-phenylenediamine, 3-methyl-N,N-diethyl-p-phenylenediamine,
      3-methoxy-N,N-diethyl-p-phenylenediamine, etc. The black-and-white
      developers in this list are preferred, in that they have a reduced
      propensity of staining the dye image-receiving layer.
PAR  In a preferred embodiment of our invention, the silver halide developer in
      our process becomes oxidized upon development and reduces silver halide to
      silver metal. The oxidized developer then cross-oxidizes the
      sulfonamido-phenol or sulfonamido-naphthol dye-releasing compound. The
      product of cross-oxidation then undergoes alkaline hydrolysis, thus
      releasing an imagewise distribution of diffusible anionic dye which then
      diffuses to the receiving layer to provide the dye image. The diffusible
      moiety is transferable in alkaline processing composition either by virtue
      of its self-diffusivity or by having attached to it one or more
      solubilizing groups such as --COOH, --SO.sub.3 H, --SO.sub.2 NR.sup.5
      R.sup.6, OH, etc. (where R.sup.5 and R.sup.6 are as described previously
      with at least one being hydrogen).
PAR  In using the especially preferred dye-releasing compounds according to our
      invention, the production of diffusible dye images is a function of
      development of the silver halide emulsions with a silver halide developing
      agent to form either negative or direct positive silver images in the
      emulsion layers. If the silver halide emulsion employed forms a direct
      positive silver image, such as a direct positive internal-image emulsion
      or a solarzing emulsion, which develops in unexposed areas, a positive
      image can be obtained on the dye image-receiving layer. After exposure of
      the film unit, the alkaline processing composition permeates the various
      layers to initiate development in the unexposed photosensitive silver
      halide emulsion layers. The developing agent present in the film unit
      develops each of the silver halide emulsion layers in the unexposed areas
      (since the silver halide emulsions are direct-positive ones), thus causing
      the developing agent to becomes oxidized imagewise corresponding to the
      unexposed areas of the direct-positive silver halide emulsion layers. The
      oxidized developing agent then crossoxidizes the dye-releasing compounds
      and the oxidized form of the compounds then undergoes a base-catalyzed
      reaction in a preferred embodiment of our invention, to release the
      preformed dyes imagewise as a function of the imagewise exposure of each
      of the silver halide emulsion layers. At least a portion of the imagewise
      distributions of diffusible dyes diffuse to the image-receiving layer to
      form a positive image of the original subject. After being contacted by
      the alkaline processing composition, a pH-lowering layer in the film unit
      lowers the pH of the film unit (or the image-receiving unit) to stabilize
      the image.
PAR  Internal-image silver halide emulsions useful in those embodiments wherein
      a dye is released as a function of oxidation are direct-positive emulsions
      that form latent images predominantly inside the silver halide grains, as
      distinguished from silver halide grains that form latent images
      predominantly on the surface thereof. Such internal-image emulsions are
      described by Davey et al in U.S. Pat. No. 2,592,250, issued Apr. 8, 1952,
      and elsewhere in the literature. Other useful emulsions are described in
      U.S. Pat. No. 3,761,276, dated Sept. 25, 1973. Internal-image silver
      halide emulsions can be defined in terms of the increased maximum density
      obtained when developed with "internal-type" developers over that obtained
      when developed with "surface-type" developers. Suitable internal-image
      emulsions are thosee which, when measured according to normal photographic
      techniques by coating a test portion of the silver halide emulsion on a
      transparent support, exposing to a light-intensity scale having a fixed
      time between 0.01 and 1 second, and developing for 3 minutes at
      20.degree.C. in Developer A below ("internal-type" developer), have a
      maximum density at least five times the maximum density obtained when an
      equally exposed silver halide emulsion is developed for 4 minutes at
      20.degree.C. in Developer B described below ("surface-type" developer).
      Preferably, the maximum density in Developer A is at least 0.5 density
      unit greater than the maximum density in Developer B.
     DEVELOPER A                                                               

     ______________________________________                                    

     Hydroquinone         15 g.                                                

     Monomethyl-p-aminophenol sulfate                                          

                          15 g.                                                

     Sodium sulfite (desiccated)                                               

                          50 g.                                                

     Potassium bromide    10 g.                                                

     Sodium hydroxide     25 g.                                                

     Sodium thiosulfate   20 g.                                                

     Water to make one liter.                                                  

     DEVELOPER B                                                               

     ______________________________________                                    

     P-hydroxyphenylglycine                                                    

                          10 g.                                                

     Sodium carbonate     100 g.                                               

     Water to make one liter.                                                  

     ______________________________________                                    

PAR  The internal-image silver halide emulsions when processed in the presence
      of fogging or nucleating agents provide direct positive silver images.
      Such emulsions are particularly useful in the above-described embodiment.
      Suitable fogging agents include the hydrazines disclosed in Ives U.S. Pat.
      Nos. 2,588,982 issued Mar. 11, 1952, and 2,563,785 issued Aug. 7, 1951;
      the hydrazides and hydrazones disclosed in Whitmore U.S. Pat. No.
      3,227,552 issued Jan. 4, 1966; hydrazone quaternary salts described in
      Lincoln and Heseltine U.S. Pat. No. 3,615,615 issued Oct. 26, 1971;
      hydrazone containing polymethine dyes described in Spence and Janssen U.S.
      Pat. No. 3,718,470 issued Feb. 27, 1973; or mixtures thereof. The quantity
      of fogging agent employed can be widely varied depending upon the results
      desired. Generally, the concentration of fogging agent is from about 0.4
      to about 8 grams per mole of silver in the photosensitive layer in the
      photosensitive element or from about 0.1 to about 2 grams per liter of
      developer if it is located in the developer. The fogging agents described
      in U.S. Pat. Nos. 3,615,615 and 3,718,470, however, are preferably used in
      concentrations of about 0.5 to 10.0 grams per mole of silver in the
      photosensitive layer.
PAR  The solarizing direct-positive silver halide emulsions useful in the
      above-described embodiment are well-known silver halide emulsions which
      have been effectively fogged either chemically, such as by the use of
      reducing agents, or by radiation to a point which corresponds
      approximately to the maximum density of the reversal curve as shown by
      Mees, The Theory of the Photographic Process, published by the Macmillan
      Co., New York, New York, 1942, pages 261-297. Typical methods for the
      preparation of solarizing emulsions are shown by Groves British Pat. No.
      443,245, Feb. 25, 1936, who subjected emulsions to Roentgen rays "until an
      emulsion layer formed therefrom, when developed without preliminary
      exposure, is blackened up to the apex of its graduation curve"; Szaz
      British Pat. No. 462,730, Mar. 15, 1937, the use of eight light or
      chemicals such as silver nitrate, to convert ordinary silver halide
      emulsions to solarizing direct positive emulsions; and Arens U.S. Pat.
      2,005,837, June 25, 1935, the use of silver nitrate and other compounds in
      conjunction with heat to effect solarization. Particularly useful are the
      fogged direct-positive emulsions of Berriman U.S. Pat. No. 3,367,778;
      Illingsworth U.S. Pat. Nos. 3,501,305, 3,501,306 and 3,501,307; and
      combinations thereof.
PAR  Other embodiments in which our imaging chemistry can be employed include
      the techniques described in U.S. Pat. Nos. 3,227,550, 3,227,551, 3,227,552
      and 3,364,022.
PAR  Another embodiment of our invention uses the image-reversing technique
      disclosed in British Pat. No. 904,364, page 19, lines 1-41. In this system
      our dye-providing compounds may be used in combination with physical
      development nuclei in a nuclei layer contiguous to the photosensitive
      silver halide emulsion layer. The film unit contains a silver halide
      solvent, preferably in a rupturable container with the alkaline processing
      composition, and the photosensitive element contains an immobilizing
      coupler, which is capable of reacting with oxidized developer to form an
      immobile product. This embodiment also must include developing agents
      which are reactive with the immobilizing coupler. Preferred compounds
      include the primary aromatic amine developing agents such as
      p-aminophenols or p-phenylenediamines.
PAR  Negative silver halide emulsions useful in certain embodiments of this
      invention, such as the above, can comprise, for example, silver chloride,
      silver bromide, silver chlorobromide, silver bromoiodide, silver
      chlorobromodiode or mixtures thereof. The emulsions can be coarse- or
      fine-grain and can be prepared by any of the well-known procedures, e.g.,
      single-jet emulsions such as those described in Trivelli and Smith, The
      Photographic Journal, Vol. LXXIX, May, 1939 (pp. 330-338), double-jet
      emulsions, such as Lippmann emulsions, ammoniacal emulsions, thiocyanate
      or thioether ripened emulsions such as those described in Nietz et al U.S.
      Pat. No. 2,222,264 issued Nov. 19, 1940; Illingsworth U.S. Pat. No.
      3,320,069 issued May 16, 1967; and Jones U.S. Pat. No. 3,574,628 issued
      Apr. 13, 1971. The emulsions may be monodispersed regular-grain emulsions
      such as the type described in Klein and Moisar, J. Phot. Sci., Vol. 12,
      No. 5, Sept./Oct., 1964 (pp. 242-251).
PAR  Another embodiment of our invention uses the image-reversing technique
      disclosed in British Pat. No. 904,364, page 19, lines 1-41. In this system
      our dye-providing compounds are used in combination with physical
      development nuclei in a nuclei layer contiguous to the photo-sensitive
      silver halide negative emulsion layer. The film unit contains a silver
      halide solvent, preferably in a rupturable container with the alkaline
      processing composition.
PAR  The various silver halide emulsion layers of a color film assembly of the
      invention can be disposed in the usual order, i.e., the blue-sensitive
      silver halide emulsion layer first with respect to the exposure side,
      followed by the green-sensitive and red-sensitive silver halide emulsion
      layers. If desired, a yellow dye layer or a yellow colloidal silver layer
      can be present between the blue-sensitive and green-sensitive silver
      halide emulsion layer for absorbing or filtering blue radiation that may
      be transmitted through the blue-sensitive layer. If desired, the
      selectivity sensitized silver halide emulsion layers can be disposed in a
      different order, e.g., the blue-sensitive layer first with respect to the
      exposure side, followed by the red-sensitive and green-sensitive layers.
PAR  The rupturable container employed in this invention can be of the type
      disclosed in U.S. Pat. Nos. 2,543,181; 2,643,886; 2,653,732; 2,724,051;
      3,056,492; 3,056,491 and 3,152,515. In general, such containers comprise a
      rectangular sheet of fluid- and air-impervious material folded
      longitudinally upon itself to form two walls which are sealed to one
      another along their longitudinal and end margins to form a cavity in which
      processing solution is contained.
PAR  In a color film unit according to this invention, each silver halide
      emulsion layer containing a dye image-providing material or having the dye
      image-providing material present in a contiguous layer may be separated
      from the other silver halide emulsion layers in the image-forming portion
      of the film unit by materials including gelatin, calcium alginate, or any
      of those disclosed in U.S. Pat. No. 3,384,483, polymeric materials such as
      polyvinylamides as disclosed in U.S. Pat. No. 3,421,892, or any of those
      disclosed in French Pat. No. 2,028,236 or U.S. Pat. Nos. 2,992,104;
      3,043,692; 3,044,873; 3,061,428; 3,069,263; 3,069,264; 3,121,011; and
      3,427,158.
PAR  Generally speaking, except where noted otherwise, the silver halide
      emulsion layers in the invention comprise photosensitive silver halide
      dispersed in gelatin and are about 0.6 to 6 microns in thickness; the dye
      image-providing materials are dispersed in an aqueous alkaline
      solution-permeable polymeric binder, such as gelatin, as a separate layer
      about 1 to 7 microns in thickness; and the alkaline solution-permeable
      polymeric interlayers, e.g., gelatin, are about 1 to 5 microns in
      thickness. Of course, these thicknesses are approximate only and can be
      modified according to the product desired.
PAR  Any material can be employed as the image-receiving layer in this invention
      as long as the desired function of mordanting or otherwise fixing the dye
      images will be obtained. The particular material chosen will, of course,
      depend upon the dye to be mordanted. If acid dyes are to be mordanted, the
      image-receiving layer can contain basic polymeric mordants such as
      polymers of amino guanidine derivatives of vinyl methyl ketone such as
      described in Minsk U.S. Pat. No. 2,882,156, issued Apr. 14, 1959, and
      basic polymeric mordants such as described in Cohen et al U.S. Pat. No.
      3,625,694, issued Dec. 7, 1971; U.S. Pat. No. 3,709,690, issued Jan. 9,
      1973; and U.S. application Ser. No. 400,778, filed Sept. 26, 1973 and now
      U.S. Pat. No. 3,898,088. See also U.S. application Ser. No. 412,992 of
      Burness et al, filed Nov. 5, 1973 and now U.S. Pat. No. 3,859,096.
PAR  Preferred mordants are cationic mordants such as polymeric compounds
      composed of a polymer having quaternary nitrogen groups and at least two
      aromatic nuclei for each quaternary nitrogen in the polymer cation (i.e.,
      having at least two aromatic nuclei for each positively charged nitrogen
      atom), such polymeric compounds being substantially free of carboxy
      groups. Useful mordants of this type are comprised of units of the
      following formula in copolymerized relationship with units of at least one
      other ethylenically unsaturated monomer:
      ##EQU10##
      wherein R.sup.7 and R.sup.8 each represent a hydrogen atom or a lower
      alkyl radical (of 1 to about 6 carbon atoms) and R.sup.8 can additionally
      be a group containing at least one aromatic nucleus (e.g., phenyl,
      naphthyl, tolyl); Q can be a divalent alkylene radical (of 1 to about 6
      carbon atoms), a divalent arylene radical, a divalent aralkylene radical,
      a divalent arylenealkylene radical, such as
      ##SPC14##
      ##EQU11##
      wherein R.sup.12 is an alkylene radical, or R.sup.8 can be taken together
      with Q to form a
      ##EQU12##
      group; R.sup.9, R.sup.10 and R.sup.11 can be alkyl, aralkyl or aryl, or
      R.sup.9 and R.sup.10 and the nitrogen atom to which they are attached can
      together with Q represent the atoms and bonds necessary to form a
      quaternized nitrogen-containing heterocyclic ring, and X.sup.- is a
      monovalent negative salt-forming radical or atom in ionic relationship
      with the positive salt-forming radical, wherein said polymer is
      substantially free of carboxy groups and wherein the positive salt forming
      radical of said polymer comprises at least two aryl groups for each
      quaternary nitrogen atom in said polymer. In one preferred embodiment, Q
      represents a phenylene or substituted phenylene radical and R.sup.9,
      R.sup.10 and R.sup.11 are the same or different and represent alkyl
      groups, the sum of their carbon atoms exceeding 12. These preferred
      polymeric cationic mordants are described further in the above-mentioned
      U.S. Pat. No. 3,709,690 and U.S. application Ser. No. 400,778,
      incorporated herein by reference.
PAR  Other mordants useful useful in our invention include poly-4-vinylpyridine,
      the 2-vinyl pyridine polymer methyl-p-toluene sulfonate and similar
      compounds described in Sprague et al U.S. Pat. No. 2,484,430, issued Oct.
      11, 1949, and cetyl trimethylammonium bromide, etc. Effective mordanting
      compositions are also described in Whitmore U.S. Pat. No. 3,271,148 and
      Bush U.S. Pat. No. 3,271,147, both issued Sept. 6, 1966.
PAR  Generally, good results are obtained when the image-receiving layer,
      preferably alkaline solution-permeable, is transparent and about 0.25 to
      about 0.40 mil in thickness. This thickness, of course, can be modified
      depending upon the result desired. The image-receiving layer can also
      contain ultraviolet absorbing materials to protect the mordanted dye
      images from fading due to ultraviolet light, brightening agents such as
      the stilbenes, coumarins, triazines, oxazoles, dye stabilizers such as the
      chromanols, alkylphenols, etc.
PAR  Use of a pH-lowering material in the dye image-receiving element of a film
      unit according to the invention will usually increase the stability of the
      transferred image. Generally, the pH-lowering material will effect a
      reduction in the pH of the image layer from about 13 or 14 to at least 11
      and preferably 4-8 within a short time after imbibition. For example,
      polymeric acids as disclosed in U.S. Pat. No. 3,362,819, or solid acids or
      metallic salts, e.g., zinc acetate, zinc sulfate, magnesium acetate, etc.,
      as disclosed in U.S. Pat. No. 2,584,030 may be employed with good results.
      Such pH-lowering materials reduce the pH of the film unit after
      development to terminate development and substantially reduce further dye
      transfer and thus stabilize the dye image.
PAR  An inert timing or spacer layer can be employed in the practice of our
      invention over the pH-lowering layer which "times" or controls the pH
      reduction as a function of the rate at which alkali diffuses through the
      inert spacer layer. Examples of such timing layers include gelatin,
      polyvinyl alcohol or any of those disclosed in U.S. Pat. No. 3,455,686.
      The timing layer may be effective in evening out the various reaction
      rates over a wide range of temperatures, e.g., premature pH reduction is
      prevented when imbibition is effected at temperatures above room
      temperature, for example, at 95.degree.-100.degree.F. The timing layer is
      usually about 0.1 to about 0.7 mil in thickness. Especially good results
      are obtained when the timing layer comprises a hydrolyzable polymer or a
      mixture of such polymers which are slowly hydrolyzed by the processing
      composition. Examples of such hydrolyzable polymers include polyvinyl
      acetate, polyamides, cellulose esters, etc.
PAR  The alkaline processing composition employed in this invention is the
      conventional aqueous solution of an alkaline material, e.g., sodium
      hydroxide, sodium carbonate or an amine such as diethylamine, preferably
      possessing a pH in excess of 11, and preferably containing a developing
      agent as described previously. The solution also preferably contains a
      viscosity-increasing compound such as a high-molecular-weight polymer,
      e.g., a water-soluble ether inert to alkaline solutions such as
      hydroxyethyl cellulose or alkali metal salts of carboxymethyl cellulose
      such as sodium carboxymethyl cellulose. A concentration of
      viscosity-increasing compound of about 1 to about 5 percent by weight of
      the processing composition is preferred which will impart thereto a
      viscosity of about 100 cp. to about 200,000 cp. In certain embodiments of
      our invention, an opacifying agent, e.g., TiO.sub.2, carbon black, pH
      indicator dyes, etc., may be added to the processing composition.
PAR  While the alkaline processing composition used in this invention can be
      employed in a rupturable container, as described previously, to
      conveniently facilitate the introduction of processing composition into
      the film unit, other methods of inserting processing composition into the
      film unit could also be employed, e.g., interjecting processing solution
      with communicating members similar to hypodermic syringes which are
      attached either to a camera or camera cartridge.
PAR  The alkaline solution-permeable, substantially opaque, light-reflective
      layer employed in certain embodiments of photographic film units of our
      invention can generally comprise any opacifier dispersed in a binder as
      long as it has the desired properties. Particularly desirable are white
      light-reflective layers since they would be esthetically pleasing
      backgrounds on which to view a transferred dye image and would also
      possess the optical properties desired for reflection of incident
      radiation. Suitable opacifying agents include titanium dioxide, barium
      sulfate, zinc oxide, barium stearate, silver flake, silicates, alumina,
      zirconium oxide, zirconium acetyl acetate, sodium zirconium sulfate,
      kaolin, mica, or mixtures thereof in widely varying amounts depending upon
      the degree of opacity desired. The opacifying agents may be dispersed in
      any binder such as an alkaline solution-permeable polymeric matrix such
      as, for example, gelatin, polyvinyl alcohol, and the like. Brightening
      agents such as the stilbenes, coumarins, triazines and oxazoles can also
      be added to the light-reflective layer, if desired. When it is desired to
      increase the opacifying capacity of the light-reflective layer,
      dark-colored opacifying agents, e.g., carbon black, nigrosine dyes, etc.,
      may be added to it, or coated in a separate layer adjacent to the
      light-reflective layer.
PAR  The supports for the photographic elements of this invention can be any
      material as long as it does not deleteriously effect the photographic
      properties of the film unit and is dimensionally stable. Typical flexible
      sheet materials include cellulose nitrate film, cellulose acetate film,
      poly(vinyl acetal) film, polystyrene film, poly(ethyleneterephthalate)
      film, polycarbonate film, poly-.alpha.-olefins such as polyethylene and
      polypropylene film, and related films or resinous materials. The support
      can be from about 2 to about 9 mils in thickness.
PAR  The silver halide emulsions useful in our invention are well known to those
      skilled in the art and are described in Product Licensing Index, Vol. 92,
      Dec., 1971, publication 9232, p. 107, paragraph I, "Emulsion types"; they
      may be chemically and spectrally sensitized as described on page 107,
      paragraph III, "Chemical sensitization," and pp. 108-109, paragraph XV,
      "Spectral sensitization," of the above article; they can be protected
      against the production of fog and can be stabilized against loss of
      sensitivity during keeping by employing the materials described on p. 107,
      paragraph V, "Antifoggants and stabilizers," of the above article; they
      can contain development modifiers, hardeners, and coating aids as
      described on pp. 107-108, paragraph IV, "Development modifiers"; paragraph
      VII, "Hardeners"; and paragraph XII, "Coating aids", of the above article;
      they and other layers in the photographic elements used in this invention
      can contain plasticizers, vehicles and filter dyes described on p. 108,
      paragraph XI, "Plasticizers and lubricants," and paragraph VIII,
      "Vehicles," and p. 109, paragraph XVI, "Absorbing and filter dyes," of the
      above article; they and other layers in the photographic elements used in
      this invention may contain addenda which are incorporated by using the
      procedures described on p. 109, paragraph XVII, "Methods of addition," of
      the above article; and they can be coated by using the various techniques
      described on p. 109, paragraph XVIII, "Coating procedures," of the above
      article, the disclosures of which are hereby incorporated by reference.
PAR  It will be appreciated that there remains in the photographic element after
      transfer has taken place an imagewise distribution of dye in addition to
      developed silver. A color image comprising residual nondiffusible compound
      may be obtained in this element if the residual silver and silver halide
      are removed by any conventional manner well known to those skilled in the
      photographic art, such as a bleach bath followed by a fix bath, a
      bleach-fix bath, etc. The imagewise distribution of dye may also diffuse
      out of the element into these baths, if desired, rather than to an
      image-receiving element. If a negative-working silver halide emulsion is
      employed in such photosensitive element, then a positive color image, such
      as a color transparency or motion-picture film, may be produced in this
      manner. If a direct-positive silver halide emulsion is employed in such
      photosensitive element, then a negative color image may be produced.
PAR  Preferably, when the desired dye image is retained in the image-forming
      unit, the image dye-providing materials are shifted (G is hydrolyzable
      acyloxy) and are incorporated in the silver halide emulsion layer.
      Improved processes are described in U.S. Ser. No. 422,390, filed Dec. 6,
      1973.
PAR  The following examples are provided for a further understanding of the
      invention. The structures of all the compounds were confirmed by their
      infrared and NMR spectra and in some cases by elemental analysis. The
      notation C.sub.5 H.sub.11 -t as used herein is an abbreviation for
      t-pentyl.
PAR  4-Amino-N-[4-(2,4-di-t-pentylphenoxy)-butyl]-1-hydroxy-2-naphthamide may be
      prepared as follows:
      1-hydroxy-N-[4-(2,4-di-t-pentylphenoxy)-butyl]-2-naphthamide (U.S. Pat.
      No. 2,474,293) is coupled with a diazotized p-anisidine
      ##SPC15##
PAL  The azo group of the compound thus prepared may then be reduced with sodium
      dithionite (Na.sub.2 S.sub.2 O.sub.4) to the corresponding amine (see also
      U.S. Pat. No. 3,458,315, column 10).
DETD
PAC  EXAMPLE 1 - PREPARATION OF COMPOUND NO. 1
      ##SPC16##
PAR  To 400 ml. of dry pyridine, under nitrogen, at 0.degree.C. were added 14.7
      g. (.03 mol) of
      4-amino-N-[4-(2,4-di-tertpentylphenoxy)butyl]-1-hydroxy-2-naphthamide. To
      this solution 12.6 g. (.029 mol) of
      4-acetamido-5-hydroxy-6-(2-methoxyphenylazo)-1-naphthalenesulfonyl
      chloride were added. The reaction mixture was stirred at 0.degree.C. for
      one hour and then poured into a mixture of 500 ml. of concentrated
      hydrochloric acid and 500 ml. of ice water. The resulting solid was
      collected on a filter funnel and dried. After one recrystallization from
      acetone, the yield of pure compound was 12.9 g. (50 percent), m.p.
      209.degree.-13.degree.C. dec. The
      4-acetamido-5-hydroxy-6-(2-methoxyphenylazo)-1-naphthalenesulfonyl
      chloride was prepared by adding 10 ml. of N,N-dimethylformamide to a
      slurry of 17.5 g. (0.04 mol) of sodium
      4-acetamido-5-hydroxy-6-(2-methoxyphenylazo)-1-naphthalenesulfonate in 250
      ml. of phosphoryl chloride. The mixture was stirred at room temperature
      for 30 minutes and the solid collected on a filter funnel. The solid was
      slurried in ice water, collected on a filter funnel and dried to yield
      17.3 g. The solid was suspended in ethyl alcohol, filtered off again and
      dried to yield 13.3 g. (76 percent). The
      4-acetamido-5-hydroxy-6-(2-methoxyphenylazo)-1-naphthalenesulfonic acid,
      sodium salt, was obtained by adding dropwise 14.0 g. (0.2 mol) of sodium
      nitrite in 25 ml. of water to a solution of 24.6 g. (0.2 mol) of
      o-anisidine in 200 ml. of 2N hydrochloric acid at less than 3.degree.C.
      This solution was added portionwise to a chilled solution of 80.4 g. (0.2
      mol) of 8-acetamido-1-acetoxy-5-naphthalenesulfonic acid, pyridine salt,
      in 300 ml. of 2N sodium hydroxide. The mixture was stirred for one hour,
      and the solid collected on a filter funnel. It was slurried in ethyl
      alcohol, collected on a filter funnel and dried to yield 84.3 g. (97
      percent). The 8-acetamido-1-acetoxy-5-naphthalenesulfonic acid, pyridine
      salt, was obtained by the acetylation of "S Acid" in acetic anhydride and
      pyridine at 80.degree. C. The yield was 70.0 g. (87 percent), m.p.
      209.degree.-210.degree. dec.
PAC  EXAMPLE 2 - PREPARATION OF COMPOUND NO. 2
      ##SPC17##
PAR  This compound was prepared in a manner similar to Example 1. The yield was
      42 percent, m.p. 213.degree.-4.degree.C. dec. The sulfonyl chloride used
      was prepared by a method similar to that used in Example 1 in 52 percent
      yield and the sulfonic acid used was prepared in 86 percent yield in a
      manner similar to that used in Example 1.
PAC  EXAMPLE 3 - PREPARATION OF COMPOUND NO. 3
      ##SPC18##
PAR  This compound was prepared in a manner similar to that used in Example 1 in
      42 percent yield, m.p. 231.degree.-2.degree.C. The
      4-acetamido-5-hydroxy-6-(4-methoxyphenylazo)-1-naphthalenesulfonyl
      chloride was prepared in 95 percent yield by the method used in Example 1.
      The sulfonic acid was also prepared via the same method as in Example 1 in
      96 percent yield.
PAC  EXAMPLE 4 - PREPARATION OF COMPOUND NO. 4
      ##SPC19##
PAR  This compound was prepared in a manner similar to that used in Example 1.
      The yield was 44 percent, m.p. 195.degree.-6.degree.C dec. from
      5-hydroxy-6-(2-methoxyphenylazo)-4-propionamido-1-naphthalenesulfonyl
      chloride, which was prepared in 67 percent yield by the method shown in
      Example 1. Sodium
      5-hydroxy-6-(2-methoxyphenylazo)-4-propionamido-1-naphthalenesulfonate was
      prepared in a manner similar to that used in Example 1 in 100 percent
      yield.
PAC  EXAMPLE 5 - PREPARATION OF COMPOUND NO. 5
      ##SPC20##
PAR  To a solution of 6.45 g. (0.01 mole) of
      4-(3-aminobenzenesulfonamido)-N-[4-(2,4-di-tert-pentylphenoxy)butyl]-1-hyd
     roxy-2-naphthamide in 100 ml. of dry pyridine at 0.degree.C., under
      nitrogen, were added 4.3 g. (.01 mol) of
      4-acetamido-5-hydroxy-6-(2-methoxyphenylazo)-1-naphthalenesulfonyl
      chloride. The mixture was stirred at 5.degree.C. for thirty minutes and
      then warmed until the solids dissolved. The solution was stirred without
      further heating an additional thirty minutes, then poured into 200 ml. of
      ice and 100 ml. of concentrated hydrochloric acid. The resulting solid was
      collected on a filter funnel and dried. After one recrystallization from
      acetic acid, the yield was 6.1 g. (59 percent), m.p.
      234.degree.-6.degree.C.
PAC  EXAMPLE 6 - PREPARATION OF COMPOUND NO. 6
      ##SPC21##
PAR  This compound was prepared in a manner similar to that used for Example 1.
      The yield was 64 percent, m.p. 232.degree.-4.degree.dec. The
      4-benzamido-5-hydroxy-6-(2-methoxyphenylazo)-1-naphthalenesulfonyl
      chloride used was prepared by the same method used for Example 1 giv ing a
      69 percent yield, and the sulfonic acid used was prepared in 71 percent
      yield in a manner similar to that used in Example 1.
PAC  EXAMPLE 7 - PREPARATION OF COMPOUND NO. 7
      ##SPC22##
PAR  This compound was prepared in a manner similar to that used for Example 1.
      The yield was 51 percent, m.p. 216.degree.-8.degree.C. The
      5-hydroxy-4-methanesulfonamido-6-(2-methoxyphenylazo-1-naphthylenesulfonyl
      chloride used was prepared via the same method as used in Example 1 in 81
      percent yield and the corresponding sulfonic acid used was also prepared
      in a manner similar to that used to obtain Example 1. The yield was 98
      percent.
PAC  EXAMPLE 8 - PREPARATION OF COMPOUND NO. 8
      ##SPC23##
PAR  To 40 ml. of pyridine under N.sub.2 at 0.degree.C. were added 1.0 g. of
      4,5-dihydroxy-3-(2-methoxyphenylazo)-1-naphthylenesulfonyl chloride and
      1.22 g. of 4-amino-N-[4-(2,4-di-t-phenylphenoxy) -1-hydroxy-2-naphthamide
      and stirred for 1 hour. The reaction mixture was poured into ice
      containing 70 ml. concentration hydrochloric acid and the crude product
      removed by extraction with ether. The residue from the ether layer was
      chromatographed on silica gel followed by recrystallization from benzene.
      The yield was 0.7 g. of pure product, m.p. 186.degree.-189.degree.. The
      4,5-dihydroxy-3-(2-methoxyphenylazo)-1-naphthylenesulfonyl chloride was
      prepared by stirring a suspension of 5.0 g. of sodium
      4,5-dihydroxy-3-(2-methoxyphenylazo)-1-naphthalenesulfonate and 74 ml. of
      thionyl chloride with 2 g. of dimethylformamide for 1.5 hours at room
      temperature. The thionyl chloride was largely removed under reduced
      pressure and the residue quenched in ice to give a solid. Trituration in a
      small volume of ethanol gave 2.7 g. of the acid chloride. The sodium
      4,5-dihydroxy-3-(o-methoxyphenylazo)naphthylenesulfonate was prepared by
      diazotization of 0.003 mole o-anisidine prepared in dilute hydrochloric
      acid and coupling with 10 g. of sodium 4,5-dihydroxynaphthalenesulfonate
      in the presence of excess sodium acetate. 8.0 g. of dye was obtained.
PAC  EXAMPLE 9 - PREPARATION OF COMPOUND NO. 9
      ##SPC24##
PAR  A solution of 0.5 g. of
      2-(4-chlorosulfonyl-1-naphthylazo)-1-hydroxy-4-naphthalenesulfonyl
      chloride, 1.1 g. of 4-amino-N-[4-(2,4-di-t-pentylphenoxy)butyl]
      -1-hydroxy-2-naphthamide and 0.2 g. of pyridine in 75 ml. of chloroform
      under N.sub.2 was stirred at room temperature for 5 hours. The volume was
      reduced and the chloroform solution chromatographed on silica gel. The
      fraction brought off the column with a 1:1 mixture of benzene and
      chloroform provided 0.5 g. of the desired product, m.p.
      151.degree.-5.degree.C. The
      2-(4-chlorosulfonyl-1-naphthylazo)-1-hydroxy-4-naphthylenesulfonyl
      chloride was obtained by treating 2.0 g. of the disodium salt of
      1-hydroxy-2-(4-sulfo-1-naphthylazo)-4-naphthylenesulfonic acid with 30 ml.
      of thionyl chloride and 1 ml. of dimethylformamide at room temperature for
      1 hour. The thionyl chloride was removed under reduced pressure and the
      residue treated with ice water to give a solid which was collected, washed
      with water and dried. The solid was dissolved in chloroform, treated with
      magnesium sulfate and precipitated with hexane. The
      1-hydroxy-2-(4-sulfo-1-naphthylazo)-4-naphthylenesulfonic acid, disodium
      salt, was prepared by the diazo coupling of the diazonium salt of
      1-naphthylamine-4-sulfonic acid with sodium 1-naphthol-4-sulfonate under
      basic conditions in the standard manner.
PAC  EXAMPLE 10 - PREPARATION OF COMPOUND NO. 10
      ##SPC25##
PAR  To a stirred suspension of 4.8 g. (11 mmol) of
      4-acetamido-5-hydroxy-6-(2-methoxyphenylazo)-1-naphthalene-sulfonyl
      chloride and 8.0 g. (12.3 mmol) of
      4-(3-aminopropanesulfonamido)-N-[4-(2,4-di-tert-butylphenoxy)butyl]-1-hydr
     oxy-2-naphthamide hydrochloride in 200 ml. of tetrahydrofuran under
      nitrogen were added 1.29 g. (10 mmol) of diisopropylethylamine and then
      dropwise 1.7 g. of tetramethylguanidine. The reaction mixture was then
      heated to 70.degree.C. for 2 hours. Upon cooling, it was poured into 1
      liter of cold water containing 5 ml. of concentrated hydrochloric acid.
      The resulting solid was removed by filtration and treated with 600 ml. of
      boiling acetic acid. The hot solution was filtered, leaving a residue. The
      filtrate on cooling deposited a solid which was then dissolved in
      tetrahydrofuran and precipitated with a 10-fold excess of hexane. The
      resulting precipitate was collected and dried, yielding 7.0 g. (61
      percent), m.p. 226.degree.-9.degree.C.
PAR  Additional dye-releasing redox compounds were prepared by the methods
      described below in Examples 11-18. Examples 11-15 and 18 were prepared
      from the carrier compound A,
      4-(3-aminobenzenesulfonamido)-N-[4-(2,4-di-t-pentylphenoxy)butyl]-1-hydrox
     y-2-naphthamide. Examples 16 and 17 were made from carrier compound B,
      4-(4-aminobenzenesulfonamido)-N-[4-(2,4-di-t-pentylphenoxy)butyl]-1-hydrox
     y-2-naphthamide, which differs structurally only in the p- (vs. m-) amino
      group in the benzenesulfonamido substituent. The "EEDQ" reqgent was
      N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline, commercially available.
      The structures of all of the compounds were confirmed by their infrared
      and NMR spectral and in some cases elemental analysis.
PAC  EXAMPLE 11 - PREPARATION OF COMPOUND NO. 11
      ##SPC26##
PAR  Predistilled dimethylformamide (250 ml.) was added to a dried flask
      containing 22.2 g. (0.05 mol) of
      .alpha.-[4-hydroxy-3(2-methoxy-5-sulfamoylphenylazo)-1-naphthyloxy]propion
     ic acid, 32.5 g. (0.05 mol) of carrier compound A and 12.3 g. (0.05 mol) of
      EEDQ. The reaction was protected from atmospheric moisture and stirred at
      room temperature for 4 hr. The reaction was cooled in an ice bath and a
      solution of 25 g. (0.3 mol) of sodium bicarbonate in 500 ml. of water
      added in portions to precipitate an oily solid. An additional 500 ml. of
      water were added to complete the precipitation. The liquid was decanted
      and the product washed with water. The oily product was transformed into a
      crystalline material by stirring with 250 ml. water for 11/2 hr. The solid
      was collected, washed with water and dried to yield 52.0 g. (97 percent).
      This crude product was recrystallized from 300 ml. of acetic acid,
      yielding 38.0 g. (71 percent) of pure material, m.p.
      168.degree.-171.degree.C. dec. The
      .alpha.-[4-hydroxy-3-(2methoxy-5-sulfamoylphenylazo)-1-naphthyloxy]propion
     ic acid used was prepared by the following technique. A solution of 6.9 g.
      (0.10 mol) of sodium nitrite in 150 ml. of water was added dropwise to a
      cold, stirred solution of 20.2 g. (0.10 mol) of
      4-amino-3-methoxybenzenesulfonamide (R. Adams, P. H. Long and A. Jeanes,
      J. Am. Chem. Soc., 61, 2342, 1939) and 22 ml. (0.26 mol) of concentrated
      hydrochloric acid in 450 ml. of water. The resulting diazonium solution
      was run into a stirred solution of 23.2 g. (0.10 mol) of
      .alpha.-[4-hydroxy-1-naphthyloxy]propionic acid (see U.S. Pat. No.
      3,365,441), 24.6 g. (0.30 mol) of sodium acetate and 4.5 g. (0.11 mol) of
      sodium hydroxide in 1 liter of water which had been cooled to 10.degree.
      C. After complete addition, the reaction was stirred for 1 hr. at room
      temperature. The resulting slurry warmed to 50.degree. C. and filtered.
      The solid product was washed with 500 ml. of 50.degree. C. water and dried
      to give 42.1 g. (95 percent yield) of crude dye, m.p.
      209.degree.-211.degree. C. dec. Recrystallization from acetic acid yielded
      dye, m.p. 216.degree.-218.degree. C. dec.
PAC  EXAMPLE 12 - PREPARATION OF COMPOUND NO. 12
      ##SPC27##
PAR  The above compound was prepared on a 5-mmol. scale from
      .alpha.-[3-(2,5-dimethoxy-4-sulfamoylphenylazo)-4-hydroxy-1-naphthyloxy]pr
     opionic acid using the procedure described in Example 11 and a 7-hr.
      reaction time. The crude yield (98 percent) of product, 5.4 g., was
      recrystallized from 160 ml. acetonitrile, and 2.4 g., (46 percent) yield)
      of pure product was obtained, m.p. 223.degree.-226.degree. C. dec. The
      .alpha.-[3-(2,5-dimethoxy-4-sulfamoylphenylazo)-4-hydroxy-1-naphthyloxy]pr
     opionic acid used was prepared on a 50-mmol. scale from
      2,5-dimethylsulfanilamide (see British Pat. No. 681,653) using the
      procedure described in Example 11 above. The crude product (21.5 g.) was
      recrystallized from 500 ml. of acetic acid to yield 12.4 g. (52 percent)
      of pure dye, m.p. 230.degree.-231.degree. C. dec.
PAC  EXAMPLE 13 - PREPARATION OF COMPOUND NO. 13
      ##SPC28##
PAR  This compound was prepared on a 10-mmol. scale from
      .alpha.-[4-hydroxy-3-(2-methoxy-5-methylphenylazo)-1-naphthyloxy]propionic
      acid (see U.S. Pat. No. 3,365,441), using the procedure outlined in
      Example 11 above and a 16-hr. reaction time. The crude yield of 10.1 g.
      was recrystallized from 100 ml. of acetic acid to return 6.2 g. (62
      percent yield) of pure material, m.p. 135.degree.-138.degree. C. dec.
PAC  EXAMPLE 14 - PREPARATION OF COMPOUND NO. 14
      ##SPC29##
PAR  This compound was prepared on a 5-mmol. scale from
      .alpha.-[4-hydroxy-3-(4-methoxycarbonylphenylazo)-1-naphthyloxy]propionic
      acid, using the procedure set forth in Example 11, with a reaction time of
      60 hr. The quantitative yield of product was recrystallized from 150 ml.
      of acetonitrile to return 3.15 g. (68 percent) yield of pure compound,
      m.p. 224.degree.-226.degree. C. dec. The
      .alpha.-[4-hydroxy-3-(4-methoxycarbonylphenylazo)-1-naphthyloxy]propionic
      acid used as prepared as follows. Methyl p-aminobenzoate (50 mmol., 7.5
      g.) was dissolved in 40 cc. of a 1:5 mixture of propionic/acetic acids at
      50.degree. C., then cooled to 0.degree. C. To this solution a solution of
      3.45 g. (0.05 mol) of sodium nitrite in 25 cc. of water was rapidly added
      with stirring, along with 50 g. of ice. After stirring 10 min. at
      0.degree. C., the diazonium salt solution was added to 11.6 g., 50 mmol.
      of .alpha.-[4-hydroxy-1-naphthyloxy]propionic acid in 100 cc. of the above
      1:5 acid mixture, also at 0.degree. C. The stirred reaction mixture was
      allowed to warm to room temperature and 100  cc. of saturated sodium
      acetate solution was added. After 1 additional hr. of stirring at room
      temperature, the reaction mixture was filtered to remove the solid dye.
      Digestion of the dye in 500 cc. of methanol containing acetic acid
      followed by cooling, filtration and washing with water provided 11.5 g.
      (58.5 percent) of dye.
PAC  EXAMPLE 15 - PREPARATION OF COMPOUND NO. 15
      ##SPC30##
PAR  This compound was prepared on a 5-mmol. scale, using the procedure
      described in Example 11 with a reaction time of 16 hr. The propionic acid
      employed in this example was
      .alpha.-{4-hydroxy-3-[2-methoxy-5-(methanesulfonamidomethyl)phenylazo]-1-n
     aphthyloxy}propionic acid. The 91 percent (5.0 g.) crude yield was
      recrystallized from 150 ml. acetonitrile to yield 3.3 g. (60 percent) of
      pure material, m.p. 215.degree.-217.degree. C. dec. The
      .alpha.-{4-hydroxy-3-[2-methoxy-5-(methanesulfonamidomethyl)phenylazo]-1-n
     aphthyloxy}-propionic acid used was prepared on a 13-mmol. Scale in a
      procedure similar to that used to prepare the dye in Example 11, using
      2-methoxy-5-(methylsulfonamidomethyl)aniline as the starting material. The
      crude product was recrystallized from acetonitrile to yield 3.9 g. (63
      percent), m.p. 219.degree.-221.degree. C. dec. the
      2-methoxy-5-(methanesulfonamidomethyl)aniline used was prepared by
      catalytic hydrogenation of 6.8 g. (0.0262 mol) of
      N-(4-methoxy-3-nitrobenzyl)methanesulfonamide in 180 cc. of ethanol with
      150 mg. of 10 percent palladium on carbon at a pressure of 60 psi. Upon
      removal of the catalyst, the ethanol was removed and the resulting
      crystalline residue recrystallized from ethanol-water to provide 4.3 g. of
      white plates, m.p. 100.degree.-101.degree. C. (80 percent yield). The
      N-(4-methoxy-3-nitrobenzyl)methanesulfonamide used was prepared by
      treatment of a suspension of 11.0 g. (0.05 mol) of
      4-methoxy-3-nitrobenzylamine hydrochloride in 50 cc. dimethylformamide and
      12.0 g. of triethylamine with 6.0 g. (0.05 mol) of methanesulfonyl
      chloride added dropwise over 15 min. with external cooling. The reaction
      mixture was stirred at room temperature for 1 hr., then poured into ice
      containing 10 cc. of concentrated hydrochloric acid. The solid which
      precipitated was collected, washed with water, then dissolved in dilute
      sodium hydroxide. The undissolved residue was removed by extraction with
      chloroform. Neutralization of the basic solution with hydrochloric acid
      gave a white solid which, upon recrystallization from methanol, provided
      5.3 g. of pure product (41 percent yield), m.p. 130.degree.-131.degree. C.
      The 4-methoxy-3-nitrobenzylamine hydrochloride used above was prepared by
      adding to a solution of 15.3 g. (0.1 mol) of o-nitroanisole in 50  cc. of
      concentrated sulfuric acid 15.4 g. (0.1 mol) of
      N-hydroxymethyltrifluoroacetamide (Org. Reactions, 14, 130) at 25.degree.
      C. with stirring. After stirring for 2 hr. at room temperature, the
      reaction mixture was poured into 500 g. of ice. The resulting slurry was
      heated at reflux for 18 hr. Upon cooling, the reaction mixture was made
      basic with 50 percent sodium hydroxide and extracted with ether. The ether
      extract was dried over magnesium sulfate and filtered. Addition of
      anhydrous hydrogen chloride caused a white solid to precipitate which was
      collected to provide 11.5 g. of a hydroscopic solid (53 percent yield),
      m.p. 225.degree. C. dec.
PAC  EXAMPLE 16 - PREPARATION OF COMPOUND NO. 16
      ##SPC31##
PAR  A solution of 1.0 g. of
      .alpha.-[4-hydroxy-3-(2-methoxy-5-sulfamoylphenylazo)-1-naphthyloxy]propio
     nic acid, 1.5 g. of carrier compound B, and 0.55 g. of EEDQ (each 2.2
      mmole) in 20 ml. of predistilled dimethylformamide was stirred on a steam
      bath for 1/2 hr., and protected from atmospheric moisture. The reaction
      was cooled in an ice bath and worked up with aqueous sodium bicarbonate as
      described in Example 11. The crude product (1.6 g., m.p.
      148.degree.-153.degree. C., 62 percent yield) was recrystallized from 150
      ml. acetonitrile to yield 0.55 g. (21 percent) of material, m.p.
      218.degree. C. dec.
PAC  EXAMPLE 17 - PREPARATION OF COMPOUND NO. 17
      ##SPC32##
PAR  To a slurry of 4.0 g. of
      .alpha.-[4-hydroxy-3-(2-methoxy-5sulfophenylazo-1-naphthyloxy]propionic
      acid, monosodium salt, in 100 ml. predistilled dimethylformamide, stirred
      at room temperature for 1/2 hr. under nitrogen was added a solution of
      1.25 g. of EEDQ in 25 ml. of dry dimethylformamide with further stirring.
      After 15 min., 3.2 g. of carrier compound B were added and the reaction
      heated on a stam bath for 1/2 hr. The hot reaction mixture was filtered to
      remove colorless, insoluble material, the filtrate cooled, diluted with
      700 ml. of water and acidified with 10 ml. of concentrated hydrochloric
      acid. The oily precipitate which was collected by filtration crystallized
      on stirring in water. The solid was collected and dried, yielding 3.2 g.
      It was slurried in 100 ml. of chloroform, the solution filtered to remove
      solids, and the filtrate combined with hexane to precipitate a solid.
      Unsuccessful attempts at purification culminated in chromatography on 100
      g. of deactivated silica gel. The column was eluted with chloroform and
      chloroform/methanol mixtures through pure methanol. This procedure yielded
      0.65 g. of pure material, m.p. 218.degree.-221.degree. C.
PAR  The
      .alpha.-[4-hydroxy-3-(2-methoxy-5-sulfophenylazo)-1-naphthyloxy]propionic
      acid, monosodium salt, used was prepared as follows. A solution of 0.69 g.
      (10 mmol.) of sodium nitrite in 25 ml. of water was added dropwise to a
      stirred solution of 2.0 g. (0.01 mol) of sodium
      3-amino-4-methoxybenzenesulfonate (R. Gnehm and O. Knecht, J. prakt.
      Chem., (2), 74, 98, 1906) and 2.1 ml. (25 mmol) of concentrated
      hydrochloric acid in 60 ml. of water which had been cooled in an ice bath.
      The resulting diazonium solution was then added in portions to a solution
      of 2.3 g. (10 mmol.) of .alpha.-[4-hydroxy-1-naphthyloxy]propionic acid
      and 1.7 g. (40 mmol.) of sodium hydroxide in 100 ml. of water which had
      been cooled in an ice bath. After 178  hr. of stirring, the reaction was
      acidified with 4.0 ml. of concentrated hydrochloric acid to give a slurry.
      The slurry was warmed and 70 g. of sodium chloride was added. The slurry
      was cooled, and the solid filtered off and dried. A total of 7.9 g.
      (theoretical yield was 4.7 g.) of solid was obtained which consisted of
      the desired dye and sodium chloride.
PAC  EXAMPLE 18 - PREPARATION OF COMPOUND NO. 18
      ##SPC33##
PAR  This compound was prepared from a hydrolyzable "shifted dye," a preformed
      azonaphthol acetate. A mixture of 0.90 g. of
      .alpha.-[4-acetoxy-3-(2-methoxy-5-methanesulfonamidomethylphenylazo)-1-nap
     hthyloxy]propionic acid, 1.13 g. of carrier compound A, and 0.45 g. of EEDQ
      (each 1.7 mmol.) in 45 ml. of absolute ethanol was stirred at room
      temperature for 1 hr., followed by 1  hr. at reflux on a steam bath. The
      hot solution was filtered to remove traces of solid, and the filtrate
      evaporated under vacuum to leave a solid. The crude product was
      chromatographed on silica gel to provide 0.55 g. (35 percent yield) of
      pure material, m.p. 179.degree.-182.degree. C. dec. Alkaline hydrolysis of
      the product yielded the dye of Example 15.
PAR  The
      .alpha.-[4-acetoxy-3-(2-methoxy-5-methanesulfonamidomethylphenylazo)-1-nap
     hthyloxy]propionic acid used was prepared as follows. A solution of 3.6 g.
      (7.5 mol) of
      .alpha.-[4-hydroxy-3-(2-methoxy-5-methanesulfonamidomethylphenylazo)-1-nap
     hthyloxy]-propionic acid in 60 ml. (0.75 mol) of dry pyridine (Karl Fischer
      Grade) was cooled in an ice-isopropanol bath to -5.degree. C., additional
      1.0 ml. (0.004 mol) of acetyl chloride was added and the reaction stirred
      for 1/2 hr. Pouring the reaction onto a solution of 78 ml. (0.9 mol) of
      concentrated hydrochloric acid in 250 ml. of ice water precipitated the
      product which was collected and dried under vacuum at room temperature.
      The yield was 3.25 g. (84 percent) of product, m.p. 98.degree.-106.degree.
      C., dec.
PAC  EXAMPLE 19 - PHOTOGRAPHIC TESTING
PAR  The dye-releasing redox (DRR) compounds were tested for reactivity and
      diffusibility of their released dyes to a receiving element. Each DRR
      compound was dissolved in an equal weight of diethylauramide and finely
      dispersed in gelatin. The dispersion was added to a 0.8 monodispersed
      negative-working gelatino-silver bromide emulsion which was coated on a
      polyester film support, the coverage of DRR being about 1.1 .times.
      10.sup.-.sup.5 moles/dm.sup.2 ; silver - 9.2 mg/dm.sup.2 ; and gelatin -
      32 mg/dm.sup.2. An overcoat layer of 8.6 g/dm.sup.2 of gelatin, hardened
      by formaldehyde was then applied.
PAR  A. Image discrimination - A sample of the above coating was exposed through
      a step-wedge and then laminated to a mordantcontaining receiving element
      with a viscous processing composition (goo) by passing the "sandwich"
      between a pair of juxtaposed pressure-applying rollers. The receiving
      element consisted of a paper support on which was coated a mixture of
      gelatin (21 mg/dm.sup.2) and a mordant,
      poly[styrene-co-N-benzyl-N,N-dimethyl-N-(3-maleimidopropyl)ammonium
      chloride] (21 mg/dm.sup.2). The goo contained per liter of solution: 20 g.
      sodium hydroxide, 0.75 g.
      4-hydroxymethyl-4-methyl-1-phenyl-3-pyrazolidone, 10 g. potassium bromide,
      and 25 g. hydroxyethylcellulose. After 60 seconds, the receiver was peeled
      apart and washed in water to adjust the pH to about 7. Good image density
      in the exposed areas was obtained with very practically no transfer of dye
      in the unexposed areas. The Dmax and Dmin for each transfer is given under
      image discrimination in the table.
PAR  B. Spectrophotometry - The spectra of the released dyes when adsorbed to
      the mordant on a transparent support were measured spectrophotometrically.
      The maximum wavelength (.lambda. max) and the bandwidth in nm at one-half
      the density at the .lambda. max of the curve for each dye is also given in
      the table. This "half band width" along with the .lambda. max is
      indicative of hue, the brightness and purity of color being greater, the
      smaller the half band width.
PAR  C. Dye-transfer in receiving element - Another sample of an emulsion
      coating containing the DRR compound was fogged by exposure to light and
      processed by passing it as a "sandwich" with an image receiving element
      and viscous developing composition (goo) between a pair of juxtaposed
      pressure-applying rollers. The developer layer thickness of the resulting
      laminate ranged from about 0.075 to 0.10 mm. The receiving element had the
      following structure (the coverages in mg/dm.sup.2 are shown in
      parenthesis):
      ##EQU13##
PAR  The "goo" contained 20 g. sodium hydroxide, 0.75 g.
      4-hydroxymethyl-4-methyl-1-phenyl-3-pyrazolidone, 10 g. potassium bromide
      and 25 g. hydroxyethylcellulose, all per liter of solution. Upon
      application of the goo to the fogged emulsion layer, the dyes are released
      and diffuse through the carbon and titania layers to the mordant layer.
      The density of the dyes on the mordant layer was read through the support
      by means of a reflection densitometer after intervals of 30, 60 and 120
      seconds at 24.degree.C. The increase in density, as indicated by the
      values in the table, is a measure of the rate of release and also of the
      diffusivity of the dyes.
TBL                                    PHOTOGRAPHIC PROPERTIES                 

     __________________________________________________________________________

                                     I-N-R Dye Transfer                        

                    Image Discrimination                                       

                                     Density after                             

     Compound Half-band                                                        

                    Coverage         Coverage                                  

     of   .lambda. max                                                         

              width (moles .times. 10.sup.-.sup.6                              

                                     (moles .times. 10.sup.-.sup.6             

     Example                                                                   

          (nm)                                                                 

              (nm)  per dm.sup.2)                                              

                             Dmax                                              

                                 Dmin                                          

                                     per dm.sup.2)                             

                                              30 sec                           

                                                   60 sec                      

                                                        120 sec                

     __________________________________________________________________________

     1    531 103   11       2.80                                              

                                 0.50                                          

                                     11       1.70 2.33 &gt;2.5                   

     2    540 124   11       2.80                                              

                                 0.45                                          

                                     11       0.67 1.24 2.03                   

     3    530 135   6        1.36                                              

                                 0.25                                          

                                     11       0.73 1.40 2.04                   

     4    537 112   6        1.74                                              

                                 0.60                                          

                                     6        0.56 0.97 1.41                   

     5    529 115   11       2.25                                              

                                 0.50                                          

                                     11       0.94 1.92 2.50                   

     6    536 128   11       1.40                                              

                                 0.32                                          

                                     11       0.39 0.69 1.11                   

     7    532 112   6        1.74                                              

                                 0.45                                          

                                     6        0.55 0.85 1.09                   

     8    520 124   11       --  --  11       0.53 1.16 1.78                   

     9    539 124   11       2.90                                              

                                 0.34                                          

                                     11       0.47 1.33 2.09                   

     10   529 120   11       1.96                                              

                                 0.39                                          

                                     11       0.74 1.17 1.64                   

     11   523 105   11       3.0 0.40                                          

                                     6        1.44 2.33 2.50                   

     12   528 110   11       3.4 0.65                                          

                                     6        1.27 2.31 2.50                   

     13   529 111   6        1.34                                              

                                 0.38                                          

                                     6        1.45 2.36 2.50                   

     14   507 112   11       2.24                                              

                                 0.26                                          

                                     6        0.81 1.59 2.33                   

     15   531 112   6        1.86                                              

                                 0.50                                          

                                     6        0.67 1.04 1.20                   

     16   524 111   --       --  --  11       0.90 1.65 2.10                   

     17   530 106   6        1.76                                              

                                 0.45                                          

                                     11       .80  1.42 1.86                   

     18   531 112   6        1.70                                              

                                 0.50                                          

                                     6        0.47 0.84 1.1                    

     __________________________________________________________________________

PAL  As can be seen from the data above, the dyes are promptly released and
      diffuse rapidly.
PAC  EXAMPLE 20
PAR  An integral multicolor photosensitive element is prepared by coating the
      following layers in the order recited on a transparent cellulose acetate
      film support:
PA1  1. image-receiving layer of
      copoly[styrene-N-benzyl-N,N-dimethyl-N-(3-maleimidopropyl)ammonium
      chloride] (200 mg./ft..sup.2) and gelatin (100 mg./ft..sup.2);
PA1  2. reflecting layer of titanium dioxide (2000 mg./ft..sup.2) and gelatin
      (200 mg./ft..sup.2);
PA1  3. opaque layer of carbon black (250 mg./ft..sup.2) and gelatin (312
      mg./ft. .sup.2);
PA1  4. cyan image dye-providing compound (65 mg./ft..sup. 2) having the formula
      ##SPC34##
PAL  and gelatin (100 mg./ft..sup. 2);
PA1  5. red-sensitive, internal-image gelatin-silver chlorobromide emulsion (100
      mg. gelatin/ft..sup.2 and 125 mg. silver/ft..sup.2),
      2,5-di-sec-dodecylhydroquinone (25 mg./ft..sup.2) and nucleating agent
      formyl-4-methylphenylhydrazine (1 g./mole of silver);
PA1  6. interlayer of gelatin (100 mg./ft..sup.2) and
      2,5-di-sec-dodecylhydroquinone (50 mg./ft..sup.2);
PA1  7. magenta image dye-providing Compound 11 (150 mg./ft..sup.2) prepared in
      Example 11 and having the formula
      ##SPC35##
PAL  and gelatin (175 mg./ft..sup.2);
PA1  8. green-sensitive, internal-image gelatin-silver chlorobromide emulsion
      (125 mg. gelatin/ft..sup.2 and 150 mg. silver/ft..sup.2),
      2,5,di-sec-dodecylhydroquinone (50 mg./ft..sup.2) and nucleating agent
      formyl-4-methylphenylhydrazine (1 g./mole of silver);
PA1  9. interlayer of gelatin (100 mg./ft..sup.2) and
      2,5-di-sec-dodecylhydroquinone (50 mg./ft..sup.2);
PA1  10. yellow image dye-providing compound (100 mg./ft..sup.2) having the
      formula
      ##SPC36##
PAL  and gelatin (150 mg./ft..sup.2);
PA1  11. blue-sensitive internal-image gelatin-silver chlorobromide emulsion
      (100 mg. gelatin/ft..sup.2 and 150 mg. silver/ft..sup.2),
      2,5-di-sec-dodecylhydroquinone (50 mg./ft..sup.2) and nucleating agent
      formyl-4-methylphenylhydrazine (1 g./mole of silver); and
PA1  12, overcoat of gelatin (82.5 mg./ft..sup.2).
PAR  The above silver halide emulsions are direct-positive emulsions having high
      internal sensitivity and low surface sensitivity of the type described in
      U.S. Pat. No. 2,592,250.
PAR  The above-prepared photosensitive element is then exposed to a
      graduated-density multicolor test object. The following processing
      composition is employed in a pod and is spread between the photosensitive
      element and an opaque cellulose acetate sheet by passing the transfer
      "sandwich" between a pair of juxtaposed pressure rollers:
     sodium hydroxide     40         g.                                        

     4-hydroxymethyl-4-methyl-1-                                               

      phenyl-3-pyrazolidone                                                    

                          4          g.                                        

     5-methylbenzyltriazole                                                    

                          0.1        g.                                        

     potassium iodide     0.01       g.                                        

     hydroxyethyl cellulose                                                    

                          25         g.                                        

     distilled water to   1000       ml.                                       

PAR  After 4 minutes, the element is separated from the opaque sheet, subjected
      to a 1-minute acid rinse, fixed for 4 minutes, washed and dried. The
      following sensitometric results are obtained.
TBL  ______________________________________                                    

     Maximum Density   Minimum Density                                         

     Red    Green    Blue      Red    Green  Blue                              

     ______________________________________                                    

     1.24   1.58     1.96      0.36   0.42   0.42                              

     ______________________________________                                    

PAR  The cyan image dye-providing compound used in this example is prepared in
      accordance with Example 13 of U.S. application filed.
PAR  The yellow image dye-providing compound used in this example is prepared as
      follows:
PAR  To a solution of 7.3 g. (0.015 mole) of
      1-hydroxy-4-amino-N-[.DELTA.-(2,4-di-t-amylphenoxy)butyl]-2-naphthamide in
      60 ml. of dry pyridine cooled to 2.degree.C. in an ice bath and stirred in
      a nitrogen atmosphere are added 6.4 g. (0.016 mole) of
      1-phenyl-3-methylcarbamyl-4-(p-chlorosulfonylphenylazo)-5-pyrazolone. The
      mixture is stirred for 2 hours at room temperature and poured into 1 liter
      of ice and water containing 75 ml. of hydrochloric acid. The precipitate
      is collected, dried and recrystallized to give 10.4 g. of the yellow image
      dye-providing compound.
PAR  The invention has been described in detail with particular reference to
      certain preferred embodiments thereof, but it will be understood that
      variations and modifications can be effected with the spirit and scope of
      the invention
CLMS
STM  We claim:
NUM  1.
PAR  1. A nondiffusible sulfonamido compound which is alkali-cleavable upon
      oxidation to release a diffusible colorproviding moiety from a benzene
      nucleus thereof, said compound having a formula as follows:
      ##SPC37##
PAL  wherein Ball represents an organic ballasting group containing at least 8
      carbon atoms which renders the compound nondiffusible in a photographic
      element during development in an alkaline processing composition;
PA1  Y represents the carbon atoms necessary to complete a benzene or
      naphthalene nucleus;
PA1  X represents -R.sup.2 -L.sub.n -R.sup.2.sub.p - where each R.sup.2 can be
      the same or different and each represents alkylene having 1 to 8 carbon
      atoms; phenylene; or phenylene substituted with chloro, bromo, cyano,
      nitro, methoxy, methyl, carboxy, or sulfo; L represents oxy, carbonyl,
      carboxamido, carbamoyl, sulfonamido, sulfamoyl, sulfinyl or sulfonyl; n is
      an integer having a value of 0 or 1; p is 1 when n equals 1 and p is 1 or
      0 when n equals 0, provided that when p is 1 the carbon content of the sum
      of both R.sup.2 radicals does not exceed 14 carbon atoms;
PA1  R represents hydrogen, or alkyl having 1 to 6 carbon atoms;
PA1  J represents sulfonyl or carbonyl;
PA1  m and q each represent an integer having a value of 0 or 1;
PA1  R.sup.1 represents hydrogen, chloro, bromo, fluoro, alkyl having 1 to 6
      carbon atoms or alkoxy having 1 to 6 carbon atoms;
PA1  Q is the 5- or 8-position relative to the hydroxy radical and represents
      hydrogen, hydroxy, or -NHCOR.sup.3 or -NHSO.sub.2 R.sup.3 wherein R.sup.3
      is alkyl having 1 to 6 carbon atoms, alkyl having 1 to 4 carbon atoms
      substituted with hydroxy, cyano, sulfinyl, carboxy or sulfo; benzyl,
      phenyl or phenyl substituted with carboxy, chloro, methyl, methoxy, or
      sulfonyl;
PA1  G represents hydroxy, an alkali metal salt thereof, a photographically
      inactive amine salt thereof, or a hydrolyzable acyloxy group having the
      formula:
      ##EQU14##
      wherein R.sup.4 is alkyl having 1 to 18 carbon atoms or phenyl; E
      represents hydrogen, sulfo, -SO.sub.2 NR.sup.5 R.sup.6 wherein R.sup.5
      represents hydrogen or alkyl having 1 to 6 carbon atoms and R.sup.6
      represents hydrogen, alkyl having 1 to 6 carbon atoms, alkyl having 1 to 4
      carbon atoms substituted with hydroxy, cyano, sulfamoyl, carboxy or sulfo;
      benzyl; phenyl, or phenyl substituted with hydroxy, sulfonyl, sulfamoyl,
      carboxy, or sulfo; or E represents
      ##SPC38##
PAL  wherein each member is as described previously;
PA1  r is an integer having a value of 1 or 2;
PA1  Z represents chloro, bromo, or fluoro; carboxy, -COOR.sup.4 wherein R.sup.4
      is as described previously, sulfo, a sulfamoyl radical as described for E,
      as well as hydrogen, alkoxy having 1 to 6 carbon atoms, alkyl having 1 to
      6 carbon atoms, alkyl having 1 to 6 carbon atoms substituted with cyano,
      hydroxy, sulfamoyl, carboxy, or alkylsulfonamido having 1 to 4 carbon
      atoms; or -CON(R.sup.5).sub.2 wherein each R.sup.5 is the same or
      different and is as described previously;
PA1  X.sup.1 represents alkylene, phenylene or substituted phenylene as
      described for R.sup.2 ;
PA1  X.sup.2 represents alkylene as described for R.sup.2 ;
PA1  with the proviso that there be only one sulfo or carboxy radical present in
      said compound and that only one of R.sup.1 and Z be hydrogen.
NUM  2.
PAR  2. A compound as described in claim 1 wherein m has a value of 0, and r has
      a value of 1.
NUM  3.
PAR  3. A compound as described in claim 1 wherein Y represents the atoms
      necessary to complete a naphthalene nucleus and r has a value of 1.
NUM  4.
PAR  4. A compound as described in claim 1 wherein G is a hydroxy radical, and r
      has a value of 1.
NUM  5.
PAR  5. A compound as described in claim 1 wherein R.sup.1 represents alkoxy
      having 1 to 4 carbon atoms, and r has a value of 1.
NUM  6.
PAR  6. A compound as described in claim 1 wherein
PA1  Y represents the atoms necessary to complete a naphthalene nucleus;
PA1  R.sup.2 represents alkylene having 1 to 4 carbon atoms, phenylene or
      phenylene substituted with carboxy, chloro, methyl or methoxy;
PA1  L represents sulfamoyl, sulfonamido, carbamoyl or carboxamido;
PA1  R represents hydrogen;
PA1  n is 0, p is 0;
PA1  q is an integer having a value of 1;
PA1  m is an integer having a value of 0 or 1;
PA1  R.sup.1 represents alkoxy having 1 to 4 carbon atoms;
PA1  Q represents hydrogen, hydroxy, -NHCOR.sup.3 or -NHSO.sub.2 R.sup.3 wherein
      R.sup.3 represents alkyl having 1 to 4 carbon atoms; alkyl having 1 to 4
      carbon atoms substituted with hydroxy, cyano, sulfomoyl, carboxy, or
      sulfo; benzyl, phenyl or phenyl substituted with carboxy, chloro, methyl,
      methoxy or sulfamoyl;
PA1  E represents sulfo, --SO.sub.2 NHR.sup.6 wherein R.sup.6 is hydrogen, alkyl
      having 1 to 4 carbon atoms, or alkyl having 1 to 4 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy or sulfo; benzyl,
      phenyl or phenyl substituted with hydroxy, sulfonyl, sulfamoyl, carboxy or
      sulfo;
PA1  r has a value of 1; and
PA1  Z represents hydrogen, alkyl having 1 to 4 carbon atoms; chloro; alkyl
      having 1 to 6 carbon atoms substituted with hydroxy, cyano, sulfamoyl,
      carboxy, sulfo, or alkylsulfonamido having 1 to 4 carbon atoms;
PA1  X.sup.1 represents phenylene; and
PA1  X.sup.2 represents alkylene having 1 to 4 carbon atoms.
NUM  7.
PAR  7. A compound as described in claim 6 wherein m has a value of 0.
NUM  8.
PAR  8. A compound as described in claim 6 wherein G is hydroxy.
NUM  9.
PAR  9. A compound as described in claim 6 wherein X represents phenylene; J
      represents sulfonyl; X.sup.1 represents phenylene; X.sup.2 represents
      alkylene of 1 to about 4 carbon atoms; Q represents hydrogen, hydroxy,
      --NHSO.sub.2 CH.sub.3, or --NHCOCH.sub.3 ; and Z represents hydrogen,
      chloro, or --CH.sub.2 NHSO.sub.2 CH.sub.3.
NUM  10.
PAR  10. A compound as described in claim 6 wherein Ball represents
      ##SPC39##
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ABST
PAL  An azo dyestuff containing a benzene coupling component which para to the
      azo bridge is substituted by a secondary or tertiary amine group
      containing one or two N-bonded --C.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2
      CH.sub.2 COCH.sub.3  said dyestuff having the general formula
      ##SPC1##
PAL  Wherein D is the radical of a diazo component and the phenyl ring can be
      substituted or unsubstituted. These dyestuffs are suitable for dyeing
      synthetic, particularly polyester fibers. The dyes undergo durable press
      treatment without obvious loss of fastness properties such as light or
      ozone fastness.
BSUM
PAR  This invention relates to dyes which are particularly useful in dyeing
      polyester fibers, but which may also be employed to dye other synthetic
      materials such as acetate, triacetate, nylon, polyurethane, and
      polyacrylonitrile.
PAR  Many dyes have been disclosed in the literature and have been manufactured
      which have certain desirable properties, but most if not all of them are
      lacking in some very important property.
PAR  For example, the dyes of U.S. Pat. No. 3,178,405, as exemplified by the
      dyestuff having the formula:
      ##SPC2##
PAL  Are adversely affected in their fastness properties, especially ozone
      fastness evidenced by shade change when subjected to durable press
      treatments, for example, the so-called Korotron resin finish, requiring
      relatively high curing temperatures.
PAR  Likewise, the dyes of U.S. Pat. No. 3,268,507, as exemplified by the
      compound having the formula:
      ##SPC3##
      are similarly adversely affected in their fastness properties, when
      subjected to durable press treatment. The dyes also have a slightly
      objectionable red flare under artificial light.
PAR  A similar deficiency is found after durable press resin treatment in the
      dyes of U.S. Pat. No. 3,406,165, as exemplified by the compound having the
      formula:
      ##SPC4##
PAR  Typical fastness properties which are affected by durable press treatment
      are light fastness, ozone fastness, shade change and fastness to alkaline
      perspiration. In particular, a pronounced weakness in fastness to alkaline
      perspiration is noted in those dyes included within the scope of U.S. Pat.
      No. 3,406,165.
PAR  This same deficiency is also noted in dyes like those of formula (C) which
      have a terminal unsubstituted amide substituent, e.g. --NHC.sub.2 H.sub.4
      CONH.sub.2. Dyestuffs containing such a terminal substituent are
      specifically disclosed in U.S. Pat. No. 2,346,013 and are subject to the
      same deficiency. The latter patent also specifically discloses some dyes
      containing a terminal substituted amide-containing substituent different
      from those of the present invention.
PAR  It is an object of this invention to provide a dyestuff, and fibrous
      material dyed therewith, which will not be subject to one or more of the
      above deficiencies or disadvantages. Another object is the provision of a
      novel compound suitable for use as the coupling component in such a
      dyestuff. Other objects and advantages will appear as the description
      proceeds.
PAR  We have now found a class of dyestuffs which have outstanding overall
      properties. The dyes undergo durable press treatment, e.g. by the Korotron
      resin treatment, without obvious loss of fastness properties. That is,
      they withstand durable press resin treatment without objectionable loss of
      light fastness, ozone fastness, shade change and fastness to perspiration.
      Furthermore the dyes of this type which are navy in shade do not exhibit
      red flare, that property wherein a blue dyestuff becomes redder under
      artificial light. This objectionable red flare is especially noticeable
      with the dyes of U.S. Pat. No. 3,406,165. Sublimation properties are
      likewise excellent with the dyes of this invention.
PAR  The attainment of the above objects is made possible by the present
      invention which includes the provision of a compound of the formula:
      ##SPC5##
PAL  wherein Z is hydrogen, halo, lower alkyl, or NHX; X is SO.sub.2 R, SO.sub.2
      OR, COR or COOR; R is hydrogen, lower alkyl or phenyl; Y is hydrogen,
      lower alkyl or lower alkoxy; R.sup.1 is C.sub.2 H.sub.4
      CONHC(CH.sub.3).sub.2 CH.sub.2 COCH.sub.3 ; and R.sup.2 is R.sup.1 or
      lower alkyl, lower alkenyl or lower alkynyl optionally substituted by
      chlorine, bromine, fluorine, hydroxy, cyano, thiocyano, lower alkoxy,
      hydroxyethoxy, polyloweralkyleneoxy, lower alkoxycarbonyl, lower
      alkanoyloxy, benzoyloxy, or carbamyl optionally substituted by N-mono- or
      N,N-di-lower alkyl.
PAR  The attainment of the above objects is also made possible by the provision
      of a ddyestuff of the formula:
EQU   D--N=N--C.sub.p                                           (II)
PAL  wherein D is the radical of a diazo component, and C.sub.p is a coupling
      component of the formula defined in claim 1 coupled para to the --NR.sup.1
      R.sup.2 group.
PAR  As employed herein, the term "lower" has reference to a moiety containing
      about 1 to 4, and preferably 1 or 2, carbon atoms, whereby "alkyl" for
      example includes methyl, ethyl, propyl, and butyl, "alkenyl" includes
      allyl and ethenyl, and "alknyl" includes propargyl and acetylene. It will
      be understood that the H atom in the above --NHX group may if desired be
      substituted by one of the R.sup.2 substituents other than R.sup.1, that
      R.sup.2 may be substituted by a quaternary ammonium, pyrridinium,
      2-pyrrolidinone, or phthaloylimino group or the like, and that these
      dyestuffs, or the precursor coupling component, may be readily quaternized
      by reaction with known alkylating agents such as benzyl chloride, ethyl
      bromide, ethyl chloride, methyl iodide, dimethylsulfate, ethyl p-toluene
      sulfonate, and the like.
PAR  The compound of formula (I) above may be prepared by reacting a compound of
      the formula:
      ##SPC6##
PAL  with one or two moles, optionally in each case with up to 10% in excess
      thereof, of diacetone acrylamide of the formula:
      ##EQU1##
      The reaction is generally conducted at elevated temperatures such as about
      80.degree. to 115.degree.C. for about 15 to 72 hours, preferably in
      glacial acetic acid as solvent. To the resulting coupler solution (the
      acetic acid need not be removed) is added the diazo from the primary amine
      compound of the formula:
EQU  D--NH.sub.2                                                (VI)
PAL  the coupling reaction and isolation of the desired dyestuff is carried out
      in routine, known manner.
PAR  Alternatively, a compound of formula (III) or (IV) above may be first
      coupled with the diazo from the compound of formula (VI) above, and the
      resulting dyestuff then reacted with one or two moles of the compound of
      formula (V) above.
PAR  According to another method, a compound of the formula:
EQU  Hal-- C.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2 CH.sub.2 COCH.sub.3 (VII)
PAL  wherein Hal is bromine or preferably chlorine, is reacted with a compound
      of formula (III) or (IV) above, preferably in the presence of an acid
      binding agent, prior to or after the latter compound (III) or (IV) is
      coupled with the diazo from the compound of formula (VI).
PAR  Although any diazotizable primary aromatic amine compound of formula (VI)
      above may be employed in preparing the dyestuffs of this invention, a
      preferred type has the formula:
      ##SPC7##
PAL  wherein D.sup.1 is hydrogen, chlorine, bromine, fluorine, cyano, thiocyano,
      lower alkylsulfonyl, trifluoromethyl, lower alkoxy, lower alkanoyl,
      benzoyl, lower alkoxycarbonyl, or carbamyl or sulfamyl optionally
      substituted by N-mono- or N,N-di-lower alkyl; and D.sup.2 and D.sup.3 are
      individually hydrogen, nitro, or one of the D.sup.1 substituents.
PAR  Another type of compound of formula (VI) which may be employed for the
      attainment of the desired results has the formula:
      ##SPC8##
PAL  wherein D.sup.4 is hydrogen, halo, cyano, thiocyano, nitro, lower alkyl,
      loweralkylsulfonyl, trifluoromethyl, lower alkoxy, lower alkanoyl,
      benzoyl, lower alkoxycarbonyl, or carbamyl or sulfamyl optionally
      substituted by N-mono- or N,N-di-lower alkyl, and D.sup.5 is hydrogen,
      halo, lower alkoxy, lower alkyl, or nitro.
PAR  Examples of the diazo component of formula (VI) above which may be employed
      in the production of these dyestuffs are as follows:
PA1  p-nitroaniline
PA1  2-chloro-4-nitroaniline
PA1  2,6-dichloro-4-nitroaniline
PA1  6-chloro-2,4-dinitroaniline
PA1  2-bromo-4-nitroaniline
PA1  2,6-dibromo-4-nitroaniline
PA1  2-bromo-4-nitroaniline
PA1  6-bromo-2,4-dinitroaniline
PA1  2-fluoro-4-nitroaniline
PA1  2,4,6-trichloroaniline
PA1  2-chloro-6-cyano-4-nitroaniline
PA1  2-bromo-6-cyano-4-nitroaniline
PA1  2-cyano-4-nitroaniline
PA1  2-thiocyano-4-nitroaniline
PA1  2-nitro-4-thiocyanoaniline
PA1  2-methoxy-4-nitroaniline
PA1  2,4-di(trifluoromethyl) aniline
PA1  2-nitro-4-trifluoromethylaniline
PA1  4-nitro-2-trifluoromethylaniline
PA1  6-chloro-2-trifluoromethyl-4-nitroaniline
PA1  2,6-di(trifluoromethyl)-4-nitroaniline
PA1  2-methylsulfonyl-4-nitroaniline
PA1  2-ethylsulfonyl-4-nitroaniline
PA1  2-chloro-6-methylsulfonyl-4-nitroaniline
PA1  2-bromo-6-methylsulfonyl-4-nitroaniline
PA1  2,4-di(methylsulfonyl) aniline
PA1  6-chloro-2,4-di(methylsulfonyl) aniline
PA1  2-carboethoxy-4-nitroaniline
PA1  2-sulfamyl-4-nitroaniline
PA1  4-sulfamylaniline
PA1  2,4-dinitro-6-(dimethylsulfamyl)aniline
PA1  2,4-dinitro-6-ethylsulfamylaniline
PA1  2-amino-5-nitrobenzenesulfonic acid fluoride
PA1  p-aminoacetophenone
PA1  p-acetamidoaniline
PA1  2-aminobenzothiazole
PA1  2-amino-6-chlorobenzothiazole
PA1  2-amino-4,6-dichlorobenzothiazole
PA1  2-amino-5,6-dichlorobenzothiazole
PA1  2-amino-6-bromobenzothiazole
PA1  2-amino-6-fluorobenzothiazole
PA1  2-amino-6-cyanobenzothiazole
PA1  2-amino-6-thiocyanobenzothiazole
PA1  2-amino-6-nitrobenzothiazole
PA1  2-amino-4,6-dinitrobenzothiazole
PA1  2-amino-6-methylbenzothiazole
PA1  2-amino-4,6-dimethylbenzothiazole
PA1  2-amino-6-methoxybenzothiazole
PA1  2-amino-4,7-dimethoxybenzothiazole
PA1  2-amino-6-ethoxybenzothiazole
PA1  2-amino-5,6-diethoxybenzothiazole
PA1  2-amino-6-carboethoxybenzothiazole
PA1  2-amino-6-sulfamoylbenzothiazole
PA1  2-amino-6-(dimethylsulfamoyl)benzothiazole
PA1  2-amino-6-methylsulfonylbenzothiazole
PA1  2-amino-6-ethylsulfonylbenzothiazole
PA1  2-amino-6-acetylbenzothiazole
PA1  2-amino-6-benzoylbenzothiazole
PAR  Examples of the coupler precursor of formulas (III) or (IV) above which are
      useful in the preparation of the compounds and dyestuffs of this invention
      are:
PA1  aniline
PA1  N-chloroethylaniline
PA1  N-hydroxyethylaniline
PA1  N-cyanoethylaniline
PA1  N-carbomethoxyethylaniline
PA1  N-carboethoxyethylaniline
PA1  N-ethoxyethylaniline
PA1  N-phenoxyethylaniline
PA1  N-benzyloxyethylaniline
PA1  N-methylcarbamoylethylaniline
PA1  N-ethylcarbamoylethylaniline
PA1  N-diethylcarbamoylethylaniline
PA1  N-(ethylcarbamoyloxyethyl)aniline
PA1  N-(dimethylcarbamoyloxyethyl)aniline
PA1  N-(phenylcarbamoyloxyethyl)aniline
PA1  N-(propoxycarbonylethyl)aniline
PA1  N-ethylcarbonyldioxyethylaniline
PA1  N-(3-chloro-2-hydroxypropyl)aniline
PA1  N-(3-chloro-2-acetoxypropyl)aniline
PA1  n-(chloroacetoxyethyl)aniline
PA1  m-chloroaniline
PA1  N-chloroethyl-m-chloroaniline
PA1  m-bromoaniline
PA1  N-bromoethyl-m-bromoaniline
PA1  o-toluidine
PA1  m-toluidine
PA1  N-ethyl-m-toluidine
PA1  N-cyanoethyl-m-toluidine N-chloroethyl-m-toluidine
PA1  N-hydroxyethyl-m-toluidine
PA1  o-anisidine
PA1  N-methyl-o-anisidine
PA1  m-anisidine
PA1  N-methyl-m-anisidine
PA1  N-ethyl-m-anisidine
PA1  N-ethyl-o-phenetidine
PA1  m-aminoacetanilide
PA1  3'-(N-hydroxyethylamino)acetanilide
PA1  3'-(N-cyanoethylamino)acetanilide
PA1  3'-(N-ethoxyethylamino)acetanilide
PA1  3'-(ethylamino)acetanilide
PA1  3'-(ethylamino)benzanilide
PA1  3'-amino-4'-methoxyacetanilide
PA1  3'-amino-4'-ethoxyacetanilide
PA1  3'-(ethylamino)-4'-methoxyacetanilide
PA1  3'-(cyanoethylamino)-4'-methoxyacetanilide
PA1  3'-(hydroxyethylamino)4'-methoxyacetanilide
PA1  3'-(methoxyethylamino)-4'-methoxyacetanilide
PA1  3'-(N-methylcarbamoylethylamino)4'-methoxyacetanilide
PA1  3'-(N-ethylcarbamoyloxyethylamino)-4'-methoxyacetanilide
PA1  3'-(N-dimehtylcarbamoyloxyethylamino)-4'-methoxyacetanilide
PA1  3'-(N-propoxycarbonylethylamino)-4'-methoxyacetanilide
PA1  3'-(N-ethylcarbonyldioxyethylamino)-4'-methoxyacetanilide
PA1  3'-(N-3-chloro-2-hydroxypropylamino)-4'-methoxyacetanilide
PA1  3'-(N-3-chloro-2-acetoxypropylamino)-4'-methoxyacetanilide
PA1  3'-(N-chloroacetoxyethylamino)-4'-methoxyacetanilide
PA1  3'-(ethylamino)-4'-ethoxyacetanilide
PAR  The dyestuffs of this invention are of the disperse type, being sparingly
      to non-soluble in water, and are generally applied to fibrous material by
      the disperse method with the aid of the known dispersing agents, wetting
      agents and/or thickeners and the like. The Thermosol method of dyeing is
      preferable, involving padding the fibrous material with an aqueous
      dispersion of the dyestuff at elevated temperatures of about
      140.degree.-190.degree.F., squeezed to a liquor: fiber ratio of about
      0.5-1.5;1, dried, and cured at the usual temperatures of for example about
      350.degree.-450.degree.F.
PAR  The fibrous material suitable for coloration with these dyestuffs may be in
      any form such as woven, knot or felt fabrics, staple, filament, yarn, tow,
      or skein or the like, and may have a basis of cellulose acetate or
      triacetate, polyamide such as nylon 66, polyolefin such as polypropylene,
      polyacrylonitrile such as Orlon or modified versions thereof, or other
      synthetic organic polymer, preferably polyester such as Dacron
      polyethylene terephthalate, along or admixed with natural fibers such as
      cotton or other cellulose forms, silk, wool, or the like.
PAR  The following examples illustrate the invention and are not limitative. All
      parts and proportions referred to herein and in the appended claims are by
      weight unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  Preparation of the coupling component having the formula:
      ##SPC9##
PAR  38.8 g. (0.2 mole) 5-acetamido-o-phenetidide are dissolved in 100 ml.
      glacial acetic acid. 37 g. (0.22 mole) diacetone acrylamide are added.
      After solution in glacial acetic acid it is heated to 85.degree.C. The
      reaction is followed by thin layer chromatography (TLC). After 8 hours at
      85.degree.C. about 80% of the starting free amine has been converted to
      the monosubstituted product. An additional 3.7 g. (10%) diacetone
      acrylamide are added. After another 8 hours at 85.degree.C. about 90% of
      the product is monosubstituted. Another 3.7 g. diacetone acrylamide are
      added. After another 8 hours at 85.degree.C. no free amine remains.
PAC  EXAMPLE 2
PAR  Preparation of the dyestuff having the formula:
      ##SPC10##
PAR  The diazonium salt of 6-chloro-2,4-dinitroaniline is prepared in known
      manner by dissolving 21.7 g. (0.1 mole) in 105 g. sulfuric acid
      66.degree.Be. It is stirred 2 hours. To this is added slowly 0.1 mole
      nitrosyl sulfuric acid (prepared by dissolving 6.9 g. sodium nitrile in
      100 g. sulfuric acid 100%). The diazo is stirred 2 hours and then added
      slowly (dropwise) to a cold coupler solution consisting of one half the
      solution of Example 1 to which has been added 20 ml. hydrochloric acid
      20.degree.Be. and 600 ml. water. The pH is raised to 5-6 with sodium
      acetate. The precipitated product was filtered, washed with water and
      dried. 45.9 g. (77%) of dyestuff are obtained. It dyes polyester a rich
      navy blue.
PAC  EXAMPLE 3
PAR  Preparation of a coupler product having the formula:
      ##SPC11##
PAR  A diacetone acrylamide product is prepared as in Example 1. The acetic acid
      is neutralized with 70 ml. sodium hydroxide (30% by weight) to pH 6. The
      amorphous material is dissolved in 250 ml. isopropanol and heated to
      85.degree.C. 28 g. (0.22 mole) diethylsulfate is added slowly over a 2
      hour period. A pH 5.0-6.0 is maintained by addition of barium carbonate.
      The reaction is followed by TLC. Heatiing is continued at 85.degree.C. for
      72 hours making 5 g. additions of diethyl sulfate approximately every 8
      hours and maintaining a pH of 5.0-6.0 with barium carbonate. At the end of
      this time TLC shows that all of the monosubstituted product has been
      converted into a disubstituted product.
PAC  EXAMPLE 4
PAR  Preparation of the dyestuff having the formula:
      ##SPC12##
PAR  In a manner similar to Example 2, 26.2 g. (0.1 mole)
      6-bromo-2,4-dinitroaniline are diazotized and coupled. The coupler is
      prepared by adding to 1/2 of the solution of Example 3 (0.1 mole), 500 ml.
      water and 10 ml. hydrochloric acid 20.degree.Be. and cooling in an ice
      bath. The diazo is added dropwise over a 1 hour period. Sodium acetate is
      added near the end of the coupling to insure completeness of the reaction.
      The product is filtered, washed neutral and dried. 55.5 g. dry dyestuff
      are obtained (84). It dyes polyester fiber a greenish-blue shade.
PAC  EXAMPLE 5
PAR  Preparation of the coupling component having the formula:
      ##SPC13##
PAR  In the manner of Example 1, 72 g (0.4 mole) 2-amino-4-acetanisidide are
      dissolved in 200 ml. glacial acetic acid along with 74 g. diacetone
      acrylamide (0.44 mole). The reaction mix is heated at 85.degree.C. for 24
      hours with 10% increment additions of diacetone acrylamide until TLC shows
      the free amine to have disappeared.
PAC  EXAMPLE 6
PAR  Preparation of the dyestuff having the formula:
      ##SPC14##
PAR  13.8 g. (0.1 mole) p-nitroaniline are diazotized in known manner. The diazo
      solution is added dropwise to a solution of the coupler prepared by
      dissolving 1/4 of the product of Example 5 (0.1 mole) in 25 ml.
      hydrochloric acid 20.degree. Be. and 500 ml. water, and cooling in an ice
      bath. Sodium acetate is added to insure completeness of coupling. The
      product is filtered, washed neutral and dried. 33.7 g (68%) dyestuff are
      obtained which dyes polyester deep red-violet shades.
PAC  EXAMPLE 7
PAR  Preparation of a coupling component having the formula:
      ##SPC15##
PAR  In a manner similar to Example 1, 90 g. 3-aminoacetanilide (0.6 mole), as
      the HCl salt, dissolved in 450 ml. glacial acetic acid. 50 g. soldium
      acetate are added. 111.6 g. diacetone acrylamide (0.66mole) are added and
      heated at 100.degree.C. for 24 hours with 10% increment additions of
      diacetone acrylamide until TLC shows no free amine.
PAC  EXAMPLE 8
PAR  Preparation of the dyestuff having the formula:
      ##SPC16##
PAR  24.2 g. 2-Bromo-6-cyano-4-nitroaniline (0.1 mole) are diazotized using
      nitrosyl sulfuric acid in the manner of Example 2. The diazo solution is
      added to 1/6 the product of Example 7 (0.1 mole) which is dissolved in 25
      ml. hydrochloric acid 20.degree.Be. and 500 ml. water cooled in an ice
      bath. 32 g. product are obtained which dyes polyester fiber in medium blue
      shades.
PAC  EXAMPLE 9
PAR  Preparation of the coupling component having the formula:
      ##SPC17##
PAR  In a manner similar to Example 1, 127.5 g. m-chloro-aniline (1.0 mole) are
      dissolved in 500 ml. glacial acetic acid. 185.9 g. diacetone acrylamide
      are added and the charge heated at 100.degree.C. for 24 hours. No
      additional diacetone acrylamide is necessary.
PAC  EXAMPLE 10
PAR  Preparation of the dyestuff having the formula:
      ##SPC18##
PAR  In the manner of Example 2, 21.6 g. (0.1 mole)
      2-methylsulfonyl-4-nitroaniline are diazotized using nitrosyl sulfuric
      acid. This is added dropwise to 1/10 the produce of Example 9 which has
      been dissolved in 100 ml. glacial acetic acid, 200 ml. water, and cooled
      in an ice bath. After filtering, washing and drying, 25.6 g. (50%) product
      are obtained. The product dyes polyester in reddish-brown shades.
PAC  EXAMPLE 11
PAR  Preparation of the coupling component having the formula:
      ##SPC19##
PAR  In the manner of Example 1, 146 g. N-cyanoethylaniline (1.0 mole), 500 ml.
      glacial acetic acid and 169 g. diacetone acrylamide are heated together at
      100.degree.C. for 24 hours with 10% diacetone acrylamide increments added
      until TLC shows disappearance of free amine.
PAC  EXAMPLE 12
PAR  Preparation of a dyestuff having the formula:
      ##SPC20##
PAR  In the manner of Example 2, 20.7 g. 2,6-dichloro-4-nitroaniline (0.1 mole)
      are diazotized with nitrosyl sulfuric acid, and added dropwise to a cold
      solution of 1/10 Example 11 (0.1 mole) dissolved in 300 ml. water. After
      filtering, washing and drying 35 g. product (66%) are obtained which dyes
      polyester fiber in yellow-brown shades.
PAC  EXAMPLE 13
PAR  Preparation of the dyestuff having the formula:
      ##SPC21##
PAR  A hot (95.degree.C.) solution of 19.5 g. 2-amino-6-nitrobenzothiazole (0.1
      mole) in 400 ml. glacial acetic acid is added dropwise to a mixture of 120
      g. glacial acetic acid and 100 g. nitrosyl sulfuric acid at
      15-20.degree.C. The mass is stirred 11/2 hours. This dark orange diazo
      solution is added slowly over a 1/2 hour period to a solution equivalent
      to the glacial acetic acid solution of 0.1 mole of the coupler of Example
      1. This mixture is stirred in an ice bath 2 hours, and then drowned into
      5.1 ice water to yield 38 g. product (67%). The product dyes polyester
      fiber bright violet shades.
PAC  EXAMPLE 14
PAR  Preparation of the dyestuff having the formula:
      ##SPC22##
PAR  In the manner of Example 13, 21.9 g. 5,6-dichloro-2-aminobenzothiazole (0.1
      mole) are added to 400 ml. glacial acetic acid and diazotized with
      nitorsyl sulfuric acid. This is added slowly to a cold solution of 0.1
      mole coupler of Example 7 to yield 38 g. (69%) of a product which dyes
      polyester fiber a bright red shade.
PAR  The dye components shown in the following table are reacted in a manner
      similar to the above to produce dyestuffs and results in accordance with
      this invention, as indicated.
TBL                                    TABLE                                   

     __________________________________________________________________________

     Ex.       Diazo Base               Coupler            Shade               

     __________________________________________________________________________

     15   2-Chloro-4-nitroaniline                                              

                              NHC.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2 CH.sub.2 

                              COCH.sub.3                 Red                   

     16   2-Cyano-4-nitroaniline                                               

                              Do                         Rubine                

     17   Sulfanilamide       Do                         Orange                

     18   2-Methylsulfonyl-4-nitroaniline                                      

                              Do                         Pink                  

     19   2-Bromo-6-cyano-4-nitroaniline                 Salmon                

                              NHC.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2 CH.sub.2 

                              COCH.sub.3                                       

     20   2-Chloro-4,6-dinitroaniline                    Blue                  

                              C.sub.2 H.sub.5                                  

                              N.angle.                                         

                              C.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2 CH.sub.2   

                              COCH.sub.3                                       

     21   2-Cyano-4-nitroaniline                                               

                              Do                         Red Violet            

     22   2-Chloro-4,6-dinitroaniline                    Blue                  

                              NHC.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2 CH.sub.2 

                              COCH.sub.3                                       

     23   2-Bromo-4,6-dinitroaniline                                           

                              Do                         Blue                  

     24   2,6-Dichloro-4-nitroaniline                                          

                              Do                         Gray Violet           

     25   2-Bromo-4,6-dinitroaniline                                           

                              Do                         Blue                  

     26   2-Bromo-6-cyano-4-nitroaniline                                       

                              Do                         Greenish Blue         

     27   p-nitroaniline      Do                         Red Violet            

     28   2-chloro-4-nitroaniline                                              

                              Do                         Violet                

     29   p-nitroaniline      C.sub.2 H.sub.4 CN         Orange                

                              N.angle.                                         

                              C.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2 CH.sub.2   

                              COCH.sub.3                                       

     30   p-aminoacetophenone Do                         Yellow                

     31   2-Chloro-4-nitroaniline                                              

                              Do                         Red Orange            

     32   2-Trifluoromethyl-4-nitroaniline                                     

                              Do                         Red                   

     33   p-nitroaniline      C.sub.2 H.sub.4 OCOCH.sub.3                      

                                                         Orange                

                              N.angle.                                         

                              C.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2 CH.sub.2   

                              COCH.sub.3                                       

     34   2-Chloro-4-nitroaniline                                              

                              Do                         Red Orange            

     35   2-Cyano-4-nitroaniline                                               

                              Do                         Red                   

     36   2-Chloro-4,6-dinitroaniline                                          

                              Do                         Violet                

     37   p-cyanoaniline      Do                         Orange                

     38   2-Chloro-4-nitroaniline                                              

                              C.sub.2 H.sub.4 OCOCH.sub.3                      

                                                         Rubine                

                              N.angle.                                         

                              C.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2 CH.sub.2   

                              COCH.sub.3                                       

     39   2,6-Dichloro-4-nitroaniline                                          

                              Do                         Red Brown             

     40   2-Bromo-6-cyano-4-nitroaniline                                       

                              Do                         Blue Violet           

     41   2-Amino-5,6-dichlorobenzothiazole              Pink                  

                              NHC.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2 CH.sub.2 

                              COCH.sub.3                                       

     42   2-Amino-6-nitrobenzothiazole                                         

                              Do                         Violet                

     43   2-Amino-5,6-dichlorobenzothiazole              Blue Violet           

                              NHC.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2 CH.sub.2 

                              COCH.sub.3                                       

     44   2-Amino-6-ethoxybenzothiazole                                        

                              Do                         Blue Violet           

     45   2-Amino-5,6-dichlorobenzothiazole              Pink                  

                              NHC.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2 CH.sub.2 

                              COCH.sub.3                                       

     46   2-Amino-6-nitrobenzothiazole                                         

                              Do                         Violet                

     47   2-Amino-6-chlorobenzothiazole                                        

                              C.sub.2 H.sub.4 CN         Orange                

                              N.angle.                                         

                              C.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2 CH.sub.2   

                              COCH.sub.3                                       

     48   2-Amino-6-nitrobenzothiazole                                         

                              Do                         Red Violet            

     49   2-Chloro-4-nitroaniline                        Red Orange            

                              NHC.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2 CH.sub.2 

                              COCH.sub.3                                       

     50   2-Cyano-4-nitroaniline                                               

                              Do                         Red Orange            

     51   2,6-Dichloro-4-nitroaniline                                          

                              Do                         Red Brown             

     52   2-Amino-5,6-dichlorobenzothiazole                                    

                              Do                         Red                   

     53   2-Chloro-4-nitroaniline                        Red                   

                              N(C.sub.2 H.sub.4 CONHC(CH.sub.3).sub.2 CH.sub.2 

                              COCH.sub.3).sub.2                                

     __________________________________________________________________________

PAC  EXAMPLE 54
PAR  The dyestuff of Example 2 is dispersed to a 13% active paste in a Vibro
      Energy Mill using Tamol SN (sodium salt of condensed naphthalenesulfonic
      acid, Rohm and Hass Co.) and Marasperse CB (partially desulfonated sodium
      lignosulfonate, Am. Can co.).
PAR  About 2 oz. of this dispersed dyestuff are dispersed in 83 cc. warm water
      and poured into a solution containing 0.2 g. Keltex gum (alginic
      thickening agent), and 1 cc. Nekal NF (sodium alkylnaphthalenesulfonate,
      GAF Corp.). This dispersion or solution is made up to a gallon with water.
PAR  Dacron polyester material is padded with the above dyebath at
      160.degree.F., dried and cured at 425.degree.F. for 90 seconds. The
      material is soaped at the boil for 5 minutes, washed and dried. A rich
      navy blue coloration is obtained which has excellent light fastness. After
      Korotron permanent press treatment, the dyeings maintain excellent light
      fastness, no shade change and excellent fastness to alkaline and acid
      perspiration. Another advantage is lack of red flare under artificial
      light.
PAR  This invention has been disclosed with respect to certain preferred
      embodiments, and it will be understood that modifications and variations
      thereof will become obvious to persons skilled in the art and are intended
      to be included within the spirit and purview of this application and the
      scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dyestuff of the formula:
      ##SPC23##
PAL  wherein
PA1  D is (a) phenyl or phenyl substituted with a substituent selected from the
      group of chlorine, bromine, fluorine, cyano, thiocyano, lower
      alkylsulfonyl, nitro, trifluoromethyl, lower alkoxy, lower alkanoyl,
      benzoyl, lower alkoxycarbonyl, unsubstituted carbamyl, unsubstituted
      sulfamyl, and carbamyl or sulfamyl N-mono-or N, N-di- substituted with
      lower alkyl
PA1  Z is hydrogen, halogen, lower alkyl or NHX and X is SO.sub.2 --R, SO.sub.2
      OR, COR or COOR with R being hydrogen, phenyl or lower alkyl;
PA1  Y is hydrogen, lower alkyl or lower alkoxy
PA1  R.sup.2 is C.sub.2 H.sub.4 --CO--NHC(CH.sub.3).sub.2 CH.sub.2 COCH.sub.3,
      hydrogen, lower alkyl, lower alkenyl, lower alkynyl or lower alkyl, lower
      alkenyl or lower alkynyl substituted with chlorine, bromine, fluorine,
      hydroxy, cyano, thiocyano, lower alkoxy, hydroxyethoxy,
      polyloweralkyleneoxy, lower alkoxycarbonyl, lower alkanoyloxy, benzoyloxy,
      unsubstituted carbamyl, or carbamyl N-mono- or N,N-di- substituted with
      lower alkyl.
NUM  2.
PAR  2. A dyestuff as defined in claim 1 wherein D is derived from a compound of
      the formula:
      ##SPC24##
PAL  wherein
PA1  D.sup.1 is
PA2  hydrogen, chlorine, bromine, fluorine, cyano, thiocyano, lower
      alkylsulfonyl, trifluoromethyl, lower alkoxy,
PA2  lower alkanoyl, benzoyl, lower alkoxycarbonyl unsubstituted carbamyl,
      unsubstituted sulfamyl, or
PA2  carbamyl or sulfamyl substituted by N-mono- or N,N-di-lower alkyl; and
PA1  D.sup.2 and D.sup.3 are individually
PA2  hydrogen,
PA2  nitro, or
PA2  one of the D.sup.1 substituents.
NUM  3.
PAR  3. A dyestuff as defined in claim 1 wherein R.sup.2 is C.sub.2 H.sub.4
      CONHC(CH.sub. 3).sub.2 CH.sub.2 COCH.sub.3
NUM  4.
PAR  4. A dyestuff as defined in claim 1 having the formula:
      ##SPC25##
NUM  5.
PAR  5. A dyestuff as defined in claim 1 having the formula:
      ##SPC26##
NUM  6.
PAR  6. A dyestuff as defined in claim 1 having the formula:
      ##SPC27##
NUM  7.
PAR  7. A dyestuff as defined in claim 1 having the formula:
      ##SPC28##
NUM  8.
PAR  8. A dyestuff as defined in claim 1 having the formula:
      ##SPC29##
NUM  9.
PAR  9. A dyesuff as defined in claim 1 having the formula:
      ##SPC30##
PATN
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CNT  JA
INVT
NAM  Shiosaka; Makoto
CTY  Okayama
CNT  JA
ASSG
NAM  Hayashibara Biochemical Laboratories, Incorporated
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730601
APN  48-62277
CLAS
OCL  260209
XCL  264165
EDF  2
ICL  C07G  300
FSC  260
FSS  209 R
UREF
PNO  3277077
ISD  19661000
NAM  Holly et al.
OCL  260209R
LREP
FR2  Berman; Hans
FR2  Kelman; Kurt
ABST
PAL  Hydrogenated pullulan is produced by the reaction of an aqueous solution of
      pullulan with hydrogen gas under pressure in the presence of suitable
      catalysts until the reducing property of the solution disappears. The
      hydrogenated pullulan is much more resistant to heat than pullulan and its
      aqueous solution hardly loses viscosity and is not colored under heat
      treatment. The hydrogenated pullulan is much less absorbable by the
      intestinal walls than pullulan so as to reduce more effectively the
      caloric value of foods when it is mixed with foods. Shaped bodies such as
      films, sheets, plates, capsules, containers, coatings and fibers are
      readily prepared in a conventional manner. The films are practically
      impervious to atmospheric oxygen and suitable as packaging material.
BSUM
PAR  The present invention relates to hydrogenated pullulan.
PAR  Pullulan is a neutral, viscous polysaccharide consisting of maltotriose
      units linked by .alpha.-1,6-glucosidic bonds. Pullulan is readily prepared
      by inoculating a strain of Aureobasidium in a culture medium containing at
      least one saccharide such as glucose, sucrose, fructose, dextrose, dates
      extracts, partial hydrolyzates of starch and culturing in said medium
      under aerobic conditions. The culture broth is filtered to remove the
      cells and pullulan is precipitated by addition of organic solvents, such
      as methanol and ethanol to the filtrate. Pullulan having different
      molecular weight can be obtained by varying the composition of the culture
      medium or culture conditions.
PAR  Among the strains belonging to the genus Aureobasidium, for example,
      Aureobasidium pullulans, IFO 4464, IFO 4875, IFO 6353, IFO 6401, IFO 6402,
      IFO 6725 can be employed.
PAR  Pullulan has been utilized widely in shaped bodies which do not cause
      environmental pollution upon disposal and for the protection of substances
      sensitive to oxygen, such as foods and pharmaceuticals. Furthermore
      pullulan is used in low coloric foods and beverages since it is neither
      digested in the intestinal tract nor obsorbed therefrom.
PAR  The viscosity of the aqueous solution of pullulan decreases markedly at
      temperatures above 100.degree.C. The aqueous solutions of other
      polysaccharides such as starch and cellulose do not show such decrease of
      viscosity. This property of pullulan has caused trouble in the processing
      of pullulan.
PAR  The decrease of viscosity of pullulan at high temperature is due to the
      decomposition of pullulan into smaller molecules.
PAR  Heat also causes the discoloration of pullulan which reduces the commercial
      value of products made from pullulan.
PAR  It has now been found that hydrogenated pullulan is much more resistant to
      heat than pullulan and such thermostability can not be anticipated from
      the properties and the chemical structure of pullulan. Comparison of the
      characteristics of hydrogenated pullulan with those of pullulan reveals
      that the water solubility of hydrogenated pullulan and the oxygen
      permeability of the films prepared therefrom are almost the same as those
      of pullulan, but that hydrogenated pullulan is less biodegradable by
      enzymes than pullulan.
PAR  The average molecular weight of the hydrogenated pullulan of the present
      invention is between 10,000 and 5,000,000.
PAR  Pullulan is not decomposed and the hydrogenation of pullulan is carried out
      effectively, when catalysts, for example Raney nickel are added to a 1 to
      40% aqueous solution of pullulan in an amount of 0.1 to 15% by weight of
      pullulan and the hydrogenation is carried out at a preferred reaction
      temperature of 40.degree.C to 150.degree.C under a hydrogen pressure of 20
      kg/cm.sup.2 to 150 kg/cm.sup.2.
PAR  The pH of the reaction mixture should be 5 to 10 to prevent decomposition
      of the pullulan. As the pH of the reaction mixture is apt to decrease in
      the course of reaction, neutralizing agents, if desired, are added to the
      mixture in an amount not to inhibit the catalytic action. It is preferred
      to add neutralizing agents such as caustic alkali, calcium carbonate and
      magnesium carbonate to the mixture in an amount of 0.01 to 1.0% based on
      the weight of pullulan.
PAR  Insoluble materials such as catalysts and neutralizing agents are filtered
      off from the hydrogenation mixture.
PAR  The filtrate is decolorized with active carbon, deionized with ion-exchange
      resins and then concentrated under reduced pressure to yield a 5 to 40%
      solution of hydrogenated pullulan.
PAR  Hydrogenated pullulan having a moisture content of less than 10% was
      obtained as a white powder by spray-drying the solution at a pressure of
      100 to 300 kg/cm.sup.2 at 90.degree. to 160.degree.C. The reducing power
      of the hydrogenated pullulan thus obtained was determined in accordance
      with the Somogyi-Nelson method, but none was detected. The hydrogenated
      pullulan can be used like pullulan but also employed as the material for
      various shaped bodies which must resist high temperature and have no
      permeability to oxygen, for example, films, capsules, fibers, sheets etc.
      It is also used for low caloric foods and beverages without heat
      decomposition.
PAR  When the hydrogenated pullulan is used as a main ingredient of low caloric
      foods, for example, baked products, cookies, biscuits, it can be mixed
      with flour or amylose to obtain a product with excellent properties. It
      can also be mixed with non-caloric sweetner, maltitol or eggs for
      preparing non-caloric foods.
PAR  Experiments comparing pullulan with hydrogenated pullulan are described
      below.
DETD
PAC  EXPERIMENT 1.
PAR  Viscosity loss by heat treatment.
PAR  The pullulan and the hydrogenated pullulan employed in the experiment were
      obtained according to the method described in Example 1a, b and Example
      2a, b respectively.
PAR  A 10% aqueous solution of each material was maintained at pH 6.0 and
      140.degree.C for 60 minutes. Viscosity was tested with an
      Ostwald-Viscometer at 40.degree.C. The loss of viscosity calculated from
      Viscosity after heat treatment - Viscosity before heat treatment
PAR  Viscosity before heat treatment
PAL  is given in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Molecular               Hydrogenated                                      

     weight         Pullulan pullulan                                          

     ______________________________________                                    

     400,000        25%      3%                                                

      50,000        10%      2%                                                

     ______________________________________                                    

PAR  As is evident from these results, the thermal loss of viscosity of
      hydrogenated pullulan is 1/5 - 1/8 of that of pullulan.
PAC  EXPERIMENT 2.
PAR  Discoloration by heat treatment.
PAR  The samples employed and the heat treatment were the same as in Experiment
      1. The color value is indicated by the difference of the absorbance at 750
      nm from that at 420 nm. The absorbance was measured in the 5 cm cell of a
      spectrophotometer (Hitachi Ltd. Model 124).
PAR  Values shown in Table 2 were obtained by subtraction of the color value
      before heat treatment from that after heat treatment.
TBL                Table 2                                                     

     ______________________________________                                    

     Molecular               Hydrogenated                                      

     weight         Pullulan pullulan                                          

     ______________________________________                                    

     400,000        0.130    0.020                                             

      50,000        0.165    0.020                                             

     ______________________________________                                    

PAR  These results indicate that hydrogenated pullulan is hardly discolored by
      heat treatment.
PAC  EXPERIMENT 3.
PAR  Enzymatic decomposition.
PAR  The samples of pullulan and hydrogenated pullulan were the same as in
      Experiments 1 and 2. One ml aliquots of an enzyme extracted from the
      mucosa of the small intestine in a pig, of acetone precipitated powder of
      an enzyme extracted from pig liver and of an enzyme extracted from pig
      pancreas which are similar to human digestive enzymes, and human saliva
      enzyme amylase respectively were mixed with 7 ml of a buffer solution and
      2 ml of 1% solution the pullulan and of hydrogenated pullulan. The
      mixtures were incubated at 37.degree.C. Aliquots were collected at certain
      intervals and the reducing sugars formed were determined in accordance
      with the Somogyi-Nelson method after removing proteins. The amounts of the
      formed reducing sugars from 20 mg of samples are listed in mg of glucose
      in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

                   Treatment time (hr.)                                        

                             Hydrogenated                                      

                Reaction Pullulan    pullulan                                  

     Enzyme     pH       3       22    3     22                                

     ______________________________________                                    

     Pig                                                                       

     intestine  6.8      trace   0.68  0     0.30                              

     Pig pancreas                                                              

                5.0      0.49    0.91  0.23  0.42                              

     Human saliva                                                              

     .alpha.-amylase                                                           

                6.0      0.48    2.23  0.21  0.98                              

     Pig liver  6.8      0.69    1.80  0.25  0.79                              

     ______________________________________                                    

PAR  As the above results show, hydrogenated pullulan is more difficult to
      decompose by enzymes than pullulan. After oral administration of an
      aqueous 3% solution of hydrogenated pullulan to rabbits having fasted for
      24 hours, the blood sugar level did not increase significantly. Both ends
      of the small intestines of fasting rabbits were ligated and 5% aqueous
      solution of pullulan and hydrogenated pullulan was injected into said
      small intestines respectively. After three hours the intestines were
      washed and the total sugars in the washings were determined. Recovery of
      the injected pullulan and hydrogenated pullulan was 95 and 98%
      respectively. Consequently, the hydrogenated pullulan is less absorbed
      than pullulan.
PAR  The following examples further illustrate the present invention.
PAC  EXAMPLE 1.
PAC  Preparation of pullulan.
PAR  a. As a seed culture, Aureobasidium pullulans IFO 4464 was inoculated in a
      culture medium consisting of 10% starch partial hydrolyzate (D.E. 50),
      0.2% K.sub.2 HPO.sub.4, 0.2% NaCl, 0.2% Peptone, 0.04% MgSO.sub.4
      .7H.sub.2 O, 0.001% FeSO.sub.4 .7H.sub.2 O, and tap water at an initial pH
      of 7.0 and cultured with shaking at 27.degree.C for 2 days under aerobic
      conditions. 2.sup.v/ v.sup.% of culture broth thus obtained was added to
      the main culture medium whose composition was the same as that of the seed
      culture medium, and cultured at 27.degree.C for 7 days under aerobic
      conditions. The broth was filtered to remove the cells and to the filtrate
      thus obtained there was added an active carbon powder in an amount of 1%
      based on the weight of sugar.
PAR  After decoloration, an equal amount of methanol was added to the
      carbon-free filtrate.
PAR  The precipitate formed was recovered by centrifugation, washed with
      methanol and dryed in vacuo. The average molecular weight of the pullulan
      thus obtained was 400,000 and the yield to the starting sugar was 60%.
PAR  b. Aureobasidium pullulans IFO 6353 was incubated for 7 days in the same
      culture medium as in Example 1. (a) except that the content of K.sub.2
      HPO.sub.4 was 0.5%. The subsequent purification was also carried out in
      accordance with the method in Example 1a. The average molecular weight of
      the pullulan thus obtained was 50,000 and the yield based on the starting
      sugars was 70%.
PAC  EXAMPLE 2.
PAC  Preparation of hydrogenated pullulan.
PAR  a. Raney nickel and calcium carbonate were added to 10% aqueous solution of
      the pullulan obtained in Example 1a in respective amounts of 10% and 0.2
      of the pullulan, and the mixture was placed in an autoclave. The reaction
      temperature was raised from room temperature at 2.degree.C per minute at a
      hydrogen gas pressure of 100 kg/cm.sup.2. After the reaction temperature
      reached 120.degree.C, the hydrogen gas pressure of 100 kg/cm.sup.2 was
      maintained for 8 hours.
PAR  Insoluble materials such as catalyst, neutralizing agent etc. were removed
      by centrifugation. Active carbon was added to the supernatant thus
      obtained in an amount of 0.5% based on the weight of initial pullulan to
      decolorize the solution with stirring at 60.degree.C for 1 hour. The
      decolorized solution was deionized with H type cation exchange resin and
      OH type anion exchange resin. The deionized solution thus obtained was
      concentrated under reduced pressure to 15% of its original volume and then
      dried by spraying from a nozzle at 130.degree.C into hot air under a
      pressure of 250 kg/cm.sup.2.
PAR  The white powder of hydrogenated pullulan thus obtained contained 2.5%
      moisture and the yield was 88% based on pullulan. The reducing power of
      this hydrogenated pullulan was tested in accordance with the
      Somogyi-Nelson method, and none was detected.
PAR  b. To a 15% aqueous solution of pullulan obtained in Example 1b and having
      a molecular weight of 50,000 calcium carbonate and Raney nickel in
      respective amounts of 0.1 and 8% respectively based on the weight of
      pullulan were added. Hydrogenation and purification were carried out as in
      Example 2a.
PAR  The hydrogenated pullulan solution thus obtained was concentrated to 30%
      and spray-dried at 130.degree.C under a pressure of 200 kg/cm.sup.2.
PAR  A white powder of hydrogenated pullulan having a moisture content of 2.0%
      was obtained in a yield of 93% against pullulan. The reducing power of the
      hydrogenated pullulan was tested in accordance with the Somogyi-Nelson
      method, and no reducing power was detected.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Hydrogenated pullulan produced by reacting an aqueous solution of
      pullulan with hydrogen gas under a pressure of 20 to 150 kg/cm.sup.2 in
      the presence of a hydrogenation catalyst until said pullulan is free from
      reducing power capable of being detected by the method of Somogyi-Nelson.
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PAL  Water-soluble metal complexes of sodium mannoheptonate in which the metal
      is an aluminum, iron or chromium trivalent ion. The water-soluble
      complexes are produced by reacting a water slurry of sodium mannoheptonate
      with a salt of the trivalent metal. The reaction products are useful for
      inhibiting the swelling and dispersion of clays and, in the case of the
      iron complex, as anti-chlorotic agents for the treatment of trees and
      plants.
BSUM
PAR  This invention relates to water-soluble derivatives of sodium
      mannoheptonate, to a process for their preparation and to their use as
      anti-chlorotic agents and for inhibition of the swelling of clay.
PAR  Sodium mannoheptonate is a known derivative of mannose. It shares with
      other mannose derivatives a high degree of insolubility in water, 2.5% at
      room temperature. This has considerably restricted utilization of the
      compound. It would therefore be desirable to provide this compound in a
      soluble form.
PAR  We have now discovered that chelates of sodium mannoheptonate with the
      three trivalent metals, aluminum, iron and chromium, are highly soluble in
      water. The chelate is made by reacting the sodium mannoheptonate with a
      salt of the trivalent metal. The solubility of this metal complex or
      chelate is particularly unexpected because both the salts of the trivalent
      metals, at alkaline pH's, as well as sodium mannoheptonate itself are
      essentially water insoluble. Heavy metal salts of sulfates are normally
      insoluble at alkaline pH's because of the formation of insoluble
      hydroxides. Thus, when a ferric sulfate solution is made alkaline, ferric
      hydroxide is precipitated. At a pH of 8, the ferric chelate of sodium
      mannoheptonate is far more soluble in water than either sodium
      mannoheptonate alone or ferric iron alone, the two reactants from which it
      is prepared. Moreover, highly water-soluble derivations of sodium
      mannoheptonate are not formed with salts of bivalent metals. Thus,
      attempts to prepare a soluble derivatives of sodium mannoheptonate with
      ferrous sulfate at alkaline pH have been unsuccessful. The iron
      immediately forms insoluble material -- either the hydroxide mixed with
      sodium mannoheptonate or a ferrous salt of the mannoheptonate.
PAR  The high solubility of the three new trivalent metal chelates of sodium
      mannoheptonate has considerable significance, not only with reference to
      the utilization of sodium mannoheptonate, but also in the provision of an
      economical process for manufacturing chelates. The latter results from the
      ability to spray dry concentrated solutions of the metal complex of the
      invention, thus reducing drying, packaging and shipping costs of the
      product. All three metal complexes have been found to be useful for
      inhibiting the swelling of bentonite clays, iron and aluminum being most
      effective for this purpose. The iron complex had also been found useful
      for correction of iron deficiency in trees and plants.
PAR  The sodium mannoheptonate derivatives of the invention are accurately
      defined as either metal complexes or chelates and the terms are used
      herein interchangeably with reference to these derivatives. Both terms
      describe derivatives in which the metal is held by coordinate bonding.
PAR  Sodium mannoheptonate may be prepared by a cyanohydrin reaction with
      mannose. Mannose itself is an article of commerce, available from a number
      of natural sources such as plant materials. In the process of the present
      invention, from one half to one mole of the trivalent metal salt is
      reacted with a water slurry of one mole of sodium mannoheptonate. In some
      cases, particularly with the ferric complex, the slurry is highly acidic
      after reaction is complete and the slurry should desirably be adjusted to
      a pH of 5.0 or higher. The reaction product may thereafter be spray dried
      to form a powder of the trivalent metal complex. A suitable salt is
      aluminum, iron or chromium sulfate, although other salts, including but
      not limited to, chlorides or other halides, nitrates, acetates and other
      water-soluble salts may be used.
PAR  The following examples illustrate the practice of the present invention.
DETD
PAC  EXAMPLE 1
PAR  In this example, the sodium mannoheptonate product (SMH) used contained, by
      analysis, 92.0% sodium mannoheptonate (i.e.,
      sodium-D-glycero-D-gala-heptonate), on a dry basis, and 7.0% moisture on a
      wet basis.
PAR  A slurry comprising 117 grams of SMH and 300 grams of water was prepared.
      To this slurry was added 99.5 grams of hydrated ferric sulfate (81%
      anhydrous).
PAR  The resulting mixture was (1) heated to 150.degree.F. and retained at that
      temperature for 30 minutes with stirring, (2) adjusted from pH 1.5 to pH
      8.0 by the addition of 85.0 grams of 48.7% NaOH solution and (3) spray
      dried using 600.degree.F. drying air. The dried product, containing 1.0
      moles ferric iron per mole of carboxyl in the SMH, was designated Product
      A.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated except that 52.7 grams of hydrated
      chromic sulfate (75% anhydrous), rather than ferric sulfate, was added to
      the SMH slurry. Following the 30 minute retention period at 150.degree.F.,
      the mixture was adjusted from pH 3.1 to pH 8.0 by the addition of 25.0
      grams of 48.7% NaOH solution. The spray dried product, containing 0.5
      moles chromium per mole of carboxyl in the SMH, was designated Product B.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was repeated except that 134.4 grams of hydrated
      aluminum sulfate (55.2% anhydrous), rather than ferric sulfate, was added
      to the SMH slurry. Following the 30 minute retention at 150.degree.F., the
      mixture was adjusted from pH 3.0 to pH 8.0 by the addition of 93.0 grams
      of 48.7% NaOH solution. The spray dried product, containing 1.07 moles
      aluminum per mole of carboxyl in the SMH, was designated Product C.
PAR  Solubility tests were conducted with Products A, B and C of Examples 1, 2
      and 3. In addition, for purposes of comparison, a product was prepared
      using a bivalent metal salt. The procedure described in Example 1 was
      repeated except that 112 grams FeSO.sub.4 . 7H.sub.2 O, rather than ferric
      sulfate, was added to the SMH slurry. Following the 30 minute retention at
      150.degree.F., the mixture was adjusted from pH 6.1 to pH 8.0 by the
      addition of 18.0 grams of 48.7% NaOH solution. The spray dried product,
      containing 1.0 moles ferrous iron per mole of carboxyl in the SMH, was
      designated Product D. Products A, B, C and D were each mixed with water,
      adjusted to pH 8.0 with 48.7% NaOH solution and allowed to stand
      overnight. The solubility of each product was then observed. A pH of 8 was
      used because it is a pH at which the hydroxides normally begin
      precipitating and, in addition, is approximately the pH found in drilling
      muds, where the present products find an important application. The
      solubility results are set forth in Table I.
TBL                                    Table I                                 

     __________________________________________________________________________

            Weight, grams                                                      

                     48.7%                                                     

                          Product                                              

                               Product                                         

     Product                                                                   

            Product                                                            

                 Water                                                         

                     NaOH Conc., %                                             

                               Solubility                                      

     __________________________________________________________________________

     SMH    20   80  Trace                                                     

                          20.0 Very slight soluble.                            

     Fe.sub.2 (SO.sub.4).sub.3                                                 

             7   85   9    6.9 Formed a reddish-                               

                               brown insoluble pre-                            

                               cipitate (Fe(OH).sub.3).                        

     A      20   80  None 20.0 Completely soluble,                             

                               forming a dark brown                            

                               solution.                                       

     B      20   80  Trace                                                     

                          20.0 Completely soluble,                             

                               forming a dark brown                            

                               solution.                                       

     C      20   80  None 20.0 Completely soluble,                             

                               forming a light brown,                          

                               somewhat opalescent                             

                               solution.                                       

     D      10   90  Trace                                                     

                          10.0 Substantially insoluble,                        

                               forming a bluish-green                          

                               slurry.                                         

     __________________________________________________________________________

PAR  Table I shows that the trivalent metal complexes of SMH (Products A, B and
      C) are completely soluble at 20% concentration and a pH of 8 whereas at
      the same pH, the individual components from which the metal complexes were
      prepared are substantially insoluble (SMH) or decompose
      (Fe.sub.2)SO.sub.4).sub.3) to form an insoluble product. In addition a
      bivalent metal salt (Product D) does not produce a soluble metal complex.
PAC  EXAMPLE 4
PAR  In order to test the use of the ferric metal complex of the invention as an
      anti-chlorotic agent, the following experiment was conducted. Limbs of
      three pear trees in an orchard near Wenatchee, Washington were selected
      with pronounced chlorosis symptions (yellowing of leaves with veins
      remaining green) so that each treatment could be applied to a limb end 12
      to 18 inches in length. Leaves behind this section of the limb were also
      chlorotic and were used for comparison in addition to control limbs which
      were untreated. The spray solutions were made up to contain 1270 ppm iron
      and 0.01% Aerosol OT, a wetting agent. The sprays were applied on June 1,
      and observation made August 13, with the following results. On the control
      branches, chlorosis correction was from zero to a maximum of 20% and there
      was some die-back that is, dying of the tip of the branch. The treatment
      with the ferric complex of sodium mannoheptonate resulted in a correction
      of up to 70% of the chlorosis and there was no die-back.
PAC  EXAMPLE 5
PAR  Additional tests were conducted to determine the utility of the metal
      complexes of the invention on the swelling of clay in water. 6 grams of
      the product were dissolved in 300 ml. of distilled water, and the pH of
      the solution was adjusted to 10.5 with sodium hydroxide. 30 grams of
      sodium bentonite were then added and the mixture was bottled and rolled 16
      hours at 70.degree.C. Viscosity and gel strengths were then determined
      using a Fann model 35 viscometer. The results are set forth in Table II.
      Lowered viscosity and gels indicate decreased swelling and viscosity
      building.
TBL                Table II                                                    

     ______________________________________                                    

             Mol Ratio,                Gel Strength                            

     Complexing                                                                

             metal     Aged    Viscosity                                       

                                       lb./100 sq.ft.                          

     Metal   to ligand pH      cp      o min.                                  

                                             10 min.                           

     ______________________________________                                    

     No                                                                        

     treatment         8.3     64      49    71                                

     Iron    0.5       7.7     16      2     4                                 

     Iron    1.0       7.9     11.5    1     1                                 

     Aluminum                                                                  

             0.5       8.9     9       1     1                                 

     Aluminum                                                                  

             1.1       9.4     6       1     1                                 

     ______________________________________                                    

PAR  It is thus seen that the metal complexes result in pronounced reduction of
      the viscosity and swelling characteristics of the dispersion of clay in
      water. The chromium complex was tested and also demonstrated effectiveness
      for inhibiting swelling of sodium bentonite clays.
CLMS
STM  We claim:
NUM  1.
PAR  1. A water-soluble metal complex of sodium mannoheptonate in which the
      metal is selected from the group consisting of aluminum, and chromium
      trivalent ions.
NUM  2.
PAR  2. The metal complex of claim 1 in which the metal is aluminum.
NUM  3.
PAR  3. The metal complex of claim 1 in which the metal is chromium.
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ABST
PAL  Glycosides are prepared by reacting a monosaccharide or a compound
      hydrolyzable to a monosaccharide with 3-chloro-1,2-propanediol in the
      presence of an acid catalyst producing a 2-hydroxy-3-chloropropyl
      glycoside. The glycoside is then reacted with a base and an amine having
      at least one alkyl group that contains 8 to 30 carbon atoms to produce an
      alkali soluble surfactant.
BSUM
PAR  Background of the Invention
PAR  1. Field of the Invention
PAR  This invention relates to surface active alkyl amine adducts of
      2-hydroxy-3-chloropropyl ethers and glycidyl ethers of monosaccharides or
      compounds hydrolyzable to monosaccharides, as well as processes for their
      preparation. More specifically, the invention is concerned with the
      preparation of surface active glycosides which have the structure
      ##EQU1##
      wherein M is selected from the group consisting of
      ##EQU2##
      wherein R is selected from the group consisting of hydrogen or hydrocarbon
      radicals ranging from CH.sub.3 to C.sub.18 H.sub.37, R' is selected from
      the group consisting of hydrocarbon radicals ranging from C.sub.8 H.sub.17
      to C.sub.18 H.sub.37, R" is selected from the group consisting of a benzyl
      radical or hydrocarbon radicals ranging from CH.sub.3 to C.sub.18
      H.sub.37, the moieties C.sub.6 H.sub.11 O.sub.5 and C.sub.6 H.sub.10
      O.sub.5 represent glycosyl units and m is a number from 0 to 20.
PAR  2. Prior Art
PAR  The prior art teaches various surface active glycoside products but these
      have distinctly different structures from the compositions of the instant
      invention. For example, a number of patents describe surfactants which are
      adducts of polysaccharides. U.S. Pat. No. 3,219,656 teaches the
      preparation of glycosides prepared from a reaction of methyl glucoside
      with a higher molecular weight alcohol employing a solvent catalyzed by a
      sulfonic acid type cation exchange resin. These alkyl glycosides have
      surfactant properties.
PAR  U.S. Pat. No. 3,640,998 teaches the preparation of surface-active alkylene
      oxide adducts of alkyl oligosaccharides. These products are prepared from
      an alcohol and glucose through a transacetalization reaction which is then
      followed by an oxyalkylation reaction with ethylene and/or propylene
      oxide.
PAR  U.S. Pat. No. 3,598,865 teaches the preparation of glycosides by reacting a
      monosaccharide or a compound hydrolyzable to a monosaccharide with a
      monohydric alcohol containing from 8 to 25 carbon atoms in the presence of
      an acid catalyst and a latent solvent. These products also exhibit
      surface-active properties.
PAR  U.S. Pat. No. 3,018,281 relates to the preparation of surface-active
      products by the reaction of sucrose sequentially with an epoxide having 3
      or 4 carbon atoms and an aliphatic epoxide which has in excess of 8 carbon
      atoms. The product is prepared by reacting a mixture of a low molecular
      weight epoxide such as propylene or butylene oxide and a high molecular
      weight epoxide such as octylene oxide.
PAR  The products of the instant invention are alkyl amine adducts of functional
      glycosides which have a chlorohydrin or an epoxide group in the glycoside
      moiety. None of the above disclose or suggest the products of the instant
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  Monosaccharides or polysaccharides which are hydrolyzable to
      monosaccharides are reacted in the presence of an acid catalyst with
      glycerine monochlorohydrin forming 2-hydroxy-3-chloropropyl glycosides.
      These glycosides are then reacted with an alkali metal hydroxide forming a
      glycidyl glycoside followed by a reaction with an alkyl amine to form
      2-hydroxy-3-alkylamino glycoside which is a biodegradable alkali-soluble
      surfactant. Optionally, the 2-hydroxy-3-alkylamino glycoside may be
      prepared in situ by reaction of the 2-hydroxy-3-chloropropyl glycoside
      with a mixture of alkali metal hydroxide and an alkyl amine. HCl acceptors
      other than the alkali metal hydroxides may also be employed. They may be
      alkaline earth metal hydroxides and amines which amines can include the
      alkyl amine reactant. In this latter case, the product will be a mixture
      of amine hydrochloride and 2-hydroxy-3-alkylaminopropyl glycoside.
PAR  The monosaccharides which may be employed include glucose, fructose,
      sorbose, mannose, galactose, talose, allose, altrose, gulose, idose,
      threose, erythrose, arabinose, xylose, lyxose, ribose, hexalose and other
      similar monosaccharides. Compounds which are hydrolyzable to
      monosaccharides may also be employed. Among these are maltose, sucrose,
      gentiobiose, lactose, raffinose, melezitose, methyl glucoside,
      levoglucosan, cellobiose, starch and cellulose.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The products of this invention have the following general formula
      ##EQU3##
      wherein M is selected from the group consisting of
      ##EQU4##
      wherein R is selected from the group consisting of hydrogen or hydrocarbon
      radicals ranging from CH.sub.3 to C.sub.18 H.sub.37, R' is selected from
      the group consisting of hydrocarbon radicals ranging from C.sub.8 H.sub.17
      to C.sub.18 H.sub.37, R" is selected from the group consisting of a benzyl
      radical or hydrocarbon radicals ranging from CH.sub.3 to C.sub.18
      H.sub.37, the moieties C.sub.6 H.sub.11 O.sub.5 and C.sub.6 H.sub.10
      O.sub.5 represent glycosyl units and m is a number from 0 to 20.
PAR  The products are prepared by reacting glucose or polysaccharide such as
      starch which is hydrolyzable to a glucose with glycerine monochlorohydrin
      in the presence of an acid catalyst to form a 2-hydroxy-3-chloropropyl
      glycoside. This intermediate product is then reacted with an alkali metal
      hydroxide to form a glycidyl glycoside. The glycidyl glycoside is
      subsequently reacted with an alkyl amine to form the hydroxyalkylamine
      glycoside. Optionally the amine may be added prior to the addition of the
      alkali metal hydroxide. The concentration of glycerine monochlorohydrin
      which is employed may vary from 0.5 mole to 1.2 moles of glycerine
      monochlorohydrin per mole of anhydroglucose unit, however, an equivalent
      amount is preferred.
PAR  The hydroxychloropropyl glycoside may also be prepared by the reaction of a
      monosaccharide or a compound hydrolyzable to a monosaccharide with
      2-methoxyethanol or other lower glycol ether or alkanol whose boiling
      points are below that of the chlorohydrin reactant, in the presence of an
      acid catalyst, followed by an alcohol exchange reaction with glycerine
      monochlorohydrin(3-chloro-1,2-propanediol). This glycoside is then reacted
      as above with an alkali metal hydroxide and an alkyl amine. The preferred
      procedure for the preparation of the hydroxy chloropropyl glycoside is by
      the direct reaction of the saccharide with glycerine monochlorohydrin.
PAR  The acids which may be employed as catalysts include hydrochloric acid,
      sulfuric acid, methane sulfonic acid, phosphoric acid, toluene sulfonic
      acid and boron trifluoride. The preferred acid catalyst is sulfuric acid.
      The amount of acid catalyst may vary from about 0.01 to 2.0 weight percent
      preferably from about 0.01 to 0.5 weight percent based on the total weight
      of the reactants.
PAR  The alkali metal hydroxide acts as an abstracting agent for hydrochloric
      acid thus enabling the amine reaction to proceed to completion. Any alkali
      or alkaline earth metal hydroxide which will react with the chlorine atom
      to form an epoxide may be employed for this reaction. Among these are
      sodium hydroxide, potassium hydroxide, calcium hydroxide, barium
      hydroxide, cesium hydroxide, lithium hydroxide, rubidium hydroxide and
      strontium hydroxide. The preferred alkali metal hydroxide is sodium
      hydroxide due to its low cost and availability. The amount of alkali metal
      hydroxide employed is in a slight excess of the concentration of
      hydrochloric acid which forms during the epoxidation step. It appears
      likely that an in situ epoxide formation occurs by the reaction of the
      hydroxy chloropropyl glycoside with alkali metal hydroxide prior to
      reaction with the amine.
PAR  The alkyl amines having from 8 to 30 carbon atoms which may be used in this
      invention may be primary, secondary, or tertiary, aliphatic, saturated or
      unsaturated, alicyclic and arylalkyl. Among these are dibutylamine,
      tributylamine, diisobutylamine, diamylamine, triamylamine,
      cyclohexylamine, dicyclohexylamine, 2-ethylhexylamine,
      bis(2-ethylhexyl)amine, 1-cyclopentyl-2-amino-propane,
      bis(1-ethyl-3-methylpentyl)amine, octylamine, decylamine, dodecylamine,
      tetradecylamine, hexadecylamine, octadecylamine, docosylamine, oleyl
      amine, didodecylamine, ditetradecylamine, N,N-dimethyltetradecylamine,
      N,N-dimethylhexadecylamine, N,N-dimethyloctadecylamine, and
      N-benzyl,-N,N'-dimethyldodecylamine, o-phenylenediamine,
      m-phenylenediamine and p-phenylenediamine. The amount of amine which is
      used is generally equivalent to the construction of
      3-chloro-1,2-propanediol present in the molecule. The amine can thus range
      from about 5 to 50 weight percent of the total molecule depending upon the
      number of anhydroglucose units and the molecular weight of the particular
      amine employed.
PAR  In the preparation of the product, the glycoside is dissolved in water and
      sodium hydroxide is added in amounts sufficient to adjust the pH of the
      solution to about 9-10. The alkyl amine is then added and the reaction
      mixture is allowed to react at temperatures of about
      80.degree.-100.degree.C. The sodium hydroxide may also be added
      concurrently with the amine or after the amine addition. The important
      consideration is that the pH of the final solution is greater than 8. The
      product thus formed is soluble in water and in aqueous sodium hydroxide
      solutions. These products also exhibit very stable foams.
PAR  The products of this invention are useful in those areas of application
      which require surfactants exhibiting biodegradability, and alkali
      solubility and stability. As biodegradable surfactants, they are useful in
      solid and liquid formulations. The fatty amine derivatives have a
      potential use in textile and paper applications, ore flotation and
      extractive metallurgy. The foam stability makes them desirable for
      cosmetic applications. The acid instability of the glycoside linkage
      suggests that surfactants having a substantive hydrophobic group can be
      introduced into a substrate in a soluble surfactant form and released
      therefrom by acidification when desired. Possible applications are for use
      as softening agents, water repellent agents and sizing agents.
DETD
PAR  The following Examples are illustrative of the present invention and
      therefore are not intended in any way as a limitation thereof. Parts and
      percentages are by weight unless otherwise indicated. These Examples
      illustrate both the method of preparation of the surfactants and the
      surfactants obtained when the invention is practiced.
PAC  EXAMPLE 1
PAR  A 1000 ml flask was charged with 90 grams of dextrose, 55.3 grams of
      glycerine monochlorohydrin and 0.5 grams of sulfuric acid. The
      hydroxychloropropylglycoside (HCPG) was formed by heating the mixture at
      94.degree.-102.degree.C. at atmospheric pressure for 10 minutes during
      which time the slurry became clear. The contents of the flask were then
      stripped to remove the water of reaction at 3 mm pressure while the
      temperature was raised to 108.degree.C. Upon cooling to room temperature
      83 grams of dodecylamine were added to the mixture. This was followed by
      200 grams of 10 percent by weight aqueous sodium hydroxide while the
      mixture temperature was raised from about 60.degree. to about 72.degree.C.
      The mixture was reacted for 15 minutes. Water (536 grams) was added to the
      viscous product with the temperature of the product ranging from
      60.degree.-90.degree.C. The product obtained had a total solids content of
      24.8 weight percent and the active agent content was 21.2 weight percent.
      This product exhibited a surface tension of 25 dynes at a 0.1%
      concentration based on a 100% active agent content. In dynamic foam tests,
      dense, stable foams were obtained as shown below.
TBL  ______________________________________                                    

                    Ascent     Descent                                         

     Tempera- Flow Rate   Time,   Height Height after                          

     ture, .degree.F.                                                          

              ml/min.     min.    mm     10 min., mm                           

     ______________________________________                                    

      77      400         10      250    210                                   

     120      400         4:45    600    550                                   

     120      200         10      510    400                                   

     ______________________________________                                    

PAL  The procedure and apparatus used for the dynamic foam measurements may be
      found in "Soap & Chemical Specialties" 37, 55, April 1961.
PAC  EXAMPLE II
PA0  A. preparation of 2-hydroxy-3-chloropropylglycoside.
PAR  135 grams (0.75 mole) of dextrose, 228 g. of 2-methoxyethanol and 0.15 ml
      of concentrated sulfuric acid were charged to a 500 ml flask equipped with
      a stirrer, nitrogen inlet, thermometer and distillation takeoff head. Upon
      heating, the mixture became clear at 108.degree.C. and distillation
      started at 120.degree.C. 35.5 grams of distillate were collected in 35
      minutes at a pot temperature up to 125.degree.C. and a head temperature up
      to 113.degree.C. At this point 82.5 g. (0.75 mole) of
      3-chloro-1,2-propanediol were added, and distillation was continued as the
      pressure was gradually reduced to 25 millimeters of mercury over 1 hour
      while the pot temperature was maintained at 95.degree.-105.degree.C. The
      total weight of distillate at this stage was 220.5 grams. The catalyst was
      then neutralized by the addition of 7 grams of a 10% aqueous sodium
      hydroxide solution. Additional distillate, amounting to 17 g., was
      collected while the temperature was raised to 131.degree.C. as the
      pressure was reduced to 3 millimeters. A portion of this 17 g. was
      1-chloro-2, 3-propanediol boiling at a temperature of
      88.degree.-90.degree.C. at 3 millimeters. The viscous molten amber product
      was poured onto aluminum foil, allowed to solidify and then chipped and
      bottled.
PA0  B. preparation of 2-hydroxy-3-dodecylaminopropyl glycoside.
PAR  45 grams of solid 2-hydroxy-3-chloropropylglycoside (HCPG) prepared in (A),
      135 g. of water and 20 g. of 10% sodium hydroxide were combined in a 500
      ml flask and stirred until the glycoside had dissolved. The pH was 7.5,
      and 4 g. more of 10% NaOH were added, to adjust the pH from 9 to 10. 17
      grams of n-dodecylamine were then added, and the mixture was heated with
      stirring to 80.degree.C. in 15 minutes. At this point the mixture changed
      from a 2-phase liquid to a semi-gel, and then became a clear fluid product
      at 100.degree.C. After cooling to room temperature, the surfactant
      solution was clear amber in color and had a viscosity estimated to be
      somewhat lower than glycerine. The calculated active agent content was
      26.7%.
PAR  The surfactant was soluble in water, in 25% NaOH, and in 50% NaOH. Limits
      of solubility in alkaline media were not determined, but 2 g. of 26.7%
      solution was soluble in 20 g. of 25% NaOH and in 20 g. of 50% NaOH. The
      cloud point of a 1% solution was &gt; 100.degree.C. and the surface tension
      of a 0.1% solution was 24.3 dynes, uncorrected. Stable foams were formed
      at 0.1% concentration as shown by a dynamic foam value at 400 mm/min., of
      700 mm after 10 minutes, and a height of 580 mm after standing for 10
      minutes.
PAC  EXAMPLES III - VI
PAR  The procedures employed for the preparation of the products of Examples III
      through VI were essentially identical with that employed in Example I with
      the exception that the amount of water varied from 3 to 5 times that of
      the weight of the glycoside. More specifically, the HCPG was prepared
      exactly as set forth in Example I while the types of amines and
      concentrations of the reactants are as outlined below. The amines employed
      in Examples III - V were saturated hydrocarbon amines containing from 12
      to 15 carbon atoms. Example VI illustrates the use of an oleyl amine.
      These products all displayed good solubility in aqueous sodium hydroxide
      solutions.
TBL  ______________________________________                                    

                                         Surface Tension                       

     Ex-   HCPG,    NaOH,    Amine Amine,                                      

                                         0.1% solution                         

     ample gms.     gms.     type  gms.  dynes/cm.sup.2                        

     ______________________________________                                    

     III   15       0.25     C.sub.12                                          

                                   5.7   21.1                                  

     IV    15       1.35     C.sub.12                                          

                                   5.7   19.6                                  

     V     15       1.35     C.sub.15                                          

                                   8.6   37.6                                  

     VI    15       1.7      Oleyl 8.6   26.9                                  

     ______________________________________                                    

PAC  EXAMPLE VIII
PAR  Corn starch, 137.4 grams, and 180 grams of 2-methoxyethanol were reacted in
      a 1000 ml flask in the presence of 0.5 gram of sulfuric acid at a
      temperature of 80.degree.C. The mixture was then stripped of water and
      excess 2-methoxyethanol at a temperature of up to 129.degree.C.
      3-chloro-1,2-propanediol, 80 grams, was added and the stripping continued
      at a temperature of 108.degree.C. at 25 mm pressure.
PAR  A portion of this product, 45 grams, was dissolved in 135 grams of water
      and reacted with 17 grams of dodecylamine in the presence of 3 grams of
      sodium hydroxide. The product obtained exhibited a surface tension of 29
      dynes at 0.1% concentration. This product also had a good alkali
      solubility.
CLMS
STM  Having thus described the invention, what it is desired to claim and secure
      by Letters Patent is:
NUM  1.
PAR  1. A compound having the formula
      ##EQU5##
      wherein M is selected from the group consisting of
      ##EQU6##
      wherein R is selected from the group consisting of hydrogen or hydrocarbon
      ranging from CH.sub.3 -C.sub.18 H.sub.37, R' is selected from the group
      consisting of hydrocarbon ranging from C.sub.8 H.sub.17 to C.sub.18
      H.sub.37, R" is selected from the group consisting of benzyl or
      hydrocarbon ranging from CH.sub.3 to C.sub.18 H.sub.37, the moieties
      C.sub.6 H.sub.11 O.sub.5 and C.sub.6 H.sub.10 O.sub.5 represent glycosyl
      units and m is a number from 0 to 20.
NUM  2.
PAR  2. The compound of claim 1 wherein R' is selected from the group consisting
      of hydrocarbon radicals ranging from C.sub.10 H.sub.21 to C.sub.18
      H.sub.37.
NUM  3.
PAR  3. The compound of claim 1 wherein the moieties (C.sub.6 H.sub.11 O.sub.5)
      and (C.sub.6 H.sub.10 O.sub.5) are derived from dextrose.
NUM  4.
PAR  4. The compound of claim 1 wherein the moieties (C.sub.6 H.sub.11 O.sub.5)
      and (C.sub.6 H.sub.10 O.sub.5) are derived from starch.
NUM  5.
PAR  5. A process for the preparation of 2-hydroxy-3 alkylaminopropyl glycoside
      which comprises reacting glucose or a polysaccharide that is hydrolyzable
      to glucose with from about 0.5 mole to about 1.2 mole of
      3-chloro-1,2-propanediol per mole of anhydroglucose unit based on said
      glucose or said polysaccharide in the presence of an acid catalyst,
      followed by a reaction with a quantity of an alkali metal hydroxide or an
      alkaline earth metal hydroxide sufficient to react with the hydrochloric
      acid formed in the reaction and a quantity of amine selected from the
      group consisting of primary, secondary, tertiary, saturated, unsaturated,
      alicyclic, arylalkyl and aryl amines containing from about 8 to about 30
      carbon atoms equivalent to the amount of 3-chloro-1,2-propanediol.
NUM  6.
PAR  6. The process of claim 5 wherein the acid catalyst is sulfuric acid.
NUM  7.
PAR  7. The process of claim 5 wherein the alkali metal hydroxide is sodium
      hydroxide.
NUM  8.
PAR  8. The process of claim 5 wherein the reaction with said metal hydroxides
      occurs prior to the reaction with the amine.
NUM  9.
PAR  9. The process of claim 5 wherein the reaction with the amine occurs prior
      to the reaction with said metal hydroxides.
NUM  10.
PAR  10. The process of claim 5 wherein the reaction with said metal hydroxides
      and the amine occurs simultaneously.
NUM  11.
PAR  11. The process of claim 5 wherein the concentration of the acid catalyst
      is from about 0.01 to about 1.0 weight percent based upon the total weight
      of the reactants.
NUM  12.
PAR  12. The process of claim 5 wherein R' is selected from the group consisting
      of hydrocarbon ranging from C.sub.10 H.sub.21 to C.sub.18 H.sub.37.
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ABST
PAL  Plant growth regulant compositions containing as the active ingredients
      copper (II) complexes of
      2,3:4,6-di-0-(substituted)-alpha-L-xylo-2-hexulofuranosonic acid and,
      preferably, copper (II)
      2,3:4,6-di-0-isopropylidene-alpha-L-xylo-2-hexulofuranosonate monohydrate
      and tripyridine copper (II)
      2,3:4,6-di-0-isopropylidene-alpha-L-xylo-2-hexulofuranosonate, are
      described.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to plant growth regulating and herbicidal
      compositions as well as methods for controlling plant growth, utilizing as
      the active ingredient, a copper (II) complex of
      2,3:4,6-di-O-(substituted)-alpha-L-xylo-2-hexulofuranosonic acid.
PAR  The compounds which are the active ingredients of these plant growth
      regulating compositions are particularly efficacious as abscission agents.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to plant growth regulant compositions and methods of
      using them. More particularly, this invention relates to plant growth
      regulant compositions containing compounds represented by the formula:
      ##SPC1##
PA0  Wherein, at least one of R.sub.1 and R.sub.2 is methyl, ethyl or
      trifluoromethyl and the other of R.sub.1 and R.sub.2 is hydrogen, methyl,
      ethyl, propyl, isopropyl or trifluoromethyl, R.sub.3 and R.sub.4 are
      hydrogen, straight or branched chain aliphatic lower hydrocarbyl, aryl or
      R.sub.3 and R.sub.4 together are each a saturated ring containing from 3
      to 8 carbon atoms, L is a ligand or group of ligands which are known to
      complex with copper and x is an integer from 0 to 6, enantiomers and
      racemic mixtures.
PAR  The compounds which are the preferred active ingredients in the plant
      growth regulant compositions of this invention are represented by the
      formula
      ##SPC2##
PA0  Wherein x and L are described in Formula I, enantiomers and racemic
      mixtures.
PAR  A ligand is a group, ion or molecule coordinated to the central atom in a
      coordination complex.
PAR  Addition to these ligand group or groups tends to stabilize the resulting
      molecule. The ligand groups can also change the solubility characteristics
      of the resulting molecules and, thus, facilitate formulation and
      application of the compound.
PAR  Further, these ligands can be selected from compounds which have plant
      growth regulant activity, e.g., either herbicidal or abscission activity.
      Examples of such possible ligands include imidazoles, triazoles and
      aliphatic amines. Thus, the ligands could contribute to the overall plant
      growth regulant activity.
PAR  An extensive series of cupric complexes of carboxylic acids are known and
      it is believed, based on the structural similarity of, e.g., the acetate
      and the benzoate molecule to the
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulfuranosonic acid (DAG)
      molecule, that the cupric complexes with the various analogs of DAG have
      similar structures.
PAR  Thus, there are many ligands which form adducts with cupric II salts of
      2,3:4,6-di-O-(substituted)-alpha-L-xylo-2-hexulofuranosonate. The ligands
      are, of course, molecular entities of the solvent.
PAR  Examples of ligands which form adducts with DAG-type compounds include the
      following.
PAL  A. donor Atom-Nitrogen
PAR  Examples in this group include
PA1  i. Aliphatic amines such as triethylenediamine,
      N,N,N',N'-tetramethylethylenediamine,
PA1  ii. Aryl amines such as aniline and m or p-toluidine and
PA1  iii. Heterocyclics such as pyridine, .alpha.-, .beta.- or .gamma.-picoline,
      2,2'-dipyridyl, 2-chloropyridine, 3,5-dimethylpyridine, quinoline,
      .beta.-naphthoquinoline, pyrazine, quinoxaline and imidazole.
PAL  B. donor Atom-Oxygen
PAR  Examples in this group include
PA1  i. Water;
PA1  ii. Alcohols such as ethanol and butanol;
PA1  iii. Ethers such as dioxane;
PA1  iv. Acids such as benzoic acid and
PA1  v. Group V oxides such as pyridine-N-oxide, quinoline-N-oxide,
      triphenylphosphine oxide, and triphenylarsine oxide.
PAL  C. donor Atom-Phosphorous
PA1  An example from this group is triphenylphosphine.
PAL  D. donor Atom-Indefinite
PA1  Examples from this group include dimethyl formamide and urea.
PAL  E. donor Atom-Anionic
PA1  Examples from this group include thiocyano ion (NCS.sup.-), nitro ion and
      bromo ion.
PAR  Preferred compounds represented by Formula II are:
PAR  Copper (II) 2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate
      hydrate,
PAR  Tripyridine copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate,
PAR  Diimidazole copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate, and
PAR  2,2'-dipyridyl copper (II) 2,3:4,6-di-O-isopropylidene-alpha-L-xylo-
      2-hexulofuranosonate hydrate.
PAR  The compounds represented by formulas I and II are all of the L
      configuration since they are derived from the naturally occurring
      ketohexose, L-sorbose. While L-sorbose is the only known naturally
      occurring form of sorbose, its enantiomer, D-sorbose, can be synthesized.
      Compounds with the D-configuration and racemic mixtures of the compounds
      can be made using either D-sorbose or a mixture of D- and L-sorbose in
      identical preparatory procedures as for the L-configuration as discussed
      hereinafter.
PAR  All structural formulas set forth herein are for convenience only and are
      not intended to depict any absolute configuration. The formulas cover
      enantiomers and racemic mixtures. The Examples and other description,
      unless specifically noted otherwise, are directed to the racemic
      compounds.
PAR  As noted herein, the term "straight or branched chain aliphatic
      hydrocarbyl" denotes a monovalent substituent having from 1 to 20 carbon
      atoms consisting solely of carbon and hydrogen and which contains no
      aromatic unsaturation but which can be otherwise saturated or unsaturated,
      i.e., alkyl, alkenyl or alkynly group. As applied to these groups, the
      term "lower" denotes a group having a carbon skeleton containing from one
      to seven carbon atoms inclusive. The term "aryl" refers to an aromatic
      hydrocarbon such as phenyl and phenyl radicals having one or more alkyl,
      alkenyl, alkynyl, alkoxy or halo-lower alkoxy substitutents thereon.
PAR  As used herein, "plant growth regulant" means a compound or compositions
      which affects the maturation and metabolism of plants. Hence, a plant
      growth regulant has many effects on plant growth. However, not all plant
      growth regulant active compounds affect plants the same way. For example,
      they could affect vegetative growth by retarding or stimulating terminal
      growth, and/or stimulating side branching and could inhibit new growth
      such as the development of new sprouts of woody plants, the sprouting of
      tubers and rhizomes and the development of sucker growth. Such regulants
      could affect flowering plangs by eliminating early flowering, by thinning
      of blossoms or by increasing the number of flowers. Fruit-bearing trees
      and bushes could be affected by increases in the number, size and quantity
      of the fruit, by producing seedless fruit, by accelerating senescence and
      fruit ripening and by stimulating fruit and/or leaf abscission. Both
      flowering and fruit plants could be affected by accelerating plant
      dormancy and maintaining bud dormancy. A plant growth regulant could cause
      selective post-emergent control of weeds by reducing their vigor and
      competitiveness and, thus, prevent their spread and stop normal seeding.
PAR  Some specific applictions of plant growth regulants include
PAR  preventing lodging of cereals;
PAR  increasing production of harvestable tea leaves by promoting side
      branching;
PAR  inhibiting sprouting of potatoes and onions in storage;
PAR  suppressing growth of grass, trees, shrubs, and other vegetation in
      decorative lawn areas, parks, golf courses and along highways and other
      rights-of-way;
PAR  accelarating fruit ripening and thus, aiding mechanical harvesting by a
      single or reduced number of pickings;
PAR  defoliating cotton to permit mechanical harvest;
PAR  inhibiting new growth of defoliated cotton and, thus, reducing staining of
      fiber during mechanical harvesting;
PAR  increasing the quality of the harvested crop, e.g., sugar content of sugar
      cane, sugarbeets, grapefruit, grapes, and other fruits;
PAR  aiding mechanical harvesting of nut crops by accelerating ripening,
      stimulating husk cracking and promoting abscission;
PAR  protecting crops from drought;
PAR  protecting fruit crops from frost by stimulating early dormancy and/or
      preventing premature breaking of dormancy;
PAR  increasing latex flow of rubber;
PAR  increasing frost resistance of winter cereals;
PAR  reducing the flowering or bolting of lettuce, sugar beets and tobacco;
PAR  controlling tobacco suckering;
PAR  stimulating increased fruit set of soybeans, peanuts, cotton, tomatoes,
      melons, and other fruits and
PAR  enhancing fruit color and quality;
PAR  stimulating branching of pot plants, e.g. heather, azalea, chrysanthemum
      and geranium;
PAR  growth retardation in pot plants, e.g. poinsetta, petunia and
      chrysanthemum;
PAR  stimulating branching of young fruit trees, e.g. apple and pear.
PAR  In the control of grasses, particularly home lawns and industrial turfs,
      e.g. golf courses, it has been established that a maximum growth
      retardation as evidenced by diminished grass height as compared to an
      untreated control of about 40%-60% is desirable with about 50% growth
      retardation preferred. Any retardation less than 40% is ineffective in
      that grass control is not substantial enough to have a significant
      aesthetic effect and to reduce or eliminate manual care. On the other
      hand, retardation greater than 60% results in an undesired skimpy
      appearance to the lawn or turf with subsequent invasion thereof by weeds
      and other undesirable plants.
PAR  The active compounds show herbicidal activity especially against composite
      weeds, e.g., matricaria species and other weeds such as papaver rhoeas,
      stellaria media and caprella bursa pastoris.
PAR  The active compounds useful in this invention are particularly active
      against the following plants:
PAR  a. grasses such as Agropyron repens, Bromus inermis, Bromus erectus,
      Deschampsia flexuosa, Alopecurus pratensis, Arrhenatherum elatius,
      Dactylis glomerata, Festuca pratensis, Trisetum flavescens, Holcus
      lanatus, Lolium perenne, Poa annua, Poa neumoralis, Festuca ovina, Festuca
      rubra, Festuca nigrescens, Cynosurus cristatus, Agrostis schraderiana,
      Agrosti stolonifera, Phleum pratense, Phleum nodosum. Cynodon dactylon,
      sugar cane and cereals such as corn, rice, wheat, rye barley, oats and
      sorghum;
PAR  b. trees and shrubs such as fruit trees, e.g., apple, pear, peach, cherry
      and citrus, as well as cocoa, tea, coffee, banana and rubber trees;
PAR  c. ornamental plants such as privet, horn-beam, white cedar, juniper, rose,
      azalea, chyrstanthemum, poinsethia, cyclamen, pyracantha, forsythia and
      magnolia;
PAR  d. field crops such as cotton soya beans, peanuts, tobacco and flax;
PAR  e. vegetables such as solanacease, e.g., tomatoes, legumes and cucumbers;
PAR  f. berries such as strawberries, blackberries, blueberries, cranberries,
      raspberries and currants.
PAR  In addition they are also useful for reducing pruning requirements in
      viticulture.
PAR  In order to effect uniform distribution of the active compound of the
      growth regulating compositions according to this invention, the compound
      can be mixed with conventional herbicidal adjuvants, modifiers, diluents,
      or conditioning agents so that they may be formulated as solutions,
      emulsions, dispersions, dusts or wettable powders.
PAR  Liquid formulations of the active compounds for direct spraying may be
      made, for example, as aqueous solutions containing a wetting agent such as
      1% Tween or as solutions in solvent mixtures containing acetone, methanol
      and dimethyl formamide (DMF) in the ratio 90:8:2, volume/volume.
PAR  Emulsions can be prepared containing 25-50% of the active ingredient, and
      surface active agents, e.g., wetting agents, dispersing agents,
      emulsifying agents and the like, in sufficient amounts to impart the
      desired characteristics to the formulation.
PAR  The compounds can also be formulated as spray solutions from wettable
      powders using an inert diluent, e.g., kaolin. A typical spray solution
      formulated with a wettable powder, would, thus contain the active
      ingredient, from about 1% to about 5% of an inert diluent, minor amounts
      of dispering, wetting and antifoaming agents and, the balance, water.
PAR  Different forms of application may be better adapted to the various
      purposes for which the active compounds are to be used by the addition of
      substances which improve dispersion, adhesion, resistance to rain and
      penetrative power such as fatty acids, resins, wetting agents, emulsifying
      agents, glue and the like. In a similar manner, the biological spectrum
      may be broadened by the addition of substances having bactericial,
      herbicidal, and fungicidal properties and also by combination with
      fertilizers, chelating agents and other plant growth regulators.
PAR  Representative of herbicides and plant growth regulants which may be
      admixed with the compounds of this invention are:
PAL  2,2-dichloropropionic acid
PAL  N-(4-aminobenzenesulphonyl) methylcarbamate
PAL  2-chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine
PAL  4-chloro-2-oxobezothiazolin-3-ylacetic acid
PAL  5-bromo-6-methyl-3-(1-methyl-n-propyl) uracil
PAL  3,5-dibromo-4-hydroxybenzonitrile
PAL  D-n-ethyl-2-(phenylcarbamoyloxy) propionamide
PAL  N-(4-bromo-3-chlorophenyl)-N' -methoxy-N'-methylurea
PAL  2-chloro-9-hydroxyfluorene-9-carboxylic acid
PAL  N'-4-(4-chlorophenoxy) phenyl -NN-dimethylurea
PAL  isopropyl N-(3-chlorophenyl) carbamate
PAL  2,3,5,6-tetrachloroterephthalic acid dimethyl ester (DCPA)
PAL  2,4-dichlorophenoxyacetic acid
PAL  4-isopropylamino-6-methylamino-2-methylthio-1,3,5-triazine
PAL  3,6-dichloro-2-methoxybenzoic acid
PAL  (.+-.) 2-(2,4-dichlorophenoxy) propionic acid
PAL  9,10-dihydro-8a, 10a-diazoniaphenanthrene-2A
PAL  N'-(3,4-dichlorophenyl)-NN-dimethylurea
PAL  gibberellic acid
PAL  indolylacetic acid
PAL  indolybutyric acid
PAL  4-hydroxy-3,5-di-iodobenzonitrile
PAL  N'-(3,4-dichlorophenyl)-N-methoxy-N-methylurea
PAL  4-chloro-2-methylphenoxyacetic acid
PAL  4-(4-chloro-2-methylphenoxy) butyric acid
PAL  (.+-.) 2-(4-chloro-2-methylphenoxy) propionic acid
PAL  N-(benzothiazol-2-yl)-NN'-dimethylurea
PAL  N'-(3-chloro-4-methoxyphenyl)-NN-dimethylurea
PAL  1,2,3,6-tetrahydro-3,6-dioxopyridazine
PAL  N'-(4-chlorophenyl)-N-methoxy-N-methylurea
PAL  N'-(4-chlorophenyl)-NN-dimethylurea
PAL  napthylacetic acid
PAL  N-1-naphthylphtalamic acid
PAL  2,4-dichlorophenyl 4-nitrophenyl ether
PAL  1,1'-dimethyl-4,4'-bipyridylium-2A
PAL  3-(m-toylcarbamoyloxy)phenyl carbamate
PAL  4-amino-3,5,6-trichloropicolinic acid
PAL  4,6bisisopropylamino-2-methylthio-1,3,5-triazine
PAL  N-(3,4-dichlorophenyl) propionamide
PAL  isopropyl N-phenylcarbamate
PAL  5-amino-4-chloro-2-phenylpyridazin-3(2H)-one
PAL  2-chloro-4,6-bisethylamino-1,3,5-triazine
PAL  sodium nonochloroacetate
PAL  2,4,5-trichlorophenoxyacetic acid
PAL  5-chloro-6-methyl-3-t-butyluracil
PAL  4-ethylamino-2-methylthio-6-t-butylamino-1,3,5-triazine(terbutryn)
PAL  2,3,5-triiodobenzoic acid
PAL  1,1,4-trimethyl-6-isopropyl-5-propionyl-indane
PAR  Representative fungicides which may be admixed with the compounds of this
      invention are:
PAL  2,4-Dichloro-6-(o-chloroaniline)-S-triazine
PAL  2,4,5,6-Tetrachloroisophthalonitrile
PAL  p-Dimethylaminobenzenediazo sodium sulfonate
PAL  1,4-Dichloro-2,5-dimethoxybenzene
PAL  Manganous-ethylene-bisdithiocarbamate
PAL  Zinc-manganous-ethylene-bisdithiocarbamate
PAL  Coordination product of zinc and manganese-ethylene-bisdithiocarbamate
PAL  Methyl-1-(butylcarbamoyl)-2-benzoimidazol-carbamate
PAL  2-(4-thiazol)-benzimidazol
PAL  cis-N-[(trichloromethyl)-thio]  -4-cyclohexene-1,2-dicarboximide
PAR  Rates of application are based upon the results reported herein and are not
      to be deemed all-inclusive since many extraneous factors can alter the
      rates of application. For example, rates may vary not only among different
      plant species but also within a particular species depending on such
      factors as plant size and age, the compound used, the time of year, type
      of soil and such climatological conditions at application time as air
      temperature, rainfall and winds. In addition, if the compounds or
      compositions are applied via a soil drench, higher concentrations would be
      needed since this type of application is indirect in comparison to a
      direct application, upon leaves and stems, e.g. spraying.
PAR  The amount of active ingredient in the growth regulating compositions of
      this invention thus varies according to the plants to be controlled, the
      requisite application rate, type of application the active compound used
      and the control desired. Generally, the compositions contain less than 50%
      active compound.
PAR  Basically, the application rate of the active compound is that which is
      effective in providing the requisite growth regulant control to the plant.
      For example, as noted earlier an effective growth regulant amount for
      grasses is that amount which will retard grass height growth to 40%-60% of
      the normal growth rate. Hence, the choice of the minimum application rate
      would be determined by the minimum amount of active compound which is
      effective in regulating growth to the lowest limit of the desired growth
      retardation range. The choice of the maximum application rate would be
      determined as that amount which is effective in regulating growth to the
      upper limit of the desired growth retardation range, i.e., in the case of
      lawn and turf grasses, that amount above which a skimpy appearance to the
      turf or lawn results, or which prevents all subsequent growth.
PAR  With tomato plants, the criteria for effective growth retardant amount are
      different since a dwarfed, bushy plant wherein there is no loss of fruit
      quality or quantity is considered desirable. The parameters for effective
      growth regulant activity for such plants are retarded terminal growth and
      enhanced or non-retarded lateral growth as the minimum effects and
      retarded terminal and lateral growth as the maximum effects. Application
      rates of active compounds which have these desired effects on tomato plant
      growth are determined with these criteria in mind. In order to obtain the
      greatest post-emergent growth regulating activity, application rates of
      from 0.5 pound to 20 pounds or more per acre generally are needed based on
      the weight of the active compound. The greatest post-emergence growth
      regulating activity is normally obtained with application rates of from
      about 1 to 15 pounds or more of active ingredient per acre. A preferred
      dosage range in solutions for spray application is from 100 to 10,000 ppm
      depending on the species to be treated and the active compound utilized
      with the most preferred range generally being 100 to 1,000  ppm.
PAR  An additional advantage in the use of the active compounds of this
      invention is the absence of any permanent effect on plants or any regulant
      residue in the soil. As the compounds undergo slow decomposition, there is
      a consequent diminution of activity. Such an effect is advantageous in
      that
PA1  a. a short-term effect, which can be lengthened by subsequent additional
      application, is attained;
PA1  b. normal growth activity resumes as the regulant activity decreases; and
PA1  c. no deleterious residues remain on the plants or in the soil.
PAR  The length of the retardant effect varies with the compound used and other
      factors such as the plant species, climatological conditions, etc.
PAR  As noted earlier, these plant growth regulating compositions are
      particulary efficacious as abscission agents. The emphasis on mechanical
      harvesting of tree-borne fruit has stimulated extensive investigation of
      chemicals which facilitate harvesting of such fruit by reducing the force
      of attachment between the fruit and the stem. To be efficacious, such
      chemicals, known as abscission agents, must reduce the force required to
      remove the fruit from the stem, aid in separating the complete stem from
      the fruit leaving a clean unbroken plug, cause a minimum of burning and
      pitting of the tree's fruit, delay rotting of the fruit after it is either
      picked or falls to the ground, have no deleterious effect on green fruit
      and have no appreciable detrimental effect on the leaves of treated
      plants. The ideal abscission agent is simple, inexpensive, amenable to
      simple application, e.g. by spraying, and compatible with aqueous and/or
      oily spray compositions. In addition to these requirements for efficacy,
      an abscission agent must be non-toxic to humans and/or animals when eaten
      and must meet government safety standards as a food additive or "residue".
PAR  It has been found that when a plant growth regulating composition
      containing a compound represented by Formulae I and II is applied to
      fruit-bearing trees the force required to remove the fruit from the stem
      is thereby significantly reduced in comparison to that required to remove
      the fruit from untreated trees. Further, fruit removed from trees with the
      aid of the abscission compositions of the present invention has been found
      to be relatively free from pitting and rotting.
PAR  For use as abscission agents, the compositions of the present invention can
      be applied to the fruit-bearing trees in liquid or powdered formulations.
      Application may be made to the roots, trunks, limbs, leaves or fruit. For
      example, the normal abscission composition according to the present
      invention can be dusted on the trees from airplanes or applied to the base
      of the trees in order to be absorbed by the roots. The preferred method of
      application and the most efficient is to apply the compositions in the
      form of an aqueous spray. If desired, an oily spray may be used. In the
      interest of economy, however, an aqueous spray is preferred.
PAR  In order to achieve the most efficient use of the normal abscission
      compositions of the present invention, it is preferred to apply them from
      about 1 to 2 weeks prior to harvesting of the fruit depending on the
      temperature. In areas where a rainfall is expected subsequent to
      application but prior to harvesting, a conventional sticking agent may be
      incorporated into the compositions. Typical examples of such sticking
      agents include glue, casein, salts of alginic acids, cellulose gums and
      their derivatives, polyvinyl pyrrolidone, vegetable gums, propylene
      glycol, invert syrup, corn syrup and the like.
PAR  Compositions of this invention when used for abscission contain as an
      essential active ingredient a compound represented by Formulas I and II.
      If desired, inert materials conventionally used in agriculture for
      application to trees may be utilized in conjunction with the active
      ingredients of the normal abscission compositions of the present
      invention.
PAR  Such adjuvants include, for example, surface active agents, carriers,
      sticking agents, stabilizers and the like.
PAR  The concentration of the compounds represented by Formulas I and II
      suitable for use in the novel abscission compositions of the present
      invention vary, but, in order to be most effective, it is necessary that a
      sufficient amount be present to provide from about 0.05% to about 1.0% by
      weight of the active compound in an aqueous spray solution. This amount
      will naturally vary according to the fruit to be sprayed and the size of
      the tree or bush. The application rate is that which is effective in
      facilitating harvesting. For spray applications, the aqueous solution
      containing the abscission composition is applied to the tree until
      run-off. In commercial operations this involves the application of from
      350 to 100 gallons of a dilute spray solution (0.5-1% by weight of active
      ingredient) per acre, depending upon the number and size of the trees
      sprayed.
PAR  In order to form the preferred liquid spray formulations embodying the
      abscission compositions of the present invention, the active ingredients
      or a salt thereof are dispersed in a carrier such as, for example, water.
      From about 0.1% to about 0.8% by weight, based on the weight of the
      carrier, of a surface active agent may be included in the liquid spray
      compositions. Typical surface active agents are Triton, R-1956, a
      water-dispersible, resin-based surfactant manufactured by Rohm and Haas
      and X-77 (Chevron Ortho) a non-ionic type composition containing as the
      principal functioning agent alkylarylpolyoxyethylene glycols, free fatty
      acids and isopropanol.
PAR  The abscission compositions of this invention effectively abscind a variety
      of fruits from trees. Typical fruits with which these compositions are
      efficacious include oranges, grapefruits, olives, apples, cherries and the
      like. They are also efficacious in use with other crops such as cotton (to
      drop the leaves) and soybeans.
PAR  As has been stated, it is preferred to apply the novel abscission
      compositions of the present invention to fruit trees in the form of an
      aqueous spray.
PAR  Since oranges can be considered a typical fruit representative of those
      amenable to treatment by chemical abscission agents, the efficacy of the
      novel plant growth regulating compositions of the present invention as
      abscission agents may be illustrated with respect thereto.
PAR  For evaluation, the copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate hydrate and
      the tripyridine copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate were tested
      for their activity as abscission agents for citrus fruits, i.e., oranges.
      Aqueous solutions containing 0.4% and 0.2% by weight of the copper (II)
      salts and 0.5% of X-77 were prepared. These solutions were applied as a
      spray to valencia orange trees. Ten days after spraying, the pull force
      required to remove the oranges from the stem was measured and found to be
      significantly reduced. In addition, the estimate of the percent leaf drop
      was also acceptable.
PAR  A pull force of not more than 6 pounds is required to be commercially
      acceptable for mechanical harvesting.
PAR  Further, resulting leaf drop should not exceed 40% to avoid deleterious
      effects on fruit quantity with a range of 20%-30% being more desirable.
PAR  In addition to the abscission effect, the fruit also showed a marked
      enhancement in color, i.e., a much deeper and darker color than the
      untreated fruit.
PAR  The sugar content and/or total solids in the treated fruits also increased
      in comparison to the untreated fruit.
PAR  2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonic acid
      monohydrate (also known as 2,3:4,6-di-O-isopropylidene-2-keto-L-gulonic
      acid monohydrate) is a well-known chemical of commerce and is an
      intermediate in the synthetic preparation of L-ascorbic acid. It is
      prepared by the oxidation in alkaline or neutral media of
      diacetone-L-sorofuranose which is, in turn prepared from the reaction of
      L-sorbose with acetone in the presence of a strong acid.
PAR  The copper (II) salts of DAG are prepared by conventional processes. DAG is
      added with rapid stirring to cupric carbonate suspended in water at
      0.degree.-5.degree.C. The mixture is stirred for 24 hours. The resulting
      product is evaporated to dryness under vacuum and recrystallized from
      acetone-hexane. The pyridine and substituted pyridine copper (II) salts
      are prepared by analogous procedures using pyridine or a substituted
      pyridine solvent.
PAR  Compounds in which the 4,6-O-isopropylidene group (i.e., R.sub.1 and
      R.sub.2 of Formula I) has been replaced are prepared by a ketal
      interchange reaction in which DAG is dissolved in the desired ketone,
      aldehyde, ketal or acetal using an acid catalyst.
PAR  Representative of the ketones and aldehydes which can be used in the
      preparatory procedure are those of the general formula
      ##EQU1##
      wherein R.sub.5 can be, e.g., methyl, ethyl, lower alkyl, trifluoromethyl
      and R.sub.6 can be, e.g., methyl, ethyl, trifluoromethyl or hydrogen.
      Typical compounds include diethyl ketone, methyl ethyl ketone,
      paraldehyde, di(trifluoromethyl) ketone and trifluoroacetaldehyde. Where
      an unsymmetrical aldehyde or ketone is used, the larger or bulkier group
      occupies the equatorial position to form a new asymmetric center.
PAR  Any strong acid can be used as the catalyst with perchloric acid the
      preferred catalyst. Other representative acids include sulfuric acid,
      hydrochloric acid, p-toluene sulfonic acid, methane sulfonic acid and
      trifluoromethane sulfonic acid.
PAR  A temperature range of from about -20.degree.C. to about 50.degree.C. can
      be used with a range of 20.degree.C. -30.degree.C. (room temperature)
      preferred. 100.degree.C., near the decomposition point of DAG, is the
      limiting temperature.
PAR  The compounds in which both O-isopropylidene groups have been replaced are
      prepared from L-sorbose following the procedure described in Reichstein
      and Grussner, Helv. Chim. Acta, 17, 311 (1934). In brief, a suitable
      ketone or aldehyde is reacted with L-sorbose in the presence of a strong
      acid catalyst e.g., sulfuric acid, at room temperature or below. The
      intermediate which forms, 2.3:4,6-di-O-alkylidene-.alpha.-L-sorbofuranose,
      is subsequently oxidized in alkaline or neutral media.
PAR  In the preparation of the di-O-alkylidene sorbofuranose, the strong acid
      catalysts include sulfuric acid, perchloric acid, hydrochloric acid,
      p-toluene sulfonic acid and the like with sulfuric acid preferred.
PAR  Since the reaction is exothermic room temperature or below are used with
      the preferred temperature range being from about 0.degree.C. to about
      -20.degree.C.
PAR  In the subsequent preparation of the acid from the sorbofuranose
      intermediate, oxidation is carried out in alkaline or neutral media using
      such agents as NaMnO.sub.4, K.sub.2 Cr.sub.2 O.sub.7, KMnO.sub.4 /KOH and
      NaOCl/Ni.sup.+.sup.+ with the latter two preferred. In addition, the
      oxidation can also be achieved catalytically using palladium or platinum
      and oxygen.
PAR  A temperature range of from room temperature to 100.degree.C. can be used
      from a range from about 50.degree.C. to about 60.degree.C. preferred.
PAR  It will be appreciated, of course, that all of the compounds represented by
      Formulas I and II are not active against all plants. However, each of the
      active compounds within the scope of this invention has activity against a
      specific plant or plants which is a function of the compound.
DETD
PAR  The following Examples illustrate the invention.
PAC  EXAMPLE 1
PAC  Preparation of Copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate hydrate
PAR  50 grams of cupric carbonate are suspended in 200 ml. of distilled water at
      0.degree.-5.degree.C. 29.2 grams of
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosic acid hydrate
      are added slowly over a 6 hour period. The mixture is stirred for about 24
      hours, filtered and the filtrate is concentrated to dryness under vacuum.
      The resulting green syrup crystallized on standing. This compound was then
      stirred with 50 ml. of a 1:1 acetone-hexane mixture and filtered. The
      purified product was analyzed as follows:
PAR  Calc. for C.sub.24 H.sub.34 O.sub.14 CU.H.sub.2 O: C, 45.89 H, 5.78 Cu,
      10.1 H.sub.2 O, 2.87; Found: C, 45.48 H, 5.89 Cu, 9.84 H.sub.2 O, 3.33.
PAC  EXAMPLE 2
PAC  Preparation of Tripyridine copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuransonate
PAR  50 grams of cupric carbonate were suspened in 200 ml. of pyridine. 29.2
      grams of 2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonic acid
      hydrate were added slowly with stirring. Stirring was continued for 24
      hours. The mixture was filtered and the filtrate was concentrated under
      vacuum. The crude deep-blue colored product was recrystallized from a 1:1
      acetone-hexane mixture.
PAR  Calc. for C.sub.24 H.sub.34 O.sub.14 Cu.(C.sub.5 H.sub.5 N).sub.3 : C,
      55.28 H, 5.83 N, 4.96; Found: C, 55.53 H, 6.10 N, 4.65.
PAC  Example 3
PAR   Following the procedure described in Example 2 above, but using
      4-methylpyridine as the solvent, di-(4-methylpyridine) copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate was
      prepared.
PAR  Calc. for C.sub.24 H.sub.34 O.sub.14 Cu.(C.sub.6 H.sub.7 N).sub.2 : C,
      54.29 H, 6.08 N, 3.52 Cu, 7.98; Found: C, 54.20 H, 6.08 N, 3.52 Cu, 7.98.
PAC  EXAMPLE 4
PAR  Following the procedure described in Example 2 above, but using
      2-methylpyridine as the solvent, di-(2-methylpyridine) copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate was
      prepared.
PAR  Calc. for C.sub.24 H.sub.34 O.sub.14 Cu.(C.sub.6 H.sub.7 N).sub.2 : C,
      54.29 H, 6.08 N, 3.52 Cu 7.98; Found: C, 54.07 H, 5.89 N, 3.38 Cu 7.38.
PAC  EXAMPLE 5
PAR  Following the procedure described in Example 2 above, but using
      3-methylpyridine as the solvent, tri-(3-methylpyridine) copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate hydrate was
      prepared.
PAR  Calc. for C.sub.24 H.sub.34 O.sub.14 Cu.(C.sub.6 H.sub.7 N).sub.3.H.sub.2
      O: C, 55.58 H, 6.32 N, 4.63 H.sub.2 O, 1.99; Found C, 55.44 H, 6.26 N,
      4.53 H.sub.2 O, 1.77.
PAC  EXAMPLE 6
PAC  Preparation of Diimidazole copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate hydrate
PAR  20 grams of cupric carbonate were suspended in 80 ml. of methyl alcohol and
      6.8 grams of imidazole. 20.2 grams of
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosic acid hydrate
      are added slowly over a 6 hour period. The mixture is stirred for about 24
      hours, at room temperature, filtered and evaporated to dryness.
PAR  Calc. for C.sub.24 H.sub.34 O.sub.14 Cu.(C.sub.3 H.sub.4 N.sub.2).sub.2.1/2
      H.sub.2 O: C, 47.71, H, 5.74, N, 7.42, H.sub.2 O, 1.19; Found: C, 47.44,
      H, 5.73, N, 7.22, H.sub.2 O, 1.21.
PAC  EXAMPLE 7
PAC  Preparation of 2,2'-Dipyridyl copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate hydrate
PAR  20 grams of cupric carbonate were suspened in 100 ml. of methyl alcohol and
      7.8 grams of 2,2'-dipyridyl. 20.2 grams of
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonic acid hydrate
      are added slowly over a 6 hour period. The mixture is stirred overnight at
      room temperature, filtered and evaporated to dryness under vacuum. The
      resulting blue compound was analyzed as follows:
PAR  Calc. for C.sub.24 H.sub.34 O.sub.14 Cu. (C.sub.5 H.sub.4 N).sub.2 .
      H.sub.2 O: C, 52.07, H, 5.65, N, 3.57, Cu, 8.10; Found: C, 51.82, H, 5.69,
      N, 3.69, Cu, 7.90.
PAC  EXAMPLE 8
PAR  The abscission activities of copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate hydrate
      (Formulation A in Table I below) and tripyridine copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate (Formulation
      B in Table I below) were evaluated on valencia oranges.
PAR  Each compound was dissolved in water form solutions containing 0.4% and
      0.2% by weight of active ingredient. 0.5% by weight of X-77, a
      surface-active agent, was added to each solution. A control spray solution
      containing 10 ppm of cycloheximide was also prepared.
PAR  The solutions were applied to tree branches at a pressure of 30 psi. using
      a CO.sub.2 sprayer equipped with a jet-set nozzle. Spraying was continued
      to run-off.
PAR  Ten days after spraying, ten fruit were clipped from each branch and a pull
      force gauge was used to measure the force need to remove the fruit from
      the stem.
PAR  The percent leaf drop was also estimated after 10 days.
PAR  Results are tabulated below.
TBL                                    Table I                                 

     __________________________________________________________________________

     Pull Force and Leaf Drop of Valencia Oranges 10 days after                

     Spray Application of Abscission Agents                                    

     Formulation                                                               

               Rate  Pull Force, Pounds                                        

                                Leaf Drop, Percent                             

     __________________________________________________________________________

     Untreated --    18.6        0                                             

                0.002%                                                         

     Cycloheximide                                                             

               (20 ppm)                                                        

                     0          95                                             

                0.001%                                                         

     Cycloheximide                                                             

               (10 ppm)                                                        

                     1.2        50                                             

     A         0.4%  2.5        30                                             

     A         0.2%  1.8        20                                             

     B         0.4%  2.5        80                                             

     B         0.2%  2.3        20                                             

     DAG, sodium salt                                                          

               0.4%  4.6        20                                             

     DAG, soidum salt                                                          

               0.2%  6.0        20                                             

     __________________________________________________________________________

      A - Copper (II)                                                          

      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate hydrate.   

      B - Tripyridine copper (II)                                              

      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate.           

CLMS
STM  I claim:
NUM  1.
PAR  1. Copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate hydrate.
NUM  2.
PAR  2. Tripyridine copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate.
NUM  3.
PAR  3. Diimidazole copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate hemihydrate.
NUM  4.
PAR  4. 2,2'-dipyridyl copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate hydrate.
NUM  5.
PAR  5. Di-(4-methylpyridine) copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate.
NUM  6.
PAR  6. Di-(2-methylpyridine) copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate.
NUM  7.
PAR  7. Tri-(3-methylpyridine) copper (II)
      2,3:4,6-di-O-isopropylidene-alpha-L-xylo-2-hexulofuranosonate hydrate.
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ABST
PAL  New ampicillin derivatives, probenecidoxymethyl and 1-ethyl esters of
      ampicillin and their pharmaceutically acceptable salts, useful as
      antibiotics. A method for preparing these antibiotics by condensing
      probenecidoxymethyl or 1-ethyl halide with an acid salt of
      6[D(-)-.alpha.-azidophenylacetamido] penicillanic acid, hydrogenating the
      azido group and isolating the product as a pharmaceutically acceptable
      salt of an acid. Pharmaceutical preparations containing the new
      antibiotics.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Free penicillins and their salts are generally less effective when taken
      orally than when administered parenterally. Because of inactivation in the
      stomach and gut, higher doses are required orally than parenterally in
      order to achieve the same blood levels, and there is a great variation in
      the ability of individuals to absorb penicillin into the blood by the oral
      route. Much research has in the past been directed to the discovery of
      penicillins which are less readily inactivated in the stomach and gut so
      that a relatively large part of the therapeutic agent administered orally
      can be absorbed into the blood. This has led to the development of some
      more highly orally-active penicillins.
PAR  When a penicillin arrives in the blood stream, whether by the oral or the
      parenteral route, some is broken down and the rest is excreted before
      inactivation. A dose of a sodium penicillin is normally completely
      eliminated from the body within a few hours of intramuscular injection.
      The concentration of the penicillin in the blood steadily decreases from
      its maximum level, and the pencillin may require replenishment by frequent
      repeated further administration in order to maintain a sufficient
      concentration until the presence of the therapeutic agent is no longer
      required. Accordingly research has in the past also been directed to the
      provision of long-acting preparations which release their penicillin
      content in such a way as to maintain a relatively high concentration of
      the therapeutic agent in the blood over a prolonged period. Thus, attempts
      have been made to solve this problem by means of penicillin salts or other
      derivatives from which the penicillin is chemically released in the body.
      It has in practice proved extremely difficult to find derivatives which
      will break down to release the free penicillin where it is required while
      at the same time not breaking down in the stomach. For example, many
      penicillin esters show no substantial therapeutic activity in man, as
      their hydrolysis to free penicillin in the body proceeds far too slowly.
PAR  Probenecid administered concomittantly with ampicillin derivatives has the
      valuable property of retarding the excretion of the ampicillin derivatives
      through the kidneys. The use of concomittantly administered probenecid for
      maintaining an elevated antibiotic level suffers from the disadvantage
      that several doses are required to build up the probenecid level so that
      its effect may be observed.
PAR  The present invention is directed to the new ampicillin derivatives,
      probenecidoxymethyl and 1-ethyl esters of ampicillin hydrochloride, which
      on oral administration are resistant to breakdown in the stomach but
      beyond the stomach hydrolyze with the release of free ampicillin which is
      absorbed and remains in the blood stream over a prolonged period by virtue
      of the fact that sufficient probenecid is formed as a result of the
      hydrolysis to retard the urinary excretion of ampicillin.
PAC  SUMMARY OF THE INVENTION
PAR  The ampicillin derivatives of the present invention are
      6[D(-)-.alpha.-aminophenylacetamido] penicillanic acid
      (p-dipropylsufamoyl)benzoyloxymethyl and 1-ethyl esters having the
      structure:
      ##SPC1##
PAL  wherein n=O or 1, and their pharmaceutically acceptable nontoxic salts and
      hereinafter referred to as probenecidoxymethyl or 1-ethyl ester of
      ampicillin. Salts of the new esters may be formed with inorganic acids,
      e.g. hydrochloric, hydrobromic, hydriodic, sulfuric, and phosphoric and
      the like; and organic acids such as citric, tartaric, maleic acid,
      probenecid and the like. The preferred salt of the new esters is the
      hydrochloride.
PAR  A process for preparing the ampicillin derivative of the present invention
      is one in which a benzoyloxymethyl or 1-ethyl halide, wherein the halide
      is selected from the group consisting of chlorine, bromine and iodine, is
      caused to condense with an acid salt of
      6[D(-)-.alpha.-azidophenylacetamido]penicillanic acid. Suitable acid salts
      are alkaline metal and amine salts, for example, lithium, sodium,
      potassium, tetrabutylammonium and triethyl amine salts. In the present
      invention the lithium salt is preferred. The benzoyloxymethyl or 1-ethyl
      halide is preferably the chloride but can also be the bromide or iodide.
      The benzoyloxymethyl or 1-ethyl chloride can be prepared by the reaction
      of benzoyl chloride with paraformaldehyde or acetaldehyde by heating the
      reagents together in the presence of anhydrous zinc chloride and
      subsequently isolating the benzoyloxymethyl or 1-ethyl chloride by column
      chromatography. The bromide or iodide can be prepared by reaction of the
      chloride with an alkali metal bromide or iodide in a suitable solvent.
PAR  The compound of the present invention is conveniently prepared by bringing
      the benzoyloxymethyl or 1-ethyl halide into contact with
      6[D(-)-.alpha.-azidophenylacetamido]penicillanic acid salt in an inert
      solvent at a temperature within the range of from 0.degree.-30.degree.C. A
      suitable solvent for the reaction is dimethylformamide which, preferably,
      should be as dry as possible in order to avoid side reactions with water
      which reduce the yield of product. After the reagents have been allowed
      sufficient time to react the dimethylformamide is removed in vacuo. The
      residue is taken up in chloroform and the chloroform layer containing the
      product is washed with sodium bicarbonate and sodium chloride solutions.
      After drying and evaporating the chloroform solvent, the remaining
      residual oil is purified by column chromatography. The azido group of this
      product is converted to the amine by hydrogenation at 45 psi in the
      presence of platinum. The resulting amine is treated with an inorganic or
      organic acid to convert it into a non-toxic pharmaceutically acceptable
      salt. The probenecidoxymethyl or 1-ethyl ester of ampicillin hydrochloride
      salt, which is the preferred salt, is obtained by treating the
      probenecidoxymethyl or 1-ethyl ester of ampicillin with 1N hydrochloric
      acid and freeze-drying.
DETD
     DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The process for preparing the ampicillin derivatives of the present
      invention is illustrated by the equations below wherein n=O or 1.
      ##SPC2##
PAR  The process is one in which probenecid I is converted to its acid chloride
      II which is reacted with paraformaldehyde or acetaldehyde to give
      probenecidoxymethyl or 1-ethyl chloride III, respectively. The
      probenecidoxymethyl or 1-ethyl chloride III is reacted with the lithium
      salt of 6[D(-)-.alpha.-azidophenylacetamido]penicillanic acid to give
      6[D(-)-.alpha.-azidophenylacetamido]penicillanic acid
      p-(dipropylsulfamoyl)benzoyloxymethyl or 1-ethyl ester which is
      hydrogenated to yield 6[D(-)-.alpha.-aminophenylacetamido]penicillanic
      acid p-(dipropylsulfamoyl)benzoyloxymethyl or 1-ethyl ester which is
      isolated as the hydrochloride salt. The
      6[D(-)-.alpha.-azidophenylacetamido]penicillanic acid has been described
      in Belgian Pat. No. 620,519.
PAR  The invention is illustrated by the following examples which illustrate the
      preparation of 6[D(-)-.alpha.-aminophenylacetamido]penicillanic acid
      p-(dipropylsulfamoyl)benzoyloxymethyl ester hydrochloride. One skilled in
      the art can apply these examples to prepare the corresponding 1-ethyl
      ester by merely substituted an equivalent amount of acetaldehyde for
      paraformaldehyde in Example 2. The infrared adsorption data (IR) refer to
      the positions of maxima given in reciprocal centimeters.
PAC  EXAMPLE 1
PAC  Preparation of p-(Dipropylsulfamoyl)benzoyl chloride II
PAR  To a suspension of 40 g. of p-(dipropylsulfamoyl)benzoic acid (I) in 100
      ml. of thionyl chloride is added 1 ml. of dry dimethyl formamide. The
      mixture is heated under gentle reflux for 18 hours and the thionyl
      chloride is removed under reduced pressure. The residual solid is
      extracted with hexane which is evaporated to give 40 g. of
      p-(dipropylsulfamoyl)benzoyl chloride (II) as a white solid m.p.
      62.degree.-63.degree.C. I.R. 1750, 1785 cm.sup.-.sup.1 (in nujol).
PAC  EXAMPLE 2
PAC  Preparation of p-(Dipropylsulfamoyl)benzoyloxymethyl chloride III
PAR  A mixture of 40 g. of p-(dipropylsulfamoyl)benzoyl chloride II, 40 g. of
      paraformaldehyde and 2 g. of freshly fuzed and powdered zinc chloride in
      100 ml. of dry dioxane is heated with stirring at 95.degree.-100.degree.C.
      for 5 hours and allowed to cool. The mixture is extracted with ether which
      is decanted and washed with sodium bicarbonate solution and with saturated
      ammonium sulfate solution, then dried over magnesium sulfate, and
      evaporated. The residue is applied on a column packed with 500 g. of
      silica gel and the p-(dipropylsulfamoyl)benzoyloxymethyl chloride (III)
      recovered by elution with methylene chloride. The yield is 25 g. of a
      heavy oil which partially solidifies. I.R. (in nujol) shows a C=O band at
      1750 cm.sup.-.sup.1. In NMR, the CH.sub.2 Cl group appears as a singlet at
      4.05.tau..
PAC  EXAMPLE 3
PAC  Preparation of 6[D(-)-.alpha.-azidophenylacetamido]penicillanic acid
      p-(dipropylsulfamoyl)benzoyloxymethyl ester IV
PAR  A solution of 6[D-(-)-.alpha.-azidophenylacetamido]pepenicillanic acid
      prepared by the method of Belgium Pat. No. 620,519, in ether is titrated
      with 0.2N lithium hydroxide to pH 7. The aqueous layer is separated and
      freeze-dried. To 8.1 g. of the lithium salt in 35 ml. of dimethylformamide
      is added 7 g. of p-(dipropylsulfamoyl)benzoyloxymethyl chloride and 3 g.
      of potassium iodide. The mixture is stirred at room temperature of six
      hours and the dimethylformamide is removed in vacuo. The residue is taken
      up in chloroform and washed with 3% sodium bicarbonate in 20% sodium
      chloride solution. The chloroform phase containing the product, is washed
      twice with sodium chloride solution, dried over sodium sulfate and
      evaporated. The residual oil is chromatographed on a column packed with
      450 g. of silica gel. Preliminary portions are eluted with 9 l. of
      methylene chloride then the product
      6[D(-)-.alpha.-azidophenylacetamido]penicillanic acid
      p-(dipropylsulfamoyl)benzoyloxymethyl ester (IV) is eluted with 1.5 l. of
      5% ethylacetate in methylene chlordie. The yield of product is 3.5 g. TLC
      on silica gel in 5% ethyl acetate-methylene chloride gives a single spot
      at R.sub.f 0.4.
PAC  EXAMPLE 4
PAC  Preparation of 6[D(-)-.alpha.-aminophenylacetamido]penicillanic acid
      p-(dipropylsulfamoyl)benzoyloxymethyl ester hydrochloride V
PAR  A solution of 3.7 g. of 6[D(-)-.alpha.-azidophenylacetamido]penicillanic
      acid p-(dipropylsulfamoyl)benzoyloxymethyl ester (IV) in 150 ml. of ethyl
      acetate is hydrogenated at a pressure of 45 psi in the presence of 1.5 g.
      of platinum oxide catalyst at room temperature for 90 minutes. The
      catalyst is filtered and ethyl acetate is evaporated under water-pump
      vacuum. The residual oil is dissolved in a mixture of 25 ml. of ethanol,
      25 ml. of ethyl acetate and 15 ml. of water and brought to pH 3.0 by the
      addition of N hydrochloric acid, with vigorous stirring. The mixture is
      concentrated to about 20 ml.; 60 ml. of water is added and the mixture is
      extracted with 100 ml. of ether. The emulsion which is formed is separated
      by centrifugation and the aqueous layer is filtered and freeze-dried. The
      yield of 6[D(-)-.alpha.-aminophenylacetamido]penicillanic acid
      p-(dipropylsulfamoyl)benzoyloxymethyl ester hydrochloride (V) in the form
      of a white powder is 2.5 g. Paper electrophoresis at pH 7 gives a single
      band at the origin. Electrophoresis at pH 2 and 100 v/cm for 20 min. gives
      a single band with a mobility of -7 cm. The I.R. shows broad multiple
      bands at 1740-1800 cm.sup.-.sup.1.
PAR  The present invention includes formulations in which the ampicillin
      derivatives of the invention are brought into association with
      pharmaceutically acceptable carriers to give a pharmaceutical formulations
      of the invention. The ampicillin derivatives of the present invention have
      the same usefulness as ampicillin in the treatment of humans and animals
      suffering from infections by pathogenic bacteria with the exception that
      whereas ampicillin is used in a dose range of from 200 mg. to 500 mg., the
      probenecidoxymethyl or 1-ethyl ester of ampicillin hydrochloride is
      preferably used in a range of 500 mg. to 1000 mg. because the molecular
      weight of the ester is approximately twice that of ampicillin. The
      ampicillin derivatives of this invention are useful in the treatment of
      infection in humans caused by the following pathogenic bacteria: various
      specie of Enterococcus, Gonococcus, Meningococcus, Pneumonocuccus and
      Haemophilus influenzae, Proteus mirabilis, .alpha.-and .beta.-hemolytic
      Streptococcus. In animals the antibiotic of the present invention is
      useful in the treatment of infections caused by Staphylococci,
      Streptococci and Escherichia coli.
PAR  The pharmaceutical preparations of the invention for oral use comprise the
      probenecidoxymethyl and 1-ethyl esters of ampicillin and their
      pharmaceutically acceptable non-toxic salts in association with a
      pharmaceutically acceptable carrier suitable for oral administration.
PAR  The pharmaceutically acceptable carrier can be either solid or liquid.
      Solid form preparations include powders, tablets and dispersable granules,
      capsules and cachets. A solid carrier can be one or more substances which
      may also act as flavoring agents, solubilizers, lubricants, suspending
      agents, binders or tablet disintegrating agents. It can also be an
      encapsulation material. In powders the carrier is a finely divided solid
      which is in admixture with the finely divided compound. In tablets the
      suitable solid carriers are magnesium carbonate, magnesium stearate, and
      dextrins. Liquid form preparations include solutions and suspensions.
      Aqueous suspensions suitable for oral use can be made by dispersing the
      finely divided compound in water with sodium carboxymethyl cellulose as
      suspending agent.
PAR  Preferably the pharmaceutical preparation is in unit dosage form. In such
      form the preparation is subdivided in unit dosages containing appropriate
      quantities of the compound. The unit dosage form can be a package
      preparation, the package containing discrete quantities of preparation,
      for example, packeted powders. The unit dosage form can be a capsule or
      tablet itself or it can be the appropriate number of any of these in
      packaged form. A unit dose of the preparation may contain between 150 and
      1,200 mg., and preferably from 500 to 1000 mg., of the penicillin
      derivative of the invention.
PAR  Below is described the method of formulating the probenecidoxymethyl and
      1-ethyl esters of ampicillin hydrochloride with non-toxic,
      pharmaceutically acceptable carriers in the form of tablets, liquid
      preparations and capsules, the quantity of active ingredient being in the
      range between 150 and 1,200 mg., and preferably from 500 to 1000 mg. As a
      non-limiting example of a dosage unit, the formulation below describes the
      preparation of a tablet containing 500 mg. probenecidoxymethyl ester of
      ampicillin hydrochloride per tablet. One skilled in the art can use the
      Examples below to prepare formulations containing equivalent amounts of
      the corresponding 1-ethyl ester.
PAC  EXAMPLE 5
PAC  Tablets Containing Probenecidoxymethyl Ester of Ampicillin Hydrochloride:
TBL                EXAMPLE 5                                                   

     ______________________________________                                    

     Tablets Containing Probenecidoxymethyl Ester of                           

     Ampicillin Hydrochloride                                                  

     Ingredients per 700 mg. tablet:                                           

     Probenecidoxymethyl Ester of                                              

     Ampicillin hydrochloride                                                  

                            500     parts                                      

     Starch                 132     parts                                      

     Cellulose Powder       60      parts                                      

     Magnesium Stearate     6       parts                                      

     ______________________________________                                    

PAR  The above ingredients are well mixed together, passed through a .noteq.140
      screen, granulated and passed through a .noteq.60 screen. With the
      resulting granules there is mixed further magnesium stearate (1 part) and
      the mixture is then compounded in a tabletting machine, to give tablets of
      700 mg. weight.
PAC  EXAMPLE 6
PAC  Liquid Preparation Containing probenecidoxymethyl Ester of Ampicillin
      Hydrochloride:
PAR  Probenecidoxymethyl ester of ampicillin hydrochloride is dissolved in
      polyethylene glycol of molecular weight 400 and the resulting solution
      diluted with the solvent in such a way that the final solution contains
      100 mg./cc. of the ampicillin derivative. A suitable unit dose of the
      resulting liquid preparation of the invention is 5 cc.
PAC  EXAMPLE 7
PAC  Capsules Containing Probenecidoxymethyl Ester of Ampicillin Hydrochloride:
PAR  Solid probenecidoxymethyl ester of ampicillin hydrochloride is filled into
      gelatin capsules in quantities of 360 mg. per capsule, to give a solid
      preparation of the invention with the gelatin acting as pharmaceutical
      carrier.
PAR  The advantages of the invention are further illustrated by the following
      test results.
PAR  Ampicillin trihydrate and probenecidoxymethyl ester of ampicillin
      hydrochloride were given to beagle dogs to assess bioavailability.
      Probenecidoxymethyl ester of ampicillin hydrochloride was given to a group
      of four dogs, and the ampicillin trihydrate control to a group of six
      dogs. Ampicillin trihydrate was given in a dose of 23.1 mg./kg. and the
      probenecidoxymethyl ester of ampicillin in a dose of 39.1 mg./kg.
PAR  The dosages of each compound were based upon a level equivalent to 20
      mg./kg. of anhydrous ampicillin. The compounds were given by gavage in a
      volume of 25 ml. of 1% aqueous methylcellulose; drug administration was
      immediately followed by a 15 ml. tap water flush of the gavage tube. Blood
      samples were collected in 5 ml. heparinized tubes just prior to treatment
      and 0.5, 1, 2, 3, 4, 6, 8, and 24 hours afterwards.
PAR  Food was withheld from the dogs for about 20 hours prior to dosing and
      throughout the first eight hours of sampling; a 400 gm. ration of
      commercial dog food (Wayne) was presented to the dogs after the eight-hour
      sample. Water was available at all times.
PAR  No physical signs, such as vomiting, diarrhea, etc., attributed to drug
      treatment were seen.
PAR  Ampicillin assay data are presented in Table I below.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Ampicillin Trihydrate - 23 mg./kg. initial dose - equal to 20 mg./kg. of  

     anhydrous ampicillin                                                      

                     Hours After Administration                                

                     0     0.5 1   2   3   4   6   8   24   t 1/2              

     Ampicillin - mcg./ml. plasma                                              

                     &lt;0.13 4.19                                                

                               6.64                                            

                                   5.00                                        

                                       2.23                                    

                                           0.90                                

                                               0.17                            

                                                   0.03                        

                                                       &lt;0.13                   

                                                            0.8 hours          

     Average of six dogs                                                       

     Probenecidoxymethyl ester of ampicillin hydrochloride - 39.1 mg./kg.      

     initial dose - equal to 20 mg./kg.                                        

     of anhydrous ampicillin                                                   

                     Hours After Administration                                

                     0     0.5 1   2   3   4   6   8   24   t 1/2              

     Ampicillin - mcg./ml. plasma                                              

                     &lt;0.13 2.64                                                

                               7.11                                            

                                   5.51                                        

                                       3.91                                    

                                           2.37                                

                                               0.91                            

                                                   0.35                        

                                                       &lt;0.13                   

                                                            1.5 hours          

     Average of four dogs                                                      

     __________________________________________________________________________

PAR  The results demonstrate the higher blood levels achieved with this compound
      of the invention after one hour and the prolonged maintenance of
      substantial levels for at least 8 hours, as compared to ampicillin
      trihydrate. Furthermore, the half life, t 1/2, of ampicillin elimination
      was increased from 0.8 hours to 1.5 hours by the use of this compound of
      the invention. The half life, t 1/2, is determined from the slope of a
      plot of .mu.g ampicillin/ml. plasma versus time in hours between 2 and 6
      hours after administration of a test dose.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Probenecidoxymethyl ester of ampicillin or probenecidoxy-1-ethyl ester
      of ampicillin and non-toxic salts thereof.
NUM  2.
PAR  2. A compound according to claim 1 wherein the non-toxic salt is the
      hydrochloride.
NUM  3.
PAR  3. A compound according to claim 2 named probenecidoxymethyl ester of
      ampicillin hydrochloride.
NUM  4.
PAR  4. A compound according to claim 2 named probenecidoxy-1-ethyl ester of
      ampicillin hydrochloride.
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ABST
PAL  Novel dibenzo (b,f) azepines of the formula
      ##SPC1##
PAL  Wherein R is alkyl of 1 to 4 carbon atoms, R.sub.1 is selected from the
      group consisting of hydrogen and alkyl of 1 to 4 carbon atoms, n is 0, 1
      or 2 and AlK is alkyl of 1 to 2 carbon atoms and their non-toxic,
      pharmaceutically acceptable acid addition salts having antidepressant and
      neurosedative activity.
BSUM
PAC  STATE OF THE ART
PAR  French patent No. 2,043,486 describes dibenzo (b,f) azepines optionally
      substituted with halogen and French medical patent No. 6398 M describes
      dibenzo (b,f) azepines substituted in the 10-position with an amine chain
      with one carbon atom between the nitrogen atom and the 10-carbon of the
      dibenzo (b,f) azepine ring, and unsubstituted on the benzene rings.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide the novel dibenzoazepines of
      formula I and their acid addition salts.
PAR  It is another object of the invention to provide a novel process for the
      preparation of the compounds of formula I and novel intermediates produced
      therein.
PAR  It is a further object of the invention to provide novel antidepressant and
      neurosedative compositions and to provide a novel method of relieving
      depression in warm-blooded animals.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAR  The novel dibenzo (b,f) azepines of the invention are selected from the
      group consisting of compounds of the formula
      ##SPC2##
PAL  Wherein R is alkyl of 1 to 4 carbon atoms, R.sub.1 is selected from the
      group consisting of hydrogen and alkyl of 1 to 4 carbon atoms, n is 0, 1
      or 2 and AlK is alkyl of 1 to 2 carbom atoms and their non-toxic,
      pharmaceutically acceptable acid addition salts.
PAR  Examples of suitable acids for the formation of the non-toxic,
      pharmaceutically acceptable acid addition salts of the compounds of
      formula I are inorganic acids such as hydrochloric acid, hydrobromic acid,
      nitric acid, sulfuric acid or phosphoric acid and organic acids such as
      acetic acid, formic acid, benzoic acid, maleic acid, fumaric acid,
      succinic acid, tartaric acid, citric acid, oxalic acid, benzylic acid,
      glyoxylic acid, aspartic acid, alkane sulfonic acids and arylsulfonic
      acids.
PAR  The preferred compounds of the invention of formula I are those wherein AlK
      is ethyl, n is 0 or 2 and R and R.sub.1 have the above definitions and
      their non-toxic pharmaceutically acceptable acid addition salts.
PAR  The novel process of the invention for the preparation of the
      dibenzoazepines of formula I comprises reacting a compound of the formula
      ##SPC3##
PAL  With N-bromosuccinimide in dimethylformamide to obtain the product of the
      formula
      ##SPC4##
PAL  Reacting the latter with an alkyl orthoformate of the formula HC(OZ).sub.3
      wherein Z is lower alkyl of 1 to 7 carbon atoms to form a compound of the
      formula
      ##SPC5##
PAL  Treating the latter with a cuprous alkylmercaptan of the formula Cu--S--AlK
      wherein AlK has the above definition followed then hydrolysing the
      resulting compound to obtain a compound of the formula
      ##SPC6##
PAL  Reacting the latter with an alkyl haloalkanoate of the formula
EQU  X--CH.sub.2 --COOR' VI
PAL  wherein X is chlorine, bromine or iodine and R' is lower alkyl of 1 to 7
      carbon atoms in the presence of zinc to form a compound of the formula
      ##SPC7##
PAL  dehydrating the latter in an acid media to form an ester of the formula
      ##SPC8##
PAL  treating the latter with a saponification agent and then with an acid to
      form an acid of the formula
      ##SPC9##
      transforming the acid function into a functional derivative and reacting
      the latter with an amine of the formula
      ##EQU1##
      wherein R and R.sub.1 have the above definition to obtian a compound of
      the formula
      ##SPC10##
PAL  and reacting the latter with a mixed alkali metal hydride to obtain the
      corresponding compound of formula I wherein n is O and optionally reacting
      the latter with an oxidizing agent to obtain a compound of formula I
      wherein n is 1 or 2 or reacting the product of formula I wherein n is O,
      AlK is defined as above and R and R.sub.1 are methyl with an alkyl
      chloroformate of the formula
EQU  C1--COOZ
PAL  wherein Z is alkyl of 1 to 7 carbon atoms to obtain a compound of the
      formula
      ##SPC11##
      which can be saponified and decarboxylated to obtain a compound of formula
      I wherein R is methyl, R.sub.1 is hydrogen, n is O and AlK have the above
      definition or reacting the product of formula XII with a oxidizing agent
      to obtain a compound of the formula
      ##SPC12##
PAL  which can then be saponified and decarboxylated to obtain a compound of
      formula I wherein n is 1 or 2, R.sub.1 is hydrogen, R is methyl and AlK
      has the above definition.
PAR  The acid addition salts of the compounds of formula I may be formed by
      treatment of the free base of formula I with the corresponding inorganic
      or organic acids without isolation of the free base, particularly with
      practically stoichiometric proportions.
PAR  Among the preferred conditions of the invention, the alkyl orthoformate is
      preferably methyl or ethyl orthoformate and in the alkyl haloalkanoate of
      formula VI X is chlorine or bromine such as ethyl chloroacetate or ethyl
      bromoacetate. The dehydration of the compound of formula VII is effected
      with a strong mineral acid or an arylsulfonic acid. The functional
      derivative of the compound of formula IX is preferably an aryl ester, i.e,
      phenyl substituted with p-nitro which can be obtained by reacting the acid
      of formula IX with p-nitrophenol in the presence of a dialkylcarbodiimide
      or a dicycloalkylcarbodiimide. The mixed alkali metal hydride is
      preferably lithium aluminum hydride and the oxidizing agent is preferably
      hydrogen peroxide.
PAR  The novel intermediates of the invention formed in the process are the
      products of formula V, particularly 2-ethylthio-5-methyl-10,11-dihydro
      [5H]  dibenzo (b,f) azepine-11-one; the products of formula VII,
      particularly
      2-ethylthio-5-methyl-11-hydroxy-11-ethoxycarbonylmethyl-10,11-dihydro [5H]
      dibenzo (b,f) azepine; the ethylenic esters of formula VIII, particularly
      2-ethylthio-5-methyl-11-ethoxycarbonylmethylene-10,11-dihydro [5H] dibenzo
      (b,f) azepine; the acids of formula IX, particularly
      2-ethylthio-5-methyl-11-carboxymethyl [5H] dibenzo (b,f) azepine; and the
      compounds of formula XI, particularly
      2-ethylthio-5-methyl-11-(dimethylcarbamoylmethyl) [5H] dibenzo (b,f)
      azepine.
PAR  The novel antidepressant and neurosedative compositions of the invention
      are comprised of an effective amount of at least one compound of formula I
      or their non-toxic, pharmaceutically acceptable acid addition salts and a
      pharmaceutical carrier. The compositions may be in solid or liquid form
      such as tablets, dragees, gelules, granules, suppositories, or injectable
      solutions or suspensions prepared in the usual manner. The excipients may
      be any of those ordinarily used such as talc, gum arabic, lactose, amidon,
      magnesium stearate, cacao butter, aqueous or non-aqueous vehicles, animal
      or vegetable fatty bodies, paraffinic derivatives, glycols, preservatives,
      and diverse wetting agents, dispersants or emulsifiers.
PAR  The compositions are useful as antidepressant or neurosedative medicaments
      and are useful for the treatment of depressive states like anxiety.
PAR  The novel method of the invention for relieving depression in warm-blooded
      animals comprises administering to warmblooded animals an antidepressantly
      effective amount of at least one compound of formula I and their
      non-toxic, pharmaceutically acceptable acid addition salts. The compounds
      may be administered orally, rectally, or parenterally. The usual useful
      dose is 0.5 to 5 mg/kg depending upon the method of administration and the
      particular compound.
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it should be understood that the
      invention is not intended to be limited to the specific embodiments.
DETD
PAC  EXAMPLE 1
PAC  2-ethylthio-5-methyl-11-(.beta.-dimethylaminoethyl) [5H] dibenzo (b,f)
      azepine and its hydrochloride
PAC  STEP A:
PAC  2-bromo-5-methyl-10,11-dihydro [5H] dibenzo (b,f) azepine-11-one
PAR  22.81 g of N-bromosuccimide were added over 15 minutes at room temperature
      to a solution of 25 g of 5-methyl-10,11-dihydro [5H] dibenzo (b,f)
      azepine-10-one in 250 ml of dimethylformamide under a nitrogen atmosphere
      and the mixture was stirred for 30 minutes at room temperature. The
      reaction mixture was poured into 2 liters of ice water and was extracted
      with ether. The ether extracts were washed with water, dried over
      magnesium sulfate and evaporated to dryness to obtain 34 g of
      2-bromo-5-methyl-10,11-dihydro [5H] dibenzo (b,f) azepine-11-one. The
      product was dissolved in 100 ml of refluxing ethyl acetate and the
      solution was filtered hot and concentrated to the start of
      crystallization. The mixture was iced for 30 minutes and vacuum filtered.
      The recovered precipitate was washed with ethyl acetate and dried under
      reduced pressure to obtain 29.5 g of the said product in the form of pale
      yellow crystals melting at 128.degree.-129.degree.C.
TBL  __________________________________________________________________________

     Analysis:                                                                 

            C.sub.15 H.sub.12 BrNO                                             

     Calculated:                                                               

            %C 59.62                                                           

                    %H 4.00                                                    

                           %Br 26.44                                           

                                    %N 4.63                                    

     Found: 59.3    3.8    26.1     4.5                                        

     __________________________________________________________________________

PAC  STEP B:
PAC  2-bromo-5-methyl-11-ethoxy [5H] dibenzo (b,f) azepine
PAR  A suspension of 29.5 g of 2-bromo-5-methyl-10,11-dihydro [5H] dibenzo (b,f)
      azepine-11-one, 295 ml of ethanol and 29.5 ml of ethyl orthoformate was
      heated to 70.degree.C and then 1 g of p-toluene sulfonic acid was added
      thereto in small fractions. The mixture was held at 70.degree.C for 11/2
      hours and then 15 ml of triethylamine were added dropwise while still hot
      and the mixture was then cooled. The product crystallized and the mixture
      was diluted with 300 ml of distilled water, was stirred at room
      temperature for 30 minutes and was vacuum filtered. The recovered
      precipitate was washed with water and dried to obtain 31.8 g of
      2-bromo-5-methyl-11-ethoxy [5H] dibenzo (b,f) azepine as pale yellow
      crystals melting at 131.degree.C.
TBL  __________________________________________________________________________

     Analysis:                                                                 

            C.sub.17 H.sub.16 BrNO                                             

     Calculated:                                                               

            %C 61.83                                                           

                    %H 4.88                                                    

                           %Br 24.19                                           

                                    %N 4.24                                    

     Found: 61.8    5.0    24.2     4.3                                        

     __________________________________________________________________________

PAC  STEP C:
PAC  2-ethylthio-5-methyl-10,11-dihydro [5H] dibenzo (b,f) azepine-11-one
PAR  A mixture of 31.8 g of 2-bromo-5-methyl-11-ethoxy [5H] dibenzo (b,f)
      azepine, 17.85 g of cuprous ethylmercaptan, 320 ml of 99% quinoline and 48
      ml of pyridine was refluxed for 5 hours and after cooling, the resulting
      solution was poured into 4 liters of 6N hydrochloric acid. The mixture was
      stirred for 30 minutes at room temperature and was then extracted with
      methylene chloride. The organic extracts were washed with 2N hydrochloric
      acid and then water until the wash waters were neutral. The solution was
      dried over magnesium sulfate and evaporated to dryness to obtain 30 g of
      product. The product was purified by chromatography over silica gel with a
      9:1 benzene-ethyl acetate mixture as eluant which was evaporated to obtain
      27.1 g of 2-ehtylthio-5-methyl-10,11-dihydro [5H] dibenzo (b,f)
      azepine-11-one as pale yellow crystals melting at 54.degree.-55.degree.C.
TBL  __________________________________________________________________________

     Analysis:                                                                 

            C.sub.17 H.sub.17 NOS                                              

     Calculated:                                                               

            %C 72.04                                                           

                    %H 6.04                                                    

                           %N 4.94                                             

                                  %S 11.31                                     

     Found: 72.1    5.8    5.0    11.1                                         

     __________________________________________________________________________

PAC  STEP D:
PAC  2-ethylthio-5-methyl-11-hydroxy-11-ethoxycarbonylmethyl-10,11-dihydro [5H]
      dibenzo (b,f) azepine
PAR  A complex of zinc and ethyl bromoacetate was prepared by reacting zinc and
      a solution of ethyl bromoacetate in methylal at reflux to obtain an 0.84M
      solution of zinc complex of ethyl bromoacetate. 300 ml of this solution
      were added over 20 minutes at 8-10.degree.C to a solution of 22.7 g of
      2-ethylthio-5-methyl-10,11-dihydro [5H] dibenzo (b,f) azepine -11-one in
      290 ml of tetrahydrofuran and the mixture was stirred for 3 hours at
      10.degree.C and then maintained for 16 hours at 0.degree.C. A solution of
      120 g of ammonium chloride in 1.2 liters of distilled water was then added
      dropwise while keeping the temperature below 10.degree.C and the mixture
      was extracted with methylene chloride. The organic phase was washed with
      water, dried over magnesium sulfate and distilled to dryness under reduced
      pressure to obtain 35 g of
      2-ethylthio-5-methyl-11-hydroxy-11-ethoxycarbonylmethyl-10,11-dihydro [5H]
      dibenzo (b,f) azepine in the form of a yellow oil soluble in chlorinated
      solvents, alcohols and ethyl acetate and insoluble in water. The product
      was used as is for the next step.
PAR  I.R. Spectrum (chloroform): Presence of aromatic at 1602,
      1588.sup.cm.sup.-1, of OH at 3476.sup.cm.sup.-1 and of carbonyl at
      1712.sup.cm.sup.-1.
TBL  ______________________________________                                    

     U.V. Spectrum (ethanol):                                                  

     Max. at 280 nm   E.sub.1cm.sup.1% = 442                                   

                                  .epsilon. = 16,400                           

     Max. at 380 nm   E.sub.1cm.sup.1% =  6                                    

     ______________________________________                                    

PAC  STEP E:
PAC  2-ethylthio-5-methyl-11-ethoxycarbonylmethylene-10,11 -dihydro [5H] dibenzo
      (b,f) azepine
PAR  A mixture of 35 g of
      2-ethylthio-5-methyl-11-hydroxy-11-ethoxycarbonylmethyl-10,11-dihydro [5H]
      dibenzo (b,f) azepine, 500 ml of ethanol and 50 ml of 2N hydrochloric acid
      was stirred for 3 hours at room temperature. The mixture was poured into 2
      kg of ice and the mixture was extracted with ethyl acetate. The organic
      extracts were washed with water, dried over magnesium sulfate and
      distilled to dryness under reduced pressure. The residue was
      chromatographed over silica gel with a 98-2 mixture of benzene-ethyl
      acetate as eluant which was evaporated to obtain 27.3 g of
      2-ethylthio-5-methyl-11-ethoxycarbonylmethylene-10,11-dihydro [5H] dibenzo
      (b,f) azepine in the form of a yellow oil soluble in alcohol, chlorinated
      solvents and ethyl acetate and insoluble in water.
PAR  I.R. Spectrum (chloroform): Absence of OH, presence of carbonyl at
      1699.sup.cm.sup.-1
     U.V. Spectrum (ethanol):                                                  

     Max. at 272-273nm                                                         

                      E.sub.1cm.sup.1% = 685                                   

                                  .epsilon. = 24,600                           

     Inflex. towards 292nm                                                     

                      E.sub.1cm.sup.1% = 520                                   

     Max. at 384nm    E.sub.1cm.sup.1% = 186                                   

                                  .epsilon. =  6,700                           

PAC  STEP F:
PAC  2-ethylthio-5-methyl-11-carboxymethyl [5H] dibenzo (b,f) azepine
PAR  A mixture of 27.3 g of
      2-ethylthio-5-methyl-11-ethoxycarbonylmethylene-10,11-dihydro [5H] dibenzo
      (b,f) azepine in 750 ml of ethanol was stirred until complete dissolution
      occured and then 120 g of potassium hydroxide were added. The mixture was
      held at room temperature for 30 minutes and then was poured into a mixture
      of 2 kg of ice and 270 ml of hydrochloric acid. The mixture was stirred
      for 30 minutes and was extracted with methylene chloride. The organic
      phase was washed with water, dried over magnesium sulfate and distilled to
      dryness under reduced pressure. The 23 g of product were dissolved in 200
      ml of refluxing ethyl acetate and the solution was filtered and was
      slightly concentrated. Crystallization was induced and the mixture was
      iced for 30 minutes and then vacuum filtered. The recovered precipitate
      was washed with ethyl acetate and dried under reduced pressure to obtain
      19.64 g of 2-ethylthio-5-methyl-11 -carboxymethyl [5H] dibenzo (b,f)
      azepine which was used as is for the next step. For analysis, the product
      was crystallized from ethyl acetate and was a yellow crystalline solid
      melting at 164.degree.C.
TBL  __________________________________________________________________________

     Analysis:                                                                 

            C.sub.19 H.sub.19 NO.sub.2 S                                       

     Calculated:                                                               

            %C 70.12                                                           

                    %H 5.88                                                    

                           %N 4.03                                             

                                  %S 9.85                                      

     Found: 69.9    6.0    4.1    9.5                                          

     __________________________________________________________________________

PAC  STEP G:
PAC  2-ethylthio-5-methyl-11-(p-nitrophenoxycarbonyl) methyl [5H] dibenzo (b,f)
      azepine
PAR  A suspension of 2 g of 2-ethylthio-5-methyl-11-carboxymethyl [5H] dibenzo
      (b,f) azepine in 40 ml of ethyl acetate was heated until dissolution
      occured and after cooling the mixture, 840 mg of p-nitrophenol were added
      thereto. After total dissolution, 1.28 g of dicyclohexylcarbodiimide in
      4.8 ml of ethyl acetate were added thereto and the mixture was refluxed
      with stirring for 1 hour. 130 mg of dicyclohexylcarbodiimide were then
      added and reflux with stirring was continued for 30 minutes. After
      cooling, the mixture was vacuum filtered and the filtrate was distilled to
      dryness under reduced pressure to obtain 3.9 g of raw product. The product
      was purified by chromatography over silica gel with a 98-2 benzene-ethyl
      acetate mixture as eluant to obtain 2.4 g of
      2-ethylthio-5-methyl-11-(p-nitrophenoxycarbonyl)-methyl [5H] dibenzo (b,f)
      azepine as a yellow oil soluble in ethyl acetate, ethanol and chloroform
      and insoluble in water.
PAR  I.R. Spectrum (chloroform): Presence of C=O at 1763.sup.cm.sup.-1, of
      aromatic and conjugated C=C at 1618, 1594, 1575 and 1488.sup.cm.sup.-1 and
      NO.sub.2 at 1522 and 1347.sup.cm.sup.-1
     U.V. Spectrum (ethanol)                                                   

     Max. at 263 nm   E.sub.1cm.sup.1% = 860                                   

                                  .epsilon. = 38,400                           

PAC  STEP H:
PAC  2-ethylthio-5-methyl-11-dimethylcarbamoylmethyl [5H] dibenzo (b,f) azepine
PAR  A mixture of 11.35 g of
      2-ethylthio-5-methyl-11-(p-nitrophenoxycarbonyl)methyl [5H] dibenzo (b,f)
      azepine in 45 ml of chloroform was stirred until dissolution occured and a
      solution of 12 ml of dimethylamine in 45 ml of chloroform was added
      dropwise thereto in 10 minutes. The mixture was stirred for 1 hour at room
      temperature and then was poured into 250 ml of ice and water. The organic
      phase was recovered by decanting and was washed with water, dried over
      magnesium sulfate and distilled to dryness under reduced pressure to
      obtain 9 g of 2-ethylthio-5-methyl-11-dimethylcarbamoylmethyl [5H] dibenzo
      (b,f) azepine which was used as is for the next step. The product occured
      as a yellow oil soluble in chloroform, ethanol and ethyl acetate and
      insoluble in water.
PAR  I.R. Spectrum (chloroform): Presence of amide: complex band at 1643,
      1634.sup.cm.sup.-1, and aromatic and C=C at 1597, 1561 and
      1578.sup.cm.sup.-1.
TBL  ______________________________________                                    

     U.V. Spectrum (ethanol):                                                  

     Inflex. towards 219 nm                                                    

                      E.sub.1cm.sup.1% = 692                                   

     Max. at 261 nm   E.sub.1cm.sup.1% = 888                                   

                                  .epsilon. = 31,200                           

     Inflex. towards 343nm                                                     

                      E.sub.1cm.sup.1% =  24                                   

     ______________________________________                                    

PAC  STEP I:
PAC  2-ethylthio-5-methyl-11-(.beta.-dimethylaminoethyl) [5H] dibenzo (b,f)
      azepine and its hydrochloride
PAR  2.2 g of lithium aluminum hydride were added in small fractions to a
      solution of 9 g of 2-ethylthio-5-methyl-11-dimethylcarbamoylmethyl [5H]
      dibenzo (b,f) azepine in 270 ml of tetrahydrofuran while keeping the
      temperature below 30.degree.C and the mixture was stirred for 2 hours at
      room temperature and was cooled to 0.degree.C. Ethyl acetate was added to
      the mixture followed by a 2N sodium hydroxide solution to dissociate the
      precipitate formed. The insolubles were removed by filtration and the
      organic phase was recovered by decanting. The aqueous phase was extracted
      with ethyl acetate and the combined organic phases were washed with water,
      dried over magnesium sulfate and evaporated to dryness. The residue was
      chromatographed over silica gel with a 60-30-10 mixture of
      cyclohexane-chloroform-triethylamine as eluant which was evaporated to
      obtain 7.1 g of raw 2-ethylthio-5-methyl-11-(.beta.-dimethylamino ethyl)
      [5H] dibenzo (b,f) azepine.
PAR  The product was dissolved in 200 ml of ethyl acetate and a solution of
      ethyl acetate saturated with hydrochloric acid was added dropwise thereto
      until the pH became acidic. The precipitate formed was dissolved in 200 ml
      of methylene chloride and 200 ml of ethyl acetate were added thereto. The
      methylene chloride was removed by distillation and the solution was
      filtered and concentrated to about 200 ml of ethyl acetate.
      Crystallization was induced and after icing, the mixture was vacuum
      filtered. The recovered precipitate was washed with ethyl acetate and
      dried under reduced pressure to obtain 5.85 g of a product melting at
      176.degree.C. Two successive crystallizations from ethyl acetate gave 4.05
      g of 2-ethylthio-5-methyl-11-(.beta.-dimethylaminoethyl) [5H] dibenzo
      (b,f) azepine hydrochloride melting at 176.degree.C. The product occured
      as yellow crystals soluble in chloroform, ethanol and water and slightly
      soluble in ethyl acetate.
TBL  __________________________________________________________________________

     Analysis:                                                                 

            C.sub.21 H.sub.27 ClN.sub.2 S                                      

     Calculated:                                                               

            %C 67.26                                                           

                    %H 7.25                                                    

                           %N 7.47                                             

                                  %S 8.55                                      

                                         %Cl 9.45                              

     Found: 67.0    7.0    7.2    8.8    9.5                                   

     __________________________________________________________________________

PAC  EXAMPLE 2
PAC  2-ethylsulfonyl-5-methyl-11-(.beta.-dimethylaminoethyl) [5H] dibenzo (b,f)
      azepine and its hydrochloride
PAR  5.1 ml of 30% hydrogen peroxide were added dropwise in 10 minutes to a
      solution of 4.25 g of 2-ethylthio-5-methyl-11-(.beta.-dimethylaminoethyl)
      [5H] dibenzo (b,f) azepine hydrochloride in 42.5 ml of acetic acid heated
      to 65.degree.C and the mixture was stirred at 65.degree.C for 4 hours and
      then was cooled. The mixture was poured into 200 ml of ice and water and
      the solution was made alkaline by addition of sodium hydroxide. The
      mixture was extracted with methylene chloride and the organic phase was
      washed with water, dried over magnesium sulfate and distilled to dryness
      under reduced pressure. The residue was chromatographed over silica gel
      with a 95-5 mixture of chloroform-methanol as eluant which was distilled
      to obtain 2.85 g of
      2-ethylsulfonyl-5-methyl-11-(.beta.-dimethylaminoethyl) [5H] dibenzo (b,f)
      azepine.
PAR  The said product was dissolved in 50 ml of isopropanol and a solution of
      isopropanol saturated with gaseous hydrochloric acid was added dropwise
      until the pH was acidic. The resulting precipitate was redissolved by
      heating and the solution was filtered. The filtrate was concentrated to
      about 25 ml, was iced and vacuum filtered. The recovered product was
      washed with isopropanol and dried under reduced pressure to obtain 2.1 g
      of 2-ethylsulfonyl-5-methyl-11-(.beta.-dimethylaminoethyl) [5H] dibenzo
      (b,f) azepine hydrochloride which after it was crystallized from
      isopropanol melted at 206.degree.C. The product occured as white crystals
      soluble in ethanol, chloroform and water and slightly soluble in ethyl
      acetate and isopropanol.
TBL  __________________________________________________________________________

     Analysis:                                                                 

            C.sub.21 H.sub.27 ClN.sub.2 O.sub.2 S                              

     Calculated:                                                               

            %C 61.98                                                           

                    %H 6.69                                                    

                           %N 6.88                                             

                                  %S 7.88                                      

                                         %Cl 8.71                              

     Found: 61.9    7.0    6.9    7.8    8.4                                   

     __________________________________________________________________________

PAC  EXAMPLE 3
PAC  2-ethylthio-5-methyl-11-(.beta.-methylaminoethyl) [5H] dibenzo (b,f)
      azepine and its fumarate.
PAC  STEP A:
PAC  2-ethylthio-5-methyl-11-(.beta.-methylaminoethyl)-N-ethoxycarbonyl [5H]
      dibenzo (b,f) azepine
PAR  4.5 ml of ethyl chloroformate were added dropwise to a solution of 4.5 g of
      2-ethylthio-5-methyl-11-(.beta.-dimethylaminoethyl) [5H] dibenzo (b,f)
      azepine (Example 1) in 45 ml of benzene and the mixture was refluxed for 5
      hours and then was cooled. The mixture was poured into water and ice and
      was extracted with ethyl acetate. The organic extracts were washed with
      water, with 2N hydrochloric acid, again with water, dried over magnesium
      sulfate and distilled to dryness under reduced pressure to obtain 5.2 g of
      2-ethylthio-5-methyl-11-(.beta.-methyaminoethyl)-N-ethoxycarbonyl [5H]
      dibenzo (b,f) azepine which was used as is for the next step. The product
      occured as a yellow oil soluble in chloroform, ethanol and ethyl acetate
      and insoluble in water.
PAR  I.R. Spectrum (chloroform): Presence of complex carbonyl band towards
      1691.sup.cm.sup.-1 and of aromatic at 1595.sup.cm.sup.-1 and
      1577.sup.cm.sup.-1.
TBL  ______________________________________                                    

     U.V. Spectrum (ethanol):                                                  

     Inflex. at 220 nm                                                         

                      E.sub.1cm.sup.1% = 531                                   

     Max. at 262 nm   E.sub.1cm.sup.1% = 755                                   

                                  .epsilon. = 30,000                           

     Inflex. at 344 nm                                                         

                      E.sub.1cm.sup.1% =  22                                   

     ______________________________________                                    

PAC  STEP B:
PAC  2-ethylthio-5-methyl-11-(.beta.-methylaminoethyl) [5H] dibenzo (b,f)
      azepine and its fumarate.
PAR  4 g of potassium hydroxide were added to a solution of 4 g of
      2-ethylthio-5-methyl-11-(.beta.-methylaminoethyl)-N-ethoxycarbonyl [5H]
      dibenzo (b,f) azepine in 40 ml of 1N of n-butanol and the mixture was
      refluxed for 20 hours and then was cooled. The mixture was poured into ice
      and water and was extracted with ether. The ether extracts were washed
      with water and extracted with 2N hydrochloric acid to remove the amine
      fraction. The mixture was then made alkaline by addition of sodium
      hydroxide and extracted again with ether. The ether phase was washed with
      water, dried over magnesium sulfate and distilled to dryness under reduced
      pressure to obtain 2.84 g of raw
      2-ethylthio-5-methyl-11-(.beta.-methylaminoethyl) [5H] dibenzo (b,f)
      azepine.
PAR  The said 2.84 g were dissolved in 10 ml of methanol and then a solution of
      950 mg of fumaric acid in 10 ml of methanol were added thereto. After
      dissolution, 50 ml of ethyl acetate were added and the mixture was
      filtered. The filtrate was concentrated and ethyl acetate was added until
      the appearance of a slight turbidity. Crystallization was inducted and the
      mixture was iced and vacuum filtered. The recovered precipitate was washed
      with ethyl acetate and dried under reduced pressure to obtain 3.25 g of
      raw product which was crystallized from isopropanol to obtain 2.78 g of
      the fumarate of 2-ethylthio-5-methyl-11-(.beta.-methylaminoethyl) [5H]
      dibenzo (b,f) azepine in the form of pale yellow crystals melting at
      135.degree.C. The product was soluble in ethanol and water and slightly
      soluble in isopropanol.
TBL  __________________________________________________________________________

     Analysis:                                                                 

            C.sub.24 H.sub.28 N.sub.2 O.sub.4 S                                

     Calculated:                                                               

            %C 65.43                                                           

                    %H 6.40                                                    

                           %N 6.35                                             

                                  %S 7.28                                      

     Found: 65.1    6.2    6.2    7.3                                          

     __________________________________________________________________________

PAC  EXAMPLE 4
PAC  2-ethylsulfonyl-5-methyl-11-(.beta.-methylaminoethyl) [5H] dibenzo (b,f)
      azepine
PAC  STEP A:
PAC  2-ethylsulfonyl-5-methyl-11-(.beta.-methylaminoethyl)-N-ethoxycarbonyl [5H]
      dibenzo (b,f) azepine
PAR  A solution of 8.4 g of
      2-ethylthio-5-methyl-11-(.beta.-methylaminoethyl)-N-ethoxycarbonyl [5H]
      dibenezo (b,f) azepine (Example 3, Step A) in 84 ml of acetic acid was
      heated to 65.degree.C and then 6.7 ml of 30% of hydrogen peroxide were
      added dropwise in 5 minutes. The mixture was held at 65.degree.C for 5
      hours and then was cooled and poured into an ice-water mixture. The
      mixture was extracted with ethyl acetate and the organic phase was washed
      with water, then with an aqueous solution saturated with sodium
      bicarbonate and then with water until the wash waters were neutral. The
      solution was dried over magnesium sulfate and distilled to dryness under
      reduced pressure. The residue was chromatographed over silica gel with a
      60-30-10 cyclohexane-chloroform-triethylamine mixture as eluant which was
      distilled to obtain 6.95 g of
      2-ethylsulfonyl-5-methyl-11-(.beta.-methylaminoethyl)-N-ethoxycarbonyl
      [5H] dibenzo (b,f) azepine in the form of a yellow resin soluble in
      chloroform, ethanol and ethyl acetate.
PAR  I.R. Spectrum (chloroform): Presence of complexed carbonyl at 1689 and
      1684.sup.cm.sup.-1, of aromatic and C=C at 1590, 1576 and
      1566.sup.cm.sup.-1.
TBL  ______________________________________                                    

     U.V. Spectrum (ethanol):                                                  

     Max. at 227 nm   E.sub.1cm.sup.1% = 520                                   

                                  .epsilon. = 22,300                           

     Max. at 270 nm   E.sub.1cm.sup.1% = 580                                   

                                  .epsilon. = 24,800                           

     Inflex. at 308 nm                                                         

                      E.sub.1cm.sup.1% =  63                                   

     ______________________________________                                    

PAC  STEP B:
PAC  2-ethylsulfonyl-5-methyl-11-(.beta.-methylaminoethyl) [5H] dibenzo, (b,f)
      azepine
PAR  9.65 g of potassium hydroxide were added to a solution of 9.65 g of the
      product of Step A in 96.5 ml of 1N n-butanol and the mixture was refluxed
      for 20 hours, then cooled. The mixture was poured into ice and water and
      was extracted with ether. The ether extracts were washed with water and
      extracted with 2N hydrochloric acid to remove the amine fraction. The
      mixture was made alkaline with sodium hydroxide addition and was extracted
      with ether. The extracts were washed with water, dried over magnesium
      sulfate and distilled to dryness under reduced pressure to obtain 6.8 g of
      raw product. The latter was chromatographed over silica gel using a
      60-30-10 chloroform-acetone-triethylamine mixture as eluant which was
      distilled. The residue was chromatographed a second time using a 90-5-5
      chloroform-methanol-triethylamine mixture as eluant which was distilled to
      obtain 4.6 g of 2-ethylsulfonyl-5-methyl-11-(.beta.-methylaminoethyl) [5H]
      dibenzo (b,f) azepine in the form of a yellow resin soluble in chlorinated
      solvents, alcohols, ethyl acetate, ether and dilute hydrochloric acid and
      insoluble in water.
TBL  __________________________________________________________________________

     Analysis:                                                                 

            C.sub.20 H.sub.24 N.sub.2 O.sub.2 S                                

     Calculated:                                                               

            %C 67.39                                                           

                    %H 6.79                                                    

                           %N 7.86                                             

                                  %S 8.99                                      

     Found: 67.2    6.6    7.7    8.7                                          

     __________________________________________________________________________

PAR  I.R. Spectrum (chloroform): Presence of SO.sub.2 at 1310 and
      1145.sup.cm.sup.-1, of aromatic and C=C at 1182, 1569, 1560 and
      1471.sup.cm.sup.-1, presence of NH and absence of C=O. U.V. Spectrum
      (ethanol):
TBL  Max. at 226 nm   E.sub.1cm.sup.1% = 742                                   

                                  .epsilon. = 26,500                           

     Max. at 268 nm   E.sub.1cm.sup.1% = 788                                   

                                  .epsilon. = 28,000                           

     Inflex. at 302 nm                                                         

                      E.sub.1cm.sup.1% =  96                                   

PAC  EXAMPLE 5
PAR  Tablets were prepared containing 50 mg of
      2-ethylsulfonyl-5-methyl-11-(.beta.-methylaminoethyl) [5H] dibenzo (b,f)
      azepine and an excipient of lactose, talc, amidon and magnesium stearate.
PAC  PHARMACOLOGICAL DATA
PAC  A. Antidepressive activity against reserpine
PAR  The antidepressive activity was determined in this test by the antagonism
      exercised by the test compounds against the depressive effect of reserpine
      measured by the eyelid ptosis test codified by Rubin [J. Pharm. Exp.
      Ther., Vol. 120 (1957), p. 125]. The eyelid ptosis test is used to permit
      a quantitative evaluation of the state of the animal but the antagonism is
      equally exercised by all the neurodepressive symptoms of reserpine;
      immobility, adynamia, hypothermia, myosis, etc. The readings were taken
      every hour for 6 hours after an intraperitoneal injection of 1 mg/kg of
      reserpine to a group of rats which had received intraperitoneally one hour
      before varying doses of the test products. The ptosis provoked by the
      reserpine injection is attenuated by the previous injection of the test
      products more as the dose increased. The results of Table I are expressed
      as percent of protection as compared to the controls receiving ony
      reserpine.
TBL                TABLE I                                                     

     ______________________________________                                    

                   % of protection                                             

                     1 mg   2 mg   5 mg 10 mg 20 mg                            

     Products        /kg    /kg    /kg  /kg   /kg                              

     ______________________________________                                    

     Hydrochloride of 2-ethyl-                                                 

     thio-5-methyl-11-(.beta.-dimethy-                                         

     lamino-ethyl) [5H] dibenzo                                                

     (b,f) azepine (Product A)                                                 

                     9      46     46                                          

     Fumarate of 2-ethylthio-                                                  

     5-methyl-11-(.beta.-methylamino-                                          

     ethyl) [5H] dibenzo (b,f)                                                 

     azepine (Product C)                                                       

                     6      31     62   56    59                               

     2-Ethylsulfonyl-5-methyl-                                                 

     11-(.beta.-methylaminoethyl)                                              

     [5H] dibenzo (b,f) aze-                                                   

     pine (Product D)                                                          

                     31     48     76   86    75                               

     ______________________________________                                    

PAR  Table I shows that the dose that reduced the eyelid ptosis provoked by
      reserpine by 50% (DA.sub.50) was 4 mg/kg for product C and 2 mg/kg for
      product D.
PAC  B. Antitetrabenazine test
PAR  Tetrabenazine produces a depressive effect characterized by eyelid ptosis
      and a certain catatonic state and the previous administration of an
      antidepressant antagonises, hinders, retards or diminishes these symptoms.
      Groups of female rats weighing about 100-110 g received intraperitoneally
      the test products in aqueous solution at different doses and one hour
      later, received intraperitoneally 10 mg/kg of tetrabenazine. The animals
      were examined 1/2, 1, 11/2 and 2 hours after the tetrabenazine injection.
      Each animal was checked for passive eyelid ptosis and catatonic state and
      the total values for each group was obtained in 4 tests. The results of
      Table II are expressed as a percentage of protection.
TBL                TABLE II                                                    

     ______________________________________                                    

                       Doses in % of protection                                

       Products        mg/kg    Ptose                                          

     ______________________________________                                    

       Product A       0.5      28                                             

                       1        70                                             

                       2        83                                             

                       5        89                                             

                       10       91                                             

                       20       88                                             

     Hydrochloride of 2-ethyl-                                                 

                       1        25                                             

     sulfonyl-5-methyl-11-                                                     

                       2        39                                             

     (.beta.-dimethylaminoethyl)                                               

                       5        54                                             

     [5H]dibenzo (b,f) aze-                                                    

                       10       60                                             

     pine (Product B)  20       60                                             

       Product C       1        15                                             

                       2        53                                             

                       5        81                                             

                       10       76                                             

                       20       94                                             

       Product D       1        38                                             

                       2        58                                             

                       5        99                                             

                       10       88                                             

                       20       83                                             

     ______________________________________                                    

PAR  The results of Table II show that against ptosis, the DA.sub.50 dose of
      product A was 0.75 mg/kg, of product B was less than 5 mg/kg, of product C
      was less than 2 mg/kg and of product D was less 2 mg/kg.
PAC  C. Potentialization of sleeping time
PAR  The potentialization of sleeping time was determined in a test with amytal
      [5-ethyl-5-isoamyl-barbituric acid] with groups of female mice weighing
      between 18 to 22 g. kept at 25.degree.C for the duration of the test. The
      test products were administered intraperitoneally at different doses, one
      hour before an intravenous injection of 80 mg/kg of amytal. The time of
      sleep was noted as the time during which the refluxes of redress of the
      mice was negative and the average sleeping time in minutes for the groups
      was determined. The results are in Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

                  Doses in Average sleeping time                               

     Lots         mg/kg    in minutes                                          

     ______________________________________                                    

     Controls     0        35.4                                                

     Product A    5        44.9                                                

                  10       42.8                                                

                  20       56.5                                                

     Controls     0        35.4                                                

     Product C    5        39.8                                                

                  10       46.9                                                

                  20       57.8                                                

                  50       108.4                                               

     ______________________________________                                    

PAR  Table III shows that the products tested potentialize the sleeping time
      provoked by amytal.
PAC  D. Acute toxicity
PAR  The acute toxicity was determined on mice of the Rockland strain weighing
      about 20 g which received intraperitoneally increasing doses of the test
      product. The animals were observed for 7 days and the average lethal dose
      (DL.sub.50) was determined graphically by the method of Tainter el al. The
      DL.sub.50 for product A was 100 mg/kg and 150 mg/kg for products B, C and
      D.
PAR  Various modifications of the products and methods of the invention may be
      made without departing from the spirit or scope thereof and it is to be
      understood that the invention is intended to be limited only as defined in
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from the group consisting of a compound of the
      formula
      ##SPC13##
PAL  wherein R is alkyl of 1 to 4 carbon atoms, R is selected from the group
      consisting of hydrogen and alkyl of 1 to 4 carbon atoms, n is 0 or 2 and
      AlK is alkyl of 1 to 2 carbon atoms and their non-toxic, pharmaceutically
      acceptable acid addition salts.
NUM  2.
PAR  2. A compound of claim 1 wherein AlK is ethyl and n is 0 or 2.
NUM  3.
PAR  3. A compound of claim 1 selected from the group consisting of
      2-ethylthio-5-methyl-11-(.beta.-dimethylaminoethyl) [5H] dibenzo (b,f)
      azepine and its hydrochloride.
NUM  4.
PAR  4. A compound of claim 1 selected from the group consisting of
      2-ethylsulfonyl-5-methyl-11-(.beta.-dimethylaminoethyl) [5H] dibenzo (b,f)
      azepine and its hydrochloride.
NUM  5.
PAR  5. A compound of claim 1 selected from the group consisting of
      2-ethylthio-5-methyl-11-(.beta.-methylaminoethyl) [5H] dibenzo (b,f)
      azepine and its fumarate.
NUM  6.
PAR  6. A compound of claim 1 which is
      2-ethylsulfonyl-5-methyl-11-(.beta.-methylaminoethyl) [5H] dibenzo (b,f)
      azepine.
PATN
WKU  039311520
SRC  5
APN  4375491
APT  1
ART  122
APD  19740129
TTL  2-(1,3-Diazacycloalkenyl)-2-hydrazones of substituted chalcones
ISD  19760106
NCL  13
ECL  1
EXA  Springer; D. B.
EXP  Daus; Donald G.
INVT
NAM  Tomcufcik; Andrew Stephen
CTY  Old Tappan
STA  NJ
INVT
NAM  Wilkinson; Raymond George
CTY  Montvale
STA  NJ
INVT
NAM  Child; Ralph Grassing
CTY  Pearl River
STA  NY
ASSG
NAM  American Cyanamid Company
CTY  Stamford
STA  CT
COD  02
CLAS
OCL  260239BC
XCL  260240G
XCL  2602564H
XCL  2603096
XCL  424244
XCL  424251
XCL  424273
EDF  2
ICL  C07D24304
FSC  260
FSS  239 BC;240 G
UREF
PNO  2369817
ISD  19450200
NAM  De Groote et al.
OCL  260239BC
UREF
PNO  3468887
ISD  19690900
NAM  Stahle et al.
OCL  260239BC
LREP
FR2  Polyn; Denis A.
ABST
PAL  The preparation of 2-(1,3-Diazacycloalkenyl)-2-hydrazones of substituted
      chalcones is described. These compounds are useful as anti-tubercular
      agents in warm-blooded animals.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The compounds of this invention can be illustrated as those of the formula:
      ##EQU1##
      wherein R.sub.1 and R.sub.2 may be the same or different and are selected
      from the group consisting of monohalophenyl; dihalophenyl;
      monomethylphenyl; dimethylphenyl; trimethylphenyl; tetramethylphenyl;
      monoalkoxy C.sub.1 -C.sub.4 phenyl; dialkoxy C.sub.2 -C.sub.8 phenyl;
      C.sub.1 -C.sub.4 alkylthiophenyl; methylsulfonylphenyl;
      trifluoromethylphenyl; anthryl; naphthyl and biphenylyl; R is hydrogen;
      methyl or chlorophenyl; Z is
      ##EQU2##
      n = 2, 3 or 4; X is chloro; iodo or bromo.
PAR  The present compounds are usually crystalline solids and as salts are
      somewhat soluble in water.
PAR  One method of preparing compounds of the present invention is illustrated
      by the following reaction:
      ##EQU3##
      wherein R, R.sub.1, R.sub.2, Z and X are as defined hereinbefore.
PAR  The reaction is carried out in a hydrophilic solvent such as ethanol,
      n-propanol, butanol, dioxane, 2-methoxyethanol, etc., at a temperature
      which may vary from about 70.degree.C. to 140.degree.C. The time for
      completing the reaction may vary from about 0.5 to 16 hours. As catalyst a
      small portion of hydrohalic acid (HX) may be added to the reaction
      mixture.
PAR  The compounds of the present invention are active against Mycobacterium
      tuberculosis H37Rv infections in mice when tested in accordance with the
      following procedure: Carworth Farms CF1 white mice, females, 4 to 6 weeks
      old, weighing 17 to 22 grams, are infected with Mycobacterium tuberculosis
      H37Rv by administration intravenously of 0.2 ml. of a buffered saline
      suspension containing approximately 1.5 mg./ml. wet weight of a 12 to 14
      day culture of the test organism grown on Sauton's agar medium. Routinely,
      200-300 mice are given this standard infection and then segregated in a
      random manner into cages each of which holds 5 or 10 mice. Four groups of
      5 mice each are retained as untreated controls and the remaining mice are
      used to ascertain activity of the compounds under test. During a 1year
      experience with this test, the standard infection defined above caused a
      99.5% mortality, in that 756 of the 760 infected untreated control mice
      diet within 28 days, the normal period of the test.
PAR  A measured amount of each compound to be tested is administered orally
      incorporated in a Standard Diet to groups of infected mice for 14 days,
      after which the mice are fed untreated Standard Diet. Control animals
      receive untreated Standard Diet for the entire test period and all animals
      are allowed to feed at will. Tests are terminated 28 days after the day of
      infection. A compound is judged active if it either saves 1 or 2 of 2 mice
      in a test group, or 2 or more of 5 mice in a test group in two tests, or
      prolongs average survival time by 4 or more days compared to untreated
      controls.
PAR  The Standard Diet used in this test procedure is a commercial feed
      designated for laboratory mice and rats composed of the following
      ingredients: Animal liver meal, fish meal, dried whey, corn and wheat
      flakes, ground yellow corn, ground oat groats, dehulled soybean meal,
      wheat germ meal, wheat middlings, cane molasses, dehydrated alfalfa meal,
      soybean oil, brewers' yeast, irradiated dried yeast (source of Vitamin
      D.sub.2), riboflavin, niacin, calcium pantothenate, choline chloride,
      Vitamin A palmitate, D-activated animal sterol, .alpha.-tocopherol,
      dicalcium phosphate, thiamine hydrochloride, menadione sodium bisulfite
      (source of Vitamin K activity), salt and traces of manganous oxide, copper
      sulfate, iron carbonate, potassium iodate, cobalt sulfate and zinc oxide.
      This commercial feed has the guaranteed analysis as containing a minimum
      of 24.0% crude protein, a minimum of 4.0% crude fat and a maximum of 4.5%
      crude fiber and is sold under the trademark Wayne Lab-Blox by Allied
      Mills, Inc., Chicago, Illinois.
PAR  In the test procedure described hereinabove, the Standard Diet, into which
      measured amounts of the test compounds had been homogeneously incorporated
      was administered to infected test animals, whereas untreated Standard Diet
      was given to infected control animals.
PAR  The following Table I shows the activity against Mycobacterium Tuberculosis
      infections in mice.
TBL                Table I                                                     

     ______________________________________                                    

     Compound of                                                               

              Percent of Compound                                              

                             Alive/Total Mice Tested                           

     Example  in Diet        28 Days After Infection                           

     ______________________________________                                    

      9       0.05           5/5                                               

              0.0125         2/5                                               

     10       0.05           4/5                                               

                             3/5                                               

     11       0.05           5/5                                               

                             3/5                                               

     12       0.0125         2/5                                               

              0.5            2/5                                               

     13       0.0125         2/5                                               

              0.05           3/5                                               

     14       0.05           2/5                                               

                             4/5                                               

     15       0.05           4/5                                               

                             4/5                                               

     16       0.05           2/5                                               

                             4/5                                               

     17       0.05           2/5                                               

                             2/5                                               

     18       0.05           2/5                                               

     19       0.0125         2/5                                               

              0.05           5/5                                               

                             4/5                                               

     20       0.05           5/5                                               

                             4/5                                               

     21       0.0125         2/5                                               

              0.05           2/5                                               

     22       0.05           4/5                                               

                             3/5                                               

     23       0.05           4/5                                               

                             4/5                                               

     24       0.05           4/5                                               

                             3/5                                               

     25       0.05           4/5                                               

                             4/5                                               

     26       0.05           5/5                                               

                             4/5                                               

     27       0.05           5/5                                               

     28       0.05           5/5                                               

     29       0.0125         4/5                                               

                             2/5                                               

              0.05           5/5                                               

                             5/5                                               

     30       0.0125         3/5                                               

                             3/5                                               

              0.05           5/5                                               

                             5/5                                               

     31       0.0125         5/5                                               

                             2/5                                               

              0.05           4/5                                               

     32       0.05           4/5                                               

                             4/5                                               

     33       0.0125         5/5                                               

                             4/5                                               

              0.05           5/5                                               

                             5/5                                               

     34       0.05           2/5                                               

                             4/5                                               

     35       0.0125         2/5                                               

              0.05           2/5                                               

                             5/5                                               

     36       0.0125         3/5                                               

              0.05           3/5                                               

                             3/5                                               

     37       0.05           3/5                                               

     38       0.05           3/5                                               

     39       0.0125         4/5                                               

              0.05           2/5                                               

     40       0.05           2/5                                               

                             2/5                                               

     41       0.0125         2/5                                               

                             2/5                                               

              0.05           5/5                                               

                             4/5                                               

     42       0.0125         4/5                                               

                             4/5                                               

              0.05           5/5                                               

                             5/5                                               

     43       0.0125         3/5                                               

              0.05           3/5                                               

     44       0.05           2/5                                               

     45       0.05           3/5                                               

                             3/5                                               

     46       0.0125         4/5                                               

              0.05           5/5                                               

     47       0.05           2/5                                               

     48       0.05           5/5                                               

     49       0.05           2/5                                               

     50       0.05           5/5                                               

              0.0125         2/5                                               

     51       0.05           4/5                                               

     52       0.05           5/5                                               

              0.0125         3/5                                               

     53       0.05           2/5                                               

     54       0.05           2/5                                               

     55       0.05           3/5                                               

     ______________________________________                                    

PAR  Compositions containing as the active component a
      2-(1,3-diazacycloalkenyl)-2-hydrazone of a substituted chalcone of this
      invention may be administered to warm-blooded animals orally, or
      parenterally if desired, and when so administered, may be considered as an
      agent for the therapeutic treatment of tuberculosis infections in daily
      doses ranging from about 2 mg. to about 100 mg. per kilogram of body
      weight. The dose regimen can be adjusted to provide optimum therapeutic
      response. Thus, for example, several smaller doses may be administered
      daily, or the dose may be reduced or increased proportionately as
      indicated by the requirements or the particular therapeutic situation.
PAR  The active compounds of this invention may be incorporated with
      pharmaceutically acceptable carriers such as excipients and used, for
      example, in the form of tablets, dragees, capsules, suppositories,
      liquids, elixirs, emulsions, suspensions or the like. Such compositions
      and preparations should contain at least 5% active component. The
      percentage in the compositions and preparations may, of course, be varied
      and may conveniently be between 10 and 60% or more of the weight of the
      unit. The amount of compound in such therapeutically useful compositions
      or preparations is such that a suitable dosage will be obtained. Preferred
      compositions or preparations according to the present invention are
      prepared so that a dosage unit form contains between about 10 and about
      500 mg. of the active compound. In addition to the therapeutic compound
      there may be present excipients, binders, fillers and other
      therapeutically inert ingredients necessary in the formulation of the
      desired pharmaceutical preparation.
PAC  SPECIFIC DISCLOSURE
PAR  The following examples describe the preparation of intermediates and final
      products of this invention.
PAC  EXAMPLE 1
PAC  Preparation of Starting Material 1,4,5,6-Tetrahydro-2-hydrazino-pyrimidine
      hydroiodide
PAR  A 25.8 gm. (0.1 mole) portion of 2-methylthio-1,4,5,6-tetrahydropyrimidine
      hydroiodide in 200 ml. of ethanol is stirred and heated in a steam bath
      with 6 ml. (0.12 mole) of hydrazine hydrate. The mixture is stirred at
      reflux for 21/2 hours. The mixture is cooled to -10.degree.C. and ether is
      added. The precipitate is collected, washed wiith 200 ml. of ether and
      dried at 60.degree.C. under reduced pressure. Yield 22.1 gm., melting
      point 174.degree.-175.degree.C.
PAR  Analysis calculated for C.sub.4 H.sub.10 N.sub.4 . HI: C, 19.84; H, 4.56;
      N, 23.14; I, 52.43. Found: C, 19.93; H, 4.55; N, 23.22; I, 53.35.
PAC  EXAMPLE 2
PAC  Preparation of Starting Material 2-Hydrazino-2-imidazoline hydrochloride
PAR  A 33.0 gm. (0.135 mole) portion of 2-methylthio-2-imidazoline hydroiodide
      is dissolved in 300 ml. of water and treated with 8 ml. (0.16 mole) of
      hydrazine hydrate. The mixture is stirred at room temperature for 20 hours
      and then taken to dryness under reduced pressure. The residue is dissolved
      in 250 ml. of water and again taken to dryness under reduced pressure. The
      residue is redissolved in 250 ml. of water and added to a mixture of 250
      ml. of water, 25 ml. of concentrated hydrochloric acid and 25 gm. of
      silver oxide. The resulting mixture is stirred on a steam bath for 4 hours
      and then filtered. The filtrate is reduced to dryness under reduced
      pressure. The residue is dissolved in 300 ml. of ethanol and 20 ml. of
      water at the boil, clarified and cooled at -10.degree.C. The precipitate
      is collected, washed with ethanol and ether and dried at 60.degree.C. and
      then 110.degree.C. under reduced pressure. Yield 11.6 gm., melting point
      177.degree.-180.degree.C.
PAR  Analysis calculated for C.sub.3 H.sub.8 N.sub.4 . HCl: C, 26.38; H, 6.64;
      N, 41.02; Cl, 25.96. Found: C, 26.06; H, 6.38; N, 40.13; Cl, 25.59.
PAC  EXAMPLE 3
PAC  Preparation of Starting Material
      2-Hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine hydroiodide
PAR  A 40.8 gm. (0.15 mole) portion of
      2-methylthio-4,5,6,7-tetrahydro-1H-1,3-diazepine hydroiodide in 150 ml. of
      ethanol is treated with 10 ml. (0.2 mole) of hydrazine hydrate. The
      solution is stirred at reflux for 3 hours, clarified while hot and then
      cooled at -10.degree.C. overnight. A 200 ml. portion of ether is added and
      the mixture is cooled at -10.degree.C. The precipitate is collected,
      washed with ether and dried at 60.degree.C. under reduced pressure. Yield
      20.5 gm., melting point 133.degree.-135.degree.C. Analysis calculated for:
      C.sub.5 H.sub.12 N.sub.4 . HI: C, 23.45; H, 5.12; N, 21.88; I, 49.56.
      Found: C, 22.85; H, 4.96; N, 21.90; I, 50.35.
PAC  EXAMPLE 4
PAC  Preparation of Starting Material 2-Hydrazino-4-methyl-2-imidazoline
      dihydrochloride
PAR  Eighty grams of 4-methyl-2-methylthio-2-imidazoline hydroiodide, 20 ml. of
      100% hydrazine hydrate and 250 ml. of ethanol are combined and heated
      under reflux for 16 hours. Removal of solvent leaves a glassy solid which
      resists attempts at crystallization. Conversion to the hydrochloride salt
      is similarly unsuccessful. However, solution of the latter salt in
      n-propanol followed by addition of an equivalent of anhydrous hydrogen
      chloride in the same solvent gives the dihydrochloride salt, melting at
      128.degree.-131.degree.C.
PAR  Analysis calculated for C.sub.4 H.sub.10 N.sub.4 . 2HCl: C, 25.68; H, 6.47;
      N, 29.95; Cl, 37.90. Found: C, 24.96; H, 6.25; N, 30.04; Cl, 37.39.
PAC  EXAMPLE 5
PAC  Preparation of Starting Material
      2-Hydrazino-1,4,5,6-tetrahydro-5,5-dimethyl pyrimidine hydrobromide
PAR  A 25.3 gm. (0.1 mole) portion of
      5,5-dimethyl-2-methylthio-1,4,5,6-tetrahydropyrimidine hydrobromide in 100
      ml. of n-propanol is treated with 5.0 gm. (0.1 mole) of hydrazine hydrate.
      The solution is stirred and heated on a steam bath for 4 hours and
      clarified while hot. The product crystallizes on the filter paper. This is
      extracted with 100 ml. of boiling propanol and both filtrates are cooled
      at -10C. The precipitates are collected, washed with cold propanol and 200
      ml. of ether and dried at 60.degree.C. under reduced pressure. Yield 15.8
      gm., melting point 234.degree.-235.degree.C.
PAR  Analysis calculated for C.sub.6 H.sub.14 N.sub.4 . HBr: C, 32.30; H, 6.78;
      N, 25.11; Br, 35.81. Found: C, 32.37; H, 6.72; N, 25.33; Br, 35.21.
PAC  EXAMPLE 6
PAC  Preparation of Starting Material 2-Hydrazino-2-imidazoline hydrobromide
PAR  A 306 gm. (3.0 mole) portion of 2-imidazolidinethione is heated to reflux
      in 1200 ml. of ethanol and 250 ml. (365 gm.) (3.35 mole) of ethyl bromide.
      The solid slowly dissolves over a period of 41/2 hours. A 151 gm. (3.0 +
      mole) portion of hydrazine hydrate is added in portions with some heating.
      The mixture is allowed to stand overnight. Crystals which form during the
      reaction and are dissolved by the addition of about 125 ml. of water,
      reform in the cooled mixture. The supernatant is filtered and concentrated
      to give white crystals. The solid is dissolved in 1 liter of hot methanol,
      filtered, concentrated and cooled to give white crystals which are washed
      with propanol and ether.
PAR  Yield 404.2 gm., melting point 184.5.degree.-185.5.degree.C. Analysis
      calculated for C.sub.3 H.sub.8 N.sub.4 . HBr: C, 19.90; H, 5.01; N, 30.95;
      Br, 44.14. Found: C, 19.79; H, 4.88; N, 31.56; Br, 44.66.
PAC  EXAMPLE 7
PAC  Preparation of Starting Material 2-Hydrazino-1,4,5,6-tetrahydropyrimidine
      hydrochloride
PAR  A 35 gm. (0.3 mole) portion of 2-mercapto-1,4,5,6-tetrahydropyrimidine in
      500 ml. of ethanol is stirred as 30 ml. of methyl iodide is added. The
      mixture is refluxed with stirring for 8 hours. A 25 ml. portion of
      concentrated hydrochloric acid and 48 gm. of silver chloride are added and
      the mixture is stirred at reflux for 1 hour and then allowed to stand at
      room temperature for 21/2 days. The mixture is refluxed for 5 more hours,
      clarified and the filtrate is reduced to an oil under reduced pressure.
      The oil is dissolved in 100 ml. of boiling isopropanol and then cooled at
      -10.degree.C. A 300 ml. portion of acetone is added and the mixture is
      kept at -10.degree.C. The precipitate which forms is collected washed with
      acetone and dried at 60.degree.C. under reduced pressure. This solid is
      dissolved in 150 ml. of ethanol, treated with 8 ml. (0.16 mole) of
      hydrazine hydrate and stirred at reflux for 6 hours. The mixture is
      filtered hot and cooled at -10.degree.C. The mixture is diluted with 150
      ml. of ether and stored at -10.degree.C. The precipitate which forms is
      collected, washed with 150 ml. of ether and dried under reduced pressure
      at 60.degree.C.
PAR  Yield 17.9 gm., melting point 191.degree.-192.degree.C. Analysis calculated
      for C.sub.4 H.sub.10 N.sub.4 . HCl: C, 31.90; H, 7.36; N, 37.20; Cl,
      23.54. Found: C, 32.14; H, 7.38; N, 37.98; Cl, 22.89.
PAC  EXAMPLE 8
PAC  Preparation of Starting Material
      2-Hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine hydrochloride
PAR  A 38.5 gm. (0.14 mole) portion of
      2-methylthio-4,5,6,7-tetrahydro-1H-1,3-diazepine hydroiodide is slurried
      in a mixture of 500 ml. of water and 40 gm. (0.3 mole) of silver chloride.
      The mixture is stirred on a steam bath for 16 hours. The mixture is
      filtered and the filtrate is taken to dryness under reduced pressure. The
      residue is dissolved in 150 ml. of ethanol to which is added 7 ml. (0.14
      mole) of hydrazine hydrate. The mixture is refluxed for 3 hours, clarified
      and cooled at -10.degree.C. A 150 ml. portion of ether is added. The
      precipitate which forms is collected, washed with 150 ml. of ether and
      dried at 60.degree.C. under reduced pressure yielding 19.4 gm., melting
      point 192.degree.-193.degree.C.
PAR  Analysis calculated for C.sub.5 H.sub.12 N.sub.4 . HCl: C, 36.47; H, 7.96;
      N, 34.03; Cl, 21.53. Found: C, 36.23; H, 8.07; N, 34.05; Cl, 21.49.
PAC  EXAMPLE 9
PAC  Preparation of the 2-Imidazolin-2-yl-hydrazone of 4,4'-Dichlorochalcone
      hydrobromide
PAR  A 5.55 gm. (0.02 mole) portion of 4,4'-dichlorochalcone, prepared as
      described by Straus and Ackermann, Ber. 42, 1802 (1909), 3.60 gm. (0.02
      mole) of 2-hydrazino-2-imidazoline hydrobromide and 3 drops of hydrobromic
      acid in 100 ml. of n-propanol are boiled for one hour and then allowed to
      stand at room temperature overnight. The crystals which separate are
      collected by filtration and washed with ether. More crystals are collected
      by concentrating the filtrate. The combined crystals are recrystallized
      from 400 ml. of ethanol to yield 7.08 gm. of white crystalline product,
      melting point 226.5.degree.-227.5.degree.C.
PAR  Analysis calculated for C.sub.18 H.sub.16 N.sub.4 Cl.sub.2 . HBr: C, 49.11;
      H, 3.89; N, 12.73; Cl, 16.11; Br, 18.15. Found: C, 48.91; H, 4.03; N,
      12.96; Cl, 15.49; Br, 18.63.
PAC  EXAMPLE 10
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of
      3-(4-Chlorophenyl)-2'-acrylonaphthone hydrobromide
PAR  A 2.9 gm. (0.01 mole) portion of 3-(4-chlorophenyl)-2'-acrylonaphthone, 1.8
      gm. (0.01 mole) of 2-hydrazino-2-imidazoline hydrobromide and 3 drops of
      48% hydrobromic acid in 100 ml. of propanol are refluxed for 6 hours,
      clarified while hot and cooled at -10.degree.C. for 3 hours. The
      precipitate which forms is collected, washed with 50 ml. of propanol and
      then with 200 ml. of ether and finally dried at 60.degree.C. under reduced
      pressure, yielding 2.7 gm., of product, melting point
      214.degree.-6.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.19 N.sub.4 Cl . HBr: C, 57.97; H,
      4.42; N, 12.29; Cl, 7.78; Br, 17.53. Found: C, 57.96; H, 4.86; N, 12.09;
      Cl, 8.11; Br, 18.26.
PAR  The starting material, 3-(4-chlorophenyl)-2'-acrylonaphthone, is prepared
      by the reaction of 4-chlorobenzaldehyde and 2-acetonaphthone in ethanol
      solution in the presence of aqueous sodium hydroxide. After
      recrystallization from 2-methoxyethanol, it melts at
      170.degree.C.-171.degree.C.
PAC  EXAMPLE 11
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of
      4,4'-Dichloro-.beta.-methylchalcone hydrobromide
PAR  A 1.80 gm. (0.0062 mole) portion of 4,4'-dichloro-.beta.-methylchalcone,
      prepared as described by Carrie and Rochard, Compt. rend. 257, 2849
      (1963), 1.20 gm. (0.0066 mole) of 2-hydrazino-2-imidazoline hydrobromide
      and 3 drops of hydrobromic acid in 100 ml. of ethanol are heated to
      boiling for 2 hours during which time the ethanol is replaced with
      n-propanol and the volume is reduced to 30 ml. The mixture is cooled and
      the white crystals which form are collected and dried yielding 2.0 gm. of
      the product, melting point 248.degree.-249.degree.C.
PAR  Analysis calculated for C.sub.19 H.sub.18 N.sub.4 Cl.sub.2 .sup.. HBr: C,
      50.25; H, 4.22; N, 12.33; Cl, 15.61; Br, 17.59. Found: C, 49.92; H, 4.14;
      N, 12.52; Cl, 14.62; Br, 18.07.
PAC  EXAMPLE 12
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of
      4'-Chloro-2,3,5,6-tetramethylchalcone hydrobromide
PAR  A 4.45 gm. (0.0149 mole) portion of 4'-chloro-2,3,5,6-tetramethylchalcone,
      a 3.0 gm. (0.0166 mole) portion of 2-hydrazino-2-imidazoline hydrobromide
      and 5 drops of hydrobromic acid in 50 ml. of n-propanol are heated to
      boiling. The solid starting materials dissolve just prior to the boiling
      point and then a white solid gradually comes out of solution. After about
      20 minutes boiling with the addition of 20 ml. of n-propanol the hot
      solution is filtered yielding off-white crystals. Further boiling of the
      filtrate yields additional crystals. The crystals are washed with
      n-propanol and benzene and then dried, yielding 5.40 gm., melting point
      254.degree.-256.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.25 N.sub.4 Cl .sup.. HBr: C, 57.22;
      H, 5.67; N, 12.13; Cl, 7.67; Br, 17.30. Found: C, 56.89; H, 5.70; N,
      12.39; Cl, 7.94; Br, 18.17.
PAR  The starting material 4'-chloro-2,3,5,6-tetramethylchalcone, is prepared by
      the reaction of 4'-chloroacetophenone and 2,3,5,6-tetramethylbenzaldehyde
      in ethanol solution in the presence of aqueous sodium hydroxide. After
      recrystallization from a benzene-hexane mixture, it melts at
      133.degree.-133.5.degree.C.
PAC  EXAMPLE 13
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of 4'-Chloro-3-methylchalcone
      hydrobromide
PAR  A 7.65 gm. (0.03 mole) portion of 4'-chloro-3-methylchalcone, 5.70 gm.
      (0.031 mole) of 2-hydrazino-2-imidazoline hydrobromide and 5 drops of
      hydrobromic acid are dissolved in 100 ml. of n-propanol and boiled for 30
      minutes. The mixture is concentrated to about 30 ml. and 30 ml. of ether
      is added. The crystals which form are washed with n-propanol and dried,
      yielding 11.86 gm. of product, melting point 217.degree.-219.degree.C.
      Analysis calculated for C.sub.19 H.sub.19 N.sub.4 Cl .sup.. HBr: C, 54.37;
      H, 4.80; N, 13.35; Cl, 8.44; Br, 19.04. Found: C, 53.89; H, 4.79; N,
      13.52; Cl, 8.18; Br, 19.61.
PAR  The starting material, 4'-chloro-3-methylchalcone, is prepared by the
      reaction of 4'-chloroacetophenone and 3-methylbenzaldehyde in methanol
      solution in the presence of aqueous sodium hydroxide. After
      recrystallization from benzene, it melts at 119.degree.-120.degree.C.
PAC  EXAMPLE 14
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of 2,4,4'-Trichlorocalcone
      hydrobromide
PAR  A 6.2 gm. (0.02 mole) portion of 2,4,4'-trichlorochalcone, 3.7 gm. (0.02
      mole) of 2-hydrazino-2-imidazoline hydrobromide and 8 drops of 48%
      hydrobromic acid are dissolved in 150 ml. of n-propanol and stirred at
      reflux temperature. A heavy precipitate forms in about 30 minutes. Some
      n-propanol is added and the mixture is stirred at reflux for 16 hours. The
      mixture is cooled at -10.degree.C., the precipitate is collected and
      washed with n-propanol and ether and air dried. The product is
      recrystallized from 400 ml. of hot ethanol and cooled at -10.degree.C. The
      precipitate is collected, washed with a little ethanol and then ether, and
      dried at 60.degree.C. under reduced pressure.
PAR  Yield 2.8 gm., melting point 248.degree.-249.degree.C. Analysis calculated
      for C.sub.18 H.sub.15 N.sub.4 Cl.sub.3 .sup.. HBr: C, 45.55; H, 3.40; N,
      11.81; Cl, 22.41; Br, 16.84. Found: C, 45.50; H, 3.42; N, 11.87; Cl,
      22.02; Br, 17.88.
PAR  The starting material, 2,4,4'-trichlorochalcone, is prepared by the
      reaction of 2,4-dichlorobenzaldehyde and 4'-chloroacetophenone in ethanol
      solution in the presence of aqueous sodium hydroxide. After
      recrystallization from 2-methoxyethanol, the compound melts at
      115.degree.-116.degree.C.
PAC  EXAMPLE 15
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of 4-Bromo-4'-chlorochalcone
      hydrobromide
PAR  A 3.3 gm. (0.01 mole) portion of 4-bromo-4'-chlorochalcone, commercially
      available from the Aldrich Chemical Company, 1.9 gm. (0.01 mole) of
      2-hydrazino-2-imidazoline hydrobromide and 5 drops of 48% hydrobromic acid
      are dissolved in 100 ml. of n-propanol. The solution is stirred at reflux
      temperature for 7 hours and then cooled at -10.degree.C. The precipitate,
      which forms slowly, is collected, washed with n-propanol and ether and air
      dried. The product is recrystallized from 100 ml. of n-propanol,
      clarified, cooled at -10.degree.C. The precipitate is collected, washed
      with a little propanol and ether and then dried at 60.degree.C. under
      reduced pressure yielding 2.3 gm., melting point 223.degree.-225.degree.C.
PAR  Analysis calculated for C.sub.18 H.sub.16 N.sub.4 BrCl .sup.. HBr: C,
      44.61; H, 3.54; N, 11.56. Found: C, 44.74; H, 3.73; N, 11.81.
PAC  EXAMPLE 16
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of 4-Chloro-4'-ethoxychalcone
      hydrobromide
PAR  An 8.6 gm. (0.03 mole) portion of 4-chloro-4'-ethoxychalcone, 5.5 gm. (0.03
      mole) of 2-hydrazino-2-imidazoline hydrobromide and 7 ml. of 48%
      hydrobromic acid in 200 ml. of n-propanol are refluxed for 8 hours. The
      solution is cooled to -10.degree.C. The precipitate which forms is
      collected, washed with n-propanol and ether and dried at 60.degree.C.
      under reduced pressure. The product is recrystallized from 100 ml. of
      n-propanol and cooled at -10.degree.C. The precipitate is collected,
      washed with cold n-propanol and ether and dried at 60.degree.C. under
      reduced pressure, yielding 5.9 gm., melting point
      216.degree.-217.degree.C.
PAR  Analysis calculated for C.sub.20 H.sub.21 N.sub.4 OCl .sup.. HBr: C, 53.41;
      H, 4.93; N, 12.46; Cl, 7.88; Br, 17.77. Found: C, 53.38; H, 5.05; N,
      12.59; Cl, 7.81; Br, 18.11.
PAR  The starting material, 4-chloro-4'-ethoxychalcone, is prepared by the
      reaction of 4'-ethoxyacetophenone and 4-chlorobenzaldehyde in ethanol
      solution in the presence of aqueous sodium hydroxide. After
      recrystallization from 2-methoxyethanol, it melts at
      141.degree.-142.degree.C.
PAC  EXAMPLE 17
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of
      4'-Chloro-2,5-dimethylchalcone hydrobromide
PAR  A 5.4 gm. (0.02 mole) portion of 4'-chloro-2,5-dimethylchalcone, 3.65 gm.
      (0.02 + mole) of 2-hydrazino-2-imidazoline hydrobromide and 5 drops of
      hydrobromic acid in 50 ml. of n-propanol is boiled for 10 minutes. The
      crystals which form are collected by filtration and washed with two 15 ml.
      portions of ethanol yielding 7.39 gm., melting point
      257.5.degree.-258.5.degree.C.
PAR  Analysis calculated for C.sub.20 H.sub.21 N.sub.4 Cl .sup.. HBr: C, 55.38;
      H, 5.11; N, 12.92. Found: C, 55.03; H, 5.03; N, 12.90.
PAR  The starting material, 4'-chloro-2,5-dimethylchalcone is prepared by the
      reaction of 2,5-dimethylbenzaldehyde and 4'-chloroacetophenone in methanol
      solution in the presence of aqueous sodium hydroxide. After
      recrystallization from a benzene-hexane mixture, it melts at
      81.degree.-82.degree.C.
PAC  EXAMPLE 18
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of
      3-(9-anthryl)-4'-chloro-acrylophenone hydrobromide
PAR  A 6.8 gm. (0.02 mole) portion of 3-(9-anthryl)-4'-chloroacrylophenone, 3.6
      gm. (0.02 mole) of 2-hydrazino-2-imidazoline hydrobromide and 5 drops of
      hydrobromic acid are added to 100 ml. of propanol. The mixture is boiled
      for about 20 minutes and then allowed to stand overnight. A yellow solid
      forms. The mixture is boiled for 15 minutes and then filtered while warm
      to yield a yellow solid. This solid is washed with ethanol. Further
      boiling of the filtrate yielded yellow needles. The combined product is
      recrystallized by dissolving in boiling methanol (400 ml.) filtering and
      concentrating. The yield is 6.56 gm., melting point
      261.degree.-263.degree.C.
PAR  Analysis calculated for C.sub.26 H.sub.21 N.sub.4 Cl .sup.. HBr: C, 61.74;
      H, 4.38; N, 11.07; Cl, 7.01; Br, 15.79. Found: C, 61.47; H, 4.43; N,
      11.08; Cl, 7.12; Br, 15.95.
PAR  The starting material, 3-(9-anthryl)-4'-chloroacrylophenone, is prepared by
      the reaction of 9-anthraldehyde and 4'-chloroacetophenone in ethanol
      solution in the presence of aqueous sodium hydroxide. After
      recrystallization from a benzene-hexane mixture, it melts at
      133.5.degree.-135.5.degree.C.
PAC  EXAMPLE 19
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-yl-hydrazone of
      4,4'-Dichlorochalcone hydrochloride
PAR  A 3.1 gm. portion of 2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepin
      hydroiodide, 3.5 gm. of 4,4'-dichlorochalcone, 3.5 gm. of silver chloride
      and 7 drops of concentrated hydrochloric acid are added to 100 ml. of
      n-propanol. The mixture is stirred at reflux for 91/2 hours, clarified
      while hot and cooled at -10.degree.C. overnight. The precipitate is
      collected, washed with cold n-propanol by 25 ml. of water and 100 ml. of
      ether and then air dried. The product is recrystallized from 100 ml. of
      isopropanol, cooled at -10.degree.C., collected and washed with 15 ml. of
      cold isopropanol, 100 ml. of ether and dried at 60.degree.C. under reduced
      pressure. The yield is 1.1 gm., melting point 221.degree.-223.degree.C.
PAR  Analysis calculated for C.sub.20 H.sub.20 N.sub.4 Cl.sub.2 .sup.. HCl: C,
      56.68; H, 5.00; N, 13.22; Cl, 25.10. Found: C, 57.35; H, 5.13; N, 13.27;
      Cl, 24.43.
PAC  EXAMPLE 20
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of 4'-Chloro-4-phenylchalcone
      hydrobromide
PAR  A mixture of 6.4 gm. (0.02 mole) of 4'-chloro-4-phenylchalcone [prepared as
      described by Kozlov, et al., Chem. Abst., 58, 7858d (1963)], 3.62 gm.
      (0.02 mole) of 2-hydrazino-2-imidazoline hydrobromide and 3 drops of
      hydrobromic acid in 125 ml. of n-propanol are stirred and heated to
      boiling. Heating is continued until the solution is concentrated to about
      100 ml. The mixture is cooled and the pale yellow precipitate is collected
      by filtration, washed with n-propanol and dried.
PAR  Yield 8.0 gm., melting point 247.degree.-248.degree.C. Analysis calculated
      for C.sub.24 H.sub.21 N.sub.4 Cl .sup.. HBr: C, 59.83; H, 4.60; N, 11.67.
      Found: C, 60.32; H, 4.73; N, 11.90.
PAC  EXAMPLE 21
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of 4-Chloro-4'-phenylchalcone
      hydrobromide
PAR  A mixture of 6.2 gm. (0.02 mole) of 4-chloro-4'-phenylchalcone [prepared as
      described by Kushwaha, et al., Chem. Abst., 66, 65236p (1967)], 3.62 gm.
      (0.02 mole) of 2-hydrazino-2-imidazoline hydrobromide and 3 drops of
      hydrobromic acid in 125 ml. of n-propanol is stirred and heated to
      boiling. Heating is continued until the volume is reduced to 50-60 ml. The
      mixture is cooled. The product is collected by filtration, washed with
      n-propanol and dried yielding 8.0 gm., melting point
      247.degree.-248.degree.C.
PAC  EXAMPLE 22
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      4,4'-Dichlorochalcone hydrochloride
PAR  A mixture of 8.3 gm. (0.03 mole) of 4,4'-dichlorochalcone, 4.8 gm. (0.03 +
      mole) of 2-hydrazino-1,4,5,6-tetrahydro-pyrimidine hydrochloride and 8
      drops of concentrated hydrochloric acid in 100 ml. of n-propanol is
      stirred at reflux for 16 hours. The solution is clarified and cooled at
      -10.degree.C. A small portion is diluted with ether until a precipitate
      forms. This slurry is added to the balance of the n-propanol solution and
      maintained at -10.degree.C. for 5 hours. The precipitate is collected and
      washed with 20 ml. of n-propanol.
PAR  Yield 6.8 gm., melting point 224.degree.-226.degree.C. Analysis calculated
      for C.sub.19 H.sub.18 N.sub.4 Cl.sub.2 . HCL: C, 55.69; H, 4.67; N, 13.67;
      Cl, 25.96. Found: C, 55.72; H, 4.75; N, 13.63; Cl, 25.74.
PAC  EXAMPLE 23
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of
      4-Chloro-4'-(trifluoromethyl)chalcone hydrobromide
PAR  A mixture of 6.2 gm. (0.02 mole) of 4-chloro-4'-(trifluoromethyl)chalcone,
      3.62 gm. (0.02 mole) of 2-hydrazino-2-imidazoline hydrobromide and 3 drops
      of hydrobromic acid in 150 ml. of n-propanol is boiled for 2 hours. The
      mixture is allowed to stand at room temperature. The precipitate is
      collected by filtration and washed with n-propanol.
PAR  Yield 7.8 gm., melting point 270.degree.C., resolidifies then remelts at
      315.degree.C. Analysis calculated for C.sub.19 H.sub.17 N.sub.4 F.sub.3 Cl
      . HBr: C, 48.17; H, 3.62; N, 11.83. Found: C, 48.36; H, 3.65; N, 11.99.
PAR  The starting material, 4-chloro-4'-trifluoromethyl chalcone, is prepared by
      the reaction of 4-chlorobenzaldehyde and 4'-trifluoromethylacetophenone in
      methanol solution in the presence of aqueous sodium hydroxide. The
      precipitated solid is collected, washed with methanol and water, and
      dried, melting point 131.degree.-133.degree.C.
PAC  EXAMPLE 24
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of
      4,4'-bis(trifluoromethyl)chalcone hydrobromide
PAR  A mixture of 6.9 gm. (0.02 mole) of 4,4'-bis(trifluoromethyl)chalcone, 3.62
      gm. (0.02 mole) of 2-hydrazino-2-imidazoline hydrobromide and 3 drops of
      hydrobromic acid in 150 ml. of n-propanol is boiled for 2 hours and then
      cooled. The precipitate is collected, washed with n-propanol and dried.
      Yield 5.5 gm; melting at about 270.degree.C.; resolidifying and then
      melting at about 300.degree.C.
PAR  Analysis calculated for C.sub.20 H.sub.16 N.sub.4 F.sub.6 . HBr: C, 47.35;
      H, 3.38; N, 11.05. Found: C, 47.27; H, 3.18; N, 10.92.
PAR  The starting material, 4,4'-bis(trifluoromethyl)-chalcone is prepared by
      the reaction of 4'-trifluoromethylacetophenone and
      4-trifluoromethylbenzaldehyde in methanol solution in the presence of
      aqueous sodium hydroxide. The precipitated solid is collected, washed with
      methanol and water, and dried, melting point 94.degree.-96.degree.C.
PAC  EXAMPLE 25
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      4,4'-Dichloro-.beta.-methylchalcone hydrochloride
PAR  A mixture of 4.4 gm. (0.015 mole) of 4,4'-dichloro-.beta.-methylchalcone
      and 2.25 gm. (0.015 mole) of 2-hydrazino-1,4,5,-6-tetrahydropyrimidine
      hydrochloride in 50 ml. of n-propanol containing 5 drops of concentrated
      hydrochloric acid is boiled for 1 hour. The solvent is replaced with
      methyl cellosolve and boiling is continued for 1 hour. The mixture is
      cooled. The precipitate is collected and recrystallized from
      methanolethanol, yielding 2.35 gm., melting point
      252.degree.-258.degree.C. A second crop melts at 259.degree.-262.degree.C.
      These crops are combined and dissolved in 40 ml. of hot methanol and 2.2
      ml. of 10N sodium hydroxide. A 15 ml. portion of water is added. The
      precipitate is collected, washed with water and 10 ml. of methanol and
      dried yielding 4.29 gm., melting point 145.degree.-146.5.degree.C.
PAR  This 4.29 gm. is dissolved in 80 ml. of chloroform and 6.7 N hydrochloric
      acid in 2-propanol is added. The white crystals are collected and washed
      with chloroform and ethanol yielding 4.06 gm. of the title product,
      melting point 254.degree.-255.degree.C.
PAR  Analysis calculated for C.sub.20 H.sub.20 N.sub.4 Cl.sub.2 . HCl: C, 56.69;
      H, 4.99; N, 13.22; Cl, 25.09. Found: C, 56.55; H, 5.16; N, 13.36; Cl,
      24.85.
PAC  EXAMPLE 26
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of
      4'-Chloro-4-(trifluoromethyl)chalcone hydrobromide
PAR  A mixture of 6.2 gm. (0.02 mole) of 4'-chloro-4-(trifluoromethyl)chalcone,
      3.62 gm. (0.02 mole) of 2-hydrazino-2-imidazoline hydrobromide and 3 drops
      of hydrobromic acid in 150 ml. of n-propanol is boiled for 2 hours and
      then allowed to stand for several days. The solid which forms is washed
      with n-propanol, yield 5.1 gm., melting point 250.degree.-253.degree.C.
PAR  Analysis calculated for C.sub.19 H.sub.17 N.sub.4 ClF.sub.3 . HBr: C,
      48.17; H, 3.62; N, 11.83. Found: C, 47.64; H, 3.57; N, 11.84.
PAR  The starting material, 4'-chloro-4-trifluoromethyl chalcone, is prepared by
      the reaction of 4'-chloroacetophenone and 4-trifluoromethylbenzaldehyde in
      methanol solution containing aqueous sodium hydroxide. The precipitate is
      collected, washed with methanol and water, and dried, melting point
      110.degree.-112.degree.C.
PAC  EXAMPLE 27
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of 4'-Bromo-4-chlorochalcone
      hydrobromide
PAR  A mixture of 9.6 gm. (0.03 mole) of 4'-bromo-4-chlorochalcone, 6.0 gm.
      (0.033 mole) of 2-hydrazino-2-imidazoline hydrobromide and 12 drops of 48%
      hydrobromic acid in 200 ml. of n-propanol is stirred at reflux for 8
      hours, clarified while hot and then cooled at -10.degree.C. The
      precipitate is collected, washed with 75 ml. of cold n-propanol and then
      200 ml. of ether and dried at 60.degree.C. under reduced pressure. Yield
      9.1 gm., melting point 223.degree.-224.degree.C.
PAR  Analysis calculated for C.sub.18 H.sub.16 -N.sub.4 BrCl . HBr: C, 44.61; H,
      3.54; N, 11.56; Cl, 7.32; Br, 32.98. Found: C, 44.55; H, 3.53; N, 11.56;
      Cl, 7.53; Br, 32.62.
PAR  The starting material, 4'-bromo-4-chlorochalcone, is prepared by the
      reaction of 4'-bromoacetophenone and 4-chlorobenzaldehyde is ethanol
      solution in the presence of aqueous sodium hydroxide. After
      recrystallization from 2-methoxyethanol, the compound melts at
      167.degree.-168.degree.C.
PAC  EXAMPLE 28
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of
      4'-Chloro-3-(2-naphthyl)-acrylophenone hydrobromide
PAR  A mixture of 4.5 gm. (0.015 mole) of 4'-chloro-3-(2-naphthyl)acrylophenone,
      3.0 gm. (0.017 mole) of 2-hydrazino-2-imidazoline hydrobromide and 8 drops
      of 48% hydrobromic acid in 100 ml. of n-propanol is stirred at reflux for
      8 hours and then clarified while hot. The precipitate is washed with 50
      ml. of cold n-propanol and then 100 ml. of ether and dried at 60.degree.C.
      under reduced pressure.
PAR  Yield 3.1 gm., melting point 235.degree.-236.degree.C. Analysis calculated
      for C.sub.22 H.sub.19 N.sub.4 Cl . HBr: C, 57.97; H, 4.42; N, 12.29; Br,
      17.53; Cl, 7.78. Found: C, 57.91; H, 4.43; N, 12.27; Br, 16.91; Cl, 7.90.
PAR  The starting material, 4'-chloro-3-(2-naphthyl)acrylophenone, is prepared
      by the reaction of 4'-chloroacetophenone and 2 . solution in the presence
      of aqueous sodium hydroxide. After recrystallization from
      2-methoxyethanol, the compound melts at 183.degree.-184.degree.C.
PAC  EXAMPLE 29
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-yl-hydrazone of
      4,4'-Dichloro-.beta.-methylchalcone hydrochloride
PAR  A mixture of 4.4 gm. (0.015 mole) of 4,4'-dichloro-.beta.-methylchalcone,
      2.5 gm. (0.015 + mole) of 2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine
      hydrochloride and 2 drops of concentrated hydrochloric acid in 50 ml. of
      n-propanol is boiled for 1 hour. Ether is added and a precipitate forms.
      This material is recrystallized by dissolving in chloroform and adding
      benzene and then concentrating to remove most of the chloroform. The
      product is recovered as a white solid, yield 4.5 gm., melting point
      157.degree.-160.degree.C.
PAR  Analysis calculated for C.sub.21 H.sub.22 N.sub.4 Cl.sub.2 . HCl: C, 57.62;
      H, 5.29; N, 12.80; Cl, 24.29. Found: C, 57.58; H, 5.36; N, 12.68; Cl,
      24.77.
PAC  EXAMPLE 30
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      4'-Chloro-4-phenylchalcone hydrochloride n-propanolate
PAR  A mixture of 6.2 gm. (0.02 mole) of 4'-chloro-4-phenylchalcone, 3.30 gm.
      (0.02 mole) of 2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine
      hydrochloride and 3 drops of concentrated hydrochloric acid in 100 ml. of
      n-propanol is boiled for 1 hour and then stored overnight at 5.degree.C.
      The product is collected by filtration, yield 8.0 gm., melting point
      150.degree.-153.degree.C.
PAR  Analysis calculated for C.sub.26 H.sub.25 N.sub.4 Cl . HCl . C.sub.3
      H.sub.8 O: C, 66.33; H, 6.53; N, 10.66. Found: C, 66.56; H, 6.84; N,
      10.38.
PAC  EXAMPLE 31
PAC  Preparation of 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      4'-Chloro-4-(trifluoromethyl)chalcone hydrochloride
PAR  A mixture of 6.2 gm. (0.02 mole) of 4'-chloro-4-(trifluoromethyl)chalcone,
      3.3 gm. (0.02 mole) of 2-hydrazino-4,5,6, 7-tetrahydro-1H-1,3-diazepine
      hydrochloride and 3 drops of concentrated hydrochloric acid in 75 ml. of
      n-propanol is boiled for 1 hour and cooled overnight. The product is
      collected by filtration, yield 3.3 gm., melting point
      220.degree.-222.degree.C.
PAR  Analysis calculated for C.sub.21 H.sub.21 N.sub.4 Cl.sub.2 F.sub.3 . HCl:
      C, 55.15; H, 4.63; N, 12.25. Found: C, 55.14; H, 4.80; N, 12.15.
PAC  EXAMPLE 32
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      4,4'-bis(Trifluoromethyl)chalcone hydrochloride
PAR  A mixture of 6.1 gm. (0.0178 mole) of 4,4'-bis(trifluoromethyl)chalcone,
      2.93 gm. (0.0178 mole) of 2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine
      hydrochloride and 3 drops of concentrated hydrochloric acid in 75 ml. of
      n-propanol is boiled for 2 hours and cooled overnight. The product is
      collected yielding 2.5 gm., melting point 230.degree.-233.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.21 N.sub.4 ClF.sub.6 . HCl: C,
      53.84; H, 4.31; N, 11.42. Found: C, 53.75; H, 4.07; N, 11.27.
PAC  EXAMPLE 33
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      4-Bromo-4'-chlorochalcone hydrochloride
PAR  A mixture of 3.2 gm. (0.01 mole) of 4-bromo-4'-chlorochalcone, 1.7 gm.
      (0.01 mole) of 2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine
      hydrochloride and 1 ml. of concentrated hydrochloric acid in 100 ml. of
      80% ethanol is stirred at reflux for 7 hours and then stirred at room
      temperature overnight. The precipitate is collected, washed with ether and
      dried at 60.degree.C. under reduced pressure. The product is dissolved in
      50 ml. of benzene and 50 ml. of chloroform at the boil, clarified and then
      cooled at -10.degree.C. This mixture is diluted with 100 ml. of ether and
      allowed to stand at -10.degree.C. The precipitate is collected, washed
      with ether and dried at 60.degree.C. under reduced pressure.
PAR  Yield 0.6 gm., melting point 221.degree.-224.degree.C. Analysis calculated
      for C.sub.20 H.sub.20 N.sub.4 ClBr . HCl: C, 51.30; H, 4.52; N, 11.97, Cl,
      15.14; Br. 17.07. Found: C, 51.61; H, 4.49; N, 11.21, Cl, 15.99; Br,
      15.99.
PAC  EXAMPLE 34
PAC  Preparation of the 4-Methyl-2-imidazolin-2-ylhydrazone of
      4,4'-Dichlorochalcone hydrochloride
PAR  A mixture of 3.10 gm. (0.0112 mole) of 4,4'-dichlorochalcone, 2.25 gm.
      (0.0112 mole) of 2-hydrazino-4-methyl-2-imidazoline dihydrochloride and 2
      drops of concentrated hydrochloric acid in 100 ml. of ethanol is boiled
      for 1 hour. The mixture is concentrated to 15 ml. The mixture is
      concentrated twice with the addition of benzene to remove all ethanol. A
      10 ml. portion of ether is added. Crystals form after about 1 hour. A 15
      ml. portion of benzene is added and the product is collected by
      filtration, washed with benzene and dried yielding 3.39 gm., melting point
      199.degree.-200.degree.C.
PAR  Analysis calculated for C.sub.19 H.sub.18 N.sub.4 Cl.sub.2 . HCl: C, 55.70;
      H, 4.67; N, 13.68. Found: C, 55.42; H, 4.80; N, 13.57.
PAC  EXAMPLE 35
PAC  Preparation of 4-Methyl-2-imidazolin-2-ylhydrazone of
      4,4'-Dichloro-.beta.-methylchalcone hydrochloride
PAR  A mixture of 3.05 gm. (0.0105 mole) of 4,4'-dichloro-.beta.-methylchalcone,
      2.1 gm. (0.0112 mole) of 2-hydrazino-4-methyl-2-imidazoline
      dihydrochloride and 2 drops of concentrated hydrochloric acid in a mixture
      of 15 ml. of chloroform and 40 ml. of n-propanol is boiled for 1 hour and
      then concentrated to a gum which crystallizes from
      benzene-chloroform-hexane as white crystals. These crystals are washed
      with ethanol. Yield 2.47 gm., melting point 238.degree.-240.degree.C.
      Analysis calculated for C.sub.20 H.sub.20 -N.sub.4 Cl.sub.2 . HCl: C,
      56.69; H, 4.99; N, 13.22; Cl, 25.10. Found: C, 56.32; H, 4.94; N, 13.26;
      Cl, 24.97.
PAC  EXAMPLE 36
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      3,3-bis(p-Chlorophenyl)acrylophenone hydrochloride
PAR  A mixture of 3.53 gm. (0.01 mole) of 3,3-bis(p-chlorophenyl)acrylophenone,
      1.75 gm. (0.01 + mole) of 1-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine
      hydrochloride and 3 drops of concentrated hydrochloric acid in 50 ml. of
      n-propanol is boiled for 1 hour with the addition of about 0.1 gm. more of
      the hydrazine. The mixture is concentrated to a gum which is dissolved in
      chloroform. This mixture is concentrated and benzene and hexane are added.
      The product is collected and recrystallized from chloroform-benzene-hexane
      yielding 5.56 gm.
PAR  This product is recrystallized from chloroform-benzene-ether, followed by
      recrystallization from about 10 ml. of ethanol with chilling to
      -5.degree.C., and finally from chloroform-benzene-ether yielding the title
      product as white crystals, 3.74 gm., melting point
      154.degree.-156.degree.C.
PAR  Analysis calculated for C.sub.26 H.sub.24 N.sub.4 Cl.sub.2 . HCL: C, 62.48;
      H, 5.04; N, 11.21; Cl, 21.27. Found: C, 62.29; H, 5.07; N, 10.72; Cl,
      20.79.
PAR  The starting material, 3,3-bis(4-chlorophenyl)acrylophenone is prepared by
      the procedure of Meyer and Schuster, Ber. 55, 819 (1923).
PAC  EXAMPLE 37
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      4,4'-bis(Methylthio)chalcone hydrochloride
PAR  A slurry composed of 6.0 gm. (0.02 mole) of 4,4'-bis-(methylthio)chalcone,
      3.4 gm. (0.02 + mole) of 2-hydra-4,5,6,7-tetrahydro-1H-1,3-diazepine
      hydrochloride and 10 drops of concentrated hydrochloric acid in 100 ml. of
      n-propanol is stirred at reflux for 3 hours, clarified while hot and then
      cooled at -10.degree.C. A small portion of this is diluted with ether
      which induces a precipitate. This portion is then added to the main cold
      solution and maintained at -10.degree.C. The precipitate is collected,
      washed with 100 ml. of cold n-propanol and then 100 ml. of ether and dried
      at 60.degree.C. under reduced pressure.
PAR  Yield 4.9 gm., melting point 198.degree.-200.degree.C. Analysis calculated
      for C.sub.22 H.sub.26 N.sub.4 S.sub.2 .sup.. HCl: C, 59.10; H, 6.09; N,
      12.53; S, 14.34; Cl, 7.93. Found: C, 58.84; H, 6.03; N, 12.49; S, 14.00;
      Cl, 7.91.
PAR  The starting material, 4,4'-bis(methylthio(chalcone, is prepared by the
      reaction of 4-methylthiobenzaldehyde and 4'-methylthioacetophenone in
      methanol solution in the presence of aqueous sodium hydroxide. After
      recrystallization from 2-methoxyethanol, the compound melts at
      128.degree.-129.degree.C.
PAR  Analysis calculated for C.sub.17 H.sub.16 OS.sub.2 : C, 67.96; H, 5.37; S,
      21.35. Found: C, 68.77; H, 5.50; S, 21.88.
PAC  EXAMPLE 38
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      .beta., 4,4'-Trimethylchalcone hydrochloride
PAR  A mixture of 4.2 gm. (0.0168 mole) of .beta., 4,4'-trimethylchalcone, 2.9
      gm. (0.0176 mole) of 2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine
      hydrochloride and 4 drops of concentrated hydrochloric acid in 50 ml. of
      ethanol is boiled for 11/2 hours and then concentrated to a yellow gum,
      adding benzene to replace the ethanol. Ether is added and the mixture is
      triturated yielding a while solid. The solid is dissolved in chloroform
      and then filtered. The filtrate is concentrated adding benzene. The white
      crystals are collected and washed with benzene and ether and dried.
PAR  Yield 4.91 gm., melting point 138.degree.-143.degree.C. Analysis calculated
      for C.sub.23 H.sub.28 N.sub.4 . HCl: C, 69.60; H, 7.36; N, 14.11; Cl,
      8.93. Found: C, 69.29; H, 7.37; N, 13.98; Cl, 8.83.
PAR  The starting material, .beta., 4,4'-trimethylchalcone is prepared by
      heating 4'-methylacetophenone and boric acid in xylene, the water being
      formed being removed in a water-separation apparatus. When water formation
      ceases, the reaction mixture is clarified, the xylene is removed, and the
      residual oil is distilled at 170.degree.-180.degree.C. The distillate
      solidifies on cooling, giving a pale yellow solid that melts at
      55.degree.-56.degree.C.
PAC  EXAMPLE 39
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      1,1,3-tris(4-Chlorophenyl)-1-propen-3-one hydrochloride
PAR  A mixture of 3.9 gm. (0.01 mole) of
      4'-chloro-3,3-bis(p-chlorophenyl)acrylophenone, 1.9 gm. (0.01 + mole) of
      2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine hydrochloride and 2 drops
      of concentrated hydrochloric acid in 40 ml. of n-propanol is boiled for
      1.5 hours with the addition of 0.15 gm. of hydrazine. The mixture is
      concentrated nearly to a gum, ether is added and the mixture is triturated
      to a gummy solid. This gum is dissolved in chloroform and then
      concentrated. The addition of ethanolic hydrochloric acid and benzene
      causes formation of a white solid. The solid is washed with ether and
      hexane and then recrystallized from ethanol and washed with ether yielding
      1.71 gm., melting point 224.degree.-225.degree.C.
PAR  Analysis calculated for C.sub.26 H.sub.23 N.sub.4 Cl.sub.3 . HCl: C, 58.45;
      H, 4.53; N, 10.48; Cl, 26.54. Found: C, 58.25; H, 4.42; N, 10.61; Cl,
      26.49.
PAR  The starting material, 1,1,3-tris(4-chlorophenyl)-1-propen-3-one is
      prepared by the procedure of W. T. Colwell, et al., J. Med. Chem., 14, 70
      (1971).
PAC  EXAMPLE 40
PAR  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-yl-hydrazone of
      4-Chloro-4'-(methylsulfonyl)chalcone hydrochloride
PAR  A mixture of 6.4 gm. (0.02 mole) of 4-chloro-4'-(methylsulfonyl)chalcone,
      3.5 gm. (0.02 + mole) of 2-hydrazino-4,5,6-7-tetrahydro-1H-1,3-diazepine
      hydrochloride and 10 drops of concentrated hydrochloric acid in 100 ml. of
      n-propanol is stirred at reflux for 41/2 hours, clarified and cooled at
      -10.degree.C. The precipitate is collected, washed with cold n-propanol
      and then ether and dried at 60.degree.C. under reduced pressure. Yield 5.1
      gm., melting point 232.degree.-234.degree.C.
PAR  Analysis calculated for C.sub.21 H.sub.23 N.sub.4 O.sub.2 SCL . HCl: C,
      53.96; H, 5.18; N, 11.99; S, 6.86; Cl, 15.17. Found: C, 53.27; H, 5.17; N,
      11.55; S, 6.84; Cl, 14.87.
PAR  The starting material, 4-chloro-4'-methylsulfonylchalcone, is prepared by
      the reaction of 4-chloro-4-methylthiochalcone and 30% hydrogen peroxide in
      acetic acid solution. Dilution with water gives the crude product which
      after recrystallization from hot acetic acid, melts at
      190.degree.-191.degree.C.
PAC  EXAMPLE 41
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      4'-Chloro-4-(methylthio)chalcone hydrochloride
PAR  A mixture of 5.8 gm. (0.02 mole) of 4'-chloro-4-(methylthio)chalcone, 3.5
      gm. (0.02 + mole) of 2-hydrazino14,5,6,7,-tetrahydro-1H-1,3-diazepine
      hydrochloride and 10 drops of concentrated hydrochloric acid in 100 ml. of
      n-propanol is stirred at reflux for 41/2 hours, clarified and cooled at
      -10.degree.C. The precipitate is collected, washed with 50 ml. of cold
      n-propanol and then 100 ml. of ether and air dried. This solid is
      dissolved in 100 ml. of chloroform and 200 ml. of benzene at the boil,
      carified and cooled at -10.degree.C. The mixture is concentrated to about
      75 ml., diluted with 125 ml. of benzene and heated to boiling. This
      mixture is diluted to 500 ml. with ether and cooled at -10.degree.C. The
      precipitate is collected, washed with 400 ml. of ether and dried at
      60.degree.C. under reduced pressure. Yield 4.1 gm., melting point
      218.degree.-220.degree.C.
PAR  Analysis calculated for C.sub.21 H.sub.23 N.sub.4 SCl . HCl: C, 57.93; H,
      5.56; N, 12.87; S, 7.36; Cl, 16.29. Found: C, 57.77; H, 5.57; N, 13.22; S,
      8.07; Cl, 16.40.
PAR  The starting material, 4'-chloro-4-methylthiochalcone, is prepared by the
      reaction of 4-methylthio benzaldehyde and 4'-chloroacetophenone in ethanol
      solution in the presence of aqueous sodium hydroxide. After
      recrystallization from an ethanol-di-methylformamide mixture, the compound
      melts at 146.degree.-147.degree.C.
PAC  EXAMPLE 42
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-, 1,3-diazepin-2-ylhydrazone of
      4-Chloro-4+-(methylthio)chalcone hydrochloride
PAR  A mixture of 5.7 gm. (0.02 mole) of 4-chloro-4'-(methylthio)chalcone, 3.5
      g,. (0.02 + mole) of 2-hydrazine-4,5,6,7-tetrahydro-1H-,1,3-diazepine
      hydrochloride and 10 drops of concentrated hydrochloric acid in 100 ml. of
      n-propanol is stirred at reflux for 5 hours, clarified while hot and then
      cooled at -10.degree.C. The precipitate is collected, washed with cold
      n-propanol and then ether and dried at 60.degree.C. under reduced
      pressure. Yield 0.9 gm., melting point 209.degree.-212.degree.C.
PAR  Analysis calculated for C.sub.21 H.sub.23 N.sub.4 SCl . HCl: C, 57.93; H,
      5.56; N, 12.87; S, 7.36; cl, 16.29. Found: c, 57.91: H, 5.59; N, 12.59; S,
      7.37;Cl, 15.91.
PAR  The starting material, 4-chloro-4'-methylthiochalcone, is prepared by the
      reaction of 4-chlorobenzaldehyde and 4'-methylthioacetophenone in ethanol
      solution in the presence of aqueous sodium hydroxide. After
      recrystallization from 2-methoxyethanol, the compound melts at
      159.degree.-160.degree.C.
PAC  EXAMPLE 43
PAR  Preparation of the 2-Imidazolin-2-ylhydrazone of
      4'-Chloro-4-methoxychalcone hydrochloride
PAR  A mixture of 4.8 g,. of 4'-chloro-4-methoxychalcone, 2.4 gm. of
      2-hydrazino-2-imidazoline hydrochloride and 10 drops of concentrated
      hydrochloric acid in 100 ml. of n-propanol is stirred at reflux for 7
      hours, clarified and cooled at -10.degree.C. The solution is diluted with
      100 ml. of ether and cooled at -10.degree.C. The mixture is filtered and
      the filtrate is cooled at -10.degree.C. The precipitate is collected,
      washed with ether and dried at 60.degree.C. under reduced pressure. Yield
      3.8 gm., melting point 206.degree.-207.degree.C.
PAR  Analysis calculated for C.sub.19 H.sub.19 N.sub.4 OCl . HCl: C, 58.32; H,
      5.15; N, 14.32; Cl, 18.12. Found: C, 58.05; H, 5.35; N, 14.15; Cl, 17.96.
PAR  The starting material, 4'-chloro-4-methoxyacetophenone, is prepared by the
      procedure of F. Straus and H. Blankenhorn, Ann., 415, 232 (1918).
PAC  EXAMPLE 44
PAC  Preparation of the 1,4,5,6-Tetrahydro-2-pyrimidinylhydrazone of
      4'-Chloro-2,4,5-triethoxychalcone hydrochloride
PAR  A mixture of 5.6 gm. (0.015 mole) of 4'-chloro-2,4,5-triethoxychalcone, 2.4
      gm. (0.015 + mp;e) od 2-hydrazino-2-imidazoline hydrochloride and 10 drops
      of concentrated hydrochloric acid in 100 ml. of n-propanol is stirred at
      reflux for 1 hour and then at room temperature overnight. This mixture is
      refluxed for 3 more hours, clarified while hot and then cooled at
      -10.degree.C. The precipitate is collected, washed with 50 ml. of cold
      n-propanol and then 100 ml. of ether and dried at 60.degree.C. under
      reduced pressure. Yield 6.6 gm., melting point 237.degree.-238.degree.C.
PAR  Analysis calculated for C.sub.25 H.sub.31 N.sub.4 O.sub.3 Cl . HCl: C,
      59.17; H, 6.36; N, 11.04; Cl, 13.97. Found: C, 58. 94; H, 6.44; N, 10.99;
      Cl, 13.87.
PAR  The starting material, 4'-chloro-2,4,5-triethoxychalcone, is prepared by
      the reaction of 4'-chloroacetophenone and 2,4,5-triethoxybenzaldehyde in
      ethanol solution in the presence of aqueous sodium hydroxide. After
      recrystallization from isopropanol, the compound melts at
      128.degree.-130.degree.C.
PAC  EXAMPLE 45
PAC  Preparation of the 1,4,5,6-Tetrahydro-2-pyrimidinylhydrazone of
      4'-Chloro-3,4,5-trimethoxychalcone hydrochloride
PAR  A mixture of 5.0 gm. (0.015 mole) of 4'-chloro-3,4,5-trimethoxychalcone,
      2.4 gm. (0.015 + mole) of 2-hydrazino-1,4,-5,6-tetrahydro-pyrimidine
      hydrochloride and 10 drops of concentrated hydrochloric acid in 100 ml. of
      n-propanol is stirred at reflux for 5 hours, clarified while hot and
      cooled at -10.degree.C. The precipitate is collected, washed with 100 ml.
      of cold n-propanol and 100 ml, of ether and dried at 60.degree.C. under
      reduced pressure. Yield 3.2 gm., melting point 231.degree.-232.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.25 N.sub.4 O.sub.3 Cl . HCl: C,
      56.78; H, 5.63; N, 12.04; Cl, 15.24. Found: C, 56.77; H, 5.74; N. 11.91;
      C;, 14.88.
PAR  The starting material, 4'-chloro-3,4,5-trimethoxychalcone, is prepared by
      the reaction of 4'-chloroacetophenone and 3,4,5-trimethoxybenzaldehyde in
      ethanol containing aqueous sodium hydroxide. After recrystallization from
      ethanol, the compound melts at 123.degree.-124.degree.C.
PAC  EXAMPLE 46
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-,1,3-diazepin-2-ylhydrazone of
      4-Chloro-3',4'-dimethylchalcone hydrochloride
PAR  A mixture of 2.80 gm. (0.01 + mole) of 4-chloro-3',4'-dimethylchalcone,
      1.80 gm. (0.01 + mole) of 2-hydrazino-4,5,6,7-tetrahydro-1H-,1,3-diazepine
      hydrochloride and 6 drops of concentrated hydrochloric acid in 60 ml. of
      n-propanol is boiled for 30 minutes and concentrated. The mash is filtered
      and washed with ethanol-ether obtaining a white solid. This solid is
      recrystallized by dissolving in chloroform, concentrating and adding
      ethanol. Yield 1.22 gm., melting point 239.degree.-240.degree.C. Analysis
      calculated for C.sub.22 H.sub.25 N.sub.4 Cl . HCl . 1/4 H.sub.2 O: C,
      62.65; H, 6.32; N, 13.29 ; Cl, 16.80. Found: C, 62.46; H, 6.32; N, 13.47;
      Cl, 16.71.
PAR  The starting material, 4-Chloro-3',4'-dimethylchalcone is prepared by the
      reaction of 4-chlorobenzaldehyde and 3',4'-dimethylacetophenone in ethanol
      solution containing aqueous sodium hydroxide. After recrystallization from
      benzene, the compound melts at 156.degree.-157.degree.C.
PAC  EXAMPLE 47
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      .beta., 2,2',5,5'-Pentamethylchalcone
PAR  A mixture of 5.7 gm. (0.02 mole) of .beta., 2,2',5,5'-pentamethylchalcone,
      3.3 gm. (0.02 mole) of 2-hydrazino-4,5,6,7-tetrahydro-1H-, 1,3-diazepine
      hydrochloride and 3 drops of concentrated hydrochloric acid in 60 ml. of
      n-propanol is boiled for 1 hour, cooled and concentrated. The yellow gum
      is treated with excess sodium hydroxide solution, extracted with 100 ml.
      of chloroform, and the chloroform removed under reduced pressure, leaving
      a glass which is powdered to a yellow solid.
PAR  Yield 5.28 gm., melting point 57.degree.-68.degree.C. Analysis calculated
      for C.sub.25 H.sub.32 N.sub.4 : C, 77.28; H, 8.30; N, 14.42. Found: C,
      76.50; H, 8.36; N, 14.43.
PAR  The starting material, .beta., 2,2'5,5'-pentamethylchalcone, is prepared by
      heating 2,5-dimethylacetophenone and boric acid in xylene, the water
      formed being collected in a water separation device. When water formation
      ceases, the mixture is clarified and the desired compound separated by
      fractional distillation of the filtrate. It is a viscous oil that resists
      attempts at crystallization.
PAC  EXAMPLE 48
PAC  Preparation of 1,4,5,6-Tetrahydropyrimidine-2-hydrazone of
      4-chloro-4'-methylthiochalcone hydrochloride
PAR  A mixture consisting of 5.8 gm. of 4-chloro-4'-methylthiochalcone, 3.3 gm.
      of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride, 100 ml. of
      n-propanol, and 10 drops of concentrated hydrochloric acid is stirred at
      reflux for 4 hours. The hot solution is clarified and cooled at
      -10.degree.C. There is obtained 4.5 gm. of the title compound, melting at
      218.degree.-220.degree.C. with decomposition.
PAR  Analysis calculated for C.sub.20 H.sub.21 N.sub.4 SCl . HCl; C, 57.00; H,
      5.26; N, 13.30; S, 7.61; Cl, 16.83. Found: C, 56.67; H, 5.29; N, 12.97; S,
      7.65; Cl, 16.60.
PAC  EXAMPLE 49
PAC  Preparation of the 1,4,5,6-Tetrahydropyrimidine-2-hydrazone of
      4-Chloro-4'-dimethylthiocarbamoyloxychalcone hydrochloride n-propanalate
PAR  A mixture consisting of 6.9 gm. of
      4-chloro-4'-di-methylthiocarbamoylchalcone, 3.3 gm. of
      2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride, 100 ml. of
      n-propanol, and 10 drops of concentrated hydrochloric acid is stirred at
      reflux for 90 minutes. The hot solution is clarified and cooled at
      -10.degree.C. The product crystallizes with n-propanol of crystallization:
      yield 4.8 gm. It softens at 120.degree.c. and melts clearly at
      145.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.24 N.sub.5 OSCl . HCl . C.sub.3
      H.sub.7 OH: C, 55.75; H, 6.18, N, 13.01; S, 5.95; Cl, 13.17. Found: C,
      55.33; H, 5.43; N, 12.89; S, 5.87; Cl, 12.84.
PAR  The starting material, 4-chloro-4'-dimethylthiocarbamoyloxychalcone is
      prepared by the reaction of 4-chloro-4'-hydroxy chalcone and
      dimethylthiocarbamyl chloride in acetone solution in the presence of
      aqueous sodium hydroxide. After recrystallization from acetone, it melts
      at 177.degree.-178.degree.C.
PAR  Analysis calculated for C.sub.18 H.sub.16 NSO.sub.2 Cl: C, 62.51; H, 4.66;
      N, 4.05; S, 9.27; Cl, 10.25. Found: C, 62.69; H, 4.65; N, 3.94; S, 9.33;
      Cl, 10.21.
PAC  EXAMPLE 50
PAC  Preparation of the 5,5-Dimethyl-1,4,5,6-tetrahydropyrimidine-2-hydrazone of
      4-Chloro-4'-methylthiochalcone hydrobromide
PAR  A mixture consisting of 4.3 gm. of 4-chloro-4'-methylthiochalcone, 3.5 gm.
      of 5,5-dimethyl-2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrobromide, 100
      ml. of n-propanol and 5 drops of 48% hydrobromic acid is stirred under
      reflux for 90 minutes. The solution is clarified and cooled at room
      temperature. The initial precipitate is removed by filtration, and the
      filtrate is cooled at -10.degree.C. The title compound is obtained pure
      and melts at 205.degree.-206.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.25 N.sub.4 SCl . HBr: C, 53.50; H,
      5.31; N, 11.34; S, 6.49. Found: C, 53.55; H, 5.73; N, 10.93; S, 6.45.
PAC  EXAMPLE 51
PAC  Preparation of the 2-Imidazolinyl-2-hydrazone of
      3-(2Naphthyl)-2'-acrylonaphtone hydrobromide
PAR  A mixture of 6.1 gm. of 3-(2-naphthyl)-2'-acrylonaphthone, 4gm. of
      2hydrazino-2-imidazoline hydrobromide, 100 ml. of n-propanol, and 5 drops
      of 48% hydrobromic acid is refluxed for 6 hours. Cooling the solution at
      -10.degree.C. gives 5.8 gm. of pure compound melting at
      215.degree.-217.degree.C.
PAR  Analysis calculated for C.sub.26 H.sub.22 N.sub.4. HBr: C, 66.25; H, 4.92;
      N, 11.89; Br, 16.95. Found; C, 65.94; H, 4.91; N, 11.63; Br, 16.43.
PAR  The starting material, 3-(2-naphthyl)-2'-acrylonaphthone is prepared by the
      reaction of 2-naphthaldehyde and 2-acetonaphthone in ethanol containing
      aqueous sodium hydroxide. After recrystallization from 2-methoxyethanol,
      it melts at 201.degree.-202.degree.C.
PAC  EXAMPLE 52
PAC  Preparation of the 1,4,5,6-Tetrahydropyrimidine-2-hydrazone of
      4'-Chloro-3,5-dimethylchalcone hydrochloride
PAR  A mixture of 2.8 gm. of 4'-chloro-3,5-dimethylchalcone, 1.7 gm. of
      2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride, 40 ml. of
      n-propanol and 2 drops of concentrated hydrochloric acid are refluxed for
      1 hour. The solution is then concentrated to 15 ml. of volume and 20 ml.
      of diethyl ether added. The white precipitate is collected and
      recrystallized from a mixture of chloroform and benzene, giving 2.6 gm. of
      the pure compound, melting at 237.degree.238.degree.C.
PAR  Analysis calculated for C.sub.21 H.sub.23 N.sub.4 Cl . HCl: C, 62.54; H,
      6.00; N, 13.89; Cl, 17.57. Found: C, 62.56; H, 6.20; N, 14.04; Cl, 17.69.
PAR  The starting material, 4'-chloro-3,5-dimethylchalcone is prepared by the
      reaction of 3,5-dimethylbenzaldehyde and 4'-chloroacetophenone in
      ethanolic solution in the presence of aqueous sodium hydroxide. It melts
      at 62.degree.-62.5.degree.C.
PAC  EXAMPLE 53
PAC  Preparation of the 1,4,5,6-Tetrahydropyrimidine-2-hydrazone of
      4,4'-Bis(methylthio)-.beta.-methylchalcone hydrochloride
PAR  A mixture consisting of 3.14 gm. of 4,4'-bis(methylthio)-62
      -methylchalcone, 1.6 gm. of 2-hydrazino-1,4,5,6-tetrahydropyrimidine
      hydrochloride, 75 ml. of n-propanol and 2 drops of concentrated
      hydrochloric acid is refluxed for 90 minutes and clarified hot. Cooling
      the filtrate yielded a white precipitate which after recrystallization
      from ethanol gave 1.9 gm. of pure product, melting at
      253.degree.-254.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.26 N.sub.4 S.sub.2. HCl: C, 59.11;
      H, 6.09; N, 12.53; S, 14.34; Cl, 7.93. Found: C, 59.20; H, 6.21; N, 12.62;
      S, 14.50; Cl, 7.93.
PAR  The starting material, 4,4'-bis(methylthio)-.beta.-methyl chalcone is
      prepared by the self condensation of 4'-methylthioacetophenone in boiling
      toluene solution in the presence of aluminum t-butoxide. After
      recrystallization from acetone, it melted at 121.degree.-122.degree.C.
PAC  EXAMPLE 54
PAC  Preparation of the 1,4,5,6-Tetrahydropyrimidine-2-hydrazone of
      4'-Methylthio-4-phenylchalcone hydrochloride
PAR  A mixture of 6.6 gm. of 4'-methylthio-4-phenylchalcone, 3.5 gm. of
      2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride, 100 ml. of
      n-propanol, and 10 drops of concentrated hydrochloric acid are heated
      under reflux for 4 hours. The hot solution is clarified and cooled at
      -10.degree.C. An orange-yellow precipitate is formed. It is collected,
      washed with n-propanol and diethyl ether, and dried; yield, 6.9 gm.,
      melting point 235.degree.-236.degree.C.
PAR  Analysis calculated for C.sub.26 H.sub.26 N.sub.4 S . HCl: C, 67.44; H,
      5.88; N, 12.10; S, 6.92; Cl, 7.66. Found: C, 66.84; H, 6.11; N, 12.23; S,
      6.63; Cl, 7.75.
PAR  The starting material, 4'-methylthio-4-phenylchalcone is prepared by the
      reaction of 4-biphenylcarboxaldehyde and 4'-methylthioacetophenone in
      ethanol solution in the presence of aqueous sodium hydroxide.
      Recrystallization from 2-methoxyethanol gave the pure compound, melting at
      142.degree.-143.degree.C.
PAC  EXAMPLE 55
PAC  Preparation of the 1,4,5,6-Tetrahydropyrimidine-2-hydrazone of
      4-Bromo-4'-methylthiochalcone hydrochloride
PAR  A mixture consisting of 6.7 gm. of 4-bromo-4'-methyl-thiochalcone, 3.4 gm.
      of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride, 100 ml. of
      n-propanol, and 10 drops of concentrated hydrochloric acid is stirred
      under reflux for 4 hours. Clarification of the hot solution and cooling at
      -10.degree.C. gave 4.2 gm. of the pure title compound melting at
      225.degree.-226.degree.C.
PAR  Analysis calculated for C.sub.20 H.sub.21 N.sub.4 BrS . HCl: C, 51.56; H,
      4.76; N, 12.03, S. 6.88; Cl, 7.61; Br, 17.15. Found: C, 51.02; H, 4.81; n,
      11.58; S, 6.94; Cl, 7.69; Br, 17.34.
PAR  The starting material, 4-bromo-4'-methylthiochalcone is prepared by the
      reaction of 4-biphenylcarboxaldehyde and 4'-bromoacetophenone in ethanol
      solution in the presence of aqueous sodium hydroxide. Recrystallization
      from 2-methoxyethanol gave the pure compound melting at
      174.degree.-175.degree.C.
PAR  Analysis calculated for C.sub.16 H.sub.13 SOBr: C, 57.67; H, 3.93; S, 9.62;
      Br, 23.98. Found: C, 58.07; H, 3.88; S, 9.91; Br, 23.91.
PAC  EXAMPLE 56
PAC  Preparation of the 2-Imidazolinyl-2-hydrazone of
      4'-Methylthio-3-(2-naphthyl)acrylophenone hydrochloride
PAR  A mixture of 6.1 gm. of 4'-methylthio-3-(2-naphthyl)-acrylophenone, 4.0 gm.
      of 2-hydrazino-2-imidazoline hydrobromide, 100 ml. of n-propanol and 10
      drops of 48% hydrobromic acid are heated under reflux. Within 10 minutes,
      a heavy precipitate is present, necessitating addition of 75 ml of
      n-propanol to permit stirring. After 4 hours of heating, the mixture is
      filtered hot, the precipitate washed with n-propanol and diethylether, and
      dried; yield, 7.7 gm., melting point 232.degree.-233.degree.C.
PAR  Analysis calculated for C.sub.23 H.sub.22 N.sub.4 S . HBr: C, 59.10; H,
      4.96; N, 11.99; S, 6.86; Br, 17.09. Found: C, 59.16; H, 5.17; N, 12.00; S,
      6.92; Br, 16.87.
PAR  The starting material, 4'-methylthio-3-(2-naphthyl)-acrylophenone, is
      prepared by the reaction of 2-naphthaldehyde and 4'-methylthioacetophenone
      in ethanol solution in the presence of aqueous sodium hydroxide. After
      recrystallization from a mixture of 2-methoxyethanol and
      dimethylformamide, it melts at 196.degree.-197.degree.C.
PAC  EXAMPLE 57
PAC  Preparation of the 1,4,5,6-Tetrahydropyrimidine-2-hydrazone of
      1,1,3-Tris(4-chlorophenyl)-1-propen-3-one hydrochloride
PAR  A mixture comprising 3.87 gm. of 1,1,3-tris(4-chlorophenyl)-1-propen-3-one,
      1.65 gm. of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride, 40 ml.
      of n-propanol and 2 drops of concentrated hydrochloric acid is refluxed
      for 1 hour and then concentrated to dryness under reduced pressure. The
      resultant gum is dissolved in hot chloroform, the solution clarified, and
      the chloroform removed under reduced pressure. The residual solid is
      recrystallized from ethanol to give 3.6 gm. of pure compound melting at
      252.degree.-253.degree.C.
PAR  Analysis calculated for C.sub.25 H.sub.21 N.sub.4 Cl.sub.3 . HCl: C, 57.72;
      H, 4.26; N, 10.76; Cl, 27.26. Found: C, 57.46; H, 4.35; N, 10.63; Cl,
      27.16.
PAC  EXAMPLE 58
PAC  Preparation of the 2-imidazolinyl-2-hydrazone hydrobromide of
      4-Chloro-4'-Iodochalcone
PAR  A mixture comprising 7.4 g. of 4-chloro-4'-iodochalcone, 4.0 g. of
      2-hydrazino-2-imidazoline hydrobromide, 10 drops of 48% hydrobromic acid
      and 125 ml. of n-propanol is stirred and heated under a reflux condenser
      for 3 hours. The hot solution is clarified and cooled at -10.degree.C. The
      tan precipitate that forms is collected, washed with cold n-propanol and
      ether, and dried; yield, 5.1 g., melting point 207.degree.-210.degree.C.
PAR  Analysis calculated for: C.sub.18 H.sub.16 N.sub.4 I Cl. HBr:; C, 40.67; H,
      3.22; N, 10.54. Found: C, 41.11; H, 3.29; N, 10.52.
PAR  The starting material, 4-chloro-4'-iodochalcone is prepared by the reaction
      of 4-chlorobenzaldehyde and 4'-iodoacetophenone in ethanolic solution in
      the presence of aqueous sodium hydroxide. After recrystallization from
      2-methoxyethanol, it melts at 189.degree.-190.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. A substituted chalcone of the formula:
      ##EQU4##
      wherein R.sub.1 and R.sub.2 are the same or different and are selected
      from the group consisting of monohalophenyl, monomethylphenyl,
      dimethylphenyl, C.sub.1 -C.sub.4 -alkylthiophenyl, methylsulfonylphenyl,
      trifluoromethylphenyl and biphenylyl; R is hydrogen or methyl and X is
      chloro, iodo or bromo.
NUM  2.
PAR  2. The substituted chalcone in accordance with claim
      1,4,5,6,7-tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      4,4'-dichloro-62-methylchalcone hydrochloride.
NUM  3.
PAR  3. The substituted chalcone in accordance with claim
      1,4,5,6,7-tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      4,4'-dichlorochalcone hydrochloride.
NUM  4.
PAR  4. The substituted chalcone in accordance with claim
      1,4,5,6,7-tetrahydro-1H-, 1,3-diazepin-2-ylhydrazone of 4-chloro-
      4'-(methylthio)chalcone hydrochloride.
NUM  5.
PAR  5. The substituted chalcone in accordance with claim
      1,4,5,6,7-tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      4-bromo-4'-chlorochalcone hydrochloride.
NUM  6.
PAR  6. The substituted chalcone in accordance with claim 1
      4,5,6,7-tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      4'-chloro-4-(trifluoromethyl)chalcone hydrochloride.
NUM  7.
PAR  7. The substituted chalcone in accordance with claim 1,
      4,5,6,7-tetrahydro-1H-1,3-diazepin-2-ylhydrazone  of
      4,4-bis(trifluoromethyl)chalcone hydrochloride.
NUM  8.
PAR  8. The substituted chalcone in accordance with claim 1,
      4,5,6,7-tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      4,4'-bis(methylthio)chalcone hydrochloride.
NUM  9.
PAR  9. The substituted chalcone in accordance with claim 1,
      4,5,6,7-tetrahydro-1H-1,3diazepin-2-ylhydrazone of .beta.,
      4,4'-trimethylchalcone hydrochloride.
NUM  10.
PAR  10. The substituted chalcone in accordance with claim 1,
      4,5,6,7-tetrahydro-1H-1,3-diazepin-2-yl-hydrazone of
      4-chloro-4'-(methylsulfonyl)chalcone hydrochloride.
NUM  11.
PAR  11. The substituted chalcone in accordance with claim 1,
      4,5,6,7-tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      4'-chloro-4-(methylthio)chalcone hydrochloride.
NUM  12.
PAR  12. The substituted chalcone in accordance with claim 1,
      4,5,6,7-tetrahydro-1H, 1,3-diazepin-2-ylhydrazone of
      4-chloro-3',4'-dimethylchalcone hydrochloride.
NUM  13.
PAR  13.  The substituted chalcone in accordance with claim 1,
      4,5,6,7-tetrahydro-1H-1,3-diazepin-2-ylhydrazone of .beta.,
      2,2',5,5'-pentamethylchalcone.
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ABST
PAL  Penicillins of the formula:
      ##SPC1##
PAL  And their pharmaceutically acceptable nontoxic salts wherein
PA1  R.sub.1 is hydrogen, halogen, lower alkyl, hydroxy, nitro or A--NH;
PA1  A is
      ##EQU1##
      wherein R.sub.3 is hydrogen; lower alkyl; halo-(lower alkyl); cycloalkyl
      of 3 to 11 carbon atoms, unsubstituted or substituted by hydroxy or alkyl
      of 1 or 2 carbon atoms; cycloalkenyl of 3 to 11 carbon atoms; bicycloalkyl
      of up to 8 carbon atoms; bicycloalkenyl of up to 8 carbon atoms; aryl of 6
      to 10 carbon atoms, unsubstituted or substituted by 1 to 3 substituents
      selected from the group consisting of alkyl of 1 to 4 carbon atoms, alkoxy
      of 1 to 4 carbon atoms, halogen, trifluoromethyl, nitro, amino,
      alkylsulphonyl of 1 to 4 carbon atoms, and methylenedioxy; azidoaryl of 6
      to 10 carbon atoms, azido-(lower alkyl); amino; or thienyl;
PA2  R.sub.4 is lower alkylamino or arylamino of 6 to 10 carbon atoms;
PA1  B is a direct bond; CH.sub.2 ; S--CH.sub.2 ; CH=CH; or CO--NH--CH.sub.2 ;
PA1  E is phenyl or phenyl or thenyl, substituted by hydroxy, azido, lower
      alkyl, lower alkoxy, lower alkylthio or chlorine; and
PA1  C* is an asymmetric carbon atom,
PAL  Are useful for their antibacterial activity against both Gram-positive and
      Gram-negative bacteria.
BSUM
PAR  The present invention relates to penicillins, to a process for their
      production, to pharmaceutical compositions useful for treating bacterial
      infections in humans and animals wherein said penicillins are the active
      agent, to the use of said penicillins as feedstuff additives and
      growth-promoting agents for use in mammals, poultry and fish, and to
      compositions comprising a nutritious material in combination with a
      growth-promoting or antibacterially effective amount of said penicillins.
PAR  It is known that substituted 6-(.alpha.-benzoylamino)-acetamidopenicillanic
      acids which in the 3- or 4-position of the benzoyl radical carry a
      substituent derived from carbonic acid, of the formula:
      ##EQU2##
      wherein
PAR  X is O or NH can be synthesized; they are described in German
      Offenlegungsschrift No. 2,050,087.
PAR  On the other hand, those penicillin derivatives in which the amino groups
      in the ortho-, meta- or para-position of the benzoyl radical are not
      substituted by carbonic acid derivatives have not previously been
      disclosed.
PAR  More particularly, the present invention is concerned with penicillins of
      the formula:
      ##SPC2##
PAL  And pharmaceutically acceptable nontoxic salts thereof wherein
PA1  R.sub.1 is hydrogen, halogen, lower alkyl, hydroxy, nitro or A--NH;
PA1  A is
      ##EQU3##
      wherein R.sub.3 is hydrogen; lower alkyl; halo-(lower alkyl); cycloalkyl
      of 3 to 11 carbon atoms, unsubstituted or sustituted by hydroxy or alkyl
      of 1 or 2 carbon atoms; cycloalkenyl of 3 to 11 carbon atoms; bicycloalkyl
      of up to 8 carbon atoms; bicycloalkenyl of up to 8 carbon atoms; aryl of 6
      to 10 carbon atoms, unsubstituted or substituted by 1 to 3 substituents
      selected from the group consisting of alkyl of 1 to 4 carbon atoms, alkoxy
      of 1 to 4 carbon atoms, halogen, trifluoromethyl, nitro, amino,
      alkylsulphonyl of 1 to 4 carbon atoms, and methylenedioxy, azidoaryl of 6
      to 10 carbon atoms, azido-(lower alkyl); amino; or thienyl;
PA2  R.sub.4 is lower alkylamino or arylamino of 6 to 10 carbon atoms;
PA1  B is a direct bond; CH.sub.2 ; S--CH.sub.2 ; CH=CH; or CO--NH--CH.sub.2 ;
PA1  E is phenyl or phenyl or thenyl, substituted by hydroxy, azido, lower
      alkyl, lower alkoxy, lower alkylthio or chlorine; and
PA1  C* is an asymmetric carbon atom.
PAR  The asymmetric carbon atom C* gives rise to pairs of R- and
      S-diastereomers. The invention covers compounds of both diastereomeric
      configurations both individually and in mixtures.
PAR  The preferred pharmaceutically acceptable nontoxic salts include: salts of
      the acid carboxyl group, such as the simple salts with sodium, potassium,
      magnesium, calcium, aluminum and ammonia, and the nontoxic
      substituted-ammonia salts with amines, such as di- and tri-lower
      alkylamines, procaine, dibenzylamine, N,N'-dibenzylethylenediamine,
      N-benzyl-.beta.-phenylethylamine, N-methyl- and N-ethyl-morpholine,
      1-ephenamine, dehydroabietylamine, N,N'-bis-dehydroabietylethylenediamine,
      N-lower alkylpiperidine and other amines which have already been used for
      forming salts of penicillins.
PAR  The phrase "lower alkyl" as used herein means a straight or branched chain
      alkyl moiety of 1 to 6 carbon atoms.
PAR  According to one embodiment of the present invention,
PA1  A is
      ##EQU4##
      wherein R.sub.3 is hydrogen; lower alkyl; halo-(lower alkyl); cycloalkyl
      of 3 to 11 carbon atoms, unsubstituted or substituted by hydroxy or alkyl
      of 1 or 2 carbon atoms; cycloalkenyl of 3 to 11 carbon atoms; bicycloalkyl
      of up to 8 carbon atoms; bicycloalkenyl of up to 8 carbon atoms; aryl of 6
      to 10 carbon atoms, unsubstituted or substituted by 1 to 3 substituents
      selected from the group consisting of alkyl of 1 to 4 carbon atoms, alkoxy
      of 1 to 4 carbon atoms, halogen, trifluoromethyl, nitro, amino,
      alkylsulphonyl of 1 to 4 carbon atoms, and methylenedioxy; azidophenyl,
      azido-(lower alkyl); amino; or thienyl.
PAR  According to another embodiment of the present invention:
PA1  R.sub.1 is A--NH and each
PA2  A is formyl, cyclopropylcarbonyl, or cyclobutylcarbonyl.
PAR  According to another embodiment of the present invention:
PA1  R.sub.3 is hydrogen; lower alkyl; mono-or dichloro-(lower alkyl); mono-or
      dibromo-(lower alkyl); cycloalkyl of 3 to 7 carbon atoms, unsubstituted or
      substituted by hydroxy or alkyl of 1 or 2 carbon atoms; cycloalkenyl of 3
      to 7 carbon atoms; norbonyl; phenyl, unsubstituted or substituted by 1 to
      3 substituents selected from the group consisting of alkyl of 1 or 2
      carbon atoms, alkoxy of 1 or 2 carbon atoms, chlorine, bromine, fluorine,
      trifluoromethyl, nitro, amino, alkylsulphenyl of 1 or 2 carbon atoms, and
      methylenedioxy; azidophenyl; azidoalkyl of 1 to 4 carbon atoms; amino; or
      thienyl;
PA1  R.sub.4 is alkylamino of 1 or 2 carbon atoms, or phenylamino; and
PA1  E is phenyl or hydroxyphenyl.
PAR  As used in this specification -APS- is the group:
      ##SPC3##
PAR  According to another embodiment of the present invention:
PA1  A is R.sub.2 ;
PA1  B is a direct bond; and
PA1  E is phenyl:
      ##SPC4##
PA1  R.sub.1 is hydrogen, nitro or halogen; and
PA1  R.sub.2 is hydrogen, lower alkyl or phenylsulphenyl.
PAR  According to another embodiment of the present invention:
PA1  A is
      ##EQU5##
      B is a direct bond; and E is phenyl:
      ##SPC5##
PA1  R.sub.1 is hydrogen, nitro or halogen;
PA1  R.sub.3 is hydrogen; lower alkyl; mono- or dichloro-(lower alkyl); mono- or
      dibromo-(lower alkyl); cycloalkyl of 3 to 7 carbon atoms, unsubstituted or
      substituted by hydroxy or alkyl of 1 or 2 carbon atoms; cycloalkenyl of 3
      to 7 carbon atoms; norbony; phenyl, unsubstituted or substituted by 1 to 3
      substituents selected from the group consisting of alkyl of 1 or 2 carbon
      atoms, alkoxy of 1 or 2 carbon atoms, chlorine, bromine, fluorine,
      trifluoromethyl, nitro, amino, alkylsulphonyl of 1 or 2 carbon atoms, and
      methylenedioxy; azidophenyl; azidoalkyl of 1 to 4 carbon atoms; amino; or
      thienyl; and
PA1  R.sub.4 is alkylamino of 1 or 2 carbon atoms, or phenylamino.
PAR  According to another embodiment of the present invention:
PA1  A is
      ##EQU6##
      B is a direct bond; and E is phenyl:
      ##SPC6##
PA1  R.sub.1 is hydrogen or halogen; and
PA1  R.sub.3 is hydrogen; lower alkyl; cycloalkyl of 3 to 11 carbon atoms or
      cycloalkenyl of 3 to 11 carbon atoms.
PAR  According to another embodiment of the present invention:
PA1  A is
      ##EQU7##
      B is a direct bond; and E is phenyl:
      ##SPC7##
PA1  R.sub.3 is hydrogen; lower alkyl; cycloalkyl of 3 to 11 carbon atoms or
      cycloalkenyl of 3 to 11 carbon atoms.
PAR  According to another embodiment of the present invention:
PA1  A is
      ##EQU8##
      B is CH.sub.2 ; S--CH.sub.2 ; CH=CH; or CO--NH--CH.sub.2 ; and E is
      phenyl:
      ##SPC8##
PA1  R.sub.3 is hydrogen; lower alkyl; cycloalkyl of 3 to 11 carbon atoms or
      cycloalkenyl of 3 to 11 carbon atoms.
PAR  According to another embodiment of the present invention:
PA1  R.sub.1 is A--NH;
PA1  A is
      ##EQU9##
      B is a direct bond; and E is phenyl:
      ##SPC9##
PA1  R.sub.3 is hydrogen; lower alkyl; cycloalkyl of 3 to 11 carbon atoms or
      cycloalkenyl of 3 to 11 carbon atoms.
PAR  According to another embodiment of the present invention in compound (A):
PA1  C* is in the D(-)--configuration;
PA1  R.sub.1 is hydrogen, nitro, chlorine or bromine; and
PA1  R.sub.2 is hydrogen or alkyl of 1 or 2 carbon atoms.
PAR  According to another embodiment of the present invention in compounds (B)
      and (C):
PA1  C* is in the D(-)-- configuration;
PA1  R.sub.1 is hydrogen, nitro, chlorine or bromine;
PA1  R.sub.3 is hydrogen; cycloalkyl of 3 to 7 carbon atoms, unsubstituted or
      substituted by hydroxy or alkyl of 1 or 2 carbon atoms; cycloalkenyl of 3
      to 7 carbon atoms; norbonyl; phenyl, unsubstituted or substituted by 1 to
      3 substituents selected from the group consisting of alkyl of 1 or 2
      carbon atoms, alkoxy of 1 or 2 carbon atoms, chlorine, fluorine,
      trifluoromethyl, nitro, amino, alkylsulphonyl of 1 or 2 carbon atoms, and
      methylenedioxy; azidophenyl; azidoalkyl of 1 to 4 carbon atoms; amino or
      thienyl; and
PA1  R.sub.4 is alkylamino of 1 or 2 carbon atoms.
PAR  According to another embodiment of the present invention in compounds (D)
      and (E):
PA1  C* is in the D(-)-- configuration;
PA1  R.sub.1 is hydrogen, chlorine or bromine; and
PA1  R.sub.3 is hydrogen; lower alkyl; cycloalkyl of 3 to 7 carbon atoms or
      cycloalkenyl of 3 to 7 carbon atoms.
PAR  According to another embodiment of the present invention in compounds (F),
      (G), (H) and (I):
PA1  C* is in the D(-)-- configuration; and
PA1  R.sub.3 is hydrogen; lower alkyl; cycloalkyl of 3 to 7 carbon atoms or
      cycloalkenyl of 3 to 7 carbon atoms.
PAR  According to another embodiment of the present invention in compound (J):
PA1  C* is in the D(-)-- configuration; and
PA1  R.sub.3 is hydrogen; lower alkyl; cycloalkyl of 3 to 7 carbon atoms or
      cycloalkenyl of 3 to 7 carbon atoms.
PAR  According to another embodiment of the present invention in compound (K):
PA1  C* is in the D(-)-- configuration; and
PA1  R.sub.3 is hydrogen; lower alkyl; cycloalkyl of 3 to 7 carbon atoms or
      cycloalkenyl of 3 to 7 carbon atoms.
PAR  According to another embodiment of the present invention:
PA1  C* is in the D(-)-- configuration;
PA1  R.sub.1 is hydrogen;
PA1  A is R.sub.2 or
      ##EQU10##
      wherein R.sub.2 is hydrogen; and
PA2  R.sub.3 is cycloalkyl of 3 to 7 carbon atoms, cycloalkenyl of 3 to 7 carbon
      atoms, phenyl or phenyl substituted by amino or 1 to 3 methoxy moieties;
PA1  B is a direct bond; and
PA1  E is phenyl.
PAR  According to another embodiment of the present invention:
PA1  R.sub.3 is cyclopropyl, cyclobutyl, cyclopentyl, cycloheptyl,
      cycloheptenyl, or phenyl substituted by amino or three methoxy moieties.
PAR  According to another embodiment of the present invention:
PA1  C* is in the D(-)-- configuration;
PA1  R.sub.1 is hydrogen, nitro, alkyl of 1 or 2 carbon atoms, chlorine, bromine
      or hydroxy;
PA1  A is R.sub.2,
      ##EQU11##
      wherein R.sub.2 is hydrogen or alkyl of 1 or 2 carbon atoms;
PA2  R.sub.3 is hydrogen; cycloalkyl of 3 to 7 carbon atoms, unsubstituted or
      substituted by hydroxy or alkyl of 1 or 2 carbon atoms; cycloalkenyl of 3
      to 7 carbon atoms; norbonyl; phenyl unsubstituted or substituted by 1 to 3
      substituents selected from the group consisting of alkyl of 1 or 2 carbon
      atoms, alkoxy of 1 or 2 carbon atoms, chlorine, bromine, fluorine,
      trifluoromethyl, nitro, amino, alkylsulphonyl of 1 or 2 carbon atoms and
      methylenedioxy; azidophenyl, adixoalkyl of 1 to 4 carbon atoms; amino; or
      thienyl;
PA2  R.sub.4 is alkylamino of 1 or 2 carbon atoms;
PA1  B is a direct bond; CH.sub.2 ; S--CH.sub.2 ; or CO--NH--CH.sub.2 ; and
PA1  E is phenyl or hydroxyphenyl.
PAR  According to another embodiment of the present invention:
PA1  C* is in the D(-)-- configuration;
PA1  A is
      ##EQU12##
      wherein R.sub.3 is hydrogen; cyclopropyl or cyclobutyl;
PA1  B is a direct bond; and
PA1  E is phenyl.
PAR  According to another embodiment of the present invention:
PA1  R.sub.1 is hydrogen, hydroxy, methyl, chlorine or nitro; and
PA1  R.sub.3 is cyclopropyl, hydroxycyclopropyl, cyclobutyl, cyclopentyl,
      cyclohexyl, cycloheptyl, cyclopentenyl, methylcyclopentenyl, cyclohexenyl,
      cycloheptenyl, methylnorbonyl, phenyl substituted by methoxy, vinyl,
      fluorine, trifluoromethyl, methylenedioxy, azido, nitro, amino,
      methylsulphonyl, dimethoxy, dinitro dichloro, dimethyl, fluorine and
      amino, trimethoxy, azidomethyl, azidoethyl, azidodimethylethyl,
      azidopropyl, ethoxy, methylamino or thienyl, or the sodium salt thereof.
PAR  The penicillins and their pharmaceutically acceptable nontoxic salts of the
      present invention may be produced by reacting an ampicillin derivative of
      the formula:
      ##SPC10##
PAL  wherein
PA1  E is as above defined; and
PA1  R.sub.5 is hydrogen, trimethylammonium or a sodium cation with a compound
      of the formula:
      ##SPC11##
PAL  wherein
PA1  R.sub.1, a and B are as above defined; and
PA1  X is a labile moiety, at a temperature of from -20.degree.C to +50.degree.C
      in a diluent and in the presence of a base.
PAR  The labile moiety X can be any moiety that is smoothly eliminated as HX
      together with a hydrogen atom of the free amino group of the ampicillin
      derivative of the formula (II) to produce the desired peptide bond. Many
      such moieties X are known for this purpose from peptide chemistry, the
      most important for the purposes of the present invention being the
      halogens (especially chlorine), acyloxy groups (especially acetyloxy) and
      activated ester groups (especially benzotriazol ethoxycarbonyloxy-1-yl).
PAR  The synthesis of the activated acylated aromatic amino acid of formula
      (III) can be carried out by any suitable method; several such methods are
      known in peptide chemistry, the principal examples for present purposes
      being the acid chloride method, the mixed anhydride method, and the
      activated ester method. In the acylated aromatic amino acid of formula
      (III) (X=OH) is reacted at the carboxyl group in an anhydrous organic
      solvent and in the presence of about 1 mole equivalent of a tertiary
      organic base, preferably N-methyl-morpholine, at -60.degree.C to
      +30.degree.C, preferably -20.degree.C to +10.degree.C; the activated
      acylated aromatic amino carboxylic acid (III) (X=labile radical) is
      preferably not isolated, but reacted immediately with a solution of the
      ampicillin derivative of formula (II). [See T. Wieland and H. Bernhard,
      Liebig's Ann. Chem. 572, 190 (1951); R. A. Boissonas, Helv. Chim. Acta.
      34, 814 (1951); J. R. Vaughan and R. L. Osato, J. Amer. Chem. Soc. 73, 3
      547 (1952)].
PAR  In the acid chloride method, the acylated aromatic amino acid (III) (X=OH)
      is generally reacted with thionyl chloride or phosphorus pentachloride in
      an anhydrous inert organic solvent (e.g. methylene chloride, benzene,
      tetrahydrofuran (T.H.F.), acetone, dioxane and chloroform) to produce, as
      the activated acylated aromatic amino acid (III) (X=Cl) the acid chloride.
PAR  In the mixed anhydrides method the acylated aromatic amino acid of formula
      (III) (X=OH) is converted into a mixed anhydride with another carboxylic
      acid; the residue (X) of the other carboxyl acid is smoothly eliminated in
      the subsequent reaction with the ampicillin derivative of formula (II). In
      the most useful form of this method, the acylated aromatic amino acid
      (III) (X=OH) is reacted with an alkyl acid chlorocarbonate (preferably
      ethyl chlorocarbonate) in an inert solvent (e.g. tetrahydrofuran); the
      acid is preferably first converted to its triethylamine salt. The product
      is an activated acylated aromatic amino carboxylic acid (III) in which X
      is an acyloxy group (when ethylchlorocarbonate is used,
      ##EQU13##
PAR  In the activated ester method the acylated aromatic amino acid of formuls
      (III) (X=OH) is converted into an ester by reaction with an alcohol, the
      residue (X) of which is smoothly eliminated in the subsequent reaction
      with the ampicillin derivative (II). The most useful activated esters are
      the 1-hydroxy-benzotriazole esters (W. Konig and R. Geiger, Chem. Ber.
      103, 788-798 [1970]), but other activated esters (e.g. the p-nitrophenyl,
      thiophenyl, cyanomethyl, N-ethyl-5-phenyl-isoxazolium-3'-sulphonate, and
      N-hydroxyphthalimide esters) can be used. The conditions under which the
      activated esters are formed are those described above.
PAR  If 4-cyclopropanecarbonylamino-benzoyl chloride (IVa) and
      D(-)-.alpha.-amino-benzylpenicillin (=ampicillin) (V) are used as starting
      compounds, the course of the reaction in the process of the invention can
      be illustrated by the following equation:
      ##SPC12##
PAL  Sodium
      D(-)-.alpha.-(4-cyclopropanecarbonyl-amino-benzoylamino)-benzylpenicillin
      (VIa) is obtained.
PAR  If 4-(4-cycloheptene-1-carbonylamino)-benzoic acid (IVb) and
      D(-)-.alpha.-aminobenzylpenicillin (=ampicillin) (V) are used as starting
      compounds for a mixed anhydride synthesis, the course of the reaction can
      be represented by the following equation:
      ##SPC13##
PAR  Sodium
      D(-)-.alpha.-[4-(4-cycloheptene-1-carbonylaminobenzoylamino)]-benzylpenici
     llin (VIb) is obtained.
PAR  The compounds of formula (II) used as starting materials according to the
      present invention are described in German Pat. No. 1,156,078, in U.S. Pat.
      Nos. 3,342,677, 3,157,600, 2,985,648 and 3,140,282, in South African
      Patent No. 68/0290 and in U.S. Pat. No. 3,144,445. They can occur in the
      D(-)-- and L(+)-- forms depending on the configuration of the asymmetric
      carbon atom (C*).
PAR  All crystal forms and configurations of the compounds of the formula (II)
      are suitable as the starting material for the reaction according to the
      present invention. The configuration of the center of asymmetry of the
      6-aminopenicillanic acid nucleus in the compound of the formula (II)
      should be identical with the corresponding center of asymmetry of
      6-aminopenicillanic acid which has been obtained, for example, from
      penicillin G by fermentative processes.
PAR  The compounds of the formula (III) which can be used as starting compounds
      according to the present invention are in some cases known. The production
      of typical starting compounds which are not previously known is described
      in the examples, and the remainder can be produced analogously. The
      following compounds are representative of the starting materials of the
      formula (III):
      ##SPC14##
PAL  wherein
PA1  R.sub.1, r.sub.2, r.sub.3, b and X are as above defined.
PAR  Possible diluents for the reaction of compounds (II) and (III) are organic
      solvents, such as acetone, tetrahydrofuran (THF), dioxane, acetonitrile,
      dimethylformamide (DMF), dimethylsulphoxide and methylene chloride or
      mixtures of these solvents with water.
PAR  The bases used in the reaction of compounds (II) and (III) are generally
      tertiary organic bases, for example N-methyl-morpholine and triethylamine,
      or inorganic bases. The pH value of the reaction mixture is kept at pH 6.5
      to 9.2 with the aid of these bases. Where a pH measurement is not carried
      out, as in the case of the mixed anhydride technique using absolute
      organic solvents (THF/DMF/CH.sub.2 Cl.sub.2), 1.5 to 2.6 mol equivalents
      of base are preferably added when
      6-D-(.alpha.-aminophenylacetamido)-penicillanic acid (ampicillin) and an
      anhydrous reaction medium are used.
PAR  The reaction temperatures can be varied over a substantial range. In
      general, the reaction is carried out between -20.degree.C and
      +50.degree.C, temperatures of -15.degree.C to +20.degree.C being
      particularly preferred.
PAR  In carrying out the process according to the present invention, the
      reactants of formulae (II) and (III) react with one another in
      equimolecular amounts. It can, however, be desirable to have one of the
      two reactants present in excess in order to facilitate the isolation of
      the desired penicillin and to increase the yields. For example, the
      reactants of the formula (II) can be employed in an excess of 10 to 30%
      per mol, especially when the mixed anhydride or activated ester method is
      used to produce the compound of formula (III). The excess of the reactant
      of the formula (II) can easily be removed because of its good solubility
      in aqueous mineral acids when working up the reaction mixture. On the
      other hand, it is also possible advantageously to employ the reactants of
      the formula (III) in an excess of, for example, 10% to 20 mol %,
      especially when the acid chloride method is used to produce the compound
      of formula (III). This results in the reactants, for example of the
      formula (II), being utilized better and compensates for the decomposition
      of the reactants of the formulae (VII) to (XIV) which takes place as a
      side-reaction in aqueous solvents.
PAR  Salts of the present invention can be obtained by reacting the free acid
      produced with a suitable base.
PAR  The following compounds are representative of those of the present
      invention:
      ##SPC15##
PAR  Sodium
      D(-)-.alpha.-(4-cyclopropanecarbonylamino-benzoylamino)-benzylpenicillin:
      ##SPC16##
PAR  Sodium
      D(-)-.alpha.-(4-cyclobutanecarbonylamino-benzoylamino)-benzylpenicillin:
      ##SPC17##
PAR  Sodium
      D(-)-.alpha.-(4-cyclopentanecarbonylamino-benzoylamino)-benzylpenicillin:
      ##SPC18##
PAR  Sodium
      D(-)-.alpha.-(4-cycloheptanecarbonylaminobenzoylamino)-benzylpenicillin:
      ##SPC19##
PAR  Sodium
      D(-)-.alpha.-(4-[4-cycloheptene-1-carbonylaminobenzoylamino])-benzylpenici
     llin:
      ##SPC20##
PAR  Sodium
      D(-)-.alpha.-(4-[3,4,5-trimethoxybenzoylaminobenzoylamino])-benzylpenicill
     in:
      ##SPC21##
PAR  Sodium
      D(-)-.alpha.-(4-[4-aminobenzoylamino-benzoylamino])-benzylpenicillin:
      ##SPC22##
PAR  Sodium D(-)-.alpha.-(4-formylamino-benzoylamino)-benzylpenicillin:
      ##SPC23##
PAR  Table 1 which follows shows the in vitro minimum inhibitory concentrations
      (MIC) in U/ml of nutrient medium. The determination was carried out in a
      liquid medium in the test tube series dilution test, the reading being
      taken after 24 hours' incubation at 37.degree.C.
PAR  The MIC is determined by the non-turbid test tube in the dilution series. A
      complete medium of the following composition was used as the growth
      medium:
TBL  Lab Lemco (oxoid)     10        g                                         

     Peptone (Difco)       10 g                                                

     NaCl                  3 .mu.                                              

     D(+) Dextrose (Merck) 10 g                                                

     Buffer pH 7.4         1,000     ml                                        

PAR  The penicillin unit (U) referred to in this specification is the standard
      penicillin unit; 1 mol of penicillin is equivalent to 5.9514 .times.
      10.sup.8 U.
TBL                                    Table 1                                 

     __________________________________________________________________________

     MIC in U/ml                                                               

     Bacterial strain                                                          

     Compound                                                   ENT-           

     of                                                         ERO-           

     Ex-                                                        COC-           

     am-                                                                       

        E. coli           Proteus   Psdm.aerug.                                

                                              Klebsiella                       

                                                        Staph.                 

                                                                CUSeus         

     ple                  morg.                                 ATCC           

     No.                                                                       

        14  A 261                                                              

                C 165                                                          

                     183/58                                                    

                          932  1017 F 41 Walter                                

                                              K 10 63   1756 133               

                                                                9790           

     __________________________________________________________________________

     Am-                                                                       

     pi-                                                                       

     cil-                                                                      

        &gt;1      8    200  256  256       &gt;256      128  256  &lt;1 4              

     lin                                                                       

      1 4   &gt;256                                                               

                16   16   8    .ltoreq.32                                      

                                    32   16   64   64   64   &lt;1 .about.8       

      2 4&lt;16                                                                   

            &gt;256                                                               

                16&lt;64                                                          

                     16&lt;64                                                     

                          &gt;256 64&lt;256                                          

                                    16&lt;64                                      

                                         &gt;256 64&lt;256                           

                                                   64&lt;256                      

                                                        16&lt;64                  

                                                             &lt;1 4&lt;16           

      3 4&lt;16                                                                   

            &gt;256                                                               

                16&lt;64                                                          

                     16&lt;64                                                     

                          64&lt;256                                               

                               16&lt;64                                           

                                    16&lt;64                                      

                                         16&lt; 64                                

                                              64&lt;256                           

                                                   16&lt;64                       

                                                        16&lt;64                  

                                                             1&lt;4               

                                                                4&lt;16           

      4 4&lt;16                                                                   

            &gt;256                                                               

                16&lt;64                                                          

                     16&lt;64                                                     

                          &gt;256 64&lt;256                                          

                                    64&lt;256                                     

                                         64&lt;256                                

                                              64&lt;256                           

                                                   64&lt;256                      

                                                        16&lt;64                  

                                                             &lt;1 4&lt;16           

      5 8   &gt;256                                                               

                16   32   256  32   64   64   128  64   32   &lt;1 16             

      6 4&lt;16                                                                   

            &gt;256                                                               

                16&lt;64                                                          

                     4&lt;16 64&lt;256                                               

                               --   16&lt;64                                      

                                         16&lt;64                                 

                                              16&lt;64                            

                                                   16&lt;64                       

                                                        16&lt;64                  

                                                             &lt;1 16&lt;64          

      7 &lt;1  &gt;256                                                               

                8    8    256  32   32   32   32   32   64   &lt;1 8              

      8 1&lt;4 &gt;256                                                               

                8    16   128  64   64   64   64   32   8    &lt;1 8              

      9 1&lt;4 &gt;256                                                               

                16&lt;64                                                          

                     4&lt;16 64&lt;256                                               

                               --   16&lt;64                                      

                                         16&lt;64                                 

                                              16&lt;64                            

                                                   16&lt;64                       

                                                        64&lt;256                 

                                                             &lt;1 4&lt;16           

     10 &lt;1  &gt;256                                                               

                4&lt;16 1&lt;4  64&lt;256                                               

                               16&lt;64                                           

                                    16&lt;64                                      

                                         4&lt;16 16&lt;64                            

                                                   16&lt;64                       

                                                        4&lt;16 &lt;1 .about.16      

     11 4   &gt;256                                                               

                8    8    128  64   32   32   64   32   128  &lt;1 16             

     12 .about.4                                                               

            &gt;256                                                               

                8    16   &gt;256 16   32   32   32   32   16   &lt;1 .about.8       

     13 &lt;1  64&lt;256                                                             

                4&lt;16 1&lt;4  64&lt;256                                               

                               4&lt;16 16&lt;64                                      

                                         16&lt;64                                 

                                              16&lt;64                            

                                                   4&lt;16 4&lt;16 &lt;1 4&lt;16           

     14 &lt;1  &gt;256                                                               

                .about.8                                                       

                     16   256  16   32   32   32   32   32   &lt;1 8              

     15 1&lt;4 &gt;256                                                               

                4&lt;16 4&lt;16 64&lt;256                                               

                               --   16&lt;64                                      

                                         16&lt;64                                 

                                              16&lt;64                            

                                                   16&lt;64                       

                                                        16&lt;64                  

                                                             &lt;1 4&lt;16           

     16 .about.1                                                               

            &gt;256                                                               

                8    8    256  64   16   16   32   16   64   &lt;1 8              

     17 4   &gt;256                                                               

                .about.8                                                       

                     8    128  .about.32                                       

                                    32   32   64   32   32   &lt;1 16             

     18 4   &gt;256                                                               

                8    8    128  64   16   16   64   64   16   &lt;1 8              

     19 &lt;1  &gt;256                                                               

                4&lt;16 4&lt;16 64&lt;256                                               

                               .about.16                                       

                                    16&lt;64                                      

                                         4&lt;16 16&lt;64                            

                                                   16&lt;64                       

                                                        1&lt;4  &lt;1 4&lt;16           

     20 &lt;1  .about.256                                                         

                1&lt;4  1&lt;4  16&lt;64                                                

                               .about.4                                        

                                    4&lt;16 .about.4                              

                                              4&lt; 16                            

                                                   4&lt;16 .about.4               

                                                             &lt;1 .about.4       

     21 &lt;1  .about.256                                                         

                4&lt;16 .about.1                                                  

                          16&lt;64                                                

                               4&lt;16 .about.16                                  

                                         4&lt;16 16&lt;64                            

                                                   16&lt;64                       

                                                        4&lt;16 &lt;1 .about.4       

     22 1&lt;4 &gt;256                                                               

                4&lt;16 4&lt;16 64&lt;256                                               

                               .about.16                                       

                                    16&lt;64                                      

                                         4&lt;16 16&lt;64                            

                                                   16&lt;64                       

                                                        4&lt;16 &lt;1 1&lt;4            

     23 &lt;1  64&lt;256                                                             

                1&lt;4  &lt;1   16&lt;32                                                

                               1&lt;4  4&lt;16 4&lt;16 4&lt;16 4&lt;16 1&lt;4  &lt;1 4&lt;16           

     24 1&lt;4 &gt;256                                                               

                4&lt;16 1&lt;4  16&lt;64                                                

                               16&lt;64                                           

                                    4&lt;16 4&lt;16 16&lt;64                            

                                                   4&lt;16 4&lt;16 &lt;1 1&lt;4            

     25 8   &gt;256                                                               

                16   8    16   128  16   32   64   32   64   &lt;1 8              

     26 &lt;1  256 4    &lt;1   8    16   16   16   16   4    64   &lt;1 16             

     27 1&lt;4 &gt;256                                                               

                16&lt;64                                                          

                     4&lt;16 64&lt;256                                               

                               --   16&lt;64                                      

                                         16&lt;64                                 

                                              16&lt;64                            

                                                   16&lt;64                       

                                                        16&lt;64                  

                                                             &lt;1 4&lt;16           

     28 &lt;1  &gt;256                                                               

                4    4    128  16   16   16   16   16   .about.                

                                                             &lt;1 4              

     29 &lt;1  &gt;256                                                               

                4    16   &gt;256 256  .about.32                                  

                                         32   128  64   32   &lt;1 4              

     30 .about.32                                                              

            &gt;256                                                               

                32   256  &gt;256 &gt;256 128  &gt;256 &gt;256 256  64   &lt;1 8              

     Am-                                                                       

     pi-                                                                       

     cil-                                                                      

        &gt;1      8    200  256  256       &gt;256      128  256  &lt;1 4              

     lin                                                                       

     31 4&lt;16                                                                   

            &gt;256                                                               

                16&lt;64                                                          

                     4&lt;16 64&lt;256                                               

                               --   16&lt;64                                      

                                         64&lt;256                                

                                              16&lt;64                            

                                                   64&lt;256                      

                                                        64&lt;256                 

                                                             &lt;1 4&lt;16           

     32 4&lt;16                                                                   

            &gt;256                                                               

                16&lt;64                                                          

                     16&lt;64                                                     

                          64&lt;256                                               

                               --   16&lt;64                                      

                                         64&lt;256                                

                                              64&lt;256                           

                                                   16&lt;64                       

                                                        16&lt;64                  

                                                             &lt;1 4&lt;16           

     33 .about.8                                                               

            &gt;256                                                               

                .about.32                                                      

                     32   256  64   64   128  128  128  32   &lt;1 4              

     34 .about.16                                                              

            &gt;256                                                               

                32   128  &gt;256 128  64   256  256  128  32   &lt;1 .about.4       

     35 &lt;1  &gt;256                                                               

                4    &lt;1   128  .about.1                                        

                                    4    4    16   8    8    &lt;1 .about.4       

     36 8   &gt;256                                                               

                .about.16                                                      

                     32   128  128  32   .about.64                             

                                              128  64   64   &lt;1 8              

     37 4   &gt;256                                                               

                8    16   .about.128                                           

                               128  .about.32                                  

                                         32   64   32   64   &lt;1 16             

     38 4   &gt;256                                                               

                16   16   .about.256                                           

                               32   32   32   128  64   32   &lt;1 .about.16      

     39 4&lt;16                                                                   

            &gt;256                                                               

                16&lt;64                                                          

                     4&lt;16 64&lt;256                                               

                               --   16&lt;64                                      

                                         16&lt;64                                 

                                              64&lt;256                           

                                                   16&lt;64                       

                                                        .about.64              

                                                             &lt;1 4&lt;16           

     40 1&lt;4 &gt;256                                                               

                4&lt;16 4&lt;16 64&lt;256                                               

                               64&lt;256                                          

                                    16&lt;64                                      

                                         16&lt;64                                 

                                              64&lt;256                           

                                                   16&lt;64                       

                                                        16&lt;64                  

                                                             &lt;1 4&lt;16           

     41 8   &gt;256                                                               

                32   64   128  64   32   64   128  128  32   &lt;1 8              

     42 4&lt;16                                                                   

            &gt;256                                                               

                16&lt;64                                                          

                     64&lt;256                                                    

                          &gt;256 &gt;256 64&lt;256                                     

                                         64&lt;256                                

                                              &gt;256 64&lt;256                      

                                                        4&lt;16 &lt;1 .about.4       

     43 .about.16                                                              

            &gt;256                                                               

                16&lt;64                                                          

                     64&lt;256                                                    

                          &gt;256 64&lt;256                                          

                                    64&lt;256                                     

                                         &gt;256 64&lt;256                           

                                                   64&lt;256                      

                                                        64&lt;256                 

                                                             &lt;1 4&lt;16           

     44 .about.8                                                               

            &gt;256                                                               

                16   128  &gt;256 &gt;256 .about.64                                  

                                         256  256  128  64   &lt;1 4              

     45 &lt;1  &gt;256                                                               

                8    4    128  16   8    16   32   16   16   &lt;1 &lt;1             

     Am-                                                                       

     pi-                                                                       

     cil-                                                                      

        &gt;1      8    200  256  256       &gt;256      128  256  &lt;1 4              

     lin                                                                       

     46 &lt;1  64&lt;256                                                             

                .about.4                                                       

                     1&lt;4  64&lt;256                                               

                               16&lt;64                                           

                                    4&lt;16 4&lt;16 16&lt;64                            

                                                   16&lt;64                       

                                                        1&lt;4  &lt;1 .about.4       

     47 16  &gt;256                                                               

                32   128  &gt;256 32   64   &lt;256 256  128  64   &lt;1 4              

     48 1&lt;4 64&lt;256                                                             

                4&lt;16 4&lt;16 64&lt;256                                               

                               64&lt;256                                          

                                    16&lt;64                                      

                                         16&lt;64                                 

                                              16&lt;64                            

                                                   16&lt;64                       

                                                        4&lt;16 &lt;1 4&lt;16           

     49 16&lt;64                                                                  

            &gt;256                                                               

                64&lt;256                                                         

                     64&lt;256                                                    

                          &gt;256 64&lt;256                                          

                                    &lt;256 &gt;256 &gt;256 &gt;256 16&lt;64                  

                                                             &lt;1 4&lt;16           

     50 16&lt;64                                                                  

            &gt;256                                                               

                64&lt;256                                                         

                     64&lt;256                                                    

                          &gt;256 --   &gt;256 &gt;256 &gt;256 64&lt;256                      

                                                        16&lt;64                  

                                                             &lt;1 16&lt;64          

     51 .about.16                                                              

            &gt;256                                                               

                16&lt;64                                                          

                     16&lt;64                                                     

                          &gt;256 --   64&lt;256                                     

                                         64&lt;256                                

                                              64&lt;256                           

                                                   64&lt;256                      

                                                        16&lt;64                  

                                                             &lt;1 4&lt;16           

     52 32-64                                                                  

            &gt;256                                                               

                128-256                                                        

                     32-64                                                     

                          &gt;256 &gt;256 128-256                                    

                                         128-256                               

                                              128-256                          

                                                   128-256                     

                                                        32-64                  

                                                             &lt;1 32-64          

     53 32  &gt;256                                                               

                128-256                                                        

                     128-256                                                   

                          &gt;256 &gt;256 128-256                                    

                                         &gt;256 &gt;256 128-256                     

                                                        32-64                  

                                                             &lt;1 2-4            

     54 4&lt;16                                                                   

            &gt;256                                                               

                16&lt;64                                                          

                     4&lt;16 64&lt;256                                               

                               --   16&lt;64                                      

                                         16&lt;64                                 

                                              16&lt;64                            

                                                   16&lt;64                       

                                                        16&lt;64                  

                                                             &lt;1 16&lt;64          

     55 16&gt;4                                                                   

            &gt;256                                                               

                64&gt;16                                                          

                     64&gt;16                                                     

                          &gt;256 &gt;256 64&gt;16                                      

                                         256&gt;64                                

                                              256&gt;64                           

                                                   256&gt;64                      

                                                        64&gt;16                  

                                                             &lt;1 64&gt;16          

     56 1&lt;4 &gt;256                                                               

                4&lt;16 4&lt;16 64&lt;256                                               

                               16&lt;64                                           

                                    4&lt;16 4&lt;16 16&lt;64                            

                                                   16&lt;64                       

                                                        4&lt;16 &lt;1 4&lt;16           

     57 .about.1                                                               

            &gt;256                                                               

                4&lt;16 1&lt;4  64&lt;256                                               

                               64&lt;256                                          

                                    4&lt;16 4&lt;16 16&lt;64                            

                                                   16&lt;64                       

                                                        4&lt;16 &lt;1 4&lt;16           

     58 .about.16                                                              

            &gt;256                                                               

                64&lt;256                                                         

                     16&lt;64                                                     

                          &gt;256 &gt;256 64&lt;256                                     

                                         64&lt;256                                

                                              64&lt;256                           

                                                   64&lt;256                      

                                                        4&lt;16 &lt;1 4&lt;16           

     59 .about.4                                                               

            &gt;256                                                               

                4&lt;16 16&lt;64                                                     

                          &gt;256 4&lt;16 &gt;256 &gt;256 64&lt;256                           

                                                   16&lt;64                       

                                                        4&lt;16 &lt;1 4&lt;16           

     60 1&lt;4 &gt;256                                                               

                4&lt;16 16&lt;64                                                     

                          64&lt;256                                               

                               .about.4                                        

                                    .about.256                                 

                                         64&lt;256                                

                                              16&lt;64                            

                                                   16&lt;64                       

                                                        1&lt;4  1&lt;4               

                                                                4&lt;16           

     Am-                                                                       

     pi-                                                                       

     cil-                                                                      

        &gt;1      8    200  256  256       &gt;256      128  256  &lt;1 4              

     lin                                                                       

     61 1&lt;4 &gt;256                                                               

                4&lt;16 16&lt;64                                                     

                          &gt;256 64&lt;256                                          

                                    64&lt;256                                     

                                         &gt;256 16&lt;64                            

                                                   16&lt;64                       

                                                        4&lt;16 &lt;1 .about.16      

     62 4&lt;16                                                                   

            &gt;256                                                               

                16&lt;64                                                          

                     16&lt;64                                                     

                          64&lt;256                                               

                               4&lt;16 64&lt;256                                     

                                         16&lt;64                                 

                                              16&lt;64                            

                                                   16&lt;64                       

                                                        16&lt;64                  

                                                             1&lt;4               

                                                                4&lt;16           

     63 .about.1                                                               

            &gt;256                                                               

                16&lt;64                                                          

                     64&lt;256                                                    

                          &gt;256 64&lt;256                                          

                                    64&lt;256                                     

                                         64&lt;256                                

                                              64&lt;256                           

                                                   64&lt;256                      

                                                        4&lt;16 &lt;1 .about.4       

     64 1&lt;4 &gt;256                                                               

                32   64   &lt;256 64   256  128  128  64   16   1&lt;4               

                                                                8              

     65 1&lt;4 &gt;256                                                               

                16&lt;64                                                          

                     16&lt;64                                                     

                          &lt;256 --   64&lt;256                                     

                                         64&lt;256                                

                                              64&lt;256                           

                                                   16&lt;64                       

                                                        16&lt;64                  

                                                             &lt;1 4&lt;16           

     66 8   &gt;256                                                               

                32   64   &lt;256 32   64   128  64   32   32   &lt;1 32             

     67 1&lt;4 &gt;256                                                               

                16&lt;64                                                          

                     4&lt; 16                                                     

                          &gt;256 &gt;256 64&lt;256                                     

                                         64&lt;256                                

                                              16&lt;64                            

                                                   16&lt;64                       

                                                        16&lt;64                  

                                                             &lt;1 4&lt;16           

     68 1&lt;4 &gt;256                                                               

                16&lt;64                                                          

                     4&lt;16 64&gt;256                                               

                               --   64&lt;256                                     

                                         64&lt;256                                

                                              16&lt;64                            

                                                   16&lt;64                       

                                                        16&lt;64                  

                                                             &lt;1 16&lt;64          

     69 1&lt;4 &gt;256                                                               

                16&lt;64                                                          

                     16&lt;64                                                     

                          64&gt;256                                               

                               --   64&lt;256                                     

                                         64&lt;256                                

                                              16&lt;64                            

                                                   16&lt;64                       

                                                        16&lt;64                  

                                                             &lt;1 4&lt;16           

     70 4&lt;16                                                                   

            &gt;256                                                               

                16&lt;64                                                          

                     64&lt;256                                                    

                          &gt;256 --   64&lt;256                                     

                                         &gt;256 64&lt;256                           

                                                   64&lt;256                      

                                                        16&lt;64                  

                                                             &lt;1 16&lt;64          

     71 .about.4                                                               

            &gt;256                                                               

                4&lt;16 64&lt;256                                                    

                          &gt;256 64&lt;256                                          

                                    16&lt;64                                      

                                         64&lt;256                                

                                              64&lt;256                           

                                                   64&lt;256                      

                                                        16&lt;64                  

                                                             &lt;1 4&lt;16           

     72 1&lt;4 &gt;256                                                               

                4&lt;16 4&lt;16 &gt;256 64&lt;256                                          

                                    64&lt;256                                     

                                         64&lt;256                                

                                              16&lt;64                            

                                                   16&lt;64                       

                                                        16&lt;64                  

                                                             &lt;1 .about.16      

     73 4&lt;16                                                                   

            &gt;256                                                               

                16&lt;64                                                          

                     4&lt;16 64&lt;256                                               

                               --   64&lt;256                                     

                                         64&lt;256                                

                                              64&lt;256                           

                                                   16&lt;64                       

                                                        64&lt;256                 

                                                             &lt;1 16&lt;64          

     74 4&lt;16                                                                   

            &gt;256                                                               

                16&lt;64                                                          

                     64&lt;256                                                    

                          &gt;256 --   64&lt; 256                                    

                                         &gt;256 &gt;256 64&lt;256                      

                                                        16&lt;64                  

                                                             &lt;1 4&lt;16           

     75 4&lt;16                                                                   

            &gt;256                                                               

                16&lt;64                                                          

                     16&lt;64                                                     

                          &gt;256 --   16&lt;64                                      

                                         64&lt;256                                

                                              64&lt;256                           

                                                   64&lt;256                      

                                                        16&lt;64                  

                                                             &lt;1 .about.16      

     76 &lt;4  &gt;256                                                               

                16&lt;64                                                          

                     16&lt;64                                                     

                          &gt;256 64&lt;256                                          

                                    &gt;256 &gt;256 16&lt;64                            

                                                   16&lt;64                       

                                                        4&lt;16 &lt;1 .about.16      

     Am-                                                                       

     pi-                                                                       

     cil-                                                                      

        &gt;1      8    200  256  256       &gt;256      128  256  &lt;1 4              

     lin                                                                       

     __________________________________________________________________________

PAR  This table shows that the penicillins and their pharmaceutically acceptable
      nontoxic salts display strong anti-bacterial activity. Their activity
      extends to both Gram-positive and Gram-negative bacteria, of which the
      following families of bacteria, genera of bacteria and varieties of
      bacteria may be mentioned as examples: from the family of the
      Enterobacteriaceae, for example Escherichia (especially Escherichia,
      coli), Klebsiella (especially Klebsiella pneumoniae) and Enterobacter
      aerogenes, Serratia, Proteus (especially Proteus vulgaris, Proteus
      mirabilis, Proteus morganii and Proteus rettgeri) and Salmonella
      (especially Salmonella enteritidis;
PAR  from the family of the Micrococcaceae, for example Staphylococcus aureus
      and Staphylococcus epidermidis;
PAR  from the family of the Lactobacteriaceae, for example Streptococcus
      pyogenes and Streptococcus faecalis (Enterococcus).
PAR  The penicillins and their pharmaceutically acceptable nontoxic salts have
      proved especially effective in the therapy of infections caused by
      Klebsiella, Proteus and Pseudomonas bacteria (see Table 2).
PAR  The penicillin of Example 1A was diluted with Muller-Hinton nutrient broth,
      with addition of 0.1% of glucose, per content of 100 .mu.g/ml. The
      nutrient solution contained 1 .times. 10.sup.5 to 2 .times. 10.sup.5
      bacteria per millilter in each case. The test tubes containing this
      mixture were each incubated for 24 hours and thereafter the degree of
      turbidity was determined. The absence of turbidity showed an effect. At a
      dostage of 100 .mu.g/ml, the following bacterial cultures were non-turbid:
PAL  E. coli 14; E. coli c165; Proteus vulgaris 1017; Klebsiella K 10;
      Klebsiella 63; Salmonella sp.; Shigella sp.; Enterobacter sp.; Serratia
      sp.; Proteus, indole-negative, sp.; Proteus, indole-positive, sp.;
      Pasteurella pseudotuberculosis; Brucella sp.; Haemophilus influenzae;
      Bordetalla bronchiseptica; Bacteroides sp.; Staphylococcus aureus 133;
      Neisseria cartarrhalis sp.; Diplococcus pneumoniae sp.; Streptococcus
      pyrogenes W; Enterococcus sp.; Lactobacillus sp.; Corynebacterium
      diphteriae gravis; Corynebacterium pyogenes M; Clostridium botulinium;
      Clostridium tetani; Borrelia sp.; Pseudomonas aeruginosa sp.; Aeromonas
      hydrophila sp.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Data from animal experiment                                               

                    Surviving animals (%) on:                                  

     Bacterium and subcutaneous                                                

                    1st 2nd 3rd 5th                                            

                                1st 2nd 3rd 5th                                

     dose in Units per experi-                                                 

                    day after infection                                        

                                day after infection                            

     ment animal    Carbenicillin                                              

                                Compound of invention                          

     __________________________________________________________________________

     Klebsiella 62              Compound of EX.1:                              

     2 .times. 3000  0          100 100  50  50                                

     Klebsiella 63              Compound of EX.7:                              

     2 .times. 3000  0          100 100  20  --                                

     Psdm. aerug.               Compound of Ex.22:                             

     F 41           50  0        80  80  80  --                                

     4 .times. 3000                                                            

     Psdm. aerug.               Compound of Ex.29:                             

     F 41 4 .times. 3000                                                       

                    80  30  30  20                                             

                                100  80  70  70                                

     Klebsiella 63              Compound of Ex.41:                             

     2 .times. 3000  0           80  50  50  50                                

     __________________________________________________________________________

      Test animal: white mouse (Winkelmann)                                    

      Infection: intraperitoneal                                               

PAR  The pharmaceutical compositions of the present invention contain a major or
      minor amount, e.g. 99.5% to 0.1%, preferably 95% to 0.5%, of at least one
      penicillin as above defined in combination with a pharmaceutically
      acceptable nontoxic, inert diluent or carrier, the carrier comprising one
      or more solid, semi-solid or liquid diluent, filler and formulation
      adjuvant which is nontoxic, inert and pharmaceutically acceptable. Such
      pharmaceutical compositions are preferably in dosage unit form; i.e.,
      physically discrete units containing a predetermined amount of the drug
      corresponding to a fraction or multiple of the dose which is calculated to
      produce the desired therapeutic response. The dosage units can contain
      one, two, three, four or more single doses or, alternatively, one-half,
      third or fourth of a single dose. A single dose preferably contains an
      amount sufficient to produce the desired therapeutic effect upon
      administration at one application of one or more dosage units according to
      a predetermined dosage regimen, usually a whole, half, third or quarter of
      the daily dosage administered once, twice, three or four times a day.
      Other therapeutic agents can also be present.
PAR  Although the dosage and dosage regimen must in each case be carefully
      adjusted, utilizing sound professional judgment and considering the age,
      weight and condition of the recipient, the route of administration and the
      nature and gravity of the illness, generally the dosage will be from
      25,000 to 1,000,000 U/kg of body weight per day. In some instances a
      sufficient therapeutic effect can be obtained at a lower dose while in
      others, a large dose will be required.
PAR  Oral administration can be effected utilizing solid and liquid dosage unit
      forms such as powders, tablets, dragees, capsules, granulates,
      suspensions, solutions and the like.
PAR  Powders are prepared by comminuting the compound to a suitable fine size
      and mixing with a similarly comminuted pharmaceutical carrier such as an
      edible carbohydrate as for example starch, lactose, sucrose, glucose or
      mannitol. Sweetening, flavoring, preservative, dispersing and coloring
      agents can also be present.
PAR  Capsules are made by preparing a powder mixture as described above and
      filling formed gelatin sheaths. Glidants and lubricants such as colloidal
      silica, talc, magnesium stearate, calcium stearate or solid polyethylene
      glycol can be added to the powder mixture before the filling operation. A
      disintegrating or solubilizing agent such as agar-agar, calcium carbonate
      or sodium carbonate can also be added to improve the availability of the
      medicament when the capsule is ingested.
PAR  Tablets are formulated for example by preparing a powder mixture,
      granulating or slugging, adding a lubricant and disintegrant and pressing
      into tablets. A powder mixture is prepared by mixing the compound,
      suitably comminuted, with a diluent or base as described above, and
      optionally with a binder such as carboxymethyl, cellulose, an alginate,
      gelatin, or polyvinyl pyrrolidone, a solution retardant such as paraffin,
      a resorption accelerator such as a quarternary salt and/or an absorption
      agent such as bentonite, kaolin or dicalcium phosphate. The powder mixture
      can be granulated by wetting with a binder such as syrup, starch paste,
      acacia mucilage or solutions of cellulosic or polymeric materials and
      forcing through a screen. As an alternative to granulating, the powder
      mixture can be run through the tablet machine and the resulting
      imperfectly formed slugs broken into granules. The granules can be
      lubricated to prevent sticking to the tablet forming dies by means of the
      addition of stearic acid, a stearate salt, talc or mineral oil. The
      lubricated mixture is then compressed into tablets. The medicaments can
      also be combined with free flowing inert carriers and compressed into
      tablets directly without going through the granulating or slugging steps.
      A clear or opaque protective coating consisting of a sealing coat of
      shellac, a coating of sugar or polymeric material and a polish coating of
      wax can be provided. Dyestuffs can be added to these coatings to
      distinguish different unit dosages.
PAR  Oral fluids such as solutions, syrups and elixirs can be prepared in dosage
      unit form so that a given quantity contains a predetermined amount of the
      compound. Syrups can be prepared by dissolving the compound in a suitably
      flavored aqueous sucrose solution while elixirs are prepared through the
      use of a nontoxic alcoholic vehicle. Suspensions can be formulated by
      dispersing the compound in a nontoxic vehicle. Solubilizers and
      emulsifiers such as ethoxylated isostearyl alcohols and polyoxyethylene
      sorbitol esters, preservatives, flavor additives such as peppermint oil or
      saccharin, and the like can also be added.
PAR  Where appropriate, dosage unit formulations for oral administration can be
      microencapsulated. The formulation can also be prepared to prolong or
      sustain the release as for example by coating or embedding particulate
      material in polymers, wax or the like.
PAR  Parenteral administration can be effected utilizing liquid dosage unit
      forms such as sterile solutions and suspensions intended for subcutaneous,
      intramuscular or intravenous injection. These are prepared by suspending
      or dissolving a measured amount of the compound in a nontoxic liquid
      vehicle suitable for injection such as an aqueous or oleaginous medium and
      sterilizing the suspension or solutions. Alternatively, a measured amount
      of the compound is placed in a vial and the vial and its contents are
      sterilized and sealed. An accompanying vial or vehicle can be provided for
      mixing prior to administration. Nontoxic salts and salt solutions can be
      added to render the injection isotonic. Stabilizers, preservatives and
      emulsifiers can also be added.
PAR  Rectal administration can be effected utilizing suppositories in which the
      compound is admixed with low melting water soluble or insoluble solids
      such as polyethylene glycol, cocoa butter, higher esters as for example
      myristyl palmitate, or mixtures thereof.
PAR  Topical administration can be effected utilizing solid dosage unit forms
      such as powders or liquid or semiliquid dosage unit forms such as
      solutions, suspensions, ointments, pastes, creams and gels. The powders
      are formulated utilizing such carriers as talc, bentonite, silicic acid,
      polyamide powder and the like. Liquid and semiliquid formulations can
      utilize such carriers, in addition to those described above, as
      polyethylene glycol, vegetable and mineral oils, alcohols such as
      isopropanol and the like. Other excipients such as emulsifiers,
      preservatives, colorants, perfumes and the like can also be present.
      Formulations can also be administered as an aerosol, utilizing the usual
      propellants such as the chlorofluorohydrocarbons.
PAR  The preferred daily dose for oral and parenteral administration is 1.25
      .times. 10.sup.6 to 90 .times. 10.sup.6 U of active ingredient.
PAR  The penicillins and their pharmaceutically acceptable nontoxic salts are
      useful not only for their broad antibacterial activity but also may be
      used for preventing systemic and topical bacterial infections and for
      treating such infections after they have occurred.
PAR  The present invention also comprises an animal feedstuff which comprises a
      nutritious material in combination with an anti-bacterially effective
      amount of a compound of the present invention. The present invention also
      includes the mixture of a compound of the present invention with animal
      fodder or drinking water in order to promote the growth of the animal.
PAR  The penicillins and their pharmaceutically acceptable nontoxic salts can
      also be combined with other substances in order to enhance the
      anti-bacterial effect. For example, isoxazolyl-penicillins may be combined
      with those of the present invention in order to inhibit the decomposition
      of the compounds of the present invention.
PAR  The following non-limitative examples more particularly illustrate the
      present invention:
PAR  The .beta.-lactam content of the penicillins was determined iodometrically
      and in some cases by means of IR spectroscopy.
PAR  All N-acylated aromatic amino acids of the structural formulae (VII) to
      (XIV) were examined by thin layer chromatography on DC plates with silica
      gel F-254 (Messrs. Merck, Darmstadt).
TBL  ______________________________________                                    

     The following served as migrating agents:                                 

     ______________________________________                                    

     SBA:  75      % by volume of sec.-butanol                                 

           13.5    "           90 per cent strength formic                     

                               acid                                            

           11.5    "           water                                           

     SBN:  85      % by volume of sec.-butanol                                 

           15      "           10 per cent strength ammonia                    

     PEW:  n-propanol/ethyl acetate/water (4:3:3)                              

     CMA:  95      % by volume of chloroform                                   

           5       "           methanol                                        

           3       "           glacial acetic acid.                            

     ______________________________________                                    

PAR  Compounds with a free amino group were rendered visible by spraying with a
      5 per cent strength solution of ninhydrin in a mixture of n-butanol and 2
      N acetic acid (95:5, V/V) and brief heating in a drying cabinet
      (80.degree. - 100.degree.C). More frequently, however, the
      chlorine/tolidine reaction -- spraying with tert.-butyl hypochlorite and
      subsequently (after brief heating) with a solution of o-tolidine and
      potassium chloride containing acetic acid -- was used. [Literature: R. H.
      Mazur, B. W. Ellis and P. S. Cannaratu, J. biol. Chemistry 237, 1619
      (1962) and E. von Arx and R. Neher, J. Chromatogr. (Amsterdam) 12, 329
      (1963)].
PAR  All intermediate compounds and penicillins described in the present
      invention show an IR spectrum corresponding to their structure.
PAR  All the penicillins were subjected to an analytical counter-current
      distribution over the course of 29 hours, using petroleum ether/ethyl
      acetate/dimethylformamide/water (3:7:5:5) as the distribution system.
PAR  The NMR spectra of penicillins were recorded in CD.sub.3 OD solution.
PAR  In calculating the elementary analyses, the water content of the
      penicillins has been taken into account.
PAR  The figures (U/ml) quoted for the reactivities against bacterial strains
      are minimum inhibitory concentrations in the test tube series dilution
      test after 24 hours' incubation.
DETD
PAC  EXAMPLE 1
      ##SPC24##
PAR  A. 10 g (0.027 mol) of sodium D(-)-.alpha.-aminobenzylpenicillin [= sodium
      ampicillin or sodium 6-(.alpha.-aminophenylacetylamino)-penicillanate]
      were dissolved in 100 ml of THF with addition of 20 ml of water. After
      cooling the reaction mixture to between 0.degree. and 5.degree.C, 7.5 g
      (0.0336 mol) of 4-cyclopropanecarbonylamino-benzoyl chloride dissolved in
      40 ml of THF were added dropwise over the course of 30 minutes while
      cooling with ice/water and keeping the pH value at between 7.5 and 7.8 by
      simultaneous addition of 2 N sodium hydroxide solution. The mixture was
      stirred for 30 minutes at 0.degree. to 5.degree. and subsequently for 2.5
      hours at room temperature, during which time the pH value was kept
      constant at 7.5 by adding a little 2 N sodium hydroxide solution. After
      distilling off the THF, a viscous mass remained, which was dissolved in
      300 ml of water and extracted once with ethyl acetate.
PAR  The aqueous phase was separated off, cooled to 0.degree., covered with 250
      ml of ethyl acetate and acidified with 2 N HCl to a pH value of 2.0. The
      organic phase was separated off and the aqueous phase was extracted twice
      more with 80 ml of ethyl acetate. The combined ethyl acetate extracts were
      washed with water until neutral and dried over Na.sub.2 SO.sub.4 in a
      refrigerator. After evaporating off the solvent, a light resinous product
      remained, which was taken up in 80 ml of absolute methanol and treated
      with an equivalent proportion of a molar solution of sodium
      2-ethyl-hexanoate in ether containing methanol. The solution was gently
      concentrated to dryness in vacuo and the residue was recrystallized from
      90 ml of absolute methanol and 600 ml of absolute ether.
PAR  Yield relative to sodium ampicillin: 9.4 g (62.5%) of sodium
      D(--.alpha.-(4-cyclopropanecarbonylamino-benzoylamino)-benzylpenicillin:
PAR  .beta.-Lactam content: 91.7% C.sub.27 H.sub.27 N.sub.4 O.sub.6 SNa .
      1H.sub.2 O (576.6)
PAR  Calculated: C 56.24; H 4.89; N 9.72; S 5.58; Found: C 55.2; H 5.4; N 9.2; S
      6.0.
PAR  B. 4-Cyclopropanecarbonylamino-benzoic acid.
PAR  20 g (0.146 mol) of p-aminobenzoic acid (PAB) were dissolved in 80 ml of
      THF and 20.4 ml (0.146 mol) of triethylamine were next added to the
      solution. Thereafter, 22.5 g (0.216 mol) of cyclopropanecarboxylic acid
      chloride in 40 ml of THF were rapidly added dropwise while cooling with
      ice. At the end of the dropwise addition, a further 9.4 ml of
      triethylamine were introduced all at once into the suspension (pH = 7 to
      8). The reaction solution was boiled for 5 hours under reflux and then
      cooled to room temperature, and thereafter the solvent was distilled off
      in vacuo. The residue which remained was dissolved in water and the
      resulting solution was rendered acid with 2 N HCl (pH 2.0). The residue
      was filtered off, thoroughly washed with water on the filter and finally
      dried in air. It was recrystallized from THF/petroleum ether.
PAR  Yield: 28.0 g (93.6%) C.sub.11 H.sub.11 NO.sub.3 (205.2)
PAR  Calculated: C 64.39; H 5.40; N 6.82; Found: C 64.9; H 5.6; N 6.0.
PAR  C. 4-Cyclopropanecarbonylamino-benzoyl chloride.
PAR  12 g (0.0585 mol) of 4-cyclopropanecarbonylaminobenzoic acid were suspended
      in 35 g of analytical grade benzene. The mixture was treated for several
      hours with 17 g of thionyl chloride and 0.2 ml of DMF at 60.degree.C,
      until the evolution of gas had ceased. The solution was concentrated to
      dryness in vacuo, the residue was dissolved in THF and the solvent was
      distilled off completely.
PAR  Yield: 9.5 g (73%) C.sub.11 H.sub.10 ClNO.sub.2 (223.7).
PAR  Calculated: C 59.06; H 4.51; N 6.26; Cl 15.85; Found: C 58.01; H 4.8; N
      5.5; Cl 15.5 NMR signals at .delta.: 1.0 - 1.3 ppm (5 H) 7.6 - 8.2 ppm (4
      H).
PAC  EXAMPLE 2
      ##SPC25##
PAR  A. Condensation:
PAR  The cold solution of the unsymmetrical anhydride, prepared according to B,
      was treated at -15.degree.C with the solution of the amine component,
      prepared according to C, which was also cooled. The mixture was stirred
      overnight with the temperature gradually rising from -15.degree. to
      +15.degree.. On the following day the solvent was stripped off in vacuo
      (bath temperature 20.degree.), the residue was stirred with 300 ml of
      water and the solution thereby produced was extracted once with ethyl
      acetate. The aqueous phase was cooled to 0.degree., covered with 200 ml of
      ethyl acetate and acidified with 2 N HCl. The aqueous solution was
      extracted twice more with 100 ml of ethyl acetate at a time. The combined
      organic solvent extracts were thoroughly washed with water and thereafter
      dried over Na.sub.2 SO.sub.4 in a refrigerator. After filtration, the
      solution was concentrated in vacuo, reacted with an equivalent amount of a
      1-molar solution of sodium 2-ethyl-hexanoate in ether containing methanol,
      and the mixture was left to stand for 10 minutes at 0.degree.C. Thereafter
      the solvent was distilled off and the resulting semi-solid mass was
      reprecipitated from 90 ml of analytical grade methanol and 600 ml of
      analytical grade ether, filtered off and dried for 5 hours in a desiccator
      over P.sub.2 O.sub.5 by means of a high vacuum.
PAR  Yield relative to the carboxyl component B: 8.4 g (70.5%) of sodium
      D(-)-.alpha.-(4-cyclopropanol-1-carbonyl-aminobenzoylamino)-benzylpenicill
     in:
EQU  C.sub.27 H.sub.27 N.sub.4 O.sub.7 SNa . 2H.sub.2 O (610.6)
PAR  Calculated: C 53.11; H 5.11; N 9.17; S 5.26; Found: C 52.5; H 5.9; N 8.3; S
      5.5.
PAR  .beta.-Lactam content: 93.8%
PAL  Nmr signals at .delta.: 1.1 - 1.4 (4H); 1.5 (6H); 4.1 (1H); 4.2 (1H); 5.5
      (2H); 5.9 (1H); 7.3 - 7.4 ppm (9H).
PAR  B. Activation of the carboxyl component:
PAR  4.6 g (0.0208 mol) of 4-(1-hydroxycyclopropanecarbonylamino)-benzoic acid
      were dissolved in 20 ml of absolute DMF and 40 ml of absolute THF, 2.35 ml
      (0.021 mol) of N-methylmorpholine were added followed, after cooling to
      -15.degree.C, by 2.1 ml (0.0218 mol) of chloroformic acid ethyl ester, and
      the mixture was stirred for 15 minutes at -15.degree. to -10.degree.C.
PAR  C. Preparation of the amine component:
PAR  8.7 g (0.025 mol) of D(-)-.alpha.-aminobenzylpenicillin (= ampicillin) were
      suspended in 70 ml of CH.sub.2 Cl.sub.2 and 5.6 ml (0.04 mol) of
      triethylamine in the presence of anhydrous Na.sub.2 SO.sub.4 at
      -10.degree. and the mixture was then stirred for 1.5 hours at room
      temperature. Thereafter the solution was freed of the Na.sub.2 SO.sub.4 by
      filtration and was stored at -10.degree.C for the next reaction step.
PAC  EXAMPLE 3
      ##SPC26##
PAR  A. This penicillin was synthesized as described in Example 2 by the mixed
      anhydride method from 29 g (0.0116 mol) of
      4-cyclopropanecarbonylamino-2-nitro-benzoic acid, 1.4 ml (0.0125 mol) of
      N-methylmorpholine and 1.2 ml (0.0125 mol) of chloroformic acid ethyl
      ester.
PAR  4.89 g (0.014 mol) of ampicillin and 3.14 ml (0.0224 mol) of triethylamine
      were used as the amine component.
PAR  Yield: 5.1 g (74%) of sodium
      D(-)-.alpha.-(4-cyclopropanecarbonylamino-2-nitrobenzoylamino)-benzylpenic
     illin:
EQU  C.sub.27 H.sub.26 N.sub.5 O.sub.8 SNa . 2H.sub.2 O (639.6)
PAR  Calculated: C 50.70; H 4.72; N 10.95; S 5.02; Found: C 51.0; H 6.1; N 10.0;
      S 5.7.
PAR  .beta.-Lactam content: 93.2%
PAR  B. 4-Cyclopropanecarbonylamino-2-nitrobenzoic acid
PA1  6 g (0.033 mol) of 4-amino-2-nitrobenzoic acid were dissolved in a mixture
      (100 ml) of THF and water (1:1). The solution was adjusted to pH 8.5 with
      2 N NaOH and reacted at room temperature with 3.78 g (0.0363 mol) of
      cyclopropanecarboxylic acid chloride in 25 ml of THF. The pH value of the
      reaction solution was kept at 8.0 - 8.5 to the end by further addition of
      2 N sodium hydroxide solution. After a reaction time of 3.5 hours, the
      solvent was next distilled off. The residue was diluted with water and the
      aqueous solution was extracted by shaking once with ethyl acetate and was
      finally acidified with 2 N HCl to pH 2.0. The oil which precipitated was
      isolated by extraction with ethyl acetate. After washing and drying the
      ethyl acetate phase, the solution was concentrated to dryness. The product
      was crystallized from ethyl acetate/petroleum ether.
PAR  Thin layer chromatography: a single product in PEW, SBA and CMA.
PAR  Yield: 3.0 g (36.4%) C.sub.11 H.sub.10 N.sub.2 O.sub.5 (250.2).
PAR  Calculated: C 52.81; H 4.03; N 11.20; Found: C 51.9; H 4.2; N 11.4.
PAC  EXAMPLE 4
      ##SPC27##
PAR  A. This penicillin was prepared as described in Example 2 from 6.32 g
      (0.0252 mol) of 4-cyclopropanecarbonylamino-3-nitro-benzoic acid, 2.94 ml
      (0.0262 mol) of N-methylmorpholine, 2.52 ml (0.0262 mol) of chloroformic
      acid ethyl ester and 10.6 g (0.0302 mol) of ampicillin and 6.85 ml (0.049
      mol) of TEA.
PAR  Yield: 10.2 g (67%) of sodium
      D(-)-.alpha.-(4-cyclopropanecarbonylamino-3-nitro-benzoylamino)-benzylpeni
     cillin:
EQU  C.sub.27 H.sub.26 N.sub.5 O.sub.8 SNa . 2 H.sub.2 O (639.6)
PAR  Calculated: C 50.7; H 4.72; N 10.95; S 5.02; Found: C 47.8; H 5.0; N 10.1;
      S 5.3.
PAR  .beta.-Lactam content: 84.9%
PAR  B. 4-Cyclopropanecarbonylamino-3-nitro-benzoic acid
PAR  The acylation of 7.0 g (0.0384 mol) of 3-nitro-4-amino-benzoic acid with
      4.42 g (0.0423 mol) of cyclopropanecarboxylic acid chloride was carried
      out as described in Example 3.
PAR  Yield: 6.4 g (66.6%) C.sub.11 H.sub.10 N.sub.2 O.sub.5 (250.2). Calculated:
      C 52.81; H 4.01; N 11.20; Found: C 50.4; H 4.0; N 11.7.
PAC  EXAMPLE 5
      ##SPC28##
PAR  A. The penicillin was produced as described in Example 2 from:
PA0  1. 5.29 g (0.0239 mol) of 4-cyclobutanecarbonylamino-benzoic acid, 2.78 ml
      (0.0248 mol) of N-methylmorpholine and 2.38 ml (0.0248 mol) of
      chloroformic acid ethyl ester.
PA0  2. 10.0 g (0.0286 mol) of ampicillin and 6.47 ml (0.0462 mol) of
      triethylamine.
PAR  Yield: 11.6 g (84.7%) of sodium
      D(-)-.alpha.-(4-cyclobutanecarbonylaminobenzoylamino)-benzylpenicillin:
EQU  C.sub.28 H.sub.29 N.sub.4 O.sub.6 SNa . 2H.sub.2 O (608.6) Calculated: C
      55.26; H 5.46; N 9.20; S 5.28; Found: C 54.5; H 6.4; N 8.8; S 5.8.
PAR  .beta.-Lactam content: 97.7%.
PAR  B. 4-Cyclobutanecarbonylamino-benzoic acid was prepared as described in
      Example 3 from 7.05 g (0.0514 mol) of p-aminobenzoic acid (PAB) and 6.4 g
      (0.054 mol) of cyclobutanecarboxylic acid chloride.
PAR  Yield: 6.7 g (59.4% C.sub.12 H.sub.13 NO.sub.3 (219.2). Calculated. C 65.75
      H 5.98 N 6.39 Found. C 64.2 H 6.0 N 6.1.
PAC  EXAMPLE 6
      ##SPC29##
PAR  A. The penicillin was prepared as described in Example 2 from:
PA0  1. 5.5 g (0.0208 mol) of 4-cyclobutanecarbonylamino-2-nitrobenzoic acid,
      2.46 ml (0.022 mol) of N-methylmorpholine and 2.11 ml (0.022 mol) of
      chloroformic acid ethyl ester.
PA0  2. 8.72 g (0.025 mol) of ampicillin and 5.6 ml (0.04 mol) of triethylamine.
PAR  Yield: 8.8 g (68.8%) of sodium D(31
      )-.alpha.-(4-cyclobutanecarbonylamino-2-nitro-benzoylamino)-benzylpenicill
     in:
EQU  C.sub.28 H.sub.28 N.sub.5 O.sub.8 SNa . 2H.sub.2 O (653.6)
PAR  Calculated: C 51.45; H 4.93; N 10.71; S 4.91; Found: C 52.4; H 5.8; N 10.1;
      S 5.3.
PAR  .beta.-Lactam content: 91.0%.
PAR  B. 4-Cyclobutanecarbonylamino-2-nitro-benzoic acid was prepared as
      described in Example 3 from 10.9 g (0.06 mol) of 4-amino-2-nitro-benzoic
      acid and 7.83 g (0.066 mol) of cyclobutanecarboxylic acid chloride.
PAR  Yield: 6.3 g (the product was recrystallized from ethyl acetate/petroleum
      ether).
PA1  C.sub.12 h.sub.12 n.sub.2 o.sub.5 (264.2)
PAR  calculated: C 54.56; H 4.58; N 10.60; Found: C 54.2; H 4.9; N 10.60.
PAC  EXAMPLE 7
      ##SPC30##
PAR  A. 8.1 g (0.0323 mol) of 4-cyclopentane-carbonylaminobenzoyl chloride were
      reacted with 10.0 g (0.0269 mol) of sodium
      D(-)-.alpha.-aminobenzylpenicillin (sodium ampicillin) as described in
      Example 1.
PAR  Yield: 14 g (88.5%) of sodium
      D(-)-.alpha.-(4-cyclopentanecarbonylamino-benzoylamino)-benzylpenicillin:
      *)
FNT  *) C.sub.29 H.sub.31 N.sub.4 O.sub.6 S Na . 2H.sub.2 O (622.7) Calculated:
      C 55.94; H 5.66; N 9.00; S 5.15; C 55.9; H 6.0; N 8.4 S 5.3. .beta.-Lactam
      content: 79.4%
PAR  B. 4-Cyclopentanecarbonylamino-benzoic acid was prepared as described in
      Example 1B from 31.5 g (0.23 mol) of p-aminobenzoic acid and 17.3 g (0.23
      mol) of cyclopropanecarboxylic acid chloride in the presence of
      triethylamine.
PAR  Yield: 31.8 g (59.5%); product reprecipitated from THF/petroleum ether.
PAR  C.sub.13 H.sub.15 NO.sub.3 (233.2)  Calculated: C 66.93; H 6.48; N 6.00;
      Found: C 66.4; H 6.6; N 5.8. C. 4-Cyclopentanecarbonylamino-benzoyl
      chloride:
PAR  25.9 g (0.111 mol) of 4-cyclopentane-carbonylaminobenzoic acid were
      converted into the acid chloride by means of 12.1 ml (0.166 mol) of
      thionyl chloride in the presence of CH.sub.2 Cl.sub.2, while boiling under
      reflux.
PAR  Yield: 26 g (94%) C.sub.13 H.sub.14 NO.sub.2 Cl (251.7) Calculated: C
      62.03; H, 5.61; N 5.57; Cl, 14.08; Found: C 60.4; H, 5.6 N 5.6; Cl, 13.3.
PAC  EXAMPLE 8
      ##SPC31##
PAR  A. The penicillin was prepared as described in Example 2 from:
PA0  1. 5.85 g (0.0239 mol) of 4-(2-cyclopentene-1-acetamido)-benzoic acid, 2.78
      ml (0.0248 mol) of N-methylmorpholine and 2.38 ml (0.0248 mol) of
      chloroformic acid ethyl ester.
PA0  10.0 g (0.0286 mol) of ampicillin and 6.47 ml (0.0462 mol) of
      triethylamine.
PAR  Yield: 10.0 g (70%) of sodium
      D(-)-.alpha.-(4-[2-cyclopentene-1-acetamido-benzoylamino])-benzylpenicilli
     n:
EQU  C.sub.30 H.sub.31 N.sub.4 O.sub.6 SNa . 2H.sub.2 O (634.7)
PAR  Calculated: C 56.78; H 5.56; N 8.83; S 5.06; Found: C 56.7; H 5.7; N 8.1; S
      4.5.
PAR  .beta.-Lactam content: 98.2%
PAR  B. 4-(2-Cyclopentene-1-acetamido)-benzoic acid was prepared as described in
      Example 3 from 8.25 g (0.06 mol) of p-aminobenzoic acid and 9.5 g (0.067
      mol) of 2-cyclopentene-1-acetyl chloride.
PAR  Yield: 13.3 g (90.5% Thin layer chromatogram: a single substance in PEW,
      SBA and MCA (ninhydrin negative)
PAR  C.sub.14 H.sub.15 NO.sub.3 (245.3)
PAR  Calculated: C 68.56; H 6.16; N 5.71; Found: C 63.0; H 5.7; N 5.3. NMR
      signals at .delta. = 7.7 - 8.1 (4H), 5.8 (2H), 2.5 (2H), 2.0 -2.4 ppm (5H)
PAC  EXAMPLE 9
      ##SPC32##
PAR  A. The pencillin was prepared as described in Example 2 from:
PA0  1. 6.64 g (0.0239 mol) of 4-(3-cyclopentylpropionylamino)-benzoic acid,
      2.78 ml (0.0248 mol) of N-methylmorpholine and 2.38 ml (0.0248 mol) of
      chloroformic acid ethyl ester.
PA0  2. 10.0 g (0.0286 mol) of ampicillin and 6.47 ml (0.0462 mol) of
      triethylamine.
PAR  Yield: 10.8 g (73.5%) of sodium
      D(-)-.alpha.-(4-[3-cyclopentylpropionylaminobenzoylamino)]-benzylpenicilli
     n:
EQU  C.sub.31 H.sub.35 N.sub.4 O.sub.6 SNa . 3H.sub.2 O (668.7)
PAR  Calculated: C 55.68; H 6.18; N 8.38; S 4.81; Found: C 54.6; H 6.1; N 7.8; S
      5.4.
PAR  .beta.-Lactam content: 89.3%
PAR  B. 4-(3-Cyclopentylpropionylamino)-benzoic acid was prepared as described
      in Example 3 from 9.63 g (0.07 mol) of p-aminobenzoic acid and 12.4 g
      (0.077 mol) of 3-cyclopentylpropionyl chloride.
PAR  Yield: 12.0 g (65.6%) C.sub.15 H.sub.19 NO.sub.3 (261.3).
PAR  Calculated: C 68.95 H 7.33 N 5.36 Found: C 68.8 H 7.5 N 5.4.
PAC  EXAMPLE 10
      ##SPC33##
PAR  A. The pencillin was prepared as described in Example 2 from:
PA0  1. 6.6 g (0.024 mol) of 4-(3-cyclohexanepropionylamino)-benzoic acid, 2.78
      ml (0.0248 mol) of N-methylmorpholine and 2.38 ml (0.0248 mol) of
      chloroformic acid ethyl ester.
PA0  2. 10.0 g (0.0286 mol) of ampicillin and 6.47 ml (0.0462 mol) of
      triethylamine.
PAR  Yield: 10.8 g (66.5%) of sodium
      D(-)-.alpha.-[4-(3-cyclohexanepropionylamino-benzoylamino)]-benzylpenicill
     in:
EQU  C.sub.32 H.sub.37 N.sub.4 O.sub.6 SNa . 2H.sub.2 O (664.8)
PAR  Calculated: C 57.82; H 6.21; N 8.43; S 4.83; Found: C 56.8; H 6.9; N 8.0; S
      5.4.
PAR  .beta.Lactam content: 88.6%. B. 4-(3-cyclohexanepropionylamino)-benzoic
      acid was prepared as described in Example 3 from 10.0 g (0.073 mol) of
      p-aminobenzoic acid and 14.0 g (0.08 mol) of 3-cyclohexanepropionyl
      chloride.
PAR  Yield: 15.8 g (79%) C.sub.16 H.sub.21 NO.sub.3 (275.4).
PAR  Calculated: C 69.78 H 7.69; N 5.08; Found: C 68.9; H 7.0; N 4.2.
PAC  EXAMPLE 11
      ##SPC34##
PAR  A. The penicillin was prepared as described in Example 2 from:
PA0  1. 7 g (0.0286 mol) of 4-(1-cyclohexene-1-carbonylamino)-benzoic acid, 3.2
      ml (0.0286 mol) of N-methylmorpholine and 2.74 ml (0.0286 mol) of
      chloroformic acid ethyl ester.
PA0  2. 12 g (0.0343 mol) of ampicillin and 7.67 ml (0.0549 mol) of
      triethylamine.
PAR  Yield: 14.0 g (82%) of sodium
      D(-)-.alpha.-[4-(1-cyclohexene-1-carbonylamino-benzoylamino)]-benzylpenici
     llin:
EQU  C.sub.30 H.sub.31 N.sub.4 O.sub.6 SNa . 2H.sub.2 O (634.7)
PAR  Calculated: C 56.78; H 5.56; N 8.83; S 5.06; Found: C 56.0; H 5.6; N 7.9; S
      5.3.
PAR  .beta.-Lactam content: 88.0%. B. 4-(1-cyclohexene-1-carbonylamino)-benzoic
      acid was prepared as described in Example 1 from 16.6 g (0.121 mol) of
      p-aminobenzoic acid with 22.0 g (0.152 mol) of 1-cyclohexene-1-carboxylic
      acid chloride and 21.3 ml (0.152 mol) of triethylamine. Recrystallization
      from THF/n-pentane.
PAR  Yield: 15.0 g (50.5%) C.sub.14 H.sub.15 NO.sub.3 (245.3).
PAR  Calculated: C 68.56; H 6.16; N 5.71; Found: C 68.5; H 6.2; N 5.9.
PAC  EXAMPLE 12
      ##SPC35##
PAR  A. The penicillin was prepared as described in Example 2 from:
PA0  1. 5.85 g (0.0239 mol) of 4-(3-cyclohexene-1-carbonylamino)-benzoic acid,
      2.69 mol (0.024 mol) of N-methylmorpholine and 2.3 ml (0.024 mol) of
      chloroformic acid ethyl ester.
PA0  2. 10 g (0.0286 mol) of ampicillin and 6.45 ml (0.046 mol) of
      triethylamine.
PAR  Yield: 8.8 g (60.7%) of sodium
      D(-)-.alpha.-[4-(3-cyclohexene-1-carbonylamino-benzoylamino)]-benzylpenici
     llin:
EQU  C.sub.30 H.sub.31 N.sub.4 O.sub.6 SN a . 2H.sub.2 O (634.7)
PAR  Calculated: C 56.78; H 5.56; N 8.83; S 5.06; Found: C 56.5; H 5.5; N 7.7; S
      4.4.
PAR  .beta.-Lactam content 72.8% B. 4-(3-Cyclohexene-1-carbonylamino)-benzoic
      acid was prepared as described in Example 3 from 12 g (0.0875 mol) of
      p-aminobenzoic acid and 13.9 g (0.0963 mol) of 3-cyclohexene-1-carboxylic
      acid chloride.
PAR  Yield: 17.2 g (80.5%) C.sub.14 H.sub.15 NO.sub.3 (245.3).
PAR  Calculated: C 68.56; H 6.16; N 5.71; Found: C 67.2; H 5.9; N 5.2.
PAC  EXAMPLE 13
      ##SPC36##
PAR  A. The penicillin was prepared as described in Example 2 from:
PA0  1. 7.0 g (0.0268 mol) of 4-cycloheptanecarbonylaminobenzoic acid, 3.0 ml
      (0.0268 mol) of N-methylmorpholine and 2.58 ml (0.0268 mol) of
      chloroformic acid ethyl ester.
PA0  2. 11.2 g (0.0322 mol) of ampicillin and 7.2 ml (0.0515 mol) of
      triethylamine.
PAR  Yield: 12.0 g (73.0%) of sodium
      D(-)-.alpha.-(4-cycloheptanecarbonylamino-benzoylamino)-benzylpenicillin:
EQU  C.sub.31 H.sub.35 N.sub.4 O.sub.6 SNa . 3H.sub.2 O (668.7)
PAR  Calculated: C 55.68; h 6.18; N 8.38; S 4.80; Found: C 54.8; H 6.2; N 8.0; S
      5.4.
PAR  .beta.-Lactam content: 92.3%
PAR  B. 4-Cycloheptanecarbonylamino-benzoic acid was prepared as described in
      Example 3 from 5.55 g (0.0405 mol) of p-aminobenzoic acid and 8.7 g
      (0.0425 mol) of cycloheptanecarboxylic acid chloride.
PAR  Yield: 9.9 g (94.0%) C.sub.15 H.sub.19 NO.sub.3 (261.3).
PAR  Calculated: B 68.95; H 7.33; N 5.36; Found: C 67.0; H 7.4; N 5.2.
PAC  EXAMPLE 14
      ##SPC37##
PAR  A. The penicillin was prepared as described in Example 2 from:
PA0  1. 6.0 g (0.0231 mol) of 4-(4-cycloheptene-1-carbonylamino)-benzoic acid,
      2.69 ml (0.024 mol) of N-methylmorpholine and 2.3 ml (0.024 mol) of
      chloroformic acid ethyl ester.
PA0  2. 9.69 g (0.0277 mol) of ampicillin and 6.26 ml (0.0447 mol) of
      triethylamine.
PAR  Yield: 11.1 g (78.3%) of sodium
      D(-)-.alpha.-[4-(4-cycloheptene-1-carbonylamino-benzoylamino)]-benzylpenic
     illin:
EQU  C.sub.31 H.sub.33 N.sub.4 O.sub.6 SNa . 2H.sub.2 O (648.7)
PAR  Calculated: C 57.40; H 5.75; N 8.64; S 4.96; Found: C56.8; H 6.1; N 7.7; S
      4.8.
PAR  .beta.-Lactam content: 77.2%
PAR  B. 4-(4-cycloheptene-1-carbonylamino)-benzoic acid was prepared as
      described in Example 3 from 4.45 g (0.0324 mol) of p-aminobenzoic acid and
      5.7 g (0.0359 mol) of 4-cycloheptene-1-carboxylic acid chloride.
PAR  Yield: 6.3 g (75%) C.sub.15 H.sub.17 NO.sub.3 (259.3).
PAR  Calculated: C 69.48; H 6.61; N 5.40; Found: C 67.8; H 6.5 N 4.8.
PAC  EXAMPLE 15
      ##SPC38##
      A. The penicillin was prepared as described in Example 2 from:
PA0  1. 6.53 g (0.0239 mol) of 4-[bicyclo(2,2,1)hept-2-yl-acetamido]-benzoic
      acid, 2.78 ml (0.0248 mol) of N-methylmorpholine and 2.38 ml (0.0248 mol)
      of chloroformic acid ethyl ester.
PA0  2. 10.0 g (0.0286 mol) of ampicillin and 6.47 ml (0.0467 mol) of
      triethylamine.
PAR  Yield: 9.3 g (62%) of sodium
      D(-)-.alpha.-[4-(2-norbornylacetamido-benzoylamino)]-benzylpenicillin:
EQU  C.sub.32 H.sub.35 N.sub.4 O.sub.6 SNa . 3H.sub.2 O (680.8) Calculated: C
      56.56; H 6.07; N 8.23; S 4.72; Found: C 54.9; H 5.9; N 8.7; S 5.7.
PAR  .beta.-Lactam content: 100%.
PAR  B. 4-[Bicyclo-(2,2,1)hept-2-yl-acetamido]-benzoic acid was prepared as
      described in Example 3 from 9.63 g (0.07 mol) of p-aminobenzoic acid and
      13.2 g (0.077 mol) of bicyclo(2,2,1)hept-2-yl-acetyl chloride.
PAR  Yield: 17.4 g (91.2%) C.sub.16 H.sub.19 NO.sub.3 (273.3).
PAR  Calculated: C 70.32; H 7.01; N 5.12; Found: C 67.1; H 7.2; N 5.0.
TBL                                    Table 3                                 

     __________________________________________________________________________

                                *C is in the D(-)-configuration                

     The compounds of Examples 16 and 26 were prepared by the acid chloride    

     method and that of Example                                                

     25 was prepared via the activated ester 4-benzoylamino-benzoic acid       

     1-hydroxybenzotriazole ester. All                                         

     other examples were synthesized by the mixed anhydride method.            

     Example No. A            Yield                                            

                                 .beta.-Lactam                                 

                                      Analysis, %                              

     A)                                                                        

       Composition            %  content                                       

                                      calculated /                             

                                              found                            

       (Molecular weight) and    %    C   H   N   S  Cl                        

     B)                                                                        

       Starting compound                                                       

     16                                                                        

     A)                                                                        

       C.sub.31 H.sub.29 N.sub.4 O.sub.7 SNa                                   

                              71.4                                             

                                 66.3 57.94                                    

                                          4.86                                 

                                              8.72                             

                                                  4.99                         

       1 H.sub.2 O (642.7)            58.2                                     

                                          5.7 8.4 4.9                          

     B)                                                                        

       C.sub.15 H.sub.13 NO.sub.4 (271.3)                                      

                 4-(4-methoxybenzoyl-amino)-benzoic acid                       

                                      66.41                                    

                                          4.83                                 

                                              5.16                             

                              84.5    65.5                                     

                                          4.8 5.0                              

       17                                                                      

     A)                                                                        

       C.sub.30 H.sub.26 FN.sub. 4 O.sub.6 SNa                                 

                                      55.56                                    

                                          4.66                                 

                                              8.62                             

                                                  4.95                         

       2 H.sub.2 O (648.6)    66.6                                             

                                 100  55.3                                     

                                          5.6 8.6 5.6                          

     B)                                                                        

       C.sub.14 H.sub.10 FNO.sub.3                                             

                 4-(4-fluorobenzoylamino)-Benzoic acid                         

                                      64.88                                    

                                          3.89                                 

                                              5.41                             

       (259.2)                82.2    65.1                                     

                                          3.8 5.2                              

       18                                                                      

                              76.2                                             

                                 100  55.64                                    

                                          5.11                                 

                                              8.11                             

                                                  4.65                         

     A)                                                                        

       C.sub.32 H.sub.31 N.sub.4 O.sub.8 SNa                                   

       2 H.sub.2 O (690.7)            54.1                                     

                                          5.2 7.6 5.2                          

     B)                                                                        

       C.sub.16 H.sub.15 NO.sub.5 (301.3)                                      

                 4-(3,5-dimethoxybenzoylamino)-benzoic acid                    

                                      63.79                                    

                                          5.02                                 

                                              4.65                             

                              100     63.5                                     

                                          5.4 3.8                              

       19                                                                      

     A)                                                                        

       C.sub.1 30 H.sub.25 N.sub.6 O.sub.10 SNa                                

                              80.6                                             

                                 100  51.29                                    

                                          3.88                                 

                                              11.97                            

                                                  4.57                         

       1 H.sub.2 O (702.6)            51.2                                     

                                          4.7 10.5                             

                                                  4.6                          

     B C.sub.14 H.sub.9 N.sub.3 O.sub.7 (331.2)                                

                 4-(3,5-dinitrobenzoylamino)-benzoic acid                      

                                      50.77                                    

                                          2.74                                 

                                              12.68                            

                              50.0    51.7                                     

                                          4.0 13.2                             

       20                                                                      

     A)                                                                        

       C.sub.30 H.sub.25 Cl.sub.2 N.sub.4 O.sub.6 SNa                          

                              73.4                                             

                                 75.2 51.51                                    

                                          4.18                                 

                                              8.01                             

                                                  4.59                         

                                                     10.13                     

       2 H.sub.2 O (699.5 )           50.6                                     

                                          4.2 7.5 4.4                          

                                                     9.6                       

     B)                                                                        

       C.sub.14 H.sub.9 Cl.sub.2 NO.sub.3 (310.1)                              

                 4-(3,5-dichlorobenzoylamino)-benzoic acid                     

                                      54.23                                    

                                          2.93                                 

                                              4.52   22.86                     

                              64      53.1                                     

                                          2.9 3.9    23.1                      

       21                                                                      

     A)                                                                        

       C.sub.32 H.sub.31 N.sub.4 O.sub.6 SNa                                   

                              74 96.7 58.35                                    

                                          5.51                                 

                                              8.50                             

                                                  4.88                         

       2H.sub.2 O (658.7)             57.9                                     

                                          6.1 8.0 5.2                          

     B)                                                                        

       C.sub.16 H.sub.15 NO.sub.3 (255.3)                                      

                 4-(3,5-dimethylbenzoylamino)-benzoic acid                     

                                      71.36                                    

                                          5.61                                 

                                              5.20                             

                              91.8    68.8                                     

                                          5.6 4.3                              

       22                                                                      

     A)                                                                        

       C.sub.33 H.sub.33 N.sub.4 O.sub.9 SNa                                   

                              88.3                                             

                                 72.9 54.99                                    

                                          5.18                                 

                                              7.78                             

                                                  4.45                         

       2 H.sub.2 O (720.7)            54.1                                     

                                          6.0 7.5 4.5                          

     B)                                                                        

       C.sub.17 H.sub.17 NO.sub.6 (331.3)                                      

                 4-(3,4,5-trimethoxybenzoylamino)-benzoic acid                 

                                      61.63                                    

                                          5.17                                 

                                              4.23                             

                              94.6    61.8                                     

                                          5.2 3.9                              

       23                                                                      

     A)                                                                        

       C.sub.31 H.sub.26 F.sub.3 N.sub.4 O.sub.6 SNa                           

                              47.8                                             

                                 84.3 53.29                                    

                                          4.33                                 

                                              8.02                             

                                                  4.60                         

       2 H.sub.2 O (698.7)            52.6                                     

                                          5.6 7.7 5.7                          

                 4-(4-trifluoromethylbenzoylamino)-benzoic                     

                                      58.25                                    

                                          3.26                                 

                                              4.53                             

     B)                                                                        

       C.sub.13 H.sub.10 F.sub.3 NO.sub.3 (309.2)                              

                 acid         58.0    58.2                                     

                                          3.6 4.2                              

       24                                                                      

     A)                                                                        

       C.sub.31 H.sub.27 N.sub.4 O.sub.8 SNa                                   

                              45.5                                             

                                 65.0 55.18                                    

                                          4.63                                 

                                              8.30                             

                                                  4.76                         

       2 H.sub.2 O (674.7)            54.4                                     

                                          5.1 8.1 5.3                          

     B)                                                                        

       C.sub.15 H.sub.11 NO.sub.5 (285.3)                                      

                 4-[3,4-(methylenedioxy)-benzoylamino]-                        

                                      63.15                                    

                                          3.89                                 

                                              4.91                             

                 benzoic acid 89      62.5                                     

                                          4.0 4.6                              

       25                                                                      

     A)                                                                        

       C.sub.30 H.sub.27 N.sub.4 O.sub.6 SNa                                   

                              71.4                                             

                                 72.2 57.12                                    

                                          4.95                                 

                                              8.89                             

                                                  5.09                         

     2 H.sub.2 O (630.7)                                                       

                 4-benzoylamino-benzoic acid 1-hydroxy-                        

                                      67.02                                    

                                          5.63                                 

                                              15.65                            

     B)                                                                        

       C.sub.20 H.sub.14 N.sub.4 O.sub.3 (358.4)                               

                 benzotriazole ester                                           

                              84      67.0                                     

                                          4.2 15.8                             

       26                                                                      

     A)                                                                        

       C.sub.30 H.sub.26 N.sub.7 O.sub.6 SNa                                   

                              81.8                                             

                                 90.5 53.64                                    

                                          4.50                                 

                                              14.60                            

                                                  4.78                         

       2 H.sub.2 O (635.6)            53.0                                     

                                          4.8 14.8                             

                                                  4.8                          

     B)                                                                        

       C.sub.14 H.sub.10 N.sub.4 O.sub.3 (282.3)                               

                 4-(4-azidobenzoylamino)-benzoic acid                          

                                      59.57                                    

                                          3.58                                 

                                              19.85                            

                 83.9                 59.6                                     

                                          3.4 20.4                             

     __________________________________________________________________________

PAC  EXAMPLE 27
      ##SPC39##
PAR  A. The above compound was prepared as described in Example 2 from:
PA0  1. 11.05 g (0.033 mol) of 4-(4-nitrobenzoylamino)-2-nitrobenzoic acid, 3.8
      ml (0.034 mol) of N-methylmorpholine and 3.26 ml (0.034 mol) of
      chloroformic acid ethyl ester.
PA0  2. 14.0 g (0.04 mol) of ampicillin and 8.95 ml (0.064 mol) of
      triethylamine.
PAR  Yield: 8.3 g (36.6%) of sodium
      D(-)-.alpha.-[4-(4-nitrobenzoylamino)-2-nitrobenzoylamino]-benzylpenicilli
     n:
EQU  C.sub.30 H.sub.25 N.sub.6 O.sub.10 SNa . 2 H.sub.2 O (720.6)
PAR  Calculated: C 50.0;H 4.06; N 11.67; S 4.45; Found: C 49.6; H 4.4; N 11.5; S
      5.1.
PAR  .beta.-Lactam content: 86.0%.
PAR  B. 4-(4-Nitrobenzoylamino)-2-nitrobenzoic acid was prepared as described in
      Example 3 from 20.0 g (0.11 mol) of 4-amino-2-nitrobenzoic acid and 22.4 g
      (0.121 mol) of 4-nitrobenzoyl chloride. The product was reprecipitated
      from THF/H.sub.2 O.
PAR  Yield: 29.9 g (82.2%); C.sub.14 H.sub.9 N.sub.3 O.sub.7 (331.2).
PAR  Calculated: C 50.77; H 2.74; N 12.68; Found: C 51.5; H 3.5; N 13.0.
PAC  EXAMPLE 28
      ##SPC40##
PAR  A. The above compound was prepared as described in Example 1 from:
PAR  15.0 g (0.0492 mol) of 4-(4-nitrobenzoylamino)-benzoyl chloride and 15.2 g
      (0.041 mol) of sodium ampicillin
PAR  Yield: 20.5 g (78.5%) of sodium
      D(-)-.alpha.-[4-(4-nitrobenzoylamino)-benzoylamino]-benzylpenicillin
EQU  C.sub.30 H 26N.sub.5 O.sub.8 SNa . 2 H.sub.2 O (675.7)
PAR  Calculated: C 53.32; H 4.47; N 10.37; S 4.75; Found: C 53.3; H 4.4; N 11.0;
      S 5.4.
PAR  .beta.-Lactam content: 88.8%.
PAR  B. 4-(4-Nitrobenzoylamino)-benzoic acid was prepared as described in
      Example 3 from 15 g (0.11 mol) of PAB and 26.3 g (0.142 mol) of
      p-nitrobenzoyl chloride.
PAR  Yield: 30.1 g (96.2%) C.sub.14 H.sub.10 N.sub.2 O.sub.5 (286.2).
PAR  Calculated: C 58.76; H 3.53; N 9.78; Found: C 58.6; H 3.4; N 9.7.
PAC  EXAMPLE 29
      ##SPC41##
PAR  8.0 g (0.0125 mol) of sodium
      D(-)-.alpha.-[4-(4-nitrobenzoylamino-benzoylamino)]-benzylpenicillin were
      dissolved in 250 ml of absolute methanol and hydrogenated, in the presence
      of hydrogen, using as catalyst 30 g of palladium black on 90 g calcium
      carbonate, for 60 minutes at 0.degree. to 5.degree.C. The catalyst was
      added to the reaction solution in 3 portions at intervals of 20 minutes
      during the hydrogenation. The catalyst was separated from the solvent and
      the filtrate was gently concentrated to dryness in vacuo. The residue was
      dissolved in a little methanol and the solution was treated with absolute
      ether. The resulting precipitate was filtered off and thoroughly dried.
PAR  Yield: 7.0 g (91.9%) of sodium
      D(-)-.alpha.-[4-(4-aminobenzoylamino)-benzoylamino]-benzylpenicillin:
EQU  C.sub.30 H.sub.28 N.sub.5 O.sub.6 SNa . 2H.sub.2 O (645.7)
PAR  Calculated: C 55.81; H 5.00; N 10.85; S 4.97; Found: C 54.7; H 5.7; N 10.4;
      S 5.2.
PAR  .beta.-Lactam content: 62.8%
PAC  EXAMPLE 30
      ##SPC42##
PAR  A. The above compound was prepared as described in Example 2 from:
PA0  1. 6 g (0.0334 mol) of 4-carbamoylaminobenzoic acid, 3.74 ml (0.0334 mol)
      of N-methylmorpholine and 3.2 ml (0.0334 mol) of chloroformic acid ethyl
      ester.
PA0  2. 18.6 g (0.0533 mol) of ampicillin and 12 ml (0.0858 mol) of
      triethylamine.
PAR  Yield: 10.8 g (61.1%) of sodium
      D(-)-.alpha.-(4-carbamoylaminobenzoylamino)-benzylpenicillin:
EQU  C.sub.24 H.sub.24 N.sub.5 O.sub.6 SNa . 2 H.sub.2 O (569.6)
PAR  Calculated: C 50.61; H 4.95; N 12.29; S 5.64; Found: C 50.7; H 5.1; N 10.7;
      S 5.9.
PAR  .beta.-Lactam content: 90.0%.
PAR  B. 4-Carbamoyl-aminobenzoic acid was prepared from 20 g (0.146 mol) of PAB
      and 12.5 g (0.154 mol) of potassium cyanate. The reaction solution was
      stirred at 80.degree. until a clear solution was just produced. The
      solution was left to stand overnight at room temperature and was then
      acidified with 2 N HCl. The precipitate was filtered off and
      recrystallized from hot ethanol, with admixture of water.
PAR  Yield: 21.8 g (83%) C.sub.8 H.sub.8 N.sub.2 O.sub.3 (180.2).
PAR  Calculated: C 53.32; H 4.48; N 15.54; Found: C 53.0; H 4.6; N 15.2.
PAC  EXAMPLE 31
      ##SPC43##
PAR  The above compound was prepared as described in Example 1 from 12 g (0.0324
      mol) of sodium ampicillin and 7.08 g (0.354 mol) of
      4-nitro-3-methylbenzoyl chloride.
PAR  Yield: 12.6 g (73.1%) of sodium
      D(-)-.alpha.-(4-nitro-3-methylbenzoylamino)-benzylpenicillin:
EQU  C.sub.24 H.sub.23 N.sub.4 O.sub.7 SNa . 1 H.sub.2 O (552.5)
PAR  Calculated: C 52.17; H 4.56; N 10.14; S 5.81 Found: C 52.0; H 5.0; N 9.8; S
      5.9.
PAR  .beta.-Lactam content: 72.2%.
PAC  EXAMPLE 32
      ##SPC44##
PAR  The above compound was prepared as described in Example 29 by catalytic
      hydrogenation of 5 g (0.0094 mol) of sodium
      D(-)-.alpha.-(4-nitro-3-methyl-benzoylamino)-benzylpenicillin.
PAR  Yield: 4.1 g (87.0%) of sodium
      D(-)-.alpha.-(4-amino-3-methylbenzoylamino)-benzyl-penicillin:
EQU  C.sub.24 H.sub.25 N.sub.4 O.sub.5 SNa . 2 H.sub.2 O (540.6)
PAR  Calculated: C 53.32; H 5.40; N 10.37; S 5.94; Found: C 52.7; H 5.3; N 9.5;
      S 5.4.
PAR  .beta.-Lactam content: 71.9%
PAC  EXAMPLE 33
      ##SPC45##
PAR  The above compound was prepared as described in Example 1 from 15 g (0.0403
      mol) of sodium ampicillin and 9.75 g (0.0526 mol) of p-nitrobenzoyl
      chloride.
PAR  Yield: 19.2 g (91.5%) of sodium
      D(-)-.alpha.-(4-nitro-benzoylamino)-benzylpenicillin:
EQU  C.sub.23 H.sub.21 N.sub.4 O.sub.7 SNa . 1 H.sub.2 O (538.5)
PAR  Calculated: C 51.30; H 4.31; N 10.40; S 5.96; Found: C 52.0; H 5.2; N 9.4;
      S 5.5.
PAR  .beta.-Lactam content: 76.8%.
PAC  EXAMPLE 34
      ##SPC46##
PAR  The above compound was prepared as described in Example 29 by catalytic
      hydrogenation of 8.0 g (0.0154 mol) of sodium
      D(-)-.alpha.-(4-nitro-benzoylamino)-benzylpenicillin.
PAR  Yield: 6.0 g (79.8%) of sodium
      D(-)-.alpha.-(4-amino-benzoylamino)-benzylpenicillin:
EQU  C.sub.23 H.sub.23 N.sub.4 O.sub.5 SNa . 1 H.sub.2 O (508.5)
PAR  Calculated: C 54.33; H 4.96; N 11.02; S 6.31; Found: C 55.7; H 6.0; N 9.5;
      S 5.9.
PAR  .beta.-Lactam content: 68.7%.
TBL                                    Table 4                                 

     __________________________________________________________________________

                                            *C is in the D(-)-configuration    

        Example No.    A            Yield                                      

                                         .beta.-Lactam                         

                                               Analysis, %                     

     A) Composition                 %    content %                             

        (molecular weight) and                 calculated/found                

     B) Starting substance                     C    H    N    S                

     __________________________________________________________________________

          35                                                                   

     A) C.sub.32 H.sub.29 N.sub.4 O.sub.6 SNa                                  

                                    80.4 95.2  56.97                           

                                                    5.23 8.30 4.75             

                                               56.2 5.8  8.2  5.5              

        .3 H.sub.2 O (674.7)                                                   

     B) C.sub.16 H.sub.13 NO.sub.3 (267.3)                                     

                    4-cinnamoyl-aminobenzoic acid                              

                                               71.90                           

                                                    4.90 5.24                  

                                    97.4       71.6 4.7  4.7                   

          36                                                                   

     A) C.sub.25 H.sub.24 N.sub.7 O.sub.6 SNa                                  

                    N.sub.3 --CH.sub.2 --CO--                                  

                                    78.0 87.5  50.76                           

                                                    4.43 16.54                 

                                                              5.42             

        .1 H.sub.2 O (591.6)                   50.6 4.7  16.6 5.4              

     B) C.sub. 9 H.sub.8 N.sub.4 O.sub.3 (220.2)                               

                    4-azidoacetyl-aminobenzoic acid                            

                                               49.09                           

                                                    3.67 25.45                 

                                    98.2       48.8 3.5  25.0                  

          37        N.sub.3                                                    

     A) C.sub.26 H.sub.26 N.sub.7 O.sub.6 SNa                                  

                    .angle.CH--CO-- 88.8 71.0  51.57                           

                                                    4.66 16.19                 

                                                              5.30             

        .1H.sub.2 O (587.6)                                                    

                    CH.sub.3                   51.6 5.6  15.3 4.9              

     B) C.sub.10 H.sub.10 N.sub.4 O.sub.3 (234.2)                              

                    4-(2-azidopropionyl)-aminobenzoic acid                     

                                               51.31                           

                                                    4.31 23.92                 

                                    86.0       51.3 4.2  23.3                  

          38                                                                   

     A) C.sub.26 H.sub.26 N.sub.7 O.sub.6 SNa                                  

                    N.sub.3 --CH.sub.2 --CH.sub.2 --CO--                       

                                    81.0 96    50.08                           

                                                    4.85 15.72                 

                                                              5.15             

        .2 H.sub.2 O (623.6)                   50.3 4.6  14.6 5.5              

     B) C.sub.10 H.sub.10 N.sub.4 O.sub.3 (234.2)                              

                    4-azidopropionyl-aminobenzoic acid                         

                                               51.29                           

                                                    4.31 23.92                 

                                    89         51.3 4.2  22.5                  

          39        CH.sub.3                                                   

     A) C.sub.28 H.sub.30 N.sub.7 O.sub.6 SNa                                  

                    .vertline.      76.7 94.8  51.60                           

                                                    5.26 15.05                 

                                                              4.92             

                    N.sub.3 --CH.sub.2 --C--CO--                               

        .2 H.sub.2 O (651.7)                                                   

                    .vertline.                 50.7 6.0  13.1 5.3              

                    CH.sub.3                                                   

     B) C.sub.12 H.sub.14 N.sub.4 O.sub.3 (262.3)                              

                    4-(3-azido-2,2-dimethyl-propionyl)-amino-                  

                                               54.95                           

                                                    5.38 21.36                 

                    benzoic acid               54.0 5.4  20.7                  

                                    73.8                                       

          40        N.sub.3                                                    

     A) C.sub.27 H.sub.28 N.sub.7 O.sub.6 SNa                                  

                    .angle.CH--CH.sub.2 --CO--                                 

                                    68.1 81.6  52.34                           

                                                    4.88 15.82                 

                                                              5.18             

        .1 H.sub.2 O (619.6)                                                   

                    CH.sub.3                   52.2 5.3  13.1 5.8              

                    4-(3-azido-butyric acid amido)-benzoic acid                

                                               53.24                           

                                                    4.88 22.57                 

     B) C.sub.11 H.sub.12 N.sub.4 O.sub.3 (248.2)                              

                                    70.2       53.6 5.0  20.2                  

          41                                                                   

     A) C.sub.24 H.sub.23 N.sub.4 O.sub.6 SNa                                  

                    H--CO--         63.4 53.9  50.35                           

                                                    5.11 9.79 5.6              

        .3 H.sub.2 O (572.6)             88.3  50.0 5.6  8.4  5.5              

     B) C.sub.8 H.sub.7 NO.sub.3 (165.15)                                      

                    4-formyl-aminobenzoic acid 58.25                           

                                                    4.25 8.5                   

                                    53.1       57.9 4.3  8.3                   

          42                                                                   

     A) C.sub.26 H.sub.27 N.sub.4 O.sub.7 SNa                                  

                    CH.sub.3 O--CH.sub.2 --CO--                                

                                    83.8 88    52.17                           

                                                    5.22 9.36 5.36             

        .2 H.sub.2 O (598.6)                   52.9 5.4  9.0  5.4              

     B) C.sub.10 H.sub.11 NO.sub.4 (209.2)                                     

                    4-methoxyacetamido-benzoic acid                            

                                               57.42                           

                                                    5.30 6.69                  

                                    46.6       56.9 5.2  6.2                   

          43                                                                   

        C.sub.24 H.sub.25 N.sub.4 O.sub.5 SNa.3H.sub.2 O                       

                    CH.sub.3--      78.3 94.0  51.61                           

                                                    5.59 10.03                 

                                                              5.75             

        (558.6)                                51.4 5.7  9.4  6.3              

          44                                                                   

     A) C.sub.25 H.sub.26 N.sub.5 O.sub.6 SNa.2H.sub.2 O                       

                    CH.sub.3 --NH--CO--                                        

                                    67.2 87.3  51.46                           

                                                    5.18 11.99                 

                                                              5.50             

        (583.6)                                52.0 6.3  19.5 6.0              

          45                                                                   

     A) C.sub.30 H.sub.28 N.sub.5 O.sub.6 SNa.2H.sub.2 O                       

                    90.8            90.7 55.81 5.00 10.85                      

                                                         4.97                  

        (609.6)                                55.9 5.9  10.3 5.6              

     B) C.sub.14 H.sub.12 N.sub.2 O.sub.3 (256.4)                              

                    p-phenylureido-benzoic acid                                

                                               65.59                           

                                                    4.72 10.92                 

                                    78.8       66.1 4.6  10.9                  

          46                                                                   

     A) C.sub.30 H.sub.27 FN.sub.5 O.sub.6 SNa.2H.sub.2 O                      

                                    82.5 89.8  54.30                           

                                                    4.71 10.55                 

                                                              4.84             

        (663.7)                                54.5 5.3  9.5  4.7              

     B) C.sub.14 H.sub.11 FN.sub.2 O.sub.3 (274.3)                             

                    4-(4-fluorophenylureido)-benzoic                           

                                               61.30                           

                                                    4.04 10.21                 

                     acid           88         60.7 4.1  10.0                  

          47                                                                   

     A) C.sub.25 H.sub.26 N.sub.5 O.sub.5 S.sub.2 Na.2H.sub.2 O                

                    CH.sub.3 --NH--CS--                                        

                                    70.6 86.8  50.07                           

                                                    5.04 11.68                 

                                                              10.71            

        (599.7)                                50.6 5.1  10.9 9.3              

     B) C.sub.9 H.sub.10 N.sub.2 O.sub.2 S (210.3)                             

                    4-methylthioureido-benzoic acid                            

                                               51.41                           

                                                    4.79 13.32                 

                                                              15.25            

                                               51.7 5.0  13.3 14.6             

          48                                                                   

     A) C.sub.28 H.sub.25 N.sub.4 O.sub.6 S.sub.2 Na.2H.sub.2 O                

                                    68.5 88.1  52.82                           

                                                    4.59 8.81 10.08            

        (636.7)                                52.3 4.6  8.9  10.2             

     B) C.sub.12 H.sub.9 NO.sub.3 S (247.3)                                    

                    4-(thiophene-2-carbonylamino)-                             

                                               58.28                           

                                                    3.67 5.66 12.96            

                    benzoic acid               57.6 3.7  5.5  12.8             

                                    69.8                                       

     __________________________________________________________________________

      Notes:                                                                   

      Examples 35, 39, 40, 41, 42, 43, 46, 47 and 48 used the mixed anhydride  

      method (as described in Example 2) and Examples 36, 37, 38, 44 and 45 the

      acid chloride process.                                                   

TBL                                    Table 5                                 

     __________________________________________________________________________

                                  %C *C in the D(-)-configuration              

     Example No.   A       Yield                                               

                               .beta.-Lactam                                   

                                   Analysis, %                                 

     A)                                                                        

       Composition         %   content                                         

                                   calculated  /  found                        

     (molecular weight) and    %   C    H    N    S                            

     B)                                                                        

       Starting compound                                                       

     __________________________________________________________________________

       49                                                                      

     A)                                                                        

       C.sub.27 H.sub.27 N.sub.4 O.sub.6 SNa.2H.sub.2 O                        

                           50.5                                                

                               69.1                                            

                                   54.54                                       

                                        5.25 9.42 5.40                         

       (594.67                                                                 

     B)                                                                        

       C.sub.11 H.sub.11 NO.sub.3 (205.2)                                      

                   2-cyclopropanecarbonylamino-                                

                                   64.39                                       

                                        5.40 6.82                              

                   benzoic acid                                                

                           54.7    63.7 5.2  7.4                               

       50                                                                      

     A)                                                                        

       C.sub.28 H.sub.29 N.sub.4 O.sub.6 SNa.2H.sub.2 O                        

                           41.7                                                

                               85.3                                            

                                   55.26                                       

                                        5.46 9.2  5.28                         

       (608.6)                     54.7 5.6  8.7  5.7                          

     B)                                                                        

       C.sub.12 H.sub.13 NO.sub.3 (219.2)                                      

                   2-cyclobutanecarbonylamino-                                 

                                   65.75                                       

                                        5.98 6.39                              

                   benzoic acid                                                

                           69.7    65.3 6.0  6.3                               

     __________________________________________________________________________

      The compounds of Examples 49 and 50 were prepared according to the mixed 

      anhydride method.                                                        

TBL                                    Table 6                                 

     __________________________________________________________________________

                                  (Method of synthesis: as described           

                                  -                                            

     Example 2)                                                                

     Example No.    A       Yield                                              

                                .beta.-Lactam                                  

                                    Analysis, %                                

     A)                                                                        

       Composition          %   content                                        

                                    calculated  /  found                       

     (molecular weight) and     %   C    H    N    S    Cl                     

     B)                                                                        

       Starting compound                                                       

     __________________________________________________________________________

       51                                                                      

     A)                                                                        

       C.sub.27 H.sub.27 N.sub.4 O.sub.6 SNa .2 H.sub.2 O                      

                            86.7                                               

                                81.9                                           

                                    54.54                                      

                                         5.25 9.42 5.40                        

       (594.6)                      54.6 6.2  9.6  6.4                         

                    R.sub.1 = H                                                

     B)                                                                        

       C.sub.11 H.sub.11 NO.sub.3 (205.216)                                    

                    3-cyclopropanecarbonylamino-                               

                                    64.39                                      

                                         5.40 6.82                             

                    benzoic acid                                               

                            89.8    63.8 5.6  6.9                              

                    52                                                         

     A)             C.sub. 28 H.sub.28 ClN.sub.4 O.sub.6 SNa .2 H.sub.2        

                                78.6                                           

                                    88.7 52.29                                 

                                              5.02 8.71 4.99  5.51             

                    (643.1) R.sub.1 = Cl 53.1 5.5  8.0  4.8  5.2               

     B)                                                                        

       C.sub.12 H.sub.12 ClNO.sub.3 (253.7)                                    

                    3-cyclobutanecarbonylamino-6-                              

                                    56.82                                      

                                         4.77 5.52      13.97                  

                    chloro-benzoic acid                                        

                            70      56.3 4.8  5.3       14.0                   

       53                                                                      

     A)                                                                        

       C.sub.27 H.sub.26 ClN.sub.4 O.sub.6 SNa .1 H.sub.2 O                    

                            82.5                                               

                                88.8                                           

                                    53.08                                      

                                         4.62 9.17 5.25 5.80                   

       (611.0)      R.sub.1 = Cl    52.8 5.6  8.1  5.4  5.1                    

     B)                                                                        

       C.sub.11 H.sub.10 ClNO.sub.3 (239.7)                                    

                    3-cyclopropanecarbonylamino-6-                             

                                    55.12                                      

                                         4.21 5.85      14.79                  

                    chlorobenzoic acid                                         

                            75.7    55.0 4.3  5.8       14.4                   

     __________________________________________________________________________

                                                        4                      

      *C is in the D(-)- configuration                                         

      ##EQU14##
TBL                                    Table 9                                 

     __________________________________________________________________________

     Example No.               Yield .beta.-Lactam                             

                                                Analysis, %                    

     A)                                                                        

       Composition       A     %     content                                   

                                            calculated                         

                                                      found                    

       (molecular weight) and        %                                         

     B)                                                                        

       Starting compound                    C    H   N    S                    

     __________________________________________________________________________

         63                                                                    

     A)                                                                        

       C.sub.26 H.sub.26 N.sub.5 O.sub.7 SNa                                   

                 H--CO  66.9   91.5  51.06  4.94 11.45                         

                                                     5.25                      

       .2 H.sub.2 O                                                            

                 (611.6)                    52.0 4.7 11.0 6.2                  

     B)                                                                        

       C.sub.10 H.sub.10 N.sub.2 O.sub.4                                       

                 (222.2)                                                       

                        N-(p-formylaminobenzoyl)-glycine                       

                                            54.05                              

                                                 4.54                          

                                                     12.55                     

                               45.3         53.7 4.8 12.4                      

         64                                                                    

     A)                                                                        

       C.sub.29 H.sub.30 N.sub.5 O.sub.7 SNa                                   

                               74.0  78.1   54.97                              

                                                 5.08                          

                                                     11.05                     

                                                          5.07                 

       .1 H.sub.2 O                                                            

                 (633.7)                    55.5 6.6 9.7  4.5                  

     B)                                                                        

       C.sub.13 H.sub.14 N.sub.2 O.sub.4                                       

                 (262.3)                                                       

                        N-(p-cyclopropanecarbonylamino-                        

                                            59.53                              

                                                 5.38                          

                                                     10.68                     

                        benzoyl)-glycine                                       

                               67.4         59.2 5.4 10.5                      

         65                                                                    

     A)                                                                        

       C.sub.30 H.sub.32 N.sub.5 O.sub.7 SNa                                   

                               58.6  70.2   54.23                              

                                                 5.45                          

                                                     10.52                     

                                                          4.82                 

       .2 H.sub.2 O                                                            

                 (665.7)                    54.8 5.9 10.1 4.7                  

     B)                                                                        

       C.sub.14 H.sub.16 N.sub.2 O.sub.4                                       

                 (276.3)                                                       

                        N-(p-cyclobutanecarbonylamino-                         

                                            60.86                              

                                                 5.83                          

                                                     10.14                     

                        benzoyl)-glycine                                       

                               68.4         61.1 5.8 10.3                      

     __________________________________________________________________________

     Example No.          Y    Yield .beta.-Lactam                             

                                               Analysis, %                     

     A)                                                                        

       Composition             %     content                                   

                                            calculated                         

                                                      found                    

       (molecular weight) and                                                  

     B)                                                                        

       Starting compound                    C    H   N    S                    

     __________________________________________________________________________

         66                                                                    

     A)                                                                        

       C.sub.31 H.sub.34 N.sub.5 O.sub.7 SNa                                   

                               96.1  89.2   54.78                              

                                                 5.63                          

                                                     10.30                     

                                                          4.73                 

       .2 H.sub.2 O                                                            

                 (679.7)                    54.2 5.6 10.4 5.0                  

     B)                                                                        

       C.sub.15 H.sub.18 N.sub.2 O.sub.4                                       

                 (290.3)                                                       

                        N-(p-cyclopentanecarbonylamino-                        

                                            62.06                              

                                                 6.25                          

                                                     9.65                      

                        benzoyl)-glycine                                       

                               65.1         61.4 5.9 9.4                       

         67                                                                    

     A)                                                                        

       C.sub.32 H.sub.34 N.sub.5 O.sub.7 SNa                                   

                               78.5  93.5   57.05                              

                                                 5.38                          

                                                     10.40                     

                                                          4.77                 

       .1 H.sub.2 O                                                            

                 (673.7)                    56.6 6.5 9.8  4.8                  

     B)                                                                        

       C.sub.16 H.sub.18 N.sub.2 O.sub.4                                       

                 (302.3)                                                       

                        N-[p-(1-cyclohexene-1-carbonyl)-                       

                                            63.58                              

                                                 6.00                          

                                                     9.27                      

                        aminobenzoyl]-glycine                                  

                               61.7         62.8 5.7 8.8                       

         68                                                                    

     A)                                                                        

       C.sub.25 H.sub.24 N.sub.7 O.sub.6 SNa                                   

                        N.sub.3 --                                             

                               89.8  88.1   50.76                              

                                                 4.30                          

                                                     16.08                     

                                                          5.27                 

       .1 H.sub.2 O                                                            

                 (591.6)                    51.6 5.1 15.6 5.2                  

     B)                                                                        

       C.sub.9 H.sub.8 N.sub.4 O.sub.3                                         

                 (220.2)                                                       

                        N-(p-azidobenzoyl)-glycine                             

                                            49.09                              

                                                 3.67                          

                                                     25.45                     

                               31.8         49.1 3.7 25.4                      

         69                                                                    

     A)                                                                        

       C.sub.25 H.sub.24 N.sub.5 O.sub.8 SNa                                   

                        NO.sub.2 --                                            

                               74.3  77     50.42                              

                                                 4.40                          

                                                     11.76                     

                                                          5.39                 

       .1 H.sub.2 O                                                            

                 (595.6)                    50.0 4.9 11.5 5.5                  

     B)                                                                        

       C.sub.9 H.sub.8 N.sub.2 O.sub.5                                         

                 (224.2)                                                       

                        N-(p-nitrobenzoyl)-glycine                             

                                            48.22                              

                                                 3.6 12.50                     

                               56.2         48.2 3.5 11.7                      

         70                                                                    

       C.sub.25 H.sub.26 N.sub.5 O.sub.6 SNa                                   

                        NH.sub.2 --                                            

                               93.0  58.7   51.46                              

                                                 5.18                          

                                                     12.00                     

                                                          5.50                 

       .2 H.sub.2 O                                                            

                 (583.6)                    51.5 5.4 10.9 5.5                  

     __________________________________________________________________________

      *C is in the D(-)-configuration                                          

      Notes:                                                                   

      Examples 63 to 69 used the mixed anhydride synthesis. Example 70 used    

      catalytic hydrogenation (as described in Example 29) of the compound of  

      Example 69.                                                              

TBL                                    Table 10                                

     __________________________________________________________________________

     Example No.                          Analysis, %                          

     A)                                                                        

       Composition       A    Yield .beta.-Lactam                              

                                          calculated                           

                                                     found                     

       (molecular weight) and %     content                                    

                                          C    H    N    S                     

     B)                                                                        

       Starting compound                                                       

     __________________________________________________________________________

         71                                                                    

     A)                                                                        

       C.sub.25 H.sub.24 N.sub.5 O.sub.7 SNa                                   

                        H--CO--                                                

                              75.4  90.3  51.81                                

                                               4.53 12.08                      

                                                         5.54                  

       .1 H.sub.2 O                                                            

                 (579.6)                  51.6 4.9  11.5 5.5                   

     B)                                                                        

       C.sub.9 H.sub.8 N.sub.2 O.sub.4                                         

                 (208.2)                                                       

                        3,5-bis-formylamino-benzoic                            

                                          51.92                                

                                               3.88 13.46                      

                        acid  86          51.1 3.9  13.0                       

         72                                                                    

     A)                                                                        

       C.sub.31 H.sub.32 N.sub.5 O.sub.7 SNa                                   

                        66.7  87.5  54.94 5.35 10.33                           

                                                    4.74                       

       .2 H.sub.2 O                                                            

                 (677.7)                  54.8 5.7  8.8  5.4                   

     B)                                                                        

       C.sub.15 H.sub. 16 N.sub.2 O.sub.4                                      

                 (288.3)                                                       

                        3,5-bis-(cyclopropanecarbonyl-                         

                                          62.49                                

                                               5.59 9.72                       

                        amino)benzoic acid                                     

                              77.0        61.5 6.5  8.0                        

         73                                                                    

     A)                                                                        

       C.sub.33 H.sub.36 N.sub.5 O.sub.7 SNa                                   

                              71.5  94.7  56.16                                

                                               5.72 9.93 4.55                  

       .2 H.sub.2 O                                                            

                 (705.8)                  55.4 5.7  8.6  5.3                   

     B)                                                                        

       C.sub.17 H.sub.20 N.sub.2 O.sub.4                                       

                 (316.4)                                                       

                        3,5-bis-(cyclobutanecarbonyl-                          

                                          64.54                                

                                               6.37 8.86                       

                        amino)-benzoic acid                                    

                              97.0        63.0 6.4  7.7                        

     __________________________________________________________________________

      All three compounds (71-73) were prepared via the mixed anhydride method.

      *C is in the D(-)- configuration                                         

TBL                                    Table 11                                

     __________________________________________________________________________

     Example No.                                Analysis, %                    

     A) Composition      A     Yield .beta.-Lactam                             

                                            calculated                         

                                                      found                    

       (molecular weight) and  %     content                                   

                                            C    H   N    S                    

     B)                                                                        

       Starting compound             %                                         

     __________________________________________________________________________

         74                                                                    

     A)                                                                        

       C.sub.25 H.sub.24 N.sub.5 O.sub.7 SNa                                   

                        H--CO--                                                

                               45.4  100    50.25                              

                                                 4.72                          

                                                     11.72                     

                                                          5.37                 

       .2 H.sub.2 O                                                            

                 (597.6)                    49.5 4.0  9.6 6.8                  

     B)                                                                        

       C.sub.9 H.sub.8 N.sub.2 O.sub.4                                         

                 (208.2)                                                       

                        3,4-bis-formylamino-benzoic acid                       

                                            51.92                              

                                                 3.88                          

                                                     13.46                     

                               79.6         50.7 3.8 12.8                      

         75                                                                    

     A)                                                                        

       C.sub.31 H.sub.32 N.sub.5 O.sub.7 SNa                                   

                               71.8  100    54.94                              

                                                 5.35                          

                                                     9.33 4.74                 

       .2 H.sub.2 O                                                            

                 (677.7)                    54.1 5.4 9.5  5.2                  

     B)                                                                        

       C.sub.15 H.sub.16 N.sub.2 O.sub.4                                       

                 (288.3)                                                       

                        3,4-bis-(cyclopropanecarbonyl-                         

                                            62.49                              

                                                 5.59                          

                                                     9.72                      

                        amino)-benzoic acid                                    

                               41.4         61.1 5.7 10.1                      

     __________________________________________________________________________

      Both compounds (74 and 75) were prepared via the mixed anhydride method. 

      *C is in the D(-)- configuration                                         

PAC  EXAMPLE 76
      ##SPC47##
PAR  A. The above compound was prepared as described in Example 2 from:
PA0  1. 5.78 g (0.0248 mol) of (4-cyclobutanecarbonylaminophenyl)-acetic acid,
      2.8 ml (0.025 mol) of N-methylmorpholine and 2.4 ml (0.025 mol) of
      chloroformic acid ethyl ester.
PA0  2. 10.4 g (0.0298 mol) of ampicillin and 6.68 ml (0.0477 mol) of
      triethylamine.
PAR  Yield: 13.1 g (90.3%) sodium
      D(-)-.alpha.-[(4-cyclobutanecarbonylaminophenyl)-acetamido]-
      benzylpenicillin:
EQU  C.sub.29 H.sub.31 N.sub.4 O.sub.6 SNa . 2 H.sub.2 O (622.7)
PAR  Calculated: C 55.95; H 5.66; N 9.00; S 5.15; Found: C 56.5; H 5.8; N 9.7; S
      5.5.
PAR  .beta.-Lactam content: 87.8%
PAR  B. (4-Cyclobutanecarbonylaminophenyl)-acetic acid was prepared as described
      in Example 3 from 7.0 g (0.0464 mol) of (p-aminophenyl)-acetic acid and
      6.6 g (0.0557 mol) of cyclobutanecarboxylic acid chloride.
PAR  Yield: 10.0 g (83.3%) C.sub.13 H.sub.15 NO.sub.3 (233.3).
PAR  Calculated: C 66.93; H 6.48; N 6.00; Found: C 66.5; H 6.3; N 5.7.
PAC  EXAMPLE 77
      ##SPC48##
PAR  A. The above compound was prepared similarly to that of Example 26 via the
      N-hydroxy-benzotriazole method [W. Konig and R. Geiger, Chem. Ber. 103,
      788-798 (1970)] from the following components:
PA0  1. 4.7 g (0.0188 mol) of 4-cyclopentanecarbonylamino-2-hydroxybenzoic acid,
      2.69 g (0.0198 mol) of 1-hydroxy-benzotriazole and 4.17 g (0.0202 mol) of
      dicyclohexylcarbodiimide (DCC).
PA0  2. 7.86 g (0.0225 mol) of ampicillin and 5.53 ml (0.0394 mol) of
      triethylamine.
PAR  Yield: 8.4 g (74.0%) of sodium
      D(-)-.alpha.-(4-cyclopentanecarbonylamino-2-hydroxybenzoylamino)-benzylpen
     icillin:
EQU  C.sub.29 H.sub.31 N.sub.4 O.sub.7 SNa . 2 H.sub.2 O (683.7)
PAR  Calculated: C 54.54; H 5.52; N 8.77; S 5.03; Found: C 54.3; H 5.8; N 9.6; S
      4.8.
PAR  .beta.-Lactam content: 73.8%.
TBL  ______________________________________                                    

     Activity against E. coli 14:                                              

                             2 - 4     U/ml                                    

     Activity against Proteus vulg. 1017:                                      

                              8 - 16   U/ml                                    

     Activity against Psdm. aerug. Walter:                                     

                              8 - 16   U/ml                                    

     Activity against Klebs. 63:                                               

                             32 - 64   U/ml                                    

     Activity against Staph. aureus 1756:                                      

                             32 - 64   U/ml                                    

     ______________________________________                                    

PAR  B. 4-Cyclopentanecarbonylamino-2-hydroxy-benzoic acid was prepared as
      described in Example 3 from 8 g (0.0379 mol) of 4-amino-2-hydroxy-benzoic
      acid (sodium salt, with 2 moles of H.sub.2 O) and 5.28 g (0.0398 mol) of
      cyclopentanecarboxylic acid chloride.
PAR  Yield: 7.2 g (76.3%) C.sub.13 H.sub.15 NO.sub.4 (249.3).
PAR  Calculated: C 62.63; H 6.06; N 5.62; Found: C 62.7; H 6.3; N 5.5.
PAC  EXAMPLE 78:
      ##SPC49##
PAR  A. The penicillin was prepared as described in Example 2 from:
PA0  1. 5.6 g (0.0157 mol) of 4-(3,4,5-trimethoxycinnamoylamino)-benzoic acid,
      1.83 ml (0.0163 mol) of N-methylmorpholine and 1.57 ml (0.0163 mol) of
      chloroformic acid ethyl ester.
PA0  2. 6.58 g (0.0188 mol) of ampicillin and 4.26 ml (0.0304 mol) of
      triethylamine.
PAR  Yield: 9.3 g (83.4%) of sodium
      D(-)-.alpha.-[4-(3,4,5-trimethoxycinnamoylamino-benzoylamino)]-benzylpenic
     illin:
EQU  C.sub.35 H.sub.35 N.sub.4 O.sub.9 SNa . 2 H.sub.2 O (746.8)
PAR  Calculated: C 56.29; H 5.27; N 7.51; S 4.30; Found: C 54.9; H 5.7; N 6.8; S
      4.7.
PAR  .beta.-Lactam content: 90.2%
TBL  Activity against E. coli 14:                                              

                              2 - 4    U/ml                                    

     Activity against Proteus vulg. 1017:                                      

                             128 - 256 U/ml                                    

     Activity against Psdm. aerug. Walter:                                     

                             32 - 64   U/ml                                    

     Activity against Klebs. 63:                                               

                             32 - 64   U/ml                                    

PAR  B. 4-(3,4,5-trimethoxycinnamoylamino)-benzoic acid was prepared as
      described in Example 3 from 3.3 g (0.0241 mol) of PAB and 6.8 g (0.0265
      mol) of 3,4,5-trimethoxycinnamoyl chloride.
PAR  Yield: 5.6 g (65.1%), recrystallization from THF/n-pentane
PAR  C.sub.19 H.sub.19 NO.sub.6 (357.4)
PAR  Calculated: C 63.85; H 5.35; N 3.91; Found: C 62.5; H 5.4; N 3.3.
PAC  EXAMPLE 79
      ##SPC50##
PAR  A. The above compound was prepared as described in Example 2 from:
PA0  1. 6.1 g(0.0171 mol) of 4-(3,4,5-trimethoxybenzoylamino)-cinnamic acid,
      1.98 ml (0.0177 mol) of N-methylmorpholine and 1.7 ml (0.0177 mol) of
      chloroformic acid ethyl ester.
PA0  2. 7.14 g (0.0204 mol) of ampicillin and 4.62 ml (0.033 mol) of
      triethylamine.
PAR  Yield: 10.3 g (85%) of sodium
      D(-)-.alpha.-[4-(3,4,5trimethoxybenzoylamino-cinnamoylamino)]-benzylpenici
     llin:
EQU  C.sub.35 H.sub.35 N.sub.4 O.sub.9 SNa . 2 H.sub.2 O (746.8)
PAR  Calculated: C 56.29; H 5.27; N 7.51; S 4.30; Found: C 56.0; H 6.0; N 7.0; S
      4.5
PAR  .beta.-Lactam content: 89.7%.
TBL  Activity against E. coli 14:                                              

                             1 - 2     U/ml                                    

     Activity against Proteus vulg. 1017:                                      

                             128 - 256 U/ml                                    

     Activity against Psdm. aerug. F. 41:                                      

                              8 - 16   U/ml                                    

     Activity against Klebs. 63:                                               

                             32 - 64   U/ml                                    

     Activity against Staph. aureus 133:                                       

                             &lt;1        U/ml                                    

PAR  B. 4-(3,4,5-Trimethoxybenzoylamino)-cinnamic acid was prepared as described
      in Example 3 from 5 g (0.0271 mol) of p-aminocinnamic acid hydrochloride
      and 3,4,5-trimethoxybenzoyl chloride.
PAR  Yield: 6.8 g (70.2%) C.sub.19 H.sub.19 NO.sub.6 (357.4).
PAR  Calculated: C 63.85; H 5.35; N 3.91 Found: C 63.6; H 5.4; N 3.2.
PAC  EXAMPLE 80
      ##SPC51##
PAR  A. The above compound was prepared as described in Example 2 from:
PA0  1. 3.6 g (0.0113 mol) of 4-(p-methylsulphonyl-benzoylamino)-benzoic acid,
      1.4 ml (0.0125 mol) of N-methylmorpholine and 1.2 ml (0.0125 mol) of
      chloroformic acid ethyl ester.
PA0  2. 4.75 g (0.0136 mol) of ampicillin and 3.05 ml (0.0218 mol) of
      triethylamine.
PAR  Yield: 5.6 g (70%) of sodium
      D(-)-.alpha.-[4-(p-methylsulphonylbenzoylamino)-benzoylamino)]-benzylpenic
     illin:
EQU  C.sub.31 H.sub.29 N.sub.4 O.sub.8 S.sub.2 Na . 2 H.sub.2 O (708.7)
PAR  Calculated: C 52.53; H 4.70; N 7.92; S 9.06; Found: C 52.1; H 5.1; N 6.3; S
      8.9.
PAR  .beta.-Lactam content: 72.9%
TBL  Activity against E. coli 14:                                              

                             4 - 8     U/ml                                    

     Activity against Proteus vulg. 1017:                                      

                             128 - 256 U/ml                                    

     Activity against Psdm. aerug. F 41:                                       

                             32 - 64   U/ml                                    

     Activity against Klebs. 63:                                               

                             32 - 64   U/ml                                    

     Activity against Staph. aureus 133:                                       

                             &lt;1        U/ml                                    

PAC  EXAMPLE 81
      ##SPC52##
PAR  A. The above compound was prepared as described in Example 1 from:
PAR  7.0 g (0.0168 mol) of p-hydroxyampicillin
      [D(-)-(.alpha.-amino-p-hydroxyphenylacetylamino)-penicillin] and 5.5 g
      (0.0219 mol) of 4-cyclopentanecarbonylamino-benzoyl chloride (see Example
      7C) in the presence of 2 N NaOH in a mixture of THF/H.sub.2 O (1:1)
PAR  Yield: 5.9 (58.5%) of sodium
      D(-)-.alpha.-[4-cyclopentanecarbonylamino-benzoylamino]-
      (p-hydroxybenzyl)-penicillin:
EQU  C.sub.29 H.sub.31 N.sub.4 O.sub.7 SNa . 3 H.sub.2 O (656.7)
PAR  Calculated: C 53.04; H 5.68; N 8.53; S 4.89; Found: C 52.3; H 5.8; N 8.4; S
      6.6.
PAR  .beta.-Lactam content: 79.6%
TBL  Activity against E. coli 14:                                              

                             4 - 8     U/ml                                    

     Activity against Proteus vulg. 1017:                                      

                             &gt;256      U/ml                                    

     Activity against Psdm. aerug. F 41:                                       

                             32 - 64   U/ml                                    

     Activity against Klebs. 63:                                               

                             128 - 256 U/ml                                    

     Activity against Staph. aureus 133:                                       

                             &lt;1        U/ml                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC53##
PAL  or a pharmaceutically acceptable nontoxic salt thereof wherein
PA1  the carbon atom designated by * is asymmetrically substituted;
PA1  R.sub.1 is hydrogen, halo, lower alkyl, hydroxy, nitro or A--NH--;
PA1  A is R.sub.3 CO-- or R.sub.4 CS-- in which
PA2  R.sub.3 is hydrogen; lower alkyl; halo(lower alkyl); cycloalkyl of 3 to 11
      carbon atoms unsubstituted or substituted by hydroxy or alkyl of 1 or 2
      carbon atoms; cycloalkenyl of 3 to 11 carbon atoms; bicycloalkyl of up to
      8 carbon atoms; bicycloalkenyl of up to 8 carbon atoms; aryl of 6 to 10
      carbon atoms, unsubstituted or substituted by from 1 to 3 substituents
      selected from the group consisting of alkyl of 1 to 4 carbon atoms, alkoxy
      of 1 to 4 carbon atoms, halo, trifluoromethyl, nitro, amino and
      alkylsulfonyl of 1 to 4 carbon atoms, or substituted by methylenedioxy;
      azidoaryl of 6 to 10 carbon atoms; azido(lower alkyl); amino; or thienyl;
      and
PA2  R.sub.4 is lower alkylamino or arylamino of 6 to 10 carbon atoms; and
PA1  E is phenyl; phenyl substituted by hydroxy, azido, lower alkyl, lower
      alkoxy, lower alkylthio or chloro; or thienyl.
NUM  2.
PAR  2. A compound according to claim 1 wherein
PA1  R.sub.1 is hydrogen, halo, lower alkyl, hydroxy or nitro; and
PA1  A--nh is in the 4-position.
NUM  3.
PAR  3. A compound according to claim 2 wherein
PA1  R.sub.1 is hydrogen, halo or nitro; and
PA1  R.sub.3 is hydrogen; lower alkyl; chloro(lower)alkyl; dichloro(lower)alkyl;
      bromo(lower)alkyl; dibromo(lower)alkyl; cycloalkyl of 3 to 7 carbon atoms;
      cycloalkenyl of 3 to 7 carbon atoms; norbornyl; unsubstituted phenyl;
      phenyl substituted by 1 to 3 substituents selected from the group
      consisting of methyl, ethyl, methoxy, ethoxy, chloro, bromo, fluoro,
      trifluoromethyl, nitro, amino, methylsulfonyl or ethylsulfonyl or
      substituted by methylenedioxy; amino; or thienyl;
PA1  R.sub.4 is methylamino, ethylamino or phenylamino; and
PA1  E is phenyl.
NUM  4.
PAR  4. A compound according to claim 3 wherein
PA1  R.sub.1 is hydrogen or hydroxy; and
PA1  R.sub.3 is hydrogen, lower alkyl; cycloalkyl of 3 to 7 carbon atoms; or
      cycloalkenyl of 3 to 7 carbon atoms.
NUM  5.
PAR  5. A compound according to claim 4 wherein R.sub.1 is hydrogen.
NUM  6.
PAR  6. A compound according to claim 1 wherein
PA1  R.sub.1 is A--NH;
PA1  A in each occurrence is R.sub.3 CO; and
PA1  R.sub.3 in each occurrence is hydrogen or cycloalkyl of 3 to 7 carbon
      atoms.
NUM  7.
PAR  7. A compound of the formula:
      ##SPC54##
PAL  or a pharmaceutically acceptable nontoxic salt thereof wherein
PA1  the carbon atom designated by * is asymmetrically substituted;
PA1  R.sub.1 is hydrogen, hydroxy, methyl, chloro, or nitro;
PA1  R.sub.3 is hydrogen, cyclopropyl, hydroxycyclopropyl; cyclobutyl;
      cyclopentyl; cyclopentenylmethyl, cyclopentylethyl, cyclohexylmethyl,
      cyclohexenyl, cycloheptyl, cycloheptenyl, norbornyl, phenyl, phenyl
      substituted by from one to three members selected from the group
      consisting of methyl, methoxy, nitro, chloro, fluoro, trifluoromethyl,
      amino or methylsulfonyl; phenyl substituted by methylenedioxy or azido;
      styryl, trimethoxystyryl; azidomethyl; azidoethyl; azidopropyl;
      azidobutyl; methyl; methoxymethyl; methylamino; phenylamino;
      halophenylamino; or thienyl; and
PA1  E is phenyl or hydroxyphenyl.
NUM  8.
PAR  8. A compound according to claim 7 wherein the configuration about the
      carbon atom designated by * is D.
NUM  9.
PAR  9. A compound according to claim 7 wherein R.sub.1 is hydrogen or hydroxy.
NUM  10.
PAR  10. A salt of a compound of claim 1 wherein said salt is selected from the
      group consisting of the sodium, potassium, magnesium, calcium, aluminum,
      ammonium, a di(lower alkyl)amine, a tri(lower alkyl)amine, procaine,
      dibenzylamine, N,N'-dibenzylethylenediamine,
      N-benzyl-.beta.-phenylethylamine, N-methyl-morpholine, N-ethyl-morpholine,
      1-ephenamine, dehydroabietylamine, N,N'-bis-dehydroabietylethylenediamine,
      or an N-lower alkylpiperidine.
NUM  11.
PAR  11. A compound according to claim 1 in the form of the sodium salt and
      wherein the configuration about the carbon atom designated by * is D.
NUM  12.
PAR  12. The compound according to claim 1 wherein R.sub.1 is hydrogen, A is
      H--CO and the configuration about the carbon atom designated * is D, or
      the sodium salt thereof.
NUM  13.
PAR  13. The compound according to claim 1 which is
      D(-)-.alpha.-(4-cyclopropane-carbonylamino-benzoylamino)-benzylpenicillin,
      or the sodium salt thereof.
NUM  14.
PAR  14. The compound according to claim 1 which is
      D(-)-.alpha.-(4-cyclopentane-carbonylamino-benzoylamino)-benzylpenicillin,
      or the sodium salt thereof.
NUM  15.
PAR  15. The compound according to claim 1 which is
      D(-)-.alpha.-(4-cycloheptane-carbonylamino-benzoylamino)-benzylpenicillin,
      or the sodium salt thereof.
NUM  16.
PAR  16. The compound according to claim 1 which is
      D(-)-.alpha.-[4-(4-cycloheptane-1-carbonylamino-benzoylamino)]-benzylpenic
     illin, or the sodium salt thereof.
NUM  17.
PAR  17. The compound according to claim 1 which is
      D(-)-.alpha.-[4-(4-aminobenzoylamino)-benzoylamino]-benzylpenicillin, or
      the sodium salt thereof.
NUM  18.
PAR  18. The compound according to claim 1 which is
      D(-)-.alpha.-(4-cyclopentanecarbonylamino-2-hydroxybenzoylamino)-benzylpen
     icillin, or the sodium salt thereof.
NUM  19.
PAR  19. The compound according to claim 1 which is
      D(-)-.alpha.-[4-(p-methylsulphonylbenzoylamino)-benzoylamino]-benzylpenici
     llin, or the sodium salt thereof.
NUM  20.
PAR  20. The compound according to claim 1 which is
      D(-)-.alpha.-(4-cyclopentanecarbonylamino-benzoylamino)-(p-hydroxybenzyl)-
     penicillin, or the sodium salt thereof.
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ABST
PAL  Steroids containing both an isolated and an .alpha.,.beta.-unsaturated keto
      group are selectively reacted with dimethyl sulfonium methylide in a
      non-reactive polar solvent and in the presence of an alkali tertiary
      alcoholate to produce .alpha.,.beta.-unsaturated keto steroids containing
      the group
      ##EQU1##
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for the production of steroid oxiranes.
PAR  Reactions of keto steroids with dimethyl sulfonium methylide to
      corresponding steroid spiro oxiranes are known per se. "J. prakt. Chem."
      314 (1972) 667. However, special precautionary measures must be taken for
      the production of steroid spiro oxiranes containing an
      .alpha.,.beta.-unsaturated keto group.
PAR  Jones et al. (Canad. J. Chem. 50 (1972) 1414) protect a .DELTA..sup.4
      -3-keto grouping by ketalization before the reaction of the 17-keto group
      with dimethyl sulfonium methylide.
PAR  It is an object of this invention to provide a selective process for the
      production of steroid oxiranes containing an .alpha.,.beta.-unsaturated
      keto group.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, a steroid containing a spiro oxirane group and
      an .alpha.,.beta.-unsaturated keto group are produced by reacting a
      polyketo steroid having an isolated keto group and an
      .alpha.,.beta.-unsaturated keto group with dimethyl sulfonium methylide in
      an aprotic polar solvent in the presence of an alkali metal alcoholate,
      preferably a sodium or potassium alcoholate, of a tertiary alcohol.
PAC  DETAILED DISCUSSION
PAR  It is surprising that isolated keto groups react selectively according to
      the process of this invention with dimethyl sulfonium methylide, whereas
      keto groups which are conjugated with a C=C double bond are not affected,
      especially since it is known, from the basic research by Corey et al. (J.
      Am. Chem. Soc. 87 (1965) 1353) that, during the reaction of .DELTA..sup.4
      -3-keto steroids, such as, for example, 4-cholesten-3-one, with dimethyl
      sulfonium methylide, the corresponding oxirane,
      4-cholestene-3.beta.-spiro-1' ,2'-oxirane, is obtained in a 90% yield.
PAR  The products of this invention are .alpha.,.beta.-unsaturated keto steroids
      of the formula
      ##EQU2##
      wherein St is a steroid moiety containing an .alpha.,.beta.-unsaturated
      keto group. They are produced from polyketo steroids of the general
      formula
PAC  St &gt; =  O
PAL  wherein St has the value given above.
PAR  The oxirane grouping can replace an isolated keto group at any desired
      place in the steroid molecule. If the starting steroid contains more than
      one isolated keto group, the corresponding polyoxirane steroids are
      formed. Preferred starting steroids are those having an isolated keto
      group at one or more of the 3, 6, 11, 12, 17 and/or 20 carbon atoms, e.g.,
      3-keto, 17-keto, 3,20 -diketo, 3,11,20-triketo, 20-keto, 11,20-diketo,
      3,12,20-triketo. The .alpha.,.beta.-unsaturated keto group in the starting
      steroid molecule can be, for example, a .DELTA..sup.4 -3-keto,
      .DELTA..sup.1,4 -3-keto, .DELTA..sup.4,6 -3-keto, .DELTA..sup.1,4,6
      -3-keto, .DELTA..sup.7 -6-keto, .DELTA..sup.9(11) -12-keto, or
      .DELTA..sup.16 -20-keto group. The starting steroid can be, for example,
      of the estrane, androstane, pregnane, or 19-nor-pregnane natural or
      synthetic series, e.g., lacking a 13-methyl group or having an 18-methyl
      group. In addition, the steroid molecule can be substituted with other
      substituents which are inert with respect to the reactants. Examples are
      free or functionally modified (e.g., esterified or etherified) hydroxy
      groups, e.g., alkoxy of 1-4 carbon atoms, benzyloxy, tetrahydropyranyloxy,
      alkanoyloxy, aryloxy, e.g., benzoyloxy, and aralkanoyloxy, e.g.,
      phenylacetoxy, of at -12 carbon atoms, et the 1-, 3-, 11-, 14-, 16-, 17-
      and/or 21-positions; alkyl groups of 1-4 carbon atoms, preferably methyl,
      at the 1-, 6-, 7-, 16-, 17- and/or 18-positions; halogen atoms, e.g.,
      fluorine, at the 6- and/or 9-positions, chlorine at the 6-, 9- and/or
      21-positions; and methylene at the 1,2-, 6,7-, or 15,16-position. In
      addition to the .alpha.,.beta.-unsaturated keto groupings, the steroid
      molecule can also contain isolated double bonds, e.g., in the 5-, 8-,
      9(11)-, 11-, 14- and/or 15-positions.
PAR  Examples of such steroids are those of the general formula I
      ##SPC1##
PAL  Z is an oxygen atom, two hydrogen atoms or the grouping H,OH; E-D is a
      single or double bond; F-G is
      ##EQU3##
      R is a hydrogen atom or methyl; R.sub.2 is methyl or ethyl; R.sub.3 is a
      hydrogen, fluorine or chlorine atom; R.sub.4 is a hydrogen, fluorine or
      chlorine atom or methyl; R.sub.5 is a hydrogen atom or alkanoyl of up to
      15 carbon atoms; R.sub.6 is a hydrogen atom, methyl or ethinyl; R.sub.7 is
      a hydrogen atom, methyl or --O--R.sub.5 ; R.sub.8 is a hydrogen atom, a
      halogen atom or -O-R.sub.8 ; R.sub.9 is a hydrogen atom or -O-R.sub.5 ;
      R.sub.6 and R.sub.7 or R.sub.7 and R.sub.9 collectively are
      ##EQU4##
      wherein R.sub.10 and R.sub.11 each are a hydrogen atom or alkyl of up to 5
      carbon atoms, with the proviso that one of A and BC comprises a
      non-conjugated keto group, preferably BC, and the other an
      .alpha.,.beta.-unsaturated keto group.
PAR  Preferred steroids of Formula I are, inter alia, 3,17-diketo and
      3,20-diketo steroids, optionally containing a further keto group at the
      11-position, especially those of the general Formula II
      ##SPC2##
PAL  wherein B'C' is
      ##EQU5##
      F' - G' is a single or double bond, and R.sub.1, R.sub.2, R.sub.3, and Z
      each have the values given above.
PAR  The amount of dimethyl sulfonium methylide employed is not critical but
      should be at least a molar equivalent calculated on the starting steroid.
      To ensure optimum yield, a molar excess preferably is employed, e.g., 0,1
      to 5 molar equivalents.
PAR  Examples of non-reactive polar solvents are dimethylformamide,
      dimethylacetamide and hexametapol (hexamethylphosphoric triamide), as well
      dimethyl sulphoxide.
PAR  Examples of alkali alcoholates of tertiary alcohols are, for example,
      potassium tert.-butylate and sodium tert.-amylate and other alkali metal
      alcoholates of other tertiary alkanols of, e.g., 1-12 carbon atoms. The
      exact amount of alcoholate employed is not critical.
PAR  The reaction can be conducted over a wide temperature range, e.g., from
      -20.degree. C. to the boiling point of the reaction mixture, preferably
      0.degree. to 50.degree. C., more preferably about room temperature.
PAR  The dimethyl sulfonium methylide is preferably produced in situ by reacting
      the alkali alcoholate with trimethyl sulfonium iodide, e.g., by dissolving
      the starting .alpha.,.beta.-unsaturated polyketo steroid and suspending
      trimethyl sulfonium iodide in the reaction solvent and then gradually
      adding the alkali tert.-alcoholate to the resultant mixture to produce the
      dimethyl sulfonium methylide in situ. In this case, at least a molar
      equivalent of the alkali alcoholate, calculated on the starting steroid,
      whould be used to ensure complete reaction. An excess above this amount
      has no effect upon the course of the reaction.
PAR  The reaction product can be worked up in the usual manner, for example by
      precipitation, recrystallization, or chromatography.
PAR  The compounds producible according to this process are intermediates for
      the preparation of pharmacologically active compounds and intermediates
      useful in the production thereof, e.g., steroids having a methyl group and
      a hydroxy group on the same carbon atom by reductive opening of the
      oxirane ring. For example, 17.alpha.-methyltestosterone is obtained from
      17.beta.-spiro- 1',2'-oxiranyl-4-androsten-3-one by reductive opening of
      the ring, for example, with lithium aluminum hydride.
PAR  The well known aldosterone antagonist, 3-(7.alpha.-acetylthio-
      17.beta.-hydroxy-3-oxo-4-androsten-17.alpha.-yl)-propiolactone is obtained
      from spiro-17.beta.-oxyranyl-4-androsten-3-one by the process according to
      U.S. Pat. No. 3,413,288 after enamination to give
      3-(17.beta.-hydroxy-4-androsten-3-on-17.alpha.-yl)-propiolactone, which
      itself is a biologically active compound (see, for reference,
      J.Am.Chem.Soc. 79 (1957) 4808; J.Org.Chem. 24 (1959) 74; ibid. 24 (1959)
      1109). This propiolactone is dehydrogenated in the 6-position (J.Org.Chem.
      24 (1959) 1109; U.S. Pat. No. 2,900,383) and treated with thioacetic acid
      according to German Published Application, DAS 1,121,610, for example.
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative and not limitative of
      the remainder of the disclosure in any way whatsoever.
DETD
PAC  EXAMPLE 1
PAR  8.6 g. of 4-androstene-3,17-dione is dissolved in 65 ml. of
      dimethylformamide, and then 13.5 g. of trimethyl sulfonium iodide is added
      thereto. The thus-obtained suspension is combined with 25.5 g. of
      potassium tert.-butylate by adding the latter in small portions, so that
      the internal temperature does not exceed 25.degree. C. The mixture is
      thereafter agitated for 4 hours at about 20.degree. C. The thus-obtained
      reaction mixture is then introduced into 1 liter of ice water and stirred
      for 1 hour. The precipitated, crude
      spiro-17.beta.-oxiranyl-4-androsten-3-one is vacuum-filtered, washed
      neutral with water, and dried, thus obtaining 8 g. melting, after
      recyrstallization from acetone/hexane, at 170.degree.-173.degree. C.
EQU  UV: .epsilon..sub.240 =  15,600. [.alpha.].sub.D = + 132.degree. (CHCl.sub.
      3).
PAC  EXAMPLE 2
PAR  8.6 g. of 1,4-androstadiene-3,17-dione is dissolved in 65 ml. of
      dimethylformamide, and 13.5 g. of trimethyl sulfonium iodide is added
      thereto. To the thus-obtained suspension, 8.5 g. of potassium
      tert.-butylate is added in small portions so that the internal temperature
      does not exceed 20.degree. C. The mixture is allowed to react further as
      set forth in Example 1 and then worked up. the thus-obtained crude
      spiro-17.beta.-oxiranyl-1,4-androstadien- 3-one is purified first by
      preparative layer chromatography (cyclohexane/ethyl acetate 1 : 1) and
      then by recrystallization from acetone/hexane, thus obtaining 4 g. of
      final product, m.p. 130.degree.-132.degree. C.
EQU  UV: .epsilon..sub.244 =  14,800. [.alpha.].sub.D = + 25.degree. (CHCl.sub.
      3).
PAC  EXAMPLE 3
PAR  8.6 g. of 4-pregnene-3,20-dione is dissolved in 65 ml. of
      dimethylformamide, and 13.5 g. of trimethyl sulfonium iodide is added
      thereto. 12.5 g. of potassium tert.-amylate is added in small portions to
      the thus-obtained suspension, so that the internal temperature does not
      exceed 30.degree. C. The mixture is further reacted analogously to Example
      1 and worked up. The crude 20,21-epoxy-20-methyl-4-pregnen-3-one is
      recrystallized from acetone/hexane, thus producing 6.5 g., m.p.
      166.degree. C.
EQU  UV: .epsilon..sub.242 =  14,920. [.alpha.].sub.D = + 100.degree. (CHCl.sub.
      3).
PAC  EXAMPLE 4
PAR  Analogously to Example 2, 4.3 g. of 1,5-androstadiene-3,17-dione in 32.5
      ml. of dimethylformamide is reacted with 4.25 g. of potassium
      tert.-butylate and 6.75 g. of trimethyl sulfonium iodide. After working up
      and purifying the reaction product analogously, 2.1 g. of
      spiro-17.beta.-oxiranyl-1,5-androstadien-3-one is obtained, m.p.
      174.degree.-182.degree. C.
EQU  UV: .epsilon..sub.226 =  11,100. [.alpha.].sub.D = + 53.degree. (CHCl.sub.
      3).
PAC  EXAMPLE 5
PAR  Analogously to Example 1, spiro-11.beta.,17.beta.
      -dioxiranyl-4-androsten-3-one is obtained from 4androstene-3,11,17-trione.
EQU  UV: .epsilon..sub.240 =  14,000.
PAC  EXAMPLE 6
PAR  Spiro-17.beta.-oxiranyl-5.alpha.-androst-1-en-3-one is produced from
      5.alpha.-androst-1-ene-3,17-dione analogously to Example 1.
PAC  EXAMPLE 7
PAR  In analogy to Example 1, spiro-3.beta.-oxiranyl-5.beta.-pregn-16-en-20-one
      is produced from 5.beta.-pregn-16-ene-3,20-dione.
EQU  UV: .epsilon..sub.240 =  7,900.
PAC  EXAMPLE 8
PAR  Spiro-17.beta.-oxiranyl-4,6-androstadien-3-one is obtained analogously to
      Example 1 from 4,6-androstadiene-3,17-dione.
PAC  EXAMPLE 9
PAR  Analogously to Example 1, spiro-17.beta.-oxiranyl-4-estren-3-one is
      produced from 4-estrene-3,17-dione.
PAC  EXAMPLE 10
PAR  From 19-nor-4-pregnene-3,20-dione,
      20,21-epoxy-20-methyl-19-nor-4-pregnen-3-one is obtained analogously to
      Example 3.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically and specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the production of a .alpha.,.beta. -unsaturated keto
      steroid having a spiro oxirane group from a polyketo steroid having an
      isolated keto group and an .alpha.,.beta.-unsaturated keto group, the
      improvement which comprises reacting the polyketo steroid with dimethyl
      sulfonium methylide in a non-reactive polar solvent and in the presence of
      an alkali metal tertiary alcoholate.
NUM  2.
PAR  2. A process according to claim 1, wherein the alkali metal alcoholate is
      sodium or potassium tertiary butylate or tertiary amylate.
NUM  3.
PAR  3. A process according to claim 1, wherein the reaction solvent is
      dimethylformamide, dimethylacetamide or hexamethylphosphoric triamide.
NUM  4.
PAR  4. A process according to claim 1, wherein the dimethyl sulfonium methylide
      is produced in situ by adding the alkali metal alcoholate to a mixture of
      the starting steroid dissolved in, and trimethyl sulfonium iodide
      suspended in the polar solvent.
NUM  5.
PAR  5. A process according to claim 1, wherein the starting steroid is a
      3,17-diketo or 3,20-diketo steroid wherein the 3-keto group is
      .alpha.,.beta.-unsaturated.
NUM  6.
PAR  6. A process according to claim 4, wherein the alkali metal alcoholate is
      sodium or potassium tertiary butylate or tertiary amylate.
NUM  7.
PAR  7. A process according to claim 6, wherein the starting steroid is a
      3,17-diketo or 3,20-diketo steroid wherein the 3-keto group is
      .alpha.,.beta.-unsaturated.
NUM  8.
PAR  8. A process according to claim 1, wherein the starting steroid is a
      steroid of the formula
      ##SPC3##
PAL  Z is an oxygen atom, two hydrogen atoms or the grouping H,OH; E-D is a
      single or double bond; F-G is
      ##EQU6##
      R is a hydrogen atom or methyl; R.sub.2 is methyl or ethyl; R.sub.3 is a
      hydrogen, fluorine or chlorine atom; R.sub.4 is a hydrogen, fluorine or
      chlorine atom or methyl; R.sub.5 is a hydrogen atom or alkanoyl of up to
      15 carbon atoms; R.sub.6 is a hydrogen atom, methyl or ethinyl; R.sub.7 is
      a hydrogen atom, methyl or -O-R.sub.5 ; R.sub.8 is a hydrogen atom, a
      halogen atom or -O-R.sub.8 ; R.sub.9 is a hydrogen atom or -O-R.sub.5 ;
      R.sub.6 and R.sub.7 or R.sub.7 and R.sub.9 collectively are
      ##EQU7##
      wherein R.sub.10 and R.sub.11 each are a hydrogen atom or alkyl of up to 5
      carbon atoms, with the proviso that one of A and BC comprises a
      non-conjugated keto group and the other an .alpha.,.beta.-unsaturated keto
      group.
NUM  9.
PAR  9. A process according to claim 8, wherein the starting steroid is a
      steroid of the formula
      ##SPC4##
PAL  wherein B'C' is
      ##EQU8##
      F' - G' is a single or double bond, and R.sub.1, R.sub.2, R.sub.3, and Z
      each have the values given therein.
NUM  10.
PAR  10. A process according to claim 9, wherein the alkali metal alcoholate is
      sodium or potassium tertiary butylate or tertiary amylate and wherein the
      reaction solvent is dimethylformamide, dimethylacetamide or
      hexamethylphosphoric triamide.
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PAL  A process for the preparation of 2-azacycloalkylmethyl ketones by chelating
      a methyl ketone with magnesium methyl carbonate and condensing the chelate
      with a 1-azacycloalkene in an atmosphere of carbon dioxide. The novel
      compounds described are useful anticoagulants.
BSUM
PAC  DISCUSSION OF PRIOR ART
PAR  The reaction of .beta.-ketoacids with 2,3,4,5-tetrahydropyridines under
      "physiological" conditions to establish pathways of plant alkaloid
      biosyntheses has been explored by Schopf and co-workers, Liebigs Ann.
      Chem. 626, 123 (1959). Heretofore a synthetic application of this reaction
      has been limited due to the lack of water solubility of many of the
      .beta.-ketoacids and the difficulty in obtaining suitable starting
      materials. Furthermore, the self-condensation of
      2,3,4,5-tetrahydropyridine requires that this reaction be conducted under
      limited and carefully controlled conditions, cf., Schopf et al., Liebigs
      Ann. Chem., 559, 1 (1948) and Wisse et al., Rec. Trav. Chem. Pays-Bas. 82,
      763 (1963). The conversion of ketones to .beta.-ketoacids using magnesium
      methyl carbonate has been described by Stiles, J. Am. Chem. Soc. 81, 2598
      (1959).
PAR  We have previously reported the preparation of a 2-azacycloalkylmethyl
      ketone, namely, 4'-(fluoren-9-ylidenemethyl)-2-(2-piperidyl)acetophenone,
      by means of the novel process of this invention, Claxton et al., J. Med.
      Chem. 15, 500 (1972). To applicants' knowledge no other publications are
      known which disclose the synthesis of 2-azacycloalkylmethyl ketones by
      means of the improved modification of the Schopf reaction described
      herein.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a novel process for preparing
      2-azacycloalkylmethyl ketones. More particularly, this process relates to
      the preparation of 2-azacycloalkylmethyl ketones by condensing a magnesium
      chelate of a methyl ketone with a 1-azacycloalkene. Still more
      particularly, this process relates to the preparation of
      2-azacycloalkylmethyl ketones having the formula:
      ##EQU1##
      wherein n is an integer of from 3 to 5, p is an integer of from 1 to 2, R
      is a neutral organic radical and R.sub.1 is hydrogen or a lower alkyl
      having from 1 to 4 carbon atoms, which comprises heating a solution of a
      methyl ketone having the formula
      ##EQU2##
      with an excess of magnesium methyl carbonate to form a magnesium chelate;
      cooling the reaction mixture and reacting said chelate solution in an
      atmosphere of carbon dioxide with a 1-azacycloalkene having the formula:
      ##EQU3##
      and isolating the product therefrom.
PAR  The process of this invention is useful in the preparation of novel organic
      compounds which belong to a class of methyl ketones in which the methyl
      group is substituted with an azacycloalkane moiety in the 2-position of
      the azacycloalkane ring. Various groups of 2-azacycloalkylmethyl ketones
      which are described herein as well as their corresponding alcohols are
      useful as anticoagulants in preventing blood platelet aggregation.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Previous attempts to prepare 2-azacycloalkylmethyl ketones in which the
      2-azacycloalkyl ring is 2-piperidine by means of a catalytic reduction of
      the corresponding 2-pyridylmethyl ketones resulted in poor yields. In
      addition a partial reduction of the pyridine ring occurs as well as a
      concommitant reduction of both the carbonyl oxygen and the double bond in
      the 9-position of the fluorene ring. In an attempt to overcome these
      difficulties and at the same time obtain a more general procedure for the
      preparation of 2-azacycloalkylmethyl ketones, applicants investigated a
      large number of reagents and reaction conditions.
PAR  The work of Schopf and co-workers with 2,3,4,5-tetrahydropyridine and
      .beta.-ketoacids in aqueous solutions to form the corresponding
      2-piperidylmethyl ketones has, unfortunately, not found wide application
      for synthetic chemists and has been restricted in its use, due to reasons
      of solubility, primarily to the lower alkanoyl and benzoylacetic acids. In
      addition to the unavailability and the lack of solubility of the more
      complex .beta.-ketoacids, the 2,3,4,5-tetrahydropyridine reagent tends to
      condense with itself and consequently, the reaction requires a close pH
      control. Preferably, the Schopf reaction is conducted at a pH of less than
      10 to minimize self-condensation and to minimize various additional side
      reactions from occurring.
PAR  Applicants have discovered a modification of the Schopf reaction which
      permits the condensation of a wide variety of .beta.-ketoacids with
      2,3,4,5-tetrahydropyridine and which, in addition, enables condensation to
      occur not only with 2,3,4,5-tetrahydropyridine but with a variety of
      additional azacycloalkenes. Furthermore, our novel process obviates the
      need for pH control and overcomes the limitations of water solubility that
      are inherent in the Schopf reaction.
PAR  The instant process consists essentially of the reaction of a methyl ketone
      with magnesium methyl carbonate (MMC) in solution to form a magnesium
      chelate. The resulting chelate is condensed in an atmosphere of carbon
      dioxide with a 1-azacycloalkene or a substituted 1-azacycloalkene at
      moderate or ambient temperatures and the resulting 2-azacycloalkylmethyl
      ketone which is obtained is isolated as its acid addition salt or as its
      free base by precipitation or extraction procedures. This reaction is
      schematically represented as follows in which the symbols n, p, R and
      R.sub.1 have the values given above.
      ##EQU4##
PAR  The MMC reagent is prepared by the addition of magnesium turnings to dry
      methanol until all of the metal is converted to magnesium methoxide. A
      solvent such as dimethylformamide is added and the stirred solution
      saturated with dry carbon dioxide as described by H. L. Finkbeiner and M.
      Stiles, J. Am. Chem. Soc., 85, 616 (1963). When a methyl ketone is
      permitted to react with a large excess of this reagent, a chelate results
      which is believed to have the formula:
      ##SPC1##
PAL  Generally, a 2 to 6 molar excess of the MMC reagent is employed at a
      temperature ranging from 80.degree. to 120.degree.C. Preferably an excess
      of 4 moles of MMC reagent is used for chelation at the higher
      temperatures. The methanol that is formed is removed by sweeping a stream
      of an inert gas, such as nitrogen, over the hot solution. After a period
      of time ranging from 2 to 36 hours the chelate solution is permitted to
      cool and the inert gas is replaced with carbon dioxide. The solution is
      saturated with carbon dioxide and a carbon dioxide atmosphere is
      maintained throughout the condensation of the chelate with the
      1-azacycloalkene.
PAR  To the magnesium chelated methyl ketone solution is added a one molar
      equivalent or slight excess of 1-azacycloalkene with stirring. In general
      the condensation is effected by stirring the reaction mixture at ambient
      temperatures. The preferred reaction solvent is dimethylformamide since
      the MMC reagent is ordinarily prepared therein. On occasion it may be
      advantageous to add an additional inert solvent to the reaction mixture
      if, for example, the reaction is to be conducted at a temperature of less
      than -61.degree.C., the freezing point of dimethylformamide. It is further
      practicable to precipitate the magnesium chelate by the addition of large
      amounts of ether and to dissolve or suspend the precipitated chelate in
      other inert solvents. Suitable solvents include tetrahydrofuran, benzene
      or dimethylacetamide.
PAR  Condensation takes place at temperatures ranging from -50.degree. to
      100.degree.C. Preferably the reaction is conducted at temperatures ranging
      from 0.degree.-60.degree.C. both as a matter of convenience and since
      elevation of the reaction temperature above 100.degree.C. results in
      diminished yields.
PAR  The reaction time varies from a few hours to several weeks depending upon
      the reaction temperature and the nature of the reactants, particularly
      with respect to the degree of steric hindrance of the acetyl group of the
      methyl ketone (II), Inasmuch as the reaction is conducted and remains a
      homogenous solution until completion, the duration of the reaction can
      readily be extended for several weeks. Preferably the reaction is
      conducted in a period of from 16 to 60 hours.
PAR  Of particular importance to the successful operation of this reaction is
      the maintenance of an appropriate atmosphere. Some success is obtained
      under normal atmospheric conditions, particularly in the presence of a
      small amount of moisture. Under anhydrous conditions in an atmosphere of
      nitrogen, however, no product is obtained. Consistently good yields result
      when the condensation is carried out in an atmosphere of carbon dioxide.
PAR  The desired products of this invention are isolated by pouring the reaction
      mixture into an excess of dilute acid. Preferably a mixture of 2 to 12
      normal hydrochloric acid and ice is employed. When the acid addition salt
      of the desired 2-azacycloalkylmethyl ketone precipitates, it is collected
      by filtration. Alternatively, the acidified reaction mixture is extracted
      with a suitable solvent, as for example, chloroform or methylene chloride,
      and the solvent extract evaporated, leaving the desired product as a
      residue. It is also possible, but generally more cumbersome, to treat the
      acidified reaction mixture with a base such as sodium hydroxide until
      alkaline. The desired product can then be extracted using an appropriate
      solvent from the alkaline slurry containing precipitated magnesium
      hydroxide. In either event the crude products are readily purified by
      recrystallization of their acid addition salts using ordinary solvents or
      solvent mixtures.
PAR  The 1-azacycloalkenes, represented by the Formula (III), which can be
      condensed with a magnesium chelated methyl ketone are defined by the
      symbol n to include 5,6 and 7 membered heterocyclic rings which are
      monounsaturated at the 1-position. Thus, when n is an integer of from 3 to
      5 and R.sub.1 is hydrogen, the corresponding heterocycles: 1-pyrroline,
      2,3,4,5-tetrahydropyridine and 3,4,5,6-tetrahydro-2H-azepine are
      delineated. These heterocycles may be further substituted as when the
      symbol R.sub.1 represents lower alkyl. The term lower alkyl includes
      members having from 1 to 4 carbon atoms. Illustrative members of this
      group include the radicals, methyl, ethyl, propyl, isopropyl, butyl,
      sec.-butyl and t-butyl. The heterocycles may be either mono or
      di-substituted as indicated by the symbol p. When di-substituted, the
      lower alkyl radicals may be substituted either on the same carbon atom or
      on different carbon atoms. Substitution on the unsaturated carbon is
      excluded, however, as illustrated by the presence of a hydrogen atom in
      Formula (III). Thus, for example, 6-methyl-2,3,4,5-tetrahydropyridine and
      2-phenyl-1-pyrroline were found not to undergo condensation.
PAR  It is important to note that the 1-azacycloalkenes can exist as trimers, as
      for example, the trimers of 1-pyrroline and 2,3,4,5-tetrahydropyridine. In
      the case of the latter compound it can exist in two isomeric forms that
      are known as .alpha. and .beta.-tripiperidein. In solution these trimers
      readily depolymerize to their monomers in a manner similar to the well
      known behavior of formaldehyde. However, under alkaline aqueous conditions
      2,3,4,5-tetrahydropyridine undergoes an irreversible self-condensation to
      form .gamma.-tripiperidein. This self-condensation does not occur using
      the process of the present invention.
PAR  Illustrative 1-azacycloalkenes as indicated in Formula (III) above which
      are useful in the instant process include: 1-pyrroline,
      3-methyl-1-pyrroline, 5,5-dimethyl-1-pyrroline,
      3-propyl-2,3,4,5-tetrahydropyridine,
      4-t.-butyl-2,3,4,5-tetrahydropyridine, 3,5-diethyl-2,3,4,5-tetrahydropyrid
     ine, 3,4,5,6-tetrahydro-2H-azepine, and
      2,2-dimethyl-3,4,5,6-tetrahydro-2H-azepine.
PAR  Any methyl ketone in which the radical R is a neutral organic substituent
      (III) is capable of chelation with MMC and of subsequent condensation with
      the aforementioned 1-azacycloalkenes. However, in order for condensation
      to occur, it is essential that the starting material be a methyl ketone.
      Attempts to condense a number of non-methyl ketones, including some which
      are known to chelate with MMC and form .beta.-ketoacids, were without
      success.
PAR  The methyl ketones employed herein are obtained by methods well known to
      the art. For example, the alkyl methyl ketones are obtained by oxidation
      of the corresponding secondary alcohols. Aryl methyl ketones can be
      prepared using a Friedel-Crafts acetylation of the aromatic ring with
      acetyl chloride or acetic anhyride and a catalyst such as aluminum
      chloride in an appropriate solvent. Certain aryl methyl ketones can be
      obtained by the reaction of o, m or p-hydroxyacetophenone with an
      arylalkyl or aryloxyalkyl halide. Compounds in which the R radicals
      contain one or more double bonds of particular interest in that these
      compounds cannot be readily prepared by alternative methods such as
      reduction. Illustrative of the various neutral organic radicals
      represented by the symbol R are: alkyl, cycloalkyl, alkenyl, phenyl,
      substituted phenyl, phenylalkyl, phenylalkylene, diphenylalkyl,
      diphenylalkylene, tricycloaryl, and a variety of heterocycles.
      Additionally the various aromatic rings may be further substituted with
      such substituents as alkyl, cycloalkyl, alkoxy, halogen, phenyl, phenoxy,
      phenylalkyl, phenylalkoxy, phenoxyalkyl, phenoxyalkoxy, thiomethyl,
      thiophenyl, trifluoromethyl, cyano and dimethylsulfamoyl.
PAR  The radical represented by the symbol R is limited in that it must
      represent a neutral organic radical in order not to react with the MMC
      reagent. Thus, substituents such as amino, nitro, carboxylic acid,
      sulfonic acid and phenolic-hydroxy groups are undesirable substituents in
      carrying out the instant reaction. Additionally, sterically hindered
      compounds are somewhat more difficult to react, but can be reacted under
      forced conditions as illustrated in Example III. The term neutral organic
      radical as used throughout the specification and claims is limited to
      those radicals which are specifically identified in the structures
      enumerated as (1) to (8) below. More particularly these radicals are
      selected from the group consisting of alkyl, alkenyl, carbocycle and
      aromatic heterocycles, as for example, furan, pyrrole, benzothiophene,
      pyrazole, oxazole, benzimidazole, dibenzofuran and dibenzothiophene.
PAR  Illustrated below are examples of various classes of 2-azacycloalkylmethyl
      ketones which can be prepared in accordance with the process of this
      invention. In the following illustrations the symbols n, p and R.sub.1
      have the values previously assigned.
      ##EQU5##
      in which R.sub.2 is selected from the group consisting of alkyl having
      from 1 to 24 carbon atoms; cycloalkyl having from 3 to 12 carbon atoms,
      alkenyl having from 2 to 24 carbon atoms, phenylalkyl having from 1 to 8
      carbon atoms, and the pharmaceutically acceptable acid addition salts
      thereof.
      ##SPC2##
PAL  in which m is an integer of from 1 to 3; X is selected from the group
      consisting of alkyl having from 1 to 20 carbon atoms, alkoxy having from 1
      to 16 carbon atoms; alkylthio having from 1 to 16 carbon atoms; cycloalkyl
      having from 5 to 7 carbon atoms, halogen, trifluoromethyl, cyano and
      dimethylsulfamoyl; X.sub.1 is hydrogen or when taken together and adjacent
      to the group X is selected from the group of cyclic radicals consisting of
      --(CH.sub.2).sub.3 --, --(CH.sub.2).sub.4 --, --C(CH.sub.3).sub.2 CH.sub.2
      CH.sub.2 C(CH.sub.3).sub.2 --, and --CH=CH--CH=CH--, and the
      pharmaceutically acceptable acid addition salts thereof.
      ##SPC3##
PAL  in which X.sub.2 is selected from the group consisting of phenyl,
      halophenyl, trifluoromethylphenyl, alkoxyphenyl having from 1 to 4 carbon
      atoms, alkylthiophenyl having from 1 to 4 carbon atoms, phenoxy,
      halophenoxy, trifluoromethylphenoxy, alkoxyphenoxy having from 1 to 4
      carbon atoms, alkylthiophenoxy having from 1 to 4 carbon atoms,
      phenylthio, phenylalkyl having from 1 to 4 carbon atoms, phenylvinyl,
      phenylalkoxy having from 2 to 4 carbon atoms, phenoxyalkoxy having from 2
      to 4 carbon atoms, and the pharmaceutically acceptable acid addition salts
      thereof.
      ##SPC4##
PAL  in which m is an integer of from 1 to 3; X.sub.3 is selected from the group
      consisting of hydrogen, lower alkyl having from 1 to 6 carbon atoms,
      alkoxy having from 1 to 6 carbon atoms, alkylthio having from 1 to 6
      carbon atoms, halogen, trifluoromethyl and phenyl; A is a sigma bond, or
      selected from the group of radicals consisting of vinylidene and
      propenylidene, and the pharmaceutically acceptable acid addition salts
      thereof.
      ##SPC5##
PAL  in which Y is carbon or nitrogen; Z is selected from the group consisting
      of oxygen, sulfur or NR.sub.3 ; R.sub.3 is selected from the group
      consisting of alkyl having from 1 to 12 carbon atoms, cycloalkyl having
      from 5 to 7 carbon atoms, phenyl, mono-, di- and trialkylphenyl having
      from 1 to 4 carbon atoms, mono-, di- and trialkoxyphenyl having from 1 to
      4 carbon atoms and halophenyl; X.sub.4 is attached to a carbon atom and is
      selected from the group consisting of hydrogen and lower alkyl having from
      1 to 4 carbon atoms; X.sub.5 is hydrogen or when taken together and
      adjacent to the group X.sub.4 is the cyclic radical --CH=CH--CH=CH; and
      the pharmaceutically acceptable acid addition salts thereof.
      ##SPC6##
PAL  in which m is an integer of from 1 to 3; X.sub.6 is selected from the group
      consisting of hydrogen, lower alkyl having from 1 to 4 carbon atoms, lower
      alkoxy having from 1 to 4 carbon atoms, alkylthio having from 1 to 4
      carbon atoms and halogen; X.sub.7 is selected from the group consisting of
      hydrogen and lower alkyl having from 1 to 4 carbon atoms; and the
      pharmaceutically acceptable acid addition salts thereof.
      ##SPC7##
PAL  in which X.sub.8 and X.sub.9 are hydrogen and when taken together form a
      bond between the carbon atoms to which they are attached; and the
      pharmaceutically acceptable acid addition salts thereof.
      ##SPC8##
PAL  in which X.sub.10 is selected from the group consisting of hydrogen, lower
      alkyl having from 1 to 4 carbon atoms, lower alkoxy having from 1 to 4
      carbon atoms and halogen; W is selected from the group of radicals
      consisting of --O--, --S--, --CH.sub.2 --, --CH=CH-- and --CH.sub.2
      CH.sub.2 --; and the pharmaceutically acceptable acid addition salts
      thereof.
PAR  The compounds claimed herein, their preparation conversion to the alcohols,
      and the usefulness as anticoagulants of both the novel ketones and their
      corresponding alcohols is more fully illustrated by means of a closer
      examination of this last class of compounds (8). Both the
      2-azacycloalkylmethyl tricyclic arylalkylene alcohols and ketones can be
      represented by the general formula:
      ##SPC9##
PAL  wherein the symbols n, p, R.sub.1, W and X.sub.10  have the values
      previously assigned and the symbol Y represents the radicals = 0 or
      ##EQU6##
PAR  As seen by an examination of Formula (V), this class of compounds share in
      common a 2-azacycloalkylmethyl moiety and a substituted tricyclic
      arylalkylene radical, both of which are attached to the keto or carbinol
      function of the molecule.
PAR  The azacycloalkylmethyl moieties include the 5,6 and 7-membered nitrogen
      containing saturated heterocyclic rings are defined by the symbol n. Thus,
      when n is an integer of from 3 to 5 and R.sub.1 is hydrogen, the
      corresponding heterocycles, 1-pyrrolidine, piperidine and
      2,3,4,5,6,7-hexahydro-1H-azepine, are delineated. These heterocycles may
      be further substituted as illustrated by the symbol R.sub.1, which may
      represent a lower alkyl group in addition to hydrogen. The term "lower
      alkyl" includes members having from 1 to 4 carbon atoms. Illustrative
      members of this group include the radicals methyl, ethyl, propyl,
      isopropyl, butyl, sec.-butyl and t-butyl. The 2-azacycloalkyl rings may be
      either mono or di-substituted as indicated by the symbol p. When
      di-substituted, the lower alkyl radicals may be substituted either upon
      the same carbon atom or upon different carbon atoms. Further substitution
      in the 2-position, however, is precluded as illustrated by the presence of
      a hydrogen atom in Formula (V) above. Thus, for example,
      6-methyl-2,3,4,5-tetrahydropyridine and 2-phenyl-1-pyrroline were found
      not to undergo condensation.
PAR  The terminal tricyclic aryl radicals which are encompassed within the scope
      of the present invention include the tricyclic rings: fluorene,
      phenanthrene, 9,10-dihydrophenanthrene, dibenzofuran and dibenzothiophene,
      as represented by the symbol W in Formula (V) above. As indicated, these
      tricyclic rings are attached at any one of three positions in the aromatic
      portion of the molecule. The tricyclic aryl radical can be unsubstituted
      as when the symbol X.sub.10 represents hydrogen, or it may be
      mono-substituted with a lower alkyl group or a lower alkyl ether in any
      one of the three positions of the remaining fully aromatic portion of the
      molecule. The term "lower alkyl" includes members having from 1 to 4
      carbon atoms. Illustrative members of this group include the radicals
      methyl, ethyl, propyl, isopropyl, butyl, sec.-butyl and t-butyl. The term
      halogen as used herein includes the fluoro, chloro and bromo radicals.
PAR  The 2-azacycloalkylmethyl substituted tricyclic aryl ketones are readily
      reduced to their corresponding alcohols, which are also useful
      anticoagulants, by methods well known to those skilled in the art.
      Suitable reducing agents include metal hydride reducing agents, such as
      lithium aluminum hydride, with sodium borohydride having been found to be
      the reducing agent of choice. Two or more moles of sodium borohydride are
      generally used per mole of ketone reduced, the additional borohydride
      serving to neutralize the salts of the 2-azacycloalkylmethyl substituted
      tricyclic aryl ketones to their free base forms. The reaction is conducted
      in various organic solvents such as methanol, tetrahydrofuran or ethyl
      ether for periods ranging from a few minutes to about 24 hours. In general
      the reactants are mixed together at temperatures of 0.degree.C. or below,
      whereupon the temperature is gradually allowed to increase to 30.degree.C.
      Upon completion of the reaction, the reaction mixture is treated with
      water and the 2-azacycloalkylmethyl substituted tricyclic aryl alcohols
      are isolated and further purified by crystallization from an appropriate
      organic solvent.
PAR  The subclass of 2-pyrrolidinylmethyl and 2-piperidylmethyl tricyclic
      arylalkylene ketones are of particular interest inasmuch as they possess
      good anticoagulant activity and are readily prepared by condensation of
      the magnesium chelate with the 1-pyrroline trimer and
      2,3,4,5-tetrahydropyridine trimer, respectively. This class of compounds
      is delineated in Formula (V) above, in which the symbol n is the integer 3
      or 4, R.sub.1 and X.sub.10 is hydrogen, and Y is the carbonyl radical.
PAR  Illustrative of specific base compounds which are encompassed by Formula
      (V) above are: 2-phenanthryl 2-piperidylmethyl ketone, 4-dibenzothienyl
      2-piperidylmethyl ketone, 3-(9,10-dihydro)phenanthryl 2-piperidylmethyl
      ketone, 2-dibenzofuryl 2-pyrrolidinylmethyl ketone, 3-phenanthryl
      2-pyrrolidinylmethyl ketone, 2-dibenzothienyl 2-pyrrolidinylmethyl ketone,
      2-fluoroenyl 2-(hexahydro-1H-azepinylmethyl) ketone,
      2-(5,5-dimethyl)pyrrolidinylmethyl 3-phenanthryl ketone,
      2-(4-tert.-butyl)piperidylmethyl phenanthryl ketone, 2-dibenzofuryl
      2-(6-ethyl)-piperidylmethyl ketone,
      .alpha.-(2-fluoroenyl)-2-piperidineethanol,
      .alpha.-(9-phenanthryl)-2-piperidineethanol,
      .alpha.-(2-dibenzofuryl)-2-piperidineethanol,
      .alpha.-(2-dibenzothienyl)2-pyrrolidineethanol,
      .alpha.-(3-phenanthryl)-2-pyrrolidineethanol,
      .alpha.-[3-(9,10-dihydro)phenanthryl]-2-pyrrolidineethanol,
      4-methyl-2-dibenzothienyl 2-piperidylmethyl ketone,
      4-methoxy-2-dibenzofuryl 2-piperidylmethyl ketone and 7-ethyl-2-fluorenyl
      2-piperidylmethyl ketone.
PAR  The expression "pharmaceutically acceptable acid addition salts" refers to
      any non-toxic organic or inorganic acid addition salt of the base
      compounds represented by Formula (V). Illustrative inorganic acids which
      form suitable salts include hydrochloric, hydrobromic, sulfuric, and
      phosphoric acids as well as acid metal salts such as sodium monohydrogen
      orthophosphate and potassium hydrogen sulfate. Illustrative organic acids
      which form suitable salts include the mono, di and tricarboxylic acids.
      Illustrative of such acids are, for example, acetic, propionic, glycolic,
      lactic, pyruvic, malonic, succinic, glutaric, fumaric, malic, tartaric,
      citric, ascorbic, maleic, hydroxymaleic, benzoic, p-hydroxybenzoic,
      phenylacetic, cinnamic, salicyclic, 2-phenoxybenzoic and sulfonic acids
      such as methanesulfonic acid and 2-hydroxyethanesulfonic acid. Either the
      mono or the di-acid salts can be formed, and such salts can be utilized in
      either a hydrated or a substantially anhydrous form.
PAR  The novel compounds of the present invention, including their acid addition
      salts, isomers and corresponding carbinols, are useful anticoagulants.
      Arterial thrombosis, particularly when it affects those arteries supplying
      the heart muscle and brain, is a leading cause of death and disability.
      The novel compounds of this invention prevent blood coagulation by
      preventing the aggregation of blood platelets. Blood platelets play a
      dominant role in thrombotic conditions, both in the initial event and at
      the occlusive stage. Hence compounds which inhibit platelet aggregation
      are of importance in the treatment of thrombotic diseases. These compounds
      can be administered to animals, mammals and humans, either per se or in
      combination with conventional pharmaceutical carriers in various dosage
      unit forms. Suitable dosage unit forms include oral preparations such as
      tablets, capsules, powders, granules, oral solutions and suspensions,
      sublingual and intrabuccal preparations, as well as parenteral dosage unit
      forms which are useful for subcutaneous, intramuscular or intravenous
      administration. The quantity of active ingredient administered can vary
      over a wide range so as to provide from about 1.0 mg/kg to about 100 mg/kg
      of body weight per day in order to achieve the desired effect. Each unit
      dose can contain from about 5 to 500 mg of the active ingredient in
      combination with the pharmaceutical carrier. Such doses may be
      administered from 1  to 4 times daily.
PAR  In preparing solid compositions such as tablets, the principal active
      ingredient is mixed with conventional pharmaceutical excipients such as
      gelatin, starches, lactose, magnesium stearate, talc, acacia, dicalcium
      phosphate and functionally similar materials. Tablets can be laminated,
      coated or otherwise compounded to provide for a prolonged or delayed
      action and to release a predetermined successive amount of medication.
      Capsules are prepared by mixing the active ingredient with an inert
      pharmaceutical filler or diluent and filled in either hard gelatin
      capsules or machine encapsulated soft gelatin capsules. Syrups or elixirs
      can contain the active ingredients together with sucrose or other
      sweetening agents, methyl and propyl parabens as preservatives, and
      suitable coloring and flavoring agents.
PAR  Parenteral fluid dosage forms are prepared by utilizing the active
      ingredient in a sterile liquid vehicle, the preferred vehicle being water
      or a saline solution. Compositions having the desired clarity, stability
      and adaptability for parenteral use are obtained by dissolving from about
      0.1 mg to about 3 grams of the active ingredient in a vehicle consisting
      of a mixture of nonvolatile liquid polyethylene glycols which are soluble
      in both water and organic liquids, and which have molecular weights
      ranging from about 200 to about 1500. Such solutions may advantageously
      contain suspending agents, such as sodium carboxymethylcellulose,
      methylcellulose, polyvinylpyrrolidone or polyvinyl alcohol. Additionally,
      they may contain bactericidal and fungicidal agents, as for example,
      parabens, benzyl alcohol, phenol or thimerosal. If desired, isotonic
      agents can be included, such as sugar or sodium chloride, as well as local
      anesthetics, stabilizing or buffering agents. In order to further enhance
      stability, the parenteral compositions may be frozen after filling and
      water removed by freeze-drying techniques well known in the art, enabling
      such dry, lyophilized powders to be reconstituted immediately prior to
      their use.
DETD
PAC  EXAMPLE I
PAC  2,3,4,5-Tetrahydropyridine Trimer
PAR  To 170 g (2.0 moles) of piperidine is added 120 g (2.0 moles) of acetic
      acid via dropwise addition at a temperature below 10.degree.C. The
      resulting solution is added dropwise over a period of 1 hour to an aqueous
      solution containing 2.2 moles of Ca(ClO).sub.2 while maintaining the
      temperature of the reaction mixture at 0.degree. to -5.degree.C. Stirring
      is continued for an additional 15 minutes, and the mixture is extracted
      with ether. The ether extracts are combined, dried over anhydrous Na.sub.2
      SO.sub.4 and most of the solvent removed. (Caution! N-chloropiperidine
      tends to decompose spontaneously.) Approximately 200 ml of ether is
      permitted to remain and temperatures in excess of 60.degree.C. are
      avoided. The remaining ether solution is added over a period of 2.5 hours
      in dropwise fashion to a vigorously stirred, refluxing solution containing
      264 g (4.0 moles) of potassium hydroxide in 1250 ml of anhydrous ethyl
      ether. Stirring is continued for 2 hours and the mixture is allowed to
      remain at room temperature during which the 2,3,4,5-tetrahydropyridine is
      trimerized. The potassium chloride which precipitates is removed by
      filtration, washed with anhydrous ethanol, and the ethanol removed from
      the filtrate by distillation. The residue is dissolved in 750 ml of water,
      the potassium chloride previously collected is added, and the solution
      extracted with ether. The combined ether extracts are dried (MgSO.sub.4)
      and the solvent removed by evaporation. Recrystallization of the residue
      from acetone yields 2,3,4,5-tetrahydropyridine as the .alpha.-trimer
      having a M.P. of 58.degree.-61.degree.C. The .beta.-isomer (M.P.
      40.degree.-68.degree.C.) can be converted to the more stable
      .alpha.-isomer by recrystallization from acetone containing 2% water. The
      material so prepared is stored in a closed container over potassium
      hydroxide and is stable for over 1 year.
PAC  EXAMPLE II
PAC  1-Pyrroline Trimer
PAR  To 140.3 g (1.05 moles) of N-chlorosuccinimide is added a solution of 71.1
      g (1 mole) of pyrrolidine dissolved in 1 l of ethyl ether. The mixture is
      stirred at room temperature under N.sub.2 for 24 hours and sufficient
      water added to dissolve the solids. The ether phase is separated, dried
      over anhydrous sodium sulfate and the solvent evaporated under nitrogen.
      (Caution! N-chloropyrrolidine tends to decompose spontaneously.)
      Approximately 100 ml of ether are permitted to remain and temperatures in
      excess of 60.degree.C. are avoided. The remaining ether solution is added
      over a period of 11/2 hours in dropwise fashion to a vigorously stirred,
      ice-cooled solution of 2N methanolic potassium hydroxide. Stirring is
      continued for 1 hour and the methanol removed at a temperature of
      25.degree.-30.degree.C. at a reduced pressure of approximately 200 mm.
      Water is added to the remaining residue and the resulting mixture is
      subjected to continuous extraction with ethyl ether. The ether extract is
      separated and distilled under nitrogen at atmospheric pressure. Fractions
      having a B.P. 81.degree.-90.degree.C. and 91.degree.-97.degree.C. were
      collected, the latter fraction warming spontaneously, presumably due to
      exothermic trimerization. Both fractions are capable of condensation with
      MMC chelates of methyl ketones.
PAC  EXAMPLE III
PAC  1-Adamantyl-2-piperidylmethyl ketone
PAR  Magnesium methyl carbonate (1 mole, 1.5 N in dimethylformamide) is heated
      to 120.degree.C. in an atmosphere of carbon dioxide and 37.2 g (0.208
      mole) of 1-adamantyl methyl ketone added. The mixture is stirred at this
      temperature for 4 hours under a stream of nitrogen allowing the methanol
      that is formed to escape. The reaction mixture is cooled under carbon
      dioxide and 21.0 g (0.25 mole) of 2,3,4,5-tetrahydropyridine added. The
      reaction mixture is stirred at room temperature under carbon dioxide for
      70 hours, poured into a hydrochloric acid-ice mixture and collected by
      filtration. This procedure results only in a 6% yield.
PAR  To overcome steric hindrance the procedure is repeated with the following
      modifications. The 1-adamantyl methyl ketone is added to the MMC solution
      in the same manner and at the same temperature, but stirred for a period
      of 28 hours under a stream of nitrogen instead of 4 hours. The mixture is
      cooled to room temperature in an atmosphere of carbon dioxide,
      2,3,4,5-tetrahydropyridine added, and the mixture stirred at room
      temperature under carbon dioxide for a period of 5 days. The
      1-adamantyl-2-piperidylmethyl ketone prepared in this manner is obtained
      in 37% yield as the hydrochloride salt and when recrystallized twice from
      isopropanol has a M.P. of 239-40.degree.C.
PAR  Following essentially the same procedure but substituting cyclohexyl methyl
      ketone for the 1-adamantyl methyl ketone above results in the formation of
      cyclohexyl 2-piperidylmethyl ketone as the hydrochloride salt.
PAC  EXAMPLE IV
PAC  2',5'-Dimethoxy-2-(2-piperidyl)acetophenone
PAR  Magnesium methyl carbonate (approximately 1 mole of a 2 M solution in
      dimethylformamide) is heated to 120.degree.C. under an atmosphere of
      carbon dioxide and 45.0 g (0.25 mole) of 2',5'-dimethoxyacetophenone added
      thereto. Nitrogen is substituted for the carbon dioxide and the mixture is
      stirred at 120.degree.C. for 5 hours while allowing the methanol that
      forms to escape. The mixture is cooled under carbon dioxide and 25.3 g
      (0.30 mole) of 2,3,4,5-tetrahydropyridine (as the trimer,
      .alpha.-tripiperidein) added. The resulting mixture is stirred at room
      temperature in an atmosphere of carbon dioxide for 40 hours, poured into 3
      liters of ethyl ether and the resulting precipitate is collected by
      filtration. The filtrate is acidified with a mixture of 300 ml of
      concentrated HCl-ice and the resulting precipitate is collected by
      filtration. The filtrate is made alkaline with 2N NaOH, extracted with
      ethyl ether, the extracts dried (Na.sub.2 SO.sub.4) and the solvent
      removed. The resulting oily residue is converted to the hydrochloride salt
      by the addition of isopropanolic HCl. The two portions are combined and
      recrystallized from isopropanolwater to yield 56.0 g (75% of theory) of
      2',5'-dimethoxy-2-(2-piperidyl)acetophenone as the hydrochloride salt
      having a M.P. of 186.degree.-188.degree.C. (dec.)
PAC  EXAMPLE V
PAC  4'-Dodecyl-2-(2-piperidyl)acetophenone
PAR  Magnesium methyl carbonate (0.5 mole 1 M in dimethylformamide) is heated to
      120.degree.C. under an atmosphere of carbon dioxide. The compound
      4'-dodecylacetophenone, 28.9 g (0.1 mole), is added, and the mixture
      stirred at 120.degree.C. for 4 hours under a stream of nitrogen, allowing
      the methanol that forms to escape. The reaction mixture is cooled to room
      temperature under an atmosphere of carbon dioxide and 10.1 g (0.12 mole)
      of 2,3,4,5-tetrahydropyridine trimer (.alpha.-tripiperidein) is added. The
      mixture is stirred at room temperature for 66 hours in an atmosphere of
      carbon dioxide and poured into a solution 800 ml of 2N HCl. The solid is
      removed by filtration, dissolved in methylene dichloride, dried over
      anhydrous sodium sulfate and azeotroped with methyl ether until the
      product precipitates. The 4'-dodecyl-2-(2-piperidyl)acetophenone, when
      recrystallized as the hydrochloride salt from a methylene dichloride-ethyl
      ether mixture, is obtained in 80% yield, (32.5 g) and has a M.P. of
      126-7.degree.C.
PAC   EXAMPLE VI
PAC  4'-Phenethyl-2-(2-pyrrolidinyl)acetophenone
PAR  Magnesium methyl carbonate (0.4 mole, 2 M in dimethylformamide) is heated
      to 120.degree.C. under carbon dioxide. The compound
      4'-phenethylacetophenone, 22.4 g (0.1 mole), is added and the mixture is
      stirred at 120.degree.C. for 4 hours under a stream of nitrogen allowing
      the methanol that forms to escape. The reaction mixture is allowed to cool
      to room temperature under an atmosphere of carbon dioxide and 8.3 g (0.12
      mole) of 1-pyrroline (as the trimer) added and stirred at room temperature
      under carbon dioxide for a period of 40 hours. The solution is poured into
      a mixture of 200 ml of concentrated HCl and 800 g of ice and the product
      removed by filtration. The 4'-phenethyl-2-(2-pyrrolidinyl)-acetophenone
      when twice recrystallized in the form of its hydrochloride salt from an
      aqueous isopropanol solution is obtained in 63% yield (20.1 g) and has a
      M.P. of 200-1.degree.C. (dec).
PAC  EXAMPLE VII
PAC  5-Methyl-6-phenyl-1-(2-piperidyl)-3,5-hexadien-2-one
PAR  Magnesium methyl carbonate (1.2 moles, 2 N in dimethylformamide) is heated
      to 120.degree.C. under an atmosphere of carbon dioxide. The compound
      5-methyl-6-phenyl-3,5-hexadien-2-one, 53.0 g (0.285 mole) is added and the
      mixture is stirred at 120.degree.C. for a period of 4 hours under a stream
      of nitrogen while permitting the methanol that forms to escape. The
      mixture is allowed to cool under an atmosphere of carbon dioxide and 57.0
      g (0.68 mole) of 2,3,4,5-tetrahydropyridine (as .alpha.-tripiperidein) is
      added and stirred at room temperature under an atmosphere of carbon
      dioxide for a period of 70 hours. The reaction mixture is poured into a
      concentrated HCl-ice mixture and extracted with methylene dichloride. The
      extracts are combined, washed with water, dried over anhydrous sodium
      sulfate, and the solvent removed. The crude
      5-methyl-6-phenyl-1-(2-piperidyl)-3,5-hexadein-2-one which remains is
      recrystallized twice from isopropyl alcohol as the hydrochloride salt and
      is obtained in 48% yield (41.6 g) and has a M.P. of 179-80.degree.C.
PAC  EXAMPLE VIII
PAC  1-(2,6-Diethylphenyl)pyrrol-2-yl 2-piperidylmethyl ketone
PAR  A mixture of 186 g (0.5 mole) of magnesium methyl carbonate reagent (2.69
      millimoles/g) and 300 ml of dry dimethylformamide are heated to
      120.degree.C. under an atmosphere of carbon dioxide. The compound
      1-(2,6-diethylphenyl)pyrrol-2-yl methyl ketone, 36.1 g (0.15 mole), is
      added and the mixture stirred at 120.degree.C. for a period of 4 hours
      under a stream of nitrogen to form the chelate, allowing the methyl
      alcohol that forms to escape. The mixture is cooled to room temperature
      under an atmosphere of carbon dioxide and 15.1 g (0.18 mole) of
      2,3,4,5-tetrahydropyridine (as .alpha.-tripiperidein) is added and
      stirring continued at room temperature for a period of 40 hours under an
      atmosphere of carbon dioxide. The reaction mixture is poured into a
      solution of 2 N hydrochloride acid and extracted with ethyl ether. The
      combined extracts are washed with water, dried over sodium sulfate and the
      solvent removed. The remaining aqueous phase is made alkaline using a
      solution of 2 N sodium carbonate and extracted with ethyl ether. The ether
      extract is washed, dried over sodium sulfate and the solvent removed. The
      residue is converted to the hydrochloride salt, triturated with ether to
      solidify and the crude 1-(2,6-diethylphenyl)pyrrol-2-yl 2-piperidylmethyl
      ketone recrystallized from a methylene dichloride-ethyl ether mixture to
      yield 16.4 g (30% yield) of a product having a M.P. of 162-4.degree.C.
PAC  EXAMPLE IX
PAC  1,1-Diphenyl-3-(2-piperidyl)propan-2-one
PAR  Magnesium methyl carbonate (1.2 moles, 2 N in dimethylformamide) is heated
      to 120.degree.C. under an atmosphere of carbon dioxide. The compound
      1,1-diphenylacetone, 63.0 g (0.3 moles), is added and the mixture is
      stirred at 120.degree.C. for a period of 4 hours under a stream of
      nitrogen to form the chelate, allowing the methyl alcohol that forms to
      escape. The mixture is cooled to room temperature under an atmosphere of
      carbon dioxide and 30.0 g (0.36 moles) of 2,3,4,5-tetrahydropyridine (as
      .alpha.-tripiperidein) is added and stirring continued at room temperature
      for a period of 6 days under an atmosphere of carbon dioxide. The reaction
      mixture is poured into 375 ml of concentrated HCl on 400 g of ice and the
      resulting mixture is extracted with methylene dichloride. The extracts are
      combined, dried over anhydrous sodium sulfate and the solvent is removed.
      The crude oil is recrystallized twice from an aqueous isopropyl alcohol
      solution to yield 37.9 g (37% yield) of
      1,1-diphenyl-3-(2-piperidyl)propan- 2-one as the hydrochloride salt having
      a M.P. of 197-9.degree.C. (dec.)
PAC  EXAMPLE X
PAC  4'-(Fluoren-9-ylidenemethyl)-2-(2-piperidyl)acetophenone
PAR  Magnesium methyl carbonate (approximately 0.4 mole in 1 M solution in dry
      dimethylformamide) is heated to 120.degree.C. under a stream of carbon
      dioxide and 25.0 g (0.084 mole) of 4'-fluoren-9-ylidenylmethylacetophenone
      added. Nitrogen is substituted for the carbon dioxide and the mixture is
      stirred at 120.degree.C. for 4 hours while allowing the methanol that
      forms to escape. The reaction mixture is again placed under dry carbon
      dioxide and allowed to cool to room temperature, whereupon 7.9 g (0.096
      mole of monomer) of .alpha.-tripiperideine is added as a finely ground
      powder. The mixture is stirred under carbon dioxide at room temperature
      for 2-3 days and is then poured into approximately 1 liter of 3 N HCl.
      After about 3 hours of vigorous stirring a solid is obtained which is
      removed by filtration and washed with 2 N HCl followed by a wash of ethyl
      ether. The 4'-(fluoren-9-ylidenemethyl)-2-(2-piperidyl)acetophenone so
      prepared is recrystallized twice from an aqueous isopropanol solution and
      is obtained in 73% yield (25.3 g) and has a M.P. of
      223.5.degree.-224.0.degree.C. (dec.)
PAC  EXAMPLE XI
PAC  2-Dibenzofuranyl 2-piperidylmethyl ketone
PAR  Magnesium methyl carbonate (0.6 mole, 2.5 N in dimethylformamide) is heated
      to 120.degree.C. under an atmosphere of carbon dioxide. The compound
      2-acetyldibenzofuran, 31.5 g (0.15 mole) is added and the mixture is
      stirred at 120.degree.C. for a period of 4 hours under a stream of
      nitrogen to form the chelate, allowing the methyl alcohol that forms to
      escape. The mixture is cooled to room temperature under an atmosphere of
      carbon dioxide and 15.2 g (0.18 mole) of 2,3,4,5-tetrahydropyridine (as
      .alpha.-tripiperidine) is added and the mixture stirred at room
      temperature for a period of 40 hours in an atmosphere of carbon dioxide.
      The resulting mixture is poured into 200 ml of concentrated HCl on 600 g
      of ice. After standing for 48 hours the precipitate which forms is
      filtered and washed with ethyl ether. The
      2-dibenzofuranyl-2-piperidylmethyl ketone so prepared is twice
      recrystallized from isopropyl alcohol as the hydrochloride salt and is
      obtained in 32% yield (16.0 g) and has a M.P. of 218-20.degree.C. (dec.)
PAC  EXAMPLE XII
PAC  2-Fluorenyl 2-piperidylmethyl ketone
PAR  Following essentially the same procedure as in Example XI, but substituting
      2-acetylfluorene for the 2-acetyldibenzofuran above results in the
      formation of 2-fluorenyl 2-piperidylmethyl ketone as the hydrochloride
      salt, and which when recrystallized from isopropyl alcohol has a M.P. of
      222-3.degree.C.
PAC  EXAMPLE XIII
PAC  Dibenzothiophen-2-yl 2-piperidylmethyl ketone
PAR  Following essentially the same procedure as in Example XI, but substituting
      2-acetyldibenzothiophene for the 2-acetyldibenzofuran above results in the
      formation of dibenzothiophen-2-yl 2-piperidylmethyl ketone as the
      hydrochloride salt, and which when recrystallized from isopropyl alcohol
      has a M.P. of 210-12.degree.C. (dec.)
PAC  EXAMPLE XIV
PAC  2-Dibenzofuranyl 2-pyrrolidinylmethyl ketone
PAR  Following essentially the same procedure as in Example XI, but substituting
      1-pyrroline for the 2,3,4,5-tetrahydropyridine (as .alpha.-tripiperidein)
      above results in the formation of 2-dibenzofuranyl 2-pyrrolidinylmethyl
      ketone as the hydrochloride salt.
PAC  EXAMPLE XV
PAC  3-Phenanthryl 2-piperidylmethyl ketone
PAR  Following essentially the same procedure as in Example XI, but substituting
      3-acetylphenanthrene for the 2-acetyldibenzofuran above results in the
      formation of 3-phenanthryl 2-piperidylmethyl ketone as the hydrochloride
      salt, and which when recrystallized from isopropyl alcohol has a M.P. of
      190-2.degree.C. (dec.)
PAC  EXAMPLE XVI
PAC  2-Fluorenyl 2-pyrrolidinylmethyl ketone
PAR  Following essentially the same procedure as in Example XI above, but
      substituting 2-acetylfluorene for the 2-acetyldibenzofuran above and
      substituting 1-pyrroline as the trimer for the 2,3,4,5-tetrahydropyridine
      (as .alpha.-tripiperidein) above results in the formation of 2-fluorenyl
      2-pyrrolidinylmethyl ketone as the hydrochloride salt, and which when
      recrystallized from isopropyl alcohol has a M.P. of 234-44.degree.C.
      (dec.)
PAC  EXAMPLE XVII
PAC  9-Phenanthryl 2-piperidylmethyl ketone
PAR  Following essentially the same procedure as in Example XI, but substituting
      9-acetylphenanthrene for the 2-acetyldibenzofuran above results in the
      formation of 9-phenanthryl 2-piperidylmethyl ketone as the hydrochloride
      salt, and which when recrystallized from isopropyl alcohol has a M.P. of
      215-6.degree.C.
PAC  EXAMPLE XVIII
PAC  .alpha.-(3-Phenanthryl)-2-piperidineethanol glycolate
PAR  To a suspension of 3.7 g (0.098 mole) of sodium borohydride in 200 ml of
      absolute ethanol is slowly added over a period of 30 minutes 11.2 g (0.033
      mole) of 3-phenanthryl 2-piperidylmethyl ketone as the hydrochloride salt.
      The resulting mixture is stirred overnight at room temperature and poured
      into 800 ml of water. The product is extracted from the diluted reaction
      mixture with ether, and the ether extract is washed with three portions of
      a 10% aqueous acetic acid solution. The acid washes are combined and made
      alkaline using a 2 N sodium hydroxide solution. The product is
      rer-extracted into ether, the extracts combined, dried over anhydrous
      sodium sulfate and the solvent removed by evaporation. The residue is
      dissolved in isopropanol, and a solution of 2.6 g (0.035 mole) of glycolic
      acid in isopropanol is added to crystallize the product as the glycolate
      salt. The .alpha.-(3-phenanthryl)-2-piperidineethanol glycolate is
      separated by fractional recrystallization into the two pairs of
      diastereoisomers, having a M.P. of 172-6.degree.C. (dec.) and
      177-9.degree.C. (dec.), respectively.
PAR  Following essentially the same procedure but substituting
      dibenzothiophen-2-yl 2-piperidylmethyl ketone for the 3-phenanthryl
      2-piperidylmethyl ketone above, results in the formation of
      .alpha.-(dibenzothiophen-2-y)-2-piperidineethanol glycolate having a M.P.
      of 192-4.degree.C. (dec.)
PAR  Following essentially the same procedure but substituting 2-fluorenyl
      2-pyrrolidinylmethyl ketone for the 3-phenanthryl 2-piperidylmethyl ketone
      and further substituting maleic acid for the glycolic acid, results in the
      preparation of .alpha.-(2-fluorenyl)-2-pyrrolidineethanol as the maleate
      salt having a M.P. of 147-9.degree.C. (dec.)
PAC  EXAMPLE XIX
PAR  The anticoagulant activity of the compounds of this invention is determined
      by the inhibition of platelet (white thrombus) aggregation, which is the
      initial phase involved in the coagulation of blood. Platelet-rich plasma
      (PRP) obtained from a human volunteer, having a platelet count of
      approximately 400,000/mm.sup.3 is aggregated using approximately 2
      micrograms of adenosine diphosphate per ml of PRP. Quantitative platelet
      aggregation measurements are made using a photometer connected to an
      automatic recorder which measures the changes in optical clarity of a
      standard cell containing the test solution. As the platelets aggregate,
      light transmission increases and thus both the rate of aggregation and the
      degree of aggregation can be determined. In this fashion, adenosine
      diphosphate induced aggregation of platelet-rich plasma is compared under
      identical circumstances to a corresponding aliquot containing a dilute
      solution of the test compound. The results are expressed as a percent
      inhibition.
PAR  Following this procedure the compound 2-fluorenyl 2-piperidylmethyl ketone
      hydrochloride at a concentration of 100 and 30 micrograms/milliliters,
      demonstrates an in vitro inhibition of adenosine diphosphate induced
      platelet aggregation in human platelet-rich plasma of 100% and 38%,
      respectively.
PAC  EXAMPLE XX
PAC  Preparation of a tablet formulation
PAR  One thousand tablets for oral use, each containing 25 mg of 2-fluorenyl
      2-piperidylmethyl ketone hydrochloride are prepared according to the
      following formulation:
TBL                               Grams                                        

     (a)    2-fluorenyl 2-piperidylmethyl                                      

            ketone hydrochloride  25                                           

     (b)    Dicalcium phosphate   150                                          

     (c)    Methylcellulose, U.S.P. (15 cps)                                   

                                  6.5                                          

     (d)    Talc                  20                                           

     (e)    Calcium stearate      2.5                                          

PAR  The 2-fluorenyl 2-piperidylmethyl ketone hydrochloride and dicalcium
      phosphate are mixed well, granulated with a 7.5% aqueous solution of
      methylcellulose, passed through a No. 8 screen and carefully dried. The
      dried granules are passed through a No. 12 screen, blended with talc and
      calcium stearate and compressed into tablets.
PAC  EXAMPLE XXI
PAC  Preparation of a capsule formulation
PAR  One thousand two-piece hard gelatin capsules for oral use each containing
      100 mg of 2-fluorenyl 2-piperidylmethyl ketone hydrochloride are prepared
      from the following ingredients:
TBL                               Grams                                        

     (a)    2-fluorenyl 2-piperidylmethyl                                      

            ketone hydrochloride  100                                          

     (b)    Lactose, U.S.P.       100                                          

     (c)    Starch, U.S.P.        10                                           

     (d)    Talc, U.S.P.          5                                            

     (e)    Calcium stearate      1                                            

      The finely powdered materials are mixed until uniformly dispersed and
      filled into hard shelled gelatin capsules of the appropriate size.
PAR  In a similar fashion one-piece soft gelatin capsules can be prepared in
      which the above formulation can be granulated, slugged or compressed
      directly into a rotary die or plate mold in which the capsule is formed.
      Alternatively, the above excipients may be omitted and the active
      ingredient dispensed as a powder directly into the capsule.
PAC  EXAMPLE XXII
PAC  Preparation of a parenteral solution
PAR  A sterile aqueous suspension suitable for parenteral use is prepared from
      the following ingredients:
TBL                               Grams                                        

     (a)  2-fluorenyl 2-piperidylmethyl                                        

          ketone hydrochloride    1                                            

     (b)  Polyethylene glycol 4000, U.S.P.                                     

                                  3                                            

     (c)  Sodium chloride         0.9                                          

     (d)  Polyoxyethylene derivatives of sor-                                  

          bitan monooleate (TWEEN 80) U.S.P.                                   

                                  0.4                                          

     (e)  Sodium metabisulfite    0.1                                          

     (f)  Methylparaben, U.S.P.   0.18                                         

     (g)  Propylparaben, U.S.P.   0.02                                         

     (h)  Water for injection q.s. to 100 ml                                   

PAR  The parabens, sodium metabisulfide, and sodium chloride are dissolved in
      approximately one-half the volume of water for injection at 80.degree.C.
      with stirring. The solution is cooled to below 40.degree.C. and the active
      ingredient is dissolved therein followed by the polyethylene glycol 4,000
      and the polyoxyethylene derivatives of sorbitan monooleate. The cooled
      solution is adjusted to the final volume with water for injection and is
      then sterilized by sterile filtration through a suitable filter. Each one
      ml of solution contains 10 mg of 2-fluorenyl 2-piperidylmethyl ketone
      hydrochloride.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process of preparing 2-azacycloalkylmethyl ketones having the formula:
      ##EQU7##
      wherein n is an integer of from 3 to 5, p is an integer of from 1 to 2, R
      is a neutral organic radical selected from the group consisting of alkyl,
      alkenyl, carbocycle furanyl, pyrrolyl, benzothienyl, pyrazolyl, oxazolyl,
      benzimidazolyl, dibenzofuranyl and dibenzothienyl, R.sub.1 is hydrogen or
      lower alkyl having from 1 to 4 carbon atoms which comprises heating a
      solution of a methyl ketone having the formula
      ##EQU8##
      with an excess of magnesium methyl carbonate to form a magnesium chelate;
      cooling the reaction mixture and reacting said chelate solution in an
      atmosphere of carbon dioxide with a 1-azacycloalkene having the formula:
      ##EQU9##
      and isolating the product therefrom.
NUM  2.
PAR  2. A process of claim 1 in which the 1-azacycloalkene is
      2,3,4,5-tetrahydropyridine.
NUM  3.
PAR  3. A process of claim 1 in which the 1-azacycloalkene is 1-pyrroline.
NUM  4.
PAR  4. A process according to claim 1 of preparing 2-azacycloalkylmethyl
      ketones having the formula:
      ##SPC10##
PAL  whereiin n is an integer of from 3 to 5, p is an integer of from 1 to 2,
      R.sub.1 is hydrogen or lower alkyl having from 1 to 4 carbon atoms,
      X.sub.2 is selected from the group consisting of phenyl, halophenyl,
      trifluoromethylphenyl, alkoxyphenyl having from 1 to 4 carbon atoms,
      alkylthiophenyl having from 1 to 4 carbon atoms, phenoxy, halophenoxy,
      trifluoromethylphenoxy, alkoxyphenoxy, having 1 to 4 carbon atoms,
      alkylthiophenoxy having 1 to 4 carbon atoms, phenylthio, phenylalkyl
      having from 1 to 4 carbon atoms, phenylvinyl, phenylalkoxy having from 2
      to 4 carbon atoms, and phenoxyalkoxy having from 2 to 4 carbon atoms,
      which comprises heating a solution of a methyl ketone having the formula
      ##SPC11##
PAL  with an excess of magnesium methyl carbonate to form a magnesium chelate;
      cooling the reaction mixture and reacting said chelate solution in an
      atmosphere of carbon dioxide with a 1-azacycloalkene having the formula
      ##EQU10##
      and isolating the product therefrom.
NUM  5.
PAR  5. A process according to claim 1 of preparing 2-azacycloalkylmethyl
      ketones having the formula:
      ##SPC12##
PAL  wherein n is integer of from 3 to 5, p is an integer of from 1 to 2,
      R.sub.1 is hydrogen or lower alkyl having from 1 to 4 carbon atoms, m is
      an integer of from 1 to 3, X.sub.3 is selected from the group consisting
      of hydrogen, lower alkyl having from 1 to 6 carbon atoms, alkoxy having
      from 1 to 6 carbon atoms, alkylthio having from 1 to 6 carbon atoms,
      halogen, trifluoromethyl and phenyl, A is a sigma bond or selected from
      the group of radicals consisting of vinylidene and propenylidene, which
      comprises heating a solution of a methyl ketone having the formula
      ##SPC13##
PAL  with an excess of magnesium methyl carbonate to form a magnesium chelate;
      cooling the reaction mixture and reacting said chelate solution in an
      atmosphere of carbon dioxide with a 1-azacycloalkene having the formula
      ##EQU11##
      and isolating the product therefrom.
NUM  6.
PAR  6. A process according to claim 1 of preparing 2-azacycloalkylmethyl
      ketones having the formula:
      ##SPC14##
PAL  wherein n is an integer of from 3 to 5, p is an integer of from 1 to 2,
      R.sub.1 is hydrogen or lower alkyl having from 1 to 4 carbon atoms, m is
      an integer of from 1 to 3, X.sub.6 is selected from the group consisting
      of hydrogen, lower alkyl having from 1 to 4 carbon atoms, lower alkoxy
      having from 1 to 4 carbon atoms, alkylthio having from 1 to 4 carbon atoms
      and halogen, X.sub.7 is selected from the group consisting of hydrogen and
      lower alkyl having from 1 to 4 carbon atoms, which comprises heating a
      solution of a methyl ketone having the formula
      ##SPC15##
PAL  with an excess of magnesium methyl carbonate to form a magnesium chelate;
      cooling the reaction mixture and reacting said chelate solution in an
      atmosphere of carbon dioxide with a 1-azacycloalkene having the formula
      ##EQU12##
      and isolating the product therefrom.
NUM  7.
PAR  7. A 2-azacycloalkylmethyl derivative having the formula:
      ##SPC16##
PAL  wherein n is an integer of from 3 to 5; p is an integer of from 1 to 2;
      R.sub.1 is hydrogen or lower alkyl having from 1 to 4 carbon atoms;
      X.sub.10 is selected from the group consisting of hydrogen, lower alkyl
      having from 1 to 4 carbon atoms, lower alkoxy having from 1 to 4 carbon
      atoms and halogen; Y represents the radicals
      ##EQU13##
      W is selected from the group of radicals consisting of --O--, --S--,
      --CH.sub.2 --, --CH=CH-- and --CH.sub.2 CH.sub.2 --; and the
      pharmaceutically acceptable acid addition salts thereof.
NUM  8.
PAR  8. A compound of claim 7 wherein n is an integer of from 3 to 4; R.sub.1
      and X.sub.10 are both hydrogen; and Y is the radical =O.
NUM  9.
PAR  9. A compound of claim 7 which is 2-fluorenyl 2-piperidylmethyl ketone and
      its pharmaceutically acceptable acid addition salts.
NUM  10.
PAR  10. A compound of claim 7 which is
      .alpha.-(3-phenanthryl)-2-piperidineethanol and its pharmaceutically
      acceptable acid addition salts.
NUM  11.
PAR  11. A process according to claim 1 of preparing 2-azacycloalkylmethyl
      ketones having the formula:
      ##SPC17##
PAL  wherein n is an integer of from 3 to 5, p is an integer of from 1 to 2,
      R.sub.1 is hydrogen or lower alkyl having from 1 to 4 carbon atoms,
      X.sub.10 is selected from the group consisting of hydrogen, lower alkyl
      having from 1 to 4 carbon atoms, lower alkoxy having from 1 to 4 carbon
      atoms and halogen, W is selected from the group of radicals consisting of
      O--, --S--, --CH.sub.2 --, --CH=CH-- and --CH.sub.2 CH.sub.2 --, which
      comprises heating a solution of a methyl ketone having the formula
      ##SPC18##
PAL  with an excess of magnesium methyl carbonate to form a magnesium chelate;
      cooling the reaction mixture and reacting said chelate solution in an
      atmosphere of carbon dioxide with a 1-azacycloalkene having the formula
      ##EQU14##
      and isolating the product therefrom.
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PAL  The invention relates to a new class of pyrrolobenzimidazole,
      benzimidazoloisoquinoline and dipyrodinobenzodiimidazole in cyanine
      sensitizing dyes derived therefrom and their use in silver halide
      emulsions, and to methods for preparation of such new dyes.
PARN
PAR  This is a continuation of U.S. Ser. No. 547,140 filed Feb. 2, 1966, now
      abandoned. The invention is a divisional of the invention claimed and
      described in application Ser. No. 197,925 filed May 28, 1962, now U.S.
      Pat. No. 3,243,298.
BSUM
PAR  This invention relates to new methine dyes, to processes for making them
      and to photographic emulsions containing them.
PAR  According to one feature of the present invention there are provided
      methine dyes containing at least one heterocyclic nucleus derived from 1,2
      condensed benzimidazole compounds to one of the following general formulae
      ##SPC1##
PAL  Wherein:
PA1  V.sub.1, v.sub.2, v.sub.3 and V.sub.4 each represent (the same or
      different) a hydrogen atom, an alkyl radical, an aryl radical, an aralkyl
      radical, a substituted alkyl radical e.g. a trifluoromethyl radical, a
      substituted aralkyl radical, a substituted aryl radical, a halogen atom, a
      hydroxyl group, an alkoxy group, an acyloxy group, a nitrile group, a
      carboxyl group, a carbalkoxy group, a carbamyl group, a substituted
      carbamyl group, a nitrogen containing group such as an amino group, an
      acylamino group, a sulphonylamino group, a hydrazino group, an alkyl
      sulphonyl group, a sulphonic acid group, a sulphonic acid ester group, a
      sulphonamide group, an acyl group, an arylazo group or the atoms necessary
      to complete an adjacent benzene nucleus,
PA1  (B).sub.n.sub.-1 represents (in the case n&gt;1) one or more equally or
      differently substituted and/or not substituted methylene groups,
PA1  (B).sub.p.sub.-1 represents (in the case p&gt;1) one or more equally or
      differently substituted and/or not substituted methylene groups,
PA1  p and n each represents a positive integer of at least 1 and n+p.ltoreq.5,
      and
PAL  A represents a methylene group, a substituted methylene group, an hetero
      atom such as oxygen and sulfur, a group such as -N-Y wherein Y represents
      an alkyl radical, an aralkyl radical, an aryl radical, a carbalkoxy
      radical, or a
      ##EQU1##
      group wherein Y' represents the atoms necessary to close an aromatic
      nucleus, a substituted aromatic nucleus, a heterocyclic nucleus or a
      substituted heterocyclic nucleus.
PAR  More particularly we provide symmetrical and asymmetrical methine dye salts
      represented by the following general formulae:
      ##SPC2##
      ##SPC3##
PAL  Wherein:
PA1  V.sub.1, v.sub.2, v.sub.3, v.sub.4, a, (b).sub.n.sub.-1, (B).sub.p.sub.-1
      have the same values as in the general formulae I and II described above,
PA1  V'.sub.1, v'.sub.2, v'.sub.3, v'.sub.4, a', (b').sub.n.sub.-1,
      (B').sub.p.sub.-1 are defined as V.sub.1, V.sub.2, V.sub.3, V.sub.4, A,
      (B).sub.n.sub.-1, (B).sub.p.sub.-1 but may have respectively either or not
      the same value as V.sub.1, V.sub.2, V.sub.3, V.sub.4, A, (B).sub.n.sub.-1,
      (B).sub.p.sub.-1, in the same molecule.
PA1  R.sub.1 and R.sub.2 each represent respectively a substituent of the type
      contained in cyanine dyes on the cyanine nitrogen atom, e.g., an alkyl
      group such as a methyl group, an ethyl group, a propyl group, an isopropyl
      group, a butyl group, an isobutyl group, a substituted alkyl group such as
      an allyl group (vinyl methyl), a .beta.-hydroxyethyl group, a
      .beta.-acetoxyethyl group, an alkylene sulphonic acid group as described
      in the French Pat. Specification No. 1,223,289 and the German Pat.
      Specification No. 929,080 such as a sulphoethyl group, a sulphopropyl
      group, a sulphobutyl group, an alkylene sulphate group as described in the
      French Pat. Specification No. 1,149,769 such as a propylsulphate group or
      a butylsulphate group, a benzyl group (phenyl methyl), a carboxymethyl
      group, a carboxymethyl group as described in the German Pat. Specification
      No. 704,141, a carboxybenzyl group, a sulphobenzyl group, the group
      --A--CO--O--B--SO.sub.2 --OH wherein A and B have the same significance as
      set forth in Belgian Pat. Specification No. 568,759 such as a
      sulphocarbomethoxy methyl group, an .omega.-sulphocarbopropoxy methyl
      group, an .omega.-sulphocarbobutoxy methyl group, a
      p-(.omega.-sulphocarbobutoxy)-benzyl group, the group --A--W--NH--V--B
      wherein A, W, V and B have the same significance as set forth in Belgian
      Pat. Specification No. 569,130 such as a N-(methylsulphonyl)-carbamyl
      methyl group, .gamma.-(acetyl-sulphonamido)-propyl, a
      .theta.-(acetylsulphonamido)-butyl group, the group
      ##EQU2##
      wherein A has the same significance as described in the Belgian Patent
      Specification No. 568,840, an aryl group such as a phenyl group, a
      carboxyphenyl group, or a cycloalkyl group such as a cyclohexyl group,
PA1  L.sub.1, l.sub.2 and L.sub.3 each represents a methine group (e.g. =CH--,
      =C.CH.sub.3 --, =C.C.sub.2 H.sub.5 --, =C.C.sub.3 H.sub.7 --, =C.CH.sub.2
      C.sub.6 H.sub.5 --, =C.C.sub.6 H.sub.5 --, =C.O--alkyl--, =C.S.--alkyl--,
      =C.Se-alkyl, =C.O-acyl-, =C.COO--C.sub.2 H.sub.5 --, =C.NHR'--,
      ##EQU3##
      (wherein R and R' are a hydrogen atom, an alkyl group or an aryl group),
      =C.(CH=).sub.r D-- (wherein D represents a heterocyclic radical, and r
      represents zero or an integer from 1 to 6), or a methine group which forms
      part of a heterocyclic or isocyclic ring such as a cyclopentadiene ring,
PA1  d represents an integer from 1 to 3, and
PA1  X.sup.- represents an anion such as a chloride ion, a bromide ion, an
      iodide ion, a perchlorate ion, a benzene sulphonate ion, a
      p-tolusulphonate ion, a methylsulphate ion, an ethylsulphate ion, and a
      propylsulphate ion.
      ##SPC4##
      ##SPC5##
PAL  wherein:
PA1  V'.sub.1, v'.sub.2, v'.sub.3, v'.sub.4, l.sub.2, l.sub.3, a',
      (b').sub.n.sub.-1, (B').sub.p.sub.-1, R.sub.1, R.sub.2 and X have the same
      values as described in formulae III, IV and V,
PA1  r represents an integer from 1 to 4,
PA1  m represents an integer from 1 to 2,
PA1  Z represents the non-metallic atoms necessary to complete a heterocyclic
      nucleus containing 5 or 6 atoms in the heterocyclic ring e.g. a nucleus of
      the thiazole series (e.g. thiazole, 4-methylthiazole, 4-phenylthiazole,
      5-methylthiazole, 5-phenylthiazole, 4,5-dimethylthiazole,
      4,5-diphenylthiazole, 4-(2-thienyl)-thiazole), those of the benzothiazole
      series (e.g. benzothiazole, 4-chlorobenzothiazole, 5-chlorobenzothiazole,
      6-chlorobenzothiazole, 7-chlorobenzothiazole, 4-methylbenzothiazole,
      5-methylbenzothiazole, 6-methylbenzothiazole, 5-bromobenzothiazole,
      6-bromobenzothiazole, 4-phenylbenzothiazole, 5-phenylbenzothiazole,
      4-methoxybenzothiazole, 5-methoxybenzothiazole, 6-methoxybenzothiazole,
      5-iodobenzothiazole, 6-iodobenzothiazole, 4-ethoxybenzothiazole,
      5-ethoxybenzothiazole, 4,5,6,7-tetrahydrobenzothiazole,
      5,6-dimethoxybenzothiazole, 5,6-dioxymethylenebenzothiazole,
      5-hydroxybenzothiazole, 6-hydroxybenzothiazole,
      5,6-dimethylbenzothiazole), those of the naphthothiazole series (e.g.
      naphtho[2,1-d] thiazole, naphtho[1,2-d]thiazole,
      5-methoxynaphtho[1,2-d]thiazole, 5-ethoxynaphtho[1,2-d]thiazole,
      8-methoxynaphtho[2,1-d]thiazole, 7-methoxynaphtho[2,1-d]thiazole), those
      of the thionaphtheno[7',6' ,d]thiazole series (e.g.
      4'-methoxythionaphtheno[7',6',d]thiazole), those of the oxazole series
      (e.g. 4-methyloxazole, 5-methyloxazole, 4-phenyloxazole,
      4,5-diphenyloxazole, 4-ethyloxazole, 4,5-dimethyloxazole,
      5-phenyloxazole), those of the benzoxazole series (e.g., benzoxazole,
      5-chlorobenzoxazole, 5-methylbenzoxazole, 5-phenylbenzoxazole,
      6-methylbenzoxazole, 5,6-dimethylbenzoxazole, 4,6-dimethylbenzoxazole,
      5-methoxybenzoxazole, 6-methoxybenzoxazole, 5-hydroxybenzoxazole,
      6-hydroxybenzoxazole), those of the naphthoxazole series (e.g.,
      naphtho[2,1-d]oxazole, naphtho[1,2-d]oxazole), those of the selenazole
      series (e.g., 4-methylselenazole, 4-phenylselenazole), those of the
      benzoselenazole series (e.g., benzoselenazole, 5-chlorobenzoselenazole, 5
      -methoxybenzoselenazole, 5-hydroxybenzoselenazole,
      4,5,6,7-tetrahydrobenzoselenazole), those of the naphthoselenazole series
      (e.g., naphtho[2,1-d]selenazole, naphtho[1,2-d]selenazole), those of the
      thiazoline series (e.g., thiazoline, 4-methylthiazoline,
      4-hydroxymethyl-4-methylthiazoline, 4,4-bis-hydroxymethylthiazoline,
      4-acetoxymethyl-4-methylthiazoline, 4,4-bis-acetoxymethylthiazoline),
      those of the thiazolidine series (e.g.
      2-benzothiazolylidene-4-thiazolidone), those of the oxazoline series (e.g.
      oxazoline, 4-hydroxymethyl-4-methyloxazoline,
      4,4-bis-hydroxymethyloxazoline, 4-acetoxymethyl-4-methyloxazoline,
      4,4-bis-acetoxymethyloxazoline), those of the oxazolidine series, those of
      the selenazoline series (e.g. selenazoline), those of the 2-quinoline
      series (e.g. the quinoline, 3-methylquinoline, 5-methylquinoline,
      7-methylquinoline, 8-methylquinoline, 6-chloroquinoline,
      8-chloroquinoline, 6-methoxyquinoline, 6-ethoxyquinoline,
      6-hydroxyquinoline, 8-hydroxyquinoline etc.), those of the 4-quinoline
      series (e.g. quinoline, 6-methoxyquinoline, 7-methylquinoline,
      8-methylquinoline), those of the 1-isoquinoline series (e.g. isoquinoline,
      3,4-dihydroisoquinoline), those of the 3-isoquinoline series (e.g.
      isoquinoline) those of the 3,3-dialkylindolenine series (e.g.
      3,3-dimethylindolenine, 3,3,5-trimethylindolenine,
      3,3,7-trimethylindolenine), those of the pyridine series (e.g. pyridine,
      5-methylpyridine), or those of the benzimidazole series (e.g.
      1-ethylbenzimidazole, 1-phenylbenzimidazole,
      1-ethyl-5,6-dichlorobenzimidazole,
      1-hydroxyethyl-5,6-dichlorobenzimidazole, 1-ethyl-5-chlorobenzimidazole,
      1-ethyl-5,6-dibromobenzimidazole, 1-ethyl-5-chloro- 6-aminobenzimidazole,
      1-ethyl-5-chloro-6-bromobenzimidazole, 1-ethyl-5-phenylbenzimidazole,
      1-ethyl-5-fluorobenzimidazole, 1-ethyl-5-cyanobenzimidazole,
      1-(.beta.-acetoxyethyl)-5-cyanobenzimidazole, 1-ethyl-5-chloro-6-cyano
      benzimidazole, 1-ethyl-5-fluoro-6-cyano benzimidazole,
      1-ethyl-5-acetyl-benzimidazole, 1-ethyl-5-chloro-6-fluorobenzimidazole,
      1-ethyl-5-carboxybenzimidazole, 1-ethyl-7-carboxybenzimidazole,
      1-ethyl-5-carbethoxybenzimidazole, 1-ethyl-7-carbethoxybenzimidazole,
      1-ethyl-5-sulphonamidobenzimidazole,
      1-ethyl-5-N-ethylsulphonamidobenzimidazole).
PAR  More particularly we provide also new methine dye salts which differ from
      the methine dye salts according to the general formulae III, IV, V, VI and
      VII, therein that the radical, which is bound to the quaternated nitrogen
      atom, carries a negative charge and that it forms a betaine-like structure
      with the quaternated nitrogen atom. The eventual obtaining of a
      betaine-like structure depends on the nature of the used quaternating
      agent. These methine dye salts according to this invention, having a
      betaine-like structure are represented by the following general formulae:
      ##SPC6##
      ##SPC7##
      ##SPC8##
PAL  wherein:
PA1  R.sub.o represents an alkylene
      ##EQU4##
      radical as described in the French Pat. Specification No. 1,149,769, an
      alkylene
      ##EQU5##
      radical as described in the French Pat. Specification 1,223,289, an
      alkylene
      ##EQU6##
      radical as described in the U.S. Pat. Specification No. 2,238,231, an
      alkylene
      ##EQU7##
      radical as described in the Belgian Pat. Specification No. 568,840, a
      --A--CO--O--B--SO.sub.2 O.sup.- radical as described in the Belgian Pat.
      Specification 568,759, wherein each of A and B represents an alkylene
      radical, a -A-W-N.sup.(.sup.-) -V-B radical wherein each of V and W
      represents a --SO.sub.2 -- radical, a
      ##EQU8##
      radical, or a single bond, but at least one of them a --SO.sub.2 --
      radical, A represents an alkylene radical, and B represents an alkyl
      group, an amino group, or a substituted amino group, as described in the
      Belgian Pat. Specification No. 569,130, and
PA1  V.sub.1, v.sub.2, v.sub.3, v.sub.4, v'.sub.1, v'.sub.2, v'.sub.3, v'.sub.4,
      a, a', (b).sub.n.sub.-1, (B).sub.p.sub.-1, (B').sub.n.sub.-1,
      (B').sub.p.sub.-1, L.sub.1, L.sub.2, L.sub.3, R.sub.1, R.sub.2, d, n, n',
      m and r have the same significance as described above.
PAR  Further we provide new merocyanine dyes represented by the following
      general formulae:
      ##SPC9##
      wherein:
PA1  V.sub.1, v.sub.2, v.sub.3, v.sub.4, a, (b).sub.n.sub.-1, (B).sub.p.sub.-1
      have the same value as in the general formulae I and II,
PA1  R.sub.1, l.sub.1, l.sub.2 and L.sub.3 have the same value as in formula
      III,
PA1  e represents an integer from 1 to 2, and
PA1  P and Q each represents an organic group, at least one of these groups
      being an electronegative group such as a cyano group or a --COOR.sub.3
      group, wherein R.sub.3 represents a hydrogen atom or an alkyl radical such
      as a methyl group or an ethyl group, e.g. an alkyl radical of the formula
      C.sub.w H.sub.2w.sub.+1 wherein w represents an integer from 1 to 4; the
      radical
      ##EQU9##
      may also represent a nucleus with negative character such as those of the
      pyrazolone series (e.g. 3-methyl-1-phenyl-5-pyrazolone,
      1-phenyl-5-pyrazolone, 1-(2-benzothiazolyl)-3-methyl-5-pyrazolone, etc.),
      those of the isoxazolone series (e.g. 3-phenyl-5(4 H)-isoxazolone,
      3-methyl-5(4H)-isoxazolone etc.), those of the oxindole series (e.g.
      1-alkyloxindoles etc.), those of the 2,4,6-triketohexahydropyrimidine
      series (e.g. barbituric acid or 2-thiobarbituric acid as well as their
      1-alkyl (e.g. 1-methyl, 1-ethyl, 1-n-propyl, 1-n-heptyl, etc.), or
      1,3-dialkyl (e.g. 1,3-dimethyl, 1,3-diethyl, 1,3-di-n-propyl,
      1,3-di-isopropyl, 1,3-dicyclohexyl, 1,3-di(.beta.-methoxyethyl), or
      1,3-diaryl (e.g. 1,3-diphenyl, 1,3-di(p-chlorophenyl),
      1,3-di(p-ethoxycarbonylphenyl), or 1-aryl (e.g. 1-phenyl,
      1-p-chlorophenyl, 1-p-ethoxycarbonylphenyl), or 1-alkyl-3-aryl (e.g.
      1-ethyl-3-phenyl, 1-n-heptyl-3-phenyl) derivatives), those of the
      2-thio-2,4-thiazolidinedione (rhodanine) series (e.g.
      3-ethyl-2-thio-2,4-thiazolidinedione,
      3-allyl-2-thio-2,4-thiazolidinedione, 3-phenyl-2-thio-2,4-thiazolidine-dio
     ne), those of the 2-oxo(3H)-imidazo[1,2-a] pyridine series, those of the
      5,7-dioxo-6,7-dihydro-5-thiazolo[3,2-.alpha.] pyrimidine series (e.g.
      5,7-dioxo-3-phenyl-6,7-dihydro-5-thiazolo[3,2-.alpha.] pyrimidine), those
      of the 2-thio-2,4-oxazolidinedione series (e.g.
      3-ethyl-2-thio-2,4-oxazolidinedione), those of the thianaphthenone series
      (e.g., 3-(2H)-thianaphtnenone), those of the 2-thio-2,5-thiazolidinedione
      series (e.g. 3-ethyl-2-thio-2,5-thiazolidinedione), those of the
      2,4-thiazolidinedione series (e.g. 2,4-thiazolidinedione,
      3-ethyl-2,4-thiazolidinedione, 3-phenyl-2,4-thiazolidinedione,
      3-(1-naphthyl)-2,4-thiazolidinedione), those of the thiazolidinone series
      (e.g. 4-thiazolidinone, 3-ethyl-4-thiazolidinone,
      3-phenyl-4-thiazolidinone, 3-alpha-naphthyl-4-thiazolidinone), those of
      the 4-thiazolinone series (e.g. 2-ethylmercapto-4-thiazolinone,
      2-alkylphenylamino-4-thiazolinone, 2-diphenylamino-4-thiazolinone), those
      of the 2-imino-4-oxazolidinone (pseudohydantoin) series, those of the
      2,4-imidazolinedione (hydantoin) series (e.g. 2,4-imidazolinedione,
      3-ethyl-2,4-imidazolinedione, 3-phenyl-2,4-imidazolindione,
      3-(1-naphthyl)-2,4-imidazolinedione, 1,3-diethyl-2,4-imidazolinedione,
      1-ethyl-3 -phenyl-2,4-imidazolinedione,
      1-ethyl-3-(1-naphthyl)-2,4-imidazolinedione,
      1,3-diphenyl-2,4-imidazolinedione), those of the
      2-thio-2,4-imidazolinedione (2-thiohydantoin) series (e.g.
      2-thio-2,4-imidazolinedione, 3-ethyl-2-thio-2,4-imidazolinedione,
      3-phenyl-2-thio-2,4-imidazolinedione,
      3-(1-naphthyl)-2-thio-2,4-imidazolinedione,
      1,3-diethyl-2-thio-2,4-imidazolinedione,
      1-ethyl-3-phenyl-2-thio-2,4-imidazolinedione,
      1-ethyl-3-(1-naphthyl)-2-thio-2,4-imidazolinedione,
      1,3-diphenyl-2-thio-2,4-imidazolinedione), or those of the 5-imidazolinone
      series (e.g. 2-n-propylmercapto-5-imidazolinone), (especially a
      heterocyclic nucleus with negative character containing 5 to 6 atoms in
      the heterocyclic ring, 3 to 4 of said atoms being carbon atoms, one of
      said atoms being a nitrogen atom, and one of said atoms being a nitrogen
      atom, an oxygen atom or a sulphur atom).
PAR  In the preparation of methine dye salts, merocyanine dyes, rhodacyanine
      dyes, polymerocyanine dyes and styryl dyes, according to this invention,
      1,2 condensed benzimidazolium quaternary salts are used represented by the
      general formulae :
      ##SPC10##
PAL  wherein V.sub.1, V.sub.2, V.sub.3, V.sub.4, A, (B).sub.n.sub.-1,
      (B).sub.p.sub.-1, n, p, R.sub.1 and X.sup.- have the same significance as
      set forth above.
PAR  The 1,2 condensed benzimidazolium quaternary salts according to formulae X
      and XI can either directly be converted by one of the known methods into a
      methine dye, or a dye intermediate currently used in the chemistry of
      cyanine dyes can be formed in order to obtain therewith the methine dye.
PAR  Methine dye salts, merocyanine dyes, rhodacyanine dyes, polymerocyanine
      dyes and styryl dyes according to the present invention may be obtained by
      starting from these new 1,2-condensed benzimidazolium quaternary salts or
      dye intermediates by application of the usual condensation methods known
      to those skilled in the art.
PAR  The following description of some methods is not complete and therefore is
      not to be considered as limiting the scope of our invention but merely as
      a survey of the most usual condensation methods.
PAR  New asymmetrical methine dye salts according to the present invention can
      be prepared by condensing 1,2 condensed benzimidazolium quaternary salts
      of the general formulae X and XI with a cycloammonium quaternary salt
      represented by the following formula:
      ##EQU10##
      wherein : R.sub.1, X, Z and m have the same value as set forth above in
      formulae VI and VII, and
PA1  D represents a halogen atom, an alkylmercapto group, an aryl mercapto
      group, a .beta.-arylamino vinyl group, a .theta.-arylamino-1,3-butadienyl
      group, a .beta.-alkylmercapto vinyl group, a .beta.-arylmercapto vinyl
      group, a .beta.-acetanilido vinyl group or a .beta.-p-tolusulphanilido
      vinyl group, which vinyl groups may carry a substituent.
PAR  The condensations are advantageously carried out in the presence of a basic
      condensing agent, for example a trialkylamine such as triethylamine, a
      dialkylaniline, a heterocyclic tertiary amine such as pyridine or
      N-alkyl-piperidine or the like. The condensation can also be carried out
      in the presence of an inert diluent such as methanol, ethanol,
      1,4-dioxane, etc.
PAR  New asymmetrical methine dye salts according to the present invention can
      also be prepared by condensing 1,2-condensed benzimidazolium quaternary
      salts of the general formulae X and XI with a heterocyclic base known in
      cyanine dye chemistry, of the following formula :
      ##EQU11##
      wherein : L.sub.2, L.sub.3, R.sub.1, Z and m have the same value as set
      forth above in formulae VI and VII, and
PA1  Y represents a reactive functional group such as an oxygen atom, a sulphur
      atom, a selenium atom or an aryl-N= group.
PAR  The condensations of this type are advantageously carried out in acid
      medium or in the presence of a compound forming an acid medium, e.g. in
      the presence of an acid anhydride such as acetic anhydride.
PAR  New asymmetrical methine dye salts according to the present invention can
      also be prepared by condensing intermediates represented by the following
      formulae
      ##SPC11##
PAL  wherein:
PA1  D.sub.1 represents an alkylmercapto group, an arylmercapto group, an
      arylamino group, and acetanilido group or p-tolusulphanilido group,
PA1  R.sub.2, l.sub.1, l.sub.2, l.sub.3, v'.sub.1, v'.sub.2, v'.sub.3, v'.sub.4,
      A', (B').sub.n.sub.-1, (B').sub.p.sub.-1, d and X have the same
      significance as set forth above,
PA1  with cycloammonium quaternary salts containing a methyl group in .alpha.-or
      .gamma.-position, such as those represented by the general formula XII
      where D is a methyl group.
PAR  The condensations of this type are advantageously carried out in the
      presence of a basic condensing agent.
PAR  New asymmetrical methine dye salts according to the present invention can
      also be prepared by condensing intermediates represented by the following
      formulae
      ##SPC12##
PAL  wherein:
PA1  Y, r.sub.2, l.sub.1, l.sub.2, l.sub.3, v'.sub.1, v'.sub.2, v'.sub.3,
      v'.sub.4, a', (b').sub.n.sub.-1, (B').sub.p.sub.-1, and d have the same
      significance as set forth above, with cycloammonium quaternary salts
      containing a methyl group in .alpha.- or .gamma.-position, such as those
      represented by the general formula XII but wherein D represents a methyl
      group.
PAR  The condensations of this type are advantageously carried out in the
      presence of an acid anhydride.
PAR  Other asymmetrical methine dye salts according to the present invention can
      be prepared by condensing respectively a compound of formula X with a
      compound of formula XIV, a compound of formula XIII with a compound of
      formula XI, a compound of formula XIII with a compound of formula X, and a
      compound of formula XIV with a compound of formula XI.
PAR  Some of the intermediates represented by the formula XIII or XIV can be
      prepared by condensing a 1,2-condensed benzimidazolium quaternary salt
      represented by the formula X and XI with a compound represented by one of
      the formulae:
EQU  Ar-N=(L.sub.1 -L.sub.2 =).sub.d.sub.-1 L.sub.3 -NH-Ar      XVa
PAL  and
EQU  Ar-N=(L.sub.1 -L.sub.2 =).sub.d.sub.-1 L.sub.3 -S-alkyl    XVb
PAL  wherein
PA1  L.sub.1, l.sub.2, l.sub.3 and d have the same significance as set forth
      above.
PAR  The compounds according to formulae XIII and XIV wherein D.sub.1 represents
      an acetanilido group can be prepared by condensing a 1,2 condensed
      benzimidazolium salt according to formula X or XI with a compound
      according to formula XVa and then boiling the obtained intermediate
      product with acetic anhydride.
PAR  The new symmetrical methine dye salts according to the present invention
      can be prepared by condensing a 1,2 condensed benzimidazolium quaternary
      salt of the formula X with a compound of the formula XIII, or a 1,2-
      condensed benzimidazolium quaternary salt of the formula XI with a
      compound of the formula XIV, the radicals V'.sub.1, V'.sub.2, V'.sub.3,
      V'.sub.4, A', (B').sub.p.sub.-1 , (B').sub.n.sub.-1 , R.sub.2 having the
      same significance as V.sub.1, V.sub.2, V.sub.3, V.sub.4, A,
      (B).sub.p.sub.-1 , (B).sub.n.sub.-1 and R.sub.1 respectively.
PAR  The new symmetrical methine dye salts according to the present invention
      can also be prepared by condensing a 1,2 condensed benzimidazolium
      quaternary salt represented by the formula X or XI with an
      ortho-carboxylic acid alkyl ester, such as ethyl ortho-formate,
      advantageously in a nitrobenzene solution, or in the presence of a
      carboxylic anhydride e.g. acetic anhydride.
PAR  The new betaine-like methine dye salts according to the present invention
      are, depending on the betaine-like radical, prepared analogously to the
      methods described in the French Pat. Specification No. 1,149,769, the
      French Pat. Specification Nos. 1,223,289 and 2,238,231, the German Pat.
      Specification No. 929,080 and the Belgian Pat. Specification Nos. 568,759,
      568,840 and 569,130. The preparation of such dye salts is further
      illustrated in the examples of the present invention.
PAR  The new merocyanine dyes according to the present invention can be prepared
      by condensing a 1,2 condensed benzimidazolium quaternary salt represented
      by the formula X or XI with a heterocyclic compound represented by the
      formula:
      ##EQU12##
      wherein: P, Q, L.sub.1, L.sub.2, L.sub.3 and e have the same significance
      as described in formulae VIII and IX, and
PA1  E represents a reactive negative atom or grouping, e.g. a halogen atom,
      such as a chlorine atom, a bromide atom, or an iodine atom, a cyano group,
      an alkyl- or aryl-mercapto group, an alkoxy group, an arylamino group, an
      acetarylido group, a p-tolussulphanilido group etc.
PAR  The new di- and tetramethine merocyanine dyes according to the present
      invention can also be prepared by condensing an intermediate represented
      by the formula XIII or XIV given above, with a compound represented by one
      of the following formulae:
      ##EQU13##
      wherein: P, Q and L.sub.3 have the same significance as set forth above.
PAR  The new styryl dyes according to the present invention can be prepared by
      condensing a 1,2 condensed benzimidazolium salt according to fomula X or
      XI with a p-dialkyl-aminobenzaldehyde advantageously in the presence of a
      carboxylic acid anhydride, for example acetic anhydride.
PAR  Hereinafter follows the description of some methods for the preparation of
      heterocyclic bases corresponding to formulae I and II. These methods are
      illustrated by reaction schemes and detailed examples of preparation.
      These methods, however, are not limiting the scope of our invention. The
      preparations are divided in classes of analogous preparations and each
      class is illustrated by one or more detailed examples of preparations. The
      preparations of the bases are indicated by the letter A, which is preceded
      by a number indicating the class of the preparation and followed by a
      serial number.
PAR  This classification facilitates the survey of the several preparation
      methods and the reference thereto in the description of the preparations
      of the quaternary salts and the heterocyclic bases.
PAC  CLASS 0A.
PAC  Preparation 0A 01.
PAR  2,3-dihydro-1H-pyrrolo[1,2-a]banzimidazole, of the formula
      ##SPC13##
PAL  is prepared according to W. Reppe et al, Ann. 596, 209 (1955).
PAC  PREPARATION 0A 02.
PAR  2,3-dihydro-1H-pyrrolo[1,2-a]naphtho[2,3-d]imidazole:
      ##SPC14##
PAL  is prepared according to W. Reppe et al, Ann. 596 206 (1955).  0A
      PREPARATION OA 03.
PAR  1,2,3,4-tetrahydropyridino[1,2-a]beozimidazole
      ##SPC15##
PAL  is prepared according to Mosby, J. Org. Chem. 24, 420 (1959).
PAC  CLASS 1A.
PAR  The heterocyclic bases of this class are prepared according to the
      following reaction scheme, which was elaborated by K. H. Saunders, J.
      Chem. Soc. 3275 (1955) :
      ##SPC16##
PAL  wherein :
PA1  R.sub.x represents a nitro group or a halogen atom, and
PA1  A, v.sub.1, v.sub.2, v.sub.3, V.sub.4, n and p have the same significance
      as described above.
PAR  The first reaction step is carried out according to different methods which
      depend on the structure of the intermediates and the chosen reaction
      medium. The second reaction step is always carried out in nearly the same
      way. Just as the first reaction step, the third reaction step is carried
      out according to different methods. All these methods are illustrated by
      detailed preparations. The intermediates and the heterocyclic bases which
      are prepared according to these detailed preparations are listed in table
      1 A.
PAR  1. Detailed preparations illustrating the first reaction step of class 1 A.
PAC  PREPARATION A
PAR  N-(2-nitro-4-chlorophenyl)-pyrrolidine is prepared as follows:
PAR  96 g of 2,5-dichloronitrolbenzene are added to 71 g of pyrrolidine at a
      temperature of 50.degree.C. This temperature is maintained for 15 min on a
      water-bath. By adding water the reaction product precipitates and is
      sucked off. Recrystallization from isopropanol yields 102 g of
      N-(2-nitro-4-chlorophenyl)-pyrrolidine. Melting point : 73.degree.C.
PAC  PREPARATION B
PAR  N-(2-nitro-4-fluorophenyl)-pyrrolidine is prepared as follows:
PAR  76.4 g of 2,5-difluoronitrobenzene prepared according to Weygand, Ber. 84
      (1951), 107 is added dropwise with stirring to 89 cm3 of pyrrolidine on a
      water bath at 50.degree.c. Heating is continued for further 10 min. at
      90.degree.C. The reaction mixture is poured into water and the oily
      substance is extracted with benzene. After washing of the benzene-extract
      with water and drying with sodium sulphate, the benzene is distilled off
      under reduced pressure. The residue is recrystallized from isopropanol.
      Melting point : 48.degree.C. Yield : 88 g.
PAC  PREPARATION C
PAR  N-(2-nitro-4-carbethoxyphenyl)-pyrrolidine is prepared as follows:
PAR  15.6 g of pyrrolidine are added dropwise to a hot solution (.+-. boiling
      temperature) of 23 g of 3-nitro-4-chloroethylbenzoate (prepared according
      to Hubner, Ann. 222, 183) in 60 cm3 of anhydrous ethanol. After adding
      pyrrolidine the reaction mixture is refluxed for 1 h by heating on a
      water-bath. The reaction mixture is poured into water and the formed
      precipitate is sucked off. Melting point : 78.degree.C. Yield : 26 g.
PAC  PREPARATION D
PAR  N-(2-nitro-4-carbethoxy-5-chlorphenyl)-pyrrolidine is prepared as follows:
PAR  A solution of 55 g of 2-chloro-4,5-dinitro-ethylbenzoate in 250 cm3 of
      methanol is added dropwise with stirring at 50.degree.C to 28.4 g of
      pyrrolidine. After heating for 10 min on a water-bath followed by cooling
      the precipitate is sucked off, washed with a mixture of alcohol and water
      and recrystallized from methanol. Melting point : 105.degree.C. Yield : 45
      g.
PAR  The starting product 2-chloro-4,5-dinitroethylbenzoate is prepared as
      follows :
PAR  143 g of 2-chloro-4,5-dinitrobenzoic acid prepared according to Goldstein
      and Studer, Helv. 20 (1937) 1409 and 140 cm3 of thionyl chloride are
      heated on a water-bath for 3 h. After evaporating the excess of thionyl
      chloride, 220 cm3 of ethanol are slowly added. The obtained mixture is
      poured into 2 l. ofwater. The precipitated ester is sucked off and washed
      with water. After recrystallizing twice from ethanol the ester obtained
      melts at 78.degree.C. Yield : 157.5 g.
PAC  PREPARATION E
PAR  2-(pyrrolidino)-5-(pyrrolidino-sulphonyl)-nitrobenzene is prepared as
      follows:
PAR  102.4 g of 3-nitro-4-chlorobenzene sulphochloride (preparation described in
      Ber. 24 (1891) 3.190) are added portion-wise to 148 cm3 of pyrrolidine at
      50.degree.C. Heating is continued for 15 min on a boiling water-bath. The
      reaction mixture is poured into water and the precipitate is sucked off.
      After recrystallization from ispropanol the product obtained melts at
      133.degree.C. Yield : 91.2 g.
PAC  PREPARATION F
PAR  N-(2-nitro-4-fluorophenyl)-piperidine is prepared as follows:
PAR  115 g of 2-bromo-5-fluoronitrolbenzene and 109 cm3 of piperidine are heated
      with stirring to 95.degree.C on a water-bath for 90 min. Next, water is
      added to the reaction mixture; a precipitate is formed which is sucked off
      and recrystallized from isopropanol. Yield : 63 g. Melting point :
      53.degree.C.
PAR  2. Detailed preparation illustrating the second reaction step of class 1 A
PAC  PREPARATION G
PAR  N-(2-amino-4-chlorophenyl)-pyrrolidine is obtained by catalytic reduction
      in ethanol of N-(2-nitro-4-chlorophenyl) pyrrolidine. After evaporation of
      the solvent a brown oily residue is obtained, which is used as such in the
      next reaction step.
PAR  3. Detailed preparations illustrating the third reaction step of class 1 A
PAC  PREPARATION H
PAR  7-chloro11,2,3,4-tetrahydropyridino[1,2-a]benzimidazole :
      ##SPC17##
PAL  is prepared according to K. H. Saunders, J. Chem. Soc. 3275 (1955).
PAC  PREPARATION I
PAR  6-chloro-1,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole :
      ##SPC18##
      is prepared as follows:
PAR  82.4 g of N-(2-amino-4-chlorophenyl)-pyrrolidine are dissolved in 625 cm3
      of 2 N hydrochloric acid and diazotized with a solution of 29.4 g of
      sodium nitrite in 70 cm3 of water. The obtained solution is then poured
      into an aqueous solution of 35.3 g of sodium azide and 168 g of sodium
      acetate in 650 cm3 of water. The formed azide is sucked off and dissolved
      in 500 cm3 of nitrobenzene. This solution is added dropwise to 500 cm3 of
      nitrobenzene, heated at 170.degree.C. When the reaction is over, the
      nitrobenzene is distilled off under reduced pressure until a residual
      volume of about 100 cm3. After cooling, the formed benzimidazole compound
      crystallizes out and is sucked off. The
      6-chloro-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole base is purified by
      recrystallization from the mixture benzene/hexane. Yield: 37.2 g. Melting
      point: 137.degree.C.
PAC  PREPARATION J
PAR  8-chloro-3,4-dihydro-1H-1,4-oxazino[4,3-a]benzimidazole
      ##SPC19##
PAL  is prepared according to K. H. Saunders, J. Chem. Soc. 3275 (1955).
TBL                                    Table 1 A                               

     __________________________________________________________________________

     First Reaction Step                                                       

     Starting Product I         Prepared analo-                                

                                        Melting point                          

                                gously to detai-                               

                                        of reaction product                    

     Significance                                                              

           Significance of      led preparation                                

                                        III .degree.C                          

     of R.sub.x                                                                

           V.sub.1                                                             

                  V.sub.2                                                      

                    V.sub.3   V.sub.4                                          

     __________________________________________________________________________

                                detail-                                        

                                1) In the case A = CH.sub.2 and p+n = 4        

     Cl    H      H Cl        H a        73                                    

     Cl    Cl     H H         H a       Bp.134-                                

                                        136                                    

                                        (3mm Hg)                               

     Cl    H      Cl                                                           

                    Cl        H a        80                                    

     F     H      H F         H b        48                                    

     Br    H      H Br        H a        76                                    

     Cl    H      H H.sub.5 C.sub.2 OOC--                                      

                              H c        78                                    

     Br    H.sub.5 C.sub.2 OOC--                                               

                  H H         H c        53                                    

     NO.sub.2                                                                  

           H      Cl                                                           

                    H.sub.5 C.sub.2 OOC--                                      

                              H d       105                                    

     Cl    H      H           H e       133                                    

     Cl    H      H CH.sub.3  H a        60                                    

     NO.sub.2                                                                  

           H      Br                                                           

                    H.sub.5 C.sub.2 OOC--                                      

                              H d       105                                    

                                2) In the case A = CH.sub.2 and p+n = 5        

     --    H      H Cl        H --      --                                     

     Br    H      H F         H f        53                                    

     --    H      Cl                                                           

                    Cl        H (1)     --                                     

     --    H      H Br        H (1)     --                                     

     Br    H      H CN--      H f       112                                    

     Cl    H      H           H e       106                                    

     Cl    H      H F.sub.3 C--                                                

                              H a        55                                    

     Cl    H      Cl                                                           

                    H         H a       --                                     

                                3) In the case A = oxygen                      

                                atom and p+n = 5                               

     --    H      H H         --                                               

                                --      --                                     

     Br    H      H CN--      H a       130                                    

     Cl    H      Cl                                                           

                    Cl        H c        75                                    

     Second                                                                    

     Reaction step      Third Reaction Step                                    

     Prepared analo-                                                           

             Melting point of reac-                                            

                        Prepared analogously                                   

                                   Chemical name of                            

                                               Melting point of                

                                                         Number of             

     gously to detail-                                                         

             tion product IV .degree.C                                         

                        to detailed preparation                                

                                   the heterocyclic base                       

                                               heterocyclic base               

                                                         reference             

     ed preparation                  (V)                                       

     __________________________________________________________________________

     1) In the case A = CH.sub.2 and p+n = 4                                   

     g       --         i          6-chloro-2,3-dihydro-1H-                    

                                               137       1A01                  

                                   pyrrolo[1,2-a]benzimida-                    

                                   zole                                        

     g       --         i          8-chloro-2,3-dihydro-1H-                    

                                               122       1A02                  

                                   pyrrolo[1,2-a]benzimida-                    

                                   zole                                        

     g       --         i          6,7-dichloro-2,3-dihydro-                   

                                               215       1A03                  

                                   1H-pyrrolo[1,2-a]benz-                      

                                   imidazole                                   

     g       --         i          6-fluoro-2,3-dihydro-                       

                                               128       1A04                  

                                   1H-pyrrolo[1,2-a]benz-                      

                                   imidazole                                   

     g       --         i          6-bromo-2,3-dihydro-                        

                                               150       1A05                  

                                   1H-pyrrolo[1,2-a]benz-                      

                                   imidazole                                   

     g       --         i          6-carbethoxy-2,3-dihy-                      

                                               134       1A06                  

                                   dro-1H-pyrrolo[1,2-a]                       

                                   benzimidazole                               

     g       --         i          8-carbethoxy-2,3-dihy-                      

                                                96       1A07                  

                                   dro-1H-pyrrolo[1,2-a]                       

                                   benzimidazole                               

     g        90        i          6-carbethoxy-7-chloro-                      

                                               138       1A08                  

                                   2,3-dihydro-1H-pyrrolo                      

                                   [1,2-a]benzimidazole                        

     g       174        i          6-(pyrrolidino-sulfonyl)-                   

                                               239       1A09                  

                                   2,3-dihydro-1H-pyrrolo                      

                                   [1,2-a]benzimidazole                        

     g       --         i          6-methyl-2,3-dihydro-1H-                    

                                               146       1A10                  

                                   pyrrolo[1,2-a]benzimida-                    

                                   zole                                        

     g        95        i          6-carbethoxy-7-bromo-                       

                                               114       1A11                  

                                   2,3-dihydro-1H-pyrrolo                      

                                   [1,2-a]benzimidazole                        

     2) In the case A =  CH.sub.2 and p+n = 5                                  

     --      --         h          7-chloro-1,2,3,4-tetra-                     

                                               15-3      1A12                  

                                   hydropyridino[1,2-a]                        

                                   benzimidazole                               

     g       --         h          7-fluoro-1,2,3,4-tetra-                     

                                               110       1A13                  

                                   hydropyridino[1,2-a]                        

                                   benzimidazole                               

     g       --         h          7,8-dichloro-1,2,3,4-                       

                                               184       1A14                  

                                   tetrahydropyridino                          

                                   [1,2-a]benzimidazole                        

     g       --         h          7-bromo-1,2,3,4-tetra-                      

                                               163       1A15                  

                                   hydropyridino[1,2-a]                        

                                   benzimidazole                               

     g       --         h          7-cyano-1,2,3,4-tetra-                      

                                               176       1A16                  

                                   hydropyridino[1,2-a]                        

                                   benzimidazole                               

     g       139        h          7-(1-piperidino-sulfo-                      

                                               229       1A17                  

                                   nyl)-1,2,3,4-teterahydro-                   

                                   pyridino[1,2-a]benzimi-                     

                                   dazole                                      

     g        52        h          7-trifluoromethyl-1,2,3,                    

                                               140-1     1A18                  

                                   4-tetrahydropyridino                        

                                   [1,2-a]benzimidazole                        

     g       --         h          8-chloro-1,2,3,4-tetra-                     

                                               --        1A19                  

                                   hydropyridine[1,2-a]                        

                                   benzimidazole                               

     3) In the case A = oxygen atom and p+n = 5                                

     --      --         j          8-chloro-3,4-dihydro-1H-                    

                                               --        1A20                  

                                   1,4-oxazino[4,3-a]benz-                     

                                   imidazole                                   

     g       177        j          8-cyano-3,4-dihydro-1H-                     

                                               186       1A21                  

                                   1,4-oxazino[4,3-a]benz-                     

                                   imidazole                                   

     g       146        h          7,8-dichloro-3,4-di-                        

                                               192       1A22                  

                                   hydro-1H-1,4-oxazino                        

                                   [4,3-a]benzimidazole                        

     __________________________________________________________________________

      (1) Lefevre & Turner, J. Chem. Soc. (1927) 1117                          

PAC  CLASS 2A.
PAR  The heterocyclic bases of this class are prepared according to the
      following reaction scheme, which is sub-divided in three steps:
      ##SPC20##
PAL  wherein:
PA1  A, v.sub.1, v.sub.3, v.sub.4, n and p have the same significance as above,
      and
PA1  V.sub.x represents the radicals which can be introduced by the Sandmeyer or
      Schiemann reaction.
PAR  The first and second reaction step are always carried out in the same way
      and are resp. illustrated by the detailed preparations k and l.
PAR  The third reaction step is carried out according to three different methods
      which are illustrated by the detailed preparations m, n and o.
PAR  The heterocyclic bases which are prepared analogously to these detailed
      preparations are listed in Table 2A.
PAR  1. Detailed preparation illustrating the first reaction step of class 2A.
PAC  PREPARATION K
PAR  6-bromo-7-nitro-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole is prepared as
      follows:
PAR  19.1 g of 6-bromo-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole prepared
      according to preparation 1A are dissolved in 60 cm3 of concentrated
      sulphuric acid, and nitrated at 0.degree.-5.degree.C with a mixture of 7.7
      cm3of nitric acid (d : 1.42) and 25 cm3 of concentrated sulphuric acid.
      The reaction mixture is poured into water, neutralized with ammonium
      hydroxide and after sucking off the precipitate is recrystallized from
      ethanol. Melting point: 201.degree.C. Yield: 17 g.
PAR  2. Detailed preparation illustrating the second reaction step of class 2A.
PAC  PREPARATION L
PAR  6-bromo-7-amino-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole is prepared as
      follows:
PAR  15.2 g of 6-bromo-7-nitro-2,3-dihydro-1H-pyrrolo[1,2-a] benzimidazole are
      reduced in methyl glycol in the presence of Raney nickel. After reduction,
      the solvent is evaporated and the amine is recrystallized from ethanol.
      Melting point: 264.degree.C. Yield: 10.2 g.
PAR  3. Detailed preparations illustrating the third reaction step of class 2A
PAC  PREPARATION M
PAR  6-bromo-7-cyano-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole:
      ##SPC21##
PAL  is prepared as follows:
PAR  9.2 g of 6-bromo-7-amino-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole are
      dissolved in a mixture of 30 cm3 of water and 9 cm3 of hydrochloric acid.
      Diazotation is carried out with a solution of 2.5 g of sodium nitrite in
      15 cm3 of water. The diazonium salt is neutralized with sodium carbonate
      and while stirring poured into a solution of 6.89 g of cuprous cyanide and
      12.3 g of potassium cyanide in 100 cm3 of water. Stirring is continued for
      30 min at room temperature and a further 15 min on a water-bath at
      50.degree. to 60.degree.C. After cooling, the precipitate is sucked off.
      The base is purified by sublimation (200.degree.C/2mm Hg) and
      recrystallized from a mixture of benzene and n-hexane. Melting point:
      224.degree.C. Yield: 4.7 g.
PAC  PREPARATION N
PAR  7-chloro-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole of the formule:
      ##SPC22##
PAL  is prepared as follows:
PAR  A suspension of 17.3 g of 7-amino-2,3-dihydro-1H-pyrrolo
      [1,2-a]benzimidazole prepared according to W. Reppe, Ann. 596, 209 (1955)
      in 200 cm3 of 5 N hydrochloric acid is diazotized with a solution of 7.2 g
      of sodium nitrite in 30 cm3 of water. The obtained solution is added to a
      solution of 8 g of cuprous chloride in 35 cm3 of concentrated hydrochloric
      acid at 50.degree.-60.degree.C. After cooling the precipitate is sucked
      off, washed with water and suspended in water. By adding to this
      suspension a 25 % aqueous solution of ammonia the heterocyclic base is set
      free and sucked off. After drying, recrystallization from benzene yields
      4.1 g of 7-chloro-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole. Melting
      point: 136.degree.C.
PAC  PREPARATION O.
PAR  7-fluoro-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole of the formula:
      ##SPC23##
PAL  is prepared as follows:
PAR  43.6 g of 7-amino-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole according to
      W. Reppe, Ann. 596 (1955) 209, are dissolved in a 31 % aqueous solution of
      fluoboric acid and diazotized with a solution of 18.5 g of sodium nitrite
      in 50 cm3 of water. After neutralization with sodium carbonate under
      cooling the diazonium fluoborate obtained is sucked off and washed with
      methanol and ether. Yield: 58 g. Melting point: 170.degree.-180.degree.C
      (with decomposition).
PAR  This diazonium fluoborate is added portionwise to 250 cm3 of boiling
      tetraline in order to decompose the diazonium fluoborate in the
      corresponding fluorocompound. The supernatant tetraline is decanted and
      the residue is extracted with a warm 2 N hydrochloric acid solution. To
      liberate the base sodium carbonate is added. The base is extracted with
      chloroform and after evaporating the solvent, the residue is distilled
      under reduced pressure. Yield: 7 g. Boiling point: 166.degree.C/3 mm.
      Melting point: 124.degree.C.
TBL                                    Table 2A                                

     __________________________________________________________________________

                                    Second                                     

     First Reaction Step            Reaction Step                              

     __________________________________________________________________________

     Starting product I                                                        

                  Prepared analo-                                              

                           Melting point of                                    

                                    Prepared analo-                            

                                             Melting point of                  

     Significance of                                                           

                  gously to detai-                                             

                           Reaction product                                    

                                    gously to detai-                           

                                             Reaction product                  

     V.sub.1                                                                   

         V.sub.3                                                               

              V.sub.4                                                          

                  led preparation                                              

                           II   .degree.C                                      

                                    led preparation                            

                                             III  .degree.C                    

     __________________________________________________________________________

     1) In the case A = CH.sub.2 and p+n = 4                                   

     H   H    H   --       --       (1)      --                                

     H   Br   H   k        201      1        264                               

     H   Cl   H   k        203      1        264                               

     H   F    H   k        236      1        230                               

     H   H    H   --       --       (1)      --                                

     H   H    H   --       --       (1)      --                                

     H   H    H   --       --       (1)      --                                

     2) In the case A = CH.sub.2 and p+n = 5                                   

     H   Br   H   k        184      1        217                               

     H   Cl   H   k        194      1        210                               

     H   F    H   k        264      1        199                               

     H   H    H   --       --       (2)      --                                

     3) In the case A = oxygen atom and p+n = 5                                

     H   Cl   H   k        220      1        264                               

     __________________________________________________________________________

     Third Reaction Step                                                       

     __________________________________________________________________________

            Prepared analo-            Melting point                           

     Significance                                                              

            gously to detai-                                                   

                     Chemical name of the hetero-                              

                                       of the hetero-                          

                                                Number of                      

     of Vx  led preparation                                                    

                       cyclic base (IV)                                        

                                       cyclic base .degree.C                   

                                                reference                      

     __________________________________________________________________________

     1) In the case A = CH.sub.2 and p+n = 4                                   

     --     --       7-amino-2,3-dihydro-1H-pyrrolo                            

                     [1,2-a]benzimidazole                                      

                                       --       2A00                           

     CN     m        6-bromo-7-cyano-2,3-dihydro-1H-                           

                                       224      2A01                           

                     pyrrolo[1,2-a]benzimidazole                               

     CN     m        6-chloro-7-cyano-2,3-dihydro-1H-                          

                                       215      2A02                           

                     pyrrolo[1,2-a]benzimidazole                               

     CN     m        6-fluoro-7-cyano-2,3-dihydro-1H-                          

                                       210      2A03                           

                     pyrrolo[1,2-a]benzimidazole                               

     CN     m        7-cyano-2,3-dihydro-1H-pyrrolo                            

                                       155      2A04                           

                     [1,2-a]benzimidazole                                      

     Cl     n        7-chloro-2,3-dihydro-1H-pyrrolo                           

                                       136      2A05                           

                     [1,2-a]benzimidazole                                      

     F      o        7-fluoro-2,3-dihydro-1H-pyrrolo                           

                                       124      2A06                           

                     [1,2-a]benzimidazole                                      

     2) In the case A = CH.sub.2 and p+n = 5                                   

     CN     m        7-bromo-8-cyano-1,2,3,4-tetra-                            

                                       210      2A07                           

                     hydropyridino-[1,2-a]benzimida-                           

                     zole                                                      

     CN     m        7-chloro-8-cyano-1,2,3,4-tetra-                           

                                       212      2A08                           

                     hydropyridino-[1,2-a]benzimida-                           

                     zole                                                      

     CN     m        7-fluoro-8-cyano-1,2,3,4-tetra-                           

                                       253      2A09                           

                     hydropyridino[1,2-a]benzimida-                            

                     zole                                                      

     CN     m        8-cyano-1,2,3,4-tetrahydro-                               

                                       194      2A10                           

                     pyridino-[1,2-a]benzimidazole                             

     3) In the case A = oxygen atom and p+n = 5                                

     CN     m        7-ocyano-8-chloro-3,4-dihydro-                            

                                       300      2A11                           

                     1H-1,4-oxazino[4,3-a]benzimida-                           

                     zole                                                      

     __________________________________________________________________________

      (1) W. Reppe Ann. 596 (19550 209                                         

      (2) K. H. Saunders, J. Chem. Soc. (1955) 3277                            

PAC  CLASS 3 A.
PAR  This class concerns the preparation of carboxyl-substituted heterocyclic
      bases.
PAR  Detailed preparation are given hereinafter:
PAC  PREPARATION 3A01
PAR  6-carboxy-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole:
      ##SPC24##
PAL  is prepared as follows:
PAR  A solution of 5 g of 6-carbethoxy-2,3-dihydro-1H-pyrrolo
      [1,2-a]benzimidazole (1A06) in 15 cm3 of ethanol and 25 cm3 of 2,5 N
      sodium hydroxide are refluxed for 5 min. After cooling the reaction
      mixture is slightly acidified with diluted acetic acid and the precipitate
      formed is sucked off and washed with water and ethanol. Yield: 4 g.
      Melting point: 300.degree.c.
PAC  PREPARATION 3A02
PAR  8-carboxy-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole:
      ##SPC25##
PAL  is prepared analogously to preparation 3A01 starting from
      8-carbethoxy-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole (1A07). Melting
      point: 310.degree.-312.degree.C.
PAC  PREPARATION 3A03
PAR  6-carboxy-7-chloro-2,3-dihydro-1H-pyrrolo-[1,2-a] benzimidazole:
      ##SPC26##
PAL  is prepared analogously to preparation 3A01 starting from
      6-carbethoxy-7-chloro-2,3-dihydro-1H-pyrrolo[1,2-a]-benzimidazole (1A08).
      Melting point: &gt;270.degree..
PAC  CLASS 4 A.
PAR  This class concerns the preparation of acylamino substituted heterocyclic
      bases.
PAR  The following detailed preparation is given as an illustration:
PAC  PREPARATION 4A01
PAR  7-acetylamino-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole:
      ##SPC27##
PAL  is prepared as follows:
PAR  8.65 g of 7-amino-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole (2A00)
      prepared according to W. Reppe Ann. 596 (1955) p. 209 are suspended in 50
      cm3 of benzene. To this suspension is added dropwise 6.2 g of acetic
      anhydride. The mixture is boiled for 15 min and after cooling the
      precipitated acetyl compound is sucked off. Recrystallization from ethanol
      yields 7.3 g of 7-acetylamino-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole.
      Melting point: 250.degree.-255.degree.C. Two further recrystallizations
      from ethanol raise the melting point to 260.degree.-262.degree.C.
PAC  CLASS 5A.
PAR  This class concerns the preparation of
      6-cyano-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole.
PAC  PREPARATION5A01
PAR  6-cyano-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole
      ##SPC28##
PAL  is prepared as follows:
PAR  18.3 g of cuprous cyanide are added at reflux temperature to a solution of
      40.3 g of 6-bromo-2,3-dihydro-1H-pyrrolo[1,2-a] benzimidazole (1A05) in
      200 cm3 of nitrobenzene. The reaction mixture is refluxed for 90 min. and
      then cooled till 100.degree.C. A solution of 34 g of sodium cyanide in 100
      cm3 of water is added whereupon the mixture is shaken for 5 min. Then 40
      cm3 of chloroform and 40 cm3 of water are added. The organic layer is
      separated, washed with a solution of sodium cyanide and twice with water.
      Finally the solution is boiled with decolourizing carbon, evaporated and
      recrystallized from ethanol. Melting point: 190.degree.C.
PAC  CLASS 6A.
PAR  This class concerns the preparation of
      6,11-dihydro-benzimidazolo[1,2-b]isochinoline.
PAC  PREPARATION 6A01
PAR  6,11-dihydro-benzimidazolo[1,2-b]isoquinoline
      ##SPC29##
PAL  is prepared as follows:
PAR  24.8 g of 3,6-dihydro-4,5-benzo-2-pyrone (prepared according to F. G. Mann
      and F. H. C. Stewart: J. Chem. Soc., 1954, 2819) and 18.1 g of o-phenylene
      diamine are heated for 15 h at 250.degree. in a sealed tube. The reaction
      mixture is distilled under reduced pressure, and the distillation product
      recrystallized from ethylacetate. Yield: 16.7 g. Melting point:
      202.degree.C.
PAC  CLASS 7A.
PAR  This class concerns the preparation of
      1,2,3,4,8,9,10,11-octahydrodipyridino[1,2-a:1', 2'-a']-benzo[1,2-d:
      5,4-d']-diimidazole.
PAC  PREPARATION 7A01
PAR  1,2,3,4,8,9,10,11-octahydrodipyridino[1,2-a:1', 2'-a']-benzo [1,2-d:
      5,4-d']-diimidazole
      ##SPC30##
      is prepared according to K. H. Saunders, J. Chem. Soc. 1955, 3275.
PAR  The heterocyclic bases corresponding to the general formulae I and II are
      usually converted into quaternary salts for being used in the preparation
      of the methine dyes according to this invention. According to the used
      quaternating agent, a quaternary salt with a free anion or a quaternary
      salt with a betaine-like structure is obtained. Quaternating agents which
      are used in order to obtain a quaternary salt with a free anion are e.g.
      methyl iodide, ethyl iodide, .beta.-carboxyethyl bromide,
      .beta.-hydroxyethyl bromide, or the quaternating agents which are
      described in the British Pat. Specification Nos. 886,270 and 886,271 or
      the quaternating agents described in the French Pat. Specification No.
      1,223,289.
PAR  Quaternating agents which are used in order to obtain directly a quaternary
      salt with a betaine-like structure are e.g. compounds of the following
      formula:
      ##EQU14##
      wherein m represents an integer from 1 to 5, such as propylene sulfate or
      butylene sulfate, which are more particularly described in the French Pat.
      Specification No. 1,149,769 and the saltonecompounds described in the
      British Pat. Specification 742,112.
PAR  In order to obtain either type of quaternary salts, a free heterocyclic
      nitrogen base as described above is reacted with one of the above
      quaternating agents usually in an excess of 15 to 20 % and at a
      temperature comprised between 50.degree. and 150.degree.C, either in the
      presence of a neutral diluting agent such as acetone or in a sealed tube.
PAR  The quaternary salts, which are used in the preparation of the methine dyes
      according to this invention, are mostly prepared according to the
      classical scheme by the reaction of the corresponding base with a
      quaternating agent.
PAR  The quaternary salts with the following structural formula:
      ##SPC31##
PAL  wherein:
PA1  V.sub.1, v.sub.2, v.sub.3, v.sub.4, r.sub.1 and X have the same
      significance as set forth above,
PAL  can also be prepared according to the following reaction scheme:
      ##SPC32##
PAR  Some detailed preparations are given as an example for the method of
      preparing the quaternary salts used in this invention. Quaternary salts
      used in this invention are classified in table Q. In this table are given:
      the reference number, the name of the quaternary salt, the reaction time,
      the reaction temperature and an indication whether a diluent or a sealed
      tube is used. The reference numbers of the quaternary salts are composed
      of the reference numbers of the corresponding bases followed by the letter
      Q and a number referring to the used quaternating agent.
PAR  The reference numbers for the used quaternating agents are the following:
     methyl iodide            1.                                               

     ethyl iodide             2.                                               

     .beta.-hydroxyethyl bromide                                               

                              3.                                               

     .beta.-carboxyethyl bromide                                               

                              4.                                               

     .omega.-acetyl sulfonamidopropyl bromide                                  

                              5.                                               

     .omega.-acetyl sulfonamidobutyl bromide                                   

                              6.                                               

     methyl sulphonyl carbamyl methyl bromide                                  

                              7.                                               

     (CH.sub.2).sub.3 --O                                                      

     .vertline..vertline.                                                      

     O------SO.sub.2          8.                                               

PAR  The following are detailed preparations as examples for the preparation of
      quaternary salts which are used in the preparation of methine dyes
      according to this invention.
PAC  PREPARATION 0A01 -Q1
PAR  4-methyl-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazolium iodide is prepared as
      follows:
PAR  6.3 g of 2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole and 5.7 g of methyl
      iodide dissolved in 15 cm3 of acetone are refluxed for 30 min. on a
      water-bath. The quaternary salt crystallizes. After cooling, the
      crystalline product is sucked off and washed with ether. Yield: 10 g.
      Melting point: 220.degree.C.
PAC  PREPARATION 0A01-Q2
PAR  4-ethyl-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazolium iodide is prepared as
      follows:
PAR  16 g of 2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole and 23.5 g of ethyl
      iodide are heated for 15 h at 110.degree.C in a sealed tube. After cooling
      the quaternary salt is washed with ether. Yield: 27.3 g. Melting point:
      198.degree.C.
PAC  PREPARATION 1A09-Q1
PAR  4-methyl-6(pyrrolidino-sulphonyl)-2,3-dihydro-1H-pyrrolo
      [1,2-a]benzimidazolium iodide is prepared as follows:
PAR  3.4 g of 6-(pyrrolidinosulphonyl)-2,3-dihydro-1H-pyrrolo
      [1,2-a]benzimidazole and 1.2 cm3 of methyl iodide are heated at
      95.degree.C for 6 h in a sealed tube. The quaternary salt formed is washed
      with acetone and ether. Melting point: above 270.degree.C. Yield: 4.9 g.
PAC  PREPARATION 1A12-Q2
PAR  5-ethyl-7-chloro-1,2,3,4-tetrahydropyridino[1,2 -a]benzimidazolium iodide
      is prepared as follows:
PAR  6.2 g of 7-chloro-1,2,3,4-tetrahydropyridino[1,2-a]benzimidazole and 6.2 g
      of ethyl iodide are heated for 15 h at 110.degree.C in a sealed tube.
      After cooling the formed quaternary salt is washed with acetone and ether.
      Yield 9.3 g. Melting point above 250.degree.C.
PAC  PREPARATION 1A20-Q2
PAR  8-chloro-10-ethyl-3,4-dihydro-1H-[1,4]oxazino[4,3 -a]benzimidazdium iodide
      is prepared as follows:
PAR  10.4 g of 8-chloro-3,4-dihydro-1H[1,4]oxazino[4,3 -a]benzimidazole and 10 g
      of ethyl iodide are heated for 16 h at 110.degree.C in a sealed tube.
      After cooling, the resulting quaternary salt is washed with acetone and
      ether. Yield: 17.9 g. Melting point: 186.degree.C.
PAC  PREPARATION 1A19-Q2
PAR  5-ethyl-8-chloro-1,2,3,4-tetrahydropyridino[1,2 -a]benzimidazolium iodide
      ##SPC33##
PAL  is prepared as follows:
PAR  a. 8-amino-pyridino[1,2-a]benzimidazole:
PAR  The preparation of 8-aminopyridino[1,2-a]benzimidazole is described by
      Morgan & Stewart, J. Chem. Soc. 1292 (1938).
PAR  b. 8-chloropyridino[1,2 -a]benzimidazole:
PAR  8.8 g of 8-aminopyridino[1,2 -a]benzimidazole are dissolved in 80 cm3 of 5
      N hydrochloric acid and diazotized with a solution of 3.7 g of sodium
      nitrite in 10 cm3 of water. The solution of the diazonium salt is poured
      into a solution of cuprous chloride and filtered with suction. The
      filtrate is alkalized by ammonium hydroxide and the precipitate sucked
      off. Recrystallization from benzene-hexane yields 2.5 g of the
      benzimidazole base. Melting point: 207.degree.C.
PAR  c. 5-ethyl-8-chloropyridino[1,2 -a]benzimidazolium iodide:
PAR  2 g of 8-chloropyridino[1,2 -a]benzimidazole and 1.7 g of ethyl iodide are
      heated for 15h at 110.degree.C in a sealed tube. After cooling the
      quaternary salt is washed with acetone and ether. Yield: 3 g. Melting
      point above 250.degree.C.
PAR  d. 5-ethyl-8-chloro-1,2,3,4-tetrahydropyridino[1,2 -a]benzimidazolium
      iodide:
PAR  3 g of the preceding quaternary salt are dissolved in ethylene glycol
      monomethyl ether and hydrogenated at 80.degree.C in the presence of Raney
      nickel. After evaporation of the solvent 1.1 g of
      5-ethyl-8-chloro-1,2,3,4-tetrahydropyridino[1,2 -a] benzimidazolium iodide
      is obtained. Melting point: 250.degree.C.
PAC  PREPARATION 2A00-Q1
PAR  4-methyl-7-amino-2,3-dihydro-1H-pyrrolo[1,2 -a]benzimidazolium iodide
      ##SPC34##
PAL  is prepared as follows:
PAR  8.6 g of 7-amino-2,3-dihydro-1H-pyrrolo[1,2 -a]benzimidazole, prepared
      according to W. Reppe, Ann. 596, (1955) 209, are dissolved by heating in
      50 cm3 of methanol. 4 cm3 of methyl iodide are added dropwise and the
      mixture boiled for 15 min. The precipitated quaternary salt is sucked off
      and washed with acetone and ether. Melting point: 282.degree.C.
PAC  ACETYLATION OF THE QUATERNARY SALT 5A01 -Q3
PAR  4(.beta.-acetoxyethyl)-6-cyano-2,3-dihydro-1H-pyrrolo[1,2 -a]
      benzimidazolium bromide
      ##SPC35##
PAL  is prepared as follows:
PAR  4 g of 5A01-Q3 are dissolved in 40 cm3 of acetic anhydride and refluxed for
      10 min. After cooling the mixture is precipitated with ether and the
      obtained product is washed with water-free acetone and then with
      water-free ether. Melting point: 208.degree.C.
TBL                                    Table Q                                 

     __________________________________________________________________________

     Number of                                                                 

     reference of  Chemical name of the                                        

     the quaternary                                                            

                   quaternary salt.                                            

     salt                                                                      

     __________________________________________________________________________

                1) In the case A = CH.sub.2 and p+n = 4                        

     0A01-Q1 4-methyl-2,3-dihydro-1H-pyrrolo[1,2-a]benzimida-                  

             zolium iodide                                                     

     0A01-Q2 4-ethyl-2,3-dihydro-1H-pyrrolo[1,2-a]benzimida-                   

             zolium iodide                                                     

     0A01-Q3 4-(.beta.-hydroxyethyl)-2,3-dihydro-1H-pyrrolo[1,2-a]             

             benzimidazolium bromide                                           

     0A02-Q2 4-ethyl-2,3-dihydro-1H-pyrrolo[1,2-a]naphtho                      

             [2,3-d]imidazolium iodide                                         

     1A01-Q2 4-ethyl-6-chloro-2,3-dihydro-1H-pyrrolo[1,2-a]                    

             benzimidazolium iodide                                            

     1A02-Q2 4-ethyl-8-chloro-2,3-dihydro-1H-pyrrolo[1,2-a]                    

             benzimidazolium iodide                                            

     1A03-Q2 4-ethyl-6,7-dichloro-2,3-dihydro-1H-pyrrolo                       

             [1,2-a]benzimidazolium iodide                                     

     1A03-Q3 4-(.beta.-hydroxyethyl)-6,7-dichloro-2,3-dihydro-                 

             1H-pyrrolo[1,2-a]benzimidazolium bromide                          

     1A03-Q6 4-(.omega.-acetylsulfonamidobutyl)-6,7-dichloro-                  

             2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazolium                      

             bromide                                                           

     1A03-Q7 4-(N-methylsulfonyl carbamyl methyl)-6,7-                         

             dichloro-2,3-dihydro-1H-pyrrolo[1,2-a]benz-                       

             imidazolium bromide                                               

     1A04-Q2 4-ethyl-6-fluoro-2,3-dihydro-1H-pyrrolo                           

             [1,2-a]benzimidazolium iodide                                     

     1A05-Q2 4-ethyl-6-bromo-2,3-dihydro-1H-pyrrolo                            

             [1,2-a]benzimidazolium iodide                                     

     1A06-Q1 4-methyl-6-carbethoxy-2,3-dihydro-1H-pyrrolo                      

             [1,2-a]benzimidazolium iodide                                     

     1A07-Q1 4-methyl-8-carbethoxy-2,3-dihydro-1H-pyrrolo                      

             [1,2-a]benzimidazolium iodide                                     

     1A08-Q1 4-methyl-6-carbethoxy-7-chloro-2,3-dihydro-                       

             1H-pyrrolo[1,2-a]benzimidazolium iodide                           

     1A08-Q4 4-(.beta.-carboxyethyl)-6-carbethoxy-7-chloro-                    

             2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazolium                      

             bromide                                                           

     1A08-Q8 4-(.gamma.-sulfatopropyl)-6-carbethoxy-7-chloro-                  

             2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazolium                      

             betaine                                                           

     1A08-Q6 4-(.omega. -acetylsulfonamidobutyl)-6-carbethoxy-7-               

             chloro-2,3-dihydro-1H-pyrrolo[1,2-a]benz-                         

             imidazolium bromide                                               

     1A08-Q7 4-(N-methylsulfonyl carbamyl methyl)-6-carbe-                     

             thoxy-7-chloro-2,3-dihydro-1H-pyrrolo[1,2-a]                      

             benzimidazolium bromide                                           

     1A09-Q1 4-methyl-6-(pyrrolidino-sulfonyl)-2,3-dihydro-                    

             1H-pyrrolo[1,2-a]benzimidazolium iodide                           

     1A09-Q2 4-ethyl-6-(pyrrolidino-sulfonyl)-2,3-dihydro-                     

             1H-pyrrolo[1,2-a]benzimidazolium iodide                           

     1A10-Q2 4-ethyl-6-methyl-2,3-dihydro-1H-pyrrolo                           

             [1,2-a]benzimidazolium iodide                                     

     1A11-Q4 4-(.beta.-carboxyethyl)-6-carbethoxy-7-bromo- - 2,3-dihydro-1H-pyr

             rolo[1,2-a]benzimidazolium                                        

             bromide                                                           

     1A11-Q3 4-(.gamma.-sulfatopropyl)-6-carbethoxy-7-bromo-                   

             2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazolium                      

             betaine                                                           

     1A11-Q6 4-(.omega.-acetylsulfonamidobutyl)-6-carbethoxy-7-                

             bromo-2,3-dihydro-1H-pyrrolo[1,2-a]benzimida-                     

             zolium bromide                                                    

     1A11-Q7 4-(N-methylsulfonyl carbamyl methyl)-                             

             6-carbethoxy-7-bromo-2,3-dihydro-1H-                              

             pyrrolo[1,2-a]benzimidazolium bromide                             

     2A00-Q1 4-methyl-7-amino-2,3-dihydro-1H-                                  

             pyrrolo[1,2-a]benzimidazolium iodide                              

     2A01-Q2 4-ethyl-6-bromo-7-cyano-2,3-dihydro-                              

             1H-pyrrolo[1,2-a]benzimidazolium                                  

             iodide                                                            

     2A02-Q2 4-ethyl-6-chloro-7-cyano-2,3-dihydro-                             

             1H-pyrrolo[1,2-a]benzimidazolium                                  

             iodide                                                            

     2A03-Q2 4-ethyl-6-fluoro-7-cyano-2,3-dihydro-                             

             1H-pyrrolo[1,2-a]benzimidazolium iodide                           

     2A04-Q2 4-ethyl-7-cyano-2,3-dihydro-1H-pyrro-                             

             lo[1,2-a]benzimidazolium iodide                                   

     2A04-Q3 4-(.beta.-hydroxyethyl)-7-cyano-2,3-di-                           

             hydro-1H-pyrrolo[1,2-a]benzimidazolium                            

             bromide                                                           

     2A05-Q2 4-ethyl-7-chloro-2,3-dihydro-1H-                                  

             pyrrolo[1,2-a]benzimidazolium iodide                              

     2A06-Q2 4-ethyl-7-fluoro-2,3-dihydro-1H-                                  

             pyrrolo[1,2-a]benzimidazolium iodide                              

     3A01-Q1 4-methyl-6-carboxy-2,3-dihydro-1H-                                

             pyrrolo[1,2-a]benzimidazolium iodide                              

     3A02-Q1 4-methyl-8-carboxy-2,3-dihydro-1H-                                

             pyrrolo[1,2-a]benzimidazolium iodide                              

     3A03-Q1 4-methyl-6-carboxy-7-chloro-2,3-di-                               

             hydro-1H-pyrrolo[1,2-a]benzimidazolium                            

             iodide                                                            

     4A01-Q2 4-ethyl-7-acetylamino-2,3-dihydro-                                

             1H-pyrrolo[1,2-a]benzimidazolium                                  

             iodide                                                            

     5A01-Q2 4-ethyl-6-cyano-2,3-dihydro-1H-                                   

             pyrrolo[1,2-a]benzimidazolium iodide                              

     5A01-Q3 4-(.beta.-hydroxyethyl)-6-cyano-2,3-                              

             dihydro-1H-pyrrolo[1,2-a]benzimida-                               

             zolium bromide                                                    

     5A01-Q7 4-(N-methyl sulfonylcarbamyl methyl)-                             

             6-cyano-2,3-dihydro-1H-pyrrolo                                    

             [1,2-a]benzimidazolium bromide                                    

                2. In the case A = CH.sub.2 and p+n = 5                        

     0A03-Q1 5-methyl-1,2,3,4-tetrahydropyridino                               

             [1,2-a]benzimidazolium iodide                                     

     0A03-Q2 5-ethyl-1,2,3,4-tetrahydropyridino                                

             [1,2-a]benzimidazolium iodide                                     

     0A03-Q8 5-(.gamma.-sulfatopropyl)-1,2,3,4-tetrahydropyri-                 

             dino[1,2-a]benzimidazolium betaine                                

     0A03-Q5 5-(.omega.-acetylsulfonamidopropyl)-                              

             1,2,3,4-tetrahydropyridino[1,2-a]                                 

             benzimidazolium bromide                                           

     0A03-Q6 5-(.omega.-acetylsulfonamidobutyl)-                               

             1,2,3,4-tetrahydropyridino[1,2-a]                                 

             benzimidazolium bromide                                           

     0A03-Q7 5-(N-methyl sulfonylcarbamyl methyl)-                             

             1,2,3,4-tetrahydropyridino[1,2-a]                                 

             benzimidazolium bromide                                           

     1A12-Q2 5-ethyl-7-chloro-1,2,3,4-tetra-                                   

             hydropyridino[1,2-a]benzimidazolium                               

             iodide                                                            

     1A12-Q4 5-(.beta.-carboxyethyl)-7-chloro-                                 

             1,2,3,4-tetrahydropyridino[1,2-a]                                 

             benzimidazolium bromide                                           

     1A12-Q8 5-(.gamma.-sulfatopropyl)-7-chloro-                               

             1,2,3,4-tetrahydropyridino[1,2-a]                                 

             benzimidazolium betaine                                           

     1A13-Q2 5-ethyl-7-fluoro-1,2,3,4-tetrahydro-                              

             pyridino[1,2-a]benzimidazolium                                    

             iodide                                                            

     1A14-Q2 5-ethyl-7,8-dichloro-1,2,3,4-                                     

             tetrahydropyridino[1,2-a]                                         

             benzimidazolium iodide                                            

     1A14-Q3 5-(.beta.-hydroxyethyl)-7,8-dichloro-                             

             1,2,3,4-tetrahydropyridino                                        

             [1,2-a]benzimidazolium bromide                                    

     1A14-Q7 5-(N-methyl-sulfonylcarbamyl methyl)-                             

             7,8-dichloro-1,2,3,4-tetrahydropyri-                              

             dino[1,2-a]benzimidazolium bromide                                

     1A15-Q2 5-ethyl-7-bromo-1,2,3,4-tetrahydro-                               

             pyridino[1,2-a]benzimidazolium                                    

             iodide                                                            

     1A16-Q2 5-ethyl-7-cyano-1,2,3,4-tetrahydro-                               

             pyridino[1,2-a]benzimidazolium                                    

             iodide                                                            

     1A17-Q2 5-ethyl-7-(1-piperidino sulphonyl)-                               

             1,2,3,4-tetrahydropyridino[1,2-a]                                 

             benzimidazolium iodide                                            

     1A18-Q2 5-ethyl-7-trifluoromethyl-1,2,3,4-                                

             tetrahydropyridino[1,2-a]benzimida-                               

             zolium iodide                                                     

     1A18-Q1 5-methyl-7-trifluoromethyl-1,2,3,4-                               

             tetrahydropyridino[1,2-a]benzimida-                               

             zolium iodide                                                     

     1A19-Q2 5-ethyl-8-chloro-1,2,3,4-tetra-                                   

             hydropyridino[1,2-a]benzimida-                                    

             zolium iodide                                                     

     2A07-Q2 5-ethyl-7-bromo-8-cyano-1,2,3,4-                                  

             tetrahydropyridino[1,2-a]benzimida-                               

             zolium iodide                                                     

     2A08-Q2 5-ethyl-7-chloro-8-cyano-1,2,3,4-                                 

             tetrahydropyridino[1,2-a]benzimida-                               

             zolium iodide                                                     

     2A09-Q2 5-ethyl-7-fluoro-8-cyano-1,2,3,4-                                 

             tetrahydropyridino[1,2-a]benzimida-                               

             zolium iodide                                                     

     2A10-Q2 5-ethyl-8-cyano-1,2,3,4-tetrahydro-                               

             pyridino[1,2-a]benzimidazolium iodide                             

     6A01-Q1 5-methyl-6,11-dihydro-benzimida-                                  

             zolo[1,2-b]isoquinolinium iodide                                  

     7A01-Q2 5,7-diethyl-1,2,3,4,8,9,10,11-octa-                               

             hydrodipyridino[1,2-a:1',2'-a']-                                  

             benzo[1,2-d:5,4-d']diimidazolium                                  

             diiodide                                                          

                3. In the case A = oxygen atom and p+n = 5                     

     1A20-Q2 8-chloro-10-Ethyl-3,4-dihydro-1H-                                 

             1,4-oxazino[4,3-a]-benzimidazolium                                

             iodide                                                            

     1A21-Q2 8-cyano-10-ethyl-3,4-dihydro-1H-                                  

             1,4-oxazino[4,3-a]benzimidazolium                                 

             iodide                                                            

     1A22-Q2 7,8-dichloro-10-ethyl-3,4-dihydro-                                

             1H-1,4-oxazino[4,3-a]-benzimidazo-                                

             lium iodide                                                       

     2A11-Q1 7-cyano-8-chloro-10-methyl-3,4-di-                                

             hydro-1H-1,4-oxazino[4,3-a]benz-                                  

             imidazolium iodide                                                

     2A11-Q2 7-cyano-8-chloro-10-ethyl-3,4-di-                                 

             hydro-1H-1,4-oxazino[4,3-a]benz-                                  

             imidazolium iodide                                                

     __________________________________________________________________________

     Formula of the                                                            

                   Reaction                                                    

                        Reaction tem-                                          

                                Used diluent                                   

                                         Melting point                         

     quaternizing agent                                                        

                   time perature .degree.C                                     

                                or sealed tube                                 

                                         of the quater-                        

                                         nary salt .degree.C                   

     __________________________________________________________________________

     1) In the case A = CH.sub.2 and p+n = 4                                   

     CH.sub.3 I    30'  re-     ace-     220.degree.                           

                        flu-    tone                                           

                        xing                                                   

     C.sub.2 H.sub.5 I                                                         

                   15h  110.degree.                                            

                                +        198.degree.                           

     HO--C.sub.2 H.sub.4 --Br                                                  

                    6h  105.degree.                                            

                                +        180.degree.                           

     C.sub.2 H.sub.5 I                                                         

                   24h  110.degree.                                            

                                +        250.degree.                           

     "             15h  110.degree.                                            

                                +        242.degree.                           

     "             30h30"                                                      

                        105-    +        238.degree.                           

                        110.degree.                                            

     C.sub.2 H.sub.5 I                                                         

                   16h  110.degree.                                            

                                +        &gt;250.degree.                          

     HO--C.sub.2 H.sub.4 --Br                                                  

                    4h  110.degree.                                            

                                +        &gt;250.degree.                          

     CH.sub.3 --CO--NH--SO.sub.2 --(CH.sub.2).sub.4 --Br                       

                     4h 140.degree.                                            

                                no di-   252.degree.                           

                                luent                                          

     CH.sub.3 --SO.sub.2 --NH--CO--CH.sub.2 --Br                               

                    4h  140.degree.                                            

                                no di-   &gt;260.degree.                          

                                luent                                          

     C.sub.2 H.sub.5 I                                                         

                   16h  110.degree.                                            

                                +        237.degree.                           

     "             15h  110.degree.                                            

                                +        250.degree.                           

     CH.sub.3 I     3h   90.degree.                                            

                                +        238.degree.                           

     "             31/2h                                                       

                         90.degree.                                            

                                +        190.degree.                           

     "              2h   95.degree.                                            

                                +        250.degree.                           

     HOOC--(CH.sub.2).sub.2 --Br                                               

                    3h  125.degree.                                            

                                +        192.degree.                           

     (CH.sub.2).sub.3 --O                                                      

                    2h  120.degree.                                            

                                +        140-5.degree.                         

     .vertline..vertline.                                                      

     O------SO.sub.2                                                           

     CH.sub.3 --CO--NH--SO.sub.2 --(CH.sub.2).sub.4 --Br                       

                    4h  120.degree.                                            

                                nitro-   --                                    

                                methane                                        

     CH.sub.3 --SO.sub.2 --NH--CO--CH.sub.2 --Br                               

                    2h  120.degree.                                            

                                +        120-5.degree.                         

     CH.sub.3 I     6h   95.degree.                                            

                                +        &gt;270.degree.                          

     C.sub.2 H.sub.5 I                                                         

                   16h  105.degree.                                            

                                +        220.degree.                           

     C.sub.2 H.sub.5 I                                                         

                    8h  100.degree.                                            

                                nitro-   202.degree.                           

                                metha-                                         

                                ne                                             

     HOOC--(CH.sub.2).sub.2 --Br                                               

                    2h  120.degree.                                            

                                +        --                                    

     (CH.sub.2).sub.3 --O                                                      

                    2h  120.degree.                                            

                                +        --                                    

     .vertline..vertline.                                                      

     O------SO.sub.2                                                           

     CH.sub.3 --CO--NH--SO.sub.2 --(CH.sub.2).sub.4 --Br                       

                    2h  120.degree.                                            

                                +        100.degree.                           

     CH.sub.3 --SO.sub.2 --NH--CO--CH.sub.2 --Br                               

                    1h  120.degree.                                            

                                +        &gt;250.degree.                          

     CH.sub.3 I    15'  reflux  metha-   282.degree.                           

                        temp.   nol                                            

     C.sub.2 H.sub.5 I                                                         

                   16h  110.degree.                                            

                                +        &gt;250.degree.                          

     C.sub.2 H.sub.5 I                                                         

                   16h  110.degree.                                            

                                +        &gt;250.degree.                          

     C.sub.2 H.sub.5 I                                                         

                   16h  110.degree.                                            

                                +        280.degree.                           

     C.sub.2 H.sub.5 I                                                         

                    8h  110.degree.                                            

                                +        242.degree.                           

     HO--C.sub.2 H.sub.4 Br                                                    

                    3h  105.degree.                                            

                                +        246.degree.                           

     C.sub.2 H.sub.5 I                                                         

                   51/2h                                                       

                        110.degree.                                            

                                +        238.degree.                           

     C.sub.2 H.sub.5 I                                                         

                   15h  110.degree.                                            

                                +        210.degree.                           

     CH.sub.3 I    15h  100.degree.                                            

                                +        304.degree.                           

     CH.sub.3 I    16h  125.degree.                                            

                                +        265.degree.                           

     CH.sub.3 I    17h  125.degree.                                            

                                +        270-2.degree.                         

     C.sub.2 H.sub.5 I                                                         

                   16h  110.degree.                                            

                                +        230.degree.                           

     C.sub.2 H.sub.5 I                                                         

                   16h  105.degree.                                            

                                +        &gt;250.degree.                          

     HO--C.sub.2 H.sub.4 --Br                                                  

                   15h  125.degree.                                            

                                nitro-   207-9.degree.                         

                                methane                                        

     CH.sub.3 --SO.sub.2 --NH--CO--CH.sub.2 --Br                               

                    3h  125.degree.                                            

                                nitro-   200.degree.                           

                                methane                                        

     2. In the case A = CH.sub.2 and p+n = 5                                   

     CH.sub.3 I     30' reflux  acetone  210.degree.                           

     C.sub.2 H.sub.5 I                                                         

                   15h  110.degree.                                            

                                +        246.degree.                           

     (CH.sub.2).sub.3 --O                                                      

                    3h  reflux  acetone  260.degree.                           

     .vertline..vertline.                                                      

     O------SO.sub.2                                                           

     Ch.sub.3 --CO--NH--SO.sub.2 --(CH.sub.2).sub.3 --Br                       

                    3h  reflux  acetone   &gt;260.degree.                         

     CH.sub.3 --CO--NH--SO.sub.2 --(CH.sub.2).sub.4 --Br                       

                    4h  reflux  acetone   206-8.degree.                        

     CH.sub.3 --SO.sub.2 --NH--CO--CH.sub.2 --Br                               

                    5h  reflux  acetone   238.degree.                          

     C.sub.2 H.sub.5 I                                                         

                   15h  110.degree.                                            

                                +         &gt;250.degree.                         

     HOOC--(CH.sub.2).sub.2 --Br                                               

                   16h  120.degree.                                            

                                +         228.degree.                          

     (CH.sub.2).sub.3 --O                                                      

                    2h  120.degree.                                            

                                +        &gt;260.degree.11                        

     .vertline..vertline.                                                      

     O------SO.sub.2                                                           

     C.sub.2 H.sub.5 I                                                         

                   15h  110.degree.                                            

                                +        &gt;250.degree.                          

     C.sub.2 H.sub.5 I                                                         

                   16h  110.degree.                                            

                                +        &gt;250.degree.                          

     HO--C.sub.2 H.sub.4 --Br                                                  

                    4h  110.degree.                                            

                                +        &gt;250.degree.                          

     CH.sub.3 --SO.sub.2 --NH--CO--CH.sub.2 --Br                               

                    3h  reflux  acetone  &gt;260.degree.                          

     C.sub.2 H.sub.5 I                                                         

                   15h  110.degree.                                            

                                +        &gt;250.degree.                          

     C.sub.2 H.sub.5 I                                                         

                   15h  100.degree.                                            

                                +        306.degree.                           

     C.sub.2 H.sub.5 I                                                         

                   15h  110.degree.                                            

                                +        &gt;250.degree.                          

     C.sub.2 H.sub.5 I                                                         

                    3h  100.degree.                                            

                                nitro    260.degree.                           

                                methane                                        

     CH.sub.3 I    1h30'                                                       

                        reflux  acetone  270.degree.                           

     C.sub.2 H.sub.5 I                                                         

                   15h  110.degree.                                            

                                +        250.degree.                           

     C.sub.2 H.sub.5 I                                                         

                   16h  110.degree.                                            

                                +        &gt;300.degree.                          

     C.sub.2 H.sub.5 I                                                         

                   15h  110.degree.                                            

                                +        &gt;250.degree.                          

     C.sub.2 H.sub.5 I                                                         

                   15h  110.degree.                                            

                                +        &gt;250.degree.                          

     C.sub.2 H.sub.5 I                                                         

                   15h  110.degree.                                            

                                +        &gt;260.degree.                          

     CH.sub.3 I     4h   95.degree.                                            

                                +        260.degree.                           

     C.sub.2 H.sub.5 I                                                         

                   16h  110.degree.                                            

                                +        &gt;260.degree.                          

     3. In the case A = oxygen atom and p+n = 5                                

     C.sub.2 H.sub.5 I                                                         

                   16h  110.degree.                                            

                                +        186.degree.                           

     C.sub.2 H.sub.5 I                                                         

                   15h  100.degree.                                            

                                +        200-10.degree.                        

     C.sub.2 H.sub.5 I                                                         

                   16h  110.degree.                                            

                                +        202-5.degree.                         

     CH.sub.3 I     4h  110.degree.                                            

                                +        170.degree.                           

     C.sub.2 H.sub.5 I                                                         

                   16h  110.degree.                                            

                                +        --                                    

     __________________________________________________________________________

PAR  The following detailed examples illustrate the way of obtaining the methine
      dyes according to this invention, without however, limiting the scope
      thereof.
PAR  Methine dyes which are prepared analogously to the detailed examples are
      given in table M. The dyes have a reference number which is composed of
      the number of the example followed by their serial number.
PAR  In the table are given: the reference number of the dye, its structural
      formula, the reference number of the starting quaternary salt, the melting
      point of the obtained dye, the absorption maximum and the value of log
      .epsilon. of the dye.
DETD
PAC  EXAMPLE 1
PAR  The methine dye 01-00 of the formula:
      ##SPC36##
PAL  is prepared as follows:
PAR  6.3 g of 4-ethyl-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazolium iodide (0A01
      -Q2), 7 cm3 of 1,3,3-triethoxy-1-propene and 20 cm3 of nitrobenzene are
      refluxed for 5 min. After cooling, the dye is precipitated with ether. The
      precipitate is sucked off and recrystallized four times from ethanol.
      Melting point: 197.degree.C. Absorption maximum: 596 m.mu..
PAC  EXAMPLE 2
PAR  The methine dye (0.2-00) of the formula
      ##SPC37##
PAL  is prepared as follows:
PAR  To a solution of 4.9 g of
      4-methyl-6-pyrrolidinosulfonyl-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazoliu
     m iodide (1A09-Q1) in 25 cm3 of nitrobenzene 3.5 cm3 of ethylorthoformate
      are added. The mixture is boiled for 2 h. The dye, which crystallizes on
      cooling, is purified by recrystallization from dimethylformamide. Melting
      point: 320.degree.C. Absorption maximum: 530 m.mu.. Log. .epsilon.: 5.32.
PAC  EXAMPLE 3
PAR  The methine dye (03-00) of the formula:
      ##SPC38##
PAL  is prepared as follows:
PAR  To 3.1 g of 2-(.beta.-anilinovinyl)-3-ethyl-thiazolinium bromide and 3.1 g
      of 4-(.beta.-hydroxyethyl)-7-cyano-2,3-dihydro-1H-pyrrolo
      [1,2-a]benzimidazolium bromide (2A04-Q3) in 20 cm3 of acetic anhydride 2.8
      cm3 of triethylamine are added and the reaction mixture refluxed for 15
      min. After cooling the dye is precipitated with ether and converted into
      the perchlorate with sodium perchlorate. The dye is recrystallized twice
      from ethanol. Melting point: 174.degree.C. Absorption maximum: 476 m.mu..
      Log. .epsilon.: 5.12.
PAC  EXAMPLE 4
PAR  The methine dye (04-00) of the formula:
      ##SPC39##
PAL  is prepared as follows:
PAR  2.1 g of 4-ethyl-6-bromo-7-cyano-2,3-dihydro-1H-pyrrolo[
      1,2-a]benzimidazolium iodide (2A01-Q2), 1.6 g of
      2(.beta.-anilinovinyl)-3-ethylthiazolinium bromide dissolved in 25 cm3 of
      acetic anhydride and 1.4 cm3 of triethylamine are refluxed for 2 h. After
      cooling, the dye is sucked off and recrystallized twice from methanol.
      Melting point: &gt;260.degree.C. Absorption maximum: 480 m.mu.. Log.
      .epsilon.: 6.135.
PAC  EXAMPLE 5
PAR  The methine dye (05-00) of the formula:
      ##SPC40##
PAL  is prepared as follows:
PAR  A solution of 4.35 g of
      4-ethyl-8-chloro-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazolium iodide
      (1A02-Q2) and 5.60 g of 2-acetanilidovinyl-3-ethyl selenazolinium iodide
      in 30 cm3 of acetic anhydride is refluxed for 5 min with 3.2 cm3 of
      triethylamine. The dyestuff crystallizes on cooling and is purified by
      recrystallization from ethanol. Melting point: 285.degree.C. Absorption
      maximum: 462 m.mu.. Log. .epsilon.: 5.13.
PAC  EXAMPLE 6
PAR  The methine dye (06-00) of the formula:
      ##SPC41##
PAL  is prepared as follows:
PAR  To 2.8 g of
      2-(.beta.-phenyliminoethylidene)-3-ethyl-5-methyl-2,3-dihydrobenzoxazole
      and 3.15 g of 4-ethyl-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazolium iodide
      (0A01-Q2) in 30 cm3 of acetic anhydride, 2.8 cm3 of triethylamine are
      added. This reaction mixture is refluxed for 45 min. After cooling, the
      dye is precipitated with ether and converted into the iodide which is
      purified by recrystallizing twice from ethanol. Melting point: above
      250.degree.C. Absorption maximum: 470 m.mu.. Log. .epsilon.: 4.99.
PAC  EXAMPLE 7
PAR  The methine dye (0.7-00) of the formula:
      ##SPC42##
PAL  is prepared as follows:
PAR  To 5.6 g of
      2-(.beta.-phenyliminoethylidene)-3-ethyl-5-methyl-2,3-dihydrobenzoaxazole
      and 5.6 g of
      4-(.beta.-hydroxyethyl)-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazolium
      bromide (0A010A -Q3) in 50 cm3 of acetic anhydride, 5.6 cm3 of
      triethylamine are added with stirring. Stirring is continued for 2 h at
      room temperature and for 15 min at reflux. After cooling, the dye is
      precipitated with ether and converted into the perchlorate. The dye is
      recrystallized three times from ethanol. Melting point above 250.degree.C.
      Absorption maximum: 474 m.mu.. Log. .epsilon.: 5.07.
PAC  EXAMPLE 8
PAR  The methine dye (08-00) of the formula:
      ##SPC43##
PAL  is prepared as follows:
PAR  To 2.9 g of
      2-(.beta.-phenyliminoethylidene)-3-ethyl-5,6-dimethyl-2,3-dihydrobenzoxazo
     le and 3.15 g of 4-ethyl-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazolium
      iodide (0A01-Q2) in 30 cm3 of acetic anhydride are added 2.8 cm3 of
      triethylamine with stirring. Stirring is continued for 1 h at room
      temperature and for 15 min at reflux temperature. After cooling and
      precipitating with ether, the crude dye is recrystallized from ethanol.
      Melting point: 169.degree.C. Absorption maximum: 476 m.mu.. Log .epsilon.:
      5.08.
PAC  EXAMPLE 9
PAR  The methine dye (09-00) of the formula:
      ##SPC44##
PAL  is prepared as follows:
PAR  6.8 g of
      1-ethyl-2-(N-p-tolusulphonyl-.beta.-anilinovinyl)-3-ethyl-5,6-dichlorobenz
     imidazolium chloride, 3.9 g of 4-ethyl-2,3-dihydro-1H-pyrrolo[1,2-a
      ]benzimidazolium iodide (0A01 -Q2), 30 cm3 of pyridine and 3.5 cm3 of
      triethylamine are refluxed for 2 h. The dye is precipitated with ether and
      purified by recrystallization from a mixture of ethylene glycol monomethyl
      ether and water. Melting point above 250.degree.C. Absorption maximum: 504
      m.mu.. Log. .epsilon.: 5.20.
PAC  EXAMPLE 10
PAR  The methine dye (10-00) of the formula:
      ##SPC45##
PAL  is prepared as follows:
PAR  2.5 g of
      1-ethyl-2-(N-p-tolusulfonyl-.beta.-anilinovinyl)-3-ethyl-5,6-dichlorobenzi
     midazolium chloride, 1.5 g of 4-ethyl-7-chloro-2,3-dihydro-1H-pyrrolo[1,2-a
      ]benzimidazolium iodide (2A05-Q2), 10 cm3 of nitrobenzene and 1.2 cm3 of
      triethylamine are refluxed for 15 min. After cooling, the dye is
      precipitated with ether and recrystallized twice from ethanol. Melting
      point: above 250.degree.C. Absorption maximum: 506 m.mu.. Log. .epsilon.:
      5.24.
PAC  EXAMPLE 11
PAR  The methine dye (11-00) of the formula:
      ##SPC46##
PAL  is prepared as follows:
PAR  A mixture of 3.8 g of
      5-methyl-7-trifluoromethyl-1,2,3,4-tetrahydropyridino[1,2-a]-benzimidazoli
     um iodide (1A18-Q1), 3.3 g of
      2-(.beta.-phenylimino-ethylidene)-3-ethyl-2,3-dihydrobenzoselenazole, 25
      cm3 of acetic anhydride and 1.4 cm3 of triethylamine is heated for 5 min
      on a water-bath at 60.degree.C. After cooling, the formed dyestuff is
      sucked off and three times recrystallized from ethylene glycol monomethyl
      ether. Melting point: 268.degree.C. Absorption maximum: 512 m.mu.. Log.
      .epsilon. = 5.024.
PAC  EXAMPLE 12
PAR  The methine dye (12-00) of the formula:
      ##SPC47##
PAL  is prepared as follows:
PAR  To a solution of 4.06 g of
      4-methyl-6-carbethoxy-7-chloro-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazoliu
     m iodide (1A08-Q1) and 3.55 g of
      2-(.beta.-acetanilidovinyl)-3-ethylthiazolinium bromide in 60 cm3 of
      absolute ethanol, 1.4 cm3 of triethylamine are dropwise added at the
      reflux temperature. The reaction mixture is refluxed for 20 min. After
      cooling the formed dyestuff is sucked off and washed with water, ethanol
      and ether. Thereupon the dyestuff is recrystallized from methanol. Melting
      point: &gt;270.degree.C. Absorption maximum: 470 m.mu.. Log. .epsilon. :
      5.145
PAC  EXAMPLE 13
PAR  The methine dye (13-00) of the formula:
      ##SPC48##
PAL  is prepared as follows:
PAR  A mixture of 3.62 g of 5-methyl-6,11-dihydrobenzimidazolo
      [1,2-b]isoquinolinium iodide (6A01-Q1), 3.55 g of
      2-(.beta.-acetanilidovinyl)-3-ethylthiazolinium bromide, 25 cm3 of
      dimethyl formamide and 1.4 cm3 of triethylamine is refluxed for 5 minutes.
      After cooling the reaction mixture is filtered and the filtrate is diluted
      with ether whereby the dyestuff precipitates. The dyestuff is sucked off
      and washed with water and ethanol whereupon it is recrystallized four
      times from ethanol. Melting point: 275.degree.C. Absorption maximum: 456
      m.mu.. Log. .epsilon. : 4.796.
PAC  EXAMPLE 14
PAR  The methine dye (14-00) of the formula:
      ##SPC49##
PAL  is prepared as follows:
PAR  A solution of 5.25 g of
      4-ethyl-8-chloro-2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazolium iodide
      (1A02-Q2) and 4.9 g of
      2-(.beta.-phenylimino-ethylidene)-3-ethyl-2,3-dihydro-benzoselenazole in
      30 cm3 of acetic anhydride is refluxed for 3 min with 3.2 cm3 of
      triethylamine. The dyestuff, which crystallizes on cooling, is sucked off
      and recrystallized from dimethylformamide. Melting point: 290.degree.C.
      Absorption maximum: 506 m.mu.. Log. .epsilon. : 5.01.
PAC  EXAMPLE 15
PAR  The methine dye (15-00) of the formula:
      ##SPC50##
PAL  is prepared as follows:
PAR  A mixture of 4.56 g of 5-(N-methylsulfonyl-carbamyl
      methyl)-7,8-dichloro-1,2,3,4-tetrahydropyridino[1,2-a] benzimidazolium
      bromide (1A14-Q7), 3,4 g of
      2-(.beta.-phenyliminoethylidene)-3-ethyl-5-phenyl-2,3-dihydrobenzoxazole,
      40 cm3 of dimethyl formamide and 1.4 cm3 of triethyl amine is heated at
      boiling temperature for 10 sec. whereupon 5 cm3 of acetic anhydride are
      added. Refluxing is continued for 4 minutes. After cooling, the formed
      dyestuff is sucked off, washed with water, ethanol and ether and then
      recrystallized twice from a mixture of phenol and ethanol. Melting point:
      &gt;260.degree.C. Absorption maximum: 495 m.mu.. Log .epsilon.: 4.956.
PAC  EXAMPLE 16
PAR  The methine dye (16-00) of the formula:
      ##SPC51##
PAL  is prepared as follows:
PAR  A mixture of 2.75 g of 5-methyl-6,11-dihydrobenzimidazolo
      [1,2-b]isoquinolinium iodide (6A01-Q1), 1.81 g of
      1,3-diethyl-5,6-dichloro-2-[.beta.-(p-tolusulfanilido)vinyl]
      benzimidazolium chloride, 75 cm3 of methanol and 1.4 cm3 of triethylamine
      is refluxed for 5 min. After cooling the formed dyestuff is sucked off,
      washed with ethanol and ether and twice recrystallized from ethylene
      glycol monomethyl ether. Melting point: &gt; 270.degree.C. Absorption
      maximum: 502 m.mu.. Log .epsilon. : 4.960.
PAC  EXAMPLE 17
PAR  The methine dye (17-00) of the formule:
      ##SPC52##
PAL  is prepared as follows:
PAR  1.73 g of 5,7-diethyl-1,2,3,4,8,9,10,11-octahydrodipyridino[1,2-a:1',
      2'-a']benzo[1,2-d:5,4-d']diimidazolium diiodide (7A01-Q2), 1.9 g of
      2-(.beta.-anilinovinyl)-3-ethylthiazolinium bromide dissolved in 20 cm3 of
      acetic anhydride and 1.7 cm3 of triethylamine are refluxed for 45 minutes.
      After cooling, the dyestuff is precipitated with ether and purified by
      recrystallization from ethanol. Melting point: &gt; 320.degree.C. Absorption
      maximum: 548 m.mu.. Log .epsilon. : 5.30.
PAC  EXAMPLE 18
PAR  The methine dye (18-00) of the formula:
      ##SPC53##
PAL  is prepared as follows:
PAR  A mixture of 3.5 g of 4-ethyl-6-chloro-2,3-dihydro-1H-pyrrolo[1,2-a]a]
      benzimidazolium iodide (1A01-Q2), 3.1 g of
      3-ethyl-5-acetanilidomethylene-2-thio-2,4-thiazolidinedione, 25 cm3 of
      pyridine and 2.8 cm3 of triethylamine is refluxed for 1 h. After cooling,
      the dyestuff is precipitated with water, sucked off and recrystallized
      from ethylene glycol monomethyl ether. Melting point: 294.degree.C.
      Absorption maximum: 524 m.mu.. Log..epsilon. : 4.95
PAC  EXAMPLE 19
PAR  The methine dye (19-00) of the formula:
      ##SPC54##
PAL  is prepared as follows:
PAR  3.14 g of 4-ethyl-2,3-dihydro-1H-pyrrolo[1,2 -a] benzimidazolium iodide
      (0A01-Q2), 2.9 g of 3-ethyl-5-acetanilidomethylene-2-thio-2,4-oxazolidine
      dione, 25 cm3 of methyl carbitol and 2.8 cm3 of triethylamine are refluxed
      for 20 min. After cooling, the dyestuff is precipitated with water and
      purified by recrystallization from a mixture of methyl carbitol and
      ethanol (1:1). Melting point: 160.degree.C. Absorption maximum: 498 m.mu..
PAC  EXAMPLE 20
PAR  The methine dye (20-00) of the following formula:
      ##SPC55##
PAL  is prepared as follows:
PAR  1.8 g of
      2-thio-3-ethyl-5-[4(5-ethyl-7-chloro-1,2,3,4-tetrahydropyridino[1,2-a]benz
     imidazol-yl)-methylidene]-2,4-thiazolidine dione (18-12) are dissolved in
      150 cm3 of water-free benzene, 0.58 cm3 of dimethyl sulfate is added and
      the reaction mixture is refluxed for 4 h on an oil-bath at 120.degree.C.
      The quaternized merocyanine dye crystallizes on cooling. The dye is sucked
      off and washed with ether. Melting point: 180.degree.C. Absorption
      maximum: 526 m.mu..
PAC  EXAMPLE 21
PAR  The methine dye (21-00) of the following formula:
      ##SPC56##
PAL  is prepared as follows:
PAR  1.7 g of the quaternized merocyanine dye obtained according to example 20,
      0.6 g of 3-ethyl-2-thio-2,4-thiazolidine dione, 20 cm3 of pyridine and 0.5
      cm3 of triethylamine are refluxed for 2 to 3 minutes. Thereupon 15 cm3 of
      pyridine are added and the reaction mixture is allowed to cool. The formed
      dyestuff is sucked off and washed with ethanol and ether. The crude
      dyestuff is recrystallized three times from pyridine, once from a mixture
      of dimethyl formamide and n-propanol and once from ethylene glycol
      monomethyl ether. Melting point: &gt;260.degree.C. Absorption maximum: 592
      m.mu.. Log. .epsilon. : 5.124.
PAC  EXAMPLE 22
PAR  The methine dye (22-00) of the following formula:
      ##SPC57##
PAL  is prepared as follows:
PAR  0.53 g of the quaternized merocyanine dye obtained according to example 20
      and 0.31 g of 2,5-dimethyl-3-ethylbenzothiazolium methyl sulfate are
      suspended in 15 cm3 of pyridine and 0.14 cm3 of triethyl amine. This
      reaction mixture is refluxed for 2 to 3 minutes. The dyestuff crystallizes
      during the refluxing. After cooling, the dyestuff is sucked off and washed
      with ethanol and ether. The dyestuff is first recrystallized from ethanol
      and then from ethylene glycol monomethyl ether. Melting point: &gt;
      260.degree.C. Absorption maximum: 605 m.mu.. Log. .epsilon. : 4.943.
PAC  EXAMPLE 23
PAR  The methine dye (23-00) of the following formula:
      ##SPC58##
PAL  is prepared as follows:
PAR  3.32 g of
      3-ethyl-5-(.omega.-acetanilidopropenylidene)-2-thio-2,4-thazolidine dione
      and 3.625 g of
      5-ethyl-7-chloro-1,2,3,4-tetrahydropyridino[1,2-a]benzimidazolium iodide
      (1A12-Q2) are dissolved in 70 cm3 of dimethyl sulfoxide without boiling
      the mixture. Then 1.4 cm3 of triethylamine are added and the mixture is
      heated for 2 h on a water-bath of 90.degree.C. Thereupon the reaction
      mixture is cooled in an acetone-ice bath until the dimethyl sulfoxide
      solidifies. Then 210 cm3 of water are added and the mixture is kept
      overnight in a refrigerator. The solid product is sucked off and twice
      washed with boiling petroleum naphtha (boiling range:
      90.degree.-120.degree.C). The washed product is boiled in 100 cm3 of water
      and recrystallized from ethanol. Melting point: decomposition. Absorption
      maximum: 615 m.mu..
PAC  EXAMPLE 24
PAR  The methine dye (24-00) of the following formula:
      ##SPC59##
PAL  is prepared as follows:
PAR  2.89 g of
      5,7-diethyl-1,2,3,4,8,9,10,11-octahydro-dipyridino-[1,2-a:1',2'-a']benzo[1
     ,2-d:5,4-d']diimidazolium diiodide (7A01-Q2) are dissolved in 80 cm3 of
      dimethyl sulfoxide without boiling. Then 3.06 g of
      3-ethyl-5-acetanilidomethylene-2-thio-2,4-thiazolidine dione and 2.8 cm3
      of triethylamine are added. This mixture is heated for 3 h on a water-bath
      of 95.degree.C whereupon 1.4 cm3 of triethylamine are added and heating is
      continued for two hours. 100 cm3 of methanol are added to the solution
      whilst warm. After the formed dyestuff is sucked off, and washed several
      times with methanol, once with ethanol and once with petroleum naphtha,
      the dyestuff is recrystallized twice from a mixture of phenol and
      methanol. Melting point: &gt;260.degree.C. Absorption maximum: 620 m.mu.. Log
      .epsilon. : 5.460.
PAC  EXAMPLE 25
PAR  The methine dye (25-00) of the formula:
      ##SPC60##
PAL  is prepared as follows:
PAR  To 1.5 g of dimethylaminobenzaldehyde and 3.14 g of
      4-ethyl-2,3-dihydro-1H-pyrrolo[1,2 -a] benzimidazolium iodide (0A01-Q2) in
      acetic anhydride, 2.8 cm3 of triethylamine are added whereupon the mixture
      is refluxed for 15 min. The dye which crystallizes out on cooling is
      purified by recrystallizing twice from ethanol. Melting point:
      270.degree.C. Absorption maximum: 429 m.mu.. Log .epsilon. : 4.13.
PAC  EXAMPLE 26
PAR  The methine dye (26-00) of the following formula:
      ##SPC61##
PAL  is prepared as follows:
PAR  4.85 g of
      4-(.omega.-acetylsulfonamidebutyl)-6,7-dichloro-2,3-dihydro-1H-pyrrolo[1,2
     -a]benzimidazolium bromide (1A03-Q6) are dissolved in 125 cm3 of
      1-methoxy-2-(2-hydroxyethoxy)-ethane (methylcarbitol). The solution is
      heated to 100.degree.C and at this temperature 4.49 g of
      2-(.beta.-acetanilidovinyl)-3-ethylselenazolium iodide and then 2.8 cm3 of
      triethylamine are added. The reaction mixture is kept for 10 minutes at
      100.degree.C whereupon it is cooled. The dyestuff is precipitated by
      adding 200 cm3 of ether. Thereupon the ether is decanted and the crude
      dyestuff is washed with methanol. Finally the dyestuff is recrystallized
      twice from dimethyl formamide. Melting point: &gt; 260.degree.C. Absorption
      maximum: 478 m.mu..
      ##SPC62##
PAR  As shown in the following table P, the new methine dyes according to our
      invention spectrally sensitize photographic silver halide emulsions when
      incorporated therein.
PAR  It appeared that in comparison with the known N-alkylbenzimidazole dyes the
      major part of the new benzimidazole dyes, containing on the benzimidazole
      nucleus in the 1,2-positions an adjacent N-homo- or N-heteroalkylene
      nucleus, possesses a more bathochromic sensitization spectrum.
PAR  Also several of the new methine dyes are better compatible with the usual
      colour couplers. Especially noteworthy is that in comparison with the
      known N-alkyl substituted methine dyestuffs the new sensitizing dyes show
      a second sensitization maximum. So we can find in the new class of
      sensitizing dyes on the one hand dyes having only one sensitization
      maximum and which are therefor suitable for being applied in
      high-contrasty emulsions and on the other hand sensitizing dyes having a
      second sensitization maximum which are more suitable for being applied in
      emulsions for continuous tone reproduction.
PAR  Although the new methine dyes are especially useful for extending the
      spectral sensitivity of the customarily employed silver halide emulsions,
      the methine dyes according to this invention possess also optical
      sensitizing properties for inorganic photoconductive compounds such as
      zinc oxide and for organic photoconductive compounds such as those
      described in the French Pat. Specifications Nos. 1,271,986, 1,254,348,
      1,275,778, 1,261,206 and in the Belgian Pat. Specifications Nos. 594,974,
      589,239, 587,794, 595,696 and 597,616 and for the organic polymeric
      photoconductive compounds such as those described in the French Pat.
      Specifications Nos. 1,249,634, 1,254,023, 1,254,024 and 1,291,570.
PAR  The new methine dyes can be incorporated in the photoconductive layer by
      one of the methods customarily employed in the art.
PAR  It may be noticed that the new methine dyes, although they are especially
      useful for extending the spectral sensitivity of the customarily employed
      gelatino silver chloride, gelatino silver chloro-bromide, gelatino silver
      bromide, gelatino silver bromo-iodide and gelatino silver
      chloro-bromo-iodide emulsions, photographic emulsions containing
      water-permeable colloids other than gelatin, such as agar-agar, zeine,
      collodion, water-soluble cellulose derivatives, polyvinyl alcohol or other
      hydrophilic synthetic or natural resins or polymeric compounds, may
      equally well be sensitized according to the present invention.
PAR  To prepare photographic emulsions sensitized according to the invention
      with one or more of the new methine dyes, the methine dyes are
      incorporated in the photographic emulsion by one of the methods
      customarily employed in the art. In practice, it is convenient to add the
      methine dyes to the emulsion in the form of a solution in an appropriate
      solvent. The new methine dyes can be incorporated at any stage of the
      preparation of the emulsion and should be uniformly distributed throughout
      the emulsion. The concentration of the dyes in the emulsion can vary
      widely, for example from 1 to 200 mg per kg of flowable emulsion and will
      vary according to the effect desired. The suitable and most economical
      concentration for any given emulsion will be apparent to those skilled in
      the art, upon making the ordinary tests and observations customarily used
      in the art of emulsion making.
PAR  The new methine dyes are preferably incorporated into photographic
      emulsions the general sensitivity of which has been increased by physical
      and chemical ripening. As suitable chemical sensitizers may be mentioned
      the well-known sulphur sensitizers such as allylisothiocyanate,
      allylthiourea, sodium thiosulphate, potassium selenocyanide and the
      natural sensitizers originating in the gelatin, reducing sensitizers such
      as the imino-aminomethane sulphinic acid and the derivatives thereof,
      cadmium salts, and the salts of noble metals such as gold, platinum and
      palladium.
PAR  The photographic emulsions optically sensitized according to the invention
      may further be supersensitized and/or hypersensitized by one of the
      methods known to those skilled in the art.
PAR  In preparing the photographic emulsions according to the invention, the
      usual and suitable addenda such as antifogging agents, stabilizers,
      antibronzing agents, hardeners, wetting agents, plasticizers, development
      accelerators, colour couplers, fluorescent brighteners and ultra-violet
      screening compounds can moreover be incorporated in the emulsion in the
      manner customarily employed in the art. In this respect it may be
      mentioned that the sensitivity of the silver halide emulsions sensitized
      according to the process of the present invention is not adversely
      affected but rather enhanced by the presence therein of certain
      fluorescent compounds. Another advantage of the process for sensitizing
      silver halide emulsions according to the present invention is the
      compatibility of the new methine dyes, with anionic wetting agents and
      with colour couplers, which is of great importance in the application of
      the new methine dye salts for sensitizing the silver halide emulsions of a
      light-sensitive element for colour photography.
PAR  Emulsions sensitized with the new methine dyes can be coated in the usual
      manner on a suitable support such as glass, cellulose derivative film,
      resin film or paper.
PAR  The following table will serve to illustrate further the manner of
      practizing the invention. The optimum amounts of sensitizing methine dyes
      are incorporated into different portions of photographic gelatino-silver
      halide emulsions prepared with varying contents and kinds of halides. The
      different portions of emulsions are then coated on a support and exposed
      in the usual manner. The measurements are made with a spectrograph and a
      sensitometer. For the determination of the "total" speed the exposure of
      the sensitized light-sensitive material is executed without filter with a
      normal light or an incandescent lamp. For the determination of the speed
      "minus blue" the exposure of the sensitized light-sensitive material is
      executed through a yellow filter which transmits no light of wave-lengths
      shorter than 510 m.mu., for example a filter sold under the name "Geva 4"
      by Gevaert Photo-Producten N.V., Belgium. The following are several
      examples of such emulsions together with the speeds obtained after
      development of the exposed emulsions. These speed values are calculated in
      relation to the speed values of respectively the same, but non-sensitized
      emulsions.
TBL                                    Table P                                 

     __________________________________________________________________________

     Reference                                                                 

           weight of                                                           

                 emulsion                                                      

                        sensiti-                                               

                              speed                                            

                                   total                                       

     number of                                                                 

           dye in the                                                          

                 type   zation                                                 

                              (-blue)                                          

                                   speed                                       

     the dye                                                                   

           emulsion     max. m.mu.                                             

           mg/kg                                                               

     __________________________________________________________________________

     01-00 10    AgCl   640   510  --                                          

     02-00 30    AgCl   575   925  --                                          

     02-01 20    AgCl   590   --   420                                         

     02-02 30    AgCl   575   810  --                                          

     02-03 20    AgCl   590   725  --                                          

     03-00 20    AgCl/AgBr                                                     

                        520   550  --                                          

     04-00 30    AgBr/AgI                                                      

                        540   375  --                                          

     04-01 20    AgCl/AgBr                                                     

                        500   --   110                                         

     04-02 20    AgCl/AgBr                                                     

                        520   500  --                                          

     04-03 20    AgCl/AgBr                                                     

                        520   465  --                                          

     04-04 10    AgCl/AgBr                                                     

                        525   --   375                                         

     04-05 30    AgBr/AgI                                                      

                        540   425  --                                          

     04-06 30    AgBr/AgI                                                      

                        540   390  --                                          

     04-07 20    Agcl/AgBr                                                     

                        520   --   400                                         

     04-08 30    AgCl   540   --   710                                         

     04-09 20    AgCl/AgBr                                                     

                        490   --   300                                         

     04-10 20    AgCl   510   --   425                                         

     04-11 20    AgCl   515   --   400                                         

     04-12 20    AgCl   515   --   510                                         

     04-13 20    AgCl/AgBr                                                     

                        500   --   220                                         

     04-14 40    AgCl/AgBr                                                     

                        520   --   495                                         

     04-15 20    AgCl   505   --   210                                         

     04-16 20    AgCl   500   --   190                                         

     04-17 20    AgCl/AgBr                                                     

                        520   --   500                                         

     04-18 20    AgCl/AgBr                                                     

                        520   --   480                                         

     04-19 20    AgCl/AgBr                                                     

                        520   --   400                                         

     04-20 20    AgCl   510   --   190                                         

     04-21 20    AgCl/AgBr                                                     

                        525   --   610                                         

     04-22 20    AgCl/AgBr                                                     

                        500   --   200                                         

     04-23 20    AgCl/AgBr                                                     

                        510   --   325                                         

     04-24 10    AgCl/AgBr                                                     

                        520   --   310                                         

     04-25 10    AgCl/AgBr                                                     

                        515   --   290                                         

     04-26 20    AgCl/AgBr                                                     

                        500   --   220                                         

     04-27 20    AgCl   520   310  --                                          

     04-28 20    AgCl/AgBr                                                     

                        490   --   285                                         

     04-29 20    AgCl/AgBr                                                     

                        520   420  --                                          

     04-30 20    AgCl   505   --   375                                         

     04-31 20    AgCl   515   395  --                                          

     04-32 20    AgCl   520   385  --                                          

     04-33 30    AgCl/AgBr                                                     

                        520   410  --                                          

     04-34 30    AgCl/AgBr                                                     

                        520   390  --                                          

     04-35 30    AgCl/AgBr                                                     

                        500   --   410                                         

     04-36 30    AgCl/AgBr                                                     

                        500   --   420                                         

     04-37 20    AgCl   525   --   575                                         

     05-00 40    AgCl/AgBr                                                     

                        500   --   610                                         

     06-00 20    AgCl/AgBr                                                     

                        510   --   130                                         

     06-01 30    AgCl   540   --   1150                                        

     06-02 20    AgCl/AgBr                                                     

                        520   --   675                                         

     06-03 30    AgCl   520   --   310                                         

     06-04 30    AgCl   535   --   710                                         

     06-05 20    AgCl/AgBr                                                     

                        560   --   750                                         

     06-06 30    AgCl/AgBr                                                     

                        540   --   700                                         

     06-07 20    AgCl   530   --   520                                         

     07-00 30    AgBr/AgI                                                      

                        540   600  --                                          

     07-01 20    AgCl/AgBr                                                     

                        520   --   780                                         

     08-00 30    AgCl/AgBr                                                     

                        510   --   175                                         

     08-01 30    AgCl/AgBr                                                     

                        540   --   820                                         

     08-02 30    AgCl   540   --   1400                                        

     08-03 20    AgCl   545   --   700                                         

     08-04 30    AgCl   525   --   620                                         

     08-05 30    AgCl   540   --   825                                         

     08-06 20    AgCl/AgBr                                                     

                        520   420  --                                          

     08-07 20    AgCl/AgBr                                                     

                        520   --   415                                         

     08-08 30    AgCl/AgBr                                                     

                        520   --   710                                         

     08-09 30    AgCl/AgBr                                                     

                        520   --   810                                         

     08-10 20    AgCl/AgBr                                                     

                        520   --   510                                         

     08-11 30    AgCl   540   --   910                                         

     08-12 30    AgCl   540   --   940                                         

     08-13 20    AgCl/AgBr                                                     

                        520   --   220                                         

     08-14 20    AgCl/AgBr                                                     

                        545   --   420                                         

     08-15 20    AgCl/AgBr                                                     

                        520   --   490                                         

     08-16 30    AgCl   540   --   910                                         

     08-17 20    AgCl   555   --   730                                         

     08-18 20    AgCl/AgBr                                                     

                        580   --   250                                         

     09-00 20    AgCl   560   3100 --                                          

     09-01 30    AgCl/AgBr                                                     

                        580   1600 --                                          

     09-02 20    AgCl   535   --   740                                         

     09-03 30    AgCl   540   2450 --                                          

     09-04 30    AgCl   560   1250 --                                          

     09-05 20    AgCl   570   1350 --                                          

     09-06 20    AgCl   570   2450 --                                          

     09-07 20    Agcl   580   2600 --                                          

     09-08 20    AgCl   614   3000 --                                          

     09-09 20    AgCl   580   3100 --                                          

     09-10 20    AgCl   615   2900 --                                          

     09-11 30    AgCl   560   1400 --                                          

     10-00 20    AgCl   575   3200 --                                          

     10-01 30    AgCl   580   --   900                                         

     10-02 20    AgCl   580   1600 --                                          

     10-03 20    AgCl   560   1925 --                                          

     10-04 20    AgCl   540   --   450                                         

     10-05 20    AgCl   570-580                                                

                              --   600                                         

     10-06 20    AgCl   570   3060 --                                          

     10-07 20    AgCl   600   3150 --                                          

     10-08 20    AgCl   595   --   1600                                        

     10-09 20    AgCl   590   --   1800                                        

     10-10 20    AgCl   540(575)                                               

                              3225 --                                          

     10-11 20    AgCl   580   3175 --                                          

     10-12 20    AgCl   580   3150 --                                          

     10-13 20    AgCl   580   1750 --                                          

     10-14 20    AgCl   580   --   410                                         

     11-00 30    AgBr/AgI                                                      

                        560   --   675                                         

     12-00 20    AgCl/AgBr                                                     

                        520   --   625                                         

     12-01 20    AgCl/AgBr                                                     

                        540   --   510                                         

     12-02 30    AgCl/AgBr                                                     

                        550   --   425                                         

     13-00 20    AgCl/AgBr                                                     

                        520   --   525                                         

     14-00 30    AgBr/AgI                                                      

                        555   --   820                                         

     15-00 30    AgCl/AgBr                                                     

                        555   --   725                                         

     16-00 20    AgCl   570   --   820                                         

     17-00 30    AgCl/AgBr                                                     

                        575   --   415                                         

     18-00 30    AgCl   590   --   1050                                        

     18-01 30    AgCl   570   120  --                                          

     18-02 30    AgCl   570   --   850                                         

     18-03 30    AgCl   575   310  --                                          

     18-04 30    AgCl   570   --   1550                                        

     18-05 20    AgCl   575   --   920                                         

     18-06 20    AgCl   580   --   1275                                        

     18-07 30    AgCl   580   --   1180                                        

     18-08 30    AgCl   600   --   845                                         

     18-09 30    AgCl   590   --   1120                                        

     18-10 30    AgCl   570   --   1050                                        

     18-11 30    AgCl   605   --   825                                         

     18-12 20    AgCl   580   --   710                                         

     19-00 30    AgCl   550   250  --                                          

     19-01 20    AgCl   575   --   710                                         

     21-00 30    AgCl/AgBr                                                     

                        650   --   1450                                        

     22-00 30    AgCl/AgBr                                                     

                        640   --   1050                                        

     23-00 20    AgCl/AgBr                                                     

                        670   --   825                                         

     24-00 20    AgCl   645   --   720                                         

     25-00  100  AgCl   430-485                                                

                              --   590                                         

     26-00 20    AgCl/AgBr                                                     

                        525   --   575                                         

     26-01 20    AgCl/AgBr                                                     

                        560   --   645                                         

     26-02 20    AgCl/AgBr                                                     

                        520   --   590                                         

     26-03 20    AgCl/AgBr                                                     

                        525   --   610                                         

     __________________________________________________________________________

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC63##
PAL  wherein X represents an anion.
NUM  2.
PAR  2. A sensitizing dye for photographic silver halide emulsions selected from
      the class consisting of merocyanine and styryl dyes, said dyes derived
      from 1,2-alkylene benzimidazole or 1,2-alkylene naphthimidazole in which
      the alkylene group contains from 3 to 4 carbon atoms in the chain
      connecting the nitrogen atom in the 1-position and the carbon atom in the
      2-position of the imidazole ring.
NUM  3.
PAR  3. A compound of the formula:
      ##SPC64##
PAL  wherein:
PA1  Z represents the non-metallic atoms necessary to complete a heterocyclic
      nucleus selected from the group consisting of benzimidazole and
      naphthimidazole;
PA1  n represents an integer of from 1 to 2;
PA1  m represents an integer from 1 to 2;
PA1  R represents a member selected from the class consisting of lower alkyl, a
      hydroxy-lower alkyl, an acetoxy-lower alkyl, a sulpho-lower alkyl, and a
      carboxy-lower alkyl;
PA1  R.sub.4, r.sub.5, and R.sub.6 each represents a hydrogen atom, lower alkyl
      or phenyl
PA1  X represents an acid radical, and
PA1  R.sub.2 and R.sub.3 each represents a member selected from the group
      consisting of hydrogen, lower alkyl, and phenyl.
NUM  4.
PAR  4. A compound of the formula
      ##SPC65##
PAL  wherein X represents an anion.
NUM  5.
PAR  5. A compound of the formula
      ##SPC66##
PAL  wherein X represents an anion.
NUM  6.
PAR  6. A compound of the formula
      ##SPC67##
PAL  wherein X represents an anion.
NUM  7.
PAR  7. A compound of the formula
      ##SPC68##
PAL  wherein X represents an anion.
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ABST
PAL  The preparation of 2-(1,3-diazacycloalkenyl)-2-hydrazones of 1-(substituted
      2-benzofuranyl)-3-(substituted aryl)-2-propen-1-ones is described. These
      compounds are useful as anti-tubercular agents in warm blooded animals.
BSUM
PAC  PRIOR ART
PAR  The present application is related to our application Ser. No. 437,549,
      filed Jan. 20, 1974, and directed to the preparation of
      2-(1,3-diazacycloalkenyl)-2-hydrazones of substituted chalcones.
PAC  DESCRIPTION OF THE INVENTION
PAR  The substituted benzofuranyl compounds of the present invention may be
      illustrated by the following formula:
      ##SPC1##
PAL  Wherein R.sub.1 and R.sub.3 may be the same or different and are selected
      from the group consisting of hydrogen, chloro, bromo, fluoro, C.sub.1
      -C.sub.4 alkoxy, C.sub.1 -C.sub.4 alkyl, phenyl, and C.sub.1 -C.sub.4
      alkyl thio, R.sub.2 is selected from the group consisting of hydrogen,
      C.sub.1 -C.sub.4 alkyl and phenyl, R.sub.4 is hydrogen, C.sub.1 -C.sub.4
      alkyl or chloro, and when R.sub.3 and R.sub.4 are present on adjacent
      carbon atoms, they may represent --O--CH.sub.2 --O, n is 2, 3 or 4, or an
      acid addition salt thereof.
PAR  The acid addition salts may be for example hydrochloride, hydrobromide,
      hydroiodide, sulfate, nitrate, phosphate, hydrochloride n-propanolate,
      etc.
PAR  The present compounds are usually crystalline solids and in the form of
      their salts are somewhat soluble in water.
PAR  One method of preparing compounds of the present invention is illustrated
      by the following reaction:
      ##SPC2##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and n are as defined
      hereinbefore and whereby the appropriately substituted 2-propen-1-one is
      boiled with an equivalent quantity of the hydrazine in a suitable solvent
      such as propanol and in which there is present from slightly over one to
      two or more equivalents of a strong acid such as hydrochloric acid. The
      boiling is continued for approximately 1 to 2 hours during which time the
      volume is allowed to reduce to approximately half. The product may be
      removed directly from the cooled reaction medium as the acid salt or as
      the free base following dilution with water and basification.
PAR  The reaction is carried out in a hydrophilic solvent such as ethanol,
      n-propanol, butanol, dioxane, 2-methoxyethanol, etc. at a temperature
      which may vary from about 70.degree.C. to 140.degree.C. The time for
      completing the reaction may vary from about 0.5 to 16 hours. As catalyst,
      a small portion of hydrohalic acid may be added to the reaction mixture.
PAR  The compounds of this invention are active against Mycobacterium
      tuberculosis H37Rv infections in mice when tested in accordance with the
      following procedure.
PAR  Carworth Farms CF1 female white mice, 4 to 6 weeks old weighing 17 to 22 g.
      are infected with Mycobacterium tuberculosis H37Rv by intravenous
      administration of 0.2 ml. of a buffered saline suspension containing
      approximately 1.5 mg./ml. wet weight of a 12 to 14 day culture of the test
      organism grown on Sauton's agar medium. Routinely 200-300 mice are given
      this standard infection and then segregated in a random manner into cages
      each of which holds 5 to 10 mice. Four groups of 5 mice each are retained
      as untreated controls and the remaining mice are used to ascertain
      activity of the compounds under test. During a one year experience with
      this test, the standard infection defined above caused a 99.5% mortality,
      in that 756 of the 760 infected untreated control mice died within 28
      days, the normal period of the test.
PAR  A measured amount of each compound to be tested is administered orally,
      incorporated in a Standard Diet to groups of infected mice for 14 days,
      after which the mice are fed untreated Standard Diet. Control animals
      receive untreated Standard Diet for the entire test period and all animals
      are allowed to feed at will. Tests are terminated 28 days after the day of
      infection. A compound is judged active if it either saves 1 or 2 of 2 mice
      in a test group or 2 or more of 5 mice in a test group in two tests, or
      prolongs average survival time by 4 or more days compared to untreated
      controls.
PAR  The Standard Diet used in this test procedure is a commercial feed
      designated for laboratory mice and rats composed of the following
      ingredients: Animal liver meal, fish meal, dried whey, corn and wheat
      flakes, ground yellow corn, ground oat groats, dehulled soybean meal,
      wheat germ meal, wheat middlings, can molasses, dehydrated alfalfa meal,
      soybean oil, brewers' dried yeast, irradiated dried yeast (source of
      Vitamin D.sub.2), riboflavin, niacin, calcium pantothenate, choline
      chloride, Vitamin A palmitate, D-activated animal sterol,
      .alpha.-tocopherol, dicalcium phosphate, thiamine hydrochloride, menadione
      sodium bisulfite (source of Vitamin K activity), salt and traces of
      maganous oxide, copper sulfate, iron carbonate, potassium iodate, cobalt
      sulfate and zinc oxide. This commercial feed has a guaranteed analysis of
      a minimum of 24.0% crude protein, a minimum of 4.0% crude fat and a
      maximum of 4.5% crude fiber and is sold under the trademark Wayne Lab-Blox
      by Allied Mills Inc., Chicago, Ill.
PAR  The following Table shows the activity of representative compounds of this
      invention against Mycobacterium tuberculosis infections in mice.
TBL                TABLE                                                       

     ______________________________________                                    

                               Alive/Total Mice                                

     Compound Percent of Compound                                              

                               Tested 28 Days                                  

     of Example                                                                

              in Diet          After Infection                                 

     ______________________________________                                    

     5        0.05                5/5                                          

              0.0125              2/5                                          

     6        0.05                2/5                                          

     7        0.05                4/5                                          

     8        0.05                5/5                                          

              0.0125              2/5                                          

     9        0.05                5/5                                          

              0.0125              2/5                                          

     10       0.05                3/5                                          

     11       0.05                5/5                                          

              0.0125              3/5                                          

     12       0.05                4/5                                          

     13       0.05                4/5                                          

     14       0.05                4/5                                          

              0.0125              2/5                                          

     15       0.05                4/5                                          

     16       0.05                5/5                                          

              0.0125              3/5                                          

     17       0.05                5/5                                          

     18       0.05                2/5                                          

     19       0.05                3/5                                          

     20       0.05                5/5                                          

              0.0125              2/5                                          

     21       0.05                4/5                                          

     22       0.05                5/5                                          

     23       0.05                2/5                                          

     24       0.05                4/5                                          

              0.0125              2/5                                          

     25       0.05                2/5                                          

     27       0.05                4/5                                          

     28       0.05                3/5                                          

     29       0.05                2/5                                          

     30       0.05                3/5                                          

     31       0.05                4/5                                          

     32       0.05                5/5                                          

     36       0.05                4/5                                          

     ______________________________________                                    

PAR  Compositions containing as the active component a
      2-(1,3-diazacycloalkenyl)-2-hydrazone of a 1-(substituted
      2-benzofuranyl)-3-(substituted aryl)-2-propen-1-one of this invention may
      be administered to warm blooded animals orally, or parenterally if
      desired, and when so administered, may be considered as an agent for the
      therapeutic treatment of tuberculosis infections in daily doses ranging
      from about 10 mg. to about 100 mg. per kilogram of body weight. The dose
      regimen can be adjusted to provide optimum therapeutic response. Thus, for
      example, several smaller doses may be administered daily, or the dose may
      be reduced or increased proportionately as indicated by the requirements
      or the particular therapeutic situation.
PAR  The active compounds of this invention may be incorporated with
      pharmaceutically acceptable carriers such as excipients and used, for
      example, in the form of tablets, dragees, capsules, suppositories,
      liquids, elixirs, emulsions, suspensions or the like. Such compositions
      and preparations should contain at least 5% active component. The
      percentage in the compositions and preparations may, of course, be varied
      and may conveniently be between 10 and 60% or more of the weight of the
      unit. The amount of compound in such therapeutically useful composition or
      preparation is such that a suitable dosage will be obtained. Preferred
      compositions or preparations according to the present invention are
      prepared so that a dosage unit form contains between about 10 and about
      500 mg. of the active compound. In addition to the therapeutic compound
      there may be present excipients, binders, fillers and other
      therapeutically inert ingredients necessary in the formulation of the
      desired pharmaceutical preparation.
DETD
PAC  SPECIFIC DISCLOSURE
PAR  The following examples describe the preparation of intermediates and the
      use of these intermediates in the preparation of the products of this
      invention.
PAC  EXAMPLE 1
PAC  Preparation of Starting Material 2-Hydrazino-2-imidazoline hydrochloride
PAR  A 33.0 g. (0.135 mole) portion of 2-methylthio-2-imidazoline hydroiodide is
      dissolved in 300 ml. of water and treated with 8 ml. (0.16 mole) of
      hydrazine hydrate. The mixture is stirred at room temperature for 20 hours
      and then taken to dryness under reduced pressure. The residue is dissolved
      in 250 ml. of water and again taken to dryness under reduced pressure. The
      residue is redissolved in 250 ml. of water and added to a mixture of 250
      ml. of water, 25 ml. of concentrated hydrochloric acid and 25 g. of silver
      oxide. The resulting mixture is stirred on a steam bath for 4 hours and
      then filtered. The filtrate is reduced to dryness under reduced pressure.
      The residue is dissolved in 300 ml. of ethanol and 20 ml. of water at the
      boil, clarified and cooled at -10.degree.C. The precipitate is collected,
      washed with ethanol and ether and dried at 60.degree.C. and then
      110.degree.C. under reduced pressure. Yield 11.6 g., m.p.
      177.degree.-180.degree.C.
PAR  Analysis calculated for C.sub.3 H.sub.8 H.sub.4 . HCl: C, 26,38; H, 6.64;
      N, 41.02; Cl, 25.96. Found: C, 26.06; H, 6.38; N, 40.13; Cl, 25.59.
PAC  EXAMPLE 2
PAC  Preparation of Starting Material 2-Hydrazino-4-methyl-2-imidazoline
      dihydrochloride
PAR  Eighty grams of 4-methyl-2-methylthio-2-imidazoline hydroiodide, 20 ml. of
      100% hydrazine hydrate and 250 ml. of ethanol are combined and heated
      under reflux for 16 hours. Removal of solvent leaves a glassy solid which
      resists attempts at crystallization. Conversion to the hydrochloride salt
      is similarly unsuccessful. However, solution of the solid in n-propanol
      followed by addition of an equivalent of anhydrous hydrogen chloride in
      the same solvent gives the dihydrochloride salt, melting at
      128.degree.-131.degree.C.
PAR  Analysis calculated for C.sub.4 H.sub.10 N.sub.4 . 2HCl: C, 25.68; H, 6.47;
      N, 29.95; Cl, 37.90. Found: C, 24.96; H, 6.25; N, 30.04; Cl 37.39.
PAC  EXAMPLE 3
PAC  Preparation of Starting Material 2-Hydrazino-1,4,5,6-tetrahydropyrimidine
      hydrochloride
PAR  A 35 g. (0.3 mole) portion of 2-mercapto-1,4,5,6-tetrahydropyrimidine in
      500 ml. of ethanol is stirred as 30 ml. of methyl iodide is added. The
      mixture is refluxed with stirring for 8 hours. A 25 ml. portion of
      concentrated hydrochloric acid and 48 g. of silver chloride are added and
      the mixture is stirred at reflux for 1 hour and then allowed to stand at
      room temperature for 2.5 days. The mixture is refluxed for 5 more hours,
      clarified and the filtrate is reduced to an oil under reduced pressure.
      The oil is dissolved in 100 ml. of boiling isopropanol and then cooled at
      -10.degree.C. A 300 ml. portion of acetone is added and the mixture is
      kept at -10.degree.C. The precipitate which forms is collected, washed
      with acetone and dried at 60.degree.C. under reduced pressure. This solid
      is dissolved in 150 ml. of ethanol, treated with 8 ml. (0.16 mole) of
      hydrazine hydrate and stirred at reflux for 6 hours. The mixture is
      filtered hot and cooled at -10.degree.C. The mixture is diluted with 150
      ml. of ether and stored at -10.degree.C. The precipitate which forms is
      collected, washed with 150 ml. of ether and dried under reduced pressure
      at 60.degree.C. Yield 17.9 g., m.p. 191.degree.-192.degree.C.
PAR  Analysis calculated for C.sub.4 H.sub.10 N.sub.4 . HCl: C, 31.90; H, 7.36;
      N, 37.20; Cl, 23.54. Found: C, 32.14; H, 7.38; N, 37.98; Cl, 22.89.
PAC  EXAMPLE 4
PAC  Preparation of Starting Material
      2-Hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine hydrochloride
PAR  A 38.5 g. (0.14 mole) portion of
      2-methylthio-4,5,6,7-tetrahydro-1H-1,3-diazepine hydroiodide is slurried
      in a mixture of 500 ml. of water and 40 g. (0.3 mole) of silver chloride.
      The mixture is stirred on a steam bath for 16 hours. The mixture is
      filtered and the filtrate is taken to dryness under reduced pressure. The
      residue is dissolved in 150 ml. of ethanol to which is added 7 ml. (0.14
      mole) of hydrazine hydrate. The mixture is refluxed for 3 hours, clarified
      and cooled at -10.degree.C. A 150 ml. portion of ether is added. The
      precipitate which forms is collected, washed with 150 ml. of ether and
      dried at 60.degree.C. under reduced pressure yielding 19.4 g., m.p.
      192.degree.-193.degree.C.
PAR  Analysis calculated for C.sub.5 H.sub.12 N.sub.4 . HCl: C, 36.47; H, 7.96;
      N, 34.03; Cl, 21.53. Found: C, 36.23; H, 8.07; N, 34.05; Cl, 21.49.
PAC  EXAMPLE 5 Preparation of the
      4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      1-(2-Benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  A mixture of 5.66 g. of
      1-(2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one, prepared from
      p-chlorobenzaldehyde and 2-acetylbenzofuran in methanol and a trace of
      alkali, and 3.3 g. of 2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine
      hydrochloride in 100 ml. of n-propanol containing 3 drops of concentrated
      hydrochloric acid is heated to boiling and allowed to concentrate to 50
      ml. over the course of 1 hour. The cooled solution is diluted with 3
      volumes of water and basified with saturated sodium bicarbonate solution.
      The formed oil is washed three times with water by decantation and then
      boiled in 100 ml. of methanol and cooled yielding 3.4 g. of pale yellow
      solid, m.p. 178.degree.-180.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.21 ClN.sub. 4 O: C, 67.25; H, 5.39;
      N, 14.26; Cl, 9.02. Found: C, 66.90; H, 5.41; N, 14.16; Cl, 9.29.
PAC  EXAMPLE 6
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      1-(2-Benzofuranyl)-3-(p-fluorophenyl)-2-propen-1-one
PAR  The procedure of Example 5 is followed, employing 5.32 g. of
      1-(2-benxofuranyl)-3-(p-fluorophenyl)-2-propen-1-one and 3.3 g. of
      2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepin hydrochloride. The addition
      of water and sodium bicarbonate solution gives an oil which is washed
      twice with water. The oil is taken up in 250 ml. of methanol. A yellow
      solid precipitates which is collected by filtration, washed with methanol
      and dried yielding 4.0 g., m.p. 160.degree.-161.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.21 N.sub.4 OF: C, 70.19; H, 5.62; N,
      14.88. Found: C, 69.97; H, 5.68; N, 14.88.
PAR  The starting material, 1-(2-benzofuranyl)-3-(p-fluorophenyl)-2-propen-1-one
      is prepared by the reaction of 2-acetylbenzofuran and p-fluorobenzaldehyde
      in methanol solution in the presence of aqueous sodium hydroxide. This
      starting material melts at 110.degree.-111.degree.C.
PAC  EXAMPLE 7
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      1-(2-Benzofuranyl)-3-(p-bromophenyl)-2-propen-1-one n-propanolate
PAR  The procedure of Example 5 is followed, employing 6.5 g. of
      1-(2-benzofuranyl)-3-(p-bromophenyl)-2-propen-1-one and 3.3 g. of
      2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine hydrochloride. The yellow
      solid is precipitated from methanol, collected and dried, yielding 5.5 g.,
      m.p. 166.degree.-168.degree.C. as the n-propanolate.
PAR  Analysis calculated for C.sub.22 H.sub.21 N.sub.4 OBr . C.sub.3 H.sub.8 O:
      C, 60.37; H, 5.88; N, 11.26. Found: C, 60.62; H, 4.77; N, 11.68.
PAR  The starting material, 1-(2-benzofuranyl)-3-(p-bromophenyl)-2-propen-1-one
      is prepared by the reaction of 2-acetylbenzofuran of Example 6 and
      p-bromobenzaldehyde in a methanol solution in the presence of aqueous
      sodium hydroxide. This starting material melts at
      155.degree.-156.degree.C.
PAC  EXAMPLE 8
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      1-(2-Benzofuranyl-3-(3,4-methylenedioxyphenyl)-2-propen-1-one
PAR  The procedure of Example 5 is followed, employing 5.85 g. of
      1-(2-benzofuranyl)-3-(3,4-methylenedioxyphenyl)-2-propen-1one and 3.3 g.
      of 2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine hydrochloride. The
      yellow solid is precipitated from methanol, collected and dried yielding
      5.9 g., m.p. 185.degree.-186.degree.C.
PAR  Analysis calculated for C.sub.23 H.sub.22 N.sub.4 O.sub. 3 : C, 68.64; H,
      5.51; N, 13.92. Found: C, 68.33; H, 5.57; N, 13.88.
PAR  The starting material
      1-(2-benzofuranyl)-3-(3,4-methylenedioxyphenyl)-2-propen-1-one is prepared
      by the reaction of 2-acetylbenzofuran of Example 6and 3,4-(methylenedioxy)
      benzaldehyde in methanol solution in the presence of aqueous sodium
      hydroxide. The starting material melts at 158.degree.-160.degree.C.
PAC  EXAMPLE 9
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      1-(2-Benzofuranyl)-3-m-tolyl-2-propen-1-one
PAR  The procedure of Example 5 is followed, employing 5.2 g. of
      1-(2-benzofuranyl)-3-m-tolyl-2-propen-1-one and 3.3 g. of
      2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine hydrochloride. The
      addition of water gives a mixture of a yellow solid and a hard gum. The
      yellow solid is recovered by filtration, washed with methanol and water
      and dried yielding the product, m.p. 138.degree.-140.degree.C.
PAR  Analysis calculated for C.sub.23 H.sub.24 N.sub.4 O: C, 74.17; H, 6.50; N,
      15.04. Found: C, 73.82; H, 6.59; N, 14.98.
PAR  The starting material, 1-(2-benzofuranyl)-3-m-tolyl-2-propen-1-one is
      prepared by the reaction of 2-acetylbenzofuran of Example 6and
      3-m-tolualdehyde in methanol solution in the presence of aqueous sodium
      hydroxide. The starting material melts at 83.degree.-84.degree.C.
PAC  EXAMPLE 10
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      1-(2-Benzofuranyl)-3-(3,4-dichlorophenyl)-2-propen-1-one
PAR  The procedure of Example 5 is followed, employing 6.32 g. of
      1-(2-benzofuranyl)-3-(3,4-dichlorophenyl)-2-propen-1-one and 3.3 g. of
      2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine hydrochloride. The yellow
      solid is precipitated from methanol, collected and dried yielding 5.0 g.,
      m.p. 164.degree.-166.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.20 N.sub.4 OCl.sub.2 : C, 61.83; H,
      4.72; N, 13.11; Cl, 16.60. Found: C, 61.75; H, 4.70; N, 12.47; Cl, 16.91.
PAR  The starting material,
      1-(2-benzofuranyl)-3-)3,4-dichlorophenyl)-2-propen-1-one is prepared by
      the reaction of 2-acetylbenzofuran and 3,4-dichlorobenzaldehyde in
      methanol solution in the presence of aqueous sodium hydroxide. The
      starting material melts at 148.degree.-149.degree.C.
PAC  EXAMPLE 11
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Chloro-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  A mixture of 6.34 g. of
      1-(5-chloro-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one and 3.0 g.
      of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 125 ml. of
      n-propanol containing 3 drops of concentrated hydrochloric acid is boiled
      for 2 hours and concentrated to 75 ml. The solution is cooled at
      4.degree.C. A solid which forms is removed by filtration and discarded.
      The filtrate is combined with 2 volumes of water and basified with excess
      sodium bicarbonate solution yielding a yellow gum which is also set aside.
      The mother liquor is combined with a third volume of water yielding a
      yellow solid which is collected and dried yielding 3.5 g., m.p.
      163.degree.-165.degree.C.
PAR  Analysis calculated for C.sub.21 H.sub.18 N.sub.4 OCl.sub.2 : C, 61.03; H,
      4.39; N, 13.56; Cl, 17.16. Found: C, 60.64; H, 4.32; N, 11.81; Cl, 17.21.
PAR  The starting material
      1-(5-chloro-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one is prepared
      by the reaction of 2-acetyl-5-chlorobenzofuran and 4-chlorobenzaldehyde in
      methanol solution in the presence of aqueous sodium hydroxide. The
      starting material melts at 171.degree.-173.degree.C.
PAC  EXAMPLE 12
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(7-Ethoxy-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  A mixture of 9.81 g. of
      1-(7-ethoxy-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one and 4.52 g.
      of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 150 ml. of
      n-propanol containing 3 drops of concentrated hydrochloric acid is boiled
      for 2 hours, concentrated to 100 ml., cooled and then diluted with 4
      volumes of water and basified with sodium bicarbonate solution. The yellow
      gum which forms is washed with water, drained dry, dissolved in 150 ml. of
      boiling methanol and cooled yielding a gum. The supernatant liquid is
      treated with 1 volume of water yielding a yellow solid, which is washed
      with water and dried. The gum and solid are combined and then
      recrystallized from 150 ml. of ethanol yielding the desired product as 3.4
      g. of yellow-orange crystals, m.p. 168.degree.-170.degree.C.
PAR  Analysis calculated for C.sub.23 H.sub.23 N.sub.4 O.sub.2 Cl: C, 65.31; N,
      5.48; N, 13.25; Cl, 8.38. Found: C, 65.1; H, 5.35; N, 13.04; Cl, 8.44.
PAR  The starting material
      1-(7-ethoxy-2-benzofuranyl)-3-p-chlorophenyl-2-propen-1-one is prepared by
      the reaction of 7-ethoxy-2-acetylbenzofuran and p-chlorobenzaldehyde in
      methanol solution in the presence of aqueous sodium hydroxide. The
      starting material melts at 125.degree.-127.degree.C.
PAC  EXAMPLE 13
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(6-Methoxy-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  The procedure of Example 5 is followed, employing 6.26 g. of
      1-(6-methoxy-2-benzofuranyl-3-(p-chlorophenyl)-2-propen-1-one and 3.0 g.
      of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride. The cooled
      n-propanol solution is basified with saturated sodium bicarbonate solution
      and diluted with 5 volumes of water, yielding a dark gum. This gum is
      washed with water and then recrystallized from 350 ml. of methanol
      yielding 3.4 g. of yellow crystals, m.p. 173.degree.-175.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.21 N.sub.4 O.sub.2 Cl: C, 64.62; H,
      5.18; Cl, 8.67; N, 13.70. Found: C, 64.93; H, 5.37; Cl, 8.53; N, 13.54.
PAR  The starting material
      1-(6-methoxy-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one is prepared
      by the reaction of 2-acetyl-6-methoxybenzofuran and 4-chlorobenzaldehyde
      in methanol solution in the presence of aqueous sodium hydroxide. The
      starting material melts at 180.degree.-182.degree.C.
PAC  EXAMPLE 14
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of
      1-(5-chloro-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  The procedure of Example 5 is followed, employing 3.2 g. of
      1-(5-chloro-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one and 1.73 g.
      of 2-hydrazino-2-imidazoline hydrochloride. The n-propanol solution is
      cooled, concentrated to 50 ml. and filtered. The filtrate is basified with
      saturated sodium bicarbonate solution and diluted with 3 volumes of water
      yielding a yellow-green gummy solid. This solid is mixed with 50 ml. of
      n-propanol and filtered. The filtrate is added to 2 volumes of water. A
      yellow solid forms which is collected and dried yielding 3.0 g., m.p.
      106.degree.-108.degree.C.
PAR  Analysis calculated for C.sub.20 H.sub.16 N.sub.4 OCl.sub.2 : C, 60.15; H,
      4.04; N, 14.03; Cl, 17.76. Found: C, 59.51; H, 4.26; N, 12.16; Cl, 17.31.
PAR  The starting material
      1-(5-chloro-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one is prepared
      by the reaction of 5-chloro-2-acetylbenzofuran and p-chlorobenzaldehyde in
      methanol solution in the presence of aqueous sodium hydroxide. The
      starting material melts at 171.degree.-175.degree.C.
PAC  EXAMPLE 15
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Chloro-2-benzofuranyl)-3-(p-methoxyphenyl)-2-propen-1-one
      hydrochloride
PAR  A 4.70 g. portion of
      1-(5-chloro-2benzofuranyl)-3-(p-methoxyphenyl)-2-propen-1-one and 2.40 g.
      of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in a mixture of
      60 ml. of ethanol and 40 ml. of chloroform containing 3 drops of
      concentrated hydrochloric acid is boiled for 80 minutes yielding a clear
      yellow solution to which n-propanol is added to replace evaporated
      solvent. The solution is concentrated under reduced pressure to produce a
      gum. The gum is dissolved in 20 ml. of benzene and ether is added which on
      trituration produces a yellow solid. This solid is recrystallized from
      ethanol yielding 3.89 g. of pale yellow crystals, m.p.
      224.degree.-226.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.21 N.sub.4 O.sub.2 Cl . HCl: C,
      59.3; H, 5.0; N, 12.6; Cl, 15.9. Found: C, 58.9; H, 5.1; N, 12.4; Cl,
      15.8.
PAR  The starting material,
      1-(5-chloro-2-benzofuranyl)-3-(p-methoxyphenyl)-2-propen-1-one is prepared
      by the reaction of 5-chloro-2-benzofuranyl methyl ketone and
      p-anisaldehyde in methanol solution in the presence of aqueous sodium
      hydroxide. The starting material melts at 164.degree.-167.degree.C.
PAC  EXAMPLE 16
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Bromo-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  The procedure of Example 5 is followed, employing 7.5 g. of
      1-(5-bromo-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one and 3.12 g.
      of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride. The
      concentrated n-propanol solution is basified with saturated sodium
      bicarbonate solution and diluted with 2 volumes of water which produces a
      yellow gum. The gum is washed twice with water, dissolved in 200 ml. of
      n-propanol filtered and cooled producing 5.3 g. of hard orange grains,
      m.p. 190.degree.-192.degree.C.
PAR  Analysis calculated for C.sub.21 H.sub.18 N.sub.4 OBrCl: C, 55.10; H, 3.96;
      N, 12.24; Br, 17.46; Cl, 7.75. Found: C, 54.78; H, 4.16; N, 12.13; Br,
      15.92; Cl, 8.30.
PAR  The starting material
      1-(5-bromo-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one is prepared
      by the reaction of 5-bromo-2-benzofuranyl methyl ketone and
      p-chlorobenzaldehyde in methanol solution in the presence of aqueous
      sodium hydroxide. The starting material melts at 183.degree.-185.degree.C.
PAC  EXAMPLE 17
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Phenyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
      hydrochloride
PAR  A mixture of 7.18 g. of
      1-(5-phenyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one and 3.02 g.
      of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 150 ml. of
      n-propanol containing 5 drops of concentrated hydrochloric acid is boiled
      for 2 hours and concentrated to about 75 ml. After cooling, a cream
      colored precipitate forms which is filtered, washed with n-propanol and
      dried yielding 6.5 g., m.p. 203.degree.-205.degree.C.
PAR  Analysis calculated for C.sub.27 H.sub.23 N.sub.4 OCl . HCl: C, 65.99; H,
      4.93; N, 11.40; Cl, 14.43. Found: C, 64.15; H, 4.75; N, 11.10; Cl, 14.12.
PAR  The starting material
      1-(5-phenyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one is prepared
      by the reaction of 2-acetyl-5-phenyl benzofuran and 4-chlorobenzaldehyde
      in methanol solution in the presence of aqueous sodium hydroxide. The
      starting material melts at 180.degree.-182.degree.C.
PAC  EXAMPLE 18
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(7-Methoxy-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
      hydrochloride
PAR  A mixture of 6.26 g. of
      1-(7-methoxy-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one and 3.02 g.
      of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 150 ml. of
      n-propanol containing 4 drops of concentrated hydrochloric acid is boiled
      for 1.5 hours, concentrated to about 50 ml. and cooled yielding a solid.
      This solid is filtered washed with n-propanol and dried yielding a pale
      yellow solid, 5.7 g., m.p. 243.degree.-245.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.21 N.sub.4 O.sub.2 Cl . HCl: C,
      59.32; H, 4.98; N, 12.58; Cl, 15.93. Found: C, 58.78; H, 5.41; N, 12.35;
      Cl, 15.47.
PAR  The starting material
      1-(7-methoxy-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one is prepared
      by the reaction of 7-methoxy-2-benzofuranyl methyl ketone and
      p-chlorophenyl benzaldehyde in methanol solution in the presence of
      aqueous sodium hydroxide. The starting material melts at
      148.degree.-151.degree.C.
PAC  EXAMPLE 19
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Methoxy-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1one
PAR  A mixture of 6.26 g. of
      1-(5-methoxy-2-benzofuranyl)-3(p-chlorophenyl)-2-propen-1-one and 3.02 g.
      of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 150 ml. of
      n-propanol containing 4 drops of concentrated hydrochloric acid is heated
      to boiling and then cooled overnight. This solution is basified with
      saturated sodium bicarbonate solution and diluted with 4 volumes of water
      producing a gum. This gum is filtered, washed with water, dried and
      recrystallized from 100 ml. of n-propanol yielding a bright yellow solid,
      4.6 g., m.p. 182.degree.-183.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.21 N.sub.4 O.sub.2 Cl: C, 64.62; H,
      5.18; N, 13.70; Cl, 8.67. Found: C, 64.77; H, 5.42; N, 13.72; Cl, 8.76.
PAR  The starting material
      1-(5-methoxy-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one is prepared
      by the reaction of 5-methoxy-2-benzofuranyl methyl ketone and
      p-chlorobenzaldehyde in methanol solution in the presence of aqueous
      sodium hydroxide. The starting material melts at 138.degree.-139.degree.C.
PAC  EXAMPLE 20
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Methyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one methylate
PAR  A mixture of 11 g. of
      1-(5-methyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one and 5.6 g.
      of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in n-propanol is
      refluxed for 2-3 hours with periodic additions of concentrated
      hydrochloric acid. The mixture is concentrated to 50 ml., cooled basified
      with saturated sodium bicarbonate solution and diluted to 250 ml. The gum
      which forms is washed with water and dissolved in 350 ml. of boiling
      methanol, filtered and then cooled yielding 10.2 g. of yellow grains, m.p.
      160.degree.-162.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.21 N.sub.4 OCl . OCH.sub.3 : C,
      65.03; H, 5.93; N, 13.20; Cl, 8.34. Found: C, 65.16; H, 6.09; N, 13.47;
      Cl, 8.37.
PAR  The starting material
      1-(5-methyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one is prepared
      by the reaction of 5-methyl-2-benzofuranyl methyl ketone and
      p-chlorobenzaldehyde in methanol solution in the presence of aqueous
      sodium hydroxide. The starting material melts at 175.degree.-176.degree.C.
PAC  EXAMPLE 21
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(1,3-Dioxolo[4,5-f]
      [1]benzofuran-6-yl)-3-(p-chlorophenyl)-2-propen-1-one hydrochloride,
      n-propanolate
PAR  A mixture of 6.6 g. of 1-(1,3-dioxolo[4,5-f]
      [1]benzofuran-6-yl)-3-(p-chlorophenyl)-2-propen-1-one and 3.0 g. of
      2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 150 ml. of
      n-propanol containing 5 drops of concentrated hydrochloric acid is boiled
      for 2 hours, concentrated to 50 ml. and cooled giving a yellow solid. This
      solid is washed with n-propanol, dried and recrystallized from 200 ml. of
      n-propanol containing activated charcoal, yielding 8.0 g., m.p.
      180.degree.-183.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.19 N.sub.4 O.sub.3 Cl . HCl .
      C.sub.3 H.sub.7 OH: C, 57.80; H, 5.43; N, 10.79; Cl, 13.65. Found: C,
      57.67; H, 5.67; N, 10.58; Cl, 13.40.
PAR  The starting material 1-(1,3-dioxolo[4,5-f]
      [1]benzofuran-6-yl)-3-(p-chlorophenyl)-2-propen-1-one is prepared by the
      reaction of 2-acetyl-5,6-methylenedioxy benzofuran and
      p-chlorobenzaldehyde in methanol solution in the presence of aqueous
      sodium hydroxide. The starting material melts at 243.degree.-245.degree.C.
PAC  EXAMPLE 22
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(3-Phenyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  The procedure of Example 5 is followed employing 7.2 g. of
      1-(3-phenyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one (prepared as
      described in Example 18) and 3.1 g. of
      2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride. The concentrated
      n-propanol mixture is filtered while hot through diatomaceous earth and
      then cooled yielding 2.0 g. of a yellow solid, m.p.
      115.degree.-117.degree.C.
PAR  Analysis calculated for C.sub.27 H.sub.23 N.sub.4 OCl: C, 71.27; H, 5.10;
      N, 12.31; Cl, 7.79. Found: C, 71.09; H, 5.11; N, 11.14; Cl, 7.41.
PAC  EXAMPLE 23
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Methyl-2-benzofuranyl)-3-(p-methoxyphenyl)-2-propen-1-one
      hydrochloride
PAR  A mixture of 4.5 g. of
      1-(5-methyl-2-benzofuranyl)-3-(p-methoxyphenyl)-2-propen-1-one and 3.0 g.
      of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 60 ml. of
      n-propanol is boiled for 40 minutes and then concentrated to dryness. The
      residue is dissolved in benzene and filtered. On cooling a yellow solid
      crystallizes which is collected, washed with benzene and n-propanol 4.0
      g., m.p. 213.degree.-216.degree.C.
PAR  Analysis calculated for C.sub.23 H.sub.24 N.sub.4 O.sub.2 . HCl: C, 65.0;
      H, 5.9; N, 13.2; Cl, 8.3. Found: C, 64.6; H, 6.1; N, 13.3; Cl, 8.9.
PAR  The starting material
      1-(5-methyl-2-benzofuranyl)-3-(p-methoxyphenyl)-2-propen-1-one is prepared
      by the reaction of 5-methyl-2-benzofuranyl methyl ketone and
      p-anisaldehyde in methanol solution in the presence of aqueous sodium
      hydroxide. The starting material melts at 136.degree.-137.degree.C.
PAC  EXAMPLE 24
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Chloro-3-methyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
      hydrochloride
PAR  A mixture of 9.93 g. of
      1-(5-chloro-3-methyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one and
      4.52 g. of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 150
      ml. of n-propanol containing 6 drops of concentrated hydrochloric acid is
      boiled for 2 hours. The yellow solid is removed by filtration, washed with
      n-propanol and dried. This solid is recrystallized from 225 ml. of
      n-propanol yielding 5.6 g. of yellow crystals, m.p.
      260.degree.-265.degree.C.
PAR  Analysis calculated for C.sub.21 H.sub.20 N.sub.4 Cl.sub.2 O . HCl: C,
      56.97; H, 4.56; N, 12.08; Cl, 22.93. Found: C, 57.30; H, 4.60; N, 11.50;
      Cl, 22.34.
PAR  The starting material
      1-(5-chloro-3-methyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one is
      prepared by the reaction of 3-methyl-5-chlorobenzofuran-2-yl methyl ketone
      and p-chlorobenzaldehyde in methanol solution in the presence of aqueous
      sodium hydroxide. The starting material melts at 170.degree.-172.degree.C.
PAC  EXAMPLE 25
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1,3-Bis(5-chloro-2-benzofuranyl)-2-propen-1-one
PAR  A mixture of 3.57 g. of 1,3-bis(5-chloro-2-benzofuranyl)-2-propen-1-one and
      1.51 g. of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 150
      ml. of n-propanol containing 5 drops of concentrated hydrochloric acid is
      boiled for 2 hours, cooled and then filtered. The filtrate is basified
      with saturated sodium bicarbonate solution and diluted with 3 volumes of
      water yielding a solid. This solid is dissolved in 200 ml. of methanol,
      filtered and boiled until the product forms as orange crystals, 1.2 g.,
      m.p. 162.degree.-164.degree.C.
PAR  Analysis calculated for C.sub.23 H.sub.18 N.sub.4 Cl.sub.2 O.sub.2 : C,
      60.94; H, 4.02; N, 12.36; Cl, 15.64.  Found: C, 60,83; H, 4.15; N, 12.17;
      Cl, 15.83.
PAR  The starting material 1,3-bis(5-chloro-2-benzofuranyl)-2-propen-1-one is
      prepared by the reaction of 5-chlorobenzofuran-2-yl methyl ketone and
      5-chlorobenzofuran-2-yl carboxaldehyde in methanol solution in the
      presence of aqueous sodium hydroxide. The starting material melts at
      225.degree.-227.degree.C.
PAC  EXAMPLE 26
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of
      1-(5-Chloro-2-benzofuranyl)-3-[p-(methylthio)phenyl]-2-propen-1-one
      hydrochloride
PAR  A mixture of 3.3 g. of
      1-(5-chloro-2-benzofuranyl)-3-[p-(methylthio)phenyl]-2-propen-1-one and
      1.9 g. of 2-hydrazino-2-imidazoline hydrochloride in 100 ml. of n-propanol
      is boiled for 1 hour, filtered and concentrated to a gum. The gum is
      dissolved in chloroform, filtered and concentrated with the addition of
      benzene to obtain a gum. The benzene is decanted and the gum is triturated
      with ethanol producing a white solid which is collected by filtration,
      washed with ethanol and ether yielding 1.54 g., m.p.
      236.degree.-237.degree.C.
PAR  Analysis calculated for C.sub.21 H.sub.19 ClN.sub.4 OS . HCl: C, 56.38; H,
      4.50; Cl, 15.85; N, 12.52; S, 7.17. Found: C, 56.13; H, 4,58; Cl, 16.14;
      N, 12.68; S, 6.75.
PAR  The starting material
      1-(5-chloro-2-benzofuranyl)-3-[p-(methylthio)phenyl]-2-propen-1-one is
      prepared by the reaction of 5-chloro-2-benzofuranyl methyl ketone with
      p-(methylthio)benzaldehyde in isopropanol solution containing hydrogen
      chloride as catalyst. This ketone melts at 162.degree.-163.degree.C.
PAC  EXAMPLE 27
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Chloro-2-benzofuranyl)-3-m-tolyl-2-propen-1-one hydrochloride
PAR  A mixture of 4.45 g. of
      1-(5-chloro-2-benzofuranyl)-3-m-tolyl-2-propen-1-one and 2.9 g. of
      2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 40 ml. of
      n-propanol is boiled for 50 minutes and then concentrated. The residue is
      dissolved in chloroform which is then removed and replaced with benzene
      and then a mixture of ether and n-propanol. The pale yellow crystals which
      form are washed with n-propanol and ether yielding 3.06 g., m.p.
      218.5.degree.-219.5.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.21 N.sub.4 OCl . HCl . 1/3H.sub.2 O:
      C, 60.70; H, 5.25; N, 12.87; Cl, 16.29. Found: C, 60.53; H, 5.10; N,
      13.25; Cl, 16.34.
PAR  The starting material 1-(5-chloro-2-benzofuranyl)-3-m-tolyl-2-propen-1-one
      is prepared by reacting 5-chloro-2-benzofuranyl methyl ketone with
      m-tolualdehyde in isopropanol solution containing hydrogen chloride as
      catalyst. This ketone melts at 151.5.degree.-152.5.degree.C.
PAC  EXAMPLE 28
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Chloro-2-benzofuranyl)-3-(3,5-xylyl)-2-propen-1-one hydrochloride
PAR  A mixture of 4.7 g. of
      1-(5-chloro-2-benzofuranyl)-3-(3,5-xylyl)-2-propen-1-one and 3.0 g. of
      2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 50 ml. of
      n-propanol and 30 ml. of benzene is boiled for 1 hour, concentrated to
      about 20 ml. and 5 ml. of ether is added. The pale yellow crystals are
      washed with n-propanol and ether yielding 4.70 g., m.p.
      239.degree.-240.degree.C.
PAR  Analysis calculated for C.sub.23 H.sub.23 OClN.sub.4 . HCl . 1/3H.sub.2 O:
      C, 61.48; H, 5.53; N, 12.47; Cl, 15.78. Found: C, 61.41; H, 5.35; N,
      12.49; Cl, 15.94.
PAR  The starting material
      1-(5-chloro-2-benzofuranyl)-3-(3,5-xylyl)-2-propen-1-one is prepared by
      reacting 5-chloro-2-benzofuranyl methyl ketone with
      3,5-dimethylbenzaldehyde in isopropanol solution containing hydrogen
      chloride as catalyst. This ketone melts at 122.5.degree.-123.5.degree.C.
PAC  EXAMPLE 29
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5,7-Dichloro-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  A mixture of 3.51 g. of
      1-(5,7-dichloro-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one and 1.51
      g. of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 100 ml. of
      n-propanol containing 5 drops of concentrated hydrochloric acid is boiled
      for 1 hour, concentrated to about 75 ml. and filtered. The filtrate is
      treated with 2 volumes of water and basified with saturated sodium
      bicarbonate solution. The bright yellow precipitate is washed with water
      and then boiled in 100 ml. of n-propanol. On cooling an orange solid
      forms. Concentration of the mother liquor gives additional solid. The
      combined solids are dissolved in 25 ml. of boiling chloroform, filtered
      and cooled, yielding bright yellow crystals 0.5 g., m.p.
      232.degree.-233.degree.C.
PAR  Analysis calculated for C.sub.21 H.sub.17 N.sub.4 OCl.sub.3 : c, 56.33; H,
      3.83; N, 12.52; Cl, 23.76. Found: C, 56.19; H, 3.90; N, 12.67; Cl, 24.22.
PAR  The starting material
      1-(5,7-dichloro-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one is
      prepared by the reaction of 5,7-dichlorobenzofuran-2-yl methyl ketone and
      p-chlorobenzaldehyde in methanol solution in the presence of sodium
      hydroxide. The starting material melts at 90.degree.-91.degree.C.
PAC  EXAMPLE 30
PAC  preparation of the (4-Methyl-2-imidazolin-2-yl)hydrazone of
      1-(2-Benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  A mixture of 2.83 g. of
      1-(2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one prepared as described
      in Example 5 and 1.87 g. of 2-hydrazino-4-methyl-2-imidazoline
      dihydrochloride in 75 ml. of n-propanol is boiled for 1 hour, concentrated
      to about 40 ml. and cooled. The concentrate is diluted with 3 volumes of
      water and basified with saturated sodium bicarbonate solution. The gum
      which forms is washed twice with water and dissolved in 75 ml. of methanol
      and concentrated by boiling to 50 ml. The solid which forms is
      recrystallized from ethanol yielding 1.0 g., m.p.
      182.degree.-184.degree.C.
PAR  Analysis calculated for C.sub.21 H.sub.19 N.sub.4 OCl: C, 66.75; H, 5.17;
      N, 14.83; Cl, 9.39. Found: C, 66.61; H, 5.19; N, 14.51; Cl, 9.39.
PAC  EXAMPLE 31
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      1-(5-Chloro-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  A mixture of 3.17 g. of
      1-(5-chloro-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one (prepared as
      described in Example 15) and 2.01 g. of
      2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine hydrochloride in 75 ml. of
      n-propanol is boiled for 1 hour and concentrated to 50 ml. The supernatant
      is diluted with 3 volumes of water and basified with sodium bicarbonate
      solution. The light yellow solid is washed with water and boiled in 100
      ml. of ethanol. On cooling a yellow solid forms which is washed with
      ethanol and dried yielding 2.5 g., m.p. 210.degree.-212.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.20 N.sub.4 OCl.sub.2 : C, 61.83; H,
      4.72; N, 13.11; Cl, 16.60. Found: C, 61.29; H, 4.86; N, 13.21; Cl, 16.53.
PAC  EXAMPLE 32
PAC  Preparation of the (1,4,5,6-Tetrahydro-5-pyrimidinyl)hydrazone of
      1-(2-Benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  A mixture of 2.82 g. of
      1-(2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one (prepared as
      described in Example 5) and 1.51 g. of
      2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 75 ml. of
      n-propanol is treated as described in Example 31. After basification the
      product hardens, is filtered, washed with water and dried. This solid is
      recrystallized from 250 ml. of ethanol yielding 2.3 g. of yellow solid,
      m.p. 182.degree.-184.degree.C.
PAR  Analysis calculated for C.sub.21 H.sub.19 N.sub.4 OCl: C, 66.75; H, 5.17;
      N, 14.83; Cl, 9.39. Found: C, 66.58; H, 5.21; N, 14.77; Cl, 9.58.
PAC  EXAMPLE 33
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Chloro-2-benzofuranyl)-3-(4-biphenylyl)-2-propen-1-one
PAR  A mixture of 5.3 g. of
      1-(5-chloro-2-benzofuranyl)-3-(4-biphenylyl)-2-propen-1-one and 2.9 g. of
      2-hydrazino-1,4,5,6-tetrahydropyrimidine dihydrochloride in 100 ml. of
      n-propanol is heated to boiling for 1 hour and concentrated giving a gummy
      solid. This solid is extracted with chloroform from aqueous alkaline,
      washed and dried to a gum. This gum is crystallized from a
      benzene-methanol mixture and purified by passing through an alumina
      column, eluting with chloroform. The product is crystallized from a
      mixture of chloroform and methanol as yellow crystals, 3.52 g., m.p.
      208.degree.-209.degree.C.
PAR  Analysis calculated for C.sub.27 H.sub.23 N.sub.4 OCl: C, 71.28; H, 5.10;
      N, 12.31. Found: C, 71.06; H, 5.26; N, 12.04.
PAR  The starting material
      1-(5-chloro-2-benzofuranyl)-3-(4-biphenylyl)-2-propen-1-one is prepared by
      reacting 5-chloro-2-benzofuranyl methyl ketone with
      4-biphenylcarboxaldehyde in isopropanol solution containing hydrogen
      chloride catalyst. This ketone melts at 204.degree.-205.degree.C.
PAC  EXAMPLE 34
PAC  Preparation of the 2-Imidazolin-2-ylhydrazone of
      1-(5-Methyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  A mixture of 3 g. of
      1-(5-methyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one (prepared as
      described in Example 20) and 1.73 g. of 2-hydrazino-2-imidazolidine
      dihydrochloride in n-propanol is treated as described in Example 18. The
      solidified oil is boiled in 100 ml. of methanol and cooled. The solid is
      washed with methanol and dried yielding 2.0 g., m.p.
      202.degree.-204.degree.C.
PAR  Analysis calculated for C.sub.21 H.sub.19 N.sub.4 OCl: C, 66.57; H, 5.05;
      N, 14.78; Cl, 9.36. Found: C, 65.88; H, 5.19;  N, 14.67; Cl, 9.31.
PAC  EXAMPLE 35
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Methyl-2-benzofuranyl)-3-(3,5-xylyl)-2-propen-1-one
PAR  A mixture of 4.80 g. of
      1-(5-methyl-2-benzofuranyl)-3-(3,5-xylyl)-2-propen-1-one and 3.2 g. of
      2-hydrazino-1,4,5,6-tetrahydropyrimidine dihydrochloride in 100 ml. of
      n-propanol is boiled for 30 minutes, cooled and concentrated. The residue
      is extracted with chloroform, dried, concentrated and crystallized from
      ether yielding 4.26 g. of yellow crystals, m.p.
      142.5.degree.-143.5.degree.C.
PAR  Analysis calculated as C.sub.24 H.sub.26 N.sub.4 O: C, 74.58; H, 6.78; N,
      14.50. Found: C, 74.16; H, 7.17; N, 14.24.
PAR  The starting material
      1-(5-methyl-2-benzofuranyl)-3-(3,5-xylyl)-2-propen-1-one is prepared by
      reacting 5-chloro-2-benzofuranyl methyl ketone with
      3,5-dimethylbenzaldehyde in isopropanol solution containing hydrogen
      chloride catalyst. This ketone melted at 156.degree.-157.degree.C.
PAC  EXAMPLE 36
PAC  Preparation of the 4,5,6,7-Tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      1-(5-Methyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  A mixture of 3 g. of
      1-(5-methyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one (prepared as
      described in Example 20) and 2 g. of
      2-hydrazino-4,5,6,7-tetrahydro-1H-1,3-diazepine dihydrochloride is treated
      as described in Example 35. The yellow solid is boiled in 100 ml. of
      methanol, cooled, filtered, washed with methanol and dried. This solid is
      recrystallized from ethanol yielding 2.0 g. of yellow solid, m.p.
      183.degree.-185.degree.C.
PAR  Analysis calculated for C.sub.23 H.sub.23 N.sub.4 OCl: C, 67.89; H, 5.70;
      N, 13.77; Cl, 8.71. Found: C, 68.12; H, 6.06; N, 13.50; Cl, 8.64.
PAC  EXAMPLE 37
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-tert-Butyl-2-benzofuranyl)-3-p-chlorophenyl)-2-propen-1-one
PAR  A mixture of 6.8 g. of
      1-(5-tert-butyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one and 3.02
      g. of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 100 ml. of
      n-propanol containing 5 drops of concentrated hydrochloric acid is boiled
      and concentrated over a 1-2 hour period to 50 ml. The mixture is diluted
      to 200 ml. with water and basified with sodium bicarbonate solution
      yielding a yellow gum which is dissolved in 100 ml. of boiling methanol,
      filtered and cooled. This solution is treated with 3 volumes of water
      giving a yellow precipitate which is dissolved in 200 ml. of hot methanol,
      filtered and cooled yielding 2.3 g. of yellow solid, m.p.
      136.degree.-138.degree.C.
PAR  Analysis calculated for C.sub.25 H.sub.27 N.sub.4 OCl: C, 69.02; H, 6.26;
      N, 12.88; Cl, 8.15. Found: C, 68.75; H, 6.28; N, 12.27; Cl, 8.12.
PAR  The starting material
      1-(5-tert-butyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one is
      prepared by the reaction of 5-t-butylbenzofuran-2-yl methyl ketone and
      p-chlorobenzaldehyde in methanol solution in the presence of aqueous
      sodium hydroxide. The starting material melts at 174.degree.-176.degree.C.
PAC  EXAMPLE 38
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Chloro-2-benzofuranyl)-3-[p-(methylthio)phenyl]-2-propen-1-one
      hydrochloride
PAR  A mixture of 3.90 g. of
      1-(5-chloro-2-benzofuranyl)-3-[p-(methylthio)phenyl]-2-propen-1-one
      (prepared as described in Example 26) and 2.6 g. of
      2-hydrazino-1,4,5,6-tetrahydropyrimidine dihydrochloride in 50 ml. of
      n-propanol is boiled for 40 minutes and concentrated to about 20 ml.
      yielding yellow crystals which are filtered and then dissolved in
      chloroform. This solution is then concentrated and benzene is added
      yielding yellow cyrstals. This product is recrystallized from chloroform
      while adding n-propanol and removing chloroform yielding 4.0 g., m.p.
      204.degree.-206.degree.C.
PAR  Analysis calculated for C.sub.22 H.sub.21 N.sub.4 SOCl . HC1 . 1/2H.sub.2
      O: C, 56.17; H, 4.93; N, 11.91; Cl, 15.07; S, 6.81. Found: C, 56.02; H,
      4.99; N, 12.01; Cl, 15.10; S, 6.57.
PAC  EXAMPLE 39
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5,7-Dimethyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  A mixture of 6.2 g. of
      1-(5,7-dimethyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one and 3.02
      g. of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride is refluxed
      in 100 ml. of n-propanol containing 5 drops of concentrated hydrochloric
      acid for 3 hours and concentrated to 50 ml. On cooling a pale yellow solid
      forms which is washed with n-propanol and then recrystallized from
      n-propanol. This solid is stirred in an excess of sodium bicarbonate
      solution, filtered, washed with water and dried. This solid is dissolved
      in 150 ml. of methanol, clarified, treated with excess sodium bicarbonate
      solution and water yielding 1.5 g. of light yellow solid, m.p.
      115.degree.-117.degree.C.
PAR  Analysis calculated for C.sub.23 H.sub.23 N.sub.4 ClO: C, 67.89; H, 5.70;
      N, 13.77; Cl, 8.71. Found: C, 67.59; H, 5.71; N, 13.58; Cl, 8.67.
PAR  The starting material
      1-(5,7-dimethyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one is
      prepared by the reacting of 5,7-dimethylbenzofuran-2-yl methyl ketone and
      p-chlorobenzaldehyde in methanol solution in the presence of aqueous
      sodium hydroxide. The starting material melts at 110.degree.-112.degree.C.
PAC  EXAMPLE 40
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(3-Methyl-5,7-dimethoxy-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-on
     e hydrochloride n-propanolate
PAR  A mixture of 8.95 g. of
      1-(3-methyl-5,7-dimethoxy-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-on
     e and 3.77 g. of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in
      150 ml. of n-propanol containing 5 drops of concentrated hydrochloric acid
      is boiled for 2 hours, filtered and then cooled yielding 4.0 g. of yellow
      solid, m.p. 230.degree.-233.degree.C.
PAR  Analysis calculated for C.sub.24 H.sub.25 N.sub.4 O.sub.3 Cl . HCl: C,
      58.89; H, 5.36; N, 11.45; Cl, 14.49. Found: C, 58,54; H, 5.59; N, 9.64;
      Cl, 13.21.
PAR  The starting material
      1-(3-methyl-5,7-dimethoxy-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-on
     e is prepared by the reaction of 3-methyl-5,7-dimethoxybenzofuran-2-yl
      methyl ketone and p-chlorobenzaldehyde in methanol solution in the
      presence of aqueous sodium hydroxide. The starting material melts at
      127.degree.-128.degree.C.
PAC  EXAMPLE 41
PAC  Preparation of the (1,4,5,6-Tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Isopropyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
PAR  A mixture of 9.75 g. of
      1-(5-isopropyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one and 4.5
      g. of 2-hydrazino-1,4,5,6-tetrahydropyrimidine hydrochloride in 300 ml. of
      n-propanol containing 5 drops of concentrated hydrochloric acid is boiled
      for 3 hours and concentrated to 150 ml. The mixture is cooled, poured into
      700 ml. of water and basified with excess sodium bicarbonate solution. The
      gum which forms is filtered, washed with water and dissolved in 350 ml. of
      methanol, yielding a yellow oil. The supernatant is poured off and cooled
      giving a yellow-orange precipitate 1.1 g., m.p. 113.degree.-115.degree.C.
PAR  Analysis calculated for C.sub.24 H.sub.25 N.sub.4 OCl: C, 68.47; H, 5.99;
      N, 13,31; Cl, 8.42. Found: C, 68.12; H, 5.96; N, 12.67; Cl, 8.12.
PAR  The starting material
      1-(5-isopropyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one is
      prepared by the reaction of 5-isopropylbenzofuran-2-yl methyl ketone and
      p-chlorobenzaldehyde in methanol solution in the presence of aqueous
      sodium hydroxide solution. The starting material melts at
      140.degree.-142.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from those of the formula:
      ##SPC3##
PAL  wherein R.sub.1 and R.sub.3 may be the same or different and are selected
      from the group consisting of hydrogen, chloro, bromo, fluoro, C.sub.1
      -C.sub.4 alkoxy, phenyl, C.sub.1 -C.sub.4 alkyl, and C.sub.1 -C.sub.4
      alkyl thio, R.sub.2 is selected from the group consisting of hydrogen,
      C.sub.1 -C.sub.4 alkyl and phenyl, R.sub.4 is hydrogen, C.sub.1 -C.sub.4
      alkyl or chloro and when R.sub.3 and R.sub.4 are present on adjacent
      carbon atoms, they may represent --O--CH.sub.2 --O--, n is 2, 3 or 4 or an
      acid addition salt thereof.
NUM  2.
PAR  2. The compound in accordance with claim 1,
      4,5,6,7-tetrahydro-1H-1,3-diazepin-2-ylhydrazone of
      1-(2-benzofuranyl)-3-(p-chlrophenyl)-2-propen-1-one.
NUM  3.
PAR  3. The compound in accordance with claim 1,
      (1,4,5,6-tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-chloro-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one.
NUM  4.
PAR  4. The compound in accordance with claim 1,
      (1,4,5,6-tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-bromo-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one.
NUM  5.
PAR  5. The compound in accordance with claim 1,
      (1,4,5,6-tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-chloro-2-benzofuranyl)-3-(4-biphenylyl)-2-propen-1-one.
NUM  6.
PAR  6. The compound in accordance with claim 1,
      (1,4,5,6-tetrahydro-2-pyrimidinyl)hydrazone of
      1-(5-Phenyl-2-benzofuranyl)-3-(p-chlorophenyl)-2-propen-1-one
      hydrochloride.
NUM  7.
PAR  7. The compound in accordance with claim 1,
      (1,4,5,6-tetrahydro-2-pyrimidinyl)hydrazone of 1-(1,3-dioxolo[4,5-f]
      [1]-benzofuran-6yl)-3-(p-chlorophenyl)-2-propen-1-one hydrochloride,
      n-propanolate.
NUM  8.
PAR  8. The compound in accorance with claim 1,
      (1,4,5,6-tetrahydro-2-pyrimidinyl)hydrazone of
      1,3-bis(5-chloro-2-benzofuranyl)-2-propen-1-one.
NUM  9.
PAR  9. A method of preparing a compound of the formula:
      ##SPC4##
PAL  wherein R.sub.1 and R.sub.3 may be the same or different and are selected
      from the group consisting of hydrogen, chloro, bromo, fluoro, C.sub.1
      -C.sub.4 alkoxy, phenyl, C.sub.1 -C.sub.4 alkyl, and C.sub.1 -C.sub.4
      alkyl thio, R.sub.2 is selected from the group consisting of hydrogen,
      C.sub.1 -C.sub.4 alkyl and phenyl, R.sub.4 is hydrogen, C.sub.1 -C.sub.4
      alkyl or chloro and when R.sub.3 and R.sub.4 are present on adjacent
      carbon atoms, they may represent --O--CH.sub.2 --O--, n is 2, 3 or 4 or an
      acid addition salt thereof, which comprises heating a compound of the
      formula:
      ##SPC5##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are as defined above, with a
      compound of the formula:
      ##EQU1##
      wherein n is as defined above, in the presence of a hydrophilic solvent
      and recovering said compound therefrom.
NUM  10.
PAR  10. A compound selected from those of the formula:
      ##SPC6##
PAL  wherein R.sub.1 and R.sub.3 may be the same or different and are selected
      from the group consisting of hydrogen, chloro, bromo, fluoro, C.sub.1
      -C.sub.4 -alkoxy, phenyl, C.sub.1 -C.sub.4 -alkyl and C.sub.1 -C.sub.4
      alkyl thio, R.sub.2 is selected from the group consisting of hydrogen
      C.sub.1 -C.sub.4 -alkyl and phenyl, R.sub.4 is hydrogen, C.sub.1 -C.sub.4
      alkyl or chloro and when R.sub.3 and R.sub.4 are present on adjacent
      carbon atoms they may represent --O--CH.sub.2 --O-- and an acid addition
      salt thereof.
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ABST
PAL  Pure cis and
      trans-6-substituted-11-aminoalkylidene-5,6-dihydromorphanthridines are
      prepared by treating the morphanthridines unsubstituted in the 6-position
      with a Grignard reagent in a suitable solvent such as tetrahydrofuran.
      Among the compounds disclosed are:
PA1  Cis-2-Chloro-11-(3-dimethylaminopropylidene)-6-phenyl-5,6-dihydromorphanthr
     idine, and
PA1  Trans-2-Chloro-11-(3-dimethylaminopropylidene)-6-methyl-5,6-dihydromorphant
     hridine.
PAL  The compounds are useful as antihypertensive and anti-Parkinson agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Methods of preparing
      11-(3-dimethylaminopropylidene)-6-methyl-5,6-dihydromorphanthridines are
      disclosed in Belgian Pat. No. 732,405; Belgian Pat. No. 652,938; and
      British Pat. No. 1,207,116. The prior art methods possess the disadvantage
      of producing mixtures of the cis and trans isomer forms which often are
      undesirable because the pharmacological activity may reside in only one of
      the isomers.
PAC  DETAILED DESCRIPTION
PAR  The method of the present invention relates to the preparation of compounds
      of the formula:
      ##SPC1##
PAL  In which n and m are 0 to 3, R is a lower alkyl of 1 to 4 carbon atoms,
      phenyl or a nuclear substituted phenyl such as p-chlorophenyl and
      p-methoxyphenyl, R.sub.1 and R.sub.2 are hydrogen, lower alkyl of 1 to 4
      carbon atoms or an aralkyl of 7 to 13 carbon atoms such as benzyl,
      phenethyl or phenylisopropyl, and X and Y are hydrogen, fluoro, chloro,
      bromo, trifluormethyl, hydroxy, lower alkyl of 1 to 4 carbon atoms or a
      lower alkoxy such as methoxy, ethoxy or propoxy.
PAR  In the preferred practice of the invention a pure cis or trans isomer of a
      corresponding 6-unsubstituted morphanthridine is dissolved in a suitable
      solvent such as tetrahydrofuran and the mixture is allowed to react at
      room temperature, or, if desired, heated to reflux until the reaction is
      essentially complete. Normally the reaction proceeds to completion in
      about four hours. The reaction mixture is then decomposed with ammonium
      chloride, filtered and the filtrate concentrated to yield the desired
      product. The process may be illustrated as follows:
      ##SPC2##
PAL  In which all of the symbols are as previously defined.
PAR  Representative of the morphanthridines which may be used as starting
      materials are the following:
PA1  Cis-2-Chloro-11-(3 -dimethylaminopropylidene)morphanthridine, and
PA1  Trans-2-Chloro-11-(3-dimethylaminopropylidene)morphanthridine.
PAR  The unsubstituted morphanthridines are disclosed in U.S. Pat. No.
      3,699,099.
PAR  Representative of the final compounds that may be prepared by the method of
      the present invention are:
PA1  Cis-2-Chloro-11-(3-dimethylaminopropylidene)-6-methyl-5,6-dihydromorphanthr
     idine,
PA1  Cis-2-Chloro-11-(3-dimethylaminopropylidene)-6-phenyl-5,6-dihydromorphanthr
     idine,
PA1  Trans-2-Chloro-11-(3-dimethylaminopropylidene)-6-methyl-5,6-dihydromorphant
     ridine, and
PA1  Tran-2-Chloro-11-(3-dimethylaminopropylidene)-6-phenyl-5,6-dihydromorphanth
     ridine.
PAR  The methyl substituted compounds are disclosed in Belgian Pat. No. 652,938
      and U.S. Pat. No. 3,692,906. They are antihypertensive agents and
      anti-tremor agents, as well as intermediates in the preparation of the
      corresponding morphanthridines. When either the cis or the trans form of
      many of the compounds possess activity, whereas the corresponding isomer
      does not, it is extremely important that the isomers be obtained in as
      pure a form as possible. Prior to the development of the method of the
      present invention, it was extremely difficult to obtain the pure isomers
      without going through extensive separation procedures after the
      preparation of the final compounds.
DETD
PAR  The practice of the present invention is further illustrated by the
      following examples:
PAC  EXAMPLE 1
PAC  trans-2-Chloro-11-(3-dimethylaminopropylidene)-6-phenyl-5,6-dihydromorphant
     hridine
PAR  A Grignard reagent is prepared from 11.0 g. (0.07 M) of bromobenzene, 1.70
      g. (0.07 M) of magnesium and 70 ml. of tetrahydrofuran. A solution of
      trans-2-chloro-11-(3-dimethylaminopropylidene)morphanthridine (10.9 g.,
      0.035 M) in 100 ml. of tetrahydrofuran is added and the mixture stirred at
      room temperature for 18 hours, cooled in ice and decomposed with 17 ml. of
      saturated ammonium chloride. The solids are filtered and the residue is
      taken up in ether. Addition of dilute hydrochloric acid precipitates a
      viscous, water insoluble oil. This is dissolved in methanol and treated
      with 10% sodium hydroxide. The oil is taken up in ether and the solution
      washed with saturated sodium chloride and dried over potassium carbonate.
      The residue is distilled in a Kugelrohr apparatus to give 11.5 g. of
      trans-2-chloro-11-(3-dimethylaminopropylidene)-6-phenyl-5,6-dihydromorphan
     thridine as a yellow-brown glass. Redistillation at
      140.degree.-150.degree./0.02 mm. gives 11.2 g. of the product.
PAR  Anal. Calcd. for C.sub.25 H.sub.25 ClN.sub.2 : C, 77.21; H, 6.48; Cl, 9.11;
      N, 7.20.   Found: C, 77.14; H, 6.62; Cl, 9.15; N, 7.02.
PAC  EXAMPLE 2
PAC  cis-2-Chloro-11-(3-dimethylaminopropylidene)-6-methyl-5,6-dihydromorphanthr
     idine
PAR  To a Grignard reagent prepared from 28.4 g. (0.2 M) of methyl iodide, 5.4
      g. (0.22 M) magnesium and 200 ml. of ether, a solution of 31.1 g. (0.1 M)
      of cis-2-chloro-11-(3-dimethylaminopropylidene)morphanthridine in 300 ml.
      of ether is added in a slow stream. After 3.5 hours, the mixture is cooled
      in ice and decomposed with 20 ml. of saturated ammonium chloride solution.
      The solids are filtered and leached with chloroform. The combined
      filtrates are dried  over potassium carbonate and concentrated. The
      residue is recrystallized from 175 ml. of ethanol to give 24.3 g. of
      cis-2-chloro-11-(3-dimethylaminopropylidene)-6-methyl-5,6-dihydromorphanth
     ridine as a light yellow solid, m.p. 142.degree.-144.degree.. A 4.3 g.
      portion recrystallized from 25 ml. of ethanol gives 3.5 g. of the product,
      m.p. 143.degree.-146.degree..
PAR  Anal. Calcd. for C.sub.20 H.sub.23 ClN.sub.2 : C, 73.49; H, 7.09; Cl,
      10.85; N, 8.57.   Found: C, 73.35; H, 7.14; Cl, 10.94; N, 8.47.
PAC  EXAMPLE 3
PAC  trans-2-Chloro-11-(3-dimethylaminopropylidene-6-methyl-5,6-dihydromorphanth
     ridine
PAR  The Grignard reagent is prepared from 19.9 g. (0.14 M) of methyl iodide,
      3.40 g. (0.14 M) of magnesium and 150 ml. of dry ether. To this a solution
      of 21.8 g. (0.07 M) of
      trans-2-chloro-11-(3-dimethylaminopropylidene)morphanthridine in 200 ml.
      of ether is added, the mixture is stirred for four hours, cooled in ice
      and decomposed with 11 ml. of saturated ammonium chloride. The solids are
      filtered and the filtrate extracted with dilute hydrochloric acid. The
      solids are stirred with chloroform and the latter evaporated to give 24.8
      g. of oil. Trituration with n-heptane gives a high melting solid. The
      n-heptane is then extracted with 1N acetic acid and the extracts made
      basic. The oil which forms is extracted into ether, the extracts dried and
      the solvent removed. Kugelrohr distillation at 130.degree.-135.degree./0.2
      mm. gives 13.0 g. of
      trans-2-chloro-11-(3-dimethylaminopropylidene)-6-methyl-5,6-dihydromorphan
     thridine as a yellow oil.
PAR  Anal. Calcd. for C.sub.20 H.sub.23 ClN.sub.2 : C, 73.49; H, 7.09; Cl,
      10.85; N, 8.57.   Found: C, 73.40; H, 7.18; Cl, 10.70; N, 8.50.
PAC  EXAMPLE 4
PAC  cis-2-Chloro-11-(3-dimethylaminopropylidene)-6-phenyl-5,6-dihydromorphanthr
     idine
PAR  The Grignard reagent is prepared from 20.4 g. (0.13 M) of bromobenzene,
      3.16 g. (0.13 M) of magnesium and 130 ml. of tetrahydrofuran. To this a
      solution of 20.2 g. (0.065 M) of
      cis-2-chloro-11-(3-dimethylaminopropylidene)morphanthridine in
      tetrahydrofuran is added in a slow stream. The solution is stirred at room
      temperature overnight and then refluxed for 7 hours. After cooling, the
      mixture is decomposed with 15 ml. of saturated ammonium chloride. The
      solids are filtered and leached with chloroform. The combined filtrates
      are dried over potassium carbonate and the solvent removed.
      Recrystallization from 200 ml. of acetonitrile gives 19.9 g. of
      cis-2-chloro-11-(3-dimethylaminopropylidene-6-phenyl-5,6-dihydromorphanthr
     idine, m.p. 141.degree.-144.degree.. A 5.0 g. sample recrystallized from 50
      ml. of acetonitrile gives 4.6 g. of the product, m.p.
      144.degree.-146.degree..
PAR  Anal. Calcd. for C.sub.25 H.sub.25 ClN.sub.2 : C, 77.21; H, Cl, 9.11; N,
      7.20.  Found: C, 77.06; H, 6.50; Cl, 9.21; N, 7.17.
CLMS
STM  I claim:
NUM  1.
PAR  1. cis-2-
     Chloro-11-(3-dimethylaminopropylidene)-6-phenyl-5,6-dihydromorphanthridine.
NUM  2.
PAR  2. trans-2-Chloro-11-(3-dimethylaminopropylidene)-6-phenyl-5,6-dihydromorph
     anthridine.
NUM  3.
PAR  3. The compound
      2-chloro-11-(3-dimethylaminopropylidene)-6-phenyl-5,6-dihydromorphanthridi
     ne.
PATN
WKU  039311597
SRC  5
APN  4520130
APT  1
ART  117
APD  19740318
TTL  Substituted 3-benzoylacrylamido-cephalosporanic acid derivative
ISD  19760106
NCL  2
ECL  1
EXP  Demers; Arthur P.
INVT
NAM  Wei; Peter H. L.
CTY  Springfield
STA  PA
INVT
NAM  McCaully; Ronald J.
CTY  Malvern
STA  PA
ASSG
NAM  American Home Products Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  260240J
XCL  260243C
XCL  424246
EDF  2
ICL  C07D50122
ICL  C07D50124
FSC  260
FSS  240 J;243 C
UREF
PNO  3338896
ISD  19670800
NAM  Takano et al.
OCL  260243C
UREF
PNO  3546219
ISD  19701200
NAM  Long et al.
OCL  260243C
FREF
PNO  1,058,535
ISD  19670200
CNT  UK
OCL  260243C
LREP
FR2  Jackson; Richard K.
ABST
PAL  The invention provides anti-bacterial agents of the formula:
      ##SPC1##
PA1  R.sup.1 is a member selected from the group consisting of --Cl and
      ##SPC2##
PA1  R.sup.2 is a member selected from the group consisting of --H and acetoxy;
      and
PA1  M is a member selected from the group consisting of --H, an alkali metal
      and --NH.sub.4.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Certain .alpha., .beta.-unsaturated amides of 7-aminocephalosporanic acid
      are disclosed in Japanese Patent No. 16,950/66 (Sept. 26, 1966) as
      abstracted in Derwent 23,236.
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention there is provided a group of
      anti-bacterial agents of the formula:
      ##SPC3##
PAL  In which
PA1  R.sup.1 is a member selected from the group consisting of --Cl and
      ##SPC4##
PA1  R.sup.2 is a member selected from the group consisting of --H and acetoxy;
      and
PA1  M is a member selected from the group consisting of --H, and alkali metal
      and --NH.sub.4.
PAR  The compounds of this invention are prepared by known techniques, in that
      the 3-(p-substituted benzoyl) acrylic acid is coupled with the
      7-amino-cephalosporanic acid derivatives by the mixed anhydride method
      commonly employed in the formation of amide linkages in polypeptide
      chemistry.
PAR  The compounds of this invention were proven to be effective anti-bacterial
      agents against gram-positive, gram-negative and resistant strains of
      bacteria, by testing them in the well known and scientifically accepted
      agar serial dilution testing technique. Thus, the compounds of this
      invention are useful in the fields of comparative pharmacology and in
      microbiology and for the treatment of bacterial infections amenable to
      treatment with cephalosporin antibiotics.
DETD
PAR  The following examples illustrate the preparation of representative
      cephalosporin derivatives within the ambit of the generic aspect of the
      invention. The activity of each product is presented for those specific
      bacterial strains against which the compound exemplified was active in
      providing 100 percent growth inhibition at or below 250 micrograms per
      milliliter. The representative nature of the bacterial strains employed to
      demonstrate antibacterial activity are indicative of the broader
      applicability of the compounds of this invention in the control of
      bacterial infestations other than those specifically referred to in each
      of the following examples. The bacteria are named, followed by the
      specific strain and the concentration in micrograms per milliliter at
      which 100 percent inhibition occurred. The abbreviations for each
      bacterium are:
TBL  BA SU          Bacillus subtilis                                          

     HE SP          Herellea species                                           

     NE CA          Neisseria catarrhalis                                      

     ST AU          Staphylococcus aureus                                      

PAC  EXAMPLE I
PAC  7-[3-(p-Chlorobenzoyl)acrylamido]cephalosporanic acid
PAR  To a tetrahydrofuran solution of 1.08 grams (5 millimole) of
      3-(p-chlorobenzoyl) acrylic acid in a salt-ice bath was added
      triethylamine (0.50 gram), followed by 0.70 gram (5 millimole) of isobutyl
      chloroformate. After the solution was stirred for 15 minutes a cold
      solution of 1.36 grams (5 millimole) 7-amino-cephalosporanic acid and 0.50
      gram of triethylamine in 20 milliliters tetrahydrofuran and 10 milliliters
      H.sub.2 O was slowly added. The mixture was stirred in the ice bath for 1
      hour and at room temperature for 1 hour. After filtration of a solid the
      filtrate was evaporated under reduced pressure at approximatly
      30.degree.C. The residue was partly dissolved in 50 milliliters H.sub.2 O
      and filtered. The aqueous filtrate was acidified with a 6N HCl solution.
      The resultant precipitate was collected and washed well with H.sub.2 O.
      The solid was dissolved in ethyl acetate, and the solution dried over
      anhydrous MgSO.sub.4. After the solvent was removed the residual solid was
      treated with pentane and collected to give 1.5 grams of the title
      compound.
PAR  Elemental Analysis for C.sub.20 H.sub.17 C1N.sub.2 O.sub.7 S:  Calc'd: C,
      51.68; H, 3.69; N, 6.03.   Found: C, 52.15; H, 4.01; N, 5.65.
TBL  ______________________________________                                    

     BA SU           6633         1.95                                         

     HE SP           9955         250                                          

     ST AU           6538P        1.95                                         

     ST AU           SMITH        1.95                                         

     ST AU           CHP          7.81                                         

     ST AU            53-180      15.6                                         

     ______________________________________                                    

PAC  EXAMPLE II
PAC  7-[3-(p-Chlorobenzoyl)acrylamido]-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]
     oct-2-ene-2-carboxylic acid
PAR  The title compound was prepared by the procedure described in Example 1
      except that 7-amino desacetoxycephalosporanic acid was substituted for
      7-aminocephalosporanic acid.
PAR  Elemental Analysis for C.sub.18 H.sub.17 ClN.sub.2 O.sub.5 S:  Calc'd: C,
      53.13; H, 3.82; N, 6.89.   Found: C, 53.07; H, 3.99; N, 6.68.
TBL  ______________________________________                                    

     BA SU           6633         31.3                                         

     HE SP           9955         250                                          

     ST AU           6538P        7.81                                         

     ST AU           SMITH        7.81                                         

     ST AU           CHP          31.3                                         

     ST AU            53-180      31.3                                         

     ______________________________________                                    

PAC  EXAMPLE III
PAC  7-[3-(4-Biphenylylcarbonyl)acrylamido]cephalosporanic acid
PAR  The title compound was prepared by the procedure described in Example 1,
      except that 3-(4-biphenylylcarbonyl)acrylic acid was substituted for
      3-(p-chlorobenzoyl) acrylic acid.
PAR  Elemental Analysis for C.sub.26 H.sub.22 N.sub.2 O.sub.7 S:  Calc'd: C,
      61.68; H, 4.38; N, 5.53.   Found: C, 61.97; H, 4.58; N, 5.30.
TBL  ______________________________________                                    

     HE SP           9955         250                                          

     ST AU           6538P        .976                                         

     ST AU           SMITH        .976                                         

     ST AU           CHP          1.95                                         

     ST AU            53-180      1.95                                         

     BA SU           6633         3.90                                         

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The compound which is
      7-[3-(p-chlorobenzoyl)acrylamido]-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0
     ]oct-2-ene-2-carboxylic acid.
NUM  2.
PAR  2. The compound which is
      7-[3-(4-biphenylyl-carbonyl)acrylamido]cephalosporanic acid.
PATN
WKU  039311600
SRC  5
APN  4702336
APT  1
ART  122
APD  19740515
TTL  .alpha.-Amino-.alpha.-(acylamidophenyl)acetamidocephalosporins
ISD  19760106
NCL  17
ECL  1
EXP  Rizzo; Nicholas S.
INVT
NAM  Dunn; George L.
CTY  Wayne
STA  PA
ASSG
NAM  SmithKline Corporation
CTY  Philadelphia
STA  PA
COD  02
CLAS
OCL  260243C
XCL  424246
EDF  2
ICL  C07D50120
FSC  260
FSS  243 C
UREF
PNO  3464985
ISD  19690900
NAM  Holdrege
OCL  260243C
UREF
PNO  3776906
ISD  19731200
NAM  Essery et al.
OCL  260243C
UREF
PNO  3813388
ISD  19740500
NAM  Crast
OCL  260243C
UREF
PNO  3840535
ISD  19741000
NAM  Kaplan et al.
OCL  260243C
LREP
FR2  Suter; Stuart R.
FR2  Lourie; Alan D.
FR2  Edgerton; William H.
ABST
PAL  7-[.alpha.-Amino-.alpha.-(acylamidophenyl)acetamido]-cephalosporins are
      prepared. They show improved antibacterial activity especially when they
      are administered orally.
BSUM
PAR  This invention relates to novel cephalosporins which have antibacterial
      activity. In particular, the compounds have an acylamidophenylglycinamido
      moiety at position 7 of the cephem nucleus.
PAC  BACKGROUND AND PRIOR ART
PAR  A wide variety of semi-synthetic cephalosporins have been prepared and
      tested since the natural group of cephalosporins were discovered. A most
      difficult problem within this area is the discovery of cephalosporins
      which are effective when administered orally. Cephaloglycine, U.S. Pat.
      No. 3,560,489; cephalexin, U.S. Pat. No. 3,507,861; and cephradine, U.S.
      Pat. No. 3,485,819 are the only compounds that have had sufficient oral
      activity to warrant commercial use. We have now discovered a new series of
      cephalosporins which have oral activity.
PAR  The prior art includes U.S. Pat. No. 3,464,985 which discloses compounds
      with a lower alkanoylamino group substituted at any position on the phenyl
      ring of cephaloglycine. Also disclosed are similar compounds where the
      amino and amido nitrogen atoms of the above compounds have been reacted
      with acetone to give a cyclic system. U.S. Pat. No. 3,634,418 discloses
      3-azidomethylcephalosporins containing a lower alkanoylaminophenylglycyl
      group at position 7. Other cephalosporins containing an
      alkanoylaminophenyl group are described in U.S. Pat. No. 3,646,024.
      Phenylglycylcephalosporins having a 3-heterocyclicthiomethyl group are
      described in U.S. Pat. Nos. 3,641,021; 3,687,948; 3,759,904; 3,757,012;
      3,743,644; 3,734,907; and perhaps others which are unknown to me at this
      time.
PAC  SUMMARY OF THE INVENTION
PAR  The compounds of this invention are more fully defined by the following
      formula:
      ##SPC1##
PAL  Where:
PA1  The RCONH group is attached at the para or meta position;
PA1  R is hydrogen, lower alkyl of 1-4 carbon atoms, or trifluoromethyl;
PA1  Het is a 5 or 6 membered ring containing carbon and 1-4 atoms selected from
      the group consisting of N, O, and S, unsubstituted or substituted with one
      or two substituents selected from the group consisting of C.sub.1 -C.sub.6
      alkyl, C.sub.1 -C.sub.6 alkoxy, allyloxy, oxide, carbamyl, carboxyl,
      carbalkoxy of C.sub.1 -C.sub.6, halogen, mercapto, methylthio,
      trifluoromethyl, hydroxy, amino, alkylamino, and dialkylamino, each
      undefined alkyl having 1-6 carbon atoms.
PAR  Within the definition of Het is included the N-oxide derivatives of the
      heterocyclic systems named where such derivatives are possible, for
      example pyridyl-N-oxide.
PAR  Preferred compounds are those compounds where Het is tetrazolyl, triazolyl,
      thiadiazolyl, oxadiazolyl, diazolyl, pyridyl, pyrimidyl and pyrazinyl.
      Also preferred are compounds where R is hydrogen, methyl, or
      trifluoromethyl.
PAR  Due to the presence of both the amino and carboxylic acid groups, the
      compounds of this invention can exist in the zwitterion form or as an acid
      or base salt. These salts in addition to the free form of the compounds
      are within the scope of this invention. The salts are prepared by standard
      well-known methods using any one of a variety of known and accepted
      nontoxic pharmaceutically acceptable acids and bases that are known in the
      art.
PAR  The asymmetric carbon in the acylamidophenylglycine sidechain gives rise to
      optical isomers of which the diastereomers having the D-configuration in
      the sidechain are preferred; however, those having the L-configuration or
      a diastereomeric mixture in the sidechain are within the scope of the
      invention.
PAR  The compounds of this invention are prepared by acylation of a
      7-aminocephem nucleus with the appropriate substituent at position 3 with
      the appropriate p-acylamidophenylglycine. To effect the acylation, the
      glycine carboxylic acid group is activated by any of the standard methods
      such as mixed anhydride, acid chloride or activated ester. In addition, a
      coupling agent, for example dicyclohexylcarbodiimide, can be used provided
      that the cephem carboxylic acid group is protected with an easily
      removable protecting group, for example the t-butyl ester. The glycine
      amino group must be protected during the acylation. Many protecting groups
      are known in the art such as t-butoxycarbonyl, trichloroethoxycarbonyl,
      benzyloxycarbonyl, the methyl acetoacetate adduct or similar groups which
      have been used in peptide synthesis.
PAR  The compounds may alternatively be prepared by acylating
      7-aminocephalosporanic acid (7-ACA) with the N-protected
      acylamidophenylglycine and then displacing the acetoxy group with the
      desired heterocyclicthiol. Removal of the protecting group by standard
      methods gives the product compounds of this invention.
PAR  The starting materials for the compounds of this invention are known,
      prepared by known methods or described herein. The acylamidophenylglycines
      are prepared by acylating p-aminophenylglycine and m-aminophenylglycine
      (U.S. Pat. No. 3,479,339) after first protecting the glycine amino group
      with a protecting group such as those described above. The acylating
      agents of formic acid, the C.sub.1 -C.sub.4 alkanoic acids and
      trifluoroacetic acid are well known in the art. The
      7-amino-3-heterocyclicthiomethyl-3-cephem-4-carboxylic acids are prepared
      by displacing the acetoxy group of 7-ACA with a heterocyclicthiol by the
      method described in U.S. Pat. No. 3,516,997. The t-butyl esters are also
      prepared by standard methods.
PAR  The compounds have antibacterial activity against both Gram-positive and
      Gram-negative organisms and are therefore useful for the treatment or
      prevention of bacterial infections. The antibacterial activity is observed
      in animals when the compounds are administered either orally or
      parenterally. Minimum inhibitory concentrations (MIC) were determined
      using the standard tube dilution method. MICs ranged from 1.6 to greater
      than 200 .mu.g/ml when tested against a variety of bacteria. The in vivo
      activity in animals of the compounds of this invention was determined by
      administering the compounds to mice infected with E. coli and Kleb.
      pneumonia. The results of the tests obtained from both oral and
      subcutaneous administration of compounds of this invention and a standard,
      cephalexin, are reported in Table 1 as ED.sub.50 in mg/kg.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Compound* E. coli        K. pneumo                                        

               sc       po        sc     po                                    

     ______________________________________                                    

     1         4.2      8.5       5.5    12.5                                  

     2         &lt;3       35        12.5   &gt;25                                   

     3         4.5      18        6.2    6.2                                   

     4         1.5      3.5       1.5    2.2                                   

     Cephalexin                                                                

               17.5     17.5      50     22                                    

     ______________________________________                                    

      *See Table 2 for structures?                                             

TBL                TABLE 2                                                     

     ______________________________________                                    

     Compound    R           A                                                 

     ______________________________________                                    

     1          p-methyl  5-methyl-1,3,4-                                      

                          thiadiazol-5-ylthio                                  

     2          p-methyl  1-methyltetrazol-5-                                  

                          ylthio                                               

     3          p-CF.sub.3                                                     

                          5-methyl-1,3,4-                                      

                          thiadiazol-5-ylthio                                  

     4          p-hydrogen                                                     

                          5-methyl-1,3,4-                                      

                          thiadiazol-5-ylthio                                  

     ______________________________________                                    

PAR  The compounds are formulated into pharmaceutical compositions in the same
      manner as other cephalosporins. They are administered parenterally as
      sterile aqueous solutions or orally as tablets, capsules or suspensions.
      The amount given varies with age, size and condition of the subject as
      well as the severity of the infection and can be determined by one skilled
      in the art. The dosage in general ranges from 250 to 1000 mg while the
      daily dosage, which may be divided, may range from one to 5 grams.
PAR  The following examples are presented to illustrate the invention but are
      not to be viewed as limiting the scope thereof.
PAC  PREPARATION 1
PAC  D(-)-.alpha.-t-Butoxycarboxamido-.alpha.-(p-formamidophenyl)acetic acid
PAR  A mixture of D(-)-.alpha.-t-butoxycarboxamido-.alpha.-(p-aminophenyl)acetic
      acid (2.84 g, 0.01 mol) and aceticformic anhydride (0.01 mol) was stirred
      for one hour. The solid product was collected and washed with acetone and
      ether.
PAC  PREPARATION 2
PAC  D(-)-.alpha.-t-butoxycarboxamido-.alpha.-(p-trifluoroacetamidophenyl)-aceti
     c acid
PAR  The pH of a suspension of
      D(-)-.alpha.-t-butoxycarboxamido-.alpha.-(p-aminophenyl)acetic acid (5.4
      g) was adjusted to 9.5 with 1N NaOH to effect solution. Ethyl
      trifluorothioacetate (8.0 ml) was added and the reaction was stirred at
      room temperature for 23hours during which time the pH was maintained at
      9-9.5 by the addition of NaOH as needed. The solution was acidified to pH
      1 with 3N HCl and the product was collected and dried.
PAC  PREPARATION 3
PAC  .alpha.-t-Butoxycarboxamido-.alpha.-(p-acetamidophenyl)acetic acid
PAR  D(-)-.alpha.-t-Butoxycarboxamido-.alpha.-(p-aminophenyl)-acetic acid
      hydrate (6.73 g) was dissolved in glacial acetic acid (60 ml) and acetic
      anhydride (4.52 ml) was added to the solution. The reaction was stirred at
      room temperature for 2 hours and then evaporated in vacuo. The residue was
      dissolved in ethyl acetate and the solution was washed with water, dried
      and evaporated to give the product.
PAC  PREPARATION 4
PAC  When D(-)-.alpha.-t-butoxycarboxamido-.alpha.-(m-aminophenyl)acetic acid is
      reacted with acetic-formic anhydride, ethyl trifluorothioacetate, or
      acetic anhydride according to Preparation 1, 2, or 3, respectively,
      D(-)-.alpha.-t-butoxycarboxamido-.alpha.-(m-formamidophenyl)acetic acid,
      D(-)-.alpha.-t-butoxycarboxamido-.alpha.-(m-trifluoroacetamidophenyl)aceti
     c acid, and
      D(-)-.alpha.-t-butoxycarboxamido-.alpha.-(m-acetamidophenyl)acetic acid
      are obtained.
PAC  EXAMPLE 1
PAC  7-[.alpha.-Amino-.alpha.-(p-formamidophenyl)acetamido]-3-(5-methyl-1,3,4-th
     iadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  The phenylglycine derivative of Preparation 1 (1.3 g, 4 mmol) was dissolved
      in dry tetrahydrofuran (25 ml) and triethylamine (0.55 ml) and
      N-methylmorpholine (3 drops) were added. The solution was cooled to
      -15.degree.C and isobutyl chloroformate (0.52 g, 4 mmol) was added. The
      reaction was stirred 30 minutes at -15.degree.C and then a solution of
      7-amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid (1.53 g, 4 mmol) in a mixture of 50% aqueous tetrahydrofuran (50 ml)
      and triethylamine (0.55 ml) was added. The solution was stirred without
      cooling for 3.5 hours. The tetrahydrofuran was removed in vacuo and the
      residue was diluted with water (50 ml) and extracted with ethyl acetate.
      The aqueous solution was acidified with 3N HCl to pH 1 and extracted with
      ethyl acetate. The extracts were dried and evaporated to about half
      volume. On standing crystals formed which were collected, washed with
      ether and dried; 1.5 g. The solid was added to a cold solution
      (0.degree.C) of trifluoroacetic acid (15 ml) and anisole (1.5 ml) and
      stirred for 15 minutes. The solution was evaporated under vacuum and the
      trifluoroacetate salt was triturated with ether and collected. The salt
      was dissolved in water and stirred with a basic polystyrene ion-exchange
      resin ("Amberlite IR-45") until pH 5.7 was reached. After filtration the
      aqueous solution was freeze dried to give the product.
PAC  EXAMPLE 2
PAC  7-[.alpha.-Amino-.alpha.-(p-formamidophenyl)acetamido]-3-(1,2,3-triazol-4-y
     lthiomethyl)-3-cephem-4-carboxylic acid
PAR  When 7-amino-3-(1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic acid
      (2.18 g) was reacted with the product of Preparation 1 (2.05 g) according
      to the procedure of Example 1, the product was obtained which was purified
      by stirring with THF (25 ml), filtering any insoluble material, and
      precipitating the product by the addition of hexane.
PAC  EXAMPLE 3
PAC  7-[.alpha.-Amino-.alpha.-(p-acetamidophenyl)acetamido]-3-(5-methyl-1,3,4-th
     iadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  t-Butyl
      7-amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylat
     e (2.4 g, 6 mmol) was dissolved in THF (35 ml). Dicyclohexylcarbodiimide
      (0.99 g, 4.8 mmol) was added to the solution followed by the acetic acid
      product from Preparation 3 (2.1 g, 13% excess due to solvation of ethyl
      acetate). The reaction was stirred for two hours, the solid urea was
      collected, and the filtrate was evaporated. The residue was dissolved in
      ether-ethyl acetate and added to a large volume of petroleum ether. The
      semi-solid product was collected and dissolved in ethyl acetate. The
      solution was washed with 1.5N HCl, 5% NaHCO.sub.3, and water; dried over
      MgSO.sub.4 ; and evaporated to give the protected product. This solid was
      stirred for one hour in cold trifluoroacetic acid (15 ml) and then the
      solution was evaporated to dryness under high vacuum. The residue was
      triturated with ether, collected and then dissolved in water and stirred
      with basic ion-exchange resin ("Amberlite IR-45") until pH 4.5 was
      obtained. The resin was removed and the aqueous solution was freeze dried
      to give the product.
PAC  EXAMPLE 4
PAC  7-[.alpha.-Amino-.alpha.-(p-acetamidophenyl)acetamido]-3-(1-methyltetrazol-
     5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  The title compound was obtained when
      7-amino-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
      (3.44 g) was acylated with the acetic acid of Preparation 3 (3.17 g, 0.01
      mol) using the mixed anhydride method of Example 1. The t-butyoxy carbonyl
      protected product was chromatographed prior to deblocking on a silica gel
      column using 80:20:10 chloroform: isopropanol: formic acid as eluant.
PAC  EXAMPLE 5
PAC  7-[.alpha.-Amino-.alpha.-(p-trifluoroacetamidophenyl)acetamido]-3-(5-methyl
     -1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  To a suspension of t-butyl
      7-amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylat
     e hydrochloride (0.874 g, 2 mmol) in tetrahydrofuran (50 ml) was added
      triethylamine (0.28 ml, 2 mmol). To this solution was added the acetic
      acid of Preparation 2 (0.724 g, 2 mmol) in tetrahydrofuran (10 ml)
      followed by dicyclohexylcarbodiimide (0.425 g) in tetrahydrofuran (5 ml).
      The reaction solution was stirred for 3.5 hours at room temperature and
      then the solid urea was filtered off. The filtrate was evaporated to a
      residue which was dissolved in ethyl acetate. The solution was filtered,
      washed with 3N HCl, water, 5% NaHCO.sub.3 and water and then dried and
      evaporated. The solid was dissolved in a mixture of ether and
      tetrhydrofuran and then precipitated by the addition of hexane. This solid
      (530 mg) was added to cold trifluoroacetic acid and stirred one hour
      without additional cooling. The solution was evaporated and then
      triturated with ether to give the trifluoroacetate salt which was treated
      with ion-exchange resin as previously described to give the title product.
PAC  EXAMPLE 6
PAR  Substitution of
      7-amino-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid for
      7-amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid in the procedure of Example 1 gives
PA1  7-[.alpha.-amino-.alpha.-(p-formamidophenyl)-acetamido]-3-(1-methyltetrazol
     -2-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAC  EXAMPLE 7
PAR  7-Amino-3-(1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic acid is
      acylated with
      D(-)-.alpha.-t-butoxycarboxamido-.alpha.-(p-trifluoroacetamidophenyl)aceti
     c acid or
      D(-)-.alpha.-t-butoxycarboxamido-.alpha.-(p-acetamidophenyl)acetic acid
      using the mixed anhydride procedure of Example 1 to give the following
      products:
PA1  7-[.alpha.-amino-.alpha.-(p-trifluoroacetamido-phenyl)acetamido]-3-(1,2,3-t
     riazol-4-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-[.alpha.-amino-.alpha.-(p-acetamidophenyl)acetamido]-3-(1,2,3-triazol-4-y
     lthiomethyl)-3-cephem-4-carboxylic acid.
PAC  EXAMPLE 8
PAR  Substitution of the t-butyl ester of
      7-amino-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
      into the procedure of Example 5 for t-butyl
      7-amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid gives
PA1  7-[.alpha.-amino-.alpha.-(p-trifluoroacetamidophenyl)acetamido]-3-(1-methyl
     tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAC  EXAMPLE 9
PAR  When an equimolar amount of the following
      7-amino-3-heterocyclicthiomethyl-3-cephem-4-carboxylic acids are
      substituted for
      7-amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid in the procedure of Example 1, the corresponding
      7-[.alpha.-amino-.alpha.-(p-formamidophenyl)acetamido]-3-heterocyclicthiom
     ethyl-3-cephem-4-carboxylic acid is formed.
PA1  7-Amino-3-(tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-Amino-3-(1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-Amino-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-ca
     rboxylic acid
PA1  7-Amino-3-(5-ethyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PA1  7-Amino-3-(5-n-butyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PA1  7-Amino-3-(5-dimethylamino-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carb
     oxylic acid
PA1  7-Amino-3-(5-mercapto-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxyli
     c acid
PA1  7-Amino-3-(3-methylthio-1,2,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxy
     lic acid
PA1  7-Amino-3-(3-methyl-1,2,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PA1  7-Amino-3-(1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-Amino-3-(5-methyl-1,2,4-triazol-3-ylthtiomethyl)-3-cephem-4-carboxylic
      acid
PA1  7-Amino-3-(4-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PA1  7-Amino-3-(4,5-dimethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PA1  7-Amino-3-(2,5-dimethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PA1  7-Amino-3-(4-methyl-5-trifluoromethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephe
     m-4-carboxylic acid
PA1  7-Amino-3-(5-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-Amino-3-(4-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-Amino-3-(1-methyl-1,2,4-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PA1  7-Amino-3-(1-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PA1  7-Amino-3-(1-ethyl-1,2,4-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-Amino-3-(1-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-Amino-3-(4-allyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-Amino-3-(5-methoxymethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxy
     lic acid
PA1  7-Amino-3-(5-cyclopropyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxyli
     c acid
PA1  7-Amino-3-(5-bromo-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-Amino-3-(5-hydroxy-4-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carb
     oxylic acid
PA1  7-Amino-3-(5-hydroxy-4-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carbo
     xylic acid
PA1  7-Amino-3-(5-hydroxy-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PA1  7-Amino-3-(1-methyl-1,2,3-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PA1  7-Amino-3-(4-methyl-1,2,3-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PA1  7-Amino-3-(1,3,4-oxadiazol-2-ylthio-methyl)-3-cephem-4-carboxylic acid
PA1  7-Amino-3-(5-methyl-1,3,4-oxadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PA1  7-Amino-3-(4-pyrimidylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-Amino-3-(2-pyrazinylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-Amino-3-(3-pyridylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-Amino-3-(4-pyridylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-Amino-3-(1-oxide-2-pyridylthiomethyl)-3-cephem-4-carboxylic acid.
PAC  EXAMPLE 10
PAR  When a t-butyl ester of any 7-amino-3-heterocyclicthiomethyl cephem
      compound enumerated in Example 9 is acylated with
      .alpha.-t-butoxycarboxamido-.alpha.-(p-trifluoroacetamidophenyl)acetic
      acid according to the procedure of Example 5, the corresponding
      7-[.alpha.-amino-.alpha.-(p-trifluoroacetamidophenyl)acetamido]-3-heterocy
     clicthiomethyl-3-cephem-4-carboxylic acid, is obtained.
PAC  EXAMPLE 11
PAR  Acylation of any 7-amino-3-heterocyclicthiomethyl cephem compound
      enumerated in Example 9 with
      .alpha.-t-butoxycarboxamido-.alpha.-(p-acetamidophenyl)acetic acid
      according to the procedure of Example 1 gives the desired
      7-[.alpha.-amino-.alpha.-(p-acetamidophenyl)acetamido-3-heterocyclicthiome
     thyl-3-cephem-4-carboxylic acid.
PAC  EXAMPLE 12
PAR  The 7-[.alpha.-amino-.alpha.-(m-acylamidophenyl)acetamido]cephalosporins
      are prepared by substituting the corresponding
      .alpha.-t-butoxycarboxamido-.alpha.-(m-acylamidophenyl)acetic acid for the
      .alpha.-t-butoxycarboxamido-.alpha.-(p-acylamidophenyl)acetic acid in each
      procedure of Examples 1-11.
PAR  Representative compounds prepared within this example include the
      following:
PA1  7-[.alpha.-amino-.alpha.-(m-formamidophenyl)-acetamido]-3-(1-methyltetrazol
     -5-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-[.alpha.-amino-.alpha.-(m-formamidophenyl)-acetamido]-3-(5-methyl-1,3,4-t
     hiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-[.alpha.-amino-.alpha.-(m-formamidophenyl)acet-amido]-3-(1,2,3-triazol-4-
     ylthio-methyl)-3-cephem-4-carboxylic acid
PA1  7-[.alpha.-amino-.alpha.-(m-acetamidophenyl)-acetamido]-3-(1-methyltetrazol
     -5-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-[.alpha.-amino-.alpha.-(m-acetamidophenyl)-acetamido]-3-(5-methyl-1,3,4-t
     hiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-[.alpha.-amino-.alpha.-(m-acetamidophenyl)-acetamido]-3-(1,2,3-triazol-4-
     ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-[.alpha.-amino-.alpha.-(m-trifluoroacetamido-phenyl)acetamido]-3-(1-methy
     ltetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-[.alpha.-amino-.alpha.-(m-trifluoroacetamidophenyl)acetamido]-3-(5-methyl
     -1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-[.alpha.-amino-.alpha.-(m-trifluoroacetamidophenyl)acetamido]-3-(1,2,3-tr
     iazol-4-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAC  EXAMPLE 13
PAR  An injectable pharmaceutical composition is prepared by dissolving 500 mg
      of sodium
      7-[.alpha.-amino-.alpha.-(p-formamidophenyl)acetamido]-3-(5-methyl-1,3,4-t
     hiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylate in sterile water or
      sterile normal saline solution (1-2 ml). The other compounds of this
      invention are formulated in a similar manner.
PAR  An antibacterial capsule is comprised of the following components:
TBL         cephalosporin                                                      

                         500 mg.                                               

            lactose      250 mg.                                               

            magnesium stearate                                                 

                          75 mg.                                               

CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC2##
PAL  wherein:
PA1  the RCONH group is attached at the para or meta positions;
PA1  R is hydrogen, lower alkyl of 1-4 carbon atoms, or trifluoromethyl; and
PA1  Het is a 5 or 6 member heterocyclic ring containing carbon and 1-4 atoms
      selected from the group consisting of N, O, and S, unsubstituted or
      substituted with one or two substituents selected from the group
      consistingof C.sub.1 -C.sub.6 alkyl, C.sub.1 -C.sub.6 alkoxy, allyoxy,
      oxide, carbamyl, carboxyl, carbalkoxy of C.sub.1 -C.sub.6, halogen,
      mercapto, methylthio, trifluoromethyl, hydroxy, amino, alkylamino and
      dialkylamino, each undefined alkyl having 1-6 carbon atoms,
PAL  or a non-toxic pharmaceutically acceptable salt thereof.
NUM  2.
PAR  2. A compound as claimed in claim 1 in which the RCONH group is attached at
      the para position.
NUM  3.
PAR  3. A compound as claimed in claim 2 where Het is tetrazolyl, thiadiazolyl,
      triazolyl, oxadiazolyl, diazolyl, pyridyl, pyrimidyl or pyrazinyl,
      unsubstituted or substituted with one or two lower alkyl groups containing
      1-4 carbon atoms.
NUM  4.
PAR  4. A compound as claimed in claim 3 where R is hydrogen.
NUM  5.
PAR  5. A compound as claimed in claim 3 where R is lower alkyl of 1-4 carbon
      atoms.
NUM  6.
PAR  6. A compound as claimed in claim 3 where R is trifluoromethyl.
NUM  7.
PAR  7. A compound as claimed in claim 5 where R is methyl.
NUM  8.
PAR  8. A compound as claimed in claim 4 being the compound
      7-[.alpha.-amino-.alpha.-(p-formamidophenyl)acetamido]-3-(5-methyl-1,3,4-t
     hiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid.
NUM  9.
PAR  9. A compound as claimed in claim 4 being the compound
      7-[.alpha.-amino-.alpha.-(p-formamidophenyl)acetamido]-3-(1,2,3-triazol-4-
     ylthiomethyl)-3-cephem-4-carboxylic acid.
NUM  10.
PAR  10. A compound as claimed in claim 6 being the compound
      7-[.alpha.-amino-.alpha.-(p-trifluoroacetamidophenyl)-acetamido]-3-(5-meth
     yl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid.
NUM  11.
PAR  11. A compound as claimed in claim 7 being the compound
      7-[.alpha.-amino-.alpha.-(p-acetamidophenyl)acetamido]-3-(5-methyl-1,3,4-t
     hiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid.
NUM  12.
PAR  12. A compound as claimed in claim 7 being the compound
      7-[.alpha.-amino-.alpha.-(p-acetmidophenyl)acetamido]-3-(1-methyltetrazol-
     5-ylthiomethyl)-3-cephem-4-carboxylic acid.
NUM  13.
PAR  13. A compound as claimed in claim 1 in which the RCONH group is attached
      at the meta position.
NUM  14.
PAR  14. A compound as claimed in claim 13 where Het is tetrazolyl,
      thiadiazolyl, triazolyl, oxadiazolyl, diazolyl, pyridyl, pyrimidyl or
      pyrazinyl, unsubstituted or substituted with one or two lower alkyl groups
      containing 1-4 carbon atoms.
NUM  15.
PAR  15. A compound as claimed in claim 14 being the compound
      7-[.alpha.-amino-.alpha.-(m-formamidophenyl)acetamido]-3-(1-methyltetrazol
     -5-ylthiomethyl)-3-cephem-4-carboxylic acid.
NUM  16.
PAR  16. A compound as claimed in claim 14 being the compound
      7-[.alpha.-amino-.alpha.-(m-formamidophenyl)acetamido]-3-(5-methyl-1,3,4-t
     hiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid.
NUM  17.
PAR  17. A compound as claimed in claim 14 being the compound
      7-[.alpha.-amino-.alpha.-(m-formamidophenyl)acetamido]-3-(1,2,3-triazol-4-
     ylthiomethyl)-3-cephem-4-carboxylic acid.
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ABST
PAL  Novel cephalosporin derivatives, for example N-acetoacetylcephalosporin C,
      N-decanoylcephalosporin C, N-dodecanoylcephalosporin C and
      N-hendecenoylcephalosporin C, are useful as readily-recoverable
      intermediates in the isolation of cephalosporin C value from fermentation
      broths and in the preparation of 7-aminocephalosporanic acid. They are
      prepared by treating an aqueous solution containing cephalosporin C, such
      as a fermentation broth, with diketene or an acid chloride such as
      decanoyl chloride, dodecanoyl chloride or hendecenoyl chloride, followed
      by solvent extraction. They are converted into 7-aminocephalosporanic acid
      by successively forming the silyl di-ester, halogenating to the
      imino-halide, converting the imino-ether and hydrolysing to 7-ACA.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel cephalosporin derivatives, which are useful
      intermediates in the isolation of cephalosporin C from fermentation broths
      and in the preparation of 7-aminocephalosporanic acid, to a process for
      the preparation of the said derivatives from fermentation broths
      containing cephalosporin C, and to their subsequent conversion into
      7-aminocephalosporanic acid.
PAR  7-Aminocephalosporanic acid (hereinafter referred to as 7-ACA), which has
      the formula:
      ##SPC1##
PAL  Is useful as an intermediate in the preparation of many semi-synthetic
      cephalosporanic acid antibacterial agents. Most 7-ACA is produced from
      cephalosporin C, which has the formula:
      ##SPC2##
PAL  Either by chemical degradation (e.g. as described in U.S. Pat. Nos.
      3,124,576, 3,188,311 and 3,234,223) or by enzymatic hydrolysis of the
      side-chain (e.g. as described in French Pat. No. 1,357,977).
PAR  Cephalosporin C is produced by fermentation. However, its highly polar
      nature renders it very soluble in water, and it is very difficult to
      recover it from the fermentation broth by solvent extraction. The recovery
      precedure most generally used at present involves the adsorption of the
      crude cephalosporin C from the fermentation broth onto a suitable
      adsorbant, for example, charcoal or an ion exchange resin, followed by
      elution, concentration and precipitation at the isoelectric point, or by
      salt formation (see, for example, U.S. Pat. No. 3,094,527). The complexity
      of this multi-step process, and the low yields obtained thereby, render it
      unfavourable for the production of cephalosporin C and hence of 7-ACA.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a simplified and more
      efficient process for recovering cephalosporin C value from fermentation
      broths.
PAR  It is another object of the invention to provide a class of new
      cephalosporin C derivatives which can be used to increase the harvestable
      yields of cephalosporin C from fermentation broths, in a form directly
      usable for the production of 7-ACA, without complex purification
      procedures.
PAR  It is a further object of the invention to provide a process for preparing
      novel cephalosporin derivatives from an aqueous solution containing
      cephalosporin C.
PAR  It is a still further object of the invention to provide a new process of
      preparing 7-ACA which makes use of said novel cephalosporin derivatives.
PAR  In accordance with the foregoing objects, the invention provides
      cephalosporin derivatives of formula:
      ##SPC3##
PAL  (wherein A represents the group CH.sub.3 COCH.sub.2 CO- or R-CO-; and R is
      a straight or branched, saturated or unsaturated aliphatic hydrocarbyl
      group having from 9 to 21 carbon atoms) and salts and esters thereof.
PAR  The compounds of the invention can be prepared by a process which comprises
      reacting cephalosporin C with diketene or with an acid chloride of
      formula:
EQU  R-CO-Cl (II)
PAL  (wherein R has the meaning already given) followed, if appropriate, by
      salification or esterification of the reaction product. In formula (I), A
      is preferably the acetoacetyl group (CH.sub.3 COCH.sub.2 CO-), or a
      decanoyl, dodecanoyl or hendecenoyl group; and, correspondingly, in the
      process of the invention the cephalosporin C is preferably reacted with
      diketene, decanoyl chloride, dodecanoyl chloride or hendecenoyl chloride.
PAR  As applied to fermentation broths containing cephalosporin C, the process
      of the invention broadly comprises treating the fermentation broth with
      diketene or with an acid chloride of formula (II), to form the
      corresponding cephalosporin derivative of formula (I), and recovering this
      derivative from the broth by solvent extraction, in a form directly usable
      for the production of 7-ACA.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The fermentation of Cephalosporium species to produce cephalosporin C
      generally also gives a minor amount of cephalosporin N. The latter
      compound is not acid stable. Accordingly, when using the compounds of the
      invention for the recovery of cephalosporin C from a fermentation broth,
      any cephalosporin N present in the broth can be destroyed by
      acidification, before reacting the cephalosporin C with the diketene or
      the acid chloride. This is conveniently effected by acidifying the broth
      to about pH 2 and then incubating it for 1 to 5 hours. The fermentation
      broth may be filtered before or after the acidification and incubation. If
      desired, the fermentation broth may be concentrated by any of the
      convention techniques, for example, vacuum concentration or adsorption
      onto a suitable adsorbant followed by elution, and purified by treatment
      with a solvent such as acetone to precipitate impurities.
PAR  The reaction between the cephalosporin C and the diketene or acid chloride
      is generally carried out at a pH from 7 to 9, preferably at about pH 8. If
      an acidified fermentation broth filtrate is used, the pH can be raised by
      the addition of an alkali, such as sodium hydroxide or potassium
      hydroxide. The cephalosporin C solution can be mixed with from 15 percent
      to 100 percent of its own volume of a water-miscible inert organic solvent
      (i.e., one which does not react with the starting materials or with the
      products under the prevailing conditions), for example, acetone,
      tetrahydrofuran, dimethylformamide or dimethylacetamide. The diketene or
      acid chloride of formula (II) is gradually added to the solution with
      stirring, using at least 1.5 mole, and preferably from 2 to 15 moles, of
      this compound per mole of cephalosporin C. The pH of the solution is
      maintained at the stipulated value during this addition; and the
      temperature of the aqueous solution is maintained at from -25.degree. to
      +50.degree.C, preferably at from -10.degree. to +40.degree.C. The reaction
      is usually complete within 1-4 hours.
PAR  The compound of the invention, formed by reaction of the diketene or acid
      chloride with the free amino group of the cephalosporin C, can be
      recovered from the aqueous solution by extraction into a water-immiscible
      organic solvent at an acid pH. Typically, the reaction solution is
      extracted with about one-half of its own volume of a water-immiscible
      organic solvent, for example, methyl isobutyl ketone, butanol or butyl
      acetate, and the pH is lowered to 1 - 3. The mixture is agitated, and the
      organic phase containing the compound of the invention is collected. If a
      water-miscible organic solvent has been added during the previous stage,
      it is preferred, though not essential, to eliminate it from the reaction
      solution prior to this solvent extraction at an acid pH: this may be done
      by distilling it off under reduced pressure at a low temperature (e.g. at
      about 25.degree.C), or by extraction with a water-immiscible organic
      solvent at a neutral pH, preferably using the same solvent as subsequently
      used for the extraction under acid conditions.
PAR  The organic solution of the compound of the invention thus obtained is then
      concentrated to about one-third to one-fifth of its original volume, at a
      temperature not exceeding 45.degree.C. The concentrate is cooled to about
      20.degree.C, and the desired product can be isolated by one of the
      following techniques:
PA1  a. The sodium salt of the product is precipitated by the addition of a
      slight stoichiometric excess of sodium ethylhexanoate dissolved in methyl
      isobutyl ketone or butanol. The mixture is cooled to 0.degree. -
      5.degree.C for 3 - 5 hours, and the solid sodium salt of the compound of
      formula (I) is filtered off. The salt is washed with cold methyl isobutyl
      ketone and then with ligroin. The porduct is dried at about 25.degree.C
      under reduced pressure.
PA1  b. A salt is precipitated by the addition of an organic base, for example,
      quinoline, cyclohexylamine, 5-ethyl-2-methylpyridine, 2-picoline,
      3-picoline, 4-picoline, N-ethylmorpholine, N-methylmorpholine,
      2,6-lutidine, N,N-diethylcyclohexylamine, hexamethylenetetramine,
      N,N-diethylbenzylamine, or N,N-dibenzylethylenediamine.
PA1  c. The compound of formula (I) is re-extracted into water, at a slightly
      alkaline pH, and the aqueous solution is concentrated under reduced
      pressure until crystallization begins. Crystallization may be facilitated
      by the addition to the solution of 1 - 2 times its volume of a
      water-miscible alcohol or of acetone. The crystalline salt is filtered
      off, washed with cold acetone, and dried at about 25.degree.C under
      reduced pressure.
PA1  d In some cases the product may be obtained by direct crystallization from
      the solvent.
PAR  The salts and esters of the compounds of formula (I) can be prepared from
      the free acid, or vice-versa, by means of the conventional techniques. Of
      the compound of the invention, the silyl di-esters are especially valuable
      for the preparation of 7-ACA.
PAR  Accordingly, the invention also provides a convenient process for the
      preparation of 7-ACA, making use of the silyl di-esters of the compounds
      of formula (I). The silyl group protects the carboxyl group on the
      cephalosporin nucleus during the preparation of the 7-ACA. This process
      for preparing 7-ACA comprises:
PA1  a. Forming a silyl di-ester of a compound of formula (I);
PA1  b. Halogenating the silyl di-ester, to give the corresponding imino-halide;
PA1  c. Reacting the imino-halide with a lower aliphatic alcohol, to give the
      corresponding imino-ether; and
PA1  d. Hydrolysing the imino-ether under acidic conditions, to give 7-ACA.
PA1  This process can be performed in the same reaction medium, without
      isolating the intermediate at the end of each stage, and is capable of
      giving yields of 50 - 90 percent, under both laboratory and commercial
      conditions.
PAR  Suitable silyl di-esters can be prepared by reacting a compound of formula
      (I), or a salt thereof, with at least two equivalents of a lower alkyl
      silazane or polysilazane, or of a silyl compound of the formula:
      ##EQU1##
      wherein R.sup.1 represents an alkyl group having from 1 to 6 carbon atoms,
      or an aryl group;
PA1  R.sup.2 and R.sup.3 may be the same or different, and each represents a
      hydrogen atom, a halogen atom, an alkyl or haloalkyl group having from 1
      to 6 carbon atoms, or an aryl group; and
PA1  Y represents a halogen atom or a lower dialkylamino group;
PAL  under anhydrous conditions.
PAR  Suitable salts of the compounds of formula (I), for use in the preparation
      of the silyl di-esters, include those with metals such as potassium,
      sodium, calcium, zinc, ferrous iron, cadmium, copper and aluminium, as
      well as ammonium and amine salts, in particular salts with tertiary amines
      such as trimethylamine, triethylamine, N-methylmorpholine, pyridine,
      1-ephenamine and N-alkylpiperidines. Examples of silyl compounds which may
      be used in step (a) include trimethylchlorosilane, hexamethyldisilazane,
      triethylchlorosilane, methyltrichlorosilane, dimethyldichlorosilane,
      triethylbromosilane, tripropylchlorosilane,
      bromomethyldimethylchlorosilane, methyldiethylchlorosilane,
      phenyldimethylchlorosilane, triphenylchlorosilane,
      N-ethyltriethylsilylamine, hexaethyldisilazane and triphenylsilylamine.
      Dimethyldichlorosilane and trimethylchlorosilane are preferred. The
      reaction is suitably carried out in an inert organic solvent such as
      methylene chloride, dichloroethane, chloroform, tetrachloroethane,
      nitromethane, diethyl ether, dioxane, tetrahydrofuran, benzene or toluene.
      When using a silyl compound of formula (III) wherein Y represents a
      halogen atom, the reaction should be performed in the presence of an acid
      binding agent, for example, triethylamine, N,N-dimethylaniline, quinoline,
      lutidine or pyridine.
PAR  In step (b), the silyl di-ester is reacted with a halogenating agent, for
      example, phosphorus pentachloride, phosphorus pentabromide, phosphorus
      trichloride, phosphorus tribromide, phosphorus oxychloride, phosphorus
      oxybromide, oxalyl chloride, a p-toluenesulphonyl halide, or phosgene. At
      least 2 moles of the halogenating agent are used per mole of the silyl
      di-ester. The reaction is carried out under anhydrous conditions, in an
      inert organic solvent and in the presence of an acid binding agent; the
      solvent and acid binding agent used may be the same as those used in step
      (a). The amount of acid binding agent used is preferably equivalent to the
      amount of hydrohalic acid formed during the reaction. The reaction to
      produce the imino-halide is carried out at a temperature below 0.degree.C,
      and preferably at a temperature from -20.degree. to -65.degree.C.
PAR  In step (c), the imino-halide is converted to the corresponding imino-ether
      by reaction with a primary or secondary aliphatic alcohol containing from
      1 to 8, and preferably from 1 to 4, carbon atoms - for example, methanol,
      ethanol, propanol, isopropanol, or butanol. The reaction is carried out in
      anhydrous solution, at a temperature below 0.degree.C, and preferably at a
      temperature from -20.degree.C to -80.degree.C.
PAR  Finally, the imino bond of the imino-ether is split, to give 7-ACA. This
      reaction of step (d) is effected by mild hydrolysis with water at a pH
      below 2. In general, the reaction medium is already sufficiently acid for
      the hydrolysis to occur spontaneously. However, if an excess of acid
      binding agent has been used in the previous steps, the careful addition of
      a dilute mineral acid will be needed to effect this hydrolysis.
PAR  The 7-ACA thus produced can be recovered from solution by adjusting the pH
      to around its isoelectric point (pH 3.2 - 3.4), so that it crystallizes
      out and can then be filtered off. The process is capable of yielding 7-ACA
      with a purity greater than 90 percent, which may be employed directly for
      the synthesis of semi-synthetic cephalosporins, without any further
      purification.
PAR  The invention is illustrated by the following Examples.
DETD
PAC  EXAMPLE 1
PAC  N-acetoacetylcephalosporin C sodium
      ##SPC4##
PAR  Twenty liters of a fermentation broth containing 2860 .delta. /ml of
      cephalosporin C were mixed with 800 g of filter aid. Sufficient 30 percent
      sulphuric acid was added to lower the pH to 2.8. The mixture was filtered,
      the solids were washed with 8 litres of water, and the washings were
      combined with the filtrate.
PAR  The filtrate was mixed with an equal volume of acetone, and the pH was
      raised to 8.0 with a sodium hydroxide solution. Whilst keeping the pH of
      the mixture between 7.8 and 8.2, and its temperature at 5.degree.C, 63.0 g
      of freshly distilled diketene in 750 ml of acetone were added with
      stirring. Stirring of the mixture was continued until the pH remained
      constant, which took about one hour. The acetone was extracted out at
      neutral pH, using 20 liters of chloroform; and the aqueous phase was
      acidified to pH 2 with dilute hydrochloric acid (1:1 volume/volume), and
      extracted with n-butanol.
PAR  The butanolic extract was concentrated under reduced pressure, until a
      viscous residue was obtained. This residue was treated with sodium
      2-ethylhexanoate in n-butanol until it had an apparent pH of 4.8. The
      precipitated product was collected, washed with n-butanol and then with
      ligroin, and dried under reduced pressure at 40.degree.C, yielding 47 g of
      the sodium salt of N-acetoacetylcephalosporin C. The product was of
      adequate purity for use in the preparation of 7-ACA.
PAR  For analytical purposes, 1 g of the product was purified by repeated
      washing with absolute ethanol. The purified product had the following
      properties:
PA0  Uv absorption - max. at 259 m.mu.; min. at 230 m.mu..
PAR  Rf = 0.68 (Silica gel buffered at pH 5.8. Solvent: 125/25/6.5
      methanol/isopropanol/pH 5.8 buffer.) IR (KBr) bands at 1760 cm.sup.-.sup.1
      (.beta.-lactam), 1720 cm.sup.-.sup.1 (acetyl). The sample was not
      microbiologically active with respect to a cephalosporin C sensitive
      strain of A. faecalis.
PAC  EXAMPLE 2
PAC  N-acetoacetylcephalosporin C sodium
PAR  500 mg of an authentic sample of cephalosporin C sodium were dissolved in
      25 ml of water, and the solution was diluted with 15 ml of acetone. 146 mg
      of diketene in 10 ml of acetone were added to the solution at 0.degree.C,
      which was then stirred for 1 hour. The mixture was extracted twice with 50
      ml portions of ether, and the aqueous phase was freeze-dried.
PAR  The 543 mg of product obtained had the same properties as the product of
      Example 1.
PAC  EXAMPLE 3
PAC  Preparation of 7-ACA from N-acetoacetylcephalosporin C sodium
PAR  6.3 g of the N-acetoacetylcephalosporin C sodium obtained in Example 2 and
      8 ml of quinoline in 72 ml of anhydrous chloroform were reacted with 5.4
      ml of dimethyldichlorosilane at room temperature, for 45 minutes, with
      stirring.
PAR  The mixture was then cooled to -22.degree.C, and 4.5 g of phosphorus
      pentachloride were added. The temperature of the mixture was kept at
      -22.degree.C for 2 hours. The mixture was then further cooled to
      -32.degree.C, and 25 ml of propanol was added drop by drop. The
      temperature rose to -22.degree.C and was maintained at this value for 2
      hours. 25 ml of water were then added with stirring. The aqueous phase was
      separated off; and the organic layer was extracted with a further 20 ml of
      water. The combined aqueous solution was washed with an equal volume of
      chloroform, and its pH was raised to 3.5 with ammonium hydroxide.
PAR  The aqueous solution was left for 1 hour at 0.degree.C, for the product to
      crystallize out. The product was collected by filtration, washed with 20
      ml of 50 percent methanol, and dried at 45.degree.C under reduced
      pressure. 2.24 g of 7-ACA were obtained, having a titre of 91 percent as
      determined by spectrophotometric assay.
PAC  EXAMPLE 4
PAC  N-acetoacetylcephalosporin C sodium
PAR  1200 ml of fermentation broth having an activity corresponding to 25.08 g
      of cephalosporin C (as determined microbiologically) were diluted with 300
      ml of acetone, and the pH was raised to 7.8 - 8.0 with sodium hydroxide
      solution. The temperature of the mixture was maintained at 5.degree.C
      while 32 ml of freshly distilled diketene in 80 ml of anhydrous acetone
      were added with stirring, over a period of 1/2  hours. The stirring was
      continued for a further 30 minutes; and during the whole operation the pH
      was maintained at 7.8 - 8.0 by adding sodium hydroxide solution.
PAR  The pH of the reaction mixture was then lowered to 6, the acetone was
      evaporated off under reduced pressure, and the residue was extracted with
      400 ml of methyl isobutyl ketone. The aqueous solution was acidified to pH
      2 with cooling, and extracted with 1,200 ml of n-butanol in several
      portions. The combined butanolic extracts were washed with 100 ml of iced
      water, dried over Na.sub.2 SO.sub.4, and concentrated to 500 ml under
      reduced pressure.
PAR  The concentrated extract was treated with 1 N sodium 2-ethylhexanoate in
      methyl isobutyl ketone until it had an apparent pH of 5. The voluminous
      precipitate which formed on allowing the solution to stand was collected
      and dried at 40.degree.C under reduced pressure, yielding 23.73 g of
      N-acetoacetylcephalosporin C sodium with a purity of 70 percent.
PAC  EXAMPLE 5
PAC  Preparation of 7-ACA from N-acetoacetylcephalosporin C sodium
PAR  4 g of the N-acetoacetylcephalosporin C sodium obtained in Example 4 were
      suspended in 25 ml of methylene chloride. 1.5 ml of N,N-dimethylanaline,
      1.8 ml of triethylamine and, gradually with cooling, 3.1 ml of
      dimethyldichlorosilane were added to the suspension; and the mixture was
      maintained at 28.degree. - 30.degree.C, with stirring.
PAR  The reaction mixture was then cooled to -60.degree.C. A solution of 6 g of
      phosphorus pentachloride in 50 ml of methylene chloride was added,
      followed by 5.5 ml of N,N-dimethylaniline, and the temperature of the
      mixture was maintained at -40.degree.C for 2 hours. While still keeping
      the reaction mixture at this same temperature, 30 ml of anhdyrous methanol
      anhydrous 1.25 ml of N,N-dimethylaniline were added over a period of 15
      minutes; and the mixture was then maintained at -40.degree.C for a further
      2 hours. 30 ml of warm water were then added with stirring. The aqueous
      phase was separated off and its pH was raised to 3.8 with ammonium
      hydroxide.
PAR  The resulting suspension was left for 2 hours with cooling, for the product
      to crystallize out. The product was collected by filtration, washed first
      with water and then with acetone, and dried at 40.degree.C under reduced
      pressure. 0.8 g of 7-ACA was obtained, having a titre of 92.3 percent as
      determined by spectrophotometric assay.
PAC  EXAMPLE 6
PAC  Preparation of 7-ACA from N-acetoacetylcephalosporin C sodium
PAR  4 g of the N-acetoacetylcephalosporin C sodium prepared in Example 1 were
      transformed into 7-ACA by the same procedure as in Example 5. The
      resulting 7-ACA had a purity of 92.4 percent as determined by
      spectrophotometric assay.
PAC  EXAMPLE 7
PAC  N-dodecanoylcephalosporin C
PAR  300 ml of acetone were added to 300 ml of vacuum-concentrated fermentation
      broth filtrate having a microbiological activity corresponding to 5.12 g
      of cephalosporin C, and the pH of the mixture was raised to 7.7 with
      sodium hydroxide solution. A solution of 24 g of dodecanoyl chloride in 50
      ml of acetone was added with stirring, over a period of 3 hours, at a
      temperature of 30.degree.C and while maintaining the pH of the mixture at
      7.7 by addition of sodium hydroxide solution. The mixture was allowed to
      react for a further hour at pH 7.0, then the acetone was evaporated off
      under reduced pressure and the excess dodecanoic acid was filtered off.
PAR  100 ml of benzene were added to the filtrate and the aqueous phase was
      acidified to pH 2.0 with 5 N hydrochloric acid. The benzene layer was
      separated off, and the aqueous phase was extracted with a second 100 ml
      portion of benzene. The benzene extracts were combined and kept overnight
      at a temperature of 7.degree.C. The precipitate which formed was filtered
      off and dried under reduced pressure, yielding 5.3 g of
      N-dodecanoylcephalosporin C having a potentiometric titre of 97.5 percent.
      Yield 80 percent.
PAR  The product was subjected to thin-layer chromatography. (Silica gel "GF
      254" buffered with phosphate buffer at pH 5.8.Solvent:
      methanol/isopropanol/phosphate buffer pH 5.8: 125/25/6.5. Indicator:
      iodine/NaN.sub.3. Temperature: 110.degree.C). It gave a white spot at Rf =
      0.70, m.p. 132.degree. = 134.degree.C.
PAL  Uv spectrum: .lambda..sub.max. =  260 m.mu.; .lambda. .sub.min. =  233
      m.mu.. E.sub.1cm .sup.1 percent = 110 in 0.1N NaHCO.sub.3 solution at 260
      m.mu.. IR spectrum: 3270, 2920, 2850, 1755, 1725, 1645, 1530, 1380, 1235,
      1032 cm.sup.-.sup.1.
PAC  EXAMPLE 8
PAC  Preparation of 7-ACA from N-dodecanoylcephalosporin C
PAR  3.6 g of the N-dodecanoylcephalosporin C prepared in Example 7 were
      suspended in 25 ml of methylene chloride, and 2.55 ml of triethylamine and
      1.92 ml of N,N-dimethylaniline were added to the suspension. The mixture
      was cooled to 5.degree.C, 2.85 ml of dimethyldichlorosilane were slowly
      added, and the reaction mixture was then stirred for 2 hours at
      28.degree.C.
PAR  The reaction mixture was cooled to -60.degree.C, and a solution of 3.75 g
      of phosphorus pentachloride in 30 ml of methylene chloride was added,
      followed by 3 ml of N,N-dimethylaniline. The mixture was stirred for 2
      hours at -40.degree.C; the temperature was again lowered to -60.degree.C,
      and 20 ml of methanol containing 0.4 ml of N,N-dimethylaniline were slowly
      added; and the mixture was then again stirred for 2 hours at -40.degree.C.
PAR  20 ml of warm water were added to the reaction mixture, the aqueous phase
      was separated off, and the organic layer was extracted with 10 ml of
      water. The aqueous extracts were combined, the pH adjusted to 3.7 with
      ammonium hydroxide, and the resulting solution was left overnight under
      cooling. The precipitate which formed was collected by filtration, washed
      with water and acetone, and dried under reduced pressure, yielding 1.20 g
      of 7-ACA having a titre of 90.2 percent (as determined by UV
      spectrophotometry). Yield 67.5 percent.
PAC  EXAMPLE 9
PAC  N-dodecanoylcephalosporin C monosodium salt
PAR  2600 ml of filtered fermentation broth with a cephalosporin C activity of
      2750 .delta. /ml were treated with an equal volume of acetone. The
      precipitate which formed was filtered off, and the pH of the filtrate was
      raised to 7.8 with sodium hydroxide solution.
PAR  48.2 g of dodecanoyl chloride were then added to the filtrate over a period
      of 3 hours, with vigorous stirring, while keeping the filtrate at
      30.degree.C and maintaining its pH at 7.8 by addition of sodium hydroxide
      solution. After half an hour, the pH was lowered to 7.0, the acetone was
      evaporated off under reduced pressure, and the dodecanoic acid was removed
      by filtration. The solution was acidified to pH 6.0 with 5 N hydrochloric
      acid and extracted with 200 ml of benzene, to eliminate residual
      dodecanoic acid.
PAR  The resulting solution was then acidified to pH 2.0 with 5 N hydrochloric
      acid, and extracted with 300 ml of ethyl acetate in four portions. The
      combined organic extracts were washed with 100 ml of iced water, dried
      over anhydrous sodium sulphate, and concentrated to 100 ml at 25.degree.C
      under reduced pressure. The concentrate was treated with 1 N sodium
      2-ethylhexanoate in methyl isobutyl ketone to an apparent pH of 5.5, then
      left to stand under cooling. The precipitate which formed was collected by
      filtration and dried under reduced pressure, yielding 5.4 g of the
      monosodium salt of N-dodecanoylcephalosporin C. The product had the same
      chromatographic and spectrophotometric characteristics as the product of
      Example 7.
PAC  EXAMPLE 10
PAC  Preparation of 7-ACA from N-dodecanoylcephalosporin C monosodium salt
PAR  1.2 g of the monosodium salt of N-dodecanoylcephalosporin C prepared in
      Example 9 were subjected to the procedure of Example 8, yielding 0.27 g of
      7-ACA having a titre of 88.5 percent, as determined by spectrophotometric
      assay.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process of recovering cephalosporin C from a fermentation broth
      thereof by treating said broth with a reactant which causes a protecting
      moeity to become attached to the amino side chain of said cephalosporin C,
      the improvement which comprises employing an acid chloride of the formula
      R-CO-Cl, wherein R is an aliphatic hydrocarbon radical of 9-21 carbon
      atoms, as said reactant and wherein said fermentation broth is treated
      with at least 1.5 mols of said reactant per mol of cephalosporin C in the
      broth.
NUM  2.
PAR  2. The process of claim 1 wherein said fermentation broth is treated with
      from 2- 15 mols of said reactant per mol of cephalosporin C in the broth,
      at a pH of about 8, while maintaining the temperature of the broth in the
      range of from -10.degree. C. to +40.degree. C.
NUM  3.
PAR  3. The process of claim 1 wherein said reactant is selected from the group
      consisting of decanoyl chloride, dodecanoyl chloride and hendecenoyl
      chloride.
NUM  4.
PAR  4. In the process of recovering cephalosporin C from a fermentation broth
      thereof by treating said broth with a reactant which causes a protecting
      moiety to become attached to the amino side chain of said cephalosporin C
      and thereafter recovering the resulting protected cephalosporin C from
      said broth by extraction with a water immiscible organic solvent at an
      acid pH, the improvement which comprises employing an acid chloride of the
      formula R-CO-Cl, wherein R is an aliphatic hydrocarbon radical of 9-21
      carbon atoms, as said reactant.
NUM  5.
PAR  5. The process of claim 4 wherein said reactant is selected from the group
      consisting of decanoyl chloride, dodecanoyl chloride, and hendecenoyl
      chloride.
NUM  6.
PAR  6. In the process of preparing 7-aminocephalosporanic acid which comprises
      the steps of treating a cephalosporin C fermentation broth with a reactant
      which causes a protecting moiety to become attached to the amino side
      chain of said cephalosporin C, recovering the resulting protected
      cephalosporin C from said broth by extraction with a water immiscible
      organic solvent at acid pH, forming a silyl di-ester of said protected
      cephalosporin C, halogenating said silyl di-ester thereby forming the
      corresponding imino-halide, reacting said imino-halide with a lower
      aliphatic alcohol thereby forming the corresponding imino-ether, and
      hydrolyzing said imino-ether under acidic conditions thereby forming the
      desired 7-aminocephalosporanic acid, the improvement which comprises
      employing and an acid chloride of the formula R-CO-Cl, wherein R is an
      aliphatic hydrocarbon radical of 9-21 carbon atoms, as said reactant.
NUM  7.
PAR  7. The process of claim 6 wherein said reactant is selected from the group
      consisting of decanoyl chloride, dodecanoyl chloride and hendecenoyl
      chloride.
NUM  8.
PAR  8. In the process of preparing 7-aminocephalosporanic acid which comprises
      the steps of forming a silyl di-ester of an amino side chain protected
      cephalosporin C, halogenating said silyl di-ester thereby forming the
      corresponding imino-halide, reacting said imino-halide with a lower
      aliphatic alcohol thereby forming the corresponding aminoether, and
      hydrolyzing said imino-ether under acidic conditions thereby forming the
      desired 7-aminocephalosporanic acid, the improvement which comprises
      employing as said amino side chain protected cephalosporin C, a compound
      of the formula
      ##SPC5##
PAL  wherein A is selected from the group consisting of CH.sub.3 COCH.sub.2 CO
      and R-CO-, wherein R is a hydrocarbon radical of 9-21 carbon atoms.
NUM  9.
PAR  9. The process of claim 8 wherein said amino side chain protected
      cephalosporin C is selected from the group consisting of
      N-decanoylcephalosporin C, N-dodecanoylcephalosporin C, and
      N-hendecenoylcephalosporin C.
NUM  10.
PAR  10. A cephalosporin derivative of the formula
      ##SPC6##
PAL  wherein A is R-CO-, R representing an aliphatic hydrocarbon group of 9-21
      carbon atoms; the sodium, potassium, calcium, zinc, iron, cadmium, copper,
      aluminum, ammonium, and organic base salts thereof, wherein said organic
      base is selected from the group consisting of quinoline, cyclohexylamine,
      5-ethyl-2-methylpyridine, 2-picoline, 3-picoline, 4-picoline,
      N-ethylmorpholine, N-methylmorpholine, 2,6-lutidine,
      N,N-diethylcyclohexylamine, hexamethylenetetramine,
      N,N-diethylbenzylamine, and N,N-dibenzylethylenediamine.
NUM  11.
PAR  11. The cephalosporin derivative of claim 10 wherein the compound of said
      formula is selected from the group consisting of N-decanoylcephalosporin
      C, N-dodecanoylcephalosporin C, and N-hendecenoylcephalosporin C.
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ABST
PAL  N-Aminomethyl heterocyclic thioacetamide compounds are prepared by reacting
      a heterocyclic thioacetamide with formaldehyde and an amine. The products
      inhibit gastric acid secretion.
PARN
PAR  This is a division of application Ser. No. 266,181 filed June 26, 1972,
      which is a continuation-in-part of Ser. No. 220,418, filed Jan. 24, 1972
      now abandoned.
BSUM
PAR  This invention relates to new N-aminomethyl heterocyclic thioacetamide
      compounds having pharmacodynamic activity. In particular, these compounds
      inhibit gastric acid secretion.
PAR  The compounds of this invention are represented by the following formula:
PAC  FORMULA I
      ##EQU1##
      in which: R.sub.1 is 2-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 2-pyrazinyl,
      2-pyrrolyl, 2-quinolyl, 2-thiazolyl or 4-thiazolyl;
PA1  R.sub.2 is hydrogen, lower alkyl, lower alkenyl or -(CH.sub.2).sub.n
      -phenyl;
PA1  R.sub.3 is di-lower alkylamine, N-lower alkyl-N-phenylamine, pyrrolidino,
      piperidino morpholino or N-lower alkylpiperazino and n is 0 or 1.
PAR  This invention also includes pharmaceutically acceptable acid addition
      salts of the compounds of Formula I.
PAR  The pharmacologically active compounds of this invention have the basic
      structure of Formula I. However, it is apparent to one skilled in the art
      that well known nuclear substituents such as lower alkyl, lower alkoxy or
      halogen may be incorporated on the heterocyclic rings of R.sub.1 and the
      phenyl rings. These substituted compounds are used as are the parent
      compounds.
PAR  Preferred compounds of this invention are represented by Formula I above in
      which R.sub.2 is hydrogen or lower alkyl and R.sub.3 is di-lower
      alkylamino, pyrrolidino, piperidino or morpholino.
PAR  Advantageous compounds of this invention are represented by Formula I in
      which R.sub.1 is 2-pyridyl, R.sub.2 is lower alkyl and R.sub.3 is
      diethylamino, pyrrolidino or morpholino.
PAR  Most preferably, in the compounds of Formula I, R.sub.1 is 2-pyridyl.
PAR  Particularly advantageous compounds of this invention are represented by
      Formula I in which R.sub.1 is 2-pyridyl, R.sub.2 is methyl, ethyl or
      isopropyl and R.sub.3 is diethylamino, pyrrolidino or morpholino. Included
      in this group are 3-methyl-N-morpholinomethyl-2-(2-pyridyl)thiobutanamide,
      N-morpholinomethyl-2-(2-pyridyl)thiopropanamide,
      3-methyl-N-pyrrolidinomethyl-2-(2-pyridyl)thiobutanamide and
      N-diethylaminomethyl-3-methyl-2-(2-pyridyl)thiobutanamide.
PAR  The compounds of this invention produce inhibition of gastric acid
      secretion. This activity is demonstrated by administration to pylorus
      ligated rats at doses of about 10 to about 50 gm./kg. orally. Also, this
      activity is demonstrated by administration to chronic gastric fistula rats
      (Brodie et al., Amer. J. Physiol. 202:812-814, 1962) at doses of about 50
      mg./kg. orally. In these procedures, compounds which produce an increase
      in gastric pH or a decrease in the volume of gastric juice or both are
      considered active.
PAR  These compounds show antiulcer activity in the restraint-stress method in
      which an oral administration to rats these compounds inhibit the
      development of experimental ulcers.
PAR  The compounds of this invention are prepared as follows:
      ##EQU2##
      The terms R.sub.1 -R.sub.3 are as defined above.
PAR  According to the above procedure, a heterocyclic thioacetamide is reacted
      with formaldehyde and an amine. The reaction is preferably carried out in
      an organic solvent, such as a lower alkanol, for example methanol. The
      reaction is carried out, for example, at about -40.degree.C. to about
      90.degree.C., preferably at the lower temperatures when R.sub.2 is
      hydrogen.
PAR  The heterocyclic thioacetamide starting materials are known to the art or
      are prepared, for example, by reacting the corresponding substituted
      acetonitrile (R.sub.1 R.sub.2 CH-CN) with hydrogen sulfide in the presence
      of base such as an amine or by reacting with ammonium polysulfide. The
      substituted acetonitriles may be prepared from substituted ketones or
      carboxaldehydes (R.sub.1 R.sub.2 C=O) by reducing to the corresponding
      alcohol using a reducing agent such as sodium borohydride, then treating
      the alcohol with a chlorinating agent such as thionyl chloride and
      treating the resulting chloride with an alkali metal cyanide such as
      sodium or potassium cyanide.
PAR  The pharmaceutically acceptable acid addition salts of the compounds of
      Formula I are formed with organic and inorganic acids by methods known to
      the art. For example, the base is reacted with an organic or inorganic
      acid in aqueous miscible solvent, such as acetone or ethanol, with
      isolation of the salt by concentration and cooling or in aqueous
      immiscible solvent, such as ethyl ether or chloroform, with the desired
      salt separating directly. Exemplary of the salts which are included in
      this invention are maleate, fumarate, succinate, oxalate, benzoate,
      methanesulfonate, ethanedisulfonate, benzenesulfonate, acetate,
      propionate, tartrate, citrate, hydrochloride, hydrobromide, sulfate,
      sulfamate, phosphate and nitrate salts.
PAR  The compounds of this invention are administered internally either
      parenterally, rectally or, preferably, orally in an amount to produce the
      desired biological activity.
PAR  Preferably, the compounds are administered in conventional dosage forms
      prepared by combining an appropriate dose of the compound with standard
      pharmaceutical carriers.
PAR  The pharmaceutical carrier may be for example a solid or a liquid.
      Exemplary of solid carriers are lactose, magnesium stearate, cerra alba,
      sucrose, talc, stearic acid, gelatin, agar, pectin, acacia or cocoa
      butter. The amount of solid carrier will vary widely but preferably will
      be from about 25 mg. to about 1 gm. Exemplary of liquid carriers are
      syrup, peanut oil, olive oil, sesame oil, propylene glycol, polyethylene
      glycol (mol. wt. 200-400) and water. The carrier or diluent may include a
      time delay material well known to the art such as, for example, glyceryl
      monostearate or glyceryl distearate alone or with a wax.
PAR  A wide variety of pharmaceutical forms can be employed, for example the
      preparation may take the form of tablets, capsules, powders,
      suppositories, troches, lozenges, syrups, emulsions, sterile injectable
      liquids or liquid suspensions or solutions.
PAR  The pharmaceutical compositions are prepared by conventional techniques
      involving procedures such as mixing, granulating and compressing or
      dissolving the ingredients as appropriate to the desired preparation.
PAR  The terms "lower alkyl" and "lower alkoxy" where used herein denote groups
      having 1-6, preferably 1-4, carbon atoms; "lower alkenyl" denotes groups
      having 2-6, preferably 2-4, carbon atoms and "halogen" denotes chloro,
      bromo or fluoro.
PAR  The following examples are not limiting but are illustrative of the
      compounds of this invention and processes for their preparation.
DETD
PAC  EXAMPLE 1
PAR  To a solution of 1.0 g. of 3-methyl-2-(2-pyridyl)thiobutanamide in 20 ml.
      of methanol is added, at one time, 0.45 g. of morpholine and 0.42 ml. of a
      37 percent formalin solution. The reaction is stirred for 15 hours at
      25.degree.C., then refluxed on a steam bath for 20 minutes. The solvents
      are evaporated in vacuo and the residue is distilled to give
      3-methyl-N-morpholinomethyl-2-(2-pyridyl)thiobutanamide, b.p.
      110.sup.-+-112.degree.C. (0.005 mm.).
PAC  EXAMPLE 2
PAR  2-Phenyl-(2-(2-pyridyl)thioacetamide (1.14 g.) is suspended in 20 ml. of
      methanol. To the suspension is added 0.49 ml. of morpholine and 0.45 ml.
      of formalin. The mixture is heated on a steam bath until all of the
      materials are dissolved. The solution is then cooled and hexane is added.
      Concentrating to dryness and recrystallizing the residue from isopropanol
      gives N-morpholinomethyl-2-phenyl-2-(2-pyridyl)thioacetamide, m.p.
      128.degree.-130.degree.C.
PAC  EXAMPLE 3
PAR  By the procedure of Example 1, using the following thioamides in place of
      3-methyl-2-(2-pyridyl)thiobutanamide:
PA1  2-(2-pyridyl)thiobutanamide
PA1  2-(2-pyridyl)thiopentanamide
PA1  2-(2-pyridyl)thiohexanamide
PA1  2-(2-pyridyl)thiooctanamide
PAL  the products are respectively:
PA1  N-morpholinomethyl-2-(2-pyridyl)thiobutanamide
PA1  N-morpholinomethyl-2-(2-pyridyl)thiopentanamide
PA1  N-morpholinomethyl-2-(2-pyridyl)thiohexanamide
PA1  N-morpholinomethyl-2-(2-pyridyl)thiooctanamide.
PAC  EXAMPLE 4
PAR  Using 2-(2-pyridyl)-4-thiopentenamide in place of
      3-methyl-2-(2-pyridyl)thiobutanamide in the procedure of Example 1, the
      product is N-morpholinomethyl-2-(2-pyridyl)-4-thiopentenamide.
PAC  EXAMPLE 5
PAR  To a solution of 2.0 g. (0.013 m.) of 2-(2-pyridyl)thioacetamide in 30 ml.
      of methanol at -40.degree.C. is added 1.15 g. (0.013 m.) of morpholine in
      6 ml. of methanol and 1.05 ml. of a 37 percent formalin solution (0.013
      m.) in 6 ml. of methanol. The solution is allowed to warm up to
      -20.degree.C. and kept at this temperature for 48 hours.
PAR  The solution is concentrated in vacuo and the residue is deposited on
      silica gel and chromatographed on a 20 inch .times. 1.5 inch dry column,
      using ethyl acetate as the eluant. The product fraction is evaporated and
      the residue is distilled in vacuo to give
      N-morpholinomethyl-2-(2-pyridyl)thioacetamide.
PAC  EXAMPLE 6
PAR  By the procedure of Example 5, using the following thioamides in place of
      2-(2-pyridyl)thioacetamide:
PA1  2-(2-pyrazinyl)thioacetamide
PA1  2-(2-quinolyl)thioacetamide
PA1  2-(2-pyrrolyl)thioacetamide
PA1  2-(6-methyl-2-pyridyl)thioacetamide
PA1  2-(5-methyl-2-pyridyl)thioacetamide
PA1  2-(4-methyl-2-pyridyl)thioacetamide
PA1  2-(3-methyl-2-pyridyl)thioacetamide
PA1  2-(5-ethyl-2-pyridyl)thioacetamide
PA1  2-(4-methoxy-2-pyridyl)thioacetamide
PA1  2-(4-ethoxy-2-pyridyl)thioacetamide
PAL  the products are, respectively:
PA1  N-morpholinomethyl-2-(2-pyrazinyl)thioacetamide
PA1  N-morpholinomethyl-2-(2-quinolyl)thioacetamide
PA1  N-morpholinomethyl-2-(2-pyrrolyl)thioacetamide
PA1  2-(6-methyl-2-pyridyl)-N-morpholinomethyl-thioacetamide
PA1  2-(5-methyl-2-pyridyl)-N-morpholinomethyl-thioacetamide
PA1  2-(4-methyl-2-pyridyl)-N-morpholinomethyl-thioacetamide
PA1  2-(3-methyl-2-pyridyl)-N-morpholinomethyl-thioacetamide
PA1  2-(5-ethyl-2-pyridyl)-N-morpholinomethyl-thioacetamide
PA1  2-(4-methoxy-2-pyridyl)-N-morpholinomethyl-thioacetamide
PA1  2-(4-ethoxy-2-pyridyl)-N-morpholinomethyl-thioacetamide.
PAC  EXAMPLE 7
PAR  By the procedure of Example 1, using the following thioamides in place of
      3-methyl-2-(2-pyridyl)thiobutanamide:
PA1  2-(2-pyrazinyl)thiobutanamide
PA1  2-phenyl-2-(2-pyrazinyl)thioacetamide
PA1  2-(4-chlorophenyl)-2-(2-pyrimidyl)thioacetamide
PA1  2-phenyl-2-(2-thiazolyl)thioacetamide
PA1  2-(4,6-dimethyl-2-pyrimidyl)thioacetamide
PAL  the products are, respectively:
PA1  N-morpholinomethyl-2-(2-pyrazinyl)thiobutanamide
PA1  N-morpholinomethyl-2-phenyl-2-(2-pyrazinyl)thioacetamide
PA1  2-(4-chlorophenyl)-N-morpholinomethyl-2-(2-pyrimidyl)thioacetamide
PA1  N-morpholinomethyl-2-phenyl-2-(2-thiazolyl)thioacetamide
PA1  2-(4,6-dimethyl-2-pyrimidyl)-N-morpholinomethyl-thioacetamide.
PAC  EXAMPLE 8
PAR  By the procedure of Example 2, using in place of
      2-phenyl-2-(2-pyridyl)thioacetamide the following 2-substituted
      phenyl-2-(2-pyridyl)thioacetamides:
PA1  2-(4-chlorophenyl)-2-(2-pyridyl)thioacetamide
PA1  2-(2-fluorophenyl)-2-(2-pyridyl)thioacetamide
PA1  2-(3-methylphenyl)-2-(2-pyridyl)thioacetamide
PA1  2-(4-methoxyphenyl)-2-(2-pyridyl)thioacetamide
PAL  the products are, respectively:
PAR  2-(4-chlorophenyl)-N-morpholinomethyl-2-(2-pyridyl)thioacetamide
PAR  2-(2-fluorophenyl)-N-morpholinomethyl-2-(2-pyridyl)thioacetamide
PAR  2-(3-methylphenyl)-N-morpholinomethyl-2-(2-pyridyl)thioacetamide
PAR  2-(4-methoxyphenyl)-N-morpholinomethyl-2-(2-pyridyl)thioacetamide.
PAC  EXAMPLE 9
PAR  Methyl 4-thiazolyl ketone (12.7 g.) is added to 3.8 g. of sodium
      borohydride in 100 ml. of isopropanol and the mixture is heated at reflux
      for four hours. Dilute hydrochloric acid (100 ml.) is added and the
      mixture is evaporated to dryness. The residue is dissolved in a small
      volume of water and the aqueous solution is made basic with 5% aqueous
      sodium bicarbonate solution, then evaporated to dryness. The residue is
      extracted with ether and the ether is removed from the extract in vacuo to
      give .alpha.-(4-thiazolyl)ethanol.
PAR  A mixture of 8.4 g. of .alpha.-(4-thiazolyl)ethanol and 25 ml. of thionyl
      chloride is heated for 4 hours on a steam bath, then concentrated in
      vacuo. The residue is dissolved in water and basified with 5 percent
      aqueous sodium carbonate solution. Extracting with ether, then drying and
      concentrating the extracts gives 4-(.alpha.-chloroethyl)thiazole.
PAR  A solution of 7.8 g. of 4-(.alpha.-chloroethyl)thiazole is added dropwise
      to a suspension of 5.2 g. of sodium cyanide in 100 ml. of
      dimethylsulfoxide. The mixture is heated at 50.degree.C. for 2 hours, then
      diluted with 150 ml. of a 5 percent aqueous sodium carbonate solution and
      extracted with ether. The extract is dried and concentrated to give
      .alpha.-(4-thiazolyl)propionitrile.
PAR  To 12.4 g. of .alpha.-(4-thiazolyl)propionitrile in 13 ml. of pyridine is
      added 5 ml. of triethylamine. Hydrogen sulfide is bubbled into the mixture
      for two hours. The mixture is heated in a sealed tube at 100.degree.C. for
      15 hours, then cooled and concentrated to dryness. The residue is
      extracted with chloroform and the extract is concentrated to dryness. The
      residue is recrystallized from chloroform-hexane to give
      2-(4-thiazolyl)thiopropanamide.
PAR  Using 2-(4-thiazolyl)thiopropanamide in place of
      3-methyl-2-(2-pyridyl)thiobutanamide in the procedure of Example 1, the
      product is N-morpholinomethyl-2-(4-thiazolyl)-thiopropanamide.
PAC  EXAMPLE 10
PAR  To a solution of 22.2 g. of methyl magnesium chloride in ether is added
      10.5 g. of 4-pyrimidinecarbonitrile in tetrahydrofuran. The resulting
      mixture is heated at reflux for 24 hours, then poured onto ice. To the
      mixture is added 75 ml. of 25 percent sulfuric acid. The solution is then
      made basic with 10 percent aqueous sodium carbonate solution and extracted
      with ether. The extracts are dried and concentrated to give methyl
      4-pyrimidyl ketone.
PAR  By the procedure of Example 9, using methyl 4-pyrimidyl ketone in place of
      methyl 4-thiazolyl ketone, 2-(4-pyrimidyl)thiopropanamide is obtained.
PAR  Using 2-(4-pyrimidyl)thiopropanamide in place of
      3-methyl-2-(2-pyridyl)thiobutanamide in the procedure of Example 1, the
      product is N-morpholinomethyl-2-(4-pyrimidyl)thiopropanamide.
PAC  EXAMPLE 11
PAR  By the procedure of Example 10, using 2-(4chloropyridine)carbonitrile as
      the starting material, 2-(4-chloro-2-pyridyl)thiopropanamide is obtained.
PAR  Using 2-(4-chloro-2-pyridyl)thiopropanamide in place of
      3-methyl-2-(2-pyridyl)thiobutanamide in the procedure of Example 1, the
      product is N-morpholinomethyl-2-(4-chloro-2-pyridyl)thiopropanamide.
PAC  EXAMPLE 12
PAR  A solution of 11.8 g. of 2-pyridylacetonitrile in 30 ml. of
      dimethylsulfoxide is added to a suspension of 2.4 g. of sodium hydride in
      50 ml. of dimethylsulfoxide with stirring. The mixture is heated on a
      steam bath for 2 hours, then cooled to room temperature.
      2-Methyl-2-pentenyl-1-chloride (11.8 g.) is added dropwise with stirring.
      The mixture is heated on the steam bath, with stirring, for 10 hours, then
      most of the solvent is removed in vacuo. Water is added to the residue,
      then 200 ml. of ether is added. The ethereal solution is separated from
      the aqueous layer and rinsed several times with water, then dried,
      concentrated and distilled to give
      4-methyl-2-(2-pyridyl)-4-heptenenitrile.
PAR  Treating the above prepared nitrile with hydrogen sulfide by the procedure
      described in Example 9 gives 4-methyl-2-(2-pyridyl)-4-thioheptenamide.
PAR  Using 4-methyl-2-(2-pyridyl)-4-thioheptenamide in place of
      3-methyl-2-(2-pyridyl)thiobutanamide in the procedure of Example 1 gives
      4-methyl-N-morpholinomethyl-2-(2-pyridyl)-4-thioheptenamide.
PAC  EXAMPLE 13
PAR  By the procedures described in Example 9,
      .alpha.-(6-methyl-2-pyridyl)-2-propenol is treated with thionyl chloride,
      the resulting 2-(1-chloro-2-propenyl)-6-methylpyridine is reacted with
      sodium cyanide and the 2-(6-methyl-2-pyridyl)-3-butenenitrile is treated
      with hydrogen sulfide to give 2-(6-methyl-2-pyridyl)-3-thiobutenamide.
PAR  Reacting 2-(6-methyl-2-pyridyl)-3-thiobutenamide with morpholine and
      formalin by the procedure of Example 1 gives
      N-morpholinomethyl-2-(6-methyl-2-pyridyl)-3-thiobuteneamide.
PAC  EXAMPLE 14
PAR  A solution of 1.66 g. (0.01 mole) of 2-(2-pyridyl)thiopropanamide in 20 ml.
      of methanol is treated with 1.1 g. (0.015 mole) of morpholine and then
      with 0.45 g. (0.015 mole) of formaldehyde. The mixture is kept for 48
      hours at 25.degree.C., then concentrated in vacuo at 25.degree.C. The
      residue is dissolved in a minimum of ethanol and treated with a 5 percent
      solution of oxalic acid in ethanol. Ether is added and the precipitate is
      filtered off and recrystallized from ethanol to give
      N-morpholinomethyl-2(2-pyridyl)thiopropanamide oxalate.
PAR  The oxalate salt is suspended in water and basified with 5 percent aqueous
      sodium carbonate solution, then extracted with chloroform. The solvent is
      evaporated from the extracts and the residue is triturated with hexane.
      The solid is recrystallized from ether to give
      N-morpholinomethyl-2-(2-pyridyl)thiopropanamide, m.p.
      69.degree.-71.sqroot.C.
PAC  EXAMPLE 15
PAR  A solution of 1.0 g. (0.005 mole) of 3-methyl-2-(2-pyridyl)thiobutanamide
      in 20 ml. of methanol is treated with 0.65 g. (0.0075 mole) of piperidine
      and then with 0.23 g. of formaldehyde. The mixture is kept for 72 hours at
      25.degree.C., then concentrated in vacuo at 25.degree.C. The residue is
      suspended in water and then extracted into chloroform. The chloroform is
      evaporated from the extracts and the residue is dissolved in hexane and
      cooled to -60.degree.C. on a dry ice bath. Upon warming to 25.degree.C.,
      the hexane solution was decanted from insoluble oil and then evaporated in
      vacuo. The residue is vacuum dried at 0.005 mm. and 25.degree.C. to give
      3-methyl-N-piperidinomethyl-2-(2-pyridyl)thiobutanamide.
PAC  EXAMPLE 16
PAR  A solution of 1.0 g. (0.005 mole) of 3-methyl-2-(2-pyridyl, thiobutanamide
      in 20 cc. of methanol is treated with 0.54 g. (0.0075 mole) of pyrrolidine
      and then with 0.23 g. (0.0075 mole) of formaldehyde. The mixture is kept
      at 25.degree.C. for 72 hours, then worked up as in Example 15 to give,
      after vacuum drying at 0.005 mm. and 25.degree.C.,
      3-methyl-N-pyrrolidinomethyl-2-(2-pyridyl)thiobutanamide.
PAC  EXAMPLE 17
PAR  A solution of 1.94 g. (0.01 mole) of 3-methyl-2-(2-pyridyl)thiobutanamide
      in 40 ml. of methanol is treated with 1.1 g. (0.015 mole) of diethylamine
      and 0.45 g. of formaldehyde. The mixture is kept for 48 hours at
      25.degree.C., then at 0.degree.C. for 48 hours. The solvent is evaporated
      and the residue is dissolved in chloroform and washed with water. The
      solution is dried and the solvent is evaporated off. The residue is vacuum
      dried at 0.005 mm. and 25.degree.C. for 6 hours to give
      N-diethylaminomethyl-3-methyl-2-(2-pyridyl)thiobutanamide
PAC  EXAMPLE 18
PAR  By the procedure of Example 17, using in place of diethylamine, the
      following di-lower alkylamines:
PA1  dimethylamine
PA1  dipropylamine
PA1  dibutylamine
PAL  the products are, respectively:
PAR  N-dimethylaminomethyl-3-methyl-2-(2-pyridyl)thiobutanamide
PAR  N-dipropylaminomethyl-3-methyl-2-(2-pyridyl)thiobutanamide
PAR  N-dibutylaminomethyl-3-methyl-2-(2-pyridyl)thiobutanamide.
PAC  EXAMPLE 19
PAR  By the procedure of Example 15, using in place of
      3-methyl-2-(2-pyridyl)thiobutanamide the following thioamides:
PA1  2-(2-pyridyl)thiopropanamide
PA1  2-(2-pyrazinyl)thiobutanamide
PA1  2-(2-pyridyl)-4-thiopentenamide
PAL  the products are, respectively:
PA1  N-pyrrolidinomethyl-2-(2-pyridyl)thiopropanamide
PA1  N-pyrrolidinomethyl-2-(2-pyrazinyl)thiobutanamide
PA1  N-pyrrolidinomethyl-2-(2-pyridyl)-4-thiopeutenamide.
PAC  EXAMPLE 20
PAR  By the procedure of Example 5, using pyrrolidine in place of morpholine,
      the product is N-pyrrolidinomethyl-2-(2-pyridyl)thioacetamide.
PAR  Similarly, using the following amines:
PA1  piperidine
PA1  diethylamine
PA1  1-methylpiperazine
PAL  the products are, respectively:
PA1  N-piperidinomethyl-2-(2-pyridyl)thioacetamide
PA1  N-diethylaminomethyl-2-(2-pyridyl)thioacetamide
PA1  N-(4-methylpiperazinomethyl)-2-(2-pyridyl)thioacetamide.
PAC  EXAMPLE 21
PAR  By the procedure of Example 5, using pyrrolidine in place of morpholine and
      the following thioamides in place of 2-(2-pyridyl)thioacetamide:
PA1  2-(2-pyrazinyl)thioacetamide
PA1  2-(2-quinolyl)thioacetamide
PA1  2-(2-pyrrolyl)thioacetamide
PA1  2-(4,6-dimethyl-2-pyrimidyl)thioacetamide
PA1  2-(4-thiazolyl)thiopropanamide
PAL  the products are, respectively:
PA1  N-pyrrolidinomethyl-(2-(2-pyrazinyl)thioacetamide
PA1  N-pyrrolidinomethyl-2-(2-quinolyl)thioacetamide
PA1  N-pyrrolidinomethyl-2-(2-pyrrolyl)thioacetamide
PA1  N-pyrrolidinomethyl-2-(4,6-dimethyl-2-pyrimidyl)thioacetamide
PA1  N-pyrrolidinomethyl-2-(4-thiazolyl)thiopropanamide.
PAC  EXAMPLE 22
PAR  By the procedure of Example 14, 2-benzyl-2-(2-pyridyl)thioacetamide is
      reacted with morpholine and formaldehyde to give
      2-benzyl-N-morpholinomethyl-2-(2-pyridyl)thioacetamide.
PAR  By the same procedure, using diethylamine in place of morpholine, the
      product is 2-benzyl-N-diethylaminomethyl-2-(2-pyridyl)-thioacetamide.
PAR  Similarly, using pyrrolidine in place of morpholine, the product is
      2-benzyl-N-pyrrolidinomethyl-2-(2-pyridyl)-thioacetamide.
PAC  EXAMPLE 23
PAR  3-Methyl-N-morpholinomethyl-2-(2pyridyl)thiobutanamide (500 mg.) in ethanol
      is treated with ethereal hydrogen chloride to give, after filtering,
      3-methyl-N-morpholino-methyl-2-(2-pyridyl)thiobutanamide hydrochloride.
PAR  By the same procedure, using etheral hydrogen bromide, the hydrobromide
      salt is prepared.
PAC  EXAMPLE 24
PAR  3-Methyl-N-pyrrolidinomethyl-2-(2-pyridyl)thiobutanamide is treated with an
      equimolar amount of maleic acid in ethanol to give
      3-methyl-N-pyrrolidinomethyl-2-(2-pyridyl)thiobutanamide maleate.
PAC  EXAMPLE 25
PAR  A solution of 1.94 g. (0.01 mole) of 3-methyl-2-(2-pyridyl)thiobutanamide
      in 40 ml. of methanol is treated with 1.6 g. (0.015 mole) of
      N-methylaniline and 1.22 ml. of 37 percent formalin solution. The reaction
      is kept at 25.degree.C. for 12 hours, then refluxed for four hours. The
      solvents are evaporated in vacuo and the residue is triturated with ethyl
      acetate and cooled, then filtered. The filtrate is evaporated in vacuo and
      the resulting oil is triturated with cold ether to give
      3-methyl-N-(N-methyl-N-phenylaminomethyl)-2-(2-pyridyl)thiobutanamide,
      which after recrystallization from ether melts at 95.degree.-97.degree.C.
PAR  By the same procedure using N-ethylaniline in place of N-methylaniline, the
      product is
      3-methyl-N-(N-ethyl-N-phenylaminomethyl)-2-(2-pyridyl)thiobutanamide.
PAR  Similarly, using the appropriate N-lower alkylanilines,
      3-methyl-N-(N-propyl-N-phenylaminomethyl)-2-(2-pyridyl)thiobutanamide and
      3-methyl-N-(N-butyl-N-phenylaminomethyl)-2-(2-pyridyl)thiobutanamide are
      prepared.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##EQU3##
      in which: R.sub.1 is 2-quinolyl;
PA1  R.sub.2 is hydrogen, lower alkyl, lower alkenyl or -(CH.sub.2).sub.n
      -phenyl;
PA1  R.sub.3 is di-lower alkylamino, N-lower alkyl-N-phenylamino, pyrrolidino,
      piperidino or morpholino and
PA1  n is 0 or 1 or a pharmaceutically acceptable acid addition salt thereof.
      -thiazolyl)thiopropanamide.
NUM  2.
PAR  2. A compound of claim 1 in which R.sub.2 is hydrogen or lower alkyl and
      R.sub.3 is morpholino.
NUM  3.
PAR  3. A compound of claim 1 in which R.sub.2 is hydrogen or lower alkyl and
      R.sub.3 is di-lower alkylamino, pyrrolidino, piperidino or morpholino.
NUM  4.
PAR  4. A compound of claim 1, said compound being
      N-morpholinomethyl-2-(2-quinolyl)thioacetamide.
NUM  5.
PAR  5. A compound of claim 1, said compound being
      N-pyrrolidinomethyl-2-(2-quinolyl)thioacetamide.
PATN
WKU  039311635
SRC  5
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APT  1
ART  121
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ISD  19760106
NCL  17
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EXP  Ford; John M.
INVT
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ABST
PAL  The present invention relates to naphthoquinone derivatives of formula I,
      ##SPC1##
PAL  in which
PA1  R.sub.1 signifies a halogen atom, a nitro group or an unsubstituted or
      substituted alkoxy or amino group,
PA1  R.sub.2 signifies the atoms necessary to form an unsaturated ring system,
      which ring system has 1 or 2 nuclei and is unsubstituted or substituted,
PA1  R.sub.3 signifies an unsubstituted or substituted s-triazinyl or pyrimidyl
      radical, and
PA1  n is 0, 1 or 2,
PAL  Which compounds are free from sulphonic acid groups are useful as pigments
      or disperse dyes.
BSUM
PAR  The invention relates to naphthoquinone derivatives.
PAR  Accordingly, the invention provides compounds of formula I,
      ##SPC2##
PAL  in which
PA1  R.sub.1 signifies a halogen atom, a nitro group or an unsubstituted or
      substituted alkoxy or amino group,
PA1  R.sub.2 signifies the atoms necessary to form an unsaturated ring system,
      which ring system has 1 or 2 nuclei and is unsubstituted or substituted,
PA1  R.sub.3 signifies an unsubstituted or substituted triazinyl or pyrimidyl
      radical, and
PA1  n is 0,1 or 2,
PAL  Which compounds are free from sulphonic acid groups.
PAR  In the compounds of formula I, where R.sub.1 signifies a substituted alkoxy
      radical, such radical is preferably substituted by a chlorine or bromine
      atom or by a hydroxy or alkoxy group. Where R.sub.1 signifies an
      unsubstituted or substituted amino group, such group is preferably of
      formula
      ##EQU1##
      in which EACH OF R.sub.30 and R.sub.31, which may be the same or
      different, signifies a hydrogen atom; an unsubstituted alkyl or phenyl
      radical; an alkyl radical substituted by a chlorine or bromine atom or a
      hydroxy or alkoxy group, preferably by a hydroxy group; a phenyl radical
      substituted by up to three substituents selected from the group consisting
      of chlorine and bromine atoms, hydroxy and alkoxy groups, preferably
      chlorine atoms and more preferably, such phenyl in mono-substituted; or a
      group of formula R--Y-- or R'--Z-
PAL  in which
PA1  R signifies an unsubstituted alkyl or phenyl radical or an alkyl or phenyl
      radical substituted by chlorine, bromine, hydroxy or alkoxy, preferably an
      unsubstituted alkyl or phenyl radical,
PA1  Y signifies a radical of formula --0--CO-- or --SO.sub.2--,
PA1  R' signifies a hydrogen atom or has one of the significances of R, and
PA1  Z signifies a radical of formula --CO--, --NR' CO-- or --NR'SO.sub.2 -- in
      which R' is as defined above,
PAL  With the proviso that when one of R.sub.30 or R.sub.31 is a phenyl,
      substituted phenyl or a group of the formula R--Y-- or R'--Z--, as defined
      above, the other has a significance other than phenyl, substituted phenyl,
      R--Y-- or R'--Z--, any alkoxy groups or alkyl or alkoxy moeties contain 1
      to 4 carbon atoms.
PAR  Preferred compounds of formula I, are those where n is 0.
PAR  In the compounds of formula I, R.sub.2 preferably signifies a radical of
      formula P or Q,
EQU  --CH=CH--CH=CH--                                           P
      ##EQU2##
      which radicals are unsubstituted or are substituted by up to three
      substituents selected from the group consisting of halogen atoms;
      unsubstituted C.sub.1-4 alkyl or alkoxy radicals; (C.sub.1-4) alkyl and
      alkoxy radicals substituted by a chlorine or bromine atom, a hydroxy or
      (C.sub.1-4) alkoxy group; phenoxy and nitro groups; groups of formula
      R--Y--, R--Y--O--, R--Y--NH--, R'--Z, R'--Z--O-- and R'--Z--NH-- in which
      R, R', Z and Y are as defined above, more preferably, such radicals are
      unsubstituted or mono-substituted.
PAR  As examples of the groups of formulae R--Y--, R--Y--O--, R--Y--NH--,
      R'--Z--O--, and R'--Z--NH-- may be given alkylaminocarbonyl,
      alkylaminocarbonyloxy, alkylaminocarbonylamino, aminocarbonyl,
      aminocarbonyloxy, aminocarbonylamino, alkylcarbonly, alkylcarbonyloxy,
      alkylcarbonylamino, dialkylaminocarbonyl, dialkylaminocarbonyloxy,
      dialkylaminocarbonylamino, phenylaminocarbonyl, phenylaminocarbonyloxy,
      phenylaminocarbonylamino, alkoxycarbonyl, alkoxycarbonylamino,
      alkoxycarbonyloxy, benzoyl, benxoyloxy and benzoylamino groups; all alkyl
      and alkoxy groups and moeties in such groups contain 1 to 4 carbon atoms.
PAR  Particularly preferred substituents on the radicals of R.sub.2 include
      chlorine, bromine, alkyl, alkoxy, aminocarbonyl, alkylaminocarbonyl,
      dialkylaminocarbonyl, phenylaminocarbonyl or alkoxycarbonyl, which alkyl
      and alkoxy groups or moeties in such groups contain 1 to 4 carbon atoms.
PAR  In the compounds of formula I, where R.sub.3 signifies a substituted
      pyrimidyl or s-triazinyl radical, such pyrimidyl radical is substituted by
      up to 3 substituents, such s-triazinyl radical is substituted by up to 2
      substituents, which substituents arae selected from the group consisting
      of fluorine, chlorine and bromine atoms; unsubstituted alkyl and alkoxy
      groups; alkyl and alkoxy groups substituted by a chlorine or bromine atom
      or a hydroxy or alkoxy group; hydroxy and phenoxy groups; and groups of
      the formula
      ##EQU3##
      in which R.sub.30 and R.sub.31 are as defined above, any alkyl or alkoxy
      substituents or moieties in such substituents contain 1 to 4 carbon atoms.
PAR  Preferably, the substituents on the s-triazinyl radical or on the pyrimidyl
      radical are selected from the group consisting of hydroxyl,
      (C.sub.1-4)alkoxy, amino, (C.sub.1-4)alkylamino, (C.sub.1-4)dialkylamino,
      substituted (C.sub.1-4) dialkylamino, phenylamino and mono-substituted
      phenylamino groups. Preferred compounds are those where the pyrimidyl or
      s-triazinyl radicals are substituted.
PAR  All alkyl and alkoxy radicals or moieties in the compounds of formula I
      preferably contain 1 to 4 carbon atoms.
PAR  Preferred compounds of formula I, are those of formula Ia,
      ##SPC3##
PAL  in which
PA1  R.sub.8 signifies a radical of formula P or Q, which radicals are
      unsubstituted or are substituted by a chlorine or bromine atom, a methyl,
      methoxy aminocarbonyl, methylaminocarbonyl, ethylaminocarbonyl,
      dimethylaminocarbonyl, diethylaminocarbonyl, phenylaminocarbonyl,
      methoxycarbonyl or ethoxycarbonyl, and
PA1  R.sub.9 signifies an s-triazinyl or pyrimidyl radical substituted by up to
      two and up to three substituents respectively, which substituents are
      selected from the group consisting of hydroxyl, methoxy, ethoxy, amino,
      methylamino, ethylamino, dimethylamino, diethylamino,
      di-hydroxyethylamino, phenylamino or mono-chlorophenylamino groups.
PAR  Even more preferred compounds are those of formula Ib,
      ##SPC4##
PAL  in which
PA1  R.sub.10 signifies a radical of formula P, which is unsubstituted or
      substituted by a chlorine atom, a methyl, aminocarbonyl, methoxycarbonyl
      or ethoxycarbonyl group.
PAR  The invention also provides a process for the production of compounds of
      formula I, as defined above, characterised by
PA1  a. condensing one equivalent of a compound of formula II,
      ##SPC5##
PAL  in which
PA1  R.sub.1 and n are as defined above, and
PA1  Hal signifies a chlorine or a bromine atom,
PAL  with one equivalent of a compound of formula III,
      ##EQU4##
      in which R.sub.3 is as defined above, and
PA1  R.sub.4 signifies a phenoxy radical or an unsubstituted or substituted
      alkyl, alkoxy, phenyl or amino radical,
PAL  and with at least 3 equivalents of a compound of formula IV,
      ##EQU5##
      in which R.sub.2 is as defined above, or b. condensing a compound of
      formula II, as defined above, with a compound of formula VII,
      ##EQU6##
      in which R.sub.2 and R.sub.3 are as defined above, and
PA1  x signifies a chlorine, bromine or iodine atom.
PAR  The condensation reaction of process (a) is preferably carried out in an
      inert organic solvent, for example, methanol, ethanol, propanol, butanol,
      dioxane, dimethylformamide, dimethylacetamide, benzene, toluene, xylene,
      nitrobenzene or the reaction may be carried out using a large excess of
      the compound of formula IV, as defined above, so that it acts as solvent.
      The reaction is suitably carried out at a temperature in the range of from
      20.degree. to 250.degree.C, preferably from 50.degree. to 200.degree.C.
PAR  The condensation reaction of process (b) is suitably carried out in an
      inert organic solvent, preferably in aliphatic or cyclic ethers with a
      boiling point of at least 50.degree.C, for example, glycol dimethyl- or
      diethylether, tetrahydrofuran or dioxane. The reaction may be carried out
      at a temperature in the range of from 20.degree. to 250.degree.,
      preferably 50 to 200.degree.C.
PAR  In the compounds of formula III, R.sub.4 is preferably an alkoxy radical of
      1 to 4 carbon atoms; an unsubstituted phenylamino radical; a phenylamino
      radical in which the phenyl nucleus is substituted by up to three
      substituents selected from the group consisting of methyl and methoxy
      groups, chlorine and bromine atoms; (C.sub.1-2) alkylamino groups and
      (C.sub.1-2) dialkylamino groups.
PAR  The compounds of formula II and IV, as defined above, are known or may be
      produced according to known methods.
PAR  The compounds of formula III, as defined above, may be produced by
      hydrolytically splitting off an acyl radical of formula R.sub.4 --CO-- or
      R.sub.4 '--CO-- from a compound of formula VI,
      ##EQU7##
      in which R.sub.4 and R.sub.3 are as defined above, and
PA1  R.sub.4 ' has one of the significances of R.sub.4,
PAL  which process forms part of the present invention.
PAR  The splitting off of the acyl radical of formula R.sub.4 --CO-- or R.sub.4
      '--CO is conveniently effected in alkaline medium, preferably in the pH
      region of from 10 to 12 and in a polar solvent, for example, water;
      alcohols, such as ethanol, isopropanol, benzyl alcohol; glycols, such as
      ethylene glycol, propylene glycol, diethylene glycol; amides, such as
      dimethyl formamide, dimethylacetamide, hexamethyl phosphorous triamide; or
      dimethyl sulphoxide. The reaction may be carried out at a temperature
      between room temperature and the boiling point of the reaction mixture,
      preferably between 60.degree. and 150.degree.C.
PAR  The compounds of formula VI, as defined above, may be produced by
      condensing a compound of formula V,
EQU  R.sub.4 --CO--CH.sub.2 --CO--R.sub.4 '                     V
PAL  in which R.sub.4 and R.sub.4 ' are as defined above, with a compound of
      formula XI,
EQU  R.sub.3 --Hal                                              XI
PAL  in which
PA1  R.sub.3 is as defined above, and
PA1  Hal signifies a chlorine or bromine atom.
PAR  The reaction of the compounds of formula V with the compounds of formula XI
      may be effected in a slightly to strongly alkaline medium, e.g. at pH
      values up to 12. When the reaction is carried out in strongly alkaline
      medium, the splitting of the acyl group occurs simultaneously with the
      condensation reaction.
PAR  Suitable solvents for the condensation reaction of a compound of formula V
      with a compound of formula XI are water, dioxane or acetone, or mixtures
      of these solvents. The reaction may be carried out at a temperature of
      from 0.degree. to 50.degree.C. Alkali metal carbonates or bicarbonates may
      be added to bind the nascent hydrogen halide.
PAR  If a compound of formula XI, in which R.sub.3 signifies a S-triazinyl or
      pyrimidyl radical substituted by at least one halogen atom is employed,
      compounds of formula III may be formed, in which at least one of the
      halogen atoms on the R.sub.3 nucleus has been substituted by any other
      substituent mentioned above as being present on the R.sub.3 nucleus. This
      nucleophilic substitution may be effected before the condensation of the
      compound of formula XI with a compound of formula V, simultaneously with
      the cleavage of the acyl group, or after the compound of formula III
      containing at least one halogen atom on the R.sub.3 nucleus has been
      obtained. The replacement of the halogen atoms with hydroxy, alkoxy,
      phenoxy or unsubstituted or substituted amino groups may take place under
      the same condition as those described above for the cleavage of the
      R.sub.4 --CO-- or R.sub.4 '--CO-- group from the compound of formula VI,
      e.g. in strongly alkaline medium.
PAR  Compounds suitable for the introduction of hydroxy groups are, for example,
      alkali metal hydroxides, i.e. sodium, potassium or lithium hydroxide or
      alkaline earth metal oxides or hydroxides, i.e. magnesium oxide, calcium
      oxide or calcium hydroxide.
PAR  Compounds suitable for the introduction of alkoxy groups are, for example,
      alkali metal alcoholates, i.e. sodium or potassium alcoholate.
PAR  Similarly, phenoxy group may be introduced by using alkali metal
      phenolates, e.g. sodium or potassium phenolate.
PAR  Amino groups may be introduced by using the corresponding amines alone or
      in the presence of alkali metal carbonates, bicarbonates or hydroxides. If
      more than one halogen is to be substituted, the substitution may be
      effected stepwise, the first group being introduced at a temperature of
      about 40.degree. to 50.degree.C with subsequent raising of the temperature
      to about 80.degree. to 100.degree.C to introduce the second group.
PAR  Preferably, the introduction of such groups takes place simultaneously with
      the cleavage of the R.sub.4 --CO-- or R.sub.4 '--CO-- group on the
      compound of formula VI containing halogen on the R.sub.3 nucleus, to yield
      a compound of formula III on which the halogen on the R.sub.3 nucleus has
      been substituted, such compounds of formula III may be in the form of
      alkali metal compounds.
PAR  To replace the halogen atoms on the R.sub.3 nucleus with alkyl radicals,
      the halogen triazinyl or halogen pyrimidyl compounds are reacted with
      organo-metallic compounds, e.g. Grignard Reagents. The reaction is carried
      out in an anhydrous medium. Suitable solvents are, for example, benzene,
      toluene or xylene. The reaction temperature is gradually raised from room
      temperature to about 80.degree.C with stirring.
PAR  The compounds of formula VII, as defined above, may be formed in the
      reaction mixture in situ by the addition of a compound of formula VIII,
      ##EQU8##
      in which R.sub.3 is as defined above, and
PA1  X signifies a chlorine, bromine or iodine atom,
PAL  to a compound of formula IX,
      ##EQU9##
      in which R.sub.2 is as defined above, or, by reacting a compound of
      formula IX, as defined above, with a compound of formula X,
EQU  R.sub.3 --CH.sub.3                                         X
PAL  in which R.sub.3 is as defined above.
PAR  In both reactions it is advisable to employ at least triple excess of the
      compound of formula IX or to employ the compound of the formula IX
      exclusively as solvent. The reactions are suitably carried out at a
      temperature in the range of from 20.degree. to 250.degree.C, preferably
      from 50.degree. to 200.degree.C.
PAR  The invention still further provides compounds of formula III',
EQU  R.sub.4 "-CO-CH.sub.2 -A                                   III'
PAL  in which R.sub.4 " signifies an unsubstituted alkyl, alkoxy, phenoxy or
      phenyl radical; an alkyl radical substituted by a chlorine or bromine atom
      or a hydroxy or alkoxy group; a phenyl radical substituted by up to three
      substituents selected from the group consisting of chlorine and bromine
      atoms, hydroxy and alkoxy groups; or a radical of formula
      ##EQU10##
      in which R.sub.30 and R.sub.31 are as defined above, and
PA1  A signifies a radical of formula (a), (b), (c) or (d),
      ##SPC6##
PAL  in which each of R.sub.5, R.sub.6, R.sub.17, R.sub.19, R.sub.20 and
      R.sub.21, which may be the same or different, signifies a hydrogen,
      fluorine, chlorine or bromine atom, a hydroxyl, alkyl, alkoxy, phenoxy or
      ##EQU11##
      group, in which R.sub.30 and R.sub.31 are as defined above, each of
      R.sub.12 and R.sub.13, which may be the same or different, signifies a
      hydrogen atom, an alkoxy, phenoxy or
      ##EQU12##
      group in which R.sub.30 and R.sub.31 are as defined above, and each of
      R.sub.15 and R.sub.16, which may be the same or different, signifies a
      fluorine, chlorine or bromine atom, a hydroxyl, alkyl, alkoxy, phenoxy or
      ##EQU13##
      group, in which R.sub.30 and R.sub.31 are as defined above, with the
      proviso that
PA1  (i) when A signifies a radical of formula (a), R.sub.4 " signifies an
      unsubstituted or substituted alkyl or phenyl radical or a
      ##EQU14##
      radical, as defined above, (ii) where A signifies a radical of formula
      (b), R.sub.4 " signifies an alkoxy or phenoxy radical, (iii) where A
      signifies a radical of formula (c), R.sub.4 " signifies an unsubstituted
      or substituted phenyl radical, and
PA1  (iv) when A signifies a radical of formula (d), R.sub.4 " has a
      significance other than an unsubstituted or substituted phenyl radical.
PAR  Thus, representative compounds of formula III' include those of formula
      IIIa', IIIb', IIIc' and IIId',
      ##SPC7##
      ##SPC8##
PAL  in which
PA1  R.sub.10 signifies an unsubstituted alkyl or phenyl radical, an alkyl
      radical substituted by a chlorine or bromine atom or a hydroxy or alkoxy
      group, a phenyl radical substituted by up to three substituents selected
      from the group consisting of chlorine and bromine atoms, hydroxy and
      alkoxy groups, or a radical of formula
      ##EQU15##
      in which R.sub.30 and R.sub.31 are as defined above, R.sub.11 signifies an
      alkoxy or phenoxy group,
PA1  R.sub.14 signifies an unsubstituted phenyl radical or a phenyl radical
      substituted by up to three substituents selected from the groups
      consisting of chlorine and bromine atoms, alkoxy and hydroxy groups,
PA1  R.sub.18 signifies an alkoxy, phenoxy or
      ##EQU16##
      group, in which R.sub.30 and R.sub.31 are as defined above, an
      unsubstituted alkyl radical or an alkyl radical substituted by a chlorine
      or bromine atom, a hydroxyl or alkoxy group, and R.sub.5, R.sub.6,
      R.sub.12, R.sub.13, R.sub.15, R.sub.16, R.sub.17, R.sub.19, R.sub.20 and
      R.sub.21 are as defined above.
PAR  Preferably, all alkyl and alkoxy group or moieties in the compounds of
      formula III' contain 1 to 4 carbon atoms.
PAR  By the term `halogen` as used herein, is to be understood chlorine,
      bromine, fluorine or iodine, in particular chlorine or bromine.
PAR  The compounds of formula I, as defined above, may be employed for
      pigmenting polymeric substrates in the mass. As examples of suitable
      substrates may be given viscose or cellulose acetate, polyethylene,
      polystyrene, polyvinyl chloride, rubber and artificial leather.
PAR  The compounds of formula I, as defined above, may also be converted into
      printing paste preparations and are suitable for pigmenting paper in the
      stock or for coating textiles.
PAR  The compounds of formula I, as defined above, may also be employed as
      disperse dyes, for which use they are preferably converted into dyeing
      preparations.
PAR  The compounds of formula I may be converted into dyeing preparations by
      known methods, for example, by grinding in the presence of dispersing
      agents and/or fillers, with or without subsequent vacuum or atomizer
      drying. The preparations are dispersed in a suitable amount of water for
      application by exhaust dyeing, pad dyeing or printing methods.
PAR  Thus, yet a further aspect of the present invention provides a process for
      dyeing or printing synthetic or semi-synthetic organic substrates of high
      molecular weight and hydrophobic character comprising applying thereto a
      dyeing or printing medium comprising A compound of formula I, as defined
      above, as dyeing or printing agent. As examples of suitable organic
      substrates may be given polyesters, cellulose diacetate, cellulose
      triacetate and synthetic polyamides. The substrates may be in loose fibre,
      yarn or fabric form.
PAR  Conventional dyeing or printing methods are employed, for example the
      process as described in French Pat. No. 1,445,371.
PAR  The compounds of formula I, as defined above, where the R.sub.2 nucleus is
      substituted, may be obtained as a mixture of positional isomers. The
      individual isomers may be separated in conventional manner. However, such
      a mixture of positional isomers is suitable for the uses as indicated
      above for the compounds of formula I.
DETD
PAR  The following Examples serve to further illustrate the invention. In the
      Examples, all parts are by weight and all temperatures are in degrees
      Centigrade.
PAC  EXAMPLE 1
PAR  A mixture of 140.5 parts of 2-chloro-(4',
      6'-dihydroxy-1',3',5'-triazinyl)-acetylaminobenzene, 113.5 parts of
      2,3-dichloro-1,4-naphthoquinone and 1000 parts of .beta.-picoline is
      stirred for 30 minutes at 100.degree. and for another 30 minutes at
      140.degree. to 145.degree.. The dye settles out in insoluble form. On
      cooling to about 100.degree., the precipitated dye is filtered, washed
      with dimethyl formamide, ethanol, water, washed again with ethanol and
      finally dried at about 120.degree.. The dye thus obtained agrees with the
      formula
      ##SPC9##
PAR  The values obtained by elementary analysis verify the empirical formula
      C.sub.20 H.sub.12 N.sub.4 O.sub.4 :
TBL         C       H         N         O                                      

     ______________________________________                                    

     Theory:  64.5      3.2       15.1    17.2                                 

     Found :  64.2      3.3       15.2    16.8                                 

     ______________________________________                                    

PAR  In polyvinyl chloride the pigment gives dyeings of bluish red shade.
PAR  2-Chloro-(4',6'-dihydroxy-1',3',5'-triazinyl)-acetylaminobenzene can be
      produced as follows.
PAR  A solution of 396 parts of cyanuric chloride in 1000 parts of dioxane is
      slowly entered into 1000 parts of ice-water with stirring. The resulting
      mixture is combined very slowly over a period of about 40 minutes, with a
      mixture of 427 parts of 2-chloro-acetoacetylaminobenzene, 920 parts of
      water and 80 parts of sodium hydroxide at 0.degree. to 5.degree.. The
      mixture is stirred for another 30 minutes at the same temperature and the
      product is isolated by filtration. The precipitate is washed with
      ice-water, subsequently entered into 5000 parts of ethanol and boiled for
      20 hours with stirring under reflux. On cooling to 20.degree., the
      precipitate is filtered, washed several times with hot water and dried at
      100.degree. under vacuum.
PAR  The compound thus obtained agrees with the formula
      ##SPC10##
PAL  C.sub.11 h.sub.9 clN.sub.4 O.sub.3  which is veryfied by elementary
      analysis:
      ##EQU17##
PAC  EXAMPLE 2
PAR  A mixture of 28.05 parts of
      4-chloro-(4',6'-dihydroxy-1',3',5'-triazinyl)-acetylaminobenzene, 22.7
      parts of 2,3-dichloro-1,4-naphthoquinone and 900 parts of ethylene glycol
      monomethylether is heated to 100.degree. with stirring. A solution of 40
      parts of isoquinoline in 100 parts of ethylene glycol monomethylether is
      added over a period of 20 minutes. Stirring is continued for 1 hour at
      reflux temperature. On cooling to about 100.degree., the precipitate is
      filtered, washed with ethylene glycol monomethylether, water and methanol
      and dried at 110.degree..   The compound obtained is of the formula
      ##SPC11##
PAL  C.sub.23 h.sub.12 n.sub.4 o.sub.4  which is verified by elementary
      analysis:
TBL         C       H         N         O                                      

     ______________________________________                                    

     Theory:  67.6      3.0       13.7    15.7                                 

     Found :  67.3      3.1       13.9    15.6                                 

     ______________________________________                                    

PAR  The pigment thus obtained gives an orange dyeing.
PAR  4-Chloro-(4',6'-dihydroxy-1',3',5'-triazinyl)-acetylaminobenzene is
      produced in analogy with the operating procedure described in Example 1
      for the production of the 2-chlorobenzene compound employing the
      corresponding 4-chloroanilide. Still in analogy with the said procedure,
      further compounds which are equally suitable for the production of the new
      dyes can be prepared. Those compounds may contain any one of the following
      radicals in place of the chlorophenylamino group: ethoxy-, tert. butoxy-,
      phenylamino, 2-methoxyphenylamino, 2,5-dimethoxyphenylamino,
      2,5-dimethoxy-4-chlorophenylamino, 2,5-dimethoxy-4-bromophenylamino,
      2-methylphenylamino, ethylamino, dimethylamino.
PAC  EXAMPLE 3
PAR  A mixture of 50.8 parts of iodine, 25 parts of
      2,6-diamino-4-methyl-1,3,5-triazin and 250 parts of pyridine is raised to
      100.degree. and stirred for 2 hours. Over a period of 40 minutes, and at
      the same temperature, 45.4 parts of 2,3-dichloro-1,4-naphthoquinone are
      added and the reaction mixture is stirred for another 2 hours. The
      insoluble precipitate is isolated by filtration at 20.degree., washed with
      dimethyl formamide and subsequently washed with ethanol until the filtrate
      is colourless. The residue is then entered into 1000 parts of water in
      which it partly dissolves, raised to 100.degree. and adjusted to pH 12 by
      gradual addition of sodium carbonate. The insoluble red pigment is
      isolated by filtration, washed with water until neutral and dried at
      120.degree. under vacuum. The pigment agrees with the formula
      ##SPC12##
PAC  APPLICATION EXAMPLE A
PAR  0.2 Parts of the pigment obtained according to the procedure of Example 1
      and 5 parts of titanium dioxide are intimately admixed with
TBL  63           parts polyvinyl chloride emulsion                            

     32           parts di-octyl phthalate                                     

     3            parts epoxy plasticizer Reaplast 39                          

                    (Trade Mark)                                               

     1.5          parts standard stabilizer (barium                            

                    cadmium complex) and                                       

     0.5          parts triphenylphosphite                                     

PAL  by stirring, worked on a roller mill in which one roller is set to rotate
      at 20 r.p.m. and the other roller is set to rotate at 25 r.p.m., thus
      causing a frictional effect which in turn allows an extremely even pigment
      distribution to be obtained.
PAR  Finally the mixture is extruded as a film 0.3 mm thick which exhibits a
      blueish red shade.
PAR  The following table lists dyes of formula
      ##SPC13##
PAL  which are produced in analogy with the operating procedure of Examples 1, 2
      or 3.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

                                      Shade in                                 

     Ex.                                                                       

        R.sub.5      R.sub.6   R.sub.7                                         

                                      polyvinyl                                

     no.                              chloride                                 

     __________________________________________________________________________

      4 --OH        --OH      H       reddish violet                           

      5 --OH        --OH      2--CH.sub.3                                      

                                      "                                        

      6 --OH        --OH      2--COOC.sub.2 H.sub.5                            

                                      orange red                               

      7 --OH        --OH      2--COOCH.sub.3                                   

                                      "                                        

      8 --OH        --OH      1-- or 3--                                       

                                      "                                        

                              --COOC.sub.2 H.sub.5                             

      9 --OH        --OH      2--CONHCH.sub.3                                  

                                      red                                      

     10 --OH        --OH 1-- or 3--                                            

                              "                                                

                              --CONH.sub.2                                     

     11 --OH        --OH      2--CON(C.sub.2 H.sub.5).sub.2                    

                                      "                                        

     12 --OH        --OH      2--CONHC.sub.6 H.sub.5                           

                                      "                                        

     13 --OH        --OH      1-- or 3--                                       

                                      orange red                               

                              --Cl                                             

     14 --OH        --OH      1-- or 3--Br                                     

                                      "                                        

     15 --N(CH.sub.3).sub.2                                                    

                    --N(CH.sub.3).sub.2                                        

                              H       red                                      

     16 -- NH--C.sub.6 H.sub.5                                                 

                    --NH--C.sub.6 H.sub.5                                      

                              H       "                                        

     17                       H       red                                      

     18 --OCH.sub.3 --OCH.sub.3                                                

                              H       "                                        

     19 --OH        --OH      1-- or 3--CH.sub.3                               

                                      "                                        

     20 --NH.sub.2  --NH.sub.2                                                 

                              1-- or 3--CH.sub.3                               

                                      "                                        

     21 --NH.sub.2  --NH.sub.2                                                 

                              2-- --CH.sub.3                                   

                                      "                                        

     22 --N(CH.sub.2 CH.sub.2 OH).sub.2                                        

                    --N(CH.sub.2 CH.sub.2 OH).sub.2                            

                              H       "                                        

     23 --NHC.sub.2 H.sub.5                                                    

                    --NHC.sub.2 H.sub.5                                        

                              H       "                                        

     24 --NHCH.sub.3                                                           

                    --NHCH.sub.3                                               

                              1-- or 3--Cl                                     

                                      "                                        

     25 --N(C.sub.2 H.sub.5).sub.2                                             

                    --N(C.sub.2 H.sub.5).sub.2                                 

                              "       "                                        

     26 --OH        --OH      1-- or 3--                                       

                                      "                                        

                              --CONHC.sub.2 H.sub.5                            

     27 --OH        --OH      1-- or 3--                                       

                                      "                                        

                              --CON(CH.sub.3).sub.2                            

                                      "                                        

     __________________________________________________________________________

PAL  The dyes listed in Table 2 below can also be produced in analogy with the
      operating procedure of the Examples 1, 2 or 3. They agree with formula
      ##SPC14##
TBL                TABLE 2                                                     

     ______________________________________                                    

     Ex.   R.sub.5  R.sub.5 '                                                  

                            R'.sub.6                                           

                                   R7        Shade in                          

     no.                                     polyvinyl                         

                                             chloride                          

     ______________________________________                                    

     28   --OH     --OH     Cl    H          red                               

     29   --OH     --OH     H     H          "                                 

     30   --OH     --OH     Cl    2--CH.sub.3                                  

                                             "                                 

     31   --OH     --OH Cl  2--COOCH.sub.3                                     

                                  "                                            

     32   --OH     --OH     Cl    1-- or 3--CONH.sub.2                         

                                             "                                 

     33   --NH.sub.2                                                           

                   --NH.sub.2                                                  

                            Cl    H          "                                 

     34   --NH.sub.2                                                           

                   --NH.sub.2                                                  

                            Br    1-- or 3--CH.sub.3                           

                                             "                                 

     35   --NHCH.sub.3                                                         

                   --NHCH.sub.3                                                

                            Cl    H          "                                 

     36   --OH     --OH     Cl    2--CONHC.sub.2 H.sub.5                       

                                             "                                 

     ______________________________________                                    

PAR  In Examples 8, 10, 13, 14, 19, 20, 24, 26, 27, 31 and 34, isomeric mixtures
      are obtained, which mixtures may be separated.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of formula I,
      ##SPC15##
PAL  wherein
PA1  R.sub.1 signifies a chlorine atom; a bromine atom; a nitro group; an
      unsubstituted (C.sub.1-4) alkoxy group; a (C.sub.1-4) alkoxy group
      substituted by a chlorine atom, a bromine atom, a hydroxy group or a
      (C.sub.1-4) alkoxy group; or a group of the formula
      ##EQU18##
      in which each of R.sub.30 and R.sub.31, which may be the same or
      different, signifies a hydrogen atom; an unsubstituted (C.sub.1-4) alkyl
      group; a (C.sub.1-4) alkyl group substituted by a chlorine atom, a bromine
      atom, a hydroxy group or a (C.sub.1-4) alkoxy group; an unsubstituted
      phenyl radical; a phenyl radical substituted by up to three substituents
      selected from the group consisting of chloro, bromo, hydroxy and
      (C.sub.1-4) alkoxy; or a group of formula R--Y-- or R'--Z--,
PA1  in which
PA2  R signifies an unsubstituted (C.sub.1-4) alkyl group; a (C.sub.1-4) alkyl
      group substituted by a chlorine atom, a bromine atom, a hydroxy group or a
      (C.sub.1-4) alkoxy group; an unsubstituted phenyl radical; or a phenyl
      radical substituted by a chlorine atom, a bromine atom, a hydroxy group or
      a (C.sub.1-4) alkoxy group;
PA1  Y signifies a radical of formula --O--CO-- or --SO.sub.2 --,
PA1  R' signifies a hydrogen atom or has one of the significances of R, and
PA1  Z signifies a radical of formula --CO--, --NR'CO-- or --NR'SO.sub.2 -- in
      which R' is as defined above,
PA1  with the proviso that when one of R.sub.30 or R.sub.31 signifies an
      unsubstituted phenyl radical, a substituted phenyl radical or a group of
      the formula R--Y-- or R'--Z--, as defined above, the other signifies other
      than an unsubstituted phenyl radical, a substituted phenyl radical or a
      group of the formula R--Y-- or R'--Z--;
PA1  R.sub.2 signifies a radical of formula P,
EQU  --CH=CH--CH=CH--                                           P
PA1  or a radical of formula Q,
      ##EQU19##
      which radicals are unsubstituted or are substituted by up to three
      substituents selected from the group consisting of chloro; bromo;
      unsubstituted (C.sub.1-4) alkyl or alkoxy; (C.sub.1-4) alkyl or alkoxy
      substituted by a chlorine atom, a bromine atom, a hydroxy group or a
      (C.sub.1-4) alkoxy group; phenoxy; nitro or a group of the formula R--Y--,
      R--Y--O--, R--Y--NH--, R'--Z--, R'--Z--O--, and R'--Z--NH-- in which R,
      R', Y and Z are as defined above,
PA1  R.sub.3 signifies an unsubstituted s-triazinyl radical or an s-triazinyl
      radical substituted by up to two substituents selected from the group
      consisting of fluoro; chloro; bromo; unsubstituted (C.sub.1-4) alkyl or
      alkoxy; (C.sub.1-4) alkyl or alkoxy substituted by a chlorine atom, a
      bromine atom, a hydroxy group or a (C.sub.1-4) alkoxy group; hydroxy;
      phenoxy or a group of the formula
      ##EQU20##
      in which R.sub.30 and R.sub.31 are as defined above, and n is 0, 1 or 2,
PAL  which compound is free from sulphonic acid groups.
NUM  2.
PAR  2. A compound according to claim 1, of formula I',
      ##SPC16##
PAL  substituted by up to two substituents selected from the group consisting of
      hydroxy; unsubstituted (C.sub.1-4) alkoxy; amino; (C.sub.1-4) alkylamino;
      (C.sub.1-4) dialkylamino; (C.sub.1-4) dialkylamino in which the alkyl
      group is substituted by a chlorine atom, a bromine atom or a hydroxy
      group; phenylamino; or phenylamino in which the phenyl is substituted by
      chloro or bromo, and
PA1  n is as defined in claim 1.
NUM  3.
PAR  3. A compound according to claim 2, in which R.sub.2 ' signifies a radical
      of formula P or Q, which radicals are unsubstituted or monosubstituted.
NUM  4.
PAR  4. A compound according to claim 2 in which the triazinyl radical is are
      substituted.
NUM  5.
PAR  5. A compound according to claim 2, in which n is 0.
NUM  6.
PAR  6. A compound according to claim 2, of formula Ia,
      ##SPC17##
PAL  in which
PA1  R.sub.8 signifies a radical of formula P or Q, as defined in claim 3, which
      radicals are unsubstituted or are substituted by a chloro bromo, methyl,
      methoxy, aminocarbonyl, methylamainocarbonyl, ethylaminocarbonyl,
      dimethylaminocarbonyl, diethylaminocarbonyl, phenylaminocarbonyl,
      methoxycarbonyl or ethoxycarbonyl, and
PA1  R.sub.9 signifies an s-triazinyl radical substituted by up to two
      substituents selected from the group consisting of hydroxy, methoxy,
      ethoxy, amino, methylamino, ethylamino, dimethylamino, diethylamino,
      di-hydroxyethylamino, phenylamino or mono-chlorophenylamino.
NUM  7.
PAR  7. A compound according to claim 2, of formula I",
      ##SPC18##
PAL  in which
PA1  R.sub.10 ' signifies a radical of formula P, as defined in claim 3, which
      radical is unsubstituted or substituted by chloro, bromo, (C.sub.1-4)
      alkoxy, aminocarbonyl or (C.sub.1-4) alkoxy carbonyl group, and
PA1  each of R.sub.24 and R.sub.25, which may be the same or different,
      signifies hydroxy, (C.sub.1-4) alkylamino or (C.sub.1-4) dialkylamino.
NUM  8.
PAR  8. A compound according to claim 6, of formula Ib,
      ##SPC19##
PAL  in which R.sub.10 signifies a radical of formula P, which is unsubstituted
      or substituted by chloro chlorine atom, a methyl, aminocarbonyl,
      methoxycarbonyl or ethoxy carbonyl.
NUM  9.
PAR  9. A compound according to claim 8, of formula
      ##SPC20##
PAL  in which the --CH.sub.3 group is in the 1- or 3- position, or an isometric
      mixture thereof.
NUM  10.
PAR  10. A compound according to claim 8, of formula
      ##SPC21##
PAL  the --COOC.sub.2 H.sub.5 group being in the 1- or 3- position, or an
      isomeric mixture thereof.
NUM  11.
PAR  11. A compound according to claim 8, of formula
      ##SPC22##
PAL  the --CONH.sub.2 group being in the 1- or 3- position, or an isomeric
      mixture thereof.
NUM  12.
PAR  12. A compound according to claim 2, in which R.sub.2 ' is a radical of
      formula P.
NUM  13.
PAR  13. A compound according to claim 2, in which R.sub.2 ' is a radical of
      formula Q.
NUM  14.
PAR  14. A compound according to claim 6, in which R.sub.8 is a radical of
      formula P.
NUM  15.
PAR  15. A compound according to claim 6, in which R.sub.8 is a radical of
      formula Q.
NUM  16.
PAR  16. A compound according to claim 3, in which R.sub.2 ' is a radical of
      formula P.
NUM  17.
PAR  17. A compound according to claim 3, in which R.sub.2 ' is a radical of
      formula Q.
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ABST
PAL  Heterocyclic compounds of formula:
      ##SPC1##
PAL  Wherein R.sup.1, R.sup.2 and R.sup.3 are alkyl, and R.sup.4 is selected
      from alkyl, alkenyl, aralkyl, cycloalkyl, aryl and carboxyalkyl. The
      compounds and compositions comprising them have pesticidal, particularly
      fungicidal, utility.
BSUM
PAR  This invention relates to novel heterocyclic compounds, their preparation,
      compositions comprising them and their use as pesticides.
PAR  Accordingly the present invention provides heterocyclic compounds of
      formula:
      ##SPC2##
PAL  Wherein R.sup.1 and R.sup.2 which may be the same or different, are
      hydrogen, halogen or alkyl, or together represent an alkylene group of
      from 3 to 6 carbon atoms; R.sup.3 is hydrogen or alkyl; and R.sup.4 is
      alkyl, alkenyl, aralkyl, cycloalkyl, aryl or carboxyalkyl.
PAR  Preferably R.sup.1, R.sup.2 and R.sup.3 represent alkyl groups containing
      from 1 to 6 carbon atoms. Examples of such groups are methyl, ethyl,
      propyl, butyl and amyl groups.
PAR  Preferably R.sup.4 represents an alkyl group containing from 1 to 20 carbon
      atoms, such as the methyl, ethyl, propyl, butyl, octyl or octadecyl
      groups; it may also represent the benzyl, allyl, cyclohexyl, phenyl or
      carboxymethyl group.
PAR  An especially preferred group of compounds are those wherein R.sup.1 is
      methyl, R.sup.2 is n-butyl and R.sup.3 is ethyl.
PAR  Specific compounds which are embraced by the present invention include
      those listed in Table 1 below, where the meanings of R.sup.1, R.sup.2,
      R.sup.3 and R.sup.4 are given together with the melting point for each
      compound.
TBL                TABLE I                                                     

     ______________________________________                                    

     Compound                               Melting                            

     No.    R.sup.1 R.sup.2  R.sup.3                                           

                                   R.sup.4  Point .degree.C                    

     ______________________________________                                    

     1      CH.sub.3                                                           

                    C.sub.4 H.sub.9 (n)                                        

                             C.sub.2 H.sub.5                                   

                                   CH.sub.3 89                                 

     2      CH.sub.3                                                           

                    C.sub.4 H.sub.9 (n)                                        

                             C.sub.2 H.sub.5                                   

                                   C.sub.4 H.sub.9 (i)                         

                                            75                                 

     3      CH.sub.3                                                           

                    C.sub.4 H.sub.9 (n)                                        

                             C.sub.2 H.sub.5                                   

                                   C.sub.8 H.sub.17 (n)                        

                                            40                                 

     4      CH.sub.3                                                           

                    C.sub.4 H.sub.9 (n)                                        

                             C.sub.2 H.sub.5                                   

                                   CH.sub.2 CH=CH.sub.2                        

                                            98                                 

     5      CH.sub.3                                                           

                    C.sub.4 H.sub.9 (n)                                        

                             C.sub.2 H.sub.5                                   

                                   cyclohexyl                                  

                                            93                                 

     6      CH.sub.3                                                           

                    C.sub.4 H.sub.9 (n)                                        

                             C.sub.2 H.sub.5                                   

                                   C.sub.18 H.sub.37 (n)                       

                                            74                                 

     7      CH.sub.3                                                           

                    C.sub.4 H.sub.9 (n)                                        

                             C.sub.2 H.sub.5                                   

                                   CH.sub.2 C.sub.6 H.sub.5                    

                                            106                                

     8      CH.sub.3                                                           

                    C.sub.4 H.sub.9 (n)                                        

                             C.sub.2 H.sub.5                                   

                                   C.sub.6 H.sub.5                             

                                            104                                

     9      CH.sub.3                                                           

                    C.sub.4 H.sub.9 (n)                                        

                             C.sub.2 H.sub.5                                   

                                   C.sub.2 H.sub.5                             

                                            81                                 

     10     CH.sub.3                                                           

                    C.sub.4 H.sub.9 (n)                                        

                             C.sub.2 H.sub.5                                   

                                   C.sub.3 H.sub.7 (i)                         

                                            66                                 

     11     CH.sub.3                                                           

                    C.sub.4 H.sub.9 (n)                                        

                             C.sub.2 H.sub.5                                   

                                   C.sub.3 H.sub.7 (n)                         

                                            96                                 

     12     CH.sub.3                                                           

                    C.sub.4 H.sub.9 (n)                                        

                             C.sub.2 H.sub.5                                   

                                   CH.sub.2 COOH                               

                                            128                                

     ______________________________________                                    

PAR  The novel heterocyclic compounds of the invention are useful as pesticides,
      and are particularly useful as fungicides for the control of fungal
      pathogens of plants, for example, for combating the mildew diseases of
      cereals such as Erysiphe graminis.
PAR  The present invention also provides a process for the preparation of the
      novel heterocyclic compounds which comprises treating a compound of
      formula:
      ##SPC3##
PAL  Wherein R.sup.1 and R.sup.2, which may be the same or different, are
      hydrogen, halogen, or alkyl or together represent an alkylene group of
      from 3 to 6 carbon atoms and R.sup.3 is hydrogen or alkyl, with
      formaldehyde and a primary amine of formula R.sup.4 NH.sub.2, wherein
      R.sup.4 is alkyl, alkenyl, aralkyl, cycloalkyl, aryl or carboxyalkyl.
PAR  Preferably R.sup.1, R.sup.2 and R.sup.3 represent lower alkyl containing
      from 1 to 6 carbon atoms, such as for example, methyl, ethyl, propyl,
      butyl and amyl groups.
PAR  The above process may involve dissolving or suspending the compound of
      formula:
      ##SPC4##
PAL  in a suitable solvent or diluent and thereafter treating it with
      formaldehyde, preferably in the form of an aqueous solution, and with a
      primary amine. The formaldehyde and the primary amine may be added to the
      dissolved or suspended compound either together or, preferably,
      sequentially, allowing a period of time to elapse after addition of the
      formaldehyde before adding the primary amine. The reaction by which the
      novel heterocyclic compounds may be prepared may be performed at
      temperatures within the range 0.degree. to 150.degree.C. Preferably the
      reaction mixture is heated to, say, the reflux temperature of the solvent
      or diluent used, for at least part of the time to facilitate acceleration
      of the reaction. A suitable solvent for use in the process is a lower
      alcohol, for example, methanol.
PAR  Examples of primary amines useful in the performance of the process of the
      invention include primary alkylamines such as methylamine, propylamine,
      isopropylamine, ethylamine, isobutylamine, octylamine, and octadecylamine;
      primary aralkylamines such as benzylamine; primary alkenylamines such as
      allylamine; primary cycloalkylamines such as cyclohexylamine; arylamines,
      such as aniline; and amino acid derivatives such as glycine.
PAR  This invention also relates to pesticidal compositions and to methods of
      combating fungal pests of plants.
PAR  According to the present invention, pesticidal compositions comprise as an
      active ingredient a compound of the formula:
      ##SPC5##
PAL  wherein R.sup.1, R.sup.2, R.sup.3 and R.sup.4 have any of the meanings set
      out hereinbefore, in association with an agriculturally and
      horticulturally acceptable diluent or carrier.
PAR  Of particular interest are compositions comprising compounds in which
      R.sup.1 is methyl, R.sup.2 is n-butyl and R.sup.3 is ethyl. Particular
      compounds which may be used in the compositions of the present invention
      are those set out in Table 1 above.
PAR  The compositions may be in the form of dusting powders wherein the active
      ingredient is mixed with a solid diluent or carrier, for example, kaolin,
      bentonite, kieselguhr, or talc, or they may be in the form of granules,
      wherein the active ingredient is absorbed on a porous granular material,
      for example, pumice.
PAR  Alternatively, the compositions may be in the form of liquid preparations
      to be used as dips or sprays, which are generally aqueous dispersions or
      emulsions of the active ingredient in the presence of one or more known
      wetting agents, dispersing agents or emulsifying agents. These
      compositions are prepared by dissolving the active ingredient in a
      suitable solvent, for example, a ketonic solvent such as diacetone
      alcohol, and adding the mixture so obtained to water which may contain one
      or more wetting, dispersing or emulsifying agents.
PAR  The compositions which are to be used in the form of aqueous dispersions or
      emulsions are generally supplied in the form of a concentrate containing a
      high proportion of the active ingredient, the said concentrate to be
      diluted with water before use. These concentrates are often required to
      withstand storage for prolonged periods and after such storage, to be
      capable of dilution with water in order to form aqueous preparations which
      remain homogeneous for a sufficient time to enable them to be applied by
      conventional spray equipment. The concentrates may contain 10-85% by
      weight of the active ingredient. When diluted to form aqueous
      preparations, such preparations may contain varying amounts of the active
      ingredient depending upon the purpose for which they are to be used.
PAR  For agricultural or horticultural purposes, aqueous preparations containing
      between 0.001% and 1.0% by weight of the active ingredient may be used.
PAR  The compositions of the present invention may, if desired, also comprise in
      addition to a compound of the present invention, at least one other
      biologically-active ingredient, for example, an insecticide or a
      fungicide.
PAR  In use the compositions are applied to the pests, to the locus of the
      pests, to the habitat of the pests or to growing plants liable to
      infestation by the pests, by any of the known means of applying pesticidal
      compositions, for example, by dusting or spraying.
PAR  The compositions of the invention are useful in the control of fungal
      diseases of plants, including, for example, the following:
PA1  Botrytis cinerea (gray mould of tomato)
PA1  Phytophthora infestans (blight of tomato)
PA1  Puccinia recondita (rust of wheat)
PA1  Plasmopara viticola (powdery mildew of vines)
PA1  Uncinula necator (downy mildew of vines)
PA1  Podosphaera leucotricha (powdery mildew of apples)
PA1  Sphaerotheca fuliginea (powdery mildew of cucumbers)
PA1  Erysiphe graminis (powdery mildew of wheat/barley)
DETD
PAR  The invention is illustration by the following examples.
PAC  EXAMPLE 1
PAR  This Example illustrates the preparation of Compound no. 1 of Table 1 from
      5-n-butyl-2-ethylamino-6-methyl-3,4-dihydropyrimidin-4-one.
PAR  5-n-butyl-2-ethylamino-6-methyl-3,4-dihydropyrimidine-4-one (4.30 g.) was
      dissolved in methanol (50 ml.) and formaldehyde (40% w/v solution in
      water, 3.0 ml.) added at the ambient temperature (ca. 22.degree.C). The
      mixture was stirred for 30 minutes and then methylamine (25% w/v solution
      in water, 2.48 ml.) was added, after which the mixture was heated at the
      reflux temperature for a further 30 minutes. The solvent was removed from
      the mixture by evaporation under reduced pressure and the residual solid
      dissolved in dichloromethane (50 ml.), the dichloromethane solution washed
      twice with sodium hydroxide solution (5% w/v solution in water, 2 .times.
      50 ml.) and with water (50 ml.) and finally dried over anhydrous sodium
      sulphate. Removal of the dichloromethane by evaporation under reduced
      pressure, yielded an oil which rapidly crystallised, and which was
      recrystallised from petroleum ether (boiling range 60.degree.-80.degree.C)
      to yield Compound No. 1 of Table 1, melting point 89.degree.C.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was used to obtain Compound nos. 2 to 7 of Table
      1, as follows:
PAR  Compound no. 2 of Table 1 was obtained from
      5-n-butyl-2-ethylamino-6-methyl-3,4-dihydropyrimidin-4-one and
      isobutylamine. The product melted at 75.degree.C.
PAR  Compound no. 3 of Table 1 was obtained from
      5-n-butyl-2-ethylamino-6-methyl-3,4-dihydropyrimidin-4-one and
      n-octylamine. The product melted at 40.degree.C.
PAR  Compound no. 4 of Table 1 was obtained from
      5-n-butyl-2-ethylamino-6-methyl-3,4-dihydropyrimidin-4-one and allylamine.
      The product melted at 98.degree.C.
PAR  Compound no. 5 of Table 1 was obtained from
      5-n-butyl-2-ethylamino-6-methyl-3,4-dihydropyrimidin-4-one and
      cyclohexylamine. The product melted at 93.degree.C.
PAR  Compound no. 6 of Table 1 was obtained from
      5-n-butyl-2-ethylamino-6-methyl-3,4-dihydropyrimidin-4-one and
      n-octadecylamine. The product melted at 74.degree.C.
PAR  Compound no. 7 of Table 1 was obtained from
      5-n-butyl-2-ethylamino-6-methyl-3,4-dihydropyrimidin-4-one and
      benzylamine. The product melted at 106.degree.C.
PAR  Compound no. 8 of Table 1 was obtained from
      5-n-butyl-2-ethylamino-6-methyl-3,4-dihydropyrimidin-4-one and aniline.
      The product melted at 104.degree.C.
PAR  Compound no. 9 of Table 1 was obtained from
      5-n-butyl-2-ethylamino-6-methyl-3,4-dihydropyrimidin-4-one and ethylamine.
      The product melted at 81.degree.C.
PAR  Compound no. 10 of Table 1 was obtained from
      5-n-butyl-2-ethylamino-6-methyl-3,4-dihydropyrimidin-4-one and
      isopropylamine. The product melted at 66.degree.C.
PAR  Compound no. 11 of Table 1 was obtained from
      5-n-butyl-2-ethylamino-6-methyl-3,4-dihydropyrimidin-4-one and
      n-propylamine. The product melted at 96.degree.C.
PAR  Compound no. 12 of Table 1 was obtained from
      5-n-butyl-2-ethylamino-6-methyl-3,4-dihydropyrimidin-4-one and glycine.
      The product melted at 128.degree.C.
PAC  EXAMPLE 3
PAR  5 parts by weight of Compound no. 1 of Table 1 were thoroughly mixed in a
      suitable mixer with 95 parts by weight of talc. There was thus obtained a
      dusting powder.
PAC  EXAMPLE 4
PAR  10 parts by weight of Compound no. 5 of Table 1, 10 parts of an ethylene
      oxide-octylphenol condensate ("Lissapol" NX; "Lissapol" is a Trade Mark)
      and 80 parts by weight of diacetone alcohol were thoroughly mixed. There
      was thus obtained a concentrate which, on mixing with water, gave an
      aqueous dispersion suitable for application as a spray in the control of
      fungal pests of plants.
PAC  EXAMPLE 5
PAR  A granular composition was prepared by dissolving the active ingredient in
      a solvent, spraying the solution obtained on to the granules of pumice and
      allowing the solvent to evaporate.
TBL  ______________________________________                                    

                         % wt.                                                 

     Compound No. 3 of Table 1                                                 

                           5                                                   

     Pumice Granules       95                                                  

                           100                                                 

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  An aqueous dispersion formulation was prepared by mixing and grinding the
      ingredients recited below in the proportions stated.
TBL  ______________________________________                                    

                        % wt.                                                  

     Compound No. 5 of Table 1                                                 

                          40                                                   

     Calcium lignosulphonate                                                   

                          10                                                   

     Water                50                                                   

                          100                                                  

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  The compounds of this invention were tested against a variety of foliar
      fungal diseases of plants. The technique employed is to spray the foliage
      of the undiseased plants with a solution of the test compound and also to
      drench the soil in which the plants are growing with another solution of
      the same test compound. All solutions for spraying and drenching contained
      0.01% of the test compound. The plants were then infected with the disease
      it was desired to control and after a period of days, depending upon the
      particular disease, the extent of the disease was visually assessed. The
      results are given in Table 3 below, wherein the extent of the disease is
      given in the form of a grading as follows:
TBL  Grading     Percentage Amount of Disease                                  

     ______________________________________                                    

     0            61 to 100                                                    

     1           26 to 60                                                      

     2            6 to 5                                                       

     3           0 to 5                                                        

     ______________________________________                                    

PAR  In Table 2 the disease is given in the first column, and in the second
      column is given the time which elapsed between infecting the plants and
      assessing the amount of disease.
TBL                TABLE 2                                                     

     ______________________________________                                    

                     Time       Disease Code                                   

                     Interval   Letter                                         

     Disease and Plant                                                         

                     (days)     (Table 3)                                      

     ______________________________________                                    

     Phytophthora infestans                                                    

                     3          B                                              

     (tomato)                                                                  

     Plasmopara viticola                                                       

                     7          C                                              

     (vine)                                                                    

     Podosphaera leucotricha                                                   

                     10         D                                              

     (apple)                                                                   

     Uncinula necator                                                          

                     10         E                                              

     (vine)                                                                    

     Botrytis cinerea                                                          

                     3          F                                              

     (bean)                                                                    

     ______________________________________                                    

TBL                TABLE 3                                                     

     ______________________________________                                    

     Compound No. Disease Code letter Table 2                                  

     Table 1      B       C       D     E     F                                

     ______________________________________                                    

     1            2       0       3     1     0                                

     2            0       0       1     3     3                                

     4            0       2       3     1     1                                

     5            0       1       3     0     1                                

     8            0       3       0     0     0                                

     9            1       3       3     0     --                               

     10           --      3       3     0     --                               

     11           3       3       3     3     --                               

     12           3       3       3     0     0                                

     ______________________________________                                    

PAR  All the compounds were found to be active against Sphaerotheca fuliginea
      (powdery mildew of cucumber) and Erysiphe graminis (powdery mildew of
      barley) in tests to determine the protectant activity of the compounds at
      a rate of 50 ppm.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of formula:
      ##SPC6##
PAL  wherein R.sup.1, R.sup.2 and R.sup.3 are alkyl groups of from one to six
      carbon atoms and R.sup.4 is an alkyl group of from one to 20 carbon atoms
      or benzyl, allyl, cyclohexyl, phenyl or carboxymethyl.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sup.1 is methyl, R.sup.2 is
      n-butyl and R.sup.3 is ethyl.
NUM  3.
PAR  3. A process for the preparation of a compound as defined in claim 1 which
      comprises the steps of
PA1  a. suspending or dissolving a compound of formula
      ##SPC7##
PAL  in a diluent or solvent selected from the group consisting of lower
      alcohols and water,
PA1  b. treating said suspended or dissolved compound with at least a
      stoichiometric amount of formaldehyde in the form of an aqueous solution
      thereof, and with at least a stoichiometric amount of a primary amine of
      formula R.sup.4 NH.sub.2 ;
PA1  c. heating the reaction mixture thus produced to the reflux temperature of
      the diluent or solvent for a period to accelerate the reaction, and
PA1  d. recovering from the mixture the compound of formula:
      ##SPC8##
PAL  thus produced; wherein R.sup.1, R.sup.2, R.sup.3 and R.sup.4 have any of
      the meanings given in claim 1.
PATN
WKU  039311651
SRC  5
APN  4663217
APT  1
ART  121
APD  19740502
TTL  Tri-substituted triazines
ISD  19760106
NCL  19
ECL  1
EXP  Ford; John M.
INVT
NAM  Barer; Sol J.
STR  18-01 Fox Run Drive
CTY  Plainsborough
STA  NJ
ZIP  08536
INVT
NAM  Stockel; Richard F.
STR  475 Rolling Hills Road
CTY  Bridgewater Township
STA  NJ
ZIP  08876
INVT
NAM  Vit; Jaroslav
STR  40 Partridge Run
CTY  Belle Mead
STA  NJ
ZIP  08502
RLAP
COD  72
APN  360740
APD  19730516
PSC  03
CLAS
OCL  2602498
XCL  2602495
XCL   71 93
XCL  424249
EDF  2
ICL  C07D25144
ICL  C07D25150
FSC  260
FSS  249.5;249.8
UREF
PNO  B129999
ISD  19750100
NAM  Schwarzmann
OCL  260249.5
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  Novel halogenated triazines which are useful as insecticides, especially as
      herbicides.
PARN
     This application is a continuation-in-part of application Ser. No. 360,740
      filed May 16, 1973 and now abandoned.
BSUM
PAR  The present invention relates to novel triazines.
PAR  The compounds of the invention are N-halotriazines, preferably those in
      which the halo substituent has an atomic number of from 17 to 53
      inclusive, and most preferably N-chlorotriazines of the formula (I):
      ##SPC1##
PAL  wherein n is 1 or 2; wherein X is halogen; wherein R.sub.1 is hydrogen,
      halogen, alkyl, alkenyl, cyanoalkyl, aralkyl, or cycloalkyl; wherein
      R.sub.2 is alkyl, alkenyl, aralkyl, cycloalkyl, or Ar, the Ar variable
      being substituted or unsubstituted phenyl, diphenyl, naphthyl, or
      phenanthryl, the substituents on the substituted Ar variable being
      aliphatic hydrocarbon, aryl hydrocarbon, endo-aliphatic hydrocarbon, or
      halogen radicals; with the proviso that at least one R.sub.1 is halogen.
      Preferably that halogen substituent is chlorine, and preferably R.sub.2 is
      a hydrocarbon radical.
PAR  A further preferred group of compounds is the N-chlorotriazines having the
      formula (II):
      ##SPC2##
PAL  wherein R.sub.3 and R.sub.4, individually, are alkyl, preferably lower
      alkyl of 1 to 6 carbon atoms; wherein Y.sub.1 is chlorine; and wherein
      Y.sub.2 is hydrogen, alkyl, preferably lower alkyl of 1 to 6 carbon atoms,
      or chloro, and preferably still, Y.sub.2 is lower alkyl of 1 to 6 carbon
      atoms or chloro.
PAR  The N-halotriazines are conveniently prepared by reacting a compound of
      Formula I in which at least one R.sub.1 is hydrogen and neither R.sub.1
      nor R.sub.2 is halogen, with a compound having the formula ROX wherein R
      is an alkyl or cycloalkyl group thereby replacing one or more of the amino
      hydrogen atoms of Formula I with X (halogen), the by-product being ROH.
      Illustrative ROX compounds include t-butyl hypochlorite, t-butyl
      hypobromite, t-butyl hypoiodite, t-amyl hypochlorite, 1-methylcyclopentyl
      hypochlorite, 1-methylcyclopentyl hypobromite, 1-methylcyclohexyl
      hypochlorite, n-propyl hypochlorite, isopropyl hypochlorite, ethyl
      hypochlorite, n-butyl hypochlorite, n-amyl hypochlorite, n-propyl
      hypobromite, n-hexyl hypochlorite, sec. butyl hypochlorite, and n-octyl
      hypochlorite. There can also be used inorganic hypohalites such as sodium
      hypochlorite, potassium hypochlorite, lithium hypochlorite, sodium
      hypobromite, sodium hypoiodite and calcium hypochlorite.
PAR  The preferred reaction procedure employs hypohalites of the formula ROX,
      preferably t-alkyl hypochlorites. The reaction is carried out conveniently
      at a temperature of about -30.degree.C. to about +30.degree.C. at
      atmospheric pressure in an inert organic medium, that is, inert under the
      reaction condition with the reactants and product. Illustrative inert
      organic media include esters such as methyl acetate, ethyl acetate, propyl
      acetate, methyl acetate, methyl pivalate, and butyl pivalate;
      halohydrocarbons, e.g., methylene chloride, carbon tetrachloride,
      chloroform, ethylene dichloride, trimethylene chloride, ethyl chloride,
      butyl chloride, isopropyl chloride, and anyl chloride; alcohols, e.g.,
      methanol, ethanol, isopropanol, butanol, pentanol, hexanol, cyclohexanol,
      isooctyl alcohol, ethylene glycol, propylene glycol, trimethylene glycol,
      glycerine, diethylene glycol and dipropylene glycol. While operative
      temperatures above 30.degree.C. can be employed, they are not preferred
      because of the tendency of the hypohalites to become unstable at elevated
      temperatures.
PAR  For agricultural purposes, for example, the novel N-halogenated triazines
      can be employed as a solution in the inert organic medium used in the
      process of making them. In fact, this is an obvious economic and
      application advantage since the corresponding compounds devoid of
      N-halogenation, e.g., 2-chloro-4,6-di(ethylamino) triazine (Simazine) and
      2-chloro-4-ethylamino-6-isopropylaminotriazine (Atrazine) are quite
      insoluble in common organic diluents or solvents.
PAR  In preparing the novel halogenated triazines one equivalent of hypohalite
      is theoretically required for each amino jydrogen to be replaced by
      halogen. For example, to make compounds of Formula II from starting
      compounds wherein Y.sub.1 is hydrogen and Y.sub.2 is alkyl, at least one
      mole of t-butyl hypochlorite is required to make the N-monochlorinated
      triazine product. Less than 1 mole of t-butyl hypochlorite, e.g., 0.5 mole
      results in the formation of N-monochloro product in admixture with
      unreacted starting compound, e.g., 2-chloro-4,6-di(ethylamino)triazine. A
      moderate excess of t-butyl hypochlorite is desirably used, e.g., 1.5 to 4
      equivalents, and higher, of hypochlorite per amino hydrogen contained in
      the reactant.
PAR  The compounds of the present invention are useful as herbicides, e.g.,
      pre-emergent herbicides and post emergent herbicides, as fungicides, e.g.,
      against Alternaria oleraces, Fusarium, Pythium spp., Helminthosporium
      salivum, lycopersici, Sclerolina fructicola, Alternaria solani, as
      insecticides, e.g., against the house fly and flour beetles.
PAR  It should be understood that the novel halogenated triazines are
      halogenated 1,3,5-triazines.
PAR  Examples of compounds within the present invention are
      2-chloro-4,6-di[(N-ethyl, N-chloro)amino]triazine, 2-chloro-4-(N-ethyl,
      N-chloro)amino-6-ethylaminotriazine, 2-chloro-4,6-di[(N-ethyl,
      N-bromo)amino]triazine, 2-chloro-4-[(n-ethyl,
      N-bromo)-amino]-6-ethylaminotriazine, 2-chloro-4,6-di[(N-ethyl,
      N-iodo)-amino]triazine, 2-chloro-4-(N-ethyl,
      N-iodo)amino-6-ethylaminotriazine, 2-bromo-4,6-di[(N-ethyl,
      N-chloro)amino]triazine, 2-bromo-4-(N-ethyl,
      N-chloro)amino-6-ethylaminotriazine, 2-iodo-4,6-di[(N-ethyl,
      N-chloro)amino]triazine, 2-iodo-4-(N-ethyl,
      N-chloroamino-6-ethylaminotriazine, 2-chloro-4-(N-ethyl,
      N-chloro)amino-6-(N-isopropyl, N-chloro)aminotriazine,
      2-chloro-4-(N-ethyl, N-chloro)-amino-6-isopropylaminotriazine,
      2-chloro-4-N-ethylamino-6-(N-isopropyl, N-chloro)triazine,
      2-chloro-4,6-bis-[(N-methylbutyl, N-chloro)amino]triazine,
      2-chloro-4-(N-methylbutyl, N-chloro)amino-6-methylbutylaminotriazine,
      2-chloro-4,6-bis[(N-methyl, N-chloro)-amino]triazine,
      2-chloro-4-(N-methyl, N-chloro)amino-6-methylaminotriazine,
      2-chloro-4,6-bis[(N-hexyl, N-chloro)amino]triazine, 2-chloro-4-(N-hexyl,
      N-chloro)amino-6-hexylaminotriazine, 2-chloro-4,6-bis[(N-allyl,
      N-chloro)amino]triazine, 2-chloro-4-(N-allyl,
      N-chloro)amino-6-allylaminotriazine, 2-chloro-4-(N-methyl,
      N-chloro)amino-6-allylaminotriazine, 2-chloro-4,6-bis[(N-benzyl,
      N-chloro)amino]triazine, 2-chloro- 4-(N-benzyl,
      N-chloro)amino-6-benzylaminotriazine, 2-chloro-4,6-bis[(N-benzyl,
      N-bromo)-amino]triazine, 2-chloro-4,6-bis[(N-cyclohexyl,
      N-chloro)amino]-triazine, 2-chloro-4-(N-cyclohexyl,
      N-chloro)amino-6-cyclohexylaminotriazine, 2-chloro-4,6-bis[(N-isopropyl,
      N-chloro)amino]-triazine, 2-chloro-4-(N-isopropyl,
      N-chloro)amino-6-isopropylaminotriazine, 2-chloro-4,6-bis[(N-n-butyl,
      N-chloro)amino]-triazine, 2-chloro-4-(N-n-butyl,
      N-chloro)amino-n-butylaminotriazine, 2-chloro-4,6-bis[(N-t-butyl,
      N-chloro)amino]triazine, 2-chloro-4-(N-t-butyl,
      N-chloro)amino-6-t-butylaminotriazine, 2-chloro-4-(N-methyl,
      N-chloro)amino-6-diethylaminotriazine, 2-chloro-4-(N-methyl,
      N-chloro)amino-6-ethylaminotriazine, 2-chloro-4-(N-ethyl,
      N-chloro)amino-6-(N-n-propyl, N-chloro)-aminotriazine,
      2-chloro-4,6-bis-[N-n-octyl, N-chloro)amino]-triazine,
      2-chloro-4-(N-n-octyl, N-chloro)amino-6-(N-isooctyl,
      N-chloro)aminotriazine, 2-chloro-4-(N-n-octyl,
      N-chloro)amino-n-octylaminotriazine, 2-chloro-4-(N-methyl,
      N-chloro)amino-6-p-chlorophenylaminotriazine, 2-chloro-4-(N-ethyl,
      N-chloro)amino-6-(N-p-chlorophenyl, N-chloro)aminotriazine,
      2-chloro-4,6-bis[(N-phenyl, N-chloro)amino]triazine, 2-chloro-4-(N-phenyl,
      N-chloro)-amino-6-anilinotriazine, 2-chloro-4,6-bis[(N-p-chlorophenyl,
      N-chloro)amino]triazine, 2-chloro-4-(N-p-chlorophenyl,
      N-chloro)-amino-6-p-chlorophenylaminotriazine, 2,4-dichloro-6-(N-methyl,
      N-chloro)aminotriazine, 2,4-dichloro-6-(N-ethyl, N-chloro)aminotriazine,
      2,4-dibromo-6-(N-ethyl, N-chloro)aminotriazine, 2,4-dibromo-6-(N-ethyl,
      N-bromo)aminotriazine, 2,4-dichloro-6-(N-isopropyl,
      N-chloro)aminotriazine, 2,4-dichloro-(N-6-n-propyl,
      N-chloro)aminotriazine, 2,4-dichloro-6-(N-n-butyl, N-chloro)aminotriazine,
      2,4-dichloro-(N-n-butyl, N-chloro)aminotriazine, 2,4-dichloro-6-(N-sec.
      butyl, N-chloro)aminotriazine, 2,4-dichloro-6-(N-hexyl,
      N-chloro)aminotriazine,
      2,4-dichloro-6-(N-cyclohexyl-N-chloro)aminotriazine,
      2,4-dichloro-6-(N-n-octyl, N-chloro)aminotriazine,
      2,4-dichloro-6-(N-phenyl, N-chloro)aminotriazine, 2,4-dichloro-
      6-(N-p-chlorophenyl, N-chloro)aminotriazine,
      2,4-dichloro-6-(N-o-chlorophenyl, N-chloro)aminotriazine,
      2,4-dichloro-6-(N-p-bromophenyl, N-chloro)aminotriazine,
      2,4-dichloro-6-(N-chlorophenyl, N-bromo)aminotriazine,
      2,4-dichloro-6-(N-m-chlorophenyl, N-chloro)aminotriazine,
      2,4-dichloro-6-(N-benzyl, N-chloro)aminotriazine,
      2,4-dichloro-6-(N-o-iodophenyl,
      N-chloro)amino-2,4-dichloro-6-(N-p-fluorophenyl, N-chloro)aminotriazine,
      2,4-dichloro-6-(N-2', 4'-dichlorophenyl, N-chloro)aminotriazine,
      2-chloro-4-(N-p-fluorophenyl,
      N-chloro)amino-6-p-fluorophenylaminotriazine, 2,4-dichloro-6-(N-beta-napht
     hyl, N-chloro)aminotriazine, 2-chloro-4,6-bis[(N-beta-naphthyl,
      N-chloro)amino]triazine, 2-chloro-4-(N-beta-naphthyl,
      N-chloro)amino-6-beta-naphthylaminotriazine,
      2,4-dichloro-6-(N-9-phenanthryl, N-chloro)aminotriazine,
      2,4-dichloro-6-(N-p-methylphenyl, N-chloro)aminotriazine,
      2-chloro-4-(N-p-methylphenyl, N-chloro)amino-6-p-toluidinotriazine,
      2,4-dichloro-6-(N-m-dodecylphenyl, N-chloro)aminotriazine,
      2,4-dichloro-6-(N-dodecyl, N-chloro)aminotriazine,
      2-chloro-4-(N-ethyl-N-chloroamino-6-dodecylaminotriazine,
      2,4-dichloro-6-(N-o-ethylphenyl, N-chloro)aminotriazine,
      2,4-dichloro-6-(N-p-phenylphenyl, N-chloro)aminotriazine, 2-chloro-4,6-bis
      (N-p-phenyl phenyl, N-chloro)aminotriazine,
      2,4-dichloro-6-N-o-propenylphenyl, N-chloro)aminotriazine,
      p-chloro-4-(2,4-dimethylanilino-6-(N-phenyl, N-chloro)aminotriazine,
      2-chloro-4-(N-chloro, N-ethyl)amino-6-[N-chloro,
      -N-(2-cyanoisopropyl)]-aminotriazine, 2-chloro, -4-(N-chloro,
      N-cyclopropyl)amino-6-(N-chloro, N-isopropyl)aminotriazine.
PAR  The triazine reactants used in the process to prepare the novel halogenated
      triazines can be those disclosed in Wolf U.S. Pat. No. 2,720,480 or Gysin
      U.S. Pat. No. 2,891,855. The entire disclosure of the Wolf and Gysin
      patents are hereby incorporated by reference. Examples of suitable
      starting triazines include 2-chloro-4,6-di(ethylamino)triazine,
      2-bromo-4,6-di(ethylamino)triazine, 2-iodo-4,6-di(ethylamino)triazine,
      2-chloro-4-ethylamino-6-isopropylaminotriazine, 2-chloro-4,6-bis
      (methylbutylamino)triazine, 2-chloro-4,6-bis (methylamino)triazine,
      2-chloro-4,6-bis(hexylamino)triazine,
      2-chloro-4,6-bis(allylamino)triazine, 2-chloro-4-methylamino-6-allylaminot
     riazine, 2-chloro-4,6-bis(benzylamino)-triazine,
      2-chloro-4,6-bis(cyclohexylamino)triazine,
      2-chloro-4,6-bis(isopropylamino)triazine,
      2-chloro-4,6-bis(n-butylamino)-triazine,
      2-chloro-4,6-bis(t-butylamino)triazine,
      2-chloro-4-methyl-6-diethylaminotriazine,
      2-chloro-4-cyclopropyl-6-isopropyl-triazine,
      2-chloro-4,6-bis(hexen-5-yl-amino)triazine,
      2-chloro-4-methylamino-6-ethylaminotriazine,
      2-chloro-4-ethylamino-6-n-propylaminotriazine,
      2-chloro-4-ethylamino-6-2'-cyanoisopropyltriazine,
      2-chloro-bis(n-octylamino)triazine,
      2-chloro-4-methylamino-6-p-chloroanilinotriazine,
      2-chloro-4-ethyl-6-p-chloroanilinotriazine,
      2-chloro-4,6-bis(anilino)triazine,
      2-chloro-4,6-bis(p-chloroanilino)triazine,
      2,4-dichloro-6-methylaminotriazine, 2,4-dichloro-6-ethylaminotriazine,
      2,4-dibromo-6-ethylaminotriazine, 2,4-dichloro-6-isopropylaminotriazine,
      2,4-dichloro-6-n-propylaminotriazine, 2,4-dichloro-6-n-butylaminotriazine,
      2,4-dichloro-sec.butylaminotriazine, 2,4-dichloro-6-hexylaminotriazine,
      2,4-dichloro-6-cyclohexylaminotriazine,
      2,4-dichloro-6-n-octylaminotriazine, 2,4-dichloro-6-anilinotriazine,
      2,4-dichloro-6-p-chloroanilinotriazine,
      2,4-dichloro-6-o-chloroanilinotriazine,
      2,4-dichloro-6-p-bromoanilinotriazine,
      2,4-dichloro-6-m-chloroanilinotriazine,
      2,4-dichloro-6-benzylaminotriazine, 2,4 -dichloro-6-o-iodoanilinotriazine,
      2,4-dichloro-6-p-fluoroanilinotriazine,
      2,4-dichloro-6-o,p-dichloroanilinotriazine,
      2-chloro-4,6-bis-(p-fluoroanilino)triazine,
      2,4-dichloro-6-beta-naphthylaminotriazine,
      2-chloro-4,6-bis(beta-naphthylamino)triazine,
      2,4-dichloro-6-(9-phenanthrylaminotriazine,
      2,4-dichloro-6-toluidinotriazine, 2-chloro-4,6-bis(p-toluidino)triazine,
      2,4-dichloro-6-m-dodecylanilinotriazine,
      2,4-dichloro-6-dodecylaminotriazine,
      2-chloro-4-ethylamino-6-dodecylaminotriazine,
      2,4-dichloro-6-(o-ethylanilino) triazine,
      2,4-dichloro-6-p-phenylanilinotriazine,
      2-chloro-4,6-bis(p-phenylanilino)triazine,
      2,4-dichloro-6-o-propenylanilinotriazine, and
      2-chloro-4-o,p-dimethylanilino-6-anilinotriazine.
PAR  The novel N-chlorinated compounds of Formula I and especially those of
      Formula II have the aforementioned desired solubility in organic solvents.
PAR  The halogenated compounds of the invention can be employed as herbicides,
      fungicides, bactericides, and insecticides at widely varying rates, e.g.,
      0.1 to 100 lbs/acre, usually 1 to 30 lbs/acre. As foliar fungicides they
      are usually employed at a dosage of 0.1 to 20 lbs/acre. As insecticides
      they are normally used in a dosage of 0.2 to 10 lbs/acre. Of course, when
      the compounds are used as fungicides or insecticides on growing crops,
      e.g., wheat, cotton, barley, soybeans, corn, oats, turnips, tomatoes,
      beans, peas, carrots, broccoli, beets, trees, etc., they should not be
      used in an amount to kill the plants. The compounds also can be applied to
      seeds, or fabrics, etc., as fungicides, bactericides or insecticides. The
      compounds can also be used as defoliants and desiccants, e.g., for cotton
      by using them in less than lethal amounts.
PAR  The novel halogenated triazines for various agricultural applications as
      illustrated above are desirably employed admixed with inert solids to form
      dusts, powders, etc., or such triazines with/without such solids can be
      suspended in a suitable inert liquid diluent, e.g., comprising water,
      organic vehicle, etc. To such admixtures there can also be added surface
      active agents or wetting agents. The active ingredient can comprise from
      0.01 to upwards of 50 weight percent and even upwards to 95 weight percent
      of the entire composition.
PAR  Illustrative inert liquid diluents include water and inert organic vehicles
      as carriers, e.g., hydrocarbons such as benzene, toluene, xylene,
      kerosene, diesel oil, fuel oil, and petroleum naphtha; ketones such as
      acetone, methyl ethyl ketone, and cyclohexanone; chlorinated hydrocarbons
      such as carbon tetrachloride, chloroform, trichloroethylene and
      perchloroethylene; esters such as ethyl acetate, amyl acetate and butyl
      acetate; alcohols; e.g., ethanol, methanol, isopropanol, amyl alcohol,
      ethylene glycol, propylene glycol, and glycerine. Mixtures of water and
      organic vehicle, either as solutions or emulsions, can be employed.
PAR  The novel compounds can also be applied as aerosols, e.g., by dispersing
      them in air by means of a compressed gas such as dichlorodifluoromethane
      or trichlorofluoromethane and similar halogenated alkanes.
PAR  In a partiuclar desirable embodiment, the novel halogenated triazines are
      admixed with or impregnated with or impregnated on various inert solid
      carriers which can be directly applied in the contemplated agricultural
      use, or they can be further admixed with an inert liquid diluent
      with/without additional ingredients, e.g., surface active agent, etc., and
      thereafter utilized in the cotemplated agricultural application. By the
      term "inert" is meant that the halogenated traizine and carrier and/or
      liquid diluent are substantially non-reactive towards each other.
      Additionally, it has been observed that various inert carriers are capable
      of enhancing the stability of the halogenated triazines over prolonged
      periods of time. For example, the alkali metal and alkaline earth metal
      borates, the precipitated hydrated silicon dioxides (HiSil1 404), hydrous
      calcium silicates such as those made by the hydrothermal reaction of
      diatomaceous earth, hydrated lime, and water (Microcel C and Microcel E),
      and the like.
PAR  The compounds of the present invention can also be applied with adjuvants
      or carriers such as talc, pyrophyllite, synthetic fine silica, attapulgus
      clay (attaclay), kieselguhr, chalk, diatomaceous earth, lime, calcium
      carbonate, bentonite, fuller's earth, cottonseed hulls, wheat flour,
      soybean flour pumice, tripoli, wood flour, walnut shell flour, redwood
      flour, and lignin.
PAR  Solid formulations comprising the novel halogenated triazine and inert
      carrier can be prepared in which the concentration of the ingredients vary
      over a considerably wide range, e.g., from about 5 to about 80 weight
      percent of said triazine based on the total weight of said triazine and
      said carrier. Optimum results and enhanced stability of the halogenated
      triazine have been observed using approximately 20 to 40 weight percent of
      said triazine based on the total weight of triazine and carrier.
PAR  As stated, it is oftentimes desirable to incorporate a surface active agent
      in the novel formulations comprising the novel halogenated triazines. Such
      surface active or wetting agents are advantageously employed in both the
      solid and liquid compositions. The surface active agent can be anionic,
      cationic or nonionic in character.
PAR  Typical classes of surface active agents include alkyl sulfonate salts,
      alkalaryl sulfonate salts, alkyl sulfate salts, alkylamine sulfonate
      salts, alkylaryl polyether alcohols, fatty acid esters of polyhydric
      alcohols and the alkylene oxide addition products of such esters, and
      addition products of long chain mercaptans and alkylene oxides. Typical
      examples of such surface active agents include the sodium alkylbenzene
      sulfonates having 10 to 18 carbon atoms in the alkyl group, alkylphenol
      ethylene oxide condensation products, e.g., p-isooctylphenol condensed
      with 10 ethylene oxide units, soaps, e.g., sodium stearate and potassium
      oleate, sodium salt of propylnaphthalene sulfonic acid (di-2-ethylhexyl),
      ester of sodium sulfosuccinic acid, sodium lauryl sulfate, sodium salt of
      the sulfonated monoglyceride of cocoanut fatty acids, sorbitan
      sesquioleate, lauryl trimethyl ammonium chloride, octadecyl trimethyl
      ammonium chloride, polyethylene glycol lauryl ether, polyethylene esters
      of fatty acids and rosin acids, e.g., Ethofat 7 and 13, sodium
      N-methyl-N-oleyltaurate. Turkey Red oil, sodium dibutylnaphthalene
      sulfonate, sodium lignin sulfonate (Marasperse N) polyethylene glycol
      stearate, sodium dodecylbenzene sulfonate, tertiary dodecyl polyethylene
      glycol thioether (Nonionic 218), long chain ethylene oxidepropylene oxide
      condensation products, e.g., Pluronic 61 (molecular weight 1,000),
      sorbitan sesquioleate, polyethylene glycol ester of tall oil acids, sodium
      octyl phenoxyethyxyethyl sulfate, tris (polyoxyethylene) sorbitans
      monostearate (Tween 60), and sodium dihexyl sulfosuccinate.
PAR  The active ingredient per se or the active ingredient contained in a
      solution, dispersion, emulsion, suspension can be prepared via
      conventional techniques well known in the art.
PAR  The novel halogenated triazines or formulations containing same can also be
      admixed with hydrophilic polymers, either of the water soluble or the
      water insoluble type. Thus for controlled release of the herbicide,
      fungicide and insecticide of the present invention it can be entrapped in
      a hydrophilic polymer, e.g., in the form of a powder in the manner shown
      for medicines, flavors, fragrances, etc., in Shepherd U.S. Pat. No.
      3,618,213. As hydrophilic polymers there can be used water insoluble
      polymers of water soluble hydroxyalkyl acrylates and methacrylates such as
      hydroxyethyl acrylate, hydroxypropyl acrylate, hydroxyethyl methacrylate,
      hydroxypropyl methacrylate, diethylene glycol monoacrylate, diethylene
      glycol monomethacrylate, dipropylene glycol monoacrylate, dipropylene
      glycol monomethacrylate or polymers of acrylamide, methacrylamide, vinyl
      pyrrolidone, and copolymers with polyethylenically unsaturated cross
      linking agents such as ethylene glycol dimethacrylate, ethylene glycol
      diacrylate, propylene glycol diacrylate, propylene glycol dimethacrylate,
      butylene dimethacrylate, divinyl benzene, triallyl melamine,
      N,N'-methylene bisacrylamide, pentaallyl sucrose, diallyl itaconate, allyl
      maleate, divinyl ether and others such as any of those set forth in
      Shepherd U.S. Pat. No. 3,575,123, col. 3, lines 15-35 for example. The
      cross linking agent can be present in an amount of 0.05% to 15% and upward
      to about 20%, usually 0.1 to 2.5% of the hydrophilic monomer.
PAR  There can also be included ethylenically unsaturated acids or salts thereof
      such as acrylic acid, cinnamic acid, methacrylic acid, itaconic acid,
      fumeric acid, maleic acid or partial esters such as 2-hydroxypropyl
      itaconate, 2-hydroxypropyl itaconate, 2-hydroxyethyl maleate, etc. There
      can also be used any of the other copolymerizable monomers set forth in
      the Shephers patent the entire disclosure of which is hereby incorporated
      by reference.
PAR  The novel compounds of the present invention can also be entrapped in water
      soluble hydrophillic homopolymers, e.g., hydrophilic polyacrylamide or
      polymethacrylamide, or water soluble copolymers of these materials with
      hydroxyethyl acrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate,
      hydroxypropyl methacrylate, as well as any of water soluble hydrophilic
      copolymers set forth in Gould U.S. Pat No. 3,576,760, the entire
      disclosure of which is incorporated by reference. Thus the procedure of
      Gould Example 22 can be used replacing the 2,4 dichlorophenoxyacetic acid
      by one gram of
      2-chloro-4-ethyl-N-chloroamino-6-isopropyl-N-chloroaminotriazine.
PAR  The novel halogenated triazines can also be incorporated in photodegradable
      polymers such as polyethylene, polypropylene, polybutene or copolymers
      such as ethylene-propylene copolymers which are applied as agricultural
      mulches and used in pesticidal applications, especially herbicidal
      applications. Typical examples of suitable photodegradable polymer
      compositions include those set forth in Shepherd U.S. Pat. No. 3,590,528,
      Newland U.S. Pat. No. 3,592,792, Field U.S. Pat. No. 3,341,357, Moore U.S.
      Pat. No. 3,320,695, Newland U.S. Pat. No. 3,454,570 and German
      Offenlegungsschrift 2,158,379.
PAR  Additionally, the pesticides can be admixed with biodegradable polymers
      e.g., thermoplastic polycaprolactones.
PAR  The pesticides of the present invention can be used in an amount of 0.1 to
      10 weight percent, or even more, e.g., up to 50 weight percent, of such
      hydrophilic polymers, photodegradable polymers, and/or biodegradable
      polymers.
DETD
PAR  The following Examples are illustrative and are not to be considered as
      limiting the scope of the invention.
PAC  EXAMPLE 1
PAC  Preparation of 2-chloro-4,6-bis(N-chloro,N-ethylamino)-triazine
      ##SPC3##
      2-Chloro-4,6-bis(ethylamino)-s-triazine (Simazine), 200 grams (1 mole) was
      added to 1.5 liters of methanol. The resulting white suspension was cooled
      to 15.degree.C. and 215 ml. (about 2 moles) of tert-butyl hypochlorite
      were added over a period of 15 minutes. A slight exotherm was observed.
      The reaction mixture was stirred for 1/2 hour at room temperature (about
      22.degree.C.). Thereafter the resulting homogeneous solution was stripped
      of methanol, tert-butanol and excess tert-butyl hypochlorite via vacuum
      distillation at room temperature. There was obtained 268 grams which was
      of a white solid identified as
      2-chloro-4,6-bis(N-chloro,N-ethylamino)triazine.
PAR  Titration for active chlorine by KI/Na.sub.2 S.sub.2 O.sub.3 revealed 100%
      purity. The yield was 100%. Elemental analysis
TBL  Found               Theoretical                                           

     ______________________________________                                    

     C:        31.54         C:     31.54                                      

     H:         3.80         H:      3.73                                      

     N:        25.85         N:     25.92                                      

     Cl:       39.00         Cl:    39.38                                      

     ______________________________________                                    

PAL  The infrared spectrum was consistent with structure (II),
      2-chloro-4,6-bis(N-ethyl-N-chloroamino)-s-triazine.
PAR  In an analogous nammer, any of the compounds within Formula I, preferably
      within Formula II, can be prepared as disclosed in Example 1 above by
      replacing the starting 2-chloro-4,6-bis(ethylamino)triazine by the
      appropriate N-substituted-triazine and/or by changing the proportions of
      t-butyl hypochlorite to N-substituted-triazine and/or by replacing the
      t-butyl hypochlorite by another hypohalite or the formula a ROX described
      previously.
PAC  EXAMPLE 2
PAR  The procedure and proportions of Example 1 were employed except 230 grams
      (1 mole) of [2-chloro-4,6-bis(isopropylamino)-s-triazine], i.e.,
      Propazine, was used. There was obtained 280 grams of an oil-like material
      which was further purified and identified above as
      2-chloro-4,6-bis(N-isopropyl,N-chloroamino)-s-triazine.
PAC  EXAMPLE 3
PAR  The procedure and proportions of Example 1 were employed except 216 grams
      of [2-chloro,4-ethylamino-6-isopropylamino-s-triazine], i.e., Atrazine,
      was used. There was obtained 260 grams of an oil of 90% purity which was
      further purified and identified above as
      2-chloro-4-N-chloroethyl-6-N-chloroisopropylamino-s-triazine.
PAC  EXAMPLE 4
PAR  Simazine (10 grams; 0.05 mole) was added to a mixture of 100ml. CH.sub.2
      Cl.sub.2 and 100ml of a 5 weight percent of aqueous solution of Na.sub.2
      CO.sub.3. The resulting suspension was stirred vigorously while chlorine
      gas bubbled therein. After approximately 15 minutes a clear two phase
      system formed. The organic (CH.sub.2 Cl.sub.2) phase was separated, dried
      with Na.sub.2 SO.sub.4, and stripped of solvent (CH.sub.2 Cl.sub.2) in
      vacuo. An oil titrating as 100% N,N'-Dichlorosimazine was obtained which
      was further established by elemental analysis and by infrared analysis.
PAC  EXAMPLES 5-9
PAR  Five compounds were tested for herbicidal activity. These compounds are
      listed in Table I below.
TBL                TABLE I                                                     

     ______________________________________                                    

     Compound 1                                                                

               2-Chloro-4,6,-bis(N-chloro,N-ethyl)triazine                     

     Compound 2                                                                

               Simazine                                                        

     Compound 3                                                                

               Hexachloromelamine                                              

     Compound 4                                                                

               Trichloroisocyanuric acid                                       

     Compound 5                                                                

               t-Butyl hypochlorite                                            

     ______________________________________                                    

PAR  Compound 1, i.e., 2-chloro-4,6-bis(N-ethyl,N-chloroamino)triazine, was
      formulated as a solution in methanol containing 1.0% volume/volume (v/v)
      of dimethylformamide. Simazine, i.e.,
      2-chloro-4,6-bis(ethylamino)triazine, was not sufficiently soluble in
      methanol and therefore had to be formulated in methanol containing 125 mg
      of Igepon AP 78 (coconut oil ester of sodium isethionate) as a wetting
      agent and 175 mg of Marasperse N-22 (sodium lignin sulfonate) as a
      dispersing agent per 15 ml of methanol. A spray volume of 15 ml was used
      with Compound 1 and 30 ml with Simazine since the latter was not
      sufficiently soluble to be prepared as a solution in 15 ml of methanol.
      Consequently, when the Simazine formulation was used the plants were
      sprayed twice to provide the same amounts of active ingredient.
PAR  Compound 3, Compound 4, and Compound 5 were also tested using the same
      formulation as for that of Compound 1. Formulation blanks were also
      applied in the herbicide tests. These blanks incuded no phytotoxicity in
      any of the tests.
PAR  Special precautions were taken to ensure that the time interval between
      formulating and spraying was kept to a minimum. This time interval did not
      exceed two minutes. All Compounds (1-5) were removed from the freezer, one
      at a time, weighed and formulated without delay.
PAR  Of Compounds 1-5 employed in the following herbicide tests, only Compound
      1, that is, 2-chloro-4,6-bis(N-ethyl, N-chloroamino)triazine and Compound
      2, i.e., Simazine were sufficiently active at 16 lbs/acre and were further
      tested at a lower rate of 4 lbs/acre.
PAR  Although the rating values for Compound 1 and Simazine are comparable at 16
      lb/A, a striking difference was noted in the rate of development of
      toxicity. Phytotoxicity developed very slowly with Simazine, requiring a
      period of several days before any appreciable injury was observed.
      However, with Compound 1 severe phytotoxicity (necrosis and collapse of
      tissues) developed within several hours after treatment. The slow activity
      of Simazine may be due to poor foliar adsorption in contrast to better
      foliar adsorption for Compound 1. Much of the observed activity can
      probably be attributed to root uptake rather than foliar uptake of the
      Simazine.
PAR  With postemergence application Compounds 3 to 5 above, in addition to
      Compound 1, induced a high degree of contact injury in the form of
      necrosis and collapse of tissues. This degree of contact injury developed
      with striking rapidity following application to the subject plants, i.e.,
      within several hours. However, for Compounds 3-5 the effect was not very
      persistent and many of the subject plants began to recover within several
      days. Grasses, in particular, because of their protected growing points,
      recovered rapidly. On the other hand, the degree of contact injury, to the
      subject plants when using Compound 1 was very severe and the subject
      plants failed to recover from their injured state. Commercial herbicides,
      in general, do not possess this characteristic.
PAR  With preemergence application at 16 lb/A. using Compounds 1-5, only
      Compound 1 and Simazine were sufficiently active to be retested at 4 lb/A.
      Compounds 3-5 were inactive or essentially inactivative as preemergence
      herbicides.
PAR  One aspect of triazine herbicides deserves discussion at this point.
      Triazines, in general, are relatively insoluble, in solvents normally used
      for formulation and application of agricultural chemicals. Consequently,
      these compounds in the past have been formulated as wettable powders.
      Unexpectedly and quite surprisingly, indeed, it was observed that many, if
      not substantially all, of the novel halogenated triazines can be
      formulated as water-soluble concentrates or emulsifiable concentrates.
      This characteristic imparts to the novel triazines obvious economic and
      application advantages.
PAR  The herbicidal evaluations were conducted in the following manner.
      Appropriate crop and weed species were seeded in individual 3 inch plastic
      pots (one unit). The seeds were covered with sand rather than soil to
      increase the sensitivity of preemergence testing (by reduced adsorption of
      chemicals on the soil). The soil depth was about 1.75 inches and the sand
      depth about 0.2 - 0.25 inch. For postemergence treatment the crop and weed
      species were seeded by growth-time requirement schedules and when the
      resulting plants had reached suitable growth development, generally the
      first true leaf stage, individual pots were selected for uniformity,
      Normally, a total of 12 crops and weeds were used in primary evaluation. A
      sandy loam soil type was used.
PAR  Unless otherwise indicated Compounds 1-5 were applied as sprays in a
      diluent volume of 50 gallons/acre. One carrying tray each of preemergence
      units and postemergence units was passed through the sprayer on a conveyor
      belt at about 1.5 miles per hour. As the tray passed through the sprayer
      it tripped a microswitch which in turn activated a solenoid valve and
      released the spray treatment. The sprayer was normally equipped with a
      Teejet 8003E nozzle tip and was operated in the range of 45 - 50 p. s. i.
      pressure. Compressed air was used as a driving force to apply pressure to
      the spray chamber.
PAR  Immediately after this treatment, preemergence and postemergence units were
      moved to the greenhouse and held for observation and ratings. The
      preemergence units were watered-in with a gentle surface spray several
      minutes after spray treatment using Compounds 1-5, a procedure shown to be
      effective in reducing loss of activity of volatile compounds.
PAR  Treated units were observed daily for imterim response. Final observations
      were made approximately 14 days after postemergence treatment and 21 days
      after preemergence treatment. Any treatments inducing questionable
      response were held beyond the 14 or 21 day observation period until such
      responses could be confirmed.
PAR  Observations included all abnormal physiological responses of stem bending,
      petiole curvature, epinasty, hyponasty, retardation, stimulation, root
      development, necrosis and related growth regulant characteristics.
PAR  Observations were reported as injury ratings, based on a scale of zero to
      ten (0 - 10), zero indicating no injury and ten indicating complete
      control.
PAR  Table II below contains the abbreviations used hereinafter (Tables IV-VI).
TBL                TABLE II                                                    

     ______________________________________                                    

     Plant Species                                                             

     ______________________________________                                    

     Common Name   Botanical Name  Abbrevi-                                    

                                   ations                                      

     ______________________________________                                    

     Bindweed      Convolvulus arvensis                                        

                                   BDWD                                        

     Cocklebur     Xanthium pensylvanicum                                      

                                   CKBR                                        

     Crabgrass     Digitaria sanguinalis                                       

                                   CBGS                                        

     Jimsonweed    Datura stramonium                                           

                                   JMWD                                        

     Johnsongrass  Sorghum halepense                                           

                                   JNGS(S)                                     

     (seed)                                                                    

     Morningglory, Wild,                                                       

     Mixture of:   Ipomoea purpurea and                                        

                                   MNGY                                        

                   I. hederacea                                                

     Mustard       Brassica kaber  MSTD                                        

     Velvetleaf    Abutilon Theophrasti                                        

                                   VTLF                                        

     Watergrass    Echinochlor crusgalli                                       

                                   WRGS                                        

     Wild Oat      Avena futua     WOAT                                        

     Yellow foxtail                                                            

                   Setaria glauca  YLFX                                        

     Yellow nutsedge                                                           

                   Cyperus esculentus                                          

                                   YNSG(T)                                     

     (tubers)                                                                  

     ______________________________________                                    

PAR  The code on plant injury and response is set forth in Table III below:
TBL                TABLE III                                                   

     ______________________________________                                    

     1.     B     REPRESENTS BURN                                              

     2.     Cl    REPRESENTS CHLOROSIS                                         

     3.     Ne    REPRESENTS NECROSIS                                          

     4.     R     REPRESENTS RETARDED OR REDUCED                               

     5.     P     REPRESENTS PHYTOTOXIC                                        

     ______________________________________                                    

PAR  The preemergence and postemergence herbicide result at an application rate
      of 16 lbs/acre using Compounds 1-5 are set forth in Table IV.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     HERBICIDE, PRE-EMERGENCE (INJURY RATING: PHYSIOLOGICAL RESPONSE)          

     Cpd                                                                       

        Lb/A                                                                   

           YNSG(T)                                                             

                 WOAT                                                          

                     JMWD VTLF JNGS(S)                                         

                                    BDWD MSTD                                  

                                             YLFX                              

                                                 WRGS                          

                                                     CBGS                      

                                                         CKBR                  

                                                             MNGY              

                                                                 Days          

     __________________________________________________________________________

     1  16 8:RNeCl                                                             

                 10:Ne                                                         

                     8:RNeCl                                                   

                          10:Ne                                                

                               8:RNeCl                                         

                                    7:RNeCl                                    

                                         10:Ne                                 

                                             9:Ne                              

                                                 9:Ne                          

                                                     10:Ne                     

                                                         10:Ne                 

                                                             10:Ne             

                                                                 19            

     2  16 8:RNeCl                                                             

                 10:Ne                                                         

                     8:RNeCl                                                   

                           9:Ne                                                

                               7:RC1                                           

                                    2:Cl 10:Ne                                 

                                             9:Ne                              

                                                 8:Ne                          

                                                     10:Ne                     

                                                         10:Ne                 

                                                             10:Ne             

                                                                 19            

     3  16 0:O   0:O 0:O   0:O 0:O  0:O  2:R 0:O 0:O 0:O 0:O 0:O 19            

     4  16 0:O   0:O 0:O   0:O 0:O  0:O  0:O 0:O 0:O 0:O 0:O 0:O 19            

     5  16 0:O   0:O 0:O   0:O 0:O  0:O  0:O 0:O 0:O 0:O 0:O 0:O 19            

     HERBICIDE, POST-EMERGENCE (INJURY RATING: PHYSIOLOGICAL RESPONSE)         

     Cpd                                                                       

        Lb/A                                                                   

           YNSG(T)                                                             

                 WOAT                                                          

                     JMWD VTLF JNGS(S)                                         

                                    BDWD MSTD                                  

                                             YLFX                              

                                                 WRGS                          

                                                     CBGS                      

                                                         CKBR                  

                                                             MNGY              

                                                                 Days          

     1  16 9:Ne  10:Ne                                                         

                     10:Ne                                                     

                          10:NeCl                                              

                               10:Ne                                           

                                    7:NeR                                      

                                         10:Ne                                 

                                             10:Ne                             

                                                 10:Ne                         

                                                     10:Ne                     

                                                         10:Ne                 

                                                             10:Ne             

                                                                 12            

     2  16 9:NeCl                                                              

                 10:Ne                                                         

                     10:Ne                                                     

                           9:Ne                                                

                                4:NeR                                          

                                    9:Ne 10:Ne                                 

                                             10:Ne                             

                                                 10:Ne                         

                                                     10:Ne                     

                                                         10:Ne                 

                                                             10:Ne             

                                                                 12            

     3  16 0:O    2:Ne                                                         

                      2:NeR                                                    

                           1:Ne                                                

                                0:O 0:O   7:Ne                                 

                                              2:Ne                             

                                                  0:O                          

                                                      2:Ne                     

                                                         0:O  1:Ne             

                                                                 12            

     4  16 0:O    1:Ne                                                         

                      3:Ne                                                     

                           1:Ne                                                

                                0:O 0:O  10:Ne                                 

                                              0:O                              

                                                  1:Ne                         

                                                      1:Ne                     

                                                         0:O  1:Ne             

                                                                 12            

     5  16 0:O    2:Ne                                                         

                      2:Ne                                                     

                           1:Ne                                                

                                1:Ne                                           

                                    0:O   8:Ne                                 

                                              0:O                              

                                                  1:Ne                         

                                                      4:Ne                     

                                                         0:O  1:Ne             

                                                                 12            

     __________________________________________________________________________

PAC  EXAMPLES 10-12
PAR  In an analogous manner as described in Examples 5-9 above, Compound 1,
      Simazine, and Atrazine, i.e.,
      2-chloro-4-ethylamino-6-isopropylamino-s-triazine, were tested for
      preemergence and postemergence herbicidally activity using an application
      rate of 4 lbs/acre. The results are set out in Tables V and VI infra.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     HERBICIDE (4 lb/acre), PREEMERGENCE                                       

     (INJURY RATING: PHYSIOLOGICAL RESPONSE)                                   

                    Soy-                                                       

     Compound                                                                  

            Corn                                                               

                Cotton                                                         

                    bean                                                       

                        YNSG(T)                                                

                              WOAT                                             

                                  JMWD                                         

                                      VTLF                                     

                                          JNGS(S)                              

     __________________________________________________________________________

     Compound 1                                                                

            0:O 5:Cl                                                           

                    4:RCl                                                      

                        7:NeClR                                                

                              8:NeCl                                           

                                  5:ClR                                        

                                      10:Ne                                    

                                          7:NeCl                               

     Atrazine                                                                  

            0:O 4:Cl                                                           

                    8:Cl                                                       

                        7:RCl 9:Ne                                             

                                  5:RCl                                        

                                      10:Ne                                    

                                          3:Cl                                 

     Simazine                                                                  

            0:O 3:Cl                                                           

                    4:Cl                                                       

                        6:RCl 9:NeCl                                           

                                  5:RCl                                        

                                      10:Ne                                    

                                          3:Cl                                 

     Compound 1                                                                

            0:O 10:Ne                                                          

                    10:Ne                                                      

                        10:Ne 10:Ne                                            

                                  10:Ne                                        

                                      10:Ne                                    

                                          8:NeClR                              

     Atrazine                                                                  

            0:O 10:Ne                                                          

                    10:Ne                                                      

                        10:Ne 10:Ne                                            

                                  10:Ne                                        

                                      10:Ne                                    

                                          4:RCl                                

     Simazine                                                                  

            0:O 10:Ne                                                          

                    10:Ne                                                      

                        10:Ne 10:Ne                                            

                                  10:Ne                                        

                                      10:Ne                                    

                                          9:NeCl                               

     Compound                                                                  

            BDWD                                                               

                MSTD                                                           

                    YLFX                                                       

                        BNGS  CBGS                                             

                                  CKBR                                         

                                      MNGY                                     

                                          Days                                 

     Compound 1                                                                

            3:Cl                                                               

                10:Ne                                                          

                    9:Cl                                                       

                        9:RNeCl                                                

                              9:Ne                                             

                                  8:NeCl                                       

                                      10:Ne                                    

                                           14                                  

     Atrazine                                                                  

            4:Cl                                                               

                9:Ne                                                           

                    7:NeCl                                                     

                        9:NeClR                                                

                              9:Ne                                             

                                  5:RCl                                        

                                      10:Ne                                    

                                           14                                  

     Simazine                                                                  

            3:Cl                                                               

                9:Ne                                                           

                    5:NeCl                                                     

                        8:NeClR                                                

                              10:Ne                                            

                                  3:Cl                                         

                                      9:Ne                                     

                                           14                                  

     Compound 1                                                                

            10:Ne                                                              

                10:Ne                                                          

                    10:Ne                                                      

                        10:Ne 10:Ne                                            

                                  10:Ne                                        

                                      10:Ne                                    

                                           21                                  

     Atrazine                                                                  

            10:Ne                                                              

                10:Ne                                                          

                    10:Ne                                                      

                        10:Ne 10:Ne                                            

                                  10:Ne                                        

                                      10:Ne                                    

                                           21                                  

     Simazine                                                                  

            10:Ne                                                              

                10:Ne                                                          

                    10:Ne                                                      

                        10:Ne 10:Ne                                            

                                  10:Ne                                        

                                      10:Ne                                    

                                           21                                  

     __________________________________________________________________________

TBL                                    TABLE VI                                

     __________________________________________________________________________

     HERBICIDE (4 lb/acre), POSTEMERGENCE                                      

     (INJURY RATING: PHYSIOLOGICAL RESPONSE)                                   

                   Soy-                                                        

     Compound                                                                  

            Corn                                                               

               Cotton                                                          

                   bean                                                        

                       YNSG(T)                                                 

                             WOAT                                              

                                 JMWD VTLF                                     

                                          JNGS(S)                              

     __________________________________________________________________________

     Compound 1                                                                

            1:Ne                                                               

               7:NeCl                                                          

                   9:NeCl                                                      

                       7:NeClR                                                 

                             7:NeCl                                            

                                 8:NeClR                                       

                                      9:Ne                                     

                                          7:NeClR                              

     Atrazine                                                                  

            0:O                                                                

               2:NeCl                                                          

                   9:Ne                                                        

                       5:R   7:NeCl                                            

                                 7:NeCl                                        

                                      5:NeCl                                   

                                          0:O                                  

     Simazine                                                                  

            0:O                                                                

               1:Cl                                                            

                   1:NeCl                                                      

                       5:R   6:NeCl                                            

                                 6:NeCl                                        

                                      7:NeCl                                   

                                          0:O                                  

     Compound 1                                                                

            0:O                                                                

               10:Ne                                                           

                   10:Ne                                                       

                       10:Ne 10:Ne                                             

                                 10:Ne                                         

                                      10:Ne                                    

                                          10:Ne                                

     Atrazine                                                                  

            0:O                                                                

               10:Ne                                                           

                   10:Ne                                                       

                       10:Ne 10:Ne                                             

                                 10:Ne                                         

                                      10:Ne                                    

                                          0:O                                  

     Simazine                                                                  

            0:O                                                                

               10:Ne                                                           

                   10:Ne                                                       

                       9:NeCl                                                  

                             10:Ne                                             

                                 10:Ne                                         

                                      10:Ne                                    

                                          4:RCl                                

     Compound                                                                  

            BDWD MSTD YLFX BNGS  CBGS                                          

                                    CKBR                                       

                                        MNGY                                   

                                            Days                               

     Compound 1                                                                

            7:NeClR                                                            

                 10:Ne                                                         

                      9:Ne 9:Ne  9:Ne                                          

                                    9:Ne                                       

                                        8:NeCl                                 

                                             5                                 

     Atrazine                                                                  

            4:ClR                                                              

                 9:Ne 8:NeCl                                                   

                           9:Ne  2:RCl                                         

                                    5:NeCl                                     

                                        9:Ne                                   

                                             5                                 

     Simazine                                                                  

            6:NeClR                                                            

                 9:NeCl                                                        

                      9:Ne 6:ClRNe                                             

                                 0:O                                           

                                    7:NeCl                                     

                                        7:NeCl                                 

                                             5                                 

     Compound 1                                                                

            10:Ne                                                              

                 10:Ne                                                         

                      10:Ne                                                    

                           10:Ne 10:Ne                                         

                                    10:Ne                                      

                                        10:Ne                                  

                                             14                                

     Atrazine                                                                  

            10:Ne                                                              

                 10:Ne                                                         

                      10:Ne                                                    

                           10:Ne 0:O                                           

                                    10:Ne                                      

                                        10:Ne                                  

                                             14                                

     Simazine                                                                  

            10:Ne                                                              

                 10:Ne                                                         

                      10:Ne                                                    

                           10:Ne 7:RNe                                         

                                    10:Ne                                      

                                        10:Ne                                  

                                             14                                

     __________________________________________________________________________

PAC  EXAMPLES 13-17
PAR  Compounds 1-5 were also tested as insecticides, insect growth regulants,
      and foliar fungicides. Compound 1 showed moderate control of Tobacco
      Mosaic Virus. It also shows 60% mortality of adult mites but was not
      residually active against emerging young at the rate tested. In attempted
      nemotocide tests Compound 1 was phytotoxic to the tomato host plant at a
      rate of 100 lbs/acre.
PAR  Table VII below contains the abbreviations used hereinafter (Tables
      VIII-XI).
TBL                                    TABLE VII                               

     __________________________________________________________________________

     1.  DW   is Deionized Water                                               

     2.  TB   is 3% tertiary butanol solution                                  

     3.  WP   is wettable powder                                               

     4.  MI   is Marasperse AP 78 and Igepon N-22                              

              in dionized water solution                                       

     5.  SAW-SP                                                                

              is Seven Army worm - stomach poison                              

     6.  BW-B is Boll Weevil - bait test                                       

     7.  HF-B is Housefly - bait test                                          

     8.  TSM-C                                                                 

              is two spotted spider mite - contact test                        

     9.  TSM-O                                                                 

              is two spotted spider mite - ovicidal test                       

     10. PS-SSD                                                                

              is Pea Aphid - soil drench test                                  

     11. YFM-IV                                                                

              is Yellow Fever Mosquito larvae - in vitro                       

     12. YMW-MT                                                                

              is yellow mealworm - modified topical test                       

     13. MBB-MT                                                                

              is Mexican bean beetle - modified topical test                   

     14. BW-MT                                                                 

              is boll weevil - modified topical test                           

     15. HF-MT                                                                 

              is house fly - modified topical test                             

     16. MWB-MT                                                                

              is Milkweed Bug - modified topical test                          

     17. LBT  is Late Blight of Tomatoes (Phytophthora infestans)              

     18. RBD  is Rice Blast Disease (Pyricularia oryzae)                       

     19. PMC  is powdery mildew of cucumber (Erysiphe cichoracearum)           

     20. LRW  is Leaf Rust of Wheat (Puccinia recondita tritici)               

     21. BLT  is Bacterial Leaf Spot of Tomatoes ( Xanthomonas                 

              vesicatoria)                                                     

     22. TMV  is Tobacco Mosaic Virus                                          

     23. EBT  is Early Blight of Tomatoes (Alternaria solani)                  

     __________________________________________________________________________

PAR  Tables VIII, IX, X, and XI below set out the results using Compounds 1-5 as
      insecticides, as insect growth regulants, as protectant foliar fungicides,
      and as systemic fungicides.
TBL                                    TABLE VIII                              

     __________________________________________________________________________

     Insecticidal-Miticidal Efficacy                                           

     Com-                                                                      

         Formu-                                                                

             Conc.                                                             

                 % Mortality: Response                                         

     pound                                                                     

         lation                                                                

             ppm SAW-SP                                                        

                      BW-B                                                     

                          HF-B                                                 

                              TSM-C                                            

                                   TSM-O                                       

                                        PA-SSD                                 

                                             YFM-T                             

     __________________________________________________________________________

     1   WP  2400                                                              

                 10:0 0:0 12:0                                                 

                              60:0 0:P2                                        

              100                       0:0  100:0                             

     2   MI  2400                                                              

                 0:0  0:0 20:0                                                 

                              0:0  0:P1                                        

              100                       0:0   50:0                             

     3   WP  2400                                                              

                 0:0  0:0 40:0                                                 

                              0:0  0:P1                                        

              100                       0:0  100:0                             

     4   WP  2400                                                              

                 0:0  0:0  0:0                                                 

                              0:0  0:0                                         

              100                       0:0   0:0                              

     5   DW  2400                                                              

                 0:0  0:0  0:0                                                 

                              0:0  0:P1                                        

              100                       0:0   90:0                             

     __________________________________________________________________________

      In response P1 means trace phylotoxicity                                 

      P2 means slight phylotoxicity (plants recover, no reduction in growth)   

      0 means no injury                                                        

TBL                                    TABLE IX                                

     __________________________________________________________________________

     Insect Growth Regulant Responses                                          

     __________________________________________________________________________

     Com-                                                                      

         Formu-                                                                

             Conc.                                                             

     pound                                                                     

         lation                                                                

             ppm YMW-MT                                                        

                      MBB-MT                                                   

                            BW-MT HF-MT                                        

                                       MWB-MT                                  

                                             YFM-IV                            

     __________________________________________________________________________

     1   WP  2400                                                              

                 0:0  0:0   100:10                                             

                                  0:0   95:8.4                                 

              100                            100:10                            

     2   MI  2400                                                              

                 0:0  0:0    90:10.4                                           

                                  0:0  10:4                                    

              100                            0:0                               

     3   WP  2400                                                              

                 0:0  0:0   0:0   0:0  0:0                                     

              100                            100:0                             

     4   WP  2400                                                              

                 0:0  0:0   0:0   0:0  0:0                                     

              100                            0:0                               

     5   DW  2400                                                              

                 0:0  100:5.2                                                  

                            0:0   0:0  30:4                                    

              100                            100:10                            

     __________________________________________________________________________

      In response 0 means no injury                                            

      10 means plants dead                                                     

TBL                                    TABLE X                                 

     __________________________________________________________________________

     Protectant Foliar Fungicidal Efficacy                                     

     Com-                                                                      

         Conc.                                                                 

             % Disease Control: Plant Injury (0-10 scale)                      

     pound                                                                     

         ppm LBT  RBD  PMC  LRW  BLT  TMV                                      

     __________________________________________________________________________

     1   2000                                                                  

             P:10B                                                             

                  O:8B P:10B                                                   

                            100:5B                                             

                                 P:10B                                         

         1000                         90:0                                     

     2   2000                                                                  

             P:10B                                                             

                  P:10B                                                        

                       P:10B                                                   

                            100:6B                                             

                                 P:10B                                         

         1000                         44:0                                     

     3   2000                                                                  

             57:2B                                                             

                  97:5B                                                        

                       P:10B                                                   

                            100:1B                                             

                                 64:6B                                         

         1000                         79:0                                     

     4   2000                                                                  

             71:1B                                                             

                  93:4B                                                        

                       0:1B 100:0                                              

                                  P:9B                                         

         1000                          0:0                                     

     5   2000                                                                  

             2:0  0:0  0:0   0:0 29:0                                          

         1000                          0:0                                     

     __________________________________________________________________________

      B means burn                                                             

TBL                TABLE XI                                                    

     ______________________________________                                    

     SYSTEMIC FUNGICIDAL EFFICACY                                              

                       Disease Control:                                        

             Lbs per   Plant Injury (1-10 Scale)                               

     Compound                                                                  

             Acre      PMC       LRW      EBT                                  

     ______________________________________                                    

     1       40         P:10     100:5    0:2                                  

     2       40         P:10     100:5    0:1                                  

     3       40        0:4       0:1      0:0                                  

     4       40        0:3       0:0      57:0                                 

     5       40        0:0       0:0      0:0                                  

     No reference standard available for early blight of tomatoes              

     Inoculated controls (1)                                                   

                   100       269        332                                    

     ______________________________________                                    

      (1): Inoculated controls expressed as:                                   

      PMC: Percent leaf area diseased                                          

      LRW: Average number of infection loci per plant based on 3 replicates    

      EBT: Average number of infection loci per plant based on 3 replicates    

PAR  An example of a photodegradable composition is 100 parts of polybutene,
      0.05 part of di-t-butyl-p-cresol, and 10 parts of Compound 1. This
      composition can be formed into a film, then applied to a field of corn,
      and thereafter it disintegrates.
PAR  In lieu of Compound 1, there can be employed other novel halogenated
      triazines having the Formula I, preferably Formula II, in the agricultural
      evaluation described in the preceding Examples and Tables.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the formula:
      ##SPC4##
PAL  wherein n is 1 or 2; wherein X is a halogen; wherein R.sub.1 is hydrogen,
      halogen, alkyl of 1 to 12 carbon atoms, allyl, benzyl, cyclopropyl or
      cyclohexyl; wherein R.sub.2 is alkyl of 1 to 12 carbon atoms, allyl,
      cyanoisopropyl, benzyl, cyclopropyl, cyclohexyl, phenyl, halophenyl,
      methylphenyl, ethylphenyl, propenylphenyl, diphenyl, naphthyl or
      phenanthryl, with the proviso that at least one R.sub.1 is halogen.
NUM  2.
PAR  2. A compound according to claim 1 wherein X is halogen having an atomic
      number of from 17 to 53, and wherein all R.sub.1 halogen atoms have an
      atomic number of from 17 to 53.
NUM  3.
PAR  3. A compound according to claim 2 wherein X is chlorine and wherein all
      R.sub.1 halogen atoms are chlorine.
NUM  4.
PAR  4. A compound according to claim 2 wherein R.sub.1 is hydrogen, halogen of
      atomic number of from 17 to 53 or alkyl of 1 to 12 carbon atoms; and
      wherein R.sub.2 is alkyl of 1 to 12 carbon atoms.
NUM  5.
PAR  5. A compound according to claim 4 wherein n is 2.
NUM  6.
PAR  6. A compound according to claim 4 wherein n is 1.
NUM  7.
PAR  7. A compound according to claim 1 having the formula:
      ##SPC5##
PAL  wherein R.sub.3 and R.sub.4 individually are alkyl of 1 to 12 carbon atoms;
      wherein X is a halogen; wherein Y.sub.1 is halogen; and Y.sub.2 is
      hydrogen, alkyl of 1 to 12 carbon atoms, or halogen.
NUM  8.
PAR  8. A compound according to claim 7 wherein X and Y, individually, are
      halogen of atomic number of from 17 to 53; and wherein Y.sub.2 is hydrogen
      or halogen of atomic number of from 17 to 53.
NUM  9.
PAR  9. A compound according to claim 8 wherein all halogen atoms are chlorine.
NUM  10.
PAR  10. A compound according to claim 9 wherein R.sub.3 and R.sub.4 are lower
      alkyl groups of 1 to 6 carbon atoms.
NUM  11.
PAR  11. A compound according to claim 10 wherein R.sub.3 and R.sub.4 are both
      ethyl.
NUM  12.
PAR  12. A compound according to claim 10 wherein R.sub.3 is ethyl and wherein
      R.sub.4 is isopropyl.
NUM  13.
PAR  13. A process of preparing a compound according to claim 1 comprising
      reacting a hypohalite of the formula ROX or Ca(OX).sub.2 where R is
      sodium, potassium, lithium, 1 to 8 carbon atom alkyl, methylcyclopentyl or
      methycyclohexyl hypohalite with a triazine of the formula:
      ##SPC6##
PAL  wherein n is 1 or 2; wherein X is a halogen, wherein R.sub.5 is hydrogen,
      alkyl of 1 to 12 carbon atoms, allyl, benzyl, cyclopropyl or cyclohexyl
      and wherein R.sub.6 is alkyl of 1 to 12 carbon atoms, allyl, benzyl,
      cyclopropyl, cyclohexyl, phenyl, halophenyl, methyphenyl, ethylphenyl,
      propenylphenyl, diphenyl, naphthyl or phenanthryl.
NUM  14.
PAR  14. A process according to claim 13 wherein the hypohalite has the formula
      R.sub.7 OX wherein R.sub.7 is alkyl of 1 to 8 carbon atoms,
      methylcyclopentyl or methylcyclohexyl.
NUM  15.
PAR  15. A process according to claim 14 wherein R.sub.7 is tertiary alkyl.
NUM  16.
PAR  16. A process according to claim 15 wherein R.sub.7 OX is t-butyl
      hypochlorite.
NUM  17.
PAR  17. A process according to claim 16 wherein the reaction is carried out in
      an inert organic medium.
NUM  18.
PAR  18. A process according to claim 17 wherein the temperature is -30  to
      +30.degree.C.
NUM  19.
PAR  19. A process according to claim 13 wherein the temperature is -30  to
      +30.degree.C.
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PAL  Disclosed are a group of chemical compounds which have been found to be
      useful in the area of flavor-note alteration.
PARN
PAR  This is a division of now abandoned application Ser. No. 243,866 filed Apr.
      13, 1972, which is a division of application Ser. No. 70,560 filed Sept.
      8, 1970, now U.S. Pat. No. 3,702,253; which latter application is a
      continuation of now-abandoned application Ser. No. 543,069 filed Apr. 18,
      1966, which is a continuation-in-part of now-abandoned application Ser.
      No. 452,342 filed Apr. 30, 1965.
BSUM
PAR  As is generally recognized by those familiar with the art, the science of
      flavor technology is an extremely complex one. Although much is known
      about flavor and flavor technology there is still a great deal to be
      learned in the field and the body of scientific literature is being
      rapidly expanded by those working in the area. The technology of flavor
      synthesis and blending of various flavor elements to achieve certain
      desirable results is of great commercial importance at the present stage
      of industrial advance. Commercial production of consumer goods from
      synthetic starting materials is becoming more and more common, and
      desirable, as world population continues to increase its demands upon the
      finite capacity for the production of natural products. Industry is also
      continually seeking means of upgrading natural products -- methods of
      altering or enhancing the qualities of taste of less desirable natural
      products -- usually more abundant -- into more desirable product
      qualities. Often, for example, a product can be made commercially
      attractive only by masking or blanking out an undesirable flavor
      component. Formerly, before the advent of the flavor chemist and his
      technology, this unit of production would have been lost, or at least,
      would have had to have been re-processed to a useable quality. By the use
      of specifically designed flavoring agents, however, the undesirable flavor
      note can be eliminated or masked with another desirable one, and the
      expensive and time-consuming re-processing step eliminated or the
      production batch saved for use. Too, it is common in some segments of the
      industry, particularly the food industry, to add flavor agents to
      production units to enhance or bring out a desirable flavor
      characteristics of products -- and by so doing to render the product more
      desirable from a consumer preference standpoint.
PAR  It is the object of this invention therefore, to provide the flavor
      technologist with additional tools for his use in the alteration of food
      flavors, whether it be flavor or flavor-note alteration generally or the
      enhancement or improvement of flavor or flavor notes specifically.
PAR  It is a further object of the invention to furnish a group of chemical
      compositions which have utility in the technology of flavor alteration,
      whether added to solid or liquid compositions for human consumption, and
      which may be used in either solid or liquid form.
PAR  A further object of the invention is to describe several groups of chemical
      compounds having desirable utility as flavor agents which may be prepared
      synthetically, thus enabling the food technologist to alter or enhance his
      product without drawing upon a natural product for the flavor agent.
PAR  A still further object of the invention is to describe a group of chemical
      compounds capable of synthesis from readily available organic substances
      which may be used singly or in combination to alter the flavor or flavor
      notes of compositions for food use, whether used in micro-quantities such
      as parts-per-million or in larger quantities, as the dictates of the end
      results may require.
PAR  Other objects will become apparent to those skilled in the art as the
      description proceeds.
PAR  Thus, in accordance with the concept of the instant invention, there is set
      out below a series of groups of compounds which have been found to have
      utility as flavor agents and to represent valuable materials to the food
      technologist who wishes to alter the flavor components of foods or food
      products either liquid foods or beverages, such as fruit and vegetable
      juices, milk, coffee, tea, cocoa, chocolate, and the like or solid foods
      such as cereals, flours, confections, vegetables, meats, etc. The flavor
      agents may be used either in liquid or solid form and are used in
      quantities designed to give the desired results, as will be more clearly
      explained as the description proceeds.
PAR  The chemical compounds which have been found to have utility as flavor
      agents may be generally classified according to the following groups;
TBL  I.        --     Diphenyls                                                

     II.       --     Substituted Naphthalenes                                 

     III.      --     Furan Hydrocarbons                                       

     IV.       --     Thiophene Hydrocarbons                                   

     V.        --     Pyrrole Hydrocarbons                                     

     VI.       --     Pyridine Hydrocarbons                                    

     VII.      --     Pyrazine Hydrocarbons                                    

     VIII.     --     Aliphatic and Aromatic Alcohols                          

     IX.       --     Furan Ethers                                             

     X.        --     Thiophene Ethers                                         

     XI.       --     Thiazole Alcohols                                        

     XII.      --     Pyridine Ethers and Alcohols                             

     XIII.     --     Pyrazine Ethers and Alcohols                             

     XIV.      --     Benzofuran Carbonyl Compounds                            

     XV.       --     Thiophene Aldehydes                                      

     XVI.      --     Pyrrole Aldehydes                                        

     XVII.     --     Pyrazine Carbonyl Compounds                              

     XVIII.    --     Aliphatic and Aromatic Ketones                           

     XIX.      --     Furan Ketones                                            

     XX.       --     Thiophene Ketones                                        

     XXI.      --     Pyrrole Ketones                                          

     XXII.     --     Thiazole Carbonyl Compounds                              

     XXIII.    --     Pyridine Carbonyl Compounds                              

     XXIV.     --     .alpha.-Diketones                                        

     XXV.      --     Thiophene-.alpha.-diketones                              

     XXVI.     --     Pyrrol-.alpha.-diketones                                 

     XXVII.    --     Furan Esters                                             

     XXVIII.   --     Thiophene Esters                                         

     XXIX.     --     Pyridine Esters                                          

     XXX.      --     Aromatic Sulfur Compounds                                

     XXXI.     --     Furan Sulfur Compounds                                   

     XXXII.    --     Thiophene Sulfur Compounds                               

     XXXIII.   --     Pyridine Sulfur Compounds                                

     XXXIV.    --     Pyrrole Sulfur Compounds                                 

     XXXV.     --     Pyrazine Sulfur Compounds                                

     XXXVI.    --     Phenols and Phenol Ethers                                

     XXXVII.   --     Aliphatic Oxoalcohols                                    

     XXXVIII.  --     Miscellaneous                                            

PAR  The above groupings are selected more for reasons of chemical similarity
      than because of flavor alteration characteristics as will be more
      specifically described in relation to the more complete definition
      afforded each particular group.
PAR  The flavor agents or flavor modifying compositions of this invention are
      available to the food technologists in a variety of forms. It is usually
      preferable to use the agents in the form of a solution, for ease of
      dilution, exactitude of measurement, efficiency of distribution in the end
      use, etc. However the chemical nature of the compound, its solubility in
      acceptable solvents, its stability, and other characteristics may dictate
      the form in which it is used.
PAR  The amounts of the agents used is also subject to wide variation, of
      course. More concentrated materials, and those with the greatest degree of
      flavor modifying ability will be used in lesser amounts. Some degree of
      experimentation is, of course, required to achieve the desired results. A
      small, but flavor modifying amount, of the agents is blended with the
      material whose total flavor is to be altered, the amount depending upon
      the end result desired.
PAR  Two different types of methods were used in testing the compounds listed in
      this specification for their utility as flavor agents, flavor modifiers,
      flavor alteration agents, flavor-note enhancers, and the like. The first
      type method (A) served the purpose of determining the intrinsic taste,
      flavor and aroma of each individual compound. The second type methods (B)
      and (C) were used for testing the flavor- and aroma-modifying or
      -enhancing effects of the compounds hereinafter listed on coffee products
      and more particularly on spray-dried soluble coffee products commercially
      known as "instant coffee".
PAC  METHOD A
PAR  The vehicle used for testing the flavor compounds was a 65% solution of
      cane sugar in tap water. The flavor compounds were incorporated in this
      sugar syrup in the form of 1% or 1 per 1000 by weight solutions in 96%
      ethyl alcohol. The concentration of the flavor compounds in the sugar
      syrup varied between about 0.005 and 5 g. for 100 liters of syrup
      according to the varying strength of flavor compounds. Samples of each
      flavored sugar syrup were submitted to the members of the tasting panels.
      After tasting the samples each member had to give an evaluation of each
      flavor compound in terms of descriptive words.
PAR  In the evaluation of materials for the alteration or enhancement of coffee
      flavor or of coffee flavor notes it is essential that the equipment used,
      coffee pots, cups, spoons, measuring equipment, etc. be absolutely clean
      prior to use.
PAC  METHOD B
PAR  The coffee base was prepared by dissolving 1 g. of a commercial spray-dried
      soluble coffee in boiling water. A sufficient number of pots was prepared
      to provide one pot for each flavor agent to be evaluated plus one control.
      The flavor agent was added to the coffee base in the form of a 1% or 1 per
      1000 by weight alcoholic solution at concentrations varying between 0.005
      and 5 g. of flavor agent for 100 liters of coffee base. The measured
      quantity of the flavor agent was added to a pot of the coffee base
      material, stirred well, and poured immediately into cups for the
      organoleptic evaluation. The taste tests were made within a short time
      (not more than 15 minutes) after the final composition to be tested was
      prepared.
PAR  The organoleptic evaluation involved grading a series of cups that were
      coded, the taster merely rating the coded cups against the standard or
      control which did not contain the flavor agent. The standard was placed at
      the first position in a series of cups. The tasters were asked to
      ascertain whether or not there existed differences in the flavor of the
      samples to be tested as compared with the control. The tasters were
      furthermore asked to describe and characterize the various flavor notes
      and types determined.
PAC  METHOD C
PAR  Using boiling crystal spring water, to provide a clean starting taste, a
      1.35% solution of relatively bland tasting commercially available
      spray-dried soluble coffee was prepared. The containers used -- preferably
      the lower portion of a glass coffee maker -- was absolutely clean, as was
      the other equipment used, e.g. cups and spoons.
PAR  A sufficient number of containers, or pots, were used to accommodate each
      flavor fraction to be studied, plus one control. The flavor fraction was
      measured carefully with a micro-syringe, adding from 2 to 150 microliters
      of the flavor fraction per pot. The mixture of coffee solution and flavor
      fraction was stirred and immediately poured into cups for tasting. At
      least 5 experienced tasters are used. The tasting should begin at least
      within 15 minutes after the solution is prepared. If not, the solution
      should be discarded and fresh solution prepared.
PAR  The cups are coded and the samples are not identified. A standard sample is
      included in which no flavor fraction has been added. The taster is asked
      to identify and describe the flavor enhancement or modification noted.
PAR  In the following specific description of the compounds of the Groups listed
      above (I - XXXVIII) there is first given the structural formula followed
      by a list of members of the group which have been found to have
      outstanding utility in the concept of this invention. Immediately
      following the chemical name of each member there is given the commercial
      source or a literature reference giving a method for its preparation.
      Commercially available products will be identified by the abbreviation
      o.a., and may be obtained from FLUKA, A.G., Buchs S.G., Switzerland;
      ALDRICH CHEM. CO., Milwaukee, Wis; DR.F. RASCHIG GMBH, Ludwigshafen a.
      Rh., West-Germany; or K & K LABORATORIES INC., Plainview, NY. 11803.
PAR  In those instances wherein new compounds are described a detailed method of
      preparation is given following the list of the group members. New
      compounds will be identified by the abbreviation n.c.
PAR  The results of the organoleptic evaluation tests are set out in the group
      of TABLES following the detailed description of the groups of compounds.
PAC  I. -- DIPHENYLS
PAR  In this first group of compounds are included those having the structural
      formula:
      ##SPC1##
PAL  wherein R is hydrogen or an alkyl group, e.g. methyl.
PAR  Typical compounds are:
TBL  (1)  a.    diphenyl                 c.a.                                  

          b.    2-methyl-diphenyl        c.a.                                  

          c.    3-methyl-diphenyl        c.a.                                  

          d.    4-methyl-diphenyl        c.a.                                  

          e.    4,4'-dimethyl-diphenyl   c.a.                                  

PAR  Organoleptic evaluations as flavor agents are described in TABLE I below.
PAC  II. -- SUBSTITUTED NAPHTHALENES
PAR  Compounds in this group are those having the general formula:
      ##SPC2##
PAL  wherein R is hydrogen or an alkyl group, e.g. methyl or ethyl, at least one
      of the R's being an alkyl group.
PAR  Typical compounds include:
TBL  (1)  a.    alpha-methyl-naphthalene c.a.                                  

          b.    beta-methyl-naphthalene  c.a.                                  

          c.    beta-ethyl-naphthalene   c.a.                                  

          d.    1,2-dimethyl-naphthalene c.a.                                  

          e.    1,3-dimethyl-naphthalene c.a.                                  

          f.    1,4-dimethyl-naphthalene c.a.                                  

          g.    1,5-dimethyl-naphthalene c.a.                                  

          h.    1,6-dimethyl-naphthalene c.a.                                  

          i.    2,3-dimethyl-naphthalene c.a.                                  

          j.    2,6-dimethyl-naphthalene c.a.                                  

          k.    1,3,7-trimethyl-naphthalene                                    

                                         c.a.                                  

          l.    2,3,5-trimethyl-naphthalene                                    

                                         c.a.                                  

          m.    2,3,6-trimethyl-naphthalene                                    

                                         c.a.                                  

          n.    alpha-ethyl-naphthalene  c.a.                                  

          o.    1,7-dimethyl-naphthalene c.a.                                  

          p.    2,7-dimethyl-naphthalene c.a.                                  

PAR  The compounds enumerated above were evaluated organoleptically and gave the
      results set out in TABLE II below.
PAC  III. -- FURAN HYDROCARBONS
PAR  The compounds of this group which have utility according to the inventive
      concept are selected from the class of compounds having the general
      formula:
      ##SPC3##
PAL  wherein R is a hydrogen or an alkyl containing from 1 to 3 carbon atoms;
      compounds of the formula:
      ##SPC4##
PAL  wherein R is hydrogen or an alkyl or an alkenyl group of from 1 to 3 carbon
      atoms, provided that the sum of the carbon atoms of the substituent groups
      does not exceed 3; and compounds of the formula:
      ##SPC5##
PAL  wherein R.sub.1 is hydrogen or a methyl group and wherein R.sub.2 is
      ##SPC6##
PAL  R.sub.3 being hydrogen or a methyl group such that R.sub.1 and R.sub.3 are
      not both hydrogen.
PAR  Specific compounds included in this group of compounds are:
TBL  (1)                                                                       

        a.                                                                     

          2-vinyl-furan      Bull. 1947, 453                                   

        b.                                                                     

          2-(1)-pentenyl-furan                                                 

                             C.A. 1961, 85905f                                 

     (2)                                                                       

        a.                                                                     

          benzofuran           c.a.                                            

        b.                                                                     

          2-methyl-benzofuran                                                  

                             Soc. 1955, 3689                                   

        c.                                                                     

          2-ethyl-benzofuran J.A.C.S. 73,754 (1951)                            

        d.                                                                     

          2,3-dimethyl-benzofuran                                              

                             Soc. 1955, 3689                                   

        e.                                                                     

          2-vinyl-benzofuran J.A.C.S. 73, 754 (1951)                           

        f.                                                                     

          2-isopropenyl-benzofuran                                             

                               n.c.                                            

        g.                                                                     

          7-methyl-benzofuran                                                  

                             J.Chem.Soc.1920, 1534                             

        h.                                                                     

          7-ethyl-benzofuran   n.c.                                            

        i.                                                                     

          2,7-dimethylbenzofuran                                               

                               n.c.                                            

     (3)                                                                       

        a.                                                                     

          2,2'-difuryl       J.A.C.S. 73, 1271 (1951)                          

        b.                                                                     

          5-methyl-2,2'-difuryl-methane                                        

                             C.A. 1957, 6594a                                  

        c.                                                                     

          5,5'-dimethyl-2,2'-difuryl-methane                                   

                             Helv. 1932, 2068                                  

PAR  The new compounds included in Group III can be prepared by the methods
      described below.
PAR  2. f. 2-Isopropenyl-benzofuran. According to the method described in
      J.A.C.S. 73, 754 (1951) 2-acetyl-benzofuran is reacted with
      methyl-magnesium bromide to form 2-(2-hydroxyisopropyl)-benzofuran which
      is converted to its acetate. Pyrolysis of the acetate yields
      2-isopropenyl-benzofuran of b.p. 81.degree.-83.degree.C./0.001 mm. Hg.
PAR  2. h. 7-Ethyl-benzofuran is prepared by the method described in J. Chem.
      Soc. 1920, 1534, but using o-ethylphenol instead of o-cresol. The MS. of
      the product thus obtained shows the following ion peaks with the relative
      intensities given within brackets: 131 (100%), 146 (38%) and 77 (10%).
PAR  2. i. 2,7-Dimethyl-benzofuran. 7-Methyl-benzofuran (cf. compound (2) g.) is
      subjected to a WILSMEYER reaction to form 7-methyl-benzofuran-2-aldehyde
      which is converted into 2,7-dimethyl-benzofuran by a WOLFF-KISHNER
      reaction by the method described in Bull. Soc. Chim. France 29, 1875
      (1952). The product thus obtained has the following peaks in its MS: 146
      (100%), 145 (92%) and 131 (32%).
PAR  Organoleptic evaluations of this group of compounds are set out in TABLE
      III below.
PAC  IV. -- Thiophene Hydrocarbons
PAR  The thiophene hydrocarbons having utility in accordance with the instant
      inventive concept are those compounds described by the structural formula:
      ##SPC7##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen, methyl, ethyl, vinyl or propyl,
      the compound of the formula:
      ##SPC8##
PAL  the compounds of the formula:
      ##SPC9##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen or methyl groups, and wherein X is
      oxygen or sulfur; the compounds of the formula
      ##SPC10##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen or methyl groups, and the
      compounds of the formula
      ##SPC11##
PAL  wherein R.sub.1 and R.sub.2 represent hydrogen or alkyl groups.
PAR  Typical compounds of this class of compounds are:
TBL  (1)                                                                       

        a.                                                                     

          2-methyl-thiophene    c.a.                                           

        b.                                                                     

          3-methyl-thiophene    c.a.                                           

        c.                                                                     

          2-ethyl-thiophene     c.a.                                           

        d.                                                                     

          3-ethyl-thiophene   Bull. 1955, 424                                  

        e.                                                                     

          2-propyl-thiophene  J.A.C.S. 70, 391, Bull.                          

                              1955, 361                                        

        f.                                                                     

          2-vinyl-thiophene   Bull.1955, 424                                   

        g.                                                                     

          3-vinyl-thiophene   Bull. 1955, 424                                  

        h.                                                                     

          2-methyl-4-ethyl-thiophene                                           

                              J.A.C.S.75,989 (1953)                            

        i.                                                                     

          2-methyl-5-ethyl-thiophene                                           

                              J.A.C.S.75, 989 (1953)                           

        j.                                                                     

          2-methyl-5-propyl-thiophene                                          

                              J.A.C.S.75, 989 (1953)                           

        k.                                                                     

          2,5-dimethyl-thiophene                                               

                                c.a.                                           

     (2)                                                                       

        a.                                                                     

          2,3,3',2'-thiophenothiophene                                         

                              Soc. 1953, 1837                                  

     (3)                                                                       

        a.                                                                     

          2,2'-dithienyl-methane                                               

                              J.A.C.S.73, 1270 (1951)                          

        b.                                                                     

          5,5'-dimethyl-2,2'-dithienyl-methane                                 

                              J.A.C.S.73, 1270 (1951)                          

        c.                                                                     

          2-furyl-2-thienyl-methane                                            

                              C.A. 57, 9776f (1962)                            

        d.                                                                     

          (5-methyl-2-thienyl)-2-furyl-methane                                 

                              C.A. 57, 9776f (1962)                            

     (4)                                                                       

        a.                                                                     

          2,2'-dithienyl      J.A.C.S.78, 1958 (1956)                          

        b.                                                                     

          5,5'-dimethyl-2,2'-dithienyl-methane                                 

                              J.A.C.S.78, 1958 (1956)                          

     (5)                                                                       

        a.                                                                     

          benzothiophene        c.a.                                           

        b.                                                                     

          2-methyl-benzothiophene                                              

                              J.A.C.S.74, 664 (1952)                           

PAR  Organoleptic evaluations of these compounds are set out in TABLE IV below.
PAC  V. -- PYRROLE HYDROCARBONS
PAR  Compounds of this group have the general formulae:
      ##SPC12##
PAL  wherein R is alkyl, e.g. ethyl, amyl, isoamyl, or alphamethylbutyl, and
      ##SPC13##
PAL  wherein X is oxygen or sulfur and R is hydrogen or a methyl group, provided
      that, if X represents oxygen, R is methyl.
PAR  Typical compounds of this group include:
TBL  (1)                                                                       

        a.                                                                     

          1-ethyl-pyrrole   Helv.10, 387 (1927)                                

        b.                                                                     

          1-n-amyl-pyrrole  Helv.10, 387 (1927)                                

        c.                                                                     

          1-isoamyl-pyrrole Helv.10, 387 (1927)                                

        d.                                                                     

          1-(alphamethyl-butyl)-pyrrole                                        

                            Helv.10, 387 (1927)                                

     (2)                                                                       

        a.                                                                     

          1-(5-methyl-2-furfuryl)-pyrrole                                      

                            n.c.; b.p. 104.degree.C./11 mm;                    

                            prepared by the same                               

                            method as (1) a.                                   

        b.                                                                     

          1-thionyl-pyrrole J.Org.Chem.28,574 (1963)                           

PAR  Organoleptic test evaluations are set out in TABLE V below.
PAC  VI -- PYRIDINE HYDROCARBONS
PAR  The compounds of this group which have utility according to the instant
      concept are to be described as falling under the general formula:
      ##SPC14##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are hydrogen, alkyl, e.g. methyl,
      ethyl, isobutyl; alkenyl groups, e.g. vinyl, propenyl; aryl groups; or
      aralkyl groups; provided that the symbols R.sub.1, R.sub.2 and R.sub.3 are
      not all hydrogen.
PAR  Typical compounds include:
TBL  (1)  a.    2-methyl-pyridine                                              

                                 c.a.                                          

          b.    3-methyl-pyridine                                              

                                 c.a.                                          

          c.    3-ethyl-pyridine c.a.                                          

          d.    2-allyl-pyridine Bull. 420, (1955)                             

          e.    4-isobutyl-pyridine                                            

                                 Bull. 420, (1955)                             

          f.    2-(1)-propenyl-pyridine                                        

                                 Ann. 242, 1 (1888)                            

          g.    4-(1)-propenyl-pyridine                                        

                                 Ann. 247, 1 (1888)                            

          h.    2-methyl-5-ethyl-pyridine                                      

                                 c.a.                                          

          i.    2,3-dimethyl-pyridine                                          

                                 c.a.                                          

          j.    2,4-dimethyl-pyridine                                          

                                 c.a.                                          

          k.    2,5-dimethyl-pyridine                                          

                                 c.a.                                          

          l.    2,6-dimethyl-pyridine                                          

                                 c.a.                                          

          m.    3,4-dimethyl-pyridine                                          

                                 c.a.                                          

          n.    3,5-dimethyl-pyridine                                          

                                 c.a.                                          

          o.    2-vinyl-pyridine c.a.                                          

          p.    4-methyl-pyridine                                              

                                 c.a.                                          

          q.    2-methyl-6-vinyl-pyridine                                      

                                 c.a.                                          

          r.    4-phenyl-pyridine                                              

                                 c.a.                                          

          s.    4-benzyl-pyridine                                              

                                 c.a.                                          

          t.    2-benzyl-pyridine                                              

                                 c.a.                                          

          u.    2-methyl-5-ethyl-pyridine                                      

                                 c.a.                                          

PAR  Organoleptic evaluations are set out in TABLE VI below.
PAC  VII -- PYRAZINE HYDROCARBONS
PAR  This important group of compounds have been found to have exceptional
      utility as flavor agents in accordance with the instant inventive concept.
      Compounds of the group have the general formulae:
      ##SPC15##
PAL  wherein R.sub.1 is hydrogen, alkyl, 1-pyrrolyl or 2-thienyl; and R.sub.2 is
      alkyl or alkenyl,
      ##SPC16##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are alkyl groups having from 1 to 5
      carbon atoms,
      ##SPC17##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are hydrogen or methyl groups,
      ##SPC18##
PAL  wherein R.sub.1 and R.sub.2 are alkyl groups containing from 1 to 3 carbon
      atoms,
      ##SPC19##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are alkyl groups containing
      from 1 to 6 carbon atoms, and
      ##SPC20##
PAL  wherein R.sub.1 is methyl or ethyl and R.sub.2 is alkyl or alkenyl with
      C.sub.1 to C.sub.6.
PAR  Compounds of this group which are of special interest include:
TBL  (1)                                                                       

        a.                                                                     

          2-methyl-3-ethyl-pyrazine                                            

                                n.c.                                           

        b.                                                                     

          2-methyl-3-isobutyl-pyrazine                                         

                                n.c.                                           

        c.                                                                     

          2-methyl-3-propyl-pyrazine                                           

                                n.c.                                           

        d.                                                                     

          2-methyl-3-isopropyl-pyrazine                                        

                                n.c.                                           

        e.                                                                     

          2-methyl-3-butyl-pyrazine                                            

                                n.c.                                           

        f.                                                                     

          2-methyl-3-amyl-pyrazine                                             

                                n.c.                                           

        g.                                                                     

          2-methyl-3-hexyl-pyrazine                                            

                                n.c.                                           

        h.                                                                     

          2,3-dimethyl-pyrazine                                                

                               Ber. 40, 4855 (1907)                            

        i.                                                                     

          2,3-diethyl-pyrazine  n.c.                                           

        j.                                                                     

          2-ethyl-3-vinyl-pyrazine                                             

                                n.c.                                           

        k.                                                                     

          2-methyl-3(5,6)-(pyrrolyl-1)-pyrazine                                

                                n.c.                                           

        l.                                                                     

          2-methyl-3-(thienyl-2)-pyrazine                                      

                                n.c.                                           

        m.                                                                     

          2-ethyl-pyrazine     J.Org.Chem.26, 3379                             

                               (1961)                                          

        n.                                                                     

          2-propyl-pyrazine    J.Org.Chem.26, 3379                             

                               (1961)                                          

        o.                                                                     

          2-isopropyl-pyrazine J.Org.Chem.26, 3379                             

                               (1961)                                          

        p.                                                                     

          2-vinyl-pyrazine     J.Org.Chem.26, 3379                             

                               (1961)                                          

        q.                                                                     

          2-isopropenyl-pyrazine                                               

                                n.c.                                           

        r.                                                                     

          2-methyl-3-vinyl-pyrazine                                            

                                n.c.                                           

     (2)                                                                       

        a.                                                                     

          trimethyl-pyrazine   J.A.C.S. 72, 844(1950)                          

        b.                                                                     

          2,6-dimethyl-3-ethyl-pyrazine                                        

                                n.c.                                           

        c.                                                                     

          2,5-dimethyl-3-ethyl-pyrazine                                        

                                n.c.                                           

        d.                                                                     

          2,5-dimethyl-3-propyl-pyrazine                                       

                                n.c.                                           

        e.                                                                     

          2,6-diethyl-3-methyl-pyrazine                                        

                                n.c.                                           

        f.                                                                     

          2,5-diethyl-3-methyl-pyrazine                                        

                                n.c.                                           

        g.                                                                     

          2,5-dimethyl-3-butyl-pyrazine                                        

                                n.c.                                           

        h.                                                                     

          2,3-dimethyl-5-isoamyl-pyrazine                                      

                                n.c.                                           

        i.                                                                     

          2,5-dimethyl-3-isoamyl-pyrazine                                      

                                n.c.                                           

        j.                                                                     

          2,3-diethyl-5-methyl-pyrazine                                        

                                n.c.                                           

     (3)                                                                       

        a.                                                                     

          5-methyl-quinoxaline Ann.237, 336 (1887)                             

        b.                                                                     

          2-methyl-quinoxaline Org.Synth.30,86 (1950)                          

        c.                                                                     

          6-methyl-quinoxaline Ann. 237, 336 (1887)                            

        d.                                                                     

          2,3-dimethyl-quinoxaline                                             

                               Ber. 40, 4852 (1907)                            

        e.                                                                     

          2-methyl-3-ethyl-quinoxaline                                         

                               Ber. 22, 526 (1889)                             

        f.                                                                     

          2,3-diethyl-quinoxaline                                              

                               J.A.C.S.79,1712 (1957)                          

        g.                                                                     

          2-methyl-3-propyl quinoxaline                                        

                               J.Chem.Soc. 1946, 54                            

        h.                                                                     

          2-methyl-3-isopropyl-quinoxaline                                     

                               J.Chem.Soc. 1953, 2822                          

        i.                                                                     

          2-methyl-3-butyl-quinoxaline                                         

                                n.c.                                           

        j.                                                                     

          2-methyl-3-isobutyl-quinoxaline                                      

                                n.c.                                           

        k.                                                                     

          2-methyl-3-amyl-quinoxaline                                          

                               J.Chem.Soc. 1943, 322                           

        l.                                                                     

          2-ethyl-quinoxaline  J.Chem.Soc. 1953, 2822                          

     (4)                                                                       

        a.                                                                     

          2-methyl-6-ethyl-pyrazine                                            

                                n.c.                                           

        b.                                                                     

          2-methyl-6-propyl-pyrazine                                           

                               J.Org.Chem. 27, 1355                            

                               (1962)                                          

        c.                                                                     

          2,6-diethyl-pyrazine  n.c.                                           

        d.                                                                     

          2-methyl-6-vinyl-pyrazine                                            

                                n.c.                                           

     (5)                                                                       

        a.                                                                     

          trimethyl-butyl-pyrazine                                             

                                n.c.                                           

        b.                                                                     

          trimethyl-isoamyl-pyrazine                                           

                                n.c.                                           

        c.                                                                     

          2,5-dimethyl-3,6-dipropyl-pyrazine                                   

                                n.c.                                           

        d.                                                                     

          2,5-dimethyl-3,6-diisopropyl-pyrazine                                

                                n.c.                                           

        e.                                                                     

          2,5-dimethyl-3,6-dibutyl-pyrazine                                    

                                n.c.                                           

        f.                                                                     

          2,5-dimethyl-3,6-diisobutyl-pyrazine                                 

                                n.c.                                           

        g.                                                                     

          2,5-dimethyl-3,6-diamyl-pyrazine                                     

                                n.c.                                           

        h.                                                                     

          2,5-dimethyl-3,6-dihexyl-pyrazine                                    

                                n.c.                                           

        i.                                                                     

          2,3,5-trimethyl-6-hexyl-pyrazine                                     

                                n.c.                                           

        j.                                                                     

          2,5-dimethyl-3,6-diethyl-pyrazine                                    

                                n.c.                                           

     (6)                                                                       

        a.                                                                     

          2-ethyl-5-methyl-pyrazine                                            

                                n.c.                                           

        b.                                                                     

          2-isopropyl-5-methyl-pyrazine                                        

                                n.c.                                           

        c.                                                                     

          2,5-diethyl-pyrazine  n.c.                                           

        d.                                                                     

          2-methyl-5-vinyl-pyrazine                                            

                               .phi.n.c.                                       

PAR  Organoleptic evaluations are set out in TABLE VII below.
PAR  The new compounds of this Group VII can be prepared as follows:
PAR  The 2,3-disubstituted pyrazines (formula (1)) can be obtained by a method
      comprising catalytically dehydrogenating with copper chromite the
      correspondingly substituted dihydropyrazines which, in turn, can be
      prepared by condensation of ethylene diamine with the corresponding
      alpha-diketones. By way of illustration the preparation of
      2-methyl-3-ethyl-pyrazine is described in more details.
PAR  1 a. 2-Methyl-3-ethyl-pyrazine. In a 3-necked flask equipped with a
      stirrer, means for cooling and a dropping funnel there was placed 150 g.
      of ethylene diamine in 500 ml. ether. After cooling to 0.degree.C there
      was slowly added with stirring a solution of 250 g. of ethyl methyl
      diketone in 500 ml. of ether. After the addition was complete, the
      temperature was allowed to rise to room temperature and the mixture was
      heated on a water bath for a few minutes. The material separated into 2
      phases and the water phase was discarded. The ether phase was dried with
      sodium sulfate, the solvent was removed by evaporation and the residue
      distilled under reduced pressure and an inert atmosphere. There was
      obtained 192 g. of the dihydropyrazine (62% yield), boiling point
      61.degree.-65.degree.C./11 mm. Hg.
PAR  In an apparatus similar to that described by Bouveault in Bull IV, 3, 119
      (1908) the dihydro pyrazine was distilled under reduced pressure under
      nitrogen atmosphere through a column containing copper chromite (Girdler
      G-13). The catalyst was heated to 300.degree.C electrically and the
      effluent was passed through a Widmer column to separate the unhydrogenated
      material.
PAR  The product was condensed, dried and redistilled; a 90% yield was obtained
      of a product boiling at 57.degree.C./10 mm.Hg.
PAR  The same method as used for compound (1)a. was applied for the preparation
      of the following compounds:
TBL  (1)                                                                       

        b.                                                                     

          2-methyl-3-isobutyl-pyrazine                                         

                           b.p. 74.degree./10 mm. Hg.                          

        c.                                                                     

          2-methyl-3-propyl-pyrazine                                           

                           b.p. 71.degree.-72.degree./10 mm. Hg.               

        d.                                                                     

          2-methyl-3-isopropyl-pyrazine                                        

                           b.p. 59.degree./10 mm. Hg.                          

        e.                                                                     

          2-methyl-3-butyl-pyrazine                                            

                           b.p. 83.degree.-84.degree./9 mm. Hg.                

        f.                                                                     

          2-methyl-3-amyl-pyrazine                                             

                           b.p. 98.degree./10 mm. Hg.                          

        g.                                                                     

          2-methyl-3-hexyl-pyrazine                                            

                           b.p. 113.degree.-115.degree./9 mm. Hg.              

        i.                                                                     

          2,3-diethyl-pyrazine                                                 

                           b.p. 69.degree.-71.degree./12 mm. Hg.               

PAR  1 j. 2-Ethyl-3-vinyl-pyrazine can be prepared from
      2-ethyl-3-methyl-pyrazine by the method described in J. Org. Chem. 27,
      1363 (1962). B.p. 75.degree.-80.degree.C./10 mm.Hg.
PAR  1 k. 2-Methyl-3(5,6)-(pyrrolyl-1)-pyrazine can be prepared as follows:
      N-Pyrrolyl-lithium is prepared by reacting 0.242 mole (15.4 g.) of
      butyllithium (as 15% suspension in hexane) with 0.22 mole (14.7 g.) of
      pyrrole at -20.degree.C. in the presence of 100 ml. of tetrahydrofuran.
      There is then added at room temperature a solution of 0.2 mole (25.6 g.)
      of 3(5,6)-chloro-2-methyl-pyrazine [obtained by the method described in J.
      Org. Chem. 26, 2356 (1961)] in 75 ml. of tetrahydrofuran. The reaction
      mixture is refluxed for 5 days and subjected to the usual treatments for
      purifying and isolating the reaction product which is then distilled.
      There is thus obtained 2-methyl-3(5,6)-N-pyrrolyl-pyrazine as a fraction
      distilling at 120.degree.-124.degree.C./10 Torr.
PAR  1 l. 2-(Thienyl-2)-3-methyl-pyrazine is prepared as follows. A solution of
      0.36 g. (0.006 mole) of ethylene diamine in 3 ml. of ether is cooled to
      0.degree.C. To this solution there is added slowly in a nitrogen
      atmosphere a solution of 0.94 g. (0.006 mole) of (thienyl-2) methyl
      diketone (obtained by oxidation of 2-propionylthiophene with selenium
      dioxide) in 3 ml. of absolute ether. The ether is gradually replaced by
      benzene, and water is removed as an azeotropic mixture with the latter
      solvent. The reaction product is fractionally distilled, and the fraction
      boiling at 85.degree.-105.degree.C./0.003 mm. Hg. is redistilled through a
      copper chromite column (GIRDLER G-13) heated at 350.degree.C. There is
      thus obtained 2-(thienyl-2)-3-methyl-pyrazine of b.p. 94.degree.C./0.03
      mm. Hg.
PAR  1 q. 2-Isopropenyl-pyrazine is obtained from 2-ethylpyrazine by the method
      described in J. Org. Chem. 27, 1363 (1962). It has the following peaks in
      the MS: 119 (100%), 120 (81%) and 67 (21%).
PAR  1 r. 2-Methyl-3-vinyl-pyrazine is prepared from 2,3-diethylpyrazine by the
      same method as used for compound (1) q. It has a b.p. of
      66.degree.-67.degree.C./13 mm. Hg.
PAR  2 b. 2,6-Dimethyl-3-ethyl-pyrazine is prepared by the addition of an ethyl
      group at the 3-position of 2,6-dimethylpyrazine by the alkyl-lithium
      method described by Klein et al. in J.A.C.S. 73, 2949 (1951). The
      resulting product has a b.p. of 64.degree.-66.degree.C./8 mm. Hg.
PAR  2 c. 2,5-Dimethyl-3-ethyl-pyrazine is prepared by the addition of an ethyl
      group at the 3-position of 2,5-dimethyl-pyrazine by the alkyl-lithium
      method described by Klein et al. (loc.cit.). The resulting product has a
      b.p. of 63.degree.-68.degree.C./8 mm. Hg.
PAR  2 d. 2,5-Dimethyl-3-propyl-pyrazine is prepared by the addition of an
      n-propyl group at the 3-position of 2,5-dimethylpyrazine by the
      alkyl-lithium method described by Klein et al. (loc.cit.). The product is
      identified by mass spectrometry. It has a b.p. of 80.degree.C./10 mm. Hg.
PAR  2 e. 2,6-Diethyl-3-methyl-pyrazine is prepared by the introduction of a
      methyl group into the 3-position of 2,6-diethylpyrazine by the method of
      Klein et al. (loc.cit.). The product has a b.p. of
      91.degree.-92.degree.C./13 mm. Hg.
PAR  2 f. 2,5-Diethyl-3-methyl-pyrazine is prepared by the introduction of a
      methyl group into the 3-position of 2,5-diethyl-pyrazine by the method of
      Klein et al. (loc.cit.). The product was isolated by gas chromatography
      and was identified by mass spectrometry.
PAR  2 g. 2,5-Dimethyl-3-butyl-pyrazine is prepared by introducing a butyl group
      into the 3-position of 2,5-dimethyl-pyrazine by the method of Klein et al.
      (loc.cit.). The resulting product has a b.p. of 91.degree.C./9 mm. Hg.
PAR  2 h. 2,3-Dimethyl-5-isoamyl-pyrazine is prepared by introducing an isoamyl
      group into the 5-position of 2,3-dimethyl-pyrazine by the method of Klein
      et al. (loc.cit.). The product is identified by mass spectrometry.
PAR  2 i. 2,5-Dimethyl-3-isoamyl-pyrazine is prepared by introducing an isoamyl
      group into the 3-position of 2,5-dimethyl-pyrazine by the method of Klein
      et al. (loc.cit.). The product has a b.p. of 110.degree.-120.degree.C./13
      mm. Hg.
PAR  2 j. 2,3-Diethyl-5-methyl-pyrazine is prepared by the method described for
      the preparation of compound (1) a. in Group VII, using 1,2-diamino-propane
      instead of ethylene diamine and dipropionyl as the .alpha.-diketone. The
      product has a b.p. of 79.degree.-80.degree.C./12 mm.Hg.
PAR  3 i. 2-Methyl-3-butyl-quinoxaline is obtained by the same method as
      compound (3) d. of Group VII. It has a b.p. of 153.degree.C./9 mm. Hg.
PAR  3 j. 2-Methyl-3-isobutyl-quinoxaline is obtained by the same method as
      compound (3) e. of Group VII. It has a m.p. of 94.degree.-95.degree.C.
PAR  4 a. 2-Methyl-6-ethyl-pyrazine was obtained by the alkylation of
      2,6-dimethyl-pyrazine by the method described by Levine and Behun in
      J.Org.Chem. 26, 3379 (1961). It has a boiling point of
      54.degree.-57.degree.C./11 mm. Hg.
PAR  4 c. 2,6-Diethyl-pyrazine was obtained by subjecting compound (4) a. to a
      second alkylation by the procedure described above. It has a boiling point
      of 70.degree. at 10 mm. Hg.
PAR  4 d. 2-Methyl-6-vinyl-pyrazine is obtained by starting with
      2,6-dimethyl-pyrazine and following the method of Levine et al. reported
      in J.Org.Chem. 27, 1363 (1962). It has a b.p. of 74.degree.-75.degree./22
      mm. Hg.
PAR  5 a. 2,3,5-Trimethyl-6-butyl-pyrazine was prepared by introducing a butyl
      group into the 6-position of 2,3,5-trimethyl-pyrazine by the method of
      Klein et al. (loc.cit.). The product was isolated by gas chromatography
      and identified by mass spectrometry.
PAR  5 b. 2,3,5-Trimethyl-6-isoamyl-pyrazine was prepared by introducing an
      isoamyl group into the 6-position of 2,3,5-trimethyl-pyrazine by the
      method of Klein et al. (loc.cit.). The product had a b.p. of
      80.degree.C./10 mm.Hg.
PAR  5 c. 2,5-Dimethyl-3,6-dipropyl-pyrazine was prepared by first forming
      3-oximino-2-hexanone by reacting 2-hexanone with -nitrosyl chloride
      according to the method of BOUVEAULT, Bull. [3] 31, 1163 (1904). The
      autocondensation of two molecules of the imino-ketone in the presence of
      zinc and acetic acid [according to the method described in Chimia 11, 310
      (1957)] yielded 2,5-dimethyl-3,6-dipropyl-pyrazine which had a b.p. of
      109.degree.-110.degree.C./10 mm. Hg.
PAR  5. d. 2,5-Dimethyl-3,6-diisopropyl-pyrazine was prepared by first forming
      4-methyl-3-oximino-2-pentanone by reacting 4-methyl-2-pentanone with
      nitrosyl chloride according to the method of BOUVEAULT, Bull. [3] 31, 1163
      (1904). The autocondensation of two moles of the imino-ketone in the
      presence of zinc and acetic acid [according to the method described in
      Chimia 11, 310 (1957)] yielded 2,5-Dimethyl-3,6-diisopropyl-pyrazine which
      had a b.p. of 91.degree.C./8 mm. Hg.
PAR  5. e. 2,5-Dimethyl-3,6-dibutyl-pyrazine was prepared by first forming
      3-oximino-2-heptanone by reacting 2-heptanone with nitrosyl chloride
      according to the method of BOUVEAULT, Bull. [3] 31, 1163 (1904). The
      autocondensation of two moles of the imino-ketone in the presence of zino
      and acetic acid [according to the method described in Chimia 11, 310
      (1957)] yielded 2,5-dimethyl-3,6-dibutyl-pyrazine which had a b.p. of
      18.degree.C./0.002 mm. Hg.
PAR  5. f. 2,5-Dimethyl-3,6-diisobutyl-pyrazine was prepared by first forming
      5-methyl-3-oximino-2-hexanone by reacting 5-methyl-2-hexanone with
      nitrosyl chloride according to the method of BOUVEAULT (loc.cit.) The
      autocondensation of two moles of the imino-ketone in the presence of zinc
      and acetic acid [according to the method described in Chimia 11, 310
      (1957)] yielded 2,5-dimethyl-3,6-diisobutyl-pyrazine which had a b.p. of
      69.degree.-70.degree.C./0.01 mm. Hg.
PAR  5. g. 2,5-Dimethyl-3,6-diamyl-pyrazine was prepared by first forming
      3-oximino-2-octanone by reacting 2-octanone with nitrosyl chloride
      according to the method of BOUVEAULT (loc.cit.). The autocondensation of 2
      moles of the imino-ketone in the presence of zinc and acetic acid
      [according to the method described in Chimia 11, 310 (1957)] yielded
      2,5-dimethyl-3,6-diamyl-pyrazine which had a b.p. of 78.degree.C./0.03 mm.
      Hg.
PAR  5. h. 2,5-Dimethyl-3,6-dihexyl-pyrazine was prepared by first forming
      3-oximino-2-nonanone by reacting 2-nonanone with nitrosyl chloride
      according to the method of BOUVEAULT (loc.cit.). The autocondensation of
      two moles of the imino-ketone in the presence of zinc and acetic acid
      [according to the method described in Chimia 11, 310 (1957)] yielded
      2,5-dimethyl-3,6-dihexyl-pyrazine which had a b.p. of
      112.degree.-120.degree.C./0.01 mm. Hg.
PAR  5. i. 2,3,5-Trimethyl-6-hexyl-pyrazine was prepared by introducing a hexyl
      group into the 6-position of 2,3,5-trimethyl-pyrazine by the method of
      Klein et al. (loc.cit.). The product had a b.p. of
      89.degree.-91.degree.C./0.2 mm. Hg.
PAR  5. j. 2,5-Dimethyl-3,6-diethyl-pyrazine is prepared by alkylation of
      2,5-dimethyl-3-ethyl-pyrazine according to the alkyl-lithium method
      described by Klein et al. [J.A.C.S. 73, 2949 (1951)]. It has a b.p. of
      83.degree.-85.degree.C./8 mm. Hg.
PAR  6. a. 2-Ethyl-5-methyl-pyrazine was prepared by alkylation of
      2,5-dimethyl-pyrazine following the procedure of Levine and Behun
      described in J.Org.Chem. 26, 3379 (1961). It has a boiling point of
      60.degree.C./11 mm. Hg.
PAR  6. b. 2-Isopropyl-5-methyl-pyrazine was produced in the preparation of
      compound (6) a. as a by-product and was separated from the reaction
      mixture by gas chromatography. Identification was confirmed by mass
      spectrometry.
PAR  6. c. 2,5-Diethyl-pyrazine was obtained by subjecting compound (6) a. to a
      second alkylation by the procedure given for compound (6) a. above. It
      boils at 64.degree.C. at 12 mm. Hg.
PAR  (6) d. 2-Methyl-5-vinyl-pyrazine was prepared by the method of Levine et
      al. described at J.Org.Chem. 27, 1363 (1962), starting from
      2,5-dimethyl-pyrazine. It has a boiling point of
      65.degree.-66.degree.C./12 mm. Hg.
PAC  VIII -- ALIPHATIC AND AROMATIC ALCOHOLS
PAR  This group comprises compounds having the general formula:
      ##EQU1##
      wherein
PAR  1. R.sub.1 is hydrogen or an alkyl group, e.g. methyl, ethyl, propyl; and
      R.sub.2 is an alkyl group having at least 4 carbon atoms, e.g. from 4 to 9
      carbon atoms; or
PAR  2. R.sub.1 is hydrogen or an alkyl group, e.g. comprising from 1 to 6
      carbon atoms; and R.sub.2 is an aryl group, e.g. phenyl; an aralkyl group,
      e.g. benzyl, phenylethyl; phenylpropyl; or an aralkenyl group, e.g.
      styryl, cinnamyl.
PAR  Compounds representative of this group include for instance:
TBL  (1)  a.    n-amylalcohol            c.a.                                  

          b.    isoamylalcohol           c.a.                                  

          c.    n-hexanol                c.a.                                  

          d.    n-heptanol               c.a.                                  

          e.    n-octanol                c.a.                                  

          f.    n-nonanol                c.a.                                  

          g.    n-decanol                c.a.                                  

          h.    2-heptanol               c.a.                                  

          i.    3-octanol                c.a.                                  

     (2)  a.    phenylethan-1-ol         c.a.                                  

          b.    phenylpropan-1-ol        c.a.                                  

          c.    cinnamyl alcohol         c.a.                                  

          d.    phenyl methyl carbinol   c.a.                                  

          e.    benzyl methyl carbinol   c.a.                                  

          f.    benzyl ethyl carbinol    c.a.                                  

          g.    benzyl butyl carbinol    n.c.                                  

          h.    benzyl amyl carbinol     n.c.                                  

          i.    benzyl isoamyl carbinol  n.c.                                  

          j.    benzyl hexyl carbinol    n.c.                                  

PAR  The new compounds of this Group VIII can be prepared as follows:
PAR  2. g. Benzyl butyl carbinol. To a solution of 1.05 mole of butyl-magnesium
      bromide in 400 ml. of ether there is added a solution of 1 mole (120 g.)
      of phenylacetaldehyde in 300 ml. of ether at -8.degree. to -12.degree.C.
      within 3 to 4 hours. The reaction mixture is heated to about 20.degree.C.
      and worked up by conventional methods. Distillation of the crude reaction
      product yields 99 g. of benzyl butyl carbinol of b.p.
      88.degree.-91.degree.C./0.06 Torr; d.sub.4.sup.20 = 0.9485; n.sub.D.sup.20
      = 1.5059.
PAR  The same method is used for preparing:
PA1  2. h. Benzyl amyl carbinol, b.p. 81.degree.C./0.01 Torr.
PA1  2. i. Benzyl isoamyl carbinol, b.p. 142.degree.-143.degree.C./13 Torr;
      d.sub.4.sup.20 = 0.9377; n.sub.D.sup.20 = 1.5009.
PA1  2. j. Benzyl hexyl carbinol, b.p. 95.degree.C./0.01 Torr; d.sub.4.sup.20 =
      0.9339; n.sub.D.sup.20 = 1.4997.
PAR  Organoleptic evaluation data are listed in TABLE VIII below.
PAC  IX -- FURAN ETHERS
PAR  The compounds of this group have the general formula:
      ##SPC21##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen; alkyl, e.g. methyl, ethyl; aryl,
      e.g. phenyl, alkylphenyl; furfuryl, or alkylfurfuryl groups.
PAR  Compounds representative of this group include the following:
TBL  (1)                                                                       

        a.                                                                     

          furfuryl methyl ether                                                

                           Ber. 56, 1004 (1923)                                

        b.                                                                     

          furfuryl ethyl ether                                                 

                           Ber. 56, 1004 (1923)                                

        c.                                                                     

          furfuryl phenyl ether                                                

                           Bull. 1938, 1151                                    

        d.                                                                     

          5-methyl-furfuryl furfuryl ether                                     

                             n.c.                                              

        e.                                                                     

          difurfuryl ether Am.Soc. 49, 1066 (1927)                             

PAR  1. d. 5-Methyl-furfuryl furfuryl ether is prepared by the procedure
      described by J. E. Zanetti in J.Am.Chem.Soc. 49, 1066 (1927) for the
      difurfuryl ether, starting with 5-methyl-furfuryl bromide (Compt, Rend.
      222, 1441 (1946) instead of furfuryl bromide of Zanetti. The product was
      isolated by ether extraction of the crude mixture after having diluted
      with water. For purification the ether extract was distilled twice -- b.p.
      68.degree.-70.degree.C. at 0.01 mm./Hg vacuum. The product was a viscous
      colourless liquid, darkening rapidly on contact with air.
PAR  Organoleptic evaluations are tabulated in TABLE IX.
PAC  X -- THIOPHENE ETHERS
PAR  This group of compounds are described by the structural formula:
      ##SPC22##
PAL  wherein R is an alkyl group, phenyl, alkylphenyl, furfuryl, alkylfurfuryl,
      or thenyl group, and includes for example:
TBL  (1)  a.    thenyl methyl ether                                            

                                J.A.C.S. 49, 1066 (1927)                       

                                J.A.C.S. 50, 1960 (1928)                       

          b.    dithenyl ether  n.c.                                           

          c.    furfuryl thenyl ether                                          

                                n.c.                                           

PAR  The new compounds of this group were prepared as follows:
PAR  1. b. Dithenyl ether. To a suspension of 1.32 g. (0.01 mole) of
      chloromethylthiophene [obtained by the method of f. f. BLICKE, J.A.C.S.
      64, 477 (1942)]and 1.2 g. (0.02 mole) of powdered potassium hydroxide in
      10 ml. of ether there is added a solution of 3.5 g. (0.03 mole) of thenyl
      alcohol in 10 ml. of ether. The reaction mixture is stirred for 1 hour at
      room temperature, then refluxed for 30 minutes and finally allowed to
      stand over night. After filtration the ethereal solution is concentrated
      and the residue fractionally distilled. There is obtained 0.22 g. (10%) of
      dithenyl ether having a b.p. of 99.degree.C./0.01 mm. Hg. and a m.p. of
      36.5.degree..
PAR  1. c. Furfuryl thenyl ether is obtained by the same method as used for
      preparing compound (1) b., but using furfuryl alcohol instead of thenyl
      alcohol. The product thus obtained had a b.p. of 50.degree.C./0.01 mm. Hg.
PAR  Organoleptic evaluation data on representatives of this group of compounds
      are set out in TABLE X below.
PAC  XI -- THIAZOLE ALCOHOLS
PAR  Compounds of this group have the following structural formula:
      ##SPC23##
PAL  wherein R is an alkyl group, e.g. containing from 1 to 4 carbon atoms, or
      an alkenyl group, e.g. vinyl.
PAR  Representative compounds include the following:
TBL  (1)  a.    methyl (4-methyl-thiazolyl-2) carbinol                         

                                           n.c.                                

          b.    ethyl (4-methyl-thiazolyl-2) carbinol                          

                                           n.c.                                

          c.    vinyl (4-methyl-thiazolyl-2) carbinol                          

                                           n.c.                                

          d.    isobutyl (4-methyl-thiazolyl-2) carbinol                       

                                           n.c.                                

PAR  The new compounds of this Group X can be prepared as follows:
PAR  1. a. Methyl (4-methyl-thiazolyl-2) carbinol was prepared by starting from
      4-methyl-thiazole and substituting the hydrogen atom in the 2-position by
      lithium by reaction with butyl-lithium. The resulting metal-organic
      compound was reacted with acetaldehyde [cf. J.A.C.S. 74, 6260 (1952)]. The
      resulting product has a b.p. of 102.degree.-103.degree.C./9 mm. Hg.
PAR  1. b. Ethyl (4-methyl-thiazolyl-2) carbinol was prepared by starting from
      4-methyl-thiazole and substituting the hydrogen atom in the 2-position by
      lithium by reaction with butyl-lithium. The resulting metal-organic
      compound was reacted with propionaldehyde [cf. J.A.C.S. 74, 6260 (1952)].
      The resulting product had a b.p. of 110.degree.-115.degree.C./9 mm. Hg.
      and a m.p. of 67.degree.-72.degree.C.
PAR  1. c. Vinyl (4-methyl-thiazolyl-2) carbinol was prepared by starting from
      4-methyl-thiazole and substituting the hydrogen atom in the 2-position by
      lithium by reaction with butyl-lithium. The resulting metal-organic
      compound was reacted with acrolein [of. J.A.C.S. 74, 6260 (1952)]. The
      resulting product had a b.p. of 66.degree.C./0.005 mm.Hg.
PAR  1. d. Isobutyl (4-methyl-2-thiazolyl) carbinol was prepared by starting
      from 4-methyl-thiazole and substituting the hydrogen atom in the
      2-position by lithium by reaction with butyl-lithium. The resulting
      metal-organic compound was reacted with isovaleraldehyde [cf. J.A.C.S. 74,
      6260 (1952)]. The resulting product had a b.p. of 94.degree.C./0.1 mm. Hg.
PAR  Organoleptic evaluations are set out in TABLE XI below.
PAC  XII -- PYRIDINE ETHERS AND ALCOHOLS
PAR  Compounds of this group are found to have the following general formula:
      ##SPC24##
PAL  wherein R.sub.1 is hydrogen or an alkoxy group, R.sub.2 is hydrogen or an
      alkyl group, and n is 0, 1 or 2. Examples of this group include:
TBL  (1)   a.     2-methoxy-pyridine      c.a.                                 

           b.     2-butoxy-pyridine       n.c.                                 

           c.     2-methoxymethyl-pyridine                                     

                                          c.a.                                 

           d.     2-methoxymethyl-6-methyl-pyridine                            

                                          c.a.                                 

           e.     2-hydroxymethyl-pyridine                                     

                                          c.a.                                 

           f.     3-hydroxymethyl-pyridine                                     

                                          c.a.                                 

           g.     4-hydroxymethyl-pyridine                                     

                                          c.a.                                 

           h.     2-hydroxymethyl-6-methyl-pyridine                            

                                          c.a.                                 

           i.     2-(2-hydroxyethyl)-pyridine                                  

                                          c.a.                                 

           j.     2-(2-ethoxyethyl)-pyridine                                   

                                          c.a.                                 

PAR  1. b. 2-Butoxy-pyridine was prepared according to the method described in
      J.A.C.S. 69, 1803 (1947) by condensing 0.17 mole of 2-bromo-pyridine with
      0.195 mole of sodium butoxide. By distillation of the reaction product
      there were obtained 15 g. of 2-butoxy-pyridine distilling at
      78.degree.C./10 mm.Hg. n.sub.D.sup.23 = 1.4880;  d.sub.4.sup.23.4 =
      0.9723.
PAR  Organoleptic evaluations are set out in TABLE XII below.
PAC  XIII -- PYRAZINE ETHERS AND ALCOHOLS
PAR  Compounds of this group are represented by the general formula:
      ##SPC25##
PAL  wherein R represents hydrogen or an alkyl group and n is 0, 1 or 2.
PAR  Examples of compounds covered by this formula are:
TBL  (1)  a.    2-hydroxymethyl-pyrazine                                       

                                  J.Org.Chem. 28, 1898                         

                                  (1963)                                       

          b.    2-methoxymethyl-pyrazine                                       

                                  n.c.                                         

          c.    2-ethoxymethyl-pyrazine                                        

                                  n.c.                                         

PAR  Compounds (1) b. and (1) c. were prepared by reacting
      2-chloromethyl-pyrazine with the corresponding sodium alkoxide according
      to the same method as used for the preparation of sulfides [cf.
      HOUBEN-WEYL, 4th edition, vol. 9, 97 (1955)]. The products thus obtained
      had the following boiling points:
TBL  compound (1) b.: 51.degree.C./8 mm. Hg.;                                  

     compound (1) c.: 75.degree.C./8 mm. Hg.                                   

PAR  Organoleptic evaluations are set out in TABLE XIII below.
PAC  XIV -- BENZOFURAN CARBONYL COMPOUNDS
PAR  This group of compounds has the following general formula:
      ##SPC26##
PAL  wherein R.sub.1 and R.sub.2 may be hydrogen or alkyl.
PAR  Examples of compounds included in this definition are:
TBL  (1) a.                                                                    

           benzofuran-2-aldehyde                                               

                                Bull. 1962, 1875                               

     b.    2-acetyl-benzofuran  J.A.C.S.73, 754                                

                                (1951)                                         

     c.    7-methyl-benzofuran-2-aldehyde                                      

                                  n.c.                                         

PAR  1. c. 7-Methyl-benzofuran-2-aldehyde was prepared by formylating
      7-methyl-benzofuran according to the same method as used for the
      preparation of benzofuran-2-aldehyde. The product thus obtained has the
      following ion peaks in its mass spectrum: 160 (100%), 159 (62%) and 131
      (33%).
PAR  Organoleptic evaluations are set out in TABLE XIV below.
PAC  XV -- THIOPHENE ALDEHYDES
PAR  Compounds of this group have the general formulae:
      ##SPC27##
PAL  wherein R is hydrogen, or an alkyl or thenyl group; and
      ##SPC28##
PAL  wherein R.sub.1 and R.sub.2 represent hydrogen or alkyl.
PAR  Compounds in this group include for instance:
TBL  (1)                                                                       

        a.                                                                     

          Thiophene-2-aldehyde                                                 

                             c.a.                                              

        b.                                                                     

          5-methyl-thiophene-2-aldehyde                                        

                           Org.Syn. 36, 74 (1956)                              

        c.                                                                     

          3-methyl-thiophene-2-aldehyde                                        

                           *b.p. 88-89.degree.C./10 mm.Hg.                     

        d.                                                                     

          5-propyl-thiophene-2-aldehyde                                        

                           *b.p. 64-65.degree.C./0.002 mm.Hg.                  

        e.                                                                     

          5-thenyl-thiophene-2-aldehyde                                        

                           *m.p. 31-32.degree.C.                               

      *prepared according to the same method as used for compound (1) b.       

TBL  (2)                                                                       

        a.                                                                     

          benzothiophene-2-aldehyde                                            

                           J.A.C.S.74, 2935 (1952)                             

     (2)                                                                       

        b.                                                                     

          2-acetyl-benzothiophene                                              

                           Comp. Rend.234,736 (1952)                           

PAR  Organoleptic evaluations are set out in TABLE XV below.
PAC  XVI -- PYRROLE ALDEHYDES
PAR  Compounds of this group have the structural formula
      ##SPC29##
PAL  wherein R is an alkyl, furfuryl or thenyl group.
PAR  Representative compounds include, for example:
TBL  (1)                                                                       

        a.                                                                     

          1-ethyl-pyrrole-2-aldehyde                                           

                             n.c.                                              

        b.                                                                     

          1-butyl-pyrrole-2-aldehyde                                           

                             Helv. 13, 349 (1930)                              

        c.                                                                     

          1-butyl-pyrrole-3-aldehyde                                           

                             n.c.                                              

        d.                                                                     

          1-amyl-pyrrole-2-aldehyde                                            

                             n.c.                                              

        e.                                                                     

          1-amyl-pyrrole-3-aldehyde                                            

                             n.c.                                              

        f.                                                                     

          1-.alpha.-methylbutyl-pyrrole-2-aldehyde                             

                             n.c.                                              

        g.                                                                     

          1-.alpha.-methylbutyl-pyrrole-3-aldehyde                             

                             n.c.                                              

        h.                                                                     

          1-furfuryl-pyrrole-2-aldehyde                                        

                             Helv. 13, 349 (1930)                              

        i.                                                                     

          1-furfuryl-pyrrole-3-aldehyde                                        

                             n.c.                                              

        j.                                                                     

          1-thenyl-pyrrole-2-aldehyde                                          

                             n.c.                                              

        k.                                                                     

          1-isoamyl-pyrrole-2-aldehyde                                         

                             Helv. 13, 349 (1930)                              

PAR  The new compounds of this group XVI can be prepared as follows:
PAR  1. a. 1-Ethyl-pyrrole-2-aldehyde was prepared from 1-ethyl-pyrrole
      [obtained by the method described in Helv. 10, 387 (1927] by introducing a
      formaldehyde group following the technique described in Org.Synth. 36, 74
      (1956). The product boiled at 73.degree.-75.degree.C./7 mm. Hg.
PAR  1. c. 1-Butyl-pyrrole-3-aldehyde was prepared by the same method as used
      for compound (1) a. It has a b.p. of 148.degree.-150.degree.C./11 mm. Hg.
PAR  1. d. 1-Amyl-pyrrole-2-aldehyde was prepared by the same method as used for
      compound (1) a. It has a b.p. of 111.degree.-112.degree.C./11 mm. Hg.
PAR  1. e. 1-Amyl-pyrrole-3-aldehyde was prepared by the same method as used for
      compound (1) a. It has a b.p. of 155.degree.-160.degree.C./11 mm.Hg.
PAR  1. f. 1-.alpha.-Methylbutyl-pyrrole-2-aldehyde was prepared by the same
      method as used for compound (1) a. It has a b.p. of
      103.degree.-105.degree.C./11 mm. Hg.
PAR  1. g. 1-.alpha.-Methylbutyl-pyrrole-3-aldehyde was prepared by the same
      method as used for compound (1) a. It has a b.p. of 150.degree.C./11 mm.
      Hg.
PAR  1. h. 1-Furfuryl-pyrrole-2-aldehyde was prepared starting with
      1-furfuryl-pyrrole described by Reichstein in Helv. 15, 1450 (1932) as
      well as Gianturco et al. in Tetrahedron 20, 1763 (1964). The aldehyde
      group was introduced by the Vilameyer reaction (e.g. by the method
      described in Bull. 1962, 1989). A small amount of the corresponding
      3-aldehyde is obtained as a by-product and can be separated by fractional
      distillation. The 2-aldehyde boils at 139.degree.-140.degree.C./12 mm. Hg.
      and is a viscous colorless oil. The 3-aldehyde has a b.p. of
      190.degree.C./12 mm. Hg.
PAR  1. j. 1-Thenyl-pyrrole-2-aldehyde was prepared by the same method as used
      for compound (1) h. It has a b.p. of 98.degree.C./0.005 mm. Hg.
PAR  The organoleptic evaluations are shown in TABLE XVI below.
PAC  XVII -- PYRAZINE CARBONYL COMPOUNDS
PAR  Compounds of this group have the general formula:
      ##SPC30##
PAL  wherein R is hydrogen or an alkyl group and n is 0 or 1.
PAR  Examples of this group include:
     (1)  a.    2-formyl-pyrazine                                              

                               C.A. 58, 10180b (1965)                          

          b.    2-acetyl-pyrazine                                              

                               J.A.C.S. 74, 3021 (1952)                        

          c.    2-acetonyl-pyrazine                                            

                               J.Org.Chem.23, 406 (1958)                       

PAR  Organoleptic evaluations are tabulated in TABLE XVII below.
PAC  XVIII -- ALIPHATIC AND AROMATIC KETONES
PAR  The compounds of this group are defined by the following general formula:
EQU  R.sub.1 --CO--R.sub.2                                      ( 1)
PAL  wherein R.sub.1 is an alkyl group having from 1 to 3 carbon atoms and
      R.sub.2 is an alkyl group having from 3 to 11 carbon atoms, or a phenyl or
      benzyl group.
PAR  Examples of compounds corresponding to this definition are as follows:
TBL  (1)  a.    methyl amyl ketone                                             

                                 c.a.                                          

          b.    methyl hexyl ketone                                            

                                 c.a.                                          

          c.    methyl heptyl ketone                                           

                                 c.a.                                          

          d.    methyl octyl ketone                                            

                                 c.a.                                          

          e.    methyl nonyl ketone                                            

                                 c.a.                                          

          f.    methyl decyl ketone                                            

                                 c.a.                                          

          g.    methyl undecyl ketone                                          

                                 c.a.                                          

          h.    ethyl butyl ketone                                             

                                 c.a.                                          

          i.    ethyl amyl ketone                                              

                                 c.a.                                          

          j.    dipropyl ketone  c.a.                                          

          k.    propyl isopropyl ketone                                        

                                 J.A.C.S. 63, 3163 (1941)                      

          l.    di-isopropyl ketone                                            

                                 J.A.C.S. 59, 1826 (1937)                      

          m.    acetophenone     c.a.                                          

          n.    propiophenone    c.a.                                          

          o.    isopropyl phenyl ketone                                        

                                 c.a.                                          

          p.    methyl benzyl ketone                                           

                                 c.a.                                          

          q.    ethyl benzyl ketone                                            

                                 c.a.                                          

PAR  Organoleptic evaluations are tabulated in TABLE XVIII below.
PAC  XIX -- FURAN KETONES
PAR  This family of compounds have the following general formula:
      ##SPC31##
PAL  wherein n is 0, 1 or 2 and wherein R.sub.1 is hydrogen or methyl, and
      R.sub.2 is alkyl.
PAR  Representative examples of compounds in this group include:
TBL  (1)                                                                       

        a.                                                                     

          2-acetyl-furan      c.a.                                             

        b.                                                                     

          2-propionyl-furan J.A.C.S. 72, 3695 (1950)                           

        c.                                                                     

          2-butyryl-furan   J.A.C.S. 72, 3695 (1950)                           

        d.                                                                     

          2-valeryl-furan   J.A.C.S. 72, 3695 (1950)                           

        e.                                                                     

          5-methyl-2-acetyl-furan                                              

                            J.A.C.S. 72, 3695 (1950)                           

        f.                                                                     

          5-methyl-2-propionyl-furan                                           

                            J.A.C.S. 72, 3695 (1950)                           

        g.                                                                     

          furfuryl methyl ketone                                               

                            Ber. 76, 192 (1943)                                

        h.                                                                     

          furfuryl ethyl ketone                                                

                            J.Org.Chem. 15, 8 (1950)                           

        i.                                                                     

          (5-methyl-furfuryl) methyl ketone                                    

                              n.c.                                             

        j.                                                                     

          (5-methyl-furfuryl) ethyl ketone                                     

                              n.c.                                             

        k.                                                                     

          4-furyl-2-butanone                                                   

                            J.A.C.S. 72, 3695 (1950)                           

        l.                                                                     

          4-(5-methylfuryl)-2-butanone                                         

                            Ber. 76, 192 (1943)                                

        m.                                                                     

          1-(5-methylfuryl)-3-pentanone                                        

                              n.c.                                             

PAR  The new compounds of this group can be prepared as follows:
PAR  1. i. (5-Methyl-furfuryl) methyl ketone was prepared according to the
      procedure described by Hass et al. in J.Org.Chem. 15, 8 (1950) by
      condensing 5-methyl-furfuryl-aldehyde with nitroethane. The product has a
      b.p. of 75.degree.C./10 mm. Hg.
PAR  1. j. (5-Methyl-furfuryl) ethyl ketone was prepared by the same method as
      used for compound (1) i., except that 1-nitropropane was used instead of
      nitroethane. The product has a b.p. of 97.degree.-100.degree.C./15 mm. Hg.
PAR  1. m. 1-(5-Methylfuryl)-3-pentanone was prepared by the method described in
      Ber. 76, 192 (1943). It has a b.p. of 101.degree.-102.degree.C./11 mm. Hg.
PAR  Organoleptic evaluation data are set out in TABLE XIX below.
PAC  XX -- THIOPHENE KETONES
PAR  Compounds of this group which have been found to have utility in the
      concept of the instant invention have the following general formulae:
      ##SPC32##
PAL  wherein n is 0 or 1, R.sub.1 is hydrogen or alkyl and R.sub.2 is alkyl; and
      ##SPC33##
PAL  wherein n is 0 or 1.
PAR  Representative compounds include:
TBL  (1)                                                                       

        a.                                                                     

          2-acetylthiophene   J.A.C.S. 72, 3695 (1950)                         

        b.                                                                     

          3-methyl-2-acetyl-thiophene                                          

                              J.A.C.S. 72, 3695 (1950)                         

        c.                                                                     

          4-methyl-2-acetyl-thiophene                                          

                              J.A.C.S. 72, 3695 (1950)                         

        d.                                                                     

          3-methyl-2-propionyl-thiophenone                                     

                              J.A.C.S. 72, 3695 (1950)                         

        e.                                                                     

          5-methyl-2-propionyl-thiophene                                       

                              J.A.C.S. 72, 3695 (1950)                         

        f.                                                                     

          2-butyryl-thiophene J.A.C.S. 72, 3695 (1950)                         

        g.                                                                     

          5-methyl-2-acetyl-thiophene                                          

                              J.A.C.S. 72, 3695 (1950)                         

        h.                                                                     

          2-propionyl-thiophene                                                

                              J.A.C.S. 72, 3695 (1950)                         

        i.                                                                     

          2-acetylmethyl-thiophene                                             

                              C.A. 51, 10509c (1957)                           

     (2)                                                                       

        a.                                                                     

          5,5'-diacetyl-dithienyl-2,2'-methane                                 

                              J.A.C.S. 73, 1270 (1950)                         

        b.                                                                     

          5,5'-diacetyl-dithienyl-2,2'                                         

                              J.A.C.S. 78, 1958 (1956)                         

PAR  Organoleptic evaluation data are set out in TABLE XX below.
PAC  XXI -- PYRROLE KETONES
PAR  Compounds of this group have the general formulae:
      ##SPC34##
PAL  wherein X is oxygen or sulfur, R.sub.1 is an alkyl group, and R.sub.2 is
      hydrogen or an alkyl group;
      ##SPC35##
PAL  wherein R is an alkyl group;
      ##SPC36##
PAL  wherein R.sub.1 is hydrogen or an alkyl group and R.sub.2 is an alkyl
      group;
      ##SPC37##
PAL  wherein R.sub.1, R.sub.2 and R.sub.4 represent hydrogen or alkyl groups and
      H.sub.3 is an alkyl group.
PAR  Compounds which are representative of this group include:
TBL  (1)                                                                       

        a.                                                                     

          1-furfuryl-2-acetyl-pyrrole                                          

                             n.c.                                              

        b.                                                                     

          1-thenyl-2-acetyl-pyrrole                                            

                           J.A.C.S. 85, 2858 (1963)                            

        c.                                                                     

          1-thenyl-3-acetyl-pyrrole                                            

                           J.A.C.S. 85, 2859 (1963)                            

     (2)                                                                       

        a.                                                                     

          1-acetyl-pyrrole Chem. & Ind. 1965, 1426                             

        b.                                                                     

          1-propionyl-pyrrole                                                  

                           Ber. 89, 1938 (1956)                                

     (3)                                                                       

        a.                                                                     

          2-methyl-5-acetyl-pyrrole                                            

                             c.a.                                              

        b.                                                                     

          1,2-dimethyl-5-acetyl-pyrrole                                        

                             n.c.                                              

     (4)                                                                       

        a.                                                                     

          2,5-dimethyl-3-acetyl-pyrrole                                        

                           Beilstein XXI, 277 (1935)                           

        b.                                                                     

          1-methyl-3-acetyl-pyrrole                                            

                             n.c.                                              

PAR  The new compounds included in this group can be prepared as follows:
PAR  1. a. 1-Furfuryl-2-acetyl-pyrrole was prepared starting from
      1-furfuryl-pyrrole described by Reichstein in Helv. 15, 1450 (1932) as
      well as Gianturco et al. in Tetrahedron 20, 1763 (1964). Acetylation by
      reaction of the Grignard intermediate with acetyl chloride [cf. Chem. Ber.
      47, 1416 (1914)] led to the desired ketone. (A small amount of the
      3-isomer was also obtained, separable by fraction distillation). The
      product boils at 100.degree.-102.degree.C./0.03 mm Hg. and crystallizes on
      standing. Recrystallization from a mixture of methylene dichloride and
      petroleum ether gave a white crystalline product with a m.p. of
      42.degree.-43.degree.C.
PAR  3. b. 1,2-Dimethyl-5-acetyl-pyrrole was obtained by acetylating
      1,2-dimethylpyrrole according to the method described in Ber. 47, 1416
      (1914) [cf. also J.A.C.S. 85, 2859 (1963)]. The product has a b.p. of
      102.degree.-106.degree.C./10 mm. Hg.
PAR  4. b. 1-Methyl-3-acetyl-pyrrole was obtained as a by-product in the
      synthesis of 1-methyl-2-acetyl-pyrrole according to the method described
      in Ber. 47, 1416 (1914). The product has a b.p. of
      130.degree.-132.degree.C./12 mm. Hg.
PAR  Evaluation data are set out in TABLE XXI below.
PAC  XXII -- THIAZOLE CARBONYL COMPOUNDS
PAR  Compounds of this group have the following general formula:
      ##SPC38##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen or alkyl groups.
PAR  Representative compounds of this group are:
TBL  (1)  a.    4-methyl-2-acetyl-thiazole                                     

                                     Bull. 20, 702                             

                                     (1953)                                    

          b.    4-methyl-2-propionyl-thiazole                                  

                                     n.c.                                      

          c.    5-methyl-2-acetyl-thiazole                                     

                                     Bull. 20, 702                             

                                     (1953)                                    

          d.    4-methyl-2-butyryl-thiazole                                    

                                     n.c.                                      

          e.    4-methyl-2-formyl-thiazole                                     

                                     n.c.                                      

PAR  The new compounds included in this group can be prepared as follows:
PAR  1. b. 4-Methyl-2-propionyl-thiazole was prepared according to the method
      described in Bull. 20, 702 (1953) by reacting 4-methyl-thiazole with
      ethyl-magnesium bromide and acylating the obtained Grignard intermediate
      with propionyl chloride. The product has a b.p. of
      83.degree.-88.degree.C./9 mm. Hg.
PAR  1 d. 4-Methyl-2-butyryl-thiazole was prepared by the same method as
      compound (1) b, but using butyric anhydride as the acylating agent. The
      product has a b.p. of 110.degree.-115.degree.C./8 mm. Hg.
PAR  1 e. 4-Methyl-2-formyl-thiazole was prepared by oxidizing
      2-hydroxymethyl-4-methyl-thiazole with chromic acid in a sulfuric acid
      medium according to the method described in J.A.C.S. 53, 1470 (1931). The
      product was identified by mass spectrometry (peaks M/e and relative
      intensity: 71 (100%), 127 (97%) and 72 (48%).
PAR  Organoleptic evaluation data are set out in TABLE XXII below.
PAC  XXIII -- PYRIDINE CARBONYL COMPOUNDS
PAR  Compounds of this group have the general formula:
      ##SPC39##
PAL  wherein R.sub.1 represents hydrogen, an alkyl group or a phenyl group,
      R.sub.2 represents hydrogen, an alkyl group or an acyl group and n is 0, 1
      or 2.
PAR  Representative compounds include:
TBL  (1)  a.    2-acetyl-pyridine         c.a.                                 

          b.    6-methyl-2-acetyl-pyridine                                     

                                          c.a.                                 

          c.    3-acetyl-pyridine         c.a.                                 

          d.    4-acetyl-pyridine         c.a.                                 

          e.    pyridine-2-aldehyde       c.a.                                 

          f.    pyridine-3-aldehyde       c.a.                                 

          g.    pyridine-4-aldehyde       c.a.                                 

          h.    6-methyl-pyridine-2-aldehyde                                   

                                          c.a.                                 

          i.    2-benzoyl-pyridine        c.a.                                 

          j.    3-benzoyl-pyridine        c.a.                                 

          k.    4-benzoyl-pyridine        c.a.                                 

          l.    2,6-diacetyl-pyridine     c.a.                                 

          m.    4-(.gamma.-pyridyl)-butan-2-one                                

                                          n.c.                                 

PAR  The new compound, 4-(.gamma.-pyridyl)-butan-2-one, was prepared as follows:
PAR  8 ml. of 2-n NaOH solution were added to a mixture of 10.8 g. (0.1 mole) of
      pyridine-4-aldehyde, 100 ml. of water and 10 ml. of acetone at
      12.degree.-15.degree.C. After a reaction time of 3 minutes the reaction
      mixture was neutralized with 10% aqueous acetic acid, saturated with NaCl
      and extracted with ether. After removal of the ether the residue was
      distilled. There were obtained 8.4 g. of 4-(.gamma.-pyridyl)-3-buten-2-one
      as a yellow oil of b.p. 135.degree.-138.degree.C./0.07 Torr. 5.24 g. of
      this product were dissolved in 30 ml. of ethanol and hydrogenated in the
      presence of 4 g. of Ni-catalyst. Distillation of the reaction product
      yielded 4-(.gamma.-pyridyl)-butan-2-one of b.p.
      83.degree.-85.degree.C./0.05 Torr; n.sub.4.sup.27 = 1.047; n.sub.D.sup.27
      = 1.516.
PAR  Organoleptic evaluation data are set out in TABLE XXIII below.
PAC  XXIV -- ALPHA-DIKETONES
PAR  Compounds of this group which have been found to have utility in the
      concept of this invention are of the formulae:
EQU  CH.sub.3 COCOR                                             (1)
EQU  C.sub.2 H.sub.5 COCOR                                      (2)
PAL  wherein R is an alkyl group or a phenyl group.
PAR  Compounds representative of this group include:
TBL  (1)                                                                       

        a.                                                                     

          acetylbutyryl  J.Chem.Soc. 1946, 56                                  

        b.                                                                     

          acetylisobutyryl                                                     

                         Ber. 22, 2121 (1889)                                  

        c.                                                                     

          acetylisovalerianyl                                                  

                         Ber. 22, 2122 (1889)                                  

        d.                                                                     

          acetylcaproyl  J.pr.Ch.[2] 58, 402 (1898)                            

                         n.sub.D.sup.20 = 1.4214; d.sub.4.sup.20 = 0.9183      

        e.                                                                     

          acetylbenzoyl  c.a. (British Drug House)                             

        f.                                                                     

          5-methyl-heptanedione-2,3                                            

                           n.c.                                                

        g.                                                                     

          5-methyl-octanedione-2,3                                             

                           n.c.                                                

        h.                                                                     

          acetylvalerianyl                                                     

                           n.c.                                                

        i.                                                                     

          acetylheptanoyl                                                      

                           n.c.                                                

     (2)                                                                       

        a.                                                                     

          dipropionyl    Bull.[3], 31, 629,650 (1906)                          

        b.                                                                     

          heptane-3,4-dione                                                    

                         Bull.[3], 31, 1174 (1904)                             

        c.                                                                     

          5-methyl-heptane-3,4-dione                                           

                         n.c.; prepared by the                                 

                         method in Bull.[3], 31, 1145                          

                         (1904); b.p. 55.degree.C./12 mm. Hg.                  

PAR  The new compounds included in this group can be obtained as follows:
PAR  1 f. 5-Methyl-heptan-2,3-dione. 0.33 Mole of acetol, 0.33 mole of
      .alpha.-methylbutanal and 2.5 ml. of conc. HCl were heated in a flask
      equipped with a Raschig column (length 25 cm), and the volatile products
      were distilled over as the reaction proceeded. 15 ml. of distillate were
      collected and rejected. The flask was cooled, and 15 ml. of water were
      added to the distillation residue. The distillation was then continued at
      a bath temperature of 150.degree.-180.degree.C. After 15 ml. of distillate
      consisting of the reaction product and water had been collected, the flask
      was again cooled, and the addition of water followed by distillation were
      repeated several times until the reaction product was completely
      distilled. The combined distillates were extracted with ether after
      washing the extract with aqueous sodium carbonate and water and
      evaporation of the solvent, the residue was distilled. There were obtained
      3.9 g. of pure 5-methyl-heptan-2,3-dione distilling at
      45.degree.-47.degree.C./8 Torr. n.sub.D.sup.23.5 = 1.4200;
      d.sub.4.sup.23.5 = 0.9099.
PAR  1 g. 5-Methyl-octan-2,3-dione was prepared according to the same method as
      5-methyl-heptan-2,3-dione, except that 0.5 mole of acetol, 0.55 mole of
      .alpha.-methyl-pentenal and 4.5 ml. of conc. HCl were used for the
      reaction. There were obtained 16 g. of pure 5-methyl-octan-2,3-dione
      distilling at 65.degree.-66.degree.C./11 Torr; n.sub.D.sup.22.5 = 1.4258;
      d.sub.4.sup.22.5 = 0.9107.
PAR  1 h. Acetylvalerianyl was prepared according to the same method as compound
      (1) f. It has a b.p. of 71.degree.-72.degree.C./44 mm. Hg.
PAR  1 i. Acetylheptanoyl was prepared by hydrolyzing 3-oximino-nonan-2-one
      according to the method of Bouveault et al. described in Bull. Soc. Chim.
      France [3] 31, 1145 (1904). 3-Oximino-nonan-2-one was obtained by
      nitrosation of nonan-2-one with ethyl nitrite according to the method
      described in Org. React. VII, Chap. 6 (1953). Acetylheptanoyl has a b.p.
      of 74.degree.C./9 mm. Hg.
PAR  2 c. 5-Methyl-heptan-3,4-dione was prepared according to the method
      described in Bull [3], 31, 1145 (1904). It has a b.p. of 55.degree.C./12
      mm. Hg.
PAR  The organoleptic evaluations are set out in TABLE XXIV below.
PAC  XXV -- THIOPHENE ALPHA-DIKETONES
PAR  Compounds of this group have the following general formula:
      ##SPC40##
PAL  wherein R.sub.1 is hydrogen or a methyl group and wherein R.sub.2 is an
      alkyl group.
PAR  Representative compounds include:
TBL  (1)  a.    1-(thienyl-2)-propane-1,2-dione                                

                                          n.c.                                 

          b.    1-(3-methyl-thienyl-2)-propane-1,2-dione                       

                                          n.c.                                 

          c.    1-(5-methyl-thienyl-2)-propane-1,2-dione                       

                                          n.c.                                 

          d.    1-(thienyl-2)-butan-1,2-dione                                  

                                          n.c.                                 

PAR  The new compounds included in this group can be obtained as follows:
PAR  1 a. 1-(Thienyl-2)-propane-1,2-dione was prepared by acylating thiophene
      according to the method described in J.A.C.S. 72, 3695 (1950), subjecting
      the resulting 2-propionylthiophene to the action of nitrosyl chloride and
      hydrolyzing the reaction product in formic acid solution with nitrosyl
      sulfuric acid as described in Bull. [3] 31, 1163 (1904). The product
      formed bright yellow crystals and melted at 48.degree.-50.degree.C.
PAR  1 b. 1-(3-methyl-thienyl-2)-propane-1,2 dione was prepared by acylating
      thiophene according to the method described in J.A.C.S. 72, 3695 (1950),
      subjecting the resulting 3-methyl-2-propionyl-thiophene to the action of
      nitrosyl chloride and hydrolyzing the reaction product in formic acid
      solution with nitrosyl sulfuric acid as described in Bull. [3] 31, 1163
      (1904). The product had a b.p. of 93.degree.C./11 mm. Hg.
PAR  1 c. 1-(5-Methyl-thienyl-2)-propane-1,2-dione was prepared by the same
      method as compound (1) a. It has a b.p. of 150.degree.-160.degree.C. (bath
      temp.)/11 mm. Hg.
PAR  1 d. 1-(Thienyl-2)-butan-1,2-dione was prepared from 2-butyryl-thiophene
      via the oxime according to the method used in the furan series and
      described in Tetrahedron 20, 2959   (1964). The product has a b.p. of
      120.degree.-123.degree.C. (bath temperature) 11 mm. Hg.
PAR  The organoleptic evaluations gave the results set out in TABLE XXV below.
PAC  XXVI -- PYRROLE ALPHA-DIKETONES
PAR  This group of compounds has the general formula:
      ##SPC41##
PAL  wherein R.sub.1 is hydrogen or alkyl and R.sub.2 is alkyl.
PAR  Representative compounds of this group include e.g.:
TBL  (1)  a.    (pyrrolyl-2)-propan-1,2-dione                                  

                                          n.c.                                 

          b.    (pyrrolyl-2)-butan-1,2-dione                                   

                                          n.c.                                 

PAR  The new compounds included in this group can be obtained as follows:
PAR  1 a. (Pyrrolyl-2)-propan-1,2-dione was prepared according to the same
      method as used for compound (1) d. of Group XXV. It has a m.p. of
      50.degree.-51.degree.C.
PAR  1  b. (Pyrrolyl-2)-butan-1,2-dione was prepared by the same method as used
      for compound (1) d. of Group XXV. It has a m.p. of 37.degree.-38.degree.C.
PAR  Organoleptic evaluation data are set out in TABLE XXVI below.
PAC  XXVII -- FURAN ESTERS
PAR  Compounds of this group have the general formulae:
      ##SPC42##
PAL  wherein R is an alkyl group comprising at least 2 carbon atoms;
PAL  and
      ##SPC43##
PAL  wherein R is an alkyl or alkenyl group.
PAR  Representative compounds of this group include:
TBL  (1)                                                                       

        a.                                                                     

          furfuryl propionate                                                  

                           *"The Furans", page 226                             

        b.                                                                     

          furfuryl butyrate                                                    

                           *"The Furans", page 226                             

        c.                                                                     

          furfuryl isobutyrate                                                 

                           *"The Furans", page 226                             

        d.                                                                     

          furfuryl isovalerate                                                 

                           n.c.                                                

        e.                                                                     

          furfuryl crotonate                                                   

                           n.c.                                                

        f.                                                                     

          furfuryl tiglate *"The Furans", page 36                              

        g.                                                                     

          furfuryl alphamethylbutyrate                                         

                           n.c.                                                

        h.                                                                     

          furfuryl .beta.,.beta.'-dimethylacrylate                             

                           n.c.                                                

        i.                                                                     

          furfuryl valerate                                                    

                           n.c.                                                

     (2)                                                                       

        a.                                                                     

          ethyl furoate    *"The Furans", page 513                             

        b.                                                                     

          propyl furoate   *"The Furans", page 513                             

        c.                                                                     

          isopropyl furoate                                                    

                           *"The Furans", page 513                             

        d.                                                                     

          butyl furoate    *"The Furans", page 513                             

        e.                                                                     

          isobutyl furoate *"The Furans", page 513                             

        f.                                                                     

          isoamyl furoate  *"The Furans", page 513                             

        g.                                                                     

          methyl 3-(.alpha.-furyl)-propionate                                  

                           C.A. 32, 53977 (1938)                               

        h.                                                                     

          ethyl 3-(.alpha.-furyl)-propionate                                   

                           c.a.                                                

      *"The Furans", Reinhold Publishing Company, New York (1953).             

PAR  The new compounds included in this group can be obtained by reacting the
      corresponding acid chlorides with furfuryl alcohol, e.g. according to the
      method described in Houben-Weyl, 4th ed., Vol. 8, 543 (1952). There are
      thus obtained:
PAR  1 d. Furfuryl isovalerate, b.p. 97.degree.-98.degree.C./11 mm. Hg.
PAR  1 e. Furfuryl orotonate, b.p. 96.degree.-98.degree.C./11 mm. Hg.
PAR  1 g. Furfuryl .alpha.-methylbutyrate, b.p. 96.degree.C./11 mm. Hg.
PAR  1 h. Furfuryl .beta.,.beta.'-dimethylacrylate, b.p.
      113.degree.-115.degree.C./11 mm. Hg.
PAR  1 i. Furfuryl valerate, b.p. 100.degree.-104.degree.C./11 mm. Hg.
PAR  In the organoleptic evaluation tests these compounds gave the results set
      out in TABLE XXVII below.
PAC  XXVIII -- THIOPHENE ESTERS
PAR  Compounds of this group have the following general formulae:
      ##SPC44##
PAL  wherein R is alkyl or furfuryl; and
      ##SPC45##
PAL  wherein R is hydrogen or alkyl.
PAR  Representative compounds of this group include:
     (1)                                                                       

        a.                                                                     

          methyl thiophene-2-carboxylate                                       

                            J.A.C.S. 77, 6709 (1955)                           

        b.                                                                     

          ethyl thiophene-2-carboxylate                                        

                            J.A.C.S. 77, 6709 (1955)                           

        c.                                                                     

          propyl thiophene-2-carboxylate                                       

                            J.A.C.S. 77, 6709 (1955)                           

        d.                                                                     

          butyl thiophene-2-carboxylate                                        

                            J.A.C.S. 77, 6709 (1955)                           

        e.                                                                     

          isoamyl thiophene-2-carboxylate                                      

                            n.c.                                               

        f.                                                                     

          furfuryl thiophene-2-carboxylate                                     

                            n.c.                                               

     (2)                                                                       

        a.                                                                     

          thenyl formate    n.c.                                               

        b.                                                                     

          thenyl acetate    n.c.                                               

PAR  The new compounds included in sub-class (1) of this group can be obtained
      by reacting thionyl chloride with the corresponding alkoxides according to
      the method described in J.A.C.S. 77, 6709 (1955). There were thus
      obtained:
PAR  1 e. Isoamyl thiophene-2-carboxylate, b.p. 79.degree.-80.degree.C./0.3 mm.
      Hg.
PAR  1 f. Furfuryl thiophene-2-carboxylate, b.p. 109.degree.C./0.07 mm. Hg.
PAR  The new compounds included in sub-class (2) of this group can be obtained
      by acylation of 2-thenyl alcohol which is prepared by reducing
      thiophene-2-aldehyde according to the method described in J. Org. Chem.
      15, 790 (1950). Acylation with the mixed anhydride of formic and acetic
      acids according to the method described in J.A.C.S. 64, 1583 (1942) yields
PAR  2 a. Thenyl formate, b.p. 87.degree.-88.degree.C./15 mm. Hg.
PAR  Acylation with acetic anhydride yields
PAR  2 b. Thenyl acetate, b.p. 91.degree.C./12 mm. Hg.
PAR  In the organoleptic evaluation test these compounds gave the results set
      out in TABLE XXVIII below.
PAC  XXIX -- PYRIDINE ESTERS
PAR  Compounds of this group are of the general formula
      ##SPC46##
PAL  wherein R stands for lower alkyl and n is 0 or 1.
PAR  Representative compounds of this group include:
     (1)  a.    methyl (pyridyl-2)-acetate                                     

                                        c.a.                                   

          b.    methyl (pyridyl-3)-acetate                                     

                                        c.a.                                   

          c.    methyl (pyridyl-4)-acetate                                     

                                        c.a.                                   

          d.    ethyl (pyridyl-2)-acetate                                      

                                        c.a.                                   

          e.    ethyl (pyridyl-3)-acetate                                      

                                        c.a.                                   

          f.    ethyl (pyridyl-4)-acetate                                      

                                        c.a.                                   

PAR  Organoleptic evaluation data are set out in TABLE XXIX below.
PAC  XXX -- AROMATIC SULFUR COMPOUNDS
PAR  Compounds of this group are of the general formulae:
      ##SPC47##
PAL  wherein R.sub.1 stands for hydrogen, hydroxy, alkoxy or alkyl and R.sub.2
      represents hydrogen or alkyl;
      ##SPC48##
PAL  wherein R.sub.1 stands for hydrogen, hydroxy, alkyl or alkoxy, R.sub.2 may
      be hydrogen or alkyl, R.sub.3 represents alkyl or benzyl and n is 0, 1 or
      2; and
      ##SPC49##
PAL  wherein R stands for alkyl or phenyl.
PAR  Representative compounds include:
TBL  (1)                                                                       

        a.                                                                     

          2-methoxy benzenethiol                                               

                         Ber. 39, 1348 (1906)                                  

        b.                                                                     

          benzenethiol     c.a.                                                

        c.                                                                     

          2-hydroxy-thiophenol                                                 

                         Beilstein 6, 793                                      

        d.                                                                     

          2-methyl-benzenethiol                                                

                           c.a.                                                

        e.                                                                     

          3-methyl-benzenethiol                                                

                           c.a.                                                

        f.                                                                     

          4-methyl-benzenethiol                                                

                           c.a.                                                

        g.                                                                     

          2,4-dimethyl-benzenethiol                                            

                         Ber. 32, 1147                                         

        h.                                                                     

          3,4-dimethyl-benzenethiol                                            

                         J.Org.Chem.26, 4047 (1961)                            

        i.                                                                     

          2-ethyl-benzenethiol                                                 

                         Ber. 59, 349                                          

        j.                                                                     

          2-ethoxy-benzenethiol                                                

                         J.pr.Ch. 114, 231, 235                                

        k.                                                                     

          4-methoxy-benzenethiol                                               

                           c.a.                                                

     (2)                                                                       

        a.                                                                     

          methyl phenyl sulfide                                                

                           c.a.                                                

        b.                                                                     

          dibenzyl sulfide                                                     

                         J.Chem.Soc. 1922, 1404                                

     (3)                                                                       

        a.                                                                     

          phenyl methyl disulfide                                              

                         J.A.C.S. 85, 1618 (1963)                              

        b.                                                                     

          diphenyl disulfide                                                   

                         Ber. 56, 1929 (1923)                                  

PAR  Evaluation test data are set out in TABLE XXX below.
PAC  XXXI -- FURAN SULFUR COMPOUNDS
PAR  Compounds of this group are included in the formulae:
      ##SPC50##
PAL  wherein R may be hydrogen, alkyl or alkenyl and n stands for 1 or 2;
      ##SPC51##
PAL  wherein R.sub.1 stands for hydrogen or alkyl, R.sub.2 represents hydrogen,
      alkyl, furfuryl or alkyl-substituted phenyl, and n stands for 0, 1 or 2,
      with the provision that, if R.sub.1 is hydrogen and n is 1, R.sub.2 is
      neither methyl nor furfuryl;
      ##SPC52##
PAL  wherein R is alkyl or furfuryl;
      ##SPC53##
PAL  wherein R.sub.1 represents hydrogen or alkyl and R.sub.2 stands for alkyl
      or furfuryl; and
      ##SPC54##
PAL  wherein R represents an alkyl or an acyl group.
PAR  Representative compounds in this group include:
TBL  (1)                                                                       

        a.                                                                     

          furfurylthiol acetate                                                

                              n.c.                                             

        b.                                                                     

          furfurylthiol propionate                                             

                              n.c.                                             

        c.                                                                     

          furfurylthiol butyrate                                               

                              n.c.                                             

        d.                                                                     

          furfurylthiol furoate                                                

                              n.c.                                             

        e.                                                                     

          furfurylthiol .beta.,.beta.-dimethylacrylate                         

                              n.c.                                             

        f.                                                                     

          furfurylthiol tiglate                                                

                              n.c.                                             

        g.                                                                     

          furfurylthiol formate                                                

                              n.c.                                             

        h.                                                                     

          2-(furyl-2)-ethanthiol acetate                                       

                              n.c.                                             

     (2)                                                                       

        a.                                                                     

          5-methylfurfuryl methyl sulfide                                      

                              n.c.                                             

        b.                                                                     

          furfuryl propyl sulfide                                              

                              n.c.                                             

        c.                                                                     

          furfuryl isopropyl sulfide                                           

                              n.c.                                             

        d.                                                                     

          furfuryl 5-methylfuryl sulfide                                       

                              n.c.                                             

        e.                                                                     

          5-methylfuryl methyl sulfide                                         

                              n.c.                                             

        f.                                                                     

          2-(furyl-2)-ethanthiol                                               

                              n.c.                                             

     (3)                                                                       

        a.                                                                     

          methylthiol furoate n.c.                                             

     (4)                                                                       

        a.                                                                     

          difurfuryl disulfide                                                 

                              J.A.C.S. 52, 2141 (1930)                         

     (5)                                                                       

        a.                                                                     

          (benzofuryl-2)-methyl methyl sulfide                                 

                              n.c.                                             

        b.                                                                     

          (benzofuryl-2)-methylthiol acetate                                   

                              n.c.                                             

PAR  The new compounds included in this group XXXI can be obtained as follows:
PAR  1 a. Furfurylthiol acetate was prepared by reacting acetic chloride or
      anhydride with furfurylmercaptan according to the method described in
      Houben-Weyl, 4th ed., vol. 9, 753 (1955). The product has a b.p. of
      90.degree.-92.degree.C./12 mm. Hg.
PAR  According to the same method, but starting from the corresponding acid
      chloride or anhydride, the following products were obtained:
PAR  1 b. Furfurylthiol propionate, b.p. 95.degree.-97.degree.C./10 mm. Hg.
PAR  1 c. Furfurylthiol butyrate, b.p. 105.5.degree.-106.5.degree./10 mm. Hg.
PAR  1 d. Furfurylthiol furoate, b.p. 110.degree.C./0.01 mm. Hg.
PAR  1 e. Furfurylthiol .beta.,.beta.-dimethylacrylate, b.p. 85.degree.C./0.015
      mm. Hg.
PAR  1 f. Furfurylthiol tiglate, b.p. 84.5.degree.-87.5.degree.C./0.03 mm. Hg.
PAR  1 g. Furfurylthiol formate was prepared according to the method used for
      the synthesis of furfuryl formate and described in J.A.C.S. 64, 1583
      (1942). The product had a b.p. of 77.degree.-78.degree.C./8 mm. Hg.
PAR  1 h. 2-(Furyl-2)-ethanthiol acetate was prepared by reacting thioacetic
      acid with 2-vinyl-furane under the action of UV light and in the presence
      of benzoyl peroxide according to the method described in J. Org. Chem. 27,
      2853 (1962). The thio-ester, after isolation by distillation had a b.p. of
      100.degree.-103.degree.C./0.05 mm. Hg.
PAR  2 a. 5-Methylfurfuryl methyl sulfide was prepared by reacting
      5-methylfurfuryl-mercaptan with dimethyl sulfate in alkaline solution
      according to known methods. 5-Methylfurfuryl-mercaptan was obtained from
      the corresponding alcohol by the method described in Org. Syn. 35, 67
      (1955). The product is a colorless liquid boiling at
      71.degree.-72.degree.C./11 mm. Hg.
PAR  2 b. Furfuryl propyl sulfide was prepared by reacting sodium
      furfurylmercaptide with n-propyl bromide according to the method described
      in Houben-Weyl, 4th ed., vol. 9, 97 (1955). The product has a b.p. of
      91.degree.C./15 mm. Hg.
PAR  2 c. Furfuryl isopropyl sulfide was prepared by the same method as used for
      compound (2) b., except that isopropyl bromide was used instead of
      n-propyl bromide. The product has a b.p. of 84.degree.C./16 mm. Hg.
PAR  2 d. Furfuryl 5-methylfuryl sulfide was prepared according to the method
      used for the synthesis of alkylthio-furans and described in C.A. 59, 8681d
      (1963). 2-Methylfuran was reacted with butyl-lithium and then with sulfur.
      The resulting thiol was further reacted (without prior isolation) with
      furfuryl chloride. The product was a slightly yellowish oil having a b.p.
      of 67.degree.C./0.04-0.05 mm. Hg.
PAR  2 e. Methyl 5-methylfuryl sulfide was prepared by the same method as used
      for compound (2) d. The product was a light yellow liquid having a b.p. of
      80.degree.C./45-50 mm. Hg.
PAR  2 f. 2-(Furyl-2)-ethanethiol was prepared by saponifying 24 g. of
      2-furylethanethiol acetate with alkali in aqueous-alcoholic medium. After
      refluxing for 90 minutes the reaction mixture was neutralized with acetic
      acid and then extracted with ether. Upon distillation there were obtained
      14.4 g. of 2-(furyl-2)-ethanethiol having a b.p. of
      61.degree.-62.degree.C./0.03 mm. Hg; n.sub.D.sup.22.3 = 1.5653;
      d.sub.4.sup.23.2 = 1.153
PAR  3 a. Methylthiol fuorate was prepared by reacting furoyl chloride with
      methylmercaptan according to the method described in Houben-Weyl, 4th ed.,
      vol. 9, 753 (1955). It has a b.p. of 92.degree.-93.degree.C./11 mm. Hg.
PAR  5 a. Benzofurfuryl-2-methyl sulfide was prepared by reacting
      (benzofurfuryl-2)-mercaptan with dimethyl sulfate in alkaline solution.
      The sulfide thus obtained has a b.p. of 108.degree.-109.degree.C./0.4 mm.
      Hg.
PAR  The starting (benzofurfuryl-2)-mercaptan was obtained from the
      corresponding alcohol according to the method described in Org. Synth. 35,
      67 (1955).
PAR  5 b. (Benzofurfuryl-2)-thiol acetate was prepared by the same method as
      used for compound (1) a. (furfurylthio acetate). The product has a b.p. of
      120.degree.-122.degree.C./0.8 mm. Hg.
PAR  Evaluation test data are set out in TABLE XXXI below.
PAC  XXXII -- THIOPHENE SULFUR COMPOUNDS
PAR  This group comprises compounds corresponding to the following general
      formulae:
      ##SPC55##
PAL  wherein R represents hydrogen, alkyl, acetyl or thenyl, and n is 1 or 2;
      and
      ##SPC56##
PAL  wherein R stands for alkyl or furfuryl.
PAR  Specific examples of compounds corresponding to these formulae include:
     (1)                                                                       

        a.                                                                     

          thenyl-mercaptan   Compt.rend. 229, 1343 (1949)                      

        b.                                                                     

          thenyl methyl sulfide                                                

                             Compt.rend. 229, 1343 (1949)                      

        c.                                                                     

          thenylthiol acetate                                                  

                             n.c.                                              

        d.                                                                     

          2-(thienyl-2)-ethanethiol                                            

                             n.c.                                              

        e.                                                                     

          2-(thienyl-2)-ethanethiol acetate                                    

                             n.c.                                              

        f.                                                                     

          dithenyl sulfide   n.c.                                              

     (2)                                                                       

        a.                                                                     

          thiothenoic acid S-methyl ester                                      

                             n.c.                                              

        b.                                                                     

          thiothenoic acid S-ethyl ester                                       

                             n.c.                                              

        c.                                                                     

          thiothenoic acid S-furfuryl ester                                    

                             n.c.                                              

PAR  The new compounds of this group can be obtained as follows:
PAR  1 c. Thenylthiol acetate was prepared by the same method as used for
      compound (1) a. (furfurylthiol acetate) of Group XXXI above. The product
      is a colorless liquid having a b.p. of 113.degree.-114.degree.C.
PAR  1 d. 2-(Thienyl-2)-ethanethiol. 2-Vinyl-thiophene [obtained by the method
      described in Org. Synth. 38, 86 (1958)] was reacted with thioacetic acid
      according to the method described in J. Org. Chem. 27, 2853 (1962), and
      the resulting addition product was subjected to hydrolysis with an acid.
      The product has a b.p. of 55.degree.C./0.1 mm. Hg.
PAR  1 e. 2-(Thienyl-2)-ethanethiol acetate was obtained as the intermediate
      product obtained by reacting 2-vinyl-thiophene with thioacetic acid in the
      preparation of compound (1) d. above. The product has a b.p. of
      90.degree.C./0.07 mm. Hg.
PAR  1 f. Dithenyl sulfide was prepared by the same method as used for compound
      (1) b. (dithenyl ether) of Group X above, except that thenylmercaptan was
      used instead of thenyl alcohol. The product has a b.p. of
      118.degree.C./0.04 mm. Hg.
PAR  Compounds (2) a, (2) b, and (2) c, were prepared by reacting thionyl
      chloride with the sodium salts of the corresponding mercaptans in
      alcoholic solution according to the method described in J.C.A.S. 77, 6709
      (1955). After refluxing for 1 hour the reaction mixture was filtered and
      concentrated. The residue was purified by chromatography on a silica-gel
      column using a benzene-hexane mixture 8:2 as the eluant. The structure of
      the resulting products was identified by mass spectrometry:
PAR  2 a. Thiothenoic acid S-methyl ester: Ion peaks with relative intensities:
      111 (100%), 39 (22%) and 158 (12%).
PAR  2 b. Thiothenoic acid S- ethyl ester: Ion peaks with relative intensities:
      111 (100%), 39 (17%) and 172 (10%).
PAR  2 c. Thiothenoic acid S-furfuryl ester: Ion peaks with relative
      intensities: 111 (100%), 81 (73.5%) and 39 (20%).
PAR  Organoleptic evaluation data are set out in TABLE XXXII below.
PAC  XXXIII -- PYRIDINE SULFUR COMPOUNDS
PAR  The compounds included in this group have the general formula:
      ##SPC57##
PAL  wherein R stands for hydrogen, alkyl, acyl or pyridyl, and n is 0 or 1.
PAR  As examples there can be mentioned:
     (1)                                                                       

        a.                                                                     

          (pyridyl-2)-methanthiol                                              

                              C.A. 55, 4542b (1961)                            

        b.                                                                     

          2-mercapto-pyridine   c.a.                                           

        c.                                                                     

          2-methylthio-pyridine                                                

                                n.c.                                           

        d.                                                                     

          2-ethylthio-pyridine                                                 

                                n.c.                                           

        e.                                                                     

          (pyridyl-2)-thiol acetate                                            

                              n.c.                                             

        f.                                                                     

          di(pyridyl-2)-sulfide                                                

                              J.Chem.Soc. 1942, 239                            

        g.                                                                     

          2-(pyridyl-2)-ethanethiol                                            

                              J.Org.Chem. 26, 82 (1961)                        

        h.                                                                     

          2-(pyridyl-2)-ethyl methyl sulfide                                   

                               see below                                       

        i.                                                                     

          2-(pyridyl-2)-ethyl ethyl sulfide                                    

                                n.c.                                           

        j.                                                                     

          2-(pyridyl-2)-ethanethiol acetate                                    

                               see below                                       

        k.                                                                     

          2-(pyridyl-2)-ethyl furfuryl sulfide                                 

                                n.c.                                           

        l.                                                                     

          (pyridyl-2)-methyl methyl sulfide                                    

                              Helv. 47, 1754 (1964)                            

        m.                                                                     

          (pyridyl-2)-methyl ethyl sulfide                                     

                                n.c.                                           

        n.                                                                     

          (pyridyl-2)-methanethiol acetate                                     

                                n.c.                                           

PAR  The method used for preparing the known compound (1) h.
      [2-(pyridyl)-2)-ethyl methyl sulfide] was as follows: 2-Vinylpyridine was
      reacted with methylmercaptan by the action of UV light in the presence of
      trace amounts of benzoyl peroxide and diphenyl sulfide. The product has a
      b.p. of 48.degree.C./0.03 mm. Hg.
PAR  The same method was used for preparing the known compound (1) j., except
      that thioacetic acid was used instead of methylmercaptan. The product has
      a b.p. of 80.degree.C./0.02 mm. Hg.
PAR  The new compounds included in this Group XXXIII can be obtained as follows:
PAR  1 c. 2-Methylthio-pyridine was prepared according to the method described
      in Houben-Weyl, 4th ed., vol. 9, 7 (1955) by alkylating
      2-mercapto-pyridine with methyl halide. The resulting pyridinium salt was
      neutralized with NaOH and the base thus obtained extracted and distilled.
      The product had a b.p. of 67.degree.-68.degree.C./10 mm. Hg.
PAR  1 d. 2-Ethylthio-pyridine was prepared by the same method as used for
      compound (1) c., except that ethyl halide was used instead of methyl
      halide. The product had a b.p. of 77.degree.-77.5.degree.C./8 mm. Hg.
PAR  1 e. (Pyridyl-2)-thiol acetate was prepared by reacting acetic anhydride
      with 2-mercaptopyridine in alkaline medium according to the method
      described in Houben-Weyl, 4th ed., vol. 9, 753 (1955) and in J.A.C.S. 59,
      1089 (1937). The product has a b.p. of 117.degree.-118.degree.C./9 mm. Hg.
PAR  1 i. 2-(Pyridyl-2)-ethyl ethyl sulfide was prepared by the same method as
      used for compound (1) h., except that ethylmercaptan was used instead of
      methylmercaptan. The product has a b.p. of 62.degree.C./0.005 mm. Hg.
PAR  1 m. (Pyridyl-2)-methyl ethyl sulfide was prepared by the same method as
      used for compound (1) l. The product has a b.p. of
      107.degree.-110.degree.C./10 mm. Hg.
PAR  1 n. (Pyridyl-2)-methanethiol acetate was prepared by reacting acetyl
      chloride with 2-mercaptomethylpyridine in alkaline medium. The product has
      a b.p. of 102.degree.-103.degree.C./9 mm. Hg.
PAR  Evaluation test data are reported in TABLE XXXIII below.
PAC  XXXIV -- PYRROLE SULFUR COMPOUNDS
PAR  These sulfur compounds correspond to the following general formula:
      ##SPC58##
PAL  wherein R represents alkyl, furfuryl or acyl. As examples, there can be
      mentioned;
TBL  (1)  a.    N-methyl-pyrryl-2 methyl sulfide                               

                                          n.c.                                 

          b.    N-methyl-pyrryl-2 ethyl sulfide                                

                                          n.c.                                 

          c.    N-methyl-pyrryl-2 furfuryl sulfide                             

                                          n.c.                                 

          d.    (N-methyl-pyrryl-2)-methylthiol acetate                        

                                          n.c.                                 

PAR  The new compounds included in this Group XXXIV can be obtained as follows:
PAR  1 a. N-Methyl-pyrryl-2 methyl sulfide was prepared by alkylating of
      N-methyl-(pyrryl-2)-methylmercaptan with methyl iodide according to the
      method described in Houben-Weyl, 4th ed., vol. 9, 97 (1955). The product
      has a b.p. of 90.degree.C./10 mm. Hg.
PAR  1 b. N-Methyl-pyrryl-2 ethyl sulfide was prepared by the same method as
      used for compound (1) a., except that ethyl bromide was used in place of
      methyl iodide. The product has a b.p. of 99.degree.C./10 mm. Hg.
PAR  1 c. N-Methyl-pyrryl-2 furfuryl sulfide was prepared by the same method as
      used for compound (1) a., except that furfuryl chloride was used in place
      of methyl iodide. The product has a b.p. of 94.degree.C./0.01 mm. Hg.
PAR  1 d. (N-Methyl-pyrryl-2)-methylthio acetate was prepared by acylating
      (N-methyl-pyrryl-2)-methylmercaptan according to the method described in
      Houben-Weyl, 4th ed., vol. 9, 753 (1958). The product has a b.p. of
      69.degree.C./0.05 mm. Hg.
PAR  Evaluation test data are set out in TABLE XXXIV below.
PAC  XXXV -- PYRAZINE SULFUR COMPOUNDS
PAR  The compounds of this group can be represented by the following general
      formulae:
      ##SPC59##
PAL  wherein n is 0, 1 or 2, R.sub.1 represents hydrogen, alkyl, acyl or
      furfuryl and R.sub.2 stands for hydrogen or methyl with the proviso that
      R.sub.1 and R.sub.2 cannot both be methyl if n is 0;
      ##SPC60##
PAL  wherein R stands for hydrogen, alkyl, furfuryl or acyl.
PAR  Illustrative examples of compounds corresponding to formulae (1) and (2)
      include:
TBL  (1)  a.    (2-methylpyrazinyl-3,5 and -6) furfuryl                        

                                          n.c.                                 

                sulfide                                                        

          b.    pyrazinylmethyl-mercaptan n.c.                                 

          c.    pyrazinylmethyl methyl sulfide                                 

                                          n.c.                                 

          d.    pyrazinylmethyl ethyl sulfide                                  

                                          n.c.                                 

          e.    pyrazinylmethyl furfuryl sulfide                               

                                          n.c.                                 

          f.    pyrazinylmethylthiol acetate                                   

                                          n.c.                                 

          g.    2-pyrazinyl-ethyl mercaptan                                    

                                          n.c.                                 

          h.    2-pyrazinyl-ethyl methyl sulfide                               

                                          n.c.                                 

          i.    2-pyrazinyl-ethyl ethyl sulfide                                

                                          n.c.                                 

          j.    2-pyrazinyl-ethyl furfuryl sulfide                             

                                          n.c.                                 

          k.    2-pyrazinyl-ethylthiol acetate                                 

                                          n.c.                                 

     (2)  a.    2,5-dimethyl-3-mercapto-pyrazine                               

                                          n.c.                                 

          b.    2,5-dimethyl-3-methylthio-pyrazine                             

                                          n.c.                                 

          c.    2,5-dimethyl-3-ethylthio-pyrazine                              

                                          n.c.                                 

          e.    2,5-Dimethyl-3-acetylthio-pyrazine                             

                                          n.c.                                 

          d.    2,5-dimethyl-3-furfurylthio-pyrazine                           

                                          n.c.                                 

PAR  The new compounds included in this group can be obtained as follows:
PAR  1 a. (2-Methylpyrazinyl-3, -5 and -6) furfuryl sulfide (mixture): A mixture
      of 2-methyl-3-, 5- and 6-chloropyrazine was prepared by chlorination of
      2-methylpyrazine according to the method described in J.Org.Chem. 26,
      2356, 2360 (1961). 0.2 Mole of the above 2-methyl-chloropyrazine mixture
      was added to 0.2 mole of a sodium furfurylmercaptide suspension in 250 ml.
      of xylene. The mixture was boiled for 6 hours. After cooling 250 ml. of
      water were added, the organic layer was concentrated and distilled. 13.5
      g. of a mixture of (2-methylpyrazinyl-3, -5 and -6) furfuryl sulfide were
      obtained; b.p. 153.degree.-156.degree.C./10 Torr; n.sub.D.sup.20 = 1.5970;
      d.sub.4.sup.20 = 1.2164.
PAR  1 b. Pyrazinylmethylmercaptan: a solution of 6.3 g. (0.05 mole) of
      chloromethylpyrazine [obtained according to the method described in
      J.Org.Chem. 26, 2356 (1961)] in 20 ml. of ether was added slowly, with
      stirring, to a solution of sodium hydrogensulfide (60%) in 50 ml. of
      absolute methanol. Stirring of the reaction mixture at room temperature
      was continued for 3 hours. The precipitate which had formed was removed by
      filtering, the solvents were evaporated, and the residue was dissolved in
      water. The solution was extracted twice with ether. The aqueous phase was
      neutralized with acetic acid and extracted with ether. After drying of the
      extract the solvent was evaporated and the residue distilled. 0.25 g. of
      pyrazinylmethylmercaptan boiling at 44.degree.-45.degree.C./0.07 mm. Hg.
      was obtained.
PAR  1 c. Pyrazinylmethyl methyl sulfide was prepared according to the method
      described in Houben-Weyl, 4th ed., vol. 9, 97 (1955) by reacting
      chloromethylpyrazine [obtained by the method described in J.Org.Chem. 26,
      2356 (1961)] with sodium methylmercaptide. The product has a b.p. of
      105.degree.-106.degree.C./12 mm. Hg.
PAR  1 d. Pyrazinylmethyl ethyl sulfide was prepared by the same method as used
      for compound (1) c., except that sodium ethylmercaptide was used in place
      of sodium methylmercaptide. The product has a b.p. of
      114.degree.-116.degree.C./12 mm. Hg.
PAR  1 e. Pyrazinylmethyl furfuryl sulfide was prepared by the same method as
      used for compound (1) c., except that sodium furfurylmercaptide was used
      instead of sodium methylmercaptide. The product has a b.p. of
      116.degree.C./0.05 mm. Hg.
PAR  1 f. Pyrazinylmethylthiol acetate was prepared by acetylation of
      pyrazinylmethylthiol according to the method described in Houben-Weyl,
      4th., ed., vol. 9, 753 (1955). The product has a b.p. of 52.degree.C./0.02
      mm. Hg.
PAR  1 g. 2-Pyrazinyl-ethyl mercaptan was prepared by reacting vinylpyrazine
      [obtained by the method described in J.Org.Chem. 27, 1363 (1962)] and
      hydrolizing the resulting thiolic acid ester according to the method
      described in J.Org.Chem. 22, 980 (1957). The product has a b.p. of
      56.5.degree.-60.degree.C./0.003 mm. Hg.
PAR  1 h. 2-Pyrazinyl-ethyl methyl sulfide was prepared by reacting
      vinylpyrazine [c.f. J.Org.Chem. 27, 1363 (1962] with methylmercaptan by
      the action of ultra violet light and in the presence of benzoyl peroxide
      by the method described in Acta Chem. Scand. 8, 295 (1954). The product
      was identified by mass spectrometry. It has a b.p. of
      57.degree.-69.degree.C. at 0.05 mm. Hg.
PAR  1 i. 2-Pyrazinyl-ethyl ethyl sulfide was prepared by the method used for
      compound (1) h., but using ethylmercaptan. It has a b.p. of
      75.degree.C./0.03 mm. Hg.
PAR  1 j. 2-Pyrazinyl-ethyl furfuryl sulfide was prepared by the method used for
      compound (1) h., but using furfuralmercaptan. The product has a b.p. of
      116.degree.-117.degree.C./0.01 mm. Hg.
PAR  1 k. 2-Pyrazinyl-ethylthiol acetate was prepared by reacting vinylpyrazine
      with thioacetic acid in the presence of benzoyl peroxide as a catalyst
      according to the method described in J.Org.Chem. 27, 2853 (1962). The
      product has a b.p. of 80.degree.C./0.02 mm. Hg.
PAR  2 a. 2,3-Dimethyl-3-mercapto-pyrazine: A solution of 1.3 g. (0.023 mole) of
      sodium hydrogensulfide and 2.5 g. (0.01 mole) of
      2,5-dimethyl-3-iodo-pyrazine in 70 ml. of absolute methanol was refluxed
      for 3 hours. After evaporation of the alcohol the residue was dissolved in
      1-n NaOH, the solution was filtered and the filtrate was neutralized with
      acetic acid. After isolation by the usual treatments the reaction product
      was sublimated. There was obtained 0.81 g. of a yellow powder having a
      m.p. of 182.degree.-185.degree.C.
PAR  2 b. 2,5-Dimethyl-3-methylthio-pyrazine: 2.85 g. (0.02 mole) of
      2,5-dimethyl-3-chloropyrazine and 0.06 mole of methylmercaptan were
      dissolved in a solution of 0.7 g. of sodium in 20 ml. of absolute ethanol.
      The reaction mixture was refluxed for 45 minutes. After removal of the
      alcohol by distillation the residue was dissolved in water and the sulfide
      was extracted with ether and distilled. The product (yield 75.6%) has a
      b.p. of 40.degree.-50.degree.C./11 mm. Hg.
PAR  2 c. 2,5-Dimethyl-3-ethylthio-pyrazine was prepared in the same manner as
      compound (2) b., except that 0.06 mole of ethylmercaptan was used instead
      of methylmercaptan. The product (yield 75%) has a b.p. of 128.degree.C./9
      mm. Hg.
PAR  2 d. 2,5-dimethyl-3-furfurylthio-pyrazine was prepared in the same manner
      as compound (2) b., except that 0.06 mole of furfurylmercaptan was used
      instead of methylmercaptan. The product (yield 75%) has a b.p. of
      115.degree.-120.degree.C./0.02 mm. Hg.
PAR  2 e. 2,5-Dimethyl-3-acetylthio-pyrazine was prepared by acetylating
      2,5-dimethyl-3-mercapto-pyrazine [compound (2) a. ] with acetic anhydride
      in an alkaline medium according to the method described in Houben-Weyl,
      4th ed., vol. 9, 753 (1955). The product has a m.p. of
      36.degree.-42.degree.C.
PAR  Organoleptic evaluation test data are reported in TABLE XXXV below.
PAC  XXXVI -- PHENOLS AND PHENOL ETHERS
PAR  The compounds of this group can be represented by the following general
      formulae:
      ##SPC61##
PAL  wherein R.sub.1 represents alkyl or acetyl and R.sub.2 represents hydrogen
      or methyl, with the proviso that R.sub.1 and R.sub.2 together comprise at
      least 2 carbon atoms;
      ##SPC62##
PAL  wherein R represents alkyl.
PAR  Examples of compounds defined by the above formulae:
TBL  (1), (2) and (3) include:                                                 

     (1)                                                                       

        a.                                                                     

          2-ethyl-phenol      c.a.                                             

        b.                                                                     

          3-ethyl-phenol      c.a.                                             

        c.                                                                     

          4-ethyl-phenol      c.a.                                             

        d.                                                                     

          4-isopropyl-phenol                                                   

                            Compt.rend. 177, 453                               

                            (1923)                                             

        e.                                                                     

          2,3-xylenol         c.a.                                             

        f.                                                                     

          2,4-xylenol         c.a.                                             

        g.                                                                     

          2,5-xylenol         c.a.                                             

        h.                                                                     

          2,6-xylenol         c.a.                                             

        i.                                                                     

          3,4-xylenol         c.a.                                             

        j.                                                                     

          3,5-xylenol         c.a.                                             

        k.                                                                     

          2-hydroxy-acetophenone                                               

                              c.a.                                             

        l.                                                                     

          2-hydroxy-propiophenone                                              

                            Org.Synth.13, 90 (1933)                            

        m.                                                                     

          4-hydroxy-propiophenone                                              

                            Org.Synth.13, 90 (1933)                            

        n.                                                                     

          5-methyl-2-hydroxy-acetophenone                                      

                            Ann. 460, 83 (1927)                                

     (2)                                                                       

        a.                                                                     

          2,3,5-trimethyl-phenol                                               

                              c.a.                                             

        b.                                                                     

          2,4,6-trimethyl-phenol                                               

                              c.a.                                             

        c.                                                                     

          2,4,5-trimethyl-phenol                                               

                              c.a.                                             

        d.                                                                     

          3,4,5-trimethyl-phenol                                               

                              c.a.                                             

     (3)                                                                       

        a.                                                                     

          4-ethyl-2-methoxy-phenol                                             

                              c.a.                                             

        b.                                                                     

          4-propyl-2-methoxy-phenol                                            

                            Helv. 8, 334 (1925)                                

PAR  The present group also comprises the single compound
PAL  (4) a. 4-vinyl-1,2-1,2-dimethoxy-benzene.
PAR  Evaluation test data are set out in TABLE XXXVI below.
PAC  XXXVII -- ALIPHATIC OXOALCOHOLS
PAR  This group comprises compounds having the general formula
EQU  R--CO--CH.sub.2 OH                                         (1)
PAL  wherein R stands for alkyl. Examples of compounds corresponding to this
      definition include:
TBL  (1)  a.    2-Oxo-propan-1-ol Ann. 596, 61 (1955)                          

          b.    2-oxo-butan-1-ol  Ann. 596, 68 (1955)                          

PAR  Flavor evaluation data are set out in TABLE XXXVII below.
PAC  XXXVIII -- MISCELLANEOUS
PAR  This group comprises compounds of the classes represented by the following
      general formulae:
      ##SPC63##
PAL  wherein R stands for hydrogen, methyl or ethyl;
      ##SPC64##
PAL  wherein each of the symbols X and Y represents oxygen or sulfur;
EQU  R.sub.1 --CH.sub.2 COCH.sub.2 S--R.sub.2                   ( 3)
PAL  wherein R.sub.1 represents hydrogen or alkyl and R.sub.2 stands for alkyl
      or furfuryl; and
      ##SPC65##
PAL  wherein R.sub.1 is alkyl and R.sub.2 stands for alkyl or furfuryl.
PAR  Specific compounds included in the above formulae are:
TBL  (1)                                                                       

        a.                                                                     

          thiophane-3-one    J.A.C.S. 68, 2229 (1946)                          

        b.                                                                     

          2-methyl-thiophane-3-one                                             

                             Helv. 27, 124 (1944)                              

     (2)                                                                       

        a.                                                                     

          2,6-dimethyl-gamma-pyrone                                            

                             Ber. 69, 2379 (1936)                              

        b.                                                                     

          2,6-dimethyl-thio-gamma-pyrone                                       

                             Ber. 52, 1539 (1919)                              

        c.                                                                     

          2,6-dimethyl-dithio-gamma-pyrone                                     

                             Compt.rend. 258, 1717 (1954)                      

     (3)                                                                       

        a.                                                                     

          furfurylthioacetone                                                  

                               n.c.                                            

        b.                                                                     

          1-methylthio-butan-2-one                                             

                               n.c.                                            

        c.                                                                     

          methylthioacetone  J.A.C.S. 76, 164 (1954)                           

     (4)                                                                       

        a.                                                                     

          dimethylmercaptal of                                                 

          .alpha.-methylbutanal                                                

                               n.c.                                            

        b.                                                                     

          difurfurylmercaptal of                                               

          .alpha.-methylbutanal                                                

                               n.c.                                            

           The present group also includes:                                    

     (5)                                                                       

        a.                                                                     

          5-methyl-furyl-2-nitrile-                                            

                             J.A.C.S. 54, 2549 (1932)                          

PAR  The new compounds included in this group XXXVIII can be obtained as
      follows:
PAR  3 a. Furfurylthioacetone was prepared in the same manner as
      methylthioacetone [cf. compound (3)c.] according to the method described
      in J.A.C.S. 76, 114 (1954) by condensing 0.122 mole of chloroacetone with
      0.11 mole of sodium furfurylmercaptide. After the usual separation and
      purification of the reaction product there were obtained by distillation
      13.9 g. of pure furfurylthioacetone distilling at
      115.degree.-177.degree.C./10 Torr. n.sub.D.sup.22.8 = 1.5250;
      d.sub.4.sup.23 = 1.150.
PAR  3 b. 1-Methylthio-butan-2-one was prepared in the same manner as
      methylthioacetone according to the method described in J.A.C.S. 76, 114
      (1954) by condensing 0.122 mole of 1-chlorobutan-2-one [obtained according
      to the method described in Ber. 82, 229 (1949)] with 0.11 mole of sodium
      methylmercaptide. The reaction product was separated by filtration from
      the NaCl formed in the reaction and concentration of the filtrate. By
      distillation of the residue there were obtained 8.2 g. of pure
      1-methylthiobutan-2-one distilling at 52.degree.-53.degree.C./8 Torr.
      n.sub.D.sup.22 = 1.4700; d.sub.4.sup.22 = 0.9970.
PAR  4 a. Dimethylmercaptal of .alpha.-methylbutanal: Dry HCl was introduced
      into a mixture of 0.05 mole .alpha.-methylbutanal and 0.11 mole
      methanthiol. By cooling the temperature was maintained between 0.degree.
      and 5.degree.C. After 15 minutes 50 ml. of water were added, the mixture
      extracted with ether, the ether layer washed with a NaHCO.sub.3 solution
      and water. By distillation of the ether concentrate 4.2 g. of
      dimethylmercaptal of .alpha.-methylbutanal were obtained; b.p.
      75.degree.-76.degree.C./8 Torr; n.sub.D.sup.24 = 1.5050; d.sub.4.sup.24 =
      0.9761.
PAR  4 b. Difurfurylmercaptal of .alpha.-methylbutanal: This compound was
      prepared by the same method as compound (4) a., using 0.11 mole of
      furfurylmercaptan instead of methanthiol. 6.4 g. of difurfurylmercaptal
      were obtained; b.p. 130.degree.C./0.1 Torr; n.sub.D.sup.22.8 = 1.5500;
      d.sub.4.sup.23 = 1.126.
PAR  Organoleptic evaluation as flavor agents gave the results set out in TABLE
      XXXVIII below.
PAC  ORGANOLEPTIC EVALUATIONS
PAR  As was described above, the compounds of this invention were subjected to
      organoleptic evaluation tests either in a syrup base (A), or one of the
      two soluble coffee bases (B and C). The following tables give the results
      of these organoleptic evaluations. In the tables, the Roman numeral refers
      to the number of the group from which the test compounds were selected.
      The column headed "Number" refers to the number of the test compound of
      the corresponding group. The column headed "Test" gives the Method of the
      Test, as described hereinbefore, and the column headed "Quantity" sets out
      the amount of the Test Compound used in grams per 100 liters of the base
      material.
TBL                                    ORGANOLEPTIC EVALUATION                 

     __________________________________________________________________________

     TABLES                                                                    

     Number                                                                    

         Test                                                                  

            Quantity  Organoleptic Characterization                            

     __________________________________________________________________________

     TABLE I                                                                   

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.2       neroli-, bergamot- and                                   

                      cinnamon-like; natural note                              

     (1)b.                                                                     

         A  0.05      green note                                               

     (1)c.                                                                     

         A  0.15      green note; rose-like                                    

     (1)d.                                                                     

         A  1         grape- and fig-like                                      

     (1)d.                                                                     

         C  0.03      winey, buttery, woody, nutty                             

     (1)e.                                                                     

         A  5         green, metallic taste                                    

     Table II                                                                  

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.05 to   green, musty taste                                       

     (1)b.                                                                     

         A  0.1       oily, aromatic                                           

     (1)c.                                                                     

         A  0.15      oily taste                                               

     (1)d.                                                                     

         A  0.15      aromatic taste                                           

     (1)e.                                                                     

         A  1.0       aromatic taste                                           

     (1)f.                                                                     

         A  0.25      mouldy, tarry taste                                      

     (1)g.                                                                     

         A  1.0       mouldy, aromatic taste                                   

     (1)h.                                                                     

         A  0.25      aromatic taste                                           

     (1)i.                                                                     

         A  1.0       earthy taste                                             

     (1)j.                                                                     

         A  2.0       sweet, anise- and honey-like taste                       

     (1)k.                                                                     

         A  0.5       strawberry-like                                          

     (1)l.                                                                     

         A  0.25      earthy taste                                             

     (1)m.                                                                     

         A  1         slightly fruity; dry                                     

     (1)n.                                                                     

         A  0.15      fatty, earthy taste                                      

     (1)o.                                                                     

         A  0.25-0.50 aromatic taste                                           

     (1)p.                                                                     

         A  1.0       aromatic earthy taste                                    

     TABLE III                                                                 

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.5       phenolic; coffee-grounds                                 

     (1)a.                                                                     

         B  0.5-1.0   enhancement of the roasted note                          

     (1)a.                                                                     

         C  0.68      groundsy; cereal-like                                    

     (2)a.                                                                     

         A  0.05      styrene-like; aromatic                                   

     (2)b.                                                                     

         A  1-3       slightly phenolic; burnt taste                           

     (2)b.                                                                     

         B  0.4       enhancement of the bitter note                           

     (2)c.                                                                     

         A  0.3       salicylate-like taste                                    

     (2)d.                                                                     

         A  0.25      earthy flavor note                                       

     (2)e.                                                                     

         A  1.0       burnt, caramel taste                                     

     (2)f.                                                                     

         A  0.25      phenolic; saffron-like                                   

     (2)g.                                                                     

         B  0.12      earthy; mushroom-like; hazelnut                          

     (2)h.                                                                     

         B  0.50      burnt; green-taste                                       

     (2)i.                                                                     

         B  0.095     earthy flavor note                                       

     (3)a.                                                                     

         A  1.0       aromatic taste                                           

     (3)a.                                                                     

         C  0.1       medicinal; camphor; rioy                                 

     (3)b.                                                                     

         A  1.0       green-cooked taste                                       

     (3)a.                                                                     

         C  0.11      liquorice-like; sen-sen                                  

     (3)c.                                                                     

         A  2.0       green-owdery taste                                       

     (3)c.                                                                     

         C  0.068     bitter; wintergreen mouthfeel                            

     TABLE IV                                                                  

     __________________________________________________________________________

     (1)a.                                                                     

         B  0.75      roasted; bitter; green                                   

     (1)a.                                                                     

         C  1.1       nitrobenzene-like                                        

     (1)b.                                                                     

         B  0.85      fatty; winey                                             

     (1)c.                                                                     

         A  1.0       styrene-like                                             

     (1)d.                                                                     

         A  0.5       styrene-like                                             

     (1)e.                                                                     

         A  1.0       chemical-like taste                                      

     (1)f.                                                                     

         A  0.1       styrene-like                                             

     (1)g.                                                                     

         C  0.11      hydrocarbon like                                         

     (1)h.                                                                     

         A  0.1       burnt; horn-like; methyl furoate-like                    

     (1)h.                                                                     

         C  0.54      solvent; latex paint-like                                

     (1)i.                                                                     

         A  1.0       diphenyloxide-like                                       

     (1)j.                                                                     

         A  1.0-2.0   onion-like                                               

     (1)k.                                                                     

         A  1.0       green taste                                              

     (2)a.                                                                     

         A  0.05      styrene-like                                             

     (2)a.                                                                     

         C  0.01      sulfury; nutty; buckwheat-like                           

     (3)a.                                                                     

         A  0.25      fruity, green                                            

     (3)a.                                                                     

         C  0.01      geranium,metallic; acid; sulfury                         

     (3)b.                                                                     

         A  1.0       fruity taste                                             

     (3)c.                                                                     

         A  0.5       green taste                                              

     (3)c.                                                                     

         C  0.068     apricot,medicinal; sulfury; sour                         

     (3)d.                                                                     

         A  1.0       dry fruit flavor                                         

     (4)a.                                                                     

         A  0.025     dry phenolic taste                                       

     (4)a.                                                                     

         B  0.042     modified phenolic note                                   

     (4)a.                                                                     

         C  0.042     iodoform; sulfury                                        

     (4)b.                                                                     

         A  1.0       fruity; green taste                                      

     (5)a.                                                                     

         B  0.006     hydrocarbon; rubbery; earthy                             

     (5)b.                                                                     

         B  0.12      hydrocarbon; phenolic                                    

     TABLE V                                                                   

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.2       burnt taste                                              

     (1)b.                                                                     

         A  0.1       green, fatty taste                                       

     (1)c.                                                                     

         A  0.03      fatty taste                                              

     (1)c.                                                                     

         C  0.021     aldehyde like                                            

     (1)d.                                                                     

         A  0.1       green taste                                              

     (2)a.                                                                     

         A  2.0       fruity taste                                             

     (2)a.                                                                     

         C  0.016     earthy, mushroom-like                                    

     (2)b.                                                                     

         A  0.25      gooseberry-like                                          

     (2)b.                                                                     

         C  0.013     geranium; green; rubbery; sulfury                        

     TABLE VI                                                                  

     __________________________________________________________________________

     (1)a.                                                                     

         B  0.6       astringent, hazel-nut; basic taste                       

     (1)b.                                                                     

         B  0.25      green earthy; hazel-nut-like                             

     (1)c.                                                                     

         A  0.25      caramel-like - roasted                                   

                      hazelnut-like taste                                      

     (1)c.                                                                     

         C  0.096     buttery; green; cereal; caramel                          

     (1)d.                                                                     

         A  0.5       green; melon-like taste                                  

     (1)e.                                                                     

         A  0.5-1.0   fatty taste                                              

     (1)f.                                                                     

         A  0.25      green, burnt, coffee-like                                

     (1)g.                                                                     

         A  0.25      green, fruity, strawberry-like,                          

                      melon-like taste                                         

     (1)h.                                                                     

         A  0.3       fatty; green                                             

     (1)i.                                                                     

         A  0.6       coffee-like                                              

     (1)i.                                                                     

         B  0.5       roasted, rubbery                                         

     (1)j.                                                                     

         A  1.0       green                                                    

     (1)j.                                                                     

         B  1.0       basic; bitter; astringent                                

     (1)k.                                                                     

         A  0.3       rum-like;                                                

     (1)k.                                                                     

         B  0.15      roasted; green; earthy                                   

     (1)l.                                                                     

         A  1.0       green                                                    

     (1)l.                                                                     

         B  0.2       green; astringent; earthy                                

     (1)m.                                                                     

         A  2.0       green                                                    

     (1)m.                                                                     

         B  0.6       almond-like;                                             

     (1)n.                                                                     

         A  0.8       green; fatty; roasted                                    

     (1)n.                                                                     

         B  0.25      basic; green; hazelnut-like                              

     (1)o.                                                                     

         A  0.2       green                                                    

     (1)o.                                                                     

         B  0.13      astringent; roasted; hazelnut                            

     (1)p.                                                                     

         B  0.6       basic; green                                             

     (1)q.                                                                     

         B  0.25      bitter; earthy; roasted                                  

     (1)r.                                                                     

         B  0.3       bitter; caramel                                          

     (1)s.                                                                     

         B  0.75      bitter; basic                                            

     (1)t.                                                                     

         B  0.45      green; astringent                                        

     (1)u.                                                                     

         C  0.054     winey; buttery; acid; cereal-like;                       

                      sulfury; caramel; solvent-like                           

     TABLE VII                                                                 

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.3       burnt, hardnut taste                                     

     (1)a.                                                                     

         B  0.4       enhanced the woody and coffee grounds                    

                      note                                                     

     (1)b.                                                                     

         A  0.5       green; vegetable-like                                    

     (1)b.                                                                     

         C  0.17      earthy, potato-like                                      

     (1)c.                                                                     

         A  0.5       earthy flavor                                            

     (1)c.                                                                     

         C  0.2       green; nitrobenzene                                      

     (1)d.                                                                     

         A  0.5       earthy, potato-like                                      

     (1)d.                                                                     

         B  0.1-0.2   enhanced the woody and coffee grounds                    

                      notes; adds a bitter note                                

     (1)d.                                                                     

         C  0.084     earthy; green; sulfury; mouthfeel                        

     (1)e.                                                                     

         A  0.25      anise-like, liquorice flavor                             

     (1)f.                                                                     

         A  1.0       hazelnut, coffee-like                                    

     (1)g.                                                                     

         A  0.5       anise-like                                               

     (1)h.                                                                     

         A  2.0       slight caramel flavor                                    

     (1)i.                                                                     

         A  0.1       earthy; potato; hazelnut taste                           

     (1)i.                                                                     

         B  0.01-0.02 enhanced the coffee grounds note                         

     (1)i.                                                                     

         C  0.013     earthy; green; acid                                      

     (1)j.                                                                     

         B  0.06      earthy; hazelnut; burnt taste                            

     (1)k.                                                                     

         B  0.45      sweet; green; burnt; astringent note                     

     (1)l.                                                                     

         A  2.0       earthy note                                              

     (1)m.                                                                     

         A  4.0       burnt; praline-like                                      

     (1)n.                                                                     

         A  1.0       green; burnt note                                        

     (1)o.                                                                     

         A  4.0       slight coffee taste; caramel; fruity                     

     (1)p.                                                                     

         A  4.0       green, burnt note                                        

     (1)q.                                                                     

         A  2.0       burnt; coffee-like note                                  

     (1)r.                                                                     

         A  0.3       fresh; hazelnut; earthy note                             

     (1)r.                                                                     

         C  0.07      earthy; green note                                       

     (2)a.                                                                     

         A  3.0       coffee-like taste                                        

     (2)b.                                                                     

         A  0.5       burnt almond taste                                       

     (2)b.                                                                     

         B  0.2-0.4   enhanced woody note                                      

     (2)c.                                                                     

         A  2.0       hazelnut taste                                           

     (2)d.                                                                     

         A  4.0       mild hazelnut taste                                      

     (2)e.                                                                     

         A  1.0       coffee-like taste                                        

     (2)e.                                                                     

         B  1.0       enhanced green and nutty notes                           

     (2)f.                                                                     

         A  3.0       hazelnut, slightly burnt taste                           

     (2)g.                                                                     

         A  2.5       caramel-like, fruity taste                               

     (2)h.                                                                     

         A  0.5       green floral taste                                       

     (2)i.                                                                     

         A  1.0       anise-like taste                                         

     (2)j.                                                                     

         A  0.5       hazelnut-like taste                                      

     (3)a.                                                                     

         A  1.0       burnt, roasted hazelnut-like taste                       

     (3)a.                                                                     

         C  0.27      toasted                                                  

     (3)b.                                                                     

         A  4.0       phenolic, burnt taste                                    

     (3)c.                                                                     

         A  4.0       burnt, earthy taste                                      

     (3)d.                                                                     

         B  2.5       astringent; fatty; earthy                                

     (3)e.                                                                     

         B  0.7       hazelnut-like; bitter; roasted                           

     (3)f.                                                                     

         B  0.6       bitter; earthy                                           

     (3)g.                                                                     

         B  2.5       bitter; acrid; earthy                                    

     (3)h.                                                                     

         B  1.2       bitter; astrigent                                        

     (3)i.                                                                     

         B  2.5       bitter; acid; woody                                      

     (3)j.                                                                     

         B  1.2       bitter; earthy; woody                                    

     (3)k.                                                                     

         B  1.2       bitter; earthy; fatty                                    

     (3)l.                                                                     

         B  2.0       green; roasted                                           

     (4)a.                                                                     

         A  2.0       roasted hazelnut-like taste                              

     (4)b.                                                                     

         A  1.0       burnt, hazelnut-like taste                               

     (4)b.                                                                     

         B  1.0       enhanced the green nutty note                            

     (4)c.                                                                     

         A  0.5       hazelnut-like taste                                      

     (4)d.                                                                     

         A  4.0       fresh hazelnut taste                                     

     (5)a.                                                                     

         A  1.5       caramel- and coffee-like                                 

     (5)b.                                                                     

         A  1.5       anise-like, floral taste                                 

     (5)c.                                                                     

         A  3.0       hazelnut; slightly acid                                  

     (5)d.                                                                     

         A  3.0       burnt, phenolic taste                                    

     (5)e.                                                                     

         A  4.0       fatty taste                                              

     (5)f.                                                                     

         A  3.0       maple-like taste                                         

     (5)g.                                                                     

         A  1.0       fatty taste, slightly reminiscent                        

                      of chocolate                                             

     (5)h.                                                                     

         A  1.0       green fatty, burnt taste                                 

     (5)i.                                                                     

         A  5.0       fatty, hazelnut-like taste                               

     (5)j.                                                                     

         A  1.0       coffee-like; green; earthy                               

     (6)a.                                                                     

         A  2.0       coffee-like taste                                        

     (6)b.                                                                     

         A  0.5       green taste                                              

     (6)c.                                                                     

         A  1.0       hazelnut-like taste                                      

     (6)d.                                                                     

         A  1.0       coffee-like taste                                        

     TABLE VIII                                                                

     __________________________________________________________________________

     (1)a.                                                                     

         A  5.0       fruity taste                                             

     (1)b.                                                                     

         A  5.0       fruity taste                                             

     (1)c.                                                                     

         A  0.5-1.0   green, fruity taste                                      

     (1)d.                                                                     

         A  0.5       green, fatty taste                                       

     (1)e.                                                                     

         A  0.1       fruity, fatty taste                                      

     (1)f.                                                                     

         A  0.1       fatty, orange-like taste                                 

     (1)g.                                                                     

         A  0.1       fatty, orange-like taste                                 

     (1)h.                                                                     

         B  0.06      earthy, green taste                                      

     (1)i.                                                                     

         B  0.06      green, fatty taste                                       

     (2)a.                                                                     

         A  0.2       flowery taste                                            

     (2)b.                                                                     

         B  0.9       winey, woody, green note                                 

     (2)c.                                                                     

         B  1.25      spicy taste                                              

     (2)d.                                                                     

         A  0.5       fruity, aromatic taste                                   

     (2)e.                                                                     

         A  0.5       fruity taste                                             

     (2)f.                                                                     

         A  0.5       fruity taste                                             

     (2)g.                                                                     

         A  4.0       sweet, slightly fatty taste                              

     (2)h.                                                                     

         A  4.0       sweet, slightly fatty taste                              

     (2)i.                                                                     

         A  4.0       chocolate-like taste                                     

     (2)j.                                                                     

         A  4.0       chocolate-like taste                                     

     TABLE IX                                                                  

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0       strong mustard taste                                     

     (1)a.                                                                     

         B  1.0       nutty, coffee grounds-like                               

     (1)a.                                                                     

         C  0.27      sulfury, rioy, phenolic taste                            

     (1)b.                                                                     

         A  1.0       mustard taste                                            

     (1)b.                                                                     

         C  0.08      buttery, groundsy taste                                  

     (1)c.                                                                     

         A  0.25-0.5  honey-like                                               

     (1)c.                                                                     

         B  1.0       coffee-grounds note                                      

     (1)c.                                                                     

         C  0.04      rye bread, caraway seed-like                             

     (1)d.                                                                     

         A  1.0       green, water-cress like                                  

     (1)d.                                                                     

         C  0.68      earthy, mushroom like                                    

     (1)e.                                                                     

         A  1.0       salicylate; coffee-like                                  

     (1)e.                                                                     

         C  0.14      mushroom-like                                            

     TABLE X                                                                   

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0       mustard-like taste                                       

     (1)b.                                                                     

         A  1.0       fruity, woody note                                       

     (1)c.                                                                     

         A  1.0       woody, green, elderberry-like                            

     TABLE XI                                                                  

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0       green note                                               

     (1)b.                                                                     

         A  1.0       fruity, woody taste                                      

     (1)c.                                                                     

         A  1.0       woody, green elderberry taste                            

     (1)d.                                                                     

         A  5.0       slightly woody, green taste                              

     TABLE XII                                                                 

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.3       burnt, mustard-like taste                                

     (1)b.                                                                     

         A  0.1       leathery taste                                           

     (1)b.                                                                     

         B  0.006     green, basic taste                                       

     (1)c.                                                                     

         A  4.0       caramel-like                                             

     (1)d.                                                                     

         A  1.0       roasted, hazelnut-like                                   

     (1)e.                                                                     

         A  4.0       roasted, moldy flavor                                    

     (1)f.                                                                     

         B  7.0       bitter, green taste                                      

     (1)g.                                                                     

         B  1.9       hazelnut- coffee-like taste                              

     (1)h.                                                                     

         B  6.0       bitter, burnt, coffee-like                               

     (1)i.                                                                     

         A  5.0       paper-like taste                                         

     (1)i.                                                                     

         B  5.0       green, roasted taste                                     

     (1)j.                                                                     

         B  0.3       bitter, astringent, basic taste                          

     TABLE XIII                                                                

     __________________________________________________________________________

     (1)a.                                                                     

         B  15.0      sweet, slightly basic taste                              

     (1)b.                                                                     

         B  0.40      astringent, bitter, roasted note                         

     (1)c.                                                                     

         B  0.75      bitter, fruity, anise-like taste                         

     TABLE XIV                                                                 

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0       tonka-bean like taste                                    

     (1)a.                                                                     

         C  0.8       nutty, bitter almond taste                               

     (1)b.                                                                     

         B  0.4       bitter almond, flowery note                              

     (1)b.                                                                     

         C  0.08      nutty, bitter almond taste                               

     (1)c.                                                                     

         B  0.25      bitter, earthy taste                                     

     TABLE XV                                                                  

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0       benzaldehyde taste                                       

     (1)b.                                                                     

         A  1.0       cherry-like taste                                        

     (1)b.                                                                     

         C  0.27      bitter almond, cherry-like                               

     (1)c.                                                                     

         A  1.0       saffron taste                                            

     (1)c.                                                                     

         C  0.14      camphor note                                             

     (1)d.                                                                     

         A  1.0       caramel taste                                            

     (1)e.                                                                     

         A  1.0       burnt caramel taste                                      

     (2)a.                                                                     

         B  0.06      almond, caramel, buttery taste                           

     (2)b.                                                                     

         B  0.4       earthy, roasted, sweet aromatic taste                    

     (2)a.                                                                     

         C  0.07      nutty, starchy taste                                     

     TABLE XVI                                                                 

     __________________________________________________________________________

     (1)a.                                                                     

         A  2.0       burnt taste                                              

     (1)a.                                                                     

         B  1.0       burnt, roasted flavor                                    

     (1)b.                                                                     

         A  1.0       mint taste                                               

     (1)c.                                                                     

         C  0.16      bready taste                                             

     (1)d.                                                                     

         A  1.0       honey-like taste with anise note                         

     (1)e.                                                                     

         A  0.5       fatty, green, caraway-like taste                         

     (1)f.                                                                     

         A  1.0       slight mint taste                                        

     (1)g.                                                                     

         A  3.0       earthy taste                                             

     (1)h.                                                                     

         A  4.0       slightly burnt taste, slightly acid                      

     (1)i.                                                                     

         B  1.2       astringent, bitter taste                                 

     (1)i.                                                                     

         C  1.35      cereal-like, metallic taste                              

     (1)j.                                                                     

         A  3.0       earthy taste                                             

     (1)j.                                                                     

         C  0.54      caramel taste                                            

     (1)k.                                                                     

         A  1.0       fatty, flowery taste                                     

     TABLE XVII                                                                

     __________________________________________________________________________

     (1)a.                                                                     

         A  5.0       bread-like taste                                         

     (1)a.                                                                     

         B  1.25      roasted note                                             

     (1)b.                                                                     

         B  0.2       hazelnut, roasted, caramel note                          

     (1)c.                                                                     

         A  5.0       slight hazelnut note                                     

     TABLE XVIII                                                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.5       fruity, caramel-like note                                

     (1)b.                                                                     

         A  0.5       fruity note                                              

     (1)c.                                                                     

         A  0.2       fruity, cheesy note                                      

     (1)d.                                                                     

         B  0.06      green note                                               

     (1)e.                                                                     

         A  0.1       fruity, fatty note                                       

     (1)f.                                                                     

         A  0.1       fatty note                                               

     (1)g.                                                                     

         A  0.1       fatty note                                               

     (1)h.                                                                     

         A  0.1       fruity note                                              

     (1)i.                                                                     

         B  0.45      mushroom, earthy note                                    

     (1)j.                                                                     

         A  2.0       fruity note                                              

     (1)k.                                                                     

         A  2.0       fruity note                                              

     (1)l.                                                                     

         A  2.0       acetone-like                                             

     (1)m.                                                                     

         A  0.1       sweet taste                                              

     (1)n.                                                                     

         B  0.45      fruity taste                                             

     (1)o.                                                                     

         A  0.05      green taste                                              

     (1)p.                                                                     

         B  1.5       almond-like taste                                        

     (1)q.                                                                     

         B  0.125     earthy, green note                                       

     TABLE XIX                                                                 

     __________________________________________________________________________

     (1)a.                                                                     

         A  7.0       slight caramel-like taste                                

     (1)b.                                                                     

         A  4.0       slight fruity taste                                      

     (1)c.                                                                     

         A  4.0       fruity taste                                             

     (1)d.                                                                     

         A  4.0       fruity, cheesy note                                      

     (1)e.                                                                     

         A  4.0       light burnt taste                                        

     (1)e.                                                                     

         C  0.67      nutty, starchy taste                                     

     (1)f.                                                                     

         A  3.0       green, hazelnut-like taste                               

     (1)g.                                                                     

         A  2.0       green, burnt taste                                       

     (1)g.                                                                     

         B  4.0       astringent note                                          

     (1)g.                                                                     

         C  3.46      peach pit, almond taste                                  

     (1)h.                                                                     

         A  6.0       slight rum-like taste                                    

     (1)i.                                                                     

         A  2.0       fatty, green taste                                       

     (1)i.                                                                     

         C  0.54      nutty, spicy                                             

     (1)j.                                                                     

         A  3.0       green taste                                              

     (1)k.                                                                     

         A  5.0       weak furanic note                                        

     (1)k.                                                                     

         C  0.63      fruity, banana oil flavor note                           

     (1)l.                                                                     

         A  5.0       weak furanic note                                        

     (1)l.                                                                     

         B  1.0       bitter, roasted note                                     

     (1)l.                                                                     

         C  1.35      acid flowery note                                        

     (1)m.                                                                     

         A  5.0       sweet aromatic taste                                     

     TABLE XX                                                                  

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0       onion-like taste                                         

     (1)a.                                                                     

         B  0.5-1.0   malty, roasted note                                      

     (1)b.                                                                     

         A  0.25      sweet honey-like taste                                   

     (1)b.                                                                     

         C  0.11      nutty, starchy taste                                     

     (1)d.                                                                     

         A  1.0       burnt anthranilate-like taste                            

     (1)e.                                                                     

         A  1.0       nonalactone-like taste                                   

     (1)f.                                                                     

         A  1.0       wine-like taste                                          

     (1)g.                                                                     

         A  1.0       sweet, flowery taste                                     

     (1)h.                                                                     

         A  2.0       cream, caramel-like taste                                

     (1)i.                                                                     

         A  2.0       green, mustard-like note                                 

     (2)a.                                                                     

         A  4.0       sweet note                                               

     (2)b.                                                                     

         A  5.0       slightly roasted note                                    

     TABLE XXI                                                                 

     __________________________________________________________________________

     (1)a.                                                                     

         A  2.0       fruity, rose-like taste                                  

     (1)b.                                                                     

         A  0.5       green taste                                              

     (1)c.                                                                     

         A  3.0       green taste                                              

     (1)e.                                                                     

         C  0.025     geranium taste                                           

     (2)a.                                                                     

         B  0.60      astringent, bitter, roasted taste                        

     (2)a.                                                                     

         C  1.35      fermented taste                                          

     (2)b.                                                                     

         B  0.20      astringent, peanut, roasted taste                        

     (3)a.                                                                     

         B  0.60      bitter, earthy, roasted taste                            

     (3)b.                                                                     

         A  1.00      grape-like taste                                         

     (3)b.                                                                     

         B  0.06      fatty, bitter, roasted taste                             

     (3)b.                                                                     

         C  0.06      starchy taste                                            

     (4)a.                                                                     

         A  4.0       weak, sweet taste                                        

     (4)b.                                                                     

         A  2.0       woody taste                                              

     TABLE XXII                                                                

     __________________________________________________________________________

     (1)a.                                                                     

         A  2.0       anthranilic, burnt flavor                                

     (1)b.                                                                     

         A  3.0       fruity, burnt taste                                      

     (1)c.                                                                     

         A  0.5       burnt nutty taste                                        

     (1)c.                                                                     

         C  0.034     toasted, unroasted coffee bean note                      

     (1)d.                                                                     

         A  3.0       green, grapefruit taste                                  

     TABLE XXIII                                                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.12       roasted, coffee-like                                    

     (1)a.                                                                     

         B  0.08      hazelnut, coffee-like                                    

     (1)b.                                                                     

         A  2.5       chocolate-like                                           

     (1)b.                                                                     

         C  1.18      sulfury, starch-like                                     

     (1)c.                                                                     

         A  5.0       burnt, roasted note                                      

     (1)c.                                                                     

         B  3.0       phenolic, basic taste                                    

     (1)d.                                                                     

         B  7.5       burnt, coffee-like taste                                 

     (1)e.                                                                     

         A  4.0       caramel, fatty taste                                     

     (1)e.                                                                     

         B  5.5       bitter, green taste                                      

     (1)f.                                                                     

         B  7.5       bitter, astringent note                                  

     (1)g.                                                                     

         A  5.0       fruity taste                                             

     (1)h.                                                                     

         A  4.0       caramel, fruity taste                                    

     (1)i.                                                                     

         B  2.0       bitter, musty taste                                      

     (1)j.                                                                     

         B  2.5       green, woody, fruity note                                

     (1)k.                                                                     

         B  45.0      astringent, bitter, musty taste                          

     (1)l.                                                                     

         B  5.5       bitter, coffee-like taste                                

     (1)m.                                                                     

         B  3.0       earthy taste                                             

     TABLE XXIV                                                                

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0       fruity, pear-like taste                                  

     (1)a.                                                                     

         B  0.125     green, chocolate cream-like taste                        

     (1)b.                                                                     

         A  3.0       burnt buttery rum note                                   

     (1)c.                                                                     

         A  3.0       strawberry-like taste                                    

     (1)d.                                                                     

         A  1.0       caramel-like taste                                       

     (1)d.                                                                     

         C  0.07      acid, fermented taste                                    

     (1)e.                                                                     

         A  1.0       caramel-like, cocoa taste                                

     (1)e.                                                                     

         C  0.34      whey, nutty taste                                        

     (1)f.                                                                     

         A  2.0       fruity, butter-like taste                                

     (1)g.                                                                     

         A  0.5       fruity (melon, pear-like) taste                          

     (1)h.                                                                     

         B  0.1       caramel, pineapple taste                                 

     (1)i.                                                                     

         A  1.0       fatty, rancid note                                       

     (2)a.                                                                     

         A  1.0       caramel- nutty taste                                     

     (2)a.                                                                     

         C  0.41      fruity, pineapple note                                   

     (2)b.                                                                     

         A  2.0       fruity taste                                             

     (2)c.                                                                     

         A  2.0       fruity taste                                             

     (2)d.                                                                     

         A  0.5       fruity taste                                             

     TABLE XXV                                                                 

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0       praline-like taste                                       

     (1)a.                                                                     

         B  2.0       woody, coffee grounds note                               

     (1)b.                                                                     

         A  2.0       fruity taste                                             

     (1)c.                                                                     

         A  1.0       egg-like taste                                           

     (1)c.                                                                     

         B  0.2-0.4   woody note                                               

     (1)d.                                                                     

         B  1.9       astringent, fruity, green taste                          

     TABLE XXVI                                                                

     __________________________________________________________________________

     (1)a.                                                                     

         B  3.0       bitter, roasted peanut taste                             

     (1)b.                                                                     

         B  1.0       buttery, slightly meaty taste                            

     TABLE XXVII                                                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0       pear-like taste                                          

     (1)a.                                                                     

         C  0.67      bitter, nutty taste                                      

     (1)b.                                                                     

         A  2.0       gooseberry-like taste                                    

     (1)c.                                                                     

         A  2.0       fruity, quince-like taste                                

     (1)d.                                                                     

         A  2.0       fruity taste                                             

     (1)e.                                                                     

         A  2.0       mushroom-like taste                                      

     (1)e.                                                                     

         C  0.07      earthy, mushroom-like                                    

     (1)f.                                                                     

         A  1.0       fruity taste                                             

     (1)g.                                                                     

         A  1.0       fruity taste                                             

     (1)h.                                                                     

         A  2.0       mushroom-like taste                                      

     (1)i.                                                                     

         B  0.08      fruity, hydrocarbon taste                                

     (2)a.                                                                     

         A  3.0       burnt taste                                              

     (2)a.                                                                     

         C  0.21      buttery, vanilla-like taste                              

     (2)b.                                                                     

         A  3.0       phenolic burnt note                                      

     (2)c.                                                                     

         B  0.15      earthy, roasted note                                     

     (2)c.                                                                     

         C  0.20      caraway seed note                                        

     (2)d.                                                                     

         B  0.09      flowery, earthy note                                     

     (2)e.                                                                     

         B  0.09      green, geranium note                                     

     (2)f.                                                                     

         A  2.0       chocolate note                                           

     (2)g.                                                                     

         B  0.65      spicy, winey, roasted almond taste                       

     TABLE XXVIII                                                              

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0       anthranilate-like taste with                             

                      burnt note                                               

     (1)a.                                                                     

         B  0.2       aromatic note                                            

     (1)a.                                                                     

         C  0.135     grape note                                               

     (1)b.                                                                     

         A  2.0       burnt taste                                              

     (1)b.                                                                     

         C  0.135     fermented grape, sour, winey note                        

     (1)c.                                                                     

         A  1.0       burnt taste                                              

     (1)d.                                                                     

         A  2.0       oily, burnt taste                                        

     (1)d.                                                                     

         C  0.126     apricot, astringent, acid, sour note                     

     (1)e.                                                                     

         A  2.0       oily, burnt taste                                        

     (1)e.                                                                     

         C  0.17      sulfury, rubbery, toasted note                           

     (1)f.                                                                     

         A  2.0       earthy note                                              

     (2)a.                                                                     

         A  1.0       mustard-like taste                                       

     (2)a.                                                                     

         C  0.34      sweet, solvent-like                                      

     (2)b.                                                                     

         A  1.0       acetate-like taste                                       

     TABLE XXIX                                                                

     __________________________________________________________________________

     (1)a.                                                                     

         B  4.0       astrigent, bitter taste                                  

     TABLE XXX                                                                 

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.25      roasted barley taste                                     

     (1)a.                                                                     

         B  0.06      roasted coffee taste                                     

     (1)a.                                                                     

         C  0.68      earthy, rioy taste                                       

     (1)b.                                                                     

         A  0.1       burnt taste                                              

     (1)b.                                                                     

         B  0.01      roasted flavor note                                      

     (1)b.                                                                     

         C  0.08      groundsy, toasted, nutty note                            

     (1)c.                                                                     

         A  0.5       burned, slightly rubbery note                            

     (1)d.                                                                     

         A  0.05      meat broth-like                                          

     (1)e.                                                                     

         A  0.1       burnt taste                                              

     (1)f.                                                                     

         A  0.05      burnt, green, fatty taste                                

     (1)g.                                                                     

         A  0.5-1.0   burnt, phenolic taste                                    

     (1)h.                                                                     

         A  0.1       burnt taste                                              

     (1)h.                                                                     

         B  0.03      bitter, roasted note                                     

     (1)h.                                                                     

         C  0.05      bitter, astringent taste                                 

     (1)i.                                                                     

         A  0.01      burnt, meat-like taste                                   

     (1)i.                                                                     

         B  0.03      bitter, astringent taste                                 

     (1)i.                                                                     

         C  0.01      sulfury brothy taste                                     

     (1)j.                                                                     

         A  1.0       rubbery taste                                            

     (1)k.                                                                     

         B  0.08      roasted taste                                            

     (2)a.                                                                     

         A  1.0       styrene-like taste                                       

     (2)b.                                                                     

         A  0.75      bitter roasted taste                                     

     (3)a.                                                                     

         A  0.05      burnt, flowery note                                      

     (3)b.                                                                     

         B  0.05      sulfurous, earthy note                                   

     (3)b.                                                                     

         C  0.13      nutty, mercaptan note                                    

     TABLE XXXI                                                                

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.03      coffee taste                                             

     (1)a.                                                                     

         B  0.04      coffee taste                                             

     (1)a.                                                                     

         C  0.02      sulfury, mercaptan taste                                 

     (1)b.                                                                     

         A  0.25      coffee-like, alliaceous note                             

     (1)c.                                                                     

         A  0.25      coffee-like                                              

     (1)d.                                                                     

         A  1.0       garlic-like                                              

     (1)e.                                                                     

         A  0.25      coffee-like                                              

     (1)e.                                                                     

         C  0.03      sulfury, sour, caramel, nutty flavor                     

     (1)f.                                                                     

         A  1.0       coffee-like, mushroom                                    

     (1)g.                                                                     

         A  0.1       coffee-like                                              

     (1)g.                                                                     

         C  0.01      burnt, cereal, nutty taste                               

     (1)h.                                                                     

         A  0.01      burnt, onion, mushroom note                              

     (2)a.                                                                     

         A  0.01-0.03 mustard, onion-like                                      

     (2)a.                                                                     

         B  0.004     bland coffee taste                                       

     (2)a.                                                                     

         C  0.005     geranium-like                                            

     (2)b.                                                                     

         A  0.05      onion-like                                               

     (2)c.                                                                     

         A  0.05      onion-like                                               

     (2)c.                                                                     

         B  0.02      astringent                                               

     (2)c.                                                                     

         C  0.02      nutty, astringent, bitter note                           

     (2)d.                                                                     

         B  0.015     fatty, earthy taste                                      

     (2)d.                                                                     

         C  0.013     flowery, mercaptan taste                                 

     (2)e.                                                                     

         B  0.002     metallic, roasted note                                   

     (2)e.                                                                     

         C  0.006     woody, bitter, nutty taste                               

     (2)f.                                                                     

         A  0.001     burnt, onion, caramel note                               

     (3)a.                                                                     

         A  0.2-0.5   cabbage taste                                            

     (3)a.                                                                     

         C  0.067     sulfury, mercaptan-like                                  

     (4)a.                                                                     

         A  0.3       burnt coffee, metallic note                              

     (5)a.                                                                     

         B  0.03      metallic, sulfurous note                                 

     (5)b.                                                                     

         B  0.06      metallic, astrigent, earthy note                         

     TABLE XXXII                                                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.01      coffee-like                                              

     (1)a.                                                                     

         C  0.007     sulfurous, mercaptan                                     

     (1)b.                                                                     

         A  0.01      garlic-like                                              

     (1)c.                                                                     

         A  0.1       coffee-like                                              

     (1)c.                                                                     

         B  0.01      aromatic note                                            

     (1)c.                                                                     

         C  0.005     geranium, mercaptan, nutty note                          

     (1)d.                                                                     

         A  0.001     burnt, coffee grounds, onion taste                       

     (1)e.                                                                     

         A  0.10      burnt, onion taste                                       

     (2)a.                                                                     

         A  1.0       cooked vegetable-like taste                              

     (2)b.                                                                     

         A  1.0       burnt, coffee-like taste                                 

     (2)c.                                                                     

         A  1.0       coffee-like                                              

     TABLE XXXIII                                                              

     __________________________________________________________________________

     (1)a.                                                                     

         A  5.0       fortifies the bitter taste                               

     (1)a.                                                                     

         C  0.093     popcorn, nutty, caramel, cereal taste                    

     (1)b.                                                                     

         A  0.25      enhances the burnt note                                  

     (1)c.                                                                     

         A  0.25      enhances the phenolic note                               

     (1)d.                                                                     

         A  5.0       enhances the burnt note                                  

     (1)d.                                                                     

         C  0.025     green, acid, cereal, bitter, sour                        

                      note                                                     

     (1)e.                                                                     

         A  0.2       enhances the roast note                                  

     (1)f.                                                                     

         A  6.0       weak note                                                

     (1)g.                                                                     

         B  0.30      roasted, astringent, earthy note                         

     (1)h.                                                                     

         B  0.12      mushroom, bitter, green taste                            

     (1)i.                                                                     

         B  0.25      astringent, fatty, green taste                           

     (1)j.                                                                     

         B  0.40      astringent, roasted taste                                

     (1)k.                                                                     

         B  0.40      astringent, green note                                   

     (1)l.                                                                     

         B  0.30      bitter, green, earthy note                               

     (1)m.                                                                     

         B  0.12      metallic note                                            

     (1)n.                                                                     

         B  0.40      bittery fatty note                                       

     TABLE XXXIV                                                               

     __________________________________________________________________________

     (1)a.                                                                     

         B  0.03      metallic, burnt note                                     

     (1)b.                                                                     

         B  0.01      metallic, earthy, burnt note                             

     (1)c.                                                                     

         B  0.60      astringent, sulfurous, green note                        

     (1)d.                                                                     

         B  0.03      metallic, sulfurous, burnt note                          

     TABLE XXXV                                                                

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.1       roasted coffee-like taste                                

     (1)a.                                                                     

         B  0.1       roasted, coffee grounds note                             

     (1)b.                                                                     

         A  2.0       roasted meat-like taste                                  

     (1)c.                                                                     

         A  0.1       cabbage taste                                            

     (1)c.                                                                     

         B  0.01-0.02 strawy, dark flavor note                                 

     (1)d.                                                                     

         A  0.2-0.3   cabbage, onion taste                                     

     (1)e.                                                                     

         A  2.0       coffee-like taste                                        

     (1)e.                                                                     

         C  0.135     sulfury, toasted, nutty, burnt                           

                      cereal note                                              

     (2)a.                                                                     

         A  1.0       coffee-like taste                                        

     (2)a.                                                                     

         C  0.135     burnt, sulfury, rubbery note                             

     (2)b.                                                                     

         C  0.5       turnip-like taste                                        

     (2)c.                                                                     

         A  3.0       burnt taste                                              

     (2)d.                                                                     

         A  1.0       coffee-like taste                                        

     (2)e.                                                                     

         A  5.0       sulfurous liver-like note                                

     (3)a.                                                                     

         B  1.0       earthy, sulfurous, paper-like taste                      

     (3)a.                                                                     

         C  1.08      acid, sulfurous taste                                    

     (3)b.                                                                     

         B  0.12      bitter, peanut-like                                      

     (3)b.                                                                     

         C  0.135     rioy, iodoform-like                                      

     (3)c.                                                                     

         B  0.20      hazelnut, earthy taste                                   

     (3)c.                                                                     

         C  0.22      burnt cereal-like taste                                  

     (3)d.                                                                     

         B  1.9       earthy-like                                              

     (3)d.                                                                     

         C  2.96      burnt cereal, bitter, spicy                              

     (3)e.                                                                     

         B  1.0       leathery, flowery taste                                  

     TABLE XXXVI                                                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  3.0       phenolic taste                                           

     (1)b.                                                                     

         A  0.05      phenolic, burnt taste                                    

     (1)c.                                                                     

         A  0.01-0.05 phenolic taste                                           

     (1)c.                                                                     

         C  0.027     solvent-like                                             

     (1)d.                                                                     

         A  0.01      burnt taste                                              

     (1)d.                                                                     

         C  0.027     phenolic                                                 

     (1)e.                                                                     

         A  0.01      cresolic taste                                           

     (1)f.                                                                     

         A  0.01      burnt taste                                              

     (1)f.                                                                     

         B  0.02-0.04 roasted, dark flavor                                     

     (1)g.                                                                     

         A  0.01      phenolic taste                                           

     (1)h.                                                                     

         A  0.02      sweet, burnt taste                                       

     (1)h.                                                                     

         B  0.04      coffee, coffee grounds note                              

     (1)i.                                                                     

         A  0.1-0.2   slightly burnt taste                                     

     (1)j.                                                                     

         A  0.15      balsam taste                                             

     (1)j.                                                                     

         B  0.1       coffee grounds note                                      

     (1)k.                                                                     

         A  1.5       tangerine taste                                          

     (1)l.                                                                     

         A  1.0       phenolic note                                            

     (1)m.                                                                     

         A  1.0       phenolic note                                            

     (1)n.                                                                     

         A  6.0       phenolic note                                            

     (2)a.                                                                     

         A  1.0       burnt, coffee taste                                      

     (2)a.                                                                     

         B  1.0       wood flavor note                                         

     (2)b.                                                                     

         A  0.01      coffee grounds note                                      

     (2)c.                                                                     

         A  2.0       phenolic note                                            

     (2)d.                                                                     

         A  5.0       phenolic note                                            

     (3)a.                                                                     

         A  0.05-0.1  burnt taste                                              

     (3)a.                                                                     

         B  0.1-0.2   smoky roasted flavor                                     

     (3)b.                                                                     

         A  1.0       weak earthy note                                         

     (4)a.                                                                     

         A  0.25-0.5  smoky taste                                              

     (4)a.                                                                     

         B  0.4       roasted, coffee grounds note                             

     TABLE XXXVII                                                              

     __________________________________________________________________________

     (1)a.                                                                     

         A  5.0       slightly green taste                                     

     (1)b.                                                                     

         A  3.0       burnt, caramel, slightly buttery                         

                      taste                                                    

     TABLE XXXVIII                                                             

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.1-1.0   onion, garlic taste                                      

     (1)b.                                                                     

         A  0.25-0.5  green, burnt coffee taste                                

     (1)b.                                                                     

         B  0.4       aromatic note                                            

     (1)b.                                                                     

         C  0.27      sulfury note                                             

     (2)a.                                                                     

         A  5.0       slightly bland taste                                     

     (2)b.                                                                     

         A  0.25      garlic, earthy taste                                     

     (2)b.                                                                     

         B  0.04      roasted, natural coffee taste                            

     (2)b.                                                                     

         C  0.027     bitter                                                   

     (2)c.                                                                     

         B  0.025     mushroom, paper-like                                     

     (2)c.                                                                     

         C  0.405     mushroom, earthy note                                    

     (3)a.                                                                     

         A  1.0       burnt coffee note                                        

     (3)a.                                                                     

         C  0.625     mercaptan note                                           

     (3)b.                                                                     

         B  0.025     green, sweet, fatty note                                 

     (3)b.                                                                     

         C  0.027     earthy mushroom note                                     

     (3)c.                                                                     

         A  1.0       cabbage, garlic taste                                    

     (4)a.                                                                     

         A  0.1-0.2   earthy, coffee grounds note                              

     (4)b.                                                                     

         A  0.5       coffee-like                                              

     (4)b.                                                                     

         C  0.42      sulfury, rubbery                                         

     (5)a.                                                                     

         A  1.0       caramel, coumarin-like                                   

     (5)a.                                                                     

         B  0.5-1.0   aromatic, fresh note                                     

     (5)a.                                                                     

         C  0.27      nutty, bitter almond taste                               

     __________________________________________________________________________

PAR  As has been stated above the compounds having utility in the concept of
      this invention may be added to substances in varying amounts to alter or
      to modify the flavor of the substance by masking or blanking out
      undesirable flavors, by enhancing or fortifying desirable flavor or flavor
      notes, or by adding to the original substance an entirely new and
      different flavor. As will also be apparent to those skilled in the art
      various mixtures or blends of the flavor agents described may be used to
      achieve a desired flavor or flavor note. If, for example, one wishes to
      enhance a certain flavor note, or group of flavor notes present in a
      substance such as coffee, one needs only mix together certain of the
      described flavor agents to obtain the desired result.
PAR  Following are three examples of mixtures that have been prepared in
      accordance with the inventive concept.
TBL                                    TABLE XXXIX                             

     __________________________________________________________________________

     Compound                  Parts by weight                                 

     Identification                                                            

              Name             Ex. 1                                           

                                    Ex. 2                                      

                                         Ex. 3                                 

     __________________________________________________________________________

     VII (1) a                                                                 

              2-methyl-3-ethyl-pyrazine                                        

                               --   40   20                                    

     VII (1) i                                                                 

              2,3-diethyl-pyrazine                                             

                               --   --   0.5                                   

     VII (1) d                                                                 

              2-methyl-3-isopropyl-pyrazine                                    

                               5    5    7.5                                   

     XVII (1) b                                                                

              2-acetyl-pyrazine                                                

                               --   30   10                                    

              2-methyl-3-methylthio-pyrazine                                   

                               2    --   2                                     

     XXXI (1) a                                                                

              furfurylthiol acetate                                            

                               2    2    3                                     

              furfuryl methyl sulfide                                          

                               --   1    --                                    

     XX (1) a 2-acetyl thiophene                                               

                               --   80   --                                    

     XXXI (2) b                                                                

              furfuryl propyl sulfide                                          

                               --   3    1                                     

     XXXVIII (2) b                                                             

              2,6-dimethyl-.gamma.-thiopyrone                                  

                               4    4    4                                     

     XXX (1) a                                                                 

              2-methoxybenzenethiol                                            

                               --   12   6                                     

              2-hydroxyphenyl methyl sulfide                                   

                               1    2    1.5                                   

     XXXVI (1) i                                                               

              3,4-xylenol      4    4    2                                     

     XXXVI (1) k                                                               

              2-hydroxyacetophenone                                            

                               --   --   5                                     

     XXXVI (3) a                                                               

              4-ethyl-2-methoxy-phenol                                         

                               --   5    2.5                                   

     XXXVI (1) c                                                               

              4-ethyl-phenol   --   --   0.5                                   

              pyridine         20   30   20                                    

     III (2) e                                                                 

              2-vinyl-benzofuran                                               

                               3    3    4                                     

     XXXVI (4) a                                                               

              4-vinyl-1,2-dimethoxy-benzene                                    

                               --   40   --                                    

     XXVI (1) a                                                                

              furfuryl propionate                                              

                               --   50   --                                    

              furfural         --   100  --                                    

     __________________________________________________________________________

PAR  When added to a commercially available soluble powdered coffee beverage
      these blends of flavor agents added flavor notes which enhanced the flavor
      of the soluble coffee in the direction of that of roasted and ground
      coffee which has been brewed into a coffee beverage.
PAR  In order to demonstrate the flavor modifying or enhancing effect of the
      compounds of this invention a base material having the following
      composition was prepared:
TBL  Compound              Parts by weight                                     

     ______________________________________                                    

     3-methyl-cyclopentane-1,2-dione                                           

                           50                                                  

     furfuryl alcohol      50                                                  

     furfural              10                                                  

     diacetyl               5                                                  

     acetylmethylcarbinol  30                                                  

     benzyl alcohol        100                                                 

     propylene glycol      755                                                 

                           1000                                                

     ______________________________________                                    

PAR  Compounds of Group XXXV (Pyrazine Sulfur Compounds) were added to this base
      in varying amounts and the resulting compound mixtures were used to
      enhance or modify the flavor of the following food products:
PA1  a. A solution of milk sweetened with sugar, at a dosage level of 10 grams
      of the flavor composition per 100 kg.
PA1  b. A prepared ice-cream, at a dosage level of 10-15 g. of flavor
      composition per 100 kg.
PA1  c. A white cake mix, at a level of 20 g. per 100 kg. of finished cake
PA1  d. A milk pudding, at a dosage level of 10-15 g. per 100 kg.
PA1  e. A milk chocolate, at a dosage level of 25 g. per 100 kg.
PAR  The exact formulation of the various compound mixtures are set out in the
      TABLE XL below.
TBL                                    TABLE XL                                

     __________________________________________________________________________

     Compound              Parts by weight                                     

     Identification                                                            

             Name         Examples                                             

     __________________________________________________________________________

                          4   5   6   7   8   9                                

     XXXV (2) a                                                                

             2-pyrazinyl-ethyl-                                                

                          100 --  --  --  50  50                               

             mercaptan                                                         

     XXXV (2) b                                                                

             2-pyrazinyl-ethyl methyl                                          

                          --  30  --  --  --  5                                

             sulfide                                                           

     XXXV (2) c                                                                

             2-pyrazinyl-ethyl ethyl                                           

                          --  --  125 --  --  20                               

             sulfide                                                           

     XXXV (2) d                                                                

             2-pyrazinyl-ethyl                                                 

                          --  --  --  100 50  35                               

             furfuryl sulfide                                                  

             3-methyl-cyclopentane-                                            

                          50  50  50  50  50  50                               

             1,2-dione                                                         

             furfuryl alcohol                                                  

                          50  50  50  50  50  50                               

             furfural     10  10  10  10  10  10                               

             diacetyl     5   5   5   5   5   5                                

             acetylmethyl carbinol                                             

                          30  30  30  30  30  30                               

             benzyl alcohol                                                    

                          100 100 100 100 100 100                              

             propylene glycol                                                  

                          655 725 630 655 655 655                              

                          1000                                                 

                              1000                                             

                                  1000                                         

                                      1000                                     

                                          1000                                 

                                              100                              

     __________________________________________________________________________

PAR  All of the compounds of Examples 4 - 9 gave a resulting flavor modification
      in the food products which was organoleptically characterized as adding a
      definite roasted coffee flavor note.
PAR  A number of the Compounds of Group VII (Pyrazine Hydrocarbons) were added
      to the above described base material. The resulting compound mixtures had
      the formulations shown in TABLE XLI below.
TBL                                    TABLE XLI                               

     __________________________________________________________________________

     Compound              Parts by weight                                     

     Identification                                                            

             Name         Examples                                             

     __________________________________________________________________________

                          10  11  12  13  14  15  16  17                       

     VII (1) h                                                                 

             2,3-dimethyl-pyrazine                                             

                          250 --  --  --  --  --  50  --                       

     VII (1) a                                                                 

             2-methyl-3-ethyl-                                                 

                          --  25  --  --  --  20  15  10                       

             pyrazine                                                          

     VII (1) c                                                                 

             2-methyl-3-propyl-                                                

                          --  --  45  --  --  25  --  15                       

             pyrazine                                                          

     VII (1) d                                                                 

             2-methyl-3-isopro-                                                

                          --  --  --  45  --  --  --  20                       

             pyl-pyrazine                                                      

     VII (1) i                                                                 

             2-ethyl-3-ethyl-                                                  

                          --  --  --  --  10  --  5   2                        

             pyrazine (10% soln.)                                              

             3-methyl-cyclopentane-                                            

                          50  50  50  50  50  50  50  50                       

             1,2-dione                                                         

             furfuryl alcohol                                                  

                          50  50  50  50  50  50  50  50                       

             furfural     10  10  10  10  10  10  10  10                       

             diacetyl     5   5   5   5   5   5   5   5                        

             acetylmethylcarbinol                                              

                          30  30  30  30  30  30  30  30                       

             benzyl       100 100 100 100 100 100 100 100                      

             propylene glycol                                                  

                          505 730 710 710 745 710 685 708                      

                          1000                                                 

                              1000                                             

                                  1000                                         

                                      1000                                     

                                          1000                                 

                                              1000                             

                                                  1000                         

                                                      1000                     

     __________________________________________________________________________

PAR  When added to the same food products at the same dosage levels as described
      in connection with the Examples of TABLE XL above, the compound mixtures
      of Examples 10 - 17 imparted a pronounced nutty, green, fresh, earthy
      flavor note, with a light note of coffee grounds, to the foods.
PAR  Further compound mixtures utilizing mixtures of compounds from Group XXXV
      (Pyrazine Sulfur Compounds) and from Group VII (Pyrazine Hydrocarbons)
      were made as set out in TABLE XLII below.
TBL                                    TABLE XLII                              

     __________________________________________________________________________

     Compound               Parts by weight                                    

     Identification                                                            

             Name           Examples                                           

     __________________________________________________________________________

                            18  19  20  21                                     

     XXXV (2) a                                                                

             2-pyrazinyl-ethylmercaptan                                        

                            20  20  20  20                                     

     XXXV (2) d                                                                

             2-pyrazinyl-ethyl furfuryl                                        

                            20  20  20  20                                     

             sulfide                                                           

     VII (1) a                                                                 

             2-methyl-3-ethyl-pyrazine                                         

                            --  --  10  10                                     

     VII (1) c                                                                 

             2-methyl-3-propyl-pyrazine                                        

                            --  --  20  5                                      

     VII (1) i                                                                 

             2,3-diethyl-pyrazine                                              

                            --  10  --  5                                      

             (10% solution)                                                    

             3-methyl-cyclopentane-                                            

                            50  50  50  50                                     

             1,2-dione                                                         

             furfuryl alcohol                                                  

                            50  50  50  50                                     

             furfural       10  10  10  10                                     

             diacetyl       5   5   5   5                                      

             acetylmethylcarbinol                                              

                            30  30  30  30                                     

             benzyl alcohol 100 100 100 100                                    

             propylene glycol                                                  

                            715 705 685 695                                    

                            1000                                               

                                1000                                           

                                    1000                                       

                                        1000                                   

     __________________________________________________________________________

PAR  When added to the same food products as above and in the same dosage
      levels, the foods were found to have their flavor modified to one with a
      definite coffee flavor with a light touch of a coffee grounds note.
PAR  Some further compound mixtures were prepared from compounds of Group VII
      (Pyrazine Hydrocarbons) using as a base the following mixture:
TBL                      Parts by weight                                       

     ______________________________________                                    

     3-methyl-cyclopentane-1,2-dione                                           

                           200                                                 

     Essence of cinnamon   10                                                  

     Essence of sweet fennel                                                   

                           20                                                  

     Essence of star anise 20                                                  

     benzyl alcohol        250                                                 

     propylene glycol      500                                                 

                           1000                                                

     ______________________________________                                    

PAR  The exact formulations of these compound mixtures are set out in TABLE
      XLIII below.
TBL                                    TABLE XLIII                             

     __________________________________________________________________________

     Compound                Parts by weight                                   

     Identification                                                            

             Name            Examples                                          

     __________________________________________________________________________

                             22  23  24  25  26                                

     VII (1) e                                                                 

             2-methyl-3-butyl-pyrazine                                         

                             25  --  --  --  5                                 

     VII (1) b                                                                 

             2-methyl-3-isobutyl-pyrazine                                      

                             --  50  --  --  15                                

     VII (1) f                                                                 

             2-methyl-3-amyl-pyrazine                                          

                             --  --  100 --  20                                

     VII (1) g                                                                 

             2-methyl-3-hexyl-pyrazine                                         

                             --  --  --  50  15                                

             3-methyl-cyclopentane-1,2-                                        

                             200 200 200 200 200                               

             dione                                                             

             Essence of cinnamon                                               

                             10  10  10  10  10                                

             Essence of sweet fennel                                           

                             20  20  20  20  20                                

             Essence of star anise                                             

                             20  20  20  20  20                                

             benzyl alcohol  250 250 250 250 250                               

             propylene glycol                                                  

                             475 450 400 450 445                               

                             1000                                              

                                 1000                                          

                                     1000                                      

                                         1000                                  

                                             1000                              

     __________________________________________________________________________

PAR  When added to a soft gum-drop candy formulation at a dosage level of 30 g.
      per 100 kg., to an ice-cream mix at a dosage level of 8 - 10 g. per 100
      kg., to a milk pudding mix at a dosage level of 8 - 10 g. per 100 kg., and
      to a hard candy formulation at a dosage level of 15 - 20 g. per 100 kg.,
      the compound mixtures imparted a definite anise, liquorice-like flavor
      note to the finished products.
PAR  It should be kept in mind, as will be appreciated by those
      skilled-in-the-art, that with many flavors it is possible to imitate the
      natural flavor by selecting a limited number of the flavor enhancing
      substances examplified above. Coffee aroma, on the other hand, is much
      more complex than the ordinary flavoring materials and may necessitate the
      combination of many more of the examplified ingredients for reproduction.
PAR  It will be understood that whereas the preferred embodiment chemical this
      invention is directed toward the enhancement or modification of coffee
      flavors, the concept of the invention has much wider application. While
      some of the compounds may be characterized by terms which are not directly
      related to coffee flavors, these compounds, when used in more complex
      formulae, may contribute desirable flavor notes which is the overall
      flavor and aroma.
PAR  To summarize briefly this invention relates to a group of chemimcal
      compounds which have been found to have utility for the alteration or
      modification of the flavor of other materials. These compounds, called
      flavor agents or flavor modifiers, may be used in minute quantities to
      enhance the natural flavor of substances to which they are added, or to
      alter or modify a flavor is undesirable, or to impart to a substance
      additional or different flavors or flavor notes. The flavor agents of the
      invention are used in minor, but flavor altering amounts, in any case, in
      quantities sufficient to obtain the desired results. The flavor modifiers
      are of particular importance and usefulness in the modification,
      alteration or enhancement of the flavor of coffee beverages made from
      soluble coffee and the preferred embodiment of the invention contemplates
      their use in conjunction with such products.
PAR  The flavor agents of the invention may be added at a convenient step in the
      soluble coffee process such as plating the dried soluble coffee with a
      desired dilution of the flavor agent in an acceptable solution followed by
      drying. In certain instances the desired agent may be added directly to a
      concentrated coffee extract and the mixture dried into a soluble coffee
      product which contains the flavor agent as an integral part thereof. Other
      methods of incorporation of the agents will suggest themselves to those
      skilled in the art and may, of course, be used without departing from the
      inventive concept, which may be described as being a composition of matter
      comprising a combination of a soluble coffee product, however prepared,
      whether liquid or solid, concentrated or dilute, which contains combined
      therewith a minor, but flavor modifying amount, of a flavor agent as
      described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A new composition of matter consisting essentially of a pyrazine sulfur
      compound having the general formula:
      ##SPC66##
PAL  wherein R is methyl, ethyl, furfuryl or acetyl.
NUM  2.
PAR  2. The composition of matter of claim 1 wherein the pyrazine sulfur
      compound is 2,5-dimethyl-3-methylthio-pyrazine.
NUM  3.
PAR  3. The composition of matter of claim 1 wherein the pyrazine sulfur
      compound is 2,5-dimethyl-3-ethylthio-pyrazine.
NUM  4.
PAR  4. The composition of matter of claim 1 wherein the pyrazine sulfur
      compound is 2,5-dimethyl-3-furfurylthio-pyrazine.
NUM  5.
PAR  5. The composition of matter of claim 1 wherein the pyrazine sulfur
      compound is 2,5-dimethyl-3-acetylthio-pyrazine.
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ABST
PAL  Pharmacologically valuable 3-keto-6-azido-4,6-bis-dehydro-steroids are
      prepared by treating a 3-keto-6.beta.,7-diacyloxy-4-dehydro-steroid,
      preferably a 3-keto-6.beta.,7.beta.-diacyloxy-4-dehydrosteroid, wherein
      said acyloxy group is a good leaving group (e.g. hydrocarbonsulfonyloxy),
      with an azide salt in a nonreactive organic solvent. Novel intermediates
      for this process, i.e. novel
      3-keto-6.beta.,7.beta.-dihydroxy-4-dehydro-steroids and
      6.beta.,7.beta.-dihydrocarbonsulfonyloxy-esters thereof, are conveniently
      prepared by treating a 3-keto-4,6-bis-dehydro-steroid with osmium
      tetroxide followed by reductive cleavage of the 6.beta.,7.beta.-osmate
      ester thereby formed, isolating and thence esterifying the resulting
      3-keto-6.beta.,7.beta.-dihydroxy-4-dehydro-steroid with a
      hydrocarbonsulfonyl halide in a tertiary amine.
PARN
PAR  This application is a continuation of U.S. Ser. No. 373,056 filed June 25,
      1973, now abandoned.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to a novel process for the preparation of
      pharmacologically active 3-keto-6-azido-4,6-bis-dehydro-steroids, and to
      novel 3-keto-6.beta.,7.beta.-dihydrocarbonsulfonyloxy-4-dehydro-steroids
      useful as intermediates therein.
PAC  DESCRIPTION OF PRIOR ART
PAR  3-keto-6-azido-4,6-bis-dehydro-steroids are known compounds having
      pharmacological activity and/or being useful as intermediates in preparing
      other valuable steroidal derivatives. Prior art methods for preparing
      these compounds are described in U.S. Pat. Nos. 3,665,017 and 3,707,484
      and comprise treating a
      3-keto-6.beta.-azido-7.alpha.-acyloxy-4-dehydro-steroid which is saturated
      at C-1 and C-2 with a tetraalkylammonium halide in an aprotic solvent or
      with a hydrochloric acid-acetic acid mixture in an inert solvent.
PAR  By these prior art methods, a 6-azido-1,4,6-tri-dehydro-steroid cannot be
      obtained directly, it being necessary to first prepare a
      3-keto-6-azido-4,6-bis-dehydro-steroid and then introduce the 1-dehydro
      bond by treatment with 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) in the
      presence of a strong acid and water. Additionally, when preparing a
      3-keto-6-azido-4,6-dehydro-steroid having a
      9.alpha.-halogeno-11.beta.-hydroxy system by the prior art methods, in
      order to minimize competing side reactions, it is necessary to esterify
      the hydroxyl group at C-11 prior to preparing the
      6.beta.-oxido-7.alpha.-acyloxy intermediate, thus necessitating a second
      additional step of removing the ester at C-11 after the desired
      6-azido-4,6-bis-dehydro-steroid has been prepared.
PAR  Our novel process whereby a
      3-keto-6.beta.,7.beta.-dihydro-carbonsulfonyloxy-4-dehydro-steroid upon
      treatment with an azide salt in a nonreactive, organic solvent is
      converted to a 3-keto-6-azido-4,6-bis-dehydro-steroid, advantageously can
      be carried out on intermediates having a 1-dehydro bond and/or having a
      9.alpha.-halogeno-11.beta.-hydroxy system and there is obtained directly
      the corresponding 3-keto-6-azido-1,4,6-tri-dehydro-steroid and/or
      3-keto-6-azido-9.alpha.-halogeno-11.beta.-hydroxy-4,6-bis-dehydro (or
      1,4,6-tri-dehydro) steroid. By our process, therefore,
      3-keto-6azido-1,4,6-tri-dehydro-steroids and
      3-keto-6-azido-9.alpha.-halogeno-11.beta.-hydroxy-4,6-bis (and
      1,4,6-tri)-dehydro-steroids are made directly, eliminating the costly and
      time-consuming steps of DDQ - dehydrogenation and/or
      11.beta.-acyloxylation and thence 11.beta.-hydrolysis required by prior
      art methods.
PAR  Described in the art (J. A. Zderic, H. Carpio, and C. Djerassi, J.O.C. 24,
      909 (1959)) are 6.alpha.,7.alpha.-dihydroxycortisone acetate,
      6.alpha.,7.alpha.-dihydroxy-9.alpha.-fluorohydrocortisone acetate and
      6.alpha.,7.alpha.-dihydroxyprednisolone acetate and their preparation by
      osymlation in dioxane of the corresponding 6,7-unsubstituted-6-dehydro
      analog, assignment of the .alpha.-configuration having been made on the
      basis that it is the more probable configuration.
PAR  By our invention, we have found that when a
      3-keto-6,7-unsubstituted-4,6-bis-dehydro-steroid is treated with
      osmiumtetroxide in dioxane there is formed a mixture of the corresponding
      3-keto-6.alpha.,7.alpha.-dihydroxy-4-dehydro-steroid and the
      6.beta.,7.beta.-dihydroxy isomer thereof with the
      3-keto-6.beta.,7.beta.-dihydroxy-4-dehydro-steroid perdominating, as
      determined by nuclear magnetic resonance spectroscopy.
PAR  By our invention we have also discovered that by converting a
      3-keto-6.beta.,7.beta.-dihydroxy-4-dehydro-steroid to a
      3-keto-6.beta.,7.beta.-diacyloxy ester derivative wherein said acyloxy
      group is a good leaving group (e.g. to a
      3-keto-6.beta.,7.beta.-dimethanesulfonyloxy-4-dehydro-steroid) and by
      treating said 3-keto-6.beta.,7.beta.-diacyloxy-4-dehydrosteroid with an
      azide salt in a nonreactive organic solvent, there is obtained, in good
      yield, a 3-keto-6-azido-4,6-bis-dehydro-steroid, a known,
      pharmacologically active class of compounds. This is surprising, since we
      have also discovered that the epimeric
      3-keto-6.alpha.,7.alpha.-diacyloxy-4-dehydro esters upon similar treatment
      with an azide salt do not produce 3-keto-6-azido-4,6-bis-dihydro-steroids
      and that similar treatment of the isomeric
      3-keto-6.beta.,7.alpha.-diacyloxy-4-dehydro esters produces only
      difficultly separable product mixtures containing, at best, but a small
      amount of 3-keto-6-azido-4,6-bis-dehydro-steroid. Indeed, prior to our
      invention, the conversion of a
      3-keto-6.beta.,7.beta.-disubstituted-4-dehydrosteroid to a
      3-keto-6-substituted-4,6-bis-dehydro-steroid was unknown. Our invention
      thus provides a novel, convenient method for preparing valuable
      3-keto-6-azido-4,6-bis-dehydro-steroids via novel
      3-keto-6.beta.,7.beta.-diacyloxy-4-dehydro-steroidal intermediates.
PAC  SUMMARY OF INVENTION
PAR  In its process aspect, the invention sought to be patented resides in the
      concept of a method for the preparation of
      3-keto-6-azido-4,6-bis-dehydro-steroids having pharmacological activity or
      being useful as intermediates, which comprises treating a
      3-keto-6.beta.,7-diacyloxy-4-dehydro-steroid wherein said acyloxy is a
      good leaving group with an azide salt in a nonreactive organic solvent.
PAR  A preferred method of this invention is the preparation of therapeutically
      valuable 3-keto-6-azido-4,6-pregnadienes, particularly of the corticoid
      series, by treatment of a 3-keto
      6.beta.,7.beta.-dihydrocarbonsulfonyloxy-4-pregnene (preferably a
      3-keto-6.beta.,7.beta.-dimethanesulfonyloxy-4-pregnene) with an alkali
      metal azide (preferably sodium azide) in a nonreactive, organic solvent.
PAR  A particularly valuable species of our prcess is that wherein the
      3-keto-6.beta.,7.beta.-dihydrocarbonsulfonyloxy-4-dehydro-steroid
      intermediate is prepared by treating the corresponding
      3-keto-4,6-bis-dehydro-steroid with osmium tetroxide followed by reductive
      cleavage of the thereby formed 6.beta.,7.beta.-osmate ester and thence
      esterifying the resulting
      3-keto-6.beta.,7.beta.-dihydroxy-4-dehydro-steroid with a
      hydrocarbonsulfonyl halide in a tertiary amine.
PAR  In its composition-of-matter aspect, the invention sought to be patented
      resides in the concept of a
      3-keto-6.beta.,7.beta.-dihydrocarbonsulfonyloxy-4-dehydro-steroid and
      their 6.beta.,7.beta.-dihydroxy precursors, useful intermediates in the
      process of the invention. Preferred species include
      3-keto-6.beta.,7.beta.-dimethanesulfonyloxy-4-pregnenes of the corticoid
      series substituted at C-16.
PAC  GENERAL DESCRIPTION OF THE PROCESS OF THE INVENTION
PAR  According to our process, a 3-keto-6.beta.,7--diacyloxy-4-dehydro-steroid
      wherein said acyloxy is a good leaving group is treated with an azide salt
      in a non-reactive, organic solvent, whereby is formed a
      6-azido-4,6-bis-dehydro-steroid having pharmacological activity or being
      useful as an intermediate.
PAR  Azide salts useful as reagents in our process are known compounds and
      include quaternary ammonium azides (e.g. tetra-n-butylammonium azide)
      quaternary guanidinium azides (e.g. tetramethylguanidinium azide),
      alkaline earth metal azides (e.g. magnesium azide, calcium azide, barium
      azide) and, preferably, alkali metal azides (e.g. potassium azide, lithium
      azide, and preferably sodium azide).
PAR  Solvents suitable for use in this process are any nonreactive, organic
      solvent in which the starting 3-keto-6.beta.,7--diacyloxy-4-pregnene and
      the azide reagent are soluble. The term "nonreactive" means any organic
      solvent which will not react with the steroid substrate or the azide
      reagent so as to cause transformations which will result in competing side
      reactions. When the azide reagent is an alkaline earth azide or an alkali
      metal azide, nonreactive solvents contemplated for use include
      hydroxylated hydrocarbons (e.g. methanol, ethanol, etc., as well as
      glycols such as ethyleneglycol-monomethyl ether), cyclic ethers (e.g.
      dioxane), dialkyl amides (e.g. dimethylformamide, etc.),
      hexaalkylphosphoramides (e.g. hexamethylphosphoramide), dialkyl sulfoxides
      (e.g. dimethylsulfoxide) and solvent mixtures such as dioxane-water,
      dioxane-water-ethanol, including solvent mixtures containing acetic acid,
      e.g. methanol-water-acetic acid which become buffered to a pH of about 6.5
      when the azide salt reagent is added to the reaction mixture.
PAR  When converting a
      3-keto-6.beta.,7---dihydrocarbonsulfonyloxy-1,4-bis-dehydro-steroid to a
      3-keto-6-azido-1,4,6-tri-dehydro-steroid utilizing an alkaline earth or
      alkali metal azide by our process, particularly useful solvents are
      aprotic solvents such as dimethylsulfoxide, dimethylacetamide, dioxane,
      tetrahydrofurane, hexamethylphosphoramide, acetonitrile and, preferably,
      dimethylformamide. Aqueous solvent mixtures buffered to about pH 6.5 (e.g.
      aqueous methanol and acetic acid) are preferred, however, when treating a
      3-keto-6.beta.,7.beta.-dihydrocarbonsulfonyloxy-1,2-dihydro-4-dehydro-ster
     oid, particularly those having a 9.alpha.-halogeno group, with an azide
      reagent such as an alkaline earth metal or alkali metal azide according to
      our process, since these solvent mixtures minimize occurrences of
      competing side reactions due to enolization of the
      .alpha.,.beta.-unsaturated-keto-system in the A-ring of the
      3-keto-6.beta.,7.beta.-diacyloxy-1,2-dihydro-4-dehydro-steroid starting
      compound. When a quaternary ammonium salt (e.g. tetra-n-butyl-ammonium
      azide) or a quaternary guanidinium salt (e.g. tetramethylguanidinium
      azide) is used as azide reagent, the solvents of choice are halogenated
      hydrocarbons (e.g. methylene chloride, carbon tetrachloride, and
      chloroform), ethers (e.g. diethyl ether), cyclic ethers (e.g. dioxane),
      and hydroxylated hydrocarbons (e.g. methanol, ethanol).
PAR  As used in the specification and claims of this application, the term
      "acyl" denotes a radical derived from an organic or inorganic acid by
      removal of the hydroxyl group, e.g. trifluoroacetyl is the acyl radical of
      trifluoro acetic acid, methanesulfonyl is the acyl radical of
      methanesulfonic acid, and 2,4-dinitrobenzoyl is the acyl radical of
      2,4-dinitrobenzoic acid.
PAR  According to our inventive concept, any 6.beta.,7--diacyloxy groups which
      are good leaving groups present in a
      3-keto-6.beta.,7-diacyloxy-4-dehydro-steroid, upon treatment with an azide
      reagent in a nonreactive organic solvent, will undergo replacement and
      dehydroacyloxylation to produce a 3-keto-6-azido-4,6-bis-dehydro-steroid.
PAR  Acyl radicals of the requisite
      3-keto-6.beta.,7---diacyloxy-4-dehydro-steroid starting compounds of our
      invention which form good acyloxy leaving groups preferably include those
      derived from hydrocarbonsulfonic acids having up to 12 carbon atoms such
      as dodecylsulfonic acid, ethanesulfonic acid, benzene sulfonic acid,
      mesitylsulfonic acid, p-toluenesulfonic acid and, particularly,
      methanesulfonic acid. Other good leaving groups contemplated are acyl
      radicals derived from hydrocarboncarboxylic acids wherein the carbon alpha
      to the carboxy group is substituted by an electron withdrawing group such
      as a fluorine, chlorine, bromine, nitro, cyano, carbomethoxy including
      2,4-dinitrobenzoic acid, trifluoroacetic acid, cyanoacetic,
      p-fluorobenzoic acid and .alpha.-chloropropionic acid. In carrying out our
      process we prefer to use
      3-keto-6.beta.,7.beta.-dimethanesulfonyloxy-4-dehydro-steroids as starting
      compounds.
PAR  Our process is usually carried out in a non-reactive, organic solvent at
      temperatures in the range of from about 0.degree.C to about 80.degree.C,
      preferably between about 20.degree.C to about 50.degree.C.
PAR  Our process is advantageously, but not necessarily, carried out in the
      absence of light under an inert atmosphere, e.g. nitrogen, argon, and the
      like.
PAR  Generally, when preparing a 3-keto-6-azido-4,6-bis-dehydro-steroid
      according to our process, the 3-keto-6.beta.,7--diacyloxy-4-dehydro
      starting steroid (e.g.
      6.beta.,7.beta.-di-methanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4
     -pregnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate) is added to
      a stirred suspension of the azide agent (e.g. an alkali metal azide such
      as sodium azide) in a nonreactive organic solvent (e.g. an aprotic
      solvent, preferably dimethylformamide), the quantities of azide reagent
      utilized ranging from 1 to 50 moles per mole of steroid. When an alkali
      metal azide or an alkaline earth metal azide in an aprotic solvent or in
      slightly acidic aqueous alkanol is used, large molar excesses of azide
      reagent are preferred; when a quaternary ammonium azide or a quaternary
      guanidinium azide in a halogenated solvent is used, a 10-molar excess of
      azide reagent is conveniently used.
PAR  The reaction is optimally carried out under an inert atmosphere (e.g.
      nitrogen) in the absence of light, at temperatures in the range of from
      about 20.degree.C to about 80.degree.C, usually at room temperature, until
      the replacement at C-6 and deacyloxylation at C-7(6) are complete as
      evidenced by thin layer chromatographic analysis. (Reaction time usually
      takes from about 18 to 24 hours.) The resulting
      3-keto-6-azido-4,6-bis-dehydro-steroid is then isolated utilizing
      conventional techniques. In one method, the reaction mixture is poured
      into a large volume of water and the resulting insoluble fraction
      collected by filtration then dissolved in an organic solvent (e.g.
      chloroform); the resulting organic solvent solution is washed with water
      to remove inorganic impurities, then evaporated in vacuo at room
      temperature to a residue comprising the
      3-keto-6-azido-4,6-bis-dehydro-steroid product (e.g.
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.,21-triol-3,20 -dione 21-acetate). Further purification may be effected
      by recrystallization and/or chromatography.
PAR  The process of our invention whereby a
      3-keto-6.beta.,7--diacyloxy-4-dehydro-steroid is substituted at C-6 by an
      azido function and dehydroacylated at C-7(6) is applicable to any steroid
      possessing a 3-keto-6.beta.,7--diacyloxy-4-dehydro system wherein the
      6.beta.,7--diacyloxy- functions are good leaving groups, (e.g.
      hydrocarbonsulfonyloxy, particularly methanesulfonyloxy groups). Thus, any
      pregnane, androstane, cholestane, spirostane, ergostane, lanostane,
      stigmastane, saponin, sapogenin or bile acid, including their 19-nor
      analogs, which contains a
      3-keto-6.beta.,7--dihydrocarbonsylfonyloxy-4-dehydro system, will, upon
      treatment with an azide reagent in a nonreactive organic solvent, be
      converted to the corresponding 3-keto-6-azido-4,6-bis-dehydro derivative.
      Thus, 6.beta.,7.beta.-dihydrocarbonsulfonyloxy derivatives of
      3-keto-4-pregnenes such as cortisone, hydrocortisone, prednisone,
      prednisolone and their 9.alpha.-fluoro derivatives, dexamethasone,
      betamethasone, triamcinolone, 16-methylene-17.alpha.-acetoxy-progesterone,
      19-norprogesterone, and the like are converted to the corresponding
      3-keto-6-azido-4,6-pregnadiene. Similarly,
      6.beta.,7.beta.-dihydrocarbonsulfonyloxy derivatives of
      3-keto-4-androstenes such as testosterone, 17.alpha.-ethinyl-19
      -nortestosterone, 4-androstene-3,17-dione are converted to the
      corresponding 6-azido-4,6-androstadiene.
PAR  Substituents present in the 3-keto-6.beta.,7--diacyloxy-4-dehydro starting
      steroid of our process usually remain unchanged under the conditions of
      our process and, preferably, are present in the
      6.beta.,7--diacyloxy-4-dehydro-steroid intermediate prior to reaction with
      an azide salt according to our process. Thus, by way of example, the
      3-keto-6.beta.,7.beta.-diacyloxy-4-dehydro starting steroids of our
      invention may be substituted at C-1 by a lower alkyl group; at C-9 by
      halogen, at C-11 by oxygen, hydroxyl, and halogen; at C-16 by lower alkyl,
      lower alkylidene or lower halogeno-alkylidene, halogen, hydroxy or
      alkanoyloxy; and at C-17 may have a 17-keto, 17.beta.-hydroxyl,
      17.alpha.-lower alkyl-17.beta.-hydroxy,
      17.alpha.-alkinyl-17.beta.-hydroxy, 17.alpha.-halogenalkinyl-17.beta.-hydr
     oxygroupings as well as esters and derivatives of the foregoing, and also
      may have a sapogenin, cholestane, corticoid, progesterone or a
      17.alpha.-substituted progesterone side chain.
PAR  In view of the use of osmium tetroxide in the preparation of the
      6.beta.,7.beta.-dihydroxy-precursors of the
      3-keto-6.beta.,7.beta.-diacyloxy-4-dehydro-steroid intermediates of this
      invention, substituents containing unsaturations, e.g. 16-alkylidene,
      16-halogenoalkylidene, 17.alpha.-alkinyl-17.beta.-hydroxy, and
      17.alpha.-halogenoalkinyl-17.beta.-hydroxy, are preferably introduced into
      the molecule after preparation of the 6.beta.,7.beta.-dihydroxy
      intermediate.
PAR  Preferred species of our process include the process of preparing
      pharmacologically active 6-azido-4,6-pregnadienes of the corticoid and
      progesterone series.
PAR  Included among the 6-azido-4,6-pregnadienes of the corticoid series
      prepared by our process are 6-azido-21-oxygenated-4,6-pregnadiene-3,20
      -diones of the following formula I:
      ##SPC1##
PAL  wherein Q is a member selected from the group consisting of hydrogen,
      hydroxy, and OR, R being an acyl radical of a hydrocarbon carboxylic acid
      having up to 12 carbon atoms;
PAR  W is a member selected from the group consisting of hydrogen
      (H,.alpha.-alkyl), (H,.beta.-alkyl), (H,.alpha.-OH), (H,.alpha. OR')
      wherein R' is an acyl radical of a hydrocarbon carboxylic acid having up
      to 12 carbon atoms, =CHT wherein T is a member selected from the group
      consisting of hydrogen, alkyl, fluorine and chlorine, and W taken together
      with Q is 16.alpha.,17.alpha.-alkylidenedioxy;
PAR  X is a member selected from the group consisting of hydrogen and halogen
      having an atomic weight less than 100;
PAR  Y is a member selected from the group consisting of hydrogen, oxygen,
      (H,.beta. OH), and, provided X is halogen, (H,.beta.-halogen of atomic
      weight less than 100);
PAR  Z is a member selected from the group consisting of hydroxy, and OR"
      wherein R" is an acyl radical of an acid selected from the group
      consisting of a hydrocarbon carboxylic acid having up to 12 carbon atoms;
      and Z taken together with Q is a member selected from the group consisting
      of 17.alpha.,21 -alkylidenedioxy and a 17.alpha.,21-alkylorthoalkanoate.
PAR  The alkyl groups included within the definition of the substituents W and T
      are preferably lower alkyl groups, i.e. radicals having usually up to four
      carbon atoms such as methyl, ethyl, n-propyl, iso-propyl, sec.-butyl, and
      tert.-butyl, although higher homologs such as pentyl and hexyl come within
      the scope of this invention.
PAR  The alkylidene groups of the compounds of above formula I are preferably
      lower alkylidenes, i.e. hydrocarbon radicals having preferably up to four
      carbon atoms and having a terminal double bond, including radicals such as
      methylene, ethylidene, n-propylidene, iso-propylidene, n-butylidene,
      sec.-butylidene, and the like. The 16-lower alkylidene derivatives of this
      invention (i.e. when W in above formula I is =CHT) are double bonded to
      the D-ring at C-16. The 16.alpha.,17.alpha.-alkylidenedioxy derivatives
      and the 17.alpha.,21-alkylidenedioxy derivatives have the alkylidene
      terminal bonds attached to different oxygen atoms, i.e. tc to the oxygens
      at C-16 and C-17 in the case of the 16.alpha.,17.alpha.-alkylidenedioxy
      derivatives, or to the oxygens at C-17 and C-21 in the case of the
      17.alpha.,21-alkylidenedioxy derivatives.
PAR  The compounds of formula I are conveniently prepared by our process by
      treating the corresponding 6.beta.,7.beta.-dimethanesulfonyloxy-4-pregnene
      with sodium azide in a nonreactive organic solvent. The thus prepared
      6-azido-21-oxygenated compounds of formula I wherein Z is hydroxy,
      acyloxy, or together with Q at C-17 is a 17.alpha.,21-alkylidenedioxy,
      possess corticoid properties. Of these, the 6-azido-pregnanes
      unsubstituted at C-9 and C-11, i.e. those wherein X and Y are each
      hydrogen, e.g. 6-azido-16-W-17.alpha.-Q-4-pregnene-21-ol-3,20-diones of
      formula I possess mineralo-corticoid properties and, as such, are useful
      in the treatment of conditions requiring retention of sodium, e.g. adrenal
      insufficiency (i.e. Addison's disease) and salt losing syndromes.
PAR  Those 6-azido-21-oxygenated-4-pregnene-3,20-diones of formula I which have
      a halogen or an oxygen function at C-11 possess glucocorticoid activity
      and are particularly valuable as anti-inflammatory agents. Of these,
      preferred species are 6-azido-11,17-bis-oxygenated derivatives,
      particularly 6-azido-4,6-pregnadiene-17.alpha.,21-diol-3,20-diones of
      formula I and their 1-dehydro analogs wherein X is fluoro and Y is
      (H,.beta.OH) or keto, including their ester and alkylidenedioxy
      derivatives. Of special interest in this group are compounds substituted
      at C-16 by an .alpha.-methyl, .beta.-methyl or an .alpha.-hydroxy group or
      ester or alkylidene derivative thereof, which possess enhanced
      anti-inflammatory activity.
PAR  Illustrative of the pharmacologically active 6-azido-4,6-pregnadienes and
      6-azido-1,4,6-pregnatrienes of formula I prepared by our process are the
      following:
PAR  6-azido-6-dehydrodexamethasone (i.e.
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.,21-triol-3,20-dione), a 1-dehydro compound of formula I wherein Q and
      Z are hydroxyl, X is fluorine, Y is (H,.beta. OH) and W is (H,.alpha.
      -methyl) and the 21-acetate and 17,21-dipropionate esters thereof and the
      1,2-dihydro analogs of the foregoing;
PAR  6-azido-6-dehydrobetamethansone (i.e.
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione) and the 21-acetate, and 17,21-dipropionate esters
      thereof and the 1,2-dihydro analogs of the foregoing;
PAR  6-azido-6-dehydro-triamcinolone (i.e.
      6-azido-9.alpha.-fluoro-1,4,6-pregnatriene-11.beta.,16.alpha.,17.alpha.,21
     -tetrol-3,20-dione), the 16,17-isopropylidene-21 acetate and
      16,21-diacetate esters thereof and the 1,2-dihydro analogs of the
      foregoing;
PAR  6-azido-6-dehydroprednisolone (i.e.
      6-azido-1,4,6-pregnatriene-11.beta.,17.alpha.,21-triol-3,20-dione), the
      9.alpha.-fluoro derivative thereof and their 21-acetate esters, and the
      1,2-dihydro analogs of the foregoing;
PAR  6-azido-6-dehydroprednisone (i.e.
      6-azido-1,4,6-pregnatriene-17.alpha.,21-diol-3,11,20-trione), the
      9.alpha.-fluoro- and the 16.beta.-methyl derivatives thereof and their
      21-acetate esters and the 1,2-dihydro analogs of the foregoing.
PAR  The enhanced anti-inflammatory activity of 6-azido-4,6-bis-dehydropregnanes
      of formula I oxygenated at C-11, C-17 and C-21 are demonstrated by
      pharmacological tests in animals. Thus, for example,
      6-azido-6-dehydrodexamethasone, when tested in the well-known granuloma
      pouch assay, demonstrates antiinflammatory activity which is about 1.5
      times more active than that exhibited by 6-dehydrodexamethasone.
      Similarly, in the granuloma pouch assay 6-azido-6-dehydrobetamethasone has
      been found to be over three times as active as 6-dehydrobetamethasone as
      an anti-inflammatory agent.
PAR  In addition to the foregoing,
      6-azido-9.alpha.-11.beta.-dihalogeno-4,6-pregnadiene-17.alpha.,21-bis-oxyg
     enated-compounds of formula I (especially the 17-mono and 17,21-di-lower
      alkanoate esters thereof) wherein X and Y are halogen, preferably those
      wherein the C-11 halogen (Y) is at least as electronegative as the C-9
      halogen (X), topical anti-inflammatory agents include compounds such as:
PAR  6-Azido-9.alpha.,11.beta.-dichloro-4,6-pregnadiene-17.alpha.,21-diol-3,20-d
     ione, the 21-acetate thereof, the 17-mono-valerate thereof, the
      17.alpha.,21-di-propionate thereof, and the 17,21-iso-propylidene
      derivative thereof, and the 1-dehydro analogs of the foregoing;
PAR  6-Azido-9.alpha.,11.beta.-dichloro-16.alpha.-hydroxy-4,6-pregnadiene-17.alp
     ha.,21-diol-3,20-dione, the 16,21-diacetate thereof, and the
      16.alpha.,17.alpha.-iso-propylidene thereof, and the 1-dehydro analogs of
      the foregoing;
PAR  6-Azido-9.alpha.,11.beta.-dichloro-16.alpha.-methyl-4,6-pregnadiene-17.alph
     a.,21 -diol-3,20-dione, the 17-propionate, the 17,21-dipropionate esters
      thereof and the 1-dehydro analogs of the foregoing;
PAR  6-Azido-9.alpha.,11.beta.-dichloro-16.beta.-methyl-4,6-pregnadiene-17.alpha
     .,21-diol-3,20-dione, the 17-propionate and 17,21-dipropionate esters
      thereof, and the 1-dehydro analogs of the foregoing.
PAR  Pharmacologically active 6-azido-6-dehydro steroids of the progesterone
      series which are conveniently prepared by our process include
      6-azido-6-dehydroprogesterones of following formula II:
      ##SPC2##
PAR  wherein W, X and Y are as defined hereinabove for formula I:
PAR  Q is a member selected from the group consisting of hydroxy, and OR, R
      being an acyl radical of a hydrocarbon-carboxylic acid having up to 12
      carbon atoms, and hydrogen provided W is hydrogen or (H, lower alkyl); and
PAR  Z' is a member selected from the groups consisting of hydrogen and halogen
      (preferably fluorine).
PAR  Compounds defined by formula II possess pharmacological and therapeutic
      properties.
PAR  In general, compounds of formula II, particularly those wherein X, Y, and
      Z' are hydrogen, exhibit progestational activity and may be used in
      conditions requiring a progestational agent. They are also useful in the
      treatment of disorders requiring antiandrogen therapy such as treatment of
      acne, or benign prostate hypertrophy. Included in this group of
      progestational agents are compounds such as
      6-azido-17.alpha.-acetoxy-6-dehydroprogesterone and the 1-dehydro analog
      thereof (i.e. 6-azido-17.alpha.-acetoxy-4,6-pregnadiene-3,20-dione and the
      1-dehydro analog thereof) which are prepared by our process from
      6.beta.,7.beta.-dimethanesulfonyloxy-17.alpha.-acetoxy-4,6-pregnadiene-3,2
     0-dione or of the 1-dehydro analog thereof by reaction with sodium azide in
      a nonreactive organic solvent (e.g. slightly acidic aqueous methanol when
      preparing the 6-azido-6-dehydro progesterone and dimethyl formamide when
      preparing the 6-azido-1,6-bis-dehydroprogesterone derivative).
PAR  Also prepared by our process are
      6-azido-16-unsubstituted-17.alpha.-hydroxy-21-fluoro-6-dehydroprogesterone
     s and 1-dehydro analogs thereof of formula II and the 16-lower alkyl
      analogs thereof which have topical anti-inflammatory activity such as:
PAR  6-Azido-9.alpha.,21 -difluoro-4,6-pregnadiene-17.alpha.-ol-3,11,20-trione
      and the 16.alpha.-methyl and 16.beta.-methyl analogs thereof;
PAR  6-Azido-9.alpha.,21-difluoro-4,6-pregnadiene-11.beta.,17.alpha.-diol-3,20-d
     ione and the 16.alpha.-methyl and 16.beta.-methyl analogs thereof;
PAR  6-Azido-21-fluoro-4,6-pregnadiene-17.alpha.-ol-3,11,20-trione and the
      16.alpha.-methyl and 16.beta.-methyl analogs thereof;
PAR  6-Azido-21-fluoro-4,6-pregnadiene-17.alpha.-ol-3,20-dione and the
      16.alpha.-methyl and 16.beta.-methyl analogs thereof.
PAR  Also prepared by our process are the 1-dehydro-analogs of the above-listed
      6-azido-17.alpha.-hydroxy-21-fluoro-6-dehydroprogesterone topical
      anti-inflammatory agents as well as the corresponding 21-unsubstituted
      derivatives which also exhibit anti-inflammatory activity. For example,
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-11.b
     eta.,17.alpha.-hydroxy-1-dehydroprogesterone upon reaction with sodium
      azide in dimethylformamide yields
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-11.beta.,17.alpha.-dihydroxy-1,4,
     6-pregnatriene-3,20-dione which exhibits anti-inflammatory activity about
      six times that of prednisolone acetate when tested in the rat via the
      subcutaneous route by the granuloma pouch test.
PAR  Our process also provides a method for the preparation of
      6-azido-4,6-androstadienes thereof such as those defined by following
      structural formula III and the 1-dehydro analogs thereof:
      ##SPC3##
PAR  wherein X is a member selected from the group consisting of hydrogen and
      halogen;
PAR  Y is a member selected from the group consisting of hydrogen, oxygen,
      (H,.beta.OH), and (H,.beta.-halogen of atomic weight less than 100)
      provided X is halogen;
PAR  V is a member of the group consisting of oxygen, (H,.beta. -OR'), (.alpha.
      -methyl,.beta. -OR'), (.alpha.-lower alkinyl,.beta.-OR') and
      (.alpha.-halogenoalkinyl,.beta.-OR') wherein R' is a member selected from
      the group consisting of hydrogen and lower alkanoyl.
PAR  The 3-keto-6-azido-4,6-androstadienes of formula III are physiologically
      active substances, the 6-azido-17.alpha.-lower alkinyl- and the
      6-azido-17.alpha.-lower halogeno-alkinyl-4,6-androstadienes thereof having
      progestational activity, while the other 6-azido-4,6-androstadienes of
      formula III possess androgenic activity.
PAR  Typical 6-azido-4,6-androstadienes of formula III which may be prepared by
      our process include
PAR  6-azido-4,6-androstadiene-3,17-dione,
PAR  6-azido-4,6-androstadiene-17.beta.-ol-3-one and the 17-lower alkanoates
      thereof,
PAR  6-azido-17.alpha.-methyl-4,6-androstadiene-17.beta.-ol-3-one,
PAR  6-azido-17.alpha.-ethinyl-4,6-androstadiene-17.beta.-ol-3-one and the
      1-dehydro analogs of the foregoing;
PAR  6-azido-17.alpha.-chloroethinyl-4,6-androstadiene-17.beta.-ol-3-one.
PAR  In addition to the foregoing, other 6-azido-4,6-bis-dehydro-steroids
      prepared by our process, such as those of the cholestane and sapogenin
      series are useful mainly as intermediates in processes involving
      degradation and/or rearrangement of the side chain at C-17 to produce
      therapeutically active 6-azido-4,6-bis-dehydro-steroids of the pregnane
      and androstane series such as those of formulae I, II and III described
      hereinabove.
PAC  GENERAL DESCRIPTION OF THE COMPOSITIONS-OF-MATTER OF THE INVENTION
PAR  The compositions-of-matter of this invention include
      3-keto-6.beta.,7.beta.-dihydrocarbonsulfonyloxy-4-dehydro-steroids,
      necessary intermediates of the process of this invention and their
      6.beta.,7.beta.-dihydroxy precursors.
PAR  The 3-keto-6.beta.,7.beta.-dihydroxy-4-dehydro-steroid precurosors are
      conveniently prepared from the corresponding 3-keto-6,7-unsubstituted
      4,6-bis-dehydro-steroid by reaction thereof with osmium tetroxide in an
      aprotic solvent, preferably dioxane, whereby is prepared a mixture of the
      corresponding 6.beta.,7.beta.-dihydroxy-4-dehydro-steroid and the
      6.alpha.,7.alpha.-dihydroxy-epimer thereof. Under the conditions of our
      osmylation process, the 6.beta.,7.beta.-dihydroxy epimer usually
      represents the major portion of the product mixture, particularly when the
      starting steroid has a 9.alpha.-halogeno-11.beta.-hydroxy-system when
      isolatable quantities of the 6.alpha.,7.alpha.-dihydroxy isomer are not
      observed.
PAR  Osmium tetroxide is the preferred reagent for our process; however, other
      transition metal oxides may be used, such as the oxides of manganese,
      molybdenum, selenium, tungsten, chromium and titanium, particularly
      potassium permanganate, potassium molybdate, tungsten trioxide and
      tungstic acid.
PAR  We usually carry out our osmylation process under an inert atmosphere (e.g.
      nitrogen, argon, and the like) in the absence of light, in an aprotic
      solvent (e.g. dimethylsulfoxide, dimethylformamide, tetrahydrofuran and,
      preferably, dioxane) in the presence of a tertiary amine, e.g. pyridine.
PAR  The osmylation reaction may be carried out at temperatures in the range of
      from about 10.degree.C to about 100.degree.C and preferably at room
      temperature.
PAR  Generally, when preparing a
      3-keto-6.beta.,7.beta.-dihydroxy-4-dehydro-steroidal intermediate, to a
      solution of a 3-keto-6,7-unsubstituted 4,6-bis-dehydro-steroid (e.g.
      9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-t
     riol-3,20-dione 21-acetate) in dioxane to which pyridine has been added (2
      ml. of pyridine per gram of osmium tetroxide) under an atmosphere of
      nitrogen at room temperature, there is added osmium tetroxide, the
      quantity of osmium tetroxide usually being equimolar to that of
      3-keto-4,6-bis-dehydro-steroid. Alternatively, osmium tetroxide in
      catalytic amounts may be used together with other oxidizing agents such as
      hydrogen peroxide or N-methylmorpholine hydrogen peroxide complex. The
      reaction is continued until a thin layer chromatographic analysis of an
      aliquot indicates the absence of 6-dehydro starting steroid (usually 2.5
      to 3 days). Hydrogen sulfide or another reductive cleavage agent is then
      added to the reaction mixture to split the intermediate osmate ester. The
      resultant precipitate of osmic sulfide is removed by filtration and the
      filtrate evaporated to a residue comprising a
      3-keto-6.beta.,7.beta.-dihydroxy-4-dehydro-steroid (e.g. 6.beta.,7.beta.
      -dihydroxy-9.alpha.-fluoro-16.beta.-methyl-1,4-pregnadiene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 21-acetate). Purification is usually effected by
      recrystallization (for example, from chloroform-methanol) whereby, in the
      case of 9.alpha.-halogeno-11.beta.-hydroxy-derivatives, the
      6.beta.,7.beta.-dihydroxy compound usually precipitates first with any
      6.alpha.,7.alpha.-dihydroxy isomer, which may be present (usually in trace
      quantities) remaining in the filtrate. When preparing a 9-unsubstituted
      derivative such as
      6.beta.,7.beta.-dihydroxy-1,4,6-pregnatriene-11.beta.,17.alpha.,21-triol-3
     ,20-dione 21-acetate, upon recrystallization of the epimeric product
      mixture, the 6.alpha.,7.alpha.-dihydroxy epimer usually precipitates first
      and the 6.beta.,7.beta.-dihydroxy epimer is obtained upon further
      concentration of the recrystallizing solution or by adding additional
      solvent in which the 6.beta.,7.beta.-dihydroxy isomer is less soluble.
      Other methods known in the art of purifying and separating the isomeric
      mixture of 6.beta.7.beta.-and
      6.alpha.,7.alpha.-dihydroxy-4-dehydro-steroidal intermediates may also be
      used such as thick layer and column chromatography with like fractions (as
      determined by thin layer chromatography) being combined.
PAR  The 3-keto-6.beta.,7.beta.-dihydroxy-4-dehydro-steroidal intermediates of
      our invention are usually white crystalline solids which are soluble in
      most organic solvents and insoluble in water.
PAR  The 3-keto-6.beta.,7.beta.-dihydroxy-4-dehydro-steroid intermediates are
      converted to their 6.beta.,7.beta.-dihydrocarbonsulfonyl esters by
      treatment with a hydrocarbonsulfonyl halide having up to 12 carbon atoms
      in a basic medium, preferably pyridine, or alternatively, where the basic
      medium is provided by an alkali metal bicarbonate in an inert solvent,
      e.g. sodium bicarbonate in acetone.
PAR  Generally, the esterification is carried out in basic media under
      relatively mild conditions known to esterify secondary hydroxyl groups,
      preferably, at room temperature in pyridine utilizing large molar excesses
      of an acid halide of a hydrocarbon-sulfonic acid (e.g. p-toluenesulfonyl
      chloride or methanesulfonyl chloride).
PAR  Acyl radicals which form good leaving acyloxy groups are derived from
      hydrocarbonsulfonic acids having up to 12 carbon atoms including
      methanesulfonic acid, ethanesulfonic acid, benzenesulfonic acid,
      p-toluenesulfonic acid, mesitylsulfonic acid and dodecylsulfonic acid.
PAR  The 3-keto-6,7-unsubstituted-4,6-bis-dehydro precursors of the
      3-keto-6.beta.,7.beta.-dihydroxy-4-dehydro-steroid intermediates of this
      invention are a known class of compounds conveniently derived from the
      corresponding 6,7-dihydro analogs by procedures known to effect
      dehydrogenation between C-6 and C-7, such as those utilizing chloranil or
      2,3-dichloro-5,6-dicyanobenzoquinone (DDQ). When the starting steroid has
      a 16-alkyl substituent, e.g.
      9.alpha.-fluoro-16.beta.-methyl-1,4-pregnadiene-11.beta.,17.alpha.,21-trio
     l-3,20-dione 21-acetate, in order to minimize the possibility of
      rearrangement reactions, introductions of the 6-dehydro bond is preferably
      effected by the use of 2,3-dichloro-5,6-dicyanobenzoquinone in the
      presence of acid (e.g. DDQ in dioxane and hydrochloric acid).
PAR  Generally, when making the
      3-keto-6.beta.,7.beta.-dihydroxy-4-dehydro-steroidal precursors of our
      invention, it is preferable to have all the substituents desired in the
      6-azido-6-dehydro-steroid prepared by the novel process of our invention
      present in the 3-keto-4,6-bis-dehydro-steroid from whence the
      6.beta.,7.beta.-dihydroxy compounds are derived. Alternatively, and
      preferably in the case of intermediates having substituents containing
      unsaturations such as 16-alkylidene or 17.alpha.-alkinyl derivatives, the
      unsaturated substituents may be added into 3-keto-6.beta.,
      7.beta.-dihydroxy-4-dehydro-steroid intermediate or di-ester thereof
      utilizing procedures known in the art prior to treatment with sodium azide
      according to our process. Thus,
      3-keto-6.beta.,7.beta.-dihydroxy-16-methylene-4-dehydro-steroidal
      intermediates are prepared from the corresponding
      16.beta.-methyl-16.alpha.,17.alpha.-oxido intermediates (e.g.
      6.beta.,7.beta.-dihydroxy-16.beta.-methyl-16.alpha.,17.alpha.-oxido-1,4-pr
     egnadiene-21-ol-3,20-dione 21-acetate) by known methods (e.g. with hydrogen
      bromide in acetic acid) to produce 3-keto-6.beta.,
      7.beta.-hydroxy-16-methylene-17.alpha.-hydroxy-steroidal intermediates
      (e.g.
      6.beta.,7.beta.-dihydroxy-16-methylene-1,4-pregnadiene-17.alpha.,21-diol-3
     ,20-dione 21-acetate) which upon esterification with
      methanesulfonylchloride followed by treatment of the resulting
      6.beta.,7.beta.-dimethanesulfonyloxy derivative with an azide salt in an
      aprotic solvent according to our invention, yields a
      6-azido-16-methylene-1,4,6-tri-dehydro-steroid (e.g.
      6-azido-16-methylene-1,4-pregnatriene-17.alpha.,21-diol-3,20-dione
      21-acetate).
PAR  Similarly, when preparing a
      6.beta.,7.beta.-dimethanesulfonyloxy-4-androstene intermediate containing
      17.alpha.-ethinyl-17.beta.-hydroxyl-substituents, it is preferable to
      first prepare 6.beta.,7.beta.-dihydroxy-4-androstene-3,17-dione by
      osmylation of 4,6-androstadiene-3,17-dione and thence treat the
      6.beta.,7.beta.-dihydroxy-17-keto-intermediate with sodium ethinyl
      according to known procedures to obtain
      6.beta.,7.beta.-dihydroxy-17.alpha.-ethinyl-4-androsten-17.beta.-ol-3-one.
      Esterification of the foregoing with methanesulfonylchloride followed by
      treatment of the resulting 6.beta.,7.beta.-dimethanesulfonate ester with
      sodium azide in slightly acidic aqueous methanol according to our process
      will produce
      6-azido-17.alpha.-ethinyl-4,6-androstadiene-17.beta.-ol-3-one.
PAR  The 6.beta.,7.beta.-diacyloxy intermediates of our process and their
      6.beta.,7.beta.-dihydroxy precursors prepared as described above include
      compounds corresponding to the 6-azido-6-dehydro-steroids of above formula
      I, II, and III, but having a 6.beta.,7.beta.-dihydro-carbonsulfonyloxy (or
      dihydroxy)-6,7-dihydro system instead of a 6-azido-6-dehydro system as
      shown in formulae I, II and III. Of our intermediates, a preferred group
      are 6.beta.,7.beta.-diacyloxy-4-dehydro-steroids of the pregnane series,
      particularly those having a cortical side chain at C-17 and an oxygen
      function at C-11, a particularly preferred group being those having a
      9.alpha.-halogeno-11.beta.-hydroxy (or 11-keto)-system and a substituent
      at C-16, e.g. 16.alpha.-methyl, 16.beta.-methyl, 16.alpha.-hydroxy,
      16.alpha.-lower alkanoyloxy, or a 16.alpha.,17.alpha.-alkylidenedioxy,
      since such intermediates lead to corticoids having greatly enhanced
      activity over that of the 6-unsubstituted corticoids as discussed
      hereinabove. Included among this preferred group of intermediates are
      compounds of the following formula IV and their 1-dehydro analogs:
      ##SPC4##
PAL  wherein M is a member selected from the group consisting of hydrogen and an
      acyl radical of a hydrocarbonsulfonic acid having up to 12 carbon atoms;
PAR  Q is a member selected from the group consisting of hydrogen, hydroxy and
      OR, R being an acyl radical of a hydrocarboncarboxylic acid having up to
      12 carbon atoms;
PAR  W is a member selected from the group consisting of
      ##EQU1##
      (H,.alpha.-lower alkyl), (H,.beta. -lower alkyl), (H,.alpha.-OH),
      (H,.alpha.-OR) wherein R is as defined hereinabove, =CHT when Q is other
      than hydrogen wherein T is a member selected from the group consisting of
      hydrogen, lower alkyl, fluorine and chlorine, and W and Q together
      represent an alkylidenedioxy derivative;
PAR  X is a member selected from the group consisting of hydrogen and a halogen
      having an atomic weight less than 100;
PAR  Y is a member selected from the group consisting of oxygen, (H,.beta.OH),
      ##EQU2##
      provided X is hydrogen, and (H,.beta.-halogen of atomic weight less than
      100) provided X is halogen;
PAR  Z is a member selected from the group consisting of hydroxy, OR" (R" being
      an acyl radical of a hydrocarboncarboxylic acid having up to 12 carbon
      atoms), hydrogen, halogen, and Z together with Q is alkylidenedioxy
      derivative;
PAR  with the proviso that M is an acyl radical of a hydrocarbonsulfonic acid
      when W is
      ##EQU3##
      X is hydrogen, Y is oxygen and Z is OR" or when W is
      ##EQU4##
      X is fluorine, Y is (H,.beta.OH) and Z is OR".
PAR  As discussed hereinabove, a particularly useful group of intermediates,
      because they lead to 6-azido-4,6-pregnadienes having enhanced
      anti-inflammatory activity, are compounds defined by formula IV wherein M
      is methanesulfonyl, Q is hydroxy or lower alkanoyloxy, X is fluorine, Y is
      (H,.beta.OH), or keto, Z is lower alkanoyloxy, and W is (H,.beta.-methyl),
      (H,.alpha.-methyl), (H,.alpha.-hydroxy) and (H,.alpha.-lower alkanoyloxy),
      including the (16,17), and (17,21) acetonide derivatives thereof, and the
      1-dehydro analogs thereof.
PAR  Typical intermediates of our invention include compounds such as
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-
     pregnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate, the
      16.beta.-methyl epimer thereof, and the corresponding 1,2-dihydro analogs
      of the foregoing;
PAR  6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.,17.alpha.-is
     o-propylidenedioxy-1,4-pregnadiene-11.beta.,21-diol-3,20-dione 21-acetate
      and the 1,2-dihydro analog thereof;
PAR  6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-p
     regnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 17,21-dipropionate, the
      16.beta.-epimer thereof, and the corresponding 1,2-dihydro analogs of the
      foregoing.
PAR  6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-p
     regnadiene-17.alpha.,21-diol-3,11,20-trione 21-acetate, the 16.beta.-methyl
      epimer thereof, and the 1,2-dihydro analogs of the foregoing;
PAR  6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-1,4-pregnadiene-11.bet
     a.,16.alpha.,17.alpha.,21-tetrol-3,20-dione 16,21-diacetate and the
      1,2-dihydro analog thereof;
PAR  6.beta.,7.beta.-dimethanesulfonyloxy-1,4-pregnadiene-11.beta.,17.alpha.,21-
     triol-3,20-dione 21-acetate, the 9.alpha.-fluoro derivative thereof and the
      1,2-dihydro analogs of the foregoing;
PAR  6.beta.,7.beta.-dimethanesulfonyloxy-1,4-pregnadiene-17.alpha.,21-diol-3,11
     ,20-trione-21-acetate, the 9.alpha.-fluoro derivative thereof and the
      1,2-dihydro analogs of the foregoing;
PAR  6.beta.,7.beta.-dimethanesulfonyloxy-17.alpha.-acetoxy-1,4-pregnadiene-3,20
      -dione and the 1,2-dihydro analog thereof; and
PAR  6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-p
     regnadiene-11.beta.,17.alpha.-diol-3,20-dione, the 16.beta.-methyl epimer
      thereof, and the 1,2-dihydro analogs of the foregoing.
PAR  The methods of carrying out our inventive process are illustrated in the
      examples which follow. The scope of our invention, however, is not to be
      construed as limited by the specific embodiments described herein since
      obvious modifications of our process will be suggested by these examples
      and the teaching in the specification to one skilled in the art, and it is
      to be understood that these obvious modifications are encompassed within
      inventive concept. Thus, treatment of any
      3-keto-6.beta.,7--di-substituted-4-dehydro-steroid having substituents at
      C-6 and C-7 which are good leaving groups, e.g.
      6.beta.,7.beta.-di-halogeno groups, with an azide salt according to our
      invention will produce a 3-keto-6-azido-4,6-bis-dehydro-steroid and thus
      is considered an equivalent of the process specifically defined and
      claimed herein.
PAR  Other good leaving groups contemplated as substituents at C-6 and C-7 for
      the intermediates of this invention are 6.beta.,7.beta.-diacyl derivatives
      of the 6.beta.,7.beta.-dihydroxy intermediates of formula IV wherein the
      acyl group is derived from a hydrocarbon carboxylic acid having up to
      twelve carbon atoms wherein the carbon alpha to the carboxy group is
      substituted by or is an integral part of an electron withdrawing group,
      e.g. acyl radicals of naphthoic acids, trifluoroacetic acid,
      2,4-dinitrobenzoic acid, cyanoacetic acid and the like.
PAC  EXAMPLE 1
PAC  6-Azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione(6-azido-6-dehydrodexamethasone)
PAC  A.
      9.alpha.-Fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-
     triol-3,20-dione 21-acetate
PAR  To a solution of 42 g. of dry hydrogen chloride in 1.26 liters of dioxane
      at room temperature, add with stirring 20 g. of
      9.alpha.-fluoro-16.alpha.-methyl-1,4-pregnadiene-11.beta.,17.alpha.,21-tri
     ol-3,20-dione 21-acetate and 12.6 g. of
      2,3-dichloro-5,6-dicyanobenzoquinone (hereinafter identified as DDQ). Stir
      at room temperature for 20 hours, then filter the resultant precipitate
      and wash the precipitate with dioxane. Evaporate the combined filtrates at
      room temperature in vacuo to a residue comprising
      9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-
     triol-3,20-dione 21-acetate. Purify by dissolving the residue in chloroform
      and chromatograph on a column of alumina grade V (300 g.). Wash the
      alumina column with 1.5 liters of chloroform, then evaporate the combined
      chloroform filtrates in vacuo to a residue. Crystallize the residue from
      hexane-methanol to give 9.alpha.-fluoro-16.alpha.
      -methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-triol-3,20-dione
      21-acetate. Yield = 13.2 g., 65% theoretical yield.
PAC  B. 6.beta.,7.beta.
      -Dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-pregnadiene-11.beta.,17.al
     pha.,21-triol-3,20-dione 21-acetate
PAR  To a solution of 7.65 g. of
      9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-
     triol-3,20-dione 21-acetate in 150 ml. of dioxane and 9 ml. of pyridine
      under an atmosphere of nitrogen and at room temperature, add 4.5 g. of
      osmium tetroxide. Stir the reaction mixture under an atmosphere of
      nitrogen at room temperature in the dark for 2.5 days, then saturate the
      reaction mixture containing the thus formed 6.beta.,7.beta.-osmate ester
      with hydrogen sulfide and stir for 3 hours. Filter the resultant
      precipitate and wash with dioxane. Evaporate the combined filtrate and
      washings at room temperature in vacuo to a residue. Wash the residue with
      chloroform and methanol and then crystallize from chloroform-methanol to
      give
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-pregnadiene
     -11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate. Yield = 4.6 g., 56%
      theoretical yield. Evaporate the washings from the crystallizations and
      purify the residue on a column of silica gel to obtain additional product
      (0.3 g.); m.p.=270.degree.-274.degree.C; [.alpha.].sub.D.sup.25 +
      34.8.degree. (dimethylformamide); .lambda..sub.max.sup.methanol 239 nm
      (.epsilon.=14,400); n.m.r. (dmso-d.sub.6 /D.sub.2 O).delta.0.90(C.sub.13
      -CH.sub.3); 1.63(C.sub.10 -CH.sub.3); 0.80(C.sub.16 -CH.sub.3 ; d,J7Hz);
      3.56(7.alpha. -H:mult); 4.10 (11.alpha.-H;mult); 4.26(6.alpha.-H;d,J4Hz);
      6.18(C.sub.4 -H); 6.26(C.sub.2 -H;d,d J10,2Hz); 7.31(C.sub.1 -H;d,J10Hz).
PAC  C.
      6.beta.,7.beta.-Dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-
     pregnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate
PAR  To a solution of 3 g. of
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-pregnadiene
     -11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate in 60 ml. of dry
      pyridine, add with stirring 6 ml. of methanesulfonyl chloride. Stir the
      reaction mixture at room temperature for 2 hours then pour into ice water
      and stir for an additional hour. Extract the aqueous reaction mixture with
      three portions of methylene chloride then wash the combined organic
      extracts with two portions of water. Dry the organic extracts over
      anhydrous magnesium sulfate then evaporate the dried organic extracts at
      room temperature in vacuo to a residue comprising
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-
     pregnadiene-11.beta.,17.alpha.,21triol-3,20-dione 21-acetate, which is used
      without further purification in Example 1D immediately following.
PAC  D.
      6-Azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.,21-triol-3,20-dione 21-acetate
PAR  Add the
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-
     pregnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate (3.8 g.)
      prepared in Example 1C to a stirred suspension of 16 g. of sodium azide in
      60 ml. dry dimethylformamide. Stir the reaction mixture under an
      atmosphere of nitrogen at room temperature in the absence of light for 24
      hours, then pour the reaction mixture into water and filter off the
      resultant precipitate. Extract the filtrate with two portions of
      chloroform. Add the chloroform extracts to the filtered solid. Wash the
      chloroform solution of the filtered solid with three portions of water.
      Dry the chloroform solution over anhydrous magnesium sulfate and evaporate
      in vacuo at room temperature to a residue comprising
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.,21-triol-3,20-dione 21-acetate. Purify by preparative thick layer
      chromatography on silica gel or on a column of silica gel eluting with
      chloroform-ethyl acetate (3:1). Combine the like fractions and evaporate
      these combined eluates to a residue comprising
      6-azido-9.alpha.-fluoro-16.alpha.
      -methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-triol-3,20-dione
      21-acetate. Yield =1.4 g. 45% theoretical yield. This product is used
      without further purification in Example 1E following.
PAC  E. 6-Azido-9.alpha.-fluoro-16.alpha.
      -methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-triol-3,20-dione
PAR  To a solution of 0.31 g. of
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.,21-triol-3,20-dione 21-acetate in 54 ml. of methanol, add 6 ml. of
      saturated aqueous sodium bicarbonate. Stir at room temperature under an
      atmosphere of nitrogen in the absence of light for 2 hours. Filter and
      wash the filtrate with methanol, then evaporate the combined organic
      filtrate and washings in vacuo at room temperature. Dissolve the resultant
      residue in ethyl acetate and wash the ethyl acetate solution with three
      portions of water. Dry the ethyl acetate solution over anhydrous magnesium
      sulfate and evaporate the ethyl acetate solution in vacuo at room
      temperature to a residue comprising
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.,21-triol-3,20-dione. (Yield=0.225 g.). Purify by crystallization from
      hexane-ether-methanol: m.p.= 160.degree.C (decomp.); [.alpha.].sub.D.sup.
      methanol +  52.3.degree.; .lambda. .sub.max.sup. methanol 249 m.mu.
      (.epsilon.=16,000), 312 m.mu. (.epsilon. = 7,100).
PAC  EXAMPLE 2
PAC  6-Azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.
      ,17.alpha. ,21-triol-3,20-dione (6-Azido-6-dehydrobetamethasone)
PAC  A.
      9.alpha.-Fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-t
     riol-3,20-dione 21-acetate
PAR  In a manner similar to that described in Example 1A, treat 20 g. of
      9.alpha.-fluoro-16.beta.-methyl-1,4-pregnadiene-11.beta.,17.alpha.,21-trio
     l-3,20-dione 21-acetate with 12.6 g. of DDQ in 1.35 liters of dioxane
      containing 42 g. of dry hydrogen chloride. Isolate and purify the
      resultant product in a manner similar to that described in Example 1A to
      give
      9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-t
     riol-3,20-dione 21-acetate. Yield = 11.1 g., 55% theoretical yield.
PAC  B.
      6.beta.,7.beta.-Dihydroxy-9.alpha.-fluoro-16.beta.-methyl-1,4-pregnadiene-
     11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate
PAR  In a manner similar to that described in Example 1B, treat 3.4 g. of
      9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-t
     riol-3,20-dione 21-acetate with 2 g. of osmium tetroxide in dioxane,
      followed by treatment with hydrogen sulfide of the osmate ester thus
      produced. Isolate and purify the resultant product in a manner similar to
      that described in Example 1B to obtain
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.beta.-methyl-1,4-pregnadiene-
     11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate. Yield = 2.2 g. 61%
      theoretical yield; m.p. = 243.degree.-248.degree.C;
      [.alpha.].sub.D.sup.25.sup..degree. +  57.7 (dimethylformamide);
      .lambda..sub.max.sup.methanol 240 nm (.epsilon.=14,800); n.m.r.
      (dmso-d.sub.6 /D.sub.2 O) .delta. 0.95 (C.sub.13 -CH.sub.3); 1.00
      (C.sub.16 -CH.sub.3 ; d,J7Hz); 1.63 (C.sub.10 -CH.sub.3); 3.58
      (7.alpha.-H;mult); 4.16 (11.alpha.-H;mult); 4.27(6.alpha.-H; d,J4Hz); 6.15
      (C.sub.4 -H); 6.23 (C.sub.2 -H;d,d J10,2Hz); 7.27 (C.sub.1 -H; d,J 10Hz).
PAC  C.
      6.beta.,7.beta.-Dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-1,4-p
     regnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate.
PAR  In a manner similar to that described in Example 1C, treat 3 g. of
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.beta.-methyl-1,4-pregnadiene-
     11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate with 6 ml. of
      methanesulfonyl chloride in 60 ml. of pyridine. Isolate and purify the
      resultant product in a manner similar to that described in Example 1C to
      obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-1,4-p
     regnadiene-11.beta.,17.alpha. ,21-triol-3,20-dione 21-acetate, which is
      used without further purification in Example 2D following.
PAC  D.
      6-Azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 21-acetate
PAR  In a manner similar to that described in Example 1D, treat the
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-1,4-p
     regnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate prepared in
      Example 2C with 16 g. of sodium azide in 50 ml. of dimethyl-formamide.
      Isolate and purify the resultant product in a manner similar to that
      described in Example 1D to obtain 1.5 g. of
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 21-acetate.
PAC  E.
      6-Azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione
PAR  In a manner similar to that described in Example 1E treat the
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 21-acetate prepared in Example 2D with 39 ml. of
      saturated aqueous sodium bicarbonate and 360 ml. of methanol. Isolate and
      purify the resultant product in a manner similar to that described to
      obtain 1.12 g. (75% theoretical yield) of
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione. Purify by recrystallization from hexane-methanol
      m.p.= 140.degree.C (decomp.); [.alpha.].sub.D.sup.26.sup..degree. +
      56.2.degree.(dimethylformamide); .lambda..sub.max.sup.methanol 248 nm
      (.epsilon.=16,100), 312 nm (.epsilon.=7,600).
PAC  EXAMPLE 3
PAC  6-Azido-9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylidenedioxy-1,4,6-preg
     natriene-11.beta.,21-diol-3,20-dione 21-acetate
      (6-Azido-6-dehydrotriamcinolone-acetonide 21-acetate)
PAC  A.
      9.alpha.-Fluoro-16.alpha.,17.alpha.-iso-propylidenedioxy-1,4,6-pregnatrien
     e 11.beta.,21-diol-3,20-dione 21-acetate
PAR  In a manner similar to that described in Example 1A, treat
      9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylidenedioxy-1,4-pregnadiene-1
     1.beta.,21-diol-3,20-dione 21-acetate (1 g.) with 0.48 g. of DDQ and 2 g.
      of dry hydrogen chloride in 30 ml. of dioxane. Isolate and purify the
      resultant product in a manner similar to that described in Example 1A to
      obtain 0.83 g. (85% theoretical yield) of
      9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylidenedioxy-1,4,6-pregnatrien
     e-11.beta.,21-diol-3,20-dione 21-acetate;  m.p. 280.degree.-283.degree.C;
      [.alpha.].sub.D.sup.26.sup..degree.  +  63.8 (chloroform);
      .lambda..sub.max.sup.methanol 220 nm (.epsilon.=12,400), 248 nm
      (.epsilon.=9,700), 296 nm (.epsilon.=12,500).
PAC  B.
      6.beta.,7.beta.-Dihydroxy-9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylid
     enedioxy-1,4-pregnadiene-11.beta.,21-diol-3,20-dione 21-acetate
PAR  In a manner similar to that described in Example 1B, treat
      9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylidenedioxy-1,4,6-pregnatrien
     e-11.beta.,21-diol-3,20-dione 21-acetate with osmium tetroxide in dioxane
      followed by treatment with hydrogen sulfide of the osmate ester thus
      produced and isolation of the resultant product to obtain
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylid
     enedioxy-1,4-pregnadiene-11.beta.,21-diol-3,20-dione 21-acetate.
PAR  This product is used without further purification in the step immediately
      following.
PAC  C.
      6.beta.,7.beta.-Dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.,17.alpha.-i
     so-propylidenedioxy-1,4-pregnadiene-11.beta.,21-diol-3,20-dione 21-acetate
PAR  In a manner similar to that described in Example 1C treat 388 mg. of
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylid
     enedioxy-1,4-pregnadiene-11.beta.,21-diol-3,20-dione 21-acetate with 0.5
      ml. of methanesulfonyl chloride in 5 ml. of pyridine to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.,17.alpha.-i
     so-propylidenedioxy-1,4-pregnadiene-11.beta.,21-diol-3,20-dione 21-acetate.
PAR  This product is used without further purification in Example 3D immediately
      following.
PAC  D.
      6-Azido-9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylidenedioxy-1,4,6-pre
     gnatriene-11.beta.,21-diol-3,20-dione 21-acetate
PAR  Treat the 6.beta.,7.beta.-dimethanesulfonyloxy ester prepared in the
      preceding Example 3C with 1.2 g. of sodium azide in 1.5 ml. of
      dimethylformamide in a manner similar to that described in Example 1D.
      Isolate and purify the resultant product in a manner similar to that
      described in Example 1D to obtain 47 mg. (12% theoretical yield) of
      6-azido-9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylidenedioxy-1,4,6-pre
     gnatriene-11.beta.,21-diol-3,20-dione 21-acetate;
      .lambda..sub.max.sup.methanol 246 nm (.epsilon.=15,900), 307 nm
      (.epsilon.=6,800).
PAC  EXAMPLE 4
PAC  6-Azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol 3,20-dione 17,21-dipropionate (6-Azido-6-dehydro-dexamethasone
      17,21-dipropionate)
PAC  A.
      9.alpha.-Fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-
     triol 3,20-dione 17,21-dipropionate
PAR  In a manner similar to that described in Example 1A, treat 11.67 g. of
      9.alpha.-fluoro-16.alpha.-methyl-1,4-pregnadiene-11.beta.,17.alpha.,21-tri
     ol-3,20-dione 17,21-dipropionate with 6.34 g. of DDQ in a solution of 25 g.
      of dry hydrogen chloride in 750 ml. of dioxane to obtain 6.86 g. (60%
      theoretical yield) of
      9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-
     triol-3,20-dione 17,21-dipropionate; m.p. 167.degree.-168.5.degree.C;
      [.alpha.].sub.D.sup.26.sup..degree. - 14.4.degree. (chloroform);
      .lambda..sub.max.sup.methanol 220 nm (.epsilon.=12,200), 250 nm
      (.epsilon.=9,100), 297 nm (.epsilon.=12,400).
PAC  B.
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-pregnadiene
     -11.beta.,17.alpha.,21-triol-3,20-dione 17,21-dipropionate
PAR  In a manner similar to that described in Example 1B, treat 5.9 g. of
      9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-
     triol-3,20-dione 17,21-dipropionate with 3 g. of osmium tetroxide in
      dioxane followed by treatment of the osmate ester thus produced with
      hydrogen sulfide and isolation of the resultant product to obtain 5.4 g.
      (85% theoretical yield) of
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-pregnadiene
     -11.beta.,17.alpha.,21-triol-3,20-dione 17,21-dipropionate; m.p. =
      143.degree.C; [.alpha.].sub.D.sup.26.sup..degree. -1.9.degree.
      (chloroform); .lambda..sub.max.sup.methanol 2.40 nm (.epsilon.=12,900);
      n.m.r. (CDCl.sub.3) .delta. 1.71 (C.sub.10 -CH.sub.3); 3.88 (7.alpha.-H;
      mult); 4.45 (6.alpha.H+11.alpha.-H; mult); 6.25 (C.sub.4 -H); 6.30
      (C.sub.2 -H;d,d J10,2Hz); 7.19 (C.sub.1 -H; d,J10Hz).
PAC  C. 6.beta.,
      7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-pregnadi
     ene-11.beta.,17.alpha.,21-triol-3,20-dione-17,21-dipropionate
PAR  Treat 1 g. of
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-pregnadiene
     -11.beta.,17.alpha.,21-triol-3,20-dione 17,21-dipropionate with 2 ml. of
      methanesulfonyl chloride in 20 ml. of pyridine in a manner similar to that
      described in Example 1C to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-
     pregnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 17,21-dipropionate which
      is used without further purification in the step immediately following.
PAC  D.
      6-Azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.,21-triol-3,20-dione 17,21-dipropionate
PAR  Treat the 6.beta.,7.beta.-dimethanesulfonyl product of the preceding
      paragraph with 3.6 g. of sodium azide in 10 ml. of dimethylformamide in a
      manner similar to that described in Example 1D to obtain 220 mg. (20%
      theoretical yield) of
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.,21-triol-3,20-dione 17,21-dipropionate. Purify by crystallization from
      ether-methanol;m.p. = 190.degree.C (decomp.)
      [.alpha.].sub.D.sup.26.sup..degree. +  13.1.degree.(dimethylformamide);
      .lambda..sub.max.sup.methanol 248 nm (.epsilon.=16,450); 311 nm
      (.epsilon.=6,900).
PAC  EXAMPLE 5
PAC  6-Azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alph
     a.,21-triol-3,20-dione 17,21-dipropionate
PAR  A. (1) To 0.4 g. of
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione in 4 ml. of dimethylsulfoxide, add 0.9 ml. of
      tri-n-butylorthopropionate and 30 mg. of p-toluenesulfonic acid. Stir the
      reaction mixture at room temperature for four hours, then pour into water.
      Filter off the resultant precipitate, wash with water, then dry to give
      0.46 g. of
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 17,21orthopropionate.
PAR  2. Dissolve the 17,21-orthopropionate ester prepared in above Procedure
      5A(1) in 12 ml. of acetic acid and 0.24 ml. of water. Stir the reaction
      mixture at room temperature for one hour, pour into 200 ml. of water, add
      10% aqueous sodium bicarbonate solution until the reaction mixture is
      about pH 7, then extract the solution with two portions of ethyl acetate.
      Wash the combined organic extracts with three portions of water, then dry
      over anhydrous magnesium sulfate and evaporate at room temperature in
      vacuo to a residue comprising 0.43 g. of
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 17-propionate.
PAR  3. Treat the 17-propionate ester prepared in above Example 5A(2) with 0.87
      ml. of propionic anhydride and 8.7 ml. of pyridine at room temperature for
      18 hours. Pour the reaction mixture into water, bring the reaction mixture
      to neutrality with 1-N hydrochloric acid, then extract the neutralized
      mixture with ethyl acetate. Combine the ethyl acetate extracts and
      evaporate to a residue comprising 0.43 g. of
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 17,21-dipropionate. Purify by crystallization from
      acetone-hexane to yield 0.21 g. of purified
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 17,21-dipropionate;
      [.alpha.].sub.D.sup.26.sup..degree. +  52.9.degree. (dimethylformamide);
      .lambda..sub.max.sup.methanol 248 nm (.epsilon.=16,900), 311 nm
      (.epsilon.=7,400); m.p. = 160.degree. (decomp).
PAR  In the above procedure, using tri-n-butylorthovalerate instead of
      tri-n-butylorthopropionate there is obtained
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 17,21-orthovalerate, which, when treated with
      aqueous acetic acid followed by dilute sodium carbonate, yields
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 17-monovalerate, which in turn, upon treatment with
      valeric anhydride in pyridine, yields
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 17,21-divalerate.
PAR  B. Alternatively, the compound of this example is prepared from
      9.alpha.-fluoro-16.beta.-methyl-1,4-pregnadiene
      11.beta.,17.alpha.,21-triol-3,20-dione 17,21-dipropionate in the following
      manner:
PAR  In a manner similar to that described in Example 4, treat
      9.alpha.-fluoro-16.beta.-methyl-1,4-pregnadiene-11.beta.,17.alpha.,21-trio
     l-3,20-dione 17,21-dipropionate with DDQ and dry hydrogen chloride in
      dioxane to obtain
      9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-t
     riol-3,20-dione 17,21-dipropionate. Treat the foregoing 1,4,6-pregnatriene
      with osmium tetroxide in dioxane followed by treatment of the thereby
      produced osmate ester with hydrogen sulfide and isolation of the resulting
      product to obtain
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.beta.-methyl-1,4-pregnadiene-
     11.beta.,17.alpha.,21-triol-3,20-dione-17,21-dipropionate; treatment
      thereof with methanesulfonyl chloride in pyridine yields the corresponding
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-1,4-p
     regnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 17,21-dipropionate.
      Treatment of the foregoing 6.beta.,7.beta.-dimethanesulfonyloxy derivative
      with sodium azide in dimethylformamide, according to the procedure of
      Example 1D, yields
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 17,21-dipropionate. Purify by recrystallization
      from acetone-hexane.
PAC  EXAMPLE 6
PAC  6-Azido-9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-11.beta.,17.alpha.,
     21-triol-3,20-dione (6-Azido-6-dehydrobetamethasone)
PAC  A.
      6.beta.,7.beta.-Dihydroxy-9.alpha.-fluoro-16.beta.-methyl-4-pregnene-11.be
     ta.,17.alpha.,21-triol 3,20-dione 21-acetate
PAR  In a manner similar to that described in Example 1B, treat 1.5 g. of
      9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-11.beta.,17.alpha.,21-trio
     l-3,20-dione 21-acetate with 1 g. of osmium tetroxide in dioxane followed
      by treatment of the thereby formed osmate ester with hydrogen sulfide.
      Isolate and purify the resultant product in a manner similar to that
      described in Example 1B to obtain 0.8 g. (49% theoretical yield) of
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.beta.-methyl-4-pregnene-11.be
     ta.,17.alpha.,21-triol-3,20-dione 21-acetate. Purify by crystallization
      from ether-methanol, m.p. =246.degree.-249.degree.C
      [.alpha.].sub.D.sup.26.sup..degree. + 102.5 (dioxane);
      .epsilon..sub.max.sup.methanol 237 nm (.epsilon.=13,100); n.m.r.
      (dmso-d.sub.6 /D.sub.2 O) .delta. 0.92 (C.sub.13 -CH.sub.3); 1.02
      (C.sub.16 -CH.sub.3 ; d,J7Hz); 1.60 (C.sub.10 -CH.sub.3); 3.66
      (7.alpha.-H; mult); 4.06 (11.alpha.-H; mult);  4.18 (6.alpha.-H;d,J4Hz);
      5.89 (C.sub.4 -H).
PAC  B.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-4-pre
     gnene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate
PAR  Dissolve 0.8 g. of
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.beta.-methyl-4-pregnene-11.be
     ta.,17.alpha.,21-triol-3,20-dione 21-acetate in 8 ml. of dry pyridine. Cool
      the solution to 0.degree.C and add 1 ml. of methanesulfonyl chloride. Stir
      the reaction mixture at 0.degree.C for 45 minutes then pour into ice
      water. Extract the aqueous mixture with 3 portions of methylene chloride.
      Wash the combined methylene chloride extracts with 3 portions of ice cold
      1 normal hydrochloric acid and then with 3 portions of ice cold water. Dry
      the washed methylene chloride extracts over anhydrous magnesium sulfate,
      filter and evaporate in vacuo at room temperature to a residue comprising
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-4-pre
     gnene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate (yield = 1 g.).
      This product was used without further purification in the step immediately
      following.
PAC  C.
      6-Azido-9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-11.beta.,17.alpha.
     ,21-triol-3,20-dione  21-acetate
PAR  Dissolve the 6.beta.,7.beta.-dimethanesulfonate ester prepared as described
      in Example 6B in 60 ml. of a solution comprising 135 ml. of methanol, 2.25
      ml. of water and 1 ml. of glacial acetic acid. Add 4 g. of sodium azide
      and stir the reaction mixture at room temperature in the absence of light
      for 19 hours. Pour the reaction mixture into ice water and extract with 4
      portions of methylene chloride. Wash the combined methylene chloride
      extracts with 2 portions of water, then dry the methylene chloride
      extracts over anhydrous magnesium sulfate. Evaporate in vacuo at room
      temperature to a residue comprising 0.7 g. of
      6-azido-9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-11.beta.,17.alpha.
     ,21-triol-3,20-dione 21-acetate. Purify by chromatographing on a column of
      100 g. of silica gel eluting with chloroform-ethyl acetate (2:1). Combine
      the like eluates as determined by thin layer chromatography and evaporate
      the combined eluates in vacuo to a residue comprising 0.373 g. (46%
      theoretical yield) of
      6.beta.-azido-9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-11.beta.,17.
     alpha.,21-triol-3,20-dione 21-acetate.
PAC  D.
      6-Azido-9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-11.beta.,17.alpha.
     ,21-triol-3,20-dione.
PAR  In a manner similar to that described in Example 1E, treat the 21-acetate
      ester prepared in previous Example 6C with 3.5 ml. of saturated aqueous
      sodium bicarbonate solution and 30 ml. of methanol. Isolate the resultant
      product in a manner similar to that described to obtain 0.25 g. of
      6-azido-9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-11.beta.,17.alpha.
     ,21-triol-3,20-dione. Purify by crystallization from acetone-hexane; m.p. =
      170.degree.C (decomp.) [.alpha.].sub.D.sup.26.sup..degree. +
      155.3.degree. (dioxane); .lambda..sub.max.sup.methanol 251 nm
      (.epsilon.=14,400), 298 nm (.epsilon.=12,700), n.m.r. (dmso-d.sub.6
      /D.sub.2 O) 1.04(C.sub.13 -CH.sub.3); 1.09(C.sub.16 -CH.sub.3 ; D J6Hz);
      1.43 (C.sub.10 -CH.sub.3); 4.16 (11.alpha.-H; mult); 5.77 (C.sub.7 -H; D
      J2Hz); 5.92 (C.sub.4 -H).
PAR  In a manner similar to that described above, treat
      9.alpha.-fluoro-16.alpha.-methyl-4,6-pregnadiene-11.beta.,17.alpha.,21-tri
     ol-3,20-dione 21-acetate with osmium tetroxide in dioxane followed by
      treatment of the thereby formed 6.beta.,7.beta.-osmate ester with hydrogen
      sulfide and thence isolation of the resulting product to obtain
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-4-pregnene-11.b
     eta.,17.alpha.,21-triol-3,20-dione 21-acetate,  esterifying the
      6.beta.,7.beta.-dihydroxy compound thus prepared with methanesulfonyl
      chloride in pyridine to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-4-pr
     egnene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate. Treatment of the
      foregoing 6.beta.,7.beta.-dimethanesulfonate ester with sodium azide in
      aqueous methanol-acetic acid yields
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-4,6-pregnadiene-11.beta.,17.alpha
     .,21-triol-3,20-dione 21-acetate.
PAC  EXAMPLE 7
PAC  6-Azido-9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylidenedioxy-4,6-pregna
     diene-11.beta., 21-diol-3,20-dione 21-acetate
PAC  A.
      6.beta.,7.beta.-Dihydroxy-9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylid
     enedioxy-4-pregnene-11.beta.,21-diol-3,20-dione 21-acetate
PAR  In a manner similar to that described in Example 1B treat
      9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylidenedioxy-4,6-pregnadiene-1
     1.beta.,21-diol-3,20-dione 21-acetate with osmium tetroxide in dioxane
      followed by treatment of the thereby formed 6.beta.,7.beta.-osmate ester
      with hydrogen sulfide. Isolate and purify the resultant product in a
      manner similar to that described in Example 1B to obtain
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylid
     enedioxy-4-pregnene-11.beta.,21-diol-3,20-dione 21-acetate; n.m.r.
      (CDCl.sub.3) .delta. 0.92 (C.sub.13 -CH.sub.3); 1.67 (C.sub.10 -CH.sub.3);
      3.82 (7.alpha.-H; mult); 4.31 (6.alpha.-H+11.alpha.-H; mult); 4.97
      (16.beta.-H; mult); 5.90 (C.sub.4 -H).
PAC  B.
      6.beta.,7.beta.-Dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.,17.alpha.-i
     so-propylidenedioxy-4-pregnene-11.beta.,21-diol-3,20-dione 21-acetate
PAR  In a manner similar to that described in Example 1C treat 0.72 g. of
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.beta.,17.beta.-iso-propyliden
     edioxy-4-pregnene-11.beta.,21-diol-3,20-dione with 1.4 ml. of
      methanesulfonyl chloride in 14 ml. of pyridine at 0.degree.C. Isolate the
      resultant product in a manner similar to that described to obtain 0.89 g.
      of
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.,17.alpha.-i
     so-propylidenedioxy-4-pregnene-11.alpha.,21-diol-3,20-dione 21-acetate
      which is used without further purification in the steps immediately
      following.
PAC  C.
      6-Azido-9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylidenedioxy-4,6-pregn
     adiene-11.alpha.,21-diol-3,20-dione 21-acetate
PAR  Treat the 6.beta.,7.beta.-dimethanesulfonate prepared as described in
      Example 7B with 5.4 g. of sodium azide in a reaction mixture comprising
      135 ml. of methanol, 2.25 ml. of water and 1 ml. of acetic acid. in a
      manner similar to that described in Example 6C. Isolate and purify the
      resultant product by chromatography utilizing silica gel plates, eluting
      with chloroform-ethyl acetate (1:1). Combine the like eluates as
      determined by thin layer chromatography and evaporate in vacuo to a
      residue comprising
      6-azido-9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylidenedioxy-4,6-pregn
     adiene-11.beta.,21-diol-3,20-dione 21-acetate. Further purify by
      crystallization from methanol; m.p. = 185.degree.C (decomp.); n.m.r.
      (CDCl.sub.3) .delta. 0.97 (C.sub.13 CH.sub.3); 1.47(C.sub.10 -CH.sub.3);
      4.36 (11.alpha.-H; mult); 5.06 (16.beta.-H; mult); 5.5 (C.sub.7 -H;d
      J2.5Hz); 6.33 (C.sub.4 -H), .lambda..sub.max.sup.methanol 248 nm
      (.epsilon.=13,300); 295  nm (.epsilon.=9,800).
PAC  EXAMPLE 8
PAC  6-Azido-9.alpha.-fluoro-1,4,6-pregnatriene-11.beta.,16.alpha.,17.alpha.,21-
     tetrol-3,20-dione 16,21-diacetate (6-Azido-6-dehydro-triamcinolone
      16,21-diacetate
PAC  A.
      9.alpha.-Fluoro-1,4,6-pregnatriene-11.beta.,16.alpha.,17.alpha.,21-tetrol-
     3,20-dione
PAR  In a manner similar to that described in Example 1A, to a solution of 50 g.
      of hydrogen chloride in 1,500 ml. of dioxane add 22.6 g. of
      9.alpha.-fluoro-1,4-pregnadiene-11.beta.,16.alpha.,17.alpha.,21-tetrol-3,2
     0-dione 16,21-diacetate and 12.93 g. of DDQ. Stir the reaction mixture for
      24 hours, then isolate and purify the resultant product in a manner
      similar to that described in Example 1A to give 15 g. (66% theory) of
      9.alpha.-fluoro-1,4,6-pregnatriene-11.beta.,16.alpha.,17.alpha.,21-tetrol-
     3,20-dione 16,21-diacetate. Purify by recrystallization from
      methanol-chloroform; [.alpha.].sub.D.sup.26.sup..degree. - 3.1.degree.
      (dimethylformamide); .lambda..sub.max.sup.methanol 220 nm
      (.epsilon.=12,600), 250 nm (.epsilon.=9,800) 298 nm (.epsilon.=12,600).
PAC  B.
      6.beta.,7.beta.-Dihydroxy-9.alpha.-fluoro-1,4-pregnadiene-11.beta.,16.alph
     a.,17.alpha.,21-tetrol 3,20-dione 16,21-diacetate
PAR  In a manner similar to that described in Example 1B, treat 7.5 g. of
      9.alpha.-fluoro-1,4,6-pregnatriene-11.beta.,16.alpha.,17.alpha.,21-tetrol-
     3,20-dione-16,21-diacetate with 4 g. of osmium tetroxide in 200 ml. of
      dioxane and 10 ml. of pyridine under nitrogen in the absence of light for
      4 days. Treat the reaction mixture with hydrogen sulfide and isolate the
      resultant product in a manner similar to that described to obtain 4.7 g.
      (59% theory) of
      6.beta.,7.beta.-dihydro-9.alpha.-fluoro-1,4-pregnadiene-11.beta.,16.alpha.
     ,17.alpha.,21-tetrol-3,20-dione 16,21-diacetate. Purify by
      recrystallization from ethyl acetatehexane .lambda..sub.max.sup.methanol
      240 nm (.epsilon.=14,400), n.m.r. (dmso-d.sub.6 /D.sub.2 O) .delta. 0.89
      (C.sub.13 -CH.sub.3); 1.63 (C.sub.10 -CH.sub.3); 3.70 (7.alpha.-H; mult);
      4.26 (6.alpha.-H; d,J4Hz); 6.15 (C.sub.4 -H); 6.23 (C.sub.2 -H; d,d
      J10,2Hz); 7.27 (C.sub.1 -H; d,J10Hz).
PAC  C.
      6.beta.,7.beta.-Dimethanesulfonyloxy-9.alpha.-fluoro-1,4-pregnadiene-11.be
     ta.,16.alpha.,17.alpha.,21-tetrol-3,20-dione 16,21-diacetate
PAR  In a manner similar to that described in Example 1C treat 2.5 g. of
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-1,4-pregnadiene-11.beta.,16.alph
     a.,17.alpha.,21-tetrol-3,20-dione 16,21-diacetate with 5 ml. of
      methanesulfonychloride in 50 ml. of pyridine at room temperature for two
      hours. Isolate the resultant product in a manner similar to that described
      to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-1,4-pregnadiene-11.be
     ta.,16.alpha.,17.alpha.,21-tetrol-3,20-dione 16,21-diacetate, which is used
      without further purification in the step immediately following.
PAC  D.
      6-Azido-9.alpha.-fluoro-1,4,6-pregnatriene-11.beta.,16.alpha.,17.alpha.,21
     -tetrol-3,20-dione 16,21-diacetate
PAR  In a manner similar to that described in Example 1D, treat the
      6.beta.,7.beta.-dimethanesulfonyloxy ester prepared in Example 8C with
      12.8 g. of sodium azide in 42 ml. of dimethylformamide at room temperature
      for 48 hours. Isolate and purify the resultant product in a manner similar
      to that described in Example 1D to obtain 1.29 g. (51% theory) of
      6-azido-9.alpha.-fluoro-1,4,6-pregnatriene-11.beta.,16.alpha.,17.alpha.,21
     -tetrol-3,20-dione 16,21-diacetate. Purify by recrystallization from
      acetone m.p. 160.degree.C (decomp.) [.alpha.].sub.D.sup.26.sup..degree. +
      16.4.degree. (dimethylformamide); .lambda..sub.max.sup.methanol 248 nm
      (.epsilon.=16,000), 312 nm (.epsilon.=7,150); .nu..sub.nujol 4.73
      .mu.(N.sub.3)
PAC  EXAMPLE 9
PAC  6-Azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-17.alpha.,21dio
     l-3,11 20-trione.
PAR  A. In a manner similar to that described in Example 1, treat
      9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-17.alpha.,21-diol-3,11
     ,20-trione 21-acetate with osmium tetroxide in dioxane then with hydrogen
      sulfide to obtain
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-pregnadiene
     -17.alpha.,21-diol-3,11,20-trione 21-acetate. Esterify with methanesulfonyl
      chloride in pyridine to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-
     pregnadiene-17.alpha.,21-diol-3,11,20-trione  21-acetate then treat the
      foregoing with sodium azide in dimethylformamide to obtain
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6
      -pregnatriene-17.alpha.,21-diol-3,11,20-trione 21-acetate. Treat the
      foregoing 21-acetate derivative with aqueous sodium bicarbonate in
      methanol according to the procedure of Example 1E to obtain
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-17.alpha.,21-d
     iol-3,11,20-trione.
PAL  B. alternatively, the compound of this example is prepared in the following
      manner.
PAC  1.
      6-Azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-17.alpha.,21-d
     iol-3,11,20-trione 21-acetate
PAR  To a stirred solution of 93 mg. of
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.,21-triol-3,20-dione 21-acetate in 9ml. of methylene chloride under an
      atmosphere of nitrogen, add 330 mg. of chromium trioxide/pyridine complex.
      Stir the reaction mixture under an atmosphere of nitrogen at room
      temperature for 1.5 hours. Filter, wash the precipitate with chloroform,
      combine the organic filtrates, and wash the combined filtrates with 3
      portions of water. Dry over anhydrous magnesium sulfate and evaporate in
      vacuo at room temperature to a residue comprising 80 mg. of
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-17.alpha.,21-d
     iol-3,11,20-trione 21-acetate which is used without further purification in
      the step immediately following.
PAC  2.
      6-Azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-17.alpha.,21-d
     iol-3,11,20-trione
PAR  Treat the 6-azido-1,4,6-pregnatriene-21-acetate derivative prepared in
      above Example 9B(1) with aqueous sodium bicarbonate solution in methanol
      in the manner described in Example 1E. Isolate and purify the resultant
      product in a manner similar to that described to obtain
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-17.alpha.,21-d
     iol-3,11,20-trione. Further purify by crystallization from acetone-hexane,
      m.p. 140.degree.C (decomp), [.alpha.].sub.D.sup. 26.sup..degree. +
      148.7.degree. (dimethylformamide); .lambda..sub.max.sup.methanol 247 nm
      (.epsilon. =14,200), 311 nm (.epsilon. =6,400).
PAC  EXAMPLE 10
PAC  6-Azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-17.alpha.,21-dio
     l-3,11,20-trione
PAR  A. In a manner similar to that described in Example 1, treat
      9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-17.alpha.,21-diol-3,11,
     20-trione 21-acetate with osmium tetroxide in dioxane followed by hydrogen
      sulfide treatment to obtain
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.beta.-methyl-1,4-pregnadiene-
     17.alpha.,21-diol-3,11,20-trione 21-acetate. Esterify with methanesulfonyl
      chloride in pyridine to give
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-1,4-p
     regnadiene-17.alpha.,21-diol-3,11,20-trione 21-acetate, then treat the
      foregoing with sodium azide in dimethylformamide to obtain
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-17.alpha.,21-di
     ol-3,11,20-trione 21-acetate. Hydrolyze the foregoing 21-acetate ester with
      saturated aqueous sodium bicarbonate solution in methanol according to the
      procedure of Example 1E to obtain
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-17.alpha.,21-di
     ol-3,11,20-trione.
PAR  B. Alternatively, the compound of this example is prepared in a manner
      similar to that described in Example 9B by treating
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 21-acetate with chromium trioxide pyridine complex
      then hydrolyzing the thereby formed
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-17.alpha.,21-di
     ol-3,11,20-trione 21-acetate with aqueous sodium bicarbonate in methanol to
      obtain
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-17.alpha.,21-di
     ol-3,11,20-trione. Purify by crystallization from acetone/hexane; m.p.
      160.degree.C (decomp.); [.alpha.].sub.D.sup.26.sup..degree. +
      162.4.degree. (dimethylformamide); .lambda..sub.max.sup.methanol 247 nm
      (.epsilon. = 14,600), 311 nm; (.epsilon. = 6,500).
PAC  EXAMPLE 11
PAC  6-Azido-9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-17.alpha.,21-diol-3
     ,11,20-trione
PAR  A. In a manner similar to that described in Example 1B and 1C, treat
      9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-17.alpha.,21-diol-3,11,20-
     trione 21-acetate with osmium tetroxide in dioxane followed by hydrogen
      sulfide treatment to obtain
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.beta.-methyl-4-pregnene-17.al
     pha.,21-diol-3,11,20-trione 21-acetate followed by esterification with
      methanesulfonyl chloride in pyridine to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-4-pre
     gnene-17.alpha.,21-diol-3,11,20-trione 21-acetate. Treat the foregoing with
      sodium azide in aqueous methanolic acetic acid according to the procedure
      of Example 6C to obtain
      6-azido-9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-17.alpha.,21-diol-
     3,11,20-trione 21-acetate. Hydrolysis thereof with sodium bicarbonate in
      aqueous methanol according to the procedure of Example 1E yields
      6-azido-9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-17.alpha.,21-diol-
     3,11,20-trione.
PAR  B. Alternatively, the compound of this example is prepared in a manner
      similar to that described in Example 9B as follows. Oxidize 0.37 g. of
      6-azido-9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-11.beta.,17.alpha.
     ,21-triol-3,20-dione 21-acetate with 1.2 g. of chromium trioxide-pyridine
      complex in 37 ml. of methylene chloride. Isolate and purify the resultant
      product in a manner similar to that described in Example 9B(1) to obtain
      6-azido-9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-17.alpha.,21-diol-
     3,11,20-trione 21-acetate. Hydrolyze the foregoing 21-acetate in 90 ml. of
      methanol with 10 ml. of saturated aqueous sodium bicarbonate in a manner
      similar to that described in Example 9B(2) to obtain 191 mg. (57%
      theoretical yield) of
      6-azido-9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-17.alpha.,21-diol-
     3,11,20-trione. Purify by recrystallization from acetonehexane; m.p.
      135.degree.-140.degree.C (decomp.); [.alpha.].sub.D.sup.26.sup..degree.
      +180.6.degree. (dimethylformamide); .lambda. .sub.max.sup.methanol 249
      nm;(.epsilon. = 13,300), 295 nm; (.epsilon. = 10,700).
PAC  EXAMPLE 12
PAC  Preparation of
      6-Azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.,21-triol-3,20-dione 21-acetate Utilizing tetra-n-Butylammonium Azide
      as Reagent
PAR  To a solution containing 0.4 g. of tetra-n-butylammonium azide in 10 ml. of
      chloroform add 100 mg. of
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-
     pregnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate and stir the
      reaction mixture at room temperature under an atmosphere of nitrogen in
      the absence of light for five days. Add 300 ml. of ethyl acetate, wash
      with three 100 ml. portions of water, dry over sodium sulfate and
      evaporate in vacuo to a residue comprising
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.,21-triol-3,20-dione 21-acetate (yield, 80 mg.). Purify by thin layer
      chromatography, developing with chloroform-ethyl acetate (2:1). Combine
      the like fractions, elute with ethyl acetate, and evaporate the eluates in
      vacuo to a residue comprising
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.,21-triol-3,20-dione 21-acetate (yield, 12.4 mg., 16% theory) which was
      identical with the compound prepared as described in Example 1D.
PAR  Similarly, tetra - methylguanidinium azide may be used instead of the
      tetra-n-butylammonium azide in the above procedure to obtain the compound
      of this example.
PAC  EXAMPLE 13
PAC  6-Azido-1,4,6-pregnatriene-11.beta.,17.alpha.,21 -triol-3,20-dione
      (6-Azido-6-dehydroprednisolone)
PAC  A.
      6.beta.,7.beta.-Dihydroxy-1,4-pregnadiene-11.beta.,17.alpha.,21-triol-3,20
     -dione 21-acetate
PAR  In a manner similar to that described in Example 1B, treat 4.7 g. of
      1,4,6-pregnatriene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate with
      3 g. of osmium tetroxide in 225 ml. of dioxane and 11.25 ml. of pyridine
      at room temperature for five days. Isolate the resultant product in a
      manner similar to that described in Example 1B to obtain a residue
      comprising 3.95 g.
      6.beta.,7.beta.-dihydroxy-1,4-pregnadiene-11.beta.,17.alpha.,21-triol-3,20
     -dione 21-acetate. Purify by trituration with chloroform then methanol,
      filter the resultant solid to obtain
      6.beta.,7.beta.-dihydroxy-1,4-pregnadiene-11.beta.,17.alpha.,21-triol,
      3,20-dione 21-acetate, which can be used without further purification in
      the procedure of Example 13B. If desired, further purify via thin layer
      chromatography developing with methanol-chloroform-ethyl acetate (1:4:4);
      combine like fractions, elute with ethyl acetate, evaporate the eluate to
      a residue, recrystallize the residue from methanol to obtain
      6.beta.,7.beta.-dihydroxy-1,4-pregnadiene-11.beta.,17.alpha.,21-triol-3,20
     -dione 21-acetate; m.p. 240.degree.-250.degree.C; .lambda.max.sup.methanol
      245 nm (.epsilon. =13,400) n.m.r. (dmso-d.sub.6 /D.sub.2 O) .delta. 0.80
      (C.sub.13 -CH.sub.3); 1.53 (C.sub.10 -CH.sub.3); 3.13 (7.alpha.-H; d,d
      J10,5Hz); 4.20 (6.alpha.-H; d,J3Hz); 6.03 (C.sub.4 -H); 6.12 (C.sub.2 -H;
      d,d J10,2Hz); 7.30 (C.sub.1 -H; d J,10Hz).
PAC  B.
      6.beta.,7.beta.-Dimethanesulfonyloxy-1,4-pregnadiene-11.beta.,17.alpha.,21
     -triol-3,20-dione 21-acetate
PAR  In a manner similar to that described in Example 1C, treat 1.32 g. of
      6.beta.,7.beta.-dihydroxy-1,4-pregnadiene-11.beta.,
      17.alpha.,21-triol-3,20-dione 21-acetate in 26.4 ml. of pyridine with 2.64
      ml. of methanesulfonyl chloride at room temperature for 1.5 hours. Pour
      the reaction mixture into water and extract the aqueous mixture with ethyl
      acetate and evaporate the ethyl acetate extracts in vacuo to a residue
      comprising
      6.beta.,7.beta.-dimethanesulfonyloxy-1,4-pregnadiene-11.beta.,17.alpha.,21
     -triol-3,20-dione 21-acetate (yield, 1.95 g.) which is used without further
      purification in the following reaction.
PAC  C. 6-Azido-1,4,6-pregnatriene-11.beta.,17.alpha.,21-triol-3,20-dione
      21-acetate
PAR  To the
      6.beta.,7.beta.-dimethanesulfonyloxy-1,4-pregnadiene-11.beta.,17.alpha.,21
     -triol-3,20-dione 21-acetate prepared in above Example 13B in 25 ml. of
      dimethylformamide under an atmosphere of nitrogen at room temperature, add
      4.87 g. of sodium azide. Stir the reaction mixture at room temperature in
      the dark for 18 hours, then isolate the resultant product in a manner
      similar to that described in Example 1D to obtain 1.6 g. of a product
      comprising
      6-azido-1,4,6-pregnatriene-11.beta.,17.alpha.,21-triol-3,20-dione
      21-acetate. Purify by chromatography on a column of 160 g. of silica gel,
      eluting with chloroform-ethyl acetate (1:1) to obtain 0.41 g. of
      6-azido-1,4,6-pregnatriene-11.beta.,17.alpha.,21-triol-3,20-dione
      21-acetate.
PAC  D 6-Azido-1,4,6-pregnatriene-11.beta.,17.alpha.,21-triol-3,20-dione
PAR  Hydrolyze the 21-acetate product of Example 13C in 56 ml. of methanol and
      6.2 ml. of saturated aqueous sodium bicarbonate for two hours at room
      temperature. Isolate the resultant product in a manner similar to that
      described in Example 1E to obtain
      6-azido-1,4,6-pregnatriene-11.beta.,17.alpha.,21-triol-3,20-dione (yield,
      0.22 g.; 72% theory). Purify by recrystallization from acetone-hexane m.p.
      150.degree.C (decomp.) [.alpha.].sub.D.sup.26.sup..degree. + 41.3.degree.
      (dimethylformamide); .lambda. max.sup.methanol 250 nm (.epsilon. =15,800),
      310 nm (.epsilon. =7,700)
PAC  EXAMPLE 14
PAC  6-Azido-1,4,6-pregnatriene-17.alpha.,21-diol-3,11,20-trione (6-Azido
      6-dehydroprednisone)
PAC  A.
      6.beta.,7.beta.-Dihydroxy-1,4-pregnadiene-17.alpha.,21-diol-3,11,20-trione
      21-acetate
PAR  In a manner similar to that described in Example 1B, treat 3.13 g. of
      1,4,6-pregnatriene-17.alpha.,21-diol-3,11,20-trione 21-acetate with 2 g.
      of osmium tetroxide in 150 ml. of dioxane and 7.5 ml. of pyridine at room
      temperature for four days. Isolate the resultant product in a manner
      similar to that described and purify the resultant product by thin layer
      chromatography, developing with methanol-ethyl acetate-chloroform
      (2:25:25). Combine like fractions, elute with ethyl acetate, evaporate the
      eluate in vacuo, recrystallize the resultant residue from methanol to
      obtain 6.beta.,7.beta.-dihydroxy-1,4-pregnadiene-17.alpha.,21-
      diol-3,11,20-trione 21-acetate (yield, 550 mg. 18.5% theory); m.p.
      290.degree.-292.degree.C [.alpha.].sub.D.sup.26.sup..degree. + 67.degree.
      (pyridine); .lambda. max.sup.methanol 238 nm (.epsilon. =12,600) n.m.r.
      (dmso d.sub.6 /D.sub.2 O) .delta.0.60 (C.sub.13 -CH.sub.3); 1.52 (C.sub.10
      -CH.sub.3); 3.30 (7.alpha.-H; mult); 4.21 (6.alpha.-H; d,J3Hz); 6.11
      (C.sub.4 -H); 6.08 (C.sub.2 -H; d,dJ10,2.5Hz); 6.76 (C.sub. 1 -H;
      d,J10Hz).
PAC  B. 6.beta.,
      7.beta.-Dimethanesulfonyloxy-1,4-pregnadiene-17.alpha.,21-diol-3,11,20-tri
     one 21-acetate
PAR  In a manner similar to that described in Example 1C, treat the
      6.beta.,7.beta.-dihydroxy-1,4-pregnadiene-17.alpha.,21-diol-3,11,20-trione
      21-acetate prepared in Example 14A with methanesulfonyl chloride in
      pyridine. Isolate the resultant product in a manner similar to that
      described in Example 1C to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-1,4-pregnadiene-17.alpha.,21-diol-3,1
     1,20-trione 21-acetate which is used without further purification in the
      procedure of Example 14C immediately following.
PAC  C. 6-Azido-1,4,6-pregnatriene-17.alpha.,21-diol-3,11,20-trione 21-acetate
PAR  In a manner similar to that described in Example 1D treat the
      6.beta.,7.beta.-dimethanesulfonyloxy-1,4-pregnadiene intermediate prepared
      in Example 14B with sodium azide in dimethylformamide. Isolate and purify
      the resultant product in a manner similar to that described to obtain
      6-azido-1,4,6-pregnatriene-17,21-diol-3,11,20-trione 21acetate.
PAC  D. 6-Azido-1,4,6-pregnatriene-17.alpha.,21-diol-3,11,20-trione
PAR  In a manner similar to that described in Example 1E treat the
      6-azido-1,4,6-pregnatriene-17.alpha.,21-diol-3,11,20-trione 21-acetate
      prepared in Example 14C with aqueous sodium bicarbonate in methanol.
      Isolate and purify the resultant product in a manner similar to that
      described to obtain
      6-azido-1,4,6-pregnatriene-17.alpha.,21-diol-3,11,20-trione.
PAC  EXAMPLE 15
PAC  6-Azido-4,6-pregnadiene-17.alpha.,21-diol-3,11,20-trione 21-acetate
      (6-Azido-6-dehydrocortisone 21-acetate)
PAC  A. 6.beta.,7.beta.-Dihydroxy-4-pregnene-17.alpha.,21-diol-3,11,20-trione
      21-acetate
PAR  In a manner similar to that described in Example 1B, treat 0.5 g. of
      4,6-pregnadiene-17.alpha.,21-diol-3,11,20-trione 21-acetate with 0.4 g. of
      osmium tetroxide in 11 ml. of dioxane and 0.5 ml. of pyridine at room
      temperature in the dark under an atmosphere of nitrogen for 3.5 days.
      Isolate in a manner similar to that described and purify by
      chromatographing on silica gel plates developing with ethyl
      acetate-chloroform-methanol (4.5:4.5:1). Combine like fractions, elute
      with ethyl acetate, and evaporate the eluate to a residue comprising
      6.beta.,7.beta.-dihydroxy-4-pregnene-17.alpha.,21-diol-3,11,20-trione
      21-acetate (yield = 0.123 g., 23% theory). Further purify by
      recrystallization from methanol-ethyl acetate m.p. =
      240.degree.-243.degree.C; [.alpha.].sub.D.sup.26.sup..degree. +
      122.degree. (pyridine); .lambda. max.sup.methanol 230 nm (.epsilon.
      =11,700); n.m.r. (dmso-d.sub.6 /D.sub.2 O) .delta. 0.48(C.sub.13
      -CH.sub.3); 1.50 (C.sub.10 -CH.sub.3); 3.46 (7.alpha.-H; mult); 4.04
      (6.alpha.-H; d J2Hz); 5.75 (C.sub.4 -H).
PAR  A second series of like eluates, when combined and evaporated to a residue,
      yields
      6.alpha.,7.alpha.-dihydroxy-4-pregnene-17.alpha.,21-diol-3,11,20-trione
      21-acetate (yield = 0.068 g; 13% theory) which, when further purified by
      recrystallization from methanolethyl acetate has a m.p. of
      277.degree.-281.degree.C; [.alpha.].sub.D.sup.26.sup..degree. +
      144.4.degree. (pyridine); .lambda. max.sup.methanol 240 nm (.epsilon.
      =13,400) n.m.r. (dmso-d.sub.6 /D.sub.2 O) .delta. 0.50 (C.sub.13
      -CH.sub.3); 1.35 (C.sub.10 -CH.sub.3); 3.80 (7.beta.-H; mult); 4.20
      (6.beta.-H; mult); 6.03 (C.sub.4 -H; d J2Hz).
PAC  B.
      6.beta.,7.beta.-Dimethanesulfonyloxy-4-pregnene-17.alpha.,21-diol-3,11,20-
     trione 21-acetate
PAR  In a manner similar to that described in Example 1C, treat
      6.beta.,7.beta.-dihydroxy-4-pregnene-17.alpha.,21-diol-3,11,20-trione
      21-acetate with methanesulfonyl chloride in pyridine. Isolate the
      resultant product in a manner similar to that described to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-4-pregnene-17.alpha.,21-diol-3,11,20-
     trione 21-acetate which is used without further purification in the
      reaction immediately following.
PAC  C. 6-Azido-4,6-pregnadiene-17.alpha.,21-diol-3,11,20-trione 21-acetate
PAR  In a manner similar to that described in Example 6C, treat
      6.beta.,7.beta.-dimethanesulfonyloxy-4-pregnene-17.alpha.,21-diol-3,11,20-
     trione 21-acetate with sodium azide in aqueous methanol in the presence of
      acetic acid. Isolate and purify the resultant product in a manner similar
      to that described to obtain
      6-azido-4,6-pregnadiene-17.alpha.,21-diol-3,11,20-trione 21-acetate. D.
      Treatment of
      6.alpha.,7.alpha.-dihydroxy-4-pregnene-17.alpha.,21-diol-3,11,20-trione
      21-acetate with methanesulfonyl chloride in pyridine in a manner similar
      to that described in Example 1C yields
      6.alpha.,7.alpha.-dimethanesulfonyloxy-4-pregnene-17.alpha.,21-diol-3,11,2
     0-trione 21-acetate, which when isolated in a manner similar to that
      described in Example 1C and immediately treated with sodium azide in
      aqueous methanol in the presence of acetic acid in a manner similar to
      that described in Example 6C, yields a product devoid of
      6-azido-4,6-pregnadiene-17.alpha.,21-diol-3,11,20-trione 21-acetate.
PAC  EXAMPLE 16
PAC  6-Azido-9.alpha.-fluoro-4,6-pregnadiene-17.alpha.,21-diol-3,11,20-trione
      21-acetate
PAC  A.
      6.beta.,7.beta.-Dihydroxy-9.alpha.-fluoro-4-pregnene-17.alpha.,21-diol-3,1
     1,20-trione 21-acetate
PAR  In a manner similar to that described in Example 1B, treat 150 mg. of
      9.alpha.-fluoro-4,6-pregnadiene-17.alpha.,21-diol-3,11,20-trione
      21-acetate with 94 mg. of osmium tetroxide in 2.85 ml. of dioxane and 0.15
      ml. of pyridine at room temperature in the dark for 3.5 days. Isolate in a
      manner similar to that described and purify by chromatographing on
      preparative thin layer plates developing with ethyl acetate-chloroform
      (1:1). Combine like fractions, elute with ethyl acetate and evaporate the
      eluates to a residue comprising
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-4-pregnene-17.alpha.,21-diol-3,1
     1,20-trione 21-acetate. Yield = 100 mg., (61% theory). Further purify by
      recrystallization from methanol m.p. 255.degree.-260.degree.C;
      [.alpha.].sub.D.sup.26.sup..degree. + 72.8.degree. (pyridine) .lambda.
      max.sup.methanol 228 nm (.epsilon. = 13,200) n.m.r. (dmso-d.sub.6 /D.sub.2
      O) .delta.  0.52 (C.sub.13 -CH.sub.3); 1.58 (C.sub.10 -CH.sub.3);
      3.70(7.alpha.-H-mult); 4.12 (6.alpha.-H; d,J 3.5 Hz); 5.86 (C.sub.4 -H).
PAR  B. Treat
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-4-pregnene-17.alpha.,21-diol-3,1
     1,20-trione 21-acetate with methanesulfonyl chloride in pyridine according
      to the procedure of Example 1C to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-4-pregnene-17.alpha.,
     21-diol-3,11,20-trione 21-acetate; then treat the thus obtained
      6.beta.,7.beta.-dimethanesulfonyloxy ester intermediate with sodium azide
      in aqueous methanol in the presence of acetic acid according to the
      procedure of Example 6C to obtain
      6-azido-9.alpha.-fluoro-4,6-pregnadiene-17.alpha.,21-diol-3,11,20-trione
      21-acetate.
PAC  EXAMPLE 17
PAC  6-Azido-9.alpha.-fluoro-4,6-pregnadiene-11.beta.,17.alpha.,21-triol-3,20-di
     one 21-acetate (6-Azido-9.alpha.-fluoro-6-dehydro-hydrocortisone 21-acetate
PAC  A.
      6.beta.,7.beta.-Dihydroxy-9.alpha.-fluoro-4-pregnene-11.beta.,17.alpha.,21
     -triol 3,20-dione 21-acetate
PAR  In a manner similar to that described in Example 1B, treat 125 mg. of
      9.alpha.-fluoro-4,6-pregnadiene-11.beta.,17.alpha.,21-triol-3,20-dione
      21-acetate with 94 mg. of osmium tetroxide in 2.85 ml. of dioxane and 0.15
      ml. of pyridine under an atmosphere of nitrogen at room temperature in the
      absence of light for 3.5 days. Isolate the resultant product in a manner
      similar to that described in Example 1B and purify by chromatographing on
      preparative thin layer plates developing with ethyl
      acetate-chloroform-methanol (4.5:4.5:1). Combine like eluates, elute with
      ethyl acetate and evaporate the eluate to a residue comprising
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-4-pregnene-11.beta.,17.alpha.,21
     -triol-3,20-dione 21-acetate (yield, 95 mg., 70% theory). Further purify by
      recrystallization from acetone-ether m.p. 248.degree.-250.degree.C;
      [.alpha.].sub.D.sup.26.sup..degree. +69.degree. (pyridine); .lambda.
      max.sup.methanol 237 nm (.epsilon. =12,500) n.m.r. (dmso d.sub.6 /D.sub.2
      O).delta. 0.78 (C.sub.13 -CH.sub.3); 1.60 (C.sub.10 -CH.sub.3); 3.65
      (7.alpha.-H; d,d J5.5, 3.5 Hz); 4.13 (11.alpha.-H; mult); 4.18
      (6.alpha.-H; d,J3.5 Hz); 5.88 (C.sub.4 -H).
PAR  B. Treat
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-4-pregnene-11.beta.,17.alpha.,21
     -triol-3,20-dione 21-acetate with methanesulfonyl chloride in pyridine
      according to the procedure of Example 1C to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-4-pregnene-11.beta.,1
     7.alpha.,21-triol-3,20-dione 21-acetate; then treat the thus obtained
      6.beta.,7.beta.-dimethanesulfonyloxy ester intermediate with sodium azide
      in aqueous methanol in the presence of acetic acid according to the
      procedure of Example 6C to obtain
      6-azido-9.alpha.-fluoro-4,6-pregnadiene-11.beta.,17.alpha.,21-triol-3,20-d
     ione 21-acetate.
PAC  EXAMPLE 18
PAC  Other 6-Azido-4,6-pregnadiene-21-ol-3,20-dione 21-lower alkanoates
PAC  A. 6.beta.,7.beta.-dihydroxy-4-pregnene-21-ol-3,20-dione 21-lower
      alkanoates
PAR  1. In a manner similar to that described in Example 1B, treat 1.1 g. of
      9.alpha.,11.beta.-dichloro-16.alpha.-methyl-1,4,6-pregnatriene-17.alpha.,2
     1-diol-3,20-dione 17,21-butyrate with 0.5 g. of osmium tetroxide in 10 ml.
      of dioxane and 0.5 ml of pyridine under an atmosphere of nitrogen in the
      dark at room temperature for four days. Isolate the resultant product in a
      manner similar to that described, then purify by chromatographing on
      silica gel, eluting first with chloroform then with ethyl
      acetate-chloroform (1:1). Combine the like ethyl acetate-chloroform
      eluates as determined by thin layer chromatography and evaporate the
      combined eluates to a residue comprising
      6.beta.,7.beta.-dihydroxy-9.alpha.,11.beta.-dichloro-16.alpha.-methyl-1,4-
     pregnadiene-17.alpha.,21-diol-3,20-dione 17,21-dibutyrate (yield, 0.43 g.).
      Further purify by crystallization from acetone-hexane to obtain purified
      6.beta.,7.beta.-dihydroxy-9.alpha.,11.beta.-dichloro-16.alpha.-methyl-1,4-
     pregnadiene-17.alpha.,21-diol-3,20-dione 17,21-dibutyrate (yield = 380
      mg.); n.m.r. (CDCl.sub.3).delta.1.20 (C.sub.13 -CH.sub.3); 1.88 (C.sub.10
      -CH.sub.3); 3.94 (7.alpha.-H; d,d J8,4 Hz); 4.46 (6.alpha.-H; d, J4.5 Hz);
      4.70 (11.alpha.-H; mult); 6.26 (C.sub.4 -H); 6.35 (C.sub.2 -H; d,d
      J11,2Hz); 7.18 (C.sub.1 -H; d,J11 Hz).
PAR  Further purify the filtrates of the above recrystallization via thin layer
      chromatography to obtain
      6.alpha.,7.alpha.-dihydroxy-9.alpha.,11.beta.-dichloro-16.alpha.-methyl-1,
     4-pregnadiene-17.alpha.,21-diol-3,20-dione 17,21-dibutyrate (yield, 13 mg.)
      n.m.r. (CDCl.sub.3).delta. 1.18 (C.sub.13 -CH.sub.3); 1.90 (C.sub.10
      -CH.sub.3); 4.5 (11.alpha.-H + 7.beta.-H; mult); 4.81 (6.beta.-H +
      21-CH.sub.2); 6.17 (C.sub.4 -H; d,J 2Hz); 6.34 (C.sub.2 -H; d,d J10, 2Hz);
      7.16 (C.sub.1 -H; d, J10 Hz).
PAR  2. In a manner similar to that described in Example 1B and above Example
      18A(1), treat each of the following 4,6-pregnadienes with osmium tetroxide
      in dioxane and pyridine under nitrogen at room temperature in the absence
      of light:
PAR  1.
      9.alpha.-fluoro-16.beta.-methyl-16.alpha.,17.alpha.-oxido-1,4,6-pregnatrie
     ne-11.beta.,21-diol-3,20-dione 21-acetate;
PAR  2.
      9.alpha.-chloro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-
     triol-3,20-dione 21-acetate;
PAR  3.
      9.alpha.-chloro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-t
     riol-3,20-dione 21-acetate;
PAR  4.
      9.alpha.-chloro-16.alpha.-methyl-4,6-pregnadiene-11.beta.,17.alpha.,21-tri
     ol-3,20-dione 21-acetate;
PAR  5.
      9.alpha.-chloro-16.beta.-methyl-4,6-pregnadiene-11.beta.,17.alpha.,21-trio
     l-3,20-dione 21-acetate;
PAR  6.
      9.alpha.-bromo-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-t
     riol-3,20-dione 21-acetate;
PAR  7.
      9.alpha.-bromo-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.,21-tr
     iol-3,20-dione 21-acetate;
PAR  8.
      9.alpha.-bromo-16.alpha.-methyl-4,6-pregnadiene-11.beta.,17.alpha.,21-trio
     l-3,20-dione 21-acetate;
PAR  9.
      9.alpha.-bromo-16.beta.-methyl-4,6-pregnadiene-11.beta.,17.alpha.,21-triol
     -3,20-dione 21-acetate;
PAR  10. 16.alpha.-ethyl-4,6-pregnadiene-11.beta.,17.alpha.,21-triol-3,20-dione
      21-acetate;
PAR  11. 4,6-pregnadiene-21-ol-3,20-dione 21 acetate;
PAR  12. 16.alpha.-n-butyl-4,6-pregnadiene-17.alpha.,21-diol-3,11,20-trione
      21-acetate;
PAR  13.
      9.alpha.-chloro-11.beta.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-17.alph
     a.,21-diol-3,20-dione 21-acetate;
PAR  14.
      9.alpha.-bromo-11.beta.-chloro-16.beta.-methyl-1,4,6-pregnatriene-17.alpha
     .,21-diol-3,20-dione 21-acetate;
PAR  15.
      9.alpha.,11.beta.-dichloro-16.alpha.,17.alpha.-isopropylidenedioxy-1,4,6-p
     regnatriene-21-ol-3,20-dione 21-acetate;
PAR  16.
      9.alpha.,11.beta.-dichloro-1,4,6-pregnatriene-17.alpha.,21-diol-3,20-dione
      21-acetate.
PAR  Isolate and purify each of the resultant products in a manner similar to
      that described in Example 1B to obtain respectively:
PAR  1. 6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.beta.-methyl-16.alpha.,
      17.alpha.-oxido-1,4-pregnadiene-11.beta.,21-diol-3,20-dione 21-acetate;
PAR  2.
      6.beta.,7.beta.-dihydroxy-9.alpha.-chloro-16.alpha.-methyl-1,4-pregnadiene
     -11.beta.,17.alpha., 21-triol-3,20-dione 21-acetate;
PAR  3.
      6.beta.,7.beta.-dihydroxy-9.alpha.-chloro-16.beta.-methyl-1,4-pregnadiene
     -11.beta.,17.alpha., 21-triol-3,20-dione 21-acetate;
PAR  4.
      6.beta.,7.beta.-dihydroxy-9.alpha.-chloro-16.alpha.-methyl-4-pregnene-11.b
     eta.,17.alpha., 21-triol-3,20-dione 21-acetate;
PAR  5.
      6.beta.,7.alpha.-dihydroxy-9.alpha.-chloro-16.beta.-methyl-4-pregnene-11.b
     eta.,17.alpha. ,21-triol-3,20-dione 21-acetate;
PAR  6.
      6.beta.,7.beta.-dihydroxy-9.alpha.-bromo-16.alpha.-methyl-1,4-pregnadiene-
     11.beta.,17.alpha., 21-triol-3,20 -dione 21-acetate;
PAR  7.
      6.beta.,7.beta.-dihydroxy-9.alpha.-bromo-16.beta.-methyl-1,4-pregnadiene-1
     1.beta.,17.alpha.,21-triol-3,20-dione 21-acetate;
PAR  8.
      6.beta.,7.beta.-dihydroxy-9.alpha.-bromo-16.alpha.-methyl-4-pregnene-11.be
     ta.,17.alpha., 21-triol-3,20 -dione 21-acetate;
PAR  9.
      6.beta.,7.beta.-dihydroxy-9.alpha.-bromo-16.beta.-methyl-4-pregnene-11.bet
     a., 17.alpha., 21-triol-3,20-dione 21-acetate;
PAR  10. 6.beta., 7.beta.-dihydroxy-16.alpha.-ethyl-4-pregnene-11.beta.,
      17.alpha., 21-triol- 3,20-dione 21-acetate;
PAR  11. 6.beta., 7.beta.-dihydroxy-4-pregnene-21, 0l-3,20-dione 21-acetate;
PAR  12. 6.beta., 7.beta.-dihydroxy-16.alpha.-n-butyl-4-pregnene-17.alpha.,
      21-diol-3, 11, 20-trione 21-acetate;
PAR  13.
      6.beta.,7.beta.-dihydroxy-9.alpha.-chloro-11.beta.-fluoro-16.beta.-methyl-
     1,4-pregnadiene-17.alpha.,21-diol-3,20-dione 21-acetate;
PAR  14.
      6.beta.,7.beta.-dihydroxy-9.alpha.-bromo-11.beta.-chloro-16.beta.-methyl-1
     ,4-pregnadiene-17.alpha.,21-diol-3,20-dione 21-acetate;
PAR  15. 6.beta.,7.beta.-dihydroxy-9.alpha.,11.beta.-dichloro-16.alpha.,
      17.alpha.-isopropylidenedioxy-1,4-pregnadiene-21-ol-3,20-dione 21-acetate;
PAR  16.
      6.beta.,7.beta.-dihydroxy-9.alpha.,11.beta.-dichloro-1,4-pregnadiene-17.al
     pha.,21-diol-3,20-dione 21-acetate.
PAC  B. 6.beta.,7.beta. -Dimethanesulfonyloxy-4-pregnene-21-ol-3,20-dione
      21-lower alkanoates
PAR  1. In a manner similar to that described in Example 1C, treat the 6.beta.,
      7.beta.-dihydroxy-4-pregnenes prepared in above Example 18A(1) with
      methanesulfonylchloride in pyridine to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.,11.beta.-dichloro-16.alpha.-
     methyl-1,4-pregnadiene-17.alpha.,21-diol3,20 -dione 17,21dibutyrate. 2. In
      a similar fashion, treat each of the 6.beta.,
      7.beta.-dihydroxy-4-pregnenes in above Example 18A(2) with methanesulfonyl
      chloride in pyridine. Isolate and purify each of the resultant products in
      a manner similar to that described to obtain respectively:
PAR  1.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-16.al
     pha.,17.alpha.-oxido-1,4-pregnadiene-11.alpha.,21-diol-3,20-dione
      21-acetate;
PAR  2.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-chloro-16.alpha.-methyl-1,4-
     pregnadiene-11.beta.,17.alpha.-21-triol-3,20-dione 21-acetate;
PAR  3. 6.beta.,7.beta.
      -dimethanesulfonyloxy-9.alpha.-chloro-16.beta.-methyl-1,4-pregnadiene-11.b
     eta., 17.alpha.21 -triol-3,20-dione 21-acetate;
PAR  4.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-chloro-16.alpha.-methyl-4-pr
     egnene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate;
PAR  5.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-chloro-16.beta.-methyl-4-pre
     gnene-11.beta.,17.alpha.,21-triol- 3,20-dione 21-acetate;
PAR  6.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-bromo-16.alpha.-methyl-1,4-p
     regnadiene-11.beta., 17.alpha., 21-triol-3,20-dione 21-acetate;
PAR  7.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-bromo-16.beta.-methyl-1,4-pr
     egnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate;
PAR  8.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-bromo-16.alpha.-methyl-4-pre
     gnene-11.beta., 17.alpha.21-triol- 3,20-dione 21-acetate;
PAR  9.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-bromo-16.beta.-methyl-4-preg
     nene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate;
PAR  10.
      6.beta.,7.beta.-dimethanesulfonyloxy-16.alpha.-ethyl-4-pregnene-11.beta.,1
     7.alpha.,21-triol-3,20-dione 21-acetate;
PAR  11. 60.beta.,7.beta.-dimethanesulfonyloxy-4-pregnene-21-ol-3,20-dione
      21-acetate;
PAR  12.
      6.beta.,7.beta.-dimethanesulfonyloxy-16.alpha.-n-butyl-4-pregnene-17.alpha
     .,21-diol- 3,11,20 -trione 21-acetate;
PAR  13. 6.beta.,
      7.beta.-dimethanesulfonyloxy-9.alpha.-chloro-11.beta.-fluoro-16.beta.-meth
     yl-1,4-pregnadiene-17.alpha.,21-diol-3,20-dione 21-acetate;
PAR  14.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-bromo-11.beta.-chloro-16.bet
     a.-methyl-1,4-pregnadiene-17.alpha.,21-diol-3,20-dione 21-acetate;
PAR  15.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.,11.beta.-dichloro-16.alpha.,
     17.alpha.-iso-propylidenedioxy-1,4-pregnadiene-21-ol-3,20-dione 21-acetate;
PAC  C. 6-Azido-4,6-pregnadiene-21-ol-3,20-dione 21-lower alkanoates
PAR  1. In a manner similar to that described in Example 1D, 6C and in Example
      12, treat 6.beta.,
      7.beta.-dimethanesulfonyloxy-9.alpha.,11.beta.-dichloro-16.alpha.-methyl-1
     ,4-pregnadiene-17.alpha.,21-diol-3,20-dione 17,21 -dibutyrate with an azide
      salt in a non-reactive solvent. Isolate and purify the resultant product
      in a manner similar to that described in Example 1D to obtain
      6azido-9.alpha.,11.beta.-dichloro-16.alpha.-methyl-1,4-pregnadiene-17.alph
     a.,21-diol-3,20-dione 17,21-dibutyrate.
PAR  2. In a manner similar to that described in Examples 1D, 6C and in Example
      12, treat each of the 6.beta.,7.beta.-dimethanesulfonyloxy intermediates
      prepared in Example 18.beta.(2) with an azide salt in a nonreactive
      solvent. Isolate and purify each of the resultant products in a manner
      similar to that described in Example 1D, 6C and Example 12 to obtain
      respectively:
PAR  1. 6-azido-9.alpha.-fluoro-16.beta.-methyl-16.alpha.,
      17.alpha.-oxido-1,4,6-pregnatriene-11.beta.,21-diol-3,20-dione 21-acetate,
PAR  2.
      6-azido-9.alpha.-chloro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha., 21-triol-3,20-dione 21-acetate,
PAR  3.
      6-azido-9.alpha.-chloro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha., 21-triol-3,20-dione 21-acetate,
PAR  4.
      6-azido-9.alpha.-chloro-16.alpha.-methyl-4,6-pregnadiene-11.beta.,17.alpha
     ., 21-triol- 3,20-dione 21-acetate,
PAR  5. 6-azido-9.alpha.-chloro-16.beta.-methyl-4,6-pregnadiene-
      11.beta.,17.alpha., 21-triol-3,20-dione 21-acetate,
PAR  6.
      6-azido-9.alpha.-bromo-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 21-acetate, 7.
      6-azido-9.alpha.-bromo-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alph
     a.,21-triol-3,20-dione 21-acetate,
PAR  8.
      6-azido-9.alpha.-bromo-16.alpha.-methyl-4,6-pregnadiene-11.beta.,17.alpha.
     ,21-triol- 3,20-dione 21-acetate,
PAR  9.
      6-azido-9.alpha.-bromo-16.beta.-methyl-4,6-pregnadiene-11.beta.,17.alpha.,
     21-triol-3,20-dione 21-acetate,
PAR  10. 6-azido-16.alpha.-ethyl-4,6-pregnadiene-11.beta., 17.alpha.,
      21-triol-3,20-dione 21-acetate,
PAR  11. 6-azido-4,6-pregnadiene-21-ol-3,20-dione 21-acetate,
PAR  12. 6-azido-16.alpha.-n-butyl-4,6-pregnadiene-17.alpha., 21-diol-
      3,11,20-trione 21-acetate,
PAR  13.
      6-azido-9.alpha.-chloro-11.beta.-fluoro-16.beta.-methyl-1,4,6-pregnatriene
     -17.alpha.,21-diol-3,20-dione 21-acetate,
PAR  14.
      6-azido-9.alpha.-bromo-11.beta.-chloro-16.beta.-methyl-1,4,6-pregnatriene-
     17.alpha., 21-diol-3,20-dione 21-acetate,
PAR  15.
      6-azido-9.alpha.,11.beta.-dichloro-16.alpha.,17.alpha.-isopropylidenedioxy
     -1,4,6-pregnatriene-21-ol-3,20-dione 21-acetate,
PAR  16. 6-azido-9.alpha.,11.alpha.-dichloro-1,4,6-pregnatriene-17.alpha.,
      21-diol-3,20-dione 21-acetate.
PAC  EXAMPLE 19
PAC  6-Azido-9.alpha.-fluoro-11-oxygenated-16-methyl-17.alpha.-hydroxy-1,4,6-pre
     gnatriene-3,20-diones
PAC  A.
      6.beta.,7.beta.-Dihydroxy-9.alpha.-fluoro-11-oxygenated-17.alpha.-hydroxy-
     1,4-pregnadiene-3,20-diones
PAR  1. In a manner similar to that described in Example 1B, treat 1.84 g. of
      9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.-dio
     l-3,20-dione with 1.25 g. of osmium tetroxide in 50 ml. of dioxane and 15
      ml. of pyridine at room temperature under an atmosphere of nitrogen in the
      absence of light for 2.5 days. Isolate the resultant product in a manner
      similar to that described in Example 1B to obtain
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-pregnadiene
     -11.beta.,17.alpha.-dioe-3,20-dione (yield= 0.83 g., 42% theory). 2. In
      similar manner, treat each of the following with osmium tetroxide in
      pyridine-dioxane:
      9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alpha.-diol
     -3,20-dione;
      9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-17.alpha.-ol-3,11,20-t
     rione and
      9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-17.alpha.-ol-3,11,20-tr
     ione. Isolate and purify each of the resultant respective products in a
      manner similar to that described in Example 1B to obtain
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.beta.-methyl-1,4-pregnadiene-
     11.beta.,17.alpha.-diol-3,20-dione;
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-pregnadiene
     -17.alpha.-ol-3,11,20-trione and 6.beta.,7.beta.
      -dihydroxy-9.alpha.-fluoro-16.beta.-methyl-1,4-pregnadiene-17.alpha.-ol-
      3,11,20-trione.
PAC  B. 6.beta.,
      7.beta.-Dimethanesulfonyloxy-9.alpha.-fluoro-11-oxygenated-16-methyl-1,4-p
     regnadiene-17.alpha.-ol-3,20-diones
PAR  In a manner similar to that described in Example 1C, treat 0.83 g. of
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-pregnadiene
     -11.beta.,17.alpha.-diol-3,20-dione in 17ml. of pyridine with 1.67 ml. of
      methanesulfonyl chloride at room temperature for two hours. Isolate the
      resultant product in a manner similar to that described to obtain 1.2 g.
      of 6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1
     ,4-pregnadiene-11.beta.,17.alpha.-diol-3,20 -dione which is used without
      further purification in Procedure 19C immediately following.
PAR  In a manner similar to that described in Example 1C, treat each of the
      6.beta.,7.beta.-dihydroxy-1,4-pregnadienes prepared in Example 19A(2) with
      methanesulfonyl chloride in pyridine. Isolate and purify each of the
      resultant products in a manner described to obtain respectively:
      6.beta.,7.beta.-dimethanesulfonyloxy-
      9.alpha.-fluoro-16.beta.-methyl-1,4-pregnadiene-11.beta.,17.alpha.-diol-3,
     20-dione;
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-
     pregnadiene-17.alpha.-ol-3,11,20-trione and
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-1,4-p
     regnadiene-17.alpha.-ol-3,11,20-trione.
PAC  C.
      6-Azido-9.alpha.-fluoro-11-oxygenated-16-methyl-1,4,6-pregnatriene-17.alph
     a.-ol-3,20-diones
PAR  1. In a manner similar to that described in Example 1D, treat 1.2 g. of
      unpurified
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4
      -pregnadiene-11.beta.,17.alpha.-diol-3,20-dione prepared in Example 19B(1)
      with 4.91 g. of sodium azide in 15 ml. of dimethylformamide at room
      temperature for 24 hours. Isolate the resultant product in a manner
      similar to that described in Example 1D to obtain 0.97 g. of
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.-diol-3,20-dione. Purify by chromatographing on a silica gel column,
      eluting with ethyl acetate-chloroform (1:2). Combine like eluates as
      determined by thin layer chromatography to obtain
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.-diol- 3,20-dione. Yield = 200 mg. (24% theory). Further purify by
      recrystallizing from methanol; m.p. 150.degree.C (decomp)
      [.alpha.].sub.D.sup. 26 .sup..degree.+ 41.8.degree. (dimethylformamide)
      .lambda..sub. max.sup.methanol 249 nm (.epsilon.=16,400);313nm
      (.epsilon.=9,100); .nu. .sub.nujol 4.71.mu. (N.sub.3); n.m.r. (dmso
      d.sub.6 /D.sub.2 O) .delta. 0.82 (C.sub.16 -CH.sub.3 ; d J, 7Hz); 0.93
      (C.sub.13 -CH.sub.3); 1.47 (C.sub.10 -CH.sub.3); 2.1 (C.sub.20 -CH.sub.3);
      4.26 (11.alpha.-H; mult); 5.65 (C.sub.7 -H; d J2Hz); 6.22(C.sub.4 -H);
      6.32 (C.sub.2 -H; d,d J10,2 -Hz); 7.41 (C.sub.1 -H; d,J 10Hz). 2.
      Similarly, treat each of the b
      6.beta.,7.beta.-dimethanesulfonyloxy-1,4-pregnadienes prepared in Example
      19B(2) with sodium azide in dimethylformamide to obtain the following
      compounds, respectively;
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.-diol-3,20-dione;
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-17.alpha.-ol-3
     ,11,20-trione and 6-azido-9.alpha.-fluoro-16.beta.-methyl
      -1,4,6-pregnatriene-17.alpha.-ol-3,11,20-trione.
PAC  EXAMPLE 20
PAC  6-Azido-21-desoxy-4,6-pregnadiene-3,20-diones
PAC  A. 6.beta.,7.beta.-dihydroxy-21-desoxy-4-pregnene-3,20-diones
PAR  1. In a manner similar to that described in Example 1B, treat 2.9 g. of
      17.alpha.-acetoxy-4,6-pregnadiene-3,20-dione with 2 g. of osmium tetroxide
      in 115 ml. of dioxane and 4 ml. of pyridine for 2.5 days at room
      temperature. Isolate the resultant product in a manner similar to that
      described and purify by chromatography on silica gel column, eluting with
      ethyl acetate-chloroform (1:1). Evaporate the combined eluates to a
      residue comprising 1.73 g. (55% theory) of a product mixture containing
      6.beta.,7.beta.-dihydroxy-17.alpha.-acetoxy-4-pregnene-3,20-dione and
      6.alpha.,7.alpha.-dihydroxy-17.alpha.-acetoxy-4-pregnene-3,20-dione (ratio
      of 6.beta.,7.beta.-diol to 6.alpha.,7.alpha.-diol about 4:1).
PAR  Separate the isomeric 6.7-dihydroxy-product mixture via preparative thin
      layer chromatography to obtain
      6.beta.,7.beta.-dihydroxy-17.alpha.-acetoxy-4-pregnene-3,20-dione and
      6.alpha.,7.alpha.-dihydroxy-17.alpha.-acetoxy-4-pregnene-3,20-dione.
PAR  Further purify 6.beta.,7.beta.-dihydroxy-17.alpha.
      -acetoxy-4-pregnene-3,20-dione by recrystallization from ethyl acetate
      [.alpha.].sub.D.sup.26 .sup..degree. + 27.5.degree.(dimethylformamide)
      .lambda..sub.max.sup.methanol 240 nm (.epsilon.= 14,100) n.m.r.
      (CDCl.sub.3) .delta. 0.71 (C.sub.13 -CH.sub.3); 1.37 (C.sub.10 -CH.sub.3);
      3.42 (7.alpha.-H; d,d J7,3Hz); 4.21 (6.alpha.-H; d, J3.5 Hz); 5.88
      (C.sub.4 -H).
PAR  Further purify the
      6.alpha.,7.alpha.-dihydroxy-17.alpha.-acetoxy-4-pregnene-3,20-dione by
      recrystallization from ethyl acetate [.alpha.].sub.D.sup.26
      .sup..degree.+56.9.degree. (dimethylformamide) .lambda..sub.max.sup.
      methanol 251 nm (.epsilon.= 15,300); n.m.r. (CDCl.sub.3).delta.0.67
      (C.sub.13 -CH.sub.3); 1.21 (C.sub.10 -CH.sub.3); 4.00 (7.beta.-H; d,J 3.5
      Hz); 4.33 (6.beta.-H; t,J 2.5 Hz); 6.25 (C.sub.4 -H: d J 2Hz).
PAR  2. In similar manner, treat each of the following
      21-desoxy-4,6-pregnadiene-3,20-diones with osmium tetroxide in
      dioxanepyridine:
PAR  1. 16.beta.-methyl-16.alpha.,17.alpha.-oxido-4,6-pregnadiene-3,20-dione,
PAR  2.
      9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylidenedioxy-4,6-pregnadiene-1
     1.beta.-ol-3,20-dione,
PAR  3.
      9.alpha.,21-difluoro-16.alpha.-methyl-4,6-pregnadiene-11.beta.,17.alpha.-d
     iol-3,20-dione,
PAR  4.
      9.alpha.,21-difluoro-16.beta.-methyl-4,6-pregnadiene-17.alpha.-ol-3,11,20-
     trione,
PAR  5.
      9.alpha.,11.beta.-dichloro-21-fluoro-17.alpha.-acetoxy-1,4,6-pregnatriene-
     3,20-dione,
PAR  6. 9.alpha.,11.beta.-dichloro-1,4,6-pregnatriene-3,20-dione,
PAR  7.
      9.alpha.,11.beta.-dichloro-21-iodo-17.alpha.-acetoxy-1,4,6-pregnatriene-3,
     20-dione,
PAR  8. 16.beta.-methyl-4,6-pregnadiene-3,11,20-trione,
PAR  9. 16.alpha.-methyl-4,6-pregnadiene-3,11,20-trione.
PAR  Isolate and purify each of the resultant products in a manner similar to
      that described in Example 1B to obtain respectively:
PAR  1.
      6.beta.,7.beta.-dihydroxy-16.beta.-methyl-16.alpha.,17.alpha.-oxido-4-preg
     nene-3,20-dione,
PAR  2.
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylid
     ene-dioxy-4-pregnene-11.beta.-ol-3,20-dione,
PAR  3.
      6.beta.,7.beta.-dihydroxy-9.alpha.,21-difluoro-16.alpha.-methyl-4-pregnene
     -11.beta.,17.alpha.-diol-3,20-dione,
PAR  4.
      6.beta.,7.beta.-dihydroxy-9.alpha.,21-difluoro-16.beta.-methyl-4-pregnene-
     17.alpha.-ol-3,11,20-trione,
PAR  5.
      6.beta.,7.beta.-dihydroxy-9.alpha.,11.beta.-dichloro-21-fluoro-17.alpha.-a
     cetoxy1,4-pregnadiene-3,20-dione,
PAR  6.
      6.beta.,7.beta.-dihydroxy-9.alpha.,11.beta.-dichloro-1,4-pregnadiene-3,20-
     dione,
PAR  7. 6.beta.,
      7.beta.-dihydroxy-9.alpha.,11.beta.-dichloro-21-iodo-17.alpha.-acetoxy-1,4
     -pregnadiene-3,20-dione,
PAR  8. 6.beta.,7.beta.-dihydroxy-16.beta.-methyl-4-pregnene-3,11,20-trione,
PAR  9. 6.beta.7.beta.-dihydroxy-16.alpha.-methyl-4-pregnene-3,11,20-trione.
PAC  B. 6.beta.,7.beta.-Dimethanesulfonyloxy-21-desoxy-4-pregnene-3,20-diones
PAR  1. In a manner similar to that described in Example 1C, treat
      6.beta.,7.beta.-dihydroxy-17.alpha.-acetoxy-4-pregnene-3,20-dione with
      methanesulfonyl chloride in pyridine and isolate the resultant product in
      a manner similar to that described to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-17.alpha.-acetoxy-4-pregnene-3,20-dio
     ne. 2. In similar manner, treat each of the
      6.beta.,7.beta.-dihydroxy-4-pregnenes prepared in above Example 20A(2)
      with methanesulfonyl chloride in pyridine. Isolate each of the resultant
      respective products in a manner similar to that described to obtain
      respectively:
PAR  1.
      6.beta.,7.beta.-dimethanesulfonyloxy-16.beta.-methyl-16.alpha.,17.alpha.-o
     xido-4-pregnene-3,20-dione,
PAR  2.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.,17.alpha.-i
     sopropylidenedioxy-4-pregnene-11.beta.-ol-3,20-dione,
PAR  3.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.,21-difluoro-16.alpha.-methyl
     -4-pregnene-11.beta.,17.alpha.-diol-3,20-dione,
PAR  4.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.,21-difluoro16.beta.-methyl-4
     -pregnene-17.alpha.-ol-3,11,20-trione, 5.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.,11.beta.-dichloro-21-fluoro-
     17.alpha.-acetoxy-1,4-pregnadiene-3,20-dione,
PAR  6.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.,11.beta.-dichloro-1,4-pregna
     diene-3,20-dione,
PAR  7.
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.,11.beta.-dichloro-21-iodo-17
     .alpha.-acetoxy-1,4-pregnadiene-3,20-dione,
PAR  8.
      6.beta.,7.beta.-dimethanesulfonyloxy-16.beta.-methyl-4-pregnene-3,11,20-tr
     ione,
PAR  9.
      6.beta.,7.beta.-dimethanesulfonyloxy-16.alpha.-methyl-4-pregnene-3,11,20-t
     rione.
PAC  C. 6-Azido-21-desoxy-4,6-pregnadiene-3,20-diones
PAR  1. In a manner similar to that described in Example 6C, treat
      6.beta.,7.beta.-dimethanesulfonyloxy-17.alpha.-acetoxy-4-pregnene-3,20-dio
     ne with sodium azide in aqueous methanol in the presence of acetic acid.
      Isolate and purify the resultant product in a manner similar to that
      described to obtain 6-azido-17.alpha.-acetoxy-4,6-pregnadiene-3,20-dione.
PAR  2. Similarly, treat each of the
      6.beta.,7.beta.-dimethanesulfonyloxy-4-pregnenes obtained as described in
      Example 20B(2) with an azide salt in a nonreactive solvent according to
      procedures similar to those described in Example 1D, 6C and in Example 12
      to obtain respectively:
PAR  1.
      6-azido-16.beta.-methyl-16.alpha.,17.alpha.-oxido-4,6-pregnadiene-3,20-dio
     ne,
PAR  2.
      6-azido-9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylidenedioxy-4,6-pregn
     adiene-11.beta.-ol-3,20-dione,
PAR  3. 6-azido-9.alpha.,21
      -difluoro-16.alpha.-methyl-4,6-pregnadiene-11.alpha.,17.alpha.-diol-3,20-d
     ione,
PAR  4.
      6-azido-9.alpha.,21-difluoro-16.beta.-methyl-4,6-pregnadiene-17.alpha.-ol-
     3,11,20-trione,
PAR  5.
      6-azido-9.alpha.,11.beta.-dichloro-21-fluoro-17.alpha.-acetoxy-1,4,6-pregn
     atriene-3,20-dione,
PAR  6. 6-azido-9.alpha.,11.beta.-dichloro-1,4,6-pregnatriene-3,20-dione,
PAR  7.
      6-azido-9.alpha.,11.beta.-dichloro-21-iodo-17.alpha.-acetoxy-1,4,6-pregnat
     riene-3,20-dione,
PAR  8. 6-azido-16.beta.-methyl-4,6-pregnadiene-3,11,20-trione,
PAR  9. 6-azido-16.alpha.-methyl-4,6-pregnadiene-3,11,20, trione.
PAC  EXAMPLE 21
PAC  6-Azido-17.alpha.-acetoxy-1,4,6-pregnatriene-3,20-dione
PAC  A. 6.beta.,7.beta.-Dihydroxy-17.alpha.-acetoxy-1,4-pregnadiene-3,20-dione
PAR  In a manner similar to that described in Example 1B, treat 0.23 g. of
      17.alpha.-acetoxy-1,4,6-pregnatriene-3,20-dione with 0.5 g. of osmium
      tetroxide in 15 ml. of dioxane and 0.5 ml. of pyridine for three days at
      room temperature. Isolate the resultant product in a manner similar to
      that described in Example 1B and purify by chromatographing on a silica
      gel column, eluting with chloroform-ethyl acetate (1:1). Combine the like
      eluates as determined by thin layer chromatography and evaporate the
      combined eluates to a residue comprising
      6.beta.,7.beta.-dihydroxy-17.alpha.-acetoxy-1,4-pregnadiene-3,20-dione.
      Yield = 97 mg. (42% theory) n.m.r. (CDCl.sub.3) .delta. 0.73 (C.sub.13
      -CH.sub. 3); 1.43 (C.sub.10 -CH.sub.3); 3.38 (7.alpha.-H; mult); 4.22
      (6.alpha.-H; d,J 4Hz); 6.20 (C.sub.4 -H; d,J 2Hz); 6.21 (C.sub.2 -H; d,d
      J10,2 Hz); 7.05 (C.sub.1 -H; d,J10 Hz).
PAC  B.
      6.beta.,7.beta.-Dimethanesulfonyloxy-17.alpha.-acetoxy-1,4-pregnadiene3,20
     -dione
PAR  In a manner similar to that described in Example 1C, treat
      6.beta.,7.beta.-dihydroxy-17.alpha.-acetoxy-1,4-pregnadiene-3,20-dione
      with methanesulfonyl chloride in pyridine. Isolate the resultant product
      in a manner similar to that described to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-17.alpha.-acetoxy-1,4-pregnadiene-3,2
     0-dione which is used without further purification in Example 21C.
PAC  C. 6Azido-17.alpha.-acetoxy-1,4,6-pregnatriene-3,20-dione
PAR  In a manner similar to that described in Example 1D, treat
      6.beta.,7.beta.-dimethanesulfonyloxy-17.alpha.-acetoxy-1,4-pregnadiene-3,2
     0-dione with sodium azide in dimethylformamide. Isolate and purify the
      resultant product in a manner similar to that described in Example 1D to
      obtain 6-azido-17.alpha.-acetoxy-1,4,6-pregnatriene-3,20-dione.
PAC  EXAMPLE 22
PAC  6-Azido-17-oxygenated-4,6-androstadienes
PAC  A. 6.beta.,7.beta.-dihydroxy-4-androstene-3,17-dione and the
      6.alpha.,7.alpha.-Epimer Thereof
PAR  In a manner similar to that described in Example 1B, treat 1.13 g. of
      4,6-androstadiene-3,17-dione with 1 g. of osmium tetroxide in 30 ml. of
      dioxane and 2 ml. of pyridine at room temperature for three days under an
      atmosphere of nitrogen. Isolate the resultant product in a manner similar
      to that described to obtain a product mixture comprising
      6.beta.,7.beta.-dihydroxy-4-androstene-3,17-dione and the
      6.alpha.,7.alpha.-dihydroxy-epimer thereof. Separate the isomeric
      6,7-dihydroxy product by chromatographing on silica gel plates, developing
      with chloroform-ethyl acetate-methanol (4.5:4.5:1). Combine like
      fractions, elute with ethyl acetate and evaporate the eluate to obtain
      0.41 g. (33% theory) of 6.beta.,7.beta.-dihydroxy-4-androstene-3,17-dione.
      Further purify by recrystallization from ethyl acetate;
      [.alpha.].sub.D.sup.26 .sup..degree.  + 134.8.degree. (acetone);
      .lambda..sub.max.sup. methanol 238 nm (.epsilon.= 13,000); n.m.r.
      (dmso-d.sub.6 /D.sub.2 O) .delta. 0.87 (C.sub.13 -CH.sub.3); 1.32
      (C.sub.10 -CH.sub.3); 3.30 (7.alpha.-H; d,d J5.5, 3.5 Hz); 4.10
      (6.alpha.-H; d J 3.5 Hz); 5.75 (C.sub. 4 -H).
PAR  Evaporate the second set of combined like eluates to a residue comprising
      0.16 g. (13% theory) of
      6.alpha.,7.alpha.-dihydroxy-4-androstene-3,17-dione. Further purify by
      recrystallization from methanol; .lambda..sub.max.sup.methanol 240 nm
      (.epsilon.= 14,200) n.m.r. (dmso-d.sub.6 /D.sub.2 O) .delta. 0.85
      (C.sub.13 -CH.sub.3); 1.20 (C.sub.10 -CH.sub.3); 3.88 (7.beta.-H; d,J
      4Hz); 4.23 (6.beta.-H; t J2.5Hz); 6.01 (C.sub.4 -H; d J, 2Hz).
PAC  B. 6.beta.,7.beta.-Dimethanesulfonyloxy-4-androstene-3,17-dione
PAR  In a manner similar to that described in Example 1C, treat
      6.beta.,7.beta.-dihydroxy-4-androstene-3,17-dione with methanesulfonyl
      chloride in pyridine. Isolate the resultant product in a manner similar to
      that described to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-4-androstene-3,17-dione which is used
      without further purification in the step immediately following.
PAC  C. 6-Azido-4,6-androstadiene-3,17-dione
PAR  Dissolve 70 mgms.
      6.beta.,7.beta.-dimethanesulfonyloxy-4-androstene-3,17-dione prepared in
      above Example 22B in 2 ml. of dimethylformamide. Add 120 mg. of sodium
      azide, then stir at room temperature under an atmosphere of nitrogen in
      the absence of light for 24 hours. Pour into water, then isolate the
      resultant product in a manner similar to that described in Example 1D to
      obtain 38 mg. of 6-azido-4,6-androstadiene-3,17-dione. Purify by
      chromatographing on preparative thin layer plates, developing with
      chloroform-ethyl acetate (2:1), combine like fractions, elute with ethyl
      acetate and evaporate eluate to obtain 24 mg. (37% theory) of
      6-azido-4,6-androstadiene-3,17-dione. Purify further by recrystallization
      from methanol, m.p. 140.degree.-143.degree.C.
PAR  Conversion of 6.alpha.,7.alpha.-dihydroxy-4-androstene-3,17-dione to the
      corresponding 6.alpha.,7.alpha.-dimethanesulfonate ester by treatment with
      methanesulfonyl chloride in pyridine in a manner similar to that described
      in Example 22B followed by treatment of the resulting
      6.alpha.,7.alpha.-dimethanesulfonyloxy-4-androstene-3,17-dione with sodium
      azide in dimethylformamide in a manner similar to that described in above
      Example 22C does not yield an identifiable amount of
      6-azido-4,6-androstadiene-3,17-dione. Similarly, treatment of
      6.alpha.,7.alpha.-dimethanesulfonyloxy-4-androstene-3,17-dione with sodium
      azide in aqueous methanol in the presence of acetic acid in a manner
      similar to that described in Example 6, does not yield an identifiable
      quantity of 6-azido-4,6-androstadiene-3,17-dione.
PAR  D. In a manner similar to that described in above Examples 22A, B and C,
      treat each of 4,6-androstadiene-17.beta.-ol-3-one-17-acetate and
      17.alpha.-methyl-4,6-androstadiene-17.beta.-ol-3-one with osmium tetroxide
      in dioxane-pyridine to obtain 6.beta.,7.beta.-dihydroxy-4
      -androstene-17.beta.-ol-3-one-17-acetate and
      6.beta.,7.beta.-dihydroxy-17.alpha.-methyl-4-androstene-17.beta.-ol-3-one,
      respectively. Treat each of the foregoing
      6.beta.,7.beta.-dihydroxy-4-androstenes with methanesulfonyl chloride in
      pyridine to obtain respectively: 6.beta.,
      7.beta.-dimethanesulfonyloxy-4-androstene-17.beta.-ol- 3-one-17-acetate
      and 6.beta.,7.beta.-dimethanesulfonyl-17.alpha.-methyl-4-androstene-17.bet
     a.-ol-3-one. Then treat the foregoing
      6.beta.,7.beta.-dimethanesulfonyloxy-4-androstenes with sodium azide in
      dimethylformamide according to the procedure of Example 1D or in aqueous
      methanol in the presence of acetic acid according to the procedure of
      Example 6 to obtain respectively:
      6-azido-4,6-androstadiene-17.beta.-ol-3-one-17-acetate and
      6-azido-17.alpha.-methyl-4,6-androstadiene-17.beta.-ol-3-one.
PAC  EXAMPLE 23
PAC  6-Azido-17-oxygenated-1,4,6-androstatriene-3-ones
PAC  A. 6.beta.,7.beta. -Dihydroxy-1,4-androstadiene-3,17-dione
PAR  To 0.83 g. of 1,4,6-androstatriene-3,17-dione in 15 ml. of dioxane and 0.83
      ml. of pyridine add 0.75 g. of osmium tetroxide. Stir the reaction mixture
      under an atmosphere of nitrogen at room temperature in the absence of
      light for two days. Isolate the resultant product in a manner similar to
      that described in Example 1B. Purify by chromatographing on thin layer
      plates developing with ethyl acetate-chloroform-methanol (4.5:4.5:1).
      Combine like fractions, elute with ethyl acetate, and evaporate the eluate
      to a residue comprising
      6.beta.,7.beta.-dihydroxy-1,4-androstadiene-3,17-dione. Yield=445 mg. (48%
      theory). Further purify by recrystallization from methanol;
      [.alpha.].sub.D.sup.26.sup..degree. +66.7.degree. (acetone);
      .lambda..sub.max.sup.methanol 244 nm (.gamma.=15,300); n.m.r.
      (dmso-d.sub.6 /D.sub.2 O) .delta.0.89 (C.sub.13 -CH.sub.3); 1.37 (C.sub.10
      -CH.sub.3); 3.25(7.alpha.-H; d,d J10,3Hz); 4.24 (6.alpha.-H; d,J 3.5Hz);
      6.11 (C.sub.4 -H; d,J 2Hz); 6.11 (C.sub.2 -H; d,d J10,2Hz); 7.18 (C.sub.1
      H; d,J 10Hz).
PAC  B. 6.beta.,7.beta.-Dimethanesulfonyloxy-1,4-androstadiene-3,17-dione
PAR  In the manner similar to that described in Example 1C, treat
      6.beta.,7.beta.-dihydroxy-1,4-androstadiene-3,17-dione with
      methanesulfonyl chloride in pyridine. Isolate the resultant product in a
      manner similar to that described to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-1,4-androstadiene-3,17-dione.
PAC  C. 6-Azido-1,4,6-androstatriene-3,17-dione
PAR  In a manner similar to that described in Example 1D, treat
      6.beta.,7.beta.-dimethanesulfonyloxy-1,4-androstadiene-3,17-dione with
      sodium azide in dimethylformamide. Isolate and purify the resultant
      product in a manner similar to that described to obtain
      6-azido-1,4,6-androstatriene-3,17-dione.
PAR  D. In a manner similar to that described in above Example 23A, B, and C,
      treat each of 1,4,6-androstatriene-17.beta.-ol-3-one-17-acetate and
      17.alpha.-methyl-1,4,6-androstatriene-17.beta.-ol-3-one with osmium
      tetroxide in dioxane pyridine to obtain respectively:
      6.beta.,7.beta.-dihydroxy-1,4-androstadiene-17.beta.-ol-3-one-17-acetate
      and
      6.beta.,7.beta.-dihydroxy-17.alpha.-methyl-1,4-androstadiene-17.beta.-ol-3
     -one. Treat one of the foregoing
      6.beta.,7.beta.-dihydroxy-1,4-androstadienes with methanesulfonyl chloride
      in pyridine to obtain respectively:
      6.beta.,7.beta.-dimethanesulfonyloxy-1,4-androstadiene-17.beta.-ol-3-one-1
     7-acetate and
      6.beta.,7.beta.-dimethanesulfonyloxy-17.alpha.-methyl-1,4-androstadiene-17
     .beta.-ol-3-one. Treat each of the foregoing
      6.beta.,7.beta.-dimethanesulfonate esters with sodium azide in
      dimethyl-formamide followed by isolation and purification of each of the
      resultant products in a manner similar to that described to obtain
      respectively: 6-azido-1,4,6-androstatriene-17.beta.-ol-3-one-17-acetate
      and 6-azido-17.alpha.-methyl-1,4,6-androstatriene-17.beta.-ol-3-one.
PAC  EXAMPLE 24
PAC  6-Azido-17.alpha.-ethinyl-4,6-androstadiene-17.beta.-ol- 3-one
PAC  A.
      6.beta.,7.beta.-Dihydroxy-17.alpha.-ethinyl-4-androstene-17.beta.-ol-3-one
PAR  Add 1 g. of 6.beta.,7.beta.-dihydroxy-4-androstene-3,17-dione to 20 ml. of
      dimethylformamide and stir at room temperature under an atmosphere of
      argon. Add 1 equivalent of sodium acetylide (0.15 g.) in 0.8 ml. xylene in
      one portion. After one minute, add a large volume of water (200 ml.) to
      the reaction mixture, then extract with two portions of ethyl acetate.
      Wash the combined ethyl acetate extracts with two portions of water, dry
      over anhydrous magnesium sulfate, and evaporate to a residue comprising
      6.beta.,7.beta.-dihydroxy-17.alpha.-ethinyl-4-androstene-17.beta.-ol-3-one
     .
PAC  B.
      6.beta.,7.beta.-Dimethanesulfonyloxy-17.alpha.-ethinyl-4-androstene-17.bet
     a.-ol-3-one.
PAR  In a manner similar to that described in Example 1C, treat
      6.beta.,7.beta.-dihydroxy-17.alpha.-ethinyl-4-androstene-17.beta.-ol-3-one
      with methanesulfonyl chloride in pyridine. Isolate the resultant product
      in a manner similar to that described to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-17.alpha.-ethinyl-4-androstene-17.bet
     a.-ol-3-one.
PAC  C. 6-Azido-17.alpha.-ethinyl-4,6-androstadiene-17.beta.-ol-3-one
PAR  In a manner similar to that described in Example 6, treat
      6.beta.,7.beta.-dimethanesulfonyloxy-17.alpha.-ethinyl-4-androstene-17.bet
     a.-ol-3-one with sodium azide in aqueous methanol in the presence of acetic
      acid. Isolate and purify the resultant product in a manner similar to that
      described in Example 6 to obtain
      6-azido-17.alpha.-ethinyl-4,6-androstadiene-17.beta.-ol-3-one.
PAC  EXAMPLE 25
PAC  6-Azido-4,6-Cholestadiene-3,20-dione
PAC  A. 6.beta.,7.beta.-Dihydroxy-4-cholestene-3-one
PAR  In a manner similar to that described in Example 1B, treat
      4,6-cholestadiene-3-one with osmium tetroxide in dioxane and pyridine
      under an atmosphere of nitrogen followed by treatment of the
      6.beta.,7.beta.-osmate ester thereby formed with hydrogen sulfide. Isolate
      and purify the resultant product in a manner similar to that described to
      obtain 6.beta.,7.beta.-dihydroxy-4-cholestene-3-one.
PAC  B. 6.beta.,7.beta.-Dimethanesulfonyloxy-4-cholestene-3-one
PAR  In a manner similar to that described in Example 1C, treat
      6.beta.,7.beta.-dihydroxy-4-cholestene-3-one with methanesulfonyl chloride
      and pyridine. Isolate the resultant product in a manner similar to that
      described to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-4-cholestene-3-one.
PAC  C. 6-Azido-4,6-Cholestadiene-3-one
PAR  In a manner similar to that described in Example 6C, treat
      6.beta.,7.beta.-dimethanesulfonyloxy-4-cholestene-3-one with sodium azide
      in aqueous methanol in the presence of acetic acid. Isolate and purify the
      resultant product in a manner similar to that described to obtain
      6-azido-4,6-cholestadiene-3-one.
PAC  EXAMPLE 26
PAC  6-Azido-16-methylene-4,6-pregnadiene-17.alpha.-ol-3,20 -diones
PAC  A.
      6.beta.,7.beta.-Dimethanesulfonyloxy-9.alpha.-fluoro-16-methylene-1,4-preg
     nadiene-11.beta.,17.alpha.,21-triol-3,20 -dione 21 -acetate
PAR  To a solution of 0.8 g. of
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-metyl-16.alp
     ha.,17.alpha.-oxido-1,4-pregnadiene-11.beta.,21-diol-3,20-dione 21-acetate
      in 17 ml. of acetic acid at room temperature, add 1.7 ml. of a 10%
      solution of hydrobromic acid in acetic acid. Allow the reaction mixture to
      stand at room temperature for thirty minutes, then dilute with two liters
      of water. Extract with methylene chloride and wash the combined methylene
      chloride extract with water and evaporate to a residue comprising
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16-methylene-1,4-preg
     nadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate.
PAC  B.
      6-Azido-9.alpha.-fluoro-16-methylene-1,4,6-pregnatriene-11.beta.,17.alpha.
     ,21-triol-3,20-dione 21-acetate
PAR  In a manner similar to that described in Example 1D, treat
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16-methylene-1,4-preg
     nadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate with sodium azide
      in dimethylformamide. Isolate and purify the resultant product in a manner
      similar to that described to obtain
      6-azido-9.alpha.-fluoro-16-methylene-1,4,6-pregnatriene-11.beta.,17.alpha.
     ,21-triol-3,20-dione 21-acetate.
PAC  EXAMPLE 27
PAC  6-Azido-16-methylene-17.alpha.-hydroxy-4,6-pregnadiene-3,20-dione
PAR  In a manner similar to that described in Example 26, treat
      6.beta.,7.beta.-dimethanesulfonyloxy-16.beta.-methyl-16.alpha.,17.alpha.-o
     xido-4-pregnene-3,20-dione with hydrogen bromide in acetic acid; treat the
      resulting
      6.beta.,7.beta.-dimethanesulfonyloxy-16-methylene-17.alpha.-hydroxy-4-preg
     nene-3,20-dione with sodium azide in dimethylformamide to obtain
      6-azido-16-methylene-17.alpha.-hydroxy-4,6-pregnadiene-3,20-dione.
PAC  EXAMPLE 28
PAC  6-Azido-9.alpha.-fluoro-16-methylene-1,4,6-pregnatriene-11.beta.,17.alpha.,
     21-triol-3,20-dione 17,21-diacetate
PAC  A.
      6.beta.,7.beta.-Dimethanesulfonyloxy-16-methylene-1,4-pregnadiene-11.beta.
     ,17.alpha.,21-triol-3,20-dione 17,21-diacetate
PAR  To a solution comprising 550 mg. of
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-16.al
     pha.,17.alpha.-oxido-1,4-pregnadiene-11.beta.,21-diol-3,20-dione 21-acetate
      in 8 ml. of acetic acid and 80 mg. of p-toluenesulfonic acid. Cool to
      5.degree.C, add 4 mg. of trifluoroacetic anhydride. Allow the reaction
      mixture to stand at room temperature for 25 minutes, then pour into water
      and collect by filtration
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16-methylene-1,4-preg
     nadiene-11.beta.,17.alpha.,21-triol-3,20-dione 17,21-diacetate.
PAC  B.
      6-Azido-9.alpha.-fluoro-16-methylene-1,4,6-pregnatriene-11.beta.,17.alpha.
     ,21-triol-3,20-dione 17,21-diacetate
PAR  In a manner similar to that described in Example 1D, treat
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16-methylene-1,4-preg
     nadiene-11.beta.,17.alpha.,21-triol-3,20-dione 17,21-diacetate with sodium
      azide in dimethylformamide. Isolate and purify the resultant product in a
      manner similar to that described to obtain
      6-azido-9.alpha.-fluoro-16-methylene-1,4,6-pregnatriene-11.beta.,17.alpha.
     ,21-triol-3,20-dione 17,21-diacetate.
PAR  Alternatively, by utilizing alkanoic acid other then acetic acid, e.g.
      propionic acid and valeric acid, in above procedure 28A, there is obtained
      the corresponding 17-lower alkanoate of this example. Thus, treatment of
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-16.al
     pha.,17.alpha.-oxido-1,4-pregnadiene-11.beta.,21-diol-3,20 -dione
      21-acetate with propionic acid and p-toluenesulfonic acid or with valeric
      acid and p-toluenesulfonic acid according to the procedure of Example 28A
      will yield respectively
      6.beta.,7.beta.-dimethanesulfonyloxy-16-methylene-1,4-pregnadiene-11.beta.
     ,17.alpha.,21-triol-3,20-dione 17-propionate 21-acetate or
      6.beta.,7.beta.-dimethanesulfonyloxy-16-methylene-1,4-pregnadiene-11.beta.
     ,17.alpha.,21-triol-3,20-dione 17-valerate 21-acetate. Treatment of each of
      the foregoing 6.beta.,7.beta.-dimethanesulfonyloxy-intermediates with
      sodium azide in dimethylformamide in the manner described in Example 28B
      will yield respectively
      6-azido-9.alpha.-fluoro-16-methylene-1,4-pregnadiene-11.beta.,17.alpha.,21
     -triol-3,20-dione 17-propionate 21-acetate or
      6-azido-9.alpha.-fluoro-16-methylene-1,4-pregnadiene-11.beta.,17.alpha.,21
     -triol-3,20-dione 17 -valerate, 21-acetate.
PAC  EXAMPLE 29
PAC  Preparation of 6-Azido-6-dehydro-dexamethasone Utilizing Barium Azide
PAR  In a manner similar to that described in Example 1D, treat
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-
     pregnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate (1 g.) with
      barium azide (4 g.) in dimethylformamide (16 ml.). Stir at room
      temperature in the absence of light under an atmosphere of argon for 24
      hours. Isolate and purify the resultant product in a manner similar to
      that described in Example 1D to obtain
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.,21-triol-3,20-dione 21-acetate.
PAC  EXAMPLE 30
PAC  6-Azido-4,6-pregnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate
      (6-Azido-6-dehydro-hydrocortisone 21-acetate)
PAR  In a manner similar to that described in Example 6A, treat
      4,6-pregnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate with
      osmium tetroxide in dioxane followed by treatment of the thereby formed
      6.beta.,7.beta.-osmate ester with hydrogen sulfide to obtain
      6.beta.,7.beta.-dihydroxy-4-pregnene-11.beta.,17.alpha.-21-triol-3,20-dion
     e 21-acetate. Treat the foregoing 6.beta.,7.beta.-dihydroxy-4-pregnene-with
      methanesulfonyl chloride in pyridine in the manner of Example 6B to obtain
      6.beta.,7.beta.-dimethanesulfonyloxy-4-pregnene-11,.beta.,17.alpha.,21-tri
     ol-3,20-dione 21-acetate.
PAR  Dissolve 0.9 g. of
      6.beta.,7.beta.-dimethanesulfonyloxy-4-pregnene-11.beta.,17.alpha.,21-trio
     l-3,20-dione 21-acetate in a solution comprising 135 ml. of methanol, 2.25
      ml. of water and 0.5 g. of orthoboric acid. Add 5.4 g. of sodium azide and
      stir the reaction mixture at room temperature in the absence of light for
      24 hours. Isolate the resultant product in a manner similar to that
      described in Example 6C to obtain
      6-azido-4,6-pregnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate.
PAC  EXAMPLE 31
PAC  Preparation of 6-Azido-4,6-androstadiene-3,17-dione Via the
      6.beta.,7.alpha.-dimethanesulfonate ester
PAC  A. 6.beta.,7.alpha.-Dihydroxy-4-androstene-3,17-dione
PAR  To 1 g. of 6.alpha.,7.alpha.-oxido-4-androstene-3,17-dione in 50 ml. of
      tetrahydrofuran, add 6 ml. of 25% aqueous perchloric acid and stir the
      reaction mixture for three hours at room temperature. Add chloroform to
      the reaction mixture and extract the organic solution with saturated
      aqueous sodium bicarbonate, then with water. Dry the organic solution over
      anhydrous magnesium sulfate and evaporate in vacuo to a residue comprising
      6.beta.,7.alpha.-dihydroxy-4-androstene-3,17-dione. Purify by
      crystallization from ethyl acetate. Yield = 520 mg.; [.alpha.].sub.D.sup.
      26.sup..degree.  + 94.2.degree. acetone; .lambda. .sub.max.sup.methanol
      238 nm (.epsilon.= 12,000) n.m.r. (dmso-d.sub.6 /D.sub.2 O) .delta. 0.87
      (C.sub.13 -CH.sub.3); 1.47 (C.sub.10 -CH.sub.3); 3.74 (7.beta.-H; mult);
      4.00 (6.alpha.-H;d,J3Hz); 5.72 (C.sub.4 -H).
PAC  B. 6.beta.,7.alpha.-Dimethanesulfonyloxy-4-androstene-3,17-dione
PAR  In a manner similar to that described in Example 1C, treat
      6.beta.,7.alpha.-dihydroxy-4-androstene-3,17-dione (150 mg.) in pyridine
      (5 ml.) with methanesulfonyl chloride (1 ml.) for two hours at room
      temperature. Isolate the resultant product in a manner similar to that
      described in Example 1C to obtain 180 mg. of
      6.beta.,7.alpha.-dimethanesulfonyloxy-4-androstene-3,17-dione which is
      used without further purification in the following step 31C.
PAC  C. 6-Azido-4,6-androstadiene-3,17-dione
PAR  In a manner similar to that described in Example 1D, treat 75 mg. of
      6.beta.,7.alpha.-dimethanesulfonyloxy-4-androstene-3,17-dione in 2.5 ml.
      of dimethylformamide with 150 mg. of sodium azide at room temperature for
      24 hours. Isolate the resultant product in a manner similar to that
      described in Example 1D to obtain a mixture of at least three compounds
      containing 6-azido-4,6-androstadiene-3,17-dione. Further purify by thin
      layer chromatography on silica gel developing with ethyl
      acetate-chloroform (1:2). Combine like fractions and elute with ethyl
      acetate and evaporate the eluates in vacuo to a residue (yield =36 mg.)
      comprising a mixture of two compounds of which 9 mg. (17% theory) is
      6-azido-4,6-androstadiene-3,17-dione. To isolate, further purify by
      successive thin layer chromatographic purifications on silica gel in a
      manner similar to that described to obtain
      6-azido-4,6-androstadiene-3,17-dione.
PAC  EXAMPLE 32
PAC  6-Azido-4,6-pregnadiene-17.alpha.,21-diol-3,11,20-trione 21-acetate
PAR  A. To 250 mg. of
      6.alpha.,7.alpha.-oxido-4-pregnene-17.alpha.,21-diol-3,11,20-trione
      21-acetate in 20 ml. of acetone, add 1.5 ml. of 25% aqueous perchloric
      acid. Stir the reaction mixture at room temperature for 7 hours, filter,
      and add ethyl acetate to the filtrate. Wash the resultant organic solution
      with saturated aqueous sodium bicarbonate solution and then with water,
      dry the organic solution over anhydrous magnesium sulfate and evaporate to
      a residue comprising 6.beta.,
      7.alpha.-dihydroxy-4-pregnene-17.alpha.,21-diol-3,11,20-trione 21-acetate.
      Purify by recrystallizing from methanol; .lambda..sub.max.sup.methanol 231
      nm (.epsilon.=13,000) n.m.r. (dmso-d.sub.6 /D.sub.2 O).delta. 0.52
      (C.sub.13 -CH.sub.3); 1.58 (C.sub.10 -CH.sub.3); 3.50 (7.beta.-H; mult);
      4.11 (6.alpha.-H; d,J3.5Hz); 5.87 (C.sub.4 -H).
PAR  B. In a manner similar to that described in Example 31B, treat 0.1 g. of
      6.beta.,7.alpha.-dihydroxy-4-pregnene-17.alpha.,21-diol-3,11,20-trione
      21-acetate with 1 ml. of methanesulfonyl chloride in 5 ml. of pyridine at
      room temperature for two hours. Isolate the resultant product in a manner
      described to obtain 120 mg. of
      6.beta.,7.alpha.-dimethanesulfonyloxy-4-pregnene-17.alpha.,21-diol-3,11,20
     -trione 21-acetate. Treat this
      6.beta.,7.alpha.-dimethanesulfonyloxy-4-pregnene with 200 mg. of sodium
      azide in 4 ml. of dimethylformamide at room temperature for 24 hours.
      Isolate and purify the resultant product in a manner similar to that
      described in Example 31C to obtain a product mixture containing
      6-azido-4,6-pregnadiene-17.alpha.,21-diol-3,11,20-trione 21-acetate in
      about 20% theoretical yield as determined by n.m.r. spectroscopy.
      Chromatograph further on silica gel to obtain
      6-azido-4,6-pregnadiene-17.alpha.,21-diol-3,11,20-trione 21-acetate.
CLMS
STM  We claim:
NUM  1.
PAR  1. The process for the manufacture of a
      3-keto-6-azido-4,6-bis-dehydro-steroid of the pregnane and androstane
      series which comprises treating a
      3-keto-6.beta.,7-dihydrocarbonsulfonyloxy-4-dehydro-steriod of the
      pregnane and androstane series, said hydrocarbonsulfonyloxy having up to
      12 carbon atoms, with an azide reagent selected from the group consisting
      of an alkali metal azide, an alkaline earth metal azide, a tetralower
      alkylammonium azide and a tetra-lower alkylguanidinium azide, in a
      non-reactive organic solvent.
NUM  2.
PAR  2. The process of claim 1 wherein said
      3-keto-6.beta.,7-dihydrocarbonsulfonyloxy-4-dehydro-steroid is a
      3-keto-6.beta.,7.beta.-dimethanesulfonyloxy-4-dehydro-steroid of the
      pregnane and androstane series.
NUM  3.
PAR  3. The process of claim 1 wherein said azide reagent is an alkali metal
      azide, and said
      3-keto-6.beta.,7-dihydrocarbonsulfonyloxy-4-dehydro-steroid is a
      3-keto-6.beta.,7.beta.-dimethanesulfonyloxy-4-dehydro-steroid of the
      pregnane series.
NUM  4.
PAR  4. The process of claim 1 wherein said
      3-keto-6.beta.,7-dihydrocarbonsulfonyloxy-4-dehydro-steroid is a
      3,20-diketo-6.beta.,7.beta.-dimethanesulfonyloxy-1,4-pregnadiene-17.alpha.
     ,21-diol 21-lower alkanoate, said azide reagent is sodium azide, and said
      non-reactive organic solvent is dimethylformamide, whereby is formed a
      3,20-diketo-6-azido-1,4,6-pregnatriene-17.alpha.,21-diol-21-lower
      alkanoate.
NUM  5.
PAR  5. The process according to claim 1 wherein said
      3-keto-6.beta.,7-dihydrocarbonsulfonyloxy-4-dehydro-steriod is a
      3,20-diketo-6.beta.,7.beta.-dimethanesulfonyloxy-1,4-pregnadiene-17.alpha.
     ,21-diol 21-lower alkanoate having a halogen at C-9 and a .beta.-hydroxyl
      or keto function at C-11, said azide reagent is sodium azide, and said
      nonreactive organic solvent is dimethylformamide.
NUM  6.
PAR  6. The process of claim 1 wherein said
      3-keto-6.beta.,7-dihydrocarbonsulfonyloxy-4-dehydro-steroid is a
      3-keto-6.beta.,7.beta.-dimethanesulfonyloxy-4-dehydro-steroid of the
      pregnane and androstane series, said azide reagent is
      tetra-n-butyl-ammonium azide and said non-reactive organic solvent is
      chloroform.
NUM  7.
PAR  7. The process according to claim 5 wherein said
      3-keto-6.beta.,7-dihydrocarbonsulfonyloxy-4-dehydro-steroid is 6.beta.,
      7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-pregnadi
     ene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate whereby is formed
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-1,4,6-pregnatriene-11.beta.,17.al
     pha.,21-triol-3,20-dione 21-acetate.
NUM  8.
PAR  8. The process according to claim 5 wherein said
      3-keto-6.beta.,7-dihydrocarbonsulfonyloxy-4-dehydro-steroid is
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-1,4-p
     regnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate whereby is
      formed
      6-azido-9.alpha.-fluoro-16.beta.-methyl-1,4,6-pregnatriene-11.beta.,17.alp
     ha.,21-triol-3,20-dione 21-acetate.
NUM  9.
PAR  9. The process according to claim 5 wherein said
      3-keto-6.beta.,7-dihydrocarbonsulfonyloxy-4-dehydro-steroid is
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.,17.alpha.-i
     so-propylidenedioxy-1,4-pregnadiene-11.beta.,21-diol-3,20-dione 21-acetate
      whereby is formed
      6-azido-9.alpha.-fluoro-16.alpha.,17.alpha.-iso-propylidenedioxy-1,4,6-pre
     gnatriene-11.beta.,21-diol-3,20-dione 21-acetate.
NUM  10.
PAR  10. The process according to claim 5 wherein said
      3-keto-6.beta.,7-dihydrocarbonsulfonyloxy-4-dehydro-steroid is
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-1,4-pregnadiene-11.be
     ta.,16.alpha., 17.alpha.,21-tetrol-3,20-dione 16,21-diacetate whereby is
      formed
      6-azido-9.alpha.-fluoro-1,4,6-pregnatriene-11.beta.,16.alpha.,17.alpha.,21
     -tetrol-3,20-dione 16,21-diacetate.
NUM  11.
PAR  11. The process according to claim 1 wherein said
      3-keto-6.beta.,7-dihydrocarbonsulfonyloxy-4-dehydro-steroid is a
      3,20-diketo-6.beta.,7.beta.-dimethanesulfonyloxy-1,2-dihydro-4-pregene-17.
     alpha.,21-diol 21-lower alkanoate having a halogen at C-9 and a
      .beta.-hydroxyl or a keto function at C-11, wherein said azide reagent is
      sodium azide, and said non-reactive organic solvent is an aqueous lower
      alkanol in the presence of a weak acid.
NUM  12.
PAR  12. The process according to claim 11 wherein said
      3-keto-6.beta.,7-dihydrocarbonsulfonyloxy-4-dehydro steroid is
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-4-pr
     egnene-11.beta.,17.alpha., 21-triol-3,20-dione 21-acetate and said
      non-reactive organic solvent is aqueous methanol in the presence of acetic
      acid whereby is formed
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-4,6-pregnadiene-11.beta.,
      17.alpha.,21-triol-3,20-dione 21-acetate.
NUM  13.
PAR  13. The process according to claim 11 wherein said
      3-keto-6.beta.,7-dihydrocarbonsulfonyloxy-4-dehydro-steroid is
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-4-pre
     gnene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate and said
      non-reactive organic solvent is aqueous methanol in the presence of acetic
      acid whereby is formed
      6-azido-9.alpha.-fluoro-16.beta.-methyl-4,6-pregnadiene-11.beta.,18.alpha.
     ,21-triol-3,20-dione 21-acetate.
NUM  14.
PAR  14. The process according to claim 2 wherein said
      3-keto-6.beta.,7.beta.-dihydrocarbonsulfonyloxy-4-dehydro-steroid is
      prepared by treating a 3-keto-4,6-bis-dehydro-steroid of the pregnane and
      androstane series unsubstituted at C-6 and C-7 with osmium tetroxide in a
      solvent selected from the group consisting of a saturated halogenated
      hydrocarbon and a saturated ether, followed by reductive cleavage of the
      thereby formed 6.beta.,7.beta.-osmate ester and treating the resulting
      3-keto-6.beta.,7.beta.-dihydroxy-4-dehydro-steroid of the pregnane and
      androstane series with a hydrocarbonsulfonyl halide in a tertiary amine.
NUM  15.
PAR  15. The process of claim 14 wherein said hydrocarbonsulfonyl halide in a
      tertiary amine is methanesulfonyl chloride in pyridine.
NUM  16.
PAR  16. A compound selected from the group consisting of a
      3-keto-6.beta.,7.beta.-dihydroxy-4-dehydro-steroid derivative of the
      following formulae I and II and the 1-dehydro analogs thereof:
      ##SPC5##
PA1  wherein M is an acyl radical of a hydrocarbonsulfonic acid having up to 12
      carbon atoms,
PA1  Q is a member selected from the group consisting of hydrogen, hydroxy and
      OR, R being an acyl radical of a hydrocarbon carboxylic acid having up to
      12 carbon atoms;
PA1  V is a member selected from the group consisting of oxygen, (H,
      .beta.-OR.sub.1); (.alpha.-methyl, .beta.-OR.sub.1), (.alpha.-lower
      alkinyl, .beta.OR.sub.1) and (.alpha.-halogenoalkinyl .beta.-OR.sub.1)
      wherein R.sub.1 is a member selected from the group consisting of hydrogen
      and lower alkanoyl;
PA1  W is a member selected from the group consisting of
      ##EQU5##
      (H, .alpha.-lower alkyl), (H, .beta.-lower alkyl), (H, .alpha.-OH), (H,
      .alpha.-OR') wherein R' is an acyl radical of a hydrocarbon carboxylic
      acid having up to 12 carbon atoms, =CHT when Q is other than hydrogen
      wherein T is a member selected from the group consisting of hydrogen,
      lower alkyl, fluorine, chlorine, and W and Q together is alkylidenedioxy;
PA1  X is a member selected from the group consisting of hydrogen and halogen
      having an atomic weight less than 100;
PA1  Y is a member selected from the group consisting of
      ##EQU6##
      provided X is hydrogen, oxygen, (H,.beta.OH), and (H, .beta.-halogen of
      atomic weight less than 100) provided X is halogen;
PA1  Z is a member selected from the group consisting of OR" (R" being an acyl
      radical of a hydrocarbon carboxylic acid having up to 12 carbon atoms),
      hydrogen and halogen, and Z together with Q is a member selected from the
      group consisting of alkylidenedioxy and alkylorthoalkanoate.
NUM  17.
PAR  17. A compound according to claim 16 wherein M is methanesulfonyl.
NUM  18.
PAR  18. A compound according to claim 16, formula I, wherein M is
      methanesulfonyl, Q is hydroxy or lower alkanoyloxy and Z is lower
      alkanoyloxy, or Z together with Q is alkylidenedioxy.
NUM  19.
PAR  19. A compound according to claim 16, formula I, wherein M is
      methanesulfonyl, X is fluorine, Y is (H, .beta.OH) or oxygen, Q is hydroxy
      or lower alkanoyloxy, and Z is lower alkanoyloxy or Z together with Q is
      alkylidenedioxy.
NUM  20.
PAR  20. A compound according to claim 19 wherein W is (H,methyl).
NUM  21.
PAR  21. A 1-dehydro compound according to claim 20 wherein Q and Z are
      propionyloxy, said compound being
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16-methyl-1,4-pregnad
     iene-11.beta.,17.alpha.,21-triol-3,20-dione 17,21-dipropionate.
NUM  22.
PAR  22. A compound according to claim 19 wherein Y is (H,.beta.OH) and W is a
      member selected from the group consisting of (H,.alpha.lower alkyl),
      (H,.beta.-lower alkyl), (H, .alpha.-OH), (H, .alpha.-OR'), or W and Q
      together are alkylidenedioxy.
NUM  23.
PAR  23. A compound according to claim 22 wherein W is (H,.alpha.-methyl and Z
      is acetoxy, said compound being
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-4-pr
     egnene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate.
NUM  24.
PAR  24. A compound according to claim 22 wherein W is (H,.beta.-methyl) and Z
      is acetoxy, said compound being
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-4-pre
     gnene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate.
NUM  25.
PAR  25. A 1-dehydro compound according to claim 22 wherein W is
      (H,.alpha.-methyl) and Z is acetoxy, said compound being
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-1,4-
     pregnadiene-11.beta.,17.alpha.,21-triol-3,20-dione 21-acetate.
NUM  26.
PAR  26. A 1-dehydro compound according to claim 22 wherein W is
      (H,.beta.-methyl) and Z is acetoxy, said compound being
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.beta.-methyl-1,4-p
     regnadiene-11.beta., 17.alpha.,21-triol-3,20-dione 21-acetate.
NUM  27.
PAR  27. A compound according to claim 22 wherein W is .alpha.-lower
      alkanoyloxy.
NUM  28.
PAR  28. A 1-dehydro compound according to claim 27 wherein W and Z are acetoxy,
      said compound being 6.beta.,
      7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-1,4-pregnadiene-11.beta.,16.a
     lpha., 17.alpha. ,21-tetrol-3,20-dione 16,21-diacetate.
NUM  29.
PAR  29. A compound according to claim 22 wherein Z is acetoxy and W and Q
      together are iso-propylidenedioxy, said compound being a member selected
      from the group consisting of
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.,17.alpha.-i
     so-propylidenedioxy-4-pregnene-11.beta.,21-diol-3,20-dione 21-acetete and
      the 1-dehydro analog thereof.
NUM  30.
PAR  30. A 1-dehydro compound according to claim 16, formula I, wherein M is
      methanesulfonyl, Q is hydroxy, W is (H, .alpha.-methyl), X is fluorine, Y
      is (H, (H,.beta.OH) and Z is hydrogen, said compound being
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-11.beta.,17.alpha.-di
     hydroxy-16.alpha.-methyl-1,4-pregnadiene-3,20-dione.
NUM  31.
PAR  31. 6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.beta
     .-methyl-16.alpha.,17.alpha.-oxido-1,4-pregnadiene-11.beta.,21-diol-3,20-di
     one 21-acetate.
NUM  32.
PAR  32. 6.beta.,7.b
     eta.-dihydroxy-9.alpha.-fluoro-16.beta.-methyl-16.alpha.,17.alpha.-oxido-1,
     4-pregnadiene-11.beta.-ol-3,20-dione.
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PAL  A series of cinnamamidohydantoins are useful as anthelmintic agents.
BSUM
PAR  This invention is concerned with chemical compounds. More particularly, it
      is concerned with a series of cinnamamidohydantoins of the formula:
      ##EQU1##
      wherein R.sub.2 is a member of the group consisting of hydrogen, chloro,
      fluoro and trifluoromethyl; R.sub.3 is a member of the group consisting of
      hydrogen, chloro, fluoro, methyl, ethyl, and cyano; and R.sub.2 and
      R.sub.3 taken together are methylenedioxy.
PAR  The members of this series are effective anthelmintic agents. They are
      particularly inimical to Syphacia obvelata a pinworm whose sensitivity to
      oxyuricidal agents is known to be substantially the same as that for the
      species Enterobius vermicularis a causative agent of pinworm infection in
      human beings. Thus when administered per os suspended in a suitable
      vehicle such as an aqueous solution of carboxymethyl cellulose to mice
      harboring Syphacia obvelata in a dose of about 100 mg/kg b.i.d. for 5 days
      eradication of worms to the extent of from 70 to 100% is achieved.
PAR  The method which is currently preferred for preparing members of this
      series of compounds consists in reacting the appropriate cinnamoyl
      chloride with 1 -aminohydantoin in the presence of an acid acceptor such
      as pyridine advantageously under the influence of heat.
DETD
PAR  In order that this invention may be readily available to and understood by
      those skilled in the art the following examples are appended.
PAC  EXAMPLE I
PAC  1-(3,4-Dichlorocinnamido)hydantoin
PAR  TO 3,4-DICHLOROCINNAMIC ACID (22 G, 0.1 MOLE) WAS ADDED DROPWISE THIONYL
      CHLORIDE (70 ML, 1 MOLE). After the addition was complete, the mixture was
      stirred for 1/2 hr, then the excess SOCl.sub.2 evaporated in vacuo. The
      residue was treated with benzene (50 ml) stirred, then evaporated in
      vacuo, this was repeated again and finally to the residue was added a
      suspension of 1-aminohydantoin hydrochloride (15.2 g, 0.1 mole) in
      pyridine (200 ml). The reaction mixture was heated on the steam bath for 3
      hrs, then treated with Darco and filtered. The pyridine solution was
      poured onto 1000 ml of ice and the precipitated product (28 g 89%)
      recrystallized from methanol/dimethylformamide/H.sub.2 O to give crystals
      which melted at 286.degree.-288.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.9 Cl.sub.2 N.sub.3 O.sub.3 : C, 45.88; H,
      2.89; N, 13.38. Found: C, 46.03; H, 3.03; N, 13.12.
PAC  EXAMPLE II
PAC  1-Cinnamamidohydantoin
PAR  To a pyridine solution (500 ml) of 1-aminohydantoin hydrochloride (50 g,
      0.3 mole) was added cinnamoyl chloride (53 g, 0.3 mole). The stirred
      mixture was heated on the steam bath for 5 hours, then poured into ice
      water. After standing overnight, the precipitated product was removed by
      filtration and washed thoroughly with water. After drying, the crude white
      product weighed 60 g (74%). Several recrystallizations from methanol
      provided analytical material which melted at 276.degree.-278.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.11 N.sub.3 O.sub.3 : c, 58.77; H, 4.52; N,
      17.14. Found: C, 58.80; H, 4.59; N, 16.97.
PAC  EXAMPLE III
PAC  1-(3-Chloro-4-methylcinnamamido)hydantoin
PAR  To 3-chloro-4-methylcinnamic acid (50 g, 0.25 mole) was added dropwise
      SOCl.sub.2 (140 ml). The mixture was heated under reflux for 45 min. after
      the addition was complete. After stirring at room temperature for 1 hour
      the SOCl.sub.2 was removed in vacuo. Dry benzene was added and then
      removed in vacuo. The acid chloride residue was treated with 1
      -aminohydantoin hydrochloride (42 g, 0.275 mole) in 350 ml of pyridine,
      then heated under reflux for 2 hr. After cooling slightly, the reaction
      mixture was poured into a mixture of 200 ml of con HCl and 1500 ml of ice.
      After standing overnight the product was removed by filtration and washed
      with H.sub.2 O. Recrystallization from CH.sub.3 NO.sub.2 provided
      analytical material which melted at 271.degree.-273.degree. (28 g, 38%).
PAR  Anal. Calcd. for C.sub.13 H.sub.12 ClN.sub.3 O.sub.3 : C, 53.16; H, 4.12;
      N, 14.31. Found: C, 52.82; H, 4.11; N, 14.27.
PAC  EXAMPLE IV
PAC  1-(4-Chlorocinnamamido)hydantoin
PAR  To 4-chlorocinnamic acid (46 g, 0.25 mole) was added dropwise SOCl.sub.2
      (140 ml). The mixture was heated under reflux for 45 minutes after the
      addition was complete. After stirring at room temperature for 1 hour the
      SOCl.sub.2 was removed in vacuo. Dry benzene was added and then removed in
      vacuo. The acid chloride residue was treated with 1-aminohydantoin
      hydrochloride (42 g, 0.275 mole) in 350 ml of pyridine, then heated under
      reflux for 2 hrs. After cooling slightly, the reaction mixture was poured
      into a mixture of 200 ml of con HCl and 1500 ml of ice. After standing
      overnight the product was removed by filtration and washed with H.sub.2 O.
      Recrystallization from NaOH/dimethylformamide (H.sub.2 O) provided
      analytical material which melted at 230.degree.-235.degree. (25 g, 36%).
PAR  Anal. Calcd. for C.sub.12 H.sub.10 ClN.sub.3 O.sub.3 : C, 51.53; H, 3.60;
      N, 15.03 Found: C, 51.49; H, 3.58; N, 14.89.
PAC  EXAMPLE V
PAC  1-(3,4-Methylenedioxycinnamamido)hydantoin
PAR  A stirred quantity of 3,4-methylenedioxycinnamic acid (38 g, 0.2 mole) was
      treated dropwise with 200 ml of SOCl.sub.2. After the addition was
      complete the reaction mixture was stirred at room temperature for 1 hour
      and heated at reflux for 2 hours. The reaction solution was distilled to
      remove the excess SOCl.sub.2. The tan residue, after treatment with 100 ml
      of dry benzene, was distilled again. The residue remaining was treated
      with a mixture of 1-aminohydantoin hydrochloride (30 g, 0.2 mole) in 400
      ml of pyridine. After the addition was complete the reaction mixture was
      heated at reflux for 3 hours. The reaction solution was poured into 4 l.
      of water to give a precipitate. After standing at room temperature
      overnight the solid was filtered and washed in water to give 47 g (81%) of
      product.
PAR  An analytical sample was prepared by two recrystallizations from CH.sub.3
      CN m.p. 258.degree.-260.degree..
PAR  Anal. Calcd. for C.sub.13 H.sub.11 N.sub.3 O.sub.5 : C, 53.98; H, 3,83; N,
      14.53. Found: C, 53.90; H, 3.83; N, 14.43.
PAC  EXAMPLE VI
PAC  1-(4-Chloro-3-trifluoromethylcinnamamido)hydantoin
PAR  A stirred mixture of 4-chloro-3-trifluoromethylcinnamic acid (50 g, 0.2
      mole) in 200 ml of SOCl.sub.2 was heated at reflux for 2 hours. The excess
      SOCl.sub.2 was removed in vacuo and the residue flushed with dry benzene.
      The residue was treated with a mixture of 1-aminohydantoin hydrochloride
      (30 g, 0.2 mole) in 400 ml of pyridine. The reaction mixture was heated at
      reflux for 3 hours; then poured into ice/HCl. The crude residue (74 g,
      100%) was recrystallized from CH.sub.3 NO.sub.2 (Darco) to give an
      analytical sample melting at 270.degree.-273.degree..
PAR  Anal. Calcd. for C.sub.13 H.sub.9 ClF.sub.3 N.sub.3 O.sub.3 : C, 44.91; H,
      2.61; N, 12.09. Found: C, 44.98; H, 2.73; N, 11.75.
PAC  EXAMPLE VII
PAC  1-(p-fluorocinnamamido)hydantoin
PAR  A mixture of p-fluorocinnamic acid (36 g, 0.22 mole) in SOCl.sub.2 (75 ml)
      was heated under reflux with stirring for 1 hour. The excess SOCl.sub.2
      was removed in vacuo and the residue fluxhed with benzene. To the
      resulting acid chloride was added 1-aminohydantoin hydrochloride (39 g,
      0.26 mole) and 250 ml of pyridine and the resulting reaction mixture was
      heated on the steam bath for 3 hours. The mixture was poured onto HCl/ice
      and the product allowed to crystallize.
PAR  Recrystallization from CH.sub.3 NO.sub.2 provided analytical material which
      melted at 241.degree.-243.degree. . Yield: 35 g, 62%.
PAR  Anal. Calcd. for C.sub.12 H.sub.10 FN.sub.3 O.sub.3 : C, 54.75; H, 3.83; N,
      15.97. Found: C, 54.73; H, 3.85; N, 15.97.
PAC  EXAMPLE VIII
PAC  1-(3-Chloro-4-ethylcinnamamido)hydantoin
PAR  3-Chloro-4-ethylcinnamic acid (50 g, 0.24 mole) in SOCl.sub.2 (100 ml) was
      heated under reflux for about 1 hour. The excess SOCl.sub.2 was removed in
      vacuo and the residue flushed with benzene. The acid chloride was treated
      with 1-aminohydantoin hydrochloride (40 g, 0.26 mole) and pyridine (300
      ml) and the reaction mixture heated on a steam bath for 4 hours. The
      reaction mixture was poured onto HCl/ice to precipitate the product. (40
      g, 55%). Several recrystallizations from CH.sub.3 NO.sub.2 provided
      analytical material which melted at 231.degree.-234.degree..
PAR  Anal. Calcd. for C.sub.14 H.sub.14 ClN.sub.3 O.sub.3 : C, 54.64; H, 4.59;
      N, 13.66. Found: C, 54.22; H, 4.65; N, 13.91.
PAC  EXAMPLE IX
PAC  1-(p-Cyanocinnamaido)hydantoin
PAR  A. p-Cyanocinnamic Acid
PAR  A stirred mixture of p-cyanobenzaldehyde (50 g, 0.38 mole) malonic acid (47
      g, 0.45 mole) and 4 ml of piperidine in 150 ml of pyridine was heated on a
      steam bath for 2 hours. The reaction solution was poured into a mixture of
      220 ml of concentrated hydrochloric acid and 380 g of ice to give after
      filtration and water wash 78 g (45%) m.p. 240.degree.. The crude
      intermediate was used in part B without further purification.
PAR  B. 1-(p-Cyanacinnamamido)hydantoin
PAR  To 43 g (0.25 mole) of p-cyanocinnamic acid was added dropwise thionyl
      chloride (250 ml) followed by heating at reflux for 2 hours. This excess
      thionyl chloride was removed in vacuo and the residue remaining flushed
      with dry benzene. The reaction residue was chilled on an ice bath followed
      by the rapid addition of 1-aminohydantoin hydrochloride (38 g. 0.25 mole).
      To the cold reaction mixture was added dropwise pyridine (450 ml). After
      the addition was complete the cold reaction mixture was heated on a steam
      bath for 3 hours then poured into a 4 l. of HCl/ice. Upon standing at room
      temperature overnight the acidic reaction mixture was filtered and washed
      with water to yield 45 g. The solid melted at 290.degree.-292.degree.. An
      analytical sample was prepared by one recrystallization from CH.sub.3
      NO.sub.2 (DARCO) m.p. 304.degree.-305.degree..
PAR  Anal. Calcd. for C.sub.13 H.sub.10 N.sub.3 O.sub.3 : C, 57.77; H, 3.73; N,
      20.74. Found: C, 57.73; H, 3.76; N, 20.73.
PAC  EXAMPLE X
PAC  1-(m-Fluorocinnamanido)hydantoin
PAR  A. m-Fluorocinnamic acid
PAR  A stirred mixture of m-fluorobenzaldehyde (112 g, 0.9 mole) malonic acid
      (120 g, 0.9 mole) and 2.5 ml of piperidine in 500 ml of pyridine was
      heated on a steam bath for 4 hours. The reaction solution was poured into
      a mixture of 550 ml of concentrated hydrochloric acid and 1 kg of ice to
      give after filtration and water wash 100 g (66.5%). The crude intermediate
      was used without further purification in part B.
PAR  B. 1 -(m-Fluorocinnamamido)hydantoin
PAR  To 99.5 g (0.6 mole) of m-fluorocinnamic acid was added dropwise thionyl
      chloride (600 ml) followed by heating at reflux for 2 hours. The excess
      thionyl chloride was removed in vacuo and the residue remaining flushed
      with dry benzene. The reaction residue was chilled on an ice bath followed
      by the rapid addition of 1-aminohydantoin hydrochloride (91 g, 0.6 mole).
      To the cold reaction mixture was added dropwise pyridine (600 ml). After
      the addition was complete the cold reaction mixture was heated on a steam
      bath for 3 hours then poured into 6 l. of HCl/ice. Upon standing at room
      temperature overnight the acidic reaction mixture was filtered and washed
      with water to give 116 g (73.5%) which after recrystallization from
      CH.sub.3 NO.sub.2 melted at 294.degree.-296.degree..
PAC  EXAMPLE XI
PAC  1-(3-Chloro-4-fluorocinnamamido)hydantoin
PAR  A. To a stirred mixture of 3-chloro-4-fluoraniline (114 g, 0.78 mole) in
      155 ml of water was added dropwise 177 ml of concentrated hydrochloric
      acid. The warm reaction mixture was cooled to room temperature and then
      cooled further with the addition of 310 g of ice. The reaction mixture was
      chilled and maintained at -5.degree. to 5.degree. by means of a salt/ice
      bath. To the cold reaction mixture was added dropwise a solution of sodium
      nitrite (55 g, 0.8 mole) in 78 ml of water. After the addition was
      complete the cold reaction mixture was stirred for 15 minutes followed by
      the addition of fused sodium acetate (69 g) in 109 ml of water to a Congo
      red indicator. The diazonium salt mixture was kept at -5.degree. to
      5.degree. for a maximum of 2 hours until used in part B.
PAR  B. 3-Chloro-4-fluorobenzaldehyde
PAR  To a stirred mixture of hydrated copper sulfate 20 g and anhydrous sodium
      sulfate 3.1 g in a 10% formaldoxime solution (1.14 mole) was added rapidly
      a mixture of fused sodium acetate 500 g in water (560 ml). The resultant
      green reaction mixture was chilled and maintained at 10.degree.-15.degree.
      by means of an ice bath. The diazonium salt solution prepared in part A
      was introduced below the surface of the green followed by continued
      stirring for 1 hour. The 18.degree. reaction mixture was treated with
      concentrated hydrochloric acid (720 ml) and then heated at reflux for 2
      hours. After the crude aldehyde was isolated by steam distillation the 6
      l. of distillate was extracted with 3 .times. 1 l. portions of ether. The
      ethereal extracts were combined and the treated with 1 l. of saturated
      sodium bicarbonate solution to a pH of 6. The ethereal layer was separated
      and then concentrated in vacuo to give 55 g (45%). The crude intermediate
      was used without further purification in part C.
PAR  C. 3-Chloro-4-fluorocinnamic acid
PAR  A stirred mixture of 3-chloro-4-fluorobenzaldehyde (55 g, 0.35 mole),
      malonic acid (47 g, 0.45 mole) and 3.5 ml of piperidine in 138 ml of
      pyridine was heated on a steam bath for 2 hours. The reaction solution was
      poured into a mixture of 200 ml of concentrated hydrochloric acid and 320
      g of ice to give after filtration and water wash 44 g (63%). The crude
      intermediate was used without further purification in part D.
PAR  D. 1-(3-Chloro-4-fluorocinnamamido)hydantoin
PAR  To 44 g (0.22 mole) of 3-chloro-4-fluorocinnamic acid was added dropwise
      thionyl chloride (250 ml) followed by heating at reflux for 2 hours. The
      excess thionyl chloride was removed in vacuo and the residue remaining
      flushed with dry benzene. The reaction residue was chilled on an ice bath
      followed by the rapid addition of 1 -aminohydantoin hydrochloride (33 g,
      0.22 mole). To the cold reaction mixture was added dropwise pyridine (250
      ml). After the addition was complete the cold reaction mixture was heated
      on a steam btah for 3 hours then poured into 3.5 l. of HCl/ice. Upon
      standing at room temperature overnight the acidic reaction mixture was
      filtered and washed with water to give 54 g (82%).
PAR  The analytical sample was prepared by one recrystallization from CH.sub.3
      NO.sub.2 (DARCO) m.p. 258.degree.-260.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.9 ClFN.sub.3 O.sub.3 : C, 48.42; H, 3.05;
      N, 14.12. Found: C, 48.45; H, 3.18; N, 14.04.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##EQU2##
      wherein R.sub.2 is a member of the group consisting of hydrogen, chloro,
      fluoro and trifluoromethyl; R.sub.3 is a member of the group consisting of
      hydrogen, chloro, fluoro, methyl, ethyl and cyano; and R.sub.2 and R.sub.3
      taken together are methylenedioxy.
NUM  2.
PAR  2. The compound 1-(3,4-dichlorocinnamamido)hydantoin.
NUM  3.
PAR  3. The compound 1-cinnamamidohydantoin.
NUM  4.
PAR  4. The compound 1-(3-chloro-4-methylcinnamamido)hydantoin.
NUM  5.
PAR  5. The compound 1-(4-chlorocinnamamido)hydantoin.
NUM  6.
PAR  6. The compound 1-(3,4-methylenedioxycinnamamido)hydantoin.
NUM  7.
PAR  7. The compound 1-(4-chloro-3-trifluoromethylcinnamamido) hydantoin.
NUM  8.
PAR  8. The compound 1-(4-fluorocinnamamido)hydantoin.
NUM  9.
PAR  9. The compound 1-(3-chloro-4-ethylcinnamamido)hydantoin.
NUM  10.
PAR  10. The compound 1-(4-cyanocinnamamido)hydantoin.
NUM  11.
PAR  11. The compound 1-(3-fluorocinnamamido)hydantoin.
NUM  12.
PAR  12. The compound 1-(3-chloro-4-fluorocinnamamido)hydantoin.
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ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Their N-oxides and acid addition salts thereof are provided which have been
      found to possess anti-inflammatory activity. In addition, methods for
      preparing such compounds, pharmaceutical compositions containing such
      compounds, and methods for using such compositions as anti-inflammatory
      agents are also provided.
BSUM
PAR  SUMMARY OF THE INVENTION
PAR  The present invention is directed to compounds of the formula
      ##SPC2##
PAL  And N-oxides and acid addition salts thereof, wherein X.sub.1 and X.sub.2
      can be the same or different and are hydrogen, F, Cl, lower alkyl, lower
      alkoxy, or CF.sub.3 ; R is H, lower alkyl, phenyl lower alkyl, X.sub.1 or
      2 -substituted phenyl lower alkyl, hydroxy lower alkyl or lower alkanoyl;
      R.sub.1 and R.sub.2 can be the same or different and are hydrogen or lower
      alkyl, and R.sub.1, N and R.sub.2 can be taken together to form a 5- or
      6-membered heterocyclic ring which may include one other hetero atom such
      as sulfur, nitrogen or oxygen; and n is 0 to 4. The foregoing compounds
      possess anti-inflammatory activity.
PAR  Preferred are those compounds of formula I wherein X.sub.1 and X.sub.2 are
      the same, n is 0 or 1 and R.sub.1 and R.sub.2 are the same or different
      and are hydrogen or lowr alkyl. More preferred are those compounds wherein
      X.sub.1 is hydrogen, X.sub.2 is hydrogen, F, Cl, lower alkyl, lower
      alkoxy, or CF.sub.3, n is 0 or 1, and R.sub.1 and R.sub.2 are each
      hydrogen, or hydrogen and lower alkyl, respectively, or each the same or
      different lower alkyl. Most preferred are those compounds of formula I
      wherein X.sub.1 and X.sub.2 are hydrogen, n is 0, and
      ##EQU1##
      is NH.sub.2 or NHCH.sub.3, or n is 1 and
      ##EQU2##
      is N(CH.sub.3).sub.2.
PAR  In addition, this invention encompasses the methods for preparing said
      compounds, pharmaceutical compositions containing said compounds and
      methods for using said compositions as anti-inflammatory agents.
PAR  The term "lower alkyl" is intended to mean a straight or branched
      hydrocarbon fragment of from one to six carbon atoms.
PAR  The term "lower alkoxy" is intended to mean "lower alkyl-O--."
PAR  The term "lower alkanoyl" is intended to mean "lower
      ##EQU3##
PAR  The term "acid-addition salts" is intended to mean salts which may be
      formed for the purpose of isolation, purification and storage, such as the
      oxalate salt, etc. and pharmaceutically acceptable salts meant for
      administration of the compound to a host, such as the hydrochloride,
      sulfate, acetate, citrate, etc.
PAR  As indicated,
      ##EQU4##
      can be taken together to form a 5- or 6-membered heterocyclic ring, which
      heterocyclic ring includes piperidino, pyrrolidino, morpholino,
      thiamorpholino, piperazino and N-lower alkyl substituted piperazino.
PAR  The compounds of the present invention are prepared by reacting
      4-piperidone II, or preferably an N-acyl derivative thereof, e.g., the
      N-acetyl or N-benzoyl derivative, with an aldehyde of the formula IIa,
      wherein X.sub.1 is as previously defined, utilizing the procedure
      described in the Journal of the American Chemical Society, 70, 1824
      (1948), which is incorporated by reference, to yield compounds of formula
      III.
      ##SPC3##
PAL  By adjusting the ratio of reactants so as to have an excess of the compound
      of formula II present, a compound of formula IV is obtained. A compound of
      formula III wherein each benzylidene substituent is different is prepared
      by reacting a compound of formula IV with an aldehyde of the structure
      IIb, wherein X.sub.2 is different from X.sub.1 of formula IIa.
      ##SPC4##
PAR  The compounds of formula III are generally isolated in the form of their
      acid-addition salts.
PAR  A compound of formula III, preferably an acid-addition salt such as the
      hydrochloride salt, sulfate salt, phosphate salt and so forth, is
      converted to a compound of formula V (wherein X.sub.1 and X.sub.2 are the
      same or different) by reaction with a hydrazine of the formula H.sub.2
      NNHR, wherein R is hydrogen, lower alkyl, hydroxy lower alkyl wherein the
      alkyl group has from 1 to 8 carbon atoms, phenyl lower alkyl, or X.sub.1
      -substituted phenyl lower alkyl wherein X.sub.1 is as defined above. This
      reaction takes place in a polar organic solvent, preferably a water
      miscible alcohol at a temperature of from about 40.degree.C to about
      120.degree.C, preferably at about the reflux temperature of the solvent,
      for from about 1/2 hour to about 12 hours, preferably from about 2 to
      about 6 hours. The resulting compounds of formula V are generally purified
      in the form of a mono- or di- acid addition salt.
PAR  The hydrazine of formula H.sub.2 NNHR may be prepared according to known
      techniques, for example, by reacting chloramine, NH.sub.2 Cl, witfh an
      amine of the formula RNH.sub.2.
PAR  Compounds of formula I wherein n is an integer of from 0 to 4 may generally
      be prepared by reacting a compound of formula V (wherein x.sub.1 and
      X.sub.2 are the same or different) with a compound of the structure
      ##EQU5##
      in the presence of an organic solvent, such as benzene, toluene, xylene,
      ethyl ether, dioxane or chloroform, and usually in the presence of an
      equivalent quantity of a base such as an amine, for example,
      triethylamine, or pyridine (in order to neutralize the HCl generated in
      the reaction), to form a compound of the structure
      ##SPC5##
PAL  and reacting the formula VII compound with an amine of the structure
      ##EQU6##
PAR  Compounds of formula I wherein n is 0 and
      ##EQU7##
      is --NH(R.sub.1 or 2) can also be prepared by reacting a compound of
      formula V (wherein X.sub.1 and X.sub.2 are the same or different) with an
      isocyanate of the structure
EQU  IX   R.sub.1 or 2 --NCO
PAL  in the presence of an organic solvent, such as benzene, toluene, xylene,
      ethyl ether or chloroform.
PAR  Compounds of formula I wherein n is 0 and
      ##EQU8##
      is NH.sub.2 may also be prepared by reacting a compound of formula V
      (wherein X.sub.1 and X.sub.2 are the same or different and prepared as
      described above) with KCNO or NaCNO.
PAR  In another method for preparing compounds of formula I, where n is 0,
      compounds of formula V (wherein X.sub.1 and X.sub.2 are the same or
      different) may be reacted with a compound of the structure
      ##EQU9##
PAR  A compound of formula I wherein R is lower alkanoyl of from 1 to 7 carbon
      atoms is prepared by acylating a compound of formula I (wherein X.sub.1
      and X.sub.2 are the same or different) wherein R is hydrogen employing
      conventional acylating agents under known conditions, for example, an
      acylating agent such as acetic anhydride or propionyl chloride and the
      like in an inert solvent, such as benzene, toluene, ether or
      tetrahydrofuran and so forth.
PAR  All of the starting materials in the above reactions as well as the
      reaction conditions and techniques are conventional in nature as will be
      apparent to one skilled in the art.
PAR  A compound of formula I may be converted to its N-oxide by reaction with an
      oxidizing agent such as hydrogen peroxide, peracetic acid and so forth.
PAR  The compounds of the present invention, their N-oxides, and their non-toxic
      pharmaceutically acceptable mono- or di-acid addition salts are useful as
      anti-inflammatory agents in mammalian species, e.g., rats and mice, when
      administered in amounts ranging from about 0.5 mg/kg to about 10.0 mg/kg
      of body weight per day. A preferred dosage regimen for optimum results is
      from about 1 mg to about 5 mg per kg of body weight per day, and such
      dosage units are employed that a total of about 35 mg to about 7 g of
      active ingredient are administered in a 24-hour period for a subject of
      about 70 kg body weight.
PAR  The compounds of the present invention in the described dosages may be
      administered orally; however, other routes such as intraperitoneally,
      subcutaneously, intramuscularly or intravenously may be employed.
PAR  The active compounds of the present invention are orally administered, for
      example, with an inert diluent or with an assimilable edible carrier, or
      they may be enclosed in hard or soft gelatin capsules, or they may be
      compressed into tablets, or they may be incorporated directly with the
      food of the diet. For oral therapeutic administration, the active
      compounds of this invention may be incorporated with excipients and used
      in the form of tablets, troches, capsules, elixirs, suspensions, syrups,
      wafers, chewing gum, and the like. The amount of active compound in such
      therapeutically useful compositions or preparations is such that a
      suitable dosage will be obtained.
PAR  The tablets, troches, pills, capsules and the like may also contain the
      following: a binder such as gum tragacanth, acacia, corn starch or
      gelatin; an excipient such as dicalcium phosphate; a disintegrating agent
      such as corn starch, potato starch, alginic acid and the like; a lubricant
      such as magnesium stearate; and a sweetening agent such as sucrose,
      lactose or saccharin may be added or a flavoring agent such as peppermint,
      oil of wintergreen, or cherry flavoring. When the dosage unit from is a
      capsule, it may contain in addition to materials of the above type a
      liquid carrier such as a fatty oil. Various other materials may be present
      as coatings or to otherwise modify the physical form of the dosage unit,
      for instance, tablets, pills or capsules may be coated with shellac,
      sugar, or both. A syrup of elixir may contain the active compounds,
      sucrose as a sweetening agent, methyl and propyl parabens as
      preservatives, a dye and a flavoring such as cherry or orange flavor. Of
      course, any material used in preparing any dosage unit form should be
      pharmaceutically pure and substantially non-toxic in the amounts employed.
DETD
PAR  The following examples illustrate the present invention, without, however,
      limiting the same thereto. All temperatures are expressed in degrees
      Centigrade.
PAC  EXAMPLE 1
PAC  2,3,3a,
      4,6,7-Hexahydro-N,2-dimethyl-3-phenyl-7-(phenylmethylene)-5H-pyrazolo[4,3-
     c]pyridine-5-carboxamide, hydrochloride
PAC  A. 3,5-Bis(phenylmethylene)-4-piperidone, hydrochloride
PAR  14 g (0.1 mole) of N-acetyl-4-piperidone and 32 g (0.3 mole) of
      benzaldehyde in 150 ml of ethanol are cooled to 15.degree. and treated
      dropwise with 33 ml of concentrated HCl, refluxed for 6 hours, and stored
      overnight at room temperature. The light yellow solid is filtered, washed
      with ethanol, then with ether and air-dried, weight 26 g (83%), mp.
      273.degree.-275.degree.(dec.).
PAC  B.
      3,3a,4,5,6,7-Hexahydro-2-methyl-3-phenyl-7-(phenylmethylene)-2H-pyrazolo-[
     4,3-c]pyridine, hydrochloride
PAR  The product from A (9.5 g, 0.0305 mole) and 1.5 g (0.032 mole) of
      methylhydrazine in 200 ml of methanol is heated and the resulting solution
      refluxed for 4 hours. The solvent is removed on a rotary evaporator to
      yield a solid residue which on trituration with ether and cooling gives
      9.5 g (92%) of the title compound, mp 210.degree.-212.degree.. Following
      crystallization from 250 ml of ethanol, the resulting light yellow
      material weighs 6.0 g (58%), mp 218.degree.-220.degree. .
PAC  C.
      3,3a,4,5,6,7-Hexahydro-2-methyl-3-phenyl-7-(phenylmethylene)-2H-pyrazolo-[
     4,3-c]pyridine
PAR  Fifteen g. (0.044 mole) of the product from B is suspended in 200 ml of
      H.sub.2 O and 200 ml of 3:1-ether-CHCl.sub.3, stirred, treated with 7 g of
      K.sub.2 CO.sub.3, and the stirring continued until two clear layers are
      obtained. The layers are separated, the aqueous phase extracted with 3:1
      ether-CHCl.sub.3 (3 .times. 100 ml), the combined organic layers dried
      (MgSO.sub.4), and the solvents evaporated. The mostly solid residue is
      triturated with hexane and cooled overnight, yield 11.7 g (87%) of
      colorless base; mp 115.degree.-117.degree..
PAC  D.
      2,3,3a,4,6,7-Hexahydro-N,2-dimethyl-3-phenyl-7-(phenylmethylene)-5H-pyrazo
     lo-[4,3-c]pyridine-5-carboxamide, hydrochloride
PAR  A stirred solution of the above base (C) (11.6 g, 0.038 mole) in 165 ml of
      benzene is treated dropwise with 2.7 g (0.047 mole) of methyl isocyanate,
      stirred at room temperature for 2 hours, refluxed for 4 hours, and kept
      overnight at room temperature. The benzene is evaporated to give 16.2 g of
      a crude urea compound as a brittle pale yellow residue.
PAR  The above is dissolved in 80 ml of CH.sub.3 COC.sub.2 H.sub.5, cooled, and
      treated with 6.2 ml of 6.2 N alcoholic HCl. On rubbing, the crystalline
      HCl salt separates. After cooling overnight, the material is filtered,
      washed with cold CH.sub.3 COC.sub.2 H.sub.5 and with ether, and dried in
      vacuo; wt., 14.3 g(94%); mp 169.degree.-172.degree. (foaming). Following
      crystallization from 100 ml MeOH-325 ml ether, the nearly colorless
      product weighs 12.2 g (80%); mp 170.degree.-172.degree.(foaming).
PAC  EXAMPLE 2
PAC  2,3,3a,4,6,7-Hexahydro-2-methyl-3-phenyl-7-(phenylmethylene)-5H-pyrazolo[4,
     3-c]pyridine-5-carboxamide
PAR  A stirred solution of 10 g (0.033 mole) of the free base of Example 1C in
      10 ml of acetic acid is diluted with 100 ml of H.sub.2 O and treated with
      a solution of 3.0 g (0.034 mole) of 92% KCNO in 10 ml of H.sub.2 O; a
      yellow gummy product separates. After standing overnight at room
      temperature, 100 ml of CHCl.sub.3 is added, the mixture stirred until two
      clear layers are obtained, the layers separated, the aqueous phase
      extracted with CHCl.sub.3 (2 .times. 50 ml), the combined organic layers
      dried (MgSO.sub.4), and the solvent evaporated to give 11.4 g of viscous
      yellow residue. The latter is triturated with 30 ml of boiling CH.sub.3 CN
      and cooled overnight to give 6.1 g (54%) of yellow solid, mp
      191.degree.-193.degree..
PAC  EXAMPLE 3
PAC  5-[(Dimethylamino)acetyl]-3,3a,4,5,6,7-hexahydro-2-methyl-3-phenyl-7-(pheny
     lmethylene)-2H-pyrazolo[4,3-c]pyridine
PAC  A.
      5-Chloroacetyl-3,3a,4,5,6,7-hexahydro-2-methyl-3-phenyl-7-(phenylmethylene
     )-2H-pyrazolo[4,3-c]-pyridine
PAR  A solution of 10 g (0.033 mole) of the base of Example 1C and 3.4 g (0.034
      mole) of (C.sub.2 H.sub.5).sub.3 N in 100 ml of benzene is added
      portionwise at 7.degree.-10.degree. to a stirred solution of 3 ml (0.038
      mole) of ClCOCH.sub.2 Cl in 100 ml of benzene. After the addition, the
      mixture is stirred at room temperature for 2 hours, refluxed for 1 hour,
      kept overnight at room temperature, stirred with 50 ml of H.sub.2 O,
      basified with 5 g ofK.sub.2 CO.sub.3, and the layers separated. The
      aqueous phase is extracted with ether (2 .times. 100 ml) and the combined
      organic layers dried (MgSO.sub.4), and the solvents evaporated. The
      viscous residue (11.5 g) slowly becomes granular on triturating with 200
      ml of boiling isopropyl ether and cooling overnight. The pale tan solid is
      filtered, washed with cold isopropyl ether, and air-dried; wt., 7.6 g (61
      %); mp 88.degree.-90.degree. (s. 77.degree.). IR: 6.0.mu.(strong).
PAC  B.
      5-[(Dimethylamino)acetyl]-3,3a,4,5,6,7-hexahydro-2-methyl-3-phenyl-7-(phen
     ylmethylene)-2H-pyrazolo[4,3-c]pyridine
PAR  A slurry of 6.5 g (0.017 mole) of the product from A in 70 ml acetone is
      added to a stirred solution of 2.6 g (0.017 mole) sodium iodide in 70 ml
      of acetone and the resulting solution is refluxed for 3 hours. The cooled
      solution is filtered and the filtrate evaporated to give an oil residue.
      The oil residue is shaken with water and 500 ml of ethyl ether; the ether
      phase is separated, dried and the ether removed under reduced pressure.
      The residue is dissolved in 100 ml benzene and treated with a solution of
      10 g (0.22 mole) of dimethylamine in 100 ml benzene. This solution is kept
      at room temperature for 5 days. The mixture is finally heated on a steam
      bath at 50.degree.-75.degree. for 4 hours, cooled, and treated with a
      solution of 4 g. of sodium hydroxide in 25 ml of water. The layers are
      separated and the organic phase washed with 25 ml of water and dried over
      anhydrous magnesium sulfate. Evaporation of the benzene leaves a viscous
      base which is crystallized from 20 ml of acetonitrile to give 3.6 g (55%)
      of solid; mp 132.degree.-134.degree.. Following recrystallization from 10
      ml of acetonitrile, the light yellow product weighs 3.3 g (50%); mp
      133.degree.-135.degree..
PAC  EXAMPLE 4
PAC  5-[3-(Dimethylamino)propionyl]-3,3a,4,5,6,7-hexahydro-2-methyl-3-phenyl-7-(
     phenylmethylene)-2H-pyrazolo-[4,3-c]-pyridine, hydrochloride (1:2)
PAC  A. 5-(3-Chloropropionyl)-3,3a,
      4,5,6,7-hexahydro-2-methyl-3-phenyl-7-(phenylmethylene)-2H-pyrazolo[4,3-c]
     pyridine
PAR  Ten g (0.033 mole) of the base of Example 1C is reacted with 3.7 ml (0.039
      mole) of 3-chloropropionyl chloride in 200 ml of benzene in the presence
      of 3.4 g (0.034 mole) of triethylamine as described in Example 3A to give
      14 g of crude, glass-like product. The latter is extracted with 350 ml of
      boiling diisopropyl ether (leaving a yellow-orange gummy material
      undissolved) and filtered. On rubbing and cooling, the pale yellow
      crystalline product separates, weighs 6.7 g (52%); mp
      134.degree.-136.degree. (s. 130.degree.).
PAC  B.
      5-[3-(Dimethylamino)propionyl]-3,3a,4,5,6,7-hexahydro-2-methyl-3-phenyl-7-
     (phenylmethylene)-2H-pyrazolo[4,3-c]pyridine, hydrochloride (1:2)
PAR  The above material (A) (6.7 g; 0.017 mole) is reacted first with 2.6 g
      (0.017 mole) of NaI in 70 ml of acetone, then with 10 g (0.22 mole) of
      dimethylamine in 100 ml of benzene as described in Example 3B to give 7.5
      g of crude syrupy base. The latter (6.5 g) is dissolved in 65 ml of
      methylethylketone, stirred, and treated with 3.9 ml of 8.2 N alcoholic HCl
      to precipitate the 2HCl salt as a gum which crystallizes on rubbing and
      cooling to give 7.1 g (100%) product, mp 110.degree.-122.degree.(foaming);
      s. 80.degree.. Following crystallization from 30 ml methanol-60 ml ethyl
      ether, the cream-colored solid weighs 5.5 g (78%); mp
      162.degree.-164.degree. (s. 158.degree.).
PAC  EXAMPLES 5 to 15
PAR  Following the procedure of Example 1 but substituting for benzaldehyde in
      part A, the compound indicated in column I, there is obtained the
      corresponding compound of formula I (corresponding to Example 1) wherein
      each X (that is X.sub.1 and X.sub.2), and its position, is as indicated in
      column II:
     Example      I             II                                             

     ______________________________________                                    

     5.      o-chlorobenzaldehyde                                              

                               2-chloro                                        

     6.      p-chlorobenzaldehyde                                              

                               4-chloro                                        

     7.      p-fluorobenzaldehyde                                              

                               4-fluoro                                        

     8.      2-methylbenzaldehyde                                              

                               2-methyl                                        

     9.      3-methylbenzaldehyde                                              

                               3-methyl                                        

     10.     4-methylbenzaldehyde                                              

                               4-methyl                                        

     11.     2-methoxybenzaldehyde                                             

                               2-methoxy                                       

     12.     3-methoxybenzaldehyde                                             

                               3-methoxy                                       

     13.     4-methoxybenzaldehyde                                             

                               4-methoxy                                       

     14.     4-butoxybenzaldehyde                                              

                               4-butoxy                                        

     15.     3-trifluoromethylbenzalde-                                        

             hyde              3-trifluoromethyl                               

     ______________________________________                                    

PAC  EXAMPLES 16 to 26
PAR  Following the procedure of Example 1 and Example 2 but substituting for
      benzaldehyde in Example 1 part A, the compound indicated in column I,
      there is obtained the corresponding compound of formula I (corresponding
      to the compound formed in Example 2) wherein each X (that is X.sub.1 and
      X.sub.2), and its position, is as indicated in column II:
TBL  Example                                                                   

                 I               II                                            

     ______________________________________                                    

     16.    o-chlorobenzaldehyde                                               

                                2-chloro                                       

     17.    p-chlorobenzaldehyde                                               

                                4-chloro                                       

     18.    p-fluorobenzaldehyde                                               

                                4-fluoro                                       

     19.    2-ethylbenzaldehyde 2-ethyl                                        

     20.    3-methylbenzaldehyde                                               

                                3-methyl                                       

     21.    4-propylbenzaldehyde                                               

                                4-propyl                                       

     22.    2-methoxybenzaldehyde                                              

                                2-methoxy                                      

     23.    3-ethoxybenzaldehyde                                               

                                3-ethoxy                                       

     24.    4-propoxybenzaldehyde                                              

                                4-propoxy                                      

     25.    3-butoxybenzaldehyde                                               

                                3-butoxy                                       

     26.    4-trifluoromethylbenzaldehyde                                      

                                4-trifluoromethyl                              

     ______________________________________                                    

PAC  EXAMPLES 27 to 37
PAR  Following the procedure of Example 1 and Example 3 but substituting for
      benzaldehyde in Example 1 part A, the compound indicated in column I,
      there is obtained the corresponding compound of formula I (corresponding
      to the compound formed in Example 3) wherein each X (that is X.sub.1 and
      X.sub.2), and its position, is as indicated in column II:
TBL  Example                                                                   

                 I               II                                            

     ______________________________________                                    

     27.    o-chlorobenzaldehyde                                               

                                2-chloro                                       

     28.    p-chlorobenzaldehyde                                               

                                4-chloro                                       

     29.    p-fluorobenzaldehyde                                               

                                4-fluoro                                       

     30.    2-methylbenzaldehyde                                               

                                2-methyl                                       

     31.    3-methylbenzaldehyde                                               

                                3-methyl                                       

     32.    4-methylbenzaldehyde                                               

                                4-methyl                                       

     33.    2-methoxybenzaldehyde                                              

                                2-methoxy                                      

     34.    3-methoxybenzaldehyde                                              

                                3-methoxy                                      

     35.    4-methoxybenzaldehyde                                              

                                4-methoxy                                      

     36.    4-butoxybenzaldehyde                                               

                                4-butoxy                                       

     37.    3-trifluoromethylbenzaldehyde                                      

                                3-trifluoromethyl                              

     ______________________________________                                    

PAC  EXAMPLES 38 - 55
PAR  Following the procedure of Example 1 but substituting for methylhydrazine
      in part B, the compound indicated in column I, there is obtained the
      corresponding compound of formula I (corresponding to Example 1) wherein R
      is the group indicated in column II:
TBL  Example                                                                   

                 I               II                                            

     ______________________________________                                    

     38.    ethylhydrazine      ethyl                                          

     39.    propylhydrazine     propyl                                         

     40.    isopropylhydrazine  isopropyl                                      

     41.    isobutylhydrazine   isobutyl                                       

     42.    butylhydrazine      butyl                                          

     43.    (2-hydroxyethyl)hydrazine                                          

                                2-hydroxyethyl                                 

     44.    3-hydroxypropyl                                                    

            hydrazine           3-hydroxypropyl                                

     45.    benzylhydrazine     benzyl                                         

     46.    phenethylhydrazine  phenethyl                                      

     47.    o-fluorobenzylhydrazine                                            

                                o-fluorobenzyl                                 

     48.    m-chlorophenethylhydrazine                                         

                                m-chlorophenethyl                              

     49.    p-trifluoromethylbenzyl-                                           

                                p-trifluoromethyl-                             

            hydrazine           benzyl                                         

     50.    m-methylbenzylhydrazine                                            

                                m-methylbenzyl                                 

     51.    o-ethylphenethylhydrazine                                          

                                o-ethylphenethyl                               

     52.    m-methoxybenzylhydrazine                                           

                                m-methoxybenzyl                                

     53.    p-ethoxyphenethylhydrazine                                         

                                p-ethoxyphenethyl                              

     54.    3-phenylpropyl hydrazine                                           

                                3-phenylpropyl                                 

     55.    hydrazine           hydrogen                                       

     ______________________________________                                    

PAC  EXAMPLES 56 - 73
PAR  Following the procedure of Example 1 and Example 2 but substituting for
      methylhydrazine in Example 1 part B, the compound indicated in column I,
      there is obtained the corresponding compound of formula I (corresponding
      to Example 2) wherein R is the group indicated in column II:
TBL  Example                                                                   

                 I               II                                            

     ______________________________________                                    

     56.    ethylhydrazine      ethyl                                          

     57.    propylhydrazine     propyl                                         

     58.    isopropylhydrazine  isopropyl                                      

     59.    isobutylhydrazine   isobutyl                                       

     60.    hexylhydrazine      hexyl                                          

     61.    (4-hydroxybutyl)hydrazine                                          

                                4-hydroxybutyl                                 

     62.    3-hydroxypropyl                                                    

            hydrazine           3-hydroxypropyl                                

     63.    benzylhydrazine     benzyl                                         

     64.    phenethylhydrazine  phenethyl                                      

     65.    o-fluorobenzylhydrazine                                            

                                o-fluorobenzyl                                 

     66.    m-chlorophenethylhydrazine                                         

                                m-chlorophenethyl                              

     67.    p-trifluoromethylbenzyl-                                           

                                p-trifluoromethyl-                             

            hydrazine           benzyl                                         

     68.    m-methylbenzylhydrazine                                            

                                m-methylbenzyl                                 

     69.    o-ethylphenethylhydrazine                                          

                                o-ethylphenethyl                               

     70.    m-methoxybenzylhydrazine                                           

                                m-methoxybenzyl                                

     71.    p-ethoxyphenylethylhydrazine                                       

                                p-ethoxyphenethyl                              

     72.    3-phenylpropyl hydrazine                                           

                                3-phenylpropyl                                 

     73.    hydrazine           hydrogen                                       

     ______________________________________                                    

PAC  EXAMPLES 74 - 91
PAR  Following the procedure of Example 1 and Example 4 but substituting for
      methylhydrazine in Example 1 part B, the compound indicated in column I,
      there is obtained the corresponding compound of formula I (corresponding
      to Example 4) wherein R is the group indicated in column II:
TBL  Example                                                                   

                 I               II                                            

     ______________________________________                                    

     74.    ethylhydrazine      ethyl                                          

     75.    propylhydrazine     propyl                                         

     76.    isopropylhydrazine  isopropyl                                      

     77.    isobutylhydrazine   isobutyl                                       

     78.    butylhydrazine      butyl                                          

     79.    (2-hydroxyethyl)hydrazine                                          

                                2-hydroxyethyl                                 

     80.    3-hydroxypropyl                                                    

            hydrazine           3-hydroxypropyl                                

     81.    benzylhydrazine     benzyl                                         

     82.    phenethylhydrazine  phenethyl                                      

     83.    o-fluorobenzylhydrazine                                            

                                o-fluorobenzyl                                 

     84.    m-chlorophenethylhydrazine                                         

                                m-chlorophenethyl                              

     85.    p-trifluoromethylbenzyl-                                           

                                p-trifluoromethyl-                             

            hydrazine           benzyl                                         

     86.    m-methylbenzylhydrazine                                            

                                m-methylbenzyl                                 

     87.    o-ethylphenethylhydrazine                                          

                                o-ethylphenethyl                               

     88.    m-methoxybenzylhydrazine                                           

                                m-methoxybenzyl                                

     89.    p-ethoxyphenethylhydrazine                                         

                                p-ethoxyphenethyl                              

     90.    3-phenylpropyl hydrazine                                           

                                3-phenylpropyl                                 

     91.    hydrazine           hydrogen                                       

     ______________________________________                                    

PAC  EXAMPLES 92 - 96
PAR  Following the procedure of Example 1 but substituting for the methyl
      isocyanate in part D, the compound indicated in column I, there is
      obtained the corresponding compound of formula I (corresponding to Example
      1) wherein the
      ##EQU10##
      group is as indicated in column II.
TBL  ______________________________________                                    

     Example         I            II                                           

     ______________________________________                                    

     92.        ethyl isocyanate --NH(C.sub.2 H.sub.5)                         

     93.        butyl isocyanate --NH(C.sub.4 H.sub.9)                         

     94.        hexyl isocyanate --NH(C.sub.6 H.sub.13)                        

     95.        propyl isocyanate                                              

                                 --NH(C.sub.3 H.sub.7)                         

     96.        amyl isocyanate  --NH(C.sub.5 H.sub.11)                        

     ______________________________________                                    

PAC  EXAMPLES 97 - 107
PAR  Following the procedure of Example 3 but substituting for the
      dimethylamine, the compound shown in column I below, there is obtained the
      corresponding compound of formula I (corresponding to Example 3) wherein
      the
      ##EQU11##
      group is as indicated in column II:
TBL  Example     I              II                                             

     ______________________________________                                    

      97.      piperidine      piperidino                                      

      98.      morpholine      morpholino                                      

      99.      thiamorpholine  thiamorpholino                                  

     100.      pyrrolidine     pyrrolidino                                     

     101.      piperazine      piperazino                                      

     102.      N-methylpiperazine                                              

                               N-methylpiperazino                              

     103.      N-ethylpiperazine                                               

                               N-ethylpiperazino                               

     104.      N-propylpiperazine                                              

                               N-propylpiperazino                              

     105.      N-butylpiperazine                                               

                               N-butylpiperazino                               

     106.      N-amylpiperazine                                                

                               N-amylpiperazino                                

     107.      N-hexylpiperazine                                               

                               N-hexylpiperazino                               

     ______________________________________                                    

PAC  EXAMPLES 108 - 120
PAR  Following the procedure of Example 4 but substituting for the
      3-chloropropionyl chloride the compound indicated in column I and
      substituting for the dimethylamine the compound indicated in column II,
      there is obtained the corresponding compound of formula I (corresponding
      to Example 4) wherein n and
      ##EQU12##
      are indicated in column III:
      ##EQU13##
PAC  EXAMPLES 121 - 133
PAR  Following the procedure of Example 1 and Example 4 but substituting for the
      benzaldehyde (in part A of Example 1), the compound indicated in column I,
      substituting for the methylhydrazine, the compound indicated in column II,
      substituting for the 3-chloropropionyl chloride, the compound indicated in
      column III, and substituting for the dimethylamine, the compound indicated
      in column IV, there is obtained the corresponding compound of formula I
      wherein X.sub.1, X.sub.2, R, n and
      ##EQU14##
      are as indicated in column V:
      ##EQU15##
PAC  EXAMPLE 134
PAC  2-Acetyl-2,3,3a,4,6,7-hexahydro-N-methyl-3-phenyl-7-(phenylmethylene)-5H-py
     razolo[4,3-c]pyridine-5-carboxamide
PAR  A suspension of 5 g of
      2,3,3a,4,6,7-hexahydro-N-methyl-3-phenyl-7-(phenylmethylene)-5H-pyrazolo[4
     ,3-c]pyridine-5-carboxamide (the product of Example 55) in 50 ml of acetic
      anhydride is refluxed for four hours. The mixture is cooled and poured
      onto 250 ml of ice-water. The product is filtered and dried.
PAC  EXAMPLE 135
PAR  Interaction of equivalent quantities of an X.sub.1 -substituted
      benzaldehyde and N-acetyl-4-piperidone according to the procedure of
      Example 1 yields the 3-(X.sub.1 -substitued benzylidene)-4-piperidone
      hydrochloride. The latter is purified by crystallization of the
      hydrochloride salt or by distillation of the free base and then reacted
      with an equivalent quantity of X.sub.2 -substituted benzaldehyde to give
      3-(X.sub.1 -substituted benzylidine)-5-(X.sub.2 -substituted
      benzylidene)-4-piperidone hydrochloride. These intermediates are converted
      to compounds of Formula I utilizing the procedures used in Examples 1 to
      4.
PAC  EXAMPLE 136
PAC  5-[(Dimethylamino)acetyl]-3,3a,4,5,6,7-hexahydro-2-methyl-3-phenyl-7-(pheny
     lmethylene)-2H-pyrazolo[4,3-c]pyridine N-oxide
PAR  A solution of the free base of the product of Example 3 in acetic acid is
      treated with an equivalent quantity of 30% hydrogen peroxide and the
      solution then heated at 80.degree.-90.degree. for 1 hour and cooled. The
      solvent is then removed on a rotary evaporator at reduced pressure to
      yield the title compound.
PAC  EXAMPLE 137
TBL  Preparation of capsule formulation                                        

                              Milligrams                                       

     Ingredient               per Capsule                                      

     ______________________________________                                    

     2,3,3a,4,6,7-hexahydro-N,2-dimethyl-                                      

     3-phenyl-7-(phenylmethylene)-5H-                                          

     pyrazolo[4,3-c]pyridine-5-carboxamide                                     

     hydrochloride            400                                              

     Starch                    80                                              

     Magnesium stearate        5                                               

     ______________________________________                                    

PAL  The active ingredient, starch and magnesium stearate are blended together.
      The mixture is used to fill hard shell capsules of a suitable size at a
      fill weight of 485 milligrams per capsule.
PAC  EXAMPLE 138
TBL  Preparation of tablet formulation                                         

     Ingredient           Milligrams per Tablet                                

     ______________________________________                                    

     2,3,3a,4,6,7-hexahydro-2-methyl-                                          

     3-phenyl-7-(phenylmethylene)-5H-                                          

     pyrazolo-[4,3-c]pyridine-5-carbox-                                        

     amide                300                                                  

     Lactose              200                                                  

     Corn starch (for mix)                                                     

                          50                                                   

     Corn starch (for paste)                                                   

                          50                                                   

     Magnesium stearate    6                                                   

     ______________________________________                                    

PAL  The active ingredient, lactose and corn starch (for mix) are blended
      together. The corn starch (for paste) is suspended in water at a ratio of
      10 grams of corn starch per 80 milliliters of water and heated with
      stirring to form a paste. This paste is then used to granulate the mixed
      powders. The wet granules are passed through a No. 8 screen and dried at
      120.degree.F. The dry granules are passed through a No. 16 screen. The
      mixture is lubricated with magnesium stearate and compressed into tablets
      in a suitable tableting machine. Each tablet contains 300 milligrams of
      active ingredient.
PAC  EXAMPLE 139
TBL  Preparation of oral syrup formulation                                     

     Ingredient               Amount                                           

     ______________________________________                                    

     5-[3-(Dimethylamino)propionyl]-                                           

     3,3a,4,5,6,7-hexahydro-2-methyl-                                          

     3-phenyl-7-(phenylmethylene)-                                             

     2H-pyrazolo-[4,3-c]pyridine,                                              

     hydrochloride (1:2)      500 mg.                                          

     Sorbitol solution (70% N.F.)                                              

                               40 ml.                                          

     Sodium benzoate          150 mg.                                          

     Sucaryl                   90 mg.                                          

     Saccharin                 10 mg.                                          

     Red Dye (F.D. & C. No. 2)                                                 

                               10 mg.                                          

     Cherry flavor             50 mg.                                          

     Distilled water qs to    100 ml.                                          

     ______________________________________                                    

PAL  The sorbitol solution is added to 40 milliliters of distilled water and the
      active ingredient is suspended therein. The sucaryl, saccharin, sodium
      benzoate, flavor and dye are added and dissolved in the above solution.
      The volume is adjusted to 100 milliliters with distilled water.
PAR  Other ingredients may replace those listed in the above formulation. For
      example, a suspending agent such as bentonite magma, tragacanth,
      carboxymethylcellulose, or methylcellulose may be used. Phosphates,
      citrates or tartrates may be added as buffers. Preservatives may include
      the parabens, sorbic acid and the like and other flavors and dyes may be
      used in place of those listed above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC6##
PAL  wherein X.sub.1 and X.sub.2 are the same or different and are selected from
      the group consisting of hydrogen, F, cl, lower alkyl, lower alkoxy, or
      CF.sub.3 ; R is selected from the group consisting of hydrogen, lower
      alkyl, phenyl lower alkyl, x.sub.1 or 2.sub.- substituted phenyl lower
      alkyl wherein X.sub.1 or 2 is as previously defined, hydroxy lower alkyl
      or lower alkanoyl; R.sub.1 and R.sub.2 are the same or different and are
      selected from the group consisting of hydrogen or lower alkyl or
      ##EQU16##
      may be taken together to form a 5- or 6-membered heterocyclic ring which
      may include one other heteroatom selected from the group consisting of
      sulfur, nitrogen or oxygen; and n is 0 to 4; and N-oxides and
      pharmaceutically acceptable acid addition salts thereof.
NUM  2.
PAR  2. A compound as defined in claim 1 wherein X.sub.1 and X.sub.2 are the
      same.
NUM  3.
PAR  3. A compound as defined in claim 1 wherein X.sub.1 and X.sub.2 are
      hydrogen.
NUM  4.
PAR  4. A compound as defined in claim 1 wherein one of X.sub.1 and X.sub.2 is
      hydrogen.
NUM  5.
PAR  5. A compound as defined in claim 1 wherein X.sub.1 and X.sub.2 are the
      same or different and are selected from the group consisting of hydrogen,
      lower alkyl, F or Cl.
NUM  6.
PAR  6. A compound as defined in claim 1 wherein X.sub.1 and X.sub.2 are the
      same or different and are selected from the group consisting of hydrogen,
      lower alkoxy or CF.sub.3.
NUM  7.
PAR  7. A compound as defined in claim 1 wherein R is selected from the group
      consisting of hydrogen and lower alkyl.
NUM  8.
PAR  8. A compound as defined in claim 7 wherein R is selected from the group
      consisting of hydrogen, lower alkyl, and hydroxy lower alkyl.
NUM  9.
PAR  9. A compound as defined in claim 1 wherein R is phenyl lower alkyl or
      X.sub.1 or 2 -substituted phenyl lower alkyl.
NUM  10.
PAR  10. A compound as defined in claim 1 wherein n is 0, 1 or 2.
NUM  11.
PAR  11. A compound as defined in claim 10 wherein X.sub.1 and X.sub.2 are
      hydrogen, and R is methyl.
NUM  12.
PAR  12. A compound of claim 1 having the name
      2,3,3a,4,6,7-hexahydro-N-2-dimethyl-3-phenyl-7-(phenylmethylene)-5H-pyrazo
     lo-[4,3-c]pyridine-5-carboxamide.
NUM  13.
PAR  13. A compound as defined in claim 1 having the name
      2,3,3a,4,6,7-hexahydro-2-methyl-3-phenyl-7-(phenylmethylene)-5H-pyrazolo[4
     ,3-c]pyridine-5 carboxamide.
NUM  14.
PAR  14. A compound as defined in claim 1 having the name
      5-[(dimethylamino)acetyl]-3,3a,4,5,6,7-hexahydro-2-methyl-3-phenyl-7-(phen
     ylmethylene)-2H-pyrazolo[4,3-c]pyridine.
NUM  15.
PAR  15. A compound as defined in claim 1 having the name
      5-[3-(Dimethylamino)propionyl]-3,3a,4,5,6,7-hexahydro-2-methyl-3-phenyl-7-
     (phenylmethylene)-2H-pyrazolo-[4,3-c]pyridine.
NUM  16.
PAR  16. A compound of claim 1 wherein
      ##EQU17##
      is selected from the group consisting of piperidino, pyrrolidino,
      morpholino, thiamorpholino, piperazino and N-lower alkyl piperazino.
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ABST
PAL  3-Heterothio(carbamoylthioacetyl)cephalosporin derivatives of the general
      formula
      ##EQU1##
      wherein R is hydrogen, lower alkyl, phenyl-lower alkyl, tri(lower
      alkyl)silyl, a salt forming ion or the group
      ##EQU2##
      R.sub.1 is hydrogen, lower alkyl, phenyl, thienyl, or pyridyl; R.sub.2 is
      lower alkyl or phenyl-lower alkyl; R.sub.3 is a five or six membered
      nitrogen, sulfur and/or oxygen containing ring system; and R.sub.4 is
      lower alkyl, phenyl or phenyl-lower alkyl; are useful as antibacterial
      agents.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new
      3-heterothio(carbamoylthioacetyl)cephalosporin derivatives of the formula
      ##EQU3##
      R represents hydrogen, lower alkyl, phenyl-lower alkyl, tri(lower
      alkyl)silyl, a salt forming ion or the group
      ##EQU4##
      R.sub.1 represents hydrogen, lower alkyl, phenyl, thienyl, or pyridyl;
      R.sub.2 represents lower alkyl or phenyl-lower alkyl; R.sub.3 represents a
      five or six-membered heterocycle including thiadiazole, oxadiazole,
      isoxazole, isothiazole, tetrazole, pyridine-N-oxide and their lower alkyl
      substituted analogs; R.sub.4 represents lower alkyl, phenyl or
      phenyl-lower alkyl.
PAR  The preferred members within each group as as follows: R is hydrogen,
      alkali metal, trimethylsilyl, diphenylmethyl or
      ##EQU5##
      especially hydrogen, pivaloyloxymethyl, sodium or potassium; R.sub.1 is
      hydrogen, phenyl or thienyl, especially hydrogen or phenyl; R.sub.2 is
      lower alkyl, especially methyl or ethyl; R.sub.3 is preferably (lower
      alkyl)-tetrazole or (lower alkyl)thiadiazole, especially wherein the lower
      alkyl group is methyl; R.sub.4 is methyl or t-butyl.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The various groups represented by the symbols have the meanings defined
      below and these definitions are retained throughout this specification.
PAR  The lower alkyl groups are the straight and branched chain hydrocarbon
      groups in the series from methyl to heptyl, the C.sub.1 to C.sub.4 members
      and especially methyl and ethyl being preferred.
PAR  The phenyl-lower alkyl radicals include a phenyl ring attached to a lower
      alkyl group of the kind described above as well as those containing two
      phenyl groups such as diphenylmethyl.
PAR  The salt forming ions represented by R are metal ions, e.g., alkali metal
      ions such as sodium or potassium, alkaline earth metal ions such as
      calcium or magnesium, or an amine salt ion, e.g., a (lower alkyl)amine
      like methylamine or triethylamine or a cycloalkylamine, like
      dicyclohexylamine, etc.
PAR  R.sub.3 is thiadiazole, oxadiazole, isoxazole, isothiazole, tetrazole,
      pyridine-N-oxide and their lower alkyl substituted analogs, especially
      1,3,4-thiadiazole, 1,2,4-thiadiazole, tetrazole,
      5-methyl-1,3,4-thiadiazol-2-yl, 3-methyl-1,2,4-thiadiazol-5-yl, tetrazole
      and 1-methyltetrazol-5-yl.
PAR  The new cephalosporin derivatives of this invention are produced by several
      methods. According to one method, a 7-aminocephalosporanic acid (7-ACA)
      derivative of the formula
      ##EQU6##
      is reacted with a carbamoylacetic acid of the formula
      ##EQU7##
      or an activated derivative of the former (II).
PAR  The activated derivatives referred to include, for example, the reaction
      product with an anhydride forming reagent such as ethylchloroformate,
      benzoyl chloride, pivaloyl chloride, etc., an acid chloride or an
      activated ester like the benzhydryl ester, t-butyl ester, trimethylsilyl
      ester or trimethylstannyl ester or triethylamine salt.
      Dicyclohexylcarbodiimide can also be used to effect the reaction.
PAR  One preferred synthesis comprises reacting the acid of formula III with the
      diphenylmethyl ester of the 7-ACA derivative of formula II and then
      hydrolyzing the ester with trifluoroacetic acid and anisole to obtain the
      free carboxyl group in the 4-position.
PAR  The reaction between the 7-aminocephalosporanic acid compound and the
      carbamoylacetic acid can be carried out, for example, by dissolving or
      suspending the acid in an inert organic solvent such as chloroform,
      tetrahydrofuran, methylene chloride, dioxane, benzene or the like, and
      adding, at a reduced temperature of about 0.degree.-5.degree.C, about an
      equimolar amount of the 7-ACA compound in the presence of an activating
      compound such as dicyclohexylcarbodiimide. The product of the reaction is
      then isolated by conventional procedures, e.g., by concentration or
      evaporation of the solvent. If a derivative of the 7-aminocephalosporanic
      acid compound, such as the diphenylmethyl ester is used, the free acid is
      obtained by hydrolysis, e.g., with trifluoroacetic acid or the like. Salts
      can then be derived from the free acid.
PAR  According to another preferred embodiment an acid of formula III is reacted
      with a compound of the formula
      ##EQU8##
      preferably wherein R is diphenylmethyl. When R is the preferred
      diphenylmethyl group, it is converted to the free acid with
      trifluoroacetic acid and anisole. The product of the formula
      ##EQU9##
      is then reacted with a thiol of the formula
EQU  (VI) R.sub.3 --SH
PAL  in basic solution, e.g., at a pH of about 7.8, to obtain the product of
      formula I.
PAR  Additional details of the procedure for producing compounds of formula III
      and V are found in our copending application Ser. No. 471,080, filed May
      17, 1974.
PAR  When R is the acyloxymethyl group
      ##EQU10##
      this group can be introduced into the 7-aminocephalosporanic acid moiety
      prior to the reaction with the carbamoylthioacetic acid or the activated
      derivative by treatment with one to two moles of a halomethyl ester of the
      formula
EQU  (VII) hal--CH.sub.2 OCOR.sub.4
PAL  wherein hal is halogen, preferably chlorine or bromine, in an inert organic
      solvent such as dimethylformamide, acetone, dioxane, benzene or the like,
      at about ambient temperature or below.
PAR  The carbamoylacetic acid of formula III is produced by reacting a
      mercaptoacetic acid of the formula
      ##EQU11##
      with a base, e.g., an alkylamine like triethylamine, and with an
      isocyanate R.sub.2 N=C=O, in an inert solvent like tetrahydrofuran, then
      acidifying, e.g., with hydrochloric acid or the like.
PAR  Alternatively the acid of formula V is converted to an ester like the
      diphenylmethyl or t-butyl ester by reaction with a diphenyldiazomethane or
      isobutylene, followed by reaction with the isocyanate and treatment with
      trifluoroacetic acid/anisole.
PAR  Further process details are also provided in the illustrative examples.
PAR  Certain of the compounds of this invention may exist in different optically
      active forms. The various stereoisomeric forms as well as the racemic
      mixtures are within the scope of the invention.
PAR  The compounds of this invention have a broad spectrum of antibacterial
      activity against both gram positive and gram negative organisms such as
      Staphylococcus aureus, Salmonella schottmuelleri, Pseudomonas aeruginosa,
      Proteus vulgaris, Escherichia coli and Streptococcus pyogenes. They are
      useful as antibacterial agents, e.g., to combat infections due to
      organisms such as those named above, and in general they can be utilized
      in a manner similar to cephradine and other cephalosporins. For example, a
      compound of formula I or a physiologically acceptable salt thereof can be
      used in various animal species affected by infections of such bacterial
      origin in an amount of about 1 to 75 mg/kg daily, orally or parenterally,
      in single or two to four divided doses.
PAR  Up to about 500 mg. of a compound of formula I or a physiologically
      acceptable salt thereof is administered by incorporating in an oral dosage
      form such as tablets, capsules or elixirs or in an injectable form in a
      sterile aqueous vehicle prepared according to conventional pharmaceutical
      practice.
PAR  The following examples are illustrative of the invention. All temperatures
      are in degrees celsius. Additional variations are produced in the same
      manner by appropriate substitution in the starting material.
PAC  EXAMPLE 1
PAC  DL-[[(Methylamino)carbonyl]thio]phenylacetic acid
PAR  10.08 g. (60 mM) of .alpha.-mercaptophenylacetic acid and 6.6 g. (60 mM) of
      triethylamine are dissolved in 50 ml. of tetrahydrofuran and 3.42 g. (60
      mM) of methylisocyanate dissolved in 20 ml. of tetrahydrofuran are added
      dropwise with stirring. After stirring for 2 hours, the solvent is drawn
      off in a vacuum and the oily residue is dissolved in water. The mixture is
      then acidified with 2N hydrochloric acid and extracted three times each
      with 20 ml. of ether. After drying off the ether, 10.5 g. of white
      crystalline DL-[[(methylamino)carbonyl]thio]phenylacetic acid are
      obtained, which is recrystallized from ether/petroleum ether, m.p.
      128.degree.-129.degree..
PAC  EXAMPLE 2
PAC  DL-[[(Ethylamino)carbonyl]thio]phenylacetic acid
PAR  By substituting ethylisocyanate for the methylisocyanate in the procedure
      of Example 1, white crystalline
      DL-[[(ethylamino)carbonyl]thio]phenylacetic acid is obtained and
      recrystallized from cyclohexane, m.p. 115.degree.-117.degree. (dec.).
PAC  EXAMPLE 3
PAC  DL-3-[(Acetyloxy)methyl]-7.beta.-[[[[(methylamino)carbonyl]thio]-phenylacet
     yl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-carboxylic acid,
      diphenylmethyl ester
PAR  1 g. (5 mM) of dicyclohexylcarbodiimide is added to 1.1 g. (5 mM) of
      DL-[[(methylamino)carbonyl]thio]phenyl acetic acid in 50 ml. of
      tetrahydrofuran and stirred for 1 hour at -5.degree.. 2.1 g. (5 mM) of
      7-aminocephalosporanic acid, benzhydryl ester in 15 ml. of tetrahydrofuran
      are then added and the mixture is stirred for 5 hours at 0.degree. and for
      1 hour at room temperature. The precipitate of dicyclohexylurea is
      filtered off and the filtrate is evaporated. The oily residue is dissolved
      in 20 ml. of methylene chloride. Filtration over charcoal and
      precipitation with petroleum ether produces 1.3 g. of white
      DL-3-[(acetyloxy)methyl-7.beta.-[[[[(methylamino)carbonyl]thio]phenyl]acet
     yl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-carboxylic acid,
      diphenylmethyl ester which is reprecipitated from methylene
      chloride/carbon tetrachloride, m.p. 73.degree. (dec.).
PAC  EXAMPLE 4
PAC  DL-3-[(Acetyloxy)methyl]-7.beta.-[[[[(methylamino)carbonyl]thio]-phenylacet
     yl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid
PAR  3 g. of the product of Example 3 are dissolved at 0.degree. in 25 ml. of
      trifluoroacetic acid/anisole and stirred for 15 minutes. After drawing off
      the trifluoroacetic acid in vacuum, an oily residue remains which is
      washed repeatedly with absolute ether until it becomes quite firm. The
      residue is dissolved in sodium bicarbonate solution, filtered and
      acidified with hydrochloric acid, with cooling, to a pH of 2.5. The
      solution is extracted three times each with 20 ml. of ethyl acetate. The
      organic phase is dried and evaporated. 0.9 g. of
      DL-3-[(acetyloxy)methyl]-7.beta.-[[[[(methylamino)carbonyl]thio]phenylacet
     yl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid is
      obtained as a light yellow powder m.p. 121.degree. (dec.) after
      reprecipitation from methylene chloride/petroleum ether.
PAC  EXAMPLE 5
PAC  Alternate method for producing the product of Example 4
PAR  4.5 g. (20 mM) of DL-[[(methylamino)carbonyl]thio]-phenylacetic acid are
      dissolved in 50 ml. of tetrahydrofuran. 2 g. (20 mM) of triethylamine are
      added and while stirring at a temperature of 0.degree. 2.5 g. (20 mM) of
      ethyl chloroformate are added dropwise. After 1 hour, a solution of 5.4 g.
      (20 mM) of 7-aminocephalosporanic acid, triethylamine salt in 200 ml. of
      methylene chloride are added and the whole mixture is stirred for 14 hours
      at 5.degree.. After filtering and drawing off the solvent, the oily
      residue is treated with water. The aqueous solution is extracted with
      ethyl acetate, filtered and acidified to pH 2.5.  Repeated extraction with
      ethyl acetate and evaporation of the ethyl acetate solution in vacuum
      yields after recrystallization from methylene chloride/petroleum ether,
      DL-3-[(acetoxy)-methyl]-7.beta.-[[[[(methylamino)carbonyl]thio]phenyl]amin
     o]-8-oxo-5-thia-1-azabicyclo[4.2.0]-oct-2-ene-carboxylic acid as a light
      yellow powder, 2.5 g., m.p. 61.degree.. The product produced by this
      method is only 67% pure.
PAC  EXAMPLE 6
PAC  DL-3-[(Acetyloxy)methyl]-7.beta.-[[[[(ethylamino)carbonyl]thio]-phenylacety
     l]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid,
      diphenylmethyl ester
PAR  4.8 g. (20 mM) of DL-[[(ethylamino)carbonyl]thio]-phenylacetic acid are
      dissolved in 150 ml. of tetrahydrofuran and stirred with 8.4 g. (20 mM) of
      7-ACA benzhydryl ester and 4.05 g. (20 mM) of dicyclohexylcarbodiimide for
      8 hours at 20.degree.. By evaporating the filtered solution, 9 g. of
      DL-3-[(acetyloxy)methyl]-7.beta.-[[[[(ethylamino)carbonyl]thio]-phenylacet
     yl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid,
      diphenylmethyl ester are obtained as a yellow powder, m.p. 75.degree.
      (dec.).
PAC  EXAMPLE 7
PAC  3-[[(5-methyl-1,3,4-thiadiazol-2-yl)thio]methyl]-7-amino-8-oxo-5-thia-1-aza
     bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
PAR  A mixture of 13.6 g. (0.5 M) of 7-aminocephalosporanic acid (7-ACA) in 100
      ml. of water and 50 ml. of acetone are brought to pH 8 with sodium
      hydroxide while stirring. 9.8 g. (0.57 M) of
      2-methyl-1,3,4-thiadiazole-5-thiol are added and the mixture is heated at
      80.degree. for 4 hours. After cooling to 5.degree., this is acidified to
      pH 3.5 with dilute hydrochloric acid and stirred for 15 minutes. The
      precipitated solid is filtered under suction and washed with acetone. This
      3-[[(5-methyl-1,3,4-thiadiazol-2-yl)thio]-methyl]-7-amino-8-oxo-5-thia-1-a
     zabicyclo[4.2.0]oct-2-ene-2-carboxylic acid is purified by dissolving in
      sodium bicarbonate solution and reprecipitating with 2N hydrochloric acid;
      yield 12.7 g., m.p. 206.degree..
PAC  EXAMPLE 8
PAC  3-[[(3-Methyl-1,2,4-thiadiazol-5-yl)thio]methyl]-7-amino-8-oxo-5-thia-1-aza
     bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
PAR  By substituting 3-methyl-1,2,4-thiadiazole-5-thiol for the
      2-methyl-1,3,4-thiadiazole-5-thiol in the procedure of Example 7, 11.6 g.
      of
      3-[[(3-methyl-1,2,4-thiadiazol-5-yl)thio]methyl]-7-amino-8-oxo-5-thia-1-az
     abicyclo[4.2.0]oxo-2-ene-2-carboxylic acid, m.p. 186.degree. (dec.) are
      obtained.
PAC  EXAMPLE 9
PAC  3-[[(1-Methyl-1H-tetrazol-5-yl)thio]methyl]-7-amino-8-oxo-5-thia-1-azabicyc
     lo[4.2.0]oct-2-ene-2-carboxylic acid
PAR  By substituting 0.57 M of 1-methyl-1H-tetrazole-5-thiol for the
      2-methyl-1,3,4-thiadiazole-5-thiol in the procedure of Example 7,
      3-[[(1-methyl-1H-tetrazol-5-yl)thio]-methyl]-7-amino-8-oxo-5-thia-1-azabic
     yclo[4.2.0]oct-2-ene-2-carboxylic acid is obtained.
PAC  EXAMPLE 10
PAC  7-Amino-3-[[(5-methyl-1,3,4-thiadiazol-2-yl)thio]methyl]-8-oxo-5-thia-1-aza
     bicyclo[4.2.0]oct-2-ene-2-carboxylic acid, diphenylmethyl ester
PAR  18 g. of
      7-amino-3-[[(5-methyl-1,3,4-thiadiazol-5-yl)thio]methyl]-8-oxo-5-thia-1-az
     abicyclo[4.2.0]oct-2-ene-2-carboxylic acid are suspended in 350 ml. of
      tetrahydrofuran. 4.1 ml. of 70% perchloric acid are added dropwise. After
      30 minutes, a slightly turbid solution forms. This solution is filtered
      and to the filtrate is added dropwise with stirring 12 g. of
      diphenyldiazomethane and 20 ml. of tetrahydrofuran. After 3 hours, the
      reaction mixture is poured into 2 liters of absolute ether. The solid,
      light brown precipitate, which is the perchloric acid salt of the desired
      product, is dried over Kieselgel in a desiccator. To obtain the base, the
      perchloric acid salt is dissolved in water and treated with the calculated
      equivalent of potassium bicarbonate. The aqueous solution obtained is
      extracted with chloroform. The chloroform phase is treated with activated
      carbon and sodium sulfate to obtain the 10 g. of the product,
      7-amino-3-[[(5-methyl-1,3,4-thiadiazol-2-yl)thio]methyl]-8-oxo-5-thia-1-az
     abicyclo[4.2.0]oct-2-ene-2-carboxylic acid, diphenylmethyl ester, as a
      light brown powder, m.p. 157.degree.-159.degree.. The product is
      recrystallized from tetrahydrofuran/petroleum ether.
PAC  EXAMPLE 11
PAC  7-Amino-3
      -[[(1-methyl-1H-tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0
     ]oct-2-ene-carboxylic acid, diphenylmethyl ester
PAR  The product,
      7-amino-3-[[(1-methyl-1H-tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicy
     clo[4.2.0]oct-2-ene-carboxylic acid, diphenylmethyl ester, m.p.
      168.degree.-169.degree. (dec.), is obtained by the procedure of Example 10
      utilizing as starting material
      7-amino-3[[(1-methyl-1H-tetrazol-5-yl)thio]-methyl]-8-oxo-5-thia-1-azabicy
     clo[4.2.0]oct-2-ene-2-carboxylic acid.
PAC  EXAMPLE 12
PAC  7.beta.-[[[[(Methylamino)carbonyl]thio]phenylacetyl]amino]-3-[[(1-methyl-1H
     -tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-car
     boxylic acid, diphenylmethyl ester
PAR  1.15 g. of DL-[[(methylamino)carbonyl]thio]phenylacetic acid and 1 g. (5
      mol.) of dicyclohexylcarbodiimide are stirred in 50 ml. of tetrahydrofuran
      at a temperature of 0.degree.-5.degree.. After 10 minutes a solution of
      2.5 g. (5 mol.) of
      3-[[(1-methyl-1H-tetrazol-5-yl)thio]methyl]-7-amino-8-oxo-5-thia-1-azabicy
     clo[4.2.0]oct-2-ene-2-carboxylic acid diphenylmethyl ester is added
      dropwise. The whole is stirred for 12 hours, filtered from the
      dicyclohexylurea formed and after drawing off the solvent, 2.8 g. of the
      product,
      7.beta.-[[[[(methylamino)carbonyl]thio]phenylacetyl]amino]-3-[[(1-methyl-1
     H-tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-ca
     rboxylic aicd, diphenylmethyl ester are obtained. Recrystallization from
      chloroform/carbon tetrachloride yields a beige powder, m.p.
      122.degree.-124.degree. (dec.).
PAC  EXAMPLE 13
PAC  7.beta.-[[[[(Methylamino)carbonyl]thio]phenylacetyl]amino]-3-[[
      (1-methyl-1H-tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oc
     t-2-ene-2-carboxylic acid
PAR  2 g. of the product of Example 1 are stirred for 10 minutes at 5.degree. in
      a mixture of 20 ml. of trifluoroacetic acid and 5 ml. of anisole. After
      drawing off the trifluoroacetic acid, the mixture is washed with
      ether/petroleum ether (1:1) and the brown powder obtained is added to a
      solution of sodium bicarbonate. The whole is filtered, treated with
      charcoal, cooled at 5.degree. and acidified with 2N hydrochloric acid at
      pH 2.5. After extraction with ethyl acetate and drawing off of the
      solvent, the free acid,
      7.beta.-[[[[(methylamino)carbonyl]thio]phenylacetyl]amino]-3-[[(1-methyl-1
     H-tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-ca
     rboxylic acid, in the form of a beige powder, is obtained from the organic
      phase, m.p. 139.degree. (dec.). The product is recrystallized from
      tetrahydrofuran/petroleum ether.
PAC  EXAMPLE 14
PAC  7.beta.-[[[[(Methylamino)carbonyl]thio]phenylacetyl]amino]-3-[[(1-methyl-1H
     -tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-car
     boxylic acid, potassium salt
PAR  The potassium salt is obtained by freeze drying a molecularly equivalent
      aqueous solution of the acid obtained in Example 2 and potassium
      bicarbonate as a light colored powder, m.p. 164.degree. (dec.).
PAC  EXAMPLES 15 - 49
PAR  The products below are obtained by the procedure of Example 12 by reacting
      the acid
      ##EQU12##
      with the diphenylmethyl ester of one of the following (prepared as in
      Example 10) and then proceeding according to Example 13 (also Example 14
      to obtain a salt):
PA0  3-[[(5-methyl-1,3,4-thiadiazolyl-2-yl)thio]-methyl]-7-amino-8-oxo-5-thia-1-
     azabicyclo[4.2.0]-oct-2-ene-2-carboxylic acid.
PA0  3-[[(1-methyl-1H-tetrazol-5-yl)thio]methyl]-7-ACA
PA0  3-[[(3-isothiazolyl)thio]methyl]-7-ACA
PA0  3-[[(1,3,4-oxadiazol-2-yl)thio]methyl]-7-ACA
PA0  3-[[(5-ethyl-1,3,4-oxadiazol-2-yl)thio]methyl]-7-ACA
PA0  3-[[(1,2,3,4-tetrazol-5-yl)thio]methyl]-7-ACA
PA0  3-[[(1-ethyl-1H-tetrazol-5-yl)thio]methyl]-7-ACA
PA0  3-[[(3-methyl-5-isothiazolyl)thio]methyl]-7-ACA
PA0  3-[[(3-isothiazolyl)thio]methyl]-7-ACA
PA0  3-[[(3-isoxazolyl)thio]methyl]-7-ACA
PA0  3-[[(5-methyl-3-isoxazolyl)thio]methyl]-7-ACA
PA0  3-[[(1,2,4-thiadiazol-3-yl)thio]methyl]-7-ACA
PA0  3-[[(5-butyl-1,2,4-thiadiazol-3-yl)thio]methyl]-7-ACA
PA0  3-[[(5-ethyl-3-isoxazolyl)thio]methyl]-7-ACA
PA0  3-[[(3-methyl-4-isoxazolyl)thio]methyl]-7-ACA
PA0  3-[[(3-methyl-1,2,4-oxadiazol-5-yl)thio]methyl]-7-ACA
PA0  3-[[(5-ethyl-3-isothiazolyl)thio]methyl]-7-ACA
PA0  3-[[(2-methyl-1,3,4-thiadiazol-5-yl)thio]methyl]-7-ACA
PA0  3-[[(1,2,4-thiadiazol-5-yl)thio]methyl]-7-ACA
PA0  3-[[(5-methyl-1,3,4-thiadiazol-2-yl)thio]methyl]-7-ACA
PA0  3-[[(3-methyl-1,2,4-thiadiazol-5-yl)thio]methyl]-7-ACA
PA0  3-[[(1-methyl-1H-tetrazol-5-yl)thio]methyl]-7-ACA
PA0  3-[[(1-oxo-2-pyridyl)thio]methyl]-7-ACA
TBL  Example                                                                   

     15     7.beta.-[[[2-(methylamino)carbonyl]thio]-2-(2-pyridyl)acetyl]amino]

            -3-[[(1,3,4-thiazol-2-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2

            .0]oct-2-ene-2-carboxylic acid                                     

     16     7.beta.-[[[2-(n-butylamino)carbonyl]thio]-2-phenylacetyl]amino]-3-[

            [(1,3,4-oxadiazol-2-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0

            ]oct-2-ene-2-carboxylic acid                                       

     17     7.beta.-[[[2-(ethylamino)carbonyl]thio]-2-propionyl]amino]-3-[[(5-e

            thyl-1,3,4-oxadiazol-2-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.

            2.0]oct-2-ene-2-carboxylic acid                                    

     18     7.beta.-[[[2-(benzylamino)carbonyl]thio]acetyl]amino-3-[[(3-methyl-

            5-isothiazolyl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-e

            ne-2-carboxylic acid                                               

     19     7.beta.-[[[(2-phenethyl)amino]carbonyl]thio]-2-(2-thienyl)acetyl]am

            ino]-3-[[(3-isothiazolyl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2

            .0]oct-2-ene-2-carboxylic acid                                     

     20     7.beta.-[[[[2-(methylamino)carbonyl]thio]-2-phenylacetyl]amino]-3-[

            [(3-isoxazolyl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-e

            ne-2-carboxylic acid                                               

     21     7.beta.-[[[2-(methylamino)carbonyl]thio]-2-phenylacetyl]amino]-3-[[

            (5-methyl-3-isoxazolyl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0

            ]oct-2-ene-2-carboxylic acid                                       

     22     7.beta.-[[[2-(propylamino)carbonyl]thio]-2-phenylacetyl]amino]-3-[[

            (1,2,4-thiadiazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0

            ]oct-2-ene-2-carboxylic acid                                       

     23     7.beta.-[[[2-(methylamino)carbonyl]thio]acetyl]amino]-3-[[(1,2,4-th

            iadiazol-3-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en

            e-2-carboxylic acid                                                

     24     7.beta.-[[[2-(ethylamino)carbonyl]thio]-2-phenylacetyl]amino]-3-[[(

            5-butyl-1,2,4-thiadiazol-3-yl)thio]methyl]-8-oxo-5-thia-1-azabicycl

            o[4.2.0]oct-2-ene-2-carboxylic acid                                

     25     7.beta.-[[2-(methylamino)carbonyl]  thio]butyramido]-3-[[(1,2,3,4-t

            etrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene

            -2-carboxylic acid                                                 

     26     7.beta.-[[(2-methylamino)carbonyl]thio]propionamido]-3-[[(5-methyl-

            3-isothiazolyl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-e

            ne-2-carboxylic acid                                               

     27     7.beta.-[[[2-(methylamino)carbonyl]thio]-2-phenylacetyl]amino]-3-[[

            (3-isoxazolyl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.3.0]oct-2-en

            e-2-carboxylic acid                                                

     28     7.beta.-[[[2-(butylamino)carbonyl]thio]acetyl]amino-3-[[(3-methyl-4

            -isoxazolyl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-

            2-carboyxlic acid                                                  

     29     7.beta.-[[[2-(methylamino)carbonyl]thio]-2-phenylacetyl]amino]-3-[[

            (3-methyl-1,2,4-oxadiazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicyc

            lo[4.2.0]oct-2-ene-2-carboxylic acid                               

     30     7.beta.-[[[2-(methylamino)carbonyl]thio]acetyl]amino]-3-[[(1-ethyl-

            1H-tetrazol-5-yl)thio]methyl]-1-azabicyclo[4.2.0]oct-2-ene-2-carbox

            ylic acid                                                          

     31     7.beta.-[[[2-(methoxy)carbonyl]thio]-2-(2-pyridyl)acetyl]amino]-3-[

            [(1-ethyl-1H-tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4

            .2.0]oct-2-ene-2-carboxylic acid                                   

     32     7.beta.-[[[2-(ethylamino)carbonyl]thio]-2-(2-pyridyl)acetyl]amino]-

            3-[[3-thiazolyl]thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-

            ene-2-carboxylic acid                                              

     33     7.beta.-[[[2-(benzylamino)carbonyl]thio]-2-(2-furyl)acetyl]amino]-3

            -[[2-(2-methyl-1,3,4-thiadiazol-5-yl]thio]methyl]-8-oxo-5-thia-1-az

            abicyclo[4.2.0]oct-2-ene-2-carboxylic acid                         

     34     7.beta.-[[[2-(ethylamino)carbonyl]thio]-2-(2-furyl)acetyl]amino]-3-

            [[(5-methyl-1,3,4-thiadiazol-2-yl)thio]methyl]-8-oxo-5-thia-1-azabi

            cyclo[4.2.0]oct-2-ene-2-carboxylic acid and potassium salt         

     35     7.beta.-[[[2-(propylamino)carbonyl]thio]-2-(2-thienyl)acetyl]amino]

            -3-[[(1,3,4-oxadiazol-2-yl)thio]  methyl]-8-oxo-5-thia-1-azabicyclo

            [4.2.0]oct-2-ene-2-carboxylic acid and sodium salt                 

     36     7.beta.-[[[(2-phenylethyl)carbonyl]thio]acetyl]amino]-3-[[(5-ethyl-

            1,3,4-oxadiazol-2-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]o

            ct-2-ene-2-carboxylic acid                                         

     37     7.beta.-[[[2-(n-butylamino)carbonyl]thio]-2-(2-pyridyl)acetyl]amino

            -3-[[(1,2,3,4-tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[

            4.2.0]oct-2-ene-2-carboxylic acid                                  

     38     7.beta.-[[[2-(methylamino)carbonyl]thio]-2-(3-thienyl)acetyl]amino]

            -3-[[(2-methylthiazol-5-yl)thio]methyl-8-oxo-5-thia-1-azabicyclo[4.

            2.0]oct-2-ene-2-carboxylic acid triethylamine salt                 

     39     7.beta.-[[[[2-(ethylamino)carbonyl]thio]-2-(3-furyl)acetyl]amino]-3

            -[[(1,2,4-thiadiazol-3-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.

            2.0]oct-2-ene-2-carboxylic acid pivaloyloxymethyl ester            

     40     7.beta.-[[[[2-(methylamino)carbonyl]thio]-2-(3-pyridyl]acetyl]amino

            ]-3-[[(3-isoxazolyl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oc

            t-2-ene-2-carboxylic acid trimethylsilyl ester                     

     41     7.beta.-[[[[2-(methylamino)carbonyl]thio]-2-(2-thienyl)acetyl]amino

            ]-3-[[(1,3,4-oxadiazol-2-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[

            4.2.0]oct-2-ene-2-carboxylic acid                                  

     42     7.beta.-[[[2-(ethylamino)carbonyl]thio]-2-(2-pyridyl)acetyl]amino]-

            3-[[(5-methyl-1,3,4-thiadiazol-2-yl)thio]methyl]-8-oxo-5-thia-1-aza

            bicyclo[4.2.0]oct-2-ene-2-carboxylic acid diphenylmethyl ester     

     43     7.beta.-[[[2-(benzylamino)carbonyl]thio]-2-(2-thienyl)acetyl]amino]

            -3-[[(3-methyl-1,2,4-thiadiazol-5-yl)thio]methyl]-8-oxo-5-thia-1-az

            abicyclo[4.2.0]oct-2-ene-2-carboxylic acid                         

     44     7.beta.-[[[2-(ethylamino)carbonyl]thio]-2-phenylacetyl]amino]-3-[[(

            1-methyl-1H-tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.

            2.0]oct-2-ene-2-carboxylic acid                                    

     45     7.beta.-[[[2-(benzylamino)carbonyl]  thio]-2-(2-thienyl)acetyl]amin

            o]-3-[[(1-methyl-1H-tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabi

            cyclo[4.2.0]oct-2-ene-2-carboxylic acid                            

     46     7.beta.-[[[2-(methylamino)carbonyl]]thio]-2-(2-pyridyl)acetyl]amino

            ]-3-[[(1-methyl-1H-tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabic

            yclo[4.2.0]oct-2-ene-2-carboxylic acid                             

     47     7.beta.-[[[2-(benzylamino)carbonyl]thio]-2-(2-furyl)acetyl]amino]-3

            -[[(1-methyl-1H-tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicycl

            o[4.2.0]oct-2-ene-2-carboxylic acid                                

     48     7.beta.-[[[2-(methylamino)carbonyl]thio]phenylacetyl]amino]-3-[[(1-

            oxo-2-pyridyl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en

            e-2-carboxylic acid                                                

     49     7.beta.-[[[[(methylamino)carbonyl]thio]phenylacetyl]amino]-3-[[(5-m

            ethyl-1,3,4-thiadiazol-2-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[

            4.2.0]oct-2-ene-2-carboxylic acid and potassium salt               

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##EQU13##
      wherein R is hydrogen, lower alkyl, phenyl-lower alkyl, diphenylmethyl,
      tri(lower alkyl)silyl,
      ##EQU14##
      alkali metal, alkaline earth metal, mono (lower alkyl) amine salt or tri
      (lower alkyl) amine salt; R.sub.1 is hydrogen, lower alkyl, phenyl,
      thienyl, furyl or pyridyl; R.sub.2 is lower alkyl, phenyl-lower alkyl or
      diphenyl methyl; R.sub.3 is R.sub.5 -thiadiazole, R.sub.5 -oxadiazole,
      R.sub.5 -isoxazole, R.sub.5 -isothiazole, R.sub.5 -tetrazole or R.sub.5
      -pyridine-N-Oxide; R.sub.4 is lower alkyl, phenyl, phenyl-lower alkyl or
      diphenyl methyl; and R.sub.5 is hydrogen or lower alkyl; said lower alkyl
      groups having up to seven carbon atoms.
NUM  2.
PAR  2. A compound as in claim 1 wherein R.sub.1 is phenyl.
NUM  3.
PAR  3. A compound as in claim 2 wherein R.sub.2 is lower alkyl.
NUM  4.
PAR  4. A compound as in claim 1 wherein R is hydrogen, alkali metal,
      trimethylsilyl, diphenylmethyl or
      ##EQU15##
      R.sub.1 is phenyl or thienyl; R.sub.2 is lower alkyl; R.sub.3 is (lower
      alkyl)tetrazole or (lower alkyl)thiadiazole; and R.sub.4 is methyl or
      t-butyl.
NUM  5.
PAR  5. A compound as in claim 2 wherein R is hydrogen and R.sub.2 is lower
      alkyl.
NUM  6.
PAR  6. A compound as in claim 4 wherein R is hydrogen, R.sub.1 is phenyl,
      R.sub.2 is lower alkyl and R.sub.3 is (lower alkyl)tetrazole.
NUM  7.
PAR  7. A compound as in claim 4 wherein R is alkali metal, R.sub.1 is phenyl,
      R.sub.2 is lower alkyl and R.sub.3 is (lower alkyl)-tetrazole.
NUM  8.
PAR  8. A compound as in claim 4 wherein R is hydrogen, R.sub.1 is phenyl,
      R.sub.2 is methyl and R.sub.3 is 1-methyl-1H-tetrazol-5-yl.
NUM  9.
PAR  9. Alkali metal salt of the compound of claim 8.
NUM  10.
PAR  10. Diphenylmethyl ester of the compound of claim 8.
NUM  11.
PAR  11. A compound as in claim 1 wherein R.sub.1 is thienyl.
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ABST
PAL  2,3-DIHYDRO-1,3-OXAZINEDIONES-(2,4) ARE PRODUCED IN ONE STEP WITH GOOD
      YIELDS AND AT LOW REACTION TIMES BY REACTING A CORRESPONDING
      1,3-DIOXINONE-(4) WITH AN APPROPRIATE ISOCYANATE AT TEMPERATURES OF E.G.,
      80.degree. TO 200.degree.C.
PAL  Certain novel oxazinediones, useful as intermediates for making herbicides,
      are produced thereby.
PARN
PAR  This is a continuation of application Ser. No. 109,951, filed Jan. 26,
      1971, now abandoned.
BSUM
PAR  The present invention relates to a process for the preparation of
      2,3-dihydro-1,3-oxazinedione-(2,4) compounds and to certain novel
      compounds produced thereby.
PAR  It is known that 2,3-dihydro-6-methyl-1,3-oxazine-diones-(2,4) substituted
      in 3-position are obtained when symmetrically N,N'-disubstituted
      S-methylisothioureas are reacted with diketene in boiling benzene and the
      3-substituted 2-alkyl- or
      2-arylimino-2,3-dihydro-6-methyl-1,3-oxazinones-(4) formed are heated with
      aqueous hydrochloric acid (J. Chem. Soc. 1954, 845).
PAR  Furthermore, it is known that 3-phenyl- or
      3[.alpha.-naphthyl]-5,6-trimethylene-2,3-dihydro-1,3-oxazinedione-(2,4) is
      formed in respective yields of 25% (phenyl compound) or 5% (naphthyl
      compound) of the theoretical when 2-bromocyclohexanedione-(1,3) is reacted
      with, respectively, phenyl- or .alpha.-naphthylisocyanate in benzene in
      the presence of equivalent amounts of triethylamine (Tetrahedron Letters
      1967, 2089 - 2092).
PAR  Inherent in the known processes, however, are a number of disadvantages.
      Thus, the S-methylisothiourea method is restricted to the use of
      symmetrically N,N'-disubstituted S-methylisothioureas as starting
      materials and to the preparation of 3-substituted
      2,3-dihydro-6-methyl-1,3-oxazinediones-(2,4). Moreover, in the known
      two-step process the isolation of the intermediate product is necessary.
      The 2-bromocyclohexanedione method gives the
      5,6-trimethylene-2,3-dihydro-1,3-oxazinediones-(2,4) in only slight
      yields.
PAR  The present invention provides a process for the production of a
      2,3-dihydro-1,3-oxazinedione-(2,4) of the general formula
      ##SPC1##
PAL  In which
PA1  R.sub.1 is alkyl, haloalkyl, cycloalkyl, norbornylalkyl, aralkyl, acyl or
      arylsulfonyl or aryl which radicals may be substituted by one or more
      alkyl, alkenyl, aryl, alkoxy, alkylmercapto, alkylsulfoxyl, alkylsulfonyl,
      haloalkyl, fluorine, chlorine, bromine, iodine, cyano, nitro, amino,
      alkylamino, dialkylamino or heterocyclic groups; or R.sub.1 can be a
      heterocyclic radical; or R.sub.1 can be the group of the formula
      ##SPC2##
PA1  R.sub.2 is hydrogen and R.sub.3 is methyl, or R.sub.2 and R.sub.3 together
      form a trimethylene radical which may be substituted by one or more alkyl
      radicals.
PAR  The instant process comprises reacting a 1,3-dioxinone(4) of the general
      formula
      ##SPC3##
PAL  in which
PA1  R.sub.2 and R.sub.3 have the meaning stated above, and
PA1  R.sub.4 is hydrogen or alkyl, and
PA1  R.sub.5 is alkyl or aryl, or
PA1  R.sub.4 and R.sub.5 taken together form a divalent alkylene group of the
      formula --(CH.sub.2).sub.n --, where n is 4, 5 or 6;
PAL  with an isocycanate of the general formula
EQU  R.sub.1 '--N=C=O                                           (III)
PAL  in which
PA1  R.sub.1 ' has the meaning stated above for R.sub.1, except that R.sub.1 '
      cannot be the group of the formula
      ##SPC4##
PA1  but R.sub.1 ' may also be a radical of the formula
      ##SPC5##
PAR  Preferably, in formulas I and II, above, R.sub.2 is hydrogen and R.sub.3 is
      methyl, or R.sub.2 together with R.sub.3 form a trimethylene radical.
      R.sub.4 and R.sub.5 are preferably straightchain or branched alkyl
      radicals with 1-6 carbon atoms; most preferably, each is a methyl radical.
PAR  Preferably, in formulas I and III, above, R.sub.1 is alkyl with 1 to 10
      carbon atoms, cycloalkyl with 5 or 6 carbon atoms, norbonyl-(2)-methyl,
      benzoyl, phenylsulfonyl, phenyl and/or .alpha.-naphthyl. These radicals
      may preferably be substituted one or more times by alkyl of from 1 to 6
      carbon atoms, chloroalkyl, bromoalkyl, fluoroalkyl having, in each case, 1
      or 2 carbon atoms, chlorine, bromine, alkoxy of from 1 or 2 carbon atoms
      and/or phenyl.
PAR  The reaction may be effected in the presence of an inert organic solvent,
      and is generally effected at a temperature of 80.degree. to 200.degree.C.
PAR  It is very surprising that, according to the process of the invention, by
      heating the two components of the formulas (II) and (III) together the
      2,3-dihydro-1,3-oxazinediones-(2,4) of the formula (I) may be obtained in
      good yields and high purity.
PAR  The process according to the invention, compared with the known methods,
      exhibits great advantages. Thus, the compounds of the general formula (I)
      can be prepared from readily accessible starting materials in a one-step
      process. Furthermore, it is advantageous that, according to the invention,
      only short reaction times, e.g., in the order of from 10 to 30 minutes,
      are generally necessary.
PAR  If, for example, 2,2,6-trimethyl-1,3-dioxinone-(4) and phenylisocyanate are
      used as starting materials, the reaction course can be represented by the
      following formula scheme:
      ##SPC6##
PAR  The 1,3-dioxinones-(4) to be used as starting materials are defined
      generally by the formula (II).
PAR  As examples of the 1,3-dioxinones-(4) which can be used according to the
      invention, there may be mentioned in particular:
PA0  2,2-dimethyl-4,5,6,7-tetrahydro-cyclopenta-1,3-dioxinone-(4),
PA0  2,2,7,7,-tetramethyl-4,5,6,7-tetrahydro-cyclopenta-1,3-dioxinone-(4),
PA0  2-ethyl-4,5,6,7-tetrahydro-cyclopenta-1,3-dioxinone-(4),
PA0  2,2-spiro-pentamethylene-4,5,6,7-tetrahydro-dioxinone-(4),
PA0  2-methyl-2-ethyl-4,5,6,7-tetrahydro-dioxinone-(4),
PA0  2-methyl-2-phenyl-4,5,6,7-tetrahydro-dioxinone-(4)
PA0  2-p-chlorophenyl-4,5,6,7-tetrahydro-dioxinone-(4)
PA0  2-phenyl-7,7-dimethyl-4,5,6,7-tetrahydro-dioxinone-(4)
PA0  2-phenyl-5,7,7-trimethyl-4,5,6,7-tetrahydro-dioxinone-(4)
PA0  2-(2-furyl)-4,5,6,7-tetrahydro-dioxinone-(4)
PA0  2-(.beta.-styryl)-4,5,6,7-tetrahydro-dioxinone-(4)
PA0  2-(p-anisyl)-4,5,6,7-tetrahydro-dioxinone-(4)
PA0  2-(2-nitrophenyl)-4,5,6,7-tetrahydro-dioxinone-(4)
PA0  2-(4-tolyl)-4,5,6,7-tetrahydro-dioxinone-(4)
PAR  The 1,3-dioxinones-(4) used as starting materials are known. They can be
      prepared from diketenes and aldehydes or ketones in the presence of
      p-toluenesulfonic acid (cf. J. Am. Chem. Soc. 74, 6305 (1952) or by
      reaction of adipic acid dichlorides with aldehydes or ketones in the
      presence of an inert organic solvent at temperatures from -20.degree. to
      +80.degree.C. with the addition of a tertiary amine, for example
      triethylamine (see German Patent Application P 19 57 312.7 and Chemische
      Berichte, Volume 98, pages 2099 to 2102 (1965).
PAR  The isocyanates to be used as starting materials are defined generally by
      the formula (III).
PAR  The isocyanates are all known.
PAR  As examples of the isocyanates to be used according to the invention, there
      may be mentioned:
PAR  n-butylisocyanate, 6-chloro-n-hexylisocyanate, n-dicylisocyanate,
      benzylisocyanate, benzoylisocyanate, phenylisocyanate,
      .alpha.-naphthylisocyanate, 2,6-diisopropylphenylisocyanate,
      3-difluoromethyl-phenylisocyanate 4-trifluoromethylisocyanate,
      3-chloro-4-trifluoromethyl-phenylisocyanate,
      4-chloro-3-trifluoromethyl-phenylisocyanate,
      4-bromomethyl-phenylisocyanate, 4-anisylisocyanate,
      4-ethoxyphenylisocyanate, [2,2,1]bicyclohept-2-yl-methylisocyanate,
      cyclohexylisocyanate, cyclopentylisocyanate, p-toluylsulfonylisocyanate,
      2-phenylethylisocyanate and m-phenylenediisocyanate.
PAR  As stated above, the reaction of the invention may be effected in the
      presence of an inert organic solvent. A high-boiling inert organic solvent
      may be used. Such solvents include for example aliphatic and aromatic
      hydrocarbons, for example decalin, tetralin, toluene and xylene;
      halogenated hydrocarbons, for example chlorobenzene and
      1,2-dichlorobenzene; nitroaromatics, for example nitrobenzene; and any
      desired mixtures of these solvents.
PAR  The reaction temperatures can be varied within a fairly wide range; in
      general, the reaction is carried out at a temperature from 80.degree. to
      200.degree.C., preferably 120.degree. to 170.degree.C.
PAR  When carrying out the process according to the invention, the isocyanate
      and the 1,3-dioxinone-(4) are generally used in a molar ratio from 1 : 1
      to 4 : 1, preferably 1.5 : 1. The 1,3-dioxinone-(4) as such, or a solution
      of the 1,3-dioxinone-(4) in one of the solvents mentioned above, may be
      added with stirring to the isocyanate as such, or to a solution of the
      isocyanate in one of the above-mentioned solvents, the isocyanate or
      solution thereof being heated to the appropriate temperature.
PAR  In the working up, either any excess isocyanate and, where appropriate, any
      solvent, may be distilled off under reduced pressure, or, in order to
      remove the isocyanate, the reaction mixture, after cooling, may be stirred
      with ether. The thus obtained compounds of formula (I) may be purified by
      the customary methods, for example by recrystallization.
PAR  Some of the compounds obtainable by the process of the invention are known
      (see in this connection J. Chem. Soc. 1954, 845 to 849 and Tetrahedron
      Letters 1967, 2089 to 2092).
PAR  A further feature of the present invention is that it provides new
      compounds which are of the formula (I) as defined above, with the proviso
      that, when R.sub.2 is hydrogen and R.sub.3 is methyl, R.sub.1 is neither
      phenyl nor benzyl, and, when R.sub.2 and R.sub.3 form a trimethylene
      radical, R.sub.1 is neither phenyl nor .alpha.-naphthyl.
PAR  The compounds of formula (I) can be used as intermediates for the
      preparation of crop protection agents. They can for example be converted
      by reaction with ammonia or an amine (See Examples A and B, below) into
      uracils which, as is known, possess a herbicidal effectiveness and can
      therefore be used for weed control destruction (see U.S. Pat. Nos.
      3,235,360, 3,235,361 and 3,235,362 as well as Deutsche Auslegeschrift
      (German Published Specification) No. 1,240,698). The invention therefore
      provides uracils made by the above method.
DETD
PAR  The following Examples are illustrative of the invention.
PAC  EXAMPLE 1
PAC  Preparation of
      3-(3-chloro-4-trifluoromethylphenyl)-6-methyl-2,3-dihydro-1,3-oxazinedione
     -(2,4)
      ##SPC7##
PAR  71 grams (0.5 mole) 2,2,6-trimethyl-1,3-dioxinone-(4) were added dropwise
      at 140.degree.C., with stirring, to 165.75 grams (0.75 mole)
      3-chloro-4-trifluoromethylphenylisocyanate, and the acetone formed was
      continuously distilled off. After completion of the addition, the excess
      isocyanate was distilled off in a high vacuum. After cooling, the
      distillation residue was stirred with either; filtration was effected,
      followed by recrystallization from methanol.
PAR  125 grams (82.5%)
      3-(3-chloro-4-trifluoromethylphenyl)-6-methyl-2,3-dihydro-1,3-oxazinedione
     -(2,4) of the melting point 222.degree. to 223.degree. were obtained.
PAC  EXAMPLE 2
PAC  Preparation of
      3-(4-chloro-3-difluoromethylphenyl)-6-methyl-2,3-dihydro-1,3-oxazinedione-
     (2,4)
      ##SPC8##
PAR  28.2 grams (0.2 mole) 2,2,6-trimethyl-1,3-dioxinone-(4) were added dropwise
      at 140.degree.C., with stirring, to a solution of 60.8 grams (0.3 mole)
      4-chloro-3-difluoromethylphenylisocyanate in 150 ml. dry xylene, and
      boiled under reflux for one hour. The solvent was distilled off in a
      water-jet vacuum, the excess isocyanate in a high vacuum; cooling was
      allowed to take place and the distillation residue was stirred with ether.
      Filtration was effected, followed by recrystallization from methanol, and
      38.4 grams (67%)
      3-(4-chloro-3-difluoromethylphenyl)-6-methyl-2,3-dihydro-1,3-oxazinedione-
     (2,4) of the m.p. 161.degree. to 163.degree.C. were obtained.
PAR  In manner analogous to that of Example 1, there may be prepared the
      compounds listed in the following Table 1. These compounds are of the
      general formula (I) in which R.sub.2 is hydrogen and R.sub.3 is methyl and
      the meaning of R.sub.1 is set forth in the Table.
TBL                Table 1                                                     

     ______________________________________                                    

     Example No.                                                               

                R.sub.1    Melting point [.degree.C]                           

     ______________________________________                                    

     3                     170                                                 

     4                     156 - 157                                           

     5                     156 - 158                                           

     6                     215 - 217                                           

     7                     203 - 205                                           

     8                     231 - 232                                           

     9                      99 - 100                                           

     10                    248                                                 

     11                    197 - 199                                           

     12                    90 - 92                                             

     13                    193                                                 

     14                    220 - 223                                           

     15                     93                                                 

     16                    172 - 174                                           

     17                     89                                                 

     ______________________________________                                    

PAR  In manner analogous to that of Example 2, there may be prepared the
      compounds listed in the following Table 2. These compounds are also of
      formula (I) in which R.sub.2 and R.sub.3 are respectively hydrogen and
      methyl and R.sub.1 has the meaning set forth in the Table.
TBL                Table 2                                                     

     ______________________________________                                    

     Example No.                                                               

               R.sub.1        Melting point [.degree.C]                        

     ______________________________________                                    

     18        CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 --                          

                              63                                               

     19        Cl--CH.sub.2 --(CH.sub.2).sub.4 --CH.sub.2 --                   

                              45                                               

     20        Cl--CH.sub.2 --CH.sub.2 --                                      

                              100 - 102                                        

     ______________________________________                                    

PAC  EXAMPLE 21
PAC  Preparation of
      3-phenyl-2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazinedione-(2,4)
      ##SPC9##
PAL  Variant (a)
PAR  A mixture of 33.6 grams (0.2 mole)
      2,2-dimethyl-4,5,6,7-tetrahydrocyclopenta-1,3-dioxinone-(4) and 23.8 grams
      (0.2 mole) phenylisocyanate was heated rapidly to 140.degree.C. and kept
      at this temperature for 10 minutes. The acetone formed in the reaction was
      continuously distilled off. After cooling to room temperature, the
      reaction mixture was stirred with 100 ml. of dry ether, and the reaction
      product which had crystallized out (and was sparingly soluble in ether)
      was filtered off with suction. After recrystallization from ethyl acetate
      with the addition of a little activated charcoal, 28 grams
      3-phenyl-2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazinedione-(2,4) of the
      melting point 145.degree. to 146.degree.C. were obtained.
PA1  Yield: 61% of the theory.
PAL  Variant (b)
PAR  Analogously with Variant (a), from 16.8 grams (0.1 mole)
      2-ethyl-4,5,6,7-tetrahydrocyclopenta-1,3-dioxinone-(4) and 11 grams (0.1
      mole) phenylisocyanate there were obtained 15.5 grams of the product of
      the melting point 145.degree. to 146.degree.C.
PA1  Yield: 67.5% of the theory.
PAC  EXAMPLE 22
PAC  Preparation of
      3-[norbornyl-(2)-methyl]-2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazinedio
     ne-(2,4)
      ##SPC10##
PAR  A solution of 16.8 grams (0.1 mole)
      2,2-dimethyl-4,5,6,7-tetrahydrocyclopenta-1,3-dioxinone-(4) in 22.6 grams
      (0.15 mole) norbornyl- (2)-methylisocyanate was heated to 140.degree.C.
      for 15 minutes. Excess isocyanate and low boiling impurities were
      distilled from the reaction mixture in a high vacuum at a bath temperature
      of 80.degree.C. The liquid residue was dissolved in a little chloroform,
      the solution was put on a column charged with silica gel/chloroform and
      eluted with chloroform. The eluate was evaporated in a vacuum and solvent
      residues were removed in a high vacuum. 21 grams
      3-[norbornyl-(2)-methyl]-2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazinedio
     ne-(2,4) were obtained as colorless oil.
PA1  Yield: 80.5% of the theory.
TBL  ______________________________________                                    

     Analysis:                                                                 

     ______________________________________                                    

                 C          H          N                                       

     Calculated  68.95%     7.33%      5.37%                                   

     Found       68.51%     7.06%      5.23%                                   

     ______________________________________                                    

PAL  Ir-spectrum: Absorption at 1750 and 1690 cm.sup..sup.-1.
PAR  Analogously with Examples 21 (Method A in Table 3, below) and 22 (Method B
      in Table 3, below) the compounds contained in the following Table 3 can be
      prepared. These compounds are of the following general formula
      ##SPC11##
PAR  The meanings of R.sub.1, R' and R" are shown in the Table.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Example                                                                   

             R.sub.1     r+ R" Method                                          

                                    Physical                                   

     No.                            properties                                 

     __________________________________________________________________________

     23                  H  H  A    m.p. 138-139.degree.C                      

     24                  H  H  A    m.p. 155-156.degree.C                      

     25                  H  H  A    m.p. 139-140.degree.C                      

     26                  H  CH.sub.3                                           

                               A    m.p. 167-169.degree.C                      

     28                  H  H  A    m.p. 190-191.degree.C                      

     29                  H  CH.sub.3                                           

                               A    m.p. 174-175.degree.C                      

     30                  H  H  A    m.p. 169-170.degree.C                      

     31                  H  H  A    m.p. 211-212.degree.C                      

     32                  H  H  A    m.p. 197-198.degree.C                      

     33                  H  H  A    m.p. 103.5-105.degree.C                    

     34                  H  H  A    m.p. 123-125.degree.C                      

     35                  H  H  A    m.p. 151-152.degree.C                      

     36                  H  H  A    m.p. 135-136.degree.C                      

     37                  H  H  A    m.p. 180-181.degree.C                      

     38                  H  H  A    m.p. 214-216.degree.C                      

     39                  H  CH.sub.3                                           

                               A    m.p. 155-157.degree.C                      

     40                  H  H  A    m.p. 187-188.degree.C                      

     41                  H  H  A    m.p. 115-116.degree.C                      

     42                  H  H  A    m.p. 65-68.degree.C                        

     43                  H  H  A    m.p. 143-145.degree.C                      

     44                  H  H  A    m.p. 122-123.degree.C                      

     45   CH.sub.3 --CH.sub.2 --CH.sub.2 --CH.sub.2 --                         

                         H  H  B    n.sub.D.sup.24 = 1.5042                    

     46   Cl--CH.sub.2 --CH.sub.2 --H                                          

                         H  B  n.sub.D.sup.24 = 1.5324                         

     47   Cl--CH.sub.2 --(CH.sub. 2).sub.4 --CH.sub.2 --                       

                         H  H  B    IR-spectrum:                               

                                    Absorption                                 

                                    at 1750 .mu..                              

                                    1690 cm.sup..sup.-1.                       

     48                  H  H  A    m.p. 125.5-                                

                                    126.5.degree.C                             

     49                  H  H  A    m.p. 153.5-                                

                                    154.5.degree.C                             

     50                  H  H  A    m.p. 172.5-                                

                                    173.5.degree.C                             

     __________________________________________________________________________

PAC  EXAMPLE A
PAC  Reaction of 2,3-dihydro-1,3-oxazinedione-(2,4) according to Example 5 with
      ammonia with formation of the corresponding uracil
      ##SPC12##
PAR  An ammonia stream was introduced for 4 hours at 40.degree.C. into a mixture
      of 30 grams 3-(3-chlorophenyl)-6-methyl-2,3-dihydro-1,3-oxazindione-(2,4)
      (Example 5) and 2 liters of 27%-strength aqueous ammonia solution. The
      reaction product which crystalized out was filtered off with suction and
      dried. 7 grams (23.5% of the theory) 3-(3'-chlorophenyl)-6-methyl-uracil
      of the melting point 250.degree.-252.degree.C. were obtained.
PAC  EXAMPLE B
PAC  Reaction of 2,3-dihydro-1,3-oxazinedione-(2,4) according to Example 16 with
      methylamine with formation of the corresponding uracil
      ##SPC13##
PAR  20.9 grams (0.1 mole)
      3-cyclohexyl-6-methyl-2,3-dihydro-1,3-oxazinedione-2,4-(Example 16) were
      introduced into 250 ml of 30% strength aqueous methylamine solution and
      allowed to stand for 14 hours at room temperature. The reaction product
      crystallized out, was filtered off and dried. 15 grams (64% of the theory)
      1,6-dimethyl-3-cyclohexyluracil of the melting point 135.degree. to
      137.degree.C. were obtained.
PAR  It will be understood that the specification and examples are illustrative
      but not limitative of the present invention and that other embodiments
      within the spirit and scope of the invention will suggest themselves to
      those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process for the production of a 2,3-dihydro-1,3-oxazinedione-(2,4)
      compound of the formula
      ##SPC14##
PAL  in which
PA1  R.sub.1 is alkyl with 1 to 10 carbon atoms or cycloalkyl of from 5 to 6
      carbon atoms, norbornyl methyl, benzyl, phenylethyl, benzoyl,
      phenylsulfonyl, phenylmercaptocarbonyl, phenyl or naphthyl which radicals
      may be substituted by up to three alkyl of from 1 to 6 carbon atoms,
      phenyl, alkoxy of from 1 to 2 carbon atoms, haloalkyl of from 1 to 2
      carbon atoms, fluorine, chlorine, bromine, iodine, cyano, nitro, or amino
      groups; or R.sub.1 can be trichloropyrimidyl or dichlorotriazyl; or
      R.sub.1 can be the group of the formula
      ##SPC15##
PA1  R.sub.2 is hydrogen and R.sub.3 is methyl, or R.sub.2 and R.sub.3 together
      form a trimethylene radical which may be substituted by one or more alkyl
      radicals,
PAL  which process comprises reacting, at a temperature of from 80.degree. to
      200.degree.C, a 1,3-dioxinone-(4) of the formula
      ##SPC16##
PAL  in which
PA1  R.sub.2 and R.sub.3 have the meaning stated above, and
PA1  R.sub.4 is hydrogen or alkyl, and
PA1  R.sub.5 is alkyl or aryl, or
PA1  R.sub.4 and R.sub.5 taken together form a divalent alkylene group of the
      formula --(CH.sub.2).sub.n --, where n is 4, 5 or 6;
PAL  with an isocyanate of the formula
EQU  R.sub.1 '--N=C=O
PAL  in which
PA1  R.sub.1 ' has the meaning stated above for R.sub.1, except that R.sub.1 '
      cannot be the group of the formula
      ##SPC17##
PAL  but R.sub.1 ' may also be a radical of the formula
      ##SPC18##
NUM  2.
PAR  2. Process as claimed in claim 1 wherein R.sub.2 is hydrogen and R.sub.3 is
      methyl.
NUM  3.
PAR  3. Process as claimed in claim 1 wherein R.sub.2 and R.sub.3 are taken
      together to form a trimethylene radical.
NUM  4.
PAR  4. Process as claimed in claim 1 wherein R.sub.4 and R.sub.5 are each alkyl
      of from 1 to 6 carbon atoms.
NUM  5.
PAR  5. Process as claimed in claim 1 wherein R.sub.1 and R.sub.1 ' are alkyl of
      from 1 to 10 carbon atoms.
NUM  6.
PAR  6. Process as claimed in claim 1 wherein R.sub.1 and R.sub.1 ' are
      cycloalkyl of from 5 to 6 carbon atoms or norbornyl-2-methyl.
NUM  7.
PAR  7. Process as claimed in claim 1 wherein R.sub.1 and R.sub.1 ' are benzoyl.
NUM  8.
PAR  8. Process as claimed in claim 1 wherein R.sub.1 and R.sub.1 ' are phenyl
      or naphthyl.
NUM  9.
PAR  9. Process as claimed in claim 1 wherein R.sub.1 and R.sub.1 ' are
      phenylsulfonyl.
NUM  10.
PAR  10. Process as claimed in claim 1 wherein R.sub.1 and R.sub.1 ' are alkyl
      of from 1 to 10 carbon atoms, cycloalkyl of from 5 to 6 carbon atoms,
      norbornyl-2-methyl, benzoyl, phenyl, naphthyl or phenylsulfonyl and each
      of these radicals is substituted with at least one member of the group
      consisting of alkyl of from 1 to 6 carbon atoms, chloroalkyl, bromoalkyl,
      fluoroalkyl having, in each case, 1 or 2 carbon atoms, chlorine, bromine,
      alkoxy of from 1 or 2 carbon atoms and phenyl.
NUM  11.
PAR  11. Process as claimed in claim 1 wherein the reaction is effected at
      approximately atmospheric pressure.
NUM  12.
PAR  12. Process as claimed in claim 1 wherein the reaction is effected in the
      presence of an inert organic solvent.
NUM  13.
PAR  13. Process as claimed in claim 1 wherein said isocyanate compound and said
      dioxinone compound are used in a molar ratio of about 1 : 1 to about 4 :
      1.
NUM  14.
PAR  14. Process as claimed in claim 1 wherein
      3-(3-chloro-4-trifluoromethylphenyl)-6-methyl-2,3-dihydro-1,3-oxazinedione
     -(2,4) is produced by reacting 2,2,6-trimethyl-1,3-dioxinone-(4) with
      3-chloro-4-trifluoromethylphenylisocyanate.
NUM  15.
PAR  15. Process as claimed in claim 1 wherein
      3-(4-chloro-3-difluoromethylphenyl)-6-methyl-2,3-dihydro-1,3-oxazinedione-
     (2,4) is prepared by reacting 2,2,6-trimethyl-1,3-dioxinone-(4) with
      4-chloro-3-difluoromethylphenylisocyanate.
NUM  16.
PAR  16. Process as claimed in claim 1 wherein
      3-phenyl-2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazinedione-(2,4) is
      prepared by reacting
      2,2-dimethyl-4,5,6,7-tetrahydrocyclopenta-1,3-dioxinone-(4) with
      phenylisocyanate.
NUM  17.
PAR  17. Process as claimed in claim 1 wherein
      3-[norbornyl-(2)-methyl]-2,3,4,5,6,7-hexahydrocyclopenta[e]-1,3-oxazinedio
     ne-(2,4) is prepared by reacting
      2,2-dimethyl-4,5,6,7-tetrahydrocyclopenta-1,3-dioxinone-(4) with
      norbornyl-(2)-methylisocyanate.
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ABST
PAL  The invention discloses
      1-tertiary-butyl-3-morpholino-3-phenyl-2,1-benzisoxazolines having
      pharmacological activity in animals and useful, for example, as
      hypolipidemic agents. The compounds may be prepared by reacting a
      1-tertiary-butyl-3-phenyl-2,1-benzisoxazolium quaternary salt, e.g.,
      1-tertiary-butyl-3-phenyl-2,1-benzisoxazolium tetrafluoroborate with
      morpholine. The 1-tertiary-butyl-3-phenyl-2,1-benzisoxazolium quaternary
      salt may be prepared by reaction of a corresponding
      3-phenyl-2,1-benzisoxazole with tertiary-butanol in the presence of a
      strong inorganic acid.
BSUM
PAR  The present invention relates to
      1-tertary-butyl-3-morpholino-3-phenyl-2,1-benzisoxazoline derivatives,
      processes for their preparation and their use as hypolipidemic agents. The
      invention also relates to pharmaceutical compositions and methods for
      utilizing the pharmacological properties of such compounds.
PAR  The compounds of this invention may be represented by the following
      structural formula:
      ##SPC1##
PAL  Wherein
PA1  R.sup.o and R are independently hydrogen, halo of atomic weight of from 18
      to 80, lower alkyl of 1 to 4 carbon atoms, lower alkoxy of 1 to 4 carbon
      atoms or trifluoromethyl, and
PA1  Y and Y' are independently hydrogen, halo of atomic weight of from 18 to
      80, lower alkyl of 1 to 4 carbon atoms, lower alkoxy of 1 to 4 carbon
      atoms or trifluoromethyl.
PAR  The compounds of formula I may be prepared in accordance with the following
      reaction scheme:
      ##SPC2##
PAL  Wherein
PA1  R.sup.o, R, Y and Y' are as defined above, and
PA1  X.sup.- is the anion of a strong inorganic acid forming the quaternary
      salt.
PAR  The compounds of formula II may be prepared in accordance with the
      procedure disclosed in U.S. Pat. No. 3,541,151. Essentially, the procedure
      involves the following reaction scheme:
      ##SPC3##
PAL  Wherein R.sup.o, R, Y, Y' and X.sup.- are as defined above.
PAR  The preparation of compounds of formula I involves the reaction of a
      compound of formula II with morpholine. The reaction may be carried out at
      temperatures in the range of 30.degree.C. to 120.degree.C., preferably
      between 50.degree.C and 100.degree.C. The reaction product of formula I
      may be isolated from the reaction mixture by working up by conventional
      techniques.
PAR  The preparation of compounds of formula II may be carried out at
      temperatures in the range of from 0.degree.C. to 60.degree.C., preferably
      10.degree.C. to 35.degree.C., and conveniently at about room temperature.
      A strong inorganic acid adapted to form a crystalline quaternary salt is
      required. Acids of this type are known, and include by way of
      illustration, tetrafluoroboric acid and perchloric acid. The reaction is
      carried out in the presence of an organic solvent which is inert and
      adapted to dissolving the reactants and product compound of formula II.
      Suitable solvents are known and available, and include by way of
      illustration, the nitrated hydrocarbons, e.g., nitromethane. The resulting
      reaction product of formula II may be isolated from the reaction by
      working up by conventional techniques.
PAR  The benzisoxazoles of formula III are either known or can be prepared from
      known materials by established procedures.
PAR  The compounds of structural formula I are useful because they possess
      pharmacological activity in animals. In particular, the compounds are
      useful as hypolipidemic agents, particularly hypolipoproteinemia agents,
      as evidenced, for example, by lowering cholesterol and triglyceride blood
      serum levels in tests on a group of white rats which are given typically
      15 to 250 milligrams per kilogram of body weight per diem of the compound
      orally, for 6 days, followed by extraction with isopropanol of serum or
      plasma after anesthetizing the rats with sodium hexobarbital, and then
      noting the cholesterol and triglyceride contents as compared to those of a
      control group. The cholesterol and triglyceride contents are determined by
      the methods described by Lofland, H. B., Anal. Biochem. 9:393
      (1964):(Technicon Method N 24a): and G. Kessler and H. Lederer, Technicon
      Symposium, Mediad Inc., New York, Pages 345-347 (1965), respectively. For
      such usage, the compounds may be administered orally or parenterally,
      preferably orally, and in admixture with conventional pharmaceutical
      carriers. The dosage administered may vary depending upon known variables
      such as the particular compound employed and the severity of the condition
      being treated. In general, satisfactory results are obtained when
      administered at a daily dosage of from about 2 milligrams to about 250
      milligrams per kilogram of animal body weight, preferably given orally and
      in divided doses, 2 to 4 times a day, or in sustained release form. For
      most mammals, the total daily dosage is from about 140 milligrams to about
      1500 milligrams of the compound, and dosage forms suitable for internal
      administration comprise from about 35 to 750 milligrams of the compound in
      admixture with a solid or liquid pharmaceutically acceptable carrier or
      diluent.
PAR  For above usage, the compounds of structural formula I may be administered
      orally in such forms as tablets, dispersible powders, granules, capsules,
      syrups and elixirs; and parenterally as solutions, suspensions,
      dispersions, emulsions, and the like, e.g., a sterile injectable solution
      such as an aqueous suspension. These pharmaceutical preparations may
      contain 0.5 up to about 90 percent of the active ingredient in combination
      with the carrier or adjuvant, more usually between 3 and 50 percent by
      weight. Such compositions may be prepared according to any method known in
      the art for the manufacture of pharmaceutical compositions, and such
      compositions may contain one or more conventional adjuvants, such as
      sweetening agents, flavoring agents, coloring agents and preserving
      agents, in order to provide an elegant and palatable preparation. Tablets
      may contain the active ingredient in admixture with conventional
      pharmaceutical excipients, e.g., inert diluents such as calcium phosphate,
      calcium sulphate dihydrate, lactose and talc, granulating and
      disintegrating agents, e.g., starch and alginic acid, binding agents,
      e.g., starch, gelatin, polyvinyl pyrrolidone and acacia, and lubricating
      agents, e.g., magnesium stearate, stearic acid and talc. The tablets may
      be uncoated or coated by known techniques to delay disintegration and
      adsorption in the gastro-intestinal tract and thereby provide a sustained
      action over a longer period. Similarly, suspensions, syrups and elixirs
      may contain the active ingredient in admixture with any of the
      conventional excipients utilized for the preparation of such compositions,
      e.g., suspending agents (methylcellulose, tragacanth and sodium alginate),
      wetting agents (lecithin, polyoxyethylene stearate and polyoxyethylene
      sorbitan monooleate) and preservatives (ethyl-p-hydroxybenzoate). Capsules
      may contain the active ingredient alone or admixed with an inert liquid or
      solid diluent, e.g., calcium carbonate, calcium phosphate, kaolin, peanut
      oil, sesame oil and corn oil. The preferred pharmaceutical compositions
      from the standpoint of preparation and ease of administration are solid
      compositions, particularly hard-filled capsules and tablets.
PAR  Capsules containing the ingredients indicated below may be prepared by
      conventional techniques and are useful in reducing the blood levels of
      cholesterol and triglycerides in mammals at a dose of one capsule two to
      four times a day.
     Ingredients          Weight (mg.)                                         

     ______________________________________                                    

     1-tertiary-butyl-5-chloro-                                                

     6-methyl-3-morpholino-3-                                                  

     phenyl-2,1-benzisoxazoline                                                

                          150                                                  

     kaolin               200                                                  

     ______________________________________                                    

DETD
PAR  The following examples are merely illustrative of specific compounds of the
      invention and the manner in which they may be prepared.
PAC  EXAMPLE 1
PAC  1-Tertiary-butyl-5-chloro-6-methyl-3-morpholino-3-phenyl-2,1-benzisoxazolin
     e.
      ##SPC4##
PAR  To a flask containing 6 g. of
      1-tert.-butyl-5-chloro-6-methyl-3-phenyl-2,1-benzisoxazolium
      tetrafluoroborate is added 9 ml. of morpholine and the mixture heated at
      80.degree.C. for 1 hour. The reaction mixture is washed in diethyl ether
      and water and the ether layer separated, dried, evaporated in vacuo to
      dryness and the residue recrystallized from ether/methylene chloride to
      obtain
      1-tert.-butyl-5-chloro-6-methyl-3-morpholino-3-phenyl-2,1-benzisoxazoline,
      m.p. 131.degree.-133.degree.C.
PAC  EXAMPLE 2
PAC  1-Tertiary-butyl-5-chloro-3-morpholino-3-phenyl-2,1-benzisoxazoline.
      ##SPC5##
PAR  To a flask containing 6 g. of
      1-tert.-butyl-5-chloro-3-phenyl-2,1-benzisoxazolium tetrafluoroborate is
      added 9 ml. of morpholine and the mixture heated at 80.degree.C. with
      stirring for 1 hour. The reaction mixture is washed in diethyl ether and
      water and the ether layer separated, dried, evaporated in vacuo to dryness
      and the residue recrystallized from ether to obtain
      1-tert.-butyl-5-chloro-3-morpholino-3-phenyl-2,1-benzisoxazoline, m.p.
      130.degree.-132.degree.C.
PAC  EXAMPLE 3
PAR  Following essentially the procedure of Example 1, and using in place of
      1-tert.-butyl-5-chloro-6-methyl-3-phenyl-2,1-benzisoxazolium
      tetrafluoroborate, an equivalent amount of:
PA0  a) 1-tert.-butyl-6-methyl-3-phenyl-2,1-benzisoxazolium tetrafluoroborate,
PA0  b) 1-tert.-butyl-5-bromo-6-methyl-3-phenyl-2,1-benzisoxazolium
      tetrafluoroborate,
PA0  c) 1-tert.-butyl-5-bromo-3-phenyl-2,1-benzisoxazolium tetrafluoroborate,
PA0  d) 1-tert.-butyl-5-chloro-6-ethyl-3-phenyl-2,1-benzisoxazolium
      tetrafluoroborate,
PA0  e) 1-tert.-butyl-6-ethyl-3-phenyl-2,1-benzisoxazolium tetrafluoroborate,
PA0  f) 1-tert.-butyl-5-bromo-6-ethyl-3-phenyl-2,1-benzisoxazolium
      tetrafluoroborate,
PAL  there is obtained
PA0  a) 1-tert.-butyl-6-methyl-3-morpholino-3-phenyl-2,1-benzisoxazoline,
PA0  b)
      1-tert.-butyl-5-bromo-6-methyl-3-morpholino-3-phenyl-2,1-benzisoxazoline,
PA0  c) 1-tert.-butyl-5-bromo-3-morpholino-3-phenyl-2,1-benzisoxazoline,
PA0  d)
      1-tert.-butyl-5-chloro-6-ethyl-3-morpholino-3-phenyl-2,1-benzisoxazoline,
PA0  e) 1-tert.-butyl-6-ethyl-3-morpholino-3-phenyl-2,1-benzisoxazoline,
PA0  f) 1-tert.-butyl-5-bromo-6-ethyl-3-morpholino-3-phenyl-2,1-benzisoxazoline,
      respectively.
PAC  EXAMPLE 4
PAC  Preparation of
      1-tertiary-butyl-5-chloro-6-methyl-3-phenyl-2,1-benzisoxazolium
      tetrafluoroborate.
PAR  To a suspension of 59 g. of 5-chloro-6-methyl-3-phenyl-2,1-benzisoxazole,
      26.6 ml. of tert.-butanol and 740 ml. of nitromethane, is added dropwise
      45.7 g. of a 50% aqueous solution of tetrafluoroboric acid. The resulting
      suspension is stirred at room temperature for 85 hours. The reaction
      mixture is diluted with approximately 10 liters of diethyl ether and the
      crystalline precipitate formed is isolated by filtration to yield
      1-tert.-butyl-5-chloro-6-methyl-3-phenyl-2,1-benzisoxazolium
      tetrafluoroborate, m.p. 164.degree.-166.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC6##
PAL  wherein
PA1  R.sup.o and R are independently hydrogen, halo of atomic weight of from 18
      to 80, lower alkyl of 1 to 4 carbon atoms, lower alkoxy of 1 to 4 carbon
      atoms or trifluoromethyl, and
PA1  Y and Y' are independently hydrogen, halo of atomic weight of from 18 to
      80, lower alkyl of 1 to 4 carbon atoms, lower alkoxy of 1 to 4 carbon
      atoms or trifluoromethyl.
NUM  2.
PAR  2. A compound of claim 1 having the formula:
      ##SPC7##
PAL  wherein R.sup.o and R are as defined in claim 1.
NUM  3.
PAR  3. A compound of claim 1 having the formula:
      ##SPC8##
PAL  wherein R.sup.o is as defined in claim 1.
NUM  4.
PAR  4. A compound of claim 1 having the formula:
      ##SPC9##
PAL  wherein R is as defined in claim 1.
NUM  5.
PAR  5. The compound of claim 1 which is
      1-tertiary-butyl-5-chloro-6-methyl-3-morpholino-3-phenyl-2,1-benzisoxazoli
     ne.
NUM  6.
PAR  6. The compound of claim 1 which is
      1-tertiary-butyl-5-chloro-3-morpholino-3-phenyl-2,1-benzisoxazoline.
PATN
WKU  039311732
SRC  5
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ART  122
APD  19710722
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ABST
PAL  Novel dioxocin carboxamide derivatives, which reduce blood lipids in warm
      blooded animals and are useful in the treatment of hyperlipidemic states,
      are represented by compounds of the following formula:
      ##SPC1##
PAL  Wherein each Y is selected from the group consisting of hydrogen, halogen
      such as chlorine, bromine, fluorine or iodine, or lower alkyl of from 1 to
      4 carbon atoms; n is an integer of from 1 to 3; R.sup.1 and R.sup.2 may be
      the same or different, and each is selected from the group consisting of
      hydrogen, lower alkyl of from 1 to 4 carbon atoms, benzyl, picolyl,
      cycloalkyl of from 3 to 6 carbon atoms, phenyl, or substituted phenyl in
      which case the substituents on the substituted phenyl are selected from
      lower alkyl of from 1 to 4 carbon atoms; or NR.sup.1 R.sup.2 taken
      together represent a saturated monocyclic heterocyclic group such as,
      pyrrolidino, piperidino, morpholino, piperazino or N-(lower
      alkyl)piperazino, and pharmaceutically acceptable salts of the salt
      forming compounds.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to novel dioxocin carboxamide derivatives. More
      particularly this invention relates to dibenzo [d,g]
      [1,3]dioxocin-6-carboxamide derivatives and pharmaceutically acceptable
      acid addition salts of the appropriate compounds, which reduce blood
      lipids in warm blooded animals and are useful in the treatment of
      hyperlipidemic states.
PAC  BACKGROUND OF THE INVENTION
PAR  Cardiovascular diseases have been the leading cause of death in the United
      States in recent years. Mortality statistics show that of the various
      cardiovascular diseases, atherosclerotic process occurring in the coronary
      or cerebral vessels are responsible for a large majority of deaths. A
      strong correlation exists between elevated plasma cholesterol and
      triglyceride levels and the development of atherosclerotic disease.
      Accordingly, it is considered desirable to reduce plasma cholesterol and
      triglyceride levels toward normal in treating diseases characterized by
      elevated blood lipid levels, e.g., coronary heart disease and stroke.
PAC  SUMMARY OF INVENTION
PAR  The novel compounds of this invention are represented by those having the
      following formula:
      ##SPC2##
PAL  Wherein each Y is selected from the group consisting of hydrogen, halogen
      such as chlorine, fluorine, bromine or iodine, or lower alkyl of from 1 to
      4 carbon atoms; n is an integer of from 1 to 3; R.sup.1 and R.sup.2 may be
      the same or different, and each is selected from the group consisting of
      hydrogen, lower alkyl of from 1 to 4 carbon atoms, benzyl, picolyl;
      cycloalkyl of from 3 to 6 carbon atoms, phenyl or substituted phenyl in
      which case the substituents on the substituted phenyl are selected from
      lower alkyl of from 1 to 4 carbon atoms; or NR.sup.1 R.sup.2 taken
      together represent a saturated monocyclic heterocyclic group such as,
      pyrrolidino, piperidino, morpholino, piperazino or
      N-(lower-alkyl)piperazino. Also included within the scope of this
      invention are the pharmaceutically acceptable acid addition salts of these
      compounds where applicable.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  Preferred compounds of this invention are represented by the following
      Formula II:
      ##SPC3##
PAL  wherein each Y.sup.1 represents a halogen atom, such as, chlorine,
      fluorine, bromine or iodine, and n and
      ##EQU1##
      have the meanings given hereinbefore.
PAR  The most preferred compounds of this invention are represented by the
      following Formula III;
      ##SPC4##
PAL  wherein --NR.sup.1 R.sup.2 has the meaning defined hereinbefore.
PAR  As examples of the lower alkyl radicals that R.sup.1 and R.sup.2 may
      represent as well as the lower alkyl radicals which may be present as
      substituents on the substituted phenyl radicals that the symbols R.sup.1
      and R.sup.2 may represent in the above Formulas I, II and III there may be
      mentioned, for example, methyl, ethyl, propyl, isopropyl, butyl and the
      like.
PAR  As examples of the cycloalkyl radicals which the symbols R.sup.1 and
      R.sup.2 may represent in the above Formula I there may be mentioned
      cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.
PAR  As examples of compounds of this invention there may be mentioned, for
      example,
PA1  2,10-dichloro-12H-dibenzo[d,g][1,3]dioxocin-6-carboxamide,
PA1  1,11-dipropyl-N-cyclohexyl-12H-dibenzo[d,g][1,3]dioxocin-6-carboxamide,
PA1  N,n-dibutyl-12H-dibenzo[d,g][1,3]dioxocin-6-carboxamide,
PA1  2,10-dichloro-N-ethyl-12H-dibenzo[d,g][1,3]dioxocin-6-carboxamide,
PA1  2,10-dichloro-N(o-tolyl)-12H-dibenzo[d,g][1,3]dioxocin-6-carboxamide,
PA1  4-(2,10-dichloro-12H-dibenzo[d,g][1,3]dioxocin-6-carbonyl)morpholine,
PA1  N-cyclohexyl-3,9-dichloro-12H-dibenzo[d,g][1,3]dioxocin-6-carboxamide,
PA1  N-(p-tolyl)-12H-dibenzo[d,g][1,3]dioxocin-6-carboxamide,
PA1  N-benzyl-2,10-dimethyl-12H-dibenzo[d,g][1,3]dioxocin-6-carboxamide,
PA1  1-(2,10-dichloro-12H-dibenzo[d,g][1,3]dioxocin-6-carbonyl)-4-methylpiperazi
     ne,
PA1  1-(2,10-diethyl-12H-dibenzo[d,g][1,3]dioxocin-6-carbonyl)piperazine, and
      the like.
PAR  Pharmaceutically acceptable acid addition salts of the base compounds of
      this invention are those of any suitable inorganic or organic acids.
      Suitable inorganic acids are, for example, hydrochloric, hydrobromic,
      sulfuric or phophoric acids and the like. Suitable organic acids are, for
      example, carboxylic acids such as acetic, propionic, glycolic, lactic,
      pyruvic, malonic, succinic, fumaric, malic, tartaric, citric, ascorbic,
      maleic, hydroxymaleic, benzoic, hydroxybenzoic, phenylacetic, cinnamic,
      Salicyclic, 2-phenoxybenzoic and the like, or sulfonic acids such as
      methane sulfonic, 2-hydroxyethane sulfonic acid and the like.
PAR  The novel compounds of this invention reduce blood lipids, particularly
      lipoproteins containing cholesterol and triglycerides in warm-blooded
      animals and are useful in the treatment of hyperlipidemic states such as
      are encountered in patients with cardiovascular diseases, especially
      atherosclerotic diseases that can result in heart failure and stroke. The
      compounds of this invention can be used in the form of pharmaceutical
      preparations which contain the novel compound suitable for oral or
      parenteral administration. The quantity of compound in unit dosage form
      can vary over a wide range to provide from about 10 mg/kg to about 4 g/kg
      of body weight and preferably 50 mg/kg to 1 g/kg of body weight of the
      subject per day to achieve the desired effect.
PAR  To illustrate the utility of the compounds of this invention young male
      rats of the Wistar strain weighing initially about 170 grams were given
      free access to a diet to which the test compound was added. This diet was
      prepared by pouring an ethanolic solution of the compound over commercial
      PURINA CHOW.sup.1 and mixing thoroughly allowing the solvent to evaporate.
      Groups of animals were given these diets for a period of 11 days. A
      control group was given the same diet to which no active compound was
      added. At the end of the treatment period, all rats were bled by cardiac
      puncture and the plasma was analyzed for cholesterol and triglyceride
      content on a Technicon AUTOANALYZER.sup.2. The results are given in the
      following Table I wherein the Example Nos. correspond to the specific
      Examples which illustrate the invention.
FNT  .sup.1 Trademark of Ralston Purina Company, St. Louis, Missouri.
FNT  .sup.2 Trademark of Technicon Corporation, Tarryton, New York 10591.
TBL                                    Table I                                 

     __________________________________________________________________________

     Example                                                                   

          Daily Dose                                                           

                 No.                                                           

                    Plasma Cholesterol                                         

                               Plasma Triglycerides                            

     No.  mg/kg (a)                                                            

                 Rats                                                          

                    % Reduction*                                               

                               % Reduction*                                    

     __________________________________________________________________________

     1    30.0   6  22.sup.x   57.sup.x                                        

     2    28.0   6  37.sup.x   67.sup.x                                        

           9.9   5   6.sup..epsilon.                                           

                               55.sup.x                                        

           3.0   6   0.sup..epsilon.                                           

                               34.sup.x                                        

     3    30.0   6  24.sup.y   71.sup.x                                        

     4    31.0   6  23.sup.x   75.sup.x                                        

     5    31.0   6  10.sup..epsilon.                                           

                               72.sup.x                                        

     6    30.0   6  22.sup.x   44.sup.z                                        

     7    30.0   6  26.sup.y   66.sup.z                                        

     8    28.0   6  25.sup.x   78.sup.y                                        

     __________________________________________________________________________

      (a) Determined by measuring food consumption.                            

      *P values: x = &lt;0.01; y = &lt;0.05; z = .ltoreq.0.1; .epsilon. = &gt;0.1 (not  

      significant).                                                            

PAR  The compounds of this invention are prepared by the reaction of a compound
      of the formula
      ##SPC5##
PAL  with an amine of the following formula
      ##EQU2##
      wherein the various symbols Y, n, R.sup.1 and R.sup.2 have the meanings
      defined hereinbefore and R represents halogen, such as chlorine or
      bromine, or lower alkoxy of from 1 to 4 carbon atoms.
PAR  The compounds of Formula IV are parepared by reaction of salts of an
      appropriately substituted 2,2'-methylenebisphenol with a dihaloacetic
      acid, as generally described in U.S. Pat. No. 3,553,234 issued Jan. 5,
      1971, to give a 12H-dibenzo[d,g][1,3]dioxocin-6-carboxylic acid
      derivative, which is subsequently treated with thionyl halide, for
      example, thionyl chloride to give the corresponding acid halide, or is
      esterified by generally known procedures to give the corresponding ester
      derivative. The acid halide may be used as the unpurified reaction product
      or may be purified by recrystallization.
PAR  Of typical amines as represented by Formula V there can be mentioned for
      example; ammonia; primary amines such as ethylamine, propylamine, aniline,
      .beta.-picolylamine and the like; and secondary amines such as
      dimethylamine, dipropylamine, piperidine, morpholine, pyrrolidine,
      piperazine, N-methylpiperazine and the like.
PAR  The above general reaction may be carried out with or without solvent
      and/or base. The temperature of the reaction may vary from 0.degree.C to
      the boiling point of the solvent employed. When R in the above Formula IV
      represent a halogen atom it is preferred that the reaction be carried out
      at room temperature, and when R represents lower alkoxy it is preferred
      that the reaction be carried out at the reflux temperature of the solvent
      employed. The reaction time may vary from 2 to 24 hours, but preferably
      the reaction is completed in from 2 to 16 hours.
PAR  Typical solvents which may be used in the above general reaction include
      aromatic hydrocarbons such as benzene, toluene and the like, pyridine,
      triethylamine and the like or the reactant amine represented by Formula V.
PAR  A variety of bases may be employed in the above general reaction. For
      example, when R in the above Formula IV represents a halogen atom, typical
      bases which may be used include triethylamine, pyridine and the like;
      potassium hydroxide, sodium hydroxide, or the reactant amine as
      represented by Formula V. When R in the above Formula IV is lower alkoxy a
      base such as triethylamine pyridine and the like may find use in the
      reaction. The following specific examples illustrate the invention.
PAC  EXAMPLE 1
PAC  2,10-Dichloro-N-(3-pyridylmethyl)-12H-dibenzo[d,g][1,3]dioxocin-6-carboxami
     de
PAR  To 15 g of 2,10-dichloro-12H-dibenzo[d,g][1,3]dioxocin-6-carboxylic acid
      was added 75 ml of thionyl chloride, and the heterogenous mixture was
      refluxed with occasional stirring until it became homogenous. The mixture
      was refluxed for an additional 2 hours after which the thionyl chloride
      was distilled off under reduced pressure affording a solid residue which
      was dissolved in 300 ml of dry benzene by warming on a steam bath. The
      benzene was distilled off under reduced pressure affording a white
      crystalline residue to which was added 500 ml of dry benzene. The mixture
      was stirred at room temperature until homogenous then 35 g of
      3-aminomethylpyridine was added. After standing at room temperature for 2
      hours the mixture was heated to reflux for an additional 3 hours, cooled
      to room temperature, poured into ice water and separated. Methanol was
      added to aid the solubility of the product in the organic layer. The
      organic layer was washed with water and distilled under reduced pressure
      resulting in a residue which was dried and recrystallized twice from
      methanol-acetone (1:1) to give the desired product, M.P.
      225.degree.-226.degree.C.
PAR  Similarly by selecting the appropriate starting materials the compounds
      contained in the following Table II may be prepared.
TBL                Table II                                                    

     ______________________________________                                    

     Ex.  Compound                  M.P..degree.C                              

     ______________________________________                                    

     2    2,10-dichloro-12H-dibenzo[d,g][1,3]-                                 

                                    265-267                                    

          dioxocin-6-carboxamide                                               

     3    2,10-dichloro-N-ethyl-12H-dibenzo[d,g]-                              

                                    254-257                                    

          [1,3]dioxocin-6-carboxamide                                          

     4    2,10-dichloro-N,N-dimethyl-12H-dibenzo-                              

                                    195-197                                    

          [d,g][1,3]dioxocin-6-carboxamide                                     

     5    1-(2,10-dichloro-12H-dibenzo[d,g][1,3]-                              

                                    223-225                                    

          dioxocin-6-carbonyl)-4-methylpiperazine                              

     6    1-(2,10-dichloro-12H-dibenzo[d,g][1,3]-                              

                                    212-215                                    

          dioxocin-6-carbonyl)piperidine                                       

     7    4-(2,10-dichloro-12H-dibenzo[d,g][1,3]-                              

                                    246-249                                    

          dioxocin-6-carbonyl)morpholine                                       

     8    2,10-dichloro-N(o-tolyl)-12H-dibenzo-                                

                                    210-213                                    

          [d,g][1,3]dioxocin-6-carboxamide                                     

     ______________________________________                                    

PAC  EXAMPLE 9
PAC  N,N-Diethyl-2,10-dimethyl-12H-dibenzo[d,g][1,3]dioxocin-6-carboxamide
PAR  A mixture of 27.4 g (0.120 mole) of 2,2'-methylene bis-p-cresol, 15.5 g
      (0.120 mole) of dichloroacetic acid, 66.5 g (0.480 mole) of potassium
      carbonate and 500 ml of isopropyl alcohol was refluxed for 24 hours with
      vigorous stirring after which 15.5 g. (0.120 mole) of dichloroacetic acid
      was added and the mixture was refluxed with stirring for 64 hours. The
      isopropyl alcohol was removed by distillation and replaced with 500 ml of
      water. The precipitate was collected, washed with 2% aqueous potassium
      hydroxide, suspended in 1 liter of water, and the suspension was acidified
      to litmus with 10% aqueous HCl. The resulting precipitate was collected
      and dried affording
      2,10-dimethyl-12H-dibenzo[d,g][1,3]dioxocin-6-carboxylic acid, m.p.
      200.degree.-205.degree.C (dec.).
PAR  The carboxylic acid was dissolved in 300 ml of methanol and 2 ml of
      concentrated sulfuric acid was added. The mixture was refluxed for 1 hour,
      cooled, the resulting crystals collected and recrystallized from
      methanol-acetone to give methyl
      2,10-dimethyl-12H-dibenzo[d,g][1,3]dioxocin-6-carboxylate, m.p.
      158.degree.-160.degree.C. The methyl ester and excess diethylamine are
      refluxed for 16 hours. The remaining diethylamine is removed, and
      N,N-diethyl-2,10-dimethyl-12H-dibenzo[d,g][1,3]dioxocin-6-carboxamide is
      obtained.
PAR  Following the procedure of Example 1 only substituting for
      2,10-dichloro-12H-dibenzo[d,g][1,3]dioxocin-6-carboxylic acid and 3
      -amino-methylpyridine appropriate amounts of the starting materials listed
      in Table II the respective products are obtained.
TBL  __________________________________________________________________________

     Example                                                                   

          Dioxocin      Amine    Final                                         

     No.  Reactant      Reactant Product                                       

     __________________________________________________________________________

     10   12H-dibenzo[d,g][1,3]-                                               

                        [N,N]dibutyl-                                          

                                 N,N-dibutyl-12H-                              

          dioxocin-6-carboxylic                                                

                        amine    dibenzo[d,g][1,3]-                            

          acid                   dioxocin-6-carbox-                            

                                 amide                                         

     11   2,4,8,10-tetrachloro-                                                

                        benzylamine                                            

                                 N-benzyl-2,4,8,10-                            

          12H-dibenzo[d,g][1,3]- tetrachloro-12H-di-                           

          dioxocin-6-carboxylic  benzo[d,g][1,3]di-                            

          acid                   oxocin-6-carboxamide                          

     12   1,2,4,8,10,11-hexa-                                                  

                        ammonia  1,2,4,8,10,11-hexa-                           

          chloro-12H-dibenzo-    chloro-12H-dibenzo-                           

          [d,g][1,3]dioxocin-    [d,g][1,3]dioxocin-                           

          6-carboxylic acid      6-carboxamide                                 

     13   2,10-dichloro-12H-                                                   

                        cyclo-   N-cyclopentyl-2,10-                           

          dibenzo[d,g][1,3]-                                                   

                        pentylamine                                            

                                 dichloro-12H-dibenzo-                         

          dioxocin-6-carbox-     [d,g][1,3]dioxocin-                           

          ylic acid              6-carboxamide                                 

     14   2,4,8,10-tetramethyl-                                                

                        pyrrolidine                                            

                                 1(2,4,8,10-tetra-                             

          12H-dibenzo[d,g][1,3]- methyl-12H-dibenzo-                           

          dioxocin-6-carboxylic  [d,g][1,3]dioxocin]-                          

          acid                   6-carbonyl)pyrrolidine                        

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from
PA1  A. a compound of the formula
      ##SPC6##
PA1  B. a pharmaceutically acceptable acid addition salt of the salt forming
      compounds, wherein each Y is selected from the group consisting of
      hydrogen, or chlorine; n is 1; R.sup.1 and R.sup.2 are hydrogen, lower
      alkyl of from 1 to 4 carbon atoms, picolyl, or o-tolyl or --NR.sup.1
      R.sup.2 taken together are piperidino, or morpholino.
NUM  2.
PAR  2. A compound of claim 1 wherein one of said chlorine atoms as represented
      by Y is attached in the 2-position of the dibenzo[d,g][1,3]dioxocin ring
      and the remaining chlorine atom is attached in the 10-position of the
      dibenzo[d,g][1,3]dioxocin ring.
NUM  3.
PAR  3. A compound of claim 2 which is 2,10-dichloro-N-(3-pyridylmethyl)-
      ##SPC7##
     12H-dibenzo[d,g][1,3]dioxocin-6-carboxamide or the pharmaceutically
      acceptable acid addition salts thereof.
NUM  4.
PAR  4. A compound of claim 2 which is 2,10-dichloro-12-pyridylmethyl)-d,g]
      [1,3]dioxocin-6-carboxamide.
NUM  5.
PAR  5. A compound of claim 2 which is
      2,10-dichloro-N-ethyl-12H-dibenzo[d,g][1,3]dioxocin-6-carboxamide.
NUM  6.
PAR  6. A compound of claim 2 which is
      2,10-dichloro-N,N-dimethyl-12H-dibenzo[d,g][1,3]dioxocin-6-carboxamide.
NUM  7.
PAR  7. A compound of claim 2 which is
      1-(2,10-dichloro-12H-dibenzo-[d,g][1,3]dioxocin-6-carbonyl)piperidine.
NUM  8.
PAR  8. A compound of claim 2 which is
      4-(2,10-dichloro-12H-dibenzo-[d,g][1,3]dioxocin-6-carbonyl)morpholine.
NUM  9.
PAR  9. A compound of claim 2 which is
      2,10-dichloro-N(o-tolyl)-12H-dibenzo[d,g][1,3]dioxocin-6-carboxamide.
PATN
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      thereof
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ASSG
NAM  Pfizer Inc.
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ABST
PAL  Novel quinoxaline-1,4-dioxides of the formula
      ##SPC1##
PAL  Wherein R is hydrogen or methyl;
PA1  Y is lower alkyl; and
PA1  n is 0, 1, or 2;
PAL  Methods for their preparation; and their use as antibacterial agents and
      agents for promoting growth and improving feed efficiency of animals.
      Additionally, those compounds wherein n is 0 or 1 serve as intermediates
      for preparation of compounds wherein n is 1 or 2.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to novel quinoxaline-1,4-dioxides useful as
      antibacterial agents and animal growth promotants. More particularly, the
      compounds of this invention are represented by formula I:
      ##SPC2##
PAL  wherein R is selected from the group consisting of hydrogen and methyl;
PA1  n is 0 or an integer from 1 to 2; and
PA1  Y is lower alkyl.
PAC  DESCRIPTION OF THE INVENTION
PAR  The search for compounds of improved activity as growth promotants and
      antibacterial agents has given rise to the preparation and study of a wide
      variety of quinoxaline-1,4-dioxides. British Pat. No. 1,293,850, published
      Feb. 21, 1973, describes antibacterial compounds of formula II
      ##SPC3##
PAL  wherein X is a 6-(or7)-position substituent and is inter alia hydrogen,
      methyl, sulfonamido, N-methyl or N,N-dimethylsulfonamido; R.sub.1 is
      hydrogen, and alkyl of up to 6 carbon atoms; and R.sub.2 is --S--(O).sub.n
      --R.sub.3 wherein n is 0, 1, or 2; and R.sub.3 is alkyl of up to 6 carbon
      atoms, phenyl, benzyl, substituted phenyl or substituted benzyl.
PAR  U.S. Pat. No. 3,644,360, issued Feb. 22, 1972 discloses compounds of
      formula II wherein x is, for example, hydrogen or methyl; R.sub.1 is
      --CONR'R" wherein R' is hydrogen or lower alkyl; R" is inter alia R',
      hydroxy(lower alkyl), amino lower alkyl, mono-or di(lower alkyl)amino; and
      R.sub.2 is --CH.sub.2 Z wherein Z is lower alkythio, lower alkylsulfinyl
      or lower alkyl sulfonyl.
PAR  British Pat. No. 1,308,370, published Feb. 28, 1973, describes compounds of
      formula II wherein X is as defined above for British Pat. No. 1,293,850;
      R.sub.1 is lower alkyl or phenyl and R.sub.2 is --(CH.sub.2).sub.m
      --SO.sub.3 H wherein m is 0 or 1. It also teaches compounds wherein X is
      as previously defined; R.sub.1 is carbo(lower alkoxy); and R.sub.2 is
      --CH.sub.2 --SH or --CH.sub.2 --S(lower alkyl).
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that quinoxaline-1,4-dioxides of formula I are highly
      effective against gram positive and gram negative bacteria both in vitro
      and in vivo and of relatively low acute toxicity compared to the prior art
      compounds of formula II which are described in British Pat. No. 1,293,850.
      Additionally, they are effective animal growth promotants, particularly
      for swine, cattle, and poultry.
PAR  The terms "lower alkyl" and "lower alkoxy" as used herein are intended to
      include alkyl and alkoxy groups containing from 1 to 4 carbon atoms since
      the reactants having such groups are readily available.
PAR  Of particular interest among the compounds of this invention, by reason of
      their broad spectrum, high potency and relatively low acute toxicity, are
      compounds of formula I wherein Y is lower alkyl; and R is hydrogen or
      methyl.
PAR  The compounds of this invention wherein R and Y are as defined above, and n
      is 0 are prepared from the corresponding methyl compounds by a series of
      reactions comprising (1) bromination (or chlorination) to produce the
      corresponding bromo (or chloro)methyl derivative; reaction of the bromo
      (or chloro)methyl derivative with the appropriate lower alkylmercaptan
      (HS--CH.sub.2 Y) in the presence of a base to produce the corresponding
      lower alkylthiomethyl derivative. The corresponding lower
      alkylsulfinylmethyl and 3-lower alkylsulfonylmethyl derivatives are
      prepared by oxidation of the 3-lower alkylthiomethyl derivatives.
PAR  An alternative procedure comprises treating the bromo (or chloro) methyl
      derivative with trimethylamine (or other tertiary amine such as pyridine
      or triethylamine) to provide the corresponding trimethylammonium compound;
      followed by replacement of the trimethylammonium group by the appropriate
      lower alkylthio group or substituted lower alkylthio group.
PAR  A further procedure comprises preparation of a compound of formula I
      wherein n and Y are as defined above and R is carbo(lower alkoxy) (British
      Pat. No. 1,308,370) by one of the above-described procedures followed by
      hydrolysis of the ester group and thermal decarboxylation of the
      thus-produced carboxy group.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The 3-bromo (or chloro)methyl-2-R substituted-quinoxaline-1,4-dioxide
      precursors of formula I compounds are readily prepared by direct
      halogenation of the corresponding 3-methyl-2-
      R-substituted-quinoxaline-1,4-dioxides. Molecular bromine or chlorine are
      especially convenient agents to use. One procedure comprises mixing from
      one to two molar proportions of the 3-methylquinoxaline-2-R-substituted
      1,4-dioxide and halogenating agent in chloroform or other chlorinated
      solvent such as methylene chloride, carbon tetrachloride and
      chlorobenzene. Additionally, solvents such as formic, sulfuric and acetic
      acids, and N,N-dimethylformamide can also be used. The reaction is
      conducted over a temperature range of from about 20.degree.C. to about
      120.degree.C. and desirably at from about 60.degree.C. to about
      100.degree.C. for periods of from about 1 to about 4 hours.
PAR  The trimethylammonium derivatives are then prepared by treating the
      appropriate 3-bromo(or chloro)methylquinoxaline-2-R-substituted
      1,4-dioxide with trimethylamine. The reaction is conducted in a suitable
      diluent, or solvent, such as N,N-dimethylformamide, ethanol, benzene,
      xylene, chloroform, dioxane or tetrahydrofuran at temperatures from about
      20.degree.C. to about 100.degree.C., and preferably from about
      20.degree.C. to about 60.degree.C. Trimethylamine is bubbled into a
      stirred mixture of the diluent and appropriate 3-bromo-(or
      chloro)methylquinoxaline-2-R-substituted-1,4-dioxide until the mixture is
      saturated. The exothermic reaction is stirred for from about one-half to
      about 4 hours and the product recovered by filtration or evaporation of
      the diluent.
PAR  Replacement of the trimethylammonium group by lower alkylthio is
      accomplished by reacting it with the appropriate lower alkyl mercaptan and
      aqueous sodium or potassium hydroxide. An organic solvent such as
      chloroform is then added followed by the
      ([3-(R-substituted)quinoxalin-2-yl]methyl) trimethylammonium bromide (or
      chloride) 1,4-dioxide. The mixture is thoroughly stirred for from about
      one to four hours, the organic solvent phase separated and the 3-lower
      alkylthiomethylquinoxaline-2-R-substituted-1,4-dioxide recovered by
      removal of the solvent.
PAR  The 3-lower alkylthiomethylquinoxaline-1,4-dioxides, in addition to their
      use as antibacterial agents, are intermediates for the production of the
      corresponding 3-lower alkylsulfinylmethyl- and 3-lower alkylsulfonyl
      methylquinoxaline-2-R-substituted-1,4-dioxides by oxidation with hydrogen
      peroxide or an organic peracid such as peracetic, perphthalic, perbenzoic
      or m-chlorperbenzoic acid. This last-named peracid is especially useful
      since the by-product m-chlorobenzoic acid is easily removed. The reaction
      is conducted in a solvent such as chloroform or methylene chloride at from
      about 0.degree.C. to about 30.degree.C. until one or two equivalents
      (depending upon whether the sulfinyl or sulfonyl derivative is desired) of
      the oxidizing agent is consumed. It is advantageous when producing the
      sulfinyl derivatives to use equimolar proportions of reactants in order to
      avoid, or minimize, further oxidation. Oxidation to the sulfinyl stage by
      means of hydrogen peroxide proceeds somewhat sluggishly. A greater than
      equimolar proportion of hydrogen peroxide and relatively short reaction
      times, e.g. up to 1 hour. can, therefore, be used without formation of the
      sulfonyl derivative.
PAR  The oxidation of the sulfonyl stage can also be accomplished by treating
      the appropriate thio derivative in aqueous media with sodium tungstate and
      hydrogen peroxide at a temperature of from about 50.degree.C. to about
      100.degree.C. The metal compound is generally used at from about 0.0005 to
      about 0.2 moles and preferably from about 0.0005 to about 0.02 moles per
      mole of the thio derivative. An excess of hydrogen peroxide is generally
      used to insure conversion of the tungstate to pertungstate.
PAR  The bromo (or chloro) methyl derivative can be reacted with the appropriate
      lower alkylmercaptan in a reaction inert solvent, such as chloroform,
      methylene chloride, methanol, ethanol, propanol, in the presence of a
      base. Representative bases are secondary and tertiary amines such as
      di(lower alkyl)amines, tri(lower alkyl)amines, pyridine; inorganic bases
      such as potassium and sodium hydroxides or acetates. A desirable property
      of the base chosen is that it be soluble in the reaction-inert solvent
      used to expedite the reaction. The base and mercaptan are generally used
      in molar proportions of from about 1:1 to about 1.5 : 1.0. The reaction is
      normally conducted at room temperature to about 50.degree.C. Temperatures
      outside this range can be used but offer no advantages to the process.
PAR  The products of this invention are remarkably effective in treating a wide
      variety of pathogenic micro-organisms and are, therefore, useful as
      industrial antimicrobials, for example in water treatment, slime-control,
      paint preservation and wood preservation as well as for topical
      application purposes as disinfectants.
PAR  For in vitro use, e.g., for topical application, it will often be
      convenient to compound the selected product with a
      pharmaceutically-acceptable carrier such as vegetable or mineral oil or an
      emollient cream. Similarly, they may be dissolved or dispersed in liquid
      carriers or solvents, such as water, alcohol, glycols or mixtures thereof
      or other pharmaceutically-acceptable inert media, that is, media which
      have no harmful effect on the active ingredient. For such purposes, it
      will generally be acceptable to employ concentrations of active
      ingredients of from about 0.01 percent to about 10 percent by weight based
      on total composition.
PAR  The compounds described herein, in contrast to the usual gram-negative
      activity of quinoxaline-1,4-dioxides, exhibit broad spectrum activity
      against both gram-negative and gram-positive bacteria, such as
      Staphylococcus aureus, Streptomyces pyogenes, Escherichia coli,
      Pasteurella multocida and Shigella sonnei.
PAR  When used in vivo for such purposes, these novel compounds can be
      administered orally or parenterally, e.g., by cutaneous or intramuscular
      injection, at a dosage of from about 1 mg./kg. to about 100 mg./kg. of
      body weight. Vehicles suitable for parenteral injection may be either
      aqueous such as water, isotonic saline, isotonic dextrose, Ringer's
      solution, or nonaqueous such as fatty oils of vegetable origin (cotton
      seed, peanut oil, corn, sesame), dimethylsulfoxide and other non-aqueous
      vehicles which will not interfere with therapeutic efficiency of the
      preparation and are non-toxic in the volume or proportion used (glycerol,
      propylene glycol, sorbitol). Additionally, compositions suitable for
      extemporaneous preparation of solutions prior to administration may
      advantageously be made. Such compositions may include liquid diluents, for
      example, propylene glycol, diethyl carbonate, glycerol, sorbitol, etc.;
      buffering agents, hyaluronidase, local anesthetics and inorganic salts to
      afford desirable pharmacological properties. These compounds may also be
      combined with various pharmaceutically-acceptable inert carriers including
      solid diluents, aqueous vehicles, non-toxic organic solvents, in the form
      of capsules, tablets, lozenges, troches, dry mixes, suspensions,
      solutions, elixirs and parenteral solutions or suspensions. In general,
      the compounds are used in various dosage forms at concentration levels
      ranging from about 0.5 percent to about 90 percent by weight of the total
      composition. Other methods include mixing with animal feeds, the
      preparation of feed concentrates and supplements and dilute solutions or
      suspensions, e.g., a 0.1 percent solution, for drinking purposes.
PAR  The addition of a low level of one or more of the herein described
      compounds of formula I to the diet of healthy animals, both ruminant and
      non-ruminant, such that these animals receive the product over an extended
      period of time, at a level of from about 1 mg./kg. to about 100 mg./kg. of
      body weight per day, especially over a major portion of their active
      growth period, results in an acceleration of the rate of growth and
      improves feed efficiency (the number of pounds of feed required to produce
      a pound gain in weight). Included in these two classes of animals are
      poultry (chickens, ducks, turkeys), cattle, sheep, dogs, cats, swine,
      rats, mice, horses, goats, mules, rabbits, mink, etc. The beneficial
      effects in growth rate and feed efficiency are over and above what is
      normally obtained with complete nutritious diets containing all the
      nutrients, vitamins, minerals, and other factors known to be required for
      the maximum healthy growth of such animals. The animals thus attain market
      size sooner and on less feed.
PAR  The feed compositions described herein have been found to be particularly
      valuable and outstanding in the case of swine. In some instances the
      degree of response may vary with respect to the sex of the animals. The
      products may, of course, be administered in one component of the feed or
      they may be blended uniformly throughout a mixed feed, alternatively as
      noted above, they may be administered in an equivalent amount via the
      animal's water ration. It should be noted that a variety of feed
      components may be of use in the nutritionally balanced feeds. Any animal
      feed composition may be prepared to comprise the usual nutritional balance
      of energy, proteins, minerals and vitamins together with one or more of
      the quinoxaline-1,4-dioxides described above. Some of the various
      components are commonly grains such as ground grain and grain by-products;
      animal protein substances, such as meat and fish by-products;
      vitaminaceous mixtures, e.g., vitamine A and D mixtures, riboflavin
      supplements and other vitamin B complexes; and bone meal, limestone and
      other inorganic compounds to provide minerals.
PAR  The present compounds are advantageously combined in such relative
      proportions with edible carriers as to provide pre-mixes or concentrates
      which may readily be blended with standard nutritionally balanced feeds or
      which may be used themselves as an adjunct to normal feedings.
PAR  In the preparation of concentrates a wide variety of carriers such as
      soybean oil meal, corn gluten meal, cotton seed oil meal, sunflower seed
      meal, linseed oil meal, corn meal, limestone and corncob meal can be
      employed to facilitate uniform distribution of the active materials in the
      finished feed with which the concentrate is blended. The concentrate may
      be surface coated, if desired, with various proteinaceous materials of
      edible waxes, such as zein, gelatin, microcrystalline wax and the like to
      provide a protective film which seals in the active ingredients. The
      proportions of the drug preparation in such concentrates are capable of
      wide variation since the amount of active materials in the finished feed
      may be adjusted by blending the appropriate proportion of concentrate with
      the feed to obtain the desired degree of supplementation. In the
      preparation of high potency concentrates, i.e., premixes, suitable for
      blending by feed manufacturers to produce finished feeds or concentrates
      of lower potency, the drug content may range from about 0.1 to 50 g. per
      pound of concentrate. The high potency concentrates may be blended by the
      feed manufacturer with proteinaceous carriers, such as soybean oil meal,
      to produce concentrated supplements which are suitable for direct feeding
      to animals. The proportion of the drug in these supplements may vary from
      about 0.1 to 10 g. per pound of supplement. A particularly useful
      concentrate is provided by blending 2 g. of drug with 1 pound of limestone
      or 1 pound of limestone-soybean oil meal (1:1). Other dietary supplements,
      such as vitamins, minerals, etc., may be added to the concentrates in the
      appropriate circumstances.
PAR  The concentrates described may also be added to animal feeds to produce a
      nutritionally balanced, finished feed containing from about 5 to about 125
      g. of the herein described compounds per ton of finished feed.
PAR  In the case of ruminants, the finished feed should contain protein, fat,
      fiber, carbohydrate, vitamins and minerals, each in an amount sufficient
      to meet the nutritional requirements of the animal for which the feed is
      intended. In the case of non-ruminant animals, such as hogs, a suitable
      feed may contain from about 50 to 80 percent of grains, 3 to 10 percent
      animal protein, 5 to 30 percent vegetable protein, 2 to 4 percent of
      minerals together with supplementary vitaminaceous sources.
PAR  The in vitro activities are determined under anaerobic conditions in the
      following manner.
PAR  Appropriate serial two-fold dilutions of the compounds are mixed with
      molten brain-heart infusion agar in sterile petri dishes and allowed to
      solidify.
PAR  The bacterial cells (approximately 10.sup.5 -10.sup.6 cells) are placed on
      the top of the agar plate with a Steers replicating device. The plates are
      incubated at 37.degree.C. in the anaerobic conditions achieved by a Gas
      Pak (BBL, Cockeysville, Ind.). The M.I.C. (minimal inhibitory
      concentration) is taken as the lowest concentration of drug which
      completely inhibits bacterial growth.
PAR  The in vitro and in vivo activities of compounds within this invention
      versus Streptococcus pyogenes and Escherichia coli are presented below:
      ##SPC4##
PAL  wherein Y.sup.1 is -S(O).sub.n Y and n and Y are as defined above.
TBL  __________________________________________________________________________

                  IN VITRO     IN VIVO.sup.(a)                                 

                               Survivors (SC route)                            

                  MIC (mcg./ml.)                                               

                               50 mg./kg.                                      

                                      25 mg./kg.                               

                  Strep.                                                       

                        E.      Strep  E                                       

     R     Y.sup.1                                                             

                  pyogenes                                                     

                        coli   pyogenes                                        

                                      coli                                     

     __________________________________________________________________________

     H   S--CH.sub.3                                                           

                  1.562 1.562  5/10.sup.(b)                                    

                                      7/10.sup.(b)                             

     H   S--CH.sub.2 CH.sub.2 CH.sub.3                                         

                  50    50     0/10   6/10                                     

     H   SO--CH.sub.3                                                          

                  &lt;0.391                                                       

                        &lt;0.391 3/10.sup.(b)                                    

                                      10/10.sup.(b)                            

     H   SO--CH.sub.2 CH.sub.3                                                 

                  0.781 3.125  2/10   9/10                                     

     H   SO--CH.sub.2 CH.sub.2 CH.sub.3                                        

                  1.562 6.25   6/10   5/10                                     

     H   SO.sub.2 --CH.sub.3                                                   

                  &lt;0.391                                                       

                        &lt;0.391 9/10   10/10                                    

     H   SO.sub.2 --CH.sub.2 CH.sub.3                                          

                  &lt;0.391                                                       

                        &lt;0.391 10/10  10/10                                    

     H   SO.sub.2 --CH(CH.sub.3).sub.2                                         

                  1.562 0.781  10/10  9/10                                     

     H   SO.sub.2 --CH.sub.2 CH.sub.2 CH.sub.3                                 

                  3.125 25     9/10   9/10                                     

     CH.sub.3                                                                  

         SO--CH.sub.3                                                          

                  25    &gt;200   2/10   1/10                                     

     CH.sub.3                                                                  

         SO.sub.2 --CH.sub.3                                                   

                  1.562 3.125  1/10   7/10                                     

     __________________________________________________________________________

      .sup.(a) SC = subcutaneous                                               

      .sup.(b) 100 mg./kg.                                                     

PAC  EXAMPLE 1
PAC  2-Methylthiomethylquinoxaline 1,4-Dioxides
PAR  To a solution of sodium hydroxide (600 mg., 0.015 m) in water (40 ml.)
      overlayed with chloroform (40 ml.) was added methylmercaptan (0.72 g,
      0.015 m) with stirring. The [(2-quinoxalinyl)methyl]trimethylammonium
      bromide 1,4-dioxide (5 og., 0.015 m) was added to the methylmercaptan
      solution in small portions over a 15 minute period. The mixture was
      stirred for 20 minutes and the chloroform phase separated. Fresh
      chloroform (40 ml.) was added to the aqueous reaction mixture which was
      then stirred for a half hour, the chloroform phase separated and this
      operation repeated once again. The combined chloroform phases were
      evaporated to dryness under reduced pressure and the residue triturated
      with hexane (30 ml.). Filtration and drying of the solid gave 2.86 g. (75
      percent yield) of the title product, m.p. 118.degree.-119.degree.C. dec.).
PAR  The [(2-quinoxalinyl)methyl]trimethylammonium bromide 1,4-dioxide was
      prepared as follows:
PAR  To a stirred solution of 2-methylquinoxaline 1,4-dioxide (213 g., 1.2 m) in
      acetic acid (700 ml.) at 85.degree.-90.degree.C., was added a solution of
      bromine (195 g., 1.2 m) in acetic acid (500 ml.) over a period of 15
      minutes. The reaction mixture is heated and stirred at
      85.degree.-90.degree.C. for another half hour and then cooled to room
      temperature. The solid which separated was filtered off and then slurried
      in chloroform (1.5 liters). Saturated aqueous sodium bicarbonate solution
      was gradually added to the slurry with good stirring until the solid
      dissolved. The chloroform phase was separated and dried over anhydrous
      sodium sulfate. Trimethylamine (1.5 m) was then bubbled into the
      chloroform solution over a one hour period at ambient temperature and the
      resulting solid was separated by filtration, washed with chloroform (3
      .times. 600 ml.) and dried. yield 215 g. (68 percent): m.p. 223.degree.C.
PAR  The related compound, (3-methyl-2-quinoxalinyl)methyltrimethylaminonium
      bromide, was prepared as follows:
PAR  To a solution of 2,3-dimethylquinoxaline 1,4-dioxide (570 g., 3.0 m) in
      dichloromethane (3000 ml.) at room temperature was added dropwise a
      solution of bromine (160 g., 1.0 m) in dichloromethane (1000 ml.) over a
      period of 90 minutes. After standing overnight at room temperature, the
      mixture was filtered. The filtrate was washed with saturated sodium
      bicarbonate solution (3 .times. 300 ml.), dried over anhydrous sodium
      sulfate, and filtered. The filtrate was then cooled to -5.degree.C. and
      anhydrous trimethylamine gas (75 g.) was passed through. The resulting
      solution was allowed to stand at room temperature for an hour. It was then
      heated to the boiling point, and filtered hot to furnish the title
      compound: m.p. 198.degree.-199.degree.C; yield, 193 g. (58.9 percent of
      theory based on bromine used). It was purified by crystallization from
      methanol; m.p. 209.degree.-212.degree.C.
PAR  The compounds listed below are prepared following the above procedure but
      using the appropriate mercaptan reactant (HS-Y) in place of
      methylmercaptan.
      ##SPC5##
TBL  R          Y        m.p. (.degree.C)                                      

                                    % Yield                                    

     ______________________________________                                    

     H        CH.sub.2 CH.sub.3                                                

                         139-140    70                                         

     H        CH.sub.2 CH.sub.2 CH.sub.3                                       

                         117-119    30                                         

     ______________________________________                                    

PAC  EXAMPLE 2
PAC  2-Methyl-3-Methylthiomethylquinoxaline-1,4-Dioxide
PAR  Following the procedure of Example 1,(3-methyl-2-quinoxalinyl)
      methyltrimethylammonium bromide, 1,4-dioxide was converted to the title
      compound in 36.1 percent yield; m.p. 95.degree.-96.degree.C.
PAR  The (3-methyl-2-quinoxalinyl)methyltrimethylammonium bromide 1,4-dioxide
      was prepared as follows:
PAR  To a solution of 2,3-dimethylquinoxaline 1,4-dioxide (570 g., 3.0 m) in
      dichloromethane (3000 ml.) at room temperature was added dropwise a
      solution of bromine (160 g., 1.0 m) in dichloromethane (1000 ml.) over a
      period of 90 minutes. After standing overnight at room temperature, the
      mixture was filtered. The filtrate was washed with saturated sodium
      bicarbonate solution (3 .times. 300 ml.), dried over anhydrous sodium
      sulfate, and filtered. The filtrate was then cooled to -5.degree.C. and
      anhydrous trimethylamine gas (75 g.) was passed through. The resulting
      solution was allowed to stand at room temperature for an hour. It was then
      heated to the boiling point, and filtered hot to furnish the title
      compound: m.p. 198.degree.-199.degree.C; yield, 193 g. (58.9 percent of
      theory based on bromine used). It was purified by crystallization from
      methanol; m.p. 209.degree.-212.degree.C.
PAC  EXAMPLE 3
PAC  2-Methylsulfinylmethylquinoxaline 1,4-Dioxide
PAR  A solution of 2-methylthiomethylquinoxaline 1,4-dioxide (2.0 g., 0.009 m)
      in acetic acid (14 ml.) was cooled to 15.degree.C. while hydrogen peroxide
      (4 ml. of 30 percent) was added dropwise. The mixture was stirred for 35
      minutes and then poured into water (80 ml.) The aqueous solution was
      extracted with chloroform (5 .times. 20 ml.), the chloroform extracts
      combined, dried (Na.sub.2 SO.sub.4) and evaporated under reduced pressure
      to an oil. Trituration of the oil with hexane (15 ml.) gave 860 mg. (23
      percent yield) of product: m.p. 167.degree.-168.degree.C.
PAR  In like manner, 2-methyl-3-methylthiomethylquinoxaline 1,4-dioxide is
      converted to 2-methyl-3-methylsulfinylmethylquinoxaline 1,4-dioxide, m.p.
      135.degree.-136.degree.C., in 13.1 percent yield.
PAC  EXAMPLE 4
PAC  2-Ethylsulfinylmethylquinoxaline 1,4-Dioxide
PAR  A solution of m-chloroperbenzoic acid (9.4 g., 0.0465 m of 85 percent
      material) in chloroform (75 ml.) was added dropwise to a solution of
      2-ethylthiomethylquinoxaline 1,4-dioxide (10.98 g. 0.0465 m) in chloroform
      (100 ml.). The mixture was stirred for one hour and then added dropwise,
      with stirring, to diethyl ether (1.1 liters). The yellow solid which
      precipitated was filtered off, washed with diethyl ether (50 ml.) and then
      with hexane (100 ml.) and dried. Yield = 8.8 g., 75 percent of product:
      m.p. 145.degree.-147.degree.C.
PAR  By means of this procedure, 2-n-propylthiomethylquinoxaline 1,4-dioxide is
      converted in 73 percent yield to 2-n-propylsulfinylmethylquinoxaline
      1,4-dioxide, m.p. 137.degree.-139.degree.C.
PAC  EXAMPLE 5
PAC  2-Methylsulfonylmethylquinoxaline 1,4-Dioxide
PAR  Hydrogen peroxide (25 ml. of 30 percent) was added over a fifteen minute
      period to a solution of 2-methylthiomethylquinoxaline 1,4-dioxide (13 g.,
      0.005 m) in acetic acid (100 ml.) cooled to 15.degree.C. The mixture was
      then stirred overnight at room temperature and the precipitation which
      formed was separated by filtration. The filtrate was added dropwise to
      diethyl ether (500 ml.) and the resulting solid filtered off, washed with
      diethyl ether and dried to give 15 g. of product (57 percent yield): m.p.
      225.degree.C.
PAC  EXAMPLE 6
PAC  2-Ethylsulfonylmethylquinoxaline-1,4-Dioxide
PAR  To a solution of sodium tungstate dihydrate (250 mg.) in water (800 ml.)
      was added 2-(ethylthiomethyl)quinoxaline 1,4-dioxide (53.65 g. 0.2 m).
      Hydrogen peroxide (57 ml. of 30 percent) was added to the slurry dropwise
      over a period of 20 minutes. The reaction mixture gradually became a
      reddish solution and its temperature rose to 33.degree.C. It was then
      heated at 70.degree.C. (internal temperature) for 1.5 hours and then
      cooled. The solid which formed was filtered off and dried: 33.0 g. (55
      percent yield); m.p. 204.degree.-205.degree.C.
PAC  EXAMPLE 7
PAR  The following compounds were prepared from corresponding thio compounds by
      the procedures of Examples 4, 5, or 6.
      ##SPC6##
     R        Y        m.p. (.degree.C.)                                       

                                  % Yield                                      

                                         Procedure                             

     ______________________________________                                    

     H      CH(CH.sub.3).sub.2                                                 

                       177-178    13     4                                     

     H      CH.sub.2 CH.sub.2 CH.sub.3                                         

                       156-159    45     4                                     

     CH.sub.3                                                                  

            CH.sub.3   210-212    72.4   5                                     

     CH.sub.3                                                                  

            CH.sub.2 CH.sub.3                                                  

                       169-170    36     6                                     

     CH.sub.3                                                                  

            CH.sub.2 CH.sub.2 CH.sub.3                                         

                       128-130    20     6                                     

     ______________________________________                                    

PAC  EXAMPLE 8
PAC  2-Methylthiomethyl-3-carbomethoxyquinoxaline 1,4-Dioxide
PAR  Triethylamine (123 ml.) was added to a solution of
      2-bromomethyl-3-carbomethoxyquinoxaline 1,4-dioxide (254 g., 0.81 m) in
      chloroform (1 liter) at room temperature. Methylmercaptan was bubbled
      slowly through the mixture for 1 hour. The temperature rose to
      48.degree.C. The reaction mixture was washed twice successively with
      hydrochloric acid (250 ml. of N HCl), sodium bicarbonate solution (3
      .times. 250 ml. of 5 percent), and water (2 .times. 250 ml.). The
      chloroform solution was dried over anhydrous sodium sulfate and was then
      evaporated to give an oil which solidified on standing overnight; (124 g.,
      55 percent yield): m.p. 84.degree.-88.degree.C.
PAR  The bromomethyl ester reactant was prepared by adding bromine (64 ml., 128
      m) to a thick slurry of 2-methyl-3-carbomethoxyquinoxaline 1,4-dioxide
      (300 g., 1.28 m) in N,N-dimethylformamide (473 ml.) over a 2 hour period.
      The mixture was stirred during the addition and for 3 days thereafter at
      ambient temperature. Ice water (10 liters) was added to the mixture and
      the product extracted with chloroform (1 liter). The chloroform extract
      was dried and concentrated to a thick oil. The oil was poured into diethyl
      ether (3 liters) and the resulting solid separated by filtration and
      dried. yield 282 g. (70 percent); m.p. 122.degree.-124.degree.C. (dec.)
PAR  In like manner the following compounds are prepared but substituting
      ethylmercaptan and n-propylmercaptan for methylmercaptan:
PA1  2-ethylthiomethyl-3-carbomethoxyquinoxaline 1,4-dioxide. (71.75 percent
      yield), as a brownish oil:
PA1  2-n-propylthiomethyl-3-carbomethoxyquinoxaline 1,4-dioxide (&lt;100 percent
      yield), as a brownish oil.
PAC  EXAMPLE 9
PAC  2-Methylsulfinylmethyl-3-Carbomethoxy-quinoxaline 1,4-Dioxide
PAR  A solution of m-chloroperbenzoic acid (9.4 g., 0.0465 m of 85 percent
      material) in chloroform (75 ml.) was added dropwise to a solution of
      2-methylthiomethyl-3-carbomethoxyquinoxaline 1,4-dioxide (13.0 g. 0.0465
      m) in chloroform (100 ml.). The mixture was stirred for one hour and then
      added dropwise, with stirring, to diethyl ether (1.1 liters). The yellow
      solid which precipitated was filtered off, washed with diethyl ether (50
      ml.) and then with hexane (100 ml.) and dried. Yield = 13.4 g., 97 percent
      of product: m.p. 141.degree.-142.degree.C.
PAC  EXAMPLE 10
PAC  2-Methylsulfonylmethyl-3-Carbomethoxyquinoxaline 1,4-Dioxide
PAR  To a solution of 2-methylthiomethyl-3-carbomethoxyquinoxaline 1,4-dioxide
      (124 g., 0.443 m) in chloroform (1000 ml.) was added m-chloroperbenzoic
      acid (196 g., 0.973 m of 85 percent material) in small portions over a 2
      hour period. The mixture was stirred until it cooled to room temperature.
      The solid which formed was filtered off, washed with diethyl ether (800
      ml.) and dried to give 65.6 g. of solid melting at
      202.degree.-203.degree.C. The filtrate of the reaction mixture was
      concentrated to small volume and the concentrate slurried in diethyl ether
      (800 ml.) The resulting solid was filtered off, washed with diethyl ether,
      and dried to give 56.9 g.; melting at 190.degree.-193.degree.C. total
      yield 122.5 g. (89 percent).
PAR  The remaining products of Example 8 are oxidized in like manner to give:
PA1  2-ethylsulfonylmethyl-3-carbomethoxyquinoxaline 1,4-dioxide (35.7 percent
      yield); m.p. 169.degree.-170.degree.C.;
PA1  2-n-propylsulfonylmethyl-3-carbomethoxyquinoxaline 1,4-dioxide (20 percent
      yield); m.p. 128.degree.-130.degree.C.
PAC  EXAMPLE 11
PAR  By the procedures of Examples 3 and 4 the following compounds are prepared
      from appropriate reactants
      ##SPC7##
TBL  R                 n       Y                                               

     ______________________________________                                    

     H                 0       n--C.sub.4 H.sub.9                              

     H                 1       n--C.sub.4 H.sub.9                              

     H                 2       n--C.sub.4 H.sub.9                              

     CH.sub.3          0       n--C.sub.4 H.sub.9                              

     CH.sub.3          1       n--C.sub.4 H.sub.9                              

     CH.sub.3          2       n--C.sub.4 H.sub.9                              

     COOC.sub.2 H.sub.5                                                        

                       0       CH.sub.3                                        

     COO(n--C.sub.4 H.sub.9)                                                   

                       0       CH.sub.3                                        

     COO(n--C.sub.4 H.sub.9)                                                   

                       1       CH.sub.3                                        

     COO(n--C.sub.4 H.sub.9)                                                   

                       2       CH.sub.3                                        

     CH.sub.3          0       C.sub.2 H.sub.5                                 

     COOCH.sub.3       2       n--C.sub.4 H.sub.9                              

     COO(n--C.sub.4 H.sub.9)                                                   

                       0       n--C.sub.4 H.sub.9                              

     COO(n--C.sub.4 H.sub.9)                                                   

                       1       n--C.sub.4 H.sub.9                              

     CH.sub.3          1       C.sub.2 H.sub.5                                 

     ______________________________________                                    

PAC  EXAMPLE 12
PAC  2-Ethylsulfonylmethylquinoxaline 1,4-Dioxide
PAR  A slurry of 2-ethylsulfonylmethyl-3-carbomethoxyquinoxaline-1,4-dioxide
      (28.2 g., 0.087 m) and 0.5 N sodium hydroxide (280 ml.) was stirred at
      room temperature for 30 minutes. It was then filtered and the filtrate
      acidified to pH 3 with 6N hydrochloric acid. The resulting slurry was
      heated in an oil bath (bath temperature 120.degree.C.) for 30 minutes. It
      was removed from the oil bath, allowed to cool to room temperature and the
      solid filtered off: 22.2 g. (95 percent yield); m.p. 216.degree.C.
PAR  In like manner, the 3-carbo(lower alkoxy)quinoxaline-1,4-dioxides of
      Examples 8-11 are converted to their corresponding decarboxylated
      derivatives.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC8##
PAL  wherein R is selected from the group consisting of hydrogen and methyl;
PA1  Y is lower alkyl; and
PA1  n is 0 or an integer from 1 to 2.
NUM  2.
PAR  2. A compound according to claim 1 wherein R is hydrogen.
NUM  3.
PAR  3. A compound according to claim 1 wherein R is methyl.
NUM  4.
PAR  4. A compound according to claim 2 wherein n is 0.
NUM  5.
PAR  5. A compound according to claim 2 wherein n is 2.
NUM  6.
PAR  6. A compound according to claim 3 wherein n is 2.
NUM  7.
PAR  7. The compound according to claim 4 wherein Y is ethyl.
NUM  8.
PAR  8. The compound according to claim 5 wherein Y is methyl.
NUM  9.
PAR  9. The compound according to claim 5 wherein Y is ethyl.
NUM  10.
PAR  10. The compound according to claim 6 wherein Y is methyl.
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ABST
PAL  Substituted imidazo(1,2b)pyridazinyl esters having the formula
      ##SPC1##
PAL  Wherein R.sub.1 is hydrogen or halogen, Y is oxygen or sulfur, X is alkyl
      having 1 to 6 carbon atoms and Z is hydrogen or --COOR' wherein R, is
      alkyl having 1 to 6 carbon atoms; as well as the process of preparation,
      insecticidal compositions containing the same, and the method of using the
      insecticidal compositions. The products of the invention are useful in
      agriculture to combat and control insects.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the development of substituted
      imidazo(1,2b)pyridazinyl esters having the formula
      ##SPC2##
PAL  Wherein R.sub.1 is a member selected from the group consisting of hydrogen
      and halogen, Y is a member selected from the group consisting of oxygen
      and sulfur, X is alkyl having 1 to 6 carbon atoms, and Z is a member
      selected from the group consisting of hydrogen and --COOR', wherein R' is
      alkyl having 1 to 6 carbon atoms.
PAR  Another object of the present invention is the development of a process for
      the production of the above substituted imidazo(1,2b)pyridazinyl esters
      consisting essentially of the steps of reacting a chlorophosphate having
      the formula
      ##EQU1##
      wherein Y is a member selected from the group consisting of oxygen and
      sulfur and X is alkyl having 1 to 6 carbon atoms with a reactant selected
      from the group consisting of
PAR  A. AN ALKALI METAL ALCOHOLATE HAVING THE FORMULA
      ##SPC3##
PAL  Wherein R.sub.1 is a member selected from the group consisting of hydrogen
      and halogen, Z is a member selected from the group consisting of hydrogen
      and --COOR', wherein R' is alkyl having 1 to 6 carbon atoms, and Me is an
      alkali metal, and
PAR  B. AN ALCOHOL HAVING THE FORMULA
      ##SPC4##
PAL  Wherein R.sub.1 and Z have the above-assigned values in the presence of a
      tertiary organic base, in the presence of an inert organic solvent, and
      recovering said substituted imidazo(1,2b)pyridazinyl esters.
PAR  A yet further object of the present invention is the development of
      insecticidal compositions containing said substituted
      imidazo(1,2)pyridazinyl esters and the method of combatting insects
      employing said esters.
PAR  These and other objects of the present invention will become more apparent
      as the description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  We have now discovered new substituted imidazo(1,2b)pyridazines of formula
      I
      ##SPC5##
PAL  in which R.sub.1 represents an atom of hydrogen or halogen, Y represents an
      atom of oxygen or sulfur, X represents an alkyl having 1 to 6 carbon
      atoms, and Z represents either an atom of hydrogen, or a --COOR' group in
      which R' represents an alkyl having 1 to 6 carbon atoms. In particular,
      the invention concerns the products of formula I in which R.sub.1
      represents an atom of halogen, preferably chlorine. However, the invention
      equally concerns the products of formula I in which R.sub.1 represents an
      atom of hydrogen.
PAR  Among the products of formula I are particularly those described in the
      examples, specifically:
PA1  A. 2-(dimethoxythiophosphoryloxy)-6-chloro-imidazo(1,2b)-pyridazine
PA1  b. 2-(diethoxythiophosphoryloxy)-6-chloro-imidazo(1,2b)-pyridazine
PA1  c.
      2-(diethoxythiophosphoryloxy)-3-carbethoxy-6-chloro-imidazo(1,2b)pyridazin
     e
PA1  d. 2-(diethoxythiophosphoryloxy)-imidazo(1,2b)pyridazine
PA1  e. 2-(dimethoxyphosphoryloxy)-imidazo(1,2b)pyridazine.
PAR  The new substituted imidazo(1,2b)pyridazines of formula I are endowed with
      remarkable insecticidal properties which makes them useful in agriculture
      in combatting and controlling insects.
PAR  The insecticidal properties of the products of formula I have been
      demonstrated by tests on the various insects: Blabera Fusca, Blattella
      Germanica, Sitophilus Granarius, Musca Domestica (adults or larvae), Aphis
      Fabae, Noctuae, Ceratitis Capitata. Examples of these tests are given in
      the following text.
PAR  The invention also relates to the process for the preparation of the
      products of formula I. This process is characterized in that a
      2-hydroxy-6-R.sub.1 -imidazo(1,2b)-pyridazine of formula II
      ##SPC6##
PAL  or an alkali metal salt thereof, is reacted with 0,0-dialkylchlorophosphate
      or chlorothiophosphate of formula III
      ##EQU2##
      where, in the formulas, R.sub.1, X, Y and Z have the meanings already
      indicated, while effecting this reaction in the presence of a tertiary
      base when the 2-hydroxylated derivative of formula II is the starting
      material.
PAR  The condensation of the chlorophosphate or chlorothiophosphate of formula
      III with the hydroxylated derivative of formula II or its alkali metal
      salt is advantageously carried out in the presence of an inert organic
      solvent such as, for example, tetrahydrofuran, dimethylformamide or
      acetonitrile.
PAR  More particularly, the process of the invention involves the production of
      the above-described substituted imidazo(1,2b)pyridazines or substituted
      imidazo(1,2b)-pyridazinyl esters consisting essentially of the steps of
      reacting a chlorophosphate having the formula
      ##EQU3##
      wherein Y is a member selected from the group consisting of oxygen and
      sulfur and X is alkyl having 1 to 6 carbon atoms with a reactant selected
      from the group consisting of
PAR  a. an alkali metal alcoholate having the formula
      ##SPC7##
PAL  wherein R.sub.1 is a member selected from the group consisting of hydrogen
      and halogen, Z is a member selected from the group consisting of hydrogen
      and --COOR', wherein R' is alkyl having 1 to 6 carbon atoms, and Me is an
      alkali metal, and
PAR  b. an alcohol having the formula
      ##SPC8##
PAL  wherein R.sub.1 and Z have the above-assigned values in the presence of a
      tertiary organic base, in the presence of an inert organic solvent, and
      recovering said substituted imidazo(1,2b)pyridazinyl esters.
PAR  Further, the invention relates to a process for the preparation of products
      of formula I, in which R.sub.1 represents an atom of halogen, especially
      chlorine, characterized in that a 2-hydroxy-6-R-imidazo(1,2b)pyridazine of
      the formula
      ##SPC9##
PAL  in which R represents an atom of halogen and Z has the above-recited
      meaning, is reacted, in the presence of a tertiary base, with an
      0,0-dialkyl chlorophosphate or chlorothiophosphate of the formula
      ##EQU4##
      in which X and Y have the already indicated meanings.
PAR  In addition, the invention relates to a process for the production of
      products of formula I, in which R.sub.1 represents an atom of hydrogen,
      characterized in that an alkali metal salt of
      2-hydroxy-imidazo(1,2b)pyridazine of the formula
      ##SPC10##
PAL  is reacted with an 0,0-dialkyl chlorophosphate or chlorothiophosphate of
      the formula
      ##EQU5##
      in which formulas X, Y and Z have the previously indicated meanings.
PAR  The tertiary base employed in the condensation of the chlorophosphate or
      chlorothiophosphate with the hydroxylated derivative, can be a tertiary
      amine base, such as trilower alkylamine, for example, triethylamine or an
      aromatic tertiary amine, for example, pyridine.
PAR  The process of preparation of the starting compound
      6-chloro-2-hydroxy-imidazo(1,2b)pyridazine (II, R.sub.1 = Cl and Z = H) is
      described by Ostroversnick in Croatica Chemica Acta, 41, 135 (1969). The
      other 2-hydroxy-6-R.sub.1 -imidazo(1,2b)pyridazines can be prepared by
      analogous processes. The process for the preparation of
      2-hydroxy-3-carbethoxy-6-chloroimidazo(1,2b)pyridazine (II, R.sub.1 = Cl
      and Z = COOC.sub.2 H.sub.5) and of the potassium salt of
      2-hydroxy-imidazo(1,2b)pyridazine (II, R.sub.1 and Z = H) is described in
      the examples. The other 2-hydroxy-3-carbalkoxy-6-R.sub.1
      -imidazo(1,2b)pyridazines can be prepared by analogous processes.
PAR  The 0,0-dialkyl chlorothiophosphates can be prepared by the reaction of
      PSCl.sub.3 with the corresponding alcohol. The 0,0-dialkyl
      chlorophosphates can be prepared by the reaction of POCl.sub.3 with the
      corresponding alcohol.
PAR  The invention also relates to insecticidal compositions containing, as
      active material, an insecticidally effective amount of at least one
      product of formula I and, optionally, further containing one or several
      other pesticidal agents. The insecticidal compositions may be in the form
      of powders, granules, suspensions, emulsions, solutions and solutions for
      aerosols.
PAR  In addition to the active product, the insecticidal compositions generally
      contain a vehicle and/or a cationic, anionic or non-ionic surface-active
      compound to assure a uniform distribution of the active material in the
      insecticidal composition and in its final application form. The vehicle
      may be a liquid such as water, alcohol, hydrocarbons or other organic
      solvents, or a mineral, animal or vegetable oil; or an inert powder such
      as talc, clays, silicates, or Kieselguhr. Preferably the insecticidal
      compositions contain from 0.2 to 90% by weight of at least one compound of
      formula I.
PAR  An example of a suitable insecticidal composition is an emulsifiable
      concentrate containing, by weight, 25% of
      2-(diethoxythiophosphoryloxy)-6-chloro-imidazo(1,2b)-pyridazine, 6.4% of
      "Altox 4851", 3.2% of "Altox 4855" and 65.4% of xylene. "Altox 4851" is
      the tradename for a mixture of an alkylaryl sulfonate and
      polyoxyethylenated triglycerides having a viscosity of 300 to 700 cps at
      20.degree.C. Altox 4855 is the tradename for a mixture of an alkylaryl
      sulfonate and polyoxyethylenated triglycerides having a viscosity of 1500
      to 1900 cps at 25.degree.C.
PAR  The compositions have interesting insecticidal activity in domestic and
      agricultural fields for the control of insect pests at low concentrations.
      The liquid or powders designed for application to foliage, preferably
      contain from 10 to 80% by weight of at least one product of formula I. The
      powders or liquids for treatment of grains and seeds contain preferably
      from 0.5 to 90% by weight of at least one product of formula I.
PAR  The novel method for combatting and controlling insects comprises
      contacting insects with an insecticidally effective amount of at least one
      compound of formula I.
DETD
PAR  The following examples are illustrative of the invention without being
      limitative in any respect.
PAC  EXAMPLE 1
PAC  2-(dimethoxythiophosphoryloxy)-6-chloro-imidazo(1,2b)pyridazine
PAR  34 gm of 2-hydroxy-6-chloro-imidazo(1,2b)pyridazine, 20.5 gm of
      triethylamine and 32 gm of 0,0-dimethyl chlorothiophosphate were
      introduced into 500 cc of tetrahydrofuran. The mixture was agitated for 15
      hours. The triethylamine hydrochloride formed was eliminated by filtration
      and the filtrate was concentrated to dryness. The residue obtained was
      dissolved in a mixture composed of 3 volumes of ethyl acetate and 7
      volumes of cyclohexane. The solution obtained was filtered through silica
      gel. The filtrate thus obtained was concentrated to dryness. The residue
      was triturated with petroleum ether (b.p. 65.degree. to 75.degree.C) and
      crystallized from isopropyl ether. 23 gm of
      2-(dimethoxy-thiophosphoryloxy)-6-chloro-imidazo(1,2b)-pyridazine was
      obtained melting at 88.degree.C.
PAR  Analysis: C.sub.8 H.sub.9 ClN.sub.3 O.sub.3 PS:  Calculated: 32.73% C;
      3.09% H; 12.07% Cl; 14.30% N; 10.55% P.  Found: 32.9% C; 3.2% H; 12.1% Cl;
      14.4% N; 10.6% P.
PAC  EXAMPLE 2
PAC  2-(diethoxythiophosphoryloxy)-6-chloro-imidazo(1,2b)pyridazine
PAR  19 gm of 2-hydroxy-6-chloro-imidazo(1,2b)-pyridazine and 21 gm of
      0,0-diethyl chlorothiophosphate were introduced into a mixture of 11.3 gm
      of triethylamine and 125 cc of dimethylformamide. The mixture was allowed
      to stand for 2 hours and 30 minutes at room temperature. Then water and
      ice were added and the mixture was extracted with ethyl ether. The organic
      phase was dried and concentrated to dryness. The residue was triturated
      with petroleum ether (b.p. 65.degree. to 75.degree.C) and the crystals
      formed were separated by vacuum filtration. These crystals were dissolved
      in a mixture of cyclohexane and ethyl acetate (1 to 1) and subjected to
      chromatography through silica gel. The eluant was concentrated to dryness.
      The crystals obtained were triturated with petroleum ether (b.p.
      65.degree. to 75.degree.C) and, in two lots, 22 gm of
      2-(diethoxythiophosphoryloxy)-6-chloro-imidazo(1,2b)pyridazine were
      obtained having a melting point of 59.degree.C.
PAR  Analysis: C.sub.10 H.sub.13 ClN.sub.3 O.sub.3 PS:  Calculated: 37.35% C;
      4.07% H; 11.02% Cl; 13.06% N; 9.62% P.  Found 37.2% C; 4.3% H; 11.2% Cl;
      13.2% N; 9.7% P.
PAC  EXAMPLE 3
PAC  2-(diethoxythiophosphoryloxy)-3-carbethoxy-6-chloroimidazo(1,2b)pyridazine
PAL  Step A: 2-Hydroxy-3-Carbethoxy-6-Chloro-Imidazo(1,2b)pyridazine
PAR  52 gm of 3-amino-6-chloro-pyridazine and 48 gm of diethyl bromoalonate were
      introduced into 260 cc of dimethylformamide. The mixture was heated to
      130.degree.C for 10 minutes and then poured over ice. The precipitate
      formed was isolated by vacuum filtration, washed with water, with acetone
      and dried. 29 gm of
      2-hydroxy-3-carbethoxy-6-chloro-imidazo(1,2b)pyridazine were obtained
      melting at 200.degree.C.
PAR  After recrystallization from acetic acid, the melting point remained
      unchanged at 200.degree.C.
PAR  Analysis: C.sub.9 H.sub.8 ClN.sub.3 O.sub.3 :  Calculated: 44.74% C; 3.33%
      H; 17.39% N; 14.67% Cl.  Found: 44.4% C; 3.2% H; 17.5% N; 14.7% Cl.
PAL  Step B:
      2-(Diethoxythiophosphoryloxy)-3-Carbethoxy-6-Chloro-Imidazo(1,2b)Pyridazin
     e
PAR  12 gm of 2-hydroxy-3-carbethoxy-6-chloro-imidazo-(1,2b)pyridazine, 5 gm of
      triethylamine and 9.5 gm of O,O-diethyl chlorothiophosphate was introduced
      into 50 cc of dimethylformamide. The mixture was agitated for 3 hours,
      poured into water, and extracted with ethyl ether. The extract was dried
      and concentrated to dryness. The residue was subjected to chromatography
      through silica gel with elution with a mixture of cyclohexane and ethyl
      acetate (6 to 4).
PAR  After concentration and separation of the crystals, 14 gm of
      2-(diethoxythiophosphoryloxy)-3-carbethoxy-6-chloro-imidazo(1,2b)pyridazin
     e were obtained, melting at 78.degree.C.
PAR  Analysis: C.sub.13 H.sub.17 ClN.sub.3 O.sub.5 PS:
PAR  Calculated: 39.65% C; 4.35% H; 10.67% N; 9.01% Cl; 7.85% P.
PAR  Found: 39.5% C; 4.4% H; 10.6% N; 8.9% Cl; 7.8% P.
PAC  EXAMPLE 4
PAC  2-(diethoxythiophosphoryloxy)-imidazo(1,2b)-pyridazine
PAR  15 gm of the potassium salt of 2-hydroxyimidazo(1,2b)pyridazine, 250 cc of
      acetonitrile and 17 gm of 0,0-diethyl chlorothiophosphate were mixed and
      agitated for 20 hours at room temperature. The mixture was then filtered
      and the filtrate was evaporated to dryness. The residue was subjected to
      chromatrography through silica gel with elution with a 1-to-1 mixture of
      cyclohexane and ethyl acetate. After evaporating the solvent, 17 gm of
      2-(diethoxythiophosphoryloxy)-imidazo (1,2b)pyridazine were obtained in
      the form of an oil, n.sub.D.sup.20 = 1.5647.
PAR  Analysis: C.sub.10 H.sub.14 N.sub.3 O.sub.3 PS:
PAR  Calculated: 41.81% C; 4.91% H; 14.62% N; 10.78% P.
PAR  Found: 41.5% C; 5.1% H; 14.5% N; 10.4% P.
PAR  The starting material, the potassium salt of
      2-hydroxy-imidazo(1,2b)pyridazine, was prepared as follows:
PAR  51 gm of 2-hydroxy-6-chloro-imidazo(1,2b)pyridazine were mixed with 42 gm
      of potassium methylate, 500 cc of methanol and 6 gm of palladized charcoal
      containing 10% of palladium. The mixture was agitated in a hydrogen
      atmosphere at room temperature until absorption of the theoretical amount
      of hydrogen occurred. The mixture was then filtered and the filtrate was
      evaporated.
PAR  50 gm of the potassium salt of 2-hydroxy-imidazo(1,2b)pyridazine in the
      form of a brown solid were obtained.
PAC  EXAMPLE 5
PAC  2-(dimethoxyphosphoryloxy)-imidazo(1,2b)pyridazine
PAR  19 gm of the potassium salt of 2-hydroxy-imidazo(1,2b)pyridazine were mixed
      with 180 cc of acetonitrile and 14.5 gm of 0,0-dimethyl chlorophosphate.
      The mixture was agitated overnight at room temperature and then filtered.
      The filtrate was evaporated to dryness. The residue was subjected to
      chromatography through silica gel with elution with a 1-to-1 mixture of
      acetone and chloroform. After evaporation, an oil was thus obtained which
      crystallized slowly. The crystals obtained were washed with ethyl ether
      and vacuum filtered. 9.5 gm of
      2-(dimethoxyphosphoryloxy)imidazo(1,2b)pyridazine were thus obtained,
      melting at 50.degree. to 52.degree.C.
PAR  Analysis: C.sub.8 H.sub.10 N.sub.3 O.sub.4 P:
PAR  Calculated: 39.51% C; 4.15% H; 17.28% N; 12.74% P.
PAR  Found: 39.2% C; 4.2% H; 17.5% N; 12.4% P.
PAC  EXAMPLE 6
PAC  Study of the Insecticidal Properties
PAR  The following studies were conducted with the compound
      2-(diethoxythiophosphoryloxy)-6-chloro-imidazo-(1,2b)pyridazine called
      hereafter compound A. Similar results can be obtained with any of the
      other compounds of formula I.
PAL  A. test on Blatella Germanica
PAR  This test was effected by topical application. Adult males of Blattella
      Germanica chosen based on their length, received two microliters of an
      acetonic solution of the product being tested between the second and third
      pair of legs. After the treatment, the "test insects" were held in a dim
      light at 20.degree.C and fed. The mortality was determined after 24 hours,
      48 hours and then 5 days after the treatment.
PAR  The experimental results for compound A, expressed as a percentage of
      mortality at given dosages are given in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

               Concentration in ppm                                            

     Time        1250       625        312                                     

     ______________________________________                                    

               % Mortality                                                     

     24 hours    100         95        65                                      

     48 hours    100        100        65                                      

     5 days      100        100        60                                      

     ______________________________________                                    

PAL  B. test on Blabera Fusca (larva)
PAR  The principals of the test were the same as that for Blatella germanica,
      but larvae of Blabera fusca of 1.5 to 2 cm of length were employed
      instead.
PAR  Table II gives the experimental results for compound A, as a percent of
      mortality.
TBL                TABLE II                                                    

     ______________________________________                                    

                Concentration in ppm                                           

     Time         5000          1250                                           

     ______________________________________                                    

                % Mortality                                                    

     24 hours     100           47                                             

     48 hours     100           53                                             

     5 days       100           53                                             

     ______________________________________                                    

PAL  C. test on Sitophilus Granarius
PAR  This test was effected by topic application. Acetonic solutions of compound
      A were prepared corresponding to 5000 mg and 500 mg of active material per
      liter. 0.2 .mu. 1 of the acetonic solution of compound A were placed on
      the ventral thorax of the test Sitophilus granarius. The test was made on
      50 individuals for each concentration. The number of individuals remaining
      alive and those dead were counted at different intervals of time.
PAR  The activity of compound A as expressed as a percent of morality is given
      in Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

                Concentration in ppm                                           

     Time         5000          500                                            

     ______________________________________                                    

                % Mortality                                                    

      4 hours     100            57                                            

     24 hours     100           100                                            

     5 days       100           100                                            

     ______________________________________                                    

PAL  D. test on Musca Domestica
PAR  This test was effected by topic application. The flies received 1
      microliter of an acetonic solution of the product tested on the dorsal
      thorax after having been put to sleep with ether. The insects were then
      held at 20.degree.C and 50% relative humidity. They were fed with milk or
      with water. The morality was determined 1 hour, then 24 hours after the
      treatment.
PAR  The experimental results for component A, expressed as a percentage of
      mortality, are given in Table IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

            Concentration in ppm                                               

     Time     5000      2500      500     100                                  

     ______________________________________                                    

            % Mortality                                                        

      1 hour  100       100       100     31                                   

     24 hours 100       100       100     96                                   

     ______________________________________                                    

PAL  E. test on Aphis Fabae
PAR  This test was effected by contact-ingestion on bean plants (Vicia faba).
      After spraying 4 cc of solution of the product to be tested, which gives a
      complete wetting of the plant, the plants were infested by placing on each
      bean plant 20 wingless adult individuals. The bean plants were then
      wrapped with gauze in order to hinder the escape of the aphids. Thereafter
      the living and dead aphids were counted as a function of time. The results
      were expressed as a percent of Abbott efficacy (corrected according to the
      Abbott formula in order to eliminate natural mortality).
PAR  The results with respect to compound A are given in Table V.
TBL                TABLE V                                                     

     ______________________________________                                    

                Concentration in ppm                                           

     Time         100           10                                             

     ______________________________________                                    

                % Abbott efficacy                                              

      2 hours     95            0                                              

     24 hours     98             48                                            

     48 hours     100           100                                            

     ______________________________________                                    

PAL  F. test on Night Moths (Spodoptera Littoralis)
PAR  This test was made on caterpillars of Spodoptera littoralis of 1 to 1.5 cm,
      aged on the average of 10 days. The test was made by ingestion, 4 cc of an
      acetonic solution of the product being tested was applied to pieces of
      lettuce of about 8 mm in diameter which were then placed in closed plastic
      boxes having a diameter of 5 cm. Fifteen caterpillars wer employed in each
      treatment.
PAR  The caterpillars were held at 20.degree.C and 50% relative humidity and
      were fed when they ingested the pellets of treated lettuce. The percent
      mortality was determined 1 hour, 24 hours and 48 hours after treatment.
PAR  The experimental results for compound A as expressed as a percent of
      mortality are given in Table VI.
TBL                TABLE VI                                                    

     ______________________________________                                    

               Concentration in ppm                                            

     Time        500        250        125                                     

     ______________________________________                                    

               % Mortality                                                     

      1 hour      10        0          0                                       

     24 hours    100        60          40                                     

     48 hours    100        100        100                                     

     ______________________________________                                    

PAL  G. test on larvae of the Domestic Fly (Musca Domestica)
PAR  This test was effected by contact-ingestion. It consisted in placing 2 cc
      of an acetonic solution of different concentrations of the product being
      tested on 1gm of bran, placed on a watch glass. The solvent was allowed to
      evaporate, then the treated bran was placed in a plastic box. 2 cc of milk
      were added and, after mixing, the bran was contaminated with 20 larvae of
      domestic flies, aged 3 to 4 days.
PAR  Three repeated tests were made for each concentration. The larvae were held
      at 20.degree.C and 30% relative humidity. The percent morality was
      determined 48 hours and 8 days after treatment.
PAR  The results for compound A, expressed as percent mortality, are given in
      Table VII.
TBL                TABLE VII                                                   

     ______________________________________                                    

               Concentration in ppm                                            

     Time        5000       500        50                                      

     ______________________________________                                    

               % Mortality                                                     

     48 hours    100        78         75                                      

     8 days      100        89         67                                      

     ______________________________________                                    

PAL  H. test on Ceratitis Capitata
PAR  This test was effected by topic application. Acetonic solutions of compound
      A were prepared corresponding to 1000 mg, 100 mg and 10 mg of active
      material per liter. 1 .mu.l of the acetonic solutions of compound A was
      placed on the dorsal thorax of Ceratitis Capitata flies aged 2 to 3 days.
      The test was made on fifty individuals at each concentration. The number
      of living flies and those dead were counted at different intervals of
      time.
PAR  The activity of compound A, as expressed as percent mortality, is given in
      Table VIII.
TBL                TABLE VIII                                                  

     ______________________________________                                    

                    % Mortality                                                

     mg of Compound A/1 or                                                     

     Nanogram/insect  2 hours     24 hours                                     

     ______________________________________                                    

     1000             100         100                                          

     100              98          100                                          

     10               37.2        68.6                                         

     ______________________________________                                    

PAL  I. conclusions
PAR  The different tests utilized demonstrate the interesting insecticidal
      properties of
      2-(diethoxythiophosphoryloxy)-6-chloro-imidazo(1,2b)pyridazine (compound
      A). As indicated, the other compounds of formula I have comparable
      insecticidal properties.
PAR  The preceding specific embodiments are illustrative of the practice of the
      invention. It is to be understood, however, that other expedients known to
      those skilled in the art or disclosed herein, may be employed without
      departing from the spirit of the invention or the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Substituted imidazo(1,2b)pyridazinyl esters having the formula
      ##SPC11##
PAL  wherein R.sub.1 is a member selected from the group consisting of hydrogen
      and halogen, Y is a member selected from the group consisting of oxygen
      and sulfur, X is alkyl having 1 to 6 carbon atoms, and Z is a member
      selected from the group consisting of hydrogen and --COOR', wherein R' is
      alkyl having 1 to 6 carbon atoms.
NUM  2.
PAR  2. The substituted imidazo(1,2b)pyridazinyl esters of claim 1 wherein
      R.sub.1 is halogen.
NUM  3.
PAR  3. The substituted imidazo(1,2b)pyridazinyl esters of claim 1 wherein
      R.sub.1 is hydrogen.
NUM  4.
PAR  4. The substituted imidazo(1,2b)pyridazinyl esters of claim 1 wherein said
      ester is 2-(dimethoxythiophosphoryloxy)-6-chloro-imidazo(1,2b)pyridazine.
NUM  5.
PAR  5. The substituted imidazo(1,2b)pyridazinyl esters of claim 1 wherein said
      ester is 2-(diethoxythiophsophoryloxy)-6-chloro-imidazo(1,2b)pyridazine.
NUM  6.
PAR  6. The substituted imidazo(1,2b)pyridazinyl esters of claim 1 wherein said
      ester is
      2-(diethoxythiophosphoryloxy)-3-carbethoxy-6-chloro-imidazo(1,2b)-pyridazi
     ne.
NUM  7.
PAR  7. The substituted imidazo(1,2b)pyridazinyl esters of claim 1 wherein said
      ester is 2-(diethoxythiophosphoryloxy)-imidazo(1,2b)pyridazine.
NUM  8.
PAR  8. The substituted imidazo(1,2b)pyridazinyl esters of claim 1 wherein said
      ester is 2-(dimethoxyphosphoryloxy)-imidazo(1,2b)pyridazine.
NUM  9.
PAR  9. A compound of claim 1 wherein R.sub.1 is hydrogen or chlorine.
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ABST
PAL  Hydroxyalkyl and aryl or heterocyclic
      substituted-4,5-dihydropyridazin(2H)-3-ones and diazabicyclo-ene-ones
      e.g., 6-(p-chloro-phenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-on
     e are prepared by condensing 1-hydrazino-2-alkanols with aryl or
      heterocyclic-.gamma.-keto acids and are useful as central nervous system
      depressants.
PARN
PAR  This application is a continuation-in-part of copending U.S. patent
      application Ser. No. 366,670, filed June 4, 1973 now abandoned which in
      turn is a continuation-in-part of copending U.S. patent application Ser.
      No. 182,159, filed Sept. 20, 1971 now abandoned which in turn is a
      continuation-in-part of U.S. patent application, Ser. No. 166,565, filed
      July 27, 1971 now abandoned which in turn is a continuation-in-part of
      copending U.S. patent application, Ser. No. 88,976, filed Nov. 12, 1970
      now abandoned.
BSUM
PAR  This invention relates to derivatives of 4,5-dihydropyridazin(2H)-3-ones
      and diazabicyclo-ene-ones. More particularly, it relates to
      (2-hydroxyalkyl) and aryl or heterocyclic
      substituted-4,5-dihydropyridazin(2H)-3-ones and diazabicylo ene-ones, to
      methods for their preparation and to their use in pharmaceutical
      compositions.
PAR  The compounds of this invention may be represented by the following
      formula:
      ##SPC1##
PAL  Where
PA1  R is lower alkyl having 1 to 4 carbon atoms, i.e., methyl, ethyl,
      isopropyl, etc;
PA1  R.sub.1, r.sub.2, r.sub.3, and R.sub.4 each independently represent
      hydrogen or lower alkyl having 1 to 4 carbon atoms or
PA1  R.sub.1 and R.sub.4 represent hydrogen and
PA1  R.sub.2 and R.sub.3 together represent
      ##EQU1##
      WHERE N IS 2, 3, OR 4 AND
PAR  A represents
      ##SPC2##
PAL  Where
PA1  R.sup.7 represents hydrogen; halo having an atomic weight of from about 19
      to 36 or straight chain lower alkyl having 1 to 4 carbon atoms; and
PA1  R.sub.5 and R.sub.6 each independently represent hydrogen, halo having an
      atomic weight of about 19 to 36, trifluoromethyl or lower alkyl having 1
      to 4 carbon atoms
PAL  Provided that when both R.sup.5 and R.sup.6 represent trifluoromethyl, they
      are on other than adjacent carbon atoms and that at least one of R.sup.5,
      R.sup.6 and R.sup.7 is hydrogen.
PAR  The compounds of formula (I) are prepared in accordance with the following
      process:
      ##SPC3##
PAL  Where R,R.sub.1, R.sub.2, R.sub.3, R.sub.4, A and the proviso are as set
      out above.
PAR  The compounds of formula (I) are prepared by condensing a
      .gamma.-ketobutyric acid of formula (II) with a 1-hydrazino-2-alkanol of
      formula (III). The reaction is preferably run in inert solvents, e.g.,
      aromatic and chloro substituted aromatic hydrocarbons, especially toluene,
      xylene, chlorobenzene and dichlorobenzene. The condensation may be carried
      out by heating a mixture of a compound of formula (II) and a compound of
      formula (III) in an inert solvent at temperatures of from about 60.degree.
      to 200.degree.C., preferably at the reflux temperatures of the system.
      Neither the particular solvent nor the temperature at which the reaction
      is carried out is critical.
PAR  The condensation can also be carried out in the presence of an acid
      catalyst, such as an arylsulfonic acid, e.g., para-toluene sulfonic acid
      monohydrate. Preferably, the water formed during the reaction is removed
      by selecting a solvent which forms an azeotrope with water but is water
      immiscible, thereby permitting use of a Dean-Stark tube to remove the
      water from the reaction system. While the compound of formula (II),
      theoretically, react with compounds of formula (III) in a molar ratio of
      1:1 to form the corresponding compounds of formula (I), it is preferred
      that the condensation be carried out using a molar excess, e.g., 10 to
      100% of the compound of formula (III). The final product is recovered by
      conventional techniques, e.g., evaporation and recrystallization.
PAR  The compounds of formula (I) can also be prepared in accordance with the
      following process:
      ##SPC4##
PAL  where
PA1  M is an alkali metal;
PA1  X is halo having an atomic weight of about 35 to 80;
PA1  Y is hydroxy or
PA1  X and Y together represent --O-- and
PA1  R, r.sub.1, r.sub.2, r.sub.3, r.sub.4, a and the proviso are as set out
      above
PAR  The compounds of formula (I) are prepared by treating a compound of formula
      (IV) with an alkali metal hydride and then treating the intermediate (IVa)
      with a compound of formula (V) in an inert solvent at a temperature not
      above 50.degree.C preferably in an inert atmosphere. The inert atmosphere
      can be any of the usual inert gases, e.g., argon, helium or nitrogen,
      preferably nitrogen. The alkali metal hydride can be lithium, sodium or
      potassium hydride, preferably sodium hydride. Although the particular
      solvent used is not critical dimethylformamide (DMF), dimethylacetamide
      (DMA), aliphatic hydrocarbons such as hexane and heptane, and aromatic
      hydrocarbons such as benzene and toluene are preferred. DMF or DMA or
      mixtures of DMF or DMA with aromatic hydrocarbons are especially
      preferred. The particular temperature used is not critical, but it is
      preferred that the reaction be run at 10.degree. to 50.degree.C,
      especially 15.degree. to 30.degree.C. For optimum results, the reaction
      should be run for 6 to 24 hours, preferably 6 to 16 hours. The product is
      recovered using conventional techniques, e.g., evaporation. The compounds
      of formula (I) can also be prepared by the following process:
      ##SPC5##
PAL  where R,R.sub.1, R.sub.2, R.sub.3, R.sub.4, A and the proviso are set out
      above.
PAR  The compounds of formula (I) are prepared by reducing a compound of formula
      (VI) with an alkali metal borohydride in an aqueous solvent. The alkali
      metal borohydride can be lithium, sodium or potassium borohydride,
      preferably sodium borohydride. The aqueous solvent can be water or water
      plus an inert water miscible organic solvent, preferably lower alkanols,
      such as methanol, ethanol or isopropanol. The temperature of the reaction
      is not critical; and the process can be carried at from 20.degree.C to
      100.degree.C preferably 50.degree. to 75.degree.C. For optimum results the
      reaction should be run for about 2 to 6 hours. The product is recovered by
      conventional methods, e.g. evaporation.
PAR  The compounds of formula (VI) are prepared in accordance with the following
      flow diagram:
      ##SPC6##
PAL  where R, R.sub.1, R.sub.2, R.sub.3, R.sub.4, A, M and X are as defined
      above.
PAR  The reaction conditions for preparing compound (VI) are the same as in the
      process above for preparing compound (I) from compounds (IVa) and (V).
PAR  Certain of the compounds of formulas (II) (III), (IV), (IVa), (V) and (Va)
      are known and can be prepared by methods described in the literature. The
      compounds of formulas (II), (III), (IV), (IVa), (V) and (Va) not
      specifically disclosed can be prepared from known starting materials by
      methods analogous to those described in the literature.
PAR  The compounds of formula (I) in which R.sup.2 and R.sup.3 represent
      ##EQU2##
      exist as geometrical isomers, (isomer A and isomer B). These isomers can
      be separated by conventional means e.g., fractional crystallization, and
      both forms are included in this invention. All of the compounds of formula
      (I) also occur as optical isomers, which can be separated by conventional
      means; and these isomer forms are also included in this invention.
PAR  The compounds of formula (I) are useful because they possess
      pharmacological activity in animals. In particular, the compounds are
      useful as central nervous system depressants, especially as minor
      tranquilizers, anti-convulsants, and muscle relaxants as indicated (1) by
      their ability to produce docility in behavior tests in mice given 25 to
      200 milligrams per kilogram of animal body wieght, i.p. of the test
      compound according to the 30-word adjective check sheet system basically
      as described by Irwin, S. (Gordon Research Conference, Medicinal Chemistry
      1959) and Chen (Symposium on Sedative and Hypnotic Drugs, Williams and
      Wilkins, 1954); (2) by the method of Orloff, et al. (Proc. Soc. Exp.
      Biol., 70:254, 1949) using mice given 25 to 200 milligrams per kilograms
      of animal body weight, i.p. of the test compound after convulsive seizures
      are chemically induced with strychnine and metrazol; (3) by the convulsive
      seizure antagonism procedure in which 25 to 200 milligrams per kilogram of
      animal body weight of the test compound is administered intraperitoneally
      to 20 mice followed 1 hour later by 50 milligrams per kilogram of animal
      body weight, i.p. of N-sulfamoylazepine, a compound which causes a
      convulsant sequence including tonic convulsions and death similar to those
      seen with pentylenetetrazol; (4) by the hexobarbital reinduction method of
      Winter (J. Pharmacol & Exp. Therap., 97:7, 1948) in which reinduction of
      of anesthesia after recovery from hexobarbital induced anesthesia is used
      to determine sedative hypnotic activity in mice given 70 milligrams per
      kilogrma of animal body weight, i.p. of hexobarbital followed immediately
      after the mice regain their righting reflexes by 25 to 200 milligrams per
      kilogram of animal body weight, i.p. of the test compound and (5) by their
      ability to depress spinal reflexes measured by flexor and patellar
      responses using force displacement transducers in male cats given 2.5 to
      20 milligrams per kilogram of animal body weight, i.v. of the test
      compound.
PAR  When the compounds are employed for the above utilities, they may be
      combined with one or more pharmaceutically acceptable carriers or
      adjuvants, and may be administered orally in such forms as tablets,
      capsules, elixirs, suspensions and the like parenterally in the form of an
      injectable solution or suspension or in special forms such as
      suppositories and the like. Depending upon the compound employed and the
      mode of administration the exact dosage utilized may vary.
PAR  However, in general, satisfactory results are obtained when the compounds
      are administered as minor tranquilizers, anti-convulsants or muscle
      relaxants at a daily dosage of from about 1 milligram to 200 milligrams
      per kilogram of animal body weight. This daily dosage is preferably given
      in divided doses, e.g., 2 to 4 times a day, or in sustained release form.
      For most large mammals, the total daily dosage is from about 75 to 2000
      milligrams; preferably 75 to 500 milligrams; and dosage forms suitable for
      internal administration comprise from about 19 milligrams to about 1000
      milligrams preferably 19 to 250 milligrams of the compound in admixture
      with a solid or liquid pharmaceutical carrier or diluent.
PAR  The preferred compounds of formula (I) are those in which R is ethyl, Ar is
      a substituted phenyl, and each of R.sub.1, R.sub.2, R.sub.3 and R.sub.4
      are hydrogen. The compounds of formula (I) in which R is ethyl, each of
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are hydrogen, and A is
      p-chlorophenyl, or 3,4-dichlorophenyl are especially useful as muscle
      relaxants.
PAR  Tablets and capsules containing the ingredients indicated below may be
      prepared by conventional techniques and are useful as muscle relaxants and
      in treating tension and anxiety at a dose of one tablet or capsule 2 to 4
      times a day.
TBL  ______________________________________                                    

     Ingredients       Weight (mg)                                             

     ______________________________________                                    

                     tablet     capsule                                        

     6-(2,4-dichlorophenyl)-2-(2-                                              

     hydroxybutyl)-4,5-dihydropy-                                              

     ridazin-(2H)-3-one                                                        

                       100          100                                        

     tragacanth        10           --                                         

     lactose           147.5        200                                        

     corn starch       25                                                      

     talcum            15                                                      

     magnesium stearate                                                        

                       2.5                                                     

     Total             300 mg.      300 mg.                                    

     ______________________________________                                    

PAR  Similarly, tablets and capsules containing 50 milligrams per tablet or
      capsule of 6-(p-chlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin
      (2H)-3-one in place of the
      6-(3,4-dichlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one
      can be prepared in the same manner as above and are useful as muscle
      relaxants and in treating anxiety and tension at a dose of one tablet or
      capsule 2 to 4 times a day.
PAR  The following pharmaceutical compositions are formulated with the indicated
      amount of active agent using conventional techniques. The injectable
      suspension and the oral liquid suspension represent formulations useful as
      unit doses and may be administered as muscle relaxant or in the treatment
      of tension or anxiety. The injectable suspension is suitable for
      administration twice a day whereas the oral liquid suspension is suitable
      administered 2 to 4 times per day for this purpose.
TBL  __________________________________________________________________________

     Ingredient               Weight (mg)                                      

     __________________________________________________________________________

                              Injectable                                       

                                     Oral Suspension                           

     6-(3,4-dichlorophenyl)-2-(2-hydroxybutyl                                  

     4,5-dihydropyridazin-(2H)-3-one                                           

                              50     50                                        

     sodium carboxy methyl cellulose U.S.P.                                    

                              1.25   12.5                                      

     methyl cellulose         0.4    --                                        

     polyvinylpyrrolidone     5      --                                        

     lecithin                 3      --                                        

     benzyl alcohol           0.01   --                                        

     magnesium aluminum silicate                                               

                              --     47.5                                      

     flavor                   --     q.s.                                      

     color                    --     q.s.                                      

     methyl paraben, USP      --     4.5                                       

     propyl paraben, U.S.P    --     1.0                                       

     polysorbate 80 (e.g. Tween 80), U.S.P.                                    

                              --     5                                         

     sorbitol solution, 70%, USP                                               

                              --     2,500                                     

     buffer agent to adjust pH for desired stability                           

                              --     q.s.                                      

     water                    for injection                                    

                                     q.s. to 5 ml.                             

                              q.s. to 1 ml.                                    

     __________________________________________________________________________

PAR  Similarly, injectable and oral solution unit doses containing an equivalent
      amount of 6-(p-chlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin-
      (2H)-3-one in place of the
      6-(3,4-dichlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin- (2H)-3-one
      can be prepared in the same manner as above and are useful as muscle
      relaxants and in treating anxiety and tension when administered 2 to 4
      times a day for these purposes.
PAC  EXAMPLE 1
PAC  6-(p-Chlorophenyl)-2-(2-Hydroxybutyl)-4,5-Dihydropyridazin(2H)-3-One
PAR  To a flask equipped with a condenser, Dean-Stark tube and stirrer is added
      10.6 g (0.05 mole) of 3-(p-chlorobenzoyl)-propionic acid, 6.2 g (0.06
      mole) of 1 hydrazino-2-butanol and 250 ml of toluene. The mixture is
      stirred and refluxed until water ceases to separate in the Dean-Stark
      tube. The solvent is then removed in vacuo on a rotary evaporator and the
      residue is crystallized from ether to obtain
      6-(p-chlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one, mp
      95.5.degree. - 97.degree.C.
PAR  The 6-(p-chlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one of
      this example is useful as a muscle relaxant when administered at a dose of
      50 milligrams 2 to 4 times a day.
PAR  Following the above procedure, but using an equivalent amount of
      3-(p-fluorobenzoyl)-propionic acid; 3-(3,4-dichlorobenzoyl)-propionic
      acid; 3-(p-trifluoromethylbenzoyl)-propionic acid;
      3-(3-methyl-4-chlorobenzoyl)-propionic acid or
      3-(2,4-dichlorobenzoyl)-propionic acid in place of the
      3-(p-chlorobenzoyl)-propionic acid, there is obtained
      6-(p-fluorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one (m.p.
      85.degree. - 87.degree.C.),
      6(3,4-dichlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one
      (m.p. 106.5.degree.-108.degree.C),
      6-(p-trifluoromethylphenyl)-2-(2-hydroxybutyl-4,5-dihydropyridazin(2H)-3-o
     ne,
      6-(3-methyl-4-chlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-
     one(m.p. 92.5.degree.-94.degree.C) or
      6-(2,4-dichlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one,
      respectively.
PAR  When the above procedure is carried out using equivalent amounts of
      3-(p-fluorobenzoyl)-propionic acid and 1-hydrazino-2-hexanol,3-(3,4
      dichlorobenzoyl)-propionic acid and 1-hydrazino -2-propanol or
      3-(3,4-dichlorobenzoyl)-propionic acid and 1-hydrazino-2-hexanol in place
      of the 3-(p-chlorobenzoyl)-propionic acid and 1-hydrazino-2-butanol used
      therein, there is obtained
      3-(p-fluorophenyl)-2-(2-hydroxyhexyl-4,5-dihydropyridazin (2H)-3-one(m.p.
      75.degree.-77.degree.C)
      3-(3,4-dichlorophenyl)-2-(2-hydroxypropyl)-4,5-dihydropyridazin (2H)-3-one
      (m.p. 108.5.degree. - 100.degree.C) or
      3-(3,4-dichlorophenyl)-2-(2-hydroxyhexyl)-4,5-dihydropyridazin
      (2H)-3-one(m.p. 80.degree.-81.degree.C) respectively.
PAC  EXAMPLE 2
PAC  2-(2-Hydroxybutyl)-6-(2-Thienyl)-4,5-Dihydropyridazin(2H)-3-One
PAR  Following the procedure of Example 1. but using an equivalent amount of
      3-(2-thenoyl)-propionic acid in place of the 3-(p-chlorobenzoyl)-propionic
      acid used therein, there is obtained
      6-(2-thienyl)-2-(hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one; mp
      75.degree. - 78.degree.C.
PAR  When 3-picolinoyl propionic acid is used in place of
      3-(2-thenoyl)-propionic acid in the above process,
      6-(2-pyridyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one is
      obtained.
PAR  When the procedure of Example I is carried out using equivalent weights of
      3-(2-thenoyl)-propionic acid in place of the 3-(p-chlorobenzoyl)-propionic
      acid used therein and 1-hydrazino-2-propanol or 1-hydrazino-2-hexanol in
      place of the 1-hydrazino-2-butanol, there is obtained
      6-(2-thienyl)-2-(2-hydroxypropyl)-4,5-dihydropyridazin (2H)-3-one (m.p.
      74.degree. - 77.degree.C), or
      6-(2-thienyl)-2-(2-hydroxyhexyl)-4,5-dihydropyridazin(2H)-3-one(m.p.
      92.degree. - 93.5.degree.C) respectively.
PAC  EXAMPLE 3
PAC  2-(p-Chlorophenyl)-4-(2-Hydroxybutyl)-3,4-Diazabicyclo-[4.2.0]oct-2-ene-5-O
     ne
PAR  Into a flask equipped with a stirrer, heating mantle and Dean-Stark water
      separator is charged 7.2 g (0.30 mole) of a mixture of cis-and
      trans-2-p-chlorobenzoylcyclobutane carboxylic acid, 3.5g(0.033 mole) of
      1-hydrazino-2-butanol and 100 ml. of toluene. The mixture is stirred and
      refluxed until the water layer in the Dean-Stark tube remains constant
      (ca. 5 hr). The solvent is removed in vacuo on a rotary evaporator, and
      the residue is dissolved in hot diethyl ether and allowed to cool to room
      temperature. The resultant solid is filtered off and yields
      2-(p-chlorophenyl)-4-(2-hydroxybutyl) 3,4-diazabicyclo
      [4.2.0]-oct-2-ene-5-one (Isomer B;m.p. 133.degree.-135.degree.). The
      filtrate is further concentrated to give Isomer A (m.p. 115.5.degree. -
      119.degree.C).
PAR  Following the above procedure using equivalent weight of cis-,
      trans-2-p-chlorobenzoylcyclohexane carboxylic acid in place of the cis-,
      trans-2-p-chlorobenzoylcyclobutane carboxylic acid, there is obtained
      4-(p-chlorophenyl)-2-(2-hydroxybutyl)4a, 5, 6, 7, 8,
      8a-hexahydrophthalazin(2H)-1-one (isomer A; m.p.
      130.5.degree.-134.degree.C and Isomer B; m.p.
      102.5.degree.-105.5.degree.C).
PAR  When essentially the same process described above is carried out using an
      equivalent amount of 3-p-chlorobenzoyl butanoic acid;
      3-p-chlorobenzoyl-2,2-dimethyl propionic acid or
      3-p-chlorobenzoyl-2-methyl propionic acid in place of the
      cis-,trans-2-p-chlorobenzoylcyclobutanecarboxylic acid, there is obtained
      6-(p-chlorophenyl)-2-(2-hydroxybutyl)-5-methyl-4,5-dihydropyridazin
      (2H)-3-one (m.p.
      90.5.degree.-91.5.degree.C);6-(p-chlorophenyl)-4,4-dimethyl-2-(2-hydroxybu
     tyl)-4,5-dihydropyridazin (2H)-3-one (m.p. 75.degree.-76.degree.C) or
      6-(p-chlorophenyl)-2-(2-hydroxybutyl)-4-methyl-4,5-dihydropyridazin(2H)-3-
     one (m.p. 77.degree.-79.degree.C)
PAC  EXAMPLE 4
PAC  6-(p-Chlorophenyl)-2-(2-Hydroxybutyl)-4,5-Dihydropyridazin(2H)-3-One
PAR  Into a flask equipped with stirrer, condenser and thermometer are charged
      10.5 g (0.05 mole) of 6-p-chlorophenyl-4,5-dihydro pyridazin (2H)-3-one
      and 150 ml dry dimethylformamide under a blanket of nitrogen gas. To this
      mixture is added, in one portion, 1.3 g (0.055 mole) of sodium hydride as
      a 50% mineral oil suspension (2.6g). The mixture is stirred for about 4
      hours at room temperature and then 9.2 g (0.060 mole ) of
      1-bromo-2-butanol in 50ml dry DMF is added dropwise. The reaction mixture
      is maintained at an internal temperature of 20.degree. .+-. 5.degree.C and
      allowed to stand for 15 hours. The solvent is removed in vacuo and the
      residue is treated with 100 ml water and 100 ml of methylene chloride. The
      organic layer is separated and dried with magnesium sulphate. After
      filtration and removal of the solvent, there is obtained
      6-(p-chlorophenyl) -2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one,
      m.p. 95.5.degree.-97.degree.C.
PAR  Following the above procedure but using an equivalent amount of
      2-ethyloxirane in place of the 1-bromo-2-butanol, the same product is
      obtained.
PAR  When the process of this example is carried out using either
      1-bromo-2-butanol or 2-ethyloxirane and an equivalent amount of the
      following:
PA1  a. 6-(2,4-dichlorophenyl)-4,5-dihydropyridazin(2H)-3-one
PA1  b. 6-(p-fluorophenyl)-4,5-dihydropyridazin(2H)-3-one
PA1  c. 6-(3,4-dichlorophenyl)-4,5-dihydropyridazin(2H)-3-one
PA1  d. 6-(p-trifluoromethylphenyl)-4,5-dihydropyridazin (2H)-3-one
PA1  e. 6-(3-methyl-4-chlorophenyl)-4,5-dihydropyridazin(2H)-3-one
PA1  f. 6-(2-methyl-4-chlorophenyl)-4,5-dihydropyridazin(2H)-3-one
PA1  g. 6-(2,4-dichlorophenyl)-4,5-dihydropyridazin(2H)-3-one
PA1  h. 6-(2-thienyl-4,5-dihydropyridazin(2H)-3-one
PA1  i. 6-(2-pyridyl)-4,5-dihydropyridazin(2H)-3-one
PA1  j. 6-(p-chlorophenyl)-5-methyl-4,5-dihydropyridazin(2H)-3-one
PA1  k. 6-(p-chlorophenyl)-4,4-dimethyl-4,5-dihydropyridazin(2H)-3-one
PA1  l. 6-(p-chlorophenyl)-4-methyl-4,5-dihydropyridazin(2H)-3-one
PA1  m. cis-, trans-2-(p-chlorophenyl)-3,4-diazabicyclo[4.2.0]-oct-2-ene-5-one
      or
PA1  n. cis-,trans-4-(p-chlorophenyl)-4a,5,6,7,8,8a-hexahydrophthalazin
      (2H)-1-one
PAL  in place of the 6-p-chlorophenyl-4,5-dihydropyridazin(2H)-3-one used
      therein, there is obtained
PA1  a. 6-(2,4-dichlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one
PA1  b. 6-(p-fluorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin (2H)-3-one
PA1  c. 6-(3,4-dichlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin
      (2H)-3-one
PA1  d. 6-(p-trifluoromethylphenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazine
      (2H)-3-one
PA1  e. 6-(3-methyl-4-chlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazine
      (2H)-3-one
PA1  f.
      6-(2-methyl-4-chlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-
     one
PA1  g. 6-(2,4-dichlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin
      (2H)-3-one
PA1  h. 6-(2-thienyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one, m.p.
      75.degree.-78.degree.C
PA1  i. 6-(2-pyridyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one
PA1  j. 6-(p-chlorophenyl)-2-(2-hydroxybutyl)-5-methyl-4,5-dihydopyridazin
      (2H)-3-one
PA1  k. 6-(p-chlorophenyl)-2-(2-hydroxybutyl)-4,4-dimethyl-4,5-dihydropyridazin
      (2H)-3-one
PA1  l. 6-(p-chlorophenyl)-2-(2-hydroxybutyl)-4-methyl-4,5-dihydropyridazin
      (2H)-3-one
PA1  m. cis-,trans-2-(p-chlorophenyl)-4-(2-hydroxybutyl)-3,4-diazabicyclo
      [4.2.0]-oct-2-ene-5-one or
PA1  n.
      cis-,trans-4(p-chlorophenyl)-2-(2-hydroxybutyl)-4a,5,6,7,8,8a-hexahydropht
     halazin-(2H)-1-one respectively.
PAR  When the above process is carried out using equivalent weights of
      6-(p-fluorophenyl)-4,5-dihydropyridazin (2H)-3-one and 1-bromo-2-hexanol,
      6-(3,4-dichlorophenyl)-4,5-dihydropyridazin (2H)-3-one and
      1-bromo-2-propanol, 6-(3,4-dichlorophenyl)-4,5-dihydropyridazin
      (2H)-3-one-and 1-bromo-2-hexanol, 6-(2-thienyl)-4,5-
      dihydropyridazin(2H)-3-one and 1-bromo-2-propanol or
      6-(2-thienyl)-4,5-dihydropyridazin (2H)-3-one and 1-bromo-2-hexanol in
      place of the 6-p-chlorophenyl-4,5-dihydropyridazin(2H)-3-one and
      1-bromo-2-butanol used therein, there is obtained
      6-(p-fluorophenyl)-2-(2-hydroxyhexyl)-4,5-dihydropyridazin(2H)-3-one,
      6-(3,4-dichlorophenyl)-2-(2-hydroxypropyl)-4,5-dihydropyridazin
      (2H)-3-one, 6-(3,4-dichlorophenyl)-2-(2-hydroxyhexyl)-4,5-dihydropyridazin
     (2H)-3-one,
      6-(2-thienyl)-2-(2-hydroxypropyl)-4,5-dihydropyridazin(2H)-3-one or
      6-(2-thienyl)-2-(2-hydroxyhexyl)-4,5-dihydropyridazin(2H)-3-one
      respectively.
PAC  EXAMPLE 5
PAC  6-(3,4-Dichlorophenyl)-2-(2-Hydroxybutyl)-4,5-Dihydropyridazine(2H)-3-One
PAL  a. 6-(3,4-Dichlorophenyl)-2-(2-Oxobutyl)-4,5-Dihydropyridazin(2H)-3-One
PAR  In manner analogous to Example 4, but employing, in place of the
      6-(p-chlorophenyl)-4,5-dihydropyridazin (2H)-3-one, an approximately
      equivalent amount of 6-(3,4-dichlorophenyl)-4,5-dihydropyridazin
      (2H)-3-one, and in place of the 1-bromo-2-butanol, an approximately
      equivalent amount of 1-bromo-2-butanone, the title compound is obtained,
      m.p. 164.degree.-165.degree.C.
PAL  b. 6-(3,4-Dichlorophenyl)-2-(2-Hydroxybutyl)-4,5-Dihydropyridazin(2H)-3-One
PAR  To a flask, equipped with a stirrer and condenser, is charged 3.53 g (0.01
      mole) of 6-(3,4-dichlorophenyl)-2-(2-oxobutyl)-4,5-dihydropyridazin
      (2H)-3-one, and 50 ml of methanol. The mixture is stirred and 0.4 g of
      sodium borohydride is added, portion wise, over a period of 5 minutes. The
      mixture is refluxed for 4 hours and cooled to room temperature. Acetic
      acid is carefully added until the pH (litmus) is 7. The organic phase is
      concentrated in vacuo to yield the title compound.
PAR  When the above process is carried out using an equivalent amount of:
PA1  a. 6-p-fluorophenyl-4,5-dihydropyridazin (2H)-3-one
PA1  b. 6-(p-chlorophenyl)-4,5-dihydropyridazin(2H)-3-one
PA1  c. 6-(p-trifluoromethylphenyl)-4,5-dihydropyridazin(2H)-3-one
PA1  d. 6-(3-methyl-4-chlorophenyl)-4,5-dihydropyridazin(2H)-3-one
PA1  e. 6-(2,4-dichlorophenyl)-4,5-dihydropyridazin(2H)-3-one
PA1  f. 6-(2-thienyl)-4,5-dihydropyridazin(2H)-3-one
PA1  g. 6-(2-pyridyl)-4,5-dihydropyridazin(2H)-3-one
PA1  h. 6-(p-chlorophenyl)-5-methyl-4,5-dihydropyridazin(2H)-3-one
PA1  i. 6-(p-chlorophenyl)-4,4-dimethyl-4,5-dihydropyridazin (2H)-3-one
PA1  j. 6-(p-chlorophenyl)-4-methyl-4,5-dihydropyridazin (2H)-3-one
PA1  k. cis-, trans-2-(p-chlorophenyl)-3,4-diazabicyclo[4.2.0]  oct-2-ene-5-one
      or
PA1  l. cis-, trans-4-(p-chlorophenyl)-4a,
      5,6,7,8,8a-hexahydrophthalazin(2H)-1-one
PAL  in place of the 6-(3,4-dichlorophenyl)-4,5-dihydropyridazin(2H)-3-one used
      therein, there is obtained before reduction in step (b),
PA1  a. 6-(p-fluorophenyl)-2-(2-oxybutyl)-4,5-dihydropyridazine-(2H)-3-one
PA1  b. 6-(p-chlorophenyl)-2-(2-oxybutyl)-4,5-dihydropyridazin(2H)-3-one
PA1  c. 6-(p-trifluoromethylphenyl)-2-(2-oxybutyl)-4,5-dihydropyridazin
      (2H)-3-one
PA1  d.
      6-(3-methyl-4-chlorophenyl)-2-(2-oxybutyl)-4,5-dihydropyridazine(2H)-3-one
PA1  e. 6-(2,4-dichlorophenyl)-2-(2-oxybutyl)-4,5-dihydropyridazine-(2H)-3-one
PA1  f. 6-(2-thienyl)-2-(2-oxybutyl)-4,5-dihydropyridazin (2H)-3-one, m.p.
      75.degree.-78.degree.C
PA1  g. 6-(2-pyridyl)-2-(2-oxybutyl)-4,5-dihydropyridazin-(2H)-3-one
PA1  h. 6-(p-chlorophenyl)-2-(2-oxybutyl)-5-methyl-4,5-dihydropyridazin
      (2H)-3-one
PA1  i. 6-(p-chlorophenyl)-2-(2-oxybutyl)-4,4-dimethyl-4,5-dihydropyridazin
      (2H)-3-one
PA1  j. 6-(p-chlorophenyl)-2-(2-oxybutyl)-4-methyl-4,5-dihydropyridazin
      (2H)-3-one
PA1  k. cis-,trans-2-(p-chlorophenyl)-4-(2-oxybutyl)-3,4-diazabicyclo [4.2.0]
      oct-2-ene-5-one or
PA1  l.
      cis-,trans-4-(p-chlorophenyl)-2-(2-oxybutyl)-4a,5,6,7,8,8a-hexahydrophthal
     azin (2H)-1-one respectively;
PAL  and after reduction thereis obtained
PA1  a. 6-(p-fluorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin (2H)-3-one
PA1  b. 6-p-chlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one
PA1  c. 6-(p-trifluoromethylphenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin
      (2H)-3-one
PA1  d.
      6-(3-methyl-4-chlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-
     one
PA1  e. 6-(2,4-dichlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin
      (2H)-3-one
PA1  f. 6-(2-thienyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one one
PA1  g. 6-(2-pyridyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazine(2H)-3-one
PA1  h.
      6-(p-chlorophenyl)-2-(2-hydroxybutyl)-5-methyl-4,5-dihydropyridazin(2H)-3-
     one
PA1  i.
      6-(p-chlorophenyl)-2-(2-hydroxybutyl)-4,4-dimethyl-4,5-dihydropyridazin(2H
     )-3-one
PA1  j.
      6-(p-chlorophenyl)-2-(2-hydroxybutyl)-4-methyl-4,5-dihydropyridazin(2H)-3-
     one
PA1  k. cis-, trans-2-(p-chlorophenyl)-4-(2-hydroxybutyl)-3,4-diazabicyclo
      [4.2.0] oct-2-ene-5-one or
PA1  l.
      cis-,trans-4(p-chlorophenyl)-2-(2-hydroxybutyl)-4a,5,6,7,8,8a-hexahydropht
     halazin-(2H)-1-one respectively
PAR  When the above process is carried out using equivalent weights of the
      following
PA1  a. 6-(p-fluorophenyl)-4,5-dihydropyridazin(2H)-3-one and 1-bromo-2-hexanone
PA1  b. 6-(3,4-dichlorophenyl)-4,5-dihydropyridazin(2H)-3-one and
      1-bromo-2-propanone
PA1  c. 6-(3,4-dichlorophenyl)-4,5-dihydropyridazin(2H)-3-one and 1
      bromo-2-hexanone
PA1  d. 6-(2-thienyl)-4,5-dihydropyridazin(2H)-1-one and 1-bromo-2-propanone or
PA1  e. 6-(2-thienyl)-4,5-dihydropyridazin(2H)-3-one and 1-bromo-2-hexanone
PAL  in place of the 6-(3,4-dichlorophenyl)-4,5-dihydropyridazin(2H)-3-one and
      1-bromo-2-butanone used therein, there is obtained before reduction in
      step (b),
PA1  a. 6-(p-fluorophenyl)-2-(2-oxyhexyl)-4,5-dihydropyridazin(2H)-3-one
PA1  b. 6-(-3,4-dichlorophenyl)-2-(2-oxypropyl)-4,5-dihydropyridazin(2H)-3-one
PA1  c. 6-(3,4-dichlorophenyl)-2-(2-oxyhexyl)-4,5-dihydropyridazin(2H)-3-one
PA1  d. 6-(2-thienyl)-2-(2-oxypropyl)-4,5-dihydropyridazin(2H)-3-one
PA1  e. 6-(2-thienyl)-2-(2-oxyhexyl)-4,5-dihydropyridazin(2H)-3-one
PAL  respectively; and after reduction, there is obtained the following;
PA1  a. 6-(p-fluorophenyl)-2-(2-hydroxyhexyl)-4,5-dihydropyridazin(2H)-3-one
PA1  b. 6-(3,4-dichlorophenyl)-2-(3-hydroxypropyl)-4,5-dihydropyridazin
      (2H-3-one
PA1  c. 6-(3,4-dichlorophenyl)-2-(2-hydroxyhexyl)-4,5-dihydropyridazin(2H)-3-one
PA1  d. 6-(2-thienyl)-2-(2-hydroxypropyl)-4,5-dihydropyridazin(2H)-3-one or
PA1  e. 6-(2-thienyl)-2-(2-hydroxyhexyl)-4,5-dihydropyridazin(2H)-3-one
      respectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC7##
PAL  where
PA1  R is lower alkyl having 1 to 4 carbon atoms,
PA1  R.sub.1, r.sub.2, r.sub.3, and R.sub.4 each independently represent
      hydrogen or lower alkyl having 1 to 4 carbon atoms, and
PA1  A represents
      ##SPC8##
PAL  where
PA1  R.sup.7 represents hydrogen; fluoro, chloro or straight chain lower alkyl
      having 1 to 4 carbon atoms, and
PA1  R.sub.5 and R.sub.6 each independently represent hydrogen, fluoro, chloro,
      trifluoromethyl or lower alkyl having 1 to 4 carbon atoms
PAL  provided that when both R.sup.5 and R.sup.6 represent trifluoromethyl, they
      are on other than adjacent carbon atoms and that at least one of R.sup.5,
      R.sup.6, and R.sup.7 is hydrogen.
NUM  2.
PAR  2. The compounds according to claim 1 in which R.sub.1, R.sub.2, R.sub.3,
      and R.sub.4 are hydrogen and R is ethyl.
NUM  3.
PAR  3. The compound of claim 1 which is
      6-(p-chlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one.
NUM  4.
PAR  4. The compound of claim 1 which is
      6-(3,4-dichlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-one.
NUM  5.
PAR  5. The compound of claim 1 which is
      6-(p-fluorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-one.
NUM  6.
PAR  6. The compound of claim 1 which is
      6-(p-fluorophenyl)-2-(2-hydroxyhexyl)-4,5-dihydropyridazin(2H)-3-one.
NUM  7.
PAR  7. The compound of claim 1 which is
      6-(3,4-dichlorophenyl)-2-(2-hydroxypropyl)-4,5-dihydropyridazin(2H)-3-one.
NUM  8.
PAR  8. The compound of claim 1 which is
      6-(3,4-dichlorophenyl)-2-(2-hydroxyhexyl)-4,5-dihydropyridazin(2H)-3-one.
NUM  9.
PAR  9. The compound of claim 1 which is
      6-(3-methyl-4-chlorophenyl)-2-(2-hydroxybutyl)-4,5-dihydropyridazin(2H)-3-
     one.
NUM  10.
PAR  10. The compound of claim 1 which is
      6-(p-chlorophenyl)-2-(2-hydroxybutyl)-5-methyl-4,5-dihydropyridazin(2H)-3-
     one.
NUM  11.
PAR  11. The compound of claim 1 which is
      6-(p-chlorophenyl)-2-(2-hydroxybutyl)-4,4-dimethyl-4,5-dihydropyridazin(2H
     )-3-one.
NUM  12.
PAR  12. The compound of claim 1 which is
      6-(p-chlorophenyl)-2-(2-hydroxybutyl)-4-methyl-,4,5-dihydropyridazin(2H)-3
     -one.
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ABST
PAL  The compounds are 6-(3-substituted
      amino-2-hydroxypropoxyaryl)-4,5-dihydro-3(2H)-pyridazinones which are
      .beta.-adrenergic blocking agents.
BSUM
PAR  This invention relates to pharmacologically active compounds and in
      particular to certain substituted aryl dihydro pyridazinones which are
      active as .beta.-adrenergic blocking agents and some of which (see below)
      also have acute antihypertensive activity. It also relates to
      pharmaceutical compositions comprising them and to methods of treatment
      employing their use.
PAR  The compounds of the present invention may be represented by the following
      Formula I:
      ##SPC1##
PAL  wherein
PAR  R.sup.1 is hydrogen, lower alkyl, lower alkenyl, --CF.sub.3, halogen,
      cyano, nitro, hydroxy, lower alkoxy, lower alkenyloxy, amino, lower
      alkanoylamino, lower alkylamino, di lower alkylamino or morpholino:
PAR  R.sup.2 is hydrogen, methyl or, together with R.sup.1, forms a benzene ring
      fused to the benzene ring shown to form a naphthyl group;
PAR  R.sup.3 is isopropyl or tertiary butyl; and
PAR  R.sup.4 and R.sup.5, which may be the same or different, are hydrogen or
      methyl. This invention also includes pharmaceutically acceptable acid
      addition salts of the compounds of Formula I.
PAR  Throughout the present specification and claims, by the terms "lower
      alkyl", "lower alkenyl", "lower alkoxy" and "lower alkenyloxy" we means
      alkyl, alkenyl, alkoxy and alkenyloxy groups containing a chain or no more
      than four carbon atoms, which chain may, where possible, be branched.
PAR  Preferably R.sup.1 is hydrogen, methyl, allyl, chloro, cyano, nitro, lower
      alkoxy, allyloxy, acetylamino or morpholino and R.sup.2 is hydrogen.
PAR  The compounds of the present invention wherein R.sup.1 is methyl,
      acetylamino, cyano or nitro, particularly acetylamino, cyano and nitro and
      R.sup.2 is hydrogen possess actue anti-hypertensive activity in addition
      to .beta.-adrenergic blocking activity. This group of compounds are
      referred to hereinafter as the AAH group. When both activities are
      required the AAH group is therefore particularly preferred.
PAR  The relative position of the pyridazine ring and the
      3-alkylamino-2-hydroxy-1-propoxy side chain has been found to have an
      effect on the activity of the compounds, and we therefore prefer compounds
      of Formula I wherein:
PAR  A. THE 3-ALKYLAMINO-2-HYDROXY-1-PROPOXY SIDE CHAIN IS ORTHO TO THE
      PYRIDAZINE RING AND R.sup.1 and R.sup.2 are hydrogen, e.g.,
      6-[2-(3-t-butylamino-2-hydroxypropoxy)phenyl]-4,5-dihydro-3-(2H)-pyridazin
     one.
PAR  B. THE 3-ALKYLAMINO-2-HYDROXY-1-PROPOXY SIDE CHAIN IS ORTHO TO THE
      PYRIDAZINE RING AND R.sup.1 is other than hydrogen and is meta or para to
      the 3-alkylamino-2-hydroxy-1-propoxy side chain, e.g.,
      6-[5-acetylamino-2-(3-t-butylamino-2-hydroxypropoxy)phenyl]-4,5-dihydro-3(
     2H)-pyridazinone.
PAR  C. THE 3-ALKYLAMINO-2-HYDROXY-1-PROPOXY SIDE CHAIN IS META OR PARA TO THE
      PYRIDAZINE RING AND R.sup.1 is other than hydrogen and is ortho to the
      3-alkylamino-2-hydroxy-1-propoxy side chain. e.g.,
      6-[3-allyl-4-(2-hydroxy-3-isopropylaminopropoxy)-phenyl]-4,5-dihydro-3(2H)
     -pyridazinone and
      6-[3-(3-t-butylamino-2-hydroxypropoxy)-4-methylphenyl]-4,5-dihydro-3(2H)-p
     yridazinone.
PAR  d. (when R.sup.1 is acetylamino, R.sup.2 is hydrogen and acute
      antihypertensive properties are required) the pyridazine ring, the
      3-alkylamino-2-hydroxy-1-propoxy side chain and R.sup.1 respectively are
      in a 1,2,4- or 1,2,5-arrangement e.g.,
      6-[5-acetylamino-2-(3-t-bytylamino-2-hydroxypropoxy)phenyl]-4,5-dihydro-3-
     (2H)-pyridazinone.
PAR  The compounds of Formula I may be produced from intermediate compounds of
      the following Formula II.
      ##SPC2##
PAL  wherein R.sup.1, R.sup.2 and R.sup.5 have the same significance as in
      Formula I and R.sup.6 is hydroxy, amino or any other suitable group such
      as lower alkoxy or lower alkylamino. As mentioned hereinafter R.sup.1 may
      also be protected or a precursor of those groups set out in Formula I. The
      compounds of Formula II may be produced from the corresponding phenols of
      Formula III:
      ##SPC3##
PAL  wherein R.sup.1 and R.sup.2 have the same significance as in Formula I and
      R.sup.7 is hydrogen, bromide or COCH.sub.2 R.sup.5. When R.sup.7 is
      hydrogen, reaction with succinic anhydride and a Lewis acid such as
      aluminium trichloride may be used. When R.sup.7 is bromine, formation of a
      Grignard reagent with magnesium and subsequent reaction of this with, for
      example N-methylsuccinimide provides a useful method, the phenolic group
      being protected during this reaction for example by benzylation. In either
      case of course the succinic anhydride or N-methylsuccinimide may be
      substituted with a methyl group to give the appropriate compounds of
      Formula II wherein R.sup.5 is methyl. An alternative method for preparing
      compounds of Formula II wherein R.sup.5 is methyl is to treat a compound
      of Formula III wherein R.sup.7 is hydrogen with citraconic anhydride and
      reduce the product with zinc and acetic acid.
PAR  When R.sup.7 is --COCH.sub.2 R.sup.5, the phenol of Formula III is treated
      with formaldehyde and a di-lower alkyl amine to give a compound of Formula
      IV wherein R.sup.8 is lower alkyl or (R.sup.8).sub.2 is a polymethylene
      chain which forms a heterocyclic ring wiht the nitrogen atom shown. The
      compounds of Formula IV may be alkylated to give the corresponding
      quaternary derivatives. The compounds of Formula IV and the corresponding
      quaternary derivatives may be treated with an inorganic cyanide to give a
      cyanide of Formula V. The phenol group may be protected, for example as
      the acetate ester, during these processes.
      ##SPC4##
PAL  The compounds of Formula II may readily be obtained from the cyanides of
      Formula V e.g., by hydrolysis of the latter to the corresponding amides or
      carboxylic acids.
PAR  Treatment of the compounds of Formula II with hydrazine or methylhydrazine
      leads to the formation of compounds of Formula VI (see scheme 1) wherein
      R.sup.1, R.sup.2 , R.sup.4 and R.sup.5 have the same significance as in
      Formula I and subsequent reaction first with epichlorohydrin or
      epibromohydrin (to give the compound of Formula VII) and then with an
      amine of Formula R.sup.3 NH.sub.2 wherein R.sup.3 has the same
      significance as in Formula I leads to the required products of the present
      invention. As shown in the attached reaction scheme it is also possible
      first to attach the 3-alkylamino-2-hydroxy-1-propoxy side chain and then
      to form the pyridazine ring (i.e. via the compounds of Formulae VIII and
      IX) and this route is preferred when the hydroxyl group in Formula II is
      ortho to the COCHR.sup.5 CH.sub.2 COR.sup.6 group. When using this route
      it is preferred that R.sup.6 be alkoxy and epibromohydrin is used.
PAR  It will be understood that R.sup.1 where appropriate e.g., when it is a
      substituent other than hydrogen which might be affected by the conditions
      of any of the various reaction stages described above in going from the
      compound of Formula III to that of Formula I, may be suitably protected or
      may exist as a precursor to the required group. For example, when R.sup.1
      in Formula I is to be amino or substituted amino, R.sup.1 in Formula III
      and II may be nitro, the required amino compound being formed by reduction
      after the final stage of the reaction scheme shown. It is also of course
      possible in many cases to introduce such a group or its precursor as the
      final stage of the synthesis.
PAR  As stated above, the compounds of Formula I are .beta.-adrenergic blocking
      agents and the AAH group are also acute antihypertensive agents.
      .beta.-Adrenergic blocking agents are useful in the treatment of angina
      pectoris, cardiac arrhythmias and hypertension. It will be appreciated
      that the AAH group of the present invention which cause a fall in blood
      pressure without tachycardia are particularly useful.
      ##SPC5##
PAR  The .beta.-adrenergic blocking activity of our compounds may be
      demonstrated in a suitable test preparation such as cats anaesthetised
      with pentobarbitone sodium (Nembutal), 60mg/Kg i.p. In such anaesthetised
      cats, intravenous injections of isoprenaline cause tachycardia and
      vasodilatation in the hind-limb. These effects of isoprenaline, which are
      dose-dependent and are due to stimulation of .beta.-adrenoreceptors can be
      reduced or abolished by intravenous administration of from 0.01 to 100
      micromoles/Kg of the .beta.-adrenergic blocking agent of Formula I.
PAR  The acute antihypertensive activity of our compounds may be demonstrated in
      a suitable test preparation such as rats of a spontaneously hypertensive
      strain. Our compounds are subcutaneously or orally administered at a dose
      of from 0.1 to 1000 micromoles/Kg to these rats and the blood pressure and
      heart rate are monitored directly, from indwelling polythene cannulae
      placed in the carotid artery, over a period of 6 hours commencing one hour
      before the administration of the compound.
PAR  For therapeutic use, the pharmacologically active compounds of the present
      invention will normally be administered as a pharmaceutical composition
      comprising as the or an essential active ingredient at least one such
      compound in the basic form or in the form of an addition salt with a
      pharmaceutically acceptable acid and in association with a pharmaceutical
      carrier therefor. Such addition salts include those with hydrochloric,
      hydrobromic, hydriodic, sulphuric, acetic, citric and maleic acids.
PAR  The pharmaceutical carrier employed may be, for example, either a solid or
      liquid. Exemplary of solid carriers are lactose, terra alba, sucrose,
      talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and
      the like. Exemplary of liquid carriers are syrup, peanut oil, olive oil,
      water and the like.
PAR  A wide variety of pharmaceutical forms can be employed. Thus, if a solid
      carrier is used, the preparation can be tableted, placed in a hard gelatin
      capsule in powder or pellet form, or in the form of a troche or lozenge.
      The amount of solid carrier will vary widely but preferably will be from
      about 25 mg to about 500 mg. If a liquid carrier is used, the preparation
      may be in the form of a syrup, emulsion, soft gelatin capsule, sterile
      injectable liquid such as an ampoule, or an aqueous or nonaqueous liquid
      suspension.
PAR  The pharmaceutical compositions are prepared by conventional techniques
      involving procedures such as mixing, granulating and compressing or
      dissolving the ingredients as appropriate to the desired preparation.
PAR  The active ingredient will be present in the composition in an effective
      amount to produce .beta.-adrenergic blockade and, where applicable,
      lowering of blood pressure. The route of administration may be orally or
      parenterally.
PAR  Preferably, each dosage unit will contain the active ingredient in an
      amount of from about 25 mg to about 500 mg most preferably from about 50
      mg to about 250 mg.
PAR  The active ingredient will preferably be administered in equal doses one to
      three times per day. The daily dosage regimen will preferably be from
      about 100 mg to about 2 g.
PAR  Other pharmacologically active compounds may in certain cases be included
      in the composition. Advantageously the composition will be made up in a
      dosage unit form appropriate to the desired mode of administration, for
      example, as a tablet, capsule or injectable solution.
DETD
PAR  The invention is illustrated but in no way limited by the following
      examples:
PAC  EXAMPLE 1
PAC  Preparation of
      6-[4-(2-Hydroxy-3-isopropylaminopropoxy)phenyl]-4,5-dihydro-3(2H)pyridazin
     one
PAC  a.
PAR  i. A solution of 4-benzyloxyphenyl magnesium bromide in tetrahydrofuran,
      prepared from 4-benzyloxybromobenzene (115 g, 0.44 mole) and magnesium (20
      g. 0.82 mole), was added during 1 hour to a well stirred, cooled solution
      of N-methylsuccinimide (74 g, 0.66 mole) in benzene (750 ml.). The
      reaction mixture was stirred overnight at room temperature, cooled with
      ice and hdyrolysed with aqueous ammonium chloride (540 ml.). The aqueous
      phase was extracted with dichloromethane, and the combined organic
      solutions were washed with water, dried and evaporated to a slurry. Ether
      was added and the 2-(4-benzyloxyphenyl)-2-hydroxy-N-methyl-5-pyrrolidone
      (72.5 g, 56.5%) was filtered off. The product, recrystallised from
      chloroform/methanol, had m.p. 105.degree.-108.degree.C.
PAR  (Found: C, 72.75; H, 6.39; N, 4.63. C.sub.18 H.sub.19 NO.sub.3 requires: C,
      72.71; H, 6.44; H, 4.71%).
PAR  2-(4-Benzyloxyphenyl)-2-hydroxy-N-methyl-5-pyrrolidone (50 g, 0.17 mole)
      was dissolved in hydrogen bromide in acetic acid (33%, 275 ml), the
      stirred solution was heated under reflux for three minutes and then
      allowed to cool. 2-(4-Hydroxyphenyl)-N-methyl-2-pyrrolin-5-one
      hydrobromide (40 g, 88%, m.p. 223.degree.-228.degree.C) was collected and
      added in one portion to water (1 1.) and well stirred for 30 minutes.
      3-(4-Hydroxybenzoyl)-N-methylpropionamide was collected, washed with
      water, and recrystallised from aqueous ethanol (26.6 g, 76%) m.p.
      177.degree.-179.degree.C.
PAR  (Found: C, 63.57; H, 6.26; N, 6.69; M.sup.+, 207. C.sub.11 H.sub.13
      NO.sub.3 requires: C, 63.75; H, 6.33; N, 6.76%; M, 207).
PAR  ii. A mixture of finely ground 3-(4-hydroxybenzoyl)-N-methylpropionamide
      (20.7 g, 0.1 mole), epichlorohydrin (77 g, 0.83 mole), and piperidine (0.5
      ml) was heated on a steam bath for 90 minutes. Evaporation under reduced
      pressure gave a viscous oil which was dissolved in dichloromethane (500
      ml) and shaken with dilute sodium hydroxide (100 ml). The organic phase
      was washed with water, dried and evaporated to a slurry. Addition of ether
      gave the required 3-[4-(2,3-epoxypropoxy)benzoyl]-N-methyl-propionamide
      (21.36 g., 81%) which was recrystallised from chloroform/ether, m.p.
      133.degree.-140.degree.C.
PAR  (Found: C, 63.65; H, 6.58; N, 5.26; M.sup.+, 263. C.sub.14 H.sub.17
      NO.sub.4 requires: C, 63.87; H, 6.51; N, 5.32%, M, 263).
PAR  iii. A mixture of 3-[4-(2,3-epoxypropoxy)benzoyl]-N-methylpropionamide (20
      g, 0.076 mole), methanol (200 ml) and isopropylamine (36 ml, 0.42 mole)
      was heated under reflux for 1 hour. Evaporation under reduced pressure
      gave 3-[4-(2-hydroxy-3-isopropylaminopropoxy)benzoyl]-N-methylpropionamide
      (24 g, 97%, m.p. 139.degree.-142.degree.C). Crystallisation from water
      gave the pure amide, m.p. 140.degree.-142.degree.C.
PAR  (Found: C, 63.61; H, 8.31; N, 8.74; M.sup.+, 322. C.sub.17 H.sub.26 N.sub.2
      O.sub.4 requires: C, 63.33; H, 8.13; N, 8.69%, M, 322).
PAR  iv. 3-[4-(2-Hydroxy-3-isopropylaminopropoxy)benzoyl]-N-methylpropionamide
      (5g, 0.015 mole) in 50% aqueous acetic acid (50 ml) was treated with
      hydrazine hydrate (2.4 ml, 0.047 mole) and heated under reflux for one
      hour. After evaporation under reduced pressure, the residue was dissolved
      in water, neutralised with aqueous sodium bicarbonate and extracted with
      dichloromethane. Evaporation of the dried organic solution gave
      6-[4-(2-hydroxy-3-isopropylaminopropoxy)phenyl]-4,5-dihydro-3(2H)-pyridazi
     none (2.4 g, 50%, m.p. 108.degree.-115.degree.C). Crystallisation from
      water gave the pure pyridazinone, m.p. 116.5.degree.-118.degree.C.
PAR  (Found: C, 61.85; H, 7.42; N, 13.42; M.sup.+, 305. C.sub.16 H.sub.23
      N.sub.3 O.sub.3 requires: C, 62.92; H, 7.59; N, 13.76%, M, 305).
PAC  b.
PAR  i. A mixture of 6-(4-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (39.8g,
      0.21 mole), epichlorohydrin (160 ml, 2.0 mole), and piperidine (0.9 ml)
      was stirred on a steam bath for 4 hours by which time the solid had
      dissolved. The solution was evaporated under reduced pressure to an oil
      which was dissolved in dichloromethane and shaken with dilute sodium
      hydroxide (150 ml) and with water. The dried solution was evaporated and
      treated with ethanol.
      6-[4-(2,3-Epoxypropoxy)phenyl]-4,5-dihydro-3(2H)-pyridazinone (38.5 g,
      75%, m.p. 156.degree.-158.degree.C) was collected and recrystallised from
      ethanol, m.p. 157.degree.-159.degree.C.
PAR  (Found: C, 62.89; H, 5.72; N, 11.30. C.sub.13 H.sub.14 N.sub.2 O.sub.3
      requires: C, 63.39; H, 5.73; N, 11.38%).
PAR  ii. A mixture of the
      6-[4-(2,3-epoxypropoxy)phenyl]-4,5-dihydro-3(2H)-pyridazinone (38.37 g,
      0.156 mole), isopropylamine (80 ml, 0.94 mole), and methanol (380 ml) was
      stirred under reflux for one hour, and then evaporated under reduced
      pressure to give
      6-[4-(2-hydroxy-3-isopropylaminopropoxy)phenyl]-4,5-dihydro-3(2H)-pyridazi
     none (47.59 g, 100%), m.p. 108.degree.-113.degree.C. The hydrochloride,
      crystallised from a mixture of 2-propanol, ethanol and ether, had m.p.
      195.degree.-200.degree.C.
PAR  (Found: C, 56.15; H, 7.15; Cl. 10.28; N, 12.01; M.sup.+, 305. C.sub.16
      H.sub.24 ClN.sub.3 O.sub.3 requires: C, 56.22; H, 7.08; Cl, 10.37; N,
      12.29; M(base) 305).
PAC  EXAMPLE 2
PAC  Preparation of
      6-[2-(2-Hydroxy-3-isopropylaminopropoxy)phenyl]-4,5-dihydro-3(2H)-pyridazi
     none
PAR  i. Hydrogen chloride was bubbled into a gently boiling solution of the
      known 3-(2-hydroxybenzoyl)propionic acid (10 g, 0.05 mole) in dry methanol
      (20 ml) until esterification was complete. The solution was poured into
      ice-water and the ester extracted into dichloromethane. The organic
      solution was washed with water and evaporated to give methyl
      3-(2-hydroxybenzoyl)-propionate (10.55 g. 98%) as a pale yellow oil.
PAR  ii. A well stirred mixture of methyl 3-(2-hydroxybenzoyl)propionate (63.3
      g, 0.3 mole), potassium carbonate (48.4 g, 0.35 mole), epibromohydrin (117
      ml, 1.4 mole), and dry ethyl methyl ketone (2000 ml) was heated under
      reflux for 28 hours. Evaporation of the filtered solution under reduced
      pressure gave methyl 3-[2-(2,3-epoxypropoxy)benzoyl]propionate (83 g,
      100%).
PAR  (Found: M.sup.+, 264. C.sub.14 H.sub.16 O.sub.5 requires: M, 264).
PAR  iii. A stirred mixture of methyl 3-[2-(2,3-epoxypropoxy)benzoyl]-propionate
      (8.3g, 0.031 mole), methanol (85 ml), and isopropylamine (16.4 ml, 0.19
      mole) was heated under reflux for 90 minutes. Evaporation of the solution
      under reduced pressure gave methyl
      3-[2-(2-hydroxy-3-isopropylaminopropoxy)benzoyl]propionate (10.2 g, 100%)
      as a pale brown oil.
PAR  iv. Hydrazine hydrate (4.65 ml, 0.09 mole) was added to a solution of
      methyl 3-[2-hydroxy-3-isopropylaminopropoxy)benzoyl]propionate (10 g, 0.03
      mole) in glacial acetic acid (80 ml) and the solution was heated under
      reflux for 1 hour. Evaporation under reduced pressure gave an oil (25.5
      g.) which was dissolved in water, treated with an excess of sodium
      carbonate solution and extracted with dichloromethane. Evaporation of the
      dried extracts gave an oil (10.3 g.) which was purified on a silica column
      by elution with a mixture of chloroform and methanol to give
      6-[2-(2-hydroxy-3-isopropylaminopropoxy)-phenyl]-4,5-dihydro-3(2H)-pyridaz
     inone (6.25 g. 66%), m.p. 124.degree.-126.degree.C. the hydrochloride,
      crystallised from 2-propanol, had m.p. 162.5.degree.-164.5.degree.C.
PAR  (Found: C, 55.95; H, 7.19; Cl, 10.28; N, 12.09; M.sup.+, 305. C.sub.16
      H.sub.24 ClN.sub.3 O.sub.3 requires: C, 56.22; H, 7.08; Cl, 10.37; N,
      12.29; M(Base)305).
PAC  EXAMPLE 3
PAC  Preparation of
      6-[2-(3t-Butylamino-2-hydroxypropoxy)phenyl]-4,5-dihydro-3(2H)-pyridazinon
     e.
PAR  i. A stirred mixture of methyl 3-[2-(2,3-epoxypropoxy)benzoyl]propionate
      (54.75 g, 0.21 mole) prepared according to Example 2(ii), methanol (580
      ml) and t-butylamine (140 ml, 1.31 mole) was heated under reflux for 70
      minutes. Evaporation of the solution under reduced pressure gave an oil
      (73 g) which crystallised when allowed to stand. Purification on a silica
      column by elution with mixtures of chloroform and methanol gave methyl
      3-[2-(3-t-butylamino-2-hydroxypropoxy)benzoyl]propionate (55.4 g, 80%)
      which when recrystallised from benzene - petroleum ether (b.p.
      60.degree.-80.degree.C) had m.p. 80.degree.-81.5.degree.C.
PAR  (Found: C, 63.63; H, 7.99; N, 3.90; M.sup.+, 337. C.sub.18 H.sub.27
      NO.sub.5 requires: C, 64.09; H, 8.07; N, 4.15; M, 337).
PAR  ii. Hydrazine hydrate (22 ml, 0.44 mole) was added to a stirred solution of
      methyl 3-[2-(3-t-butylamino-2-hydroxypropoxy)benzoyl]propionate (48.8 g,
      0.14 mole) in glacial acetic acid (500 ml) and the solution was heated
      under reflux for 90 minutes. Evaporation under reduced pressure gave an
      oil (127 g.) which was dissolved in water, treated with an excess of
      sodium carbonate solution and extracted with dichloromethane. Evaporation
      of the dried extracts gave an oil (49 g) which was purified on a silica
      column by elution with mixtures of chloroform and methanol to give
      6-[2-3-t-butylamino-2-hydroxypropoxy)phenyl]-4,5-dihydro-3(2HO)-pyridazino
     ne (33.44 g, 72%, m.p. 138.degree.-141.degree.C.). The hydrochloride,
      crystallised from ethanol-ether, had m.p. 201.degree.-203.degree.C.
PAR  (Found: C, 57.18; H, 7.41; Cl, 9.67; N, 11.39; M.sup.+, 319. C.sub.17
      H.sub.25 N.sub.3 O.sub.3. HCl requires: C, 57.36; H, 7.36; Cl, 9.96; N,
      11.81; M(Base), 319).
PAC  EXAMPLE 4
PAC  Preparation of
      6-[2-(2-Hydroxy-3-isopropylaminopropoxy)phenyl]-2-methyl-4,5-dihydro-3(2H)
     -pyridazinone
PAR  i. Methylhydrazine (1 ml, 0.02 mole) was added to a stirred suspension of
      3-(2-hydroxybenzoyl)propionic acid (2 g, 0.01 mole) in water (20 ml). The
      resulting solution was heated under reflux for a few minutes and then
      allowed to cool. After the addition of water (20 ml), the
      6-(2-hydroxyphenyl)-2-methyl-4, 5-dihydro-3(2H)-pyridazinone (1.94 g,
      92.5%, m.p. 139.5.degree.-140.5.degree.C) was collected and recrystallised
      from methanol, m.p. 140.degree.-141.degree.C.
PAR  (Found: C, 65.02; H, 5.96; N, 13.79; M.sup.+, 204. C.sub.11 H.sub.12
      N.sub.2 O.sub.2 requires: C, 64.70; H, 5.93; N, 13.72%; M, 204).
PAR  ii. A mixture of
      6-[2-(2,3-epoxypropoxy)phenyl]-2-methyl-4,5-dihydro-3(2H)-pyridazinone
      (1.05 g, 0.004 mole; prepared from the corresponding phenol by the method
      of Example 1(b)(i), methanol (15 ml) and isopropylamine (2.1 ml, 0.024
      mole) was heated under reflux for 90 minutes. The solution was evaporated
      under reduced pressure to give a viscous oil (1.43 g.), which was purified
      on a silica column by elution with a mixture of chloroform and methanol to
      give
      6-[2-(2-hydroxy-3-isopropylaminopropoxy)phenyl]-2-methyl-4,5-dihydro-3(2H)
     -pyridazinone (0.97 g, 75%, m.p. 82.degree.-84.degree.C). The hydrochloride
      crystallised from 2-propanol, had m.p. 170.degree.-171.degree.C.
PAR  (Found: C, 57.62; H, 7.33; Cl, 9.73; N, 11.71;M.sup.+, 319. C.sub.17
      H.sub.26 ClN.sub.3 O.sub.3 requires: C, 57.36; H, 7.37; Cl, 9.94; N,
      11.80%; m(base)319).
PAC  EXAMPLE 5
PAC  Preparation of
      6-[4-(2-Hydroxy-3-isopropylaminopropoxy)-1-naphthyl]-4,5-dihydro-3(2H)-pyr
     idazinone
PAR  i. A stirred suspension of 3-(4-hydroxy-1-naphthoyl)propionic acid (80 g,
      0.33 mole) in water (400 ml) was treated with hydrazine hydrate (24.6 ml,
      0.49 mole) and heated under reflux for one hour. The cooled mixture was
      filtered, the product was washed with water and dried to give
      6-(4-hydroxy-1-naphthyl)-4,5-dihydro-3(2H)-pyradazinone (66.05 g, 84%,
      m.p. 252.degree.-258.degree.C). Crystallisation from aqueous ethanol gave
      the pure pyridazinone m.p. 254.degree.-258.degree.C.
PAR  (Found: C, 69.97; H, 5.16; N, 11.41. C.sub.14 H.sub.12 N.sub.2 O.sub.2
      requires: C, 69.99; H, 5.03; N, 11.66%).
PAR  ii. A mixture of 6-(4-hydroxy-1-naphthyl)-4,5-dihydro-3(2H)-pyridazinone
      (0.5 g, 0.002 mole), epichlorohydrin (2g, 0.02 mole), and piperidine (0.02
      g) was heated on a steam bath for 1.5 hours. Evaporation under reduced
      pressure gave an oil which was dissolved in dichloromethane and shaken
      with dilute sodium hydroxide (5 ml). The organic phase was washed with
      water, dried and evaporated to an oil which with ethanol-ether gave
      crystalline
      6-[4-(2,3-epoxypropoxy)-1-naphthyl]-4,5-dihydro-3(2H)-pyridazinone (0.425
      g, 69%, m.p. 151.degree.-155.degree.C). Crystallisation from ethanol gave
      the pure epoxide, m.p. 153.5.degree.-155.5.degree.C.
PAR  (Found: C, 69.29; H, 5.44; N, 9.35. C.sub.17 H.sub.16 N.sub.2 O.sub.3
      requires: C, 68.90; H, 5.44; N, 9.45%).
PAR  iii. A mixture of
      6-[4-(2,3-epoxypropoxy-1-naphthyl]4,5-dihydro-3(2H)-pyridazinone (10 g,
      0.034 mole), methanol (100 ml) and isopropylamine (17.4 ml, 0.2 mole) was
      heated under reflux for one hour. Evaporation under reduced pressure gave
      an oil which was purified on a silica column with chloroformmethanol to
      give
      6-[4-(2-hydroxy-3-isopropylaminopropoxy)-1-naphthyl]-4,5-dihydro-3(2H)-pyr
     idazinone (9g, 75%, m.p. 131.degree.-135.degree.C.). The hydrochloride,
      crystallised from 2-propanol had m.p. 195.degree.-197.degree.C.
PAR  (Found: C, 61.12; H, 6.55; Cl, 8.98; N, 10.58; C.sub.20 H.sub.26 ClN.sub.3
      O.sub.3 requires: C, 61.30; H, 6.66; Cl, 9.05; N, 10.72.).
PAC  EXAMPLE 6
PAC  Preparation of
      6-[4-Allyl-3-(2-hydroxy-3-isopropylaminopropoxy)phenyl]-4,5-dihydro-3(2H)-
     pyridazinone
PAC  a.
PAR  i. Hydrogen chloride was bubbled into a gently boiling solution of
      3-(3-hydrobenzoyl)propionic acid (40 g, 0.21 mole) in dry methanol (80 ml)
      until esterification was complete. The solution was poured into ice-water
      (700 ml) and the product extracted into ether. The combined ethereal
      solutions were washed in turn with water and sodium bicarbonate solution,
      dried, and finally evaporated under reduced pressure to give methyl
      3-(3-hydroxybenzoyl)propionate (41g, 96%, m.p.
      101.5.degree.-103.degree.C). ON recrystallisation from toluene, the pure
      ester had m.p. 102.degree.-103.5.degree.C.
PAR  (Found: C, 63.57; H, 5.85; M.sup.+,208. C.sub.11 H.sub.12 O.sub.4 requires:
      C, 63.45; H, 5.81%, M, 208).
PAR  ii. A well stirred mixture of methyl 3-(3-hydroxybenzoyl)propionate (32 g,
      0.15 mole), allyl bromide (26 ml, 0.31 mole), potassium carbonate (21.2 g,
      0.15 mole), and dry acetone (500 ml) was heated under reflux for 8 hours.
      The mixture was filtered and the filtrate evaporated under reduced
      pressure leaving an oil (38.8 g) which was dissolved in ether and washed
      with dilute sodium hydroxide solution and with water. Evaporation of the
      dried solution gave an oil (37.7g) which crystallised in the cold. The
      solid was triturated with petroleum ether (B.p. 60.degree.-80.degree.C)
      then collected to give methyl 3-(3-allyloxybenzoyl)propionate (34.2 g, 93%
      m.p. 30.degree.-32.5.degree.C).
PAR  iii. Methyl 3-(3-allyloxybenzoyl)propionate (5 g) was heated under an
      atmosphere of nitrogen in an oil bath (temperature 220.degree.C) for 4
      hours, to give an oil which was purified on a silica column by elution
      with chloroform. Methyl 3-(2-allyl-3-hydroxybenzoyl)propionate was
      obtained as an oil (2.25 g, 45%), and methyl 3-(4-allyl-
      3-hydroxybenzoyl)propionate as a solid m.p. 90.degree.-92.5.degree.C. (1.3
      g, 26%).
PAR  iv. Hydrazine hydrate (4.5 ml, 0.09 mole) was added to a stirred solution
      of methyl 3-(4-allyl-3-hydroxybenzoyl)propionate (5.6 g, 0.023 mole) in
      glacial acetic acid (60 ml) and the mixture heated under reflux for one
      hour. Evaporation under reduced pressure gave a residue which was
      triturated with water to give
      6-(4-allyl-3-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (5 g, m.p.
      175.degree.-178.degree.C, 96%). The pure pyridazinone, recrystallised from
      ethanol had m.p. 178.degree.-180.degree.C.
PAR  (Found: C, 68.09; H, 6.17; N, 12.34; M.sup.+, 230. C.sub.13 H.sub.14
      N.sub.2 O.sub.2 requires: C, 67.81; H, 6.13; N, 12.17%. M, 230).
PAR  v. By subjecting 6-(4-allyl-3-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone
      to a series of reactions similar to those described in Example 1(b), the
      title compound may be produced.
PAC  b.
PAR  i. A stirred mixture of finely powdered
      6-(3-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (13.1 g, 0.07 mole),
      potassium carbonate (9.5 g, 0.07 mole), allyl bromide (11.75 ml, 0.14
      mole), and dry acetone (250 ml) was heated under reflux for 18 hours.
      Evaporation of the filtered solution under reduced pressure gave
      6-(3-allyloxyphenyl)-4,5-dihydro-3(2H)-pyridazinone which was washed with
      either (13.66 g, 86%, m.p. 111.degree.-113.degree.C). Crystallisation from
      a small volume of ethanol gave the pure pyridazinone m.p.
      112.degree.-114.degree.C.
PAR  (Found: C, 67.51; H, 6.12; N, 12.19; M.sup.+, 230. C.sub.13 H.sub.14
      N.sub.2 O.sub.2 requires: C, 67.81; H, 6.13; N, 12.17%. M, 230).
PAR  ii. A mixture of 6-(3-allyloxyphenyl)-4,5-dihydro-3-(2H)-pyrizinone (10 g)
      and redistilled N,N-dimethylaniline (25 ml) was heated under reflux in an
      atmosphere of nitrogen for 6 hours. The dark solution was evaporated under
      reduced pressure to a semi-solid, which was diluted with ether and
      collected (9.5 g). The phenolic components were purified by column
      chromatography to give
      6-(4-allyl-3-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (m.p.
      178.degree.-180.degree.C) and
      6-(2-allyl-3-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (m.p.
      197.degree.-200.degree.C).
PAR  iii. By subjecting
      6-(4-allyl-3-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone to a series of
      reactions similar to those described in Example 1 (b), the title compound
      may be produced.
PAC  EXAMPLE 7
PAC  Preparation of 6-[3-Allyl-4-(2-hydroxy-3-isopropylaminopropoxy)
      phenyl]-4,5-dihydro-3(2H)-pyridazinone
PAC  a.
PAR  i. A stirred mixture of 2-allyl-4-bromophenol (15 g, 0.07 mole), potassium
      carbonate (9.75 g, 0.07 mole), benzyl chloride (8.9 g, 0.07 mole), and
      acetone (20 ml) was heated under reflux for 7 hours. The reaction mixture
      was then diluted with water and extracted with ether. The extract was
      washed with dilute sodium hydroxide (2 .times. 10 ml) and with water.
      Evaporation of the dried solution gave an oil (19.3 g) which was distilled
      to give 3-allyl-4-benzyloxybromobenzene (13.97 g, 65%), b.p.
      166.degree.-168.degree.C/1.5 mm.
PAR  (Found: C, 63.66; H, 4.86 C.sub.16 H.sub.15 BrO requires: C, 63.39; H,
      4.99%).
PAR  ii. By subjecting 3-allyl-4-benzyloxybromobenzene to a series of reactions
      similar to those described in Example 1(a), the title compound may be
      produced.
PAC  b.
PAR  i. A stirred mixture of dry acetone (50 ml),
      6-(4-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (7 g, 0.037 mole),
      allyl bromide (3.2 ml, 0.037 mole) and potassium carbonate (5.1 g, 0.037
      mole) was heated under reflux for 14 hours. The mixture was diluted with
      acetone and filtered hot. The inorganic residue was washed with warm
      acetone and the combined washings and filtrate were evaporated under
      reduced pressure. The residue was broken up with ether, collected and
      washed with ether to give
      6-(4-allyloxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (6.88 g, 81%, m.p.
      130.5.degree.-132.degree.C). Recrystallisation from methanol gave fine
      white needles of m.p. 134.degree.-135.degree.C.
PAR  (Found: C, 67.85; H, 6.02; N, 12.03; M.sup.+, 230. C.sub.13 H.sub.14
      N.sub.2 O.sub.2 requires: C, 67.81; H, 6.13; N, 12.17%; M, 230),
PAR  ii. A mixture of 6-(4-allyloxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (81.8
      g, 0.36 mole) and N,N-dimethylaniline (200 ml) was heated under reflux in
      an atmosphere of nitrogen for 6 hours, then allowed to cool overnight. The
      collected product was well washed with ether to give
      6-(3-allyl-4-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (71.5 g, 87%,
      m.p. 240.degree.-244.degree.C). Recrystallisation from 2-methoxyethanol
      gave the pure material of m.p. 242.degree.-244.degree.C.
PAR  (Found: C, 67.54; H, 6.20; N, 12.04; M.sup.+, 230. C.sub.13 H.sub.14
      N.sub.2 O.sub.2 requires: C, 67.81; H, 6.13; N, 12.17%, M, 230).
PAR  iii. A mixture of finely ground
      6-(3-allyl-4-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (50 g, 0.22
      mole), epichlorohydrin (200 g, 2.2 mole) and piperidine (2 g) was heated
      on a steam bath for 90 minutes. Evaporation under reduced pressure gave a
      viscous oil which was dissolved in dichloromethane and stirred for 10
      minutes with dilute sodium hydroxide (500 ml). The organic phase was
      washed with water, dried and evaporated to an oil which slowly solidified.
      Addition of ethanolether gave
      6-[3-allyl-4-(2,3-epoxypropoxy)phenyl]-4,5-dihydro-3(2H)-pyridazinone (30
      g, 47%, m.p. 92.5.degree.-95.degree.C) which was recrystallised from
      aqueous ethanol to give the pure pyridazinone (m.p.
      93.5.degree.-95.degree.C).
PAR  (Found: C, 67.41; H, 6.47; N, 9.80; M.sup.+, 286. C.sub.16 H.sub.18 N.sub.2
      O.sub.3 requires: C, 67.11; H, 6.33; isopropylamine 9.79%. M, 286). -[
PAR  iv. A stirred mixture of
      6-[3-allyl-4-(2,3-epoxypropoxy)phenyl]-4,5-dihydro-3(2H)-pyridazinone (46
      g, 0.16 mole), methanol (500 ml) and isopropylamine (85 ml, 1 mole) was
      heated under reflux for 60 minutes. Evaporation of the solution under
      reduced pressure gave an oil (66 g) which was purified on a silica column
      by elution with mixtures of chloroform and methanol to give
      6-[3-allyl-4-(2-hydroxy-3-isopropylaminopropoxy)phenyl]-4,5-dihydro-3(2H)-
     pyridazinone (45 g, 85%, m.p. 94.degree.-96.5.degree.C). The hemisulphate
      hemihydrate, crystallised from aqueous ethanol, had m.p. 238-242.degree.C.
PAR  (Found: C, 56.81; H, 7.02; N, 10.04; SO.sub.4.sup.-.sup.-, 11.63;
      M.sup.+,345. C.sub.19 H.sub.27 N.sub.3 O.sub.3. 1/2H.sub.2 SO.sub.4.
      1/2H.sub.2 O requires: C, 56.56; H, 7.24; N, 10.41; SO.sub.4.sup.-.sup.-,
      11.90%. M(base),345).
PAC  EXAMPLE 8
PAC  Preparation of
      6-[4-(3-t-Butylamino-2-hydroxypropoxy)-3-chlorophenyl]-4,5-dihydro-3(2H)-p
     yridazinone
PA1  i. Aluminium chloride powder (66.75 g, 0.5 mole) was added during one hour
      to a stirred mixture of dry 2-chlorophenol (27.3 g, 0.22 mole), powdered
      succinic anhydride (20 g, 0.2 mole) and dry sym-tetrachlorethane (150 ml)
      while the temperature was allowed to rise from 20.degree.C to 40.degree.C.
      The resultant mixture was heated in an oil bath at 135.degree.C for 2
      hours, then cooled in ice and hydrolysed with cold 10% hydrochloric acid
      solution (100 ml). Tetrachloroethane was removed by steam distillation and
      the aqueous residue precipitated a gum which was purified by standard
      procedures to give 31.97 g, 70%, of a mixture of
      3-(3-chloro-2-hydroxybenzoyl) propionic and
      3-(3-chloro-4-hydroxybenzoyl)propionic acids. Esterification of the mixed
      acids with methanol - hydrogen chloride and separation of the products by
      column chromatography (silica, 5/1 chloroform/petroleum ether B.p.
      60.degree.-80.degree.C) gave methyl
      3-(3-chloro-2-hydroxybenzoyl)propionate (m.p. 60.degree.-62.degree.C) and
      methyl 3-(3-chloro-4-hydroxybenzoyl)propionate (m.p.
      85.degree.-89.degree.C). Hydrolysis of the latter ester with dilute sodium
      hydroxide solution gave 3-(3-chloro-4-hydroxybenzoyl)propionic acid (m.p.
      155.degree.-160.degree.C). The pure acid, on recrystallisation from water,
      had m.p.  160.degree.-162.degree.C.
PAR  (Found: C, 52.69; H, 3.94; Cl, 15.73; M.sup.+, 228/230. C.sub.10 H.sub.9
      ClO.sub.4 requires: C, 52.52; H, 3.97; Cl, 15.51. M, 228/230).
PAR  ii. Hydrazine hydrate (1.5 ml, 0.03 mole) was added to a stirred suspension
      of 3-(3-chloro-4-hydroxybenzoyl)propionic acid (4.4 g, 0.02 mole) in water
      (25 ml) and the mixture heated under reflux for 1 hour. The resultant
      mixture was diluted with water (25 ml) and allowed to cool.
      6-(3-Chloro-4-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (4.09 g, 95%,
      m.p. 272.degree.-278.degree.C) was collected and well washed with water.
      Recrystallisation from 2-methoxyethanol gave the pure pyridazinone m.p.
      277.degree.-281.degree.C.
PAR  (Found: C, 53.34; H, 4.02; N, 12.37; C.sub.10 H.sub.9 ClN.sub.2 O.sub.2
      requires: C, 53.46; H, 4.04; N, 12.47%).
PAR  iii. A mixture of
      powdered6-(3-chloro-4-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (3 g,
      0.013 mole), epichlorohydrin (24 g, 0.24 mole), and piperidine (6 drops)
      was heated on a steam bath for 4.5 hours. Evaporation of the solution gave
      an oil (5.84 g) which was dissolved in dichloromethane and stirred with
      dilute sodium hydroxide solution (30 ml). The organic solution was washed
      with water, dried, and evaporated to give the crude epoxide (3.5 g, 95%).
      Column chromatography (silica, chloroform-methanol mixtures) gave pure
      6-[3-chloro-4-(2,3-epoxypropoxy)phenyl]-4,5-dihydro-3(2H)-pyridazinone
      (2.9g. 78%, m.p. 147.5.degree.-149.degree.C). The melting point was
      unchanged after recrystallisation from ethanol.
PAR  (Found: C, 55.55; H, 4.63; Cl, 12.65; N, 9.97; M.sup.+, 280/282. C.sub.13
      H.sub.13 ClN.sub.2 O.sub.3 requires: C, 55.62; H, 4.67; Cl, 12.63; N,
      9.98%, M, 280/282).
PAR  iv. A stirred mixture of
      6-[3-chloro-4-(2,3-epoxypropoxy)phenyl]-4,5-dihydro-3(2H)-pyridazinone
      (2.91 g, 0.01 mole) methanol (58 ml), and t-butylamine (6.6 ml, 0.06 mole)
      was heated under reflux for 90 minutes. Evaporation of the solution under
      reduced pressure gave a glassy solid, 3.79g. The hydrochloride (m.p.
      229.degree.-238.degree.C decomposition) was recrystallised from
      ethanol-ether to give pure
      6-[4-(3-t-butylamino-2-hydroxypropoxy)-3-chlorophenyl]-4,5-dihydro-3(2H)-p
     yridazinone hydrochloride m.p. 234.degree.-238.degree.C (decomposition).
PAR  (Found: C, 52.13; H, 6.49; N, 10.36 C.sub.17 H.sub.24 ClN.sub.3 O.sub.3.
      HCl requires: C, 52.31; H, 6.46; N, 10.77%).
PAC  EXAMPLE 9
PAC  Preparation of
      6-[3-Chloro-4-(2-hydroxy-3-isopropylaminopropoxy)phenyl]-4,5-dihydro-3(2H)
     -pyridazinone
PAR  i. In a similar reaction to that described in Example 7 a(i)
      4-bromo-2-chlorophenol gave 4-benzyloxy-3-chlorobromobenzene (15.3 g, 71%)
      which after crystallisation from petroleum ether (b.p.
      40.degree.-60.degree.C) had m.p. 59.5.degree.-60.degree.C.
PAR  (Found: C, 52.34; H, 3.31. C.sub.13 H.sub.10 BrClO requires: C, 52.45; H,
      3.39%).
PAR  ii. By subjecting 4-benzyloxy-3-chlorobromobenzene to a series of reactions
      similar to those described in Example 1(a), the title compound may be
      produced.
PAC  Preparation of
      6-[3-(2-Hydroxy-3-isopropylaminopropoxy)phenyl]-4,5-dihydro-3(2H)-pyridazi
     none
PAR  i. A mixture of finely powdered
      6-(3-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (21.6 g, 0.11 mole),
      epichlorohydrin (90 ml, 1.1 mole), and piperidine (1ml) was heated on a
      steam bath for 90 minutes. Evaporation of the solution under reduced
      pressure gave an oil which was dissolved in dichloromethane and stirred
      with dilute sodium hydroxide solution (60 ml). The organic phase was
      washed with water, dried, and evaporated under reduced pressure to a
      viscous oil (27 g, 96%). Purification on a silica column by elution with
      chloroform gave
      6-[3-(2,3-epoxypropoxy)phenyl]-4,5-dihydro-3(2H)-pyridazinone (16.5g, 59%)
      as an oil which when treated with ether gave a white solid (13.7g, 49%,
      m.p. 108.degree.-112.degree.C). The pure epoxide, recrystallised from
      methanol petroleum/ether (b.p. 60.degree.-80.degree.C), had m.p.
      110.degree.-112.degree.C.
PAR  (Found: C, 63.96; H, 5.70; N, 11.43; M.sup.+, 246. C.sub.13 H.sub.14
      N.sub.2 O.sub.3 requires: C, 63.39; H, 5.73; N, 11.38%. M, 246).
PAR  ii. A stirred mixture of
      6-[3-(2,3-epoxypropoxy)phenyl]-4,5-dihydro-3(2H)pyridazinone (10 g, 0.04
      mole), methanol (100 ml), and isopropylamine (20.8 ml, 0.24 mole) was
      heated under reflux for 90 minutes. Evaporation of the solution under
      reduced pressure gave a white solid (12.5 g, 100%) which when treated with
      ether, gave crude
      6-[3-(2-hydroxy-3-isopropylaminopropoxy)phenyl]-4,5-dihydro-3-(2H)-pyridaz
     inone (11.7g, 94%, m.p. 137.degree.-141.degree.C). The hemisulphate, on
      recrystallisation from aqueous methanol/ether, had m.p.
      256.degree.-258.degree.C.
PAR  (Found: C, 53.88; H, 6.67; N,11.63; SO.sub.4.sup.-.sup.-, 13.49; M.sup.+,
      305. C.sub.16 H.sub.23 N.sub.3 O.sub.3. 1/2H.sub.2 SO.sub.4 requires: C,
      54.22; H, 6.83; N, 11.86; SO.sub.4.sup.-.sup.-, 13.55%. M(base)305).
PAC  EXAMPLE 11
PAC  Preparation of
      6-[4-(3-t-Butylamino-2-hydroxypropoxy)-3-methoxyphenyl]-4,5-dihydro-3-(2H)
     -pyridazinone
PAR  i. A mixture of powdered
      6-(4-hydroxy-3-methoxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (1.83 g,
      0.008 mole), epichlorohydrin (15 g, 0.16 mole), and piperidine (3 drops)
      was heated on a steam bath for 90 minutes. Evaporation under reduced
      pressure gave an oil (3.54 g) which was dissolved in dichloromethane and
      stirred with dilute sodium hydroxide solution (4.5 ml). The organic
      solution was washed with water, dried, and evaporated under reduced
      pressure to an oil (2.7 g). Purification by column chromatography (silica,
      chloroform) gave
      6-[4-(2,3-epoxypropoxy)-3-methoxyphenyl]-4,5-dihydro-3(2H)-pyridazinone
      (2.13 g, 93%, m.p. 134.degree.-136.5.degree.C) which when recrystallised
      from ethanol and well dried, had m.p. 133.degree.-137.degree.C.
PAR  (Found: C, 60.64; H, 5.80; N, 9.95; M.sup.+, 276. C.sub.14 H.sub.16 N.sub.2
      O.sub.4 requires; C, 60.86; H, 5.84; N, 10.14%, M, 276).
PAR  ii. A stirred mixture of
      6-[4-(2,3-epoxypropoxy)-3-methoxyphenyl]-4,5-dihydro-3(2H)-pyridazinone
      (1.2 g, 0.0043 mole), methanol (24 ml), and t-butylamine (2.76 ml, 0.026
      mole) was heated under reflux for 90 minutes. Evaporation of the solution
      under reduced pressure gave a glassy residue (1.44 g, 95%). The crude
      hemisulphate of
      6-[4-(3-t-butylamino-2-hydroxypropoxy)-3-methoxyphenyl]-4,5-dihydro-3(2H)-
     pyridazinone (m.p. 266.degree.-268.5.degree.C) was recrystallised from
      methanol-ether to give the pure hemisulphate m.p. 270.degree.-272.degree.C
      decomposition.
PAR  (Found: C, 52.88; H, 6.91; N, 10.14; S, 3.90. C.sub.18 H.sub.27 N.sub.3
      O.sub.4 1/2H.sub.2 SO.sub.4.2/3H.sub.2 O: requires: C, 52.67; H, 7.20; N,
      10.24; S, 3.91%).
PAC  EXAMPLE 12
PAC  Preparation of
      6-[3-(3-t-Butylamino-2-hydroxypropoxy)-4-methylphenyl]-4,5-dihydro-3(2H)-p
     yridazinone
PAR  i. A stirred suspension of 3-(3-hydroxy-4-methylbenzoyl) propionic acid
      (6.75 g, 0.032 mole) in water (40 ml) was treated with hydrazine hydrate
      (2.4 ml, 0.048 mole) and heated under reflux for 1 hour. The mixture was
      diluted with water (50 ml), cooled, and the product collected then washed
      with water. (6.36g, 96%, m.p. 215.degree.-218.degree.C). Crystallisation
      from ethanol gave pure
      6-(3-hydroxy-4-methylphenyl)-4,5-dihydro-3(2H)-pyridazinone, m.p.
      216.degree.-218.degree.C
PAR  (Found: C, 64.80; H, 5.94; N, 13.52; M.sup.+, 204. C.sub.11 H.sub.12
      N.sub.2 O.sub.2 requires: C, 64.69; H, 5.92; N, 13.72%, M. 204).
PAR  ii. A mixture of powdered
      6-(3-hydroxy-4-methylphenyl)-4,5-dihydro-3(2H)-pyridazinone (5.0 g, 0.024
      mole), epichlorohydrin (19.3 ml, 0.24 mole), and piperidine (0.2 ml) was
      heated on a steam bath for 1 hour. Evaporation of the solution under
      reduced pressure gave an oil which was dissolved in a small volume of
      dichloromethane and stirred with dilute sodium hydroxide solution (15 ml).
      The organic phase was washed with water, dried, and evaporated to an oil
      which under reduced pressure gave a solid, 6.2 g, 98%. Trituration with
      ethanol-ether gave crude
      6-[3-(2,3-epoxypropoxy)-4-methylphenyl]-4,5-dihydro-3(2H)-pyridazinone
      4.81 g, 76%, m.p. 128.degree.-132.degree.C. Purification, by
      recrystallisation from ethanol, or by column chromatography (silica,
      chloroform) gave the pure epoxide, m.p. 140.degree.-142.5.degree.C.
PAR  (Found: C, 64.69; H, 6.26; N, 10.70; M.sup.+, 260. C.sub.14 H.sub.16
      N.sub.2 O.sub.3 requires: C, 64.60; H, 6.20; N, 10.76%; M, 260).
PAR  iii. A stirred mixture of
      6-[3-(2,3-epoxypropoxy)-4-methylphenyl]-4,5-dihydro-3(2H)-pyridazinone
      (3.3 g, 0.013 mole) methanol (33 ml) and t-butylamine (8 ml, 0.076 mole)
      was heated under reflux for 75 minutes. Evaporation of the solution under
      reduced pressure gave a gum which when treated with ether, solidified 4.27
      g, 100%, m.p. 153.degree.-158.degree.C.
      6-[3-(3-t-Butylamino-2-hydroxypropoxy)-4-methylphenyl]-4,5-dihydro-3(2H)-p
     yridazinone was purified as its hemisulphate m.p. 274.degree.-276.degree.C
      (decomposition), which recrystallised from aqueous ethanol had m.p.
      275.degree.-277.degree.C (decomposition).
PAR  (Found: C, 56.51; H, 7.35; N, 10.83; SO.sub.4, 12.84; M.sup.+,333. C.sub.18
      H.sub.27 N.sub.3 O.sub.3. 1/2H.sub.2 SO.sub.4. requires: C, 56.53; H,
      7.38; N, 10.98; SO.sub.4.sup.-.sup.-,12.55%; M(base),333).
PAC  EXAMPLE 13
PAC  Preparation of
      6-[4-(2-Hydroxy-3-isopropylaminopropoxy)-3-nitrophenyl]-4,5-dihydro-3(2H)-
     pyridazinone
PAR  i. Powdered 3-(4-hydroxybenzoyl)propionic acid (7.47 g, 0.038 mole was
      added during 35 minutes to well stirred fuming nitric acid (15 ml) cooled
      to between -10.degree. and -5.degree.C. The solution was stirred for an
      additional 10 minutes at -5.degree.C, poured into ice-water (400 ml) and
      the crude product collected and washed with water (8.22g, 89%, m.p.
      150.degree.-165.degree.C). 6-(3,5-Dinitro-4-hydroxybenzoyl)propionic acid
      (m.p. 184.degree.-188.degree.C) was removed by passage through a short
      silica column, to give 6-(4-hydroxy-3-nitrobenzoyl)propionic acid, which
      on recrystallisation from water had m.p. 172.degree.-174.degree.C.
PAR  (Found: C, 50.12; H, 3.85; N, 5.60; M.sup.+,239. C.sub.10 H.sub.9 NO.sub.6
      requires: C, 50/21; H, 3.79; N, 5.86%, M, 239).
PAR  ii. Hydrazine hydrate (0.775 ml, 0.015 mole) was added to a stirred
      suspension of 3-(4-hydroxy-3-nitrobenzoyl) propionic acid (3.7 g, 0.015
      mole) in water (37 ml) and the mixture heated under reflux for 1 hour. The
      resultant mixture was diluted with water, cooled, and the product
      collected and washed with water (3.31 g, 91%, m.p.
      253.degree.-257.degree.C decomposition).
      6-(4-Hydroxy-3-nitrophenyl)-4,5-dihydro-3(2H)-pyridazinone recrystallised
      from 2-methoxyethanol had m.p. 251.degree.-257.degree.C (decomposition).
PAR  (Found: C, 50.78; H, 3.92; N, 18.05; M.sup.+, 235. C.sub.10 H.sub.9 N.sub.3
      O.sub.4 requires: C, 51.06; H, 3.86; N, 17.87%; M, 235).
PAR  iii. A mixture of powdered
      6-(4-hydroxy-3-nitrophenyl)-4,5-dihydro-3(2H)-pyridazinone (3.09 g, 0.013
      mole), epichlorohydrin (18 g, 0.195 mole), and piperidine (4 drops), was
      heated on a steam bath for 5 hours. The cold mixture was diluted with
      ether and a mixture of
      6-[4-(2,3-epoxypropoxy)-3-nitrophenyl]-4,5-dihydro-3(2H)-pyridazinone and
      6-[4-(3-chloro-2-hydroxypropoxy)-3-nitrophenyl]-4,5-dihydro-3(2H)-pyridazi
     none collected (3.41 g, m.p. 145.degree.-158.degree.C). Evaporation of the
      filtrate under reduced pressure gave an additional 0.54 g, m.p.
      150.degree.-158.degree.C. Treatment of the mixed product with potassium
      carbonate in dimethylformamide gave the crude epoxide m.p.
      140.degree.-145.degree.C.
PAR  iv. A mixture of
      6-[4-(2,3-epoxypropoxy)-3-nitrophenyl]-4,5-dihydro-3(2H)-pyridazinone and
      6-[4-(3-chloro-2-hydroxypropoxy)-3-nitrophenyl]-4,5-dihydro-3(2H)-pyridazi
     none (0.9 g) was stirred with methanol (9 ml) and isopropylamine (1.6 ml)
      and heated under reflux for 60 minutes. Evaporation under reduced pressure
      gave a glassy solid, 0.96 g, from which
      6-[4-(2-hydroxy-3-isopropylaminopropoxy)-3-nitrophenyl]-4,5-dihydro-3(2H)-
     pyridazinone was isolated as its hydrochloride (m.p.
      210.degree.-215.degree.C) by column chromatography (silica,
      chloroformmethanol mixtures).
PAR  (Found: M.sup.+, 350. C.sub.16 H.sub.22 N.sub.4 O.sub.5.HCl requires:
      M(base),350).
PAC  EXAMPLE 14
PAC  Preparation of
      6-[4-(3-t-Butylamino-2-hydroxypropoxy)-2-nitrophenyl]-4,5-dihydro-3(2H)-py
     ridazinone
PAR  i. A stirred mixture of crude
      6-[4-(2,3-epoxypropoxy)-3-nitrophenyl]-4,5-dihydro-3(2H)-pyridazinone (3.3
      g, 0.011 mole), methanol (70 ml), and t-butylamine (7.2 ml, 0.068 mole),
      was gently heated under reflux for 105 minutes. The filtered solution was
      evaporated under reduced pressure to an orange coloured foam (4 g, 97%).
      The crude base (3.77 g) was digested with water (200 ml) and glacial
      acetic acid added to pH 4, then the solution filtered and washed with
      dichloromethane (3 .times. 100 ml). The aqueous phase was treated with
      potassium carbonate solution to pH 9, then extracted with dichloromethane
      and the combined organic extracts washed with a little water. Evaporation
      of the dried solution gave crude
      6-[4-(3-t-butylamino-2-hydroxypropoxy)-3-nitrophenyl]-4,5-dihydro-3(2H)-py
     ridazinone (2.82 g, m.p. about 92.degree.-105.degree.C). After two
      recrystallisations from ethyl acetate the free base (m.p. about
      124.degree.C) was converted into its hydrochloride m.p.
      260.degree.-262.degree.C. The pure hydrochloride recrystallised from
      methanol-ether, had m.p. 263.degree.-265.degree.C (decomposition).
PAR  (Found: C, 50.66; H, 6.36; N, 13.71. C.sub.17 H.sub.24 N.sub.4 O.sub.5.HCl
      requires: C, 50.94; H, 6.29; N, 13.98%).
PAC  EXAMPLE 15
PAC  Preparation of
      6-[4-(3-t-Butylamino-2-hydroxypropoxy)-3-morpholinophenyl]-4,5-dihydro-3(2
     H)-pyridazinone
PAR  i. Ethylene oxide (7 g, 0.16 mole) was added to a suspension of
      2-amino-4-bromophenol (3.76 g, 0.02 mole) in a mixture of acetic acid (1
      ml), water (2 ml), and ethanol (10 ml) and the mixture was stirred
      overnight. Additional ethylene oxide (7 g, 0.16 mole) was added and the
      mixture was stirred for 24 hours. The residue after evaporation under
      reduced pressure was dissolved in chloroform and washed with 10% ammonium
      hydroxide solution (22 .times. 10 ml). The combined aqueous phases were
      extracted with chloroform (2 .times. 10 ml) which was in turn washed with
      water (10 ml). The combined chloroform solutions were dried and evaporated
      to give 4-bromo-2-N-bis(2-hydroxyethyl)aminophenol as a brown viscous oil
      (5g; 90%).
PAR  ii. 4-Bromo-2-bis(2-hydroxyethyl)aminophenol (2.5 g) was dissolved in 70%
      sulphuric acid (25 ml) and the solution heated to 160.degree.C for 3
      hours, allowed to cool, then neutralised with saturated sodium carbonate
      solution. Extraction with ether and evaporation of the extracts gave crude
      4-bromo-2-morpholinophenol which was crystallised from ether gave the pure
      phenol (1.4 g, 60%, m.p. 128.degree.C).
PAR  iii. A well stirred mixture of 4-bromo-2-morpholino phenol (4.44 g, 0.017
      mole), benzyl chloride (2.3 ml, 0.02 mole), potassium carbonate (4.75 g,
      0.034 mole), and dry acetone (60 ml) was heated under reflux for 7 hours.
      The mixture was diluted with water, extracted with ether and the combined
      extracts washed with dilute sodium hydroxide solution and with water.
      Extraction of the ethereal solution with concentrated hydrochloric acid
      and evaporation of these extracts under reduced pressure gave
      4-benzyloxy-3-morpholinobromobenzene hydrochloride, which was collected
      and washed with ether (5.29 g, 80%, m.p. 164.degree.-174.degree.C). The
      hydrochloride, recrystallised from ethanol, had m.p.
      168.degree.-177.degree.C. A suspension of the hydrochloride in water was
      treated with excess potassium carbonate and
      4-benzyloxy-3-morpholinobromobenzene extracted into ether. Evaporation of
      the ether extracts gave the free base, m.p. 84.degree.-87.degree.C.
PAR  iv. By subjecting 4-benzyloxy-3-morpholinobromobenzene to a series of
      reactions similar to those described in Example 1(a), the title compound
      may be produced.
PAC  EXAMPLE 16
PAC  Preparation of
      6-[2-Allyl-3(2-hydroxy-3-isopropylaminopropoxy)phenyl]-4,5-dihydro-3(2H)-p
     yridazinone
PAR  i. Hydrazine hydrate (4.5 ml, 0.09 mole) was added to a stirred solution of
      methyl 3-(2-allyl-3-hydroxybenzoyl) propionate (1.9 g, 0.0077 mole) in
      glacial acetic acid (20 ml) and the mixture heated under reflux for 8
      hours. The solution was evaporated under reduced pressure leaving a
      viscous oil which was triturated with warm water to give crude
      6(2-allyl-3-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone (1.1 g, 62%),
      identical with that obtained in Example 6 (b) (ii).
PAR  ii. By subjecting
      6-(2-allyl-3-hydroxyphenyl)-4,5-dihydro-3(2H)-pyridazinone to a series of
      reactions similar to those described in Example 7(b) (iii) (iv), the title
      compound may be produced.
PAC  EXAMPLE 17
PAC  Preparation of
      6-[3-(2-Hydroxy-3-isopropylaminopropoxy)-4,5-dimethylphenyl]-4,5-dihydro-3
     (2H)-pyridazinone
PAR  By subjecting 3-(3,4-dimethylbenzoyl)propionic acid to a series of
      reactions similar to those described in Example 25(i) 21(i)-(iii) the
      title compound may be produced.
PAC  EXAMPLE 18
PAC  Preparation of
      6-[4-(3-t-Butylamino-2-hydroxypropoxy)-3-cyanophenyl]-4,5-dihydro-3(2H)-py
     ridazinone
PAR  By subjecting 2-cyanophenol to a series of reactions similar to those
      described in Example 8, the title compound may be produced.
PAC  EXAMPLE 19
PAC  Preparation of
      6-[5-Acetamido-2-(3-t-butylamino-2-hydroxypropoxy)phenyl]-4,5-dihydro-3(2H
     )-pyridazinone
PAR  i. Nitric acid (d. 1.52; 50 ml) was added dropwise to a stirred suspension
      of 3-(2-hydroxybenzoyl)propionic acid (30 g) in glacial acetic acid (250
      ml) at 5.degree.-10.degree.C. The mixture was allowed to slowly warm up to
      30.degree.-35.degree.C when heat was evolved and external cooling was
      necessary to keep the temperature of the reaction mixture below
      45.degree.C. When the exothermic phase of the reaction had subsided, the
      resulting solution was stirred for a further 60 minutes and then poured
      into ice-water (750 ml). The resulting yellow precipitate, a crude mixture
      of 3-(2-hydroxy-5-nitrobenzoyl)propinonic acid and
      3-(2-hydroxy-3-nitrobenzoyl)propionic acid, was washed with water, dried
      and used as such for the next reaction (36.0 g, m.p. 152-156; M.sup.+,
      239, M,239).
PAR  ii. The above mixture of acids (60 g) was dissolved in dry methanol (800
      ml) and hydrogen chloride gas was passed through the gently boiling
      solution for 2 hours and the solvent evaporated off under reduced
      pressure. Chloroform (200 ml) was added to the residue and the resulting
      solution was washed in turn with aqueous sodium bicarbonate (200 ml) and
      with water. The solution was then dried and evaporated under reduced
      pressure to give a solid residue (55 g). Separation of the isomeric esters
      was achieved by elution with chloroform and with chloroform/methanol
      mixtures from a silica column. Methyl 3-(2-hydroxy-5-nitrobenzoyl)
      propionate was thus obtained as a solid (25.3 g, 40%). Crystallisation
      from carbon tetrachloride gave the product as needles m.p.
      90.degree.-93.degree.C.
PAR  (Found: C, 52.16; H, 4.36; N, 5.38; M.sup.+, 253. C.sub.11 H.sub.11
      NO.sub.6 requires: C, 52.17; H, 4.38; N, 5.53%; M, 253).
PAR  iii. Methyl 3-(2-hydroxy-5-nitrobenzoyl)propionate (19.0 g) was dissolved
      in sodium hydroxide solution (2N; 600 ml) and the resulting solution was
      heated on a steam bath for 60 minutes. Acidification of the cooled
      solution by dilute hydrochloric acid gave
      3-(2-hydroxy-5-nitrobenzoyl)propionic acid as a white solid which was
      washed with water and dried for use in the next reaction. (17.4g;
      m.p.175.degree.-178.degree.C).
PAR  iv. A solution of 3-(2-hydroxy-5-nitrobenzoyl)propionic acid (5.5 g) in
      ammonium hydroxide solution (5N; 100 ml) was added to a stirred, boiling
      solution of ferrous sulphate heptahydrate (45 g) in water (200 ml).
      Stirring under reflux was continued for a further 60 minutes, ammonium
      hydroxide solution was added until the mixture had pH 9, the reaction
      mixture filtered through Kieselguhr and the filtrate evaporated to
      dryness. The solid residue was crystallised from ethanol to give pale
      yellow needles of 3-(5-amino-2-hydroxybenzoyl)propionic acid (2.2 g, 46%,
      m.p. 158.degree.-160.degree.C; M.sup.+, 209, M, 209).
PAR  v. Sodium hydroxide solution (0.2 N) was added to
      3-(5-amino-2-hydroxybenzoyl)propionic acid (2.4 g) until all the solid had
      dissolved. Acetic anhydride (3.0 ml) was quickly added to the solution (pH
      10) with vigorous stirring at 10.degree.-15.degree.C, after which the pH
      reading was in the range 4-5, and stirring was continued for a further 60
      minutes. The precipitated solid was collected and washed with water and a
      second crop was obtained by evaporation of the filtrate and addition of
      water to the residue. The combined solids were recrystallised from ethanol
      to give 3-(5-acetamido-2-hydroxybenzoyl)propionic acid (2.2g, 76%), m.p.
      205.degree.-206.degree.C.
PAR  (Found: C, 57.13; H, 5.25; N, 5.57; M.sup.+, 251. C.sub.12 H.sub.13
      NO.sub.5 requires: C, 57.37; H, 5.22; N, 5.58%, M, 251).
PAR  vi. Hydrogen chloride gas was passed through a gently boiling solution of
      3-(5-acetamido-2-hydroxybenzoyl) propionic acid (1.2 g) in dry methanol
      (20 ml) until esterification was complete. The reaction mixture was then
      poured into ice-water and chloroform added. The chloroform extract was
      washed with sodium bicarbonate solution then water, and finally dried and
      evaporated to leave methyl 3-(5-acetamido-2-hydroxybenzoyl)propionate as a
      solid (0.75 g, 59%; m.p. 145.degree.-147.degree.C; M.sup.+, 265, M 265).
PAR  vii. Methyl 3-(5-acetamido-2-hydroxybenzoyl)propionate (0.75 g) anhydrous
      potassium carbonate (0.39 g), epibromohydrin (0.78 g) and dry methyl ethyl
      ketone (20 ml) were stirred and heated under reflux for 16 hours. The
      cooled reaction mixture was filtered, the filtrate evaporated under
      reduced pressure and the residual oil purified by elution from a silica
      column with chloroform/methanol. Methyl
      3-[5-acetamido-2-(2,3-epoxypropoxy)benzoyl]propionate was obtained as an
      oil which solidified, (0.52 g, 57%, m.p. 84.degree.-87.degree.C; M.sup.+,
      321, M 321).
PAR  viii. A solution of methyl
      3-[5-acetamido-2-(2,3-epoxypropoxy)benzoyl]propionate (0.52 g),
      t-butylamine (20 ml) and methanol (10 ml) was heated under reflux for 16
      hours. Evaporation of the reaction mixture left a residual oil which was
      dissolved in ethanol and ether was then added. Methyl
      3-[5-acetamido-2-(3-t-butylamino-2-hydroxypropoxy) benzoyl]propionate was
      deposited as a crystalline solid. (0.21g, 33%; m.p.
      127.degree.-128.degree.C; M.sup.+,394, M 394).
PAR  ix. A solution of methyl
      3-[5-acetamido-2-(3-t-butylamino-2-hydroxypropoxy)benzoyl]propionate (0.21
      g) and hydrazine hydrate (0.12 ml) in glacial acetic acid (5 ml) was
      heated under reflux for 16 hours. Evaporation of the reaction mixture
      under reduced pressure gave a glassy residue to which was added sodium
      hydroxide solution (2N, 10 ml). The resulting solution was extracted well
      with chloroform, the combined organic phases washed with water, dried and
      evaporated to give a white brittle residue which was recrystallised from
      isopropanol/ether to give
      6-[5-acetamido-2-(3-t-butylamino-2-hydroxypropoxy)phenyl]-4,5-dihydro-3(2H
     )-pyridazinone as a white solid (0.16 g, 80% m.p. 102.degree.-109.degree.C;
      M.sup.+ 376, M 376).
PAC  EXAMPLE 20
PAC  6-[2-(3-t-Butylamino-2-hydroxypropoxy)-4-chlorophenyl]-4,5-dihydro-3(2H)-py
     ridazinone
PAR  By subjecting 3-(4-chloro-2-hydroxybenzoyl)propionic acid to a series of
      reactions similar to those described in Example 2, the title compound may
      be produced.
PAC  EXAMPLE 21
PAC  Preparation of
      6-[3-(3-t-Butylamino-2-hydroxypropoxy)-4-fluorophenyl]-4,5-dihydro-3(2H)-p
     yridazinone
PAR  i. In a similar reaction to that described in Example 19 (iv),
      3-(4-fluoro-3-nitrobenzoyl)propionic acid was reduced to
      3-(3-amino-4-fluorobenzoyl)propionic acid.
PAR  ii. 3-(3-Amino-4-fluorobenzoyl)propionic acid was diazotised with sodium
      nitrite in sulphuric acid solution and the diazonium sulphate was
      decomposed in boiling sulphuric acid solution to give
      3-(4-fluoro-3-hydroxybenzoyl)propionic acid.
PAR  iii. by subjecting 3-(4-fluoro-3-hydroxybenzoyl)propionic acid to a series
      of reactions similar to those described in Example 8(ii-iv) the title
      compound may be produced.
PAC  EXAMPLE 22
PAC  Preparation of
      6-[4-Allyloxy-3-(2-hydroxy-3-isopropylaminopropoxy)-phenyl]-4,5-dihydro-3(
     2H)-pyridazinone
PAR  i. Ethyl 3-(3,4-dimethoxybenzoyl)propionate was demethylated with boron
      tribromide in dichloromethane at -80.degree.C to give ethyl
      3-(3,4-dihydroxybenzoyl)propionate, m.p. 116.degree.-117.degree.C.
PAR  ii. Ethyl 3-(3,4-dihydroxybenzoyl)propionate was selectively acylated with
      ethyl chloroformate in aqueous sodium hydroxide to give the
      3-carbethoxyoxy derivative, which was refluxed in acetone with allyl
      bromide and potassium carbonate, and the product was hydrolysed to give
      3-(4-allyloxy-3-hydroxy-benzoyl)propionic acid.
PAR  iii. 3-(4-Allyloxy-3-hydroxybenzoyl)propionic acid was subjected to a
      series of reactions similar to those in Example 2 to yield the title
      compound.
PAC  EXAMPLE 23
PAC  Preparation of
      6-[2-(3-t-Butylamino-2-hydroxypropoxy)phenyl]-5-methyl-4,5-dihydro-3(2H)-p
     yridazinone
PAR  i. A mixture of 2-hydroxypropiophenone (3.0 g), dimethylamine hydrochloride
      (2.45 g), paraformaldehyde (0.6 g), concentrated hydrochloric acid (0.5
      ml) and absolute ethanol (30 ml) was heated under reflux with stirring for
      12 hours. The mixture was evaporated to dryness and the residue was
      treated with isopropanol. The resulting white solid was filtered off,
      washed with ether and dried to give
      2-(3-dimethylamino-2-methylpropionyl)phenol hydrochloride (1.6 g).
PAR  ii. A mixture of 2-(3-dimethylamino-2-methylpropionyl)phenol hydrochloride
      (2.70 g), potassium cyanide (1.3 g) and water (50 ml) was heated under
      reflux for 2 hours. The mixture was cooled, neutralised and extracted with
      chloroform. The extracts were dried (MgSO.sub.4) and the solvent was
      evaporated and purified by chromatography on a silica column to give
      2-(3-cyano-2-methylpropionyl)phenol as an orange oil (1.95 g).
PAR  iii. 2-(3-Cyano-2-methylpropionyl)phenol was hydrolysed with aqueous alkali
      to give 3-(2-hydroxybenzoyl)butyric acid
PAR  iv. By subjecting 3-(2-hydroxybenzoyl)-3-methylpropionic acid to a series
      of reactions similar to those in Example 2 the title compound may be
      prepared.
PAC  EXAMPLE 24
PAC  Preparation of
      6-[2-(3-t-Butylamino-2-hydroxypropoxy)-6-methoxyphenyl]-4,5-dihydro-3(2H)-
     pyridazinone
PAR  i. 2,6-Dimethoxylithiobenzene was reacted with N-methylsuccinimide and the
      product was hydrolysed to give 3-(2,6-dimethoxybenzoyl)propionic acid.
PAR  ii. 2,6-Dimethoxyacetophenone was subjected to a series of reactions as
      described in Example 23 (i)-(iii) to give
      3-(2,6-dimethoxybenzoyl)-propionic acid.
PAR  iii. 3-(2,6-Dimethoxybenzoyl)propionic acid was demethylated with boron
      tribromide according to the general procedure of Example 22(i) to give
      3-(2,6-dihydroxybenzoyl)propionic acid.
PAR  iv. 3-(2,6-Dihydroxybenzoyl)propionic acid was esterified using
      methanol/hydrogen chloride and the ester was alkylated with methyl iodide
      to give methyl 3-(2-hydroxy-6-methoxy) benzoylpropionate.
PAR  v. Methyl 3-(2-hydroxy-6-methoxy)benzoylpropionate was subjected to a
      series of reactions similar to those described in Example 2 to give the
      title compound.
PAC  EXAMPLE 25
PAC  Preparation of
      6-[3-(2-Hydroxy-3-isopropylaminopropoxy)-4-morpholinophenyl]-4,5-dihydro-3
     (2H)-pyridazinone
PAR  i. A suspension of 3-(4-fluorobenzoyl)propionic acid (50 g) in nitric acid
      (d = 1.51, 500 ml) was stirred at -15.degree.C for 30 minutes and poured
      into ice/water (2 1.). The precipitate was filtered off, washed with water
      and recrystallised from ethanol to give
      3-(4-fluoro-3-nitrobenzoyl)-propionic acid (29.2g, 46%) as needles m.p.
      136.degree.C.
PAR  ii. A mixture of 3-(4-Fluoro-3-nitrobenzoyl)propionic acid (1.0 g)
      morpholine (4.5 ml) and ethanol (12 ml) was heated under reflux overnight.
      The reaction mixture was evaporated under reduced pressure and the residue
      taken up into boiling ethanol. 3-(4-Morpholino-3-nitrobenzoyl)propionic
      acid crystallised on cooling as yellow rosettes (0.4 g, 30%; m.p.
      215.degree.C).
PAR  iii. 3-(4-Morpholino-3-nitrobenzoyl)propionic acid was subjected to a
      series of reactions according to the general procedures of Examples
      19(iv), 21(ii) and 8(ii-iv) to give the title compound.
PAC  EXAMPLE 26
PAC  Preparation of
      6-[3-(3-t-Butylamino-2-hydroxypropoxy)-4-nitrophenyl]-5-methyl-4,5-dihydro
     -3(2H)-pyridazinone
PAR  i. 3-Hydroxypropiophenone was added in portions to fuming nitric acid
      cooled in an ice-salt bath. The resultant mixture was stirred for an
      additional 30 minutes then poured into ice-water.
      3-Hydroxy-4-nitropropiophenone was separated from the crude mixture of
      nitro-3-hydroxypropiophenones by column chromatography.
PAR  ii. 3-Hydroxy-4-nitropropiophenone was heated on a steam bath with acetic
      anhydride and a trace of pyridine until acetylation was complete. The
      residue, after evaporation of acetic anhydride under reduced pressure, was
      distributed between dichloromethane and water. Evaporation of the washed
      and dried dichloromethane solution gave 3-acetoxy-4-nitro-propiophenone.
PAR  iii. 3-Acetoxy-4-nitropropiophenone was added to a warm mixture of
      dimethylamine hydrochloride, aqueous formaldehyde, and acetic anhydride,
      and the mixture heated on a steam bath for 2 hours. Evaporation of the
      solution under reduced pressure gave a residue which was digested with hot
      acetone and the resultant mixture was evaporated under reduced pressure to
      a gum which was distributed between dichloromethane and water. The aqueous
      solution was separated and made alkaline with dilute sodium hydroxide
      solution and then extracted with dichloromethane. The combined organic
      extracts were washed with water, dried, and evaporated to give crude
      N,N-dimethyl 2-(3-acetoxy-4-nitrobenzoyl)propylamine. Quaternisation with
      iodomethane in acetone gave
      [2-(3-acetoxy-4-nitrobenzoyl)propyl]trimethylammonium iodide.
PAR  iv. A solution of [2-(3-acetoxy-4-nitrobenzoyl)propyl]trimethylammonium
      iodide in aqueous methanol was added to an aqueous solution of potassium
      cyanide, and the mixture was stirred for six hours. The solution was
      decanted from the crude product,
      3-(3-acetoxy-4-nitrobenzoyl)butyronitrile, which was washed well with
      water and then hydrolysed with boiling 6N hydrochloric acid. Extraction of
      the acidic solution with dichloromethane and evaporation of the combined
      extracts gave 3-(3-acetoxy-4-nitrobenzoyl)butyric acid.
PAR  v. 3-(3-Acetoxy-4-nitrobenzoyl)butyric acid was dissolved in dilute sodium
      hydroxide solution, and the solution was warmed on a steam bath, cooled
      and acidified with hydrochloric acid to give
      3-(3-hydroxy-4-nitrobenzoyl)butyric acid.
PAR  vi. By subjecting 3-(3-hydroxyl-4-nitrobenzoyl)butyric acid to a series of
      reactions similar to those described in Examples 13 (ii-iii) and 14, the
      title compound may be produced.
PAC  EXAMPLE 27
PAC  Preparation of
      6-[3-(3-t-Butylamino-2-hydroxypropoxy)-4-cyanophenyl]-4,5-dihydro-3(2H)-py
     ridazinone
PAC  a.
PAR  i. 3-(4-Amino-3-nitrobenzoyl)propionic acid was diazotised in aqueous
      hydrochloric acid with sodium nitrite and the resultant solution treated
      with cuprous cyanide in potassium cyanide solution to give
      3-(4-cyano-3-nitrobenzoyl)propionic acid, also available by a cyanide
      displacement reaction of 3-(4-fluoro-3-nitrobenzoyl)propionic acid.
PAR  ii. A solution of 3-(4-cyano-3-nitrobenzoyl)propionic acid in 5N ammonium
      hydroxide solution was added to a well stirred boiling aqueous solution of
      ferrous sulphate. The pH was adjusted to 9 with concentrated ammonium
      hydroxide solution and the mixture was refluxed for 15 minutes. The
      filtrate was concentrated and neutralised with glacial acetic acid to give
      3-(3-amino-4-cyanobenzoyl)propionic acid.
PAR  iii. 3-(3-Amino-4-cyanobenzoyl)propionic acid was diazotised in aqueous
      sulphuric acid with sodium nitrite and the resultant solution was heated
      carefully until decomposition on the diazonium sulphate was complete.
      3-(4-Cyano-3hydroxybenzoyl)propionic acid was precipitated from the cooled
      solution.
PAR  iv. By subjecting 3-(4-cyano-3-hydroxybenzoyl)propionic acid to a series of
      reactions similar to those described in Example 8(ii-iv), the title
      compound may be produced.
PAC  b.
PAR  i. 3-(3-Hydroxybenzoyl)propionic acid was nitrated by a method similar to
      that described in Example 13(i) to give a mixture of
      3-(nitro-3-hydroxybenzoyl)propionic acids which were esterified with
      hydrogen chloride in methanol. Separation on a silica column by elution
      with chloroformmethanol mixtures gave methyl 3-(3-hydroxy-4-nitrobenzoyl)
      propionate.
PAR  ii. A mixture of methyl 3-(3-hydroxy-4-nitrobenzoyl) propionate, potassium
      carbonate, benzoyl chloride, and dimethylformamide was stirrred overnight
      and the solvent removed by evaporation under reduced pressure. The residue
      was distributed between water and ether, and the aqueous phase was
      extracted with ether. The combined ethereal solution was washed in turn
      with dilute sodium hydroxide solution and water. Evaporation of the dried
      solution gave methyl 3-(3-benzyloxy-4-nitrobenzoyl) propionate.
PAR  iii. A stirred mixture of methyl 3-(3-benzyloxy-4-nitrobenzoyl)propionate
      and dilute sodium hydroxide solution was heated under reflux until all of
      the solid had dissolved. The cold solution was neutralised and
      3-(3-benzyloxy-4-nitrobenzoyl)propionic acid was collected.
PAR  iv. A solution of 3-(3-benzyloxy-4-nitrobenzoyl) propionic acid in 5N
      ammonium hydroxide was added to a well stirred boiling aqueous solution of
      ferrous sulphate. The pH was adjusted to 9 with concentrated ammonium
      hydroxide and the mixture was refluxed for 15 minutes. The filtrate was
      concentrated under reduced pressure and then neutralised with glacial
      acetic acid to give 3-(4-amino-3-benzyloxybenzoyl)propionic acid.
PAR  v. 3-(4-Amino-3-benzyloxybenzoyl)propionic acid was diazotised in aqueous
      hydrochloric acid with sodium nitrite and the resultant solution was
      treated with cuprous cyanide in aqueous potassium cyanide solution to give
      3-(3-benzoyloxy-4-cyanobenzoyl)propionic acid.
PAR  vi. 3-(3-Benzyloxy-4-cyanobenzoyl)propionic acid was warmed with 33%
      hydrogen bromide in acetic acid and the solution was poured into ice-water
      to give 3-(4-cyano-3-hydroxybenzoyl) propionic acid.
PAR  vii. By subjecting 3-(4-cyano-3-hydroxybenzoyl)propionic acid to a series
      of reactions similar to those described in Examples 8 (ii-iv), the title
      compound may be produced.
PAC  EXAMPLE 28
PAC  Preparation of
      6-[4-(3-t-Butylamino-2-hydroxypropoxy)-3-hydroxyphenyl]-4,5-dihydro-3(2H)-
     pyridazinone acylated with ethyl chloroformate in the 3-position as in
      Example 22(ii), then converted as in Examples 2(ii) and 3(i), into ethyl
      3-[4-(3-t-butylamino-2-hydroxy-propoxy)-3-ethyloxycarbonyloxybenzoyl]propi
     onate. Hydrolysis of the ester followed by cyclisation of the product with
      hydrazine hydrate as in Example 2(iv) gave the title compound.
PAC  EXAMPLE 29
PAC  Preparation of
      6-[5-Amino-2-(3-t-butylamino-2-hydroxypropoxy)phenyl]-4,5-dihydro-3(2H)-py
     ridazinone
PAR  Methyl 3-[5-acetamido-2-(3-t-butylamino-2-hydroxypropoxy)benzoyl]propionate
      was hydrolysed by aqueous acid and the solution was neutralised and
      evaporated to dryness.
      3-[5-Amino-2-(3-t-butylamino-2-hydroxypropoxy)benzoyl]propionic acid was
      extracted from the residue with hot ethanol and the combined extracts were
      evaporated to give the crude acid, which was cyclised by hydrazine hydrate
      as in Example 2(iv) to give
      6-[5-amino-2(3-t-butylamino-2-hydroxypropoxy)phenyl]-4,5-dihydro-3(2H)-pyr
     idazinone.
PAC  EXAMPLE 30
PAC  Preparation of
      6-[4-Dimethylamino-3-(2-hydroxy-3-isopropylaminopropoxy)phenyl]-4,5-dihydr
     o-3(2H)-pyridazinone
PAR  By subjecting 3-(4-fluoro-3-nitrobenzoyl)propionic acid to a series of
      reactions similar to those described in Example 25(ii-iii), but using
      dimethylamine in place of morpholine, the title compound may be produced.
PAC  EXAMPLE 31
PAC  Preparation of
      6-[3-Amino-4-(3-t-butylamino-2-hydroxy-propoxy)phenyl]-4-5-dihydro-3(2H)-p
     yridazinone
PAR  6-[4-(3-t-Butylamino-2-hydroxypropoxy)-3-nitrophenyl]-4,5-dihydro-3(2H)-pyr
     idazinone was reduced over 10%palladium on charcoal with excess hydrazine
      hydrate in ethanol to give the title compound.
PAC  EXAMPLE 32
PAC  Preparation of
      6-[2-(3-t-Butylamino-2-hydroxypropoxy)-5-(methylamino)phenyl]-4,5-dihydro-
     3(2H)-pyridazinone
PAR  i. 3-[5-Amino-2-(3-t-butylamino-2-hydroxypropoxy)benzoyl]propionic acid was
      esterified with hydrogen chloride in methanol. Evaporation of the solution
      under reduced pressure gave a residue which was dissolved in the minimum
      of water and the solution was neutralised with sodium carbonate and
      extracted with dichloromethane. The combined extracts were washed with
      saturated brine, dried, and evaporated to give methyl
      3-[5-amino-2-(3-t-butylamino-2-hydroxypropoxy)benzoyl]propionate.
PAR  ii. A solution of methyl
      3-[5-amino-2-(3-t-butylamino-2-hydroxypropoxy)benzoyl]propionate in
      dichloromethane was treated with excess of trifluoroacetic anhydride and
      potassium carbonate and the mixture was stirred until the reaction was
      complete. Water was added to the mixture and the separated aqueous phase
      was washed with dichloromethane. The combined organic extracts were washed
      with water, dried, and evaporated to give methyl
      3-[5-trifluoroacetylamino-2-(3-N-trifluoroacetyl-t-butylamino-2-trifluoroa
     cetoxypropoxy)benzoyl]propionate.
PAR  iii. Methyl
      3-[5-trifluoroacetylamino-2-(3-N-trifluoroacetyl-t-butylamino-2-trifluoroa
     cetoxypropoxy)benzoyl]propionate was heated under reflux for 10 minutes
      with an excess of methyl iodide and powdered potassium hydroxide in dry
      acetone. Methyl iodide and the solvent were removed under reduced pressure
      and the residue was heated under reflux with water for 10 minutes. The
      solution was neutralised and evaporated under reduced pressure. The
      residue was extracted with hot ethanol, and the extracts were evaporated
      under reduced pressure to give
      3-[2-(3-t-butylamino-2-hydroxypropoxy)-5-(methylamino)benzoyl]propionic
      acid.
PAR  iv. By subjecting
      3-[2-(3-t-butylamino-2-hydroxypropoxy)-5-(methylamino)benzoyl]propionic
      acid to cyclisation with hydrazine hydrate by a method similar to that
      described in Example 19(ix), the title compound may be prepared.
PAC  EXAMPLE 33
PAC  Preparation of
      6-[4-(3-t-butylamino-2-hydroxypropoxy)-3-trifluoromethylphenyl]-4,5-dihydr
     o-3(2H)-pyridazinone
PAR  By subjecting 2-trifluoromethylphenol to a series of reactions similar to
      those described in Example 8, the title compound may be produced.
PAC  EXAMPLE 34
     Ingredients                 Amounts                                       

     ______________________________________                                    

     6-[5-Acetylamino-2-(3-t-butylamino-2-hydroxy                              

     propoxy)phenyl]4,5-dihydro-3-(2H)-pyridazinone                            

                                 150 mg                                        

     Sucrose                      75 mg                                        

     Starch                       25 mg                                        

     Talc                         5 mg                                         

     Stearic Acid                 2 mg                                         

     ______________________________________                                    

PAR  The ingredients are screened, mixed and filled into a hard gelatin capsule.
PAC  EXAMPLE 35
TBL  6-[5-Acetylamino-2-(3-t-butylamino-2-hydroxy                              

     propoxy)phenyl]4,5-dihydro-3-(2H)-pyridazinone                            

                                  200 mg                                       

     Lactose                      100 mg                                       

PAR  The ingredients are screened, mixed and filled into a hard gelatin capsule.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC6##
PAL  wherein
PA0  R.sup.1 is hydrogen, lower alkyl, lower alkenyl, --CF.sub.3, halogen,
      cyano, nitro, hydroxy, lower alkoxy, lower alkenyloxy, amino, lower
      alkanoylamino, lower alkylamino, di lower alkylamino or morpholino,
PA0  R.sup.2 is hydrogen, methyl, or together with R.sup.1 forms a benzene ring
      fused to the benzene ring shown to form a naphthyl group;
PA0  R.sup.3 is isopropyl or tertiary butyl; and
PA0  R.sup.4 and R.sup.5, which may be the same or different, are hydrogen or
      methyl;
PA0  or a pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sup.1 is hydrogen, lower
      alkyl, lower alkenyl, halogen, hydroxy, lower alkoxy, lower alkenyloxy,
      amino, lower alkanoylamino, lower alkylamino, di lower alkylamino or
      morpholino, R.sup.2 is hydrogen or, together with R.sup.1, forms a benzene
      ring fused to the benzene ring shown to form a naphthyl group.
NUM  3.
PAR  3. A compound according to claim 1 wherein R.sup.1 is hydrogen, methyl,
      allyl, chloro, cyano, nitro, lower alkoxy, allyloxy, acetylamino or
      morpholino and R.sup.2 is hydrogen.
NUM  4.
PAR  4. A compound according to claim 3 wherein R.sup.1 is methyl, acetylamino,
      cyano or nitro.
NUM  5.
PAR  5. A compound according to claim 4 wherein R.sup.1 is acetylamino, cyano or
      nitro.
NUM  6.
PAR  6. A compound according to claim 5 wherein R.sup.1 is acetylamino.
NUM  7.
PAR  7. A compound according to claim 1 wherein the
      3-alkylamino-2-hydroxy-1-propoxy side chain is ortho to the pyridazine
      ring and R.sup.1 and R.sup.2 are hydrogen.
NUM  8.
PAR  8. A compound according to claim 1 wherein the
      3-alkylamino-2-hydroxy-1-propoxy side chain is ortho to the pyridazine
      ring and R.sup.1 is other than hydrogen and is meta or para to the
      3-alkylamino-2-hydroxy-1-propoxy side chain.
NUM  9.
PAR  9. A compound according to claim 1 wherein the
      3-alkylamino-2-hydroxy-1-propoxy side chain is meta or para to the
      pyridazine ring and R.sup.1 is other than hydrogen and is ortho to the
      3-alkylamino-2-hydroxy-1-propoxy side chain.
NUM  10.
PAR  10. A compound according to claim 6 wherein the pyridazine ring, the
      3-alkylamino-2-hydroxy-1-propoxy side chain and the acetylamino group are
      in a 1,2,4- or 1,2,5- arrangement.
NUM  11.
PAR  11. A compound according to claim 1, said compound being
      6-[2-(3-t-butylamino-2-hydroxypropoxy)phenyl]-4,5-dihydro-3(2H)-pyridazino
     ne.
NUM  12.
PAR  12. A compound according to claim 1, said compound being
      6-[3-allyl-4-(2-hydroxy-3-isopropylaminopropoxy)-phenyl]-4,5-dihydro-3(2H)
     -pyridazinone.
NUM  13.
PAR  13. A compound according to claim 1, said compound being
      6-[3-(3-t-butylamino-2-hydroxypropoxy)-4-methylphenyl]-4,5-dihydro-3(2H)-p
     yridazinone.
NUM  14.
PAR  14. A compound according to claim 1, said compound being
      6-[5-acetylamino-2-(3-t-butylamino-2-hydroxypropoxy)phenyl]-4,5-dihydro-3(
     2H)-pyridazinone.
NUM  15.
PAR  15. A compound according to claim 1, said compound being
      6-[3-(3-t-butylamino-2-hydroxypropoxy)-4-cyanophenyl]-4,5-dihydro-3(2H)-py
     ridazinone.
NUM  16.
PAR  16. A compound according to claim 1, said compound being
      6-[3-(3-t-butylamino-2-hydroxypropoxy)-4-nitrophenyl]-5-methyl-4,5-dihydro
     -3(2H)-pyridazinone.
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PAL  ANTI-HISTAMINICS OF THE FORMULA:
      ##SPC1##
PAL  wherein
PA1  R.sub.1 is alkyl, alkenyl or phenalkyl,
PA1  R.sub.2 and R.sub.3 are hydrogen, alkyl or alkenyl, and
PA1  R is an optional substituent, are prepared by reacting a
      3,4-dihydro-1,3-dioxo-1H-pyrido [2,3-d][1,3]oxazine (a 3-azaisatoic
      anhydride) with a S-methyl-thiopseudourea.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 437,470,
      filed Jan. 28, 1974, which in turn is a continuation-in-part of copending
      application Ser. No. 373,475, filed June 25, 1973, now all abandoned.
BSUM
PAR  This invention relates to 1,2-disubstituted-pyrido
      [2,3-d]pyrimidin-4(1H)-ones, their preparation and intermediates useful in
      their preparation and to compositions and methods utilizing the
      pharmacological activity of said compounds.
PAR  The compounds of the invention may be represented by the structural formula
      I:
      ##SPC2##
PAL  wherein
PAR  R.sub.1 is alkyl of 1 to 6 carbon atoms, alkenyl of 3 to 8 carbon atoms or
      phenalkyl of the formula II:
      ##SPC3##
PAR  n is 0 to 1,
PAR  R" is hydrogen or methyl, preferably with R" being hydrogen when n is 1,
PAR  R.sub.2 is hydrogen, alkyl of 1 to 6 carbon atoms or alkenyl of 3 to 6
      carbon atoms,
PAR  R.sub.3 is hydrogen, alkyl of 1 to 6 carbon atoms or alkenyl of 3 to 6
      carbon atoms.
PAR  R is hydrogen or alkyl of 1 to 3 carbon atoms, and
PAR  Y and Y' are independently hydrogen, halo of atomic weight of from 18 to
      36, alkyl of 1 to 3 carbon atoms or alkoxy of 1 to 3 carbon atoms or one
      is hydrogen and the other bromo or trifluoromethyl.
PAR  The compounds of the formula (I) having the formula (Ia):
      ##SPC4##
PAL  In which R and R.sub.1 are as defined, and R.sub.2 ' and R.sub.3 ' are the
      same respectively as R.sub.2 and R.sub.3 as above defined but subject to
      the proviso that R.sub.2 ' is a hydrocarbon when R.sub.3 ' is a
      hydrocarbon may be prepared in a Step A reaction involving reacting a
      compound of the formula (III):
      ##SPC5##
PAL  wherein R and R.sub.1 are as defined, with a compound of the formula (IV):
      ##EQU1##
      wherein R.sub.2 ' and R.sub.3 ' are as defined.
PAR  The compounds of the formula I having the formula Ib:
      ##SPC6##
PAL  In which R, R.sub.1 and R.sub.2 are as above defined and R.sub.3 " is alkyl
      of 1 to 6 carbon atoms or alkenyl of 3 to 6 carbon atoms may also be
      prepared in a Step B reaction by reacting a compound of the formula Ic:
      ##SPC7##
PAL  In which R and R.sub.1 are as defined, M is hydrogen or an alkali metal,
      preferably sodium and R.sub.2 " is hydrogen, alkyl of 1 to 6  carbon
      atoms, alkenyl of 3 to 6 carbon atoms or M as above defined, with an
      alkylating agent of the formula V:
EQU  X--R.sub.3 "                                               V
PAL  in which R.sub.3 " is as above defined and X is halo of atomic weight of
      from 35 to 127, preferably iodo.
PAR  The compounds of the formula I having the formula Id:
      ##SPC8##
PAL  In which R, R.sub.1 and R.sub.3 " are as defined and R.sub.2 '" is alkyl of
      1 to 6 carbon atoms or alkenyl of 3 to 6 carbon atoms may also be prepared
      in a Step C reaction by reacting a compound of the formula Ie:
      ##SPC9##
PAL  in which M, R, R.sub.1 and R.sub.3 " are as defined, with an alkylating
      agent of the formula VI:
EQU  X--R.sub.2 '"                                              VI
PAL  in which X and R.sub.2 '" are as defined.
PAR  The compounds of the formula Ia, defined above, may also be prepared in a
      Step D reaction involving cyclizing a compound of the formula VII:
      ##SPC10##
PAL  wherein R, R.sub.1, R.sub.2 ' and R.sub.3 ' are as defined.
PAR  The preparation of compounds Ia by the reaction of Step A can be carried
      out at elevated temperatures, typically in the range of at least
      80.degree.C. to 200.degree.C., preferably 120.degree.C. to 180.degree.C.
      The reaction is conveniently carried out in an organic solvent of
      conventional type providing an inert reaction medium. The higher boiling
      solvents for use at reflux temperatures represent the preferred solvents,
      e.g., xylene and especially diglyme and the like. The reaction is
      preferably carried out in the presence of a base, e.g. potassium
      carbonate; and when the compound IV is employed directly in acid addition
      salt form, it is of course desirable to employ an amount of base greater
      than the amount necessary to neutralize the acid. It will be appreciated
      by those skilled in the art that the compounds of the formula IV are
      tautomeric and have the alternative and equivalent structure represented
      by the formula IVA:
      ##EQU2##
      wherein R.sub.2 ' and R.sub.3 ' are as above defined. It thus may be
      foreseen that the reaction of Step A in which R.sub.2 ' and R.sub.3 ' in
      the compounds IV (and IVA) are dissimilar alkyls and/or alkenyls may lead
      to mixtures of the final products of the formula Ia. Accordingly, the
      final products in R.sub.2 ' and R.sub.3 ' are dissimilar hydrocarbon
      groups may in some instances be preferably prepared by the reaction of
      Step B and Step C. In general, the reaction product of formula Ia may be
      recovered from the reaction of Step A by working up by conventional
      procedures.
PAR  The reaction of Step B is of known type and preferably effected employing a
      compound Ic in which M is an alkali metal. Such compounds Ic may be
      prepared from the corresponding compound Ic in which M is hydrogen in a
      known manner involving the reaction of a compound Ic in which M is
      hydrogen with a strong base such as an alkali metal hydride or alkoxide,
      preferably sodium hydride. The reaction is conveniently effected at from
      0.degree.C. to 50.degree.C., preferably at about room temperature, in an
      inert solvent which can be employed as solvent for the reaction of Step B.
      The conversion of the metallo substituted pyrimidinone of the formula Ic
      to the desired product may be carried out at temperatures of from
      0.degree.C. to 100.degree.C., preferably 10.degree.C. to 40.degree.C. and
      conveniently at room temperature. When the Step B reaction is carried out
      with a compound Ic in which M is hydrogen, the reaction is conducted in
      the presence of a strong base, e.g., sodium hydride. In either case, the
      conditions of time, temperature and quantity of strong base and compound V
      are generally controlled based on the premise that the alkylation or
      alkenylation of Step B will favor the 3- position of the compound of the
      formula Ic. For example, when employing a compound of the formula Ic in
      which R.sub.2 " is hydrogen, the more controlled or limited conditions
      would favor the production of the compound of the formula Ib in which
      R.sub.2 is hydrogen. On the other hand, increased quantities of the strong
      base and alkylating or alkenylating agent and the longer reaction times
      and higher temperatures will result in increased quantities of the
      compound of the formula Ib in which R.sub.2 and and R.sub.3 " are similar
      alkyl or alkenyl groups. Since the compounds of the formula I in which
      R.sub.2 and R.sub.3 are similar are very conveniently prepared by the Step
      A reaction, it will be evident that the reaction of Step B should merit
      serious consideration only when producing final products in which R.sub.3
      is a hydrocarbon group and R.sub.2 and R.sub.3 are dissimilar.
PAR  The reaction of Step C and the preparation of the intermediate of the
      formula Ie in which M is an alkali from a compound Ie in which M is
      hydrogen is carried out analogously to the reaction of Step B. It will be
      evident from the foregoing that Step C should also only merit serious
      consideration when producing compounds of the formula Id in which R.sub.2
      '" and R.sub.3 " are dissimilar hydrocarbon groups.
PAR  The preparation of compounds of the formula Ia by the reaction of Step D
      may be carried out by heating a compound of the formula VII at elevated
      temperatures preferably in the range of 120.degree.C. to 200.degree.C.,
      more preferably 130.degree.C. to 180.degree.C. and desirably in the
      presence of an inert solvent and strong base. The inert solvents may be of
      conventional type and are preferably the higher boiling solvants, e.g.,
      diglyme. Suitable strong bases include the strong inorganic bases such as
      the alkali metal hydroxides, e.g. sodium hydroxide. Reaction time may
      vary, particularly with temperature, with good results usually obtained in
      one-half to ten hours.
PAR  The compounds of the formula VII employed in Step D may be prepared by
      reacting a compound of the formula III with a compound of the formula IV
      under controlled temperature and time conditions. In general, temperatures
      are usually in the range of from 20.degree.C. to 120.degree.C., preferably
      60.degree.C. to 115.degree.C. Reaction times may be typically of the order
      of from 10 minutes to 5 hours and generally will vary inversely with
      reaction temperature. The reaction is preferably carried out in the
      presence of a base such as an inorganic base, e.g., potassium carbonate,
      and in the presence of an inert solvent of conventional tupe. The solvents
      boiling at reflux temperatures are generally preferred, e.g., benzene and
      toluene. The resulting product of the formula VII may, if desired, be
      isolated and recovered by working up by conventional procedures.
PAR  It will be evident that the compounds of the formula VII in which R.sub.3 '
      is hydrogen exist in and be expressed by the alternative and equivalent
      tautomeric form having the formula VIIA:
      ##SPC11##
PAL  in which R, R.sub.1 and R.sub.2 ' are as defined.
PAR  The compounds of the formulae III, IV, V and VI are either known or may be
      produced from known materials by established procedures.
PAR  The compound of the formula I in which both R.sub.2 and R.sub.3 are
      hydrogen form acid addition salts and the pharmaceutically acceptable acid
      addition salts not materially depreciating the pharmacological effect of
      said compounds are included within the scope of the compounds of the
      formula I of the invention. Such salts include the well known
      pharmaceutically acceptable salts, e.g., the hydrochloride, maleate, etc.
      The acid addition salts may be produced from the corresponding free base
      by conventional procedures. Conversely, the free bases may be obtained
      from the salts by procedures known in the art.
PAR  The compounds of formula I of the invention are useful because they possess
      biological activity. In particular, the compounds of the formula I are
      useful as agents for relieving the symptomatic effects of the release of
      histamine, i.e., as anti-histaminic agents, as indicated by observing the
      respiratory status on oral administration (5-100 mgs./kgs.) to the
      unanesthetized guinea pig exposed to aerosolized histamine dihydrochloride
      according to a modification of the method of Van Arman et al., J.
      Pharmacol, Exptl. Therap. 133: 90-97, 1961. For such use and depending
      upon known variables satisfactory results are obtained in general on the
      daily administration of from 1 to 100 milligrams per kilogram of body
      weight, preferably given in divided doses to 2 to 4 times a day, or in
      sustained release form. For most mammals the administration of from 60 to
      2000 milligrams per day provides satisfactory results and dosage forms
      suitable for internal administration comprise 15 to 1000 milligrams of the
      compound in admixture with a solid or liquid pharmaceutical carrier or
      diluent.
PAR  The preferred compounds of the invention from the standpoint of
      anti-histaminic activity are those in which R.sub.1 is benzyl including
      substituted benzyl, particularly unsubstituted benzyl or halobenzyl, e.g.
      fluorobenzyl, especially 4-halobenzyl, and the more preferred compounds
      are those in which R is hydrogen and/or R.sub.2 is alkyl, more preferably
      of 1 to 3 carbon atoms and more preferably with R.sub.3 being hydrogen.
PAR  For the use indicated above, the compounds may be combined with a
      pharmaceutically acceptable carrier, and such other conventional adjuvants
      as may be necessary, and administered orally or parenterally. For most
      uses oral administration with carriers is preferred and may take place in
      such conventional forms as tablets, dispersible powders, granules,
      capsules, suspensions, syrups and elixirs. Such compositions may be
      prepared according to any method known in the art for the manufacture of
      pharmaceutical compositions, and such compositions may contain one or more
      conventional adjuvants, such as sweetening agents, flavoring agents,
      coloring agents and preserving agents, in order to provide an elegant and
      palatable preparation. Tablets may contain the active ingredient in
      admixture with conventional pharmaceutical excipients, e.g., inert
      diluents such as calcium carbonate, sodium carbonate, lactose and talc,
      granulating and disintegrating agents, e.g., starch and alginic acid,
      binding agents, e.g., starch, gelatin and acacia, and lubricating agents,
      e.g., magnesium stearate, stearic acid and talc. The tablets may be
      uncoated or coated by known techniques to delay disintegration and
      adsorption in the gastro-intestinal tract and thereby provide a sustained
      action over a longer period. Similarly, suspensions, syrups and elixirs
      may contain the active ingredient in admixture with any of the
      conventional excipients utilized for the preparation of such compositions,
      e.g., suspending agents (methylcellulose, tragacanth and sodium alginate),
      wetting agents (lecithin, polyoxyethylene stearate and polyoxyethylene
      sorbitan monooleate) and preservatives (ethyl-p-hydroxybenzoate). Capsules
      may contain the active ingredient alone or admixed with an inert solid
      diluent, e.g., calcium carbonate, calcium phosphate and kaolin. The
      preferred pharmaceutical compositions from the standpoint of preparation
      and ease of oral administration are solid compositions, particularly
      hard-filled capsules and tablets. Parenteral administration may be in such
      conventional forms as injectionable solutions and suspensions.
PAR  A representative formulation is a tablet for oral administration 2 to 4
      times a day for relieving the effects of histamine release and prepared by
      conventional tabletting techniques to contain the following ingredients:
TBL  Ingredients          Weight (mg.)                                         

     ______________________________________                                    

     1-(4'-fluorobenzyl)-2-methylamino-                                        

     pyrido[2,3-d] pyrimidin-4(1H)-one                                         

                          25                                                   

     Tragacanth           10                                                   

     Lactose              222.5                                                

     Corn Starch          25                                                   

     Talcum               15                                                   

     Magnesium Stearate   2.5                                                  

     ______________________________________                                    

PAR  It will be evident to those skilled in the art that the compounds of the
      formula I in which R.sub.3 is hydrogen are tautomeric and have the
      alternative and equivalent structure represented by the formula IA:
      ##SPC12##
PAL  wherein R, R.sub.1 and R.sub.2 are as defined.
DETD
PAR  The following examples show representative compounds encompassed within the
      scope of this invention and the manner in which such compounds are
      prepared. However, it is to be understood that the examples are for
      purposes of illustration only.
PAC  EXAMPLE 1
PAC  1-(4'-fluorobenzyl)-2-methylamino-pyrido [2,3-d]pyrimidin-4(1H)-one.
      ##SPC13##
PAR  A mixture of 25 g. of
      4-(4'-fluorobenzyl)-3,4-dihydro-1,3-dioxo-1H-pyrido[2,3-d] [1,3]oxazine,
      15 g. of S,N-dimethyl-thiopseudourea (hydrogen iodide), 15 g. of anhydrous
      potassium carbonate and 300 ml. of diglyme is refluxed with stirring for 4
      hours. The resulting mixture is filtered while hot through Celite and the
      precipitate formed on cooling is recovered by filtering, washed with
      diglyme and then three times with either and then dried under reduced
      pressure. The resulting product is dissolved in methylene
      chloride/methanol, filtered to remove insoluble material, concentrated on
      a steam bath and treated with ether to crystallize the titled produce
      (free base form), m.p. 242-246.degree.C.
PAC  EXAMPLE 2
PAR  Following the procedure of Example 1 the following compounds of the
      invention are prepared:
PA1  a. 1-ethyl-2-methylamino-pyrido[2,3-d]pyrimidin-4(1H)-one, m.p.
      275.degree.-280.degree.C.
PA1  b.
      1-(4'-fluorobenzyl)-2-methylamino-3-methyl-2,3-dihydro-pyrido[2,3-d]pyrimi
     din-4(1H)-one, m.p. 112.degree.-114.degree.C.
PA1  c. 1-(4'-fluorobenzyl)-2-ethylamino-pyrido[2,3-d]pyrimidin-4(1H)-one, m.p.
      249.degree.-253.degree.C.
PA1  d. 1-(4'-fluorobenzyl)-2-methylamino-7-methyl-pyrido
      [2,3-d]pyrimidin-4(1H)-one.
PAC  EXAMPLE 3
PAC  1-(4'-fluorobenzyl)-2,3-dihydro-2-imino-3-methyl-pyrido
      [2,3-d]pyrimidin-4(1H)-one.
      ##SPC14##
PAR  To a suspension of 0.4 g. of sodium hydride in 60 ml. of dimethylacetamide
      is added 2.5 g. of
      1-(4'-fluorobenzyl)-2-amino-pyrido[2,3-d]pyrimidin-4(1H)-one while
      maintaining the system under nitrogen. After stirring for one hour at room
      temperature, the mixture is treated by addition of 1.0 ml. of
      methyliodide. The resulting mixture is stirred at 20.degree.C. for 15
      hours. A small amount of water (ca 1.0 ml.) is then added and the mixture
      evaporated in vacuo. The residue is treated with ice/water and the
      resulting precipitate is recovered by filtering, washed with water and
      dried. The dried precipitate is then dissolved in methylene chloride,
      treated with charcoal and filtered through neutral alumina. The filtrate
      is concentrated in vacuo and ether added to obtain on crystallization
      1-(4'-fluorobenzyl)-2,3-dihydro-2-imino-3-methyl-pyrido[2,3-d]pyrimidin-4(
     1H)-one
PAC  EXAMPLE 4
PAC  Alternate Process for
      1-(4'-fluorobenzyl)-2-methylamino-pyrido[2,3-d]pyrimidin-4(1H)-one.
PAR  STEP A: Preparation of S,3-dimethyl-1-[2-(4'-fluorobenzyl) amino]nicotinoyl
      thiourea
      ##SPC15##
PAR  A mixture of 10 g. of
      4-(4'-fluorobenzyl)-3,4-dihydro-1,3-dioxo-1H-pyrido[2,3-d][1,3]oxazine,
      9.5 g. of S,N-dimethyl-thiopseudourea (hydrogen iodide), 6 g. of anhydrous
      potassium carbonate and 200 ml. of toluene is refluxed with stirring for
      31/2 hours. The resulting mixture is evaporated to dryness, dissolved in
      methylene chloride, filtered and extracted twice with ice cold 0.5 N
      hydrochloric acid. The organic phase is washed with water, treated with
      charcoal, dried, filtered through Celite, evaporated to dryness and
      chromatographed over silica gel using methylene chloride as the eluant.
      The head fractions contain a small amount of starting material. The
      further elutions are combined, evaporated and the residue combined with
      ether followed by cooling to obtain with scratching a precipitate which is
      recovered by filtering, washed with ice cold ether and dried under high
      vacuum to obtain S,3-dimethyl-1-[2-(4'-fluorobenzyl)amino]nicotinoyl
      thiourea, m.p. 84.degree.-85.degree.C.
PAR  STEP B: Preparation of 1-(4'-fluorobenzyl)-2-methylamino-pyrido[
      2,3-d]pyrimidin-4(1H)-one.
PAR  A mixture of 1.7 g. of S,3-dimethyl-1-[2-(4'-fluoro-benzyl)amino]nicotinoyl
      thiourea, 0.5 g. of sodium hydroxide and 40 ml. of diglyme is refluxed for
      3 hours and the resulting reaction mixture worked up in a manner similar
      to Example 1 to obtain
      1-(4'-fluorobenzyl)-2-methylamino-pyrido[2,3-d]pyrimidin4(1H)-one, m.p.
      242.degree.-247.degree.C.
PAC  EXAMPLE 5
PAC  1-(4'-fluorobenzyl)-2-allylamino-pyrido[2,3-d]pyrimidin-4(1H)-one.
      ##SPC16##
PAR  A mixture of 27 g. of 4-(4'-fluorobenzyl)-3,4-dihydro-1,3-dioxo-1H-pyrido[
      2,3-d] [1,3] oxazine, 27.5 g. of S-methyl-N-allylthiopseudourea (hydrogen
      iodide), 12 g. of anhydrous sodium carbonate and 250 ml. of acetonitrile
      is refluxed with stirring for one hour. The resulting mixture is
      evaporated to dryness, the residue dissolved in methylene chloride
      filtered through celite and the filtrate evaporated in vacuo to obtain an
      oil of S-methyl-3-allyl-1-[2-(4'-fluorobenzyl) amino]nicotinoyl thiourea.
      This oil is dissolved in 150 ml. of diglyme and refluxed for 1.5 hours.
      The resulting reaction mixture is cooled and the resulting crystalline
      material is recovered by filtering, washed with diglyme and then twice
      with ether, dried in a high vacuum, dissolved in methylene
      chloride/methanol, filtered, concentrated on a steam bath and ether added
      to obtain 1-(4'-fluorobenzyl)-2-allylamino-pyrido 2,3-d
      pyrimidin-4(1H)-one, m.p. 190-194.degree.C. 190.degree.-
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC17##
PAL  wherein
PA1  R.sub.1 is alkyl of 1 to 6 carbon atoms, alkenyl of 3 to 8 carbon atoms or
      phenalkyl of the formula:
      ##SPC18##
PA1  n is 0 or 1,
PA1  R" is hydrogen or methyl provided that R" is hydrogen when n is 1,
PA1  R.sub.2 is hydrogen, alkyl of 1 to 6 carbon atoms or alkenyl of 3 to 6
      carbon atoms,
PA1  R.sub.3 is hydrogen, alkyl of 1 to 6 carbon atoms or alkenyl of 3 to 6
      carbon atoms,
PA1  R is hydrogen or alkyl of 1 to 3 carbon atoms, and
PA1  Y and Y' are independently hydrogen, fluoro, chloro, alkyl of 1 to 3 carbon
      atoms or alkoxy of 1 to 3 carbon atoms or one is hydrogen and the other
      bromo or trifluoromethyl, or a pharmaceutically acceptable acid addition
      salt of the compounds in which each of R.sub.2 and R.sub.3 is hydrogen.
NUM  2.
PAR  2. A compound of claim 1 in which R.sub.3 is hydrogen.
NUM  3.
PAR  3. A compound of claim 1 in which each of R.sub.2 and R.sub.3 is hydrogen.
NUM  4.
PAR  4. A compound of claim 1 in which each of R.sub.2 and R.sub.3 is alkyl.
NUM  5.
PAR  5. A compound of claim 2 in which R.sub.2 is alkyl.
NUM  6.
PAR  6. A compound of claim 5 in which R.sub.2 is alkyl of 1 to 3 carbon atoms.
NUM  7.
PAR  7. A compound of claim 1 in which R.sub.1 is
      ##SPC19##
NUM  8.
PAR  8. A compound of claim 7 in which R" is hydrogen, n is O, Y is hydrogen,
      fluoro, chloro or bromo and Y' is hydrogen, fluoro or chloro, with the
      proviso that Y' is hydrogen when Y is bromo.
NUM  9.
PAR  9. A compound of claim 8 in which Y is 4-fluorobenzyl, 4-chlorobenzyl or
      4-bromobenzyl and Y' is hydrogen.
NUM  10.
PAR  10. A compound of claim 8 in which R.sub.2 is hydrogen or alkyl and R.sub.3
      is hydrogen.
NUM  11.
PAR  11. A compound of claim 10 in which R is hydrogen.
NUM  12.
PAR  12. The compound of claim 11 which is
      1-(4'-fluorobenzyl-2-methylimino-pyrido[2,3-d]pyrimidin-4(1H)-one.
NUM  13.
PAR  13. The compound of claim 6 which is
      1-(4'-fluorobenzyl)-2-ethylamino-pyrido[2,3-d]pyrimidin-4(1H)-one.
NUM  14.
PAR  14. A compound of claim 1 in which R.sub.1 is alkyl.
NUM  15.
PAR  15. A compound of claim 1 in which R.sub.2 and R.sub.3 are hydrogen or
      alkyl.
PATN
WKU  039311791
SRC  5
APN  4485246
APT  1
ART  122
APD  19740306
TTL  N,N-Bis(4-Quinazolinyl)alkanediamines
ISD  19760106
NCL  7
ECL  1
EXA  Wheeler; David E.
EXP  Daus; Donald G.
INVT
NAM  Simpson; William R. J.
CTY  Mendham
STA  NJ
ASSG
NAM  Sandoz Inc.
CTY  E. Hanover
STA  NJ
COD  02
CLAS
OCL  2602564Q
XCL  2603406
XCL  2604735
XCL  260561R
XCL  424251
EDF  2
ICL  C07D23986
FSC  260
FSS  256.4 Q
OREF
PAL  tietz, "Clinical Chemistry," pp. 153, 807-808.
PAL  White et al., "Principles of Biochemistry," 1968, pp. 974-977.
LREP
FR2  Sharkin; Gerald D.
FR2  Vila; Richard E.
ABST
PAL  Disclosed are N,N'-Bis(4-Quinazolinyl)alkanediamines, e.g.,
      N,N'-Bis(7-chloro-4-quinazolinyl)-1,9-nonanediamine, having
      pharmacological activity in animals and useful for example, as
      anti-obesity agents. Said compounds may be prepared by reacting a
      4-haloquinazoline with an alkanediamine.
BSUM
PAC  DISCLOSURE OF INVENTION
PAR  The invention relates to chemical compounds which are
      N,N'-Bis(4-quinazolinyl)alkanediamines having pharmacological activity in
      animals and to pharmaceutical methods and compositions utilizing the
      pharmacological properties of said compounds.
PAR  The compounds of the present invention may be represented structurally by
      the following formula (I):
      ##SPC1##
PAL  wherein R and R.sub.1 are independently hydrogen or alkyl of 1 to 4 carbon
      atoms,
PA1  n is 0 to 12,
PA1  Each Y is independently hydrogen, halo of atomic weight of from 18 to 80,
      i.e. fluoro, chloro or bromo, alkyl of 1 to 4 carbon atoms, alkoxy of 1 to
      4 carbon atoms, trifluoromethyl, nitro, amino or N,N-dialkylamino in which
      each alkyl is of 1 to 3 carbon atoms or two adjacent Y together form
      6,7-methylenedioxy or 6,7-ethylenedioxy (with the other Y on each A and B
      ring so substituted being hydrogen), provided that adjacent Ys do not both
      have tert-butyl moiety, further provided that no more than 2 Ys in each A
      and B ring are nitro, trifluoromethyl, amino or dialkylamino, and also
      provided that when any Y is amino or dialkylamino, then any dissimilar Y
      is from the group of hydrogen, halo, alkyl and alkoxy, and
PA1  Each Y' is independently hydrogen, halo of atomic weight of from 35 to 80
      or alkyl of 1 to 4 carbon atoms, or
PAL  A pharmaceutically acceptable acid addition salt thereof.
PAR  The compounds of the formula (I) may be prepared by reacting a compound of
      the formula (II):
      ##SPC2##
PAL  wherein X is chloro or bromo, and
PA1  Y and Y' are as above defined with a compound of the formula (III):
      ##EQU1##
      wherein R, R.sub.1 and n are as defined.
PAR  The preparation of compounds of the formula (I) by reacting a compound of
      the formula (II) with compound of the formula (III) is preferably carried
      out in an inert organic solvent in the presence of an acid binding agent.
      The reaction may be carried out at temperatures in the range of from
      10.degree.C. to 160.degree.C., preferably 20.degree.C. to 100.degree.C.
      The inert organic solvent may be any of several of well-known conventional
      solvents such as the common aromatic solvents, e.g., benzene and the lower
      alkanols such as isopropanol and the like. An acid binding agent such as
      sodium carbonate is preferably employed. The mole ratio of the compound of
      the formula (II) to the compound of the formula (III) may vary fairly
      widely with very good results obtained at a ratio of 2:1 or somewhat
      higher. Two different compounds of the formula (II) in varying ratios to
      each other and to the compound of the formula (III) may be employed to
      produce compounds of the formula (I) in which the 2 quinazoline moieties
      attached to the diaminealkane moiety are different. The preferred compound
      of the formula I are however, those in which the 2 quinazoline moieties
      are the same. The reaction product of the formula I may be isolated from
      the reaction mixture resulting from the above-described preparation by
      working up by established procedures.
PAR  The compounds of the formula I in which one or more Y is amino are
      preferably prepared by subjecting a compound I in which each Y
      corresponding to the desired amino group is nitro to reduction in a known
      manner. For example, the compounds I in which one or more Y is amino may
      be produced by subjecting a compound I in which one or more of the Y
      groups are nitro to the action of a suitable elemental metal reducing
      agent such as iron at elevated temperatures, e.g., 50.degree.C. to
      150.degree.C., in an aqueous acidic medium, e.g., hydrochloric acid in an
      aqueous alcoholic solution. The compounds I in which one or more Y is
      amino may be also produced by subjecting a compound I in which one or more
      Y groups are nitro to catalytic hydrogenation in a known manner at
      0.degree.C. to 100.degree.C., more usually 10.degree.C. to 50.degree.C.,
      e.g., room temperature, in an aqueous acidic medium, e.g., acetic acid,
      employing a suitable catalyst, e.g. Raney nickel.
PAR  The compounds of the formula III are either known per se or may be produced
      from known materials by established procedures.
PAR  Also within the scope of the compounds of e.g., invention are
      pharmaceutically acceptable acid addition salts, e., the methane
      sulfonate, hydronitrate, maleate, fumarate and hydrochloride acid addition
      salts. The acid addition salts may be readily prepared from the
      corresponding free bases and vice versa, by conventional procedures.
      Compound of the formula I and their acid addition salts may also occur in
      hydrate form and such hydrates are treated as within the definition of
      compounds I and their salts as the full pharmacological equivalents
      thereof.
PAR  As previously indicated, the compounds of formula I are useful because they
      possess pharmacological activity in animals. In particular, the compounds
      are useful as antiobesity agents as indicated by glucose transport tests
      carried out on male Wistar rats which are dosed orally with 10-150
      milligrams per kilogram of body weight of the test compound after at least
      20 hours of fasting. One hour after receiving the drug each animal is
      sacrificed and the upper small intestine is removed and washed with
      glucose-saline. A 5 cm. section of the intestine is everted so that the
      mucosal surface is on the outside. One end of the segment is tied off and
      the center of the sac so formed is filled with oxygen saturated Kreb's
      biocarbonate buffer. The other end is then closed and the sac is incubated
      in 10 ml. of oxygen saturated bicarbonate buffer for 60 minutes at
      37.degree.C. Both the outside and inside solutions contain initially 0.3%
      of glucose. At the end of the incubation time, the glucose content of the
      outer (mucosal) and the inner (serosal) solution is determined using the
      standard Autoanalyzer procedure. Similar tests are run simultaneously with
      control animals. The percent inhibition of glucose transport caused by the
      drug is calculated from the formula:
      ##EQU2##
      where I = percent inhibition; S.sub.t = glucose concentration (mg.%) of
      serosal fluid at the end of an experiment in the drug-treated animal;
PA1  S.sub.c = glucose concentration (mg.%) of serosal fluid at the end of an
      experiment in the control animal;
PA1  M.sub.t = glucose concentration (mg.%) of mucosal fluid at the end of an
      experiment in the drug-treated animal; and
PA1  M.sub.c = glucose concentration (mg.%) of mucosal fluid at the end of an
      experiment in the control animal.
PAR  The effective dosage of active ingredient employed for the treatment of
      obesity will vary depending on the particular compound employed and the
      severity of the condition being treated. However, in general, satisfactory
      results in the treatment of obesity are obtained when the compounds I are
      administered at a daily dosage of from about 1.0 milligrams to about 150
      milligrams per kilogram of animal body weight, preferably given in divided
      doses two to four times a day, or in sustained release form. For most
      large animals in need of either treatment, the total daily dosage is from
      about 60 to 2000 milligrams. Dosage forms suitable for internal use
      comprise from about 15 to about 1000 milligrams of the active compound in
      intimate admixture with a solid or liquid pharmaceutically acceptable
      carrier or diluent.
PAR  For the above uses, the compounds of the formula I are preferably combined
      with one or more conventional pharmaceutically acceptable carriers, and
      such other conventional adjuvants as may be desired or necessary, and the
      resulting composition preferably administered orally in such forms as
      tablets, capsules, granules, dispersible powders, elixirs, syrups,
      suspensions and the like. Such compositions may be prepared according to
      any method known in the art for the manufacture of pharmaceutical
      compositions. In general, the compositions may be prepared according to
      any method known in the art for the manufacture of pharmaceutical
      compositions. In general, the compositions of the invention may contain 1%
      to 90% by weight of the active ingredient in combination with the inert
      carrier, more usually 3% to 40%.
PAR  The preferred pharmaceutical compositions from the standpoint of
      preparation and ease of administration are solid compositions,
      particularly hard-filled capsules and tablets.
PAR  Tablets and capsules containing the ingredients indicated below may be
      prepared by conventional techniques and are useful in treating obesity at
      a dose of one tablet or capsule 2 to 4 times a day.
TBL                      Weight                                                

     Ingredients           Tablet    Capsule                                   

     ______________________________________                                    

     N,N'-Bis(7-chloro-4-quinazolinyl)-                                        

     1,9-nonanediamine     50         50                                       

     Tragacanth            10        --                                        

     Lactose                197.5    250                                       

     Corn starch           25                                                  

     Talcum                15                                                  

     Magnesium stearate     2.5                                                

     ______________________________________                                    

PAR  The following pharmaceutical composition is formulated with the indicated
      amount of active agent using conventional techniques. The oral liquid
      suspension represents formulations useful as unit doses and may be
      administered in the treatment of obesity.
TBL                       oral                                                 

     Ingredients          liquid suspension(mg.)                               

     ______________________________________                                    

     N,N'-Bis(7-chloro-4-quinazolinyl)-                                        

     1,9-nonanediamine    50 (or less)                                         

     sodium carboxy methyl                                                     

     cellulose U.S.P.     12.5                                                 

     magnesium aluminum silicate                                               

                          47.5                                                 

     flavor               q.s.                                                 

     color                q.s.                                                 

     methyl paraben, U.S.P.                                                    

                           4.5                                                 

     propyl paraben, U.S.P.                                                    

                           1.0                                                 

     polysorbate 80 (e.g. Tween 80),                                           

     U.S.P.                5                                                   

     sorbitol solution, 70% U.S.P.                                             

                          2,500                                                

     buffer agent to adjust pH                                                 

     for desired stability                                                     

                          q.s.                                                 

     water                q.s. to 5 ml.                                        

     ______________________________________                                    

PAR  The compounds of the formula II employed in the preparation of the
      compounds of the formula I are either known per se or may be prepared from
      known materials by known procedures. The
      4-halo-6,7-ethylenedioxyquinazolines are preferably prepared according to
      the following reaction scheme:
      ##SPC3##
PAR  In the above reaction scheme X is as previously defined and Y" is alkyl of
      1 to 4 carbon atoms.
PAR  The reaction of Step 1 involves reacting the compound of the formula IV
      with 1,2-dibromoethane in the presence of a strong base which is
      preferably an alkali metal alkoxide, more preferably sodium methoxide. An
      excess of the 1,2-dibromoethane is usually employed and may be used as the
      solvent for the reaction. However, an inert conventional solvent such as
      an alcohol, e.g. methanol, is preferably employed. The reaction may be
      carried out at temperatures of from 20.degree.C. to 120.degree.C.,
      preferably 40.degree.C. to 80.degree.C.
PAR  Step 2 is a conventional aromatic nitration involving the reaction of the
      compound V with nitric acid in the presence of acetic acid at a
      temperature of from 20.degree.C. to 100.degree.C., more usually
      40.degree.C. to 80.degree.C.
PAR  Step 3 is a conventional reduction of an aromatic nitro group preferably
      effected by hydrogenation employing a 5-10% palladium on charcoal
      catalyst. Glacial acetic acid is a preferred solvent for the reduction
      which may be carried out at temperatures of from 0.degree.C. to
      60.degree.C., preferably 10.degree.C. to 40.degree.C.
PAR  Step 4 involves cyclizing the compound VII with formamide which may be
      employed in excess as the solvent. The reaction may be carried out at
      temperatures of from 100.degree.C. to 220.degree.C., preferably
      150.degree.C. to 215.degree.C., and conveniently at reflux.
PAR  Step 5 is a conventional halogenation of cyclic keto group preferably
      carried out employing a phosphorus oxyhalide is preferably employed in
      excess as the solvent for the reaction which is conveniently effected at
      the reflux temperature of the system. The reaction may be carried out
      under an inert atmosphere, e.g., nitrogen, but such conditions are not
      necessary.
PAR  Step 6 involving the reaction of compound VII with a compound of the
      formula IX is conveniently carried out in an inert atmosphere at
      temperatures of from 10.degree.C. to 100.degree.C., preferably
      30.degree.C. to 60.degree.C., and in the presence of a phosphorus
      oxyhalide, preferably phosphorus oxychloride. Alternately and preferably,
      the compound IX is first reacted with the phosphorus oxyhalide at
      10.degree.C. to 100.degree.C. and the resulting reaction product then
      reacted with the compound VII.
PAR  Step 7 involves the cyclization of a compound X employing ammonia in the
      presence of ammonium chloride. The reaction is conveniently conducted at
      temperatures of from 50.degree.C. to 150.degree.C. in a sealed bomb
      employing excess ammonia as the liquid reaction medium.
PAR  In the reaction of Steps 1-7, inclusive, the desired reaction product may
      be recovered by working up by conventional procedures.
DETD
PAR  The following examples are given for the purpose of illustration only.
PAC  EXAMPLE 1
PAC  N,N'-bis(7-chloro-4-quinazolinyl)-1,9-nonanediamine
      ##SPC4##
PAR  A mixture of 1.99 g. of 4,7-dichloroquinazoline, 0.79 g. of
      1,9-diaminononane, 2.5 g. of sodium carbonate and 25 ml. of isopropanol is
      stirred at room temperature for 2 hours. The reaction mixture is then
      diluted with 100 ml. of chloroform, filtered and concentrated in vacuo.
      The solid residue is crystallized from ethanol to obtain
      N,N'-bis(7-chloro-4-quinazolinyl)-1,9-nonanediamine, m.p.
      190.degree.-192.degree.C. which is readily converted into
      dimethanesulfonate acid addition salt form which melts at
      159.degree.-162.degree.C. on crystallization from ethanol/ether.
PAC  EXAMPLE 2
PAR  Following the procedure of Example 1, the following additional compounds of
      the invention are prepared:
PA1  A. n,n'-bis(7-trifluoromethyl-4-quinazolinyl)-1,9-nonanediamine
      dimethanesulfonate, m.p. 134.degree.-140.degree.C.
PA1  B. n,n'-bis(6,8-dichloro-4-quinazolinyl)-1,9-nonanediamine, m.p.
      214.5.degree.-215.5.degree.C.
PA1  C. n,n'-bis(6-nitro-4-quinazolinyl)-1,9-nonanediamine, m.p. 140.degree.C.
PA1  D. n,n'-bis(6-chloro-4-quinazolinyl)-1,9-nonanediamine, m.p.
      165.degree.-169.degree.C.
PA1  E. n,n'-bis(6,7-methylenedioxy-4-quinazolinyl)-1,9-nonanediamine.
PA1  F. n,n'-bis(7-chloro-4-quinazolinyl)-1,10-decanediamine, m.p. 179.degree.C.
PA1  G. n,n'-bis(6-chloro-4-quinazolinyl)-1,10-decanediamine dimethanesulfonate,
      m.p. 196.degree.-199.degree.C.
PA1  H. n,n-bis(7-trifluoromethyl-4-quinazolinyl)-1,10-decanediamine
      dimethanesulfonate, m.p. 198.degree.-204.degree.C.
PA1  I. n,n'-bis(7,8-dimethyl-4-quinazolinyl)-1,10-decanediamine, m.p.
      194.degree.C.
PA1  J. n,n'-bis(6,8-dichloro-4-quinazolinyl)-1,10-decanediamine, m.p.
      188.degree.-192.degree.C.
PA1  K. n,n'-bis(6,7-dimethyl-4-quinazolinyl)-1,12-dodecanediamine, m.p.
      175.degree.C.
PA1  L. n,n'-bis(7-nitro-4-quinazolinyl)-1,12-dodecanediamine, m.p.
      202.degree.C.
PA1  M. n,n'-bis(7,8-dimethyl-4-quinazolinyl)-1,12-dodecanediamine, m.p.
      169.degree.C.
PA1  N. n,n'-bis(7-chloro-4-quinazolinyl)-1,2-ethanediamine.
PA1  O. n,n'-bis(7-chloro-4-quinazolinyl)-1,6-hexanediamine.
PA1  P. n,n-bis(6-nitro-4-quinazolinyl)-1,6-hexanediamine.
PA1  Q. n,n-bis(6,7-ethylenedioxy-4-quinazolinyl)-1,9-nonanediamine.
PAC  EXAMPLE 3
PAC  4-Chloro-6,7-ethylenedioxyquinazoline
PA0  Step A: Preparation of 3,4-ethylenedioxybenzoic acid methyl ester
PAR  A solution of 4.20 g. of 3,4-dihydroxybenzoic acid methyl ester in 10.0 ml.
      of methanol is combined with 7.0 g. of sodium methoxide and then 15.0 g.
      of 1,2-dibromoethane is added. The resulting mixture is refluxed under
      nitrogen for 24 hours, then cooled, filtered, evaporated in vacuo and the
      resulting oil dissolved in 50 ml. of chloroform. The resulting solution
      after again filtering is chromatographed over 100 ml. of silica gel
      eluting with chloroform to obtain 3,4-ethylenedioxybenzoic acid methyl
      ester, m.p. 43.degree.-45.degree.C.
PA0  Step B: Preparation of 6-nitro-3,4-ethylenedioxybenzoic acid methyl ester
PAR  To a solution of 5.0 g. of 3,4-ethylenedioxybenzoic acid methyl ester in
      5.0 mls. of glacial acetic acid is added dropwise 5.0 mls. of 70% nitric
      acid at 50.degree.-60.degree.C. After addition the reaction mixture is
      kept at 55.degree.C. for one hour, then cooled and 50 mls. of ice water
      added. The resulting precipitate is recovered by filtering, water washed
      and dried to obtain 6-nitro-3,4-ethylenedioxybenzoic acid methyl ester,
      m.p. 115.degree.-118.degree.C.
PA0  Step C: Preparation of 6-amino-3,4-ethylenedioxybenzoic acid methyl ester
PAR  A mixture of 6.0 g. of 6-nitro-3,4-ethylenedioxybenzoic acid methyl ester,
      150 mg. of 5% palladium on charcoal and 20 mls. of glacial acetic acid is
      hydrogenated under an initial hydrogen pressure of 30-40 p.s.i. and
      without external heating. After four hours, the reaction mixture is
      filtered diluted with 80 ml. of ice water, stirred for up to one half hour
      and the resulting precipitate filtered off, water washed and dried to
      obtain 6-amino-3,4-ethylenedioxybenzoic acid methyl ester, m.p.
      73.degree.-77.degree.C.
PA0  Step D: Preparation of 6,7-ethylenedioxyquinazolin-4(3H)-one
PAR  A mixture of 2.0 g. of 6-amino-3,4-ethylenedioxybenzoic acid methyl ester
      and 6 ml. of 99% formamide is refluxed for 1.5 hours, then cooled, diluted
      with 5 ml. of water and the resulting precipitate filtered off, water
      washed and dried to obtain 6,7-ethylenedioxyquinazolin-4(3H)-one, m.p.
      275.degree.C.
PA0  Step E: Preparation of 4-chloro-6,7-ethylenedioxyquinazoline
PAR  A mixture of 25.3 g. of 6,7-ethylenedioxyquinazolin-4(3H)-one and 50 ml. of
      phosphorus oxychloride is refluxed for 10 minutes, cooled, and added with
      stirring to one liter of ice. After addition of concentrated ammonia the
      resulting mixture is extracted with chloroform and the chloroform solution
      chromatographed through 300 mls. of silica gel while eluting with
      chloroform. Evaporation of the eluent yields
      4-chloro-6,7-ethylenedioxyquinazoline, m.p. 169.degree.-174.degree.C.
PAC  EXAMPLE 4
PAC  2-Methyl-4-chloro-6,7-ethylenedioxyquinazoline
PA0  Step A: Preparation of
      2-(.alpha.-dimethylaminoethylideneamino)-4,5-ethylenedioxybenzoic acid
      methyl acid
PAR  To a mixture prepared by mixing 15.2 g. of N,N-dimethylacetamide and 40 ml.
      of phosphorus oxychloride is added portionwise 35.0 g. of
      6-amino-3,4-ethylenedioxybenzoic acid methyl ester while maintaining
      40.degree.-45.degree.C. The reaction mixture is stirred for 4 hours at
      40.degree.-60.degree.C. the reaction mixture is added to ice, treated with
      concentrated ammonia, extracted with chloroform and the chloroform
      solution evaporated to obtain an oil of
      2-(.alpha.-dimethylaminoethylideneamino)-4,5-ethylenedioxybenzoic acid
      methyl acid.
PA0  Step B: Preparation of 2-methyl-6,7-ethylenedioxyquinazolin-4(3H)-one
PAR  A mixture of 12 g.
      2-(.alpha.-dimethylaminoethylideneamido)-4,5-ethylenedioxybenzoic acid
      methyl acid, 12 g. of ammonium chloride and 100 ml. of liquid ammonia is
      contained in a sealed bomb and heated at 110.degree.C. for 10 hours. The
      ammonia is evaporated off and the resulting solids washed several times
      with water and dried to yield
      2-methyl-6,7-ethylenedioxyquinazolin-4(3H)-one, m.p. 275.degree.C.
PA0  Step C: Preparation of 2-methyl-4-chloro-6,7-ethylenedioxyquinazoline
PAR  Following essentially the procedure of Step E of Example 3 there is
      obtained 2-methyl-4-chloro-6,7-ethylenedioxyquinazoline, m.p.
      168.5.degree.-169.5.degree.C.
PAC  EXAMPLE 5
PAR  Following the procedure of Example 1, the following additional compounds of
      the invention are prepared:
PA1  A. n,n'-bis(2-methyl-6,7-ethylenedioxy-4-quinazolinyl)-1,9-nonanediamine.
PA1  B. n,n'-bis(6,7-dimethyl-4-quinazolinyl)-1,9-nonanediamine
      dimethanesulfonate, m.p. 96.degree.C.
PA1  C. n,n'-bis(6,7-dimethyl-4-quinazolinyl)-1,10-decanediamine
      dimethanesulfonate, m.p. 110.degree.C.
PA1  D. n,n'-bis(6,7-dimethyl-4-quinazolinyl)-1,8-octanediamine
      dimethanesulfonate, m.p. 236.degree.-239.degree.C.
PA1  E. n,n'-bis(6,7-dimethoxy-4-quinazolinyl)-1,2-ethanediamine
      dimethanesulfonate, m.p. 282.degree.-285.degree.C. (decomp.).
PA1  F. n,n'-bis(6-dimethylamino-4-quinazolinyl)-1,9-nonanediamine
      dimethanesulfonate.
PA1  G. n,n'-bis(6,7-dimethoxy-4-quinazolinyl)-1,3-propanediamine
      dimethanesulfonate, m.p. 159.degree.C. and 172.degree.-174.degree.C.
      (decomp.).
PA1  H. n,n'-bis(6,7,8-trimethoxy-4-quinazolinyl)-1,2-ethanediamine
      dimethanesulfonate, m.p. 252.degree.-253.3.degree.C.
PA1  I. n,n'-bis(6,7,8-trimethoxy-4-quinazolinyl)-1,3-propanediamine
      dimethanesulfonate, m.p. 250.degree.-252.degree.C. (decomp.).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC5##
PAL  wherein R and R.sub.1 are independently hydrogen or alkyl of 1 to 4 carbon
      atoms,
PA1  n is 0 to 12,
PA1  each Y is independently hydrogen, fluoro, chloro, bromo, alkyl of 1 to 4
      carbon atoms, alkoxy of 1 to 4 carbon atoms, trifluoromethyl, nitro, amino
      or N,N-dialkylamino in which each alkyl is of 1 to 3 carbon atoms or two
      adjacent Y together form 6,7-methylenedioxy or 6,7-ethylenedioxy with the
      other Y on any such alkylenedioxy substituted ring being hydrogen,
      provided that adjacent Ys do not both have a tert-butyl moiety, further
      provided that no more than 2 Ys in each A and B ring are nitro,
      trifluoromethyl, amino or dialkylamino, and also provided that when any Y
      is amino or dialkylamino, then any dissimilar Y is hydrogen, fluoro,
      chloro, bromo, alkyl or alkoxy, and
PA1  each Y'  is independently hydrogen, fluoro, chloro, bromo or alkyl of 1 to
      4 carbon atoms, or
PAL  a pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1 in which n is 6 to 10.
NUM  3.
PAR  3. A compound of claim 2 in which each of R and R.sub.1 is hydrogen.
NUM  4.
PAR  4. The compound of claim 3 which is
      N,N'-Bis(7-chloro-4-quinazolinyl)-1,9-nonanediamine.
NUM  5.
PAR  5. The compound of claim 3 which is
      N,N'-Bis(7-trifluoromethyl-4-quinazolinyl)-1,9-nonanediamine.
NUM  6.
PAR  6. The compound of claim 3 which is
      N,N'-Bis(6,8-dichloro-4-quinazolinyl)-1,9-nonanediamine.
NUM  7.
PAR  7. A compound of claim 1 in which n is 7.
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ABST
PAL  The present invention concerns novel 4-hydroxypyrimidine derivatives of the
      formula:
      ##SPC1##
PAL  Wherein R.sub.1 is a substituent, e.g., alkyl, R.sub.2 is hydrogen or a
      substituent, e.g., alkyl R.sub.3 is amino unsubstituted or substituted by
      alkyl, a nitrogen heterocycle, alkoxy or alkylthio, which are used as
      intermediates in the production of useful insecticides.
BSUM
PAR  The present invention relates to 4-hydroxy-pyrimidine derivatives which are
      useful as intermediates in the production of useful insecticides.
PAR  Accordingly, the present invention relates to compounds of formula I,
      ##SPC2##
PAL  wherein
PAR  R.sub.1 is alkyl (C.sub.1 -C.sub.6) or cycloalkyl (C.sub.3 -C.sub.8),
PAR  R.sub.2 is hydrogen, alkyl (C.sub.1 -C.sub.6) or alkenyl-(C.sub.2 -C.sub.6)
      and
PAR  R.sub.3 is a radical --NR.sub.4 R.sub.5
PA1  wherein R.sub.4 and R.sub.5 are either each, independently, hydrogen or
      alkyl (C.sub.1 -C.sub.6) or together with the nitrogen atom to which they
      are bound form a 5 or 6 membered heterocyclic ring,
PAR  OR ALKOXY OR ALKYLTHIO (C.sub.1 -C.sub.6).
PAR  When R.sub.4 or R.sub.5 is a 5 or 6 membered heterocycle, this preferably
      contains 1 or 2 hetero atoms, which apart from the nitrogen atom may be
      oxygen or a further nitrogen atom and is preferably piperidino, morpholino
      or pyrrolidino.
PAR  The present invention also provides a process for the production of a
      compound of formula I, which comprises
PAR  A. REACTING A COMPOUND OF FORMULA II,
      ##SPC3##
PAL  wherein
PAR  R.sub.2 and R.sub.3 are as defined above and
PAR  M.sub.1 is hydrogen or a cation, preferably a sodium or potassium cation,
PAL  With an equivalent of an alkylating reagent of formula III,
      ##EQU1##
      wherein
PAR  R.sub.1 is as defined above and
PAR  Ar is phenyl or tosyl, preferably in the presence of alkali,
PAL  Or
PAR  B. REACTING A COMPOUND OF FORMULA II with a dialkyl sulphate of formula IV,
EQU  (R.sub.8 O).sub.2 SO.sub.2                                 IV
PAR  wherein R.sub.8 is alkyl (C.sub.1 -C.sub.3),
PAL  under alkylation conditions, i.e., in the presence of alkali in a pH range
      of 7.5 to 8.5, to produce a compound of formula Ia,
      ##SPC4##
PAL  Wherein
PAR  R.sub.2 and R.sub.3 are as defined above and
PAR  R.sub.1 ' is alkyl (C.sub.1 -C.sub.3).
PAR  When R.sub.3 of formula I is a primary or secondary amino function, the
      amino function is preferably protected against alkylation with a suitable
      protecting group.
PAR  The production of the compounds of formula I may be effected as follows:
PAR  In accordance with the process variant (a), the compound of formula II is
      reacted with an equivalent of the compound of formula III, in an
      appropriate solvent such as for example the alcohol which corresponds to
      the alkylation radical R.sub.1, preferably in the presence of alkali,
      conveniently in aqueous alkali and optionally with heating.
PAR  Working up is effected in conventional manner.
PAR  In accordance with process variant (b), the compound of formula II is
      reacted with an equivalent of dialkyl sulphate of formula IV, in an
      appropriate solvent such as for example alcohol, preferably in aqueous
      alkaline solution, especially in sodium hydroxide solution (2N),
      optionally with heating, in a pH range of 7.5 to 8.5. In order to complete
      the reaction, the reaction mixture may be stirred over a period of, for
      example, several hours and with heating, especially when R.sub.8 is ethyl
      or propyl. The pH value is preferably kept inbetween the above-mentioned
      range by the addition of alkali.
PAR  Working up is effected in conventional manner.
PAR  The compounds of formula I, are colorless crystalline substances which may,
      for example, be characterized by their melting points.
PAR  Compounds of formula I, may exist either in free base or acid addition salt
      forms. Free base forms may be produced from acid addition salt forms in
      manner known per se and vice versa.
PAR  The compounds of formulae II, III and IV are known or may be produced in
      accordance with known processes or in analogy with processes known per se.
PAR  The compounds of formula II, wherein R.sub.3 is alkylthio may, for example,
      be produced in accordance with conventional processes by alkylation of
      2-thiobarbituric acid or its derivatives substituted by R.sub.2 in the 5-
      position. The precautions recommended in connection with thiol compounds
      are to be taken.
PAR  The compounds of formula I, are useful in the production of useful
      insecticides of formula V,
      ##SPC5##
PAL  wherein
PAR  R.sub.1, R.sub.2 and R.sub.3 are as defined above,
PAR  R.sub.4 is alkyl of 1 to 6 carbon atoms,
PAR  R.sub.5 is alkoxy of 1 to 6 carbon atoms, alkyl-thio of 1 to 6 carbon
      atoms, amino or amino mono- or disubstituted by alkyl of 1 to 6 carbon
      atoms and
PAR  Y is oxygen or sulphur,
PAL  by a process which comprises reacting the compound of formula I or a metal,
      e.g., sodium or potassium, salt thereof, with a compound of formula VI,
      ##EQU2##
      wherein
PAR  R.sub.4 and Y are as defined above and
PAR  Hal is chlorine or bromine
PAL  and reacting the resulting compound with a compound of formula VII,
EQU  M.sub.2 R.sub.5                                            VII
PAL  wherein
PAR  R.sub.5 is as defined above and
PAR  M.sub.2 is hydrogen or when R.sub.5 is alkoxy or alkylthio, a metal cation.
PAR  The insecticides of formula V are useful particularly in animal buildings,
      e.g., stables, inhabited rooms, e.g., cellars and attics, and in plant
      loci.
PAR  For the above-mentioned use, the amount of the compound to be applied will
      vary depending on the particular compound employed, the mode of
      application, ambient conditions and the effect desired. With regard to
      plant protection, in general an indicated amount to be applied to a plant
      locus is between 0.01 and 5 kg/hectare.
PAR  The compounds may be employed as a composition with insecticidal carriers
      and diluents in solid or liquid form, e.g., spraying and dusting powders,
      pellets, strewing granulates, pastes, spraying liquids and aerosols.
PAR  Solid forms may include carriers such as diatomaceous earth, talc,
      kaolinite, attapulgite, pyrophyllite, artifical mineral fillers based on
      SiO.sub.2 and silicates, lime, sodium sulphate decahydrate and plant
      material carriers, such as ground walnutshell. Adjuvants such as
      surfactants, including wetting and dispersing agents, e.g., sodium-lauryl
      sulphate, sodium dodecyl benzenesulphonate, condensation products from
      naphthalene sulphonate and formaldehyde, polyglycol ether and lignin
      derivatives such as sulphite liquor, may also be included in the case of
      wettable powders to be applied as a water suspension. Granulates are
      produced by coating or impregnating granular carrier materials such as
      pumice, limestone, attapulgite and kaolinite with the compounds.
PAR  Liquid forms may include non-phytotoxic diluents, such as alcohols,
      glycols, glycolic ethers, aliphatic and aromatic hydrocarbons, e.g.,
      xylene, alkyl napthalenes and other petroleum distillates, and ketones,
      e.g., cyclohexanone and isophorone. Adjuvants, such as surface active
      agents, e.g., wetting and emulsifying agents, such as polyglycol ether
      formed by the reaction of an alkylene oxide with high molecular weight
      alcohols, mercaptans or alkyl phenols, and/or alkyl benzene sulphonates,
      may be included in emulsion concentrate forms.
PAR  Aside from the carriers, diluents and adjuvants already mentioned,
      adjuvants such as stabilizing agents, desactivators (for solid forms with
      carriers having an active surface), agents for improving adhesiveness to
      the surface treated, anticorrosives, defoaming agents and pigments may
      also be included.
PAR  Concentrate forms of composition generally contain between 1 and 90 %
      preferably between 5 and 50 % by weight of active compound.
PAR  Application forms of composition generally contain between 0.02 and 90 %,
      preferably between 0.1 and 20 % by weight of active compound.
PAR  Examples of concentrate and application forms of composition will now be
      described:
PAC  a. Emulsifiable concentrate
PAR  25 parts by weight of a compound of formula V are mixed with 20 parts by
      weight of isooctylphenyldecaglycol ether, 5 parts by weight of the calcium
      salt of an alkyl aryl sulphonate and 50 parts by weight of xylene, whereby
      a clear solution is obtained which may be readily emulsified in water. The
      concentrate is diluted with water to the desired concentration for use.
PAC  b. Emulsifiable concentrate
PAR  25 parts by weight of a compound of formula V are mixed with 35 parts by
      weight of isooctylphenyloctaglycol ether, 5 parts by weight of the calcium
      salt of an alkyl aryl sulphonate and 45 parts by weight of an aromatic
      petroleum fraction having a boiling point of 210.degree. to 280.degree.
      (D.sub.20 : 0.92). The concentrate is diluted with water to the desired
      concentration for use.
PAC  c. Spraying and dusting powder application form
PAR  25 parts by weight of a compound of formula V, 2 parts by weight of
      sodium-lauryl sulphate, and 3 parts by weight of sodium lignin sulphonate
      are mixed with 70 parts by weight of diatomaceous earth and ground until
      the particles have obtained a size of 10 .mu. as an average.
DETD
PAR  The following Examples illustrate the production of the compounds according
      to the invention but without in any way limiting the invention. Where
      temperature is referred to, this is in .degree.C.
PAC  EXAMPLE 1
PAC  2-Diethylamino-4-methoxy-6-hydroxy-pyrimidine
PAR  500 cc of sodium hydroxide solution 1N are added while stirring to 91.5 g
      (0.5 mol) of 2-diethylamino-4,6-dihydroxy-pyrimidine. The solution is
      stirred at 50.degree. for a short period and then cooled to 20.degree. .
      63 g (0.5 mol) of dimethyl sulphate are added dropwise, over the course of
      1 hour, to the clear solution; by further addition of 1N sodium hydroxide
      solution the pH value is kept between 7.5 and 8. A total of approximately
      100 cc of 1N sodium hydroxide solution is additionally required. The
      mixture is stirred for a further 5 hours at room temperature and the
      precipitated crystals are filtered off at 5.degree.; then they are washed
      with water. The crystalline product is subsequently triturated with 1500
      cc of carbon tetrachloride by means of a vibration mixer. The undissolved
      parts are suction filtered and the carbon tetrachloride solution is then
      concentrated by evaporation, whereupon crystallization commences; 200 cc
      of petroleum ether are then added.
PAR  The mixture is suction filtered, washed with petroleum ether and dried at
      80.degree. in a high vacuum. Optionally it may be recrystallized from
      benzene. M.P.: 165.degree.-166.degree..
PAR  Analysis: C.sub.9 H.sub.15 N.sub.3 O.sub.2. Molecular weight: 197.2. Calc.:
      C, 54.8 %; H, 7.7 %; N, 21.3 %; O, 16.2 %. Found: C, 54.5 %; H, 7.4 %; N,
      21.1 %; O, 16.3 %.
PAR  The following compounds of general formula I may be produced in analogous
      manner to that described in Example 1:
PAC  EXAMPLE 2
PAC  2-Dimethylamino-4-methoxy-6-hydroxypyrimidine
PAR  M.P.: 215.degree.-216.degree..
PAR  Analysis: C.sub.7 H.sub.11 N.sub.3 O.sub.2. Molecular weight: 169.2. Calc.:
      C, 49.7 %; H, 6.6 %; N, 24.8 %; O, 18.9 %. Found: C, 49.7 %; H, 6.4 %; N,
      24.7 %; O, 19.0 %.
PAC  EXAMPLE 3
PAC  2-Di-n.propylamino-4methoxy-6-hydroxypyrimidine
PAR  M.P.: 116.degree.-117.degree.
PAR  Analysis: C.sub.11 H.sub.19 N.sub.3 O.sub.2. Molecular weight: 225.3.
      Calc.: C, 58.6 %; H, 8.5 %; N, 18.7 %; O, 14.2 %. Found: C, 59.3 %; H, 8.6
      %; N, 18.2 %; O, 14.4 %.
PAC  EXAMPLE 4
PAC  2-Dimethylamino-4-ethoxy-6-hydroxypyrimidine
PAR  155.2 g (1 mol) of 2-dimethylamino-4,6-dihydroxypyrimidine are added while
      stirring to 1000 cc of 1N sodium hydroxide solution 1N and the mixture is
      heated to 50.degree. over a short period. 170 g (1.1 mol) of diethyl
      sulphate are subsequently added dropwise, over the course of 2 hours, at
      40.degree.-45.degree.. During the dropwise addition the pH value is kept
      at between 7.5 and 8.0 by further addition of 1N sodium hydroxide
      solution. Approximately 500 cc of 1N sodium hydroxide solution are
      additionally required. The mixture is stirred at 40.degree. for 6 hours,
      filtered off, washed with a small amount of water and dried at 90.degree.
      in a high vacuum. The compound may be recrystallized from benzene. M.P.
      194.degree.-195.degree.. The aqueous phase may be extracted with
      chloroform in order to obtain better yields. The chloroform solution is
      dried with sodium sulphate and after evaporation crystals are obtained
      which may be recrystallized from benzene.
PAR  Analysis: C.sub.8 H.sub.13 N.sub.3 O.sub.2. Molecular weight: 183.2. Calc.:
      C, 52.4 %; H, 7.2 %; N, 22.9 %; O, 17.5 %. Found: C, 52.4 %; H, 7.0 %; N,
      22.9 %; O, 17.8 %.
PAR  The following compounds of general formula I may be produced in analogous
      manner to that described in Example 4:
PAC  EXAMPLE 5
PAC  2-Diethylamino-4-ethoxy-6-hydroxypyrimidine
PAR  M.P.: 144.degree.-145.degree.
PAR  Analysis: C.sub.10 H.sub.17 N.sub.3 O.sub.2. Molecular weight: 211.26.
      Calc.: C, 57.0 %; H, 8.1 %; N, 19.8 %; O, 15.1 %. Found: C, 57.5 %; H, 8.2
      %; N, 19.8 %; O, 15.3 %.
PAC  EXAMPLE 6
PAC  2-Di-n.propylamino-4-ethoxy-6-hydroxypyrimidine
PAR  M.P.: 132.degree.-133.degree.
PAR  Analysis: C.sub.12 H.sub.21 N.sub.3 O.sub.2. Molecular weight: 239.32.
      Calc.: C, 60.2 %; H, 8.8 %; O, 13.4 %; N, 17.6 %. Found: C, 60.1 %; H, 8.6
      %; O, 13.5 %; N, 17.4 %.
PAC  EXAMPLE 7
PAC  2-Methoxy-4-ethoxy-6-hydroxypyrimidine
PAR  14.2 g (0.1 mol) of 2-methoxy-4,6-dihydroxypyrimidine are added while
      stirring to 50 cc of 2N sodium hydroxide solution 2N and the mixture is
      stirred for half an hour with heating to 50.degree.. 17.0 g (0.11 mol) of
      diethyl sulphate are subsequently added dropwise, over the course of 20
      minutes and with stirring; by adding 2N sodium hydroxide solution the pH
      value should, if possible, be kept at between 8 and 8.2. The mixture is
      then stirred at 50.degree., 2N sodium hydroxide solution is added from
      time to time until the pH remains constant (after approximately 3 hours).
      The reaction mixture is subsequently cooled to 0.degree., the precipitate
      is suction filtered and washed with a small quantity of ethanol. After
      drying in a high vacuum at 80.degree., the substance has a M.P. of
      192.degree.-194.degree..
PAR  Analysis: C.sub.7 H.sub.10 N.sub.2 O.sub.3. Molecular weight: 170.2. Calc.:
      C, 49.4 %; H, 5.9 %; N, 16.5 %; O, 28.2 %. Found: C, 49.5 %; H, 5.8 %; N,
      16.1 %; O, 27.9 %.
PAC  EXAMPLE 8
PAC  2-Methoxy-4-methoxy-6-hydroxypyrimidine
PAR  142 g (1 mol) of 2-methoxy-4,6-dihydroxypyrimidine are added while stirring
      to 500 cc of sodium hydroxide solution 2N and the mixture is stirred at
      50.degree. for 1 hour. Subsequently it is cooled to room temperature and
      139 g (1.1 mol) of dimethyl sulphate are added dropwise while stirring; by
      the addition of 2N sodium hydroxide solution the pH value is kept at
      between 8.0 and 8.2. The mixture is stirred at 50.degree. for a further 2
      hours, cooled to room temperature and extracted with chloroform. After
      drying the chloroform phase over sodium sulphate the solvent is evaporated
      in a vacuum. A white powder is obtained. After decomposition with
      ether/chloroform (1:1), the substance has a M.P. of
      197.degree.-201.degree..
PAR  Analysis: C.sub.6 H.sub.8 N.sub.2 O.sub.3. Molecular weight: 156.1. Calc.:
      C, 46.1 %; H, 5.1 %; N, 17.9 %; O, 30.8 %. Found: C, 46.3 %; H, 5.0 %; N,
      17.7 %; O, 31.0 %.
PAC  EXAMPLE 9
PAC  2-Methylthio-4-ethoxy-6-hydroxypyrimidine
PAR  31.6 g (0.2 mol) of 2-methylthio-4,6-dihydroxypyrimidine are added, while
      stirring well, to 100 cc of 2N sodium hydroxide solution 2N and the
      mixture is stirred at 50.degree. for half an hour. 34.0 g (0.22 mol) of
      diethyl sulphate are then added dropwise and with stirring, at 50.degree.;
      by the addition of 2N sodium sulphate the pH value is kept at between 8
      and 8.2. Towards the end of the dropwise addition a precipitate is
      obtained. The mixture is subsequently stirred at 50.degree. for 1 further
      hour, cooled to 0.degree. and filtered. The precipitate is washed with
      cold ethanol, then with ether and dried in a high vacuum at 80.degree..
      The obtained white powder has a M.P. of 185.degree.-187.degree..
PAR  Analysis: C.sub.7 H.sub.10 N.sub.2 O.sub.2 S. Molecular weight: 186.2.
      Calc.: C, 45.1 %; H, 5.4 %; N, 15.0 %; O, 17.2 %; S, 17.2 %. Found: C,
      44.8 %; H, 5.4 %; N, 15.0 %; O, 17.6 %; S, 17.1 %.
PAC  EXAMPLE 10
PAC  2-Methylthio-4-methoxy-6-hydroxypyrimidine
PAR  15.8 g (0.2 mol) of 2-methylthio-4,6-dihydroxypyrimidine are added while
      stirring well, to 100 cc of 2N sodium hydroxide solution and the mixture
      is stirred at 50.degree. for half an hour. The mixture is subsequently
      cooled to room temperature and 13.9 g (0.11 mol) of dimethyl sulphate are
      added dropwise, while stirring; by the addition of sodium hydroxide
      solution 2N the pH value is kept at between 8 and 8.2. After the dropwise
      addition a precipitate is obtained. The mixture is stirred at 50.degree.
      for a further 21/2 hours, whereby the pH value is kept at between 8 and
      8.3, then cooled to 0.degree. and filtered. The obtained white powder has
      an M.P. of 193.degree.-195.degree..
PAR  Analysis: C.sub.6 H.sub.8 N.sub.2 O.sub.2 S. Molecular weight: 172.2.
      Calc.: C, 41.9 %; H, 4.7 %; N, 16.3 %; O, 18.6 %; S, 18.6 %. Found: C,
      41.7 %; H, 4.6 %; N, 16.5 %; O, 18.8 %; S, 18.4 %.
PAC  EXAMPLE 11
PAC  2-Dimethylamino-4-n-propoxy-6-hydroxy-pyrimidine
PAR  124 g (0.8 mol) of 2-dimethylamino-4,6-dihydroxypyrimidine are stirred with
      800 cc of 1N sodium hydroxide solution at 60.degree. for 1 hour. 171 g
      (0.8 mol) of p-toluenesulphonic acid-n-propyl ester are added dropwise at
      90.degree. over the course of 1 hour and the pH is kept at 8-8.5 by the
      dropwise addition of 1N sodium hydroxide solution. The mixture is stirred
      at 90.degree. for 16 hours, cooled to 5.degree., neutralized with glacial
      acetic acid and allowed to stand at room temperature for 6 hours. The
      precipitated crystals are subsequently filtered by suction, washed with
      water, dissolved in approximately 700 cc of chloroform, dried over sodium
      sulphate and evaporated to dryness in a vacuum. The residue is decomposed
      with 500 cc of petroleum ether, filtered by suction and recrystallized
      from benzene, washed with petroleum ether and dried at 60.degree. in a
      high vacuum. M.P.: 194.degree.-195.degree..
PAR  Analysis: C.sub.9 H.sub.15 N.sub.3 O.sub.2. Molecular weight: 197.24.
      Calc.: C, 54.8 %; H, 7.7 %; N, 21.3 %. Found: C, 54.5 %; H, 7.7 %; N, 21.3
      %.
PAR  The starting materials of formula II, wherein R.sub.3 is alkylthio and
      M.sub.1 is hydrogen, may be produced in accordance with the following
      Example:
PAC  EXAMPLE 12
PAC  2-Methylthio-4,6-dihydroxypyrimidine
PAR  The following process is to be effected only with gas-mask and gloves.
PAR  600 g (4.15 mols) of thiobarbituric acid are dissolved in 8 l of 2N sodium
      hydroxide solution. 523 g (4.15 mols) of dimethyl sulphate are then added
      dropwise, while stirring, at room temperature, over the course of 15
      minutes, whereupon the temperature rises to approximately 38.degree.. The
      solution is allowed to react for 3 hours without cooling; the reaction
      mixture is then boiled for approximately 10 minutes, treated with charcoal
      and after cooling, the pH value is adjusted to 1 with 900 cc of
      concentrated hydrochloric acid. The compound crystallizes as colorless
      needles while cooling with ice. Filtration is effected and the precipitate
      is washed with approximately 2 l of ice-cold water.
PAR  Analysis: C.sub.5 H.sub.6 N.sub.2 O.sub.2 S. Molecular weight: 158.2.
      Calc.: C, 38.0 %; H, 3.8 %; N, 17.7 %; S, 20.3 %; O, 20.3 %. Found: C,
      38.8 %; H, 3.8 %; N, 17.6 %; S, 20.2 %; O, 20.1 %.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC6##
PAL  wherein
PA1  R.sub.1 is alkyl (C.sub.1 -C.sub.6) or cycloalkyl (C.sub.3 -C.sub.8),
PA1  R.sub.2 is hydrogen, alkyl (C.sub.1 -C.sub.6) or alkenyl-(C.sub.2 -C.sub.6)
      and
PA1  R.sub.3 is a radical --NR.sub.4 R.sub.5
PA2  wherein R.sub.4 and R.sub.5 are either each, independently, hydrogen or
      alkyl (C.sub.1 -C.sub.6) or together with the nitrogen atom to which they
      are bound form piperidino, morpholino or pyrrolidino,
PA1  or alkoxy or alkylthio (C.sub.1 -C.sub.6).
NUM  2.
PAR  2. The compound of claim 1, which is
      2-diethylamino-4-methoxy-6-hydroxy-pyrimidine.
NUM  3.
PAR  3. The compound of claim 1, which is
      2-dimethylamino-4-methoxy-6-hydroxy-pyrimidine.
NUM  4.
PAR  4. The compound of claim 1, which is
      2-di-n.propylamino-4-methoxy-6-hydroxy-pyrimidine.
NUM  5.
PAR  5. The compound of claim 1, which is
      2-dimethylamino-4-ethoxy-6-hydroxy-pyrimidine.
NUM  6.
PAR  6. The compound of claim 1, which is
      2-diethylamino-4-ethoxy-6-hydroxy-pyrimidine.
NUM  7.
PAR  7. The compound of claim 1, which is
      2-di-n.propylamino-4-ethoxy-6-hydroxy-pyrimidine.
NUM  8.
PAR  8. The compound of claim 1, which is
      2-methoxy-4-ethoxy-6-hydroxypyrimidine.
NUM  9.
PAR  9. The compound of claim 1, which is
      2-methoxy-4-methoxy-6-hydroxypyrimidine.
NUM  10.
PAR  10. The compound of claim 1, which is
      2-methylthio-4-ethoxy-6-hydroxypyrimidine.
NUM  11.
PAR  11. The compound of claim 1, which is
      2-methylthio-4-methoxy-6-hydroxypyrimidine.
NUM  12.
PAR  12. The compound of claim 1, which is
      2-dimethylamino-4-n-propoxy-6-hydroxypyrimidine.
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ABST
PAL  2,4-Diamino-5-benzylpyrimidines characterized by the formula
      ##SPC1##
PAL  Wherein R.sup.1, R.sup.2, A.sup.1, Z and n are as hereinafter set forth,
      are described. The 2,4-diamino-5-benzylpyrimidines of the invention have
      useful antibacterial activity. More particularly, they block bacterial
      dihydrofolate reductase and potentiate the antibacterial activity of
      sulfonamides.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention relates to compounds characterized by the formula
      ##SPC2##
PAL  Wherein R.sup.1 and R.sup.2 are lower alkyl or lower alkenyl; Z is an
      oxygen atom bonded to one of the cyclic nitrogen atoms; n is 0 or 1; and
      A.sup.1 is trifluoromethyl,
      ##EQU1##
      wherein R.sup.6 is oxo and R.sup.7 is hydrogen, lower alkyl or lower
      alkoxy, or R.sup.6 is hydroxyimino and R.sup.7 is lower alkyl, or R.sup.6
      together with R.sup.7 is nitrilo; R.sup.8 and R.sup.9 are hydrogen or
      lower alkyl; R.sup.10 is hydroxy, lower alkoxy or -N(R.sup.3,R.sup.4)
      wherein R.sup.3 and R.sup.4, individually, are hydrogen, lower alkyl or
      lower alkanoyl, or R.sup.9 and R.sup.10, individually, are lower alkoxy or
      lower alkylthio, or R.sup.9 taken together with R.sup.10 are lower
      alkylenedioxy or lower alkylenedithio, and pharmaceutically acceptable
      acid addition salts thereof.
PAR  In another aspect, the invention relates to various processes for preparing
      the compounds of formula I.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention relates to 2,4-diamino-5  -benzylpyrimidines of the formula
      ##SPC3##
PAL  Wherein R.sup.1 and R.sup.2, individually, are lower alkyl or lower
      alkenyl; Z is an oxygen atom bonded to one of the cyclic nitrogen atoms; n
      is 0 or 1; and A.sup.1 is trifluoromethyl,
      ##EQU2##
      wherein R.sup.6 is oxo and R.sup.7 is hydrogen, lower alkyl or lower
      alkoxy; or R.sup.6 is hydroxyimino and R.sup.7 is lower alkyl, or R.sup.6
      together with R.sup.7 is nitrilo; R.sup.8 and R.sup.9, individually, are
      hydrogen or lower alkyl; R.sup.10 is hydroxy, lower alkoxy, or
      --N(R.sup.3,R.sup.4), wherein R.sup.3 and R.sup.4, individually, are
      hydrogen, lower alkyl or lower alkanoyl, or R.sup.9 and R.sup.10,
      individually, are lower alkoxy or lower alkylthio, or R.sup.9 taken
      together with R.sup.10 is lower alkylenedioxy or lower alkylenedithio, and
      pharmaceutically acceptable acid addition salts of such compounds.
PAR  As used herein, the term "lower alkyl" denotes straight-chain or branched
      chain saturated aliphatic hydrocarbons of at the most 4 carbon atoms, that
      is, 1 to 4 carbon atoms, such as methyl, ethyl, propyl, and the like. The
      term "lower alkoxy" denotes a straight chain or branched chain saturated
      aliphatic ether wherein the alkyl moiety is as hereinbefore described, for
      example, methoxy, ethoxy, and the like. The term "lower alkylthio" denotes
      a straight chain or branched chain saturated aliphatic thioether wherein
      the alkyl moiety is as hereinbefore described, for example, methylthio,
      ethylthio, and the like. As used herein, the term "halogen" denotes
      chlorine, bromine, fluorine and iodine. The term "lower alkenyl" denotes
      straight chain or branched chain olefinically unsaturated hydrocarbon of
      up to 3 carbon atoms, that is, 2 to 3 carbon atoms, such as allyl and the
      like. The term "lower alkanoyl" denotes a straight chain or branched chain
      radical of an alkane carboxylic acid of 1 to 4 carbon atoms, for example,
      formyl, acetyl, and the like. The term "lower alkylenedioxy" or "lower
      alkylenedithio" denotes a dioxy or dithio residue of 2 to 3 carbon atoms.
PAR  The group
      ##EQU3##
      (a) comprises, for example, the radical cyano, lower alkoxycarbonyl,
      N-hydroxyimino-lower alkyl, formyl or lower alkylcarbonyl.
PAR  The group
      ##EQU4##
      (b) comprises, for example, the radicals lower alkyl-di-lower
      alkoxymethyl, lower alkyl-lower alkylenedioxymethyl, lower alkyl-di-lower
      alkylthiomethyl, lower alkyl-lower alkylenedithiomethyl, optionally
      C-mono- or -di-lower alkylated hydroxymethyl, optionally C-mono- or
      -di-lower alkylated-lower alkoxymethyl, optionally C-mono- or -di-lower
      alkylated aminomethyl, optionally C-mono- or -di-lower-alkylated lower
      alkylaminomethyl, optionally C-mono- or -di-lower alkylated di-lower
      alkyl-aminomethyl.
PAR  A preferred subgenus of the invention comprises the compounds of the
      formula I wherein R.sup.1 and R.sup.2 are lower alkyl, especially methyl,
      ethyl. Further preferred are compounds of the formula I wherein A.sup.1 is
      C-mono- or -di-lower alkylated hydroxymethyl, C-mono- or -di-lower
      alkylated lower alkoxymethyl, or lower alkylcarbonyl.
PAR  The benzylpyrimidines of the formula I and their salts can be prepared by
      the following processes:
PAR  a. reacting a compound of the formula
      ##SPC4##
PAL  wherein R.sup.5 is lower alkyl; Y is a leaving group and A.sup.2 is
      trifluoromethyl,
      ##EQU5##
      wherein R.sup.11 is oxo and R.sup.12 is lower alkoxy, or R.sup.11 taken
      together with R.sup.12 are nitrilo; R.sup.13 is hydroxy, lower alkoxy or
      --N(R.sup.3,R.sup.4); or R.sup.9 taken together with R.sup.13 are lower
      alkylenedioxy or lower alkylenedithio; and R.sup.1,
      R.sup.2,R.sup.3,R.sup.4,R.sup.8 and R.sup.9 are as hereinbefore with
      guanidine, or by
PAR  b. dehydrating a compound of the formula
      ##SPC5##
PAL  wherein R.sup.1 and R.sup.2 are as hereinbefore described, to the nitrile
      or by
PAR  c. reacting a compound of the formula
      ##SPC6##
PAL  wherein X' is chloro, bromo, lower alkylthio or lower alkylsulfonyl, and
      A.sup.3 is trifluoromethyl,
      ##EQU6##
      wherein R.sup.11 is oxo and R.sup.12 is lower alkoxy, or R.sup.11 taken
      together with R.sup.12 are nitrilo; R.sup.14 is lower alkoxy, or
      --N(R.sup.3,R.sup.4) or R.sup.9 taken together with R.sup.14 are lower
      alkylenedioxy; and R.sup.1,R.sup.2,R.sup.3,R.sup.4,R.sup.8 and R.sup.9 are
      as hereinbefore described with ammonia, or by
PAR  d, replacing the substituent X" in a compound of the formula
      ##SPC7##
PAL  wherein R.sup.1,R.sup.2 and A.sup.3 are as hereinbefore described, and X"
      is chloro, bromo or hydroxy with a hydrogen atom, or by
PAR  e. treating a compound of the formula
      ##SPC8##
PAL  wherein A.sup.4 is
      ##EQU7##
      and R.sup.1,R.sup.2 and R.sup.8 are as hereinbefore described, with
      aluminum amalgam, whereby the group A.sup.4 is reductively cleaved to the
      acetophenone group, or by
PAR  f. subjecting a compound of formula I, wherein n is 0, to N-oxidation, or
      by
PAR  g. hydrolytically or hydrogenolytically cleaving the amino protecting
      groups in a compound of the formula
      ##SPC9##
PAL  wherein X is hydrogen or an amino protecting group, provided that at least
      one X is an amino protecting group, and R.sup.1,R.sup.2 and A.sup.1 are as
      hereinbefore described or by
PAR  h. esterifying or reducing to the aldehyde the carboxyl group of a compound
      of the formula
      ##SPC10##
PAL  wherein R.sup.1,R.sup.2, Z and n are as hereinbefore described, or
PAR  i. in a compound of formula I, wherein A.sup.1 is lower alkylcarbonyl and
      R.sup.1, R.sup.2, Z and n are as previously described, condensing the
      carbonyl with hydroxylamine to form the hydroxyimino group; or reductively
      aminating the carbonyl; or reducing the group to the alcohol; or
      ketalizing or thioketalizing the carbonyl; or with a Grignard reagent
      obtaining a homologous alcohol; or
PAR  j. in a compound of formula I, wherein A.sup.1 is a lower alkoxycarbonyl
      and R.sup.1, R.sup.2, Z and n are as previously described, converting the
      lower alkoxycarbonyl group with a Grignard reagent to a ketone or a
      secondary or tertiary alcohol; or reducing the lower alkoxycarbonyl to an
      alcohol; or
PAR  k. in a compound of formula I, alkylating A.sup.1 when it is an alcohol
      function or oxidizing it to a carbonyl; or
PAR  l. in a compound of formula I reducing A.sup.1 when it is a nitrile to an
      amino group or an aldehyde; or
PAR  m. in a compound of formula I splitting the ketal or thioketal group
      defined by A.sup.1 ; or
PAR  n. in a compound of formula I, when A.sup.1 is --CH.sub.2 --NR.sup.8
      --COR.sup.5, hydrolyzing the acyl group and optionally converting the
      resulting base to a pharmaceutically acceptable acid addition salt.
PAR  According to process variant (a), a compound of the formula IIa or IIb is
      condensed with guanidine. In the compound of the formula IIb,
      representative of leaving group Y are ether residues, for example, alkoxy
      groups, such as, methoxy, ethoxy, propoxy or the like; thioether residues,
      such as, alkylthio groups, or aliphatic, aromatic or heterocyclic amino
      groups --N(R.sup.3,R.sup.4), such as, lower alkylamino, benzylamino,
      arylamino, for example, optionally substituted anilino, naphthylamino,
      di-lower alkylamino, pyrrolidino, piperidino, piperazino, morpholino or
      the like. Especially preferred is anilino whose phenyl ring can be
      optionally, singly or multiply substituted by halo-, lower alkyl- or lower
      alkoxy-.
PAR  The reaction of the compound IIa or IIb with guanidine can be carried out
      according to known methods (see for example the Belgian Pat. Nos. 594,131,
      671,982 and 746,846), for instance, in a solvent, for example, an alkanol,
      such as methanol or ethanol, or in dimethylformamide, dimethylsulfoxide,
      N-methylpyrazolone, at a temperature in the range of between about
      25.degree. and about 200.degree., preferably at a range of from about
      50.degree. to about 170.degree.C.
PAR  The compound of the formula IIb, under the foregoing reaction conditions,
      can be formed in situ from a tautomeric compound of the formula
      ##SPC11##
PAL  wherein R.sup.1, R.sup.2, A.sup.2 and Y are as hereinbefore described.
PAR  The compounds obtained according to process variant (a) are characterized
      by the formula
      ##SPC12##
PAL  wherein R.sup.1, R.sup.2 and A.sup.2 are as hereinbefore described.
PAR  The dehydration of an acid amide of formula III, process variant (b), can
      be carried out by the use of a dehydrating agent, such as, phosphorus
      oxychloride, thionylchloride, phosphorus pentoxide or polyphosphoric acid.
      The reaction can be carried out in an inert organic solvent, for example,
      pyridine, or an excess of the dehydrating agent itself can also serve as
      the solvent.
PAR  The compounds obtained according to process variant (b) can be
      characterized by the formula
      ##SPC13##
PAL  wherein R.sup.1 and R.sup.2 are as hereinbefore described.
PAR  According to process variant (c), a compound of the formula IV is reacted
      with ammonia, whereby the substituent X' in the pyrimidine residue of the
      molecule is replaced by an amino group. The reaction is conveniently
      carried out in alkanolic, for example, methanolic, solution, for instance
      methanolic ammonia is used as the reaction medium. The reaction
      temperature conveniently is in the range of from about 80.degree. to about
      200.degree.C., preferably between about 100.degree. to about 150.degree.C.
      Since these temperatures lie above the boiling point of methanol, the
      reaction is carried out in a closed system, for example, in an autoclave.
PAR  There are thus obtained, according to process variant (c), compounds of the
      formula
      ##SPC14##
PAL  wherein A.sup.3,R.sup.1 and R.sup.2 are as hereinbefore described.
PAR  In process variant (d), the exchange of bromine or chlorine in the compound
      V for a hydrogen atom can be effected by treatment with reducing agents,
      such as, hydrogen iodide or catalytically activated hydrogen, for example,
      palladium in alcohol, or with zinc/glacial acetic acid. When X" is
      hydroxy, the compound is first reacted with bromocyanide in the presence
      of triethylamine and then hydrogenated in the presence of
      palladium/carbon, whereby the compound of formula Id is obtained.
PAR  The splitting of the sulfonyl or sulfoxide group in a compound of formula
      VI, process variant (e), can be effected by the use of aluminum amalgam in
      tetrahydrofuran/water, optionally with warming, or by means of a
      zinc/ethyl acetate mixture.
PAR  The compounds thus obtained according to process variant (e) correspond to
      the formula
      ##SPC15##
PAL  wherein R.sup.1 and R.sup.2 are as hereinbefore described.
PAR  The N-oxidation of process variant (f) can be carried out according to
      known methods utilizing the usual N-oxidizing agents; particularly
      preferred are perbenzoic acids and most preferred is m-chloroperbenzoic
      acid.
PAR  The N-oxidation can be carried out, for instance, in inert solvents, for
      example, chlorinated hydrocarbons, such as chloroform, methylene chloride,
      or, in alcohols, such as methanol or ethanol, or in dimethylformamide,
      dimethylsulfoxide, water or also in dioxane. The reaction temperature
      conveniently lies in the range of from about room temperature to about the
      boiling point of the solvent, that is, between about 10.degree. and about
      60.degree.C. The range of approximately 10.degree. to approximately
      20.degree.C. is preferred.
PAR  The N-oxides obtained can be isolated from the reaction mixture in the
      usual manner. When using m-chloroperbenzoic acid or perbenzoic acid as the
      N-oxidizing agent, it is desirable to shake the reaction mixture out with
      a weakly alkaline aqueous solution, for example, with aqueous sodium
      bicarbonate solution, and to make the aqueous extract obtained first
      acidic in order to precipitate the excess acid and, after removing the
      latter by filtration, to make the filtrate neutral or weakly basic.
PAR  The N-oxidation usually leads to mixtures of N.sub.1 - and N.sub.3 - oxides
      of the formulas
      ##SPC16##
PAL  wherein R.sup.1, R.sup.2 and A.sup.1 are as hereinbefore described.
PAR  The separation and purification of these isomeric reaction products can be
      effected by chromatography, for example, column chromatography, and/or
      recrystallization, preferably from polar solvents, such as, alcohols,
      water or the like.
PAR  In the compound of the formula VII which is used as the starting material
      in process variant (g), X is an amino protecting group which can be
      converted to the free amino group by hydrolysis or hydrogenolysis.
      Representative examples of the first category of protecting groups are
      acyl groups, for example, alkanoyl groups such as formyl, acetyl,
      propionyl, or the like; or aroyl groups such as benzoyl; tert.
      butyloxycarbonyl; or the like. A group which can be converted into a free
      amino group by hydrogenolysis is, for example, carbobenzoxy. The preferred
      amino protecting groups are acyl groups, most preferably the acetyl group.
PAR  The hydrogenolysis of an amino protecting group can be carried out, for
      example, catalytically, such as by means of palladium on carbon and in a
      solvent, for example, an alcohol such as methanol, at a temperature in the
      range of from about 10.degree. to about 50.degree., preferably at room
      temperature.
PAR  The hydrolysis of a compound of formula VII can be carried out in alkaline
      medium, for example, with aqueous or aqueous/alcoholic methanolic alkali,
      or in an acidic medium, for example, with aqueous or aqueous/alcoholic
      mineral acids, such as hydrochloric acid or the like.
PAR  The esterification of the carboxyl group in a compound of formula Ig can be
      carried out in a known manner by the reaction of a reactive acid
      derivative with an alcohol in the presence of a condensing agent, such as
      an alkali alkoxide, or a strong acid, such as hydrochloric acid. The
      reduction of the carboxyl group to an aldehyde, according to process
      variant (h), can be carried out, for example, with a complex metal hydride
      via the acid chloride.
PAR  The reduction of a carbonyl group, according to process variant (i), can be
      carried out with a complex metal hydride, such as sodium borohydride, in
      an aqueous alkanol. The reductive amination can be carried out with an
      amine and Raney-nickel in an inert solvent, for example, ethanol.
PAR  The reduction of a lower alkoxy-carbonyl group to a hydroxymethyl group in
      accordance with process variant (j) can be carried out with
      diisobutylaluminum hydride in dioxane.
PAR  The oxidation of an alcohol group in accordance with process variant (k)
      can be carried out in an oxidizing agent such as chromium trioxide in
      pyridine. The reduction of a nitrile group in accordance with process
      variant (l) can be carried out with a complex metal hydride, such as
      lithium aluminum hydride in ether (for preparing a compound of formula I
      wherein A' is --CH.sub.2 NH.sub.2) or with diisobutylaluminum hydride in
      dioxane (for preparing a compound of formula I wherein A' is --CHO).
PAR  The ketal or thioketal cleavage in accordance with process variant (m) can
      be effected with aqueous acid, optionally with warming, the thioketal
      cleavage is preferably carried out with a Hg.sup.2.sup.+ salt.
PAR  For the hydrolysis in accordance with process varient (n) it is preferably
      carried out in the presence of an aqueous or aqueous/alcoholic mineral
      acid.
PAR  The starting materials used in the process variants (a) to (e) can be
      prepared, insofar as they are not known or described in the following
      table, in analogy to the procedures described in the Examples or according
      to the methods given in the following table.
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PAR  For the preparation of acid addition salts, particularly of salts usable in
      pharmaceutical preparations, that is, pharmaceutically acceptable acid
      addition salts, there come into consideration inorganic acids normally
      used for this purpose, such as hydrochloric acid, sulfuric acid,
      phosphoric acid or the like, or organic acids, such as formic acid, acetic
      acid, succinic acid, lactic acid, citric acid, maleic acid, fumaric acid,
      tartaric acid, methanesulfonic acid, p-toluenesulfonic acid or the like.
PAR  The compounds of formula I and their salts are antibacterially active. More
      particularly, they block the bacterial dihydrofolate reductase and
      potentiate the antibacterial action of sulfonamides, such as,
      sulfisoxazole, sulfadimethoxine, sulfamethoxazole,
      4-sulfanilamido-5,6-dimethoxypyrimidine,
      2-sulfanilamido-4,5-dimethylpyrimidine or sulfaquiloxaline, sulfadiazine,
      sulfamonomethoxine, iso-sulfisoxazole and other inhibitors for enzymes
      which are concerned with the folic acid biosynthesis such as, for example,
      pteridine derivatives.
PAR  For such use, one or more of the compounds of formula I and a sulfonamide
      can be utilized orally, rectally and parenterally, for example, by
      incorporating a therapeutic dosage in a conventional dosage form, such as
      tablets, capsules, elixirs, suspensions, solutions or the like. They can
      be administered in mixture with conventional pharmaceutical carriers or
      excipients, such as, for example, corn starch, calcium stearate, magnesium
      carbonate, calcium silicate, dicalcium phosphate, talc, lactose and the
      like. Moreover, they can be administered in the presence of buffers, or
      agents used to adjust to isotonicity, and the pharmaceutical dosage forms
      can, if desired, be subjected to conventional pharmaceutical expedients
      such as, for example, sterilization. The ratio of a compound of formula I
      to sulfonamide can vary within a wide range, for example, in the range of
      1:40 (parts by weight) to 5:1 (parts by weight); preferred ratios are 1:1
      to 1:5.
PAR  Thus, for example, a tablet can contain 80 mg. of a compound of formula I
      and 400 mg. of sulfamethoxazole, or it can contain 20 mg. of a compound of
      formula I and 100 mg. of sulfamethoxazole. A syrup can contain (per 5 ml.)
      40 mg. of a compound of formula I and 200 mg. of sulfamethoxazole.
PAR  The compounds of formula I are distinguished by a good tolerance and low
      toxicity.
DETD
PAR  The following Examples further illustrate the invention. All temperatures
      are in degrees Centigrade, unless otherwise mentioned.
PAC  EXAMPLE 1
PAC  Preparation of .alpha. -(2,4-diamino-5-pyrimidinyl-2,6-dimethoxy-p-toluic
      acid methyl ester
PAR  8 G. of sodium metal were dissolved in 200 ml. of absolute methanol in a 2
      liter flask having a magnetic stirrrer and a reflux condenser under
      exclusion of moisture.
PAR  24.7 G. of guanidine hydrochloride were added to this solution and the
      suspension stirred at room temperature for 30 minutes. The formed sodium
      chloride was removed by filtration under vacuum and washed with about 10
      ml. of cold absolute methanol. The filtrate was treated with 46 g. of
      4-(3-anilino-2-cyanoallyl)-2,6-dimethoxy-benzoic acid methyl ester and
      1000 ml. of isopropanol and the suspension heated at reflux with stirring
      for 50 hours. The reaction mixture was concentrated, cooled and the
      precipitated crystals removed by filtration under vacuum.
PAR  After crystallization from about 4 liters of methanol with addition of
      about 1 g. of charcoal, .alpha.
      -(2,4-diamino-5-pyrimidinyl-2,6-dimethoxy-p-toluic acid methyl ester of
      m.p. 250.degree.-251.degree. was obtained.
PAR  The starting material was prepared as follows:
PAR  A mixture of 271 g. of 2,6-dimethoxyterephthalic acid 1-monomethyl ester,
      1.2l. of absolute benzene, 100 ml. of thionyl chloride and 30 ml. of
      dimethylformamide was boiled at reflux under exclusion of moisture for 2
      hours. The solution was evaporated to dryness in vacuo and the residue
      dissolved two times in about 100 ml. of absolute benzene and the solvent
      again removed in vacuo. After recrystallization from 7 l. of hot
      n-heptane, the residue produced 260 g. of 2,6-dimethoxyterephthalic acid
      chloride of m.p. 100.degree.-101.degree. C. After concentration of the
      mother liquors, an additional 20 g. of 2,6-dimethoxyterephthalic acid
      chloride was obtained (m.p. 90.degree.-95.degree.).
PAR  40 G. of 2,6-dimethoxyterephthalic acid chloride were dissolved in 400 ml.
      of xylene dried over sodium. Under an atmosphere of nitrogen, 4 g. of 5%
      lead/barium sulfate and 0.4 ml. of quinoline-sulfur-regulator were added.
      Thereafter, the suspension was bubbled through with nitrogen for an
      additional 10 minutes and then hydrogen was led through with stirring at
      110.degree.. The course of the reaction was followed by titration of the
      resulting hydrochloric acid. After about 2 hours (90% of the theoretical
      amount of hydrochloric acid liberated), the reaction was stopped. The
      suspension was cooled under nitrogen and the catalyst was removed by
      filtration under vacuum. Thereafter, the filtrate was concentrated to
      dryness in vacuo, and the residue taken up in 150 ml. of benzene and
      shaken with 500 ml. of about 37% sodium bisulfite solution for 2 hours.
      The benzene phase was separated and the aqueous phase washed with 100 ml.
      of benzene.
PAR  The remaining aqueous solution was cooled to 5.degree. and subsequently
      adjusted to about a pH of 10 with about 20% sodium hydroxide solution. The
      precipitated aldehyde and inorganic salts were removed by filtration under
      vacuum. The solid material was taken up in 400 ml. of benzene and 700 ml.
      of water. The benzene solution separated and the aqueous phase extracted
      two times with 100 ml. of benzene each time. The combined benzene extracts
      were washed with 2 .times. 50 ml. of water, dried over magnesium sulfate
      and evaporated to dryness in vacuo to yield 2,6-dimethoxy-4-formylbenzoic
      acid methyl ester, m.p. 113.degree.-114.degree..
PAR  From a solution of 0.9 g. of sodium metal in 15 ml. of absolute methanol,
      the solvent was evaporated under an atmosphere of nitrogen and exclusion
      of moisture. The remaining sodium methylate was suspended in a solution of
      25.2 g. of .beta.-morpholinopropionitrile in 28 ml. of dimethylsulfoxide
      (dried over molecular sieves) and warmed to 70.degree.. At this
      temperature, a solution of 30 g. of 2,6-dimethoxy-4-formylbenzoic acid
      methyl ester in 45 ml. of anhydrous dimethylsulfoxide was added dropwise
      within 30 minutes and subsequently the mixture was stirred at 75.degree.
      for an additional 30 minutes. After this time, practically no more
      aldehyde could be detected. The solution was cooled to +5.degree. and
      treated dropwise with about 30-40 ml. of water, seeded and stirred for
      about an additional 3 hours. The crystalline product was removed by
      filtration under vacuum, washed with about 15 ml. of methanol cooled to
      0.degree. and recrystallized from methanol.
PAR  The 4-(2-cyano-3-morpholinoallyl)-2,6-dimethoxybenzoic acid methyl ester
      has a m.p. of 137.degree.-138.degree..
PAR  8.6 G. of aniline were treated under cooling with 7.6 ml. of concentrated
      hydrochloric acid. Subsequently, 32 g. of
      4-(2-cyano-3-morpholinoallyl)-2,6-dimethoxybenzoic acid methyl ester and
      100 ml. of isopropanol were added. The suspension was heated at reflux
      with stirring for 30 minutes. About 1/3 to half of the solvent was
      evaporated and 20 ml. of water added. The resulting crystalline product
      was removed by filtration under vacuum, washed with a little cold methanol
      and dried. Recrystallization from methanol yielded
      4-(3-anilino-2-cyanoallyl)-2,6-dimethoxybenzoic acid methyl ester of m.p.
      193.degree.-194.degree..
PAC  EXAMPLE 2
PAC  Preparation of .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic
      acid methyl ester
PAR  A solution of 30 mg. of sodium metal in 3 ml. of absolute methanol was
      treated with 0.12 g. of guanidine hydrochloride, and the suspension was
      stirred for 15 minutes. 0.29 G. of
      4-(3,3-dimethoxy-2-cyanopropyl)-2,6-dimethoxybenzoic acid methyl ester
      were added and the mixture heated at reflux for 18 hours. Thereafter, the
      methanol was evaporated in vacuo, and the basic products dissolved in 1N
      acetic acid. The solution was filtered, made alkaline with concentrated
      ammonia under cooling. The
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid methyl
      ester was removed by filtration under vacuum and recrystallized from
      methanol, m.p. 247.degree.-248.degree..
PAR  The starting material was prepared as follows:
PAR  11.2 G. of 2,6-dimethoxy-4-formylbenzoic acid methyl ester were added under
      nitrogen to a solution of 3.45 g. sodium metal in 47 ml. of absolute
      methanol cooled to 5.degree.. With strong stirring, a solution of 6.6 ml.
      of acrylonitrile in 3 ml. of methanol was then added dropwise over a
      period of 20 minutes in such a manner that the temperature did not rise
      over 20.degree.. The reaction mixture was stirred at room temperature for
      17 hours and evaporated to dryness. The residue was taken up in 200 ml. of
      water and 200 ml. of ether, and the aqueous phase was extracted several
      times with ether. The ether extracts were dried and concentrated (10 g.).
      Column chromatography (400 g. of silica gel; eluant; ether) yielded
      4-(3,3-dimethoxy-2-cyanopropyl)-2,6-dimethoxybenzoic acid methyl ester,
      m.p. 90.degree.-92.degree. (from methanol).
PAC  EXAMPLE 3
PAC  Preparation of .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6dimethoxy-p-toluic
      acid sodium salt
PAR  5.4 G. of guanidine carbonate were added under an atmosphere of nitrogen to
      a solution of 0.7 g. of sodium metal in 9 ml. of absolute methanol. The
      suspension was stirred at 80.degree. for 30 minutes and, after cooling to
      room temperature, it was treated with a solution of 3.5 g. of
      4-(2-cyano-3-morpholinoallyl)-2,6-dimethoxybenzoic acid methyl ester in 12
      ml. of dimethylsulfoxide.
PAR  The mixture was stirred under an atmosphere of nitrogen for 3 hours at
      145.degree. and for 2 hours at 175.degree.. Thereafter, the mixture was
      cooled and poured onto a small amount of ice, filtered and the filtrate
      evaporated to dryness under high vacuum (temperature &lt; 60.degree.C.). The
      residue was suspended in ethanol with warming and filtered under vacuum:
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid sodium
      salt, m.p. &gt; 300.degree..
PAC  EXAMPLE 4
PAC  Preparation of .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic
      acid
PAR  A suspension of 12.7 g. of
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-tolylbenzoic acid
      methyl ester in a solution of 1.7 g. of sodium hydroxide in 80 ml. of
      water and 20 ml. of ethanol was heated at reflux with stirring for 16
      hours. The resulting solution was filtered warm and adjusted to pH 6 with
      about 40 ml. of 1H hydrochloric acid. The suspension was diluted with 300
      ml. of water and filtered, whereby there was obtained:
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid, m.p.
      264.degree.-267.degree.C. (from methanol/water).
PAC  EXAMPLE 5
PAC  Preparation of .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic
      acid isopropyl ester
PAR  1.2 G. of
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluoylbenzoic acid
      methyl ester were added to a solution of 20 mg. of sodium metal in 200 ml.
      of absolute isopropanol.
PAR  The suspension was heated at 150.degree. (5 atmospheres) in a pressure tube
      for 72 hours. The solution was cooled and evaporated. The remaining
      substance was suspended in a small amount of water, filtered under vacuum
      and recrystallized from isopropanol, whereby there was obtained
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid isopropyl
      ester, m.p. 209.degree.-213.degree..
PAC  EXAMPLE 6
PAC  Preparation of .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic
      acid isopropyl ester
PAR  A solution of 0.4 g. of sodium metal in 20 ml. of absolute isopropanol was
      evaporated to dryness. The residue was dissolved in 10 ml. of
      dimethylsulfoxide. 2 G. of
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid methyl
      ester were added and the reaction mixture stirred under an atmosphere of
      nitrogen and exclusion of moisture for 24 hours. After the addition of 30
      ml. of water, the precipitated
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid isopropyl
      ester was removed by filtration under vacuum and recrystallized from
      isopropanol.
PAC  EXAMPLE 7
PAC  Preparation of .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic
      acid butyl ester
PAR  1.6 G. of .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid
      methyl ester were dissolved in a solution of 20 mg. of sodium metal in 250
      ml. of anhydrous butanol-(1). The reaction mixture was boiled at reflux,
      moisture being excluded for 12 hours, and subsequently filtered hot. The
      filtrate was evaporated and the residue recrystallized from butanol-(1),
      whereby there was obtained
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid butyl
      ester, m.p. 186.degree.-188.degree..
PAC  EXAMPLE 8
PAC  Preparation of .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic
      acid ethyl ester
PAR  2.0 G. of .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid
      methyl ester were added to a solution of about 100 mg. of sodium metal in
      200 ml. of absolute ethanol. The solution was heated at reflux for 48
      hours and filtered. The filtrate was concentrated to 1/4 and cooled. The
      precipitated .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic
      acid ethyl ester was removed by filtration under vacuum and recrystallized
      from ethanol, m.p. 201.degree.-202.degree..
PAC  EXAMPLE 9
PAC  Preparation of 4-[ (2,4-diamino-5-pyrimidinyl)-methyl] -2,6-dimethoxybenzyl
      alcohol
PAR  135 Ml. of about 15% diisobutylaluminum hydride solution in dioxane were
      added dropwise within 30 minutes at 50.degree.C. under nitrogen and
      exclusion of moisture to a solution of 4.45 g. of
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid methyl
      ester in 400 ml. of absolute dioxane. The resulting suspension was stirred
      at 50.degree. for 1 hour. After cooling to 30.degree.C., the reaction
      mixture was treated with a mixture of 25 ml. of methanol, 5 ml. of water
      and 50 ml. of dioxane and stirred at 50.degree. for an additional 2 hours.
      The solid material was separated and rejected, and the filtrate was
      evaporated to dryness. After recrystallization from about 20 ml. of
      methanol, the residue yielded 4-[ (2,4-diamino-5-pyrimidinyl)-methyl]
      -2,6-dimethoxybenzyl alcohol having a m.p. of 227.degree.-228.degree..
PAC  EXAMPLE 10
PAC  Preparation of
      .alpha.-(2',4'-diamino-5'-pyrimidinyl)-2,6-dimethoxy-p-toluic acid methyl
      ester 3' -oxide and
      .alpha.-(2',4'-diamino-5'-pyrimidinyl)-2,6-dimethoxy-p-toluic acid methyl
      ester 1'-oxide
PAR  A suspension of 3.18 g. of
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid methyl
      ester in 50 ml. of dioxane was treated under stirring with 2.4 g. of
      3-chloroperbenzoic acid. After 5 minutes, the oxidizing agent no longer
      detectable, an additional 1.2 g. of 3-chloroperbenzoic acid were added.
      After 30 minutes, the brown-colored solution (no peroxide; no oxidizing
      agent) was evaporated to dryness and the residue treated with 200 ml. of a
      mixture of chloroform/propanol/concentrated ammonia (80:20:2). The
      precipitated ammonium salt of the chlorobenzoic acid (about 3.5 g.) was
      separated, washed with chloroform and the solvent removed in vacuo. The
      residue (about 3.0 g.) was chromatographed on 90 g. of silica gel with the
      aforementioned system. The rapidly moving
      .alpha.-(2',4'-diamino-5'-pyrimidinyl)-2,6-dimethoxy-p-toluic acid methyl
      ester 3'-oxide was recrystallized from methanol, m.p.
      251.degree.-253.degree..
PAR  The slowly moving
      .alpha.-(2',4'-diamino-5'-pyrimidinyl)-2,6-dimethoxy-p-toluic acid methyl
      ester 1'-oxide (Rf.about.0.1) was recrystallized from methanol, m.p.
      258.degree.-259.degree. (decomp.).
PAC  EXAMPLE 11
PAC  Preparation of .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-diethoxy-p-toluic
      acid ethyl ester
PAR  A solution containing 735 mg. of sodium in 100 ml. of absolute alcohol are
      reacted with 5.8 g. of guanidine carbonate and 4.2 g. of
      4-(3-anilino-2-cyanoallyl)-2,4-diethoxy-benzoic acid ethyl ester and
      heated at reflux for 20 hours. The alcohol is evaporated under vacuum. To
      the residue is added 50 ml. of water and after stirring for 3 hours at
      25.degree. the .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-diethoxy-p-toluic
      acid ethyl ester is removed by suction, washed with water, and
      recrystallized from alcohol, m.p. 197.degree.-199.degree..
PAR  The starting material was prepared as follows:
PAR  A mixture comprising 29.7 g. of 2,6-dihydroxyterephthalic acid, 228 g. of
      potassium carbonate and 234 g. of ethyl iodide in 500 ml. of absolute
      dimethylformamide are stirred together at 60.degree. for 18 hours with the
      exclusion of moisture. The solvent is removed under vacuum at 60.degree.,
      and the residue taken up in 750 ml. of water. The resulting emulsion is
      extracted with 2 portions of 700 ml. each of ethyl acetate. The ethyl
      acetate phase is washed with 600 ml. of water, dried over magnesium
      sulfate and evaporated under vacuum. Recrystallization of the residue from
      cyclohexane, yields 2,6-diethoxy-terephthalic acid diethyl ester, having a
      m.p. of 104.degree.-105.degree..
PAR  A solution containing 24.8 g. of 2,6-diethoxy-terephthalic acid diethyl
      ester in 700 ml. of alcohol is reacted with 84 ml. of 1N sodium hydroxide
      solution over a period of 3 hours at 25.degree. with stirring. The
      solution is stirred for 70 hours at 25.degree. and subsequently,
      evaporated to dryness at 40.degree.. The residue is dissolved in 400 ml.
      of water, and the aqueous solution is extracted with 300 ml. of ether. The
      ether phase is discarded and the aqueous phase is made acidic with
      concentrated hydrochloric acid. The precipitated 2,6-diethoxy-terephthalic
      acid 1-mono-ethyl ester is removed under suction, washed with water, dried
      and recrystallized from ethyl acetate/cyclohexane, m.p.
      142.degree.-144.degree..
PAR  A solution of 20.9 g. of 2,6-diethoxy-terephthalic acid 1-mono-ethyl ester
      in 100 ml. of thionyl chloride are heated with the exclusion of moisture
      for 3 hours at reflux and subsequently evaporated to dryness under vacuum.
      The residue is suspended in 300 ml. of low boiling petroleum ether. After
      2 hours at 25.degree., the 4-(chloroformyl)-2,6-diethoxy-benzoic acid
      ethyl ester is recovered with suction, washed with petroleum ether and
      dried, m.p. 73.degree.-74.degree..
PAR  A mixture of 12 g. of 4-(chloroformyl)-2,6-diethoxy-benzoic ethyl ester,
      1.4 g. of palladium/barium sulfate catalyst (5%) and 0.2 ml. of quinoline
      sulfur regulator are heated under an atmosphere of nitrogen at 120.degree.
      with stirring. Thereafter, hydrogen is passed through the reaction mixture
      at 120.degree. until 90% of the theoretical amount of acid salt is freed.
      The reduction is stopped, and the suspension under an atmosphere of
      nitrogen is cooled to 25.degree.. The catalyst is removed by filtration
      and the filtrate is evaporated to dryness under vacuum, whereby there is
      obtained 2,6-diethoxy-4-formylbenzoic acid ethyl ester as a colorless oil.
      A sample after recrystallization from low boiling petroleum ether yields
      pure 2,6-diethoxy-4-formylbenzoic acid ethyl ester having a m.p. of
      45.degree.-46.degree..
PAR  A solution of 10.2 g. of 2,6-diethoxy-4-formylbenzoic acid ethyl ester, 8.4
      g. of .beta.-morpholino propionitrile and 4.1 g. of sodium ethylate in 40
      ml. of absolute dimethylsulfoxide are stirred at 25.degree. for 20 hours.
      The solution is treated with 600 ml. of water and extracted with two 500
      ml. portions of ethyl acetate. The ethyl acetate portion is washed twice
      with 200 ml. of water, dried over magnesium sulfate and evaporated under
      vacuum. The residue is dissolved in 40 ml. of alcohol. After remaining at
      4.degree. for 20 hours, the crystallized
      4-(2-cyano-3-morpholinoallyl)-2,6-diethoxy-benzoic acid ethyl ester is
      removed by suction, washed with alcohol and dried, m.p.
      117.degree.-119.degree..
PAR  A solution of 3.7 g. of 4-(2-cyano-3-morpholinoallyl)-2,6-diethoxy-benzoic
      acid ethyl ester, 1.4 g. of aniline and 1.5 ml. of concentrated
      hydrochloric acid in 100 ml. of alcohol are heated at reflux for 1 hour
      and subsequently evaporated to dryness under vacuum. The residue is
      treated with 50 ml. of water. After stirring for 30 minutes at 25.degree.,
      the 4-(3-anilino-2-cyanoallyl)-2,6-diethoxy-benzoic acid ethyl ester is
      removed by suction, washed with water, dried and recrystallized from
      methylene chloride/alcohol, m.p. 178.degree.-179.degree..
PAC  EXAMPLE 12
PAC  Preparation of .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-diethoxy-p-toluic
      acid ethyl ester
PAR  A mixture of 1.94 g. of 4-(2-cyano-3-morpholinoallyl)-2,6-diethoxy-benzoic
      acid ethyl ester, 3.6 g. of guanidine carbonate and 1.36 g. of sodium
      ethylate in 20 ml. of absolute dimethylsulfoxide are stirred for 20 hours
      at 120.degree.. After the addition of 200 ml. of water, the mixture is
      extracted with two 200 ml. portions of ethyl acetate. The ethyl acetate
      phase is washed twice with 50 ml. of water, dried over magnesium sulfate
      and evaporated under vacuum. The residue is chromatographed with ethyl
      acetate/methanol (4:1) on 40 g. of Kieselgel, whereby there is obtained
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-diethoxy-p-toluic acid ethyl ester
      having a m.p. of 197.degree.-199.degree..
PAC  EXAMPLE 13
PAC  Preparation of 4-[ (2,4-diamino-5-pyrimidinyl)-methyl]
      -2,6-diethoxy-.alpha., .alpha.-dimethyl-benzyl alcohol
PAR  A Grignard reagent prepared from 53.5 g. of magnesium and 284 g. of methyl
      iodide in 500 ml. of absolute ether is treated in the course of 2 hours
      with stirring and under ice cooling with a solution of 36 g. of
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-diethoxy-p-toluic acid ethyl ester
      in 2 liters of absolute tetrahydrofuran. The resulting suspension is
      heated under reflux for 20 hours. The reaction mixture cooled to
      25.degree. is carefully decomposed with ice; then, 3 liters of water and
      2N sodium hydroxide solution is added to make the reaction mixture
      strongly alkaline. The resulting precipitate is removed with suction and
      the filtrate extracted with two 5 liter portions of ethyl acetate. The
      ethyl acetate phase is washed with two 2 liter portions of water, dried
      over magnesium sulfate and evaporated to dryness under vacuum. The residue
      is dissolved in 2 liters of absolute tetrahydrofuran and as described
      above, again treated with the Grignard reagent prepared from 26.7 g. of
      magnesium, 142  g. of methyl iodide and 250 ml. of ether. After work-up of
      the resulting reaction mixture, it is chromatographed with ethyl
      acetate/methanol (3:1) on 400 g. of Kieselgel, whereby there is obtained
      4-[ (2,4-diamino-5-pyrimidinyl)-methyl] -2,6-diethoxy-.alpha.,.alpha.
      -dimethyl-benzyl alcohol, which after recrystallization from methanol, has
      a m.p. of 217.degree.-218.degree..
PAC  EXAMPLE 14
PAC  Preparation of
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluenenitrile
PAR  A suspension of 8.0 g. of
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethyloxy-p-toluene amide in 25
      ml. of dry pyridine is treated with 4.0 g. of phosphorus dropwise at
      20.degree.-30.degree.. After stirring at room temperature for 3 hours, the
      mixture is poured in 150 ml. of water, the precipitated
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluenenitrile is
      removed with suction, washed with water and recrystallized from
      dimethylformamide/methanol, m.p. 270.degree.-272.degree..
PAR  The starting material is prepared as follows:
PAR  A solution of 195 g. of 2,6-dimethoxy-4-methylbenzamide in 2.5 1. of water
      and 1.7 l. of pyridine are treated portionwise with 630 g. of potassium
      permanganate over a period of 1 hour at 80.degree. with stirring. The
      resulting mixture is heated over 2 hours at reflux. The magnesium dioxide
      is removed by filtration, and washed with 1 liter of hot water. The
      filtrate is evaporated to dryness under vacuum. The residue is taken up in
      1 liter of water, the starting material is removed, and the filtrate made
      strongly acid with concentrated hydrochloric acid. The precipitated
      3,5-dimethoxy-terephthalic acid amide is removed under suction, washed
      with water and dried, m.p. &gt; 300.degree..
PAR  A solution of 50 g. of 3,5-dimethoxy-terephthalic acid amide in 500 ml. of
      methanol is saturated with hydrochloric acid gas, heated for 3 hours under
      reflux and additional hydrochloric acid, and thereafter evaporated to
      dryness under reflux. The residue is strongly agitated with 200 ml. of a
      5% sodium bicarbonate solution. The solid residue is removed, washed with
      water and recrystallized from methanol. The resulting
      3,5-dimethoxy-terephthalic acid amide ethyl ester has a m.p. of
      259.degree.-261.degree..
PAR  A suspension of 2.4 g. of sodium hydride (50% dispersion in oil) and 7.05
      g. of dimethylsulfone in 18 ml. of absolute dimethylsulfoxide are heated
      with the exclusion of moisture and under an atmosphere of nitrogen for 2
      hours at 50.degree.. The heating is interrupted and 5.95 g. of
      3,5-dimethoxy-terephthalic acid amide methyl ester is introduced whereby
      the temperature rises to 65.degree.. The mixture is then heated for 1 hour
      at room temperature and diluted with 100 ml. of water. The aqueous
      solution is extracted twice with 50 ml. of ethyl acetate, filtered over
      charcoal and treated with acetic acid to a pH of 6-7. The precipitated
      2,6-dimethoxy-4-[(methylsulfonyl)-acetyl]benzamide is recovered with
      suction, washed with water and recrystallized from
      dimethylformamide/ether, m.p. 228.degree.-230.degree..
PAR  A suspension of 37 g. of
      2,6-dimethoxy-4-[(methylsulfonyl)-acetyl]-benzamide in 50 ml. of ethanol
      and 155 ml. of water are treated with a solution comprising 1.55 g, of
      sodium borohydride in 30 ml. of water (under the addition of 0.1 g. of
      sodium hydroxide). The reaction mixture is stirred at room temperature for
      2 hours, cooled with ice and the residue is removed under suction. After
      recrystallization from dimethylformamide/ethanol, the
      4-[1-hydroxy-2-(methyl-sulfonyl)-ethyl]-2,6-dimethoxy-benzamide melts at
      258.degree. with decomposition.
PAR  A mixture of 3.1 g. of sodium ethylate, 16 g. of
      4-[1-hydroxy-2-(methyl-sulfonyl)-ethyl]-2,6-dimethoxy-benzamide and 8.2 g.
      of .beta.-anilino-propionitrile in 35 ml. of absolute dimethylsulfoxide
      are stirred for 5 hours under an atmosphere of nitrogen and exclusion of
      moisture at 50.degree.. The solution is poured into 400 ml. of water and
      the resulting emulsion is extracted with three portions of 200 ml. of
      ethyl acetate.
PAR  The ethyl acetate phase is washed with water, dried over sodium sulfate and
      evaporated under vacuum. The residue is recrystallized from
      dimethyl-formamide/water, whereby there is obtained
      4-(3-anilino-2-cyanoallyl)-2,6-dimethoxy-benzamide, having a m.p. of
      226.degree.-228.degree..
PAR  A solution of 0.83 g. of sodium and 55 ml. of absolute ethanol are treated
      with 3.52 g. of guanidine hydrochloride and 4.1 g. of
      4'-(3-anilino-2-cyanoallyl)-2,6-dimethoxy-benzamide and heated for 20
      hours with stirring under an atmosphere of nitrogen. The resulting mixture
      is diluted with 100 ml. of water and the ethanol is removed under vacuum.
      The precipitated
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-tolueneamide is
      removed under suction, washed with water and recrystallized from
      dimethylformamide/methanol, m.p. 288.degree.-290.degree. .
PAC  EXAMPLE 15
PAC  Preparation of 2,4-diamino-5-(4-aminomethyl-3,5-dimethoxybenzyl)-pyrimidine
PAR  A suspension of 1 g. of
      N-[4-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxybenzyl]-acetamide in 30 ml.
      of 1N hydrochloric acid is warmed at 100.degree. for 15 hours, whereby a
      clear solution is obtained, and subsequently, is evaporated to dryness
      under vacuum. The residue is dissolved in a little water. The solution is
      then made alkaline with calcium carbonate and the precipitated
      2,4-diamino-5-(4-aminomethyl-3,5-dimethoxybenzyl)-pyrimidine converted to
      the maleate, has a m.p. of 176.degree.-178.degree. with decomposition.
PAC  EXAMPLE 16
PAC  Preparation of
      N-[4-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxybenzyl]acetamide
PAR  A solution of 0.53 g. of sodium in 36 ml. of absolute ethanol is treated
      with 2.6 g. of guanidine hydrochloride and 3.4 g. of
      N-[4-(3-anilino-2-cyanoallyl)-2,6-dimethoxybenzyl]-acetamide and heated
      with stirring for 20 hours under an atmosphere of nitrogen. The ethanol is
      removed under reduced pressure. The residue is taken up in water, shaken,
      washed with water and recrystallized from methanol, whereby there is
      obtained N-[4-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxybenzyl]-acetamide,
      having a m.p. of 218.degree.-220.degree. .
PAR  The starting material is prepared as follows:
PAR  A mixture of 20 g. of 3,5-dimethoxy-terephthalic acid amide and 100 ml. of
      thionyl chloride are heated under reflux for 1 hour, whereby the solution
      becomes clear. The reaction mixture is evaporated to dryness under reduced
      pressure. The residue is dissolved in benzene, the benzene is removed by
      distillation and the residue is once more dissolved in benzene, and this
      solution is added to 400 ml. of methanol. This mixture is heated with
      stirring for 1 hour, evaporated to dryness and the residue is dissolved in
      benzene, the benzene solution is washed with water, sodium bicarbonate and
      water, dried and evaporated. Through the recrystallization of the residue
      from ethanol there is obtained 4-cyano-3,5-dimethoxy-benzoic acid methyl
      ester, m.p. 151.degree.-153.degree. .
PAR  30 G. of 4-cyano-3,5-dimethoxy-benzoic acid methyl ester and 1500 ml. of
      methanol and 150 ml. of 1N hydrochloric acid is hydrogenated in the
      presence of 10 g. of palladium-on carbon 10% at room temperature and under
      atmospheric pressure. In about 5 hours, 2 moles of hydrogen are taken up.
      The solution is freed of the catalyst by filtration, evaporated to dryness
      and the residue is taken up in a little water. The solution is thereafter
      filtered, saturated with solid potassium carbonate and shaken with
      benzene. From the shaken benzene mixture, is obtained
      4-(aminomethyl)-3,5-dimethoxy-benzoic acid methyl ester, which after
      recrystallization from high boiling petroleum ether has a m.p. of
      81.degree.-83.degree..
PAR  9.0 G. of 4-(aminomethyl-3,5-dimethoxy-benzoic acid methyl ester, dissolved
      in 30 ml. of glacial acetic acid, is added dropwise to 4.1 g. of acetic
      anhydride and the mixture is heated for 30 minutes on a water bath. The
      acetic acid is removed by distillation, and the residue is recrystallized
      from methanol, whereby there is obtained
      4-(acetylaminomethyl)-3,5-dimethoxy-benzoic acid methyl ester, m.p.
      184.degree..
PAR  A suspension of 2.9 g. of sodium hydride (50% dispersion in oil) and 3.8 g.
      of dimethylsulfone in 20 ml. of absolute dimethylsulfoxide are stirred
      together for 2 hours under an atmosphere of nitrogen and the exclusion of
      moisture at 50.degree.C. The heating is interrupted and 5.34 g. of
      4-(acetylaminoethyl)-3,5-dimethoxy-benzoic acid methyl ester is obtained,
      and thereafter, the temperature rises to 63.degree.. The mixture is then
      stirred at room temperature for 2 hours and diluted with 200 ml. of water.
      The aqueous solution is shaken twice with 50 ml. of ethyl acetate,
      filtered over charcoal, treated with acetic acid to a pH of 6-7 and
      maintained in a refrigerator overnight. The precipitated
      N-{2,6-dimethoxy-4-[(methylsulfonyl)-acetyl]-benzyl}-acetamide is
      recovered with suction, washed with water and recrystallized from
      methanol/water (50:50), m.p. 233.degree.-235.degree..
PAR  A suspension of 9.5 g. of
      N-{2,6-dimethoxy-4-[(methylsulfonyl)-acetyl]-benzyl}-acetamide in 120 ml.
      of ethanol and 120 ml. of water is treated with a solution of 2.4 g. of
      sodium borohydride in 30 ml. of water (with the addition of 0.1 g. of
      sodium hydroxide). The reaction mixture is stirred at room temperature for
      3 hours, cooled with ice, poured into 150 ml. of water, and the solid
      residue removed with suction. After recrystallization from methanol, the
      N-{p-[1-hydroxy-2-(methylsulfonyl)-ethyl]-2,6-dimethoxybenzyl}-acetamide
      melts at 190.degree..
PAR  A mixture of 0.82 g. of sodium methylate, 3.28 g. of
      N-{p-[1-hydroxy-2-methylsulfonyl)-ethyl]-2,6-dimethoxybenzyl}-acetamide
      and 2.2 g. of .beta.-anilino-propionitrile in 13 ml. of absolute
      dimethylsulfoxide are stirred together under an atmosphere of nitrogen and
      exclusion of moisture for 5 hours at 50.degree.. After cooling, the
      solution is poured into 60 ml. of water, and the resulting emulsion is
      shaken with ethyl acetate. The ethyl acetate solution is washed with
      water, dried over sodium sulfate and evaporated. The residue is
      recrystallized from methanol, whereby there is obtained
      N-[4-(3-anilino-2-cyanoallyl)-2,6-dimethoxy-benzyl]-acetamide, having a
      m.p. of 216.degree..
PAC  EXAMPLE 17
PAC  Preparation of
      4'-[(2,4-diamino-5-pyrimidinyl)-methyl]-2',6'-diethoxy-2-(methylsulfonyl)-
     acetophenone
PAR  To a solution of 4.5 g. of dimethylsulfone in 10 ml. of absolute
      dimethyl-sulfoxide are added 4.6 g. of sodium hydride (about 50%
      suspension) and the mixture is stirred for 2 hours at 60.degree..
      Thereafter, there is added in three portions 5.8 g. of
      .alpha.(2,4-diamino-5-pyrimidinyl)-2,6-diethoxy-p-toluylbenzoic acid ethyl
      ester, whereby the temperature rises to 65.degree..
PAR  The reaction mixture is stirred for an additional 15 minutes at 60.degree.
      and after cooling (cooling with ice water) is treated with about 150 ml.
      of water. The turbid solution is washed with 3 portions 50 ml. each of
      benzene, and the benzene extract is discarded. The aqueous phase is
      adjusted with concentrated hydrochloric acid (about 10 ml.) to pH 7-8. The
      precipitated
      4'-[(2,4-diamino-5-pyrimidinyl)-methyl]-2',6'-diethoxy-2-(methylsulfonyl)-
     acetophenone is recovered with suction and dried at 50.degree. with high
      vacuum. After recrystallization from water, the acetophenone has a m.p. of
      206.degree.-207.degree..
PAC  EXAMPLE 18
PAC  Preparation of
      2'-[(2,4-diamino-5-pyrimidinyl)-methyl]-2',6'-diethoxy-acetophenone
PAR  A suspension of 5.8 g. of 4'-[(2,4-diamino-5-pyrimidinyl)-methyl]
      -2',6'-diethoxy-2-(methylsulfonyl)acetophenone in 50 ml. of 20% aqueous
      tetrahydrofuran is reduced with 1 g. of amalgamated aluminum at 65.degree.
      over a period of 4 hours. (The aluminum chips are immersed in a 2%
      hydrochloric acid solution for 2 minutes, rinsed with methanol, and
      thereafter used in the reduction.) The reaction mixture is filtered warm,
      the filtrate is concentrated and adjusted to a pH of 9 with 5% sodium
      hydroxide. The resulting solution is then shaken with five 50 ml. portions
      of ethyl acetate. The resulting crude product after column chromatography
      (200 g. of silica gel, elution solvent comprising
      chloroform/N-propanol/concentrated ammonium hydroxide, 80:20:1) yields
      4'-[(2,4-diamino-5-pyrimidinyl)-methyl]-2',6'-diethoxy-acetophenone,
      having a m.p. of 229.degree.-231.degree. recrystallized from methanol.
PAC  EXAMPLE 19
PAC  Preparation of
      4'-[(2,4-diamino-5-pyrimidinyl)-methyl]-2',6'-dimethoxy-2-(methylsulfonyl-
     acetophenone
PAR  To a solution of 8.8 g. of dimethylsulfone in 20 ml. of dimethylsulfoxide
      dried over a molecular sieve is added to 11.5 g. of sodium hydride (about
      a50% suspension), and the mixture is stirred for 2 hours at 60.degree.
      under an atmosphere of nitrogen. At this temperature, there is added in
      portions 10 g. of
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid methyl
      ester, whereby the temperature rises to 70.degree.-75.degree.. The
      reaction mixture is then stirred for an additional 15 minutes at
      60.degree. and then cooled. Thereafter, the reaction mixture is treated
      with 250 ml. of water with cooling under an atmosphere of nitrogen. The
      turbid solution is washed with three 50 ml. portions of benzene, the
      benzene portions are discarded. The remaining solution is adjusted to a pH
      of 7-8 with concentrated hydrochloric acid and shaken with six portions of
      200 ml. of ethyl acetate. The resulting extract is dried over magnesium
      sulfate, concentrated and the residue is maintained under high vacuum for
      5 hours, whereby there is obtained
      4'-[(2,4-diamino-5-pyrimidinyl)-methyl]-2',6'-dimethoxy-2-(methylsulfonyl)
     -acetophenone having a m.p. of 223.degree.-225.degree.. A sample dissolved
      in water and made acidic with concentrated hydrochloric acid after
      recrystallization from methanol yields
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-2',6'-dimethoxy-2-(methylsulfonyl)-
     acetophenone hydrochloride, having a m.p. of &gt; 300.degree..
PAC  EXAMPLE 20
PAR  Preparation of
      4'-[(2,4-diamino-5-pyrimidinyl)-methyl]-2',6'-dimethoxy-acetophenone
PAR  A solution of 7.0 g. of
      4'-[(2,4-diamino-5-pyrimidinyl)-methyl]-2',6'-dimethoxy-2-(methylsulfonyl)
     -acetophenone in 80 ml. of 20% aqueous tetrahydrofuran is reduced with 1 g.
      of amalgamated aluminum at 40.degree. over a period of 1 hour. The
      reaction mixture is filtered and the filtrate is concentrated to 1/3 its
      original volume and is adjusted to a pH of 9 with 4N sodium hydroxide
      solution. The precipiated product is taken up in ethyl acetate. The ethyl
      acetate extracts are dried over magnesium sulfate and evaporated. The
      residue is recrystallized from methanol and there is obtained
      4'-[(2,4-diamino-5-pyrimidinyl)-methyl]-2',6'-dimethoxy-acetophenone,
      having a m.p. of 282.degree.-285.degree. (with decomposition).
PAC  EXAMPLE 21
PAC  Preparation of
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-2,6-diethoxy-.alpha.-[(methylsulfon
     yl)-methyl]-benzyl alcohol
PAR  To a suspension of 1 g. of
      4'-[(2,4-diamino-5-pyrimidinyl)-methyl]-2',6'-diethoxy-2-(methylsulfonyl)-
     acetophenone in a mixture of 25 ml. of ethanol and 10 ml. of water there is
      added portionwise with stirring over a period of 30 minutes 500 mg. of
      sodium borohydride. First the solution becomes clear, and after an
      additional 30 minutes of stirring, there crystallizes
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-2,6-diethoxy-.alpha.-[(methylsulfon
     yl)-methyl]-benzyl alcohol, having a m.p. of 205.degree.-206.degree. after
      recrystallization from methanol.
PAC  EXAMPLE 22
PAC  Preparation of
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-2,6-dimethoxy-.alpha.-methylbenzyl
      alcohol
PAR  A solution of 302 mg. of
      4'-(2,4-diamino-5-pyrimidinyl)-methyl-2',6'-dimethoxy-acetophenone in 30
      ml. is diluted with 6 ml. of water and to it is added one drop of 1N
      sodium hydroxide. Thereafter, over a period of 3 hours, there is added in
      50 mg portions 200 mg. of sodium borohydride at 40.degree.. About half of
      the solvent is removed by distillation under vacuum. The precipiated
      4-(2,4-diamino-5-pyrimidinyl)-methyl-2,6-dimethoxy-.alpha.-methylbenzyl
      alcohol is recovered with suction and subsequently recrystallized from
      methanol, m.p. 280.degree.-285.degree. (with decomposition).
PAC  EXAMPLE 23
PAC  Preparation of
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-2,6-dimethoxy-.alpha.-methyl-benzyl
      alcohol
PAR  To a guanidine solution in methanol, prepared from 0.34 g. of sodium metal
      in 40 ml. of methanol and 1.38 g. of guanidine hydrochloride, there is
      added 4.0 g. of
      4-(1-hydroxyethyl)-3,5-dimethoxy-.alpha.-(methoxymethylene)-hydro-cinnamic
      acid nitrile and the mixture is heated at reflux for 18 hours. The solvent
      is evaporated under normal pressure and the semi-solid residue is
      separated through column chromatography (100 g. silica gel, with
      chloroform/n-propanol/concentrated ammonium hydroxide, 80:20:1 as the
      elution solvent). From a portion of the product containing fraction and
      recrystallization of the residue from methanol, there is obtained
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-2,6-dimethoxy-.alpha.-methylbenzyl
      alcohol.
PAR  The starting material can be prepared as follows:
PAR  To a solution containing 8.5 g. of dimethylsulfone and 15 ml. of
      dimethylsulfoxide there is added 3 g. of about a 50% suspension of sodium
      hydride and the mixture is stirred for 2 hours under an atmosphere of
      nitrogen at 60.degree.. Thereafter, there is added dropwise a solution of
      9 g. of 2,6-dimethoxy-4-(diethoxy-methyl)-benzoic acid methyl ester in 5
      ml. of dimethylsulfoxide and the mixture is heated for an additional 30
      minutes at 65.degree.. After cooling, the reaction mixture is dissolved
      with 100 ml. of water and extracted with five 50 ml. portions of ether.
      The combined ether phases are dried over magnesium sulfate, evaporated to
      dryness and the residue, after direct work-up, yields
      2,6-dimethoxy-4-(diethoxy-methyl)-methylsulfonyl acetophenone.
PAR  A solution of 8.8 g. of sulfone in 80 ml. of 10% aqueous tetrahydrofuran is
      reduced with 0.8 g. of amalgamated aluminum pieces for 2 hours at
      50.degree.C. After this time, there remains no more sulfone. The
      suspension is filtered and the filtrate is concentrated to 2/3 its
      original volume and shaken with five 50 ml. portions of ether. After
      drying of the ether extract and evaporation of the solvent, there is
      obtained 4-(diethoxymethyl)-2,6-dimethoxy-acetophenone.
PAR  To a solution of 4 g. of 4-(diethoxymethyl)-2,6-dimethoxy-acetophenone in
      20 ml. of 30% methanol and 1 drop of 4N sodium hydroxide there is added at
      room temperature with stirring in small portions over a period of 4 hours
      1 g. of sodium borohydride. The reaction mixture is stirred for an
      additional 1 hour. It is concentrated to about 1/3 its original volume and
      diluted with 30 ml. of water. The resulting suspension is made acid with
      2N hydrochloric acid (about pH 1, covered with 50 ml. of ether and stirred
      at room temperature for another hour. Then, the ether phase is decanted,
      dried over magnesium sulfate and evaporated. The residue, after
      crystallization from ether, yields
      4-(1-hydroxy-ethyl)-3,5-dimethoxy-benzaldehyde, having a m.p. of
      95.degree.-96.degree..
PAR  In a solution of 0.45 g. of sodium in 200 ml. of methanol there is
      dissolved 1.94 g. of .beta.-methoxy-propionitrile and 4.0 g. of
      4-(1-hydroxyethyl)-3,5-dimethoxy-benzaldehyde and the mixture is heated at
      reflux for 24 hours. After removal of the solvent, the residue is taken up
      in 50 ml. of benzene and 10 ml. of water. The benzene phase is separated
      and again washed with water. The resulting
      4-(1-hydroxyethyl)-3,5-dimethoxy-.alpha.-(methoxymethylene)-hydrocinnamic
      acid nitrile (yellow oil) is recovered after removal of the benzene.
PAR  The sample, through preparative thin layer chromatography, is obtained and
      yields
      4-(1-hydroxyethyl)-3,5-dimethoxy-.alpha.-(methoxymethylene)-hydroxycinnami
     c acid nitrile as a colorless oil, having a m.p. of &lt;30.degree..
PAC  EXAMPLE 24
PAC  Preparation of
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-.alpha.-ethyl-2,6-dimethoxy-benzyl
      alcohol
PAR  From 3.5 g. of
      .beta.-(dimethoxymethyl)-3,5-dimethoxy-4-(1-hydroxypropyl)-hydrocinnamic
      acid nitrile, 2.29 g. of guanidine hydrochloride, 0.56 g. of sodium and 35
      ml. of methanol, there is obtained in an analogous manner to that
      described in Example 23,
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-.alpha.-ethyl-2,6-dimethoxy-benzyl
      alcohol, having a m.p. of 235.degree.-238.degree. from methanol.
PAR  The starting material can be prepared as follows:
PAR  In a solution comprising 0.18 g. of sodium metal in 50 ml. of absolute
      methanol there is dissolved 2.74 g. of .beta.-methoxypropionitrile and 4.8
      g. of 4-(1-hydroxypropyl)-3,5-dimethoxy-benzaldehyde and heated at reflux
      for 48 hours. The mixture is evaporated and the residue is taken up in 50
      ml. of benzene and 10 ml. of water. The aqeuous phase is washed with two
      portions of 20 ml. each of benzene. The combined benzene phases are dried
      and evaporated. The residue (the yellow oil) is used in this form. A
      sample obtained through preparative thin layer chromatography (silica gel
      ether as the elution solvent) yields
      .alpha.-(dimethoxymethyl)-3,5-dimethoxy-4-(1-hydroxypropyl)-hydrocinnamic
      acid nitrile as a colorless oil.
PAC  EXAMPLE 25
PAC  Preparation of
      2,4-diamino-5-[3,5-dimethoxy-4-(methoxymethyl)-benzyl]-pyrimidine
PAR  To a solution comprising 0.62 g. of sodium metal in 50 ml. of methanol
      there is added 2.3 g. of guanidine hydrochloride and the suspension is
      stirred for 30 minutes. The formed sodium chloride is removed with suction
      and washed with a little cold methanol. The filtrate is added to a
      solution of 5.0 g. of
      .alpha.-(dimethoxymethyl)-3,5-dimethoxy-4-(methoxymethyl)-hydrocinnamic
      acid nitrile in 20 ml. of methanol and heated at reflux for 2 hours.
      Thereafter, the methanol is removed by distillation, (the inner
      temperature being up to 80.degree.). The residue is treated with 25 ml. of
      isopropanol and subsequently evaporated over a period of 2 hours. The
      residue is subjected directly to chromatographic separation (10 g. silica
      gel, elution solvent chloroform/N-propanol/ammonia 80:20:1) whereby there
      is obtained
      2,4-diamino-5-[3,5-dimethoxy-4-(methoxymethyl)-benzyl]-pyrimidine, having
      a m.p. of 221.degree.-223.degree. from methanol.
PAR  The starting material was prepared as follows:
PAR  A solution of 29.8 g. of
      2,6-dimethoxy-4-(.alpha.,.alpha.-diethoxymethyl)-benzoic acid methyl ester
      was dissolved in 250 ml. of absolute benzene and treated at
      25.degree.-40.degree.C. with 230 ml. of about a 20% solution of
      diisobutyl-aluminum hydride in toluene. The homogeneous mixture was
      stirred at room temperature for 3 hours and then taken up with a solution
      of 10 ml. of water, 25 ml. of methanol and about 10 ml. of benzene while
      cooling in such a manner that the temperature did not exceed 40.degree.C.
      The resulting suspension was stirred for an additional 30 minutes. The
      aluminum hydroxide was removed by filtration with suction, washed with
      benzene and the filtrate evaporated to dryness, whereby there was obtained
      2,6-dimethoxy-4-.alpha.,.alpha.-diethoxy-benzyl alcohol as a colorless
      viscous oil.
PAR  After treatment of the foregoing oil with 20 ml. of 1N hydrochloric acid
      and crystallization from benzene, there was obtained crystalline
      .alpha.-hydroxy-3,5-dimethoxy-p-tolualdehyde, having a m.p. of
      128.degree.-129.degree.C. (sublimation).
PAR  A solution of 20 g. of 2,6-dimethoxy-4-.alpha.,.alpha.-diethoxy-benzyl
      alcohol in 40 ml. of absolute ether was added dropwise to a suspension of
      2.35 g. of sodium hydride (55%) in 40 ml. of absolute ether. The mixture
      was stirred under an atmosphere of nitrogen at room temperature for 1
      hour, and then treated with 40 g. of methyl iodide and stirred at reflux
      for 22 hours. The solvent and excess methyl iodide were removed by
      distillation. The residue was treated with 100 ml. of 1N hydrochloric acid
      at 25.degree.C. over a period of 15 minutes and the resulting aldehyde was
      taken up in ether. Recrystallization from benzene/n-pentane yields
      .alpha.,3,5-trimethoxy-p-tolualdehyde, having a m.p. of
      72.degree.-76.degree.C.
PAR  2.45 G. of .beta.-methoxy-propionitrile and 5 g. of
      .alpha.,3,5-trimethoxy-tolualdehyde were dissolved in a solution of 0.25
      g. of sodium metal in 20 ml. of absolute methanol and the resulting
      mixture was boiled at reflux for 48 hours. No aldehyde could be detected
      after this time. After evaporation of the solvent, the residue was taken
      up in 50 ml. of benzene and 15 ml. of water. The benzene phase was
      separated, washed several times with water, dried over magnesium sulfate
      and evaporated, whereby there was obtained a yellowish oil which was used
      in the process described in the first paragraph of this Example with no
      further working-up.
PAR  An analytical sample was purified by chromatography on silica gel using
      ether as the eluant, whereby there was obtained
      .alpha.-(dimethoxymethyl)-3,5-dimethoxy-4-(methoxymethyl)-hydrocinnamic
      acid nitrile as a colorless crystalline substance, having a m.p. of about
      30.degree..
PAC  EXAMPLE 26
PAC  Preparation of
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-2,6-dimethoxy-.alpha.,.alpha.-dimet
     hyl-benzyl alcohol
PAR  A suspension of 11.3 g. of
      N-{2-amino-5-[4-(1-hydroxy-1-methyl-ethyl)-3,5-dimethoxy-benzyl]-4-pyrimid
     inyl}-acetamide in 40 ml. of 10% methanolic potassium hydroxide was boiled
      at reflux for 1 hour and then cooled to about 10.degree.C. The crystals
      were removed by filtration with suction and washed with a small amount of
      methanol. After crystallization from methanol, there was obtained
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-2,6-dimethoxy-.alpha.,.alpha.-dimet
     hyl-benzyl alcohol having a m.p. of 248.degree.-250.degree.C.
PAR  The starting material was prepared as follows:
PAR  5 G. of .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid
      methyl ester were added portionwise to 10 ml. of hot (95.degree.C) acetic
      anhydride. The resulting solution was stirred for an additional 30 minutes
      at 95.degree.C. and then treated with 30 ml. of toluene and cooled. The
      formed .alpha.-(2,4-diacetamido-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid
      methyl ester was removed by filtration with suction and recrystallized
      from methanol; m.p. 183.degree.-185.degree.C.
PAR  A solution of 2.5 g. of
      .alpha.-(2,4-diacetamido-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid methyl
      ester in 200 ml. of absolute tetrahydrofuran was added dropwise over a
      period of 30 minutes to a methylmagnesium iodide solution prepared from
      2.4 g. of magnesium and 14.5 g. of methyl iodide in 100 ml. of ether. The
      resulting suspension was stirred at 40.degree.C. for 24 hours. The mixture
      was treated with 20 ml. of water. The organic phase was separated, washed
      with a small amount of 4N sodium hydroxide and water, dried over magnesium
      sulfate and evaporated. The crude product thus obtained, a yellowish oil,
      was used in the process described in the first paragraph of this Example
      without further working-up.
PAR  A sample was subjected to chromatographic purification on silica gel using
      chloroform/n-propanol/concentrated ammonia (80:20:1) as the eluant,
      whereby there was obtained
      N-{2-amino-5-[4-(1-hydroxy-1-methyl-ethyl)-3,5-dimethoxy-benzyl]-4-pyrimid
     inyl}-acetamide, having a m.p. of 214.degree.-216.degree.C. (from
      methanol).
PAC  EXAMPLE 27
PAC  Preparation of
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-2,6-dimethoxy-.alpha.,.alpha.-dimet
     hyl-benzyl alcohol
PAR  21.1 G. of guanidine hydrochloride were added to a solution of 5.1 g. of
      sodium metal in 300 ml. of absolute methanol and the resulting suspension
      was heated at reflux for 15 minutes. After cooling, the sodium chloride
      was removed by filtration with suction and washed with a small amount of
      cold methanol. Thereafter, 51.4 g. of
      4-(1-hydroxy-1-methyl-ethyl)-3,5-dimethoxy-.alpha.-(methoxy-methylene)-hyd
     rocinnamic acid nitrile were dissolved in the filtrate and the mixture was
      boiled at reflux for 18 hours. After cooling, the mixture was concentrated
      in vacuo. The residue was suspended in about 50 ml. of methnaol with
      warming, and again cooled. The formed solid material was removed by
      filtration with suction and washed with cold methanol. Crystallization
      from methanol gave
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-2,6-dimethoxy-.alpha.,.alpha.-dimet
     hyl-benzyl alcohol.
PAR  The starting material was prepared as follows:
PAR  A solution of 22.4 g. of 2,6-dimethoxy-4-formyl-benzoic acid methyl ester,
      17.8 g. of orthoformic acid ethyl ester and 0.5 ml. of concentrated
      hydrochloric acid in 100 ml. of absolute ethanol was boiled at reflux for
      2 hours. The mixture was concentrated under reduced pressure and yielded
      2,6-dimethoxy-4-(.alpha.,.alpha.-diethoxy-methyl)-benzoic acid methyl
      ester.
PAR  A methylmagnesium iodide solution was prepared from 21.6 g. of magnesium
      and 62 ml. of methyl iodide in 800 ml. of ether. 90 G. of
      2,6-dimethoxy-4-(.alpha.,.alpha.-diethoxy-methyl)-benzoic acid methyl
      ester in 150 ml. of ether were added dropwise to this Grignard solution at
      room temperature. After the reaction slowed down, the mixture was boiled
      at reflux for an additional 3 hours. After cooling, the suspension was
      treated with 50 ml. of water. Thereafter, 50 ml. of 4N sodium hydroxide
      were added. The ether phase was separated and washed with 10 ml. of 4N
      sodium hydroxide. The aqueous-alkaline solution was extracted with five
      200 ml. portions of ether and the combined ether extracts were dried over
      sodium sulfate and evaporated. The residue was shaken well for 10 minutes
      with 250 ml. of 1N hydrochloric acid and taken up in about 250 ml. of
      ether. The ether solution was washed with water, dried over magnesium
      sulfate and concentrated. Crystallization from ether/petroleum ether
      yielded 4-(1-hydroxy-1-methylethyl)-3,5-dimethoxy-benzaldehyde having a
      m.p. of 52.degree.-53.degree.C.
PAR  From 1.5 G. of sodium in 500 ml. of methanol, 20.8 g. of
      .beta.-methoxy-propionitrile and 50.0 g. of
      4-(1-hydroxy-1-methylethyl)-3,5-dimethoxy-benzaldehyde there was obtained,
      by heating under reflux for 48 hours and working up,
      4-(1-hydroxy-1-methylether)-3,5-dimethoxy-.alpha.-(methoxymethylene)-hydro
     cinnamic acid nitrile as a yellow oil.
PAR  An analytical sample was purified by chromatography on silica gel using
      ether as the eluant; m.p. about 55.degree.C.
PAC  EXAMPLE 28
PAC  Preparation of
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-.alpha.,.alpha.-diethyl-2,6-dimetho
     xy-benzyl alcohol C.
PAR  2.96 G. of guanidine hydrochloride were added to a solution of 0.73 g. of
      sodium metal in 45 ml. of methanol and the resulting suspension was boiled
      at reflux for 15 minutes. After cooling, the sodium chloride was removed
      by filtration with suction and 8 g. of
      4-(1-hydroxy-1-ethyl-propyl)-3,5-dimethoxy-.alpha.-(methoxymethylene)-hydr
     ocinnamic acid nitrile were dissolved in the filtrate. The mixture was
      boiled at reflux for 24 hours. Thereafter, the solvent evaporated at
      normal pressure and the residue heated at 100.degree.C for 15 minutes. The
      resulting semi-solid mixture was purified by column chromatography [200 g.
      of silica gel; eluant: chloroform/n-propanol/concentrated ammonia
      (80:20:1)] and yielded, after recrystallization from methanol,
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-.alpha.,.alpha.-diethyl-2,6-dimetho
     xy-benzyl alcohol, having a m.p. of 160.degree.-161.degree.C.
PAR  The starting material was prepared as follows:
PAR  A Grignard reagent was prepared from 2.16 g. of magnesium shavings and 10.3
      ml. of ethyl iodide in 280 ml. of absolute ether. 9 G. of
      2,6-dimethoxy-4-(diethoxy-methyl)-benzoic acid methyl ester were added to
      this Grignard reagent, the temperature rising to about 32.degree.C. The
      mixture was boiled at reflux for 2 hours and then treated with 15 ml. of
      water and 50 ml. of 4N sodium hydroxide. The aqueous phase was separated
      and washed five times with 15 ml. of ether each time. The combined ether
      extracts were washed with water and concentrated to 100 ml. The ether
      solution was stirred overnight at room temperature with 25 ml. of 1N
      hydrochloric acid. The ether phase was separated, washed with water, dried
      over magnesium sulfate and concentrated. The residue, a colorless oil (7.7
      g.), was a mixture of two substances which are separated by column
      chromatography on 650 g. of silica gel using benzene/ether (3:1) as
      eluant.
PAR  The substance with R.sub.f 0.45 in the foregoing system was a colorless oil
      and was identified as
      4-(1-hydroxy-1-ethylpropyl)-3,5-dimethoxy-benzaldehyde.
PAR  The slower running compound (R.sub.f 0.30) was a colorless oil and was
      identified as 4-(1-hydroxypropyl)-3,5-dimethoxy-benzaldehyde.
PAR  8G. of 4-(1-hydroxy-1-ethylpropyl)-3,5-dimethoxy-benzaldehyde and 5.4 g. of
      .beta.-methoxy-propionitrile were added to a solution of 0.44 g. of sodium
      metal in 40 ml. of absolute methanol. The resulting yellow-brown solution
      was boiled at reflux for 18 hours. The mixture was then concentrated and
      the residue taken up in 250 ml. of ether and 100 ml. of water. The ether
      phase was washed three times with 50 ml. of water each time, dried over
      magnesium sulfate, evaporated and dried in a high vacuum at 40.degree.C.
      for 8 hours. The thus-obtained crude product was used in the process
      described in the first paragraph of this Example without further
      purification.
PAR  A sample was purified by preparative thin-layer chromatography, whereby
      there was obtained
      4-(1-hydroxy-1-ethylpropyl)-3,5-dimethoxy-.alpha.-(methoxy-methylene)-hydr
     ocinnamic acid nitrile as a colorless oil.
PAC  EXAMPLE 29
PAC  Preparation of
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-tolyl-benzoic acid
      methyl ester
PAR  A solution of 40 mg. of mercuric chloride in 1 ml. of water and 700 mg. of
      zinc powder was added to a solution of 0.9 g. of
      .alpha.-(2,4-diamino-6-chloro-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid
      methyl ester in 12 ml. of glacial acetic acid and the mixture was boiled
      at reflux and stirred overnight. The mixture was filtered while hot. The
      zinc powder was washed on the filter with 6 ml. of 90% acetic acid and the
      combined filtrates were made alkaline while cooling with 20 ml. of
      concentrated ammonium hydroxide. The precipitated
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-tolyl-benzoic acid
      methyl ester was removed by filtration with suction and recrystallized
      from methanol; m.p. 250.degree.-251.degree.C.
PAR  The starting material was prepared as follows:
PAR  A mixture of 11.2 g. of 2,6-dimethoxy-4-formyl-benzoic acid methyl ester,
      6.3 g. of cyanoacetic acid ethyl ester and three drops of piperidine was
      heated in an open vessel with stirring to 120.degree.C. and stirred at
      this temperature for an additional 15 minutes. The residue was
      recrystallized from ethyl acetate and yielded
      .alpha.-cyano-3,5-dimethoxy-4-methoxycarbonyl-cinnamic acid ethyl ester,
      having a m.p. of 142.degree.-144.degree.C.
PAR  A solution of 10.6 g. of
      .alpha.-cyano-3,5-dimethoxy-4-methoxy-carbonyl-cinnamic acid ethyl ester
      in 500 ml. of ethanol was hydrogenated in the presence of 0.5 g. of
      palladium-on-carbon (5%) at room temperature and 760 mm. of mercury. After
      the uptake of an equivalent of hydrogen (810 ml.), the hydrogenation was
      interrupted. The catalyst and partially precipitated product were removed
      by filtration with suction and washed on the filter with benzene. The
      filtrate was evaporated to dryness. The residue was recrystallized from
      ethyl acetate and yielded
      .alpha.-cyano-3,5-dimethoxy-4-methoxycarbonyl-dihydro-cinnamic acid ethyl
      ester having a m.p. of 119.degree.-121.degree.C.
PAR  8 G. of .alpha.-cyano-3,5-dimethoxy-4-methoxycarbonyl-dihydrocinnamic acid
      ethyl ester were dissolved in a solution of 0.7 g. of sodium metal in 80
      ml. of absolute ethanol. The mixture was treated with an ethanolic
      solution of guanidine prepared from 0.7 g. of sodium in 100 ml. of ethanol
      and 2.7 g. of guanidine hydrochloride. The mixture was boiled at reflux
      for 2 hours and then evaporated to dryness. The residue was dissolved in
      90 ml. of hot water, filtered and acidified to pH 4 with glacial acetic
      acid. After recrystallization from methanol, the precipitated product gave
      .alpha.-(2,4-diamino-6-hydroxy-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid
      methyl ester having a m.p. of 224.degree.-226.degree.C.
PAR  2.4 G. of N,N-dimethyl-aniline were added dropwise with stirring to a
      suspension of 3.4 g. of
      .alpha.-(2,4-diamino-6-hydroxy-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid
      methyl ester in 25.6 g. of phosphorus oxychloride. The resulting mixture
      was brought to the boiling temperature in the course of 1 hour and then
      boiled at reflux for 4 hours. Thereafter, two thirds of the phosphorus
      oxychloride were removed by distillation under reduced pressure. The
      residue was poured onto 80 g. of ice with stirring and left to stand for
      two days at room temperature. The suspension was treated with 38 ml. of
      25% aqueous ammonia, while the temperature did not exceed 20.degree.C.
      After 2 hours, the solid material was removed by filtration with suction,
      rinsed with a small amount of water in a flask and separated from the
      N,N-dimethyl-aniline with steam. After cooling, the compound in suspension
      was removed by filtration with suction and taken up in ethyl acetate. The
      solution was dried over magnesium sulfate and the solvent evaporated. The
      dark residue (1.6 g.) was purified by column chromatography on 60 g. of
      silica gel (Merck) using chloroform/n-propanol/25% ammonia (80:20:1) as
      the eluant, whereby there was obtained
      .alpha.-(2,4-diamino-6-chloro-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid
      methyl ester having a m.p. of 228.degree.-229.degree.C. (from methanol).
PAC  EXAMPLE 30
TBL                Example 30                                                  

     ______________________________________                                    

     Tablet Formulation:                                                       

     ______________________________________                                    

     Methyl .alpha.-(2,4-diamino-5-pyrimidinyl)-                               

     2,6-dimethoxy-p-toluate                                                   

                             80 mg                                             

     Sulfamethoxazol        400 mg                                             

     Corn Starch            114 mg                                             

     Talc                    5 mg                                              

     Magnesium stearate      1 mg                                              

     Total weight           600 mg                                             

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC17##
PAL  wherein R.sup.1 and R.sup.2, individually, are lower alkyl of 1 to 4 carbon
      atoms or lower alkenyl of 2 to 3 carbon atoms; Z is an oxygen atom bonded
      to one of the cyclic nitrogen atoms, n is 0 or 1, and A.sup.1 is
      trifluoromethyl,
      ##EQU8##
      wherein R.sup.6 is oxo and R.sup.7 is hydrogen, lower alkyl of 1 to 4
      carbon atoms or alkoxy of 1 to 4 carbon atoms; or R.sup.6 is hydroxyimino
      and R.sup.7 is lower alkyl of 1 to 4 carbon atoms; or R.sup.6 taken
      together with R.sup.7 is nitrils; R.sup.8 and R.sup.9, individually, are
      hydrogen or lower alkyl of 1 to 4 carbon atoms; and R.sup.10 is hydroxy,
      lower alkoxy of 1 to 4 carbon atoms or --N(R.sup.3)(R.sup.4), wherein
      R.sup.3 and R.sup.4, individually, are hydrogen, lower alkyl of 1 to 4
      carbon atoms or lower alkanoyl of 1 to 4 carbon atoms; or R.sup.9 and
      R.sup.10, individually, are lower alkoxy of 1 to 4 carbon atoms or lower
      alkylthio of 1 to 4 carbon atoms; or R.sup.9 taken together with R.sup.10
      are lower alkylenedioxy of 2 to 3 carbon atoms or lower alkylenedithio of
      2 to 3 carbon atoms; or a pharmaceutically acceptable acid addition salt
      thereof.
NUM  2.
PAR  2. A compound in accordance with claim 1, wherein n is 0, R.sup.6 is oxo
      and R.sup.7 is hydrogen, lower alkyl of 1 to 4 carbon atoms or lower
      alkoxy of 1 to 4 carbon atoms; R.sup.8 and R.sup.9, individually, are
      hydrogen or lower alkyl of 1 to 4 carbon atoms, and R.sup.10 is hydroxy,
      lower alkoxy of 1 to 4 carbon atoms or N(R.sup.3)(R.sup.4), wherein
      R.sup.3 and R.sup.4, individually, are hydrogen, lower alkyl of 1 to 4
      carbon atoms or lower alkanoyl of 1 to 4 carbon atoms.
NUM  3.
PAR  3. A compound in accordance with claim 1, wherein n is 0, R.sup.6 is oxo
      and R.sup.7 is hydrogen, lower alkyl of 1 to 4 carbon atoms or lower
      alkoxy of 1 to 4 carbon atoms; R.sup.9 and R.sup.10, individually, are
      lower alkoxy of 1 to 4 carbon atoms or lower alkylthio of 1 to 4 carbon
      atoms.
NUM  4.
PAR  4. A compound in accordance with claim 1, wherein n is 0, R.sup.6 is oxo
      and R.sup.7 is hydrogen, lower alkyl of 1 to 4 carbon atoms or lower
      alkoxy of 1 to 4 carbon atoms; R.sup.9, taken together with R.sup.10, are
      lower alkylenedioxy of 2 to 3 carbon atoms or lower alkylenedithio of 2 to
      3 carbon atoms.
NUM  5.
PAR  5. A compound in accordance with claim 1, wherein n is 0, R.sup.6 is oxo
      and R.sup.7 is hydrogen, lower alkyl of 1 to 4 carbon atoms or lower
      alkoxy of 1 to 4 carbon atoms.
NUM  6.
PAR  6. A compound in accordance with claim 1, wherein n is 0, R.sup.6 is
      hydroxyimino and R.sup.7 is lower alkyl of 1 to 4 carbon atoms; R.sup.8
      and R.sup.9, individually, are hydrogen or lower alkyl of 1 to 4 carbon
      atoms, and R.sup.10 is hydroxy, lower alkoxy of 1 to 4 carbon atoms or
      N(R.sup.3)(R.sup.4), wherein R.sup.3 and R.sup.4, individually, are
      hydrogen, lower alkyl of 1 to 4 carbon atoms or lower alkanoyl of 1 to 4
      carbon atoms.
NUM  7.
PAR  7. A compound in accordance with claim 1, wherein n is 0, R.sup.6 is
      hydroxyimino and R.sup.7 is lower alkyl of 1 to 4 carbon atoms; R.sup.9
      and R.sup.10, individually, are lower alkoxy of 1 to 4 carbon atoms or
      lower alkylthio of 1 to 4 carbon atoms.
NUM  8.
PAR  8. A compound in accordance with claim 1, wherein n is 0, R.sup.6 is
      hydroxyimino and R.sup.7 is lower alkyl of 1 to 4 carbon atoms; R.sup.9,
      taken together with R.sup.10, are lower alkylenedioxy of 2 to 3 carbon
      atoms or lower alkylenedithio of 2 to 3 carbon atoms.
NUM  9.
PAR  9. A compound in accordance with claim 1, wherein n is 0; R.sup.6 is
      hydroxyimino, R.sup.7 is lower alkyl of 1 to 4 carbon atoms and R.sup.8 is
      hydrogen.
NUM  10.
PAR  10. A compound in accordance with claim 1, wherein A.sup.1 is
      trifluoromethyl.
NUM  11.
PAR  11. A compound in accordance with claim 1, wherein R.sup.1 and R.sup.2 are
      lower alkyl of 1 to 4 carbon atoms and A.sup.1 is C-mono-alkylated or
      dialkylated hydroxymethyl wherein each alkyl is of 1 to 4 carbon atoms.
NUM  12.
PAR  12. A compound in accordance with claim 1,
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid isopropyl
      ester.
NUM  13.
PAR  13. A compound in accordance with claim 1,
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid methyl
      ester.
NUM  14.
PAR  14. A compound in accordance with claim 1,
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluic acid.
NUM  15.
PAR  15. A compound in accordance with claim 1,
      .alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-diethoxy-p-toluic acid ethyl
      ester.
NUM  16.
PAR  16. A compound in accordance with claim 1,
      ethyl-.alpha.-(2,4-diamino-5-pyrimidinyl)-2,6-dimethoxy-p-toluate.
NUM  17.
PAR  17. A compound in accordance with claim 1,
      4'-[(2,4-diamino-5-pyrimidinyl)-methyl]-2',6'-diethoxy-acetophenone.
NUM  18.
PAR  18. A compound in accordance with claim 1,
      4'-[(2,4-diamino-5-pyrimidinyl)-methyl]-2',6'-dimethoxy-acetophenone.
NUM  19.
PAR  19. A compound in accordance with claim 1,
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-2,6-dimethoxy-.alpha.-methylbenzyl
      alcohol.
NUM  20.
PAR  20. A compound in accordance with claim 1,
      2,4-diamino-5-[3,5-dimethoxy-4-(methoxymethyl)-benzyl]pyrimidine.
NUM  21.
PAR  21. A compound in accordance with claim 1,
      4-[(2,4-diamino-5-pyrimidinyl)-methyl]-2,6-dimethoxy-.alpha.,.alpha.-dimet
     hylbenzyl)alcohol.
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ABST
PAL  Lactones of the diazaxanthene series, their manufacture from a
      benzoylbenzoic acid and a pyrimidine, and their use as dye-forming
      components in the red range for pressure-sensitive recording material.
BSUM
PAR  The invention relates to lactones of the diazaxanthene series of the
      formula (I):
      ##SPC1##
PAL  in which
PA1  R.sup.1 is hydrogen or alkyl of one to three carbon atoms;
PA1  R.sup.2 is phenyl or phenyl bearing alkyl of one to three carbon atoms,
      chloro and/or bromo as substituents;
PA1  R.sup.3 and R.sup.4 independently of one another each is hydrogen; alkyl,
      cyanoalkyl or hydroxyalkyl of one to six carbon atoms per alkyl;
      alkoxyalkyl of two to twelve carbon atoms; carboalkoxyalkyl of four to
      eleven carbon atoms; or phenylalkyl of seven to twelve carbon atoms; or
      together with the nitrogen is a saturated five-membered or six-membered
      heterocyclic ring which may also contain R.sup.6 --N, S or O (R.sup.6
      being hydrogen or alkyl of one to six carbon atoms);
PA1  R.sup.5 is hydrogen, chloro or alkyl of one to three carbon atoms;
PA1  Y is hydrogen, chloro, nitro or alkyl of one to three carbon atoms;
PA1  Z is hydrogen, chloro, nitro or alkyl of one to three carbon atoms; and
PA1  n is one of the integers 1, 2 and 3.
PAR  The lactones of the formula I are colorless compounds. Used as such or
      dissolved in non-polar or weakly polar solvents such as hydrocarbons,
      chlorohydrocarbons, esters or ketones, they react with acid substances,
      with cleavage of the lactone ring, to form the corresponding deeply
      colored dye salts. Since this reaction is caused even by substances such
      as china clay, zeolites, bentonites, silica and phenolic condensation
      products, which are suitable for coating, or incorporation in, paper, the
      lactones of this invention are outstandingly suitable as dye-forming
      components for pressure-sensitive recording materials, especially for the
      production of copying papers. Most of the shades obtained are in the red
      range. The dye-forming reaction, on contacting the lactones with acidic
      substances, takes place instantaneously and completely, and the shade
      produced is distinguished by particularly high intensity and brilliance.
PAR  Preferred radicals for the compounds of formula (I) are:
PA0  for R.sup.1 : hydrogen;
PA0  For R.sup.2 : phenyl, o-tolyl, p-tolyl, o-chlorophenyl and p-chlorophenyl;
PA0  For R.sup.3 and R.sup.4 : methyl, ethyl, propyl, butyl, 3-hydroxyethyl and
      3-hydroxypropyl;
PA0  for
      ##EQU1##
       a morpholine, piperidine, piperazine, N'-methylpiperazine or pyrrolidine
      ring;
PA0  For R.sup.5 : methyl;
PA0  For Y: hydrogen and chloro; and
PA0  For Z: methyl, ethyl and trifluoromethyl.
PAR  Lactones of formula (I) have particular industrial significance as
      dye-forming components when
PA0  R.sup.1 is hydrogen;
PA0  R.sup.2 is phenyl, o-tolyl, p-tolyl, o-chlorophenyl or p-chlorophenyl;
PA0  R.sup.3 and R.sup.4 independently of one another is each methyl, ethyl,
      propyl and/or n-butyl or
      ##EQU2##
      is pyrrolidine; R.sup.5 is methyl;
PA0  Y is hydrogen; and
PA0  Z is hydrogen.
PAR  The diazaxanthenes of formula (I) may be prepared by a conventional method
      by condensation of a benzoylbenzoic acid of formula (II):
      ##SPC2##
PAL  with a pyrimidine of formula (III)
      ##SPC3##
PAL  in which R and R' is each hydrogen or lower alkyl or acyl. The condensation
      is conveniently carried out in the presence of a water-eliminating agent
      such as sulfuric acid, polyphosphoric acid, acetic anhydride or zinc
      chloride at elevated temperature, for example at 60.degree. to
      160.degree.C in the absence or presence of a solvent such as acetic acid,
      formic acid or propionic acid. The reaction is over as a rule after from
      two to eight hours. The cooled reaction mixture may be introduced into
      ice-water and the insoluble reaction product separated for the purpose of
      processing. The reaction product may be further purified, for example by
      dissolving it and reprecipitating it or by recrystallizing it.
PAR  Examples of suitable benzoylbenzoic acids are:
      2-(4'-o-toluidino-2'-hydroxybenzoyl)-benzoic acid,
      2-(4'-p-toluidino-2'-hydroxybenzoyl)-benzoic acid,
      2-(4'-o-chlorophenyl-2'-hydroxybenzoyl)-benzoic acid,
      4-methyl-2-(4'-o-toluidino-2'-hydroxybenzoyl)-benzoic acid,
      3,4,5,6-tetrachloro-2-(4'-o-toluidino-2'-hydroxybenzoyl)-benzoic acid and
      2-(4'-methyl-o-toluidino-2'-hydroxybenzoyl)-benzoic acid.
PAR  Examples of suitable pyrimidines are:
      2-dimethylamino-6-methylenepyrimidone-(4),
      2-diethylamino-6-methylpyrimidone-(4),
      2-dipropylamino-6-methylpyrimidone-(4),
      2-dibutylamino-6-methylpyrimidone-(4),
      2-pyrrolidino-6-methylpyrimidone-(4), 2-morpholino-6-methylpyrimidone-(4),
      2-N-methylpiperazino-6-methylpyrimidone-(4),
      piperidino-6-methylpyrimidone-(4), 2-dimethylaminopyrimidone-(4),
      N-diethylaminopyrimidone-(4).
PAR  The lactones obtained may be used as dye precursors for pressure-sensitive
      recording materials, for example in duplicating methods. They may for
      example be made into a paste, the paste is applied to paper and the
      surface is provided with a protective layer. A particularly advantageous
      embodiment consists in enclosing the dye precursor dissolved in a solvent
      having little or no volatility, for example chloroparaffin,
      trichlorodiphenyl or an alkylbenzene bearing one or more substituents, in
      microcapsules and applying these to paper. Under writing pressure the
      microcapsules are brought into contact with an acid receptive layer with
      the result that the characters appear.
DETD
PAR  The following Examples illustrate the invention. The parts and percentages
      specified in the following Examples are by weight.
PAC  EXAMPLE 1
PAR  A mixture of 347 parts of 2-(4'-(o-toluidino)-2'-hydroxybenzoyl)-benzoic
      acid, 237 parts of 2-dibutylamino-4-hydroxy-6-methylpyrimidine, 204 parts
      of acetic anhydride and 1000 parts of glacial acetic acid is heated for
      eight hours at 100.degree.C. After the reaction solution has cooled it is
      poured onto 10,000 parts of ice-water and the precipitate formed is
      filtered off and washed with water. The moist crude product is
      recrystallized from methanol. 365 parts of the compound is obtained. It
      has a melting point of 158.degree. to 160.degree.C.
      ##SPC4##
PAR  A solution of this compound in dodecylbenzene is enclosed in microcapsules
      and applied to the surface of paper. When characters are written on the
      uncoated side of the paper the microcapsules on the reverse side are
      ruptured and the contents coming into contact with the acid receptive
      layer of a paper placed beneath the same form a bluish red copy of the
      characters.
PAR  In a manner analogous to that described in Example 1 the following dye
      precursors are obtained from appropriate starting compounds; they give
      characters in the shades indicated in contact with acid-reacting
      substances when written upon.
      ##SPC5##
CLMS
STM  We claim:
NUM  1.
PAR  1. A lactone of the diazaxanthene series of the formula:
      ##SPC6##
PAL  in which
PA1  R.sup.1 is hydrogen or alkyl of one to three carbon atoms;
PA1  R.sup.2 is phenyl; or phenyl monosubstituted by alkyl of one to three
      carbon atoms, chloro or bromo;
PA1  R.sup.3 and R.sup.4 independently of one another are each alkyl of one to
      six carbon atoms per alkyl or alkoxyalkyl of two to twelve carbon atoms;
      or R.sup.3 and R.sup.4 together with the nitrogen form a piperidino group,
      a pyrrolidino group or a N.sup.1 -methylpiperazino group;
PA1  R.sup.5 is hydrogen or alkyl of one to three carbon atoms;
PA1  Y is hydrogen or chloro;
PA1  Z is hydrogen or chloro; or Z is nitro or alkyl of one to three carbon
      atoms when Y is hydrogen; and
PA1  n is one of the integers 1, 2 and 3.
NUM  2.
PAR  2. A lactone of the diazaxanthene series of the formula
      ##SPC7##
PAL  in which
PA1  R.sup.2.sup.' is phenyl, o-tolyl, p-tolyl, o-chlorophenyl or
      p-chlorophenyl;
PA1  R.sup.3.sup.' and R.sup.4.sup.' independently of one another are each
      methyl, ethyl, propyl or butyl;
PA1  R.sup.5.sup.' is hydrogen or methyl;
PA1  Y is hydrogen or chloro;
PA1  Z is hydrogen or chloro; or Z is hydrogen, nitro or methyl when Y is
      hydrogen; and
PA1  n is 3.
NUM  3.
PAR  3. A lactone as claimed in claim 2, wherein
PA1  R.sup.2.sup.' is phenyl, o-tolyl, p-tolyl, o-chlorophenyl or
      p-chlorophenyl;
PA1  R.sup.3.sup.' and R.sup.4.sup.' are methyl, ethyl, propyl or butyl;
PA1  R.sup.5.sup.' is methyl and
PA1  Z and Y are hydrogen.
NUM  4.
PAR  4. A lactone of the diazaxanthene series of the formula
      ##SPC8##
PAL  in which
PA1  R.sup.2.sup.' is phenyl, o-tolyl, p-tolyl, o-chlorophenyl or
      p-chlorophenyl; and
      ##EQU3##
       is piperidino, pyrrolidino or N'-methyl-piperazino.
NUM  5.
PAR  5. A compound as claimed in claim 3 having the formula
      ##SPC9##
NUM  6.
PAR  6. A compound as claimed in claim 3 having the formula
      ##SPC10##
NUM  7.
PAR  7. A compound as claimed in claim 4 having the formula
      ##SPC11##
PATN
WKU  039311830
SRC  5
APN  4912497
APT  1
ART  122
APD  19740724
TTL  1-Substituted-2-disubstitutedamino-pyrido[2,3-D]pyrimidin-4(1H)-ones
ISD  19760106
NCL  10
ECL  1
EXA  Turnipseed; James H.
EXP  Daus; Donald G.
DCD  19930106
INVT
NAM  Hardtmann; Goetz E.
CTY  Florham Park
STA  NJ
ASSG
NAM  Sandoz Inc.
CTY  E. Hanover
STA  NJ
COD  02
RLAP
COD  72
APN  437471
APD  19740128
PSC  03
CLAS
OCL  2602564F
XCL  2602477K
XCL  26029385
XCL  424250
EDF  2
ICL  C07D23900
FSC  260
FSS  256.4 F
UREF
PNO  3794637
ISD  19740200
NAM  Wiedemann et al.
OCL  260256.4F
LREP
FR2  Sharkin; Gerald D.
FR2  Vila; Richard E.
ABST
PAL  Anti-histaminics of the formula
      ##SPC1##
PAL  Wherein R.sub.1 is alkyl, alkenyl or phenalkyl, R.sub.2 and R.sub.3 are
      alkyl or alkenyl and R' is optional are prepared by alkylating or
      alkenylating a 1-substituted-2-monosubstituted-amino pyrido 2,3-d
      pyrimidin-4(1H)-one with an alkyl halide or alkenyl halide.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 437,471,  filed Jan. 28, 1974, now all abandoned.
BSUM
PAR  This invention relates to 1,2-disubstituted-pyrido
      [2,3-d]pyrimidin-4(1H)-ones, their preparation and the compositions and
      methods utilizing the pharmacological activity of said compounds.
PAR  The compounds of the invention may be represented by the structural formula
      I:
      ##SPC2##
PAL  wherein
PA1  R.sub.1 is alkyl of 1 to 6 carbon atoms, alkenyl of 3 to 8 carbon atoms or
      phenalkyl of the formula II:
      ##EQU1##
      n is 0 or 1 R" is hydrogen or methyl, preferably with R" being hydrogen
      when n is 1
PA1  R.sub.2 and R.sub.3 are independently alkyl of 1 to 4 carbon atoms or
      alkenyl of 3 to 6 carbon atoms, preferably at least one of which is
      straight chain, and more preferably both R.sub.2 and R.sub.3 are straight
      chain,
PA1  R' is hydrogen or alkyl of 1 to 3 carbon atoms, and
PA1  Y and Y' are independently hydrogen, halo of atomic weight of from 18 to
      36, alkyl of 1 to 3 carbon atoms or alkoxy of 1 to 3 carbon atoms or one
      is hydrogen and the other bromo or trifluoromethyl.
PAR  The compounds of the formula I may be prepared in a Step A reaction by
      reacting a compound of the formula II:
      ##SPC3##
PAL  in which R', R.sub.1 and R.sub.2 are as defined and M is hydrogen or an
      alkali metal, preferably sodium, with a compound of the formula III:
EQU  X--R.sub.3                                                 III
PAL  in which R.sub.3 is as defined and X is halo of atomic weight of from 35 to
      127, preferably iodo or bromo.
PAR  The reaction of Step A is of known type and preferably effected employing a
      compound II in which M is an alkali metal. Such compounds II may be
      prepared from the corresponding compound II in which M is hydrogen in a
      known manner involving the reaction of a compound II in which M is
      hydrogen with a strong base such as an alkali metal hydride or alkoxide,
      preferably sodium hydride. The reaction is conveniently effected at from
      0.degree.C. to 50.degree.C., preferably at about room temperature, in an
      inert solvent which can be employed as solvent for the reaction of Step A.
      The conversion of the metallo substituted pyrido [2,3-d]pyrimidinone of
      the formula II to the desired product of the formula I may be carried out
      at temperatures of from 0.degree.C. to 100.degree.C., preferably
      10.degree.C. to 40.degree.C. and conveniently at room temperature. When
      the Step A reaction is carried out with a compound II in which M is
      hydrogen, the reaction is conducted in the presence of the strong base,
      e.g. sodium hydride. The reaction generally is conducted on the basis that
      it may also lead to the formation of a by-product in which the 3-position
      of the compound of the formula II is alkylated or alkenylated. However,
      the desired product of the formula I may be isolated from the reaction
      mixture of Step A and separated from such byproduct by working up by
      conventional procedures.
PAR  The compounds of the formula II may be prepared in a Step B by reacting a
      compound of the formula IV:
      ##SPC4##
PAL  wherein R.sub.1 and R' are as above defined, with a compound of the formula
      V:
      ##EQU2##
      wherein R.sub.2 is as defined.
PAR  The preparation of compounds II by the reaction of Step B can be carried
      out at temperatures in the range of 20.degree.C. to 200.degree.C., more
      usually 80.degree.C. to 180.degree.C., preferably 100.degree.C. to
      180.degree.C. The reaction is conveniently carried out in an organic
      solvent of conventional type providing an inert reaction medium. The
      higher boiling solvent for use at reflux temperatures represent the
      preferred solvents, e.g.. toluene, xylene and especially diglyme and the
      like. The reaction is preferably carried out in the presence of a base,
      e.g., potassium hydroxide, sodium hydroxide, barium hydroxide and
      potassium carbonate; and when the compound V is employed directly in acid
      addition salt form, it is of course desirable to employ an amount of base
      greater than the amount necessary to neutralize the acid. It will be
      appreciated by those skilled in the art that the compounds of the formula
      V are tautomeric and have the alternative and equivalent structure
      represented by the formula VA:
      ##EQU3##
      wherein R.sub.2 is as defined.
PAR  The compounds of the formulae IV and V are either known or may be produced
      from known materials by established procedures.
PAR  The compounds of the formula I of the invention are useful because they
      possess biological activity. In particular, the compounds of the formula I
      are useful as agents for relieving the symptomatic effects of the release
      of histamine, i.e., as anti-histaminic agents, as indicated by observing
      the respiratory status on oral administration (1.0-100 mgs./kgs.) to the
      unanesthetized guinea pig exposed to aerosolized histamine dihydrochloride
      according to a modification of the method of Van Arman et al. J.
      Pharmacol. Exptl. Therap. 133: 90-97, 1961. For such use and depending
      upon known variables satisfactory results are obtained in general on the
      daily administration of from 0.5 to 100 milligrams per kilogram of body
      weight, preferably given in divided doses to 2 to 4 times a day, or in
      sustained release form. For most mammals the administration of from 40 to
      1600 milligrams per day provides satisfactory results and dosage forms
      suitable for internal administration comprise 10 to 800 milligrams of the
      compound in admixture with a solid or liquid pharmaceutical carrier or
      diluent.
PAR  The preferred compounds of the invention from the standpoint of
      anti-histaminic activity are those in which R.sub.1 is benzyl including
      substituted benzyl, particularly unsubstituted benzyl and halobenzyl, e.g.
      fluorobenzyl, especially 4-halobenzyl, and the more preferred compounds
      are those in which R' is hydrogen.
PAR  For the use indicated above, the compounds may be combined with a
      pharmaceutically acceptable carrier, and such other conventional adjuvants
      as may be necessary, and administered orally or parenterally. For most
      uses oral administration with carriers is preferred and may take place in
      such conventional forms as tablets, dispersible powders, granules,
      capsules, suspensions, syrups and elixirs. Such compositions may be
      prepared according to any method known in the art for the manufacture of
      pharmaceutical compositions, and such compositions may contain one or more
      conventional adjuvants, such as sweetening agents, flavoring agents,
      coloring agents and preserving agents, in order to provide an elegant and
      palatable preparation. Tablets may contain the active ingredient in
      admixture with conventional pharmaceutical excipients, e.g., inert
      diluents such as calcium carbonate, sodium carbonate, lactose and talc,
      granulating and disintegrating agents, e.g., starch and alginic acid,
      binding agents, e.g., starch, gelatin and acacia, and lubricating agents,
      e.g., magnesium stearate, stearic acid and talc. The tablets may be
      uncoated or coated by known techniques to delay disintegration and
      adsorption in the gastro-intestinal tract and thereby provide a sustained
      action over a longer period. Similarly, suspensions, syrups and elixirs
      may contain the active ingredient in admixture with any of the
      conventional excipients utilized for the preparation of such compositions,
      e.g., suspending agents (methylcellulose, tragacanth and sodium alginate),
      wetting agents (lecithin, polyoxyethylene stearate and polyoxyethylene
      sorbitan monooleate) and preservatives (ethyl-p-hydroxybenzoate). Capsules
      may contain the active ingredient alone or admixed with an inert solid
      diluent, e.g., calcium carbonate, calcium phosphate and kaolin. The
      preferred pharmaceutical compositions from the standpoint of preparation
      and ease of oral administration are solid compositions, particularly
      hard-filled capsules and tablets. Parenteral administration may be in such
      conventional forms as injectionable solutions and suspensions.
PAR  A representative formulation is a tablet for oral administration 2 to 4
      times a day for relieving the effect of histamine release and prepared by
      conventional tabletting techniques to contain the following ingredients:
TBL  Ingredients              Weight (mg.)                                     

     ______________________________________                                    

     1-(4'-fluorobenzyl)-2-dimethyl-                                           

     amino-pyrido[2,3-d]pyrimidin-4(1H)-one                                    

                              10                                               

     Tragacanth               10                                               

     Lactose                  222.5                                            

     Corn Starch              25                                               

     Talcum                   15                                               

     Magnesium Stearate       2.5                                              

     ______________________________________                                    

DETD
PAR  The following examples show representative compounds encompassed within the
      scope of this invention and the manner in which such compounds are
      prepared. However, it is to be understood that the examples are for
      purposes of illustration only.
PAC  EXAMPLE A
PAC  1-(4'-fluorobenzyl)-2-methylamino-pyrido[2,3-d]pyrimidin-4(1H)-one.
      ##SPC5##
PAR  A mixture of 25 g. of
      4-(4'-fluorobenzyl)-3,4-dihydro-1,3-dioxo-1H-pyrido[2,3-d][1,3]oxazine, 15
      g. of S,N-dimethylthiopseudourea (hydrogen iodide), 15 g. of anhydrous
      potassium carbonate and 300 ml. of diglyme is refluxed with stirring for 4
      hours. The resulting mixture is filtered while hot through Celite and the
      precipitate formed on cooling is recovered by filtering, washed with
      diglyme and then three times with ether and then dried under reduced
      pressure. The resulting product is dissolved in methylene
      chloride/methanol, filtered to remove insoluble material, concentrated on
      a steam bath and treated with ether to crystallize the titled product
      (free base form), m.p. 242.degree.-246.degree.C.
PAC  EXAMPLE 1
PAC  1-(4'-fluorobenzyl)-2-dimethylamino-pyrido[2,3-d]pyrimidin-4(1H)-one.
      ##SPC6##
PAR  To a suspension of 10.0 g. of powdered
      1-(4'-fluorobenzyl)-2-methylamino-pyrido[2,3-d]pyrimidin-4(1H)-one in 300
      ml. of tetrahydrofuran is added portionwise over the course of 5 minutes
      4.8 g. of potassium t-butoxide and the resulting mixture is stirred at
      room temperature for 45 minutes. There is then added 6.5 g. of methyl
      iodide followed by stirring at room temperature for two days. The
      resulting mixture is filtered through celite and the filtrate evaporated
      to dryness. The residue is dissolved in 100 ml. of methylene chloride,
      washed twice with water, dried, filtered and evaporated to dryness. The
      residue is dissolved in a small amount of chloroform and filtered through
      a 650 ml. filter column using silica and chloroform. The combined product
      containing fractions are evaporated to dryness, the residue dissolved in
      50 ml. of methylene chloride and ether added while warming on a steam bath
      to obtain
      1-(4'-fluorobenzyl)-2-dimethylamino-pyrido[2,3-d]pyrimidin-4(1H)-one, m.p.
      167.degree.-170.degree.C.
PAC  EXAMPLE 2
PAR  Following the procedure of Example 1, the following additional compounds of
      the invention are prepared:
PA0  A) 1-benzyl-2-dimethylamino-pyrido[2,3-d]pyrimidin-4(1H)-one.
PA0  B) 1-ethyl-2-dimethylamino-pyrido[2,3-d]pyrimidin-4-(1H)-one.
PA0  C) 1-(4'-fluorobenzyl)-2-diethylamino-pyrido[2,3-d] pyrimidin-4(1H)-one.
PA0  D) 1-(4'-chlorobenzyl)-2-dimethylamino-pyrido[2,3-d] pyrimidin-4(1H)-one.
PA0  E) 1-(3', 4'-dimethoxybenzyl)-2-dimethylamino-pyrido
      [2,3-d]pyrimidin-4(1H)-one.
PA0  F) 1-(4'-fluorobenzyl)-2-N-methyl-N-allylamino-pyrido
      [2,3-d]pyrimidin-4(1H)-one.
PA0  G) 1-(4'-(bromobenzyl)-2-dimethylamino-pyrido[2,3-d] pyrimidin-4(1H)-one.
PA0  H) 1-(4'-fluorobenzyl)-7-methyl-2-dimethylamino-pyrido
      [2,3-d]pyrimidin-4c1H)-one.
PA0  I) 1-allyl-2-dimethylamino-pyrido[2,3-d]pyrimidin-4 (1H)-one.
PAR  The compounds of the formula VI, defined above, may also be prepared in a
      Step C reaction involving cyclizing a compound of the formula VI:
      ##EQU4##
      wherein R', R.sub.1 and R.sub.2 are as defined.
PAR  The preparation of compounds of the formula II by the reaction of Step C
      may be carried out by heating a compound of the formula VI at elevated
      temperatures preferably in the range of 120.degree.C. to 200.degree.C.,
      more preferably 130.degree.C. to 180.degree.C. and desirably in the
      presence of an inert solvent and strong base. The inert solvents may be of
      conventional type and are preferably the higher boiling solvents, e.g.,
      diglyme. Suitable strong bases include the strong inorganic bases such as
      the alkali metal hydroxides, e.g., sodium hydroxide. Reaction time may
      vary, particularly with temperature, with good results usually obtain in
      one-half to ten hours.
PAR  The compounds of the formula VI employed in Step C may be prepared by
      reacting a compound of the formula IV with a compound of the formula V
      under controlled temperature and time conditions. In general, temperatures
      are usually in the range of from 20.degree.C. to 120.degree.C., preferably
      60.degree.C. to 115.degree.C. Reaction times may be typically of the order
      of from 10 minutes to 5 hours and generally will vary inversely with
      reaction temperature. The reaction is preferably carried out in the
      presence of a base such as an inorganic base, e.g., potassium carbonate
      and sodium carbonate, and in the presence of an inert solvent of
      conventional type. The solvents boiling at reflux temperatures are
      generally preferred, e.g., acetonitrile, benzene and toluene. The
      resulting product of the formula VII may, if desired, be isolated and
      recovered by working up by conventional procedures.
PAR  It will be evident that the compounds of the formula VI exist in and be
      expressed by the alternative and equivalent tautomeric form having the
      formula VIA:
      ##EQU5##
      in which R, R.sub.1 and R.sub.2 are as defined.
PAC  EXAMPLE B
PAC  1-(4'-fluorobenzyl)-2-allylamino-pyrido[2,3-d]pyrimidin-4(1H)-one
      ##SPC7##
PAR  A mixture of 27 g. of
      4-(4'-fluorobenzyl)-3,4-dihydro-1,3-dioxo-1H-pyrido[2,3-d] [1,3]oxazine,
      27.5 g. of S-methyl-N-allylthiopseudourea (hydrogen iodide), 12 g. of
      anhydrous sodium carbonate and 250 ml. of acetonitrile is refluxed with
      stirring for one hour. The resulting mixture is evaporated to dryness, the
      residue dissolved in methylene chloride, filtered through celite and the
      filtrate evaporated in vacuo. The resulting oil is dissolved in 150 ml. of
      diglyme and refluxed for 1.5 hours. The resulting reaction mixture is
      cooled and the resulting crystalline material is recovered by filtering,
      washed with diglyme and then twice with ether, dried in a high vacuum,
      dissolved in methylene chloride/methanol, filtered, concentrated on a
      steam bath and ether added to obtain
      1-(4'-fluorobenzyl)-2-allylamino-pyrido [2,3-d]pyrimidin-4(1H)-one, m.p.
      190.degree.-194.degree.C.
PAC  EXAMPLE 3
PAR  Following the procedure of Example 1, the following additional compound of
      the invention is prepared:
PA0  A) 1-(4'-fluorobenzyl)-2-diallylamino-pyrido[2,3-d]pyrimidin-4(1H)-one.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC8##
PAL  wherein
PA1  R.sub.1 is alkyl of 1 to 6 carbon atoms, alkenyl of 3 to 8 carbon atoms or
      phenalkyl of the formula:
      ##EQU6##
      n is 0 to 1 R" is hydrogen or methyl,
PA1  R.sub.2 and R.sub.3 are independently alkyl of 1 to 4 carbon atoms or
      alkenyl of 3 to 6 carbon atoms,
PA1  R' is hydrogen or alkyl of 1 to 3 carbon atoms, and
PA1  Y and Y" are independently hydrogen, fluoro, chloro, alkyl of 1 to 3 carbon
      atoms or alkoxy of 1 to 3 carbon atoms or one is hydrogen and the other
      bromo or trifluoromethyl.
NUM  2.
PAR  2. A compound of claim 1 in which R.sub.1 is alkyl.
NUM  3.
PAR  3. A compound of claim 2 in which R' is hydrogen.
NUM  4.
PAR  4. A compound of claim 1 in which each of R.sub.2 and R.sub.3 is alkyl.
NUM  5.
PAR  5. A compound of claim 1 in which R.sub.1 is
      ##EQU7##
NUM  6.
PAR  6. A compound of claim 5 in which R" is hydrogen, n is 0, Y is hydrogen,
      fluoro, chloro or bromo and Y' is hydrogen, fluoro or chloro, with the
      proviso that Y' is hydrogen when Y is bromo.
NUM  7.
PAR  7. A compound of claim 6 in which R' is hydrogen.
NUM  8.
PAR  8. A compound of claim 5 in which each of R.sub.2 and R.sub.3 is alkyl.
NUM  9.
PAR  9. A compound of claim 7 in which each of R.sub.2 and R.sub.3 is methyl.
NUM  10.
PAR  10. The compound of claim 9 which is
      1-(4'-fluorobenzyl)-2-dimethylamino-pyrido[2,3-d]pyrimidin-4(1H)-one.
PATN
WKU  039311848
SRC  5
APN  5194636
APT  1
ART  124
APD  19741031
TTL  Purification method for prolyl-leucylglycinamide
ISD  19760106
NCL  2
ECL  1
EXA  Suyat; Reginald J.
EXP  Gotts; Lewis
INVT
NAM  Lex; Charles George
CTY  Kenosha
STA  WI
ASSG
NAM  Abbott Laboratories
CTY  North Chicago
STA  IL
COD  02
CLAS
OCL  2601125R
EDF  2
ICL  C07C10352
ICL  C07G  700
FSC  260
FSS  112.5
FSC  424
FSS  177;274
UREF
PNO  3708593
ISD  19730100
NAM  Plotnikoff
OCL  424274
UREF
PNO  3795738
ISD  19740300
NAM  Plotnikoff
OCL  424274
OREF
PAL  Nair et al.: Biochem. Biophys. Res. Comm., 43, 1376-1381 (1971).
LREP
FR2  Burgauer; Paul D.
FR2  Niblack; Robert L.
ABST
PAL  The tripeptide L-prolyl-L-leucylglycinamide can be obtained in pure,
      crystalline form by dissolving it in methanol and adding to a clear
      methanol solution thereof, a relatively large volume of diethyl ether. The
      obtained tripeptide shows essentially only a single spot on TLC plates.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The tripeptide L-prolyl-L-leucylglycinamide, hereinafter referred to as MIH
      for melanocite inhibiting hormone, has recently been shown to be a useful
      drug for combating depression and the symptoms of Parkinsonism when
      administered to warm-blooded animals afflicted with such symptoms.
      Recently issued, U.S. Pat. Nos. 3,708,593 and 3,795,738 show the specific
      benefits of this material upon oral administration to warm-blooded
      animals.
PAR  However, unfortunately, medicinally pure material is rather difficult to
      obtain. Chemically, there is no difficulty in preparing this tripeptide
      and to obtain it in relatively pure crystalline form by crystallizing it
      from water. While material obtained in this fashion is usually
      satisfactory for investigation of the effects of the drug, it is necessary
      to obtain a truly pure form of the material for pursuit of the drug in the
      medical treatment of humans. While material known to date may analyze
      properly from the carbon, hydrogen and nitrogen content of the assigned
      structure of the hemihydrate of MIH, thin-layer chromatography shows that
      the material recrystallized several times from water still contains
      impurities, often exceeding 2% by weight. A major proportion of these
      impurities is N-carbonbenzoxy-MIH, which has solubility characteristics so
      similar to MIH that recrystallization by previous methods will not remove
      it.
PAR  It is thus an object of the present invention to prepare MIH that shows
      essentially only a single spot upon thin-layer chromatography. It is a
      particular object of this invention to purify MIH to a chemically and
      physically substantially pure form.
PAR  These and other objects are accomplished upon crystallizing MIH by
      dissolving one part by weight thereof in at least three parts by weight of
      methanol and adding at least the fourfold volume of ether thereto.
      Crystals of highest purity of the hemihydrate of MIH are obtained in this
      manner. They show only a single spot on thin-layer chromatography from the
      customary solvents or solvent mixtures.
PAR  In a more specific embodiment, one kilogram part of MIH hemihydrate is
      dissolved in 3 - 4 liter parts of methanol; the solution is filtered after
      all or most of the MIH has been dissolved and about 12 - 15 liter parts of
      diethyl ether are added to the filtrate. Upon standing, crystals of MIH
      hemihydrate appear within about 30 minutes at room temperature, and after
      cooling this mixture to near 0.degree., essentially all of the initially
      present MIH is obtained in pure form.
DETD
PAR  In order to illustrate the process of this invention, reference is made to
      the following example which, however, is not meant to limit the invention
      in any respect.
PAC  EXAMPLE
PAR  A solution of 1.8 kg. of the hemihydrate of L-prolyl-L-leucylglycinamide in
      5.4 liters of methanol is prepared by stirring these materials at
      20.degree. - 25.degree. C. for a period of 45 minutes. The solution is
      then filtered. While stirring the filtrate, 21.6 liters of diethyl ether
      is added in small portions over a period of about 15 minutes.
      Crystallization begins soon after agitation is stopped. After standing for
      30 minutes, agitation is restarted, another 10.8 liters of ether is added
      in small aliquots over a 5-minute period. Agitation is stopped at this
      point and the mixture is allowed to stand for 16 hours near 0.degree. C.
      The white, crystalline material is collected by filtration, washed with
      ether and dried at room temperature in an evacuated chamber to yield 1.48
      kg. of the hemihydrate of MIH, representing 82% of theory. The material
      passes all established chemical and physical specifications, including
      analysis.
PAR  The following table shows a comparison of the starting material of the
      above example with the final product with the starting material having
      been crystallized from water in the usual known fashion. In all instances,
      the term MIH is to be understood as MIH hemihydrate.
TBL                TABLE                                                       

     ______________________________________                                    

                  Starting    End                                              

                  Material    Product                                          

     ______________________________________                                    

     Melting                                                                   

     Point          117.5-123.5.degree.                                        

                                  121-122.degree. C.                           

     Assay          98.3%         99.3%                                        

     [.alpha.].sub.D.sup.25 (C=1; H.sub.2 O)                                   

                    -56.4.degree. -56.6.degree.                                

     TLC*           Major R.sub.f Major R.sub.f                                

                    0.77          0.78                                         

                    Minor R.sub.f No impuri-                                   

                    0.84    &gt;2%   ties detected                                

                    Minor R.sub.f                                              

                    0.91                                                       

     ______________________________________                                    

      *TLC = thin-layer chromatography, using chloroform/methanol/ammonia 2:2:1

      as the solvent. Upon replacing ammonia with acetic acid, no impurities ar

      found in the end product either. The plates are visualized by ninhydrin  

      and Cl.sub.2 -tolidine.                                                  

PAL  Obviously, those skilled in the art will recognize that the ether can be
      added in smaller or larger portions, most of it at room temperature
      before, during or after stirring with more to be added subsequently
      before, during or after cooling the mixture to near 0.degree.. The upper
      volume limit of ether is unlimited except that economic considerations
      would limit this to about 20 parts by volume per weight part of MIH. At
      least 8 parts per volume of the ether should be used in order to force
      crystallization of the major portion of the MIH. Less than three parts by
      volume of methanol reduces the efficiency of this system in that not all
      of the MIH will go into solution except upon heating while excessive
      amounts of methanol, i.e., above four parts by volume per weight part of
      MIH only increases the total volume unnecessarily and requires
      subsequently larger amounts of ethyl ether.
PAR  The new method produces highly desirable, crystalline, pure material from a
      crude material or a prepurified, water-recrystallized MIH. The new method
      has the advantage of yielding MIH in crystalline form and to do this
      without requiring any heating, be it for dissolving the MIH or be it to
      reduce the solvent volume to insure good recovery yields. To this extent,
      the new purification method is far superior over any method requiring
      water as the crystallization solvent since in that instance, the initial
      aqueous solution has to be heated to get most of the desirable tripeptide
      into solution, to concentrate the aqueous solution and, after removing the
      crystals from the cooled solution, excessive time or heat is required to
      drive off any traces of water still associated with the crystals.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process of purifying the crude tripeptide
      L-prolyl-L-leucylglycinamide consisting essentially in dissolving 1 part
      by weight of said tripeptide in at least about 3 parts by volume of
      methanol, adding at least 12 parts by volume of diethyl ether to said
      solution, and crystallizing said tripeptide at a temperature of 0.degree.
      - 25.degree. C.
NUM  2.
PAR  2. The process of claim 1 wherein 3 - 4 parts by volume of methanol are
      used to dissolve one part by weight of said tripeptide and said solution
      is filtered before adding said ether.
PATN
WKU  039311856
SRC  5
APN  4132335
APT  1
ART  122
APD  19731106
TTL  1-Phenyl-2,2,4,4-C.sub.1 -C.sub.2 alkyl-3-[4-(phenyl or
      pyridyl)-piperazino]-cyclobutanols-(1)
ISD  19760106
NCL  11
ECL  1
EXA  Tovar; Jose
EXP  Daus; Donald G.
INVT
NAM  Kleemann; Manfred
CTY  Tamm
CNT  DT
INVT
NAM  Kahling; Joachim
CTY  Biberach, Riss
CNT  DT
INVT
NAM  Griss; Gerhart
CTY  Biberach, Riss
CNT  DT
INVT
NAM  Hurnaus; Rudolf
CTY  Biberach, Riss
CNT  DT
ASSG
NAM  Boehringer Ingelheim GmbH
CTY  Ingelheim am Rhein
CNT  DT
COD  03
PRIR
CNT  DT
APD  19721111
APN  2255439
PRIR
CNT  DT
APD  19731003
APN  2349639
CLAS
OCL  260268PH
XCL  260268BC
XCL  260268H
XCL  260477
XCL  260479R
XCL  2605705CA
XCL  424250
EDF  2
ICL  C07D29512
FSC  260
FSS  268 H;268 PH;268 BC
FREF
PNO  985,815
ISD  19650300
CNT  UK
OREF
PAL  Burger, Medicinal Chemistry, 2nd Ed., p. 42, (1960).
LREP
FRM  Hammond & Littell
ABST
PAL  This invention relates to cyclobutane derivatives having the formula
      ##SPC1##
PAL  Wherein R.sub.1 to R.sub.3, which may be the same or different, represent
      hydrogen atoms, halogen atoms, hydroxy, trifluoromethyl, benzyloxy,
      acyloxy groups, alkyl groups with 1 to 6 carbon atoms, alkoxy groups with
      1 to 3 carbon atoms, phenyl, cyclohexyl, or 2 of the radicals R.sub.1 to
      R.sub.3 together represents a methylenedioxy group,
PA1  R.sub.4 represents a hydrogen atom or an alkyl group with 1 or 2 carbon
      atoms,
PA1  R.sub.5 represents a hydrogen atom or an alkyl group with 1 to 3 carbon
      atoms and
PA1  R.sub.6 represents a phenyl group, which may be mono- or disubstituted by
      halogen atoms, trifluoromethyl, hydroxy, nitro, amino, benzyloxy, acyloxy
      groups, alkyl groups with 1 to 3 carbon atoms, alkoxy groups with 1 to 3
      carbon atoms or alkylthio groups with 1 to 3 carbon atoms; or a pyridyl
      group, optionally substituted by a halogen atom, a hydroxy, nitro, amino,
      benzyloxy, acyloxy, carboxy group, a carbalkoxy group with 1 to 3 carbon
      atoms in the alkoxy, an alkyl group with 1 to 3 carbon atoms or an alkoxy
      group with 1 to 3 carbon atoms;
PAL  To salts thereof with physiologically compatible inorganic or organic acids
      or bases as well as to processes for their preparation.
PAL  The cyclobutane compounds of the above general formula show valuable
      pharmacological properties, especially a sedative and muscle relaxing
      activity.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the obtaining of a cyclobutane
      derivative selected from the group consisting of (1) a compound having the
      formula I
      ##SPC2##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are members selected from the group
      consisting of hydrogen, halogen, hydroxy, trifluoromethyl, benzyloxy,
      alkyl having 1 to 6 carbon atoms, alkoxy having 1 to 3 carbon atoms,
      acyloxy where acyl is an acyl of an organic carboxylic acid having 1 to 12
      carbon atoms, phenyl, cyclohexyl, and any two of R.sub.1, R.sub.2 and
      R.sub.3 taken together, methylenedioxy,
PA1  R.sub.4 is a member selected from the group consisting of hydrogen and
      alkyl having 1 to 2 carbon atoms,
PA1  R.sub.5 is a member selected from the group consisting of hydrogen and
      alkyl having 1 to 3 carbon atoms, and
PA1  R.sub.6 is a member selected from the group consisting of
      ##SPC3##
PA1  Wherein R.sub.7 and R.sub.8 are members selected from the group consisting
      of hydrogen, halogen, trifluoromethyl, hydroxy, nitro, amino, benzyloxy,
      alkyl having 1 to 3 carbons, alkoxy having 1 to 3 carbon atoms, alkylthio
      having 1 to 3 carbon atoms and acyloxy where acyl is an acyl of an organic
      carboxylic acid having 1 to 12 carbon atoms, and
PA1  R.sub.9 is a member selected from the group consisting of hydrogen,
      halogen, hydroxy, nitro, amino, benzyloxy, carboxy, carbalkoxy having 1 to
      3 carbon atoms in the alkoxy, alkyl having 1 to 3 carbon atoms, alkoxy
      having 1 to 3 carbon atoms and acyloxy where acyl is an acyl of an organic
      carboxylic acid having 1 to 12 carbon atoms,
PAL  (2) a salt of said compound with physiologically campatible inorganic or
      organic acids, and (3) a salt of said compound where R.sub.9 is carboxy,
      with physiologically compatible inorganic or organic bases.
PAR  Another object of the present invention is the development of a process for
      the sedation and relaxing of muscles of warm-blooded animals comprising
      administering to warm-blooded animals a safe but effective amount of the
      above cyclobutane derivatives.
PAR  A further object is to develop pharmaceutical compositions containing the
      above cyclobutane derivatives.
PAR  These and other objects of the present invention will become more apparent
      as the description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to cyclobutane derivatives having the general
      formula I; as well as the process of obtaining the cyclobutane derivatives
      and the process of utilizing the same in pharmaceutical compositions for
      sedation and muscle relaxation.
PAR  Preferred from among the compounds of the general formula I are those
      trans-cyclobutane compounds where R.sub.1, R.sub.2 and R.sub.5 are
      hydrogen, R.sub.3 is hydroxy, chloro or alkyl having 3 to 5 carbon atoms,
      R.sub.4 is methyl and R.sub.6 is phenyl, 4-hydroxyphenyl, 4-methoxyphenyl
      or pyridyl-2. These preferred compounds have the formula
      ##SPC4##
PAL  wherein R.sub.3 ' is selected from the group consisting of hydroxy, chloro
      and alkyl having 3 to 5 carbon atoms and R.sub.6 ' is selected from the
      group consisting of phenyl, 4-hydroxyphenyl, 4-methoxyphenyl and
      pyridyl-2, as well as the acid addition salts of said compounds with
      physiologically compatible inorganic or organic acids; where the 1-phenyl
      is in trans configuration to the cyclobutane ring with respect to the
      3-piperazinyl.
PAR  The compounds embraced by the above general formula I may be prepared by
      the following methods.
PAC  Method A
PAR  For the preparation of compounds of general formula I, wherein none of the
      radicals R.sub.1 to R.sub.3 represent an acyloxy group and wherein the
      radical R.sub.6 does not contain an acyloxy or a carbaloxy group:
PAR  A compound of general formula II,
      ##SPC5##
PAL  wherein R.sub.4, R.sub.5 and R.sub.6 are defined as above, except that no
      radicals containing acyloxy and carbalkoxy groups are present, is reacted
      with a compound of general formula III,
      ##SPC6##
PAL  wherein R.sub.1 ' to R.sub.3 ' represent hydrogen atoms, halogen atoms,
      hydroxyl groups protected by a protective group, trifluoromethyl groups,
      alkyl groups with 1 to 6 carbon atoms, alkoxy groups with 1 to 3 carbon
      atoms or 2 of the radicals R.sub.1 ' to R.sub.3 ' together represents a
      methylenedioxy group and M represents an alkali metal such as lithium or a
      magnesium halogenide group.
PAR  The reaction is preferably carried out in an anhydrous inert solvent such
      as ether, tetrahydrofuran or ethylene glycoldimethylether, optionally
      under a protective gas atmosphere and appropriately at temperatures
      between -20.degree.C and 100.degree.C, preferably however at the boiling
      temperature of the solvent used. After the reaction an optionally used
      protective group for a hydroxy group in a compound of general formula III
      is split off, for example the benzyl group by means of catalytical
      hydrogenation or the trimethylsilyl group by means of hydrolysis.
PAC  Method B
PAR  For general preparation:
PAR  A compound of general formula IV,
      ##SPC7##
PAL  wherein R.sub.1 to R.sub.5 are defined as above, is reacted with a
      halogenide of general formula V,
EQU  R.sub.6 -- Hal                                             (V)
PAL  wherein R.sub.6 is defined as above, and Hal represents a chlorine, bromine
      or iodine atom.
PAR  The reaction is appropriately carried out in a solvent such as ethanol,
      water/ethanol, isopropanol, butanol, dioxane or xylene, optionally in the
      presence of potassium iodide or in the presence of a catalyst, for example
      copper powder or anhydrous zinc chloride, and optionally in the presence
      of an inorganic or organic base, for example an alkali metal carbonate
      such as sodium carbonate, potassium carbonate or triethylamine, and
      according to the reactivity of the halogenide used at temperatures between
      20.degree.C and 160.degree.C, preferably, however, at 80.degree.C to
      130.degree.C.
PAR  The reactivity of the halogen atom in a compound of general formula V may
      be enhanced, if necessary, by the introduction of activating groups, e.g.
      one or more nitro groups and optionally in addition by the conversion,
      where R.sub.6 is a pyridyl, of the pyridine-nitrogen into the N-oxide,
      e.g. by means of hydrogen peroxide or a peracid such as perbenzoic acid.
      After the reaction the compound obtained is converted by means of
      reduction, e.g. by means of nascent or catalytically activated hydrogen,
      into the corresponding compound, optionally substituted by one or more
      amino groups, which on its part may be converted into the desired compound
      of general formula I using the corresponding diazonium compound.
PAR  Furthermore, it may be of advantage, if reactive hydrogen atoms are
      protected during the reaction by usual protective groups, e.g. by benzyl
      or trimethylsilyl groups. These protective groups may be split off again
      after the reaction, e.g. the benzyl group by means of catalytical
      hydrogenation and the trimethylsilyl group by means of hydrolysis.
PAC  Method C
PAR  For general preparation:
PAR  A compound of general formula VI,
      ##SPC8##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are defined as above and X
      represents a halogen atom or the p-toluenesulfonyloxy group, is reacted
      with an amine of general formula VII,
EQU  R.sub.6 -- NH.sub.2                                        (VII)
PAL  wherein R.sub.6 is defined as above.
PAR  The reaction is optionally carried out in a solvent such as propanol,
      dioxane or in an excess of the amine used of general formula VII and
      optionally in the presence of a base such as sodium carbonate,
      appropriately at temperatures between 50.degree.C and 200.degree.C,
      preferably however at the boiling temperature of the solvent used.
PAR  If according to Methods A, B and C, a compound of general formula I is
      obtained, which is substituted by one or more halogen atoms, this compound
      may be dehalogenated by means of usual dehalogenating agents, e.g. by
      means of catalytical hydrogenation in the presence of palladium-coal and
      sodium acetate, or if a cis-trans mixture of a compound of general formula
      I is obtained, this mixture may be separated into the corresponding cis
      and trans compounds, for example by means of column chromatography and/or
      if a compound of general formula I is obtained, wherein the radicals
      R.sub.1 to R.sub.3 represent acyloxy groups and/or R.sub.6 contains an
      acyloxy and/or carbalkoxy group, these groups may, for example be
      converted into the free hydroxy groups or respectively the carboxyl group
      by means of hydrolysis, and/or if a compound of general formula I is
      obtained, which contains free hydroxy groups, this compound may
      subsequently be acylated, if desired, with an acylating agent such as a
      corresponding acid anhydride or halogenide or alkylated with an alkylating
      agent such as an alkylhalogenide, diazoalkane or dialkylsulfate.
PAR  The acylating agent and the acyloxy group are derived from acyls of organic
      carboxylic acids having 1 to 12 carbon atoms, more particularly alkanoic
      acids such as acetic acid, isobutyric acid, etc.; and aromatic hydrocarbon
      carboxylic acids such as benzoic acid. etc.
PAR  The obtained compounds of general formula I may be converted into their
      salts with the corresponding physiologically compatible inorganic or
      organic acids or, where R.sub.9 is carboxyl, bases. As acids for example,
      inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid
      and phosphoric acid, and organic acids having 1 to 6 carbon atoms,
      preferably those containing at least one hydroxyl, such as lactic acid,
      citric acid, tartaric acid and maleic acid and as bases alkali metal
      hydroxides, carbonates and ammonium hydroxide, such as sodium hydroxide
      and potassium hydroxide have proved to be suitable.
PAR  A compound of general formula II used as starting material may be prepared
      by cycloaddition of an enamine of general formula VIII,
      ##SPC9##
PAL  wherein R.sub.5 and R.sub.6 are defined as above, with a ketene of general
      formula IX,
      ##EQU1##
      wherein R.sub.4 is defined as above, in a solvent such as benzene and at
      temperatures between 20.degree.C and 80.degree.C and by subsequent
      hydrolysis of an optionally obtained O-acylated compound (see Angew.
      Chemie 74, 32 (1962); J. Org. Chem. 26, 4775 (1961) and ibid 26, 4776
      (1961)).
PAR  A compound of general formula VI used as starting material is obtained by
      addition of ethyleneoxide to an amine of general formula X,
      ##SPC10##
PAL  wherein R.sub.1 to R.sub.4 are defined as above, and subsequent reaction
      with a halogenating agent such as thionyl chloride.
PAR  An amine of general formula X is obtained from the corresponding
      dibenzyl-compound by hydrogenating removal of the benzyl groups in the
      presence of palladium/coal. The necessary dibenzyl-compound is obtained by
      Grignard reaction of a corresponding cyclobutanone-derivate, which may be
      prepared by cycloaddition from the corresponding enamine with the
      corresponding ketene.
PAR  A compound of general formula IV used as starting material is obtained by
      reaction of a corresponding substituted cyclobutanone with a corresponding
      Grignard compound and subsequent removal of the protective group in
      4-position of the piperazine, e.g. the benzyl group, in the obtained
      cyclobutanol-compound for example by means of catalytical hydrogenation.
DETD
PAR  The following examples illustrate the invention without being limitative.
PAC  EXAMPLES
PAR  Unless mentioned in the examples, the trans compound has always been that
      compound isolated, "trans" is utilized in reference to the position of the
      piperazine ring in comparison to the aromatic nucleus which is in
      1-position of the cyclobutane ring.
PAC  EXAMPLE 1
PAC  1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclo
     butanol-(1) by method A
PAR  A solution of 36.8 gm (0.15 mol) of 4-trimethylsilyloxy-bromobenzene in 50
      ml of absolute tetrahydrofuran was dropped slowly into 3.64 gm (0.15 mol)
      of magnesium chips in 30 ml of absolute tetrahydrofuran. After about
      one-third of the 4-trimethylsilyloxy-bromobenzene had been added, the
      reaction was set going by warming in the presence of a grain of iodine and
      was finished while refluxing. At room temperature a solution of 14.4 gm
      (0.05 mol) of
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone (m.p.
      126.degree.-127.degree.C) in 40 ml of absolute tetrahydrofuran was dropped
      into the prepared Grignard reagent. In order to complete the reaction the
      mixture was subsequently refluxed for 3 hours. After standing overnight,
      150 ml of 6 N hydrochloric acid were dropped into the reaction mixture
      while ice-cooling the same. The hydrochloride of the desired product
      precipitated. The precipitate was filtered off and stirred for 2 hours
      with an excess of an aqueous sodium hydroxide solution. After vacuum
      filtering, the precipitate was dissolved in ethyl acetate. Subsequently
      the ethyl acetate solution was washed with an aqueous sodium hydroxide
      solution and with water and dried over sodium sulfate. The solvent was
      removed in vacuo. The crude product was recrystallized once from a little
      ethanol and once from isopropanol using activated carbon. Yield: 8.2 gm
      (43% of theory) of colorless crystals. M.P. 214.degree.-216.degree.C.
PAR  After addition of an excess of 6 N hydrochloric acid to the hot ethanolic
      solution of the base the dihydrochloride crystallized out when cooling.
      M.p. 197.degree.C (decomp.).
PAR  The compounds described in the following examples 2-69 were prepared
      analogously to Example 1.
PAC  EXAMPLE 2
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenylpiperazinyl)-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 39% of theory; m.p.
      113.degree.C (from propanol).
PAC  EXAMPLE 3
PAC  1-(4-Benzyloxyphenyl)-2,2,4,4-tetramethyl-3-(4-phenylpiperazinyl)-cyclobuta
     nol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenylpiperazinyl)-cyclobutanone by
      Grignard reaction with 4-benzyloxy-bromobenzene in tetrahydrofuran. Yield:
      16% of theory; m.p. 125.degree.-128.degree.C (from isopropanol).
PAC  EXAMPLE 4
PAC  1-(3-Benzyloxyphenyl)-2,2,4,4-tetramethyl-3-(4-phenylpiperazinyl)-cyclobuta
     nol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenylpiperazinyl)-cyclobutanone by
      Grignard reaction with 3-benzyloxy-bromobenzene in tetrahydrofuran. Yield:
      41% of theory; m.p. 108.degree.C (from methanol).
PAC  EXAMPLE 5
PAC  1-(4-Methoxyphenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutan
     ol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanone by
      Grignard reaction with 4-methoxybromobenzene in tetrahydrofuran. Yield:
      54% of theory; m.p. of the trans-compound: 159.degree.-160.degree.C (from
      ethanol). Yield: 3% of theory; m.p. of the cis-compound:
      145.degree.-146.degree.C (from petrolum ether).
PAC  EXAMPLE 6
PAC  1-(3-Methoxyphenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutan
     ol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanone by
      Grignard reaction with 3-methoxybromobenzene in tetrahydrofuran. Yield:
      40% of theory; m.p. of the trans-compound: 168.degree.-169.degree.C (from
      isopropanol). Yield: 3% of theory; m.p. of the cis-compound: 159.degree.C
      (from petroleum ether).
PAC  EXAMPLE 7
PAC  1-(2-Methoxyphenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutan
     ol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanone by
      Grignard reaction with 2-methoxybromobenzene in tetrahydrofuran. Yield:
      26% of theory; m.p. 187.degree.-188.degree.C (from ethyl acetate).
PAC  EXAMPLE 8
PAC  1-(3,4-Dimethoxyphenyl)-2,2,4,4-tetramethyl-3-(4-phenylpiperazinyl)-cyclobu
     tanol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanone by
      Grignard reaction with 3,4-dimethoxy-bromobenzene in tetrahydrofuran.
      Yield: 29% of theory; m.p. 188.degree.-190.degree.C (from acetone).
PAC  EXAMPLE 9
PAC  1-(3,4-Methylenedioxyphenyl)-2,2,4,4-tetramethyl-3-(4-phenylpiperazinyl)-cy
     clobutanol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanone by
      Grignard reaction with 3,4-methylene-dioxy-bromobenzene in
      tetrahydrofuran. Yield: 26% of theory; m.p. 172.degree.-174.degree.C (from
      ethyl acetate).
PAC  EXAMPLE 10
PAC  1-(2,3,4-Trimethoxyphenyl)-2,2,4,4-tetramethyl-3-(4-phenylpiperazinyl)-cycl
     obutanol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanone by
      Grignard reaction with 2,3,4-trimethoxy-bromobenzene in tetrahydrofuran.
      Yield: 14% of theory; m.p. of the cis-compound: 148.degree.-150.degree.C
      (from ethyl acetate).
PAC  EXAMPLE 11
PAC  1-(4-Methylphenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutano
     l-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanone by
      Grignard reaction with 4-bromotoluene in ether. Yield: 37% of theory; m.p.
      84.degree.-87.degree.C (from petroleum ether).
PAC  EXAMPLE 12
PAC  1-(4-Fluorophenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutano
     l-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanone by
      Grignard reaction with 4-fluorobromobenzene in ether. Yield: 25% of
      theory; m.p. 84.degree.-87.degree.C (from petroleum ether).
PAC  EXAMPLE 13
PAC  1-(4-Bromophenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanol
     -(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanone by
      Grignard reaction with 1,4-dibromobenzene in ether. Yield: 21% of theory;
      m.p. 119.degree.-122.degree.C (from ethanol).
PAC  EXAMPLE 14
PAC  1-(4-Trifluoromethylphenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cy
     clobutanol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanone by
      Grignard reaction with 4-trifluoromethyl-bromobenzene in ether. Yield: 14%
      of theory; m.p. 113.degree.C (from methanol).
PAC  EXAMPLE 15
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(4-methoxyphenyl)-piperazinyl]-cyclobutan
     ol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-methoxyphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 19% of theory; m.p.
      167.degree.-168.degree.C (from ethanol).
PAC  EXAMPLE 16
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(2-methoxyphenyl)-piperazinyl]-cyclobutan
     ol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(2-methoxyphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 41% of theory; m.p.
      128.degree.-129.degree.C (from petroleum ether).
PAC  EXAMPLE 17
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(4-ethoxyphenyl)-piperazinyl]-cyclobutano
     l-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-ethoxyphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 37% of theory; m.p.
      154.degree.-155.degree.C (from ethyl acetate).
PAC  EXAMPLE 18
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(2-ethoxyphenyl)-piperazinyl]-cyclobutano
     l-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(2-ethoxyphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in tetrahydrofuran. Yield: 36% of
      theory; m.p. 90.degree.C, decomposition (from methanol).
PAC  EXAMPLE 19
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(2,4-dimethoxyphenyl)-piperazinyl]-cyclob
     utanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(2,4-dimethoxyphenyl)-piperazinyl]-cyclobutanone
      by Grignard reaction with bromobenzene in tetrahydrofuran. Yield: 61% of
      theory; m.p. 154.degree.-155.degree.C (from methanol).
PAC  EXAMPLE 20
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(2-methylphenyl)-piperazinyl]-cyclobutano
     l-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(2-methylphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 17% of theory; m.p.
      124.degree.-125.degree.C (from isopropanol).
PAC  EXAMPLE 21
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(2,6-dimethylphenyl)-piperazinyl]-cyclobu
     tanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(2,6-dimethylphenyl)-piperazinyl]-cyclobutanone
      by Grignard reaction with bromobenzene in ether. Yield: 14% of theory;
      m.p. 154.degree.-155.degree.C (from ethanol).
PAC  EXAMPLE 22
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[
      4-(2-ethylphenyl)-piperazinyl[-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(2-ethylphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 38% of theory; m.p.
      136.degree.-137.degree.C (from ethanol).
PAC  EXAMPLE 23
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(4-fluorophenyl)-piperazinyl]-cyclobutano
     l-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-fluorophenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 37% of theory; m.p.
      165.degree.-166.degree.C (from ethyl acetate).
PAC  EXAMPLE 24
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(4-chlorophenyl)-piperazinyl]-cyclobutano
     l-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-chlorophenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 60% of theory; m.p.
      141.degree.-142.degree.C (from isopropanol).
PAC  EXAMPLE 25
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(4-bromophenyl)-piperazinyl]-cyclobutanol
     -(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-bromophenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 11% of theory; m.p.
      161.degree.C (from petroleum ether).
PAC  EXAMPLE 26
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(2-bromophenyl)-piperazinyl]-cyclobutanol
     -(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(2-bromophenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 14% of theory; m.p.
      134.degree.-135.degree.C (from ethanol).
PAC  EXAMPLE 27
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(3-trifluoromethylphenyl)-piperazinyl]-cy
     clobutanol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-[4-(3
      -trifluoromethylphenyl)-piperazinyl]-cyclobutanone by Grignard reaction
      with bromobenzene in ether. Yield: 30% of theory; m.p.
      92.degree.-94.degree.C (from isopropanol).
PAC  EXAMPLE 28
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-methoxyphenyl)-piperazinyl]
     -cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-methoxyphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 25% of theory; m.p.
      200.degree.-201.degree.C (from ethyl acetate/petroleum ether).
PAC  EXAMPLE 29
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(2-methoxyphenyl)-piperazinyl]
     -cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(2-methoxyphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 9% of theory; m.p.
      118.degree.-119.degree.C (from carbon tetrachloride).
PAC  EXAMPLE 30
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-ethoxyphenyl)-piperazinyl]-
     cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-ethoxyphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 6% of theory; m.p.
      165.degree.-166.degree.C (from ethyl acetate).
PAC  EXAMPLE 31
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-benzyloxyphenyl)-piperaziny
     l]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-benzyloxyphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 54% of theory; m.p.
      194.degree.-195.degree.C (from methanol).
PAC  EXAMPLE 32
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(3,4-dimethoxyphenyl)-piperazi
     nyl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(3,4-dimethoxyphenyl)-piperazinyl]-cyclobutanone
      by Grignard reaction with 4-trimethylsilyloxybromobenzene in
      tetrahydrofuran and subsequent hydrolysis. Yield: 23% of theory; m.p.
      170.degree.-172.degree.C (from chloroform/petroleum ether).
PAC  EXAMPLE 33
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(2,4-dimethoxyphenyl)-piperazi
     nyl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(2,4-dimethoxyphenyl)-piperazinyl]-cyclobutanone
      by Grignard reaction with 4-trimethylsilyloxybromobenzene in
      tetrahydrofuran and subsequent hydrolysis. Yield: 15% of theory; m.p.
      166.degree.-170.degree.C (from methanol).
PAC  EXAMPLE 34
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(2-methylphenyl)-piperazinyl]
      -cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(2-methylphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 20% of theory; m.p.
      200.degree.-202.degree.C (from benzene).
PAC  EXAMPLE 35
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(2-ethylphenyl)-piperazinyl]-c
     yclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[3-(2-ethylphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 57% of theory; m.p.
      214.degree.-215.degree.C (from ethanol).
PAC  EXAMPLE 36
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-fluorophenyl)-piperazinyl]
      -cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-fluorophenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene and tetrahydrofuran
      and subsequent hydrolysis. Yield: 38% of theory; m.p.
      192.degree.-193.degree.C (from methanol).
PAC  EXAMPLE 37
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-bromophenyl)-piperazinyl]-c
     yclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-bromophenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 9% of theory; m.p.
      200.degree.-201.degree.C (from methanol).
PAC  EXAMPLE 38
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(2-bromophenyl)-piperazinyl]-c
     yclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(2-bromophenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 34% of theory; m.p.
      215.degree.-216.degree.C (from methanol).
PAC  EXAMPLE 39
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(3,4-dichlorophenyl)-piperazin
     yl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(3,4-dichlorophenyl)-piperazinyl]-cyclobutanone
      by Grignard reaction with 4-trimethylsilyloxybromobenzene in
      tetrahydrofuran and subsequent hydrolysis. Yield: 15% of theory; m.p.
      213.degree.-215.degree.C (from ethyl acetate).
PAC  EXAMPLE 40
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(3-trifluoromethylphenyl)-pipe
     razinyl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(3-trifluoromethylphenyl)-piperazinyl]-cyclobutan
     one by Grignard reaction with 4-trimethylsilyloxybromobenzene in
      tetrahydrofuran and subsequent hydrolysis. Yield: 25% of theory; m.p.
      197.degree.-198.degree.C (from isopropanol).
PAC  EXAMPLE 41
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-methylmercaptophenyl)-piper
     azinyl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-methylmercaptophenyl)-piperazinyl]-cyclobutano
     ne by Grignard reaction with 4-trimethylsilyloxybromobenzene in
      tetrahydrofuran and subsequent hydrolysis. Yield: 46% of theory; m.p.
      189.degree.-192.degree.C (from isopropanol).
PAC  EXAMPLE 42
PAC  1-(4-Methoxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-methoxyphenyl)-piperazinyl]
     -cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-methoxyphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-methoxybromobenzene in tetrahydrofuran. Yield:
      61% of theory; m.p. of the trans-compound: 149.degree.-150.degree.C (from
      ethyl acetate). Yield: 3% of theory; m.p. of the cis-compound:
      183.degree.-185.degree.C (from ethanol).
PAC  EXAMPLE 43
PAC  1-(3,4-Dimethoxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-methoxyphenyl)-piperazi
     nyl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-methoxyphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with 3,4-dimethoxybromobenzene in tetrahydrofuran.
      Yield: 35% of theory; m.p. 184.degree.-185.degree.C (from ethyl acetate).
PAC  EXAMPLE 44
PAC  1-(3,4-Dimethoxyphenyl)-2,2,4,4-tetramethyl-3-[4-(2-methoxyphenyl)-piperazi
     nyl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(2-methoxyphenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with 3,4-dimethoxybromobenzene in tetrahydrofuran.
      Yield: 20% of theory; m.p. 151.degree.-153.degree.C (from methanol).
PAC  EXAMPLE 45
PAC  1-(3,4-Dimethoxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-fluorophenyl)-piperazin
     yl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-fluorophenyl)-piperazinyl]-cyclobutanone by
      Grignard reaction with 3,4-dimethoxybromobenzene in tetrahydrofuran.
      Yield: 18% of theory; m.p. 181.degree.-182.degree.C (from ethyl acetate).
PAC  EXAMPLE 46
PAC  1-(4-Hydroxyphenyl)-2,2,-dimethyl-3-[4-phenyl-piperazinyl]-cyclobutanol-(1)
PAR  Prepared from 2,2-dimethyl-3-[4-phenyl-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 9% of theory; m.p. of the
      trans-compound: 198.degree.-200.degree.C (from isopropanol). Yield: 10% of
      theory; m.p. of the ciscompound: 151.degree.-153.degree.C (from ethyl
      acetate).
PAC  EXAMPLE 47
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[3-methyl-4-phenylpiperazinyl]-cy
     clobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[3-methyl-4-phenyl-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 52% of theory; m.p.
      153.degree.-154.degree.C (from ethanol).
PAC  EXAMPLE 48
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 19% of theory; m.p.
      135.degree.-136.degree.C (from benzene).
PAC  EXAMPLE 49
PAC  1-(4-Methoxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclo
     butanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-methoxybromobenzene in tetrahydrofuran. Yield:
      19% of theory; m.p. of the dihydrochloride: 138.degree.-140.degree.C
      (decomp.).
PAC  EXAMPLE 50
PAC  1-(3,4-Dimethoxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)
      -piperazinyl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 3,4-dimethoxybromobenzene in tetrahydrofuran.
      Yield: 30% of theory; m.p. 201.degree.-203.degree.C (from
      chloroform/ether).
PAC  EXAMPLE 51
PAC  1-(2,3,4-Trimethoxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl
      -2)-piperazinyl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 2,3,4-trimethoxybromobenzene in tetrahydrofuran.
      Yield: 23% of theory; m.p. of the cis/trans-mixture:
      135.degree.-136.degree.C (from ethanol).
PAC  EXAMPLE 52
PAC  1-(4-Methylphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclob
     utanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-bromotoluene in ether. Yield: 23% of theory; m.p.
      140.degree.-142.degree.C (from ethanol).
PAC  EXAMPLE 53
PAC  1-(4-Fluorophenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclob
     utanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-fluorobromobenzene in ether. Yield: 31% of
      theory; m.p. 150.degree.-152.degree.C (from methanol).
PAC  EXAMPLE 54
PAC  1-(4-Bromophenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobu
     tanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 1,4-dibromobenzene in ether. Yield: 20% of theory;
      m.p. of the dihydrochloride: 242.degree.-244.degree.C (decomp.).
PAC  EXAMPLE 55
PAC  1-(4-Trifluoromethylphenyl)-2,2,4,4-tetramethyl-3-[4-pyridyl
      -2)-piperazinyl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trifluoromethylbromobenzene in ether. Yield: 21%
      of theory; m.p. 123.degree.-124.degree.C (from petroleum ether).
PAC  EXAMPLE 56
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(3-methyl-pyridyl-2)-piperazinyl]-cyclobu
     tanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(3-methylpyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 39% of theory; m.p.
      175.degree.-177.degree.C (from acetone).
PAC  EXAMPLE 57
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(3-methylpyridyl-2)-piperaziny
     l]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(3-methylpyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 45% of theory; m.p. of the
      dihydrochloride: 162.degree.C.
PAC  EXAMPLE 58
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(4-methyl-pyridyl-2)-piperazinyl]-cyclobu
     tanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-methylpyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 14% of theory; m.p.
      124.degree.-126.degree.C, decomposition (from ethyl acetate).
PAC  EXAMPLE 59
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-methyl-pyridyl-2)-piperazin
     yl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(4-methylpyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 32% of theory; m.p.
      202.degree.-203.degree.C (from ethyl acetate).
PAC  EXAMPLE 60
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(6-methyl-pyridyl-2)-piperazinyl]-cyclobu
     tanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(6-methylpyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in tetrahydrofuran. Yield: 57% of
      theory. m.p. 126.degree.-128.degree.C (from isopropanol).
PAC  EXAMPLE 61
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(6-methyl-pyridyl-2)-piperazin
     yl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(6-methylpyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 61% of theory; m.p. 201.degree.C (from
      acetone).
PAC  EXAMPLE 62
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(5-bromo-pyridyl-2)-piperazinyl]-cyclobut
     anol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(5-bromopyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 35% of theory; m.p.
      159.degree.-160.degree.C (from ethyl acetate).
PAC  EXAMPLE 63
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(5-bromo-pyridyl-2)-piperaziny
     l]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(5-bromopyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 4% of theory; m.p. 193.degree.C,
      decomposition (from ethyl acetate).
PAC  EXAMPLE 64
PAC  1-Phenyl-2,2-dimethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanol-(1)
PAR  Prepared from 2,2-dimethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in ether. Yield: 19% of theory; m.p.
      181.degree.-183.degree.C (from chloroform/methanol).
PAC  EXAMPLE 65
PAC  1-(4-Hydroxyphenyl)-2,2-dimethyl-3-[4-(pyridyl-2)-piperazinly]-cyclobutanol
     -(1)
PAR  Prepared from 2,2-dimethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. Yield: 21% of theory; m.p.
      186.degree.-187.degree.C (from ethanol).
PAC  EXAMPLE 66
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[2-methyl-4-(pyridyl-2)-piperazinyl]-cyclobu
     tanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[2-methyl-4-(pyridyl-2)-piperazinyl]-cyclobutanone
      by Grignard reaction with bromobenzene in ether. Yield: 11% of theory;
      m.p. 158.degree.-159.degree.C (from ethanol).
PAC  EXAMPLE 67
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[2-methyl-4-(pryidyl-2)-piperazin
     yl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[2-methyl-4-(pyridyl-2)-piperazinyl]-cyclobutanone
      by Grignard reaction with 4-trimethylsilyloxybromobenzene in
      tetrahydrofuran and subsequent hydrolysis. Yield: 11% of theory; m.p.
      181.degree.-183.degree.C (from ethyl acetate).
PAC  EXAMPLE 68
PAC  1-(4-Isopropoxyphenyl)-2,2,4,4-tetramethyl-3-[4-phenylpiperazinyl]-cyclobut
     anol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanone by
      Grignard reaction with 4-isopropoxybromobenzene in tetrahydrofuran. Yield:
      42% of theory; m.p. 131.degree.-132.degree.C (from methanol).
PAC  EXAMPLE 69
PAC  1-(4-Isopropoxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cy
     clobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-isopropoxybromobenzene in tetrahydrofuran. Yield:
      62% of theory; m.p. 107.degree.-108.degree.C (from isopropanol).
PAC  EXAMPLE 70
PAC  1-Phenyl-2,2-dimethyl-4,4-diethyl-3-[4-phenyl-piperazinyl]-cyclobutanol-(1)
      by method A
PAR  3.0 gm of bromobenzene were added to 0.84 gm (0.12 mol) of finely cut
      lithium in 50 ml of absolute ether. This mixture was warmed until the
      reaction started, then another 6.5 gm of bromobenzene in 50 ml of absolute
      ether were dropped into it (total 9.5 gm = 0.06 mol of bromobenzene). The
      reaction mixture was warmed up to its boiling point for 3 hours. At room
      temperature, a solution of 6.3 gm (0.02 mol) of
      2,2-dimethyl-4,4-diethyl-3-[4-phenyl-piperazinyl]-cyclobutanone (m.p.
      67.degree.-69.degree.C) in 50 ml of absolute ether was dropped into the
      reaction mixture which was subsequently refluxed for 5 hours, then mixed
      with 50 ml of 6 N hydrochloric acid and 200 ml of water while ice-cooling.
      The layers were separated in a separatory funnel. The aqueous phase was
      made alkaline with diluted sodium hydroxide solution and extracted three
      times with ethyl acetate. After drying over sodium sulfate, the ethyl
      acetate solution was evaporated in vacuo. The residue was recrystallized
      twice from petroleum ether. 3.5 gm (44% of theory) of a cis-trans-mixture
      of
      1-phenyl-2,2-dimethyl-4,4-diethyl-3-(4-phenyl-piperazinyl)-cyclobutanol-(1
     ) were obtained. M.p. 100.degree.-102.degree.C.
PAC  EXAMPLE 71
PAC  1-(2,4,6-trimethylphenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cycl
     obutanol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanone by
      reaction with 2,4,6-trimethylbromobenzene and lithium analogous to Example
      70. Yield: 30% of theory; m.p. 152.degree.-153.degree.C (from
      isopropanol).
PAC  EXAMPLE 72
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(4-hydroxyphenyl)-piperazinyl]-cyclobutan
     ol-(1)
PAR  6.0 gm (0.013 mol) of
      1-phenyl-2,2,4,4-tetramethyl-3-[4-benzyloxyphenyl)-piperazinyl]-cyclobutan
     ol-(1) were hydrogenated within 4 hours in 80 ml of glacial acetic acid
      over 1 gm of 10% palladium on carbon at 50.degree.C and a pressure of 50
      atmopheres. The catalyst was filtered off, the filtrate evaporated in
      vacuo and the residue poured into a diluted sodium hydroxide solution and
      extracted with ethyl acetate. The crude product obtained from the ethyl
      acetate solution was recrystallized twice from ethanol thus furnishing 2.7
      gm (54% of theory) of colorless crystals with m.p.
      191.degree.-193.degree.C.
PAC  EXAMPLE 73
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-hydroxyphenyl)-piperazinyl]-cy
     clobutanol-(1)
PAR  Prepared analogously to Example 72 by hydrogenation of
      1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-benzyloxyphenyl)-piperazin
     yl]-cyclobutanol-(1) in glacial acetic acid over palladium on carbon at
      50.degree.C. Yield: 33% of theory; m.p. 217.degree.-220.degree.C (from
      methanol).
PAC  EXAMPLE 74
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]-cyclobutan
     ol-(1)
PAR  Prepared analogously to Example 72 by hydrogenation of
      1-(4-benzyloxyphenyl)-2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]-cyclobu
     tanol-(1) in ethanol over palladium on carbon at room temperature.
      Purification by means of column chromatography. Yield: 57% of theory; m.p.
      198.degree.-200.degree.C (from benzene).
PAC  EXAMPLE 75
PAC  1-(3-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]-cyclobutan
     ol-(1)
PAR  Prepared analogously to Example 72 by hydrogenation of
      1-(3-benzyloxyphenyl)-2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]-cyclobu
     tanol-(1) in ethanol over palladium on carbon at 50.degree.C. Purification
      by means of column chromatography. Yield: 39% of theory; m.p.
      210.degree.-211.degree.C (from methanol).
PAC  EXAMPLE 76
PAC  1-(4-Acetoxyphenyl)-2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]-cyclobutan
     ol-(1)
PAR  A solution of 6.5 gm (0.064 mol) of acetic acid anhydride in 50 ml of
      pyridine was dropped while stirring at 0.degree.C into 6.0 gm (0.016 mol)
      of
      1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]-cyclobuta
     nol-(1) in 50 ml of pyridine. The reaction mixture was left standing
      overnight at 5.degree.C, then it was poured into ice water and extracted
      with chloroform. The chloroform layer was washed with water, dried over
      sodium sulfate and evaporated in vacuo. After recrystallizing the residue
      twice from ethyl acetate 4.5 gm (68% of theory) of the desired end product
      were obtained. M.p. 196.degree.-199.degree.C.
PAC  EXAMPLE 77
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(4-acetoxyphenyl)-piperazinyl]-cyclobutan
     ol-(1)
PAR  Prepared analogously to Example 76 by acetylation of
      1-phenyl-2,2,4,4-tetramethyl-3-[4-(4-hydroxyphenyl)-piperazinyl]-cyclobuta
     nol-(1) with acetic acid anhydride in pyridine. Yield: 72% of theory; m.p.
      143.degree.-145.degree.C (from methanol).
PAC  EXAMPLE 78
PAC  1-(4-Benzoyloxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-fluorophenyl)-piperaziny
     l]-cyclobutanol-(1)
PAR  A mixture of 3.5 gm (0.009 mol) of
      1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-fluorophenyl)-piperazinyl]
     -cyclobutanol-(1), 2.8 gm (0.020 mol) of benzoylchloride, 2.8 gm (0.020
      mol) of potassium carbonate and 40 ml of absolute dioxane was heated for 4
      hours up to 100.degree.C. After cooling the precipitate was filtered off,
      the filtrate evaporated in vacuo and the residue recrystallized from
      methanol and ethanol. Yield: 1.9 gm (42% of theory), m.p.
      185.degree.-187.degree.C.
PAC  EXAMPLE 79
PAC  1-(4-Benzoyloxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cy
     clobutanol-(1)
PAR  Prepared analogously to Example 78 by reaction of
      1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cycl
     obutanol-(1) with benzoylchloride in the presence of potassium carbonate in
      boiling dioxane. Yield: 51% of theory; m.p. 180.degree.-182.degree.C (from
      ethyl acetate).
PAC  EXAMPLE 80
PAC  1-(4-Isobutyryloxyphenyl)-2,2,4,4-tetramethyl-3-[4-(2-ethylphenyl)-piperazi
     nyl]-cyclobutanol-(1)
PAR  Prepared analogously to Example 78 by reaction of
      1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(2-ethylphenyl)-piperazinyl]-
     cyclobutanol-(1) with isobutyrylchloride in the presence of potassium
      carbonate in boiling acetone. Yield: 50% of theory; m.p.
      130.degree.-133.degree.C (from methanol).
PAC  EXAMPLE 81
PAC  1-(4-Isobutyryloxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]
     -cyclobutanol-(1)
PAR  Prepared analogously to Example 78 by reaction of
      1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cycl
     obutanol-(1) with isobutyrylchloride in the presence of potassium carbonate
      in boiling acetone. Yield: 54% of theory; m.p. 133.degree.-135.degree.C
      (from acetone).
PAC  EXAMPLE 82
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(4-benzoyloxyphenyl)-piperazinyl]-cyclobu
     tanol-(1)
PAR  Prepared analogously to Example 78 by reaction of
      1-phenyl-2,2,4,4-tetramethyl-3-[4-(4-hydroxyphenyl)-piperazinyl]-cyclobuta
     nol-(1) with benzoylchloride in the presence of potassium carbonate in
      boiling dioxane. Yield: 8% of theory; m.p. 197.degree.-198.degree.C (from
      methanol).
PAC  EXAMPLE 83
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(4-isobutyryloxyphenyl)-piperazinyl]-cycl
     obutanol-(1)
PAR  Prepared analogously to Example 78 by reaction of
      1-phenyl-2,2,4,4-tetramethyl-3-[4-(4-hydroxyphenyl)-piperazinyl]-cyclobuta
     nol-(1) with isobutyrylchloride in the presence of triethylamine in ether
      at 20.degree.C. Yield: 47% of theory; m.p. 148.degree.-149.degree.C (from
      petroleum ether).
PAC  EXAMPLE 84
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(3-acetoxy-pyridyl-2)-piperazinyl]-cyclob
     utanol-(1)
PAR  Prepared analogously to Example 76 by acetylation of
      1-phenyl-2,2,4,4-tetramethyl-3-[4-(3-hydroxy-pyridyl-2)-piperazinyl]-cyclo
     butanol-(1) with acetic acid anhydride in pyridine. Yield: 47% of theory;
      m.p. 165.degree.-166.degree.C (from ethanol).
PAC  EXAMPLE 85
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclo
     butanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent hydrolysis. The cis-compound was separated from the
      trans-compound which had been produced predominantly by means of column
      chromatography with benzene/acetone = 85:15. Yield: 2% of theory; m.p. of
      the cis-compound: 203.degree.-205.degree.C (from isopropanol).
PAC  EXAMPLE 86
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(3-benzyloxy-pyridyl-2)-piperazinyl]-cycl
     obutanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(3-benzyloxy-pyridyl-2)-piperazinyl]-cyclobutanon
     e by Grignard reaction with bromobenzene in ether. Yield: 53% of theory;
      m.p. of the dihydrochloride; 163.degree.-168.degree.C.
PAC  EXAMPLE 87
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(3-benzyloxy-pyridyl-2)-pipera
     zinyl]-cyclobutanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(3-benzyloxy-pyridyl-2)-piperazinyl]-cyclobutanon
     e by Grignard reaction with 4-trimethylsilyloxybromobenzene in
      tetrahydrofuran and subsequent hydrolysis. Yield: 26% of theory; m.p.
      195.degree.-196.degree.C (from isopropanol).
PAC  EXAMPLE 88
PAC  1-(4-Isopropylphenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobut
     anol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanone by Grignard
      reaction with 4-isopropylbromobenzene in tetrahydrofuran. Yield: 16% of
      theory; m.p. 121.degree.-123.degree.C (from ethyl acetate).
PAC  EXAMPLE 89
PAC  1-(4-Isopropylphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyc
     lobutanol-(1)
PAR  Prepared analogous to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-isopropylbromobenzene in tetrahydrofuran. Yield:
      20% of theory; m.p. 118.degree.-120.degree.C (from petroleum ether).
PAC  EXAMPLE 90
PAC  1-(4-Chlorophenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclob
     utanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-chlorobromobenzene in ether. Yield: 25% of
      theory; m.p. 151.degree.-152.degree.C (from ethanol).
PAC  EXAMPLE 91
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(3-hydroxy-pyridyl-2)-piperazinyl]-cyclob
     utanol-(1)
PAR  Prepared analogously to Example 72 by hydrogenation of
      1-phenyl-2,2,4,4-tetramethyl-3-[4-(3-benzyloxy-pyridyl-2)-piperazinyl]-cyc
     lobutanol-(1) in methanol/water (9:1) over palladium on carbon at room
      temperature. Purification by means of column chromatography. Yield: 43% of
      theory; m.p. 196.degree.-197.degree.C.
PAC  EXAMPLE 92
PAC  1-(4-Hydroxy-phenyl)-2,2,4,4-tetramethyl-3-[4-(3-hydroxy-pyridyl-2)-piperaz
     inyl]-cyclobutanol-(1)
PAR  Prepared analogously to Example 72 by hydrogenation of
      1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(3-benzyloxy-pyridyl-2)-piper
     azinyl]-cyclobutanol-(1) in methanol/water (9:1) over palladium on carbon
      at room temperature. Purification by means of column chromatography.
      Yield: 43% of theory; m.p. 218.degree.-220.degree.C.
PAC  EXAMPLE 93
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(4-isopropoxyphenyl)-piperazinyl]-cyclobu
     tanol-(1)
PAR  A mixture consisting of 1.0 gm (2.6 millimols) of
      1-phenyl-2,2,4,4-tetramethyl-3-[4-(4-hydroxyphenyl)-piperazinyl]-cyclobuta
     nol-(1), 0.4 gm (3.0 millimols) of isopropylbromide, 0.4 gm (2.6 millimols)
      of potassium carbonate and 100 ml of ethanol was heated for 16 hours to
      its boiling point while stirring. The precipitate was filtered off, the
      filtrate evaporated in vacuo and the residue mixed with ether and
      extracted three times with 2 N sodium hydroxide solution and once with
      water. The organic phase was dried and evaporated, thus isolating the
      crude product. After recrystallization from methanol 0.6 gm (55% of
      theory) of colorless crystals were obtained. M.p.
      105.degree.-106.degree.C.
PAC  EXAMPLE 94
PAC  1-(4-Ethoxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclob
     utanol-(1)
PAR  At 5.degree.C, 0.4 gm (2.6 millimols) of diethylsulfate were added slowly
      to 1.0 gm (2.6 millimols) of
      1-(4-hydroxy-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyc
     lobutanol-(1) in 1.5 ml of 10% sodium hydroxide solution. The reaction
      mixture was stirred for one hour at room temperature, then heated for
      three hours up to 80.degree.C and extracted twice with benzene. The
      benzene layer was washed with diluted sodium hydroxide solution and dried
      over sodium sulfate. The solvent was removed in vacuo, the residue
      crystallized wheen triturated with petroleum ehter. Yield: 0.1 gm (9% of
      theory); m.p. 114.degree.-115.degree.C.
PAC  EXAMPLE 95
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(3-methoxy-pyridyl-2)-piperazinyl]-cyclob
     utanol-(1)
PAR  To a solution of 1.1 gm (0.026 mol) of diazomethane in 60 ml of ether
      (prepared from nitrosomethyl carbamide and potassium hydroxide) were
      added, at 0.degree.C, 1.5 gm (0.004 mol) of
      1-phenyl-2,2,4,4-tetramethyl-3-[4-(3-hydroxy-pyridyl-2)-piperazinyl]-cyclo
     butanol-(1) dissolved in 25 ml of ethanol. The mixture was warmed to room
      temperature and stirred for two hours. The excessive diazomethane was
      destroyed by addition of glacial acetic acid. The reaction mixture was
      evaporated in vacuo, the residue dissolved in 2N hydrochloric acid and
      extracted with ether. The aqueous phase was made alkaline with diluted
      sodium hydroxide solution and extracted with ether (three times). After
      evaporation the crude product was dissolved in ethyl acetate and converted
      into its dihydrochloride by addition of etheric hydrochloric acid. When
      filtered off 1.2 gm (65% of theory) of crystals of the dihydrochloride
      were obtained. M.p. 238.degree.C (decmop.).
PAC  EXAMPLE 96
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(3-carbethoxy-pyridyl-2)-piperazinyl]-cyc
     lobutanol-(1) by method B
PAR  1.0 gm (3.5 millimols) of
      1-phenyl-2,2,4,4-tetramethyl-3-piperazinyl-cyclobutanol-(1) (m.p.
      172.degree.-174.degree.C) and 0.8 gm (3.5 milliomls) of
      2-bromopyridine-3-carboxylic acidethyl ester were heated up to
      100.degree.C in 10 ml of absolute xylene for 17 hours. 30 ml of ethyl
      acetate were added to the reaction mixture which was then washed three
      times with diluted soda solution. The organic layer was separated in a
      separatory funnel, dried over sodium sulfate and evaporated in vacuo. From
      the residue the desired end product was isolated by means of column
      chromatography over silica gel with benzene/acetone = 9:1 and
      recrystallized from acetone, yielding 0.6 gm (40% of theory) of colorless
      crystals. M.p. 171.degree.-172.degree.C.
PAC  EXAMPLE 97
PAC  1-Phenyl
      -2,2,4,4-tetramethyl-3-[4-(3-carbomethoxy-pyridyl-2)-piperazinyl]-cyclobut
     anol-(1)
PAR  Prepared analogously to Example 96 by reaction of
      1-phenyl-2,2,4,4-tetramethyl-3-piperazinyl-cyclobutanol-(1) with
      2-bromopyridine-3-carboxylic acid methyl ester in the presence of
      potassium carbonate in xylene at 100.degree.C. Yield: 18% of theory; m.p.
      181.degree.-182.degree.C (from methanol).
PAC  EXAMPLE 98
PAC  1(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(3-carboethoxypyridyl-2)-pipera
     zinyl]-cyclobutanol-(1)
PAR  Prepared analogously to Example 96 by reaction of
      1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-piperazinyl-cyclobutanol-(1)
      (m.p. of the crude product: 208.degree.-209.degree.C, decomp.) with
      2-bromopyridine-3-carboxylic acid ethyl ester in the presence of
      triethylamine in boiling ethanol (99%). Isolation by means of column
      chromatography over silica gel. Yield: 25% of theory; m.p.
      162.degree.-163.degree.C (from ether/petroleum ether).
PAC  EXAMPLE 99
PAC  1-(4-Hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(3-carbomethoxy
      pyridyl-2)-piperazinyl]-cyclobutanol-(1)
PAR  Prepared analogously to Example 96 by reaction of
      1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-piperazinyl-cyclobutanol-(1)
      with 2-bromo-pyridine-3-carboxylic acid-methyl ester in the presence of
      potassium carbonate in xylene at 100.degree.C. Yield: 13% of theory; m.p.
      165.degree.-166.degree.C (from benzene).
PAC  EXAMPLE 100
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(3-carboxy-pyridyl-2)-piperazinyl]-cyclob
     utanol-(1)
PAR  Prepared analogously to Example 96 by reaction of
      1-phenyl-2,2,4,4-tetramethyl-3-piperazinyl-cyclobutanol-(1) with
      2-bromopyridine-3-carboxylic acid in the presence of potassium iodide and
      copper power in xylene at 120.degree.C. Yield: 22% of theory; m.p.
      210.degree.C (decomp.).
PAC  EXAMPLE 101
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanol-(1)
PAR  Prepared analogously to Example 96 by reaction of
      1-phenyl-2,2,4,4-tetramethyl-3-piperazinyl-cyclobutanol-(1) with
      2-iodopyridine in the presence of water-free zinc-chloride in xylene at
      130.degree.C. Purified by means of column chromatography over silica gel.
      Yield: 12% of theory; m.p. 134.degree.-136.degree.C.
PAC  EXAMPLE 102
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(3-carboxy-pyridyl-2)-piperazinyl]-cyclob
     utanol-(1)
PAR  A mixture consisting of 440 mgm (1 millimol) of
      1-phenyl-2,2,4,4-tetramethyl-3-[4-(3-carboethoxy-pyridyl-2)-piperazinyl]-c
     yclobutanol-(1), 5 ml of 1 N sodium hydroxide solution (5 millimols of
      sodium hydroxide solution) and 10 ml of ethanol was heated for 20 minutes
      up to 100.degree.C. After cooling, about 0.4 ml of glacial acetic acid
      were added until the reaction mixture reached a pH-value of 5-6.
      Subsequently it was evaporated in vacuo to a volume of about 5 ml. The
      precipitated product was filtered off yielding 250 mgm (61% of theory) of
      colorless crystals. M.p. 210.degree.C (decomp.).
PAC  EXAMPLE 103
PAC  1-(4-Ethylphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobu
     tanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-ethyl-bromobenzene in tetrahydrofuran. Yield: 31%
      of theory; m.p. 122.degree.-123.degree.C (from isopropanol).
PAC  EXAMPLE 104
PAC  1-(4-Propylphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclob
     utanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-propyl-bromobenzene in tetrahydrofuran. Yield:
      38% of theory; m.p. 123.degree.-124.degree.C (from isopropanol).
PAC  EXAMPLE 105
PAC  1-(4-Butyl-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclob
     utanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-butyl-bromobenzene in tetrahydrofuran. Yield: 51%
      of theory; m.p. 112.degree.-113.degree.C (from isopropanol).
PAC  EXAMPLE 106
PAC  D,L-1-(4-butyl-(2)-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl
     ]-cyclobutanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4 butyl-(2)-bromobenzene in tetrahydrofuran. Yield:
      38% of theory; m.p. 91.degree.-93.degree.C (from petroleum ether).
PAC  EXAMPLE 107
PAC  1(4-Isobutyl-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cycl
     obutanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-isobutyl-bromobenzene in tetrahydrofuran. Yield:
      58% of theory; m.p. 140.degree.-141.degree.C (from isopropanol).
PAC  EXAMPLE 108
PAC  1-(4-tert.butyl-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-c
     yclobutanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-tert.butyl-bromobenzene in tetrahydrofuran.
      Yield: 26% of theory; m.p. 176.degree.C (from methanol).
PAC  EXAMPLE 109
PAC  1-(4-n-pentyl-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyc
     lobutanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-n-pentyl-bromobenzene in tetrahydrofuran. Yield:
      50% of theory; m.p. 90.degree.-92.degree.C (from petroleum ether).
PAC  EXAMPLE 110
PAC  1-(4-tert.pentyl-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-
     cyclobutanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-tert.pentyl-bromobenzene in tetrahydrofuran.
      Yield: 63% of theory; m.p. 152.degree.-153.degree.C (from petroleum
      ether).
PAC  EXAMPLE 111
PAC  1-(4-Cyclohexyl-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-c
     yclobutanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-cyclohexyl-bromobenzene in tetrahydrofuran.
      Yield: 54% of theory; m.p. 154.degree.C (from ethanol).
PAC  EXAMPLE 112
PAC  1-(3-Hydroxy-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cycl
     obutanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 3-trimethylsilyloxy-bromobenzene in tetrahydrofuran
      and subsequent splitting off of the trimethylsilyl protective group with
      dilute hydrochloric acid. Yield: 23% of theory; m.p.
      211.degree.-212.degree.C (from ethyl acetate).
PAC  EXAMPLE 113
PAC  1-(2-Hydroxy-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cycl
     obutanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with a mixture consisting of
      2-trimethylsilyloxy-bromobenzene and 4-trimethylsilyloxy-bromobenzene
      (ratio = 1:1) in tetrahydrofuran and subsequent splitting off of the
      trimethylsilyl protective group with dilute hydrochloric acid. Separation
      by means of column chromatography over silica gel, eluant:
      chloroform/acetone = 4:1. Yield: 1.3% of theory; m.p. 142.degree.C.
PAC  EXAMPLE 114
PAC  1-(3-Chloro-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclo
     butanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 3-chloro-bromobenzene in ether. Yield: 31% of
      theory; m.p. 198.degree.-199.degree.C (from ethanol).
PAC  EXAMPLE 115
PAC  1-(2-Chloro-phenyl)-2,2,4,4-tetramethyl-3-(pyridyl-2)-piperazinyl]-cyclobut
     anol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 2-chloro-bromobenzene in ether. Yield: 30% of
      theory; m.p. 91.degree.C (from ethanol).
PAC  EXAMPLE 116
PAC  1-(3-Methyl-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclo
     butanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 3-methyl-bromobenzene in tetrahydrofuran. Yield:
      34% of theory; m.p. 151.degree.C (from isopropanol).
PAC  EXAMPLE 117
PAC  1-(2-Methyl-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclo
     butanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclobutanone by
      Grignard reaction with 2-methyl-bromobenzene in tetrahydrofuran. Yield:
      46% of theory; m.p. 137.degree.-138.degree.C (from isopropanol).
PAC  EXAMPLE 118
PAC  1-(Hydroxy-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-3)-piperazinyl]-cyclob
     utanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-3)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-trimethylsilyloxybromobenzene in tetrahydrofuran
      and subsequent splitting off of the protective group by hydrolysis with
      dilute hydrochloric acid. Yield: 34% of theory; m.p.
      231.degree.-233.degree.C (from ethanol).
PAC  EXAMPLE 119
PAC  1-(4-Chloro-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-3)-piperazinyl]-cyclo
     butanol-(1)
PAR  Prepared analogously to Example 1 from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-3)-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-chloro-bromobenzene in ether. Yield: 26% of
      theory; m.p. 211.degree.-212.degree.C (from isopropanol).
PAC  EXAMPLE 120
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(4-amino-pyridyl-3)-piperazinyl]-cyclobut
     anol-(1)
PAR  a. Prepared from
      1-phenyl-2,2,4,4-tetramethyl-3-[4-(4-nitropyridyl-(3)-1-oxide)-piperazinyl
     ]-cyclobutanol (m.p. 221.degree.C (decomp.), which had been obtained by
      condensation of 3-bromo-4-nitropyridine-1-oxide with
      1-phenyl-2,2,4,4-tetramethyl-3-piperazinyl-cyclobutanol-(1) (m.p.
      184.degree.-185.degree.C), by catalytic hydrogenation with Raney nickel in
      methanol at room temperature and under hydrogen pressure (5 atmospheres).
      Yield: 67% of theory; m.p. 286.degree.-289.degree.C (from methanol).
PAR  b. Prepared from
      1-phenyl-2,2,4,4-tetramethyl-3-[4-(4-aminopyridyl-(3)-1-oxide)-piperazinyl
     ]-cyclobutanol-(1) (m.p. 249.degree.C), which had been obtained from the
      corresponding nitro-compound (see Example 120a) by catalytic hydrogenation
      with palladium/carbon at room temperature and under a hydrogen pressure of
      5 atmospheres, by catalytic hydrogenation with Raney nickel in methanol at
      room temperature and under a hydrogen pressure of 5 atmospheres Yield: 76%
      of theory; m.p. 286.degree.-289.degree.C (from methanol).
PAC  EXAMPLE 121
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(4-chloro-pyridyl-3)-piperazinyl]-cyclobu
     tanol-(1)
PAR  Prepared from
      1-phenyl-2,2,4,4-tetramethyl-3-[4-(4-amino-pyridyl-3)-piperazinyl]-cyclobu
     tanol-(1) by conversion into the diazonium-compound in concentrated
      hydrochloric acid with sodium nitrite and subsequent decomposition at
      30.degree.-40.degree.C. Yield: 67% of theory; m.p.
      205.degree.-207.degree.C (from ethyl acetate).
PAC  EXAMPLE 122
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(pyridyl-3)-piperazinyl]-cyclobutanol-(1)
PAR  Prepared from
      1-phenyl-2,2,4,4-tetramethyl-3-[4-(4-chloro-pyridyl-3)-piperazinyl]-cyclob
     utanol-(1) by catalytic hydrogenation with palladium/carbon in methanol at
      room temperature and under a hydrogen pressure of 5 atmospheres in the
      presence of sodium acetate in order to bind the hydrochloric acid
      splitting off. Yield: 54% of theory; m.p. 211.degree.-214.degree.C (from
      ethanol).
PAC  EXAMPLE 123
PAC  1-(4-Isopropyl-phenyl)-2,2,4,4-tetramethyl-3-[4-(4-aminopyridyl-3)-piperazi
     nyl]-cyclobutanol-(1)
PAR  a. Prepared from
      1-(4-isopropyl-phenyl)-2,2,4,4,-tetramethyl-3-[4-(4-nitro-pyridyl-(3)-1-ox
     ide)-piperazinyl]-cyclobutanol-(1) (m.p. 205.degree.C), which had been
      obtained by condensation of 3-bromo-4-nitro-pyridine-1-oxide (m.p.
      153.degree.-155.degree.C) with
      1-(4-isopropyl-phenyl)-2,2,4,4-tetramethyl-3-piperazinyl-cyclobutanol-(1)
      (m.p. 207.degree.-212.degree.C), by catalytic hydrogenation with Raney
      nickel in methanol at room temperature and under a hydrogen pressure of 5
      atmospheres. Yield: 74% of theory; m.p. 229.degree.-231.degree.C (from
      methanol).
PAR  b. Prepared from
      1-(4-isopropyl-phenyl)-2,2,4,4-tetramethyl-3-[4-(4-amino-pyridyl-(3)-1-oxi
     de)-piperazinyl]-cyclobutanol-(1) (prepared from the corresponding
      nitro-compound (see Example 123a) by hydrogenation with palladium/carbon
      at room temperature and at a hydrogen pressure of 5 atmospheres) by
      catalytical hydrogenation with Raney nickel at room temperature and at a
      hydrogen pressure of 5 atmospheres. Yield: 76% of theory, m.p.
      229.degree.-231.degree.C (from methanol).
PAC  EXAMPLE 124
PAC  1-(4-Isopropyl-phenyl)-2,2,4,4-tetramethyl-3-[4-(4-chloropyridyl-3)-piperaz
     inyl]-cyclobutanol-(1)
PAR  Prepared from
      1-(4-isopropyl-phenyl)-2,2,4,4-tetramethyl-3-[4-(4-amino-pyridyl-3)-pipera
     zinyl]-cyclobutanol-(1) by conversion into the diazonium compound in
      concentrated hydrochloric acid at 0.degree.C with sodium nitrite and
      subsequent thermical decomposition. Yield: 43% of theory, m.p.
      185.degree.-187.degree.C (from ethyl acetate).
PAC  EXAMPLE 125
PAC  1-(4-Isopropyl-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-3)-piperazinyl]-cy
     clobutanol-(1)
PAR  Prepared from
      1-(4-isopropyl-phenyl)-2,2,4,4-tetramethyl-3-[4-(4-chloro-pyridyl-3)-piper
     azinyl]-cyclobutanol -(1) by catalytical hydrogenation with palladium
      carbon in methanol in the presence of sodium acetate for neutralization of
      the hydrochloric acid formed at room temperature and at a hydrogen
      pressure of 5 atmospheres. Yield: 56% of theory; m.p.
      185.degree.-186.degree.C (from methanol).
PAC  EXAMPLE 126
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-[4-(pyridyl-4)-piperazinyl]-cyclobutanol-(1)
PAR  Prepared from
      2,2,4,4-tetramethyl-3-[4-(pyridyl-4)-piperazinyl]-cyclobutanone by
      Grignard reaction with bromobenzene in tetrahydrofuran analogous to
      Example 1. Yield: 12% of theory, m.p. 273.degree.-275.degree.C (from
      chloroform/ethanol).
PAC  EXAMPLE 127
PAC  1(4-Butyl-phenyl)-2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]-cyclobutanol
     -(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-[4-phenylpiperazinyl]-cyclobutanone by
      Grignard reaction with 4-butylbromobenzene in tetrahydrofuran analogous to
      Example 1. Yield: 55% of theory, m.p. 68.degree.-70.degree.C (from
      isopropanol).
PAC  EXAMPLE 128
PAC  DL-1(4-butyl-(2)-phenyl)-2,2,4,4-tetramethyl-3-[4-phenylpiperazinyl]-cyclob
     utanol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-[4-phenylpiperazinyl]-cyclobutanone by
      Grignard reaction with DL-4-butyl-(2)-bromobenzene in tetrahydrofuran
      analogous to Example 1. Yield: 55% of theory, m.p. 107.degree.C (from
      methanol).
PAC  EXAMPLE 129
PAC  1-(4-Isobutyl-phenyl)-2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]-cyclobut
     anol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-isobutylbromobenzene in tetrahydrofuran analogous
      to Example 1. Yield: 46% of theory, m.p. 101.degree.-102.degree.C (from
      isopropanol).
PAC  EXAMPLE 130
PAC  1-(4-Cyclohexyl-phenyl)-2,2,4,4-tetramethyl-3-[4-phenylpiperazinyl]-cyclobu
     tanol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]-cyclobutanone by
      Grignard reaction with 3-cyclohexylbromobenzene in tetrahydrofuran
      analogous to Example 1. Yield: 62% of theory, m.p. 144.degree.C (from
      ethanol).
PAC  EXAMPLE 131
PAC  1-(4-tert.butyl-phenyl)-2,2,4,4-tetramethyl-3-[4-phenylpiperazinyl]-cyclobu
     tanol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-tert.butylbromobenzene in tetrahydrofuran. Yield:
      47% of theory, m.p. 152.degree.C (from ethanol).
PAC  EXAMPLE 132
PAC  1-(4-n-pentyl-phenyl)-2,2,4,4-tetramethyl-3-[4-phenylpiperazinyl]-cyclobuta
     nol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]-cyclobutanone by
      Grignard reaction with 4-n-pentylbromobenzene in tetrahydrofuran analogous
      to Example 1. Yield: 29% of theory, m.p. 58.degree.C (from ethanol).
PAC  EXAMPLE 133
PAC  1-(4-tert.pentyl-phenyl)-2,2,4,4-tetramethyl-3-[4-phenylpiperazinyl]-cyclob
     utanol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]  -cyclobutanone
      by Grignard reaction with 4-tert.pentyl-bromobenzene in tetrahydrofuran
      analogous to Example 1. Yield: 42% of theory, m.p.
      154.degree.-155.degree.C (from petroleum ether).
PAC  EXAMPLE 134
PAC  1-phenyl-2,2,4,4-tetramethyl-3-[4-(4-nitro-phenyl)-piperazinyl]-cyclobutano
     l-(1)
PAR  Prepared by condensation of
      1-phenyl-2,2,4,4-tetramethyl-3-piperazinyl-cyclobutanol-(1) with
      4-nitro-chlorobenzene in butanol at the boiling temperature of the
      solvent. After the solvent has been distilled off, the base was isolated
      by extraction with chloroform from a basically aqueous solution. Yield:
      12% of theory, m.p. 222.degree.-224.degree.C (from ethyl acetate).
PAC  EXAMPLE 135
PAC  1Phenyl-2,2,4,4-tetramethyl-3-[4-(2-nitro-phenyl)-piperazinyl]-cyclobutanol
     -(1)
PAR  Prepared by reaction of
      1-phenyl-2,2,4,4-tetramethyl-3-piperazinyl-cyclobutanol-(1) with
      2-nitro-chlorobenzene in butanol at the boiling temperature of the solvent
      (14 hours). After the solvent has been distilled off, the base was
      isolated by extraction with chloroform from a basically aqueous solution.
      Yield: 10% of theory, m.p. 153.degree.-154.degree.C (from methanol).
PAC  EXAMPLE 136
PAC  1-Biphenylyl-2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]-cyclobutanol-(1)
PAR  Prepared from 2,2,4,4-tetramethyl-3-[4-phenyl-piperazinyl]-cyclobutanone by
      Grignard reaction with bromo-biphenyl in tetrahydrofuran analogous to
      Example 1. Yield: 12.5% of theory, m.p. 148.degree.C (from ethyl acetate).
PAC  EXAMPLE 137
PAC  1-Phenyl-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyclobutanol-(1) by
      method C
PAR  A mixture of 2.8 gm (7.4 millimols) of
      3-[bis-(2-chloroethyl)-amino]-2,2,4,4-tetramethyl-1-phenyl-cyclobutanolhyd
     rochloride (crude product, m.p. 60.degree.C, trans-form), 750 mgm (8
      millimols) of aniline, 1 spatula tip (a catalytic quantity) of potassium
      iodide and 20 ml of propanol were refluxed for 17 hours. After addition of
      400 mgm (3.7 millimols) of sodium carbonate, the mixture was heated for a
      further 21/2  hours up to the boiling temperature. The reaction mixture
      was evaporated and 3 N sodium hydroxide solution was added to the residue.
      After the mixture had been extracted with chloroform, the chloroform layer
      was washed with water, dried over sodium sulfate and evaporated in vacuo.
      The crude product was purified by column chromatography with silica gel
      (eluant: chloroform/acetone). 150 mgm of a yellow oil was isolated, which
      was dissolved in a small quantity of isopropanol. After some days 40 mgm
      of crystals were suction filtered, which are identical to the authentic
      product except a content of isopropanol. M.p. 123.degree. -125.degree.C
      (m.p. of the alcohol free substance: 113.degree.C). Yield: 40 mgm (1.5% of
      theory).
PAR  As indicated, the cyclobutane compounds of the general formula I are
      employed in pharmaceutical compositions customary in the field of sedation
      and muscle relaxation. The compositions contain a minor amount of the
      active cyclobutane compounds of the general formula I and a major amount
      of a pharmaceutical carrier. The pharmaceutical compositions may be in the
      form of injectable solutions or suspensions, tablets, coated tablets,
      dragees, sustained release tablets, suppositories, etc. The usual dose is
      0.1 to 100 mgm, preferably 0.5 to 5 mgm, and more particularly 1 to 2 mgm,
      whether administered orally, parentally, or rectally.
PAC  EXAMPLE 138
PAC  Tablets containing 2 mgm of
      trans-1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl
     ]-cyclobutanol-(1) dihydrochloride
     Composition:                                                              

     1 Tablet contains:                                                        

     Active ingredient                                                         

                    I               2.0 mgm                                    

     Corn starch    II              65.0 mgm                                   

     Lactose        III             48.0 mgm                                   

     Soluble starch IV              4.0 mgm                                    

     Magnesium stearate                                                        

                    V               1.0 mgm                                    

                            Total   120.0 mgm                                  

PAL  Method of preparation:
PAR  Substances I-III were mixed and moistened evenly with an aqueous solution
      of substance IV. Granulation: moist 1.5 mm; dry 1.0 mm. Substance V was
      mixed with the mass which was then pressed to tablets. Diameter: 7 mm,
      punch: flat with facet.
PAC  EXAMPLE 139
PAC  Coated tablets containing 1 mgm of
      trans-1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl
     ]-cyclobutan-ol-(1) dihydrochloride
TBL  Composition:                                                              

     1 Coated tablet core contains:                                            

     Active ingredient I               1.0 mgm                                 

     Potato starch     II              25.0 mgm                                

     Lactose           III             20.0 mgm                                

     Polyvinylpyrrolidone                                                      

                       IV              3.0 mgm                                 

     Magnesium stearate                                                        

                       V               0.5 mgm                                 

                               Total   49.5 mgm                                

PAL  Method of preparation:
PAR  Substances I-III were mixed and moistened evenly with an aqueous solution
      of IV. Granulation: moist 1 mm, dry 0.75 mm, drying at 50.degree.C.
      Substance V was mixed with the granulate which was then pressed into
      tablets with a diameter of 5 mm, Radius of convexity: 3.75 mm. Coating:
      According to the usual sugar coating. Weight of coated tablet: 80 mgm.
PAC  EXAMPLE 140
PAC  Suppositories containing 2 mgm of
      trans-1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl
     ]-cyclobutanol-(1) dihydrochloride
TBL  Composition:                                                              

     1 Suppository contains:                                                   

     Active ingredient       2.0 mgm                                           

     Suppository mass (e.g. Witepsol H 19                                      

            and Witepsol W 45)                                                 

                             1698.0 mgm                                        

     Total                   1700.0 mgm                                        

PAL  Method of preparation:
PAR  The suppository mass was molten. At 38.degree.C the granulated active
      ingredient was dispersed homogeneously in the molten mass which was then
      cooled to 35.degree.C and poured into pre-cooled suppository moulds.
      Weight of suppository: 1.7 gm.
PAC  EXAMPLE 141
PAC  Ampules containing 1 mgm of
      trans-1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl
     ]-cyclobutanol-(1) dihydrochloride
TBL  Composition:                                                              

     1 Ampule contains:                                                        

     Active ingredient          1.0 mgm                                        

     Sorbitol                   50.0 mgm                                       

     Distilled water   ad       1.0 ml                                         

PAL  Method of preparation:
PAR  The active ingredient and the sorbitol were dissolved in distilled water.
      The mixture was made up to the indicated volume and filtered sterile.
      Filling: into brown 1 ml ampules. Sterilization: 20 minutes at
      120.degree.C.
PAC  EXAMPLE 142
PAC  Solution containing 1 mgm of
      trans-1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl
     ]-cyclobutanol-(1) dihydrochloride per 5 ml
TBL  Composition:                                                              

     100 ml of solution contain:                                               

     Active ingredient           0.02 gm                                       

     Carboxymethylcellulose      0.1 gm                                        

     Methyl p-hydroxybenzoate    0.05 gm                                       

     Propyl p-hydroxybenzoate    0.01 gm                                       

     Saccharose                  10.0 gm                                       

     Glycerin                    5.0 gm                                        

     Sorbitol solution (70%)     20.0 gm                                       

     Aroma                       0.3 gm                                        

     Distilled water       ad    100.0 ml                                      

PAL  Method of preparation:
PAR  Within distilled water heated to 70.degree.C were dissolved while stirring
      the methyl-p-hydroxybenzoate and the propyl p-hydroxybenzoate as well as
      the glycerin and the carboxymethylcellulose. The mixture was cooled to
      room temperature, then the active ingredient was added while stirring. The
      latter was dissolved, subsequently the saccharose, the sorbitol solution
      and the aroma were added while stirring and dissolved too. The solution
      was filtered free of fibers.
PAR  As already mentioned above, the new compounds of general formula I possess
      valuable pharmacological properties, especially a central depressant,
      sedative, muscle relaxing and anxiolytic activity.
PAR  Another aspect of the invention is the method of sedation and relaxing of
      muscles in warm-blooded animals comprising administering to warm-blooded
      animals a safe but effective amount of at least one of the compounds of
      general formula I, alone or in a pharmaceutical composition. The said
      compounds may be administered orally, parentally or rectally. The usual
      dosage is from 0.002 to 5 mgm/kg, depending on the method of
      administration.
PAC  EXAMPLE 143
PAC  Pharmacological Data
PAR  The following substances under the general formula I have been tested
      according to their biological activity:
PA0  A=
      trans-1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl
     ]-cyclobutanol-(1) dihydrochloride,
PA0  B=
      trans-1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyc
     lobutanol-(1),
PA0  C=
      trans-1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-methoxyphenyl)-piper
     azinyl]-cyclobutanol-(1),
PA0  D=
      trans-1-(3,4-dimethoxyphenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)
     -cyclobutanol-(1),
PA0  E=
      trans-1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(4-hydroxyphenyl)-piper
     azinyl]-cyclobutanol-(1),
PA0  F=
      trans-1-(4-isopropylphenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-c
     yclobutanol-(1),
PA0  G=
      trans-1-(4-isopropylphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazin
     yl]-cyclobutanol-(1),
PA0  H=
      trans-1-(4-chlorophenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]
     -cyclobutanol-(1),
PA0  I=
      trans-1-(4-tert.butylphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazi
     nyl]-cyclobutanol-(1),
PA0  K=
      trans-1-(4-tert.butylphenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-
     cyclobutanol-(1),
PA0  L= trans-D,L-1-(4
      -butyl-(2)-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]-cyclo
     butanol-(1),
PA0  M=
      trans-1-(4-isobutylphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperaziny
     l]-cyclobutanol-(1),
PA0  N=
      trans-1-(4-isobutylphenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cy
     clobutanol-(1),
PA0  O=
      trans-D,L-1-(4-butyl-(2)-phenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazin
     yl)-cyclobutanol-(1),
PA0  P =
      trans-1-(4-n-butylphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl
     ]-cyclobutanol-(1),
PA0  Q=
      trans-1-(4-n-butylphenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-cyc
     lobutanol-(1) and
PA0  R=
      trans-1-(3-chlorophenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]
     -cyclobutanol-(1).
PA0  1. Activity on the spontaneous motility in mice:
PAR  The inhibition of spontaneous motility was determined with the aid of
      photoelectric barriers using an adaption of the method of Friebel, Sommer
      and Varadan (Arzneimittelforschung 9, 126 (1959)). SPF-NMRI-mice from our
      own breeding colony, having a body weight between 20 and 26 gm, were used.
      The number of interruptions in the flow of light was measured by 10
      photoelectric cells uniformly distributed in the bottom of a cylindrical
      cage, 25 cm in diameter, using a counting device. Thus, the spontaneous
      motility was registered as the animals moved over the bottom of the cage.
      5 female mice were placed in each cage and their activity after
      application of the substance was measured for different periods of time
      relative to control mice. The present decrease in motility observed after
      application of various dosages relative to sham treated control animals
      was determined by graphical extrapolation, so that the dosage necessary
      for a 50% inhibition of spontaneous motility (ED.sub.50) could be
      obtained:
TBL               ED.sub.50 mgm/kg p.o. after                                  

     Substance                                                                 

              30-45     90-105    150-165 minutes                              

     ______________________________________                                    

     A        7.5       11           6                                         

     B        &gt;50       3            4                                         

     C        11        7.5          6                                         

     D        26        22           3                                         

     E        5         5            &lt;2.5                                      

     F        95        5            2                                         

     G        7         3            5                                         

     H        &gt;13       31           &gt;13                                       

     I        16        3            3                                         

     K        15        3            2                                         

     L        7         1            1                                         

     M        9         &gt;3           0.4                                       

     N        8         2            1                                         

     O        9         3            2                                         

     P        9         3            2                                         

     Q        34        &gt;3           4                                         

     R        &gt;25       12           13                                        

     ______________________________________                                    

PA0  2. muscle relaxing and sedative activity in mice:
PAR  The muscle relaxing and sedative activity was tested according to the
      method of Young and Lewis (Science 105, 368 (1947)) with female NMRI-mice
      of a specific breed having a body weight of from 20 to 26 gm. The test
      apparatus comprises slowly turning wire cylinders, sloped for 30.degree.
      against the vertical line (length: 43 cm; diameter: 22 cm; mesh-size of
      the wire netting: 0.6 cm). After peroral administration of a suspension of
      the substance under test in 1% tylose suspension to groups of 10
      mice/dose, their bearing in the slowly rotating cylinders (2
      rotations/minute) was observed and was compared with a control group. The
      dose (ED.sub.50) which caused 50% of the animals to fall out after certain
      test times was determined graphically:
TBL                   Ed.sub.50 mgm/kg p.o. after                              

     Substance                                                                 

             30-60     90-120   210-240                                        

                                       270-300 minutes                         

     ______________________________________                                    

     A       5.5       7.5      8.5    7.5                                     

     B       26        11       6      5.5                                     

     C       20        16       34     15.5                                    

     D       &gt;40       32       16     14                                      

     E       10        13       9      3                                       

     F       29        4        2      3                                       

     G       11        8        3      8                                       

     H       13        22       19     15                                      

     I       16        10       17     14                                      

     K       48        8        6      1                                       

     L       5         4        2      1                                       

     M       4         4        3      2                                       

     N       65        3        2      3                                       

     O       1         1        2      1                                       

     P       15        4        3      6                                       

     Q       &gt;200      22       8      8                                       

     R       46        8        8      11                                      

     ______________________________________                                    

PA0  3. acute Toxicity:
PAR  The acute toxicity was determined after oral administration to groups of 10
      mice (sex ratio 1:1) from our own breeding colony. The LD.sub.50 was
      measured by graphical extrapolation according to the method of Litchfield
      and Wilcoxon (J. Pharmacol. Exp. Therap. 96, 99 (1949) from the percentage
      of the animals which died within a period of 14 days after application of
      various doses:
TBL  Substance        LD.sub.50 mgm/kg p.o.                                    

     ______________________________________                                    

     A                 338                                                     

     B                 1340                                                    

     C                &gt;6400                                                    

     D                 2900                                                    

     E                &gt;3200 (0 out of 10 animals died)                         

     F                 &gt;800                                                    

     G                 118                                                     

     H                 442                                                     

     L                 162                                                     

     O                 800                                                     

     ______________________________________                                    

PAR  The preceding examples illustrate the practice of the invention. It is to
      be understood, however, that other expedients known to those skilled in
      the art or disclosed herein may be employed without departing from the
      spirit of the invention or the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC11##
PAL  wherein R.sub.1  is hydrogen, fluorine, chlorine, bromine, hydroxyl,
      trifluoromethyl, benzyloxy, alkyl of 1 to 5 carbon atoms, alkoxy of 1 to 3
      carbon atoms, benzyloxy, acetoxy, benzoyloxy, isobutyryloxy, phenyl or
      cyclohexyl,
PA1  R.sub.2 and R.sub.3 are each hydrogen, methyl or methoxy, or any two of
      R.sub.1, R.sub.2 and R.sub.3 taken together are methylenedioxy,
PA1  R.sub.4 is hydrogen or alkyl of 1 to 2 carbon atoms,
PA1  R.sub.5 is hydrogen or methyl, and
PA1  R.sub.6 is
      ##SPC12##
PA1  where R.sub.7 and R.sub.8 are each hydrogen, fluorine, chlorine, bromine,
      trifluoromethyl, hydroxyl, nitro, benzyloxy, alkyl or 1 to 2 carbon atoms,
      alkoxy of 1 to 3 carbon atoms, methylthio, acetoxy, benzoyloxy or
      isobutyryloxy, and
PA1  R.sub.9 is hydrogen, chlorine, bromine, hydroxyl, nitro, amino, benzyloxy,
      carboxy, carbomethoxy, carbethoxy, methyl, methoxy or acetoxy,
PAL  provided however, that only one of R.sub.1, R.sub.7, R.sub.8 and R.sub.9 is
      acetoxy, benzoyloxy or isobutyryloxy; a physiologically compatible acid
      addition salt thereof; or, when R.sub.9 is carboxy, a physiologically
NUM  2.
PAR  2. A cyclobutane derivative of claim 1 wherein the transconfiguration is
NUM  3.
PAR  3. A trans-cyclobutane derivative of claim 2, wherein R.sub.1, R.sub.2 ,
      R.sub.3 and R.sub.5 are hydrogen, R.sub.4 is methyl, and R.sub.6 is
NUM  4.
PAR  4. A trans-cyclobutane derivative of claim 3, which is
      trans-1-(4-isopropylphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazin
     yl]-cyclobutanol-(1) or a physiologically compatible acid addition salt
NUM  5.
PAR  5. A trans-cyclobutane derivative of claim 3, which is
      trans-1-(4-isopropylphenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazinyl)-c
     yclobutanol-(1) or a physiologically compatible acid addition salt thereof.
NUM  6.
PAR  6. A trans-cyclobutane derivative of claim 3, which is
      trans-1-(4-chlorophenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl]
     -cyclobutanol-(1) or a physiologically compatible acid addition salt
NUM  7.
PAR  7. A trans-cyclobutane derivative of claim 3, which is
      trans-1-(4-tert.pentylphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperaz
     inyl]-cyclobutanol-(1) or a physiologically compatible acid addition salt
NUM  8.
PAR  8. A trans-cyclobutane derivative of claim 3, which is
      trans-D,L-1-(4-butyl-(2)-phenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-pipe
     razinyl]-cyclobutanol-(1) or a physiologically compatible acid addition
NUM  9.
PAR  9. A trans-cyclobutane derivative of claim 3, which is
      trans-D,L-1-(4-butyl-(2)-phenyl)-2,2,4,4-tetramethyl-3-(4-phenyl-piperazin
     yl)-cyclobutanol-(1) or a physiologically compatible acid addition salt
NUM  10.
PAR  10. A trans-cyclobutane derivative of claim 3, which is
      trans-1-(4-hydroxyphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-2)-piperazinyl
     ] -cyclobutanol-(1) or a physiologically compatible acid addition salt
NUM  11.
PAR  11. A trans-cyclobutane derivative of claim 3, which is
      trans-1-(4-propylphenyl)-2,2,4,4-tetramethyl-3-[4-(pyridyl-11) or a
      physiologically compatible acid addition salt thereof.
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ABST
PAL  Process for preparing naphthoylene-arylimidazo-peri-dicarboxylic
      acid-imide-compounds of the formula
      ##SPC1##
PAL  Wherein R.sub.1 is hydrogen, hydroxy or amino, phenyl, alkyl having 1 to 8
      carbon atoms, hydroxyalkyl, alkoxyalkyl, amino-alkyl, mono- or
      dialkylaminoalkyl, hydroxyalkoxyalkyl, alkoxyalkoxyalkyl, carbalkoxyalkyl,
      carboxylalkyl or phenyl-alkyl having each 1 to 6, preferably 1 to 4 carbon
      atoms in the alkyl or alkoxy portion and R is hydrogen or halogen, alkyl,
      alkoxy, carbalkoxy having each 1 to 4 carbon atoms, nitro, cyano,
      carbonamido, mono- or dialkylcarbonamido or sulfonamido, mono- or
      dialkylsulfonamido and n represents the integers 1 to 3, in which process
      naphthalimide-4,5-dicarboxylic acids of the general formula
      ##SPC2##
PAL  Or the anhydride thereof are condensed in an aqueous medium with a diamine
      of the general formula
      ##SPC3##
PAL  At temperatures of from 80.degree. to 160.degree.C. R.sub.1, R and n having
      the above meanings.
BSUM
PAR  This new process provides a method to get the dyestuffs of the
      naphthylene-arylimidazol-peri-dicarboxylic-acid-imide series in an
      outstanding pure form.
PAR  Dyestuffs belonging to the naphthylene-arylimidazol-peri-dicarboxylic acid
      imide series are known, for example, from German Pat. Nos. 1,049,821 and
      1,268,581 and from German Offenlegungsschrift No. 1,719,090. Individually
      or as mixture they are very suitable for dyeing fibres from polyester,
      polyacrylonitrile and cellulose acetate, yielding brilliant
      greenish-yellow to orange dyeings with excellent fastness properties.
PAR  According to the processes hitherto described these known dyestuffs or the
      mixtures thereof are only prepared by condensation of
      naphthoylene-arylimidazol-peri-dicarboxylic acids or the anhydrides
      thereof with monoamines in water or organic solvents at elevated
      temperatures.
PAR  The naphthoylene-armylimidazol-peri-dicarboxylic acid or the anhydrides
      thereof required for this method of preparation are prepared
      advantageously according to a process described in German Pat. No. 1,005,
      969, according to which the mono-sodium salt of the
      naphthanlene-1,4,5,8-tetra-carboxylic acid is reacted in 20 to 40 times
      the amount of water and in the presence of big amounts of buffer
      substances with ortho-phenylene-diamine at 70.degree.to 90.degree.C.
PAR  The mono-sodium salt formed during condensation is difficultly soluble in
      the salt solution and is precipitated. Depending on the basicity of the
      o-diamine used it contains up to 15% of a red dyestuff as by-product,
      which has been formed by condensation of the two peri-dicarboxylic acid
      groups with the o-diamine. However, a reduction of the salt concentration
      leads to even bigger amounts of the red by-product and the condensation of
      the naphthalene-tetracarboxylic acid is no longer quantitative. Therefore,
      for further processing, an intermediate isolation and purification by
      dissolving in alkali and reprecipitation is absolutely required to
      separate the red by-product.
PAR  The present invention relates to a novel process for preparing
      naphthoylene-arylimidazol-peri-dicarboxylic acid imide compounds of the
      fromula
      ##SPC4##
PAL  Wherein R.sub.1 is hydrogen, hydroxy or amino, phenyl, alkyl having 1 to 8
      carbon atoms, hydroxyalkyl, alkoxyalkyl, amino-alkyl, mono- or
      dialkylaminoalkyl, hydroxyalkoxyalkyl, alkoxyalkoxyalkyl, carbalkoxyalkyl,
      carboxylalkyl or phenylalkyl having each 1 to 6, preferably 1 to 4 carbon
      atoms in the alkyl or alkozy portion and R is hydrogen or halogen, alkyl,
      alkoxy, carbalkoxy having each 1 to 4 carbon atoms, nitro, cyano,
      carbonamido, mono- or dialkylcarbonamido or sulfonamido, mono- or
      dialkylsulfonamido and n represents the integers 1 to 3, in which process
      naphthalimide-4,5-dicarboxylic acids of the general formula
      ##SPC5##
PAL  or the anahydride thereof are condensed in an aqueous medium with a diamine
      of the general formula
      ##SPC6##
PAL  at temperatures of from 80.degree.to 160.degree.C, R.sub.1, R and n having
      the above meanings.
PAR  The preparation of the naphthalimide-4,5-dicarboxylic acids is
      advantageously carried out by suspending 1 mol of the
      1,4,5,8-naphthaline-tetracarboxylic acid, generally available as a
      semi-anhydride, in 12 to 20 times the amount of water, heating the
      suspension to 60.degree.-95.degree.C and dissolving the
      naphthalene-tetracarboxylic acid with the 2 to 6-molar amount of sodium or
      potassium hydroxide solution. Then the pH-value was adjusted to about 5.0
      -5.6 with phosphoric acid or acetic acid, and the amount of the amine
      calculated accordingly is added in a slight excess of up to 10 %, the
      pH-value being adjusted to 5.2 -7.5. Then the condensation reaction is
      carried out at an elevated temperature, either under reflux or in a closed
      reaction vessel at a temperature of preferably 106.degree.to 135.degree.C
      during 2 to 6 hours, preferably 3 to 5 hours. During this period the
      naphthalene-tetracarboxylic acid is reacted quantitatively with the amine.
      Particularly when using aliphatic amines, the condensation product
      obtained as alkali salt, is easily soluble in the reaction solution in the
      heat and can be easily freed by simple filtration from the corresponding
      naphthalene-tetracarboxylic acid diimide undissolved and formed
      simultaneously in a few portions from the corresponding
      naphthalene-tetracarboxylic acid diimide undissolved and formed
      simultaneously in a few portions. By acidifying the clarified solution
      with mineral acid, fultering the deposit formed and subsequently drying,
      the corresponding naphthalimide-4,5-di-carboxylic acids are obtained in a
      pure form and in very high to practically quantitative yields. Instead of
      one individual amine a mixture of different amines can also be used for
      condensation.
PAR  The free naphthalimide-dicarboxylic acids can be converted in known manner
      into the corresponding anhydrides, for example by heating in a
      high-boiling solvent, such as trichlorobenzene or
      .alpha.-chloro-naphthalene, while distilling off the water set free in the
      heat. With the rapid vatting in alkaline sodium dithionite solutions the
      imide anhydrides according to the invention show a characteristic pure
      blue vat color.
PAR  In the cases in which, during condensation, less wellsoluble alkali salts
      are formed, which are no longer completely soluble in the reaction
      solution in the heat, the reaction solution is acidified with mineral acid
      and the amide-dicarboxylic acids precipitated are isolated. To separate
      from the unsoluble diimide which has also formed, the moist crude product
      is suspended in water, the imide-dicarboxylic acid is dissolved in the
      heat by addition of sodium carbonate solution and the diimide is separated
      by filtration. In the same way as described above the imide-dicarboxylic
      acid is isolated. In this working-up care must be taken that the pH-value
      of the solution is not considerably superior to 8.0 after addition of the
      soda solution, since the naphthalimide-4,5-dicarboxylic acids are
      saponified very easily to give the naphthalene-tetra-carboxylic acid. This
      fact is unusual since most of the naphthalimides are very resistant to
      alkalis in the heat and can be saponified only with difficulty.
PAR  Amines which are used for the condensation with
      naphthalene-tetra-carboxylic acid are for example: ammonia, hydroxyl
      amine, hydrazine, straight-chained and branched alkyl amines such as
      methyl-, ethyl-, proply-, butyl-, hexylamine, isopropyl-, isobuty-,
      2-ethyl-hexylamine; straight-chained and branched alkyl amines substituted
      by hydroxy and/or alkoxy groups, such as amino-ethanol, aminopropanol,
      2-amino-i-butanol, methoxy-ethylamine, methoxypropylamine,
      ethoxypropylamine, isopropoxy-propylamine, n-butoxy-propylamine, 3-
      (.OMEGA.-ethoxy)-ethoxy-propyl-amine,
      3-(.OMEGA.-hydroxy)-ethoxy-propylamine; alkylamines substituted by
      caroboxyl groups, such as aminoacetic acid, 3-aminopropionic acid,
      4-amino-butyric acid as well as the alkyl esters thereof; alkyl amines
      substituted by phenyl such as benzyl amine or phenyl-ethyl-amine.
PAR  Among these amines the aliphatic amines, especially the alkyl-,
      hydroxy-alkyl- and alkoxyalkyl-amines, are especially important, since the
      naphthalimide-4,5-dicarboxylic acids prepared with these amines provide,
      after a condensation with aromatic diamines, valuable dyestuffs of the
      naphthoylenearylimidazol-peri-dicarboxylic acid-imide series.
PAR  The preparation of these dyestuffs is advantageously effected on the basis
      of the suspension of the naphthalimide4,5-dicarboxylic acids, as it is
      obtained in the process described above. The equivalent amount of a
      phenylene-diamine of the formula (II) is added directly to this suspension
      and condensation is carried out at 80.degree.C to 160.degree.C, if desired
      in an autoclave. The reaction time is between 1 and 5 hours, mostly 2 to 3
      hours. The dyestuff obtained is isolated in usual manner.
PAR  Of course, it is also possible to use the suspension of the
      naphthalimide-4,5-dicarboxylic acid not directly, but to isolate first
      this intermediate product and to purify it, if desired, by dissolution in
      alkali. The new process is also suitable for preparing the
      naphthoylene-arylimidazol-peri-dicarboxylic acid-imides of the general
      formula I, in which R.sub.1 represents a substituted phenyl ring. However,
      up to now, such compounds have not been used as dyestuffs on account of
      their coloristical disadvantages.
PAR  The N-alkyl-naphthalimide-4,5-dicarboxylic acids especially suitable for
      the preparation of the naphthoylene-arylimidazolperi-dicarboxylic
      acid-imide-dyestuffs are mostly well-soluble in water in the form of their
      alkali salts. Therefore, they can be separated, very easily by filtration
      from the diimide which has possibly formed. After acidifying this filtrate
      the suspension obtained can be condensed directly with the
      phenylene-diamine to give the dyestuff. The dyestuffs prepared by this way
      are particularly pure. This purity can be obtained only if the
      naphthalimide-4,5-dicarboxylic acids are completely free from the starting
      material, since the condensation of napthaline-tetracarboxylic acid having
      on both sides o-diamines leads to red vat dyestuffs, which are not
      suitable for dyeing polyester material and are detrimental to the shade
      desired.
PAR  The new process has the further advantage that by the reduction of the
      liquid volume and of the reaction times the double amount can be prepared
      in the same period.
PAR  Since in camparision to processes hitherto known from German Pat. No.
      1,005,969 an intermediate isolation and alkaline dissolution is no longer
      necessary, it is possible to prepare a considerably bigger amount in a
      less complicated apparatus and with a reduced expenditure of work.
      Furthermore, the yield of dyestuff is nearly quantitative whereas in the
      cases in which, strongly alkaline o-diamines are used, yields of only 80
      to 85 % are obtained according to the known process. Another fact is that
      in the new process the amounts of waste water are considerably smaller and
      contain less salt.
PAR  The following Examples illustrate the invention. Parts and percentages are
      by weight unless stated otherwise.
DETD
PAC  EXAMPLE 1
PAR  20 Parts of naphthalene-1,4,5,8-tetracarboxylic acid in the form of the
      semi-anhydride were dissolved in 300 parts of water with 34 parts of
      sodium hydroxide solution (33 %) at 70.degree.C. By addition of 10.6 parts
      of phosphoric acid (80 %) and 6.6 parts of 3-methoxy-n-propylamine, a
      pH-value of 5.8 to 6.1 was adjusted, and the mixture was stirred for 3
      hours at 130.degree.C in a closed vessel. After cooling to
      60.degree.-90.degree.C it was filtered from the small amount of by-product
      formed, the filtrate was adjusted to pH 2.8 -3.2 with 15 parts of glacial
      acetic acid and 18 parts of hydrochloric acid (36 %) and after addition of
      10 parts of 3,4-diamino-benzonitrile, the mixture was stirred for 5 hours
      in a closed vessel at 150.degree.C. At 90.degree.C the condensation
      product was suction-filtered, washed free from salt and dried.
PAR  The greenish-yellow dyestuff obtained in a nearly quantitative yield was
      completely free from naphthalene-tetracarboxylic acid condensed on both
      sides with 3,4-diamino-benzo-nitrile (orange red dyestuff) and dyed
      polyester fibres - after a corresponding preparation - in a brilliant
      greenish-yellow shade.
PAC  EXAMPLE 2
PAR  93.8 Parts of naphthalene-tetracarboxylic acid anhydride were dissolved in
      1500 parts of water at 9520 C by addition of 170 parts of sodium hydroxide
      solution (33 %), and mixed with 53 parts of phosphoric acid (80 %). After
      addition of 13.2 parts of 3-methoxy-n-propylamine and 31.25 parts of
      3-butoxy-n-propylamine a pH-value of 5.8 to 6.1 was adjusted. Then the
      mixture was stirred for 3 hours at 130.degree.C. Then it was filtered from
      a small amount of diimide formed, adjusted to a Congo acidic range with
      112 parts of hydrochloric acid (36 %) and stirred for 4 hours at 95C after
      addition of 52 parts of 4-chloro1,2-diaminobenzene. The dyestuff mixture
      formed in a nearly quantitative yield was completely free from
      naphthalene-tetra-carboxylic acid condensed on both sides with
      4-chloro-1,2-diaminobenzene (red dyestuff). It was suction-filtered with
      water, washed free from salt and dried. After a corresponding fine
      division the dyestuff mixture dyed polyester fibres in a brilliant yellow
      shade.
PAC  EXAMPLE 3
PAR  50 Parts of naphthalene-1,4,5,8-tetracarboxylic acid in the form of the
      semi-anhydride were suspended in 750 parts of water and dissolved at
      70.degree.C -80.degree.C with 98 parts of KOH (40 %). By addition of 25
      parts of phosphoric acid (85 %) and 16.5 parts of 3-methoxy-n-propylamine,
      a pH-value of 5.8 -6.1 was adjusted and the mixture was stirred at
      130.degree.C for 5 hours. At 90.degree.C, the pH-value was adjusted to a
      Congo acidic range with hydrochloric acid, the mixture was stirred for
      half an hour at 80.degree.C and the
      N-(3'-methoxy-n-propyl)-naphthalimide-4,5-dicarboxylic acid contaminated
      by small amounts of naphthalene-tetracarboxylic acid-dimide was
      suction-filtered and washed free from salt. The moist press-cake was
      suspended at 70.degree.C in 700 parts of water and dissolved by addition
      of a 10 % soda solution at pH 7.0 to 7.5, then the mixture was filtered
      from the diimide and the filtrate was adjusted to pH 2.5 -2.8 with 15
      parts of acetic acid and hydrochloric acid (36 %). After addition of 23
      parts of 4-methyl-1,2-diamino-benzene the mixture was stirred for 5 hours
      at 100.degree. C, then suction-filtered, washed free from salt with water
      and dried. The orange dyestuff obtained in a nearly quantitative yield was
      completely free from naphthalenetetracarboxylic acid condensed on both
      sides with 4-methyl-1,2diaminobenzene and dyed polyester fibres - after a
      corresponding preparation- in a brilliant orange dyestuff.
PAC  EXAMPLE 4
PAR  100 Parts of naphthalene-1,4,5,8-tetracarboxylic acid in the form of the
      semi-anhydride were dissolved in 1500 parts of water at 50.degree.C with
      170 parts of sodium hydroxide solution (33 %), stirred for 10 minutes,
      mixed with 48 parts of glacial acetic acid (pH = 5.3) and after addition
      of 33 parts of 3-methoxy-propyl-amine (pH = 5.7 - 5.9) stirred for 5 hours
      at 130.degree.c. Then the mixture was filtered at 79.degree.-90.degree.C
      from the small amount of diimide formed and adjusted to the Congo acidic
      range with hydrochloric acid. After addition of 25.7 parts of
      3,5-dimethyl-1,2-diamino-benzene and 26 parts of
      4-chloro-1,2-diaminobenzene the whole was stirred for 4 -5 hours at
      95.degree.C. The reddishyellow dyestuff mixture obtained was
      suction-filtered, washed free from salt and dried. It dyed polyester
      material after a previous fine division in a brilliant reddish yellow
      shade.
PAC  EXAMPLE 5
PAR  100 Parts of naphthalene-1,4,5,8-tetracarboxylic acid in the form of the
      semi-anhydride thereof were suspended in 1500 parts of water and dissolved
      at 95.degree.C by addition of 106.8 parts of NaOH (33 %), then 16 parts of
      phosphoric acid (85 %) and 33 parts of 3-methoxy-propylamine were added
      and the whole was stirred for 4 hours at 125.degree.C. It was separated
      from a small amount of the naphthalene-tetracarboxylic acid-diimide
      formed, the filtrate was adjusted to pH 1.5 with hydrochloric acid and
      after addition of 42 parts of 1,2-diaminobenzene, stirred for 5 hours at
      95.degree.-100.degree.C. The yellow dyestuff formed was isolated, washed
      free from salt and dried. In a finely divided form it dyed polyester in a
      brilliant yellow shade.
PAC  EXAMPLE 6
PAR  50 Parts of naphthalene-1,4,5,8-tetracarboxylic acid in the form of the
      semi-anhydride thereof were suspended in 750 parts of water and dissolved
      at 80.degree.C by addition of 82 parts of sodium hydroxide solution. After
      10 minutes 21 parts of phosphoric acid (85 %) and 37 parts of ammonia were
      added and the whole was stirred for 4 hours at 130.degree.C and the
      naphthalimide-4,5-dicarboxylic acid contaminated by small amounts of
      naphthalene-tetracarboxylic acid diimide was isolated.
PAR  The press-cake was suspended in 2 liters of water, the suspension was
      heated to 80.degree.C and dissolved at pH 7 to 7.5 by addition of a 10 %
      soda solution, the diimide formed was separated by filtration and adjusted
      to pH 2.8 with hydrochloricacid (36 %) of 30 parts of glacial acetic acid.
      Then 26 parts of 4-chloro-1,2-diaminobenzene were added and heated for 4
      hours to 130.degree.C. The yellow condensation product was
      suction-filtered at 90.degree.C, washed free from salt and dried. In a
      finely divided form it was suitable for dyeing polyester fabrics according
      to the thermosol process.
PAC  EXAMPLE 7
PAR  50 Parts of naphthalene-1,4,5,8-tetracarboxylic acid in the form of the
      semi-anhydride thereof were suspended in 750 parts of water and dissolved
      at 80.degree.C by addition of 82 parts of sodium hydroxide solution (33
      %). Stirring was continued for 10 minutes and after addition of 21 parts
      of a 85 % phosphoric acid and 15 parts of a 40 % methylamine solution, the
      mixture was stirred for 5 hours in a closed vessel at 135.degree.C. At
      90.degree.C it was filtered from the small amount of diimide formed, the
      pH- value was adjusted to 2.8 -3.0 with 46 parts of hydrochloric acid (36
      %) and 37 parts of glacial acetic acid and stirred for 30 minutes at
      80.degree.-90.degree.C. Then 31.5 parts of 3.4-diamino-benzoic acid methyl
      ester were added and stirred for 5 hours at 130.degree.-135.degree.C.
PAR  The dyestuff formed was suction-filtered at 80.degree.C, washed free from
      salt and dried.
PAR  It dyed polyester fibres - after a corresponding preparation - in a clear
      greenish yellow shade.
PAR  The dyestuffs of the general formula
      ##SPC7##
PAL  listed in the following Examples were obtained according to the method
      indicated in Example 7.
     Example        R                   A        Shade of the polyester        

     __________________________________________________________________________

                                                 dyeing                        

     8    CH.sub.2 --CH.sub.2 --CH.sub.2 --OH    orange                        

     9    --(CH.sub.2).sub.5 --CH.sub.3          yellow                        

          CH.sub.3                                                             

     10   --CH.angle.                            yellow                        

          CH.sub.3                                                             

     11   (CH.sub.2).sub.3 --O--CH.sub.2 --CH.sub.2 --OCH.sub.2 --CH.sub.3     

                                                 yellow                        

     12   --CH.sub.2 --CH.sub.2 --CH.sub.2 --COOH                              

                                                 orange                        

     13   --CH.sub.2 --COOC.sub.2 H.sub.5        orange                        

     14   --(CH.sub.2).sub.3 O--C.sub.2 H.sub.5 in the molar                   

                                                 greenish yellow               

          --(CH.sub.2).sub.3 --CH.sub.3 1 : 1                                  

     15   --CH.sub.3 in the                      yellow                        

          molar ratio                                                          

          --(CH.sub.2).sub.3 --O--(CH.sub.2).sub.2 --OC.sub.2 H.sub.5  4 : 6   

     16   --(CH.sub.2).sub.3 --O--CH.sub.2 --CH.sub.2 --OH                     

                                                 orange                        

     17   --(CH.sub.2).sub.3 --OCH.sub.3         greenish yellow               

     The dyestuffs listed in the following Examples were obtained according to 

     the process indicated in Example 6                                        

     18   --OH                                   yellow                        

     19   --N--H.sub.2                           yellow                        

     20                                          orange                        

     __________________________________________________________________________

PAC  EXAMPLE 21
PAR  50 g of naphthalene-tetracarboxylic acid in the form of the semi-anhydride
      thereof were suspended in 750 g of water and dissolved at
      70.degree.-80.degree.C with 85 g of sodium hydroxide solution. After
      addition of 25 g of phosphoric acid (85 %) and 21.5 g of
      2-(N,N-diethylamino)-ethylamine, a pH-value of 7.0 -7.2 was adjusted. Then
      the whole was stirred for 5 hours at 130.degree.C, filtered at 90.degree.C
      from the small amount of diimide, adjusted to pH 2.0 -2.2 with
      hydrochloric acid and, after addition of 20.4 g of o-phenylene-diamine,
      stirred for 4 hours at 90.degree.-98.degree.C. Then the pH-value was
      adjusted to 7 with sodium hydroxide solution, the dyestuff formed was
      suction-filtered, washed free from salt with water and dried.
PAR  The dyestuff obtained in a nearly quantitative yield was completely free
      from tetra-acid condensed on both sides with o-phenylene-diamine, and in
      the form of the quaternary ammonium salt it dyed polyacrylonitrile in a
      yellow shade.
PAC  EXAMPLE 22
PAR  200 g of naphthalene-1,4,5,8-tetracarboxylic acid in the form of the
      semi-anhydride thereof were dissolved in 3000 ml of water and dissolved at
      80.degree.C with 340 g of sodium hydroxide solution (33 %). After 10
      minutes the pH -value was adjusted to 5.1 -5.3 with 100 g of phosphoric
      acid (85 %) and after addition of 70 g of phosphoric acid (85 %) and after
      addition of 70 g of aniline, stirred for 4 to 5 hours at 130.degree.C. The
      alkali salt formed of the N-phenyl-naphthalimide-4,5,-dicarboxylic acid
      was wholly dissolved in the heat and the
      naphthalene1,4,5,8-tetracarboxylic acid had quantitatively reacted. At
      90.degree.-95.degree.C the mixture was separted from a small amount of
      naphthalene-1,4,5,8-tetracarboxylic acid-diphenyl-imide formed, the
      filtrate was adjusted to pH 1.5 -2 with hydrochloric acid and stirred for
      half an hour 80.degree.C. The precipitated
      N-phenyl-naphthalimide-4,5-dicarboxylic acid was suction-filtered in the
      cold, washed free from salt with water and dried.
PAR  Yield: 94.3 % of the theory
PAR  Melting point of the anhydride: 318.degree.C
PAC  EXAMPLE 23
PAR  50 g of naphthalene-1,4,5,8-tetracarboxylic acid-semianhydride were
      suspended in 750 ml of water and dissolved at 80.degree.C with 85 g of
      sodium hydroxide solution (33 %). After 10 minutes the pH-value was
      adjusted to 5.2 with 25 g of phosphoric acid (85 %) and after addition of
      18.9 g of N,N-dimethyl-1,3-diamino-propane (pH 7.5 ) the mixture was
      stirred for 4 hours at 130.degree.C. At 80.degree.C it was filtered from a
      small amount of naphthalene-tetracarboxylic acid-diimide formed and the
      filtrate was adjusted to a strongly Congo acidic range with hydrochloric
      acid and stirred for half an hour at 80.degree.C. The hydrochloric salt
      precipitated of the N-[3-(N',
      N'-dimethylamino)-propyl]-naphthalimide-4,5-dicarboxylic acid was
      suction-filtered cold, washed with ethyl alcohol and dried.
PAR  Yield: 91 % of the theory
PAR  Melting point of the product isolated: 298.degree.C.
CLMS
NUM  1.
PAR  1. Process for preparing naphthoylene-arylimidazolperi-dicarboxylic
      acid-imide-compounds of the formula
      ##SPC8##
PAL  wherein R.sub.1 is hydrogen, hydroxy or amino, phenyl, alkyl having 1 to 8
      carbon atoms, hydroxyalkyl, alkoxyalkyl, amino-alkyl, mono- or
      dialkylaminoalkyl, hydroxyalkoxy-alkyl, alkoxyalkoxyalkyl,
      carbalkoxyalkyl, carboxylalkyl or phenyl-alkyl each having 1 to 6 carbon
      atoms in the alkyl or alkoxy portion and R is hydrogen or halogen, alkyl,
      alkoxy, carbalkoxy each having 1 to 4 carbon atoms, nitro, cyano,
      carbonamido, mono- or diloweralkylcarbonamide or sulfonamido, mono- or
      diloweralkylsulfonamido and n represents the integers 1 to 3, in which
      process naphthalimide-4,5-dicarboxylic acids of the formula
      ##SPC9##
PAL  are condensed in a medium consisting essentially of water at a pH of from
      1.5 to 4.0 with a diamine of the formula
      ##SPC10##
PAL  at temperatures of from 80.degree.to 160.degree.C, R, R and n having the
      above meanings.
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ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Wherein
PA1  R is hydrogen, methyl or acetyl,
PA1  R.sub.1 is methyl, phenyl, or hydrogen,
PA1  Z is --CH=CH-- or --CH.sub.2 --CH.sub.2 --,
PA1  Y is oxygen or sulfur, and
PA1  R.sub.3 is hydrogen or methyl,
PAL  And non-toxic, pharmacologically acceptable acid addition salts thereof;
      the compounds as well as their salts are useful as analgesics and
      antitussives.
BSUM
PAR  This invention relates to novel
      N-(heteroaryl-methyl)-7.alpha.-acyl-6,14-(endoetheno or
      endoethano)-tetrahydro-nororipavines or -thebaines and non-toxic acid
      addition salts thereof, as well as to various methods of preparing these
      compounds.
PAC  THE PRIOR ART
PAR  In J.A.C.S. 89, 3267 (1967) it is disclosed that some Diels-Alder adducts
      of vinyl ketones and thebaine or oripavine, that is, adducts of the opium
      alkaloids of the formula
      ##SPC2##
PAL  Wherein R is hydrogen (oripavine) or methyl (thebaine), are strong central
      analgesics.
PAR  Furthermore, published Dutch application No. 6,805,648 and U.S. Pat. No.
      3,562,279 disclose that certain N-(allyl or
      cyclopropylmethyl)-7-acyl-6,14-(endoethano or endoetheno)-derivatives of
      these opium alkaloids, that is, compounds of the formula
      ##SPC3##
PAL  Wherein
PA1  R is hydrogen or methyl,
PA1  R.sub.1 is hydrogen, methyl or phenyl,
PA1  R.sub.2 is allyl or cyclopropylmethyl, and
PA1  Z is --CH=CH-- or --CH.sub.2 --CH.sub.2 --,
PAL  exhibit analgesic and opiate-antagonistic properties in laboratory animals.
PAC  THE INVENTION
PAR  More particularly, the present invention relates to a novel class of
      N-(furylmethyl or thienylmethyl)-7.alpha.-carboxylic acyl-6,14-(endoethano
      or endoetheno)-tetrahydro-nororipavines or -thebaines represented by the
      formula
      ##SPC4##
PAL  Wherein
PA1  R is hydrogen, methyl or acetyl,
PA1  R.sub.1 is methyl, phenyl, or hydrogen,
PA1  Z is --CH=CH-- or --CH.sub.2 --CH.sub.2 --,
PA1  Y is oxygen or sulfur, and
PA1  R.sub.3 is hydrogen or methyl,
PAL  And non-toxic, pharmacologically acceptable acid addition salts thereof.
PAR  A preferred subgenus thereunder is constituted by those compounds of the
      formula I wherein R.sub.1 is methyl, Y is oxygen, and the remaining
      variables have the meanings previously defined.
PAR  The compounds may form isomers in the 7-position; "7.alpha." means that the
      carboxylic acyl substituent lies below the plane of the paper.
PAR  The compounds embraced by formula I may be prepared by the following
      methods.
PAC  Method A
PAR  By reacting an oripavine or thebaine derivative of the formula
      ##SPC5##
PAL  Wherein R, R.sub.1 and Z have the same meanings as in formula I, with a
      heteroarylmethyl derivative of the formula
      ##SPC6##
PAL  Wherein
PA1  R.sub.3 and Y have the meanings previously defined, and
PA1  X is halogen, preferably chlorine, bromine or iodine, alkyl--SO.sub.2
      --O--, aryl--SO.sub.2 --O-- or trialkylammonium, preferably
      (CH.sub.3).sub.3 --N--.
PAR  The reaction of the compound of the formula II is performed with the
      calculated amount, or a slight excess thereover, of the heteroarylmethyl
      derivative of the formula III, optionally in the presence of an
      acid-binding agent. Examples of suitable acid-binding agents are tertiary
      amines, such as triethylamine or N,N-dicyclohexyl-ethylamine; alkali metal
      carbonates, such as sodium carbonate or potassium carbonate; alkali metal
      bicarbonates, preferably sodium bicarbonate; or alkali metal hydroxides or
      oxides. The reaction is advantageously carried out in an inert organic
      solvent medium, such as tetrahydrofuran, dioxane, methylene chloride,
      dimethylformamide, dimethylsulfoxide or a mixture of two or more of these,
      preferably mixtures of tetrahydrofuran and dimethylformamide. The reaction
      temperature may vary within wide limits, but a temperature between
      0.degree.C and the boiling point of the particular solvent medium which is
      used is preferred. After completion of the reaction, the reaction product
      is isolated and crystallized by conventional methods.
PAC  Method B
PAR  By ketal cleavage of a compound of the formula
      ##SPC7##
PAL  wherein R, R.sub.1, R.sub.3, Z and Y have the same meanings as in formula
      I, and R.sub.4 and R.sub.5, which may be identical to or different from
      each other, are each alkyl of 1 to 10 carbon atoms or aryl, particularly
      phenyl, or, together with each other, alkylene of 2 to 8 carbon atoms.
PAR  The ketal cleavage is effected with a dilute acid, preferably a dilute
      mineral acid, such as dilute hydrochloric or sulfuric acid, normally at
      room temperature or moderately elevated temperatures up to 100.degree.C,
      for example. In those instances where the ketal cleavage reaction is
      applied to a compound of the formula IV where R is carboxylic acyl, the
      3-substituent is simultaneously converted into phenolic hydroxyl, and the
      end product is a corresponding compound of the formula I wherein R is
      hydrogen.
PAC  Method C
PAR  By reacting a compound of the formula II with formaldehyde and a furan or
      thiophene of the formula
      ##SPC8##
PAL  wherein Y and R.sub.3 have the meanings defined above.
PAR  The reaction is carried out in weakly acid solution, especially in an
      acetic acid solution, and preferably in aqueous 50% acetic acid. Other
      suitable solvents are water, lower alkanols, tetrahydrofuran, dioxane or
      mixtures of any two or more of these. The furan or thiophene of the
      formula V is provided in the stoichiometric amount or in slight excess
      thereover, either dissolved or suspended in the solvent medium. The
      formaldehyde may be provided in the form of paraformaldehyde or preferably
      in the form of an aqueous solution in the calculated amount or in excess
      thereover. The reaction temperature may vary between -10.degree.C and the
      boiling point of the particular solvent medium which is employed, but the
      preferred temperature is 25.degree.C. After completion of the reaction,
      the reaction product is isolated and crystallized by conventional methods.
PAC  Method D
PAR  By reacting a compound of the formula II with a furaldehyde or
      thiophenaldehyde of the formula
      ##SPC9##
PAL  wherein R.sub.3 and Y have the meanings previously defined, in the presence
      of formic acid.
PAR  The reaction may be effected in aqueous solution, as well as in suitable
      organic solvents or mixtures of solvents, or also in 100% formic acid
      without the addition of a separate solvent. The aldehyde of the formula V
      is used in the calculated quantity or in excess thereover, preferably in
      an amount of up to 1.5 mols of aldehyde per mol of the compound of the
      formula II. The formic acid is advantageously provided in excess,
      preferably in an amount of 2 to 5 mols per mol of compound II. The
      reaction is carried out at temperatures between 50.degree. and
      200.degree.C, preferably between 80.degree. and 150.degree.C. The reaction
      product is isolated by conventional methods.
PAC  Method E
PAR  For the preparation of a compound of the formula I wherein Z is --CH=CH--,
      by reacting an N-(heteroaryl-methyl)-northebaine or nororipavine of the
      formula
      ##SPC10##
PAL  wherein R, R.sub.3 and Y have the same meanings as in formula I, with a
      vinyl ketone of the formula
      ##EQU1##
      wherein R.sub.1 has the same meanings as in formula I.
PAR  This Diels-Alder addition is carried out by reacting a compound of the
      formula VII with a freshly distilled vinyl ketone of the formula VIII in a
      suitable inert solvent, preferably benzene, at a temperature between
      0.degree.C and the boiling point of the solvent, preferably at the reflux
      temperature of the reaction mixture. The reaction product is isolated and
      crystallized by conventional methods after completion of the reaction.
PAC  Method F
PAR  For the preparation of a compound of the formula I wherein R is methyl or
      acetyl, by methylating or acetylating, respectively, a compound of the
      formula I wherein R is hydrogen.
PAR  The methylation is effected in conventional manner, that is, by reacting
      the starting compound with a conventional methylating agent, such as
      diazomethane, a methyl ester of an inorganic acid, preferably
      dimethylsulfate, or a phenyl trimethylammonium compound.
PAR  The acetylation is effected with conventional acetylating agents, such as
      an acetyl halide, preferably acetyl chloride, or acetic acid anhydride.
PAR  The starting compounds required for methos A to D are, to a large extent,
      known compounds or may be prepared by known methods.
PAR  For instance, a compound of the formula II may be obtained by first
      converting a Diels-Alder adduct of thebaine and a vinyl ketone of the
      formula
      ##SPC11##
PAL  wherein R.sub.1 has the same meanings as in formula I, into a ketal of the
      formula
      ##SPC12##
PAL  wherein R.sub.1, R.sub.4, R.sub.5 and Z have the meanings previously
      defined, subjecting the latter to cyanogen bromide degradation to form the
      corresponding northebaine derivative of the formula
      ##SPC13##
PAL  wherein R.sub.1, R.sub.4, R.sub.5 and Z have the meanings previously
      defined, and subjecting the northebaine derivative to alkaline ether
      cleavage to form the corresponding nororipavine derivative of the formula
      ##SPC14##
PAL  wherein R.sub.1, R.sub.4, R.sub.5 and Z have the meanings previously
      defined. Hydrolysis of the ketals of the formulas XI and XII yields the
      corresponding ketones of the formula II.
PAR  An O-acetyl derivative of the formula II is obtained, for example, by
      benzylating a ketal of the formula XII, subjecting the benzylation product
      to alkaline anisole cleavage to form the corresponding 3-hydroxy compound,
      followed by acetylation, de-benzylation and ketal cleavage.
PAR  A compound of the formula IV may be prepared by reacting a ketal of the
      formula XI or XII with a compound of the formula III, or by reacting a
      ketal of the formula XI or XII with an acyl halide of the formula
      ##SPC15##
PAL  wherein R.sub.3 and Y have the meanings previously defined and X' is
      halogen, preferably chlorine, to form a ketal of the formula
      ##SPC16##
PAL  wherein R.sub.1, R.sub.3, R.sub.4, R.sub.5, Y and Z have the same meanings
      as in formula I and R' is hydrogen or methyl, followed by reduction of
      compound XIV with a complex metal hydride, such as lithium aluminum
      hydride.
PAR  By acetylation of a compound of the formula IV wherein R is hydrogen the
      corresponding O-acetyl derivative is obtained.
PAR  A compound of the formula VII is obtained by alkylating northebaine or
      nororipavine with a compound of the formula III; or also by acylating
      northebaine or nororipavine with an acyl halide of the formula XIII,
      followed by reduction with a complex metal hydride, preferably lithium
      aluminum hydride. The reduction with a complex metal hydride
      simultaneously splits off an O-acyl group, wherefor this process always
      yields a compound of the formula VII wherein R is hydrogen. This
      3-hydroxy-substituted derivative may then be converted into the
      corresponding 3-acetoxy-substituted compound by acetylation in
      conventional manner.
PAR  The 6,14-endoetheno compounds of the formulas II, IV, IX, XI, XII and XIV,
      i.e. those wherein Z is --CH=CH--, may readily be converted into their
      saturated 6,14-endoethano analogs, i.e. wherein Z is --CH.sub.2 --CH.sub.2
      --, by catalytic hydrogenation.
PAR  The compounds embraced by formulas III, V, VI and VIII are all known
      compounds, and many of them are readily available in commerce.
PAR  The compounds of the formula I are bases and therefore form acid addition
      salts with inorganic or organic acids. Examples of non-toxic,
      pharmacologically acceptable acid addition salts are those formed with
      hydrochloric acid, hydrobromic acid, hydriodic acid, hydrofluoric acid,
      sulfuric acid, phosphoric acid, nitric acid, acetic acid, propionic acid,
      butyric acid, valeric acid, pivalic acid, caproic acid, oxalic acid,
      malonic acid, succinic acid, maleic acid, fumaric acid, lactic acid,
      tartaric acid, citric acid, malic acid, benzoic acid, phthalic acid,
      cinnamic acid, salicylic acid, ascorbic acid, 8-chlorotheophylline,
      methanesulfonic acid, ethanephosphonic acid or the like.
DETD
PAR  The following examples further illustrate the present invention and will
      enable others skilled in the art to understand it more completely. It
      should be understood, however, that the invention is not limited solely to
      the particular examples given below.
PAC  EXAMPLE 1
PAC  N-(2'-Methyl-3'-furylmethyl)-7.alpha.-acetyl-6,14-endoethenotetrahydro-nort
     hebaine and its hydrochloride by method A
PAR  A mixture consisting of 4.04 gm (0.01 mol) of
      6,14-endoetheno-7.alpha.-acetyl-tetrahydro-northebaine hydrochloride, 2.52
      gm (0.03 mol) of sodium bicarbonate, 1.43 gm (0.011 mol) of
      2-methyl-3-chloromethyl-furan and 50 ml of a 2:1 mixture of
      tetrahydrofuran and dimethylformamide was refluxed for four hours.
      Thereafter, the reaction mixture was evaporated in vacuo, the residue was
      taken up in methylene chloride, and the resulting solution was washed six
      times with water, dried with sodium sulfate and evaporated in vacuo,
      leaving as a residue 4.6 gm of the free base
      N-(2'-methyl-3'-furylmethyl)-7.alpha.-acetyl-6,14-endoetheno-tetrahydro-no
     rthebaine.
PAR  The free base was dissolved in 10 ml of ethanol, the resulting solution was
      acidified with 2 ml of 5 N ethanolic hydrochloric acid, and then 10 ml of
      ether were added, whereby a crystalline substance separated out which was
      collected. 3 gm (60 percent of theory) of the hydrochloride of the formula
      ##SPC17##
PAL  where Z is --CH=CH--, were obtained. The hydrochloride had a melting point
      of 172.degree.-174.degree.C (foaming).
PAC  EXAMPLE 2
PAR  Using a procedure analogous to that described in Example 1,
      N-furfuryl-6,14-endoetheno-7.alpha.-acetyl-tetrahydronorthebaine and 29%
      of theory of its hydrochloride, m.p. 187.degree.-190.degree.C, were
      obtained from 6,14-endoetheno-7.alpha.-acetyltetrahydro-northebaine
      hydrochloride and furfuryl chloride.
PAC  EXAMPLE 3
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-furylmethyl)-6,14-endoetheno-7.alpha.-acetyltetrahydro-northebaine
      and 86% of theory of its hydrochloride were obtained from
      6,14-endoetheno-7.alpha.-acetyl-tetrahydro-northebaine hydrochloride and
      3-chloromethyl-furan.
PAR  Since neither the free base nor the hydrochloride could be crystallized,
      the base was purified by chromatography on aluminum oxide (activity II,
      neutral) with chloroform, and the hydrochloride was dried as a foam.
      R.sub.f -value: 0.7 (thin-layer chromatogram on silica gel; flow agent:
      Chloroform/methanol/ammonia = 90:9:1 ml).
PAC  EXAMPLE 4
PAR  Using a procedure analogous to that described in Example 1,
      N-furfuryl-6,14-endoetheno-7.alpha.-acetyl-tetrahydro-nororipavine and 55%
      of theory of its hydrochloride, m.p. 210.degree.-215.degree.C, were
      obtained from 6,14-endoetheno-7.alpha.-actyl-tetrahydro-nororipavine and
      furfuryl chloride.
PAC  EXAMPLE 5
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-furylmethyl)-6,14-endoetheno-7.alpha.-acetyl-tetrahydro-nororipavine
      and 57% of theory of its hydrochloride, m.p. 228.degree.C (decomp.), were
      obtained from 6,14-endoetheno-7.alpha.-acetyl-tetrahydro-nororipavine and
      3-chloromethyl-furan.
PAC  EXAMPLE 6
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-acetyl-tetrahydro-no
     roripavine and 76% of theory of its hydrochloride, m.p. 185.degree.C
      (decomp.), were obtained from
      6,14-endoetheno-7.alpha.-acetyl-tetrahydro-nororipavine and
      2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 7
PAR  Using a procedure analogous to that described in Example 1, 71% of theory
      of N-furfuryl-6,14-endoetheno-7.alpha.-benzoyl-tetrahydro-northebaine,
      m.p. 164.degree.-166.degree.C, was obtained from
      6,14-endoetheno-7.alpha.-benzoyl-tetrahydro-northebaine and furfuryl
      chloride.
PAC  EXAMPLE 8
PAR  Using a procedure analogous to that described in Example 1, 73% of theory
      of N-(3'-furylmethyl)-6,14-endoetheno-7.alpha.-benzoyl-tetrahydro-northeba
     ine, m.p. 148.degree.-150.degree.C, was obtained from
      6,14-endoetheno-7.alpha.-benzoyl-tetrahydro-northebaine and
      3-chloromethyl-furan.
PAC  EXAMPLE 9
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-benzoyl-tetrahydro-n
     orthebaine and 68% of theory of its hydrochloride, m.p.
      180.degree.-184.degree.C, were obtained from
      6,14-endo-etheno-7.alpha.-benzoyl-tetrahydro-northebaine and
      2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 10
PAR  Using a procedure analogous to that described in Example 1, 67% of theory
      of N-furfuryl-6,14-endoethano-7.alpha.-acetyl-tetrahydro-northebaine, m.p.
      111.degree.-112.degree.C, was obtained from
      6,14-endoethano-7.alpha.-acetyl-tetrahydro-northebaine and furfuryl
      chloride.
PAC  EXAMPLE 11
PAR  Using a procedure analogous to that described in Example 1, 59.4% of theory
      of
      N-(3'-furylmethyl)-6,14-endo-ethano-7.alpha.-acetyl-tetrahydro-northebaine
     , m.p. 104.degree.-106.degree.C, was obtained from
      6,14-endoethano-7.alpha.-acetyl-tetrahydro-northebaine and
      3-chloromethyl-furan.
PAC  EXAMPLE 12
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-thienylmethyl)-6,14-endoetheno-7.alpha.-acetyl-tetrahydro-nororipavi
     ne and 66% of theory of its hydrochloride, m.p. 234.degree.-236.degree.C,
      were obtained from 6,14-endoetheno-7.alpha.-acetyl-tetrahydro-nororipavine
      and 3-chloromethyl-thiophene.
PAC  EXAMPLE 13
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-thienylmethyl)-6,14-endoethano-7.alpha.-acetyl-tetrahydro-northebain
     e and 71.7% of theory of its hydrochloride, m.p. 182.degree.-189.degree.C,
      were obtained from 6,14-endoethano-7.alpha.-acetyl-tetrahydro-northebaine
      and 3-chloromethyl-thiophene.
PAC  EXAMPLE 14
PAR  Using a procedure analogous to that described in Example 1, 70% of theory
      of N-thenyl-6,14-endoetheno-7.alpha.-acetyl-tetrahydro-northebaine, m.p.
      138.degree.-139.degree.C, was obtained from
      6,14-endoetheno-7.alpha.-acetyl-tetrahydro-northebaine and
      2-chloromethyl-thiophene.
PAC  EXAMPLE 15
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoethano-7.alpha.-acetyl-tetrahydro-no
     rthebaine and 67% of theory of its hydrochloride, m.p.
      175.degree.-178.degree.C, were obtained from
      6,14-endoethano-7.alpha.-acetyl-tetrahydro-northebaine and
      2-methyl-3-chloromethylfuran.
PAC  EXAMPLE 16
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-thienylmethyl)-6,14-endoetheno-7.alpha.-acetyl-tetrahydro-northebain
     e and 44% of theory of its hydrochloride, m.p. 224.degree.C, were obtained
      from 6,14-endoetheno-7.alpha.-acetyltetrahydro-northebaine hydrochloride
      and 3-bromomethyl-thiophene.
PAC  EXAMPLE 17
PAR  Using a procedure analogous to that described in Example 1, 49% of theory
      of N-thenyl-6,14-endoetheno-7.alpha.-acetyl-tetrahydro-nororipavine, m.p.
      193.degree.-194.degree.C, was obtained from
      6,14-endoetheno-7.alpha.-acetyl-tetrahydro-nororipavine hydrochloride and
      2-chloromethyl-thiophene.
PAC  EXAMPLE 18
PAR  Using a procedure analogous to that described in Example 1,
      N-thenyl-6,14-endoethano-7.alpha.-acetyl-tetrahydro-northebaine and 72% of
      theory of its hydrochloride, m.p. 185.degree.-186.degree.C, were obtained
      from 6,14-endoethano-7.alpha.-acetyltetrahydro-northebaine and
      2-chloromethyl-thiophene.
PAC  EXAMPLE 19
PAC  N-(3'-Methyl-furfuryl)-6,14-endoetheno-7.alpha.-acetyl-tetrahydronororipavi
     ne by method B
PAR  1.7 gm (4.26 millimols) of
      6,14-endoetheno-7.alpha.-(1',1'-dimethoxy-ethyl)-tetrahydro-nororipavine
      were suspended in 25 ml of methanol, the suspension was admixed with a
      solution of 1.06 gm (7.67 millimols) of potassium carbonate in 4 ml of
      water, and, while cooling the resulting mixture, 0.676 gm (4.7 millimols)
      of 3-methyl-furan-2-carboxylic acid chloride was added dropwise thereto
      over a period of 20 minutes. The resulting mixture was stirred for one
      hour and was thereafter evaporated in vacuo. The residue was dissolved in
      methylene chloride, the resulting solution was washed several times with
      water, then with dilute hydrochloric acid, subsequently with dilute sodium
      bicarbonate solution and finally again with water, and the organic phase
      was dried over sodium sulfate and evaporated in vacuo. The residue was
      dissolved in 18 ml of absolute tetrahydrofuran, the resulting solution was
      added dropwise to a suspension of 0.323 gm (8.52 millimols) of lithium
      aluminum hydride in 18 ml of absolute tetrahydrofuran, and the mixture was
      stirred for one hour. Thereafter,  50 ml of a saturated aqueous diammonium
      tartrate solution were added, and the aqueous phase was separated and
      washed twice with methylene chloride. The tetrahydrofuran phase was
      evaporated, the residue was dissolved in the combined methylene chloride
      wash solutions, and the resulting solution was washed several times with
      water, dried over sodium sulfate and evaporated.
PAR  For the purpose of effecting the ketal cleavage, the residue was dissolved
      in dilute sulfuric acid, the resulting solution was stirred for half an
      hour, made alkaline with ammonia and extracted with methylene chloride,
      and the organic extract solution was dried over sodium sulfate and again
      evaporated in vacuo. The residue was recrystallized from a little
      methanol, yielding 0.3 gm (16% of theory) of
      N-(3'-methyl-furfuryl)-6,14-endoetheno-7.alpha.-acetyl-tetrahydronororipav
     ine with a melting point of 198.degree.-200.degree.C.
PAC  EXAMPLE 20
PAC  N-(3'-Furylmethyl)-6,14-endoetheno-7.alpha.-formyl-tetrahydro-northebaine
      and its hydrochloride by method E
PAR  A solution of 2.97 gm (0.01 mol) of northebaine, 1.26 gm of sodium
      bicarbonate and 1.2 gm (0.011 mol) of 3-chloromethyl-furan in 25 ml of
      tetrahydrofuran/dimethylformamide (2:1) was refluxed for three hours.
      Thereafter, the reaction mixture was evaporated in vacuo, the residue was
      dissolved in methylene chloride, the resulting solution was washed several
      times with water, and the organic phase was dried over sodium sulfate and
      evaporated. The residue was chromatographed with chloroform on basic
      aluminum oxide (activity III), yielding 1.8 gm of
      N-(3-furylmethyl)-northebaine.
PAR  The product thus obtained was dissolved in 50 ml of benzene, the resulting
      solution was admixed with 2 ml of acrolein, and the mixture was refluxed
      for 40 hours. Thereafter, the reaction solution was evaporated in vacuo,
      the residue was dissolved in dilute hydrochloric acid, and the solution
      was extracted twice with benzene. The aqueous phase was made alkaline with
      ammonia and was then extracted with methylene chloride, and the organic
      extract solution was dried over sodium sulfate and evaporated in vacuo,
      leaving 1.3 gm of an oil which was identified to be the free base
      N-(3'-furylmethyl)-6,14-endoetheno-7.alpha.-formyl-tetrahydronorthebaine.
PAR  The free base was admixed with ethanolic hydrochloric acid, and the solid
      substance formed thereby was collected and recrystallized from
      ethanol/ether, yielding 1.3 gm (about 28% of theory) of the hydrochloride
      which had a melting point of 190.degree.-193.degree.C.
PAC  EXAMPLE 21
PAR  Using a procedure analogous to that described in Example 20,
      N-furfuryl-6,14-endoethano-7.alpha.-formyl-tetrahydronorthebaine and 18%
      of theory of its chromatographically pure hydrochloride of the formula
      ##SPC18##
PAL  wherein Z is --CH.sub.2 --CH.sub.2 --, were obtained. The hydrochloride
      could not be crystallized and was dried as a foam.
PAC  EXAMPLE 22
PAR  Using a procedure analogous to that described in Example 20, 37% of theory
      of
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-formyl-tetrahydro-no
     rthebaine, m.p. 117.degree.-120.degree.C, was obtained from northebaine,
      2-methyl-3-chloromethyl-furan and acrolein.
PAC  EXAMPLE 23
PAC  N-(3'-Methyl-furfuryl)-6,14-endoetheno-7.alpha.-formyl-tetrahydronorthebain
     e by method E
PAR  A suspension of 2.97 gm (0.01 mol) of northebaine in 50 ml of methanol was
      admixed with a solution of 2.5 gm of potassium carbonate in 4 ml of water,
      the mixture was cooled to 10.degree.C, 1.74 gm (0.011 mol) of
      3-methyl-furan-2-carboxylic acid chloride were added over a period of ten
      minutes, and the resulting mixture was vigorously stirred for five hours.
      Thereafter, the methanol was removed from the reaction mixture by
      evaporation, and the residue was shaken with a mixture of methylene
      chloride and water. The organic phase was separated, washed twice with 2 N
      hydrochloric acid and twice with water, dried with sodium sulfate and
      evaporated in vacuo, leaving a light oil which was immediately dissolved
      in 50 ml of absolute tetrahydrofuran. The resulting solution was added
      dropwise at 5.degree. to 10.degree.C to a suspension of 0.76 gm (0.02 mol)
      of lithium aluminum hydride in 25 ml of tetrahydrofuran, while stirring,
      and the resulting mixture was stirred overnight at room temperature.
      Thereafter, the reaction mixture was placed on an ice bath and, while
      vigorously stirring, 1.5 ml of water were added dropwise, the mixture was
      then admixed with 75 ml of a saturated aqueous diammonium tartrate
      solution, stirred for one hour and allowed to separate in a separator
      funnel. The tetrahydrofuran (upper) phase was isolated and evaporated; the
      aqueous phase was extracted three times with methylene chloride. The
      evaporation residue of the tetrahydrofuran phase was dissolved in the
      combined methylene chloride phases, and the resulting solution was washed
      several times with water, dried over sodium sulfate and evaporated. The
      residual oil was recrystallized from methanol, yielding 2 gm of
      N-(3-methylfurfuryl)-northebaine with a melting point of
      151.degree.-154.degree.C.
PAR  All of the product thus obtained was dissolved in 150 ml of benzene, the
      solution was admixed with 3 ml of acrolein, and the mixture was refluxed
      for forty hours. Thereafter, the reaction mixture was worked up as
      described in Example 20, yielding 1.3 gm (38% of theory) of
      N-(3'-methyl-furfuryl)-6,14-endoetheno-7.alpha.-formyl-tetrahydro-northeba
     ine with a melting point of 112.degree.-115.degree.C.
PAC  EXAMPLE 24
PAC  N-Furfuryl-3-(0-acetyl)-6,14-endoetheno-7.alpha.-acetyl-tetrahydronororipav
     ine by method F
PAR  A mixture consisting of 4.33 gm (0.01 mol) of
      N-furfuryl-6,14-endoetheno-7.alpha.-acetyl-tetrahydro-nororipavine, 10 ml
      of acetic acid anhydride and 0.82 gm (0.01 mol) of sodium acetate was
      heated for one hour at 100.degree.C. Thereafter, the reaction mixture was
      allowed to cool, was then poured over 100 gm of ice, and after an interval
      of five minutes the solution was made alkaline with aqueous 30% sodium
      hydroxide. The resulting suspension was extracted with methylene chloride,
      and the organic phase was washed several times with water and aqueous
      sodium bicarbonate, dried over sodium sulfate and evaporated in vacuo,
      yielding 2.6 gm (50% of theory) of the compound of the formula
      ##SPC19##
PAL  wherein Z is --CH=CH--, which had a melting point of
      70.degree.-71.degree.C.
PAC  EXAMPLE 25
PAC  N-(5'-Methyl-furfuryl)-7.alpha.-acetyl-6,14-endoetheno-tetrahydro-northebai
     ne and its hydrochloride by method C
PAR  4.04 gm (0.01 mol) of 6,14-endoetheno-7.alpha.-acetyltetrahydro-northebaine
      hydrochloride were converted into the free base with dilute aqueous
      ammonia in methylene chloride, the free base was dissolved in 10 ml of
      aqueous 50% acetic acid, and, while stirring the solution, 1.0 gm of
      aqueous 30% formaldehyde (0.01 mol formaldehyde) were added thereto.
      Subsequently, 0.82 gm (0.01 mol) of 2-methyl-furan was slowly added
      dropwise while stirring, and the resulting mixture was stirred at room
      temperature for 15 hours. Thereafter, the reaction mixture was admixed
      with ice and was then made alkaline with concentrated ammonia. The
      resulting aqueous mixture was now extracted with methylene chloride, and
      the organic extract solution was washed several times with water, dried
      over sodium sulfate and evaporated. The residue, the free base
      N-(5'-methyl-furfuryl)-6,14-endoetheno-7.alpha.-acetyltetrahydro-northebai
     ne, was treated with ethanolic hydrochloric acid, yielding 1.8 gm (39% of
      theory) of the hydrochloride which had a melting point of
      180.degree.-185.degree.C.
PAR  The compounds of the present invention, that is, those embraced by formula
      I and their non-toxic, pharmacologically acceptable acid addition salts,
      have useful pharmacodynamic properties. More particularly, the compounds
      of the instant invention exhibit non-narcotic analgesic and antitussive
      activities in warm-blooded animals, such as mice and rats.
PAR  All of the compounds of the present invention proved to be ineffective as
      analgesics in the Haffner test for analgesia [Deutsche Medizinische
      Wochenscrift 55, 731 (1929)] on mice and rats.
PAR  On the other hand, the compounds of this invention exhibit a distinct,
      dose-dependent analgesic activity in more sensitive pharmacological tests
      for analgesia, such as the hot-plate test [J. Pharmacol. Exp. Therap. 80,
      300 (1944)] or the writhing test [J. Pharmacol. Exp. Therap. 154, 319
      (1966)].
PAR  In accordance with presently prevailing teachings [Adv. Chem. Soc. 49,
      162-169 (1964)], inactivity in the Haffner test is indicative of
      non-narcotic properties, while activity in the hot-plate test and/or
      writhing test proves analgesic properties.
PAR  For pharmaceutical purposes the compounds according to the present
      invention are administered to warm-blooded animals perorally, enterally or
      parenterally as active ingredients in customary dosage unit compositions,
      that is, compositions in dosage unit form consisting essentially of an
      inert pharmaceutical carrier and one effective dosage unit of the active
      ingredient, such as tablets, coated pills, capsules, wafers, powders,
      solutions, suspensions, emulsions, syrups, suppositories and the like. One
      effective oral analgesic and antitussive dosage unit of the compounds
      according to the present invention is from 0.016 to 6.7 mgm/kg body
      weight, preferably 0.41 to 3.4 mgm/kg body weight.
PAR  The following examples illustrate a few pharmaceutical dosage unit
      compositions comprising a compound of the present invention as an active
      ingredient and represent the best modes contemplated of putting the
      invention into practical use. The parts are parts by weight unless
      otherwise specified.
PAC  EXAMPLE 26
PAC  Tablets
PAR  The tablet composition is compounded from the following ingredients:
     N-Furfuryl-7.alpha.-acetyl-6,14-endoetheno-                               

     tetrahydro-northebaine hydrochloride                                      

                                50.0 parts                                     

     Lactose                    95.0 parts                                     

     Corn starch                45.0 parts                                     

     Colloidal silicic acid     2.0 parts                                      

     Soluble starch             5.0 parts                                      

     Magnesium stearate         3.0 parts                                      

     Total                     200.0 parts                                     

PAL  Preparation
PAR  The northebaine compound is intimately admixed with the lactose and the
      corn starch, the mixture is moistened with an aqueous 10% solution of the
      soluble starch, the moist mass is forced through a 1 mm-mesh screen, the
      resulting granulate is dried at 40.degree.C, the dry granulate is admixed
      with the colloidal silicic acid, and the composition is compressed into
      200 mgm-tablets in a conventional tablet making machine. Each tablet
      contains 50 mgm of the northebaine compound and is an oral dosage unit
      composition with effective analgesic and antitussive actions.
PAC  EXAMPLE 27
PAC  Coated pills
PAR  The pill core composition is compounded from the following ingredients:
TBL  N-Furfuryl-6,14-endoetheno-7.alpha.-acetyl-                               

     tetrahydro-northebaine hydrochloride                                      

                                75.0 parts                                     

     Lactose                   100.0 parts                                     

     Corn starch                65.0 parts                                     

     Colloidal silicic acid     2.0 parts                                      

     Soluble starch             5.0 parts                                      

     Magnesium stearate         3.0 parts                                      

     Total                     200.0 parts                                     

PAL  Preparation
PAR  The ingredients are compounded in the same manner as in Example 26, and the
      composition is compressed into 250 mgm-pill cores which are subsequently
      coated with a thin shell consisting essentially of a mixture of sugar,
      talcum and gum arabic and finally polished with beeswax. Each coated pill
      contains 75 mgm of the northebaine compound and is an oral dosage unit
      composition with effective analgesic and antitussive activities.
PAC  EXAMPLE 28
PAC  Suppositories
PAR  The suppository composition is compounded from the following ingredients:
TBL  N-(3"-Furylmethyl)-6,14-endoetheno-7.alpha.-                              

     acetyl-tetrahydro-northebaine hydro-                                      

     chloride                   50.0 parts                                     

     Lactose                    250.0 parts                                    

     Suppository base (e.g. cocoa butter)                                      

                               1400.0 parts                                    

     Total                     1700.0 parts                                    

PAL  Preparation
PAR  The northebaine compound is intimately admixed with the lactose, and the
      mixture is blended with the aid of an immersion homogenizer into the
      suppository base which had previously been melted and cooled to about
      40.degree.C. 1700 mgm-portions of the composition are poured into cooled
      suppository molds and allowed to harden therein. Each suppository contains
      50 mgm of the northebaine compound and is a rectal dosage unit composition
      with effective analgesic and antitussive actions.
PAC  EXAMPLE 29
PAC  Hypodermic solution
PAR  The solution is compounded from the following ingredients:
TBL  N-(2'-Methyl-3'-furylmethyl)-6,14-                                        

     endoetheno-7.alpha.-acetyl-tetrahydro-                                    

     northebaine hydrochloride 75.0 parts                                      

     Sodium chloride            5.0 parts                                      

     Double-distilled water q.s.ad                                             

                               2000.0 parts                                    

                               by vol.                                         

PAL  Preparation
PAR  The northebaine compound and the sodium chloride are dissolved in the
      double-distilled water, the solution is filtered until free from suspended
      particles, and the filtrate is filled under aseptic conditions into 2
      cc-ampules which are subsequently sterilized and sealed. Each ampule
      contains 75 mgm of the northebaine compound, and its contents are an
      injectable dosage unit composition with effective analgesic and
      antitussive actions.
PAC  EXAMPLE 30
PAC  Drop solution
PAR  The solution is compounded from the following ingredients:
TBL  N-Furfuryl-6,14-endoetheno-7.alpha.-                                      

     acetyl-tetrahydro-northebaine                                             

     hydrochloride              0.70 parts                                     

     Methyl p-hydroxy-benzoate  0.07 parts                                     

     Propyl p-hydroxy-benzoate  0.03 parts                                     

     Demineralized water q.s.ad                                                

                               100.0 parts                                     

                               by vol.                                         

PAL  Preparation
PAR  The northebaine compound and the p-hydroxy-benzoates are dissolved in the
      demineralized water, the solution is filtered, and the filtrate is filled
      into 100 ml-bottles. 10 ml of the solution contain 70 mgm of the
      northebaine compound and are an oral dosage unit composition with
      effective analgesic and antitussive actions.
PAR  Analogous results are obtained when any one of the other compounds embraced
      by formula I or a non-toxic acid addition salt thereof is substituted for
      the particular northebaine compound in Examples 26 through 30. Likewise,
      the amount of active ingredient in these illustrative examples may be
      varied to achieve the dosage unit range set forth above, and the amounts
      and nature of the inert pharmaceutical carrier ingredients may be varied
      to meet particular requirements.
PAR  While the present invention has been illustrated with the aid of certain
      specific embodiments thereof, it will be readily apparent to others
      skilled in the art that the invention is not limited to these particular
      embodiments, and that various changes and modifications may be made
      without departing from the spirit of the invention or the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC20##
PAL  wherein
PA1  R is hydrogen, methyl or acetyl,
PA1  R.sub.1 is methyl, phenyl or hydrogen,
PA1  Z is --CH=CH-- or --CH.sub.2 --CH.sub.2 --, and
PA1  R.sub.3 is hydrogen or methyl,
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1, which is of the formula
      ##SPC21##
PAL  wherein
PA1  R is hydrogen, methyl or acetyl,
PA1  Z is --CH=CH-- or --CH.sub.2 --CH.sub.2 --, and
PA1  R.sub.3 is hydrogen or methyl,
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  3.
PAR  3. A compound of claim 1, which is of the formula
      ##SPC22##
PAL  wherein
PA1  R.sub.1 is methyl or phenyl, and
PA1  Z is --CH=CH-- or --CH.sub.2 --CH.sub.2 --,
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  4.
PAR  4. A compound of claim 1, which is
      N-furfuryl-6,14-endoetheno-7.alpha.-acetyl-tetrahydro-northebaine or a
      non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  5.
PAR  5. A compound of claim 1, which is
      N-(3'-furylmethyl)-6,14-endoetheno-7.alpha.-acetyl-tetrahydro-northebaine
      or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  6.
PAR  6. A compound of claim 1, which is
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-acetyl-tetrahydro-no
     rthebaine or a non-toxic, pharmacologically acceptable acid addition salt
      thereof.
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ABST
PAL  Compounds having the formula
      ##SPC1##
PAL  In which R is cyclopropyl or cyclobutyl have been designated
      3-hydroxy-17-substituted-5,6-benzomorphinans. The compounds possess potent
      narcotic agonist and/or antagonist activity. In particular, the compounds
      3-hydroxy-17-cyclopropylmethyl-5,6-benzomorphinan and
      3-hydroxy-17-cyclobutylmethyl-5,6-benzomorphinan have been found to
      possess both activities. These compounds are prepared by total synthesis
      and are not derived from opium alkaloids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention embodies new and novel compounds useful as analgesics and/or
      narcotic antagonists and a new and novel total synthesis for their
      preparation.
PAR  2. Description of the Prior Art
PAR  A. The synthesis of N-cyclopropylmethyl-3-hydroxymorphinan and
      N-cyclobutylmethyl-3-hydroxymorphinan is reported in Chemical Abstracts,
      63, columns 18050 - 18051 (abstract of Belgian Pat. No. 644,679). These
      compounds are reported to be analgesics and antagonists to meperidine.
PAR  B. The synthesis of
      3-carboxamido-1,2,3,4,5,6-hexahydro-2,6-methano-3-benzazocin-8-ol, having
      the formula
      ##SPC2##
PAL  Is described by F. B. Block and F. H. Clarke in J. Med. Chem., 12, pages
      845 - 847 (1969). This paper reports the compound to be an orally
      effective analgetic and to have an unusual freedom from physical
      dependence capacity in the monkey.
PAR  C. The synthesis of various 6,7-benzomorphan derivatives and their
      analgetic activity is reported by K. Kanematsu, M. Takedo, A. Jacobson and
      E. May in J. Med. Chem., 12, pages 405 - 408 (1968) and by S. Fullerton,
      E. May and E. Becker in J. Org. Chem., 27, pages 2144 - 2147 (1962).
PAC  SUMMARY OF THE INVENTION
PAR  Compounds having the formula
      ##SPC3##
PAL  Wherein R is selected from the group comprising
      ##SPC4##
PAL  Or pharmaceutically acceptable acid addition salts thereof are analgetic
      agents, narcotic antagonists or intermediates in the preparation of such
      agents.
PAC  DISCLOSURE OF THE INVENTION
PAR  This invention relates to new and novel
      3-hydroxy-17-substituted-5,6-benzomorphinan derivatives having the formula
      ##SPC5##
PAL  Wherein R.sup.1 is selected from the group comprising
      ##SPC6##
PAL  Or pharmaceutically acceptable acid addition salts thereof.
PAR  Drug abuse by thrill-seeking youth or by people looking for an escape from
      the realities of every day life has become more and more commonplace in
      our present society. One class of widely abused drugs are the narcotic
      analgetics such as codeine, morphine, meperidine, etc. It is because of
      the high addictive potential of these agents that much time and money are
      being expended by the pharmaceutical industry and by governments to try
      and discover and develop new non-addicting analgetics and/or narcotic
      antagonists.
PAR  It was, therefore, an object of the present invention to find new and novel
      compounds that have these characteristics.
PAR  It was further an object of the present invention to develop a method of
      synthesis that would not be dependent upon opium alkaloids as starting
      materials and yet would be commercially feasible.
PAR  The objectives of the present invention have been achieved by the provision
      of 3-hydroxy-17-substituted-5,6-benzomorphinan derivatives and by their
      total synthesis from the readily available starting material 1-tetralone
      or 3,4-dihydro-1-methyl napthalene.
PAR  The compounds of the instant invention have the basic 5,6-benzomorphinan
      nucleus which is numbered and represented by the following plane formula:
      ##SPC7##
PAR  Although there are three asymetric carbons (asterisks) in the morphinan
      molecule, only two diastereoisomeric (racemic) forms are possible, because
      the iminoethano system, attached to position 9 and 13, is geometrically
      contained to a cis-(1,3-diaxial)-fusion. These racemates can, therefore,
      differ only in the configuration of carbon 14. The only variable will be
      the cis and trans relationship between the 5 (13) and 8 (14) bonds.
      (Analgetics, Ed. George de Stevens, Academic Press, New York, p. 137
      (1965). The compounds claimed herein have a cis relationship between the
      5(13) and 8(14) bonds and are, therefore, morphinans and not
      isomorphinans.
PAR  The present invention embodies all of the optical isomers. The optical
      isomers can be separated and isolated by fractional crystallization of the
      diastereoisomeric salts formed, for instance, with d- or l- tartaric acid
      or D-(+)-.alpha.-bromocamphor sulfonic acid. The levorotatory isomers of
      the compounds of the present invention are the most preferred embodiments.
PAR  The term "pharmaceutically acceptable acid addition salt" is defined to
      include all those inorganic and organic acid salts of the compounds of the
      instant invention, which salts are commonly used to produce nontoxic salts
      of medicinal agents containing amine functions. Illustrative examples
      would be those salts formed by mixing the compounds of formula I with
      hydrochloric, sulfuric, nitric, phosphoric, phosphorous, hydrobromic,
      maleic, malic, ascorbic, citric or tartaric, pamoic, lauric, stearic,
      palmitic, oleic, myristic, lauryl sulfuric, napthalinesulfonic, linoleic
      or linolenic acid, and the like.
PAR  The compounds of the instant invention are prepared by a total synthesis
      comprising the steps outlined in the following chart:
      ##SPC8##
PAR  The processes for the preparation of the compounds of this invention are
      new and novel. In accordance with this invention, the compound
      4-(4-methoxybenzyl)-3-methyl-1,2,3,4,5,6-hexahydrobenz[f]isoquinoline (IV)
      which may be prepared by two alternate processes as described hereinafter
      in Examples 1 - 3 and Example 10, is cyclized by heating it in the
      presence of hydrobromic acid to form
      3-hydroxy-17-methyl-5,6-benzomorphinan (V). Compound V is then converted
      to its acetate ester (VI), by treating it with acetic acid, the ester VI
      is N-demethylated by treating it with cyanogen bromide to give
      3-acetoxy-17-cyano-5,6-benzomorphinan (VII) and this compound is reduced
      by treatment with lithium aluminum hydride to form
      3-hydroxy-5,6-benzomorphinan (VIII). Compound VIII is then treated with
      cyclopropylcarbonyl chloride or cyclobutylcarbonyl chloride, followed by
      reduction to obtain 3-hydroxy-17-cyclopropylmethyl-5,6-benzomorphinan or
      3-hydroxy-17-cyclobutylmethyl-5,6-benzomorphinan.
PAR  It is well known in the narcotic analgesic prior art that it is possible
      for some compounds to possess both agonist and antagonist properties. An
      agonist is a compound that imitates a narcotic analgesic and possesses
      analgetic qualities. An antagonist is a compound that counteracts the
      analgetic and euphoric properties of a narcotic analgetic. It is possible
      for a compound to have both properties. A good example of such a compound
      is cyclazocine.
PAR  In vivo testing was conducted on the hydrochloride salts of compounds IX
      and X to determine their agonist and/or antagonist properties. The
      following table represents the results of the experiments. The figures
      reported are the number of milligrams/kilogram of body weight of compound
      that produced an agonist or antagonist effect in 50 percent of the mice
      and rats so tested (ED.sub.50) when administered subcutaneously.
TBL                                    TABLE                                   

     __________________________________________________________________________

              ED.sub.50 (mg./kg.)                                              

              Analgesic Activity                                               

                          Antagonist Activity                                  

              Mouse Phenylquinone                                              

                          Oxymorphone                                          

                                  Morphine Antagonist                          

     Test Compound                                                             

              Writhing.sup.1                                                   

                          Straub Tail.sup.2                                    

                                  Rat Tail Flick.sup.3                         

     __________________________________________________________________________

     dl-IX    .apprxeq.4.5                                                     

                          .apprxeq.40                                          

                                   2.3                                         

     dl-X     .apprxeq.4.5                                                     

                          &gt;40     not done                                     

     Pentazocine                                                               

               3.7         12     12.2                                         

     __________________________________________________________________________

      .sup.1 A 50 percent reduction in number of phenylquinone induced writhing

      [Siegmumd, E.A., et al., Proc. Soc. Biol. & Med 95, p. 729 (1957)].      

      .sup.2 Antagonism of Straub Tail induced by oxymorphone (2 mg./kg. s.c.) 

      in 50 percent of mice.                                                   

      .sup.3 A 50 percent reduction of analgesic effect induced by morphine (15

      mg./kg. s.c.) as measured by the rat tail flick procedure. [Harris L.S., 

      and Person, A.K., J. Pharmacol. & Exptl. Therap. 143, p. 141, (1964)].   

PAR  It is apparent from the testing that compounds IX and X have about the same
      analgesic potency as pentazocine. Although compound IX had little
      antagonist activity, compound X was approximately 5 times more active as
      an antagonist in the rat than was pentazocine. Behavioral studies in the
      dog showed both compounds IX and X to be free of side effects at a
      subcutaneous dose of 2 mg./kg. The normal parenteral dosage of the
      compounds of this invention in adult humans is about 0.25 to 16 mg. three
      to four times a day.
DETD
PAC  EXPERIMENTAL SECTION
PAC  EXAMPLE 1
      ##SPC9##
PAC  4-(2-Aminoethyl)-1,2-dihydronaphthalene (II)
PAR  A solution of 107 g. (1.67 mole) of n-butyl lithium in 288 ml. of hexane
      was cooled to -78.degree.C. and 240 ml. of tetrahydrofuran was added. A
      solution of 24 ml. (0.46 mole) of acetonitrile in 360 ml. of
      tetrahydrofuran was added over 20 minutes. After stirring for 1 hour at
      -78.degree.C., a solution of 58.5 g. (0.40 mole) of 1-tetralone in 400 ml.
      of tetrahydrofuran was added over 15 minutes. The cold bath was removed
      and stirring was continued for another 15 minutes. Lithium aluminum
      hydride, 18 g. (0.48 mole), was added and the mixture was stirred at
      24.degree.C. for 3 hours. After cooling to 0.degree.C., 18 ml. of water
      was added cautiously, followed by 13.5 ml. of 20% by weight of an aqueous
      solution of NaOH and 63 ml. of water. After stirring at 24.degree.C. for
      15 minutes, the inorganic salts were filtered off. The ether solution was
      extracted twice with 500 ml. portions and once with a 100 ml. portion of
      10% by weight aqueous HCl. The aqueous layers were made basic by the
      addition of 25% by weight of NaOH in water and extracted three times with
      500 ml. portions of ether to give a yellow oil. A benzene solution of the
      oil was saturated with HCl gas and refluxed under a water separator until
      water ceased to pass over. After cooling to 10.degree.C., the crystalline
      hydrochloride salt of the product was collected in approximately 70
      percent overall yield.
PAC  EXAMPLE 2
      ##SPC10##
PAC  4-(4-methoxybenzyl)-1,2,3,4,5,6-hexahydrobenz[f]isoquinoline (III)
PAR  Ethanol free sodium ethoxide was mixed with 200 ml. of toluene and cooled
      to 0.degree.C. A solution of p-methoxybenzaldehyde, 56.0 g. (0.412 mole),
      and ethyl chloroacetate, 50.5 g. (0.412 mole), in 200 ml. of toluene was
      added at such a rate that the temperature remained below 10.degree.C.
      After stirring at 24.degree.C. for 16 hours, the mixture was washed twice
      with 400 ml. portions of water and dried over anhydrous sodium sulfate.
      The solvent was evaporated to give a yellow liquid of about 80% purity
      (81.2 g.). The liquid solidified on standing at 5.degree.C. and was
      further purified by washing with a small volume of cold ethanol to give
      pale yellow crystals of ethyl 3-(4-methoxyphenyl)-2,3-epoxypropionate
      having a melting point of between 40.degree. and 43.degree.C.
PAR  A mixture 28.4 g. (0.138 mole) of the hydrochloride salt of
      2-aminoethyl)-1,2-dihydronaphthalene (II) in water (800 ml.) was acidified
      to pH 3 by the addition of hydrochloric acid. The resulting mixture was
      heated under reflux under a nitrogen atmosphere and with vigorous
      stirring, a solution of 38.0 g. (0.172 mole) of ethyl
      3-(4-methoxyphenyl)-2,3-epoxypropionate in 200 ml. of ethanol was added
      dropwise over a period of 8 hours. Reflux was continued for 16 hours, then
      300 ml. of concentrated hydrochloric acid was added. After a further 4
      hours under reflux, the mixture was allowed to cool, and benzene (800
      ml.), hexane (200 ml.) and methanol (200 ml.) were added, the mixture was
      shaken and the aqueous layer separated. The aqueous layer was basic and
      extracted with methylene chloride to give a 56 percent yield of product
      (III). The nuclear magnetic resonance spectrum of the product was
      consistent with the structure.
PAC  EXAMPLE 3
      ##SPC11##
PAC  4-(4-Methoxybenzyl)-3-methyl-1,2,3,4,5,6-hexahydrobenz[f]isoquinoline (IV)
PAR  A solution of 85% formic acid, 1.30 g., and 37% formaldehyde, 2.16 g., was
      added slowly, with cooling, to 3.1 g. (10 mole) of
      4-(4-methoxybenzyl)-1,2,3,4,5,6,-hexahydrobenz[f]isoquinoline (III). The
      mixture was heated gently until CO.sub.2 evolution ceased and was then
      heated under reflux for 5 hours. On cooling, 20 ml. of a 10% by weight
      aqueous solution of NaOH was added and the mixture was extracted with
      methylene chloride to give a yellow oil. This oil was purified via its
      picrate salt as follows:
PAR  The crude product (57.9 g.) was dissolved in 250 ml. of hot ethanol and a
      solution of picric acid (50 g.) in 250 ml. of hot ethanol was added with
      vigorous stirring. After cooling to room temperature, the crude,
      crystalline picrate salt was filtered off. The picrate salt was stirred
      vigorously with 1 l. of refluxing acetone, and the mixture was
      concentrated to 300 ml. On cooling to room temperature, the yellow picrate
      salt having a melting point of 210.degree. - 212.degree.C. (with
      decomposition) was collected. The picrate salt was decomposed by mixing
      with 15 l. of 1% by weight aqueous NaOH and extracting first with 2 l.
      then with 1 l. of methylene chloride. The combined extracts were washed
      with 1 l. of 1% by weight aqueous sodium hydroxide, dried, treated with
      charcoal and evaporated to give 22.9 g. of product (IV) as a yellow-brown
      solid (42% yield) having a melting point of 210.degree. - 212.degree.C.
      (with decomposition). The nuclear magnetic resonance spectrum was
      consistent with the structure.
PAC  EXAMPLE 4
      ##SPC12##
PAC  3-Hydroxy-17-methyl-5,6-benzomorphinan(V)
PAR  A mixture of 10 g. (31 mmole) of
      4-(4-methoxybenzyl)-3-methyl-1,2,3,4,5,6-hexahydrobenz[f]isoquinoline (IV)
      and 100 ml. of 48% by weight of aqueous HBr was heated under a nitrogen
      atmosphere at 135.degree. - 140.degree.C. for 10 days. On cooling, the
      mixture was poured into 200 ml. of ice water, which had been made basic
      with concentrated NH.sub.4 OH. The mixture was then extracted with
      chloroform to give the crude product. The crude product was recrystallized
      from a mixture of benzene and ethanol. This procedure yielded 4.66 g. of
      crystals (49%) having a melting point of 243.degree. - 245.degree.C. (with
      decomposition). The product (V) had a nuclear magnetic resonance spectrum
      which was consistent with the structure.
PAC  EXAMPLE 5
      ##SPC13##
PAC  3-Acetoxy-17-methyl-5,6-benzomorphinan (VI)
PAR  A solution of 6.1 g. (20 mmole) of 3-hydroxy-17-methyl-5,6-benzomorphinan
      (V) in 30 ml. of acetic anhydride was heated at 100.degree.C. for 45
      minutes. On cooling, the solution was poured into 70 ml. of water at
      0.degree.C., stirred for 5 minutes, then made basic by the addition of a
      slight excess of a 45% by weight aqueous potassium hydroxide solution
      while cooling in ice. The resulting mixture was extracted with methylene
      chloride to give 6.9 g. of product (VI) as a pale yellow oil. The infrared
      and nuclear magnetic resonance spectra were consistent with the structure.
PAC  EXAMPLE 6
      ##SPC14##
PAC  3-Acetoxy-17-cyano-5,6-benzomorphinan (VII)
PAR  A solution of 6.8 g. (19.6 mmole) of 3-acetoxy-17-methyl-5,6-benzomorphinan
      (VI) in 36 ml. of chloroform was mixed with a solution of 2.5 g. (24
      mmole) of cyanogen bromide in 30 ml. of chloroform. The resulting solution
      was heated under reflux for 3 hours. The solvent was evaporated to give
      7.5 g. of product (VII) in the form of a brown foam. The infra red and
      nuclear magnetic resonance spectra were consistent with the structure.
PAC  EXAMPLE 7
      ##SPC15##
PAC  3-Hydroxy-5,6-benzomorphinan (VIII)
PAR  A solution of 7.4 g. (20 mmole) of the crude product from Example 6 (VII)
      in 180 ml. of tetrahydrofuran was added over 5 minutes to a stirred
      solution of lithium aluminum hydride in 60 ml. of tetrahydrofuran under a
      nitrogen atmosphere. The stirred mixture was heated under reflux for 16
      hours. The heating source was removed and 42 ml. of saturated aqueous
      sodium chloride was added over a period of 20 minutes. The vigorously
      stirred mixture was heated under reflux for 1 hour. On cooling, the
      resultant precipitate was filtered off and the solvent evaporated to give
      5.9 g. of product in the form of a yellow solid. The product was
      recrystallized from methanol to give cyrstals (VIII) having a melting
      point of 301.degree. - 304.degree.C. (with decomposition). The infra red
      and nuclear magnetic resonance spectra were consistent with the structure.
PAC  EXAMPLE 8
      ##SPC16##
PAC  3-Hydroxy-17-cyclopropylmethyl-5,6-benzomorphinan (IX)
PAR  A solution of 4.2 g. (40 mmole) of cyclopropylcarbonyl chloride in 20 ml.
      of methylene chloride was added over 10 minutes to a slurry of 5.4 g.
      (18.5 mmole) of 3-hydroxy-5,6-benzomorphinan (VIII) and 7.0 ml. (40 mmole)
      of pyridine in 30 ml. of methylene chloride. After stirring at
      24.degree.C. for 30 minutes, the solution was washed successively with
      water, a 10% by weight aqueous solution of NaHCO.sub.3, 10% by weight
      aqueous hydrochloric acid, and water. The solvent was then evaporated to
      give 6.4 g. of a crude ester amide having the formula
      ##SPC17##
PAL  as a yellow foam. A solution of 6.4 g. (15 mmole) of this product in 100
      ml. of tetrahydrofuran was added over 10 minutes to a slurry of 3.5 g. (92
      mmole) of lithium aluminum hydride in 30 ml. of tetrahydrofuran. After
      heating under reflux for 1 hour and cooling, 18.5 ml. of a saturated
      aqueous solution of NaCl was added dropwise. Tetrahydrofuran (30 ml.) was
      added and the mixture was heated under reflux for 30 minutes. On cooling,
      the inorganic salts were filtered off and the solvent was evaporated to
      give the crude product. The product was purified by trituration with a
      mixture of benzene and ethanol to yield 2.51 g. (49%) of an almost
      colorless powder (IX), which had a melting point of 263.degree. -
      265.degree.C. The infra red and nuclear magnetic resonance spectra were
      consistent with the structure.
PAC  EXAMPLE 9
      ##SPC18##
PAC  3-Hydroxy-17-cyclobutylmethyl-5,6-benzomorphinan (X)
PAR  The procedure of Example 8 was repeated except that 4.8 g. (40 mmole) of
      cyclobutylcarbonyl chloride was substituted for the cyclopropylcarbonyl
      chloride of that example. The crude product was recrystallized from a
      mixture of dioxane and water. The product (X) had a melting point of
      224.degree. - 225.degree.C. and a nuclear magnetic resonance spectrum
      which was consistent with the structure.
PAR  Anal. calc'd for C.sub.25 H.sub.29 NO.1/2H.sub.2 O:C, 81.48; H, 8.21; N,
      3.80. Found: C, 81.63; H, 8.27; N, 3.80.
PAC  EXAMPLE 10
PAC  Alternative method for the preparation of
      4-(4-methoxybenzyl)-3-methyl-1,2,3,4,5,6-hexahydrobenz[f]isoquinoline
      (IV).
PAR  A mixture of 86 g. (0.60 mole) of 3,4-dihydro-1-methyl naphthalene, 200 g.
      (2.4 mole) of a 37% by weight aqueous formaldehyde solution and 100 ml. of
      glacial acetic acid was stirred vigorously at 60.degree. - 65.degree.C.
      for 1/2 hour. There was then added 81 g. (1.4 mole) of monomethylamine
      hydrochloride in small portions while keeping the temperature at
      70.degree.C. After the addition, the mixture was stirred for 3 hours at
      70.degree.C., then diluted with 200 ml. of water at 0.degree.C., washed 5
      times with 100 ml. portions of ether, made basic with 50% by weight
      aqueous sodium hydroxide solution and extracted 5 times with 100 ml.
      portions of ether. Drying and concentration of the ether extracts gave 116
      g. of crude intermediate as a yellow oil. The intermediate was dissolved
      in 100 ml. of concentrated hydrochloric acid and heated under reflux for 2
      hours. On cooling, the solution was washed twice with 100 ml. portions of
      ether, made basic with 50% by weight aqueous sodium hydroxide and
      extracted 5 times with 100 ml. portions of ether. Drying and concentration
      of the ether extracts gave 99.5 g. of an oil which was purified by
      distillation to provide 51.5 g. (51% yield) of an amine in the form of a
      viscous oil having the structure
      ##SPC19##
PAL  The hydrochloride salt of this amine was recrystallized from a mixture of
      ethanol and ether to give a solid having a melting point of 208.degree. -
      209.degree.C.
PAR  Anal. calc'd. for C.sub.14 H.sub.17 N.HCl: C, 71.32; H, 7.70; N, 5.94.
      Found: C, 71.18; H, 7.68; N, 6.00.
PAR  A solution of 26.7 g. (170 mmole) of anisyl chloride and the above amine
      (XI) in 100 ml. of acetone was maintained at 0.degree.C. for 1 hour, then
      at 24.degree.C. for 1/2 hour. The solvent was evaporated to give a foam.
      The powdered foam was suspended in 300 ml. of ether and, with stirring, a
      solution of 220 ml. of 2.2 M phenyl lithium in 40 ml. of ether and 40 ml.
      of benzene was added at such a rate that reflux was maintained. After a
      further 1/2 hour of cooling to 24.degree.C., the reaction mixture was
      cooled to 0.degree.C., then added to 550 ml. of ice water. This was
      extracted with ether in the usual manner to give the crude product as an
      oil. The oil was mixed with 260 ml. of n-hexane and 260 ml. of 3N HCl and
      enough methanol was added to bring the oily hydrochloride salt into
      solution. After separation, the aqueous layer was made basic with 25% by
      weight aqueous NaOH and extracted with methylene chloride to give 57.9 g.
      of product (IV) as an oil. The product was purified via its picrate salt
      as described in Example 3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the formula
      ##SPC20##
PAL  wherein R is selected from the group consisting of
      ##SPC21##
PAL  or a pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound as defined in claim 1 wherein R is the group
      ##SPC22##
NUM  3.
PAR  3. A compound as defined in claim 1 wherein R is the group
      ##SPC23##
NUM  4.
PAR  4. The essentially pure levorotatory isomer of the compound of claim 2.
NUM  5.
PAR  5. The essentially pure dextrorotatory isomer of the compound of claim 2.
NUM  6.
PAR  6. The essentially pure levorotatory isomer of the compound of claim 3.
NUM  7.
PAR  7. The essentially pure dextrorotatory isomer of the compound of claim 3.
NUM  8.
PAR  8. The hydrochloride salt of the compound of claim 2.
NUM  9.
PAR  9. The hydrochloride salt of the compound of claim 3.
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ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Wherein
PA1  R.sub.1 is hydrogen, methyl or acetyl,
PA1  R.sub.2 is hydrogen or methyl,
PA1  R.sub.3 is hydrogen, methyl, n-propyl, phenethyl or phenyl,
PA1  R.sub.4 is hydrogen or methyl,
PA1  Z is --CH=CH-- or --CH.sub.2 --CH.sub.2 --, and
PA1  Y is oxygen or sulfur,
PAL  And non-toxic, pharmacologically acceptable acid addition salts thereof;
      the compounds as well as their salts are useful as analgesics and
      antitussives.
BSUM
PAR  This invention relates to a novel
      N-(heteroaryl-methyl)-7.alpha.-hydroxyalkyl-6,14-(endoetheno or
      endoethano)-tetrahydro-nororipavines or -northebaines and non-toxic acid
      addition salts thereof, as well as to various methods of preparing these
      compounds.
PAC  THE PRIOR ART
PAR  In J.A.C.S. 89, 3267 et seq. (1967), it is disclosed that compounds of the
      formula
      ##SPC2##
PAL  Wherein
PAR  R is allyl or cyclopropylmethyl,
PAR  R.sub.1 is hydrogen or methyl,
PAR  R.sub.2 and R.sub.3 are hydrogen, alkyl, phenyl or aralkyl, and
PAR  Z is --CH=CH-- or --CH.sub.2 --CH.sub.2 --,
PAL  are very strong central analgesics and, in addition, exhibit
      morphine-antagonistic properties.
PAC  THE INVENTION
PAR  More particularly, the present invention relates to a novel class of
      N-(furylmethyl or thienylmethyl)-7.alpha.-hydroxy-alkyl-6,14-(endoethano
      or endoetheno)-tetrahydro-norori-pavines or -northebaines represented by
      the formula
      ##SPC3##
PAL  Wherein
PAR  R.sub.1 is hydrogen, methyl or acetyl,
PAR  R.sub.2 is hydrogen or methyl,
PAR  R.sub.3 is hydrogen, methyl, n-propyl, phenethyl or phenyl,
PAR  R.sub.4 is hydrogen or methyl,
PAR  Z is --CH=CH-- or --CH.sub.2 --CH.sub.2 --, and
PAR  Y is oxygen or sulfur, and non-toxic, pharmacologically acceptable acid
      addition salts thereof.
PAR  A preferred subgenus thereunder is constituted by those compounds of the
      formula I wherein R.sub.1 is hydrogen, Y is oxygen, and the remaining
      variables have the meanings previously defined.
PAR  The compounds may form isomers in the 7-position; "7.alpha." means that the
      hydroxyalkyl substituent lies below the plane of the paper.
PAR  The compounds embraced by formula I may be prepared by the following
      methods.
PAC  Method A
PAR  By reacting an oripavine or thebaine derivative of the formula
      ##SPC4##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3 and Z have the same meanings as in
      formula I, with a heteroarylmethyl derivative of the formula
      ##SPC5##
PAL  Wherein
PAR  R.sub.4 and Y have the meanings previously defined, and
PAR  X is halogen, preferably chlorine, bromine or iodine, alkyl--SO.sub.2
      --O--, aryl --SO.sub.2 --O-- or trialkyl--ammonium, preferably
      (CH.sub.3).sub.3 --N--.
PAR  The reaction of the compound of the formula II is performed with the
      calculated amount, or a slight excess thereover, of the heteroarylmethyl
      derivative of the formula III, optionally in the presence of an
      acid-binding agent. Examples of suitable acid-binding agents are tertiary
      amines, such as triethylamine or N,N-dicyclohexyl-ethylamine; alkali metal
      carbonates, such as sodium carbonate or potassium carbonate; alkali metal
      bicarbonates, preferably sodium bicarbonate; or alkali metal hydroxides or
      oxides. The reaction is advantageously carried out in an inert organic
      solvent medium, such as tetrahydrofuran, dioxane, methylene chloride,
      dimethylformamide, dimethylsulfoxide or a mixture of two or more of these,
      preferably mixtures of tetrahydrofuran and dimethylformamide. The reaction
      temperature may vary within wide limits, but a temperature between
      0.degree.C. and the boiling point of the particular solvent medium which
      is used is preferred. After completion of the reaction, the reaction
      product is isolated and crystallized by conventional methods.
PAC  Method B
PAR  By reacting a compound of the formula II with formaldehyde and a furan or
      thiophene of the formula
      ##SPC6##
PAL  wherein
PAR  Y and R.sub.4 have the meanings defined above.
PAR  The reaction is carried out in weakly acid solution, especially in an
      acetic acid solution, and preferably in aqueous 50% acetic acid. Other
      suitable solvents are water, lower alkanols, tetrahydrofuran, dioxane or
      mixtures of any two or more of these. The furan or thiophene of the
      formula IV is provided in the stoichiometric amount or in slight excess
      thereover, either dissolved or suspended in the solvent medium. The
      formaldehyde may be provided in the form of paraformaldehyde or preferably
      in the form of an aqueous solution in the calculated amount or in excess
      thereover. The reaction temperature may vary between -10.degree.C. and the
      boiling point of the particular solvent medium which is employed, but the
      preferred temperature is 25.degree.C. After completion of the reaction,
      the reaction product is isolated and crystallized by conventional methods.
PAC  Method C
PAR  By reducing a compound of the formula
      ##SPC7##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, Z and Y have the meanings
      previously defined, or, for the preparation of a compound of the formula I
      wherein R.sub.2 is hydrogen, by reducing a compound of the formula
      ##SPC8##
PAL  wherein R.sub.1, R.sub.3, R.sub.4, Z and Y have the meanings previously
      defined.
PAR  Among the various suitable reduction methods, the reduction with a complex
      hydride, in particular with lithium aluminum hydride, is preferably used.
      Either the calculated quantity or, preferably, an excess of the hydride,
      advantageously up to double the calculated quantity, is provided. The
      reduction is advantageously performed in a suitable inert solvent or
      solvent mixture, such as ethers, but preferably in tetrahydrofuran. The
      reaction temperature is variable within wide limits. Temperatures between
      0.degree.C. and the boiling point of the solvent or mixture of solvents
      are preferred.
PAR  If R.sub.1 in formula V or Va is acetyl, the 0-acetyl group is split off
      simultaneously with the reduction of the carbonyl groups, and in this case
      a compound of the formula I is obtained, wherein R.sub.1 is hydrogen. The
      reaction product is isolated and crystallized by conventional methods.
PAC  Method D
PAR  For the preparation of a compound of the formula I wherein R.sub.1 is
      methyl or acetyl, by methylating or acetylating, respectively, a compound
      of the formula I wherein R.sub.1 is hydrogen.
PAR  The methylation is effected in conventional manner, that is, by reacting
      the starting compound with a conventional methylating agent, such as
      diazomethane, a methyl ester of an inorganic acid, preferably
      dimethylsulfate, or a phenyl trimethylammonium compound.
PAR  The acetylation is effected with conventional acetylating agents, such as
      an acetyl halide, preferably acetyl chloride, or acetic acid anhydride.
PAR  The methylation as well as the acetylation is advantageously carried out in
      the presence of an acidbinding agent, such as pyridine or another tertiary
      amine, and in the presence of an inert solvent medium, preferably
      methylene chloride.
PAR  The starting compounds required for methods A to D are, to a large extent,
      known compounds or may be prepared by known methods.
PAR  For instance, a compound of the formula II may be obtained by reacting a
      corresponding N-methyl derivative with cyanogen bromide to form the
      analogous N-cyano-northebaine which is then hydrolized under alkaline
      conditions; depending upon the hydrolysis conditions, the nor-compound of
      the formula II wherein R.sub.1 is either methyl or hydrogen is obtained,
      that is, alkaline hydrolysis under more severe conditions simultaneously
      splits off the 0-methyl group.
PAR  A compound of the formula VI may be obtained by reacting a compound of the
      formula II with an acyl halide of the formula
      ##SPC9##
PAL  wherein R.sub.4 and Y have the meanings previously defined and X' is
      halogen, preferably chlorine. Likewise, a compound of the formula Va may
      be obtained by reacting a Diels-Alder adduct of a nor-compound of the
      formula
      ##SPC10##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and Z have the meanings previously
      defined, with an acyl halide of the formula VII.
PAR  The 6,14 - endoetheno derivatives of compounds of the formulas II, V, Va
      and VII (where Z is --CH=CH--) may readily be converted into the
      corresponding saturated 6,14-endethano-derivatives (where Z is --CH.sub.2
      --CH.sub.2 --) by catalytic hydrogenation.
PAR  The compounds embraced by formulas III, IV and VI are all known compounds,
      and many of them are readily available in commerce.
PAR  The compounds of the formula I are bases and therefore form acid addition
      salts with inorganic or organic acids. Examples of non-toxic,
      pharmacologically acceptable acid addition salts are those formed with
      hydrochloric acid, hydrobromic acid, hydroiodic acid, hydrofluoric acid,
      sulfuric acid, phosphoric acid, nitric acid, acetic acid, propionic acid,
      butyric acid, valeric acid, pivalic acid, caproic acid, oxalic acid,
      malonic acid, succinic acid, maleic acid, fumaric acid, lactic acid,
      tartaric acid, citric acid, malic acid, benzoic acid, phthalic acid,
      cinnamic acid, salicylic acid, ascorbic acid, 8-chlorotheophylline,
      methanesulfonic acid, ethanephosphonic acid or the like.
PAR  The following examples further illustrate the present invention and will
      enable others skilled in the art to understand it more completely. It
      should be understood, however, that the invention is not limited solely to
      the particular examples given below.
DETD
PAC  EXAMPLE 1
PAC  N-Furfuryl-6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro
     -nororipavine and its hydrochloride by method A
PAR  A mixture consisting of 3.69 gm (0.01 mol) of
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-nororipav
     ine, 1.26 gm (0.015 mol) of sodium bicarbonate, 1.28 gm (0.011 mol) of
      furfuryl chloride and 35 ml of a 2:1-mixture of tetrahydrofuran and
      dimethylformamide was refluxed for five hours, accompanied by stirring.
      Thereafter, the reaction solution was evaporated in vacuo, the residue was
      shaken with a mixture of methylene chloride and water, and the organic
      phase was separated, washed twice with water, dried over sodium sulfate
      and evaporated. The residue, the free base
      N-furfuryl-6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydr
     o-nororipavine, was dissolved in 20 ml of absolute ethanol, the resulting
      solution was acidified with 2 ml of 5N hydrochloric acid, the acidic
      solution was carefully admixed with ether, and the precipitate formed
      thereby was collected. 2.4 gm (49.3% of theory) of the hydrochloride of
      the formula
      ##SPC11##
PAL  where Z is --CH=CH--, with a melting point of 224.degree.-226.degree.C.
      were obtained.
PAC  EXAMPLE 2
PAR  Using a procedure analogous to that described in Example 1, 46% of theory
      of N-furfuryl-6,14-endoetheno-7.alpha.-(hydroxy-methyl)-tetrahydro-northeb
     aine, m. p. 113.degree.-116.degree.C., was obtained from
      6,14-endetheno-7.alpha.-(hydroxy-methyl)-tetra-hydro-northebaine and
      furfuryl chloride.
PAC  EXAMPLE 3
PAR  Using a procedure analogous to that described in Example 1,
      N-furfuryl-6,14-endoetheno-7.alpha.-(hydroxy-methyl)-tetrahydro-nororipavi
     ne and 35% of theory of its hydrochloride, m. p. 212.degree.-218.degree.C.,
      were obtained from
      6,14-endoetheno-7.alpha.-(hydroxy-methyl)-tetrahydro-nororipavine and
      furfuryl chloride.
PAC  EXAMPLE 4
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-furylmethyl)-6,14-endoetheno-7.alpha.-(hydroxy-methyl)-tetrahydro-no
     rthebaine and 51% of theory of its hydrochloride, m. p.
      254.degree.-256.degree.C., were obtained from
      6,14-endoetheno-7.alpha.-(hydroxy-methyl)-tetrahydro-northebaine and
      3-chloromethyl-furan.
PAC  EXAMPLE 5
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-furylmethyl)-6,14-endoetheno-7.alpha.-(hydroxy-methyl)-tetrahydro-no
     roripavine and 35% of theory of its hydrochloride, m. p.
      222.degree.-227.degree.C., were obtained from
      6,14-endoetheno-7.alpha.-(hydroxy-methyl)-tetrahydro-nororipavine and
      3-chloromethyl-furan.
PAC  EXAMPLE 6
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-(hydroxy-methyl)-tet
     rahydro-northebaine and 46% of theory of its hydrochloride, m. p.
      252.degree.C.; were obtained from
      6,14-endoetheno-7.alpha.-(hydroxy-methyl)-tetrahydro-northebaine and
      2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 7
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-(hydroxy-methyl)-tet
     rahydro-nororipavine and 51% of theory of its hydrochloride, m. p.
      220.degree.-225.degree.C., were obtained from
      6,14-endoetheno-7.alpha.-(hydroxy-methyl)-tetrahydro-nororipavine and
      2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 8
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-furylmethyl)-6,14-endoetheno-7.alpha.(1"-hydroxyethyl)-tetrahydro-no
     rthebaine and 55% of theory of its hydrochloride, m. p.
      237.degree.-240.degree.C., were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-northebaine and
      3-chloromethyl-furan.
PAC  EXAMPLE 9
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-furylmethyl)-6,14-endoetheno-7.alpha.-(1"-hydroxyethyl)-tetrahydro-n
     ororipavine and 56.5% of theory of its hydrochloride, m. p.
      250.degree.-252.degree.C., were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-nororipavine and
      3-chloromethyl-furan.
PAC  EXAMPLE 10
PAR  Using a procedure analogous to that described in Example 1, 45% of theory
      of N-furfuryl-6,14-endoetheno-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-north
     ebaine, m. p. 112.degree.-114.degree.C., was obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-methyl)-tetrahydro-northebaine and
      furfuryl chloride.
PAC  EXAMPLE 11
PAR  Using a procedure analogous to that described in Example 1,
      N-furfuryl-6,14-endoetheno-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-nororipa
     vine and 59.6% of theory of its hydrochloride, m. p.
      242.degree.-244.degree.C., were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydrocy-ethyl)-tetrahydro-nororipavine and
      furfuryl chloride.
PAC  EXAMPLE 12
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-ethyl)-t
     etrahydro-northebaine and 60% of theory of its hydrochloride, m. p.
      170.degree.C., were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-northebaine and
      2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 13
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-ethyl)-t
     etrahydro-nororipavine and 48% of theory of its hydrochloride, m. p.
      180.degree.C., were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-nororipavine and
      2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 14
PAR  Using a procedure analogous to that described in Example 1, 52% of theory
      of N-(3'-furylmethyl)-6,14-endoethano-7.alpha.-(1"-hydroxy-ethyl)-tetrahyd
     ro-northebaine, m.p. 100.degree.-102.degree.C., of the formula
      ##SPC12##
PAL  where Z is --CH.sub.2 --CH.sub.2 --, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-northebaine and
      3-chloromethyl-furan.
PAC  EXAMPLE 15
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-furylmethyl)-6,14-endoethano-7.alpha.-(1"-hydroxyethyl)-tetrahydro-n
     ororipavine and 46% of theory of its hydrochloride, m.p. 198.degree.C.,
      were obtained from
      6,14-endo-ethano-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-nororipavine and
      3-chloromethyl-furan.
PAC  EXAMPLE 16
PAR  Using a procedure analogous to that described in Example 1, 67% of theory
      of N-furfuryl-6,14-endoethano-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-north
     ebaine, m.p. 127.degree.-128.degree.C., were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-northebaine and
      furfuryl chloride.
PAC  EXAMPLE 17
PAR  Using a procedure analogous to that described in Example 1,
      N-furfuryl-6,14-endoethano-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-nororipa
     vine and 48% of theory of its hydrochloride, m.p.
      250.degree.-252.degree.C., were obtained from
      6,14-endo-ethano-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-nororipavine and
      furfuryl chloride.
PAC  EXAMPLE 18
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoethano-7.alpha.-(1"-hydroxy-ethyl)-t
     etrahydro-northebaine and 60% of theory of its hydrochloride, m.p.
      175.degree.C., were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-northebaine and
      2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 19
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoethano-7.alpha.-(1"-hydroxy-ethyl)-t
     etrahydro-nororipavine and 40% of theory of its hydrochloride, m.p.
      250.degree.-255.degree.C., were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-nororipavine and
      2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 20
PAR  Using a procedure analogous to that described in Example 1, 81.5% of theory
      of
      N-(3'-thienylmethyl)-6,14-endoetheno-7.alpha.-(.alpha.-hydroxy-benzyl)-tet
     rahydro-northebaine, m.p. 215.degree.-216.degree.C., of the formula
      ##SPC13##
PAL  where Z is --CH=CH--, was obtained from
      6,14-endoetheno-7.alpha.-(.alpha.-hydroxy-benzyl)-tetrahydro-northebaine
      and 3-chloromethylthiopene.
PAC  EXAMPLE 21
PAR  Using a procedure analogous to that described in Example 1, 78% of theory
      of N-thenyl-6,14-endoetheno-7.alpha.-(.alpha.-hydroxy-benzyl)-tetrahydro-n
     orthebaine, m.p. 205.degree.-207.degree.C, was obtained from
      6,14-endoetheno-7.alpha.-(.alpha.-hydroxy-benzyl)-tetrahydro-northebaine
      and thenyl chloride.
PAC  EXAMPLE 22
PAR  Using a procedure analogous to that described in Example 1, 87.5% of theory
      of
      N-furfuryl-6,14-endoetheno-7.alpha.-(.alpha.-hydroxy-benzyl)-tetrahydro-no
     rthebaine, m.p. 179.degree.-180.degree.C, was obtained from
      6,14-endoetheno-7.alpha.-(.alpha.-hydroxy-benzyl)-tetrahydro-northebaine
      and furfuryl chloride.
PAC  EXAMPLE 23
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-furylmethyl)-6,14-endoetheno-7.alpha.-(1'-hydroxy-1"-methyl-ethyl)-t
     etrahydro-northebaine and 46% of theory of its hydrochloride, m.p.
      208.degree.-212.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-northebai
     ne and 3-chloromethyl-furan.
PAC  EXAMPLE 24
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-furylmethyl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methyl-ethyl)-t
     etrahydro-nororipavine and 63% of theory of its hydrochloride, m.p.
      215.degree.-218.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-nororipav
     ine and 3-chloromethyl-furan.
PAC  EXAMPLE 25
PAR  Using a procedure analogous to that described in Example 1, 68% of theory
      of N-furfuryl-6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrah
     ydro-northebaine, m.p. 108.degree.-113.degree.C, was obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-northebai
     ne and furfuryl chloride.
PAC  EXAMPLE 26
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methy
     l-ethyl)-tetrahydro-northebaine and 58% of theory of its hydrochloride,
      m.p. 190.degree.-192.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-northebai
     ne and 2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 27
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methy
     l-ethyl)-tetrahydro-nororipavine and 72.5% of theory of its hydrochloride,
      m.p. 215.degree.-218.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)
      -tetrahydro-nororipavine and 2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 28
PAR  Using a procedure anlogous to that described in Example 1,
      N-(3'-thienylmethyl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methyl-ethyl)
     -tetrahydro-northebaine and 64% of theory of its hydrochloride, m.p.
      190.degree.-193.degree.C, were obtained from 6,14
      -endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-northebaine
      and 3-chloromethyl-thiophene.
PAC  EXAMPLE 29
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-thienylmethyl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methyl-ethyl)
     -tetrahydro-nororipavine and 75.8% of theory of its hydrochloride, m.p.
      190.degree.-194.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetra-hydro-nororipa
     vine and 3-chloromethyl-thiophene.
PAC  EXAMPLE 30
PAR  Using a procedure analogous to that described in Example 1,
      N-thenyl-6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methylethyl)-tetrahydro-n
     orthebaine and 69.7% of theory of its hydrochloride, m.p.
      182.degree.-185.degree.C, were obtained from
      6,14-endo-etheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-northeba
     ine and thenyl chloride.
PAC  EXAMPLE 31
PAR  Using a procedure analogous to that described in Example 1,
      N-thienyl-6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methylethyl)-tetrahydro-
     nororipavine and 55.8% of theory of its hydrochloride, m.p.
      216.degree.-220.degree.C, were obtained from
      6,14-endo-entheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-nororip
     avine and thenyl chloride.
PAC  EXAMPLE 32
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-furylmethyl)-6,14-endoethano-7.alpha.-(1"-hydroxy-1"-methyl-ethyl)-t
     etrahydro-northebaine and 46% of theory of its hydrochloride, m.p.
      220.degree.-223.degree.C, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-northebai
     ne and 3-chloromethyl-furan.
PAC  EXAMPLE 33
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-furylmethyl)-6,14-endoethano-7.alpha.-(1"-hydroxy-1"-methyl-ethyl)-t
     etrahydro-nororipavine and 60.2% of theory of its hydrochloride, m.p.
      215.degree.-220.degree.C, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-noroipavi
     ne and 3-chloromethyl-furan.
PAC  EXAMPLE 34
PAR  Using a procedure analogous to that described in Example 1, 48.7% of theory
      of
      N-furfuryl-6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydr
     o-nothebaine, m.p. 130.degree.-133.degree.C, was obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-northebai
     ne and furfuryl chloride.
PAC  EXAMPLE 35
PAR  Using a procedure analogous to that described in Example 1,
      N-furfuryl-6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydr
     o-nororipavine and 63.2% of theory of its hydrochloride, m.p.
      215.degree.-220.degree.C, were obtained from
      6,14-endo-ethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-nororipa
     vine and furfuryl chloride.
PAC  EXAMPLE 36
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoethano-7.alpha.-(1"-hydroxy-1"-methy
     l-ethyl)-tetrahydro-northebaine and 73.4% of theory of its hydrochloride,
      m.p. 185.degree.-187.degree.C, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-northebai
     ne and 2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 37
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoethano-7.alpha.-(1"-hydroxy-1"-methy
     l-ethyl)-tetrahydro-nororipavine and 44% of theory of its hydrochloride,
      m.p. 218.degree.-222.degree.C, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-nororipav
     ine and 2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 38
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-thienylmethyl)-6,14-endoethano-7.alpha.-(1"-hydroxy-1"-methyl-ethyl)
     -tetrahydro-northebaine and 65.7% of theory of its hydrochloride, m.p.
      188.degree.-191.degree.C, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydronorthebain
     e and 3-chloromethyl-thiophene.
PAC  EXAMPLE 39
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-thienylmethyl)-6,14-endoethano-7.alpha.-(1"-hydroxy-1"-methyl-ethyl)
     -tetrahydro-nororipavine and 55.8% of theory of its hydrochloride, m.p.
      245.degree.-248.degree.C, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-nororipav
     ine and 3-chloromethyl-thiophene.
PAC  EXAMPLE 40
PAR  Using a procedure analogous to that described in Example 1, 62.2% of theory
      of
      N-thenyl-6,14-endothano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-n
     orthebaine, m.p. 145.degree.-146.degree.C, was obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-northebai
     ne and thenyl chloride.
PAC  EXAMPLE 41
PAR  Using a procedure analogous to that described in Example 1,
      N-thenyl-6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-
     nororipavine and 48% of theory of its hydrochloride, m.p.
      222.degree.-224.degree.C, were obtained from
      6,14-endo-ethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-nororipa
     vine and thenyl chloride.
PAC  EXAMPLE 42
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-furylmethyl)-6,14-endoethano-7.alpha.-(1"-hydroxy-1"-methyl-n-butyl)
     -tetrahydro-northebaine and 61% of theory of its hydrochloride, m.p.
      190.degree.-193.degree.C, were obtained from 6,
      14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahydro-northebai
     ne and 3-chloromethyl-furan.
PAC  EXAMPLE 43
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-furylmethyl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methyl-n-butyl)
     -tetrahydro-noroipavine and 42% of theory of its hydrochloride, m.p.
      200.degree.-207.degree.C, were obtained from 6,
      14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahydronororipavi
     ne and 3-chloromethyl-furan.
PAC  EXAMPLE 44
PAR  Using a procedure analogous to that described in Example 1,
      N-furfuryl-6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahy
     dro-northebaine and 75.8% of theory of its hydrochloride, m.p.
      160.degree.-165.degree.C, were obtained from
      6,14-endo-etheno-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahydro-northe
     baine and furfuryl chloride.
PAC  EXAMPLE 45
PAR  Using a procedure analogous to that described in Example 1,
      N-furfuryl-6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahy
     dro-nororipavine and 54.5% of theory of its hydrochloride, m.p.
      185.degree.-187.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahydro-nororip
     avine and furfuryl chloride.
PAC  EXAMPLE 46
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methy
     l-n-butyl)-tetrahydro-northebaine and 49.4% of theory of its hydrochloride,
      m.p. 196.degree.-198.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahydro-northeb
     aine and 2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 47
PAR  Using a procedure analogous to that described in Example 1, 47.5% of theory
      of
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methy
     l-n-butyl)-tetrahydro-nororipavine, m.p. 220.degree.-222.degree.C, was
      obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahydro-nororip
     avine and 2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 48
PAR  Using a procedure analogous to that described in Example 1, 59.8% of theory
      of
      N-(3'-thienylmethyl)-6,14-endo-enthano-7.alpha.-(1"-hydroxy-1"-methyl-n-bu
     tyl)-tetrahydro-northebaine, m.p. 172.degree.-173.degree.C, was obtained
      from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahydro-northeb
     aine and 3-chloromethyl-thiophene.
PAC  EXAMPLE 49
PAR  Using a procedure analogous to that described in Example 1, 43.8% of theory
      of
      N-thenyl-6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahydr
     o-northebaine, m.p. 132.degree.-133.degree.C, was obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahydro-northeb
     aine and thenyl chloride.
PAC  EXAMPLE 50
PAR  Using a procedure analogous to that described in Example 1,
      N-furfuryl-6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahy
     dro-northebaine and 42.8% of theory of its hydrochloride, m.p.
      154.degree.-156.degree.C, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahydro-northeb
     aine and furfuryl chloride.
PAC  EXAMPLE 51
PAR  Using a procedure analogous to that described in Example 1,
      N-(3'-furylmethyl)-6,14-endoethano-7.alpha.-(1"-hydroxy-1"-methyl-n-butyl)
     -tetrahydro-northebaine and 74% of theory of its hydrochloride, m.p.
      218.degree.C, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahydro-northeb
     aine and 3-chloromethyl-furan.
PAC  EXAMPLE 52
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoethano-7.alpha.-(1"-hydroxy-1"-methy
     l-n-butyl)-tetrahydro-northebaine and 75.8% of theory of its hydrochloride,
      m.p. 172.degree.-174.degree.C, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahydro-northeb
     aine and 2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 53
PAR  Using a procedure analogous to that described in Example 1, 66.7% of theory
      of
      N-(3'-furylmethyl)-6,14-endo-etheno-7.alpha.-(1"-hydroxy-1"-methyl-3"-phen
     yl-n-propyl)-tetra-hydro-northebaine, m.p. 170.degree.-171.degree.C, was
      obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-3'-phenyl-n-propyl)-tetrahy
     dro-northebaine and 3-chloromethyl-furan.
PAC  EXAMPLE 54
PAR  Using a procedure analogous to that described in Example 1, 52% of theory
      of N-(3'-furylmethyl)-6,14-endo-etheno-7.alpha.-(1"-hydroxy-1"-methyl-3"-p
     henyl-n-propyl)-tetra-hydro-nororipavine, m.p. 245.degree.-247.degree.C,
      was obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-3'-phenyl-n-propyl)-tetrahy
     dro-nororipavine and 3-chloromethyl-furan.
PAC  EXAMPLE 55
PAR  Using a procedure analogous to that described in Example 1,
      N-furfuryl-6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-3'-phenyl-n-prop
     yl)-tetrahydro-northebaine and 57.7% of theory of its hydrochloride, m.p.
      169.degree.-171.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-3'-phenyl-n-propyl)-tetrahy
     dro-northebaine and furfuryl chloride.
PAC  EXAMPLE 56
PAR  Using a procedure analogous to that described in Example 1, 74% of theory
      of N-furfuryl-6,14-endoetheno-7.alpha.(1'-hydroxy-1'-methyl-3'-phenyl-n-pr
     opyl)-tetrahydro-nororipavine, m.p. 222.degree.-224.degree.C, was obtained
      from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-3'-phenyl-n-propyl)-tetrahy
     dro-nororipavine and furfuryl chloride.
PAC  EXAMPLE 57
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methy
     l-3"-phenyl-n-propyl)-tetrahydro-northebaine and 56.7% of theory of its
      hydrochloride, m.p. 165.degree.-169.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-3'-phenyl-n-propyl)-tetrahy
     dro-northebaine and 2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 58
PAR  Using a procedure analogous to that described in Example 1,
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methy
     l-3"-phenyl-n-propyl)-tetrahydro-nororipavine and 40% of theory of its
      hydrochloride, m.p. 232.degree.-234.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-3'-phenyl-n-propyl)-tetrahy
     dro-nororipavine and 2-methyl-3-chloromethyl-furan.
PAC  EXAMPLE 59
PAR  Using a procedure analogous to that described in Example 1, 84.5% of theory
      of
      N-(3'-thienylmethyl)-6,14-endo-etheno-7.alpha.-(1"-hydroxy-1"-methyl-3"-ph
     enyl-n-propyl)-tetra-hydro-northebaine, m.p. 117.degree.-119.degree.C, was
      obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-3'-phenyl-n-propyl)-tetrahy
     dro-northebaine and 3-chloromethyl-thiophene.
PAC  EXAMPLE 60
PAR  Using a procedure analogous to that described in Example 1, 77.5% of theory
      of
      N-thenyl-6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-3'-phenyl-n-propyl
     )-tetrahydro-northebaine, m.p. 139.degree.-140.degree.C, was obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-3'-phenyl-n-propyl)-tetrahy
     dro-northebaine and thenyl chloride.
PAC  EXAMPLE 61
PAC  N-(5'-Methyl-furfuryl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methyl-ethyl
     )-tetrahydro-nororipavine and its hydrochloride by method B
PAR  3.69 gm (0.01 mol) of
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-nororipav
     ine were dissolved in 10 ml of aqueous 50% acetic acid, and, while stirring
      the resulting solution, it was admixed with 1.0 gm of aqueous 30%
      formaldehyde (0.01 mol formaldehyde). Subsequently, while stirring, 0.82
      gm (0.01 mol) of 2-methyl-furan was slowly added dropwise to the mixture,
      and the resulting mixture was then stirred for 15 hours at room
      temperature. Thereafter, the reaction mixture was made alkaline with
      concentrated ammonia while adding ice, then it was extracted with
      methylene chloride, and the organic phase was washed several times with
      water, dried over sodium sulfate and evaporated. The residue, the free
      base N-(5'-methyl-furfuryl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methyl
     -ethyl)-tetrahydronororipavine, was dissolved in ethanol, the solution was
      acidified with ethanolic hydrochloric acid, and ether was added until the
      solution began to turn cloudy. The precipitate formed thereby was
      collected, yielding 3.2 gm (62% of theory) of the hydrochloride which had
      a melting point of 191.degree.-195.degree.C.
PAC  EXAMPLE 62
PAC  N-(3'-Methyl-furfuryl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methyl-ethyl
     )-tetrahydro-nororipavine and its hydrochloride by method C
PAR  3.69 gm (0.01 mol) of
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydro-nororipav
     ine were suspended in 35 ml of methanol, the suspension was admixed with a
      solution of 2.5 gm of potassium carbonate in 4 ml of water, and then,
      while cooling the mixture, 1.74 gm (0.011 mol) of
      3-methyl-furan-2-carboxylic acid chloride were added dropwise over a
      period of 20 minutes, and the resulting mixture was stirred for three
      hours. Thereafter, the reaction mixture was evaporated in vacuo, the
      residue was dissolved in methylene chloride, and the resulting solution
      was washed successively several times with water, dilute hydrochloric
      acid, dilute sodium bicarbonate solution and again with water. The organic
      phase was dried over sodium sulfate, evaporated in vacuo, the residue was
      dissolved in 50 ml of absolute tetrahydrofuran, the resulting solution was
      added dropwise to a solution of 0.76 gm (0.02 mol) of lithium aluminum
      hydride in 25 ml of tetrahydrofuran at 5.degree. to 10.degree.C, and the
      mixture was stirred overnight at room temperature. Thereafter, the
      resulting suspension was carefully admixed with 1.5 ml of water while
      cooling on ice, then 75 ml of saturated aqueous diammonium tartrate were
      added, and the mixture was allowed to stand for one hour. The
      tetrahydrofuran (upper) phase was separated and evaporated, the aqueous
      phase was extracted twice with methylene chloride, the residue of the
      tetrahydrofuran phase evaporation was dissolved and the combined methylene
      chloride extracts, and the resulting solution was washed several times
      with water, dried over sodium sulfate and evaporated in vacuo. The
      residue, the free base
      N-(3'-methyl-furfuryl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methyl-ethy
     l)-tetrahydro-nororipavine, was dissolved in ethanol, the solution was
      acidified with ethereal hydrochloric acid, and the crystalline substance
      which separated out was collected, yielding 2.2 gm (45% of theory) of the
      hydrochloride which had a melting point of 195.degree.C.
PAC  EXAMPLE 63
PAR  Using a procedure analogous to that described in Example 62,
      N-(3'-methyl-furfuryl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-ethyl)-tetrahy
     dro-northebaine and 60.4% of theory of its hydrochloride, m.p.
      165.degree.-169.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-northebained and
      3-methyl-furoyl chloride, and subsequent reduction of the intermediate
      with lithium aluminum hydride.
PAC  EXAMPLE 64
PAR  Using a procedure analogous to that described in Example 62,
      N-(3'-methyl-furfuryl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-ethyl)-tetrahy
     dro-nororipavine and 77.6% of theory of its hydrochloride, m.p.
      230.degree.-232.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-nororipavine and
      3-methyl-furoyl chloride, and subsequent reduction of the intermediate
      with lithium aluminum hydride.
PAC  EXAMPLE 65
PAR  Using a procedure analogous to that described in Example 62,
      N-(3'-methyl-furfuryl)-6,14-endoethano-7.alpha.-(1"-hydroxy-ethyl)-tetrahy
     dro-northebaine and 64.4% of theory of its hydrochloride, m.p.
      190.degree.-192.degree.C, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-northebaine and
      3-methyl-furoyl chloride, and subsequent reduction of the intermediate
      with lithium aluminum hydride.
PAC  EXAMPLE 66
PAR  Using a procedure analogous to that described in Example 62,
      N-(3'-methyl-furfuryl)-6,14-endoethano-7.alpha.-(1"-hydroxy-ethyl)-tetrahy
     dro-nororipavine and 47.6% of theory of its hydrochloride, m.p.
      230.degree.-235.degree.C, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-ethyl)-tetrahydro-nororipavine and
      3-methyl-furoyl chloride, and subsequent reduction of the intermediate
      with lithium aluminum hydride.
PAC  EXAMPLE 67
PAR  Using a procedure analogous to that described in Example 62,
      N-(3'-methyl-furfuryl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methyl-ethy
     l)-tetrahydro-northebaine and 62.3% of theory of its hydrochloride, m.p.
      170.degree.-172.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetra-hydro-northeba
     ine and 3-methyl-furoyl chloride, and subsequent reduction of the
      intermediate with lithium aluminum hydride.
PAC  EXAMPLE 68
PAR  Using a procedure analogous to that described in Example 62,
      N-(3'-methyl-furfuryl)-6,14-endoethano-7.alpha.-(1"-hydroxy-1"-methyl-ethy
     l)-tetrahydro-northebaine and 58% of theory of its hydrochloride, m.p.
      155.degree.-157.degree.C, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetra-hydro-northeba
     ine and 3-methyl-furoyl chloride, and subsequent reduction of the
      intermediate with lithium aluminum hydride.
PAC  EXAMPLE 69
PAR  Using a procedure analogous to that described in Example 62,
      N-(3'-methyl-furfuryl)-6,14-endoethano-7.alpha.-(1"-hydroxy-1"-methyl-ethy
     l)-tetrahydro-nororipavine and 72.5% of theory of its hydrochloride, m.p.
      210.degree.-212.degree.C, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-ethyl))-tetra-hydro-nororip
     avine and 3-methyl-furoyl chloride, and subsequent reduction of the
      intermediate with lithium aluminum hydride.
PAC  EXAMPLE 70
PAR  Using a procedure analogous to that described in Example 62,
      N-(3'-methyl-furfuryl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methyl-n-bu
     tyl)-tetrahydro-northebaine and 71.2% of theory of its hydrochloride, m.p.
      170.degree.-172.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahydro-northeb
     aine and 3-methyl-furoyl chloride, and subsequent reduction of the
      intermediate with lithium aluminum hydride.
PAC  EXAMPLE 71
PAR  Using a procedure analogous to that described in Example 62, 50.4% of
      theory of
      N-(3'-methyl-furfuryl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methyl-n-bu
     tyl)-tetrahydro-nororipavine, m.p. 204.degree.-206.degree.C, was obtained
      from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetrahydro-nororip
     avine and 3-methyl-furoyl chloride, and subsequent reduction of the
      intermediate with lithium aluminum hydride.
PAC  EXAMPLE 72
PAR  Using a procedure analogous to that described in Example 62,
      N-(3'-methyl-furfuryl)-6,14-endoethano-7.alpha.-(1"-hydroxy-1"-methyl-n-bu
     tyl)-tetrahydro-northebaine and 56.8% of theory of its hydrochloride, m.p.
      155.degree.-159.degree.C, were obtained from
      6,14-endoethano-7.alpha.-(1'-hydroxy-1'-methyl-n-butyl)-tetra-hydro-northe
     baine and 3-methyl-furoyl chloride, and subsequent reduction of the
      intermediate with lithium aluminum hydride.
PAC  EXAMPLE 73
PAR  Using a procedure analogous to that described in Example 62,
      N-(3'-methyl-furfuryl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methyl-3"-p
     henyl-n-propyl)-tetrahydro-northebaine and 56.7% of theory of its
      hydrochloride, m.p. 211.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-3'-phenyl-n-propyl)-tetrahy
     dro-northebaine and 3-methyl-furoyl chloride, and subsequent reduction of
      the intermediate with lithium aluminum hydride.
PAC  EXAMPLE 74
PAR  Using a procedure analogous to that described in Example 62,
      N-(3'-methyl-furfuryl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-1"-methyl-3"-p
     henyl-n-propyl)-tetrahydro-nororipavine and 61% of theory of its
      hydrochloride, m.p. 247.degree.-248.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-3'-phenyl-n-propyl)-tetrahy
     dro-nororipavine and 3-methyl-furoyl chloride, and subsequent reduction of
      the intermediate with lithium aluminum hydride.
PAC  EXAMPLE 75
PAR  Using a procedure analogous to that described in Example 62,
      N-(3'-methyl-furfuryl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-methyl)-tetrah
     ydro-northebaine and 33% of theory of its hydrochloride, m.p.
      200.degree.-202.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-methyl)-tetrahydro-northebaine and
      3-methyl-furoyl chloride, and subsequent reduction of the intermediate
      with lithium aluminum hydride.
PAC  EXAMPLE 76
PAR  Using a procedure analogous to that described in Example 62,
      N-(3'-methyl-furfuryl)-6,14-endoetheno-7.alpha.-(1"-hydroxy-methyl)-tetrah
     ydro-nororipavine and 34% of theory of its hydrochloride, m.p.
      195.degree.-199.degree.C, were obtained from
      6,14-endoetheno-7.alpha.-(1'-hydroxy-methyl)-tetrahydro-nororipavine and
      3-methyl -furoyl chloride, and subsequent reduction of the intermediate
      with lithium aluminum hydride.
PAC  EXAMPLE 77
PAC  N-furfuryl-3-(O-acetyl)1-(O-acetyl)--endoetheno-7.alpha.-(1'-hydroxy-1'-met
     hyl-ethyl)-tetrahydro-nororipavine by method D
PAR  A mixture consisting of 4.46 gm (0.01 mol) of
      N-furfuryl-6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydr
     o-nororipavine, 10 ml of acetic acid anhydride and 0.82 gm (0.1 mol) of
      sodium acetate was heated for one hour at 100.degree.C. Thereafter, the
      reaction mixture was allowed to cool, was then poured over 100 gm of ice,
      and after an interval of five minutes the aqueous mixture was made
      distinctly alkaline with aqueous 30% sodium hydroxide. The resulting
      suspension was extracted with methylene chloride, and the organic extract
      solution was washed several times with water, dried over sodium sulfate
      and evaporated, yielding 3 gm (62.5% of theory) of the compound of the
      formula
      ##SPC14##
PAL  where Z is --CH=CH--, which had a melting point of 122.degree.-123.degree.C
      (recrystallized from petroleum ether).
PAR  The compounds of the present invention, that is, those embraced by formula
      I and their non-toxic, pharmacologically acceptable acid addition salts,
      have useful pharmacodynamic properties. More particularly, the compounds
      of the instant invention exhibit non-narcotic analgesic and antitussive
      activities in warm-blooded animals such as mice and rats.
PAR  All of the compounds of the present invention proved to be ineffective as
      analgesics in the Haffner test for analgesia [Deutsche Medizinische
      Wochenschrift 55, 731 (1929)] on mice and rats.
PAR  On the other hand, the compounds of this invention exhibit a distinct,
      dose-dependent analgesic activity in more sensitive phamacological tests
      for analgesia, such as the hot-plate test [J. Pharmacol. Exp. Therap. 80,
      300 (1944)] or the writhing test [J. Pharmacol. Exp. Therap. 154, 319
      (1966)].
PAR  In accordance with presently prevailing teachings [Adv. Chem. Soc. 49,
      162-169 (1964)], inactivity in the Haffner test is indicative of
      non-narcotic properties, while activity in the hot-plate test and/or
      writhing test proves analgesic properties.
PAR  For pharmaceutical purposes the compounds according to the present
      invention are administered to warm-blooded animals perorally, enterally or
      parenterally as active ingredients in customary dosage unit compositions,
      that is, compositions in dosage unit form consisting essentially of an
      inert pharmaceutical carrier and one effective dosage unit of the active
      ingredient, such as tablets, coated pills, capsules, wafers, powders,
      solutions, suspensions, emulsions, syrups, suppositories and the like. One
      effective oral analgesic and antitussive dosage unit of the compounds
      according to the present invention is from 0.016 to 6.7 mgm/kg body
      weight, preferably 0.41 to 3.4 mgm/kg body weight.
PAR  The following examples illustrate a few pharmaceutical dosage unit
      compositions comprising a compound of the present invention as an active
      ingredient and represent the best modes contemplated of putting the
      invention into practical use. The parts are parts by weight unless
      otherwise specified.
PAC  EXAMPLE 78
PAC  Tablets
PAR  The tablet composition is compounded from the following ingredients:
TBL  N-Furfuryl-7.alpha.-(hydroxy-methyl)-6,14-                                

     endoetheno-tetrahydro-northebaine                                         

                             50.0     parts                                    

     Lactose                 95.0     "                                        

     Corn starch             45.0     "                                        

     Colloidal silicic acid  2.0      "                                        

     Soluble starch          5.0      "                                        

     Magnesium stearate      3.0      "                                        

     Total                   200.0    parts                                    

PAC  Preparation
PAR  The northebaine compound is intimately admixed with the lactose and the
      corn starch, the mixture is moistened with an aqueous 10% solution of the
      soluble starch, the moist mass is forced through a 1 mm-mesh screen, the
      resulting granulate is dried at 40.degree.C, the dry granulate is admixed
      with the colloidal silicic acid, and the composition is compressed into
      200 mgm-tablets in a conventional tablet making machine. Each tablet
      contains 50 mgm of the northebaine compounds and is an oral dosage unit
      composition with effective analgesic and antitussive actions.
PAC  EXAMPLE 79
PAC  Coated pills
PAR  The pill core composition is compounded from the following ingredients:
TBL  N-Furfuryl-6,14-endoetheno-7.alpha.-(hydroxy-                             

     methyl)-tetrahydro-nororipavine                                           

     hydrochloride            75.0    parts                                    

     Lactose                  100.0   "                                        

     Corn starch              65.0    "                                        

     Colloidal silicic acid   2.0     "                                        

     Soluble starch           5.0     "                                        

     Magnesium stearate       3.0     "                                        

     Total                    250.0   parts                                    

PAC  Preparation
PAR  The ingredients are compounded in the same manner as in Example 78, and the
      composition is compressed into 250 mgm-pill cores which are subsequently
      coated with a thin shell consisting essentially of a mixture of sugar,
      talcum and gum arabic and finally polished with beeswax. Each coated pill
      contains 75 mgm of the nororipavine compound and is an oral dosage unit
      composition with effective analgesic and antitussive activities.
PAC  EXAMPLE 80
PAC  Suppositories
PAR  The suppository composition is compounded from the following ingredients:
TBL  N-Furfuryl-6,14-endoetheno-7.alpha.-(1'-hydroxy-                          

     1'-methyl-ethyl)-tetrahydro-nororipavine                                  

     hydrochloride            50.0    parts                                    

     Lactose                  250.0   "                                        

     Suppository base (e.g. cocoa butter)                                      

                              1400.0  "                                        

     Total                    1700.0  parts                                    

PAC  Preparation
PAR  The nororipavine compound is intimately admixed with the lactose, and the
      mixture is blended with the aid of an immersion homogenizer into the
      suppository base which had previously been melted and cooled to about
      40.degree.C. 1700 mgm-portions of the composition are poured into cooled
      suppository molds and allowed to harden therein. Each suppository contains
      50 mgm of the nororipavine compound and is a rectal dosage unit
      composition with effective analgesic and antitussive actions.
PAC  EXAMPLE 81
PAC  Hypodermic solution
PAR  The solution is compounded from the following ingredients:
TBL  N-(2'-Methyl-3'-furylmethyl)-6,14-                                        

     endoetheno-7.alpha.-(hydroxy-methyl)-                                     

     tetrahydro-nororipavine                                                   

                            75.0      parts                                    

     Socium chloride        5.0       "                                        

     Double-distilled water 2000.0ad  "                                        

                                      by vol.                                  

PAC  Preparation
PAR  The nororipavine compound and the sodium chloride are dissolved in the
      double-distilled water, the solution is filtered until free from suspended
      particles, and the filtrate is filled under aseptic conditions into 2
      cc-ampules which are subsequently sterilized and sealed. Each ampule
      contains 75 mgm of the nororipavine compound, and its contents are an
      injectable dosage unit composition with effective analgesic and
      antitussive actions.
PAC  EXAMPLE 82
PAC  Drop solution
PAR  The solution is compounded from the following ingredients:
TBL  N-Furfuryl-6,14-endoetheno-7.alpha.-(1'-hydroxy                           

     1'-methyl-ethyl)-tetrahydro-nororipa-                                     

     vine hydrochloride        0.80   parts                                    

     Methyl p-hydroxy-benzoate 0.06   "                                        

     Propyl p-hydroxy-benzoate 0.04   "                                        

     Demineralized water   q.s.ad                                              

                               100.0  "                                        

                                      by vol.                                  

PAC  Preparation
PAR  The nororipavine compound and the p-hydroxy-benzoates are dissolved in the
      demineralized water, the solution is filtered, and the filtrate is filled
      into 100 ml-bottles. 10 ml of the solution contain 80 mgm of the
      nororipavine compound and are an oral dosage unit composition with
      effective analgesic and antitussive actions.
PAR  Analogous results are obtained when any one of the other compounds embraced
      by formula I or a non-toxic acid addition salt thereof is substituted for
      the particular northebaine compound in Examples 78 through 82. Likewise,
      the amount of active ingredient in these illustrative examples may be
      varied to achieve the dosage unit range set forth above, and the amounts
      and nature of the inert pharmaceutical carrier ingredients may be varied
      to meet particular requirements.
PAR  While the present invention has been illustrated with the aid of certain
      specific embodiments thereof, it will be readily apparent to others
      skilled in the art that the invention is not limited to these particular
      embodiments, and that various changes and modifications may be made
      without departing from the spirit of the invention or the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC15##
PAL  wherein
PA1  R.sub.1 is hydrogen, methyl or acetyl,
PA1  R.sub.2 is hydrogen or methyl,
PA1  R.sub.3 is hydrogen, methyl, n-propyl, phenethyl or phenyl,
PA1  R.sub.4 is hydrogen or methyl, and
PA1  Z is --CH=CH-- or --CH.sub.2 --CH.sub.2 --, or a non-toxic,
      pharmacologically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1, which is of the formula
      ##SPC16##
PAL  wherein
PA1  R.sub.2 is hydrogen or methyl,
PA1  R.sub.3 is hydrogen, methyl, n-propyl, phenethyl or phenyl,
PA1  R.sub.4 is hydrogen or methyl, and
PA1  Z is --CH=CH-- or --CH.sub.2 --CH.sub.2 --
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  3.
PAR  3. A compound of claim 1, which is
      N-furfuryl-6,14-endoetheno-7.alpha.-(hydroxy-methyl)-tetrahydro-northebain
     e or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  4.
PAR  4. A compound of claim 1, which is
      N-furfuryl-6,14-endoetheno-7.alpha.-(hydroxy-methyl)-tetrahydro-nororipavi
     ne or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  5.
PAR  5. A compound of claim 1, which is
      N-furfuryl-6,14-endoetheno-7.alpha.-(1'-hydroxy-1'-methyl-ethyl)-tetrahydr
     onororipavine or a non-toxic, pharmacologically acceptable acid addition
      salt thereof.
NUM  6.
PAR  6. A compound of claim 1, which is
      N-(2'-methyl-3'-furylmethyl)-6,14-endoetheno-7.alpha.-(hydroxy-methyl)-tet
     ra-hydro-nororipavine or a non-toxic, pharmacologically acceptable acid
      addition salt thereof.
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ABST
PAL  A process is provided for the preparation of 2-chloropyridine by the liquid
      phase hydrogenolysis of 2,6-dichloropyridine in the presence of a selected
      metal and a strong base.
BSUM
PAR  This invention relates to the preparation of 2-chloropyridine by
      hydrogenolysis. More particularly, this invention involves the selective
      liquid phase hydrogenolysis of 2,6-dichloropyridine in the presence of a
      selected metal and a strong base.
PAR  A need exists for selectively converting 2,6-dichloropyridine to
      2-chloropyridine since the dichloro product is an undesired by-product
      formed during the production of 2-chloropyridine by the chlorination of
      pyridine. A number of techniques have been disclosed for the
      hydrogenolysis of halobenzenes (see U.S. Pat. Nos. 2,725,405, 2,866,828
      and 3,595,931) and U.S. Pat. No. 2,502,125 discloses a method for the
      preparation of monobromopyridine by the reduction of dibromopyridine.
      However, none of these teachings disclose or suggest the selective
      hydrogenolysis of 2,6-dichloropyridine to form 2-chloropyridine and more
      significantly, none suggest the process of this invention.
PAR  Now it has been found that 2-chloropyridine can be economically and
      conveniently prepared by the liquid phase hydrogenolysis of
      2,6-dichloropyridine in the presence of zinc metal and a strong base.
PAR  The selected metal employed in the reaction of this invention is generally
      any metal which will react with the selected base material to produce
      hydrogen and also act as a catalyst. Metals of this type include zinc,
      iron, cobalt, and aluminum. Zinc and iron are the preferred metals for
      this reaction with zinc being most particularly preferred. The metal is
      preferably employed in the form of a finely divided metal such as a fine
      powder or dust.
PAR  The base material used in the process of this invention may be any strong
      base and more particularly an alkali or alkaline earth metal hydroxide.
      The preferred hydroxides are sodium, potassium, lithium, cesium, rubidium,
      calcium and magnesium hydroxide with sodium hydroxide being particularly
      preferred.
PAR  The reaction is carried out using a sufficient quantity of selected metal
      to produce the required amount of hydrogen or excess thereof. The amount
      of hydrogen needed is not in itself critical and will depend on the
      desired degree of conversion of 2,6-dichloropyridine and the reaction
      time. More particularly, at least 0.25 gram-atoms of selected metal per
      mole of 2,6-dichloropyridine may be used and preferably a ratio of about 1
      to 1 or more of said components is used. The base used will generally be
      in a liquid form and the concentration can vary widely up to about 75
      percent by weight of the basic compound in aqueous solution with the
      preferred concentration being from about 10 to about 53 percent. The
      amount of base compound can vary widely with at least 0.1 part by weight
      of said base per part by weight of 2,6-dichloropyridine being used and
      preferably from about 1 to about 10 parts by weight of base per part by
      weight of 2,6-dichloropyridine.
PAR  The reaction temperature can vary from about -10.degree. to about
      100.degree.C and preferably from about 0 .degree. to about 30.degree.C.
      Atmospheric pressure can suitably be employed, but pressures of from about
      0.2 atmosphere to about 100 atmospheres and preferably from about 1 to
      about 10 atmospheres may be used.
PAR  While the use of a solvent is not necessary in carrying out the process of
      this invention, well-known organic solvents which will dissolve the
      2,6-dichloropyridine may be used. Solvents of this type include aromatic
      hydrocarbons such as benzene, toluene and xylene; carbon tetrachloride;
      chloroform and pyridine with pryidine being a preferred solvent. Further
      illustrations of useful solvents may be found in "Organic Solvents" edited
      by Weissburger et al, Vol. VII, 2nd edition, 1955.
PAR  It is to be noted that the starting material used in this process is
      2,6-dichloropyridine. One common way this material is obtained is as a
      predominant by-product in the chlorination of pyridine to form
      chloropyridine and while other forms of the dichloropyridine may also be
      present in minor proportions, the hydrogenolysis process of this invention
      is particularly applicable to such mixtures of byproducts. The term
      2,6-dichloropyridine as used in the specification and claims is intended
      to include mixtures of dichloropyridines having the 2,6-dichloropyridine
      as the predominant or major portion thereof.
PAR  The reaction time for this process is not critical and may vary depending
      on the conditions such as temperature and amount of metal used. Generally,
      it is desired to run the reaction until nearly all or a significant amount
      of the 2,6-dichloropyridine has been converted.
PAR  It is generally desired to agitate the reaction mixture to keep the two
      layers thoroughly mixed (when using aqueous solution). Agitation can be
      provided by using well-known mechanical means.
PAR  The following examples are further illustrative of the method of this
      invention.
PAC  EXAMPLE I
PAR  A reaction flask was charged with 14 grams of 2,6-dichloropyridine and 106
      grams of pyridine and agitated moderately. After all the
      2,6-dichloropyridine was dissolved, 100 grams of 50 percent caustic
      aqueous solution (NaOH) and 13.3 grams of zinc dust were added. The
      reaction was maintained at about 30.degree.C and 1 atmosphere pressure and
      samples of liquid were taken periodically and analyzed by vapor phase
      chromatography as follows:
TBL  Reaction time                                                             

             Conversion of                                                     

                         Yields                                                

     hours   2,6-dichloropyridine                                              

                         2-chloropyridine                                      

                                  Pyridine                                     

                                       Others                                  

     __________________________________________________________________________

     1       27%         54%      36%  10%                                     

     2       51%         52%      39%   9%                                     

     3       68%         51%      39%  10%                                     

     5       89%         51%      39%  10%                                     

     6       94%         51%      38%  10%                                     

     __________________________________________________________________________

PAC  EXAMPLE II
PAR  The same procedure as Example I was followed using potassium hydroxide
      instead of caustic. The results obtained were as follows.
TBL  Reaction time                                                             

             Conversion of                                                     

                         Yields                                                

     hours   2,6-dichloropyridine                                              

                         2-Chloropyridine                                      

                                   Pyridine                                    

                                        Others                                 

     __________________________________________________________________________

     1        71%        34%       59%  7%                                     

     2        96%        34%       61%  5%                                     

     3       100%        32%       63%  5%                                     

     __________________________________________________________________________

PAC  EXAMPLE III
PAR  A reaction flask was charged with 20 grams of 2,6-dichloropyridine and 150
      grams of pyridine and agitated moderately. After all the
      2,6-dichloropyridine was dissolved, 50 grams of 50 percent caustic (NaOH)
      aqueous solution and 19 grams of zinc dust were added. The reaction was
      maintained at about 50.degree.C and 1 atmosphere pressure and samples of
      liquid taken periodically and analyzed by vapor phase chromatography as
      follows:
TBL  Reaction time                                                             

             Conversion of                                                     

                         Yields                                                

     hours   2,6-dichloropyridine                                              

                         2-Chloropyridine                                      

                                   Pyridine                                    

                                        Others                                 

     __________________________________________________________________________

     0.5     51%         28%       61%  11%                                    

     1       90%         29%       59%  12%                                    

     2       99.8%       29%       56%  15%                                    

     3       99.9%       29%       58%  14%                                    

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing 2-chloropyridine consisting essentially of
      reacting together in the liquid phase at a temperature in the range of
      -10.degree.C. to 100.degree.C., 2,6-dichloropyridine at least 0.25
      gram-atoms per mole of 2,6-dichloropyridine of a finely divided metal
      selected from the group consisting of zinc, iron, cobalt and aluminum and
      at least 0.1 part by weight per part by weight of said
      2,6-dichloropyridine of a base selected from the group consisting of an
      alkali metal hydroxide and an alkaline earth metal hydroxide.
NUM  2.
PAR  2. The process of claim 1 wherein a pressure of from about 0.2 atmosphere
      to about 100 atmospheres is employed.
NUM  3.
PAR  3. The process of claim 2 wherein said metal is selected from the group
      consisting of zinc and iron.
NUM  4.
PAR  4. The process of claim 3 wherein said alkali metal hydroxide is selected
      from the group consisting of sodium hydroxide, potassium hydroxide,
      lithium hydroxide, cesium hydroxide and rubidium hydroxide and said
      alkaline earth metal hydroxide is selected from the group consisting of
      calcium hydroxide and magnesium hydroxide.
NUM  5.
PAR  5. The process of claim 4 wherein said metal is zinc.
NUM  6.
PAR  6. The process of claim 5 wherein said base is provided as an aqueous
      solution containing up to about 75 percent by weight of said alkali metal
      hydroxide or said alkaline earth metal hydroxide and wherein at least 0.1
      part by weight of said hydroxide per part by weight of
      2,6-dichloropyridine is used.
NUM  7.
PAR  7. The process of claim 6 wherein said zinc metal is in the form of zinc
      dust and said base is sodium hydroxide.
NUM  8.
PAR  8. The process of claim 7 wherein pyridine is employed as a solvent.
NUM  9.
PAR  9. The process of claim 8 wherein said reaction temperature is from about 0
      to about 30.degree.C, said pressure is from about 1 to about 10
      atmospheres, said aqueous solution contains about 10 to about 53 percent
      by weight of sodium hydroxide, from about 1 to about 10 parts by weight of
      said sodium hydroxide per part by weight of 2,6-dichloropyridine is used
      and at least 0.25 gram-atoms of said zinc per mole of 2,6-dichloropyridine
      is used.
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PAL  A process of converting 2,3,4,5-tetrahydropyrimidines containing at least 1
      hydrogen in the 2-position and at least one methylene group in the
      4-position to corresponding pyridines which comprises heating said
      tetrahydropyrimidines to a temperature sufficiently high to remove ammonia
      and hydrogen so as to form said pyridines.
PARN
PAR  This application is a continuation-in-part of Ser. No. 292,494 filed on
      Sept. 27, 1972.
PAR  In Ser. No. 292,494 filed on Sept. 27, 1972 there is described and claimed
      substituted 2, 3, 4, 5-tetrahydropyrimidines (THP)
      ##SPC1##
PAL  which are prepared by the following reactions:
PA1  1. The reaction of a carbonyl compound (ketone or aldehyde) with (NH.sub.3
      or NH.sub.4 OH) and a sulfur-containing catalyst.
PA1  2. The reaction of an .alpha., .beta.-unsaturated ketone and a carbonyl
      compound and NH.sub.3 (or NH.sub.4 OH) without a catalyst.
PA1  3. Reaction of an 60 , .beta. -unsaturated ketone, a 1-amino-alcohol and
      NH.sub.3 (or NH.sub.4 OH) without a catalyst.
PAR  In the above formula, R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and
      R.sub.6, which may be the same or different, are hydrogen or substituted
      group such as alkyl, aryl, cycloalkyl, alkaryl, aralkyl, heterocyclic,
      substituted derivatives thereof, etc. In addition R groups may be joined
      in a cyclic configuration which makes the THP structure a part of the
      substituted group.
PAR  Alkyl includes methyl, ethyl, propyl, butyl, amyl, hexyl, heptyl, octyl,
      nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
      hexadecyl, heptadecyl, octadecyl, escosyl, docosyl, etc. for example
      having about 1-25 or more carbons such as from about 1- 18 carbons, but
      preferably about 1-12 carbons. The term "alkyl" also includes isomers of
      the straight chain where branching occurs.
PAR  Cycloalkyl includes cyclopentyl, cyclohexyl, etc. and derivatives thereof
      such as alkyl cyclohexyl, dialkylcyclohexyl, etc.
PAR  Aryl, alkaryl and aralkyl include phenyl, alkylphenyl, polyalkylphenyl,
      chlorophenyl, alkoxyphenyl, naphthyl, alkylnaphthyl, etc., benzyl,
      substituted benzyl, etc.
PAR  The joining of the R groups into a ring structure include those structures
      derived from reactants of the general formula
      ##EQU1##
      such as cyclohexanone, cyclopentanone, substituted derivatives thereof
      such as alkyl-cyclohexanone, dialkyl-cyclohexanone.
PAR  I have discovered that the tetrahydropyrimidines of said Ser. No. 292,494
      can be converted to substituted pyridines according to the following
      equation.
      ##SPC2##
PAL  Provided the 2-position of THP contains at least 1 hydrogen and one of the
      groups attached to carbon 4 of THP has at least one methylene group.
PAR  The meaning of R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 are the same as
      stated above.
PAR  The reaction is carried by heating THP at a temperature sufficiently high
      to remove ammonia and hydrogen so as to cause rearrangement to the
      pyridine compound. In general, the temperature employed is from about
      60.degree. - 400.degree.C. or higher, such as from about 75.degree. -
      350.degree., but preferably from about 90.degree. - 250.degree.C. with an
      optimum of about 200.degree. to 250.degree.C. Reduced pressure may be
      employed as desired so as to aid in removal of NH.sub.3 and H.sub.2.
PAR  The reaction can be carried out with or without a catalyst. Where a
      catalyst is employed it is generally of the Lewis acid type. Typical
      catalysts include salts, such as of inorganic or organic acids for example
      ammonium or amine salts of the formula
EQU  N .sup.. X
PAL  where N is ammonium or amine and X is an anion for example a halide (Cl,
      Br, F, I), a carboxylic acid, a sulfonic acid, etc. Illustrative examples
      include
     NH.sub.4 acetate                                                          

                    NH.sub.4 I                                                 

     NH.sub.4 Cl    NH.sub.4 benzenesulfonate, etc.                            

     NH.sub.4 Br                                                               

     Zinc halides such as zinc chloride, silica, etc.                          

     Other catalysts include AlCl.sub.3, FeCl.sub.3, PbO, Al.sub.2 O.sub.3,    

     etc.                                                                      

PAR  The following examples are presented by way of illustration and not of
      limitation.
DETD
PAC  EXAMPLE 1
PAC  2-Propyl - 3,5-diethyl pyridine
PAR  In a pressure reactor was placed a 453.6g of butyraldehyde and 17g of
      ammonium chloride. To the mixture was added, with cooling, 85g of ammonia
      gas, at such a rate that a reaction temperature of 40.degree.-45.degree.C.
      was maintained. After the addition was completed (0.5 hrs), cooling was
      discontinued and the reaction mixture was stirred for 2 hrs. at ambient
      temperature. The aqueous phase produced was removed and the organic layer
      was dried to yield 398.2g (97% of theory) of
      2,4-di-n-propyl-5-ethyl-2,3,4,5-tetrahydropyrimidine.
PAR  The product was then heated to 235.degree.C. over a 1/2 hr. period and kept
      at 235.degree.C. for 21/2 hrs. The resulting product 346.2g of material
      (96.3% of theory) was distilled to yield 298g of
      2-propyl-3,5-diethylpyridine (80% of theory based on butyraldehyde)
      b..sub.760 235.degree.-242.degree.C.; nuclear magnetic resonance spectrum,
      solvent CCl.sub.4, .delta. in ppm, 8.38 d., 1H; 7.38 d. 1H; 2.70 and 2.67
      m's, 6H; 1.80 m, 2H; 1.18 t. 6H; and 0.97t, 3H.
PAR  Anal. calc.ed for C.sub.12 H.sub.19 N; N, 7.91; Found; N, 7.8.
PAC  EXAMPLE 2
PAC  2-Propyl-3,5-diethyl pyridine
PAR  In a pressure reactor was placed 361.1g of butyraldehyde. Over a 1 hr
      period 54g of ammonia gas was added, while a temperature of
      30-35.degree.C. was maintained by cooling of the reaction mixture. After
      the addition was completed stirring was continued for 1 hr. The water
      produced was removed under diminished pressure to yield 327g. of
      2,4-di-n-propyl-5-ethyl-2,3,4,5-tetrahydropyrimidine.
PAR  The product was heated over a 1 hr period to reflux. Ammonia and hydrogen
      gas were evolved. Distillation yielded after a forerun of 61.3g of mainly
      butyraldehyde, 222g of 2-propyl-3,5-diethylpyridine, identical to the
      pyridine described in example 1.
PAC  EXAMPLE 3
PAC  2-Ethyl-3,5-dimethylpyridine
PAR  In a pressure reactor was placed 18g of ammonium chloride and 341.1g. of
      propionaldehyde. To the mixture was added over a 1 hr. period 80g. of
      ammonia gas at such a rate that a temperature of 28.degree.-35.degree.C.
      was maintained. After the addition was completed, the mixture was stirred
      for an additional 3 hrs. at ambient temperature. The product was taken up
      in chloroform. The aqueous layer removed and the chloroform solution
      evaporated under diminished pressure to yield 300.6g. of
      2,4-diethyl-5-methyl-2,3,4,5-tetrahydropyrimidine.
PAR  A sample of 204.6g. of 2,4-diethyl-5-methyl-2,3,4,5-tetrahydropyrimidine
      and 0.8g. of ammonium chloride were heated over a 3/4 hr. period to reflux
      and refluxed for 5 hrs. Distillation yielded 125.1g of
      2-ethyl-3,5-dimethylpyridine. b.sub.760 195.degree.-205.degree.C.; nuclear
      magnetic resonance spectrum, no solvent, .delta. in ppm, 8.17, m, 1H; 7.03
      m, 1H; 2.08 s, 6H; 2.68 q, 2H; 1.23 t, 3H.
PAR  Anal. Calc.ed for C.sub.9 H.sub.13 N; N, 10.4; Found; N, 10.3.
PAC  EXAMPLE 4
PAC  2,4-Dimethyl-6-n-propylpyridine
PAR  A sample of 196g. of mesityloxide and 144g. of butyraldehyde were placed in
      a 1 pt. pressure reactor. To the mixture was added over a 2 hr. period,
      79g. of ammonia gas. After the addition was completed, the mixture was
      stirred for 18 hrs. at ambient temperature. The aqueous layer produced was
      removed and the product distilled under diminished pressure to yield
      303.8g. of 2-n-propyl-4,4,6-trimethyl-2,3,4,5-tetrahydropyrimidine,
      b.sub.20 88.degree.-89.degree.C.
PAR  A sample of 100.4g. of
      2-n-propyl-4,4,6-trimethyl-2,3,4,5-tetrahydropyrimidine and 0.5g. of
      ammonium acetate was heated to reflux over a 1 hr period and refluxed for
      1 hr. Distillation of the product yielded 36.7g. of
      2.4-dimethyl-6-n-propylpyridine, b.sub.760 205.degree.-214.degree.C.;
      nuclear magnetic resonance spectrum, solvent CCl.sub.4. .delta. in ppm.;
      6.67, s, 2H; 2.55, q, 2H; 2.37, s, 3H; 2.17, s, 3H; 1.58, m, 2H; 0.91 t.
      3H.
PAR  Anal. Calc.ed for C.sub.10 H.sub.15 N; N, 9.38; Found; N, 9.3.
PAR  In order to avoid repetitive detail and since all examples were prepared in
      the manner described in example 1, the following substituted pyridines
      which were prepared from the corresponding substituted
      2,3,4,5-tetrahydropyrimidines are presented in tabular form in the
      following table.
      ##SPC3##
TBL     Starting Material  Products                                            

     Ex.                                                                       

        Group Substituted in                                                   

                           Groups substituted                                  

     No.                                                                       

        Tetrahydropyrimidine                                                   

                           in pyridine                                         

     __________________________________________________________________________

      5 4,4,6-trimethyl    2,4-dimethyl                                        

      6 2-methyl-4,4,6-trimethyl                                               

                           2,4,6-trimethyl                                     

      7 2-isopropyl-4,4,6-trimethyl                                            

                           2-isopropyl-4,6-dimethyl                            

      8 2-n-hexyl-4,4,6-trimethyl                                              

                           2-n-hexyl-4,6-dimethyl                              

      9 2-n-octyl-4,4,6-trimethyl                                              

                           2-n-octyl-4,6-dimethyl                              

     10 2-isopropyl-4-n-propyl-5-ethyl                                         

                           2-isopropyl-3,5-diethyl                             

     11 2-isopentyl-4,4,6-trimethyl                                            

                           2-isopentyl-4,6-dimethyl                            

     12 2,4-di-n-hexyl-5-pentyl                                                

                           2-n-hexyl-3,5-di-n-pentyl                           

     13 2-phenyl-4,4,6-trimethyl                                               

                           2-phenyl-4,6-dimethyl                               

     14 2-p-methoxyphenyl-4,4,6-trimethyl                                      

                           2-p-methoxyphenyl-4,6-dimethyl                      

     15 2-furyl-4,4,6-trimethyl                                                

                           2-furyl-4,6-dimethyl                                

     16 2-benzyl-4,4,6-trimethyl                                               

                           2-benzyl-4,6-dimethyl                               

     __________________________________________________________________________

PAR  The compositions of this invention are useful as corrosion inhibitors,
      biocides, fuel additives, fuel antifoulants, scale inhibitors, antistatic
      agents, chelating agents, etc.
PAR  It will be apparent that various changes and modifications may be made in
      the invention described herein without departing from the scope of the
      invention. It is intended, therefore, that all matter shall be interpreted
      as illustrative and not as limitative.
CLMS
STM  I claim:
NUM  1.
PAR  1. The process of converting a 2,3,4,5-tetrahydropyrimidine of the formula
      ##SPC4##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, and R.sub.5 may be the same or
      different are hydrogen, alkyl, aryl, cycloalkyl, alkaryl, aralkyl or
      heterocyclic to the corresponding pyridine which comprises heating said
      tetrahydropyrimidine to a temperature between 75.degree.C. and
      350.degree.C. sufficiently high to remove ammonia and hydrogen so as to
      form said pyridine.
NUM  2.
PAR  2. The process of claim 1 where a Lewis Acid catalyst is employed.
NUM  3.
PAR  3. The process of claim 2 where the Lewis Acid catalyst is an ammonium
      salt.
NUM  4.
PAR  4. The process of claim 3 where the ammonium salt is an ammonium salt of an
      inorganic or an organic acid.
NUM  5.
PAR  5. The process of claim 4 where the ammonium salt is ammonium chloride or
      ammonium acetate.
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ABST
PAL  Quinine, quinidine and analogs thereof, are prepared by reacting a
      4-quinolyllithium compound with a 4,5-erythro-5-ethyl(or
      vinyl)-quinuclidine-2.epsilon. -carboxaldehyde or the corresponding
      quinuclidine-2-carboxylic acid alkyl ester. Also described, inter alia, is
      the preparation of a 4,5-erythro-5-ethyl(or
      vinyl)-quinuclidine-2.epsilon.-carboxaldehyde, and a
      4,5-crythro-5-ethyl(or vinyl)-quinuclidine-2.epsilon. -carboxylic acid and
      esters thereof. The end products are useful as antimalarial and
      antiarrhythmic agents.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of U.S. Pat. application Ser. No. 166,583,
      filed July 27, 1971, now U.S. Pat. No. 3,823,146, which in turn is a
      continuation-in-part of U.S. patent application Ser. No. 117,131, filed
      Feb. 19, 1971, now abandoned, which in turn is a continuation-in-part of
      U.S. patent application Ser. No. 20,034, filed Mar. 16, 1970, now
      abandoned.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention relates to the preparation of compounds of the formulas I and
      II
      ##SPC1##
PAL  enantiomers and racemates thereof;
PA1  Wherein m is 1 or 2; R.sub.1 is hydrogen, hydroxy, halogen,
      trifluoromethyl, lower alkyl, lower alkoxy, or when m is 2, with an
      adjacent R.sub.1, is also methylenedioxy; and R.sub.2 is ethyl or vinyl.
PAR  In one aspect, the invention relates to the preparation of compounds of
      formulas I and II, wherein R.sub.2 is ethyl or vinyl, by a process which
      comprises reacting the mixture of epimeric 5(R)-ethyl(or
      vinyl)-4(S)-quinuclidine-2.epsilon.-carboxaldehydes, enantiomers or
      racemates, with a 4-quinolyllithium compound.
PAR  In another aspect, the invention relates to the preparation of compounds of
      formulas I and II, wherein R.sub.2 is ethyl or vinyl, by a process which
      comprises reacting the mixture of epimeric 5(R)-ethyl(or
      vinyl)-4(S)-quinuclidine-2.epsilon.-carboxylic acid alkyl esters,
      enantiomers or racemates thereof, with a 4-quinolyllithium compound and
      thereafter reducing the resulting 4-[5(R)-ethyl(or
      vinyl)-4(S)-quinuclidin-2(R or S)ylcarbonyl]quinoline, its enantiomer or
      its racemate, to the corresponding end product of formulas I and II.
PAR  In still another aspect, the invention relates to intermediates of the
      formulas:
      ##SPC2##
PAL  Their racemates and enantiomers,
PA1  Wherein R.sub.2 is as previously described, R.sub.3 is lower alkyl, aryl or
      aryl-lower alkyl; m is 1 or 2, and R'.sub.1 is hydroxy, halogen,
      trifluoromethyl, lower alkyl or lower alkoxy, or when m is 2, with an
      adjacent R.sub.1, is also methylenedioxy.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The term "lower alkyl" as used herein denotes a hydrocarbon group
      containing 1-7 carbon atoms, such as methyl, ethyl, propyl, butyl and the
      like; methyl and ethyl are preferred. The term "lower alkoxy" denotes a
      lower alkyl ether group in which the lower alkyl moiety is as described
      above. The term "halogen" denotes all the halogens, i.e., bromine,
      chlorine, fluorine and iodine; chlorine is preferred. The term "aryl"
      denotes phenyl or phenyl bearing one or more substituents selected from
      the group consisting of halogen, trifluoromethyl, lower alkyl, lower
      alkoxy, nitro, amino, lower alkylamino and di-lower alkylamino. Exemplary
      of "aryl-lower alkyl" are benzyl, phenethyl and the like.
PAR  A process aspect of the invention is exemplified by Reaction Scheme Ia.
      ##SPC3##
PAL  wherein R.sub.3 is lower alkyl, aryl or aryl-lower alkyl.
PAR  In Reaction Scheme Ia, the racemic
      1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2-ol of formula III [also
      known as 3-ethyl-4-(2-hydroxy-3,3,3-trichloropropyl)pyridines] or either
      of its enantiomers is converted to the mixture of racemic, epimeric cis
      1,1-dichloro-3-(3-ethyl-4-piperidinyl)propan-2.epsilon.-ols of formulas
      IVa and Va or their corresponding enantiomers utilizing a hydrogenation
      catalyst, for example, a noble metal, such as palladium, platinum and
      rhodium; Raney nickel; and the like. The hydrogenation is conveniently
      carried out at room temperature or above room temperature, preferably at
      60.degree. and at a hydrogen pressure of about 1 atmosphere to about 100
      atmospheres. Moreover, the hydrogenation can be suitably carried out in
      the presence of water and an inert organic solvent, for example, an
      alkanol, such as ethanol, methanol and the like, and in the presence of a
      mineral acid, such as hydrochloric, hydrobromic, sulfuric acid and the
      like, or an organic acid, such as acetic acid, tartaric acid and the like.
PAR  The enantiomers or racemates of epimeric cis
      1,1-dichloro-3-(3-ethyl-4-piperidinyl)propan-2.epsilon.-ols of formulas
      IVa and Va are converted to the mixture of epimeric
      5(R)-ethyl-4(S)-quinuclidine-2.epsilon.-carboxaldehydes of formula VIa,
      enantiomers or racemates, utilizing a cyclizing and dehydrochlorinating
      agent. Exemplary of such agents are bases, for example, alkali metal
      hydroxides, such as sodium hydroxide and potassium hydroxide; alkali metal
      alkoxides, such as potassium t-butoxide; and basic anion exchange resins,
      such as Amberlite anion exchange resin IRA-401 (OH) and the like. The
      reaction is conveniently carried out at room temperature; however, higher
      or lower temperatures may also be utilized. Moreover, the reaction can be
      suitably carried out in the presence of an inert organic solvent, for
      example, an alkanol, such as methanol, ethanol and the like; a
      hydrocarbon, such as benzene, toluene, hexane, petroleum ether and the
      like; or an ether, such as tetrahydrofuran, diethylether, dioxane and
      diglyme; or a mixture of water and an immiscible inert organic solvent,
      such as benzene, dichloromethane or the like.
PAR  The mixture of epimeric
      5(R)-ethyl-4(S)-quinuclidine-2.epsilon.-carboxaldehydes of formula VIa,
      enantiomers or racemates, is converted to the mixture of epimeric
      5(R)-ethyl-4(S)-quinuclidine-2.epsilon.-carboxylic acids of formula VIIa,
      enantiomers or racemates, utilizing an oxidizing agent. As the oxidizing
      agent, there can be utilized silver oxide, chromic acid, potassium
      permanganate, and the like. The oxidation is conveniently carried out at
      room temperature or below, and if desired, in the presence of a solvent
      such as an alkanol or water.
PAR  The mixture of epimeric 5(R)-ethyl-4(S)-quinuclidine-2.epsilon.-carboxylic
      acids of formula VIIa, enantiomers or racemates, is converted to the
      mixture of epimeric 5(R)-ethyl-4(S)-quinuclidine-2.epsilon.-carboxylic
      acid alkyl esters of formula VIIIa, enantiomers or racemates, utilizing an
      esterifying agent. As the esterifying agent, there can be utilized
      alkanols such as ethanol, methanol, and the like, in the presence of an
      acid such as hydrogen chloride, sulfuric acid and the like. The
      esterification is conveniently carried out at a temperature in the range
      of between about room temperature and the boiling temperature of the
      reaction mixture.
PAR  Still another process of the invention is exemplified by Reaction Scheme
      Ib:
      ##SPC4##
PA1  wherein R.sub.2 and R.sub.3 are as previously described.
PAR  In Reaction Scheme Ib the N-benzoyl-3(R)-ethyl(or
      vinyl)-4(S)-piperidineacetaldehyde of formula IX, its enantiomer or
      racemate, is converted to the corresponding mixture of epimeric
      1,1-dichloro-3-[3(R)-ethyl(or vinyl)-4(S)-piperidinyl]propan2.epsilon.-ols
      of formulas IV and V, enantiomers or racemates, utilizing a Grignard
      reagent, such as dichloromethyllithium. The reaction is conveniently
      carried out at room temperature and below room temperature, preferably
      between about 0.degree. and -70.degree.C. Moreover, the reaction can be
      suitably carried out in the presence of an inert organic solvent, for
      example, an ether, such as tetrahydrofuran, diethylether, dioxane and
      diglyme; or a hydrocarbon such as benzene, toluene, hexane, petroleum
      ether and the like.
PAR  The mixture of epimeric 1,1-dichloro-3-[3(R)-ethyl(or
      vinyl)-4(S)-piperidinyl]propan-2.epsilon.-ols of formulas IV and V,
      enantiomers or racemates, are converted to the mixture of epimeric
      5(R)-ethyl(or vinyl)-4-(S)-quinuclidine-2.epsilon.-carboxaldehydes of
      formula VI, enantiomers or racemates, by the procedure previously
      described for the compounds of formulas IVa and Va.
PAR  The mixture of epimeric 5(R)-ethyl(or
      vinyl)-4(S)-quinuclidine-2.epsilon.-carboxaldehydes of formula VI,
      enantiomers or racemates, is converted to the mixture of epimeric
      5(R)-ethyl(or vinyl)-4(S)-quinuclidine-2.epsilon.-carboxylic acids of
      formula VII, enantiomers or racemates, by the procedure previously
      described for the compound of formula VIa.
PAR  The mixture of epimeric 5(R)-ethyl(or
      vinyl)-4(S)-quinuclidine-2.epsilon.-carboxylic acids of formula VII,
      enantiomers or racemates thereof, is converted to the mixture of epimeric
      5(R)-ethyl(or vinyl)-4(S)-quinuclidine-2.epsilon.-carboxylic acid alkyl
      esters of formula VIII, enantiomers or racemates thereof, by the procedure
      previously described for the compound of formula VIIa.
PAR  A further process aspect of the invention is exemplified by Reaction Scheme
      II:
      ##SPC5##
PAL  enantiomers and racemates thereof,
PA1  wherein R.sub.1, R.sub.2 and m are as previously described.
PAR  In Reaction Scheme II, the mixture of epimeric 5(R)-ethyl(or
      vinyl)-4(S)-quinuclidine-2.epsilon.-carboxaldehydes of formula VI,
      enantiomers or racemates thereof, is reacted with a 4-quinolyllithium
      compound of formula X to yield the corresponding .alpha.(S)-[5(R)-ethyl(or
      vinyl)-4(S)-quinuclidin-2(R)-yl]-4-quinolinemethanol of formula I,
      enantiomer or racemate thereof, and .alpha.(R)-[5(R)-ethyl(or
      vinyl)-4(S)-quinuclidin-2(S)-yl]-4-quinolinemethanol of formula II,
      enantiomer or racemate thereof. The 4-quinolyllithium compound of formula
      X is reacted in equimolar or greater than equimolar proportions with the
      compound of formula VI. Preferably, two molar proportions of the
      quinolyllithium compound are utilized. The reaction is conveniently
      carried out at room temperature or below room temperature, preferably at a
      temperature in the range of between about 0.degree. and about -70.degree.,
      in the presence of an inert organic solvent, for example, an ether, such
      as diethylether, tetrahydrofuran, dioxane and diglyme; or a hydrocarbon,
      such as benzene, toluene and the like. The reaction is conveniently
      carried out in the presence of complexing agents such as
      1,4-diazabicyclo[2.2.2] octane or tetramethylethylenediamine.
PAR  Representative of the compounds of formula X are the following:
PA1  4-quinolyllithium;
PA1  6-methoxy-4-quinolyllithium;
PA1  6-methyl-4-quinolyllithium;
PA1  7-methoxy-4-quinolyllithium;
PA1  6,7-dimethoxy-4-quinolyllithium;
PA1  6,7-methylenedioxy-4-quinolylithium;
PA1  6,8-dimethoxy-4-quinolyllithium;
PA1  6-chloro-4-quinolyllithium;
PA1  7-trifluoromethyl-4-quinolyllithium;
PA1  7-chloro-4-quinolyllithium;
PA1  6,8-dichloro-4-quinolyllithium;
PAL  and the like. Since the foregoing 4-quinolyllithium compounds are highly
      labile, it is preferred to prepare them in situ, by reacting the
      corresponding 4-bromoquinoline with, for example, n-butyllithium in the
      presence of a solvent, for example, a hydrocarbon, such as benzene,
      toluene, hexane, petroleum ether; or an ether, such as dioxane, ether,
      diglyme, tetrahydrofuran and the like. Exemplary of the 4-bromoquinoline
      compounds are: 4-bromoquinoline;
PA1  4-bromo-6-methoxyquinoline;
PA1  4-bromo-6-methylquinoline;
PA1  4-bromo-7-methoxyquinoline;
PA1  4-bromo-6,7-dimethoxyquinoline;
PA1  4-bromo-6,7-methylenedioxyquinoline;
PA1  4-bromo-6,8-dimethoxyquinoline;
PA1  4-bromo-6-chloroquinoline;
PA1  4-bromo-7-chloroquinoline;
PA1  4-bromo-6,8-dichloroquinoline;
PA1  4-bromo-7-trifluoromethylquinoline; and the like.
PAR  The 4-halo-quinolines can be prepared by known procedures from the
      corresponding 4-hydroxy-quinolines, exemplary of which are:
PA1  4-hydroxyquinoline;
PA1  4-hydroxy-6-methoxyquinoline;
PA1  4-hydroxy-6-methylquinoline;
PA1  4-hydroxy-7-methoxyquinoline;
PA1  4-hydroxy-6,7-dimethoxyquinoline;
PA1  4-hydroxy-6,7-methylenedioxyquinoline;
PA1  4-hydroxy-7-trifluoromethylquinoline;
PA1  4-hydroxy-6,8-dimethoxyquinoline;
PA1  4-hydroxy-6-chloroquinoline;
PA1  4-hydroxy-7-chloroquinoline;
PA1  4-hydroxy-6,8-dichloroquinoline; and the like.
PAR  Yet another aspect of the invention is exemplified by Reaction Scheme III.
      ##SPC6##
PA1  wherein R.sub.1, R.sub.2, R.sub.3 and m are as previously described.
PAR  In Reaction Scheme III, the mixture of epimeric 5(R)-ethyl-(or
      vinyl)-4(S)-quinuclidine-2.epsilon.-carboxylic acid alkyl esters of
      formula VIII, enantiomers or racemates, is reacted with a
      4-quinolyllithium compound of formula X to yield the corresponding mixture
      of epimeric 4-[5(R)-ethyl(or
      vinyl)-4(S)-quinuclidin-2.epsilon.-ylcarbonyl]quinolines of formula XI,
      enantiomers or racemates thereof. The 4-quinolyllithium compound of
      formula X is reacted in equimolar or greater than equimolar proportions
      with the compound of formula VIII. Preferably, two molar proportions of
      the quinolyllithium compound are utilized. The reaction is conveniently
      effected at room temperature or below room temperature, preferably in the
      range of about between 0.degree. and about -70.degree.C. Suitably, an
      inert solvent, for example, an ether, such as diethyl ether,
      tetrahydrofuran, dioxane and diglyme, or a hydrocarbon such as benzene,
      toluene, and the like, may be utilized. Further, the reaction may be
      conveniently carried out in the presence of complexing agents such as
      1,4-diazabicyclo[2.2.2] octane or tetramethylethylenediamine.
PAR  The conversion of the mixture of epimeric 4-[5(R)-ethyl(or
      vinyl)-4(S)-quinuclidin-2.epsilon.-ylcarbonyl]quinolines of formula XI,
      enantiomers or racemates thereof, to .alpha.(S)-[5(R)-ethyl(or
      vinyl)-4(S)-quinuclidin-2(R)-yl]-4-quinolinemethanols of formula I,
      enantiomer or racemate thereof, and to .alpha.(R)-[5(R)-ethyl(or
      vinyl)-4(S)-quinuclidin-2(S)-yl]-4-quinolinemethanols of formula II,
      enantiomer or racemate, respectively, is carried out utilizing a
      stereoselective reducing agent, for example, a dialkylaluminum hydride,
      such as diisobutylaluminum hydride or the like. The reduction is suitably
      carried out at room temperature; however, temperatures above or below room
      temperature may be employed. It is preferred to employ a temperature
      between 20.degree.C. and 50.degree.C. The reduction can be conveniently
      conducted in the presence of an inert organic solvent, for example, a
      hydrocarbon such as benzene or toluene, or an ether such as diethylether,
      tetrahydrofuran or the like.
PAR  The conversion of the compounds of formula XI, enantiomers or racemates
      thereof, to those of formulas I and II, enantiomers or racemates thereof,
      respectively, when R.sub.2 is ethyl, can also be effected utilizing a
      hydrogenation catalyst such as nickel, palladium, ruthenium, copper or
      barium chromite in the presence of a solvent, for example, an aqueous or
      non-aqueous alkanol such as methanol or ethanol, or an ether such as
      dioxane. When R.sub.2 is ethyl or vinyl, the conversion can be effected
      utilizing a hydrogenation agent such as aluminum in ethanol, sodium
      isopropoxide in toluene, sodium or potassium borohydride in methanol,
      ethanol, isopropanol or tetrahydrofuran, lithium aluminum hydride,
      aluminum hydride, chloroaluminum hydride, dichloroaluminum hydride,
      bromoaluminum hydride, dibromoaluminum hydride, lithium
      tri-tert.-butoxyaluminum hydride in ether, tetrahydrofuran, dioxane or the
      like.
PAR  The compounds of formulas I and II and their pharmaceutically acceptable
      acid addition salts possess antimalarial and antiarrhythmic properties and
      are therefore useful as antimalarial and antiarrhythmic agents. Their
      pharmacologically useful antiarrhythmic activity is demonstrated in
      warm-blooded animals utilizing standard procedures, for example, the test
      compound is administered to prepared mongrel dogs. The chest cavity of the
      experimental animal previously anesthetized using a combination of sodium
      barbitol, 300 mg/kg. and pentobarbitol, 15 gm/kg., i.v., is opened up
      through the third right interspace under artificial respiration and the
      pericardium is cut and sutured to the wall of the thorax so as to maintain
      the heart in a pericardial cradle throughout the course of the test
      procedure. Arterial pressure is monitored by inserting a polyethylene
      cannula into the aorta via the left carotid artery and is measured with an
      appropriate Statham pressure transducer. During the course of the
      experiment, electrical activity of the heart is viewed both on an
      oscilloscope and recorded on a Sanborn polyviso using standard ECG lead
      II. The heart is also observed visually. The antiarrhythmic assay of the
      test drug is undertaken using a modification of the method of Scherf and
      Chick, Circulation, 3, 764-769 (1951). A dripping of 1 percent solution of
      acetylcholine is applied to the sinus node and the atrium is irritated by
      pinching with a pair of forceps. This procedure produces a continuous
      atrial arrhythmia which mostly consists of atrial fibrillation. Since
      hypokalemia produces a susceptibility to atrial fibrillation (Leveque,
      Arch. Int. Pharmacodyn, 149, 297-307, 1964), 2 units/kg. of insulin is
      administered 30 minutes before the start of the acetylcholine drip. Once
      atrial fibrillation is established, there is a ten-minute waiting period
      before the test drug is administered. The test drugs are administered
      intravenously at the rate of 1 mg/kg/minute until normal sinus rhythm
      appears or until 30 mg/kg. of drug is administered.
PAR  The pharmacologically useful antimalarial activity of the aforementioned
      compounds is demonstrated in warm-blooded animals using standard
      procedures, for example, the test substance is administered to albino mice
      in variable amounts. Albino mice are inoculated with about 10 million red
      cells infected with P. Berghei. Treatment is started on the first day
      after inoculation, and the drug is administered "per os" during 4
      consecutive days. On the seventh day of infection, smears are made,
      stained with giemsa and microscopically examined for P. Berghei.
PAR  When racemic 7'-methoxy-dihydrocinchonidine dihydrochloride and racemic
      7'-methoxy-dihydrocinchonine dihydrochloride are utilized as the test
      substance at dosages in the range of 125 mg/kg. to about 250 mg/kg., the
      microscopical examination of the blood smears is free of P. Berghei
      (negative).
PAR  The compounds of formulas I and II, which include quinine and quinidine and
      their dihydro- analogs, have effects quantitatively similar, for example,
      to those of quinine and quinidine of known therapeutic uses and
      properties. Thus, the compounds prepared by the process of the invention
      demonstrate a pattern of activity associated with antimalarials and
      antiarrhythmics of known efficacy and safety.
PAR  The compounds of formulas I and II form pharmaceutically acceptable acid
      addition salts and such salts are also within the scope of this invention.
      Thus, the aforementioned compounds form pharmaceutically acceptable
      addition salts with, for example, both pharmaceutically acceptable organic
      and inorganic acids, such as acetic acid, succinic acid, formic acid,
      methanesulfonic acid, p-toluene-sulfonic acid, hydrochloric acid, nitric
      acid, phosphoric acid, sulfuric acid and the like.
PAR  The products of the process of the invention can be incorporated into
      standard pharmaceutical dosage forms, for example, they are useful for
      oral or parenteral application with the usual pharmaceutical adjuvant
      materials, e.g., organic or inorganic inert carrier materials such as
      water, gelatin, lactose, starch, magnesium stearate, talc, vegetable oils,
      gums, polyalkyleneglycols, and the like. The pharmaceutical preparations
      can be employed in a solid form, e.g., as tablets, troches, suppositories,
      capsules, or in liquid form, e.g., as solutions, suspensions or emulsions.
      The pharmaceutical adjuvant materials can include preservatives,
      stabilizers, wetting or emulsifying agents, salts to change the osmotic
      pressure or to act as buffers. They can also contain other therapeutically
      active materials.
PAR  The following examples further illustrate the invention. All temperatures
      are in degrees centigrade, unless otherwise mentioned.
PAC  EXAMPLE 1
PAC  Preparation of 6,7-methylenedioxy-4-quinolinol
PAR  A suspension of 50 g. of 4-hydroxy-6,7-methylenedioxyquinoline-3-carboxylic
      acid in 500 ml. of freshly distilled quinoline was heated at 200.degree.
      until the evolution of gas ceased. The reaction mixture was cooled to room
      temperature, diluted with an equal amount of ether and kept cool
      overnight. The precipitated brown solid (51.4 g., m.p.
      254.degree.-267.degree.) was collected by filtration and dissolved in
      refluxing ethanol. The insoluble material was removed and the ethanol
      solution was reduced to one-third of its volume. The solution was diluted
      with an equal amount of ether. On cooling, 31.1 g. of
      6,7-methylenedioxy-4-quinolinol separated, m.p. 280.degree.-282.degree..
      Recrystallization (2x) from hot water yielded analytically pure
      6,7-methylenedioxy-4-quinolinol as a pale yellow solid, m.p.
      288.degree.-289.degree. .
PAR  Analysis Calcd. for C.sub.10 H.sub.7 NO.sub.3 (189.16): C, 63.49; H, 3.73;
      N, 7.41; Found: C, 63.58; H, 4.04; N, 7.34.
PAC  EXAMPLE 2
PAC  Preparation of 4-bromo-6,7-methylenedioxyquinoline
PAR  To a slurry of 10 g. of 6,7-methylenedioxy-4-quinolinol and 10 ml. of
      phosphorus tribromide, preheated to 60.degree., was added 4 ml. of
      phosphorus oxybromide. The mixture was heated at 150.degree.. After 1
      hour, an additional 4 ml. phosphorus oxybromide was added and heating was
      continued for 2 hours with occasional stirring. The mixture was cooled to
      room temperature and carefully added to 1 l. of vigorously stirred crushed
      ice. The precipitate was collected by filtration and, after washing with
      water, was suspended in 100 ml. of water. The suspension was rendered
      alkaline by the addition of solid sodium bicarbonate. The precipitate was
      collected by filtration, washed with water and extracted thoroughly with
      chloroform. The organic extract was dried over sodium sulfate and
      evaporated to dryness to yield a nearly colorless solid which on
      sublimation at 100.degree.-120.degree. and 0.35 mmHg gave 8.3 g. of
      4-bromo-6,7-methylenedioxyquinoline, m.p. 147.degree.-149.degree..
PAR  Analysis Calcd. for C.sub.10 H.sub.6 BrNO.sub.2 (252.08): C, 47.65; H,
      2.40; N, 5.56; Found: C, 47.57; H, 2.30; N, 5.42.
PAC  EXAMPLE 3
PAC  Preparation of 4-bromo-6,8-dichloroquinoline
PAR  A paste prepared from 33 g. of 6,8-dichloro-4 -quinolinol and 50 ml. of
      phosphorus tribromide was heated to 60.degree.. After adding 20 ml. (56
      g.) of phosphorus oxybromide, the mixture was maintained at 150.degree.
      for 3 hours with occasional stirring. Then, the mixture was cooled and
      added carefully to 1.5 l. of vigorously stirred crushed ice. The aqueous
      suspension was rendered alkaline by the addition of 12N sodium hydroxide.
      The precipitate which formed was collected by filtration and dried in a
      vacuum oven. Sublimation of the dried material at 140.degree. and 0.3 mmHg
      yielded 35.7 g. of crystalline 4-bromo-6,8-dichloroquinoline, m.p.
      163.degree.-165.degree.. Recrystallization from ether gave pure
      4-bromo-6,8-dichloroquinoline, m.p. 164.degree.-166.degree..
PAR  Analysis Calcd. for C.sub.9 H.sub.4 BrCl.sub.2 N (276.97): C, 39.03; H,
      1.46; H, 5.05; Cl, 25.60; Found: C, 39.03; H, 1.32; N, 5.04; Cl, 25.61.
PAC  EXAMPLE 4
PAC  Preparation of 1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(R)-ol and
      1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(S)-ol
PAR  To 1.6.6 g. of 1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2-ol dissolved
      in 1.2 l. of hot acetone was added a solution of 65.2 g. of d-tartaric
      acid in 1 l. of acetone. Upon cooling, crystalline material separated
      (66.8 g.) which after fractional crystallization from acetone, yielded
      pure 1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(R)-ol d-tartrate,
      m.p. 176.degree.-177.5.degree., [.alpha.].sub.D.sup.25 + 30.7.degree. (c
      0.960, ethanol)
PAR  Analysis Calcd. for C.sub.10 H.sub.12 Cl.sub.3 NO.C.sub.4 H.sub.6 O.sub.6
      (418.67):  C, 40.16; H, 4.33; N, 3.35; Cl, 25.40; Found: C, 39.97; H,
      4.18; N, 3.23; Cl, 25.59.
PAR  The tartrate salt was dissolved in water. The solution was rendered
      alkaline with a saturated aqueous solution of sodium carbonate and
      extracted four times with dichloromethane. The combined organic extracts
      were dried over sodium sulfate and evaporated to dryness under reduced
      pressure to give 1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(R)-ol,
      m.p. 132.degree.-134.degree., [.alpha.].sub.D.sup.25 + 45.1.degree. (c
      1.025, ethanol) after recrystallization from ether.
PAR  Analysis Calcd. for C.sub.10 H.sub.12 Cl.sub.3 NO (268.58):  C, 44.72; H,
      4.51; N, 5.22; Cl, 39.60;   Found: C, 44.99; H, 4.59; N, 4.96; Cl, 39.62.
PAR  The mother liquors obtained from the fractional crystallization were
      combined and evaporated to dryness. The resulting residue was dissolved in
      4 l. of water. Insoluble material was removed by filtration, and the
      solution was rendered alkaline with 6N sodium hydroxide. The resulting
      solution was extracted three times with dichloromethane. The combined
      organic extract was washed three times with water, dried over sodium
      sulfate and evaporated to dryness to give 57.2 g. of a brown solid. A
      solution of this material in 800 ml. of acetone was combined with a
      solution of 31.8 g. of 1-tartaric acid in 700 ml. of acetone. Upon
      cooling, 54.9 g. of crystalline tartrate separated. Fractional
      crystallization of this material from acetone yielded pure
      1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(S)-ol 1-tartrate, m.p.
      177.degree.-178.degree., [.alpha.].sub.D.sup.25 -30.3.degree. (c 1.065,
      ethanol).
PAR  Analysis Calcd. for C.sub.10 H.sub.12 Cl.sub.3 NO.C.sub.4 H.sub.6 O.sub.6
      (418.67): C, 40.16; H, 4.33; N, 3.35; Cl, 25.40; Found: C, 39.83; H, 4.63;
      N, 3.29; Cl, 25.32.
PAR  Pure 1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(S)-ol obtained from
      1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(S)-ol 1-tartrate, as
      described above for the preparation of the other enantiomer had a melting
      point of 132.degree.-134.degree., [.alpha.].sub.D.sup.25 -45.5.degree. (c,
      1.020, ethanol) after recrystallization from ether.
PAR  Analysis Calcd. for C.sub.10 H.sub.12 Cl.sub.3 NO (268.58): C, 44.72; H,
      4.51; N, 5.22; Cl, 39.60; Found: C, 45.05; H, 4.51; N, 5.04; Cl, 39.32.
PAC  EXAMPLE 5
PAC  Preparation of racemic 1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]
      propan-2(S)-ol hydrochloride and racemic
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol hydrochloride
PAR  To a solution containing 26.85 g. of racemic
      1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2-ol in 400 ml. of 5 percent
      aqueous hydrochloric acid was added 4 g. of platinum dioxide and the
      mixture was hydrogenated at 60.degree.C. and 67 atmospheres of pressure.
      After cooling to room temperature, the catalyst was removed by filtration,
      and the resulting filtrate was evaporated in vacuo. The residue was
      crystallized from 70 ml. of absolute ethanol to give 10.5 g. (38 percent)
      of racemic 1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol
      hydrochloride, having a melting point of 200.degree.-205.degree., after
      recrystallization, m.p. 205.degree.-209.degree..
PAR  Analysis Calcd. for C.sub.10 H.sub.20 Cl.sub.3 NO (276.64): C, 43.42; H,
      7.29; Cl, 38.55; N, 5.06; Found: C, 43.69; H, 7.25; Cl, 38.35; N, 5.22.
PAR  Crystallization of the mother liquors from 30 ml. of acetone gave 9.5 g.
      (34.5 percent) of racemic
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol hydrochloride,
      having a melting point of 123.degree.-129.degree. after two
      recrystallizations, m.p. 132.degree.-134.degree..
PAR  Analysis Calcd. for C.sub.10 H.sub.20 Cl.sub.3 NO (276.64): C, 43.42; H,
      7.29; Cl, 38.55; N, 5.06; Found: C, 43.38; H, 7.41; Cl, 38.37; N, 4.86.
PAC  EXAMPLE 6
PAC  Preparation of 1,1-dichloro-3-[3(S)-ethyl-4(R)-piperidinyl]-propan-2(R)-ol
      hydrochloride (A) and
      1,1-dichloro-3-[3(R)-ethyl4(S)-piperidinyl]propan-2(R)-ol hydrochloride
      (B)
      ##SPC7##
PAR  A solution of 2.7 g. of
      1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(R)-ol (C) in 40 ml. of 5
      percent aqueous hydrochloric acid was hydrogenated over 0.4 g. of platinum
      oxide at 60.degree.-90.degree. and 65 atmospheres of pressure. After
      cooling to room temperature, the catalyst was removed by filtration, and
      the resulting filtrate was evaporated under reduced pressure. The residue
      was crystallized from 40 ml. of ethanol to give 600 mg. of
      1,1-dichloro-3-[3(S)-ethyl-4(R)-piperidinyl]propan-2(R)-ol hydrochloride,
      m.p. 232.degree.-233.degree., [.alpha.].sub.D.sup.25 +29.63.degree. (c
      1.0953, methanol) after recrystallization from ethanol.
PAR  Analysis Calcd. for C.sub.10 H.sub.19 Cl.sub.2 NO.HCl (276.65): C, 43.42;
      H, 7.28; N, 5.06; Found: C, 43.11; H, 7.32; N, 4.98.
PAR  The mother liquors were concentrated and crystallization of the residue
      from acetone gave 557 mg. of
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol hydrochloride,
      m.p. 168.degree.-170.degree., [.alpha.].sub.D.sup.25 +25.25.degree. (c
      1.0140, methanol), after recrystallization from acetone.
PAR  Analysis Calcd. for C.sub.10 H.sub.19 Cl.sub.2 NO.HCl (276.65): C, 43.42;
      H, 7.78; N, 5.06; Found: C, 43.55; H, 7.47; N, 5.00.
PAC  EXAMPLE 7
PAC  Preparation of 1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol
      hydrochloride (D) and
      1,1-dichloro-3-[3(S)-ethyl-4(R)-piperidinyl]propan-2(S)-ol hydrochloride
      (E)
      ##SPC8##
PAR  A solution of 2.7 g. of
      1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(S)-ol (F) in 40 ml. of 5
      percent aqueous hydrochloric acid was hydrogenated over 0.4 g. of platinum
      oxide at 60.degree. and 65 atmospheres of pressure. After cooling to room
      temperature, the catalyst was removed by filtration, and the filtrate was
      concentrated under reduced pressure. The residue was crystallized from 20
      ml. of ethanol to give 600 mg. of
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride,
      m.p. 227.degree.-229.degree.. Several recrystallizations from ethanol
      yielded pure 1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]-propan-2(S)-ol
      hydrochloride, m.p. 232.degree.-233.degree., [.alpha.].sub.D.sup.25
      -28.3.degree. (c 1.0237, methanol).
PAR  Analysis Calcd. for C.sub.10 H.sub.19 Cl.sub.2 NO.HCl (276.65): C, 43.42;
      H, 7.28; N, 5.06; Found: C, 43.58; H, 7.32; N, 5.08.
PAR  The free base obtained from
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      on treatment with aqueous potassium carbonate and extraction with
      dichloromethane, was combined with ethanolic hydrogen bromide to give
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrobromide,
      m.p. 223.degree.-224.degree., [.alpha.].sub.D.sup.25 -24.77.degree. (c,
      0.9486, methanol), after several recrystallizations from ethanol.
PAR  Analysis Calcd. for C.sub.10 H.sub.19 Cl.sub.2 NO.HBr (321.11): C, 37.41;
      H, 6.28; N, 4.36; Found: C, 37.71; H, 6.44; N, 4.46.
PAR  The mother liquors obtained from the crystallization of
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl[propan-2(S)-ol hydrochloride
      were combined and concentrated under reduced pressure. The residue was
      triturated with acetone and the crystalline material was recrystallized
      from acetone to give 729 mg. of
      1,1-dichloro-3-[3(S)-ethyl-4(R)-piperidinyl]propan-2(S)-ol hydrochloride.
      Recrystallization from acetone yielded
      1,1-dichloro-3-[3(S)-ethyl-4(R)-piperidinyl]propan-2(S)-ol hydrochloride,
      m.p. 169.5.degree.-171.5.degree., [.alpha.].sub.D.sup.25 -25.15.degree. (c
      0.9306, methanol).
PAR  Analysis Calcd. for C.sub.10 H.sub.19 Cl.sub.2 NO.HCl (276.65): C, 43.42;
      H, 7.28; N, 5.06; Found: C, 43.69; H, 7.49; N, 5.34.
PAC  EXAMPLE 8
PAC  Preparation of 1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]-propan-2(S)-ol
      hydrochloride and
      1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]propan-2(R)-ol hydrochloride
PAR  To a solution containing 3.07 ml. of methylene chloride in 60 ml. of
      anhydrous tetrahydrofuran cooled to -70.degree., there was added over a
      period of 1 hour 44 mmoles of n-butyllithium in 28 ml. of hexane under an
      atmosphere of dry nitrogen. Stirring of the mixture at the same
      temperature was continued for 20 minutes and then followed by the dropwise
      addition of 5.19 g. (20 mmoles) of
      2-[1-benzoyl-3(R)-vinyl-4(S)-piperidinyl]acetaldehyde in 30 ml. of
      anhydrous tetrahydrofuran. After 30 minutes, the reaction was quenched by
      the addition of 30 ml. of water. The mixture was allowed to warm up to
      room temperature and was subsequently extracted three times with ether.
      The combined ether extracts were washed with water, dried over sodium
      sulfate and evaporated to dryness. The residue was dissolved in 80 ml. of
      3N hydrochloric acid. The acidic solution was washed with ether and
      neutralized with 3N sodium hydroxide. The solution was washed again with
      ether, rendered alkaline by the addition of 3N sodium hydroxide and
      extracted with ether. The ether extract was washed with water, dried over
      sodium sulfate and evaporated to dryness. The residue (3.8 g.) was
      dissolved in ethanol and treated with an excess of ethanolic hydrogen
      chloride. The solvent was evaporated under reduced pressure and the
      resulting solid residue was crystallized from ethanol to give 2.0 g. of a
      mixture of epimeric
      1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]propan-2.epsilon.-ol
      hydrochlorides. Fractional crystallization from ethanol followed by
      recrystallization of the combined fractions from ethanol gave
      1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride,
      m.p. 225.degree.-225.5.degree., [.alpha.].sub.D.sup.25 -13.3.degree. (c
      1.02, methanol).
PAR  Analysis Calcd. for C.sub.10 H.sub.17 Cl.sub.2 NO.HCl (274.62): C, 43.74;
      H, 6.61; N, 5.10; Found: C, 43.71; H, 6.53; N, 4.85.
PAR  The mother liquors were combined and evaporated to dryness.
      Recrystallization of the residue from acetone gave
      1,1-dichloro3-[3(R)-vinyl-4(S)-piperidinyl]propan-2(R)-ol hydrochloride,
      m.p. 165.degree.-167.degree., [.alpha.].sub.D.sup.25 + 30.7.degree. (c
      1.00, methanol).
PAR  Analysis Calcd. for C.sub.10 H.sub.17 Cl.sub.2 NO.HCl (274.62): C, 43.74;
      H, 6.61; N, 5.10; Found: C, 44.01; H, 6.86; N, 4.78.
PAC  EXAMPLE 9
PAC  Preparation of 1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol
      hydrochloride and
      1,1-dichloro-3-[3(R)-ethyl-4(S)piperidinyl]propan-2(R)-ol hydrochloride
PAR  To a solution containing 6.35 ml. of methylene chloride in 120 ml. of
      anhydrous tetrahydrofuran cooled to -70.degree. there was added over a
      period of 2 hours 90 mmoles of n-butyllithium in 55.5 ml. of hexane under
      an atmosphere of dry nitrogen. The mixture was stirred at the same
      temperature for 30 minutes and then followed by the dropwise addition of
      5.8 g. (22.4 mmoles) of
      2-[1-benzoyl-3(R)-ethyl-4(S)-piperidinyl]acetaldehyde in 60 ml. of
      anhydrous tetrahydrofuran. After 30 minutes, the reaction was quenched by
      the addition of 30 ml. of water. The mixture was allowed to warm up to
      room temperature and was subsequently extracted three times with ether.
      The combined ether extracts were extracted with 300 ml. of 10 percent
      aqueous hydrochloric acid. The acidic solution was washed twice with each
      100 ml. of ether and evaporated to complete dryness. The residue was
      dissolved in the minimal amount of hot ethanol. Upon standing, there was
      obtained 1.1  g. of
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride,
      mp 239.degree.-240.degree., [.alpha.].sup.25 D -28.6.degree. (c 1.005,
      methanol), after recrystallization from ethanol.
PAR  The mother liquors were combined and evaporated to dryness.
      Recrystallization of the residue from acetone gave
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol hydrochloride,
      mp 172.degree.-173.degree., [.alpha.].sup.25 D +25.2.degree. (c 1.00,
      methanol).
PAC  EXAMPLE 10
PAC  Preparation of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxaldehydes
PAR  a. To a solution containing 2.77 g. of racemic
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol HCl in 20 ml.
      of methanol was added a solution containing 1.68 g. of potassium hydroxide
      in 15.8 ml. of methanol. The mixture was stirred at room temperature for
      55 hours. The precipitate formed in the reaction was removed by
      filtration, and the filtrate was evaporated to dryness. The residue was
      treated with 200 ml. of ether, and the insoluble part was removed by
      filtration. The filtrate was evaporated to dryness to yield an oily
      mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxaldehydes.
PAR  b. The methanolic solution containing crude aldehyde prepared as above from
      5.45 g. of racemic
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      was evaporated to dryness under reduced pressure at a temperature below
      30.degree.. The residue was dissolved in 300 ml. of ether, insoluble
      material was removed by filtration, and evaporation of the filtrate gave
      4.12 g. of oily residue. A solution of the residue in 100 ml. of ether was
      added to a solution containing 2.5 g. of sodium bisulfite in 8 ml. of
      water. The solvents were removed under reduced pressure, and the residue
      was dissolved in 10 ml. of water. Addition of ethanol followed by the
      addition of ether precipitated 3.4 g. of solid addition product. This
      product was added to 50 ml. of a saturated aqueous solution of sodium
      carbonate and heated at 40.degree.. After all material had dissolved, the
      solution was kept at 40.degree. for another 5 minutes. The mixture was
      cooled and extracted three times with ether. The combined ether extracts
      were dried over potassium carbonate and evaporated to dryness under
      reduced pressure to give 950 mg. of liquid aldehyde. Distillation in a
      short path distillation apparatus at 60.degree.-85.degree. (oil bath
      temperature) under a pressure of 0.4 mmHg. gave 648 mg. of analytically
      pure mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxaldehydes.
PAR  Analysis Calcd. for C.sub.10 H.sub.17 NO (167.24): C, 71.81; H, 10.25; N,
      8.38; Found: C, 71.91; H, 10.02; N, 8.58.
PAR  c. A solution containing 1.39 g. of racemic
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol HCl in 25 ml.
      of water was combined with 150 ml. of benzene. The stirred mixture was
      cooled in an ice bath and 8.56 ml. of a 1.75N potassium hydroxide solution
      was added slowly. Stirring at room temperature was continued under an
      atmosphere of nitrogen for 20 hours. The aqueous layer was separated and
      extracted with benzene. The combined organic layer was dried over sodium
      sulfate and evaporated under reduced pressure at approximately 30.degree..
      The residue was distilled in a short path distillation apparatus at
      60.degree.-85.degree. (oil bath temperature) and 0.3 mmHg. to give 600 mg.
      (72 percent) of a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxaldehydes.
PAR  d. To a solution of 400 mg. of racemic, epimeric cis
      1,1-dichloro-3-(3-ethyl-4-piperidinyl)propan-2.epsilon.-ols in 50 ml. of
      methanol was added 5 g. of Amberlite anion exchange resin IRA-401 (OH).
      The mixture was stirred at room temperature overnight. The resin was
      removed by filtration. The filtrate was concentrated to near dryness under
      reduced pressure and the residue was treated with benzene. The benzene
      solution was dried over MgSO.sub.4 and evaporated to dryness under reduced
      pressure to give epimeric, racemic
      4,5-erythro-5-ethylquinuclindine-2.epsilon.-carboxaldehydes.
PAC  EXAMPLE 11
PAC  Preparation of epimeric
      5(R)-ethyl-4(S)-quinuclidine-2.epsilon.-carboxaldehydes
PAR  a. A solution containing 1.14 g. of
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      in 20 ml. of water was combined with 450 ml. of benzene. The stirred
      mixture was cooled in an ice bath and 7.4 ml. of a 1.68N potassium
      hydroxide solution was added slowly. Stirring at room temperature was
      continued under an atmosphere of nitrogen for 20 hours. The aqueous layer
      was separated and extracted with benzene. The combined organic layer was
      dried over sodium sulfate and evaporated under reduced pressure at
      30.degree.. The residue on evaporative bulb-to-bulb distillation at
      80.degree. and 0.1 mmHg yielded 283 mg. of liquid epimeric
      5(R)-ethyl-4(S)-quinuclidine-2.epsilon.-carboxaldehydes, [.alpha.].sup.25
      D +102.61 (c 1.1383, methanol).
PAR  Analysis Calcd. for C.sub.10 H.sub.17 NO (167.24): C, 71,81; H, 10.25; N,
      8.38; Found: C, 71.75; H, 9.97; N, 8.44.
PAR  b. Utilizing the procedure above, a mixture of 1.94 g. of
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      and 1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol
      hydrochloride gave after evaporative bulb-to-bulb distillation at
      80.degree. and 0.3 mmHg 538 mg. of epimeric
      5(R)-ethyl-4(S)-quinuclidine-2.epsilon.-carboxaldehydes.
PAC  EXAMPLE 12
PAC  Preparation of epimeric
      5(S)-ethyl-4(R)-quinuclidine-2.epsilon.-carboxaldehydes
PAR  A solution containing 1.34 g. of
      1,1-dichloro-3-[3(S)-ethyl-4(R)-piperidinyl]propan-2(S)-ol hydrochloride
      in 10 ml. of water was combined with 150 ml. of benzene. The stirred
      mixture was cooled in an ice-bath and 8.7 ml. of a 1.68N potassium
      hydroxide solution was added slowly. Stirring at room temperature was
      continued under an atmosphere of nitrogen for 20 hours. The aqueous layer
      was separated and extracted with benzene. The combined organic layer was
      dried over sodium sulfate and evaporated under reduced pressure at
      30.degree.. The residue on evaporative bulb-to-bulb distillation at
      90.degree. and 0.1 mmHg yielded 500 mg. of liquid epimeric
      5(S)-ethyl-4(R)-quinuclidine-2.epsilon.-carboxaldehydes, [.alpha.].sup.25
      D -85.56.degree. (c 1.0682, methanol).
PAR  Analysis Calcd. for C.sub.10 H.sub.17 NO (167.24): C, 71.81; H, 10.25; N,
      8.38; Found: C, 71.55; H, 10.29; N, 8.65.
PAC  EXAMPLE 13
PAC  Preparation of epimeric
      5(R)-vinyl-4(S)-quinuclidine-2.epsilon.-carboxaldehydes
PAR  A solution containing 2.36 g. of a mixture of
      1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      and 1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]propan-2(R)-ol
      hydrochloride in 35 ml. of water was combined with 850 ml. of benzene. The
      stirred mixture was cooled in an ice bath and 15.4 ml. of 1.68N potassium
      hydroxide solution was added slowly under a nitrogen atmosphere. Stirring
      at room temperature was continued for 16 hours. The aqueous layer was
      separated and extracted with benzene. The combined organic layers were
      washed with water, dried over sodium sulfate and evaporated under reduced
      pressure at 30.degree.. The residue on evaporative bulb-to-bulb
      distillation at 60.degree. and 0.05 mmHg. yielded 767 mg. of liquid
      epimeric 5(R)-vinyl-4(S)-quinuclidine-2.epsilon.-carboxaldehydes,
      [.alpha.].sup.25 D +154.85.degree. (c 0.8957, chloroform).
PAC  EXAMPLE 14
PAC  Preparation of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxylic acid ethyl esters
PAR  a. To a solution containing 8.3 g. of racemic
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      in 600 ml. of methanol cooled to 0.degree. was added dropwise with
      stirring a solution of 5.04 g. of potassium hydroxide in 23.4 ml. of
      methanol. After completed addition, the temperature of the mixture was
      allowed to rise to room temperature and stirring was continued overnight.
      Insoluble material was removed by filtration, and the solution was added
      to a mixture of 11.7 g. of silver nitrate and 4.8 g. of sodium hydroxide
      in 200 ml. of water. The reaction mixture, after stirring for 3 hours at
      room temperature, was filtered through Celite-Filter Aid and the filtrate
      was saturated with hydrogen sulfide. The precipitate was removed by
      filtration through Celite-Filter Aid and the filtrate was evaporated to
      dryness. The residue was treated with 500 ml. of ethanol, and the mixture
      was refluxed for 3 hours. After filtering through Celite-Filter Aid, the
      filtrate containing a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon. -carboxylic acids was saturated
      with anhydrous hydrogen chloride and refluxed overnight. The precipitate
      was removed by filtration, and the filtrate was evaporated to dryness. The
      yellow oil obtained was treated with 300 ml. of a saturated aqueous
      solution of sodium carbonate and extracted five times with ether. The
      combined ether extract was dried over sodium sulfate and evaporated to
      dryness under reduced pressure. The residue was distilled in a short path
      distillation apparatus at 70.degree.-75.degree.C. (oil bath temperature)
      under a pressure of 0.3 mmHg. to give 3.81 g. (60 percent) of a liquid
      mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxylic acid ethyl esters.
PAR  Gas chromatography on a column of 4 percent PEG 4000 MS on Gaschrom Z at
      150.degree. showed the material to consist of two isomers in a 1:1 ratio
      with retention times of t.sub.o = 8.5 min. and t.sub.o = 9.4 min. A
      separation of the two isomers was achieved by preparative gas
      chromatography. In the mass spectrum, both isomers showed a low resolution
      molecular ion peak at m/e 211 and a base peak at m/e 138.
PAR  b. To a solution of 5 ml. of methylene chloride in 70 ml. of anhydrous
      tetrahydrofuran cooled to -70.degree. was added during 1 hour 35 ml. of a
      1.66M solution of n-butyllithium in hexane under an atmosphere of dry
      nitrogen. The mixture was stirred at the same temperature for 20 minutes,
      which was followed by the dropwise addition of 6.8 g. of racemic
      2-[1-benzoyl-3(R)-ethyl-4(S)-piperidinyl]acetaldehyde in 30 ml. of
      anhydrous tetrahydrofuran. After 30 minutes, the reaction was quenched by
      the addition of 30 ml. of water. The mixture was allowed to warm up to
      room temperature and was subsequently extracted three times with ether.
      The combined ether extracts were washed with water, dried over sodium
      sulfate and evaporated to dryness. The product (4 g.), a mixture of
      racemic, epimeric
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2.epsilon.-ols, was
      dissolved in 400 ml. of methanol. A solution of 1.8 g. of potassium
      hydroxide in 45 ml. of methanol was added and stirring was continued for
      50 hours at room temperature. Then, the solution containing a mixture of
      racemic, epimeric
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxaldehydes was combined
      with a mixture of 2.56 g. of sodium hydroxide and 5.44 g. of silver
      nitrate in 60 ml. of water. The reaction mixture, after being stirred for
      3 hours at room temperature, was filtered through Celite-Filter Aid, and
      the filtrate was evaporated to dryness. Complete dryness was ensured by
      the addition of an ethanol-benzene solvent mixture to the residue followed
      by removal of the solvents under reduced pressure. The procedure was
      repeated several times. The residue was extracted repeatedly with hot
      ethanol. The combined extracts were evaporated to dryness and the residue
      containing a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxylic acids, was
      esterified with 4 percent ethanolic hydrogen chloride to give, after usual
      work-up and distillation under reduced pressure, 1.8 g. of a mixture of
      epimeric, racemic 4,5-erythro- 5-ethylquinuclidine-2.epsilon.-carboxylic
      acid ethyl esters.
PAC  EXAMPLE 15
PAC  Preparation of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxylic acid methyl esters
PAR  A mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxylic acids, obtained from
      5.53 g. of racemic
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol HCl by the
      reaction sequence outlined previously in Example 10 (a), was dissolved in
      350 ml. of methanol. Concentrated sulfuric acid (5 ml.) was added, and the
      mixture was refluxed overnight. After the addition of another 2 ml. of
      concentrated sulfuric acid, refluxing was continued for another 15 hours.
      The volume was reduced to approximately 30 ml. by evaporation under
      reduced pressure. The resulting residue was rendered alkaline with a
      saturated aqueous solution of sodium carbonate and diluted with
      dichloromethane. The insoluble material was removed by filtration and
      dissolved in the minimal amount of water. The aqueous phase was extracted
      three times with dichloromethane and the extracts were combined with the
      filtrate. The combined organic layer was dried over potassium carbonate
      and evaporated under reduced pressure. The residue, on distillation, gave
      2.33 g. (59 percent) of a liquid mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxylic acid methyl esters,
      b.p. 84.degree.-85.degree./0.35 mmHg.
PAC  EXAMPLE 16
PAC  Preparation of epimeric 5(R)-ethyl-4(S)-quinuclidine-2.epsilon.-carboxylic
      acid ethyl esters
PAR  To a solution containing 3.2 g. of a mixture of
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      and 1,1-dichloro-3[3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol
      hydrochloride in 350 ml. of methanol cooled to 0.degree. was added
      dropwise with stirring a solution of 1.95 g. of potassium hydroxide in
      21.7 ml. of methanol. Stirring was continued at room temperature
      overnight. The insoluble material was removed by filtration, and the
      solution was added to a mixture of 3.96 g. of silver nitrate and 1.85 g.
      of sodium hydroxide in 35 ml. of water. The reaction mixture, after
      stirring for 4 hours at room temperature, was filtered through
      Celite-Filter Aid and the filtrate was evaporated to dryness. The residue
      was extracted with 200 ml. of boiling ethanol. The extract containing a
      mixture of epimeric 5(R)-ethyl-4(S)-quinuclidine-2.epsilon.-carboxylic
      acids was evaporated to complete dryness. The residue was dissolved in 4
      percent ethanolic hydrogen chloride and the solution was refluxed
      overnight. This procedure was repeated once more. After removal of the
      precipitate by filtration, the filtrate was evaporated to dryness. The
      residue was rendered alkaline with a saturated aqueous solution of
      potassium carbonate and extracted three times with ether. The combined
      ether extracts were dried over potassium carbonate and evaporated to
      dryness under reduced pressure. Evaporative bulb-to-bulb distillation at
      95.degree.-97.degree. and 0.05 mmHg of the crude product yielded 1 g. of
      liquid epimeric 5(R)-ethyl-4(S)-quinuclidine-2.epsilon.-carboxylic acid
      ethyl ester, [.alpha.].sup.25 D +77.32.degree. (c 1.0489, methanol).
PAR  Analysis Calcd. for C.sub.12 H.sub.21 NO.sub.2 (211.30): C, 68.21; H,
      10.02; N, 6.63; Found: C, 68.47; H, 10.25; N, 6.74.
PAC  EXAMPLE 17
PAC  Preparation of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxylic acids hydrochlorides
PAR  A solution containing 2.15 g. of a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxylic acid ethyl esters in
      100 ml. of 1N hydrochloric acid was left standing at room temperature for
      10 days. The solution was washed with ether and evaporated to dryness
      under reduced pressure. Complete dryness was ensured by repeatedly adding
      toluene to the residue and removing the solvent under reduced pressure.
      The residue was crystallized from ethanol-ether to give 429 mg. of a
      mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxylic acids
      hydrochlorides, m.p. 239.degree.-242.degree..
PAR  Analysis Calcd. for C.sub.10 H.sub.17 NO.sub.2.HCl (219.72): C, 54.67; H,
      8.26; N, 6.38; Found: C, 54.80; H, 8.35; N, 6.24.
PAR  The concentrated mother liquor was treated again with 1N hydrochloric acid
      and yielded an additional 353 mg. of a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxylic acid hydrochlorides.
PAC  EXAMPLE 18
PAC  Preparation of epimeric 5(R)-vinyl-4(S)-quinuclidine-2.epsilon.-carboxylic
      acid ethyl esters
PAR  Utilizing the conditions described in Example 8, 6.48 g. of
      2-[1-benzoyl-3(R)-vinyl-4(S)-piperidinyl]acetaldehyde was reacted with
      dichloromethyllithium, prepared from 3.7 ml. of methylene chloride and 55
      mmoles of n-butyllithium. The resulting product (4.1 g.), a mixture of
      epimeric
      1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]propan-2.epsilon.-ols, was
      dissolved in 400 ml. of methanol. A solution containing 1.9 g. of
      potassium hydroxide in 20 ml. of methanol was added and stirring was
      continued for 50 hours at room temperature. The solution containing a
      mixture of epimeric
      5(R)-vinyl-4(S)-quinuclidine-2.epsilon.-carboxaldehydes was combined with
      a mixture of 2.56 g. of sodium hydroxide and 5.78 g. of silver nitrate in
      40 ml. of water. The resulting reaction mixture, after being stirred for 3
      hours at room temperature, was filtered through Celite-Filter Aid, and the
      filtrate was evaporated to dryness. Complete dryness was ensured by the
      addition of an ethanol-benzene solvent mixture to the residue followed by
      removal of the solvents under reduced pressure. The procedure was repeated
      several times. The residue was extracted repeatedly with hot ethanol. The
      combined extract was evaporated to dryness and the residue containing a
      mixture of epimeric 5(R)-vinyl-4(S)-quinuclidine-2.epsilon.-carboxylic
      acids was partially dissolved in 100 ml. of 8 percent ethanolic hydrogen
      chloride. The reaction mixture was stirred at room temperature for 3 days
      and then evaporated to dryness. The residue was treated again with 100 ml.
      of 5 percent ethanolic hydrogen chloride for 15 hours. The solvent was
      removed under reduced pressure, and the residue was combined with 100 ml.
      of a saturated aqueous solution of potassium carbonate. The mixture was
      extracted three times with ether. The combined ether extracts were dried
      over sodium sulfate and evaporated to dryness under reduced pressure. The
      residue was distilled in a short path distillation apparatus at 77.degree.
      (oil bath temperature) under a pressure of 0.15 mmHg. to give 1.88 g. (36
      percent) of liquid epimeric
      5(R)-vinyl-4(S)-quinuclidine-2.epsilon.-carboxylic acid ethyl esters;
      [.alpha.].sub.D.sup.25 +82.2.degree. (c 1.1, 95% ethanol).
PAC  EXAMPLE 19
PAC  Preparation of epimeric 5(R)-vinyl-4(S)-quinuclidine-2.epsilon.-carboxylic
      acids
PAR  A suspension of 310 mg. of epimeric
      5(R)-vinyl-4(S)-quinuclidine-2.epsilon.-carboxylic acid ethyl esters in 10
      ml. of water was left standing at room temperature. After 10 days, a clear
      solution was obtained. The water was evaporated under reduced pressure,
      and the residue was sublimed at 165.degree. under a pressure of 0.15 mmHg.
      to give 210 mg. of very hygroscopic crystalline epimeric
      5(R)-vinyl-4(S)-quinuclidine-2.epsilon.-carboxylic acids;
      [.alpha.].sub.D.sup.25 +78.4.degree. (c 0.72, CHCl.sub.3),
      [.alpha.].sub.D.sup.25 +93.2.degree. (c 0.87, 1N NaOH) measured
      immediately and [.alpha.].sub.D.sup.25 +80.8.degree. (c 0.87, 1N NaOH)
      after heating the solution at 100.degree. for 16 hours.
PAC  EXAMPLE 20
PAC  Preparation of racemic dihydroquininone and racemic dihydroquinidinone
PAR  a. To a solution containing 488 mg. of 4-bromo-6-methoxyquinoline in 20 ml.
      of anhydrous ether was added under nitrogen at -50.degree. 0.45 ml. of a
      2.25M solution of butyllithium in hexane. The suspension containing
      6-methoxy-4-quinolyllithium was stirred at this temperature for another 15
      minutes and then a solution of 433 mg. of a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxylic acid ethyl esters in
      20 ml. of anhydrous ether was added over a period of 20 minutes. After
      stirring at -50.degree. for another 1.5 hours, the mixture was warmed to
      room temperature and hydrolyzed by the addition of water. The aqueous
      layer was separated and extracted three times with ether. The combined
      organic solution was dried over sodium sulfate and evaporated to dryness.
      The crude product was chromatographed on silica gel preparative plates
      with ether as solvent. The plates were run three times. Elution with
      methanol gave 100 mg. of a yellow oil which on further treatment gave 50
      mg. of a crystalline mixture of racemic dihydroquininone and racemic
      dihydroquinidinone, m.p. 86.degree.-90.degree..
PAR  b. To 5 ml. of anhydrous ether was added 0.67 ml. of 1.66M solution of
      butyllithium in hexane. The resulting solution was cooled to -70.degree.
      and with stirring and under a nitrogen atmosphere, 119 mg. of
      4-bromo-6-methoxyquinoline dissolved in 5 ml. of ether was added. The
      suspension containing 6-methoxy-4-quinolyllithium was combined with 56 mg.
      of 1,4-diazabicyclo[2.2.2]octane dissolved in 5 ml. of anhydrous ether and
      the mixture was stirred at -70.degree. for 2 hours. Thereafter, a solution
      of 126 mg. of a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxylic acid ethyl esters in
      5 ml. of anhydrous ether was added. After stirring at -70.degree. for 30
      minutes, the mixture was quenched with water and allowed to warm up to
      room temperature. The aqueous layer was separated and extracted with
      ether. The combined organic solution was dried over sodium sulfate and
      evaporated to dryness to give  184 mg. of an oil containing racemic
      dihydroquininone and racemic dihydroquinidinone.
PAR  Utilizing the procedure described above, there can be obtained:
PAR  a. from 7-chloro-4-quinolyllithium, a mixture of racemic
      7'-chlorodihydrocinchonidinone and racemic 7'-chlorodihydrocinchoninone,
      m.p. 124.degree.-127.degree.;
PAR  b. from 6-methyl-4-quinolyllithium, a mixture of racemic
      6'-methyldihydrocinchonidinone and racemic 6'-methyldihydrocinchoninone,
      m.p. 105.degree.-108.degree.;
PAR  c. from 6-chloro-4-quinolyllithium, a mixture of racemic
      6'-chlorodihydrocinchonidinone and racemic 6'-chlorodihydrocinchoninone,
      m.p. 104.degree.-107.degree.;
PAR  d. from 7-methoxy-4-quinolyllithium, a mixture of racemic
      7'-methoxydihydrocinchonidinone and racemic 7'-methoxydihydrocinchoninone,
      m.p. 111.degree.-117.degree.; and the like.
PAC  EXAMPLE 21
PAC  Preparation of racemic dihydroquinine and racemic dihydroquinidine from a
      mixture of racemic dihydroquininone and racemic dihydroquinidinone
PAR  To a solution of 5.06 g. of a crystalline mixture of racemic
      dihydroquininone and dihydroquinidinone in 500 ml. of dry benzene was
      added dropwise 12.5 ml. of a 25 percent solution of diisobutylaluminum
      hydride in toluene with stirring under an atmosphere of dry nitrogen.
      After approximately 30 minutes, the reaction was quenched by the addition
      of 2 ml. of methanol-water (1:1). The precipitated alumina was separated
      by filtration and washed thoroughly with methanol. The residue of the
      methanol washings (3.87 g.) was crystallized from acetone yielding 3.14 g.
      (61 percent) of racemic dihydroquinine monohydrate in three crops. The
      residue of the benzene solution (1.54 g.) was crystallized from a
      concentrated solution in ethanol yielding 579 mg. (11 percent) of racemic
      dihydroquinidine in four crops. After purification on preparative tlc
      (chloroform-triethylamine-methanol, 85:10:5) more d,1-dihydroquinidine and
      d,1-dihydroquinine could be crystallized from ethanol and acetone,
      respectively.
PAR  Utilizing the procedure described above:
PAR  a. from a mixture of racemic 7'-chlorodihydrocinchonidinone and racemic
      7'-chlorodihydrocinchoninone, there can be obtained racemic
      7'-chlorodihydrocinchonidine, m.p. 192.degree.-193.degree., and racemic
      7'-chlorodihydrocinchonine, m.p. 251.degree.-253.degree. dec.;
PAR  b. from a mixture of racemic 7'-methoxydihydrocinchonidinone and racemic
      7'-methoxydihydrocinchoninone, there can be obtained racemic
      7'-methoxydihydrocinchonidine, m.p. 160.degree., and racemic
      7'-methoxydihydrocinchonine, m.p. 217.degree.-219.degree.;
PAR  c. from a mixture of racemic 6'-methyldihydrocinchonidinone and racemic
      6'-methyldihydrocinchoninone, there can be obtained, racemic
      6'-methyldihydrocinchonidine, m.p. 216.degree.-218.degree., and racemic
      6'-methyldihydrocinchonine, m.p. 153.5.degree. - 155.degree.;
PAR  d. from a mixture of racemic 6'-chlorodihydrocinchonidinone and racemic
      6'-chlorodihydrocinchoninone, there can be obtained racemic
      6'-chlorodihydrocinchonidine, m.p. 100.degree.-102.degree., and racemic
      6'-chlorodihydrocinchonine, m.p. 172.5.degree. - 173.5.degree..
PAC  EXAMPLE 22
PAC  Preparation of Quinine and Quinidine
PAR  To 100 ml. of anhydrous ether there was added 14.5 ml. of a 1.45M solution
      of n-butyllithium in hexane. The resulting solution was cooled to
      -70.degree. and with stirring a solution of 4.76 g. of
      4-bromo-6-methoxyquinoline in 100 ml of anhydrous ether was added under an
      atmosphere of dry nitrogen. The yellow suspension of
      6-methoxy-4-quinolyllithium in ether which immediately formed was stirred
      at -70.degree. for 2 hours. A solution of 2.1 g. of epimeric
      5(R)-vinyl-4(S)-quinuclidine-2.epsilon.-carboxylic acid ethyl esters in
      100 ml. of anhydrous ether was added, and after 30 mins., the reaction was
      quenched by the addition of water and allowed to warm up to room
      temperature. The ethereal solution was washed with water, dried over
      sodium sulfate and evaporated to dryness under reduced pressure to yield
      5.08 g. of an oil which contained a mixture of quininone and quinidinone.
      To a cooled solution of 4.74 g. of the above material in 100 ml. of
      anhydrous benzene, there was slowly added 13 ml. of a 25 percent solution
      of diisobutylaluminum hydride in toluene under an atmosphere of dry
      nitrogen. The reaction was quenched after 1 hour by the addition of 20 ml.
      of water-methanol (1:1) with vigorous stirring. The precipitate which
      formed was collected by filtration and washed thoroughly with methanol.
      The filtrate was dried over anhydrous sodium sulfate and evaporated to
      dryness. A solution of the residue in chloroform was washed successively
      with 1N sodium hydroxide and water, dried over anhydrous sodium sulfate
      and evaporated to dryness. The product (4.1 g.) was chromatographed on 150
      g. of neutral alumina (Woelm, activity I) with ethyl acetate-benzene (1:1)
      (500 ml.), ethyl acetate (800 ml.) and methanol (400 ml.) as eluent.
      Evaporation of the methanol fraction gave 2.5 g. of product which was
      chromatographed on silica gel preparative plates (20 .times. 20 .times.
      0.2 cm.) with chloroform-triethylaminemethanol (85:10:5) as the solvent
      mixture. Elution of the lowest of three major bands with
      chloroform-methanol (1:1) gave 289 mg. of a yellow oil which was dissolved
      in ethanol, and on treatment with 44 mg. of d-tartaric acid in ethanol
      yielded the crystalline, neutral tartrate of quinine, m.p.
      214.degree.-215.degree., [.alpha.].sub.D.sup.25 -149.degree. (c, 0.985,
      MeOH). The compound showed ir-spectrum and tlc R.sub.f -value identical
      with those of an authentic sample. The melting point was not depressed on
      admixture with an authentic specimen. Elution of the middle band with
      methanol-chloroform (1:1) gave 311 mg. of quinidine, which after
      recrystallization from ethanol and drying at 80.degree. under reduced
      pressure for 15 hours showed m.p. 170.degree.-172.degree.,
      [.alpha.].sub.D.sup.22 +261.degree. (c, 0.995, ethanol). The ir-spectrum
      and the tlc R.sub.f -value were identical with those of authentic
      material. No depression of the melting point was observed on admixture
      with an authentic sample. The upper band, upon elution with
      methanol-chloroform (1:1) yielded 95 mg. of oily residue which was
      identical with an authentic mixture of epiquinine and epi-quinidine.
PAR  Utilizing the reaction conditions described above:
PAR  a. from 7-chloro-4-quinolyllithium, there can be obtained,
      7'-chlorocinchonidine, m.p. 177.degree.-179.degree., and
      7'-chlorocinchonine, m.p. 245.degree.-246.degree.;
PAR  b. from 6,8-dichloro-4-quinolyllithium, there can be obtained,
      6',8'-dichlorocinchonidine, m.p. 105.degree.-108.degree., and
      6',8'-dichlorocinchonine dihydrochloride monohydrate, m.p. 250.degree.
      dec.;
PAR  c. from 6-chloro-4-quinolyllithium, there can be obtained,
      6'-chlorocinchonidine, m.p. 193.degree.-194.degree., and
      6'-chlorocinchonine, m.p. 154.degree.-155.degree.;
PAR  d. from 4-quinolyllithium, there can be obtained, cinchonidine and
      cinchonine.
PAC  EXAMPLE 23
PAC  Preparation of Quinine and Quinidine
PAR  To 30 ml. of anhydrous ether was added 2.74 ml. of a 1.62 M solution of
      butyllithium in hexane. The resulting solution was cooled to -70.degree..
      With stirring under a nitrogen atmosphere, a solution of 1.08 g. of
      4-bromo-6-methoxyquinoline in 30 ml. of anhydrous tetrahydrofuran was
      added. After stirring the mixture containing 6-methoxy-4-quinolyllithium
      for 30 minutes at -70.degree., a solution of 748 mg. of freshly distilled
      5(R)-vinyl-4(S)-quinuclidine-2.epsilon.-carboxaldehyde in 15 ml. of
      anhydrous ether was added over a period of 30 minutes. After the addition
      was completed, stirring was continued for two hours at -70.degree.. The
      reaction mixture then was hydrolyzed by the addition of water and
      extracted several times with ether. The organic extract was washed with
      water, dried over anhydrous sodium sulfate and evaporated to dryness. The
      residue was chromatographed on Merck F-254 silica gel preparative plates
      with chloroformtriethylamine-methanol (85:10:5) as the solvent mixture.
      Elution of three separate bands and purification of the eluates yielded
      215 mg. of quinidine [mp 172.degree.-173.degree.; [.alpha.].sub.D.sup.25
      +265.6.degree. (c 1.07, 95 percent ethanol)], 220 mg. of the neutral
      d-tartrate of quinine [mp 211.degree.-212.degree.; [.alpha.].sub.D.sup.25
      -159.5.degree. (c 1.00, methanol)], and 330 mg. of a mixture of
      epi-quinine and epi-quinidine.
PAC  EXAMPLE 24
PAC  Preparation of racemic 6',8'-dichlorodihydrocinchonidine dihydrochloride
      and racemic 6',8'-dichlorodihydrocinchonine dihydrochloride
PAR  a. To 500 ml. of anhydrous ether was added 38 ml. of 1.45M solution of
      butyllithium in hexane. The resulting solution was cooled to -68.degree.
      and with stirring and under a nitrogen atmosphere 13.8 g. of
      4-bromo-6,8-dichloroquinoline dissolved in 175 ml. of anhydrous
      tetrahydrofuran was added over a period of 30 minutes. Subsequently, a
      solution of 5.3 g. of a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxylic acid ethyl esters in
      250 ml. of anhydrous ether was added to the
      6,8-dichloro-4-quinolyllithium, thus prepared, and stirring was continued
      for one hour at -70.degree.. The reaction was then quenched by the
      addition of water and allowed to warm up to room temperature. The organic
      solution was washed with water, dried over sodium sulfate and evaporated
      to dryness under reduced pressure to yield 19.0 g. of an oily residue
      containing a mixture of racemic 6',8'-dichlorodihydrocinchonidinone and
      racemic 6',8'-dichlorodihydrocinchoninone. This material was dissolved in
      250 ml. of anhydrous benzene and cooled. To the cooled solution there was
      added over a period of 15 minutes 17 ml. of a 25% solution of
      diisobutylaluminum hydride in toluene under an atmosphere of dry nitrogen.
      The reaction mixture was stirred for one hour at room temperature and then
      quenched by the addition of 20 ml. of water-methanol (1:1). The
      precipitate was collected by filtration and washed thoroughly with
      methanol. A solution of the residue in chloroform was washed with 1N
      sodium hydroxide and water. The organic solutions were combined, dried
      over sodium sulfate and evaporated to dryness under reduced pressure. The
      resulting product (14.1 g.) was chromatographed on 500 g. of neutral
      alumina (Woelm, activity I) with ethyl acetate (1.8 l.) followed by
      methanol (2.2 l.) as the eluent. Evaporation of the methanol fractions
      yielded 5.27 g. of product which together with 6.9 g. of material obtained
      previously was chromatographed on 700 g. of silica gel (Silica Gel 0.05 -
      0.2 mm.; i.d. of column = 55 mm.). Fractions of 250 ml. each were
      collected. After 25 fractions with chloroform-triethylamine (97:3) as the
      liquid phase, the composition of the eluent was changed to 96:4. Fractions
      29 - 40 were combined, evaporated to dryness and the residue was dissolved
      in dichloromethane. The organic solution was washed twice with water,
      dried over sodium sulfate and evaporated to dryness under reduced
      pressure. Crystallization of the residue (1.79 g.) from a mixture of
      benzenehexane (1:2) gave 1.3 g. of crystalline, racemic 6'
      ,8'-dichlorodihydrocinchonine. Recrystallization from benzene-hexane (1:1)
      and drying of the sample at 80.degree. under reduced pressure to constant
      weight yielded racemic 6',8'-dichlorodihydrocinchonine, containing 1/3
      mole of benzene: m.p. 172.degree.-173.degree..
PAR  Analysis Calcd. for C.sub.19 H.sub.22 Cl.sub.2 N.sub.2 O . 1/3 C.sub.6
      H.sub.6 (391.35): C, 64.45; H, 6.18; N, 7.15; Cl, 18.12; Found: C, 64.63;
      H, 6.42; N, 7.28; Cl, 18.46.
PAR  The dihydrochloride salt of 6',8'-dichlorodihydrocinchonine was prepared by
      dissolving 1.05 g. of the free base in a minimal amount of ethanolic
      hydrogen chloride. Upon addition of ether to the solution, 1.0 g. of
      crystalline racemic 6',8'-dichlorodihydrocinchonine dihydrochloride
      precipitated, m.p. 210.degree.-212.degree.. Upon two recrystallizations
      from ethanol-ether the melting point was 214.degree.-215.degree. (dried
      for 100 minutes at 80.degree. under reduced pressure).
PAR  Analysis Calcd. for C.sub.19 H.sub.22 Cl.sub.2 N.sub.2 O.2HCl (438.22): C,
      52.07; H, 5.52; N, 6.39; Cl, 32.36; Found: C, 52.14; H, 5.56; N, 6.42; Cl,
      31.90.
PAL  Fractions 42 - 57 were combined and evaporated to dryness. The residue was
      dissolved in dichloromethane. The solution was washed twice with water,
      dried over sodium sulfate and evaporated to dryness under reduced
      pressure. The residue (1.56 g.) was dissolved in the minimal amount of
      ethanolic hydrogen chloride and upon addition of ether to the solution
      1.15 g. of crystalline racemic 6',8'-dichlorodihydrocinchonidine
      dihydrochloride was precipitated. Recrystallization from methanol-ether
      yielded analytically pure racemic 6',8'-dichlorodihydrocinchonidine
      dihydrochloride, m.p. 226.degree.-227.degree..
PAR  Analysis Calcd. for C.sub.19 H.sub.22 Cl.sub.2 N.sub.2 O.2HCl (438.22): C,
      52.07; H, 5.52; N, 6.39; Cl, 32.36; Found: C, 52.04; H, 5.63; N, 6.29; Cl,
      32.17.
PAR  b. To 500 ml. of anhydrous ether was added 38 ml. of 1.45M solution of
      butyllithium in hexane. The resulting solution was cooled to -70.degree.
      and with stirring and under a nitrogen atmosphere, 13.8 g. of
      4-bromo-6,8-dichloroquinoline dissolved in 200 ml. of anhydrous
      tetrahydrofuran was added. Stirring of the solution of
      6,8-dichloro-4-quinolyllithium was continued at -70.degree. for another 10
      minutes, followed by the addition of 5.6 g. of anhydrous
      tetramethylethylenediamine dissolved in 250 ml. of anhydrous ether. After
      additional stirring for 15 minutes, there was added 5.8 g. of a mixture of
      epimeric, racemic 4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxylic
      acid ethyl ester dissolved in 250 ml. of anhydrous ether. The mixture was
      stirred at -70.degree. for one hour, then quenched by the addition of
      water and allowed to warm up to room temperature. The organic solution was
      washed with water, dried over sodium sulfate and evaporated to dryness
      under reduced pressure to yield 17.5 g. of an oily residue containing a
      mixture of racemic 6',8'-dichlorodihydrocinchonidinone and racemic
      6',8'-dichlorodihydrocinchoninone. Subsequent conversion to racemic
      6',8'-dichlorodihydrocinchonidine dihydrochloride and
      6',8'-dichlorodihydrocinchonine was carried out as described in (a) above.
PAR  Utilizing the reaction conditions described above:
PAR  a. from 6,7-dimethoxy-4-quinolyllithium there can be obtained, racemic
      6,7-dimethoxydihydrocinchonidine dihydrochloride, m.p.
      208.degree.-210.degree. dec., and racemic 6',7'-dimethoxydihydrocinchonine
      dihydrochloride, m.p. 221.degree.-225.degree.;
PAR  b. from 6,7-methylenedioxy-4-quinolyllithium, there can be obtained racemic
      6',7'-methylenedioxydihydrocinchonidine, m.p. 232.degree.-233.degree., and
      racemic 6',7'-methylenedioxydihydrocinchonine, m.p.
      234.degree.-235.degree..
PAC  EXAMPLE 25
PAC  Preparation of racemic dihydroquinine and racemic dihydroquinidine
PAR  To 30 ml. of anhydrous ether was added 2.22 ml. of a 2.25M solution of
      butyllithium in hexane. The resulting solution was cooled to -68.degree.C.
      and with stirring under a nitrogen atmosphere 1.19 g. of
      4-bromo-6-methoxyquinoline was added. Immediately, a yellow suspension of
      6-methoxy-4-quinolyllithium was formed. To this suspension was added
      within 5 minutes a solution of 1.42 g. of the crude mixture of epimeric,
      racemic 4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxaldehydes in 30
      ml. of anhydrous ether. After the addition was completed, stirring was
      continued for one hour at -65.degree.C. The reaction mixture was then
      poured into an ice-water slurry and extracted with dichloromethane. The
      dichloromethane extract was washed with water, dried over anhydrous sodium
      sulfate and evaporated to dryness. The residue thus obtained was dissolved
      in dichloromethane and the solution was extracted twice with 2N
      hydrochloric acid. The acidic extract was washed with dichloromethane and
      then made alkaline by the addition of 6N aqueous sodium hydroxide. The
      free bases thus liberated were extracted into dichloromethane. The extract
      was washed with water, dried over anhydrous sodium sulfate and evaporated
      to dryness to give crude oily product. The crude product was
      chromatographed on Merck F-254 silica gel preparative plates with
      chloroform-triethylamine-methanol (85:10:5) mixture. Elution of two
      separated bands gave racemic dihydroquinidine, m.p.
      153.degree.-155.degree. and racemic dihydroquinine, m.p.
      171.degree.-172.degree..
PAC  EXAMPLE 26
PAC  Preparation of racemic 6',7'-methylenedioxydihydrocinchonidine and racemic
      6',7'-methylenedioxydihydrocinchonine
PAR  To 250 ml. of anhydrous ether was added 19.3 ml. of a 1.45M solution of
      n-butyllithium in hexane. The resulting solution was cooled to
      -68.degree.. Thereafter, there was added 6.55 g. of
      4-bromo-6,7-methylenedioxyquinoline dissolved in 200 ml. of anhydrous
      tetrahydrofuran over a period of 30 minutes with stirring and under a
      nitrogen atmosphere to afford 6,7-methylenedioxy-4-quinolyllithium.
      Stirring of the mixture was continued at the same temperature for 30
      minutes followed by the addition of a solution of 2.15 g. of a mixture of
      epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.epsilon.-carboxaldehydes in 250 ml. of
      ether over a period of one hour. The reaction mixture was stirred at
      -70.degree. under a nitrogen atmosphere overnight. After quenching with
      water, the mixture was allowed to warm to room temperature and
      subsequently was concentrated under reduced pressure. The residue was
      dissolved in ether. The ethereal solution was washed with water, dried
      over sodium sulfate and evaporated to dryness to give 6.54 g. of an oil.
      Chromatography on neutral alumina (Woelm, activity I) with ethyl acetate
      yielded 2.97 g. of a yellow solid. Subsequent elution with methanol
      yielded 3.37 g. of a brown oil. This was chromatographed on silica gel
      preparative plates (20 .times. 20 .times. 0.2 cm) with ethyl
      acetate-triethylamine (97:3) as the solvent mixture. The plates were
      developed three times. Elution of the lowest major band with
      methanolchloroform and crystallization of the eluate (510 mg.) from
      acetone gave racemic 6',7'-methylenedioxy-dihydrocinchonidine, m.p.
      232.degree.-233.degree.. Elution of the next higher band with
      methanolchloroform and crystallization of the eluate (597 mg.) from
      acetone gave racemic 6',7'-methylenedioxydihydrocinchonine, m.p.
      234.degree.-235.degree..
PAR  Analysis Calcd. for C.sub.20 H.sub.24 N.sub.2 O.sub.3 (340.41): C, 70.56;
      H, 7.11; N, 8.23; Found: C, 70.25; H, 7.29; N, 8.05.
PAR  Utilizing the procedure described above:
PAR  a. from 6-methyl-4-quinolyllithium, there can be obtained racemic 6'-
      methyldihydrocinchonidine, m.p. 216.degree.-218.degree. and racemic
      6'-methyldihydrocinchonine, m.p. 153.5.degree. - 155.degree.;
PAR  b. from 6-chloro-4-quinolyllithium, there can be obtained racemic
      6'-chlorodihydrocinchonidine, m.p. 100.degree.-102.degree., and racemic
      6'-chlorodihydrocinchonine, m.p. 172.5.degree. - 173.5.degree.;
PAR  c. from 6,7-dimethoxy-4-quinolyllithium, there can be obtained racemic
      6',7'-dimethoxydihydrocinchonidine dihydrochloride, m.p.
      208.degree.-210.degree. dec., and racemic 6',7'-dimethoxydihydrocinchonine
      dihydrochloride, m.p. 221.degree.-225.degree.;
PAR  d. from 7-methoxy-4-quinolyllithium, there can be obtained racemic
      7'-methoxydihydrocinchonidine, m.p. 160.degree., and racemic
      7'-methoxydihydrocinchonine, m.p. 217.degree.-219.degree.;
PAR  e. from 6,8-dichloro-4-quinolyllithium, there can be obtained racemic
      6',8'-dichlorodihydrocinchonidine dihydrochloride, m.p.
      226.degree.-227.degree., and racemic 6',8'-dichlorodihydrocinchonine
      dihydrochloride, m.p. 214.degree.-215.degree..
PAC  EXAMPLE 27
PAC  Preparation of racemic 7'-chlorodihydrocinchonidine and racemic
      7'-chlorodihydrocinchonine
PAR  To a solution of 5.2 ml. of 1.62M butyllithium (in hexane) in 40 ml. of
      anhydrous ether and 10 ml. of anhydrous tetrahydrofuran was added at
      -70.degree. under an atmosphere of nitrogen, 2.1 g. of
      4-bromo-7-chloroquinoline dissolved in 30 ml. of anhydrous
      tetrahydrofuran. Stirring of the mixture containing
      7-chloro-4-quinolyllithium was continued at the same temperature for 30
      minutes followed by the addition of a solution of 1.4 g. of a mixture of
      epimeric, racemic 4,5-erythro-5-quinuclidine-2.epsilon.-carboxaldehydes in
      20 ml. of anhydrous ether. The reaction mixture was stirred at -70.degree.
      for 2 hours. After quenching with water, the mixture was allowed to warm
      to room temperature. The aqueous layer was separated and extracted twice
      with ether. The combined organic extract was dried over sodium sulfate and
      evaporated to dryness under reduced pressure. The residue was
      chromatographed on 300 g. of silica gel (Merck 70-325) with
      chloroform-triethylamine as the liquid phase to afford racemic
      7'-chlorodihydrocinchonidine, mp 188.degree.-190.degree. after
      recrystallization from acetone (mixture mp with an authentic sample
      188.degree.-190.degree.), and racemic 7'-chlorodihydrocinchonine, mp
      251.degree.-252.degree. after recrystallization from ethanol (mixture mp
      with an authentic sample 251.degree.-252.degree.).
PAC  EXAMPLE 28
PAC  Preparation of Dihydroquinine and Dihydroquinidine
PAR  To 20 ml. of anhydrous ether was added 1.98 ml. of a 1.62M solution of
      butyllithium in hexane. The resulting solution was cooled to -70.degree.
      and with stirring under a nitrogen atmosphere a solution of 760 mg. of
      4-bromo-6-methoxyquinoline in 20 ml. of anhydrous tetrahydrofuran was
      added. After stirring the mixture containing 6-methoxy-4-quinolyllithium
      for 30 minutes at -70.degree., a solution of 538 mg. of freshly distilled
      5(R)-ethyl-4(S)-quinuclidine-2.epsilon.-carboxaldehyde in 10 ml. of
      anhydrous ether was added during 15 minutes. After completion of the
      addition, stirring was continued for two hours at -70.degree.. The
      reaction mixture then was hydrolyzed by the addition of water, allowed to
      warm up to room temperature and diluted with an equal volume of ether. The
      aqueous layer was separated and extracted three times with 15 ml. of ether
      each. The combined organic extract was dried over sodium sulfate and
      evaporated to dryness. The residue was chromatographed on silica gel
      plates (Merck F-254) with chloroform-triethylamine-methanol (85:10:5) as
      the solvent mixture. Elution of the lowest of the major bands with
      chloroform-methanol (1:1) gave 138 mg. of dihydroquinine, mp
      169.degree.-170.degree. after recrystallization from chloroform-ether,
      [.alpha.].sup.25 D -144.5.degree. (c 0.935, 95 percent ethanol). The
      melting point was not depressed on admixture with a natural sample.
      Elution of the next higher band with chloroform-methanol (1:1) gave 210
      mg. of an oil which was dissolved in ethanol. Upon standing, crystalline
      dihydroquinidine separated, mp 169.degree.-170.degree. (mixed mp with
      natural material 169.degree.-170.degree.) [.alpha.].sup.25 D + 222.degree.
      (c 0.970, ethanol). From the third band elution with chloroform-methanol
      (1:1) yielded 87 mg. of a mixture of dihydroepiquinine and
      dihydroepiquinidine. The mixture was dissolved in benzene and treated with
      48 mg. of dibenzoyl-d-tartaric acid in benzene-acetone. The solvents were
      evaporated to dryness and the residue after recrystallization from benzene
      yielded the neutral dibenzoyl-d-tartrate of dihydroepiquinidine, mp
      168.degree.-170.degree., [.alpha.].sup.25 D -13.7.degree. [c 0.970,
      ethanol-chloroform (4:1)].
TBL  ______________________________________                                    

     Example 29                                                                

     Tablet Formulation                                                        

     ______________________________________                                    

                              Per Tablet                                       

     Racemic 7'-methoxydihydrocinchonine                                       

                                 25.00 mg.                                     

     Dicalcium Phosphate Dihydrate,                                            

      unmilled                  175.00 mg.                                     

     Corn Starch                 24.00 mg.                                     

     Magnesium Stearate          1.00 mg.                                      

     Total Weight               225.00 mg.                                     

     ______________________________________                                    

PAC  Procedure
PAR  25 Parts of racemic 7'-methoxy-dihydrocinchonine and 24 parts of corn
      starch which mixed together and passed through a No. 00 screen in Model
      "J" Fitzmill with hammers forward. This premix was then mixed with 175
      parts of dicalcium phosphate and one-half part of magnesium stearate,
      passed through a No. 1A screen in Model "J" Fitzmill with knives forward,
      and slugged. The slugs were passed through a No. 2A plate in a Model "D"
      Fitzmill at slow speed with knives forward, and the remaining magnesium
      stearate was added. The mixture was mixed and compressed.
TBL  ______________________________________                                    

     Example 30                                                                

     Capsule Formulation                                                       

     ______________________________________                                    

                              Per Capsule                                      

     Racemic 7'-methoxydihydrocinchonine                                       

                                 50 mg.                                        

      Corn Starch, U.S.P.       150 mg.                                        

      Talc, U.S.P.               10 mg.                                        

     Total Weight               210 mg.                                        

     ______________________________________                                    

PAC  Procedure
PAR  Fifty parts of racemic 7'-methoxy-dihydrocinchonine were mixed with 150
      parts of corn starch in a suitable mixer. The mixture was further blended
      by passing through a Fitzpatrick Comminuting Machine with a No 1A screen
      with knives forward. The blended powder was returned to the mixer and 10
      parts of talc were added and blended thoroughly. The mixture was filled
      into No. 4 hard shell gelatin capsules on a Parke Davis capsulating
      machine.
TBL  ______________________________________                                    

     Example 31                                                                

     Suppository Formulation                                                   

     ______________________________________                                    

                              Per 1.3 Gm.                                      

                              Suppository                                      

     Racemic 7'-methoxydihydrocinchonidine                                     

                                0.025 gm.                                      

     Hydrogenated Coconut Oil   1.230 gm.                                      

     Carnauba Wax               0.045 gm.                                      

     ______________________________________                                    

PAC  Procedure
PAR  123 Parts of hydrogenated coconut oil (Wecobee M- E. F. Drew Co., New York,
      New York) and 4.5 parts of carnauba wax were melted in a suitable size
      glass lined container (stainless steel may also be used), mixed well and
      cooled to 45.degree.C. 2.5 Parts of racemic 7'-methoxydihydrocinchonidine,
      which had been reduced to a fine powder with no lumps, was added and
      stirred until completely and uniformly dispersed. The mixture was poured
      into suppository molds to yield suppositories having an individual weight
      of 1.3 gms. The suppositories were cooled and removed from molds and
      individually wrapped in wax paper for packaging.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing diastereomeric compounds of the formulas
      ##SPC9##
PAL  enantiomers and racemates thereof, which comprises hydrogenating a compound
      of the formula
      ##SPC10##
PAL  enantiomer and racemate thereof, in an acidic medium in the presence of a
      hydrogenation catalyst.
NUM  2.
PAR  2. A process in accordance with claim 1, wherein the catalyst is a noble
      metal.
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ABST
PAL  Quinine, quinidine and analogs thereof, are prepared by reacting a
      4-quinolyllithium compound with a 4,5-erythro-5-ethyl(or
      vinyl)-quinuclidine-2 .xi.-carboxaldehyde or the corresponding
      quinuclidine-2-carboxylic acid alkyl ester. Also described, inter alia, is
      the preparation of a 4,5-erythro-5-ethyl(or vinyl)-quinuclidine-2
      .xi.-carboxaldehyde, and a 4,5-erythro-5-ethyl(or vinyl)-quinuclidine-2
      .xi.-carboxylic acid and esters thereof. The end products are useful as
      anti-malarial and antiarrhythmic agents.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of U.S. Pat. application Ser. No. 166,583,
      filed July 27, 1971, now U.S. Pat. No. 3,823,146, which in turn is a
      continuation-in-part of U.S. Pat. application Ser. No. 117,131, filed Feb.
      19, 1971, now abandoned, which in turn is a continuation-in-part of U.S.
      Pat. application Ser. No. 20,034, filed Mar. 16, 1970, now abandoned.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention relates to the preparation of compounds of the formulas I and
      II
      ##SPC1##
PAL  enantiomers and racemates thereof;
PA1  Wherein m is 1 or 2; R.sub.1 is hydrogen, hydroxy, halogen,
      trifluoromethyl, lower alkyl, lower alkoxy, or when m is 2, with an
      adjacent R.sub.1, is also methylenedioxy; and R.sub.2 is ethyl or vinyl.
PAR  In one aspect, the invention relates to the preparation of compounds of
      formulas I and II, wherein R.sub.2 is ethyl or vinyl, by a process which
      comprises reacting the mixture of epimeric 5(R)-ethyl(or
      vinyl)-4(S)-quinuclidine-2.xi.-carboxaldehydes, enantiomers or racemates,
      with a 4-quinolyllithium compound.
PAR  In another aspect, the invention relates to the preparation of compounds of
      formulas I and II, wherein R.sub.2 is ethyl or vinyl, by a process which
      comprises reacting the mixture of epimeric 5(R)-ethyl(or
      vinyl)-4(S)-quinuclidine-2.xi.-carboxylic acid alkyl esters, enantiomers
      or racemates thereof, with a 4-quinolyllithium compound and thereafter
      reducing the resulting 4-[5(R)-ethyl(or vinyl)-4(S)-quinuclidin-2(R or
      S)ylcarbonyl]quinoline, its enantiomer or its racemate, to the
      corresponding end product of formulas I and II.
PAR  In still another aspect, the invention relates to intermediates of the
      formulas:
      ##SPC2##
PAL  Their racemates and enantiomers,
PA1  Wherein R.sub.2 is as previously described, R.sub.3 is lower alkyl, aryl or
      aryl-lower alkyl; m is 1 or 2, and R'.sub.1 is hydroxy, halogen,
      trifluoromethyl, lower alkyl or lower alkoxy, or when m is 2, with an
      adjacent R.sub.1, is also methylenedioxy.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The term "lower alkyl" as used herein denotes a hydrocarbon group
      containing 1-7 carbon atoms, such as methyl, ethyl, propyl, butyl and the
      like; methyl and ethyl are preferred. The term "lower alkoxy" denotes a
      lower alkyl ether group in which the lower alkyl moiety is as described
      above. The term "halogen" denotes all the halogens, i.e., bromine,
      chlorine, fluorine and iodine; chlorine is preferred. The term "aryl"
      denotes phenyl or phenyl bearing one or more substituents selected from
      the group consisting of halogen, trifluoromethyl, lower alkyl, lower
      alkoxy, nitro, amino, lower alkylamino and di-lower alkylamino. Exemplary
      of "aryl-lower alkyl" are benzyl, phenethyl and the like.
PAR  A process aspect of the invention is exemplified by Reaction Scheme Ia.
PAC  Scheme Ia
      ##SPC3##
PAL  wherein R.sub.3 is lower alkyl, aryl or aryl-lower alkyl.
PAR  In Reaction Scheme Ia, the racemic
      1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2-ol of formula III [also
      known as 3-ethyl-4-(2-hydroxy-3,3,3-trichloropropyl)pyridines] or either
      of its enantiomers is converted to the mixture of racemic, epimeric cis
      1,1-dichloro-3-(3-ethyl-4-piperidinyl)propan-2.xi.-ols of formulas IVa and
      Va or their corresponding enantiomers utilizing a hydrogenation catalyst,
      for example, a noble metal, such as palladium, platinum and rhodium; Raney
      nickel; and the like. The hydrogenation is conveniently carried out at
      room temperature or above room temperature, preferably at 60.degree. and
      at a hydrogen pressure of about 1 atmosphere to about 100 atmospheres.
      Moreover, the hydrogenation can be suitably carried out in the presence of
      water and an inert organic solvent, for example, an alkanol, such as
      ethanol, methanol and the like, and in the presence of a mineral acid,
      such as hydrochloric, hydrobromic, sulfuric acid and the like, or an
      organic acid, such as acetic acid, tartaric acid and the like.
PAR  The enantiomers or racemates of epimeric cis
      1,1-dichloro-3-(3-ethyl-4-piperidinyl)propan-2.xi.-ols of formulas IVa and
      Va are converted to the mixture of epimeric
      5(R)-ethyl-4(S)-quinuclidine-2.xi.-carboxaldehydes of formula VIa,
      enantiomers or racemates, utilizing a cyclizing and dehydrochlorinating
      agent. Exemplary of such agents are bases, for example, alkali metal
      hydroxides, such as sodium hydroxide and potassium hydroxide; alkali metal
      alkoxides, such as potassium t-butoxide; and basic anion exchange resins,
      such as Amberlite anion exchange resin IRA-401 (OH) and the like. The
      reaction is conveniently carried out at room temperature; however, higher
      or lower temperatures may also be utilized. Moreover, the reaction can be
      suitably carried out in the presence of an inert organic solvent, for
      example, an alkanol, such as methanol, ethanol and the like; a
      hydrocarbon, such as benzene, toluene, hexane, petroleum ether and the
      like; or an ether, such as tetrahydrofuran, diethylether, dioxane and
      diglyme; or a mixture of water and an immiscible inert organic solvent,
      such as benzene, dichloromethane or the like.
PAR  The mixture of epimeric 5(R)-ethyl-4(S)-quinuclidine-2.xi.-carboxyaldehydes
      of formula VIa, enantiomers or racemates, is converted to the mixture of
      epimeric 5(R)-ethyl-4(S)-quinuclidine-2.xi.-carboxylic acids of formula
      VIIa, enantiomers or racemates, utilizing an oxidizing agent. As the
      oxidizing agent, there can be utilized silver oxide, chromic acid,
      potassium permanganate, and the like. The oxidation is conveniently
      carried out at room temperature or below, and if desired, in the presence
      of a solvent such as an alkanol or water.
PAR  The mixture of epimeric 5(R)-ethyl-4(S)-quinuclidine-2.xi.-carboxylic acids
      of formula VIIa, enantiomers or racemates, is converted to the mixture of
      epimeric 5(R)-ethyl-4(S)-quinuclidine-2.xi.-carboxylic acid alkyl esters
      of formula VIIIa, enantiomers or racemates, utilizing an esterifying
      agent. As the esterifying agent, there can be utilized alkanols such as
      ethanol, methanol, and the like, in the presence of an acid such as
      hydrogen chloride, sulfuric acid and the like. The esterification is
      conveniently carried out at a temperature in the range of between about
      room temperature and the boiling temperature of the reaction mixture.
PAR  Still another process of the invention is exemplified by Reaction Scheme
      Ib:
PAC  Scheme Ib
      ##SPC4##
PAL  wherein R.sub.2 and R.sub.3 are as previously described.
PAR  In Reaction Scheme Ib the N-benzoyl-3(R)-ethyl(or
      vinyl)-4(S)-piperidineacetaldehyde of formula IX, its enantiomer or
      racemate, is converted to the corresponding mixture of epimeric
      1,1-dichloro-3-[3(R)-ethyl(or vinyl)-4(S)-piperidinyl]propan-2.xi.-ols of
      formulas IV and V, enantiomers or racemates, utilizing a Grignard reagent,
      such as dichloromethyllithium. The reaction is conveniently carried out at
      room temperature and below room temperature, preferably between about
      0.degree. and about -70.degree.C. Moreover, the reaction can be suitably
      carried out in the presence of an inert organic solvent, for example, an
      ether, such as tetrahydrofuran, diethylether, dioxane and diglyme; or a
      hydrocarbon such as benzene, toluene, hexane, petroleum ether and the
      like.
PAR  The mixture of epimeric 1,1-dichloro-3-[3(R)-ethyl(or
      vinyl)-4(S)-piperidinyl]propan-2.xi.-ols of formulas IV and V, enantiomers
      or racemates, are converted to the mixture of epimeric 5(R)-ethyl(or
      vinyl)-4(S)-quinuclidine-2.xi.-carboxaldehydes of formula VI, enantiomers
      or racemates, by the procedure previously described for the compounds of
      formulas IVa and Va.
PAR  The mixture of epimeric 5(R)-ethyl(or
      vinyl)-4(S)-quinuclidine-2.xi.-carboxaldehydes of formula VI, enantiomers
      or racemates, is converted to the mixture of epimeric 5(R)-ethyl(or
      vinyl)-4(S)-quinuclidine-2.xi.-carboxylic acids of formula VII,
      enantiomers or racemates, by the procedure previously described for the
      compound of formula VIa.
PAR  The mixture of epimeric 5(R)-ethyl(or
      vinyl)-4(S)-quinuclidine-2.xi.-carboxylic acids of formula VII,
      enantiomers or racemates thereof, is converted to the mixture of epimeric
      5(R)-ethyl(or vinyl)-4(S)-quinuclidine-2.xi.-carboxylic acid alkyl esters
      of formula VIII, enantiomers or racemates thereof, by the procedure
      previously described for the compound of formula VIIa.
PAR  A further process aspect of the invention is exemplified by Reaction Scheme
      II:
PAC  Scheme II
      ##SPC5##
PAL  enantiomers and racemates thereof,
PA1  wherein R.sub.1, R.sub.2 and m are as previously described.
PAR  In Reaction Scheme II, the mixture of epimeric 5(R)-ethyl (or
      vinyl)-4(S)-quinuclidine-2.xi.-carboxaldehydes of formula VI, enantiomers
      or racemates thereof, is reacted with a 4-quinolyllithium compound of
      formula X to yield the corresponding .alpha.(S)-[5(R)-ethyl(or
      vinyl)-4(S)-quinuclidin-2(R)-yl]-4-quinoline-methanol of formula I,
      enantiomer or racemate thereof, and .alpha.(R)-[5(R)-ethyl(or
      vinyl)-4(S)-quinuclidin-2(S)-yl]-4-quinolinemethanol of formula II,
      enantiomer or racemate thereof. The 4-quinolyllithium compound of formula
      X is reacted in equimolar or greater than equimolar proportions with the
      compound of formula VI. Preferably, two molar proportions of the
      quinolyllithium compound are utilized. The reaction is conveniently
      carried out at room temperature or below room temperature, preferably at a
      temperature in the range of between about 0.degree. and about -70.degree.,
      in the presence of an inert organic solvent, for example, an ether, such
      as diethylether, tetrahydrofuran, dioxane and diglyme; or a hydrocarbon,
      such as benzene, toluene and the like. The reaction is conveniently
      carried out in the presence of complexing agents such as
      1,4-diazabicyclo[2.2.2] octane or tetramethylethylenediamine.
PAR  Representative of the compounds of formula X are the following:
PA0  4-quinolyllithium;
PA0  6-methoxy-4-quinolyllithium;
PA0  6-methyl-4-quinolyllithium;
PA0  7-methoxy-4-quinolyllithium;
PA0  6,7-dimethoxy-4-quinolyllithium;
PA0  6,7-methylenedioxy-4-quinolylithium;
PA0  6,8-dimethoxy-4-quinolyllithium;
PA0  6-chloro-4-quinolyllithium;
PA0  7-trifluoromethyl-4-quinolyllithium;
PA0  7-chloro-4-quinolyllithium;
PA0  6,8-dichloro-4-quinolyllithium; and the like.
PAL  Since the foregoing 4-quinolyllithium compounds are highly labile, it is
      preferred to prepare them in situ, by reacting the corresponding
      4-bromoquinoline with, for example, n-butyllithium in the presence of a
      solvent, for example, a hydrocarbon, such as benzene, toluene, hexane,
      petroleum ether; or an ether, such as dioxane, ether, diglyme,
      tetrahydrofuran and the like. Exemplary of the 4-bromoquinoline compounds
      are:
PA0  4-bromoquinoline;
PA0  4-bromo-6-methoxyquinoline;
PA0  4-bromo-6-methylquinoline;
PA0  4-bromo-7-methoxyquinoline;
PA0  4-bromo-6,7-dimethoxyquinoline;
PA0  4-bromo-6,7-methylenedioxyquinoline;
PA0  4-bromo-6,8-dimethoxyquinoline;
PA0  4-bromo-6-chloroquinoline;
PA0  4-bromo-7-chloroquinoline;
PA0  4-bromo-6,8-dichloroquinoline;
PA0  4-bromo-7-trifluoromethylquinoline; and the like.
PAR  The 4-halo-quinolines can be prepared by known procedures from the
      corresponding 4-hydroxy-quinolines, exemplary of which are:
PA0  4-hydroxyquinoline;
PA0  4-hydroxy-6-methoxyquinoline;
PA0  4-hydroxy-6-methylquinoline;
PA0  4-hydroxy-7-methoxyquinoline;
PA0  4-hydroxy-6,7-dimethoxyquinoline;
PA0  4-hydroxy-6,7-methylenedioxyquinoline;
PA0  4-hydroxy-7-trifluoromethylquinoline;
PA0  4-hydroxy-6,8-dimethoxyquinoline;
PA0  4-hydroxy-6-chloroquinoline;
PA0  4-hydroxy-7-chloroquinoline;
PA0  4-hydroxy-6,8-dichloroquinoline; and the like.
PAR  Yet another aspect of the invention is exemplified by Reaction Scheme III.
PAC  Scheme III
      ##SPC6##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and m are as previously described.
PAR  In Reaction Scheme III, the mixture of epimeric 5(R)-ethyl-(or
      vinyl)-4(S)-quinuclidine-2.xi.-carboxylic acid alkyl esters of formula
      VIII, enantiomers or racemates, is reacted with a 4-quinolyllithium
      compound of formula X to yield the corresponding mixture of epimeric
      4-[5(R)-ethyl(or vinyl)-4(S)-quinuclidin-2.xi.-ylcarbonyl]quinolines of
      formula XI, enantiomers or racemates thereof. The 4-quinolyllithium
      compound of formula X is reacted in equimolar or greater than equimolar
      proportions with the compound of formula VIII. Preferably, two molar
      proportions of the quinolyllithium compound are utilized. The reaction is
      conveniently effected at room temperature or below room temperature,
      preferably in the range of about between 0.degree. and about -70.degree.C.
      Suitably, an inert solvent, for example, an ether, such as diethyl ether,
      tetrahydrofuran, dioxane and diglyme, or a hydrocarbon such as benzene,
      toluene, and the like, may be utilized. Further, the reaction may be
      conveniently carried out in the presence of complexing agents such as
      1,4-diazabicyclo[2.2.2] octane or tetramethylethylenediamine.
PAR  The conversion of the mixture of epimeric 4-[5(R)-ethyl(or
      vinyl)-4(S)-quinuclidin-2.xi.-ylcarbonyl]quinolines of formula XI,
      enantiomers or racemates thereof, to .alpha.(S)-[5(R)-ethyl(or
      vinyl)-4(S)-quinuclidin-2(R)-yl]-4-quinolinemethanols of formula I,
      enantiomer or racemate thereof, and to .alpha.(R)-[5(R)-ethyl(or
      vinyl)-4(S)-quinuclidin-2(S)-yl]-4-quinolinemethanols of formula II,
      enantiomer or racemate, respectively, is carried out utilizing a
      stereoselective reducing agent, for example, a dialkylaluminum hydride,
      such as diisobutylaluminum hydride or the like. The reduction is suitably
      carried out at room temperature; however, temperatures above or below room
      temperature may be employed. It is preferred to employ a temperature
      between 20.degree.C. and 50.degree.C. The reduction can be conveniently
      conducted in the presence of an inert organic solvent, for example, a
      hydrocarbon such as benzene or toluene, or an ether such as diethylether,
      tetrahydrofuran or the like.
PAR  The conversion of the compounds of formula XI, enantiomers or racemates
      thereof, to those of formulas I and II, enantiomers or racemates thereof,
      respectively, when R.sub.2 is ethyl, can also be effected utilizing a
      hydrogenation catalyst such as nickel, palladium, ruthenium, copper or
      barium chromite in the presence of a solvent, for example, an aqueous or
      non-aqueous alkanol such as methanol or ethanol, or an ether such as
      dioxane. When R.sub.2 is ethyl or vinyl, the conversion can be effected
      utilizing a hydrogenation agent such as aluminum in ethanol, sodium
      isopropoxide in toluene, sodium or potassium borohydride in methanol,
      ethanol, isopropanol or tetrahydrofuran, lithium aluminum hydride,
      aluminum hydride, chloroaluminum hydride, dichloroaluminum hydride,
      bromoaluminum hydride, dibromoaluminum hydride, lithium
      tri-tert.-butoxyaluminum hydride in ether, tetrahydrofuran, dioxane or the
      like.
PAR  The compounds of formulas I and II and their pharmaceutically acceptable
      acid addition salts possess antimalarial and antiarrhythmic properties and
      are therefore useful as antimalarial and antiarrhythmic agents. Their
      pharmacologically useful anti-arrhythmic activity is demonstrated in
      warm-blooded animals utilizing standard procedures, for example, the test
      compound is administered to prepared mongrel dogs. The chest cavity of the
      experimental animal previously anesthetized using a combination of sodium
      barbitol, 300 mg/kg. and pentobarbitol, 15 mg/kg., i.v., is opened up
      through the third right interspace under artificial respiration and the
      pericardium is cut and sutured to the wall of the thorax so as to maintain
      the heart in a pericardial cradle throughout the course of the test
      procedure. Arterial pressure is monitored by inserting a polyethylene
      cannula into the aorta via the left carotid artery and is measured with an
      appropriate Statham pressure transducer. During the course of the
      experiment, electrical activity of the heart is viewed both on an
      oscilloscope and recorded on a Sanborn polyviso using standard ECG lead
      II. The heart is also observed visually. The antiarrhythmic assay of the
      test drug is undertaken using a modification of the method of Scherf and
      Chick, Circulation, 3, 764-769 (1951). A dripping of 1 percent solution of
      acetylcholine is applied to the sinus node and the atrium is irritated by
      pinching with a pair of forceps. This procedure produces a continuous
      atrial arrhythmia which mostly consists of atrial fibrillation. Since
      hypokalemia produces a susceptibility to atrial fibrillation (Leveque,
      Arch. Int. Pharmacodyn, 149, 297-307, 1964), 2 units/kg. of insulin is
      administered 30 minutes before the start of the acetylcholine drip. Once
      atrial fibrillation is established, there is a tenminute waiting period
      before the test drug is administered. The test drugs are administered
      intravenously at the rate of 1 mg/kg/minute until normal sinus rhythm
      appears or until 30 mg/kg. of drug is administered.
PAR  The pharmacologically useful antimalarial activity of the aforementioned
      compounds is demonstrated in warm-blooded animals using standard
      procedures, for example, the test substance is administered to albino mice
      in variable amounts. Albino mice are inoculated with about 10 million red
      cells infected with P. Berghei. Treatment is started on the first day
      after inoculation, and the drug is administered "per os" during 4
      consecutive days. On the seventh day of infection, smears are made,
      stained with giemsa and microscopically examined for P. Berghei.
PAR  When racemic 7'-methoxy-dihydrocinchonidine dihydrochloride and racemic
      7'-methoxy-dihydrocinchonine dihydrochloride are utilized as the test
      substance at dosages in the range of 125 mg/kg. to about 250 mg/kg., the
      microscopical examination of the blood smears is free of P. Berghei
      (negative).
PAR  The compounds of formulas I and II, which include qunine and quinidine and
      their dihydro- analogs, have effects quantitatively similar, for example,
      to those of quinine and quinidine of known therapeutic uses and
      properties. Thus, the compounds prepared by the process of the invention
      demonstrate a pattern of activity associated with antimalarials and
      antiarrhythmics of known efficacy and safety.
PAR  The compounds of formulas I and II form pharmaceutically acceptable acid
      addition salts and such salts are also within the scope of this invention.
      Thus, the aforementioned compounds form pharmaceutically acceptable
      addition salts with, for example, both pharmaceutically acceptable organic
      and inorganic acids, such as acetic acid, succinic acid, formic acid,
      methanesulfonic acid, p-toluene-sulfonic acid, hydrochloric acid, nitric
      acid, phosphoric acid, sulfuric acid and the like.
PAR  The products of the process of the invention can be incorporated into
      standard pharmaceutical dosage forms, for example, they are useful for
      oral or parenteral application with the usual pharmaceutical adjuvant
      materials, e.g., organic or inorganic inert carrier materials such as
      water, gelatin, lactose, starch, magnesium stearate, talc, vegetable oils,
      gums, polyalkyleneglycols, and the like. The pharmaceutical preparations
      can be employed in a solid form, e.g., as tablets, troches, suppositories,
      capsules, or in liquid form, e.g., as solutions, suspensions or emulsions.
      The pharmaceutical adjuvant materials can include preservatives,
      stabilizers, wetting or emulsifying agents, salts to change the osmotic
      pressure or to act as buffers. They can also contain other therapeutically
      active materials.
PAR  The following examples further illustrate the invention. All temperatures
      are in degrees centigrade, unless otherwise mentioned.
PAC  EXAMPLE 1
PAC  Preparation of 6,7-methylenedioxy-4-quinolinol
PAR  A suspension of 50 g. of 4-hydroxy-6,7-methylenedioxyquinoline-3-carboxylic
      acid in 500 ml. of freshly distilled quinoline was heated at 200.degree.
      until the evolution of gas ceased. The reaction mixture was cooled to room
      temperature, diluted with an equal amount of ether and kept cool
      overnight. The precipitated brown solid (51.4 g., m.p.
      254.degree.-267.degree.) was collected by filtration and dissolved in
      refluxing ethanol. The insoluble material was removed and the ethanol
      solution was reduced to one-third of its volume. The solution was diluted
      with an equal amount of ether. On cooling, 31.1 g. of
      6,7-methylenedioxy-4-quinolinol separated, m.p. 280.degree.-282.degree..
      Recrystallization (2x) from hot water yielded analytically pure
      6,7-methylenedioxy-4-quinolinol as a pale yellow solid, m.p.
      288.degree.-289.degree..
PAR  Analysis Calcd. for C.sub.10 H.sub.7 NO.sub.3 (189.16): C, 63.49; H, 3.73;
      N, 7.41. Found: C, 63.58; H, 4.04; N, 7.34.
PAC  EXAMPLE 2
PAC  Preparation of 4-bromo-6,7-methylenedioxyquinoline
PAR  To a slurry of 10 g. of 6,7-methylenedioxy-4-quinolinol and 10 ml. of
      phosphorus tribromide, preheated to 60.degree., was added 4 ml. of
      phosphorus oxybromide. The mixture was heated at 150.degree.. After 1
      hour, an additional 4 ml. phosphorus oxybromide was added and heating was
      continued for 2 hours with occasional stirring. The mixture was cooled to
      room temperature and carefully added to 1 l. of vigorously stirred crushed
      ice. The precipitate was collected by filtration and, after washing with
      water, was suspended in 100 ml. of water. The suspension was rendered
      alkaline by the addition of solid sodium bicarbonate. The precipitate was
      collected by filtration, washed with water and extracted thoroughly with
      chloroform. The organic extract was dried over sodium sulfate and
      evaporated to dryness to yield a nearly colorless solid which on
      sublimation at 100.degree.-120.degree. and 0.35 mmHg gave 8.3 g. of
      4-bromo-6,7-methylenedioxyquinoline, m.p. 147.degree.-149.degree..
PAR  Analysis Calcd. for C.sub.10 H.sub.6 BrNO.sub.2 (252.08): C, 47.65; H,
      2.40; N, 5.56. Found: C, 47.57; H, 2.30; N, 5.42.
PAC  EXAMPLE 3
PAC  Preparation of 4-bromo-6,8-dichloroquinoline
PAR  A paste prepared from 33 g. of 6,8-dichloro-4-quinolinol and 50 ml. of
      phosphorus tribromide was heated to 60.degree.. After adding 20 ml. (56
      g.) of phosphorus oxybromide, the mixture was maintained at 150.degree.
      for 3 hours with occasional stirring. Then, the mixture was cooled and
      added carefully to 1.5 l. of vigorously stirred crushed ice. The aqueous
      suspension was rendered alkaline by the addition of 12N sodium hydroxide.
      The precipitate which formed was collected by filtration and dried in a
      vacuum oven. Sublimation of the dried material at 140.degree. and 0.3 mmHg
      yielded 35.7 g. of crystalline 4-bromo-6,8-dichloroquinoline, m.p.
      163.degree.-165.degree.. Recrystallization from ether gave pure
      4-bromo-6,8-dichloroquinoline, m.p. 164.degree.-166.degree..
PAR  Analysis Calcd. for C.sub.9 H.sub.4 BrCl.sub.2 N (276.97): C, 39.03; H,
      1.46; H, 5.05; Cl, 25.60. Found: C, 39.03; H, 1.32; N, 5.04; Cl, 25.61.
PAC  EXAMPLE 4
PAC  Preparation of 1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(R)-ol and
      1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(S)-ol
PAR  To 106.6 g. of 1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2-ol dissolved
      in 1.2 l. of hot acetone was added a solution of 65.2 g. of d-tartaric
      acid in 1 l. of acetone. Upon cooling, crystalline material separated
      (66.8 g.) which after fractional crystallization from acetone, yielded
      pure 1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(R)-ol d-tartrate,
      m.p. 176.degree.-177.5.degree.,  [.alpha.].sub.D.sup.25 +30.7.degree. (c
      0.960, ethanol)
PAR  Analysis Calcd. for C.sub.10 H.sub.12 Cl.sub.3 NO.C.sub.4 H.sub.6 O.sub.6
      (418.67): C, 40.16; H, 4.33; N, 3.35; Cl, 25.40. Found: C, 39.97; H, 4.18;
      N, 3.23; Cl, 25.59.
PAR  The tartrate salt was dissolved in water. The solution was rendered
      alkaline with a saturated aqueous solution of sodium carbonate and
      extracted four times with dichloromethane. The combined organic extracts
      were dried over sodium sulfate and evaporated to dryness under reduced
      pressure to give 1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(R)-ol,
      m.p. 132.degree.-134.degree., [.alpha.].sub.D.sup.25 +45.1.degree. (c
      1.025, ethanol) after recrystallization from ether.
PAR  Analysis Calcd. for C.sub.10 H.sub.12 Cl.sub.3 NO (268.58): C, 44.72; H,
      4.51; N, 5.22; Cl, 39.60. Found: C, 44.99; H, 4.59; N, 4.96; Cl, 39.62.
PAR  The mother liquors obtained from the fractional crystallization were
      combined and evaporated to dryness. The resulting residue was dissolved in
      4 l. of water. Insoluble material was removed by filtration, and the
      solution was rendered alkaline with 6N sodium hydroxide. The resulting
      solution was extracted three times with dichloromethane. The combined
      organic extract was washed three times with water, dried over sodium
      sulfate and evaporated to dryness to give 57.2 g. of a brown solid. A
      solution of this material in 800 ml. of acetone was combined with a
      solution of 31.8 g. of 1-tartaric acid in 700 ml. of acetone. Upon
      cooling, 54.9 g. of crystalline tartrate separated. Fractional
      crystallization of this material from acetone yielded pure
      1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propane-2(S)-ol 1-tartrate, m.p.
      177.degree.-178.degree., [.alpha.].sub.D.sup.25 -30.3.degree. (c 1.065,
      ethanol).
PAR  Analysis Calcd. for C.sub.10 H.sub.12 Cl.sub.3 NO.C.sub.4 H.sub.6 O.sub.6
      (418.67): C, 40.16; H, 4.33; N, 3.35; Cl, 25.40. Found: C, 39.83; H, 4.63;
      N, 3.29; Cl, 25.32.
PAR  Pure 1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(S)-ol obtained from
      1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(S)-ol 1-tartrate, as
      described above for the preparation of the other enantiomer had a melting
      point of 132.degree.-134.degree., [.alpha.].sub.D.sup.25 -45.5.degree. (c,
      1.020, ethanol) after recrystallization from ether.
PAR  Analysis Calcd. for C.sub.10 H.sub.12 Cl.sub.3 NO (268.58): C, 44.72; H,
      4.51; N, 5.22; Cl, 39.60, Found: C, 45.05; H, 4.51; N, 5.04; Cl, 39.32.
PAC  EXAMPLE 5
PAC  Preparation of racemic 1,1-dichloro-3-[3]-3(R)-ethyl-4(S)-piperidinyl]
      propan-2(S)-0l hydrochloride and racemic
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol hydrochloride
PAR  To a solution containing 26.85 g. of racemic
      1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2-ol in 400 ml. of 5 percent
      aqueous hydrochloric acid was added 4 g. of platinum dioxide and the
      mixture was hydrogenated at 60.degree.C. and 67 atmospheres of pressure.
      After cooling to room temperature, the catalyst was removed by filtration,
      and the resulting filtrate was evaporated in vacuo. The residue was
      crystallized from 70 ml. of absolute ethanol to give 10.5 g. (38 percent)
      of racemic 1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol
      hydrochloride, having a melting point of 200.degree.-205.degree., after
      recrystallization, m.p. 205.degree.-209.degree..
PAR  Analysis Calcd. for C.sub.10 H.sub.20 Cl.sub.3 NO (276.64): C, 43.42; H,
      7.29; Cl, 38.55; N, 5.06. Found: C, 43.69; H, 7.25; Cl, 38.35; N, 5.22.
PAR  Crystallization of the mother liquors from 30 ml. of acetone gave 9.5 g.
      (34.5 percent) of racemic
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol hydrochloride,
      having a melting point of 123.degree.-129.degree. after two
      recrystallizations, m.p. 132.degree.-134.degree..
PAR  Analysis Calcd. for C.sub.10 H.sub.20 Cl.sub.3 NO (276.64) C, 43.42; H,
      7.29; Cl, 38.55; N, 5.06. Found: C, 43.38; H, 7.41; Cl, 38.37; N, 4.86.
PAC  EXAMPLE 6
PAC  Preparation of 1,1-dichloro-3-[3(S)-ethyl-4(R)-piperidinyl]-propan-2(R)-ol
      hydrochloride (A) and
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol hydrochloride
      (B)
      ##SPC7##
PAR  A solution of 2.7 g. of
      1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(R)-ol (C) in 40 ml. of 5
      percent aqueous hydrochloric acid was hydrogenated over 0.4 g. of platinum
      oxide at 60.degree.-90.degree. and 65 atmospheres of pressure. After
      cooling to room temperature, the catalyst was removed by filtration, and
      the resulting filtrate was evaporated under reduced pressure. The residue
      was crystalized from 40 ml. of ethanol to give 600 mg. of
      1,1-dichloro-3-[3(S)-ethyl-4(R)-piperidinyl]propan-2(R)-ol hydrochloride,
      m.p. 232.degree.-233.degree., [.alpha.].sub.D.sup.25 +29.63.degree. (c
      1.0953, methanol) after recrystallization from ethanol.
PAR  Analysis Calcd. for C.sub.10 H.sub.19 Cl.sub.2 NO.HCl (276.65): C, 43.42;
      H, 7.28; N, 5.06. Found: C, 43.11; H, 7.32; N, 4.98.
PAR  The mother liquors were concentrated and crystallization of the residue
      from acetone gave 557 mg. of
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol hydrochloride,
      m.p. 168.degree.-170.degree., [.alpha.].sub.D.sup.25 +25.25.degree. (c
      1.0140, methanol), after recrystallization from acetone.
PAR  Analysis Calcd. for C.sub.10 H.sub.19 Cl.sub.2 NO.HCl (276.65): C, 43.42;
      H, 7.78; N, 5.06. Found: C, 43.55; H, 7.47; N, 5.00.
PAC  EXAMPLE 7
PAC  Preparation of 1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl] propan-2(S)-ol
      hydrochloride (D) and
      1,1-dichloro-3-[3(S)-ethyl-4(R)-piperidinyl]propan-2(S)-ol hydrochloride
      (E)
      ##SPC8##
PAR  A solution of 2.7 g. of
      1,1,1-trichloro-3-(3-ethyl-4-pyridinyl)propan-2(S)-ol (F) in 40 ml. of 5
      percent aqueous hydrochloric acid was hydrogenated over 0.4 g. of platinum
      oxide at 60.degree. and 65 atmospheres of pressure. After cooling to room
      temperature, the catalyst was removed by filtration, and the filtrate was
      concentrated under reduced pressure. The residue was crystallized from 20
      ml. of ethanol to give 600 mg. of
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride,
      m.p. 227.degree.-229.degree.. Several recrystallizations from ethanol
      yielded pure 1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]-propan-2(S)-ol
      hydrochloride, m.p. 232-233.degree., [.alpha.].sub.D.sup.25 -28.3.degree.
      (c 1.0237, methanol).
PAR  Analysis Calcd. for C.sub.10 H.sub.19 Cl.sub.2 NO.HCl (276.65):  C, 43.42;
      H, 7.28; N, 5.06.   Found: C, 43.58; H, 7.32; N, 5.08.
PAR  The free base obtained from
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      on treatment with aqueous potassium carbonate and extraction with
      dichloromethane, was combined with ethanolic hydrogen bromide to give
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrobromide,
      m.p. 223.degree.-224.degree., [.alpha.].sub.D.sup.25 -24.77.degree. (c,
      0.9486, methanol), after several recrystallizations from ethanol.
PAR  Analysis Calcd. for C.sub.10 H.sub.19 Cl.sub.2 NO.HBr (321.11):
PAR  C, 37.41; H, 6.28; N, 4.36.   Found: C, 37.71; H, 6.44; N, 4.46.
PAR  The mother liquors obtained from the crystallization of
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      were combined and concentrated under reduced pressure. The residue was
      triturated with acetone and the crystalline material was recrystallized
      from acetone to give 729 mg. of
      1,1-dichloro-3-[3(S)-ethyl-4(R)-piperidinyl]propan-2(S)-ol hydrochloride.
      Recrystallization from acetone yielded
      1,1-dichloro-3-[3(S)-ethyl-4(R)-piperidinyl]propan-2(S)-ol hydrochloride,
      m.p. 169.5.degree.-171.5.degree., [.alpha.].sub.D.sup.25 -25.15.degree. (c
      0.9306, methanol).
PAR  Analysis Calcd. for C.sub.10 H.sub.19 Cl.sub.2 NO.HCl (276.65):  C, 43.42;
      H, 7.28; N, 5.06. Found: C, 43.69; H, 7.49; N, 5.34.
PAC  EXAMPLE 8
PAC  Preparation of 1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]-propan-2(S)-ol
      hydrochloride and
      1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]propan-2(R)-ol hydrochloride
PAR  To a solution containing 3.07 ml. of methylene chloride in 60 ml. of
      anhydrous tetrahydrofuran cooled to -70.degree., there was added over a
      period of 1 hour 44 mmoles of n-butyllithium in 28 ml. of hexane under an
      atmosphere of dry nitrogen. Stirring of the mixture at the same
      temperature was continued for 20 minutes and then followed by the dropwise
      addition of 5.19 g. (20 mmoles) of
      2-[1-benzoyl-3(R)-vinyl-4(S)-piperidinyl]acetaldehyde in 30 ml. of
      anhydrous tetrahydrofuran. After 30 minutes, the reaction was quenched by
      the addition of 30 ml. of water. The mixture was allowed to warm up to
      room temperature and was subsequently extracted three times with ether.
      The combined ether extracts were washed with water, dried over sodium
      sulfate and evaporated to dryness. The residue was dissolved in 80 ml. of
      3N hydrochloric acid. The acidic solution was washed with ether and
      neutralized with 3N sodium hydroxide. The solution was washed with ether,
      rendered alkaline by the addition of 3N sodium hydroxide and extracted
      with ether. The ether extract was washed with water, dried over sodium
      sulfate and evaporated to dryness. The residue (3.8 g.) was dissolved in
      ethanol and treated with an excess of ethanolic hydrogen chloride. The
      solvent was evaporated under reduced pressure and the resulting solid
      residue was crystallized from ethanol to give 2.0 g. of a mixture of
      epimeric 1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]propan-2.xi.-ol
      hydrochlorides. Fractional crystallization from ethanol followed by
      recrystallization of the combined fractions from ethanol gave
      1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride,
      m.p. 225-225.5.degree., [.alpha.].sub.D.sup.25 -13.3.degree. (c 1.02,
      methanol).
PAR  Analysis Calcd. for C.sub.10 H.sub.17 Cl.sub.2 NO.HCl (274.62):  C, 43.74;
      H, 6.61; N, 5.10. Found: C, 43.71; H, 6.53; N, 4.85.
PAR  The mother liquors were combined and evaporated to dryness.
      Recrystallization of the residue from acetone gave
      1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]propan-2(R)-ol hydrochloride,
      m.p. 165.degree.-167.degree., [.alpha.].sub.D.sup.25 + 30.7.degree. (c
      1.00, methanol).
PAR  Analysis Calcd. for C.sub.10 H.sub.17 Cl.sub.2 NO.HCl (274.62):  C, 43.74;
      H, 6.61; N, 5.10. Found: C, 44.01; H, 6.86; N, 4.78.
PAC  EXAMPLE 9
PAC  Preparation of 1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol
      hydrochloride and
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol hydrochloride
PAR  To a solution containing 6.35 ml. of methylene chloride in 120 ml. of
      anhydrous tetrahydrofuran cooled to -70.degree. there was added over a
      period of 2 hours 90 mmoles of n-butyllithium in 55.5 ml. of hexane under
      an atmosphere of dry nitrogen. The mixture was stirred at the same
      temperature for 30 minutes and then followed by the dropwise addition of
      5.8 g. (22.4 mmoles) of
      2-[1-benzoyl-3(R)-ethyl-4(S)-piperidinyl]acetaldehyde in 60 ml. of
      anhydrous tetrahydrofuran. After 30 minutes, the reaction was quenched by
      the addition of 30 ml. of water. The mixture was allowed to warm up to
      room temperature and was subsequently extracted three times with ether.
      The combined ether extracts were extracted with 300 ml. of 10 percent
      aqueous hydrochloric acid. The acidic solution was washed twice with each
      100 ml. of ether and evaporated to complete dryness. The residue was
      dissolved in the minimal amount of hot ethanol. Upon standing, there was
      obtained 1.1 g. of 1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2
      (S)-ol hydrochloride, mp 239-240.degree., [.alpha.].sup.25 D -28.6.degree.
      (c 1.005, methanol), after recrystallization from ethanol.
PAR  The mother liquors were combined and evaporated to dryness.
      Recrystallization of the residue from acetone gave
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol hydrochloride,
      mp 172.degree.-173.degree., [.alpha.].sup.25 D +25.2.degree. (c 1.00,
      methanol).
PAC  EXAMPLE 10
PAC  Preparation of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxaldehydes
PAR  a. To a solution containing 2.77 g. of racemic
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol HCl in 20 ml.
      of methanol was added a solution containing 1.68 g. of potassium hydroxide
      in 15.8 ml. of methanol. The mixture was stirred at room temperature for
      55 hours. The precipitate formed in the reaction was removed by
      filtration, and the filtrate was evaporated to dryness. The residue was
      treated with 200 ml. of ether, and the insoluble part was removed by
      filtration. The filtrate was evaporated to dryness to yield and oily
      mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxaldehydes.
PAR  b. The methanolic solution containing crude aldehyde prepared as above from
      5.45 g. of racemic
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      was evaporated to dryness under reduced pressure at a temperature below
      30.degree.. The residue was dissolved in 300 ml. of ether, insoluble
      material was removed by filtration, and evaporation of the filtrate gave
      4.12 g. of oily residue. A solution of the residue in 100 ml. of ether was
      added to a solution containing 2.5 g. of sodium bisulfite in 8 ml. of
      water. The solvents were removed under reduced pressure, and the residue
      was dissolved in 10 ml. of water. Addition of ethanol followed by the
      addition of ether precipitated 3.4 g. of solid addition product. This
      product was added to 50 ml. of a saturated aqueous sodium carbonate and
      heated at 40.degree.. After all material had dissolved, the solution was
      kept at 40.degree. for another 5 minutes. The mixture was cooled and
      extracted three times with ether. The combined ether extracts were dried
      over potassium carbonate and evaporated to dryness under reduced pressure
      to give 950 mg. of liquid aldehyde. Distillation in a short path
      distillation apparatus at 60.degree.-85.degree. (oil bath temperature)
      under a pressure of 0.4 mmHg. gave 648 mg. of analytically pure mixture of
      epimeric, racemic, 4,5-erythro-5-ethylquinuclidine-2.xi.-carboxaldehydes.
PAR  Analysis Calcd. for C.sub.10 H.sub.17 NO (167.24):  C, 71.81; H, 10.25; N,
      8.38. Found: C, 71.91; H, 10.02; N, 8.58.
PAR  c. A solution containing 1.39 g. of racemic
      1,1-dichloro-3-[3(R)ethyl-4(S)-piperidinyl]propan-2(R)-ol HCl in 25 ml. of
      water was combined with 150 ml. of benzene. The stirred mixture was cooled
      in an ice bath and 8.56 ml. of a 1.75N potassium hydroxide solution was
      added slowly. Stirring at room temperature was continued under an
      atmosphere of nitrogen for 20 hours. The aqueous layer was separated and
      extracted with benzene. The combined organic layer was dried over sodium
      sulfate and evaporated under reduced pressure at approximately 30.degree..
      The residue was distilled in a short path distillation apparatus at
      60.degree.-85.degree. (oil bath temperature) and 0.3 mmHg. to give 600 mg.
      (72 percent) of a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxaldehydes.
PAR  d. To a solution of 400 mg. of racemic, epimeric cis
      1,1-dichloro-3-(3-ethyl-4-piperidinyl)propan-2.xi.-ols in 50 ml. of
      methanol was added 5 g. of Amberlite anion exchange resin IRA-401 (OH).
      The mixture was stirred at room temperature overnight. The resin was
      removed by filtration. The filtrate was concentrated to near dryness under
      reduced pressure and the residue was treated with benzene. The benzene
      solution was dried over MgSO.sub.4 and evaporated to dryness under reduced
      pressure to give epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxaldehydes.
PAC  EXAMPLE 11
PAC  Preparation of epimeric 5(R)-ethyl-4(S)-quinuclidine-2.xi.-carboxaldehydes
PAR  a. A solution containing 1.14 g. of
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      in 20 ml. of water was combined with 450 ml. of benzene. The stirred
      mixture was cooled in an ice bath and 7.4 ml. of a 1.68N potassium
      hydroxide solution was added slowly. Stirring at room temperature was
      continued under an atmosphere of nitrogen for 20 hours. The aqueous layer
      was separated and extracted with benzene. The combined organic layer was
      dried over sodium sulfate and evaporated under reduced pressure at
      30.degree.. The residue on evaporative bulb-to-bulb distillation at
      80.degree. and 0.1 mmHg yielded 283 mg. of liquid epimeric
      5(R)-ethyl-4(S)-quinuclidine-2.xi.-carboxaldehydes, [.alpha.].sup.25 D
      +102.61 (c 1.1383, methanol).
PAR  Analysis Calcd. for C.sub.10 H.sub.17 NO (167.24):  C, 71,81; H, 10.25; N,
      8.38. Found: C, 71.75; H, 9.97; N, 8.44.
PAR  b. Utilizing the procedure above, a mixture of 1.94 g. of
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      and 1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol
      hydrochloride gave after evaporative bulb-to-bulb distillation at
      80.degree. and 0.3 mmHg 538 mg. of epimeric
      5(R)-ethyl-4(S)-quinuclidine-2.xi.-carboxaldehydes.
PAC  EXAMPLE 12
PAC  Preparation of epimeric 5(S)-ethyl-4(R)-quinuclidine-2.xi.-carboxaldehydes
PAR  A solution containing 1.34 g. of
      1,1-dichloro-3-[3(S)-ethyl-4(R)-piperidinyl]propan-2(S)-ol hydrochloride
      in 10 ml. of water was combined with 150 ml. of benzene. The stirred
      mixture was cooled in an ice-bath and 8.7 ml. of a 1.68N potassium
      hydroxide solution was added slowly. Stirring at room temperature was
      continued under an atmosphere of nitrogen for 20 hours. The aqueous layer
      was separated and extracted with benzene. The combined organic layer was
      dried over sodium sulfate and evaporated under reduced pressure at
      30.degree.. The residue on evaporative bulb-to-bulb distillation at
      90.degree. and 0.1 mmHg yielded 500 mg. of liquid epimeric
      5(S)-ethyl-4(R)-quinuclidine-2.xi.-carboxaldehydes, [.alpha.].sup.25 D
      -85.56.degree. (c 1.0682, methanol).
PAR  Analysis Calcd. for C.sub.10 H.sub.17 NO (167.24):  C, 71.81; H, 10.25; N,
      8.38. Found: C, 71.55; H, 10.29; N, 8.65.
PAC  EXAMPLE 13
PAC  Preparation of epimeric 5(R)-vinyl-4(S)-quinuclidine-2.xi.-carboxaldehydes
PAR  A solution containing 2.36 g. of a mixture of
      1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      and 1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]propan-2(R)-ol
      hydrochloride in 35 ml. of water was combined with 850 ml. of benzene. The
      stirred mixture was cooled in an ice bath and 15.4 ml. of 1.68N potassium
      hydroxide solution was added slowly under a nitrogen atmosphere. Stirring
      at room temperature was continued for 16 hours. The aqueous layer was
      separated and extracted with benzene. The combined organic layers were
      washed with water, dried over sodium suflate and evaporated under reduced
      pressure at 30.degree.. The residue on evaporative bulb-to-bulb
      distillation at 60.degree. and 0.05 mmHg. yielded 767 mg. of liquid
      epimeric 5(R)-vinyl-4(S)-quinuclidine-2.xi.-carboxaldehydes,
      [.alpha.].sup.25 D +154.85.degree. (c 0.8957, chloroform).
PAC  EXAMPLE 14
PAC  Preparation of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxylic acid ethyl esters
PAR  a. To a solution containing 8.3 g. of racemic
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      in 600 ml. of methanol cooled to 0.degree. was added dropwise with
      stirring a solution of 5.04 g. of potassium hydroxide in 23.4 ml. of
      methanol. After completed addition, the temperature of the mixture was
      allowed to rise to room temperature and stirring was continued overnight.
      Insoluble material was removed by filtration, and the solution was added
      to a mixture of 11.7 g. of silver nitrate and 4.8 g. of sodium hydroxide
      in 200 ml. of water. The reaction mixture, after stirring for 3 hours at
      room temperature, was filtered through Celite-Filter Aid and the filtrate
      was saturated with hydrogen sulfide. The precipitate was removed by
      filtration through Celite-Filter Aid and the filtrate was evaporated to
      dryness. The residue was treated with 500 ml. of ethanol, and the mixture
      was refluxed for 3 hours. After filtering through Celite-Filter Aid, the
      filtrate containing a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi. -carboxylic acids was saturated with
      anhydrous hydrogen chloride and refluxed overnight. The precipitate was
      removed by filtration, and the filtrate was evaporated to dryness. The
      yellow oil obtained was treated with 300 ml. of a saturated aqueous
      solution of sodium carbonate and extracted five times with ether. The
      combined ether extract was dried over sodium sulfate and evaporated to
      dryness under reduced pressure. The residue was distilled in a short path
      distillation apparatus at 70.degree.-75.degree.C. (oil bath temperature)
      under a pressure of 0.3 mmHg. to give 3.81 g. (60 percent) of a liquid
      mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxylic acid ethyl esters.
PAR  Gas chromatography on a column of 4 percent PEG 4000 MS on Gaschrom Z at
      150.degree. showed the material to consist of two isomers in a 1:1 ratio
      with retention times of t.sub.o = 8.5 min. and t.sub.o = 9.4 min. A
      separation of the two isomers was achieved by preparative gas
      chromatography. In the mass spectrum, both isomers showed a low resolution
      molecular ion peak at m/e 211 and a base peak at m/e 138.
PAR  b. To a solution of 5 ml. of methylene chloride in 70 ml. of anhydrous
      tetrahydrofuran cooled to -70.degree. was added during 1 hour 35 ml. of a
      1.66M solution of n-butyllithium in hexane under an atmosphere of dry
      nitrogen. The mixture was stirred at the same temperature for 20 minutes,
      which was followed by the dropwise addition of 6.8 g. of racemic
      2-[1-benzoyl-3(R)-ethyl-4(S)-piperidinyl]acetaldehyde in 30 ml. of
      anhydrous tetrahydrofuran. After 30 minutes, the reaction was quenched by
      the addition of 30 ml. of water. The mixture was allowed to warm up to
      room temperature and was subsequently extracted three times with ether.
      The combined ether extracts were washed with water, dried over sodium
      sulfate and evaporated to dryness. The product (4 g.), a mixture of
      racemic, epimeric
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2.xi.-ols, was
      dissolved in 400 ml. of methanol. A solution of 1.8 g. of potassium
      hydroxide in 45 ml. of methanol was added and stirring was continued for
      50 hours at room temperature. Then, the solution containing a mixture of
      racemic, epimeric 4,5-erythro-5-ethylquinuclidine-2.xi.-carboxaldehydes
      was combined with a mixture of 2.56 g. of sodium hydroxide and 5.44 g. of
      silver nitrate in 60 ml. of water. The reaction mixture, after being
      stirred for 3 hours at room temperature, was filtered through
      Celite-Filter Aid, and the filtrate was evaporated to dryness. Complete
      dryness was ensured by the addition of an ethanol-benzene solvent mixture
      to the residue followed by removal of the solvents under reduced pressure.
      The procedure was repeated several times. The residue was extracted
      repeatedly with hot ethanol. The combined extracts were evaporated to
      dryness and the residue containing a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxylic acids, was esterified
      with 4 percent ethanolic hydrogen chloride to give, after usual work-up
      and distillation under reduced pressure, 1.8 g. of a mixture of epimeric,
      racemic 4,5-erythro- 5-ethylquinuclidine-2.xi.-carboxylic acid ethyl
      esters.
PAC  EXAMPLE 15
PAC  Preparation of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxylic acid methyl esters
PAR  A mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxylic acids, obtained from 5.53
      g. of racemic 1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol
      HCl by the reaction sequence outlined previously in Example 10 (a), was
      dissolved in 350 ml. of methanol. Concentrated sulfuric acid (5 ml.) was
      added, and the mixture was refluxed overnight. After the addition of
      another 2 ml. of concentrated sulfuric acid, refluxing was continued for
      another 15 hours. The volume was reduced to approximately 30 ml. by
      evaporation under reduced pressure. The resulting residue was rendered
      alkaline with a saturated aqueous solution of sodium carbonate and diluted
      with dichloromethane. The insoluble material was removed by filtration and
      dissolved in the minimal amount of water. The aqueous phase was extracted
      three times with dichloromethane and the extracts were combined with the
      filtrate. The combined organic layer was dried over potassium carbonate
      and evaporated under reduced pressure. The residue, on distillation, gave
      2.33 g. (59 percent) of a liquid mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxylic acid methyl esters, b.p.
      84.degree.-85.degree./0.35 mmHg.
PAC  EXAMPLE 16
PAC  Preparation of epimeric 5(R)-ethyl-4(S)-quinuclidine-2.xi.-carboxylic acid
      ethyl esters
PAR  To a solution containing 3.2 g. of a mixture of
      1,1-dichloro-3-[3(R)-ethyl-4(S)-piperidinyl]propan-2(S)-ol hydrochloride
      and 1,1-dichloro-3 [ 3(R)-ethyl-4(S)-piperidinyl]propan-2(R)-ol
      hydrochloride in 350 ml. of methanol cooled to 0.degree. was added
      dropwise with stirring a solution of 1.95 g. of potassium hydroxide in
      21.7 ml. of methanol. Stirring was continued at room temperature
      overnight. The insoluble material was removed by filtration, and the
      solution was added to a mixture of 3.96 g. of silver nitrate and 1.85 g.
      of sodium hydroxide in 35 ml. of water. The reaction mixture, after
      stirring for 4 hours at room temperature, was filtered through
      Celite-Filter Aid and the filtrate was evaporated to dryness. The residue
      was extracted with 200 ml. of boiling ethanol. The extract containing a
      mixture of epimeric 5(R)-ethyl-4(S)-quinuclidine-2.xi.-carboxylic acids
      was evaporated to complete dryness. The residue was dissolved in 4 percent
      ethanolic hydrogen chloride and the solution was refluxed overnight. This
      procedure was repeated once more. After removal of the precipitate by
      filtration, the filtrate was evaporated to dryness. The residue was
      rendered alkaline with a saturated aqueous solution of potassium carbonate
      and extracted three times with ether. The combined ether extracts were
      dried over potassium carbonate and evaporated to dryness under reduced
      pressure. Evaporative bulb-to-bulb distillation at 95.degree.-97.degree.
      and 0.05 mmHg of the crude product yielded 1 g. of liquid epimeric
      5(R)-ethyl-4(S)-quinuclidine-2.xi.-carboxylic acid ethyl ester,
      [.alpha.].sup.25 D +77.32.degree. (c 1.0489, methanol).
PAR  Analysis Calcd. for C.sub.12 H.sub.21 NO.sub.2 (211.30):  C, 68.21; H,
      10.02; N, 6.63. Found: C, 68.47; H, 10.25; N, 6.74.
PAC  EXAMPLE 17
PAC  Preparation of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxylic acids hydrochlorides
PAR  A solution containing 2.15 g. of a mixture of epimeric, racemiic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxylic acid ethyl esters in 100
      ml. of 1N hydrochloric acid was left standing at room temperature for 10
      days. The solution was washed with ether and evaporated to dryness under
      reduced pressure. Complete dryness was ensured by repeatedly adding
      toluene to the residue and removing the solvent under reduced pressure.
      The residue was crystallized from ethanol-ether to give 429 mg. of a
      mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxylic acids hydrochlorides,
      m.p. 239.degree.-242.degree. .
PAR  Analysis Calcd. for C.sub.10 H.sub.17 NO.sub.2.HCl (219.72):  C, 54.67; H,
      8.26; N, 6.38. Found: C, 54.80; H 8.35; N, 6.24.
PAR  The concentrated mother liquor was treated again with 1N hydrochloric acid
      and yielded an additional 353 mg. of a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxylic acid hydrochlorides.
PAC  EXAMPLE 18
PAC  Preparation of epimeric 5(R)-vinyl-4(S)-quinuclidine-2.xi.-carboxylic acid
      ethyl esters
PAR  Utilizing the conditions described in Example 8, 6.48 g. of
      2-[1-benzoyl-3(R)-vinyl-4(S)-piperidinyl]acetaldehyde was reacted with
      dichloromethyllithium prepared from 3.7 ml. of methylene chloride and 55
      mmoles of n-butyllithium. The resulting product (4.1 g.), a mixture of
      epimeric 1,1-dichloro-3-[3(R)-vinyl-4(S)-piperidinyl]propan-2.xi.-ols, was
      dissolved in 400 ml. of methanol. A solution containing 1.9 g. of
      potassium hydroxide in 20 ml. of methanol was added and stirring was
      continued for 50 hours at room temperature. The solution containing a
      mixture of epimeric 5(R)-vinyl-4(S)-quinuclidine-2.xi.-carboxaldehydes was
      combined with a mixture of 2.56 g. of sodium hydroxide and 5.78 g. of
      silver nitrate in 40 ml. of water. The resulting reaction mixture, after
      being stirred for 3 hours at room temperature, was filtered through
      Celite-Filter Aid, and the filtrate was evaporated to dryness. Complete
      dryness was ensured by the addition of an ethanol-benzene solvent mixture
      to the residue followed by removal of the solvents under reduced pressure.
      The procedure was repeated several times. The residue was extracted
      repeatedly with hot ethanol. The combined extract was evaporated to
      dryness and the residue containing a mixture of epimeric
      5(R)-vinyl-4(S)-quinuclidine-2.xi.-carboxylic acids was partially
      dissolved in 100 ml. of 8 percent ethanolic hydrogen chloride. The
      reaction mixture was stirred at room temperature for 3 days and then
      evaporated to dryness. The residue was treated again with 100 ml. of 5
      percent ethanolic hydrogen chloride for 15 hours. The solvent was removed
      under reduced pressure, and the residue was combined with 100 ml. of a
      saturated aqueous solution of potassium carbonate. The mixture was
      extracted three times with ether. The combined ether extracts were dried
      over sodium sulfate and evaporated to dryness under reduced pressure. The
      residue was distilled in a short path distillation apparatus at 77.degree.
      (oil bath temperature) under a pressure of 0.15 mmHg. to give 1.88 g. (36
      percent) of liquid epimeric 5(R)-vinyl-4(S)-quinuclidine-2.xi.-carboxylic
      acid ethyl esters; [.alpha.].sub.D.sup.25 +82.2.degree. (c 1.1, 95%
      ethanol).
PAC  EXAMPLE 19
PAC  Preparation of epimeric 5(R)-vinyl-4(S)-quinuclidine-2.xi.-carboxylic acids
PAR  A suspension of 310 mg. of epimeric
      5(R)-vinyl-4(S)-quinuclidine-2.xi.-carboxylic acid ethyl esters in 10 ml.
      of water was left standing at room temperature. After 10 days, a clear
      solution was obtained. The water was evaporated under reduced pressure,
      and the residue was sublimed at 165.degree. under a pressure of 0.15 mmHg.
      to give 210 mg. of very hygroscopic crystalline epimeric
      5(R)-vinyl-4(S)-quinuclidine-2.xi.-carboxylic acids;
      [.alpha.].sub.D.sup.25 +78.4.degree. (c 0.72, CHCl.sub.3),
      [.alpha.].sub.D.sup.25 +93.2.degree. (c 0.87, 1N NaOH) measured
      immediately and [.alpha.].sub.D.sup.25 +80.8.degree. (c 0.87, 1N NaOH)
      after heating the solution at 100.degree. for 16 hours.
PAC  EXAMPLE 20
PAC  Preparation of racemic dihydroquininone and racemic dihydroquinidinone
PAR  a. To a solution containing 488 mg. of 4-bromo-6-methoxyquinoline in 20 ml.
      of anhydrous ether was added under nitrogen at -50.degree. 0.45 ml. of a
      2.25M solution of butyllithium in hexane. The suspension containing
      6-methoxy-4-quinolyllithium was stirred at this temperature for another 15
      minutes and then a solution of 433 mg. of a mixture of epimeric, racemic
      4,5-erythro-5-ethyl-quinuclidine-2.xi.-carboxylic acid ethyl esters in 20
      ml. of anhydrous ether was added over a period of 20 minutes. After
      stirring at -50.degree. for another 1.5 hours, the mixture was warmed to
      room temperature and hydrolyzed by the addition of water. The aqueous
      layer was separated and extracted three times with ether. The combined
      organic solution was dried over sodium sulfate and evaporated to dryness.
      The crude product was chromatographed on silica gel preparative plates
      with ether as solvent. The plates were run three times. Elution with
      methanol gave 100 mg. of a yellow oil which on further treatment gave 50
      mg. of a crystalline mixture of racemic dihydroquininone and racemic
      dihydroquinidinone, m.p. 86.degree.-90.degree..
PAR  b. To 5 ml. of anhydrous ether was added 0.67 ml. of 1.66M solution of
      butyllithium in hexane. The resulting solution was cooled to -70.degree.
      and with stirring and under a nitrogen atmosphere, 119 mg. of
      4-bromo-6-methoxyquinoline dissolved in 5 ml. of ether was added. The
      suspension containing 6-methoxy-4-quinolyllithium was combined with 56 mg.
      of 1,4-diazabicyclo[2.2.2]octane dissolved in 5 ml. of anhydrous ether and
      the mixture was stirred at -70.degree. for 2 hours. Thereafter, a solution
      of 126 mg. of a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxylic acid ethyl esters in 5
      ml. of anhydrous ether was added. After stirring at -70.degree. for 30
      minutes, the mixture was quenched with water and allowed to warm up to
      room temperature. The aqueous layer was separated and extracted with
      ether. The combined organic solution was dried over sodium sulfate and
      evaporated to dryness to give  184 mg. of an oil containing racemic
      dihydroquininone and racemic dihydroquinidinone.
PAR  Utilizing the procedure described above, there can be obtained:
PA0  a. from 7-chloro-4-quinolyllithium, a mixture of racemic
      7'-chlorodihydrocinchonidinone and racemic 7'-chlorodihydrocinchoninone,
      m.p. 124.degree.-127.degree.;
PA0  b. from 6-methyl-4-quinolyllithium, a mixture of racemic
      6'-methyldihydrocinchonidinone and racemic 6'-methyldihydrocinchoninone,
      m.p. 105.degree.-108.degree.;
PA0  c. from 6-chloro-4-quinolyllithium, a mixture of racemic
      6'-chlorodihydrocinchonidinone and racemic 6'-chlorodihydrocinchoninone,
      m.p. 104.degree.-107.degree.;
PA0  d. from 7-methoxy-4-quinolyllithium, a mixture of racemic
      7'-methoxydihydrocinchonidinone and racemic 7'-methoxydihydrocinchoninone,
      m.p. 111.degree.-117.degree.; and the like.
PAC  EXAMPLE 21
PAC  Preparation of racemic dihydroquinine and racemic dihydroquinidine from a
      mixture of racemic dihydroquininone and racemic dihydroquinidinone
PAR  To a solution of 5.06 g. of a crystalline mixture of racemic
      dihydroquininone and dihydroquinidinone in 500 ml. of dry benzene was
      added dropwise 12.5 ml. of a 25 percent solution of diisobutylaluminum
      hydride in toluene with stirring under an atmosphere of dry nitrogen.
      After approximately 30 minutes, the reaction was quenched by the addition
      of 2 ml. of methanol-water (1:1). The precipitated alumina was separated
      by filtration and washed thoroughly with methanol. The residue of the
      methanol washings (3.87 g.) was crystallized from acetone yielding 3.14 g.
      (61 percent) of racemic dihydroquinine monohydrate in three crops. The
      residue of the benzene solution (1.54 g.) was crystallized from a
      concentrated solution in ethanol yielding 579 mg. (11 percent) of racemic
      dihydroquinidine in four crops. After purification on preparative tlc
      (chloroform-triethylamine-methanol, 85:10:5) more d,1-dihydroquinidine and
      d,1-dihydroquinine could be crystallized from ethanol and acetone,
      respectively.
PAR  Utilizing the procedure described above:
PA0  a. from a mixture of racemic 7'-chlorodihydrocinchonidinone and racemic
      7'-chlorodihydrocinchoninone, there can be obtained racemic
      7'-chlorodihydrocinchonidine, m.p. 192.degree.-193.degree., and racemic
      7.degree.-chlorodihydrocinchonine, m.p. 251.degree.-253.degree. dec.;
PA0  b. from a mixture of racemic 7'-methoxydihydrocinchonidinone and racemic
      7'-methoxydihydrocinchoninone, there can be obtained racemic
      7'-methoxydihydrocinchonidine, m.p. 160.degree., and racemic
      7'-methoxydihydrocinchonine, m.p. 217.degree.-219.degree.;
PA0  c. from a mixture of racemic 6'-methyldihydrocinchonidinone and racemic
      6'-methyldihydrocinchoninone, there can be obtained, racemic
      6'-methyldihydrocinchonidine, m.p. 216-218.degree., and racemic
      6'-methyldihydrocinchonine, m.p. 153.5.degree. - 155.degree.;
PA0  d. from a mixture of racemic 6'-chlorodihydrocinchonidinone and racemic
      6'-chlorodihydrocinchoninone, there can be obtained racemic
      6'-chlorodihydrocinchonidine, m.p. 100.degree.-102.degree., and racemic
      6'-chlorodihydrocinchonine, m.p. 172.5.degree. - 173.5.degree..
PAC  EXAMPLE 22
PAC  Preparation of Quinine and Quinidine
PAR  To 100 ml. of anhydrous ether there was added 14.5 ml. of a 1.45M solution
      of n-butyllithium in hexane. The resulting solution was cooled to
      -70.degree. and with stirring a solution of 4.76 g. of
      4-bromo-6-methoxyquinoline in 100 ml. of anhydrous ether was added under
      an atmosphere of dry nitrogen. The yellow suspension of
      6-methoxy-4-quinolyllithium in ether which immediately formed was stirred
      at -70.degree. for 2 hours. A solution of 2.1 g. of epimeric
      5(R-vinyl-4(S)-quinuclidine-2.xi.-carboxylic acid ethyl esters in 100 ml.
      of anhydrous ether was added, and after 30 mins., the reaction was
      quenched by the addition of water and allowed to warm up to room
      temperature. The ethereal solution was washed with water, dried over
      sodium sulfate and evaporated to dryness under reduced pressure to yield
      5.08 g. of an oil which contained a mixture of quininone and quinidinone.
      To a cooled solution of 4.74 g. of the above material in 100 ml. of
      anhydrous benzene, there was slowly added 13 ml. of a 25 percent solution
      of diisobutylaluminum hydride in toluene under an atmosphere of dry
      nitrogen. The reaction was quenched after 1 hour by the addition of 20 ml.
      of water-methanol (1:1) with vigorous stirring. The precipitate which
      formed was collected by filtration and washed thoroughly with methanol.
      The filtrate was dried over anhydrous sodium sulfate and evaporated to
      dryness. A solution of the residue in chloroform was washed successively
      with 1N sodium hydroxide and water, dried over anhydrous sodium sulfate
      and evaporated to dryness. The product (4.1 g.) was chromatographed on 150
      g. of neutral alumina (Woelm, activity I) with ethyl acetate-benzene (1:1)
      (500 ml.), ethyl acetate (800 ml.) and methanol (400 ml.) as eluent.
      Evaporation of the methanol fraction gave 2.5 g. of product which was
      chromatographed on silica gel preparative plates (20 .times. 20 .times.
      0.2 cm.) with chloroform-triethylamine-methanol (85:10:5) as the solvent
      mixture. Elution of the lowest of three major bands with
      chloroform-methanol (1:1) gave 289 mg. of a yellow oil which was dissolved
      in ethanol, and on treatment with 44 mg. of d-tartaric acid in ethanol
      yielded the crystalline, neutral tartrate of quinine, m.p.
      214.degree.-215.degree., [.alpha.].sub.D.sup. 25 -149.degree. (c, 0.985,
      MeOH). The compound showed ir-spectrum and tlc R.sub.f -value identical
      with those of an authentic sample. The melting point was not depressed on
      admixture with an authentic specimen. Elution of the middle band with
      methanol-chloroform (1:1) gave 311 mg. of quinidine, which after
      recrystallization from ethanol and drying at 80.degree. under reduced
      pressure for 15 hours showed m.p. 170.degree.-172.degree.,
      [.alpha.].sub.D.sup.22 + 261.degree. (c, 0.995, ethanol). The ir-spectrum
      and the tlc R.sub.f -value were identical with those of authentic
      material. No depression of the melting point was observed on admixture
      with an authentic sample. The upper band, upon elution with
      methanol-chloroform (1:1) yielded 95 mg. of oily residue which was
      identical with an authentic mixture of epiquinine and epi-quinidine.
PAR  Utilizing the reaction conditions described above:
PA0  a. from 7-chloro-4-quinolyllithium, there can be obtained,
      7'-chlorocinchonidine, m.p. 177-179.degree., and 7'-chlorocinchonine, m.p.
      245.degree.-246.degree.;
PA0  b. from 6,8-dichloro-4-quinolyllithium, there can be obtained,
      6',8'-dichlorocinchonidine, m.p. 105.degree.-108.degree., and
      6',8'-dichlorocinchonine dihydrochloride monohydrate, m.p. 250.degree.
      dec.;
PA0  c. from 6-chloro-4-quinolyllithium, there can be obtained,
      6'-chlorocinchonidine, m.p. 193.degree.-194.degree., and
      6'-chlorocinchonine, m.p. 154.degree.-155.degree.;
PA0  d. from 4-quinolyllithium, there can be obtained, cinchonidine and
      cinchonine.
PAC  EXAMPLE 23
PAC  Preparation of Quinine and Quinidine
PAR  To 30 ml. of anhydrous ether was added 2.74 ml. of a 1.62M solution of
      butyllithium in hexane. The resulting solution was cooled to -70.degree..
      With stirring under a nitrogen atmosphere, a solution of 1.08 g. of
      4-bromo-6-methoxyquinoline in 30 ml. of anhydrous tetrahydrofuran was
      added. After stirring the mixture containing 6-methoxy-4-quinolyllithium
      for 30 minutes at -70.degree., a solution of 748 mg. of freshly distilled
      5(R)-vinyl-4(S)-quinuclidine-2.xi.-carboxaldehyde in 15 ml. of anhydrous
      ether was added over a period of 30 minutes. After the addition was
      completed, stirring was continued for two hours at 70.degree.. The
      reaction mixture then was hydrolyzed by the addition of water and
      extracted several times with ether. The organic extract was washed with
      water, dried over anhydrous sodium sulfate and evaporated to dryness. The
      residue was chromatographed on Merck F-254 silica gel preparative plates
      with chloroform-triethylamine-methanol (85:10:5) as the solvent mixture.
      Elution of three separate bands and purification of the eluates yielded
      215 mg. of quinidine [mp 172-173.degree.; [.alpha.].sub.D.sup.25
      +265.6.degree. (c 1.07, 95 percent ethanol)], 220 mg. of the neutral
      d-tartrate of quinine [mp 211-212.degree.; [.alpha.].sub.D.sup.25
      -159.5.degree. (c 1.00, methanol)], and 330 mg. of a mixture of
      epi-quinine and epi-quinidine.
PAC  EXAMPLE 24
PAC  Preparation of racemic 6',8'-dichlorodihydrocinchonidine dihydrochloride
      and racemic 6',8'-dichlorodihydrocinchonine dihydrochloride
PAR  a. To 500 ml. of anhydrous ether was added 38 ml. of 1.45M solution of
      butyllithium in hexane. The resulting solution was cooled to -68.degree.
      and with stirring and under a nitrogen atmosphere 13.8 g. of
      4-bromo-6,8-dichloroquinoline dissolved in 175 ml. of anhydrous
      tetrahydrofuran was added over a period of 30 minutes. Subsequently, a
      solution of 5.3 g. of a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxylic acid ethyl esters in 250
      ml. of anhydrous ether was added to the 6,8-dichloro-4-quinolyllithium,
      thus prepared, and stirring was continued for one hour at -70.degree.. The
      reaction was then quenched by the addition of water and allowed to warm up
      to room temperature. The organic solution was washed with water, dried
      over sodium sulfate and evaporated to dryness under reduced pressure to
      yield 19.0 g. of an oily residue containing a mixture of racemic
      6',8'-dichlorodihydrocinchonidinone and racemic
      6',8'-dichlorodihydrocinchoninone. This material was dissolved in 250 ml.
      of anhydrous benzene and cooled. To the cooled solution there was added
      over a period of 15 minutes 17 ml. of a 25% solution of diisobutylaluminum
      hydride in toluene under an atmosphere of dry nitrogen. The reaction
      mixture was stirred for one hour at room temperature and then quenched by
      the addition of 20 ml. of water-methanol (1:1). The precipitate was
      collected by filtration and washed thoroughly with methanol. A solution of
      the residue in chloroform was washed with 1N sodium hydroxide and water.
      The organic solutions were combined, dried over sodium sulfate and
      evaporated to dryness under reduced pressure. The resulting product (14.1
      g.) was chromatographed on 500 g. of neutral alumina (Woelm, activity I)
      with ethyl acetate (1.8 l.) followed by methanol (2.2 l.) as the eluent.
      Evaporation of the methanol fractions yielded 5.27 g. of product which
      together with 6.9 g. of material obtained previously was chromatographed
      on 700 g. of silica gel (Silica Gel 0.05- 0.2 mm.; i.d. of column = 55
      mm.). Fractions of 250 ml. each were collected. After 25 fractions with
      chloroform-triethylamine (97:3) as the liquid phase, the composition of
      the eluent was changed to 96:4. Fractions 29- 40 were combined, evaporated
      to dryness and the residue was dissolved in dichloromethane. The organic
      solution was washed twice with water, dried over sodium sulfate and
      evaporated to dryness under reduced pressure. Crystallization of the
      residue (1.79 g.) from a mixture of benzene-hexane (1:2) gave 1.3 g. of
      crystalline, racemic 6',8' -dichlorodihydrocinchonine. Recrystallization
      from benzene-hexane (1:1) and drying of the sample at 80.degree. under
      reduced pressure to constant weight yielded racemic
      6',8'-dichlorodihydrocinchonine, containing 1/3 mole of benzene: m.p.
      172.degree.-173.degree..
PAR  Analysis Calcd. for C.sub.19 H.sub.22 Cl.sub.2 N.sub.2 O . 1/3 C.sub.6
      H.sub.6 (391.35):  C, 64.45; H, 6.18; N, 7.15; Cl, 18.12. Found: C, 64.63;
      H, 6.42; N, 7.28; Cl, 18.46.
PAR  The dihydrochloride salt of 6',8'-dichlorodihydrocinchonine was prepared by
      dissolving 1.05 g. of the free base in a minimal amount of ethanolic
      hydrogen chloride. Upon addition of ether to the solution, 1.0 g. of
      crystalline racemic 6',8'-dichlorodihydrocinchonine dihydrochloride
      precipitated, m.p. 210.degree.-212.degree.. Upon two recrystallizations
      from ethanol-ether the melting point was 214.degree.-215.degree. (dried
      for 100 minutes at 80.degree. under reduced pressure).
PAR  Analysis Calcd. for C.sub.19 H.sub.22 Cl.sub.2 N.sub.2 O.2HCl (438.22):  C,
      52.07; H, 5.52; N, 6.39; Cl, 32.36. Found: C, 52.14; H, 5.56; N, 6.42; Cl,
      31.90.
PAL  Fractions 42- 57 were combined and evaporated to dryness. The residue was
      dissolved in dichloromethane. The solution was washed twice with water,
      dried over sodium sulfate and evaporated to dryness under reduced
      pressure. The residue (1.56 g.) was dissolved in the minimal amount of
      ethanolic hydrogen chloride and upon addition of ether to the solution
      1.15 g. of crystalline racemic 6',8'-dichlorodihydrocinchonidine
      dihydrochloride was precipitated. Recrystallization from methanol-ether
      yielded analytically pure racemic 6',8'-dichlorodihydrocinchonidine
      dihydrochloride, m.p. 226.degree.-227.degree..
PAR  Analysis Calcd. for C.sub.19 H.sub.22 Cl.sub.2 N.sub.2 O.2HCl (438.22):  C,
      52.07; H, 5.52; N, 6.39; Cl, 32.36. Found: C, 52.04; H, 5.63; N, 6.29; Cl,
      32.17.
PAR  b. To 500 ml. of anhydrous ether was added 38 ml. of 1.45M solution of
      butyllithium in hexane. The resulting solution was cooled to -70.degree.
      and with stirring and under a nitrogen atmosphere, 13.8 g. of
      4-bromo-6,8-dichloroquinoline dissolved in 200 ml. of anhydrous
      tetrahydrofuran was added. Stirring of the solution of
      6,8-dichloro-4-quinolyllithium was continued at -70.degree. for another 10
      minutes, followed by the addition of 5.6 g. of anhydrous
      tetramethylethylenediamine dissolved in 250 -quinuclidine-of anhydrous
      ether. After additional stirring for 15 minutes, there was added 5.8 g. of
      a mixture of epimeric, racemic
      4,5-erythro-5-ethylquinuclidine-2.xi.-carboxylic acid ethyl ester
      dissolved in 250 ml. of anhydrous ether. The mixture was stirred at
      -70.degree. for one hour, then quenched by the addition of water and
      allowed to warm up to room temperature. The organic solution was washed
      with water, dried over sodium sulfate and evaporated to dryness under
      reduced pressure to yield 17.5 g. of an oily residue containing a mixture
      of racemic 6',8'-dichlorodihydrocinchonidinone and racemic
      6',8'-dichlorodihydrocinchoninone. Subsequent conversion to racemic
      6',8'-dichlorodihydrocinchonidine dihydrochloride and
      6',8'-dichlorodihydrocinchonine was carried out as described in (a) above.
PAR  Utilizing the reaction conditions described above:
PA0  a. from 6,7-dimethoxy-4-quinolyllithium there can be obtained, racemic
      6,7-dimethoxydihydrocinchonidine dihydrochloride, m.p.
      208.degree.-210.degree. dec., and racemic 6',7'-dimethoxydihydrocinchonine
      dihydrochloride, m.p. 221.degree.-225.degree.;
PA0  b. from 6,7-methylenedioxy-4-quinolyllithium, there can be obtained racemic
      6',7'-methylenedioxydihydrocinchonidine, m.p. 232.degree.-233.degree., and
      racemic 6',7'-methylenedioxydihydrocinchonine, m.p.
      234.degree.-235.degree..
PAC  EXAMPLE 25
PAC  Preparation of racemic dihydroquinine and racemic dihydroquinidine
PAR  To 30 ml. of anhydrous ether was added 2.22 ml. of a 2.25M solution of
      butyllithium in hexane. The resulting solution was cooled to -68.degree.C.
      and with stirring under a nitrogen atmosphere 1.19 g. of
      4-bromo-6-methoxyquinoline was added. Immediately, a yellow suspension of
      6-methoxy-4-quinolyllithium was formed. To this suspension was added
      within 5 minutes a solution of 1.42 g. of the crude mixture of epimeric,
      racemic 4,5-erythro-5-ethylquinuclidine-2.xi.-carboxaldehydes in 30 ml. of
      anhydrous ether. After the addition was completed, stirring was continued
      for one hour at -65.degree.C. The reaction mixture was then poured into an
      ice-water slurry and extracted with dichloromethane. The dichloromethane
      extract was washed with water, dried over anhydrous sodium sulfate and
      evaporated to dryness. The residue thus obtained was dissolved in
      dichloromethane and the solution was extracted twice with 2N hydrochloric
      acid. The acidic extract was washed with dichloromethane and then made
      alkaline by the addition of 6N aqueous sodium hydroxide. The free bases
      thus liberated were extracted into dichloromethane. The extract was washed
      with water, dried over anhydrous sodium sulfate and evaporated to dryness
      to give crude oily product. The crude product was chromatographed on Merck
      F-254 silica gel preparative plates with chloroform-triethylamine-methanol
      (85:10:5) mixture. Elution of two separated bands gave racemic
      dihydroquinidine, m.p. 153.degree.-155.degree. and racemic dihydroquinine,
      m.p. 171.degree.-172.degree..
PAC  EXAMPLE 26
PAC  Preparation of racemic 6',7'-methylenedioxydihydrocinchonidine and racemic
      6',7'-methylenedioxydihydrocinchonine
PAR  To 250 ml. of anhydrous ether was added 19.3 ml. of a 1.45M solution of
      n-butyllithium in hexane. The resulting solution was cooled to
      -68.degree.. Thereafter, there was added 6.55 g. of
      4-bromo-6,7-methylenedioxyquinoline dissolved in 200 ml. of anhydrous
      tetrahydrofuran over a period of 30 minutes with stirring and under a
      nitrogen atmosphere to afford 6,7-methylenedioxy-4-quinolyllithium.
      Stirring of the mixture was continued at the same temperature for 30
      minutes followed by the addition of a solution of 2.15 g. of a mixture of
      epimeric, racemic 4,5-erythro-5-ethylquinuclidine-2.xi.-carboxaldehydes in
      250 ml. of ether over a period of one hour. The reaction mixture was
      stirred at -70.degree. under a nitrogen atmosphere overnight. After
      quenching with water, the mixture was allowed to warm to room temperature
      and subsequently was concentrated under reduced pressure. The residue was
      dissolved in ether. The ethereal solution was washed with water, dried
      over sodium sulfate and evaporated to dryness to give 6.54 g. of an oil.
      Chromatography on neutral alumina (Woelm, activity I) with ethyl acetate
      yielded 2.97 g. of a yellow solid. Subsequent elution with methanol
      yielded 3.37 g. of a brown oil. This was chromatographed on silica gel
      preparative plates (20 .times. 20 .times. 0.2 cm) with ethyl
      acetate-triethylamine (97:3) as the solvent mixture. The plates were
      developed three times. Elution of the lowest major band with
      methanolchloroform and crystallization of the eluate (510 mg.) from
      acetone gave racemic 6',7'-methylenedioxy-dihydrocinchonidine, m.p.
      232.degree.-233.degree.. Elution of the next higher band with
      methanolchloroform and crystallization of the eluate (597 mg.) from
      acetone gave racemic 6',7'-methylenedioxydihydrocinchonine, m.p.
      234.degree.-235.degree..
PAR  Analysis Calcd. for C.sub.20 H.sub.24 N.sub.2 O.sub.3 (340.41):  C, 70.56;
      H, 7.11; N, 8.23. Found: C, 70.25; H, 7.29; N, 8.05.
PAR  Utilizing the procedure described above:
PA0  a. from 6-methyl-4-quinolyllithium, there can be obtained racemic
      6'-methyldihydrocinchonidine, m.p. 216.degree.-218.degree. and racemic
      6'-methyldihydrocinchonine, m.p. 153.5.degree. - 155.degree.;
PA0  b. from 6-chloro-4-quinolyllithium, there can be obtained racemic
      6'-chlorodihydrocinchonidine, m.p. 100.degree.-102.degree., and racemic
      6'-chlorodihydrocinchonine, m.p. 172.5.degree. - 173.5.degree.;
PA0  c. from 6,7-dimethoxy-4-quinolyllithium, there can be obtained racemic
      6',7'-dimethoxydihydrocinchonidine dihydrochloride, m.p.
      208.degree.-210.degree. dec., and racemic 6',7'-dimethoxydihydrocinchonine
      dihydrochloride, m.p. 221.degree.-225.degree.;
PA0  d. from 7-methoxy-4-quinolyllithium, there can be obtained racemic
      7'-methoxydihydrocinchonidine, m.p. 160.degree., and racemic
      7'-methoxydihydrocinchonine, m.p. 217.degree.-219.degree.;
PA0  e. from 6,8-dichloro-4-quinolyllithium, there can be obtained racemic
      6',8'-dichlorodihydrocinchonidine dihydrochloride, m.p.
      226.degree.-227.degree., and racemic 6',8'-dichlorodihydrocinchonine
      dihydrochloride, m.p. 214.degree.-215.degree..
PAC  EXAMPLE 27
PAC  Preparation of racemic 7'-chlorodihydrocinchonidine and racemic
      7'-chlorodihydrocinchonine
PAR  To a solution of 5.2 ml. of 1.62M butyllithium (in hexane) in 40 ml. of
      anhydrous ether and 10 ml. of anhydrous tetrahydrofuran was added at
      -70.degree. under an atmosphere of nitrogen, 2.1 g. of
      4-bromo-7-chloroquinoline dissolved in 30 ml. of anhydrous
      tetrahydrofuran. Stirring of the mixture containing
      7-chloro-4-quinolyllithium was continued at the same temperature for 30
      minutes followed by the addition of a solution of 1.4 g. of a mixture of
      epimeric, racemic 4,5-erythro-5-quinuclidine-12.xi.-carboxaldehydes in 20
      ml. of anhydrous ether. The reaction mixture was stirred at -70.degree.
      for 2 hours. After quenching with water, the mixture was allowed to warm
      to room temperature. The aqueous layer was separated and extracted twice
      with ether. The combined organic extract was dried over sodium sulfate and
      evaporated to dryness under reduced pressure. The residue was
      chromatographed on 300 g. of silica gel (Merck 70-325) with
      chloroform-triethylamine as the liquid phase to afford racemic
      7'-chlorodihydrocinchonidine, mp 188.degree.-190.degree. after
      recrystallization from acetone (mixture mp with an authentic sample
      188.degree.-190.degree.), and racemic 7'-chlorodihydrocinchonine, mp
      251.degree.-252.degree. after recrystallization from ethanol (mixture mp
      with an authentic sample 251.degree.-252.degree.).
PAC  EXAMPLE 28
PAC  Preparation of Dihydroquinine and Dihydroquinidine
PAR  To 20 ml. of anhydrous ether was added 1.98 ml. of a 1.62M solution of
      butyllithium in hexane. The resulting solution was cooled to -70.degree.
      and with stirring under a nitrogen atmosphere a solution of 760 mg. of
      4-bromo-6-methoxyquinoline in 20 ml. of anhydrous tetrahydrofuran was
      added. After stirring the mixture containing 6-methoxy-4-quinolyllithium
      for 30 minutes at -70.degree., a solution of 538 mg. of freshly distilled
      5(R)-ethyl-4(S)-quinuclidine-2.xi.-carboxaldehyde in 10 ml. of anhydrous
      ether was added during 15 minutes. After completion of the addition,
      stirring was continued for two hours at -70.degree.. The reaction mixture
      then was hydrolyzed by the addition of water, allowed to warm up to room
      temperature and diluted with an equal volume of ether. The aqueous layer
      was separated and extracted three times with 15 ml. of ether each. The
      combined organic extract was dried over sodium sulfate and evaporated to
      dryness. The residue was chromatographed on silica gel plates (Merck
      F-254) with chloroform-triethylamine-methanol (85:10:5) as the solvent
      mixture. Elution of the lowest of the major bands with chloroform-methanol
      (1:1) gave 138 mg. of dihydroquinine, mp 169.degree.-170.degree. after
      recrystallization from chloroform-ether, [.alpha.].sup.25 D -
      144.5.degree. (c 0.935, 95 percent ethanol). The melting point was not
      depressed on admixture with a natural sample. Elution of the next higher
      band with chloroform-methanol (1:1) gave 210 mg. of an oil which was
      dissolved in ethanol. Upon standing, crystalline dihydroquinidine
      separated, mp 169.degree.-170.degree. (mixed mp with natural material
      169.degree.-170.degree.) [.alpha.].sup.25 D + 222.degree. (c 0.970,
      ethanol). From the third band elution with chloroform-methanol (1:1)
      yielded 87 mg. of a mixture of dihydroepiquinine and dihydroepiquinidine.
      The mixture was dissolved in benzene and treated with 48 mg. of
      dibenzoyl-d-tartaric acid in benzene-acetone. The solvents were evaporated
      to dryness and the residue after recrystallization from benzene yielded
      the neutral dibenzoyl-d-tartrate of dihydroepiquinidine, mp
      168.degree.-170.degree., [.alpha.].sup.25 D -13.7.degree. [c 0.970,
      ethanol-chloroform (4:1)].
PAC  EXAMPLE 29
TBL                Tablet Formulation                                          

     ______________________________________                                    

                           Per Tablet                                          

     Racemic 7'-methoxydihydrocinchonine                                       

                             25.00 mg.                                         

     Dicalcium Phosphate Dihydrate,                                            

      unmilled               175.00 mg.                                        

     Corn Starch             24.00 mg.                                         

     Magnesium Stearate      1.00 mg.                                          

     Total Weight            225.00 mg.                                        

     ______________________________________                                    

PAL  Procedure
PAR  25 Parts of racemic 7'-methoxy-dihydrocinchonine and 24 parts of corn
      starch were mixed together and passed through a No. 00 screen in Model "J"
      Fitzmill with hammers forward. This premix was then mixed with 175 parts
      of dicalcium phosphate and one-half part of magnesium stearate, passed
      through a No. 1A screen in Model J Fitzmill with knives forward, and
      slugged. The slugs were passed through a No. 2A plate in a Model "D"
      Fitzmill at slow speed with knives forward, and the remaining magnesium
      stearate was added. The mixture was mixed and compressed.
PAC  EXAMPLE 30
TBL                Capsule Formulation                                         

     ______________________________________                                    

                          Per Capsule                                          

     Racemic 7'-methoxydihydrocinchonine                                       

                             50 mg.                                            

     Corn Starch, U.S.P.    150 mg.                                            

     Talc, U.S.P.            10 mg.                                            

     7Total Weight          210 mg.                                            

     ______________________________________                                    

PAL  Procedure
PAR  Fifty parts of racemic 7'-methoxy-dihydrocinchonine were mixed with 150
      parts of corn starch in a suitable mixer. The mixture was further blended
      by passing through a Fitzpatrick Comminuting Machine with a No. 1A screen
      with knives forward. The blended powder was returned to the mixer and 10
      parts of talc were added and blended thoroughly. The mixture was filled
      into No. 4 hard shell gelatin capsules on a Parke Davis capsulating
      machine.
PAC  EXAMPLE 31
TBL                Suppository Formulation                                     

     ______________________________________                                    

                           Per 1.3 Gm.                                         

                           Suppository                                         

     Racemic 7'-methoxydihydrocinchonidine                                     

                             0.025 gm.                                         

     Hydrogenated Coconut Oil                                                  

                             1.230 gm.                                         

     Carnauba Wax            0.045 gm.                                         

     ______________________________________                                    

PAL  Procedure
PAR  123 Parts of hydrogenated coconut oil (Wecobee M- E. F. Drew Co., New York,
      New York) and 4.5 parts of carnauba wax were melted in a suitable size
      glass lined container (stainless steel may also be used), mixed well and
      cooled to 45.degree.C. 2.5 Parts of racemic 7'-methoxydihydrocinchonidine,
      which had been reduced to a fine powder with no lumps, was added and
      stirred until completely and uniformly dispersed. The mixture was poured
      into suppository molds to yield suppositories having an individual weight
      of 1.3 gms. The suppositories were cooled and removed from molds and
      individually wrapped in wax paper for packaging.
CLMS
STM  We claim:
NUM  1.
PAR  1. A racemic epimer of the formula
      ##SPC9##
PAL  wherein R.sub.3 is lower alkyl.
NUM  2.
PAR  2. An epimer in accordance with claim 1, racemic
      4,5-erythro-5-ethylquinuclidine-2 .xi.-carboxylic acid ethyl ester.
NUM  3.
PAR  3. An epimer in accordance with claim 1, racemic
      4,5-erythro-5-ethylquinuclidine-2 .xi.-carboxylic acid methyl ester.
NUM  4.
PAR  4. A racemic epimer of the formula
      ##SPC10##
NUM  5.
PAR  5. A racemic epimer in accordance with claim 4,
      4,5-erythro-5-ethylquinuclidine-2 .xi.-carboxylic acid.
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ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Wherein R is hydrogen, methyl or acetyl,
PA1  R.sub.1 and R.sub.2, which may be identical to or different from each
      other, are each alkyl of 1 to 3 carbon atoms,
PA1  R.sub.3 is hydrogen or methyl, and
PA1  Y is oxygen or sulfur,
PAL  And non-toxic, pharmacologically acceptable acid addition salts thereof;
      these compounds as well as the salts are useful as analgesics and
      antitussives, and opiate antagonists.
BSUM
PAR  This invention relates to novel
      2-(heteroaryl-methyl)-5,9.beta.-dialkyl-6,7-benzomorphans and non-toxic
      acid addition salts thereof, as well as to various methods of preparing
      these compounds.
PAR  More particularly, the present invention relates to a novel class of
      2-(furylmethyl or thienylmethyl)-5,9.beta.-dilower alkyl-6,7-benzomorphans
      represented by the formula
      ##SPC2##
PAL  Wherein R is hydrogen, methyl or acetyl,
PA1  R.sub.1 and R.sub.2, which may be identical to or different from each
      other, are each alkyl of 1 to 3 carbon atoms,
PA1  R.sub.3 is hydrogen or methyl, and
PA1  Y is oxygen or sulfur,
PAL  And non-toxic, pharmacologically acceptable acid addition salts thereof.
PAR  A preferred subgenus thereunder is the class of compounds of the formula I
      wherein R is hydrogen and R.sub.1, R.sub.2, R.sub.3 and Y have the
      meanings previously defined.
PAR  In the compounds of the formula I the substituents R.sub.1 and R.sub.2 are
      in trans-configuration with respect to each other; benzomorphans of this
      configuration are designated as 5,9.beta.-dialkyl-6,7-benzomorphans, as
      distinguished from the isomeric 5,9.beta.-dialkyl compounds in which the
      substituents R.sub.1 and R.sub.2 are in cis-configuration with respect to
      each other.
PAR  The present invention embraces optically inactive racemates or recemic
      mixtures, as well as the pure optical antipodes, of the compounds of the
      formula I.
PAR  The compounds embraced by formula I may be prepared by a number of
      different methods, among which the following are most convenient and
      efficient:
PAC  Method A
PAR  By reacting a 5,9.beta.-dialkyl-6,7-benzomorphan of the formula
      ##SPC3##
PAL  Wherein R, R.sub.1 and R.sub.2 have the meanings previously defined, with a
      heteroarylmethyl derivative of the formula
      ##SPC4##
PAL  Wherein R.sub.3 and Y have the meanings previously defined, and
PA1  X is halogen, preferably chlorine, bromine or iodine, alkyl --SO.sub.2
      --O--, aryl--SO.sub.2 --O-- or trialkylammonium, preferably
      (CH.sub.3).sub.3 --N--.
PAR  The reaction of the benzomorphan of the formula II is performed with the
      calculated amount, or a slight excess thereover, of the heteroarylmethyl
      derivative of the formula III, optionally in the presence of an
      acid-binding agent. Examples of suitable acid-binding agents are tertiary
      amines, such as triethylamine or N,N-dicyclohexyl ethylamine; alkali metal
      carbonates, such as sodium carbonate or potassium carbonate; alkali metal
      bicarbonates, preferably sodium bicarbonate; or alkali metal hydroxides or
      oxides. The reaction is advantageously carried out in an inert organic
      solvent medium, such as tethrahydrofuran, dioxane, methylene chloride,
      dimethylformamide, dimethylsulfoxide or a mixture of two or more of these,
      preferably mixtures of tetrahydrofuran and dimethylformamide. The reaction
      temperature may very within wide limits, but a temperature between
      0.degree.C and the boiling point of the particular solvent medium which is
      used is preferred. After completion of the reaction, the reaction product
      is isolated and crystallized by conventional methods.
PAC  Method B
PAR  By reacting a 5,9.beta.-dialkyl-6,7-benzomorphan of the formula II with
      formaldehyde and a furan of the formula
      ##SPC5##
PAL  wherein R.sub.3 have the meanings defined above.
PAR  The reaction is carried out in weakly acid solution, especially in an
      acetic solution, and preferably in aqueous 50% acetic acid. Other suitable
      solvents are water, lower alkanols, tetrahydrofuran, dioxane or mixtures
      of any two or more of these. The furan or thiophene of the formula IV is
      provided in the stoichiometric amount or in slight excess thereover,
      either dissolved or suspended in the solvent medium. The formaldehyde may
      be provided in the form of paraformaldehyde or preferably in the form of
      an aqueous solution in the calculated amount or in excess thereover. The
      reaction temperature may very between -10.degree.C and the boiling point
      of the particular solvent medium which is employed, but the preferred
      temperature range is from 0.degree. to 40.degree.C. After completion of
      the reaction, the reaction porduct is isolated and crystallized by
      conventional methods.
PAC  Method C
PAR  By reacting a compound of the formula II with furaldehyde or
      thiophenaldehyde of the formula
      ##SPC6##
PAL  wherein R.sub.3 and Y have the meanings previously defined, in the presence
      of catalytically activated hydrogen or formic acid.
PAR  In the reductive alkylation in the presence of catalytically activated
      hydrogen, the aldehyde V is used in the calculated quantity or in excess,
      preferably in an amount of up to 2 mols of aldehyde per mol of the
      compound of the formula II. The reaction is performed in a suitable
      solvent, such as an alcohol, preferably in methanol or ethanol. Various
      hydrogenation catalysts may be used, such as Raney nickel or similar
      catalysts, or pure metal catalysts, especially palladium or platinum
      contact catalysts. The latter may be used in finely dispersed form, in the
      free state or deposited on carriers, such as charcoal, barium sulfate,
      calcium carbonate, diatomateous earth or the like. If required, in order
      to avoid side-reactions, the activity of the catalysts may be attenuated,
      for instance by sulfidation. The quantity of catalyst is not critical and
      may therefore be varied in wide limits. The hydrogenation is
      advantageously effected while stirring or shaking at normal pressure or
      slightly elevated pressure, preferably at 1 to 3 atmospheres gauge. High
      reaction temperatures favor side-reactions; therefore, the reaction is
      preferably performed at room temperature or only slightly elevated
      temperature up to about 60.degree.C. The reaction product is isolated and
      crystallized by conventional methods.
PAR  The reaction of a compound of the formula II with an aldehyde of the
      formula V in the presence of formic acid may be effected in aqueous
      solution, as well as in suitable organic solvents or mixtures of solvents.
      The aldehyde of the formula V is used in the calculated quantity or in
      excess thereover, preferably in an amount of up to 1.5 mols of aldehyde
      per mol of the compound of the formula II. The formic acid is
      advantageously provided in excess, preferably in an amount of 10 mols per
      mol of benzomorphan. The reaction is carried out at temperatures between
      50.degree. and 200.degree.C, preferably between 80.degree. and
      150.degree.C. The reaction product is isolated by conventional methods.
PAC  Method D
PAR  By reducing a 5,9.beta.-dialkyl-6,7-benzomorphan carboxylic acid amide of
      the formula
      ##SPC7##
PAL  wherein R, R.sub.1, R.sub.2, R.sub.3 and Y have the meanings previously
      defined.
PAR  Among the various suitable reduction methods, the reduction with a complex
      hydride, in particular with lithium aluminum hydride, is preferably used.
      Either the calculated quantity or, preferably, an excess of the hydride,
      advantageously up to double the calculated quantity, is provided. The
      reduction is advantageously performed in a suitable inert solvent or
      solvent mixture, such as ethers, but preferably in tetrahydrofuran. The
      reaction temperature is variable within wide limits. Temperatures between
      0.degree.C and the boiling point of the solvent or mixture of solvents are
      preferred.
PAR  If R in formula VI is acyl, the O-acyl group is split off simultaneously
      with the reduction of the carbonyl group, and in this case a compound of
      the formula I is obtained, wherein R is hydrogen. The reaction product is
      isolated and crystallized by conventional methods.
PAC  Method E
PAR  For the preparation of a compound of the formula I wherein R is hydrogen,
      by splitting off the protective substituent from a
      2-(heteroaryl-methyl)-5.9.beta.-dialkyl-6,7-benzomorphan of the formula
      ##SPC8##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and Y have the same meanings as in
      formula I, and A is a protective substituent for hydroxyl, such as alkyl,
      aralkyl or lower alkanoyl.
PAR  The removal of the protective substituent may be effected by hydrolysis or
      in special cases also be hydrogenation; normally, hydrogenation will
      simultaneously remove the heteroarylmethyl substituent attached to the
      nitrogen atom as well.
PAC  Method F
PAR  For the preparation of a compound of the formula I wherein R is methyl or
      acetyl, by methylating or acetylating, respectively, a compound of the
      formula I wherein R is hydrogen.
PAR  The methylation is effected in conventional manner, that is, by reacting
      the 2'-hydroxy-5,9.beta.-dialkyl-6,7-benzomorphan starting compound with a
      conventional methylating agent, such as diazomethane, a methyl ester of an
      inorganic acid, preferably dimethylsulfate, or phenyl trimethylammonium
      iodide.
PAR  The acetylation is effected with conventional acetylating agents, such as
      an acetyl halide, preferably acetyl chloride, or acetic acid anhydride.
PAR  The starting compounds required for methods A to D are, to a large extent,
      known compounds or may the prepared by known methods.
PAR  Methods A through F may be performed by starting from the racemic or the
      optically active benzomorphan derivatives, where, in the latter case, the
      corresponding optically active end products are formed. On the other hand,
      racemates or racemic mixtures of the end products of the formula I may be
      separated into their optical antipode components by conventional methods.
PAR  Several different methods for the preparation of the starting compounds of
      the formula II are described in the literature. A summary of the various
      methods may be found in N. B. Eddy et al., Synthetic Analgesics, part II
      B, Pergamon Press, Ltd., Oxford (1966).
PAR  For instance, a benzomorphan derivative of the formula II may be prepared
      by subjecting a compound of the formula
      ##SPC9##
PAL  wherein R, R.sub.1 and R.sub.2 have the same meanings as in formula I, to a
      ring closure reaction, whereby primarily the .alpha.-isomer (in which
      R.sub.1 and R.sub.2 are in cis-configuration with respect to each other)
      is formed. The corresponding .beta.-isomer may be isolated from the mother
      liquor of .alpha.-isomer separation.
PAR  A compound of the formula VI may be prepared by reacting a benzomorphan of
      the formula II with a carboxylic acid chloride of the formula
      ##SPC10##
PAL  wherein R.sub.3 and Y have the meanings previously defined.
PAR  Finally, a compound of the formula VII may be prepared by alkylating a
      compound of the formula
      ##SPC11##
PAL  wherein R.sub.1, R.sub.2 and A have the meanings previously defined.
PAR  The heteroaryl derivatives of the formulas III, IV and V are known
      compounds which are readily available in commerce.
PAR  The compounds of the formula I are bases and therefore form acid addition
      salts with inorganic or organic acids. Examples of non-toxic,
      pharmacologically acceptable acid addition salts are those formed with
      hydrochloric acid, hydrobromic acid, hydriodic acid, hydrofluoric acid,
      sulfuric acid, phosphoric acid, nitric acid, acetic acid, propionic acid,
      butyric acid, valeric acid, pivalic acid, caproic acid, oxalic acid,
      malonic acid, succinic acid, maleic acid, fumaric acid, lactic acid,
      tartaric acid, citric acid, malic acid, benzoic acid, phthalic acid,
      cinnamic acid, salicylic acid, ascorbic acid, 8-chlorotheophylline,
      methanesulfonic acid, ethanephosphonic acid or the like.
DETD
PAR  The following examples further illustrate the present invention and will
      enable others skilled in the art to understand it more completely. It
      should be understood, however, that the invention is not limited solely to
      the particular examples given below.
PAC  EXAMPLE 1
PAC  2-Furfuryl-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan and its
      hydrochloride by method A
PAR  A mixture consisting of 2.17 gm (0.01 mol) of
      2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan, 1.26 gm (0.015 mol) of
      sodium bicarbonate, 1.28 gm (0.011 mol) of furfuryl chloride, 15 ml of
      dimethylformamide and 25 ml of tetrahydrofuran was refluxed for four
      hours, accompanied by stirring. Thereafter, the reaction mixture was
      evaporated in vacuo, and the residue was shaken with a mixture consisting
      of 50 ml of chloroform and 25 ml of water. The aqueous phase was separated
      and again extracted with 10 ml of chloroform, and the combined chloroform
      solutions were washed with water, dried with sodium sulfate and evaporated
      in vacuo. The residue, the free base
      2-furfuryl-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan, was dissolved
      in 20 ml of ethanol, the resulting solution was acidified with 4 ml of 2.5
      N ethanolic hydrochloric acid, and then absolute ether was added thereto
      until the solution became cloudy. The mixture was allowed to stand in a
      refrigerator overnight, and the precipitate formed thereby was collected
      by vacuum filtration, washed with ethanol/ether (1:1) and then with ether,
      and finally dried first in the air and later at 80.degree.C. 3.1 gm (91.5%
      of theory) of the hydrochloride of the formula
      ##SPC12##
PAL  were obtained. It had a melting point of 249.degree.-251.degree.C which
      remained unchanged after recrystallization from ethanol/ether.
PAC  EXAMPLE 2
PAC  2-(3"-Thienyl-methyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan and
      its hydrochloride by method A
PAR  A mixture consisting of 1.09 gm (0.005 mol) of
      2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan, 0.63 gm of sodium
      bicarbonate, 1.0 gm of 3-(bromo-methyl)-thiophene, 10 ml of
      dimethlformamide and 20 ml of tetrahydrofuran was refluxed for four hours,
      accompanied by stirring. Thereafter, the reaction mixture was worked up as
      described in Example 1, yielding the free base,
      2-(3"-thienyl-methyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan,
      which was dissolved in 10 ml of absolute ethanol by addition of ethanolic
      hydrochloric acid thereto, and the resulting solution was admixed with
      ether until it became cloudy. The mixture was allowed to stand in a
      refrigerator overnight, and the crystalline substance which had separated
      out was collected by vacuum filtration, washed first with ethanol/ether
      (1:1) and then with ether, and dried initially in the air and then at
      80.degree.C. 1.1 gm (63% of theory) of the hydrochloride of the formula
      ##SPC13##
PAL  were obtained; it had a melting point of 286.degree.C which remained
      unchanged after recrystallization from ethanol/ether.
PAC  EXAMPLE 3
PAC  2-(5"-Methyl-furfuryl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan and
      its methanesulfonate by method B
PAR  A solution of 2.17 gm (0.01 mol) of
      2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan in 10 ml of aqueous 50%
      acetic acid was successively admixed with 1.1 gm of aqueous 30%
      formaldehyde and 1.0 gm of 2 -methylfuran, accompanied by stirring, and
      the resulting mixture was stirred for 15 hours at room temperature.
      Thereafter, it was diluted with 50 ml of water and then, in the presence
      of ice, it was admixed with 15 ml of concentrated ammonia. The precipitate
      formed thereby was separated by extraction with three batches of
      chloroform of 50, 25 and 25 ml, respectively, and the combined chloroform
      extracts were washed with water, dried with sodium sulfate, and evaporated
      in vacuo. The residue, the free base
      2-(5"-methyl-furfuryl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan, was
      dissolved in 50 ml of chloroform, and the resulting solution was
      chromatographed on 75 gm of aluminum oxide (activity III, neutral), using
      chloroform as the flow agent. The purified base was contained in the first
      three 250 ml-fractions of the eluate, which were combined and evaporated
      in vacuo. The residue was dissolved in 20 ml of ethanol by addition of 1.0
      gm of methanesulfonic acid thereto, the resulting solution was admixed
      with absolute ether until it became cloudy, and the mixture was allowed to
      stand overnight in a refrigerator. Thereafter, the crystalline substance
      which had separated out was collected by vacuum filtration, washed first
      with ethanol/ether and then with ether, and dried at 80.degree.C. 3.0 gm
      (73.5% of theory) of the methanesulfonate of the formula
      ##SPC14##
PAL  were obtained; it had a melting point of 217.degree.-219.degree.C. A sample
      recrystallized from methanol/ether had a melting point of
      218.degree.-220.degree.C.
PAC  EXAMPLE 4
PAC  2-(2"-Thienyl-methyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan and
      its hydrochloride by method C
PAR  2.17 gm (0.01 mol) of 2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan and
      2.5 gm of freshly distilled thiophene-2-aldehyde were dissolved in 120 ml
      of methanol, and the resulting solution was hydrogenated in the presence
      of about 1 gm of Raney nickel at 20.degree.C under atmospheric pressure,
      accompanied by shaking. The hydrogenation was interrupted after five hours
      and, after addition of 1gm of Raney nickel, it was resumed until a total
      of 350 ml of hydrogen had been absorbed, at which point the hydrogenation
      was terminated. The catalyst was removed by filtration through
      diatomaceous earth, the filtrate was evaporated in vacuo, the residue was
      dissolved in 15 ml of a mixture of chloroform/methanol/concentrated
      ammonia (volumetric ratio 90:10:0.5), and the solution was chromatographed
      on a silicagel column (300 gm of silicagel), using the above solvent
      mixture as the flow agent. The eluate was collected in 25 ml-fractions,
      and each of them was thin-layer-chromatographically tested for presence of
      the desired compound. The fractions containing the desired compound were
      combined and evaporated in vacuo, and the residue,
      2-(2"-thienyl-methyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan, was
      converted into its hydrochloride in the manner analogous to that described
      in Example 1. 0.6 gm (17% of theory) of the hydrochloride with a melting
      point of 252.degree.-254.degree.C were obtained.
PAC  EXAMPLE 5
PAC  2-(3"-Methyl-furfuryl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan and
      its methanesulfonate by method D
PAR  2.17 gm (0.01 mol) of 2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan were
      dissolved in 70 ml of methanol by heating, and after the solution had
      cooled it was admixed at room temperature with a soltuion of 2.5 gm of
      potassium carbonate in 4 ml of water. A total of 1.6 gm (0.011 mol) of
      3-methyl-furan-2-carboxylic acid chloride were now added to the solution
      in 0.4 gm-portions at 5 minute-intervals, and after the last portion had
      been added the reaction mixture was stirred for one hour at room
      temperature. Thereafter, the reaction solution was evaporated in vacuo,
      the residue was dissolved in 50 ml of chloroform, and the resulting
      solution was washed successively with 10 ml of water, 10 ml of 2 N
      hydrochloric acid and again twice with water. The chloroform phase was
      then dried with sodium sulfate and evaporated in vacuo, and for removal of
      residual moisture the residue was dissolved in absolute benzene, and the
      resulting solution was again evaporated in vacuo.
PAR  The residue,
      2-(3"-methyl-2"-furoyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan,
      was dissolved in 40 ml of absolute tetrahydrofuran, and the resulting
      solution was added dropwise over a period of half an hour to a suspension
      of 0.76 gm (0.02 mol) of lithium aluminum hydride in 20 ml of absolute
      tetrahydrofuran on an ice bath, accompanied by stirring. The resulting
      reaction mixture was then allowed to warm to room temperature and was
      subsequently refluxed for two hours. Thereafter, the reaction mixture was
      cooled on an ice bath, and, while stirring, first 1.5 ml of water and then
      75 ml of a saturated ammonium tartrate solution were added dropwise. The
      resulting mixture was vigorously stirred for one hour and was then allowed
      to stand in a separating funnel. The tetrahydrofuran (upper) phase was
      separated and evaporated in vacuo, and the aqueous phase was extracted
      three times with 25 ml of chloroform each. The residue of the evaporation
      of the tetrahydrofuran phase was dissolved in the combined chloroform
      extracts, and the resulting solution was washed with water, dried with
      sodium sulfate, and evaporated in vacuo. The residue, the free base
      2-(3"-methyl-furfuryl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan, was
      converted into its methanesulfonate analogous to Example 3, yielding 3.5
      gm (86.0% of theory) of the compound of the formula
      ##SPC15##
PAL  which had a melting point of 192.degree.-194.degree.C. A sample
      recrystallized from ethanol/ether had a melting point of
      194.degree.-195.degree.C.
PAC  EXAMPLE 6
PAC  2-(3"-Furyl-methyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan and its
      methanesulfonate by method D
PAR  A solution of 2.9 gm (0.022 mol) of furan-3-carboxylic acid chloride in 10
      ml of absolute methylene chloride was added dropwise over a period of
      about one hour to a suspension of 2.17 gm (0.01 mol) of
      2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan in a mixture of 22 ml of
      absolute methylene chloride and 4 ml of triethylamine, accompanied by
      stirring, and the resulting mixture was refluxed for four hours.
      Thereafter, it was allowed to cool and was then, in the presence of ice,
      washed twice with 10 ml of 2 N hydrochloric acid each and three times with
      water, dried with sodium sulfate and evaporated in vacuo. The residue was
      redissolved in absolute benzene, and the resulting solution was again
      evaporated in vacuo. The residue,
      2-(3"-furoyl)-2'-(3.sbsp.4-furoyloxy)-5,9.beta.-dimethyl-6,7-benzomorphan,
      was dissolved in 40 ml of absolute tetrahydrofuran and reduced with 0.76
      gm (0.02 mol) of lithium aluminum hydride to yield the free base
      2-(3"-furyl-methyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan which
      was converted into its methanesulfonate, in a manner analogous to that
      described in Example 5. 3.7 gm (91.0% of theory) of the compound of the
      formula
      ##SPC16##
PAL  were obtained; it had a melting point of 217.degree.-218.degree.C which
      remained unchanged after recrystallization from ethanol/ether.
PAC  EXAMPLE 7
PAC  2-(2"-Methyl-3"-furylmethyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan
      and its methanesulfonate by method E
PAR  A mixture consisting of 0.5 gm of
      2"-methyl-3"-furylmethyl)-2'-acetoxy-5,9.beta.-dimethyl-6,7-benzomorphan
      methanesulfonate, 15 ml of methanol and 10 ml of 2 N hydrochloric acid was
      refluxed for 30 minutes. Thereafter, the reaction solution was evaporated
      in vacuo, the residue was shaken with a mixture of 25 ml of 2 N ammonia
      and 50 ml of chloroform, the aqueous phase was separated and extracted
      twice with chloroform, and the chloroform extracts were combined, washed
      with water, dried with sodium sulfate and evaporated in vacuo. The
      residue, the free base
      2-(2"-methyl-3"-furylmethyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorpha
     n, was converted into its methanesulfonate as described in Example 3,
      yielding 0.45 gm (about 100% of theory) of the compound of the formula
      ##SPC17##
PAL  which had a melting point of 215.degree.-216.degree.C; after
      recrystallization from ethanol/ether it had a melting point of
      218.degree.-219.degree.C.
PAC  EXAMPLE 8
PAC  2-Furfuryl-2'-acetoxy-5,9.beta.-dimethyl-6,7-benzomorphan and its
      hydrochloride by method F
PAR  A mixture consisting of 3.0 gm (0.01 mol) of
      2-furfuryl-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan and 50 ml of
      acetic acid anhydride was heated for three hours on a boiling water bath.
      Thereafter, the unreacted excess acetic acid anhydride was substantially
      distilled off, and the residue was shaken with a mixture of 100 ml of
      ether and 50 ml of water in the presence of ice while adding sodium
      carbonate until the mixture remained alkaline. The ether phase was now
      separated, washed with water, dried with sodium sulfate and evaporated.
      The residue, the free base
      2-furfuryl-2'-acetoxy-5,9.beta.-dimethyl-6,7-benzomorphan, was converted
      into its hydrochloride in a manner analogous to that described in Example
      1, but avoiding the addition of excess hydrochloric acid, yielding 2.2 gm
      (58.5% of theory) of the compound of the formula
      ##SPC18##
PAL  which had a melting point of 252.degree.-253.degree.C; it remained
      unchanged after recrystallization from ethanol/ether.
PAC  EXAMPLE 9
PAC  2-(3"-Furyl-methyl)-2'-methoxy-5,9.beta.-dimethyl-6,7benzomorphan and its
      methanesulfonate by method F
PAR  3.95 gm (0.01 mol) of
      2-(3"-furyl-methyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan
      methanesulfonate were shaken with a mixture of 50 ml of chloroform and 25
      ml of 2 N ammonia, the chloroform phase was separated, and the aqueous
      phase was again extracted with chloroform. The combined chloroform phases
      were washed with water, dried with sodium sulfate and evaporated in vacuo.
      The residue, the free base
      2-(3"-furylmethyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan, was
      dissolved in 25 ml of tetrahydrofuran, the resulting solution was admixed
      with 0.018 mol of diazomethane (100 ml of an ethereal solution), and the
      mixture was allowed to stand for four days at room temperature.
      Thereafter, 5 ml of ethanolic 2 N hydrochloric acid were added to destroy
      the unreacted excess diazomethane, and the mixture was evaporated in
      vacuo. The residue was dissolved in 50 ml of chloroform, and the resulting
      solution was washed first with 20 ml of 2 N sodium hydroxide and then
      twice with water, dried with sodium sulfate and evaporated in vacuo. The
      residue, the free base
      2-(3"-furylmethyl)-2'-methoxy-5,9.beta.-dimethyl-6,7-benzomorphan, was
      dissolved in a small amount of ethanol by adding methanesulfonic acid
      thereto, and precipitated as its methanesulfonate, in a manner analogous
      to that described in Example 3. 2.5 gm (61.5% of theory) of the compound
      of the formula
      ##SPC19##
PAL  were obtained; it had a melting point of 187.degree.C which did not change
      after recrystallization from ethanol/ether.
PAC  EXAMPLE 10
PAC  2-(2
      "-Methyl-3"-furylmethyl)-2'-methoxy-5,9.beta.-dimethyl-6,7-benzomorphan an
     d its hydrochloride by method F
PAR  4.1 gm (0.01 mol) of
      2-(2"-methyl-3"-furylmethyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorpha
     n methanesulfonate were converted into the free base, in a manner analogous
      to that described in Example 9, and the base was dissolved in 3 ml of
      absolute methanol. The resulting solution was added to a mixture
      consisting of 1.9 gm (0.011 mol) of phenyl trimethyl ammonium chloride.
      2.5 ml of methanol and 0.54 gm (0.01 mol) of sodium methylate, the sodium
      chloride precipitated thereby was separated by vacuum filtration, and the
      filtrate was evaporated. The residue was dissolved in 2 ml of
      dimethylformamide, and the resulting solution was again evaporated to
      remove residual methanol. The residue was again dissolved in 10 ml of
      dimethylformamide, the soltuion was refluxed for 2 hours and then
      evaporated in vacuo, and the residue was extracted by shaking with a
      mixture of 50 ml of chloroform and 20 ml of 2 N sodium hydroxide. The
      chloroform phase was separated, washed twice with water, dried with sodium
      sulfate and evaporated in vacuo. The residue, the free base
      2-(2"-methyl-3"-furylmethyl)-2'-methoxy-5,9.beta.-dimethyl-6,7-benzomorpha
     n, was dissolved in a little ethanol and, by acidification with ethanolic
      hydrochloric acid and addition of ether, precipitated as its hydrochloride
      which had a melting point of 280.degree.-281.degree.C. The yield was 1.7
      gm (47% of theory).
PAC  EXAMPLE 11
PAR  Using a procedure analogous to that described in Example 1,
      2-furfuryl-2'-methoxy-5,9.beta.-dimethyl-6,7-benzomorphan and its
      methanesulfonate, m.p. 164.degree.C, were prepared from
      2'-methoxy-5,9.beta.-dimethyl-6,7-benzomorphan and furfuryl chloride. The
      yield of methanesulfonate was 89.5% of theory.
PAC  EXAMPLE 12
PAR  Using a procedure analogous to that described in Example 5,
      2-(3"-methyl-furfuryl)-2'-methoxy-5,9.beta.-dimethyl-6,7-benzomorphan and
      its hydrochloride, m.p. 195.degree.-196.degree.C, were prepared from
      2'-methoxy-5,9.beta.-dimethyl-6,7-benzomorphan and
      3-methyl-furan-2-carboxylic acid chloride. The yield of hydrochloride was
      77.5% of theory.
PAC  EXAMPLE 13
PAR  Using a procedure analogous to that described in Example 8,
      2-(3"-furylmethyl)-2'-acetoxy-5,9.beta.-dimethyl-6,7-benzomorphan and its
      hydrochloride, m.p. 276.degree.-278.degree.C, were prepared from
      2-(3"-furylmethyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan and
      acetic acid anhydride. The yield of hydrochloride was 51.5% of theory.
PAC  EXAMPLE 14
PAR  Using a procedure analogous to that described in Example 8,
      2-(3"-methyl-furfuryl)-2'-acetoxy-5,9.beta.-dimethyl-6,7-benzomorphan and
      its hydrochloride, m.p. 232.degree.C, were prepared from
      2-(3"-methyl-furfuryl)-2'-hydroxy-5,9.beta.dimethyl-6,7-benzomorphan and
      acetic acid anhydride. The yield of hydrochloride was 62.0% of theory.
PAC  EXAMPLE 15
PAR  Using a procedure analogous to that described in Example 8,
      2-(2"-methyl-3"-furylmethyl)-2'-acetoxy-5,9.beta.-dimethyl-6,7-benzomorpha
     n and its hydrochloride, m.p. 282.degree.C, were prepared from
      2-(2"-methyl-3"-furylmethyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorpha
     n and acetic acid anhydride. The yield of hydrochloride was 56.5% of
      theory.
PAC  EXAMPLE 16
PAR  Using a procedure analogous to that described in Example 5,
      2-(5,"-methyl-3"-furylmethyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorph
     an and its methanesulfonate, m.p. 261.degree.-263.degree.C, were prepared
      from 2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan and
      5-methyl-furan-3-carboxylic acid chloride. The yield of methanesulfonate
      was 95.5% of theory.
PAC  EXAMPLE 17
PAR  Using a procedure analogous to that described in Example 5,
      2-(4"-methyl-furfuryl)-2'-methoxy-5,9.beta.-dimethyl-6,7-benzomorphan and
      its hydrochloride, m.p. 237.degree.C, were prepared from
      2'-methoxy-5,9.beta.-dimethyl-6,7-benzomorphan and
      4-methyl-furan-2-carboxylic acid chloride. The yield of hydrochloride was
      37.0% of theory.
PAC  EXAMPLE 18
PAR  Using a procedure analogous to that described in Example 5,
      2-furfuryl-2'-hydroxy-5,9.beta.-diethyl-6,7-benzomorphan of the formula
      ##SPC20##
PAL  and its methanesulfonate, m.p. 190.degree.-192.degree.C, were prepared from
      2'-hydroxy-5,9.beta.diethyl-6,7-benzomorphan and furan-2-carboxylic acid
      chloride. The yield of metanesulfonate was 66.0% of theory.
PAC  EXAMPLE 19
PAR  Using a procedure analogous to that described in Example 5,
      2-(3"-methyl-furfuryl)-2'-hydroxy-5,9.beta.-diethyl-6,7-benzomorphan and
      its methanesulfonate, m.p. 197.degree.-199.degree.C, were prepared from
      2'-hydroxy-5,9.beta.-diethyl-6,7-benzomorphan and 3-methyl-furan-2
      -carboxylic acid chloride. The yield of methanesulfonate was 75.0% of
      theory.
PAC  EXAMPLE 20
PAR  Using a procedure analogous to that described in Example 5,
      2-(3"-furylmethyl)-2'-hydroxy-5,9.beta.-diethyl-6,7-benzomorphan and its
      methanesulfonate, m.p. 204.degree.-205.degree.C, were prepared from
      2'-hydroxy-5,9.beta.-diethyl-6,7-benzomorphan and furan-3-carboxylic acid
      chloride. The yield of methanesulfonate was 63.0% of theory.
PAC  EXAMPLE 21
PAR  Using a procedure analogous to tht described in Example 5,
      2-(2"-methyl-3"-furylmethyl)-2'-hydroxy-5,9.beta.-diethyl-6,7-benzomorphan
      and its methanesulfonate, m.p. 244.degree.-246.degree.C, were prepared
      from 2'-hydroxy-5,9.beta.-diethyl-6,7-benzomorphan and
      2-methyl-furan-3-carboxylic acid chloride. The yield of methanesulfonate
      was 86.0% of theory.
PAC  EXAMPLE 22
PAR  Using a procedure analogous to that described in Example
      5,2-furfuryl-2'-hydroxy-5-ethyl-9.beta.-methyl-6,7-benzomorphan of the
      formula
      ##SPC21##
PAL  and its methanesulfonate, m.p. 228.degree.-231.degree.C, were prepared from
      2'-hydroxy-5-ethyl-9.beta.-methyl-6,7-benzomorphan and furan- 2-carboxylic
      acid chloride. The yield of methanesulfonate was 67.5% of theory.
PAC  EXAMPLE 23
PAR  Using a procedure analogous to that described in Example
      5,2-(3"-furylmethyl)-2'-hydroxy-5-ethyl-9.beta.-methyl-6,7-benzomorphan
      and its methanesulfonate, m.p. 221.degree.-224.degree.C, were prepared
      from 2'-hydroxy-5-ethyl-9.beta.-methyl-6,7-benzomorphan and
      furan-3-carboxylic acid chloride. The yield of methanesulfonate was 55.0%
      of theory.
PAC  EXAMPLE 24
PAR  Using a procedure analogous to that described in Example 5,
      2-(3"-methyl-furfuryl)-2'-hydroxy-5-ethyl-9.beta.-methyl-6,7-benzomorphan
      and its methanesulfonate, m.p. 194.degree.-196.degree.C, were prepared
      from 2'-hydroxy-5-ethyl-9.beta.-methyl-6,7-benzomorphan and
      3-methyl-furan-2-carboxylic acid chloride. The yield of methanesulfonate
      was 61.5% of theory.
PAC  EXAMPLE 25
PAR  Using a procedure analogous to that described in Example 5,
      2-(2"-methyl-3"-furylmethyl)-2'-hydroxy-5-ethyl-9.beta.-methyl-6,7-benzomo
     rphan and its methanesulfonate, m.p. 183.degree.-185.degree.C, were
      prepared from 2'-hydroxy-5-ethyl-9.beta.-methyl-6,7-benzomorphan and 2
      -methyl-furan-3-carboxylic acid chloride. The yield of methanesulfonate
      was 61.5% of theory.
PAC  EXAMPLE 26
PAR  Using a procedure analogous to that described in Example 5,
      2-furfuryl-2'-hydroxy-5-methyl-9.beta.-ethyl-6,7-benzomorphan of the
      formula
      ##SPC22##
PAL  and its methanesulfonate, m.p. 190.degree.C, were prepared from
      2'-hydroxy-5-methyl-9.beta.-ethyl-6,7-benzomorphan and furan-2-carboxylic
      acid chloride. The yield of methanesulfonate was 45.0% of theory.
PAC  EXAMPLE 27
PAR  Using a procedure analogous to that described in Example 5,
      2-(3"-furylmethyl)-2'-hydroxy-5-methyl-9.beta.-ethyl-6,7-benzomorphan and
      its methanesulfonate, m.p. 215.degree.C, were prepared from
      2'-hydroxy-5-methyl-9.beta.-ethyl-6,7-benzomorphan and furan-3-carboxylic
      acid chloride. The yield of methanesulfonate was 46.5% of theory.
PAC  EXAMPLE 28
PAR  Using a procedure analogous to that described in Example 5,
      2-(3"-methyl-furfuryl)-2'-hydroxy-5-methyl-9.beta.-ethyl-6,7-benzomorphan
      and its methanesulfonate, m.p. 228.degree.C, were prepared from
      2'-hydroxy-5-methyl-9.beta.-ethyl-6,7-benzomorphan and
      3-methyl-furan-2-carboxylic acid chloride. The yield of methanesulfonate
      was 51.5% of theory.
PAC  EXAMPLE 29
PAR  Using a procedure analogous to that described in Example 5,
      2-(2"-methyl-3"-furylmethyl)2'-hydroxy-5-methyl-9.beta.-ethyl-6,7-benzomor
     phan and its methanesulfonate, m.p. 248.degree.C, were prepared from
      2'-hydroxy-5-methyl-9.beta.-ethyl-6,7-benzomorphan and
      2-methyl-furan-3-carboxylic acid chloride. The yield of methanesulfonate
      was 54.0% of theory.
PAC  EXAMPLE 30
PAR  Using a procedure analogous to that described in Example 1,
      2-(2"-thienyl-methyl)-2'-hydroxy-5-methyl-9.beta.-ethyl-6,7-benzomorphan
      and its methanesulfonate, m.p. 230.degree.C, were prepared from
      2'-hydroxy-5-methyl-9.beta.-ethyl-6,7-benzomorphan and
      2-(chloromethyl)-thiophene. The yield of methanesulfonate was 44.0% of
      theory.
PAC  EXAMPLE 31
PAR  Using a procedure analogous to that described in Example 1,
      (-)-2-(2"-methyl-3"-furylmethyl)-2'-hydroxy-5,9.beta.-diemthyl-6,7-benzomo
     rphan and its hydrochloride, m.p. 288.degree.-290.degree.C, were prepared
      from (-)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan and
      2-methyl-3-chloromethyl-furan. The yield of hydrochloride was 85.0% of
      theory.
PAC  EXAMPLE 32
PAR  Using a procedure analogous to that described in Example 1,
      (+)-2-(2"-methyl-3"-furylmethyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomo
     rphan and its hydrochloride, m.p. 288.degree.-290.degree.C, were prepared
      from (+)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan and
      2-methyl-3-chloromethyl-furan. The yield of hydrochloride was 81.0% of
      theory.
PAR  The compounds of the present invention, that is, those embraced by formula
      I and their non-toxic, pharmacologically acceptable acid addition salts,
      have useful pharmacodynamic properties. More particularly, the furan
      compounds of the instant invention exhibit non-narcotic analgesic,
      antagonistic and antitussive activities in warm-blooded animals, such as
      mice and rats, whereas in the thiophene derivatives opiate antagonistic
      activity is predominant. The compounds of the present invention differ
      from the corresponding .alpha.-isomers mainly in their significantly lower
      toxicity.
PAR  All of the compounds of the present invention proved to be ineffective as
      analgesics in the Haffner test for analgesia [Deutsche Medizinische
      Wochenschrift 55, 731 (1929)] on mice and rats.
PAR  On the other hand, the compounds of this invention, and especially the
      3-methyl-2-furylmethyl-substituted derivatives, exhibit a distinct,
      dose-dependent analgsic activity in more sensitive pharmacological tests
      for analgesia, such as the hot-plate test [J. Pharmacol. Exp. Therap. 80,
      300 (1944)] or the writhing test [J. Pharmacol. Exp. Therap. 154, 319
      (1966)].
PAR  In accordance with presently prevailing teachings [Adv. Chem. Soc. 49, 162-
      169 (1964)], inactivity in the Haffner test is indicative of non-narcotic
      properties, while activity in the hot-plate test and/or writhing test
      proves analgesic properties.
PAR  For pharmaceutical purposes the compounds according to the present
      invention are administered to warm-blooded animals perorally, enterally or
      parenterally as active ingredients in customary dosage unit compositions,
      that is, compositions in dosage unit form consisting essentially of an
      inert pharmaceutical carrier and one effective dosage unit of the active
      ingredient, such as tablets, coated pills, capsules, wafers, powders,
      solutions, suspensions, emulsions, syrups, suppositories and the like. One
      effective analgesic and antitussive dosage unit of the compounds according
      to the present invention is from 0.166 to 5.0 mgm/kg body weight,
      preferably 0.83 to 3.4 mgm/kg body weight.
PAR  The following examples illustrate a few pharmaceutical dosage unit
      compositions comprising a compound of the present invention as an active
      ingredient and represent the best modes contemplated of putting the
      invention into practical use. The parts are parts by weight unless
      otherwise specified.
PAC  EXAMPLE 33
PAC  Tablets
PAR  The tablet composition is compounded from the following ingredients:
TBL  2-(3"-furylmethyl)-2'-hydroxy-5,9.beta.-                                  

      dimethyl-6,7-benzomorphan methane-                                       

      sulfonate              50.0 parts                                        

     Lactose                 95.0 parts                                        

     Corn starch             45.0 parts                                        

     Colloidal silicic acid  2.0 parts                                         

     Soluble starch          5.0 parts                                         

     Magnesium stearate      3.0 parts                                         

     Total                   200.0 parts                                       

PA0  Preparation:
PAR  The benzomorphan compound is intimately admixed with the lactose and the
      corn starch, the mixture is moistened with an aqueous 10% solution of the
      soluble starch, the moist mass is forced through a 1 mm-mesh screen, the
      resulting granulate is dried at 40.degree.C, the dry granulate is admixed
      with the colloidal silicic acid, and the composition is compressed into
      200 mgm-tablets in a conventional tablet making machine. Each tablet
      contains 50 mgm of the benzomorphan compound and is an oral dosage unit
      composition with effective analgesic and antitussive actions.
PAC  EXAMPLE 34
PAC  Coated pills
PAR  The pill core composition is compounded from the following ingredients:
TBL  2-(3"-Furylmethyl)-2'-hydroxy-5,9.beta.-dimethyl                          

     6,7-benzomorphan hydrochloride                                            

                               75.0 parts                                      

     Lactose                   100.0 parts                                     

     Corn starch               65.0 parts                                      

     Colloidal silicic acid    2.0 parts                                       

     Soluble starch            5.0 parts                                       

     Magnesium stearate        3.0 parts                                       

     Total                     250.0 parts                                     

PA0  Preparation:
PAR  The ingredients are compounded in the same manner as in Example 33, and the
      composition is compressed into 250 mgm-pill cores which are subsequently
      coated with a thin shell consisting essentially of a mixture of sugar,
      talcum and gum arabic and finally polished with beeswax. Each coated pill
      contains 75 mgm of the benzomorphan compound and is an oral dosage unit
      composition with effective analgesic and antitussive activities.
PAC  EXAMPLE 35
PAC  Suppositories
PAR  The suppository composition is compounded from the following ingredients:
TBL  2-(3"-Methyl-furfuryl)-2'-hydroxy-5,9.beta.-                              

      dimethyl-6,7-benzomorphane methane-                                      

      sulfonate               50.0 parts                                       

     Lactose                  200.0 parts                                      

     Suppository base (e.g. cocoa butter)                                      

                              1450.0 parts                                     

     Total                    1700.0 parts                                     

PA0  Preparation:
PAR  The benzomorphan compound is intimately admixed with the lactose, and the
      mixture is blended with the aid of an immersion homogenizer into the
      suppository base which had previously been melted and cooled to about
      40.degree.C. 1700 mgm-portions of the composition are poured into cooled
      suppository molds and allowed to harden therein. Each suppository contains
      50 mgm of the benzomorphan compound and is a rectal dosage unit
      composition with effective analgesic and antitussive actions.
PAC  EXAMPLE 36
PAC  Hypodermic solution
PAR  The solution is compounded from the following ingredients:
TBL  2-(3"-Methyl-furfuryl)-2'-hydroxy-5,9.beta.-                              

      dimethyl-6,7-benzomorphan methane-                                       

      sulfonate               75.0 parts                                       

     Sodium chloride          5.0 parts                                        

     Double-distilled water   2000.0 parts                                     

                              by vol.                                          

PA0  Preparation:
PAR  The benzomorphan compound and the sodium chloride are dissolved in the
      double-distilled water, the solution is filtered until free from suspended
      particles, and the filtrate is filled under aseptic conditions into 2
      cc-ampules which are subsequently sterilized and sealed. Each ampule
      contains 75 mgm of the benzomorphan compound, and its contents are an
      injectable dosage unit composition with effective analgesic and
      antitussive actions.
PAC  EXAMPLE 37
PAC  Drop solution
PAR  The solution is compounded from the following ingredients:
TBL  2-(3"-Methyl-furfuryl)-2'-hydroxy-5,9.beta.-                              

      dimethyl-6,7-benzomorphan methane-                                       

      sulfonate               0.70 parts                                       

     Methyl p-hydroxy-benzoate                                                 

                              0.07 parts                                       

     Propyl p-hydroxy-benzoate                                                 

                              0.03 parts                                       

     Demineralized water      q.s.ad                                           

                              100.0 parts                                      

                              by vol.                                          

PA0  Preparation:
PAR  The benzomorphan compound and the p-hydroxy-benzoates are dissolved in the
      demineralized water, the solution is filtered, and the filtrate is filled
      into 100 ml-bottles. 10 ml of the solution contain 70 mgm of the
      benzomorphan compound and are an oral dosage unit composition with
      effective analgesic and antitussive actions.
PAR  Analogous results are obtained when any one of the other optically active
      or inactive compounds embraced by formula I or a non-toxic acid addition
      salt thereof is substituted for the particular benzomorphan or morphinan
      in Examples 33 through 37. Likewise, the amount of active ingredient in
      these illustrative examples may be varied to achieve the dosage unit range
      set forth above, and the amounts and nature of the inert pharmaceutical
      carrier ingredients may be varied to meet particular requirements.
PAR  While the present invention has been illustrated with the aid of certain
      specific embodiments thereof, it will be readily apparent to others
      skilled in the art that the invention is not limited to these particular
      embodiments, and that various changes and modifications may be made
      without departing from the spirit of the invention of the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A racemic or optically active compound of the formula
      ##SPC23##
PAL  wherein R is hydrogen, methyl or acetyl,
PA1  R.sub.1 and R.sub.2 are each alkyl of 1 to 3 carbon atoms,
PA1  R.sub.3 is hydrogen or methyl, and
PA1  Y is oxygen or sulfur,
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1, wherein
PA1  R is hydrogen, methyl or acetyl,
PA1  R.sub.1 and R.sub.2 are each methyl or ethyl,
PA1  R.sub.3 is hydrogen or methyl, and
PA1  Y is oxygen,
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  3.
PAR  3. A compound of claim 1, wherein
PA1  R is hydrogen,
PA1  R.sub.1 and R.sub.2 are each methyl or ethyl,
PA1  R.sub.3 is hydrogen or methyl, and
PA1  Y is oxygen,
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  4.
PAR  4. A compound of claim 1, wherein
PA1  R is hydrogen,
PA1  R.sub.1 and R.sub.2 are methyl,
PA1  R.sub.3 is hydrogen, and
PA1  Y is sulfur,
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  5.
PAR  5. A compound of claim 3, which is
      2-(3"-methylfurfuryl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan or a
      non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  6.
PAR  6. A compound of claim 3, which is
      2-(3"-furylmethyl)-2'-hydroxy-5,9.beta.-dimethyl-6,7-benzomorphan or a
      non-toxic, pharmacologically acceptable acid addition salt thereof.
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ABST
PAL  The compounds are of the heterocyclic class of 2-phenethylpiperidines
      having an amido substituent in the ortho position of the phenethyl moiety.
      Substituents in the ortho position include formamido, benzamido,
      cinnamamido, 2-thiophenecarboxamido, alkanesulfonamido and alkanoylamido.
      They are useful as antiarrhythmic and/or antiserotonin agents. The novel
      compounds are prepared by reaction of appropriately substituted
      o-aminophenethylpiperidines and the carbonyl or sulfonyl halides or
      anhydrides. Typical embodiments of this invention are
      4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide and
      2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of co-pending U.S. application
      Ser. No. 120,754 filed Mar. 3, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is concerned with certain heterocyclic organic
      compounds which can be referred to as substituted piperidines and acid
      addition salts thereof. In particular, this invention relates to
      physiologically active novel piperidine compounds which are particularly
      effective as antiarrhythmic and antiserotonin agents. It is also concerned
      with chemical intermediates useful in the preparation of the piperidine
      compounds. Other features of the invention are pharmaceutical compositions
      containing the piperidines as active ingredients and a therapeutic process
      for producing antiserotonin and antiarrhythmic effects in mammals by
      administration of them.
PAR  Agents which antagonize serotonin are of interest in experimental biology
      and in treatment of various physiological disorders such as migraine
      headache, serotonin producing tumors, toxemia in pregnancy, habitual
      abortion and management of various inflammatory and allergic reactions.
      Methysergide and lysergide are well known antiserotonin agents. Other
      serotonin antagonists which have been reported in the prior art literature
      on the subject are 2'-(3-dimethylaminopropylthio)cinnamanilide and related
      compounds disclosed by Krapcho, et al., J. Med. Chem., 6, 219 (1963); 7,
      376 (1964); 9, 809 (1966); and 12, 164 (1969); and U.S. Pat. No.
      3,192,213.
PAR  A number of structurally unrelated chemical substances have been employed
      in the treatment of cardiac arrhythmia; refer to A. Burger, Medicinal
      Chemistry, 3rd Edition, pages 1082-1085 (Wiley). One of the most important
      drugs in clinical treatment of disorders of cardiac rhythm is quinidine.
      Another chemical agent which has been used as an antiarrhythmic is the
      local anesthetic procaine amide. Still other antiarrhythmic agents are
      lidocaine, and diphenylhydantoin. None of these compounds are structurally
      related to the piperidines of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a series of substituted piperidines characterized
      by Formula I and Formula XII and non-toxic pharmaceutically acceptable
      acid addition salts thereof.
      ##SPC1##
      ##SPC2##
PAL  The substances of Formula I and Formula XII are new compositions of matter
      possessing valuable pharmacological properties which render them useful as
      synthetic medicinals. In particular, the substituted piperidines of
      Formula I and Formula XII exhibit utility as antiserotonin and/or
      antiarrhythmic agents in standard pharmacological tests in mammals. This
      invention also is concerned with the production of the compounds of
      Formulas I and XII from novel chemical intermediates, pharmaceutical
      compositions containing them and a therapeutic process for producing an
      antiserotonin effect in mammals comprising the administration of such
      compounds thereto. Another feature of this invention is a therapeutic
      process for producing an antiarrhythmic effect in mammals by
      administration of compounds of Formula I wherein R.sup.5 is R.sup.6
      substituted cinnamoyl as depicted by Formula Ia or R.sup.7 substituted
      benzoyl as depicted by Formula Ib.
PAR  Still another feature of this invention provides novel
      o-aminophenethylpiperidines of Formula II which are useful as chemical
      intermediates in the production of compounds of Formula I.
      ##SPC3##
PAR  In the compounds characterized by the above general Formulas I and II, the
      R.sup.1 substituent stands for hydrogen or lower alkyl. The substituent
      R.sup.2 represents hydrogen, lower alkoxy or methylenedioxy attached in
      the benzenoid 4,5-position. R.sup.3 stands for hydrogen or a lower alkyl
      substituent. Substituent R.sup.4 represents hydrogen, lower alkyl, or a
      dialkylcarboxamido substituent wherein the dialkyl groups are lower alkyl.
PAR  Substituent R.sup.5 represents radicals selected from the group comprised
      of lower alkanoyl of from 1 to 4 carbon atoms inclusive, lower
      alkanesulfonyl of from 1 to 4 carbon atoms inclusive,
      ##SPC4##
PAR  The symbol R.sup.6 represents hydrogen or lower alkyl and R.sup.7 is
      selected from the group consisting of hydrogen, halogen, trifluoromethyl,
      amino, dimethylamino, hydroxy, acetoxy, carboxy, alkylthio of from 1 to 4
      carbon atoms inclusive, alkyl of from 1 to 4 carbon atoms inclusive, lower
      alkoxy of from 1 to 4 carbon atoms inclusive, and wherein when R.sup.7 is
      hydrogen or alkoxy the phenyl ring can have up to 2 additional alkoxy
      substituents of from 1 to 4 carbon atoms inclusive.
PAR  In the compounds characterized by Formula XII, the symbol R.sup.8
      represents hydrogen or lower alkyl. The symbol R.sup.9 represents a
      radical selected from the group consisting of cinnamoyl or
      ##SPC5##
PAL  wherein R.sup.10 is lower alkoxy. The symbol A represents a divalent
      radical selected from the group consisting of
      ##EQU1##
      and --(CH.sub.2).sub.3 --.
PAR  It is to be understood that the term "lower alkyl" and "lower alkoxy" as
      used herein refers to carbon chains which include both straight and
      branched chain carbon radicals of from 1 to 4 carbon atoms inclusive.
      Illustrative of these radicals are carbon chains which can be methyl,
      ethyl, propyl, isopropyl, 1-butyl, 1-methylpropyl, 2-methylpropyl and
      tert.-butyl.
PAR  Compounds which are particularly preferred for their strong antiserotonin
      activity are compounds of Formula Ia.
      ##SPC6##
PAL  wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4 and R.sup.6 have the meanings
      hereinabove given for Formula I. Representative of these compounds is the
      individually preferred compound
      2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide.
PAR  Compounds of the present invention which are particularly preferred for
      their strong antiarrhythmic activity are those of Formula Ib.
      ##SPC7##
PAL  wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, and R.sup.7 have the meanings
      hereinabove given for Formula I. Representative of these compounds are the
      individually preferred compounds
      4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide, and
      2'-[2-(1-methyl-2-piperidyl)ethyl]-3,4,5-trimethoxybenzanilide.
PAR  A still further group of preferred compounds are those characterized by
      Formula Ib wherein R.sup.1, R.sup.2, and R.sup.4 are hydrogen, R.sup.3 is
      methyl and R.sup.7 is hydrogen or alkoxy.
PAR  A particularly preferred antiarrhythmic compound of Formula XII is
      2'-[3-(1-methyl-2-piperidyl)propyl]-p-anisanilide.
PAR  The o-aminophenethylpiperidines of Formula II are considered to be another
      aspect of the present invention. They are particularly useful as chemical
      intermediates in the preparation of compounds of Formula I. Apart from
      being particularly suitable as key intermediates in the preparation of
      compounds of Formula I, some of the members such as
      2-(o-aminophenethyl)-1-methylpiperidine have antiarrhythmic properties.
PAR  A compound of Formula XII particularly preferred as an antiarrhytmic agent
      is 2-[2-[(p-methoxybenzyl)amino]phenethyl]-1-methylpiperidine and
      non-toxic pharmaceutically acceptable salts thereof.
PAR  It will be apparent to those skilled in the art that the compounds of
      Formula I, Formula II and Formula XII exists in at least one racemic
      stereoisomeric form since they contain one asymmetric carbon atom (the 2
      position of the piperidine ring). Whenever the R.sup.4 substituent is not
      hydrogen, an additional asymmetric carbon atom (the 5 position of the
      piperidine ring) is present and two racemic modifications exist. Such
      mixture of racemates can be separated into the individual racemic
      compounds on the basis of physico-chemical differences such as solubility;
      for example, by fractional crystallization of the basis or as acid
      addition salts thereof or by chromatography. Optically active
      stereoisomers are obtained by resolution methods well known to the art
      such as the use of optically active acids.
PAR  It is to be understood that as used herein, the term "non-toxic
      pharmaceutically acceptable acid addition salts" refers to a combination
      of compounds of the present invention with relatively non-toxic inorganic
      or organic acids. Illustrative of suitable acids which may be used are
      sulfuric, phosphoric, hydrochloric, hydrobromic, hydroiodic, sulfamic,
      methanesulfonic, benzenesulfonic, para-toluenesulfonic, acetic, lactic,
      succinic, maleic, mucic, tartaric, citric, gluconic, benzoic, cinnamic,
      isethionic and related acids.
PAR  The compounds characterized by Formula I and Formula XII exhibit valuable
      antiarrhythmic activity in mammals. These antiarrhytmic effects are
      illustratively demonstrated in standard in vitro and in vivo
      pharmacological tests.
PAR  In the dog, for example, electrically or aconitine induced arrhythmia is
      prevented by oral or parenteral administration of the piperidines of
      Formula I according to the following in vivo test.
PAR  The chest of an anesthetized dog is opened in the midline and the right and
      left atrial appendages exposed through small slits in the pericardium.
      Bypolar recording electrodes are affixed to the atrial surfaces and 4
      .times. 4 mm. piece of clean cloth is fixed to the surface of the right
      auricular appendage. Control recordings are made of various heart
      functions including femoral arterial blood pressure and right and left
      atrial electrograms. Atrial arrhythmia is then induced by placing 3-5
      drops of a solution of aconitine on the cloth which is fixed to the right
      atrium. An irregular, rapid atrial rate is produced within one minute.
      Throughout the experiment, fresh aconitine is (2-3 drops) placed on the
      cloth at 10 minute intervals. The test compound is administered
      intravenously five minutes after the initial establishment of the
      arrhythmia and infusion continued at a slow rate until an effective dose
      which re-establishes normal rhythm of the heart is obtained.
PAR  Intravenous administration of as little as 0.8 mg./kg. of
      4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide, a preferred
      compound of the present invention, effectively restores normal cardiac
      rhythm to aconitine induced arrhythmia in the dog. A well known
      antiarrhythmia agent such as quinidine administered in the same manner has
      an effective dose of 6.0 mg./kg. When arrhythmia is induced electrically,
      the effective dose of
      4-methoxy-2'-[2-(1-methyl-2-piperidyl)-ethyl]benzanilide is 1.9 mg./kg.
      Under like conditions, the effective dose for quinidine is 14 mg./kg.
PAR  Intraduodenal administration, which is a measure of oral effectiveness, of
      4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide prevents aconitine
      induced arrhythmia in the dog at a dose of less than 10 mg./kg. while the
      effective dose in the prevention of aconitine induced arrhythmia for
      quinidine is greater than 14 mg./kg.
PAR  Another in vivo test involves the inhibition of chloroform induced
      arrhythmia in the mouse according to the method of J. W. Lawson, J.
      Pharmacol. Exp. Therap., 160, 22 (1968). Intraperitoneal administration of
      4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide to the mouse
      prevents chloroform induced arrhythmia at an Ed.sub.50 of 7.1 mg./kg.
      compared to an Ed.sub.50 of 83 for quinidine.
PAR  An in vivo test which demonstrates the antiarrhythmic effects of the
      compounds of the present invention employs the rabbit atrium. In this
      test, the left atrium is placed in Chenoweth's solution warmed to
      30.degree.C and irrigated with 95% oxygen: 5% carbon dioxide. The lower
      end of the atrium is attached to a small hook fixed in the bath and the
      upper end is connected to a transducer to record contractile activity. The
      atrium is electrically stimulated at a basic rate of 30 per minute
      employing square wave pulses of 10 millisecond duraction at 1.2-1.5
      .times. threshold voltage. A test compound is introduced into the bath and
      the test repeated after a 5 minute interval. A dose-response relationship
      is obtained by additional doses of the test compound. The potency of a
      test agent can be expressed as the effective concentration which produces
      50% of the maximal increase in the measured refractory period of the
      steady state atrium. This value is designated the Ec.sub.50.
PAR  In the in vitro rabbit atrium test, the Ec.sub.50 of
      4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide is 2.4 microgram
      per milliliter while the value for quinidine is 18.0 microgram per
      milliliter.
PAR  Exemplary of compounds of the present invention which have particularly
      good antiarrhythmic properties are:
PA1  2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide,
PA1  4-hydroxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide,
PA1  4-chloro-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide,
PA1  4-amino-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide,
PA1  4-acetoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide,
PA1  2'-[2-(1-methyl-2-piperidyl)ethyl]-3,4,5-trimethoxybenzanilide,
PA1  2'-[2-(1-methyl-2-piperidyl)ethyl]-2-thiophenecarboxanilide,
PA1  2'-[2-(1-methyl-2-piperidyl)ethyl]methanesulfonanilide,
PA1  2'-[2-(1-methyl-2-piperidyl)ethyl]acetanilide,
PA1  2'-[2-(1-methyl-2-piperidyl)ethyl]formanilide,
PA1  2-(o-aminophenethyl)-1-methylpiperidine,
PA1  2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide,
PA1  2'-[3-(1-methyl-2-piperidyl)propyl]-p-anisanilide.
PAR  The compounds of Formula Ia and Formula Ib are characterized as
      particularly useful antiserotonin agents as can be demonstrated in the rat
      uterus. According to this test one of the uterine horns of a rat uterus is
      suspended in oxygenated salt solution at 30.degree.C. The contractions of
      this tissue are then recorded and varying concentrations of the test
      compound introduced into the bath in order to determine the concentration
      that would decrease the spasmogenic effect of 0.4 microgram per milliliter
      of serotonic by 50%. This value is designated the IC.sub.50.
PAR  A preferred antiserotonin compound of the present invention is
      2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide, which has an IC.sub.50 of
      0.00185 microgram per milliliter. Another preferred substance,
      4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide, has an IC.sub.50
      of 0.0046 microgram per milliliter. The antiserotonin agents lysergide
      (LSD) and methysergide have an IC.sub.50 of 0.012 and 0.0025 microgram per
      milliliter respectively.
PAR  The antiarrhythmic and antiserotonin therapeutic process of the present
      invention is carried out in mammals by systemic administration of a
      non-toxic effective dose of the piperidines of Formulas I and XII ranging
      from about 0.01 to 20 milligram per kilogram of body weight of the mammal
      or more preferably from 0.1 to 10 mg./kg. Acceptable forms of systemic
      administration are oral and parenteral. Examples of parenteral
      administration are intramuscular, intravenous, intraperitoneal, and
      subcutaneous administration. The dosage of the present therapeutic agents
      of Formulas I and XII will vary with the form of administration and
      particular compound chosen. Generally, the compound is administered at a
      dosage substantially less than the optimum dose of the compound.
      Thereafter, the dosage is increased by small increments until the optimum
      effect under the circumstances is reached. It will generally be found that
      when the composition is administered orally, larger quantities of the
      active agent will be required to produce the same effect as a smaller
      quantity given parenterally. In general, the compounds of this invention
      are most desirably administered at a concentration level that will
      generally afford effective results without causing any harmful or
      deleterious side effects.
PAR  The antiserotonin activity of
      2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide ca also be demonstrated in
      mice according to the method of S. J. Corne, et al., Brit. J. Pharmacol.,
      20, 106 (1963). This test is dependent on the metabolism of
      5-hydroxytryptophan to serotonin in the brain in mice which are pretreated
      with a monamine oxidase inhibitor. Depending on the route of
      administration and the pretreatment time, the folllwing ED.sub.50 values
      are obtained: subcutaneous, 4.3 mg./kg. (30 minute pretreatment), 10
      mg./kg. (60 minute pretreatment); intraperitoneal, 21 mg./kg. (60 minute
      pretreatment). These values compare favorably with that obtained with
      methyldopa, a known serotonin inhibitor, which has an intraperitoneal
      ED.sub.50 of 37 mg./kg. (60 minute pretreatment).
PAR  When the compounds of this invention characterized by Formulas I and XII
      are employed as antiserotonin or antiarrhythmic agents they may be
      administered to mammals alone or in combination with a pharmaceutically
      acceptable carrier. The proportion of the pharmaceutical carrier is
      determined by the solubility and chemical nature of the compound and
      chosen route of administration in standard pharmaceutical practice. For
      example, they may be administered orally in form of tablets, coated
      tablets or capsules containing such excipients as starch, milk, sugar,
      certain types of clay, gelatin, stearic acid or salts thereof, magnesium
      or calcium stearate, talc, vegetable fats or oils, gums, glycols, and
      other known excipients. They may be administered orally in the form of
      solutions which may contain coloring and flavoring agents or they may be
      injected parenterally, that is intramuscularly, intravenously, or
      subcutaneously. For parenteral administration they may be used in the form
      of sterile solution. Said pharmaceutical compositions are prepared by
      conventional methods.
PAR  A recommended dosage unit form comprises a pharmaceutical carrier and the
      therapeutically active compound in an amount sufficient to provide a
      non-toxic effective antiserotonin or antiarrhythmic dose ranging from
      about 0.01 to 20 milligram per kilogram of body weight of the mammal
      treated.
PAR  Advantageously, the compositions can be adpated to supply a fixed dose
      containing from 1 to 500 mg. and preferably 5 to 100 mg. of the active
      ingredient.
PAR  Preparation of compounds of Formula I according to the process of the
      present invention is carried out according to Equation 1.
      ##SPC8##
PAL  wherein R.sup.1, R.sup.2, R.sup.4, and R.sup.5 have the meaning stated
      above and R.sup.3 is limited to lower alkyl provided that when R.sup.5 is
      "R.sup.7 -benzoyl", R.sup.7 additionally represents "NO.sub.2 " but cannot
      stand for NH.sub.2 or OH. Compounds wherein R.sup.7 is "NO.sub.2 " are
      converted to compounds of Formula I wherein R.sup.7 is "NH.sub.2 " by
      hydrogenation. Compounds wherein R.sup.7 is "acetoxy" are converted to
      compounds of Formula I wherein R.sup.7 is "OH" by hydrolysis. The symbol X
      represents a halogenide of a R.sup.5 carbonyl or sulfonyl radical or
      R.sup.5 X taken together represents an anhydride.
PAR  Illustrative of R.sup.5 X reactants which can be reacted with
      o-aminophenethylpiperidines of Formula II are:
PA1  acetic-formic anhydride,
PA1  acetic anhydride,
PA1  n-propionic anhydride,
PA1  n-butyric anhydride,
PA1  isobutyric anhydride,
PA1  benzoic anhydride,
PA1  acetyl chloride,
PA1  propionyl chloride,
PA1  butyryl chloride,
PA1  methanesulfonyl chloride,
PA1  methanesulfonic anhydride,
PA1  ethanesulfonic anhydride,
PA1  isopropylsulfonyl chloride,
PA1  n-butanesulfonyl chloride,
PA1  4-methoxybenzoyl chloride,
PA1  3,4,5-trimethoxybenzoyl chloride,
PA1  3,5-dimethoxybenzoyl chloride,
PA1  2-methoxybenzoyl chloride,
PA1  2-chlorobenzoyl chloride,
PA1  3-acetoxybenzoyl chloride.
PAR  In addition R.sup.5 X taken together can represent a reactive ester such
      as, for example, methyl 4-(t-butoxy)benzoate, ethyl picolinate, ethyl
      propiolate, ethyl 4-dimethylaminobenzoate, ethyl furan-3-carboxylate and
      the like.
PAR  The reaction proceeds when the reactants are contacted and mixed in an
      inert organic solvent as a reaction medium. Representative inert organic
      solvents which can be employed as reaction media include ether, benzene,
      toluene, acetonitrile halogenated hydrocarbons such as chloroform, and the
      like. Whenever halogenide reactants such as acetyl chloride, etc., are
      employed, it is desirable to add a hydrogen halide acceptor such as
      triethylamine to the reaction mixture. Pyridine is preferred particularly
      as a reaction medium because of its suitability both as a solvent and as
      an acid acceptor. The temperature at which the reaction is carried out is
      not critical, although from a convenience and ease of operability
      viewpoint, room temperature is preferred. The exact proportions of the
      reactants to be employed is not critical. However, since the
      o-aminophenethylpiperidines of Formula II and the R.sup.5 X reactants are
      consumed in equimolar proportions, the reactants are preferably employed
      in such proportions. The reaction is generally complete in about 1 to 24
      hr. depending upon the reaction temperature employed. The product can be
      conveniently separated from the reaction mixture by concentrating the
      reaction mixture under reduced pressure, dissolving the resulting residue
      in water and adding thereto a base such as aqueous sodium hydroxide,
      aqueous sodium carbonate, or aqueous potassium carbonate to make the
      mixture strongly basic. The product can then be separated by extraction
      with a halogenated hydrocarbon solvent, ether, benzene, ethyl acetate,
      etc. Generally, the product can be purified by recrystallization from
      organic solvents such as isopropyl ether, heptane, methanol, ethanol,
      isopropyl alcohol, ethyl acetate, water, acetone, and the like, or it can
      be converted to an acid addition salt. Other means of purification include
      chromatography, e.g. thin-layer or column.
PAR  Conversion of the substances characterized by Formula I and Formula XII to
      pharmaceutically acceptable acid addition salts is accomplished by
      admixture of the Formula I and Formula XII bases with substantially one
      chemical equivalent of any of the various acids hereinbefore defined.
      Generally the reactions are carried out in an inert solvent. Suitable
      solvents by way of example, are ethanol, benzene, ethyl acetate, ether,
      and halogenated hydrocarbons.
PAR  Synthesis of the novel o-aminophenethylpiperidine intermediates of Formula
      II beings with preparation of 2-styrylpyridines of Formula III which are
      obtained according to the method of L. Horwitz, J. Org. Chem., 21, 1039
      (1956) from the reaction of a R.sup.2 -o-nitrobenzaldehyde and a R.sup.4
      -2-methylpyridine. As shown in Equation 2, the nitro-2-styrylpyridines fo
      Formula III are reduced to an o-aminophenethylpyridine of Formula IV. It
      is preferred that reduction be carried out catalytically in a solvent
      employing palladium on carbon catalyst. Suitable solvents by way of
      example are the lower alkanoyls such as methanol, ethanol, isopropanol,
      etc.
      ##SPC9##
PAR  The o-aminophenethylpyridines of Formula IV are then formylated in order to
      block alkylation of the aromatic amine when the R.sup.3 substituent is
      introduced by quaternization of the pyridine nitrogen with an R.sup.3
      -halide. This conversion of the o-aminophenethylpyridines of Formula IV to
      the Formula V formyl derivative is illustrated by Equation 3 and is
      preferably carried out with acetic-formic anhydride.
      ##SPC10##
PAR  Equation 4 illustrates the alkylation of a Formula V pyridine with an alkyl
      iodide to provide a pyridinium salt of Formula VI. Depending on the
      R.sup.3 substituent desired, alkyl halides such as ethyl iodide, ethyl
      bromide, n-propyl iodide, 2-iodopropane, 1-iodobutane,
      1-iodo-2-methylpropane, 1-chloro-2-methylpropane, 2-iodo-2-methylpropane
      and the like are employed. The alkylation is carried out in an inert
      solvent such as acetone, acetonitrile, etc.
      ##SPC11##
PAR  Compounds of Formula IV are converted to the phenethylpiperidines of
      Formula VII by reduction according to Equation 5. The reduction is carried
      out catalytically employing platinum as the catalyst in a suitable solvent
      such as the lower alkanols. The phenethylpiperidines of Formula VII can
      also be obtained by reduction first with metal borohydrides such as sodium
      borohydride, or potassium borohydride to provide a tetrahydropyridine
      which is then further reduced by well known catalytic methods to the
      piperidines of Formula VII. For example, reduction of
      5-diethylcarbamyl-2-(o-formamidophenethyl)-1-methylpyridinium iodide with
      sodium borohydride in methanol solution provides
      N,N-diethyl-6-(o-formamidophenethyl)-1-methyltetrahydropyridin-3-carboxami
     de which is then hydrogenated in ethanol with a 10% palladium on carbon
      catalyst. It will be recognized that compounds of Formula VII represent
      the products of Formula I of the present invention wherein R.sup.1 is
      hydrogen and R.sup.5 is formyl.
      ##SPC12##
PAR  Representative of the formanilides of Formula VII are:
PA1  2'-[2-(1-methyl-2-piperidyl)ethyl]formanilide,
PA1  2'-[2-(5-methyl-1-methyl-2-piperidyl)ethyl]formanilide,
PA1  2'-[2-(5-n-butyl-1-methyl-2-piperidyl)ethyl]formanilide,
PA1  2'-[2-(1-isopropyl-2-piperidyl)ethyl]formanilide,
PA1  2'-[2-(1-n-butyl-2-piperidyl)ethyl]formanilide,
PA1  4'-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]formanilide,
PA1  4'-n-butoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]formanilide,
PA1  4'-isopropoxy-2'-[2-(5-isopropyl-1-methyl-2-piperidyl)-ethyl]formanilide,
PA1  N,n-dimethyl-6-(o-formamidophenethyl)-1-methylpiperidine-3-carboxamide,
PA1  N,n-diethyl-6-(o-formamidophenethyl)-1-methylpiperidine-3-carboxamide
PA1  N,n-di-n-butyl-6-(o-formamidophenethyl)-1-methylpiperidine-3-carboxamide,
PA1  N,n-diethyl-6-[(2-formamido-5-methoxyphenethyl)-1-methylpiperidine]-3-carbo
     xamide.
PAR  If the o-aminophenethylpyridines of Formula IV are acylated with alkanoyl
      halides such as acetyl chloride, propionyl chloride, isobutyryl chloride,
      butyryl chloride and the like, and the sequence of reactions illustrated
      by Equations 3-5 repeated, products of Formula I are obtained wherein
      R.sup.1 is hydrogen and R.sup.5 is alkanoyl. Representative of the
      alkanoylanilides of Formula I thus formed are:
PA1  2'-[2-(1-methyl-2-piperidyl)ethyl]acetanilide,
PA1  4'-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]acetanilide,
PA1  2'-[2-(1-n-butyl-2-piperidyl)ethyl]acetanilide,
PA1  2'-[2-(5-ethyl-1-methyl-2-piperidyl)ethyl]acetanilide,
PA1  N,n-diethyl-6-(o-acetamidophenethyl)-1-methylpiperidine-3-carboxamide,
PA1  2'-[2-(1-methyl-2-piperidyl)ethyl]butyranilide,
PA1  2'-[2-(1-methyl-2-piperidyl)ethyl]-2-methylpropionanilide,
PA1  4'-n-butoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]proprionanilide.
PAR  Acid hydrolysis of the formanilides of Formula VII or the analogous
      alkanoylanilides provide o-aminophenethylpiperidine intermediates of
      Formula II wherein R.sup.1 is hydrogen. Representative of
      o-aminophenethylpiperidines which can be obtained in this manner are:
PA1  2-(o-aminophenethyl)-1-methylpiperidine,
PA1  2-(o-aminophenethyl)-1,5-dimethylpiperidine,
PA1  2-(o-aminophenethyl)-5-ethyl-1-methylpiperidine,
PA1  2-(o-aminophenethyl)-5-n-butyl-1-methylpiperidine,
PA1  2-(o-aminophenethyl)-1-isopropylpiperidine,
PA1  2-(o-aminophenethyl)-1-n-butylpiperidine,
PA1  2-(2-amino-5-methoxyphenethyl)-1-methylpiperidine,
PA1  2-(2-amino-5-n-butoxyphenethyl)-1-methylpiperidine,
PA1  2-(2-amino-5-isopropoxyphenethyl)-1-methylpiperidine,
PA1  6-(o-aminophenethyl)-N,N-dimethyl-1-methylpiperidine-3-carboxamide,
PA1  6-(o-aminophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide,
PA1  6-(o-aminophenethyl)-N,N-di-n-butyl-1-methylpiperidine-3-carboxamide,
PA1  6-(2-amino-5-methoxyphenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide
     .
PAR  Reduction of some of the compounds of Formula VII with lithium aluminum
      hydride provide o-aminophenethylpiperidine intermediates of Formula II
      wherein R.sup.1 is alkyl. Representative of
      o-(N-alkylaminophenethyl)piperidines which can be obtained in this manner
      are:
PA1  2-(o-methylaminophenethyl)-1-methylpiperidine,
PA1  2-(o-methylaminophenethyl)-1,5-dimethylpiperidine,
PA1  2-(o-methylaminophenethyl)-5-ethyl-1-methylpiperidine,
PA1  2-(o-methylaminophenethyl)-5-n-butyl-1-methylpiperidine,
PA1  2-(o-methylaminophenethyl)-1-isopropylpiperidine,
PA1  2-(o-methylaminophenethyl)-1-n-butylpiperidine,
PA1  2-(2-methylamino-5-methoxyphenethyl)-1-methylpiperidine,
PA1  2-(2-methylamino-5-n-butoxyphenethyl)-1-methylpiperidine,
PA1  2-(2-methylamino-5-isopropoxyphenethyl)-1-methylpiperidine,
PA1  2-(o-ethylaminophenethyl)-1-methylpiperidine,
PA1  2-(2-ethylamino-5-methoxyphenethyl)-1-methylpiperidine,
PA1  2-(2-ethylaminophenethyl)-1-n-butylpiperidine,
PA1  2-(2-ethylaminophenethyl)-5-ethyl-1-methylpiperidine,
PA1  2-(2-n-butylaminophenethyl)-1-methylpiperidine,
PA1  2-(2-isobutylaminophenethyl)-1-methylpiperidine,
PA1  2-(2-n-propylamino-5-n-butoxyphenethyl)-1-methylpiperidine.
PAR  An alternate method for the preparation of compounds of Formula II wherein
      R.sup.1 is hydrogen is dipicted in Equation 6.
      ##SPC13##
PAR  Pyridinium iodides of Formula VIII prepared from the corresponding aromatic
      aldehyde and the 2-alkylpyridinium salt according to the method of L.
      Horwitz, J. Org. Chem., 21, 1039 (1956) are reduced according to the
      method of A. P. Phillips, J. Am. Chem. Soc., 72, 1850 (1950). Preferably
      the catalytic reduction is carried out employing a platinum catalyst in
      methanol solution.
PAR  An alternate method for the preparation of compounds of Formula II wherein
      R.sup.1 is alkyl is depicted in Equation 7.
      ##SPC14##
PAL  Reductive alkylation of o-aminophenethylpiperidines of Formula X with an
      aldehyde such as acetaldehyde, propionaldehyde, n-butyraldehyde,
      isobutyraldehyde, or a ketone such as acetone or butanone provide R.sup.1
      -aminophenethylpiperidines of Formula XI. This method is well known to
      those skilled in the art, refer to Synthetic Organic Chemistry, Wagner and
      Zook, Wiley, 1953, page 662.
PAR  Compounds of Formula I and Formula XII wherein R.sup.3 and R.sup.8 are
      hydrogen, lower alkyl, or R.sup.5 or R.sup.9 are isonipecotoyl are
      obtained by catalytic reduction of the corresponding pyridyl compounds.
      For example, reduction of 2'-[2-(2-pyridyl)ethyl]-p-anisanilide employing
      a palladium on carbon catalyst provides 2'[-2-(2-piperidyl)ethyl]
      -p-anisanilide. Similarly, reduction of
      2'-[2-(1-methyl-2-piperidyl)ethyl]isonicotanilide affords
      2'-[2-(1-methyl-2-piperidyl)ethyl]isonipecotoicanilide.
PAR  Compounds of Formula XII (illustrated by Formula XV) wherein the divalent
      radical A is
      ##EQU2##
      and R.sup.8 is lower alkyl can also be obtained by reaction of an
      o-formylanilide of Formula XIII with a 2-(N-R.sup.8 -2-piperidyl)ethyl
      magnesium chloride of Formula XIV as depicted by Equation 8.
      ##SPC15##
PAR  The following examples illustrate the best mode contemplated for carrying
      out the present invention. They are merely illustrative and are not to be
      construed as limiting the scope of the claims in any manner whatsoever.
DETD
PAC  EXAMPLES OF SPECIFIC EMBODIMENTS
PAC  EXAMPLE 1.
PAC  2-(o-Aminophenethyl)-1-methylpiperidine.
PAR  A suspension of 2-(o-nitrostyryl)-1-methylpyridinium iodide (40.5 mg., 0.11
      mole) prepared according to the method of L. Horwitz, J. Org. Chem., 21,
      1039 (1956) in 200 ml. of ethanol is hydrogenated in a Parr hydrogenation
      apparatus employing 0.3 g. of platinum oxide catalyst while maintaining a
      reaction temperature of from about 50.degree. to 75.degree.C. When the
      hydrogen uptake ceases (about 3 hours), the reduction mixture is filtered,
      the filtrate evaporated and the resulting residue taken up in 500 ml. of
      water. The aqueous solution is basified with 40% sodium hydroxide and
      extracted with several 200 ml. portions of ether. Ethereal extracts are
      combined, washed with water, dried over magnesium sulfate, and the ether
      evaporated. Distillation of the residue thus obtained provides 20.8 g.
      (87% yield) of 2-(o-aminophenethyl)-1-methylpiperidine base having a
      boiling point of 121.degree.-125.degree.C. at 0.04 mm.
PAR  Analysis. Calcd. for C.sub.14 H.sub.22 N.sub.2 : C, 77.01; H, 10.16; N,
      12.83. Found: C, 76.68; H, 9.83; N, 12.76.
PAR  Treating the base with ethanolic hydrogen chloride in ethanol provides
      2-(o-aminophenethyl)-1-methylpiperidine dihydrochloride (crystallized from
      methanol-isopropyl ether), m.p. 268.5-271.5.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.14 H.sub.24 Cl.sub.2 N.sub.2 : C, 57.73; H,
      8.31; N, 9.62. Found: C, 57.67; H, 8.22; N, 9.60.
PAR  2-(o-Aminophenethyl)-1-methylpiperidine has antiarrhythmic properties
      having an EC.sub.50 of 44 microgram per milliliter in the hereinabove
      described rabbit atrium test.
PAC  EXAMPLE 2.
PAC  2-(o-Methylaminophenethyl)-1-methylpiperidine
PAC  a. 2-(o-Aminophenethyl)pyridine.
PAR  A solution of 2-(o-nitrostyryl)pyridine (94.3 g., 0.42 mole) in 400 ml. of
      ethanol is reduced on a Parr hydrogenation apparatus employing 2 g. of 10%
      palladium on carbon catalyst to provide 2-(o-aminophenethyl)pyridine, m.p.
      59.degree.-61.degree.C. The isolation of the pyridine product is carried
      out in the usual manner by collecting the catalyst and evaporating the
      ethanolic solvent.
PAC  b. 2-(o-Formamidophenethyl)pyridine.
PAR  An aceticformic anhydride mixture is prepared by mixing acetic anhydride
      (140 ml.) and formic acid (70 ml.). To this mixture,
      2-(o-aminophenethyl)pyridine (59 g., 0.3 mole) is added in one portion
      with vigorous stirring at 25.degree.C. After 15 minutes the solution is
      diluted with 450 ml. of water and concentrated in vacuo. The resulting
      residue is taken up in 1 liter of water and made basic with 50% sodium
      hydroxide. The basified solution is extracted with chloroform, the
      chloroform extract washed with water, dried over magnesium sulfate and the
      chloroform solvent evaporated. Crystallization of the residue from
      isopropyl acetate provides 57 g. (83% yield) of
      2-(o-formamidophenethyl)pyridine melting at 78.degree.-81.degree.C.
      (uncorrected). An analytical sample (from isopropyl acetate) has a melting
      point of 83.degree.-83.5.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.14 H.sub.14 N.sub.2 O: C, 74.31; H, 6.24; N,
      12.38. Found: C, 74.56; H, 6.25; N, 12.45.
PAC  c. 2-(o-Formamidophenethyl)-1-methylpyridinium iodide.
PAR  A solution of 2-(o-formamidophenethyl)pyridine (55 g., 0.243 mole) and
      methyl iodide (38 g., 0.268 mole) in 500 ml. of acetone is refluxed for 20
      hours. The mixture is cooled at 5.degree.C. and filtered to provide 82 g.
      (92%) of the pyridinium iodide having melting point of
      199.5.degree.-201.5.degree.C.
PAR  Analysis. Calcd. for C.sub.15 H.sub.17 IN.sub.2 O: C, 48.92; H, 4.65; N,
      7.61. Found: C, 48.74; H, 4.83; N, 7.65.
PAC  d. 2'-[2-(1-Methyl-2-piperidyl)ethyl]formanilide.
PAR  Reduction of 2-(o-formamidophenethyl)-1-methylpyridinium iodide as
      described in Example 1 for 2-(o-nitrostyryl)-1-methylpyridinium iodide
      provides 2'-[2-(1-methyl-2-piperidyl)ethyl]formanilide which is purified
      by crystallization from isopropyl ether, (79% yield) m.p.
      81.degree.-84.5.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.15 H.sub.22 N.sub.2 O: C, 73.13; H, 9.00; N,
      11.37. Found: C, 73.12; H, 8.75; N, 11.31.
PAC  e. 2-(o-Methylaminophenethyl)-1-methylpiperidine.
PAR  A solution of 2'-[2-(1-methyl-2-piperidyl)ethyl]formanilide (20 g., 0.0815
      mole) in 100 ml. of tetrahydrofuran is added dropwise to a stirred mixture
      of lithium aluminum hydride (4.4 g., 0.11 mole) in 100 ml. of
      tetrahydrofuran. The mixture is refluxed for 75 minutes, cooled, and
      hydrolyzed by the sequential addition of 4.4 ml. of water, 4.4 ml. of 15%
      sodium hydroxide and then 13.2 ml. of water. The hydrolyzed mixture is
      filtered, the filter cake washed with a 50 ml. portion of tetrahydrofuran
      and the filtrate concentrated in vacuo. The residue thus obtained is
      distilled to provide 16.6 g. of
      2-(o-methylaminophenethyl)-1-methylpiperidine having a boiling point of
      150.degree.-155.degree.C. at 0.05 mm. Hg.
PAC  EXAMPLE 3.
PAC  2-(2-Amino-5-methoxyphenethyl)-1-methylpiperidine
PAC  a. 2'-(2-Amino-5-methoxyphenethyl)pyridine.
PAR  Reduction of 2-(2-nitro-5-methoxystyryl)pyridine as described in Example 2
      (a) for 2-(o-nitrostyryl)pyridine provides
      2-(2-amino-5-methoxyphenethyl)pyridine having a melting point of
      77.5.degree.-78.5.degree.C. (corr.) as the monohydrate obtained by
      crystallization from isopropyl acetate-ethanol-water.
PAR  Analysis. Calcd. for C.sub.14 H.sub.16 N.sub.2 O.H.sub.2 O: C, 68.27; H,
      7.37; N, 11.37. Found: C, 68.04; H, 7.30; N, 11.30.
PAC  b. 2-(2-Formamido-5-methoxyphenethyl)pyridine.
PAR  Formylation of 2-(2-amino-5-methoxyphenethyl)pyridine as described in
      Example 2 (b) for 2-(o-aminophenethyl)pyridine provides a 71% yield of
      2-(2-formamido-5-methoxyphenethyl) pyridine. An analytical sample obtained
      by crystallization from isopropyl acetate has a melting point of
      93.5.degree.-94.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.15 H.sub.16 N.sub.2 O.sub.2 : C, 70.29; H, 6.29;
      N, 10.93. Found: C, 70.28; H, 6.51; N, 10.98.
PAC  c. 2-(2-Formamido-5-methoxyphenethyl)-1-methylpyridinium iodide.
PAR  The pyridinium iodide is obtained by treating
      2-(2-formamido-5-methoxyphenethyl)pyridine with methyl iodide according to
      the procedure described in Example 2c for
      2-(o-formamidophenethyl)pyridine. Analytically pure
      2-(2-formamido-5-methoxyphenethyl)-1-methylpyridinium iodide is obtained
      in a yield of 95% and has a melting point of 184.degree.-186.5.degree.C.
      (corr.).
PAR  Analysis. Calcd. for C.sub.16 H.sub.19 IN.sub.2 O.sub.2 : C, 48.25; H,
      4.81; N, 7.04. Found: C, 48.18; H, 4.84; N, 7.16.
PAC  d. 2-(2-Amino-5-methoxyphenethyl)-1-methylpiperidine.
PAR  Catalytic reduction of
      2-(2-formamido-5-methoxyphenethyl)-1-methylpyridinium iodide as described
      in Example 1 for 2-(o-nitrostyryl)-1-methylpyridinium iodide provides
      2-(2-formamido-5-methoxyphenethyl)-1-methylpiperidine. This material is
      deformylated in 1N methanolic hydrogen chloride providing
      2-(2-amino-5-methoxyphenethyl)-1-methylpiperidine.
PAR  Another method of preparing
      2-(2-formamido-5-methoxyphenethyl)-1-methylpiperidine is to reduce
      2-(2-formamido-5-methoxyphenethyl)-1-methylpyridinium iodide first with
      sodium borohydride to provide
      2-(2-formamido-5-methoxyphenethyl)-1-methyltetrahydropyridine which is
      then reduced catalytically with palladium on carbon. This procedure is
      described in Example 4d.
PAC  EXAMPLE 4.
PAC  6-(o-Aminophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide (Racemate
      A and Racemate B)
PAC  a. N,N-Diethyl-6-(o-nitrostyryl)nicotinamide.
PAR  Reaction of o-nitrobenzaldehyde (41.7 g., 0.276 mole) with
      N,N-diethyl-6-methylnicotinamide (53.1 g., 0.276 mole) in the presence of
      acetic anhydride (56.3 g., 0.552 mole) according to the method of L.
      Horwitz, J. Org. Chem., 21, 1039 (1956) provides 67.4 g. (75%) of
      N,N-diethyl-6-(o-nitrostyryl)nicotinamide. Crystallization from
      acetonitrile affords the analytically pure nicotinamide having a melting
      point of 145.degree.-147.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.18 H.sub.19 N.sub.3 O.sub.3 : C, 66.44; H, 5.89;
      N, 12.92. Found: C, 66.62; H, 6.01; N, 12.68.
PAC  b. 6-(o-Aminophenethyl)-N,N-diethylnicotinamide.
PAR  N,N-diethyl-6-(o-nitrostyryl)nicotinamide (16.3 g., 0.05 mole) reduced in
      150 ml. of ethanol employing 0.1 g. of 10% palladium on carbon catalyst
      according to the procedure described in Example 2a for
      2-(o-aminophenethyl)pyridine provides
      6-(o-aminophenethyl)-N,N-diethylnicotinamide base. Addition of ethanolic
      hydrogen chloride to the nicotinamide base in ethanol provides
      6-(o-aminophenethyl)-N,N-diethylnicotinamide dihydrochloride, m.p.
      224.degree.-226.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.18 H.sub.25 Cl.sub.2 N.sub.3 O: C, 58.38; H,
      6.80; N, 11.35. Found: C, 58.21; H, 6.86; N, 11.31.
PAC  c. 5-Diethylcarbamyl-2-(o-formamidophenethyl)-1-methylpyridinium iodide.
PAR  Formylation of 6-(o-aminophenethyl)-N,N-diethylnicotinamide as described in
      Example 2b for 2-(o-formamidophenethyl)pyridine provides
      6-(o-formamidophenethyl)-N,N-diethylnicotinamide which is then methylated
      as described in Example 2c for 2-(o-formamidophenethyl)-1-methylpyridinium
      iodide to provide
      5-diethylcarbamyl-2-(o-formamidophenethyl)-1-methylpyridinium iodide. This
      product is employed in the following step without further purification.
PAC  (d) N,N-Diethyl-6-(o-formamidophenethyl)-1-methylpiperidine-3-carboxamide.
PAR  A 50% sodium hydroxide solution (9.6 g., 0.12 mole) in 45 ml. of water is
      added to a solution of 5-diethylcarbamyl
      -2-(o-formamidophenethyl)-1-methylpyridinium iodide (46.7 g., 0.1 mole) in
      300 ml. of methanol. Sodium borohydride (4.56 g., 0.12 mole) is added in
      portions with stirring to the reaction mixture. After 2 hr. the mixture is
      evaporated and water (500 ml.) is added to the resulting residue. This
      mixture is extracted with ether, the ethereal extracts washed with water,
      dried over magnesium sulfate and the ether evaporated. The resulting
      residue consisting of
      N,N-diethyl-6-(o-formamidophenethyl)-1-methyltetrahydro-pyridine-3-carboxa
     mide hydrogenated in a Parr apparatus in 200 ml. of ethanol employing 4 g.
      of 10% palladium on carbon as the catalyst at a temperature of
      50.degree.-70.degree. C. provides
      N,N-diethyl-6-(o-formamidophenethyl)-1-methylpiperidine-3-carboxamide.
PAC  e. 6-(o-Aminophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide.
PAR  N,N-Diethyl-6-(o-formamidophenethyl)-1-methylpiperidine-3-carboxamide is
      hydrolyzed to
      6-(o-aminophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide as
      described in Example 3d for 2-(o-methylaminophenethyl)-1-methylpiperidine.
PAC  f. Separation of
      6-(o-aminophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide into
      Racemate A and Racemate B.
PAR  Crude 6-(o-aminophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide (11
      g.) containing a 1:1 mixture of Racemate A and Racemate B which is
      obtained in the preceding steps by reduction of
      N,N-diethyl-6-(o-formamidophenethyl)-1-methylpiperidine-3-carboxamide is
      dissolved in 50 ml. of benzene and loaded on a 4 cm. diameter
      chromatographic column packed to a height of 45 cm. with silica gel (300
      g., 100-200 mesh). The column is eluted with the following solvent
      combinations and 100 ml. fractions collected: fractions 1-2, benzene;
      fractions 3-39, ethyl acetate-ethanol 7:3 plus 0.2% of 58% ammonium
      hydroxide; fractions 40-70, ethyl acetate-ethanol 1:1 plus 0.5 of 58%
      ammonium hydroxide; fractions 71-78, ethanol plus 0.5 of 58% ammonium
      hydroxide. Fractions  13 through 44 are combined and concentrated to
      provide about 4 to 5 g. of pure Racemate A as an oil. Evaporation of
      combined fractions 55-72 provides 3.2 g. of pure Racemate B as an oil.
PAC  EXAMPLE 5.
PAC  2-(o-Aminophenethyl)-5-ethyl-1-methylpiperidine (Racemate A and Racemate B)
PAC  a. 5-Ethyl-2-(o-nitrostyryl)pyridine.
PAR  Reaction of o-nitrobenzaldehyde (100 g., 0.66 mole) with
      5-ethyl-2-methylpyridine (80 g., 0.66 mole) in the presence of acetic
      anhydride (135 g., 1.32 mole) according to the method of L. Horwitz, J.
      Org. Chem., 21, 1039 (1956) provides 54.4 g. (32%) of
      5-ethyl-2-(o-nitrostyryl)pyridine. An analytical sample obtained by
      crystallization from isopropyl ether has a melting point of
      52.5.degree.-54.5.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.15 H.sub.14 N.sub.2 O.sub.2 : C, 70.85; H, 5.55;
      N, 11.02. Found: C, 71.01; H, 5.40; N, 10.96.
PAC  b. 2-(o-Aminophenethyl)-5-ethylpyridine.
PAR  Reduction of 5-ethyl-2-(o-nitrostyryl)pyridine as described in Example 2a
      for 2-(o-nitrostyryl)pyridine provides
      2-(o-aminophenethyl)-5-ethylpyridine having a melting point of
      52.5.degree.-53.5.degree.C. (corr.) when crystallized from isopropyl
      ether-heptane.
PAC  c. 5-Ethyl-2-(o-formamidophenethyl)pyridine.
PAR  Reaction of 2-(o-aminophenethyl)-5-ethylpyridine with acetic anhydride and
      formic acid according to the procedure described in Example 2b for
      2-(o-aminophenethyl)pyridine provides the formylated product
      5-ethyl-2-(o-formamidophenethyl)pyridine which can be crystallized from
      isopropyl ether, m.p. 62.degree.-63.5.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.16 H.sub.18 N.sub.2 O: C, 75.56; H, 7.13; N,
      11.02. Found: C, 75.53; H, 7.07; N, 10.96.
PAC  d. 5-Ethyl-2-(o-formamidophenethyl)-1-methylpyridinium iodide.
PAR  Reaction of 5-ethyl-2-(o-formamidophenethyl)pyridine with methyl iodide in
      acetone according to the procedure of Example 2c for
      2-(o-formamidophenethyl)pyridine provides a 74% yield of analytically pure
      5-ethyl-2-(o-formamidophenethyl)-1-methylpyridinium iodide having a
      melting point of 134.5.degree.-136.5.degree.C.
PAR  Analysis. Calcd. for C.sub.17 H.sub.21 IN.sub.2 O: C, 51.53; H, 5.34; N,
      7.07. Found: C, 51.79; H, 5.35; N, 6.84.
PAC  e. 5-Ethyl-2-(o-formamidophenethyl)-1-methylpiperidine.
PAR  Reduction of 5-ethyl-2-(o-formamidophenethyl)-1-methylpyridinium iodide as
      described in Example 4d for the corresponding N,N-diethyl-3-carboxamide
      provides 5-ethyl-2-(o-formamidophenethyl)-1-methylpiperidine comprised of
      a 1:1 mixture of Racemate A and Racemate B.
PAC  f. Separation of 2-(o-aminophenethyl)-5-ethyl-1-methylpiperidine into
      Racemate A and Racemate B.
PAR  Racemate B is isolated from the Racemate A and B mixture of
      5-ethyl-2-(o-formamidophenethyl)-1-methylpiperidine by treating 19.8 g. of
      the mixture with oxalic acid (9.15 g., 0.0723 mole) dihydrate in 200 ml.
      of ethanol which provides 14.3 g. of a crystalline solid (oxalic acid
      salt), m.p. 166.degree.-170.degree.C. Crystallization of this material
      from ethanol selectively provides 8.2 g., of the Racemate B of
      2-(o-formamidophenethyl)-5-ethyl-1-methylpiperidine as the oxalic acid
      salt, m.p. 174.degree.-176.degree.C.
PAR  Analysis. Calcd. for C.sub.17 H.sub.26 N.sub.2 O.C.sub. 2 H.sub.2 O.sub.4 :
      C, 62.62; H, 7.74; N, 7.69. Found: C, 62.45; H, 7.46; N, 7.76.
PAR  The oxalic acid salt of 2-(o-formamidophenethyl)-5-ethyl-1-methylpiperidine
      (Racemate B) is converted to the free base by treatment with potassium
      hydroxide.
PAR  Hydrolysis of the formamido free base is carried out by stirring with 125
      ml. of 1N methanolic hydrogen chloride for 24 hr. Concentration of the
      methanolic mixture in vacuo provides a residue which is taken up in water
      and made basic with 50% sodium hydroxide. Extraction of the basified
      mixture with ether and concentration of the ether extract provides 5.5 g.
      of 2-(o-aminophenethyl)-5-ethyl-1-methylpiperidine B Racemate free base.
PAR  The oxalic acid salt mother liquor remaining from isolation of
      2-(o-formamidophenethyl)-5-ethyl-1-methylpiperidine (Racemate B) which is
      enriched in 2-(o-formamidophenethyl)-5-ethyl-1-methylpiperidine (Racemate
      A) is converted to the free base. Deformylation of 6.7 g. of the
      5-ethyl-2-(o-formamidophenethyl)-1-methylpiperidine base in 250 ml. of 1N
      methanolic hydrogen chloride provides 5.1 g. of a hydrochloric acid salt,
      m.p. 235.degree.-238.degree.C. This salt selectively crystallized from
      ethanol-isopropyl ether provides 4.4 g. of material which is then
      converted to the free base providing 3.3 g. of
      2-(o-aminophenethyl)-5-ethyl-1-methylpiperidine (Racemate A) as an oil.
PAC  EXAMPLE 6.
PAC  2-(o-Isopropylaminophenethyl)-1-methylpiperidine.
PAR  A mixture of 0.01 mole of 2-(o-aminophenethyl)-1-methylpiperidine, 2.40 ml.
      (0.03 mole) of acetone, 0.63 ml. (0.01 mole) of acetic acid, and 0.25 g.
      of platinum oxide in 100 ml. of absolute ethanol is hydrogenated at 40
      p.s.i. until 0.01 mole of hydrogen has been absorbed. The reaction mixture
      is filtered, the filtrate acidified with ethanolic hydrogen chloride and
      evaporated to dryness at reduced pressure to provide
      2-(o-isopropylaminophenethyl)-1-methylpiperidine as a dihydrochloride
      salt. Alternatively, the reaction mixture can be filtered, and
      concentrated to provide the
      2'-(o-isopropylaminophenethyl)-1-methylpiperidine as an acetate salt.
PAR  In a similar manner by employing other o-aminophenethylpiperidines, other
      2-(o-alkylaminophenethyl)-1-methylpiperidines can be prepared.
PAR  The free base is isolated from either the hydrochloric acid or acetate
      addition salt by standard procedures well known to those skilled in the
      art. For example, the dihydrochloride salt of
      2-(o-isopropylaminophenethyl)-1-methylpiperidine is dissolved in water,
      neutralized with sodium hydroxide. The free base is extracted from the
      mixture with an immiscible solvent such as ether or ethyl acetate.
      Concentration of the extracted mixture provides the isolated free base.
PAC  EXAMPLE 7-24.
PAC  Additional o-aminophenethylpiperidines.
PAR  By employing the procedures of Examples 1-6, other
      o-aminophenethylpiperidines which are useful for the preparation of the
      compounds of Formula I are obtained. Representative of the
      o-aminophenethylpiperidines of the present invention are listed in Table
      I, along with starting materials and reference to the experiment number
      wherein the procedure is described. It will be readily apparent to those
      skilled in the art that in many instances, a particular
      o-aminophenethylpiperidine can be prepared by more than one procedure.
      Thus, for example 2-(o-aminophenethyl)-1-methylpiperidine obtained in
      Example 1 can be prepared according to the method of Example 3 by
      hydrolyzing 2'-[2-(1-methyl-2-piperidyl)ethyl]formanilide which is
      obtained from 2-(o-nitrostyryl)piperidine.
      ##SPC16##
TBL  __________________________________________________________________________

                                                           Procedure           

     Example                                                                   

          R.sup.1                                                              

                R.sup.2                                                        

                       R.sup.3  R.sup.4   Starting Materials                   

                                                           (Example            

     __________________________________________________________________________

                                                           No.)                

      7   H     H      CH.sub.3                                                

                             CH.sub.3                                          

                                     2,5-dimethylpyridine and                  

                                                           5-nitro-            

                                     benzaldehyde                              

      8   H     H      CH.sub.3                                                

                             n-C.sub.4 H.sub.9                                 

                                     5-n-butyl-2-methylpyridine                

                                                           5nd                 

                                     o-nitrobenzaldehyde                       

      9   H     H      CH.sub.3                                                

                             (CH.sub.3).sub.2 CH                               

                                     5-isopropyl-2-methylpyridine              

                                                           5nd                 

                                     o-nitrobenzaldehyde                       

     10   H     (CH.sub.3).sub.2 CHO                                           

                       CH.sub.3                                                

                             CH(CH.sub.3).sub.2                                

                                     5-isopropyl-2-methylpyridine              

                                                           5nd                 

                                     2-nitro-5-isopropoxybenzaldehyde          

     11   H     H      CH.sub.3                                                

                             CON(CH.sub.3).sub.2                               

                                     o-nitrobenzaldehyde and                   

                                                           4,N-dimethyl-       

                                     6-methylnicotinamide                      

     12   H     H      CH.sub.3                                                

                             CON(n-C.sub.4 H.sub.9).sub.2                      

                                     o-nitrobenzaldehyde and                   

                                                           4,N-di(n-           

                                     butyl)-6-methylnicotinamide               

     13   H     CH.sub.3 O                                                     

                       CH.sub.3                                                

                             CH.sub.3                                          

                                     2,5-dimethylpyridine and                  

                                                           5-nitro-            

                                     5-methoxybenzaldehyde                     

     14   H     n-C.sub.4 H.sub.9 O                                            

                       CH.sub.3                                                

                             H       2-methylpyridine, 2-nitro-5-n-butoxy-     

                                                           3                   

                                     benzaldehyde and methyl iodide            

     15   H     H      n-C.sub.4 H.sub.9                                       

                             H       2-methylpyridine, o-nitrobenzaldehyde     

                                                           3                   

                                     and 1-iodobutane                          

     16   H     H      (CH.sub.3).sub.3 C                                      

                             H       2-methylpyridine, o-nitrobenzaldehyde     

                                                           3                   

                                     and 1-iodo-2-methylpropane                

     17   H     CH.sub.3 O                                                     

                       (CH.sub.3).sub.2 CH                                     

                             H       2-methylpyridine, 2-nitro-5-methoxy-      

                                                           3                   

                                     benzaldehyde and 2-iodopropane            

     18   CH.sub.3                                                             

                H      CH.sub.3                                                

                             CH.sub.3                                          

                                     2,5-dimethylpyridine, o-nitrobenz-        

                                                           2                   

                                     aldehyde                                  

     19   n-C.sub.4 H.sub.9                                                    

                H      CH.sub.3                                                

                             H       2-methylpyridine, o-nitrobenzaldehyde     

                                                           2                   

                                     and butyryl chloride                      

     20   CH.sub.3                                                             

                CH.sub.3 O                                                     

                       CH.sub.3                                                

                             H       2-methylpyridine and 2-nitro-5-           

                                                           2                   

                                     methoxybenzaldehyde                       

     21   H     H      (CH.sub.3).sub.2 CH                                     

                             H       1-isopropyl-2-methylpyridinium            

                                                           1                   

                                     iodide and o-nitrobenzaldehyde            

     22   C.sub.2 H.sub.5                                                      

                H      CH.sub.3                                                

                             H       2-(o-aminophenethyl)-1-methylpiperidine   

                                                           6                   

                                     and acetaldehyde                          

     23   (CH.sub.3).sub.2 CH                                                  

                CH.sub.3 O                                                     

                       CH.sub.3                                                

                             H       2-(2-amino-5-methoxyphenethyl)-1-         

                                                           6                   

                                     methylpiperidine and acetone              

     24   CH.sub.3                                                             

                CH.sub.3 O                                                     

                       CH.sub.3                                                

                             C.sub.2 H.sub.5                                   

                                     5-ethyl-2-methylpyridine and              

                                                           2-nitro-            

                                     5-methoxybenzaldehyde                     

     __________________________________________________________________________

PAC  EXAMPLE 25.
PAC  2'-[2-(1-Methyl-2-piperidyl)ethyl]-cinnamanilide.
PAR  Cinnamoyl chloride (6.0 g., 0.036 mole) is added to a solution of
      2-(o-aminophenethyl)-1-methylpiperidine (7.8 g., 0.036 mole) in 100 ml. of
      pyridine in one portion with vigorous stirring. Stirring is continued for
      3 hours and the pyridine solution is then concentrated in vacuo. The
      resulting residue is taken up in 150 ml. of water and made basic with 40%
      sodium hydroxide. The basified solution is extracted with several 200 ml.
      portions of ether, which are combined, washed with water, dried over
      magnesium sulfate and the ether solvent evaporated. The residue thus
      obtained crystallizes and is further purified by crystallizing from
      isopropyl ether providing 8.7 g. (70% yield) of analytically pure
      2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide melting at
      101.5.degree.-103.5.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.23 H.sub.28 N.sub.2 O: C, 79.27; H, 8.10; N,
      8.04. Found: C, 79.24; H, 8.35; N, 8.09.
PAC  Example 26.
PAC  2'-[2-(1-Methyl-2-piperidyl)ethyl]-.alpha.-methylcinnamanilide mucate.
PAR  By substituting a molar equivalent of .alpha.-methylcinnamoyl chloride in
      lieu of cinnamoyl chloride in Example 25, the substituted
      phenethylpiperidine free base is obtained. The mucate salt is prepared by
      dissolving the free base in methanol and adding mucic acid to the
      methanolic solution until the solid mucic acid no longer dissolves.
      Undissolved mucic acid is removed by filtering and the filtrate
      concentrated. The residue which remains is crystallized from ethanol-ethyl
      acetate to provide analytically pure
      2'-[2-(1-methyl-2-piperidyl)ethyl]-.alpha.-methylcinnamanilide mucate
      having a melting point of 154.5.degree.-156.5.degree.C. (dec.)(corr.).
PAR  Analysis. Calcd. for C.sub.24 H.sub.30 N.sub.20.1/2C.sub.6 H.sub.10 O.sub.8
      : C, 69.35; H, 7.54; N, 5.99. Found: C, 69.25; H, 7.59; N, 5.89.
PAC  EXAMPLE 27.
PAC  N-Methyl-2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide mucate.
PAR  By substituting a molar equivalent of
      2-(o-methylaminophenethyl)-1-methylpiperidine in lieu of
      2-(o-aminophenethyl)-1-methylpiperidine in Example 25,
      N-methyl2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide is obtained. The
      mucate salt is prepared according to Example 26, and is crystallized from
      methanol to provide analytically pure
      N-methyl-2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide mucate in 38%
      yield having a melting point of 174.degree.-176.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.24 H.sub.30 N.sub.2 0.1/2C.sub.6 H.sub.10
      O.sub.8 : C, 69.35; H, 7.54; N, 5.99. Found: C, 69.38; H, 7.56; N, 5.97.
PAC  EXAMPLE 28.
PAC  4'-Methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide.
PAR  By substituting a molar equivalent of
      2-(2-amino-5-methoxyphenethyl)-1-methylpiperidine in lieu of
      2-(o-aminophenethyl)-1-methylpiperidine in Example 25, the
      phenethylpiperidine free base is obtained. Analytically pure
      4'-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide is obtained by
      crystallizing the crude free base from isopropyl acetate and has a melting
      point of 126.5.degree.-127.5.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.24 H.sub.30 N.sub.2 O.sub.2 : C, 76,15; H, 7.99;
      N, 7.40. Found: C, 76.37; H, 7.93; N, 7.36.
PAC  EXAMPLE 29
PAC  6-(o-Cinnamidophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxyamide
      mucate (Racemate A).
PAR  Reaction of the Racemate A of
      6-(o-aminophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide (5.1 g.,
      0.16 mole) obtained in Example 4f with cinnamoyl chloride (3.2 g., 0.19
      mole) in 70 ml. of pyridine according to the method of Example 25 provides
      7.3 g. of the free piperidine carboxamide base. The free base reacted with
      mucic acid in boiling methanol provides the mucate salt. This methanol
      soluble mucate salt is dissolved in methanol and precipitated therefrom
      the addition of isopropyl ether. Crystallization from ethanol-isopropyl
      ether provides 3.4 g. of
      6-(o-cinnamidophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide
      mucate hydrated with water, m.p. 79.degree.-110.degree.C.
PAR  Analysis. Calcd. for C.sub.28 H.sub.37 N.sub.3 O.sub.2.1/2C.sub.6 H.sub.10
      O.sub.8.1/2H.sub.2 O: C, 64.45; H, 7.50; N, 7.27. Found: C, 64.38; H,
      7.69; N, 6.89.
PAR  Crystallization of this material from methanol provides a methanol solvated
      mucate salt. The methanol solvate is removed by drying at 82.degree.C. in
      vacuo for 24 hr. to provide a methanol free product having a melting point
      of 117.degree.-120.degree.C. (corr.).
PAC  EXAMPLE 30
PAC  6-(o-Cinnamidophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide
      cinnamate (Racemate B).
PAR  Reaction of the Racemate B of
      6-(o-aminophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide (4.1 g.,
      0.13 mole) obtained in Example 4f with cinnamoyl chloride (2.6 g., 0.015
      mole) in 40 ml. of pyridine according to the method of Example 25 provides
      6.0 g., of the free base. The free base is taken up in 100 ml. of ethanol
      and treated with cinnamic acid (1.98 g., 0.013 mole). The cinnamic acid
      salt of
      6-(o-cinnamidophenethyl)N,N-diethyl-1-methylpiperidine-3-carboxamide is
      precipitated from the ethanolic solution by the addition of isopropyl
      ether to provide 5.3 g. of solid with a melting point of
      156.degree.-160.degree.C.
PAR  Crystallization from methanol-isopropyl ether provides analytically pure
      Racemate B product which has a melting point of 158.degree.-164.degree.C.
      (corr.).
PAR  Analysis. Calcd. for C.sub.28 H.sub.37 N.sub.3 O.sub.2.C.sub.9 H.sub.8
      O.sub.2 : C, 74.59; H, 7.61; N, 7.05. Found: C, 74.33; H, 7.89; N, 7.07.
PAC  EXAMPLE 31
PAC  2'-[2-(5-Ethyl-1-methyl-2-piperidyl)ethyl]cinnamanilide hydrochloride
      (Racemate A).
PAR  Reaction of 2'-(o-aminophenethyl)-5-ethyl-1-methylpiperidine (3.3 g.,
      0.0134 mole) obtained in Example 5 (f) with cinnamoyl chloride (2.7 g.,
      0.016 mole) in 50 ml. of pyridine according to the method of Example 25
      provides 4.2 g. of the hydrochloric salt, m.p. 184.degree.-186.degree.C.
      Crystallization of the salt from isopropanol affords 3.6 g., (65%) of
      2'-[2-(5-ethyl-1-methyl-2-piperidyl)ethyl]cinnamaldehyde hydrochloride
      (Racemate A), m.p. 184.degree.-187.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.25 H.sub.33 ClN.sub. 2 O: C, 72.70; H, 8.05; N,
      6.78. Found: C, 72.82; H, 8.37; N, 6.45.
PAC  EXAMPLE 32.
PAC  2'-[2-(5-ethyl-1-methyl-2-piperidyl)ethyl]cinnamanilide hydrate (Racemate
      B).
PAR  Racemate B of 5-ethyl-2'-(o-formamidophenethyl)-1-methylpiperidine free
      base (5.5 g., 0.0224 mole) obtained in Example 5f reacted with cinnamoyl
      chloride (4.1 g., 0.0246 mole) in 75 ml. of pyridine according to the
      method of Example 25 provides
      2'-[2-(5-ethyl-1-methyl-2-piperidyl)ethyl]cinnamanilide (Racemate B). This
      substance is purified by crystallization from acetone containing a trace
      of water and yields 3.4 g. of
      2'-[2-(5-ethyl-1-methyl2-piperidyl)ethyl]cinnamanilide hydrate, m.p.
      91.degree.-98.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.25 H.sub.32 N.sub.2 O.H.sub.2 O: C, 76.10; H,
      8.69; N, 7.10; H.sub.2 O, 4.57. Found: C, 76.24; H, 8.47; N, 7.19; H.sub.2
      O, 4.29.
PAC  EXAMPLES 33-54.
PAC  Additional Cinnamanilides and formanilides.
PAR  The cinnamanilides and formanilides listed in Table II are prepared from
      the specified reactants according to the procedures described in Examples
      25-32 as will be clear to those skilled in the art.
      ##SPC17##
TBL  __________________________________________________________________________

     Ex.                                                                       

        R.sup.1                                                                

              R.sup.2                                                          

                     R.sup.3                                                   

                           R.sup.4 R.sup.5   Reactants                         

     __________________________________________________________________________

     33 C.sub.2 H.sub.5                                                        

             n-C.sub. 4 H.sub.9 O                                              

                    CH.sub.3                                                   

                          H       --CH=CH--.phi.                               

                                         2-(2-ethylamino-5-n-butoxyphenethyl)-1

                                         -                                     

                                         methylpiperidine and cinnamoyl        

                                         chloride                              

     34 C.sub.2 H.sub.5                                                        

             n-C.sub. 4 H.sub.9 O                                              

                    CH.sub.3                                                   

                          H       H      2-(2-ethylamino-5-n-butoxyphenethyl)-1

                                         -                                     

                                         methylpiperidine and formic           

                                         acid-acetic                           

                                         anhydride                             

     35 CH.sub.3                                                               

             H      n-C.sub. 4 H.sub.9                                         

                          H       --CH=CH--.phi.                               

                                         2-(o-methylaminophenethyl)-1-n-butyl- 

                                         .                                     

                                         piperidine and cinnamoyl chloride     

     36 CH.sub.3                                                               

             H      (CH.sub.3).sub.2 CH                                        

                          H       H      2-(o-methylaminophenethyl)-1-isopropyl

                                         -                                     

                                         piperidine and formic acid-acetic     

                                         anhydride                             

     37 n--C.sub.4 H.sub.9                                                     

             H      CH.sub.3                                                   

                          H       --CH=CH--.phi.                               

                                         2-(2-n-butylaminophenethyl)-1-methylpi

                                         peridine                              

                                         and cinnamoyl chloride                

     38 n--C.sub.4 H.sub.9                                                     

             H      CH.sub.3                                                   

                          H       H      2-(2-n-butylaminophenethyl)-1-methylpi

                                         peridine                              

                                         and formic acid-acetic anhydride      

     39 H    H      CH.sub.3                                                   

                          CH.sub. 3                                            

                                  --CH=CH--.phi.                               

                                         2-(o-aminophenethyl)-5-methyl-1-methyl

                                         -                                     

                                         piperidine and cinnamoyl chloride     

     40 H    H      CH.sub.3                                                   

                          CH.sub.3                                             

                                  H      2-(o-aminophenethyl)-5-methyl-1-methyl

                                         -                                     

                                         piperidine and formic acid-acetic     

                                         anhydride                             

     41 H    H      CH.sub.3                                                   

                          n-C.sub. 4 H.sub.9                                   

                                  --CH=CH--.phi.                               

                                         2-(o-aminophenethyl)-5-n-butyl-1-methy

                                         l-                                    

                                         piperidine and cinnamoyl chloride     

     42 H    H      CH.sub.3                                                   

                          n-C.sub. 4 H.sub.9                                   

                                  H      2-(o-aminophenethyl)-5-n-butyl-1-methy

                                         l-                                    

                                         piperidine and formic acid-acetic     

                                         anhydride                             

     43 H    (CH.sub.3).sub.2 CHO                                              

                    CH.sub.3                                                   

                          (CH.sub.3).sub.2 CH                                  

                                  --CH=CH--.phi.                               

                                         2-(2-amino-5-isopropoxyphenethyl)-5-  

                                         isospropyl-1-methylpiperidine and     

                                         cinnamoyl chloride                    

     44 H    (CH.sub.3).sub.2 CHO                                              

                    CH.sub.3                                                   

                          (CH.sub.3).sub.2 CH                                  

                                  H      2-(2-amino-5-isopropoxyphenethyl)-5-  

                                         isopropyl-1-methylpiperidine and      

                                         formic acid-acetic anhydride          

     45 H    H      CH.sub.3                                                   

                          CON(CH.sub.3).sub.2                                  

                                  --CH=CH--.phi.                               

                                         6-(o-aminophenethyl)-N,N-dimethyl-1-  

                                         methylpiperidine-3-carboxamide and    

                                         cinnamoyl chloride                    

     46 H    H      CH.sub.3                                                   

                          CON(CH.sub.3).sub.2                                  

                                  H      6-(o-aminophenethyl)-N,N-dimethyl-1-  

                                         methylpiperidine-3-carboxamide and    

                                         formic acid-acetic anhydride          

     47 H    H      CH.sub.3                                                   

                          CON(n-C.sub.4 H.sub.9).sub.2                         

                                  --CH=CH--.phi.                               

                                         6-(o-aminophenethyl)-N,N-di-n-butyl-1-

                                         methylpiperidine-3-carboxamide and    

                                         formic acid-acetic anhydride          

     48 H    H      CH.sub.3                                                   

                          CON(n-C.sub.4 H.sub.9).sub.2                         

                                  H      6-(o-aminophenethyl)-N,N-di-n-butyl-1-

                                         methylpiperidine-3-carboxamide and    

                                         formic acid-acetic anhydride          

     49 CH.sub.3                                                               

             CH.sub.3 O                                                        

                    CH.sub.3                                                   

                          CON(C.sub.2 H.sub.5).sub.2                           

                                  --CH=CH--.phi.                               

                                         6-(2-methylamino-5-methoxyphenethyl)-N

                                         ,N-                                   

                                         diethyl-1-methylpiperidine-3-carboxami

                                         de                                    

                                         and cinnamoyl chloride                

     50 CH.sub.3                                                               

             CH.sub.3 O                                                        

                    CH.sub.3                                                   

                          CON(C.sub.2 H.sub.5).sub.2                           

                                  H      6-(2-methylamino-5-methoxyphenethyl)-N

                                         ,N-                                   

                                         diethyl-1-methylpiperidine-3-carboxami

                                         de                                    

                                         and formic acid-acetic anhydride      

     51 H    H      CH.sub.3                                                   

                          H       --C=CH--.phi.                                

                                         2-(o-aminophenethyl)-1-methylpiperidin

                                         e                                     

                                  .vertline.                                   

                                  C.sub.2 H.sub.5                              

                                         and .alpha.-ethylcinnamoyl chloride   

     52 n-C.sub. 4 H.sub.9                                                     

             H      CH.sub. 3                                                  

                          H       --C=CH--.phi.                                

                                         2-(2-n-butylaminophenethyl)-1-methyl- 

                                  .vertline.                                   

                                  C.sub.2 H.sub.5                              

                                         piperidine and .alpha.-ethylcinnamoyl 

                                         chloride                              

     53 H    H      CH.sub.3                                                   

                          H       --C=CH--.phi.                                

                                         2-(o-aminophenethyl)-1-methylpiperidin

                                         e                                     

                                  .vertline.                                   

                                  n-C.sub. 4 H.sub.9                           

                                         and .alpha.-n-butylcinnamoyl          

                                         chloride                              

     54 H    H      CH.sub.3                                                   

                          H       --C=CH--.phi.                                

                                         2-(o-aminophenethyl)-1-methylpiperidin

                                         e                                     

                                  .vertline.                                   

                                  CH(CH.sub.3).sub.2                           

                                         and .alpha.-isopropylcinnamoyl        

                                         chloride                              

     __________________________________________________________________________

PAC  EXAMPLE 55.
PAC  2'-[2-(1-Methyl-2-piperidyl)ethyl]-2-thiophenecarboxanilide mucate.
PAR  2-Thiophenecarbonyl chloride (11.7 g., 0.08 mole) is added in one portion
      to 2-(o-aminophenethyl)-1-methylpiperidine (10.0 g., 0.046 mole) in 50 ml.
      of pyridine with stirring. The mixture stirred for 0.5 hr. and
      concentrated in vacuo provides a residue which is taken up in 50 ml. of
      water and made basic (pH 9-10) with potassium carbonate. The aqueous
      mixture is extracted with ether, the ethereal extract washed with water
      and after drying over magnesium sulfate, concentrated to provide the
      thiophenecarboxanilide base.
PAR  The mucate salt is prepared by dissolving the free base in ethanol and
      adding mucic acid to the ethanolic solution until solid mucic acid no
      longer dissolves. Insoluble mucic acid is removed by filtration and the
      ethanolic filtrate diluted with ethyl acetate to incipient turbidity. This
      provides 14.0 g. of the mucate salt which crystallized from ethanol-ethyl
      acetate provides 6.4 g. of analytically pure
      2'-[2-(1-methyl-2-piperidyl)ethyl]-2-thiophenecarboxanilide, m.p.
      143.5.degree.-146.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.19 H.sub.24 N.sub.2 OS.1/2C.sub.6 H.sub.10
      O.sub.8 : C, 60.95; H, 6.74; N, 6.46; S, 7.40. Found: C, 60.83; H, 6.57;
      N, 6.43; S, 7.22.
PAC  EXAMPLES 56-64.
PAC  Additional thiophenecarboxanilides.
PAR  By substituting the appropriate 2-(o-aminophenethyl)piperidine in lieu of
      2-(o-aminophenethyl)-1-methylpiperidine in Example 55, the
      thiophenecarboxanilides of Table III are prepared.
      ##SPC18##
TBL  __________________________________________________________________________

     Example R.sup.1                                                           

                    R.sup.2                                                    

                           R.sup.3                                             

                                  R.sup.4 Reactants                            

     __________________________________________________________________________

     56    CH.sub.3                                                            

                 H       CH.sub.3                                              

                               H       2-(o-methylaminophenethyl)-1-methylpiper

                                       idine                                   

                                       and 2-thiophenecarbonyl chloride        

     57    n-C.sub.4 H.sub.9                                                   

                 H       CH.sub.3                                              

                               H       2-(2-n-butylaminophenethyl)-1-methylpipe

                                       ridine                                  

                                       and 2-thiophenecarbonyl chloride        

     58    H     CH.sub.3 O                                                    

                         CH.sub.3                                              

                               H       2-(2-amino-5-methoxyphenethyl)-1-methylp

                                       iperidine                               

                                       and 2-thiophenecarbonyl chloride        

     59    H     n-C.sub.4 H.sub.9 O                                           

                         CH.sub.3                                              

                               H       2-(2-amino-5-n-butoxyphenethyl)-1-methyl

                                       piperidine                              

                                       and 2-thiophenecarbonyl chloride        

     60    H     H       n-C.sub.4 H.sub.9                                     

                               H       2-(o-aminophenethyl)-1-n-butylpiperidine

                                        and                                    

                                       2-thiophenecarbonyl chloride            

     61    H     H       CH.sub.3                                              

                               CH.sub.3                                        

                                       2-(o-aminophenethyl)-5-methyl-1-methylpi

                                       peridine                                

                                       and 2-thiophenecarbonyl chloride        

     62    H     H       CH.sub.3                                              

                               n-C.sub.4 H.sub.9                               

                                       2-(o-aminophenethyl)-5-n-butyl-1-methyl-

                                       piperidine and 2-thiophenecarbonyl      

                                       chloride                                

     63    H     (CH.sub.3).sub.2 CHO                                          

                         CH.sub.3                                              

                               H       2-(2-amino-5-isopropoxyphenethyl)-1-meth

                                       yl-                                     

                                       piperidine and 2-thiophenecarbonyl      

                                       chloride                                

     64    H     H       CH.sub.3                                              

                               CON(C.sub.2 H.sub.5).sub.2                      

                                       6-(o-aminophenethyl)-N,N-diethyl-1-methy

                                       l-                                      

                                       piperidine-3-carboxamide and            

                                       2-thiophene-                            

                                       carbonyl chloride                       

     __________________________________________________________________________

PAC  EXAMPLE 65.
PAC  2'-[2-(1-Methyl-2-piperidyl)ethyl]acetanilide mucate.
PAR  By substituting a molar equivalent of acetyl chloride in lieu of cinnamoyl
      chloride in Example 25, 2'-[2-(1-methyl-2-piperidyl)ethyl]acetanilide free
      base is obtained. The crude free base is converted to the crystalline
      mucate according to the procedure of Example 26 and crystallized from
      ethanol to provide analytically pure
      2'-[2-(1-methyl-2-piperidyl)ethyl]acetanilide mucate, m.p.
      173.5.degree.-174.5.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.16 H.sub.24 N.sub.2 O.1/2C.sub.6 H.sub.10
      O.sub.8 : C, 62.44; H, 8.00; N, 7.66. Found: C, 62.47; H, 8.29; N, 7.79.
PAR  An alternative preparation of 2'-[2-(1-methyl-2-piperidyl)ethyl]acetanilide
      mucate is as follows. 2-(o-Acetamidophenethyl)pyridine (12.6 g., 0.05
      mole) obtained according to D. H. Hey and J. M. Osbond, J. Chem. Soc.,
      3170 (1949), is reacted with methyl iodide (7.9 g., 0.055 mole) in 100 ml.
      of acetone according to the method of Example 2 c to provide 11.5 g. (60%)
      of 2-(o-acetamidophenethyl)pyridinium iodide, m.p.
      229.5.degree.-231.5.degree.C. (corr.), (crystallized from ethanol).
PAR  Analysis. Calcd. for C.sub.16 H.sub.19 IN.sub.2 O: C, 50.37; H, 5.01; N,
      7.33. Found: C, 49.97; H, 4.84; N, 7.22.
PAR  Reduction of 2-(o-acetamidophenethyl)pyridinium iodide in ethanol employing
      platinum oxide catalyst according to the procedure of Example 1 provides
      the piperidyl free base which is then converted to
      20'-[2-(1-methyl-2-piperidyl)ethyl]acetanilide mucate according to Example
      26.
PAC  EXAMPLE 66.
PAC  6-(o-Acetamidophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide
      (Racemate A and Racemate B).
PAR  Acylation of 6-(o-aminophenethyl)-N,N-diethylnicotinamide in chloroform
      with acetic anhydride provides
      6-(o-acetamidophenethyl)-N,N-diethylnicotinamide which methylated with
      methyl iodide in acetone according to the procedure of Example 2 c yields
      2-(o-acetamidophenethyl)-5-diethylcarbamyl-1-methylpyridinium iodide.
      Passing an aqueous solution of
      2-(o-acetamidophenethyl)-5-diethylcarbamyl-1-methylpyridinium iodide
      through a Dowex 21-K 50-100 mesh ion exchange column in the Cl.sup.- form
      provides 2-(o-acetamidophenethyl)-5-diethylcarbamyl-1-methylpyridinium
      chloride which is isolated by concentration of the aqueous solution.
PAR  Reduction of 2-(o-acetamidophenethyl)-5-diethylcarbamyl-1-methylpyridinium
      chloride in ethanol according to the method of Example 1 provides a
      mixture of the two racemates (Racemate A and Racemate B) of
      6-(o-acetamidophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide
      which are chromatographically separated as follows. A chromatographic
      column (4 cm. diameter) is packed to a height of 45 cm. with silica gel
      (300 g., 100-200 mesh, Davison Chemical Company, Grade 923) as a slurry in
      benzene. A mixture of Racemate A and B of
      6-(o-acetamidophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide
      (10.8 g.) is loaded on the column in 50 ml. of benzene. The following 100
      ml. fractions were collected. Fractions 1 to 3, benzene; fractions 4-43,
      ethanol-ethyl acetate 3:7 + 0.2% 58% NH.sub.4 OH; fractions 44-70,
      ethanolethyl acetate 1:1 + 5% 58% NH.sub.4 OH; fractions 71-84, ethanol +
      0.5% 58% NH.sub.4 OH. Fractions 5-36 are combined and evaporated to
      provide 2.4 g. of chromatographically pure (thin-layer) Racemate A.
      Fractions 55-84 are combined and evaporated to provide 5.9 g. of Racemate
      B. Racemates A and B are further purified by distillation in a sublimator
      at 0.02 mm. Hg.
PAR  Analytical values, infrared and n.m.r. spectra are consistent for Racemate
      A and Racemate B.
PAR  Analysis. Calcd. for C.sub.21 H.sub.33 N.sub.3 O.sub.2 : C, 70.16; H, 9.26;
      N, 11.69. Found: (Racemate A) C, 70.51; H, 9.40; N, 11.82; (Racemate B) C,
      70.03; H, 9.44; N, 11.75.
PAR  An alternate method of preparing Racemate A and Racemate B of
      6-(o-acetamidophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide
      comprises the reaction of acetic anhydride with
      6-(o-aminophenethyl)-N,N-diethyl-1-methylpiperidine-3-carboxamide Racemate
      A and Racemate B obtained in Example 4f.
PAC  EXAMPLES 67-75.
PAC  Additional alkanoyl anilides.
PAR  The alkanoyl anilides listed in Table IV are prepared from the specified
      reactants according to the procedures of Examples 25-32 as will be clear
      to those skilled in the art.
      ##SPC19##
TBL  __________________________________________________________________________

     Example                                                                   

            R.sup.1                                                            

                 R.sup.2                                                       

                      R.sup.3                                                  

                            R.sup.4                                            

                                   R.sup.5  Reactants                          

     __________________________________________________________________________

     67   CH.sub.3                                                             

               H     CH.sub.3                                                  

                          H      CH.sub.3 CO                                   

                                         2-(o-methylaminophenethyl)-1-methylpip

                                         eridine                               

                                         and acetic anhydride                  

     68   n-C.sub.4 H.sub.9                                                    

               H     CH.sub.3                                                  

                          H      CH.sub.3 CO                                   

                                         2-(2-n-butylaminophenethyl)-1-methylpi

                                         peridine                              

                                         and acetic anhydride                  

     69   H    CH.sub.3 O                                                      

                     CH.sub.3                                                  

                          H      CH.sub.3 CO                                   

                                         2-(2-amino-5-methoxyphenethyl)-1-methy

                                         l-                                    

                                         piperidine and acetic anhydride       

     70   H    H     n-C.sub.4 H.sub.9                                         

                          H      CH.sub.3 CO                                   

                                         2-(o-aminophenethyl)-1-n-butylpiperidi

                                         ne and                                

                                         acetic anhydride                      

     71   H    H     CH.sub.3                                                  

                          C.sub.2 H.sub.5                                      

                                 CH.sub.3 CO                                   

                                         2-(o-aminophenethyl)-5-ethyl-1-methyl-

                                         piperidine and acetic anhydride       

     72   H    H     CH.sub.3                                                  

                          CON(C.sub.2 H.sub.5).sub.2                           

                                 CH.sub.3 CO                                   

                                         6-(o-aminophenethyl)-N,N-diethyl-1-met

                                         hyl-                                  

                                         piperidine-3-carboxamide and acetic   

                                         anhydride                             

     73   H    H     CH.sub.3                                                  

                          H      CH.sub.3 (CH.sub.2).sub.2 CO                  

                                         2-(0-aminophenethyl)-1-methylpiperidin

                                         e and                                 

                                         n-butyric anhydride                   

     74   H    H     CH.sub.3                                                  

                          H      (CH.sub.3).sub.2 CHCO                         

                                         2-(o-aminophenethyl)-1-methylpiperidin

                                         e and                                 

                                         iso-butyric anhydride                 

     75   H    n-C.sub.4 H.sub.9 O                                             

                     CH.sub.3                                                  

                          H      CH.sub.3 CH.sub.2 CO                          

                                         2-(2-amino-5-n-butoxyphenethyl)-1-meth

                                         yl-                                   

                                         piperidine and propionic              

     __________________________________________________________________________

                                         anhydride                             

PAR  Reduction of alkanoyl anilides with lithium aluminum hydride provides
      2-(o-alkylaminophenethyl)-1-alkylpiperidine intermediates which can be
      acylated or sulfonylated to provide additional products of the present
      invention. For example, reduction of alkanoyl anilides of Table IV wherein
      R.sup.1 is hydrogen according to the method of Example 2e with lithium
      aluminum hydride provides
PA1  2-(2-ethylamino-5-methoxyphenethyl)-1-methylpiperidine,
PA1  2-(o-ethylaminophenethyl)-1-n-butylpiperidine,
PA1  2-(o-ethylaminophenethyl)-5-ethyl-1-methylpiperidine,
PA1  2-(2-n-butylaminophenethyl)-1-methylpiperidine,
PA1  2-(o-isobutylaminophenethyl)-1-methylpiperidine,
PA1  2-(2-n-propylamino-5-n-butoxyphenethyl)-1-methylpiperidine.
PAC  EXAMPLE 76.
PAC  2'-[2-(1-Methyl-2-piperidyl)ethyl]methanesulfonanilide.
PAR  Reaction of methanesulfonyl chloride (5.7 g., 0.05 mole) with
      2-(o-aminophenethyl)-1-methylpiperidine (9.8 g., 0.045 mole) in 75 ml. of
      pyridine according to the procedure of Example 25 provides 5.6 g. (41%) of
      analytically pure 2'-[2-(1-methyl-2-piperidyl)ethyl]methanesulfonanilide
      (crystallized from ethanol), m.p. 91.5.degree.-93.5.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.15 H.sub.24 N.sub.2 O.sub.2 S: C, 60.78; H,
      8.16; N, 9.45. Found: C, 60.55; H, 8.12; N, 9.54.
PAC  EXAMPLES 77-86.
PAC  Additional alkanesulfonanilides.
PAR  The alkanesulfonanilides listed in Table V are prepared from the specified
      reactants according to the procedures of Examples 25-32 as will be clear
      to those skilled in the art. v,105/17
TBL  __________________________________________________________________________

     Example                                                                   

            R.sup.1                                                            

                 R.sup.2                                                       

                      R.sup.3                                                  

                            R.sup.4                                            

                                   R.sup.5  Reactants                          

     __________________________________________________________________________

     77   CH.sub.3                                                             

               H     CH.sub.3                                                  

                          H      CH.sub.3 SO.sub.2                             

                                         2-(o-methylaminophenethyl)-1-methylpip

                                         eridine                               

                                         and methanesulfonyl chloride          

     78   n-C.sub.4 H.sub.9                                                    

               H     CH.sub.3                                                  

                          H      CH.sub.3 SO.sub.2                             

                                         2-(2-n-butylaminophenethyl)-1-methylpi

                                         peridine                              

                                         and methanesulfonyl chloride          

     79   H    CH.sub.3 O                                                      

                     CH.sub.3                                                  

                          H      CH.sub.3 SO.sub.2                             

                                         2-(2-amino-5-methoxyphenethyl)-1-methy

                                         l-                                    

                                         piperidine and methanesulfonyl        

                                         chloride                              

     80   H    H     n-C.sub.4 H.sub.9                                         

                          H      CH.sub.3 SO.sub.2                             

                                         2-(o-aminophenethyl)-1-n-butylpiperidi

                                         ne and                                

                                         methanesulfonyl chloride              

     81   H    H     CH.sub.3                                                  

                          CH.sub.3                                             

                                 CH.sub.3 SO.sub.2                             

                                         2-(o-aminophenethyl)-5-methyl-1-methyl

                                         -                                     

                                         piperidine and methanesulfonyl        

                                         chloride                              

     82   H    H     CH.sub.3                                                  

                          C.sub.2 H.sub.5                                      

                                 CH.sub.3 SO.sub.2                             

                                         2-(o-aminophenethyl)-5-ethyl-1-methyl-

                                         piperidine and methanesulfonyl        

                                         chloride                              

     83   H    H     CH.sub.3                                                  

                          H      CH.sub.3 (CH.sub.2).sub.2 SO.sub.2            

                                         2-(o-aminophenethyl)-1-methylpiperidin

                                         e                                     

                                         and n-butanesulfonyl chloride         

     84   H    H     CH.sub.3                                                  

                          H      (CH.sub.3 ).sub.2 CHSO.sub.2                  

                                         2-(o-aminophenethyl)-1-methylpiperidin

                                         e                                     

                                         and isopropanesulfonyl chloride       

     85   H    n-C.sub.4 H.sub.9 O                                             

                     CH.sub.3                                                  

                          H      CH.sub.3 (CH.sub.2).sub.2 SO.sub.2            

                                         2-(2-amino-5-n-butoxyphenethyl)-1-meth

                                         yl-                                   

                                         piperidine and n-propanesulfonyl      

                                         chloride                              

     86   H    H     CH.sub.3                                                  

                          CON(C.sub.2 H.sub.5).sub.2                           

                                 CH.sub.3 SO.sub.2                             

                                         6-(o-aminophenethyl)-N,N-diethyl-1-met

                                         hyl-                                  

                                         piperidine-3-carboxamide and          

                                         methane-                              

                                         sulfonyl chloride                     

     __________________________________________________________________________

PAC  EXAMPLE 87.
PAC  4-Amino-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide
PAR  Reaction of 4 -nitrobenzoyl chloride (6.5 g., 0.035 mole) and
      2-(o-aminophenethyl)-1-methylpiperidine (6.0 g., 0.0275 mole) in 35 ml. of
      pyridine according to the method of Example 25 provides
      2'-[2-(1-methyl-2-piperidyl)ethyl]-4-nitrobenzanilide. Crystallization
      from ethyl acetate provides analytically pure material, m.p.
      162.degree.-163.5.degree.C.
PAR  Analysis. Calcd. for C.sub.21 H.sub.25 N.sub.3 O.sub.3 : C, 68.64; H, 6.86;
      N, 11.44. Found: C, 68.58; H, 6.84; N, 11.30.
PAR  Reduction of 2'-[2-(1-methyl-2-piperidyl)ethyl]-4-nitrobenzanilide (6.5 g.,
      0.018 mole) in 100 ml. of ethanol employing 2 g. of palladium on carbon
      catalyst (10%) according to Example 2a affords
      4amino-2'-[2-(1-methyl-2-piperidyl)-ethyl]benzanilide. Crystallization of
      the product from acetonitrile provides the analytically pure substance,
      m.p. 147.degree.-148.5.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.21 H.sub.27 N.sub.3 O: C, 74.74; H, 8.07; N,
      12.45. Found: C, 74.75; H, 8.06; N, 12.47.
PAC  Example 88.
PAC  4-Acetoxy-2'-[2-(1-methyl-2-piperidyl)-ethyl]benzanilide.
PAR  Reaction of 2-(o-aminophenethyl)-1-methylpiperidine with p-acetoxybenzoyl
      chloride in pyridine according to Example 1 provides
      4-acetoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide. Analytically pure
      product is obtained by crystallization from isopropyl ether, m.p.
      88.degree.-108.degree.C. (corr.). The broad melting point of the
      analytically pure material is due to the polymorphism.
PAR  Analysis. Calcd. for C.sub.23 H.sub.28 N.sub.2 O.sub.3 : C, 72.60; H, 7.42;
      N, 7.26. Found: C, 72.79; H, 7.38; N, 7.31.
PAC  Example 89.
PAC  4-Hydroxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
PAR  4'-Acetoxy-2'-[2-(1-methyl-2-piperidyl(ethyl]benzanilide suspended in 1N
      sodium hydroxide is stirred until solution takes place. The pH of the
      aqueous solution is adjusted to 9 with 6N hydrochloric acid and an oil
      precipitates which is extracted with ethyl acetate. The product isolated
      by removal of the ethyl acetate solvent is crystallized from ethanol to
      provide analytically pure
      4-hydroxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide, m.p.
      178.5.degree.-182.5.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.21 H.sub.26 N.sub.2 O.sub.2 : C, 74.52; H, 7.74;
      N, 8.28. Found: C, 74.59; H, 7.47; N, 8.31.
PAC  EXAMPLES 90-111.
PAC  Additional benzanilides.
PAR  The benzanilides listed in Table VI and Table VII are prepared according to
      the procedures of Examples 25-32 and 87-89 as will be clear to those
      skilled in the art.
      ##SPC20##
TBL  __________________________________________________________________________

     Ex.                                                                       

        R.sup.1                                                                

             R.sup.2                                                           

                   R.sup.3                                                     

                        R.sup.4                                                

                               Ar             Reactants                        

     __________________________________________________________________________

     90 CH.sub.3                                                               

             H     CH.sub.3                                                    

                        H      C.sub.6 H.sub.5                                 

                                              2-(o-methylaminophenethyl)-1-meth

                                              yl-                              

                                              piperidine and benzoyl chloride  

     91 n--C.sub.4 H.sub.9                                                     

             H     CH.sub.3                                                    

                        H      C.sub.6 H.sub.5                                 

                                              2-(2-n-butylaminophenethyl)-1-met

                                              hyl-                             

                                              piperidine and benzoyl chloride  

     92 H    CH.sub.3 O                                                        

                   CH.sub.3                                                    

                        H      C.sub.6 H.sub.5                                 

                                              2-(2-amino-5-methoxyphenethyl)-1-

                                              methylpiperidine and benzoyl     

                                              chloride                         

     93 H    n--C.sub.4 H.sub.9 O                                              

                   CH.sub.3                                                    

                        H      C.sub.6 H.sub.5                                 

                                              2-(2-amino-5-n-butoxyphenethyl)-1

                                              -                                

                                              methylpiperidine and benzoyl     

                                              chloride                         

     94 H    H     n--C.sub.4 H.sub.9                                          

                        H      C.sub.6 H.sub.5                                 

                                              2-(o-aminophenethyl)-1-n-butylpip

                                              eridine                          

                                              and benzoyl chloride             

     95 H    H     CH.sub.3                                                    

                        CH.sub.3                                               

                               C.sub.6 H.sub.5                                 

                                              2-(o-aminophenethyl)-5-methyl-1-m

                                              ethyl-                           

                                              piperidine and benzoyl chloride  

     96 H    H     CH.sub.3                                                    

                        n--C.sub.4 H.sub.9                                     

                               C.sub.6 H.sub.5                                 

                                              2-(o-aminophenethyl)-5-n-butyl-1-

                                              methylpiperidine and benzoyl     

                                              chloride                         

     97 H    H     CH.sub.3                                                    

                        H      p--n--C.sub.4 H.sub.9 --S--C.sub.6 H.sub.5      

                                              2-(o-aminophenethyl)-1-methylpipe

                                              ridine                           

                                              and p-n-butylthiobenzoyl         

                                              chloride                         

     98 H    H     CH.sub.3                                                    

                        H      m--C.sub.4 H.sub.9 --O--C.sub.6 H.sub.4         

                                              2-(o-aminophenethyl)-1-methylpipe

                                              ridine                           

                                              and m-n-butoxybenzoyl chloride   

     99 H    H     CH.sub.3                                                    

                        H                     2-(o-aminophenethyl)-1-methylpipe

                                              ridine                           

                                              and 3,5-diisopropoxybenzoyl      

                                              chloride                         

     100                                                                       

        H    H     CH.sub.3                                                    

                        H                     2-(o-aminophenethyl)-1-methylpipe

                                              ridine                           

                                              and 3,4,5-tri-n-butoxybenzoyl    

                                              chloride                         

     101                                                                       

        H    H     CH.sub.3                                                    

                        H      p--F--C.sub.6 H.sub.4                           

                                              2-(o-aminophenethyl)-1-methylpipe

                                              ridine                           

                                              and 4-fluorobenzoyl chloride     

     102                                                                       

        H    H     CH.sub.3                                                    

                        CON(C.sub.2 H.sub.5).sub.2                             

                               C.sub.6 H.sub.5                                 

                                              6-(o-aminophenethyl)-N,N-diethyl-

                                              1-                               

                                              methylpiperidine-3-carboxamide   

                                              and                              

                                              benzoyl chloride                 

     103                                                                       

        H    CH.sub.3 O                                                        

                   CH.sub.3                                                    

                        H      p--NH.sub.2 C.sub.6 H.sub.4                     

                                              2-(2-amino-5-methoxyphenethyl)-1-

                                              methyl-                          

                                              piperidine and p-nitrobenzoyl    

                                              chloride                         

     __________________________________________________________________________

      ##SPC21##
TBL  __________________________________________________________________________

                                                  Analysis                     

     Example                                                                   

          Chemical Name        Ar         M.P. .degree.C.                      

                                                  Calcd.   Found               

     __________________________________________________________________________

     104  2'-[2-(1-methyl-1-piperidyl)ethyl]-                                  

                                          85.5-87 C  78.22 C  78.41            

          benzanilide                             H  8.13  H  8.13             

                                                  N  8.69  N  8.68             

     105  4-chloro-2'-[2-(1-methyl-2-piperidyl)-                               

                                          130-131 C  70.67 C  70.84            

          ethyl]benzanilide                       H  7.06  H  7.05             

                                                  N  7.85  N  7.84             

     106  4-(methylthio)-2'-[2-(1-methyl-2-                                    

                                          145-145.5                            

                                                  C  71.70 C  71.86            

          piperidyl)ethyl]benzanilide             H  7.66  H  7.59             

                                                  N  7.60  N  7.54             

     107  4-methoxy-2'-[2-(1-methyl-2-    131.5-132.5                          

                                                  C  74.96 C  74.91            

          piperidyl)ethyl]benzanilide             H  8.01  H  7.83             

                                                  N  7.95  N  7.90             

     108  3-methoxy-2'-[2-(1-methyl-2-    124.5-126.5                          

                                                  C  74.96 C  75.16            

          piperidyl)ethyl]benzanilide             H  8.01  H  7.94             

                                                  N  7.95  N  7.88             

     109  3,4-dimethoxy-2'-[2-(1-methyl-2-                                     

                                          123-124.5                            

                                                  C  72.22 C  72.12            

          piperidyl)ethyl]benzanilide             H  7.91  H  7.88             

                                                  N  7.32  N  7.39             

     110  3,5-dimethoxy-2'-[2-(1-methyl-2-                                     

                                          140.5-142                            

                                                  C  65.04 C  65.00            

          piperidyl)ethyl]benzanilide             H  6.87  H  6.93             

          hydrogen maleate                        N  5.62  N  5.65             

     111  2'-[2-(1-methyl-2-piperidyl)-   115-122 C  60.54 C  60.33            

          ethyl]3,4,5-trimethoxy-                 H  7.34  H  7.21             

          benzanilide mucate hydrate              N  5.23  N  5.18             

     __________________________________________________________________________

PAC  EXAMPLE 112.
PAC  Pharmaceutical Compositions.
PAR  The substituted piperidines characterized by Formula I are compounded with
      pharmacologically acceptable carriers to provide compositions useful in
      the present invention. Typical of the pharmaceutical compositions are the
      following:
PAC  A. Tablets.
PAR  The piperidines of Formula I are compounded into tablets according to the
      following example.
TBL  ______________________________________                                    

     Material                Amount                                            

     ______________________________________                                    

     4-Methoxy-2'-[2-(1-methyl-2-piperidyl)-                                   

     ethyl]benzanilide       50.0 g.                                           

     Magnesium stearate      1.3 g.                                            

     Corn starch             12.4 g.                                           

     Corn starch pregelatinized                                                

                             1.3 g.                                            

     Lactose                 185.0 g.                                          

     ______________________________________                                    

PAR  The foregoing materials are blended in a twin-shell blender and then
      granulated and pressed into tablets weighing 250 mg. each. Each tablet
      contains 50 milligrams of active ingredient. The tablet may be scored in
      quarters so that a dose of 12.5 mg. of active ingredient may be
      conveniently obtained.
PAC  B. Capsules.
PAR  The piperidines of Formula I are compounded into capsules according to the
      following example.
TBL  ______________________________________                                    

     Materials        Amount                                                   

     ______________________________________                                    

     Active ingredient                                                         

                      125 mg.                                                  

     Lactose          146.0 mg.                                                

     Magnesium stearate                                                        

                      4.0 mg.                                                  

     ______________________________________                                    

PAR  The foregoing materials are blended in a twin-shell blender and then filled
      into No. 1 hard gelatin capsules. Each capsule contains 125 mg. of active
      ingredient.
PAC  C. Solution for Intravenous Administration.
PAR  The substituted piperidines characterized by Formula I are formulated for
      parenteral administration according to the following example. A sterile
      solution suitable for intravenous injection is prepared by dissolving 10.0
      g. of 4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide in a minimal
      amount of 0.5 N hydrochloric acid. This solution is adjusted to pH of 4.3
      with 0.1 N sodium hydroxide and diluted to 1000 ml. total volume with
      saline. The solution is sterilized by passage through a bacteriological
      filter and aseptically filled into 10 ml. sterile ampoules. Each
      milliliter of solution contains 10 mg. of the active ingredient,
      4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
PAC  EXAMPLE 113.
PAC  4-(t-Butoxy)-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
PAR  A mixture of 2-(0-aminophenethyl)piperidine (38.8 g., 0.178 mole), methyl
      4-(t-butoxy)benzoate (36.9 g., 0.178 mole), sodium methoxide (10.6 g.,
      0.195 mole) and 600 ml. of benzene is heated to reflux in a flask fitted
      with a 30 cm vacuum-jacketed fractionating column packed with Rashig
      rings, and a variable takeoff head. The methanol-benzene azeotrope is
      removed at intervals until no more forms. After cooling to 25.degree.C.,
      the mixture is washed (H.sub.2 O, sat. brine), dried (MgSO.sub.4), and
      evaporated. Crystallization of the residue thus obtained from heptane
      yields 15.2 g. (21%) of
      4-(t-butoxy)-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide, m.p.
      91.degree.-93.5.degree.C. (corr.).
PAR  Analysis: Calcd. for C.sub.25 H.sub.34 N.sub.2 O.sub.2 : C, 76.10; H, 8.69;
      N, 7.10. Found: C, 76.06; H, 8.59; N, 7.10.
PAC  EXAMPLE 114.
PAC  2'-[2-(1-Methyl-2-piperidyl)ethyl]-p-toluanilide.
PAR  Reaction of 2-(o-aminophenethyl)-1-methylpiperidine (80 g., 0.036 mole)
      with p-toluoyl chloride (6.2 g., 0.04 mole) in 50 ml. of pyridine
      according to the method of Example 25 provides
      2'-[2-(1-methyl-2-piperidyl)ethyl]-p-toluanilide. Crystallization from
      isopropyl ether and then from isopropyl alcohol provides 3.9 g., (32%) of
      analytically pure material, m.p. 90.5- 92.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.22 H.sub.28 N.sub.2 O: C, 78.53; H, 8.39; N,
      8.33. Found: C, 78.56; H, 8.09; N, 8.05.
PAC  EXAMPLE 115.
PAC  2'-[2-(1-Methyl-2-piperidyl)ethyl]picolinanilide.
PAR  A solution of 2-(o-aminophenethyl)-1-methylpiperidine (8.0 g., 0.037 mole)
      and ethyl picolinate (5.5 g., 0.037 mole) in DMSO (20 ml.) is treated with
      NaH (57%) in oil (1.6 g., 0.037 mole) with intermittent cooling to
      moderate the resulting vigorous reaction. After 2 hr., the mixture is
      poured into 150 ml. of H.sub.2 O and the product isolated according to the
      procedure of Example 25. Crystallizations from isopropyl ether affords 5.9
      (50%) of analytically pure
      2'-[2-(1-methyl-2-piperidyl)ethyl]picolinanilide, m.p.
      65.5.degree.-67.degree.C. (corr.).
PAR  Analysis: Calcd. for C.sub.20 H.sub.25 N.sub.3 O: C, 74.27; H, 7.79; N,
      12.99. Found: C, 74.33; H, 7.92; N, 12.99.
PAC  EXAMPLE 116.
PAC  2-[2-[2-(1-Methyl-2-piperidyl)ethyl]phenylcarbamoyl]benzoic acid.
PAR  To a solution of 2-(o-aminophenethyl)-1-methylpiperidine (8.73 g., 0.04
      mole) in 100 ml. of EtOAc is rapidly added a solution of phthalic
      anhydride (5.93 g., 0.04 mole) in 100 ml. of EtOAc. Solid product
      separates after a short time and is collected and crystallized from
      CH.sub.3 CN, yielding 7.2 g. (49%) of
      2-[2-[2-(1-methyl-2-piperidyl)ethyl]phenylcarbamoyl]benzoic acid, m.p.
      171.degree.-172.degree.C. (corr.).
PAR  Analysis: Calcd. for C.sub.22 H.sub.26 N.sub.2 O.sub.3 : C, 72.10; H, 7.15;
      N, 7.65. Found: C, 72.22; H, 7.10; N, 7.81.
PAC  EXAMPLE 117.
PAC  2'-[2-(1-Methyl-2-piperidyl)ethyl]isonipecoticanilide.
      2'-[2-(1-Methyl-2-piperidyl)ethyl]isonicotinanilide hydrate (9.7 g., 0.028
      mole) is hydrogenated on a Parr apparatus in glacial acetic acid (200 ml.)
      using 10% Pd/C (4.0 g.) as the catalyst. Evaporation of the AcOH followed
      by a basic workup according to the procedure of Example 25 affords the
      crude product which crystallized from EtOAc yields 4.3 g. (46%) of
      2'-[2-(1-methyl-2-piperidyl)ethyl]isonipecoticanilide, m.p.
      157.degree.-159.degree.C. (corr.).
PAR  Analysis: Calcd. for C.sub.20 H.sub.31 N.sub.3 O: C, 72.90; H, 9.48; N,
      12.76. Found: C, 73.30; H, 9.46; N, 12.76.
PAC  Example 118.
PAC  4-Methoxy-2'-[2-(1-methyl-2-piperidyl)propyl]-benzanilide.
PAC  a. 2-(.beta.-Methyl-2-nitrostyryl)pyridine.
PAR  A mixture of o-nitrobenzaldehyde (127 g., 0.84 mole), 2-ethylpyridine (90
      g., 0.84 mole) and acetic anhydride (171 g., 1.68 mole) is heated at
      reflux for 24 hr. Excess acetic anhydride is evaporated in vacuo and the
      residue poured into 500 ml. of water. The mixture is adjusted to pH 11
      with 50% NaOH providing a precipitate which is collected and dried.
      Crystallization from isopropyl ether yields 136.7 g. (67%) of
      2-(.beta.-methyl-2-nitrostyryl)pyridine, m.p. 62.degree.-64.degree.C.
      which, after a second crystallization, is analytically pure.
PAR  Analysis. Calcd. for C.sub.14 H.sub.12 N.sub.2 O.sub.2 : C, 69.99; H, 5.03;
      N, 11.66. Found: C, 70.38; H, 5.07; N, 11.70.
PAC  b. 2-[2-(2-Aminophenyl)-1-methylethyl]pyridine.
PAR  2-(.beta.-Methyl-2-nitrostyryl)pyridine (24.0 g., 0.1 mole) is hydrogenated
      on a Parr apparatus in 200 ml. of ethanol with 3 g. of 10% Pd/C as
      catalyst. The catalyst is filtered and the filtrate evaporated, providing
      2-[2-(2-aminophenyl)-1-methylethyl]pyridine.
PAC  c. 2-[2-(2-Formamidophenyl)-1-methylethyl]pyridine.
PAR  Reaction of 2-[2-(2-aminophenyl)-1-methylethyl]pyridine (21 g., 0.1 mole)
      with 42 ml. of acetic-formic anhydride, according to the procedure of
      Example 2b, affords
      2-[2-(2-formamidophenyl)-1-methylethyl]-1-methylpyridinium iodide.
PAC  d. 2-[2-(2-Formamidophenyl)-1-methylethyl]1-methylpyridinium iodide.
PAR  Reaction of 2-[2-(2-formamidophenyl)-1-methylethyl]pyridine (24 g., 0.1
      mole) with methyl iodide (28.4 g., 0.2 mole) according to the procedure of
      Example 2c, affords 29.5 g. (77%) of
      2-[2-(2-formamidophenyl)-1-methylethyl]-1-methylpyridinium iodide, m.p.
      184-188.degree.C.
PAR  Analysis. Calcd. for C.sub.16 H.sub.19 IN.sub.2 O: C, 50.28; H, 5.01; N,
      7.33. Found: C, 50.46; H, 5.01; N, 7.20.
PAC  e. 2-[2-(2-Aminophenyl)-1-methylethyl]-1-methylpiperidine.
PAR  2-[2-(2-Formamidophenyl)-1methylethyl]-1-methylpyridinium iodide (25.4 g.,
      0.0665 mole) is hydrogenated in a Parr apparatus in 200 ml. of ethanol
      with Pt.sub.2 O (0.6 g.) as catalyst. A basic workup gave
      2-[2-(2-formamidophenethyl)-1-methylethyl]-1-methylpiperidine which is
      dissolved in 200 ml. of methanol, mixed with 45 ml. of concentrated
      hydrochloric acid, permitted to stand for 24 hr. and then heated at reflux
      for 4 hr. A basic workup and distillation yields
      2-[2-(2-aminophenyl)-1-methylethyl]-1-methylpiperidine,
      n.sub.D.sup.25.sup..degree., 1.5520, b.p. 121.degree.-124.degree.C./0.1
      Torr.
PAR  Analysis. Calcd. for C.sub.15 H.sub.24 N.sub.2 : C, 77.53; H, 10.41; N,
      12.06. Found: C, 77.26; H, 10.46; N, 12.07.
PAC  f. 4-Methoxy-2'-[2-methyl-2-(1-methyl-2-piperidyl)ethyl]benzanilide.
PAR  Reaction of 2-[2-(2-aminophenyl)-1-methylethyl]-1-methylpiperidine with
      anisoyl chloride, according to the procedure of Example 25, provides
      4-methoxy-2'-[2-methyl-2-(1-methyl-2-piperidyl)ethyl]benzanilide as a
      72:28 mixture of diastereoisomers (according to nmr), m.p.
      125.5.degree.-136.5.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.23 H.sub.30 N.sub.2 O.sub.2 : C, 75.37; H, 8.25;
      N, 7.64. Found: C, 75.24; H, 8.42; N, 7.34.
PAR  The diastereoisomeric mixture of
      4-methoxy-2'-[2-methyl-2-(1-methyl-2-piperidyl)ethyl]benzanilide (42 g.)
      is fractionally recrystallized from ethyl acetate following a triangular
      scheme according to the technique of A. Weissberger and E. S. Proshauer,
      "Technique of Organic Chemistry" Vol. III, 490, Interscience Publishers,
      Inc., New York, 1955 as follows:
TBL                              A:B Ratio of Racemates                        

     Crop  Wt. g.    M.P. (.degree.C.)                                         

                                 by nmr                                        

     ______________________________________                                    

     1     15.3      117-121     --                                            

     1A    11.4      123-135     72:28                                         

     1B    4.9       136-143     --                                            

     1C    2.9       143-146     95:5                                          

     2     27.1      106-116     --                                            

     2A    4.65      116-120     52:48                                         

     2B    3.0       121-124     58:42                                         

     2C    2.35      139-142     80:20                                         

     3     9.35      105-111     24:76                                         

     4     6.65      100-110     20:80                                         

     ______________________________________                                    

PAR  Crops 1C and 2C are combined and recrystallized to give 3.5 g. of Racemate
      A, 4-methoxy-2'-[2-methyl-2-(1-methyl-2-piperidyl)ethyl]benzanilide isomer
      (less than 5% Racemate B isomer), m.p. 146.degree.-147.5.degree.C.
      (corr.), .delta., 2.1 (S, N--CH.sub.3, 3H).
PAR  Crop 4 is recrystallized from isopropyl ether to provide 3.45 g. of
      Racemate B,
      4-methoxy-2'-[2-methyl-2-(1-methyl-2-piperidyl)ethyl]benzanilide isomer
      (less than 5% Racemate A isomer), m.p. 96.0-97.5.degree.C. (corr.),
      .delta., 2.25 (S, N--CH.sub.3, 3H).
PAR  Analysis. Calcd. for C.sub.23 H.sub.30 N.sub.2 O.sub.2 : C, 75.37; H, 8.25;
      N, 7.64. Found: (Racemate A) C, 75.26; H, 8.24; N, 7.50; (Racemate B) C,
      75.06; H, 8.32; N, 7.50.
PAC  EXAMPLE 119.
PAC  2'-[2-(1-Ethyl-2-piperidyl)ethyl]-p-anisanilide.
PAC  a. 1-Ethyl-2-(o-formamidophenethyl)pyridinium iodide.
PAR  A solution of 2-(o-formamidophenethyl)pyridine (36.1 g., 0.159 mole) and
      iodoethane (30.0 g., 0.191 mole) in CH.sub.3 CN (450 ml.) heated at reflux
      for 18 hr., cooled and diluted to incipient turbidity provides
      1-ethyl-2-(o-formamidophenethyl)pyridinium iodide, yield, 44.8 g. (74%),
      m.p. 155.degree.-157.degree.C.
PAC  b. 1-Ethyl-2-(2-formamidophenethyl)piperidine.
PAR  To a solution of 1-ethyl-2-(o-formamidophenethyl)pyridinium iodide (44.8
      g., 0.117 mole), 50% NaOH (11.2 g., 0.14 mole), and water (40 ml.) in
      methanol (330 ml.) is added portionwise NaBH.sub.4 (5.32 g., 0.14 mole).
      The solution is stirred for 2 hr. and evaporated. Water is added to the
      residue thus obtained and the mixture extracted with ether. The ethereal
      extracts are dried (MgSO.sub.4) and evaporated. The residue taken up in
      200 ml. of ethanol and hydrogenated in a Parr apparatus using 5 g. of 10%
      palladium on carbon as catalyst affords
      1-ethyl-2-(2-formamidophenethyl)piperidine.
PAC  c. 2-(2-Aminophenethyl)-1-ethylpiperidine.
PAR  A solution of 1-ethyl-2-(2-formamidophenethyl)piperidine (27.6 g., 0.11
      mole), methanol (450 ml.) and concentrated HCl (100 ml.) allowed to stand
      for 24 hr. provides 2-(2-aminophenethyl)-1-ethylpiperidine, purified by
      distillation, yield 17.72 g. (69%), b.p. 107.degree.-128.degree.C./0.1
      Torr, n.sub.D.sup.30.sup..degree. 1.5510.
PAR  Analysis. Calcd. for C.sub.15 H.sub.24 N.sub.2 : C, 77.53; H, 10.41; N,
      12.06. Found: C, 77.29; H, 10.54; N, 11.87.
PAC  d. 2'-[2-(1-Ethyl-2-piperidyl)ethyl]-p-anisanilide.
PAR  Reaction of 2-(2-aminophenethyl)-1-ethylpiperidine with anisoyl chloride
      according to the procedure of Example 25 provides
      2'-[2-(1-ethyl-2-piperidyl)ethyl]-p-anisanilide, m.p.
      136.5.degree.-137.5.degree.C. (corr.), from ethyl acatate.
PAR  Analysis. Calcd. for C.sub.23 H.sub.30 N.sub.2 O.sub.2 : C, 75.37; H, 8.25;
      N, 7.64. Found: C, 75.25; H, 8.30; N, 7.45.
PAC  EXAMPLE 120.
PAC  4-Bromo-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
PAR  Reaction of 4-bromobenzoyl chloride with
      2-(o-aminophenethyl)-1-methylpiperidine according to the procedure of
      Example 114  affords
      4-bromo-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide, m.p.
      137.5.degree.-138.5.degree.C. (corr.), from ethyl acetate.
PAR  Analysis. Calcd. for C.sub.21 H.sub.25 BrN.sub.2 O: C, 62.83; H, 6.28; N,
      6.98. Found: C, 62.55; H, 6.27; N, 6.92.
PAC  EXAMPLE 121.
PAC  4-Fluoro-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
PAR  Reaction of 2-(o-aminophenethyl)piperidine with 4-fluorobenzoyl chloride
      according to the procedure of Example 114 affords
      4-fluoro-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide, m.p.
      115.5.degree.-116.5.degree.C. (corr.), from isopropyl ether.
PAR  Analysis. Calcd. for C.sub.21 H.sub.25 FN.sub.2 O: C, 74.10; H, 7.41; N,
      8.23. Found: C, 74.18; H, 7.35; N, 8.26.
PAC  EXAMPLE 122.
PAC  2'-[2-(1-Methyl-2-piperidyl)ethyl]-4-(trifluoromethyl)benzanilide.
PAR  Reaction of 2-(o-aminophenethyl)piperidine with 4-(trifluoromethyl)benzoyl
      chloride according to the procedure of Example 114 affords
      2'-[2-(1-methyl-2-piperidyl)ethyl]-4-(trifluoromethyl)benzanilide, m.p.
      149.5.degree.-150.0.degree.C. (corr.), from isopropyl ether.
PAR  Analysis. Calcd. for C.sub.22 H.sub.25 F.sub.3 N.sub.2 O: C, 67.88; H,
      6.46; N, 7.18. Found: C, 67.68; H, 6.39; N, 7.12.
PAC  EXAMPLE 123.
PAC  4-(t-Butyl)-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide hemimucate
      hemiethanolate.
PAR  Reaction of 2-(o-aminophenethyl)piperidine with 4-(t-butyl)benzoyl chloride
      according to the procedure of Example 114 affords
      4-(t-butyl)-2'-[2-(1-methyl-2-piperidyl)ethyl]-benzanilide hemimucate
      hemiethanolate, m.p. 101.degree.-120.5.degree.C. (corr.) bubbles, from
      absolute ethanol.
PAR  Analysis. Calcd. for C.sub.25 H.sub.34 N.sub.20 O.1/2C.sub.6 H.sub.10
      O.1/2C.sub.2 H.sub.5 OH: C, 68.75; H, 8.36; N, 5.53. Found: C, 68.43; H,
      8.32; N, 5.41.
PAC  EXAMPLE 124.
PAC  4-Dimethylamino-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
PAR  Reaction of ethyl 4-dimethylaminobenzolate with
      2-(o-aminophenethyl)-1-methylpiperidine according to the procedure of
      Example 115 provides
      4-dimethylamino-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide, m.p.
      115.degree.-116.5.degree.C. (corr.), from isopropyl etherethyl acetate.
PAR  Analysis. Calcd. for C.sub.23 H.sub.31 N.sub.3 O: C, 75.58; H, 8.55; N,
      11.50. Found: C, 75.94; H, 8.63; N, 11.52.
PAC  EXAMPLE 125.
PAC  2'-[2-(1-Methyl-2-piperidyl)ethyl]-3-furancarboxanilide.
PAR  Reaction of ethyl furan-3-carboxylate prepared by the method of Boyd et al,
      Synthesis, 545, (Oct. 1971) with 2-(2-aminophenethyl)-1-methylpiperidine
      according to the procedure of Example 115 provides
      2'-[2-(1-methyl-2-piperidyl)ethyl]-3-furancarboxanilide, m.p.
      114.5.degree.-115.5.degree.C. (corr.), from isopropyl ether and then ethyl
      acetate.
PAR  Analysis. Calcd. for C.sub.19 H.sub.24 N.sub.2 O.sub.2 : C, 73.04; H, 7.74;
      N, 8.97. Found: C,, 73.30; H, 7.58; N, 9.02.
PAC  EXAMPLE 126.
PAC  2'-[2-(1-methyl-2-piperidyl)ethyl]isonicotinanilide hydrate.
PAR  Reaction of 2-(o-aminophenethyl)piperidine with ethyl isonicotinate
      according to the procedure of Example 115 affords
      2'-[2-(1-methyl-2-piperidyl)ethyl]isonicotinanilide hydrate, m.p.
      93.degree.-100.5.degree.C. (corr.), from ethyl acetate saturated with
      water.
PAR  Analysis. Calcd. for C.sub.20 H.sub.25 N.sub.3 O.sup.. H.sub.2 O: C, 70.35;
      H, 7.97; N, 12.31. Found: C, 70.64; H, 7.82; N, 12.25.
PAC  EXAMPLE 127.
PAC  2'-[2-(1-Methyl-2-piperidyl)ethyl]nicotinanilide.
PAR  Reaction of 2-(o-aminophenethyl)piperidine with ethyl nicotinate according
      to the procedure of Example 115 affords
      2'-[2-(1-methyl-2-piperidyl)ethyl]nicotinanilide, m.p.
      88.degree.-90.degree.C. (corr.), from isopropyl ether.
PAR  Analysis. Calcd. for C.sub.20 H.sub.25 N.sub.3 O: C, 74.27; H, 7.79; N,
      12.99. Found: C, 74.32; H, 7.76; N, 12.97.
PAC  EXAMPLE 128.
PAC  2'-[2-(1-Ethyl-2-piperidyl)ethyl]cinnamanilide.
PAR  Reaction of 2-(2-aminophenethyl)-1-ethylpiperidine with cinnamoyl chloride
      according to the procedure of Example 25 provides
      2'-[2-(1-ethyl-2-piperidyl)ethyl]cinnamanilide, m.p.
      119.5.degree.-121.5.degree.C. (corr.), from ethyl acetate and then
      acetonitrile.
PAR  Analysis. Calcd. for C.sub.24 H.sub.30 N.sub.2 O: C, 79.51; H, 8.34; N,
      7.73. Found: C, 79.49; H, 8.44; N, 7.57.
PAC  EXAMPLE 129.
PAC  2'-[2-(1-Methyl-2-piperidyl)ethyl]phenylpropiolanilide.
PAR  Reaction of ethyl propiolate with 2-(o-aminophenethyl)-1-methylpiperidine
      according to the procedure of Example 115 affords
      2'-[2-(1-methyl-2-piperidyl)ethyl]phenylpropiolanilide, m.p.
      104.5.degree.-106.5.degree.C. (corr.), from ethyl acetate.
PAR  Analysis. Calcd. for C.sub.23 H.sub.26 N.sub.2 O: C, 79.73; H, 7.56; N,
      8.09. Found: C, 79.62; H, 7.63; N, 8.15.
PAC  EXAMPLE 130.
PAC  2'-[3-(1-Methyl-2-piperidyl)propyl]cinnamanilide.
PAR  A solution of 4-methoxy-2'-[3-(1-methyl-2-piperidyl)propyl]benzanilide (3.5
      g., 0.0095 mole) and concentrated HCl (50 ml.) is heated at reflux for 16
      hr., diluted with H.sub.2 O (100 ml.), basified with 50% NaOH, and
      extracted with Et.sub.2 O. The Et.sub.2 O extracts are combined, washed
      (H.sub.2 O and saturated NaCl), dried over MgSO.sub.4, and concentrated to
      give 2.2 g. of 2-(o-aminophenylpropyl)-1-methylpiperidine. The amine is
      dissolved in pyridine (50 ml.) and a solution of cinnamoyl chloride (1.8
      g., 0.011 mole) in THF (10 ml.) added. The reaction mixture is stirred for
      3 hr., then concentrated to dryness. The residue is dissolved in water,
      basified with 50% NaOH, and extracted with EtOAc. The EtOAc extracts are
      washed (H.sub.2 O + saturated NaCl), dried over magnesium sulfate, and
      concentrated to give 3.4 g. of oil which is chromatographed on silica AR
      CC-7 (Mallinckrodt). Elution first with CHCl.sub.3 to remove impurities,
      then with EtOAc to remove the product and concentration of the EtOAc
      eluate gave 2.3 g. of solid which crystallized from EtOAc yields 1.6 g
      (46%) of 2'-[3-(1-methyl-2-piperidyl)propyl]cinnamanilide, m.p.
      130-132.degree.C. Further crystallization from ethyl acetate-isopropyl
      ether provides analytically pure product, m.p.
      133.5.degree.-134.5.degree.C.
PAR  Analysis. Calcd. for C.sub.24 H.sub.30 N.sub.2 O: C, 79.51; H, 8.34; N,
      7.73. Found: C, 79.81; H, 8.50; N, 7.55.
PAC  EXAMPLE 131.
PAC  4-Methoxy-4',5'-methylenedioxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilid
     e.
PAC  a. 2-(4,5-Methylenedioxy-2-nitrostyryl)pyridine.
PAR  A mixture of 6-nitropiperonal (95 g., 0.487 mole), 2-picoline (45.3 g.,
      0.487 mole) and acetic anhydride (99.5 g., 0.974 mole) is heated under
      reflux for 24 hr. The resulting solution is poured into water and the
      precipitate which forms is collected. Crystallization from EtOAc affords
      65.9 g. (51%) of 2-(4,5-methylenedioxy-2-nitrostyryl)pyridine, m.p.
      167.degree.-170.degree.C.
PAR  Analysis. Calcd. for C.sub.14 H.sub.10 N.sub.2 O.sub.4 : C, 62.22; H, 3.73;
      N, 10.37. Found: C, 62,34; H, 3.46; N, 10.17.
PAC  b. 4-Methoxy-4',5'-methylenedioxy-2'-[2-(2-pyridyl)ethyl]-benzanilide.
PAR  2-(4,5-Methylenedioxy-2-nitrostyryl)pyridine (10.8 g., 0.04 mole) is
      hydrogenated on a Parr apparatus in 200 ml. of ehtanol with 2.0 g. of 10%
      palladium on carbon as catalyst. After the reduction is complete, the
      mixture is filtered and the solvent evaporated. The residue consisting of
      2-(4,5-methylenedioxy-2-aminophenethyl)pyridine is immediately dissolved
      in pyridine (100 ml.) and anisoyl chloride (7.5 g., 0.044 mole) added. The
      solution is stirred for 30 min. A basic workup according to the procedure
      of Example 25 affords 10 g. of
      4-methoxy-4',5'-methylenedioxy-2'-[2-(2-pyridyl)ethyl]benzanilide obtained
      analytically pure by crystallization from ethyl acetate.
PAR  Analysis. Calcd. for C.sub.22 H.sub.20 N.sub.2 O.sub.4 : C, 70.20; H, 5.36;
      N, 7.44. Found: C, 70.20; H, 5.45; N, 7.40.
PAC  c.
      4-Methoxy-4',5'-methylenedioxy-2'-[2-(1-methyl-2-pyridinium)ethyl]benzanil
     ide methylsulfate.
PAR  To a solution of
      4-methoxy-4',5'-methylenedioxy-2'-[2-(2-pyridyl)ethyl]benzanilide in
      acetone (200 ml.) is added dimethyl sulfate (3.32 g., 0.0264 mole). After
      18 hr. at reflux, the mixture is cooled,
      4-methoxy-4',5'-methylenedioxy-2'-[2-(1-methyl-2-pyridinium)ethyl]benzanil
     ide methylsulfate collected and used in the following step without further
      purification.
PAC  d.
      4-Methoxy-4',5'-methylenedioxy-2'-]2-(1-methyl-2-piperidyl)ethyl]benzanili
     de.
PAR  Reduction of
      4-methoxy-4',5'-methylenedioxy-2'-[2-(1-methyl-2-pyridinium)ethyl]benzanil
     ide methyl sulfate (9.6 g., 0.024 mole) in a Parr apparatus in 100 ml. of
      ethanol using PtO.sub.2 (0.2 g.) as catalyst according to the procedure of
      Example 1 yields
      4-methoxy-4',5'-methylenedioxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanili
     de, m.p. 112.degree.-113.degree.C. (corr.), from methanol-water and then
      ethyl acetate-isopropyl ether.
PAR  Analysis. Calcd. for C.sub.23 H.sub.28 N.sub.2 O.sub.4 : C, 69.67; H, 7.12;
      N, 7.07. Found: C, 69.66; H, 7.33; N, 6.85.
PAC  EXAMPLE 132.
PAC  2'-[(1-Methyl-2-piperidyl)methyl]-p-anisanilide.
PAC  a. 4-Methoxy-2'-[hydroxy(2-pyridyl)methyl]benzanilide.
PAR  Pyridyl lithium, prepared by adding 2-bromopyridine (30.0 g., 0.19 mole) in
      200 ml. of ether to 131 ml. of a hexane solution of 1.6 molar n-butyl
      lithium (0.2 mole) at -70.degree.C., is added in 25 min. to a solution of
      o-(4-methoxybenzamido)benzaldehyde (8.6 g., 0.035 mole) in 300 ml. of
      tetrahydrofuran at -25.degree.C. over a 20 min. period with stirring.
      Stirring is continued for 20 min. at -25.degree.C. 1 hr. at -10.degree.C.
      and then at 0.degree.C. for 30 min. The reaction mixture is poured into
      1500 ml. of cold 1N hydrochloric acid, the aqueous layer separated, washed
      with ethyl acetate, made strongly basic with concentrated ammonium
      hydroxide and extracted with ethyl acetate. The ethyl acetate extract is
      washed with water, brine, dried over sodium sulfate and concentrated and
      the residue thus obtained triturated with ether to provide a 46% yield of
      4-methoxy-2'-[hydroxy(2-pyridyl)methyl]benzanilide, m.p.
      127.5.degree.-128.5.degree.C. (corr.).
PAC  b. 2'-(2-Pyridylmethyl)-p-anisanilide.
PAR  Treatment of 4-methoxy-2'-[hydroxy(2-pyridyl)methyl]benzanilide with
      hydrogen iodide according to the procedure of Miller, et al., J. Org.
      Chem., 24, 1364 (1959) provides 2'-(2-pyridylmethyl)-p-anisanilide, m.p.
      130.5.degree.-131.5.degree.C. (corr.), from methanol.
PAC  c. 2-[2-(p-Methoxybenzamido)benzyl]pyridinium iodide.
PAR  2'-(2-Pyridylmethyl)-p-anisanilide (9.5 g., 0.03 mole) and 0.3 mole of
      methyl iodide in 100 ml. of acetone is refluxed with stirring for a period
      of 64 hr. The reaction mixture filtered and the filter cake washed with
      acetone provides a 93% yield of
      2-[2-(p-methoxybenzamido)benzyl]-1-methylpyridinium iodide, m.p.
      184.degree.-186.degree.C. (corr.).
PAC  d. 2'-[(1-Methyl-2-piperidyl)methyl]-p-anisanilide.
PAR  An ethanol (150 ml.) solution of 2-[2-(p-methoxybenzamido)benzyl]pyridinium
      iodide (9.2 g., 0.02 mole) hydrogenated in a Parr apparatus employing 0.2
      g. of platinum oxide provides
      2'-[(1-methyl-2-piperidyl)methyl]-p-anisanilide, m.p.
      156.degree.-157.degree.C. (corr.), from water-methanol.
PAR  Analysis. Calcd. for C.sub.21 H.sub.26 N.sub.2 O.sub.2 : C, 74.52; H, 7.74;
      N, 8.28. Found: C, 74.36; H, 7.66; N, 8.29.
PAC  EXAMPLE 133.
PAC  2'-[1-(1-Methyl-2-piperidyl)ethyl]-p-anisanilide.
PAC  a. 2'-(2-Pyridinecarbonyl)-p-anisanilide.
PAR  Oxidation of 2'-[hydroxy(2-pyridyl)methyl]-p-anisanilide with chromic
      anhydridepyridine according to the procedure of Ratcliffe, et al., J. Org.
      Chem., 35, 4000 (1970) provides 2'-(2-pyridinecarbonyl)-p-anisanilide,
      m.p. 132.degree.-133.degree.C. (corr.), from aqueous isopropanol.
PAC  b. 2'-[1-(2-Pyridyl)ethylidene]-p-anisanilide.
PAR  Methyl lithium (0.24 mole, 142 ml. of 1.7 molar in ether) is added to
      2'-(2-pyridinecarbonyl)-p-anisanilide (36.6 g., 0.11 mole) in 400 ml. of
      tetrahydrofuran in 15 min. with stirring at 10.degree.-20.degree.C.
      Stirring is continued for another 30 min., the reaction mixture hydrolyzed
      by addition of 300 ml. of water, concentrated under reduced pressure until
      the tetrahydrofuran solvent is substantially removed, and the mixture
      extracted with ethyl acetate. The ethyl acetate extract washed with water,
      brine, dried over sodium sulfate and concentrated affords a residual dark
      brown oil. The residue taken up in benzene and diluted with hexane affords
      2'-[1-hydroxy-1-(2-pyridyl)ethyl]-p-anisanilide, m.p.
      127.degree.-128.degree.C., from aqueous-methanol.
PAR  2'-[1-Hydroxy-1-(2-pyridyl)ethyl]-p-anisanilide can alternatively be
      prepared by reaction of pyridyl lithium with o-(4-methoxybenzamido)-
      acetophenone according to the procedure of Example 132 (a).
PAR  2'-[1-Hydroxy-1-(2-pyridyl)ethyl]-p-anisanilide (12.0 g., 0.0344 mole) is
      dehydrated by heating in 150 ml. of 6N hydrochloric acid at steam bath
      temperature for 4 hr. The reaction mixture is poured into ice water and
      made basic with concentrated ammonium hydroxide. Extraction of the
      basified mixture with ethyl acetate, washing the ethyl acetate extract
      with water, brine, and drying over sodium sulfate provides on
      concentration 9.9 g. of residual brown oil which is further purified by
      dissolving in benzene and passing through a column of alumina yielding 6.0
      g. of 2'-[1-(2-pyridyl)ethylidene]-p-anisanilide.
PAC  c. 2'-1-(2-Pyridyl)ethyl-p-anisanilide.
PAR  2'-[1-(2-Pyridyl)ethylidene]-p-anisanilide (6.0 g., 0.018 mole) is reduced
      in a Parr apparatus in 100 ml. of acetic acid employing 1.0 g. of 10%
      palladium on carbon catalyst. The catalyst is collected, the filtrate
      concentrated under reduced pressure and the residue thus obtained
      distributed between water and ethyl acetate. This mixture is made basic
      with concentrated ammonium hydroxide and the ethyl acetate extract
      separated, dried, and concentrated to provide
      2'-1-(2-pyridyl)ethyl-p-anisanilide, m.p. 125.degree.-126.degree.C.
      (corr.), from aqueous ethanol.
PAC  d. 2'-[1-(1-Methyl-2-piperidyl)ethyl]-p-anisanilide.
PAR  2'-[1-(2-Pyridyl)ethyl]-p-anisanilide alkylated with dimethylsulfate in
      methanol solution provides
      2-[2-(p-methoxybenzamido)-.alpha.-methylbenzyl]-1-methylpyridinium iodide.
      Reduction of the pyridinium iodide according to the procedure of Example
      132 (d) provides the diasteroisomers of
      2'-[1-(1-methyl-2-piperidyl)ethyl]-p-anisanilide. The diastereoisomers are
      separated into racemic modifications by chromatography employing a column
      of silica gel with ethyl acetate as solvent. Racemate A has a melting
      point of 151.5.degree.-152.degree.C. (corr.), from aqueous methanol, nmr
      (CDCl.sub.3) .delta. 2.00 (s, N-CH.sub.3) and Racemate B has a melting
      point of 175.5.degree.-179.degree.C. (corr.), from benzene-isopropyl
      ether, nmr (CDCl.sub.3) .delta. 2.10 (s, N--CH.sub.3).
PAR  Analysis. Calcd. for C.sub.22 H.sub.28 N.sub.2 O.sub.2 : C, 74.96; H, 8.01;
      N, 7.95. Found: Racemate A; C, 75.22; H, 8.02; N, 7.68. Racemate B; C,
      75.22; H, 7.82; N, 7.91.
PAC  EXAMPLE 134.
PAC  2'-[1-(1-Methyl-2-piperidyl)-2-propyl]-p-anisanilide.
PAC  a. 2-(p-Bromophenyl)-1-(2-pyridyl)propene.
PAR  2-(p-Bromophenyl)-1-(2-pyridyl)-2-propanol is prepared from
      p-bromoacetophenone and 2-picoline according to the method of Villani, et
      al., J. Med. Chem., 13, 359 (1970) in 63% yield. This alcohol (129.1 g.)
      is dehydrated by heating in 1150 ml. of acetic acid-12N hydrochloric acid
      (3:1) at reflux temperature for 4 hr. The mixture is evaporated in vacuo,
      made basic with concentrated ammonium hydroxide, and extracted with ethyl
      acetate. The ethyl acetate extract is washed with water and brine, dried
      over sodium sulfate, and evaporated to give a dark brown oil. A solution
      of the oil in benzene is passed through a column of silica gel.
      Evaporation of the eluate gave 46.4 g. (26% yield) of crystalline
      2-(p-bromophenyl)-1-(2-pyridyl)propene, m.p. 71.5.degree.-73.5.degree.C.
      (corr.).
PAR  Analysis. Calcd. for C.sub.14 H.sub.12 NBr: C, 61.32; H, 4.41; N, 5.11.
      Found: C, 61.04; H, 4.46; N, 4.85.
PAC  b. 2-(p-Bromophenyl)-1-(2-pyridyl)propene.
PAR  A solution of 2-(p-bromophenyl)-1-(2-pyridyl)propene (16.6 g., 0.06 mole)
      in 200 ml. of absolute ethanol containing 0.6 g. of PtO.sub.2 is shaken in
      a Parr apparatus until one molecular equivalent of hydrogen is taken up.
      The catalyst is removed by filtration, and the filtrate is evaporated to a
      semisolid residue which is triturated with hexane. The hexane soluble
      portion of this residue is chromatographed on alumina using benzene to
      obtain 13.1 g. (81%) of oily 2-(p-bromophenyl)-1-(2-pyridyl)propene.
      Distillation affords analytically pure
      2-(p-bromophenyl)-1-(2-pyridyl)propene, b.p. 100.degree.-113.degree.C.
      (0.2 mm. Hg.), n.sub.D .sup.25 1.5786-1.5820.
PAR  Analysis. Calcd. for C.sub.14 H.sub.14 BrN: C, 60.88; H, 5.11; N, 5.08.
      Found: C, 60.89; H, 5.05; N, 4.88.
PAC  c. 2-(4-Bromo-2-nitrophenyl)-1-(2-pyridyl)propane.
PAR  2-(p-Bromophenyl)-1-(2-pyridyl)propane (11.5 g., 0.043 mole) is heated in
      80 ml. of concentrated nitric acid (specific gravity 1.42, 69-71%) for 4.5
      hr. at 80.degree.C. The solution is cooled, quenched in 300 g. of ice,
      made alkaline with sodium hydroxide, and extracted with ethyl acetate. The
      extract washed with water and brine, dried over sodium sulfate, and
      evaporated affords 12.2 g. (88%) of oily nitrated product of sufficient
      purity to be used in following "step d". Distillation provides
      analytically pure 2-(4-bromo-2-nitrophenyl)-1-(2-pyridyl)propane, b.p.
      172.degree.-176.degree.C. (0.2 mm. Hg.), n.sub.D .sup.29 1.5968.
PAR  Analysis. Calcd. for C.sub.14 H.sub.13 N.sub.2 O.sub.2 Br: C, 52.35; H,
      4.08; N, 8.73. Found: C, 52.72; H, 4.16; N, 8.44.
PAC  d. 2-(o-Anisamido)-1-(2-pyridyl)propane.
PAR  2-(4-Bromo-2-nitrophenyl)-1-(2-pyridyl)propane (27.5 g., 0.086 mole) in 200
      ml. of absolute ethanol containing 9.5 g. of triethylamine and 3.5 g. of
      10% palladium on carbon is reduced under 3 atmospheres of hydrogen. The
      reduced mixture is filtered and the filtrate concentrated affords an oily
      residue which is taken up in 200 ml. of pyridine. Anisoyl chloride (16.1
      g., 0.094 mole) is added to the pyridine solution of
      2-(2-aminophenyl)-1-(2-pyridyl)propane at 10.degree.-20.degree.C. in 3
      minutes. The mixture is stirred overnight at room temperature and
      evaporated in vacuo. The residue is distributed between water and ethyl
      acetate and made basic with concentrated ammonium hydroxide. The ethyl
      acetate layer is separated, washed with water, brine and evaporated to
      provide 30.4 g. of 2-(o-anisamido)-1-(2-pyridyl)propane. Analytically pure
      2-(o-anisamido)-1-(2-pyridyl)propane is obtained by chromatography
      employing silica gel and using chloroform as solvent.
PAR  Analysis. Calc. for C.sub.22 H.sub.22 N.sub.2 O.sub.2 : C, 76.27; H, 6.40;
      N, 8.09. Found: C, 75.94; H, 6.45; N, 7.86.
PAC  e. 2'-[1-(1-Methyl-2-piperidyl)-2-propyl]-p-anisanilide.
PAR  A mixture of 2-(o-anisamido)-1-(2-pyridyl)propane (11.0 g., 0.32 mole) and
      dimethyl sulfate (6.0 g., 0.048 mole) is heated at reflux overnight in 200
      ml. of methyl alcohol to provide a pyridinium salt. After platinum oxide
      is added to the methanolic (0.4 g.) solution, the mixture is reduced under
      3 atmospheres until reduction of the pyridinium salt is complete. The
      catalyst is removed by filtration and the filtrate evaporated to afford
      2'-[(1-methyl-2-piperidyl)-2-propyl]-p-anisanilide as an oily mixture of
      diastereoisomers. Partial purification is carried out by chromatography
      using silica gel and employing ethyl acetate as the solvent. A solution of
      the resultant oil in benzene, diluted with isopropyl ether, provides a
      white, crystalline solid. Crystallization of the white solid from
      isopropyl acetate-isopropyl ether yields a racemic modification of
      2'-[1-(1-methyl-2-piperidyl)-2-propyl]-p-anisanilide having a melting
      point of 124.degree.-125.degree.C. (corr.), nmr (CDCl.sub.3), .delta.2119
      (s, N-CH.sub.3).
PAR  Analysis. Calcd. for C.sub.23 H.sub.30 N.sub.2 O.sub.2 : C, 75.37; H, 8.25;
      N, 7.64. Found: C, 75.42; H, 8.37; N, 7.61.
PAR  Evaporation of the mother liquors gives a heavy oil containing, according
      to nmr, both diastereoisomers of
      2'-[1-(1-methyl-2-piperidyl)-2-propyl]-p-anisanilide in an approximate
      ratio of 30:70, (CDCl.sub.3), .delta.2.19 (s, N--CH.sub.3) and .delta.2.23
      (s, N--CH.sub.3).
PAR  Analysis. Found: C, 75.23; H, 8.18; N, 7.44.
PAC  EXAMPLE 135
PAC  2'-[1-Hydroxy-3-(1-methyl-2-piperidyl)propyl]-p-anisanilide.
PAR  A mixture of o-nitrobenzaldehyde (45.3 g., 0.30 mole) triethyl orthoformate
      (48.8 g., 0.33 mole), 75 ml. absolute ethanol, and 10 drops ethanolic HCl
      is stirred overnight. Potassium carbonate (6.0 g.) is added to the
      solution to neutralize the acid, and the reaction mixture filtered. The
      filtrate, with 2.0 g. of 10% Pd/C, is shaken on a Parr apparatus, rapidly
      reducing the nitro group. The catalyst is collected, and Et.sub.3 N (126
      ml.) added to the filtrate. The solution is cooled as anisoyl chloride
      (63.9 g., 0.38 mole) in benzene is added dropwise. After standing
      overnight, the reaction mixture is concentrated to dryness to remove
      excess Et.sub.3 N and the residue is dissolved in 950 ml. of EtOH and 250
      ml. of 1N HCl added. The solution is cooled, providing a precipitate which
      is collected yielding 63.8 g. (83%) of solid, m.p.
      99.5.degree.-100.5.degree.C. Analytically pure
      o-(4-methoxybenzamido)benzaldehyde has a melting point of
      99.5.degree.-100.5.degree.C., from ethanol.
PAR  Analysis. Calcd. for C.sub.15 H.sub.13 NO.sub.3 : C, 70.58; H, 5.13; N,
      5.49. Found: C, 70.28; H, 4.98; N, 5.61.
PAR  2-(N-Methyl-2-piperidyl)ethylmagnesium chloride is prepared in 200 ml. of
      tetrahydrofuran from Mg shavings (5.6 g., 0.230 g.-atom) and
      2-(2-chloroethyl)-1-methylpiperidine (33.4 g., 0.206 mole). The mixture is
      heated at reflux during the addition of the chloride and for a 22 hr.
      period after the addition. After cooling to room temperature, a solution
      of o-(4-methoxybenzamido)benzaldehyde (17.5 g., 0.069 mole) in 235 ml.
      tetrahydrofuran is added dropwise. The mixture is heated at reflux for 3
      hr., cooled and hydrolyzed with 27 ml. of saturated aqueous NH.sub.4 Cl.
      The solution is filtered and evaporated to give a residue which is
      dissolved in 125 ml. of CH.sub.3 CN. The first crop obtained on cooling is
      collected, 12.8 g., m.p. 131.degree.-136.degree.C., and recrystallized 5
      times from CH.sub.3 Cn, yielding 4.1 g. of
      2'-[1-hydroxy-3-(1-methyl-2-piperidyl)propyl]-p-anisanilide (Racemate B),
      m.p. 148.0.degree.-149.0.degree.C. (corr.).
PAR  Further cooling of the mother liquor from the first crop affords 6.1 g. of
      additional product, m.p. 119.degree.-125.degree.C. Crystallization from
      CH.sub.3 Ch yields 1.8 g. of
      4-methoxy-2'-[1-hydroxy-3-(1-methyl-2-piperidyl)propyl]benzanilide
      (Racemate A), m.p. 129.5.degree.-130.5.degree.C. (corr.).
PAR  Analysis. Calcd. for C.sub.23 H.sub.30 N.sub.2 O.sub.3 : C, 72.22; H, 7.91;
      N, 7.32. Found: (Racemate A); C, 72.39; H, 7.92; N, 7.25; (Racemate B); C,
      72.10; H, 7.69; N, 7.36.
PAC  EXAMPLE 136.
PAC  4-Methoxy-2'-[3-(1-methyl-2-piperidyl)propyl]-benzanilide.
PAR  A mixture of 5% Pd/BaSO.sub.4 and AcOH (100 ml.) is shaken on a Parr
      hydrogenator for 0.5 hr. prior to adding a solution of
      4-methoxy-2'-[1-hydroxy-3-(1-methyl-2-piperidyl)propyl]benzanilide (8.0
      g., 0.021 mole), AcOH (150 ml) and 70% HC10.sub.4 (8.0 ml, 0.09 mole). The
      hydrogenation is complete in about 3 hr. The catalyst is filtered off and
      50% NaOH (5 ml.) added to the filtrate to neutralize the HC10.sub.4. After
      concentration, dilution with H.sub.2 O and basification with 50% NaOH, the
      mixture is extracted with EtOAc. The EtOAc extract is washed with water,
      dried over magnesium sulfate and concentrated to give an oil, 8.3 g.,
      which is crystallized from 75 ml. of EtOAc. The product, m.p.
      107.degree.-110.degree.C,, is filtered off and recrystallized from EtOAc,
      providing 4.2 g. (55%) of
      4-methoxy-2'-[3-(1-methyl-2-piperidyl)propyl]benzanilide, m.p.
      108.5.degree.-110.degree.C.
PAR  Analysis. Calcd. for C.sub.23 H.sub.30 N.sub.2 O.sub.2 : C, 75.37; H, 8.25;
      N, 7.64. Found: C, 75.58; H, 8.24; N, 7.55.
PAC  EXAMPLE 137.
PAC  2'-(2-Piperidylmethyl)-p-anisanilide.
PAR  Reduction of 2'-(2-pyridylmethyl)-p-anisanilide (4.65 g., 0.0146 mole)
      according to the procedure of Walker, J. Org. Chem., 27, 2966 (1962), in
      150 ml. of acetic acid with 2.35 g. of 10% palladium on carbon catalyst
      affords 2'-(2-piperidylmethyl)-p-anisanilide, m.p.
      108.degree.-109.degree.C. (corr.), from benzene-hexane.
PAR  Analysis. Calcd. for C.sub.20 H.sub.24 N.sub.2 O.sub.2 : C, 74.04; H, 7.46;
      N, 8.64. Found: C, 74.33; H, 7.27; N, 8.73.
PAC  EXAMPLE 138.
PAC  2'-[Hydroxy(2-piperidyl)methyl]-p-anisanilide. Reduction of
      2'-[hydroxy(2-pyridyl)methyl]-p-anisanilide, according to the procedure of
      Example 137 provides 2'-[hydroxy(2-piperidyl)methyl]-p-anisanilide, m.p.
      157.5.degree.-159.5.degree.C. (corr.), from benzene.
PAR  Analysis. calcd. for C.sub.20 H.sub.24 N.sub.2 O.sub.3 : C, 70.56; H, 7.11;
      N, 8.23. Found: C, 70.60; H, 7.12; N, 8.04.
PAC  EXAMPLE 139.
PAC  2'-[2-(2-piperidyl)ethyl]-p-anisanilide hemimucate.
PAR  Hydrogenation of 2'-[2-(2-pyridyl)ethyl]-p-anisanilide according to the
      procedure of Examaple 117 affords 2'-[2-(2-piperidyl)ethyl]-p-anisanilide
      hemimucate, m.p. 169.degree.-169.5.degree.C., from water and then
      isopropyl ether.
PAR  Analysis. Calcd. for C.sub.21 H.sub.26 N.sub.2 O.sub.2.1/2C.sub.6 H.sub.10
      O.sub.8 : C, 64.98; H, 7.05; N, 6.32. Found: C, 64.81; H, 7.22; N, 6.06.
PAC  EXAMPLE 140.
PAC  2-[2-[(p-Methoxybenzyl)amino]phenethyl]-1-methylpiperidine hemimucate.
PAR  A solution of 4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide (10
      g., 0.028 mole) in 100 ml. of tetrahydrofuran is added to 150 ml. of 1
      borane:THF complex. After stirring 1 hr. and heating under reflux 1 hr.,
      6N HCl (50 ml.) is added dropwise to the reaction mixture. The reaction
      mixture is evaporated and the residue dissolved in 200 ml. of water.
      Basification of the solution followed by ether extraction and evaporation
      of the dried (MgSO.sub.4) ethereal extracts affords an oil which is
      distilled, b.p. 220.degree.C., 0.05 Torr, and then converted to the mucate
      salt by treating with mucic acid in ethanol. Crystallization from water
      yields 5.0 g. (40%), of analytically pure
      2-[2-[(p-methoxybenzyl)amino]phenethyl]-1-methylpiperidine hemimucate,
      m.p. 164.5.degree.-165.5.degree.C. (dec.) (corr.).
PAR  Analysis. Calcd. for C.sub.22 H.sub.30 N.sub.2 O.1/2C.sub.6 H.sub.10
      O.sub.8 : C, 67.68; H, 7.96; N, 6.32. Found: C, 67.60; H, 7.80; N, 6.32.
PAC  Example 141.
PAC  Optically active 2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide.
PAC  a. Resolution of 2-(o-aminophenethyl)-1-methylpiperidine.
PAR  Fractional crystallization of the d-camphoric acid salt of racemic
      2-(o-aminophenethyl)-1-methylpiperidine from 95% EtOH provides a fraction
      with the following properties: m.p. 112.degree.-132.degree.C.
      [.alpha.].sub.D.sup.25.sup..degree.  = -4.0.degree.(1% in 95% EtOH). This
      fraction is converted to the free base, distilled, and the portion boiling
      at 105.degree.-106.degree.C. (0.02 Torr), n.sub.D.sup.30.sup..degree.
      1.5546 collected (stereoisomer A). A dihydrochloride of
      2-(o-aminophenethyl)-1-methylpiperidine stereoisomer A has the following
      properties: m.p. 240.degree.-250.degree.C.;
      [.alpha.].sub.D.sup.25.sup..degree.  = - 12.9.degree. (1% in 95% EtoH).
PAR  Analysis. Calcd. for C.sub.14 H.sub.22 N.sub.2.2HCl: C, 57.73; H, 8.31; N,
      9.62. Found: C, 57.77; H, 8.51; N, 9.58.
PAR  The ethanolic mother liquors, enriched in the d-camphoric acid salt of
      stereoisomer B from the isolation of
      2-(o-aminophenethyl)-1-methylpiperidine (stereoisomer A), are evaporated
      and the residue converted to the free base. The base is converted to the
      l-camphoric acid salt which is fractionally crystallized from 95% EtOH.
      Two fractions are obtained having a rotation of
      [.alpha.].sub.D.sup.25.sup..degree. = +4.1.degree. (1% in 95% EtOH) and
      [.alpha.].sub.D.sup.25.sup..degree.  = + 4.4.degree. (1% in 95% EtOH).
      These fractions combined, converted to the free base and chromatographed
      (alumina, EtOAc) to remove a small amount of a polar impurity, provide
      2-(o-aminophenethyl)-1-methyl piperidine (stereoisomer B).
PAC  b. l-2'-[2-(1-Methyl-2-piperidyl)ethyl]cinnamanilide.
PAR  Reaction of 2-(o-aminophenethyl)-1-methylpiperidine (stereoisomer A) and
      cinnamoyl chloride according to the procedure of Example 25 affords
      l-2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide, m.p.
      129.degree.-130.degree.C. (corr.) from ethyl acetate:
      [.alpha.].sub.D.sup.27.sup..degree.  = - 42.8.degree. (2% in 95% EtOH).
PAR  Analysis. Calcd. for C.sub.23 H.sub.25 N.sub.2 O: C, 79.27; H, 8.10; N,
      8.04. Found: C, 79.09; H, 8.14; N, 7.95.
PAC  c. d-2'-[2-(1-Methyl-2-piperidyl)ethyl]cinnamanilide.
PAR  Reaction of 2-(o-aminophenethyl)-1-methylpiperidine (stereoisomer B) and
      cinnamoyl chloride according to the procedure of Example 25 affords
      d-2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide, m.p.
      128.5.degree.-129.5.degree.C. (corr.) from heptane and then isopropanol)
      [.alpha.].sub.D.sup.26.sup..degree. = +42.9.degree. (2% in 95% EtOH).
PAR  Analysis. Found: C, 79.46; H, 8.12; N, 7.92.
PAC  EXAMPLE 142.
PAC  Optically active 4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
PAC  a. l-4-Methoxy-2'-[2-(1-methyl-2-piperidyl)-ethyl]benzanilide.
PAR  Reaction of 2-(o-aminophenethyl)-1-methylpiperidine (stereoisomer A) and
      anisoyl chloride according to the procedure of Example 25 affords
      l-4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide, m.p.
      126.5.degree.-127.5.degree.C. (corr.), from heptane;
      [.alpha.].sub.D.sup.29.sup..degree. = - 39.3.degree. (2% in 95% EtOH).
      Analysis. Calcd. for C.sub.22 H.sub.28 N.sub.2 O.sub.2 : C, 74.96; H,
      8.01; N, 7.95. Found: C, 74.97; H, 8.07; N, 7.79.
PAC  b. d-4-Methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
PAR  Reaction of 2-(o-aminophenethyl)-1-methylpiperidine (stereoisomer B) and
      anisoyl chloride according to the procedure of Example 25 affords
      d-4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide, m.p.
      127.degree.-127.5.degree.C. (corr.), from heptane;
      [.alpha.].sub.D.sup.25.sup..degree. = +41.5.degree. (2% in 95% EtOH).
PAR  Analysis. Found: C, 75.02; H, 7.76; N, 7.83.
PAR  While several specific embodiments are disclosed in the foregoing
      specification, it will be appreciated that other modifications may be made
      without departing from the spirit and scope of the appended claims.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A compound selected from the group consisting of substituted piperidines
      having Formula I and Formula XII
      ##SPC22##
      ##SPC23##
PAL  wherein
PA1  R.sup.1 represents hydrogen;
PA1  R.sup.2 represents hydrogen or methylenedioxy attached in the benzenoid
      4,5-position;
PA1  R.sup.3 represents hydrogen or methyl;
PA1  R.sup.4 represents hydrogen;
PA1  R.sup.5 is cinnamoyl or
      ##SPC24##
PAL  wherein
PA1  R.sup.7 is selected from the group consisting of hydrogen, chlorine,
      dimethylamino, alkylthio of from 1 to 4 carbon atoms inclusive, alkyl of
      from 1 to 4 carbon atoms inclusive, methoxy, 3,4-dimethoxy, 3,5-dimethoxy,
      and 3,4,5-trimethoxy;
PA1  R.sup.8 represents lower alkyl of 1 to 4 carbon atoms inclusive;
PA1  R.sup.9 is selected from the group consisting of cinnamoyl or
      ##SPC25##
PAL  wherein
PA1  R.sup.10 is methoxy;
PA2  A is a divalent radical selected from the group consisting
      ##EQU3##
      --(CH.sub.2).sub.3 --; and a pharmaceutically acceptable salt thereof.
NUM  2.
PAR  2. The compound of the group defined in claim 1 which is
      2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide.
NUM  3.
PAR  3. The compound of the group defined in claim 1 which is
      2'-[2-(1-methyl-2-piperidyl)ethyl]cinnamanilide hydrochloride.
NUM  4.
PAR  4. The compound of the group defined in claim 1 which is
      4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
NUM  5.
PAR  5. The compound of the group defined in claim 1 which is
      4-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide hydrochloride.
NUM  6.
PAR  6. The compound of the group defined in claim 1 which is
      2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
NUM  7.
PAR  7. The compound of the group defined in claim 1 which is
      2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide hydrochloride.
NUM  8.
PAR  8. The compound of the group defined in claim 1 which is
      4-chloro-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
NUM  9.
PAR  9. The compound of the group defined in claim 1 which is
      4-chloro-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide hydrochloride.
NUM  10.
PAR  10. The compound of the group defined in claim 1 which is
      4-(methylthio)-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
NUM  11.
PAR  11. The compound of the group defined in claim 1 which is
      4-(methylthio)-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide
      hydrochloride.
NUM  12.
PAR  12. The compound of the group defined in claim 1 which is
      3-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
NUM  13.
PAR  13. The compound of the group defined in claim 1 which is
      3-methoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide hydrochloride.
NUM  14.
PAR  14. The compound of the group defined in claim 1 which is
      4-dimethylamino-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
NUM  15.
PAR  15. A compound selected from the group consisting of substituted
      piperidines having Formula XII
      ##SPC26##
PAL  wherein
PA1  R.sup.8 represents lower alkyl of 1 to 4 carbon atoms inclusive;
PA1  R.sup.9 is selected from the group consisting of cinnamoyl or
      ##SPC27##
PAL  wherein
PA1  R.sup.10 is methoxy;
PA1  A is a divalent radical selected from the group consisting
      ##EQU4##
      and a pharmaceutically acceptable salt thereof.
NUM  16.
PAR  16. The compound of the group defined in claim 1 which is
      2'-[3-(1-methyl-2-piperidyl)propyl]-p-anisanilide.
NUM  17.
PAR  17. The compound of the group defined in claim 1 which is
      2'-[(1-methyl-2-piperidyl)methyl]-p-anisanilide.
NUM  18.
PAR  18. The compound of the group defined in claim 1 which is
      4-methoxy-2'-[2-(1-methyl-2-piperidyl)propyl]benzanilide.
NUM  19.
PAR  19. The compound of the group defined in claim 1 which is
      2'-[1-hydroxy-3-(1-methyl-2-piperidyl)propyl]-p-anisanilide.
NUM  20.
PAR  20. The compound of the group defined in claim 1 which is
      3,4-dimethoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
NUM  21.
PAR  21. The compound of the group defined in claim 1 which is
      2'-[2-(1-methyl-2-piperidyl)ethyl]-3,4,5-trimethoxybenzanilide.
NUM  22.
PAR  22. The compound of the group defined in claim 1 which is
      2'-[2-(2-piperidyl)ethyl]-p-anisanilide.
NUM  23.
PAR  23. The compound of the group defined in claim 1 which is
      2'-[2-(1-methyl-2-piperidyl)ethyl]-p-toluanilide.
NUM  24.
PAR  24. The compound of the group defined in claim 1 which is
      4-(t-butyl)-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
NUM  25.
PAR  25. The compound of the group defined in claim 1 which is
      3,5-dimethoxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanilide.
NUM  26.
PAR  26. The compound of the group defined in claim 1 which is
      4-methoxy-4',5'-methylenedioxy-2'-[2-(1-methyl-2-piperidyl)ethyl]benzanili
     de.
NUM  27.
PAR  27. The compound of the group defined in claim 1 which is
      2'-[1-(1-methyl-2-piperidyl)ethyl]-p-anisanilide.
NUM  28.
PAR  28. A compound selected from the group consisting of substituted
      piperidines having the formula
      ##SPC28##
PAL  wherein
PA1  R.sup.7 is selected from the group consisting of hydrogen, chlorine,
      dimethylamino, alkylthio of from 1 to 4 carbon atoms inclusive, alkyl of
      from 1 to 4 carbon atoms inclusive, methoxy, 3,4-dimethoxy, 3,5-dimethoxy,
      and 3,4,5-trimethoxy;
PAL  and a pharmaceutically acceptable salt thereof.
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ABST
PAL  This invention is for phosphinoline and phosphindoline compounds having the
      formula,
PAL  Wherein n is 0 or 1; X is 0 or S; R.sup.3 is hydrogen or methyl; R.sup.5 is
      hydrogen or methyl, or may be bound to R.sup.13 to form a morpholino,
      piperidino or pyrrolidino ring; R.sup.7 is hydrogen or hydroxy; R.sup.11
      and R.sup.12 are hydrogen; R.sup.13 is methyl, or R.sup.13 and R.sup.5 may
      be joined together as above stated to form a morpholino, piperidino, or
      pyrrolidino ring. The compounds are analgesics.
BSUM
PAR  This invention relates to chemical compounds which possess useful
      physiological, especially analgesic properties, and to processes for the
      preparation of these compounds.
PAR  The compounds of the present invention are phosphines, phosphine oxides and
      phosphine sulphides of the general formula (1),
      ##EQU1##
      in which R.sup.1 = aryl or substituted aryl;
PA1  R.sup.2 = aryl, substituted aryl, alkyl, or substituted alkyl; when R.sup.2
      is alkyl or substituted alkyl, then R.sup.1 and R.sup.2 may together form
      a ring;
PA1  R.sup.3 = h, or lower alkyl;
PA1  R.sup.4 = h, or alkyl, and when R.sup.2 is alkyl or substituted alkyl,
      R.sup.2 and R.sup.4 may together form a ring;
PA1  R.sup.5 = h, alkyl, aralkyl, and may be joined to R.sup.4, optionally
      through an oxygen atom, to form a ring;
PA1  X = a lone pair of electrons, O, S, or NR.sup.6 wherein R.sup.6 is alkyl,
      aryl, arylkyl, or acyl.
PAR  A preferred class of compounds is represented by the general formula (2),
      ##SPC1##
PAL  In which
PA1  R.sup.3 = h, or lower alkyl;
PA1  R.sup.5 = h, saturated or unsaturated alkyl, aralkyl, or may be bound to
      R.sup.13, optionally through an oxygen atom, to form a ring;
PA1  R.sup.7 = h, hydroxyl, or alkoxyl;
PA1  R.sup.8 = h, hydroxyl, alkoxyl, or alkyl;
PA1  R.sup.9 = h, or R.sup.9 and R.sup.10 together may represent a single bond
      or a methylene bridge;
PA1  R.sup.10 = h, alkyl, or R.sup.9 and R.sup.10 together may represent a
      single bond or a methylene bridge;
PA1  R.sup.11 = h, or R.sup.13 and R.sup.11 together may represent a single
      bond;
PA1  R.sup.12 = h or lower alkyl;
PA1  R.sup.13 = methyl, or R.sup.13 and R.sup.11 together may represent a single
      bond;
PA1  X = lone pair of electrons, O, S, or NR.sup.6, wherein R.sup.6 is alkyl,
      aryl, aralkyl, or acyl.
PAR  The compounds 3 to 27 inclusive shown herein below, are especially
      preferred:
      ##SPC2##
PAR  Another preferred class of compounds is represented by formula (1), where
PA1  R.sup.1 and R.sup.2 (which may be the same or different) are preferably
      chosen from phenyl, p-chlorophenyl, hydroxyphenyl, or tolyl;
PA1  R.sup.3 = methyl;
PA1  R.sup.4 and R.sup.5, which may be the same or different, are preferably
      chosen from lower alkyl groups, or together may form a heterocycle which
      is preferably pyrrolidine, piperidine, or morpholine.
PAR  The compounds 28 to 31 inclusive shown herein below are especially
      preferred:
      ##EQU2##
PAR  We also provide a method of manufacture of compounds of general formula 1
      which method comprises reacting a compound of general formula 32
      ##EQU3##
      with an amine of general formula (33)
      ##EQU4##
      and optionally treatment with trichlorosilane optionally followed by
      treatment with sulphur wherein R.sup.14 is either R.sup.2 or unsaturated
      alkyl, and R.sup.2, R.sup.3, R.sup.4, R.sup.5 are as defined hereinbefore.
PAR  The compounds of general formula 32 are new compounds of use as
      intermediates in the synthesis of useful organo phosphorus compounds.
      These compounds form part of our invention.
PAR  In a further aspect of our invention we provide a method of manufacture of
      the compounds of general formula 32 which method comprises treating a
      compound of general formula 34
      ##EQU5##
      with R.sup.3 -- CH = CH -- M wherein R.sup.1, R.sup.14 and R.sup.3 are as
      defined hereinbefore, X is halogen and M is MgX, Na or Li.
PAR  Certain of the compounds of general formula 34 are novel and in a further
      aspect of our invention we provide a process for the manufacture of
      ##SPC3##
PAL  wherein n is 2 or 3 and Y is hydroxy or a halogen, R.sup.15 is hydrogen or
      alkyl, which process comprises treating
      ##EQU6##
      wherein X is halogen, successively with zinc chloride, acid hydrolysis
      hydrogen peroxide and optionally with a halogenating agent.
PAR  Thus for example, the 4 azaphosphorines may be prepared by reacting an
      amine RNH.sub.2, with an aryldivinylphosphine oxide. For example, the
      reaction of divinylphosphine oxide with aqueous methylamine under reflux
      for 30 min gave a quantitative yield of
      1-methyl-4-oxo-4-phenylperhydro-1,4-azaphosphorine (16), which was
      converted into the corresponding sulphide (17) by successive treatment
      with trichlorosilane, and sulphur.
      ##SPC4##
PAR  Compound (28) and related compounds may be, for example, prepared by
      reacting the corresponding amine (i.e. pyrrolidine, piperidine, or
      morpholine) with diphenylvinylphosphine sulphide:
      ##EQU7##
PAR  The synthesis of the bicyclic and tricyclic compounds is illustrated by the
      preparation of 19 and 21, Flowsheet 1. The procedure constitutes a new
      convenient synthesis of 1, 2,3,4-tetrahydrophosphinolines and
      phosphindolines, and of the corresponding dehydro derivatives, and is
      useful in the synthesis of condensed ring systems containing these
      entities.
      ##SPC5##
PAR  The new compounds 41, 42, 35, 36, 38 and 39 are of particular value as
      intermediates in the synthesis of organo phosphorus compounds.
PAR  Experimental procedures are exemplified below in the preparation of
      compounds 16, 17, 19, 21, 28, 29 and 30.
PAC  Biological Assay
PAR  The compounds described above were subjected to a Mouse Writhing Test and
      to the McKenzie Beechey Mouse Tail Stimulation Test (1962, Archives
      Internationales de Pharmacodynamae et de Therapie, 135) to determine their
      analgesic activities. The test compounds were prepared as 1.0% solutions
      in carboxymethylcellulose. The control in all tests was
      carboxymethylcellulose.
PAR  High activity was shown by compounds in which X = S. For example, compound
      (19) was active at 16mg/kg in the Tail Stimulation Test, comparable to
      morphine in this assay, and in the toxicity test showed L.sub.D 50, 170
      mg/kg.
DETD
PAC  EXAMPLE 1
PAC  3-Phenylpropylphosphonous dichloride (36)
PAR  Anhydrous cadmium chloride (44g, 0.24 mole) was added rapidly to a stirred
      solution of 3-phenylpropyl magnesium bromide which had been prepared from
      magnesium (11.0g, 0.47 mole) and 3-phenylpropyl bromide (93g, 0.46 mole)
      in dry ether (500 ml).
PAR  Following the addition, the mixture was stirred in an ice bath for 2 hr.
      This reaction mixture, including the precipitate, was added slowly over 25
      min to a vigorously stirred solution of phosphorus trichloride (100g, 0.73
      mole) in dry ether (100 ml) kept below -20.degree. with a dry ice-acetone
      bath. After the addition the reaction vessel was allowed to warm to room
      temperature, then heated at reflux for 2.5 hr. The cooled mixture was
      filtered through a sintered glass funnel and the white precipitate was
      washed several times with ether. Evaporation of the filtrate and washings,
      and distillation of the residue through an 18 inch spinning band column
      gave, as the major fraction, 3-phenylpropyl phosphonous dichloride, b.p.
      78.degree./0.2 mm, a colourless liquid. This was purified by distillation
      through a 9 inch Vigreux column (50g, 49%). (Found: C, 48.6; H, 5.0; P,
      14.2 C.sub.9 H.sub.11 PCl.sub.2 requires C, 48.9; H, 5.0; P, 14.0%).
      .nu..sub.max : 3070, 3050, 3020, 2920, 2850, 1600, 1490, 1450, 1070, 1030,
      750, 710 cm.sup.-.sup.1. N.m.r. spectrum (CCl.sub.4): 7.19, m. 5H
      (aromatic); 2.68, distorted t, 2H (benzylic); 1.7-2.7, m, 4H(methylenes).
      Mass spectrum: m/e 221 (1.4%), 118 (10 ), 102 (10), 92 (100), 78 (12.5),
      66 (38), 52(21).
PAC  EXAMPLE 2
PAC  1-Hydroxy-1-oxo-1,2,3,4-tetrahydrophosphinoline (35)
PAR  3-Phenylpropylphosphonous dichloride (60g, 0.27 mole) was heated at
      170.degree. with freshly fused, powdered zinc chloride (60g, 0.44 mole)
      for 6 hr with rapid stirring. The mixture was then cooled to 150.degree.,
      and concentrated hydrochloric acid (100 ml) was added cautiously with
      rapid stirring. The mixture was heated under reflux for a further 15 min,
      then the excess of acid was removed in vacuum. The oily residue was taken
      up in aqueous potassium hydroxide (250 ml, 10%), and hydrogen peroxide (50
      ml, 30%) was added. The mixture was stirred at room temperature for 24 hr,
      acidified, and extracted with chloroform. The chloroform solution was
      washed with distilled water, then extracted 3 times with potassium
      hydroxide solution (10%). The combined alkali extract was washed with
      chloroform, then acidified, and re-extracted with chloroform to give
      colourless crystals (20g, 41%), m.p. 140.degree.-4.degree..
      Crystallization from ethanol gave
      1-hydroxy-1-oxo-1,2,3,4-tetrahydrophosphinoline, m.p. 146-147 (Found: C,
      59.3; H, 5.7; P, 17.2. C.sub.9 H.sub.11 PO.sub.2 requires C, 59.3; H, 6.1;
      P, 17.0%). Infrared spectrum .nu..sub.max : 2600, 2280, 1600, 1320, 1230,
      1180, 1165, 1150, 1100, 1030, 980, 970, 800, 785 cm.sup.-.sup.1. N.m.r.
      spectrum (CDCl.sub.3): 12.5, s, 1H (OH); 6.8 - 8.2, m, 4H (aromatic); 2.8
      - 3.4, m, 2H (benzylic); 1.9 - 2.8, m, 4H (methylenes). Mass spectrum:
      molecular ion, m/e 182.
PAR  Evaporation of the original chloroform extract, gave colourless crystals
      (28g). The n.m.r. spectrum of this material indicated the presence of some
      of the secondary phosphine oxide, 1-oxo-1,2,3,4-tetrahydrophosphinoline.
      This mixture was again treated with alkaline hydrogen peroxide, and a
      similar work-up gave a further 25g of crystalline
      1-hydroxy-1-oxo-1,2,3,4-tetrahydrophosphinoline, m.p.
      142.degree.-4.degree..
PAC  EXAMPLE 3
PAC  1-Oxo-1-vinyl-1,2,3,4-tetrahydrophosphinoline (38)
PAR  1-Hydroxy-1-oxo-1,2,3,4-tetrahydrophosphinoline (2.7g, 15 mmole) was
      refluxed with redistilled thionyl chloride (12 ml, 170 mmole) for 2 hr,
      and the excess of thionyl chloride removed by distillation. Distillation
      of the residue (bulb to bulb) at 150.degree./0.005 mm gave
      1-chloro-1-oxo-1,2,3,4-tetrahydrophosphinoline (34), a light yellow fuming
      solid (2.3g, 76%). This was used without further purification.
PAR  To a rapidly stirred solution of the above phosphinic chloride (4g, 20
      mmole) in dry tetrahydrofuran (25 ml) cooled in a dry ice-acetone bath was
      added a tetrahydrofuran solution of vinyl magnesium bromide (20 ml of 1M,
      20 mmole) at a rate of 1 ml/min. This was introduced directly into the
      solution using a syringe in order to prevent crystallization of the
      Grignard reagent on the sides of the cooled vessel. Following the
      addition, the solution was stirred for a further 30 min at -70.degree.,
      then treated with saturated ammonium chloride solution. The mixture was
      extracted with chloroform, washed with sodium hydroxide (10%), then with
      distilled water, dried and evaporated. Distillation of the residue (bulb
      to bulb) at 130.degree./0.001 mm gave pure
      1-oxo-1-vinyl-1,2,3,4-tetrahydrophosphinoline as colourless hygroscopic
      crystals (2.9g, 74%). (Found: C, 68.4; H, 6.8; P, 15.5. C.sub.11 H.sub.13
      PO requires: C, 68.7; H, 6.8; P, 16.1%). Infrared spectrum .nu..sub.max :
      2950, 1600, 1490, 1450, 1320, 1200, 1150, 1100, 1000, 940, 840, 800, 770,
      740 cm.sup.-.sup.1. N.m.r. spectrum (CDCl.sub. 3): 7.0-8.0, m, 4H
      (aromatic); 5.6-6.6, m, 3H (olefinic); 2.6 - 3.1, m, 2H (benzylic); 1.7 -
      2.5, m, 4H (methylenes). Mass spectrum: m/e 192 (100%), 191 (53), 165
      (33), 164 (94), 149 (28), 147 (30), 133 (25), 117 (42), 116 (25), 115
      (50), 91 (20); m* 140 (192-164).
PAC  EXAMPLE 4
PAC  1-(2-N,N-Dimethylamino)ethyl-1-oxo-1,2,3,4-tetrahydrophosphinoline (20).
PAR  1-Oxo-1-vinyl-1,2,3,4-tetrahydrophosphinoline (300 mg, 1.56 mmole) and
      dimethylamine (15 ml) were placed in a sealed tube and allowed to stand at
      room temperature for 24 hr. Evaporation of the excess of dimethylamine
      gave a light yellow oil. Gas chromatography showed one product together
      with a very small amount of starting material. Distillation (bulb to bulb)
      at 140.degree./0.001 mm gave a colourless hygroscopic oil. An analytical
      sample was purified by preparative t.l.c. on silica gel plates developed
      with chloroform-methanol 5-1, followed by bulb to bulb distillation.
      Complete removal of water was very difficult (Found: C, 65.2; H, 8.8; N,
      5.5; C.sub.13 H.sub.20 NOP requires C, 65.8; H, 8.5; N, 5.9%). Infrared
      spectrum .nu..sub.max : 2940, 2870, 2830, 2780, 1615, 1595, 1460, 1440,
      1300, 1265, 1175, 1080, 1050, 850, 825, 760 cm.sup.-.sup.1. N.m.r.
      spectrum (CDCl.sub.3): 7.0-8.1, m, 4H (aromatic); 1.6-3.0, m with a sharp
      singlet at 2.20, 16H (aliphatic). Mass spectrum 237 (5%), 164 (11). 72
      (97), 71 (100), 58 (31), 56 (10).
PAR  The perchlorate, m.p. 216.degree.-217.degree. from ethanol, was not
      hygroscopic (Found: C, 46.1; H, 6.3; N, 4.0; Cl, 10.5. C.sub.13 H.sub.21
      ClNO.sub.5 P requires C, 46.4; H, 6.3; N, 4.2; CL, 10.5%).
PAC  EXAMPLE 5
PAC  1-(2-N,N-Dimethylamino)ethyl-1-thio-1,2,3,4-tetrahydrophosphinoline (19)
PAR  A solution of 1-(2-N,N-dimethylamino)
      ethyl-1-oxo-1,2,3,4-tetrahydrophosphinoline (4.0g, 15.7 mmole) (hydrated
      form) in benzene (50 ml) was dried by azeotropic distillation, then cooled
      to room temperature and placed under a nitrogen atmosphere. Whilst the
      solution was being stirred, trichlorosilane (4 ml, 40 mmole) was added,
      then the mixture was heated under reflux for 2 hr. The reaction mixture
      was evaporated to half of its original volume to remove the excess of
      trichlorosilane, then sulphur (3g) was added and the mixture was stirred
      at room temperature for 12 hr. The benzene solution was washed with sodium
      hydroxide solution (2M), then the product was extracted into hydrochloric
      acid (2M). The combined acid extract was washed with benzene, made
      alkaline with sodium hydroxide solution (5M) and the basic material was
      extracted into chloroform. The chloroform extract was washed with
      saturated ammonium chloride, dried (Na.sub.2 SO.sub.4) and evaporated.
      Bulb to bulb distillation of the residue at 150.degree./0.005 mm yielded a
      light cream oil (3.8g, 95%), which slowly crystallized, m.p.
      58.degree.-60.degree.. G.l.c. (B) showed a single peak, but t.l.c. showed
      some minor impurities. These were removed by preparative t.l.c.
      (chloroform methanol, 15:1), redistillation of the residue as above gave a
      light yellow oil which slowly crystallized (Found: C, 61.7; H, 8.1; P,
      12.1; S, 13.3. C.sub.13 H.sub.20 NPS requires C, 61.7; H, 8.1; P, 12.2; S,
      12.7%). Mol. wt. (mass spectrum), 253..nu..sub.max (film): 2960, 2940,
      2860, 2820, 2770, (N--CH.sub.3 and N--CH.sub.2 --), 1465, 1440 (C.sub.6
      H.sub.5 --P), 1265, 1160, 1135, 1080, 1050, 1015, 860, 780, 750, 725, 695,
      and 660 cm.sup.-.sup.1. .lambda..sub.max : 216 (9000), 250 nm (2530).
      N.m.r. spectrum (CDCl.sub.3) 7.93, dm, 1H (H8); 7.0-7.6, m, 3H (H5, H6 and
      H7); 1.7-3.2, m with a sharp singlet at 2.20, 16H (aliphatic protons).
PAR  The hydrochloride salt separated from absolute ethanol as colourless
      crystals, m.p. 238.degree.-241.degree. (Found: C, 53.6; H, 7.4; P, 10.5;
      S, 11.1. C.sub.13 H.sub.21 ClNPS requires C, 53.9; H, 7.4; P, 10.5; S,
      10.9%).
PAC  EXAMPLE 6
PAC  1-Oxo-1-vinyl-1,2-dihydrophosphinoline (39)
PAR  To a hot solution of 1-oxo-1-vinyl-1,2,3,4-tetrahydrophosphinoline (4g,
      2.04 mmole) in chloroform (30 ml) was added N-bromosuccinimide (4.4g, 2.7
      mmole), and the boiling mixture was irradiated with a 300 watt sun lamp
      until the brown colour had disappeared. Evaporation of the washed, dried
      solution gave a cream oil (5.5g). N.m.r. spectrum (CDCl.sub.3): 6.8-7.7,
      m, 4H(aromatic); 5.4-6.5, m, 3H(olefinic); 5.1-5.4, bd, 1H
      (bromobenzylic); 1.8-2.8, m, 4H (methylenes). This crude material was used
      directly for the next step.
PAR  A solution of the crude
      4-bromo-1-oxo-1-vinyl-1,2,3,4-tetrahydrophosphinoline (5.5g) in anhydrous
      dimethyl formamide (30 ml) was heated under nitrogen at 110.degree. for 45
      min, after which time an n.m.r. spectrum indicated that dehydrobromination
      was complete. The excess of dimethyl formamide was evaporated in vacuum,
      and the brown semi-solid residue was dissolved in chloroform. This
      solution was washed with water, dried, and evaporated. Distillation of the
      residue through a short Vigreux column gave a colourless liquid b.p.
      134.degree.-138.degree./0.005 (3.6g, 90%). Preparative t.l.c. on silica
      gel plates developed with chloroform-methanol 30-1, followed by
      bulb-to-bulb distillation gave the "pure" compound. However, complete
      removal of water was not achieved, nor was a unique hydrate obtained, and
      the compound failed to give satisfactory microanalytical figures. Infrared
      spectrum .nu..sub.max : 3030, 2930, 2860, 1630, 1590, 1475, 1440, 1390,
      1275, 1180, 1140, 990, 865, 785, 720 cm.sup.-.sup.1. N.m.r. spectrum
      (CDCl.sub.3): 7.0-8.0, m. 4H (aromatic); 5.6-6.8, m, 5H (olefinic);
      2.6-3.1, m, 2H (methylene). Mass spectrum: m/e 190 (57%), 141 (41), 128
      (38), 116 (66), 115 (100), 89 (27), 65 (34), 51 (50). Ultraviolet spectrum
      .lambda..sub.max (ethanol): 222 (19600) 262 (4200), 298 (2300).
PAC  EXAMPLE 7
PAC  2-Methyl-5-oxo-5-phosphabenzomorphan (22)
PAR  A solution of 1-oxo-1-vinyl-1,2-dihydrophosphinoline (0.25g, 1.3 mmole) in
      aqueous methylamine (3 ml of 0.5M = 1.5  mmole) was heated at 140.degree.
      in a sealed tube 48 hr. The cooled solution was treated with saturated
      ammonium chloride and extracted with chloroform. Evaporation of the dried
      extract gave an orange oil (300 mg). Bulb to bulb distillation at
      160.degree./0.005 mm gave colourless hygroscopic crystals (0.22g, 77%),
      m.p. 121.degree.-122.degree.. Infrared spectrum: .nu..sub.max (Nujol):
      2905, 2895 (N--CH.sub.2), 1595, 1410, 1400, 1380, 1315, 1290, 1280, 1260,
      1235, 1190 (P=O), 1170, 1150, 1145, 1115, 1090, 1070, 1035, 990, 980, 955,
      950, 910, 840, 820, 775, 760, 735, 715, 695, and 665 cm.sup.-.sup.1.
      Ultraviolet spectrum: .lambda..sub.max 213 (8370), 270 (812), 277 nm
      (800). N.m.r. spectrum (CDCl.sub.3): .delta.7.91, dm, 1H (o-aromatic);
      7.1-7.5, m, 3H (aromatic); 3.68, bd, 1H (bridgehead H); 3.0-3.28, m, 2H
      (benzylic); 1.4-2.9, m, with a sharp peak at 2.47, 9H (N-Me and
      methylenes). Mass spectrum: molecular ion m/e 221.
PAR  The hydrochloride salt, crystallised from anhydrous ethanol had mp
      &gt;250.degree. dec. (Found: C, 56.4; H, 6.7; N, 5.6; P, 11.8. C.sub.12
      H.sub.17 ClNOP requires C, 56.0; H, 6.6; N, 5.4; P, 12.0%).
PAC  EXAMPLE 8
PAC  The Tricyclic Phosphine Sulphide (21)
PAR  A solution of
      4-methyl-1,2,3,4,5,6-hexahydro-1,5-methano-4,1-benzazaphosphorine-1-oxide
      (5.5g, 24.8 mmole) in benzene (100 ml) was dried by azeotropic
      distillation, then cooled to room temperature and placed under a nitrogen
      atmosphere. Whilst the solution was being stirred, trichlorosilane (5 ml,
      50 mmol) was added and the mixture was heated under reflux for 2 hr. After
      evaporation to half volume to remove the excess of trichlorosilane,
      sulphur (4g) was added, and the mixture stirred at room temperature for 12
      hr. The benzene solution was washed with sodium hydroxide solution (2M),
      saturated ammonium chloride, water and then dried (Na.sub.2 SO.sub.4).
      Passage of dry hydrogen chloride through this gave the hydrochloride which
      was collected, and stirred in refluxing benzene for 2 hr to remove
      sulphur; filtration of the cooled suspension gave a white solid. This
      procedure was repeated to remove the last traces of sulphur.
      Crystallization from absolute ethanol afforded the hydrochloride of
      compound (21). (5.6g, 82%), m.p. 252.degree.-253.degree. (Found: C, 52.4;
      H, 6.4; P, 11.2; N, 4.9. C.sub.12 H.sub.17 ClNPS requires C, 52.7; H, 6.3;
      P, 11.3; N, 5.1%). The free base, recovered in the usual way, was
      recrystallized from cyclohexane/benzene (3:1) to give compound (21) as
      colourless crystals, m.p. 137.degree.-138.degree. (Found: C, 60.5; H, 6.8;
      N, 5.7; P, 13.0. C.sub.12 H.sub.16 NPS requires, C, 60.7; H,  6.8; N, 5.9;
      P, 13.0%). .nu..sub.max (Nujol): 2810 (N--CH.sub.2 or N--CH.sub.3), 2785,
      1445 (C.sub.6 H.sub.5 -P), 1430, 1400, 1380, 1300, 1270, 1225, 1180, 1120,
      1085, 1070, 995, 990, 955, 875, 770, 755, 735, 710, 705 cm.sup.-.sup.1.
      P.m.r. (100 MHz) (CDCl.sub.3): 8.05, dm, J.sub.P-H = 15.2, 1H (aromatic,
      ortho to P); 7.1 - 7.5, m, 3H (aromatic, meta and para to P); 3.58, dm,
      J.sub.P-H = 26, 1H (bridgehead proton), 1.5-3.5, m, with a sharp singlet,
      at .delta.2.46, 11H (N-CH.sub.3 and 4 .times. CH.sub.2). Mass spectrum:
      237, parent ion. .lambda..sub.max (.epsilon.): 210 (9880), 268 (520), 276
      nm (460).
PAC  EXAMPLE 9
PAC  1-Methyl-4-oxo-4-phenylperhydro-1,4-azaphosphorine (16)
PAR  A mixture of divinylphenylphosphine oxide (0.40g, 2.24 mmol) and aqueous
      methylamine (2.6 ml of 1M = 2.7 mmol) was heated under reflux for 30 min.
      The aqueous solution was cooled, saturated with ammonium chloride, and
      extracted with chloroform. Bulb to bulb distillation of the product at
      140.degree./0.005 mm gave
      1-methyl-4-oxo-4-phenylperhydro-1,4-azaphosphorine (0.46g, 98%), as
      colourless hydroscopic crystals, m.p. 115.degree.-116.degree.. The m.p.
      was not raised by recrystallization from anhydrous benzene, cyclohexane
      (1:3). The purity of this material was confirmed by t.l.c.
      (chloroform-methanol (3:1)). A freshly dried sample (80.degree./5 mm over
      P.sub.2 O.sub.5) gave slightly low carbon and phosphorus values owing to
      rapid uptake of water prior to analysis (Found: C, 62.6; H, 7.8; P, 14.6.
      C.sub.11 H.sub.16 NOP requires C, 63.2; H, 7.7; P, 14.8%). Mol. wt. (Mass
      spectrum), 209. Infrared spectrum .nu..sub.max (Nujol): 2820
      (N--CH.sub.2), 1590, 1460 (C.sub.6 H.sub.5 --P), 1410, 1380, 1320, 1265,
      1170, (P=O), 1110, 1065, 990, 960, 925, 810, 760, 725, 705, 665
      cm.sup.-.sup.1. N.m.r. spectrum (CDCl.sub.3): 7.82, dm, 2H (o-aromatic);
      7.4-7.7, m, 3H (m- and p-aromatic); 2.6-3.3, m, 4H (methylenes); 2.36, s,
      3H (methyl); 1.8-2.5, m, 4H (methylenes). A sample which had been exposed
      to the atmosphere for a few min showed additional broad absorption bands
      at 3400 and 1630 cm.sup.-.sup.1 in the i.r. spectrum, and additional sharp
      singlets at .delta.3.06 and 4.62 (exchanged by D.sub.2 O) in the n.m.r.
      spectrum.
PAC  EXAMPLE 10
PAC  1-Methyl-4-phenyl-4-thioperhydro-1,4-azaphosphorine (15)
PAR  1-Methyl-4-oxo-4-phenylperhydro-1,4-azaphosphorine (4.0g, 19.1 mmol) was
      reduced with trichlorosilane (4 ml, 40 mmol) in benzene solution, and the
      crude phosphine treated with sulphur (2g) at room temperature for 12 hr.
      The product was treated with dry hydrogen chloride in the usual way to
      give 1-methyl-4-phenyl-4-thioperhydro-1,4-azaphosphorine hydrochloride
      (4,1g, 82%), m.p. 233.degree.-235.degree.  (Found: C, 50.2; H, 6.6; P,
      11.7; S, 11.9. C.sub.11 H.sub.17 ClNPS requires C, 50.5; H, 6.6; P, 11.8;
      S, 12.3%). The free base was regenerated from the hydrochloride and
      distilled (bulb to bulb) at 160.degree./0.005 mm. Crystallization from
      cyclohexane/hexane (1:1) gave colourless crystals, m.p.
      103.degree.-104.degree. (Found: C, 58.2; H. 7.1; P, 13.5; S, 14.1.
      C.sub.11 H.sub.16 NPS requires C, 58.7; H, 7.2; P, 13.7; S, 14.2%).
      .nu..sub.max (Nujol): 2820 (N--CH.sub.2), 1450 (C.sub.6 H.sub.5 --P),
      1435, 1400, 1380, 1265, 1255, 1190, 1125, 1115, 1070, 1035, 1030, 990,
      965, 930, 800, 755, 725, 715 and 695 cm.sup.-.sup.1. N.m.r. spectrum
      (CDCl.sub.3): 7.94, dm, 2H (o-aromatics); 7.4-7.6, m, 3H (m- and
      p-aromatics); 1.6-3.3, m with a sharp singlet at 2.42, 11 (n-Me and
      methylenes).
PAC  EXAMPLE 11
PAC  2-Pyrrolidinoethyldiphenylphosphine sulphide (28) (N-Me
PAR  Reaction of diphenylvinylphosphine sulphide with pyrrolidine, and
      distillation of the product at approximately 170.degree./0.2 mm gave a
      pale yellow oil which was dissolved in ether and treated with anhydrous
      hydrogen bromide. Crystallisation from ethanol gave the hydrobromide (32)
      of the amine (28) as white plates, m.p. 247.degree. (61%). (Found: C,
      54.3; H, 5.8; Br, 20.3. C.sub.18 H.sub.23 BrNPS requires C, 54.6; H, 5.6;
      Br, 20.2%).
PAR  The amine (28) showed the following properties: Mass spectrum: molecular
      ion at m/e 315. N.m.r. (CDCl.sub.3): 7.4-8.2, m, 10H (aromatic); 2.7-3.6,
      m, 4H (methylene); 2.3-2.7, m, 4H (methylene); 1.5-2.0, m, 4H (methylene).
      Infrared spectrum (.nu..sub.max): 3060, 2940, 2500, 1635, 1440, 1180,
      1105, 1025, 995, 975, 875, 735, 710, 690 cm.sup.-.sup.1.
PAC  EXAMPLE 12
PAC  2-Piperidinoethyldiphenylphosphine sulphide (29)
PAR  The hydrobromide (33) of the amine (29) was obtained as white plates, m.p.
      214.degree. (60%). (Found: C, 55.7; H, 6.0; Br, 19.8. C.sub.19 H.sub.25
      BrNPS requires C, 55.6; H, 6.1; Br, 19.5%).
PAR  The amine (29) showed the following properties: Mass spectrum: molecular
      ion m/e 329. N.m.r. spectra (CDCl.sub.3): 7.3-8.2, m, 10H (aromatic);
      1.6-1.9, m, (methylene); 2.4-2.6, m, 4H (methylene); 1.2-1.6, m, 6H
      (methylene). Infrared specrum (.nu..sub.max): 3060, 2950, 2830, 1425,
      1355, 1305, 1180, 1100, 1070, 1030, 1000, 975, 830, 800, 745
      cm.sup.-.sup.1.
PAC  EXAMPLE 13
PAC  2-Morpholinoethyldiphenylphosphine sulphide (30)
PAR  The hydrobromide (34) of the amine (30) was obtained as white needles, m.p.
      212.degree. (69%).
PAR  The amine (30) showed the following properties: Mass spectrum: molecular
      ion m/e 331. N.m.r. spectrum (CDCl.sub.3): 7.4-8.7, m, 10H (aromatic);
      2.7-3.6, m, 4H (methylene); 2.3-2.7, m, 4H (methylene); 1.5-2.0, m, 4H
      (methylene). Infrared spectrum (.nu..sub.max): 3080, 2950, 2880, 2840,
      1440, 1360, 1310, 1275, 1150, 1110, 1070, 1030, 1000, 975, 910, 860, 810,
      745, 690 cm.sup.-.sup.1.
PAC  EXAMPLE 14
PAC  2-Phenylethylphosphonous dichloride
      ##SPC6##
PAR  This compound was prepared from 2-phenylethylbromide (230g, 1.24 mole) by
      the method described above for the preparation of
      3-phenylpropylphosphonous dichloride. 2-Phenylethylphosphonous dichloride
      was obtained as a pungent colourless liquid (115g, 45%), b.p. 64-66 at
      0.001 mm.
PAC  EXAMPLE 15
PAC  1-Hydroxyphosphindoline 1-oxide
      ##SPC7##
PAR  This compound was prepared from 2-phenylethylphosphonous dichloride (50g,
      0.24 mol) by the same method as for the preparation of
      1-hydroxy-1,2,3,4-tetrahydrophosphinoline 1-oxide described above. The
      crude material was obtained as colourless crystals (31g, 72%), m.p.
      141.degree.-142.degree..  Crystallisation from cyclohexane/benzene
      followed by sublimation at 135.degree./0.001 mm gave a pure sample of
      1-hydroxyphosphindoline-1-oxide, m.p. 144.degree.-145.degree..
PAC  EXAMPLE 15A
PAC  1-Methoxyphosphindoline 1-oxide
      ##SPC8##
PAR  Esterification of a sample of crude 1-hydroxyphosphindoline 1-oxide (1.0g,
      5.0 mmol) with diazomethane by the same method as for the preparation of
      1-methoxy-1,2,3,4-tetrahydrophosphinoline 1-oxide described above, and the
      product was purified by bulb to bulb distillation at 120.degree./0.01 mm
      (1.1g, 98%). This material was shown to be essentially homogeneous by
      g.l.c. and the p.m.r. spectrum which showed only one set of doublets,
      3.71, attributable to a &lt;=POCH.sub.3 group.
PAC  EXAMPLE 16
PAC  1-Ethylphosphindole 1-oxide
      ##SPC9##
PAR  This compound was prepared from 1-hydroxy-phosphindoline 1-oxide (3.0g,
      17.9 mmol) by a method similar to that used for the preparation of
      1-ethyl-1,2,3,4-tetrahydrophosphinoline 1-oxide described above, except
      that anhydrous tetrahydrofuran was used as solvent. Isolation with
      chloroform and bulb to bulb distillation of the residue at 160.degree./0,1
      mm gave a colourless hygroscopic liquid (2.3 g, 72%). Preparative T.l.c.
      (R.sub.F 0.38, chloroform/methanol 15:1), and bulb to bulb distillation of
      the major component gave "pure" 1-ethylphosphindoline-1-oxide as a
      colourless hygroscopic liquid. This was shown to be pure by g.l.c.
PAC  EXAMPLE 17
PAC  1-Vinylphosphindoline 1-oxide
      ##SPC10##
PAR  This was prepared from 1-hydroxy phosphindole 1-oxide (19.0g, 0.113 mol)
      using a method analogous to that described for the preparation of
      1-vinyl-1,2,3,4-tetrahydrophosphinoline 1-oxide described above. The
      chloroform extract yielded a liquid which was distilled through a short
      Vigreux column to give a colourless hygroscopic liquid (14.9g, 74%), b.p.
      116.degree.-118.degree./0.01 mm. Attempted crystallization of this
      material from anhydrous cyclohexane/benzene gave a small amount of an
      extremely deliquescent crystalline solid which separated slowly over 4
      days, m.p. 35.degree.-36.degree., after prolonged drying over phosphorus
      pentoxide at 0.1 mm. Preparative T.l.c. of a portion of this (R.sub.F
      0.18, chloroform/methanol 30:1) gave, after bulb to bulb distillation at
      130.degree./0.01 mm, a pure sample of 1-vinylphosphindoline 1-oxide as a
      colourless hygroscopic liquid. This was shown to be pure by g.l.c.
PAC  EXAMPLE 18
PAC  1-(2-N,N-Dimethylaminoethyl)phosphindoline 1-oxide
      ##SPC11##
PAR  This compound was prepared by reaction of crude 1-vinylphosphindoline
      1-oxide (5.0g, 28.1 mmol) with aqueous methylamine using the procedure
      described above for the preparation of
      1-(2,N,N-dimethylaminoethyl)-1,2,3,4-tetrahydrophosphinoline 1-oxide.
      Extraction with chloroform and bulb to bulb distillation of the residue at
      150.degree./0.005 mm gave a colourless hygroscopic liquid (5.83g, 93%).
PAR  T.l.c. (chloroform/methanol 3:1) indicated that this liquid contained a
      significant amount of an impurity (5-10%) which could not be removed by
      recrystallization of the derived hydrochloride or by chromatography of the
      free amine on an alumina column. A sample of the crude product was
      subjected to preparative T.l.c., followed by three successive bulb to bulb
      distillations to give pure 1-(2-N,N-dimethylaminoethyl)phosphindoline
      1-oxide. The mass spectrum showed the molecular ion at m/l 223 (3%).
PAC  EXAMPLE 19
PAC  1-(2,N,N-Dimethylaminoethyl)phosphindoline 1-sulphide (27)
      ##SPC12##
PAR  1-(2-N,N-Dimethylaminoethyl)phosphindoline 1-oxide (3.0g, 13.4 mmol) was
      reduced with trichlorosilane (3 ml, 30 mmol) and the phosphine oxidized
      with sulphur (3g). The hydrochloride salt of the product was obtained from
      absolute ethanol as colourless crystals (2.65g, 72%), m.p.
      245.degree.-246.degree.. The free base was obtained from the hydrochloride
      in the usual way, and bulb to bulb distillation at 150.degree./0.005 mm
      afforded a pure sample of 1-(2-N,N-dimethylaminoethylphosphindoline
      1-sulphide as a colourless liquid, the purity of which was confirmed by
      T.l.c. (R.sub.F 0.54 chloroform/methanol 15:1).
PAC  EXAMPLE 20
PAC  1-Methoxyphosphindole 1-oxide
      ##SPC13##
PAR  A solution of 1-methoxyphosphindoline 1-oxide (2.7g, 14.8 mmol) in carbon
      tetrachloride (50 ml) was stirred rapidly under irradiation with a 500
      watt mercury arc lamp, and N-bromosuccinimide (2.9g, 16.3 mmol) was added
      cautiously in small portions during 10 min. The mixture was irradiated for
      an additional 10 min. then cooled and filtered to remove the precipitated
      succinimide. The filtrate was washed with water, dried (Na.sub.2
      SO.sub.4), and evaporated to give a colourless oil (3.5g) which gave a
      p.m.r. spectrum consistent with 3-bromo-1-methoxyphosphindoline 1-oxide.
      The crude bromo ester was dissolved in benzene (30 ml). Triethylamine was
      added and the solution heated under reflux with stirring for 3 min. The
      precipitated triethylamine hydrobromide was filtered off, the filtrate
      concentrated, and the residue distilled (bulb to bulb) at 140.degree./0.01
       mm to give colourless deliquescent plates (2.0 g, 75). Recrystallization
      from carbon tetrachloride gave 1-methoxyphosphindole 1-oxide m.p.
      89.degree.-90.degree.. The purity of this sample was confirmed by g.l.c.
      and T.l.c. (R.sub.F 0.53, chloroform/methanol 30:1).
PAC  EXAMPLE 21
PAC  1-Vinylphosphindole 1-oxide
      ##SPC14##
PAR  To a solution of 1-vinylphosphindoline 1-oxide (6.4g, 36.0 mmol) in carbon
      tetrachloride (80 ml) was added N-bromosuccinimide (6.8g, 38.6 mmol) and
      the two phase mixture stirred under reflux whilst being irradiated with a
      500 watt mercury lamp. After 15 mins the solution was washed with water,
      the washings were extracted with chloroform and the combined organic
      extract was dried and evaporated to give a light yellow oil. A p.m.r.
      spectrum of this indicated that it was 3-bromo-1-vinylphosphindole
      1-oxide. This material was heated under reflux with triethylamine (10 ml)
      for 5 mins, cooled, and the precipitated hydrobromide filtered off. The
      benzene filtrate was washed with water, dried and evaporated. Distillation
      gave an oil (5.8g, b.p. 170.degree./0.01 min), g.l.c. of which showed it
      to be about 90% pure.
PAC  EXAMPLE 22
PAC  4-Methyl-1,5-methano-2,3,4,5-tetrahydro-1H-4,1-benzazaphosphorine.
      ##SPC15##
PAR  A solution of the above sample of 1-vinylphosphindole 1-oxide (1.5g, 8.5
      mmol) in 0.5 m aqueous methylamine (10 ml, 10 mmol) was heated under
      reflux with stirring for 14 hr. The solution was then cooled and extracted
      with chloroform to give a cream oil (1.4g). The p.m.r. spectrum of this
      showed a small doublet of multiplets at 4.2 with major splitting of 28 Hz,
      attributable to the bridgehead benzylic proton.
PAR  To remove uncyclised secondary amine the above product was dissolved in
      aqueous sodium hydroxide solution (40 ml, 2M) and benzenesulphonyl
      chloride (3 ml) was added during 10 min. The mixture was heated on the
      water bath for 10 min, then cooled and the remaining basic material was
      isolated by extraction into hydrochloric acid (4 M). Basification of these
      extracts and isolation with chloroform gave the required product as an oil
      (1.1g).
PAC  EXAMPLE 23
PAC  1-(2,Pyrrolidinoethyl)-1-oxo-1,2,3,4-tetrahydro-phosphinoline.
      ##SPC16##
PAR  1-oxo-1-vinyl-1,2,3,4-tetrahydrophosphinoline (1g) was dissolved in
      pyrrolidine (2ml). After 24 hr. at room temperature the excess pyrrolidine
      was removed under reduced pressure and the residue purified by preparative
      T.l.c. The produce (0.7 g) was obtained as a colourless oil.
PAC  EXAMPLE 24
PAC  1-(2-Pyrrolidinoethyl)-1-thio-1,2,3,4-tetrahydro-phosphinoline
      ##SPC17##
PAR  Trichlorosilane (2ml) was added to a solution of
      1-oxo-1-(2-pyrrolidinoethyl)-1,2,3,4-tetrahydrophosphinoline (1.8g) in
      benzene (50 ml), and the mixture heated under reflux for 2 hr. Half the
      benzene was distilled off. Sulphur (1.5g) was added and the mixture
      stirred at room temperature for 12 hr. The mixture was then washed with 2M
      sodium hydroxide and the bases extracted into 2M hydrochloric acid. The
      acid extracts were washed with benzene, basified with 5M sodium hydroxide
      and extracted with chloroform. The residue after evaporation of the
      chloroform was purified by T.l.c. to give the phosphine sulphide as a pale
      yellow hygroscopic gum (1.5g).
PAC  EXAMPLE 25
PAC  1-(2-Piperidinoethyl)-1-thio-1,2,3,4-tetrahydro-phosphinoline
      ##SPC18##
PAR  A procedure similar to that described above but using piperidine instead of
      pyrrolidine gave 1-(2-piperidinoethyl)-
      1-thio-1,2,3,4-tetrahydrophosphinoline as a colourless gum.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##EQU8##
      wherein n is 0 or 1; X is O or S; R.sup.3 is hydrogen or methyl; R.sup.5
      is hydrogen or methyl, or may be bound to R.sup.13 to form a morpholino,
      piperidino or pyrrolidino ring; R.sup.7 is hydrogen or hydroxy; R.sup.11
      and R.sup.12 are hydrogen; R.sup.13 is methyl, or R.sup.13 and R.sup.5 may
      be joined together as above stated to form a morpholino, piperidino, or
      pyrrolidino ring.
NUM  2.
PAR  2. The compound
      1-(2-N,N-dimethylaminoethyl)-1-oxo-1,2,3,4-tetrahydrophosphinoline.
NUM  3.
PAR  3. The compound
      1-(2-N,N-dimethylaminoethyl)-1-thio-1,2,3,4-tetrahydrophosphinoline.
NUM  4.
PAR  4. The compound 1-(2-N,N-dimethylaminoethyl)phosphindoline 1-oxide.
NUM  5.
PAR  5. The compound 1-(2,N,N-dimethylaminoethyl)phosphindoline 1-sulphide.
NUM  6.
PAR  6. The compound
      1-(2-pyrrolidinoethyl)-1-oxo-1,2,3,4-tetrahydrophosphinoline.
NUM  7.
PAR  7. The compound
      1-(2-pyrrolidinoethyl)-1-thio-1,2,3,4-tetrahydrophosphinoline.
NUM  8.
PAR  8. The compound
      1-(2-piperidinoethyl)-1-thio-1,2,3,4-tetrahydrophosphinoline.
PATN
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ABST
PAL  Novel compounds useful as antihistamine agents, antiallergy agents, and
      bronchodilators are represented by the following formula
      ##SPC1##
PAL  Wherein R.sup.1 represents cyclohexyl, phenyl, or substituted phenyl
      wherein the substituent on the substituted phenyl is selected from
      halogen, a straight or branched lower alkyl group of from 1 to 4 carbon
      atoms, or a lower alkoxy group of from 1 to 4 carbon atoms; R.sup.2
      represents hydrogen or hydroxy; R.sup.3 represents hydrogen; or R.sup.2
      and R.sup.3 taken together form a second bond between the carbon atoms
      bearing R.sup.2 and R.sup.3 ; n is an integer of from 1 to 3; Z represents
      thienyl, naphthyl, phenyl, or substituted phenyl wherein the substituent
      on the substituted phenyl may be attached at the ortho, meta or para
      position of the phenyl ring and is selected from halogen, a straight or
      branched alkyl group of from 1 to 6 carbon atoms, an alkoxy group of from
      1 to 6 carbon atoms, a cycloalkyl group of from 3 to 6 carbon atoms,
      di(lower)alkylamino, or a saturated monocyclic heterocyclic group such as
      pyrrolidino, piperidino, morpholino, or N-(lower)alkylpiperazino with the
      proviso that when R.sup.1 is phenyl, Z is naphthyl or phenyl substituted
      with a straight or branched alkyl group of 5 or 6 carbon atoms, a lower
      alkoxy group of 5 or 6 carbon atoms, or a cycloalkyl group of from 3 to 6
      carbon atoms. Pharmaceutically acceptable acid addition salts and
      individual optical isomers of compounds of the above formula are also
      included as a part of this invention.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to novel substituted piperidine derivatives which
      are useful as antihistamine agents, antiallergy agents and bronchodilators
      and to methods of making and using the same.
PAC  BACKGROUND OF INVENTION
PAR  Belgian Pat. No. 794,595 which is equivalent to U.S. application Ser. No.
      221,823 filed Jan. 28, 1972, now U.S. Pat. No. 3,806,526 describes
      compounds useful as antihistamine agents, antiallergy agents and
      bronchodilators having the formula
      ##SPC2##
PAL  Wherein R.sup.6 represents hydrogen or hydroxy; R.sup.7 represents
      hydrogen; or R.sup.6 and R.sup.7 taken together form a second bond between
      the carbon atoms bearing R.sup.6 and R.sup.7 ; n' is a positive whole
      integer of from 1 to 3; Z' represents thienyl, phenyl, or substituted
      phenyl wherein the substituents on the substituted phenyl may be attached
      at the ortho, meta, or para positions of the phenyl ring and are selected
      from halogen, a straight or branched lower alkyl group of from 1 to 4
      carbon atoms, a lower alkoxy group of from 1 to 4 carbon atoms,
      di(lower)alkylamino, or a saturated monocyclic heterocyclic group such as
      pyrrolidino, piperidino, morpholino, or N-(lower)alkylpiperazino.
      Pharmaceutically acceptable acid addition salts and individual optical
      isomers of compounds of the above formula are also disclosed.
PAC  SUMMARY OF INVENTION
PAR  The novel substituted piperidine derivatives of this invention are useful
      as antihistamine agents, antiallergy agents and bronchodilators and are
      represented by the formula
      ##SPC3##
PAL  Wherein R.sup.1 represents cyclohexyl, phenyl, or a substituted phenyl ring
      wherein the substituent on the substituted phenyl ring is attached at the
      ortho, meta or para position of the phenyl ring and is selected from
      halogen, a straight or branched lower alkyl group of from 1 to 4 carbon
      atoms, or a lower alkoxy group of from 1 to 4 carbon atoms; R.sup.2
      represents hydrogen, or hydroxy; R.sup.3 represents hydrogen; or R.sup.2
      and R.sup.3 taken together form a second bond between the carbon atoms
      bearing R.sup.2 and R.sup.3 ; n is an integer of from 1 to 3; Z represents
      thienyl, naphthyl, phenyl, or a substituted phenyl ring wherein the
      substituent on the substituted phenyl ring is attached at the ortho, meta
      or para position of the phenyl ring and is selected from halogen, a
      straight or branched alkyl group of from 1 to 6 carbon atoms, an alkoxy
      group of from 1 to 6 carbon atoms, a cycloalkyl group of from  3 to 6
      carbon atoms, di(lower)alkylamino, or a saturated monocyclic heterocyclic
      group such as pyrrolidino, piperidino, morpholino or
      N-(lower)alkylpiperazino with the proviso that when R.sup.1 is phenyl, Z
      is naphthyl or a substituted phenyl ring wherein the substituent on the
      substituted phenyl ring is attached at the ortho, meta or para position of
      the phenyl ring and is selected from a straight or branched alkyl group of
      5 or 6 carbon atoms, an alkoxy group of 5 or 6 carbon atoms, or a
      cycloalkyl group of from 3 to 6 carbon atoms. Pharmaceutically acceptable
      acid addition salts and individual optical isomers of the compounds of
      Formula I are included in the scope of this invention.
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  The compounds of this invention are 4-(disubstitutedmethyl)piperidine
      derivatives, 4-(disubstituted-methanol)-piperidine derivatives, or
      4-(disubstituted-methylene)-piperidine derivatives as represented by the
      following respective Formulas II to IV.
      ##SPC4##
PAL  In the above Formulas II, III and IV, R.sup.1, n, and Z have the meanings
      described in Formula I.
PAR  The term halogen as used herein is taken to mean bromine, chlorine,
      fluorine or iodine. Preferred halogens are chlorine and fluorine.
PAR  Illustrative examples of straight or branched lower alkyl groups of from 1
      to 4 carbon atoms that may be present as the substituent on the
      substituted phenyl as represented by R.sup.1 of Formulas I to IV are
      methyl, ethyl, n-propyl, isopropyl, n-butyl, and tert-butyl.
PAR  Illustrative examples of lower alkoxy groups of from 1 to 4 carbon atoms
      that may be present as the substituent on the substituted phenyl as
      represented by R.sup.1 in Formulas I to IV are methoxy, ethoxy, propoxy
      and butoxy. Illustrative examples of alkoxy groups of from 1 to 6 carbon
      atoms that may be present as the substituent on the substituted phenyl as
      represented by Z in Formulas I to IV are methoxy, ethoxy, propoxy, butoxy,
      pentyloxy and hexyloxy.
PAR  Illustrative examples of straight or branched alkyl groups of from 1 to 6
      carbon atoms that may be present as the substituent on the substituted
      phenyl as represented by Z in Formulas I to IV are methyl, ethyl,
      n-propyl, isopropyl, isobutyl, tert-butyl, n-butyl, n-pentyl, neopentyl,
      and n-hexyl. Cycloalkyl as used herein represents cyclopropyl, cyclobutyl,
      cyclopentyl and cyclohexyl.
PAR  The term (lower)alkyl as used in describing the groups di(lower)alkylamino
      and N-(lower)alkylpiperazino each of which may be the substituent on the
      substituted phenyl as represented by Z in Formulas I to IV is taken to
      mean a straight or branched lower alkyl group of from 1 to 4 carbon atoms
      illustrative examples of which are methyl, ethyl, n-propyl, isopropyl,
      n-butyl and tert-butyl.
PAR  When in Formulas I to IV R.sup.1 represents a phenyl group, Z represents
      naphthyl or a substituted phenyl wherein the substituent on the
      substituted phenyl may be attached at the ortho, meta or para position of
      the phenyl ring and is selected from a straight or branched alkyl group of
      5 or 6 carbon atoms, an alkoxy group of 5 or 6 carbon atoms, or a
      cycloalkyl group of 3 to 6 carbon atoms and may be represented by the
      following Formula V:
      ##SPC5##
PAL  wherein R.sup.2, R.sup.3 and n have the meanings defined in Formula I, and
      Z" represents naphthyl or a substituted phenyl ring wherein the
      substituent is selected from a straight or branched alkyl group of 5 to 6
      carbon atoms, an alkoxy group of 5 or 6 carbon atoms or a cycloalkyl group
      of from 3 to 6 carbon atoms and wherein said substituents may be attached
      at the ortho, meta, or para position of the phenyl ring.
PAR  The compounds of this invention as represented by Formulas I to IV wherein
      R.sup.1 represents cyclohexyl or substituted phenyl may be further
      illustrated by the following respective Formulas VI and VII.
      ##SPC6##
PAL  In the above Formulas VI and VII R.sup.2, R.sup.3, n and Z have the
      meanings defined in Formula I, and R.sup.4 represents halogen, a straight
      or branched lower alkyl group of from 1 to 4 carbon atoms or a lower
      alkoxy group of from 1 to 4 carbon atoms.
PAR  Preferred compounds of this invention are those wherein R.sup.1 represents
      phenyl or substituted phenyl. More preferred compounds of this invention
      are those wherein R.sup.1 represents phenyl or substituted phenyl and Z is
      other than naphthyl or thienyl.
PAR  This invention also includes the pharmaceutically acceptable acid addition
      salts of the compounds of the hereinbefore set forth formulas, optical
      isomers and salts thereof. Pharmaceutically acceptable acid addition salts
      of the compounds of this invention are those of any suitable inorganic or
      organic acid. Suitable inorganic acids are, for example, hydrochloric,
      hydrobromic, sulphuric, phosphoric acids and the like. Suitable organic
      acids include carboxylic acids such as, for example, acetic, propionic,
      glycolic, lactic, pyruvic, malonic, succinic, fumaric, malic, tartaric,
      citric, ascorbic, maleic, hydroxymaleic, and dihydroxymaleic, benzoic,
      phenylacetic, 4-aminobenzoic, 4-hydroxybenzoic, anthranilic, cinnamic,
      salicylic, 4-aminosalicylic, 2-phenoxybenzoic, 2-acetoxybenzoic, mandelic
      acid and the like, sulfonic acids such as, for example, methanesulfonic,
      ethanesulfonic, .beta.-hydroxyethanesulfonic acid, and the like.
PAR  Illustrative examples of compounds of this invention are
      4-[4-[.alpha.-hydroxy-.alpha.-(p-chlorophenyl)benzyl]piperidino]-butyrophe
     none,
      3-[4-[.alpha.-hydroxy-.alpha.-(o-ethoxyphenyl)benzyl]-piperidino]propiophe
     none,
      5-[4-[.alpha.-(p-tert-butylphenyl)-benzyl]piperidino]-4'-fluorovaleropheno
     ne,
      2'-dimethylamino-2-[4-[.alpha.-(m-methylphenyl)benzylidene]piperidino]-ace
     tophenone,
      4-[4-[.alpha.-hydroxy-.alpha.-(p-fluorophenyl)benzyl]-piperidino]-4'-morph
     olinobutyrophenone,
      4'-cyclopropyl-4-[4-[.alpha.-(p-isopropylphenyl)benzyl]piperidino]butyroph
     enone,
      4-[4-[.alpha.-(o-methoxyphenyl)benzylidene]piperidino]-4'-piperidinobutyro
     phenone,
      4-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-piperidino]-1-(2-naphthyl)buta
     n-1-one,
      3-[4-[.alpha.-(p-n-butoxyphenyl)benzyl]piperidino]-1-(2-naphthyl)propan-1-
     one, 3-[4-(.alpha.-cyclohexylbenzyl)piperidino]propiophenone,
      4-[4-(.alpha.-cyclohexylbenzyl)piperidino]-4'-fluorobutyrophenone,
      3-[4-[.alpha.-(p-ethylphenyl)-.alpha.-hydroxybenzyl]piperidino]-4'-methylp
     ropiophenone,
      2-[4-(.alpha.-cyclohexylbenzylidene)piperidino]-4'-pyrrolidinoacetophenone
     , 4-[4-(.alpha.-cyclohexyl-.alpha.-hydroxybenzyl)piperidino]-1-(2-naphthyl)
     butan-1-one,
      4-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-neopentylbutyrop
     henone, 4-(4-diphenylmethylenepiperidino)-4'-n-hexylbutyrophenone,
      4'-cyclohexyl-3-(4-diphenylmethylpiperidino)propiophenone,
      4-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-3'-pentoxybutyrophe
     none, and
      4-[4-[.alpha.-hydroxy.alpha.-(p-bromophenyl)benzyl]piperidino]-1-(2-thieny
     l)butan-1-one.
PAR  The novel compounds of this invention are useful as antihistamines,
      antiallergy agents and bronchodilators and may be administered alone or
      with suitable pharmaceutical carriers to warm blooded animals, mammals
      such as felines, canines, porcine, bovine, equine and humans, and can be
      in solid or liquid form such as, for example tablets, capsules, powders,
      solutions, suspensions, or emulsions. The compounds of this invention can
      be administered orally, parenterally, for example, subcutaneously,
      intravenously, intramuscularly, intraperitoneally, by intranasal
      instillation or by application to mucous membranes such as that of the
      nose, throat, and bronchial tubes, for example, in an aerosol spray
      containing small particles of a compound of this invention in a spray or
      dry powder form.
PAR  The quantity of novel compounds administered will vary. Depending on the
      patient and the mode of administration, the quantity of novel compound
      administered may vary over a wide range to provide in a unit dosage of
      from about 0.01 to 20 milligrams per kilogram of body weight of the
      patient per dose to achieve the desired effect. For example the desired
      antihistamine, antiallergy and bronchodilator effects can be obtained by
      consumption of a unit dosage form such as, for example, a tablet
      containing 1 to 100 milligrams of a novel compound of this invention taken
      1 to 4 times daily.
PAR  The solid unit dosage forms can be of the conventional type. Thus, the
      solid form can be a capsule which can be of the ordinary gelatin type
      containing a novel compound of this invention and a carrier, for example,
      lubricant and inert fillers such as lactose, sucrose, corn starch, and the
      like. In another embodiment, the novel compounds are tabletted with
      conventional tablet bases such as lactose, sucrose, corn starch, and the
      like in combination with binders such as acacia, corn starch or gelatin,
      disintegrating agents such as corn starch, potato starch, or alginic acid,
      and a lubricant such as stearic acid, or magnesium sterate.
PAR  The novel compounds may also be administered as injectable dosages by
      solution or suspension of the compounds in a physiologically acceptable
      diluent with a pharmaceutical carrier which can be a sterile liquid such
      as water and/or oils, with or without the addition of a surfactant and
      other pharmaceutically acceptable adjuvants. Illustrative of oils there
      can be mentioned those of petroleum, animal, vegetable or synthetic
      origin, for example, peanut oil, soybean oil, mineral oil, and the like.
      Water, saline, aqueous dextrose, and related sugar solutions, ethanols and
      glycols such as propylene glycol or polyethylene glycol are illustrative
      of liquid carriers for injectable solutions.
PAR  For use as aerosols the novel compounds in solution or suspension may be
      packaged in a pressurized aerosol container together with a gaseous or
      liquified propellant, for example, dichlorodifluoromethane,
      dichlorodifluoromethane with dichlorodifluoroethane, carbon dioxide,
      nitrogen, propane, etc. with the usual adjuvants such as co-solvents, and
      wetting agents, as may be necessary or desirable. The compounds may also
      be administered in a non-pressurized form such as in a nebulizer or
      atomizer.
PAR  To illustrate the utility of the compounds of this invention the following
      tabulation indicates the amount of certain representative compounds of
      this invention required to reduce by 50% wheals induced by intradermal
      injections of 1.gamma. of histamine into guinea pigs. Each compound was
      orally administered one hour prior to the histamine injection.
TBL  ______________________________________                                    

            Compound        ED.sub.50, mg/kg                                   

     ______________________________________                                    

     4-[4-(.alpha.-hydroxy-.alpha.-phenyl-                                     

     benzyl)piperidino]-4'-neo-                                                

     pentylbutyrophenone hydro-                                                

     chloride                      0.5                                         

     4'-tert-butyl-4-[4-[.alpha.-(p-                                           

     methylphenyl)benzylidene]-                                                

     piperidino]butyrophenone                                                  

     hydrochloride          ca.    10.0                                        

     4'-cyclopentyl-4-[4-(.alpha.-                                             

     hydroxy-.alpha.-phenylbenzyl)-                                            

     piperidino]butyrophenone                                                  

     hydrochloride                 2.5                                         

     4'-tert-butyl-4-[4-[.alpha.-                                              

     hydroxy-.alpha.-(p-methylphenyl)-                                         

     benzyl]piperidino]butyro-                                                 

     phenone hydrochloride         6.0                                         

     4-[4-(.alpha.-hydroxy-.alpha.-phenyl-                                     

     benzyl)piperidino]-1-(2-                                                  

     naphthyl)butan-1-one hydro-                                               

     chloride                      3.6                                         

     4'-tert-butyl-4-[4-[.alpha.-(p-                                           

     chlorophenyl)-.alpha.-hydroxy-                                            

     benzyl]piperidino]butyro-                                                 

     phenone hydrochloride         27                                          

     ______________________________________                                    

PAR  The compounds of this invention may be prepared by several methods. Some of
      the compounds of this invention are used to prepare other compounds of the
      invention as will be apparent from the following. The compounds of Formula
      I may be prepared by reacting a 4-substituted piperidine, compound 1, with
      an .omega.-haloalkyl aryl ketone, compound 2, as indicated by the
      following:
      ##SPC7##
PAL  In the above reaction halo represents a reactive halogen atom, R.sup.1,
      R.sup.2, R.sup.3, n, and Z have the meanings defined in Formula I.
PAR  The above reaction is carried out in alcoholic solvents such as methanol,
      ethanol, isopropyl alcohol, n-butanol, in ketone solvents such as
      butanone, methyl isobutyl ketone, and the like, in hydrocarbon solvents
      such as benzene, toluene, and the like, or in halogenated hydrocarbons,
      such as chlorobenzene, and the like, in the presence of an inorganic base
      such as sodium bicarbonate, potassium carbonate and the like, or in the
      presence of an organic base such as triethylamine, or an excess of
      compound 1. In some cases it may be desirable to add catalytic amounts of
      potassium iodide to the reaction mixture. The reaction time is usually
      about 48 hours, but may vary from about 4 to 120 hours at a temperature of
      from about 70.degree.C to the reflux temperature of the solvent.
PAR  The .omega.-haloalkyl aryl ketone derivatives, compound 2, are commercially
      available, or may be prepared by reacting the appropriate
      .omega.-haloalkanoyl halide and an aromatic compound in the presence of
      aluminum chloride. They may also be prepared by reacting a substituted
      phenyl Grignard reagent with an .omega.-haloalkanonitrile, followed by the
      usual work up.
PAR  The 4-diphenylmethylpiperidine and
      .alpha.,.alpha.-diphenyl-4-piperidinemethanol starting materials as
      represented by compound 1 wherein R.sup.1 is phenyl, R.sup.2 is hydrogen
      or hydroxy, and R.sup.3 is hydrogen are commercially available.
      4-Diphenylmethylenepiperidine as represented by compound 1 wherein R.sup.1
      is phenyl and R.sup.2 and R.sup.3 form a second bond between the carbon
      atoms bearing R.sup.2 and R.sup.3 may be prepared by dehydration of
      .alpha.,.alpha.-diphenyl-4-piperidinemethanol by generally known
      procedures.
PAR  Starting materials as represented by compound 1 wherein R.sup.1 is
      cyclohexyl or substituted phenyl wherein the substituents are selected
      from halogen, a straight or branched lower alkyl group of from 1 to 4
      carbon atoms, or lower alkoxy of from 1 to 4 carbon atoms, may be prepared
      by the method described by F. J. McCarty, et al., J. Org. Chem. 26,
      4084-8(1961).
PAR  The compounds of Formula I wherein n is the integer 2, may also be prepared
      by a Mannich Reaction of a 4-substituted piperidine derivative with a
      methyl aryl ketone derivative of the formula
      ##EQU1##
      wherein Z has the meaning defined in Formula I, in the presence of
      formaldehyde. Suitable solvents for this reaction include acetic acid,
      methanol, ethanol, n-propanol, n-butanol and the like. The reaction is
      carried out in the presence of a small amount of mineral acid, such as,
      for example, concentrated hydrochloric acid for about 3 to 24 hours,
      generally about 8 hours, at a temperature of from about
      50.degree.-100.degree.C.
PAR  The compounds of Formula I may also be prepared by the reaction of an
      appropriately 4-substituted 1-piperidinealkanonitrile with an
      organometallic compound such as an aryl Grignard or an aryllithium
      compound in a solvent such as diethyl ether or tetrahydrofuran followed by
      isolation and purification of the aryl 4-substituted piperidinoalkyl
      ketone derivative by generally known procedures. The nitrile derivative is
      obtained by the reaction of an appropriately substituted piperidine
      compound with a haloalkylnitrile.
PAR  The compounds of Formula I wherein Z represents a substituted phenyl
      wherein the substituent on the substituted phenyl is selected from a
      di(lower)alkylamino group or a saturated monocyclic heterocyclic group and
      is attached at the ortho- or para- position of the phenyl ring may also be
      prepared from the corresponding halogen substituted phenyl derivative,
      preferably a fluoro derivative, using an excess of the dialkylamine or the
      heterocyclic amine. When volatile amines are employed the amine may be
      bubbled through a solution of the halogen substituted phenyl derivative in
      dimethylsulfoxide at about 100.degree.C for about 4 to 8 hours. When
      higher boiling amines are employed such as, for example, piperidine,
      excess amounts of the amine are used as base, reactant, and solvent for
      the reaction which is carried out at the reflux temperature of the amine
      for about 4 to 24 hours.
DETD
PAR  The following specific examples are illustrative of the invention.
PAC  EXAMPLE 1
PAC  4-[4-(.alpha.-Hydroxy-.alpha.-phenylbenzyl)piperidino]-1-(2-naphthyl)-butan
     -1-one hydrochloride
PAR  A mixture of 110 g (0.41 mole) of
      .alpha.,.alpha.-diphenyl-4-piperidinemethanol, 110.8 g (0.47 mole) of
      4-chloro-1-(2-naphthyl)butan-1-one, 138 g (1.0 mole) of potassium
      carbonate, 0.2 g of potassium iodide and 500 ml of toluene is stirred and
      refluxed for 44 hours after which the reaction mixture is diluted with 500
      ml toluene, heated to 100.degree.C and filtered. The filtrate is cooled
      and diluted with an equal volume of dry diethyl ether and treated with
      ethereal HCl. The resulting precipitate is recrystallized from 1400 ml of
      ethanol. The first three crops gave
      .alpha.,.alpha.-diphenyl-4-piperidinemethanol. The filtrate is diluted
      with dry diethyl ether to give a precipitate which is crystallized from
      acetone and further purified by recrystallization from methanol-acetone to
      give
      4-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-1-(2-naphthyl)butan
     -1-one hydrochloride, M.P. 206.5.degree.-208.5.degree.C.
PAC  EXAMPLE 2
PAC  4'-Cyclopentyl-4-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-butyr
     ophenone hydrochloride
PAR  A mixture of 27.6 g (0.1 mole) of
      .alpha.,.alpha.-diphenyl-4-piperidinemethanol, 30 g (0.12 mole) of
      4-chloro-4'-cyclopentylbutyrophenone, 20 g of potassium bicarbonate and
      0.1 g of potassium iodide in 250 ml of toluene and 40 ml of water is
      stirred on a steam bath for 88 hours. Upon cooling to room temperature the
      toluene layer is separated and the aqueous layer is extracted twice with
      50 ml of toluene. The combined organic fractions are washed with water and
      saturated sodium chloride solution, dried over magnesium sulfate, and
      filtered. To the filtrate is added two volumes of ether, and the solution
      is treated with ethereal HCl. The resulting precipitate is collected and
      recrystallized from methanol-butanone to give
      4'-cyclopentyl-4-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]butyr
     ophenone hydrochloride, M.P. 232.degree.-234.degree.C.
PAC  EXAMPLE 3
PAC  4'-tert-Butyl-4-[4-[.alpha.-hydroxy-.alpha.-(p-tolyl)benzyl]piperidino]-but
     yrophenone hydrochloride
PAR  A mixture of 29.0 g (0.1 mole) of
      .alpha.-phenyl-.alpha.-(p-tolyl)-4-piperidinemethanol, 32 g (0.12 mole) of
      4'-tert-butyl-4-chlorobutyrophenone, 20 g of potassium bicarbonate, 0.1 g
      of potassium iodide, 300 ml of toluene and 50 ml of water is stirred on a
      steam bath for 88 hours. Upon cooling to room temperature the toluene
      layer is separated, and the aqueous layer is extracted with toluene. The
      combined toluene fractions are washed with water and saturated sodium
      chloride solution, dried over magnesium sulfate, filtered and concentrated
      to an oil. The oily residue is dissolved in dry ether and filtered. The
      filtrate is treated with ethereal HCl, and the resulting precipitate is
      collected and recrystallized from methanol-butanone to give
      4'-tert-butyl-4-[4-[.alpha.-hydroxy-.alpha.-(p-tolyl)benzyl]-piperidino]bu
     tyrophenone hydrochloride, M.P. 194.degree.-196.5.degree.C.
PAC  EXAMPLE 4
PAC  4-[4-(.alpha.-Hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-neopentyl-butyrop
     henone hydrochloride
PAR  When in the procedure of Example 2 an equivalent amount of
      4-chloro-4'-neopentylbutyrophenone is substituted for
      4-chloro-4'-cyclopentylbutyrophenone,
      4-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-neopentylbutyrop
     henone hydrochloride is obtained, M.P. 227.degree.-229.degree.C.
PAC  EXAMPLE 5
PAC  4-[4-[.alpha.-Hydroxy-.alpha.-(p-tert-butylphenyl)benzyl]piperidino]-butyro
     phenone hydrochloride
PAR  A mixture of 12 g (0.0372 mole) of
      .alpha.-phenyl-.alpha.-(p-tert-butylphenyl)-4-piperidinemethanol, 7.85 g
      (0.042 mole) of 4-chlorobutyrophenone, 13.8 g (0.1 mole) of potassium
      carbonate, and 0.1 g of potassium iodide in 100 ml of toluene is refluxed
      with stirring for 64 hours. Upon cooling to room temperature the mixture
      is filtered, and to the filtrate is added an equal volume of ether
      followed by treatment with ethereal HCl. The resulting precipitate is
      recrystallized from isopropyl alcohol and from methanolbutanone to give
      4-[4-[.alpha.-hydroxy-.alpha.-(p-tert-butylphenyl)benzyl]piperidino]butyro
     phenone hydrochloride, M.P. 228.degree.- 230.degree.C.
PAC  EXAMPLE 6
PAC  4'-tert-Butyl-4-[4-[.alpha.-hydroxy-.alpha.-(p-chlorophenyl)benzyl]-piperid
     ino]butyrophenone hydrochloride
PAR  A mixture of 11 g (0.035 mole) of
      .alpha.-phenyl-.alpha.-(p-chlorophenyl)-4-piperidinemethanol, 12.5 g (0.05
      mole) of 4'-tert-butyl-4-chlorobutyrophenone, 10 g of potassium
      bicarbonate, 0.1 g of potassium iodide, 100 ml of toluene and 10 ml of
      water is refluxed with stirring for about 93 hours. Upon cooling to room
      temperature the mixture is filtered and the toluene layer is separated.
      The aqueous layer is extracted with toluene. The combined organic
      fractions are washed with water and saturated sodium chloride solution,
      dried over magnesium sulfate, and filtered. To the filtrate is added an
      equal volume of ether followed by treatment with ethereal HCl. The
      resulting precipitate is collected and recrystallized from
      methanol-butanone to give
      4'-tert-butyl-4-[4-[.alpha.-hydroxy-.alpha.-(p-chlorophenyl)benzyl]-piperi
     dino]butyrophenone hydrochloride, M.P. 238.5.degree.-240.degree.C.
PAC  EXAMPLE 7
PAC  4'-tert-Butyl-4-[4-[.alpha.-hydroxy-.alpha.-(p-tert-butylphenyl)-benzyl]pip
     eridino]butyrophenone hydrochloride
PAR  A mixture of 25 g (0.0773 mole) of
      .alpha.-phenyl-.alpha.-(p-tert-butylphenyl)-4-piperidinemethanol, 22.2 g
      (0.093 mole) of 4'-tert-butyl-4-chlorobutyrophenone, 25 g of potassium
      bicarbonate, 0.1 g of potassium iodide, and 250 ml of toluene is refluxed
      for 64 hours then filtered while still warm. To the filtrate is added an
      equal volume of ether followed by treatment with ethereal HCl. The
      resulting precipitate is collected recrystallized from methanol-butanone,
      and washed with butanone, then ether to give,
      4'-tert-butyl-4-[4-[.alpha.-hydroxy-.alpha.-(p-tert-butylphenyl)benzyl]-pi
     peridino]butyrophenone hydrochloride, M.P. 213.5.degree.-215.5.degree.C.
PAC  EXAMPLE 8
PAC  4'-tert-Butyl-4-[4-[.alpha.-hydroxy-.alpha.-(o-anisyl)benzyl]piperidino]but
     yrophenone
PAR  When in the procedure of Example 7 an appropriate amount of
      .alpha.-phenyl-.alpha.-(o-anisyl)-4-piperidinemethanol is substituted for
      .alpha.-phenyl-.alpha.-(p-tert-butylphenyl)-4-piperidinemethanol, the
      precipitate obtained upon treatment with ethereal HCl is converted to the
      free base and purified by column chromatography on A1.sub.2 O.sub.3 by
      eluting with benzeneethyl acetate. The resulting material is
      recrystallized from acetone-hexane to give
      4'-tert-butyl-4-[4-[.alpha.-hydroxy-.alpha.-(o-anisyl)benzyl]piperidino]bu
     tyrophenone, M.P. 118.degree.-120.degree.C.
PAC  EXAMPLE 9
PAC  4'-tert-Butyl-4-[4-[.alpha.-(p-tolyl)benzylidene]piperidino]-butyrophenone
      hydrochloride
PAR  A mixture of 25.4 g (0.0905 mole) of
      .alpha.-phenyl-.alpha.-(p-tolyl)-4-piperidinemethanol, 26.2 g (0.11 mole)
      of 4'-tert-butyl-4-chlorobutyrophenone, 22 g of potassium bicarbonate, 0.1
      g of potassium iodide, 250 ml of toluene, and 40 ml of water is refluxed
      for 88 hours. Upon cooling to room temperature the toluene layer is
      separated, and the aqueous layer is extracted with toluene. The combined
      toluene extracts are dried over magnesium sulfate, filtered and the
      filtrate is treated with ethereal HCl. The resulting precipitate is
      filtered, triturated with ether, and recrystallized from butanone-ether to
      give
      4'-tert-butyl-4-[4-[.alpha.-(p-tolyl)benzylidene]piperidino]butyrophenone
      hydrochloride, M.P. 187.degree.-189.degree.C.
PAC  EXAMPLE 10
PAC  4'-tert-Butyl-4-[4-(.alpha.-cyclohexyl-.alpha.-hydroxybenzyl)-piperidino]bu
     tyrophenone hydrochloride
PAR  When in the procedure of Example 7,
      .alpha.-cyclohexyl-.alpha.-phenyl-4-piperidinemethanol is substituted for
      .alpha.-phenyl-.alpha.-(p-tert-butylphenyl)-4-piperidinemethanol,
      4'-tertbutyl-4-[4-(.alpha.-cyclohexyl-.alpha.-hydroxybenzyl)piperidino]-bu
     tyrophenone hydrochloride is obtained, M.P. &gt;260.degree.C.
PAC  EXAMPLE 11
PAC  4'-Fluoro-4-[4-[.alpha.-hydroxy-.alpha.-(p-chlorophenyl)benzyl]piperidino]b
     utyrophenone hydrochloride
PAR  A mixture of 14 g (0.0465 mole) of
      .alpha.-(p-chlorophenyl)-.alpha.-phenyl-4-piperidinemethanol, 12 g (0.06
      mole) of 4-chloro-4'-fluorobutyrophenone, 16.8 g (0.2 mole) of sodium
      bicarbonate and a small amount of potassium iodide in 500 ml of toluene is
      refluxed 60 hours then filtered. The filtrate is concentrated to an oil
      which is dissoved in ether and treated with ethereal HCl. The resulting
      precipitate is collected and recrystallized from methanol-ethyl acetate
      and then methylene chloride to give
      4'-fluoro-4-[4-[.alpha.-hydroxy-.alpha.-(p-chlorophenyl)benzyl]piperidino]
     butyrophenone hydrochloride, M.P. 154.degree.C (dec.).
PAC  EXAMPLE 12
PAR  When in the procedure of Example 3 the substituted 4-piperidinemethanol and
      the substituted .omega.-haloalkanone listed below are substituted
      respectively for .alpha.-phenyl-.alpha.-(p-tolyl)-4-piperidinemethanol and
      4'-tert-butyl-4-chlorobutyrophenone, the respective products listed below
      are obtained.
TBL  __________________________________________________________________________

     Substituted 4-piperidinemethanol                                          

                          .omega.-Haloalkanone                                 

                                              Product                          

     __________________________________________________________________________

     .alpha.-phenyl-.alpha.-(p-n-propylphenyl)-4-                              

                        4-chloro-1-(2-thienyl)-                                

                                       4-[4-[.alpha.-hydroxy-.alpha.-(p-n-propy

                                       l-                                      

      piperidinemethanol                                                       

                         butan-1-one    phenyl)benzyl]piperidino]-1-           

                                        (2-thienyl)butan-1-one hydro-          

                                        chloride                               

     .alpha.-(p-n-butoxyphenyl)-.alpha.-phenyl-                                

                        3-chloro-4'-methyl-                                    

                                       3-[4-[.alpha.-(p-n-butoxyphenyl)-.alpha.

                                       -                                       

      4-piperidinemethanol                                                     

                         propiophenone  hydroxybenzyl]piperidino]-4'-methyl-   

                                       propiophenone hydrochloride             

     .alpha.,.alpha.-diphenyl-4-piperidinemethanol                             

                        2-chloro-4'-n-pentyloxy-                               

                                       2-[4-(.alpha.-hydroxy-.alpha.-phenylbenz

                                       yl)-                                    

                         acetophenone   piperidino]-4'-n-pentyloxy-            

                                        acetophenone hydrochloride             

     4-[.alpha.-(p-bromophenyl)benzyl]-                                        

                        4-chloro-4'-methoxy-                                   

                                       4-[4-[.alpha.-(p-bromophenyl)benzyl]-   

      piperidine         butyrophenone  piperidino]-4'-methoxybutyro-          

                                        phenone hydrochloride                  

     4-[.alpha.-(o-tolyl)benzyl]piperidine                                     

                        4-chloro-4'-cyclopropyl-                               

                                       4'-cyclopropyl-4-[4-[.alpha.-(o-        

                         butyrophenone  tolyl)benzyl]piperidino]-              

                                        butyrophenone hydrochloride            

     4-[.alpha.-(p-ethylphenyl)benzyl]-                                        

                        4-chloro-4'-fluorobutyro-                              

                                       4-[4-[.alpha.-(p-ethylphenyl)benzyl]-   

      piperidine         phenone        piperidino]-4'-fluorobutyro-           

                                        phenone hydrochloride                  

     __________________________________________________________________________

PAC  EXAMPLE 13
PAC  4'-Dimethylamino-4-[4-[.alpha.-hydroxy-.alpha.-(p-chlorophenyl)-benzyl]pipe
     ridino]butyrophenone
PAR  Through a solution of 19 g (0.04 mole) of
      4'-fluoro-4-[4-[.alpha.-hydroxy-.alpha.-(p-chlorophenyl)benzyl]piperidino]
     butyrophenone, obtained by converting the compound of Example 11 to the
      free base, in 150 ml of dimethylsulfoxide (DMSO) is bubbled dimethylamine
      for 6 hours at 100.degree.C. Most of the DMSO is removed at reduced
      pressure at 120.degree.C. The remaining mixture is poured into water and
      sodium carbonate to which is added a small amount of methanol. The
      resulting solid is filtered and dissolved in warm methanol and isopropyl
      alcohol, treated with charcoal, filtered and cooled. Upon cooling a solid
      forms which is filtered off and recrystallized from acetone-heptane to
      give the title compound.
PAC  EXAMPLE 14
PAC  4-[4-[.alpha.-(p-Ethylphenyl)benzyl]piperidino]-4'-piperidino butyrophenone
PAR  A solution of 14.5 g (0.035 mole) of
      4-[4-[.alpha.-(p-ethylphenyl)benzyl]piperidino]-4'-fluorobutyrophenone in
      100 ml of piperidine is refluxed for 22 hours. The unreacted piperidine is
      removed under vacuum, and the remaining residue is triturated with water.
      The water is decanted, the residue is dissolved in methanol and added to a
      large amount of water. The resulting precipitate is dissolved in ether,
      dried over magnesium sulfate, treated with charcoal and filtered. The
      filtrate is concentrated to a solid residue and is recrystallized from
      ethanol-water to give the title compound.
PAC  EXAMPLE 15
PAC  4-[4-(Diphenylmethylene)piperidino]-1-(2-naphthyl)-butan-1-one
      hydrochloride
PAR  A mixture of 17.6 g (0.038 mole) of
      4-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-1-(2-naphthyl)butan
     -1-one hydrochloride, 400 ml of concentrated HCl and 1500 ml of isopropyl
      alcohol is heated on a steam bath for 16 hours after which the solvent and
      excess acid are removed at reduced pressure. The remaining residue is
      recrystallized from isopropyl alcohol and ethyl acetate to give
      4-[4-(diphenylmethylene)piperidino]-1-(2-naphthyl)butan-1-one
      hydrochloride.
PAC  EXAMPLE 16
PAR  When in the procedure of Example 15 an appropriate amount of the
      4-substituted-piperidino alkanone compounds of Examples 2 through 8 are
      substituted for
      4-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-1-(2-naphthyl)butan
     -1-one hydrochloride, the following respective products are obtained:
      4'-cyclopentyl-4-[4-(diphenylmethylene)piperidino]butyrophenone
      hydrochloride,
PAR  4'-tert-butyl-4-[4-].alpha.-(p-tolyl)benzylidene]piperidino]-butyrophenone
      hydrochloride,
PAR  4-[4-(diphenylmethylene)piperidino]-4'-neopentylbutyrophenone
      hydrochloride,
PAR  4-[4-[.alpha.-(p-tert-butylphenyl)benzylidene]piperidino]butyrophenone
      hydrochloride,
PAR  4'-tert-butyl-4-[4-[.alpha.-(p-chlorophenyl)benzylidene]piperidino]butyroph
     enone hydrochloride,
PAR  4'-tert-butyl-4-[4-[.alpha.-(p-tert-butylphenyl)benzylidene]-piperidino]but
     yrophenone hydrochloride, and
PAR  4'-tert-butyl-4-[4-[.alpha.-(o-anisyl)benzylidene]piperidino]-butyrophenone
      hydrochloride.
PAC  EXAMPLE 17
PAR  An illustrative composition for hard gelatin capsules is as follows:
TBL  (a)  4'-cyclopentyl-4-[4-(.alpha.-hydroxy-.alpha.-                        

          phenylbenzyl)piperidino]butyro-                                      

          phenone hydrochloride   10 mg                                        

     (b)  talc                    5 mg                                         

     (c)  lactose                100 mg                                        

PAL  The formulation is prepared by passing the dry powders of (a) to (c)
      through a fine mesh screen and mixing them well. The powder is then filled
      into hard gelatin capsules at a net fill of 115 mg per capsule.
PAC  EXAMPLE 18
PAR  An illustrative composition for tablet is as follows:
TBL  (a)  4-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-                         

          piperidino]-4'-neopentylbutyro-                                      

          phenone hydrochloride   5 mg                                         

     (b)  starch                 43 mg                                         

     (c)  lactose                60 mg                                         

     (d)  magnesium stearate      2 mg                                         

PAL  The granulation obtained upon mixing the lactose with the compound (a) and
      part of the starch and granulated with starch paste is dried, screened,
      and mixed with the magnesium stearate. The mixture is compressed into
      tablets weighing 110 mg each.
PAC  EXAMPLE 19
PAR  An illustrative composition for an aerosol solution is the following:
TBL                        Weight per cent                                     

     ______________________________________                                    

     (a)  4'-tert-butyl-4-[4-[.alpha.-hydroxy-                                 

          .alpha.-(p-chlorophenyl)benzyl]piperi-                               

          dino]butyrophenone hydrochloride                                     

                                 5.0                                           

     (b)  ethanol                35.0                                          

     (c)  dichlorodifluoromethane                                              

                                 60.0                                          

     ______________________________________                                    

PAL  The materials (a), (b) and (c) are packaged in 15 ml stainless steel
      containers equipped with a metering valve designed to meter 0.2 grams per
      dose, an equivalent of 10 mg of novel compound (a).
PAC  EXAMPLE 20
PAR  An illustrative composition for an aerosol suspension is the following:
TBL                        Weight per cent                                     

     ______________________________________                                    

     (a)  4'-tert-butyl-4-[4-[.alpha.-hydroxy-                                 

          .alpha.-(o-anisyl)benzyl]piperidino]-                                

          butyrophenone                                                        

          (particle size &lt;10.mu.)                                              

                                 20.0                                          

     (b)  sorbitan trioleate     0.5                                           

     (c)  dichlorodifluoromethane                                              

                                 39.75                                         

     (d)  dichlorodifluoroethane 39.75                                         

     ______________________________________                                    

PAL  The materials (a) to (d) are packaged in 15 ml stainless steel containers
      equipped with a metering valve designed to meter 50 mg per dose, an
      equivalent of 10 mg of novel compound (a).
PAC  EXAMPLE 21
PAR  An illustrative composition for an injectable suspension is the following 1
      ml ampul for an intramuscluar injection.
TBL  ______________________________________                                    

                           Weight per cent                                     

     ______________________________________                                    

     (a)  4'-tert-butyl-4-[4-[.alpha.-                                         

          hydroxy-.alpha.-(p-tert-butyl-                                       

          phenyl)benzyl]piperidino]-                                           

          butyrophenone hydrochloride                                          

          (particle size &lt;10.mu.)                                              

                                 1.0                                           

     (b)  polyvinylpyrrolidone                                                 

          (M.W. 25000)           0.5                                           

     (c)  lecithin               0.25                                          

     (d)  water for injection to make                                          

                                 100.0                                         

     ______________________________________                                    

PAL  The materials (a) to (d) are mixed, homogenized, and filled into 1 ml
      ampuls which are sealed and autoclaved 20 minutes at 121.degree.C. Each
      ampul contains 10 mg per ml of novel compound (a).
PAR  The optical isomers of the compounds of this invention may be separated by
      using a (+) or (-) binaphthylphosphoric acid derivative or a salt of said
      derivative and an assymetric base by the method described by R. Viterbo et
      al., in Tetrahedron Letters No. 48, pp. 4617- 4620 (1971).
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from a base of the formula
      ##SPC8##
PAL  wherein R.sup.1 is selected from the group consisting of cyclohexyl,
      phenyl, and a substituted phenyl ring wherein the substituent on the
      substituted phenyl ring is attached at the ortho, meta, or para position
      of the phenyl ring and is selected from the group consisting of halogen, a
      straight or branched lower alkyl group of from 1 to 4 carbon atoms, and a
      lower alkoxy group of from 1 to 4 carbon atoms; R.sup.2 is selected from
      the group consisting of hydrogen or hydroxy; R.sup.3 represents hydrogen;
      or R.sup.2 and R.sup.3 taken together form a second bond between the
      carbon atoms bearing R.sup.2 and R.sup.3 ; n is an integer of from 1 to 3;
      Z is selected from the group consisting of thienyl, naphthyl, phenyl or a
      substituted phenyl ring wherein the substituent on the substituted phenyl
      ring is attached at the ortho, meta or para position of the phenyl ring
      and is selected from the group consisting of halogen, a straight or
      branched alkyl group of from 1 to 6 carbon atoms, an alkoxy group of from
      1 to 6 carbon atoms, a cycloalkyl group of from 3 to 6 carbon atoms,
      di(lower)alkylamino, or a saturated monocyclic heterocyclic group selected
      from the group consisting of pyrrolidino, piperidino, morpholino, and
      N-(lower)alkylpiperazino with the proviso that when R.sup.1 is phenyl, Z
      is naphthyl or a substituted phenyl ring wherein the substituent on the
      substituted phenyl ring is attached at the ortho, meta or para position of
      the phenyl ring and is selected from the group consisting of a straight or
      branched alkyl group of 5 or 6 carbon atoms, an alkoxy group of 5 or 6
      carbon atoms and a cycloalkyl group of from 3 to 6 carbon atoms; and
      pharmaceutically acceptable acid addition salts thereof.
NUM  2.
PAR  2. A compound of claim 1 wherein R.sup.1 is phenyl.
NUM  3.
PAR  3. A compound of claim 2 wherein R.sup.2 is hydroxy.
NUM  4.
PAR  4. A compound of claim 3 which is
      4-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-1-(2-naphthyl)butan
     -1-one or a pharmaceutically acceptable acid addition salt thereof.
NUM  5.
PAR  5. A compound of claim 3 which is
      4'-cyclopentyl-4]4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]butyro
     phenone or a pharmaceutically acceptable acid addition salt thereof.
NUM  6.
PAR  6. A compound of claim 3 which is
      4-[4-.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-neopentylbutyroph
     enone or a pharmaceutically acceptable acid addition salt thereof.
NUM  7.
PAR  7. A compound of claim 1 wherein R.sup.1 is a substituted phenyl ring.
NUM  8.
PAR  8. A compound of claim 7 wherein R.sup.2 is hydroxy.
NUM  9.
PAR  9. A compound of claim 8 which is
      4'-tert-butyl-4-[4-[.alpha.-hydroxy-.alpha.-(p-tolyl)benzyl]piperidino]but
     yrophenone or a pharmaceutically acceptable acid addition salt thereof.
NUM  10.
PAR  10. A compound of claim 8 which is
      4'-tert-butyl-4-[4-[.alpha.-hydroxy-.alpha.-(p-chlorophenyl)benzyl]piperid
     ino]butyrophenone or a pharmaceutically acceptable acid addition salt
      thereof.
NUM  11.
PAR  11. A compound of claim 8 which is
      4'-tert-butyl-4-[4-[.alpha.-hydroxy-.alpha.-(o-anisyl)benzyl]piperidino]bu
     tyrophenone or a pharmaceutically acceptable acid addition salt thereof.
NUM  12.
PAR  12. A compound of claim 8 which is
      4'-fluoro-4-[4-[.alpha.-hydroxy-.alpha.-(p-chlorophenyl)benzyl]piperidino]
     butyrophenone or a pharmaceutically acceptable acid addition salt thereof.
NUM  13.
PAR  13. A compound of claim 7 wherein R.sup.2 and R.sup.3 taken together form a
      second bond between the carbon atoms bearing R.sup.2 and R.sup.3.
NUM  14.
PAR  14. A compound of claim 13 which is
      4'-tert-butyl-4-[4-[.alpha.-(p-tolyl)benzylidene]piperidino]butyrophenone
      or a pharmaceutically acceptable acid addition salt thereof.
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PAL  A novel series of 2-amino-5-spiro substituted oxazolin-4-ones and
      intermediates for making said compounds. These compounds are prepared by
      first converting the appropriately substituted cycloketone to the
      corresponding cyclocyanohydrin; converting this compounds to the
      corresponding hydroxy acid; esterifying the hydroxy acid, and finally
      cyclizing the hydroester to form the 2-amino-5-spiro substituted
      oxazolin-4-one. These compounds exhibit central nervous system activity
      and are active as either stimulants or depressants, and some are useful as
      performance enhancers.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a division, of application Ser. No. 170,652 filed Aug. 10, 1971,
      now U.S. Pat. No. 3,720,681 which in turn is a continuation-in-part of
      co-pending application Ser. No. 27,120, filed Apr. 9, 1970, now abandoned,
      which was a continuation-in-part of application Ser. No. 689,356, filed
      Dec. 11, 1967, now abandoned.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention is directed to a new series of chemical compounds consisting
      of 2-amino-5-spiro substituted oxazolin-4-ones. More specifically, this
      series of compounds includes those compounds having alicyclic spiro
      substituents at the 5-position of the oxazole ring as well as compounds
      having heterocyclic spiro substituents at the 5-position. All of the
      compounds of this invention exhibit central nervous system activity. Some
      of the compounds are CNS depressants. Others are stimulants.
PAR  The compounds of this invention are represented by structural Formula I:
      ##SPC1##
PAL  wherein Z is a member selected from the group consisting of C.sub.4 to
      C.sub.8 cycloalkyl, lower alkyl-substituted C.sub.4 to C.sub.8 cycloalkyl,
      4-piperidyl, lower alkyl-substituted 4-piperidyl and phenloweralkyl
      substituted 4-piperidyl.
PAR  The term "lower alkyl" as used herein refers to C.sub.1 -C.sub.4 straight,
      branched and cycloalkyl including methyl, ethyl, n-propyl, iso-propyl,
      cyclopropyl, n-butyl, iso-butyl, t-butyl and cyclobutyl.
PAR  The stimulants of this invention are compounds of Formula II:
      ##SPC2##
PAL  wherein Z is 3,5-dimethylcyclohexyl, 3,3,5-trimethylcyclohexyl, or
      4-(N-methylpiperidyl). The stimulants of Formula II are administered to
      animal in dosages of from 0.1 to 50 mg./kg. of body weight daily,
      preferably in divided doses.
PAR  The central nervous system depressants are represented by Formula III:
      ##SPC3##
PAL  wherein Z is C.sub.4 to C.sub.8 cycloalkyl, 3-methylcyclohexyl,
      4-methylcyclohexyl, 3,4,5-trimethylcyclohexyl, 4-piperidyl,
      1,2,6-trimethy-4-piperidyl, N-isopropyl-4-piperidyl, or
      N-(2-phenethyl)-4-piperidyl. The compounds are administered to animals in
      need of tranquilization or sedation in dosages of from 20 to 500 mg./kg.
      daily, preferably in divided doses.
PAR  These compounds are prepared by first reacting an appropriately substituted
      cycloketone with a cyanide salt of an alkali metal to form the
      corresponding cyclocyanohydrin. This compounds is then converted to the
      hydroxy acid by reaction with a strong acid, such as concentrated
      hydrochloric acid. The hydroxy acid derivative is then esterified by
      reaction with the appropriate alcohol to form an alkyl ester. This
      compound is then reacted with guanidine hydrochloride to form the spiro
      derivative.
PAR  The reactions leading to the intermediate compounds are standard reactions
      well known in the art, as are the intermediate compounds formed by these
      reactions. Thus, the cycloketones, cyclocyanohydrins, hydroxy acids and
      hydroxyesters are structurally familiar compounds. The 5-spiro substituted
      derivatives are prepared by reacting the hydroxyester derivative with
      guanidine in a suitable alcoholic solvent, such as methanol, ethanol,
      propanol and the like.
PAR  In order to better illustrate the invention disclosed herein, reference is
      made to the following examples which are presented to illustrate a few
      specific embodiments of this invention and not to limit same thereby.
DETD
PAC  EXAMPLE 1
PAC  1-Hydroxy-3,5-Dimethyl-Cyclohexane Carboxylic Acid Ethyl Ester
PAL  Part I - Cyanohydrin Derivative
PAR  A solution of 106.8 grams of sodium bisulphite in 130 ml. of water is added
      dropwise with stirring over 30 minutes to a stirred mixture of 100 grams
      of 3,5-dimethylcyclohexanone, 67.0 grams of potassium cyanide and 170 ml.
      of water. The reaction mixture is kept below 40.degree. C. by means of a
      cold water bath. The reaction mixture is stirred for an additional 2
      hours, the organic layer separated and the aqueous layer extracted with
      250 ml. of ether three times. The combined organic layer and ether
      solutions are dried over magnesium sulfate and concentrated at reduced
      pressure to yield 40.3 grams of
      1-hydroxy-3,5-dimethyl-cyclohexanecarbonitrile.
PAC  PART II -- HYDROXY ACID
PAR  This product is then refluxed with stirring, with 300 ml. concentrated
      hydrochloric acid for 3 hours. The reaction mixture is concentrated at
      reduced pressure and the residue taken up in 250 ml. of chloroform and
      filtered to remove ammonium chloride. The filtrate is dried over magnesium
      sulfate and concentrated at reduced pressure. A syrup is obtained which
      upon trituration with 500 ml. of petroleum spirit and refrigeration at
      50.degree. overnight yields the crude hydroxy acid as white crystals. The
      crystals are filtered, dried and recrystallized from petroleum spirit to
      yield 9.50 grams of the pure 1-hydroxy-3,4-dimethylcyclohexane carboxylic
      acid.
PAC  PART III -- HYDROXY ESTER
PAR  The hydroxy acid is heated under reflux with 100 ml. of ethanol and 0.05
      grams of p-toluene sulphonic acid for 8 hours. The solution is
      concentrated at reduced pressure, the residue dissolved in 100 ml. of
      ether and washed with 20 ml. of 10 percent sodium carbonate and 20 ml.
      water. The ether solution is dried over magnesium sulfate and concentrated
      at reduced pressure to yield 9.43 grams of the pure
      1-hydroxy-3,5-dimethylcyclohexane carboxylic acid ethyl ester.
PAR  Following the procedure of Parts I, II and III in Example 1 above, various
      other hydroxy acids and their corresponding alkyl esters may be prepared.
      Table I below lists a representative series of the hydroxy acids prepared
      and their accompanying physical characteristics; while Table II below
      lists esters prepared from the corresponding acids prepared according to
      the description in Part III of Example 1.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                           Analysis             I.R.Absorption                 

     Ex.                                                                       

        Compound      Empirical                                                

                           Calc. % Found % M.P.in                              

     OH cm.sup..sup.-1                                 C=O cm.sup..sup.-1      

                                                             % yield           

                      Formula                                                  

                           C   H   C   H   .degree.C                           

                                                stretch.                       

                                                       stretch.                

                                                             from              

     __________________________________________________________________________

                                                             ketone            

     2                C.sub.5 H.sub.8 O.sub.3                                  

                           51.7                                                

                               6.9 51.8                                        

                                       7.0 63-5 3500(b)                        

                                                       1700  18.7              

     3                C.sub.9 H.sub.16 O.sub.3                                 

                           62.8                                                

                               9.4 62.8                                        

                                       9.4 84-6 3530(b)                        

                                                       1700  24.1              

     4                C.sub.8 H.sub.14 O.sub.3                                 

                           60.8                                                

                               8.9 60.8                                        

                                       8.8 67-86                               

                                                3530(b)                        

                                                       1700  34.8              

     5                C.sub.8 H.sub.14 O.sub.3                                 

                           60.8                                                

                               8.9 60.9                                        

                                       8.9  95-100                             

                                                3520(b)                        

                                                       1710   9.6              

     6                C.sub.10 H.sub.18 O.sub.3                                

                           64.5                                                

                               9.7 64.7                                        

                                       9.5 134-6                               

                                                3530(b)                        

                                                       1700  33.3              

     7                C.sub.11 H.sub.19 O.sub.3                                

                           66.0                                                

                               10.1                                            

                                   66.2                                        

                                       10.0                                    

                                           126.9                               

                                                3530   1700  33.1              

     8                C.sub.11 H.sub.16 O.sub.3                                

                           66.2                                                

                               9.2 66.6                                        

                                       9.0 124-50                              

                                                3540(b)                        

                                                       1700  23.6              

                                           isomers                             

     9                C.sub.8 H.sub.12 O.sub.3                                 

                           61.5                                                

                               7.8 61.7                                        

                                       7.7 123-6                               

                                                3530(b)                        

                                                       1700  27.5              

                                           isomers                             

     10               C.sub.10 H.sub.18 O.sub.3                                

                           64.5                                                

                               9.7 64.4                                        

                                       9.7 131-3                               

                                                3520(b)                        

                                                       1695  10.5              

     __________________________________________________________________________

PAR  Other hydroxy acids which may be synthesized include 1-hydroxycyclopentane
      carboxylic acid, 1-hydroxycyclohexane carboxylic acid and
      1-hydroxycycloheptane carboxylic acid, among others.
TBL                TABLE II                                                    

     ______________________________________                                    

     HYDROXY ESTERS                                                            

     Ex.   Compound            % yield from acid                               

     ______________________________________                                    

     11                    71.9                                                

     12                    76.3                                                

     13                    58.4                                                

     14                    24.5                                                

     15                    54.9                                                

     16                    49.3                                                

     17                    57.4                                                

     18                    85.4                                                

     19                    68.5                                                

     20                    58.4                                                

     21                    63.5                                                

     22                    69.1                                                

     23                    89.4                                                

     ______________________________________                                    

PAR  The spiro compounds are prepared from the corresponding hydroxyesters
      prepared according to Example 1. Example 24 below describes the conversion
      of 1-hydroxy-3,5-dimethyl cyclohexane carboxylic acid ethyl ester of
      Example 1 to the spiro derivative.
PAC  EXAMPLE 24
PAC  2-Amino-7,9-Dimethyl-1-Oxa-3-Aza-Spiro[4,5]Dec-2-En-4-One
      ##SPC4##
PAR  A mixture of 9.43 grams of 1-hydroxy-3,5-dimethylcyclohexane carboxylic
      acid ethyl ester with 4.38 grams of guanidine hydrochloride and 2.59 grams
      of potassium hydroxide pellets in 52 ml of ethanol is refluxed for 1 hour.
      The solution is cooled, diluted with 172 ml of water and brought to pH 7
      with glacial acetic acid resulting in a white precipitate being formed.
      After refrigeration at 5.degree. C for 3 hours, the crystals are filtered,
      washed with water and ether, and dried yielding 3.20 grams of
      2-amino-7,9-dimethyl-1-oxa-3-aza-spiro[4,5]dec-2-en-4-one, having a
      melting point of 276.degree.-81.degree. C.
PAR  Elemental analysis calculated for C.sub.10 H.sub.16 N.sub.2 O.sub.2:
      C=61.2; H=8.2;N=14.3 Found: C=61.2;H=8.3; N=14.3
PAR  Following the procedure of Example 24, other hydroxy esters, such as those
      described in Table II, may similarly be converted to the corresponding
      spiro derivatives. Table III below lists a representative series of such
      spiro derivatives prepared from the hydroxy esters listed in Table II and
      their accompanying physical characteristics.
TBL                                    TABLE III                               

     __________________________________________________________________________

                             Analysis               I.R.Absorption             

                                                             % yield from      

                       Empirical                                               

                             Calc. %  Found %       Bands in                   

                                                             hydroxy           

     Ex.                                                                       

        Compound       Formula                                                 

                             C  H  N  C  H  N  MP in.degree.C                  

                                                    1800 cm.sup..sup.-1        

                                                    region   ester             

     __________________________________________________________________________

     25                C.sub.6 H.sub.8 N.sub.2 O.sub.2                         

                             51.4                                              

                                5.8                                            

                                   20.0                                        

                                      51.5                                     

                                         5.8                                   

                                            20.0                               

                                               188-93                          

                                                    1660, 1740                 

                                                             15.0              

     26                C.sub.7 H.sub.10 N.sub.2 O.sub.2                        

                             54.5                                              

                                6.5                                            

                                   18.2                                        

                                      54.3                                     

                                         6.5                                   

                                            18.2                               

                                               215-20                          

                                                    1660, 1720                 

                                                             16.2              

     27                C.sub.8 H.sub.12 N.sub.2 O.sub.2                        

                             57.1                                              

                                7.2                                            

                                   16.7                                        

                                      56.9                                     

                                         7.2                                   

                                            16.9                               

                                               220-5                           

                                                    1660, 1720                 

                                                             16.0              

     28                C.sub.9 H.sub.14 N.sub.2 O.sub.2                        

                             59.3                                              

                                7.7                                            

                                   15.4                                        

                                      59.1                                     

                                         7.8                                   

                                            15.4                               

                                               248-53                          

                                                    1660, 1720                 

                                                             21.3              

     29                C.sub.10 H.sub.16 N.sub.2 O.sub.2                       

                             61.2                                              

                                8.2                                            

                                   14.3                                        

                                      61.2                                     

                                         8.2                                   

                                            14.2                               

                                               262-6                           

                                                    1660, 1720                 

                                                             31.2              

     30                C.sub.9 H.sub.14 N.sub.2 O.sub.2                        

                             59.3                                              

                                7.7                                            

                                   15.4                                        

                                      59.3                                     

                                         7.6                                   

                                            15.3                               

                                               272-7                           

                                                    1660, 1720                 

                                                             11.3              

     31                C.sub.9 H.sub.14 N.sub.2 O.sub.2                        

                             59.3                                              

                                7.7                                            

                                   15.4                                        

                                      59.6                                     

                                         7.6                                   

                                            15.5                               

                                               249-52                          

                                                    1660, 1720                 

                                                             30.7              

     32                C.sub.11 H.sub.18 N.sub.2 O.sub.2                       

                             62.8                                              

                                8.6                                            

                                   13.3                                        

                                      62.7                                     

                                         8.6                                   

                                            13.5                               

                                               273-6                           

                                                    1665, 1730                 

                                                             14.7              

     33                C.sub.12 H.sub.20 N.sub.2 O.sub.2                       

                             64.3                                              

                                9.0                                            

                                   12.5                                        

                                      64.6                                     

                                         9.0                                   

                                            12.3                               

                                               318-20                          

                                                    1660, 1725                 

                                                             27.8              

     34                C.sub.12 H.sub.18 N.sub.2 O.sub.2                       

                             64.8                                              

                                8.2                                            

                                   12.6                                        

                                      65.1                                     

                                         8.2                                   

                                            12.7                               

                                               248-68                          

                                                    1660, 1720                 

                                                             13.3              

     35                C.sub.9 H.sub.12 N.sub.2 O.sub.2                        

                             60.0                                              

                                6.7                                            

                                   15.6                                        

                                      59.8                                     

                                         6.6                                   

                                            15.7                               

                                               284-9                           

                                                    1665, 1725                 

                                                             31.4              

     36                C.sub.11 H.sub.18 N.sub.2 O.sub.2                       

                             62.8                                              

                                8.6                                            

                                   13.3                                        

                                      62.9                                     

                                         8.5                                   

                                            13.3                               

                                               296- 1630, 1710                 

                                                             36.4              

                                               302                             

     __________________________________________________________________________

PAR  The foregoing examples describe the various alicyclic spiro derivatives
      which form a part of this invention. The heterocyclic spiro substituents
      are prepared in a similar manner to that previously described herein, but
      for a clear understanding of this invention, the following examples are
      presented to further describe this novel series of compounds.
PAC  EXAMPLE 37
PAC  1-Methyl-4-Hydroxy-4-Carboethoxy Piperidine
      ##SPC5##
PAR  A solution of 38.5 grams of sodium bisulphite in 100 ml of water is added
      dropwise over 30 minutes to a stirred mixture of 32.3 grams of
      1-methyl-4-piperidone, 24.1 grams of potassium cyanide and 100 ml of
      water. The reaction mixture is kept below 40.degree. C by means of a cold
      water bath and stirred for 2 hours during which time a white crystalline
      precipitate is formed. The precipitate is filtered, washed with 50 ml of
      water and dried in vacuo yielding 26.3 grams of 1-methyl-4-piperidone
      cyanohydrin.
PAR  The cyanohydrin is refluxed with stirring, with 100 ml concentrated
      hydrochloric acid for 3 hours. The solution is then concentrated at
      reduced pressure and the residue taken up in boiling alcohol, filtered
      hot, and the filtrate concentrated at reduced pressure to a white solid
      yielding 35.9 grams of 1-methyl-4-hydroxy-4-carboxy-piperidine
      hydrochloride.
PAR  The hydroxy acid hydrochloride is heated under reflux with 300 ml of
      ethanol and 0.15 grams of p-toluene sulphonic acid for 16 hours. The
      solution is concentrated at reduced pressure and the residue treated with
      200 ml of 10 percent sodium carbonate solution, then extracted with 250 ml
      of chloroform three times. The chloroform solution is washed with 100 ml
      water, dried over magnesium sulfate and concentrated at reduced pressure.
      The clear liquid obtained is distilled and on cooling, solidifies to a
      white crystalline material yielding 16.5 grams of
      1-methyl-4-hydroxy-4-carboethoxy piperidine having a boiling point of
      93.degree.-95.degree. at 1.2 mm of pressure. Elemental analysis for
      C.sub.9 H.sub.17 NO.sub.3 :Calculated: C=57.7; H=9.2; N=7.5 Found: C=57.5;
      H=9.2; N=7.6
PAR  In Table IV below are listed a representative number of other such hydroxy
      acid esters prepared in accordance with the procedure of Example 37, and
      their characteristic physical properties.
TBL                                    TABLE IV                                

     __________________________________________________________________________

                              Analysis               IR Absorption             

                                                               % yield         

                              Calc. %  Found %       chloroform                

                                                               from            

                        Empirical                                              

                              C  H  N  C  H  N                                 

     OH                                                   C=O  ketone          

     Ex.                                                                       

        Compound        Formula                 BP .degree.C                   

                                                     stretch.                  

                                                          stretch.             

     __________________________________________________________________________

     38                 C.sub.16 H.sub.23 NO.sub.3                             

                              69.3                                             

                                 8.4                                           

                                    5.1 69.4                                   

                                          8.5                                  

                                             5.3                               

                                                160-4 at                       

                                                     3520 1720 58.3            

                                                0.8 mm                         

     39                 C.sub.15 H.sub.21 NO.sub.3                             

                              68.4                                             

                                 8.0                                           

                                    5.3 68.7                                   

                                          8.1                                  

                                             5.3                               

                                                142-8 at                       

                                                     3510 1710 66.4            

                                                0.2 mm                         

     40                 C.sub.11 H.sub.21 NO.sub.3                             

                              61.4                                             

                                 9.8                                           

                                    6.5 61.4                                   

                                          10.1                                 

                                             6.6                               

                                                111-5 at                       

                                                     3575 1720 62.1            

                                                4.0 mm                         

     41                 C.sub.10 H.sub.19 NO.sub.3                             

                              59.7                                             

                                 9.5                                           

                                    7.0 59.6                                   

                                          9.5                                  

                                             6.9                               

                                                77-80 at                       

                                                     3510 1710 51.7            

                                                0.5 mm                         

     42                 C.sub.11 H.sub. 21 NO.sub.3                            

                              61.4                                             

                                 9.8                                           

                                    6.5 61.5                                   

                                          9.8                                  

                                             6.4                               

                                                87-103 at                      

                                                     3515 1710 30.2            

                                                1.0 mm                         

     __________________________________________________________________________

PAR  The heterocyclic spiro substituents are generally prepared in the same
      manner as previously described for the alicyclic spiro compounds; that is,
      the hydroxy ester is reacted with guanidine hydrochloride in an alcoholic
      solvent and the product removed. Example 43 following below shows the
      preparation of one such heterocyclic spiro compound.
PAC  EXAMPLE 43
PAC  2-Amino-8-Methyl-3,8-Diaza-Spiro[4,5]Dec-2-En-One
      ##SPC6##
PAR  A solution consisting of 43.5 grams of sodium methoxide in 1,320 ml of
      ethanol is added to a solution containing 78.0 grams of guanidine
      hydrochloride in 330 ml of ethanol and the mixture stirred thoroughly.
      Sodium chloride precipitates out of solution and is removed by filtration.
      A solution of 150.3 grams of 1-methyl-4-hydroxy-4-carboethoxy-piperidine
      in 375 ml of ethanol is then added to the filtrate and the resulting
      solution is refluxed with stirring for 1 hour. One liter of ethanol is
      removed by distillation at reduced pressure and the remaining solution
      cooled. On cooling a crystalline precipitate forms which is filtered and
      dried. The filtrate is then completely evaporated at reduced pressure and
      the residue obtained taken up in 100 ml of fresh ethanol, cooled and
      additional precipitate is obtained. This procedure is repeated twice more
      until a total of 74.3 grams of crude product is obtained. The crude
      product is recrystallized from ethanol, filtered and dried, yielding 56.3
      grams of 2-amino-8-methyl-3,8-diaza-spiro[4,5]dec-2-en- 4-one having a
      melting point of 257.degree.-261.degree. C. Elemental analysis for C.sub.8
      H.sub.13 N.sub.3 O.sub.2 : Calculated: C=52.4; H=7.2; N=22.9 Found:
      C=52.2; H=7.3; N=23.0
PAR  The procedure of Example 43 may be followed to prepare other heterocyclic
      spiro compounds. In Table V below is listed those spiro substituents
      prepared from the corresponding hydroxy esters according to the procedure
      of Example 43 including the identifying physical characteristics of each.
TBL                                    TABLE V                                 

     __________________________________________________________________________

                               Analysis                IR Absorption           

                                                                % yield        

                         Empirical                                             

                               Calc. %  Found %        bands in                

                                                                from-          

     Ex.                                                                       

        Compound         Formula                                               

                               C  H  N  C  H  N  MP in .degree.C               

                                                       1800 cm.sup..sup.-1     

                                                       reg.     ester          

     __________________________________________________________________________

     44                  C.sub.7 H.sub.11 N.sub.3 O.sub.2                      

                               49.7                                            

                                  6.6                                          

                                     24.8                                      

                                        49.8                                   

                                           6.6                                 

                                              24.8                             

                                                 313-7 1625,                   

                                                                32.4           

     45                  C.sub.15 H.sub.19 N.sub.3 O.sub.2                     

                               65.9                                            

                                  7.0                                          

                                     15.4                                      

                                        65.6                                   

                                           7.1                                 

                                              15.6                             

                                                 253-8 1660,                   

                                                                47.7           

     46                  C.sub.14 H.sub.17 N.sub.3 O.sub.2                     

                               64.8                                            

                                  6.6                                          

                                     16.2                                      

                                        64.7                                   

                                           6.4                                 

                                              16.0                             

                                                 225-9 1660,                   

                                                                50.3           

     47                  C.sub.10 H.sub.17 N.sub.3 O.sub.2                     

                               56.8                                            

                                  8.1                                          

                                     19.9                                      

                                        57.0                                   

                                           8.3                                 

                                              19.8                             

                                                 293-8 1650,                   

                                                                 4.5           

     48                  C.sub.9 H.sub.15 N.sub.3 O.sub.2                      

                               54.8                                            

                                  7.7                                          

                                     21.3                                      

                                        54.7                                   

                                           7.7                                 

                                              21.5                             

                                                 246-50                        

                                                       1680,                   

                                                                37.1           

     49                  C.sub.10 H.sub.17 N.sub.3 O.sub.2                     

                               56.8                                            

                                  8.1                                          

                                     19.9                                      

                                        56.9                                   

                                           8.2                                 

                                              20.1                             

                                                 237-44                        

                                                       1640,                   

                                                                35.5           

     __________________________________________________________________________

PAR  The foregoing 2-amino-5-substituted spiro oxazolin-4-one compounds exhibit
      central nervous system activity; more specifically, most of these novel
      compounds are central nervous system depressants. A few of the compounds
      disclosed herein appear to exhibit stimulant activity, rather than
      depressant activity.
PAR  When these compounds are administered to a group of test mice in dosages
      ranging up to 500 milligrams per kilogram of body weight, the mice exhibit
      a general decrease in activity being withdrawn and lethargic. Table VI
      below details the activity of the various species of this series along
      with the dosages utilized expressed in mg/kg of body weight and the lethal
      dosage at which 50 percent of the animals expire (.sup.LD 50) for each of
      the compounds. Unless otherwise indicated, the dosage and the .sup.LD 50
      were administered by intraperitoneal injection. It is to be understood, of
      course, that the particular route of administration is not critical to the
      manifestation of biological effects.
TBL                                    TABLE VI                                

     __________________________________________________________________________

                            Dose in                                            

                                 LD.sub.50 in                                  

     Compound         Activity                                                 

                            mg/kg                                              

                                 mg/kg                                         

     __________________________________________________________________________

     6-amino-5-oxa-7-azaspiro[3,4]                                             

                      depressant                                               

                            200  &gt;500                                          

     oct-6-en-8-one                                                            

     2-amino-1-oxa-3-azaspiro[4,4]                                             

                      depressant                                               

                            500  &gt;1000                                         

     non-2-en-4-one                                                            

     2-amino-1-oxa-3-azaspiro[4,5]                                             

                      depressant                                               

                            200  &gt;1000                                         

     dec-2-en-4-one                                                            

     2-amino-1-oxa-3-azaspiro[4,6]                                             

                      depressant                                               

                            500  &gt;1000                                         

     undec-2-en-4-one                                                          

     2-amino-1-oxa-3-azaspiro[4,7]                                             

                      depressant                                               

                            500  &gt;1000                                         

     dodec-2-en-4-one                                                          

     2-amino-8-methyl-1-oxa-2-aza-                                             

                      depressant                                               

                            500  &gt;1000                                         

     spiro[4,5]dec-2-en-4-one                                                  

     2-amino-7-methyl-1-oxa-3-aza-                                             

                      depressant                                               

                            200  .about.750                                    

     spiro[4,5]dec-2-en-4-one                                                  

     2-amino-7,9-dimethyl-1-oxa-                                               

                      stimulant                                                

                            1    .about.300                                    

     3-azaspiro[4,5]dec-2-en-4-one                                             

     2-amino-7,8,9-trimethyl-1-oxa-                                            

     3-azaspiro[4,5]dec-2-en-4-one                                             

                      depressant                                               

                            200  &gt;1000                                         

     2-amino-7,7,9-trimethyl-1-                                                

                      stimulant                                                

                            0.1  &gt;750                                          

     oxa-3-azaspiro[4,5]dec-2-                                                 

     en-4-one                                                                  

     2'-aminospiro[norbornane-2,                                               

                      depressant                                               

                            500  &gt;1000                                         

     5'-[2]oxazolin]-4'-one                                                    

     2'-amino-octahydrospiro                                                   

                      depressant                                               

                            500  &gt;1000                                         

     [naphthalene-2(1H),5'-[2]                                                 

     oxazolin]-4'-one                                                          

     2-amino-1-oxa-3,8-diazaspiro                                              

                      depressant                                               

                            50   &gt;1000                                         

     [4,5]dec-2-en-4-one                                                       

     2-amino-8-methyl-1-oxa-3,8-                                               

                      stimulant                                                

                            10   &gt;1000                                         

     diazaspiro[4,5]dec-2-en-4-one                                             

     2-amino-8-benzyl-1-oxa-3,8-                                               

     diazaspiro[4,5]dec-2-en-4-one                                             

                      depressant                                               

                            200  &gt;1000                                         

     2-amino-7,8,9-trimethyl-1-oxa-                                            

                      depressant                                               

                            20   &gt;500                                          

     3,8-diazaspiro[4,5]-2-en-4-one                                            

     2-amino-8-isopropyl-1-oxa-3,8-                                            

                      depressant                                               

                            100  1000                                          

     diazaspiro-[4,5]dec-2-en-4-one                                            

     2-amino-8-phenethyl-1-oxa-                                                

                      depressant                                               

                            200  &gt;1000                                         

     3,8-diazaspiro-[4,5]dec-2-                                                

     en-4-one                                                                  

     __________________________________________________________________________

PAR  In addition to the foregoing activity, the administration of some of these
      novel compounds to warm-blooded animals results in an increased rate of
      learning by the animal coupled with a prolonged period of retention of the
      learned behavior.
PAR  The behavioral effects resulting from the administration of these compounds
      to rats were evaluated on a modified Cook-Weidley apparatus (L. Cook and
      E. Weidley, Ann. N.Y. Acad. Sci., 66, 790, 1957). The apparatus consists
      of a chamber with a grid flooring and an escape platform outside the
      chamber. The electric shock to the grid floor was controlled by a rheostat
      mechanism and scrambler. Rats were divided into 2 groups for each test
      trial. One group was administered saline as the control and the other
      group the test compound about 1/2 hour prior to electroconvulsive shock.
      It is known that electroconvulsive shock induces a state of proactive
      amnesia or an impaired learning rate (Deutsch, J.A., 1962, Ann. Rev.
      Psychol., 24, 259). Then, 15 minutes after electroconvulsive shock, the
      rats were given 10 acquisition trials on the jump out test to measure
      learning rates. Each acquisition trial consisted of 15 seconds in the
      chamber without any stimulation followed by 10 seconds of buzzer
      stimulation and culminated by 5 seconds of buzzer-plus-shock stimulation.
      The time from entrance into the apparatus until the rat jumps out is
      recorded as the escape time. Retention of the learned behavioral pattern
      was tested by repeating the test one hour after the last acquisition
      trial. The test sequence for each trial was terminated upon successful
      completion of the task, e.g., jumping out of the chamber.
     EFFECT OF 2-AMINO-8-METHYL-1-OXA-3,8-DIAZASPIRO                           

     [4,5]DEC-2-EN-4-ONE                                                       

     INTRAPERITONEAL ADMINISTRATION                                            

            Mean Escape Time -- Sec.                                           

     Trial    Test Cpd. -- 10 mg/kg                                            

                              Control                                          

     ______________________________________                                    

     1        29.8 .+-. 0.3   30.0 .+-. 0.0                                    

     2        29.5 .+-. 0.5   29.3 .+-. 0.8                                    

     3        13.8 .+-. 1.7   26.0 .+-. 2.4                                    

     4        12.0 .+-. 2.1   22.0 .+-. 3.6                                    

     5         7.0 .+-. 1.6   22.3 .+-. 3.8                                    

     6         7.8 .+-. 1.5   18.5 .+-. 1.9                                    

     7         6.5 .+-. 1.6   18.0 .+-. 2.3                                    

     8         7.0 .+-. 2.2   13.0 .+-. 2.9                                    

     9        10.8 .+-. 3.0   15.6 .+-. 2.1                                    

     10        9.0 .+-. 1.2   13.9 .+-. 1.7                                    

     Retention Trial -- 1 hour after last Acquisition Trial:                   

            13.8 .+-. 1.4 15.8 .+-. 3.3                                        

     EFFECT OF 2-AMINO-7,7,9-TRIMETHYL-1-OXA-3-AZASPIRO                        

     [4,5]DEC-2-EN-4-ONE                                                       

     INTRAPERITONEAL ADMINISTRATION                                            

            Mean Escape Time -- Sec.                                           

     Trial    Test Cpd. 20 mg/kg                                               

                              Control                                          

     ______________________________________                                    

     1        30.0 .+-. 0.0   30.0 .+-. 0.0                                    

     2        29.0 .+-. 0.4   29.5 .+-. 0.2                                    

     3        21.2 .+-. 3.0   19.7 .+-. 5.2                                    

     4        17.7 .+-. 5.4   20.2 .+-. 5.3                                    

     5        14.7 .+-. 1.8   18.0 .+-. 2.7                                    

     6        18.0 .+-. 3.9   18.5 .+-. 3.6                                    

     7        10.0 .+-. 2.1   20.2 .+-. 4.7                                    

     8         5.5 .+-. 1.8   16.5 .+-. 3.8                                    

     9         6.7 .+-. 2.5   18.7 .+-. 5.0                                    

     10        7.2 .+-. 2.8   13.7 .+-. 4.4                                    

     Retention Trial -- 1 hour after last Acquisition Trial:                   

             8.0 .+-. 2.6 20.2 .+-. 3.3                                        

     EFFECT OF 2-AMINO-7,9-DIMETHYL-1-OXA-3-AZASPIRO                           

     [4,5]DEC-2-EN-4-ONE                                                       

     ORAL ADMINISTRATION                                                       

            Mean Escape Time -- Sec.                                           

     Trial    Test Cpd. -- 20 mg/kg                                            

                              Control                                          

     ______________________________________                                    

     1        30.0 .+-. 0.0   30.0 .+-. 0.0                                    

     2        29.2 .+-. 0.4   29.7 .+-. 0.2                                    

     3        20.0 .+-. 4.3   27.2 .+-. 1.8                                    

     4         7.5 .+-. 2.9   19.7 .+-. 2.4                                    

     5         4.7 .+-. 0.8   16.0 .+-. 3.2                                    

     6         7.2 .+-. 2.0   14.7 .+-. 3.6                                    

     7         8.0 .+-. 1.6   18.7 .+-. 4.5                                    

     8        10.5 .+-. 3.7   11.0 .+-. 2.6                                    

     9         7.0 .+-. 1.2   13.0 .+-. 3.2                                    

     10        7.5 .+-. 2.1   15.5 .+-. 4.1                                    

     Retention Trial -- 1 hour after last Acquisition Trial:                   

             6.7 .+-. 1.4 15.7 .+-. 5.0                                        

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC7##
PAL  wherein Z is C.sub.4 to C.sub.8 cycloalkyl, 3-methylcyclohexyl,
      4-methylcyclohexyl, 3,4,5-trimethylcyclohexyl, 4-piperidyl,
      1,2,6-trimethyl-4-piperidyl, N-isopropyl-4-piperidyl, or
      N-(2-phenethyl)-4-piperidyl.
NUM  2.
PAR  2. A compound in accordance with claim 1, said compound being
      2-amino-7,8,9-trimethyl-1-oxa-3,8-diazaspiro [4.5]dec-2-en-4-one.
NUM  3.
PAR  3. A compound in accordance with claim 1, said compound being
      2-amino-1-oxa-3,8-diazaspior[4,5]dec-2-en-4-one.
NUM  4.
PAR  4. A compound in accordance with claim 1, said compound being
      2-amino-7-methyl-1-oxa-3-azaspiro[4.5]dec-2-en-4-one.
PATN
WKU  039311996
SRC  5
APN  4525744
APT  1
ART  121
APD  19740319
TTL  Benzopyrano and benzothiopyrano [2,3-6] pyridines
ISD  19760106
NCL  11
ECL  1
EXA  Ramsuer; Robert W.
EXP  Jiles; Henry R.
INVT
NAM  Nakanishi; Michio
CTY  Nakatsu
CNT  JA
INVT
NAM  Oe; Takanori
CTY  Nakatsu
CNT  JA
INVT
NAM  Tsuruda; Mineo
CTY  Shiida
CNT  JA
ASSG
NAM  Yoshitomi Pharmaceutical Industries, Ltd.
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730319
APN  48-32109
PRIR
CNT  JA
APD  19731108
APN  48-134214
PRIR
CNT  JA
APD  19740110
APN  49-6376
PRIR
CNT  JA
APD  19740110
APN  49-6377
CLAS
OCL  2602948B
XCL  260287CF
XCL  2602949
XCL  260295T
XCL  2602955R
XCL  260296T
XCL  260297T
XCL  424258
XCL  424263
EDF  2
ICL  C07D49108
ICL  C07D51308
FSC  260
FSS  295 T;297 T;294.8 B
UREF
PNO  3803153
ISD  19740400
NAM  Villani
OCL  260297T
OREF
PAL  Dean et al., "Chem. Abstracts" Vol. 52, (1958), pp. 4622-4623.
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  Heterocyclic compounds of the formula:
      ##SPC1##
PAL  Wherein A is a carbonyl group, a methylene group or an alkylidene group
      having 2 to 4 carbon atoms; B is an oxygen atom, a sulfur atom or
      --N(R')-- (wherein R' is a hydrogen atom or an alkyl group having 1 to 4
      carbon atoms); each of R.sup.1 and R.sup.2 is a hydrogen atom, a halogen
      atom, an alkyl group having 1 to 4 carbon atoms, an alkoxy group having 1
      to 4 carbon atoms or a phenyl group which may be substituted by a halogen
      atom, an alkyl group having 1 to 4 carbon atoms or an alkoxy group having
      1 to 4 carbon atoms; X is an alkyl group having 1 to 4 carbon atoms, a
      cycloalkyl group having 3 to 6 carbon atoms or OM (wherein M is a hydrogen
      atom, an alkyl group having 1 to 4 carbon atoms, a metal atom or
      NH.sub.4); and ring P represents a pyridine ring, are useful as
      anti-allergic agents.
BSUM
PAR  This invention relates to novel and therapeutically valuable compounds of
      the formula:
      ##SPC2##
PAL  Wherein A is a carbonyl group, a methylene group or an alkylidene group
      having 2 to 4 carbon atoms; B is an oxygen atom, a sulfur atom or
      --N(R')-- (wherein R' is a hydrogen atom or an alkyl group having 1 to 4
      carbon atoms); each of R.sup.1 and R.sup.2 is a hydrogen atom, a halogen
      atom, an alkyl group having 1 to 4 carbon atoms, an alkoxy group having 1
      to 4 carbon atoms or a phenyl group which may be substituted by a halogen
      atom, an alkyl group having 1 to 4 carbon atoms or an alkoxy group having
      1 to 4 carbon atoms; X is an alkyl group having 1 to 4 carbon atoms, a
      cycloalkyl group having 3 to 6 carbon atoms or OM (wherein M is a hydrogen
      atom, an alkyl group having 1 to 4 carbon atoms, a metal atom or
      NH.sub.4); and ring P represents a pyridine ring.
PAR  In the above definition, the alkyl group includes methyl, ethyl, propyl,
      isopropyl and butyl; the alkoxy group includes methoxy, ethoxy, propoxy,
      isopropoxy and butoxy; the alkylidene group includes ethylidene,
      propylidene, isopropylidene and butylidene; the cycloalkyl group includes
      cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl; the halogen atom
      includes F, Cl and Br; and the metal atom among others includes Na, K and
      Al.
PAR  The ring system:
      ##SPC3##
PAL  In the above formula [I] and also hereinafter represents any of the
      following structures (1)-(4).
      ##SPC4##
PAR  The compounds of formula [I] can be produced, for example, by the following
      methods:
PAR  I. In the case of compounds of formula [I] wherein X is an alkyl group or a
      cycloalkyl group;
PA1  A. By subjecting a compound of the formula:
      ##SPC5##
PAL  To intramolecular condensation, wherein B, R.sup.1, R.sup.2 and ring P are
      as defined above, X.sup.1 is an alkyl group having 1 to 4 carbon atoms or
      a cycloalkyl group having 3 to 6 carbon atoms, and Q is a carboxyl group
      or a haloformyl group (e.g. --COCl or --COBr).
PAR  The condensation is usually carried out in an inert solvent (e.g.
      nitrobenzene, carbon disulfide or tetrachloroethane) at
      20.degree.-200.degree.C, preferably in the presence of a condensing agent
      (e.g. aluminum chloride, ferric chloride, zinc chloride, polyphosphoric
      acid, sulfuric acid, phosphoryl trichloride, phosphorus trichloride or
      boron trifluoride).
PAR  According to the method (a), the compound of formula [I] wherein A is a
      carbonyl group can be obtained.
PA1  b. By actylating a compound of the formula:
      ##SPC6##
PA1  wherein R.sup.1, R.sup.2 and ring P are as defined above, A' is a methylene
      group or an alkylidene group having 2 to 4 carbon atoms, and B' is an
      oxygen atom, a sulfur atom or --N(R")-- (wherein R" is an alkyl group
      having 1 to 4 carbon atoms), with an acid of the formula:
EQU  X.sup.1 -- COOH                                            [IV]
PA1  wherein X.sup.1 is as defined above, or a functional derivative thereof
      (e.g. acid halide or acid anhydride).
PAR  The acylation is usually carried out with or without an inert solvent (e.g.
      nitrobenzene, carbon disulfide or tetrachloroethane) at
      0.degree.-150.degree.C, preferably in the presence of Friedel-Crafts
      catalyst (e.g. aluminum chloride, ferric chloride, zinc chloride,
      polyphosphoric acid or sulfuric acid).
PAR  According to the method (b), the compound of formula [I] wherein A is a
      methylene group or an alkylidene group having 2 to 4 carbon atoms and B is
      an oxygen atom, a sulfur atom or --N(R")-- (wherein R" is an alkyl group
      having 1 to 4 carbon atoms) can be obtained.
PA1  c. By hydrolyzing and decarboxylating a compound of the formula:
      ##SPC7##
PA1  wherein A, B, R.sup.1, R.sup.2 and ring P are as defined above, Z.sup.1 is
      COOR.sup.3 (R.sup.3 being an alkyl group), CONH.sub.2 or CN, Z.sup.2 is a
      hydrogen atom, an alkyl group, COOR.sup.3, CONH.sub.2 or CN, and Z.sup.3
      is a hydrogen atom or an alkyl group. In case that Z.sup.2  is a hydrogen
      atom or an alkyl group, the aggregate number of the carbon atoms contained
      in Z.sup.2 and Z.sup.3 does not exceed 3.
PAR  The reaction is usually carried out with or without an inert solvent (e.g.
      water, acetic acid, dioxane or a mixture thereof) at
      20.degree.-150.degree.C, preferably in the presence of an acid catalyst
      (e.g. hydrochloric acid, sulfuric acid or phosphoric acid).
PAR  According to the method (c), the compound of formula [I] wherein X is an
      alkyl group having 1 to 4 carbon atoms can be obtained.
PA1  d. By oxidizing any of compounds of the formulae:
      ##SPC8##
PAL  wherein B, R.sup.1, R.sup.2, X.sup.1 and ring P are as defined above, and W
      is a hydrogen atom, a hydroxyl group or a halogen atom (e.g. F, Cl or Br).
PAR  The oxidation is usually carried out in the presence of an oxidizing agent
      (e.g. permanganate, chromic acid, nitric acid, mangasese dioxide, selenium
      dioxide or air), if necessary, in an inert solvent (e.g. acetone,
      pyridine, water, dioxane, benzene, chloroform, acetic acid or a mixture
      thereof).
PAR  According to the method (d), the compound of formula [I] wherein A is a
      carbonyl can be obtained.
PAR  II. In the case of compounds of formula [I] X is OM;
PA1  e. By subjecting a compound of the formula:
      ##SPC9##
PAL  to intramolecular condensation, wherein B, R.sup.1, R.sup.2, Q and ring P
      are as defined above, and M.sup.1 is a hydrogen atom or an alkyl group
      having 1 to 4 carbon atoms.
PAR  The condensation is usually carried out in an inert solvent (e.g.
      nitrobenzene, carbon disulfide or tetrachloroethane) at
      20.degree.-200.degree.C, preferably in the presence of a condensing agent
      (e.g. aluminum chloride, ferric chloride, zinc chloride, polyphosphoric
      acid, sulfuric acid, phosphoryl trichloride, phosphorus trichloride or
      boron trifluoride).
PAR  According to the method (e), the compound of formula [I] wherein A is a
      carbonyl group can be obtained.
PA1  f. By oxidizing a compound of the formula:
      ##SPC10##
PA1  wherein A, B, R.sup.1, R.sup.2 and ring P are as defined above, and Y.sup.1
      is a group oxidizable into a carboxyl group such as alkyl (e.g. methyl,
      ethyl, propyl or butyl), alkanoyl (e.g. acetyl or propionyl), alkenyl
      (e.g. vinyl or 1-propenyl), formyl, hydroxymethyl or halomethyl (e.g.
      chloromethyl or bromomethyl).
PAR  The oxidation is usually carried out in an inert solvent (e.g. water,
      pyridine or acetone) in the presence of an appropriate oxidizing agent
      (e.g. permanganate, chromic acid, dichromate, nitric acid, silver oxide or
      hypo-hydrohalogenate).
PA1  g. By hydrolyzing a compound of the formula:
      ##SPC11##
PA1  wherein A, B, R.sup.1, R.sup.2 and ring P are as defined above, and Y.sup.2
      is a functional group hydrolyzable into a carboxyl group such as
      alkoxycarbonyl (e.g. methoxycarbonyl, ethoxycarbonyl or
      isopropoxycarbonyl), carbamoyl or cyano.
PAR  The hydrolysis is usually carried out in an inert solvent (e.g. water,
      aqueous methanol, aqueous dioxane or acetic acid) in the presence of an
      acid (e.g. hydrochloric acid, sulfuric acid or phosphoric acid) or an
      alkali (e.g. sodium hydroxide, potassium hydroxide, sodium carbonate or
      potassium carbonate) at 0.degree.-150.degree.C.
PAR  According to the above method (f) or (g), the compound having an OM group
      wherein M is a hydrogen atom can be obtained.
PAR  The compound having an OM group wherein M is a hydrogen atom obtained in
      accordance with the above method (e), (f) or (g) can be converted in a
      conventional manner into a corresponding alkyl ester or metal or NH.sub.4
      salt.
PAR  The above starting compounds can be produced, for example, as follows:
PA1  i.
      ##SPC12##
PAC  Specific example of the preparation of [IXb] to be used in method (f)
PAR  A mixture of 42 g of 7-methyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine, 36 g
      of N-bromosuccinimide, 0.4 g of benzoyl peroxide and 420 ml of carbon
      tetrachloride is refluxed with stirring under ultraviolet light for 2
      hours. The reaction mixture is quickly filtered while it is hot. The
      crystals are suspended in hot water (about 60.degree.C), and the
      suspension is thoroughly stirred and filtered again. The crystals are
      recrystallized from dioxane to give 47.1 g of
      7-bromomethyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine melting at
      211.degree.-212.5.degree.C.
PAC  Specific example of the preparation of [IXc] to be used in method (f)
PAR  A mixture of 50 g of 7-bromomethyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine,
      48.4 g of hexamethylenetetramine, 167 ml of water and 167 ml of acetic
      acid is stirred under reflux for 3 hours. To the reaction mixture is added
      100 ml of concentrated hydrochloric acid, and the whole mixture is
      refluxed for 20 minutes. The reaction mixture is diluted with 200 ml of
      water, and cooled. The crystalline precipitate is filtered off, washed
      with water, dried, and then recrystallized from dimethylformamide to give
      5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carbaldehyde melting at
      233-235.degree.C.
PA1  ii.
      ##SPC13##
PAR  [XI] is reduced to [XII], for example, by the method described in Journal
      of the Chemical Society, 1952, pages 2057-62.
PAC  Specific example of the preparation of [IIIa] to be used in method (b)
PAR  A mixture of 10 g of 5-hydroxy-5H-[1]benzopyrano[2,3-b]pyridine, 100 ml of
      isopropyl alcohol and 10 ml of 20% hydrochloric acid in isopropyl alcohol
      is refluxed for 3 hours. The reaction mixture is allowed to stand
      overnight, and then the isopropyl alcohol is removed by distillation under
      reduced pressure. An aqueous potassium carbonate solution is added to the
      residue, and the mixture is extracted with chloroform. The chloroform
      layer is dried, and the chloroform is distilled off. The residue is
      recrystallized from isopropyl ether or carbon tetrachloride to give 7.5 g
      of 5H-[1]benzopyrano[2,3-b]pyridine as white crystals melting at
      87.degree.-88.degree.C.
PAC  Specific example of the preparation of [IIIb] to be used in method (b)
PAR  Sodium amide is prepared from 14.5 g of metallic sodium and 0.5 g of ferric
      nitrate in 1 liter of liquid ammonia, to which is then added 55 g of
      5H-[1]benzopyrano[2,3-b]pyridine in small portions. After 20 minutes, 100
      mg of methyl iodide is added dropwise to the mixture, and the whole
      mixture is allowed to stand at room temperature. Water is added to the
      mixture after the ammonia flies off in vapor, and the mixture is extracted
      with benzene. The benzene layer is dried, and concentrated, and the
      residue is recrystallized from a mixture of carbon tetrachloride and
      isopropyl ether to give 5,5-dimethyl-5H-[1]benzopyrano[2,3-b]pyridine
      melting at 72.degree.-73.degree.C.
PA1  iii.
      ##SPC14##
PAC  Specific example of the preparation of [IXd] to be used in method (f)
PAR  Hydrogen chloride gas is passed through a mixture of 10 g of
      5H-[1]benzopyrano[2,3-b]pyridine, 1.4 g of paraformaldehyde, 110 ml of
      concentrated sulfuric acid and 22 ml of concentrated hydrochloric acid at
      80.degree.C for 12 hours, while 2 g of paraformaldehyde is added in
      several portions to the reaction mixture. The reaction mixture is poured
      into water, and the whole mixture is neutralized with sodium carbonate,
      and extracted with a large amount of chloroform. The chloroform layer is
      dried, concentrated to 30 ml, and cooled. The crystalline precipitate is
      filtered off, and recrystallized from chloroform to give
      7-chloromethyl-5H-[1]benzopyrano[2,3-b]pyridine melting at
      172.degree.-174.degree.C.
PAC  Specific example of the preparation of [IXe] to be used in method (f)
PAR  A mixture of 52 g of 7-chloromethyl-5H-[1]benzopyrano[2,3-b]pyridine, 63 g
      of hexamethylenetetramine, 160 ml of water and 160 ml of acetic acid is
      stirred under reflux for 3 hours. To the reaction mixture is added 80 ml
      of concentrated hydrochloric acid, and the whole mixture is refluxed for
      20 minutes, then diluted with 200 ml of water, and cooled. The crystalline
      precipitate is filtered off, washed with water, dried, and then
      recrystallized from dioxane to give
      5H-[1]benzopyrano[2,3-b]pyridine-7-carbaldehyde melting at
      171.degree.-173.degree.C.
PA1  iv.
      ##SPC15##
PAC  Specific example of the preparation of [VIIa] to be used in method (d)
PAR  A Grignard reagent is prepared from 2.14 g of magnesium and 13.1 g of
      isopropyl iodide in 50 ml of ether in a conventional manner. 12.5 g of
      5H-[1]benzopyrano[2,3-b]pyridine-7-carbaldehyde is added to the Grignard
      reagent, and the mixture is stirred under reflux for 2 hours. After
      cooling, a saturated ammonium chloride solution is added to the reaction
      mixture, and the ether layer is separated. The ether is distilled off to
      give crude 1-(5H-[1]benzopyrano [2,3-b]pyridin-7-yl)-2-methyl-1-propanol.
PAC  Specific example of the preparation of [VIa] to be used in method (d)
PAR  15 g of potassium permanganate is added in small portions to a solution of
      11 g of 1(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)-2-methyl-1-propanol  in
      200 ml of acetone, while the temperature is kept at 10.degree.C. Then the
      mixture is allowed to stand at 20.degree.C for 1 hour. The reaction
      mixture is filtered, and the crystalline residue is washed with
      chloroform. The filtrate and washings are concentrated, and the residue is
      purified by column chromatography on silica gel with chloroform as eluent,
      and further by recrystallization from ethanol to give
      1-(5-oxo-5H-[1]-benzopyrano[2,3-b]-pyridin-7-yl)-2-methyl-1-propanol
      melting at 160.degree.C.
PA1  v.
      ##SPC16##
PAC  Specific example of the preparation of [XIII]
PAR  11 g of hydroxylamine hydrochloride is added to a suspension of 30 g of
      5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carbaldehyde in 600 ml of
      pyridine, and the mixture is vigorously stirred at 80.degree.C for 1 hour.
      After cooling, the crystals are filtered off, washed with water, and dried
      to give crude 5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carbaldehyde oxime
      melting at 254.degree.-256.degree.C with decomposition.
PAC  Specific example of the preparation of [Xa] to be used in method (g)
PAR  A mixture of 25 g of 5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carbaldehyde
      oxime and 150 ml of acetic anhydride is stirred under reflux for 24 hours.
      After cooling, the crystals are filtered off, washed with water, dried,
      and recrystallized from dimethylformamide to give
      5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carbonitrile melting at
      260.degree.C.
PA1  vi.
      ##SPC17##
PAC  Specific example of the preparation of [XIV]
PAR  2.5 g of thionyl chloride is added to a suspension of 4.5 g of sodium
      5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylate in 35 ml of carbon
      tetrachloride with stirring, and the mixture is stirred under reflux for 3
      hours. After cooling, the crystals are filtered off, washed with cool
      water and then with acetone, and dried to give
      5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid chloride melting
      at 234.degree.-235.degree.C.
PAC  Specific example of the preparation of [V] to be used in method (c)
PAR  0.57 g of magnesium, 0.8 ml of carbon tetrachloride and 3.6 ml of absolute
      ethanol are placed in a four-necked flask fitted with a dropping funnel, a
      thermometer, a reflux condenser and a stirrer. 36.5 ml of chlorobenzene is
      added, and then a mixture of 2.67 g of diethyl malonate, 18 ml of
      chlorobenzene and 12.6 ml of absolute ethanol is added dropwise, while the
      temperature is maintained at 65.degree.C. The mixture is allowed to stand
      at 85.degree.C for 1 hour to complete the reaction. After cooling with
      water, 4 g of 5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid
      chloride is added, and the mixture is stirred at 30.degree.-35.degree.C
      for 1.5 hours. To the reaction mixture is added a mixture of 1 ml of
      concentrated sulfuric acid and 7 ml of water is added dropwise with
      stirring under ice cooling, and the precipitate (sodium sulfate) is
      removed by filtration. The residue is washed with water, dried, and
      concentrated. The residue is recrystallized from ethanol to give diethyl
      2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridine- 7-yl-carbonyl)malonate as white
      crystals melting at 137.degree.-138.5.degree.C.
PA1  vii.
      ##SPC18##
PAC  Specific example of the preparation of [IIa] to be used in method (a)
PAR  To a solution of 1.03 g of metallic sodium in 27 ml of methanol are added
      10 g of p-hydroxyacetophenone and 3.36 g of 2-chloronicotinic acid. The
      methanol is removed by raising the temperature. The mixture is allowed to
      stand at 160.degree.-170.degree.C for 2.5 hours. Water is added to the
      reaction mixture, and the precipitate (excess p-hydroxyacetophenone) is
      removed by filtration. The filtrate is acidified with hydrochloric acid to
      yield crystals. The crystals are filtered off, washed with water and
      chloroform to give 2-(p-acetylphenoxy)nicotinic acid melting at
      184.degree.-186.degree.C.
PAC  Specific example of the preparation of [IIb] to be used in method (a)
PAR  2.56 g of 2-(p-acetylphenoxy)nicotinic acid is suspended in 26 ml of
      methanol. To the suspension is added a solution of 0.23 g of metallic
      sodium in 2 ml of methanol. On heating, 2-(p-acetylphenoxy)nicotinic acid
      dissolves. The solution is evaporated to dryness, and to the residue 14 ml
      of carbon tetrachloride and 1.43 g of thionyl chloride are added. The
      mixture is refluxed for 3 hours, and then filtered while it is hot. The
      filtrated is concentrated, a small amount of carbon tetrachloride is added
      to the residue to dissolve it, and the solution is allowed to stand at
      room temperature. Crystals of 2-(p-acetylphenoxy)nicotinoyl chloride
      precipitate little by little.
PAR  The compounds of formula [I] have anti-allergic action as shown, for
      example, by the following test; in which the alphabetical notations A to D
      mean the following compounds, respectively:
PA1  A: 7-acetyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine,
PA1  B: 7isobutyryl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine,
PAR  C: 5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid,
PA1  D: sodium 2-phenyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylate.
PAC  Passive Cutaneous Anaphylaxis Test
PAR  The method used was similar to that described by ogilvie (1964).
      Donryu-strain male rats each weighing 160-200 g were sensitized by the
      intradermal injection of 0.1 ml of rat serum containing reagin antibody
      (prepared by the method described by Mota (1964)) diluted 10 times with
      isotonic sodium chloride solution, 8 donryu rats being used for each test
      group. After 48 hours, the animals were challenged, that is a fixed dose
      of antigen (25 mg egg albumin/kg) and Evans blue dye (12.5 mg/kg) were
      injected intravenously. A test solution containing a test compound was
      administered orally 1 hour before, or intraperitoneally 30 minutes before
      challenge. The animals were killed 30 minutes after challenge, the skin
      reflected, and the responses measured and scored 0 for diameter of wheal
      less than 5 mm, 1 for 5-10 mm,* 3 for 15-20 mm and 4 for more than 20 mm.
      The percentage inhibition was calculated using the formula:
      ##EQU1##
      The ED.sub.50, the dose required for 50% inhibition, was calculated from
      the doseresponse curve.
FNT  *: 2 for 10-15 mm,
PAR  The results are summarized in the following table:
TBL                ED.sub.50 (mg/kg)                                           

     Compound        p.o.        i.p.                                          

     ______________________________________                                    

     A               10          1.0                                           

     B               25-50       1.0                                           

     C               25          2.0                                           

     D               40          1.0                                           

     ______________________________________                                    

PAR  In view of various tests including that mentioned above, the compounds of
      formula [I] in accordance with the invention can be administered safely as
      anti-allergic agents, either alone or in the form of a pharmaceutical
      composition consisting essentially of a therapeutically effective amount
      of the compound in admixture with a suitable and conventional carrier or
      adjuvant, administratable orally, percutaneously or by way of injection,
      without harm to the host.
PAR  The pharmaceutical composition can take the form of tablets, granules,
      powder or capsules, for oral administration, of injectable solution for
      subcutaneous or intramuscular administration, of aerosol inhalant for
      intranasal administration, or of cream, ointment or jelly for topical
      administration. The choice of carrier is determined by the prefered form
      of administration, the solubility of the compounds and standard
      pharmaceutical practice.
PAR  The following is an example of formulations when a compound of the
      invention is administered for pharmaceutical purposes: 50 mg capsules are
      prepared from the following composition:
TBL  Compound [A]           50 mg                                              

     Lactose                45.3                                               

     Corn Starch            40                                                 

     Talc                   4                                                  

     Aerosil (SiO.sub.2)    0.7                                                

                           140.0 mg                                            

PAL  50 ,g tablets are mg from the following composition:
TBL  Compound [A]             50 mg                                            

     Lactose                  32.8                                             

     Corn Starch              36                                               

     Microcrystalline Cellulose                                                

                              7                                                

     Talc                     3                                                

     Magnesium Stearate       0.7                                              

     Methyl Cellulose         0.5                                              

                             130.0 mg                                          

PAL  The tablets may be sugar-coated in a conventional manner. 2% aerosol
      inhalant are prepared from the following composition:
TBL  Compound [A]            2 %                                               

     Solbitan Trioleate      0.2                                               

     Freon-113 (CCl.sub.2 F-CClF.sub.2)                                        

                             12.8                                              

     Freon-11 (CCl.sub.3 F)  19.5                                              

     Freon-12 (CCl.sub.2 F.sub.2)                                              

                             46                                                

     Freon-114 (CClF.sub.2 -CClF.sub.2)                                        

                             19.5                                              

                             100 %                                             

PAL  2% ointment are prepared from the following composition:
TBL  Compound [A]             2 %                                              

     Purified Water           34.3                                             

     White Petrolatum         40                                               

     Cetanol                  18                                               

     Sorbitan Sesquioleate    5                                                

     Lauro Macrogol           0.5                                              

     Ethyl Parahydroxybenzoate                                                 

                              0.1                                              

     Butyl Parahydroxybenzoate                                                 

                              0.1                                              

                             100 %                                             

PAR  The daily dose of compound [A] lies in the range of 0.5-500 mg per human
      adult, depending upon the preparation form.
DETD
PAR  The present invention is further explained by way of the following
      illustrative examples.
PAC  EXAMPLE 1
PAR  1.68 g of powdered anhydrous aluminum chloride is added to a solution of
      1.15 g of 2-(p-acetylphenoxy)nicotinoyl chloride in 5 ml of nitrobenzene
      at 20.degree.-30.degree.C, and the mixture is heated at 80.degree.C for
      3.5 hours. After cooling, water is added to the reaction mixture to
      decompose the aluminum chloride. After removing the nitrobenzene by
      distillation, the mixture is extracted with chloroform, and the extract is
      concentrated. The residue is recrystallized from toluene to give
      7-acetyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine melting at
      195-196.degree.C.
PAC  EXAMPLE 2
PAR  30.5 g of acetyl chloride is placed in a four-necked flask fitted with a
      stirrer. A mixture of 49 g of crushed aluminum chloride and 20 g of
      crushed 5H-[1]benzopyrano[2,3-b]pyridine is added in small portions over a
      period of 30 minutes, keeping the temperature at 10.degree.-20.degree.C by
      cooling with ice water. After the addition the temperature is raised to
      50.degree.-60.degree.C over 1 hour. Violent release of hydrogen chloride
      takes place. The contents gradually become viscous, and stirring becomes
      difficult. The contents are allowed to stand at 80.degree.-85.degree.C for
      2 hours without stirring. The contents are broken to pieces and thrown
      into 1 liter of ice water. The crystalline precipitate is filtered off,
      washed with water, dried, and then recrystallized from ethyl acetate to
      give 18.5 g of 7-acetyl-5H-[1]benzopyrano[2,3-b]pyridine melting at
      142.degree.-144.degree.C.
PAC  EXAMPLE 3
PAR  9.5 g of powdered aluminum chloride is added in small portions to a mixture
      of 5 g of 5,5-dimethyl-5H-[1]benzopyrano[2,3-b]pyridine and 5.6 g of
      acetyl chloride, keeping the temperature at 20.degree.-30.degree.C. The
      mixture is allowed to stand at 80.degree.C for 1.5 hours, and then poured
      into ice water. The mixture is extracted with benzene, and the extract is
      washed with water. The benzene is distilled off, and the crystalline
      residue is recrystallized from isopropyl ether containing a small amount
      of carbon tetrachloride to give 4 g of
      7-acetyl-5,5-dimethyl-5H-[1]benzopyrano[2,3-b]pyridine melting at
      106.degree.-108.degree.C.
PAC  EXAMPLE 4
PAR  A mixture of 7.5 ml of glacial acetic acid, 0.9 ml of concentrated sulfuric
      acid, 4.5 ml of water and 4.6 g of diethyl
      2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl-carbonyl)malonate is stirred
      under reflux for 2 hours. The reaction mixture is poured into 50 ml of
      cool water. The crystalline precipitate is filtered off, and suspended in
      water. The suspension is alkalified with 10% sodium hydroxide under ice
      cooling, and extracted with chloroform. The extract is washed thoroughly
      with water, dried, and concentrated. The residue is recrystallized from
      toluene to give 7 -acetyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine melting
      at 194.degree.-195.degree.C.
PAC  EXAMPLE 5
PAR  12.5 g of potassium permanganate is added in small portions to a solution
      of 9 g of 7-acetyl-5H-[1]benzopyrano[2,3-b]pyridine in 180 ml of acetone
      at 10.degree.-15.degree.C. The mixture is stirred at room temperature for
      1 hour. The reaction mixture is filtered, and the crystalline residue is
      washed thoroughly with chloroform. The filtrate and washings are
      concentrated, and the residue is recrystallized from toluene to give
      7-acetyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine melting at
      195.degree.-197.degree.C.
PAC  EXAMPLE 6
PAR  A mixture of 2.7 g of
      2-methyl-1-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)-1-propanol, 60 ml
      of acetone and 1.5 g of potassium permanganate is refluxed for 6 hours.
      The reaction mixture is filtered, and the residue is washed thoroughly was
      chloroform. The filtrate and washings are concentrated, and the residue is
      purified by column chromatography on silica gel with chloroform as eluent,
      and further by recrystallization from ethanol to give
      7-isobutyryl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine melting at
      155.degree.-156.degree.C.
PAC  EXAMPLE 7
PAR  11 g of potassium permanganate is added in small portions to a solution of
      6 g of 1-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)-2-methyl-1 -propanol in
      160 ml of acetone, and the mixture is stirred at 20.degree.C for 3 hours.
      The reaction mixture is filtered, and the residue is washed thoroughly
      with chloroform. The filtrate and washings are concentrated, and the
      residue is purified by column chromatography on silica gel with chloroform
      as eluent, and further by recrystallization from acetone to give
      7-isobutyryl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine melting at
      155.degree.-156.degree.C.
PAC  EXAMPLE 8
PAR  A mixture of 2 g of 2-(p-carboxyphenoxy)nicotinic acid and 30 g of
      concentrated sulfuric acid is stirred at 180.degree.-190.degree.C for 40
      minutes on an oil bath. After cooling with water, the reaction mixture is
      poured into ice water. A jelly-like substance produced crystallizes on
      heating. The crystals are filtered off, washed thoroughly with water, and
      recrystallized from aqueous dioxane to give 1.5 g of
      5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7 -carboxylic acid melting at
      293.degree.-294.degree.C.
PAC  EXAMPLE 9
PAR  1.7 g of anhydrous aluminum chloride is added in small portions to a
      solution of 1.2 g of 2-(p-ethoxycarbonylphenoxy)nicotinoyl chloride in 5
      ml of nitrobenzene at room temperature with stirring. The mixture is
      stirred at 80.degree.C for 4 hours, and poured into ice water to decompose
      aluminum chloride. The nitrobenzene layer is separated, dried over
      anhydrous magnesium sulfate, and concentrated under reduced pressure. The
      residue is recrystallized from ethanol to give 0.6 g of ethyl
      5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylate melting at
      131.degree.-132.degree.C.
PAC  EXAMPLE 10
PAR  42.4 g of 7-methyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine is dissolved in a
      mixture of 600 ml of pyridine and 600 ml of water with heating. To the
      solution is added 256 g of potassium permanganate at
      90.degree.-95.degree.C with stirring over a period of 2 hours, and the
      reaction mixture is further stirred at the same temperature for 1 hour.
      The reaction mixture is filtered while it is hot, and the by-product
      manganese dioxide is washed thoroughly with hot water. The filtrate and
      washings are concentrated under reduced pressure, and water is added to
      dissolve the residue. An insoluble material which is the starting material
      is removed by filtration, and the filtrate is acidified with hydrochloric
      acid. The crystalline precipitate is filtered off and recrystallized from
      a mixture of dioxane and dimethylformamide to give 18 g of
      5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid as white needles
      melting at 293.degree.-294.degree.C.
PAC  EXAMPLE  11
PAR  A mixture of 0.5 g of 8-methyl-10-oxo-10H-[1]benzopyrano[3,2-c]pyridine and
      7 ml of concentrated nitric acid is heated under reflux for 48 hours. The
      reaction mixture is poured on ice, and adjusted to pH 3 by addition of 10%
      sodium hydroxide. The crystalline precipitate is filtered off and
      recrystallized from dimethyl sulfoxide to give 0.25 g of
      10-oxo-10H-[1]benzopyrano[3,2-c]pyridine-8-carboxylic acid as white
      needles melting at above 300.degree.C.
PAC  EXAMPLE 12
PAR  4.8 g of bromine is added dropwise to a solution of 3.3 g of sodium
      hydroxide in 28 ml of water at below 0.degree.C, and the mixture is
      allowed to stand at 0.degree.C for 15 minutes. To the mixture is added
      dropwise and slowly a solution of 2.4 g of
      7-acetyl-5,5-dimethyl-5H-[1]benzopyrano[2,3-b]pyridine in 10 ml of
      dioxane. The whole mixture is allowed to stand at room temperature for 2
      hours, and then the solvent is removed by distillation under reduced
      pressure. To the residue are added water and benzene, and the mixture is
      warmed to 30.degree.-40.degree.C. The aqueous layer is neutralized with
      hydrochloric acid. The crystalline precipitate is recrystallized from
      aqueous acetic acid to give 1.9 g of
      5,5-dimethyl-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid melting at
      241.degree.-242.degree.C.
PAC  EXAMPLE 13
PAR  A mixture of 3 g of 5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carbonitrile,
      30 ml of sulfuric acid, 30 ml of acetic acid and 30 ml of water is heated
      under reflux for 3 hours. The reaction mixture is poured on ice, and
      adjusted to pH 3 by addition of 10% sodium hydroxide. The crystalline
      precipitate is filtered off and recrystallized from a mixture of dioxane
      and dimethylformamide to give 1.5 g of
      5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid melting at
      293.degree.-294.degree.C.
PAC  EXAMPLE 14
PAR  A mixture of 3.4 g of isopropyl 5H-[1]benzopyrano[
      2,3-b]pyridine-7-carboxylate, 7 ml of concentrated hydrochloric acid and
      17 ml of acetic acid is heated under reflux on an oil bath for 3 hours.
      The reaction mixture is concentrated, and a small amount of water is added
      to the residue. The mixture is adjusted to pH 2-3 by addition of 10%
      sodium hydroxide. The crystalline precipitate is filtered off and
      recrystallized from acetic acid to give 2.5 g of
      5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid melting at
      285.degree.-286.degree.C.
PAC  EXAMPLE 15
PAR  A mixture of 10.5 g of 5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic
      acid and 150 ml of ethanol is allowed to absorb 10 g of hydrogen chloride
      gas, and then refluxed for 16 hours. The ethanol is distilled off, and
      water is added to the crystalline residue. The mixture is extracted with
      chloroform, and the chloroform layer is washed with aqueous potassium
      carbonate solution and dried. The chloroform is distilled off, and the
      residue is recrystallized from ethanol to give ethyl
      5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylate melting at
      131.degree.-132.degree.C.
PAC  EXAMPLE 16
PAR  A suspension of 10.8 g of
      5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid in 50 ml of water
      is heated up to 50.degree.-60.degree.C with stirring, and made strongly
      basic with 10% sodium hydroxide. After cooling to room temperature, the
      crystalline precipitate is filtered off and recrystallized from a mixture
      of ethanol and water (1:1) to give 9 g of sodium 5-oxo-5H-[1]benzopyrano
      2,3-b]pyridine-7-carboxylate as white crystals melting at above
      350.degree.C.
PAC  EXAMPLE 17
PAR  7.6 ml of nitric acid (specific gravity 1.38) and 7.9 g of potassium
      permanganate are added to a suspension of 2 g of magnesium oxide in 50 ml
      of water, and the mixture is heated to 60.degree.C. To the mixture is
      added 4.5 g of 7-ethyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine over a
      period of 30 minutes with stirring, keeping the temperature at
      60.degree.-70.degree.C. After the addition the mixture is stirred at
      60.degree.-70.degree.C for 4.5 hours. After cooling, the reaction mixture
      is filtered under reduced pressure, and the residue containing manganese
      dioxide is extracted several times with chloroform. The chloroform layer
      is washed with water, dried, and the chloroform is distilled off. The
      residue is recrystallized from toluene to give 3.2 g of
      7-acetyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine melting at
      195.degree.-196.degree.C.
PAR  Using the procedure set forth in the above examples, but substituting
      equivalent amounts of the appropriate starting materials, the following
      compounds are also produced:
PA1  1. 7-propionyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine, melting at
      204.degree.-205.degree.C;
PA1  2. 7-isovaleryl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine, melting at
      104.degree.-105.degree.C;
PA1  3. 7-cyclopropylcarbonyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine, melting at
      200.degree.C;
PA1  4. 7-cyclohexylcarbonyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine, melting at
      140.degree.-142.degree.C;
PA1  5. 7-acetyl-2-methyl-5-oxo-5-H-[1]benzopyrano[2,3-b]pyridine, melting at
      245.degree.-246.degree.C;
PA1  6. 7-acetyl-2-methoxy-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine;
PA1  7. 7-acetyl-9-chloro-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine, melting at
      206.degree.-207.degree.C;
PA1  8. 7-acetyl-2-phenyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine, melting at
      229.degree.-230.degree.C;
PA1  9. 7-acetyl-2-(p-methoxyphenyl)-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine;
PA1  10. 7-acetyl-2-methyl-5H-[1]benzopyrano[2,3-b]pyridine, melting at
      184.5.degree.- 185.5.degree.C;
PA1  11. 7-acetyl-9-methyl-5H-[1]benzopyrano[2,3-b]pyridine, melting at
      135.degree.-137.degree.C;
PA1  12. 7-acetyl-9-chloro-5H-[1]benzopyrano[2,3-b]pyridine, melting at
      178.degree.-179.degree.C;
PA1  13. 7-acetyl-5-oxo-5H-[1]benzothiopyrano[2,3-b]pyridine, melting at
      189.degree.-190.degree.C;
PA1  14. 7-acetyl-10-methyl-5-oxo-5H, 10H-benzo[b][1,8]naphthyridine, melting at
      246.degree.-247.degree.C;
PA1  15. 9-methyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid,
      melting at 304.degree.-306.degree.C;
PA1  16. 2-isopropyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid,
      melting at 250.degree.-253.degree.C;
PA1  17. 9-methoxy-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid;
PA1  18. 9-chloro-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid,
      melting at 312.degree.-313.degree.C;
PA1  19. 2-(p-chlorophenyl)-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic
      acid, melting at above 300.degree.C;
PA1  20. 2-(o-tolyl)-5-oxo-5H-1]benzopyrano[2,3-b]pyridine-7-carboxylic acid;
PA1  21. sodium 2-phenyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylate,
      melting at above 250.degree.C;
PA1  22. 9-methyl-5-H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid, melting
      at 250.degree.-251.degree.C;
PA1  23. 5-oxo-5H-[1]benzothiopyrano[2,3-b]pyridine-7-carboxylic acid, melting
      at 296.degree.-297.degree.C; and
PA1  24. 10-methyl-5-oxo-5H,10H-benzo[b] [1,8]naphthyridine-7-carboxylic acid,
      melting at 308.degree.-309.degree.C with decomposition.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A member selected from the group consisting of chemical compounds of the
      formula:
      ##SPC19##
PAL  wherein A is a carbonyl group; B is an oxygen atom or a sulfur atom; each
      of R.sup.1 and R.sup.2 is a hydrogen atom, a halogen atom, an alkyl group
      having 1 to 4 carbon atoms, an alkoxy group having 1 to 4 carbon atoms, a
      phenyl group or a substituted phenyl group, the substituent being selected
      from the group consisting of a halogen atom, an alkyl group having 1 to 4
      carbon atoms and an alkoxy group having 1 to 4 carbon atoms; X is an alkyl
      group having 1 to 4 carbon atoms, a cycloalkyl group having 3 to 6 carbon
      atoms or OM (wherein  M is a hydrogen atom, an alkyl group having 1 to 4
      carbon atoms, a metal atom or NH.sub.4); and ring P represents a pyridine
      ring.
NUM  2.
PAR  2. A compound of claim 1:
PA1  7-acetyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine.
NUM  3.
PAR  3. A compound of claim 1:
PA1  7-isobutyryl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine.
NUM  4.
PAR  4.  A compound of claim 1:
PA1  7-acetyl-2-methyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine.
NUM  5.
PAR  5. A compound of claim 1:
PA1  7-acetyl-2-phenyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine.
NUM  6.
PAR  6. A compound of claim 1:
PA1  5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid.
NUM  7.
PAR  7. A compound of claim 1:
PA1  sodium 5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylate.
NUM  8.
PAR  8. A compound of claim 1:
PA1  9-chloro-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid.
NUM  9.
PAR  9. A compound of claim 1:
PA1  9-methyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylic acid.
NUM  10.
PAR  10. A compound of claim 1:
PA1  sodium 2-phenyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-7-carboxylate.
NUM  11.
PAR  11. A compound of claim 1:
PA1  5-oxo-5H-[1]benzothiopyrano[2,3-b]pyridine-7-carboxylic acid.
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ABST
PAL  Novel substituted pyridinylalkoxy-, pyridinylalkylsulfonyl- and
      pyridinylalkylthio- phenyl ureas and certain novel intermediates are
      provided. The compounds of the instant invention are useful as herbicides
      and can be formulated to provide herbicidal compositions.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to substituted pyridinylalkoxy-,
      pyridinylalkylsulfonyl- and pyridinylalkylthiophenylurea compounds
      corresponding to the formula:
      ##SPC1##
PAL  Wherein
PA1  T is
      ##EQU1##
      each X independently represents bromo, chloro, fluoro or iodo; EACH X'
      independently represents trichloromethyl, NH.sub.2, trifluoromethyl,
      cyano, methyl, methylthio or methoxy;
PA1  n represents an integer of 0 to 4, inclusive;
PA1  Each q independently represents an integer of 0 to 2, inclusive;
PA1  Each p independently represents an integer of 0 or 1;
PA1  R represents an integer of 4 or 5;
PA1  Each R.sup.1 is hydrogen or methyl;
PA1  Y is a chalcogen of atomic number 8 to 16, inclusive or --SO.sub.2 ;
PA1  Q is methyl, ethyl or halo;
PA1  Z is a chalcogen of atomic number 8 to 16, inclusive;
PA1  R.sup.2 represents hydrogen, alkyl of from 1 to about 4 carbon atoms,
      inclusive or an alkoxy group of from 1 to about 4 carbon atoms, inclusive;
      and
PA1  R.sup.3 represents an alkyl group of from 1 to about 4 carbon atoms,
      inclusive.
PAR  The above substituent definition applies to the various formulas and
      reaction schemes hereinafter set forth.
PAC  DETAILED DESCRIPTION
PAR  The compounds of the present invention, hereinafter referred to as "active
      ingredients" are useful as herbicides, particularly as post-emergent
      herbicides. As used in the present specification and claims, the term
      "herbicide" means an active ingredient which, when used in a growth
      controlling amount, controls or modifies the growth of plants. By a
      "growth controlling amount" is meant an amount of compound which causes a
      modifying effect upon the growth of plants. Such modifying effects include
      all deviations from natural development, for example, killing,
      retardation, defoliation, desiccation, regulation, stunting, tillering,
      and the like. By "plants" it is meant germinant seeds, emerging seedlings,
      and established vegetation, including the roots and above-ground portions.
PAR  The term "alkyl" is used herein and in the appended claims to mean, unless
      otherwise specifically designated, a straight or branched chain alkyl
      radical containing from 1 to about 4 carbon atoms, such as, for example,
      methyl, ethyl, propyl, isopropyl, butyl, isobutyl, and tert-butyl. The
      term "alkoxy" as employed designates a straight or a branched-chain
      radical containing from 1 to about 4 carbon atoms, such as, for example,
      methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy and tertbutoxy.
PAR  The terms "halo" and "halogen" are employed herein to represent chlorine,
      fluorine and bromine. The term "chalcogen" as used herein means those
      members of the recognized chalcogen group having an atomic number of 8 to
      16, inclusive, i.e., oxygen and sulfur.
PAR  Preferred compounds of the present invention are those wherein q is at
      least one and n is zero. Another preferred class of compounds are those
      wherein q is 0 and n is at least 1. A further preferred class of compounds
      include those wherein n is 1, R is hydrogen and X is in the 6-ring
      position of the pyridine moiety. An additional preferred embodiment
      includes compounds wherein T is
      ##EQU2##
      In still another preferred embodiment, T is
      ##EQU3##
      In yet another preferred embodiment, T is
      ##EQU4##
      and R.sup.2  and R.sup.3 are both alkyl. An additional preferred class of
      compounds includes those wherein T is
      ##EQU5##
      and R.sup.2 is an alkoxy group.
PAR  The active ingredients of the present invention are prepared by a variety
      of methods. Novel intermediates wherein T is R.sup.3 (i.e., alkyl of from
      1 to about 4 carbon atoms), which are hereinafter referred to as
      "acetamide" compounds, can be prepared by reacting a selected substituted
      haloalkylpyridine reactant with a selected sodium acetamidophenate
      reactant in the presence of an inert solvent under reflux conditions. Such
      reactions can be represented schematically as follows:
      ##SPC2##
PAC  REACTION I
PAR  Reaction I proceeds readily under ambient atmospheric pressure at
      temperatures of from about 20.degree. to about 75.degree.C.
PAR  A solution of the sodium acetamidophenate reactant in an alcohol medium is
      added portionwise, ordinarily dropwise, to a solution of the substituted
      haloalkylpyridine reactant in an inert solvent such as, for example,
      dimethylsulfoxide,  hexamethylphosphoramide, dimethylformamide, and the
      like. Stoichiometric proportions of the reactants are usually employed.
PAR  The sodium acetamidophenate solution, which can be prepared by rapidly
      adding stoichiometric proportions of acetamidophenol to a solution of
      sodium metal in dry methanol, is usually added dropwise to a well-stirred
      solution of haloalkylpyridine over a period of from about 30 to about 90
      minutes. The reactants are usually mixed at ambient temperatures with the
      reaction proceeding exothermically. The reaction is maintained for a
      period of from about 1 to about 3 hours, after which the reaction mixture
      is distilled to remove the solvent, cooled, poured over ice and allowed to
      stand for a short period of time. The resulting product precipitate is
      recovered by filtration and recrystallized from a suitable solvent or
      solvent mixture, such as, for example, benzene, benzene/hexane,
      benzene/methylene chloride or the like.
PAR  Such acetamide intermediates are, with the exception of the N-oxide
      derivatives thereof in turn converted to a corresponding novel benzenamine
      intermediate which is employed in the preparation of certain active
      ingredients of the present invention wherein T is
      ##EQU6##
      and R.sup.2 is hydrogen or alkyl and Y is 0 or S. In such operations, the
      acetamide intermediates are treated with boron trifluoride in the presence
      of methanol, and the amine is reacted with an appropriately substituted
      (thio)carbamoyl halide reactant, such as carbamoyl chloride, in the
      presence of pyridine to form the corresponding phenyl urea compounds. The
      reaction can be schematically represented as follows:
      ##SPC3##
PAC  REACTION II
PAR  The reaction to covert the acetamide products to the corresponding amine
      intermediates (step a, Reaction II) proceeds readily under ambient
      atmospheric pressure and at the reflux temperature of the reaction
      mixture. In such operations, the acetamide product is mixed with a
      solution of boronitrifluoride in methanol and the resulting reaction
      mixture is heated to the refluxing temperature of the mixture for a period
      of from about 1 to about 3 hours. An excess of borontrifluoride is usually
      employed. The methanol solvent is then usually distilled off and the
      concentrated reaction mixture is cooled, poured into cold water and
      treated with concentrated aqueous ammonia until the solution is basic. The
      resulting product precipitate is recovered by filtration, washed and
      recrystallized if desired from a solvent such as, for example, benzene,
      methylene chloride and the like. The aqueous filtrate remaining after
      recovery of the product precipitate can also be extracted with such
      solvents to recover additional quantities of the desired amine product.
PAR  The amine intermediates prepared above are, in step b of Reaction II,
      reacted with an appropriately substituted carbamoyl halide reactant in the
      presence of dry pyridine to obtain the desired phenyl urea compounds of
      the instant invention. The reaction proceeds readily under ambient
      temperature and pressure conditions. Generally, stoichiometric amounts of
      the reactants are employed. In carrying out the reaction, the total
      quantity of the carbamoyl halide reactant is usually added all at once to
      a solution of the amine reactant in pyridine and the resulting reaction
      mixture allowed to stand at ambient temperatures for a period of from
      about 12 to about 30 hours. The reaction mixture is then poured into cold
      water and allowed to stand for a period of time. The resulting product
      precipitate is recovered by filtration and mixed with a solvent, such as
      one of those hereinbefore mentioned. The resulting solvent-product
      solution is dried, treated with Norite, filtered and concentrated by
      evaporation to crystallize out the desired phenyl urea product.
PAR  The N-oxide derivaties of the above "phenylurea" compounds are usually
      prepared by other methods in view of the high reactivity of the N-oxide
      (.tbd.N .fwdarw. 0) group with certain reagents, such as the
      borontrifluoride reagent employed in step (a) of Reaction II. In such
      method, the salt of a selected substituted amino(thio)phenol reactant of
      the formula:
      ##SPC4##
PAL  is reacted with the N-oxide derivative of a selected substituted
      haloalkylpyridine reactant to obtain the N-oxide form of the desired
      pyridinyloxy(thio)benzenamine intermediate. The latter reaction is carried
      out employing procedures analogous to those employed in Reaction I above.
      The benzenamine intermediate can thereafter be reacted with a carbamoyl
      halide reactant as in step (b) of Reaction II to obtain the desired
      N-oxide derivaties of the pyridinyl(-alkoxy, -alkylthio, and
      -alkylsulfonyl)phenylurea compounds of the present invention.
PAR  In other procedures, the above amino(thio)phenol reactant can be reacted
      with a selected carbamoyl halide reactant, as in step (b) of Reaction II,
      to obtain a corresponding hydroxy- or mercapto- phenylurea reactant. The
      thus-obtained phenylurea reactant can be reacted with a haloalkylpyridine
      reactant or an N-oxide derivative thereof in the presence of a base, such
      as, for example, sodium metal in methanol, sodium hydroxide or the like,
      and a solvent carrier, such as previously mentioned herein, at
      temperatures ordinarily ranging from about 20.degree. to about
      80.degree.C. or higher for a period generally from about 1 to about 6 or
      more hours. The desired N-oxide derivatives of the active ingredients of
      the invention are recovered in a manner similar to recovery procedures
      previously set forth.
PAR  The N-oxide derivatives of the haloalkylpyridine reactants employed above
      as starting materials are prepared according to conventional oxidative
      procedures. In typical known types of operations, the selected
      halopyridine reactant is treated with anhydrous trifluoroacetic acid and
      excess 90% hydrogen peroxide under reflux conditions to obtain the desired
      N-oxide derivative.
PAR  The novel benzenamine intermediates described above in relation to Reaction
      II, excluding the N-oxide derivatives thereof, can also be prepared in
      alternative procedures whereby a selected salt of a nitrophenol or
      -thiophenol is reacted with an appropriate substituted haloalkylpyridine
      compound to form the corresponding substituted nitrophenoxyor
      nitrophenylthio- pyridine compound, which is then reduced to the
      corresponding aminophenoxy- or aminothiophenyl- pyridine compound with a
      reducing agent, such as iron powder. This reaction can be represented as
      follows:
      ##SPC5##
      ##SPC6##
PAC  REACTION III
PAR  The reaction in step (a) of Reaction III proceeds readily under ambient
      atmospheric pressure at reaction temperatures of from about 100.degree. to
      about 160.degree.C. for a period of from about 3 to about nitrophenol
      hours. In such operations, the salt of the substituted nitorphenol or
      nitrothiophenol is mixed with the selected halopalkylyridine reactant in
      the presence of an inert solvent, such as previously mentioned with
      respect to Reaction I, and the resulting reaction mixture heated at a
      temperature within the above indicated ranges. Following the substantial
      completion of the reaction, the reaction mixture is cooled and mixed with
      cold water. The resulting product precipitate is recovered by filtration
      and recrystallized according to conventional techniques from a solvent
      such as, for example, benzene, methylene chloride and the like.
PAR  The product thus obtained from step (a) of Reaction III is mixed, in the
      presence of an aqueous alcohol solution, with a reducing agent, such as,
      for example, iron powder. The resulting reaction mixture is heated to the
      reflux temperature thereof with vigorous stirring and an alcohol solution
      of concentrated hydrochloric acid is added thereto, portionwise, over a 10
      to 30 minute period. The reaction mixture is then heated at the reflux
      temperature for a period of from about 2 to about 4 hours and then
      filtered while hot. The solid product thus obtained is washed with an
      aqueous alkanol solution, such as 50-95% ethanol, and the filtrate
      portions combined and extracted with a solvent such as benzene, methylene
      chloride or the like. The extract is then dried, treated with activated
      charcoal, such as Norite, filtered and evaporated to dryness to obtain the
      desired amine intermediate product as a crystalline solid or oily liquid.
PAR  While a method of preparing N-oxide derivatives of the benzenamine
      intermediates has been previously described, such intermediates can also
      be prepared by first reducing a nitro(thio)phenol reactant to the
      corresponding amino(thio)-phenol reactant with a reducing agent as in step
      (b) of Reaction III and then reacting a salt of such amino(thio)-phenol
      reactant with an N-oxide derivative of a haloalkylpyridine reactant
      employing procedures analogous to those set forth in Reaction I. Such
      alternative procedures are employed in this instance in view of the high
      reactivity of the N-oxide group with a reducing agent.
PAR  Other phenyl urea compounds of the present invention, particularly wherein
      R.sup.2 is alkoxy and R.sup.3 is alkyl, can be prepared by reacting a
      selected substituted haloalkylpyridine with the salt of an
      amino(thio)phenol reactant to form a corresponding novel pyridinyl alkoxy-
      or pyridinylalkylthio- benzenamine intermediate (hereinafter "amine
      intermediate"), reacting said amine intermediate with phosgene or
      thiophosgene to form a corresponding novel pyridinylalkoxy- or
      pyridinylalkylthio- iso(thio)cyanate intermediate (hereinafter
      "iso(thio)cyanate intermediate") and reacting said iso(thio)cyanate
      intermediate with a selected substituted hydroxyl amine salt reactant as
      illustrated in the following reaction sequence:
      ##SPC7##
      ##SPC8##
PAC  REACTION IV
PAR  Step (a) of Reaction IV is carried out in a manner analogous to the
      procedure set forth in Reaction I to obtain the corresponding amine
      intermediate. The amine intermediate is then reacted with phosgene or
      thiophosgene in the presence of toluene or other suitable inert solvent to
      form the corresponding novel isocyanate intermediate. The isocyanate
      intermediates are prepared (step b of Reaction IV) by first forming a
      solution of phosgene or thiophosgene in a solvent, such as toluene or the
      like, and then rapidly adding, with stirring, a solution of the amine
      starting material in toluene. The amine addition is regulated so as to
      maintain the temperature of the mixture at about 5.degree.C. or less, with
      additional quantities of solvent being added if necessary. Following the
      completion of the amine addition, the reaction mixture is agitated and
      heated gradually until a temperature of from about 75.degree. to about
      95.degree.C. is reached. The solvent carrier is then removed from the
      reaction mixture by evaporation under reduced pressure and the remaining
      residue taken up in hexane which is then cooled to crystallize the desired
      product. An excess of phosgene or thiophosgene, in a ratio of from about 3
      to about 4 moles thereof per mole of amine reactant, is preferably
      employed in the reaction. During the reaction, excess phosgene can be
      removed by purging the reaction mixture with an inert gas, such as
      nitrogen.
PAR  The isocyanate intermediate thus obtained is reacted, in step c of Reaction
      II, with a selected substituted hydroxylamine salt in the presence of an
      inert solvent, such as one of these hereinbefore mentioned, to form the
      desired phenyl urea compound. The reaction is conducted under ambient
      atmospheric pressure at temperatures of from about 50.degree. to about
      100.degree.C. Preferably, an actuating agent is employed to liberate the
      hydroxylamine from its acid salt as well as increase the adduction thereof
      with the isocyanate reactant. Representative actuating agents that can be
      employed include, for example, tertiary amines such as triethylamine and
      the like. The reactants are usually employed in stoichiometric proportions
      while an excess of the actuating agent is employed.
PAR  In carrying out the reaction, the isocyanate and substituted hydroxylamine
      reactants are contacted in the presence of a dry inert solvent containing
      the actuating agent. Representative solvents include, for example,
      pyridine, toluene or the like. The resulting reaction mixture is heated
      with stirring at a temperature within the above described range for a
      period of from about 1/4 to about 2 or more hours. The reaction mixture is
      then stirred at ambient temperatures for a period of from about 1 to about
      12 hours and then cooled and mixed with cold water. The resulting product
      precipitate is recovered and purified in typical procedures previously set
      forth.
PAR  The compounds of the present invention wherein T is
      ##EQU7##
      , hereinafter referred to as "carboxamide" products, are prepared by
      reacting an isocyanate intermediate (Reaction IV) with a selected
      piperidine or pyrrolidine reactant under conditions such as described in
      step (b) of Reaction II. Stoichiometric quantities of the reactants are
      usually employed.
PAR  In still other procedures, the foregoing phenylurea compounds of Reaction
      IV and the foregoing carboxamide products, especially the N-oxide
      derivatives thereof, are prepared by reacting an amino(thio)phenol
      reactant with phosgene or thiophosgene, as in step (b) of Reaction IV,
      thereby obtaining a corresponding hydroxy- or mercapto-
      phenyliso(thio)cyanate reactant. Such phenyliso(thio)cyanate reactant can
      be reacted with a selected hydroxylamine reactant, as in step (c) of
      Reaction IV, to obtain a corresponding hydroxy- or mercapto- phenylurea
      intermediate which can be reacted with a haloalkylpyridine reactant or an
      N-oxide derivative thereof employing procedures analogous to those
      described in the alternative procedures following Reaction II. The
      phenyliso(thio)cyanate reactant can also be employed in the preparation of
      the foregoing carboxamide products and N-oxide derivatives thereof by
      reacting the same with a piperidine or pyrrolidine reactant, employing
      conditions analogous to those of step (b) in Reaction II. The thus-formed
      phenyl(pyrrolidone- or piperidine-)carboxamide intermediate is reacted an
      appropriate haloalkylpyridine reactant according to the appropriate
      alternative procedures set forth before Reaction III.
PAR  The compounds of the present invention wherein Y is --SO.sub.2 and T is
      R.sup.3 are prepared by reacting a selected substituted
      acetamidobenzenesulfinic acid reactant with haloalkylpyridine reactant
      according to procedures employed in Reaction I. The corresponding
      pyridinylbenzenamine intermediates thereof can be prepared by treating the
      thus obtained acetamide compound with BF.sub.3 employing the appropriate
      procedures set forth in Step (a) of Reaction II. The N-oxide derivatives
      of such benzenamine intermediates can be prepared employing the various
      alternative methods hereinbefore described. Such benzenamine intermediates
      can be reacted with (thio)phosgene to form a corresponding novel
      pyridinylphenyliso(thio)cyanate intermediate which is then reacted with an
      appropriate hydroxylamine reactant employing the procedures illustrated in
      steps (b) and (c) of Reaction IV above to obtain the desired phenylurea
      compound. The corresponding sulfonyl carboxamide compounds and N-oxide
      derivatives thereof are prepared by reacting the isocyanate intermediates
      with an appropriate piperidine or pyrrolidine reactant utilizing reaction
      conditions analogous to those set forth in step (b) of Reaction II and the
      foregoing described alternative procedures.
DETD
PAR  The following examples illustrate the present invention and the manner by
      which it can be practiced but as such, should not be construed as
      limitations upon the overall scope of the same.
PAC  EXAMPLE 1
PAC  N-(4-((3,6-dichloro-2-pyridinyl)methoxy)phenyl)propanamide
PAR  3,6-Dichloro-2-chloromethylpyridine (5.17 grams; 0.026 mole) was dissolved
      in 20 milliliters (ml) of dimethylsulfoxide and a solution of p-phenol
      propionamide (4.96 grams; 0.03 mole) and sodium metal (0.69 grams; 0.03
      mole) in 35 ml. of methanol added dropwise thereto over a period of about
      45 minutes, with the reaction temperature of mixture increasing
      exothermically from ambient temperatures to about 35.degree.C. Following
      the completion of the addition, the reaction mixture was distilled to
      remove the methanol and then poured over ice and allowed to stand for
      about 2 hours. The gummy solid formed upon standing was obtained by
      filtration and recrystallized from benzene. As a result of these
      operations, the desired
      N-(4-((3,6-dichloro-2-pyridinyl)methoxy)phenyl)propanamide compound was
      obtained as a crystalline solid having a melting point of
      169.degree.-171.degree.C.
PAC  EXAMPLE 2
PAC  4-((3,6-dichloro-2-pyridinyl)methylthio)benzeneamine
PAR  p-Aminothiophenol (6.25 grams; 0.05 mole) was dissolved in 40 ml. of
      dimethylsulfoxide and powdered dry sodium hydroxide (2.0 grams; 0.05 mole)
      added thereto. The resulting mixture was warmed slightly, stirred and an
      additional 20 ml. of dimethylsulfoxide added thereto to clear the
      solution. A solution of 3,6-dichloro-2-chloromethylpyridine (8.6 grams;
      0.05 mole) in 20 ml. of dimethylsulfoxide was added thereto slowly, with
      stirring, over a period of about one hour. The temperature of the reaction
      mixture increased to about 30.degree.-45.degree.C. during the addition.
      Following the completion of the addition, the reaction mixture was cooled
      and poured over ice and allowed to stand for about 15 hours. The aqueous
      layer was then decanted and the residue extracted with 5-500 ml. portions
      of hexane and the product precipitate recovered therefrom.
      Recrystallization of the precipitate from benzene gave the desired
      N-(4-((3,6-dichloro-2-pyridinyl)methylthio) benzenamine compound as a
      crystalline solid having a melting point of 110.degree.-111.degree.C.
PAC  EXAMPLE 3
PAC  4 ((3,6-dichloro-2-pyridinyl)methoxy)benzenamine
PAR  N-(4-((3,6-Dichloro-2-pyridinyl)methoxy)phenyl)-acetamide (30.27 grams;
      0.097 mole) was mixed with a 270 ml. solution of boron
      trifluoride-methanol (1 gram per 10 ml.) and the resulting reaction
      mixture refluxed for a period of 4 1/2 hours. The reaction mixture was
      then diluted and cooled with ice water to a temperature of between about
      0.degree. to about 10.degree.C. Concentrated ammonium hydroxide was added
      until the reaction mixture was basic. The reaction mixture was then
      extracted with portions of methylene chloride, the extracts combined and
      the solvent removed by evaporation. The residue thus obtained was
      extracted with five 500 ml. portions of hexane. The crystalline material
      which precipitated from the hexane mixture upon cooling was recovered by
      filtration. As a result of these operations, the desired
      4-((3,6-dichloro-2-pyridinyl)-methoxy)benzenamine compound was recovered
      as a light yellow crystalline solid having a melting point of
      74.degree.-75.degree.C.
PAC  EXAMPLE 4
PAC  3,6-dichloro-2-((4-isocyanatophenoxy)methyl)-pyridine
PAR  Dry toluene (225 ml) was cooled to a temperature of from about 0.degree. to
      5.degree.C. and a stream of phosgene gas passed therethrough until 17.4
      grams had been absorbed. A solution of
      4-((3,6-dichloro-2-pyridinyl)methoxy)benzenamine (15.8 grams; 0.058 mole)
      in 125 ml. of toluene was added portionwise thereto over a period of about
      8 minutes while maintaining the reaction temperature at about 2.degree. to
      5.degree.C. The cloudy reaction mixture was then stirred for about 20
      minutes with the temperature thereof slowly increasing as excess phosgene
      was purged from the reaction mixture with nitrogen. At a temperature of
      about 85.degree.C., the reaction mixture became clear. The toluene solvent
      was then removed from the reaction mixture under reduced pressure and the
      residue obtained extracted with hexane. The yellow crystalline product
      recovered from the hexane extract upon cooling was identified as the
      desired 3,6-dichloro-2-((4-isocyanatophenoxy)methyl)pyridine compound and
      was found to have a melting point of 61.5.degree. - 62.5.degree.C.
PAC  EXAMPLE 5
PAC  N'-(4-((3,6-dichloro-2-pyridinyl)methoxy)-phenyl)-N-methoxy-N-methyl urea
PAR  Triethylamine (4.55 grams; 0.045 mole) was added to a solution of
      O,N-dimethylhydroxyamine hydrochloride (4.1 grams; 0.042 mole) in 40 ml.
      of dry pyridine. 3,6-dichloro-2-((4-isocyanatophenoxy)methyl)pyridine
      (12.4 grams; 0.042 mole) was added thereto and the resulting mixture
      heated for 20 minutes at about 60.degree.C. The reaction mixture was then
      mixed with ice and the resulting precipitate recovered by filtration and
      recrystallized from a benzenehexane (90:10) mixture. As a result of such
      operations, the desired
      N'-(4-((3,6-dichloro-2-pyridinyl)methoxy)phenyl)-N-methoxy-N-methyl urea
      compound was recovered as a crystalline solid having a melting point of
      152.degree.-153.5.degree.C.
PAC  EXAMPLE 6
PAC  N'-(4-((3,6-dichloro-2-pyridinyl)methoxy-phenyl)-N,N-dimethyl urea
PAR  Sodium metal (0.67 grams; 0.03 mole) was dissolved in 35 ml. of methanol
      and N,N-dimethyl-4-hydroxyphenyl urea (5.23 grams; 0.03 mole) was added to
      the sodium methoxide solution and the resulting mixture stirred until it
      became clear. The resulting phenolate solution was added portionwise over
      a period of about 90 minutes to a solution of
      3,6-dichloro-2-chloromethylpyridine in 20 ml. of dimethylsulfoxide while
      maintaining the reaction at a temperature between from about 25.degree. to
      about 50.degree.C. The reaction mixture was then distilled to remove the
      methanol and the residue quenched over ice. The solid isolated by
      filtration was recrystallized from benzene. As a result of these
      operations, the desired
      N'-(4-((3,6-dichloro-2-pyridinyl)methoxy)phenyl)-N,N-dimethyl urea
      compound was recovered as a crystalline solid having a melting point of
      161.5.degree. to 162.5.degree.C.
PAC  EXAMPLE 7
PAC  N'-(4-(((3,6-dichloro-2-pyridinyl)methyl)-thio)phenyl)-N,N-dimethyl urea
PAR  A solution of 4-(((3,6-dichloro-2-pyridinyl)methyl)-thio)benzenamine (10
      grams; 0.035 mole) in 25 ml. of dry pyridine was prepared and dimethyl
      carbamoyl chloride (3.77 grams; 0.035 mole) added thereto while
      maintaining the temperature of the reaction mixture at
      24.degree.-45.degree.C. The resulting reaction mixture was stirred at
      ambient temperatures for a period of about 15 hours and then mixed with
      ice and allowed to stand for a period of about two hours. The aqueous
      layer was decanted and the residue washed with water and recrystallized
      twice from ether. As a result of the above operations, the desired
      N'-(4-(((3,6-dichloro-2-pyridinyl)-methyl)thio)phenyl)-N,N-dimethyl urea
      compound was recovered as a crystalline solid having a melting point of
      112.degree.-113.5.degree.C.
PAR  N'-(4-((6-chloro-2-pyridinyl)methoxy)phenyl)-N,N-dimethylurea;
PAR  N,N-dimethyl-N'-(4-((2-pyridinylmethyl)thio)phenyl)-urea;
PAR  N,N-dimethyl-N'-(4-(2-pyridinylmethoxy)phenyl)-urea;
PA1  N'-(4-(((6-chloro-2-pyridinyl)methyl)thio)phenyl)-N,N-dimethylthiourea;
PA1  N'-(4-(((6-methyl-2-pyridinyl)methoxy)phenyl)-N,N-dimethylurea;
PAR  N'-(4-(((6-methyl-2-pyridinyl)methyl)thio)phenyl)-N,N-dimethylurea;
PA1  N'-(4-((4-amino-3,5,6-trichloro-2-pyridinyl)methoxy)-phenyl)-N,N-dimethylth
     iourea;
PA1  N'-(4-(((6-iodo-2-pyridinyl)methoxy)-3-chlorophenyl)-N-butylurea-1-oxide;
PA1  N'-(4-(((6-bromo-2-pyridinyl)methyl)thio)-3-methylphenyl)-N,N-dibutylthiour
     ea;
PA1  N'-(4-((6-fluoro-2-pyridinyl)-1-methylmethoxy)-3-bromophenyl)urea-1-oxide;
PA1  N'-(3-((6-(trifluoromethyl)-3-pyridinyl)methoxy)-4-ethylphenyl)-N-methyl-N-
     propylurea;
PA1  N-butyl-N-methoxy-N'-(4-(((6-methylthio)-4-pyridinyl)-1-methylmethoxy)pheny
     l)urea-1-oxide;
PA1  N-butoxy-N'-(3-(((4-chloro-6-methyl-2-pyridinyl)-methyl)thio)phenyl)-N-meth
     ylthiourea;
PA1  N'-(4-((4-cyano-6-methyl-2-pyridinyl)methoxy)-2-fluorophenyl)-N,N-dimethylu
     rea-1-oxide;
PA1  N'-(4-(6-(trichloromethyl)-4-pyridinyl)methoxy)-phenyl)urea;
PAR  N'-(4-((1-(6-methoxy-4-pyridinyl)ethoxy)-3-chlorophenyl)-N-methoxy-N-methyl
     urea-1-oxide;
PA1  N,n-dimethyl-N'-(4-(((3,4,5,6-tetrachloro-2-pyridinyl)methyl)thio)phenyl)th
     iourea;
PA1  N'-(4-1-(3,5-dichloro-4,6-dimethyl-2-pyridinyl)-ethylthio)-3-chlorophenyl)-
     N,N-dimethylurea;
PA1  N'-(4-((2,6-bis(trifluoromethyl)-4-pyridinyl)-methoxy)phenyl)-N-methoxy-N-m
     ethylurea;
PA1  N'-(4-(3
      -chloro-4,6-bis(trifluoromethyl)-2-pyridinyl)methyl)thio)phenyl)N-ethoxy-N
     -methylurea-1-oxide;
PA1  N'-(4-(1-(3,4,5,6-tetrabromo-2-pyridinyl)ethoxy)-phenyl)-N,N-dimethylthiour
     ea;
PA1  N-(4-((4-chloro-6-methylthio-2-pyridinyl)methoxy)-3-chlorophenyl)-2,5-dimet
     hyl-1-pyrrolidinecarboxamide;
PAR  N-(4-(((3,4,5,6-tetrachloro-2-pyridinyl)methyl)thio)-3-methylphenyl)-2,6-di
     methyl-1-piperidinethiocarboxamide;
PAR  N-(4-1-(4-chloro-6-(trifluoromethyl)-2-pyridinyl)-ethoxy)phenyl)-1-pyrrolid
     inecarboxamide;
PAR  N-(3-(1-(6-bromo-4-cyano-2-pyridinyl)ethylthio)-phenyl)-1-piperidinecarboxa
     mide;
PAR  N-(4-((2,6-bis(trifluoromethyl)-4-pyridinyl)-methoxy)-3-ethylphenyl)-2,5-di
     methyl-1-pyrrolidinecarboxamide;
PAR  N'-(4-((4-amino-3,5,6-trichloro-2-pyridinyl)-methoxy)phenyl)N,N-dimethylthi
     ourea;
PAR  N'-(4-(((6-amino-4-methyl-2-pyridinyl)methyl)thio)-3-ethylphenyl)-N-methoxy
     -N-methylurea-1-oxide;
PAR  N'-(4-(1-(4-amino-3,5-dichloro-6-methyl-2-pyridinyl)ethoxy)phenyl)-N,N-dime
     thylthiourea;
PAR  N-(4-((4-amino-3,5-dimethyl-2-pyridinyl)methoxy)-3-fluorophenyl)-2,5-dimeth
     yl-1-pyrrolidinecarboxamide;
PAR  N'-(4-(((5-chloro-2,6-dimethoxy-2-pyridinyl)methyl)-thio)phenyl)-N,N-diprop
     ylurea-1-oxide;
      N'-(4-((2-cyano-6-(trifluoromethyl)-4-pyridinyl)-methoxy)phenyl)-N-methoxy
     -N-methylthiourea;
PAR  N'-(4-(((4,6-diamino-3-chloro-2-pyridinyl)methyl)-thio)-2-chlorophenyl)N-t-
     butoxy-N-methylurea;
PAR  N-(4-((3,5-dichloro-6-methylthio-2-pyridinyl)-methoxy)phenyl)-1-pyrrolidine
     carboxamide;
PAR  N-(3-(1-(4-pyridinyl)ethylthio)phenyl-2,5-dimethyl-1-pyrrolidinecarboxamide
     ;
PAR  N'-(3-(1-(6-chloro-3-pyridinyl)ethoxy)phenyl)-N-methyl-N-methoxythiourea;
      and
PAR  N'-(4-((3,5-dichloro-6-(trichloromethyl)-2-pyridinyl)methoxy)-3-chloropheny
     l)-N,N-dimethylurea.
PAR  The novel amine, isocyanate and acetamide intermediates which are employed,
      inter alia, to prepare the foregoing are readily apparent in view of the
      specific enumerated compounds. Such benzenamine intermediates are of the
      formula represented in Reaction Sequences II, III and IV of the
      specification and are prepared in accordance with the teachings of the
      specification and the foregoing Examples 2 and 3.
PAR  The nomenclature for such compounds is as set forth in such examples. The
      novel isocyanate intermediates employed to prepare, inter alia, the
      above-enumerated compounds are likewise readily apparent in view of the
      abovenumerated compounds as well as the benzenamine intermediates from
      which the isocyanate intermediates are themselves prepared. Such
      isocyanate intermediates correspond to the general formula represented in
      reaction sequence IV set forth hereinbefore. Such novel intermediates are
      prepared according to the teachings of the specification and
      representative example 4, wherein the representative nomenclature for such
      compounds is also set forth. The novel acetamide compounds which are
      useful as intermediates in preparing the corresponding benzenamine and
      isocyanate intermediates, include those which correspondingly are used in
      preparing the compounds enumerated above. Such acetamide compounds
      correspond to the formula set forth in reaction sequence I and are
      prepared according to the teachings of the specification and Example 1,
      wherein the nomenclature for such compounds is set forth.
PAR  The compounds of the present invention have been found to be suitable for
      use in methods for the pre- and post- emergent control of weeds or other
      unwanted vegetation. For such uses, unmodified active ingredients of the
      present invention can be employed. However, the present invention embraces
      the use of a herbicidally-effective amount of the active ingredients in
      composition form with a material known in the art as an adjuvant or
      carrier in solid or liquid form. Thus, for example, an active ingredient
      can be dispersed on a finely divided solid and employed therein as a dust.
      Also, the active ingredients, as liquid concentrates or solid compositions
      comprising one or more of the active ingredients, can be dispersed in
      water, typically with the aid of a wetting agent, and the resulting
      aqueous dispersion employed as a spray. In other procedures, the active
      ingredient can be employed as a constituent of organic liquid
      compositions, oil-in-water or water-in-oil emulsions, or water
      dispersions, with or without the addition of wetting, dispersing, or
      emulsifying agents.
PAR  Suitable adjuvants of the foregoing type are well known to those skilled in
      the art. The methods of applying the solid or liqiud herbicidal
      formulations similarly are well known to the skilled artisan.
PAR  As organic solvents used as extending agents there can be employed
      hydrocarbons, e.g., benzene, toluene, xylene, kerosene, diesel fuel, fuel
      oil, and petroleum naphtha, ketones such as acetone, methyl ethyl ketone
      and cyclohexanone, chlorinated hydrocarbons such as carbon tetrachloride,
      chloroform, trichloroethylene, and perchloroethylene, esters such as ethyl
      acetate, amyl acetate and butyl acetate, ethers, e.g., ethylene glycol
      monomethyl ether and diethylene glycol monomethyl ether, alcohols, e.g.,
      methanol, ethanol, isopropanol, amyl alcohol, ethylene glycol, propylene
      glycol, butyl Carbitol acetate and glycerine. Mixtures of water and
      organic solvents, either as solutions or emulsions, can be employed.
PAR  The active ingredients can also be applied as aerosols, e.g., by dispersing
      them in air by means of a compressed gas such as dichlorodifluoromethane
      or trichlorofluoromethane and other Freons and Genetrons, for example.
PAR  The active ingredients of the present invention can also be applied with
      adjuvants or carriers such as talc, pyrophyllite, synthetic fine silica,
      attapulgus clay, keiselguhr, chalk, diatomaceous earth, lime, calcium
      carbonate, bentonite, fuller's earth, cottonseed hulls, wheat flour,
      soybean flour, pumice, tripoli, wood flour, walnut shell flour, redwood
      flour and lignin.
PAR  As stated, it is frequently desirable to incorporate a surface active agent
      in the compositions of the present invention. Such surface active or
      wetting agents are advantageously employed in both the solid and liquid
      compositions. The surface active agent can be anionic, cationic or
      nonionic in character.
PAR  Typical classes of surface active agents include alkyl sulfonate salts,
      alkylaryl sulfonate salts, alkylaryl polyether alcohols, fatty acid esters
      of polyhydric alcohols and the alkylene oxide addition products of such
      esters, and addition products of long chain mercaptans and alkylene
      oxides. Typical examples of such surface active agents include the sodium
      alkylbenzene sulfonates having 10 to 18 carbon atoms in the alkyl group,
      alkylphenol ethylene oxide condensation products, e.g., p-isooctylphenol
      condensed with 10 ethylene oxide units, soaps, e.g., sodium stearate and
      potassium oleate, sodium salt of propylnaphthalene sulfonic acid,
      di(2-ethylhexyl)ester of sodium sulfosuccinic acid, sodium lauryl sulfate,
      sodium decane sulfonate, sodium salt of the sulfonated monoglyceride of
      coconut fatty acids, sorbitan sesquioleate, lauryl trimethyl ammonium
      chloride, octadecyl trimethyl ammonium chloride, polyethylene glycol
      lauryl ether, polyethylene glycol esters of fatty acids and rosin acids,
      e.g., Ethofat 7 and 13, sodium N-methyl-N-oleyl taurate, Turkey Red Oil,
      sodium dibutyl naphthalene sulfonate, sodium lignin sulfonate,
      polyethylene glycol stearate, sodium dodecylbenzene sulfonate, tertiary
      dodecyl polyethylene glycol thioether (nonionic 218), long chain ethylene
      oxide-propylene oxide condensation products, e.g., Pluronic 61 (molecular
      weight 1000), polyethylene glycol ester of tall oil acids, sodium octyl
      phenoxyethoxyethyl sulfate, tris(polyoxyethylene)sorbitan monostearate
      (Tween 60), and sodium dihexyl sulfosuccinate.
PAR  The concentration of the active ingredients in liquid compositions
      generally is from about 0.05 to about 95 percent by weight or more.
      Concentrations of from about 0.1 to about 50 weight percent are often
      employed. In dusts or dry formulations, the concentration of the active
      ingredient can be from about 0.05 to about 95 weight percent or more;
      concentrations of from about 0.1 to about 50 weight percent are often
      conveniently employed. In compositions to be employed as concentrates, the
      active ingredient can be present in a concentration of from about 1 to
      about 98 weight percent. The active ingredient compositions can also
      contain other compatible additaments, for example, phytotoxicants, plant
      growth regulants, pesticides and the like and can be formulated with solid
      particulate fertilizer carriers such as ammonium nitrate, urea and the
      like.
PAR  The present compositions can be applied by the use of power-dusters, boom
      and hand sprayers, spray-dusters, by addition to irrigation water, and by
      other conventional means. The compositions can also be applied from
      airplanes as a dust or a spray because they are effective in very low
      dosages.
PAR  The exact dosage to be applied is dependent not only upon the specific
      active ingredient being employed, but also upon the particular plant
      species to be modified and the stage of growth thereof, as well as the
      part of the plant to be contacted with the toxic active ingredient. Thus,
      it is to be understood that all of the active ingredients of the invention
      and compositions containing the same may not be equally effective at
      similar concentrations or against the same plant species. Generally,
      compositions containing the active ingredients of this invention are
      usually applied at a rate sufficient to provide from about 2 to about 25
      lbs. of the active ingredient per acre. However, in some instances, lower
      dosages may be utilized while higher dosages may be necessary in other
      substances. In view of the foregoing and following disclosures, one
      skilled in the art can readily determine the optimum rate to be applied in
      any particular case.
PAR  So as to illustrate the phytotoxic properties of the active ingredients of
      the present invention, a group of controlled greenhouse experiments is
      described. In pre-emergence operations, seeds of selected species are
      planted in seedbeds and, while exposed, sprayed with a given volume of a
      solution containing a predetermined amount of the candidate active
      ingredient to provide the dosage rate desired. Such compositions are
      prepared by mixing the selected active ingredient and an emulsifier or
      dispersant with water. The seeds are then covered with a layer of soil and
      maintained under conditions conducive to growth. A portion of the planted
      seedbeds are left untreated to provide controls for comparative purposes.
      All seedbeds are watered from below as needed. About 14 days after seeding
      and treating, the effect of each of the test ingredients on the seeds is
      evaluated by a comparison with the control seedbeds.
PAR  In post-emergence operations, various species of plants are seeded in beds
      of good agricultural soil. After the plants have emerged and grown to a
      height of from about 2 to 6 inches, certain of the plants are sprayed to
      run-off with a given volume of a composition prepared as set forth above.
      Other plants are left untreated to provide comparative controls. All
      plants are maintained as above for a period of about 14 days and then
      evaluated to determine the effect of each test ingredient.
PAR  In representative general pre-emergence operations, each of the
      N'-(4-(((3,6-dichloro-2-pyridinyl)-methyl)thio)phenyl-N,N-dimethylurea
      (Compound No. 1); N'-(4-(2-pyridinylmethoxy)phenyl-N,N-dimethylurea
      (Compound No. 2);
      N'-(4-((6-chloro-2-pyridinyl)methoxy)phenyl)-N,N-dimethylurea (Compound
      No. 3);
      N'-(4-((3,6-dichloro-2-pyridinyl)methoxy)phenyl)-N-methoxy-N-methylurea
      (Compound No. 4);
      N'-(4-(((2-pyridinyl)methyl)thio)phenyl)-N,N-dimethylurea (Compound No.
      5); N'-(4-((3,6-dichloro-2-pyridinyl)methoxy)phenyl)-N,N-dimethylurea
      (Compound No. 6); and
      N'-(4-(((6-chloro-2-pyridinyl)methyl)thio)phenyl)-N,N-dimethylurea
      (Compound No. 7) was found to give from substantial (70%) to complete
      (100%) control of the growth of the seeds of crabgrass, barnyard grass,
      wild oat and yellow foxtail species when contacted with a sufficient
      amount of a composition containing one of the above-named active
      ingredients to provide an application rate of about 10 pounds of the
      active ingredient per acre.
PAR  In additional representative pre-emergence operations,
      N'-(4-((6-methyl-2-pyridinyl)methoxy)phenyl)-N,N-dimethylurea (Compound
      No. 8); N'-(4-(((6-methyl-2-pyridinyl)-methyl)thio)phenyl)N,N-dimethylurea
      (Compound No. 9); and compounds No. 1, No. 2, No. 4, No. 6 and No. 7 were
      each found to give substantial to complete control of the growth of
      pigweed seeds at an application rate of about 10 pounds of the active
      ingredient per acre.
PAR  In additional representative pre-emergence operations,
      N'-(4-((4-amino-3,5,6-trichloro-2-pyridinyl)methoxy)-phenyl)-N,N-dimethylu
     rea (Compound No. 10) was found to give from substantial to complete
      control of the growth of crabgrass, annual morning glory and velvet leaf
      seeds at an application rate of about 10 pounds per acre.
PAR  In other pre-emergence operations, Compound No. 4 was found to selectively
      give from substantial to complete control of wildoats, yellow foxtail,
      barnyard grass, crabgrass, pigweed and velvet leaf seeds without
      inhibiting the growth of cotton seeds at an application rate of 10 pounds
      per acre.
PAR  In post-emergence operations, compound 10 was found to give from about 95
      to about 100% control of the growth of yellow foxtail, barnyard grass,
      annual morning glory and velvet leaf plants at an application rate of
      about 10 pounds per acre.
PAR  In additional post-emergence operations, each of compounds 1-9 above were
      found to give from substantial to complete control of the growth of yellow
      foxtail , barnyard grass, crabgrass and pigweed plants at an application
      rate of about 10 pounds per acre.
PAR  In other post-emergence operations, compound 10 was found to give
      substantial control of the growth of pigweed and barnyard grass plants at
      an application rate of about 1.25 pounds per acre.
PAC  STARTING MATERIALS
PAR  The haloalkylpyridine reactants employed as starting materials in the
      present invention are readily available or can be prepared according to
      known procedures or procedures analogous thereto. For example, the
      3,6-dichloro-2-chloromethyl pyridine is prepared by converting the methyl
      ester of 3,6-dichloropyridine carboxylic acid to the corresponding alcohol
      by reaction with NaBH.sub.4 and methanol in the presence of water. The
      3,6-dichloro-2-hydroxymethylpyridine product is then reacted with thionyl
      chloride in the presence of a catalytic amount of pyridine hydrochloride
      at temperatures of about 65.degree.C. for a period of from about 15 to
      about 20 minutes. The thionylchloride is then removed by evaporation and
      the residue cooled, mixed with ice and then extracted with hexane. The
      desired 3,6-dichloro-2-chloromethyl pyridine reactant is obtained as a
      light yellow oil. Other haloalkyl pyridine starting materials can be
      prepared in an analogous manner.
PAR  The acetamide (thio)phenol, urea(thio)phenol, and acetamidobenzene sulfinic
      acid reactants are also readily available or can be prepared according to
      methods known in the literature. For example, p-hydroxypropionanilide is
      prepared by reacting p-aminophenol with 2 molar equivalents of propionyl
      chloride and 2 molar equivalents of triethylamine in the presence of
      benzene under ambient temperature conditions. The reaction mixture is
      filtered and distilled to remove the solvent and the residue extracted
      with methylene chloride. Upon cooling, the crystalline material found is
      recovered by filtration, recrystallized from benzene-hexane mixture, and
      then dissolved in 2B Alcohol and aqueous sodium hydroxide added thereto.
      The resulting reaction mixture is refluxed for about 10 minutes and then
      distilled to remove methanol. The reaction mixture is then diluted with
      water, acidified with concentrated hydrochloric acid. The resulting solid
      precipitate is recovered by filtration, mixed with aqueous sodium
      hydroxide and filtered to remove insolubles. The filtrate is then
      acidified with concentrated hydrochloric acid and the resulting
      precipitate recovered. As a result of these operations, the p-hydroxy
      propionanilide starting material is obtained as a crystalline solid having
      a melting point of 169.degree.-171.degree.C.
PAR  In another representative operation, N,N-dimethyl-4-hydroxyphenylurea is
      obtained in a representative operation by adding dimethylcarbamoyl
      chloride to p-aminophenol in dry pyridine at temperatures of from about
      25.degree.-50.degree.C. The addition is carried out over a period of about
      30 minutes, after which the reaction mixture is stirred at ambient
      temperatures for a period of about 15 hours. The reaction mixture is then
      mixed with ice and the resulting red-brown solid formed upon standing is
      recovered by filtration. As a result of the above operations, the desired
      starting material is obtained as a crystalline solid having a melting
      point of 178.degree.-179.degree.C.
PAR  The hydroxylamine, carbamoyl halide, aminophenol, pyrrolidine and
      piperidine reactants employed in the present invention are known and are
      readily available or can be prepared according to known procedures or in
      operations analogous thereto.
PAR  Although the invention is described with respect to specific embodiments
      and modifications, the details thereof are not to be construed as
      limitations except to the extent indicated in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC9##
PAL  wherein
PA1  T is
      ##EQU8##
      each X independently represents bromo, chloro, fluoro, or iodo; each X'
      independently represents trichloromethyl, NH.sub.2, trifluoromethyl,
      methyl, methylthio or methoxy;
PA1  n represents an integer of 0 to 4, inclusive;
PA1  each q independently represents an integer of 0 to 2, inclusive;
PA1  each p independently represents an integer of 0 or 1;
PA1  r represents an integer of 4 or 5;
PA1  each R.sup.1 is hydrogen or methyl;
PA1  Y is a chalcogen of atomic number 8 to 16, inclusive or --SO.sub.2 ;
PA1  Q is methyl, ethyl or halo;
PA1  Z is a chalcogen of atomic number 8 to 16, inclusive;
PA1  R.sup.2 represents hydrogen, alkyl of from 1 to 4 carbon atoms, inclusive
      or alkoxy of from 1 to 4 carbon atoms, inclusive; and
PA1  R.sup.3 represents alkyl of from 1 to 4 carbon atoms, inclusive.
NUM  2.
PAR  2. The compound of claim 1 wherein q is at least one and n is zero.
NUM  3.
PAR  3. The compound of claim 1 wherein n is at least one and q is zero.
NUM  4.
PAR  4. The compound of claim 1 wherein n is 1, R.sup.1 is hydrogen and X is
      substituted in the 6-ring position.
NUM  5.
PAR  5. The compound of claim 1 wherein T is
      ##EQU9##
NUM  6.
PAR  6. The compound of claim 5 wherein q is at least one and n is zero.
NUM  7.
PAR  7. The compound of claim 5 wherein n is at least one and q is zero.
NUM  8.
PAR  8. The compound of claim 5 wherein n is 1, R.sup.1 is hydrogen and X is
      substituted in the 6-ring position.
NUM  9.
PAR  9. The compound of claim 5 which is
      N'-(4-((6-chloro-2-pyridinyl)methoxy)phenyl)-N,N-dimethylurea.
NUM  10.
PAR  10. The compound of claim 5 which is
      N,N-dimethyl-N'-(4-((2-pyridinylmethyl)thio)phenyl)urea.
NUM  11.
PAR  11. The compound of claim 5 which is
      N,N-dimethyl-N'-(4-(2-pyridinylmethoxy)phenyl)urea.
NUM  12.
PAR  12. The compound of claim 5 which is
      N'-(4-((6-chloro-2-pyridinyl)methyl)thio)phenyl-N,N-dimethylthiourea.
NUM  13.
PAR  13. The compound of claim 5 which is
      N'-(4-((6-methyl-2-pyridinyl)methoxy)phenyl)-N,N-dimethylurea,
NUM  14.
PAR  14. The compound of claim 5 which is
      N'-(4-((6-methyl-2-pyridinyl)methyl)thio)phenyl-N,N-dimethylurea.
NUM  15.
PAR  15. The compound of claim 5 which is
      N'-(4-((4-amino-3,5,6-trichloro-2-pyridinyl)methoxy)phenyl)-N,N-dimethylth
     iourea.
NUM  16.
PAR  16. The compound of claim 5 which is
      N'-(4-(((6-iodo-2-pyridinyl)methoxy)-3-chlorophenyl)-N-butylurea-1-oxide.
NUM  17.
PAR  17. The compound of claim 5 which is
      N'-(4-((6-bromo-2-pyridinyl)methyl)thio)-3-methylphenyl)-N,N-dibutylthiour
     ea.
NUM  18.
PAR  18. The compound of claim 5 which is
      N'-(4-((6-fluoro-2-pyridinyl)-1-methylmethoxy)-3-bromophenyl)urea-1-oxide.
NUM  19.
PAR  19. The compound of claim 1 wherein T is
      ##EQU10##
NUM  20.
PAR  20. The compound of claim 19 wherein q is at least one and n is zero.
NUM  21.
PAR  21. The compound of claim 19 wherein n is at least one and q is zero.
NUM  22.
PAR  22. The compound of claim 19 wherein n is 1, R.sup.1 is hydrogen and X is
      substituted in the 6-ring position.
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ABST
PAL  Disclosed are novel substituted pyridinyloxy(thio)phenyl-acetamides, -ureas
      and urea derivatives, N-oxide derivatives thereof, and certain novel
      intermediates therefore. The compounds of the instant invention are useful
      as herbicides and can be formulated to provide herbicidal compositions.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to substituted pyridinyloxy(thio)phenyl
      -acetamides, -ureas and urea derivatives corresponding to the formula:
      ##SPC1##
PAL  Wherein:
      ##EQU1##
      r represents an integer of 4 or 5; Q REPRESENTS AN INTEGER OF 0 TO 2,
      INCLUSIVE;
PA1  Each p independently represents an integer of 0 or 1;
PA1  Each X independently represents bromo, chloro, iodo or fluoro;
PA1  m represents an integer of 0 to 4, inclusive;
PA1  Each Y independently represents cyano, nitro, ZR.sup.3,--C(X').sub.3 or
      ##EQU2##
      n represents an integer of 0 to 2, inclusive; EACH Z independently
      represents oxygen or sulfur;
PA1  Q represents methyl, ethyl, halo, nitro, cyano or trifluoromethyl;
PA1  Each X' independently represents hydrogen or halo;
PA1  Each R independently represents hydrogen or an alkyl group of from about 1
      to about 3 carbon atoms;
PA1  R.sup.1 represents hydrogen, an alkyl group of from about 1 to about 4
      carbon atoms or an alkoxy group of from about 1 to about 4 carbon atoms;
PA1  R.sup.2 represents an alkyl group of from about 1 to about 3 carbon atoms
      or
      ##SPC2##
PA1  R.sup.3 represents an alkyl group of from about 1 to about 3 carbon atoms;
PA1  R.sup.4 and R.sup.5 each independently represents hydrogen or an alkyl
      group of from about 1 to about 4 carbon atoms; and
PA1  Each R.sup.6 represents halo or an alkyl group of from about 1 to about 3
      carbon atoms.
PAR  For the sake of brevity and simplicity, the term "active ingredient" is
      used hereinafter in this specification to broadly describe the compounds
      of the present invention. In the reaction sequences set forth below, all
      substituents, unless otherwise expressly indicated, are the same as set
      forth above.
PAR  The active ingredients of the present invention are normally crystalline
      solids and are soluble in the usual organic solvents, as well as having
      some solubility in water. The active ingredients are useful as plant
      growth regulants, and especially as herbicides when applied either as a
      pre-emergence or post-emergence treatment and may be formulated with the
      usual herbicide carriers for use in controlling unwanted plants.
PAC  DETAILED DESCRIPTION
PAR  The active ingredients of the present invention are useful as herbicides,
      particularly as post-emergent herbicides. Several of the active
      ingredients of the present invention have been found suitable for
      controlling unwanted plants among crops such as, for example, soybeans,
      corn and rice, without injuring the crops. As used in the present
      specification and claims, the term "herbicide" means an active ingredient
      which, when used in a growth controlling amount, controls or modifies the
      growth of plants. By a "growth controlling amount" is meant an amount of
      compound which causes a modifying effect upon the growth of plants. Such
      modifying effects include all deviations from natural development, for
      example, killing, retardation, defoliation, desiccation, regulation,
      stunting, tillering, and the like. By "plants" it is meant germinant
      seeds, emerging seedlings, and established vegetation, including the roots
      and above-ground portions.
PAR  The term "alkyl" is used herein and in the appended claims to designate a
      straight or branched chain alkyl radical containing from 1 to about 4
      carbon atoms, such as, for example, methyl, ethyl, propyl, isopropyl,
      butyl, isobutyl and tert-butyl. The term "alkoxy" as employed designates a
      straight or a branched-chain radical containing from 1 to about 4 carbon
      atoms, such as, for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy,
      isobutoxy and tertbutoxy.
PAR  The terms "halo" and "halogen" are employed herein to represent chlorine,
      fluorine and bromine.
PAR  Preferred compounds of the present invention are those compounds wherein n
      is 0 and m is at least 1. In a further preferred embodiment, m is 0 and n
      is at least 1. Another preferred class of compounds are those wherein the
      sum of m + n is one and X or Y is ring substituted in the 6-ring position
      of the pyridine moiety. In another embodiment, those compounds wherein the
      sum of m + n is at least two are preferred. In an additional preferred
      embodiment, T is R.sup.3. Another class of preferred compounds includes
      those wherein T is
      ##EQU3##
      A further class of preferred compounds includes those wherein T is
      ##EQU4##
      and R.sup.1 and R.sup.2 each represent alkyl. Still another preferred
      class of compounds includes those wherein T is
      ##EQU5##
      R.sup.1 is alkoxy and R.sup.2 is alkyl. An additional preferred class is
      directed to compounds wherein T is
      ##EQU6##
      m is 1, n is 0 and X is in the 6-ring position of the pyridine moiety. A
      further preferred class of compounds are those wherein T is
      ##EQU7##
      n is 1, m is O and Y is in the 6-ring position of the pyridine moiety. In
      still another preferred embodiment, T is
      ##EQU8##
PAR  The active ingredients of the present invention are prepared by a variety
      of methods. The active ingredients wherein T is R.sup.3 (i.e., alkyl of
      from 1 to about 3 carbon atoms), which are hereinafter referred to as
      "acetamide" compounds, can be prepared by reacting an appropriately
      substituted halopyridine with a selected sodium acetamidophenate reactant
      in the presence of an inert solvent under reflux conditions. Such reaction
      can be represented schematically as follows:
      ##SPC3##
PAC  Reaction I
PAR  Reaction I proceeds readily under ambient atmospheric pressure at
      temperatures of from about 90.degree. to about 150.degree.C. A solution of
      the sodium acetamidophenate reactant in methanol is added portionwise,
      ordinarily dropwise, to a solution of the substituted halopyridine
      reactant in an inert solvent such as, for example, dimethylsulfoxide,
      hexamethylphosphoramide, dimethylformamide, and the like. Stoichiometric
      proportions of the reactants are usually employed.
PAR  The sodium acetamidophenate solution, which can be prepared by rapidly
      adding stoichiometric proportions of acetamidophenol to a solution of
      sodium metal in dry methanol, is usually added dropwise to a well-stirred
      solution of halopyridine over a peroid of from about 30 to about 90
      minutes. The reactants are usually mixed at ambient temperatures and
      heated to the refluxing temperature of the mixture, which is thereafter
      maintained for a period of time sufficient to substantially complete the
      reaction. Depending upon the rate of reaction, the reaction mixture may be
      refluxed for a period of time from about one to about eight hours.
      Following the completion of the reaction, the reaction mixture is allowed
      to cool, mixed with ice water and the resulting precipitate filtered off,
      washed again with water and dried. The so-dried reaction product can be
      employed as such in further operations or further purified by
      recrystallization from a solvent or solvent mixture, such as, for example,
      benzene/hexane, benzene/methylene chloride and the like.
PAR  The active ingredients of the present invention wherein T is --NR.sup.1
      R.sup.2 (wherein R.sup.1 and R.sup.2 are hydrogen or alkyl and all other
      substitutents are as previously defined, conveniently hereinafter referred
      to as "phenyl urea" compounds), are, with the exception of the N-oxide
      derivatives thereof, readily prepared by converting the acetamide products
      of Reaction I to a corresponding amine intermediate. Such amine
      intermediates are novel and hence are considered an integral part of the
      present invention. The novel amine intermediates, which can be obtained by
      refluxing the acetamide products of reaction I with borontrifluoride in
      the presence of methanol, are reacted with an appropriately substituted
      (thio)-carbamoyl halide reactant, such as a carbamoyl chloride, in the
      presence of pyridine to form the corresponding phenyl urea compounds. The
      reaction can be schematically represented as follows:
      ##SPC4##
PAC  Reaction II
PAR  The reaction to convert the acetamide products to the corresponding amine
      intermediates (step a, Reaction II) proceeds readily under ambient
      atmospheric pressure and at the reflux temperature of the reaction
      mixture. In such operations, the acetamide product is mixed with a
      solution of borontrifluoride in methanol and the resulting reaction
      mixture is heated to the refluxing temperature of the mixture for a period
      of from about 2 to about 3 hours. An excess of borontrifluoride is usually
      employed. The methanol solvent is then usually distilled off and the
      concentrated reaction mixture is cooled, poured into cold water and
      treated with concentrated aqueous ammonia until the solution is basic. The
      resulting product precipitate is recovered by filtration, washed and
      recrystallized if desired from a solvent such as, for example, benzene,
      methylene chloride and the like. The aqueous filtrate remaining after
      recovery of the product precipitate can also be extracted with such
      solvents to recover additional quantities of the desired amine product.
PAR  The amine intermediates prepared above are, in step b of Reaction II,
      reacted with an appropriately substituted carbamoyl halide reactant in the
      presence of dry pyridine to obtain the desired phenyl urea compounds of
      the instant invention. The reaction proceeds readily under ambient
      temperature and pressure conditions. Generally, stoichiometric amounts of
      the reactants are employed. In carrying out the reaction, the total
      quantity of the carbamoyl halide reactant is usually added all at once to
      a solution of the amine reactant in pyridine and the resulting reaction
      mixture allowed to stand at ambient temperatures for a period of from
      about 15 to about 30 hours. The reaction mixture is then poured into cold
      water and allowed to stand for a short period of time. The resulting
      product precipitate is recovered by filtration and mixed with a solvent,
      such as one of those hereinbefore mentioned. The resulting solvent-product
      solution is dried, treated with norite and concentrated by evaporation to
      crystallize out the desired phenyl urea product.
PAR  The N-oxide derivatives of the above "phenylurea" compounds are usually
      prepared by other methods in view of the high reactivity of the N-oxide
      (.tbd.N.fwdarw.O) group with certain reagents, such as the
      borontrifluoride reagent employed in step (a) of Reaction II. In such
      method, the salt of a selected substituted amino(thio)phenol reactant of
      the formula:
      ##SPC5##
PAL  is reacted with the N-oxide derivative of a selected substituted
      halopyridine reactant to obtain the N-oxide form of the desired
      pyridinyloxy(thio)benzenamine intermediate. The latter reaction is carried
      out employing procedures analogous to those employed in Reaction I above.
      The benzenamine intermediate can be reacted with a carbamoyl halide
      reactant as in step (b) of Reaction II to obtain the desired N-oxide
      derivatives of the pyridinyloxy(thio)phenylurea compounds of the present
      invention.
PAR  In other procedures, the above amino(thio)phenol reactant can be reacted
      with a selected carbamoyl halide reactant, as in step (b) of Reaction II,
      to obtain a corresponding hydroxy- or mercapto- phenylurea reactant. The
      thus-obtained phenylurea reactant can be reacted with an N-oxide
      halopyridine reactant in the presence of a base, such as, for example,
      sodium metal in methanol, sodium hydroxide or the like, and a solvent
      carrier, such as previously mentioned herein, at temperatures ordinarily
      ranging from about 20.degree. to about 80.degree.C. or higher for a period
      generally from about 1 to about 6 or more hours. The desired
      pyridinyloxy(thio)phenylurea-1-oxide derivative is recovered in a manner
      similar to recovery procedures previously set forth.
PAR  The N-oxide derivatives of the halopyridine reactants employed above as
      starting materials are prepared according to conventional oxidative
      procedures. In typical known types of operations, the selected
      halopyridine reactant is treated with anhydrous trifluoroacetic acid and
      excess 90% hydrogen peroxide under reflux conditions to obtain the desired
      N-oxide derivative.
PAR  The novel amine intermediates employed in Reaction II can also be employed
      in alternative procedures for the preparation of the acetamide compounds
      of the instant invention. In such operations, a selected substituted amine
      intermediate is reacted with a selected substituted acid halide, such as,
      for example, acetyl chloride, propionyl chloride, butyryl chloride and the
      like. The reaction is carried out by mixing the reactants, ordinarily in
      stoichiometric proportions, in the presence of an inert solvent, such as,
      for example, pyridine, and maintaining the resulting reaction mixture at
      ambient temperatures for a period of from about 16 to about 24 hours. The
      reaction mixture is then mixed with cold water and the resulting product
      precipitate recovered and purified in procedures analogous to those set
      forth for Reaction I.
PAR  The novel amine intermediates described above in relation to Reaction II,
      with the exception of the N-oxide derivatives thereof, can also be
      prepared in alternative procedures whereby a selected salt of a
      nitro(thio)phenol is reacted with an appropriate substituted halopyridine
      compound to form the corresponding substituted nitrophenoxy- or
      nitrophenylthio- pyridine compound, which is then reduced to the
      corresponding aminophenoxy or aminothiophenyl- pyridine compound with a
      reducing agent, such as iron powder. This reaction can be represented as
      follows:
      ##SPC6##
PAC  Reaction III
PAR  The reaction in step (a) of Reaction III proceeds readily under ambient
      atmospheric pressure at reaction temperatures of from about 100.degree. to
      about 160.degree.C. for a period of from about 3 to about 5 hours. In such
      operations, the salt of the substituted nitrophenol or nitrothiophenol is
      mixed with the selected halopyridine reactant in the presence of an inert
      solvent, such as previously mentioned with respect to Reaction I, and the
      resulting reaction mixture heated at a temperature within the above
      indicated ranges. Following the substantial completion of the reaction,
      the reaction mixture is cooled and mixed with cold water. The resulting
      product precipitate is recovered by filtration and recrystallized
      according to conventional techniques from a solvent such as, for example,
      benzene, methylene chloride and the like.
PAR  The product thus obtained from step (a) of Reaction III is mixed, in the
      presence of an aqueous alcohol solution, with a reducing agent, such as,
      for example, iron powder. The resulting reaction mixture is heated to the
      reflux temperature thereof with vigorous stirring and an alcohol solution
      of concentrated hydrochloric acid is added thereto, portionwise, over a 10
      to 30 minute period. The reaction mixture is then heated at the reflux
      temperature for a period of from about 2 to about 4 hours and then
      filtered while hot. The solid product thus obtained is washed with an
      aqueous alkanol solution, such as 50-95% ethanol, and the filtrate
      portions combined and extracted with a solvent such as benzene, methylene
      chloride or the like. The extract is then dried, treated with activated
      charcoal, such as Norite, filtered and evaporated to dryness to obtain the
      desired aminophenoxy- or aminothiophenyl- pyridine product as a
      crystalline solid or oily liquid.
PAR  The N-oxide derivatives of the benzenamine intermediates can also be
      prepared by first reducing the nitro(thio)phenol reactant to the
      corresponding amino(thio)phenol reactant with a reducing agent as in step
      (b) of Reaction III and then reacting the salt of such amino(thio)phenol
      reactant with the N-oxide derivative of the halopyridine reactant
      employing procedures analogous to those set forth in Reaction I. Such
      alternative procedures are employed in this instance in view of the high
      reactivity of the N-oxide group with a reducing agent.
PAR  In still other procedures, the foregoing amino(thio)phenol reactant can be
      reacted with phosgene or thiophosgene, as in step (a) of Reaction IV
      (hereinafter set forth), to obtain a corresponding phenyliso(thio)cyanate
      reactant which can be reacted (a) with a selected substituted pyrrolidine
      or piperidine reactant, as in the following Reaction IV, to obtain a
      corresponding hydroxy- or mercaptophenyl (pyrrolidine- or
      piperidine-)carboxamide reactant or (b) with a selected hydroxyl- or
      mercapto amine reactant, as in the following Reaction V, to obtain a
      corresponding hydroxy- or mercapto- phenylurea reactant. The latter
      carboxamide and phenylurea reactants can be reacted with an N-oxide
      halopyridine reactant in the presence of a base, such as, for example,
      sodium hydroxide or sodium metal in methanol, and a solvent carrier, such
      as previously mentioned herein, at temperatures ordinarily ranging from
      about 20.degree. to about 80.degree.C. or higher for a period generally
      from about 1 to about 6 or more hours. The desired
      pyridinyloxy(thio)phenyl ((pyrrolidine- or piperidine-)carboxamide) or
      -urea products are recovered in a manner similar to the recovery
      procedures set forth hereinabove.
PAR  The pyrrolidine- and piperidine- carboxamide derivatives of the present
      invention, i.e., wherein T is
      ##EQU9##
      are prepared by reacting the amine intermediates of the present invention
      (prepared in step (a) of Reaction II or step (b) of Reaction III) with
      phosgene or thiophosgene in the presence of toluene to form a
      corresponding novel pyridinyloxy- or pyridinylthio- phenyl iso- or
      isothio- cyanate intermediate, hereinafter referred to as "isocyanate"
      intermediates, which is then reacted with a selected pyrrolidine or
      piperidine reactant to obtain the desired product. The essential steps of
      the reaction sequence can be schematically illustrated as follows:
      ##SPC7##
PAC  Reaction IV
PAR  The isocyanate intermediates are readily prepared according to step (a)
      above by first preparing a solution of phosgene or thiophosgene in a
      solvent such as, for example, water, toluene or the like, and then rapidly
      adding, with stirring, a solution of the amine starting material in
      toluene. The amine addition is regulated so as to maintain the temperature
      of the mixture at about 5.degree.C. or less, with additional quantities of
      solvent being added if necessary. Following the completion of the amine
      addition, the reaction mixture is agitated and heated gradually until a
      temperature of from about 75.degree. to about 95.degree.C. is reached. The
      solvent carrier is then removed from the reaction mixture by evaporation
      under reduced pressure and the remaining residue taken up in hexane which
      is then cooled to crystallize the desired product. An excess of phosgene
      or thiophosgene, in a ratio of from about 3 to about 4 moles thereof per
      mole of amine reactant, is preferably employed in the reaction. During the
      reaction, excess phosgene can be removed by purging the reaction mixture
      with an inert gas, such as nitrogen.
PAR  In step (b) of Reaction IV, the isocyanate intermediate is reacted with the
      selected pyrrolidine or piperidine reactant under reaction conditions
      generally the same as for the hereinbefore described procedures in step
      (b) of Reaction II. Stoichiometric quantities of the reactants are usually
      employed.
PAR  The isocyanate intermediates prepared in step (a) of Reaction IV are
      employed in the preparation of compounds of the instant invention wherein
      T is
      ##EQU10##
      and R.sup.1 is alkoxy and R.sup.2 is alkyl. Other phenyl urea compounds of
      the present invention can also be prepared from the isocyanate
      intermediates. In such operations, the isocyanate intermediates are
      reacted with an appropriately substituted hydroxyl amine salt reactant in
      the presence of a base and an inert solvent, such as, for example,
      triethylamine and pyridine according to the following illustrative
      reaction sequence:
      ##SPC8##
PAC  Reaction V
PAR  The reaction is conducted under ambient atmospheric pressure at
      temperatures of from about 50.degree. to about 100.degree.C. Preferably,
      an actuating agent is employed to increase to the reaction rate.
      Representative actuating agents that can be employed include, for example,
      tertiary amines such as triethylamine and the like. The reactants are
      usually employed in stoichiometric proportions while an excess of the
      actuating agent is employed.
PAR  In carrying out the reaction, the isocyanate and substituted hydroxylamine
      reactants are contacted in the presence of a dry inert solvent containing
      the actuating agent. Representative solvents include, for example,
      pyridine, toluene or the like. The resulting reaction mixture is heated
      with stirring at a temperature within the above described range for a
      period of from about one-half to about 2 or more hours. The reaction
      mixture is then stirred at ambient temperatures for a period of from about
      1 to about 12 hours and then cooled and mixed with cold water. The
      resulting product precipitate is recovered and purified in typical
      procedures previously set forth.
PAR  The following examples illustrate the present invention and the manner by
      which it can be practiced but, as such, should not be construed as
      limitations upon the overall scope of the same.
DETD
PAC  EXAMPLE 1
PAC  N-(4-((6-bromo-2-pyridinyl)oxy)phenyl)acetamide
PAR  A solution of sodium methylate was prepared by adding sodium metal (1.6
      grams; 0.07 mole) to 50 milliliters (ml) of dry methanol.
      4-Acetamidophenol (10.6 grams; 0.07 mole) was added to the solution in a
      rapid manner and the resulting solution of sodium 4-acetamidophenate was
      then added portionwise, over a period of about one hour, to an agitated
      solution of 2,6-dibromopyridine (6.6 grams; 0.07 mole) in 70 ml. of
      dimethylsulfoxide. The reaction mixture was distilled during the addition
      of the phenate solution to remove methanol and maintain the temperature of
      the reaction mixture in the range of from about 126.degree. to about
      132.degree.C. Following the completion of the addition of the phenate
      solution, distillation of the reaction mixture was stopped and the
      reaction mixture was allowed to stand at ambient temperatures for a period
      of about 16 hours. The reaction mixture was then refluxed for about 21/4
      hours at a temperature of about 127.degree.C. and then cooled and poured
      into ice water, stirred and the resulting solid precipitate representing
      the desired N-(4-((6-bromo-2-pyridinyl)oxy)phenyl)acetamide compound
      removed by filtration, washed and dried. The recovered product was found
      to have carbon, hydrogen, nitrogen and bromine contents of 50.4, 3.7, 9.08
      and 27.56 percent, respectively, as compared with the theoretical contents
      of 50.8; 3.6; 9.1 and 26.0 percent, respectively, calculated for the named
      structure.
PAC  EXAMPLE 2
PAC  N-(4-((6-chloro-2-pyridinyl)thio)phenyl)-acetamide
PAR  4-Acetamidothiophenol (16.8 grams; 0.1 mole) was mixed with a solution of
      sodium methylate (prepared by mixing sodium metal (2.3 grams; 0.1 mole) in
      90 ml. of methanol) and the resulting sodium 4-acetamidothiophenol
      solution added over a period of about one hour to a well-stirred solution
      of 2,6-dichloropyridine (14.8 grams; 0.1 mole) in 100 ml. of
      dimethylsulfoxide. The reaction mixture was distilled during the addition
      and the reaction temperature maintained at about 100.degree.C. for this
      period and for a period of about two hours thereafter. The reaction
      mixture was then poured into 350 ml. of water and the resulting product
      precipitate recovered by filtration, washed several times and taken up in
      300 ml. of hot benzene and dried and treated with Norite. About 350 ml. of
      hexane was added to precipitate the product from the benzene solvent which
      was recovered by filtration. As a result of such operations, the desired
      N-(4-((6-chloro-2-pyridinyl)thio)-phenyl)acetamide compound was recovered
      as a crystalline solid which was found to have carbon, hydrogen, nitrogen,
      chlorine and sulfur contents of 56.2, 4.3, 9.9, 11.4 and 11.63 percent,
      respectively, as compared with the theoretical contents of 56.0, 3.96,
      10.05, 12.7 and 11.45, respectively, calculated for the named structure.
PAC  EXAMPLE 3
PAC  N-(3-chloro-4-((6-chloro-2-pyridinyl)oxy)phenyl)propionamide
PAR  4-((6-Chloro-2-pyridinyl)oxy)-3-chlorobenzeneamine (7.1 grams; .028 mole)
      and propionyl chloride (2.6 grams; .028 mole) were contacted in the
      presence of 40 ml. of dry pyridine and the resulting reaction mixture
      allowed to stand at ambient temperatures for a period of about 18 hours.
      The reaction mixture was then poured into 250 ml. of cold water and
      allowed to stand for about 15 minutes. The resulting product precipitate
      was recovered by filtration and taken up in boiling benzene and the
      resulting solution dried, treated with Norite and filtered. Hexane was
      then added to the filtrate which was then cooled to precipitate the
      desired N-(3-chloro-4-((6-chloro-2-pyridinyl)oxy)phenyl)propionamide
      compound as a white crystalline solid having a melting point of
      166.degree.-168.degree.C. The product was found to have carbon, hydrogen,
      nitrogen and chlorine contents of 55.0, 3.9, 9.0 and 22.5, respectively,
      as compared with the theoretical contents of 54.0, 3.9, 9.0 and 22.8,
      respectively, calculated for the named structure.
PAC  EXAMPLE 4
PAC  N'-(4-((6-chloro-2-pyridinyl)thio)phenyl)-N,N-dimethyl urea
PAR  N-(4-((6-chloro-2-pyridinyl)thio)phenyl)acetamide (18.15 grams; 0.065 mole)
      from Example 2 above was mixed with 220 ml. of a solution of
      borontrifluoride (BF.sub.3) in methanol (10 grams of BF.sub.3 in 100 ml.
      of methanol) and the resulting reaction mixture was heated at the reflux
      temperature of the reaction mixture for a period of two hours. The
      reaction mixture was then cooled to about 0.degree.C. and 105 ml. of
      concentrated aqueous ammonia added gradually, while maintaining the
      reaction mixture at from about 0.degree. to about 5.degree.C., until the
      reaction mixture was basic. Methanol and ammonia were then distilled off
      under reduced pressure and the residue containing the precipitated product
      was recovered by filtration and recrystallized from hexane. As a result of
      these operations, the desired 4-((6-chloro-2-pyridinyl)thio)benzenamine
      intermediate product was recovered as a crystalline solid which was found
      to have carbon, hydrogen, nitrogen, chlorine and sulfur contents of 55.8,
      3.9, 12.20, 15.1 and 13.3 percent, respectively, as compared with the
      theoretical contents of 55.7, 3.84, 11.72, 15.0 and 13.55 percent,
      respectively, calculated for the named structure.
PAR  The benzenamine intermediate (6.85 grams; 0.029 mole) was mixed with 20 ml.
      of dry pyridine and dimethyl carbamoyl chloride (3.1 grams; 0.029 mole)
      was added thereto at ambient temperatures. The resulting reaction mixture
      was allowed to stand at ambient temperatures for a period of about 15
      hours, following which it was poured into 200  ml. of cold water. After
      standing for a few minutes, the resulting product precipitate was
      recovered by filtration and recrystallized from toluene. The recovered
      N'-(4-((6-chloro-2-pyridinyl)thio)phenyl)-N,N-dimethyl urea compound had a
      melting point of 187.degree.-188.degree.C. and was found to have carbon,
      hydrogen, nitrogen, chlorine and sulfur contents of 54.8, 4.9, 13.2, 11.42
      and 10.4 percent, respectively, as compared with the theoretical contents
      of 54.7, 4.58, 13.65, 11.55 and 10.4 percent, respectively, calculated for
      the named structure.
PAC  EXAMPLE 5
PAC  4-((6-fluoro-2-pyridinyl)oxy)benzenamine
PAR  A mixture of 2,6-difluoropyridine (20.2 grams; 0.175 mole) and dry sodium
      p-nitrophenate (28.2 grams; 0.175 mole) in 130 ml. of dry
      dimethylsulfoxide was heated at a temperature of about 110.degree.C. for a
      period of about 4 hours. Following the completion of the reaction period,
      the reaction mixture was cooled, poured into 325 ml. of cold water and
      allowed to stand for a few minutes. The resulting crystallized product was
      recovered by filtration and recrystallized from a 50:50 benzene-hexane
      mixture. The desired 2-fluoro-6(4-nitrophenoxy)pyridine intermediate (19.1
      grams; 0.018 mole) which was obtained as a crystalline solid melting at
      104.degree.-105.degree.C. and iron powder (15 grams; 0.268 mole) were
      mixed in 115 ml. of 50 % aqueous ethanol and the resulting reaction
      mixture heated at the reflux temperature thereof. Concentrated
      hydrochloric acid (5.5 ml. in 20 ml. of 50% ethanol) was added thereto,
      portionwise, with vigorous stirring over a period of about  15 minutes.
      The reaction mixture was then refluxed for a period of 3 hours, cooled,
      poured into water and neutralized with an aqueous sodium hydroxide
      solution. The resulting solid cake was recovered by filtration and
      extracted with two 300 ml. portions of benzene. The extracts were combined
      and treated with activated charcoal, filtered, and the filtrate evaporated
      to obtain the desired 4-((6-fluoro-2-pyridinyl)oxy)benzenamine product as
      a white crystalline solid having carbon, hydrogen and nitrogen contents of
      65.2, 4.6 and 13.9 percent, respectively, as compared with contents of
      64.8, 4.4 and 13.7 percent, respectively, calculated for the named
      structure.
PAC  EXAMPLE 6
PAC  4-((6-chloro-2-pyridinyl)oxy)phenyl isocyanate
PAR  A stream of phosgene was passed into 120 ml. of dry toluene maintained at a
      temperature of about 0.degree. to about 5.degree.C. until a weight of 13.4
      grams (0.135 mole) had been absorbed.
      4-((6-Chloro-2-pyridinyl)oxy)benzenamine (10.0 grams; 0.045 mole) in 100
      ml. of dry toluene was then added to the stirred phosgene solution over a
      period of about 15 minutes while maintaining the reaction temperature
      within a range of about 2.degree. to about 5.degree.C. Following the
      completion of the addition, the reaction mixture was stirred for about 20
      minutes and the reaction temperature then gradually raised as excess
      phosgene was purged with a stream of nitrogen. When a reaction temperature
      of about 85.degree.C. was attained, the reaction mixture became clear. The
      toluene solvent was then substantially removed under reduced pressure and
      hexane added to the residue to give the desired
      4-((6-chloro-2-pyridinyl)oxy)phenyl isocyanate product as a white
      crystalline product having a melting point of 96.degree.-97.degree. C.
PAC  EXAMPLE 7
PAC  4-((6-chloro-2-pyridinyl)oxy)phenyl isothiocyanate
PAR  Thiophosgene (10.5 grams; 0.091 mole) was added to an agitated solution of
      water (170 ml.) and dimethoxyethane (25 ml.)
      4-((6-Chloro-2-pyridinyl)oxy)benzenamine (20 grams; 0.0906 mole) was added
      in small portions (the dimethoxyethane aids in suspending the amine in the
      aqueous thiophosgene solution) to the stirred thiophosgene solution over a
      20 minute period. The reactive temperature during the addition was
      25.degree.-30.degree.C. Following the addition of the amine reactant, the
      reaction mixture was filtered to recover the product precipitate which
      formed during the reaction. The precipitate was then dissolved in boiling
      hexane and the resulting solution dried and cooled to give the desired
      4-((6-chloro-2-pyridinyl)oxy)phenyl isothiocyanate product as a light
      yellow crystalline solid having a melting point of 59.degree.-62.degree.C.
      The product was found to have carbon, hydrogen, nitrogen, chlorine and
      sulfur contents of 55.5, 2.3, 10.9, 13.36 and 12.34 percent, respectively,
      as compared with the theoretical contents of 54.82, 2.69, 10.66, 13.5 and
      12.2 percent, respectively, calculated for the named structure.
PAC  EXAMPLE 8
PAC  N-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-2,5-dimethyl-1-pyrrolidine
      carboxamide
PAR  2,5-Dimethylpyrrolidine (2.5 grams; 0.0284 mole) was added at ambient
      temperature to a solution of 4-((6-chloro-2-pyridinyl)oxy)phenyl
      isothiocyanate, prepared as in Example 7 (7.0 grams; 0.0284 moles) in 25
      ml. of dry pyridine. The resulting reaction mixture was allowed to stand
      at ambient temperatures for a period of about 16 hours and then poured
      into 300 ml. of cold water. The resulting product precipitate was
      recovered by filtration, washed with water and taken up in boiling
      benzene. Hexane was then added to the solution and the solution cooled to
      precipitate the desired
      N-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-2,5-dimethyl-1-pyrrolidine
      carboxamide compound as a crystalline solid having a carbon, hydrogen,
      nitrogen and chlorine content of 62.2, 5.7, 11.9 and 10.2 percent,
      respectively, as compared with contents of 62.5, 5.82, 12.5 and 10.25
      percent, respectively, calculated for the named structure.
PAC  EXAMPLE 9
PAC  N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N-methoxy-N-methyl urea
PAR  4-((6-chloro-2-pyridinyl)oxy)phenyl isocyanate (4.0 grams; 0.0162 mole),
      prepared according to Example 6, and N-methyl-O-methyl hydroxylamine
      hydrochloride (1.6 grams; 0.0162 mole) were added to 25 ml. of dry
      pyridine containing 5.0 grams of triethylamine actuating agent. The
      resulting reaction mixture was heated intermittently to about 60.degree.C.
      over a period of about one-half hour and then poured into cold water. The
      resulting precipitate, representing the desired
      N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N-methoxy-N-methyl urea compound,
      was recovered by filtration and recrystallized from benzene. The
      crystalline product thus obtained was found to have a melting point of
      96.degree.-97.degree.C., and carbon, hydrogen, nitrogen and chlorine
      contents of 54.7, 4.8, 13.7 and 11.64 percent, respectively, as compared
      to the theoretical contents of 54.6, 4.58, 13.65 and 11.55 percent,
      respectively, calculated for the named structure.
PAC  EXAMPLE 10
PAC  N-((4-chlorophenyl)thio)-N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N-methylu
     rea
PAR  4-Chlorobenzenesulfenyl chloride (8.68 grams; 0.0496 mole) was added over a
      period of about 3 minutes to a solution of N'
      -(4-((6-chloro-2-pyridinyl)oxy)phenyl-N-methylurea (8.3 grams; 0.03 mole)
      in 50 ml. of dry pyridine. The resulting reaction mixture was stirred at a
      temperature of about 30.degree.C. for a period of about one and one-half
      hours and then poured into 250 ml. of cold water. The resulting sticky
      product precipitate was dissolved in hot hexane, reprecipitated therefrom
      upon standing and the light-yellow, slightly sticky product obtained
      triturated with a small amount of cold acetonitrile. Filtration of the
      mixture gave the desired
      N-((4-chlorophenyl)thio)-N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N-methyl
     urea compound as a white crystalline solid melting at
      106.degree.-109.degree.C. The product was found to have carbon, hydrogen,
      nitrogen, chlorine and sulfur contents of 54.2, 3.5, 9.86, 17.0 and 7.46
      percent, respectively, as compared with contents of 54.3, 3.6, 10.0, 16.87
      and 7.6 percent, respectively, as calculated for the named structure.
PAC  EXAMPLE 11
PAC  N'-(4-((6-chloro- 2-pyridinyl)oxy)phenyl)-N,N-dimethylurea-1-oxide
PAR  Dry powdered sodium hydroxide (2.44 grams; 0.061 mole) was dissolved in 110
      ml. of warm dimethylsulfoxide and N'-(4-hydroxyphenyl)-N,N-dimethyl urea
      (11.0 grams; 0.061 mole) and 2,6-dichloropyridine-N-oxide added thereto.
      The reaction mixture was stirred at a temperature of about 60.degree.C.
      for a period of five and one-half hours. After this period, about
      three-fourths of the solvent carrier was removed by vacuum distillation
      and the residual oil thus obtained poured into ice water. The aqueous
      mixture was extracted with three 250 ml. portions of warm methylene
      chloride and the extracts combined. Evaporation of the solvent from the
      extract left a brown, syrupy residue which was washed with cold water and
      then with dry benzene to give the desired
      N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea-1-oxide
      compound as a crystalline solid melting at 190.degree.-191.degree.C. and
      having carbon, hydrogen, nitrogen and chlorine contents of 53.83, 4.63,
      13.25 and 12.78 percent, respectively, as compared with contents of 54.64,
      4.58, 13.65 and 11.52 percent, respectively, calculated for the named
      structure.
PAR  Other urea compounds and derivatives are similarly prepared from selected
      substituted amine or isocyanate intermediates in accordance with the
      procedures of Examples 4, 8, 9, 10 and 11 and the foregoing teachings of
      the specification. Such other compounds include, inter alia, the
      following:
PAR  N'-(4-((3,5,6-trichloro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (184.degree.-185.degree.C.);
PAR  N'-(4-((6-fluoro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (149.degree.-153.degree.C.);
PAR  N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea (132.degree.C.);
PAR  N'-(4-((6-(trifluoromethyl)-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (121.degree.-123.degree.C.);
PAR  N'-((3-(6-fluoro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (131.degree.-132.degree.C.);
PAR  N'-(4-((6-methoxy-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (132.degree.-140.degree.C.);
PAR  N'-(3-((6-(trifluoromethyl)-2pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (119.degree.-120.degree.C.);
PAR  N'-((3-(6-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (121.degree.-123.degree.C.);
PAR  N'-((4-(5-cyano-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea (143.degree.C.);
PAR  N'-(4-((3,5-dichloro-6-fluoro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (170.degree.-173.degree.C.);
PAR  N'-(4-((4,6-bis(trifluoromethyl)-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (133.degree.-135.degree.C.);
PAR  N'-((3-(5-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (98.degree.-99.degree.C.);
PAR  N'-(4-((6-fluoro-2-pyridinyl)oxy)phenyl)-N,N-dimethylthio urea
      (155.degree.-160.degree.C.);
PAR  N'-((4-(6-fluoro-2-pyridinyl)oxy)phenyl)-N-methylurea
      (161.degree.-163.degree.C.);
PAR  N'-((4-(6-cyano-2-pyridinyl)oxy)phenyl)-N,N-dimethylurea
      (163.degree.-165.degree.C.);
PAR  N'-(4-((6-bromo-2-pyridinyl)oxy)phenyl)-N,N-dimethylurea
      (144.5.degree.-146.5.degree.C.);
PAR  N'-(4-((5-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethylurea
      (130.degree.-131.degree.C.);
PAR  N,N-dimethyl-N'-(4-(2-pyridinyloxy)phenyl)urea (165.degree.-167.degree.C.);
PAR  N'-(4-((6-chloro-4-(trifluoromethyl)2-pyridinyl)oxy)phenyl)-N,N-dimethylure
     a (149.5.degree.-150.5.degree.C.);
PAR  N,N-dimethyl-N'-(4-((5-nitro-2-pyridinyl)oxy)phenyl)-urea;
PAR  N,N-dimethyl-N'-(4-((6-(methylthio)-2-pyridinyl)oxy)phenyl)urea
      (126.degree.-129.degree.C.);
PAR  N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N,N-diethylurea
      (162.degree.-163.degree.C.);
PAR  N'-(4-((3-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethylurea
      (163.degree.-165.degree.C.);
PAR  N'-(4-((3,5-dichloro-2-pyridinyl)oxy)phenyl)-N,N-dimethylurea
      (160.3.degree.-161.3.degree.C.);
PAR  N,N-dimethyl-N'-(4-((6-methyl-2-pyridinyl)oxy)phenyl)urea
      (128.degree.-131.degree.C.);
PAR  N,N-dimethyl-N'-(4-((3,6-dichloro-2-pyridinyl)oxy)phenyl)urea
      (147.degree.-150.degree.C.);
PAR  N'-(4-((6-chloro-5-cyano-2-pyridinyl)oxy)phenyl)-N,N-dimethylurea;
PAR  N'-(4-((6-chloro-2-pyridinyl)thio)phenyl)-N,N-dimethylurea
      (187.degree.-188.degree.C.);
PAR  N'-(4-((5-chloro-6-cyano-2-pyridinyl)oxy)phenyl)-N,N-dimethylurea;
PAR  N'(4-((6-(chlorodifluoromethyl)-2-pyridinyl)oxy)phenyl)-N,N-dimethylurea
      (138.degree.-139.degree.C.);
PAR  N'-(4((6-bromo-2-pyridinyl)oxy)phenyl)-N-methoxy-N-methylurea
      (95.degree.-100.degree.C.);
PAR  N'-(4-((6-fluoro-2-pyridinyl)oxy)phenyl)-N-methoxy-N-methylurea
      (111.degree.-113.degree.C.);
PAR  N'-(4-((4-chloro-6-trifluoromethyl)-2-pyridinyl)oxy)phenyl)-N,N-dimethylure
     a (179.degree.-184.degree.C.);
PAR  N'-(4((6-chloro-4-(trifluoromethyl)-2-pyridinyl)oxy)phenyl)-N-methoxy-N-met
     hylurea (137.degree.-140.degree.C.);
PAR  N-methoxy-N-methyl-N'-(4-(((6-trifluoromethyl)-2-pyridinyl)oxy)phenyl)urea
      (115.degree.-117.degree.C.);
PAR  N'-(4-((3-cyano-2-pyridinyl)oxy)phenyl)-N,N-dimethylurea
      (179.degree.-180.degree.C.);
PAR  N,N-dimethyl-N'-(4-((6-(propylthio)-2-pyridinyl)oxy)phenyl)urea
      (129.7.degree.-132.2.degree.C);
PAR  N'-(4-((6-chloro-2-pyridinyl)oxy)-3-(trifluoromethyl)phenyl)-N,N-dimethylur
     ea (142.degree.-143.degree.C.);
PAR  N,N-dimethyl-N'-(4-((6-(trifluoromethyl)-2-pyridinyl)thio)phenyl)urea
      (195.degree.-197.degree.C.);
PAR  N,N-dimethyl-N'-(4-((6-propoxy)-2-pyridinyl)oxy)phenyl)urea
      (118.degree.-122.degree.C.);
PAR  N'-(4-((6bromo-2-pyridinyl)thio)phenyl)-N,N-dimethylurea
      (157.5.degree.-161.5.degree.C.);
PAR  N'-(4-((6-chloro-2-pyridinyl)thio)phenyl)-N-methoxy-N-methylurea
      (140.degree.-142.degree.C.);
PAR  N'-(4-((6-fluoro-2-pyridinyl)thio)phenyl)-N,N-dimethylurea
      (154.degree.-156.degree.C.);
PAR  N-butyl-N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N-methylurea
      (99.degree.-101.degree.C.);
PAR  N-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-2,5-dimethyl-1-pyrrolidinecarboxami
     de (127.degree.-130.degree.C.);
PAR  N,N-dimethyl-N'-(4-(4-methyl-2-pyridinyl)oxy)phenyl)urea
      (158.degree.-160.degree.C.);
PAR  N'-(4-((4,6-dimethyl-2-pyridinyl)oxy)phenyl)-N,N-dimethylurea;
PAR  N'-(4-((5-chloro-6-cyano-2-pyridinyl)oxy)phenyl)-N-methoxy-N-methylurea
      (141.degree.-143.degree.C.);
PAR  N'-(4-((5-chloro-6-cyano-2-pyridinyl)thio)phenyl)-N,N-dimethylurea
      (195.degree.-198.degree.C.);
PAR  N'-(4-((6-chloro-4-(chlorodifluoromethyl)-2-pyridinyl)oxy)phenyl)-N,N-dimet
     hylurea (165.degree.-166.degree.C.);
PAR  N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethylthiourea
      (135.degree.-138.degree.C.);
PAR  N'-(4-((6-iodo-2-pyridinyl)oxy)phenyl)-N,N-dimethylurea
      (109.degree.-112.degree.C.);
PAR  N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N-methoxy-N-methylthiourea
      (125.degree.-127.degree.C.);
PAR  N-butyl-N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N-methylthiourea
      (77.degree.-79.degree.C.);
PAR  N'-(4-((6-bromo-2-pyridinyl)oxy)phenyl)-N,N-dimethylthiourea
      (141.5.degree.-142.5.degree.C.);
PAR  N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethylurea-1-oxide (M.P.
      190.degree.-191.degree.C.);
PAR  N-butoxy-N'-(4-((3,4,5,6-tetrabromo-2-pyridinyl)thio)phenyl)-N-methylurea;
PAR  N-methoxy-N-propyl-N'-(3-((4-pyridinyl)oxy)phenyl)-thiourea;
PAR  N-((3,4,5-trichlorophenyl)oxy)-N'-(3-((4-chloro-6-amino-2-pyridinyl)oxy)phe
     nyl)-N-methylurea;
PAR  N'-(3-((2,6-dicyano-4-pyridinyl)oxy)-4-ethylphenyl)-N-methoxy-N-methylurea;
PAR  N'-(4-((6-(trifluoromethyl)-3-pyridinyl)thio)-3-cyanophenyl)-N,N-ethylurea;
PAR  N-butyl-N'-(4-((5-(dichloromethyl)-3-pyridinyl)oxy)-2-nitrophenyl)-N-propyl
     urea;
PAR  N'-(5-((2-bromo-6-methylamino-4-pyridinyl)thio)-3-bromophenyl)-N-butyl-N-me
     thylthiourea;
PAR  N-butoxy-N'-(3-((5-(dichloromethyl)-3-pyridinyl)oxy)-4-cyanophenyl)-N-propy
     lurea;
PAR  N'-(4-((4-methyl-3,5,6-trichloro-2-pyridinyl)thio)-3-methylphenyl)-N,N-dime
     thylurea;
PAR  N'-(4-((4,5-dimethyl-3,6-dichloro-2-pyridinyl)oxy)-3-fluorophenyl)-N-methyl
     -N-methoxy thiourea;
PAR  N-(4-((4,6-dinitro-2-pyridinyl)oxy)phenyl)-3-propyl-1-piperidinecarboxamide
     ;
PAR  N-(4-((5-chloro-2,6-dimethoxy-4-pyridinyl)oxy)-3-chlorophenyl)-2,6-dimethyl
     -1-piperidinethiocarboxamide;
PAR  N'-(5-((6-bromo-4-n-butylamino-2-pyridinyl)thio)-3-(trifluoromethyl)phenyl)
     -N-ethoxy-N-methylthiourea;
PAR  N'-(3-((6-chloro-4-di-n-butylamino-5-methyl-2-pyridinyl)oxy)phenyl)-N,N-dim
     ethylurea;
PAR  N-(4-((5,6-dichloro-3-cyano-4-propoxy-2-pyridinyl)thio)-2-chlorophenyl)-1-p
     yrrolidinecarboxamide;
PAR  N'-(4-((2,6-diamino-3,5-dichloro-4-pyridinyl)oxy)phenyl)-N,N-dimethylurea;
PAR  N'-(5-((6-chloro-4,5-dinitro-2-pyridinyl)thio)-3-methylphenyl)-N,N-di-n-pro
     pylurea;
PAR  N-((3,5-di-i-propylphenyl)oxy)-N'-(4((2,6-bis(trifluoromethyl)-4-pyridinyl)
     oxy)-N-methylthiourea;
PAR  N'-(4-((3,5,6-trichloro-4-(difluoromethyl)-2-pyridinyl)oxy)phenyl)-N,N-dime
     thylurea;
PAR  N'-(3-((5-bromo-3,6-dichloro-4-(trifluoromethyl)-2-pyridinyl)thio-2-methylp
     henyl)-N-methylurea;
PAR  N'-(4-((2,6-di-(dimethylamino)-4-pyridinyl)thio)phenyl)-N-methoxy-N-methylt
     hiourea;
PAR  N-(4-((3,4,5,6-tetrachloro-2-pyridinyl)oxy)phenyl)-1-pyrrolidine
      carboxamide and
PAR  N'-(4-((4-cyano-6-(trifluoromethyl)-2-pyridinyl)thio)phenyl)-N,N-dimethylth
     iourea.
PAR  The novel amine and isocyanate intermediates which are employed, inter
      alia, to prepare the foregoing are readily apparent in view of the
      specific enumerated compounds. Such amine intermediates are of the formula
      represented in Reaction Sequences III and IV of the specification and are
      prepared in accordance with the teachings of the specification and the
      foregoing Examples 4, 5 and 6. The nomenclature for such compounds is as
      set forth in such examples. The novel isocyanate intermediates employed to
      prepare, inter alia, the above-enumerated compounds are likewise readily
      apparent in view of the above-enumerated compounds as well as the amine
      intermediates used therein and from which the isocyanate intermediates are
      themselves prepared. Such isocyanate intermediates correspond to the
      general formula represented in reaction sequences IV and V set forth
      hereinbefore. Such novel intermediates are prepared according to the
      teachings of the specification and representative examples 6 and 7, which
      also set forth the nomenclature of such compounds. The novel acetamide
      intermediates, which are useful as intermediates in preparing the
      corresponding novel amine intermediates and which also have utility as
      herbicides, include those which correspondingly are employed to prepare
      the readily apparent amine intermediates, in turn used in preparing the
      compounds enumerated above. Such acetamide compounds correspond to the
      formula set forth in reaction sequence I and are prepared according to the
      teachings of the specification and Examples 1-3, wherein the nomenclature
      for such compounds is set forth.
PAR  The compounds of the present invention have been found to be suitable for
      use in methods for the pre- and post-emergent control of weeds or other
      unwanted vegetation. Certain of the active ingredients of the present
      invention have been found to be active against undesired vegetation in the
      presence of desired crop plants while producing only a negligible effect
      on the crop plants. For all such uses, unmodified active ingredients of
      the present invention can be employed. However, the present invention
      embraces the use of a herbicidally effective amount of the active
      ingredients in composition form with a material known in the art as an
      adjuvant or carrier in solid or liquid form. Thus, for example, an active
      ingredient can be dispersed on a finely divided solid and employed therein
      as a dust. Also, the active ingredients, as liquid concentrates or solid
      compositions comprising one or more of the active ingredients, can be
      dispersed in water, typically with the aid of a wetting agent, and the
      resulting aqueous dispersion employed as a spray. In other procedures, the
      active ingredient can be employed as a constituent of organic liquid
      compositions, oil-in-water and water-in-oil emulsions, or water
      dispersions, with or without the addition of wetting, dispersing, or
      emulsifying agents.
PAR  Suitable adjuvants of the foregoing type are well known to those skilled in
      the art. The methods of applying the solid or liquid herbicidal
      formulations similarly are well known to the skilled artisan.
PAR  As organic solvents used as extending agents there can be employed
      hydrocarbons, e.g., benzene, toluene, xylene, kerosene, diesel fuel, fuel
      oil, and petroleum naphtha, ketones such as acetone, methyl ethyl ketone
      and cyclohexanone, chlorinated hydrocarbons such as carbon tetrachloride,
      chloroform, trichloroethylene, and perchloroethylene, esters such as ethyl
      acetate, amyl acetate and butyl acetate, ethers, e.g., ethylene glycol
      monomethyl ether and diethylene glycol monomethyl ether, alcohols, e.g.,
      methanol, ethanol, isopropanol, amyl alcohol, ethylene glycol, propylene
      glycol, butyl Carbitol acetate and glycerine. Mixtures of water and
      organic solvents, either as solutions or emulsions, can be employed.
PAR  The active ingredients can also be applied as aerosols, e.g., by dispersing
      them in air by means of a compressed gas such as dichlorodifluoromethane
      or trichlorofluoromethane and other Freons and Genetrons, for example.
PAR  The active ingredients of the present invention can also be applied with
      adjuvants or carriers such as talc, pyrophyllite, synthetic fine silica,
      attapulgus clay, keiselguhr, chalk, diatomaceous earth, lime, calcium
      carbonate, bentonite, fuller's earth, cottonseed hulls, wheat flour,
      soybean flour, pumice, tripoli, wood flour, walnut shell flour, redwood
      flour and lignin.
PAR  As stated, it is frequently desirable to incorporate a surface active agent
      in the compositions of the present invention. Such surface active or
      wetting agents are advantageously employed in both the solid and liquid
      compositions. The surface active agent can be anionic, cationic or
      nonionic in character.
PAR  Typical classes of surface active agents include alkyl sulfonate salts,
      alkylaryl sulfonate salts, alkylaryl polyether alcohols, fatty acid esters
      of polyhydric alcohols and the alkylene oxide addition products of such
      esters, and addition products of long chain mercaptans and alkylene
      oxides. Typical examples of such surface active agents include the sodium
      alkylbenzene sulfonates having 10 to 18 carbon atoms in the alkyl group,
      alkylphenol ethylene oxide condensation products, e.g., p-isooctylphenol
      condensed with 10 ethylene oxide units, soaps, e.g., sodium stearate and
      potassium oleate, sodium salt of propylnapthalene sulfonic acid,
      di(2-ethylhexyl)ester of sodium sulfosuccinic acid, sodium lauryl sulfate,
      sodium decane sulfonate, sodium salt of the sulfonated monoglyceride of
      coconut fatty acids, sorbitan sesquioleate, lauryl trimethyl ammonium
      chloride, octadecyl trimethyl ammonium chloride, polyethylene glycol
      lauryl ether, polyethylene glycol esters of fatty acids and rosin acids,
      e.g. Ethofat 7 and 13, sodium N-methyl-N-oleyl taurate, Turkey Red Oil,
      sodium dibutyl naphthalene sulfonate, sodium lignin sulfonate,
      polyethylene glycol stearate, sodium dodecylbenzene sulfonate, tertiary
      dodecyl polyethylene glycol thioether (nonionic 218), long chain ethylene
      oxidepropylene oxide condensation products, e.g., Pluronic 61 (molecular
      weight 1000), polyethylene glycol ester of tall oil acids, sodium octyl
      phenoxyethoxyethyl sulfate, tris-(polyoxyethylene)sorbitan monostearate
      (Tween 60), and sodium dihexyl sulfosuccinate.
PAR  The concentration of the active ingredients in liquid compositions
      generally is from about 0.001 to about 95 percent by weight or more.
      Concentrations of from about 0.001 to about 50 weight percent are often
      employed. In dusts or dry formulations, the concentration of the active
      ingredient can be from about 0.001 to about 95 weight percent or more;
      concentrations of from about 0.001 to about 50 weight percent are often
      conveniently employed. In compositions to be employed as concentrates, the
      active ingredient can be present in a concentration of from about 5 to
      about 98 weight percent. The active ingredient compositions can also
      contain other compatible additaments, for example, phytotoxicants, plant
      growth regulants, pesticides and the like and can be formulated with solid
      particulate fertilizer carriers such as ammonium nitrate, urea and the
      like.
PAR  The present compositions can be applied by the use of power-dusters, boom
      and hand sprayers, spray-dusters, by addition to irrigation water, and by
      other conventional means. The compositions can also be applied from
      airplanes as a dust or a spray because they are effective in very low
      dosages.
PAR  The exact dosage to be applied is dependent not only upon the specific
      active ingredient being employed, but also upon the particular plant
      species to be modified and the stage of growth thereof, as well as the
      part of the plant to be contacted with the toxic active ingredient. Thus,
      it is to be understood that all of the active ingredients of the invention
      and compositions containing the same may not be equally effective at
      similar concentrations or against the same plant species. In non-selective
      pre-emergence and foliage treatments the compositions of this invention
      are usually applied at an approximate rate of from about 1 to about 25
      lbs. per acre, but lower or higher rates may be appropriate in some cases.
      In selective post-emergence operations to foliage, a dosage of from about
      0.16 to about 5.0 pounds per acre is usually employed. In some instances,
      lower dosages may be utilized while higher dosages may be necessary in
      other instances. In view of the foregoing and following disclosures, one
      skilled in the art can readily determine the optimum rate to be applied in
      any particular case.
PAR  So as to illustrate the general and selective phytotoxic properties of the
      active ingredients of the present invention, a group of controlled
      greenhouse experiments is described below. In such operations, the various
      seeds and plants employed are represented by letters as follows:
TBL  A. German Millet  M. Rice                                                 

     B. Foxtail        N. Wheat                                                

     C. Barnyard Grass O. Corn                                                 

     D. Crabgrass      P. Soybean                                              

     E. Johnson Grass  Q. Cotton -F. Wild oat R. Sorghum                       

     G. Pigweed        S. Coffee weed                                          

     H. Bindweed       T. Prickly Sida                                         

     I. Velvet leaf    U. Ground Cherry                                        

     J. Morning Glory  V. Lambsquarter                                         

     K. Wild Mustard   W. Jimson Weed                                          

     L. Cocklebur                                                              

PAR  In pre-emergence operations, seeds of selected species are planted in
      seedbeds and, while exposed, sprayed with a given volume of a solution
      containing a predetermined amount of the candidate active ingredient to
      provide the dosage rate desired. Such compositions are prepared by mixing
      the selected active ingredient and an emulsifier or dispersant with water.
      The seeds are then covered with a layer of soil and maintained under
      conditions conducive to growth. A portion of the planted seedbeds are left
      untreated to provide controls for comparative purposes. All seedbeds are
      watered from below as needed. About 14 days after seeding and treating,
      the effect of each of the test ingredients on the seeds is evaluated by a
      comparison with the control seedbeds.
PAR  In post-emergence operations, various species of plants are seeded in beds
      of good agricultural soil. After the plants have emerged and grown to a
      height of from about 2 to 6 inches, certain of the plants are sprayed to
      run-off with a given volume of a composition prepared as set forth above.
      Other plants are left untreated to provide comparative controls. All
      plants are maintained as above for a period of about 14 days and then
      evaluated to determine the effect of each test ingredient.
PAR  In representative general pre-emergence operations, each of the
      N'-(4-(((6-trifluoromethyl)-2-pyridyl)oxy)phenyl)-N,N-dimethyl urea
      (Compound 1);N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N-methoxy-N-methyl
      urea (Compound 2);
      N'-(4-((6-bromo-2-pyridinyl)oxy)phenyl)-N-methoxy-N-methyl urea (Compound
      3);
      N-methoxy-N-methyl-N'-((((6-trifluoromethyl)-2-pyridinyl)oxy)phenyl)urea
      (Compound 4);
      N'-(4-((6-(chlorodifluoromethyl)-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (Compound 5) and
      N'-(4-((6-fluoro-2-pyridinyl)oxy)phenyl)-N-methoxy-N-methyl urea (Compound
      6) compounds was found to give substantial (at least 70%) to complete
      (100%) inhibition of the growth of plant species A, C, D, E, F, G, H, I,
      J, and K at a dosage rate of approximately 5.0 pounds per acre. In similar
      general operations, each of the
      N'-(4-((4,6-dimethyl-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea (Compound
      7) and N'-(4-((5-chloro-6-cyano-2-pyridinyl)oxy)phenyl)-N-methoxy-N-methyl
      urea (Compound 8) compounds was found to give substantial to complete
      inhibition of growth of species A, E, G and K at a dosage rate of 5.0
      pounds per acre.
PAR  In representative selective pre-emergence operations, it was found that
      N'-(4-((6-chloro-2-pyridinyl)thio)phenyl)-N,N-dimethyl urea (Compound 9),
      Compound 1, Compound 2, Compound 3, Compound 4 and Compound 5 each gives
      from 90 to 100% control of the growth of pigweed seeds with little or no
      inhibition on the growth of desirable crop seeds such as soybeans (P),
      corn (O) and cotton (Q) at a dosage rate of about 0.6 pounds per acre. In
      other operations, it was found that
      N'-(4-((5-chloro-6-cyano-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (Compound 10) gave complete control of the growth of species (D) and (G)
      with no inhibition on the growth of desirable crop species (O), (Q) and
      (R) at an application rate of about 1.25 pounds per acre.
PAR  In additional pre-emergence operations, each of the
      N'-((4-(6-bromo-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea (Compound 11),
      N'-(4((6-chloro-4-(trifluoromethyl)-2-pyridinyl)oxy)phenyl)-N,N-dimethyl
      urea (Compound 12),
      N,N-dimethyl-N'-(4-((6-methyl-2-pyridinyl)oxy)phenyl)urea (Compound 13),
      N'-(4-((6-chloro-4-(trifluoromethyl)-2-pyridinyl)oxy)phenyl)-N-methoxy-N-m
     ethyl urea (Compound 14),
      N-butyl-N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N-methyl urea (Compound
      15), N,N-dimethyl-N'-(4-((4-methyl-2-pyridinyl)oxy)phenyl)urea (Compound
      16),
      N-((4-chlorophenyl)thio)-N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N-methyl
      urea (Compound 17) and Compound 7 was found to give complete control of,
      inter alia, species (D), (G) and (I) at dosage rates of about 10 pounds
      per acre.
PAR  In representative general post-emergence operations, each of
      N'-(4-((3,5,6-trichloro-2-pyridyl)oxy)phenyl)-N,N-dimethyl urea (Compound
      18) and N'-(4-((3-cyano-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (Compound 19) was found to give complete control of (G) at a dosage rate
      of about 10 pounds per acre.
      N'-(4-((6-Chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea (Compound 20)
      was similarly found to be effective in the post-emergence control of (I)
      while N'-(4-((6-bromo-2-pyridinyl)thio)phenyl)-N,N-dimethyl urea (Compound
      21) was found to give substantial control of (A), (C), (D), (G), (H), and
      (I), at dosage rates of about 10 pounds per acre, respectively.
PAR  In additional operations, each of Compounds 9, 13, 14, 15 and 16 and
      N,N-dimethyl-N'-(4-(2-pyridinyloxy)phenyl)urea (Compound 22),
      N'-(4-((3,5-dichloro-6-fluoro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (Compound 23),
      N'-(4-((4-chloro-6-(trifluoromethyl)-2-pyridinyl)oxy)phenyl)-N,N-dimethyl
      urea (Compound 24),
      N,N'dimethyl-N'-(4-((6-(propylthio)-2-pyridinyl)oxy)phenyl)urea (Compound
      25),
      N'-(4-((6-chloro-2-pyridyl)oxy)-3-(trifluoromethyl)phenyl)-N,N-dimethyl
      urea (Compound 26),
      N,N-dimethyl-N'-(4-((6-(trifluoromethyl)-2-pyridinyl)thio)phenyl)urea
      (Compound 27), N,N-dimethyl-N'-(4-((6-propoxy)-2-pyridyl)oxy)phenyl)urea
      (Compound 28),
      N'-(4-((6-chloro-2-pyridinyl)thio)phenyl)-N-methoxy-N-methyl urea
      (Compound 29), N'-(4-((6-fluoro-2-pyridinyl)thio)phenyl)-N,N-dimethyl urea
      (Compound 30),
      N-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-2,5-dimethyl-1-pyrrolidinecarboxam
     ide (Compound 31),
      N'-(4-((6-chloro-4-(chlorodifluoromethyl)-2-pyridinyl)oxy)phenyl)-N,N-dime
     thyl urea (Compound 32) and
      N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethylthiourea (Compound
      33) were found to be effective as post-emergence herbicides at a dosage
      rate of about 10.0 pounds per acre. The post-emergence activity is set
      forth in the following Table I.
TBL                Table I                                                     

     ______________________________________                                    

     Plant Type/Percent Control                                                

     ______________________________________                                    

     Cmpd.                                                                     

     No.   A       C       D     E    G    H    I    J                         

     ______________________________________                                    

     9     100     100     100   25   0    0    100  100                       

     13    100     100     100   35   100  100  100  100                       

     14    100     100     100   0    100  100  100  100                       

     15    100     100     100   100  100  100  100  100                       

     16    100     100     100   --   100  100  100  100                       

     22    100     100     100   100  100  --   100  100                       

     23    100     35      100   20   20   40   30   100                       

     24    100     100     100   100  100  100  100  100                       

     25    0       100     40    0    100  100  100  35                        

     26    100     100     100   100  100  100  100  100                       

     27    100     100     100   100  100  100  100  100                       

     28    100     100     100   100  40   50   100  100                       

     29    100     100     30    35   100  100  100  100                       

     30    100     100     100   50   100  100  100  100                       

     31    100     100     100   25   --   100  100  100                       

     32    100     100     100   100  100  100  100  100                       

     33    100     100     100   100  100  100  100  100                       

     ______________________________________                                    

PAR  Additional post-emergence operations employing compounds (1), (2), (4),
      (5), (10), (11), (12),
      N,N-dimethyl-N'-(4-((3,6-dichloro-2-pyridinyl)oxy)phenyl)urea (Compound
      34), N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea (Compound
      35), N'-(4-((5-chloro-6-cyano-2-pyridinyl)thio)phenyl)-N,N-dimethyl urea
      (Compound 36), N'-(4-((6-fluoro-2-pyridyl)oxy)phenyl)-N,N-dimethyl urea
      (Compound 37), N'-((3-(6-fluoro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (Compound 38),
      N'-(3-((6-(trifluoromethyl)-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (Compound 39), N'-((3-(6-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (Compound 40),
      N'-(4-((4,6-bis(trifluoromethyl)-2-pyridinyl)oxy)phenyl-N,N-dimethyl urea
      (Compound 41),
      N,N-dimethyl-N'-(4-((6-(methylthio)-2-pyridinyl)oxy)phenyl)urea (Compound
      42), N,N-dimethyl-N'-(4-((5-nitro-2-pyridinyl)oxy)phenyl)urea (Compound
      43), N'-((4-(6-cyano-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea (Compound
      44), N'-(4-((5-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea (Compound
      45), N'-((4-(6-fluoro-2-pyridinyl)oxy)phenyl)-N-methylurea (Compound 46),
      N'-(4-((6-fluoro-2-pyridinyl)oxy)phenyl)-N,N-dimethylthiourea (Compound
      47), N'-(4-((6-methoxy-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea (Compound
      48), N'-(4-((3-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea (Compound
      49), N'-(4-((3,5-dichloro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (Compound 50), N'-((3-(5-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (Compound 51), N'-(4-((6-iodo-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (Compound 52),
      N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N-methoxy-N-methoxy-N-methylthiou
     rea (Compound 53),
      N-butyl-N'-(4((6-chloro-2-pyridinyl)oxy)phenyl)-N-methylthiourea (Compound
      54), and N'-(4-((6-bromo-2-pyridinyl)oxy)phenyl)-N,N-dimethylthiourea
      (Compound 55) against various plant species is reported in the following
      Table II. The data also indicate the selective activity of several
      compounds in the presence of desired crop plants at lower dosage rates.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Dos-                                                                      

     age    Plant Species/% Control                                            

     Cmpd.                                                                     

         lbs/                                                                  

            Weeds                                           Crops              

     No. Acre                                                                  

            A  B  C  D  E  G  H  I  J  K  L  S  T  U  V  W  N O  P             

     __________________________________________________________________________

     1a. 5.0                                                                   

            -- 100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              -- -- 100                                        

                                       100                                     

                                          100                                  

                                             -- -- -- --    90                 

                                                              100              

                                                                 100           

     b.  .63                                                                   

            100                                                                

               100                                                             

                  100                                                          

                     100                                                       

                        90 100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         100                   

                                                            0     40           

                                                            100                

     c.  .16                                                                   

            50 95 100                                                          

                     100                                                       

                        30 90 40 100                                           

                                    70 100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   90 100                      

                                                         70 0     0            

                                                            60                 

     2a. 2.5                                                                   

            100                                                                

               -- 100                                                          

                     -- -- 100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   90 100                      

                                                         100                   

                                                            40    20           

                                                            100                

     b.  .63                                                                   

            50 -- 50 -- -- 100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   50 100                      

                                                         100                   

                                                            0     0            

                                                            100                

     c.  .16                                                                   

            50 -- 50 -- -- 100                                                 

                              50 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             60 100                            

                                                   0  100                      

                                                         70 0     0            

                                                            0                  

     4a. 2.5                                                                   

            -- 100                                                             

                  100                                                          

                     -- -- 100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   90 100                      

                                                         100                   

                                                            50    70           

                                                            100                

     b.  .63                                                                   

            -- 100                                                             

                  100                                                          

                     -- -- 100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   90 100                      

                                                         100                   

                                                            0     20           

                                                            80                 

     c.  .16                                                                   

            -- 50 70 -- -- 100                                                 

                              100                                              

                                 100                                           

                                    90 100                                     

                                          100                                  

                                             90 70 0  100                      

                                                         60 0     0            

                                                            60                 

     5a. 2.5                                                                   

            -- -- -- -- -- 100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          -- 100                               

                                                100                            

                                                   90 100                      

                                                         -- 10    40           

                                                            100                

     b.  .63                                                                   

            -- -- -- -- -- 50 100                                              

                                 80 100                                        

                                       100                                     

                                          -- 100                               

                                                100                            

                                                   70 100                      

                                                         -- 0     0            

                                                            80                 

     c.  .16                                                                   

            -- -- -- -- -- 0  0  30 40 100                                     

                                          -- 100                               

                                                30 0  100                      

                                                         -- 0     0            

                                                            60                 

     8a. 2.5                                                                   

            0  -- 90 -- -- 100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          50 100                               

                                                100                            

                                                   0  100                      

                                                         50 0     0            

                                                            20                 

     b.  .63                                                                   

            0  -- 50 -- -- 100                                                 

                              0  50 50 90 50 100                               

                                                50 0  100                      

                                                         0  0     0            

                                                            0                  

     c.  .16                                                                   

            0  -- 0  -- -- 50 0  0  0  50 0  20 0  0  0  0  0     0            

                                                            0                  

     10a.                                                                      

         2.5                                                                   

            -- -- -- -- -- 100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          -- 100                               

                                                100                            

                                                   70 100                      

                                                         -- 10    60           

                                                            100                

     b.  .16                                                                   

            -- -- -- -- -- 100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          -- 100                               

                                                20 0  100                      

                                                         -- 0     0            

                                                            20                 

     11a.                                                                      

         2.5                                                                   

            -- 100                                                             

                  100                                                          

                     100                                                       

                        90 100                                                 

                              -- -- 100                                        

                                       100                                     

                                          100                                  

                                             -- -- -- -- -- 0     10           

                                                            100                

     b.  .16                                                                   

            -- 100                                                             

                  100                                                          

                     40 0  40 -- -- 100                                        

                                       100                                     

                                          100                                  

                                             -- -- -- -- -- 0     0            

                                                            20                 

     12a.                                                                      

         5.0                                                                   

            100                                                                

               100                                                             

                  100                                                          

                     100                                                       

                        50 100                                                 

                              70 70 -- 100                                     

                                          100                                  

                                             -- -- -- -- -- 0     0            

                                                            100                

     b.  .63                                                                   

            90 90 100                                                          

                     100                                                       

                        30 100                                                 

                              60 40 -- 100                                     

                                          0  -- -- -- -- -- 0     0            

                                                            40                 

     21a.                                                                      

         2.5                                                                   

            30 -- 100                                                          

                     -- -- 100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                50 0  100                      

                                                         100                   

                                                            0     0            

                                                            100                

     b.  .16                                                                   

            0  -- 10 -- -- 0  50 100                                           

                                    100                                        

                                       100                                     

                                          0  100                               

                                                0  0  0  0  0     0            

                                                            0                  

     22 .                                                                      

         1.25                                                                  

            -- 40 0  0  0  10 -- -- 20 100                                     

                                          0  -- -- -- -- -- 0     0            

                                                            80                 

     34a.                                                                      

         2.5                                                                   

            90 -- 100                                                          

                     -- -- 100                                                 

                              50 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   20 100                      

                                                         50 0     10           

                                                            70                 

     b.  .63                                                                   

            70 -- 50 -- -- 50 0  20 70 100                                     

                                          50 100                               

                                                100                            

                                                   0  100                      

                                                         0  0     0            

                                                            20                 

     35a.                                                                      

         2.5                                                                   

            100                                                                

               100                                                             

                  100                                                          

                     100                                                       

                        90 100                                                 

                              100                                              

                                 85 100                                        

                                       100                                     

                                          100                                  

                                             -- -- -- -- -- 60    80           

                                                            100                

     b.  .63                                                                   

            100                                                                

               100                                                             

                  100                                                          

                     100                                                       

                        60 100                                                 

                              70 75 100                                        

                                       100                                     

                                          100                                  

                                             -- -- -- -- -- 20    40           

                                                            100                

     c.  .16                                                                   

            90 90 60 90 60 60 40 40 50 100                                     

                                          50 -- -- -- -- -- 0     0            

                                                            40                 

     36a.                                                                      

         10.0                                                                  

            100                                                                

               -- 100                                                          

                     -- -- 100                                                 

                              60 95 100                                        

                                       100                                     

                                          30 100                               

                                                100                            

                                                   30 100                      

                                                         100                   

                                                            0     0            

                                                            100                

     b.  2.5                                                                   

            80 -- 50 -- -- 0  40 30 100                                        

                                       100                                     

                                          30 0  50 0  100                      

                                                         20 0     0            

                                                            50                 

     37a.                                                                      

         1.25                                                                  

            -- 90 100                                                          

                     100                                                       

                        80 100                                                 

                              -- -- 90 100                                     

                                          100                                  

                                             -- -- -- -- -- 0     50           

                                                            95                 

     b.  0.16                                                                  

            -- 0  0  90 0  100                                                 

                              -- -- 0  50 0  -- -- -- -- -- 0     0            

                                                            10                 

     38a.                                                                      

         2.5                                                                   

            -- 95 100                                                          

                     100                                                       

                        70 90 -- -- 100                                        

                                       100                                     

                                          100                                  

                                             -- -- -- -- -- 0     20           

                                                            100                

     b.  0.63                                                                  

            -- 20 60 100                                                       

                        20 50 -- -- 50 95 50 -- -- -- -- -- 0     0            

                                                            20                 

     39a.                                                                      

         1.25                                                                  

            -- 100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           70 -- -- 100                                        

                                       100                                     

                                          100                                  

                                             -- -- -- -- -- 10    50           

                                                            100                

     b.  0.32                                                                  

            -- 100                                                             

                  40 50 100                                                    

                           30 -- -- 80 100                                     

                                          100                                  

                                             -- -- -- -- -- 0     20           

                                                            80                 

     40a.                                                                      

         2.5                                                                   

            -- 95 95 100                                                       

                        30 50 -- -- 90 100                                     

                                          50 -- -- -- -- -- 0     0            

                                                            60                 

     b.  .63                                                                   

            -- 0  80 100                                                       

                        10 0  -- -- 20 50 0  -- -- -- -- -- 0     0            

                                                            0                  

     41a.                                                                      

         1.25                                                                  

            -- 100                                                             

                  100                                                          

                     100                                                       

                        50 100                                                 

                              -- -- 90 100                                     

                                          100                                  

                                             -- -- -- -- -- 10    30           

                                                            90                 

     b.  .32                                                                   

            -- 90 40 90 0  50 -- -- 50 90 60 -- -- -- -- -- 0     0            

                                                            20                 

     42a.                                                                      

         5.0                                                                   

            -- 100                                                             

                  100                                                          

                     80 0  70 -- -- 90 100                                     

                                          100                                  

                                             -- -- -- -- -- 0     0            

                                                            50                 

     b.  1.25                                                                  

            -- 80 90 0  0  40 -- -- 60 100                                     

                                          0  -- -- -- -- -- 0     0            

                                                            10                 

     43a.                                                                      

         10.0                                                                  

            -- 0  70 0  0  60 -- -- 100                                        

                                       100                                     

                                          100                                  

                                             -- -- -- -- -- 0     0            

                                                            30                 

     b.  0.63                                                                  

            -- 0  0  0  0  0  -- -- 0  100                                     

                                          0  -- -- -- -- -- 0     0            

                                                            0                  

     44a.                                                                      

         10.0                                                                  

            -- 100                                                             

                  100                                                          

                     100                                                       

                        0  90 -- -- 100                                        

                                       100                                     

                                          100                                  

                                             -- -- -- -- -- 0     0            

                                                            100                

     b.  1.25                                                                  

            -- 95 90 0  0  50 -- -- 100                                        

                                       70 70 -- -- -- -- -- 0     0            

                                                            100                

     45a.                                                                      

         1.25                                                                  

            -- 90 100                                                          

                     90 70 100                                                 

                              -- -- 100                                        

                                       100                                     

                                          100                                  

                                             -- -- -- -- -- 10    40           

                                                            100                

     b.  0.32                                                                  

            -- 90 100                                                          

                     90 50 90 -- -- 100                                        

                                       100                                     

                                          50 -- -- -- -- -- 0     0            

                                                            100                

     46a.                                                                      

         10.0                                                                  

            -- 100                                                             

                  100                                                          

                     100                                                       

                        0  70 -- -- 0  100                                     

                                          100                                  

                                             -- -- -- -- -- 0     0            

                                                            100                

     b.  2.5                                                                   

            -- 70 80 90 0  100                                                 

                              -- -- 0  100                                     

                                          50 -- -- -- -- -- 0     0            

                                                            80                 

     47a.                                                                      

         10.0                                                                  

            100                                                                

               70 70 60 60 100                                                 

                              70 100                                           

                                    100                                        

                                       95 70 -- -- -- -- -- 20    20           

                                                            100                

     b.  1.25                                                                  

            70 40 50 50 10 80 40 80 80 100                                     

                                          0  -- -- -- -- -- 0     0            

                                                            70                 

     48a.                                                                      

         10.0                                                                  

            100                                                                

               100                                                             
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                                    100                                        
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                                             -- -- -- -- -- 20    10           

                                                            100                
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                                          70 -- -- -- -- -- 0     0            

                                                            60                 

     49  5.0                                                                   

            70 50 40 70 0  80 10 50 90 90 10 -- -- -- -- -- 0     0            

                                                            40                 

     50a.                                                                      

         5.0                                                                   

            90 80 80 100                                                       

                        50 100                                                 

                              60 60 95 90 70 -- -- -- -- -- 0     0            

                                                            40                 

     b.  0.63                                                                  

            60 50 20 80 20 100                                                 

                              40 0  20 100                                     

                                          0  -- -- -- -- -- 0     0            

                                                            0                  

     51a.                                                                      

         1.25                                                                  

            -- 100                                                             

                  100                                                          

                     100                                                       

                        80 100                                                 

                              -- -- 100                                        

                                       100                                     

                                          100                                  

                                             -- -- -- -- -- 20    40           

                                                            70                 

     b.  0.32                                                                  

            -- 40 80 100                                                       

                        30 50 -- -- 40 100                                     

                                          50 -- -- -- -- -- 0     0            

                                                            20                 

     52a.                                                                      

         10.0                                                                  

            100                                                                

               -- 80 100                                                       

                        0  100                                                 

                              100                                              

                                 25 100                                        

                                       -- -- -- -- -- -- -- --    0            

                                                            25                 

     b.  0.63                                                                  

            55 -- 0  30 0  100                                                 

                              90 0  45 -- -- -- -- -- -- -- --    0            

                                                            0                  

     53a.                                                                      

         10.0                                                                  

            90 -- 100                                                          

                     100                                                       

                        20 100                                                 

                              100                                              

                                 30 95 -- -- -- -- -- -- -- --    0            

                                                            90                 

     b.  1.25                                                                  

            30 -- 90 70 0  100                                                 

                              100                                              

                                 0  100                                        

                                       -- -- -- -- -- -- -- --    0            

                                                            30                 

     __________________________________________________________________________

PAR  In further operations, each of the
      N-(4-((6-chloro-2-pyridinyl)oxy)phenyl)propanamide,
      N-(3-chloro-4-((6-chloro-2-pyridinyl)oxy)phenyl)propanamide,
      N-(4-((6-chloro-2-pyridinyl)oxy)phenyl)acetamide and
      N-(4-((6-fluoro-2-pyridinyl)oxy)phenyl)acetamide compounds was found to
      give substantial to complete pre- and post-emergence control of crabgrass
      at a dosage rate about 10.0 pounds per acre.
PAR  In additional post-emergence operations, each of
      N'-((4-(5-cyano-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea (Compound 56)
      and N'-(4-((6-chloro-5-cyano-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea
      (Compound 57) was found to give complete control of species (A), (I) and
      (J) at a dosage rate of about 10.0 pounds per acre.
PAR  The foregoing data illustrate the general phytotoxic activity as well as
      selective phytotoxic activity of the compounds of the present invention.
      Although selective pre- and post- emergence activity has been demonstrated
      at several rates of application, it is to be understood that further
      specific selective operations and crop specificity are in many instances,
      obtainable by employing lower dosage rates than demonstrated above.
PAR  The substituted halopyridine, acetamidophenate, carbamoyl halide,
      nitro(thio)phenol, hydroxylamine, pyrrolidine and piperidine reactants
      employed in the present invention are either readily available or can be
      prepared according to procedures which are known or are analogous to those
      set forth in the open literature.
PAR  Although the invention is described with respect to specific embodiments
      and modifications, the details thereof are not to be construed as
      limitations except to the extent indicated in the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound corresponding to the formula:
      ##SPC9##
PAL  wherein:
PA1  each p independently represents an integer of 0 or 1;
PA1  each X independently represents bromo, chloro, iodo or fluoro;
PA1  m represents an integer of 0 to 4, inclusive;
PA1  each Y independently represents nitro, ZR.sup.3, --C(X').sub.3 or
      ##EQU11##
      n represents an integer of 0 to 2, inclusive; each Z independently
      represents oxygen or sulfur;
PA1  Q represents methyl, ethyl, halo, nitro or trifluoromethyl;
PA1  each X' independently represents hydrogen or halo;
PA1  R.sup.1 represents hydrogen, alkyl of from 1 to 4 carbon atoms or alkoxy of
      from 1 to 4 carbon atoms;
PA1  R.sup.2 represents alkyl of from 1 to 3 carbon atoms or
      ##SPC10##
PA1  R.sup.3 represents alkyl of from 1 to 3 carbon atoms;
PA1  R.sup.4 and R.sup.5 each independently represent hydrogen or alkyl of from
      1 to 4 carbon atoms; and
PA1  each R.sup.6 represents halo or alkyl of from 1 to 3 carbon atoms.
NUM  2.
PAR  2. The compound of claim 1 wherein n is 0 and m is at least 1.
NUM  3.
PAR  3. The compound of claim 1 wherein m is 0 and n is at least 1.
NUM  4.
PAR  4. The compound of claim 1 wherein the sum of n + m is one and X or Y is
      substituted on the 6-ring position.
NUM  5.
PAR  5. The compound of claim 1 wherein m is 1, n is 0, X is substituted in the
      6-ring position of the pyridine moiety.
NUM  6.
PAR  6. The compound of claim 1 wherein m is 0, n is 1 and Y is substituted in
      the 6-ring position of the pyridine moiety.
NUM  7.
PAR  7. The compound of claim 1 wherein R.sup.1 and R.sup.2 each represent
      alkyl.
NUM  8.
PAR  8. The compound of claim 1 wherein R.sup.1 is alkoxy and R.sup.2 is alkyl.
NUM  9.
PAR  9. The compound of claim 1 which is
      N'-(4-((6-(trifluoromethyl)-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea.
NUM  10.
PAR  10. The compound of claim 1 which is
      N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N-methoxy-N-methyl urea.
NUM  11.
PAR  11. The compound of claim 1 which is
      N'-(4-((6-chloro-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea.
NUM  12.
PAR  12. The compound of claim 1 which is
      N'-(4-((6-chloro-2-pyridinyl)thio)phenyl)-N-methoxy-N-methyl urea.
NUM  13.
PAR  13. The compound of claim 1 which is
      N-methoxy-N-methyl-N'-((6-trifluoromethyl)-2-pyridinyl)oxy)phenyl) urea.
NUM  14.
PAR  14. The compound of claim 1 which is
      N'-(4-((6-bromo-2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea.
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PAL  Certain 3-pyridylmethyl N-(4'-substituted-phenyl)carbamates are useful as
      rodenticides, e.g., in baits or tracking powders. The 4'-substituent may
      be --NO.sub.2, --CN, --CF.sub.3, --SO.sub.2 NH.sub.2, --SR, --SOR or
      --SO.sub.2 R where R is lower alkyl. Their salts can also be made and
      applied as rodenticides.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of applications Ser. No. 428,463, filed Dec.
      26, 1973 now abandoned; Ser. No. 298,692, filed Oct. 18, 1972, now
      abandoned; Ser. No. 245,608, filed Apr. 19, 1972; now U.S. Pat. No.
      3,865,931 dated Feb. 11, 1975 and Ser. No. 235,015, filed Mar. 15, 1972
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to rodenticides and more particularly to the
      use of compositions containing certain pyridyl phenyl carbamates or their
      acid salts or metal salt complexes for the control and extermination of
      pest rodents.
PAR  2. Description of the Prior Art
PAR  The common rat, Rattus norvegicus, is vicious and constantly poses a
      serious threat to the health and well being of man. Rats and mice are
      destructive animals and a serious nuisance, causing millions of dollars
      damage annually to farms, agronomic crops, homes, food processing plants
      and many other businesses. Rats bite at least 14,000 (possibly up to
      60,000) people every year in the U.S.A., according to the U.S. Public
      Health Service, and are known carriers of over 35 contagious diseases
      including bubonic plague, trichinosis, typhus, rat bite fever, amoebic
      dysentery, tuberculosis, infectious jaundice and rabies. During the years
      from 1898 to 1923, almost 11 million deaths were caused by rat-borne
      plagues.
PAR  Use of rodenticides, fumigants, sprays and traps are the primary methods
      employed for the control of pest rodents. By "pest rodents" we refer not
      only to members of the order Rodentia but also to those of Lagomorpha,
      which cause health hazards or economic loss unless kept in check.
      Rodenticides may be used in the form of a tracking powder or a bait or may
      be applied as a spray on the rodent's natural foodstuffs. The rodenticides
      used as a bait are of two classes: single-dose and multi-dose. Multi-dose
      rodenticides are usually selected over single-dose rodenticides, as they
      have been safer in the past than the available single-dose rodenticides.
      The multi-dose rodenticides are anti-coagulants, including a number of
      different 4-hydroxy coumarin and 1,3-indandione compounds. These
      multi-dose rodenticides consumed in small daily amounts have a lethal
      effect on rats and mice after liver stores of viatmin K have been
      depleted. Anti-coagulants are less effective on mice than rats, as mice
      are considered to be nibblers and may not consume an adequate amount of
      treated bait to have a lethal effect. A single-dose rodenticide which
      would be relatively safe to the person handling the material and to
      non-target species of animals and yet effective on a variety of pest
      rodents is highly desirable.
PAC  SUMMARY OF THE INVENTION
PAR  Many compounds are toxic to rodents. However, very few of these compounds
      are anywhere near suitable for use as a rodenticide because it is
      necessary for the pest rodent to consume voluntarily a sufficient amount
      of the poison even though sufficient untreated food may also be available.
      In bait rodenticides, feed acceptance is the key to excellence, and in all
      rodenticides safety and efficacy are highly important.
PAR  The pyridyl phenyl-carbamates of the present invention are so highly toxic
      to a wide variety of pest rodents that a single dose is sufficient; yet
      they are relatively safe for use in the presence of other species which
      may inadvertently ingest limited quantities of the rodenticide.
      Furthermore, rats and other pest rodents willingly consume the compounds
      of the present invention in sufficiently lethal amounts when present in
      baits. Alternatively the compounds may be employed in compositions to be
      sprayed on natural foodstuffs. They may also be employed in tracking
      powder, especially for use against mice, which habitually clean their paws
      by licking.
PAR  The compounds of the present invention have the formula:
      ##SPC1##
PAL  wherein X is selected from the group consisting of --NO.sub.2, --CN,
      --CF.sub.3, --SR, --SOR, --SO.sub.2 R, and --SO.sub.2 NH.sub.2 where R is
      lower alkyl. By lower alkyl is meant alkyl groups, straight or branched,
      of 1 to 4 carbon atoms. It is to be noted that each of the para
      substituents on the phenyl ring is highly electron-withdrawing (i.e., its
      Hammet substituent constant .sigma. is greater than about +0.23) except
      for the --SR group. This apparent anomaly is explained by the fact that
      --SR substituents are commonly oxidized to --SOR in vivo.
PAR  The compounds of the present invention in which the nitrogen of the pyridyl
      nucleus is in basic form as represented in Formula I, may be prepared by
      permitting equimolar amounts of a substituted phenylisocyanate and
      3-pyridylcarbinol to react in the presence of an inert solvent, e.g.,
      pyridine, an aromatic hydrocarbon or acetonitrile, in accordance with the
      following equation:
      ##SPC2##
PAL  An example of this type of reaction is given in U.S. Pat. No. 3,284,461.
      3-Pyridylcarbinol is a product of commerce. Certain of the phenyl
      isocyanates appear to be novel. They are made by the standard method of
      reaction of phosgene with the substituted aniline. They were identified by
      infra-red spectrum.
DETD
PAR  The following examples describe variations in the preparation of the basic
      compounds of the present invention.
PAC  EXAMPLE 1
PAC  Preparation of 3-pyridylmethyl N-(4'-nitrophenyl)carbamate
PAL  a. Procedure 1
PAR  p-Nitrophenylisocyanate (0.1 mole) was added to a solution of
      3-pyridylcarbinol (0.1 mole) in 300 ml. of benzene. An exothermic reaction
      took place and a yellow solid formed. The suspension was heated to reflux
      and then stirred for 2 hours. The suspension was then cooled and filtered,
      affording 27 g. of a crude product melting at 230.degree.-231.degree. C.
      (decomposed). This is a 99% yield of 3-pyridylmethyl
      N-(4'-nitrophenyl)-carbamate. The product was purified by
      recrystallization from 2-methoxyethanol (methyl Cellosolve).
PAL  b. Procedure 2
PAR  Commercial p-nitrophenyl isocyanate (100 g., Eastman Organic Chemicals) was
      purified by slurrying in 850 ml. of dry chlorobenzene for 15 minutes under
      anhydrous conditions and then vacuum filtering. The 26 g. of solid was
      discarded. To the filtrate, containing 74 g. (0.45 mole) of pure
      p-nitrophenylisocyanate in the 850 ml. chlorobenzene, was added dropwise
      49.2 g. (0.45 mole) of 3-pyridylcarbinol over a period of 30 minutes. The
      temperature rose to 50.degree. C. After about 1% of the 3-pyridylcarbinol
      had been added, a precipitate began to form, and after about 40% addition,
      the suspension showed considerable thickening. The suspension was stirred
      at room temperature overnight. Throughout the reaction, efficient stirring
      and anhydrous conditions were maintained. The solid product was recovered
      from the reaction mixture by filtration, washed thoroughly with cold
      acetone and dried in a vacuum oven, affording 123.2 g. of product, melting
      at 232.degree.-234.degree. C. (decomposed). This is a quantitative yield
      of 3-pyridylmethyl -N-(4'-nitrophenyl)-carbamate.
PAC  EXAMPLE 2
PAC  Preparation of 3-pyridylmethyl N-(4'-cyanophenyl)carbamate
PAR  p-Tolylsulfonylisocyanate (39.4 g., 0.2 mole) in 100 ml. of ether was added
      dropwise to a solution of 4-aminobenzonitrile (23.6 g., 0.2 mole) in 300
      ml. of ether. Reaction took place immediately with the formation of a
      white solid. After stirring for 1 hr. at room temperature, the suspension
      was filtered, and the white solid which was isolated was washed with ether
      and dried. The sulfonylurea weighed 59 g. and melted at 185.degree. -
      195.degree.C.
PAR  The sulfonylurea was decomposed in vacuo at 1 mm. Hg using a shortpath
      heated tube. Since this apparatus did not have a ground glass temmperature
      joint, it was not possible to record the distillation temmperature. There
      was obtained 14 g. of 4-cyanophenylisocyanate.
PAR  4-Cyanophenylisocyanate (13.5 g., 0.1 mole) was dissolved in dry
      acetonitrile (50 ml.) and added to a solution of 3-pyridyl-carbinol (10.9
      g., 0.1 mole) in dry acetonitrile (200 ml.). Reaction appeared complete in
      5 min., but the suspension was stirred for an additional hour and then
      filtered. After washing with benzene and drying, the crude product
      amounted to 23.4 g.; melting point 175.degree. - 182.degree.C.
PAR  Chromatography over alumina using acetone as the eluant afforded 18 g. of
      product melting at 205.degree. - 207.degree.C. This is a 71% yield of
      3-pyridylmethyl N-(4'-cyanophenyl)-carbamate. The product was
      recrystallized from 95% ethanol to afford a white solid; melting point
      205.degree. - 207.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of 3-pyridylmethyl N-(4'-trifluoromethylphenyl)-carbamate
PAR  To a solution of 2.5 g. (0.023 mole) of 3-pyridylcarbinol in 50 ml. of
      benzene containing 0.1 g. of Dabco catalyst (1,4-diazabicyclo [2,2,2]
      octane) was added, dropwise, a solution of 43 g. (0.023 mole) of
      p-trifluoromethyl-phenyl isocyanate in 50 ml. of benzene. A temperature
      rise from 23.degree. to 35.degree. was noted during the addition, and a
      white precipitate formed. After stirring for 1 hr., the mixture was
      filtered, and the solid product was air-dried. There was obtained 6.3 g.
      (93% of theory) of product; melting point 173.degree. - 175.degree. C.
      (decomposed). This is a 93% yield of 3-pyridylmethyl
      N-(4'-trifluoromethylphenyl)-carbamate.
PAC  EXAMPLE 4
PAC  Preparation of 3-pyridylmethyl N-(4'-methylthiophenyl)-carbamate
PAR  To a solution of 4.4 g. (0.04 mole) of 3-pyridylcarbinol in 50 ml. of
      benzene containing 0.1 g. of Dabco catalyst was added, dropwise, a
      solution of 6.6 g. (0.04 mole) of p-methylthiophenyl isocyanate (New Haven
      Chemicals) in 50 ml. of benzene. During the addition a white solid
      separated and the temperature rose from 23.degree.C. to 34.degree.C. The
      mixture was stirred at ambient temperature for 16 hrs. and the product was
      filtered off. After oven-drying in vacuo there was obtained 10.4 g.
      melting at 133.degree. -135.degree.C. This is a 95% yield of
      3-pyridylmethyl N-(4'-methylthiophenyl)-carbamate.
PAC  EXAMPLE 8
PAC  Preparation of 3-pyridylmethyl N-(4'-methylsulfinylphenyl)-carbamate
PAR  Quinoline-bromine complex was prepared by adding 3.2 g. (0.02 mole) of
      bromine in 50 ml. of CCl.sub.4 to a solution of 2.6 g. (0.02 mole) of
      quinoline in 50 ml. of CCl.sub.4. A yellow solid separated which was
      filtered off and air-dried. The yield was 3.5 g. (60%). To a solution of
      2.7 g. (0.01 mole) of 3-pyridylmethyl N-(4'-methylthiophenyl)carbamate in
      100 ml. of 70% aqueous acetic acid was added, portionwise, 2.7 g. (0.01
      mole) of the quinoline-bromine complex. The mixture was stirred at ambient
      temperature for 15 min. and poured into 100 ml. of water. A negligible
      amount of solid formed and was removed by filtration. The filtrate was
      made alkaline with 25% aqueous NaOH, and a white precipitate formed which
      was filtered off and recrystallized from aqueous ethanol. There was
      obtained 0.5 g. of recrystallized product, melting at 118.degree. -
      121.degree.C., which proved to be a mixture of two components by thin
      layer chromatography. The filtrate was concentrated to near-dryness, and
      yielded after oven drying in vacuo 1 g. of a white solid melting at
      139.degree. - 143.degree. C. This was a 34% yield of 3-pyridylmethyl
      N-(4'-methylsulfinylphenyl)-carbamate.
PAC  EXAMPLE 9
PAC  Preparation of 3-pyridylmethyl N-(4'-methylsulfonylphenyl)-carbamate
PAR  To an ice-cold slurry of 6.2 g. (0.036 mole) of m-chloroperbenzoic acid in
      100 ml. of benzene was added, portionwise, 4.1 g. (0.015 mole) of
      3-pyridylmethyl N-(4'-methylthiophenyl)carbamate, keeping the temperature
      below 10.degree.C. When the addition was complete, the mixture was stirred
      at ambient temperature for 16 hrs. Removal of the acidic by-product was
      accomplished by adding 100 ml. of saturated sodium carbonate solution,
      stirring for 1 hr., and filtering. The solid product was oven-dried in
      vacuo to give 3.3 g. of crude product melting at 169.degree. -
      173.degree.C. (decomposed). This was a 72% yield of 3-pyridylmethyl
      N-(4'-methylsulfonylphenyl)carbamate. Recrystallization from 95% ethanol
      raised the melting poing to 175.degree.-178.degree.C. (decomposed).
PAC  EXAMPLE 13
PAC  Preparation of 3-pyridylmethyl N-(4'-sulfamylphenyl)-carbamate
PAR  To a solution of 3.25 g. (0.05 mole) sodium azide in 15 ml. water and 15
      ml. acetone was added dropwise a solution of 8.25 g. (0.0375 ml.)
      p-sulfamyl benzoyl chloride in 75 ml. of acetone. The addition took place
      over a 15 minute period with the temperature being maintained at
      0.degree.C. The mixture was stirred at 0.degree. for one hour, after which
      there was added 150 ml. of water and 100 ml. of toluene. The suspension
      formed was vacuum-filtered, and the first crop of p-sulfamyl carbonyl
      azide was air-dried for 15 minutes (melting point 134.degree.C. violent
      decomp.). The p-sulfamyl carbonyl azide was dissolved in 200 ml. of
      anhydrous ethylene glycol dimethyl ether, hereinafter "glyme," dried over
      magnesium sulfate, and reacted in the following manner:
PAR  To a solution of p-sulfamyl carbonyl azide in 200 ml. of anhydrous glyme
      was added dropwise 7.25 g. (0.0665 mole) of 3-pyridylcarbinol. The
      resultant solution was refluxed and stirred for 3 hours and was let stand
      for 18 hours. The suspension formed was vacuum-filtered to remove 0.5 g.
      of bis-p-sulfamylphenylurea. The filtrate was poured into an excess of
      ether, and the suspension formed was vacuum-filtered to afford 2 g. (17.3%
      yield) of product melting at 174.degree.C. (decomposed). This is a 17.3%
      yield of 3-pyridylmethyl N-(4'-sulfamylphenyl) carbamate.
PAR  The following Tables I and II respectively give physical constants for
      certain intermediates and the novel compounds of this invention:
TBL                TABLE I                                                     

     ______________________________________                                    

     4-XC.sub.6 H.sub.4 NCO Intermediates                                      

     Used                 Melting point (.degree.C) or                         

     In Example                                                                

              X =         Boiling point .degree.C/pressure mm.                 

     ______________________________________                                    

     1        NO.sub.2    a commercial product                                 

     2        CN          not isolated                                         

     3        CF.sub.3    German patent no. 1,138,391                          

     4        --SCH.sub.3 a commercial product                                 

     5        --SC.sub.2 H.sub.5                                               

                          67-72/0.25 mm.                                       

     6        --SC.sub.3 H.sub.7 -n                                            

                          90-95/0.4 mm.                                        

     7        --SC.sub.4 H.sub.9 -n                                            

                          105-109/0.35 mm.                                     

     10       --SO.sub.2 C.sub.3 H.sub.7 -n                                    

                          oil                                                  

     11       --SO.sub.2 C.sub.3 H.sub.7 -iso                                  

                          48-55                                                

     12       --SO.sub.2 C.sub.4 H.sub.9 -n                                    

                          oil                                                  

     13       --SO.sub.2 NH.sub.2                                              

                          J. Org. Chem. 30, 1260(1965)                         

     ______________________________________                                    

TBL                                    TABLE II                                

     __________________________________________________________________________

     3-PYRIDYL-CH.sub.2 OC(O)NHC.sub.6 H.sub.4 X-4 COMPOUNDS                   

                  Melting   Empirical                                          

                                    Analysis *                                 

     Example                                                                   

          X=      Point (.degree.C.)                                           

                            Formula C       H      N                           

     __________________________________________________________________________

     1    NO.sub.2                                                             

                  232 - 234 (dec.)                                             

                            C.sub.13 H.sub.11 N.sub.3 O.sub.4                  

                                    57.3 (57.2)                                

                                            4.0 (4.1)                          

                                                   15.5 (15.4)                 

     2    CN      205 - 207 C.sub.14 H.sub.11 N.sub.3 O.sub.2                  

                                    66.4 (66.4)                                

                                            4.1 (4.4)                          

                                                   16.8 (16.6)                 

     3    CF.sub.3                                                             

                  173 - 175 (dec.)                                             

                            C.sub.14 H.sub.11 F.sub.3 N.sub.2 O.sub.2          

                                    56.7 (56.8)                                

                                            3.7 (3.7)                          

                                                   9.4 (9.5)                   

     4    --SCH.sub.3                                                          

                  133 - 135 C.sub.14 H.sub.14 N.sub.2 O.sub.2 S                

                                    61.3 (61.3)                                

                                            5.0 (5.1)                          

                                                   10.2 (10.2)                 

     5    --SC.sub.2 H.sub.5                                                   

                  116 - 119 C.sub.15 H.sub.16 N.sub.2 O.sub.2 S                

                                    62.5 (62.3)                                

                                            5.6 (5.5)                          

                                                   9.4 (9.7)                   

     6    --SC.sub.3 H.sub.7 -n                                                

                  124 - 126 C.sub.16 H.sub.18 N.sub.2 O.sub.2 S                

                                    63.3 (63.6)                                

                                            6.1 (6.0)                          

                                                   9.1 (9.3)                   

     7    --SC.sub.4 H.sub.9 -n                                                

                  115 - 117 C.sub. 17 H.sub.20 N.sub.2 O.sub.2 S               

                                    64.5 (64.5)                                

                                            6.4 (6.4)                          

                                                   8.8 (8.9)                   

     8    --SOCH.sub.3                                                         

                  139 - 143 C.sub.14 H.sub.14 N.sub.2 O.sub.3 S                

                                    58.0 (58.0)                                

                                            4.9 (4.9)                          

                                                   9.5 (9.7)                   

     9    --SO.sub.2 CH.sub.3                                                  

                  175 - 178(dec.)                                              

                            C.sub.14 H.sub.14 N.sub.2 O.sub.4 S                

                                    55.1 (54.9)                                

                                            4.6 (4.6)                          

                                                   9.1 (9.2)                   

     10   --SO.sub.2 C.sub.3 H.sub.7 -n                                        

                  164 - 166 C.sub.16 H.sub.18 N.sub.2 O.sub.4 S                

                                    57.4 (57.5)                                

                                            5.5 (5.4)                          

                                                   8.2 (8.4)                   

     11   --SO.sub.2 C.sub.3 H.sub.7 -iso                                      

                  122 - 125 C.sub.16 H.sub.18 N.sub.2 O.sub.4 S                

                                    57.3 (57.5)                                

                                            5.3 (5.4)                          

                                                   8.1 (8.4)                   

     12   --SO.sub.2 C.sub.4 H.sub.9 -n                                        

                  156 - 160 C.sub.17 H.sub.20 N.sub.2 O.sub.4 S                

                                    58.0 (58.6)                                

                                            5.6 (5.8)                          

                                                   7.9 (8.0)                   

     13   --SO.sub.2 NH.sub.2                                                  

                  174 (dec.)                                                   

                            C.sub.13 H.sub.13 N.sub.3 O.sub.4 S                

                                    49.6 (50.8)                                

                                            4.5 (4.3)                          

                                                   13.8 (13.7)                 

     __________________________________________________________________________

      * The number in parenthesis represents the theoretical value as calculate

      from the empirical formula                                               

PAR  The compounds of the invention may also be made and/or used in salt form.
      Generally, to make an acid salt, the basic form of the compound
      represented in Formula I above is dissolved in a suitable solvent such as
      acetonitrile, monomethyl ether of ethylene glycol, dimethyl formamide,
      dimethyl acetamide, acetone, or other suitable solvent; and the acid is
      introduced into the solution of the base form of compound either as a gas,
      a liquid, or a solid. Depending on the particular compound, acid, and
      solvent medium, the salt formed may precipitate or it may remain in
      solution. In the latter case, it is only necessary to add a suitable
      non-solvent for the salt to precipitate it out. For example, the
      non-solvent may be ether in some instances, or it may be an aliphatic or
      aromatic hydrocarbon such as hexane, benzene, toluene, or xylene in other
      instances. When the salt has been precipitated, it is merely necessary to
      filter it, wash the precipitate, and dry the salt. The salts may be those
      of an inorganic or an organic acid. Preferred acid salts are those formed
      especially strong acids, especiailly acetic, hydrobromic, hydrochloric,
      hydrofluoric, nitric, phosphoric, sulfuric, chloroacetic, oxalic, maleic,
      succinic and p-toluenesulfonic acids. Frequently, if not always, the salt
      form dissociates and liberates the base form of the compound and the free
      acid either in the environment where applied for rodenticidal purposes or
      in the rodent's system during or after ingestion.
PAR  Illustrative salt preparations that may be used are:
PAC  EXAMPLE 1A
PAC  Preparation of hydrobromide of 3-pyridylmethyl N-(4'-nitrophenyl)carbamate
PAR  Gaseous HBr is passed into a solution of 5 g. of 3-pyridylmethyl
      N-(4'-nitrophenyl)carbamate in 75 ml. of the monomethyl ether of ethylene
      glycol. Ether is added to give a precipitate which, after washing with
      ether, amounted to 4.5 g. of white solid. This, on analysis contains
      44.45% C, 3.48% H, 11.55% N and 21.45% Br; calculated for C.sub.13
      H.sub.11 N.sub.3 O.sub.4. HBr is 44.09% C, 3.42% H, 11.86% N and 22.56%
      Br. The product is a 69% yield of 3-pyridylmethyl
      N-(4'-nitrophenyl)carbamate hydrobromide.
PAC  EXAMPLE 1B
PAR  To a filtered, warm solution of 2.7 g. (0.01 mole) of 3-pyridylmethyl
      N-(4'-nitrophenyl)carbamate in 400 ml. of the monomethyl ether of
      ethyleneglycol (glyme) is added a solution of 1.3 g. (0.01 mole) of
      anhydrous CuCl.sub.2 in 15 ml. of glyme. Cooling gives a precipitate which
      is isolated by filtration to give 2.9 g. of a blue solid melting at
      270.degree.-272.degree. C. This is found by analysis to contain 45.19% C,
      3.5% H, 12.24% N, 9.28% Cu and 10.54% Cl; calculated for C.sub.13 H.sub.11
      N.sub.3 O.sub.4.1/2 CuCl.sub.2 is 45.82% C, 3.25% H, 12.34% N, 9.33% Cu
      and 10.41% Cl. The product is an 85% yield of 3-pyridylmethyl
      N-(4'-nitrophenyl) carbamate-cupric chloride complex.
PAC  EXAMPLE 1C
PAR  When cadmium chloride is substituted for cupric chloride in the above
      preparation (Ex. 1B), there is obtained 3.3 g. of white solid melting at
      270.degree. C. with decomposition. This is found on analysis to contain
      37.36% C, 2.70% H, 10.22% N, 12.03% Cl and 19.23% Cd; calculated for
      C.sub.13 H.sub.11 N.sub.3 O.sub.4.1/2 CdCl.sub.2 is 42.79% C, 3.04% N,
      11.52% N, 9.44% Cl and 15.40% Cd. The product is considered to be a 73%
      weight yield of 3-pyridylmethyl N-(4'-nitrophenyl) carbamate-cadmium
      chloride complex.
PAC  EXAMPLE 1D
PAR  When zinc chloride is substituted for the cupric chloride in the above
      described preparation (Ex. 1B), there is obtained 2.3 g. of a white solid
      melting at 185.degree.-189.degree. C. with decomposition. This is found on
      analysis to contain 45.88% C, 3.66% H, 11.63% N, 10.39% Cl and 10.30% Zn;
      calculated for C.sub.13 H.sub.11 N.sub.3 O.sub.4.1/2 ZnCl.sub.2 is 45.87%
      C, 3.25% H, 12.35% N, 10.41% Cl and 9.60% Zn.
PAC  EXAMPLE 2A
PAR  a. In a manner similar to that of Ex. 1A, the following salts of
      3-pyridylmethyl N-(4-cyanophenyl) carbamate (Ex. 2) are prepared:
PA0  1. The hydrobromide
PA0  2. The hydrochloride, and
PA0  3. The hydrofluoride
PAR  b. The following metal salt complexes of the carbamate of Ex. 2 are
      prepared by procedures analogous to those of Exs. 1B, 1C, and 1D:
PA0  1. znCl.sub.2
PA0  2. ZnBr.sub.2
PA0  3. CuCl.sub.2
PA0  4. MnCl.sub.2
PA0  5. Cu(NO.sub.3).sub.2
PA0  6. niCl.sub.2
PAR  c. The oxalate is prepared by a procedure analogous to that of Ex. 4A a)
      hereinafter.
PAC  EXAMPLE 3A
PAR  a. The following salts may be made from the product of Ex. 3 in a way
      analogous to the procedure of Ex. 1A above:
PA0  1. The hydrobromide
PA0  2. The hydrochloride
PAR  b. The oxalate may be prepared by the procedure of Ex. 4A a) below.
PAC  EXAMPLE 4A
PAR  a. To a solution of 3-pyridylmethyl N-(4'-(methylthio)phenyl) carbamate (5
      g., 0.0183 mole) in 75 ml. of ethylene glycol monomethyl ether there is
      added oxalic acid dihydrate (2.3 g., 0.0183 mole) in 15 ml. of ethylene
      glycol monomethyl ether. The reaction mixture is allowed to stand at room
      temperature over the weekend. The precipitate formed is washed with
      ethylene glycol monomethyl ether and dried to give 3.3 g. of a solid
      melting at 154.degree.-156.degree. C. This is a 50% yield of the oxalic
      acid salt of 3-pyridylmethyl N-(4'-(methylthio)phenyl)carbamate. This, on
      analysis, contains 52.9% C, 4.5% H and 7.6% N. Theory calls for 52.7% C,
      4.4% H, and 7.7% N.
PAR  b. The following salts may also be prepared from the compound of Ex. 4:
PA0  1. The hydrobromide
PA0  2. The hydrochloride
PA0  3. The maleate
PA0  4. The ZnCl.sub.2 complex salt.
PAR  Similar salts can be prepared from the products of Ex. 5, 6, and 7.
PAC  EXAMPLE 8A
PAR  The oxalate and phosphate salts of the compound of Ex. 8 can be made by a
      procedure analogous to that of Ex. 4A above.
PAC  EXAMPLE 9A
PAR  The following salts may be made from the compound obtained in Ex. 9:
PA0  1. The hydrochloride
PA0  2. The nitrate
PA0  3. The chloroacetate
PA0  4. The p-toluenesulfonate
PAR  Similarly, the hydrochlorides may be made from Ex. 10, 11, and 12.
PAC  EXAMPLE 13A
PAR  The product of Ex. 13 may be formed into the following salts in a manner
      generally described hereinabove:
PA0  1. The acetate
PA0  2. The hydrochloride
PA0  3. The oxalate
PAR  In general, the salts tested have been found to be as effective as the base
      form of the compounds in rodentical action.
PAC  FORMULATION FOR USE
PAR  The compounds of the present invention or a salt thereof may be formulated
      into rodenticide compositions such as baits, tracking powders, and sprays.
      A bait comprises an edible carrier and the toxicant, optionally with a
      preservative to prevent insect infestation, mold growth or rancidity. The
      edible carrier may be a semimoist material such as canned cat or dog food
      or garbage such as apples, eggs, baacon, etc., but it is generally
      preferred to use a dry edible carrier as this remains acceptable for
      longer periods. The dry carrier may be a combination of natural food
      products such as whole ground corn, steel cut oats, sugar, molasses, rice,
      vegetable oil, salt, dehydrated fruit, fish meal, tankage or wheat. When
      necessary to use in damp locations, the matrix may be a water repellent
      material such as paraffin wax or an acrylic polymer.
PAR  The compounds of the present invention may be incorporated as toxicant in
      bait formulations, either alone or in combination with other toxicants.
      When used as the sole toxicant in baits, the compounds of the present
      invention may be used in any rodenticidally effective concentration.
PAR  Depending on the susceptibility of the rodents to the toxicant and the
      amount of formulated bait generally consumed, concentrations as low as 0.1
      percent, and especially when intended for mice, even lower than 0.05
      percent may be employed. A typical bait may contain between about 0.5
      percent and 1.5 percent of the toxicant by weight. We have found to our
      surprise that there is no upper limit to the amount of compound which may
      be present in a bait. Rats, mice and other rodents accept the compounds of
      the present invention so well that even when offered free choice between
      untreated basal ration and a bait consisting entirely of one of the
      present compounds, they ingest rodenticidally sufficient quantities of the
      compound. Example 14 describes the formulation of a suitable bait,
      although wide variations in formulation for different conditions of use
      are of course expected.
PAR  Tracking powders, which are particularly effective against mice, may be
      either a compound of the present invention in finely powdered form or a
      mixture of the compound with a powdered carrier, e.g., talc, sugar, milk
      powder, Indian corn meal, fish meal, cornstarch, flour, and bentonite, or
      the like, or any combination thereof which tends to induce the animals
      contaminated with the preparation to lick themselves more thoroughly. In
      tracking powders, the compounds of the present invention may be
      incorporated in amounts from 100 down to 0.75 percent by weight, or
      somewhat less with proper formulation. Preferably, the compound(s) is
      present in a range of about 0.75 to about 50 percent by weight, based on
      the weight of the total composition. Example 15 describes the preparation
      of a suitable tracking powder.
PAC  EXAMPLE 14
PAC  Bait Formulation
PAR  Each of the compounds of Examples 1-13 was blended with the basal ration in
      a Waring laboratory blender to form 50 grams of a homogeneous premix. The
      amount of compound utilized was determined by the percentage of active
      material desired in the feed. The formula for the basal ration is shown
      below, all percentages being by weight:
     Crude ground corn       65%                                               

     Steel cut oats          25%                                               

     Powdered sugar           5%                                               

     Corn oil                 5%                                               

PAR  The 50 grams of premix containing the toxicant were then mixed with an
      additional 450 grams of basal ration. These components were mixed in a
      Little Ford Lodige mixer for three minutes.
PAC  EXAMPLE 15
PAR  The active compound is finely pulverized by mortar and pestle to form a 100
      percent active tracking powder. To form a 5 percent active material, it
      may be mixed with 10X confectioner's sugar in a 1 to 19 ratio and at other
      ratios for other levels of active compound.
PAR  The compounds are preliminarly evaluated for their ability to kill albino
      rats (Rattus norvegicus) by oral administration to two rats at a dosage of
      50 mg./kg. The effect on the rats is observed at intervals up to 14 days
      later. If at least one of the rats dies within this period, the compound
      is then subjected to secondary tests described hereinafter.
PAR  All of the compounds of Formula I wherein R is --NO.sub.2, --CN,
      --CF.sub.3, --SCH.sub.3, --SC.sub.2 H.sub.5, --SC.sub.3 H.sub.7 -n,
      --SC.sub.3 H.sub.7 -iso, --SC.sub.4 H.sub.9 -n, --SC.sub.4 H.sub.9 -iso,
      --SC.sub.4 H.sub.9 -sec, --SOCH.sub.3, --SO.sub.2 CH.sub.3, --SO.sub.2
      C.sub.3 H.sub.7 -n, --SO.sub.2 C.sub.3 H.sub.7 -iso, --SO.sub.2 C.sub.4
      H.sub.9 -n, --SO.sub.2 NH.sub.2, pass the preliminary test, most of them
      killing two out of the two test rats. The salts thereof have similar
      effectiveness, again killing two out of the two test rats in most
      instances.
PAR  One of the most significant secondary tests is a standard one known as the
      paired preference test. In this test, the rodents are given a free choice
      between the treated and untreated bait. Such a test most nearly
      approximates practical use conditions.
PAC  Paired Preference Tests
PAR  When caged individually, they were provided with dual feed cups and
      separate water devices. When caged in a communal tank, they were offered a
      multiplicity of feed cups and water devices. The basal ration was offered
      in excess of daily feed requirements in each of two feeders: one treated
      with the test compound and one without. For each test, equal numbers of
      each sex were used.
PAR  The gross weight of each feed container and its feed were determined daily
      and returned to the starting weight by addition of complete replacement of
      the given diet. The position of the bait and the laboratory diet cups in
      the cage were reversed every 24 hours to counter any feeding position
      habit of the rat. The test rodents had free choice between treated and
      untreated feed. Mortalities were recorded daily.
PAR  To meet the criteria for a single-dose product, a rodenticide in this
      initial test must kill 75 percent of the rats within 8 days, where the
      poison bait is available for the first 72 hours of this period.
PAR  The results of representative paired preference tests on individually caged
      commercial albino rats with several compounds of Formula I (wherein the
      substituent X in the para position of the phenyl group is as indicated in
      the table) are given in Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

     Paired Preference Test of                                                 

     3-Pyridylmethyl N-(4'-X-phenyl)carbamate                                  

                                     Rats                                      

                         Compound in Killed (in                                

                         Basal Ration                                          

                                     8 days)/                                  

     Example   X         Parts/Million                                         

                                     Rats in Test                              

     ______________________________________                                    

     1        --NO.sub.2 50,000      2/2                                       

                         5,000       3/4                                       

                         2,500       4/4                                       

                         1,250       3/4                                       

                         1,000       0/2                                       

                          625        4/4                                       

                          312        0/4                                       

      1D      --NO.sub.2 (ZnCl.sub.2                                           

                         10,000      2/2                                       

              complex)                                                         

     2        --CN       3,000       4/4                                       

     3        --CF.sub.3 3,000       4/4                                       

     4        --SCH.sub.3                                                      

                         100,000     4/4                                       

                         50,000      2/2                                       

                         10,000      4/4                                       

                          3,000      4/4                                       

                          1,000      4/4                                       

                           500       4/4                                       

                           300       4/4                                       

                           100       2/4                                       

                           50        0/4                                       

     7        --SC.sub.4 H.sub.9 -n                                            

                          3,000      3/4                                       

     8        --SOCH.sub.3                                                     

                          3,000      4/4                                       

     9        --SO.sub.2 CH.sub.3                                              

                         50,000      2/2                                       

                          3,000      4/4                                       

                          1,000      2/2                                       

     10       --SO.sub.2 C.sub.3 H.sub.7 -n                                    

                          3,000      4/4                                       

     13       --SO.sub.2 NH.sub.2                                              

                         50,000      2/2                                       

                          3,000      3/4                                       

                          1,000      0/2                                       

     ______________________________________                                    

PAR  The results of representative paired preference tests with Examples 1 and 4
      on individually caged Norway rats (Rattus norvegicus) are shown in Table
      IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Paired Preference Test                                                    

     Using Individually Caged Norway Rats                                      

     Compound in                                                               

     Basal Ration     Rats Killed (in 8 days)                                  

     (Parts per       Per Rats in Test                                         

     Million)                                                                  

     ______________________________________                                    

     a)     Example 1                                                          

            100,000       4/4                                                  

            50,000        4/4                                                  

            20,000        4/4                                                  

            15,000        4/4                                                  

            10,000        4/4                                                  

             5,000        4/4                                                  

             3,000        19/20                                                

             2,000        17/20                                                

             2,000        4/4                                                  

             1,000        4/4                                                  

              500         0/4                                                  

     b)     Example 4                                                          

            100,000       4/4                                                  

            10,000        4/4                                                  

             5,000        4/4                                                  

             2,500        19/20                                                

             2,500        4/4                                                  

             1,250        4/4                                                  

              625         3/4                                                  

     ______________________________________                                    

PAR  The results of paired preference tests of 3-pyridylmethyl
      N-(4'-substituted-phenyl)carbamate using 20 rats housed in a communal
      "tank" are shown in Table V. This is a stringent test, since the more
      resistant animals may learn to avoid the bait by observing the toxic
      effects on their cage-mates. At the 5,000 p.p.m. level, the requirement of
      90 percent mortality was satisfied.
TBL                TABLE V                                                     

     ______________________________________                                    

     Paired Preference Test                                                    

     Using Norway Rats in a Communal Tank                                      

     Compound in                                                               

     Basal Ration     Rats Killed (in 8 days)                                  

     (Parts per       Per Rats in Test                                         

     Million)                                                                  

     ______________________________________                                    

     a)     Example 1                                                          

            10,000        18/20                                                

            5,000         18/20                                                

            3,000         15/20                                                

     b)     Example 4                                                          

            2,500         20/20                                                

     ______________________________________                                    

PAR  The paired preference test was conducted on individually caged roof rats
      (Rattus rattus) with Examples 1 and 4. The results are given in Table VI.
TBL                TABLE VI                                                    

     ______________________________________                                    

     Paired Preference Test                                                    

     Using Individually Caged Roof Rats                                        

     Compound in                                                               

     Basal Ration     Rats Killed (in 8 days)                                  

     (Parts per       Per Rats in Test                                         

     Million)                                                                  

     ______________________________________                                    

     a)     Example 1                                                          

            50,000        0/2                                                  

     b)     Example 4                                                          

            100,000       4/4                                                  

             10,000       4/4                                                  

             5,000        3/4                                                  

             2,500        4/4                                                  

             2,500        19/20                                                

             1,250        3/4                                                  

              625         2/4                                                  

              312         0/4                                                  

     ______________________________________                                    

PAR  The results of the paired preference test with Example 4 at 2500 ppm. using
      20 roof rats in a communal tank gave 18 rats killed out of 20 within 8
      days.
PAR  The results of representative paired preference tests with Examples 1 and 4
      on individually caged feral (house) mice (Mus musculus) which were trapped
      on local farms are given in Table VII.
TBL                TABLE VII                                                   

     ______________________________________                                    

     Paired Preference Test                                                    

     Using Individually Caged Feral Mice                                       

     Compound in                                                               

     Basal Ration     Mice Killed (in 8 days)                                  

     (Parts Per       Per Mice in Test                                         

     Million)                                                                  

     ______________________________________                                    

     a)     Example 1                                                          

            100,000       4/4                                                  

            50,000        4/4                                                  

            10,000        4/4                                                  

            10,000        15/20                                                

             5,000        19/20                                                

             4,000        3/4                                                  

             3,000        3/4                                                  

             2,000        4/4                                                  

             1,000        3/4                                                  

              500         4/4                                                  

     b)     Example 4                                                          

            100,000       4/4                                                  

            10,000        4/4                                                  

             5,000        4/4                                                  

             2,500        4/4                                                  

             1,250        3/4                                                  

              625         2/4                                                  

              312         4/4                                                  

              156         4/4                                                  

              75          0/4                                                  

     ______________________________________                                    

PAR  The results of the paired preference test with Example 1 at 10,000 ppm
      using 20 feral mice housed in a communal tank gave 19 mice killed out of
      20 within 8 days.
PAR  The paired preference test was run on individually caged deer mice
      (Peromyscus spp.) trapped on local farms with the compounds of Examples 1
      and 4. The results are given in Table VIII.
TBL                TABLE VIII                                                  

     ______________________________________                                    

     Paired Preference Test                                                    

     Using Individually Deer Mice                                              

     Compound in                                                               

     Basal Ration   Deer Mice Killed (in 8 days)                               

     (Parts per     Per Mice in Test                                           

     Million)                                                                  

     ______________________________________                                    

     a)     Example 1                                                          

            10,000      4/4                                                    

            5,000       4/4                                                    

            2,500       4/4                                                    

            2,500       19/20                                                  

            1,250       3/4                                                    

             625        1/4                                                    

             312        0/4                                                    

     b)     Example 4                                                          

            100,000     4/4                                                    

            10,000      4/4                                                    

             5,000      4/4                                                    

             2,500      4/4                                                    

             2,500      19/20                                                  

             1,250      3/4                                                    

              625       1/4                                                    

              312       0/4                                                    

     ______________________________________                                    

PAR  The paired preference test was conducted on individually caged ground moles
      (Microtus spp.) trapped on local farms with the compound of Example 4. The
      results are given in Table IX.
TBL                TABLE IX                                                    

     ______________________________________                                    

     Paired Preference Test                                                    

     Using Individually caged Microtus                                         

     Compound in Basal Ration                                                  

                      Microtus Killed (in 8 days)                              

     (Parts Per Million)                                                       

                      Per Microtus in Test                                     

     ______________________________________                                    

     2,500            2/2                                                      

     2,500            18/20                                                    

     1,250            2/2                                                      

     ______________________________________                                    

PAR  Another secondary testing procedure is known as the tracking test. In this
      test the rodents are permitted to walk over areas on which the tracking
      powder has been placed. One such procedure follows:
PAC  MOUSE TRACKING TEST
PAR  Feral mice (Mus musculus) were each placed in a double cage system for
      these evaluations. The two cages of each system were connected by a
      tunnel. The tracking powder or toxicant was placed in the connecting
      tunnel and on entry pans. Feed and water were provided ad libitum, the
      water in one compartment of the cage and the feed in the other. An
      effective single-dose compound will kill 90 percent of the mice within 8
      days, of which they are exposed during the first 72 hours.
PAR  The results of representative mouse tracking tests with the compounds of
      Examples 1 and 4 are shown in Table X.
TBL                TABLE X                                                     

     ______________________________________                                    

     Tracking Test Using Feral Mice                                            

     Compound                                                                  

     in Tracking      Mice Killed (in 8 days)                                  

     Powder           Per Mice in Test                                         

     ______________________________________                                    

     a)     Example 1                                                          

            100%          4/4                                                  

            50%           4/4                                                  

            10%           4/4                                                  

            5%            19/20                                                

            3%            4/4                                                  

            1%            4/4                                                  

            0.75%         3/4                                                  

            0.50%         2/4                                                  

            0.25%         0/4                                                  

     b)     Example 4                                                          

            10%           4/4                                                  

            5%            4/4                                                  

            2.5%          4/4                                                  

            1.25%         4/4                                                  

            .625          4/4                                                  

            .312          4/4                                                  

            .156          1/4                                                  

     ______________________________________                                    

PAC  SPECIFICITY
PAR  For general use, 3-pyridylmethyl N-(4'-nitrophenyl)carbamate is preferred
      as it has been found even less toxic to animals other than rodents which
      might inadvertently ingest the rodenticide than the other compounds of the
      present invention. Since the use of a rodenticide on a poultry farm might
      lead to chickens feeding on the bait, it is significant that this compound
      has been found to be safe with chickens. For example, one sample of
      3-pyridylmethyl N-(4'-nitrophenyl)carbamate at 15,000 p.p.m. in the basal
      ration described above was offered to eight 14-day-old White Leghorn
      cockerels. On the basis of average feed consumption of a 48-hour period,
      the compound was found to have been taken at the rate of 800 mg/kg. After
      initial symptoms of toxicity lasting for less than two weeks, all of the
      chicks survived with no gross pathology. Apparently the ration containing
      the compound was unpalatable to the chicks, since the feed consumption of
      this group during the first week was depressed compared to a control group
      fed the untreated basal ration.
PAR  A similar group of chicks was dosed with the compound via capsule at 4000
      mg/kg.; they exhibited stronger symptoms of toxicity than the former group
      but all recovered within two weeks with no gross pathology.
PAR  It is also desirable that a rodenticide be safe in the presence of wild
      birds, which might inadvertently ingest the bait. Three sets of two adult,
      male pigeons were dosed via capsule with the aforesaid compound,
      respectively at 500, 2000, and 4000 mg./kg. All of the pigeons survived,
      with no gross pathology.
PAR  Mammals other than the target species should preferably be unaffected by a
      rodenticide. When the aforesaid carbamate compound was administered in
      methylcellulose suspension by gastric intubation at levels of up to 1,000
      mg/kg., mongrel dogs showed no significant grossly observable symptoms and
      no methomeglobin formation in the blood.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compund having the formula:
      ##SPC3##
PAL  wherein X is selected from the group consisting of --NO.sub.2, --CN,
      --CF.sub.3, --SR, --SOR, --SO.sub.2 R, and --SO.sub.2 NH.sub.2 wherein R
      is lower alkyl.
NUM  2.
PAR  2. A compound of claim 1 wherein X is --NO.sub.2.
NUM  3.
PAR  3. A compound of claim 1 wherein X is --CN.
NUM  4.
PAR  4. A compound of claim 1 wherein X is --CF.sub.3.
NUM  5.
PAR  5. A compound of claim 1 wherein X is --SR, R being lower alkyl.
NUM  6.
PAR  6. A compound of claim 6 wherein X is --SCH.sub.3 .
NUM  7.
PAR  7. A compound of claim 1 wherein X is --SO.sub.n R wherein n may be 1 or 2
      and R is lower alkyl.
NUM  8.
PAR  8. A compound of claim 7 wherein R is methyl and n is 1.
NUM  9.
PAR  9. A compound of claim 7 wherein R is methyl and n is 2.
NUM  10.
PAR  10. A compound of claim 7 wherein R is ethyl and n is 1.
NUM  11.
PAR  11. A compound of claim 1 wherein X is --SO.sub.2 NH.sub.2.
NUM  12.
PAR  12. A compound of claim 1 in the form of a strong acid salt thereof.
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ABST
PAL  Novel 1-(3-pyridylmethyl)-3-(4'-substituted-phenyl or -naphthyl)-ureas and
      their acid addition salts. The 4'-substituent may be --NO.sub.2, --CN,
      --CF.sub.3, --C(O)R.sub.1, --SCN, SR.sub.2, --SO.sub.2 C.sub.6 H.sub.5 or
      --SO.sub.2 NR.sub.3 R.sub.4. These compounds are biologically active, and
      many are active rodenticides.
PARN
PAR  This application is a continuation-in-part of U.S. Ser. No. 342,334, filed
      Mar. 19, 1973, now abandoned.
BSUM
PAR  The present invention relates to novel
      1-(3-pyridylmethyl)-3-(4'-substituted-phenyl or -naphthyl)ureas and their
      acid addition salts. These compounds possess desirable biologically active
      properties, such as bactericidal, fungicidal, herbicidal, insecticidal and
      rodenticidal properties, but are of particular value as rodenticides.
PAR  The common rat, Rattus norvegicus, is vicious and constantly poses a
      serious threat to the health and well-being of man. Rats and mice are
      destructive animals and a serious nuisance, causing millions of dollars
      damage annually to homes, farms, agronomic crops, food processing plants
      and many other businesses. Rats bite at least 14,000 (possibly up to
      60,000) people in the United States every year, according to the U.S.
      Public Health Service, and are known carriers of over 35 contagious
      diseases including bubonic plague, trichinosis, typhus, rat bite fever,
      amoebic dysentery, tuberculosis, infectious jaundice and rabies. During
      the years from 1898 to 1923, almost 11 million deaths were caused by
      rat-borne plagues.
PAR  Use of rodenticides, fumigants, sprays and traps are the primary methods
      employed for the control of pest rodents. By "pest rodents" we refer not
      only to members of the order Rodentia but also to those of Lagomorpha,
      which cause health hazards or economic loss unless kept in check.
      Rodenticides may be used in the form of a tracking powder or a bait or may
      be applied as a spray on the rodent's natural foodstuffs. The rodenticides
      used as a bait are of two classes: single-dose and multi-dose. Multi-dose
      rodenticides have usually been preferred to single-dose rodenticides, as
      they have generally been safer than the single-dose rodenticides
      heretofore available. The multi-dose rodenticides, such as
      4-hydroxy-coumarin and 1,3-indandione compounds, are anti-coagulants
      generally. These multi-dose rodenticides when consumed in small daily
      amount have a lethal effect (generally caused by internal bleeding) on
      rats and mice after depletion of vitamin K stores in the liver.
      Anti-coagulant types of rodenticides are less effective on mice than rats,
      as mice are considered to be nibblers and do not usually consume an
      adequate amount of treated bait to have a lethal effect. A single-dose
      rodenticide which would be relatively safe to the person handling the
      material and to non-target species of animals and yet effective on a
      variety of pest rodents is highly desirable.
PAR  Many compounds are toxic to rodents. However, very few of these compounds
      are anywhere near suitable for use as a rodenticide because it is
      necessary for the pest rodent to consume voluntarily a sufficient amount
      of the poison even though sufficient untreated food may also be available.
      In rodenticides used as bait or as a spray, feed acceptance is the key to
      excellence, and in all rodenticides safety and efficacy are highly
      important.
PAR  The 1-(3-pyridylmethyl)-3-(4'-substituted-phenyl or -naphthyl)ureas of the
      present invention are so highly toxic to a wide variety of pest rodents
      that a single dose is sufficient; yet many of them are relatively safe for
      use in the presence of other species which may inadvertently ingest
      limited quantities of the rodenticide. Furthermore, rats and other pest
      rodents willingly consume the compounds of the present invention in
      sufficiently lethal amounts when present in baits. Alternatively, the
      compounds may be employed in compositions to be sprayed on natural
      foodstuffs. They may also be employed in tracking powder, especially for
      use against mice, which habitually clean their paws by licking.
PAR  The compounds of the present invention have the formula:
      ##EQU1##
      wherein Aryl is
      ##SPC1##
PAL  wherein x is selected from the group consisting of --NO.sub.2, --CN,
      --CF.sub.3, --C(O)R.sub.1 wherein R.sub.1 is methyl, ethyl or propyl,
      --SR.sub.2 wherein R.sub.2 is hydrogen, cyano or alkyl of 1 to 6 carbon
      atoms or --SO.sub.2 Y wherein Y is --C.sub.6 H.sub.5 or --NR.sub.3 R.sub.4
      wherein R.sub.3 and R.sub.4 are hydrogen, methyl or ethyl. The acid
      addition salts of these novel 3-pyridylmethyl aryl ureas are also
      included.
PAR  Of these compounds, the preferred ones are those in which Aryl is
      ##SPC2##
PAL  and especially those in which X is --C(O)CH.sub.2 CH.sub.2 CH.sub.3, --CN,
      --NO.sub.2 or --SCH.sub.3. The most preferred compound is
      1-(3-pyridylmethyl)-3-(4-nitrophenyl)urea.
PAR  It is to be noted that the X-substituents on the phenyl or naphthyl ring
      are highly electron-withdrawing except for the --SR.sub.2 groups.
PAR  The literature is rather sparse with respect to
      1-(3-pyridylmethyl)-3-(aryl)ureas which are frequently named
      1-(3-picolyl)-3-(aryl)ureas. Hamilton and Sculley in J. American Chemical
      Soc. 75, 3400(1953) reported on the chemistry of a
      1-(3-picolyl)-3-phenylurea having various substituents on the picolyl
      nucleus. U.S. Pat. No. 3,700,678 is concerned with
      1-methyl-1-picolyl-3-aryl ureas useful for controlling undesirable
      vegetation.
PAR  The ureas of the present invention may be prepared by permitting
      approximately equimolar amounts of substituted-phenyl isocyanate and
      3-aminomethylpyridine to react in the presence of an inert solvent, e.g.,
      acetonitrile, benzene, toluene of 1,2-dimethoxyethane (glyme). Examples 1,
      4 and 11 describe the preparation of compounds of the present invention in
      this manner. Table I below gives the physical constants for the aryl
      isocyanate intermediates (which are made from the corresponding X-
      X-substituted anilines) used in their preparation.
TBL                                    Table I                                 

     __________________________________________________________________________

     Aryl-NCO Intermediates                                                    

     Used in           Melting point (.degree.C) or                            

     Example                                                                   

          Aryl=        Boiling point (.degree.C/pressure mm.)                  

     __________________________________________________________________________

     C.sub.6 H.sub.4 NO.sub.2 -4                                               

                       a commercial product                                    

     3                                                                         

     C.sub.6 H.sub.4 CF.sub.3 -4                                               

          78-79/20                                                             

     4                                                                         

     C.sub.6 H.sub.4 SH-4                                                      

          56-61/0.85                                                           

     5                                                                         

     C.sub.6 H.sub.4 SCN-4                                                     

          oil.sup.a                                                            

     6                                                                         

     C.sub.6 H.sub.4 SCH.sub.3 -4                                              

          68/0.15                                                              

     7                                                                         

     C.sub.6 H.sub.4 SC.sub.2 H.sub.5 -4                                       

          52-60/0.3                                                            

     8                                                                         

     C.sub.6 H.sub.4 (SC.sub.3 H.sub.7 -n)-4                                   

          53-54/0.25                                                           

     9                                                                         

     C.sub.6 H.sub.4 (SC.sub.4 H.sub.9 -n)-4                                   

          105-109/0.35                                                         

     10                                                                        

     C.sub.6 H.sub.4 (SC.sub.4 H.sub.9 -sec)-4                                 

          110/0.25                                                             

     11                                                                        

     C.sub.6 H.sub.4 (SC.sub.4 H.sub.9 -t)-4                                   

          86/0.45                                                              

     12                                                                        

     C.sub.6 H.sub.4 (SC.sub.6 H.sub.13 -n)-4                                  

          112-117/0.25                                                         

     13                                                                        

     C.sub.6 H.sub.4 C(O)CH.sub.3 -4                                           

          oil.sup.a                                                            

     14                                                                        

     C.sub.6 H.sub.4 C(O)CH.sub.2 CH.sub.3 -4                                  

          oil.sup.a                                                            

     15                                                                        

     C.sub.6 H.sub.4 C(O)CH.sub.2 CH.sub.2 -CH.sub.3 -4                        

          oil.sup.a                                                            

     16                                                                        

     C.sub.6 H.sub.4 SO.sub.2 C.sub.6 H.sub.5 -4                               

          123-126                                                              

     17                                                                        

     C.sub.6 H.sub.4 SO.sub.2 N(C.sub.2 H.sub.5).sub.2 -4                      

          150-153/0.3                                                          

     18   4-nitronaphthyl                                                      

                       oil.sup.a                                               

     __________________________________________________________________________

      .sup.a identified by infrared spectra -- all giving a strong -N=C=O band 

      at 4.3 to 4.6 .mu..                                                      

PAR  Alternatively the ureas may be prepared by permitting approximately
      equimolar amounts of the X-substituted aniline and a carbamate, such as
      phenyl N-(3-pyridylmethyl)-carbamate, to react in a polar solvent such as
      ethanol. Example 2 describes the preparation of one of the compounds of
      the present invention in this manner.
PAR  The novel 3-pyridylmethyl aryl ureas of this invention are basic and can
      form acid addition salts with a strong inorganic or organic acid. Typical
      acids which form such salts include hydrobromic, hydrochloric,
      hydrofluoric, nitric, phosphoric, sulfuric, chloroacetic, oxalic, maleic,
      succinic, tartaric and p-toluenesulfonic. Of these salts the hydrochloride
      is preferred. A typical preparation of such a salt is described below for
      Example 19.
DETD
PAC  EXAMPLE 1
PAC  Preparation of 1-(3-pyridylmethyl)-3-(4-nitrophenyl)urea
PAR  A solution of 415 g. of crude p-nitrophenyl isocyanate in 4.5 l. of toluene
      was stirred at room temperature. The mixture was filtered and 35 g. of
      insoluble impurity removed. The material in solution was 380 g. (2.32 mol)
      of purified p-nitrophenyl isocyanate. The solution was stirred under dry
      nitrogen, and 3-(aminomethyl)pyridine (250 g., 2.32 mol) was added
      dropwise. An exotherm to 40.degree.C. was noted. The resulting thick
      suspension was stirred overnight and then vacuum filtered. The product was
      washed with hexane and dried in a vacuum oven at 60.degree.C. overnight to
      give 610.7 g. melting at 220.degree.-221.5.degree.C. The product was a 98%
      yield of 1-(3-pyridylmethyl)-3-(4-nitrophenyl)urea. This product after
      recrystallization from 2-methoxyethanol melted with decomposition at
      223.degree.-225.degree.C.
PAC  EXAMPLE 2
PAC  Preparation of 1-(3-pyridylmethyl)-3-(4-cyanophenyl)urea
PAR  The intermediate phenyl N-(3-pyridylmethyl)-carbamate was prepared as
      follows:
PAR  A solution was prepared of 3-aminomethylpyridine (21.6 g., 0.2 mol) and
      triethylamine (22.2 g., 0.2 mol) in 150 ml. of anhydrous ether. A solution
      of phenyl chloroformate (31.4 g., 0.2 mol) in 100 ml. of dry ether was
      added dropwise in 20 minutes. The resultant suspension was stirred for 30
      more minutes, then was vacuum-filtered to remove triethylamine
      hydrochloride. The filtrate, when cooled, gave 4.1 g. of the desired
      carbamate melting at 88.degree.-90.degree.C. The second filtrate, when
      evaporated, afforded 25 g. of the product in a slightly impure condition
      melting at 75.degree.-85.degree.C. The triethylamine hydrochloride was
      dissolved in water, and the aqueous solution was then extracted with
      methylene dichloride. The dried methylene dichloride extract was
      evaporated to give 11 g. of product melting at 82.degree.-85.degree.C.
      Total crude yield of phenyl N-(3-pyridylmethyl)carbamate was 40.1 g. or 89
      percent.
PAR  The urea was then prepared from the carbamate as follows:
PAR  To a solution of phenyl N-(3-pyridylmethyl)-carbamate (10.9 g., 0.05 mol)
      in 150 ml. of anhydrous ethanol there was added p-aminobenzonitrile (5.7
      g., 0.05 mol). The mixture was refluxed for 5 hours, cooled, and
      evaporated under reduced pressure to yield a dark oil. This oil was
      dissolved in ether, and this solution was washed three times with 50 ml.
      portions of 5% NaOH. After drying of the ether solution and evaporation of
      the solvent, a yellow oil was obtained which was placed under high vacuum.
      A small quantity of material sublimed while the residue in the flask
      crystallized. Recrystallization from ethyl acetate gave 5.2 g. of white
      crystals melting at 184.degree.-187.degree.C. This was a 43% yield of
      1-(3-pyridylmethyl)-3-(4-cyanophenyl)urea.
PAC  EXAMPLE 4
PAC  Preparation of 1-(3-pyridylmethyl)-3-(4-mercaptophenyl)urea
PAL  a. Preparation of 4-mercaptophenyl isocyanate
PAR  A reaction mixture consisting of molar quantities of t-butylmercaptan,
      potassium hydroxide and p-chloronitrobenzene in 1.2 l. of ethanol was
      stirred for 4 days at room temperature to 45.degree.C and then filtered.
      The filtrate was poured into water and extracted with methylene dichloride
      to give 161 g. of a brown oil which is a 76% weight yield of crude
      4-(t-butylmercapto)nitrobenzene.
PAR  To a suspension of 4-(t-butylmercapto)nitrobenzene (52.8 g., 0.25 mol) and
      iron powder (150 g.) in 1 l. of water there was added 1 ml. of acetic
      acid. The reaction mixture was stirred 18 hours at 90.degree.C. and
      filtered. Both the residue and filtrate were extracted several times with
      methylene dichloride, and the combined dried methylene dichloride extracts
      were concentrated at reduced pressure to give 18.2 g. of a brown oil. This
      is a 40% weight yield of 4-(t-butylmercapto)aniline. To this oil in 100
      ml. of benzene there was then added dropwise 158 g. of a 12.5% benzene
      solution of phosgene (0.2 mol) with cooling. The reaction mixture was
      stirred for 1 hour at 10.degree.C., overnight at room temperature and then
      at reflux temperature for 7 hours. After standing overnight the reaction
      mixture was filtered, the filtrate concentrated at reduced pressure, then
      vacuum-distilled. Two product fractions were collected as
PA1  1. 2 g. distilling at 56-61.degree.C./0.85 mm. and
PA1  2. 2 g. distilling at 86.degree.C./0.45 mm.
PAL  Fraction 1 is 4-mercaptophenyl isocyanate and Fraction 2 is
      4-(t-butylmercapto)phenyl isocyanate.
PAL  b. Preparation of 1-(3-pyridylmethyl)-3-(4-mercaptophenyl)urea
PAR  To 4-mercaptophenyl isocyanate (0.9 g., 0.006 mol) in 50 ml. of anhydrous
      benzene was added 3-pyridylmethylamine (0.65 g., 0.006 mol). An exothermic
      reaction caused the temperature to rise to 40.degree.C. and a white
      precipitate formed. The reaction mixture was momentarily heated to reflux,
      then cooled to room temperature and filtered to give 1.2 g. melting at
      155.degree.-159.degree.C. The product was a 77.5% yield of
      1-(3-pyridylmethyl)-3-(4-mercaptophenyl)urea.
PAC  EXAMPLE 11
PAC  Preparation of 1-(3-pyridylmethyl)-3-(4-t-butylmercaptophenyl)-urea
PAR  To 4-(t-butylmercapto)phenyl isocyanate (1 g., 0.005 mol; see Example 4
      above) in 50 ml. of anhydrous benzene there was added 3-pyridylmethylamine
      (0.52 g., 0.005 mol). The temperature rose to 40.degree.C. and a
      precipitate formed. The reaction mixture was heated to reflux for a very
      short time then cooled and filtered to give 1.5 g. of solid melting at
      154.degree.-157.5.degree.C. The product was a 98% yield
      1-(3-pyridylmethyl)-3-(4-t-butylmercapto)phenylurea.
PAC  EXAMPLE 19
PAC  Preparation of 1-(3-pyridylmethyl)-3-(4-nitrophenyl)urea hydrobromide.
PAR  Gaseous HBr was passed into a solution of 3 g. of
      3-pyridylmethyl-3-(4-nitrophenyl)urea in the monomethyl ether of
      ethyleneglycol. Ether was added to give a precipitate and after isolation,
      washing with ether and drying, 2.95 g. of white solid was obtained. This
      was a 76% yield of 1-(3-pyridylmethyl)-3-(4-nitrophenyl)urea hydrobromide.
PAR  Table II, concerning "3-PyridylCH.sub.2 NCH(O)NHAryl-X Compounds," gives
      the physical constants and analytical data for typical examples of this
      invention. In this table the column headings have the following meanings:
      Ex. is Example No., X is the 4-substituent in the phenyl nucleus (or
      naphthyl) for Example 18), M.P. is Melting Point ("dec." with
      decomposition), Emp. Form. is Empirical Formula and "%C," "%H" and "%N"
      are analytical data (the number in parentheses represents the theoretical
      value as calculated from the empirical formula).
TBL                                    Table II                                

     __________________________________________________________________________

     3-Pyridyl-CH.sub.2 NHC(O)NH-Aryl-X Compounds                              

     Ex.  X =       M.P. (.degree.C)                                           

                             Emp. Form.                                        

                                       % C     % H    % N                      

     __________________________________________________________________________

     1    NO.sub.2 -4                                                          

                    223-225 (dec.)                                             

                             C.sub.13 H.sub.12 N.sub.4 O.sub.3                 

                                       57.1 (57.3)                             

                                               4.2 (4.4)                       

                                                      20.8 (20.6)              

     2    CN-4      184-187  C.sub.14 H.sub.12 N.sub.4 O                       

                                       66.4 (66.7)                             

                                               4.9 (4.8)                       

                                                      21.9 (22.2)              

     3    CF.sub.3 -4                                                          

                    176-178.5                                                  

                             C.sub.14 H.sub.12 F.sub.3 N.sub.3 O               

                                       57.0 (57.0)                             

                                               4.0 (4.1)                       

                                                      14.1 (14.2)              

     4    SH-4      155-159  C.sub.13 H.sub.13 N.sub.3 OS                      

                                       59.9 (60.2)                             

                                               4.8 (5.0)                       

                                                      16.0 (16.2)              

     5    SCN-4     153.5-155.5                                                

                             C.sub.14 H.sub.12 N.sub.4 OS                      

                                       59.6 (59.1)                             

                                               4.3 (4.3)                       

                                                      19.6 (19.7)              

     6    SCH.sub.3 -4                                                         

                    148-150  C.sub.14 H.sub.15 N.sub.3 OS                      

                                       61.4 (61.5)                             

                                               5.6 (5.5)                       

                                                      15.5 (15.4)              

     7    SC.sub.2 H.sub.5 -4                                                  

                    140-143  C.sub.15 H.sub.17 N.sub.3 OS                      

                                       62.5 (62.7)                             

                                               5.8 (6.0)                       

                                                      14.6 (14.6)              

     8    (SC.sub.3 H.sub.7 -n)-4                                              

                    130-133  C.sub.16 H.sub.19 N.sub.3 OS                      

                                       64.0 (63.8)                             

                                               6.4 (6.4)                       

                                                      13.9 (13.9)              

     9    (SC.sub.4 H.sub.9 -n)-4                                              

                    136-137  C.sub.17 H.sub.21 N.sub.3 OS                      

                                       64.8 (64.7)                             

                                               6.6 (6.7)                       

                                                      13.5 (13.3)              

     10   (SC.sub.4 H.sub.9 -sec.)-4                                           

                    141-144.5                                                  

                             C.sub.17 H.sub.21 N.sub.3 OS                      

                                       64.7 (64.7)                             

                                               6.5 (6.7)                       

                                                      13.6 (13.3)              

     11   (SC.sub.4 H.sub.9 -t)-4                                              

                    154-157.5                                                  

                             C.sub.17 H.sub.21 N.sub.3 OS                      

                                       64.5 (64.7)                             

                                               6.8 (6.7)                       

                                                      13.5 (13.3)              

     12   (SC.sub.6 H.sub.13 -n)-4                                             

                    117-119  C.sub.19 H.sub.25 N.sub.3 OS                      

                                       66.3 (66.5)                             

                                               7.2 (7.3)                       

                                                      12.6 (12.2)              

     13   C(O)CH.sub.3 -4                                                      

                    142-143  C.sub.15 H.sub.15 N.sub.3 O.sub.2                 

                                       66.7 (66.9)                             

                                               5.4 (5.6)                       

                                                      15.8 (15.6)              

     14   C(O)CH.sub.2 CH.sub.3 -4                                             

                    157-159  C.sub.16 H.sub.17 N.sub.3 O.sub.2                 

                                       67.2 (67.8)                             

                                               6.0 (6.1)                       

                                                      14.7 (14.8)              

     15   C(O)CH.sub.2 CH.sub.2 CH.sub.3 -4                                    

                    168-170.5                                                  

                             C.sub.17 H.sub.19 N.sub.3 O.sub.2                 

                                       68.3 (68.7)                             

                                               6.4 (6.4)                       

                                                      13.9 (14.1)              

     16   SO.sub.2 C.sub.6 H.sub.5 -4                                          

                    198-201  C.sub.19 H.sub.17 N.sub.3 O.sub.3 S               

                                       62.2 (62.1)                             

                                               4.7 (4.7)                       

                                                      11.3 (11.4)              

     17   SO.sub.2 N(C.sub.2 H.sub.5).sub.2 -4                                 

                    122-124.5                                                  

                             C.sub.17 H.sub.22 N.sub.4 O.sub.3 S               

                                       56.1 (56.3)                             

                                               6.0 (6.1)                       

                                                      15.3 (15.5)              

     18   (4-NO.sub.2 naphthyl)                                                

                    221-223 (dec.)                                             

                             C.sub.17 H.sub.14 N.sub.4 O.sub.3                 

                                       63.4 (63.4)                             

                                               4.4 (4.4)                       

                                                      17.1 (17.4)              

     19   HBr salt of                                                          

                    235-240  C.sub.13 H.sub.12 N.sub.4 O.sub.3.HBr             

                                       43.8 (44.0)                             

                                               3.5 (3.7)                       

                                                      15.8 (15.8)              

          Example 1                                                            

     20   HCl salt of                                                          

                    255-260  C.sub.13 H.sub.12 N.sub.4 O.sub.3.HCl             

                                       50.7 (50.6)                             

                                               4.0 (4.2)                       

                                                      20.1 (18.1)              

          Example 1                                                            

     21   p-Toluenesulfonic                                                    

                    201-204.5                                                  

                             C.sub.13 H.sub.12 N.sub.4 O.sub.3.                

                                       54.0 (54.0)                             

                                               5.0 (4.5)                       

                                                      13.1 (12.6)              

          acid salt of                                                         

          Example 1          4-CH.sub.3 C.sub.6 H.sub.4 SO.sub.3 H             

     22   Oxalic acid                                                          

                    210-211 (dec.)                                             

                             C.sub.13 H.sub.12 N.sub.4 O.sub.3.                

                                       49.9 (49.7)                             

                                               5.0 (3.9)                       

                                                      16.3 (15.5)              

          salt of                                                              

          Example 1          (-COOH).sub.2                                     

     23   Malonic acid                                                         

                    130-134 (dec.)                                             

                             C.sub.13 H.sub.12 N.sub.4 O.sub.3.                

                                       51.0 (51.1)                             

                                               4.7 (4.3)                       

                                                      13.9 (14.9)              

          salt of            CH.sub.2 (COOH).sub.2                             

          Example 1                                                            

     24   Tartaric acid                                                        

                    166-170 (dec.)                                             

                             C.sub.13 H.sub.12 N.sub.4 O.sub.3.                

                                       48.2 (48.3)                             

                                               4.3 (4.3)                       

                                                      13.0 (13.3)              

          salt of                                                              

          Example 1          (-CHOH-COOH).sub.2                                

     25   HCl salt of                                                          

                    208-210 (dec.)                                             

                             C.sub.14 H.sub.12 N.sub.4 O.HCl                   

                                       54.6 (54.8)                             

                                               4.4 (4.9)                       

                                                      18.5 (18.3)              

          Example 2          monohydrate                                       

     26   Oxalic acid                                                          

                    227-229 (dec.)                                             

                             C.sub.28 H.sub.24 N.sub.8 O.sub.2.                

                                       60.0 (60.6)                             

                                               4.8 (4.4)                       

                                                      18.8 (18.9)              

          salt of                                                              

          Example 2          (-COOH).sub.2                                     

     27   HCl salt of                                                          

                    186-188 (dec.)                                             

                             C.sub.14 H.sub.12 F.sub.3 N.sub.3 O.HCl           

                                       50.7 (50.7)                             

                                               3.9 (4.0)                       

                                                      12.8 (12.7)              

          Example 3                                                            

     28   HCl salt of                                                          

                    179-181 (dec.)                                             

                             C.sub.17 H.sub.19 N.sub.3 O.sub.2.HCl             

                                       59.5 (59.6)                             

                                               6.1 (6.2)                       

                                                      12.3 (12.3)              

          Example 15         hemihydrate                                       

     29   Oxalic acid                                                          

                    75-80 (dec.)                                               

                             C.sub.17 H.sub.19 N.sub.3 O.sub.2.                

                                       56.7 (56.3)                             

                                               5.6 (5.7)                       

                                                      10.2 (10.4)              

          salt of            (-COOH).sub.2                                     

          Example 15         monohydrate                                       

     __________________________________________________________________________

PAR  The novel 1-(3-pyridylmethyl)-3-aryl ureas of the invention are
      biologically active and may be useful as bactericides, fungicides
      especially for phytopathogenic fungi, insecticides, rodenticides and
      herbicides.
PAR  The following description describes the use of the compounds of the
      invention as a rodenticide.
PAC  Formulation for use as a rodenticide
PAR  The compounds of the present invention may be formulated into rodenticidal
      compositions such as baits, tracking powders, and sprays. A bait may,
      besides the toxicant, comprise a basal ration, such as a carrier usually
      edible optionally with a preservative to prevent insect infestation, mold
      growth or rancidity. A rodent's taste for food varies according to the
      locality where he lives. The compounds of the present invention may be
      formulated with any edible carrier which is preferred by the rodents in
      the specific area where the rodenticide is to be applied. The carrier may
      be a semimoist material, such as canned cat or dog food or garbage
      including apples, eggs, bacon, etc., but it is generally preferred to use
      a dry carrier as this remains acceptable for longer periods. The dry
      carrier may be a combination of natural food products such as whole ground
      corn, steel cut oats, sugar, molasses, rice, vegetable oil, salt,
      dehydrated fruit, fish meal, tankage or wheat. When necessary to use in
      damp locations, the basal ration may include a binder to form the
      composition into a matrix. The binder may be a water repellent material,
      such as a paraffin wax or an acrylic polymer.
PAR  The compounds of the present invention may be incorporated as a toxicant in
      bait formulations, either alone or in combination with other toxicants.
      When used as the sole toxicant in baits, the compounds of the present
      invention may be used in any rodenticidally effective concentration.
PAR  Depending on the susceptibility of the rodents to the toxicant and the
      amount of formulated bait generally consumed, concentrations as low as
      0.01 percent may be employed. A typical bait may contain between about 0.5
      percent and 2.5 percent of the toxicant by weight. It has been found that
      there is no upper limit to the amount of compound which may be present in
      a bait and that a bait consisting almost entirely of one of the present
      compounds can be ingested in a rodenticidally sufficient quantity. The
      formulated bait will generally contain the active ingredient in the range
      of 0.5 to 99.5 percent by weight. Example 30 describes the formulation of
      a suitable bait, although wide variations in formulation may be made for
      different conditions of use.
PAR  Tracking powders, which are particularly effective against mice, may be
      either a compound of the present invention in finely powdered form or a
      mixture of the compound with a powdered carrier, e.g., talc, sugar, milk
      powder, Indian corn meal, fish meal, cornstarch, flour, and bentonite, or
      the like, or any combination thereof which tends to induce the animals
      contaminated with the preparation to lick themselves more thoroughly. In
      tracking powders, the compounds of the present invention may be
      incorporated in amounts from 99.5 down to 0.5 percent by weight, or
      somewhat less with proper formulation. Example 31 describes the
      preparation of a suitable tracking powder.
PAR  Spray concentrations may be made by dissolving the compounds of this
      invention in a solvent. In general, the 1-(3-pyridylmethyl)-3-aryl ureas
      have a limited solubility, i.e. between 1 and 15 percent. Solvents which
      are useful for making a spray strength solution include alcohols such as
      ethanol and 2-methoxyethanol, ketones such as acetone, dimethylformamide,
      dimethyl sulfoxide and pyridine. The acid addition salts have increased
      solubility in protonated solvents. In certain instances, notably the
      hydrochloride salts, at least a 25% solution in water and a 40% solution
      in 2-methoxyethanol can be made. In general a rather volatile solvent is
      preferred when a solution is to be sprayed onto a natural food source of
      the rodents, so that the solvent will be rather rapidly removed and the
      toxicant is deposited in an essentially unadulterated form onto the food.
PAR  These rodenticidal compounds in the proper form would be placed in the
      pathway or vicinity where the rodents are expected to travel, in most
      instances near a source of food and water, and would after be caged to
      prevent interference by larger animals.
PAC  EXAMPLE 30
PAC  Bait Formulation
PAR  Each of the compounds of Examples 1 to 29 was blended with the basal ration
      in a Waring laboratory blender to form 50 grams of a homogeneous premix.
      The amount of compound utilized is determined by the percentage of active
      material desired in the feed. The formula for the basal ration is shown
      below, all percentages being by weight:
TBL  Crude ground corn       65%                                               

     Steel cut oats          25%                                               

     Powdered sugar           5%                                               

     Corn oil                 5%                                               

PAR  The 50 grams of premix containing the toxicant were then mixed with an
      additional 450 grams of basal ration. These components are mixed in a
      Little Ford Lodige mixer for three minutes.
PAC  EXAMPLE 31
PAC  Tracking Powder
PAR  The active compound is finely pulverized by mortar and pestle to form a
      100%-active tracking powder. To form a 5% active material, it may be mixed
      with 10X confectioner's sugar in a 1 to 19 ratio and at other ratios for
      other levels of active compounds.
PAC  Rodenticidal evaluations
PAL  a. Preliminary evaluations
PAR  One preliminary evaluation is on the albino mouse, (Mus musculus). In such
      a test, four caged laboratory albino mice are fed a diet containing the
      test compound at 1000 parts per million (ppm) for 14 days. On each of the
      11th, 12th and 13th days there is also orally administered to the
      surviving mice, the toxicant in a 0.5% aqueous methyl cellulose solution
      at a dosage of 200 mg./kg. The number of mice that died up through the
      10th day of feeding and the total that died during the 14-day test period
      were recorded.
PAR  The compounds were preliminarily evaluated for their ability to kill albino
      rats (Rattus norvegicus) by oral administration to two rats at a dosage of
      50 mg./kg. and sometimes at 200 mg./kg. The effect on the rats was
      observed 14 days later. If at least one of the rats had died, the compound
      was then subjected to secondary tests. Table III gives the results.
TBL                Table III                                                   

     ______________________________________                                    

     Preliminary Rodenticidal Activity                                         

     Acute Oral Toxicity                                                       

     Albino mice          Albino rats                                          

                      + oral dosage                                            

                                  50 mg/kg                                     

                                          200 mg/kg                            

          fed 10 days for 3 days at                                            

     Ex.  on 1000 ppm 200 mg./kg.                                              

     ______________________________________                                    

      1   1/4         4/4         2/2                                          

      2   2/4         4/4         2/2                                          

      3   0/4         2/4         1/2                                          

      3   0/4         2/4         1/2                                          

      4   0/4         0/4         0/2                                          

      5                           1/2     0/2                                  

      6   0/4         1/4         1/2                                          

      7   0/4         0/4         0/2     1/2                                  

      8   0/4         0/4         0/2     0/2                                  

      9   1/4         3/4         0/2     0/2                                  

     10   3/4         3/4         0/2     0/2                                  

     11   0/4         0/4         0/2     0/2                                  

     12   4/0         --          1/2                                          

     13   --          --          0/2     --                                   

     14   0/4         0/4         0/2                                          

     15   4/0         --          2/2                                          

     16   0/4         0/4         1/2                                          

     17   0/4         2/4         1/2                                          

     18   --          --          1/2                                          

     19                           2/2                                          

     20                           2/2                                          

     21                           2/2     2/2                                  

     22                           1/2                                          

     23                           2/2                                          

     24                           2/2                                          

     25                                                                        

     26                                   2/2                                  

     27                                   0/2                                  

     28                                   2/2                                  

     29                                   2/2                                  

     ______________________________________                                    

      *Data given as rodents killed/rodents tested                             

PAL  b. Secondary evaluations
PAR  One of the most significant secondary tests is a standard one known as the
      paired-preference test. In this test the rodents are given a free choice
      between the treated and untreated bait. Such a test most nearly
      approximates practical use conditions.
PAR  The rodents were caged individually, and were provided with dual feed cups
      and separate water devices. The basal ration was offered in excess of
      daily feed requirements in each of the two feeders: one treated with the
      test compound and one without. For each test, equal numbers of each sex
      were used.
PAR  The gross weight of each feed container and its feed were determined daily
      and returned to the starting weight by addition of complete replacement of
      the given diet. The position of the bait and the laboratory diet cups in
      the cage were reversed every 24 hours to counter any feeding position
      habit of the rat. The test rodents had free choice between treated and
      untreated feed. Mortalities were recorded daily.
PAR  To meet the criteria for a single-dose product, a rodenticide in this
      initial test must kill 75 percent of the rats within 8 days, where the
      poison bait is available for the first 72 hours of this period.
PAR  The results of representative paired-preference tests with several examples
      on individually-caged rodents are given in Table IV.
TBL                                    Table IV                                

     __________________________________________________________________________

     Paired-Preference Tests                                                   

                        Compound in                                            

                                Rodents killed/                                

     Example                                                                   

          Rodent        Basal Ration                                           

                                Rodents tested                                 

                        (ppm)                                                  

     __________________________________________________________________________

     1    albino rat    100,000 1/4                                            

          (Rattus norvegicus)                                                  

                         50,000 1/2                                            

                         10,000 2/2 and 3/4                                    

                         3,000  2/2                                            

                         1,000  1/2 and 1/4                                    

                          500   0/2                                            

                          100   3/4                                            

     1    Norway rat     10,000.sup.a                                          

                                9/10.sup.a                                     

          ( Rattus norvegicus)                                                 

     1    roof rat       10,000 3/4                                            

          (Rattus rattus)                                                      

     1    feral mouse    10,000.sup.b                                          

                                1/4                                            

          ( Mus musculus)                                                      

                         10,000.sup.c                                          

                                4/4                                            

     1    deer mouse     10,000 4/4                                            

          ( Peromyscus                                                         

          pennsylvanicus)                                                      

     1    meadow vole    10,000 0/4                                            

          (Microtus leucopus)                                                  

     2    albino rat     3,000  1/2                                            

     3    albino rat     3,000  0/2                                            

     6    albino rat     50,000 1/2                                            

                         10,000 2/2                                            

                         3,000  1/2                                            

     17   albino rat     3,000  0/2                                            

     __________________________________________________________________________

      .sup.a This evaluation was run on a one-day, single-bowl test.           

      .sup.b This bait used the product of Example 1 melting at                

      220-221.5.degree.C.                                                      

      .sup.c This bait used the product of Example 1 melting at                

      223-225.degree.C.                                                        

PAR  When evaluated by the preliminary evaluation technique described above, the
      following structures very closely related to the highly active Example 1,
      1-(3-pyridylmethyl)-3-(4-nitrophenyl)urea, were devoid of activity:
PA1  1-(2-pyridylmethyl)-3-(4-nitrophenyl)urea
PA1  1-(4-pyridylmethyl)-3-(4-nitrophenyl)urea
PA1  1-(3-pyridylmethyl)-3-(4-nitrophenyl)thiourea
PA1  1-methyl-1-(3-pyridylmethyl)-3-(4-nitrophenyl)urea
PA1  1-(3-pyridylmethyl)-3-methyl-3-(4-nitrophenyl)urea
PAL  It is concluded that a very exacting structure is required to achieve
      excellent rodenticidal activity.
PAR  It is to be understood that changes and variations may be made without
      departing from the spirit and scope of the invention as defined herein.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound, or an acid addition salt thereof, having the formula
      ##EQU2##
      wherein Aryl is
      ##SPC3##
PAL  wherein X is selected from the group consisting of --NO.sub.2, --CN,
      CF.sub.3, --C(O)R.sub.1 wherein R.sub.1 is alkyl of 1 to 4 carbon atoms.
NUM  2.
PAR  2. A compound according to claim 1 wherein Aryl is
      ##SPC4##
NUM  3.
PAR  3. A compound according to claim 2 wherein X is --NO.sub.2.
NUM  4.
PAR  4. A compound according to claim 2 wherein X is --CN.
NUM  5.
PAR  5. A compound according to claim 2 wherein X is --C(O)CH.sub.2 CH.sub.2
      CH.sub.3.
NUM  6.
PAR  6. The compound according to claim 3 wherein the acid addition salt is the
      hydrochloride.
NUM  7.
PAR  7. The compound according to claim 4 wherein the acid addition salt is the
      hydrochloride.
NUM  8.
PAR  8. The compound according to claim 5 wherein the acid addition salt is the
      hydrochloride.
PATN
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APT  1
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ABST
PAL  Thieno[3,4-d]pyrimidines of the general formula:
      ##SPC1##
PAL  Wherein R.sub.1 is hydrogen, halogen, alkyl, alkoxy, amino, alkylamino,
      allylamino, hydroxy-alkylamino, cycloalkylamino, phenylamino,
      dialkylamino, di(hydroxyalkyl)-amino, alkyl-hydroxyalkyl-amino,
      pyrrolidino, piperidino, alkylpyrrolidino, alkylpiperidino, morpholino,
      alkyl-2-morpholino, alkyl-3-morpholino, dialkyl-3,5-morpholino,
      N-methylpiperazino, all said alkyl having 1 to 7 carbon atoms, said alkoxy
      having 1 to 5 carbon atoms and said cycloalkyl having 3 to 6 carbon atoms,
      R.sub.2 has the same meanings as R.sub.1 except alkyl and with the proviso
      that R.sub.2 is other than hydrogen or halogen, when R.sub.1 represents
      hydrogen or halogen and R.sub.3 is hydrogen or alkyl having 1 to 7 carbon
      atoms, as well as the addition salts thereof with pharmaceutically
      acceptable acids are, in particular, active on the cardiovascular system.
      Processes for their preparation are given.
PARN
PAR  This is a division of application Ser. No. 162,255, filed July 13, 1971 now
      U.S. Pat. No. 3,850,919.
BSUM
PAR  The invention relates to new thieno[3,4-d]pyrimidines corresponding to the
      general formula (I):
      ##SPC2##
PAL  in which
PA1  R.sub.1 = h, halogen, alkyl, alkoxy, amino, alkylamino, allylamino,
      hydroxyalkylamino, cycloalkylamino, phenylamino, dialkylamino,
      di-(aydroxyalkyl)-amino, alkyl-hydroxyalkyl-amino, pyrrolidino, piperidino
      alkylpyrrolidino, alkylpiperidino, morpholino, alkyl-2-morpholino,
      alkyl-3-morpholino, dialkyl-3,5-morpholino, N-methyl-piperazino,
PA1  R.sub.2 = all the meanings of R.sub.1 except alkyl, with the proviso that
      R.sub.2 is other than H or halogen when R.sub.1 represents either H or
      halogen,
PA1  R.sub.3 = h or a C.sub.1 -C.sub.7 alkyl radical,
PAL  And their addition salts with pharmaceutically acceptable acids.
PAR  It also relates to the preparation of these compounds and their use as
      medicaments, either alone or in association with appropriate excipients.
PAR  As used herein, the term "alkyl" designates straight or branch chained
      radicals having 1 to 7 carbon atoms; the term "alkoxy" designates straight
      or branch chained radicals having 1 to 5 carbon atoms; and the term
      "cycloalkyl" designates radicals having 3 to 6, preferably 5 to 6 carbon
      atoms.
PAR  The thieno[3,4-d]pyrimidine system is a recent acquisition in chemistry.
      Synthesized for the first time by B. R. BAKER et al.
      (J.Org.Chem.18,(1953),138), it has been prepared subsequently by R. GOMPER
      et al. (Ann.659,(1962),90) and by ROBBA et al. (C.R.267,
      (1968,n.degree.11),697).
PAR  It will, however, be observed that the processes of synthesis used by these
      authors only make it possible to obtain thieno[3,4-d]pyrimidin-4(3H)-ones
      unsubstituted in the 2-position. Furthermore the physiological properties
      of the thieno[3,4-d]pyrimidin-4(3H)-ones thus synthesized have not been
      examined by their authors; except for the antimalarial activity of a
      thieno[3,4-d]pyrimidin-4(3H)-ones substituted on the lactam nitrogen atom.
PAR  The R.sub.1, R.sub.2, R.sub.3 -substituted thieno[3,4-d]pyrimidines in
      accordance with the present invention may be prepared by one or other of
      the following processes:
PA1  a. reacting a 2,4-dihalo-5-R.sub.3 -thieno[3,4-d]pyrimidino of the formula
      (II) with a compound R.sub.2 M (III), in accordance with the equation:
      ##SPC3##
PAL  In these formulae
PA1  Hal = halogen
PA1  M = h or an alkali or alkaline-earth metal,
PA1  R.sub.2 = unsubstituted amino, mono-substituted or di-substituted amino or
      heterocyclic radicals listed above when M = H, whereas when M is an alkali
      or alkaline-earth metal, R.sub.2 = a C.sub.1 -C.sub.5 alkoxy radical,
PA1  R.sub.3 = has the meaning given above.
PA1  b. hydrogenolyzing the 2-halo-4-R.sub.2 -5-R.sub.3 -thieno[3,4-d]pyrimidine
      of the formula (IV), to obtain the corresponding 2-hydrogenated compound
      according to the equation:
      ##SPC4##
PAL  In these formulae
PA1  R.sub.2 = alkoxy, unsubstituted amino, mono-substituted or disubstituted
      amino or heterocyclic radicals mentioned above,
PA1  Hal = halogen
PA1  R.sub.3 has the meaning given above.
PAL  The nuclear magnetic resonance study of the derivatives obtained by the
      above-mentioned hydrogenolysis shows that the substitution during process
      (a) takes place in position 4 and not in position 2. In this last case,
      after hydrogenolysis, a long distance intercyclic coupling between the
      thiophenic proton 7 and the pyrimidinic proton 4 should have been observed
      (M. ROBBA et al., Bull.Soc. Chim.Fr.10,(1970),3630):
      ##SPC5##
PAL  The absence of such a coupling consequently confirms the substitution in
      position 4.
PA1  c. reacting the 2-halo-4-R.sub.2 -5-R.sub.3 -thieno[3,4-d]pyrimidine of the
      formula (IV) with a compound R.sub.1 M (V) according to the equation:
      ##SPC6##
PAL  In these formulae
PA1  Hal = halogen
PA1  M = h or an alkali or alkaline-earth metal,
PA1  R.sub.1 = unsubstituted amino, mono-substituted or disubstituted amino or
      heterocyclic radicals mentioned above when M = H, whereas when M = an
      alkali or alkaline-earth metal, R.sub.1 = a C.sub.1 -C.sub.5 alkoxy
      radical,
PA1  R.sub.2 = unsubstituted amino, mono-substituted or disubstituted amino or
      heterocyclic radicals mentioned above; it may also be a C.sub.1 -C.sub.5
      alkoxy radical provided R.sub.1 is alkoxy and M is then an alkali or
      alkaline-earth metal,
PA1  R.sub.3 = has the meaning given above.
PA1  d. when in the formula (I) R.sub.1 and R.sub.2 are identical and represent
      an amino group, a mono-substituted or disubstituted amino group or the
      heterocyclic radicals mentioned above, reacting a 2,4-dihalo-5-R.sub.3
      -thieno[3,4-d]pyrimidine of the formula (II) with an excess of amine of
      the formula R.sub.1 H or R.sub.2 H (VI or VII) according to the equation:
      ##SPC7##
PAL  In these formulae
PA1  Hal = halogen
PA1  R.sub.1 = r.sub.2 = unsubstituted amino, mono-substituted or disubstituted
      amino or heterocyclic radicals mentioned above,
PA1  R.sub.3 has the meaning given above.
PA1  e. when in the formula (I) R.sub.1 and R.sub.2 are identical and represent
      a C.sub.1 -C.sub.5 alkoxy group, reacting a 2,4-dihalo-5-R.sub.3
      -thieno[3,4-d]pyrimidine of the formula (II) with an excess of an alkali
      metal or alkaline-earth metal alcoholate of the formula R.sub.1 M or
      R.sub.2 M (VIII or IX) according to the equation:
      ##SPC8##
PAL  In these formulae
PA1  Hal = halogen
PA1  M = an alkali or alkaline-earth metal
PA1  R.sub.1 = r.sub.2 = c.sub.1 -c.sub.5 alkoxy
PA1  R.sub.3 = has the meanings given above.
PA1  f. reacting a 2,4-dialkoxy-5-R.sub.3 -thieno[3,4-d]pyrimidine of formula
      (X) with an amine R.sub.2 H (VII) according to the equation:
      ##SPC9##
PAL  In these formulae
PA1  Oalk = C.sub.1 -C.sub.5 alkoxy
PA1  R.sub.2 = unsubstituted amino, monosubstituted or disubstituted amino or
      heterocyclic radicals mentioned above,
PA1  R.sub.3 = has the meaning given above.
PAL  The identity of the products obtained by this process and of those obtained
      by process (c) in which R.sub.1 = alkoxy, justifies the reaction equations
      and formulae as they are proposed for this process.
PA1  g. reacting a 2-R.sub.1 -4-halo-5-R.sub.3 -thieno[3,4-d]pyrimidine of the
      formula (XII) with a compound R.sub.2 H (VII) according to the equation:
      ##SPC10##
PAL  In these formulae
PA1  Hal = halogen,
PA1  R.sub.1 = alkyl
PA1  R.sub.2 = lower alkoxy, unsubstituted amino, monosubstituted or
      disubstituted amino or heterocyclic radicals mentioned above,
PA1  R.sub.3 has the meaning given above.
PAR  The compounds according to the invention possess pharmaceutical properties
      of value, in particular cardiovascular effects.
PAR  The cardiovascular action was demonstrated particularly by the following
      pharmacological test: the blood rate in the thoracic aorta (cardiac
      output), in the vertebral artery (cerebral flow) and in the femoral artery
      (musculocutaneous peripheral flow) was measured in the dog anaesthetized
      with nembutal and subjected to artificial respiration.
PAR  The measurements were carried out by means of periarterial probes according
      to the principle of electromagnetic flow measurement. The general
      experimental conditions have already been described in the Literature (D.
      WELLENS and E. WAUTERS, Arch.Int.Pharmacod.171/1,(1968), 246). The
      medicament was administered by intravenous route.
PAR  The administration of compounds according to the invention, namely the
      2-chloro-4-isopropylamino-thieno[3,4-d]pyrimidine monohydrochloride
      (compound A), the 2-chloro-4-morpholino-thieno[3,4-d]pyrimidine
      monohydrochloride (compound B), the
      2-chloro-4-(3-methyl-morpholino)-thieno[3,4-d]pyrimidine monohydrochloride
      (compound C), the
      2-n-propylamino-4-isopropylamino-thieno[3,4-d]-pyrimidine monomaleate
      (compound D) and the 2-n-propyl-4-isopropylamino-thieno[3,4-d]pyrimidine
      mono-maleate (compound E) brought about the following effects under these
      conditions:
PAR  The compounds A, B and E, at a dose of 2 mg/kg. animal body weight, bring
      about an appreciable increase in the cardiac, cerebral and femoral flows;
      the compounds C and D, administered at the same dose, bring about an
      appreciable increase in the cardiac flow and a marked increase in the
      cerebral and femoral flows; the cerebral circulation increases in
      particular by 30 to 40% for at least 40 minutes. Respiratory analeptic
      action was demonstrated in rabbit, in morphinic respiratory depression.
      Under these conditions, the
      2-ethoxy-4-isopropylamino-thieno[3,4-d]pyrimidine monohydrochloride
      (compound F) and the 2-ethoxy-4-n-propylamino-thieno[3,4-d]pyrimidine
      monohydrochloride (compound G), at the dose of 2,5 mg of free base/kg
      animal body weight, have an effect equivalent to that produced by a six
      times higher dose of diethylnicotinamide.
PAR  The intravenously administered lethal doses (LD.sub.50) were determined in
      rat and mouse. For compounds A to G mentioned above, the recorded results,
      expressed in mg of compound per kg of animal body weight, are given in the
      following Table:
TBL  Compound                                                                  

          Solvent          LD.sub.50 rat                                       

                                 LD.sub.50 mouse                               

     __________________________________________________________________________

     A    propylene glycol + water                                             

                            65   --                                            

     B    polyethylene glycol + ethanol                                        

                           130   --                                            

     C    water            109   117                                           

     D    glycofurol         25,5                                              

                                  21                                           

     E    polyethylene glycol                                                  

                           --     23                                           

     F    water             49   --                                            

     G    water             42   --                                            

     __________________________________________________________________________

PAR  The compounds according to the invention may be administered by oral,
      parenteral or rectal route, in association with a pharmaceutical support
      or appropriate excipient.
PAR  Thus, in the case of oral administration, the forms may be solid or liquid
      and be presented in the form of capsules, coated or uncoated tablets,
      dragees, solutions or suspensions, in association with the supports or
      excipients generally used in pharmacy. The excipients for tablets include
      lactose, potato or corn starch, talcum, gelatin, cellulose, sugar, silica,
      magnesium or calcium stearate, polyvinylpyrrolidone and various colouring
      materials and aromas.
PAR  For parenteral administration, the support or excipient may be a
      parenterally acceptable sterile liquid, for example water, a solution of
      polyvinylpyrrolidone, or again a parenterally acceptable oil, for example
      groundnut oil.
PAR  For rectal administration, the support may be a base component for
      suppositories, for example cocoa butter or a mixture of glycerides.
PAR  The form of administration may be presented advantageously in unit doses.
PAR  The tablets, dragees, capsules, ampoules and suppositories preferably
      contain a unit dose of between 5 and 160 mg.
PAR  The solutions and suspensions preferably contain 0.1 to 1% by weight of
      active substance according to the invention, but they may contain up to
      10% by weight.
PAR  The examples which follow illustrate the present invention without limiting
      it.
DETD
PAC  EXAMPLE 1.
PAR  Preparation of 2-chloro-4-isopropylamino-thieno[3,4-d]pyrimidine.
PAR  45 g (0.22 moles) of 2,4-dichloro-thieno[3,4-d]pyrimidine are suspended in
      1800 ml of absolute ethyl alcohol. To the cooled mixture 28.5 g (0.48
      moles) of isopropylamine are added drop by drop whilst agitating
      vigorously and maintaining the temperature at between 0.degree. and
      5.degree.C. A clear solution is obtained which is agitated for a further
      hour at ambient temperature. The solution is concentrated, making sure
      that the temperature of the bath does not exceed 30.degree.C. The syrupy
      residue is poured into iced water whilst agitating well. A yellow solid is
      formed which is drained off, washed with water and dried. 49 g of
      2-chloro-4-isopropylamino-thieno[3,4-d]pyrimidine are obtained with a
      yield reaching 98% of theory. M.P. : 189.degree.-191.degree.C.
PAR  Analysis: C.sub.9 H.sub.10 ClN.sub.3 S (molecular weight - M.W. : 227.7)
PAR  calculated (%): C 47.49 H 4.42 N 18.44 Cl 15.57 S 14.08
PAR  found (%): 47.50 4.64 18.44 15.32 14.07
PAR  This product is easily converted into the monohydrochloride in a known
      manner.
PAR  M.P. : 220.degree.C (decomposes):
PAR  Analysis: C.sub.9 H.sub.10 ClN.sub.3 S.HCl (M.W.: 264.1)
PAR  calculated (%): N 15.89 Cl 26.84 S 12.14
PAR  found (%): 15.70 27.10 11.75
PAR  The following compounds of the invention are prepared in the same way:
PA1  - 2-chloro-4-propylamino-thieno[3,4-d]pyrimidine M.P.
      134.degree.-136.degree.C. (recrystallized from toluene)
PA1  - 2-chloro-4-isobutylamino-thieno[3,4-d]pyrimidine M.P. 64.degree.C. (not
      recrystallized)
PA1  - 2-chloro-4-(sec-butylamino)-thieno[3,4-d]pyrimidine M.P.
      165.degree.-169.degree.C. (recrystallized from toluene)
PA1  - 2-chloro-4-[N-(1,5-dimethylhexyl)-amino]-thieno[3,4-d]pyrmidine M.P.
      110.degree.-113.degree.C. (not recrystallized)
PA1  - 2-chloro-4-[N-(1-hydroxymethyl-ethyl)amino]-thieno[3,4-d]pyrimidine; M.P.
      177.degree.-178.degree.C. (not recrystallized)
      2-chloro-4-[N-(1-hydroxymethyl-2-hydroxy-ethyl)-amino]-thieno[3,4-d]pyrimi
     dine; M.P. 174.degree.-175.degree.C. (recrystallized from acetone)
PA1  - 2-chloro-4-diethylamino-thieno[3,4-d]pyrimidine; M.P.
      96.degree.-97.degree.C. (recrystallized from ethyl acetate-hexane mixture)
PA1  - 2-chloro-4-[di(2-hydroxyethyl)-amino]-thieno[3,4-d]pyrimidine; after
      recrystallization from acetone M.P. 145.degree.C. (decomposes)
PA1  - 2-chloro-4-cyclopentylamino-thieno[3,4-d]pyrimidine; M.P.
      148.degree.-149.5.degree.C. (recrystallized from benzene)
PA1  - 2-chloro-4-cyclopropylamino-thieno[3,4-d]pyrimidine; after
      recrystallization from benzene M.P. 113.degree.C. (decomposes)
PA1  - 2-chloro-4-anilino-thieno[3,4-d]pyrimidine; M.P.
      180.degree.-182.degree.C. (recrystallized from benzene)
PA1  - 2-chloro-4-pyrrolidino-thieno[3,4-d]pyrimidine; M.P.
      131.degree.-133.degree.C. (not recrystallized)
PA1  - 2-chloro-4-piperidino-thieno[3,4-d]pyrimidine; M.P.
      90.degree.-94.degree.C. (recrystallized from benzene)
PA1  - 2-chloro-4-morpholino-thieno[3,4-d]pyrimidine; M.P.
      133.degree.-135.degree.C. (recrystallized from acetone)
PA1  - 2-chloro-4-(2-methyl-morpholino)-thieno[3,4-d]pyrimidine; M.P.
      95.degree.-100.degree.C. (not recrystallized)
PA1  - 2-chloro-4-(3-methyl-morpholino)-thieno[3,4-d]pyrimidine; M.P.
      126.degree.-128.degree.C. (recrystallized from toluene-hexane mixture)
PA1  - 2-chloro-4-(4-methyl-piperazino)-thieno[3,4-d]pyrimidine; M.P.
      119.degree.-121.degree.C. (recrystallized from ethyl acetate-hexane
      mixture)
PA1  - 2-chloro-4-morpholino-5-methyl-thieno[3,4-d]pyrimidine; M.P. of the
      hydrochloride 240.degree.C. (decomposes)
PA1  - 2-chloro-4-(3-methyl-morpholino)-5-methyl-thieno[3,4-d]pyrimidine; M.P.
      of the hydrochloride 222.degree.C. (decomposes).
PAR  If desired, the excess of reactional amine, which serves to neutralize the
      liberated hydrochloric acid, may in each case be replaced by an at least
      equivalent amount of triethylamine.
PAR  The 2,4-dichloro-thieno[3,4-d]pyrimidine used as a raw material for the
      synthesis of the compounds mentioned in Example 1 is a new compound
      prepared by the chlorination of 2,4-dihydroxy-thieno[3,4-d]pyrimidine with
      phosphorus oxychloride at reflux temperature in the presence of
      N,N-diethylaniline. The obtained product melts at
      122.degree.-128.degree.C. It is purified by sublimation in vacuo. A very
      pure product is thus obtained with a yield of 70% with respect to the
      amount of the starting dichloro compound. M.P. 133.degree.-134.degree.C.
PAR  Analysis: C.sub.6 H.sub.2 Cl.sub.2 N.sub.2 S (M.W. 205)
PAR  calculated (%): C 35.2 N 13.66 Cl 34.6 S 15.64
PAR  found (%): 35.6 13.66 34.6 15.54
PAR  In turn, 2,4-dihydroxy-thieno[3,4-d]pyrimidine, which is also a new
      compound, is obtained by heating under reflux
      3-ureido-4-carbomethoxy-thiophene suspended in absolute ethyl alcohol with
      concentrated hydrochloric acid for 4 hours. Yield: 65%. M.P.
      &gt;300.degree.C.
PAR  Analysis: C.sub.6 H.sub.4 N.sub.2 O.sub.2 S (M.W. 168.1)
PAR  calculated (%): C 42.8 H 2.40 N 16.66 S 19.05
PAR  found (%): 42.7 2.67 16.64 19.30
PAR  The 3-ureido-4-carbomethoxy-thiophene, which is also a new compound, is
      obtained in turn by adding an aqueous solution of potassium cyanate to an
      aqueous hydrochloric acid solution of 3-amino-4-carbomethoxy-thiophene
      hydrochloride. The reaction takes place at room temperature with a yield
      of 80%. M.P.: goes brown at 165.degree.C. and melts at 197.degree.C. with
      decomposition.
PAR  Analysis: C.sub.7 H.sub.8 N.sub.2 O.sub.3 S (M.W. 200.2)
PAR  calculated (%): C 42.0 H 4.03 N 13.99
PAR  found (%): 42.3 4.56 13.53
PAR  The 3-amino-4-carbomethoxy-thiophene hydrochloride is known from the
      article by B. R. BAKER et al. in J.Org.Chem.18,(1953),138; it may be
      prepared by the process described in this article.
PAC  EXAMPLE 2.
PAR  Preparation of 2-chloro-4-ethoxy-thieno[3,4-d]pyrimidine.
PAR  6.15 g (0.03 mole) of 2,4-dichloro-thieno[3,4-d]pyrimidine are suspended in
      250 ml. of absolute alcohol at 0.degree.C. Whilst agitating constantly a
      solution of 0.03 mole sodium ethylate in ethyl alcohol is added drop by
      drop. The speed of addition is regulated in such a manner that the
      temperature of the reaction medium is maintained at between 0.degree. and
      5.degree.C. One obtains a clear solution in which a precipitate is
      gradually formed. When the addition is completed, the agitation is
      continued for a further 2 hours at ordinary temperature. The reaction
      mixture is then poured into 2 liters of iced water and the precipitate
      formed is filtered off, washed with water and then dried in vacuo. After
      recrystallization from toluene, 5.2 g of
      2-chloro-4-ethoxythieno[3,4-d]pyrimidine are obtained (81% of theory).
      M.P. 136.degree.-140.degree.C.
PAR  Analysis: C.sub.8 H.sub.7 ClN.sub.2 OS (M.W. 214.7)
PAR  calculated (%): C 44.7 H 3.28 N 13.03 S 14.94 Cl 16.51
PAR  found (%): 44.2 3.52 13.13 14.95 16.70
PAC  EXAMPLE 3.
PAR  Preparation of 4-isopropylamino-thieno[3,4-d]pyrimidine.
PAR  15 g of zinc powder are introduced into a solution of 3.9 g (0.017 moles)
      of 2-chloro-4-isopropylamino-thieno[3,4-d]pyrimidine in 150 ml. of
      absolute ethyl alcohol. 25 ml. of glacial acetic acid are then added drop
      by drop wilst agitating. When the addition is completed, the agitation is
      continued for a further 36 hours at ordinary temperature. The reaction
      mixture is filtered over hyflocel and the filtrate is poured into 700 ml.
      of iced water. The pH of the solution is adjusted to 8 with sodium
      hydroxide and it is extracted several times with ether. The ether phase is
      washed with water to pH 7, it is dried over sodium sulfate and it is then
      evaporated to dryness. 1.9 g of 4-isopropylamino-thieno[3,4-d]pyrimidine,
      still containing a little of the initial product, are obtained. After
      chromatographic separation and recrystallization from ethyl acetate, one
      obtains 0.8 g (25% of theory) of the purified product which melts at
      230.degree.C with decomposition.
PAR  Analysis: C.sub.9 H.sub.11 N.sub.3 S (M.W. 193.28)
PAR  calculated (%): C 56.0 H 5.73 N 21.72
PAR  found (%): 56.1 5.88 21.72
PAC  EXAMPLE 4.
PAR  Preparation of 2-n-propylamino-4-isopropylamino-thieno[3,4-d]pyrimidine.
PAR  A solution of 13 g (0.057 moles) of
      2-chloro-4-isopropylaminothieno[3,4-d]pyrimidine in 250 ml. of
      n-propylamine, is heated in an autoclave at 140.degree.C for 6 hours. The
      reaction solution is evaporated in vacuo and the solid residue is taken up
      in ether. It is bleached with active charcoal and the solvent is then
      driven off in vacuo. After recrystallization from acetone, 9.05 g of
      2-n-propylamino-4-isopropylamino-thieno[3,4-d]pyrimidine (63% of theory)
      are obtained. M.P. 116.degree.-118.degree.C.
PAR  The free base, dissolved in a minimum of ethyl alcohol, may be converted
      into the monomaleate by adding a concentrated solution of maleic acid in
      ethyl alcohol, and then adding ether. 9.7 g of maleate (73% of theory) are
      obtained. M.P. 189.degree.C. (decomposes).
PAR  Analysis: C.sub.12 H.sub.18 N.sub.4 S. 1 C.sub.4 H.sub.4 O.sub.4 (M.W.
      366.4)
PAR  calculated (%): C 52.5 H 6.06 N 15.3 S 8.75
PAR  found (%): 52.6 6.08 15.2 8.99
PAR  The base may also be converted into the monohydrochloride by dissolving it
      in methyl alcohol, adding a solution of hydrochloric acid in methyl
      alcohol and then ether. The product obtained has a melting point of
      183.degree.-185.degree.C.
PAR  Analysis: C.sub.12 H.sub.18 N.sub.4 S. 1 HCl (M.W. 286.8)
PAR  calculated (%): C 50.2 H 6.67 N 19.5
PAR  found (%): 49.8 6.75 19.1
PAC  EXAMPLE 5.
PAR  Preparation of 4-isopropylamino-2-morpholino-thieno[3,4-d]pyrimidine.
PAR  6 g (0.26 moles) of 2-chloro-4-isopropylamino-thieno[3,4-d]pyrimidine and
      25 mls. of morpholine are mixed and then heated under reflux for 4 hours.
      The mixture is cooled and poured into water with vigorous agitation; a
      brown solid appears, which is separated by filtration, washed with water
      and put to dry. The product is converted into the maleate, which is
      recrystallized from acetone. The free base is obtained again by treatment
      with alkali and is this way one obtains 3.4 g of pure product. M.P.
      202.degree.C. with decomposition.
PAR  Analysis: C.sub.13 H.sub.18 N.sub.4 OS (M.W. 278.4)
PAR  calculated (%): C 56.0 H 6.51 N 20.1 S 11.51
PAR  found (%): 55.9 6.50 20.0 11.63
PAC  EXAMPLE 6.
PAR  Preparation of 2,4-dimorpholino-thieno[3,4-d]pyrimidine. (maleate)
PAR  As in Example 1, 2,4-dichloro-thieno[3,4-d]pyrimidine is used as the
      starting product and it is reacted with an excess of morpholine by heating
      under reflux. When the cooled reaction mixture is introduced into water
      with agitation, a yellow solid separates out, which is washed with water
      and dried. The residue is dissolved in a minimum of benzene and a
      concentrated ethanolic solution of maleic acid is added and then ether.
      The maleate which is precipitated is recrystallized from absolute ethyl
      alcohol. Yield reaches 40% of theory. M.P. : 225.degree.C. (decomposes).
PAR  Analysis: C.sub.14 H.sub.18 N.sub.4 O.sub.2 S. 1 C.sub.4 H.sub.4 O.sub.4
      (M.W. 422.5)
PAR  calculated (%): C 51.1 H 5.25 N 13.2 S 7.58
PAR  found (%): 51.0 5.32 13.1 7.73
PAC  EXAMPLE 7.
PAR  By the methods described in Examples 4 to 6, it is also possible to obtain
      the following compounds of the invention:
PA1  - 2-n-butylamino-4-isopropylamino-thieno[3,4-d]pyrimidine; M.P. of the
      maleate: 191.degree.C. (decomposes)
PA1  - 2,4-di(isopropylamino)-thieno[3,4-d]pyrimidine; M.P. of the maleate:
      174.degree.-176.degree.C.
PA1  - 2-isobutylamino-4-isopropylamino-thieno[3,4-d]pyrimidine; M.P. of the
      maleate: 195.degree.C. (decomposes)
PA1  - 2-(4-methyl-piperazino)-4-isopropylamino-thieno[3,4-d]pyrimidine; M.P. of
      the free base: 145.degree.-148.degree.C.; M.P. of the dimaleate:
      190.degree.C. (decomp.)
PA1  - 2-anilino-4-isopropylamino-thieno[3,4-d]pyrimidine; M.P. of the maleate:
      260.degree.C. (decomposes)
PA1  - 2,4-di(n-propylamino)-thieno[3,4-d]pyrimidine; M.P. of the maleate:
      185.degree.C. (decomposes)
PA1  - 2-(4-methyl-piperazino)-4-n-propylamino-thieno[3,4-d]pyrimidine; M.P. of
      the free base: 177.degree.-180.degree.C.; M.P. of the dihydrochloride:
      296.degree.C. (decomp.)
PA1  - 2-n-propylamino-4-isobutylamino-thieno[3,4-d]pyrimidine; M.P. of the
      maleate: 181.degree.-182.degree.C.
PA1  - 2-n-propylamino-4-sec-butylamino-thieno[3,4-d]pyrimidine; M.P. of the
      free base: 147.degree.-149.degree.C.
PA1  - 2-n-propylamino-4-diethylamino-thieno[3,4-d]pyrimidine; M.P. of the free
      base: 115.degree.-119.degree.C.
PA1  - 2-n-propylamino-4-cyclopentylamino-thieno[3,4-d]pyrimidine; M.P. of the
      maleate: 178.degree.C. (decomposes)
PA1  - 2-n-propylamino-4-pyrrolidino-thieno[3,4-d]pyrimidine; M.P. of the
      maleate: 184.degree.C. (decomposes)
PA1  - 2-n-propylamino-4-morpholino-thieno[3,4-d]pyrimidine; M.P. of the
      maleate: 181.degree.-183.degree.C.
PA1  - 2-(4-methyl-piperazino)-4-morpholino-thieno[3,4-d]pyrimidine; M.P. of the
      free base: 165.degree.-167.degree.C.; M.P. ofthe dimaleate: 210.degree.C.
      (decomp.)
PA1  - 2-pyrrolidino-4-morpholino-thieno[3,4-d]pyrimidine; M.P. of the maleate:
      205.degree.C. (decomposes)
      2-n-propylamino-4-[N-(1-hydroxymethyl-ethyl)-amino]-thieno[3,4-d]pyrimidin
     e; M.P. of the maleate: 205.degree.C. (decomposes)
      2-n-propylamino-4-[N-(1-hydroxymethyl-2-hydroxy-ethyl)-amino]-thieno[3,4-d
     ]pyrimidine; M.P. of the hydrochloride: 192.degree.C. (decomp.)
PA1  - 2-ethylamino-4-isopropylamino-thieno[3,4-d]pyrimidine; M.P. of the
      maleate: 174.degree.-175.degree.C.
PA1  - 2,4-di(anilino)-thieno[3,4-d]pyrimidine; M.P. of the hydrochloride:
      245.degree.C. (decomposes)
PAC  EXAMPLE 8.
PAR  Preparation of
      4-isopropylamino-5-methyl-2-n-propylamino-thieno[3,4-d]pyrimidine.
PAR  A solution of 12 g (0.0496 moles) of
      2-chloro-4-isopropylamino-5-methyl-thieno[3,4-d]pyrimidine in 250 ml. of
      n-propylamine is heated in an autoclave at 140.degree.C for 6 hours. The
      reaction mixture is evaporated in vacuo, the residue is taken up in ehter
      and the insolubles are filtered off. After bleaching with active charcoal,
      the solvent is driven off in vacuo. 16.3 g of a dark red syrup are
      obtained.
PAR  The maleate is prepared by dissolving the syrup in the minimum quantity of
      absolute ethyl alcohol, adding a concentrated ethanolic solution of maleic
      acid, and then ether. After recrystallization from acetone, 13.7 g (72% of
      theory) of
      4-isopropylamino-5-methyl-2-n-propylamino-thieno[3,4-d]pyrimidine maleate
      are obtained. M.P. 178.degree.C. (decomposes).
PAR  Analysis: C.sub.13 H.sub.20 N.sub.4 S. 1 C.sub.4 H.sub.4 O.sub.4 (M.W.
      380.5)
PAR  calculated (%): N 14.72 C 53.5 H 6.31 S 8.42
PAR  found (%): 14.68 53.2 6.47 8.70
PAR  The 2-chloro-4-isopropylamino-5-methyl-thieno[3,4-d]pyrimidine used as the
      starting product is a new compound prepared, with a yield of 80% from
      2,4-dichloro-5-methyl-thieno[3,4-d]pyrimidine and isopropylamine according
      to the process described in Example 1. M.P. 118.degree.-119.degree.C.
      (recrystallized from toluene).
PAR  Analysis: C.sub.10 H.sub.12 N.sub.3 ClS (M.W. 241.75)
PAR  calculated (%): N 17.36 Cl 14.66 S 13.26 C 49.65 H 5.00
PAR  found (%): 17.52 14.85 13.50 49.3 4.79
PAR  The 2,4-dichloro-5-methyl-thieno[3,4-d]pyrimidine used above is also a new
      compound obtained from 2,4-dihydroxy-5-methyl-thieno[3,4-d]pyrimidine and
      phosphorus oxychloride at reflux temperature in the presence of
      N,N-diethyl-aniline. It is easily purified by sublimation. Yield of
      sublimed product: more than 83%. M.P. 134.degree.-136.degree.C.
PAR  Analysis: C.sub.7 H.sub.4 Cl.sub.2 N.sub.2 S (M.W. 219.1)
PAR  calculated (%): N 12.80 C 38.35 H 1.84 S 14.62 Cl 32.35
PAR  found (%): 12.30 38.70 2.00 14.32 32.00
PAR  The 2,4-dihydroxy-5-methyl-thieno[3,4-d]pyrimidine used above is also a new
      compound prepared from 3-carbethoxy-2-methyl-4-ureido-thiophene by heating
      under reflux with concentrated hydrochloric acid in absolute ethyl
      alcohol. Yield reaches 70%. M.P. 300.degree.C.
PAR  Analysis: C.sub.7 H.sub.6 N.sub.2 O.sub.2 S (M.W. 182.2)
PAR  calculated (%): N 15.36 C 46.1 H 3.32 S 17.60
PAR  found (%): 15.39 45.9 3.51 17.45
PAR  The 3-carbethoxy-2-methyl-4-ureido-thiophene used above is also a new
      compound prepared from 4-amino-3-carbethoxy-2-methylthiophene
      hydrochloride and potassium cyanate in an aqueous hydrochloric acid
      medium. The reaction takes place at room temperature with a yield of 89%.
      M.P. 186.degree.-192.degree.C.
PAR  Analysis: C.sub.9 H.sub.12 N.sub.2 O.sub.3 S (M.W. 228.3)
PAR  calculated (%): N 12.28 S 14.05 C 47.30 H 5.30
PAR  found (%): 12.26 14.36 47.7 5.38
PAR  The 4-amino-3-carbethoxy-2-methyl-thiophene hydrochloride is also a new
      compound prepared in ether at room temperature from
      3-carbethoxy-4-hydroxyimino-2-methyl-tetrahydrothiophene and a solution of
      hydrochloric acid in ethyl alcohol. Yield: 40%. After recrystallization
      from a mixture of ethanol and ether, M.P. 185.degree.C. (decomposes).
PAR  Analysis: C.sub.8 H.sub.11 NO.sub.2 S.HCl (M.W. 221.7)
PAR  calculated (%): N 6.31 S 14.4 Cl 16.0 C 43.3 H 5.45
PAR  found (%): 6.36 14.2 16.3 43.2 5.63
PAR  Finally the 3-carbethoxy-4-hydroxyimino-2-methyl-tetrahydrothiophene is
      prepared in alcohol under reflux with a yield of 91% from the known
      compound 3-carbethoxy-2-methyl-4-oxo-tetrahydrothiophene (TAKAYA et al.,
      Bull. Chem. Soc. Japan, 41,(1968),2086) and hydroxylamine hydrochloride in
      the presence of barium carbonate.
PAR  The 3-carbethoxy-4-hydroxyimino-2-methyl-tetrahydrothiophene is an oily
      product.
PAR  Analysis: C.sub.8 H.sub.13 NO.sub.3 S (M.W. 203.3)
PAR  calculated (%): N 6.88 S 15.8
PAR  found (%): 6.96 15.6
PAC  EXAMPLE 9.
PAR  Preparation of 4-morpholino-2-n-propyl-thieno[3,4-d]pyrimidine.
PAR  3 g (0.014 moles) of 4-chloro-2-n-propyl-thieno[3,4-d]pyrimidine is added
      in small portions, with thorough agitation, to 12 ml. of morpholine cooled
      to 0.degree.C. The speed of addition must be regulated in such a way that
      the temperature of the reaction mixture does not exceed 10.degree.C. When
      the addition is completed, the mixture is allowed to return to ordinary
      temperature and the agitation is continued at this temperature for one
      hour. The mixture is allowed to stand for 24 hours and then is poured with
      agitation into 500 ml. of cold water. The solid which is precipitated is
      drained off, washed with water and dried. It is taken up in methyl
      alcohol, the methyl alcohol solution is bleached over active charcoal and
      the solvent is driven off in vacuo.
PAR  2.5 g (68% of theory) of 4-morpholino-2-n-propyl-thieno[3,4-d]pyrimidine
      are obtained. M.P. 102.degree.-105.degree.C.
PAR  Analysis: C.sub.13 H.sub.17 N.sub.3 OS (M.W. 263.4)
PAR  calculated (%): C 59.2 H 6.50 N 15.9 S 12.17
PAR  found (%): 59.1 6.54 15.9 12.14
PAR  The monohydrochloride is prepared by dissolving the base in benzene, adding
      an anhydrous solution of hydrochloric acid in ethyl alcohol and then
      adding ether. M.P. 230.degree.C. (decomposes).
PAR  Analysis: C.sub.13 H.sub.17 N.sub.3 OS. 1 HCl (M.W. 299.8)
PAR  calculated (%): N 14.0 S 10.69 Cl 11.82
PAR  found (%): 13.9 10.23 11.83
PAR  The following compounds were prepared in a similar manner:
PA1  - 2-n-propyl-4-(3-methyl-morpholino)-thieno[3,4-d]pyrimidine; M.P. of
      maleate: 144.degree.-146.degree.C. (recrystallized from isopropanol)
PA1  - 2-n-propyl-4-(4-methyl-piperazino)-thieno[3,4-d]pyrimidine; After
      recrystallization from ethanol M.P. of dimaleate: 189.degree.C.
      (decomposes)
PA1  - 2-n-propyl-4-isopropylamino-thieno[3,4-d]pyrimidine;
PA1  M.p. of free base: 137.degree.-139.5.degree.C. (recrystallized from
      ethylacetate);
PA1  M.p. of maleate: 132.degree.-134.degree.C. (recrystallized from ethyl
      acetate).
PAR  The 4-chloro-2-n-propyl-thieno[3,4-d]pyrimidine used as starting material
      is a new compound prepared by heating for 2 hours at 60.degree.C,
      4-hydroxy-2-n-propyl-thieno[3,4-d]pyrimidine with phosphorus oxychloride
      in the presence of N,N-diethylaniline. Yield reaches 57%. M.P.
      78.degree.-80.degree.C. (recrystallized from acetonitrile).
PAR  Analysis: C.sub.9 H.sub.9 N.sub.2 ClS (M.W. 212.7)
PAR  calculated (%): N 13.16 S 15.07 Cl 16.66
PAR  found (%): 13.14 15.03 16.30
PAR  The 4-hydroxy-2-n-propyl-thieno[3,4-d]pyrimidine used above is also a new
      product prepared by the action of concentrated ammonia at room temperature
      on 2-n-propyl-4-oxo-4H-thieno[3,4-d]-m-oxazine. The pure product is
      obtained with a yield at 65%. M.P. 212.degree.-214.degree.C.
      (recrystallized from ethyl acetate).
PAR  Analysis: C.sub.9 H.sub.10 N.sub.2 OS (M.W. 194.3)
PAR  calculated (%): C 55.6 H 5.19 N 14.41 S 16.50
PAR  found (%): 55.9 5.20 14.42 16.50
PAR  The 2-n-propyl-4-oxo-4H-thieno[3,4-d]-m-oxazine used above is also a new
      product prepared by the action of acetic anhydride at reflux temperature
      on 3-butanoylamino-4-thenoic acid. Yield is 50%. M.P.:
      101.degree.-103.degree.C. (recrystallized from acetic anhydride)
PAR  Analysis: C.sub.9 H.sub.9 NO.sub.2 S (M.W. 195.2)
PAR  calculated (%): N 7.17 S 16.42
PAR  found (%): 7.10 16.55
PAR  The 3-butanoylamino-4-thenoic acid used above is also a new product
      prepared by the selective hydrolysis of
      3-butanoylamino-4-carbomethoxy-thiophene is a mixture of sodium hydroxide,
      water and methyl alcohol at ordinary temperature. Yield: 90%. M.P.
      135.degree.-138.degree.C.
PAR  Analysis: C.sub.9 H.sub.11 NO.sub.3 S (M.W. 213.2)
PAR  calculated (%): C 50.7 H 5.20 N 6.56 S 15.03
PAR  found (%): 50.9 5.21 6.63 15.11
PAR  The 3-butanoylamino-4-carbomethoxy-thiophene used above is also a new
      product prepared by the action of butyric anhydride on
      3-amino-4-carbomethoxy-thiophene hydrochloride in the presence of pyridine
      at ordinary temperature. Yield: 80%. B.P. 120.degree.-124.degree.C./0.1 mm
      Hg.
PAR  Analysis: C.sub.10 H.sub.13 NO.sub.3 S (M.W. 227.2)
PAR  calculated (%): C 52.8 H 5.76 N 6.16 S 14.1
PAR  found (%): 53.1 5.77 6.15 14.2
PAR  The 3-amino-4-carbomethoxy-thiophene hydrochloride is known from the
      article by B. R. BAKER et al. cited in Example 1 of the present invention.
PAC  EXAMPLE 10.
PAR  Preparation of 2,4-diethoxy-thieno[3,4-d]pyrimidine.
PAR  A solution of 0.06 mole sodium ethylate in ethyl alcohol is added dropwise
      while cooling to a suspension of 6.15 g (0.03 mole) of
      2,4-dichloro-thieno[3,4-d]pyrimidine in 100 ml absolute ethyl alcohol. The
      speed of addition is regulated in such a way that the temperature of the
      reaction medium is maintained at between 0.degree. and 5.degree.C. When
      addition is completed, the solution is left to rise to room temperature
      and is then heated under reflux for 4 hours. It is then evaporated to
      dryness. The remaining solid is drained, washed with water and left to
      dry. AFter recrystallization from a 50/50 mixture of ethyl alcohol and
      water, 2.8 g (42% of theory) of 2,4-diethoxy-thieno[3,4-d]pyrimidine are
      obtained. M.P. 84.degree.-86.degree.C.
PAR  Analysis: C.sub.10 H.sub.12 N.sub.2 O.sub.2 S (M.W. 224.3)
PAR  calculated (%): C 53.5 H 5.35 N 12.5 S 14.8
PAR  found (%): 53.2 5.44 12.6 14.5
PA1  - 2,4-dimethoxy-thieno[3,4-d]pyrimidine is prepared in the same way. M.P.
      131.degree.-132.degree.C. (recrystallized from methyl alcohol).
PAC  EXAMPLE 11.
PAR  Preparation of 2-ethoxy-4-n-propylamino-thieno[3,4-d]pyrimidine.
PAR  A solution of 2.3 g (0.01 mole) of 2,4-diethoxy-thieno[3,4-d]pyrimidine and
      3.6 g (0.06 mole) of n-propylamine in 50 ml absolute ethyl alcohol is
      heated under reflux for 10 hours. The solution is then evaporated to
      dryness. The solid is drained off, washed with water and dried. After
      recrystallization from toluene, 14 g (59% of theory) of
      2-ethoxy-4-n-propylamino-thieno[3,4-d]pyrimidine are obtained. M.P.
      140.degree.-142.degree.C.
PAR  Analysis: C.sub.11 H.sub.15 N.sub.3 OS (M.W. 237.3)
PAR  calculated (%): N 17.72 S 13.5
PAR  found (%): 17.46 13.8
PAR  This product is easily converted into the hydrochloride in known manner.
      M.P. of the hydrochloride: 154.degree.C. (decomposes)
PAR  Analysis: C.sub.11 H.sub.15 N.sub.3 OS.HCl (M.W. 273.8)
PAR  calculated (%): N 15.34 S 12.9
PAR  found (%): 15.32 13.0
PA1  -2-ethoxy-4-isopropylamino-thieno[3,4-d]pyrimidine is prepared in the same
      way. M.P. of the free base: 154.degree.-156.degree.C.; M.P. of the
      hydrochloride: 166.degree.C. (decomp.)
PAC  EXAMPLE 12.
PAR  Preparation of 2-ethoxy-4-isopropylamino-thieno[3,4-d]pyrimidine.
PAR  A solution of 4.5 g (0.02 mole) of
      2-chloro-4-isopropylamino-thieno[3,4-d]pyrimidine and 0.02 mole sodium
      ethylate in 200 ml absolute ethyl alcohol is heated in an autoclave at
      120.degree.C. for 6 hours. It is then evaporated to dryness. The residue
      is taken up in a mixture of ether and water; the ether phase is washed
      with water till neutral pH, dried over Na.sub.2 SO.sub.4, filtered and the
      solvent is driven off in vacuo. The remaining solid (4.4 g) is
      recrystallized from a mixture of ethyl acetate-hexane containing 30% ethyl
      acetate. 3.2 g (68% of theory) of
      2-ethoxy-4-isopropylamino-thieno[3,4-d]pyrimidine are obtained. M.P.
      155.degree.-156.degree.C.
PAR  Analysis: C.sub.11 H.sub.15 N.sub.3 OS (M.W. 237.3)
PAR  calculated (%): N 17.72 S 13.5
PAR  found (%): 17.44 13.9
PAR  This compound was compared with that prepared in Example 11 and which
      melted at 154.degree.-156.degree.C. The identity of both substances was
      confirmed by the test of mixture M.P. and by IR spectroscopy.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound selected from the group consisting of
PA1  a. thieno[3,4-d]pyrimidines of the formula:
      ##SPC11##
PAL  wherein R.sub.1 is a member selected from the group consisting of hydrogen,
      chloro, alkyl, alkoxy, alkylamino, and phenylamino, all the alkyl groups
      having 1 to 7 carbon atoms, the alkoxy group having 1 to 5 carbon atoms.
PA2  R.sub.2 is a member selected from the group consisting of alkylamino,
      hydroxyalkylamino, cycloalkylamino, phenylamino, dialkylamino,
      di(hydroxyalkyl)-amino, all of the alkyl groups having 1 to 7 carbon atoms
      and the cycloalkyl group having 3 to 6 carbon atoms, and
PA2  R.sub.3 is a member selected from the group consisting of hydrogen and
      methyl and
PA1  b. the addition salts thereof with pharmaceutically acceptable acids.
NUM  2.
PAR  2. A compound according to claim 1, which is
      2-chloro-4-isopropylaminothieno-[3,4-d]pyrimidine.
NUM  3.
PAR  3. A compound according to claim 1, which is
      2-n-propylamino-4-isopropylaminothieno[3,4-d]pyrimidine.
NUM  4.
PAR  4. A compound according to claim 1, which is
      2-n-propyl-4-isopropylaminothieno[3,4-d]pyrimidine.
NUM  5.
PAR  5. A compound according to claim 1, which is
      2-ethoxy-4-n-propylaminothieno[3,4-d]pyrimidine.
NUM  6.
PAR  6. A compound according to claim 1, which is
      2-ethoxy-4-isopropylaminothieno[3,4-d]pyrimidine.
NUM  7.
PAR  7. A compound according to claim 1, which is
      2-chloro-4-diethylamino-thieno[3,4-d]pyrimidine.
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ABST
PAL  Substituted alkanoic acids and derivatives thereof of the formula:
      ##SPC1##
PAL  Wherein each of X.sup.1 and X.sup.2 is a hydrogen atom, a halogen atom, an
      alkyl group having 1 to 4 carbon atoms or an alkoxy group having 1 to 4
      carbon atoms; each of R.sup.1 and R.sup.2 is a hydrogen atom or an alkyl
      group having 1 to 4 carbon atoms; A is a carbonyl group, a methylene group
      or an alkylidene group having 2 to 4 carbon atoms; Y is --O--, --S-- or
      --N(R)-- [wherein R is a hydrogen atom or an alkyl group having 1 to 4
      carbon atoms]; Z is OH or Q--B--N(R.sup.3)(R.sup.4) [wherein Q is O
      (oxygen atom) or NH, B is an alkylene group having 1 to 4 carbon atoms and
      each of R.sup.3 and R.sup.4 is a hydrogen atom or an alkyl group having 1
      to 4 carbon atoms, or R.sup.3 and R.sup.4 together with the adjacent
      nitrogen atom form a saturated heterocycle selected from the group
      consisting of pyrrolidine, piperidine, morpholine, piperazine and
      piperazine substituted by an alkyl group having 1 to 4 carbon atoms at the
      4-position]; and ring P represents a pyridine or a pyridine N-oxide ring;
      and pharmaceutically acceptable salts thereof are useful as
      antirheumatics, analgesics, antipyretics and anti-inflammatory agents.
BSUM
PAR  This invention relates to novel and therapeutically valuable compounds of
      the formula:
      ##SPC2##
PAL  And pharmaceutically acceptable salts thereof, wherein each of X.sup.1 and
      X.sup.2 is a hydrogen atom, a halogen atom (e.g. F, Cl or Br), an alkyl
      group having 1 to 4 carbon atoms (e.g. methyl, ethyl, propyl or butyl) or
      an alkoxy group having 1 to 4 carbon atoms (e.g. methoxy, ethoxy, propoxy
      or butoxy); each of R.sup.1 and R.sup.2 is a hydrogen atom or an alkyl
      group having 1 to 4 carbon atoms (e.g. methyl, ethyl, propyl or butyl); A
      is a carbonyl group, a methylene group or an alkylidene group having 2 to
      4 carbon atoms (e.g. ethylidene, propylidene, isopropylidene or
      butylidene); Y is --O--, --S-- or --N(R)-- [wherein R is a hydrogen atom
      or an alkyl group having 1 to 4 carbon atoms (e.g. methyl, ethyl, propyl
      or butyl)]; Z is OH or Q--B--N(R.sup.3)(R.sup.4) [wherein Q is 0 (oxygen a
      atom) or MH, B is an alkylene group having 1 to 4 carbon atoms (e.g.
      methylene, ethylene, trimethylene, propylene or tetromethylene) and each
      of R.sup.3 and R.sup.4 is a hydrogen atom or an alkyl group having 1 to 4
      carbon atoms (e.g. methyl, ethyl, propyl or butyl), or R.sup.3 and R.sup.4
      together with the adjacent nitrogen atom form a saturated hetorocycle
      selected from the group consisting of pyrrolidine, piperidine, morpholine,
      piperazine and piperazine substituted by an alkyl group having 1 to 4
      carbon atoms at the 4-position (e.g. 4-methylpiperazine,
      4-ethylpiperazine, 4-propylpiperazine or 4-butylpiperazine)], and ring P
      represents a pyridine or a pyridine N-oxide ring.
PAR  The ring system:
      ##SPC3##
PAL  in the above formula represents one of the following (1)-(4).
      ##SPC4##
PAL  where n = 0 (zero) or 1. They are useful as antirheumatics, analgesics,
      antipyretics and anti-inflammatory agents.
PAR  The compounds of formula [I] can be produced, for example, by the following
      methods:
PA1  I. in the case of compounds of formula [I] wherein Z is OH;
PA2  a. By hydrolyzing a compound of the formula:
      ##SPC5##
PAL  wherein X.sup.1, X.sup.2, R.sup.1, R.sup.2 , A, Y and P are as defined
      above, and W.sup.1 is a functional group hydrolyzable into COOH [e.g.
      COOR.sup.5 (wherein R.sup.5 is an alkyl group having 1 to 4 carbon atoms
      such as methyl, ethyl, propyl or butyl),
      ##EQU1##
      in a conventional manner.
PAR  The hydrolysis is advantageously carried out in a solvent (e.g. water,
      aqueous methanol, aqueous dioxane or acetic acid) in the presence of an
      acid (e.g. hydrochloric acid or sulfuric acid) or an alkali (e.g. sodium
      hydroxide or potassium hydroxide), usually under reflux.
PA1  b. By hydrolyzing and decarboxylating a compound of the formula:
      ##SPC6##
PAL  in a conventional manner, wherein X.sup.1 X.sup.2, R.sup.1, A, Y, W.sup.1
      and P are as defined above, and W.sup.2 is a functional group hydrolyzable
      into COOH [e.g. COOR.sup.5 (wherein R.sup.5 is as defined above),
      ##EQU2##
PAR  More particularly, the compound of formula [III] is hydrolyzed,
      advantageously under alkaline conditions with sodium hydroxide or
      potassium hydroxide, to give a corresponding malonic acid, and the
      thus-obtained malonic acid derivative is decarboxylated under neutral or
      acid conditions; or the compound of formula [III] is hydrolyzed and
      decarboxylated at the same time under acid conditions with hydrochloric or
      sulfuric acid. The reaction is usually carried out under reflux.
PAR  According to this method (b), the compound of formula [I] wherein R.sup.2
      is a hydrogen atom is obtained.
PA2  c. By oxidizing a compound of the formula:
      ##SPC7##
PAL  wherein X.sup.1, X.sup.2, R.sup.1, R.sup.2, A, Y and P are as defined
      above.
PAR  The oxidation is advantageously carried out in a solvent (e.g. acetic acid,
      propionic acid, acetone, dioxane, water or a mixture of water and any of
      the said solvents) in the presence of an oxidizing agent (e.g. nitric
      acid, halogen, hydrogen peroxide, copper hydroxide, selenium dioxide,
      chromic anhydride, dichromate, permanganata, silver oxide, organic peracid
      or hypochlorous ester) at 0.degree.-80.degree.C.
PA2  d. By reducing a compound of the formula:
      ##SPC8##
PAL  wherein X.sup.1, X.sup.2, R.sup.1, R.sup.2 , Y and P are as defined above,
      and R.sup.6 is a hydrogen atom or an alkyl group having 1 to 4 carbon
      atoms (e.g. methyl, ethyl, propyl or butyl), in a conventional manner.
PAR  The reduction of the compound of formula [V] gives directly the compound of
      formula [I] wherein A is a methylene group, or the compound of formula
      [VI] depending upon the starting material and/or the reduction conditions.
PAR  A conventional reduction, e.g. Wolff-Kishner reduction, Haung-Minlon
      modification thereof, Clemensen reduction, catalytic reduction under a
      catalyst such as nickel, palladium or platinum, reduction by the use of
      sodium borohydride or reduction by the use of of red phosphorus and
      hydriodic acid, can be applied. The compound of formula [VI] can also be
      reduced only by heating, advantageously in the presence of an acid, to
      give the compound of formula [I] wherein A is a methylene group.
PAR  The reduction is usually carried out in a solvent (e.g. methanol, ethanol,
      isopropyl alcohol, dioxane or water) at 10.degree.-100.degree.C for a
      period of from 1 to 10-odd hours.
PAR  According to this method (d), the compound of formula [I] wherein A is a
      methylene group is obtained.
PA2  e. By hydrogenating a compound of the formula:
      ##SPC9##
PAL  wherein X.sup.1, X.sup.2 , A, Y and P are as defined above, and each of
      R.sup.7 and R.sup.8 is a hydrogen atom or an alkyl group having 1 to 3
      carbon atoms (e.g. methyl, ethyl or propyl). The sum of carbon atoms of
      R.sup.7 and R.sup.8 is not more than 3.
PAR  A conventional hydrogenation, e.g. catalytic hydrogenation under a catalyst
      such as nickel, palladium or platinum of hydrogenation by the use of red
      phosphorus and hydriodic acid, can be applied.
PAR  According to this method (e), the compound of formula [I] wherein R.sup.1
      is an alkyl group and R.sup.2 is a hydrogen atom is obtained.
PA2  f. By hydrogenolyzing a compound of the formula:
      ##SPC10##
PAL  wherein X.sup.1, X.sup.2, R.sup.1, A, Y and P are as defined above, and
      W.sup.3 is a hydroxyl group, a halogen atom (e.g. Cl or Br) or a residue
      or an amine (e.g. dimethylamino, piperidino or morpholino).
PAR  A conventional hydrogenolysis, e.g. catalytic hydrogenolysis under a
      catalyst such as nickel, palladium or platinum, hydrogenolysis by the use
      of metal and acid (e.g. zinc-acetic acid) or hydrogenolysis by the use of
      red phosphorus and iodine, can be applied.
PAR  According to this method (f), the compound of formula [I] wherein R.sup.2
      is a hydrogen atom is obtained.
PA2  g. By reacting a compound of the formula:
      ##SPC11##
PAL  with carbon dioxide, wherein X.sup.1, X.sup.2, R.sup.1, R.sup.2, Y and P
      are as defined above, A' is a methylene group or an alkylidene group
      having 2 to 4 carbon atoms and W.sup.4 is a lithium atom or a residue of a
      Grignard reagent.
PAR  According to this method (g), the compound of formula [I] wherein A is a
      methylene group or an alkylidene group is obtained.
PA2  h. By subjecting a compound of the formula:
      ##SPC12##
PAL  to intramolecular condensation, wherein X.sup.1, X.sup.2, R.sup.1, A and P
      are as defined above, either Y.sup.1 or Y.sup.2 is Y--H [wherein Y is as
      defined above], and the other is a halogen atom (e.g. Cl, Br or I).
PAR  The condensation is advantageously carried out in the presence of a
      hydrochloride or a sulfate or pyridine, quinoline or picoline at
      100.degree.-250.degree.C.
PA2  i. By subjecting a compound of the formula:
      ##SPC13##
PAL  to intramolecular condensation, wherein X.sup.1, X.sup.2, R.sup.1, R.sup.2
      , Y and P are as defined above.
PAR  The condensation is carried out with or without a solvent (e.g. benzene,
      nitrobenzene or dichloroethane) in the presence of a condensing agent
      (e.g. polyphosphoric acid, phosphoric anhydride, sulfuric acid, aluminum
      chloride, acetic anhydride, boron trifluoride or hydrogen chloride) at
      about 20.degree. to 150.degree.C.
PAR  According to this method (i), the compound of formula [I] wherein A is a
      carbonyl group is obtained.
PA2  j. By reacting a compound of the formula:
      ##SPC14##
PAL  wherein X.sup.1, X.sup.2, A, Y and P are as defined above, with a compound
      of the formula:
EQU  R.sup.9 --Q.sup.1                                          [XIII]
PAL  wherein R.sup.9 is an alkyl group having 1 to 4 carbon atoms (e.g. methyl,
      ethyl, propyl or butyl), and Q.sup.1 is a halogen atom (e.g. Cl, Br or I)
      or an alkyl- or aryl-sulfonyloxy (e.g. p-tolylsulfonyloxy or
      methylsulfonyloxy).
PAR  The reaction is advantageously carried out in an inert solvent (e.g.
      benzene, toluene, xylene, tetrahydrofuran, dimethyl sulfoxide or liquid
      ammonia) in the presence of an alkaline condensing agent (e.g. sodium
      methoxide, sodium ethoxide, sodium amide, potassium amide or sodium
      hydride) at about -35.degree. to 150.degree.C.
PAR  According to this method (j), the compound of formula [I] wherein R.sup.1
      is an alkyl group and R.sup.2 is a hydrogen atom or the same alkyl group
      as R.sup.1 is obtained.
PA1  Ii. in the case of compounds of formula [I] wherein Z is
      Q--B--N(R.sup.3)(R.sup.4);
PA2  k. By reacting a compound of the formula:
EQU  Q.sup.2 -- B -- N(R.sup.3)(R.sup.4)                        [XIV]
PAL  wherein B, R.sup.3 and R.sup.4 are as defined above, and Q.sup.2 is OH,
      NH.sub.2, or a halogen atom (e.g. Cl or Br) or an alkyl- or
      aryl-sulfonyloxy (e.g. p-tolylsulfonyloxy or methylsulfonyloxy), with the
      compound of formula [I] wherein Z is OH or its reactive derivative
      appropriately selected.
PAR  The reactive derivative of the compound of formula [I] wherein Z is OH is,
      for example, a metal salt (e.g. sodium salt, potassium salt, calcium
      salt), an acid halide, an acid anhydride or a lower alkyl ester (e.g.
      methyl ester, ethyl ester, propyl ester or isopropyl ester).
PAR  The reaction is carried out in a conventional manner. For example, in the
      case of the reaction of the compound of formula [I] wherein Z is OH with
      the compound of formula [XIV] wherein Q.sup.2 is OH or NH.sub.2, the
      reaction is carried out in a solvent (e.g. benzene, toluene, xylene or
      chloroform), optionally in the presence of an acid catalyst such as
      sulfuric acid or p-toluenesulfonic acid.
PAL  1. By reacting a compound of the formula:
      ##SPC15##
PAL  wherein X.sup.1, X.sup.2, R.sup.1, R.sup.2, A, Y, Z, B, Q.sup.1 and P are
      as defined above, with a compound of the formula:
EQU  HN(R.sup.3)(R.sup.4)                                       [XVI]
PAL  wherein R.sup.3 and R.sup.4 are as defined above.
PAR  The reaction is usually carried out in an inert solvent (e.g. benzene,
      toluene, acetone, dimethylformamide, dioxane or ethanol) at about
      20.degree. to 150.degree.C, optionally in the presence of a condinsing
      agent (e.g. organic base such as pyridine, quinoline or picoline or
      inorganic base such as potassium carbonate or sodium carbonate).
PAR  The above starting compounds can be produced, for example, as follows:
      ##SPC16##
PAR  [XVII] is reduced to [XVIII], for example, by the method described in
      Journal of the Chemical Society, 1952, pages 2057-62; [XVIII] is heated in
      the presence of an acid to give [XIX]; [XIX] is methylated with methyl
      iodide in the presence of an alkalline condensing agent such as sodium
      amide to give [XX].
      ##SPC17##
PAL  wherein A' is a methylene group or an alkylidene group having 2 to 4 carbon
      atoms.
PAR  [XXI] is chloromethylated with hydrogen chloride and formaldehyde to give
      [XXII]; [XXII] is allowed to react with potassium cyanide or cuprous
      cyanide in a solvent (e.g. dimethylformamide or dimethyl sulfoxide) to
      give [IIa]; [IIa] is allowed to react with diethyl carbonate and methyl
      iodide in the presence of sodium methoxide to give [IIIa]; [IIIa] is
      decarboxylated under reflux to give [IIb]; [IIb] is allowed to react with
      ethanol in the presence of a concentrated sulfuric acid to give [IIc].
      ##SPC18##
PAR  [XXIII] is brominated with N-bromosuccinimide (N.B.S.) to give [XXIV];
      [IId] and [IIIb] are derived from [XXIV] by the method mentioned above;
      methylation of [IId] with methyl iodide in the presence of an alkalline
      condensing agent gives [IIe].
      ##SPC19##
PAR  [XXV] is acetylated with acetyl chloride or acetic anhydride in the
      presence of a catalyst such as anhydrous aluminum chloride to give [XXVI];
      [XXVI] is subjected to Darzens' condensation to give [XXVII]; [XXVII] is
      hydrolyzed, and the resultant acid is decarboxylated by heating in an
      aqeuous or alcoholic solvent in the presence of an acid to give [IVa].
      ##SPC20##
PAR  [XXV] is allowed to react with ethoxalyl chloride in the presence of
      aluminum chloride to give [XXVIII]; [XXVIII] is hydrolyzed, and the
      resultant acid is subjected to Grignard reaction with methyl magnesiumm
      iodide to give [VIIIa]; [VIIIa] is dehydrated with sulfuric acid to give
      [VIIa].
      ##SPC21##
PAR  [IIf] is allowed to react with butyl-lithium in tetrahydrofuran to give
      [IXa].
      ##SPC22##
PAR  Reaction of [XXIX] with [XXX] in dichloroethane in the presence of stannic
      chloride gives [XXXI]; [XXXI] is hydrolyzed to [Xa].
      ##SPC23##
PAL  [XXXII] is heated with [XXXIII] at 160.degree.-170.degree.C to give [XIa].
PAR  The compounds of formula [I] wherein Z is OH can be converted in a
      conventional manner into the corresponding metal salts (the metal being
      for example Na, K, Ca, Mg or Al), the corresponding ammonium salts or the
      corresponding addition salts with organic bases such as triethylamine,
      diethylamine, morpholine or piperazine, and the compound of formula [I]
      wherein Z is Q--B--N(R.sup.3)(R.sup.4) can be converted in a conventional
      manner into the corresponding acid addition salts with various inorganic
      or organic acids such as hydrochloric, hydrobromic, sulfuric, phosphoric,
      nitric, methanesulfonic, p-toluenesulfonic, acetic, oxalic, maleic,
      fumaric, citric or camphorsulfonic acid.
PAR  The compounds of formula [I] and pharmaceutically acceptable salts thereof
      have analgesic and anti-inflammatory actions as shown, for example, by the
      following tests; in which the alphabetical notations A to D mean the
      following compounds, respectively:
PA1  A: 2-(5h-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid,
PA1  B: 2-(5h-[1]benzothiopyrano[2,3-b]pyridin-7-yl)propionic acid,
PA1  C: 2-(5h-[1]benzopyrano[2,3-b]pyridin-7-yl)butyric acid,
PA1  D: 2-dimethylaminoethyl 2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionate
      hydrochloride.
PAC  ANTI-INFLAMMATORY ACTION
PAR  i. Carrageenin Edema Method
PAR  According to the method of Winter et al. (Proc. Soc. Exptl. Biol. Med.,
      111, 544 (1962)), to one group of 5 Donryu-strain male rats each weighing
      about 130 g a test solution containing a test compound was administered
      orally. One hour later 0.05 ml of 1% carrageenin solution as a phlogogenic
      substance was subcutaneously injected to the paw of the hind leg. And 2
      hours after the administration of phlogogen the bulk of the paw was
      measured in order to obtain the increment percentage over that before
      administration. The ratio of bulk increment between a control group and a
      test group was calculated as inhibition percentage.
PAR  ii. Ultraviolet Erythema Method
PAR  Using guinea pigs weighing 250-450 g, a rubber plate with 3 holes of 7 mm
      in diameter was fitted to the abdomen, hair of which had been removed in
      advance, and light was given by a mercury lamp (300 W, Tokyo Shibaura
      Electric Co., Ltd.) at the distance of 15 cm for 150 seconds. Two hours
      later the degree of erythema formation was marked according to the method
      of Winder et al. (Arch. Intern. Pharmacodyn., 116, 261 (1958)) and the
      efficacy rate was calculated, based on the criterion that 1.5 or less of
      total marks be effective. Half amount of the test solution was orally
      given 1 hour before and after the irradiation.
PAC  ANALGESIC ACTION (PHENYQUINONE METHOD)
PAR  According to the method of Hendershot et al. (J. Pharmacol. Exptl. Therap.,
      125, 237 (1957)), to one group of 6 dd-strain male mice each weighing
      about 20 g a test solution containing a test compound was orally
      administered and one hour later 0.2 ml/20 g of body weight of 0.02%
      o-phenyl-p-benzoquinone solution was intraperitoneally injected. The
      frequency of stretch symptoms thus induce was measured for 30 minutes, and
      compared with that of a control group, and the inhibition percentage
      (effect) was calculated.
PAR  Results:
     Carrageenin Edema Method                                                  

                Dose                                                           

     Compound   mg/kg p.o.   % inhibition                                      

     ______________________________________                                    

     A          1            58                                                

                3            61                                                

     B          1            32                                                

                3            60                                                

     C          10           48                                                

                30           70                                                

     D          5            23                                                

                10           57                                                

     Aspirin    30           15                                                

                100          52                                                

     Phenylbutazone                                                            

                10           10                                                

                30           56                                                

     ______________________________________                                    

     Ultraviolet Erythema Method                                               

                             Animals with score                                

                Dose         of 1.5 or less                                    

     Compound   mg/kg p.o.   Total animals at 2 hr                             

     ______________________________________                                    

     A          0.05         2/5                                               

                0.25          7/10                                             

     B          0.05         2/5                                               

                0.5          3/5                                               

     C          1            1/5                                               

                2.5          3/5                                               

     D          0.5          1/5                                               

                1            3/5                                               

     Aspirin    50            1/10                                             

                100           4/10                                             

     Phenylbutazone                                                            

                5             3/10                                             

                10            6/10                                             

     ______________________________________                                    

     Phenylquinone Method                                                      

                Dose                                                           

     Compound   mg/kg p.o.   % inhibition                                      

     ______________________________________                                    

     A          1            26.7                                              

                2.5          59.4                                              

     B          5            32.7                                              

                10           63.1                                              

     C          5            61.0                                              

     D          5            65.1                                              

                25           80.0                                              

     Aspirin    100          29.3                                              

                250          62.9                                              

     Phenylbutazone                                                            

                100          37.2                                              

                250          55.4                                              

     ______________________________________                                    

PAR  In view of various tests including those mentioned above, the compounds of
      formula [I] in accordance with the invention and pharmaceutically
      acceptable salts thereof can be administered safely as anthirheumatics,
      analgesics, antipyretics and anti-inflammatory agents, either alone or in
      the form of a pharmaceutical composition consisting essentially of a
      therapeutically effective amount of the compound in admixture with a
      suitable and conventional carrier or adjuvant, administrable orally,
      percutaneously or by way of injection, without harm to the host.
PAR  The pharmaceutical composition can take the form of tablets, granules,
      powder or capsules, for oral administration, of injectable solution for
      subcutaneous or intramuscular administration, or of cream, ointment, jelly
      or suppository for topical administration. The choice of carrier is
      determined by the preferred form of administration, the solubility of the
      compounds and standard pharmaceutical practice.
PAR  The following is an example of formulations when a compound of the
      invention is administered for pharmaceutical purposes: 25 mg capsules are
      prepared from the following composition:
TBL  25 mg capsules are prepared from the following composition:               

     Compound [A]         25         mg                                        

     Lactose              37                                                   

     Microcrystalline cellulose                                                

                          18                                                   

     Corn starch          7                                                    

     Talc                 13                                                   

                          100        mg                                        

     25 mg tablets are prepared from the following composition:                

     Compound [A]         25         mg                                        

     Lactose              45                                                   

     Talc                 4.4                                                  

     Microcrystalline cellulose                                                

                          31.2                                                 

     Corn starch          18.5                                                 

     Magnesium stearate   0.9                                                  

                          125.0      mg                                        

PAL  The tablets may be sugar-coated in a conventional manner.
PAR  The usual daily dose of compound [A] or a salt thereof lies in the range of
      about 50-100 milligrams per human adult.
PAR  The present invention is further explained by way of the following
      illustrative examples.
DETD
PAC  Example 1
PAR  A solution of 11.5 g of 7-cyanomethyl-5H-[1]benzopyrano[2,3-b]-pyridine in
      a mixture of 60 ml of acetic acid and 25 ml of concentrated hydrochloric
      acid is heated under reflux for 24 hours. After concentration, water is
      added to the residue, and further 10% sodium hydroxide solution is added
      to dissolve the residue. An insoluble material is removed by extraction
      with chloroform. The aqueous layer is made acid with acetic acid, and the
      resulting crystalline precipitate is filtered off. The crystals are
      recrystallized from dioxane to give 8.5 g of
      5H-[1]benzopyrano[2,3-b]-pyridin-7-yl-acetic acid as white needles melting
      at 218.degree.C.
PAR  The above objective compound can also be produced from
      7-acetyl-5H-[1]benzopyrano[2,3-b]pyridine. Namely, the acetyl compound is
      subjected to Willgerodt reaction, and the thioamide compound obtained is
      hydrolyzed with potassium hydroxide in isopropyl alcohol.
PAR  The starting compound 7-cyanomethyl-5H-[1]benzopyrano[2,3-b]pyridine is
      prepared as follows:
PAR  5-Hydroxy-5H-[1]benzopyrano[2,3-b]pyridine is prepared from
      5-oxo-5H-[1]benzopyrano[2,3-b]pyridine by the method described in Journal
      of the Chemical Society, 1952, pages 2057-62.
PAR  A mixture of 10 g of 5-hydroxy-5H-[1]benzopyrano[2,3-b]pyridine, 100 ml of
      isopropyl alcohol and 10 ml of 20% hydrochloric acid in isopropyl alcohol
      is refluxed for 3 hours, and the reaction mixture is allowed to stand
      overnight. The isopropyl alcohol is distilled off under reduced pressure,
      an aqueous carbonate solution is added to the residue, and then the
      mixture is extracted with chloroform. The chloroform layer is dried, and
      the chloroform is distilled off. The residue is recrystallized from
      isopropyl alcohol to give 7.5 g of 5H-[1]benzopyrano[2,3-b]pyridine as
      white crystals melting at 87.degree.-88.degree.C.
PAR  Hydrogen chloride gas is passed through a mixture of 10 g of
      5H-[1]-benzopyrano[2,3-b]pyridine, 1.4 g of paraformaldehyde, 110 ml of
      concentrated sulfuric acid and 22 ml of concentrated hydrochloric acid at
      80.degree.C for 12 hours, while 2 g of paraformaldehyde is added in
      several portions to the reaction mixture. The reaction mixture is poured
      into water, and the whole mixture is neutralized with sodium carbonate,
      and extracted with a large amount of chloroform. The chloroform layer is
      dried, concentrated to 30 ml, and cooled. The resulting crystalline
      precipitate is filtered off, and recrystallized from chloroform to give
      7-chloromethyl-5H-[1]benzopyrano[2,3-b]pyridine melting at
      172.degree.-174.degree.C.
PAR  A solution of 7.8 g of potassium cyanide in 20 ml of water is added
      dropwise to a mixture of 23 g of
      7-chloromethyl-5H-[1]benzopyrano[2,3-b]-pyridine and 200 ml of
      dimethylformamide. The mixture is allowed to stand at
      55.degree.-60.degree.C for 2 hours, and then poured into a large amount of
      water. The resulting crystalline precipitate is filtered off, washed with
      water, and recrystallized from aqueous dioxane to give 20 g of
      7-cyanomethyl-5H-[1]-benzopyrano[2,3-b]pyridine melting at
      166.degree.-167.degree.C.
PAC  EXAMPLE 2
PAR  A solution of 12 g of 7-cyanomethyl-5-oxo-5H-[1]benzopyrano[2,3-b]-pyridine
      in a mixture of 60 ml of acetic acid and 25 ml of concentrated
      hydrochloric acid is heated under reflux on an oil bath for 24 hours.
      After concentration, water is added to the residue, and further a 10%
      sodium hydroxide solution is added to dissolve the residue. An insoluble
      material is removed by extraction with chloroform. The aqueous layer is
      made acid with acetic acid, and the resulting crystalline precipitate is
      filtered off and recrystallized from aqueous dimethylformamide to give 8.6
      g of 5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl-acetic acid as white
      needles melting at 244.degree.- 245.degree.C.
PAR  The above objective compound can also be produced from
      7-acetyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine. Namely, the acetyl
      compound is subjected to Willgerodt reaction, and the thioamide compound
      obtained is hydrolyzed with potassium hydroxide in isopropyl alcohol.
PAR  The starting compound 7-cyanomethyl-5-oxo-5H-[1]benzopyrano[2,3-b]-pyridine
      is prepared as follows:
PAR  A mixture of 42 g of 7-methyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine, 36 g
      of N-bromosuccinimide, 0.4 g of benzoyl peroxide and 420 ml of carbon
      tetrachloride is refluxed with stirring under ultraviolet light for 2
      hours. The reaction mixture is filtered rapidly while it is hot. The
      crystals thus obtained are suspended in hot water (about 60.degree.C). The
      suspension is stirred thoroughly, and filtered. The crystals are
      recrystallized from dioxane to give 47.1 g of
      7-bromomethyl-5-oxo-5H-[1]benzopyrano[2,3-b]-pyridine melting at
      211.degree.-212.5.degree.C.
PAR  To a mixture of 25 g of
      7-bromomethyl-5-oxo-5H-[1]benzopyrano-[2,3-b]pyridine and 175 ml of
      dimethylformamide is added 5.1 g of sodium cyanide under ice cooling. The
      mixture is stirred at room temperature for 2 hours, and then 300 ml of
      water is added to the reaction mixture. The resulting crystalline
      precipitate is filtered off, washed with water, and recrystallized from
      dioxane to give 17 g of
      7-cyanomethyl-5-oxo-5H-[1]-benzopyrano[2,3-b]pyridine melting at
      198.degree.-201.degree.C.
PAC  EXAMPLE 3
PAR  A mixture of 3 g of ethyl
      2-(5H-[1]benzothiopyrano[2,3-b]pyridin-7-yl)propionate and 0.48 g of
      sodium hydroxide is dissolved in a mixture of 25 ml of ethanol and 5 ml of
      water, and the solution is heated under reflux for 1.5 hours. The ethanol
      is distilled off under reduced pressure, and water is added to the
      residue. The mixture is made acid with acetic acid, and the crystalline
      precipitate is filtered off and recrystallized from aqueous dioxane to
      give 2.4 g of 2-(5H-[1]benzothiopyrano[2,3-b]pyridin-7-yl)propionic acid
      melting at 203.degree.-204.degree.C.
PAC  EXAMPLE 4
PAR  A mixture of 3.1 g of ethyl
      2-(5-oxo-5H-[1]benzothiopyrano[2,3-b[-pyridin-7-yl)propionate and 0.48 g
      of sodium hydroxide is dissolved in a mixture of 25 ml of ethanol and 5 ml
      of water. The solution is heated under reflux for 1 hour. The ethanol is
      distilled off under reduced pressure, and the residue is dissolved in
      water. The solution is made acid with acetic acid, and the crystalline
      precipitate is collected by filtration and recrystallized from aqueous
      dioxane to give 2.5 g of
      2-(5-oxo-5H-[1]benzothiopyrano[2,3-b]pyridin-7-yl)propionic acid as pale
      yellowish white crystals melting at 206.5.degree.-207.5.degree.C.
PAC  EXAMPLE 5
PAR  A mixture of 100 g of ethyl
      2-cyano-2-2-(5H-[1]benzopyrano[2,3-b]-pyridin-7-yl)propionate, 500 ml of
      glacial acetic acid and 200 g of concentrated hydrochloric acid is
      refluxed for 48 hours. The reaction mixture is concentrated, and the
      residue is dissolved in hot water. The solution is adjusted to pH 2-3 by
      addition of 10% sodium hydroxide. The resulting crystalline precipitate is
      washed thoroughly with water, and recrystallized from aqueous dioxane to
      give 74 g of 2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid as
      white crystals melting at 183.degree.-183.5.degree.C.
PAR  The starting compound ethyl
      2-cyano-2-(5H-[1]benzopyrano[2,3-b]-pyridin-7-yl)propionate is prepared as
      follows:
PAR  A solution of 0.76 g of metallic sodium in 15 ml of ethanol is added to a
      mixture of 6.6 g of 7-cyanomethyl-5H-[1]benzopyrano[2,3-b]pyridine and 46
      ml of diethyl carbonate, and the whole mixture is refluxed for 1 hour.
      After cooling, 5.2 g of methyl iodide is added to the reaction mixture.
      The temperature of the mixture is raised gradually, and the mixture is
      refluxed for 2 hours. The excess diethyl carbonate is distilled off, and
      toluene is added to the residue. The mixture is washed with water, and the
      toluene layer is dried. The toluene is distilled off, and the residue is
      recrystallized from isopropyl alcohol to give ethyl
      2-cyano-2-(5H-[1]benzopyrano-[2,3-b]pyridin-7-yl)propionate melting at
      119.degree.-120.degree.C.
PAC  EXAMPLE 6
PAR  A mixture of 16.5 g of ethyl
      2-cyano-2-(5-oxo-5H-[1]benzopyrano-[2,3-b]pyridin-7-yl)propionate, 80 ml
      of acetic acid and 35 ml of concentrated hydrochloric acid is heated under
      reflux for 24 hours. After concentration, water is added to the residue,
      and further a 10% sodium hydroxide solution is added to dissolve the
      residue. An insoluble material is removed by extraction with chloroform.
      The aqueous layer is made acid with acetic acid, and the crystalline
      precipitate is collected and recrystallized from aqueous dioxane to give
      11 g of 2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid as
      white needles melting at 194.degree.-195.degree.C.
PAR  The starting compound ethyl
      2-cyano-2-(5-oxo-5H-[1]benzopyrano-[2,3-b]pyridin-7-yl)propionate is
      prepared as follows:
PAR  A solution of 0.75 g of metallic sodium in 16 ml of ethanol is added to a
      mixture of 7 g of 7-cyanomethyl-5-oxo-5H-[1]benzopyrano[2,3-b]-pyridine
      and 55 ml of diethyl carbonate with stirring, and the mixture is stirred
      under reflux for 2 hours. After ice cooling, a solution of 5.2 g of methyl
      iodide in 5 ml of ethanol is added to the reaction mixture, and the whole
      mixture is stirred under reflux for 2 hours. The ethanol and the excess
      diethyl carbonate are distilled off under reduced pressure, and the
      residue is dissolved in toluene. The solution is washed with water, dried
      over anhydrous sodium sulfate, and concentrated under reduced pressure to
      give 8.4 g of crude crystals of ethyl
      2-cyano-2-(5-oxo-5H-[1]benzopyrano-[2,3-b]pyridin-7-yl)propionate. The
      product, when recrystallized from isopropyl alcohol, melts at
      106.degree.-108.degree.C.
PAC  EXAMPLE 7
PAR  2.4 g of 2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionaldehyde is added
      in small portions to a mixture of 2.5 g of silver oxide, 50 ml of water,
      50 ml of ethanol and 1.6 g of sodium hydroxide under cooling. The mixture
      is stirred for 30 minutes, and the silver produced is removed by
      filtration, and then the ethanol is distilled off. Water is added to the
      residue, and the resulting mixture is filtered to remove an insoluble
      material. The filtrate is adjusted to pH 3-4 by addition of hydrochloric
      acid. Thus 1.8 g of 2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid
      is obtained as precipitate. The product, when recrystallized from aqueous
      dioxane, melts at 182.degree.-183.degree.C.
PAC  EXAMPLE 8
PAR  1.6 G of potassium permanganate is added in small portions to a mixture of
      2.5 g of 2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionaldehyde, 20
      ml of pyridine and 30 ml of water under cooling. The mixture is stirred at
      room temperature for 1 hour, and the manganese dioxide produced is removed
      by filtration. The filtrate is concentrated, and the residue is dissolved
      in water. The solution is treated with an activated charcoal, and made
      acid with hydrochloric acid to yield a precipitate of
      2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid. The product,
      when recrystallized from aqueous dioxane, melts at
      193.degree.-194.degree.C.
PAC  EXAMPLE 9
PAR  4.75 g of 2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid is
      dissolved in a solution of 0.88 g of sodium hydroxide in 25 ml of water.
      To the solution are added 5 g of sodium borohydride and a small amount of
      toluene, and the mixture is heated under reflux for 3 hours. The reaction
      mixture is adjusted to pH 3 by adding concentrated hydrochloric acid under
      ice cooling. The resulting crystalline precipitate is filtered off, washed
      with water, and recrystallized from aqueous dioxane to give 2.5 g of
      2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid as white needles
      melting at 182.5.degree.-183.5.degree.C.
PAC  EXAMPLE 10
PAR  A mixture of 3.7 g of zinc, 0.22 g of mercuric chloride, 0.22 ml of
      concentrated hydrochloric acid and 3.7 ml of water is stirred for 5
      minutes, and the aqueous solution is removed by decantation. To the zinc
      amalgam thus obtained are added 6 ml of dioxane and 6 ml of concentrated
      hydrochloric acid. 1.5 g of
      2-(5-oxo-5H-[1]benzothiopyrano[2,3-b]pyridin-7-yl)propionic acid is added
      to the mixture with stirring at 50.degree.-60.degree.C over a period of
      about 15 minutes. The whole mixture is stirred at 60.degree.C for 1 hour.
      The excess zinc is removed by filtration, and the filtrate is evaporated
      under reduced pressure. The residue is dissolved in water, and the
      solution is adjusted to pH 2-3 by addition of 10% sodium hydroxide. The
      resulting crystalline precipitate is filtered off, and recrystallized from
      aqueous dioxane to give 0.8 g of
      2-(5H-[1]benzothiopyrano[2,3-b]pyridin-7-yl)propionic acid as pale
      yellowish white crystals melting at 203.degree.-204.degree.C.
PAC  EXAMPLE 11
PAR  2.5 g of 2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)acrylic acid is dissolved
      in 20 ml of 0.5 N aqueous sodium hydroxide soution, and 1 g of Raney
      nickel is added. The solution is stirred in a hydrogen stream at ordinary
      pressure and temperature until absorption of 230 ml of hydrogen is
      attained. The Raney nickel is removed by filtration, and the filtrate is
      neutralized with hydrochloric acid. The resulting crystalline precipitate
      is filtered off, washed with water, and recrystallized from aqueous
      dioxane to give 1.8 g of 2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic
      acid melting at 183.degree.-184.degree.C.
PAC  EXAMPLE 12
PAR  A mixture of 2.9 g of
      2-chloro-2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid, 40 ml of
      0.5 N aqueous sodium hydroxide solution and 1 g of Raney nickel is stirred
      in a hydrogen stream at ordinary pressure and temperature, until
      absorption of 230 ml of hydrogen is attained. The RAney nickel is then
      filtered off, and the filtrate is neutralized with hydrochloric acid. The
      crystalline precipitate is filtered off, washed with water, and
      recrystallized from aqueous dioxane to give 1.5 g of
      2-(5H-[1]benzopyrano-[2,3-b]pyridin-7-yl)propionic acid melting at
      183.degree.-184.degree.C.
PAC  EXAMPLE 13
PAR  A Grignard reagent is prepared from 0.31 g of metallic magnesium and 2.9 g
      of 7-(1-bromoethyl)-5H-[1]benzopyrano[2,3-b]pyridine in 10 ml of anhydrous
      tetrahydrofuran. To the Grignard reagent is added a large excess of dry
      ice. The mixture is allowed to stand overnight, and then poured into
      diluted hydrochloric acid. The precipitate is filtered off, and added to
      an aqueous sodium bicarbonate solution. An insoluble material is removed
      by filtration, and the filtrate is made acid with acetic acid. The
      resulting white crystals are collected and recrystallized from aqueous
      dioxane to give 2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid
      melting at 182.5.degree.-183.5.degree.C.
PAC  EXAMPLE 14
PAR  2.5 g of 2-[3-(2-chloronicotinoyl)-4-hydroxyphenyl]propionic acid and 0.7 g
      of sodium hydroxide are dissolved in 10 ml of water. Catalytic amounts of
      powdered copper and copper iodide are added to the solution, and the
      mixture is stirred under reflux for 2 hours. After cooling, the reaction
      mixture is diluted with water, and filtered with suction. The filtrate is
      made acid with hydrochloric acid, and the resulting crystals are filtered
      off and recrystallized from aqueous dioxane to give 1.6 g of
      2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid melting at
      193.5.degree.-194.5.degree.C.
PAC  EXAMPLE 15
PAR  A mixture of 28.7 g of 2-(p-.alpha.-carboxyethylphenoxy)nicotinic acid and
      290 g of polyphosphoric acid is stirred at 130.degree.-140.degree.C on an
      oil bath for 1.5 hours. The reaction mixture is poured into ice water, and
      the precipitated crystals are collected by filtration. The crystals are
      washed with water, and recrystallized from aqueous dioxane to give 23.1 g
      of 2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid as white
      crystals melting at 194.degree.-195.degree.C.
PAC  EXAMPLE 16
PAR  A solution of 2 g of aluminum isopropoxide in 30 ml of isopropyl alcohol is
      added dropwise to a solution of 2.7 g of
      2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid in 100 ml of
      isopropyl alcohol with stirring. The addition is accompanied by immediate
      formation of white crystals. The mixture is stirred under reflux for 1
      hour, and 20 ml of water is added to the reaction mixture, and then the
      whole mixture is refluxed for an additional hour. After cooling, the
      crystals are filtered off, washed with isopropyl alcohol, and dried to
      give aluminum 2-(5-oxo-5H-[1]-benzopyrano[2,3-b]pyridin-7-yl)propionate as
      white crystals melting at above 250.degree.C.
PAC  EXAMPLE 17
PAR  2.5 G of 2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid is
      dissolved in 80 ml of isopropyl alcohol. A solution of 2.1 g of aluminum
      isopropoxide in 25 ml of isopropyl alcohol is added dropwise to the
      solution with stirring, white crystals being immediately yielded. After
      refluxing the mixture for 1 hour, 3 ml of water is added, and then the
      whole mixture is further refluxed for 1 hour. After cooling, the crystals
      are filtered off, washed with isopropyl alcohol, and dried to give
      aluminum 2-(5H-[1]-benzopyrano[2,3-b]pyridin-7-yl)propionate as white
      crystals melting at above 250.degree.C.
PAC  EXAMPLE 18
PAR  5.1 G of 2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid and 1.96 g
      of 2-dimethylaminoethanol are dissolved in 30 ml of pyridine. 4.2 g of
      p-tolylsulfonyl chloride is added in small portions to the pyridine
      solution with stirring at room temperature, and the mixture is stirred at
      80.degree.-90.degree.C for 2 hours. The pyridine is distilled off under
      reduced pressure, and the residue is dissolved in chloroform. After
      addition of ice water, the solution is adjusted to pH 9 by addition of 15%
      sodium hydroxide. The mixture is thoroughly shaken, and the chloroform
      layer is separated. The chloroform layer is washed with water, dried over
      anhydrous magnesium sulfate, and concentrated. The residual oil is
      dissolved in 30 ml of isopropyl alcohol, and the solution is adjusted to
      pH 1-2 by addition of 20% alcoholic hydrochloric acid. After cooling, the
      crystalline precipitate is filtered off, and high vacuum dried to give 4.2
      g of 2-dimethylaminoethyl
      2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionate hydrochloride melting
      at 167.degree.-169.degree.C.
PAC  EXAMPLE 19
PAR  A mixture of 6.1 g of ethyl
      2-(5-oxo-5H-[1]benzothiopyrano[2,3-b]-pyridin-7-yl)propionate, 4 g of
      2-dimethylaminoethanol, 0.3 g of sodium methyoxide and 100 ml of toluene
      is stirred under reflux for 6 hours, while the by-product ethanol is
      distilled off. As toluene also escapes during the ethanol distillation,
      the corresponding amount of toluene is replenished at appropriate
      intervals. After cooling, the reaction mixture is washed with water, dried
      over anhydrous magnesium sulfate, and concentrated. The residue is
      dissolved in isopropyl alcohol, and 20% alcoholic hydrochloric acid in
      isopropyl alcohol is added to the solution, and then the mixture is cooled
      with ice. The resulting crystalline precipitate is filtered off, and
      recrystallized from ethanol to give 5.3 g of 2-dimethylaminoethyl
      2-(5-oxo-5H-[1]benzothiopyrano[2,3-b]pyridin-7-yl)propionate hydrochloride
      melting at 196.degree.-198.degree.C.
PAR  Using the procedure set forth in the above examples, but substituting
      equivalent amount of the appropriate starting materials, the following
      compounds are also produced.
PA1  1. 2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)butyric acid, melting at
      165.degree.-167.degree.C;
PA1  2. 2-(5h-[1]benzopyrano[2,3-b]pyridin-9-yl)propionic acid, melting at
      196.degree.-198.degree.C;
PA1  3. 2-(5h-[1]benzopyrano[2,3-b]pyridin-7-yl)isobutyric acid, melting at
      208.degree.C;
PA1  4. 2-(2-methyl-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid, melting
      at 186.degree.-187.degree.C;
PA1  5. 2-(9-chloro-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid, melting
      at 196.degree.-200.degree.C;
PA1  6. 2-(2-methoxy-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid;
PA1  7. 2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid N-oxide, melting
      at 255.degree.C with decomposition;
PA1  8. sodium 2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionate, melting at
      above 300.degree.C;
PA1  9. 2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-9-yl)propionic acid, melting at
      208.degree.-210.degree.C;
PA1  10. 2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)butyric acid, melting at
      165.degree.-166.degree.C;
PA1  11. 2-(5oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)isobutyric acid, melting
      at 182.degree.C;
PA1  12. 2-(2-methyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid,
      melting at 182.degree.-184.degree.C;
PA1  13. 2-(2-methoxy-5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid;
PA1  14. 5-oxo-5H-[1]benzopyrano[3,2-c]pyridin-8-yl-acetic acid, melting at
      275.degree.C;
PA1  15. 2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid N-oxide,
      melting at 265.degree.C with decomposition;
PA1  16. 5,5-dimethyl-5H-[1]benzopyrano[2,3-b]pyridin-7-yl-acetic acid, melting
      at 234.degree.C;
PA1  17. 5-oxo-5H,10H-benzo[b][1,8]naphthyridin-7-yl-acetic acid, melting at
      317.degree.C;
PA1  18. 10-methyl-5-oxo-5H,10H-benzo[b] [1,8]naphthyridin-7-yl-acetic acid,
      melting at 259.degree.C;
PA1  19. 2-morpholinoethyl 2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionate,
      n.sub.D.sup.24.5 =  1.5655
PA1  20. 2-(4-methyl-1-piperazinyl)ethyl
      2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionate, dihydrochloride,
      melting at 251.degree.-252.degree.C;
PA1  21. 3-piperidinopropyl 2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionate,
      n.sub.D.sup.26 =  1.5598;
PA1  22. 2-dimethylaminoethyl
      2-(5H-[1]benzothiopyrano[2,3-b]pyridin-7-yl)-propionate, n.sub.D.sup.26 =
      1.5862;
PA1  23. 2-dimethylamino-1-methylethyl
      2-(5-oxo-5H-[1]benzopyrano[2,3-b]-pyridin-7-yl)propionate hydrochloride,
      melting at 195.degree.-196.degree.C;
PA1  24.
      n-(2-dimethylaminoethyl)-2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)-propiona
     mide hydrochloride, melting at 204.degree.-206.degree.C.
CLMS
NUM  1.
PAR  1.  A compound selected from the group consisting of
      ##SPC24##
      wherein each of X.sup.1 and X.sup.2 is a hydrogen atom, a halogen atom, an
      alkyl group having 1 to 4 carbon atoms or an alkoxy group having 1 to 4
      carbon atoms; each of R.sup.1 and R.sup.2 is a hydrogen atom or an alkyl
      group having 1 to 4 carbon atoms; A is carbonyl, methylene or alkylidene
      having 2 to 4 carbon atoms; Y is --O--; and ring P represents a pyridine
      or pyridine N-oxide ring; and a pharmaceutically acceptable salt thereof.
NUM  2.
PAR  2. A compound of claim 1:
PA1  5H-[1]benzopyrano[2,3-b]pyridin-7-yl-acetic acid.
NUM  3.
PAR  3. A compound of claim 1:
PA1  2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid.
NUM  4.
PAR  4. A compound of claim 1:
PA1  2-(5H-[1]benzopyrano[2,3-b]pyridin-9-yl)propionic acid.
NUM  5.
PAR  5. A compound of claim 1:
PA1  2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)butyric acid.
NUM  6.
PAR  6. A compound of claim 1:
PA1  2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)isobutyric acid.
NUM  7.
PAR  7. A compound of claim 1:
PA1  2-(2-methyl-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid.
NUM  8.
PAR  8. A compound of claim 1:
PA1  2-(9-chloro-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid.
NUM  9.
PAR  9. A compound of claim 1:
PA1  2-(5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid N-oxide.
NUM  10.
PAR  10. A compound of claim 1:
PA1  5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl-acetic acid.
NUM  11.
PAR  11. A compound of claim 1:
PA1  2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid.
NUM  12.
PAR  12. A compound of claim 1:
PA1  2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-9-yl)propionic acid.
NUM  13.
PAR  13. A compound of claim 1:
PA1  2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)butyric acid.
NUM  14.
PAR  14. A compound of claim 1:
PA1  2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)isobutyric acid.
NUM  15.
PAR  15. A compound of claim 1;
PA1  10-oxo-10H-[1]benzopyrano[3,2-c]pyridin-8-yl-acetic acid.
NUM  16.
PAR  16. a compound of claim 1:
PA1  2-(2-methyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid.
NUM  17.
PAR  17. A compound of claim 1:
PA1  2-(5-oxo-5H-[1]benzopyrano[2,3-b]pyridin-7-yl)propionic acid N-oxide.
NUM  18.
PAR  18. A compound of claim 1:
PA1  5,5-dimethyl-5H-[1]benzopyrano[2,3-b]pyridin-7-yl-acetic acid.
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ABST
PAL  Prostanoic acid derivatives having luteolytic activity are provided. A
      representative compound is 16-(6-chloropyrid-2-yloxy)-9.alpha., 11.alpha.,
      15-trihydroxy-17, 18, 19, 20-tetranor-5-cis, 13-trans-prostadienoic acid.
BSUM
PAR  This invention relates to prostanoic acid derivatives and in particular it
      relates to prostanoic acid derivatives which possess luteolytic acitivity.
      The new compounds are therefore advantageous when used as contraceptives,
      for the induction of labour or termination of pregnancy, or for control of
      the oestrus cycle, and are also useful as hypetensives or for the relief
      of bronchospasm, and as inhibitors of blood platelet aggregation or of
      gastric secretion. The new compounds are also useful for addition to semen
      intended for artificial insemination of domestic animals, the success rate
      of insemination being thereby increased, especially in pigs and cattle.
PAR  The compounds described in this specification will be named as derivatives
      of prostane of the formula shown below and numbered as shown:
      ##SPC1##
PAL  According to the invention there is provided a prostanoic acid derivative
      of the formula:
      ##SPC2##
PAL  Wherein R.sup.1 is a hydroxymethyl or carboxy radical, an alkoxycarbonyl or
      alkoxymethyl radical each of 2 to 11 carbon atoms, or an alkoxycarbonyl
      radical of 2 or 3 carbon atoms which bears as substituent a .beta.- or
      .gamma.-dialkylamino radical wherein each alkyl radical is of 1 to 4
      carbon atoms, or a .beta.- or .gamma.-(1-pyrrolidinyl), -piperidino or
      -morpholino radical; either R.sup.2 is a hydroxy radical or an alkanoyloxy
      radical of 1 to 4 carbon atoms and R.sup.3 is a hydrogen atom, or R.sup.2
      and R.sup.3 together form an oxo radical; A.sup.1 is an ethylene or a
      vinylene radical; A.sup.2 is an ethylene or trans-vinylene radical; either
      X is an alkylene radical of 1 to 3 carbon atoms bearing as substituents 0,
      1 or 2 alkyl radicals, each of 1 to 3 carbon atoms and Y is an oxygen or
      sulphur atom, a sulphinyl, sulphonyl, imino or alkylimino (-NAlkyl-)
      radical of up to 4 carbon atoms, or a direct bond; or X and Y are each a
      direct bond; R.sup.4 is a radical derived from a heterocyclic compound
      which is an aromatic 5- or 6- membered ring containing one or two
      non-adjacent nitrogen heteroatoms from an aromatic fused benzo-homologue
      thereof, or from indoline or pyridazine, which radical is unsubstituted or
      is substituted with 1 to 4 substituents selected from halogen atoms or
      alkyl or alkoxy radicals each of 1 to 5 carbon atoms; R.sup.5 is a
      hydrogen atom or an alkyl radical of 1 to 5 carbon atoms, and which
      prostanoic acid derivative is further unsubstituted or bears an alkyl
      substituent of 1 to 4 carbon atoms on carbon atom 2, 3 or 4 thereof; and
      for those compounds wherein R.sup.1 is a carboxy radical the
      pharmaceutically or veterinarily acceptable base addition salts thereof;
      and for those compounds wherein R.sup.1 is a carboxy radical and R.sup.2
      is the hydroxy radical the 1 9.alpha.-lactones thereof.
PAR  A suitable value for R.sup.1 when it is an alkoxycarbonyl radical of 2 to
      11 carbon atoms is, for example, a methoxycarbonyl, ethoxycarbony,
      n-butoxycarbonyl or n-decyloxycarbonyl radical, and a suitable value for
      R.sup.1 when it is an alkoxymethyl radical of 2 to 11 carbon atoms is, for
      example, a methoxymethyl, ethoxymethyl or butoxymethyl radical.
PAR  A suitable value for R.sup.2 when it is an alkanoyloxy radical of 1 to 4
      carbon atoms is, for example, an acetoxy or propionyloxy radical.
PAR  A suitable value for X when it is an alkylene radical of 1 to 3 carbon
      atoms bearing as substituents 0, 1 or 2 alkyl radicals, each of 1 to 3
      carbon atoms is, for example a methylene, ethylene or trimethylene radical
      bearing 0, 1 or 2 methyl substituents, for example a methylene,
      ethylidene, isopropylidene or trimethylene radical.
PAR  A suitable value for Y when it is an alkyleneimino radical of up to 4
      carbon atoms is, for example, a methylimino radical.
PAR  A suitable value for R.sup.4 when it is a radical derived from a 5-membered
      heterocyclic ring or a fused benzo-homologue thereof is, for example, a
      pyrrolyl, imidazolyl, indolyl or benzimidazolyl radical, and a suitable
      value for R.sup.4 when it is radical derived from a 6-membered
      heterocyclic ring or a fused benzo-homologue thereof is, for example, a
      pyridyl, pyrimidinyl, pyrazinyl, quinolyl, isoquinolyl, quinazolinyl or
      quinoxalinyl radical.
PAR  Suitable halogen substituents in R.sup.4 are, for example, chlorine,
      bromine and iodine atoms, and suitable alkyl and alkoxy substituents in
      R.sup.4 are, for example, methyl, ethyl, propyl, methoxy and ethoxy
      radicals.
PAR  A suitable value for R.sup.5 when it is an alkyl radical is, for example, a
      methyl, ethyl or propyl radical.
PAR  A suitable value for the alkyl radical of up to 4 carbon atoms which may be
      present as a substituent on carbon atom 2, 3 or 4 is, for example a methyl
      or ethyl radical.
PAR  Examples of base-addition salts are the ammonium, alkyl-ammonium containing
      1 to 4 alkyl radicals each of 1 to 6 carbon atoms, alkanolammonium
      containing 1 to 3 2-hydroxyethyl radicals, and alkali metal salts, for
      example the triethylammonium, ethanolammonium, diethanolammonium, sodium
      and potassium salts.
PAR  It will be observed that the compounds of the formula I contain at least
      four asymmetric carbon atoms, namely carbon atoms 8, 11, 12 and 15, the
      configurations at three of which, 8, 11 and 12 are specified in formula I,
      and that carbon atoms 2, 3, 4, 9 and 15 may also be asymmetrically
      substituted, so that it is clear that such compounds can exist in at least
      two optically active forms. It is to be understood that the useful
      properties of the racemate may be present to differing extents in the
      optical isomers, and that this invention relates to the racemic form of
      the compounds of formula I and any optically active form which shows the
      above useful properties, it being a matter of common general knowledge how
      the optically active forms may be obtained, and to determine their
      respective biological properties.
PAR  It is also to be understood that the above definition encompasses both C-15
      epimers.
PAR  More particularly, the invention provides a prostanoic acid derivative of
      the formula I wherein R.sup.1 is a carboxy or hydroxymethyl radical or an
      alkoxycarbonyl radical of 1 to 4 carbon atoms, A.sup.1 and A.sup.2 have
      the meanings defined above, R.sup.2 is a hydroxy radical and R.sup.3 is a
      hydrogen atom or R.sup.2 and R.sup.3 together form an oxo radical, either
      X is a methylene radical and Y is an oxygen atom, or X is a methylene or
      ethylene radical and Y is a direct bond, or X and Y are each a direct
      bond, R.sup.4 is an indolyl, benzimidazolyl, pyridyl, pyrimidinyl,
      quinolyl, indolinyl or pyridazinyl radical, which radical is unsubstituted
      or is substituted as defined above, and R.sup.5 is a hydrogen atom, and
      which prostanoic acid derivative is further unsubstituted or bears an
      alkyl substituent of 1 to 4 carbon atoms on carbon atom 2 thereof, and for
      those compounds wherein R.sup.1 is a carboxy radical, the sodium salts
      thereof.
PAR  Particular values for R.sup.4 are unsubstituted indolyl, indolyl bearing 1
      or 2 substituents selected from methyl radicals and chlorine atoms,
      methylbenzimidazolyl, unsubstituted pyridyl, pyridyl bearing 1 to 4
      substituents selected from methyl and methoxy radicals, and chlorine
      atoms, pyrimidinyl bearing 1 or 2 substituents selected from methyl and
      methoxy radicals, unsubstituted quinolyl, methylquinolyl, unsubstituted
      indolinyl, methylindolinyl and chloropyridazinyl radicals.
PAR  Preferred compounds of the invention are those compounds wherein X is a
      methylene radical and Y is an oxygen atom.
PAR  A particular group of prostanoic acid derivatives of the invention
      comprises those compounds of the formula wherein R.sup.4 is an indolyl or
      indolinyl radical, for example a 1-, 2-, 3-, 4- or 5- indolyl or indolinyl
      radical, and especially those prostanoic acid derivatives of the formula I
      wherein R.sup.1 is a carboxy or hydroxymethyl radical or an alkoxycarbonyl
      radical of 2 to 5 carbon atoms, for example a methoxycarbonyl radical,
      R.sup.2 is a hydroxy radical and R.sup.3 is a hydrogen atom, or R.sup.2
      and R.sup.3 together form an oxo radical, A.sup.1 is an ethylene,
      cis-vinylene or trans-vinylene radical, A.sup.2 is an ethylene or
      trans-vinylene radical, X and Y together form a methylene, ethylene or
      methyleneoxy radical, or a direct bond, R.sup.5 is a hydrogen atom, and
      R.sup.4 is a 1-, 2-, 3-, 4- or 5-indolyl or indolinyl radical which bears
      0 to 3 substituents selected from halogen atoms, for example, chlorine,
      bromine or iodine atoms, and alkyl and alkoxy radicals each of 1 to 5
      carbon atoms, for example methyl and methoxy radicals, which compounds
      bear 0 to 1 alkyl substituent of 1 to 4 carbon atoms, for example a methyl
      radical, on carbon atom 2 thereof, and the pharmaceutically or
      veterinarily acceptable base addition salts thereof. Particular values for
      R.sup.4 are therefore 2-, 3-, 4- and 5- indolyl, 1-, 3- and
      7-methylindol-5-yl, 1,2-dimethylindol-5-yl, 3-chloroindol-5-yl,
      1-indolinyl and 1-methylindolin-5-yl radicals. A preferred group of such
      compounds comprises those compounds of the formula I wherein R.sup.1 is a
      carboxy, hydroxymethyl or methoxycarbonyl radical, A.sup.1 is an ethylene,
      cis-vinylene or trans-vinylene radical, R.sup.2 is a hydroxy radical,
      R.sup.3 is a hydrogen atom, A.sup.2 is an ethylene or trans-vinylene
      radical, R.sup.5 is a hydrogen atom, X is a methylene radical, Y is an
      oxygen atom and R.sup.4 is 5-indolyl radical, and for those compounds
      wherein R.sup.1 is a carboxy radical, the salts thereof as defined above.
      Particular preferred compounds in this group are 9.alpha., 11.alpha.,
      15-trihydroxy-16-(indol-5-yloxy)-17, 18, 19, 20-tetranor-5-cis,
      13-trans-prostadienoic acid, methyl
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,
      18,19,20-tetranor-5-cis, 13-trans-prostadienoate, 16-(indol-5-yloxy
      )-17,18,19,20-tetranor-5cis,
      13-trans-prostadien-1,9.alpha.,11.alpha.,15-tetraol, 9.alpha., 11.alpha.,
      15-trihydroxy-16-(indol-5-yloxy)-2-methyl-17,18,19,20-tetranor-5-cis,
      13-trans-prostadienoic acid, 9.alpha.,
      11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,18,19,20-tetranor-13-trans-p
     rostenoic acid, and
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,18,19,20
      -tetranor-5-trans, 13 trans-prostadienoic acid, and the sodium and
      potassium salts of those compounds which are acids, and particularly
      preferred indolinyl compounds are
      9.alpha.,11.alpha.,15-trihydroxy-17-(indolin-1-yl)-18,19,20-trinor-5-cis,
      13-trans-prostadienoic acid, and the sodium and potassium salts thereof.
PAR  A further particular group of prostanoic acid derivatives of the invention
      comprises those compounds of the formula I wherein R.sup.4 is a pyridyl
      radical, and especially those prostanoic acid derivatives of the formula I
      wherein R.sup.1 is a carboxy radical or an alkoxycarbonyl radical of 2 to
      5 carbon atoms, for example, a methoxycarbonyl radical, A.sup.1 is a
      cis-vinylene radical, R.sup.2 is a hydroxy radical, R.sup.3 is a hydrogen
      atom, A.sup.2 is a trans-vinylene radical, R.sup.5 is a hydrogen atom, X
      and Y together form an ethylene or methyleneoxy radical, or a direct bond,
      and R.sup.4 is a 2-, 3- or 4-pyridyl radical bearing 0 to 4 substituents
      selected from halogen atoms, for example chlorine, bromine or iodine
      atoms, and alkyl and alkoxy radicals each of 1 to 5 carbon atoms, for
      example methyl and methoxy radicals, and for those compounds wherein
      R.sup.1 is a carboxy radical, the pharmaceutically or veterinarily
      acceptable base addition salts thereof. A preferred sub-group of compounds
      within this group comprises those compounds of the formula I wherein
      R.sup.1 is a carboxy or methoxycarbonyl radical, A.sup.1 is a cis-vinylene
      radical, R.sup.2 is a hydroxy radical, R.sup.3 is a hydrogen atom, A.sup.2
      is a trans-vinylene radical, R.sup.5 is a hydrogen atom, X is a methylene
      radical, Y is an oxygen atom, and R.sup.4 is an unsubstituted 2-, 3- or
      4-pyridyl radical, a chloropyridyl radical wherein the chlorine
      substituent is located meta to the carbon atom bearing the free valency, a
      methylpyridyl radical wherein the methyl substituent is located meta or
      para to the carbon atom bearing the free valency, or a
      4,6-dimethylpyrid-2-yl radical, and for those compounds wherein R.sup.1 is
      a carboxy radical, the salts thereof as defined above. Particular values
      for R.sup.4 are therefore 2-, 3- and 4-pyridyl, 6-methylpyrid-2-yl, 2-, 4-
      and 6-methylpyrid-3-yl, 4,6-dimethylpyrid-2-yl, 2,6-dimethylpyrid-4-yl,
      6-chloropyrid-2-yl, 5-chloropyrid-3-yl, 2-chloropyrid-4-yl,
      2,5-dichloropyrid-3-yl, and 6-methoxypyrid-3-yl radicals. Particular
      preferred compounds in this sub-group are
      9.alpha.,11.alpha.,15-trihydroxy-16-(pyrid-2-yloxy)-17,18,19,20-tetranor-5
     -cis, 13-trans-prostadienoic acid, 9.alpha.,
      11.alpha.,15-trihydroxy-16-(pyrid-3-yloxy)-17,18,19, 20-tetranor-5-cis,
      13-trans-prostadienoic acid, methyl 9.alpha.,
      11.alpha.,15-trihydroxy-16-(pyrid-4-yloxy)-17,18,19,20-tetranor-5-cis,
      13-trans-prostadienoate,
      9.alpha.,11.alpha.,15-trihydroxy-16-(6-methylpyrid-2-yloxy)-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoic acid, 9.alpha.,
      11.alpha.,15-trihydroxy-16-(6-methypyrid-3-yloxy)-17,18,19,20-tetranor-5-c
     is, 13-trans-prostadienoic acid, 16-(6-chloropyrid-2-yloxy)
      -9.alpha.,11.alpha.,15-trihydroxy-17,18,19,20-tetranor-5-cis,
      13trans-prostadienoic acid, 16-(2-chloropyrid-4-yloxy)-9.alpha.,
      11.alpha.,15-trihydroxy-17,18,19,20-tetranor-5-cis, 13-trans-prostadienoic
      acid, methyl 16-(5-chloropyrid-3-yloxy)-9.alpha.,
      11.alpha.,15-trihydroxy-17,18,19,20-tetranor-5-cis,
      13-trans-prostadienoate and methyl
      16-(4,6-dimethylpyrid-2-yloxy)9.alpha.,11.alpha.,15-trihydroxy-17,18,19,20
     -tetranor-5-cis, 13-trans-prostadienoate, and the sodium and potassium
      salts of those compounds which are acids.
PAR  A further particular group of prostanoic acid derivatives of the invention
      comprises those compounds of the formula I wherein R.sup.1 is a carboxy
      radical or an alkoxycarbonyl radical of 2 to 5 carbon atoms, for example a
      methoxycarbonyl radical, A.sup.1 is a cis-vinylene radical, R.sup.2 is a
      hydroxy radical, R.sup.3 is a hydrogen atom, A.sup.2 is a trans-vinylene
      radical, R.sup.5 is a hydrogen atom, X and Y together form a methyleneoxy
      radical or a direct bond, and R.sup.4 is a pyrimidinyl, quinolyl or
      benzimidazolyl radical, bearing 0 to 3 substituents selected from alkyl
      and alkoxy radicals each of 1 to 5 carbon atoms, for example, methyl and
      methoxy racidals, and the pharmaceutically or veterinarily acceptable base
      addition salts thereof. Suitable values for R.sup.4 are, for example,
      2-pyrimidinyl, 2-, 3- and 7-quinolyl and 2-benzimidazolyl radicals.
      Particular values for R.sup.4 are therefore
      4-methoxy-6-methyl-2-pyrimidinyl, 4-methyl-2-quinolyl, 3-quinolyl,
      6-quinolyl and 1-methyl-2-benzimidazolyl radicals. Particular preferred
      compounds in this group are
      9.alpha.,11.alpha.,15-trihydroxy-16-(quinol-3-yloxy)-17,18,19,20-tetranor-
     5-cis, 13-trans-prostadienoic acid and
      9.alpha.,11.alpha.,15-trihydroxy-15-(1-methylbenzimidazol-2-yl)-16,17,18,1
     9,20-pentanor-5-cis, 13-trans-prostadienoic acid.
PAR  A further particular group of prostanoic acid derivatives of the invention
      comprises those compounds of the formula I wherein R.sup.1 is a carboxy
      radical or an alkoxycarbonyl radical of 2 to 5 carbon atoms, for example a
      methoxycarbonyl radical, A.sup.1 is a cis-vinylene radical, R.sup.2 is a
      hydroxy radical, R.sup.3 is a hydrogen atom, A.sup.2 is a trans-vinylene
      radical, R.sup.5 is a hydrogen atom, X and Y together form a methyleneoxy
      radical and R.sup.4 is a pyridazinyl radical, for example a 3-pyridazinyl
      radical, for example a 6-chloropyridazin-3-yl radical, and for those
      compounds wherein R.sup.1 is a carboxy radical, the pharmaceutically or
      veterinarily acceptable salts thereof. A preferred compound in this group
      is
      16-(6-chloropyridazin-3-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,2
     0-tetranor-5-cis, 13-trans-prostadienoic acid.
PAR  The prostanoic acid derivatives of the invention may be manufactured by
      methods known in themselves for the manufacture of chemically analogous
      compounds. Thus, the following processes for the manufacture of the
      cyclopentane derivative of the formula I, are provided as further features
      of the invention:
PAR  a. for those compounds wherein R.sup.1 is a carboxy radical, and R.sup.5 is
      a hydrogen atom, the hydrolysis of a compound of the formula:
      ##SPC3##
PAL  or of a mixed anhydride thereof, wherein A.sup.1, A.sup.2, X, Y and R.sup.4
      have the meanings stated above, either R.sup.8 is a hydroxy radical and
      R.sup.3 is a hydrogen atom or R.sup.8 and R.sup.3 together form an oxo
      radical, and R.sup.6 and R.sup.7 are each a tetrahydropyran2-yloxy radical
      or an acyloxy radical of 1 to 6 carbon atoms, or R.sup.3 is a hydrogen
      atom, R.sup.8 is an acyloxy radical of up to 15 carbon atoms, R.sup.7 is a
      hydroxy radical or an acyloxy radical of up to 15 carbon atoms and R.sup.6
      is a hydroxy radical, which compound II bears 0 or 1 alkyl substituent of
      1 to 4 carbon atoms on carbon atom 2, 3 or 4, whereafter when a salt is
      required the product is reacted with a base; or
PAR  b. for those compounds wherein R.sup.1 is a carboxy radical, R.sup.2 is a
      hydroxy radical and R.sup.3 is a hydrogen atom, and A.sup.1 is a vinylene
      radical, the reaction of a lactol of the formula:
      ##SPC4##
PAL  wherein A.sup.2, X, Y, R.sup.4 and R.sup.5 have the meanings stated above,
      with a (4-carboxybutyl)triphenylphosphonium salt, bearing 0 or 1 alkyl
      substituent of 1 to 4 carbon atoms on carbon atom 2, 3 or 4, in the
      presence of a strong base, for example butyl-lithium or
      methanesulphinylmethyl sodium, whereafter when a salt is required the
      product is reacted with a base; or
PAR  c. for those compounds wherein R.sup.2 is a hydroxy radical, and R.sup.5 is
      a hydrogen atom, the reduction of an enone of the formula:
      ##SPC5##
PAL  Wherein A.sup.1, R.sup.1, R.sup.4, X and Y have the meanings stated above,
      and bearing 0 or 1 alkyl substituent of 1 to 4 carbon atoms on carbon atom
      2, 3 or 4, with, for example, zinc borohydride, aluminium tri-isopropoxide
      or di-isobornyloxy aluminium isopropoxide to give a prostanoic acid
      derivative of the formula I wherein A.sup.2 is a trans-vinylene radical,
      or with, for example, sodium borohydride to give a prostanoic acid
      derivative of the formula I wherein A.sup.2 is an ethylene radical; or
PAR  d. for those compounds wherein R.sup.1 is an alkoxycarbonyl radical, the
      reaction of a compound of the formula II wherein A.sup.1, A.sup.2,
      R.sup.4, R.sup.6, R.sup.7, X and Y have the meanings stated above, R.sup.8
      is a hydroxy radical and R.sup.3 is a hydrogen atom, or R.sup.8 and
      R.sup.3 together form an oxo radical, and bearing 0 or 1 alkyl substituent
      of 1 to 4 carbon atoms on carbon atom 2, 3 or 4, with an alkanol of 1 to
      10 carbon atoms in the presence of a strong acid, for example
      toluene-p-sulphonic acid, whereafter when a prostanoic acid derivative
      wherein R.sup.1 is a carboxy radical is required, the ester so obtained is
      hydrolysed, for example with potassium hydroxide or potassium carbonate;
      or
PAR  e. for those compounds wherein R.sup.1 is an alkoxycarbonyl radical, the
      reaction of an acid of the formula I wherein R.sup.1 is a carboxy radical
      with a diazoalkane of 1 to 10 carbon atoms, or of a salt thereof, for
      example the sodium or silver salt, with an alkyl halide of 1 to 10 carbon
      atoms, for example an alkyl bromide or alkyl iodide; or
PAR  f. for those compounds wherein R.sup.1 is a hydroxymethyl radical and Y is
      oxygen, sulphur or imino, or an alkylimino radical, the reduction of an
      ester of the formula I wherein R.sup.1 is an alkoxycarbonyl radical, for
      example an alkoxycarbonyl radical of 1 to 11 carbon atoms, for example
      with a complex metal hydride, for example lithium aluminium hydride; or
PAR  g. for those compounds which are 1,9.alpha.-lactones, heating a compound of
      the formula I wherein R.sup.1 is a carboxy radical or an alkoxycarbonyl
      radical of 2 to 11 carbon atoms and R.sup.2 is a hydroxy radical, and
      A.sup.1, A.sup.2, R.sup.3, R.sup.4, R.sup.5, X and Y have the meanings
      stated above, to a temperature of about 180.degree.C. under reduced
      pressure of less than 10.sup.116 3 mm. of mercury; or
PAR  h. for those compounds which are 1,9.alpha.-lactones, the intramolecular
      condensation of a reactive derivative of a carboxylic acid as defined in
      (g) above; or
PAR  i. For those compounds wherein A.sup.1 is a trans-vinylene radical, the
      separation of a mixture of the compound of the formula I wherein A.sup.1
      is a cis-vinylene radical and the compound of the formula I wherein
      A.sup.1 is a trans-vinylene radical; or
PAR  j. for those compounds wherein R.sup.5 is an alkyl radical, the reaction of
      a compound of the formula I wherein R.sup.5 is a hydrogen atom with an
      alkyl halide, for example an alkyl iodide, in the presence of a strong
      base, for example sodium hydride; or
PAR  k. for those compounds wherein Y is sulphinyl or sulphonyl, the oxidation
      of a thio-compound of the formula:
      ##SPC6##
PAL  wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, A.sup.1, A.sup.2, and
      X have the meanings defined above, for example with sodium periodate; or
      (1) for those compounds wherein R.sup.2 is a hydroxy radical and R.sup.3
      is a hydrogen atom, the reduction of a compound of the invention of the
      formula I wherein R.sup.2 and R.sup.3 together form the oxo radical, and
      R.sup.1, R.sup.4, R.sup.5, A.sup.1, A.sup.2, X and Y have the meanings
      stated above, for example with a complex metal hydride, for example a
      lithium tri(lower alkyl) hydride, such as lithium tri-s-butyl hydride, or
      a borohydride, for example sodium borohydride.
PAR  In process (a) a suitable mixed anhydride is a mixed anhydride with a lower
      alkanoic acid, for example a lower alkanoic acid of up to 8 carbon atoms,
      for example acetic acid, and a suitable phosphonium salt is, for example,
      the bromide.
PAR  The hydrolysis in process (a) may be carried out under either acidic or
      basic conditions, for example in aqueous acetic acid, or in an aqueous or
      alcoholic solution of an alkali metal carbonate, for example potassium
      carbonate in methanol, and it may be carried out at ambient temperature or
      at an elevated temperature of up to 60.degree.C.
PAR  In process (b), the use of methanesulphinylmethyl sodium as the strong
      base, in a solvent such as dimethylsulphoxide, gives almost exclusively
      5-cis compounds, whereas the use of n-butyl-lithium as the strong base, in
      a solvent such as sulpholane, gives a mixture of 5-cis and 5-trans
      compounds, which may be separated by process (i).
PAR  In process (h), a suitable reactive derivative of a carboxylic acid is, for
      example, an acid chloride; an acid anhydride; a mixed anhydride with, for
      example, an alkanoic acid, an arene-carboxylic acid, for example
      4-phenylbenzoic acid, or a hydrogen carbonate, for example isobutyl
      hydrogen carbonate; or a reactive ester, for example a phenyl ester, for
      example a p-nitrophenyl or 2,4,5-trichlorophenyl ester. Other suitable
      reactive derivatives of carboxylic acid may be obtained by reaction of the
      acid with a condensing agent, for example N, N'-dicyclohexylcarbodi-imide
      in pyridine, or N,N'-carbonyldi-imidazole in tetrahydrofuran at aobut
      60.degree.C.
PAR  In process (i), the separation of the mixture of cis and trans isomers may
      be carried out in conventional manner, for example by chromatography, for
      example by thin layer chromatography on silica gel impregnated with silver
      nitrate, or by fractional crystallisation.
PAR  The starting material of the formula III, wherein A.sup.2 is the
      trans-vinylene radical, R.sup.5 is the hydrogen atom, Y is other than
      sulphinyl or sulphonyl and X and R.sup.4 are as defined above used in the
      process of the invention, may be obtained by reacting an aldehyde VI with
      a phosphonate (CH.sub.3 O).sub.2 PO.CH.sub.2 CO.XYR.sup.4 or a phosphorane
      Ph.sub.3 P:CH.CO.XYR.sup.4 in the presence of a strong base to give an
      enone VII, which is reduced to an enol VIII and hydrolysed to a diol IX.
      The lactone ring is then reduced with di-isobutyl aluminium hydride to
      give the required lactol starting material (III, R.sup.5 =H).
PAR  The starting material of the formula III wherein A.sup.2 is an ethylene
      radical and Y is other than sulphinyl or sulphonyl used in the process of
      the invention, may be obtained by hydrogenating an enone VII, in the
      presence of 5% palladium-on-carbon catalyst, to give a saturated ketone,
      and repeating the procedure outlined above using the saturated ketone in
      place of an enone VII.
PAR  The starting material of the formula III wherein R.sup.5 is an alkyl
      radical may be obtained by alkylation of the corresponding compound of the
      formula III wherein R.sup.5
      ##SPC7##
PAL  is hydrogen, for example by reaction with an alkyl halide, for example an
      alkyl iodide, in a solvent such as 1,2-dimethoxyethane, in the presence of
      a strong base such as sodium hydride.
PAR  The starting material of the formula IV wherein A.sup.1 is the cis-vinylene
      radical, Y is other than sulphinyl or sulphonyl and R.sup.1, R.sup.4 and X
      have the meanings stated above, used in the process of the invention, may
      be obtained as follows:
PAR  4.beta.-Dimethoxymethyl-2,3,3a.beta.,6a.beta.-tetrahydro-5.alpha.-hydroxy-6
     .beta.-iodo-2-oxocyclopenteno[b]furan (X) is treated with tributyl tin
      hydride to give the de-iodinated lactone XI. The 5.alpha.-hydroxy group is
      protected as the tetrahydropyran-2-yl ether XII, the lactone is reduced to
      the lactol XIII, using di-isobutyl aluminium hydride, and the lactol is
      reacted with (4-carboxy-butyl)triphenylphosphonium bromide to give the
      cyclopentanol derivative XIV, which by reaction with diazomethane gives
      the methyl ester XV. If a starting material of the formula II wherein
      A.sup.1 is the ethylene radical is required, the methyl ester XV is
      hydrogenated, and the hydrogenated methyl ester is used instead of the
      methyl ester XV in the following steps of the process. The methyl ester is
      selectively hydrolysed to remove the tetrahydropyranyl and dimethyl acetal
      groupings, resulting in an aldehyde XVI, which is reacted with a
      phosphonate (CH.sub.3 O).sub.2 PO.CH.sub.2 CO.XYR.sup.4 or a phosphorane
      Ph.sub.3 P:CH.CO.XYR.sup.4 in the presence of a strong base, to give the
      required starting material of the formula IV, wherein A.sup.1 is ethylene
      or cis-vinylene.
      ##SPC8##
PAL  The starting material of the formula II wherein R.sup.8 is hydroxy, R.sup.6
      and R.sup.7 are both tetrahydropyranyl radicals and Y is other than
      sulphinyl or sulphonyl, used in the process of the invention, may be
      prepared by reaction of the known aldehyde XVII (Ac= acetyl or
      4-phenylbenzoyl) with a phosphonate of the formula (CH.sub.3 O).sub.2
      PO.CH.sub.2 CO.XYR.sup.4 or a phosphorane of the formula Ph.sub.3
      P:CH.CO.XYR.sup.4 to give an enone XVIII. The enone XVIII is reduced with
      zinc borohydride, aluminium tri-isopropoxide or di-isobornyloxy aluminium
      isopropoxide to the corresponding enol XIX, and the protecting acyl group
      is hydrolysed with potassium carbonate in methanol to the diol XX. The
      diol XX is protectd as the bis-(tetrahydropyranyl ether) XXI, and the
      lactone ring is reduced with di-isobutyl aluminium hydride to the lactol
      XXII, which is reacted with a (4-carboxybutyl)triphenylphosphonium bromide
      in the presence of a strong base, to give the required starting material
      II.
PAR  The starting material of the formula II wherein A.sup.2 is an ethylene
      radical, and Y is other than sulphinyl or sulphonyl, used in the process
      of the invention, may be obtained by hydrogenating an enone XVIII in the
      presence of 5% palladium-on-carbon catalyst, or with nickel boride, to
      give a saturated ketone, and repeating the procedure outlined above using
      the saturated ketone in place of the enone XVIII.
      ##SPC9##
PAR  The starting material of the formula II wherein R.sup.2 is an alkanoyloxy
      radical may be obtained from the corresponding compound wherein R.sup.2 is
      a hydroxy radical by acylation with an acid anhydride in pyridine to give
      a 9-ester-1-mixed anhydride.
PAR  The starting material of the formula II wherein R.sup.8 and R.sup.3
      together form the oxo radical, may be obtained from the corresponding
      starting material of the formula II, wherein R.sup.2 is hydroxy and
      R.sup.3 is hydrogen, by oxidation with Jones' reagent (chromic acid in
      acetone) or Collins' reagent.
PAR  The starting material of the formula II wherein A.sup.1 is the cis-vinylene
      radical, A.sup.2 is the trans-vinylene radical, R.sup.8 is an
      acyloxyradical and R.sup.7 is a hydroxy radical, may be prepared from the
      cyclopentanol derivative XV, by reaction with an acylating agent, for
      example 4-phenylbenzoyl chloride, to give the phenylbenzoate ester XXIII
      which is selectively hydrolysed to remove the tetrahydropyranyl and
      dimethyl acetal groupings, resulting in an aldehyde XXIV. The aldehyde
      XXIV is reacted with a phosphonate or phosphorane as described above to
      give an enone XXV which, on reduction with zinc borohydride, aluminium
      tri-isopropoxide or di-isobornyloxy aluminium isopropoxide gives the
      required starting material II.
PAR  The corresponding starting material of the formula II wherein A.sup.1 is
      the ethylene radical may be prepared similarly from the ester obtained by
      hydrogenation of the phenylbenzoate ester XXIII, and the corresponding
      starting material of the formula I wherein A.sup.2 is the ethylene radical
      may be prepared by using sodium borohydride for the reduction of the enone
      XVIII.
      ##SPC10##
PAR  .fwdarw. II (R.sup.7 = hydroxy, R.sup.8 = acyloxy.) PBO = 4-phenylbenzoyl.
PAR  The starting material of the formula II wherein A.sup.1 is the cis-vinylene
      radical, A.sup.2 is the trans-vinylene radical and R.sup.7 and R.sup.8 are
      each an acyloxy radical, may be prepared from the methyl ester XV by
      selective hydrolysis of the tetrahydropyranyl radical, for example by
      toluene-p-sulphonic acid in tetrahydrofuran, to a diol XXVI, which
      ##SPC11##
PAL  is reacted with an acylating agent, for example 4-phenylbenzoyl chloride,
      to give a bis-phenylbenzoate ester XXVII which is hydrolysed to the
      corresponding aldehyde XXVIII. The aldehyde XXVIII is reacted with a
      phosphonate or phosphorane as described above to give an enone XXIX which
      is reduced as described above to the required starting material II. The
      corresponding starting materials of the formula II wherein either or both
      of A.sup.1 and A.sup.2 is an ethylene radical may be prepared in a similar
      manner to that described above for the case wherein R.sup.7 is a hydroxy
      radical and R.sup.8 is an acyloxy radical.
PAR  It is, of course, to be understood that an optically active compound of the
      invention may be obtained either by resolving the corresponding racemate,
      or by carrying out the above-described reaction sequences starting from an
      optically active intermediate, for example from an optically active
      aldehyde of the formula XVII (Ac = acetyl or p-phenylbenzoyl).
PAR  As stated above, the compounds of the invention possess a profile of
      pharmacological properties which differs from that of the naturally
      occurring prostaglandins F.sub.2 .alpha. and E.sub.2. Thus, for example
      either C-15 epimer of
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,18,19,20-tetranor-5
     -cis, 13-trans-prostadienoic acid is at least 100 times as active as
      prostaglandin F.sub.2 .alpha. as a luteolytic agent, yet has only less
      than one twenty fifth of the smooth muscle stimulant activity of
      prostaglandin F.sub.2 .alpha..
PAR  when a compound of the invention is to be used, for example for the
      induction of labour, it is used in  the same way as it is known to use the
      naturally-occurring prostaglandins E.sub.2 and F.sub.2 .alpha., that is to
      say, by administering a sterile, substantially aqueous solution containing
      up to 1mg./ml. of active compound, by intravenous infusion, by
      transcervical extra-amniotic infusion or intra-amniotic infusion, until
      labour commences.
PAR  Thus, according to a further feature of the invention there is provided a
      pharmaceutical or veterinary composition comprising a prostanoic acid
      derivative of the formula I together with a pharmaceutically or
      veterinarily acceptable diluent or carrier.
PAR  The compositions may be in a form suitable for oral administration, for
      example tablets or capsules, in a form suitable for inhalation, for
      example an aerosol or a solution suitable for spraying, in a form suitable
      for infusion, for example sterile aqueous or oily solutions or
      suspensions, or in the form of a suppository, suitable for anal or vaginal
      use.
PAR  The compositions of the invention may be prepared by conventional means,
      and may incorporate conventional excipients.
PAR  The invention is illustrated but not limited by the following Examples.
      Throughout the Examples R.sub.F values refer to silica gel plates supplied
      commercially by Merck of Darmstadt, and the spots were detected either by
      fluorescence under ultra-violet radiation, or by spraying the plates with
      a solution of ceric ammonium nitrate in sulphuric acid. Mass spectrum data
      refer to the pertrimethylsilyl derivatives, that is, normally,
      tetra-trimethylsilyl derivatives of compounds wherein R.sup.1 is carboxy
      or hydroxymethyl, and tri-trimethylsilyl derivatives of compounds wherein
      R.sup.1 is an alkoxycarbonyl radical.
DETD
PAC  EXAMPLE 1
PAR  Finely powdered (4-carboxybutyl)triphenyl phosphonium bromide (0.346g.) was
      heated to 100.degree.C. under vacuum for 1 hour. The evacuated reaction
      vessel was filled with an atmosphere of dry nitrogen, the solid was
      dissolved in dimethylsulphoxide (1ml.) and the solution was cooled to room
      temperature. To this solution was added dropwise 0.71ml. of a 2M solution
      of methanesulphinylmethyl sodium in dimethyl sulphoxide followed by a
      solution of a mixture of epimers of
      2,3,3a.beta.,6a.beta.-tetrahydro-2,5.alpha.-dihydroxy-4.beta.-[3-hydroxy-4
     -(pyrid-3-yloxy)-1-trans-butenyl]cyclopenteno[b]furan (40mg.) in a mixture
      of dimethylsulphoxide (1ml.) and toluene (0.2ml.). The solution was
      stirred for 2 hours, and the solvent was removed by evaporation under
      reduced pressure at a temperature below 40.degree.C. The residue was
      shaken with saturated brine (2ml.) and extracted with ether (3 .times.
      2ml.), and the extracts were discarded. The aqueous solution was adjusted
      to pH 5 with saturated oxalic acid, and extracted with ethyl acetate (6
      .times. 2ml.). Evaporation of the solvent gave a crude product which was
      further purified by dissolving in chloroform (2ml.) and extracting with N
      hydrochloric acid (3 .times. 0.5ml.). The combined extracts were
      neutralised to pH 7 with saturated aqueous sodium carbonate solution, and
      the water was removed by azeotropic distillation with toluene, and
      extraction with acetone gave sodium
      9.alpha.,11.alpha.,15-trihydroxy-16-(pyrid-3-yloxy)-17,18,19,20-tetranor-5
     -cis, 13-trans-prostadienoate, as mixed C-15 epimers. Acidification gave
      the free acid as mixed C-15 epimers, R.sub.F =  0.2 (20% methanol in ethyl
      acetate). The n.m.r. spectrum of the free acid in deuterated methanol
      showed the following characteristic peaks (.delta. values):
PAR  8.1, 2H, aromatic protons
PAR  7.4, 2H, aromatic protons
PAR  5.37-5.7, 4H, olefinic protons
PAL  The mass spectrum showed M.sup.+ = 679.3577 (calculated for C.sub.33
      H.sub.61 NO.sub.6 Si.sub.4 = 679.3615).
PAR  The lactol used as starting material may be prepared as follows:
PAR  n-Butyl-lithium (4.76ml. of a 2.1M solution in hexane) was added to a
      solution of dimethyl methylphosphonate (1.24g.) in dry tetrahydrofuran at
      -78.degree.C. in an atmosphere of nitrogen. After 10 minutes, a solution
      of ethyl 3-pyridyloxyacetate (0.90g.) in dry tetrahydrofuran (5ml.) was
      added dropwise, and the mixture was stirred for 1 hour at -78.degree.C.
      The reaction mixture was taken to pH 1-2 with 2N hydrochloric acid and the
      solvents were removed under reduced pressure. The residue was shaken with
      water (10ml.) and extracted with ether (3 .times. 10ml.). The extracts
      were discarded, and the aqueous solution was adjusted to pH 7-8 with
      sodium bicarbonate solution and extracted with chloroform (6 .times.
      10ml.). The combined extracts were evaporated, to give dimethyl
      [2-oxo-3-(pyrid-3-yloxy)propyl]phosphonate as an oil, R.sub.F =  0.2 (10%
      methanol in ethyl acetate).
PAR  A solution of the phosphonate (1.17g.) in dry 1,2-dimethoxyethane (20ml.)
      at 0.degree.C. was treated with sodium hydride (0.187g. of a 50%
      dispersion in oil) and the mixture was stirred for 25 minutes. To this
      mixture was added
      4.beta.-formyl-2,3,3a.beta.,6a.beta.-tetrahydro-2-oxo-5.alpha.-(4-phenylbe
     nzoyloxy)-cyclopenteno[b]furan (1.05g.) and after 1 hour the reaction
      mixture was neutralised with glacial acetic acid and all solvents were
      removed by evaporation under reduced pressure below 35.degree.C. The
      residue was dissolved in ethyl acetate (20ml.) and extracted with N
      hydrochloric acid (3 .times. 5ml.). The combined extracts were neutralised
      with sodium carbonate solution and extracted with ethyl acetate, and the
      extracts were dried and evaporated to give the enone,
      2,3,3a.beta.,6a.beta.-tetrahydro-2-oxo-4.beta.-[3-oxo-4-(pyrid-3-yloxy)-1-
     trans-butenyl]-5.alpha.-(4-phenylbenzoyloxy)-cyclopenteno[b]furan m.p.
      143.degree.-148.degree.C., R.sub.F =  0.3 (ethyl acetate).
PAR  To a solution of the enone (500mg.) in dry toluene (20ml.) was added 15ml.
      of a 0.3M solution of di-isobornyloxyaluminium isopropoxide in toluene.
      The mixture was stirred at room temperature for 21/2 hours, then saturated
      sodium hydrogen tartrate solution was added until effervescence ceased.
      Ethyl acetate (100ml.) was added, the organic layer was separated, washed
      with a 1:1 mixture of saturated brine and water, then dried. The solvents
      were evaporated to give a mixture of epimeric enols,
      2,3,3a.beta.,6a.beta.-tetrahydro-4.beta.-[3-hydroxy-4-(pyrid-3-yloxy)-1-tr
     ans-butenyl]-2-oxo-5.alpha.-[4-phenylbenzoyloxy]cyclopenteno[b]furan,R.sub.
     F =  0.4 (10% methanol in ethyl acetate).
PAR  The mixture of epimeric enols (500mg.) was stirred vigorously for 2 hours
      with finely powdered anhydrous potassium carbonate (150mg.) in methanol
      (10ml.). The solution was neutralised with N hydrochloric acid, and the
      solvent was evaporated under reduced pressure. The residue was made acid
      by addition of N hydrochloric acid (5ml.), and extracted with ether (3
      .times. 2ml.). The extracts were discarded, and the aqueous layer was
      neutralised with 10% sodium carbonate solution and extracted with
      chloroform (6 .times. 10ml.). The extracts were combined and dried, and
      the solvent was evaporated to give a mixture of epimeric diols,
      2,3,3a.beta.,6a.beta.-tetrahydro-5.alpha.-hydroxy-4.beta.-[3-hydroxy-4-(py
     rid-3-yloxy)-1-trans-butenyl]-2-oxocyclopenteno[b]furan, R.sub.F =  0.2
      (10% methanol in ethyl acetate).
PAR  To a solution of the epimeric diols (60mg.) in a mixture of dry toluene
      (2ml.) and dimethoxyethane (2ml.) under an atmosphere of nitrogen at
      -78.degree.C. was added 1ml. of a 1.7 m.mole/ml. solution of di-isobutyl
      aluminium hydride in toluene. After 15 minutes the reaction was quenched
      by the dropwise addition of methanol (3ml.) and after a further 15 minutes
      at room temperature the mixture was extracted with ethyl acetate (6
      .times. 10ml.). The extract was washed with saturated brine (2ml.), and
      dried, and the solvents were evaporated to give a mixture of epimers of
      2,3,3a.beta.,6a.beta.-tetrahydro-2,5.alpha.-dihydroxy-4.beta.-[3-hydroxy-4
     -(pyrid-3-yloxy)-1-trans-butenyl]-cyclopenteno[b]furan.
PAC  EXAMPLE 2
PAR  A solution of
      9.alpha.-hydroxy-17-(4-pyridyl)-11.alpha.,15-bis(tetrahydropyran-2-yloxy)-
     18,19,20-trinor-5-cis, 13-transprostadienoic acid (147mg.) in 9.5ml. of a
      mixture of acetic acid (5ml.), water (5ml.) and tetrahydrofuran (3ml.) was
      stirred at 50.degree.C. for 21/2 hours, and the solvents were then
      evaporated to leave a residue consisting of the mixed C-15 epimers of
      9.alpha.,11.alpha.,15-trihydroxy-17-(4-pyridyl)-18,19,20-trinor-5-cis,13-t
     rans-prostadienoic acid and polymerised dihydropyran. The mixture of C-15
      epimers was separated from polymeric material by thin layer
      chromatography, developing with 20% methanol in methylene dichloride,
      R.sub.F = 0.55; mass spectrum M.sup.+ = 677.3794 (calculated for C.sub.34
      H.sub.63 NO.sub.5 Si.sub.4 = 677.3785).
PAR  The bis(tetrahydropyranyl ether) used as the starting material in the above
      process may be obtained as follows:
PAR  The process described in Example 1 for the preparation of dimethyl
      [2-oxo-3-(pyrid-3-yloxy)propyl]-phosphonate was repeated, using ethyl
      3-(pyrid-4-yl)propionate in place of ethyl 3-pyridyloxyacetate, to give
      dimethyl [2-oxo-4-(pyrid-4-yl)butyl]phosphonate, R.sub.F = 0.63 (acetone).
      The n.m.r. spectrum in deuteriochloroform showed the following
      characteristic absorptions (.delta. values):
TBL  2.40-2.50, 4H, multiplet,                                                 

                         --CH.sub.2.CH.sub.2 --                                

     5.86-6.00, 2H, multiplet,                                                 

                         pyridine protons.                                     

     7.00-7.13, 2H, multiplet,                                                 

PAL  A solution of dimethyl [2-oxo-4-(pyrid-4-yl)butyl]phosphonate (1.49g.) in
      dry 1,2-dimethoxyethane (40ml.) was cooled to -78.degree.C., and treated
      with n-butyl-lithium (2.52ml. of a 2.1M solution in hexane), and the
      mixture was stirred for 5 minutes. Solid
      4.beta.-formyl-2,3,3a.beta.,6a.beta.-tetrahydro-2-oxo-5.alpha.-(4-phenylbe
     nzoyloxy)cyclopenteno[b]furan (1.7g.) was added, the mixture was kept at
      room temperature for 11/4 hours, and neutralised with glacial acetic acid,
      and all solvents were then removed by evaporation under reduced pressure
      below 35.degree.C. The residue was partitioned between ethyl acetate and
      water, the ethyl acetate layer was separated and dried, and the solvents
      were evaporated. The residue was solidified by trituration with ether, and
      the solid was filtered off and dried, to give the enone
      2,3,3a.beta.,6a.beta.-tetrahydro-2-oxo-4.beta.-[3-oxo-5-(pyrid-4-yl)pent-1
     -trans-enyl]-5.alpha.-(4-phenylbenzoyloxy)cyclopenteno[b]furan as a white
      solid, R.sub.F = 0.53 (acetone).
PAR  The enone was reduced to the corresponding enol, and the enol hydrolysed to
      the corresponding diol, by the process described in Example 1.
PAR  To a solution of the epimeric diols (506mg.) in methylene dichloride
      (13ml.) under an atmosphere of nitrogen were added successively
      redistilled 2,3-dihydropyran (0.98ml.) and anhydrous toluene-p-sulphonic
      acid (318mg., 1 equivalent), followed by a solution of toluene-p-sulphonic
      acid (0.2ml. of a 0.1M solution). After 10 minutes, a few drops of
      pyridine were added, and the solution was washed successively with
      saturated sodium bicarbonate solution and saturated brine, and was dried.
      Evaporation of the solvents gave a mixture of epimeric
      bis(tetrahydropyranyl ethers),
      2,3,3a.beta.,6a.beta.-tetrahydro-2-oxo-4.beta.-[5-(pyrid-4-yl)-3-(tetrahyd
     ropyran-2-yloxy)pent-1-trans-enyl]-5.alpha.-(tetrahydropyran-2-yloxy)cyclop
     enteno-[b]furan, as a clear oil, R.sub.F = 0.5 (acetone), which was
      purified by chromatography on a silica column ("Florisil" -trade mark),
      eluting successively with ether, ethyl acetate and 10% methanol in
      toluene.
PAR  To a solution of the epimeric bis(tetrahydropyranyl ethers), (390mg.) in
      dry toluene (8ml.) under an atmosphere of nitrogen at -78.degree.C. was
      added 1.5ml. of a 1.72 m.mole/ml. solution of di-isobutyl aluminium
      hydride in toluene. The course of the reaction was monitored by thin layer
      chromatography, and when the reaction was complete, methanol (3.5 ml.) was
      added. The mixture was kept at room temperature for 15 minutes, ethyl
      acetate (30ml.) and brine (10ml.) were added, the mixture was filtered and
      the ethyl acetate layer was separated and dried. The solvent was
      evaporated, and the residue consisted of the mixed epimers of
      2,3,3a.beta.,6a.beta.-tetrahydro-2-hydroxy-4.beta.-[5-(pyrid-4-yl)-3-(tetr
     ahydropyran-2-yloxy)-pent-1-trans-enyl]-5.alpha.-(tetrahydropyran-2-yloxy)c
     yclopenteno[b]furan, R.sub.F = 0.06 (20% methanol in toluene).
PAR  Finely powdered (4-carboxybutyl(triphenylphosphonium bromide (674mg.) was
      heated to 60.degree.C. under vacuum for 1 hour. The evacuated reaction
      vessel was filled with an atmosphere of dry nitrogen, the solid was
      dissolved in dimethylsulphoxide (0.7ml.) and the solution was cooled to
      room temperature. To this solution was added dropwise 1.44ml. of a 2M
      solution of methanesulphinylmethyl sodium in dimethyl sulphoxide followed
      by benzene (0.45ml.). A solution of the mixture of epimers of the
      cyclopenteno[b]furan bis-(tetrahydropyranyl ether) (271mg.) in
      dimethylsulphoxide (3.75ml.) was added, the mixture was stirred for 45
      minutes, a few drops of water were added, and the solvent was removed by
      evaporation under reduced pressure at a temperature below 40.degree.C. The
      residue was shaken with water (30ml.) and ether(20ml.), and the aqueous
      phase was separated, extracted with more ether (3 .times. 20ml.) and the
      extracts discarded. The aqueous solution was acidified to pH 5 with 2N
      aqueous oxalic acid, extracted with a mixture of equal parts of ether and
      petroleum ether (b.p. 40-60.degree.C.) (5 .times. 15ml.), and the combined
      organic extracts were dried. Evaporation of the solvents gave
      9.alpha.-hydroxy-17-(pyrid-4-yl)-11.alpha.,15-bis-(tetrahydropyran-2-yloxy
     )-18,19,20-trinor-5-cis, 13-transprostadienoic acid as a clear oil, R.sub.F
      = 0.68 (20% methanol in methylene dichloride).
PAC  EXAMPLE 3
PAR  The process described in Example 2 was repeated, using the corresponding
      16-(4,6-dimethyl-2-pyridyloxy) bis-(tetrahydropyranyl ether) in place of
      the 17-(4-pyridyl) compound, to give the mixed C-15 epimers of
      16-(4,6-dimethylpyride-2-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,
     20-tetranor-5-cis, 13-trans-prostadienoic acid. The mass spectrum showed
      M.sup.+ = 707.3925 (calculated for C.sub.35 H.sub.65 NO.sub.6 Si.sub.4 =
      707.3980).
PAR  The bis(tetrahydropyranyl ether) starting material was prepared by the
      sequence of processes described in the second part of Example 2, starting
      from ethyl 3-(4,6-dimethylpyrid-2-yloxy)acetate instead of ethyl
      3-(pyrid-4-yl)-propionate, via the phosphonate, dimethyl
      [2-oxo-3-(4,6-dimethylpyrid-2-yloxy)propyl]phosphonate, R.sub.F = 0.7 (10%
      methanol in ethyl acetate), and the corresponding enone,
      4.beta.-[4-(4,6-dimethylpyrid-2-yloxy)-3-oxobut-1-trans-enyl]-2,3,3a.beta.
     ,6a.beta.-tetrahydro-2-oxo-5.alpha.-(4-phenylbenzoyloxy)-cyclopenteno[b]fur
     an, m.p. 130.degree.-135.degree.C.
PAC  EXAMPLE 4
PAR  Methyl
      15-hydroxy-16-(indole-5-yloxy)-9.alpha.,11.alpha.-di-(4-phenylbenzoyloxy)-
     17,18,19,20-tetranor-5-cis, 13-trans-prostadienoate (128mg.) was stirred at
      room temperature under argon in a mixture of methanol (15ml.), water
      (5ml.) and 1,2-dimethoxyethane (15ml.) with potassium hydroxide (400mg.)
      for 16 hours. Glacial acetic acid was added to adjust the pH of the
      solution to 6, and the solvents were evaporated under reduced pressure.
      The residue was partitioned between water and ethyl acetate, and the
      aqueous layer was acidified to pH 3-4 with 2N oxalic acid. The aqueous
      layer was separated and washed with ethyl acetate, the combined ethyl
      acetate solutions were washed with brine and dried, and the solvent was
      evaporated to leave a solid residue of 4-phenylbenzoic acid and the mixed
      C-15 epimers of
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,18,19,20-tetranor-5
     -cis, 13-trans-prostadienoic acid. The mixed epimers were separated by thin
      layer chromatography, using 3% acetic acid in ethyl acetate, R.sub.F = 0.3
       and 0.45. The n.m.r. spectrum, in deuterated acetone, of either epimer
      showed the following characteristic absorptions (.delta. values):
PAR  6.7-7.4, 4H, aromatic protons
PAR  6.35, 1H, proton at indole C-3  The mass spectrum of the more polar epimer
      showed M.sup.+ = 717.3662 (calculated for C.sub.36 H.sub.63 NO.sub.6
      Si.sub.4 = 717.3734).
PAR  The methyl ester used as starting material in the above process may be
      prepared as follows:
PAR  Sodium hydride (1.4g. of 57% dispersion in oil) was washed free of oil with
      dry pentane then suspended in dry 1,2-dimethoxyethane (8ml.) under an
      atmosphere of argon. The mixture was cooled in an ice bath and a solution
      of 5-hydroxyindole (4.00g.) in dry 1,2-dimethoxyethane (24ml.) was added
      slowly. The ice bath was removed and stirring was continued for 10
      minutes. A solution of ethyl bromoacetate (3.33ml.) in dry
      1,2-dimethoxyethane (24ml.) was added slowly, stirring was continued for 2
      hours, then the mixture was filtered and the filtrate was evaporated to
      dryness. The residue was partitioned between ether and 1N sodium hydroxide
      solution, the ether layer was separated, washed with water and dried, and
      the solvent was evaporated to give ethyl 5-indolyloxyacetate,m.p.
      74.degree.-77.degree.C.
PAR  n-Butyl-lithium (21.8ml. of a 2.92M solution in hexane) was added to a
      solution of dimethyl methylphosphonate (6.2g.) in dry tetrahydrofuran
      (50ml.) at -78.degree.C. in an atmosphere of argon. After 10 minutes, a
      solution of ethyl 5-indolyloxyacetate (5.5g.) in dry tetrahydrofuran
      (50ml.) was added dropwise, and the mixture was stirred for 2 hours at
      -78.degree.C. The reaction mixture was poured into 2N hydrochloric acid
      and stirred vigorously for 5 minutes, then the solvents were evaporated
      under reduced pressure. The residue was shaken with a mixture of ethyl
      acetate and water, and the organic phase was separated and washed with
      brine. The solution was dried, the solvents were evaporated and the
      residue was chromatographed on a column of silica gel MFC (250 g.)using
      methylene dichloride : ethyl acetate mixtures as eluant, to give dimethyl
      [2-oxo-3-(indol-5yloxy)propyl]phosphonate as an oil, R.sub.F = 0.3 (ethyl
      acetate).
PAR  A solution of dimethyl [2-oxo-3-(indol-5-yloxy)propyl]phosphonate (138mg.,
      1.5 equivalent) in 1,2-dimethoxyethane (3ml.) was stirred under argon and
      cooled in an acetone/ `Drikold` bath, and treated with 2.29M
      n-butyl-lithium in hexane (176.mu..) followed after a few minutes by a
      solution of methyl
      7-[2.beta.-formyl-3.alpha.,5.alpha.-di-(4-phenylbenzoyloxy)cyclopent1.alph
     a.-yl]hept-5-cis-enoate (195mg.), also in 1,2-dimethoxyethane (4ml.). After
      2 hours, the cooling bath was removed and the mixture was stirred
      overnight at ambient temperature. A few drops of acetic acid and then
      water (200.mu..) were added to adjust the pH to about 6. The solvent was
      evaporated under reduced pressure and the residue was partitioned between
      water and ethyl acetate. The organic layer was separated, washed with
      water (10ml.) then dried over magnesium sulphate and filtered, and the
      solvent was evaporated to give a viscous oil. This oil was purified by
      thin layer chromatography eluting twice with ether, to afford the enone,
      methyl
      16-(indol-5-yloxy)-15-oxo-9.alpha.,11.alpha.-di-(4-phenyl-benzoyloxy)-17,1
     8,19,20-tetranor-5-cis, 13-trans-prostadienoate, R.sub.F = 0.37 (15% ethyl
      acetate in toluene). The n.m.r. spectrum in deuteriochloroform showed the
      following characteristic absorptions (.delta. values):
PAR  3.53, 3H, singlet, --CO.sub.2 CH.sub.3 4.72, 2H, singlet, --CO.CH.sub.2 O--
PAR  5.2-5.6, 4H, multiplet, cis-olefinic protons,&gt;CH.OCO-
PAR  6.4, 1H, indole C-3 protons
PAR  6.68, 1H, doublet (J = 16 Hz), --CH=CH.CO--
PAR  The enone (150mg.) was stirred in dry toluene (5.0ml.) under argon at room
      temperature, and treated with a 0.323M solution of
      di-isobornyloxyaluminium isoproxide in toluene (1.16ml., 2 equivalents).
      After 5 hours, the mixture was partitioned between water and ethyl acetate
      and filtered through kieselguhr ("Hyflo"-trade mark), washing the filter
      pad with ethyl acetate. The organic layer was separated, washed with
      brine, dried over magnesium sulphate and filtered, and the solvent was
      evaporated to leave a crude product, which was purified by thin layer
      chromotagraphy using 10% ethyl acetate in toluene as the eluant. The enol,
      methyl
      15-hydroxy-16-(indol-5-yloxy)-9.alpha.,11.alpha.-di-(4-phenylbenzoyloxy)-1
     7,18,19,20-tetranor-5-cis, 13-trans-prostadienoate, was obtained as a
      viscous oil, R.sub.F = 0.16 (10% ethyl acetate in toluene).
PAR  The aldehyde, methyl
      7-[2.beta.-formyl-3.alpha.,5.alpha.-di-(4-phenylbenzoyloxy)cyclopent-1-.al
     pha.-yl]hept-5-cis-enoate, used in the above process, may be prepared as
      follows:
PAR  4.beta.-Dimethoxymethyl-2,3,3A.beta.,6a.beta.-tetrahydro-5.alpha.-hydroxy-6
     .beta.-iodo-2-oxocyclopenteno[b]furan (4.0g.) in dry toluene (40ml.) was
      stirred under argon at 80.degree.C. with tri-n-butyl tin hydride (6.6g.)
      for 18 hours. The solvent was evaporated under reduced pressure and the
      residue was stirred with petroleum ether (b.p. 40.degree.-60.degree.C.,
      100ml.) for 30 minutes. The solvent was decanted and the residual oil was
      chromatographed on "Florisil" (trade mark) (50g.). Elution with mixtures
      containing 25% ethyl acetate in toluene and finally with ethyl acetate
      gave 4.beta.-dimethoxymethyl-2,3,3a.beta.,6a.beta.-tetrahydro-5.alpha.-hyd
     roxy-2-oxocyclopenteno[b]furan as an oil, R.sub.F = 0.3 (20% acetone in
      chloroform). The n.m.r. spectrum in deuteriochloroform showed the
      following characteristic peaks (.delta. values):
     3.40 and 3.42,  6H, 2 singlets, methoxy                                   

     4.04-4.36       1H, multiplet, 5.beta. proton                             

                     1H, doublet, --CH(OMe).sub.2                              

                     1H, multiplet, 69.beta. proton                            

PAR  4.beta.-Dimethoxymethyl-2,3,3a.beta.,6a.beta.-tetrahydro-5.alpha.-hydroxy-2
     -oxocylopenteno[b]furan (4.01g.) was stirred under argon in dry toluene
      (30ml.), and the resulting solution was treated with an excess of freshly
      distilled 2,3-dihydropyran (17ml.), followed by 2.0ml. of a 0.1% w/v
      solution of toluene-p-sulphonic acid in dry tetrahydrofuran. After 3/4
      hour, the mixture was treated with pyridine (0.50ml.) and then partitioned
      between ethyl acetate (150ml.) and saturated sodium bicarbonate 975ml.).
      The organic layer was separated, washed with saturated brine (50ml.),
      dried over magnesium sulphate and filtered, and the solvent was evaporated
      to give a crude lactone,
      4.beta.-dimethoxymethyl-2,3,3a.beta.,6a.beta.-tetrahydro-2-oxo-5.alpha.-(t
     etrahydropyran-2-yloxy)-cyclopenteno[b]-furan, R.sub.F = 0.70 (20% acetone
      in chloroform). The crude lactone (6.2g.) was dissolved by stirring in dry
      1,2-dimethoxyethane (120ml.) under argon at about -60.degree.C.
      (chloroform - `Drikold` (trade mark) cooling bath), and 1.7M
      di-isobutylaluminium hydride 911.2ml.) was added. After 30 minutes,
      methanol (3ml.) was added, the mixture was allowed to warm up to room
      temperature, and was partitioned between ethyl acetate (600ml.) and 1:1
      saturated brine/water (300ml.). The whole mixture was filtered through
      keiselguhr ("Hyflo" -trade mark) and the two phases were separated. The
      aqueous phase was re-extracted with ethyl acetate (300ml.) and the
      combined organic layers were washed with water (100ml.), dried over
      magnesium sulphate and filtered, and the solvents were evaporated to give
      the crude lactol,
      4.beta.-dimethoxymethyl-2,3,31.beta.,6a.beta.-tetrahydro-2-hydroxy-5.alpha
     .-(tetrahydropyran-2-yloxy)-cyclopenteno[b]furan, as an oil, R.sub.F = 0.4
      (20% acetone in chloroform).
PAR  A stirred solution of (4-carboxybutyl)triphenylphosphonium bromide (24.8g.)
      in dry dimethylsulphoxide (DMSO, 50ml.). was treated slowly under argon
      and with cooling in an ice-water bath, with 2M methanesulphinylmethyl
      sodium in DMSO (54.5ml., 2.5 equivalents) to form a solution of the
      corresponding ylide. The crude lactol (6.3g.) in dry DMSO (150ml.) was
      then added to the ylide solution at room temperature. The mixture was
      stirred for 11/4 hours, then water (1ml.) was added. The DMSO was then
      evaporated at high vacuum at a temperature not exceeding 50.degree.C. The
      residual gum was partitioned between ether (4 .times. 225ml.) and water
      (150ml.). The aqueous layer was separated, acidified with 2N oxalic acid
      to approximately pH 4, and then extracted with 1:1 mixture of ether and
      pentane (3 .times. 300ml.). The extracts were washed with saturated brine
      (150ml.), dried over magnesium sulphate and filtered, and the solvent was
      evaporated to give the crude acid, 7-[2.beta.-dimethoxymethyl-5.alpha.
      -hydroxy-3.alpha.-(tetrahydropyran-2-yloxy)-cyclopent-1.alpha.-yl]hept-5-c
     is-enoic acid as an oil, suitable for use in the next stage of the
      synthesis. A sample was purified by chromatography on silica (70:1)
      eluting the product with 2% methanol in toluene as an oil, R.sub.F =  0.4
      (5% methanol in methylene chloride). The n.m.r. spectrum in
      deuteriochloroform showed the following characteristic peaks (.delta.
      values):  8n
TBL  3.35, 6H, singlet, methoxy                                                

     3.3-3.65, 1H,                                                             

     3.68-4.0, 1H,                                                             

     4.00-4.19, 2H,   multiplets,&gt;CH--O--                                      

     4.19-4.38, 1H,                                                            

     4.6-4.8, 1H,                                                              

     5.09-5.78, 2H, multiplet, olefinic protons                                

PAR  The crude acid (4.48g.) in methanol (45ml.) was stirred under argon at room
      temperature with toluene-p-sulphonic acid (240mg.) for 23/4 hours. The
      solution was then partitioned between ethyl acetate (300ml.) and saturated
      sodium bicarbonate (60ml.) followed by saturated brine (60ml.). The
      organic phase was dried over magnesium sulphate and filtered, and the
      solvent was evaporated to leave a crude ester-diol, methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.,5.alpha.-dihydroxy-cyclopent-1.alpha.-
     yl]hept-5-cis-enoate as an oil, R.sub.F =  0.65 (10% methanol in methylene
      chloride). The n.m.r. spectrum in deuteriochloroform showed the following
      principal peaks (.delta. values):
TBL  3.39, 6H,                                                                 

              singlet                                                          

                        3 methyl groups                                        

     3.64, 3H,                                                                 

              singlet                                                          

     4.03-4.3,                                                                 

              3H,       multiplet, &gt;CH--O--                                    

                        doublet, &gt;CH(OMe).sub.2                                

     5.1-5.7, 2H,       multiplet, olefinic protons                            

PAR  The crude ester-diol (3.3g.) was dissolved in dry pyridine (50ml.) under
      argon, and treated with p-phenylbenzoyl chloride (9.2g.), and the mixture
      was stirred for 17 hours. Water (0.8ml.) was then introduced and stirring
      was continued for 3-4 hours. The mixture was evaporated under reduced
      pressure and toluene was added to assist azeotropic removal of the
      pyridine. The residue was partitioned between toluene (300ml.) and
      saturated sodium bicarbonate solution (150ml.). The whole mixture was
      filtered through `Hyflo` and the organic phase was separated. The aqueous
      layer was extracted with toluene (150ml.), and the organic extracts were
      combined, washed with brine (100ml.), dried over magnesium sulphate, and
      filtered, and the solvent was evaporated to leave a solid crystalline
      residue. This was thoroughly triturated with methanol (70ml.), the mixture
      was filtered, and the product was washed with more methanol (3 .times.
      10ml.) to give the dimethyl acetal, methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.,
      5.alpha.-di-(4-phenylbenzoyloxy)cyclopent-1.alpha.-yl]hept-5-cis-enoate as
      a white solid, m.p. 104.5.degree.-106.5.degree.C., R.sub.F = 0.5 (5 %
      acetone in toluene). The n.m.r. spectrum in deuteriochloroform showed the
      following characteristic signals (.delta. values):
TBL  3.4,  3H,                                                                 

              singlet                                                          

     3.47,  3H,                                                                

              singlet   methyls                                                

     3.52, 3H,                                                                 

              singlet                                                          

     4.59-4.61,                                                                

              1H,     doublet, &gt;CH(OMe).sub.2                                  

     5.17-5.70,                                                                

              4H,     multiplet, 2 .times. &gt;CH--O--and 2 olefinic              

                      protons                                                  

     7.80-8.00, 2H,                                                            

                 doublet,                                                      

     8.00-8.20, 2H,                                                            

PAR  An analytical sample recrystallised three times from ethanol had m.p.
      105.degree.-107.degree.C. The dimethyl acetal was vigorously stirred under
      argon for 10 minutes in a two-phase system consisting of 2% isopropanol in
      chloroform (20ml.) and concentrated hydrochloric acid (10ml.). The
      chloroform layer was separated and the aqueous layer was extracted with
      chloroform (20ml.). The organic layers were combined, washed successively
      with aqueous saturated sodium bicarbonate (20ml.) and saturated brine
      (10ml.), dried over magnesium sulphate and filtered, and the solvent was
      evaporated. The oily residue crystallised on drying under high vacuum to
      give methyl
      7-[2.beta.-formyl-3.alpha.,5.alpha.-di-(4-phenylbenzoyloxy)cyclopent-1.alp
     ha.-yl]hept-5-cis-enoate, R.sub.F =  0.4 (5% ethyl acetate in toluene). The
      n.m.r. spectrum in deuteriochloroform was consistent with the required
      structure, and showed the following principal signals (.delta. values):
TBL  3.51,    3H,     singlet, methyl ester                                    

     5.3-5.6, 4H,     multiplet, &gt;CH--O-- and olefinic                         

                      protons                                                  

     7.8-8.0, 2H,                                                              

                      doublets,                                                

     8.0-8.2, 2H,                                                              

     7.22-7.73,                                                                

              14H,    multiplet, rest of aromatic protons                      

     10.01-10.14,                                                              

              1H,     doublet, --CHO                                           

PAR  An analytical sample, m.p. 93.degree.-97.degree.C., was obtained by
      triturating the above-described product with ether.
PAC  EXAMPLE 5
PAR  The process described in Example 4 was repeated, using the appropriate
      methyl ester in place of the indol-5-yloxy methyl ester, to give the
      following compounds:
PAR  a.
      9.alpha.,11.alpha.,15-trihydroxy-16-(1-methylindol-5-yloxy)-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoic acid, R.sub.F = 0.4 and 0.5 (3% acetic
      acid in ethyl acetate). The mass spectrum of the more polar epimer showed
      M.sup.+ = 731.3886 (calculated for C.sub.37 H.sub.65 NO.sub.6 Si.sub.4 =
      731.3890)
PAR  The methyl ester starting material was prepared by the process described in
      the second part of Example 4, starting from 5-hydroxy-1-methylindole
      instead of 5-hydroxyindole, via the corresponding phosphonate, R.sub.F =
      0.22 (ethyl acetate), n.m.r. in deuteriochloroform:
PAR  .delta. 6.35, 1H, indole C-13 proton
PAR  4.65, 2H, --CO.CH.sub.2 O--
PAL  and the corresponding enone, R.sub.F =  0.42 (25% pentane in ether).
PAR  b.
      16-(3-chloroindol-5-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoic acid, R.sub.F =  0.4 and 0.5 (3%
      acetic acid in ethyl acetate), M.sup.+ (for more polar epimer) = 751.3335
      (calculated for C.sub.36 H.sub.62 ClNO.sub.6 Si.sub.4 =  751.3344).
PAR  The methyl ester starting material was obtained by chlorination of the
      16-(indol-5-yloxy) methyl ester starting material described in Example 4
      as follows:
PAR  Methyl
      15-hydroxy-16-(indol-5-yloxy)-9.alpha.,11.alpha.-di-(4-phenylbenzoyloxy)-1
     7,18,19,20-tetranor-5-cis, 13-trans-prostadienoate (323mg.) was dissolved
      in a mixture of methanol (3.2ml.) and methylene dichloride (1.6ml.),
      N-chlorosuccinimide (53mg.) was added, and the mixture was stirred at room
      temperature for 3 hours. The reaction mixture was poured into aqueous
      sodium sulphate solution (10ml.), the resulting suspension was extracted
      with methylene dichloride (3 .times. 5ml.), the combined extracts were
      dried, and the solvent was evaporated to give methyl
      16-(3-chloroindol-5-yloxy)-
      15-hydroxy-9.alpha.,11.alpha.-di-(4-phenylbenzoyloxy)-17,18,19,20-tetranor
     -5-cis, 13-trans-prostadienoate, R.sub.F = 0.5 (ether), n.m.r. in
      deuteriochloroform:
PAR  .delta. 3.56, 3H, singlet, methyl ester
PAR  4.60, 1H, broad, C-15 proton
PAR  5.40, 4H, multiplet, protons at C5, 6, 9 and 11
PAR  5.88, 2H, multiplet, trans-olefin
PAR  6.7-8.2, 22H, multiplet, aromatic and indole C-2 protons
PAR  8.4, 1H, broad, indole NH proton.
PAR  9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,18,19,20-tetranor-5-
     cis,13-trans-prostadienoic acid, identical with the product described in
      Example 4. In this case, in the preparation of the starting methyl ester,
      the enone was prepared as follows:
PAR  Dimethyl [2-oxo-3-indol-5-yloxy)propyl]phosphonate (1.89g., 2 equivalents)
      and methyl
      7-[2.beta.formyl-3.alpha.,5.alpha.-di-(4-phenylbenzoyloxy)-cyclopent-1.alp
     ha.-yl]hept-5-cis-enoate (178g.) were dissolved in a mixture of toluene
      (50ml.) and t-butanol (10ml.), and cooled to 0.degree.C. under nitrogen.
      Aqueous 1M sodium hydroxide solution (4.5ml; 1.5 equivalents) was added,
      and the two phase mixture was stirred vigorously, and allowed to warm to
      ambient temperature. The mixture was stirred overnight, then the organic
      phase was separated, washed with brine and dried, and the solvent was
      evaporated. The residue was chromatographed on silica ("Florisil" - trade
      mark) (150g.) using ether-ethyl acetate mixtures to elute methyl
      16-(indol-5-yloxy)-15-oxo-9.alpha.,11.alpha.-di-(4-phenylbenzoyloxy)-17,18
     ,19,20-tetranor-5-cis, 13-trans-prostadienoate, identical with that
      obtained in Example 4.
PAR  d.
      9.alpha.,11.alpha.,15-trihydroxy-16-(3-methylindol-5-yloxy)-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoic acid, R.sub.F =  0.3 and 0.4 (3%
      acetic acid in ethyl acetate). The mass spectrum showed M.sup.+ = 731.3850
      (calculated for C.sub.37 H.sub.65 NO.sub.6 Si.sub.4 =  731.3890)
PAR  The methyl ester starting material was prepared by the process described in
      Example 4, modified as in (c) above, from 5-hydroxy-3-methylindole via the
      corresponding phosphonate, R.sub.F =  0.2 (50% ethyl acetate in toluene)
      and the corresponding enone, R.sub.F = 0.75 (25% ethyl acetate in
      toluene).
PAR  e.
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-4-yloxy)-17,18,19,20-tetranor-5
     -cis, 13-trans-prostadienoic acid, R.sub.F = 0.28 and 0.32 (3% acetic acid
      in ethyl acetate). The mass spectrum showed M.sup.+ = 717.3734 (calculated
      for C.sub.36 H.sub.63 NO.sub.6 Si.sub.4 =  717.3734).
PAR  The starting material was obtained from 4-hydroxyindole by the process
      described in (c) above via the corresponding phosphonate, R.sub.F =  0.23
      (ethyl acetate), n.m.r. in deuteriochloroform:
TBL  .delta.                                                                   

           7.0- 7.3, 3H,                                                       

           6.75, 1H,         indole protons.                                   

           6.45, 1H,                                                           

           4.82, 2H, --CO.CH.sub.2 O--                                         

PAL  and the corresponding enone, R.sub.F =  0.24 (15% ethyl acetate in
      toluene).
PAR  f.
      9.alpha.,11.alpha.,15-trihydroxy-16-(4-methylpyrid-3-yloxy)-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoic acid, R.sub.F =  0.31 (mixture of
      ethyl acetate, methanol and acetic acid in the proportions 90, 10 and 3),
      M.sup.+ = 693.3741, (calculated for C.sub.34 H.sub.63 NO.sub.6 Si.sub.4 =
      693.3734).
PAR  The starting material was prepared from 3-hydroxy-4-methylpyridine by the
      process described in (c) above, via the corresponding phosphonate, R.sub.F
      =  0.21 (10% methanol in ethyl acetate), n.m.r. in deuteriochloroform:
     .delta.    2.33, 3H, methyl                                               

                4.85, 2H, --CO.CH.sub.2 O--                                    

TBL  7.15, 1H,                                                                 

                       pyridine protons.                                       

     8.0-8.35, 2H,                                                             

PAL  and the corresponding enone, R.sub.F =  0.42 (ethyl acetate).
PAR  g.
      16-(1,2-dimethylindol-5-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,2
     0-tetranor-5-cis, 13-trans-prostadienoic acid, R.sub.F =  0.23 and 0.30 (3%
      acetic acid in ethyl acetate), M.sup.+ = 745.4024 (calculated for C.sub.38
      H.sub.67 NO.sub.6 Si.sub.4 =  745.4047).
PAR  The starting material was prepared by the process described in (c) above,
      via the appropriate phosphonate, R.sub.F =  0.25 (ethyl acetate), m.p.
      69.degree.-71.degree.C., and the corresponding enone, R.sub.F =  0.3 (15%
      ethyl acetate in toluene), n.m.r. in deuteriochloroform:
PAR  .delta. 2.34, 3H, methyl at indole C-2
PAR  3.55, 3H, N-methyl
PAR  4.72, 2H, --OCH.sub.2 CO--
PAR  6.10, 1H, C-3 proton of indole.
PAR  9.alpha.,11.alpha.,15-trihydroxy-16-(indol-3-yl)-17,18,19,20-tetranor-5-cis
     , 13-trans-prostadienoic acid, R.sub.F =  0.42 and 0.45(3% acetic acid in
      ethyl acetate), M.sup.+ = 701.3790 (calculated for C.sub.36 H.sub.63
      NO.sub.5 Si.sub.4 =  701.3785).
PAR  The starting material was prepared by the process described under (c)
      above, via the appropriate phosphonate, R.sub.F =  0.22 (ethyl acetate),
      n.m.r. in deuteriochloroform:
PAR  .delta. 3.0-3.7, 5H, aromatic protons
PAR  4.0, 2H, --CO.CH.sub.2 -indole,
PAL  and the corresponding enone, R.sub.F =  0.11 (20% ethyl acetate in
      toluene), n.m.r. in deuteriochloroform:
PAR  .delta. 3.58, 3H, methyl ester
PAR  3.98, 2H, --CO.CH.sub.2 - indole.
PAR  i.
      9.alpha.,11.alpha.,15-trihydroxy-16-(6-methylpyrid-2-yloxy)-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoic acid, R.sub.F =  0.32 (3% acetic acid
      in ethyl acetate). The mass spectrum showed M.sup.+ = 693.3726 (calculated
      for C.sub.34 H.sub.63 NO.sub.6 Si.sub.4 =  693.3734)
PAR  The starting material was prepared, by the process described in Example 4,
      from 2-hydroxy-6-methylpyridine, via dimethyl
      [3-(6-methylpyrid-2-yloxy)-2-oxopropyl]phosphonate, R.sub.F =  0.35 (ethyl
      acetate), n.m.r. in deuteriochloroform:
     .delta. 7.46, 1H,                                                         

             6.64, 1H,   pyridine protons.                                     

             6.72, 1H,                                                         

     2.36, 3H, methyl.                                                         

PAL  and the corresponding enone was prepared as follows:
PAR  n-Butyl-lithium (71.mu.l. of a 2.29M solution in hexane) was added to a
      solution of N-isopropylcyclohexylamine (37.5.mu.l.) in 1,2-dimethoxyethane
      (0.5ml.) at -78.degree.C. under argon. The mixture was stirred at
      -78.degree.C. for 15 minutes, and then treated with a solution of dimethyl
      [3-(6-methylpyrid-2-yloxy)-2-oxopropyl]phosphonate (51mg.) in
      1,2-dimethoxyethane (2 ml.) at -78.degree.C. for a further 15 minutes.
      Powdered methyl
      7-[2.beta.-formyl-3.alpha.,5.alpha.-di(4-phenylbenzoyloxy)cyclopent-1.alph
     a.-yl]hept-5-cis-enoate (78.5mg.) was added, the cooling bath was removed
      and the mixture was stirred overnight at room temperature. Glacial acetic
      acid (100.mu.l.) and water (100.mu.l.) were added, and the
      1,2-dimethoxyethane was evaporated at room temperature under reduced
      pressure. The residue was partitioned between ethyl acetate (2 .times.
      10ml.) and brine (5ml.), and the ethyl acetate layer was separated.
      Evaporation of the solvent, and chromatography of the residue on silica
      gel yielded the required enone, methyl
      16-(6-methylpyrid-2-yloxy)-15-oxo-9.alpha.,11.alpha.-di-(4-phenylbenzoylox
     y)-17,18,19,20-tetranor-5-cis,13-trans-prostadienoate, R.sub.F =  0.26 (20%
      ethyl acetate in toluene).
PAR  j.
      9.alpha.,11.alpha.,15-trihydroxy-16-(2-methylpyrid-3-yloxy)-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoic acid, R.sub.F =  0.85 (2% acetic acid
      in methanol). The mass spectrum showed M.sup.+ = 693.3727 (calculated for
      C.sub.34 H.sub.63 NO.sub.6 Si.sub.4 =  693.3734).
PAR  The starting material was prepared by the process described in Example 4
      from 3-hydroxy-2-methylpyridine, via dimethyl
      [2-oxo-3-(2-methylpyrid-3-yloxy)propyl]phosphonate, R.sub.F =  0.31 (10%
      methanol in ethyl acetate), n.m.r. in deuteriochloroform:
TBL  .delta.                                                                   

            2.55, 3H,  methyl                                                  

            4.85, 2H,  --CO.CH.sub.2 O--                                       

     7.0-7.15,     2H,                                                         

                            pyridine protons,                                  

     8.15, 1H,                                                                 

PAL  and the corresponding enone was prepared as follows:
PAR  Sodium hydride (60% dispersion in oil; 15.6mg.) was washed free of oil with
      dry pentane, then suspended in dry 1,2-dimethoxyethane (2ml.). A solution
      of the phosphonate (123mg.) in dry 1,2-dimethoxyethane (3ml.) was added
      slowly at ambient temperature. The mixture was stirred for 15 minutes,
      then a solution of methyl
      7-[2.beta.-formyl-3.alpha.,5.alpha.-di-(4-phenylbenzoyloxy)cyclopent-1.alp
     ha.-yl]hept-5-cis-enoate (189mg.) in dry 1,2-dimethoxyethane (2ml.) was
      added slowly. The mixture was stirred overnight, then adjusted to pH 7
      with 2N hydrochloric acid, and the mixture was evaporated to dryness. The
      residue was partitioned between water and ethyl acetate, and the aqueous
      layer was extracted with more portions of ethyl acetate. The combined
      ethyl acetate extracts were washed with brine and dried, and the solvent
      was evaporated, to yield a residue which was purified by preparative layer
      chromatography with a mixture of toluene, ethyl acetate and methanol in
      the proportions 12:8:1, to give methyl
      16-(2-methylpyrid-3-yloxy)-15-oxo-9.alpha.,11.alpha.
      -di-(4-phenylbenzoyloxy)-17,18,19,20-tetranor-5-cis,
      13-trans-prostadienoate as an oil, R.sub.F =  0.35 (12:8:1, toluene :
      ethyl acetate : methanol).
PAR  The compounds shown in the following table were prepared in a similar
      manner to that described in (j) above, via the phosphonates and enones as
      shown:
      ##SPC12##
TBL                          Mass spectrum .sup.(1)                            

     No.  Y        R.sup.4   Found   Calculated                                

     __________________________________________________________________________

     1    O   4-methylquinol-2-yl                                              

                             743.3846                                          

                                     743.3890                                  

     2    O   quinol-3-yl    729 .sup.(2)                                      

                                     729.3734                                  

     3    O   quinol-6-yl    729.3738                                          

                                     729.3734                                  

     4    O   6-methoxy-2-methylpyrimid-                                       

                             724.3743                                          

                                     724.3792                                  

              4-yl                                                             

     5    O   6-methylpyrid-3-yl                                               

                             693.3727                                          

                                     693.3734                                  

     6    O   6-chloropyrid-2-yl                                               

                             698.2940.sup.(3)                                  

                                     698.2953                                  

     7    O   pyrid-2-yl     679.3556                                          

                                     679.3577                                  

     8    O   2-chloropyrid-4-yl                                               

                             713.3156                                          

                                     713.3187                                  

     9    O   trichloro-methoxypyrid-2-                                        

                             796.2285                                          

                                     796.2280                                  

              yl .sup.(4)                                                      

     10   CH.sub.2                                                             

              indolin-1-yl   717.4085                                          

                                     717.4098                                  

     __________________________________________________________________________

      .sup.(1) measured on mixed C-15 epimers, except for compound 9 which was 

      for the less polar epimer.                                               

      .sup.(2) not accurately mass measured. This compound may be further      

      characterised by R.sub.F = 0.09 and 0.13 (3% acetic acid in ethyl acetate

      and n.m.r. in a mixture of deuteriochloroform and deuteriated acetone:   

      .delta.8.62, 1H, quinolyl C-2 proton,                                    

      7.85-8.05, 1H, quinolyl C-4 proton,                                      

      7.30-7.75, 4H, quinolyl C-5 to C-8 protons,                              

      5.1-6.4, 8H, olefinic and exchangeable OH protons                        

      4.5-4.7, 1H, C-15 proton.                                                

      .sup.(3) (M-CH.sub.3).sup.+ ion                                          

      .sup.(4) This compound prepared from methyl                              

      15-hydroxy-9.alpha.,11.alpha.-di-(4-phenylbenzoyloxy)-16-(3,4,5,6-tetrach

     oropyrid-2-yloxy)-17,18,19,20-tetranor-5-cis, 13-transprostadienoate, one 

      chlorine being replaced by methoxy during the reaction with potassium    

      hydroxide in methanol.                                                   

TBL  No.      Phosphonate                 Enone                                

     __________________________________________________________________________

     1    R.sub.F = 0.62 (10% methanol/ethyl                                   

                                     R.sub.F = 0.74 (ether)                    

          acetate                                                              

     2    R.sub.F = 0.5 (10% methanol/ethyl                                    

                                     R.sub.F = 0.64 (50% ether/                

          acetate)                   toluene)                                  

     3    R.sub.F = 0.18 (10% methanol/ethyl                                   

                                     R.sub.F = 0.45 (50% ethyl                 

          acetate                    acetate/toluene)                          

     4    R.sub.F = 0.48 (10% methanol/ethyl                                   

                                     R.sub.F = 0.6 (25% ")                     

          acetate)                                                             

     5    R.sub.F = 0.3 (10% methanol/ethyl                                    

                                     R.sub.F = 0.5 (50% ")                     

          acetate)                                                             

     6    R.sub.F = 0.4 (10% methanol/ethyl                                    

                                     R.sub.F = 0.5 (25% ")                     

          acetate)                                                             

     7    R.sub.F = 0.3 (10% methanol/ethyl                                    

                                     R.sub.F = 0.4 (  ")                       

          acetate)                                                             

     8    m.p. 63-65.degree.C.       M.sup.+ = 797.2728 (797.2755)             

     9    R.sub.F = 0.45 (5% methanol/ethyl*                                   

                                     R.sub.F = 0.2 (5% ethyl acetate*/         

          acetate)                   methylene chloride)                       

     10   R.sub.F = 0.3 (10% methanol/ethyl                                    

                                     R.sub.F = 0.6 (50% ethyl acetate/         

          acetate)                   toluene)                                  

     __________________________________________________________________________

      *These are 3,4,5,6-tetrachloropyrid-2-yl intermediates - see footnote (4)

      to the first part of the table.                                          

PAR  k. 9.alpha.,11.alpha.,15-trihydroxy-15-(1-methylbenzimidazol-2-yl)-
      16,17,18,18,20-pentanor-5-cis, 13-trans-prostadienoic acid, R.sub.F =
      0.11 (15% methanol in methylene dichloride). Mass spectrum showed M.sup.+
      = 702.3742 (calculated for C.sub.35 H.sub.62 N.sub.2 O.sub.5 Si.sub.4 =
      702.3737).
PAR  The starting material was prepared, by the process described in (c) above,
      methyl 1-methylbenzimidazole-2-carboxylate via dimethyl
      [2-oxo-2-(1methylbenzimidazol-2-yl)ethyl]phosphonate, R.sub.F =  0.31 (10%
      methanol in methylene dichloride), n.m.r. in deuteriochloroform:
PAR  .delta. 4.2, 3H, methyl
PAR  7.5-8.1, 4H, aromatic.
PAL  and the corresponding enone, R.sub.F =  0.41 (20% ethyl acetate in
      toluene), n.m.r. in deuteriochloroform:
PAR  .delta. 3.4, 3H, methyl ester
PAR  4.2, 3H, benzimidazole methyl
PAL  In the reduction of the enone, aluminium tri-isoproproxide at 50.degree.C.
      was used in place of di-isobornyloxy aluminium isopropoxide.
PAR  l.
      16-(6-chloropyridazin-3-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,2
     0-tetranor-5-cis, 13-trans-prostadienoic acid, R.sub.F =  0.5 (1% acetic
      acid, 9% methanol, 90% ethyl acetate), M.sup.+ = 714.3096 (calculated for
      C.sub.32 H.sub.59 ClN.sub.2 O.sub.6 Si.sub.4 =  714.3139)
PAR  The starting material was prepared, by the process described in (c) above,
      from 6-chloro-3-hydroxypyridazine, via the corresponding phosphonate,
      R.sub.F =  0.5 (3% methanol in methylene dichloride), n.m.r. in
      deuteriochloroform:
PAR  .delta. 7.0-7.6, 2H, pyridazine protons
PAR  5.3, 2H, --CO.CH.sub.2 O--
PAL  and the corresponding enone, R.sub.F = 0.25 (15% ethyl acetate in toluene),
      n.m.r. in deuteriochloroform:
PAR  .delta. 5.35, 2H, --CO.CH.sub.2 O--
PAR  3.55, 3H, methyl ester.
PAR  m.
      9.alpha.,11.alpha.,15-trihydroxy-16-(7-methyindol-5-yloxy)-17,18,19,20-tet
     ranor-5-cis, 13-trans-prostadienoic acid, R.sub.F = 0.30 and 0.35 (3%
      acetic acid in ethyl acetate), M.sup.+ =731.3849 (calculated for C.sub.37
      H.sub.65 NO.sub.6 Si.sub.4 = 731.3890).
PAR  The starting material was prepared, by the process described in (c) above,
      from 5-hydroxy-7-methylindole via the corresponding phosphonate, R.sub.F =
      0.2 (50% ethyl acetate in toluene), n.m.r. in deuteriochloroform:
PAR  .delta. 6.5-7.0, 3H, indole protons at C-2, 4 and 6,
PAR  6.4, 1H, indole C-3 proton,
PAR  4.6, 2H, --CO.CH.sub.2 O--,
PAR  2.5, 3H, indole 7-methyl,
PAL  and the corresponding enone, R.sub.F = 0.35 (15% ethyl acetate in toluene),
      n.m.r. in deuteriochloroform:
PAR  .delta. 4.7, 2H, --CO.CH.sub.2 O--
PAR  2.4, 3H, indole 7-methyl.
PAC  EXAMPLE 6
PAR  To a solution of the more polar C-15 epimer of
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,18,19,20-tetranor-5
     -cis, 13-trans-prostadienoic acid (10mg.) in ethanol (2ml.) at 0.degree.C.
      was added an excess of a solution of diazomethane in ether. After 10
      minutes, the solvents were evaporated to give a single C-15 epimer of
      methyl
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,18,19,20-tetranor-5
     -cis, 13-trans-prostadienoate which was purified by thin layer
      chromatography, R.sub.F = 0.35 (ethyl acetate). The n.m.r. spectrum in
      deuterated acetone showed the following characteristic absorptions
      (.delta. values):
PAR  6.7-7.4, 5H, aromatic protons and &gt;NH
PAR  6.4, 1H, indole C-3 proton
PAR  3.6, 3H, methyl ester.
PAL  The mass spectrum showed M.sup.+ = 731.3864 (calculated for C.sub.37
      H.sub.65 NO.sub.6 Si.sub.4 = 731.3889).
PAR  The above process was repeated, using the appropriate prostanoic acid as
      starting material, to give the following compounds:
PAR  a. less polar C-15 epimer of methyl
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,18,19,20-tetranor-5
     -cis, 13-trans-prostadienoate, R.sub.F = 0.46 (ethyl acetate). The n.m.r.
      spectrum was identical to that of the more polar epimer described above.
PAR  b. methyl
      16-(4,6-dimethylpyrid-2-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,2
     0-tetranor-5-cis, 13-trans-prostadienoate, R.sub.F = 0.2 and 0.3 (3% acetic
      acid in ethyl acetate).
PAR  c. methyl
      9.alpha.,11.alpha.,15-trihydroxy-16-(pyrid-4-yloxy)-17,18,19,20-tetranor-5
     -cis, 13-trans-prostadienoate (mixed C-15 epimers), M.sup.+ = 621.3306
      (calculated for C.sub.31 H.sub.55 NO.sub.6 Si.sub.3 = 621.3337).
PAR  d. methyl
      16-(2,6-dimethylpyrid-4-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,2
     0-tetranor-5-cis, 13-trans-prostadienoate, M.sup.+ = 649.3652 (calculated
      for C.sub.33 H.sub.59 NO.sub.6 Si.sub.3 = 649.3650).
PAC  EXAMPLE 7
PAR  A solution of methyl
      15-hydroxy-16-(6-methoxypyrid-3-yloxy)-9.alpha.,11.alpha.-di-(4-phenylbenz
     oyloxy)-17,18,19,20-tetranor-5-cis, 13-trans-prostadienoate (159mg.) in
      anhydrous methanol (10ml.) was stirred with powdered potassium carbonate
      (100mg.) under argon for 18 hours. The solution was acidified to pH 7 with
      glacial acetic acid and the solvent was removed under reduced pressure.
      The residue was partitioned between ethyl acetate (2 .times. 20ml.) and
      water (10ml.), and the ethyl acetate phases were combined, dried and
      evaporated to dryness. Preparative layer chromatography of the residue
      gave methyl
      9.alpha.,11.alpha.,15-trihydroxy-16-(6-methoxypyrid-3-yloxy)-17,18,19,20-t
     etranor-5-cis, 13-trans-prostadienoate, as a mixture of C-15 epimers,
      R.sub.F = 0.27 (ethyl acetate). The mass spectrum showed M.sup.+ =
      651.3430 (calculated for C.sub.32 H.sub.57 NO.sub.7 Si.sub.3 = 651.3443).
PAR  The ester used as starting material was prepared by the process described
      in Example 5(i), via the corresponding phosphonate, R.sub.F = 0.21 (ethyl
      acetate), n.m.r. in deuteriochloroform:
TBL  .delta.   7.85, 1H,                                                       

               7.30, 1H,    pyridine protons.                                  

               6,70, 1H,                                                       

               3.90, 3H,    methoxy.                                           

PAL  prepared by the process described in Example 4, and the corresponding
      enone, R.sub.F = 0.27 (20% ethyl acetate in toluene).
PAR  The following compounds (as mixed C-15 epimers) were prepared in a similar
      manner:
PAR  a. methyl
      16-(5-chloropyrid-3-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoate, R.sub.F = 0.36 (ethyl acetate),
      M.sup.+ = 655.2954 (calculated for C.sub.31 H.sub.54 ClNO.sub.6 Si.sub.3 =
      655.2947).
PAR  The prostadienoic acid starting material was obtained from
      5-chloro-3-hydroxypyridine by the process described above via the
      appropriate phosphonate, R.sub.F = 0.17 (ethyl acetate) and the
      corresponding enone, R.sub.F = 0.55 (10% methanol in toluene).
PAR  The phosphonate was prepared from ethyl 2,5-dichloropyrid-3-yloxyacetate as
      follows:
PAR  A solution of ethyl (2,5-dichloropyrid-3-yloxy)-acetate (200mg.) in glacial
      acetic acid (8ml.) was stirred overnight under reflux with acid washed
      zinc powder (1.0g.). The solution was cooled and filtered and the filtrate
      was evaporated to dryness. The residue was purified by chromatography on
      silica gel to yield ethyl(5-chloropyrid-3-yloxy)acetate, m.p.
      38.degree.-40.degree.C. (ether-pentane).
PAR  b. methyl
      16-(2,5-dichloropyrid-3-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,2
     0-tetranor-5-cis, 13-trans-prostadienoate, R.sub.F = 0.30 (ethyl acetate).
PAR  The prostadienoic acid starting material was obtained from
      2,5-dichloro-3-hydroxypyridine by the process described above, via the
      appropriate phosphonate, R.sub.F = 0.32 (50% ethyl acetate in methylene
      dichloride), n.m.r. in deuteriochloroform:
TBL  .delta.   8.03, 1H,                                                       

                            pyridine protons,                                  

               7.31, 1H,                                                       

PAL  and the corresponding enone, R.sub.F = 0.43 (25% ethyl acetate in toluene).
PAR  The phosphonate was prepared from 2,5-dichloro-3-hydroxypyridine, which was
      itself prepared as follows:
PAR  A mixture of 5-chloro-2,3-dihydroxypyridine (1.0g.) and phosphoryl chloride
      (10ml.) was heated overnight at 180.degree.C. in a sealed tube. The
      phosphoryl chloride was distilled off, and the residue was
      chromatographed, to give 2,5-dichloro-3-hydroxypyridine, m.p.
      160.degree.-161.degree.C. (ethyl acetate - petrol).
PAR  c. methyl
      9.alpha.,11.alpha.,15-trihydroxy-15-(6-methoxypyrid-3-yl)-16,17,18,19,20-p
     entanor-5-cis, 13-trans-prostadienoate, R.sub.F = 0.30 (ethyl acetate).
PAR  The prostadienoic acid starting material was prepared from methyl
      6-methoxynicotinate by the process described in Example 5(c), via the
      appropriate phosphonate, R.sub.F = 0.26 (ethyl acetate), n.m.r. in
      deuteriochloroform:
     .delta.   8.85, 1H,                                                       

               8.20, 1H,    pyridine protons.                                  

               6.82, 1H,                                                       

               4.06, 3H,    methoxy.                                           

PAL  and the corresponding enone, R.sub.F = 0.57 (20% ethyl acetate in toluene).
PAR  d. methyl
      9.alpha.,11.alpha.,15-trihydroxy-16-(1-methylindolin-5-yloxy)-17,18,19,20-
     tetranor-5-cis, 13-trans-prostadienoate, R.sub.F = 0.3 (ethyl acetate),
      M.sup.+ = 675.3785 (calculated for C.sub.35 H.sub.61 NO.sub.6 Si.sub.3 =
      675.3807).
PAR  The prostanoic acid starting material was obtained via the appropriate
      phosphonate, which was prepared by hydrogenation of the corresponding
      indole phosphonate as follows:
PAR  A solution of dimethyl[2-oxo-3-(indol-5-yloxy)propyl]phosphonate (250mg.)
      in glacial acetic acid (5ml.) was hydrogenated for 3 hours in the presence
      of 5% palladium-on-charcoal (250mg.). The catalyst was filtered off, the
      filtrate was evaporated to dryness, and the residue was purified by
      thin-layer chromatography, R.sub.F = 0.1 (ethyl acetate) n.m.r. in
      deuteriochloroform:
TBL  .delta.   2.65, 3H,    N-methyl                                           

               2.7-2.9, 2H,                                                    

                            C-2 and C-3 protons of                             

               3.08-3.28, 2H,                                                  

                            indoline,                                          

PAL  and the corresponding enone, R.sub.F = 0.42 (25% pentane in ether), n.m.r.
      in deuteriochloroform:
PAR  .delta. 2.6, 3H, N-methyl
PAR  3.5, 3H, methyl ester
PAR  4.48, 2H, --CO.CH.sub.2 O--
PAR  e. methyl
      16-(2-chloropyrid-3-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoate R.sub.F = 0.26 (ethyl acetate),
      M.sup.+ = 655.2948 (calculated for C.sub.31 H.sub.54 ClNO.sub.6 Si.sub.3 =
      655.2947).
PAR  The prostanoic acid starting material was prepared from
      2-chloro-3-hydroxypyridine by the process described in Example 4, via the
      corresponding phosphonate, R.sub.F = 0.3 (ethyl acetate), n.m.r. in
      deuteriochloroform:
TBL  .delta.   7.95-8.1, 1H,                                                   

                            pyridine protons,                                  

               7.1 -7.3, 2H,                                                   

               4.8, 2H,     --CO.CH.sub.2 O--                                  

PAL  and the corresponding enone, R.sub.F = 0.2 (20% ethyl acetate in toluene),
      n.m.r. in deuteriochloroform:
PAR  .delta. 5.25-5.6, 4H, C-9, C-11 and cis-olefinic protons,
PAR  4.8, 2H, --CO.CH.sub.2 O--,
PAR  3.54, 3H, methyl ester.
PAC  EXAMPLE 8
PAR  A solution of methyl
      15-hydroxy-16-(indol-5-yloxy)-9.alpha.,11.alpha.-di-(4-phenylbenzoyloxy)-1
     7,18,19,20-tetranor-5-cis, 13-trans-prostadienoate (85mg.) in dry
      1,2-dimethoxyethane (5ml.) was added to a suspension of lithium aluminium
      hydride (100mg.) in dry 1,2-dimethoxyethane (5ml.). After 1 hour, water
      was added, the mixture was filtered and the filtrate was evaporated to
      dryness. The residue was partitioned between water and ethyl acetate, the
      ethyl acetate layer was separated and dried, the solvent was evaporated,
      and the residue was purified by thin layer chromatography, eluting with 5%
      methanol in ethyl acetate, to give a mixture of C-15 epimers of
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,18,19,20-tetranor-5
     -cis, 13-trans-prostadienol, R.sub.F = 0.35 (5% methanol in ethyl acetate).
      The n.m.r. spectrum in deuterated acetone showed the following
      characteristic absorptions (.delta. values):
PAR  6.7-7.4, 4H, aromatic protons
PAR  6.35, 1H, indole C-3 proton
PAR  5.65-5.8, 2H, trans olefinic protons
PAR  5.15-5.65, 2H, cis olefinic protons
PAL  The mass spectrum showed M.sup.+ = 703.3908 (calculated for C.sub.36
      H.sub.65 O.sub.5 NSi.sub.4 = 703.3940).
PAC  EXAMPLE 9
PAR  The process described in Example 4 was repeated using methyl
      15-hydroxy-15-(indol-2-yl)-9.alpha.,
      11.alpha.-di-(4-phenylbenzoyloxy)-16,17,18,19,20-pentanor-5-cis-prostenoat
     e as the starting material to give
      9.alpha.,11.alpha.,15-trihydroxy-15-(indol-2-yl)-16,17,18,19,20-pentanor-5
     -cis-prostenoic acid, mixed C-15 epimers, R.sub.F = 0.16 (15% ethyl acetate
      in toluene), M.sup.+ = 631.3538 (calculated for C.sub.33 H.sub.57 NO.sub.5
      Si.sub.3 = 631.3544).
PAR  The methyl ester used as starting material was prepared from ethyl
      indole-2-carboxylate by the process described in Example 5(c) via dimethyl
      [2-oxo-2-(indol-2-yl)-ethyl]phosphonate, m.p. 133.degree.-134.degree.C.,
      and the corresponding enone, methyl
      15-(indol-2-yl)-15-oxo-9.alpha.,11.alpha.-di(4-phenylbenzoyloxy)-16,17,18,
     19,20-pentanor-5-cis,13-transprostadienoate, m.p.
      161.degree.-165.degree.C., which was reduced as follows:
PAR  To a solution of the enone (30mg.) in a mixture of isopropanol (5ml.) and
      1,2-dimethoxyethane (5ml.) was added sodium borohydride (30mg.). After 15
      minutes, the solution was adjusted to pH 4 with glacial acetic acid and
      the solvents were evaporated. The residue was partitioned between ethyl
      acetate and a 1:1 mixture of saturated brine and water, and the ethyl
      acetate layer was separated and dried. Evaporation of the solvent gave the
      required starting material, methyl
      15-hydroxy-15-(indol-2-yl)-9.alpha.,11.alpha.-di(4-phenylbenzoyloxy)-16,17
     ,18,19,20-pentanor-5-cis-prostenoate.
PAC  EXAMPLE 10
PAR  The process described in Example 4 was repeated, using methyl
      11.alpha.,15-dihydroxy-16-(indol-5-yloxy)-9.alpha.-(4-phenylbenzoyloxy)-17
     ,18,19,20-tetranor-13-trans-prostenoate in place of methyl
      15-hydroxy-16-(indol-5-yloxy)-9.alpha.,11.alpha.-di(4-phenylbenzoyloxy)-17
     ,18,19,20-tetranor-5-cis, 13-transprostadienoate, to give the C-15 epimers
      of
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,18,19,20-tetranor-1
     3-transprostenoic acid, R.sub.F = 0.3 and 0.45 (3% acetic acid in ethyl
      acetate). The n.m.r. spectrum of the more polar C-15 epimer, in deuterated
      acetone, showed the following characteristic absorptions (.delta. values):
TBL  3.9,   3H,     multiplet, C-16 and 1 &gt;CH.OH protons                       

     4.2,   1H,     multiplet,                                                 

                          &gt;CH.OH                                               

     4.45,  1H,     multiplet,                                                 

     5.7,   2H,     multiplet, olefinic protons                                

     6.4,   1H,     singlet, indole C-3 proton                                 

     6.8,   1H,     double doublet (J=9 and 3Hz), indole                       

                    C-6 proton                                                 

     7.1,   1H,     doublet (J= 3Hz), indole C-4 proton                        

     7.3,   2H,     multiplet, indole C-2 and C-7 protons,                     

PAL  M.sup.+ = 719,3924 (calculated for C.sub.36 H.sub.65 NO.sub.6 Si.sub.4 =
      719,3890).
PAR  The methyl
      11.alpha.,15-dihydroxy-16-(indol-5-yloxy)-9.alpha.-(4-phenylbenzoyloxy)-17
     ,18,19,20-tetranor-13-trans-prostenoate used as starting material in the
      above process may be prepared as follows:
PAR  To a solution of
      7-[2.beta.-dimethoxymethyl-5.alpha.-hydroxy-3.alpha.-(tetrahydropyran-2-yl
     oxy)cyclopent-1.alpha.-yl]hept-5-cisenoic acid (4.9g.) (prepared as
      described in the latter part of Example 4) in ether (20ml.) was added an
      excess of a solution of diazomethane in ether. After 20 minutes at room
      temperature, excess diazomethane was evaporated in a stream of argon, and
      the ether solution was washed with saturated sodium bicarbonate solution
      (5ml.). The organic solution was dried and evaporated to dryness to give
      methyl
      7-[2.beta.-dimethoxymethyl-5.alpha.-hydroxy-3.alpha.-(tetrahydropyran-2-yl
     oxy)cyclopent-[1.alpha.-yl]hept-5-cis-enoate as a clear oil R.sub.F = 0.6
      (5% methanol in methylene dichloride). the n.m.r. spectrum in
      deuteriochloroform showed the following features (.delta. values):
PAR  3.4, 6H, singlet, -CH(OCH.sub.3).sub.2
PAR  3.6, 3H, singlet, -COOCH.sub.3
PAR  4.7, 1H, broad singlet, -CH(OCH.sub.3).sub.2
PAR  5.45, 2H, multiplet, olefinic protons.
PAR  Methyl 7-[2.beta.-dimethoxymethyl-5.alpha.-hydroxy-3.alpha.-
      (tetrahydropyran-2-yloxy)cyclopent-1.alpha.-yl]hept-5-cis-enoate (4.3g.)
      was dissolved in dry pyridine (50ml.) under argon, the solution was
      treated with p-phenylbenzoyl chloride (4.65g.) and the mixture was stirred
      for 17 hours. Water (2.5ml.) was then introduced and stirring was
      continued for 2 hours. The mixture was evaporated under reduced pressure
      and toluene was added to assist azeotropic removal of the pyridine. The
      residue was partitioned between toluene (300ml.) and saturated sodium
      bicarbonate solution (150ml.), the whole mixture was filtered through
      kieselguhr (`Hyflo` - trade mark) and the organic phase was separated. The
      aqueous layer was extracted with toluene (150ml.), the organic extracts
      were combined, washed with brine (100ml.), dried over sodium sulphate, and
      filtered, and the solvent was evaporated to give methyl
      7-[2.beta.-dimethoxymethyl-5.alpha.-(4-phenylbenzoyloxy)-3.alpha.-(tetrahy
     dropyran-2-yloxy)cyclopent-1.alpha.-yl]hept-5-cis-enoate as a clear oil,
      R.sub.F = 0.8 (ether), whose n.m.r. spectrum in deuteriochloroform showed
      the following features (.delta. values):
PAR  3.42, 6H, doublet, -CH(OCH.sub.3).sub.2
PAR  3.6, 3H, singlet, -COOCH.sub.3
PAR  5.4, 2H, multiplet, olefinic protons
PAR  7.2-8.2, 9H, multiplet, aromatic protons.
PAR  A solution of methyl
      7-[2.beta.-dimethoxymethyl-5.alpha.-(4-phenylbenzoyloxy)-3.alpha.-(tetrahy
     dropyran-2-yloxy)cyclopent-1.alpha.-yl]hept-5-cis-enoate (6.49g.) in dry
      methanol (140ml.) was stirred under argon at room temperature with
      toluene-p-sulphonic acid (9.4ml. of a 1% solution of anhydrous
      toluene-p-sulphonic acid in dry tetrahydrofuran) for 2.5 hours. Pyridine
      (5ml.) and toluene (40ml.) were added, and the solvents were evaporated
      under reduced pressure. The residue was partitioned between ethyl acetate
      (100ml.) and water (50ml.), and the organic phase was separated, washed
      successively with saturated sodium bicarbonate (2 .times. 30ml.) and
      saturated brine (30ml.) and dried, and the solvent was evaporated to give
      methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)c
     yclopent-1.alpha.-yl]hept-5-cis-enoate as a clear oil, R.sub.F = 0.4
      (ether), whose n.m.r. spectrum in deuteriochloroform showed the following
      definitive features (.delta. values):
PAR  3.42, 6H, doublet, -CH(OCH.sub.3).sub.2
PAR  3.52, 3H, singlet, -COOCH.sub.3
PAR  4.25, 1H, multiplet, &gt;CH.OH
PAR  4.35, 1H, doublet, -CH(OCH.sub.3).sub.2
PAR  5.35, 3H, multiplet, olefinic protons plus &gt;CH.OCO-
PAR  7.2-8.2, 9H, multiplet, aromatic protons.
PAR  A solution of methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)-
     cyclopent-1.alpha.-yl]hept-5-cis-enoate (1g.) in ethyl acetate (40ml.) was
      stirred overnight in an atmosphere of hydrogen at room temperature and
      pressure in the presence of 5% palladium-on-charcoal (500mg.) The catalyst
      was removed by filtration through kieselguhr (`Hyflo` - trade mark) and
      the solvent was evaporated from the filtrate to give methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)-
     cyclopent-1.alpha.-yl]heptanoate, R.sub.F = 0.4 (ether). The n.m.r.
      spectrum in deuteriochloroform had the following characteristic signals
      (.delta. values);
PAR  3.45, 6H, doublet, -CH(OCH.sub.3).sub.2
PAR  3.6, 3H, singlet, -COOCH.sub.3
PAR  4.3, 1H, multiplet, &gt;CH.OH
PAR  4.35, 1H, doublet, -CH(OCH.sub.3).sub.2
PAR  5.42, 1H, multiplet, &gt;CH.OCO--
PAR  7.2-8.2, 9H, multiplet, aromatic protons.
PAR  Methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)-
     cyclopent-1.alpha.-yl]heptanoate (400mg.) was vigorously stirred under
      argon for 10 minutes in a two-phase system consisting of 2% isopropanol in
      chloroform (16ml.) and concentrated hydrochloric acid (8ml.). The total
      reaction mixture was poured into an excess of saturated sodium bicarbonate
      solution and the organic layer was separated. The aqueous solution was
      extracted with ethyl acetate (3 .times. 50ml.) and the combined organic
      extracts were washed with brine (50ml.) and dried, and evaporated to give
      methyl
      7-[2.beta.-formyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)cyclopent-
     1.alpha.-yl]heptanoate as a clear oil, R.sub.F = 0.2 (ether).
PAR  Dimethyl [2-oxo-3-(indol-5-yloxy)propyl]phosphonate (600mg., 2.5
      equivalents) and methyl
      7-[2.beta.-formyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)-cyclopent
     -1.alpha.-yl]heptanoate (400mg. 1 equivalent) were suspended under argon in
      a mixture of toluene (20ml.) and t-butanol (4ml.). Aqueous 1M sodium
      hydroxide solution (1.84ml., 2.3 equivalents) was added and the two phase
      mixture was stirred vigorously for 3 hours. The reaction mixture was
      shaken with ethyl acetate (20ml.) and saturated brine (20ml.), and the
      organic layer was separated. The aqueous layer was extracted with ethyl
      acetate (2 .times. 20ml.), the combined organic extracts were dried, and
      the solvent was evaporated. Preparative thin layer chromatography gave
      methyl
      11.alpha.-hydroxy-16-(indol-5-yloxy)-15-oxo-9.alpha.-(4-phenylbenzoyloxy)-
     17,18,19,20-tetranor-13-trans-prostenoate as a clear oil, R.sub.F = 0.3
      (25% ethyl acetate in toluene).
PAR  The process described in Example 4 was repeated using methyl
      11.alpha.-hydroxy-16-(indol-5-yloxy)-15-oxo-9.alpha.-(4-phenylbenzoyloxy)-
     17,18,19,20-tetranor-13-trans-prostenoate in place of methyl
      16-(indol-5-yloxy)-15-oxo-9.alpha.,11.alpha.-di-(4-phenylbenzoyloxy)-17,18
     ,19,20-tetranor-5-cis,13-trans-prostadienoate, to give the C-15 epimers of
      methyl
      11.alpha.,15-dihydroxy-16-(indol-5-yloxy)-9.alpha.-(4-phenylbenzoyloxy)-17
     ,18,19,20-tetranor-13-trans-prostenoate, R.sub.F = 0.1 (25% ethyl acetate
      in toluene), whose n.m.r. spectrum in deuteriochloroform showed the
      following features (.delta. values):
PAR  3.6, 3H, singlet, --COOCH.sub.3
PAR  4.0, 2H, multiplet, --CH(OH).CH.sub.2 O--
PAR  4.6, 2H, multiplet, 2 .times. &gt;CH.OH
PAR  5.4, 1H, multiplet, &gt;CH.OCO--
PAR  5.8, 2H, multiplet, olefinic protons
PAR  6.4, 1H, broad singlet, indole C-3 proton
PAR  6.8-8.2, 14H, remainder of the aromatic protons plus &gt;N-H
PAC  EXAMPLE 11
PAR  The process described in Example 4 was repeated. using methyl
      11.alpha.,15-dihydroxy-16-(indol-5-yloxy)-2-methyl-9.alpha.-(4-phenylbenzo
     yloxy)-17,18,19,20-tetranor-5-cis,13-trans-prostadienoate as the starting
      material, to give
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-2-methyl-17,18,19,20-t
     etranor-5-cis,13-trans-prostadienoic acid which was separated into more
      polar and less polar epimers on preparative thin layer chromatography
      R.sub.F = 0.25 and 0.33 (3% acetic acid in ethyl acetate). The mass
      spectrum showed M.sup.+ = 731.3900 (calculated for C.sub.37 H.sub.65
      NO.sub.6 Si.sub.4 = 731.3890).
PAR  The starting material was prepared by the process described in Example 10
      using (4-carboxy-3-methylbutyl)-triphenylphosphonium bromide instead of
      (4-carboxybutyl)-triphenyl-phosphonium bromide, and omitting the
      hydrogenation step in order to preserve the 5-cis double bond, via the
      following intermediates:
PAR  7-[2.beta.-dimethoxymethyl-5.alpha.-hydroxy-3.alpha.-(tetrahydropyran-2-ylo
     xy)cyclopent-1.alpha.-yl]-2-methyl-5-cis-heptenoic acid, R.sub.F = 0.26 (5%
      methanol in methylene chloride), n.m.r. in deuterated chloroform:
PAR  .delta. 1.1-1.2, 3H, doublet, CH.sub.3 -CH&lt;
PAR  3.35, 6H, singlet, --CH(OCH.sub.3).sub.2
PAR  Methyl
      7-[2.beta.-dimethoxymethyl-5.alpha.-hydroxy-3.alpha.-(tetrahydropyran-2-yl
     oxy)cyclopent-1.alpha.-yl]-2-methyl-5-cis-heptenoate, R.sub.F = 0.33 (5%
      methanol in methylene chloride), n.m.r. in deuterated chloroform:
PAR  .delta. 1.1-1.2, 3H, doublet, CH.sub.3.CH&lt;
PAR  3.35, 6H, singlet, --CH(OCH.sub.3).sub.2
PAR  3.65, 3H, singlet, --COOCH.sub.3
PAR  Methyl
      7-[2.beta.-dimethoxymethyl-5.alpha.-(4-phenylbenzoyloxy)-3.alpha.-(tetrahy
     dropyran-2-yloxy)cyclopent-1.alpha.-yl]-2-methyl-5-cis-heptenoate, R.sub.F
      = 0.55 (ether), n.m.r. in deuterated chloroform:
PAR  .delta. 0.9-1.1, 3H, CH.sub.3 -CH&lt;
PAR  3.4, 6H, --CH(OCH.sub.3).sub.2
PAR  3.6, 3H, --COOCH.sub.3
PAR  7.2-8.3, 9H, aromatic protons.
PAR  Methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)c
     yclopent-1.alpha.-yl]-2-methyl-5-cis-heptenoate, R.sub.F = 0.42 (ether),
      n.m.r. in deuterated chloroform:
PAR  .delta. 0.9-1.2, 3H, CH.sub.3 CH&lt;
PAR  3.4, 6H, --CH(OCH.sub.3).sub.2
PAR  3.6, 3H, --COOCH.sub.3.
PAR  Methyl
      7-[2.beta.-formyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)cyclopent-
     1.alpha.-yl]-2-methyl -5-cis-heptenoate, R.sub.F = 0.48 (ether).
PAR  Methyl
      11.alpha.-hydroxy-16-(indol-5-yloxy)-15-oxo-9.alpha.-(4-phenylbenzoyloxy)-
     17,18,19,20-tetranor-5-cis,-13-trans prostadienoate, R.sub.F = 0.34 (25%
      ethyl acetate in toluene), n.m.r. in deuterated chloroform:
PAR  .delta. 0.7-1.0, 3H, CH.sub.3 CH&lt;
PAR  3.55, 3H, --CO.sub.2 CH.sub.3
PAR  6.4, 1H, indole C-3 proton
PAR  Methyl
      11.alpha.,15-dihydroxy-16-(indol-5-yloxy)-9.alpha.-(4-phenylbenzoyloxy)-17
     ,18,19,20-tetranor-5-cis,13-trans-prostadienoate, R.sub.F = 0.17 (5%
      methanol in methylene chloride), n.m.r. in deuterated chloroform:
PAR  .delta. 5.2-5.5, 3H, cis olefinic and C-9 protons
PAR  5.7-5.9, 2H, trans olefinic protons.
PAC  EXAMPLE 12
PAR  A mixture of the more polar C-15 epimer of methyl
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,18,19,20-tetranor-5
     -cis,13-trans-prostadienoate and the more polar C-15 epimer of methyl
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,18,19,20-tetranor-5
     -trans, 13-trans-prostadienoate was separated by thin layer chromatography
      on silica plates which had been pretreated by being sprayed liberally with
      a 4% solution of silver nitrate in 1:1 methanol/water, allowed to dry 1/2
      hour at room temperature, and oven-dried at 100.degree.C. to reactivate
      the silica, to give the 5-trans-compound, R.sub.F = 0.32 (40% methanol in
      methylene chloride), n.m.r. in deuterated acetone:
PAR  .delta. 5.40-5.57, 2H, multiplet, 5-trans olefin
PAR  5.62-5.77, 2H, multiplet, 13-trans olefin
PAL  M.sup.+ = 659.3494 (calculated for C.sub.34 H.sub.57 NO.sub.6 Si.sub.3 =
      659.3483), and the previously-described cis-isomer, R.sub.F = 0.22.
PAR  The mixture of 5-cis and 5-trans compounds was obtained by the process
      described in Example 4 for the 5-cis compound, except that the reaction of
      4.beta.-dimethoxymethyl-2,3,3a.beta.,6a.beta.-tetrahydro-2-hydroxy-5.alpha
     .-(tetrahydropyran-2-yloxy)-cyclopenteno[b]furan with
      (4-carboxybutyl)triphenylphosphonium bromide was carried out using
      n-butyl-lithium in sulpholane instead of methanesulphinylmethyl sodium in
      dimethylsulphoxide, to give a mixture of cis and trans isomers. The
      subsequent intermediates described in Example 4 were then obtained as
      cis-trans mixtures. Thin layer chromatography of the mixture of
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,18,19,20-tetranor-5
     -cis/trans, 13-trans-prostadienoic acid gave the required mixture of the
      more polar C-15 epimer 5-cis/trans compounds, R.sub.F = 0.18 (3% acetic
      acid in ethyl acetate) and a mixture of the less polar C-15 epimer
      5-cis/trans compounds, R.sub.F = 0.27.
PAC  EXAMPLE 13
TBL                         % w/v                                              

     ______________________________________                                    

     9.alpha.,11.alpha.,15-Trihydroxy-16-(indol-5-yloxy)-                      

     17,18,19,20-tetranor-5-cis,13-trans-                                      

     prostadienoic acid       0.003                                            

     Sodium phosphonate       2.90                                             

     Sodium hydrogen phosphate                                                 

                              0.30                                             

     Water for injection      to 100                                           

     ______________________________________                                    

PAR  The sodium phosphate was dissolved in about 80% of the water, followed by
      the prostadienoic acid derivative, and, when dissolved, the sodium
      hydrogen phosphate. The solution was made up to volume with water for
      injection, and the pH was checked to be between 6.7 and 7.7. The solution
      was filtered to remove particulate matter, sterilised by filtration, and
      filled into presterilised neutral glass ampoules under aseptic conditions.
      Immediately before use, the contents of an ampoule are diluted in sodium
      chloride B.P. for administration by infusion.
PAR  The prostadienoic acid derivative may, of course, by replaced by an
      equivalent amount of another prostanoic acid derivative of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A prostanoic acid derivative of the formula:
      ##SPC13##
PAL  wherein R.sup.1 is carboxy, hydroxymethyl or alkoxycarbonyl of 2 to 11
      carbon atoms, A.sup.1 is ethylene or vinylene, either R.sup.2 is hydroxy
      and R.sup.3 is hydrogen or R.sup.2 and R.sup.3 together are oxo, A.sup.2
      is ethylene or trans-vinylene, R.sup.5 is hydrogen, either X is alkylene
      of 1 to 3 carbon atoms bearing 0, 1 or 2 alkyl substituents of 1 to 3
      carbon atoms and Y is oxygen, sulphur or a direct bond, or X and Y are
      both a direct bond, R.sup.4 is a pyridyl radical bearing 0 to 4
      substituents selected from the group consisting of halogen, alkyl of 1 to
      5 carbon atoms and alkoxy of 1 to 5 carbon atoms, and which compound bears
      0 to 1 alkyl of 1 to 4 carbon atoms on carbon atom 2, 3 or 4 thereof, and
      for those compounds wherein R.sup.1 is carboxy, a pharmaceutically or
      veterinarily acceptable base addition salt thereof.
NUM  2.
PAR  2. The prostanoic acid derivative of claim 1 wherein R.sup.1 is carboxy or
      alkoxycarbonyl of 2 to 5 carbon atoms, A.sup.1 is cis-vinylene, R.sup.2 is
      hydroxy, R.sup.3 is hydrogen, A.sup.2 is trans-vinylene, R.sup.5 is
      hydrogen, X and Y together form ethylene or methyleneoxy, or a direct
      bond, and R.sup.4 is 2-, 3- or 4-pyridyl bearing 0 to 4 substituents
      selected from halogen, alkyl of 1 to 5 carbon atoms and alkoxy of 1 to 5
      carbon atoms, and a pharmaceutically or veterinarily acceptable base
      addition salt thereof.
NUM  3.
PAR  3. The prostanoic acid derivative of claim 2 wherein R.sup.1 is carboxy or
      methoxycarbonyl, A.sup.1 is cis-vinylene, R.sup.2 is hydroxy, R.sup.3 is
      hydrogen, A.sup.2 is trans-vinylene, R.sup.5 is hydrogen, X is methylene,
      Y is oxygen, R.sup.4 is unsubstituted 2-, 3- or 4-pyridyl, chloropyridyl
      wherein the chlorine substituent is located meta to the carbon atom
      bearing the free valency, methylpyridyl wherein the methyl substituent is
      located meta or para to the carbon atom bearing the free valency, or
      4,6-dimethylpyrid-2-yl, and for those compounds wherein R.sup.1 is a
      carboxy radical, the sodium or potassium salt thereof.
NUM  4.
PAR  4. The prostanoic acid derivative of claim 2 wherein R.sup.4 is 2-, 3-, or
      4-pyridyl, 6-methylpyrid-2-yl, 2-, 4- and 6-methylpyrid-3-yl,
      4,6-dimethylpyrid-2-yl, 2, 6-dimethyl-pyrid-4-yl, 6-chloropyrid-2-yl,
      5-chloropyrid-3-yl, 2-chloro-pyrid-4-yl, 2,5-dichloropyrid-3-yl or
      6-methoxypyrid-3-yl.
NUM  5.
PAR  5. The prostanoic acid derivative of claim 2 which is selected from the
      group consisting of
      9.alpha.,11.alpha.,15-trihydroxy-16-(pyrid-2-yloxy)-17,18,19,20-tetranor-5
     -cis, 13-trans-prostadienoic acid,
      9.alpha.,11.alpha.,15-trihydroxy-16-(pyrid-3-yloxy)-17,18,19,20-tetranor-5
     -cis, 13-trans-prostadienoic acid, methyl
      9.alpha.,11.alpha.,15-trihydroxy-16-(pyrid-4-yloxy)-17,18,19,20-tetranor-5
     -cis, 13-trans-prostadienoate,
      9.alpha.,11.alpha.,15-trihydroxy-16-(6-methylpyrid-2-yloxy)-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoic acid,
      9.alpha.,11.alpha.,15-trihydroxy-16-(6-methylpyrid-3-yloxy)-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoic acid,
      16-(6-chloropyrid-2-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoic acid,
      16-(2-chloropyrid-4-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoic acid, methyl
      16-(5-chloropyrid-3-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoate and methyl
      16-(4,6-dimethylpyrid-2-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,2
     0-tetranor-5-cis, 13-trans-prostadienoate, and the sodium or potassium salt
      of those compounds which are acids.
NUM  6.
PAR  6. The prostanoic acid derivative of claim 1 selected from the group
      consisting of
      16-(6-chloropyrid-2-yloxy)-9.alpha.,11.alpha.,15-trihydroxy-17,18,19,20-te
     tranor-5-cis, 13-trans-prostadienoic acid and the sodium or potassium salt
      thereof.
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PAL  Tetramic acid analogs of pulvinic acid having anti-arthritic activity are
      prepared by treatment of the corresponding tetramic acid lactones with an
      alkali metal lower alkoxide.
BSUM
PAR  This invention relates to novel tetramic acid analogs of pulvinic acid
      which have useful pharmacological activity. More specifically, the
      compounds of this invention have anti-arthritic activity as measured by
      their ability to inhibit adjuvant-induced polyarthritis in rats. In
      addition, these compounds exhibit anti-bacterial activity.
PAR  The compounds of this invention are represented by the following structural
      formula:
      ##SPC1##
PAL  In which:
PA1  R.sup.1 is lower alkyl of from one to four carbon atoms;
PA1  R.sup.2, r.sup.3, r.sup.4 and R.sup.5 are each hydrogen, lower alkyl of
      from one to four carbon atoms, lower alkoxy of from one to four carbon
      atoms, phenyl, phenoxy, halogen, fluoroalkyl, hydroxy or, taken together
      in adjacent positions, methylenedioxy; and
PA1  R.sup.6 is hydrogen, phenyl optionally substituted with methyl, halogen or
      trifluoromethyl or a five or six membered heterocycle containing carbon
      and one or two atoms of nitrogen, sulfur or oxygen and optionally
      substituted with methyl, halogen or trifluoromethyl.
PAR  As used herein, halogen refers to fluoro, chloro and bromo; lower alkyl and
      lower alkoxy may be straight or branched chain moieties; and fluoroalkyl
      is preferably trifluoromethyl.
PAR  Preferred compounds of this invention are represented by formula I where
      R.sup.6 is 2-thiazolyl or 3-pyridyl. Also preferred are those compounds of
      formula I where R.sup.1 is methyl and R.sup.2, R.sup.3, R.sup.4 and
      R.sup.5 are each hydrogen or chloro.
PAR  Although the compounds represented by formula I are not reported in the
      prior art, an acetic anhydride derivative of
      5-(1'-carboxy-1'-phenylmethylidene)-1H-3-phenyltetramic acid has been
      proposed (but not isolated or characterized) as an intermediate in the
      oxidative rearrangement of 2-amino-5-hydroxy-3,6-diphenylbenzoquinone [J.
      Amer. Chem. Soc. 94:6152 (1972)].
PAR  The compounds of formula I are generally prepared by opening the lactone
      ring of the corresponding tetramic acid lactone (II) with a lower
      alcoholic solution of an alkali metal lower alkoxide, for example sodium
      methoxide in methanol, preferably at ambient temperature.
PAR  When R.sup.6 is other than hydrogen, the tetramic acid lactones of formula
      II are prepared as shown in the following scheme:
      ##SPC2##
      in which R.sup.1, R.sup.2, R.sup.3, R.sup.4 and R.sup.5 are as defined
      above, R.sup.6 is as defined above other than hydrogen and M is an alkali
      metal cation.
PAR  Thus, a phenylacetonitrile is condensed with ethyl oxalate in an alcoholic
      solution of an alkali metal lower alkoxide, such as sodium methoxide or
      ethoxide to give the ethyl 3-cyano-3-phenylpyruvate. This compound is
      further condensed with a phenylacetonitrile in an alcoholic solution of an
      alkali metal lower alkoxide, such as sodium methoxide or ethoxide, to
      yield the 2,5-diphenyl-3,4-dioxoadiponitrile. The above condensations may
      also be carried out using a metal hydride, such as sodium hydride, in
      glyme. The adiponitrile derivative is refluxed for a short period of time,
      for example one or two hours, in an aqueous acid solution such as a
      water/glacial acetic acid/concentrated sulfuric or hydrochloric acid
      mixture and the resulting pulvinic acid (III) is refluxed with acetic
      anhydride to furnish the corresponding pulvinic acid lactone (IV). The
      lactone ring is opened to the pulvinic acid amide (V) by reaction with an
      amine of the formula R.sup.6 NH.sub.2 where R.sup.6 is as defined, other
      than hydrogen, in a solvent such as chloroform or toluene, preferably at
      reflux temperature. The amide (V) is then cyclized to the tetramic acid
      lactone II by heating, preferably at reflux temperature, with phosphorus
      pentachloride and phosphorus trichloride. The lactone ring is opened to
      the product tetramic acid (I) with an alkali metal lower alkoxide as
      described above.
PAR  Alternatively, the compounds of formula I where R.sup.6 is other than
      hydrogen are prepared by reaction of the corresponding amide (V) with
      p-toluenesulfonyl chloride in pyridine containing triethylamine with or
      without a co-solvent such as dimethylformamide to give the lactone-lactam
      II, which opens upon treating the crude product with a lower alcohol.
PAR  When R.sup.2 and R.sup.3 are different from R.sup.4 and R.sup.5 in the
      above synthetic sequence, the ring opening of the dilactone (IV) gives a
      mixture of positional isomers, namely compounds of formula V and compounds
      of the following formula:
      ##SPC3##
PAL  The ratio of isomers is variable and depends on the nature of R.sup.2,
      R.sup.3, R.sup.4 and R.sup.5. The isomers can be separated by fractional
      crystallization and/or standard chromatographic procedures. Their identity
      is determined from the nuclear magnetic resonance patterns of the aromatic
      protons. This identification can be confirmed by degradative ozonolysis.
PAR  When R.sup.6 is hydrogen, the 1H-tetramic acid lactones are obtained as
      shown in Scheme II below:
      ##SPC4##
PAL  in which R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5 and M are defined as
      above, R.sup.6 is hydrogen and R is lower alkyl.
PAR  In the above scheme, an optionally substituted benzoylformic acid is
      reacted with an optionally substituted phenylacetylglycine in an acid
      anhydride such as acetic anhydride containing a base such as sodium
      acetate to give the correspondingly substituted
      3-phenyl-4-phenylacetamidomaleic anhydride (VII). Treatment of the
      anhydride with an alcoholic solution of an alkali metal lower alkoxide
      such as sodium methoxide in methanol gives, upon acidification, the
      1H-tetramic acids of formula VIII which are converted to the corresponding
      tetramic acid lactones by heating with acetic anhydride. The lactone ring
      is opened with an alkali metal lower alkoxide in an alcohol solvent as
      previously described to give the compounds of formula I in which R.sup.6
      is hydrogen.
PAR  It is to be recognized that a further aspect of this invention is the
      processes, as described hereinabove, for preparing the tetramic acid
      analogs of pulvinic acid represented by formula I, except when R.sup.6 is
      hydrogen, from the corresponding pulvinic acid amides of formula V via the
      intermediate acid lactones (II).
PAR  The anti-arthritic activity of the compounds of this invention is measured
      by their ability to inhibit adjuvant-induced polyarthritis in rats at a
      daily dose of 50 mg. per kilogram of body weight. Adjuvant arthritis in
      rats is produced by a single injection of 0.75 mg of Mycobacterium
      butyricum suspended in white paraffin (N.F.) into a hindpaw (left
      footpad). The injected paw becomes inflamed and reaches a maximum volume
      in three to five days (primary lesion). The animals exhibit a decrease in
      body weight gain during this initial period. Adjuvant arthritis (secondary
      phase) occurs after a delay of approximately ten days and is characterized
      by inflammation of the non-injected sites (right hind leg), decrease in
      body weight gain and further increases in the volume of the injected hind
      leg. The compounds of formula I administered in the doses described above
      beginning on the day of adjuvant injection and continuing for 17 days
      thereafter, exclusive of days 4, 5, 11 and 12, protect the animals against
      development of both primary and secondary lesions of adjuvant arthritis.
PAR  The compounds of this invention may be administered orally or parenterally
      in conventional dosage unit forms by incorporating an amount sufficient to
      produce anti-arthritic activity, without toxic effects, with a nontoxic
      pharmaceutical carrier according to accepted procedures. Preferably the
      dosage units will contain a tetramic acid analog of pulvinic acid of
      formula I in an amount of from about 10 mg. to about 50 mg. per dosage
      unit.
PAR  The pharmaceutical carrier employed may be, for example, either a solid or
      liquid. Exemplary of solid carriers are lactose, terra alba, sucrose,
      talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and
      the like. Exemplary of liquid carriers are syrup, peanut oil, olive oil,
      water and the like. Similarly, the carrier or diluent can include any time
      delay material well known to the art, such as glyceryl monostearate or
      glyceryl distearate alone or with a wax.
PAR  A wide variety of pharmaceutical forms can be employed. Thus, if a solid
      carrier is used the preparation can be tableted, placed in a hard gelatin
      capsule in powder or pellet form or in the form of a troche or lozenge.
      The amount of solid carrier will vary widely but preferably will be from
      about 25 mg. to about 1 g. If a liquid carrier is used, the preparation
      will be in the form of a syrup, emulsion, soft gelatin capsule, sterile
      injectable liquid such as an ampule or an aqueous or nonaqueous liquid
      suspension.
PAR  The pharmaceutical dosage unit forms described hereinabove exclude simple
      non-sterile solutions of the active medicament in water or in common
      organic solvents and exclude simple aqueous suspensions of the active
      medicament in the absence of a suspending agent.
PAR  The method of combating arthritis in accordance with this invention
      comprises administering internally to an animal organism a tetramic acid
      analog of pulvinic acid of formula I, usually combined with a
      pharmaceutical carrier, in an amount sufficient to produce anti-arthritic
      activity without limiting side effects. The active medicament will be
      administered in a dosage unit, as described above, orally or parenterally,
      the oral route being preferred. Advantageously equal doses will be
      administered one to three times daily with the daily dosage regimen being
      from about 10 mg. to about 150 mg. When the method described above is
      carried out, antiarthritic activity is produced with a minimum of side
      effects.
PAR  The pharmaceutical preparations are made following the conventional
      techniques of the pharmaceutical chemist involving mixing, granulating and
      compressing when necessary or variously mixing and dissolving the
      ingredients as appropriate to the desired end product.
DETD
PAR  The following examples illustrate the preparation of compounds of formula I
      and their incorporation into pharmaceutical compositions, and as such are
      not to be construed as limiting the invention set forth in the claims
      appended hereto. Temperatures are in degrees Centigrade unless otherwise
      stated. When named as pulvinic acid derivatives, the substituents on the
      R.sup.2,R.sup.3 -containing ring are designated by a prime (').
PAC  EXAMPLE 1
PAC  5-(1'-Carbomethoxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-phenyltetramic
      acid (E)
PAR  A mixture of 117.1 g. (1.0 mol.) of phenylacetonitrile and 326 ml. (2.4
      mol.) of ethyl oxalate was added to an ethanol solution of sodium ethoxide
      [prepared by dissolving 23.8 g. (1.08 g.-atom) of sodium in 500 ml. of
      absolute ethanol] and refluxed for 2 hours. After cooling, diluting with
      2500 ml. of water and extracting with ether, the solution was acidified
      with acetic acid. The solid was removed by filtration and washed with
      water to give ethyl 3-cyano-3-phenylpyruvate, m.p.
      127.degree.-129.degree..
PAR  Ethyl 3-cyano-3-phenylpyruvate (50.0 g., 0.23 mol.) and 41.0 g. (0.35 mol.)
      of phenylacetonitrile were added to an alcoholic solution of sodium
      ethoxide [prepared from 13.4 g. (0.58 g.-atom) of sodium and 360 ml. of
      absolute ethanol] and the resulting yellow solution was refluxed for 1.75
      hours. The cooled solution was diluted with 700 ml. of water and acidified
      by slow addition of acetic acid. After further cooling in ice, the
      suspension was filtered and the solid was washed with water and dried to
      give 2,5-diphenyl-3,4-dioxoadiponitrile, m.p. 284.degree.-286.degree. dec.
PAR  A mixture of 30.0 g. (0.104 mol.) of 2,5-diphenyl-3,4-dioxoadiponitrile in
      260 ml. of water, 380 ml. of glacial acetic acid and 190 ml. of
      concentrated sulfuric acid was refluxed for 1 hour. The suspension was
      cooled, poured onto 900 ml. of ice-water and the solid was removed and
      washed to give pulvinic acid, m.p. 215.degree.-216.5.degree..
PAR  Pulvinic acid (19.0 g., 0.0616 mol.) was refluxed in 250 ml. of acetic
      anhydride for 15 minutes. The cooled solution was stirred into 1200 ml. of
      ice and water and the oily mass was crystallized by stirring in 500 ml. of
      ethanol. The yellow solid was removed, washed with ethanol and dried to
      yield pulvinic acid lactone, m.p. 221.5.degree.-223.degree..
PAR  A mixture of 2.9 g. (0.01 mol.) of pulvinic acid lactone and 1.1 g. (0.011
      mol.) of 2-aminothiazole in 50 ml. of chloroform was refluxed to give a
      homogeneous solution. The reaction mixture was cooled and the precipitated
      solid was collected by filtration. The filtrate was concentrated and the
      residue combined with the solid initially collected. The combined solid
      was dissolved in 5% aqueous sodium carbonate and extracted with ether.
      Acidification of the aqueous phase with concentrated hydrochloric acid
      gave N-(2-thiazolyl)pulvinic acid amide, m.p. 224.degree.-226.degree..
PAR  A mixture of 10.0 g. (0.026 mol.) of N-(2-thiazolyl)pulvinic acid amide,
      100 g. (0.48 mol.) of phosphorus pentachloride and 100 ml. (1.15 mol.) of
      phosphorus trichloride was refluxed gently for 2.5 hours. The reaction
      mixture was cooled and the precipitate was collected by filtration then
      carefully dispersed in an ice-water mixture. The product was collected by
      filtration, dissolved in chloroform and the chloroform solution was washed
      with water, dried (MgSO.sub.4) and concentrated to give
      5-(1'-carboxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-phenyltetramic acid
      lactone, m.p. 210.degree.-212.degree. dec. (benzene).
PAR  To a solution of 1.62 g. (0.03 mol.) of sodium methoxide in 50 ml. of
      methanol was added 3.7 g. (0.01 mol.) of
      5-(1'-carboxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-phenyltetramic acid
      lactone. The reaction mixture was stirred at 25.degree. until it became
      homogeneous, then ice-water was added, the mixture was acidified with
      concentrated hydrochloric acid and the precipitate formed was collected by
      filtration. Recrystallization from methanol gave the title compound, m.p.
      186.degree.-188.degree..
PAR  Alternatively, the title compound was prepared from 3.9 g. (0.01 mol.) of
      N-(2-thiazolyl)pulvinic acid amide, 2.2 ml. (0.015 mol.) of triethylamine
      and 2.9 g. (0.015 mol.) of p-toluenesulfonyl chloride in 50 ml. of
      pyridine. The reaction mixture was stirred and cooled for 12 hours, then
      water and chloroform were added. The layers were separated and the organic
      phase was concentrated in vacuo to give a residue which was stirred in
      methanol and acidified to pH 1.5 with 10% aqueous hydrochloric acid. The
      gum (title compound) thus formed crystallized on trituration with
      methanol.
PAC  EXAMPLE 2
PAC  5-(1'-Carbomethoxy-1'-phenylmethylidene)-1-(5'-chlorothiazol-2'-yl)-3-pheny
     ltetramic acid (E)
PAR  A mixture of 5.8 g. (0.02 mol.) of pulvinic acid lactone, 4.14 g. (0.02
      mol.) of 2-amino-5-chlorothiazole hydrochloride and 1.5 g. (0.01 mol.) of
      potassium carbonate in 300 ml. of toluene was stirred and refluxed for 3.5
      hours. The reaction mixture was cooled and the supernatant liquid decanted
      and chilled. The precipitated solid was collected, dissolved in chloroform
      and washed with water. The organic phase was dried (MgSO.sub.4) and
      concentrated in vacuo to give N-(5-chlorothiazol-2-yl)pulvinic acid amide,
      m.p. 221.degree.-223.degree..
PAR  Treatment of N-(5-chlorothiazol-2-yl)pulvinic acid amide with phosphorus
      pentachloride and phosphorus trichloride as described in the procedure of
      Example 1 gives
      5-(1'-carboxy-1'-phenylmethylidene)-1-(5'-chlorothiazol-2'-yl)-3-phenyltet
     ramic acid lactone. The lactone is reacted with sodium methoxide in
      methanol as described in Example 1 to give the title compound.
PAC  EXAMPLE 3
PAC  5-[1'-Carbomethoxy-1'-(4-chlorophenyl)methylidene]-1-(2'-thiazolyl)-3-(4'-c
     hlorophenyl)tetramic acid (E)
PAR  A mixture of 45.3 g. (0.31 mol.) of p-chlorophenylacetonitrile and 107 g.
      (0.72 mol., 99 ml.) of diethyl oxalate in an alcoholic sodium ethoxide
      solution [prepared by dissolving 7.13 g. (0.31 g.-atom) of sodium in 120
      ml. of absolute ethanol] was refluxed with stirring for 2 hours. The
      cooled reaction mixture was diluted with 700 ml. of water, acidified with
      acetic acid and cooled to ice bath temperature. The resulting solid was
      collected and recrystallized from aqueous methanol to give ethyl
      3-(p-chlorophenyl)-3-cyanopyruvate, m.p. 134.degree.-135.degree..
PAR  Ethyl 3-(p-chlorophenyl)-3-cyanopyruvate (40 g., 0.16 mol.) and 49.8 g.
      (0.33 mol.) of p-chlorophenylacetonitrile were added to an alcoholic
      solution of sodium ethoxide [prepared from 7.36 g. (0.32 g.-atom) of
      sodium and 190 ml. of absolute ethanol] and the resulting solution was
      refluxed for two hours. The reaction mixture was diluted with water,
      acidified with acetic acid and cooled (ice bath) to yield
      2,5-di-(p-chlorophenyl)-3,4-dioxoadiponitrile, m.p. 280.degree..
PAR  A solution of 15 g. (0.042 mol.) of
      2,5-di-(p-chlorophenyl)-3,4-dioxoadiponitrile in a mixture of 150 ml. of
      water, 210 ml. of acetic acid and 105 ml. of concentrated sulfuric acid
      was stirred and refluxed for 2 hours. The reaction mixture was diluted
      with 500 ml. of water and cooled to ice bath temperature to yield
      4,4'-dichloropulvinic acid, m.p. 255.degree.. The acid was refluxed in
      acetic anhydride to obtain the corresponding 4,4'-dichloropulvinic acid
      lactone.
PAR  A mixture of 3.6 g. (0.01 mol.) of 4,4'-dichloropulvinic acid lactone and 1
      g. (0.01 mol.) of 2-aminothiazole in 100 ml. of toluene and 100 ml. of
      chloroform was refluxed for 2 hours. The reaction mixture was then cooled
      and the precipitate was collected and recrystallized from toluene-acetone
      to give 4,4'-dichloro-N-(2-thiazolyl)pulvinic acid amide, m.p.
      220.degree.-226.degree..
PAR  Substitution of an equivalent amount of 4,4'-dichloroN-2-thiazolyl)pulvinic
      acid amide in the procedure of Example 1 for N-(2-thiazolyl)pulvinic acid
      amide followed by treatment of the
      5-[1'-carboxy-1'-(4-chlorophenyl)methylidene]-1-(2'-thiazolyl)-3-(4'-chlor
     ophenyl)tetramic acid lactone thus formed with sodium methoxide in methanol
      as described in Example 1 gave the title compound, m.p. 221.degree..
PAC  EXAMPLE 4
PAC  5-[1'-Carbomethoxy-1'-(4-ethoxyphenyl)methylidene]-1-(2'-thiazolyl)-3-(4'-e
     thoxyphenyl)tetramic acid (E)
PAR  4,4'-Diethoxypulvinic acid lactone was prepared by substitution of an
      equivalent amount of 4-ethoxyphenylacetonitrile in the procedure of
      Example 1 for phenylacetonitrile.
PAR  A mixture of 1.4 g. (0.0037 mol.) of 4,4'-diethoxypulvinic acid lactone and
      0.37 g. (0.0037 mol.) of 2-aminothiazole in 70 ml. of toluene was refluxed
      for 2 hours. The reaction mixture was then evaporated to dryness, the
      residue stirred with ether, filtered, and the resulting solid was
      dissolved in chloroform and washed with dilute hydrochloric acid. The
      organic layer was dried (MgSO.sub.4) and concentrated in vacuo to give
      4,4'-diethoxy-N-(2-thiazolyl)pulvinic acid amide, m.p.
      215.degree.-216.degree..
PAR  Substitution of an equivalent amount of
      4,4'-diethoxyN-(2-thiazolyl)pulvinic acid amide in the procedure of
      Example 1 for N-(2-thiazolyl)pulvinic acid amide followed by treatment of
      the
      5-[1'-carboxy-1'-(4-ethoxyphenyl)methylidene]-1-(2'-thiazolyl)-3-(4'-ethox
     yphenyl)tetramic acid lactone thus formed with sodium methoxide in methanol
      as previously described gives the title compound.
PAC  EXAMPLE 5
PAC  5-(1'-Carbomethoxy-1'-phenylmethylidene)-1-(2'-pyridyl)-3-phenyltetramic
      acid (E)
PAR  A mixture of 2.9 g. (0.01 mol.) of pulvinic acid lactone and 0.94 g. (0.01
      mol.) of 2-aminopyridine in toluene was refluxed for 3 hours. The reaction
      mixture was cooled and the solid which separated was collected by
      filtration and recrystallized from acetonitrile to give
      N-(2-pyridyl)pulvinic acid amide, m.p. 206.degree. dec.
PAR  Reaction of N-(2-pyridyl)pulvinic acid amide with phosphorus pentachloride
      and phosphorus trichloride as described in the procedure of Example 1 gave
      5-(1'-carboxy-1'-phenylmethylidene)-1-(2'-pyridyl)-3-phenyltetramic acid
      lactone. The lactone (0.7 g. 0.002 mol.) was added to a solution of 0.3 g.
      (0.006 mol.) of sodium methoxide in 10 ml. of methanol and the reaction
      mixture was stirred until it became homogeneous. The mixture was diluted
      with ice-water and acidified to pH 3.5 with concentrated hydrochloric
      acid. The precipitate was collected, washed with a small amount of
      methanol and recrystallized from 1-chlorobutane-chloroform to give the
      title compound, m.p. 186.degree.-189.degree..
PAC  EXAMPLE 6
PAC  5-(1'-Carbomethoxy-1'-phenylmethylidene)-1-(5'-chloropyrid-2'-yl)-3-phenylt
     etramic acid (E)
PAR  A mixture of 1.29 g. (0.01 mol.) of 2-amino-5-chloropyridine and 2.9 g.
      (0.01 mol.) of pulvinic acid lactone in 100 ml. of toluene was refluxed
      for 12 hours. The reaction mixture was cooled, the solvent was removed in
      vacuo and the residue was triturated with methanol to induce
      crystallization. The resulting solid was collected and recrystallized from
      1-chlorobutane to give N-(5-chloropyrid-2-yl)pulvinic acid amide, m.p.
      207.degree.-209.degree. dec.
PAR  Substitution of an equivalent amount of N-(5-chloropyrid-2-yl)pulvinic acid
      amide in the procedure of Example 1 for N-(2-thiazolyl)pulvinic acid amide
      followed by treatment of the
      5-(1'-carboxy-1'-phenylmethylidene)-1-(5'-chloropyrid2'-yl)-3-phenyltetram
     ic acid lactone thus formed with sodium methoxide in methanol as described
      in Example 5 gave the title compound, m.p. 179.degree.-181.degree.
      (1-chlorobutane-chloroform).
PAC  EXAMPLE 7
PAC  5-(1'-Carbomethoxy-1'-phenylmethylidene)-1-(3'-pyridyl)-3-phenyltetramic
      acid (E)
PAR  A mixture of 14.5 g. (0.05 mol.) of pulvinic acid lactone and 4.7 g. (0.05
      mol.) of 3-aminopyridine in 250 ml. of toluene was refluxed for 30
      minutes. The reaction mixture was cooled and the product
      N-(3-pyridyl)pulvinic acid amide was collected by filtration.
PAR  Reaction of N-(3-pyridyl)pulvinic acid amide with phosphorus pentachloride
      and phosphorus trichloride as described in the procedure of Example 1 gave
      5-(1'-carboxy-1'-phenylmethylidene)-1-(3'-pyridyl)-3-phenyltetramic acid
      lactone, m.p. 232.degree.-235.degree. which was treated with sodium
      methoxide in methanol according to the procedure of Example 5 to give the
      title compound, m.p. 139.degree.-141.degree. (benzene-cyclohexane).
PAC  EXAMPLE 8
PAC  5-(1'-Carbomethoxy-1'-phenylmethylidene)-1-(6'-chloropyridazin-3'-yl)-3-phe
     nyltetramic acid (E)
PAR  A mixture of 2.9 g. (0.01 mol.) of pulvinic acid lactone and 1.30 g. (0.01
      mol.) of 3-amino-6-chloropyridazine in 100 ml. of dry toluene was refluxed
      for 3 hours. The reaction mixture was cooled and the precipitate was
      collected by filtration. The filtrate was concentrated in vacuo, the
      residue was combined with the first crystal crop and the combined solid
      was recrystallized from 1-chlorobutane to give
      N-(6-chloropyridazin-3-yl)pulvinic acid amide, m.p.
      217.degree.-219.degree..
PAR  Substitution of an equivalent amount of N-(6-chloropyridazin-3-yl)pulvinic
      acid amide in the procedure of Example 1 for N-(2-thiazolyl)pulvinic acid
      amide followed by treatment of the
      5-(1'-carboxy-1'-phenylmethylidene)-1-(6'-chloropyridazin-3'-yl)-3-phenylt
     etramic acid lactone thus formed with sodium methoxide in methanol as
      described previously gives the title compound.
PAC  EXAMPLE 9
PAR  Substitution of a substituted phenylacetonitrile listed below:
PA1  m-chlorophenylacetonitrile
PA1  p-methoxyphenylacetonitrile
PA1  p-tolylacetonitrile
PA1  (2-methoxy-5-methylphenyl)acetonitrile
PA1  p-fluorophenylacetonitrile
PA1  m-trifluoromethylphenylacetonitrile
PA1  (3-chloro-4-fluorophenyl)acetonitrile
PA1  4-biphenylacetonitrile
PAL  in the procedure described in Examples 1 or 3 for phenylacetonitrile and
      p-chlorophenylacetonitrile, respectively, gives the following pulvinic
      acid lactones:
PA1  3,3'-dichloropulvinic acid lactone
PA1  4,4'-dimethoxypulvinic acid lactone
PA1  4,4'-dimethylpulvinic acid lactone
PA1  2,2'-dimethoxy-5,5'-dimethylpulvinic acid lactone
PA1  4,4'-difluoropulvinic acid lactone
PA1  3,3'-bistrifluoromethylpulvinic acid lactone
PA1  3,3'-dichloro-4,4'-difluoropulvinic acid lactone
PA1  4,4'-diphenylpulvinic acid lactone.
PAR  Reaction of a pulvinic acid lactone listed above with 2-aminothiazole
      according to the procedure of Examples 1 or 3 gives the following
      N-(2-thiazolyl)pulvinic acid amides:
PA1  3,3'-dichloro-N-(2-thiazolyl)pulvinic acid amide
PA1  4,4'-dimethoxy-N-(2-thiazolyl)pulvinic acid amide
PA1  4,4'-dimethyl-N-(2-thiazolyl)pulvinic acid amide
PA1  2,2'-dimethoxy-5,5'-dimethyl-N-(2-thiazolyl)pulvinic acid amide
PA1  4,4'-difluoro-N-(2-thiazolyl)pulvinic acid amide
PA1  N-(2-thiazolyl)-3,3'-bistrifluoromethylpulvinic acid amide
PA1  3,3'-dichloro-4,4'-difluoro-N-(2-thiazolyl)pulvinic acid amide
PA1  4,4'-diphenyl-N-(2-thiazolyl)pulvinic acid amide.
PAR  Conversion of the N-(2-thiazolyl)pulvinic acid amides listed above to the
      corresponding compounds of this invention listed below is accomplished by
      one of the methods described in the procedure of Example 1:
PA1  5-[1'-carbomethoxy-1'-(3-chlorophenyl)methylidene]-1'-(2'-thiazolyl)-3-(3'-
     chlorophenyl)tetramic acid (E)
PA1  5-[1'-carbomethoxy-1'-(4-methoxyphenyl)methylidene]-1-(2'-thiazolyl)-3-(4'-
     methoxyphenyl)tetramic acid (E)
PA1  5-[1'-carbomethoxy-1'-(4-tolyl)methylidene]-1-(2'-thiazolyl)-3-(4'-tolyl)te
     tramic acid (E)
PA1  5-[1'-carbomethoxy-1'-(2-methoxy-5-methylphenyl)methylidene]-1-(2'-thiazoly
     l)-3-(2'-methoxy-5'-methylphenyl)tetramic acid (E)
PA1  5-[1'-carbomethoxy-1'-(4-fluorophenyl)methylidene]-1-(2'-thiazolyl)-3-(4'-f
     luorophenyl)tetramic acid (E)
PA1  5-[1'-carbomethoxy-1'-(3-trifluoromethylphenyl)methylidene]-1-(2'-thiazolyl
     )-3-(3'-trifluoromethylphenyl)tetramic acid (E)
PA1  5-[1'-carbomethoxy-1'-(3-chloro-4-fluorophenyl)methylidene]-1-(2'-thiazolyl
     )-3-(3'-chloro-4'-fluorophenyl)tetramic acid (E)
PA1  5-[1'-carbomethoxy-1'-(p-biphenyl)methylidene]-1-(2'-thiazolyl)-3-(p-biphen
     yl)tetramic acid (E).
PAC  EXAMPLE 10
PAR  Reaction of ethyl 3-(p-ethoxyphenyl)-3-cyanopyruvate with
      phenylacetonitrile according to the procedures described in Examples 1 and
      3 and the subsequent synthetic steps as outlined above gave
      4-ethoxypulvinic acid lactone.
PAR  When an equivalent amount of 4-ethoxypulvinic acid lactone was substituted
      in the procedure of Example 1 for pulvinic acid lactone or in the
      procedure of Example 3 for 4,4'-dichloropulvinic acid lactone a mixture of
      4-and 4'-ethoxy-N-(2-thiazolyl)pulvinic acid amides was obtained which was
      separated by fractional crystallization from toluene.
PAR  Treatment of 4-ethoxy-N-(2-thiazolyl)pulvinic acid amide and
      4'-ethoxy-N-(2-thiazolyl)pulvinic acid amide with phosphorus pentachloride
      and phosphorus trichloride followed by reaction of the product thus formed
      with sodium methoxide in methanol as described in the procedure of Example
      1 gives, respectively,
      5-[1'-carbomethoxy-1'-(4-ethoxyphenyl)methylidene]-1-(2'-thiazolyl)-3-phen
     yltetramic acid (E) and
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-(4'-ethoxyphen
     yl)tetramic acid (E).
PAC  EXAMPLE 11
PAR  Following the procedures outlined in Examples 1 and 3,
      p-methoxyphenylacetonitrile is reacted with diethyl oxalate in alcoholic
      sodium ethoxide solution to give ethyl 3-cyano-3-(p-methoxyphenyl)pyruvate
      which is then similarly reacted with phenylacetonitrile to yield
      2-(p-methoxyphenyl)-5-phenyl-3,4-dioxoadiponitrile.
PAR  A solution of the adiponitrile in water, acetic acid and concentrated
      sulfuric acid is refluxed for 2 hours and the resulting crude mixture of
      4-and 4'-methoxypulvinic acid is refluxed in acetic anhydride to give
      4-methoxypulvinic acid lactone.
PAR  When equivalent amounts of 4-methoxypulvinic acid lactone and
      2-aminothiazole are reacted according to the procedure of Examples 1 or
      3,4 -methoxy-N-(2-thiazolyl)pulvinic acid amide and
      4'-methoxy-N-(2-thiazolyl)pulvinic acid amide are obtained.
PAR  The pulvinic acid amides are converted to the corresponding
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-(4'-methoxyphe
     nyl)tetramic acid (E) and
      5-[1'-carbomethoxy-1'-(4-methoxyphenyl)methylidene]-1-(2'-thiazolyl)-3-phe
     nyltetramic acid (E) by treatment with phosphorus pentachloride and
      phosphorus trichloride followed by ring opening with sodium methoxide in
      methanol as described in the procedure of Example 1.
PAR  Similarly, by employing (3-bromo-4-methoxyphenyl)acetonitrile in the
      initial reaction described above to obtain ethyl
      3-cyano-3-(3'-bromo-4'-methoxyphenyl)pyruvate followed by reaction with
      phenylacetonitrile and the subsequent synthetic steps described above,
      there are prepared 3-bromo-4-methoxy-N-(2-thiazolyl)pulvinic acid amide
      and 3'-bromo-4'-methoxy-N-(2-thiazolyl)pulvinic acid amide.
PAR  Treatment of the amides with phosphorus pentachloride and phosphorus
      trichloride with subsequent opening of the lactone-lactam thus formed with
      sodium methoxide in methanol as described in Example 1 gives
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-(3'-bromo-4'-m
     ethoxyphenyl)tetramic acid (E) and
      5-[1'-carbomethoxy-1'-(3-bromo-4-methoxyphenyl)methylidene]-1-(2'-thiazoly
     l)-3-phenyltetramic acid (E).
PAC  EXAMPLE 12
PAR  Following the procedures outlined in Examples 1 and 3,
      3,4-methylenedioxyphenylacetonitrile is reacted with diethyl oxalate in
      alcoholic sodium ethoxide solution to give ethyl
      3-cyano-3-(3',4'-methylenedioxyphenyl)pyruvate which is reacted with
      phenylacetonitrile to yield
      2-(3',4'-methylenedioxyphenyl)-5-phenyl-3,4-dioxoadiponitrile.
PAR  A solution of the adiponitrile in water, acetic acid and concentrated
      sulfuric acid is refluxed for 2 hours and the resulting crude mixture of
      3,4- and 3',4'-methylenedioxypulvinic acid is refluxed in acetic anhydride
      to give 3,4-methylenedioxypulvinic acid lactone.
PAR  When an equivalent amount of 3,4-methylenedioxypulvinic acid lactone is
      substituted in the procedure of Examples 1 or 3 for pulvinic acid lactone
      or 4,4'-dichloropulvinic acid lactone, respectively, there are prepared
      3,4-methylenedioxy-N-(2-thiazolyl)pulvinic acid amide and
      3',4'-methylenedioxy-N-(2-thiazolyl)pulvinic acid amide.
PAR  Reaction of 3,4-methylenedioxy-N-(2-thiazolyl)pulvinic acid amide and
      3',4'-methylenedioxy-N-(2-thiazolyl)pulvinic acid amide with phosphorus
      pentachloride and phosphorus trichloride followed by treatment of the
      products with sodium methoxide in methanol as described in Example 1
      gives, respectively,
      5-[1'-carbomethoxy-1'-(3,4-methylenedioxyphenyl)methylidene]-1-(2'-thiazol
     yl)-3-phenyltetramic acid (E) and
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-(3',4'-methyle
     nedioxyphenyl)tetramic acid (E).
PAC  EXAMPLE 13
PAC  5-[1'-Carbomethoxy-1'-(3,4-methylenedioxyphenyl)methylidene]-1-(2'-thiazoly
     l)-3-(3',4'-methylenedioxyphenyl)tetramic acid (E)
PAR  By reacting ethyl 3-cyano-3-(3',4'-methylenedioxyphenyl)pyruvate with
      3,4-methylenedioxyphenylacetonitrile following procedures set forth in
      Examples 1 and 3 above there is obtained
      2,5-di-(3',4'-methylenedioxyphenyl)-3,4-dioxoadiponitrile.
PAR  The adiponitrile is refluxed in water, acetic acid and concentrated
      sulfuric acid to yield 3,4,3',4'-bismethylenedioxypulvinic acid which is
      treated with acetic anhydride to give 3,4,3',4'-bismethylenedioxypulvinic
      acid lactone.
PAR  Reaction of the lactone with 2-aminothiazole as described in Examples 1 and
      3 gives 3,4,3',4'-bismethylenedioxy-N-(2-thiazolyl)pulvinic acid amide.
PAR  The title compound is obtained by treatment of the amide with phosphorus
      pentachloride and phosphorus trichloride followed by reaction of the
      product thus formed with sodium methoxide in methanol as described in
      Example 1.
PAC  EXAMPLE 14
PAR  A mixture of 117.1 g. (1.0 mol.) of phenylacetonitrile and 326 ml. (2.4
      mol.) of ethyl oxalate was added to an ethanol solution of sodium ethoxide
      [prepared by dissolving 23.8 g. (1.08 g.-atom) of sodium in 500 ml. of
      absolute ethanol] and refluxed 2 hours. After cooling, diluting with 2500
      ml. of water and extracting with ether, the solution was acidified with
      acetic acid. The solid was removed and washed with water to give ethyl
      3-cyano-3-phenylpyruvate, m.p. 127.degree.-129.degree..
PAR  Ethyl 3-cyano-3-phenylpyruvate (13.0 g., 0.06 mol.) was slowly added to a
      mixture of 11.6 g. (0.06 mol.) of p-biphenylacetonitrile and 8.44 g. (0.18
      mol.) of sodium hydride in 40 ml. of diglyme at a temperature below
      0.degree.. The mixture was permitted to warm and several drops of methanol
      were added to initiate the reaction. The mixture was allowed to stand at
      25.degree. for 12 hours, cooled and diluted with 150 ml. of water. The
      mixture was then extracted with ether and the aqueous layer was acidified
      with acetic acid to give 2-(4'-biphenyl)-5-phenyl-3,4-dioxoadiponitrile as
      a yellow solid.
PAR  A mixture of 16.9 g. of 2-(4'-biphenyl)-5-phenyl-3,4-dioxoadiponitrile in
      95 ml. of water, 140 ml. of glacial acetic acid and 70 ml. of concentrated
      sulfuric acid was refluxed for 1 hour. The suspension was cooled, poured
      onto 800 ml. of ice water to give 4'-phenylpulvinic acid.
PAR  4'-Phenylpulvinic acid (23.0 g.) was refluxed in 300 ml. of acetic
      anhydride for 15 minutes. The cooled solution was stirred in 1200 ml. of
      ice and water and the oily mass was crystallized by stirring 500 ml. of
      ethanol. The brown solid was removed, washed with ethanol and dried to
      yield 4-phenylpulvinic acid lactone.
PAR  Substitution of an equivalent amount of 4-phenylpulvinic acid lactone in
      the procedure of Example 1 or Example 3 for pulvinic acid lactone or
      4,4'-dichloropulvinic acid lactone gives 4'-phenyl-N-(2-thiazolyl)pulvinic
      acid amide.
PAR  4'-Phenyl-N-(2-thiazolyl)pulvinic acid amide is converted to
      5-[1'-carbomethoxy-1'-(p-biphenyl)methylidene]-1-(2'-thiazolyl)-3-phenylte
     tramic acid (E) by reaction with p-toluenesulfonyl chloride or with
      phosphorus pentachloride and phosphorus trichloride with ring opening of
      the product formed with methanol or sodium methoxide in methanol as
      described in Example 1.
PAR  Similarly, p-biphenylacetonitrile is reacted with ethyl oxalate to give
      ethyl 3-cyano-3-biphenylpyruvate which in turn is reacted with
      phenylacetonitrile followed by the above subsequent synthetic steps to
      yield 4-phenyl-N-(2-thiazolyl)pulvinic acid amide.
PAR  5-(1'-Carbomethoxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-(p-biphenyl)tet
     ramic acid (E) is obtained from 4-phenyl-N-(2-thiazolyl)pulvinic acid amide
      by the procedures described in Example 1.
PAC  EXAMPLE 15
PAR  By employing the procedures described in Example 1,
      p-fluorophenylacetonitrile is reacted with diethyl oxalate in alcoholic
      sodium ethoxide to give ethyl 3-cyano-3-(p-fluorophenyl)pyruvate. The
      latter is reacted with phenylacetonitrile and subsequent synthetic steps
      yield 4-fluoropulvinic acid lactone. The lactone ring is opened with
      2-aminothiazole as described above to give
      4-fluoro-N-(2-thiazolyl)pulvinic acid amide.
PAR  Substitution of 4-fluoro-N-(2-thiazolyl)pulvinic acid amide in the
      procedure of Example 1 for N-(2-thiazolyl)pulvinic acid amide gives
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-(4'-fluorophen
     yl)tetramic acid (E).
PAR  Similarly, by utilizing m-trifluoromethylphenylacetonitrile as the starting
      material in the initial reaction as described above, there is ultimately
      produced N-(2-thiazolyl)(-3-trifluoromethylpulvinic acid amide.
PAR  Treatment of N-(2-thiazolyl)-3-trifluoromethylpulvinic acid amide with
      p-toluenesulfonyl chloride and triethylamine in pyridine or with
      phosphorus pentachloride and phosphorus trichloride with ring opening of
      the product formed with methanol or sodium methoxide in methanol as
      described in Example 1 gives
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-(3'-trifluorom
     ethylphenyl)tetramic acid (E).
PAR  In like manner, when p-phenoxyphenylacetonitrile is used as the starting
      material in the initial reaction as described above, there is ultimately
      produced
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-(4'-phenoxyphe
     nyl)tetramic acid (E).
PAC  EXAMPLE 16
PAC  5-[1'-Carbomethoxy-1'-(3,4-diethoxyphenyl)methylidene]-1-(2'-thiazolyl)-3-(
     3',4'-diethoxyphenyl)tetramic acid (E)
PAR  By following the procedures outlined in Examples 1 and 3,
      3,4-diethoxyphenylacetonitrile is reacted with diethyl oxalate in
      alcoholic sodium ethoxide solution to give ethyl
      3-cyano-3-(3',4'-diethoxyphenyl)pyruvate. This compound is similarly
      reacted with 3,4-diethoxyphenylacetonitrile which results in the formation
      of 2,5-di-(3',4'-diethoxyphenyl)-3,4-dioxoadiponitrile. The latter is
      refluxed with water, acetic acid and sulfuric acid to give
      3,4,3',4'-tetraethoxypulvinic acid which is treated with acetic anhydride
      to give the corresponding acid lactone.
PAR  Reaction of the lactone with 2-aminothiazole as described in Examples 1 or
      3 above gives 3,4,3',4'-tetraethoxy-N-(2-thiazolyl)pulvinic acid amide
      which, after the subsequent synthetic steps of reaction with phosphorus
      pentachloride and phosphorus trichloride followed by treatment of the
      product with sodium methoxide in methanol, produces the title compound.
PAC  EXAMPLE 17
PAR  To a solution of 6.6 g. (0.044 mol.) of p-chlorophenylacetonitrile and 20
      ml. of dry glyme was added 6.2 g. (0.13 mol.) of sodium hydride (50% in
      oil). Ethyl 3-cyano-3-phenylpyruvate (9.55 g., 0.044 mol.) was added in
      portions at -10.degree. and the reaction mixture was stirred at 25.degree.
      for 12 hours. The mixture was diluted with 150 ml. of water, extracted
      with ether, acidified with 15 ml. of acetic acid and the solid was
      collected by filtration to yield
      2-(p-chlorophenyl)-5-phenyl-3,4-dioxoadiponitrile, m.p. 210.degree. dec.
PAR  A solution of the adiponitrile in water, acetic acid and concentrated
      sulfuric acid was refluxed for 2 hours and the resulting crude mixture of
      4-and 4'-chloropulvinic acid was refluxed in acetic anhydride to give
      4-chloropulvinic acid lactone, m.p. 213.degree.-214.degree..
PAR  Reaction of 4-chloropulvinic acid lactone and 2-aminothiazole according to
      the procedure described in Examples 1 or 3 gives
      4-chloro-N-(2-thiazolyl)pulvinic acid amide.
PAR  Substitution of -chloro-N-(-chlor-N-(-thiazolyl)pulvinic acid amide in the
      procedure of Example 1 for N-(2-thiazolyl)pulvinic acid amide gives
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-(4'-chlorophen
     yl)tetramic acid (E).
PAR  Similarly, by using 3,4-dichlorophenylacetonitrile in the initial reaction
      described above to obtain
      2-(3',4'-dichlorophenyl)-5-phenyl-3,4-dioxoadiponitrile followed by the
      subsequent synthetic steps, there is prepared 3,4-dichloropulvinic acid
      lactone.
PAR  Treatment of 3,4-dichloropulvinic acid lactone with 2-aminothiazole as
      described in Examples 1 or 3 gives 3,4-dichloro-N-(2-thiazolyl)pulvinic
      acid amide which is converted to
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-(3',4'-dichlor
     ophenyl)tetramic acid (E) by the procedures described in Example 1.
PAC  EXAMPLE 18
PAR  Following the procedures of Examples 1 and 3,
      2-(p-tolyl)-5-phenyl-3,4-dioxoadiponitrile was prepared from
      p-tolylacetonitrile and phenylacetonitrile. The adiponitrile was refuxed
      with water, acetic acid and concentrated sulfuric acid to give a crude
      mixture of 4-and 4'-methylpulvinic acid. The latter was refluxed in acetic
      anhydride to give 4-methylpulvinic acid lactone, m.p.
      211.degree.-213.degree..
PAR  Substitution of 4-methylpulvinic acid lactone in the procedure of Example 1
      for pulvinic acid lactone or Example 3 for 4,4'-dichloropulvinic acid
      lactone gives 4-methyl-N-(2-thiazolyl)pulvinic acid amide and
      4'-methyl-N-(2-thiazolyl)pulvinic acid amide.
PAR  The pulvinic acid amides are converted to
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-(p-tolyl)tetra
     mic acid (E) and
      5-[1'-carbomemthoxy-1'-(p-tolyl)methylidene]-1-(2'-thiazolyl)-3-phenyltetr
     amic acid (E), respectively.
PAC  EXAMPLE 19
PAR  When an equivalent amount of p-n-butoxyphenylacetonitrile is substituted in
      the procedure of Example 1 for phenylacetonitrile and the ethyl
      3-cyano-3-(p-n-butoxyphenyl)pyruvate thus obtained is similarly reacted
      with phenylacetonitrile, the product converted to the pulvinic acid and
      subsequently lactonized, 4-n-butoxypulvinic acid lactone is obtained.
PAR  Reaction of 4-n-butoxypulvinic acid lactone with 2-aminothiazole as
      previously described gives 4'-n-butoxy-N-(2-thiazolyl)pulvinic acid amide
      and 4-n-butoxy-N-(2-thiazolyl)-pulvinic acid amide.
PAR  Treatment of the pulvinic acid amides with phosphorus pentachloride and
      phosphorus trichloride with subsequent opening of the lactone ring with
      sodium methoxide in methanol as described in the procedure of Example 1
      gives, respectively,
      5-[1'-carbomethoxy-1'-(4-n-butoxyphenyl)methylidene]-1-(2'-thiazolyl)-3-ph
     enyltetramic acid (E) and
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-(4'-n-butoxyph
     enyl)tetramic acid (E).
PAR  Similarly, by employing (3-chloro-2-methylphenyl)acetonitrile as the
      starting material in the above synthetic sequence there are obtained
      3-chloro-2-methyl-N-(2-thiazolyl)pulvinic acid amide and
      3'-chloro-2'-methyl-N-(2-thiazolyl)pulvinic acid amide.
PAR  Conversion of these pulvinic acid amides to the corresponding
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-(3'-chloro-2'-
     methylphenyl)tetramic acid (E) and
      5-[1'-carbomethoxy-1'-(3-chloro-2-methylphenyl)methylidene]-1-(2'-thiazoly
     l)-3-phenyltetramic acid (E) is accomplished by the procedures described in
      Example 1.
PAC  EXAMPLE 20
PAC  5-[1'-Carbomethoxy-1'-(4-hydroxyphenyl)methylidene]-1-(2'-thiazolyl)-3-(4'-
     hydroxyphenyl)tetramic acid (E)
PAR  2,5-Di-(p-methoxyphenyl)-3,4-dioxoadiponitrile (10.0 g., 0.029 mol.) was
      refluxed in 500 ml. of acetic acid and 62 ml. of hydrogen iodide for 1.5
      hours. The reaction mixture was cooled, diluted with 150 ml. of water and
      sodium bisulfite was added until the solution became light red. The
      reaction mixture was concentrated in vacuo to about 200 ml., treated with
      about 400 ml. of acetic anhydride in portions (until no violent bubbling
      occurred) and refluxed for 15 minutes. The mixture was cooled, poured onto
      600 ml. of ice and crystallized by addition of methanol. The solid was
      collected by filtration, washed with methanol and dried to give
      4,4'-diacetoxypulvinic acid lactone.
PAR  Treatment of 4,4'-diactoxypulvinic acid lactone with 2-aminothiazole as
      previously described gives 4,4'-diacetoxy-N-(2-thiazolyl)pulvinic acid
      amide.
PAR  Reaction of 4,4'-diacetoxy-N-(2-thiazolyl)pulvinic acid amide with
      phosphorus pentachloride and phosphorus trichloride followed by ring
      opening of the lactone-lactam thus formed with sodium methoxide in
      methanol as described in Example 1 gives
      5-[1'-carbomethoxy-1'-(4-hydroxyphenyl)methylidene]-1-(2'-thiaolyl)-3-(4'-
     hydroxyphenyl)tetramic acid (E).
PAC  EXAMPLE 21
PAC  5-[1'-Carbomethoxy-1'-(4-hydroxyphenyl)methylidene]-1-(2'-thiazolyl)-3-(3'-
     chlorophenyl)tetramic acid (E)
PAR  When ethyl 3-(p-methoxyphenyl)- 3-cyanopyruvate and
      m-chlorophenylacetonitrile are reacted according to the procedure
      described in Examples 1 and 3 and the resulting adiponitrile is
      substituted in the procedure of Example 20 for
      2,5-di-(p-methoxyphenyl)-3,4-dioxoadiponitrile,
      3-chloro-4'-acetoxypulvinic acid lactone is obtained.
PAR  Treatment of the lactone with 2-aminothiazole as described above gives
      3-chloro-4'-acetoxy-N-(2-thiazolyl)pulvinic acid amide.
PAR  Reaction of the pulvinic acid amide with phosphorus pentachloride and
      phosphorus trichloride followed by opening of the lactone ring with sodium
      methoxide in methanol as described in the procedure of Example 1 gives the
      title compound.
PAC  EXAMPLE 22
PAR  When an equivalent amount of 2-amino-5-bromopyridine is substituted in the
      procedure of Example 6 for 2-amino-5-chloropyridine,
      N-(5-bromopyrid-2-yl)pulvinic acid amide is obtained. Reaction of
      N-(5-bromopyrid-2-yl)pulvinic acid amide with phosphorus pentachloride and
      phosphorus trichloride followed by treatment of the product thus obtained
      with sodium methoxide in methanol as described in Example 6 gives,
      ultimately
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(5'-chloropyrid-2'-yl)-3-phenyl
     tetramic acid (E).
PAR  Similarly, substitution of an equivalent amount of 2-amino-4-methylpyridine
      in the procedure of Example 6 for 2-amino-5-chloropyridine, followed by
      treatment of the product with phosphorus pentachloride and phosphorus
      trichloride, then with sodium methoxide in methanol as described therein
      gives, ultimately,
      5-(1-carbomethoxy-1'-phenylmethylidene)-1-(4'-methylpyrid-2'-yl)-3-phenylt
     etramic acid (E).
PAR  Likewise, reaction of 2-amino-5-bromopyridine and 2-amino-4-methylpyridine
      with the other pulvinic acid lactones disclosed herein give the
      corresponding N-(5-bromopyrid-2-yl)- and N-(4-methylpyrid-2-yl)-amides
      which can be converted to the corresponding tetramic acids by the
      procedures described in Example 1.
PAC  EXAMPLE 23
PAR  When an equivalent amount of a heterocyclic amine listed below:
PA1  2-amino-5-bromothiazole
PA1  2-amino-4,5-dimethylthiazole
PA1  2-amino-4-methylthiazole
PA1  2-aminooxazole
PA1  2-aminoimidazole
PA1  2-amino-4,5-dimethylimidazole
PA1  5-amino-3-methylisothiazole
PAL  is substituted in the procedure of Example 1 for 2-aminothiazole, the
      following N-heterocyclic pulvinic acid amides are prepared:
PA1  N-(5-bromothiazol-2-yl)pulvinic acid amide
PA1  N-(4,5-dimethylthiazol-2-yl)pulvinic acid amide
PA1  N-(4-methylthiazol-2-yl)pulvinic acid amide
PA1  N-(2-oxazolyl)pulvinic acid amide
PA1  N-(2-imidazolyl)pulvinic acid amide
PA1  N-(4,5-dimethylimidazol-2-yl)pulvinic acid amide
PA1  N-(3-methylisothiazol-5-yl)pulvinic acid amide.
PAR  Treatment of the pulvinic acid amides listed above with phosphorus
      pentachloride and phosphorus trichloride followed by reaction of the
      product with sodium methoxide in methanol or with p-toluenesulfonyl
      chloride and triethylamine in pyridine followed by stirring the product in
      methanol as described in Example 1 gives the following tetramic acids of
      this invention:
PA1  5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(5'-bromothiazol-2'-yl)-3-phenyl
     tetramic acid (E)
PA1  5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(4',
      5'-dimethylthiazol-2'-yl)-3-phenyltetramic acid (E)
PA1  5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(4'-methylthiazol-2'-yl)-3-pheny
     ltetramic acid (E)
PA1  5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-oxazolyl)-3-phenyltetramic
      acid (E)
PA1  5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-imidazolyl)-3-phenyltetramic
      acid (E)
PA1  5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(4',
      5'-dimethylimidazol-2'-yl)-3-phenyltetramic acid (E)
PA1  5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(3'-methylisothiazol-5'-yl)-3-ph
     enyltetramic acid (E).
PAR  Similarly, the heterocyclic amines listed above may be reacted with the
      other pulvinic acid lactones disclosed herein to give the corresponding
      N-heterocyclic pulvinic acid amides which may then be converted to the
      corresponding compounds of this invention by the procedures described
      herein.
PAC  EXAMPLE 24
PAR  N-(2-Pyrazinyl)pulvinic acid amide is prepared by reaction of equivalent
      amounts of pulvinic acid lactone and aminopyrazine by the procedure
      described in Examples 1 or 3. Substitution of N-(2-pyrazinyl)pulvinic acid
      amide in the procedure of Example 1 for pulvinic acid amide gives,
      ultimately,
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-pyrazinyl)-3-phenyltetramic
      acid (E).
PAR  In the same manner, N-(6-methylpyridazin-3-yl)pulvinic acid amide is
      obtained by substitution of an equivalent amount of
      3-amino-6-methylpyridazine in the procedure of Example 8 for
      3-amino-6-chloropyridazine and is subsequently converted to
      5-(1'-carbomethoxy-1'-phenylmethylidene)11-(6'-methylpyridazin-3'-yl)-3-ph
     enyltetramic acid (E) by procedures described herein.
PAR  Likewise,
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(3'-pyrazolyl)-3-phenyltetramic
      acid (E) is prepared from substitution of N-(3-pyrazolyl)pulvinic acid
      amide in the procedure of Example 1 for N-(2-thiazolyl)pulvinic acid
      amide. N-(3-pyrazolyl)pulvinic acid amide is prepared from pulvinic acid
      lactone and 3-aminopyrazole as described in the procedures of Examples 1
      or 3.
PAC  EXAMPLE 25
PAR  When an equivalent amount of 3-trifluoromethylphenylacetonitrile is
      substituted in the procedure of Example 1 for phenylacetonitrile, and the
      ethyl 3-cyano-3-(3'-trifluoromethylphenyl)pyruvate thus obtained is
      similarly reacted with p-ethoxyphenylacetonitrile, the product converted
      to the pulvinic acid and subsequently lactonized, there is obtained
      4-ethoxy-3'-trifluoromethylpulvinic acid lactone.
PAR  Reaction of 4-ethoxy-3'-trifluoromethylpulvinic acid lactone with
      2-aminothiazole as previously described gives
      4-ethoxy-3'-trifluoromethyl-N-(2-thiazolyl)pulvinic acid amide and
      4'-ethoxy-3-trifluoromethyl-N-(2-thiazolyl)pulvinic acid amide.
PAR  Reaction of the pulvinic acid amides with phosphorus pentachloride and
      phosphorus trichloride with subsequent opening of the tetramic acid
      lactones thus formed with sodium methoxide in methanol as described above
      gives
      5-[1'-carbomethoxy-1'-(4-ethoxyphenyl)methylidene]-1-(2'-thiazolyl)-3-(3'-
     trifluoromethylphenyl)tetramic acid (E) and 5-[1'-carbomethoxy-
      1'-(3-trifluoromethylphenyl)methylidene]-1-(2'-thiazolyl)-3-(4'-ethoxyphen
     yl)tetramic acid (E).
PAC  EXAMPLE 26
PAR  Substitution of an equivalent amount of 3-trifluoromethylphenylacetonitrile
      in the procedure of Example 1 for phenylacetonitrile followed by reaction
      of the resulting 3-cyano-3-(3'-trifluoromethylphenyl)pyruvate with
      p-acetoxyphenylacetonitrile with subsequent conversion to the pulvinic
      acid and lactonization gives 4-acetoxy-3'-trifluoromethylpulvinic acid
      lactone.
PAR  Treatment of 4-acetoxy-3'-trifluoromethylpulvinic acid lactone with
      2-aminothiazole as previously described gives
      4-acetoxy-3'-trifluoromethyl-N-(2-thiazolyl)pulvinic acid amide and
      4'-acetoxy-3-trifluoromethyl-N-(2-thiazolyl)-pulvinic acid amide.
PAR  The pulvinic acid amides are converted to
      5[1'-carbomethoxy-1'-(3-trifluoromethylphenyl)methylidene]-1-(2'-thiazolyl
     )-3-(4'-hydroxyphenyl)tetramic acid (E) and
      5-[1'-carbomethoxy-1'-(4-hydroxyphenyl)methylidene]-1-(2'-thiazolyl)-3-(3'
     -trifluoromethylphenyl)tetramic acid (E), respectively, by the procedures
      described in Example 1.
PAC  EXAMPLE 27
PAC  5-(1'-Carbomethoxy-1'-phenylmethylidene)-1-(3'-trifluoromethylphenyl)-3-phe
     nyltetramic acid (E)
PAR  A mixture of 2.9 g. (0.01 mol.) of pulvinic acid lactone, 1.98 g. (0.01
      mol.) of m-trifluoromethylaniline hydrochloride and 1 g. (0.007 mol.) of
      potassium carbonate in 100 ml. of toluene was refluxed for 4 hours. The
      reaction mixture was poured into water and the aqueous mixture extracted
      with ether. The extract was washed with water and saturated sodium
      chloride solution, dried (MgSO.sub.4) and concentrated in vacuo to give
      N-(3-trifluoromethylphenyl)pulvinic acid amide, m.p.
      171.degree.-173.degree. (methanol-acetone).
PAR  To a cooled (ice bath) solution of 0.45 g. (0.001 mol.) of
      N-(3-trifluoromethylphenyl)pulvinic acid amide and 0.22 ml. (0.0015 mol.)
      of triethylamine in 5 ml. of pyridine was added 0.286 g. (0.0015 mol.) of
      p-toluenesulfonyl chloride. The reaction mixture was stirred and cooled
      for 12 hours, then water and chloroform were added. The layers were
      separated and the organic phase was dried (MgSO.sub.4) and concentrated to
      give
      5-(1'-carboxy-1'-phenylmethylidene)-1-(3-trifluoromethylphenyl)-3-phenylte
     tramic acid lactone which, upon recrystallization from methanol, opens to
      the title compound, m.p. 200.degree.-201.degree. (methanol-acetone).
PAC  EXAMPLE 28
PAR  When an equivalent amount of 4-bromoaniline hydrochloride is substituted in
      the procedure of Example 27 for m-trifluoromethylaniline,
      N-(4-bromophenyl)pulvinic acid amide is obtained. Reaction of
      N-(4-bromophenyl)pulvinic acid amide with p-toluenesulfonyl chloride and
      methanol as described in the procedure of Example 27 gives
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(4'-bromophenyl)-3-phenyltetram
     ic acid (E).
PAR  In a similar manner,
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(2'-chlorophenyl)-3-phenyltetra
     mic acid (E) and
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(3'-tolyl)-3-phenyltetramic
      acid (E) are obtained by substitution of equivalent amounts of
      2-chloroaniline and m-toluidine, respectively, in the procedure of Example
      1 for 2-aminothiazole followed by treatment of the pulvinic acid amides
      thus formed with p-toluenesulfonyl chloride and methanol as previously
      described.
PAC  EXAMPLE 29
PAC  5-(1'-Carbomethoxy-1'-phenylmethylidene)-1H-3-phenyltetramic acid (E)
PAR  To a warm (45.degree.-50.degree.), stirred mixture of 47.0 g. (0.57 mol.)
      of sodium acetate and 220 ml. of acetic anhydride were added 93.0 g. (0.62
      mol.) of benzoylformic acid and 110.0 g. (0.57 mol.) of
      phenylacetylglycine. The reaction mixture was heated on a steam bath for
      30 minutes, then cooled. The mixture was poured into water and the
      resulting semi-solid separated by filtration and crystallized by stirring
      in benzene to give 3-phenyl-4-phenylacetamidomaleic anhydride. m.p.
      184.degree.-186.degree. (toluene).
PAR  To a cooled solution of 12 g. (0.22 mol.) of sodium methoxide in 700 ml. of
      methanol was added dropwise a suspension of 30 g. (0.1 mol.) of
      3-phenyl-4-phenylacetamidomaleic anhydride in 50 ml. of methanol. The
      reaction mixture was stirred at 25.degree. for 30 minutes then refluxed
      for 3 hours. Water was added, the mixture was acidified with concentrated
      hydrochloric acid and the precipitated solid was collected by filtration
      and recrystallized from methanol to give
      5-(1'-carboxy-1'-phenylmethylidene)-1H-3-phenyltetramic acid, m.p.
      254.degree.-255.degree. dec. The tetramic acid was converted to the
      corresponding lactone by gently heating with acetic anhydride until
      complete dissolution, then cooling for 12 hours. The product lactone was
      collected by filtration and washed with water and methanol, m.p.
      268.degree.-276.degree..
PAR  Reaction of 5-(1'-carboxy-1'-phenylmethylidene)-1H-3-phenyltetramic acid
      lactone with sodium methoxide in methanol as described in the procedure of
      Example 1 gave the title compound, m.p.
      201.degree.-202.degree.(benzene-cyclohexane).
PAC  EXAMPLE 30
PAR  When 5-(1'-carboxy-1'-phenylmethylidene)-1-(2'-thiazolyl)-3-phenyltetramic
      acid lactone is treated with sodium ethoxide in ethanol as described in
      the procedure of Example 1, there is obtained
      5-(1'-carboethoxy-1'-phenylmethylidene)-1'-(2'-thiazolyl)-3-phenyltetramic
      acid (E).
PAR  Similarly, treatment of the tetramic acid lactone with sodium t-butoxide in
      t-butanol gives
      5-(1'-carbo-t-butoxy-1'-phenylmethlidene)-1-(2'-thiazolyl)-3-phenyltetrami
     c acid (E).
PAR  In like manner, the ethyl and t-butyl esters of the other tetramic acids
      described herein may be prepared from the corresponding tetramic acid
      lactones.
PAC  EXAMPLE 31
TBL  Ingredients              Mg./Tablet                                       

     ______________________________________                                    

     5-(1'-Carbomethoxy-1'-phenylmethyli-                                      

                              10                                               

     dene)-1-(2'-thiazolyl)-3-phenyl-                                          

     tetramic acid                                                             

     Calcium sulfate, dihydrate                                                

                              150                                              

     Sucrose                  25                                               

     Starch                   15                                               

     Talc                      5                                               

     Stearic Acid              3                                               

     ______________________________________                                    

PAL  The sucrose, calcium sulfate and 4,4'-diethoxy-N-(2-thiazolyl)-pulvinic
      acid amide are thoroughly mixed and granulated with hot 10% gelatin
      solution. The wetted mass is passed through a No. 6 mesh screen directly
      onto drying trays. The granules are dried at 120.degree.F. and passed
      through a No. 20 mesh screen, mixed with the starch, talc and stearic acid
      and compressed into tablets.
PAR  Similarly, the other tetramic acids disclosed herein may be formulated into
      tablets.
PAC  EXAMPLE 32
TBL  Ingredients             Mg./Capsule                                       

     ______________________________________                                    

     5-(1'-Carbomethoxy-1'-phenylmethyli-                                      

                              50                                               

     dene)-1-(2'-thiazolyl)-3-phenyl-                                          

     tetramic acid                                                             

     Magnesium stearate       5                                                

     Lactose                 350                                               

     ______________________________________                                    

PAR  The above ingredients are screened through a No. 40 mesh screen, mixed and
      filled into No. 0 hard gelatin capsules.
PAR  Similarly, the other tetramic acids disclosed herein may be formulated into
      capsules.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC5##
PAL  in which:
PA1  R.sup.1 is lower alkyl of from one to four carbon atoms;
PA1  R.sup.2, r.sup.3, r.sup.4 and R.sup.5 are each hydrogen, lower alkyl of
      from one to four carbon atoms, lower alkoxy of from one to four carbon
      atoms, phenyl, phenoxy, halogen, trifluoromethyl, hydroxy or taken
      together in adjacent positions, methylenedioxy; and
PA1  R.sup.6 is hydrogen, phenyl, phenyl substituted with methyl, halogen or
      trifluoromethyl or a heterocycle selected from the group consisting of
      2-thiazolyl, 2-pyridyl, 3-pyridyl, 3-pyridazinyl, 2-pyrazinyl, 2-oxazolyl,
      2-imidazolyl, 3-pyrazolyl and 5-isothiazolyl, said heterocycle being
      unsubstituted or substituted with methyl, halogen or trifluoromethyl.
NUM  2.
PAR  2. A compound as claimed in claim 1 where R.sup.6 is 2-thiazolyl or
      3-pyridyl.
NUM  3.
PAR  3. A compound as claimed in claim 2 where R.sup.1 is methyl and R.sup.2,
      R.sup.3, R.sup.4 and R.sup.5 are each hydrogen, chloro or ethoxy.
NUM  4.
PAR  4. A compound as claimed in claim 3 being the compound
      5-(1'-carbomethoxy-1'-phenylmethylidene)11-(2'-thiazolyl)-3-phenyltetramic
      acid (E).
NUM  5.
PAR  5. A compound as claimed in claim 3 being the compound
      5-(1'-carbomethoxy-1'-phenylmethylidene)-1-(3'-pyridyl)13-phenytetramic
      acid (E).
NUM  6.
PAR  6. A process for preparing compounds of the formula:
      ##SPC6##
PAL  in which:
PA1  R.sup.1 is lower alkyl of from one to four carbon atoms;
PA1  R.sup.2, r.sup.3, r.sup.4 and R.sup.5 are each hydrogen, lower alkyl of
      from one to four carbon atoms, lower alkoxy of from one to four carbon
      atoms, phenyl, phenoxy, halogen, trifluoromethyl hydroxy or, taken
      together in adjacent positions, methylenedioxy; and
PA1  R.sup.6 is phenyl, phenyl substituted with methyl, halogen or
      trifluoromethyl or a five or six membered heterocycle containing carbon
      and one or two atoms of nitrogen, sulfur or oxygen, unsubstituted or
      substituted with methyl, halogen or trifluoromethyl comprising reacting a
      pulvinic acid amide of the formula:
      ##SPC7##
PA1  where R.sup.2, R.sup.3, R.sup.4, R.sup.5 and R.sup.6 are as defined above
      with phosphorus pentachloride and phosphorus trichloride, followed by
      treatment of the product lactone-lactam of the formula:
      ##SPC8##
PA1  where R.sup.2, R.sup.3, R.sup.4, R.sup.5 and R.sup.6 are as defined above
      with a lower alcoholic solution of an alkali metal lower alkoxide.
NUM  7.
PAR  7. A process for preparing compounds of the formula:
      ##SPC9##
PAL  in which:
PA1  R.sup.1 is lower alkyl of from one to four carbon atoms;
PA1  R.sub.2, r.sup.3, r.sup.4 and R.sup.5 are each hydrogen, lower alkyl of
      from one to four carbon atoms, lower alkoxy of from one to four carbon
      atoms, phenyl, phenoxy, halogen, trifluoromethyl, hydroxy or, taken
      together in adjacent positions, methylenedioxy; and
PA1  R.sup.6 is phenyl, phenyl substituted with methyl, halogen or
      trifluoromethyl or a five or six membered hereterocycle containing carbon
      and one or two atoms of nitrogen, sulfur or oxygen, unsubstituted or
      substituted with methyl, halogen or trifluoromethyl comprising reacting a
      pulvinic acid amide of the formula:
      ##SPC10##
PA1  where R.sup.2, R.sup.3, R.sup.4, R.sup.5 and R.sup.6 are as defined above
      with p-toluenesulfonyl chloride in pyridine containing triethylamine
      followed by treatment of the crude lactone-lactam of the formula:
      ##SPC11##
PA1  where R.sup.2, R.sup.3, R.sup.4, R.sup.5 and R.sup.6 are as defined above
      with a lower alcohol.
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ABST
PAL  2 AND 5 SUBSTITUTED THIAZOLINE-(3) COMPOUNDS OF THE FORMULA:
      ##EQU1##
      in which R.sub.1, R.sub.2, and R.sub.3 and R.sub.4 are the same or
      different, R.sub.1 and R.sub.2 are straight or branched chain lower alkyl,
      alkenyl or aralkyl groups or together are a straight or branched chain
      alkylene or ethylenically unsaturated divalent aliphatic hydrocarbon group
      which joins with the adjacent carbon atom to form a ring and R.sub.3 and
      R.sub.4 are similarly defined except R.sub.3 can also be hydrogen by
      reaching a 2,2' dioxodisulfide of the formula
      ##EQU2##
      with an oxo compound of the formula
      ##EQU3##
      and with ammonia and hydrogen sulfide in the presence of an amine and an
      ammonium salt.
BSUM
PAR  The present invention is directed to a process for the production of 2 and
      5 substituted thiazoline-(3) compounds by reacting a 2,2'-dioxodisulfide
      with an oxo compound, ammonia and hydrogen sulfide.
PAR  It is known to produce 2,5,5-substituted thiazoline-(3) compounds by
      reaction of sulfur with an oxo compound and ammonia in the presence of an
      amine, see German Offenlegungsschrift No. 1,795,299 and to corresponding
      Asinger U.S. Pat. No. 3,700,683, the entire disclosure of which is hereby
      incorporated by reference. According to this process, there can only be
      obtained 2,5,5-substituted thiazoline-(3) compounds which have a branched
      chain alkyl group in the 2-position.
PAR  It has also been proposed to produce 2,2,5,5-substituted thiazoline-(3)
      compounds by reaction of 2,2'-dioxodisulfides with oxo compounds, ammonia
      and hydrogen sulfide, see the Jahrbuch 1967, Landesamt fur Forschung des
      Landes Nordrhein-Westfalen, pages 21 to 22. This process gives yields of
      57% at most.
PAR  There has now been found a process for the production in improved yields of
      2 and 5 substituted thiazoline-(3) compounds of the formula
      ##EQU4##
      in which R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are the same or different,
      R.sub.1 and R.sub.2 represent straight or branched chain lower alkyl,
      alkenyl or aralkyl groups or straight or branched chain lower alkyl or
      alkenyl groups which form a ring, R.sub.3 represents hydrogen and R.sub.4
      represents straight chain lower alkyl groups or straight or branched chain
      lower alkenyl or aralkyl groups or R.sub.3 and R.sub.4  a closed
      carboxylic ring and R.sub.3 and R.sub.4 are as defined for R.sub.1 and
      R.sub.2 with the further proviso that R.sub.3 can be hydrogen. The
      thiazoline-(3) compounds (I) are prepared by reacting a
      2,2'-dioxodisulfide of the formula
      ##EQU5##
      in which R.sub.1 and R.sub.2 are as defined above with an oxo compound of
      the formula
      ##EQU6##
      where R.sub.3 and R.sub.4 are as defined above with ammonia and hydrogen
      sulfide in the presence of an amine and an ammonium salt. There is usually
      employed an ammonium salt other than ammonium sulfide.
PAR  Examples of compounds within the present invention in addition to those set
      forth in the working examples are 2-methyl-2-propyl-5-ethyl-5-butyl
      thiazoline-(3); 2,2,5,5-tetraethyl-thiazoline-(3);
      2,2-dimethyl-5,5-dihexyl-thiazoline-(3);
      2,2-dihexyl-5,5-dimethyl-thiazoline-(3); 2-methyl-2-isopropyl-5,5-dipropyl
      thiazoline-(3); 2-methyl-2-ethyl-5,5-diisopropyl thiazoline-(3);
      2-isopropyl-5,5-dimethyl-thiazoline-(3);
      2,2-dimethyl-5,5-dibutyl-thiazoline-(3); 2,2,5-trimethyl-5-amyl
      thiazoline-(3); 2,5,5-trimethyl-2-hexyl thiazoline-(3);
      2,2-dimethyl-5-ethyl,5-sec. butyl thiazoline-(3);
      2,2-dimethyl-5-ethyl-5-vinyl thiazoline-(3); 2,2-divinyl-5,5-dimethyl
      thiazoline-(3); 2-allyl-2,5,5-trimethyl thiazoline-(3);
      2-butenyl,2-methyl-5,5-diethyl thiazoline-(3);
      2,5-dimethyl,2-ethyl,5-butenyl thiazoline-(3); 2-phenethyl-5,5-dimethyl
      thiazoline-(3); 2,2-dimethyl-5-benzyl-5-ethyl thiazoline-(3);
      2,2,5-trimethyl-5-phenethyl thiazoline-(3); 2,-phenpropyl-2,2,5-trimethyl
      thiazoline-(3); 2,2,5,5-di(pentamethylene)-thiazoline-(3);
      2,2-pentamethylene-5,5 -hexa-methylene thiazoline-(3); 2,2-heptamethylene
      5-methyl-5-ethyl thiazoline-(3); 2,2-dimethyl-5,5-octamethylene
      thiazoline-(3); 2,2-dodecamethylene-5,5-dimethyl thiazoline-(3);
      2,2-dimethyl-5,5-undecamethylene thiazoline-(3);
      2-methallyl-2-methyl-5-ethyl-5-propyl thiazoline-(3).
PAR  The 2,2'-dioxodisulfide of formula II can be prepared for example according
      to Niederhauser U.S. Pat. No. 2,580,695, the entire disclosure of which is
      hereby incorporated by reference. There are preferably employed
      2,2'-dioxodisulfides in which R.sub.1 and R.sub.2 are branched or straight
      chain alkyl groups of 1 to 6 carbon atoms, branched or straight chain
      alkenyl groups with 2 to 5 carbon atoms or branched or straight chain
      aralkyl groups having 1 to 3 carbon atoms in the alkyl radical. The alkyl
      or alkenyl groups can be closed to form rings with the adjacent carbon
      atom, especially to rings with 5 to 12 carbon atoms. Suitable compounds
      are for example 2,2'-dithio-bis(2-ethyl butyraldehyde),
      2,2'-dithio-bis(2-methyl butyaldehyde), 2,2'-dithio bis
      (2-phenylpropionaldehyde), 2,2'-dithio-dicyclooctanealdehyde,
      2,2'-dithio-di-cyclododecanealdehyde, 2,2'-dithio-di-isobutyraldehyde,
      2,2'-dithio-di-cyclohexanealdehyde, 2,2'-dithio-di-cyclopentanealdehyde,
      2,2'-dithio-di-cyclohexenealdehyde, 2,2'-dithio-di-cyclopentenealdehyde,
      2,2'-dithio-bis( 2-phenyl butyraldehyde), 2,2'-dithio-bis(2
      -phenylvaleraldehyde), 2,2'-dithio-bis(2-benzylbutyraldehyde), 2,2'-dithio
      bis(2-phenethyl propionaldehyde, 2,2'-dithio bis(2-methylvaleraldehyde),
      2,2'-dithio bis(2-methylhexaldehyde, 2,2'-dithio bis(2-methyl
      octane-aldehyde), 2,2'-dithio bis(2-ethyl isobutyraldehyde), 2,2'-dithio
      bis(2-methyl sec.valeraldehyde), 2,2'-dithio bis(2-butyl
      hexaldehyde),2,2'-dithio bis(2-hexyl octaaldehyde), 2,2'-dithio
      bis(2-methyl crotonaldehyde), 2,2'-dithio bis(2-vinyl propionaldehyde),
      2,2'-dithio bis(2-ethyl .DELTA. -4 pentenaldehyde), 2,2'-dithio
      bis(2-methyl propionaldehyde), 2,2'-dithio bis(2-ethyl hexaldehyde).
      Preferably compound II is 2,2'-dithio-diisobutyraldehyde or
      2,2'-dithio-di-cyclohexanaldehyde.
PAR  As oxo compound corresponding to formula III there can be especially
      employed either those in which R.sub.3 is hydrogen and R.sub.4 is a
      straight chain or branched alkyl group with 1 to 6 carbon atoms, a
      straight or branched chain alkenyl group with 2 to 6 carbon atoms or a
      straight or branched chain aralkyl group with 1 to 3 carbon atoms in the
      alkyl group or those compounds in which R.sub.3 and R.sub.4 are straight
      or branched chain alkyl groups with 1 to 6 carbon atoms, branched or
      straight chain alkenyl groups with 2 to 6 carbon atoms, branched or
      straight chain aralkyl groups with 1 to 3 carbon atoms in the alkyl
      radical. The alkyl or alkenyl groups can be closed to form a ring with the
      adjacent carbon atom, especially rings with 5 to 12 carbon atoms. Suitable
      compounds are, for example, acetaldehyde, propionaldehyde,
      n-butyraldehyde, cyclopentanealdehyde, cyclohexanealdehyde,
      cyclooctanealdehyde, cyclododecanealdehyde, valeraldehyde, hexanealdehyde,
      heptanealdehyde, 2-phenylacetaldehyde, 3-phenyl-propionaldehyde, 4
      -phenylbutyraldehyde, isobutyraldehyde, sec. valeraldehyde, acrolein,
      crotonaldehyde, .DELTA. -6 hexenaldehyde, acetone, methyl ethyl ketone,
      diethyl ketone, methyl isobutyl ketone, heptanone-4-phenylacetone,
      pentanone-2, cyclopentanone, cyclohexanone, dibenzyl ketone,
      cyclooctanone, cyclododecanone, methyl heptyl ketone, dibutyl ketone, di
      sec. butyl ketone, diisobutyl ketone, divinyl ketone, diallyl ketone,
      methyl hexen-1-yl ketone, dimethallyl ketone, methyl vinyl ketone, ethyl
      vinyl ketone, methyl allyl ketone, methyl butene-1-yl ketone. Especially
      preferred are acetone, diethyl ketone and cyclohexanone.
PAR  The ammonia required for the reaction can be added as such either in
      aqueous or liquid form or as Diver's solution (NH.sub.4 NO.sub.3.sup..
      2NH.sub.3). The hydrogen sulfide can be introduced as a gas or can be
      produced in the reaction mixture by hydrolysis of aliphatic or aromatic
      thionamides, as for example, thioacetamide.
PAR  According to the invention, the reaction of the 2,2'-dioxodisulfide with
      the oxo compound, the ammonia and the hydrogen sulfide takes place in the
      presence of an amine. There can be used a single amine or a plurality of
      amines. While there can be used primary, secondary or tertiary amines,
      there are preferably used secondary and tertiary amines. There can be used
      aliphatic amines such as diethyl amine, n-butyl amine, tri-n-butyl amine,
      tert.butyl amine,sec.butyl amine, ethanolamine, diethanolamine,
      triethanolamine, cyclohexylamine, trip opanolamine, dipropanolamine,
      propanolamine, trimethylamine, dimethylamine, propyl butyl amine,
      dioctylamine, tripropylamine, dipropylamine, propylamine, hexylamine,
      dihexylamine, trihexylamine, dicyclohexylamine, triethyl amine,
      laurylamine, allyl amine, cetyl amine, octadecylamine, diisoamylamine, tri
      n-amylamine, triisoamylamine, heterocyclic amines such as piperazene,
      morpholine, thiomorpholine, pyridine, piperidine, pyrrolidine,
      alpha-picoline, beta-picoline, gamma-picoline, butidines, e.g.,
      2,4-dimethyl pyridine, collidine, pyrrole, N-methyl pyrrole, 2-methyl
      pyrrole, 2-ethyl pyrrole, pyrimidine, pyrazine, pyrazole, imidazole,
      aromatic amines such as aniline, o-toluidine, p-toluidine, diphenylamine,
      N-methyl aniline, N,N-dimethyl aniline, o-aminodiphenyl,
      alpha-naphthylamine, beta-naphthylamine, 2,3-xylidine, 2,4-xylidine,
      quinoline, 2-methyl quinoline, p-isopropyl aniline, N-ethyl aniline,
      N,N-diethyl aniline, 2-aminopyridine. The preferred amines are
      triethylamine, pyridine, piperidine and triethanolamine.
PAR  According to the invention, there is also present an ammonium salt in the
      reaction. There can be used a single ammonium salt or a mixture of
      ammonium salts. Salts of both inorganic acids and organic acids are
      suitable. Thus, there can be used ammonium sulfates, ammonium chloride,
      ammonium bromide, ammonium hydrogen sulfate, ammonium carbonate, ammonium
      bicarbonate, ammonium nitrate, monoammonium phosphate, diammonium
      phosphate, triammonium phosphate, ammonium formate, ammonium acetate,
      ammonium propionate, ammonium oxalate, ammonium tartrate, ammonium
      benzoate, ammonium citrate, ammonium oleate, ammonium stearate. The
      preferred salts are ammonium chloride, ammonium sulfate and ammonium
      acetate. The ammonium salt can be added as such or can be formed in the
      reaction mixture from ammonia and the particular acid or acids.
PAR  For each mole of 2,2'-dioxodisulfide there are required 2 moles of carbonyl
      compound III. It is advantageous to employ an excess of carbonyl compound
      up to about 6 moles (i.e., a total of 8 moles). Preferably there are
      employed about 4 to 6 moles of carbonyl compound per mole of the
      2,2'-dioxodisulfide. There are also required per mole of the
      2,2'-dioxodisulfide 2 moles of ammonia and 1 mole of hydrogen sulfide. It
      is also advantageous to have an excess of these substances, e.g., up to
      about 4 moles in excess (i.e., a total of 6 moles of ammonium or 5 moles
      of hydrogen sulfide). Preferably there are used 3 to 4 moles of ammonia
      and 3 to 4 moles of hydrogen sulfide per mole of 2,2'-dioxodisulfide.
PAR  The amines provided in the invention generally should be present in the
      reaction mixture in an amount of 1 to 5 moles, preferably about 2 to 4
      moles per mole of 2,2'-dioxodisulfide. The ammonium salt likewise required
      by the invention should generally be present in an amount of 0.1 to 4
      moles, preferably about 1 to 2 moles per mole of the 2,2'-dioxodisulfide.
PAR  While not essential, it can be advantageous to carry out the reaction in an
      organic solvent. As solvents, there are employed those which are inert to
      the reactants under the reaction conditions and which are as slightly
      miscible with water as possible, especially aliphatic hydrocarbons such as
      benzene fractions, octane, hexane, decane, aromatic hydrocarbons such as
      benzene, toluene, xylene, p-cymene, cumene, mesitylene, isodurene,
      tetrahydronaphthalene, ethers such as diethyl ether, dipropyl ether or
      halogenated hydrocarbons such as chloroform, carbon tetrachloride,
      1,1-dichloroethane, 1,2-dichloroethanes, 1,1,1-trichloroethane,
      1,1,2-trichloroethane, 1,1,2,2-tetrachloroethane, butyl chloride, amyl
      chloride, methylene chloride. The solvent, when present, is generally
      employed in an amount of 200 to 1,000 ml per mole of the
      2,2'-dioxodisulfide.
PAR  The temperature of reaction is not critical and temperatures between
      -10.degree.C and the boiling point of the reaction mixture are suitable.
      It is possible to mix all the materials together in the beginning.
      However, it can be advantageous to first at least partially react the
      2,2'-dioxodisulfide with the hydrogen sulfide in the presence of the
      amine, and, in a given case, after addition of the inert organic solvent
      at temperatures between about -10.degree.C and the boiling point of the
      mixture, especially at temperatures between about 0.degree. and
      50.degree.C and then to add the ammonium salt and gradually the carbonyl
      compound and the ammonia and to carry out the further reaction at
      temperatures between about 0.degree.C and the boiling point of the
      mixture, especially at temperatures between about 20.degree. and
      80.degree.C.
PAR  It can be suitable to drive out the water formed during the reaction. In
      many cases, it is advantageous to add an entraining agent for this
      purpose. There can be used for this purpose compounds which form
      azeotropic mixtures with water but which otherwise behave inertly, for
      example, benzene, toluene or chloroform. In a given case, there can also
      serve as the entraining agent the solvent or the carbonyl compound used in
      excess.
PAR  The thiazoline is recovered from the reaction mixture by distillation or
      preferably by extraction. For the extraction, there are added to the
      reaction mixture water and, in case the reaction is carried out in the
      absence of inert organic solvents, such solvents. The pure thiazoline is
      separated from the solvent phase by distillation or crystallization.
PAR  Unless otherwise indicated, all parts and percentages are by weight.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 206 grams (1 mole) of 2,2'-dithio-diisobutyraldehyde, 404
      grams (4 moles) of triethylamine and 350 grams (6 moles) of acetone were
      gassed inside 4 hours at 0.degree. to 10.degree.C with 90 liters (4 moles
      of hydrogen sulfide). After addition of 107 grams (2 moles) of ammonium
      chloride and 350 grams (6 moles) of acetone in the course of an hour there
      were simultaneously introduced into the mixture 10 liters of hydrogen
      sulfide and 90 liters (4 moles) of ammonia. The temperature was held to
      30.degree.C by cooling. After the end of the development of heat there was
      added 200 ml of water. This mixture was first extracted with 200 ml of
      diethyl ether and then with 100 ml of diethyl ether. After drying and
      vaporization of the ether, there were obtained 320 grams of
      2,2,5,5-tetramethyl thiazoline(3) having a melting point of 49.degree. to
      53.degree.C, corresponding to a yield of 74% based on the
      2,2'-dithio-di-isobutyraldehyde.
PAC  EXAMPLE 2
PAR  A mixture of 206 grams (1 mole) of 2,2'-dithio-diisobutyraldehyde, 320
      grams (4 moles) of pyridine and 350 grams (6 moles) of acetone, 226 grams
      (3 moles) of thioacetamide and 60 ml of water were held at 30.degree. to
      40.degree.C for 2 hours. After addition of 350 grams (6 moles) of acetone
      and 230 grams (3 moles) of ammonium acetate the treatment was the same as
      in Example 1. The yield of 2,2,5,5-tetramethyl thiazoline-(3) amounted to
      310 grams corresponding to 72%. The melting point was 50.degree. to
      52.degree.C.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was carried out. However, there were reacted 206
      grams (1 mole) of 2,2'-dithio-di-isobutyraldehyde with 295 grams (3 moles)
      of cyclohexanone. The yield of 2,2-pentamethylene-5,5-dimethyl
      thiazoline-(3) was 125 grams, corresponding to 70%. The thiazoline had a
      boiling point of 52.degree. to 53.degree.C at 1 Torr.
PAC  EXAMPLE 4
PAR  A mixture of 206 grams (1 mole) of 2,2'-dithio-diisobutyraldehyde, 202
      grams (2 moles) of triethylamine and 500 ml of benzene were gassed within
      4 hours at 0.degree. to 10.degree.C with 90 liters (4 moles) of hydrogen
      sulfide. After addition of 344 grams (4 moles) of diethyl ketone and 264
      grams (2 moles) of ammonium sulfate in the course of 1 hour there were
      simultaneously introduced into the mixture 10 liters of hydrogen sulfide
      and 90 liters (4 moles) of ammonia. Since it was not cooled, the
      temperature of the mixture held at 75.degree. to 80.degree.C. The water,
      which formed in the reaction, passed over continuously as an azeotropic
      mixture with benzene. The further procedure was as in Example 1. There
      were recovered 120 grams, corresponding to a 76% yield of
      2,2-diethyl-5,5-dimethyl thiazoline-(3). It had a boiling point of
      50.degree. to 51.degree.C at 1 Torr.
PAC  EXAMPLE 5
PAR  The procedure of Example 2 was employed but there were reacted 206 grams (1
      mole) of 2,2'-dithio-di-isobutyraldehyde with 320 grams (3 moles) of
      benzyl aldehyde. There were recovered 130 grams, corresponding to a 687
      yield of 2-benzyl-5,5-dimethyl thiazoline-(3). It had a melting point of
      60.degree. to 64.degree.C.
PAC  EXAMPLE 6
PAR  A mixture of 284 grams (1 mole) of 2,2'-dithio-dicyclohexanealdehyde
      [dithia-bis-(cyclohexane-1-aldehydyl-(1))], 350 grams (6 moles) of
      acetone, 505 grams (5 moles) of triethyl amine and 107 grams (2 moles) of
      ammonium chloride were treated with hydrogen sulfide and ammonia according
      to the process of Example 1. There were recovered 256 grams of
      2,2-dimethyl-5,5-pentamethylene-thiazoline-(3), corresponding to a yield
      of 70%. The thiazoline had a boiling point of 105.degree. to 108.degree.C
      at 14 Torr.
PAC  EXAMPLE 7
PAR  The procedure was the same as in Example 1 but there were reacted 343 grams
      (1 mole) of dithia-bis-(cyclooctan-1-aldehyde-yl-(1)) with 350 grams (6
      moles) of acetone. There were recovered 270 grams of
      2,2-dimethyl-5,5-heptamethylene thiazoline-(3) corresponding to a yield of
      64%. The thiazoline had a boiling point of 110.degree.to 114.degree.C at
      0.5 Torr.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of a thiazoline-(3) compound of the formula
      ##EQU7##
      wherein R.sub.1 and R.sub.2 individually are lower alkyl or ar- lower
      alkyl groups or R.sub.1 and R.sub.2 together are an alkylene group which
      joins with the adjacent carbon atom to form a closed carbocyclic ring,
      R.sub.3 is hydrogen, lower alkyl or ar- lower alkyl, R.sub.4 is lower
      alkyl or ar- lower alkyl or R.sub.3 and R.sub.4 together are an alkylene
      group which joins with the adjacent carbon atom to form a closed
      carbocyclic ring comprising reacting (1) a 2,2'-dioxodisulfide of the
      formula
      ##EQU8##
      with (2) an oxo compound of the formula
      ##EQU9##
      (3) hydrogen sulfide and (4) ammonia in the presence of (5) an amine and
      (6) an ammonium salt of an acid.
NUM  2.
PAR  2. A process according to claim 1 wherein R.sub.1 and R.sub.2 individually
      are alkyl of 1 to 6 carbons atoms or aralkyl with 1 to 3 carbon atoms in
      the alkyl group, or R.sub.1 and R.sub.2 together are alkylene of 5 to 12
      carbon atoms, R.sub.3 is hydrogen, alkyl of 1 to 6 carbon atoms or aralkyl
      with 1 to 3 carbon atoms in the alkyl group, R.sub.4 is alkyl of 1 to 6
      carbon atoms, alkenyl of 2 to 6 carbon atoms or phenylalkyl with 1 to 3
      carbon atoms in the alkyl group or R.sub.3 and R.sub.4 together are
      alkylene of 5 to 12 carbon atoms.
NUM  3.
PAR  3. A process according to claim 2 wherein R.sub.1 and R.sub.2 individually
      are alkyl of 1 to 6 carbon atoms or benzyl or R.sub.1 and R.sub.2 together
      are alkylene of 5 to 12 carbon atoms, R.sub.3 is hydrogen, alkyl of 1 to 6
      carbon atoms or benzyl, R.sub.4 is alkyl of 1 to 6 carbon atoms or benzyl
      or R.sub.3 and R.sub.4 together are alkylene of 5 to 12 carbon atoms.
NUM  4.
PAR  4. A process according to claim 3 wherein R.sub.1 is methyl, R.sub.2 is
      methyl or R.sub.1 and R.sub.2 together are penta methylene or
      heptamethylene, R.sub.3 is hydrogen, methyl or ethyl, R.sub.4 is methyl
      ethyl or benzyl or R.sub.3 and R.sub.4 together are pentamethylene.
NUM  5.
PAR  5. A process according to claim 1 wherein the amine is a secondary or
      tertiary amine.
NUM  6.
PAR  6. A process according to claim 1 wherein the ammonium salt is an ammonium
      salt other than ammonium sulfide.
NUM  7.
PAR  7. A process according to claim 1 wherein there is employed for each mole
      of dioxodisulfide II from 2 to 8 moles of oxo compound III, from 2 to 6
      moles of ammonia, from 1 to 5 moles of hydrogen sulfide, from 1 to 5 moles
      of amine and from 0.1 to 4 moles of ammonium salt.
NUM  8.
PAR  8. A process according to claim 2 wherein there is employed for each mole
      of dioxodisulfide II from 4 to 6 moles of oxo compound III, from 3 to 4
      moles of ammonia, from 3 to 4 moles of hydrogen sulfide, from 2 to 4 moles
      of amine and from 1 to 2 moles of ammonium salt.
NUM  9.
PAR  9. A process according to claim 8 wherein the amine is a monoalkyl amine, a
      dialkylamine, a thialkylamine, a monoalkanolamine, a dialkanolamine, a
      trialkanolamine, a cycloalkylamine, a primary carbocyclic aromatic amine,
      a secondary carbocyclic aromatic amine, a tertiary carbocyclic aromatic
      amine or a heterocyclic amine having 5 to 6 carbon atom s in the
      heterocyclic ring and the ammonium salt is ammonium sulfate, ammonium
      chloride, ammonium acetate, ammonium bromide, ammonium hydrogen sulfate,
      ammonium carbonate, ammonium bicarbonate, ammonium nitrate, ammonium
      phosphate, ammonium salt of a fatty acid having 1 to 18 carbon atoms,
      ammonium oxalate, ammonium tartrate, ammonium citrate or ammonium
      benzoate.
NUM  10.
PAR  10. A process according to claim 7 carried out in the presence of an inert
      organic solvent.
NUM  11.
PAR  11. A process according to claim 7 carried out at -10.degree.C, to the
      boiling point of the mixture.
NUM  12.
PAR  12. A process according to claim 7 wherein the hydrogen sulfide is added as
      such.
NUM  13.
PAR  13. A process according to claim 12 wherein the hydrogen sulfide is added
      as a compound which decomposes to form hydrogen sulfide in situ.
NUM  14.
PAR  14. A process according to claim 13 wherein the decomposable compound is
      thioacetamide.
NUM  15.
PAR  15. A process according to claim 7 wherein the dioxodisulfide II is in a
      first step reacted with at least a part of the hydrogen sulfide in the
      presence of the amine and thereafter in a second step there is added the
      ammonia, the ammonia salt and the oxo compound III.
NUM  16.
PAR  16. A process according to claim 7 wherein the dioxodisulfide II is
      2,2'-dithio-di-isobutyraldehyde or 2,2'-dithio-di-cyclohexanealdehyde, the
      oxo compound III is acetone, diethyl ketone or cyclohexanone.
NUM  17.
PAR  17. A process according to claim 16 wherein the amine is triethylamine,
      pyridine, piperidine or triethanolamine and the ammonium salt is ammonium
      chloride, ammonium sulfate or ammonium acetate.
NUM  18.
PAR  18. A process according to claim 16 wherein the oxo compound is acetone.
NUM  19.
PAR  19. A process according to claim 3 wherein the amine is a secondary or
      tertiary amine.
NUM  20.
PAR  20. A process according to claim 3 wherein the ammonium salt is an ammonium
      salt other than ammonium sulfide.
NUM  21.
PAR  21. A process according to claim 1 wherein the ammonium salt is an ammonium
      salt other than ammonium sulfide.
NUM  22.
PAR  22. A process according to claim 1 wherein R.sub.1 and R.sub.2 individually
      are lower alkyl or aralkyl with 1 to 3 carbon atoms in the alkyl group or
      R.sub.1 and R.sub.2 together are alkylene of 5 to 12 carbon atoms, R.sub.3
      individually is hydrogen, lower alkyl or aralkyl with 1 to 3 carbon atoms
      in the alkyl group or R.sub.3 and R.sub.4 together are alkylene of 5 to 12
      carbon atoms.
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ABST
PAL  This invention discloses compounds of the formula
      ##EQU1##
      wherein R.sup.1 is selected from the group consisting of alkyl, alkenyl,
      chloroalkyl, trifluoromethyl, alkoxy, alkylthio, alkylsulfonyl,
      alkylsulfinyl and cycloalkyl of from 3 to 7 carbon atoms optionally
      substituted with from 1 to 2 substituents selected from the group
      consisting of alkyl, alkoxy and halogen; and R.sup.2 is alkyl. Further
      disclosed are herbicidal compositions containing a compound of the above
      description.
BSUM
PAR  This invention relates to new compositions of matter and more specifically
      relates to new chemical compounds of the formula
      ##EQU2##
      wherein R.sup.1 is selected from the group consisting of alkyl, alkenyl,
      chloroalkyl, trifluoromethyl, alkoxy, alkylthio, alkylsulfonyl,
      alkylsulfinyl and cycloalkyl of from 3 to 7 carbon atoms optionally
      substituted with from 1 to 2 substituents selected from the group
      consisting of alkyl, alkoxy and halogen; and R.sup.2 is alkyl.
PAR  The compounds of this invention are unexpectedly useful as herbicides.
PAR  In a preferred embodiment of the present invention R.sup.1 is selected from
      the group consisting of lower alkyl, lower alkenyl, lower chloroalkyl,
      trifluoromethyl, lower alkoxy, lower alkylthio, lower alkylsulfonyl, lower
      alkylsulfinyl and cycloalkyl of from 3 to 7 carbon atoms optionally
      substituted with from 1 to 2 substituents selected from the group
      consisting of lower alkyl, lower alkoxy, chlorine, bromine and fluorine.
PAR  The term lower as used herein designates a straight or branched carbon
      chain of up to six carbon atoms.
PAR  The compounds of this invention can be prepared by reacting a semicarbazide
      of the formula
      ##EQU3##
      wherein R.sup.1 and R.sup.2 are as heretofore defined, with formaldehyde.
      This reaction can be effected by combining a solution of a molar amount of
      the semicarbazide of formula II in a water miscible solvent such as
      methanol with an about equimolar or slight excess molar amount of aqueous
      formaldehyde. Inorganic base such as potassium hydroxide can be added to
      raise the pH of the reaction medium to from about 7 to about 9. The
      reaction can be carried out at room temperature or at slightly elevated
      temperatures such as temperatures ranging up to about 50.degree.C. The
      reaction mixture can then be stirred or allowed to stand for a period of
      up to about 8 hours to ensure completion of the reaction. The product can
      then be recovered as a precipitate by filtration and can be dried. This
      product can then be used as such or can be further purified by
      conventional means such as recrystallization, washing and the like.
PAR  The semicarbazide of formula II can be prepared by reacting a molar amount
      of an isocyanate dimer of the formula
      ##EQU4##
      wherein R.sup.1 is as heretofore described, with at least about two molar
      amounts of a hydrazine of the formula
      ##EQU5##
      wherein R.sup.2 is as heretofore described. This reaction can be effected
      by adding the isocyanate dimer of formula III to a solution of the
      hydrazine of formula IV in an inert organic solvent such as methylene
      chloride at room temperature with stirring. After the addition is
      completed the reaction mixture can be heated at temperatures of up to the
      reflux temperature of the mixture for a period of up to about 2 hours.
      After this time the mixture can be stripped of solvent and excess
      hydrazine by vacuum distillation to yield the desired product.
PAR  The isocyanate dimer of formula III can be prepared by reacting a
      thiadiazole of the formula
      ##EQU6##
      wherein R.sup.1 is as heretofore described, with phosgene. This reaction
      can be effected by adding a slurry or solution of the thiadiazole, in a
      suitable organic solvent such as ethyl acetate, to a saturated solution of
      phosgene in an organic solvent such as ethyl acetate. The resulting
      mixture can be stirred at ambient temperatures for a period of from about
      4 to about 24 hours. The reaction mixture can then be purged with nitrogen
      gas to remove unreacted phosgene. The desired product can then be
      recovered by filtration if formed as a precipitate or upon evaporation of
      the organic solvent used if soluble therein. This product can be used as
      such or can be further purified if desired.
PAR  Exemplary thiadiazoles of formula V useful for preparing the compounds of
      the present invention are 5-methyl-2-amino-1,3,4-thiadiazole,
      5-ethyl-2-amino-1,3,4-thiadiazole, 5-propyl-2-amino-1,3,4-thiadiazole,
      5-allyl-2-amino-1,3,4-thiadiazole,
      5-pent-3-enyl-2-amino-1,3,4-thiadiazole, 5-chloromethyl-2-amino-1,3,4-thia
     diazole, 5-.beta.-chloroethyl-2-amino-1,3,4-thiadiazole,
      5-.gamma.-chloropropyl-2-amino-1,3,4-thiadiazole,
      5-trichloromethyl-2-amino-1,3,4-thiadiazole,
      5-methoxy-2-amino-1,3,4-thiadiazole, 5-ethoxy-2-amino-1,3,4-thiadiazole,
      5-propoxy-2-amino-1,3,4-thiadiazole, 5-butyloxy-2-amino-1,3,4-thiadiazole,
      5-hexyloxy-2-amino-1,3,4-thiadiazole,
      5-methylthio-2-amino-1,3,4-thiadiazole,
      5-ethylthio-2-amino-1,3,4-thiadiazole,
      5-propylthio-2-amino-1,3,4-thiadiazole,
      5-butylthio-2-amino-1,3,4-thiadiazole,
      5-methylsulfonyl-2-amino-1,3,4-thiadiazole,
      5-ethylsulfonyl-2-amino-1,3,4-thiadiazole,
      5-butylsulfonyl-2-amino-1,3,4-thiadiazole,
      5-methylsulfinyl-2-amino-1,3,4-thiadiazole,
      5-ethylsulfinyl-2-amino-1,3,4-thiadiazole,
      5-propylsulfinyl-2-amino-1,3,4-thiadiazole,
      5-t-butyl-2-amino-1,3,4-thiadiazole,
      5-trifluoromethyl-2-amino-1,3,4-thiadiazole,
      5-cyclopropyl-2-amino-1,3,4-thiadiazole,
      5-cyclobutyl-2-amino-1,3,4-thiadiazole,
      5-cyclopentyl-2-amino-1,3,4-thiadiazole,
      5-cyclohexyl-2-amino-1,3,4-thiadiazole,
      5-cycloheptyl-2-amino-1,3,4-thiadiazole,
      5-(2-methylcyclopropyl)-2-amino-1,3,4-thiadiazole,
      5-(3-ethylcyclopentyl)-2-amino-1,3,4-thiadiazole,
      5-(4-propylcyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(4-chlorocyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(4-bromocyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(4-fluorocyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(3-methoxycycloheptyl)-2-amino-1,3,4-thiadiazole,
      5-(3-hexylcyclopentyl)-2-amino-1,3,4-thiadiazole,
      5-(4-hexyloxycyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(4-iodocyclohexyl)-2-amino-1,3,4-thiadiazole and the like.
PAR  Exemplary suitable hydrazines of formula IV for preparing the compounds of
      the present invention are methylhydrazine, ethylhydrazine,
      n-propylhydrazine, isopropylhydrazine, n-butylhydrazine,
      sec-butylhydrazine, t-butylhydrazine, pentylhydrazine and hexylhydrazine.
DETD
PAR  The manner in which the compounds of this invention can be prepared is more
      specifically illustrated in the following examples.
PAC  EXAMPLE 1
PAC  Preparation of 5-Trifluoromethyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) was charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-trifluoromethyl-2-amino-1,3,4-thiadiazole (45 grams) in ethyl acetate
      (300 ml) was added to the reaction vessel and the resulting mixture was
      stirred for a period of about 16 hours resulting in the formation of a
      precipitate. The reaction mixture was then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture was filtered to recover 48
      grams of a white solid. This solid was recrystallized from dimethyl
      formamide to yield the desired product
      5-trifluoromethyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 2
PAC  Preparation of
      2-Methyl-4-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)semicarbazide
PAR  A solution of methylhydrazine (6.5 grams) in methylene chloride (100 ml)
      was charged into a glass reaction vessel equipped with a mechanical
      stirrer, thermometer and reflux condenser.
      5-Trifluoromethyl-1,3,4-thiadiazol-2-yl isocyanate dimer (25 grams) was
      then added, with stirring at a temperature of from 20.degree. to
      25.degree.C. Additional methylhydrazine (3.0 grams) was then added and the
      reaction mixture was heated at reflux for a period of about 4 hours. After
      this time the reaction mixture was stripped of solvent and excess
      hydrazine to yield the desired product
      2-methyl-4-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)semicarbazide as a
      residual oil.
PAC  EXAMPLE 3
PAC  Preparation of
      2-Methyl-4-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-o
     ne
PAR  The 2-methyl-4-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)semicarbazide
      prepared in Example 2 was dissolved in methanol (100 ml) in a glass
      reaction flask equipped with a mechanical stirrer and thermometer. Aqueous
      formaldehyde (12 ml; 37% concentration) was then added to the flask with
      stirring. The reaction mixture warmed to a temperature of about
      35.degree.C. Sufficient aqueous potassium hydroxide was then added to
      adjust the pH of the reaction medium to from about 7 to 8. A solid
      precipitate was formed. The precipitate was then recovered by filtration,
      was recrystallized from an ethyl acetate-heptane mixture and was dried
      under vacuum to yield the desired product
      2-methyl-4-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-o
     ne having a melting point of 187.degree. to 188.degree.C.
PAC  EXAMPLE 4
PAC  Preparation of 5-t-Butyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) was charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-t-butyl-2-amino-1,3,4-thiadiazole (10 grams) in ethyl acetate (300 ml)
      was added to the reaction vessel and the resulting mixture was stirred for
      a period of about 16 hours resulting in the formation of a precipitate.
      The reaction mixture was then purged with nitrogen gas to remove unreacted
      phosgene. The purged mixture was then filtered to recover the desired
      product 5-t-butyl-1,3,4-thiadiazol-2-yl isocyanate dimer as a solid having
      a melting point of 261.degree. to 263.degree.C.
PAC  EXAMPLE 5
PAC  Preparation of 2-Methyl-4-(5-t-butyl-1,3,4-thiadiazol-2-yl)semicarbazide
PAR  A solution of methylhydrazine (0.3 mole) in methylene chloride (150 ml) is
      charged into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. 5-t-Butyl-1,3,4-thiadiazol-2-yl
      isocyanate dimer (0.1 mole) is then added, with stirring, at room
      temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 4 hours. After this time the
      reaction mixture is stripped of solvent and excess hydrazine to yield the
      desired product 2-methyl-4-(5-t-butyl-1,3,4-thiadiazol-2-yl)semicarbazide
      as the residue.
PAC  EXAMPLE 6
PAC  Preparation of
      2-Methyl-4-(5-t-butyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one
PAR  2-Methyl-4-(5-t-butyl-1,3,4-thiadiazol-2-yl)-semicarbazide (0.1 mole)
      dissolved in methanol (100 ml) is charged into a glass reaction vessel
      equipped with a mechanical stirrer and thermometer. Aqueous formaldehyde
      (0.2 mole; 37% concentration) is then added to the reaction vessel with
      stirring. Dilute aqueous potassium hydroxide is added to the reaction
      mixture to adjust the pH to between 7 and 8 and stirring is continued for
      a period of about 20 minutes resulting in the formation of a solid
      precipitate. The precipitate is recovered by filtration, is recrystallized
      and is dried under vacuum to yield the desired product
      2-methyl-4-(5-t-butyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one.
PAC  EXAMPLE 7
PAC  Preparation of 5-Methyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methyl-2-amino-1,3,4-thiadiazole (40 grams) in ethyl acetate (300 ml) is
      added to the reaction vessel and the resulting mixture is stirred for a
      period of about 16 hours, resulting in the formation of a precipitate. The
      reaction mixture is then purged with nitrogen gas to remove unreacted
      phosgene. The purged mixture is then filtered to recover the precipitate.
      The precipitate is then recrystallized to yield the desired product
      5-methyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 8
PAC  Preparation of 2-Ethyl-4-(5-methyl-1,3,4-thiadiazol-2-yl)semicarbazide
PAR  A solution of ethylhydrazine (0.3 mole) in methylene chloride (150 ml) is
      charged into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. 5-Methyl-1,3,4-thiadiazol-2-yl
      isocyanate dimer (0.1 mole) is then added, with stirring, at room
      temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 4 hours. After this time the
      reaction mixture is stripped of solvent and excess hydrazine to yield the
      desired product 2-ethyl-4-(5-methyl-1,3,4-thiadiazol-2-yl)semicarbazide as
      the residue.
PAC  EXAMPLE 9
PAC  Preparation of
      2-Ethyl-4-(5-methyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one
PAR  2-Ethyl-4-(5-methyl-1,3,4-thiadiazol-2-yl)semicarbazide (0.1 mole)
      dissolved in methanol (100 ml) is charged into a glass reaction vessel
      equipped with a mechanical stirrer and thermometer. Aqueous formaldehyde
      (0.2 mole; 37% concentration) is then added to the reaction vessel with
      stirring. Dilute aqueous potassium hydroxide is added to the reaction
      mixture to adjust the pH to between 7 and 8 and stirring is continued for
      a period of about 20 minutes resulting in the formation of a solid
      precipitate. The precipitate is recovered by filtration, is recrystallized
      and is dried under vacuum to yield the desired product
      2-ethyl-4-(5-methyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one.
PAC  EXAMPLE 10
PAC  Preparation of 5-Methoxy-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methoxy-2-amino-1,3,4-thiadiazole (40 grams) in ethyl acetate (300 ml)
      is added to the reaction vessel and the resulting mixture is stirred for a
      period of about 16 hours, resulting in the formation of a precipitate. The
      reaction mixture is then purged with nitrogen gas to remove unreacted
      phosgene. The pruged mixture is then filtered to recover the precipitate.
      The precipitate is then recrystallized to yield the desired product
      5-methoxy-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 11
PAC  Preparation of 2-Propyl-4-(5-methoxy-1,3,4-thiadiazol-2-yl)semicarbazide
PAR  A solution of propylhydrazine (0.3 mole) in methylene chloride (150 ml) is
      charged into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. 5-Methoxy-1,3,4-thiadiazol-2-yl
      isocyanate dimer (0.1 mole) is then added, with stirring, at room
      temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 4 hours. After this time the
      reaction mixture is stripped of solvent and excess hydrazine to yield the
      desired product 2-propyl-4-(5-methoxy-1,3,4-thiadiazol-2-yl)semicarbazide
      as the residue.
PAC  EXAMPLE 12
PAC  Preparation of
      2-Propyl-4-(5-methoxy-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one
PAR  2-Propyl-4-(5-methoxy-1,3,4-thiadiazol-2-yl)-semicarbazide (0.1 mole)
      dissolved in methanol (100 ml) is charged into a glass reaction vessel
      equipped with a mechanical stirrer and thermometer. Aqueous formaldehyde
      (0.2 mole; 37% concentration) is then added to the reaction vessel with
      stirring. Dilute aqueous potassium hydroxide is added to the reaction
      mixture to adjust the pH to between 7 and 8 and stirring is continued for
      a period of about 20 minutes resulting in the formation of a solid
      precipitate. The precipitate is recovered by filtration, is recrystallized
      and is dried under vacuum to yield the desired product
      2-propyl-4-(5-methoxy-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one.
PAC  EXAMPLE 13
PAC  Preparation of 5-Methylthio-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methylthio-2-amino-1,3,4-thiadiazole (45 grams) in ethyl acetate (300
      ml) is added to the reaction vessel and the resulting mixture is stirred
      for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-methylthio-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 14
PAC  Preparation of 2-Methyl-4-(5-methylthio-1,3,4-thiadiazol-2-yl)semicarbazide
PAR  A solution of methylhydrazine (0.3 mole) in methylene chloride (150 ml) is
      charged into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. 5-Methylthio-1,3,4-thiadiazol-2-yl
      isocyanate dimer (0.1 mole) is then added, with stirring, at room
      temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 4 hours. After this time the
      reaction mixture is stripped of solvent and excess hydrazine to yield the
      desired product
      2-methyl-4-(5-methylthio-1,3,4-thiadiazol-2-yl)semicarbazide as the
      residue.
PAC  EXAMPLE 15
PAC  Preparation of
      2-Methyl-4-(5-methylthio-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one
PAR  2-Methyl-4-(5-methylthio-1,3,4-thiadiazol-2-yl)-semicarbazide (0.1 mole)
      dissolved in methanol (100 ml) is charged into a glass reaction vessel
      equipped with a mechanical stirrer and thermometer. Aqueous formaldehyde
      (0.2 mole; 37% concentration) is then added to the reaction vessel with
      stirring. Dilute aqueous potassium hydroxide is added to the reaction
      mixture to adjust the pH to between 7 and 8 and stirring is continued for
      a period of about 20 minutes resulting in the formation of a solid
      precipitate. The precipitate is recovered by filtration, is recrystallized
      and is dried under vacuum to yield the desired product
      2-methyl-4-(5-methylthio-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one.
PAC  EXAMPLE 16
PAC  Preparation of 5-Methylsulfonyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methylsulfonyl-2-amino-1,3,4-thiadiazole (50 grams) in ethyl acetate
      (300 ml) is added to the reaction vessel and the resulting mixture is
      stirred for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-methylsulfonyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 17
PAC  Preparation of
      2-n-Butyl-4-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)semicarbazide
PAR  A solution of n-butylhydrazine (0.3 mole) in methylene chloride (150 ml) is
      charged into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. 5-Methylsulfonyl-1,3,4-thiadiazol-2-yl
      isocyanate dimer (0.1 mole) is then added, with stirring, at room
      temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 4 hours. After this time the
      reaction mixture is stripped of solvent and excess hydrazine to yield the
      desired product
      2-n-butyl-4-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)semicarbazide as the
      residue.
PAC  EXAMPLE 18
PAC  Preparation of
      2-n-Butyl-4-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-o
     ne
PAR  2-n-Butyl-4-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-semicarbazide (0.1
      mole) dissolved in methanol (100 ml) is charged into a glass reaction
      vessel equipped with a mechanical stirrer and thermometer. Aqueous
      formaldehyde (0.2 mole; 37% concentration) is then added to the reaction
      vessel with stirring. Dilute aqueous potassium hydroxide is added to the
      reaction mixture to adjust the pH to between 7 and 8 and stirring is
      continued for a period of about 20 minutes resulting in the formation of a
      solid precipitate. The precipitate is recovered by filtration, is
      recrystallized and is dried under vacuum to yield the desired product
      2-n-butyl-4-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-o
     ne.
PAC  EXAMPLE 19
PAC  Preparation of 5-Methylsulfinyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methylsulfinyl-2-amino-1,3,4-thiadiazole (50 grams) in ethyl acetate
      (300 ml) is added to the reaction vessel and the resulting mixture is
      stirred for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-methylsulfinyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 20
PAC  Preparation of
      2-n-Hexyl-4-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)semicarbazide
PAR  A solution of n-hexylhydrazine (0.3 mole) in methylene chloride (150 ml) is
      charged into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. 5-Methylsulfinyl-1,3,4-thiadiazol-2-yl
      isocyanate dimer (0.1 mole) is then added, with stirring, at room
      temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 4 hours. After this time the
      reaction mixture is stripped of solvent and excess hydrazine to yield the
      desired product
      2-n-hexyl-4-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)semicarbazide as the
      residue.
PAC  EXAMPLE 21
PAC  Preparation of
      2-n-Hexyl-4-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-o
     ne
PAR  2-n-Hexyl-4-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-semicarbazide (0.1
      mole) dissolved in methanol (100 ml) is charged into a glass reaction
      vessel equipped with a mechanical stirrer and thermometer. Aqueous
      formaldehyde (0.2 mole; 37% concentration) is then added to the reaction
      vessel with stirring. Dilute aqueous potassium hydroxide is added to the
      reaction mixture to adjust the pH to between 7 and 8 and stirring is
      continued for a period of about 20 minutes resulting in the formation of a
      solid precipitate. The precipitate is recovered by filtration, is
      recrystallized and is dried under vacuum to yield the desired product
      2-n-hexyl-4-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-o
     ne.
PAC  EXAMPLE 22
PAC  Preparation of 5-Cyclobutyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-cyclobutyl-2-amino-1,3,4-thiadiazole (50 grams) in ethyl acetate (300
      ml) is added to the reaction vessel and the resulting mixture is stirred
      for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-cyclobutyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 23
PAC  Preparation of 2-Methyl-4-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)semicarbazide
PAR  A solution of methylhydrazine (0.3 mole) in methylene chloride (150 ml) is
      charged into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. 5-Cyclobutyl-1,3,4-thiadiazol-2-yl
      isocyanate dimer (0.1 mole) is then added, with stirring, at room
      temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 4 hours. After this time the
      reaction mixture is stripped of solvent and excess hydrazine to yield the
      desired product
      2-methyl-4-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)semicarbazide.
PAC  EXAMPLE 24
PAC  Preparation of
      2-Methyl-4-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one
PAR  2-Methyl-4-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)-semicarbazide (0.1 mole)
      dissolved in methanol (100 ml) is charged into a glass reaction vessel
      equipped with a mechanical stirrer and thermometer. Aqueous formaldehyde
      (0.2 mole; 37% concentration) is then added to the reaction vessel with
      stirring. Dilute aqueous potassium hydroxide is added to the reaction
      mixture to adjust the pH to between 7 and 8 and stirring is continued for
      a period of about 20 minutes resulting in the formation of a solid
      precipitate. The precipitate is recovered by filtration, is recrystallized
      and is dried under vacuum to yield the desired product
      2-methyl-4-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one.
PAC  EXAMPLE 25
PAC  Preparation of 5-Cyclohexyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phsogene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-cyclohexyl-2-amino-1,3,4-thiadiazole (50 grams) in ethyl acetate (300
      ml) is added to the reaction vessel and the resulting mixture is stirred
      for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-cyclohexyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 26
PAC  Preparation of 2-Methyl-4-(5-cyclohexyl-1,3,4-thiadiazol-2-yl)semicarbazide
PAR  A solution of methylhydrazine (0.3 mole) in methylene chloride (150 ml) is
      charged into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. 5-Cyclohexyl-1,3,4-thiadiazol-2-yl
      isocyanate dimer (0.1 mole) is then added, with stirring, at room
      temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 4 hours. After this time the
      reaction mixture is stripped of solvent and excess hydrazine to yield the
      desired product
      2-methyl-4-(5-cyclohexyl-1,3,4-thiadiazol-2-yl)semicarbazide as the
      residue.
PAC  EXAMPLE 27
PAC  Preparation of
      2-Methyl-4-(5-cyclohexyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one
PAR  2-Methyl-4-(5-cyclohexyl-1,3,4-thiadiazol-2-yl)-semicarbazide (0.1 mole)
      dissolved in methanol (100 ml) is charged into a glass reaction vessel
      equipped with a mechanical stirrer and thermometer. Aqueous formaldehyde
      (0.2 mole; 37% concentration) is then added to the reaction vessel with
      stirring. Dilute aqueous potassium hydroxide is added to the reaction
      mixture to adjust the pH to between 7 and 8 and stirring is continued for
      a period of about 20 minutes resulting in the formation of a solid
      precipitate. The precipitate is recovered by filtration, is recrystallized
      and is dried under vacuum to yield the desired product
      2-methyl-4-(5-cyclohexyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one.
PAR  Additional exemplary compounds within the scope of the present invention
      which can be prepared by the procedures of the foregoing examples are
      2-methyl-4-(5-ethyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one,
      2-methyl-4-(5-isopropyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one,
      2-methyl-4-(5-hexyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one,
      2-methyl-4-(5-ethoxy-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one,
      2-methyl-4-(5-butoxy-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one,
      2-methyl-4-(5-hexyloxy-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one,
      2-methyl-4-(5-ethylthio-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one,
      2-methyl-4-(5-propylthio-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one,
      2-methyl-4-(5-hexylthio-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one,
      2-methyl-4-(5-allyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one,
      2-methyl-4-(5-pent-3-enyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one,
      2-methyl-4-(5-hex-3-enyl-1,3,4 -thiadiazol-2-yl)-1,2,4-triazolidin-3-one,
      2-methyl-4-(5-chloromethyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one,
      2-methyl-4-(5-.beta.-chloroethyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-
     3-one,
      2-methyl-4-(5-.gamma.-chloropropyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidi
     n-3-one,
      2-methyl-4-(5-ethylsulfonyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one
     , 2-methyl-4-(5-propylsulfonyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-o
     ne,
      2-methyl-4-(5-hexylsulfonyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one
     , 2-methyl-4-(5-ethylsulfinyl-1,3,4-thiadiazol-2-yl)11,2,4-triazolidin-3-on
     e,
      2-methyl-4-(5-butylsulfinyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one
     , 2-methyl-4-(5-cyclopropyl-1,3,4-thiadiazol-2-yl)-
      1,2,4-triazolidin-3-one, 2-methyl-4-(5-cyclopentyl-1,3,4-thiadiazol-2-yl)-
     1,2,4-triazolidin-3-one,
      2-methyl-4-(5-cyclohexyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one,
      2-methyl-4-[5-(3-methylcyclohexyl)-1,3,4-thiadiazol-2-yl]-1,2,4-triazolidi
     n-3-one, 2-methyl-4-[
      5-(3-ethylcyclohexyl)-1,3,4-thiadiazol-2-yl]-1,2,4-triazolidin-3-one,
      2-methyl-4-[5-(3-propylcyclohexyl)-1,3,4-thiadiazol-2-yl]-1,2,4-triazolidi
     n-3-one,
      2-methyl-4-[5-(4-chlorocyclohexyl)-1,3,4-thiadiazol-2-yl]-1,2,4-triazolidi
     n-3-one,
      2-methyl-4-[5-(4-bromocyclohexyl)-1,3,4-thiadiazol-2-yl]-1,2,4-triazolidin
     -3-one,
      2-methyl-4-[5-(4-fluorocyclohexyl)-1,3,4-thiadiazol-2-yl]-1,2,4-triazolidi
     n-3-one,
      2-methyl-4-[5-(2-methoxycyclohexyl)-1,3,4-thiadiazol-2-yl]-1,2,4-triazolid
     in-3-one,
      2-methyl-4-[5-(3-ethoxycyclohexyl)-1,3,4-thiadiazol-2-yl]-1,2,4-triazolidi
     n-3-one,
      2-methyl-4-[5-(4-hexyloxycyclohexyl)-1,3,4-thiadiazol-2-yl]-1,2,4-triazoli
     din-3-one and
      2-methyl-4-[5-(3,4-dichlopocyclohexyl)-1,3,4-thiadiazol-2-yl]-1,2,4-triazo
     lidin-3-one.
PAR  For practical use as herbicides the compounds of this invention are
      generally incorporated into herbicidal compositions which comprise an
      inert carrier and a herbicidally toxic amount of such a compound. Such
      herbicidal compositions, which can also be called formulations, enable the
      active compound to be applied conveniently to the site of the weed
      infestation in any desired quantity. These compositions can be solids such
      as dusts, granules, or wettable pwders; or they can be liquids such as
      solutions, aerosols, or emulsifiable concentrates.
PAR  For example, dusts can be prepared by grinding and blending the active
      compound with a solid inert carrier such as the talcs, clays, silicas,
      pyrophyllite, and the like. Granular formulations can be prepared by
      impregnating the compound, usually dissolved in a suitable solvent, onto
      and into granulated carriers such as the attapulgites of the vermiculites,
      usually of a particle size range of from about 0.3 to 1.5 mm. Wettable
      powders, which can be dispersed in water or oil to any desired
      concentration of the active compound, can be prepared by incorporating
      wetting agents into concentrated dust compositions.
PAR  In some cases the active compounds are sufficiently soluble in common
      organic solvents such as kerosene or xylene so that they can be used
      directly as solutions in these solvents. Frequently, solutions of
      herbicides can be dispersed under super-atmospheric pressure as aerosols.
      However, preferred liquid herbicidal compositions are emulsifiable
      concentrates, which comprise an active compound according to this
      invention and as the inert carrier, a solvent and an emulsifier. Such
      emulsifiable concentrates can be extended with water and/or oil to any
      desired concentration of active compound for application as sprays to the
      site of the weed infestation. The emulsifiers most commonly used in these
      concentrates are nonionic or mixtures of nonionic with anionic
      surface-active agents. With the use of some emulsifier systems an inverted
      emulsion (water in oil) can be prepared for direct applicatioon to weed
      infestations.
PAR  A typical herbicidal composition according to this invention is illustrated
      by the following example, in which the quantities are in parts by weight.
PAC  EXAMPLE 28
TBL  Preparation of a Dust                                                     

     Product of Example 3                                                      

                      10                                                       

     Powdered Talc    90                                                       

PAR  The above ingredients are mixed in a mechanical grinder-blender and are
      ground until a homogeneous, free-flowing dust of the desired particle size
      is obtained. This dust is suitable for direct application to the site of
      the weed infestation.
PAR  The compounds of this invention can be applied as herbicides in any manner
      recognized by the art. One method for the control of weeds comprises
      contacting the locus of said weeds with a herbicidal composition
      comprising an inert carrier and as an essential active ingredient, in a
      quantity which is herbicidally toxic to said weeds, a compound of the
      present invention. The concentration of the new compounds of this
      invention in the herbicidal compositions will vary greatly with the type
      of formulation and the purpose for which it is designed, but generally the
      herbicidal compositions will comprise from about 0.05 to about 95 percent
      by weight of the active compounds of this invention. In a preferred
      embodiment of this invention, the herbicidal compositions will comprise
      from about 5 to about 75 percent by weight of the active compound. The
      compositions can also comprise such additional substances as other
      pesticides, such as insecticides, nematocides, fungicides, and the like;
      stabilizers, spreaders, deactivators, adhesives, stickers, fertilizers,
      activators, synergists, and the like.
PAR  The compound of the present invention are also useful when combined with
      other herbicides and/or defoliants, dessicants, growth inhibitors, and the
      like in the herbicidal compositions heretofore described. These other
      materials can comprise from about 5% to about 95% of the active
      ingredients in the herbicidal compositions. Use of combinations of these
      other herbicides and/or defoliants, dessicants, etc. with the compounds of
      the present invention provide herbicidal compositions which are more
      effective in controlling weeds and often provide results unattainable with
      separate compositions of the individual herbicides. The other herbicides,
      defoliants, dessicants and plant growth inhibitors, with which the
      compounds of this invention can be used in the herbicidal compositions to
      control weeds, can include chlorophenoxy herbicides such as 2,4-D,
      2,4,5-T, MCPA, MCPB, alachlor, 4(2,4-DB), 2,4-DEB, 4-CPB, 4-CPA, 4-CPP,
      2,4,5-TB, 2,4,5-TES, 3,4-DA, silvex and the like; carbamate herbicides
      such as IPC, CIPC, swep, barban, BCPC, CEPC, CPPC, and the like;
      thiocarbamate and dithiocarbamate herbicides such as CDEC, metham sodium,
      EPTC, diallate, PEBC, perbulate, vernolate and the like; substituted urea
      herbicides such as norea, siduron, dichloral urea, chloroxuron, cycluron,
      fenuron, monuron, monuron TCA, diuron, linuron, monolinuron, neburon,
      buturon, trimeturon and the like; symmetrical triazine herbicides such as
      simazine, chlorazine, atraone, desmetryne, norazine, ipazine, prometryn,
      atazine, trietazine, simetone, prometone, propazine, ametryne and the
      like; chloroacetamide herbicides such as alpha-chloro-N,
      N-dimethylacetamide, CDEA, CDAA, alpha-chloro-N-isopropylacetamide,
      2-chloro-N-isopropylacetanilide, 4-(chloroacetyl)morpholine,
      1-(chloroacetyl)piperidine, and the like; chlorinated aliphatic acid
      herbicides such as TCA, dalapon; 2,3-dichloropropionic acid, 2,2,3-TPA and
      the like; chlorinated benzoic acid and phenylacetic acid herbicides such
      as 2,3,6-TBA, 2,3,5,6-TBA, tricamba, amiben, fenac, PBA,
      2-methoxy-3,6-dichlorophenylacetic acid,
      3-methoxy-2,6-dichlorophenylacetic acid,
      2-methoxy-3,5,6-trichlorophenylacetic acid, 2,4-dichloro-3-nitrobenzoic
      acid and the like; and such compounds as aminotriazole, maleic hydrazide,
      phenyl mercuric acetate, endothal, biuret, technical chlordane, dimethyl
      2,3,5,6-tetrachloroterephthalate, diquat, erbon, DNC, DNBP, dichlorobenil,
      DPA, diphenamid, dipropalin, trifluralin, solan, dicryl, merphos, DMPA,
      DSMA, MSMA, potassium azide, acrolein, benefin, bensulide, AMS, bromacil,
      2-(3,4-dichlorophenyl)-4-methyl-1,2,4-oxadiazolidine-3,5-dione,
      bromoxynil, cacodylic acid, CMA, CPMF, cypromid, DCB, DCPA, dichlone,
      diphenatril, DMTT, DNAP, EBEP, EXD, HCA, ioxynil, IPX, isocil, potassium
      cyanate, MAA, MAMA, MCPES, MCPP, MH, molinate, NPA, OCH, paraquat, PCP,
      pichloram, DPA, PCA, pyrichlor, sesone, terbacil, terbutol, TCBA,
      brominil, CP-50144, H-176-1, H-732, M- 2901, planavin, sodium tetraborate,
      calcium cyanamid, DEF, ethyl xanthogen disulfide, sindone, sindone B,
      propanil and the like.
PAR  Such herbicides can also be used in the methods and compositions of this
      invention in the form of their salts, esters, amides, and other
      derivatives whenever applicable to the particular parent compounds.
PAR  Weeds are undesirable plants growing where they are not wanted, having no
      economic value, and interfering with the production of cultivated crops,
      with the growing of ornamental plants, or with the welfare of livestock.
      Many types of weeds are known, including annuals such as pigweed,
      lambsquarters, foxtail, crabgrass, wild mustard, field pennycress,
      ryegrass, goose-grass, chickweed, wild oats, velvetleaf, purslane,
      barnyard grass, smartweed, knotweed, cocklebur, wild buckwheat, kochia,
      medic, corn cockle, ragweed, sowthistle, coffeeweed, croton, cuphea,
      dodder, fumitory, groundsel, hemp nettle, knawel, spurge, spurry, emex,
      jungle rice, pondweed, dog fennel, carpetweed, morning glory, bedstraw,
      ducksalad, naiad, cheatgrass, fall panicum, jimsonweed, witchgrass,
      switchgrass, watergrass, teaweed, wild turnip and sprangletop; biennials
      such as wild carrot, matricaria, wild barley, campion, chamomile, burdock,
      mullein, roundleaved mallow, bull thistle, hounds-tongue, moth mullein and
      purple star thistle; or perennials such as white cockle, perennial
      ryegrass, quackgrass, Johnson grass, Canada thistle, hedge bindweed,
      Bermuda grass, sheep sorrel, curly dock, nutgrass, field chickweed,
      dandelion, campanula, field bindweed, Russian knapweed, mesquite,
      toadflax, yarrow, aster, gromwell, horsetail, ironweed, sesbania, bulrush,
      cattail, wintercress, horsenettle, nutsedge, milkweed and sicklepod.
PAR  Similarly, such weeds can be classified as broadleaf or grassy weeds. It is
      economically desirable to control the growth of such weeds without
      damaging beneficial plants or livestock.
PAR  The new compounds of this invention are particularly valuable for weed
      control because they are toxic to many species and groups of weeds while
      they are relatively nontoxic to many beneficial plants. The exact amount
      of compound required will depend on a variety of factors, including the
      hardiness of the particular weed species, weather, type of soil, method of
      application, the kind of beneficial plants in the same area, and the like.
      Thus, while the application of up to only about one or two ounces of
      active compound per acre may be sufficient for good control of a light
      infestation of weeds growing under adverse conditions, the application of
      ten pounds or more of an active compound per acre may be required for good
      control of a dense infestation of hardy perennial weeds growing under
      favorable conditions.
PAR  The herbicidal toxicity of the new compounds of this invention can be
      illustrated by many of the established testing techniques known to the
      art, such as pre- and post-emergence testing.
PAR  The herbicidal activity of the compounds of this invention was demonstrated
      by experiments carried out for the pre-emergence control of a variety of
      weeds. In these experiments small plastic greenhouse pots filled with dry
      soil were seeded with the various weed seeds. Twenty-four hours or less
      after seeding the pots were sprayed with water until the soil was wet and
      the compound
      2-methyl-4-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-o
     ne formulated as an aqueous emulsion of an acetone solution containing
      emulsifiers was sprayed at a concentration of 10 pounds per acre on the
      surface of the soil.
PAR  After spraying, the soil containers were placed in the greenhouse and
      provided with supplementary heat as required and daily or more frequent
      watering. The plants were maintained under these conditions for a period
      of from 15 to 21 days, at which time the condition of the plants and the
      degree of injury to the plants was rated on a scale of from 0 to 10,  as
      follows: 0 = no injury, 1,2 = slight injury, 3,4 = moderate injury, 5,6 =
      moderately severe injury, 7,8,9 = severe injury and 10 = death. The
      effectiveness of this compound is demonstrated by the following table.
PAR  The herbicidal activity of the compounds of this invention was also
      demonstrated by experiments carried out for the post-emergence control of
      a variety of weeds. In these experiments the compound
      2-methyl-4-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-o
     ne was formulated as an aqueous emulsion and sprayed at 10 pounds per acre
      on the foliage of the weeds that have attained a prescribed size. After
      spraying the plants were placed in a greenhouse and watered daily or more
      frequently. Water was not applied to the foliage of the treated plants.
      The severity of the injury was determined 10 to 15 days after treatment
      and was rated on the scale of from 0 to 10 heretofore described. The
      effectiveness of this compound is demonstrated by the data in the
      following table.
TBL                INJURY RATING                                               

     ______________________________________                                    

                Product of Example 3 at 10 lbs/acre                            

     Weed Species Pre-emergence Post-emergence                                 

     ______________________________________                                    

     Yellow Nutsedge                                                           

                  0             0                                              

     Wild Oats    7             3                                              

     Jimsonweed   10            10                                             

     Velvetleaf   10            10                                             

     Johnsongrass 8             3                                              

     Pigweed      9             7                                              

     Mustard      10            10                                             

     Yellow Foxtail                                                            

                  9             2                                              

     Barnyardgrass                                                             

                  8             3                                              

     Crabgrass    8             6                                              

     Cheatgrass   7             --                                             

     Morningglory 5             8                                              

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##EQU7##
      wherein R.sup.1 is selected from the group consisting of lower alkyl,
      lower alkenyl, lower chloroalkyl, trifluoromethyl, lower alkoxy, lower
      alkylthio, lower alkylsulfonyl, lower alkylsulfinyl and cycloalkyl of from
      3 to 7 carbon atoms optionally substituted with from 1 to 2 substituents
      selected from the group consisting of lower alkyl, lower alkoxy, chlorine,
      bromine and fluorine; and R.sup.2 is lower alkyl.
NUM  2.
PAR  2. The compound of claim 1,
      2-methyl-4-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-o
     ne.
NUM  3.
PAR  3. The compound of claim 1,
      2-methyl-4-(5-t-butyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one.
NUM  4.
PAR  4. The compound of claim 1,
      2-ethyl-4-(5-methyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one.
NUM  5.
PAR  5. The compound of claim 1,
      2-propyl-4-(5-methoxy-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one.
NUM  6.
PAR  6. The compound claim 1,
      2-methyl-4-(5-methylthio-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-one.
NUM  7.
PAR  7. The compound of claim 1,
      2-n-butyl-4-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-o
     ne.
NUM  8.
PAR  8. The compound of claim 1,
      2-n-hexyl-4-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-1,2,4-triazolidin-3-o
     ne.
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PAL  A two-stage process for producing para-aminobenzoic acid by first reacting
      certain lower alkyl or glycol monoesters of terephthalic acid or specific
      salts thereof or mixtures thereof with ammonia in liquid phase at elevated
      temperatures and pressures to obtain a terephthalic acid monoamide
      intermediate, removing substantially all ammonia from this intermediate
      and then converting it into the para-aminobenzoic acid product by the
      Hofmann reaction, preferably using a sodium hypochlorite solution. The
      para-aminobenzoic acid, either as the free acid or in the form of its
      salts or esters is a known product having many uses.
BSUM
PAR  It is known to produce p-amino-benzoic acid by reduction of p-nitro-benzoic
      acid. As the reducing agent, one can use tin with hydrochloric acid
      [Wilbrand et al, Liebigs Anm. 128 (1863), p. 264; Widnmann, Liebigs Anm.
      193 (1878), p. 323]. It is also possible to hydrogenate p-nitro-benzoic
      acid in the presence of platinum oxide in alcohol at
      20.degree.-30.degree.C. and 2.5-3 atm. [Adams et al., Journ. Am. Chem.
      Soc. 49 (1927), p. 1095] or in aqueous methanol on a platinum catalyst in
      the presence or absence of sodium hydroxide [C.A., 50 (1956), 12618].
      According to the process of U.S. Pat. No. 2,947,781, the p-nitro-benzoic
      acid may be hydrogenated in the form of its approximately 8% by weight
      aqueous suspension in the presence of platinum, palladium or their oxides
      as catalysts, at normal pressure and at temperatures in a range of
      50.degree.-95.degree.C. According to the process of U.S. Pat. No.
      3,324,175, the p-nitrobenzoic acid is hydrogenated in the form of a 30-50%
      by weight aqueous solution of a mixture of its ammonium and sodium salts,
      the reaction being carried out at a pH of 7-7.5, a temperature of
      80.degree. to 120.degree.C. and at pressures of about 8 to 43 atmospheres
      gauge, this process using as catalysts either platinum, palladium or their
      oxides on charcoal or another porous material. As the hydrogenation
      catalyst, there may also be used Raney nickel [C.A. 53 (1959), 280],
      especially together with chloroplatinic acid as a promoter [Scholnik et
      al, Journ. Am. Chem. Soc. 63 (1941), 1192]. In place of the
      p-nitro-benzoic acid, it is also possible to use its alkali metal salts or
      esters [C.A. 46 (1925), 469 and also Scholnik et al, supra]. Furthermore,
      the hydrogenation of the p-nitro-benzoic acid can also be accomplished by
      using iron catalysts; e.g. iron/hydrochloric acid, with iron (II) sulfate
      in aqueous ammonia [Lewis et al., Journ. Am. Chem. Soc.  43  (1921) 2118],
      with iron powder in aqueous ammonium chloride solution at 95.degree.C.
      [C.A. 54 (1960), 20926] or with iron filings in aqueous soda solution
      [C.A. 57 (1962), 7158]. It is further known to reduce p-nitro-benzoic acid
      by means of ammonium sulfide [G. Fischer, Liebigs Ann. 127 (1862), 142] or
      by means of sodium hydrogen sulfide [Japanese Pat. No. 109,708; C.A. 29
      (1935), 4776]. According to the process described in U.S. Pat. No.
      3,223,729, the reaction solution obtained in the reduction of the
      p-nitro-benzoic acid by means of sodium sulfide or sodium hydrogen sulfide
      is treated with sulfur dioxide until it exhibits a pH value of 7.0 to 3.5
      and the free base precipitates. The p-nitro-benzoic acid can also be
      reduced to the p-aminobenzoic acid by means of elementary silicon in
      alkaline solution [Meier et al, Ber. 89 (1956), 2301] and by means of
      sodium borohydride in the presence of metal catalysts [French Pat. No.
      1,242,932; Neilson, Journ. Amer. Chem. Soc. (1962), 371]. Also, hydrazine
      hydrate [Muller et al., Journ. Prakt. Chem. 2, 111, 281], and hydrazine in
      the presence of palladium on aluminum oxide (U.S. Pat. No. 2,768,209) or
      in the presence of palladium on active carbon [C.A. 50 (1958), 10668], as
      well as diethanolamine [Meltsner et al., Journ. Chem. Soc. 62 (1940), 991]
      facilitate the reduction of p-nitrobenzoic acid to p-aminobenzoic acid.
PAR  It is also known to carry out an electrochemical reduction of
      p-nitrobenzoic acid, for example in a hydrochloric acid solution in the
      presence of a little SnCl.sub.2.sup.. 2H.sub.2 O as catalyst and with the
      use of a tin or lead cathode [Ravenscroft et al., Trans. Electrochem. Soc.
      84 (1943), 145] or in aqueous ethanolic sulfuric acid with the use of a
      mercury cathode [Guyader et al., Compt. Rend. (1961),2544]. Also, the
      photochemical reduction of p-nitro-benzoic acid is known [Japanese Pat.
      No. 70. 20,888; C.A. 73 (1970), 66246] .
PAR  For the production of p-aminobenzoic acid, one can also proceed from
      aceto-p-toluidide which is easily accessible from p-toluidine, by
      oxidation with aqueous permanganate solution into the p-acetoamino-benzoic
      acid and this latter compound then being saponified through treatment with
      a concentrated or dilute hydrochloric acid [Hofmann, Ber. 9 (1876), 1299;
      Kaiser et al., Ber. 18 (1885), 2942; Ullmann et al, Ber. 36 (1903), 1797;
      Meisenheimer et al. Liebigs Ann. 423 (1921), 87; see also: Kremer, Journ.
      Chem. Educ. 33 (1956), 71] .
PAR  From the Netherlands published patent specification No. 6,415,195, it is
      known to produce p-aminobenzoic acid from
      4-(hexafluoro-2-hydroxy-2-propyl)-aniline by treatment with potassium
      hydroxide in diglycol as a solvent medium.
PAR  Finally, there may still be mentioned the formation of p-aminobenzoic acid
      by heating 4-bromo-aniline with copper cyanide, potassium cyanide and
      alcohol at 220.degree.C. [Rosenmund et al., Ber. 52 (1919), 1752], and the
      direct amination of benzoic acid with NH.sub.2 OH--FeSO.sub.4 [C.A. 61
      (1964), 1789] or under the effect of gamma rays [C.A. 69 (1968), 112147
      and C.A. 70 (1969), 119980] .
PAR  For carrying out a large scale industrial or commercial production of
      p-aminobenzoic acid, only those processes for the reduction of
      p-nitrobenzoic acid have been previously considered as having any value.
      These processes, however, are accompanied by considerable disadvantages.
      Thus, p-nitrobenzoic acid is usually obtained by nitration of toluene and
      then oxidation of the resulting p-nitro-toluene. However, the nitration
      does not proceed selectively but instead leads to a mixture of o- and
      p-isomers which must then be worked up and isolated by means of fractional
      crystallization. Also, the oxidation which is usually carried out with
      hydrogen peroxide or manganese dioxide or by electrochemical means,
      requires considerable expense. This is also true of the subsequent
      reduction which is most often accomplished by means of iron with
      hydrochloric acid. Over all of the stages of such an industrial reaction,
      the process is regarded as being excessively long, costly to run, and
      having only a slight selectivity so that one can obtain only very low
      yields.
PAR  One object of the present invention is to provide a process for producing
      para-aminobenzoic acid in a relatively simple manner with a high
      selectivity and very good yields from monoester derivatives of
      terephthalic acid which are relatively cheap and available in large
      quantities as industrial by-products. It is also an object of the
      invention to provide a two stage process in which a first stage
      ammonolysis of the monoester is readily combined with a second stage.
      Hofmann reaction to permit a very efficient conversion of the original
      monoester reactant into the desired para-aminobenzoic acid.
PAR  Thus, it has now been found, in accordance with the invention, that these
      objects are achieved in an improved method of producing p-aminobenzoic
      acid by the steps comprises:
PAR  1. reacting ammonia, which contains not more than 15% by weight of water,
      in the liquid phase at temperatures of 50.degree. to 132.degree.C. and at
      an ammonia pressure of 20 to 115 atmospheres in a first stage with at
      least one monoester reactant of the formula
      ##SPC1##
PAL  wherein
PA1  R is methyl, ethyl, propyl, isopropyl, butyl, isobutyl, phenyl,
      ##SPC2##
PA1  or --CH.sub.2 CH.sub.2 --OH, and
PA1  Y is hydrogen, sodium, lithium, magnesium, calcium or ammonium, with the
      proviso that where y is sodium, the reaction mixture also contains at
      least a catalytic amount of the monomethyl terephthalate or monoglycol
      terephthalate;
PAR  2. substantially removing ammonia from the resulting terephthalic acid
      monoamide intermediate product including any ammonia present in the form
      of ammonium ions; and
PAR  3. subjecting the ammonia free monoamide product to the Hofman reaction in
      a second stage to obtain the p-aminobenzoic acid product.
PAR  The monomethyl ester of terephthalic acid arises as a byproduct in the
      production of dimethyl terephthalate which is required in very large
      quantities in the synthetic fiber industry for the manufacture of
      polyester fibers, e.g. polyethylene terephthalate fibers or yarns, the
      same polyesters also being used to make films or molded products. The
      various salts can be obtained in a simple manner by neutralization of the
      monomethylterephthalate with the hydroxide of lithium, sodium, calcium,
      magnesium or ammonium. For economical reasons and as an industrial
      process, it is preferable to use as the monoester reactant the free
      monomethyl ester of terephthalic acid.
PAR  The ammonia employed in the first stage can contain water up to 15% by
      weight. It has been determined that the yield of the terephthalic acid
      monoamide or its corresponding salt as the intermediate product decreases
      with an increasing water content of the ammonia. The presence of water in
      the first stage reaction not only prevents a complete ammonolysis at the
      prescribed reaction conditions but also causes a saponification of the
      resulting terephthalic acid monoamide. Accordingly, depending upon its
      water content, the reaction mixture obtained in the first stage of the
      process of the invention contains, besides the named salts of the
      terephthalic acid monoamide, also more or less amounts of ammonium
      terephthalate as an undesirable by-product. The ammonia is therefore
      preferably used in this invention with a water content of not more than 5%
      by weight and, most advantageously, not more than 1% by weight. Under
      these conditions, only very slight amounts of saponification products will
      form. Since technical ammonia is generally available with less than 1% by
      weight of water, this commercial grade of ammonia is most suitable for
      purposes of the present invention.
PAR  The ammonolysis of the monoester of terephthalic acid and/or its salts in
      the first stage is carried out in the liquid phase at an elevated
      temperature of about 50.degree.C. to 132.degree.C. and under ammonia
      pressures, of about 20 to 115 atm. This means that at least part of the
      ammonia must be present in liquid form. At temperatures below about
      70.degree.C., the reaction speed is usually too low so that the
      ammonolysis is preferably accomplished at temperatures in the range of
      70.degree. to 120.degree.C. and at corresponding ammonia pressures of
      about 30 to 100 atm. The ammonia can be introduced in stoichiometric
      amounts with reference to the formation of the monoamide intermediate. As
      a practical matter, however, this stoichiometric amount would not be
      sufficient in a given reaction zone to achieve the necessarily high
      ammonia pressures, and the ammonia is therefore preferably introduced in
      an excess of up to about 35 mols per mol of the monoester reactant of the
      first stage. The most preferred molar ratio of ammonia:monoester is about
      5:1 to 30:1.
PAR  By using the preferred reaction conditions, the reaction time for the first
      stage is about 0.5 to 10 hours.
PAR  One may proceed as follows in carrying out the first stage ammonolysis.
      First, the monoester reactant as the free acid, the appropriate salt or
      suitable mixtures of reactants is placed into an autoclave to which there
      is also added liquid ammonia of the required low water content. This
      essential reaction mixture is then heated to the desired reaction
      temperature which then also determines the ammonia partial pressure within
      the closed vessel. After the first stage reaction has taken place, the
      autoclave is opened or released to normal (atmospheric) pressure. Excess
      ammonia and any methanol split off during the reaction escapes hereby in
      the form of vapor. Both vapors or gases can be fractionally condensed and
      used again, e.g. the methanol being used in the preparation of mono- or
      dimethyl terephthalate while the ammonia can be easily reused for the
      initial ammonolysis stage of the invention.
PAR  It has been found that in using the lithium, calcium or magnesium salts of
      the terephthalic acid monoester, there is a very distinct catalytic
      acceleration of the reaction provided that the ammonium salt of the
      monomethyl- or monoglycol-terephthalate or mixtures thereof is added to
      the mixture in at least a catalytic amount. This is especially of value in
      using the calcium salt of the monoester reactant. Of course, if the cited
      lithium, calcium and/or magnesium salts are used in admixture with
      monomethyl- and/or monoglycol-terephthalate, then the addition of the
      specific catalysts can be avoided because they are formed in situ, i.e.
      the monoester with its free carboxylic group immediately forms with the
      ammonia reactant the corresponding catalytically effective ammonium salt.
PAR  If sodium-monomethylterephthalate or sodium-monoglycolterephthalate are
      treated under the given temperature and pressure conditions with liquid
      ammonia, there is practically no ammonolysis. However, as in the case of
      the lithium, calcium and magnesium salts, when the sodium salts are used
      in admixture with the monomethyl- and/or monoglycol-terephthalate, good
      yields of the corresponding salts of terephthalic acid monoamide are
      obtained. Surprisingly, it was found that even with only catalytic amounts
      of the ammonium monomethyl- and/or monoglycol-terephthalate, a complete
      ammonolysis is effective. In general, catalytic amounts represent up to
      about 0.10 mol and preferably 0.01 to 0.10 mol per mol of the monoester
      reactant.
PAR  In place of the above-noted terephthalic acid monoesters or the cited
      salts, the process of the invention may be extended to still other
      terephthalic acid monoesters, e.g. other aliphatic, cycloaliphatic,
      araliphatic or aryl monoesters, principally the monophenyl ester or its
      salt derivatives. However, from a practical or commercial viewpoint,
      monoesters other than the monomethyl ester are at the present time much
      less easily accessible so that the process of the present invention is
      especially preferred for use with the terephthalic acid monomethyl ester
      and its named salts.
PAR  The resulting reaction mixture at the end of the reaction in the first
      stage consists essentially of the ammonium salt of terephthalic acid
      monoamide when the initial monoester reactant is in the acid form or the
      ammonium salt form. When there is an initial addition of the sodium,
      lithium, magnesium and/or calcium salts of the monoester reactant, e.g. of
      the monomethyl-terephthalate, the final reaction mixture of the first
      stage consists essentially of the corresponding metal salts of the
      terephthalic acid monoamide and slight amounts of the ammonium salt of the
      monoamide formed by resalting. If one uses mixtures of the monoester
      reactant in its acid form together with at least one salt other than the
      ammonium salt, then the reaction mixture yields the intermediate
      terephthalic acid monoamide in salt form with the ammonium salt
      corresponding approximately to the initial terephthalic acid monoester in
      its free acid form. Thus, in all cases, one can expect to find some
      ammonium salt of the intermediate monoamide product in the reaction
      mixture obtained in the first stage of the process according to the
      invention.
PAR  This first stage reaction mixture is worked up as follows. The solid
      monoamide product, which is left after removing liquid ammonia and any
      other volatile components such as methanol, can first be digested or
      dissolved in about 5 to 10 times as much water with a dilute or
      half-strength mineral acid, such as hydrochloric or sulfuric acid, being
      added up to the point where the terephthalic acid monoamide precipitates
      quantitatively. This usually occurs at a pH of approximately 3, i.e. at
      pH-values on the order of 2 to 4. The resulting acid monoamide can then be
      filtered off or centrifuged, washed with water and/or acetone and finally
      dried. The resulting crude product melts above 350.degree.C. It does not
      require any further purification but can be used directly in the generally
      well-known Hofmann reaction.
PAR  On the other hand, one can also proceed at the end of the first stage by
      dissolving or digesting the monoamide product in 5 to 10 times as much
      water, and then expelling the ammonia which may be present in the form of
      ammonium ions through resalting as well as in the form of adherent
      ammonia, by adding a slight excess of an alkali metal hydroxide or
      alkaline earth metal hydroxide at temperatures below 25.degree.C. Air at
      about room temperature can also be passed through the resulting solution
      to ensure the removal of the ammonia. The resulting ammonia-free solution
      of the monoamide intermediate can then be used directly for the second
      stage Hofmann reaction.
PAR  The Hofmann reaction is a general reaction in which a carboxylic acid amide
      is reacted with a hypochlorite or hypobromite so as to be converted to the
      primary amine containing one less carbon atom. See, for example: Wallis
      and Lane, Organic Reactions, Vol. 3 (1946), pages 267ff; Franzen, Chem.
      Ztg., Vol. 80 (1856), pages 8ff; Fieser & Fieser, Organic Chemistry,
      Reinhold Publ. Corp. (1961), pp. 499-501, 523; and Henrichsen et al.,
      Organic Chemistry, McGraw-Hill (1970), pp. 704-706. In this Hofmann
      reaction, a hydrogen atom of the amide group is first replaced by the
      halogen (chlorine or bromine) as illustrated by the following reaction
      sequence as the first phase of the reaction:
      ##SPC3##
PAL  The resulting acid N-halogenamide forms with the alkali an unstable salt
      whose anion splits off the halogen as a halide ion. This results in an
      intermediate which is rearranged to the isocyanate which finally under the
      effect of the alkali hydroxide (NaOH) is converted into the amine with a
      release of carbon dioxide, all as set forth in the second phase of the
      Hofmann reaction:
      ##SPC4##
PAR  For carrying out the Hofmann reaction in the process of the present
      invention, useful hypohalites are the hypochlorite and hypobromite of the
      metals sodium, potassium, calcium and barium. The corresponding
      hypohalites of rubidium, lithium, cesium and strontium are also suitable
      but generally will not be used because of their excessively high price.
      Since the hypochlorites are usually cheaper than the hypobromites, the
      Hofmann reaction of the present invention is preferably carried out with
      the hypochlorites of sodium, potassium, calcium and/or barium.
PAR  In the Hofmann reaction, one molar equivalent of hypohalite is
      theoretically needed per mol of terephthalic acid monoamide. Good results
      have been achieved in the present invention with a molar equivalent ratio
      of hypohalite:monoamide of 0.8:1 to 1.2:1. A larger excess of the
      hypohalite is to be avoided because under these conditions, undesirable
      oxidation products of the p-aminobenzoic acid may be formed. One
      preferably uses the stoichiometric ratio of 1:1.
PAR  Theoretically, a total of 5 molar equivalents of hydroxide per mol of the
      terephthalic acid monoamide is necessary in the Hofmann reaction of the
      free terephthalic acid monoamide, i.e. for neutralization, for forming the
      hypohalite and for splitting or cleaving the isocyanate group. It has been
      proven in the present invention, that an excess of the hydroxide favorably
      influences the selectivity with reference to the formation of the desired
      p-aminobenzoic acid. Accordingly, there is preferably employed a molar
      ratio of hydroxide:monoamide of about 5:1 to 6:1.
PAR  The conversion of the terephthalic acid monoamide in the second stage of
      the present invention according to the Hofmann reaction can be carried out
      in different ways. For example, the hypohalite can be separately prepared
      wherein the calculated amount of chlorine or bromine is conducted or added
      dropwise at 0.degree.-5.degree.C. to about about one-half of the total
      amount of aqueous alkaline solution required. This hypohalite solution can
      then be joined with the monoamide in the remainder of the alkaline
      solution. It is also possible, however, to dissolve the terephthalic acid
      monoamide directly into the entire amount of alkaline solution and then to
      lead the halogen (chlorine or bromine) into this solution at
      0.degree.-5.degree.C.
PAR  During the first phase (I) of the Hofmann reaction for the formation of the
      N-halogenamide, a temperature of about 0.degree.-15.degree.C. and
      preferably 0.degree.-5.degree.C. is maintained in the reaction vessel. The
      use of higher temperatures for this first phase should be avoided because
      it can lead to the formation of undesirable by-products and a reduction in
      yield. The course of the N-halogenamide formation can be easily followed
      in the change of the redox potential. The end of the first phase
      "halogenation" will be recognized by the appearance of a constant
      potential. The rearrangement or transposition of the N-halogenamide is
      carried out at higher temperatures and begins at about 20.degree.C. to
      30.degree.C. Preferably, this second phase of the Hofmann reaction is
      carried out at a temperature of about 20.degree.C. to 90.degree.C. The
      rearrangement is ordinarily completed after about 3 to 30  minutes,
      depending upon the temperature.
PAR  In other respects, one can employ those measures or process conditions
      which are conventional in all Hofmann reactions. The process can also be
      carried out continuously with good results. One advantageously proceeds
      adiabatically while using a so-called "plugflow" reactor. By maintaining
      the preferred reaction conditions, yields of over 99% of theory can be
      achieved.
PAR  After completion of the Hofmann reaction, a yellow to light brown colored
      solution is obtained as the initial product. The p-aminobenzoic acid is
      easily precipitated by acidifying this product solution up to the
      isoelectric point at a pH-value of about 4. The precipitate can be
      filtered off or centrifuged, then washed with a little cold water and
      finally dried. The initial "crude" product melts at
      185.degree.-187.degree.C. and it can be even further purified by
      recrystallization in water.
PAR  Para-aminobenzoic acid belongs to the B-vitamin group, and it is often used
      as a stabilizer for various cosmetic products. In the pharmaceutical art,
      it is of special interest for the preparation of important anesthetics,
      e.g. Anestesin, Novocain and Pantocain. Furthermore, p-aminobenzoic acid
      is often introduced in the preparation of special polyamide fibers, e.g.
      poly-p-benzamide. It is also used in the manufacture of azo dyes and in
      sunburn preventives.
DETD
PAR  The first 12 examples which follow are directed to the novel first stage of
      the process of the invention, including the production of the terephthalic
      acid monoamide or its salt as well as the conversion of the salt into the
      free acid form of the monoamide.
PAC  EXAMPLE 1
PAR  9 grams (0.05 mols) of monomethyl-terephthalate and 21.2 grams (1.25 mols)
      of liquid ammonia were placed into a 100 ml. V4A-autoclave (lined with a
      steel alloy). Under intensive mixing by means of a magnetic stirrer, this
      mixture was heated within about 15 minutes up to 110.degree.C. so that the
      reaction pressure then amounted to approximately 75 atmospheres gauge.
      After 10 hours reaction time under these conditions of temperature and
      pressure, the autoclave was cooled and released to normal pressure. The
      reaction product, a powdery white substance, was dissolved in 200 ml. of
      water. By acidifying this solution with a half concentrated hydrochloric
      acid (up to a pH of 3), a pure white product precipitated out from the
      solution and was filtered off. This residue was then washed with 400 ml.
      each of water and acetone, and the product dried at 70.degree.C. under
      vacuum. The final product was 7.9 grams of terephthalic acid monoamide
      (96.1% of theory).
PAC  EXAMPLE 2
PAR  9.3 grams (0.05 mols) of lithium-monomethylterephthalate was subjected to
      the liquid phase ammonolysis as described in Example 1 with 21 grams of
      liquid ammonia. The reaction temperature was 120.degree.C. with a pressure
      of about 90 atm, and the reaction time was 10 hours. The residue or solid
      reaction product was suspended in water and acidified with hydrochloric
      acid to a pH-value of 3. After filtration, washing with water and acetone
      and then drying as in Example 1, there remained 6.5 grams (79.0% of
      theory) of pure terephthalic acid monoamide.
PAC  EXAMPLE 3
PAR  9.3 grams (0.05 mols) of lithium-monomethylterephthalate and 0.4 grams
      (0.002 mols) of ammonium-monomethylterephthalate were reacted with 22
      grams of liquid ammonia in the same manner as in Examples 1 and 2 at
      120.degree.C., 90 atm. and for a period of 10 hours, thereafter isolating
      the resulting terephthalic acid monoamide as in the preceding examples.
      The yield amounted to 7.8 grams (95% of theory with reference to the
      initial lithium compound).
PAC  EXAMPLE 4
PAR  10.1 grams (0.025 mols) of magnesium-monomethylterephthalate were subjected
      to the liquid phase ammonolysis with 21 grams of liquid ammonia in the
      same manner as in the preceding examples. The reaction temperature was
      120.degree.C., the pressure was 90 atm. and the reaction period was only 3
      hours in this instance. The solid reaction product remaining after
      releasing the pressure was suspended in water and acidified to a pH-value
      of 3 with hydrochloric acid. The resulting precipitate was filtered off,
      washed with water and acetone and then dried as in the preceding examples.
      There was obtained 8.0 grams (96.2% of theory) of the terephthalic acid
      monoamide.
PAC  EXAMPLE 5
PAR  10.1 grams (0.025 mols) of magnesium-monomethylterephthalate were reacted
      for 10 hours with 21.2 grams of liquid ammonia and then worked up as in
      the preceding examples. There resulted 8.2 grams (99.1% of theory) of the
      desired terephthalic acid monoamide.
PAC  EXAMPLE 6
PAR  11 grams (0.025 mols) of calcium-monomethylterephthalate were brought
      together with 1 gram (0.005 mols) of ammonium-monomethylterephthalate as a
      catalyst and 22 grams of liquid ammonia for a period of 10 hours at
      120.degree.C. and 90 atm. to carry out the ammonolysis reaction. After
      working up the solid product as in the preceding examples, there remained
      8.2 grams of terephthalic acid monoamide, corresponding to a yield of
      99.1% of theory (with reference to the initial
      calcium-monomethylterephthalate). In the absence of the
      ammonium-terephthalate catalyst, the yield achieved under otherwise the
      same conditions amounted to only 42.2% of theory.
PAC  EXAMPLE 7
PAR  4.7 kg. (26 mols) of monomethylterephthalate and 10 kg. of liquid NH.sub.3
      were placed in a 40-liter electrically heated rotatable autoclave lined
      with V4A-steel alloy. The rotated autoclave was then heated up to
      120.degree.C. within about 7 hours and then maintained at this temperature
      for another 8 hours. The reaction pressure amounted to 92 atm. at this
      temperature. The autoclave was then cooled and released to normal
      pressure. The solid product was first dissolved in water, and then the
      terephthalic acid monoamide was precipitated out by addition of a half
      concentrated hydrochloric acid. The product was filtered off, washed first
      with approximately 10 liters of water and then further washed with 3
      liters of acetone. After drying under vacuum at 70.degree.C., there
      remained 3950 grams of pure terephthalic acid monoamide (92% of theory).
PAC  EXAMPLE 8
PAR  10.5 grams (0.05 mols) of monoglycolterephthalate was subjected to the
      liquid phase ammonolysis with 23 grams of liquid ammonia in the same
      manner as in Example 1. The reaction temperature amounted to
      120.degree.C., the pressure was 90 atm. and the reaction period lasted for
      10 hours. The solid residue of the reaction was dissolved in water and
      acidified with hydrochloric acid as in the preceding examples. After
      filtration, washing with water and acetone and then drying at 70.degree.C.
      under vacuum, the pure terephthalic acid monoamide was obtained in an
      amount of 8.0 grams (97% of theory).
PAC  EXAMPLE 9
PAR  9.5 grams (0.05 mols) of sodium monomethylterephthalate and 0.4 grams
      (0.0002 mols) of ammonium monomethylterephthalate as a catalyst were
      reacted with 22 grams of liquid ammonia according to the manner described
      in Example 1 at 120.degree.C. and 90 atm. and for a period of 15 hours.
      The resulting terephthalic acid monoamide was then isolated as in the
      preceding examples. The yield was 7.3 grams (89% of theory with reference
      to the initial sodium compound).
PAC  EXAMPLE 10
PAR  9.7 grams (0.05 mols) of monoethylterephthalate and 25.8 grams of liquid
      ammonia were heated under stirring up to 110.degree.C. in a 100 ml.
      V4A-autoclave, whereby a pressure of 75 atm. gauge was attained, the
      reaction then being carried out at these conditions for a period of 12
      hours. Thereafter, the autoclave was cooled and released to normal
      pressure (1 atm.). The reaction product was dissolved in 200 ml. of water
      and then acidified to a pH-value of 3 with half concentrated hydrochloric
      acid (i.e. a half-strength concentrated HCl, e.g. a 17.5% by weight HCl
      solution in water). A pure white product precipitated out. After filtering
      off this product and drying at 70.degree.C. under vacuum, there remained
      7.8 grams (95% of theory) of pure terephthalic acid monoamide.
PAC  EXAMPLE 11
PAR  6.0 grams (0.025 mols) of monophenylterephthalate were brought together
      with 26.2 grams of liquid ammonia for reaction under the same conditions
      specified in Example 10. After working up the product as in all of the
      preceding examples, there were obtained 4.1 grams (99% of theory) of
      terephthalic acid monoamide.
PAC  EXAMPLE 12
PAR  6.6 grams (0.025 mols) of the terephthalic acid monocyclohexane-(1,4)-diol
      ester were brought together with 25 grams of liquid ammonia for reaction
      at 120.degree.C. and 85 atm. gauge for 65 hours. After working up the
      product as in the preceding examples, the yield of the terephthalic acid
      monoamide amounted to 3.25 grams (79% of theory).
PAR  The next five examples are directed to the second stage of the process of
      the invention, i.e. the production of the p-aminobenzoic acid by
      conversion of the intermediate terephthalic acid monoamide according to
      the Hofmann reaction.
PAC  EXAMPLE 13
PAR  35.3 grams (0.214 mols) of terephthalic acid monoamide were dissolved at
      5.degree.C. in a solution of 12 grams (0.3 mols) sodium hydroxide and 100
      ml. of water. This solution, while being stirred and cooled, was quickly
      mixed with a freshly prepared sodium hypochlorite solution of
      0.degree.-5.degree.C. previously obtained by leading 15.3 grams (0.215
      mols) chlorine into a solution of 40 grams (1.0 mol) NaOH and 250 ml. of
      water. The resulting mixture was further stirred for 1.5 hours. Then,
      cooling was removed and within 10 minutes the mixture heated up to
      40.degree.C. Thereby, the reaction became initiated as evidenced by an
      adiabatic rise in temperature up to 65.degree.C. The reaction product was
      maintained at 65.degree.C. for 1 hour to yield a bright brown colored
      solution. The p-aminobenzoic acid was precipitated by acidification of the
      solution with hydrochloric acid to a pH-value of 4. The acid was then
      filtered off, washed with 50  ml. of cold water and finally dried. The
      yield amounted to 94.2% of theory.
PAC  EXAMPLE 14
PAR  35.3 grams (0.214 mols) of terephthalic acid monoamide were stirred while
      cooling at 5.degree.C. into a suspension which had been freshly produced
      just before this addition by leading 15.3 grams (0.215 mols) of chlorine
      into a mixture of 51 grams (0.693 mols) of Ca(OH).sub.2 and 300 ml. of
      water. The reaction mixture was further stirred for 1.5 hours at
      5.degree.C., and then heated up to 42.degree.C. within about 10 minutes.
      The reaction started at this point as evidenced by the adiabatic
      temperature increase. After a further 10 minutes, the temperature thereby
      reached 60.degree.C. The reaction product was maintained at 60.degree.C.
      for one hour and was then cooled. The reaction solution was worked up as
      described in Example 13. The yield of p-aminobenzoic acid amounted to
      92.1% of theory.
PAC  EXAMPLE 15
PAR  35.3 grams (0.214 mols) of terephthalic acid monoamide was stirred while
      cooling at 5.degree.C. into a hypochlorite solution which had been
      previously freshly prepared by leading 15.3 grams (0.215 mols) of chlorine
      into 62 grams (1.1 mols) of KOH and 300 ml. of water. The reaction mixture
      was maintained at 5.degree.C. for 2 hours and then quickly heated to
      45.degree.C. After one hour at this temperature, the reaction product was
      cooled and worked up in the same manner as Example 13. The yield of
      p-aminobenzoic acid amounted to 95.0% of theory.
PAC  EXAMPLE 16
PAR  35.3 grams (0.214 mols) of terephthalic acid monoamide were stirred while
      cooling at 5.degree.C. into a freshly produced sodium hypobromite solution
      (obtained from 44 grams NaOH, 300 ml. H.sub.2 O and 34.5 grams bromine).
      The mixture was heated up to 40.degree.C. at which point the reaction
      started. The temperature rose adiabatically to 64.degree.C. After one
      hour's reaction time, the mixture was cooled and p-aminobenzoic acid was
      separated as described in Example 13. The yield amounted to 96.2% of
      theory.
PAC  EXAMPLE 17
PAR  14.8 grams (0.0897 mols) of terephthalic acid monoamide were stirred while
      cooling at 5.degree.C. into a freshly prepared sodium hypochlorite
      solution obtained from 18 grams NaOH, 200 ml. H.sub.2 O and 6.36 grams
      chlorine, the mixture being held at 5.degree.C. for about 20 minutes. The
      chlorinated mixture was then transferred into a heated circulatory
      apparatus consisting of a glass circulating pump and a tubular glass
      reactor. In this apparatus, the mixture was heated within about one minute
      to 80.degree.C. After 3 minutes, the reaction was completed. The reaction
      product was poured into dilute hydrochloric acid, and the p-aminobenzoic
      acid was isolated in the same manner as Example 13. The yield amounted to
      11.7 grams (95.4% of theory).
PAR  The following example combines both stages of the overall reaction in an
      advantageous manner.
PAC  EXAMPLE 18
PAR  In accordance with Example 1 above, 9 grams (0.05 mols) of
      monomethylterephthalate and 25 grams of liquid ammonia were reacted in the
      autoclave at 110.degree.C. After a reaction period of 10 hours, the
      autoclave was cooled and released to normal pressure. The reaction product
      (the ammonium salt of terephthalic acid monoamide) in the form of a
      powdery white substance was next dissolved in 50 ml. of an approximately
      12% by weight caustic solution (50 grams H.sub.2 O + 6.8 grams NaOH), and
      about 50 liters of air were then introduced over a 30 minute period at
      room temperature and under intensive mixing.
PAR  To this reaction product freed of ammonia by the air treatment, there were
      admixed while cooling at 5.degree.C. about 40 ml. of freshly prepared
      sodium hypochlorite solution (4 grams NaOH, 50 ml. H.sub.2 O and 3.55
      grams Cl.sub.2), and the mixture further stirred for about 1 hour at
      5.degree.C. Then, the mixture was slowly heated up to 50.degree.C. and
      maintained at this temperature for 1 hour. The reaction product was then
      worked up as in Example 13 to obtain p-aminobenzoic acid in a yield of 6.2
      grams (90% of theory with reference to the initial monomethylterephthalate
      reactant used in the first stage).
PAR  Similar high yields in this two stage process may also be obtained by using
      the other initial reactants and proceeding directly from the first stage
      to the second stage without any extensive intermediate steps such as
      purification or the like, it being relatively easy to remove any excess or
      undesirable ammonia as the only intermediate step of the invention. At the
      same time, both the intermediate and final products are produced with
      excellent purity as well as high yields so that the overall process is of
      particular value for a large scale commercial production of p-aminobenzoic
      acid.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. A process for the production of p-aminobenzoic acid which comprises:
PA1  reacting ammonia, which contains not more than 15% by weight of water, in
      the liquid phase at temperatures of 50.degree. to 132.degree.C. and at an
      ammonia pressure of 20 to 115 atmospheres in a first stage with at least
      one monoester reactant of the formula
      ##SPC5##
PAL  wherein
PA2  R is methyl, ethyl, propyl, isopropyl, butyl, isobutyl, phenyl,
      ##SPC6##
PA2  or --CH.sub.2 CH.sub.2 --OH, and
PA2  Y is hydrogen, sodium, lithium, magnesium, calcium or ammonium, with the
      proviso that where Y is sodium, the reaction mixture also contains at
      least a catalytic amount of the monomethyl terephthalate or monoglycol
      terephthalate;
PA1  substantially removing ammonia from the resulting terephthalic acid
      monoamide intermediate product including any ammonia present in the form
      of ammonium ions; and
PA1  subjecting the ammonia free monoamide product to the Hofmann reaction in a
      second stage to obtain the p-aminobenzoic acid product.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the water content of the ammonia
      in said first stage reaction is not more than about 5% by weight.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the water content of the ammonia
      in said first stage reaction is not more than about 1% by weight.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the first stage reaction with
      ammonia is carried out at a temperature of between about 70.degree.C. and
      125.degree.C. and an ammonia pressure of between about 30 and 100
      atmospheres.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the first stage reaction is
      carried out with ammonia in an amount of about 5 to 30 mols per mol of the
      monoester reactant.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein the second stage Hofmann
      reaction is carried out by using a hypochlorite or hypobromite of sodium,
      potassium, calcium or barium for reaction with the monoamide intermediate
      product.
NUM  7.
PAR  7. A process as claimed in claim 6 wherein sodium hypochlorite is used in
      the Hofmann reaction.
NUM  8.
PAR  8. A process as claimed in claim 6 wherein the hypochlorite or hypobromite
      is employed in an approximately stoichiometric ratio of
      hypohalite:monoamide of 1:1.
NUM  9.
PAR  9. A process as claimed in claim 6 wherein the Hofmann reaction is carried
      out with a molar ratio of hydroxide:monoamide of about 5:1 to 6:1.
NUM  10.
PAR  10. A process as claimed in claim 6 wherein the first phase of the Hofmann
      reaction, in which there preponderantly occurs an N-halogenamide
      intermediate, is carried out at a temperature of 0.degree. to 15.degree.C.
NUM  11.
PAR  11. A process as claimed in claim 10 wherein said temperature of the first
      phase of the Hofmann reaction is maintained at about 0.degree.C. to
      5.degree.C.
NUM  12.
PAR  12. A process as claimed in claim 6 wherein the second phase of said
      Hofmann reaction, in which the rearrangement of the N-halogenamide occurs,
      is carried out at a temperature of about 20.degree.C. to 90.degree.C.
NUM  13.
PAR  13. A process as claimed in claim 1 wherein the monoester reactant of the
      first stage is in the form of the lithium, calcium or magnesium salt
      admixed with the ammonium salt of monomethylterephthalate or
      monoglycolterephthalate as a catalyst in a molar ratio of up to 0.10 mols
      of catalyst per mol of the reactant.
NUM  14.
PAR  14. A process as claimed in claim 1 wherein the monoester reactant of the
      first stage is in the form of the sodium salt admixed with the ammonium
      salt of monomethylterephthalate or monoglycolterephthalate as a catalyst
      in a molar ratio of up to 0.10 mols of catalyst per mol of the reactant.
NUM  15.
PAR  15. A process as claimed in claim 1 wherein the monoester reactant is
      monomethylterephthalate, the sodium, lithium, calcium, magnesium or
      ammonium salt of said monomethylterephthalate or mixtures thereof.
NUM  16.
PAR  16. A process as claimed in claim 1 wherein the monoester reactant is
      monomethylterephthalate.
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ABST
PAL  The present invention provides new oxazole compounds of the formula
      ##SPC1##
PAL  Wherein A represents a 9,10-dihydrophenanthrene radical which is bonded in
      2,7-position to the oxazole radicals and which can contain lower alkyl or
      alkoxy groups or halogen atoms as substituents, A.sub.1 and A.sub.2 each
      independently represents an optionally non-chromophorically substituted
      benzene or naphthalene radical which is condensed in the customary manner
      with the oxazole ring.
PAL  The new compounds are valuable optical brighteners for organic materials,
      especially polyesters.
BSUM
PAR  The present invention relates to new oxazole compounds, a process for the
      manufacture of these compounds, and to their use as optical brighteners
      for organic materials.
PAR  The new oxazole compounds according to the present invention are the
      compounds of the formula
      ##SPC2##
PAL  Wherein A represents a 9,10-dihydrophenanthrene radical which is bonded in
      2,7-position to the oxazole radicals and which can contain lower alkyl or
      alkoxy groups or halogen atoms as substituents, A.sub.1 and A.sub.2 each
      indepentently represents an optionally non-chromophorically substituted
      benzene or naphthalene radical which is condensed in the customary manner
      with the oxazole ring.
PAR  The non-chromophoric substituents of the benzene and naphthalene radicals
      in A.sub.1 and A.sub.2 can be both monovalent and divalent radicals, these
      latter forming a carbocyclic or heterocyclic ring which is fused to the
      benzene or naphthalene ring.
PAR  Compounds within the scope of formula (1) are, for example, those of the
      formula
      ##SPC3##
PAL  Wherein R.sub.1 represents hydrogen, halogen, alkyl with 1 to 18 carbon
      atoms and containing as substituents cyano, carboxy, carbalkoxy with 2 to
      9 carbon atoms, carbamoyl, or carbamoyl substituted at the nitrogen with
      alkyl or hydroxyalkyl, alkoxy with 1 to 18 carbon atoms, phenyl or phenoxy
      optionally substituted with halogen, alkyl with 1 to 4 carbon atoms or
      alkoxy with 1 to 4 carbon atoms, alkenyl with 3 or 4 carbon atoms,
      cyclopentyl, cyclohexyl, phenylalkyl or phenylalkoxy, each with 1 to 4
      carbon atoms in the alkyl or alkoxy moiety and optionally substituted in
      the phenyl moiety with halogen, alkyl with 1 to 4 carbon atoms or alkoxy
      with 1 to 4 carbon atoms, carboxy, carbalkoxy with 2 to 9 carbon atoms,
      carbamoyl, carbamoyl substituted at the nitrogen with alkyl or
      hydroxyalkyl, cyano, alkylsulphonyl or alkyloxysulphonyl with 1 to 12
      carbon atoms, phenylsulphonyl or phenoxysulphonyl optionally substituted
      with halogen, alkyl with 1 to 4 carbon atoms or alkoxy with 1 to 4 carbon
      atoms, sulphamoyl, sulphamoyl substituted at the nitrogen with alkyl or
      hydroxyalkyl with 1 to 12 carbon atoms, the sulpho group and salts
      thereof, R.sub.2 represents hydrogen, alkyl with 1 to 18 carbon atoms,
      alkoxy with 1 to 18 carbon atoms, alkenyl with 3 to 4 carbon atoms, cyano
      or the sulpho group and salts thereof, or R.sub.1 and R.sub.2 in
      ortho-position to each other represent a fused benzene radical,
      tetramethylene, trimethylene, or methylenedioxy, R.sub.3 represents
      hydrogen, halogen, alkyl with 1 to 4 carbon atoms or alkoxy with 1 to 4
      carbon atoms.
PAR  To be singled out for particular attention are the compounds of the formula
      ##SPC4##
PAL  wherein R.sub.4 represents alkyl or alkoxy with 1 to 4 carbon atoms, phenyl
      or phenoxy, R.sub.5 represents hydrogen or alkyl with 1 to 4 carbon atoms,
      and R.sub.4 and R.sub.5 in ortho-position to each other represent a fused
      benzene ring, tetramethylene, or trimethylene.
PAR  Compounds having particular utilities are those of the formulae
      ##SPC5##
PAL  wherein R.sub.6 represents alkyl or alkoxy with 1 to 4 carbon atoms, phenyl
      or phenoxy, and R.sub.7 represents hydrogen or alkyl with 1 to 4 carbon
      atoms, or R.sub.6 and R.sub.7 together represent tetramethylene or
      trimethylene, and
      ##SPC6##
PAL  wherein B represents a fused benzene ring. Within the scope of formula (5)
      the preferred compound is that of the formula
      ##SPC7##
PAR  The compounds of the formula (1) and of the secondary formulae can be
      manufactured by processes analogous to known ones.
PAR  For example, the process of oxazole cyclisation is used, wherein a start is
      made from the corresponding acylamides. In its general form this method
      consists in subjecting to cyclisation reaction a compound of the formula
      ##EQU1##
      by heating it to temperatures above 100.degree.C, optionally in the
      presence of a catalyst.
PAR  The acyl compounds of the formula (7) required for the process cited
      hereinabove are manufactured by reacting one mole of a compound of the
      formula
      ##EQU2##
      wherein Z and Z' each independently represents hydroxyl, alkoxy with 1 to
      4 carbon atoms or halogen, preferably chlorine, with one mole of each of
      the aminophenols of the formulae
      ##EQU3##
      If Z and Z' are identical or are functions of similar reactivity and
      A.sub.1 and A.sub.2 are different from each other, there will be obtained
      a statistical mixture of three different compounds. It is frequently
      possible to dispense with a separation of these different compounds and of
      the end products arising therefrom, since the use of such mixtures is
      often advantageous.
PAR  If it is intended to use symmetrical types, then of course one will choose
      A.sub.1 = A.sub.2.
PAR  If it is desired to manufacture asymmetrical types it is exedient to choose
      for Z and Z' functions with clearly differing reactivity, halogen for Z
      and alkoxy for Z', and reaction is performed successively with one mole of
      a compound of the formula (9) and one mole of a compound of the formula
      (10). It is also possible to manufacture asymmetrical types by first
      effecting in a primary condensation product of the formula
      ##EQU4##
      wherein Z.sub.1 represents preferably hydroxyl or alkoxy with 1 to 4
      carbon atoms, in a manner analogous to that indicated hereinbefore,
      initially a one-sided cyclisation to the compound of the formula
      ##SPC8##
PAL  and then repeating the analogous reaction sequence with an aminophenol of
      the formula (10) at the remaining carboxyl function.
      ##EQU5##
PAR  The reaction between the components of the formulae (8), (9) and (10) can
      take place with or without intermediate separation of the initially
      resulting intermediate stages of the formula (7) by heating to elevated
      temperatures, for example to 120.degree. to 130.degree.C, advantageously
      in an inert gas, e.g. a flow of nitrogen, the reaction optionally being
      carried out in the presence of a catalyst. Examples of suitable catalysts
      are: boric acid, boric anhydride, zinc chloride, p-toluenesulphonic acid,
      also polyphosphoric acids including pyrophosphoric acid. If boric acid is
      used as catalyst, this is used advantageously in an amount of 0.5% to 5%,
      based on the total weight of the reaction mass. It is possible to use
      simultaneously high-boiling polar, organic solvents, for example dimethyl
      formamide, dichlorobenzene, trichlorobenzene, and aliphatic, optionally
      etherified oxy compounds, e.g. propylene glycol, ethylene glycol monoethyl
      ether, diethylene glycol diethyl ether, or diethylene glycol dibutyl
      ether, or high-boiling esters of phthalic acid, e.g. dibutyl phthalate.
PAR  If the process is carried out in two steps, it is possible to condense
      initially a compound of the formula (8) with an o-amino compound of the
      formula (9) and (10) in the presence of an inert organic solvent such as
      toluene, xylene, chlorobenzene, dichlorobenzene, trichlorobenzene, or
      nitrobenzene, at temperature between 100.degree. and 200.degree.C, and to
      convert the resulting acyl compounds of the formula (7) at temperatures
      between 150.degree. and 350.degree.C, optionally in the presence of a
      catalyst, into the azole compound of the formula (1). If carboxylic acid
      chlorides are used as starting materials, these can be manufactured
      immediately before the condensation with the o-amino compound from the
      free carboxylic acid and thionyl chloride, optionally with the addition of
      a catalyst, e.g. pyridine, in the solvent in which the condensation
      afterwards tales place.
PAR  A particularly advantageous process for the manufacture of compounds of the
      formula (2) consists e.g. in subjecting the acyl compounds obtained by
      condensation of 2 moles of o-aminophenol of the formula
      ##SPC9##
PAL  with 9,10-dihydrophenanthrene-2,7-dicarboxylic acid chloride, without
      isolation, to an oxazole cyclisation reaction by treatment with a
      dehydrating agent at temperatures between 120.degree. and 350.degree.C.
PAR  Among other possible methods of manufacture there may be mentioned the
      reaction of a compound of the formula
EQU  NC -- A -- CN                                              (14)
PAL  with o-aminophenols of the formulae (9) and (10) at elevated temperatures,
      preferably 160.degree. to 260.degree.C. Advantageously this reaction is
      carried out in the presence of agents which bind ammonia, e.g. phosphoric
      acid, polyphosphoric acid, or phosphorus pentoxide, in an ert gas.
PAR  Another frequently useful process for manufacturing compounds of the
      formula (1) consists in the condensation of ortho-haloanilines with a
      compound of the formula (8) in accordance with the scheme
      ##EQU6##
      to give the corresponding acid amide of the formula
      ##EQU7##
      and subsequent cyclisation to the corresponding bis-benzoxazolyl
      derivative. The cyclisation reaction is carried out in the presence of
      polar solvents which are chemically inert towards the reactants, further
      in the presence of hydrogen halide binding agents and copper catalysts.
      "Hal" in the formulae hereinabove represents chlorine or bromine, and all
      other substituents have the meanings indicated previously herein.
PAR  As examples of polar solvents which are inert towards the reactants there
      may be mentioned dimethyl formamide, dimethyl sulphoxide,
      N-methylopyrrolidine, or nitrobenzene. As hydrogen halide binding agents
      there may be cited: alkali acetate, magnesium oxide, organic bases such as
      pyridine etc. Examples of copper catalysts are: copper-I-chloride,
      copper-II-chloride, copper acetate, copper oxides, elementary finely
      divided copper etc.
PAR  This manufacturing process proves particularly advantageous for the
      manufacture of symmetrical compounds of the formulae (2) to (5).
PAR  The new compounds defined above show a more or less pronounced fluorescence
      in the dissolved or finely divided state. They can be used for the optical
      brightening of the most diverse synthetic, semi-synthetic or natural
      organic materials or substances which contain such organic materials.
PAR  As examples thereof there may be mentioned the following groups of organic
      materials, in so far as an optical brightening of these is possible, it
      being understood that the survey which follows is not intended to express
      any limitation:
PAR  I. Synthetic organic materials or high molecular weight:
PAR  a. polymerisation products based on organic compounds containing at least
      one polymerisable carbon-carbon double bond, that is to say their
      homopolymers or copolymers as well as their after-treatment products such
      as, for example, cross-linking, grafting or degradation products, polymer
      blends, or products obtained by modification of reactive groups, for
      example polymers based on .alpha.,.beta.-unsaturated carboxylic acids or
      derivatives of such carboxylic acids, espeically on acrylic compounds
      (such as, for example, acrylic esters, acrylic acid, acrylonitrile,
      acrylamides and their derivatives or their methacryl analogues), on
      olefine hydrocarbons (for example ethylene, propylene, styrenes or dienes
      and also so-called ABS polymers), and polymers based on vinyl and
      vinylidene compounds (for example vinyl chloride, vinyl alcohol and
      vinylidene chloride);
PAR  b. polymerisation products which can be obtained by ring opening, for
      example, polyamides of the polycaprolactam type, and also polymers which
      are obtained both through polyaddition and through polycondensation, such
      as polyethers or polyacetals,
PAR  c. polycondensation products or precondensates based on bifunctional or
      polyfunctional compounds with condensable groups, their homocondensation
      and co-condensation products, and after-treatment products, for example
      polyesters, especially saturated (for example ethylene glycol terephthalic
      acid polyester) or unsaturated (for example maleic acid-dialcohol
      polycondensates as well as their crosslinking products with
      copolymerisable vinyl monomers), unbranched and branched (also including
      those based on polyhydric alcohols, for example alkyd resins) polyesters,
      polyamides (for example hexamethylenediamine adipate), maleate resins,
      melamine resins, their precondensates and analogues, polycarbonates and
      silicones;
PAR  d. polyaddition products such as polyurethanes (crosslinked and
      non-crosslinked) and epoxide resins.
PAR  II. Semi-synthetic organic materials, for example, cellulose esters of
      varying degrees of esterification (socalled 21/2 acetate or triacetate) or
      cellulose ethers, regenerated cellulose (viscose or cuprammonium
      cellulose), or their after-treatment products, and casein plastics.
PAR  III. Natural organic materials of animal or vegetable origin, for example
      based on cellulose or proteins, such as cotton, wool, linen, silk, natural
      lacquer resins, starch and casein.
PAR  The organic materials to be optically brightened can be in the most diverse
      states of processing (raw materials, semi-finished goods or finished
      goods). On the other hand, they can be in the form of structures of the
      most diverse shapes, for example predominantly three-dimensional bodies
      such as sheets, profiles, injection mouldings, various machined articels,
      chips, granules or foams, and also as predominantly two-dimensional bodies
      such as films, foils, lacquers, coattings, impregnations and coatins, or
      as predominantly one-dimensional bodies such as filaments, fibres, flocks
      and wires. The said materials can, on the other hand, also be in an
      unshaped state, in the most diverse homogeneous or inhomogeneous forms of
      division, such as, for example, in the form of powders, solutions,
      emulsions, dispersions, latices, pastes or waxes.
PAR  Fibre materials can, for example, be in the form of endless filaments
      (stretched or unstretched), staple fibres, flocks, hanks, textile
      filaments yarns, threads, non-wovens, felts, waddings, flocked structures
      or woven textile fabrics, textile laminates, knitted fabrics and papers,
      cardboards or paper pulps.
PAR  The compounds to be used according to the invention are of importance,
      inter alia, for the treatment of organic textile materials, espeically
      woven textile fabrics. Where fibres, which can be in the form of staple
      fibres or endless filaments or in the form of hanks, woven fabrics,
      knitted fabrics, fleeces, flocked substrates or laminates, are to be
      optically brightened according to the invention, this is advantageously
      effected in an aqueous medium, wherein the compounds in question are
      present in a finely divided form (suspensions, so-called microdispersions,
      or optionally solutions). If desired, dispersing agents, stabilisers,
      wetting agents and further auxiliaries can be added during the treatment.
PAR  Depending on the type of brightener compound used, it can prove
      advantageous to carry out the treatment in a neutral or alkaline or acid
      bath. The treatment is usually carried out at temperatures of 20.degree.
      to 140.degree.C, for example at the boiling point of the bath or near it
      (about 90.degree.C). Solutions or emulsions in organic solvents can also
      be used for the finishing according to the invention of textile
      substrates, as in practised in the dyeing industry in so-called solvent
      dyeing (pad-heat fixing application, or exhaustion dyeing processes in
      dyeing machines).
PAR  The new optical brighteners according to the present invention can further
      be added to, or incorporated in, the materials before or during their
      shaping. Thus they can for example be added to the compression moulding
      composition or injection moulding composition during the manufacture of
      films, sheets (for example working into polyvinyl chloride in a single
      roller mill) or mouldings.
PAR  Where fully synthetic or semi-synthetic organic materials are shaped by
      spinning processes or via spinning solutions/melts, the optical
      brighteners can be applied in accordance with the following processes:
PAR  addition to the starting substances (for example monomers) or intermediates
      (for example precondensates or prepolymers), that is to say before or
      during the polymerisation, polycondensation or polyaddition,
PAR  sprinkling in powder form on polymer chips or granules for spinning
      solutions/melts,
PAR  bath dyeing of polymer chips or granules for spinning solutions/melts,
PAR  metered addition to spinning melts or spinning solutions, and
PAR  application to the spun tow before stretching.
PAR  The optical brighteners according to the present invention can, for
      example, also be employed in the following use forms:
PAR  a. mixed with dyestuffs (shading) or pigments (coloured pigments or
      especially, for example, white pigments), or as an additive to dye baths,
      printing pastes, discharge pastes or reserve pastes, or for the
      after-treatment of dyeings, prints or discharge prints;
PAR  b. mixed with "carriers", wetting agents, plasticisers, swelling agents,
      anti-oxidants, ultraviolet absorbers, heat stabilisers and chemical
      bleaching agents (chlorite bleach or bleaching bath additives);
PAR  c. mixed with crosslinking agents or finishing agents (for example starch
      or synthetic finishes), and in combination with the most diverse textile
      finishing processes, especially synthetic resin finishes (for example
      creaseproof finishes such as wash-and-wear, permanentpress or non-iron),
      as well as flameproof finishes, soft handle finishes, antisoiling finishes
      or anti-static finishes, or antimicrobial finishes;
PAR  d. incorporation of the optical brighteners into polymeric carriers
      (polymerisation, polycondensation or polyaddition products, in a dissolved
      or dispersed form, for use, for example, in coating agents, impregnating
      agents or binders (solutions, dispersions and emulsions) for textiles,
      non-wovens, papers and leather;
PAR  e. as additives to master batches;
PAR  f. as additives to the most diverse industrial products in order to render
      these more marketable (for example improving the appearance of soaps,
      detergents, pigments);
PAR  g. in combination with other optically brightening substances;
PAR  h. in spinning bath preparations, that is to say as additives to spinning
      baths such as are used for improving the slip for the further processing
      of synthetic fibres, or from a special bath before the stretching of the
      fibre;
PAR  i. as scintillators for various purpose of a photographic nature, for
      example, for electrophotographic reproduction, for the optical brightening
      of photographic layers, optionally in combination with white pigments, for
      example TiO.sub.2.
PAR  If the brightening process is combined with textile treatment methods or
      finishing methods, the combined treatment can in many cases advantageously
      be carried out with the aid of appropriate stable preparations which
      contain the optically brightening compounds in such concnetration that the
      desired brightening effect is achieved.
PAR  In certain cases, the brighteners are made fully effective by an
      after-treatment. This can, for example, represent a chemical treatment
      (for example acid treatment), a thermal treatment (for example heat) or a
      combined chemical/thermal treatment. Thus, for example, the appropriate
      procedure to fllow in optically brightening a series of fibre substrates,
      for example of polyester fibres, with the brighteners according to the
      invention is to impregnate these fibres with the aqueous dispersions (or
      optionally also solutions) of the brighteners at temperatures below
      75.degree.C, for example at room temperature, and to subject them to a dry
      heat treatment at temperatures above 100.degree.C, it being generally
      advisable additionally to dry the fibre material beforehand at a
      moderately elevated temperature, for example at not less than 60.degree.C
      and up to about 130.degree.C. The heat treatment in the dry state is then
      advantageously carried out at temperature between 120.degree. and
      225.degree.C, for example by heating in a drying chamber, by ironing
      within the specified temperature range or by treatment with dry,
      superheated steam. The drying and dry heat treatment can also be carried
      out in immediate succession or be combined in a single process stage.
PAR  The amount of the new optical brighteners to be used according to the
      invention, based on the material to be optically brightened, can vary
      within wide limits. It is possible to attain a distinct and durable effect
      even with very small amounts, in certain cases, for example, amounts of
      0.0001 per cent by weight. However, amounts of up to about 0.8 per cent by
      weight and optionally of up to about 2 per cent by weight can be employed.
      For most practical purposes, it is preferable to use amounts between
      0.0005 and 0.5 per cent by weight.
PAR  The new optical brightening agents are also particularly suitable for use
      as additive for wash liquors or heavy duty and domestic detergents, to
      which they can be added in various ways. They are appropriately added to
      wash liquors in the form of their solutions in water or organic solvents
      or in a finely divided form, as aqueous dispersions. They are
      advantageously added to domestic or heavy duty detergents in any stage of
      the manufacturing process of the detergents, for example to the slurry
      before the washing powder is atomised, or during the preparation of liquid
      detergent combinations. They can be added either in the form of a solution
      or dispersion in water or other solvents or, without auxiliaries, as a dry
      brightening powder. For example, the brightening agents can be mixed,
      kneaded or ground with the active detergents and, in this form, admixed
      with the finished powder. However, they can also be sprayed in a dissolved
      or pre-dispersed form on the finished detergent.
PAR  Suitable detergents are the known mixtures of active detergents, for
      example soap in the form of chips and powders, synthetics, soluble salts
      of sulphonic acid half esters of higher fatty alcohols, arylsulphonic
      acids with higher and/or multiple alkyl substituents, sulphocarboxylic
      acid esters of medium to higher alcohols, fatty acid acylaminoalkyl or
      acylaminoaryl-glycerinesulphonates and phosphoric acid esters of fatty
      alcohols, Suitable builders which can be used are, for example, alkali
      metal polyphosphates and polymetaphosphates, alkali metal pyrophosphates,
      alkali metal salts of carboxymethylcellulose and other soil rede-position
      inhibitors, and also alkali metal silicates, alkali metal carbonates,
      alkali metal borates, alkali metal perborates, nitrilotriacetic acid,
      ethylenediaminotetraacetic acid, and foam stabilisers such as
      alkanolamides of higher fatty acids. The detergents can further contain
      for example: antistatic agents, skin protection agents which restore fat,
      such as lanolin, anzymes, anti-microbial agents, perfumes and dyestuffs.
PAR  The new optical brighteners have the particular advantage that they are
      also active in the presence of active chlorine donors such as, for
      example, hypochlorite, and can be used without significant loss of the
      effects in wash liquors containing non-ionic washing agents, for example
      alkylphenol polyglycol ethers.
PAR  The compounds according to the invention are added in amounts of 0.0005 to
      1% or more, based on the weight of the liquid or pulverulent finished
      detergent. Washing liquors which contain the indicated amounts of the
      optical brighteners claimed impart a brilliant appearance in daylight when
      used to wash textiles of cellulose fibres, polyamide fibres, cellulose
      fibres with a high quality finish, polyester fibres or wool.
PAR  The washing treatment is carried out as follows, for example:
PAR  The cited textiles are treated for 1 to 30 minutes at 20.degree. to
      100.degree.C in a wash liquor which contains 1 to 10 g/kg of a built-up
      composite detergent and 0.05 to 1%, based on the weight of the detergent,
      of the claimed brightening agents. The liquor ratio can be 1:3 to 1:50.
      After they have been washed the textiles are rinsed and dried in the usual
      manner. The wash liquor can contain 0.2 g/l of active chlorine (for
      example as hypochlorite) or 0.1 to 2 g/l of sodium perborate as a
      bleaching additive.
DETD
PAR  In the example, parts and percentages are always by weight, unless
      otherwise stated. Unless indicated to the contrary, melting points and
      boiling points are uncorrected.
PAC  EXAMPLE 1
PAR  While stirring and expelling the air with nitrogen, 4.5 g of
      9,10-dihydrophenanthrene -2,7-dicarboxylic acid dichloride and 6.1 g of
      5-phenyl-2-aminophenol are heated for 5 hours to 120.degree. to
      130.degree.C. Then 0.5 g of boric anhydride is added and the batch is
      heated within 11/2 hours to 250.degree.C. Then 20 ml of dibutyl phthalate
      are added and the temperature is raised to 260.degree.C, in the course of
      which diethylene glycol dibutyl ether is distilled off together with
      water. When all the diethylene glycol dibutyl ether has been distilled off
      the temperature of the brown solution is raised within 10 minutes to
      292.degree.C. The solution is then allowed to cool, treated with 50 ml of
      methanol at 70.degree.C, and cooled to 20.degree.C. The crystallised
      product is filtered off with suction, washed with 200 ml of methanol and
      dried in vacuo. The resulting product is recrystallised twice from 100 ml
      and 90 ml respectively of chlorobenzene with the aid of fuller's earth to
      give 1.9 g of the compound of the formula
      ##SPC10##
PAL  Pale yellow powder; melting point 315.degree.-316.degree.C.
PAR  The compound of the formula
      ##SPC11##
PAL  is obtained by using 5.3 g of 1-amino-naphthol instead of 6.1 g of
      5-phenyl-2-aminophenol.
PAL  9,10-dihydrophenanthrene-2,7-dicarboxylic acid dichloride can be obtained
      as follows:
PAR  While stirring, 12.5 g of 9,10-dihydrophenanthrene-2,7-dicarboxylic acid
      are heated in 150 ml of toluene together with 30 ml of thionyl chloride
      and 1 ml of dimethylformamide for 4 hours to 87.degree.-95.degree.C. The
      yellow solution is concentrated in vacuo to about 50 ml, the concentrate
      heated under normal pressure to the boil and cooled to 20.degree.C. The
      crystallised product is filtered off with suction and dried in vacuo to
      60.degree.-65.degree.C, yielding 9.4 g of
      dihydrophenanthrene-2,7-dicarboxylic acid dichloride (m.p.
      159.degree.-161.degree.C).
PAR  The following compounds are manufactured in similar manner:
      ##SPC12##
TBL  Formula                                                                   

          R.sub.1                                                              

             R.sub.2                                                           

                  R.sub.3                                                      

                       R.sub.4                                                 

                          R.sub.5                                              

                             R.sub.6                                           

                                  R.sub.7                                      

                                       R.sub.8                                 

     __________________________________________________________________________

     (20) --H                                                                  

             --CH.sub.3                                                        

                  --CH.sub.3                                                   

                       --H                                                     

                          --H                                                  

                             --CH.sub.3                                        

                                  --CH.sub.3                                   

                                       --H                                     

     (21) --H                                                                  

             --H  --OCH.sub.3                                                  

                       --H                                                     

                          --H                                                  

                             --OCH.sub.3                                       

                                  --H  --H                                     

     (22) --H                                                                  

             --OCH.sub.3                                                       

                  --H  --H                                                     

                          --H                                                  

                             --H  --OCH.sub.3                                  

                                       --H                                     

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  100 parts of terephthalic acid-ethylene glycol polyester are intimately
      mixed with 0.05 part of the compound of the formula (18) and the mixture
      is fused at 285.degree.C with stirring. The spinning melt is spun through
      conventional jets to give strongly whitened polyester fibres with good
      fastness to light.
PAC  EXAMPLE 3
PAR  A polyester fabric (e.g. "Dacron" is padded at room temperature with an
      aqueous dispersion which contains per liter 2 g of the compound of the
      formula (18) and 1 g of an addition product of about 8 moles of ethylene
      oxide with 1 mole of p-tert. octylphenol, and then dried at about
      70.degree.-80.degree.C. The dry material is subsequently subjected to a
      brief heat treatment at 220.degree.C. The material treated in this way is
      strongly whitened and exhibits good fastness to light.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC13##
PAL  wherein R.sub.4 represents alkyl or alkoxy with 1 to 4 carbon atoms, phenyl
      or phenoxy, R.sub.5 represents hydrogen or alkyl with 1 to 4 carbon atoms
      and R.sub.4 and R.sub.5 in ortho-position to each other represent
      tetramethylene, or trimethylene.
NUM  2.
PAR  2. A compound according to claim 1, corresponding to the formula
      ##SPC14##
PAL  wherein R.sub.6 represents alkyl with 1 to 4 carbon atoms, phenyl or
      phenoxy, and R.sub.7 represents hydrogen or alkyl with 1 to 4 carbon
      atoms, or R.sub.6 and R.sub.7 together represent tetramethylene or
      trimethylene.
NUM  3.
PAR  3. A compound of the formula
      ##SPC15##
PAL  wherein B represents the atoms necessary to form a naphthoxazole ring.
NUM  4.
PAR  4. The compound according to claim 1, corresponding to the formula
      ##SPC16##
NUM  5.
PAR  5. The compound according to claim 1, corresponding to the formula
      ##SPC17##
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ABST
PAL  2-Hydroxy-phenyl-1-oxa-4-azaspiroalkane derivatives, the preparation
      thereof, and pharmaceutical compositions containing these
      2-hydroxyphenyl-1-oxa-4-azaspiroalkane derivatives are disclosed. These
      derivatives possess unexpectedly valuable therapeutic properties which
      make them outstandingly useful for the treatment of cardiovascular
      circulatory insufficiencies and hypotonic states.
BSUM
PAR  The compounds according to the present invention are previously unknown
      with the exception of 2-(3'-hydroxyphenyl)-1-oxa-4-azaspiro[4,5]decane,
      which has been described in Chem. Pharm. Bull., 17 (11), 2353-7, 1969.
      Nothing, however, is said concerning its use. Furthermore, no compounds
      with the 1-oxa-4-azaspiroalkane structure have been described which are
      known to have an anti-hypotensive action.
PAR  The 2-(3'-hydroxyphenyl)-1-oxa-4-azaspiroalkanes with which the present
      invention is concerned are compounds and the pharmaceutically acceptable
      salts thereof, having the general formula:
      ##SPC1##
PAL  Wherein A is a carbocyclic ring containing 5-8 carbon atoms which is
      optionally substituted by lower alkyl radicals or hydroxyl groups. The
      ring can also be bridged and can also contain one or two double bonds.
      With the exception of the compound of general formula (I) in which A is a
      simple carbocyclic ring containing 5 carbon atoms, these compounds are
      new.
PAR  The ring system A can be varied within wide limits, i.e. it can be
      monocyclic, bicyclic or polycyclic and can also contain one or two double
      bonds. Thus, a carbocyclic ring A can be derived, for example, from the
      following cyclic hydrocarbons: cyclopentane, methylcyclopentane,
      ethylcyclopentane, pentylcyclopentane, cyclohexane, isopropylcyclohexane,
      dimethylcyclohexane, cyclohex-1,3-diene, cycloheptane,
      cyclohepta-1,4-diene, dimethylcyclohepta-1,4-diene, cyclooctane,
      bicyclo[2,2,1]heptane, bicyclo[3,2,1]octane and bicyclo[4,2,0]octane.
PAR  Those compounds of general formula (I) are preferred in which A is a
      carbocyclic ring of the general formula:
      ##EQU1##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.5, which may be the same or
      different, are hydrogen atoms or straight-chained or branched alkyl
      radicals containing up to 3 carbon atoms; R.sub.4 is a hydrogen atom, a
      hydroxyl group, a methyl radical, or, together with R.sub.5, a
      straight-chained or branched alkylene bridge containing up to 3 carbon
      atoms; n is 1, 2, or 3; and the dotted line indicates the optional
      presence of a double bond.
PAR  In a further preferred group of compounds, in the ring A of general formula
      (I), R.sub.1, R.sub.2 and R.sub.3, which may be the same or different, are
      hydrogen atoms or methyl radicals; R.sub.4 is a hydrogen atom, a hydroxy
      group, or a methyl radical; R.sub.5 is a hydrogen atom, or, together with
      R.sub.4, represents an isopropylidene bridge; n is 1 or 2. The dotted line
      represents a double bond when R.sub.4 is a hydroxyl group.
PAR  An especially preferred compound is
      2-(3'-hydroxyphenyl)-1-oxa-4-azaspiro[4,6]undecane, either in the form of
      the free base or in the form of a salt with a pharmacologically compatible
      acid, preferably its hydrochloride.
PAR  The compounds of general formula (I) can be prepared, for example, by
      reacting 1-(3'-hydroxyphenyl)-2-amino-ethanol with a ketone of the general
      formula:
      ##EQU2##
      wherein A has the same meaning as above. The reaction can be carried out
      in a polar solvent or in a mixture of polar solvents, preferably at a
      temperature between about 20.degree. and 140.degree.C. If desired, the
      compound (I) obtained can be converted into a salt by reaction with a
      pharmacologically compatible inorganic or organic acid.
PAR  As polar solvents, there can be used all the conventional solvents which
      are inert under the reaction conditions, for example methanol, ethanol,
      isopropanol, dimethyl formamide, dioxan or acetonitrile. The ketone (III),
      when used in excess, can also act as solvent for carrying out the
      reaction.
PAR  The 1-(3'-hydroxyphenyl)-2-aminoethanol used as starting material is also
      known as norfenefrin.
PAR  The ketones of general formula (III) are either described in the literature
      or can be prepared following known procedures.
PAR  In carrying out the reaction, expecially high yields are obtained when the
      1-(3'-hydroxyphenyl)-2-aminoethanol is used in the form of a salt,
      preferably as the hydrochloride, and when, as polar solvent, there is used
      an excess of ketone of general formula (III). The water of reaction formed
      can be removed azeotropically by means of an entraining agent, for example
      benzene or toluene, at an elevated temperature, for example
      80.degree.-140.degree.C. Irrespective of the last-mentioned measures and
      due to the use of the amine in the form of a salt, not only is the yield
      increased but, unexpectedly, the reaction velocity is also considerably
      increased.
PAR  By means of the process according to the present invention, it is now
      possible to prepare compounds of general formula (I) in which A is a
      highly substituted and/or complex carbocyclic ring. Thus, the
      corresponding ketones of general formula (III) are, for reasons of steric
      hindrance, of such low reactivity that they cannot be reacted under
      conventional reaction conditions. It must also be pointed out that not
      only the free aminoethanol but also some of the ketones of general formula
      (III) are so labile that, especially under more drastic reaction
      conditions, side reactions such as autoxidation and autocondensation occur
      to a considerable extent. These disadvantages are substantially avoided by
      the process according to the present invention.
PAR  The pharmacologically compatible salts of the compounds of general formula
      (I) can be prepared in the usual manner, for example by neutralization of
      the free bases (I) with pharmacologically compatible inorganic or organic
      acids, such as hydrochloric, sulphuric, phosphoric, hydrobromic, acetic,
      lactic, citric, malic, salicylic, malonic, maleic and succinic acids.
PAR  The present invention also provides pharmaceutical compositions for the
      treatment of cardiovascular circulatory insufficiencies and of hypotonic
      states in mammals comprising at least one compound of the general formula
      (I) and/or at least one pharmacologically compatible salt thereof in
      admixture with a solid or liquid pharmaceutical diluent or carrier for
      enteral or parenteral administration. As injection medium, water is
      preferably used which contains the usual additives for injection
      solutions, such as stabilizing agents, solubilizing agents, and buffers.
      Among additives of this type are, for example, tartrate and citrate
      buffers, ethanol, complex-forming agents (such as
      ethylenediamine-tetraacetic acid and the non-toxic salts thereof), and
      high molecular weight polymers (such as liquid polyethylene oxide) for
      viscosity regulation. Solid carrier materials include, for example,
      starch, lactose, mannitol, methyl cellulose, talc, highly disperesed
      silicic acid, high molecular weight fatty acids (such as stearic acid),
      gelatine, agar-agar, calcium phosphate, magnesium stearate, animal and
      vegetable fats, and solid high molecular weight polymers (such as
      polyethylene glycols); compositions suitable for oral administration can,
      if desired, contain flavoring and/or sweetening agents.
PAR  The dosage of the compounds used depends upon the nature and severity of
      the circulatory disease to be treated. In the case of hypotonias, the
      effective oral single dose was found to be about 3-15 mg. per kg. of body
      weight and the effective intravenously or subcutaneously administered
      single dose was found to be about 0.1-2 mg. per kg.
PAR  The following experimental results demonstrate the superiority of the
      compounds of general formula (I) in comparison with norfenefrin and
      etilefrin, which represent the closest known prior art:
PA1  I. toxicity was determined on mice in the usual manner; the test and
      comparison substances being administered in aqueous solution by means of a
      stomach probe.
PA1  Ii. sympathomimetic action was determined by measurement of the arterial
      and venous blood pressure using Statham transducers. The measured values
      were recorded by means of a direct recording instrument.
PAR  As experimental animals, adult dogs of both sexes were used; these had been
      narcotised with pentobarbital. During the experiment, the animals were
      kept at their specific body temperature by means of rectum-controlled
      infra-red lamps.
PAR  The compounds tested were injected, in the form of an isotonic solution,
      into the side branch of the vena femoralis.
PAR  In the case of intraduodenal administration, the animals were
      laparotomised, and a cannula was fixed into the small intestine so that
      the substance, in the form of an aqueous solution, could be introduced
      directly into the intestine. Furthermore, the pylorus was ligatured in
      order to prevent regurgitation of the substance into the stomach.
PAR  In the case of intragastric administration, the substances were
      administered in the form of an aqueous solution by means of a stomach
      probe.
PAR  Quiet and compatible dogs were trained to lie, without sedation, for a few
      hours on an operating board. Under local anaesthesia, a catheter was
      introduced into the arteria femoralis. A measurement of arterial blood
      pressure was then carried out using the catheter and a Statham transducer.
PAR  The results obtained are set out hereinafter in tabular form. In these
      tables, the following test compounds are referred to:
PA1  A = 2-(3'-hydroxyphenyl)-1-oxa-4-azaspiro[4,5]decane
PA1  B = 2-(3'-hydroxyphenyl)-1-oxa-4-azaspiro[4,6]undecane
PA1  C = 7,9,9-trimethyl-2-(3'-hydroxyphenyl)-1-oxa-4-azaspiro[4,5]dec-6-ene.
PA1  D = 1-(3'-hydroxyphenyl)-2-aminoethanol (norfenefrin)
PA1  E = 1-(3'-hydroxyphenyl)-2-ethylaminoethanol (etilefrin).
TBL                TABLE I                                                     

     ______________________________________                                    

     Toxicity                                                                  

     test   largest dose i.v. at which                                         

                                LD.sub.50 i.g.                                 

     compound                                                                  

            all animals survive mg/kg                                          

                                mg/kg.                                         

     ______________________________________                                    

     A      3.3                  &gt;400                                          

     B      3.3                  .about.400                                    

     C      20.7                .about.1200                                    

     D      3.3                 not determinable.sup.+                         

     E      7.25                not determinable.sup.+                         

     ______________________________________                                    

      .sup.+Because of insufficient resorption, there was no dosagedependent   

      death of the animals. Thus, the results obtained cannot be statistically 

      evaluated.                                                               

TBL                TABLE II                                                    

     ______________________________________                                    

     Sympathomimetic action                                                    

     test  increase of the average                                             

                            increase of the average                            

     com-  blood pressure by 25%                                               

                            blood pressure in % of                             

     pound over the initial value                                              

                            initial value (awake dogs)                         

            (narcotised dogs)                                                  

     ______________________________________                                    

     A     i.d. 2.0 mg/kg   i.v. 0.05 mg/kg/50-80%                             

           &gt;50'             i.g. 4 mg/kg 40% &gt;60'                              

     B     i.g. 2.0 mg/kg   i.v. 0.05 mg/kg/40-70%                             

           &gt;60'             i.g. 2 mg/kg/35% 70'                               

     C     i.g. 4.0-16.0 mg/kg                                                 

                            i.v. 1 mg/kg/30-60%                                

           60'              i.g. 16 mg/kg/50% 34'                              

     D     i.d. &gt;20 mg/kg   i.v. 0.05 mg/kg/50-70%                             

                            i.g. up to 20 mg/kg                                

                               without effect                                  

     E     i.d. &gt;20 mg/kg   i.v. 0.05 mg/kg/25%                                

                            i.g. up to 20 mg/kg                                

                               without effect                                  

     ______________________________________                                    

PAR  From the results obtained, it can be seen that these compounds possess a
      surprisingly high oral effectiveness in comparison with the known
      compounds. Thus, it is now possible to safely and effectively control
      hypotonia by the oral route. This is especially valuable since the oral
      effectiveness of the previously known sympathomimetic drugs was hitherto
      insufficient and uncertain.
DETD
PAR  The following Examples are given for the purpose of illustrating the
      present invention.
PAC  EXAMPLE 1
PAC  2-(3'-HYDROXYPHENYL)-1-OXA-4-AZASPIRO[4,5]DECANE
PAR  A suspension of 20 g. of 1-(3'-hydroxyphenyl)-2-amino-ethanol hydrochloride
      in 100 ml. of cyclohexanone is heated, while stirring vigorously, in a
      three-necked flask equipped with a dropping funnel, water separator, and
      thermometer. Above a temperature of 80.degree.C., up to 100 ml. of benzene
      are added dropwise in such a manner so that the water of reaction formed
      together with the benzene is distilled of azeotropically. The temperature
      of the flask contents is, at the finish, about 130.degree.C. After
      cooling, the crystalline reaction product is separated off, digested with
      benzene, and collected on a frit. There is obtained 20.3 g. (71.5% of
      theory) of 2-(3'-hydroxyphenyl)-1-oxa-4-azospiro[4,5]decane hydrochloride.
      After recrystallization from isopropanol/ethyl acetate, the product is
      obtained in the form of colorless crystals with a melting point of
      138.degree.-139.degree.C.
PAC  EXAMPLE 2
PAC  2-(3'-HYDROXYPHENYL)-1-OXA-4-AZASPIRO[4,6]UNDECANE
PA0  Method A:
PAR  In a manner analogous to that described in Example 1, a suspension of 20 g.
      of 1-(3'-hydroxyphenyl)-2-aminoethanol hydrochloride is reacted in 100 ml.
      of cycloheptanone. The reaction is allowed to proceed to completion at a
      temperature of 120.degree.C. After cooling, the reaction product is
      separated off, digested with benzene and washed with benzene on a filter
      funnel. There is obtained 26.4 g. (88.3% of theory) of
      2-(3'-hydroxyphenyl)-1-oxa-4-azaspiro[4,6]undecane hydrochloride. After
      recrystallization from isopropanol, the product has a melting point of
      162.degree.-164.degree.C.
PA0  Method B:
PAR  From 10 g. of 1-(3'-hydroxyphenyl)-2-aminoethanol hydrochloride, there is
      obtained a solution of the corresponding free base by the addition of
      sodium ethylate in anhydrous ethanol (1.2 g. of sodium dissolved in 115
      ml. of absolute ethanol). After filtration, this solution is gently
      evaporated in a vacuum, and the residue taken up in 50 ml. of
      acetonitrile/ethanol (3:1), with warming. If necessary, the solution
      obtained is filtered. After the addition of 6.0 g. of cycloheptanone, the
      mixture is heated for 3.5 hours at 70.degree.C. The product, which
      separates out, is isolated and recrystallized from 200 ml. of isopropanol.
      There is obtained 5.4 g. (44% of theory) of
      2-(3'-hydroxyphenyl)-1-oxa-4-azaspiro[4,6]undecane, which has a melting
      point of 175.degree.-176.degree..
PAC  EXAMPLE 3
PAC  7,9,9-TRIMETHYL-2-(3'-HYDROXYPHENYL)-1-OXA-4-AZASPIRO[4,5]DEC-6-ENE
PA0  Method A:
PAR  10 g. of 1-(3'-hydroxyphenyl)-2-aminoethanol hydrochloride are heated,
      while stirring, with 75 ml. of 1,5,5-trimethyl-cyclohex-1-en-3-one for 2
      hours at 100.degree.-110.degree.C. The water of reaction is removed by the
      slow dropwise addition of about 30 ml. of benzene. The temperature can
      thereby be increased to a maximum of 140.degree.C. The cooled residue is
      partitioned between water and ether, and the aqueous phase adjusted with
      ammonia to a pH of 9. Some ether is then added, and the precipitated
      product crystallized. There is obtained 10.6 g. (74% of theory) of
      7,9,9-trimethyl-2-(3'-hydroxyphenyl)-1-oxa-4-azaspiro[4,5]dec-6-ene, which
      has a melting point of 171.degree.-172.degree.C., (after recrystallization
      from isopropanol).
PA0  Method B:
PAR  From 21.5 g. of 1-(3'-hydroxyphenyl)-2-aminoethanol hydrochloride there is
      prepared, by addition of sodium ethylate in anhydrous ethanol, a solution
      of 17.5 g. of 1-(3'-hydroxyphenyl)-2-aminoethanol. After filtration, the
      solution is gently evaporated in a vacuum and the residue taken up with
      acetonitrile/ethanol (3:1) solution. The solution is filtered and the
      filtrate is mixed with 16.8 ml. (15.5 g.) of
      1,5,5-trimethylcyclohex-1-en-3-one (isophorone). The reaction mixture is
      heated for 5 hours at 75.degree.C., the solvent removed in a vacuum, and
      the residue partitioned between water and ether. The reaction product,
      which separates out from the ethereal phase, is isolated and
      recrystallized from isopropanol. There is obtained 10.8 g. (35% of theory)
      of 7,9,9-trimethyl-2-(3'-hydroxyphenyl)-1-oxa-4-azaspiro[4,5]dec-6-ene,
      which has a melting point of 172.degree.-173.degree.C.
PAC  EXAMPLE 4
PAC  6-METHYL-(6,9-ENDO-DIMETHYLMETHYLENE-2-(3'-HYDROXYPHENYL)-1-OXA-4-AZASPIRO[
     4,5]DECANE
PAR  In a manner analogous to that described in Example 3, from 50 g. of
      1-(3'-hydroxyphenyl)-2-aminoethanol hydrochloride there is prepared a
      solution of about 41 g. of the free base in 250 ml. acetonitrile/ethanol
      (3:1) solution. The solution is mixed with 38 g. of camphor dissolved in
      50 ml. acetonitrile, and heated under reflux for 5 days. The reaction
      mixture is then worked up in the manner described in Example 3. After
      recrystallization from isopropanol, there is obtained 12.2 g. of
      6-methyl-(6,9-endo-dimethyl-methylene)-2-(3'-hydroxyphenyl)-1-oxa-4-azaspi
     ro[4,5]decane, which has a melting point of 185.degree.-187.degree.C.
PAC  EXAMPLE 5
PAC  9,9-DIMETHYL-7-HYDROXY-2-(3'-HYDROXYPHENYL)-1-OXA-4-AZAspiro[4,5]DEC-6-ENE
PAR  In a manner analogous to that described in Example 3B, from 21.5 g. of
      1-(3'-hydroxyphenyl)-2-aminoethanol hydrochloride, there is prepared a
      solution of 17.5 g. of the base in 100 ml. acetonitrile/ethanol (3:1)
      solution. The solution is mixed with 14 g. of
      5,5-dimethyl-cyclohexane-1,3-dione (dimedone--the dimedone reacting as a
      cyclohex-2-en-3-ol-1-one). After heating the reaction mixture under reflux
      for 20 hours, the precipitate formed is isolated and recrystallized from
      ethanol/acetonitrile (6:1) solution. There is obtained 12.1 g. (44% of
      theory) of
      9,9-dimethyl-7-hydroxy-2-(3'-hydroxyphenyl)-1-oxa-4-azaspiro[4,5]dec-6-ene
      in the form of colorless crystals which have a melting point of
      217.degree.C.
PAR  Thus, in the above five examples, the carbocyclic ring A has the following
      structural configuration:
      ##SPC2##
PAC  EXAMPLE 6
PAC  FORMULATION FOR TABLETS
PAR  5 kg. of 2-(3'-hydroxyphenyl)-1-oxa-4-azaspiro[4,6]-undecane hydrochloride
      is completely and homogeneously mixed with a mixture of 5 kg. of polyvinyl
      pyrrolidone, 1 liter of ethanol, 20 kg. of lactose, 3 kg. of stearic acid,
      4 kg. of talc, and 12 kg. of maize starch. This mixture is granulated and
      pressed into tablets with an active material content of 5 mg. per tablet.
PAC  EXAMPLE 7
PAR  5 kg. of 2-(3'-Hydroxyphenyl)-1-oxa-4-azaspiro[4,6]-undecane hydrochloride
      is homogeneously mixed with 30 kg. of lactose, and filled into hard
      gelatine capsules. The active material content of each capsule is 5 mg.
CLMS
STM  We claim:
NUM  1.
PAR  1. The compound 2-(3'-Hydroxyphenyl)-1-Oxa-4-Azaspiro [4,6] Undecane.
NUM  2.
PAR  2. The compound
      7,9,9-Trimethyl-2-(3'-Hydroxyphenyl)-1-Oxa-4-Azaspiro[4,5]Dec-6-Ene.
NUM  3.
PAR  3. The compound
      6-Methyl-6,9-Endo-Dimethylmethylene)-2-(3'-Hydroxyphenyl)-1-Oxa-4-Azaspiro
     [4,5]Decane.
NUM  4.
PAR  4. The compound
      9,9-Dimethyl-7-Hydroxy-2-(3'-Hydroxyphenyl)-1-Oxa-4-Azaspiro[4,5]Dec-6-Ene
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ABST
PAL  Antibacterially effective 3-chloro-2-oxazolidinones are prepared by
      chlorination of an appropriate 2-oxazolidinone either with elemental
      chlorine in an aqueous medium or with a mono-, di- or trichloroisocyanuric
      acid (cyanuric chloride) in an inert organic solvent. The 2-oxazolidinones
      are, in turn, prepared by reaction of an appropriate ethanolamine either
      with a di-lower-alkyl carbonate in the presence of a strong base or with
      urea at an elevated temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  This invention relates to 3-chloro-2-oxazolidinones useful in the art of
      chemistry and having antibacterial activity.
PAR  B. Description of the Prior Art
PAR  Walles U.S. Pat. No. 3,591,601 (patented July 6, 1971) discloses certain
      3-halo-2-oxazolidinones having the formula:
      ##SPC1##
PAL  Where X is broadly defined as bromine or chlorine, and R.sub.1, R.sub.2,
      R.sub.3 and R.sub.4 are broadly defined, inter alia, as hydrogen or
      lower-alkyl containing from one to four carbon atoms. The compounds are
      said to be useful "in germicidal, bleaching, and chemical reaction
      applications."
PAR  While the above definitions are broadly embracive of compounds having a
      quaternary carbon at the 4- and/or 5-positions of the oxazolidinone ring,
      i.e., compounds where either each of R.sub.1, R.sub.2, R.sub.3 and R.sub.4
      is lower-alkyl or compounds where each of R.sub.1 and R.sub.2 or each of
      R.sub.3 and R.sub.4 is lower-alkyl (the other pair being hydrogen), such
      compounds are not specifically taught by Walles, who discloses only
      compounds where the 4- and 5-carbon atoms are either unsubstituted or
      where either one or both of the 4- and 5-carbon atoms bear a single
      lower-alkyl group. Thus, of the 2-oxazolidinones having the above general
      structure where each of R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are either
      hydrogen or lower-alkyl, Walles discloses only the following species. (The
      "Walles Cpd. Nos." are adopted here for reference purposes hereinafter.)
TBL  ______________________________________                                    

     Walles Cpd. No.                                                           

                  R.sub.1  R.sub.2 R.sub.3                                     

                                          R.sub.4                              

                                                X                              

     ______________________________________                                    

     1            CH.sub.3 H       H      H     Cl                             

     2            C.sub.2 H.sub.5                                              

                           H       H      H     Cl                             

     3            H        H       H      H     Cl                             

     4            CH.sub.3 H       H      H     Br                             

     5            CH.sub.3 H       CH.sub.3                                    

                                          H     Cl                             

     6            C.sub.4 H.sub.9                                              

                           H       H      H     Br                             

     ______________________________________                                    

PAL  Certain of the above-listed Walles compounds have been prepared and it has
      been found that they are somewhat unstable and consequently have limited
      usefulness as germicidal agents. On the other hand, it has been
      surprisingly found that certain compounds within the ambit of the very
      broad disclosure of the patentee, but not specifically contemplated
      thereby, are surprisingly stable, in contrast with the compounds actually
      prepared by Walles, and possess unexpected advantageous properties as
      germicides.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, in a composition of matter aspect, the present invention relates to
      certain 3-chloro-4,4-di-lower-alkyl-2-oxazolidinones and
      3-chloro-5,5-di-lower-alkyl-2-oxazolidinones useful as germicidal agents.
PAR  The invention also relates to a method of inhibiting the growth of bacteria
      comprising treating bacteria with a bactericidally effective amount of the
      said 3-chloro-4,4-dilower-alkyl-2-oxazolidinones or
      3-chloro-5,5-di-lower-alkyl-2-oxazolidinones and to germicidal
      compositions containing a bactericidally effective amount of the said
      3-chloro-4,4-di-lower-alkyl-2-oxazolidinones and
      3-chloro-5,5-di-lower-alkyl-2-oxazolidinones as the active ingredient in
      an aqueous medium.
PAR  In a process aspect, the invention relates to a process for preparing the
      3-chloro-4,4-di-lower-alkyl-2-oxazolidinones and
      3-chloro-5,5-di-lower-alkyl-2-oxazolidinones comprising reacting a
      4,4-di-lower-alkyl-2-oxazolidinone or a 5,5-di-lower-alkyl-2-oxazolidinone
      with chlorine in an aqueous medium.
PAC  DETAILED DESCRIPTION INCLUSIVE OF THE PREFERRED EMBODIMENTS
PAR  More specifically, this invention relates to 3-chloro-2-oxazolidinones
      having the formula:
      ##SPC2##
PAL  where either R.sub.1 and R.sub.2 are the same or different lower-alkyl
      group, and R.sub.3 and R.sub.4 are each hydrogen or R.sub.1 and R.sub.2
      are each hydrogen, and R.sub.3 and R.sub.4 are the same or different
      lower-alkyl group. Preferred compounds within the ambit of the invention
      as described above are the compounds where R.sub.1 and R.sub.2 are each
      hydrogen, and R.sub.3 and R.sub.4 are the same or different lower-alkyl
      groups, and particularly preferred compounds are those of the latter group
      where R.sub.3 and R.sub.4 are the same lower-alkyl. It will be appreciated
      from the foregoing that an essential feature of the compounds of the
      present invention is the presence of a quaternary carbon atom at either
      the 4- or 5-position of the 2-oxazolidinone ring.
PAR  As used herein, the term "lower-alkyl" means saturated, aliphatic
      hydrocarbon groups, either straight or branched-chain, containing from one
      to four carbon atoms, as exemplified by methyl, ethyl, propyl, isopropyl,
      butyl or isobutyl.
PAR  The compounds of formula I are prepared by chlorination with chlorine of
      the corresponding unhalogenated 4,4-di-lower-alkyl-2-oxazolidinone or
      5,5-di-lower-alkyl-2-oxazolidinone having the formula:
      ##SPC3##
PAL  where R.sub.1, R.sub.2, R.sub.3 and R.sub.4 have the meanings given above.
      The reaction is carried out in an aqueous medium and preferably at a
      temperature in the range from 0.degree. to 10.degree.C. Although higher
      reaction temperatures can be used, no particular advantage is gained
      thereby, because the halogenated final products can be hydrolyzed by the
      solvent, and the rate of hydrolysis increases with increase in
      temperature.
PAR  Alternatively, the compounds of formula I are prepared by a
      transhalogenation process involving reaction of a 2-oxazolidinone of
      formula II with a mono-, di- or trihalogenated isocyanuric acid, for
      example trichloroisocyanuric acid (cyanuric chloride) in an inert organic
      solvent, for example chloroform, methylene chloride or ethylene chloride.
      Reaction usually takes place at ambient temperature.
PAR  The unhalogenated 2-oxazolidinones of formula II are, in turn, prepared by
      reaction of an alkanolamine of formula III with a di-lower-alkyl carbonate
      in the presence of a strong base, for example an alkali metal
      lower-alkoxide, as represented by the reaction:
      ##SPC4##
PAL  where R.sub.1, R.sub.2, R.sub.3 and R.sub.4 have the meanings given above.
      The reaction is carried out by heating the reactants above the boiling
      point of the lower-alkanol produced in the reaction, which is distilled
      off as it forms.
PAR  Alternatively, the compounds of formula II are prepared by reacting an
      alkanolamine of formula III with urea at an elevated temperature, i.e., a
      temperature in the range from 150.degree.-250.degree.C., as represented by
      the reaction:
      ##SPC5##
PAL  where R.sub.1, R.sub.2, R.sub.3 and R.sub.4 have the meanings given above.
PAR  The alkanolamines of formula III are a generally known class of compounds.
PAR  The compounds of formula I have been tested in a standard biological test
      procedure, the germicidal efficiency test to be described hereinbelow, and
      found to possess bactericidal activity when tested against Staphylococcus
      aureus ATCC 6538. The compounds are thus useful as bactericidal agents.
PAR  The compounds of the invention can be prepared for use by dissolving them
      in an aqueous medium, preferably buffered to pH 7.0, and applied to
      surfaces or areas to be disinfected by spraying, swabbing or immersion.
PAR  The molecular structures of the compounds of the invention were assigned on
      the basis of their method of preparation, and study of their infrared and
      proton magnetic resonance spectra and were confirmed by the correspondence
      between calculated and found values for elementary analyses for the
      elements.
DETD
PAR  In the following specific examples, which illustrate the preparation of the
      compounds of the invention as well as reference compounds prepared for
      purposes of comparison, all melting points are uncorrected.
PAC  PREPARATION OF THE UNHALOGENATED 2-OXAZOLIDINONES OF FORMULA II
PAC  Preparation 1
PAR  A. A mixture of 61.0 g. (1.0 mole) of ethanolamine and 190 ml. (1.7 moles)
      of diethyl carbonate was heated to distill approximately 35 ml. of diethyl
      carbonate in order to ensure dryness. The mixture was cooled to
      50.degree.C., and 5 ml. of 25% sodium methoxide in methanol solution was
      added. The mixture was heated to remove approximately 100 ml. of ethanol.
      On cooling, the residue was recrystallized from chloroform to give 44.8 g.
      (0.51 mole, 51%) of 2-oxazolidinone, m.p. 86.degree.-88.degree.C.; pmr
      (CDCl.sub.3) .delta.2.8-4.2 (AA'BB', 4H) and 6.0 (bs, 1H) ppm. (Lit. m.p.
      87.degree.-89.degree.C., Homeyer, U.S. Pat. No. 2,399,118).
PAR  Following a procedure similar to that described in Preparation 1, part (A)
      above, the following compounds of formula II were similarly prepared:
PAR  B. 4-Methyl-2-oxazolidinone, b.p. 140.degree.-146.degree./5 mm; ir-3280,
      2980, 1750, 1400, 1240, 1020, and 920 cm.sup.-.sup.1 ; pmr (CDCl.sub.3)
      .delta.6.8 (bs, 1H), 4.4 (m, 1H), 3.9 (m, 2H) and 1.3 (d, 3H, J=6Hz) ppm,
      [Lit. b.p. 120.degree.-125.degree./2.3 mm, Johnston et al.; J. Med. Chem.,
      14, 345 (1971)].
PAR  C. 4,5-Dimethyl-2-oxazolidinone, b.p. 95.degree.-100.degree./0.15 mm;
      ir-3300, 2990, 1750, 1380, 1240, 1060 and 975 cm.sup.-.sup.1, pmr
      (CDCl.sub.3) .delta.6.9 (bs, 1H), 5.2-3.2 (m, 2H) and 1.6-1.0 (m, 6H) ppm.
PAR  Anal. Calcd. for C.sub.5 H.sub.9 NO.sub.2 : C,52.17; H,7.89; N,12.17.
      Found: C,52.37; H,8.10; N,12.35.
PAR  D. 5-Methyl-2-oxazolidinone, b.p. 123.degree.-125.degree.C./0.6 mm.;
      ir-3320 (N--H) and 1740 (C=O) cm.sup.-.sup.1 ; pmr (CDCl.sub.3)
      .delta.6.73 (bs, 2H), 4.80 (m, 1H), 4.0-3.0 (m, 2H) and 1.43 (d, 3H) ppm.
PAR  Anal. Calcd. for C.sub.4 H.sub.7 NO.sub.2 : C,47.51; H,6.98; N,13.86.
      Found: C,47.70; H,7.11; N,13.73.
PAR  E. 5-Ethyl-2-oxazolidinone, m.p. 50.5.degree.-52.degree.C.; ir-3280 (NH)
      and 1745 (C=O) cm.sup.-.sup.1 ; pmr (CDCl.sub.3) .delta.6.7 (bs, 1H), 4.60
      (m, 1H), 4.0-3.0 (m, 2H) and 1.03 (t, 3H) ppm.
PAR  Anal. Calcd. for C.sub.5 H.sub.9 NO.sub.2 : C, 52.16; H, 7.88; N,12.17.
      Found: C,52.29; H,7.87; N,12.25.
PAR  F. 4,4-Dimethyl-2-oxazolidinone, m.p. 49.degree.-51.degree.; pmr
      (CDCl.sub.3) .delta. 7.0 (bs, 1H), 4.03 (s, 2H), and 1.30 (s, 6H) ppm,
      [Lit, m.p. 55.degree.-56.degree., Homeyer, U.S. Pat. No. 2,399,118].
PAR  G. 4-Ethyl-4-Methyl-2-oxazolidinone, b.p. 110.degree.-113.degree./0.3 mm;
      ir-3300, 3000, 1760, and 1040 cm.sup.-.sup.1 ; pmr (CDCl.sub.3) .delta.7.4
      (bs, 1H), 4.1 (q, 2H), 1.6 (bq, 2H), 1.3 (s, 3H) and 1.0 (t, 3H) ppm.
PAR  Anal. Calcd. for C.sub.6 H.sub.11 NO.sub.2 : C,55.79; H,8.59; N,10.85.
      Found: C,55.23; H,8.58; N,10.68.
PAC  PREPARATION 2
PAR  A mixture of 22.25 g. (0.25 mole) of 2-aminomethyl-2-propanol and 30.0 g.
      (0.5 mole) of urea were heated together at 170.degree.-180.degree.C. for
      20 minutes, and the temperature was then increased to
      200.degree.-210.degree.C. for an additional 20 minutes. On cooling, the
      brown solid was dissolved in water, the aqueous layer extracted with
      dichloromethane and the extracts combined and dried over anhydrous sodium
      sulfate. Following filtration, the dichloromethane was removed under
      reduced pressure to afford 13.1 g. (0.11 mole, 44%) of
      5,5-dimethyl-2-oxazolidinone, m.p. 74.degree.-77.degree.C.; ir-3290 (N--H)
      and 1755 (C=O) cm.sup.-.sup.1 ; pmr (CDCl.sub.3) .delta.1.50 (s, 6H), 3.37
      (s, 2H) and 6.77 (bs, 1H) ppm. [Lit. m.p. 79.degree.-82.degree.C., Close,
      J. Am. Chem. Soc. 73, 95 (1951)].
PAC   PREPARATION OF THE 3-CHLORO-2-OXAZOLIDINONES OF FORMULA I
PAC  Example 1
PAR  A. Chlorine was bubbled through a solution of 8.7 g. (0.10 mole) of
      2-oxazolidinone in 30 ml. of water at 0.degree.C. for 30  minutes. A white
      solid precipitated, and the mixture was extracted with dichloromethane.
      The extracts were combined and dried over anhydrous sodium sulfate.
      Following filtration, the dichloromethane was removed under reduced
      pressure to afford a white solid, m.p. 58.5.degree.-60.degree.C.
      Sublimation of this material at 40.degree.C./0.2 mm. gave 8.57 g. (0.071
      mole, 71%) of 3-chloro-2-oxazolidinone (Walles Cpd. 3), m.p.
      59.degree.-61.degree.C.; uv (H.sub.2 O) .lambda. max 248 nm, .epsilon.=296
      M.sup.-.sup.1 cm.sup.-.sup.1 ; pmr (CDCl.sub.3) .delta.3.6-5.0 (AA'BB',
      4H) ppm.
PAR  Anal. Calcd. for C.sub.3 H.sub.4 ClNO.sub.2 : C,29.65; H,3.32; N,11.53;
      Cl,29.2.  Found: C,29.95; H,3.65; N,11.77; Cl,28.7.
PAR  Following a procedure similar to that described in Example 1, part (A)
      above, the following compounds of formula I were similarly prepared:
PAR  B. 3-Chloro-4-methyl-2-oxazolidinone, b.p. 85.degree.-90.degree.C./1 mm.;
      ir-3000, 1780, 1390, 1195 and 1040 cm.sup.-.sup.1 ; pmr (CDCl.sub.3)
      .delta.4.5 (m, 1H), 4.0 (m, 2H) and 1.4 (d, 3H, J=6Hz) ppm.
PAR  Anal. Calcd. for C.sub.4 H.sub.6 ClNO.sub.2 : C,35.44; H, 4.46; N,10.33;
      Cl,26.2. Found: C,35.64; H,4.59; N,10.14; Cl,26.5.
PAR  C. 3-Chloro-4,5-dimethyl-2-oxazolidinone (Walles Cpd. 5), b.p.
      60.degree.-65.degree.C./0.2 mm.; ir-3000, 1795, 1470, 1400, 1380, 1320 and
      1215 cm.sup.-.sup.1 ; pmr (CDCl.sub.3) .delta.3.2-5.1 (m, 2H) and 1.4 (q
      with fine structure, 6H) ppm.
PAR  Anal. Calcd. for C.sub.5 H.sub.8 ClNO.sub.2 : C,40.15; H,5.39; N,9.37;
      Cl,23.7. Found: C,40,37; H,5.35; N,8.75; Cl,21.8.
PAR  D. 3-Chloro-5-methyl-2-oxazolidinone (Walles Cpd. 1), b.p.
      70.degree.-73.degree.C./0.2 mm.; ir-1765 cm.sup.-.sup.1 ; pmr (CDCl.sub.3)
      .delta.4.80 (m, 1H), 4.2-3.2 (m, 2H) and 1.50 (d, 3H) ppm.
PAR  Anal. Calcd. for C.sub.4 H.sub.6 ClNO.sub.2 : C, 35.44; H,4.46; N,10.33;
      Cl,26.2. Found: C,35.90; H,5.03; N,9.71; Cl,25.0.
PAR  E. 3-Chloro-5-ethyl-2-oxazolidinone (Walles Cpd. 2), b.p.
      88.degree.-90.degree.C./0.3 mm.; ir-1780 cm.sup.-.sup.1 ; pmr (CDCl.sub.3)
      .delta.4.60 (m, 1H), 4.2-3.2 (m, 2H), 1.77 (m, 2H) and 1.05 (t, 3H) ppm.
PAR  Anal. Calcd. for C.sub.5 H.sub.8 ClNO.sub.2 : C, 40.15; H,5.39; N,9.37; Cl,
      23.7. Found: C,40.36; H,5.45; N,9.25; Cl,23.8.
PAR  F. 3-Chloro-4,4-dimethyl-2-oxazolidinone, m.p. 71.degree.-72.5.degree.C.,
      sublimes at 60.degree.C./0.25 mm., uv (H.sub.2 O) .lambda.max 248 nm,
      .epsilon.=274 M.sup.-.sup.1 cm.sup.-.sup.1 ; pmr (CDCl.sub.3) .delta.4.23
      (s, 2H) and 1.40 (s, 6H) ppm.
PAR  Anal. Calcd. for C.sub.5 H.sub.8 ClNO.sub.2 : C,40.15; H,5.39; N,9.37;
      Cl,23.7. Found: C,40.36; H,5.36; N,9.35; Cl,23.4.
PAR  G. 3-Chloro-5,5-dimethyl-2-oxazolidinone, m.p. 58.degree.-60.degree.C.,
      sublimes at 50.degree.C./0.5 mm.; ir (NaCl) 3000, 2900, 1770, 1290 and
      1125 cm.sup.-.sup.1 ; pmr (CDCl.sub.3) .delta.3.6 (s, 2H) and 1.6 (s, 6H)
      ppm.
PAR  Anal. Calcd. for C.sub.5 H.sub.8 ClNO.sub.2 : C,40.15; H,5.39; N,9.37;
      Cl,23.7. Found: C,40.39; H,5.36; N,9.42; Cl,22.6.
PAR  H. 3-Chloro-4-ethyl-4-methyl-2-oxazolidinone, ir-3000, 1780 and 1075
      cm.sup.-.sup.1 ; pmr (CDCl.sub.3) .delta.4.3 (t, 2H), 1.8 (bq, 2H), 1.4
      (s, 3H) and 0.98 (t, 3H) ppm.
PAR  Anal. Calcd. for C.sub.6 H.sub.10 ClNO.sub.2 : C,44.04; H,6.12; N,8.57;
      Cl,21.7. Found: C,44.23; H,6.30; N,8.29 Cl,21.2.
PAC  EXAMPLE 2
PAR  To a suspension of 4.0 g. (0.35 mole) of trichloroisocyanuric acid in 20
      ml. of dichloromethane was added 4.0 g. (0.035 mole) of
      4,5-dimethyl-2-oxazolidinone. The mixture was stirred for 2 hours, a white
      solid which separated was removed by filtration, and the filtrate taken to
      dryness under reduced pressure. Distillation of the residue gave 3.4 g.
      (0.023 mole, 66%) of 3-chloro-4,5-dimethyl-2-oxazolidinone, b.p.
      85.degree.-90.degree.C./0.5 mm., identical with that obtained by the
      procedure described in Example 1, part (C) above as shown by infrared and
      proton magnetic resonance spectra of the two samples.
PAR  The compounds of the invention and certain reference compounds were tested
      in the germicidal efficiency test, a modification of the standard serial
      dilution test, against Staphylococcus aureus ATCC 6538. In the germicidal
      efficiency test, instead of determining the minimum inhibitory
      concentration as in the serial dilution test procedure, the time required
      to effect complete sterilization of the micro-organism when exposed to a
      given concentration of the test substance is determined. This procedure
      affords a basic of comparison of the time dependent efficacies of the
      various test substances which gives a measure not only of the germicidal
      efficacy of the test species but, since as will be seen germicidal
      efficiency of the N-chloro compounds generally tends to diminish with
      time, apparently owing to decomposition of, and therefore dilution of, the
      active species, the test procedure also provides an indication of the
      efficacy to be expected at varying time intervals after solution of the
      test species in the application medium. The test procedure is described as
      follows: A stock solution of known concentration of each compound to be
      tested was prepared in 0.1M sodium dihydrogen phosphate buffered to pH
      7.0. To 5 ml. of the test solution was added 0.2 ml. of an overnight broth
      culture containing from 6.times.10.sup.6 to 8.times.10.sup.6 organisms/ml.
      of Staphylococcus aureus ATCC 6538 and 5 g. of gelysate peptone and 3 g.
      of beef extract per 1000 ml. of water. At time intervals of 0.5, 1, 2, 3,
      4, 5, 6, 7, 8, 9, 10, 15 and 30 minutes, a loop of this suspension was
      subcultured into 5 ml. of sterile nutrient broth (5 g. of gelysate peptone
      and 3 g. of beef extract/1000 ml. of water), and the samples were
      incubated at 37.degree.C. for 7 days with daily observation for evidence
      of bacterial growth. The time interval in which no bacterial growth was
      observed after the incubation period in a particular sample was recorded
      as the end point.
PAR  The germicidal kill times so-obtained at various concentrations of the
      compounds of the invention and of certain reference compounds are given in
      Table A below. The compounds are identified in each case by the Example
      number above where the compounds are described. Here and elsewhere in the
      specification that follows, concentrations are expressed in parts per
      million (ppm) of "positive" chlorine, which was determined in each
      instance by addition of excess aqueous potassium iodide to an acidified
      solution of the test compound and titration of the iodine liberated with
      standard sodium thiosulfate solution.
TBL                                    Table A                                 

     __________________________________________________________________________

     Compound/               Concentration                                     

                                      Bactericidal                             

     Example No.             ppm + Cl Time (Minutes)                           

     __________________________________________________________________________

                             465      1                                        

                             281      2                                        

                             157      7                                        

                              70      10&lt;t.ltoreq.15                           

     1A (Walles Cpd. 3)                                                        

                             610      1                                        

                             303      4                                        

                             131      7                                        

     IB                                                                        

                             490      4                                        

                             295      5                                        

                             173      10&lt;t.ltoreq.15                           

                             117      10                                       

     1C (Walles Cpd. 5)                                                        

                             548      0.5                                      

                             383      2                                        

                             190      15&lt;t.ltoreq.30                           

                              74      &gt;30                                      

     1D (Walles Cpd. 1)                                                        

                             535      1                                        

                             372      3                                        

                             161      2                                        

                              96      6                                        

     1E (Walles Cpd. 2)                                                        

                             508      2                                        

                             368      3                                        

                             195      5                                        

                             148      5                                        

     1F                                                                        

                             473      7                                        

                             104      15&lt;t.ltoreq.30                           

     1G                                                                        

     __________________________________________________________________________

PAR  The stabilities and the time-dependent efficacies of the claimed and
      reference species were determined by comparing the contact germicidal
      times and the initial and final concentrations of positive chlorine in
      solutions of the test species in 0.1M sodium dihydrogen phosphate buffered
      to pH 7.0 before and after 14 day incubation of the solutions at
      40.degree.C. The results are given in Table B below, where the columns
      headed "B.sub.c Time" refers to the bactericidal time in minutes.
TBL                                    Table B                                 

     __________________________________________________________________________

                Initial Concn. Final Conc.                                     

     Example No.                                                               

                ppm + Cl B.sub.c Time                                          

                               ppm + Cl                                        

                                       B.sub.c Time                            

     __________________________________________________________________________

     1A (Walles Cpd. 3)                                                        

                465      1     30      &gt;30                                     

     1B         610      1     14      &gt;30                                     

     1C (Walles Cpd. 5)                                                        

                490      4     51      15&lt;t.ltoreq.30                          

     1D (Walles Cpd. 1)                                                        

                548      0.5   34      &gt;30                                     

     1E (Walles Cpd. 2)                                                        

                535      1     15      &gt;30                                     

     1F         534      2     527     2                                       

     1G         473      7     43      10&lt;t.ltoreq.15                          

     1H         555      3     553     3                                       

     __________________________________________________________________________

PAR  These results show that, with the exception of the compound of Example 1C
      (Walles Cpd. 5), each of the reference compounds decomposed over the test
      period to the point where each had lost measurable bactericidal activity.
      On the other hand, 3-chloro-4,4-dimethyl-2-oxazolidinone and
      3-chloro-4-ethyl-4-methyl-2-oxazolidinone, the compounds of Examples 1F
      and 1H, respectively, had decomposed only slightly over the test period
      and had retained the original level of bactericidal activity, while
      3-chloro-5,5-dimethyl-2-oxazolidinone, the compound of Example 1G,
      although substantially decomposed over the test period, nevertheless
      retained a good measure of bactericidal activity superior to each of the
      reference species, including that of Example 1C.
PAR  A further measure of the relative stabilities of the reference and claimed
      species was obtained by measuring the hydrolytic stability of the various
      species in 0.1M sodium dihydrogen phosphate buffered to pH 7.0 at
      40.degree.. For each species, the rate of change in the concentration of
      positive chlorine in the solution was measured by the volume of standard
      thiosulfate required to titrate a series of aliquots of a standard volume
      of the solution at various time intervals using potassium iodide/sodium
      thiosulfate as detailed above. The volumes of thiosulfate required to
      titrate each sample so obtained were interpreted as first-order kinetic
      processes. The hydrolytic stabilities of the reference and claimed species
      under the experimental conditions were characterized by the reaction rate
      constants and half-lives obtained from a linear regression analysis of the
      experimental data. The results obtained are given in Table C below and are
      also shown in FIG. 1 where the volumes in milliliters of standard
      thiosulfate required to titrate the positive chlorine in the various
      samples are plotted as ordinate against time in days as abscissa.
TBL                                    Table C                                 

     __________________________________________________________________________

                           Rate Constant                                       

                                    Correlation                                

     Example No.                                                               

                Half-Life (Hours)                                              

                           k.times.10.sup..sup.-2 (hr.sup..sup.-1)             

                                    Coefficient                                

     __________________________________________________________________________

     1A (Walles Cpd. 3)                                                        

                45         1.55     0.9995                                     

     1B         10.9       6.33     0.9825                                     

     1C (Walles Cpd. 5)                                                        

                38.5       1.80     0.9929                                     

     1F         2038       0.034    0.9899                                     

     1G         86.6       0.80     0.9763                                     

     __________________________________________________________________________

PAR  These results again demonstrate the unusual stability of
      3-chloro-4,4-dimethyl-2-oxazolidinone, the compound of Example 1F. They
      also show that, although the isomeric
      3-chloro-5,5-dimethyl-2-oxazolidinone of Example 1G is somewhat less
      stable than the corresponding 4,4-dimethyl compound, surprisingly the
      half-life of the former is from around twice to eight times as great as
      the half-lives of the reference species studied.
PAR  As a final measure of the relative stabilities of the claimed and the
      reference species, the stabilities of the 3-chloro-2-oxazolidinones in the
      neat state (i.e., the pure materials containing no added diluent or
      adulterant) were determined at 40.degree.C. except in those cases where
      the compound proved to be so unstable that no significant data could be
      accumulated. In those instances, the data were acquired at ambient
      temperature (approximately 23.degree.C.). The method used was similar to
      that described above in which the rate of disappearance of positive
      chlorine was followed iodometrically by titration of iodine liberated from
      added potassium iodide with standard sodium thiosulfate solution. Samples
      of the compounds were individually sealed in ampoules and stored in the
      dark at 23.degree.C. or 40.degree.C. and weighed amounts removed from time
      to time for analysis. The results obtained are given in Table D below.
TBL                Table D                                                     

     ______________________________________                                    

     Compound - Example 1A                                                     

                       Compound - Example 1B                                   

     (Walles Cpd. 3) (T=40.degree.C.)                                          

                       (T=23.degree.C.)                                        

     Time (Hrs.)                                                               

               % Cl        Time (Hrs.) % Cl                                    

     ______________________________________                                    

     0         28.9        0           26.5                                    

     2         27.4        3           25.9                                    

     18.5      25.9        5           25.3                                    

     24        26.9        6.5         25.0                                    

     54        27.2        9           25.0                                    

     72        24.8        10.5        24.1                                    

     80        23.5        21.5        21.7                                    

     98        26.2        24.5        21.1                                    

     144       8.7         29          14.4                                    

     168       0.4         30          12.4                                    

                           32          6.1                                     

                           35          2.0                                     

                           45          0                                       

     Compound - Example 1C                                                     

                       Compound - Example 1F                                   

     (Walles Cpd. 5) (T=23.degree.C.)                                          

                       (T=40.degree.C.)                                        

     Time (Hrs.)                                                               

               % Cl        Time (Days) % Cl                                    

     ______________________________________                                    

     0         21.8        0           23.4                                    

     3         20.8        1           23.0                                    

     5         8.2         2           23.8                                    

     7.5       0.47        7           23.5                                    

     24        0.17        35          24.2                                    

                           49          23.3                                    

     Compound - Example 1G                                                     

                       Compound - Example 1H                                   

     (T=40.degree.C.)  (T=40.degree.C.)                                        

     Time (Days)                                                               

               % Cl        Time (Days) % Cl                                    

     ______________________________________                                    

     0         19.6        0           21.7                                    

     1         22.1        2           23.6                                    

     4         23.7        5           21.1                                    

     7         16.5        10          20.7                                    

     11        18.1        14          21.0                                    

     15        14.4        18          20.6                                    

     19        10.0        25          18.2                                    

     22        0           39          22.3                                    

                           53          20.2                                    

                           164         19.6                                    

     ______________________________________                                    

PAR  For each of the compounds analyzed as indicated above, percent chlorine was
      plotted as ordinate against time in days as abscissa on semi-logarithmic
      paper and the points connected by a smooth curve for each compound.
      Inspection of plots somade, which are shown in FIG. 2, again shows the
      surprising stability of 3-chloro-4,4-dimethyl-2-oxazolidinone (Example
      1F), 3-chloro-4-ethyl-4-methyl-2-oxazolidinone (Example 1H) and
      3-chloro-5,5-dimethyl-2-oxazolidinone (Example 1G) as compared with the
      various reference species.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound having the formula:
      ##SPC6##
PAL  where either R.sub.1 and R.sub.2 are the same or different non-tertiary
      lower-alkyl, and R.sub.3 and R.sub.4 are each hydrogen or R.sub.1 and
      R.sub.2 are each hydrogen, and R.sub.3 and R.sub.4 are the same or
      different non-tertiary lower-alkyl.
NUM  2.
PAR  2. A compound according to claim 1 where R.sub.1 and R.sub.2 are each
      hydrogen, and R.sub.3 and R.sub.4 are the same or different lower-alkyl.
NUM  3.
PAR  3. A compound according to claim 1 where R.sub.3 and R.sub.4 are each
      hydrogen, and R.sub.1 and R.sub.2 are the same or different lower-alkyl.
NUM  4.
PAR  4. A compound according to claim 2 where R.sub.3 and R.sub.4 are the same
      lower-alkyl.
NUM  5.
PAR  5. 3-Chloro-4,4-dimethyl-2-oxazolidinone according to claim 4.
NUM  6.
PAR  6. 3-Chloro-4-ethyl-4-methyl-2-oxazolidinone according to claim 2.
NUM  7.
PAR  7. 3-Chloro-5,5-dimethyl-2-oxazolidinone according to claim 3.
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ABST
PAL  New 2-amino-2-oxazolines and their salts with physiologically tolerated
      acids which may be used as medicaments, in particular as antihypotonics,
      diuretics or antiphlogistics, and process for preparing them.
BSUM
PAR  The present invention relates to 2-amino-2-oxazolines and to a process for
      preparing them.
PAR  The present invention provides 2-amino-2-oxazolines of the formula I
      ##SPC1##
PAL  in which R.sup.1 represents alkyl of 1 to 6 carbon atoms, vinyl,
      halogeno-alkyl or halogeno-alkenyl of 1 to 2 chlorine or bromine atoms and
      1 to 4 or 2 to 4 carbon atoms, phenyl, phenyl which may be substituted by
      1 or 2 methyl groups and/or alkoxy groups of 1 to 2 carbon atoms and/or by
      chlorine or bromine, cycloalkyl of 5 to 6 carbon atoms, carbomethoxy or
      carboethoxy, and R.sup.2 and R.sup.3 each represent hydrogen or alkyl of 1
      to 3 carbon atoms, R.sup.1 and R.sup.3 together may further be members of
      a 5-, 7- or 8-membered carbocyclic ring or of a bi- or tricyclic
      carbocyclic ring system of 7 to 12 carbon atoms and if R.sup.1 stands for
      a phenyl group R.sup.2 is then a methyl group, and the salts of the
      compounds of the formula I with physiologically tolerated acids.
PAR  The radicals R.sup.1 preferably represent alkyl of 1 to 4 carbon atoms,
      vinyl, chloromethyl, bromomethyl, dichloroethyl, dibromoethyl,
      chlorovinyl, bromovinyl, phenyl or carbomethoxy, R.sup.2 and R.sup.3 each
      represent hydrogen or methyl, or the radicals R.sup.1 and R.sup.3 together
      represent a trimethylene, pentamethylene or hexamethylene radical and
      R.sup.2 represents hydrogen or methyl.
PAR  Furthermore, preferred 2-amino-2-oxazolines of the formula I are the
      compounds V to VII
      ##SPC2##
PAR  As physiologically tolerated acids, there are suitable, for example:
      hydrochloric acid, hydrobromic acid and hydriodic acid, sulfuric acid,
      phosphoric acid, toluene-sulfonic acid, benzenesulfonic acid, sulfamic
      acid, fatty acids such as acetic acid, propionic acid, butyric acid, oleic
      acid, palmitic acid or stearic acid, furthermore oxalic acid, malonic
      acid, succinic acid or glutaric acid and malic acid, tartaric acid, citric
      acid, fumaric acid, maleic acid, lactic acid, glycolic acid, pyruvic acid,
      benzoic acid, salicylic acid or mandelic acid.
PAR  The present invention furthermore provides a process for preparing
      2-amino-2-oxazolines of the formula II
      ##SPC3##
PAL  in which R.sup.1.sup.' represents alkyl of 1 to 6 carbon atoms, vinyl,
      halogenoalkyl or halogenoalkenyl of 1 to 2 chlorine or bromine atoms and 1
      to 4 or 2 to 4 carbon atoms, phenyl, phenyl which may be substituted by 1
      or 2 methyl groups and/or alkoxy groups of 1 to 2 carbon atoms and/or 1
      chlorine or bromine atom, cycloalkyl of 5 to 6 carbon atoms, carbomethoxy
      or carboethoxy, R.sup.2.sup.' and R.sup.3.sup.' represent each,
      independently of each other, hydrogen or alkyl of 1 to 3 carbon atoms,
      R.sup.4 represents hydrogen, methyl, ethyl, phenyl, halogenoalkyl of 1 to
      2 carbon atoms and 1 chlorine, bromine or iodine atom, and R.sup.1.sup.'
      and R.sup.3.sup.' together may be members of a carbocyclic ring with 5, 6,
      7 or 8 carbon atoms or of a bi- or tricyclic carbocyclic ring system of 5
      to 12 carbon atoms, and their salts, preferably their physiologically
      tolerated salts.
PAR  According to the process a .beta.-halogenoalkyl-isocyanate of the formula
      III
      ##EQU1##
      in which R.sup.1.sup.' to R.sup.3.sup.' and R.sup.4 have the meanings
      given above and Hal represents chlorine or bromine, is reacted, optionally
      in the presence of an organic solvent which is miscible with water, with
      aqueous ammonia at a temperature of between 0.degree. and 35.degree. C,
      the .beta.-halogenoalkyl-urea which has formed and corresponds to the
      formula IV
      ##EQU2##
      in which R.sup.1.sup.' to R.sup.3.sup.' and R.sup.4 have the meaning given
      above. The .beta.-halogenoalkyl-urea is isolated, treated with water at a
      temperature between 40.degree. and 150.degree. C, the hydrohalide which
      has formed during the reaction and corresponds to the formula IIa
      ##SPC4##
PAL  is converted at a temperature of between -5.degree. C and +40.degree. C
      suitably by the addition of an equivalent amount of alkali metal or
      alkaline earth metal hydroxide or carbonate into the 2-amino-2-oxazoline
      of the formula II
      ##SPC5##
PAL  This product is isolated from the aqueous solution by extraction or
      crystallization and, if desired, subsequently converted into a salt by the
      addition of an acid.
PA1  R.sup.1.sup.' represents preferably alkyl of 1 to 4 carbon atoms, vinyl,
      chloromethyl, bromomethyl, dichloroethyl, dibromoethyl, chlorovinyl,
      bromovinyl, phenyl or carbomethoxy;
PA1  R.sup.2.sup.' and R.sup.3.sup.' represent each, independently of each
      other, hydrogen or methyl,
PA1  R.sup.4 represents hydrogen, methyl, phenyl, chloromethyl, bromomethyl or
      iodomethyl, or
PA1  R.sup.1.sup.' and R.sup.3.sup.' together represent alkylene of 3 to 6
      carbon atoms or one of the bi- and tricyclic systems of the compounds V to
      VII.
PAR  The process of the invention is preferably carried out with a
      .beta.-chloroethyl-isocyanate or .beta.-bromoalkyl-isocyanate; the
      reaction is effected with aqueous ammonia at a temperature of between
      3.degree. and 27.degree. C and after following cyclization at 50.degree.
      to 105.degree. C, the 2-amino-2-oxazolines are set free from their
      hydrohalides with alkali at 0.degree. to 25.degree. C.
PAR  As basic compounds for setting free the amino-oxazolines of the formula II
      from their hydrohalides, sodium or potassium hydroxide or carbonate is
      preferably used.
PAR  As organic solvent which is miscible with water and is used in the reaction
      of a .beta.-halogenoalkyl-isocyanate of the formula III with aqueous
      ammonia, there is suitable, for example tetrahydrofurane,
      1,2-dimethoxyethane, dioxane, acetone, acetonitrile, dimethylformamide,
      dimethyl-sulfoxide, alkanols of 1 to 3 carbon atoms and/or glycol-methyl
      ether. In principle, the solvent is added in such an amount to the aqueous
      system that the .beta.-halogenoalkyl-urea of the formula IV that has
      formed remains largely undissolved.
PAR  With tertiary isocyanates, the use of such a solvent is in general of
      advantage, with secondary or primary isocyanates, from a carbon number of
      6 onwards in the isocyanate of the formula III, it is in general suitable
      in the reaction with the aqueous ammonia to use a solvent in a proportion
      of between 0.5 to 35 percent by volume, preferaby 1 to 23 percent by
      volume, referred to the volume of the reaction mixture.
PAR  The process of the invention may also be carried out without the organic
      solvent which is miscible with water.
PAR  In the reaction of the .beta.-chloro- or .beta.-bromoalkyl-isocyanate of
      the formula III with ammonia, there is formed the corresponding
      .beta.-chloro- or -.beta.-bromoalkyl-urea of the formula IV which
      separates from the ammoniacal aqueous solution largely in crystalline form
      or at first also in the form of a viscous oil. These ureas are isolated,
      for example by filtration or decantation, washed and then, after addition
      of the, suitably, 2 to 30-fold quantity by weight of water, heated for a
      period ranging from 3 minutes to 4 hours to a temperature in the range of
      from preferably 50.degree. to 105.degree. C. During that time the ureas of
      the formula IV pass into the hydrochloride or hydrobromides of the formula
      IIa which in general remain dissolved in the quantity of water used. The
      2-amino-2-oxazolines of the formula II can be set free as strong bases
      from the hydrohalides of the formula IIa by the addition of strongly basic
      reagents and isolated. For converting the 2-amino-2-oxazolines into the
      corresponding salts, the 2-amino-2-oxazolines are reacted according to
      known methods with the respective acid.
PAR  The .beta.-bromoalkyl-isocyanates required as preferred starting substances
      are easily accessible according to the process described in DOS No.
      1,930,329 with a considerably width of variation regarding the
      substituents. In addition to .beta.-chloroethyl-, .beta.-chloroisopropyl-
      and .beta.-chloro-tert.butyl-isocyanate, the following
      .beta.-bromoalkyl-isocyanates may be used as starting substances according
      to the invention: .beta.-bromoethyl-, .beta.-bromopropyl-,
      .beta.-bromoisopropyl-, bromo-tert.butyl-, .beta.-bromo-sec.butyl-,
      2,3-dibromopropyl-, 4,4,4-trichloro-2-bromo-butyl-, 1-bromomethyl-propyl-,
      1-methyl-1-bromomethyl-butyl-, 1-bromomethyl-pentyl-,
      1-vinyl-2-bromo-ethyl-, 1-methyl-1-vinyl-2-bromo-ethyl-,
      1-phenyl-2-bromo-ethyl-, 1-phenyl-1-methyl-2-bromo-ethyl-,
      .beta.-chloro-.beta.'-bromo-tert.butyl-,
      1-bromomethyl-2,3-dichloropropyl-, 1-bromomethyl-2-chloro-2-propenyl-,
      1-bromomethyl-2-bromo-2-propenyl-, 1-bromomethyl-3-methyl-butyl-,
      2-bromo-cyclopentyl-, 2-bromo-cyclohexyl-, 2-bromo-cycloheptyl-,
      2-bromo-cyclooctyl- or 3-bromo-bicyclo[2,2,1]heptyl-2-isocyanate and
      6(5)-bromo-5(6)-isocyanato-3a,4,5,6,7a-hexahydro-4,7-methano-indene.
PAR  It is known from Chem. Reviews 44, (1949) 447 to prepare
      2-amino-2-oxazolines by cyclization of .beta.-chloro- or
      .beta.-iodo-alkyl-ureas in the presence of water at boiling temperature.
      Thereby, the hydrochlorides or -iodides of the amino-oxazolines are formed
      from which the free bases are obtained by the addition of alkalis or
      ammonia. The .beta.-chloro- or .beta.-iodo-alkyl-ureas were prepared from
      the corresponding .beta.-chloro- or .beta.-iodoalkyl-isocyanates by the
      action of gaseous ammonia in ether. However, since
      .beta.-chloroalkyl-isocyanates must be prepared passing over several steps
      from 2-amino-alchohols, which themselves often are accessible with
      difficulty only, and since the preparation of corresponding
      .beta.-iodoalkyl-isocyanates is very expensive and likewise gives
      unsatisfactory yields, only a few 2-amino-2-oxazolines have been
      synthetized in this way. Another process described in U.S. Pat. No.
      3,629,276, on the other hand, starts from 2-amino-alcohols which are often
      accessible with difficulty only and are available only in the form of a
      few representatives and which are reacted with the extremely poisonous
      bromo-cyan under formation of 2-amino-2-oxazolines.
PAR  In contradistinction thereto, the process of the invention can be carried
      out very easily on an industrial scale and operates, contrary to the known
      methods, with harmless, easily accessible and, compared with the
      .beta.-iodoalkyl-isocyanates, relatively cheap starting substances.
PAR  It must be considered surprising that the reaction of the isocyanates of
      the formula III with ammonia in the presence of an excess of water, which
      as is known likewise reacts easily with isocyanates, yields in a smooth
      reaction practically the pure ureas of the general formula IV. It is known
      that additions on isocyanates are carried out as far as possible in an
      inert solvent.
PAR  It is furthermore surprising that the .beta.-chloro-, in particular the
      .beta.-bromo-alkyl-ureas of the formula IV formed are stable under the
      conditions of the reaction of the isocyanates with aqeuous ammonia, i.e.
      in the presence of water, and can subsequently be easily isolated in pure
      form.
PAR  The unexpected smooth course of the reaction of
      .beta.-halogeno-alkyl-isocyanates of the formula III with aqueous ammonia
      permits the preparation of pure 2-amino-2-oxazolines according to the
      process of the invention which is superior to the known prepartion
      methods.
PAR  The new 2-amino-2-oxazolines of the formula I and their salts with
      physiologically tolerated acids may be used as medicaments. Among others,
      they have an action on the blood circulation, for example they cause a
      long-lasting increase of the blood pressure. Furthermore, they have a
      salidiuretic action, the ratio of the excreted ions Na.sup.+/K.sup.+ being
      especially favourable. In addition, an antiphlogistic action and an
      influence on the central nervous system was also observed. Therefore, the
      compounds of the invention may be used as antihypotensive agents, as
      diuretic and antiphlogistic agents, in admixture with the usual
      pharmaceutical excipients and adjuvants. As single doses, doses of 1 to
      500 mg, preferably 10 to 250 mg, are used. These doses may be administered
      one to three times daily in the form of liquid preparations, for example
      in the form of drops, syrups or injection solutions, or in the form of
      solid preparations, for example as tablets, dragees, capsules or
      suppositories. The liquid preparations may also be administered as
      permanent infusions.
PAR  Particularly highly effective antihypotensive agents among the
      2-amino-2-oxazolines are, for example 4,4-dimethyl-, 4-methyl-4-n-propyl-,
      4,5-pentamethylene- and 4,5-hexamethylene-2-amino-2-oxazoline and
      cis-2-amino-3a,4,5,6,7,7a-hexahydro-4,7-methano -benzoxazole of the
      formula V (cf. page 3).
PAR  Particularly highly effective salidiuretic agents among the
      2-amino-2-oxazolines are, for example 4-methyl-4-n-propyl-, 4,5-dimethyl-,
      cis-4,5-trimethylene- and 4,5-hexamethylene-2-amino-2-oxazoline.
PAR  Furthermore, the new 2-amino-2-oxazolines of the formula I may be used as
      intermediate products in the preparation of medicaments and plant
      protecting agents. Finally, the pure enantiomers of chiral
      2-amino-2-oxazolines of the formula I as strong optically active bases may
      be used with advantage as reagents in the resolution of racemates.
DETD
PAR  The following Examples illustrate the invention:
PAC  EXAMPLE 1
PAR  33 g (0.2 mole) of .beta.-bromoisopropyl-isocyanate were added dropwise,
      within 45 minutes, while cooling, at 4.degree.- 7.degree. C, and stirring
      thoroughly, to a mixture of 50 ml of concentrated ammonia and 50 ml of
      ice-water. The whole was stirred for 5 minutes at 4.degree.-7.degree. C,
      the urea that had precipitated was filtered off with suction, washed with
      about 80 ml of ice-water and the urea was combined with 40 ml of water.
      This mixture was rapidly heated to 85.degree. C, while stirring, and kept
      for 10 minutes at this temperature. After cooling, the aqueous solution
      was combined at 10.degree.-15.degree. C with 16.5 ml of 12 N-sodium
      hydroxide solution, saturated with NaCl and extracted several times with
      CH.sub.2 Cl.sub.2. The combined extracts were dried over magnesium
      sulfate, filtered and evaporated at 37.degree. C under reduced pressure.
      15.5 g (77.5 percent of the theory) of racemic
      2-amino-4-methyl-2-oxazoline were obtained in the form of a viscous
      colourless oil.
PAR  This oil was dissolved in 30 ml of ethanol and 20 ml of methanol and
      combined with a warm solution of 23.3 g L(+)-tartaric acid in 90 ml of
      ethanol. Upon cooling, 18.8 g (48.5 percent of the theory) of almost pure
      R-L(+)-2-amino-4-methyl-2-oxazoline-hydrogeno-tartrate crystallized
      ([.alpha.].sub.D.sup.25 : + 27.6.degree. (H.sub.2 O, C = 1.03); Mp.
      151.degree.-152.degree. C). 1 g of this substance was then recrystallized
      from methanol and the resulting pure product showed the following data:
      Mp. 153.degree.-154.degree. C, [.alpha.].sub.D.sup.25 : + 29.1.degree.
      (H.sub.2 O, C = 1.012).
PAR  The hydrogeno-tartrate was dissolved in 30 ml of water and combined at
      5.degree.-10.degree. C with 12.5 ml of 12 N-sodium hydroxide solution. The
      aqueous solution was extracted several times with CH.sub.2 Cl.sub.2. The
      combined CH.sub.2 Cl.sub.2 extracts were evaporated, after having been
      dried and filtered, and the residue was crystallized from isopropyl ether
      and hexane and once again recrystallized. 3.6 g (36 percent of the theory)
      of pure R(+)-2-amino-4-methyl-2-oxazoline were obtained; Mp.
      66.degree.-67.degree. C, [.alpha.].sub.D.sup.25 : 86.1.degree. (H.sub.2 O,
      C = 1.01).
PAR  Analysis: C.sub.4 H.sub.8 N.sub.2 O: Calc.: C, 48.0 %, H, 8.0 %; N, 28.0 %;
      MW, 100.12. Found.: C, 48.1 %; H, 8.1 %; N, 27.8 %; MW, 100.
PAR  Upon addition of the equivalent amount of acetic acid to a solution of 10 g
      of R(+)-2-amino-4-methyl-2-oxazoline in 10 ml of isopropanol, the
      crystalline acetate precipitated immediately. After addition of 10 ml of
      ethyl acetate, the product was filtered off with suction, the crystalline
      acetate was recrystallized from a mixture of isopropanol and ether. 12 g
      (75 percent of the theory) of pure R(+)-2-amino-4-methyl-2-oxazoline were
      obtained; Mp. 118.degree.-110.degree. C, [.alpha.].sub.D.sup.25 :
      +19.2.degree.  (H.sub.2 O, C = 1.01).
PAR  Analysis: C.sub.6 H.sub.12 N.sub.2 O.sub.3 : Calc.: C, 45.0 %; H, 7.5 %; N,
      17.5 %; MW, 160.17. Found.: C, 45.0 %; H, 7.7 %; N, 17.5 %.
PAR  The mother liquor remaining after filtration with suction of the
      crystallized R-L(+)-hydrogen-tartrate (cf. above) was evaporated lunder
      reduced pressure. The remaining viscous vitreous residue (20 g) was
      dissolved in 30 ml of water and combined, while cooling, with 13.7 ml of
      12 N-sodium hydroxide solution. The solution was saturated with sodium
      chloride and extracted several times with CH.sub.2 Cl.sub.2. The combined
      extracts were worked up as described above. 9 g of oil were obtained which
      crystallized after addition of isopropyl ether and hexane. The isolated
      crystalline product was recrystallized twice from isopropyl ether and
      hexane. 2.55 g (25.5 percent of the theory, referred to the enantiomer) of
      pure S(-)-2-amino-4-methyl-2-oxazoline were obtained; Mp.
      66.degree.-67.degree. C, [.alpha.].sub.D.sup.25 : -85.9.degree. (H.sub.2 O
      , C = 1.01).
PAC  EXAMPLE 2
PAR  33 g (0.2 mole) of R(-)-.beta.-bromoisopropyl-isocyanate were reacted with
      aqueous ammonia as described in Example 1 and worked up in a manner
      analogous to said Example 1. 15.5 g of crude
      R(+)-2-amino-4-methyl-2-oxazoline (77.5 percent) were obtained. This
      product was crystallized with the aid of a mixture of isopropyl ether and
      hexane and recrystallized twice from this mixture. 10.8 g (54 percent of
      the theory) of pure R(+)-2-amino-4-methyl-2-oxazoline were obtained; Mp.
      66.degree.-67.degree. C, [.alpha.].sub.D.sup.25 : + 86.0.degree. (H.sub.2
      O, C = 1.01)
PAR  A part of this product was converted in an ethanolic solution with the
      equivalent amounts of L(+)-tartaric acid into the R-L(+)-tartrate which
      was recrystallized from methanol; Mp. 153.degree.-154.degree. C,
      [.alpha.].sub.D.sup.27 : + 29.25.degree. (H.sub.2 O, C = 1002).
PAC  EXAMPLE 3
PAR  17.8 g (0.1 mole) of .beta.-bromo-sec.butyl-isocyanate were reacted with
      aqueous ammonia in the manner described in Example 1 and the isolated urea
      was further treated to obtain the amino-oxazoline. 11.0 g (96 percent of
      the theory) of crude base were obtained in the form of a viscous oil.
PAC  Preparation of the fumarate
PAR  The crude base (11.2 g) was dissolved in 10 ml of ethanol and combined with
      a hot solution of 10.8 g (0.093 mole) of fumaric acid in 200 ml of
      ethanol. Upon cooling, at first 4.5 g (26 percent of the theory) of
      neutral fumarate crystallized; Mp.: 202.degree.-204.degree. C.
PAR  Analysis: C.sub.14 H.sub.24 N.sub.4 O.sub.6 : Calc.: C, 48.8 %; H, 7.0 %;
      N, 16.3 %; MW, 344.36. Found.: C, 48.7 %; H, 7.1 %; N, 16.4 %.
PAR  The filtrate was concentrated to about half of its original quantity,
      whereupon 8.5 g (37 percent of the theory) of
      2-amino-4,5-dimethyl-2-oxazoline-hydrogeno-fumarate (cis / trans mixture)
      crystallized; Mp. 146.degree.-147.degree. C.
PAR  Analysis: C.sub.9 H.sub.14 N.sub.2 O.sub.5 : Calc.: C, 46.9 %; H, 6.1 %; N,
      12.2 %; MW, 230.22. Found.: C, 46.7 %; H, 6.1 %; N, 12.1 %.
PAC  EXAMPLE 4
PAR  Starting from 36 g (0.2 mole) of .beta.-bromo-sec.butyl-isocyanate
      (threo-erythreo 1:1 mixture), there were obtained when working analogously
      to the method described in Example 1, after evaporation of the methylene
      chloride extract, 20.2 g (89 percent of the theory) of crystalline
      2-amino-4,5-dimethyl-2-oxazoline (cis/trans mixture) as a residue. This
      product was recrystallized from 100 ml of isopropyl ether, whereby 13 g of
      crystalline product were obtained; Mp. 86.degree.-88.degree. C.
PAR  Analysis: C.sub.5 H.sub.10 N.sub.2 O: Calc.: C, 52.6 %; H, 8.8 %; N, 24.5
      %; MW, 114.15. Found.: C, 52.3 %; H, 9.0 %; N, 24.3 %; MW, 114.
PAR  When the product was further recrystallized from isopropyl ether, there was
      obtained a product melting at 102.degree.-104.degree. C with a strong
      reduction of the quantity of crystalline material. This phenomenon is due
      to a fractionated crystallization of the cis/trans mixture which was
      modified in favour of one stereo-isomer.
PAC  Acetate formation
PAR  14.2 g of the 2-amino-4,5-dimethyl-2-oxazoline (Mp. 85.degree.-87.degree.
      C) prepared as described above were dissolved in 55 ml of ethyl acetate
      and combined with 7.45 g of glacial acetic acid, whereupon the acetate
      crystallized. After having added 8 ml of ether, the product was filtered
      off with suction. 20 g of acetate were isolated, which were recrystallized
      from 120 ml of ethyl acetate. Thereafter, 17.5 g (91 percent of the
      theory) of pure 1-amino-4,5-dimethyl-2-oxazoline-acetate (cis/trans
      mixture) were obtained; Mp. 108.degree.-111.degree. C.
PAR  Analysis: C.sub.7 H.sub.14 N.sub.2 O.sub.3 : Calc.: C, 48.3 %; H, 8.1 %; N,
      16.1 %; MW, 174.20. Found.: C, 48.3 %; H, 8.2 %; N, 16.1 %.
PAC  EXAMPLE 5
PAR  35.3 g (0.2 mole) of 2-bromo-1-vinyl-ethyl-isocyanate were reacted in the
      manner described in Example 1 with aqueous ammonia. The corresponding
      isolated urea was combined with 40 ml of water and heated for 20 minutes
      to 75.degree. C. The solution obtained was clarified with "Clarcel"
      filtering agents, filtered off with suction, combined at 5.degree. C with
      16.5 ml of 12 N-potassium lye and extracted several times with CH.sub.2
      Cl.sub.2. The combined dried CH.sub.2 Cl.sub.2 extracts were evaporated
      under reduced pressure after having been filtered, whereupon 22.2 g of
      crystalline crude base remained behind. This product was recrystallized
      from 50 ml of isopropyl ether and 50 ml of hexane, which yielded 20.8 g
      (93 percent of the theory) of pure 2-amino-4-vinyl-2-oxazolone; Mp.
      49.degree.-50.degree. C.
PAR  Analysis: C.sub.5 H.sub.8 N.sub.2 O Calc.: C, 53.5 %; H, 7.2 %; N, 25.0 %;
      MW, 112.13. Found.: C, 53.4 %; H, 7.2 %; N, 25.0 %; MW, 112.
PAC  Fumarate formation
PAR  A solution of 14.8 g (0.132 mole) of 2-amino-4-vinyl-2-oxazoline in 10 ml
      of ethanol was combined with a hot solution of 15.5 g of fumaric acid in
      160 ml of ethanol. Upon cooling, a crystalline precipitate separated.
      After having filtered off with suction, the filtrate was concentrated
      under reduced pressure to one third of its original volume, whereupon
      another crystalline substance precipitated. In this manner, 21.5 g (96
      percent of the theory) of neutral 2-amino-4-vinyl-2-oxazoline-fumarate
      were obtained; Mp. 154.degree.-155.degree. C.
PAR  Analysis: C.sub.14 H.sub.20 N.sub.4 O.sub.6 : Calc.: C, 49.4 %; H, 5.9 %;
      N, 16.5 %; MW, 340.33. Found.: C, 49.7 %; H, 6.0 %; N, 16.3 %.
PAC  EXAMPLE 6
PAR  35.6 g (0.2 mole) of bromo-tert.butyl-isocyanate were added dropwise,
      within 1 hour, while stirring thoroughly, at 22.degree.-25.degree. C, to a
      mixture of 50 ml of concentrated aqueous ammonia, 40 ml of water and 15 ml
      of dioxane. The whole was stirred for 40 minutes at room temperature, the
      urea that had precipitated was filtered off with suction, washed well with
      water and combined with 50 ml of water. The mixture was heated for 20
      minutes to 80.degree. C, then cooled in an ice-bath and further worked up
      as described in Example 5. 21.8 g of crystalline crude base were obtained.
      This product was shortly boiled up under reflux with 250 ml of isopropyl
      ether. The warm isopropyl ether solution was decanted from a small amount
      of undissolved oil, concentrated under reduced pressure to about half of
      its original volume, whereupon the 2-amino-4,4,-dimethyl-2-oxazoline
      crystallized. After filtration with suction and after isolation of other
      crystallized material from the concentrated mother liquor, there wr were
      obtained 18.2 g (80 percent of the theory) of pure
      2-amino-4,4,-dimethyl-2-oxazolone; Mp. 70.degree.-71.degree. C.
PAR  Analysis: C.sub.5 H.sub.10 N.sub.2 O: Calc.: C, 52.6 %; H, 8.8 %; N, 24.5
      %; MW, 114.15. Found.: C, 52.3 %; H, 8.8 %; N, 24.7 %; MW, 114.
PAC  Acetate
PAR  The preparation was carried out analogously to the method described in
      Example 4. The acetate, which was obtained directly, was recrystallized
      from a mixture of ethyl acetate and isopropyl ether (5:1); Mp.
      138.degree.-139.degree. C.
PAR  Analysis: C.sub.7 H.sub.14 N.sub.2 O.sub.3 : Calc.: C, 48.3 %; H, 8.1 %; N,
      16.1 %; MW, 174.20. Found.: C, 48.5 %; H, 8.2 %; N, 16.3 %.
PAC  Fumarate
PAR  The preparation was carried out analogously to the method described in
      Example 3. 2-Amino-4,4-dimethyl-2.oxazoline-hydrogeno-fumarate; Mp.
      191.degree.-192.degree. C.
PAR  Analysis: C.sub.9 H.sub.14 N.sub.2 O.sub.5 : Calc.: C, 46.9 %; H, 6.1 %; N,
      12.2 %; MW 230.22. Found.: C, 47.1 %; H, 6.2 %; N, 12.1 %.
PAC  EXAMPLE 7
PAR  62 g (0.3 mole) of 1-methyl-1-bromomethyl-butyl-isocyanate were added
      dropwise, within 1 hour, while stirring, at room temperature to a mixture
      of 75 ml of concentrated aqueous ammonia, 60 ml of water and 40 ml of
      dioxane. Stirring was continued for 5 hours at room temperature. The oil
      that had separated was dissolved in methylene chloride and the aqueous
      solution was extracted several times with CH.sub.2 Cl.sub.2. The combined,
      dried and filtered extracts were evaporated, whereupon 56 g of an oily
      substance were obtained which was combined with 100 ml of water and heated
      for 15 minutes, while stirring, to 85.degree. C. After cooling, 30 ml of
      10 N-sodium hydroxide solution were added at 5.degree. C and the mixture
      was extracted several times with chloroform. After the usual working up of
      the combined extracts, 42 g of oily crude base were obtained. This product
      was converted into the fumarate. The 42 g of base were dissolved in 10 ml
      of ethanol and a hot solution of 32 g (0.276 mole) of fumaric acid in 320
      ml of ethanol was added. The solution was concentrated to half of its
      original volume, whereupon a crystalline precipitated. After filtration
      with suction, the mother liquor was evaporated and the residue was
      recrystallized from a mixture of isopropanol and ether. In this manner
      33.4 g (43 percent of the theory) of a
      2-amino-4-methyl-4-n-propyl-2-oxazoline-hydrogeno-fumarate were obtained;
      Mp. 169.degree.-170.degree. C.
PAR  Analysis: C.sub.11 H.sub.18 N.sub.2 O.sub.5 : Calc.: C, 51.1 %; H, 7.0 %;
      N, 10.8 %; MW, 258.27. Found.: C, 51.1 %; H, 7.0 %; N, 11.0 %.
PAC  EXAMPLE 8
PAR  21 g (0.1 mole) of 1-methyl-1-bromomethyl-butyl-isocyanate were added
      dropwise, within 1 hour, at room temperature to a mixture of 25 ml of
      concentrated aqueous ammonia, 25 ml of water and 10 ml of isopropanol.
      Stirring was continued for 31/2 hours and the reaction mixture was then
      extracted several times with methylene chloride. The whole was worked up
      as described in Example 7. 13.7 g of oily crude base were isolated from
      which 14.6 g (56.5 percent of theory) of hydrogeno-fumarate (cf. Example
      7) were obtained; Mp. 169.degree.-170.degree. C.
PAC  EXAMPLE 9
PAR  19 g (0.1 mole) of 1-methyl-1-vinyl-2-bromoethyl-isocyanate were added
      dropwise within 1 hour, at 22.degree.-24.degree. C, to a mixture of 25 ml
      of concentrated ammonia and 25 ml of water. Stirring was continued for 30
      minutes at room temperature. The corresponding urea precipitated in the
      form of a clotty crystal mass. This man was isolated, kneaded several
      times with water and worked up as described in Example 1. 9.8 g of oily
      crude base were obtained. This base was converted as described in Example
      5 into a hydrogeno-fumarate. 12.6 g (52 percent of the theory) of
      2-amino-4-methyl-4-vinyl-2-oxazoline-hydrogeno-fumarate were obtained; Mp.
      183.degree.-184.degree. C.
PAR  Analysis: C.sub.10 H.sub.14 N.sub.2 O.sub.5 : Calc.: C, 49.6 %; H, 5.8 %;
      N, 11.6 %; MW 242.23. Found.: C, 49.6 %; H, 6.2 %; N, 11.7 %.
PAC  EXAMPLE 10
PAR  19 g (0.1 mole) of 1-methyl-1-vinyl-bromoethyl-isocyanate were added
      dropwise, within 1 hour, at room temperature, to a mixture of 25 ml of
      concentrated ammonia, 20 ml of water and 10 ml of tetrahydrofurane. Then,
      5 ml of tetrahydrofurane were added, the whole was stirred for 45 minutes
      at 27.degree. C and the urea was filtered off with suction and worked up
      as described in Example 1. 14.1 g (58 percent of the theory) of
      2-amino-4-methyl-4-vinyl-2-oxazoline-hydrogeno-fumarate were obtained; Mp.
      183.degree.-184.degree. C.
PAC  EXAMPLE 11
PAR  42.5 g (0.2 mole) of .beta.-bromo-.beta.'-chloro-tert-butyl-isocyanate were
      added dropwise, while stirring, at 20.degree.-23.degree. C, to a mixture
      of 50 ml of concentrated ammonia, 40 ml of water and 15 ml of
      dimethoxyethane. Stirring was continued for 1 hour at room temperature.
      The isolated urea was heated for 15 minutes to 80.degree. C with 40 ml of
      water and worked up as described in Example 1. 22.4 g of crude base were
      obtained which was combined with 350 ml of isopropyl ether and then
      decanted from a layer of undissolved oil. The solution was evaporated and
      the residue was recrystallized from 50 ml of isopropyl ether. 8.4 g (28
      percent of the theory) of 2-amino-4-methyl-4-chloromethyl-2-oxazoline were
      obtained; Mp. 61.degree.-62.degree. C.
PAR  Analysis: C.sub.5 H.sub.9 ClN.sub.2 O: Calc: C, 40.4 %; H, 6.1 %; Cl, 23.9
      %; N, 18.8 %; MW, 148.59. Found.: C, 40.0 %; H, 6.1 %; Cl, 23.8 %; N, 18.4
      %; MW, 148/150.
PAC  Fumarate
PAR  The 2-amino-4-methyl-4-chloromethyl-2-oxazoline was converted into the
      method described in Example 5 into a hydrogenofumarate; Mp.
      182.degree.-183.degree. C.
PAR  Analysis: C.sub.9 H.sub.13 ClN.sub.2 O.sub.5 : C, 40.8 %; H, 4.9 %; Cl,
      13.4 %; N, 10.6 %; MW, 264.67. C, 41.2 %; H, 5.2 %; Cl, 13.3 %; N, 10.4%.
PAC  EXAMPLE 12
PAR  38 g (0.2 mole) of trans-2-bromo-cyclopentyl-isocyanate were added
      dropwise, in 50 minutes, while stirring, at 12.degree.-15.degree. C, to a
      mixture of 60 ml of concentrated ammonia, 35 ml of water and 15 ml of
      dioxane. Stirring was continued for 40 minutes at 23.degree. C. The
      corresponding isolated urea was heated for 30 minutes to
      90.degree.-93.degree. C with 50 ml of water. Then, working up was carried
      out as described in Example 5. 18.3 g (73 percent of the theory) of
      crystalline crude base were obtained; the base was recrystallized from a
      mixture of ethyl acetate and isopropyl ether (1:2), and yielded 14.3 g (57
      percent of the theory) of pure cis-2-amino-4,5-trimethylene-2-oxazoline;
      Mp. 110.degree.-112.degree. C.
PAR  Analysis: C.sub.6 H.sub.10 N.sub.2 O: Calc.: C, 57.1 %; H, 8.0 %; N, 22.2
      %; MW, 126.16. Found.: C, 57.3 %; H, 8.0 %; N, 22.1 %; MW, 126.
PAC  EXAMPLE 13
PAR  19 g (0.1 mole) of trans-2-bromo-cyclopentyl-isocyanate were added
      dropwise, within 40 minutes, at room temperature, to a mixture of 30 ml of
      concentrated ammonia, 20 ml of water and 112 ml of acetone. The whole was
      stirred for 1 hour at this temperature and worked up as described in
      Example 12, but using instead of 12 N-potassium hydroxide solution 37 ml
      of 30 percent (by weight) of soda solution for setting free the base from
      the hydrobromide. 7.3 g (58 percent of the theory) of
      cis-2-amino-4,5-trimethylene-2-oxazoline were obtained; Mp.
      109.degree.-112.degree. C.
PAC  EXAMPLE 14
PAR  20.5 g (0.1 mole) of cis/trans-(1:1)-2-bromocyclohexyl-isocyanate were
      added dropwise, within 50 minutes, at 8.degree.-10.degree. C, to a mixture
      of 25 ml of concentrated ammonia, 25 ml of ice-water and 7 ml of dioxane.
      Stirring was continued for 50 minutes at 8.degree.-20.degree. C and the
      urea was filtered off with suction. The urea was combined with 200 ml of
      water and the whole was heated for 25 minutes to 98.degree. C. Upon
      cooling of the aqueous solution, a by-product (12 g) crystallized which
      had been formed from the cis-portion of the isocyanate. The whole was
      filtered with suction and the cold filtrate, which had been concentrated
      under reduced pressure to 70 ml and had been saturated with NaCl, was
      combined with 4.2 ml of 12 N-sodium hydroxide solution and extracted
      several times with CH.sub.2 Cl.sub.2. The combined and dried filtrates
      were filtered and evaporated under reduced pressure. 5.3 g (76 percent of
      the theory) of oily crude base remained behind; the base was converted as
      described in Example 5 into the fumarate. 5.3 g (54 percent of the theory)
      of neutral cis-2-amino-4,5-tetramethylene-2-oxazoline-fumarate were
      obtained; Mp. 208.degree.-210.degree. C (literature:
      210.5.degree.-211.5.degree. C).
PAR  Analysis: C.sub.18 H.sub.28 N.sub.4 O.sub.6 : Calc.: C, 54.5 %; H, 7.1 %;
      N, 14.1 %; MW, 396.44. Found.: C, 54.2 %; H, 7.3 %; N, 14.4 %.
PAC  EXAMPLE 15
PAR  21 g (0.1 mole) of 1-bromomethyl-3-methyl-butyl-isocyanate were added
      dropwise within 1 hour, at 8.degree.-11.degree. C, to a mixture of 25 ml
      of concentrated ammonia, 25 ml of water and 7 ml of 1,2-dimethoxyethane.
      Stirring was continued for 15 minutes at 12.degree.-14.degree. C, and then
      working up was carried out as described in Example 1. 11.6 g (82 percent
      of the theory) of oily 2-amino-4-isobutyl-2-oxazoline were obtained, which
      had been previously dissolved and reprecipitated from a mixture of
      isopropyl ether and hexane and finally evaporated in a high vacuum.
PAR  Analysis: C.sub.7 H.sub.14 N.sub.2 O: Calc.: C, 59.1 %; H, 9.9 %; N, 19.7
      %; MW, 142.20. Found.: C, 58.8 %; H, 9.7 %; N, 19.9 %; MW, 142.
PAR  The 2-amino-4-isobutyl-2-oxazoline-hydrogeno-fumarate was prepared
      according to the method described in Example 5 and was found to melt at
      102.degree.-104.degree. C, after recrystallization from isopropanol.
PAR  Analysis: C.sub.11 H.sub.18 N.sub.2 O.sub.5 : Calc.: C, 51.1 %; H, 7.0 %;
      N, 10.8 %; MW, 258.27. Found.: C, 51.3 %; H, 6.9 %; N, 10.6. %.
PAC  EXAMPLE 16
PAR  A solution of 32 g of bromine in 50 ml of CH.sub.2 Cl.sub.2 was added
      dropwise, while stirring, at about 20.degree. C, to a solution of 16.6 g
      (0.2 mole) of allyl-isocyanate in 100 ml of CH.sub.2 Cl.sub.2. When the
      addition of bromine was completed, the methylene chloride was evaporated
      under reduced pressure at room temperature. The liquid residue was added
      dropwise, while stirring, within 1 hour, at 2.degree.-4.degree. C, to a
      mixture of 50 ml of concentrated ammonia, 50 ml of water and 8 ml of
      1,2-dimethoxy-ethane. Stirring was continued for 10 minutes at
      0.degree.-2.degree. C. The isolated urea was then worked up as described
      in Example 5. Upon addition of 12 N-potassium hydroxide solution to the
      aqueous solution of the 2-amino-5-bromomethyl-2-oxazoline-hydrobromide,
      the major part of the free base (26 g) precipitated immediately in
      crystalline form. The aqueous filtrate was extracted thrice with ethyl
      acetate. From these extracts, further 3.3 g of crystalline base were
      obtained after the usual working up. The crystalline crude base was
      recrystallized from acetone, whereupon 18.2 g (51 percent of the theory)
      of pure 2-amino-5-bromomethyl-2-oxazoline were obtained; MP.
      120.degree.-121.degree. C (literature: 120.degree. C; Monatshefte 5, 33
      (1884); J. Chem. Soc. (London) 76, 16 (1899)).
PAC  EXAMPLE 17
PAR  About 14.5 g of chlorine were introduced within 50 minutes, at
      20.degree.-25.degree. C, into a solution of 16.6 g (0.2 mole) of
      allyl-isocyanate in 100 ml of chloroform. The chloroform was subsequently
      evaporated under reduced pressure at a bath temperature of 30.degree. C
      and the residue was reacted with aqueous ammonia in the manner described
      in Example 16 and under the conditions indicated in the said Example.
      Heating of the corresponding urea in water was extended to 35 minutes and
      the further working up was carried out in a manner analogous to that
      described in Example 16. When setting free the base from the corresponding
      hydrochloride, a part of the base separated immediately in crystalline
      form, the aqueous filtrate was likewise worked up as described in Example
      16. From 22.4 g of crude base thus obtained, there were obtained, after
      recrystallization from a mxiture of acetone and ether, 16.9 g (63 percent
      of the theory) of pure 2-amino-5-chloromethyl-2-oxazoline were obtained;
      Mp. 142.degree. C (literature: 142.degree. C; Liebigs Annalen 442, 130
      (1925).
PAC  EXAMPLE 18
PAR  70.5 g (0.3 mole) of cis/trans-(1:1)-2-bromo-cyclooctyl-isocyanate were
      added dropwise, within 50 minutes, at 8.degree.-10.degree. C, to a mixture
      of 75 ml of concentrated ammonia, 75 ml of water and 50 ml of dioxane.
      Stirring was continued for 40 minutes at 10.degree.-24.degree. C and the
      urea derivative was filtered off. By concentration under reduced pressure,
      a further quantity of urea derivative was obtained from the filtrate. The
      isolated N-(2-bromo-cyclohexyl)-urea was combined with 600 ml of water,
      heated to 93.degree. C while stirring and combined with about 5 ml of
      6N-sodium hydroxide solution (pH-value about 7). The whole was stirred for
      20 minutes at 93.degree. C; a clear solution formed with a small amount of
      a resinous precipitate. The solution was cooled to 3.degree.-4.degree. C
      after decanting. During that time an oily substance precipitated which was
      removed by filtration through silica gel. The filtrate was concentrated
      under reduced pressure to half of its original volume and combined with 45
      ml of 6N-sodium hydroxide solution. The crystalline substance that had
      precipitated was dissolved in methylene chloride and the aqueous solution
      was extracted several times with methylene chloride. After drying over
      sodium sulfate and filtration, the combined methylene chloride extracts
      were evaporated under reduced pressure, whereupon 48 g of crude
      crystalline 2-amino-4,5-hexamethylene-2-oxazoline (cis/trans mixture)
      remained behind; Mp. 164.degree.-167.degree. C. From this mixture of the
      stereo-isomers, there were obtained by recrystallization from a mixture of
      acetone and isopropanol (7:1) (about 650 ml) 22 g of crystalline
      2-amino-4,5-hexamethylene-2-oxazoline; Mp. 199.degree.-201.degree. C.
PAR  Analysis: C.sub.9 H.sub.16 N.sub.2 O: Calc.: C, 64.3 %; H, 9.6 %; N, 16.6
      %; MW, 168.23. Found.: C, 64.5 %; H, 9.4 %; N, 16.3 %; MW, 168.
PAR  From the mother liquor, there were obtained by fractionated crystallization
      consecutively other fractions of crystalline
      2-amino-4,5-hexamethylene-2-oxazoline with different melting points which
      were in the range of between 180.degree. and 198.degree. C. The analysis
      data of these crystal fractions corresponded well with those calculated
      for C.sub.9 H.sub.16 N.sub.2 O (cf. above). From these crystal fraction,
      there could be obtained by repeated recrystallization from methanol,
      ethanol, isopropanol or ethyl acetate furtherequantities of the
      above-described 2-amino-4,5-hexamethylene-2-oxazoline; Mp.
      199.degree.-201.degree. C.
PAC  2-Amino-4,5-hexamethylene-2-oxazoline- acetate
PAR  A solution of 13.45 g of 2-amino-4,5-hexamethylene-2-oxazoline (Mp.
      199.degree.-201.degree. C) in 70 ml of ethanol was combined with 4.8 g of
      glacial acetic acid. After addition of 100 ml of ethyl acetate, 7.9 g of
      the formed acetate crystallized (Mp. 153.degree.-155.degree. C). After
      filtration, the filtrate was completely evaporated, the crystalline
      residue was combined with ether and filtered. In this manner, other 10.1 g
      of acetate were obtained. Thus, the yield of
      2-amino-4,5-hexamethylene-2-oxazoline-acetate was 18 g, corresponding to
      99 percent of the theory; Mp. 153.degree.-155.degree. C.
PAR  Analysis: C.sub.11 H.sub.20 N.sub.2 O.sub.3 : Calc.: C, 57.9 %; H, 8.8 %;
      N, 12.3 %; MW, 228.29. Found.: C, 58.2 %; H, 8.9 %; N, 12.4 %.
PAR  In a manner analogous to that described in Example 18, there were prepared
      the following compounds:
PA1  from 2-bromo-cycloheptyl-isocyanate (cis/trans mixture or cis- or
      trans-form), the 2-amino-4,5-pentamethylene-2-oxazoline; Mp.
      155.degree.-157.degree. C.
PA1  from 3-bromo-bicyclo[2.2.1]-heptyl-2-isocyanate (cis/trans mixture or
      trans-form), the
      cis-2-amino-3a.4.5.6.7.7a-hexahydro-4,7-methano-benzoxazole (compound V).
PA1  from 6(5)-bromo-5(6)-isocyanato-3a.4.5.6.7.7a-hexahydro-4.7-methano-indene
      (cis/trans mixture or trans-form), the
      cis-2-amino-3a.4.5.6.7.7a-hexahydro-4.7-methano-5,6-propeno-benzoxazole
      (compound VII).
CLMS
STM  We claim:
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NUM  3.
PAR  3. 2-Amino-3a.4.5.6.7.7a-hexahydro-4,7-methano-benzoxazole.
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ABST
PAL  Novel benzofuran containing a benzimidazolyl group are obtained by reacting
      a benzofuran containing a carboxylic acid halide group with either an
      ortho-phenylene diamine or an ortho-nitro-aniline derivative, in the
      latter case reducing the nitro intermediate to the corresponding
      (aminophenyl)-amide and splitting off water by closing the imidazole ring.
      The products are optical brighteners, especially for acrylonitrile
      polymers.
BSUM
PAR  The present invention relates to benzofuran derivatives to a process for
      their preparation and their use as optical brighteners.
PAR  It is already known how to prepare benzofuran derivatives in which an
      optionally quarternized benzimidazolyl radical is placed in 2-position. It
      is furthermore known to use these compounds as optical brighteners for
      organic materials (German Offenlegungsschriften Nos. 2,031,774 and
      2,159,469).
PAR  The present invention relates to benzofuran derivatives of the general
      formula (I)
      ##SPC1##
PAL  In this formula A and B represent two aromatic mono- or polynuclear ring
      systems, which may be identical or different wherein two adjacent carbon
      atoms are condensed with the furan or imidazol nucleus, R is hydrogen, a
      lower alkyl group, a phenyl group which may be substituted by lower alkyl
      or alkoxy groups or halogen atoms or an optionally modified carboxy group,
      X represents a continuously conjugated chain of carbon atoms, which may be
      completely or partly a constituent of a carbocyclic or heterocyclic ring
      system and is conjugated with the adjacent furan and imidazole ring, S
      represents a hydrogen atom, a lower alkyl or cyanoethyl group, an aralkyl
      group, preferably a lower alkyl group substituted by a phenyl group; or a
      phenyl group which may be substituted by halogen atoms, lower alkyl or
      alkoxy groups; T is a lower alkyl group, an optionally substituted aralkyl
      group, preferably a lower alkyl group substituted by a phenyl group; or a
      group of the formula
EQU  --CH.sub.2 --CN, --CH.sub.2 --CO--NH.sub.2, --CH.sub.2 --COOE,
PAL  E representing a hydrogen atom or a lower alkyl groups; D.sup.- is a
      colorless anion and n being zero or 1.
PAR  Non-chromophoric substituents may be bound to the aromatic ring systems A
      and B and to the middle component X.
PAR  The term "lower", when used in connection with aliphatic radicals is
      intended to cover groups of up to 4 carbon atoms. As non-chromophoric
      substituents there may be considered halogen atoms, (preferably lower)
      alkyl, (preferably lower) alkylene, (preferably lower) alkoxy, (preferably
      lower) alkenyl, aryl, especially phenyl groups, carboxy or sulfo groups
      optionally having modified functions, acyl, acylamino or sulfonyl groups.
      There may also be bound several of the mentioned groups which may be
      identical or different from one another, simultaneously to A, B and X.
PAR  A carboxy group having modified functions means first the salts of this
      group formed with colorless cations, alkali metal or ammonium ions being
      preferred, and furthermore the functional derivatives of a carboxy group,
      from the carbon atom of which three bonds lead to hetero atoms, especially
      as in the cyano group, a carboxylic ester group or carboxylic acid amide
      group.
PAR  Carboxylic acid ester groups are especially those having the general
      formula COOR.sup.1, in which R.sup.1 represents a phenyl radical or an
      optionally branched lower alkyl radical, wherein these radicals may
      contain further substituents, for example, a hydroxy, a preferably
      low-molecular dialkylamino, trialkylammonium or alkoxy group. A carboxylic
      acid amide group is especially a group having the formula CONR.sup.2
      R.sup.3, in which the radicals R.sup.2 and R.sup.3 represent hydrogen
      atoms or lower alkyl groups which may be substituted, especially by
      hydroxy groups, which alkyl groups may form with the nitrogen atom a
      hydroaromatic ring, such as a piperidino or morpholino ring, furthermore
      the hydrazides and the analogous thioamides.
PAR  A sulfo group having modified functions, by analogy to the preceding
      explanations, represents the salts of this group formed with colorless
      cations, preferably alkali metal or ammonium ions and furthermore the
      derivatives, in which the SO.sub.2 group is bound to a hetero atom, as in
      the sulfonic acid ester group and in the sulfonamide group. The sulfonic
      acid ester group especially means a group of the formula SO.sub.2
      OR.sup.1, wherein R.sup.1 has the above meaning, and a sulfonic acid amide
      group means a group of the formula SO.sub.2 NR.sup.2 R.sup.3, in which
      R.sup.2 and R.sub.3 have the above-mentioned meaning.
PAR  An acyl group is especially a group of the formula COR.sup.4, wherein
      R.sup.4 represents an optionally substituted, preferably lower alkyl or a
      phenyl radical.
PAR  A sulfonyl radical is especially a radical having the formula SO.sub.2
      R.sup.5, wherein R.sup.5 represents an optionally substituted lower alkyl
      or a phenyl group; these groups may preferably contain, as substituents, a
      lower dialkylamino, trialkyl ammonium, acylamino or sulfo groups.
PAR  Among the compounds of the general formula (I) there are especially
      interesting those having the general formula (II)
      ##SPC2##
PAL  In this formula
PAL  L and M, which may be identical or different, as well as P and Q which also
      may be identical or different, represent hydrogen or halogen atoms, lower
      alkyl or alkoxy groups, phenyl groups, or together an annellated benzene
      nucleus, U is a hydrogen atom, a lower alkyl or phenyl group, V is a
      hydrogen atom, a lower alkyl group, a benzyl group, or a phenyl group
      which is optionally substituted by chlorine atoms, methyl or methoxy
      groups; W is a lower alkyl group, a benzyl group which is optionally
      substituted by chlorine atoms, methyl or methoxy groups; or a radical of
      the formula
EQU  --CH.sub.2 --CN, --CH.sub.2 --CO--NH.sub.2, --CH.sub.2 --COOG,
PAL  wherein G represents a lower alkyl group; Y is a group of the formula
EQU  --CH=CH--, --C.tbd.C--,
      ##SPC3##
PAL  preferably ethenylene, phenylene, naphthylene or 1,4'-styrylene, n
      represents zero of 1, and F represents a halogen or lower alkylsulfate
      ion, a lower alkylsulfonic acid anion or an optionally methylsubstituted
      phenyl-sulfonic acid anion.
PAR  The compounds of the invention may be prepared according to the processes
      described in the following section, the radicals A, B, X, R and S having
      the meaning indicated in the general formula (I).
PAR  The preferred processes of preparation comprises reacting either
PAL  a. the acid halide, especially the acid chloride of the general formula
      (III)
      ##SPC4##
PAL  in which Z represents a halogen, especially a chlorine atom, with a salt of
      a p-phenylene-diamine of the general formula (IV)
      ##EQU1##
      wherein S' has the same meaning as S, but not a hydrogen atom, and Z' and
      Z" represent monovalent anions, preferably halogen and especially chlorine
      atoms, or
PAL  b. converting the acid halide (III) with an o-nitro-aniline of the general
      formula (V)
      ##EQU2##
      into the o-nitro-acylamino compound of the general formula (VI)
      ##SPC5##
PAL  and furthermore reducing the compound (VI) either to the amine of the
      general formula (VII)
      ##SPC6##
PAL  and converting this amine into the imidazol compound (I) by splitting off
      water, or by converting it in many cases directly into the imidazol
      compound (I) with the aid of a modified Bechamp reduction.
PAR  The quarternary compounds are obtained from the N'-unsubstituted imidazols
      (I; n=0) by reaction with a quarternization agent of the formula (VIII)
EQU  T -- D,
PAL  wherein T and D have the meanings indicated.
PAR  Naturally, compounds of the formula (I), in which S stands for a hydrogen
      atom, may be converted first in known manner into compounds wherein S has
      the other meanings, and these compounds may subsequently be quarternized.
PAR  The reaction of the acid halide (III) with the o-phenylenediamine (IV) is
      preferably carried out in an inert organic solvent. Preferably, a solvent
      is used, the boiling point of which is above about 150.degree.C, in order
      to be able to work without applying pressure.
PAR  Suitable solvents are for example: o-dichloro-benzene,
      1,2,4-trichlorobenzene or technical trichlorobenzene mixtures,
      1-chloronaphthalene, methyl benzoate and nitrobenzene.
PAR  The reaction temperature depends on the radicals A, B, X, R and S and
      ranges between about 150.degree. and about 250.degree.C, preferably
      between about 180.degree. and about 220.degree.C.
PAR  The o-nitro-acylamino compound (VI) is prepared by heating the acid halide
      (III) with the o-nitro-aniline (V) in a solvent inert towards the
      reactants, to a temperature of about 50.degree. to about 200.degree.C,
      preferably about 80.degree. to about 150.degree.C. As inert solvents may
      be used for example; benzene, toluene, chlorobenzene, o-dichlorobenzene or
      xylene.
PAR  The reduction of the nitro compound (VI) is effected according to known
      methods, preferably by catalytic hydrogenation. The reduction is
      preferably carried out in a stirring autoclave in the presence of
      Raney-Nickel at room temperature and while using an inert solvent. There
      may be mentioned for example: ethanol, dioxane, N,N-dimethylformamide and
      chlorobenzene.
PAR  The reduction of the compound (VI) according to Bechamp with iron powder in
      the presence of a small amount of acid is preferably carried out in a
      mixture of water and a well-water-soluble solvent. The mixture ratio
      ranges of from about 1 : 1 to about 1 : 10, preferably between about 1 : 5
      and about 1 : 7. The reaction temperature depends on the boiling point of
      the solvent-water-mixture applied to each case and ranges between about
      100.degree. and about 200.degree.C, preferably between about 120.degree.
      and about 160.degree.C. As solvents there may be used in this modified
      Bechamp reduction for example glycolmonomethyl ether or dimethylformamide.
      In many cases the ring-closed compound (I) is obtained directly, in some
      cases mixtures of the compounds (VII) and (I) are obtained.
PAR  The ring closure of the amine (VII) to the imidazol (I) is most
      successfully effected by heating to a temperature of about 150.degree. to
      about 250.degree.C, preferably about 180.degree. to about 220.degree.C in
      an inert solvent having a sufficiently high boiling point in the presence
      of an acidic catalyst. Examples for suitable solvents are:
      o-dichlorobenzene, 1,2,4-trichlorobenzene or nitrobenzene. As acidic
      catalysts may be used for example: zinc chloride, p-toluene-sulfonic acid
      or boric acid.
PAR  For the synthesis of the imidazoles (I) there may be used for example the
      acid chlorides of the following carboxylic acids:
PA0  .beta.-[benzofuranyl-(2)]-acrylic acid,
PA0  .beta.-[3-methyl-benzofuranyl-(2)]-acrylic acid,
PA0  .beta.-[6-methyl-benzofuranyl-(2)]-acrylic acid,
PA0  .beta.-[5,6-dimethyl-benzofuranyl-(2)]-acrylic acid,
PA0  .beta.-[6-methoxy-benzofuranyl-(2)]-acrylic acid,
PA0  .beta.-[6-tert.-butyl-benzofuranyl-(2)]-acrylic acid,
PA0  2-[p-carboxy-phenyl]-benzofuran,
PA0  2-[p-carboxy-phenyl]-3-methyl-benzofuran,
      2-[p-carboxy-phenyl]-3-phenyl-benxofuran,
PA0  2-[p-carboxy-phenyl]-6-methyl-benzofuran,
PA0  2-[p-carboxy-phenyl]-6-methoxy-benzofuran,
PA0  2-[p-carboxy-phenyl]-6-tert.-butyl-benzofuran,
PA0  2-[p-carboxy-phenyl]-5,6-dimethyl-benzofuran,
PA0  2-[p-carboxy-phenyl]-naphtho-[1,2-d]-furan,
PA0  2-[p-carboxy-phenyl]-naphtho-[2,1-d]-furan,
PA0  2-[p-carboxy-phenyl]-naphtho-[2,3-d]-furan,
PA0  4-[benzofuranyl-(2)]-diphenyl-carboxylic acid-(4'),
PA0  4-[3-methyl-benzofuranyl-(2)]-diphenyl-carboxylic acid-(4'),
PA0  4-[6-methyl-benzofurnayl-(2)]-diphenyl-carboxylic acid-(4'),
PA0  4-[6-methoxy-benzofuranyl-(2)]-diphenyl-carboxylic acid-(4'),
PA0  4-[5,6-dimethyl-benzofuranyl-(2)]-diphenyl-carboxylic acid-(4'),
PA0  1-[benzofuranyl-(2)]-naphthalene-carboxylic acid-(4),
PA0  1-[3-methyl-benzofuranyl-(2)]-naphthalene-carboxylic acid-(4),
PA0  1-[6-methyl-benzofuranyl-(2)]-naphthalene-carboxylic acid-(4),
PA0  1-[5,6-dimethyl-benzofuranyl-(2)]-naphthalene-carboxylic acid-(4),
PA0  1-[benzofuranyl-(2)]-naphthalene-carboxylic acid-(5),
PA0  1-[3-methyl-benzofuranyl-(2)]-naphthalene-carboxylic acid-(5),
PA0  1-[6-methyl-benzofuranyl-(2)]-naphthalene-carboxylic acid-(5),
PA0  1-[6-methoxy-benezofuranyl-(2)]-naphthalene-carboxylic acid-(5),
PA0  1-[5,6-dimethyl-benzofuranyl-(2)]-naphthalene-carboxylic acid-(5),
PA0  2-[benzofuranyl-(2)]-naphthalene-carboxylic acid-(6),
PA0  2-[3-methyl-benzofuranyl-(2)]-naphthalene-carboxylic acid-(6),
PA0  2-[6-methyl-benzofuranyl-(2)]-naphthalene-carboxylic acid-(6),
PA0  2-[6-methoxy-benzufuranyl-(2)]-naphthalene-carboxylic acid-(6),
PA0  2-[5,6-dimethyl-benzofuranyl-(2)]-naphthalene-carboxylic acid-(6),
PA0  2-[p-carboxy-styryl]-benzofuran,
PA0  2-[p-carboxy-styryl]-3-methyl-benzofuran,
PA0  2-[p-carboxy-styryl]-6-methyl-benzofuran,
PA0  2-[p-carboxy-styryl]-6-methoxy-benzofuran,
PA0  2-[p-carboxy-styryl[-5,6-dimethyl-benzofuran,
PA0  p-[benzofuranyl-(2 )]-cinnamic acid,
PA0  p-[3-methyl-benzofuranyl-(2)]-cinnamic acid,
PA0  p-[6-methyl-benzofuranyl-(2)]-cinnamic acid,
PA0  p-[6-methoxy-benzofuranyl-(2)]-cinnamic acid,
      1-[6-methoxy-benzofuranyl-(2)]-naphthalene-carboxylic acid-(4),
PA0  p-[5,6-dimethyl-benzofuranyl-(2)]-cinnamic acid,
PA0  4-[benzofuranyl-(2)]-stilbene-carboxylic acid-(4'),
PA0  4-[3-methyl-benzofuranyl-(2)]-stilbene-carboxylic acid-(4'),
PA0  4-[6-methyl-benzofuranyl-(2)]-stilbene-carboxylic acid-(4'),
PA0  4-[6-methoxy-benzofuranyl-(2)]-stilbene-carboxylic acid-(4'),
PA0  4-[5,6-dimethyl-benzofuranyl-(2)]-stilbene-carboxylic acid-(4'),
PA0  2-[benzofuranyl-(2)]-thiophen-carboxylic acid-(5),
PA0  2-[3-methyl-benzofuranyl-(2)]-thiophene-carboxylic acid-(5),
PA0  2-[6-methyl-benzofuranyl-(2)]-thiophene-carboxylic acid-(5),
PA0  2-[6-methoxy-benzofuranyl-(2)]-thiophene-carboxylic acid-(5),
PA0  2-[5,6-dimethyl-benzofuranyl-(2)]-thiophene-carboxylic acid-(5),
PA0  2-[benzofuranyl-(2)]-furan-carboxylic acid-(5),
PA0  2-[3-methyl-benzofuranyl-(2)]-furan -carboxylic acid-(5),
PA0  2-[6-methyl-benzofuranyl-(2)]-furan -carboxylic acid-(5),
PA0  2-[6-methoxy-benzofuranyl-(2)]-furan -carboxylic acid-(5) or
PA0  2-[5,6-dimethyl-benzofuranyl-(2)]-furan -carboxylic acid-(5).
PAR  For preparing the imidazols (I) according to the variant of the process (a)
      there may be used for example the salts, preferably hydrohalides,
      especially hydrochlorides of the following N-substituted o-phenylene
      diamines:
PA0  o-amino-N-methylaminobenzene,
PA0  o-amino-N-ethylaminobenzene,
PA0  o-amino-N-n-butylaminobenzene,
PA0  o-amino-N-benzylaminobenzene,
PA0  o-amino-N-cyclohexylaminobenzene,
PA0  2-amino-4-methyl-N-methylaminobenzene,
PA0  2-amino-5-methyl-N-methylaminobenzene,
PA0  2-amino-4,5-dimethyl-N-methylaminobenzene,
PA0  2-amino-4-chloro-N-methylaminobenzene,
PA0  2-amino-5-chloro-N-methylaminobenzene,
PA0  2-amino-4-methyl-5-chloro-N-methylaminobenzene,
PA0  2-amino-4-chloro-5-methyl-N-methylaminobenzene,
PA0  2-amino-diphenylamine,
PA0  3-chloro-2-amino-diphenylamine,
PA0  4-chloro-2-amino-diphenylamine,
PA0  5-chloro-2-amino-diphenylamine,
PA0  3'-chloro-2-amino-diphenylamine,
PA0  4'-chloro-2-amino-diphenylamine,
PA0  4,4'-dichloro-2-amino-diphenylamine,
PA0  4,4'-dichloro-2-amino-diphenylamine,
PA0  4,5'-dichloro-2-amino-diphenylamine,
PA0  4-methyl-2-amino-diphenylamine or
PA0  5-chloro-3'-methyl-2-amino-diphenylamine.
PAR  For preparing the imidazoles (I) according to the variant of the process
      b), for example the following n-nitroanilines are suitable:
PA0  o-nitroaniline,
PA0  2-nitro-4-chloroaniline,
PA0  2-nitro-4-methylaniline,
PA0  2-nitro-4-methoxyaniline,
PA0  2-nitro-4-chloro-5-methylaniline,
PA0  2-nitro-4-methoxy-5-methylaniline,
PA0  2-nitro-4,5-dimethylaniline,
PA0  2-nitro-5,6-dimethylaniline,
PA0  2-nitro-5-methylaniline,
PA0  o-nitro-N-methylaminobenzene,
PA0  o-Nitro-N-ethylaminobenzene,
PA0  o-Nitro-N-n-butylaminobenzene,
PA0  o-nitro-N-cyclohexylaminobenzene,
PA0  o-nitro-N-benzylaminobenzene,
PA0  2-nitro-4-methyl-N-methylaminobenzene,
PA0  2-nitro-5-methyl-N-methylaminobenzene,
PA0  2-nitro-4,5-dimethyl-N-methylaminobenzene,
PA0  2-nitro-5,6-dimethyl-N-methylaminobenzene,
PA0  2-nitro-4-chloro-N-methylaminobenzene,
PA0  2-nitro-4-methoxy-N-methylaminobenzene or
PA0  2-nitro-4-chloro-5-methyl-N-methylaminobenzene.
PAR  The quarternization of the N-substituted imidazol compounds (I) is
      expediently carried out in an inert organic solvent while using a suitable
      quarternization agent. Suitable solvents are for example benzene, toluene,
      chlorobenzene, o-dichlorobenzene and 1,2,4-trichlorobenzene.
PAR  The reaction temerature of quaternization is in the range of from about
      50.degree. to about 200.degree.C, preferably between about 80.degree. and
      about 150.degree.C.
PAR  Suitable quaternization agents are for example: methyl iodine, n-butyl
      bromide, benzyl chloride, dimethyl sulfate, diethylsulfate,
      benzene-sulfonic acid methyl ester or p-toluene-sulfonic acid methyl
      ester.
PAR  The carboxylic acids being the basis of the acid halides (III) are obtained
      according to known processes. Furthermore, a process has been proposed
      (German Offenlegungsschrift No. 2,238,628) according to which ether
      compounds of the general formula (VIIIa)
      ##EQU3##
      in which A, R and X have the meaning indicated in formula (I) and X' is a
      carboxy group having modified functions, especially the cyano group, a
      carboxylic acid ester group, or a carboxylic acid amide group, are
      converted by intramolecular condensation into furan compounds of the
      general formula (IX)
      ##SPC7##
PAR  These compounds may subsequently be saponified in an acidic or alkaline
      medium.
PAR  The intramolecular condensation of the ether compounds (VIIIa) to form the
      furan compounds (IX) is preferably carried out in the presence of strongly
      basic condensation agents. Examples for suitable solvents are
      dimethylformamide, dimethylacetamide and hexamethyl-phosphoric
      acid-trisamide. Mixtures of suitable solvents may also be used. As
      strongly alkaline condensation agents for the ring closure reaction there
      may be considered inter alia the alkali metals of alkaline earth metals
      and their strongly basic compounds as well as the corresponding aluminum
      compounds, as for example the hydroxides, alcoholates, amides or hydrides.
      Preferably, the corresponding sodium or potassium compounds are used, for
      example potassium hydroxide, potassium-tert.butylate or sodium hydroxide.
      A mixture of different bases may also be used. The alkaline condensation
      agents are usually used in the equivalent amount, partly in higher
      stoichiometrical amounts, for example in up to ten times the molar
      equivalent amount. The reaction temperature ranges between about
      10.degree. and 250.degree.C, preferably between about 20.degree. and
      160.degree.C. The reaction is preferably carried out with exclusion of
      air.
PAR  The products of the process of the formula (I) may be modified by further
      known reactions; for example, N-substituted imidazols may be alkylated, or
      carboxy or sulfo groups present may be converted into functionally
      modified derivatives or carboxy or sulfo groups having modified functions
      may be converted into the free acids or other derivatives. Furthermore,
      sulfo groups may be introduced subsequently by sulfonating the reaction
      products (I), for example with oleum, chlorosulfonic or amidosulfonic
      acid.
PAR  The novel compounds according to the invention show a more or less marked
      fluorescent power. The maximum of the fluorescence bands generally ranges
      between 400 and 460 nm, thus these compounds are very suitable for the
      optical brightening of natural and synthetic organic materials.
PAR  The substrates to be brightened are for example: natural fibres, such as
      cotton, synthetic fibres, for example fibres of acetyl cellulose, linear
      polyesters, polyolefins, polyvinyl chloride, polyvinylidene chloride,
      polystyrene and especially polyacrylonitrile, as well as films foils,
      ribbons or shaped articles of such synthetic materials. The synthetic
      material may be brightened for example by incorporating into it the
      optical brightener of the formula (I), if desired, together with other
      substances such as plasticizers, stabilizers or pigments.
PAR  Thus, the brightener may be incorporated into the plastic masses.
      Furthermore, it is possible to dissolve the brightener before the
      preparation of the plastic material in the monomeric starting materials
      before polymerization or polycondensation, or in the polymer mass, or
      together with the polymers in a solvent before shaping. The material thus
      pre-treated is then brought into the final form desired according to known
      processes such as polymerization, condensation, casting, spinning or
      stretching.
PAR  Preferably high-molecular organic material in the form of fibres is
      brightened. To brighten these fibre materials an aqueous solution of
      dispersion of the benzofuran of the invention having the general formula
      (I) is preferably used.
PAR  As far as the compounds of the invention are insoluble in water, they may
      also be dissolved in organic solvents or preferably used in a finely
      divided form by means of a dispersing agent.
PAR  Dispersing agents are for example soaps, polyglycol ethers deriving from
      fatty alcohols, fatty amines or alkyl phenols, cellulose sulfite waste
      liquors or condensation products of optionally alkylated naphthalene
      sulfonic acids with formaldehyde.
PAR  The fibre material is preferably brightened with an aqueous brightening
      liquor, either in the exhaustion process at temperatures of preferably
      30.degree. to 150.degree.C or in the foulard process (padding process).
PAR  Especially good brightening effects are obtained with the benzofurans
      according to the invention of the formula (I) on fibre material from
      polyacrylonitrile in the presence of bleaching agents, for example sodium
      chloride.
PAR  High-molecular organic materials optically brightened according to the
      invention, especially natural or synthetic fibre material brightened
      according to the exhaustion process, show a clear white and brilliant
      appearance having a slightly greenish to reddish fluorescence.
PAR  Benzofurans of the general formula (I) may also be added to detergents.
      These detergents may contain the usual fillers and auxiliaries, for
      example, alkali silicates, alkali polyphosphates and alkali
      polymethaphosphates, alkali borates and alkali salts of the carboxymethyl
      cellulose, foam stabilizers, as for example, alkanol amides of higher
      fatty acids, or complex formers, for example soluble salts of the
      ethylenediamine-tetraacetic acid of diethylene-triamine-pentaacetic acid
      as well as chemical bleaching agents, such as perborates or percarbonates,
      perborate activators or disinfectants.
PAR  Such washing liquors containing benzofurans of the general formula (I)
      provide on textile fibres treated with them, for example synthetic
      polyamide, polyester and cellulose fibres, especially polyacrylonitrile
      fibres, a brilliant appearance in the day-light.
PAR  The amount of the compounds to be used according to the invention and
      corresponding to the general formula (I), calculated on the material to be
      optically brightened may vary within wide limits according to the field of
      application and the effect desired. It may be easily determined by tests
      and generally ranges between about 0.01 and about 2 %.
DETD
PAR  In the following Examples parts and percentages are by weight unless
      otherwise stated. The ratio of parts by weight to parts by volume is that
      of the kilogram to the litre.
PAR  The Examples A to D illustrate the process for preparing the compounds
      according to the invention.
PAC  EXAMPLE A:
PAC  Preparation of 2-[p-carboxy-phenyl]-benzofuran (Table 1, No. 101)
PAR  21.9 g of 2-[p-cyanophenyl]-benzofuran were introduced, while stirring,
      into 600 ml of glycol and after addition of 12 g of potassium hydroxide,
      heated, while stirring, for 15 minutes up to 165.degree.-170.degree.C.
      Then the mixture was cooled to 120.degree.C and 235 ml of 2N-sulfuric acid
      were introduced dropwise.
PAR  The reaction mixture was poured into 1200 ml of water and stirred for 2
      hours at room temperature. The product precipitated was suction-filtered,
      washed with water and dried. For purification the crude product was
      recrystallized from o-dichloro-benzene or 1,2,4-trichlorobenzene. 22.6 g
      (95 % of the theory) of 2-[p-carboxyphenly]-benzofuran (Table 1, No. 101)
      having a melting point of 301.degree. to 302.degree.C were obtained.
PAR  In analogous manner were prepared the other carboxylic acids listed in
      Table 1, by alkaline saponification of the corresponding nitriles or
      carboxylic acid ester.
TBL                                    TABLE 1:                                

     __________________________________________________________________________

                                            melting                            

     No. R.sup.1 R.sup.2                                                       

                     R.sup.3                                                   

                           R.sup.4                                             

                               X            point .degree.C                    

     __________________________________________________________________________

     101 H       H   H     H                301 - 302                          

     102 H       H   H     --CH.sub.3       219 - 220                          

     103 H       --CH.sub.3                                                    

                     --CH.sub.3                                                

                           H                350 - 352                          

     104 H       H   --O--CH.sub.3                                             

                           H                274 - 275                          

     105 H       H   H     H                224 - 225                          

     106 H       H   H     H                224 - 226                          

     107 H       H   H     H                300 - 303                          

     108 HC.angle.                                                             

                 CH  H     H                299 - 300                          

         CH--CH                                                                

     __________________________________________________________________________

PAC  EXAMPLE B:
PAC  Preparation of 1-[benzofuranyl-(2)]-4-[1-methyl-benzimidazolyl-(2)]-benzene
      (Table 2, No. 201)
PAR  23.8 g of 2-[p-carboxy-phenyl]-benzofuran (101) were suspended in 150 ml of
      benzene. 25 ml of thionyl chloride were added and the reaction mixture was
      heated, while stirring, for 2 hours to 80.degree.C. During this time the
      carboxylic acid was completely dissolved. Benzene and excess thionyl
      chloride were distilled off completely and the residue was taken up in 150
      ml of o-dichlorobenzene. To this solution were then added 19.5 g of
      N-methyl-o-phenylene-diamine-dihydrochloride and heated, while stirring,
      in the course of one hour, to about 175.degree.C. At about 140.degree.C a
      vigorous development of hydrogen chloride began and at 160.degree.C water
      was split off. The temperature was maintained for about 1 hour at
      175.degree.C, and the water formed in the reaction and a small amount of
      o-dichlorobenzene were distilled off over a descendant cooler. After
      cooling the reaction mixture to room temperature, 100 ml of concentrated
      aqueous ammonia solution were added, the mixture was stirred well and was
      subjected to steam distillation.
PAR  The distillation residue was suction-filtered, washed with water and dried.
PAR  For purification this crude product was recrystallized from n-butylalcohol
      while clarifying with charcoal. 23 g (71 % of the theory) of
      1-[benzofuranyl-(2)]-4-[1-methyl-benzimidazolyl-(2)]-benzene (Table 2, No.
      201) having a melting point of 192.degree. to 193.degree.C were obtained.
PAR  In analogous way were prepared the other imidazolyl compounds listed in
      Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

     No.  A.sup.1 A.sup.2                                                      

                        A.sup.3                                                

                               A.sup.4                                         

                                    melting                                    

                                           absorption                          

                        point  .lambda.max                                     

                                      .epsilon..10.sup..sup.-4                 

                        .degree.C                                              

                               nm                                              

     ______________________________________                                    

     201  HH            H      H    192-193                                    

                                           334  4,88                           

     202  HH            H      CH.sub.3                                        

                                    169-170                                    

                                           332  4,60                           

     203  HCH.sub.3     CH.sub.3                                               

                               H    208-209                                    

                                           340  5,08                           

          .vertline..vertline.                                                 

     204  HCCH          H      H    188-189                                    

                                           357  5,09                           

          .angle.C--C.angle.                                                   

          HH                                                                   

     ______________________________________                                    

PAC  EXAMPLE C:
PAC  Preparation of 1-[3-methyl-benzofuranyl-(2)]-4-[benzimidazolyl-(2)]-benzene
      (Table 3, No. 302)
PA0  1. 4-[3-methyl-benzofuranyl-(2)]-benzoic acid-o-nitro-phenylamide
PAR  25.2 g of 2-[p-carboxy-phenyl]-3-methyl-benzofuran (Table 1, No. 102) were
      suspended in 300 ml of benzene. 20.8 g of phosphorus pentachloride were
      added, and the whole was refluxed while stirring for two hours. Then it
      was filtered hot and the benzene and the POCl.sub.3 formed were completely
      distilled off. The residue was taken up in 300 ml of chlorobenzene and
      mixed with 13.8 g of o-nitro-aniline. The reaction mixture was heated for
      15 hours to the boil and the hydrogen chloride formed was removed by
      passing a moderate nitrogen stream through the reaction mixture.
PAR  Finally the reaction solution was clarified with charcoal and cooled to
      room temperature. The crystallized product was suction-filtered, washed
      with chlorobenzene and dried. 33.5 g (90 % of the theory) of
      4-[3-methyl-benzofuranyl-(2)]-benzoic acid-o-nitrophenylamide having a
      melting point of 148.degree. to 150.degree.C were obtained.
PA0  2. 4-[3-methyl-benzofuranyl-(2)]-benzoic acid-o-amino-phenylamide
PAR  37.2 of 4-[3-methyl-benzofuranyl-(2)]-benzoic acid-o-nitro-phenylamide were
      dissolved in 370 ml of dimethylformamide. This solution was introduced
      into a stirring autoclave together with 4 g of Raney-Nickel and
      hydrogenated at room temperature while impressing 100 atmospheres of
      hydrogen. When hydrogenation was finished, the reaction mixture was rinsed
      with a small amount of dimethylformamide. The clear solution was then
      heated to 100.degree.C and mixed dropwise, while stirring, with about 740
      ml of water.
PAR  When the total amount of water was added, the mixture was allowed to slowly
      cool to room temperature. The product precipitated was suction-filtered,
      washed with water and dried.
PAR  This crude product was purified by recrystallization from toluene or
      chlorobenzene, while clearing with charcoal. 28.4 g (83 % of the theory)
      of 4-[3-methyl-benzofuranyl-(2)]-benzoic acid-o-amino-phenylamide having a
      melting point of 203.degree. to 205.degree.C were obtained.
PA0  3. 1-[3-methyl-benzofuranyl-(2)]-4-[benzimidazolyl-(2)]-benzene (Table 3,
      No. 302)
PA1  a. from 4-[3-methyl-benzofuranyl-(2)]-benzoic acid-o-aminophenylamide
PAR  34.2 g of 4-[3-methyl-benzofuranyl-(2)]-benzoic acid-o-aminophenylamide
      were introduced, while stirring, into 260 ml of o-dichlorobenzene. 0.3 g
      of o-toluene-sulfonic acid was added and the reaction mixture was heated
      while stirring, for 2 hours at about 175.degree.C. The water formed in the
      reaction and a small amount of o-dichlorobenzene were distilled off via a
      descendant cooler.
PAR  Then the reaction mixture was filtered hot. After cooling to room
      temperature the crystallized product was suction-filtered, washed with
      o-dichlorobenzene and benzene and dried. This crude product was
      recrystallized from chlorobenzene while clarifying with charcoal. 21.4 g
      (66 % of the theory) of
      1-[3-methyl-benzofuranyl-(2)]-4-benzimidazolyl-(2)]-benzene (Table 3, No.
      302) having a melting point of 252.degree. to 254.degree.C were obtained.
PA1  b. from 4-[3-methyl-benzofuranyl-(2)]-benzoic acid-o-nitrophenylamide.
PAR  21.5 g of iron filings were introduced, while stirring, into a mixture of
      750 ml of dimethylformamide and 125 ml of water.
PAR  4.5 ml of concentrated hydrochloric acid were added and the whole was
      heated to about 80.degree.C. At this temperature 37.2 g of
      4-[3-methyl-benzofuranyl-(2)]-benzoic acid-o-nitrophenylamide were
      introduced.
PAR  The reaction mixture was heated to the boil for 5 hours while stirring.
      After filtering the iron sludge the filtrate was mixed dropwise at about
      100.degree.C with 90 ml of a 4 N sodium carbonate solution, boiled up and
      filtered hot.
PAR  At 100.degree.C, 525 ml of water were added to the clear solution so
      obtained. After cooling to room temperature the product precipitated was
      suction-filtered, washed with water and dried. This crude product was
      recrystallized for purification while clarifying with charcoal from
      chlorobenzene or toluene.
PAR  26.5 g (82 % of the theory) of
      1-[3-methyl-benzofuranyl-(2)]-4-[benzimidazolyl-(2)]-benzene (Table 3, No.
      302) having a melting point of 250.degree. to 252.degree.C were obtained.
PAR  In an analogous way were prepared the imidazolyl compounds listed in Table
      3.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     No.                                                                       

        A.sup.1                                                                

           A.sup.2                                                             

               A.sup.3  X       B.sup.1                                        

                                   B.sup.2                                     

                                      B.sup.3                                  

                                         melting                               

                                              absorption                       

                                         point                                 

                                              .lambda.max                      

                                                 .epsilon. . 10.sup..sup.-4    

                                         .degree.C                             

                                              nm                               

     __________________________________________________________________________

     301                                                                       

        H  H   H                H  H  H  306-307                               

                                              349                              

                                                 6,40                          

     302                                                                       

        H  H   CH.sub.3         H  H  H  252-254                               

                                              350                              

                                                 5,54                          

     303                                                                       

        CH.sub.3                                                               

           CH.sub.3                                                            

               H                H  H  H  350-352                               

                                              353                              

                                                 6,34                          

     304                                                                       

        H  OCH.sub.3                                                           

               H                H  H  H  282-284                               

                                              357                              

                                                 6,21                          

     305                                                                       

        CH.sub.3                                                               

           CH.sub.3                                                            

               H                H  CH.sub.3                                    

                                      CH.sub.3                                 

                                         362-364                               

                                              359                              

                                                 6,72                          

     306                                                                       

        H  H   H                H  H  H  288-289                               

                                              348                              

                                                 3,00                          

     307                                                                       

        H  H   H                H  H  H  278-279                               

                                              372                              

                                                 7,58                          

     308                                                                       

        H  H   H                CH.sub.3                                       

                                   H  H  190-191                               

                                              360                              

                                                 6,08                          

     309                                                                       

        H  H   H                H  CH.sub.3                                    

                                      H  272-273                               

                                              353                              

                                                 5,92                          

     310                                                                       

        H  H   H                H  CH.sub.3                                    

                                      CH.sub.3                                 

                                         308-309                               

                                              356                              

                                                 5,93                          

     311                                                                       

        H  H   H                CH.sub.3                                       

                                   CH.sub.3                                    

                                      H  210-211                               

                                              337                              

                                                 4,86                          

     312                                                                       

        H  H   H                CH.sub.3                                       

                                   H  CH.sub.3                                 

                                         237-238                               

                                              336                              

                                                 4,65                          

     313                                                                       

        H  H   H                CH.sub.3                                       

                                   CH.sub.3                                    

                                      CH.sub.3                                 

                                         260-261                               

                                              339                              

                                                 4,90                          

     314                                                                       

        H  H   H  --CH=CH--     H  H  H  258-260                               

                                              360                              

                                                 5,52                          

     315                                                                       

        H  H   H  --CH=CH--     CH.sub.3                                       

                                   H  H  144-146                               

                                              369                              

                                                 4,73                          

     __________________________________________________________________________

PAC  EXAMPLE D:
PAC  Preparation of
      1-[benzofuranyl-(2)]-4-[1,3-dimethyl-imidazolium-(2)]-benzene-methosulfate
      (Table 4, No. 401)
PAR  32.4 g of 1-[benzofuranyl-(2)]-4-[1-methyl-imidazolyl-(2)]-benzene were
      suspended in 400 ml of benzene and dissolved by heating to the boil. While
      stirring and boiling continuously 20 ml of dimethyl sulfate were added
      dropwise in the course of half an hour and the reaction mixture was heated
      further to the boil for about 5 hours.
PAR  Then the mixture was cooled to room temperature, the product precipicated
      was suction-filtered and washed with benzene. This crude product was
      purified by recrystallization from n-butyl alcohol, while clarifying with
      charcoal.
PAR  39.2 g (87 % of the theory) of
      1-[benzofuranyl-(2)]-4-[1,3-dimethyl-imidazolium-(2)]-benzene-methosulfate
      (Table 4, No. 401) having a point of decomposition of 238.degree. to
      240.degree.C were obtained.
PAR  In analogous way the other imidazolium compounds listed in Table 4 were
      obtained by quaternization of the corresponding N-substituted imidazols.
TBL                                    TABLE 4                                 

     __________________________________________________________________________

                                        CH.sub.3 OSO.sub.3 .sup.-              

     No.                                                                       

        A.sup.1                                                                

             A.sup.2                                                           

                  A.sup.3                                                      

                     A.sup.4                                                   

                        X       melting                                        

                                       absorption                              

                                point  .lambda.max                             

                                          .epsilon. . 10.sup..sup.-4           

                                (decomposi-                                    

                                tion).degree.C                                 

                                       nm                                      

     __________________________________________________________________________

     401                                                                       

        H    H    H  H  --      238-240                                        

                                       330                                     

                                          3,76                                 

     402                                                                       

        H    H    H  CH.sub.3                                                  

                        --      224-226                                        

                                       331                                     

                                          3,28                                 

     403                                                                       

        H    CH.sub.3                                                          

                  CH.sub.3                                                     

                     H  --      252-254                                        

                                       341                                     

                                          3,66                                 

     404                                                                       

        HC.angle..angle.CH                                                     

                  H  H  --      212-213                                        

                                       360                                     

                                          3,78                                 

        .angle.C--C.angle.                                                     

        HH                                                                     

     405                                                                       

        H    H    H  H  --CH=CH--                                              

                                202-210                                        

                                       363                                     

                                          3,29                                 

     __________________________________________________________________________

PAC  EXAMPLE 1:
PAR  10 mg of the compound 201 (Table 2) were dissolved in 4 ml of
      dimethylformamide and dispersed by addition of a commercial nonionogenic
      dispersing agent in 100 ml of water at 60.degree.C.
PAR  At this temperature 0.3 ml of formic acid was added and a 5 g
      polyacrylonitrile fabric was introduced into the bath thus obtained. The
      temperature was increased within 15 minutes to 95.degree.-98.degree.C, and
      the fabric was moved continuously at this temperature for 1 hour. The
      fabric was rinsed hot and cold and dried at the air.
PAR  The fabric thus treated showed a white brilliant appearance.
PAR  When proceding according to the above Example but using instead of the
      brightener mentioned the compounds 202 and 203 (Table 2) or 301 (Table 3)
      similar results were obtained.
PAC  EXAMPLE 2:
PAR  10 mg of the compound 201 (Table 2) were dissolved in 4 ml of
      dimethylformamide and, after addition of a non-ionogenic dispersing agent,
      dispersed in 100 ml of an aqueous solution which contained 100 mg of
      sodium chlorite. The liquid thus obtained was adjusted to pH 2 with 4N
      sulfuric acid and heated to 80.degree.C. At this temperature a 5 g
      polyacrylonitrile fabric was added. It was bleached for 2 hours at
      80.degree.C, the bath heated in 20 minutes to 100.degree.C and maintained
      at this temperature for about half an hour.
PAR  The fabric was rinsed with hot and cold water and dried at the air.
PAR  After drying the fabric showed an excellent degree of whiteness. This
      degree was determined with the ZEISS-ELREPHO apparatus according to the
      formula for the degree of whiteness according to Berger. The fabric
      treated as above had a degree of whiteness of 140 as compared with 83 of
      the material only pre-bleached.
PAR  Table 5 lists the degrees of whiteness obtained according to the above
      process with imidazolyl compounds.
TBL                TABLE 5                                                     

     ______________________________________                                    

            Brightener                                                         

                    Degree of whiteness                                        

                    according to Berger                                        

                  pH 2    pH 3.5                                               

     ______________________________________                                    

            201     140       --                                               

            202     135       108                                              

            203     123       113                                              

            301     142       109                                              

            302     140       134                                              

     ______________________________________                                    

PAR  The degree of whiteness of the material only pre-bleached was 72 at pH 3.5
      and 83 at pH 2.
PAC  EXAMPLE 3:
PAR  10 mg of the compound 403 (Table 4) were dissolved in 100 ml of an aqueous
      solution which contained 0.2 g of sodium nitrate and 0.2 g of a 80 %
      sodium chlorite. By dropwise addition of 4N sulfuric acid the pH-value was
      adjusted to 2. The bath thus obtained was heated to 60.degree.C and a 5 g
      polyacrylonitrile fabric was added. In 15 minutes the temperature was
      increased to 95.degree.-98.degree.C and the bath was maintained for 60
      minutes at this temperature. The fabric thus treated showed a degree of
      whiteness of 123 as compared with 83 of the material only pre-bleached.
PAC  EXAMPLE 4:
PAR  A fabric of cotton was treated at a goods-to-liquor ratio of 1 : 20 with a
      bath which contained 5 g/l of a laundry softening agent having the
      following composition:
PA1  10 % of distearyl-dimethyl-ammonium chloride
PA1  2 % of butanediol-acetate-polyglycol ether (having, on an average, 8
      ethylene-glycol units)
PA1  2 % of ammonium acetate
PA1  85.8 % of water
PA1  0.2 % of the compound 402 (Table 4)
PAR  The fabric was treated for 15 minutes at 25.degree.C, rinsed and dried.
      After 1 and 10 treatments the cotton fabric showed the following degrees
      of whiteness (according to Berger).
TBL  ______________________________________                                    

                     degree of whiteness                                       

     ______________________________________                                    

     untreated material                                                        

                        83                                                     

     treated once      112                                                     

     treated 10 times  124                                                     

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC8##
PAL  in which L, M, P and Q are hydrogen, halogen, lower alkyl, lower alkoxy or
      phenyl of L and M together or P and Q together are a cyclohexenyl or
      phenyl ring annellated at the positions 4 and 5; U is hydrogen, lower
      alkyl or phenyl; V is hydrogen, lower alkyl, benzyl, phenyl or phenyl
      substituted by chlorine, methyl or methoxy; W is lower alkyl, cyanomethyl,
      carbamylmethyl, carboxymethyl, lower carboalkoxymethyl, benzyl or benzyl
      substituted in the phenyl moiety by chlorine, methyl of methoxy; Y is a
      group of the formula
      ##SPC9##
PAL  n is zero or 1 and F is a colorless anion.
NUM  2.
PAR  2. A compound of the formula
      ##SPC10##
PAL  in which L, M, P and and Q are hydrogen, chlorine, lower alkyl or lower
      alkoxy or L and M together or P and Q together are a cyclopentenyl,
      cyclohexenyl or phenyl ring annellated at the positions 4 and 5; U is
      hydrogen or methyl; V is hydrogen or methyl; W is methyl or benzyl; Y is
      phenylene or naphthylene; n is zero or 1 and F is halogen, lower alkyl
      sulfate, lower alkysulfonate, phenylsulfonate or tosylate.
NUM  3.
PAR  3. A compound as defined in claim 1, wherein L, M, P and Q are hydrogen,
      methyl or methoxy and L and M together and P and Q together are annellated
      phenyl at the positions 4 and 5; U is hydrogen or methyl; V is hydrogen or
      methyl; W is methyl; Y is a group of the formula
      ##SPC11##
PAL  n is zero or 1 and F is chloride or methosulfate.
NUM  4.
PAR  4. The compound as claimed in claim 1, in which L, M, P, Q, U and V are
      hydrogen, Y is p-phenylene and n is zero.
NUM  5.
PAR  5. The compound as claimed in claim 1, in which L, M, P, Q, and U are
      hydrogen, V is methyl, Y is p-phenylene and n is zero.
NUM  6.
PAR  6. The compound as claimed in claim 1, in which L, M, P, Q and V are
      hydrogen, U is methyl, Y is p-phenylene and n is zero.
NUM  7.
PAR  7. The compound as claimed in claim 1, in which L, M, P and Q are hydrogen,
      U and V are methyl, Y is p-phenylene and n is zero.
NUM  8.
PAR  8. The compound as claimed in claim 1, in which P, Q and U are hydrogen, L
      is 5-methyl, M is 6-methyl, V is methyl, Y is p-phenylene and n is zero.
NUM  9.
PAR  9. The compound as claimed in claim 1, in which P, Q and U are hydrogen, L
      is 5-methyl, M is 6-methyl, V and W are methyl, Y is p-phenylene, n is one
      and R is methosulfate.
NUM  10.
PAR  10. The compound as claimed in claim 1, in which L, M, P and Q are
      hydrogen, U, V and W are methyl, Y is p-phenylene, n is one and F is
      methosulfate.
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ABST
PAL  A process for the preparation of the known and valuable
      2-aryl-amino-2-imidazoline derivatives which comprises condensing an
      appropriately substituted aniline with a 1-acyl-imidazolidin-2-one to
      produce an intermediate compound which on neutralisation in an aqueous
      medium is converted into a N-acyl derivative of the
      2-aryl-amino-2-imidazoline, and splitting the intermediate compound or the
      said N-acyl derivative to give the corresponding free
      arylamino-2-imidazoline derivative or a salt thereof.
BSUM
PAR  This invention relates to a process for the preparation of
      2-arylamino-2-imidazoline derivatives and the salts thereof.
PAR  It is known from Austrian Patent Specifications No. 248,428, 250,344 and
      250,345, that 2-arylamino-2-imidazoline derivatives, especially the
      compound 2-(2', 6'-dichlorophenylamino)-2-imidazoline, possess a
      pronounced hypertensive action. It is also known, from Belgian Patent
      Specification No. 741,947, that this action is also possessed by acyl
      derivatives of the above-mentioned compounds; acyl derivatives are to be
      understood both as those which carry an acyl group on the aniline nitrogen
      atom and those in which the acyl group is allegedly bonded to the N.sub.1
      atom of the imidazoline ring.
PAR  Numerous processes for the preparation of these compounds are known. In
      most cases, these start from corresponding aniline derivatives, on the one
      hand, and from ethylenediamine, on the other, and are carried out via
      various intermediate products, which in most cases contain sulphur.
PAR  Thus, according to Austrian Patent Specification No. 248,428, the
      substituted aniline is first converted into the corresponding thiourea and
      the latter is converted into the isothiuronium salt, which is reacted with
      ethylenediamine, with cyclisation and elimination of mercaptan. However,
      this conversion, starting from 2,6-dichloroaniline, gives a yield of only
      about 15%, according to the example given in the patent specification.
PAR  In the direct reaction of the substituted phenylthiourea with
      ethylenediamine, with elimination of hydrogen sulphide and ammonia, as
      described in Austrian Patent Specification No. 250,344, the yield is even
      as low as about 5% if 2,6-dichloroaniline is used as the substituted
      aniline.
PAR  According to Austrian Patent Specification No. 250,345, it is also possible
      to condense a substituted phenylisothiocyanate with ethylenediamine, after
      which the resulting substituted N-phenyl-N'-(.beta.-aminoethyl)-thiourea
      is cyclised. If 2,6-dichloroaniline is used as the substituted aniline in
      this process, the yield is 5 to 6%, relative to the substituted aniline,
      and here again the evolution of hydrogen sulphide has to be tolerated.
      Further processes are described in Austrian Patent Specifications No.
      278,000, 278,776 and 284,838. These processes, in part, represent an
      improvement of the cyclisation of the substituted phenylisothiourea
      (Austrian Patent No. 278,000) but in part dispense with the use of
      compounds containing sulphur by employing substituted phenylguanidines
      (Austrian Patent No. 278,776) or appropriately substituted
      isocyanide-dihalide derivatives (Austrian Patent No. 284,838). In these
      processes, the yield, relative to the aniline derivative on which the
      product is based is admittedly higher, but is still only between 20 and
      50% of theory. The acyl derivatives of these substituted
      2-arylamino-2-imidazoline derivatives are obtained according to Belgian
      Patent Specification No. 741,947 by acylation of the corresponding
      arylamino-2-imidazolines, and according to the disclosure in this patent
      specification the acyl group is introduced either at the aniline nitrogen
      or at the imidazoline nitrogen depending on the nature of the
      arylimidazolines and on the reactivity of the acid halide used as the
      acylating agent.
PAR  It is a feature shared by all the above processes that the imidazoline
      radical is only formed by cyclisation after condensation with the aniline
      derivative. It has now been found, in contrast thereto, that the
      preparation of the known and valuable substituted
      2-aryl-amino-2-imidazoline derivatives is possible in a substantially
      simpler manner and with incomparably better yields if the appropriately
      substituted aniline is condensed with a 1-acyl-imidazolidin -2-one, which
      produces, in a surprising reaction, intermediate products which on
      neutralisation in an aqueous medium are converted into N-acyl derivatives
      of the 2-arylamino 2-imidazolines. Both these intermediate products, which
      are more or less stable depending on the nature of the compound, and the
      N-acyl derivatives which may be prepared therefrom, surprisingly, may be
      split very easily, for example simply by boiling with an alcohol, to give
      the corresponding free arylamino-2-imidazolines, giving total yields,
      relative to aniline derivative, of more than 70% of theory.
PAR  Accordingly, the present invention provides a process for the preparation
      of a pharmacologically active 2-arylamino-2-imidazoline derivative having
      the general formula 1:
      ##SPC1##
PAL  in which each of R.sub.1, R.sub.2 and R.sub.3, which may be the same or
      different, is a hydrogen atom or a halogen atom, preferably chlorine or
      bromine, a lower alkyl or lower alkoxy group or the nitro group, with the
      proviso that in each case at least one of R.sub.1, R.sub.2 and R.sub.3 is
      not a hydrogen atom, or of a salt thereof, which comprises reacting an
      aniline derivative having the general formula:
      ##SPC2##
PAL  in which R.sub.1, R.sub.2 and R.sub.3 are as defined above, with a
      1-acylimidazolidin-2-one having the general formula:
      ##EQU1##
      in which R.sub.4 is the residue of an aliphatic or araliphatic carboxylic
      acid, which optionally may be substituted, or is an alkyl, aralkyl- or
      aryl-carbonic acid group, in the presence of at least 2 mols of phosphorus
      oxychloride per mol of the aniline derivative of the formula II which is
      employed, at a temperature from room temperature to at most the boiling
      point of phosphorus oxychloride, splitting the resulting intermediate
      product, after removal of the phosphorus oxychloride, or the acyl
      derivative of the compound of the formula (I) obtained by neutralisation
      thereof, by treatment with an alcohol, acid or an alkaline compound for
      more than one hour and isolating the resulting compound of the formula (I)
      as the free bases or a salt thereof with an inorganic or organic acid.
PAR  The nature of aryl-radical R.sub.4 is not important for the success in
      reaction. As a rule, the residues of aliphatic acid and alkyl carbonic
      acids may not have more than 10, preferably not more than 4 C-atoms, the
      cycloaliphatic carboxylic acids between 4 and 7 C-atoms and the
      araliphalic residues in araliphatic acids are benzyl and phenethyl. Higher
      acids are much more expensive.
PAR  Preferably, the aniline derivatives of the formula (II and the
      1-acylimidazolidin-2-one are employed in approximately equimolar amounts.
      It is also possible to use either of the reactants in slight excess, for
      example from 10 to 20% by weight, relative to the amount of the other
      reactant. In principle, the reaction will also take place if a
      substantially greater excess is used, but certain losses of yield, for
      example a reduction of the yield to about 75%, must be expected because of
      interfering side-reactions.
PAR  Suitably, at least 3 mols of phosphorus oxychloride are employed per mol of
      aniline derivative of the formula (II), because in this way optimum purity
      of the end product of the formula (I) is achieved. The simultaneous use of
      phosphorus oxychloride as the solvent for the reactants is particularly
      preferred. However, the reaction also may be carried out in an inert
      organic solvent, for example in a chlorinated hydrocarbon, as the reaction
      medium.
PAR  After completion of the reaction, it is desirable to remove the excess
      phosphorus oxychloride and this is preferably done by distilling it off.
      The acid evaporation residue then contains an intermediate product
      containing phosphorus, which in most cases cannot be isolated and on
      treatment with cold water, for example ice water, and even more rapidly on
      treatment with an aqueous alkaline medium such as, for example, an aqueous
      solution of sodium carbonate or sodium hydroxide, is split to give the
      corresponding acyl derivative of the compound of formula (1). This
      neutralisation may be effected both by direct addition of the aqueous
      medium to the evaporation residue or by dissolving the latter in an
      organic solvent such as, for example methylene chloride, and treating the
      solution with optionally ice-cooled water or an alkaline solution.
PAR  The acyl derivatives of the formula I, which are obtained in the form of a
      solid on neutralisation, are homogeneous well-crystallised products of
      sharp melting point, the structure of which is difficult to determine
      unambiguously. On the basis of the IR-spectrum and NMR-spectrum, in most
      cases it can be assumed that the acyl group is bonded to one of the two
      nitrogen atoms in the imidazoline ring and not to the aniline nitrogen, in
      contrast to most of the compounds which are described in Belgian Patent
      No. 741,947 and which are stated there, with few exceptions, to be
      compounds which carry the acyl group on the aniline nitrogen. In some
      cases, for example in the case of the acetyl and phenacetyl compound of
      2-(2',6'-dichlorophenylamino)-imidazoline, yet a further, more readily
      soluble acetyl or phenacetyl derivative may be isolated in addition, in
      substantially smaller amounts, from the mother liquor, and this compound
      also carries the acyl group bonded to an imidazoline nitrogen. These two
      acetyl or phenacetyl derivatives which are found are, according to the
      IR-spectrum and NMR-spectrum and P.sub.k -values, not identical with the
      acetyl or phenacetyl derivatives of
      2-(2',6'-dichlorophenylamino)-imidazoline obtained according to the
      process of Belgian Patent Specification No. 741,947, though there the
      phenacetyl derivative is allotted a different structure from the acetyl
      derivative. The more sparingly soluble acyl derivatives which represent
      the main products of the process according to the invention may be easily
      split to give the compounds of formula (I), this being essential to the
      invention. These acyl derivatives of the compounds of formula (I) all also
      show, though to different extents, a blood pressure-lowering and
      central-depressant action, such as is known from the compounds of formula
      (I).
PAR  The splitting off of the acyl group in order to provide compounds of
      formula I is achievable both with acids, namely inorganic acids or organic
      acids such as, for example, acetic acid, or with alkaline reagents, such
      as sodium hydroxide solution, potassium hydroxide solution, sodium
      carbonate, ammonia, primary, secondary or tertiary amines such as
      alkylamines, for example n-butylamine, ethanolamine, benzylamine or
      piperidine, or alkali metal alcoholates. In some cases, the agent used for
      the splitting reaction can act without the use of a solvent or diluent,
      for example where splitting is carried out with dilute acids or alkalis or
      with organic amines. In cases where the splitting agent is solid or the
      compound of the formula I, with R.sub.3 not equal to hydrogen, is
      inadequately soluble, it is advisable to add a suitable solvent or
      diluent. In most cases it is advisable to carry out the saponification
      under warm conditions, for example at a temperature from 60.degree. to
      120.degree.C, suitably at the boiling point of the reaction medium, in
      order to avoid excessively long reaction times. The duration of heating in
      such cases is mostly in excess of 1 hour and suitably several hours.
PAR  Surprisingly, it has been found that the splitting off of the acyl radical
      may be effected with a lower aliphatic alcohol, and in particular
      preferably with primary alcohols, and takes place particularly favourably.
      As a rule it is advisable to dissolve the acyl compound in the alcohol and
      to boil the solution under reflux. Using this procedure, the splitting
      reaction is very gentle, the yield is over 90% and practically no
      byproducts result.
PAR  For the success of the process according to the invention it is not
      necessary to prepare the acyl compounds. It suffices if the excess
      phosphorus oxychloride is removed from the condensation reaction product
      by distillation, after which the splitting agent is added directly to the
      evaporation residue which contains the intermediate product containing
      phosphorus. The end product obtained after the splitting has taken place
      is nevertheless obtained in a completely pure form and the total yield
      relative to the aniline derivative of the formula (II) may be increased
      yet further thereby.
PAR  This "one-pot reaction" has proved particularly successful for the
      manufacture of the known active compound
      2-(2',6'-dichlorophenylamino)-2-imidazoline, which has become accessible
      particularly simply, and in better yields than hitherto, by this new
      process.
PAR  The reaction products may be isolated either directly as the base or, after
      acidification, in the form of a salt. If, for example, the splitting off
      of the acyl group is effected with an acid, the salt, for example the
      hydrochloride, in many cases precipitates as crystals from the aqueous
      solution and may be obtained immediately in the pure state by filtration.
PAR  The 1-acyl-imidazolidin-2-ones of the formula (III) used as the starting
      material are new, with few exceptions. They may be obtained by acylation
      of ethyleneurea in one step, with yields of up to 80%.
DETD
PAR  The following Examples illustrate the process according to the invention in
      more detail.
PAC  EXAMPLE 1
PAR  217.3g of 1-acetyl-imidazolidin-2-one (10% excess) are stirred with 250g of
      2,6-dichloroaniline and 2,245 ml of POCl.sub.3 for 68 hours at
      50.degree.C. POCl.sub.3 is stripped off as completely as possible in
      vacuo, 10 kg of ice are added to the residue and the mixture is rendered
      alkaline with 25% strength sodium hydroxide solution whilst cooling with
      ice. It is then extracted three times with CH.sub.2 Cl.sub.2 and the
      combinded extracts are washed once with 1 N NaOH and twice with H.sub.2 O,
      dried and evaporated to dryness in vacuo; yield of
      1-acetyl-2-(2',6'-dichlorophenylamino)-2-imidazoline, 403.0 g,
      representing 92.5% of theory, relative to 2,6-dichloroaniline.
PAR  Recrystallisation from toluene gives 337.0 g of the pure 1-acetyl compound
      (80.3% of theory of melting point 164-167.degree.C).
PAR  Analysis (calculated + 0.1 mol of H.sub.2 O) C.sub.11 H.sub.11 Cl.sub.2
      N.sub.3 O; calculated: C 48.24; H 4.12; N 15.34; O 6.42; Cl 25.88; found:
      C 48.4; H 4.1; N 15.1; O 6.3; Cl 25.7
PAR  1-Acetyl-imidazolidin-2-one, used as the starting material, is obtained by
      acetylation of ethyleneurea by boiling in acetic anhydride.
PAR  Melting point: 184.degree.-186.degree.C.
PAR  337.0 g of the 1-acetyl compound in 4 l of CH.sub.3 OH are boiled for 6
      hours under reflux. The methanol is stripped off in vacuo, the brownish
      oily residue is dissolved in 1.3 l of ethanol, about 2 g of active
      charcoal are added and the mixture is stirred for 10 minutes at room
      temperature, and filtered. The filtrate is cooled to 0.degree., 20%
      strength alcoholic HCl is added dropwise whilst stirring (300 ml), and the
      precipitation is then completed by means of 1.8 l of ether. The mixture is
      stirred for a further 20 minutes at 0.degree. and filtered and the product
      is washed with ethanol/ether and dried.
PAR  Yield: 313.1 g (that is to say 94.9% of theory) of
      2-(2',6'-dichlorophenylamino)-2-imidazoline hydrochloride.
PAR  Total yield relative to 2,6-dichloroaniline is, accordingly, 76.2% of
      theory. Melting point: 304.degree.-310.degree.C (decomposition).
PAR  Analysis (calculated assuming 0.1 mol of H.sub.2 O) C.sub.9 H.sub.9
      Cl.sub.2 N.sub.3.HCl; calculated: C 40.28; H 3.82; N 15.66; O 0.61; Cl
      39.63; C 40.4; H 3.7; N 15.7; O 0.7 (=.DELTA.); Cl 39.5.
PAC  EXAMPLE 2
PAR  544.3 mg (2 mols) of the 1-acetyl compound prepared according to Example 1,
      in 8 ml of 1 N hydrochloric acid, are heated under reflux for 4.5 hours,
      brought to room temperature and left to stand at this temperature for 16
      hours, whereupon crystals are obtained. These are filtered off, washed
      with a little water and dried.
PAR  Yield: 355 mg of 2-(2',6'-dichlorophenylamino)-2-imidazoline hydrochloride,
      that is to say 66.5% of theory.
PAR  Melting point: 304.degree.-310.degree.C (decomposition)
PAC  EXAMPLE 3
PAR  5.0 g of the 1-acetyl compound, prepared according to Example 1, are boiled
      in ethanol for 15 hours under reflux. The mixture is evaporated in vacuo,
      25 ml of ethanol are added and the resulting solution is cooled to
      0.degree.. Alcoholic hydrochloric acid is added to this solution until the
      mixture reacts acid, the hydrochloride is precipitated with 25 ml of
      ether, the mixture is left to stand for 2.5 hours at room temperature and
      is then filtered and the product is washed with ethanol/ether and dried.
PAR  Yield: 3.80 g of 2-(2',6'-dichlorophenylamino)-2-imidazoline hydrochloride,
      that is to say 77% of theory.
PAR  Melting point: 304.degree.-310.degree.C (decomposition)
PAC  EXAMPLE 4
PAR  5.0 g of the 1-acetyl compound according to Example 1 in 50 ml of n-butanol
      are kept at 95.degree.C for 15 hours. After working up as described in
      Example 3, 4.18 g of 2-(2',6'-dichlorophenylamino)-2-imidazoline
      hydrochloride, that is to say 84.8% of theory, are obtained.
PAR  Melting point: 304.degree.-310.degree.C (decomposition)
PAC  EXAMPLE 5
PAR  0.23 g of Na are dissolved in 100 ml of CH.sub.3 OH, 2.72 g of the 1-acetyl
      compound according to Example 1 are added thereto and the mixture is left
      to stand for 16 hours at room temperature. The methanol is stripped off
      completely in vacuo, water is added to the residue, the mixture is
      extracted three times with CH.sub.2 Cl.sub.2 and the CH.sub.2 Cl.sub.2
      phase is washed with H.sub.2 O until neutral, dried over Na.sub.2 SO.sub.4
      and evaporated. The oily residue is dissolved in 15 ml of ethanol and 20%
      strength alcoholic hydrochloric acid is added until the mixture reacts
      strongly acid. After addition of 100 ml of ether, crystallisation occurs.
      The mixture is left to stand for 3 hours at room temperature and filtered,
      and the crystals are washed with ethanol/ether and with ether, and dried.
      2.36 g of 2-(2',6'-dichlorophenylamino)-2-imidazoline hydrochloride (88.5%
      of theory) are thus obtained.
PAR  Melting point: 304.degree.-310.degree.C (decomposition)
PAR  The substance is obtained in an analytically pure form.
PAC  EXAMPLE 6
PAR  2.72 g of the 1-acetyl compound according to Example 1, in 50% strength
      acetic acid, are heated for 4 hours under reflux and the mixture is then
      evaporated completely. The residue is dissolved in 5 ml of ethanol,
      ethanolic hydrochloric acid is added until the mixture reacts strongly
      acid, 50 ml of ether are then added and the mixture is left to stand for
      some time at room temperature. It is then filtered and the crystals are
      washed with ether and dried. 2.55 g of
      2-(2',6'-dichlorophenylamino)-2-imidazoline.HCl, that is to say 95.9% of
      theory, are thus obtained.
PAR  The substance is analytically pure.
PAC  EXAMPLE 7
PAR  1.0 g of the 1-acetyl compound according to Example 1 is dissolved in 15 ml
      of piperidine and the solution is boiled for 22 hours under reflux. It is
      then evaporated to dryness. 15 ml of absolute toluene are added twice to
      the residue and the mixture is evaporated in each case. The resulting
      crystalline residue is dissolved in 10 ml of ethanol, the solution is
      cooled to 0.degree., 20% strength ethanolic hydrochloric acid is added
      until the mixture reacts strongly acid, the hydrochloride is precipitated
      by adding 12 ml of ether and the whole is left for some time at
      0.degree.C. The crystals are filtered off, washed with a little
      ethanol/ether and dried. Yield of
      2-(2',6'-dichlorophenylamino)-2-imidazoline hydrochloride: 882 mg (that is
      to say 90.8% of theory) of melting point: 304.degree.-310.degree.C. The
      material is analytically pure.
PAC  EXAMPLE 8
PAR  8.1 g of 2,6-dichloroaniline and 7.05 g of 1-acetylimidazolidin-2-one in
      72.8 ml of POCl.sub.3 are stirred for 72 hours at 50.degree.C. The excess
      POCl.sub.3 is distilled off in vacuo, the oily residue is dissolved in 500
      ml of CH.sub.3 OH and the solution is concentrated to about 100 ml in
      vacuo and boiled under reflux for 3 hours. The mixture is then cooled to
      room temperature, 400 ml of ether are added slowly whilst stirring, the
      whole is left to stand for some time at room temperature and the crystals
      are filtered off, washed with ethanol/ether and with ether and dried.
PAR  Yield of 2-(2',6'-dichlorophenylamino)-2-imidazoline hydrochloride 10.5 g,
      that is to say 78.8% of theory.
PAR  Melting point: 304.degree.-310.degree.C (decomposition)
PAC  EXAMPLE 9
PAR  8.1 g of 2,6-dichloroaniline and 9.45 g of 1-carboethoxy-imidazolidin-2-one
      (melting point: 123.degree.-126.degree.C) (10% excess) in 74 ml of
      POCl.sub.3 are stirred for 60 hours at 50.degree.C. The excess POCl.sub.3
      is then distilled off in vacuo and the viscous residue is introduced into
      a mixture of 70 ml of 40% strength NaOH and 500 g of ice. The resulting
      solution is extracted three times with ether/ethyl acetate and the organic
      phases are washed until neutral, dried over Na.sub.2 SO.sub.4 and
      evaporated. 14.46 g of a viscous oil are obtained, and are dissolved in
      200 ml of methanol, and the solution is boiled for 6 hours under reflux.
      The methanol is stripped off in vacuo, the resinous residue is dissolved
      in 50 ml of hot ethanol, the solution is cooled to 0.degree.C and 11 ml of
      21% strength ethanolic hydrochloric acid are added. the hydrochloride is
      precipitated with 100 ml of ether, the mixture is left at 0.degree.C for
      one-half hour and then filtered and the product is washed with
      ethanol/ether and dried.
PAR  Yield: 10.46 g of 2-(2',6'-dichlorophenylamino)-2-imidazoline
      hydrochloride, that is to say 78.6% of theory.
PAR  Melting point: 304.degree.-310.degree.C. The material is analytically pure.
PAR  1-Carboethoxy-imidazolidin-2-one, used as the starting material, is
      obtained by acylation of ethyleneurea with chlorocarbonic acid ethyl ester
      in pyridine at 60.degree.C. Melting point: 124.degree.-126.degree.C.
PAC  EXAMPLE 10
PAR  16.2 g of 2,6-dichloroaniline and 15.63 g of 1-propionyl-imidazolidin-2-one
      (10% excess) in 146 ml of POCl.sub.3 are kept at 50.degree.C for 70 hours,
      whilst stirring. The excess POCl.sub.3 is then distilled off in vacuo and
      ice/H.sub.2 O is added to the residue until it has dissolved completely.
      The solution is then rendered alkaline with 4 N NaOH whilst cooling with
      ice, and is extracted four times with ethyl acetate. The organic phase is
      washed until neutral, dried over Na.sub.2 SO.sub.4 and evaporated. The
      colourless residue is dissolved in 100 ml of hot isopropanol and the
      solution is cooled, whereupon colourless crystals separate out. These are
      filtered off, washed with a little isopropanol and dried. Yield of the
      propionyl derivative of 2-(2',6'-dichlorophenylamino)-2-imidazoline = 24.6
      g, that is to say 86.0% of theory.
PAR  Melting point: 143.degree.-146.degree.C.
PAR  Analysis: C.sub.12 H.sub.13 Cl.sub.2 N.sub.3 O; calculated: C 50.37; H
      4.58; N 14.68; O 5.59; Cl 24.78; found: C 50.4; H 4.7; N 14.8; O 5.8; Cl
      24.5
PAR  1-Propionyl-imidazolidin-2-one, used as the starting material, is obtained
      by reaction of ethyleneurea with propionic anhydride at the boil. It has a
      melting point of 151.degree.-154.degree.C.
PAR  6.0 g of this propionyl compound in 100 ml of CH.sub.3 OH are heated to the
      reflux temperature for 5.5 hours. The solvent is evaporated to dryness in
      vacuo, the colourless resinous residue is dissolved in 30 ml of hot
      ethanol, the solution is cooled to 0.degree.C, 5 ml of 20% strength
      ethanolic hydrochloric acid are added and the resulting precipitation of
      the hydrochloride is completed by means of 70 ml of ether. The product is
      filtered off, washed with ethanol/ether and with ether and dried.
PAR  Yield of 2-(2',6'-dichlorophenylamino)-2-imidazoline. HCl = 4.95 g, that is
      to say 88.8% of theory.
PAR  The substance is obtained in an analytically pure form.
PAC  EXAMPLE 11
PAR  16.3 g of 2,6-dichloroaniline and 17.18 g of 1-n-butyrylimidazolidin-2-one
      (10% excess) are reacted with 146 ml of POCl.sub.3, entirely analogously
      to Example 10, and worked up. Yield of the butyryl derivative of
      2-(2',6'-dichlorophenylamino)-2-imidazoline = 23.95 g, that is to say 80%
      of theory.
PAR  For analysis, the product is recrystallised from cyclohexane and dried for
      8 hours at 80.degree.C and 0.1 mm Hg.
PAR  Melting point: 107.degree.-108.degree.C
PAR  Analysis: C.sub.13 H.sub.15 Cl.sub.2 N.sub.3 O calculated: C 52.01; H 5.03;
      N 13.99; O 5.32; Cl 23.62 found: C 52.3; H 5.1; N 13.7; O 5.3; Cl 23.9
PAR  1-n-Butyrylimidazolidin-2-one, used as the starting material, was obtained
      by reaction of ethyleneurea with n-butyric anhydride in pyridine under
      reflux. Melting point: 98.degree.-102.degree.C.
PAR  25.0 g of this butyryl compound in 150 ml of CH.sub.3 OH are boiled for 6
      hours. The mixture is worked up analogously to Example 10. Yield of
      2-(2',6'-dichlorophenylamino)-2-imidazoline hydrochloride = 17.65 g, that
      is to say 80% of theory.
PAC  EXAMPLE 12
PAR  16.2 g of 2,6-dichloroaniline and 24.2 g of
      1-benzyloxycarbonyl-imidazolidin-2-one are reacted in 146 ml of POCl.sub.3
      analogously to Example 10, and worked up.
PAR  Yield: 34.0 g of the benzyloxycarbonyl derivative of
      2-(2',6'-dichlorophenylamino)-2-imidazoline, that is to say 93.6% of
      theory, in the form of a viscous resin which does not crystallise. A
      picrate is prepared from a small amount of this resin. Melting point:
      193.degree.-200.degree.C
PAR  Analysis: C.sub.23 H.sub.20 Cl.sub.2 N.sub.6 O.sub.9 ; calculated: C 46.40;
      H 3.38; N 14.11; O 24.18; Cl 11.91; found: C 46.7; H 3.1; N 14.3; O 24.0;
      Cl 12.0
PAR  1-Benzyloxycarbonyl-imidazolidin-2-one, employed as the starting material,
      is obtained by reaction of ethyleneurea with carbobenzoxy chloride in
      pyridine at room temperature.  Melting point: 188.degree.-190.degree.C
PAR  33.0 g of this benzyloxycarbonyl compound are split with methanol as
      described in Example 10 and worked up. Analytically pure
      2-(2',6'-dichlorophenylamino-2-imidazoline. HCl of melting point:
      304.degree.-310.degree.C (decomposition) is obtained.
PAC  EXAMPLE 13
PAR  8.1 g of 2,6-dichloroaniline are reacted with 11.30 g of
      1-phenylacetyl-imidazolidin-2-one (10% excess) in 73 ml of POCl.sub.3, as
      described in Example 10, and worked up.
PAR  Yield: 15.0 g of 1-phenylacetyl-2-(2',6'-dichlorophenylamino)-2-imidazoline
      of melting point: 170.degree.C = 78% of theory.
PAR  Analysis: C.sub.17 H.sub.15 Cl.sub.2 N.sub.3 O; calculated: C 58.63; H
      4.34; N 12.07; O 4.59; Cl 20.36; found: C 59.0; H 4.3; N 12.0; O 4.3; Cl
      20.5
PAR  1-Phenyl-acetyl-imidazolidin-2-one, used as the starting material, is
      obtained by reaction of ethyleneurea with phenylacetyl chloride and
      antipyrine, by melting the substances together at 90.degree.C.
PAR  Melting point: 112.degree.-114.degree.C.
PAR  5.00 g of this 1-phenylacetyl compound in 50 ml of methanol are boiled for
      17 hours under reflux. The mixture is worked up as described in Example
      12.
PAR  Yield: 3.6 g of 2-(2',6'-dichlorophenylamino)-2-imidazoline.HCl, that is to
      say 94.7% of theory, analytically pure.
PAC  EXAMPLE 14
PAR  3.48 g of this 1-phenylacetyl compound, prepared according to Example 13,
      in 50 ml of n-butylamine are boiled under reflux for 5 hours. The mixture
      is then completely evaporated in vacuo; 20 ml of benzene are added twice
      to the residue and the mixture is in each case evaporated to dryness. The
      colourless, crystalline residue is dissolved in 25 ml of ethanol, 20%
      strength alcoholic hydrochloric acid is added in the cold, 50 ml of ether
      are then added and the mixture is kept at 0.degree.C for some time. The
      crystals are then filtered off, washed with ethanol/ether and dried.
PAR  Yield: 2.54 g of 2-(2',6'-dichlorophenylamino)-2-imidazoline.HCl, that is
      to say 92.1% of theory; analytically pure.
PAC  EXAMPLE 15
PAR  16.2 g of 2,6-dichloroaniline and 17.2 g of 1-isobutyrylimidazolidin-2-one
      are reacted with 146 ml of POCl.sub.3 as described in Example 10, and
      worked up. Recrystallisation of the resulting crude product from
      i-propanol gives 27.6 g (90.0% of theory).
PAR  Melting point of the isobutyryl derivative of
      2-(2',6'-dichlorophenylamino)-2-imidazoline, thus obtained:
      162.degree.-164.degree.C (sublimation from 110.degree.C onwards).
PAR  Analysis: C .sub.13 H.sub.15 Cl.sub.2 N.sub.3 O; calculated: C 52.01; H
      5.04; Cl 23.62; N 13.99; O 5.32; found: C 52.4; H 5.1; Cl 23.6; N 13.7; O
      5.2
PAR  1-Isobutyryl-imidazolidin-2-one, used as the starting material, is prepared
      by reaction of ethyleneurea with isobutyric acid chloride and antipyrine
      at 90.degree.C.  Melting point: 110.degree.-112.degree.C.
PAC  EXAMPLE 16
PAR  3.2 g of 2,6-dichloroaniline and 3.4 g of
      1-cyclopropylcarbonyl-imidazolidin-2-one in 29 ml of POCl.sub.3 are
      reacted as in Example 10, and worked up.
PAR  Yield: 5.15 g of the cyclopropylcarbonyl derivative of
      2-(2',6'-dichlorophenylamino)-2-imidazoline, that is to say 86.4% of
      theory; from i-propanol.  Melting point: 147.degree.-149.degree.C
PAR  Analysis: C.sub.13 H.sub.13 Cl.sub.2 N.sub.3 O (calculated + 0.1 mol of
      water); calculated: C 52.08; H 4.43; Cl 23.65; N 14.02; O 5.87; found: C
      52.2; H 4.4; Cl 23.7; N 13.9; O 6.0
PAR  1-Cyclopropylcarbonyl-imidazolidin-2-one, used as the starting material, is
      prepared by reaction of cyclopropylcarboxylic acid chloride with
      ethyleneurea in pyridine at room temperature. Melting point:
      147.degree.-154.degree.C.
PAR  1.49 g of the cyclopropylcarbonyl compound thus obtained, in 30 ml of
      methanol, are boiled under reflux for 25 hours. The mixture is then worked
      up as described in Example 10.
PAR  Yield: 1.15 g of 2-(2',6'-dichlorophenylamino)-2-imidazoline.HCl, that is
      to say 83% of theory, of analytically pure material.
PAC  EXAMPLE 17
PAR  8.1 g of 2,6-dichloroaniline and 11.1 g of
      1-phenoxyacetyl-imidazolidin-2-one in 75 ml of POCl.sub.3 are stirred at
      80.degree.C. The mixture is then evaporated in vacuo, the residue is
      dissolved in methylene chloride and added dropwise at 0.degree.C to a
      solution of 80 g of potassium bicarbonate in 500 ml of water, whilst
      stirring. The phases are then separated, the aqueous phase is additionally
      extracted twice with methylene chloride and the combined organic phases
      are washed with water until neutral, dried and evaporated. The crystalline
      residue is recrystallised from a very small amount of acetonitrile.
PAR  Yield of the phenoxyacetyl derivative of
      2-(2',6'-dichlorophenylamino)-2-imidazoline = 15.36 g, that is to say
      84.5% of theory.  Melting point: 175.degree.-178.degree.C.
PAR  Analysis: (C.sub.17 H.sub.15 Cl.sub.2 N.sub.3 O.sub.2 ; 364.239) calculated
      assuming 0.3 ml of water;  calculated: C 55.26; H 4.25; N 11.37; O 9.95;
      Cl 19.18;   found: C 54.8; H 4.3; N 11.4; O 9.8; Cl 19.4
PAR  1-Phenoxyacetyl-imidazolidin-2-one, used as the starting material, can be
      prepared by reaction of ethyleneurea with phenoxyacetyl chloride at
      130.degree., without a solvent.  Melting point: 188.degree.-190.degree.C.
PAR  2.0 g of the phenoxyacetyl compound thus obtained are reacted with 40 ml of
      methanol as described in Example 10, and worked up.
PAR  Yield: 1.23 g of 2-(2',6'-dichlorophenylamino)-2-imidazoline.HCl, that is
      to say 88.2% of theory, of analytically pure material.
PAC  EXAMPLE 18
PAR  16.2 g of 2,6-dichloroaniline and 20.62 g of
      1-carbophenoxy-imidazolidin-2-one in 146 ml of POCl.sub.3 are reacted as
      described in Example 16, and worked up.
PAR  Yield: 29.1 g of
      1-carbophenoxy-2-(2',6'-dichlorophenylamino)-2-imidazoline, that is to say
      83% of theory.  Melting point 152.degree.-155.degree.C.
PAR  Analysis: C.sub.16 H.sub.13 Cl.sub.2 N.sub.3 O.sub.2 ;  calculated: C
      54.87; H 3.74; Cl 20.24; N 12.00; O 9.13;   found: C 55.2; H 3.8; Cl 20.2;
      N 11.9; O 9.3
PAR  1-Carbophenoxy-imidazolidin-2-one, used as the starting material, is
      prepared by reaction of ethyleneurea with chlorocarbonic acid phenyl ester
      and antipyrine at 90.degree.C.  Melting point: 175.degree.-183.degree.C.
PAR  3.5 g of 1-carbophenoxy-2-(2',6'-dichlorophenylamino)-2-imidazolidine in a
      mixture of 25 ml of dioxane and 25 ml of 10% strength acetic acid are
      boiled for 6 hours under reflux. The mixture is then evaporated in vacuo.
      The residue is dissolved in water and the solution is rendered alkaline
      with 4 N NaOH and extracted with ether. The ether phase is washed with a
      little water until neutral, dried over sodium sulphate and evaporated. The
      colourless crystals are dissolved in ethanol, the solution is cooled to
      0.degree.C and acidified with alcoholic hydrochloric acid, and the
      incipient crystallisation is completed by means of approx. 50 ml of ether.
      The product is filtered off, washed with ethanol/ether and dried. Yield:
      2.20 g. that is to say 83% of theory. The material is analytically pure.
PAC  EXAMPLE 19
PAR  8.1 g of 2,4-dichloroaniline (0.05 mol) and 7.8 g of
      1-propionyl-imidazolidin-2-one in 72 ml of POCl.sub.3 are stirred for 73
      hours at 60.degree.C. The POCl.sub.3 is then removed in vacuo, the residue
      is dissolved in 80 ml of methylene chloride, 80 g of ice are added and the
      mixture is shaken vigorously for 30 minutes. It is then rendered alkaline
      with 40% strength sodium hydroxide solution and shaken for a further 10
      mins. and the phases are separated. The aqueous phase is additionally
      extracted twice with methylene chloride and the combined methylene
      chloride phases are washed with water until neutral, dried over sodium
      sulphate and evaporated. 12.33 g of the propionyl derivative of
      2-(2',4'-dichlorophenylamino)-2-imidazoline, that is to say 86.2% of
      theory, are obtained as a crystalline residue. For analysis, the product
      is recrystallised from i-propanol.  Melting point:
      129.degree.-131.degree.C.
PAR  Analysis: (C.sub.12 H.sub.13 Cl.sub.2 N.sub.3 O; 286.167);  calculated: C
      50.37; H 4.58; N 14.68; O 5.59; Cl 24.78;   found: C 50.5; H 4.5; N 14.4;
      O 5.8; Cl 24.5
PAR  2.86 g (0.01 mol) of this propionyl compound, in 30 ml of methanol, are
      boiled for 13 hours under reflux. The mixture is then evaporated in vacuo,
      whereupon 2.30 g, that is to say 88.5% of theory, of
      2-(2',4'-dichlorophenylamino)-2-imidazoline are obtained in a crystalline
      residue. For analysis, the material is recrystallised from a little
      toluene. Melting point: 138.degree.-139.degree.C.
PAR  Analysis: (C.sub.9 H.sub.9 Cl.sub.2 N.sub.3 ; 230.102);  calculated: C
      46.98; H 3.97; N 18.24; Cl 30.81;   found: C 46.6; H 3.9; N 17.8; Cl 30.9
PAC  EXAMPLE 20
PAR  12.75 g of o-chloroaniline and 14.09 g of 1-acetylimidazolidin-2-one in 144
      ml of POCl.sub.3 are stirred for 71 hours at 60.degree.C. The mixture is
      worked up as described in Example 19 and 15.45 g, that is to say 65.3%, of
      the acetyl derivative of 2-(2'-chlorophenylamino)-2-imidazoline are
      obtained as a crystalline product, which, for analysis, is recrystallised
      from i-propanol and toluene. Melting point: 142.degree.-143.degree.C
PAR  Analysis: (C.sub.11 H.sub.12 ClN.sub.3 O; 237.688);  calculated: C 55.59; H
      5.08; N 17.68; O 6.73; Cl 14.92;   found: C 55.7; H 5.1; N 17.5; O 7.3; Cl
      14.6
PAR  2.37 g of the acetyl compound in 30 ml of methanol are boiled for 13 hours
      under reflux. The reaction mixture is evaporated in vacuo and 1.80 g
      (92.3% of theory) of 2-(2'-chlorophenylamino)-2-imidazoline are obtained
      as a crystalline residue. For analysis, this is recrystallised from
      toluene.  Melting point: 130.degree.-133.degree.
PAR  Analysis: (C.sub.9 H.sub.10 ClN.sub.3, 195.650);  calculated: C 55.25; H
      5.17; Cl 18.11;   found: C 55.1; H 5.2; Cl 18.2
PAC  EXAMPLE 21
PAR  5.02 g of 2,6-dibromoaniline and 2.82 g of 1-acetylimidazolidin-2-one in 36
      ml of POCl.sub.3 are stirred for 66 hours at 70.degree.C. The POCl.sub.3
      is removed in vacuo, the residue is dissolved in 70 ml of methylene
      chloride, about 70 g of ice are added, the mixture is shaken for 45
      minutes, 40% strength sodium hydroxide solution is added whilst also
      adding a further 30 g of ice and the whole is shaken for 15 minutes. The
      phases are separated, the aqueous phase is additionally extracted twice
      with methylene chloride and the combined organic phases are washed with
      water until neutral, dried over sodium sulphate and evaporated. 7.13 g of
      crystalline residue are obtained and are recrystallised from isopropanol.
PAR  Yield 5.56 g (77.1% of theory) of
      1-acetyl-2-(2',6'-dibromophenylamino)-2-imidazoline.  Melting point:
      182.degree.-185.degree.C.
PAR  Analysis: (C.sub.11 H.sub.11 Br.sub.2 N.sub.3 O; 361.050) calculated
      assuming 0.1 mol of water;  calculated: C 36.41; H 3.09; N 11.58; O 4.86;
      Br 44.05;   found: C 36.3; H 3.0; N 11.2; O 4.9; Br 44.2
PAR  1.80 g of 1-acetyl-2-(2',6'-dibromophenylamino)-2-imidazoline in 20 ml of
      methanol are boiled for 6 hours under reflux. The mixture is then
      evaporated, the residue is dissolved in 15 ml. of hot ethanol, the
      solution is cooled to 0.degree.C and 1.5 ml of 20% strength ethanolic
      hydrochloric acid and 20 ml of ether are added. The resulting precipitate
      is filtered off and washed with ethanol/ether.
PAR  Yield 1.50 g (84.6% of theory) of
      2-(2',6'-dibromophenylamino)-2-imidazoline.HCl.
PAR  The material is analytically pure. Melting point: 301.degree.-306.degree.C
      (with decomposition).
PAR  Analysis: (C.sub.9 H.sub.10 Br.sub.2 ClN.sub.3 ; 355.460);  calculated: C
      30.42; N 2.84; N 11.82; Cl 9.98;   found: C 30.6 N 2.9; N 11.5; Cl 9.9
PAC  EXAMPLE 22
PAR  13.81 g of o-nitroaniline and 14.09 g of 1-acetylimidazolidin-2-one in 144
      ml of POCl.sub.3 are stirred for 69 hours at 50.degree.C. The excess
      POCl.sub.3 is removed in vacuo, the residue is dissolved in 200 ml of
      methylene chloride, 100 g of ice are added and the mixture is shaken for
      15 minutes. A further 50 g of ice are then added, the mixture is rendered
      alkaline with 40% strength sodium hydroxide solution and stirred for 30
      minutes, and the phases are separated. The aqueous phase is additionally
      extracted twice with methylene chloride and the combined organic phases
      are washed with water until neutral, dried over sodium sulphate and
      evaporated. The residue (21.28 g) is triturated with ethyl acetate, left
      for 1 hour at room temperature, filtered off and washed with ethyl
      acetate.
PAR  Yield: 13.09 g of the acetyl derivative of
      2-(2'-nitrophenylamino)-2-imidazoline, that is to say 53.1% of theory. For
      analysis, the compound is recrystallised from methyl ethyl ketone.
      Melting point: 175.degree.C
PAR  Analysis: (C.sub.11 H.sub.12 N.sub.4 O.sub.3 ; 248.244);  calculated: C
      53.23; H 4.88; N 22.57; O 19.33;   found: C 53.5; H 4.9; N 22.4; O 19.1
PAR  2.48 g of the acetyl compound in 50 ml of methanol are boiled for 8 hours
      under reflux. The mixture is then evaporated completely in vacuo. The
      yellow crystalline residue, which is
      2-(2'-nitrophenylamino)-2-imidazoline, is recrystallised from toluene.
      Melting point: 165.degree.-169.degree.C.
PAR  Analysis: (C.sub.9 H.sub.10 N.sub.4 O.sub.2 ; 206.206);  calculated: C
      52.41; H 4.88; N 27.16; O 15.55;   found: C 52.5; H 5.0; N 27.4; O 15.3
PAC  EXAMPLE 23
PAR  12.1 g of 2,6-dimethylaniline and 14.09 g of 1-acetylimidazolidin-2-one are
      stirred with 145 ml of POCl.sub.3 for 16 hours at 50.degree.C. The excess
      POCl.sub.3 is removed in vacuo, the residue is dissolved in 300 ml of
      methylene chloride and the solution is slowly added dropwise, whilst
      stirring vigorously, to a suspension of 70 g of sodium bicarbonate in 300
      ml of water. After completion of the dropwise addition, the mixture is
      stirred for a further 1.5 hours, the phases are then separated, the
      aqueous phase is additionally extracted three times with methylene
      chloride and the combined organic phases are washed twice with water,
      dried over sodium sulphate and evaporated. The residue (18.81 g) in 150 ml
      of methanol is boiled under reflux for 32 hours, the mixture is evaporated
      to dryness and the residue is triturated with ether, filtered off, washed
      with ether and dried.
PAR  Yield 9.15 g (48.4% of theory) of 2-(2',6'-dimethylphenylamino)-2
      -imidazoline For analysis, the material is recrystallised from
      benzene:cyclohexane (2:3).  Melting point: 155.degree.-156.degree.C
PAR  Analysis: (C.sub.11 H.sub.15 N.sub.3 ; 189.243);  calculated: C 69.82; H
      7.99; N 22.19;   found: C 69.8; H 8.0; N 22.2
PAC  EXAMPLE 24
PAR  14.1 g of 2-chloro-6-methyl-aniline, 14.09 g of 1-acetyl-imidazolidin-2-one
      and 146 ml of POCl.sub.3 are stirred for 70 hours at 50.degree.C and
      evaporated in vacuo, methylene chloride is added to the residue, and the
      whole is shaken with 100 g of ice for 30 minutes. The mixture is then
      rendered alkaline with 40% strength sodium hydroxide solution and
      extracted three times with methylene chloride (a total of 700 ml), and the
      methylene chloride solution is washed with water until neutral, dried over
      sodium sulphate and evaporated. The residue is dissolved in 250 ml of warm
      ether and insoluble matter is filtered off. The ether solution is
      extracted with three times 70 ml and twice 40 ml of 2% strength acetic
      acid and is then rendered alkaline with 4 N NaOH and cooled, and the
      resulting crystals are filtered off, washed with water and dried.
PAR  Yield: 15.6 g of the acetyl derivative of
      2-(2'-chloro-6'-methylphenylamino)-2-imidazoline, that is to say 62.1% of
      theory. For analysis, the material is recrystallised from a little
      isopropanol and dried over silica gel at 80.degree. and 0.01 mm Hg.
PAR  Analysis: (C.sub.12 H.sub.14 N.sub.3 OCl; 251.715);  calculated: C 57.26; H
      5.61; N 16.68; O 6.37; Cl 14.08;   found: C 57.6; H 5.7; N 16.7; O 6.1; Cl
      14.1
PAR  5.04 g of the acetyl compound, in methanol, are boiled under reflux for 10
      hours and the crystalline residue is recrystallised from i-propanol.
PAR  Yield : 3.29 g of 2-(2'-chloro-6'-methylphenylamino)-2-imidazoline, that is
      to say 78.9% of theory.  Melting point: 143.degree.-146.degree.C.
PAR  Analysis: (C.sub.10 H.sub.12 N.sub.3 Cl);  calculated: C 57.33; H 5.77; N
      20.00; Cl 16.90;   found: C 57.1; H 5.9; N 19.8; Cl 16.9
PAC  EXAMPLE 25
PAR  15.6 g of 1-propionyl-imidazolidin-2-one and 12.3 g of o-anisidine in 146
      ml of POCl.sub.3 are stirred for 71 hours at 50.degree.C. The brown
      solution is evaporated in vacuo, the residue is taken up in methylene
      chloride and the mixture is shaken with ice for 30 minutes. It is then
      rendered alkaline with 40% strength sodium hydroxide solution, the phases
      are separated and the aqueous phase is additionally extracted with twice
      400 ml of methylene chloride. The combined methylene chloride solutions
      are washed with cold-saturated sodium chloride solution, dried over sodium
      sulphate and evaporated. The red-coloured, partially crystalline residue
      is dissolved in 300 ml of hot isopropanol, and the solution is filtered
      hot, and is cooled. The resulting crystals are filtered off and dried.
PAR  Yield: 11.7 g of the propionyl derivative of
      2-(2'-methoxyphenylamino)-2-imidazolidine, that is to say 47.4% of theory.
       Melting point: 158.degree.-164.degree.C.
PAR  Analysis: (C.sub.13 H.sub.17 N.sub.3 O.sub.2 ; 247.300), calculated
      assuming 0.2 mol of H.sub.2 O;  calculated: C 62.25; H 6.99; N 16.75; O
      14.02;   found: C 62.2; H 7.0; N 16.6; O 13.9
PAR  4.94 g of the propionyl compound in methanol, are boiled under reflux for
      12 hours. The residue is dissolved in 10 ml of hot ethanol, alcoholic
      hydrochloric acid is added until the solution reacts acid, and 10 ml of
      ether are then added, whereupon crystals separate out.
PAR  Yield: 2.30 g of 2-(2'-methoxyphenylamino)-2-imidazoline, that is to say
      51% of theory.
PAR  The crystals are taken up in chloroform and the solution is thoroughly
      shaken once with dilute sodium hydroxide solution, washed with water until
      neutral, dried over sodium sulphate and evaporated. The colourless residue
      is boiled up in approx. 100 ml of cyclohexane, the mixture is cooled and
      filtered and the product is washed with cyclohexane. For analysis, it is
      recrystallised from benzene:cyclohexane (1:1).  Melting point:
      120.degree.-122.degree.C
PAR  Analysis: (C.sub.10 H.sub.13 N.sub.3 O; 191.235);  calculated: C 62.82; H
      6.85; N 21.98; O 8.37;   found: C 62.8; H 6.9; N 21.9; O 8.7
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of 2-arylamino-2-imidazoline derivatives
      selected from the group consisting of compounds of the formula
      ##SPC3##
PAL  in which each of R.sub.1, R.sub.2 and R.sub.3, which may be the same or
      different, is selected from the group consisting of hydrogen, chlorine,
      bromine, alkyl with 1-4 C-atoms, alkoxy with 1-4 C-atoms and nitro, with
      the proviso that in each case at least one of R.sub.1, R.sub.2 and R.sub.3
      is not a hydrogen atom, or acid addition salt thereof, which comprises
      reacting aniline derivatives of the formula
      ##SPC4##
PAL  in which R.sub.1, R.sub.2 and R.sub.3 are as defined above, with
      1-acrylimidazolidin-2-ones of the formula
      ##EQU2##
      in which R.sub.4 is selected from the group consisting of the residues of
      aliphatic-cycloaliphatic- and araliphatic monocarboxylic acids,
      alkyl-carbonic-, aralkylcarbonic and aryl-carbonic acids, in the presence
      of at least 2 mols of phosphorus oxychloride per mol of the aniline
      derivative of the formula (II) at a temperature from room temperature to
      at most the boiling point of phosphorus oxychloride, neutralizing the
      resulting phosphorus containing intermediate product to give an acyl
      derivative of the compounds of formula I, whereby acyl is R.sub.4 and
      splitting off the acyl group in said acyl derivative by treating it with
      splitting agent selected from the group consisting of lower aliphatic
      monoalcohols, inorganic acids, organic acids, alkaline sodium salts,
      alkaline potassium salts, ammonia, amines and alkalialcoholates for more
      than one hour and recovering said compound of formula I directly as the
      base or acidifying said base and recovering it as an acid addition salt.
NUM  2.
PAR  2. A process according to claim 1, in which more than 3 mols of phosphorus
      oxychloride are used per mol of aniline derivative of formula (II).
NUM  3.
PAR  3. A process according to claim 1, in which the reaction is carried out in
      excess phosphorus oxychloride as the solvent.
NUM  4.
PAR  4. A process according to claim 1, in which in the said acyl derivative of
      the compound of formula I the acyl group is split off by treating said
      acyl product with a lower aliphatic primary alcohol with boiling for more
      than 1 hour.
NUM  5.
PAR  5. A process according to claim 1, in which in the said acyl derivative of
      the compound of formula I the acyl group is split off by boiling the said
      acyl product with methanol for more than 1 hour.
NUM  6.
PAR  6. A process according to claim 1 in which 2,6-dichloroaniline is reacted
      with the acylimidazolin-2-one of formula III.
NUM  7.
PAR  7. A process according to claim 1 in which the phosphorus containing
      intermediate product as such is treated with said splitting agent for more
      than 1 hour.
NUM  8.
PAR  8. The process according to claim 1 wherein the splitting agent is acetic
      acid, sodium hydroxide, potassium hydroxide, sodium carbonate, ammonia,
      n-butylamine, ethanolamine, benzylamine, piperidine or an alkali metal
      alcoholate.
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PAL  Novel 2[2-(1,3-diazacycloalk-2-enyl)]benzophenone compounds and novel
      1,3-diazacycloalkenyl[2,1-a]isoindole compounds having useful analgesic
      and psychostimulant properties are prepared inter alia by condensation of
      o-benzoylbenzaldehydes with aliphatic diamines.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 639,315 filed May 18, 1967,
      which in turn is a continuation-in-part of U.S. Patent application Ser.
      No. 626,965, filed Mar. 30, 1967.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to a novel class of
      2[2-(1,3-diazacycloalk-2-enyl)]benzophenones and novel
      1,3-diazacycloalkenyl[2,1-a]isoindoles, novel processes and intermediates
      for the preparation of said novel products and derivatives thereof and to
      the use of said novel compounds as pharmaceuticals. More particularly, the
      invention in its product aspect relates to novel compounds of the formula
      ##SPC1##
PA1  Wherein B represents an alkylene chain of 2 to 4 carbon atoms in which one
      or more of the hydrogens can be replaced by lower alkyl; and R.sub.1,
      R.sub.2, R.sub.3 and R.sub.4 are each independently selected from the
      group consisting of hydrogen, halogen, lower alkyl, lower alkoxy, hydroxy
      and trifluoromethyl
PAL  And pharmaceutically acceptable acid addition salts thereof.
PAR  Compounds of formula I can undergo a prototropic shift to form compounds of
      the formula
      ##SPC2##
PA1  Wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and B each have the same meaning
      as hereinabove.
PAR  The invention includes both tautomeric isomers as well as mixtures thereof.
      Tautomeric mixtures can be represented schematically as
      ##SPC3##
PA1  Wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and B each have the same meaning
      as hereinabove.
PAC  DETAILED DESCRIPTION
PAR  In one product aspect this application pertains to the novel compounds of
      formulas I and II and derivatives thereof. Of particular interest are the
      compounds of formulas I and II wherein B represents the group
      ##EQU1##
      and R.sub.5 and R.sub.6 are each independently hydrogen or lower alkyl,
      i.e., compounds of the formulas
      ##SPC4##
PA1  Wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 each have the same meaning as
      hereinabove; and R.sub.5 and R.sub.6 are each independently hydrogen or
      lower alkyl
PAL  And their pharmaceutically acceptable acid addition salts and tautomeric
      mixtures.
PAR  Compounds of formulas I-a and II-a wherein R.sub.1, R.sub.3, R.sub.5 and
      R.sub.6 are each hydrogen, i.e., compounds of the formulas
      ##SPC5##
PA1  Wherein R.sub.2 and R.sub.4 each have the same meaning as hereinabove
PAL  And their pharmaceutically acceptable acid addition salts and tautomeric
      mixtures constitute a preferred group.
PAR  In another product aspect this application pertains to the mixed ethers
      obtained from compounds of formula II and lower alkanols, i.e., compounds
      of the formula
      ##SPC6##
PA1  Wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and B each have the same meaning
      as hereinabove; and R.sub.7 is lower alkyl.
PAR  In still another product aspect this application pertains to novel
      intermediates which will be more fully described with reference to the
      several processes for the preparation of compounds of formulas I and II.
PAR  In one of its process aspects this application pertains to the preparation
      of compounds of formulas I, II and II-d according to the following
      reaction sequence.
      ##SPC7##
PA1  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.7 and B each have the
      same meaning as hereinabove.
PAR  The diol starting materials of formula V are known compounds or are readily
      obtainable in analogy to the preparation of the known compounds. The diol
      starting materials can be readily converted to the dicarbonyl
      intermediates of formula IV by oxidation techniques which are known per se
      such as, for example, using selenium dioxide and the like, as the
      oxidizing agent or by employing other oxidizing systems such as chromium
      trioxide in pyridine.
PAR  Treatment with an oxidizing agent can be conveniently carried out in an
      organic solvent such as, for example, dimethylformamide,
      dimethylsulfoxide; hydrocarbon solvents such as benzene, toluene;
      alkanols, e.g., the lower alkanols, methanol, ethanol, etc.; acetic acid
      and the like. The oxidation reaction is preferably carried out at an
      elevated temperature suitably at a temperature between about room
      temperature and about 150.degree.C.
PAR  The intermediates of formula IV are themselves novel compounds and thus
      also constitute part of this invention. The intermediates of formula IV
      are readily condensed with diamines of the formula
EQU  NH.sub.2 --B--NH.sub.2                                     XII
PA1  wherein B has the same meaning as hereinabove
PAL  by mixing the components or by reacting them in the presence of an organic
      solvent such as benzene, toluene; alcohols such as lower alkanols and the
      like. The condensation is conveniently carried out at room temperature or
      above, preferably at a temperature between about 20.degree.C. and
      150.degree.C. Alternatively, the diamine reactant of formula XII can be
      employed as a salt thereof in which case the reaction is conducted by
      heating the mixture of reactants to a melt.
PAR  The reaction products, i.e., the compounds of formula III, can be readily
      oxidized, for example, by treatment with an oxidizing agent such as
      hydrogen peroxide or by exposure to gaseous oxygen at room temperature to
      give the peroxides of formula II-c which are readily reduced to the
      corresponding end products. The oxidation is conveniently carried out in
      an organic solvent such as alcohols, dimethylformamide, etc. at room
      temperature. Higher or lower temperatures, e.g., between about
      20.degree.C. and 100.degree.C., can also be employed.
PAR  Since the peroxide intermediates readily undergo reduction, the reaction
      mixture obtained upon treatment of a compound of formula III with an
      oxidizing agent will ordinarily contain the end products along with the
      peroxide intermediate of formula II-c. Complete reduction of the peroxide
      can be accomplished without separating it from the reaction mixture and,
      in a preferred embodiment, the oxidation product is submitting directly to
      treatment with a reducing agent. If desired, however, the peroxide
      intermediate of formula II-c can be separated from the reaction mixture
      obtained upon treatment of a compound of formula III with an oxidizing
      agent by any of the usual techniques, e.g., chromatographic separation,
      fractional crystallization, etc.
PAR  The reduction of the peroxide is conveniently carried out by employing any
      reducing agent conventionally used for the reduction of peroxides such as
      sodium sulfite, trialkylphosphite, etc. preferably in the presence of an
      organic solvent such as an alcohol, e.g., methanol, ethanol, etc.;
      dimethylformamide and the like, or when using a salt of the peroxide, the
      reduction can be carried out in an aqueous solvent, e.g., in an aqueous
      alcoholic solvent. The reduction is suitably carried out at room
      temperature or above, preferably at a temperature between about
      20.degree.C. and 100.degree.C.
PAR  As noted above, the hydroxyl proton of a compound of formula II can undergo
      a prototropic shift to form the corresponding isomeric end product of
      formula I. In solution the product obtained upon oxidation and reduction
      of an intermediate of formula III will ordinarily be a mixture of the
      tautomeric forms I and II. The relative amounts of the isomeric forms
      present is dependent upon such factors as the solvent system employed, the
      pH of the medium and the particular product, i.e., the meaning of B,
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4 in formulas I and II. For example,
      in a solution of chloroform the product obtained upon oxidation and
      reduction of 2,3-dihydro-5-phenyl-5H-imidazo[2,1-a]isoindole contains a
      mixture of the isomers
      2,3-dihydro-5-hydroxy-5-phenyl-5H-imidazo[2,1-a]isoindole and
      2-(2-benzoylphenyl)-2-imidazoline in a ratio of about 1:1. The acid
      addition salts isolated in the ordinary manner from the reaction product
      of the oxidation and reduction of
      2,3-dihydro-5-phenyl-5H-imidazo[2,1-a]isoindole are ordinarily obtained as
      structure I.
PAR  Compounds of formula II-d are prepared from the compounds of formula II by
      treating an acid addition salt, e.g., the hydrochloride, hydrobromide or
      the like, of a formula II compound with a lower alkanol preferably at an
      elevated temperature. The etherification can be suitably carried out using
      the lower alkanol as solvent or in the presence of an inert organic
      solvent such as ether and the like and preferably at a temperature between
      about room temperature and the reflux temperature of the reaction mixture,
      i.e., up to about 150.degree.C.
PAR  The novel compounds of formula II-d as well as the intermediates of
      formulas II-c and III are obtained as racemates. It is intended to include
      in this invention all of the stereoisomeric forms whether they are
      obtained as racemic mixtures or as the separated optically active
      antipodes.
PAR  The intermediates of formulas III and II-c are also novel compounds which
      constitute part of this invention. Compounds of formula III are, in
      addition to being useful as intermediates in the preparation of compounds
      of formulas I and II, also useful as psychostimulant, anti-inflammatory
      and anti-pyretic agents.
PAR  Alternatively, the compounds of formulas III, II and I can be prepared
      according to the following reaction scheme:
      ##SPC8##
PA1  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and B each have the same meaning
      as hereinabove.
PAR  According to one alternative synthesis outlined above the intermediates of
      formula III are prepared by cyclization of a phthalimidine of formula VI.
      The cyclization of a phthalimidine of formula VI to form an intermediate
      of formula III is readily accomplished by treatment with a Lewis acid such
      as titanium chloride, boron trifluoride and the like. The oxidation and
      reduction of the formula II intermediates to form the desired end products
      is accomplished by the procedures described above.
PAR  The reaction with Lewis acid is preferably carried out in the presence of
      an inert organic solvent, e.g., hydrocarbon solvents such as toluene,
      xylene and the like, and preferably at an elevated temperature suitably at
      the reflux temperature of the solvent employed. A preferred temperature
      range for the cyclization of the phthalimidines is a temperature between
      about 50.degree.C to about 200.degree.C. The phthalimidine intermediates
      of formula VI are prepared by condensing a 3-phenylphthalide of formula
      VII with a diamine of formula XII. The 3-phenylphthalides of formula VII
      and the diamines of formula X employed as starting materials are known
      compounds or analogs of known compounds which are readily accessible in
      analogy to the known compounds.
PAR  The preparation of the formula VI intermediates is catalyzed by salts of
      organic bases such as pyridine, trialkylamine, quinoline, ethylenediamine,
      etc., with acids such as an organic acid, a mineral acid, e.g., sulfuric
      acid, hydrohalic acid, phosphoric acid, perchloric acid, etc., or a Lewis
      acid such as zinc chloride, aluminum chloride, etc. Preferred catalysts
      for the reaction are the salts of ethylenediamine and pyridine such as
      pyridinium hydrochloride and the like. It is preferred to carry out the
      reaction with an excess of the ethylenediamine reactant as solvent.
      However, inert organic solvents such as alcohols, e.g., methanol, ethanol,
      etc.; hydrocarbons, e.g., benzene, toluene, etc.; ethers, e.g.,
      tetrahydrofuran, dioxane, etc., can also be employed. The reaction is
      carried out at an elevated temperature, preferably at a temperature about
      100.degree.C. Especially suitable temperatures for carrying out this
      reaction are temperatures between about 180.degree.C. and about
      250.degree.C.
PAR  The preparation of the phthalimidines of formula VI does not itself
      constitute part of this invention and is given here for the sake of
      completeness only.
PAR  Alternatively, the intermediates of formula III can be prepared from the
      corresponding diazacycloalkenylisoindolones of formula VIII by reaction
      with an appropriate phenyl-organometallic derivative of the formula
      ##SPC9##
PA1  wherein R.sub.3 and R.sub.4 each have the same meaning as hereinabove; and
      Z is Li, MgBr, MgI, MgCl or the like.
PAR  The reaction with a phenyl-lithium derivative of formula XI can be
      conveniently carried out in the presence of an inert solvent at about room
      temperature. Higher or lower temperatures suitably in the range of about
      10.degree.C. to about 100.degree.C. can also be employed. Suitable
      solvents that can be utilized are, for example, the hydrocarbons such as
      benzene, toluene, xylene, etc., ethers, and the like or mixtures of each
      solvents.
PAR  The diazacycloalkenylisoindolone intermediates of formula VIII are also
      novel compounds and thus constitute a part of this invention. They are
      readily prepared by the condensation of a phthalaldehydic acid derivative
      of formula IX with an alkylene diamine of formula XII. The condensation
      reaction is conveniently carried out in the presence of an inert organic
      solvent and preferably at an elevated temperature. Suitable temperatures
      for carrying out the condensation reaction are temperatures between about
      20.degree.C. and about 100.degree.C. or the boiling point of the reaction
      mixture. As solvent for the condensation there can be suitably employed
      any of the usual organic solvents such as alcohols, hydrocarbons, ethers,
      etc.
PAR  The phthalaldehydic acid derivatives of formula IX are known starting
      materials or analogs of known compounds readily obtained by known
      processes.
PAR  In still another alternative process, the end products of formula I can be
      obtained by oxidation of a 1-phenyl-2-aminoalkylisoindoline derivative as
      outlined below:
      ##SPC10##
PA1  wherein B, R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are as defined
      hereinabove; and X is halogen, preferably chlorine, iodine or bromine or
      other similar leaving groups such as mesyloxy, tosyloxy and the like.
PAR  The oxidation is accomplished by treating with an oxidizing agent such as
      gaseous oxygen or chemical oxidants such as chromium trioxide in acetic
      acid and the like.
PAR  The reaction is preferably carried out in the presence of an organic
      solvent such as, for example, hydrocarbon solvents, e.g., benzene, toluene
      or the like; alkanoic acids, e.g., acetic acid, propionic acid, etc.;
      ethers, alcohols and solvents such as dimethylformamide, etc. The reaction
      can be suitably accomplished at room temperature or at an elevated
      temperature, preferably at a temperature between about 20.degree.C. and
      100.degree.C. The 1-phenyl-2-aminoalkylisoindoline intermediates are
      prepared from the diols of formula V via a diester of formula V-a. The
      diesters are obtained by the usual techniques for esterification, e.g.,
      treating the diol with one of the ordinary esterifying agents such as a
      halo acid and halides such as phosphorous halide, thionyl halide, tosyl
      halide, etc. The diester of formula V-a is in turn converted to the
      1-phenyl-2-aminoalkylisoindoline intermediate of formula VI by condensing
      with a diamine of formula XII.
PAR  The reaction with diamine is conveniently carried out by adding the diester
      of formula V-a to the diamine at room temperature. Preferably, there is
      employed a large molar excess of diamine. The reaction can also be carried
      out at temperatures above or below room temperature, although for
      practical reasons it is preferred to operate at a temperature between
      about 0.degree.C. and 100.degree.C. The reaction is suitably carried out
      in the presence of an organic solvent such as, for example, benzene,
      methylene chloride, ether, tetrahydrofuran and the like; or, in the case
      where either or both of the reactants are liquid under the conditions
      employed in the reaction, the reaction is conveniently carried out in the
      absence of a solvent.
PAR  The preparation of the 1-phenyl-2-aminoalkylisoindolines of formula VI does
      not constitute part of this invention and is given here for the sake of
      completeness only.
PAR  As used throughout this application the term "lower alkyl" denotes straight
      and branched chain hydrocarbons containing 1 to 6 carbon atoms such as
      methyl, ethyl, propyl, isopropyl, butyl, sec.-butyl, t.-butyl and the
      like. The term "lower alkoxy" denotes lower alkylether groups wherein the
      alkyl group is as defined above. The term "halogen" as used herein
      includes all four halogens, i.e., chlorine, bromine, iodine and fluorine.
PAR  Suitable salts of the compounds of formula I are prepared from nontoxic
      organic and inorganic acids. Suitable organic acids are, for example,
      maleic acid, fumaric acid, ascorbic acid, tartaric acid, salicylic acid,
      succinic acid, citric acid and the like. Suitable inorganic acids are, for
      example, the hydrohalic acids, e.g., hydrochloric acid and hydrobromic
      acid; sulfuric acid, sulfamic acid, phosphoric acid, etc. The acid
      addition salts are readily prepared by the usual techniques for the
      preparation of acid addition salts which are readily apparent to those
      skilled in the art.
PAR  As has been indicated hereinabove the novel end products of this invention,
      i.e., the compounds of the formula I and their pharmaceutically acceptable
      acid addition salts and the compounds of formula II-d and their
      pharmaceutically acceptable acid addition salts, are useful as
      psychostimulants. When administered, for example, orally, to animals such
      as mice they produce a direct-acting stimulant effect of long duration in
      single doses in amounts ranging from 0.03 mg/kg to 50 mg/kg. By way of
      illustration the compound of Example 10,
      2-(2-benzoylphenyl)-2-imidazoline, which has an LD.sub.50 in mice of 200
      mg/kg p.o.; 130 mg/kg s.c.; 77 mg/kg i.p.; and 37 mg/kg i.v. (Proc. Soc.
      Exptl. Biol. Med., Vol. 57, page 261); reversed the hypothermia induced by
      reserpine in mice at a dose of 10 mg/kg s.c. (Med. Pharmacol. Exp., Vol.
      12, pages 226-232, 1965); prevented the ptosis induced by tetrabenazene in
      mice at .06 mg/kg p.o. (Pletscher et al., Progress. Drug Research, Vol.
      II, page 417, 1960 ); reversed the reserpine (10 mg/kg s.c.) induced
      sedation in mice by increasing their locomotor activity at doses of 25-50
      mg/kg p.o. (Med. Pharmacol. Exp., Vol. 12, pages 226-232, 1965); and
      potentiated the effects of .beta.-(3,4-dihydroxyphenyl)-.alpha.-alanine
      (DOPA) in mice at a dose of 6.25 mg/kg i.p. (Arc. Exp. Path. and Pharm.,
      Vol. 140, page 237). The compounds of this invention have psychostimulant
      effects qualitatively similar in many respects to those of imipramine and
      amphetamine which are well known for their therapeutic uses and
      properties. Among other illustrative compounds of formulas I and II-d
      which have been similarly tested and found to be qualitatively similar to
      2-(2-benzoylphenyl)-2-imidazoline, there can be named by way of
      exemplification the following:
PA1  5-(4-chlorophenyl)-2,3-dihydro-5-hydroxy-5H-imidazo[2,1-a]isoindole;
PA1  2,3-dihydro-5-hydroxy-5-(4-methoxyphenyl)-5H-imidazo[2,1-a]-isoindole; and
PA1  2,3-dihydro-5-methoxy-5-phenyl-5H-imidazo[2,1-a]isoindole.
PAL  The activity of the claimed compounds of formulas I and II-d first
      demonstrated by pharmacological evaluation in warm-blooded animals as
      indicated herein permits their use in therapy in the same general manner
      as imipramine or amphetamine, which latter compounds exhibit
      psychostimulant activity in the DOPA potentiation test at doses of 10
      mg/kg i.p. and 1.0 mg/kg i.p. respectively and in the ptosis prevention
      test at doses of &gt;60 mg/kg and 7.5 mg/kg respectively. As a further
      illustration of the psychostimulant activity of the compounds of formulas
      I and II-d, the compound of Example 21,
      2,3,4,5-tetrahydro-7-hydroxy-7-phenyl-7H-diazepino[2,1-a]isoindole, which
      has an LD.sub.50 of 40 mg/kg i.v., prevented the ptosis induced by
      tetrabenazene at 0.4 mg/kg p.o.; reversed the hypothermia and
      hypometabolic effects induced by reserpine (10 mg/kg s.c.) in mice at 25
      mg/kg p.o.; and potentiated the effects of DOPA in mice at a dose of 7.5
      mg/kg i.p. The compounds of this invention thus demonstrate a pattern of
      activity associated with anti-depressants of known clinical efficacy and
      are similarly useful as psychostimulants in the treatment of depressed
      states, for example, in cases of simple depression or in cases of chronic
      nervous exhaustion.
PAR  In addition to their use as psychostimulants, the compounds of formulas I
      and II-d are also useful as analgesic agents. By way of example,
      2-(2-benzoylphenyl)-2-imidazoline, when submitted to standard
      pharmacological tests for analgesic properties, exhibited marked activity
      in the writhing test in mice at doses of 30.8 mg/kg p.o. and 5 mg/kg s.c.
      and anti-pyretic activity in rats at doses of 6.25 to 50 mg/kg p.o. The
      compound also showed potent anti-inflammatory activity in the inflamed rat
      foot test at 6.25 mg/kg p.o. and anti-edema activity in the Carrageenan
      anti-edema rat paw test at 6.25 mg/kg p.o. In the unanesthetized cat test
      for muscle relaxants the compound was active at a dose of 2.5 mg/kg p.o.
      Based on the foregoing pharmacological tests in animals, the analgesic
      properties of the novel end products of this invention and particularly
      those of 2-(2-benzoylphenyl)-2-imidazoline can be likened to the analgesic
      properties of phenylbutazone which is well known for its therapeutic uses
      and properties. Compounds of formulas I and II-d are also useful as
      anorexigenic agents owing to their marked activity in the 4-hour
      anti-obesity test in rats wherein compounds of this class have
      demonstrated activity qualitatively similar to amphetamine. Compounds of
      this series have also demonstrated useful cardiovascular properties. For
      example, 2-(2-benzoylphenyl)-2-imidazoline in dogs at 4 mg/kg i.v.
      produced an increase in blood pressure of 10 mm. Hg after 2 minutes
      followed by gradual increase to 25 mm. Hg.
PAR  Compounds of formula I have also been found to be active as anti-fungal
      agents. For example, they have been found to be active in vitro in Candida
      albicans, Microsporum audouini and Trichophyton mentagrophytes.
      Accordingly, these compounds can be employed as anti-fungal agents in the
      treatment of pathogenic diseases caused by these organisms. They can, for
      example, be employed in the treatment of infectious fungal diseases such
      as moniliasis and dermatomycoses. For the treatment of fungal infections
      the compounds of formula I can be employed by applying a suitable
      composition containing about 0.1 mg. to about 5 g. of active material over
      the site of the infection. Suitable compositions are prepared by embodying
      a compound of formula I or a pharmaceutically acceptable salt thereof in a
      conventional carrier suitable for topical administration.
PAR  The novel end products of this invention, i.e., the compounds of formulas I
      and II-d are mostly white crystalline odorless solids melting at
      temperatures in the order of 200.degree.C. They have basic properties and
      can be conveniently prepared in the form of their acid addition salts.
      Suitable salts are prepared as described hereinabove. The salts are
      characteristically white crystalline odorless solids soluble in water and
      have good stability under ordinary conditions.
PAR  The compounds of formulas I and II-d, preferably in the form of their acid
      addition salts can be formulated into preparations suitable for
      administration by enteral or parenteral routes. They can be embodied in
      pharmaceutical unit dosage forms containing from about 0.5 mg. to about
      100 mg. of active material, i.e., a compound of formulas I or II-d or a
      salt thereof. Parenteral formulations will ordinarily contain less of the
      active substance than compositions intended for enteral, e.g., oral,
      administration. For oral administration the products of this invention can
      be prepared as tablets, capsules and the like containing about 10 to 50
      mg. of active material. Formulations suitable for oral administration may
      be such as to provide either immediate, or in the alternative, sustained
      release of the active drug. In general, the formulations will be prepared
      with pharmaceutically acceptable adjuvant materials comprising from about
      60 to about 98 per cent of the weight of the compositions in oral dosage
      form.
PAR  For parenteral administration the compounds can be formulated with a liquid
      diluent, for example, distilled water, in the preparation of a suitable
      parenteral dosage form. The preferred parenteral dosage form will contain
      from about 0.5 mg. to about 15 mg. of the active drug. In general, the
      compounds of this invention are formulated with conventional inert
      adjuvants into dosage forms suitable for enteral or parenteral
      administration following the conventional techniques and procedures of the
      prior art. Suitable dosage forms include tablets and capsules as well as
      solutions, emulsions and suspensions. The inert adjuvants which are
      suitable for use in preparing the various dosage forms include liquids and
      solids inorganic or organic in nature such as water, gelatin, lactose,
      starch, magnesium stearate, talc, vegetable oils, gums polyalkylene
      glycols, Vaseline, etc. Additionally, the compounds can be used in
      combination with preservatives, stabilizers, wetting or emulsifying
      agents, salts for altering the osmotic pressure, buffers, etc. If desired,
      the compounds can be used also in admixture with other therapeutically
      valuable substances. Specific embodiments showing illustrative
      formulations of an exemplary compound of formula I follow.
TBL  ______________________________________                                    

     Tablet Formulation                                                        

                              Per Tablet                                       

     ______________________________________                                    

     2-(2-benzoylphenyl)-2-         10.0 mg.                                   

     imidazoline                                                               

     Lactose                        113.5 mg.                                  

     Corn Starch                    70.5 mg.                                   

     Pregelatinized Corn Starch     8.0 mg.                                    

     Calcium Stearate               3.0 mg.                                    

                     Total Weight   205.0 mg.                                  

     ______________________________________                                    

PA0  Procedure:
PAL  1. 2-(2-Benzoylphenyl)-2-imidazoline was mixed with the lactose, corn
      starch, and pregelatinized corn starch in a suitable size mixer.
PAL  2. The mix was passed through a Fitzpatrick Comminuting Machine fitted with
      a No. 1A screen and with knives forward.
PAL  3. The mix was returned to the mixer and moistened with water to a thick
      paste. The moist mass was passed through a No. 12 screen and the moist
      granules were dried on paper-lined trays at 100.degree.F.
PAL  4. the dried granules were returned to the mixer, the calcium stearate was
      added and mixed well.
PAL  5. The granules were compressed at a tablet weight of 200 mg., using
      standard concave punches having a diameter of 5/16 inch.
TBL  ______________________________________                                    

     Suppository Formulation                                                   

                             Per 1.3 Gram                                      

                             Suppository                                       

     ______________________________________                                    

     2-(2-benzoylphenyl)-2-imidazoline                                         

                               0.025 gram                                      

     Wecobee M (E. F. Drew Company                                             

                               1.230 gram                                      

           522 Fifth Avenue                                                    

           New York, New York)                                                 

     Carnauba Wax              0.045 gram                                      

     ______________________________________                                    

PA0  Procedure:
PAL  1. The Wecobee M and the carnauba wax were melted in a suitable size
      glass-lined container (stainless steel may also be used), mixed well and
      cooled to 45.degree.C.
PAL  2. 2-(2-benzoylphenyl)-2-imidazoline, which had been reduced to a fine
      powder with no lumps, was added and stirred until completely and uniformly
      dispersed.
PAL  3. The mixture was poured into suppository molds to yield suppositories
      having an individual weight of 1.3 grams.
PAL  4. The suppositories were cooled and removed from molds. They were
      individually wrapped in wax paper for packaging. (Foil may also be used.)
TBL  ______________________________________                                    

     Capsule Formulation                                                       

                             Per Capsule                                       

     ______________________________________                                    

     2-(2-benzoylphenyl)-2-         25 mg.                                     

     imidazoline                                                               

     Lactose                       158 mg.                                     

     Corn Starch                    37 mg.                                     

     Talc                           5 mg.                                      

                     Total Weight  255 mg.                                     

     ______________________________________                                    

PA0  Procedure:
PAL  1. 2-(2-Benzoylphenyl)-2-imidazoline was mixed with the lactose and corn
      starch in a suitable mixer.
PAL  2. The mixture was further blended by passing through a Fitzpatrick
      Comminuting Machine with a No. 1A screen with knives forward.
PAL  3. The blended powder was returned to the mixer, the talc added and blended
      thoroughly. The mixture was then filled into No. 4 hard shell gelatin
      capsules on a Parke Davis capsulating machine (any similar type machine
      may be used).
TBL  ______________________________________                                    

     Parenteral Formulation                                                    

                               Per cc.                                         

     ______________________________________                                    

     2-(2-benzoylphenyl)-2-imidazoline                                         

                                 2.5 mg.                                       

     Tartaric Acid  q.s. ad pH 3.0                                             

     Phenol Anhydrous            4.5 mg.                                       

     Water for Injection, U.S.P. 1.0 cc.d                                      

     ______________________________________                                    

PA0  Procedure:
PAL  1. 2-(2-Benzoylphenyl)-2-imidazoline was slurried in part of the water for
      injection.
PAL  2. 2-(2-Benzoylphenyl)-2-imidazoline was solubilized by slowly adding the
      tartaric acid to a pH of approximately 3.0.
PAL  3. The phenol anhydrous was then added.
PAL  4. The solution was filtered and allowed to stand for 24 hours. It was then
      filtered through an 02 Selas candle.
PAL  5. The solution was filled into desired size ampuls and sealed under an
      atmosphere of nitrogen.
PAL  6. All ampuls were inspected; those containing excessive amounts of fibers
      were rejected.
PAR  The drug was prepared in duplex ampuls, one containing the dry drug and the
      other containing the special diluent.
TBL  ______________________________________                                    

                         Dry Fill Ampul 5 cc.                                  

     ______________________________________                                    

     2-(2-benzoylphenyl)-2-imidazoline                                         

                           25 mg.                                              

     ______________________________________                                    

PAR  A parenteral grade of the drug, fiber-free, was filled into the ampul using
      a Diehl Mater electric filler or other suitable type filler. The ampuls
      were sealed and sterilized at 255.degree.F. for 2 hours.
PAR  Immediately before use the powder was solubilized with the following
      solution:
TBL                     Special Diluent 2 cc.                                  

                        per ml.                                                

     ______________________________________                                    

     Tartaric acid        16 mg.                                               

     Water for Injection  q.s. to                                              

                          1.0 ml.                                              

     ______________________________________                                    

PAR  In a suitable container under an atmosphere of nitrogen the tartaric acid
      was dissolved in part of the water for injection. The solution was made to
      volume, filtered through an 02 Selas candle filter and filled into 2 cc.
      flint ampuls. The filling should be done under an atmosphere of nitrogen.
      The ampuls were sealed and sterilized at 212.degree.F. for 30 minutes. The
      ampuls were then inspected and those that leaked or contained fibers were
      discarded.
PAR  The drug in the preferred oral dosage form, i.e., tablets or capsules
      containing 10 to 25 mg. of active material, will be administered under
      ordinary circumstances three or four times daily. The parenteral
      composition will be administered ordinarily one or two times daily.
      Effective dosages for the administration of compounds of this invention,
      i.e., the compounds of formulas I and II-d, will, of course, depend in all
      instances upon the severity and individual characteristics of each case as
      determined by the prescribing practitioner. It will be understood that
      dosage forms containing larger and smaller quantities of the active drug
      ingredient are encompassed by the scope of this invention and that such
      dosage forms can be administered more or less frequently than indicated
      heretofore. It will be understood that dosage forms containing inert
      adjuvants in quantities which are greater or less than those indicated
      heretofore are also encompassed by this invention.
DETD
PAR  The invention will be more fully understood from the examples which follow.
      These examples are illustrative of the invention and are not to be
      construed as limitative thereof. All melting points are in degrees
      centigrade. Decomposition melting points were taken in a Thomas Hoover
      apparatus in open capillaries. They may vary .+-.10.degree. depending on
      the rate of heating.
PAC  EXAMPLE 1
PAC  Preparation of 2-benzoylbenzaldehyde
PAR  A mixture of 1 g. of selenium dioxide and 1 g. of 2-hydroxymethylbenzhydrol
      in 5 ml. of acetic acid was refluxed for 41/2 hours. The solution was
      cooled, filtered from selenium and the filtrate was poured into ice water
      and made alkaline with sodium hydroxide. Extraction with ether gave a
      yellow oil to which petroleum ether was added. White prisms were obtained
      which melted at 64.degree.-67.degree.. Ultraviolet maximum (2-propanol) at
      226/7 m.mu. (.epsilon. = 15,750) and 251/2 m.mu. (.epsilon. = 18,500),
      inflexion at 294 m.mu. (.epsilon. = 2600); infrared absorption
      (CHCl.sub.3) at 1665 cm.sup.-.sup.1 and 1705 cm.sup.-.sup.1
PAR  Anal. Calcd. for C.sub.14 H.sub.10 O.sub.2 : C, 79.98; H, 4.79; Found: C,
      80.00; H, 4.68
PAC  EXAMPLE 2
PAC  Preparation of 2-(p-chlorobenzoyl)-benzaldehyde
PAR  A solution of 18.6 g. of 4'-chloro-2-hydroxymethylbenzhydrol in 100 ml. of
      acetic acid and 10.4 g. selenium dioxide was refluxed for 2 hours. The
      mixture was poured on ice and made alkaline and extracted with ether.
      Concentration of the ether solution and addition of petroleum ether gave
      pale yellow prisms which after recrystallization from a mixture of ether
      and petroleum ether gave 2-(p-chlorobenzoyl)-benzaldehyde melting at
      112.degree.-113.degree.. Ultraviolet inflexion (2-propanol) at 225 m.mu.
      (.epsilon. = 17,500) and maximum at 259 m.mu. (.epsilon. = 22,500),
      infrared absorption (CHCl.sub.3) at 1670 cm.sup..sup.-1 and 1705
      cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.14 H.sub.9 ClO.sub.2 : C, 68.72; H, 3.71; Found: C,
      69.12; H, 3.50
PAC  EXAMPLE 3
PAC  Preparation of 2-(p-anisoyl)-benzaldehyde
PAR  A solution of 26 g. of 4'-methoxy-2-hydroxymethylbenzhydrol in 140 ml. of
      acetic acid and 14.5 g. selenium dioxide was refluxed for 2 hours. The
      mixture was filtered and the filtrate was made basic. An oil separated
      which crystallized on standing and was collected. Recrystallization from a
      mixture of methylene chloride and petroleum ether gave off-white platelets
      melting at 90.degree.-91.degree.. Ultraviolet maxima (2-propanol) at 221
      m.mu. (.epsilon. = 21,600), 258 m.mu. (.epsilon. = 12,400) and 292 m.mu.
      (.epsilon. = 17,000); infrared absorption (CHCl.sub.3) at 1660
      cm.sup..sup.-1 and at 1700 cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.15 H.sub.12 O.sub.3 : C, 74.99; H, 5.03; Found: C,
      75.27; H, 5.26
PAC  EXAMPLE 4
PAC  Preparation of 2-benzoyl-4-chlorobenzaldehyde
PAR  A solution of 9.3 g. of 5-chloro-2-hydroxymethylbenzhydrol in 50 ml. of
      acetic acid and 5.2 g. of selenium dioxide was refluxed for 3 hours. The
      mixture was filtered, cooled, poured on ice, made alkaline and extracted
      with ether. Concentration and addition of petroleum ether gave the product
      as prisms which after recrystallization from a mixture of ether and
      petroleum ether melted at 82.degree.-84.degree.. Ultraviolet maxima
      (2-propanol) at 230 m.mu.  (.epsilon. = 19,500) and 257 m.mu. (.epsilon. =
      23,500); infrared absorption (CHCl.sub.3) at 1675 cm.sup..sup.-1 and 1705
      cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.14 H.sub.9 ClO.sub.2 : C, 68.72; H, 3.71 Found: C,
      69.05; H, 3.87
PAC  EXAMPLE 5
PAC  Preparation of 2-(4-bromobenzoyl)-benzaldehyde
PAR  To a stirred solution of 8.2 g. of lithium aluminum hydride in 180 ml. of
      tetrahydrofuran was added 40 g. of 2-(4-bromobenzoyl)benzoic acid in the
      course of 30 minutes. The mixture, after being kept at 25.degree. for 2
      hours, was cooled and 40 ml. of a saturated sodium sulfate solution was
      added slowly. The mixture was filtered and the filtrate concentrated. The
      resulting oily residue was dissolved in 32 ml. of acetic acid and 96 ml.
      of xylene. This solution was added to a mixture of 17.1 g. of selenium
      dioxide in 60 ml. of acetic acid and 120 ml. of xylene and refluxed for 17
      hours. During this time about 22 ml. of an aqueous phase had collected in
      a Dean Stark receiver. The solution was filtered, washed with sodium
      hydroxide and concentrated. Addition of petroleum ether gave white prisms
      melting at 103.degree.-109.degree.. Recrystallization from a mixture of
      ether and petroleum ether raised the melting point to 110.degree.-
      113.degree.. Ultraviolet inflexion (2-propanol) at 225 m.mu. (.epsilon. =
      17,500) and maximum at 261 m.mu. (.epsilon. = 22,200); infrared absorption
      (CHCl.sub.3) at 1675 cm.sup..sup.-1 and 1705 cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.14 H.sub.9 BrO.sub.2 : C, 58.16; H, 3.14; Found: C,
      57.86; H, 3.41
PAC  EXAMPLE 6
PAC  Preparation of 2,3-dihydro-5-phenyl-5H-imidazo[2,1-a]isoindole sulfate from
      2-benzoylbenzaldehyde
PAR  A solution of 21 g. of o-benzoylbenzaldehyde in 250 ml. of toluene and 34
      ml. of ethylenediamine was refluxed for 24 hours. During this time 11.5
      ml. of an aqueous phase was separated in a Dean Stark receiver. The
      reaction mixture was concentrated in vacuo to an orange oil which was
      dissolved in ethyl acetate and washed twice with water. The solution was
      dried and concentrated, dissolved in 200 ml. of ethyl acetate and a
      solution of 5.3 ml. of concentrated sulfuric acid in 100 ml. of ethanol
      was added. A crystalline precipitate was collected which after
      recrystallization from a mixture of methanol and ethyl acetate gave white
      prisms melting at 226.degree.-229.degree. dec. Ultraviolet maxima
      (2-propanol) at 240 m.mu. (.epsilon. = 15,000) and 276 m.mu. (.epsilon. =
      5,400); infrared absorption (KBr) 1660 cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.16 H.sub.14 N.sub.2.sup.. H.sub.2 SO.sub.4 : C,
      57.82; H, 4.85; N, 8.43; Found: C, 57.61; H, 4.81; N, 8.73
PAR  The hydrochloride of 2,3-dihydro-5-phenyl-5H-imidazo[2,1-a]isoindole was
      prepared from the corresponding base with aqueous 1 N hydrochloric acid.
      On recrystallization from a mixture of methanol and toluene, white prisms
      melting at 226.degree.-228.degree. dec. were obtained. Nmr peaks (DMSO) at
      .delta. 3.6-4.6 (4H, multiplet), at .delta. 6.13 (1H, singlet), at .delta.
      7.3-7.9 (9H, multiplet).
PAC  EXAMPLE 7
PAC  Preparation of 2,3-dihydro-5-phenyl-5H-imidazo[2,1-a]isoindole sulfate from
      2-(2-aminoethyl)-3-phenylphthalimidine
PAR  A solution of 1.2 ml. of titanium tetrachloride in 30 ml. of xylene was
      added at 25.degree. to a stirred solution of 2.5 g. of
      2-(2-aminoethyl)-3-phenylphthalimidine in 150 ml. of xylene. The mixture
      was refluxed for 18 hours, cooled and washed with an aqueous solution of
      sodium carbonate. The xylene solution was extracted with 2N hydrochloric
      acid. The acidic extract was poured on ice and made alkaline with sodium
      hydroxide. The solution was extracted with ethyl acetate and the extract
      was concentrated. Addition of a solution of sulfuric acid in a mixture of
      ethanol and tetrahydrofuran and further dilution with ethyl acetate gave a
      crystalline precipitate. Recrystallization from a mixture of methanol and
      ethyl acetate gave the product as white prisms melting at
      225.degree.-228.degree. dec.
PAC  EXAMPLE 8
PAC  Preparation of
      2,3-dihydro-5-hydroperoxy-5-phenyl-5H-imidazo[2,1-a]isoindole
PAR  The base liberated from 16.6 g. of
      2,3-dihydro-5-phenyl-5H-imidazo[2,1-a]isoindole sulfate was dissolved in
      50 ml. of ethanol and 11 ml. of a 30 percent by weight aqueous solution of
      hydrogen peroxide was added. The mixture was stirred at 25.degree. for 40
      hours. A crystalline crop was collected and placed on a column containing
      250 g. of silica gel. Elution with a mixture of 1 part of methanol
      (volume) and 1 part of chloroform (volume) gave fractions from which on
      concentration a crystalline residue was obtained. Recrystallization from a
      mixture of methanol and chloroform gave the product as white prisms
      melting at 167.degree.-168.degree. dec. Ultraviolet inflexions
      (2-propanol) at 232 m.mu. (.epsilon. = 14,000) and 290 m.mu. (.epsilon. =
      2600), maxima at 269 m.mu. (.epsilon. = 4000) and 275 m.mu. (.epsilon. =
      4400), infrared absorption (KBr) at 1665 cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.16 H.sub.14 N.sub.2 O.sub.2 : C, 72.16; H, 5.30; N,
      10.52; Found: C, 72.09; H, 5.39; N, 10.22
PAR  The hydrochloride of
      2,3-dihydro-5-hydroperoxy-5-phenyl-5H-imidazo[2,1-a]isoindole was prepared
      with methanolic hydrogen chloride and after recrystallization from a
      mixture of methanol and ether gave white platelets melting at
      158.degree.-159.degree. dec. Ultraviolet maxima (2-propanol) at 245 m.mu.
      (.epsilon. = 14,800) and 278 m.mu. (.epsilon. = 5200); infrared absorption
      (KBr) at 1680 cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.16 H.sub.14 N.sub.2 O.sub.2.sup.. HCl: C, 63.47; H,
      4.99; Cl, 11.71; Found: C, 63.63; H, 4.83; Cl, 11.79
PAC  EXAMPLE 9
PAC  Preparation of
      5-(p-chlorophenyl)-2,3-dihydro-5-hydroperoxy-5H-imidazo[2,1-a]isoindole
      hydrochloride
PAR  1 Gram of 2-(p-chlorobenzoyl)-benzaldehyde was thoroughly mixed with 0.9 g.
      of ethylenediamine toluene sulfonate and heated in a metal bath (bath
      temperature, 120.degree.-125.degree.) for 1 minute. On cooling a deep
      yellow glassy material was obtained which on addition of methylene
      chloride, ethyl acetate and petroleum ether gave a crystalline precipitate
      which was treated with ice cold aqueous sodium hydroxide. The mixture was
      extracted with ether and the extract was exposed to air at 25.degree. for
      18 hours. A crystalline crop was collected and suspended in methylene
      chloride. Addition of ethereal hydrogen chloride gave a crystalline
      material which after recrystallization from a mixture of methanol and
      ether gave white prisms melting at 175.degree.-177.degree. dec.
      Ultraviolet inflexion (2-propanol) at 223 m.mu. (.epsilon. = 21,800) and
      279 m.mu. (.epsilon. = 5600), maximum at 243 m.mu.  (.epsilon. = 15,500);
      infrared absorption (KBr) at 1670 cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.16 H.sub.13 ClN.sub.2 O.sub.2.sup.. HCl: C, 56.99;
      H, 4.18; Cl, 21.03; N, 8.31; Found: C, 57.14; H, 4.15; Cl, 21.02; N, 8.30
PAC  EXAMPLE 10
PAC  Preparation of 2-(2-benzoylphenyl)-2-imidazoline from
      2,3-dihydro5-phenyl-5H-imidazo[2,1-a]isoindole
PAR  To a suspension of 8.5 g. of
      2,3-dihydro-5-phenyl-5H-imidazo[2,1-a]isoindole sulfate in water was added
      50 ml. of 1N aqueous sodium hydroxide. Extraction with methylene chloride
      and concentration gave an orange oil which was dissolved in a mixture of
      30 ml. of methylene chloride and 30 ml. of ethanol. To this solution was
      added 2.3 ml. of 30 percent by weight hydrogen peroxide. After stirring at
      25.degree. for 18 hours, a precipitate was collected which after
      recrystallization from methanol gave white prisms melting at
      194.degree.-196.degree. dec. Ultraviolet inflexions (2-propanol) at 225
      m.mu. (.epsilon. = 15,500) and 290 m.mu. (.epsilon. = 2250), maxima at 269
      m.mu. (.epsilon. = 4100) and 276 m.mu. (.epsilon. = 4250); infrared
      absorption (KBr) 1660 cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.16 H.sub.14 N.sub.2 O: C, 76.78; H, 5.64; N, 11.19;
       Found: C, 76.42; H, 5.79; N, 11.13
PAR  The 2-(2-benzoylphenyl)-2-imidazoline prepared in this manner can form the
      isomeric 2,3-dihydro-5-hydroxy-5-phenyl-5H-imidazo[2,1-a]isoindole.
PAR  The hydrochloride was prepared by adding a solution of hydrogen chloride in
      methanol to a suspension of 2-(2-benzoylphenyl)-2-imidazoline in methanol.
      Ether was added and the crystalline precipitate was collected.
      Recrystallization from a mixture of methanol and ether gave white prisms
      melting at 173.degree.-176.degree. dec. Ultraviolet maximum (2-propanol)
      at 252 m.mu. (.epsilon. = 13,600); infrared absorption (KBr) at 1665
      cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.16 H.sub.14 N.sub.2 O.sup.. HCl: Cl, 12.36;   Found:
      Cl, 12.22
PAR  The hydrobromide was prepared by adding an aqueous solution of hydrobromic
      acid to a suspension of 2-(2-benzoylphenyl)-2-imidazoline in ethanol.
      Addition of ether gave a precipitate which after recrystallization from a
      mixture of ethanol and ether gave white platelets melting at
      193.degree.-194.degree. dec.
PAR  Anal. Calcd. for C.sub.16 H.sub.14 N.sub.2 O.sup.. HBr: Br, 24.13;   Found:
      Br, 24.15
PAC  EXAMPLE 11
PAC  Preparation of 2-(2-benzoylphenyl)-2-imidazoline from
      2,3-dihydro-5-hydroperoxy-5-phenyl-5H-imidazo[2,1-a]isoindole
PAR  A solution of 0.7 g. of sodium sulfite heptahydrate in 3 ml. of water was
      added to 0.5 g. of
      2,3-dihydro-5-hydroperoxy-5-phenyl-5H-imidazo[2,1-a]isoindole in 7 ml. of
      dimethylformamide. The solution was heated to 100.degree. for 15 minutes.
      On cooling and addition of 20 ml. of water,
      2-(2-benzoylphenyl)-2-imidazoline was obtained.
PAC  EXAMPLE 12
PAC  Preparation of 2-(2-benzoylphenyl)-2-imidazoline from
      2,3-dihydro-5-hydroperoxy-5-phenyl-5H-imidazo[2,1-a]isoindole
PAR  A solution of 0.1 g. of
      2,3-dihydro-5-hydroperoxy-5-phenyl-5H-imidazo[2,1-a]isoindole and 0.33 g.
      of triethylphosphite in 20 ml. of ethanol was kept on a steam bath for 5
      minutes, then 18 hours at 25.degree.. The solution was concentrated in
      vacuo and on addition of water 2-(2-benzoylphenyl)-2-imidazoline was
      obtained.
PAC  EXAMPLE 13
PAC  Preparation of 2-(2-benzoylphenyl)-2-imidazoline from
      2-(2-aminoethyl)-1-phenylisoindoline
PAR  A solution of 3.3 g. of chromium trioxide and 5.9 g. of
      2-(2-aminoethyl)-1-phenylisoindoline in 250 ml. of acetic acid was stirred
      at 55.degree.-60.degree. for 18 hours. The solution was cooled, poured on
      ice and made alkaline. Extraction with methylene chloride and removal of
      the solvent gave a brown oil which partly crystallized. Recrystallization
      from a mixture of chloroform and ethyl acetate gave the product as white
      prisms melting at 194.degree.-196.degree. dec.
PAC  EXAMPLE 14
PAC  Preparation of 2-(2-aminoethyl)-1-phenylisoindoline
PAR  A solution of 127 g. (0.59 mole) of 2-hydroxymethylbenzhydrol was dissolved
      in 900 ml. of benzene, 80 g. of anhydrous magnesium sulfate was added and
      the mixture was cooled in an ice bath. Hydrogen bromide was bubbled into
      the stirred solution until saturation which took about 30 minutes. During
      this time the temperature of the solution was kept at
      15.degree.-18.degree.. The ice bath was removed and the temperature was
      allowed to rise to 35.degree. in the course of 1 hour. The mixture was
      heated for another hour at 40.degree.-45.degree. on a steam bath. During
      the whole time hydrogen bromide was passed into the solution to keep it
      saturated. The mixture was filtered and the solution was concentrated in
      vacuo to give a red oil which was dissolved in 200 ml. of benzene and
      added to 342 g. (5.7 moles) of ethylenediamine in the course of 15
      minutes. During the addition the mixture was stirred and cooled to
      maintain a temperature of ca. 40.degree. . The mixture was stirred at
      25.degree. for 70 minutes. Two layers were obtained and separated. The
      benzene layer was washed with water and concentrated in vacuo. The
      residual oil was dissolved in 250 ml. of ether. This solution was
      extracted twice with 300 ml. of cold 1N hydrochloric acid. The acidic
      aqueous phase was made alkaline with aqueous sodium hydroxide and
      extracted with 350 ml. of ether. The ethereal solution was washed with 250
      ml. of water, dried and concentrated. The residue was an amber oil which
      crystallized on scratching. This material melted up to ca. 45.degree..
PAR  By analogy there were also prepared the following:
PA1  2-(3-aminopropyl)-1-phenylisoindoline
PA1  2-(2-aminoethyl)-6-chloro-1-phenylisoindoline
PA1  2-(2-aminoethyl)-1-(p-methoxyphenyl)isoindoline
PA1  2-(4-aminobutyl)-1-phenylisoindoline
PA1  2-(2-amino-2-methylpropyl)-1-phenylisoindoline
PA1  2-(2-aminopropyl)-1-phenylisoindoline
      2-(2-aminoethyl)-1-(p-hydroxyphenyl)isoindoline.
PAC  EXAMPLE 15
PAC  Preparation of 2-[2'-(4-chlorobenzoyl)phenyl]-2-imidazoline
PAR  To 1 ml. of ethylenediamine was added 1 g. of
      2-(p-chlorobenzoyl)-benzaldehyde in small portions. An exothermic reaction
      took place and after 5 minutes the reaction mixture was poured into ice
      water. A yellow solid precipitate was collected and dissolved in methylene
      chloride. Ether and petroleum ether were added and the solution was shaken
      in air at 25.degree.. A crystalline precipitate was obtained which after
      recrystallization from a mixture of methylene chloride and methanol gave
      white needles melting at 178.degree.-180.degree. dec. Ultraviolet maxima
      (2-propanol) at 223 m.mu. (.epsilon. = 21,250), 268 m.mu. (.epsilon. =
      4300), 275 m.mu. (.epsilon. = 4320), inflexion at 290 m.mu. (.epsilon. =
      2200); infrared absorption (KBr) at 1660 cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.16 H.sub.13 ClN.sub.2 O: C, 67.49; H, 4.60;   Found:
      C, 67.38; H, 4.56
PAR  The 2-[2'-(4-chlorobenzoyl)phenyl]-2-imidazoline prepared in this manner
      can form the isomeric
      5-(4-chlorophenyl)-2,3-dihydro-5-hydroxy-5H-imidazo[2,1-a]isoindole.
PAR  The hydrochloride was prepared by adding a solution of hydrogen chloride in
      ether to a suspension of
      5-(4-chlorophenyl)-2,3-dihydro-5-hydroxy-5H-imidazo[2,1-a]isoindole. After
      stirring for 30 minutes a crystalline crop was collected and
      recrystallized from a mixture of chloroform and ether to give white prisms
      melting at 168.degree.-171.degree. dec. Ultraviolet inflexion (2-propanol)
      at 220 m.mu. (.epsilon. = 22,000), maxima at 252 m.mu. (.epsilon. =
      12,900), 266 m.mu. (.epsilon. = 13,000); infrared absorption (KBr) at 1670
      cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.16 H.sub.13 ClN.sub.2 O.sup.. HCl: Cl, 22.08;
      Found: Cl, 22.18
PAC  EXAMPLE 16
PAC  Preparation of 2-[2'-(4-anisoyl)phenyl]-2-imidazoline
PAR  To 4 ml. of ethylenediamine was added 2 g. of 2-(p-anisoyl)benzaldehyde in
      small portions. The solution was stirred for 10 minutes, poured into ice
      water and extracted with methylene chloride. The methylene chloride
      solution was concentrated, the residue was dissolved in ethanol and a
      stream of air was passed through the solution for 18 hours. A crystalline
      precipitate was collected and after recrystallization from a mixture of
      chloroform and ether gave white prisms melting at 171.degree.-174.degree.
      dec. Ultraviolet maxima (2-propanol) at 227 m.mu. (.epsilon. = 20,200),
      277 m.mu. (.epsilon. = 8800), 282 m.mu. (.epsilon. = 8750), inflexion at
      292 m.mu. (.epsilon. = 7200); infrared absorption (KBr) at 1660
      cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.17 H.sub.16 N.sub.2 O.sub.2 : C, 72.84; H, 5.75; N,
      9.99;   Found: C, 73.07; H, 5.71; N, 9.83
PAR  The 2-[2'-(4 -anisoyl)phenyl]-2-imidazoline prepared in this manner can
      form the isomeric
      2,3-dihydro-5-hydroxy-5-(4-methoxyphenyl)-5H-imidazo[2,1-a]isoindole.
PAC  EXAMPLE 17
PAC  Preparation of 2-[4'-chloro-2'-benzoylphenyl]-2-imidazoline
PAR  To 2 ml. of ethylenediamine was added 0.9 g. of
      2-benzoyl-4-chlorobenzaldehyde in small portions. The solution was stirred
      for 10 minutes, poured into ice water and the solid yellow precipitate was
      collected. This solid was dissolved in ether and shaken in air for 45
      minutes. A white precipitate was obtained which after recrystallization
      from a mixture of methylene chloride and methanol melted at
      200.degree.-202.degree. dec. Ultraviolet maxima (2-propanol) at 242 m.mu.
      (.epsilon. = 17,500), 278 m.mu. (.epsilon. = 3800), 286 m.mu. (.epsilon. =
      3300), inflexions at 270 m.mu. (.epsilon. = 3450), 295 m.mu. (.epsilon. =
      2400); infrared absorption (KBr) at 1665 cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.16 H.sub.13 ClN.sub.2 O: C, 67.49; H, 4.60;   Found:
      C, 67.42; H, 4.90
PAR  The 2-[4'-chloro-2'-benzoylphenyl]-2-imidazoline prepared in this manner
      can form the isomeric
      7-chloro-2,3-dihydro-5-hydroxy-5-phenyl-5H-imidazo[2,1-a]isoindole.
PAC  EXAMPLE 18
PAC  Preparation of 2-[2-(4-bromobenzoyl)phenyl]-2-imidazoline
PAR  A solution of 6 g. of 2-(4-bromobenzoyl)-benzaldehyde and 6.6 ml. of
      ethylenediamine in 50 ml. of toluene was refluxed for 18 hours. During
      this time 0.5 ml. of an aqueous phase had separated in a Dean Stark
      receiver. The mixture was concentrated in vacuo and the residual orange
      oil was dissolved in a mixture containing 15 ml. of ethanol, 15 ml. of
      methylene chloride and 1.5 ml. of a 30 percent by weight aqueous solution
      of hydrogen peroxide. After stirring at 25.degree. for 18 hours a white
      precipitate was collected which after recrystallization from methanol gave
      white needles melting at 187.degree.-189.degree. dec. Ultraviolet maxima
      (2-propanol) at 227 m.mu. (.epsilon. = 22,800), 259 m.mu. (.epsilon. =
      4700), 275 m.mu. (.epsilon. = 4800), inflexion at 292 m.mu. (.epsilon. =
      2300); infrared absorption (KBr) at 1660 cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.16 H.sub.13 BrN.sub.2 O: C, 58.37; H, 3.98;  Found:
      C, 58.27; H, 3.75
PAR  The 2-[2-(4-bromobenzoyl)phenyl]-2-imidazoline prepared in this manner can
      form the isomeric
      5-(4-bromophenyl)-2,3-dihydro-5-hydroxy-5H-imidazo[2,1-a]isoindole.
PAR  The hydrochloride was prepared by adding ethereal hydrogen chloride to a
      solution of
      5-(4-bromophenyl)-2,3-dihydro-5-hydroxy-5H-imidazo[2,1-a]isoindole in a
      mixture of methylene chloride and methanol. The precipitate was
      recrystallized from a mixture of ethanol and ether to give white prisms
      melting at 155.degree.-158.degree. dec. Ultraviolet inflexion (2-propanol)
      at 223 m.mu. (.epsilon. = 20,000), maxima at 251 m.mu. (.epsilon. =
      12,200) and 271 m.mu. (.epsilon. = 13,300); infrared absorption (KBr) at
      1660 cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.16 H.sub.13 BrN.sub.2 O.sup.. HCl: Cl, 9.70;
      Found: Cl, 9.82
PAC  EXAMPLE 19
PAC  Preparation of 2,3-dihydro-5-methoxy-5-phenyl-5H-imidazo[2,1-a]isoindole
      hydrochloride
PAR  A solution of 5 g. of 2-(2-benzoylphenyl)-2-imidazoline in 50 ml. of
      methanol was refluxed for 18 hours. The solution was concentrated in
      vacuo, dissolved in 20 ml. of methanol and 60 ml. of ether was added.
      Crystals precipitated and were identified as starting material. The mother
      liquor was concentrated and the residue was recrystallized from a mixture
      of methanol, methylene chloride and ether to give the product as white
      prisms melting at 139.degree.-141.degree. dec. Ultraviolet maxima
      (2-propanol) at 244 m.mu. (.epsilon. = 14,400) and 278 m.mu. (.epsilon. =
      5100); infrared absorption (KBr) at 1670 cm.sup..sup.-1.
TBL  ______________________________________                                    

     Anal. Calcd. for C.sub.17 H.sub.16 N.sub.2 O.HCl:                         

                            C, 67.83; H, 5.70;                                 

                            OCH.sub.3, 10.32                                   

     Found:                 C, 67.84; H, 5.61;                                 

                            OCH.sub.3, 10.44                                   

     ______________________________________                                    

PAR  The corresponding base was obtained as a colorless oil by liberating it
      from the hydrochloride obtained as above with alkali. Ultraviolet
      inflexions (0.1N KOH) at 230 m.mu. (.epsilon. = 14,600), 290 m.mu.
      (.epsilon. = 2700), maxima at 269 m.mu. (.epsilon. = 4200) and 275 m.mu.
      (.epsilon. = 4600).
PAR  Infrared absorption (smear) at 1660 cm.sup..sup.-1 and nmr peaks
      (CDCl.sub.3) at .delta. = 3.12 (3H, singlet, OCH.sub.3), .delta. = 2.6-3.5
      (2H, multiplet, N-CH.sub.2), .delta. = 4.2-4.5 (2H, multiplet,
      =N--CH.sub.2), .delta. = 7.1-8.0 (9H, multiplet, aromatic CH).
PAC  EXAMPLE 20
PAC  Preparation of 2,3,4,6-tetrahydro-6-phenylpyrimido[2,1-a]isoindole sulfate
PAR  A solution of 10.5 g. of 2-benzoylbenzaldehyde and 22 ml. of
      propylenediamine in 125 ml. of toluene was refluxed for 18 hours. During
      this time 4.5 ml. of an aqueous phase had separated in a Dean Stark
      receiver. The solution was concentrated in vacuo and the residue was
      recrystallized from a mixture of ethanol and petroleum ether to give white
      prisms melting at 170.degree.-172.degree. dec. Ultraviolet maximum
      (2-propanol) at 238 m.mu. (.epsilon. = 18,200), inflexions at 246 m.mu.
      (.epsilon. = 16,000), 265 m.mu. (.epsilon. = 5600), 276 m.mu. (.epsilon. =
      3400) and 285 m.mu. (.epsilon. = 2100); infrared absorption (KBr) at 1675
      cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.17 H.sub.16 N.sub.2.sup.. H.sub.2 SO.sub.4 : C,
      58.94; H, 5.24; Found: C, 58.62; H, 5.49
PAC  EXAMPLE 21
PAC  Preparation of
      2,3,4,5-tetrahydro-7-hydroxy-7-phenyl-7H-diazepino[2,1-a]isoindole
PAR  A solution of 10.5 g. of 2-benzoylbenzaldehyde and 28.5 ml. of
      1,4-diaminobutane in 100 ml. of toluene was refluxed for 18 hours. During
      this time 2.5 ml. of an aqueous phase had separated in a Dean Stark
      receiver. The solution was exposed to air for 60 hours, concentrated and
      diluted with 300 ml. of carbon tetrachloride. A crystalline precipitate
      was obtained which was suspended in 40 ml. of ethanol. A solution of 1.9
      g. of oxalic acid in 40 ml. of methanol was added and the solution was
      concentrated and diluted with ether. The precipitate was collected and
      recrystallized from a mixture of methanol and ether to give the oxalic
      acid salt as white prisms melting at ca. 200.degree. dec. This salt was
      suspended in a mixture of aqueous sodium carbonate solution and methylene
      chloride. The methylene chloride solution was concentrated and the residue
      was recrystallized from a mixture of chloroform and ether to give the
      product as white needles melting at 216.degree.-220.degree. dec.
      Ultraviolet maxima (2-propanol) at 258 m.mu. (.epsilon. = 5000), 265 m.mu.
      (.epsilon. = 5100), 273 m.mu. (.epsilon. = 4800), inflexions at 230 m.mu.
      (.epsilon. = 15,000), 290 m.mu. (.epsilon. = 2400); infrared absorption
      (KBr) at 1650 cm.sup..sup.-1.
PAR  Anal. Calcd. for C.sub.18 H.sub.18 N.sub.2 O: C, 77.67; H, 6.52; O, 5.75;
      Found: C, 77.64; H, 6.75; O, 5.64
PAC  EXAMPLE 22
PAC  Preparation of 2-(2-aminoethyl)-3-phenylphthalimidine
PAR  A solution of 25 g. (0.1 mole) of
      1,2,3,9b-tetrahydro-9b-phenyl-5H-imidazo[2,1-a]isoindol-5-one in 150 ml.
      of acetic acid containing 2.5 g. of hydrogen chloride was shaken under one
      atmosphere of hydrogen at 25.degree. using 0.5 g. of platinum oxide as
      catalyst. In the course of 7 hours, 3000 ml. of hydrogen (theory ca. 2500
      ml.) was absorbed and the rate of uptake had slowed down considerably. The
      solution was poured into ice water, basified with ammonia and extracted
      with methylene chloride. The organic phase was dried and concentrated. The
      residue crystallized with ether and after recrystallization from a mixture
      of methylene chloride and petroleum ether gave white prisms of
      2-(2-aminoethyl)-3-phenylphthalimidine melting at 90.degree.-93.degree..
      .gamma..sub.CO.sup.CHCl.sbsp.3 = 1685 cm.sup..sup.-1,
      .lambda..sub.max.sup.i-prop = 247 m.mu. , .epsilon. = 6000, 279 m.mu.,
      .epsilon. = 1900.
PAR  Anal. Calcd. for C.sub.16 H.sub.16 N.sub.2 O: C, 76.16; H, 6.39; Found: C,
      75.81; H, 6.32
PAC  EXAMPLE 23
PAC  Preparation of 2-[2-(2-chlorobenzoyl)phenyl]-2-imidazoline
PAR  To 250 ml. of concentrated sulfuric acid was added, with stirring and
      slight cooling, 37.5 g. (0.545 mole) of sodium nitrite. To this was added
      120.5 g. (0.50 mole) of 2-(2-aminobenzoyl)benzoic acid at such a rate that
      the temperature of the reaction mixture remained between
      30.degree.-40.degree.. After the addition was complete the reaction
      mixture was stirred for one hour and then poured into one liter of ice and
      water and filtered. The filtrate was added rapidly to a stirred solution
      of 55 g. (0.555 mole) of cuprous chloride, 150 g. of sodium chloride, 250
      ml. of concentrated hydrochloric acid and 300 ml. of water. The
      precipitated gum was extracted with chloroform and the extracts were
      washed twice with water, dried over anhydrous sodium sulfate and
      evaporated under vacuo to leave a red oil which crystallized upon
      scratching. Recrystallization from 200 ml. of ethyl acetate gave
      2-(2-chlorobenzoyl)benzoic acid as a pink solid. A sample recrystallized
      three times from ethyl acetate gave colorless prisms, double m.p.
      112.degree.-116.degree. and 124.degree.-126.degree..
PAR  To a stirred suspension of 22.8 g. (0.60 mole) of lithium aluminum hydride
      in 700 ml. of dry tetrahydrofuran was added 104 g. (0.40 mole) of
      2-(2-chlorobenzoyl)benzoic acid prepared as above in portions keeping the
      reaction mixture temperature between 15.degree.-30.degree. with ice
      cooling. After the addition was complete the reaction mixture was stirred
      for one hour. Ether (400 ml.) was added followed by the slow addition of
      80 ml. of water, with ice cooling. The mixture was filtered through a
      large sintered glass funnel which contained a matting of Celite
      filter-aid. The filtered solids were washed with tetrahydrofuran and the
      combined filtrates were evaporated under vacuo to a yellow oil which
      crystallized upon scratching. The material was recrystallized from 150 ml.
      of isopropyl ether to give 2-chloro-2'-hydroxymethylbenzhydrol as a
      slightly pink solid, m.p. 85.degree.-87.degree.. A sample was
      recrystallized three times from isopropyl ether to give colorless prisms,
      m.p. 86.degree.-87.degree..
PAR  A 2-liter, 3-necked, round bottomed flask was fitted with a mechanical
      stirrer, dropping funnel and a Dean-Stark trap fitted with a condenser. A
      mixture of 41.7 g. (0.376 mole) of selenium dioxide in 150 ml. of acetic
      acid and 300 ml. of xylene was refluxed for 15 minutes. To the boiling
      mixture was added dropwise during one hour, a solution of 74.4 g. (0.3
      mole) of 2-chloro-2'-hydroxymethylbenzhydrol prepared as above in 85 ml.
      of acetic acid and 250 ml. of xylene. The Dean-Stark trap was cooled
      during this time to promote separation of an aqueous phase. About 60 ml.
      of the aqueous phase was separated during 5 hours. The reaction mixture
      was refluxed for a total of 22 hours, cooled and filtered. The filtrate
      was added to 800 ml. of ice and water, made alkaline with 50 percent
      sodium hydroxide and the mixture extracted with 600 ml. of ether. The
      extracts were washed with water, dried over anhydrous sodium sulfate and
      evaporated to yield an orange oil which could not be crystallized. Vapor
      phase chromatographic analysis showed the presence of two compounds. 45.4
      Grams of the oil, 52.5 g. (0.875 mole) of ethylenediamine and 400 ml. of
      benzene were refluxed for 5 hours in a round bottomed flask equipped with
      a Dean-Stark trap and a condenser. About 6 ml. of aqueous phase separated
      in the trap. The reaction mixture was cooled, washed three times with
      saturated aqueous salt solution and dried over anhydrous sodium sulfate.
      Air was then bubbled through the benzene solution for 15 hours but only a
      small amount of solid separated.
PAR  The benzene was removed under vacuo and the residue was dissolved in 150
      ml. of ethanol and 40 ml. (0.350 mole) of 30 percent hydrogen peroxide.
      After stirring for 3 hours the ethanol was removed under vacuo and 300 ml.
      of benzene was added to the residue. The aqueous phase was separated and
      the benzene solution was dried over anhydrous sodium sulfate and
      evaporated under vacuo to leave a pale yellow oil. Ether (150 ml.) was
      added and a crystalline solid separated. The mixture was filtered to give
      a pale yellow solid, m.p. 164.degree.-167.degree. dec. The ether filtrate
      was stirred at room temperature, exposed to air, for two days. The
      precipitated solid was filtered to give an additional pale yellow solid.
      Thin layer chromatography of the combined solids showed the presence of
      one major component, Rf 0.41, and a minor component, Rf 0.67. The latter
      component was
      2,3-dihydro-5-hydroperoxy-5-(o-chlorophenyl)-5H-imidazo[2,1-a]isoindole
      since the yellow solid precipitated iodine from a saturated methanolic
      potassium iodide solution.
PAR  To a suspension of the yellow solid in 60 ml. of refluxing methanol was
      added a solution of 4.28 g. (0.017 mole) of Na.sub.2 SO.sub.3.sup..
      7H.sub.2 O in 30 ml. of water over a period of 5 minutes. After refluxing
      for 15 minutes longer the reaction mixture was cooled and filtered. The
      filtered solid was washed 3 times with 20 ml. of water and dried.
      Recrystallization from methanol-chloroform gave
      2-[2-(2-chlorobenzoyl)phenyl]-2-imidazoline as colorless prisms, m.p.
      180.degree.-181.degree. dec.
PAR  Anal. Calcd. for C.sub.16 H.sub.13 ClN.sub.2 O: C, 67.49; H, 4.60; N, 9.84;
      Found: C, 67.15; H, 4.56; N, 9.66
PAR  The 2-[2-(2-chlorobenzoyl)phenyl]-2-imidazoline prepared in this manner can
      form the isomeric
      2,3-dihydro-5-hydroxy-5-(2'-chlorophenyl)-5H-imidazo[2,1-a]isoindole.
PAR  To a hot solution of 6.0 g. (21.2 mmoles) of
      2-[2-(2-chlorobenzoyl)phenyl]-2-imidazoline in 25 ml. of 6 N methanolic
      hydrogen chloride and 35 ml. of methanol was added 200 ml. of ether and
      the solution cooled. Filtration gave
      2-[2-(2-chlorobenzoyl)phenyl]-2-imidazoline hydrochloride, m.p.
      178.degree.-180.degree. dec. Dilution of the mother liquors with 200 ml.
      of ether followed by cooling and filtering afforded an additional quantity
      of hydrochloride. Recrystallization from methanol-ether gave colorless
      prisms, m.p. 178.degree.-180.degree. dec.
PAR  Anal. Calcd. for C.sub.16 H.sub.14 Cl.sub.2 N.sub.2 O: Cl, 22.08; Found:
      Cl, 22.00
PAC  EXAMPLE 24
PAC  Preparation of 2-(2-benzoylphenyl)-2-imidazoline via
      1,2,3,9b-tetrahydro-5H-imidazo[2,1-a]isoindol-5-one
PAR  A solution of 7.5 g. of phthalaldehydic acid in 30 ml. of ethanol and 34
      ml. of ethylenediamine was refluxed for 16 hours. The solution was
      concentrated in vacuo and the residue was dissolved in methylene chloride.
      The solution was washed with water, dried and concentrated. The residue
      was distilled in a bulb tube at 0.3 mm at a bath temperature of
      150.degree.-180.degree.. A colorless oil was obtained which was dissolved
      in methanol and on addition of ethereal hydrogen chloride gave white
      prisms of 1,2,3,9b-tetrahydro-5H-imidazo[2,1-a]isoindol-5-one
      hydrochloride, m.p. 222.degree.-224.degree. dec.
PAR  The salt obtained in the preceding experiment was treated with aqueous
      potassium carbonate solution. Extraction with methylene chloride gave an
      oil of which 0.9 g. was dissolved in a mixture of 25 ml. of benzene and 10
      ml. of ether. To this solution was added 5.5 ml. of a 2 N solution of
      phenyl lithium in a mixture of benzene and ether (7:3). After stirring at
      25.degree. for 1 hour the solution was poured into ice water and extracted
      with ethyl acetate. This solution was concentrated and the residue was
      exposed to air for 48 hours. On addition of methylene chloride crystals
      were obtained which were dissolved in methanol. Addition of ethereal
      hydrochloric acid gave white prisms which after recrystallization from a
      mixture of methanol and ether gave crystals melting at
      173.degree.-175.degree. dec. This material was identical with authentic
      2-(2-benzoylphenyl)-2-imidazoline hydrochloride.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC11##
PA1  wherein R.sub.1 and R.sub.3 are each independently selected from the group
      consisting of hydrogen and halogen; and R.sub.7 is lower alkyl
PAL  or a pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. The compound according to claim 1 wherein R.sub.1 and R.sub.3 are each
      hydrogen, i.e., the compound
      2,3-dihydro-5-methoxy-5-phenyl-5H-imidazo[2,1-a]isoindole.
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ABST
PAL  2-(N-alkyl-2-imidazolin-2-yl)-benzophenones are prepared by reaction of the
      .psi.-acid chloride of an o-aroyl benzoic acid with an N.sup.1
      -alkyl-N.sup.2 -tosyl diamine and heating the resulting benzoyl benzamide
      product with sulfuric acid. The compounds demonstrate hypoglycemic
      antireserpine, antiulcerogenic or antiarrhythmic activity.
PARN
PAC  PRIOR APPLICATION
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 332,535, filed Feb 14, 1973, now abandoned.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  2-(N-alkyl-2-imidazolin-2-yl)-benzophenones are prepared according to this
      invention by contacting the appropriate benzoyl benzamide with sulfuric
      acid and subsequently treating the product with a base. Thus
      2-(N-alkyl-2-imidazolin-2-imidazolin-2-yl)-benzophenones of the formula
      ##SPC1##
PAL  Wherein R is (lower)alkyl; R.sub.1 is selected from the group consisting of
      phenyl, monohalophenyl, dihalophenyl, mono(lower)alkylphenyl,
      di(lower)-alkylphenyl, trifluoromethylphenyl, mono(lower) alkoxyphenyl,
      di(lower)alkoxyphenyl, thienyl, pyridyl, furyl, and tetrahydro-2-naphthyl;
      R.sub.2 is selected from the group consisting of hydrogen, halogen, amino,
      (lower)alkylamino, (lower)alkyl and (lower) alkoxy; R.sub.3 is hydrogen
      when R.sub.2 and R.sub.3 are dissimilar and when R.sub.2 and R.sub.3 are
      the same they are both selected from the group consisting of hydrogen,
      halogen, (lower)alkyl and (lower)alkoxy; R.sub.4 and R.sub.5 are each
      hydrogen or lower alkyl and attached to the same carbon atom; and R.sub.6
      is hydrogen or (lower) alkyl are obtained when a benzoyl benzamide of the
      formula
      ##SPC2##
PAL  Wherein R, R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and R.sub.6 are as
      defined above and R.sub.7 is selected from the group consisting of lower
      alkylsulfonyl, phenylsulfonyl, monohalophenylsulfonyl,
      dihalophenylsulfonyl, mono(lower)alkylphenylsulfonyl,
      di(lower)alkylphenylsulfonyl and lower alkoxyphenylsulfonyl, is contacted
      with sulfuric acid of from about 90 to 100% concentration, preferably
      heated on a steam bath from 0.25 to 0.75 hour and allowed to stand at room
      temperature for from 4 to 24 hours, preferably 15 to 18 hours. The
      reaction mixture is worked up conventionally such as by quenching with
      water and adjusting the pH to above 7 with a base to precipitate the
      product of formula (I) in the form of the free base which can then be
      reacted with a pharmaceutically acceptable acid to form the acid addition
      salt.
PAR  Products of formula (I) wherein each of R, R.sub.4, R.sub.5 and R.sub.6 is
      hydrogen are disclosed and claimed in U.S. Pat. No. 3,763,178 granted Oct.
      2, 1973.
PAR  Products of formula (I) wherein each of R.sub.4 and R.sub.5 is lower alkyl
      and each of R and R.sub.6 is hydrogen are disclosed in U.S. Pat. No.
      3,802,155, granted Apr. 9, 1974.
PAR  Thus the 2-(N-alkyl-2-imidazolin-2-yl)-benzophenones of formula (I) are
      novel including those wherein R is lower alkyl, R.sub.4, R.sub.5 and
      R.sub.6 being hydrogen, those wherein R and R.sub.4 are lower alkyl,
      R.sub.5 and R.sub.6 being hydrogen, those wherein R and R.sub.6 are lower
      alkyl, R.sub.4 and R.sub.5 being hydrogen, those wherein R, R.sub.4 and
      R.sub.5 are lower alkyl, R.sub.6 being hydrogen, and those wherein R,
      R.sub.4, R.sub.5 and R.sub.6 are all lower alkyl. The intermediate
      compounds of formula (II) are also novel.
PAR  The intermediate benzoyl benzamides are prepared by reaction of the
      .psi.-acid chloride of an appropriate o-aryl benzoic acid of the formula
      ##SPC3##
      wherein R.sub.1, R.sub.2 and R.sub.3 are as above identified with an
      N.sup.1 -alkyl-N.sup.2 -tosyl diamine of the formula
      ##EQU1##
      wherein R, R.sub.4, R.sub.5, R.sub.6 and R.sub.7 are as above identified.
      The reaction can be carried out in pyridine or in a solvent such as
      dichloromethane in the presence of a base such as triethyl amine, pyridine
      or N,N-dimethyl aniline. Other inert solvents include toluene, benzene,
      chloroform, diethyl ether, acetone and the like.
PAR  The materials of formula (III) are readily prepared from the keto acids by
      standard procedures well known to the art.
PAR  The materials of formula (IV) are prepared either directly by reaction of
      the appropriate diamine with the appropriate tosyl chloride
      ##EQU2##
      or by reduction of the appropriate tosyl amino acid amide
      ##EQU3##
      by means well known to the art.
PAR  As employed herein the term (lower)alkyl includes straight and branched
      chain hydrocarbon moieties of from 1 to about 4 carbon atoms such as
      methyl, ethyl, propyl, i-propyl and butyl. The term (lower)alkoxy includes
      hydrocarbonoxy groups which contains from 1 to about 6 carbon atoms such
      as methoxy ethoxy, propoxy, butoxy and hexoxy. The term "halogen" and
      "halo" as used herein include bromine, fluorine, chlorine and iodine.
DETD
PAR  The processes of this invention and the new and novel compounds prepared
      thereby are illustrated by the following examples.
PAC  EXAMPLE I
PAR  A solution of 65 grams of p-toluenesulfonyl chloride in 125 ml. of
      dichloromethane was added dropwise with stirring to a solution of 100
      grams of N-isopropylethylenediamine in 150 ml. of dichloromethane.
      Following completion of addition the mixture was stirred one-half hour at
      room temperature, then heated in a steam bath for 45 minutes. The mixture
      was evaporated to dryness in vacuo. The residue was triturated with sodium
      carbonate solution then dissolved in a mixture of ethyl acetate and water.
      The ethyl acetate portion was extracted with saturated sodium carbonate
      solution and water. After drying the ethyl acetate portion over magnesium
      sulfate, the solvent was removed in vacuo. The solid residue was
      recrystallized from ethyl acetate-hexane to obtain
      N-[2-(isopropylamino)ethyl]-p-toluenesulfonamide, m.p.
      76.degree.-8.degree.C.
PAR  Anal. Calc'd for C.sub.12 H.sub.20 N.sub.2 SO.sub.2 : C, 56.22; H, 7.87; N,
      10.93; S, 12.51. Found: C, 56.43; H, 8.15; N, 10.92; S, 12.60
PAC  EXAMPLE II
PAR  Twenty-three grams of .psi.-acid chloride of 0-(p-chlorobenzoyl)benzoic
      acid (W. Graf., et. al., Helv. Chim. Acta, 42, 1085) was dissolved in 75
      ml. of acetone and added dropwise to a stirred solution of 20.5 grams of
      N-[2-(isopropylamino) ethyl]-p-toluenesulfonamide in 150 ml. of pyridine.
      After addition was completed, the solution was warmed in a steam bath for
      one-half hour, then evaporated to dryness. The residue was dissolved in
      ethyl acetate and extracted successively with water, saturated sodium
      carbonate solution, 20% hydrochloric acid, and water. The ethyl acetate
      portion was dried over magnesium sulfate then evaporated to dryness. The
      solid was slurried with ethanol and separated by filtration to obtaian
      2-(p-chlorobenzoyl)-N-[2-(p-toluenesulfonamido)ethyl]-N-isopropylbenzamide
     , m.p. 149.degree.-152.degree.C. Analytical sample was prepared by
      recrystallization from ethanol, m.p. 150.degree.-152.degree.C.
PAR  Anal. Calc'd for C.sub.26 H.sub.27 N.sub.2 ClSO.sub.4 : C, 62.58; H, 5.45;
      N, 5.61; Cl, 7.11; S, 6.43. Found: C, 62.67; H, 5.53; N, 5.55; Cl, 7.11;
      S, 6.14.
PAC  EXAMPLE III
PAR  Eighteen grams of
      2-(p-chlorobenzoyl)-N-[2(p-toluenesulfonamido)ethyl]N-isopropylbenzamide
      and 65 ml. of 90% (v/v) sulfuric acid were mixed together and heated in a
      steam bath for thirty minutes. The solution was left standing at room
      temperature for 17 hours. The mixture was quenched with 800 ml. of ice
      water and extracted with ethyl acetate. The aqueous portion was cooled and
      made basic with 50% sodium hydroxide solution. The mixture was extracted
      with ethyl acetate. The organic portion was extracted with water then
      dried over magnesium sulfate. The solvent was removed in vacuo. The
      residue was recrystallized from ethyl acetate-hexane to obtain
      4'-chloro-2-(1-isopropyl-2-imidazolin-2-yl)benzophenone, m.p.
      114.degree.-117.degree.C. Anal. Calc'd for C.sub.19 H.sub.19 N.sub.2 ClO:
      C, 69.82; H, 5.86; N, 8.57; Cl, 10,85. Found: C, 69.62; H, 6.05; N, 8.35;
      Cl, 10.87.
PAR  The hydrochloride was prepared by saturating an ethanol solution of the
      base with hydrogen chloride. The solvent was removed in vacuo. The residue
      was recrystallized from ethanolethyl acetate, m.p.
      229.degree.-231.degree.C.
PAR  Anal. Calc'd for C.sub.19 H.sub.19 N.sub.2 ClO . HCl: C, 62.81; H, 5.55; N,
      7.71; Cl, 19.52. Found: C, 62.69; H, 5.62; N, 7.56; Cl, 19.39.
PAL  Infra red absorption (KBr) 1663 cm.sup.-.sup.1.
PAL  Uv (95% etOH) max. 264 .mu. (.epsilon. = 16,900).
PAC  EXAMPLE IV
PAR  A. Twenty-five grams of N-acetyl-N'-p-toluenesulfonyl ethylenediamine (L.
      H. Amunsen, et. al., J. Am. Chem. Soc., 62, 2811) was added in portions to
      a stirred suspension of 7 grams of lithium aluminum hydride in 500 ml. of
      anyhdrous ether. The mixture was refluxed for four additional hours, the
      excess lithium aluminum hydride decomposed by dropwise addition of water
      and the mixture filtered. The solvent was separated and the filter cake
      was extracted with hot ethyl acetate. The organic portions were combined
      and evaporated to dryness. The viscous oily residue was dissolved in 50
      ml. of ethanol and saturated with hydrogen chloride. The solvent was
      removed in vacuo. The solid was washed with a mixture of ethyl
      acetate-acetone and dried to obtain
      N-[2-(ethylamino)ethyl]-p-toluenesulfonamide hydrochloride, m.p.
      138.degree.-140.degree.C.
PAR  Anal. Calc'd for C.sub.11 H.sub.18 N.sub.2 SO.sub.2.sup.. HCl: C, 47.38; H,
      6.87; N, 10.05; Cl, 12.72; S, 11.50. Found: C, 47.28; H, 6.83; N, 9.95;
      Cl, 12.80; S, 11.23.
PAR  B. A solution of 95 grams of p-toluenesulfonyl chloride in 175 ml. of
      pyridine was added dropwise to a stirred solution of 135 grams of N-ethyl
      ethylenediamine in 250 ml. of pyridine cooled in an ice bath. After
      addition was completed, the mixture was stirred one-half hour at room
      temperature then heated in a steam bath for one-half hour. The solvent was
      removed in vacuo. The residue was dissolved in ethyl acetate and extracted
      with sodium carbonate solution and water. After drying the ethyl acetate
      portion over magnesium sulfate, the solvent was removed in vacuo to obtain
      N-[2-(ethylamino)ethyl]-p-toluenesulfonamide as a viscous oil which
      crystallized on standing. Analytical sample prepared from ether-hexane
      melted at 50.degree.-53.degree.C.
PAR  Anal. Calc'd for C.sub.11 H.sub.18 N.sub.2 SO.sub.2 : C, 54.52; H, 7.49; N,
      11.56 Found: C, 54.37; H, 7.55; N, 11.35.
PAR  The hydrochloride was prepared from a portion of the base.
      Recrystallization from ethanol-diethyl ether afforded the hydrochloride,
      m.p. 139.degree.-141.degree.C.
PAR  Anal. Calc'd for C.sub.11 H.sub.18 N.sub.2 SO.sub.2.sup.. HCl: C, 47.38; H,
      6.87: N, 10.05; Cl, 12.72; S, 11.50. Found: C, 47.22; H, 6.92; N, 10.17;
      Cl, 12.77; S, 11.35.
PAC  EXAMPLE V
PAR  A solution of 13 grams of .psi.-acid chloride of 0-(p-chlorobenzoyl)benzoic
      acid in 30 ml. of acetone was added dropwise to a stirred solution of 14
      grams of N-[2-(ethylamino)ethyl]-p-toluenesulfonamide hydrochloride in 100
      ml. of pyridine. The solution was refluxed for 1.75 hours then the solvent
      was removed in vacuo. The residue dissolved in ethyl acetate and extracted
      successively with water, and saturated sodium carbonate solution. After
      drying over magnesium sulfate, the ethyl acetate was removed in vacuo. The
      solid was slurried with ethyl acetate and separated. On recrystallization
      from ethyl acetate there was obtained
      2-(p-chlorobenzoyl)-N-[2-(p-toluenesulfonamido)ethyl]-N-ethylbenzamide,
      m.p. 145.degree.-147.degree.C.
PAR  Anal. Calc'd for C.sub.25 H.sub.25 N.sub.2 ClSO.sub.4 : C, 61.91; H, 5.20;
      N, 5.78; Cl, 7.31; S, 6.61. Found: C, 61,95; H, 5.24; N, 5.73; Cl, 7.27;
      S, 6.41
PAC  EXAMPLE VI
PAR  Six grams of
      2-(p-chlorobenzoyl)-N-[2-p-toluenesulfonamido)ethyl]-N-ethylbenzamide and
      25 ml. of sulfuric acid were mixed together and heated in a steam bath for
      15 minutes. The solution was left at room temperature for 17 hours then
      quenched with ice water. The mixture was extracted with ethyl acetate. The
      aqueous portion was cooled and made basic with 50% sodium hydroxide
      solution. The precipitated solid was separated and washed thoroughly with
      water. Recrystallization from ethyl acetate-hexane afforded
      4'-chloro-2-(1-ethyl-2-imidazolin-2-yl) benzophenone, m.p.
      132.degree.-134.degree.C.
PAR  Anal. Calc'd for C.sub.18 H.sub.17 N.sub.2 ClO: C, 69,13; H, 5.47; N, 8.96;
      Cl, 11.34. Found: C, 68.97; H, 5.43; N, 8.71; Cl, 11.45.
PAR  The hydrochloride was prepared by saturating an ethanol solution of the
      base with hydrogen chloride. The solvent was removed in vacuo. The residue
      was recrystallized from ethanolethyl acetate to obtain the hydrochloride,
      m.p. 232.degree.-234.degree.C.
PAR  Anal. Calc'd for C.sub.18 H.sub.17 N.sub.2 ClO .sup. . HCl: C, 61.89; H,
      5.19; N, 8.02; Cl, 20.30. Found: C, 61.72; H, 5.57; N, 8.00; Cl, 20.17.
PAL  Infra red absorption (KBr) 1658 cm.sup.-.sup.1.
PAL  Uv (95% etOH) max 262 .mu. (.epsilon. = 16,400).
PAC  EXAMPLE VII
PAR  A solution of 37 grams of .psi.-acid chloride of 0-benzoyl benzoic acid in
      60 ml. of dichloromethane was added dropwise to a stirred solution of 38.5
      grams of N-[2-(isopropylamino) ethyl]-p-toluenesulfonamide, 200 ml. of
      dichloromethane and 25 ml. of triethylamine. The mixture was refluxed for
      3.5 hours. After cooling, the solution was extracted successively with
      water, 10% hydrochloric acid, and saturated sodium carbonate solution. The
      dichloromethane solution was dried over magnesium sulfate and the solvent
      evaporated in vacuo to a solid residue. On recrystallization from ethyl
      acetate there was obtained
      2-benzoyl-N-[2-(p-toluenesulfonamido)ethyl]-N-isopropylbenzamide, m.p.
      135.degree.-137.degree.C.
PAR  Anal. Calc'd for C.sub.26 H.sub.28 N.sub.2 SO.sub.4 : C, 67.24; H, 6.07; N,
      6.02; S, 6.90. Found: C, 67.45; H, 5.97; N, 6.03; S, 6.35.
PAC  EXAMPLE VIII
PAR  Fifty-five grams of
      2-benzoyl-N-[2-(P-toluenesulfonamido)ethyl]-N-isopropylbenzamide and 125
      ml. of 90% (v/v) sulfuric acid were mixed together and heated in a steam
      bath for 45 minutes. The solution was left standing at room temperature
      for 18 hours. The mixture was quenched with ice water and extracted with
      ethyl acetate. The aqueous portion was cooled and made basic with 50%
      sodium hydroxide solution. The mixture was extracted with ethyl acetate.
      The ethyl acetate portion was dried over magnesium sulfate and evaporated
      to dryness. The residue was dissolved in ethanol and saturated with
      hydrogen chloride. The solution was evaporated to dryness. Ethyl acetate
      was added and re-evaporated. The solid was recrystallized from
      ethanolethyl acetate to obtain
      2-(1-isopropyl-2-imidazolin-2-yl)benzophenone hydrochloride, m.p.
      262.degree.-264.degree.C dec.
PAR  Anal. Calc'd for C.sub.19 H.sub.20 N.sub.2 O.HCl: C, 69.39; H, 6.43; N,
      8.52; Cl, 10.79. Found: C, 69.44; H, 6.64; N, 8.67; Cl, 10.67.
PAL  Infra red absorption (Kbr) 1664 cm.sup.-.sup.1.
PAL  Uv (95% etOH).lambda. max 251.5 (.epsilon. = 15,900).
PAC  EXAMPLE IX
PAR  A solution 19 grams of p-toluenesulfonyl chloride in 40 ml. of pyridine was
      added in portions to a stirred solution of 27 grams of
      2-methyl-1,2-diaminopropane in 50 ml. of pyridine. The mixture was stirred
      an additional 20 minutes then filtered to separate
      2-methyl-1,2-diaminopropane dihydrochloride. The filtrate was evaporated
      to dryness in vacuo. The residue was triturated with hexane until it
      crystallized. On recrystallization from ethyl acetate there was obtained
      N-[2-(amino-2,2-dimethyl)ethyl]-p-toluenesulfonamide, m.p.
      92.degree.-95.degree.C.
PAR  Anal. Calc'd for C.sub.11 H.sub.18 N.sub.2 SO.sub.2 : C, 54.52; H, 7.49; N,
      11.56; S, 13.23. Found: C, 54.69, H, 7.83; N, 11.57; S, 1312.
PAC  EXAMPLE X
PAR  A solution of 25 grams of acetyl chloride in 50 ml. of dichloromethane was
      slowly added to a stirred solution of 60 grams of
      N-[2-(amino-2,2-dimethyl)ethyl]-p-toluenesulfonamide in 200 ml. of
      pyridine. The mixture was stirred an additional hour then evaporated to
      dryness. The residue was triturated with sodium carbonate and water. The
      solid was separated and dried. On recrystallization from ethyl acetate
      there was obtained
      N-[2-(acetamido-2,2-dimethyl)ethyl]-p-toluenesulfonamide, m.p.
      175.degree.-177.degree.C.
PAR  Anal. Calc'd for C.sub.13 H.sub.20 N.sub.2 SO.sub.3 : C, 54.90; H, 7.09; N,
      9.85; S, 11.27. Found: C, 54.90; H, 6.91; N, 9.94; S, 11.23.
PAC  EXAMPLE XI
PAR  One-hundred-sixty-five grams of
      N-[2-(acetamido-2,2-dimethyl)ethyl]-p-toluenesulfonamide were added in
      portions over 1.5 hours to a stirred suspension of 42 grams of lithium
      aluminum hydride in 2.5 liters of anhydrous ether. The mixture was
      refluxed 18 hours then decomposed by dropwise addition of water. The
      solvent was separated and the filter cake was extracted with hot ethyl
      acetate. The organic portions were combined and evaporated to an
      approximate volume of 750 ml. The solution was extracted with water then
      dried over magnesium sulfate. The solvent was removed in vacuo. The
      residue was triturated with hexane until it crystallized. On
      recrystallization from ethyl acetate-hexane, there was obtained
      N-[2-(ethylamino-2,2-dimethyl)ethyl]-p-toluenesulfonamide, m.p.
      71.degree.-73.degree.C.
PAR  Anal. Calc'd for C.sub.13 H.sub.22 N.sub.2 SO.sub.2 : C, 57.74; H, 8.20; N,
      10.36; S, 11.86. Found: C, 57.88; H, 8.56; N, 10.54; S, 11.86.
PAC  EXAMPLE XII
PAR  A solution of 260 grams of .psi.-acid chloride of 0(p-chlorobenzoyl)benzoic
      acid in 500 ml. of dichloromethane was added to a stirred, refluxing
      solution of 250 grams on
      N-[2-(ethylamino-2,2-dimethyl)ethyl]-p-toluenesulfonamide, 1.5 liters of
      dichloromethane, and 170 ml. of triethylamine. The addition was completed
      over a 3 hour period and refluxing was continued for 18 hours. The
      solution was concentrated to about 1.5 liters and extracted with 10%
      hydrochloric acid. (Neutralization of acid extract afforded recovery of
      unreacted N-[2-(ethylamino-2,2-dimethyl)ethyl]-p-toluenesulfonamide). The
      dichloromethane solution was further extracted with sodium carbonate
      solution and water. After drying the dichloromethane portion over
      magnesium sulfate, the solution was evaporated to dryness. The solid
      residue was recrystallized from ethyl acetate to obtain
      2-(p-chlorobenzoyl)-N-[1,1-dimethyl-2-(p-toluenesulfonamido)ethyl]-N-ethyl
      benzamide, m.p. 175.degree.-176.degree.C.
PAR  Anal. Calc'd for C.sub.27 H.sub.29 N.sub.2 ClSO.sub.4 : C, 63.20; H, 5.70:
      N, 5.46; Cl, 6.91; S, 6.25. Found: C, 62,97; H, 5.86; N, 5,40; S, 6.49;
      Cl, 6.49.
PAC  EXAMPLE XIII
PAR  One-hundred-ninety grams of
      2-(p-chlorobenzoyl)-N-[1,1-dimethyl-2-(p-toluenesulfonamido)ethyl]-N-ethyl
      benzamide and 400 ml. of 90% (v/v) sulfuric acid were mixed together and
      heated in a steam bath for 45 minutes. The solution was left at room
      temperature for 21 hours, then quenched with 3 volumes of ice water. The
      mixture was extracted with dichloromethane. The aqueous portion was cooled
      and made basic with 50% sodium hydroxide solution. The mixture was
      extracted with dichloromethane. This solvent was removed in vacuo. The
      residue crystallized on standing overnight. A portion was recrystallized
      from diethyl ether-hexane to obtain
      4'-chloro-2-(1-ethyl-5,5-dimethyl-2-imidazolin-2-yl)benzophenone, m.p.
      85.degree.-87.degree.C.
PAR  Anal. Calc'd for C.sub.20 H.sub.21 N.sub.2 ClO: C, 70.47; H, 6.21; N, 8.22;
      Cl, 10.41. Found: C, 70.41; H, 6.30: N, 8.28; Cl, 10.81.
PAR  The hydrochloride was prepared by treating an ethanol solution of the base
      with hydrogen chloride and removing the solvent in vacuo. The residue was
      recrystallized from ethanolethyl acetate to obtain the hydrochloride, m.p.
      263.degree.-265.degree.C with dec.
PAR  Anal. Calc'd for C.sub.20 H.sub.21 N.sub.2 ClO .sup. . HCl: C, 63.66; H,
      5.88; N, 7.42; Cl, 18.79. Found: C, 63,69; H, 5.89; N, 7.57; Cl, 18.56.
PAL  Infra red absorption (KBr) 1663 cm.sup.-.sup.1.
PAL  Uv (95% etOH) .lambda. max 260 .mu. (.epsilon. = 16,500).
PAR  The hydrochloride of the product of this Example XIII was subjected to
      testing for pharmacological activity. Test results in animals demonstrated
      several pharmacological activities including hypoglycemic activity,
      antireserpine activity and antiarrhythmic activity.
PAC  EXAMPLE XIV
PAR  A mixture of 50 grams of 0-(p-fluorobenzoyl)benzoic acid, 150 grams of
      thionyl chloride and 2 ml. of dimethyl formamide was refluxed for 4 hours.
      The excess thionyl chloride was evaporated. The residue was dissolved in
      benzene and evaporated in vacuo to obtain the .psi.-acid chloride of
      0-(p-fluorobenzoyl) benzoic acid.
PAR  A solution of 54 grams of the .psi.-acid chloride from above in 200 ml. of
      dichloromethane was added to a stirred solution of
      N-[2[(ethylamino)-2,2-dimethyl ethyl]-p-toluenesulfonamide, 40 ml. of
      triethylamine and 300 ml. of dichloromethane. The mixture was refluxed for
      18 hours. The solution was cooled and washed successively with water, 10%
      hydrochloric acid, saturated sodium carbonate solution, and water. After
      drying over magnesium sulfate, the dichloromethane was removed in vacuo.
      The residue was dissolved in ethyl acetate and left standing overnight.
      The precipitated solid was separated by filtration. On recrystallization
      from ethyl acetate-hexane there was obtained
      2-(p-fluorobenzoyl)-N-[1,1-dimethyl-2-(p-toluenesulfonamido)ethyl]-N-ethyl
     benzamide, m.p. 154.degree.-156.degree.C.
PAR  Anal. Calc'd for C.sub.27 H.sub.29 N.sub.2 FSO.sub.4 : C, 65.31; H, 5.88;
      N, 5.64; S, 6.45. Found: C, 65.48; H, 6.10; N, 5.99; S, 6.52.
PAC  EXAMPLE XV
PAR  Fifteen grams of
      2-(p-fluorobenzoyl)-N-[1,1-dimethyl-2-(p-toluenesulfonamido)ethyl]-N-ethyl
     benzamide and 50 ml. of 90% (v/v) sulfuric acid were mixed together and
      heated in a steam bath for one-half hour. The solution was left at room
      temperature for 20 hours, then diluted with ice water. The mixture was
      extracted with ethyl acetate. The aqueous portion was cooled and made
      basic with saturated sodium carbonate solution. The resulting mixture was
      extracted with ethyl acetate. The ethyl acetate portion was dried over
      magnesium sulfate then evaporated in vacuo. The residue was dissolved in
      ethanol and saturated with hydrogen chloride. The solvent was removed in
      vacuo. The residue was treated with ethyl acetate and left standing
      (weekend). The crystalline solid was separated by filtration. On
      recrystallization from ethanol-ethyl ether, there was obtained
      4'-fluoro-2-(1-ethyl-5,5-dimethyl-2-imidazolin-2-yl)benzophenone
      hydrochloride, m.p. 262.degree.-264.degree.C.
PAR  Anal. Calc'd for C.sub.20 H.sub.21 FN.sub.2 O.sup.. HCl: C, 66.57; H, 6.14;
      N, 7.77; Cl, 9.83; Found: C, 66.78; H, 6.21; N, 7.79; Cl, 9.70.
PAL  Infra red absorption (KBr) 1658 cm.sup.-.sup.1.
PAL  Uv (95% etOH) max 252.5 .mu. (.epsilon. = 15,600).
PAR  The hydrochloride product of this Example XV was subjected to testing for
      pharmacological activity. Test results in animals demonstrated
      hypoglycemic activity.
PAC  EXAMPLE XVI
PAR  A mixture of 22.6 grams of 0-benzoyl benzoic acid, 30 ml. of thionyl
      chloride and 1 ml. of dimethylformamide was refluxed for 2 hours. The
      solution was evaporated to dryness. The residue was dissolved in benzene
      and evaporated. The residue was dissolved in 75 ml. of acetone and added
      slowly to a stirred solution of 25 g.
      N-[2-(ethylamino-2,2-dimethyl)ethyl]-p-toluenesulfonamide and 100 ml. of
      pyridine. The mixture was refluxed for 1.5 hours then evaoporated to
      dryness. The residue was shaken with ethyl acetate and water. The ethyl
      acetate portion was extracted successively with 10% hydrochloric acid,
      sodium carbonate solution and water. After drying over magnesium sulfate,
      the ethyl acetate portion was evaporated to dryness. The residue was
      triturated with ether. The solid was separated (anhydride of
      0-benzoyl-benzoic acid) and the filtrate was evaporated leaving a solid
      residue. Recrystallization from ethyl acetate afforded
      2-benzoyl-N-[1,1-dimethyl-2-(p-toluenesulfonamido)ethyl]-N-ethyl
      benzamide, m.p. 157.degree.-160.degree.. The infra red spectrum indicated
      the presence of some 0-benzoyl benzoic acid anhydride impurity.
PAR  7.5 Grams of
      2-benzoyl-N-[1,1-dimethyl-2-(p-toluenesulfonamido)ethyl]-N-ethyl benzamide
      and 25 ml. of 90% (v/v) sulfuric acid were mixed together and heated in a
      steam bath for one-half hour. The solution was left at room temperature 21
      hours then quenched with ice water. The mixture was extracted with ethyl
      acetate. The aqueous portion was cooled and made basic with 50% sodium
      hydroxide solution. The resulting mixture was extracted with ethyl
      acetate. This extract was washed with water and dried over magnesium
      sulfate. The solvent was removed in vacuo. The residue was dissolved in 40
      ml. of ethanol and treated with hydrogen chloride. The solvent was removed
      in vacuo. The residue was recrystallized from ethanol-ethyl acetate to
      obtain 2-(1-ethyl-5,5-dimethyl-2-imidazolin-2-yl)benzophenone
      hydrochloride, m.p. 240.degree.-243.degree.C.
PAR  Anal. Calc'd for C.sub.20 H.sub.22 N.sub.2 O .sup.. HCl: C, 70.06; H, 6.76;
      N, 8.17; Cl, 10.34. Found: C, 69.80; H, 7.07; N, 8.14; Cl, 10.33.
PAL  Infra red absorption (KBr) 1666 cm.sup.-.sup.1.
PAL  Uv (etOH) .lambda. max 252 (.epsilon. = 15,300).
PAR  The hydrochloride product of this Example XVI was subjected to testing for
      pharmacological activity. Test results in animals demonstrated
      hypoglycemic activity.
PAC  EXAMPLE XVII
PAR  A solution of 125 grams of tosyl-DL-alanyl chloride (A. F. Beecham, J. Am.
      Chem. Soc., 79, 325-7) in 800 ml. of dichloromethane was added with
      stirring to 73 grams of anhydrous ethylamine and 400 ml. of
      dichloromethane in a reaction flask equipped with a dry ice condenser. The
      mixture was refluxed 4 hours after addition was completed. The reaction
      mixture was extracted with water then dried over magnesium sulfate. The
      solvent was removed in vacuo. The residue was slurried with diethyl ether
      and filtered to obtain tosyl-DL-alanine ethylamide, m.p.
      106.degree.-107.degree.C.
PAR  Anal. Calc'd for C.sub.12 H.sub.18 N.sub.2 SO.sub.3 : C, 53.31; H, 6.71; N,
      10.37; S, 11.86. Found: C, 53.22; H, 6.54; N, 10.25; S, 12.10.
PAC  EXAMPLE XVIII
PAR  Sixty-seven grams of tosyl-DL-alanine ethyl amide was added in portions to
      a stirred suspension of 25 grams of lithium aluminum hydride in 1.5 liters
      of anhydrous ether. Refluxing was continued for 19 hours. Excess lithium
      aluminum hydride was decomposed by dropwise addition of water. The mixture
      was filtered and the filter cake extracted with hot ethyl acetate The
      organic portions were combined and evaporated to a volume of about 300 ml.
      The solution was washed with water then dried over magnesium sulfate.
      Evaporation of the solvent afforded an oil which began to crystallize on
      cooling. A portion was recrystallized from ether to obtain
      N-[2-(ethylamino-1-methyl)ethyl]-p-toluenesulfonamide, m.p.
      69.degree.-71.degree.C.
PAR  Anal. Calc'd for C.sub.12 H.sub.20 N.sub.2 SO.sub.2 : C, 56.22; H, 7.87; N,
      10.93; S, 12.51.
PAR  Found: C, 56.21; H, 7.87; N, 10.97; S, 12.75.
PAC  EXAMPLE XIX
PAR  A solution of 58 grams of .psi.-acid chloride of 0-(p-chlorobenzoyl)benzoic
      acid, 400 ml. of dichloromethane, 52 g. of
      N-[2-(ethylamino-1-methyl)ethyl]-p-toluenesulfonamide and 50 ml. of
      triethylamine was stirred at refluxed for 3 hours. The cooled mixture was
      extracted successively with water, 15% hydrochloric acid, and sodium
      carbonate solution. After drying over magnesium sulfate, the
      dichloromethane was evaporated in vacuo. The residue was triturated with
      ether. The separated solid was recrystallized from ethyl acetate to obtain
      2-(p-chlorobenzoyl-N-[2-methyl-2-(p-toluenesulfonamido)ethyl]-N-ethyl
      benzamide, m.p. 161.degree.-163.degree.C.
PAR  Anal. Calc'd for C.sub.26 H.sub.27 N.sub.2 ClSO.sub.4 : C, 62.58; H, 5.45;
      N, 5.61; Cl, 7.11.
PAR  Found: C, 62.66; H, 5.46; N, 5.31; Cl, 7.42.
PAC  EXAMPLE XX
PAR  Forty grams of
      2-(p-chlorobenzoyl)-N-[2-methyl-2-(p-toluenesulfonamido)ethyl]-N-ethylbenz
     amide and 100 ml. of 90% (v/v) sulfuric acid were mixed together and heated
      in a steam bath for 45 minutes. After standing at room temperature 21
      hours, the solution was quenched with 500 ml. of ice water. The mixture
      was extracted with dichloromethane. The aqueous portion was cooled and
      made basic with 50% sodium hydroxide solution. The mixture was extracted
      with ethyl acetate. The ethyl acetate portion was extracted with water
      then dried over magnesium sulfate. The solvent was removed in vacuo. The
      residue was dissolved in diethyl ether and treated with hydrogen chloride.
      The solid was separated and recrystallized from ethanol-ethyl acetate to
      obtain 4'-chloro-2-(1-ethyl-4-methyl-2-imidazolin-2-yl)benzophenone
      hydrochloride, m.p. 212.degree.-214.degree.C.
PAR  Anal. Calc'd for C.sub.19 H.sub.19 ClN.sub.2 O.sup..  HCl: C, 62.81; H,
      5.55; N, 7.71; Cl, 19.52.
PAR  Found: C, 62.72; H, 5.61; N, 7.51; Cl, 19.43.
PAL  Infra red absorption (KBr) 1661 cm.sup.-.sup.1.
PAL  Uv (95% etOH) .lambda. max 266 (.epsilon. = 16,200).
PAR  The hydrochloride product of this Example XIX was subjected to testing for
      pharmacological activity. Test results in animals demonstrated
      hypoglycemic activity and antiarrhythmic activity.
PAC  EXAMPLE XXI
PAR  Following the procedure of Example 15 but using
      2-(p-bromobenzoyl)-N-[1,1-dimethyl-2-(p-toluenesulfonamido)ethyl]-N-ethylb
     enzamide, there is obtained
      4'-bromo-2-(1-ethyl-5,5-dimethyl-2-imidazolin-2-yl)benzophenone
      hydrochloride having a melting point of 265.degree.-266.degree.C. The
      hydrochloride in animal tests demonstrated hypoglycemic activity.
PAC  EXAMPLE XXII
PAR  Following the procedure of Example 15 but using
      2-(3,4-dichlorobenzoyl)-N-[1,1-dimethyl-2-(p-toluenesulfonamido)
      ethyl]-N-ethylbenzamide, there is obtained
      3',4'-dichloro-2-(1-ethyl-5,5-dimethyl-2-imidazolin-2-yl)benzophenone
      hydrochloride having a melting point of 229.degree.-231.degree.C. The
      hydrochloride in animal tests demonstrated hypoglycemic activity and
      antireserpine activity.
PAC  EXAMPLE XXIII
PAR  Following the procedure of Example 15 but using
      2-benzoyl-N-[2,-methyl-2(p-toluenesulfonamido)ethyl]-N-isopropylbenzamide,
      there is obtained 2-(1-isopropyl-4-methyl-2-imidazolin-2-yl)benzophenone
      hydrochloride having a melting point of 245.degree.-247.degree.C. The
      hydrochloride in animal tests demonstrated hypoglycemic activity.
PAC  EXAMPLE XXIV
PAR  Following the procedure of Example 12 but using
      2-(p-chlorobenzoyl)-N-[2-methyl-2(p-toluenesulfonamido)ethyl]-N-isopropylb
     enzamide, there is obtained
      4'-chloro-2(1-isopropyl-4-methyl-2-imidazolin-2-yl)benzophenone having a
      melting point of 109.degree.-112.degree.C. The hydrochloride in animal
      tests demonstrated hypoglycemic activity.
PAC  EXAMPLE XXV
PAR  Following the procedure of Example 15 but using
      2-(p-chlorobenzoyl)-N-[2-isopropyl-2(p-toluenesulfonamido)ethyl]-N-ethylbe
     nzamide, there is obtained
      4'-chloro-2-(1-ethyl-4-isopropyl-2-imidazolin-2-yl)benzophenone
      hydrochloride having a melting point of 178.degree.-180.degree.C. The
      hydrochloride in animal tests demonstrated hypoylycemic activity.
PAC  EXAMPLE XXVI
PAR  Following the procedure of Example 15 but using
      2-benzoyl-N-[2-isopropyl-2(p-toluenesulfonamido)ethyl]-N-ethylbenzamide,
      there is obtained 2-(1-ethyl-4-isopropyl-2-imidazolin-2-yl)benzophenone
      hydrochloride having a melting point of 213.degree.-215.degree.C. The
      hydrochloride in animal tests demonstrated hypoglycemic activity.
PAC  EXAMPLE XXVII
PAR  Following the procedure of Example 15 but using
      2-(p-chlorobenzoyl)-N-[1-methyl-2-(p-toluenesulfonamido)ethyl]-N-ethylbenz
     amide having a melting point of 134.degree.-137.degree.C, there is obtained
      4'-chloro-2-(1-ethyl-5-methyl-2-imidazolin-2-yl)benzophenone hydrochloride
      having a melting point of 233.degree.-235.degree.C. The hydrochloride in
      animal tests demonstrated antiarrhythmic activity.
PAC  EXAMPLE XXVIII
PAR  Following the procedure of Example 15 but using
      2-(p-chlorobenzoyl)-N-[2-[2-(p-toluenesulfonamide)ethyl]-N-n-propylbenzami
     de, there is obtained
      4'-chloro-2-(1-n-propyl-2-imidazolin-2-yl)benzophenone, m.p.
      131.degree.-133.degree.C.
PAC  EXAMPLE XXIX
PAR  Following the procedure of Example 15 but using
      2-(p-chlorobenzoyl)-N-[2-methyl-2-p-toluenesulfonamido)ethyl]-N-ethylbenza
     mide having a melting point of 118.degree.-121.degree.C. and
      [.alpha.].sub.D.sup.24 + 11.99 (1.038, EtOH), there is obtained D (+)
      -4'-chloro-2-(1-ethyl-4-methyl-2-imidazolin-2-yl)benzopheonone
      hydrochloride, m.p. 221.degree.-3.degree.C., [.alpha.].sub.D.sup.24 +
      48.23 (1.001, EtOH).
PAC  EXAMPLE XXX
PAR  Following the procedure of Example 15 but using
      2-(p-fluorobenzoyl)-N-[2-(p-toluenesulfonamido)ethyl]-N-isopropylbenzamide
     , there is obtained 4'-fluoro-2-(1-isopropyl-2-imidazolin-2-yl)benzophenone
      hydrochloride, m.p. 272.degree.-273.degree.C.
PAC  EXAMPLE XXXI
PAR  Following the procedure of Example 15 but using
      2-(p-toluoyl)-N-[2-(p-toluenesulfonamido)ethyl]-N-isopropylbenzamide there
      is obtained 2-(1-isopropyl-2-imidazolin-2-yl)-4'-methyl benzophenone, m.p.
      87.degree.-89.degree.C.
PAC  EXAMPLE XXXII
PAR  Following the procedure of Example 15 but using
      2-(p-trifluoromethylbenzoyl)-N-[2-(p-toluenesulfonamido)ethyl]-N-isopropyl
     benzamide, there is obtained
      4'-trifluoromethyl-2-(1-isopropyl-2-imidazolin-2-yl)benzophenone
      hydrochloride, m.p. 215.degree.-217.degree.C.
PAC  EXAMPLE XXXIII
PAR  By analogous procedures the following compounds are prepared. In all of
      these compounds, R.sub.2 is hydrogen.
      ##SPC4##
TBL  R         R.sub.1    R.sub.3                                              

                                R.sub.4                                        

                                   R.sub.5                                     

                                     R.sub.6                                   

                                       M.P.,.degree.C.                         

     __________________________________________________________________________

     1.  Isopropyl                                                             

               3,4-dichlorophenyl                                              

                          H     H  H H 218-20.                                 

     2.  Isopropyl                                                             

               4-bromophenyl                                                   

                          "     "  " " 253-55                                  

     3.  n-propyl                                                              

               phenyl     "     "  " " 185-7                                   

     4.  n-propyl                                                              

               4-fluorophenyl                                                  

                          "     "  " " 212-15                                  

     5.  ethyl phenyl     "     "  " " 199-201                                 

     6.  isopropyl                                                             

               phenyl     5-chloro                                             

                                "  " " 123-5                                   

     7.  isopropyl                                                             

               3-chlorophenyl                                                  

                          H     "  " " 253-5                                   

     8.  isopropyl                                                             

               3,5-dichlorophenyl                                              

                          "     "  " " 246-8                                   

     9.  isopropyl                                                             

               2-chlorophenyl                                                  

                          "     "  " " 138-40                                  

     10. isopropyl                                                             

               phenyl     4-chloro                                             

                                "  " " 265-7                                   

     11. ethyl 3-chlorophenyl                                                  

                          H      Me                                            

                                   " " 208-10                                  

     __________________________________________________________________________

      Compounds 6 and 9 are the free base and the others are the hydrochloride.

PAC  EXAMPLE XXXIV
PAR  By analogous procedures the following compounds are prepared as the
      hydrochloride salt except when indicated.
      ##SPC5##
PAR  In all of these compounds, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are
      hydrogen.
TBL  ______________________________________                                    

     R          R.sub.1     R.sub.6   M.P.,.degree.C.                          

                                             [.alpha.].sub.D                   

     ______________________________________                                    

     1.   ethyl     4-chlorophenyl                                             

                                methyl  221-3  -                               

     2.   isopropyl 4-chlorophenyl                                             

                                isopropyl                                      

                                        102-04 .+-.                            

     3.   isopropyl phenyl      isopropyl                                      

                                        62-4   .+-.                            

     4.   ethyl     4-fluorophenyl                                             

                                isopropyl                                      

                                        202-5  .+-.                            

     5.   n-propyl  4-chlorophenyl                                             

                                methyl  195-8  .+-.                            

     6.   ethyl     phenyl      methyl  216-18 .+-.                            

     7.   ethyl     4-fluorophenyl                                             

                                methyl  202-5  .+-.                            

     8.   ethyl     4-chlorophenyl                                             

                                methoxy-                                       

                                        210-12 .+-.                            

                                methylene                                      

     9.   ethyl     4-chlorophenyl                                             

                                ethyl   185-7  .+-.                            

     10.  ethyl     phenyl      ethyl   182-4  .+-.                            

     11.  n-propyl  4-chlorophenyl                                             

                                methyl  192-4  +                               

     12.  n-propyl  phenyl      methyl  193-6  +                               

     13.  ethyl     4-chlorophenyl                                             

                                n-propyl                                       

                                        167-9  .+-.                            

     14.  ethyl     4-fluorophenyl                                             

                                n-propyl                                       

                                        164-6  .+-.                            

     15.  ethyl     phenyl      n-propyl                                       

                                        148-50 .+-.                            

     16.  ethyl     phenyl      isopropyl                                      

                                        210-12 +                               

     17.  ethyl     4-chlorophenyl                                             

                                isopropyl                                      

                                        Liquid +                               

     18.  ethyl     4-fluorophenyl                                             

                                isopropyl                                      

                                        191-3  +                               

     ______________________________________                                    

      Compounds 2, 3 and 17 are the free base and the others are the           

      hydrochloride.                                                           

PAC  EXAMPLE XXXV
PAR  By analogous procedures the following compounds are prepared. In all of
      these compounds, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are hydrogen except
      that in compound 12, R.sub.3 is 5-chloro.
      ##SPC6##
TBL  R         R.sub.1     R.sub.6   [.alpha.].sub.D                           

                                          M.P.,.degree.C                       

     ______________________________________                                    

     1.    ethyl   phenyl      methyl  -    219-21                             

     2.    ethyl   phenyl      methyl  +    218-20                             

     3.    methyl  phenyl      isopropyl                                       

                                       +    171-3                              

     4.    methyl  4-chlorophenyl                                              

                               isopropyl                                       

                                       +    182-4                              

     5.    ethyl   4-fluorophenyl                                              

                               isopropyl                                       

                                       -    190-2                              

     6.    ethyl   phenyl      isopropyl                                       

                                       -    212-14                             

     7.    ethyl   4-chlorophenyl                                              

                               isopropyl                                       

                                       -    177-9                              

     8.    methyl  phenyl      methyl  +    Liquid                             

     9.    methyl  4-chlorophenyl                                              

                               methyl  +    230-32                             

     10.   ethyl   phenyl      n-butyl .+-. 155-8                              

     11.   ethyl   phenyl      n-propyl                                        

                                       +    179-81                             

     12.   ethyl   phenyl      methyl  +    126-8                              

     13.   ethyl   3-chlorophenyl                                              

                               isopropyl                                       

                                       +    210-12                             

     14.   ethyl   phenyl      n-propyl                                        

                                       -    178-80                             

     15.   ethyl   2-chlorophenyl                                              

                               methyl  .+-. 189-92                             

     16.   ethyl   3-chlorophenyl                                              

                               methyl  -    200-202                            

     17.   ethyl   3-chlorophenyl                                              

                               methyl  +    194-6                              

     18.   ethyl   2-chlorophenyl                                              

                               methyl  +    226-8                              

     ______________________________________                                    

      Compounds 8 and 12 are the free base and the others are the hydrochloride

                                                                               

PAR  The new compounds of formula I and their pharmaceutically acceptable salts
      possess pharmacological activity. In particular they generally demonstrate
      one or more of the following activities: hypoglycemic activity,
      antiresperine activity, antiulcerogenic activity and antiarrhythmic
      activity, when tested in animals. The new compounds of formula II possess
      utility as intermediates for the preparation of the pharmacologically
      active compounds of formula I by the process described above.
PAR  The test for hypoglycemic activity was conducted as follows
PAR  Male rats weighing 170-200 grams are fasted overnight, a control blood
      sample is taken from the tail and a test dose of 60 mg/kg is administered
      by stomach tube. Subsequent blood samples are taken at hourly intervals
      for five hours. In general, a compound is considered active if a
      depression in blood sugar approximating 20% is observed for at least three
      of the five hour test period.
PAR  The test for antireserpine activity was conducted as follows
PAR  Compounds at graded dose levels are administered orally (or
      intraperitoneally) to groups of six mice (3 males and 3 females) at 2 dose
      levels, 1 and 10 mg/kg. One hour later (or one-half hour later if the
      compound was administered i.p.) the animals are challenged with reserpine,
      2.5 mg/kg i.p. The degree of ptosis for each eye is determined at 1 hr.
      post-treatment. Both a Tween 80 control group and two imipramine control
      groups (1 and 10 mg/kg) are run simultaneously. Mean ptotic scores are
      calculated for all groups. A compound is considered active if the mean
      ptotic score is 2 or less at either or both of the 2 doses tested.
PAR  The test for antiulcerogenic activity was conducted as follows
PAR  Male Charles River rats weighing between 120-160 gm. are deprived of food
      for 18 hr. with water ad lib. The rats are divided into groups of ten and
      dosed by oral route with test compound (base), or vehicle control, 1%
      methyl-cellulose, in a volume of 5 ml/kg. Immediately after dosing the
      animals are inserted into aluminum restraining tubes measuring 15/8 inches
      in diameter by 8 inches and placed in the cold (4 .+-.  1.degree.C.).
      After 180 min. the animals are killed, the duodenum and esophagus ligated,
      and the stomach removed. The stomachs are inflated with water, opened
      along the lesser curvature, spread over the index finger, and the mucosa
      wiped off to expose the submucosa. The number of hemorrhage sites in the
      submucosa are counted by visual observation and recorded; however, since
      these numbers are so variable, only the incidence of ulcer (i.e., the
      number of rats with ulcers) are used for statistical evaluation.
PAR  The test for reserpine hypothermia was conducted as follows
PAR  Groups of male mice, 17-22 grams, are dosed with reserpine, 2.0 mg/kg. S.C.
      Four hours later, the rectal temperature of each mouse is measured with a
      thermocouple. The mice are then challenged orally with the test compound
      at graded dose levels and the rectal temperature measured every half hour
      for the following two hours or longer if necessary to show peak effect.
      The rise in rectal temperature produced by the drug is then compared
      graphically with that of the control group.
PAR  The pharmacological test results are summarized in the following Table I. A
      plus sign indicates activity, a minus sign indicates lack of activity at
      the particular dose level in the particular test and a blank indicates
      that the compound was not tested for the particular indication.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Example                                                                   

          Hypoglycemic                                                         

                 Antireserpine                                                 

                         Antiulcer                                             

                               Antiarrhythmic                                  

                                       Reserpine                               

          Activity                                                             

                 Activity                                                      

                         Activity                                              

                               Activity                                        

                                       Hypothermia                             

     __________________________________________________________________________

     3    +      +       +     +       +                                       

     6    +      +       +             +                                       

     8    +      +       +     +                                               

     13   +      +             +       +                                       

     15   +      -                                                             

     16   +      +                                                             

     20   +      -             +                                               

     21   +                                                                    

     22   +      +                                                             

     23   +      +       +             -                                       

     24   +      +                     -                                       

     25   +      -             +       -                                       

     26   +              +     +       -                                       

     27   +      +       +     +                                               

     28   +      +             +       +                                       

     29   +              +             -                                       

     30   -      +       +     -       +                                       

     31   -      +       +                                                     

     32   -      +       +             -                                       

     33-1 +      +       *     +       +                                       

     33-2 -      +       +             +                                       

     33-3 +      -                     -                                       

     33-4 -      +       +             +                                       

     33-5 +      +                     +                                       

     33-6 +      +                                                             

     33-7 +      +       +             +                                       

     33-8 +      +                     -                                       

     33-9 -      +       +                                                     

     33-10                                                                     

          -      +       -                                                     

     33-11                                                                     

          +      +       +             +                                       

     34-1 -      +       +             +                                       

     34-2 -      -       +     +       -                                       

     34-3 -      +       +             -                                       

     34-4 +      -                     -                                       

     34-5 +      +             +                                               

     34-6 +      -                                                             

     34-7 +      +                                                             

     34-8 +      +             +                                               

     34-9 +      +       +                                                     

     34-10                                                                     

          +      +                                                             

     34-11                                                                     

          +      +       +             -                                       

     34-12                                                                     

          +      +       +                                                     

     34-13                                                                     

          +      +       +                                                     

     34-14                                                                     

          +      +       +     +                                               

     34-15                                                                     

          +      +       +                                                     

     34-16                                                                     

          +      +                                                             

     34-17                                                                     

          +      +                                                             

     34-18                                                                     

          +      +                                                             

     35-1 +      +                                                             

     35-2 +      +                                                             

     35-3 +                    +                                               

     35-4 Toxic *                                                              

                 +                                                             

     35-5 +      +       +                                                     

     35-6 +      +                                                             

     35-7 +      -       +     -       -                                       

     35-8 +      -                                                             

     35-9 +      +                                                             

     35-10                                                                     

          +      +                                                             

     35-11                                                                     

          +      -                                                             

     35-12                                                                     

          +      -                                                             

     35-13                                                                     

          +      +                     -                                       

     35-14                                                                     

          +      -                     -                                       

     35-15                                                                     

          Toxic **                                                             

                 -                     -                                       

     35-16                                                                     

          +      +       +             +                                       

     35-17                                                                     

          +      +       +             +                                       

     35-18                                                                     

          +      -       +             -                                       

     __________________________________________________________________________

      *  Three-quarters of the rats died at a dose of 60 mg/kg.                

      ** One-quarter of the rats died at a dose of 60 mg/kg.                   

PAR  In addition to the above pharmacological results, the compounds of Examples
      3 and 29 were evulated as gastric antisecretory compounds in the pylorus
      ligated rat test and found to be active at 25 to 12.5 mg base/kg and 3 mg
      base/kg. This suggests that the antiulcer activity may be due to the
      inhibition of gastric secretion.
PAR  It will be apparent to the skilled chemist that the compounds of formula I,
      their acid addition salts and compounds of formula II possess an
      asymmetric structure when (i) R.sub.4 is hydrogen and R.sub.5 is
      (lower)alkyl or (ii) R.sub.6 is (lower)alkyl. Such compounds with an
      asymmetric structure can exist as different optically active enantiomers.
      It is to be understood that the invention provides the compounds of
      asymmetric structure as the individual enantiomers and as mixtures of the
      enantiomers, for example, racemic mixtures. Individual enantiomers can be
      obtained in known manner by resolving a mixture of enantiomers or by
      preparation from an optically active starting material. Optically active
      starting materials in turn may be obtained by resolution of a mixture of
      steroisomers or by a chemical reaction using an optically active reactant.
      The compounds of formula I and their acid addition salts can be obtained
      as racemic mixtures or as individual enantiomers. The optically active
      products are preferably obtained by using an optically active compound of
      formula II as starting material.
PAR  The compounds of formula I may be obtained in free base form or as an acid
      addition salt. Examples of pharmaceutically acceptable acid addition salts
      include the sulphate, hydrochloride, hydrobromide, hydroiodide, nitrate,
      phosphate sulphonate (such as the methane-sulphonate and
      p-toluenesulphonate), acetate, maleate, fumarate, tartrate and formate.
PAR  The invention also includes pharmaceutical compositions containing an
      active ingredient a compound of formula I or its pharmaceutically
      acceptable acid addition salt and a pharmaceutically acceptable carrier.
      Any suitable carrier known in the art can be used to prepare the
      pharmaceutical compositions. In such a composition, the carrier may be
      solid. Suitable solid carriers are magnesium carbonate, magnesium
      stearate; talc, sugar, lactose, pectin, dextrin, starch, gelatin,
      tragacanth, methyl, cellulose, sodium carboxymethyl cellulose, a low
      melting was, and cocoa butter. Sterile liquid form compositions include
      sterile solutions and suspensions. The active ingredient can be dissolved
      or suspended in a pharmaceutically acceptable sterile liquid carrier, such
      as sterile water, sterile organic solvent or a mixture of both.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of compounds of the formula
      ##SPC7##
PAL  wherein R is (lower)alkyl; R.sub.1 is selected from the group consisting of
      phenyl, monohalophenyl, dihalophenyl, mono(lower)alkylphenyl,
      di(lower)-alkylphenyl, trifluoromethylphenyl, mono(lower)alkoxyphenyl,
      di(lower)alkoxyphenyl, thienyl, pyridyl, furyl, and tetrahydro-2-naphthyl;
      R.sub.2 is selected from the group consisting of hydrogen, halogen, amino,
      (lower)alkylamino, (lower)alkyl and (lower) alkoxy; R.sub.3 is hydrogen
      when R.sub.2 and R.sub.3 are dissimilar and when R.sub.2 and R.sub.3 are
      the same they are both selected from the group consisting of hydrogen,
      halogen, (lower)alkyl and (lower)alkoxy; R.sub.4 and R.sub.5 are each
      hydrogen or lower alkyl and attached to the same carbon atom; and R.sub.6
      is hydrogen or (lower)alkyl which comprises heating a compound of the
      formula
      ##SPC8##
PAL  wherein R, R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and R.sub.6 are as
      defined above and R.sub.7 is selected from the group consisting of lower
      alkylsulfonyl, phenylsulfonyl, monohalophenysulfonyl,
      dihalophenylsulfonyl, mono(lower)alkylphenylsulfonyl,
      di(lower)alkylphenylsulfonyl and lower alkoxyphenylsulfonyl, on a steam
      bath with sulfuric acid of from about 90.degree. to about 100.degree.
      concentration.
NUM  2.
PAR  2. Compounds of the formula
      ##SPC9##
PAL  wherein R is (lower)alkyl; R.sub.1 is selected from the group consisting of
      phenyl, monohalophenyl, dihalophenyl, mono(lower)alkylphenyl,
      di(lower)alkylphenyl, trifluoromethylphenyl, mono(lower) alkoxyphenyl,
      di(lower)alkoxyphenyl; R.sub.2 is selected from the group consisting of
      hydrogen, halogen, amino (lower)alkylamino, (lower)alkyl and (lower)
      alkoxy; R.sub.3 is hydrogen when R.sub.2 and R.sub.3 are dissimilar and
      when R.sub.2 and R.sub.3 are the same they are both selected from the
      group consisting of hydrogen, halogen, (lower) alkyl and (lower)alkoxy;
      R.sub.4 and R.sub.5 are each hydrogen or lower alkyl and attached to the
      same carbon atom; and R.sub.6 is hydrogen or (lower)alkyl, or the
      pharmaceutically acceptable acid addition salt of such a compound.
NUM  3.
PAR  3. The compound of claim 2 which is
      4'-chloro-2-(1-ethyl-5,5-dimethyl-2-imidazolin-2-yl)benzophenone or a
      pharmaceutically acceptable acid addition salt.
NUM  4.
PAR  4. The compound of claim 2 which is
      4'fluoro-2-(1-ethyl-5,5-dimethyl-2-imidazolin-2-yl)benzophenone or a
      pharmaceutically acceptable acid addition salt.
NUM  5.
PAR  5. The compound of claim 2 which is
      2-(1-ethyl-5,5-dimethyl-2-imidazolin-2-yl)benzophenone or a
      pharmaceutically acceptable acid addition salt.
NUM  6.
PAR  6. The compound of claim 2 which is
      4'-chloro-2-(1-ethyl-4-methyl-2-imidazolin-2-yl)benzophenone or a
      pharmaceutically acceptable acid addition salt.
NUM  7.
PAR  7. The compound of claim 2 which is
      4'-bromo-2-(1-ethyl-5,5-dimethyl-2-imidazolin-2-yl)benzophenone or a
      pharmaceutically acceptable acid addition salt.
NUM  8.
PAR  8. The compound of claim 2 is
      3',4'-dichloro-2-(1-ethyl-5,5-dimethyl-2-imidazolin-2-yl)benzophenone or a
      pharmaceutically acceptable acid addition salt.
NUM  9.
PAR  9. The compound of claim 2 which is
      2-(1-isopropyl-4-methyl-2-imidazolin-2-yl)benzophenone or a
      pharmaceutically acceptable acid addition salt.
NUM  10.
PAR  10. The compound of claim 2 which is
      4'chloro-2(1-isopropyl-4-methyl-2-imidazolin-2-yl)benzophenone or a
      pharmaceutically acceptable acid addition salt.
NUM  11.
PAR  11. The compound of claim 2 which is
      4'-chloro-2-(1-ethyl-4-isopropyl-2-imidazolin-2-yl)benzophenone or a
      pharmaceutically acceptable acid addition salt.
NUM  12.
PAR  12. The compound of claim 2 which is
      2-(1-ethyl-4-isopropyl-2-imidazolin-2-yl)benzophenone or a
      pharmaceutically acceptable acid addition salt.
NUM  13.
PAR  13. The compound of claim 2 which is
      4'-chloro-2-(1-ethyl-5-methyl-2-imidazolin-2-yl)benzophenone or a
      pharmaceutically acceptable acid addition salt.
NUM  14.
PAR  14. The compound of claim 2 which is
      4'-chloro-2-(1-isopropyl-2-imidazolin-2-yl)benzophenone.
NUM  15.
PAR  15. The compound of claim 2 which is
      4'-chloro-2-(1-ethyl-2-imidazolin-2-yl)benzophenone.
NUM  16.
PAR  16. The compound of claim 2 which is
      2-(1-isopropyl-2-imidazolin-2-yl)benzophenone.
NUM  17.
PAR  17. The compound of claim 2 which is
      4'-chloro-2-(1-n-propyl-2-imidazolin-2-yl)benzophenone.
NUM  18.
PAR  18. The compound of claim 2 which is
      4'-fluoro-2-(1-isopropyl-2-imidazolin-2-yl)benzophenone.
NUM  19.
PAR  19. The compound of claim 2 which is
      2-(1-isopropyl-2-imidazolin-2-yl)-4'-methyl benzophenone.
NUM  20.
PAR  20. The compound of claim 2 which is
      4'-trifluoromethyl-2-(1-isopropyl-2-imidazolin-2-yl)benzophenone.
NUM  21.
PAR  21. The compound of claim 2 which is
      L-(-)-2-(1-ethyl-4-methyl-2-imidazolin-2-yl)benzophenone.
NUM  22.
PAR  22. The compound of claim 2 which is
      L-(-)-2-(1-ethyl-4-isopropyl-2-imidazolin-2-yl)benzophenone.
NUM  23.
PAR  23. The compound of claim 2 which is
      D-(+)-2-(1-ethyl-4-isopropyl-2-imidazolin-2-yl)benzophenone.
NUM  24.
PAR  24. The compound of claim 2 which is
      D-(+)-4'-chloro-2-(1,4-dimethyl-2-imidazolin-2-yl)benzophenone.
NUM  25.
PAR  25. D-(+)-2-(1-ethyl-4-isopropyl-2-imidazolin-2-yl)-4'-fluoro-benzophenone,
      hydrochloride.
PATN
WKU  039312194
SRC  5
APN  5099048
APT  1
ART  124
APD  19740927
TTL  Process for preparing hexahydrothieno[3,4-d]imidazole-2,4-diones
ISD  19760106
NCL  9
ECL  1
EXP  Love; Ethel G.
INVT
NAM  Aoki; Yasuhiko
CTY  TOYONAKA
CNT  JA
INVT
NAM  Suzuki; Hiroyuki
CTY  Nishinomiya
CNT  JA
INVT
NAM  Akiyama; Hisao
CTY  Nishinomiya
CNT  JA
INVT
NAM  Okano; Shigeru
CTY  Kawanishi
CNT  JA
ASSG
NAM  Sumitomo Chemical Company, Limited
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730927
APN  48-109021
CLAS
OCL  2603097
EDF  2
ICL  C07D 4934
FSC  260
FSS  309.7
UREF
PNO  2489232
ISD  19491100
NAM  Goldberg et al.
OCL  260309.7
UREF
PNO  2489234
ISD  19491100
NAM  Goldberg et al.
OCL  260309.7
UREF
PNO  2519720
ISD  19500800
NAM  Surmatis et al.
OCL  260309.7
UREF
PNO  3700659
ISD  19721000
NAM  Gerecke et al.
XCL  260309.7
UREF
PNO  3876656
ISD  19750400
NAM  Aoki et al.
OCL  260309.7
FREF
PNO  7,037,776
ISD  19701100
CNT  JA
OCL  260309.7
OREF
PAL  Gerecke et al., Helv. Chim. Acta, Vol. 53, Fasc. 5 (1970)-Nr. 116, pp.
      991-999.
LREP
FRM  Stewart and Kolasch, Ltd.
ABST
PAL  In the conversion of a hexahydrofuro[3,4-d]-imidazole-2,4-dione compound
      into the corresponding hexahydrothieno[3,4-d]imidazole-2,4-dione compound,
      an improved process which comprises reacting the starting
      hexahydrofuro[3,4-d]imidazole-2,4-dione compound with a dithiocarbamate.
BSUM
PAR  The present invention relates to a process for preparing
      hexahydrothieno[3,4-d]imidazole-2,4-diones. More particularly, it relates
      to an industrially advantageous process for conversion of
      hexahydrofuro[3,4-d]imidazole-2,4-diones into the corresponding
      hexahydrothieno[3,4-d]imidazole-2,4-diones.
PAR  Although the process for this invention is generally applicable to the
      conversion of any compound having a
      hexahydrofuro[3,4-d]imidazole-2,4-dione structure into the corresponding
      compound having a hexahydrothieno[3,4-d]imidazole-2,4-dione structure, it
      will be hereinafter illustrated on the following conversion as an example
      for convenience:
      ##SPC1##
PAL  Wherein R is alkyl, aryl or aralkyl.
PAR  In the above significances, the alkyl group may be those having preferably
      not more than 8 carbon atoms (e.g. methyl, ethyl, propyl, butyl). The aryl
      group includes those having not more than 10 carbon atoms (e.g. phenyl,
      tolyl, xylyl, naphthyl). As the aralkyl group, there may be included those
      having not more than 18 carbon atoms (e.g. benzyl, phenethyl,
      naphthylmethyl).
PAR  The thiolactones [II] are valuable intermediates in the synthesis of
      various pharmaceuticals such as biotin, .alpha.-dehydrobiotin and
      trimethaphan camphorsulfonate.
PAR  For preparation of the thiolactones [II] from the corresponding lactones
      [I], there are known two processes, i.e. the one as described in M.
      Gerecke et al.: Helvetica Chimica Acta, 53, 991-999 (1970) (hereinafter
      referred to as "Process A") and the one as described in Japanese Patent
      Publication (unexamined) No. 42793/72 (hereinafter referred to as "Process
      B").
PAR  In Process A, the starting lactone [I] is heated with potassium thioacetate
      in dimethylformamide or dimethylacetamide at a temperature higher than
      about 150.degree.C to give the objective thiolactone [II]. By this
      process, the crude product is obtainable in a high yield. Since, however,
      such a high temperature as about 150.degree.C or more causes the
      decomposition of the reagent potassium thioacetate and the once produced
      thiolactone [II], the purity of the product is considerably lowered.
      Particularly when the starting lactone [I] is optically active, the
      optical purity of the produced thiolactone [II] is markedly reduced. In
      addition, it is industrially disadvantageous to use such an expensive
      reagent as potassium thioacetate.
PAR  In Process B, the starting lactone [I] is heated with an alkali metal
      hydrosulfide in a polar solvent such as dimethylacetamide at about
      120.degree.C to give the objective thiolactone [II]. In order to increase
      the yield of the product, however, it is necessary to saturate the
      reaction system with hydrogen sulfide at such a high temperature as about
      120.degree.C. For industrial realization of this condition, an expensive
      reactor such as a glass-lined autoclave is needed. In addition, the yield
      of the product is about 76 % at the best and is still not satisfactory.
PAR  As the result of an extensive study, it has now been found that the lactone
      [I] can be converted into the corresponding thiolactone [II] in an
      excellent yield with a high purity without any disadvantage as seen in the
      said conventional processes by the use of a dithiocarbamate as a
      sulfurizing agent. The present invention is based on this finding.
PAR  According to the present invention, the lactone [I] is reacted
      substantially with a dithiocarbamate to give the corresponding thiolactone
      [II].
PAR  As the dithiocarbamate, there may be used the one of the formula: R'NHCSSM
      wherein R' is alkyl (preferably having not more than 8 carbon atoms),
      cycloalkyl (preferably having 5 or 6 carbon atoms) or aryl (preferably
      having not more than 12 carbon atoms) and M is an alkali metal, which can
      be prepared by a conventional procedure, for instance, by reacting an
      alkali metal hydrosulfide (e.g. sodium hydrosulfide, potassium
      hydrosulfide) with an isothiocyanate such as an alkyl isothiocyanate (e.g.
      ethyl isothiocyanate, n-butyl isothiocyanate), a cycloalkyl isothiocyanate
      (e.g. cyclopentyl isothiocyanate, cyclohexyl isothiocyanate) or an aryl
      isothiocyanate (e.g. phenyl isothiocyanate), or reacting a primary amine
      with carbon disulfide and an alkali metal hydroxide.
PAR  In case of using sodium hydrosulfide as the starting material, for
      instance, an isothiocyanate is added to a suspension of sodium
      hydrosulfide in a high boiling point polar solvent (e.g. sulfolane,
      N,N-dimethylformamide, N,N-dimethylacetamide, tetramethylurea,
      hexamethylphosphoramide), and the resultant mixture is subjected to
      dehydration by the use of a dehydrating agent (e.g. anhydrous sodium
      sulfate, anhydrous magnesium sulfate, molecular sieves) to give the
      dithiocarbamate. Instead of using the dehydrating agent, dehydration may
      be performed by azeotropic elimination of water in the presence of an
      appropriate solvent (e.g. benzene, toluene).
PAR  In case of using potassium hydrosulfide, for instance, potassium hydroxide
      is dissolved in the said high boiling point polar solvent or its mixture
      with an alcohol (e.g. methanol, ethanol), the resulting solution is
      saturated with hydrogen sulfide and, when the alcohol is employed, the
      resultant saturated solution is distilled under reduced pressure to
      eliminate the same. To the resulting solution or suspension of potassium
      hydrosulfide, an isothiocyanate is added, and the resultant mixture is
      stirred at room temperature for 1 to 2 hours, followed by dehydration in
      the same manner as above to give the dithiocarbamate.
PAR  The thus produced dithiocarbamate may be used in the reaction with the
      lactone [I] with or without previous separation from the reaction mixture
      containing the same.
PAR  The reaction between the lactone [I] and the dithiocarbamate is usually
      effected in a high boiling point polar solvent (e.g. sulfolane,
      N,N-dimethylformamide, N,N-dimethylacetamide, tetramethylurea,
      hexamethylphosphoramide) by heating at a temperature of about 100.degree.
      to 120.degree.C for about 4 to 6 hours.
PAR  After the reaction is completed, a dilute mineral acid (e.g. hydrochloric
      acid, sulfuric acid) may be added dropwise to the reaction mixture while
      cooling with ice. The resultant mixture is extracted with an organic
      solvent (e.g. benzene, toluene) the organic extract is washed with water
      and the washed solution is concentrated under reduced pressure. The
      residue is treated with an appropriate solvent (e.g. ether, hexane,
      aqueous methanol, aqueous ethanol) or recrystallized from any appropriate
      solvent (e.g. aqueous methanol, aqueous ethanol, aqueous acetone) to give
      the objective thiolactone [II] as crystals.
PAR  Alternatively, the said residue may be dissolved in an appropriate solvent
      (e.g. benzene, toluene) or, after acidifying with a dilute mineral acid,
      extracted with an appropriate solvent (e.g. benzene), and the resulting
      solution is treated with the combination of a dilute mineral acid and tin,
      zinc or iron at a temperature of room temperature to 70.degree.C,
      preferably of about 60.degree. to 65.degree.C to give the thiolactone [II]
      of high purity.
PAR  As stated above, the process of this invention can advantageously afford
      the thiolactone [II] in an quantitative yield with a extremely high
      purity. It is particularly notable that the thiolactone [II] of high
      optical purity is obtainable by the use of the lactone [I] which is
      optically active. Accordingly, for instance, this invention can provide an
      extremely important and valuable, optically active intermediate for the
      synthesis of the optically active biotin, i.e. d-biotin.
PAR  Practical and presently preferred embodiments of this invention are
      illustratively shown in the following Examples.
DETD
PAC  EXAMPLE 1
PAR  cis-1,3-Dibenzylhexahydrofuro[3,4-d]imidazole-2,4-dione
      ([.alpha.].sub.D.sup.20 + 61.5.degree. (C = 2 in CHCl.sub.3)) (10.0 g) is
      added to a solution of sodium n-butyldithiocarbamate (16.0 g) in sulfolane
      (120 ml), and the mixture is heated with stirring at 110.degree.C for 6
      hours. The reaction mixture is acidified by the addition of 12 %
      hydrochloric acid (200 ml), and the reaction product is extracted with
      benzene (160 ml). The benzene extract is washed with water, followed by
      the addition of 7 % hydrochloric acid (120 ml) and zinc powder (10.0 g)
      thereto. The mixture is heated at 60.degree. to 65.degree.C for 2 hours
      while stirring. The reaction mixture is cooled to room temperature and
      filtered, and the filtrate is separated. The organic layer is washed with
      water and concentrated in vacuo to give the residual oil (12.1 g). The
      residual oil is triturated with 90 v/v % methanol (40 ml), and the
      precipitate is collected by filtration to give
      cis-1,3-dibenzylhexahydrothieno[3,4-d]imidazole-2,4-dione (8.90 g). Yield,
      85.0 %. M.P. 122.degree. to 123.degree.C. [.alpha.].sub.D.sup.20 +
      90.8.degree. (C = 1 in CHCl.sub.3). IR (Nujol) 1700, 1680 cm.sup.1 (C =
      O).
PAC  EXAMPLE 2
PAR  To a suspension of 70 % sodium hydrosulfide (technical grade) (7.5 g) in
      N,N-dimethylacetamide (120 ml), n-butyl isothiocyanate (11.8 g) is added.
      The mixture is stirred at room temperature for about 30 minutes and dried
      over anhydrous magnesium sulfate (18.0 g) while stirring for 6 hours.
      After removal of the magnesium sulfate by filtration,
      cis-1,3-dibenzylhexahydrofuro[3,4-d]imidazole-2,4-dione (10.0 g) is added
      to the filtrate, and the mixture is heated with stirring at 110.degree.C
      for 6 hours. By the same workup of the reaction as in Example 1,
      cis-1,3-dibenzylhexahydrothieno[3,4-d]imidazole-2,4-dione (8.98 g) is
      obtained. Yield, 85.5 %. M.P. 122 to 123.degree.C. [.alpha.].sub.D.sup.20
      + 91.0.degree. (C = 1 in CHCl.sub.3).
PAC  EXAMPLE 3
PAR  To a suspension of 70 % sodium hydrosulfide (technical grade) (7.5 g) in
      N,N-dimethylacetamide (120 ml), isobutyl isothiocyanate (11.8 g) is added.
      The mixture is stirred at room temperature for about 30 minutes and dried
      over anhydrous magnesium sulfate (18.0 g) while stirring for 6 hours.
      After removal of the magnesium sulfate by filtration,
      cis-1,3-dibenzylhexahydrofuro[3,4-d]imidazole-2,4-dione (10.0 g) is added
      to the filtrate, and the mixture is heated with stirring at 110.degree.C
      for 6 hours. By the same workup of the reaction as in Example 1,
      cis-1,3-dibenzylhexahydrothieno[3,4-d]imidazole-2,4-dione (9.20 g) is
      obtained. Yield, 88.0 %. M.P. 121.degree. to 122.5.degree.C
      [.alpha.].sub.D.sup.20 + 89.8.degree. (C = 1 in CHCl.sub.3).
PAC  EXAMPLE 4
PAR  Ethyl isothiocyanate (9.7 g) is added to a suspension of 70 % sodium
      hydrosulfide (technical grade) (7.5 g) in N,N-dimethylacetamide (120 ml).
      The mixture is stirred at room temperature for about 30 minutes and dried
      over molecular sieves (type 4A) (28.0 g) while stirring for 6 hours. After
      removal of the molecular sieves by filtration,
      cis-1,3-dibenzylhexahydrofuro[3,4-d]imidazole-2,4-dione (10.0 g) is added
      to the filtrate, and the mixture is heated with stirring at 110.degree.C
      for 6 hours. By the same workup of the reaction as in Example 1,
      cis-1,3-dibenzylhexahydrothieno[3,4-d]imidazole-2,4-dione (8.45 g) is
      obtained. Yield, 80.5 %. M.P. 122.degree. to 123.degree.C
      [.alpha.].sub.D.sup.20 + 90.5.degree. (C = 1 in CHCl.sub.3).
PAC  EXAMPLE 5
PAR  To a suspension of 70 % sodium hydrosulfide (technical grade) (7.5 g) in
      N,N-dimethylacetamide (120 ml), cyclohexyl isothiocyanate (7.7 g) is
      added. The mixture is stirred at room temperature for about 30 minutes and
      dried over anhydrous magnesium sulfate (18.0 g) while stirring for 6
      hours. After removal of the magnesium sulfate by filtration,
      cis-1,3-dibenzylhexahydrofuro[3,4-d]imidazole-2,4-dione (10.0 g) is added
      to the filtrate, and the mixture is heated with stirring at 120.degree.C
      for 6 hours. By the same workup of the reaction as in Example 1,
      cis-1,3-dibenzylhexahydrothieno[3,4-d]imidazole-2,4-dione (8.39 g) is
      obtained. Yield, 80.0 %. M.P. 122.degree. to 123.degree.C.
      [.alpha.].sub.D.sup.20 + 90.5.degree. (C = 1 in CHCl.sub.3).
PAC  EXAMPLE 6
PAR  Phenyl isothiocyanate (13.8 g) is added to a suspension of 70 % sodium
      hydrosulfide (technical grade) (7.5 g) in N,N-dimethylacetamide (120 ml).
      The mixture is stirred at room temperature for about 30 minutes and dried
      over anhydrous magnesium sulfate (18.0 g) while stirring for 6 hours.
      After removal of the magnesium sulfate by filtration,
      cis-1,3-dibenzylhexahydrofuro[3,4-d]imidazole-2,4-dione (10.0 g) is added
      to the filtrate, and the mixture is heated with stirring at 120.degree.C
      for 6 hours. By the same workup of the reaction as in Example 1 and
      moreover recrystallization of the product twice from aqueous methanol,
      cis-1,3-dibenzylhexahydrothieno[3,4-d]imidazole-2,4-dione (8.08 g) is
      obtained. Yield, 77.0 %. M.P. 126.degree. to 127.degree.C.
PAC  EXAMPLE 7
PAR  To a suspension of 70 % sodium hydrosulfide (technical grade) (7.5 g) in
      sulfolane (120 ml), n-butyl isothiocyanate (11.8 g) is added. The mixture
      is stirred at room temperature for about 30 minutes and dried over
      anhydrous magnesium sulfate (18.0 g) while stirring for 6 hours. After
      removal of the magnesium sulfate by filtration,
      cis-1,3-dibenzylhexahydrofuro[3,4-d]imidazole-2,4-dione (10.0 g) is added
      to the filtrate, and the mixture is heated with stirring at 120.degree.C
      for 4 hours. By the same workup of the reaction as in Example 1,
      cis-1,3-dibenzylhexahydrothieno[3,4-d]imidazole-2,4-dione (8.99 g) is
      obtained. Yield, 86.0 %. M.P. 122.degree. to 123.degree.C.
      [.alpha.].sub.D.sup.20 + 90.6.degree. (C = 1 in CHCl.sub.3).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the conversion of a
      hexahydrofuro[3,4-d]imidazole-2,4-dione compound having the formula:
      ##SPC2##
PAL  wherein R is alkyl, aryl or aralkyl into the corresponding
      hexahydrothieno[3,4-d]imidazole-2,4-dione compound having the formula:
      ##SPC3##
PAL  wherein R is as defined above which comprises reacting the starting
      hexahydrofuro[3,4-d]imidazole-2,4-dione compound with a dithiocarbamate
      having the formula R'NHCSSM wherein R' is alkyl, cycloalkyl or aryl and M
      is an alkali metal.
NUM  2.
PAR  2. The process according to claim 1, wherein the reaction is effected in a
      high boiling point polar solvent.
NUM  3.
PAR  3. The process according to claim 2, wherein the high boiling point polar
      solvent is sulfolane, N,N-dimethylformamide, N,N-dimethylacetamide,
      tetramethylurea or hexamethylphosphoramide.
NUM  4.
PAR  4. The process according to claim 1, wherein the reaction is effected at a
      temperature of about 100.degree. to 120.degree.C.
NUM  5.
PAR  5. The process according to claim 1, wherein the reaction is effected for
      about 4 to 6 hours.
NUM  6.
PAR  6. The process according to claim 1, wherein the dithiocarbamate is
      prepared by reacting an alkali metal hydrosulfide with an isothiocyanate.
NUM  7.
PAR  7. The process according to claim 6 wherein the isothiocyanate is an alkyl
      isothiocyanate, a cycloalkyl isothiocyanate or an aryl isothiocyanate.
NUM  8.
PAR  8. The process according to claim 6, wherein the dithiocarbamate is
      subjected to the reaction with the hexahydrofuro[3,4-d]imidazole-2,4-dione
      compound after its separation from the reaction mixture for preparing the
      same.
NUM  9.
PAR  9. The process according to claim 6, wherein the dithiocarbamate is
      subjected to the reaction with the hexahydrofuro[3,4-d]imidazole-2,4-dione
      compound without its separation from the reaction mixture for preparing
      the same.
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ABST
PAL  .beta.-PHENYL-.beta.-AZOLYL-NITROETHANES OF THE FORMULA
      ##SPC1##
PAL  In which
PA1  R.sup.1, r.sup.2 and R.sup.3 each individually is hydrogen, lower alkyl
      optionally substituted by fluorine or chlorine, halogen, nitrile,
      thiocyano, nitro or alkoxycarbonyl with up to 6 carbon atoms in the alkoxy
      radical, and
PA1  R.sup.4 is a 5-membered heterocyclic structure with 1 to 4 nitrogen atoms
      which is bonded via nitrogen and which is optionally substituted by
      halogen, lower alkyl or alkenyl, --(CH.sub.2).sub.4 -- or
      --CH=CH--CH=CH--,
PAL  which possess fungicidal and bactericidal properties.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular new .beta.-phenyl-.beta.-azolyl-nitroethanes which may be
      substituted on the phenyl and/or heterocyclic ring and which possess
      fungicidal or bactericidal properties, active compositions in the form of
      mixtures of such compounds with solid and liquid dispersible carrier
      vehicles, and methods for producing such compounds and for using such
      compounds in a new way especially for combating pests, e.g., fungi and
      bacteria, with other and further objects becoming apparent from a study of
      the within specification and accompanying examples.
PAR  It has been disclosed in Chemie der Pflanzenschutz- und
      Schadlingsbekampfungsmittel (Chemistry of Plant Protection Agents and
      Pesticides), Volume 2, page 65, Heidelberg (1970), that compounds such as
      zinc ethylene-1, 2-bis-dithiocarbamate (Compound A) or sodium
      pentachlorophenolate, possess fungicidal and bactericidal effects,
      respectively. However, they suffer from the disadvantage that if the
      amounts used are low, the effect is not completely adequate.
PAR  It has now been found that the new .beta.-phenyl-.beta.-azolyl-nitroethanes
      of the formula:
      ##SPC2##
PAL  In which
PA1  R.sup.1, r.sup.2 and R.sup.3 each individually is hydrogen, lower alkyl
      optionally substituted by fluorine or chlorine, halogen, nitrile,
      thiocyano, nitro or alkoxycarbonyl with up to 6 carbon atoms in the alkoxy
      radical, and
PA1  R.sup.4 is a 5-membered heterocyclic structure with 1 to 4 nitrogen atoms
      which is bonded via nitrogen and which is optionally substituted by
      halogen, lower alkyl or alkenyl, --(CH.sub.2).sub.4 -- or
      --CH=CH--CH=CH--,
PAL  display strong fungicidal and bactericidal properties.
PAR  Surprisingly, the .beta.-phenyl-.beta.-azolyl-nitroethanes according to the
      invention display a considerably greater fungicidal and bactericidal
      effect than zinc ethylene-1,2-bis-dithiocarbamate or sodium
      pentachlorophenolate, which are known from the state of the art. The
      compounds according to the invention thus represent an enrichment of the
      art.
PAR  It has furthermore been found that the
      .beta.-phenyl-.beta.-azolyl-nitroethanes of the formula (I) are obtained
      by reacting .omega.-nitrostyrenes of the formula:
      ##SPC3##
PAL  With nitrogen-containing heterocyclic compounds of the formula:
EQU  H -- R.sup.4                                               (III)
PAL  optionally in the presence of inert solvents.
PAR  If 2,6-dichloro-.omega.-nitrostyrene and pyrazole are used as starting
      compounds, the course of the reaction can be represented by the following
      equation:
      ##SPC4##
PAR  Preferably R.sup.1, R.sup.2 and R.sup.3 each independently is hydrogen,
      fluorine, chlorine, methoxycarbonyl, ethoxy-carbonyl or optionally
      chlorinated or fluorinated methyl or ethyl radicals. R.sup.4 is a
      5-membered heterocyclic structure with, preferably, 2 to 3 nitrogen atoms;
      as substituents, there may preferentially be mentioned: methyl, ethyl,
      chlorine, fluorine and the bifunctional groups --(CH.sub.2).sub.4
      --or--CH=CH--CH=CH--. The .omega.-nitrostyrene starting materials of
      formula (II) which can be used according to the invention are disclosed in
      Houben-Weyl, "Methoden der organischen Chemie" (Methods of Organic
      Chemistry), Volume X/1, pages 330 et seq., Georg-Thieme-Verlag, Stuttgart
      (1971); as is known, they are prepared by condensation of aromatic
      aldehydes with nitromethane. The following examples may be mentioned:
      .omega.-nitrostyrene, 2-chloro-.omega.-nitrostyrene,
      3-chloro-.omega.-nitrostyrene, 4-chloro-.omega.-nitrostyrene,
      2,6-dichloro-.omega.-nitrostyrene, 2,4-dichloro-.omega.-nitrostyrene,
      2,3,6-trichloro-.omega.-nitrostyrene, 2-bromo-.omega.-nitrostyrene,
      2-fluoro-.omega.-nitrostyrene, 2-methyl-.omega.-nitrostyrene,
      3-methyl-.omega.-nitrostyrene, 4-methyl-.omega.-nitrostyrene, 4-thiocyano
      -.omega.-nitrostyrene, 4-carbomethoxy-.omega.-nitrostyrene,
      4-trifluoromethyl-.omega.  -nitrostyrene, 2,.omega.-dinitrostyrene and
      4,.omega.-dinitrostyrene.
PAR  The nitrogen-containing heterocyclic compounds of formula (III) which can
      be used according to the invention are also generally known. As examples
      there may be mentioned: pyrazole, 1,2,3-triazole, 1,2,4-triazole,
      benzotriazole, indazole, 4-chloropyrazole, 4-nitropyrazole,
      3-chloro-1,2,4-triazole, 3,5-dimethyl-1,2,4-triazole,
      4,5-dimethyl-1,2,3-triazole, 4,5,6, 7-tetrahydrobenzotriazole,
      5-trifluoromethyl-indazole, 5-chloroindazole, 6-chloro-indazole,
      5-bromo-indazole and 5-nitroindazole.
PAR  All inert organic solvents can be used as diluents. These preferentially
      include hydrocarbons, such as benzene and toluene, alkyl alcohols, such as
      methanol, ethanol and n- and i-propyl alcohol, ethers, such as dioxane and
      tetrahydrofurane and lower alkyl nitriles, such as acetonitrile and
      propionitrile. However, in many cases it is also possible advantageously
      to carry out the reaction without solvents by allowing the starting
      compounds to react with one another in the melt.
PAR  The reaction temperatures can be varied over a substantial range. In
      general, the reaction is carried out at between about 50.degree.C and
      about 150.degree.C, preferably between 70.degree.C and 120.degree.C.
PAR  The reaction can be carried out under normal pressure but also under
      elevated pressure. Preferably, it is carried out under normal pressure.
PAR  In carrying out the process according to the invention about 1 to 10 moles,
      preferably 1 to 5 moles, of the azole are employed per mole of the
      .omega.-nitrostyrene. For working up, it is possible to distil off any
      diluent which may have been used and to extract excess or unreacted azole
      from the residue by means of water or a dilute mineral acid such as, for
      example, dilute hydrochloric acid or dilute sulfuric acid. The reaction
      product which remains undissolved can be purified according to
      conventional methods, such as, for example, by recrystallization from a
      suitable solvent, optionally in the presence of active charcoal, or by
      chromatography. The active compounds according to the invention are
      crystalline compounds and in some cases also nondistillable oils, the
      structure of which has been clarified by their elementary analysis and by
      infrared, nuclear resonance and mass spectra.
PAR  The active compounds according to the invention display a strong fungitoxic
      and bacteriotoxic action. They do not damage crop plants in the
      concentrations required for combating fungi and bacteria and have a low
      toxicity towards warm-blooded animals. They are suitable for use as plant
      protection agents and as agents for combating fungi and bacteria in
      protecting materials. Fungitoxic agents are employed for combating
      archimycetes, phycomycetes, ascomycetes, basidiomycetes and Fungi
      imperfecti.
PAR  The active compounds according to the invention have a very broad spectrum
      of action and can be used against parasitary fungi and bacteria which
      infect the parts of plants which are above ground or attack the plants
      through the soil, and against seed-borne pathogens.
PAR  The compounds according to the invention are active against fungi and
      bacteria which attack various crop plants, such as, for example, varieties
      of Pythium, varieties of Phytophthora, varieties of Fusarium, Verticillium
      alboatrum, Phialophora cinerescens, Sclerotinia sclerotiorum, varieties of
      Botrytis, Cochliobolus miyabeanus, Mycosphaerella musicola, Cercospora
      personata, Helminthosporium gramineum, varieties of Alternaria, varieties
      of Colletotrichum, Venturia inaequalis, varieties of Rhizoctonia,
      Thielaviopsis basicola and the bacterium Xanthomonas oryzae. The compounds
      according to the invention also act against diseases of cereals, such as,
      for example, Puccinia recondita, Erysiphe graminis and Tilletia caries.
PAR  The active compounds according to the invention additionally display an
      acaricidal action.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e., plant compatible or herbicidally inert)
      pesticide diluents or extenders, i.e., diluents, carriers or extenders of
      the type usable in conventional pesticide formulations or compositions,
      e.g. conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g., conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g., benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g., petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g., glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g., dimethyl formamide, etc.),
      sulfoxides (e.g., dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.,
      acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone,
      etc.), and/or water; as well as inert dispersible finely divided solid
      carriers, such as ground natural minerals (e.g., kaolins, clays, alumina,
      silica, chalk, i.e., calcium carbonate, talc, attapulgite,
      montmorillonite, kieselguhr, etc.) and ground synthetic minerals (e.g.,
      highly dispersed silicic acid, silicates, e.g., alkali silicates, etc.);
      whereas the following may be chiefly considered for use as conventional
      carrier vehicle assistants, e.g., surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g., polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      albumin hydrolyzates, etc., and especially alkyl arylpolyglycol ethers,
      magnesium stearate, sodium oleate, etc.); and/or dispersing agents, such
      as lignin, sulfite waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other fungicides, and acaricides, or
      insecticides, rodenticides, nematocides, herbicides, fertilizers,
      growth-regulating agents, etc., if desired, or in the form of particular
      dosage preparations for specific application made therefrom, such as
      solutions, emulsions, suspensions, powders, pastes, and granules which are
      thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably
      0.5-90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001-10%, preferably 0.01-1%, by weight of the mixture.
      Thus, the present invention contemplates over-all compositions which
      comprises mixtures of a conventional dispersible carrier vehicle such as
      (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g. a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001-95%, and preferably 0.01-95%, by weight of the
      mixture.
PAR  The active compounds can also be used in accordance with the well-known
      ultra-low-volume process with good success, i.e., by applying such
      compound if normally a liquid, or by applying a liquid composition
      containing the same, via very effective atomizing equipment, in finely
      divided form, e.g., average particle diameter of from 50-100 microns, or
      even less, i.e. mist form, for example by airplane crop spraying
      techniques. Only up to at most about a few liters/hectare are needed, and
      often amounts only up to about 15 to 1000 g/hectare, preferably 40 to 600
      g/hectare, are sufficient. In this process it is possible to use highly
      concentrated liquid compositions with said liquid carrier vehicles
      containing from about 20 to about 95% by weight of the active compound or
      even the 100% active substance alone, e.g., about 20-100% by weight of the
      active compound.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g., fungi, bacteria and
      acarids, and more particularly methods of combating at least one of fungi
      and bacteria, which comprises applying to at least one of correspondingly
      (a) such fungi, (b) such bacteria, and (c) the corresponding habitat
      thereof, i.e., the locus to be protected, a correspondingly combative or
      toxic amount, i.e., fungicidally or bactericidally effective amount, of
      the particular active compound of the invention alone or together with a
      carrier vehicle as noted above. The instant formulations or compositions
      are applied in the usual manner, for instance by spraying, atomizing,
      vaporizing, scattering, dusting, watering, squirting, sprinkling, pouring,
      fumigating, gassing, dressing, encrusting, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
DETD
PAR  The synthesis, unexpected superiority and outstanding activity of the
      particular new compounds of the present invention are illustrated, without
      limitation, by the following examples:
PAC  EXAMPLE 1
PAC  Mycelium growth test
PAR  Nutrient medium used:
PA1  20 parts by weight of agar-agar
PA1  200 parts by weight of potato decoction
PA1  5 parts by weight of malt
PA1  15 parts by weight of dextrose
PA1  5 parts by weight of peptone
PA1  2 parts by weight of disodium hydrogen phosphate
PA1  0.3 part by weight of calcium nitrate
PAR  Ratio of solvent mixture to nutrient medium:
PA1  2 parts by weight of solvent mixture
PA1  100 parts by weight of agar nutrient medium
PAR  Composition of solvent mixture:
PA1  0.19 part by weight of acetone
PA1  0.01 part by weight of alkylaryl polyglycol ether emulsifier
      ##EQU1##
PAR  The amount of active compound required for the desired active compound
      concentration in the nutrient medium is mixed with the stated amount of
      the solvent mixture. The concentrate is thoroughly mixed, in the stated
      proportion, with the liquid nutrient medium which has been cooled to
      42.degree.C and is poured into Petri dishes of 9 cm diameter. Control
      plates without added preparation are also set up.
PAR  When the nutrient medium has cooled and solidified, the plates are
      inoculated with the varieties of fungi and bacterium indicated in the
      table and incubated in about 21.degree.C.
PAR  Evaluation is carried out after 4 - 10 days, dependent on the speed of
      growth of the mycelium. When evaluation is carried out, the radial growth
      of the mycelium on the treated nutrient media is compared with the growth
      on the control nutrient medium. In rating the growth, the following
      characterizing numbers are used:
PA1  1 no fungus growth
PA1  up to 3 very strong inhibition of growth
PA1  up to 5 medium inhibition of growth
PA1  up to 7 slight inhibition of growth
PA2  9 growth equal to that of the untreated control.
PAR  The active compounds, the active compound concentrations and the results
      can be seen from the table which follows:
TBL                                    Table 1                                 

     __________________________________________________________________________

     Mycelium growth test                                                      

     Fungi and 1 bacterium                                                     

              S                                                                

              .parallel.                                                       

              CH.sub.2 --NH--C--S                                              

              .vertline..angle.Zn                                              

              CH.sub.2 --NH--C--S                                              

              .parallel.                                                       

              S                                                                

     Active compounds                                                          

              (known)(A)                                                       

     __________________________________________________________________________

     Active compound                                                           

     concentration                                                             

     ppm      10                10                10                           

     Fusarium                                                                  

     culmorum 9                 1                 1                            

     Sclerotinia                                                               

     sclerotiorum                                                              

              3                 1                 3                            

     Fusarium                                                                  

     nivale   5                 1                 1                            

     Colletotrichum                                                            

     coffeanum                                                                 

              9                 1                 1                            

     Rhizoctonia                                                               

     solani   1                 1                 1                            

     Pythium                                                                   

     ultimum  1                 1                 1                            

     Cochliobolus                                                              

     miyabeanus                                                                

              9                 1                 1                            

     Botrytis                                                                  

     cinerea  9                 5                 5                            

     Verticillium                                                              

     alboatrum                                                                 

              9                 1                 1                            

     Pyricularia                                                               

     oryzae   5                 1                 1                            

     Phialophora                                                               

     cinerescens                                                               

              9                 1                 1                            

     Helminthosporium                                                          

     gramineum                                                                 

              2                 1                 1                            

     Mycosphaerella                                                            

     musicola 1                 1                 1                            

     Phytophthora                                                              

     cactorum 1                 1                 1                            

     Venturia                                                                  

     inaequalis                                                                

              1                 1                 1                            

     Pellicularia                                                              

     sasakii  1                 1                 1                            

     Xanthomonas                                                               

     oryzae   9                 1                 --                           

     Active compound                                                           

     concentration,                                                            

     ppm      10                10                10                           

     Fusarium                                                                  

     culmorum 1                 1                 1                            

     Sclerotinia                                                               

     sclerotiorum                                                              

              3                 --                5                            

     Fusarium                                                                  

     nivale   1                 1                 1                            

     Colletotrichum                                                            

     coffeanum                                                                 

              1                 1                 1                            

     Rhizoctonia                                                               

     solani   1                 1                 1                            

     Pythium                                                                   

     ultimum  1                 1                 1                            

     Cochliobolus                                                              

     miyabeanus                                                                

              1                 1                 3                            

     Botrytis                                                                  

     cinerea  5                 5                 5                            

     Verticillium                                                              

     alboatrum                                                                 

              1                 1                 1                            

     Pyricularia                                                               

     oryzae   1                 1                 1                            

     Phialophora                                                               

     cinerescens                                                               

              1                 --                1                            

     Helminthosporium                                                          

     gramineum                                                                 

              1                 1                 1                            

     Mycosphaerella                                                            

     musicola 1                 1                 1                            

     Phytophthora                                                              

     cactorum 1                 1                 1                            

     Venturia                                                                  

     inaequalis                                                                

              1                 1                 1                            

     Pellicularia                                                              

     sasakii  1                 1                 1                            

     Xanthomonas                                                               

     oryzae   1                 1                 9                            

     Active compound                                                           

     concentration,                               10                           

     ppm      10                10                5                            

     Fusarium                                     1                            

     culmorum 1                 1                 1                            

     Sclerotinia                                  1                            

     sclerotiorum                                                              

              3                 3                 9                            

     Fusarium                                     1                            

     nivale   1                 1                 1                            

     Colletotrichum                               1                            

     coffeanum                                                                 

              1                 1                 1                            

     Rhizoctonia                                  1                            

     solani   1                 1                 1                            

     Pythium                                      1                            

     ultimum  1                 1                 1                            

     Cochliobolus                                 1                            

     miyabeanus                                                                

              2                 1                 3                            

     Botrutis                                     1                            

     cinerea  1                 9                 9                            

     Verticillium                                 1                            

     alboatrum                                                                 

              1                 1                 1                            

     Pyricularia                                  1                            

     oryzae   1                 1                 1                            

     Phialophora                                  1                            

     cinerescens                                                               

              1                 1                 1                            

     Helminthosporium                                                          

              1                 1                 1                            

     gramineum                                                                 

              1                 1                 1                            

     Mycosphaerella                               1                            

     musicola 1                 1                 1                            

     Phytophthora                                 1                            

     cactorum 1                 1                 1                            

     Venturia                                     1                            

     inaequalis                                                                

              1                 1                 1                            

     Pellicularia                                 1                            

     sasakii  1                 1                 1                            

     Xanthomonas                                  1                            

     oryzae   5                 5                 2                            

     Active compound                                                           

     concentration,                                                            

     ppm      10                10                                             

     Fusarium                                                                  

     culmorum 1                 1                                              

     Sclerotinia                                                               

     sclerotiorum                                                              

              5                 2                                              

     Fusarium                                                                  

     nivale   1                 1                                              

     Colletotrichum                                                            

     coffeanum                                                                 

              1                 1                                              

     Rhizoctonia                                                               

     solani   1                 1                                              

     Pythium                                                                   

     ultimum  1                 1                                              

     Cochliobolus                                                              

     miyabeanus                                                                

              1                 1                                              

     Botrytis                                                                  

     cinerea  3                 1                                              

     Verticillium                                                              

     alboatrum                                                                 

              1                 9                                              

     Pyricularia                                                               

     dryzge   1                 3                                              

     Phialophora                                                               

     cinerescens                                                               

              1                 1                                              

     Helminthosporium                                                          

     gramineum                                                                 

              1                 1                                              

     Mycosphaerella                                                            

     musicola 1                 1                                              

     Phytophthora                                                              

     cactorum 1                 1                                              

     Venturia                                                                  

     inaequalis                                                                

              1                 1                                              

     Pellicularia                                                              

     sasakii  1                 1                                              

     Xanthomonas                                                               

     oryzae   1                 5                                              

     __________________________________________________________________________

PAC  EXAMPLE 2
PAC  Microbicidal action / reciprocal germ inhibition values
PAR  The reciprocal germ inhibition values for some selected varieties from the
      three groups of bacteria, fungi and yeasts are listed in the table. These
      values indicate at what dilutions of the compounds mentioned the growth of
      the selected micro-organisms is completely inhibited when these compounds
      are added to an optimum nutrient medium for the organisms. The
      micro-organisms employed for this inhibition test occur widely and are
      known to be resistant towards conventional chemical preservatives and
      disinfectants.
PAR  The germ inhibition values listed are determined according to the customary
      dilution method, as follows:
PAR  The preparations to be tested are employed in various concentrations in the
      diluent mentioned. Known amounts of the previously dissolved preparations
      are introduced into the previously prepared test tubes filled with
      standardized nutrient substrates.
PAR  All work is carried out under sterile conditions. The various
      micro-organisms indicated in the table are incubated at 30.degree.C.
PAR  The germ inhibition values indicated in the table show the concentrations
      which still suffice to prevent any growth.
PAR  Diluent: ethylene glycol.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Microbicidal action/reciprocal germ inhibition values                     

                                              Sta-                             

                                                  Pseudo-                      

                        Asper-                                                 

                            Tricho-  Saccha-                                   

                                          Bact.                                

                                              phylo-                           

                                                  monas                        

                                                      Esche-                   

                        gillus                                                 

                            phyton                                             

                                Candida                                        

                                     romyces                                   

                                          pro-                                 

                                              coccus                           

                                                  pyo-                         

                                                      richia                   

     Active compounds   terreus                                                

                            ment.                                              

                                albicans                                       

                                     spec.                                     

                                          teus                                 

                                              aureus                           

                                                  cyanea                       

                                                      coli                     

     __________________________________________________________________________

                        14,000             3,000  3,000                        

                                                       3,000                   

     (known)(B)                                                                

                        55,000       55,000                                    

                                          11,000      11,000                   

                        35,000                                                 

                            75,000                                             

                                75,000                                         

                                     35,000                                    

                                           3,400                               

                                              3,400                            

                                                  7,100                        

                                                       7,100                   

                        72,000                                                 

                            72,000                                             

                                72.000                                         

                                     72,000                                    

                                           3,000                               

                                              3,000                            

                                                  7,200                        

                                                       7,200                   

     __________________________________________________________________________

PAR  The following examples illustrate the synthesis of the novel compounds:
PAC  EXAMPLE 3
      ##SPC5##
PAR  54.5 g of 2,6-dichloro-.omega.-nitrostyrene (0.25 mole) are mixed with 17 g
      of pyrazole (0.25 mole) and the mixture is fused for 3 hours at a
      temperature of 100.degree.C. The melt which solidifies on cooling is
      recrystallized from petroleum ether. 55.2 g of
      .beta.-(2,6-dichlorophenyl)-.beta.-(pyrazolyl-1)-nitroethane of melting
      point 93.degree. - 95.5.degree.C are obtained. The yield of pure material
      is 77% of theory.
PAC  EXAMPLE 4
      ##SPC6##
PAR  18.4 g of 2-chloro-.omega.-nitrostyrene (0.1 mole) in 100 ml of ethanol are
      kept, with 34 g of 1,2,4-triazole (0.5 mole), at a temperature of
      70.degree.C for 6 hours and the reaction mixture is then boiled up with
      active charcoal and filtered. The filtrate is then concentrated to about
      half its volume in vacuo, whereupon excess triazole precipitates. This is
      dissolved by adding about 500 ml of water and an undissolved somewhat
      smeary solid product which remains is isolated and recrystallized from
      ethanol. 18.4 g of
      .beta.-(2-chlorophenyl)-.beta.-(1,2,4-triazolyl-1)-nitroethane of melting
      point 85.degree. - 87.degree.C are obtained. The yield of pure material is
      49% of theory.
PAR  The following compounds were prepared analogously:
TBL                                    Table 3                                 

     __________________________________________________________________________

     Compound No.                                                              

             Formula            Properties                                     

     __________________________________________________________________________

     3                          Melting point 98 - 100.degree.C                

     4                          Melting point 103 - 105.degree.C               

     5                          Melting point 114 - 116.degree.C               

     6                          Oil                                            

                                NMR (CDCl.sub.3): .delta. 4.7 - 5.8            

                                (8 lines); about 6.2 q;                        

                                6.29 q; 7.37 s; 7.46 d                         

                                and 7.6 d                                      

     7                          Melting point 91 - 93.degree.C                 

     8                          Oil                                            

                                NMR (CDCl.sub.3): .delta. 4.73 - 5.7           

                                (8 lines); about 6.25 q;                       

                                7.35 s; 7.94 s and 8.18 s                      

     9                          Oil                                            

                                NMR (CDCl.sub.3): .delta. 2.28 s;              

                                4.72 - 5.7 (8 lines);                          

                                about 6.2 q; 7.2 s; 7.95 s                     

                                and 8.2 s                                      

     10                         Melting point 105 - 106.degree.C               

                                Melting point 127 - 128.degree.C               

     11                         Analysis (C.sub.14 H.sub.14 Cl.sub.2 N.sub.4   

                                O.sub.2 ; 341.2)                               

                                Calculated: C 49.28; H 4.14; N 16.42           

                                Found: C 49.2 ; H 4.0 ; N 16.5                 

     Product consists of approximately equal parts of an isomer mixture of     

     .beta.-(2,6-dichlorophenyl)-.beta.-(4,5,6,7-tetrahydrobenzotriazolyl-2)-ni

     troethane and .beta.-(2,6-dichlorophenyl)-.beta.-(4,5,6,7-tetrahydrobenzot

     riazolyl-1)-nitroethane.                                                  

     12                         Melting point 114 - 115.degree.C               

     13                         Melting point 159 - 160.degree.C               

     14                         Melting point 84 - 85.degree.C                 

     __________________________________________________________________________

PAL  Other compounds which can be similarly prepared include:
      ##SPC7##
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:  pg,26
NUM  1.
PAR  1. A .beta.-phenyl-.beta.-azolylnitroethane of the formula
      ##SPC8##
PAL  in which
PA1  R.sup.1, r.sup.2 and R.sup.3 each individually is hydrogen; methyl or ethyl
      optionally substituted by fluorine or chlorine; halogen; nitrile;
      thiocyano; nitro; or alkoxycarbonyl with up to 6 carbon atoms in the
      alkoxy radical, and
PA1  R.sup.4 is a pyrazolyl-1, a benzopyrazolyl-1 or a
      tetrahydrobenzylpyrazolyl-1 radical optionally substituted on a carbon
      atom by halogen, methyl, ethyl, nitro or trifluoromethyl.
NUM  2.
PAR  2. A compound according to claim 1, in which R.sup.1, R.sup.2 and R.sup.3
      each individually is hydrogen, fluorine, chlorine, methoxycarbonyl,
      ethoxycarbonyl, or optionally chlorinated or fluorinated methyl or ethyl,
      and R.sup.4 is a pyrazolyl-1, a benzopyrazolyl-1 or a
      tetrahydrobenzopyrazolyl-1 radical optionally substituted on a carbon atom
      by methyl, ethyl, chlorine or fluorine.
NUM  3.
PAR  3. A compound according to claim 1, in which R.sup.1, R.sup.2 and R.sup.3
      each individually is hydrogen, chlorine or trifluoromethyl.
NUM  4.
PAR  4. The compound according to claim 1 wherein such compound is
      .beta.-(2,6-dichlorophenyl)-.beta.-(pyrazolyl-1)-nitroethane of the
      formula
      ##SPC9##
     40/9
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ABST
PAL  Anilinopyrazolone are to be prepared in high yields and with a high degree
      of purity by reacting a salt particularly hydrochloride of a
      .beta.-arylamino-.beta.-imino-propionic acid ester of one of the
      tautomeric formulae which are defined hereinafter with a suitable
      substituted hydrazine.
BSUM
PAR  This invention relates to a new process for preparing
      1-aryl-3-anilino-pyrazolones-(5). These compounds can be used for
      producing magenta images in color photographic materials by a process of
      chromogenic development.
PAR  The processes described in the Patent literature for preparing these
      3-anilino-pyrazolones are not generally applicable. Thus, for example, the
      method decribed in U.S. Pat. No. 2,343,703 in which amino-pyrazolones
      react with anilines to liberate ammonia is unsuitable for many aniline
      derivatives, see German Auslegeschrift No. 1,237,580. This method also
      fails when certain phenyl hydrazines with electronegative substituents are
      used, e.g., 2,4,6-trichlorophenyl hydrazine. The improvements of this
      method which have been described in Russian Pat. No. 141,485 and in
      Belgian Pat. No. 670,949 also do not give the required result. The method
      described in German Auslegeschrift No. 1,176,478 in which aryl isocyanates
      are reacted with sodium acetoacetates is only of limited applicability.
      Apart from the difficulty of preparing many of the substituted aryl
      isocyanates, all substituents which react with sodium acetoacetates
      interfere with the process. The method described in German Auslegeschrift
      No. 1,237,580 in which malonic ester monoanilides are chlorinated with
      PCl.sub.5 to produce .beta.-chloro-.beta.-aryl-aminoacrylic acid esters
      which are then reacted with aryl hydrazines is restricted to those
      substitution products which can withstand the treatment with PCl.sub.5.
      Many substituted malonic ester monoanilides resinify when chlorinated with
      PCl.sub.5. The process according to German Auslegeschrift No. 1,101,429,
      which consists of reacting amidrazones with anilines, has the disadvantage
      that the preparation of amidrazones is restricted to certain
      representatives of this class of compounds. Only the methods described in
      French Pat. Nos. 1,449,259 and 1,469,360, in which
      .beta.,.beta.-dialkoxyacrylic acid esters or the hydrochlorides of
      .beta.-imino-.beta.-alkoxy acrylic acid esters are reacted with arylamine
      to produce the corresponding 3-alkoxy-3-aryl-aminoacrylic acid esters are
      capable of wider application but here again the products are often
      unsatisfactory in the yields obtained or in their purity on account of
      their ready solubility. The method described in German Offenlegungsschrift
      No. 2,042,920 only enables anilinopyrazolones with an acid aniline group
      to be prepared in high yields whereas in the method described in German
      Offenlegungsschrift No. 2,042,921 basic anilines can advantageously be
      combined with hydrazines which have an acidic character to yield
      anilinopyrazolones. In German Offenlegungsschrift No. 2,015,814,
      anilinopyrazolones are said to be obtainable in high yields by reacting
      alkoxy pyrazolones with amine hydrochlorides. However, the preparation of
      alkoxy pyrazolones described in U.S. Pat. No. 2,439,098 frequently results
      in unsatisfactory yields, for example the alkoxy pyrazolone of the formula
      ##SPC1##
PAL  could only be obtained in 40% yield by the process described in U.S. Pat.
      No. 2,439,098. It is therefore necessary in practice to look for other
      generally applicable methods of preparing anilinopyrazolones in high
      yields and particularly with a high degree of purity.
PAR  It has now been found that 3-anilino-pyrazolones-(5) of the general formula
      ##SPC2##
PAL  can be prepared by reacting a hydrogenhalogenide salt particularly the
      hydrochloride of a .beta.-arylamino-.beta.-imino-propionic acid ester
      represented by one of the following tautomeric formulae
      ##SPC3##
PAL  with a hydrazine of the formula
EQU  R.sub.1 . NH . NH.sub.2                                    III
PAL  in which
PA1  A = halogen, e.g., Bromine or chlorine
PA1  R.sub.1 = alkyl, aralkyl, aryl in particular phenyl optionally substituted
      with one or more alkyl, alkoxy, alkylthio, phenoxy, halogen, carboxy,
      sulphonic acid, alkylsulphone, arylsulphone, acyl, acylamino, carbaryloxy,
      carbalkoxy, carbamyl, sulphofluoride trifluoromethyl, sulphamyl,
      sulphonamide, cyano or nitro groups;
PA1  R.sub.2 = hydrogen or one or more substituents alike or dissimilar such as
PA2  a. alkyl containing 1 to 20 carbon atoms, alkoxy containing 1 to 20 carbon
      atoms, alkylthio containing 1 to 20 carbon atoms, halogen, nitro, cyano,
      trifluoromethyl, carboxyl, sulpho;
PA2  b. carbalkoxy, carbaryloxy, acyl, acylamino, carbamyl, alkyl sulphone,
      arylsulphone, sulphonamide, sulphamyl, aryl, aralkyl, aryloxy, arylthio or
      a heterocyclic group
PAL  the substituents mentioned under (b) optionally in turn carrying groups,
      e.g., those mentioned under (a) or (b)
PA1  m = an integer of from 1 to 5
PA1  R.sub.3 = alkyl containing 1 to 4 carbon atoms.
PAR  Especially the hydrochlorides of .beta.-arylamino-.beta.-imino-propionic
      acid ethyl esters used according to the invention, which may be in one of
      the general tautomeric forms represented by formula II above, can be
      prepared particularly advantageously in a form which is easily purified.
PAR  The hydrochlorides of .beta.-arylamino-.beta.-imino-propionic acid ethyl
      esters used according to the invention are isolated in the form of the
      hydrochlorides by reacting the compound of the general formula
      ##SPC4##
PAL  in which
PA1  R.sub.4 = hydrogen, alkyl, alkoxy or halogen and
PA1  X = o or S
PAL  with a suitably substituted aniline in accordance with German Pat.
      application No. AZ P 23 04 587.6. As is well known, hydrochlorides are
      only sparingly soluble in inert solvents such as ether, petroleum ether or
      ethyl acetate and are therefore generally easily obtained in a pure
      crystalline form so that no further purification is required.
PAR  With this method, it is possible to prepare 1-aryl-3-anilino-5-pyrazolones
      which were difficult or even impossible to obtain by the methods
      previously known. A particular advantage of the method according to the
      invention is that 3-anilino-pyrazolones which contain a nitro group in the
      aniline portion can be prepared in particularly high yields. These
      3-(nitroanilino)pyrazolones are valuable intermediate products for the
      preparation of diffusion resistant pyrazolone couplers since after
      hydrogenation of the nitro group in the anilide portion of the coupler,
      valuable amino group-containing starting compounds for colour couplers can
      be made available which can be substituted with any diffusion-preventing
      groups, for example with acyl, oxacyl or sulphonamide groups.
PAR  The following are examples of suitable hydrochlorides of
      .beta.-arylamino-.beta.-imino-propionic acid esters which can be reacted
      with hydrazines according to the invention:
PA1  ethyl .beta.-anilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-4-chloroanilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-2,4-dichloroanilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-4-nitroanilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-3-nitroanilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-2-chloro-4-nitroanilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-2-chloro-5-nitroanilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-2-methyl-5-nitroanilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-2-methoxy-5-nitroanilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-2-tetradecylthio-5-nitroanilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-3-cyanoanilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-4-carboxyanilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-4-carbomethoxy anilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-4-trifluoromethyl-2-chloroanilino-.beta.-imino-propionate .
      HCl
PA1  ethyl .beta.-4-acetaminoanilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-4-sulphaminyl anilino-.beta.-imino-propionate . HCl
PA1  ethyl .beta.-5-methoxy-2-N,N-diethyl
      sulphaminyl-anilino-.beta.-imino-propionate . HCl
PA1  ethyl
      .beta.-2-chloro-4-(o-tetradecyloxy-carbanilido)-anilino-.beta.-imino-propi
     onate . HCl
PA1  ethyl
      .beta.-2-chloro-5-(2'-cyclopentyl-4'-tert.-butyl-phenoxyethoxy-carbamino)-
     anilino-.beta.-imino-propionate . HCl.
PAR  The following are examples of hydrazines which may be used for the reaction
      according to the invention: 2,2,2-trifluoroethyl hydrazine, benzyl
      hydrazine, phenyl hydrazine, m-chlorophenyl hydrazine, p-nitrophenyl
      hydrazine, 2,4,6-trichlorophenyl hydrazine, 2,6-dichloro-4-methoxy-phenyl
      hydrazine, 4-hydrazino-methyl-phenyl sulphone,
      4-hydrazino-3-chloromethyl-phenyl sulphone, 4-chloro-2-methoxy-phenyl
      hydrazine, 2,4-dichloro-6-methylphenyl hydrazine. Other suitable
      hydrazines have been described in Belgian Pat. Nos. 654,108 and 654,110.
PAR  The reaction of the hydrochlorides of
      .beta.-arylamino-.beta.-imino-propionic acid esters according to the
      invention with a hydrazine is carried out in a solvent such as dioxane,
      methanol, pyridine or glacial acetic acid or with mixtures thereof at
      temperatures or between 50.degree.C and 100.degree.C, optionally in the
      presence of a nitrogen atmosphere.
PAR  When methanol is used, the addition of small quantities of glacial acetic
      acid are particularly advantageous to shorten the reaction time.
PAR  The reaction time generally depends on the choice of solvent. When methanol
      is used with small quantities of glacial acetic acid, the reaction time is
      between 3 and 6 hours, and when pyridine is used with glacial acetic acid,
      the reaction time is between 20 and 100 minutes.
PAR  If the reaction is carried out with strongly basic hydrazines, the addition
      of sodium acetate and glacial acetic acid to methanol has the advantage of
      resulting in higher yields.
PAR  It has been found that when phenyl hydrazones which are unsubstituted in
      the 2- and 6-position are reacted in accordance with the invention,
      3-anilino-pyrazolones is directly obtained in glacial acetic acid in high
      yields and with a high degree of purity. When the reaction according to
      the invention is carried out with phenyl hydrazones which are
      disubstituted in the 2- and 6-position, the intermediate compound
      .beta.-anilino-.beta.-aryl hydrazonopropionic acid ester is first obtained
      in known manner and this can be cyclized in known manner with alkali metal
      alcoholate or alkali metal hydroxide to produce the 3-anilino-pyrazolone.
      In these cases, the reaction according to the invention is preferably
      carried out in methanol because the intermediate compound in most cases
      crystallizes in a relatively pure form from methanolic solution.
PAR  As already mentioned above, the magenta couplers prepared according to the
      invention are particularly suitable for producing diffusion-resistant
      color couplers. They may, of course, also be used directly as such in
      color photographic materials. The compounds prepared according to the
      invention and the derivatives prepared from them may be used in the usual
      color photographic materials.
PAR  The following examples serve to illustrate the invention. In examples 1 and
      2 it is demonstrated that 3-anilino-pyrazolones can be obtained in higher
      yields by the process according to the invention than by the process
      according to French Pat. No. 1,469,360.
DETD
PAC  EXAMPLE 1
PAR  1-(2',4',6'-trichlorophenyl)-3-p-nitroanilinopyrazolone-(5)
      ##SPC5##
PAL  30.2 g (0.105 mol) of ethyl .beta.-4-nitroanilino-.beta.-iminopropionate
      hydrochloride and 21.2 g (0.1 mol) of 2,4,6-trichlorophenyl hydrazine in
      150 ml of methanol and 3 ml of glacial acetic acid were boiled under
      reflux on a water bath for 3 hours. The hydrazone intermediate product
      which precipitated in the course of the reaction was suction filtered
      after cooling. Cyclization of the orange red precipitate was performed by
      stirring the precipitate with 100 ml of sodium methoxide solution (2.3 g
      of Na in 100 ml of methanol) for 90 minutes at room temperature. The
      yellow precipitate obtained after acidification with glacial acetic acid
      was suction-filtered, washed and dried.
PAR  Yield: 25.2 g = 63% of the theory M.p. 300.degree.-302.degree.C.
PAR  Example 1 was prepared by the process according to French Pat. No.
      1,469,360. The yield obtained was only 53% of the theory.
PAC  EXAMPLE 2
PAR  1-(2',4',6'-trichlorophenyl)-3-(2"-chloro-5"-nitroanilino)-pyrazolone-(5)
      ##SPC6##
PAL  33.8 g (0.105 mol) of ethyl
      .beta.-2-chloro-5-nitro-anilino-.beta.-imino-propionate hydrochloride and
      21.2 g (0.1 mol) of 2,4,6-trichlorophenyl hydrazine in 150 ml of pyridine
      were stirred at 60.degree.C for 40 minutes. The pyridine solution was
      poured on to a mixture of 200 ml of glacial acetic acid and 500 ml of
      ethyl acetate. The product was extracted several times with water to
      remove glacial acetic acid and pyridine. The ethyl acetate solution was
      concentrated by evaporation and methanol was added to the residue. The
      hydrazone intermediate product crystallises from the methanol. Cyclization
      to the pyrazolone was carried out as described in Example 1. The yield was
      25.2 g = 58% of the theory. M.p.: 270.degree.-274.degree.C.
PAR  The reaction in methanol according to Example 1 yielded 57% of the theory.
PAR  Example 2 was prepared by the process according to French Pat. No.
      1,469,360. The yield obtained was only 53 % of the theory.
PAC  EXAMPLE 3
PAR  1-benzyl-3-(2'-chloro-5'-nitroanilino)-pyrazolone-(5)
      ##SPC7##
PAL  33.8 g (0.105 mol) of the hydrochloride used in Example 2 were boiled under
      reflux for 2 hours with 12.2 g (0.1 mol) of benzyl hydrazine in 150 ml of
      methanol with the addition of 20 ml of glacial acetic acid and 8.2 g (0.1
      mol) of anhydrous sodium acetate. The precipitated pyrazolone was suction
      filtered after cooling.
PAR  Yield: 15.6 g = 45.5% of the theory M.p.: 232.degree.-234.degree.C.
PAC  EXAMPLE 4
PAR  1-phenyl-3-(2'-chloro-4-nitroanilino)-pyrazolone-(5)
      ##SPC8##
PAL  33.8 g (0.105 mol) of ethyl
      .beta.-2-chloro-4-nitroanilino-.beta.-imino-propionate hydrochloride were
      stirred up with 10.8 g (0.1 mol) of phenyl hydrazine in 50 ml of glacial
      acetic acid for 60 minutes at a bath temperature of 100.degree.C. A thick
      crystalline paste was obtained which was suction-filtered when cold and
      washed with ethyl acetate. Pyrazolone yield: 21 g = 63.5% of the theory.
      M.p.: 245.degree.-248.degree.C.
PAC  EXAMPLE 5
PAR  1-(2',4',6'-trichlorophenyl)-3-(2"-chloro-4"-nitroanilino)-pyrazolone-(5)
      ##SPC9##
PAL  33.8 g (0.105 mol) of ethyl
      .beta.-(2-chloro-4-nitroanilino)-.beta.-imino-propionate-hydrochloride
      were reacted with 21.2 g (0.1 mol) 2,4,6-trichlorophenyl hydrazine by the
      method described in Example 1. The pyrazolone is obtained in a yield of
      62% of the theory by cyclization. The yield obtained by the process
      according to French Pat. No. 1,469,360 was only 50% of the theory.
PAC  EXAMPLE 6
PAR  1-(2,6-dichloro-4-methoxyphenyl)-3-m-nitroanilinopyrazolone-(5)
      ##SPC10##
PAL  15.1 g (0.0525 mol) of ethyl .beta.-3-nitroanilino-.beta.-iminopropionate
      hydrochloride were reacted with 10.35 g (0.05 mol)
      2,6-dichloro-4-methoxyphenyl hydrazine by the method described in Example
      1. The yield was 49% of the theory.
PAC  EXAMPLE 7
PAR  1-m-chlorophenyl-3-(2'-chloro-5'-nitroanilino)pyrazolone-(5)
      ##SPC11##
PAL  33.8 g (0.105 mol) of ethyl
      .beta.-(2-chloro-5-nitroanilino).beta.-imino-propionate hydrochloride were
      reacted with 14.2 g (0.1 mol) of m-chlorophenyl hydrazine by the method
      described in Example 4. The pyrazolone was obtained immediately in a yield
      of 61.5% of the theory.
PAC  EXAMPLE 8
PAR  1-(2',4',6'-trichlorophenyl)-3-(2",4"-dichloroanilino)-pyrazolone-(5)
      ##SPC12##
PAL  32.7 g (0.105 mol) of ethyl
      .beta.-2,4-dichloroanilino-.beta.-imino-propionate hydrochloride were
      reacted with 21.2 g of 2,4,6-trichlorophenyl hydrazine by the method
      described in Example 1. The yield was 50% of the theory.
PAC  EXAMPLE 9
PAR  1-(2',4',6'-trichlorophenyl)-3-(2"-tetradecylthio-5"-nitroanilino)-pyrazolo
     ne-(5)
      ##SPC13##
PAL  54.2 g (0.105 mol) of ethyl
      .beta.-(2-tetradecylthio-5-nitroanilino)-.beta.-imino propionate
      hydrochloride were reacted with 21.2 g (0.1 mol) of 2,4,6-trichlorophenyl
      hydrazine by the method described in Example 2. The yield was 45% of the
      theory.
PAC  EXAMPLE 10
PAR  1-(2'-chloro-5'-chloromethyl-sulphonyl-phenyl)-3-m-cyanoanilino
      pyrazolone-(5)
      ##SPC14##
PAL  27.8 g (0.105 mol) of ethyl .beta.-cyanoanilino-.beta.-imino-propionate
      hydrochloride were reacted with 25.5 g (0.1 mol) of
      2-chloro-5-chloromethyl-sulphonyl-phenyl-hydrazine by the method described
      in Example 1.
PAR  The yield was 42% of the theory.
PAC  EXAMPLE 11
PAR  1-(2',4',6'-trichlorophenyl)-3-p-carbomethoxyanilino-pyrazolone-(5)
      ##SPC15##
PAL  31.5 g (0.105 mol) of ethyl .beta.-4-carbomethoxy
      anilino-.beta.-imino-propionate hydrochloride were reacted with 21.2 g of
      2,4,6-trichlorophenyl hydrazine by the method described in Example 1.
PAR  The yield was 38% of the theory.
PAC  EXAMPLE 12
PAR  1-(2',4',6'-trichlorophenyl)-3-p-carboxy anilinopyrazolone-(5)
      ##SPC16##
PAL  6 g (0.021 mol) of ethyl .beta.-p-carboxy anilino-.beta.-iminopropionate
      hydrochloride were reacted with 4.2 g (0.2 mol) of 2,4,6-trichlorophenyl
      hydrazine by the method described in Example 1. The hydrazone intermediate
      product did not precipitate and was therefore cyclized without being
      isolated. The pyrazolone precipitated on acidification.
PAR  The yield was 48% of the theory.
PAC  EXAMPLE 13
PAR  1-p-nitrophenyl-3-(2'-trifluoromethyl-4'-chloroanilino)-pyrazolone-(5)
      ##SPC17##
PAL  7.3 g (0.021 mol) of ethyl
      .beta.-(2-trifluoromethyl-4-chloroanilino)-.beta.-imino propionate
      hydrochloride were reacted with 3.1 g (0.02 mol) of p-nitrophenyl
      hydrazine by the method described in Example 4. The pyrazolone was formed
      immediately in a yield of 46% of the theory.
PAC  EXAMPLE 14
PAR  1-(2',4',6'-trichlorophenyl)-3-(2"-methoxy-5"-N,N-diethyl
      sulphaminyl-anilino)-pyrazolone-(5)
      ##SPC18##
PAL  8.6 g (0.021 mol) of ethyl
      .beta.-(2-methoxy-5-N,N-diethylsulphaminyl-anilino)-.beta.-imino-propionat
     e hydrochloride were reacted with 4.2 g (0.02 mol) of 2,4,6-trichlorophenyl
      hydrazine by the method described in Example 2.
PAR  The yield was 53% of the theory.
PAC  EXAMPLE 15
PAR  1-(2',4',6'-trichlorophenyl)-3-(2"-chloro-4"-(o-tetradecyloxy-carbanilido)-
     anilino)-pyrazolone-(5)
      ##SPC19##
PAL  63.9 g (0.105 mol) of ethyl
      .beta.-(2-chloro-4-(o-tetradecyloxy)carbanilido-anilino)-.beta.-imino-prop
     ionate hydrochloride were reacted with 21.2 g of 2,4,6-trichlorophenyl
      hydrazine by the method described in Example 1.
PAR  The yield was 50% of the theory.
PAC  EXAMPLE 16
PAR  1-(2',4',6'-trichlorophenyl)-3-(2"-chloro-5"-(.beta.-(2-cyclopentyl-4-tert.
     -butyl-phenoxy)-ethoxy-carbamino)anilino)-pyrazolone-(5)
      ##SPC20##
PAL  12.2 g (0.021 mol) of ethyl
      .beta.-2-chloro-5-(2'-cyclopentyl-4'-tert.-butyl-phenoxy-ethoxy
      carbamino)-anilino-.beta.-iminopropionate . HCl were heated to boiling
      with 4.23 g (0.02 mol) of 2,4,6-trichlorophenyl hydrazine in 70 ml of
      dioxane and 1 ml of glacial acetic acid for 21/2 hours under nitrogen.
      After cooling to room temperature, the reaction solution was adjusted to
      pH 7 with a 4-molar sodium methoxide solution and a further 10 ml were
      then added. The reaction mixture was stirred for 30 minutes and then
      poured on to water and acidified. The precipitate was filtered off and
      dried on a clay brick. The crude product was purified by recrystallisation
      from 9 : 1 methanol/toluene.
PAR  Yield: 6.9 g = 50% of the theory. M.p.: 146.degree.C.
PAR  The ethyl .beta.-arylamino-.beta.-imino-propionates used in the above
      examples were prepared in the form of their hydrochlorides in accordance
      with Patent application AKZ P 23 04 587.6. The preparation of ethyl
      .beta.-2-chloro-4-nitroanilino-.beta.-imino-propionate hydrochloride used
      in Examples 4 and 5 is described in detail below.
PAC  First Stage:
PA0  ethyl .beta.-phenoxy-.beta.-imino-propionate . HCl
PAR  94 g (1 mol) of phenol were dissolved in 113 g (1 mol) of ethyl
      cyanoacetate. 35.5 g (1 mol) of hydrogen chloride gas were introduced into
      this solution at -20.degree.C with stirring. The temperature of the
      reaction mixture was raised to room temperature in the course of 3 hours
      while a slow stream of hydrogen chloride continued to be passed through.
      The reaction product solidified in the course of 2 days standing at room
      temperature. It was stirred up with ether, suction-filtered, washed with
      petroleum ether and dried in a desiccator.
PAR  Yield: 180 g = 74% of the theory.
PAC  Second Stage:
PA0  ethyl .beta.-2-chloro-5-nitroanilino-.beta.-imino-propionate . HCl
PAR  28.6 g (0.11 mol) of ethyl .beta.-phenoxy-.beta.-iminopropionate . HCl and
      17.25 g (0.1 mol) of 2-chloro-5-nitroaniline in 80 ml of ethyl acetate
      were stirred at room temperature for 60 minutes. 100 ml of petroleum ether
      were then added. The precipitated product was removed and again suspended
      in ethyl acetate/petroleum ether to free the product from phenol adhering
      to it.
PAR  Yield: 29.0 g = 90% of the theory.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In the process of preparing a 3-anilino-pyrazolone-(5) magenta color
      coupler by condensing a hydrazine with a hydrohalide of a
      beta-anilino-acrylic acid ester having in the beta position a second group
      replaceable by the hydrazine during a pyrazolone-ring-forming cyclization,
      the improvement according to which the replaceable group is NH.sub.2.
NUM  2.
PAR  2. The combination of claim 1 in which the hydrohalide is the
      hydrochloride.
NUM  3.
PAR  3. The combination of claim 1 in which the ester is the ethyl ester.
NUM  4.
PAR  4. The combination of claim 1 in which the anilino group is
      nitro-substituted.
NUM  5.
PAR  5. The combination of claim 1 in which the anilino group is
      nitro-substituted and the hydrazine is a halogen-substituted aryl
      hydrazine.
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ABST
PAL  Novel 3-alkyl-9-aminoalkyl-1,2,3,4-tetrahydrocarbazoles having gastric
      anti-secretory activity are prepared. A typical embodiment is
      3-tertiary-butyl-9-(2-pyrrolidino-ethyl)-1,2,3,4-tetrahydrocarbazole.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to compounds having anti-secretory activity, and is
      particularly concerned with a class of novel
      3-alkyl-9-aminoalkyl-1,2,3,4-tetrahydrocarbazoles which are capable of
      selectively inhibiting gastric acid secretion without causing bronchial
      constriction or other side effects. These compounds are therefore useful
      in the treatment of peptic ulcers and other conditions caused or
      exacerbated by gastric hyperacidity.
PAC  SUMMARY OF THE INVENTION
PAR  The novel compounds of the invention have the general formula:
      ##SPC1##
PAL  The N-oxides and the pharmaceutically-acceptable acid addition salts
      thereof wherein R is alkyl of from 3 to 5 carbon atoms, R.sup.1 is
      hydrogen, halogen, lower alkyl, lower alkoxy or hydroxy; and Y is
      aminoalkyl of the formula -Alk-NR.sup.2 R.sup.3 in which R.sup.2 and
      R.sup.3 taken separately are each lower alkyl and R.sup.2 and R.sup.3
      taken together with the nitrogen atom to which they are attached form a
      pyrrolidino, piperidino, perhydroazepino, morphilino, thiomorpholino or
      1,1-dioxo-perhydro-1,4-thiazino group and `Alk` is a divalent alkyl group
      containing from 2 to 4 carbon atoms; or Y is an amino-cyclic group of the
      formula --C.sub.n H.sub.2n --CH Z, in which n is 0 to 3 and Z is a
      divalent group which completes a pyrrolidine, piperidine or
      perhydroazepine ring, the nitrogen atom in said ring being separated from
      the nitrogen atom to which the aminocyclic group is attached by a chain of
      from 2 to 4 carbon atoms.
PAR  In addition, there is disclosed a composition in unit dosage form useful
      for alleviating excess gastric acid secretion in a host comprising a
      pharmaceutical carrier containing from about 25 mg to about 500 mg of a
      compound of formula I.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the general formula, R may be a straight or branched chain alkyl group.
      For example, it may be a n-propyl, iso-propyl, n-butyl, sec-butyl, or
      tert-butyl group or any of the pentyl groups. Preferably, it is a branched
      chain alkyl group containing a quaternary carbon atom, e.g. a tert-butyl,
      tert-pentyl or neo-pentyl group.
PAR  When Y is a --Alk--NR.sup.2 R.sup.3 group, R.sup.2 and R.sup.3 may each be,
      for example, a methyl, ethyl, propyl or butyl group, or together with the
      nitrogen atom may form, for example, a pyrrolidino, piperidino,
      perhydroazepino, morpholino, thiomorpholino or
      1,1-dioxo-perhydro-1,4-thiazino group.
PAR  When Y is a --Alk--NR.sup.2 R.sup.3 group, --Alk-- may be, for example, an
      ethylene, propylene, ethyl-substituted ethylene, dimethyl-substituted
      ethylene, trimethylene or tetramethylene group.
PAR  When Y is a --C.sub.n H.sub.2n --CH Z group, --C.sub.n H.sub.2n -- may be,
      for example, a direct link or a methylene, ethylidene, ethylene, propylene
      or trimethylene group, and the heterocyclic ring completed by Z may be,
      for example, a pyrrolidine, piperidine or perhydroazepine ring, provided
      that the nitrogen atom in the ring is separated by at least 2 carbon atoms
      from the nitrogen atom to which the group Y is attached.
PAR  Thus, --C.sub.n H.sub.2n --CH Z may be, for example, a 3-pyrrolindinyl or
      3- or 4-piperidyl group, a 2- or 3-pyrrolidinylmethyl or 2-, 3- or
      4-piperidylmethyl group, a 2-(2- or 3-pyrrolidinyl) ethyl or 2-(2- or
      3-piperidyl) ethyl group, or a 3-(2-pyrrolidinyl) propyl or
      3-(2-piperidyl)- propyl group, or any corresponding group in which
      piperidinyl is replaced by perhydroazepinyl. Any nitrogen atom in Z is
      preferably substituted with a lower alkyl or a benzyl group, while any
      carbon atom in --CH  Z may be substituted with a lower alkyl group.
PAR  Throughout this specification, the term `lower alkyl group` means one which
      contains from 1 to 4 carbon atoms, and `halogen` means fluorine, chlorine,
      bromine or iodine.
PAR  Pharmaceutically-acceptable acid addition salts of the compounds of the
      invention can be prepared from acids which form non-toxic addition salts
      containing pharmaceutically-acceptable anions, such as the hydrochloride,
      hydrobromide, hydriodide, sulfate or bisulfate, phosphate or acid
      phosphate, acetate, maleate, fumarate, oxalate, lactate, tartrate,
      citrate, gluconate, saccharate, and p-toluene sulfonate salts.
PAR  The compounds of the invention may be prepared in a number of ways,
      including the following:
PAR  1. An appropriate 3-alkyl-1,2,3,4-tetrahydrocarbazole is reacted first with
      an alkali metal compound in an inert solvent to form the alkali metal
      derivative of the carbazole, and then with
PA1  a. the appropriate halide, of the formula : hal--Alk--NR.sup.2 R.sup.3 or
      hal--C.sub.n H.sub.2n --CH  Z, where `hal` represents a halogen atom, to
      yield the required product directly; or
PA1  b. a compound of the formula : hal--Alk--Q, where Q represents a halogen
      atom or a `leaving` group, e.g. an aryl sulfonyloxy group such as benzene
      sulfonyloxy or p-toluene sulfonyloxy, to form a compound of the formula:
      ##SPC2##
PA1    which is then reacted with the appropriate secondary amine HNR.sup.1
      R.sup.2, thus affording a compound of the formula (I) in which Y
      represents an aminoalkyl group of the formula --Alk--NR.sup.2 R.sup.3 ; or
PA1  c. a halo-alkanol or the formula : hal--Alk--OH, to form a compound of the
      formula:
      ##SPC3##
PA1    which is then converted to the halide, e.g. by reaction with thionyl
      chloride, the product then being reacted with the appropriate secondary
      amine as in (b).
PAR  The formation of the alkali metal derivative of the carbazole may be
      carried out by adding sodium hydride or sodamide portionwise to a solution
      of the carbazole in an inert solvent, e.g. toluene or dimethylformamide,
      and then heating. Reaction with one of the halides denoted in methods (a),
      (b) and (c) may then be carried out by heating e.g. at reflux temperature.
      Subsequent reaction in methods (b) and (c) with the secondary amine may be
      carried out in any suitable inert solvent, e.g. benzene, under reflux
      conditions.
PAR  In each method the final product, as the free base, may be isolated by
      collection of a precipitate (if necessary, formed by addition of water) by
      filtration, or by removal of solvent under reduced pressure, addition of
      water, extraction into a suitable solvent, e.g. diethyl ether, drying and
      evaporation under reduced pressure, or by addition of water to the cooled
      reaction mixture, extraction into a suitable solvent, e.g. diethyl ether,
      drying and evaporation under reduced pressure. A solid product may be
      purified by recrystallization from a suitable solvent, and a liquid
      product by distillation, preferably under reduced pressure. In both cases
      an acid addition salt may be obtained in the usual manner by addition of
      the appropriate acid in a suitable solvent to a solution of the product in
      the same solvent, or to the neat product if a liquid, and collection of
      the precipitate. The salt may then be purified further if necessary by
      recrystallization from a suitable solvent.
PAR  In each of the above methods, the starting
      3-alkyl-1,2,3,4,-tetrahydrocarbazoles are known compounds or are readily
      preparable from phenyl hydrazine and the appropriate 4-alkylcyclohexanone
      by analogous procedures to those reported in the literature, for example,
      in J. Am. Chem. Soc., 69,2910 (1947) and Proc. Okla. Acad. Sci., 47, 215
      (1968).
PAR  2. A phenylhydrazine derivative of the formula:
      ##SPC4##
PAL  is reacted with a 4-alkylcyclohexanone in the presence of an acid, e.g.
      sulfuric or acetic acid, suitably by heating under reflux, to afford the
      required product of the formula (I) directly. The detailed procedure for
      performing the reaction and isolating the product is analogous to
      procedures described in the literature, for example, in German Pat. No.
      530,496.
PAR  3. The N-oxides of the compounds of the formula (I) may be prepared from
      the corresponding compounds of the formula (I) by reaction with an
      oxidizing agent such as hydrogen peroxide.
PAR  In a typical procedure, a mixture of the starting
      3-alkyl-9-aminoalkyl-1,2,3,4-tetrahydrocarbazole and 30% aqueous hydrogen
      peroxide solution, containing theoretical quantity of H.sub.2 O.sub.2, in
      glacial acetic acid is maintained at room temperature for several days,
      and the solution is then evaporated to dryness. The residue is distributed
      between organic and aqueous phases, the latter being basic to remove
      excess acid, and the organic phase is separated and evaporated to dryness,
      to isolate the crude product. Purification and/or conversion of the latter
      into an acid addition salt may be effected using standard procedures.
PAR  In another typical procedure, the starting carbazole and an excess quantity
      of 30% aqueous hydrogen peroxide solution in methanol are stirred at room
      temperature for several days, after which the excess hydrogen peroxide is
      decomposed by addition of a small quantity of platinum on charcoal or
      potassium permangate. The sediment is removed by filtration, and the
      filtrate is evaporated to dryness to afford the crude product, which may
      be purified and/or converted to an acid addition salt as desired.
PAR  All the compounds of the invention contain an asymmetric center at the
      carbon atom bearing the alkyl group, R, and the latter and groups
      represented by Y in particular cases also contain asymmetric centers. Thus
      the compounds containing one or more asymmetric centers will exist as one
      or more pairs of enantiomers. Such pairs or individual isomers may be
      separable by physical methods, e.g. by fractional crystallization or
      chromatography of the free base or suitable salts, e.g. salts formed with
      optically-active acids. The invention includes the separated pairs as well
      as mixtures thereof, as racemic mixtures or As separated D- and L-
      optically-active forms.
PAR  The compounds of formula (I) have been found to be potent inhibitors of
      gastric acid secretion induced by histamine. This has been shown in tests
      in which their inhibiting effect on histamine-induced gastric acid
      secretion has been measured in experimental animals. In such tests,
      anaesthetized rats are sensitized by intravenous injection of carbachol
      (carbamoyl choline chloride) and are then injected intravenously with a
      standard dose of histamine and the pH of the gastric contents is measured
      over a short period, until it stabilizes. The test compound is then
      administered, also intravenously, and the pH of the gastric contents is
      measured over a further period, until the inhibiting effect of the
      compound is no longer apparent. In similar tests with anaesthetized cats,
      histamine is continuously infused before and during administration of the
      test compound.
PAR  By virtue of their inhibiting activity, the compounds of formula (I) are
      useful for reducing gastric hyper-acidity and therefore in the treatment
      of peptic ulcers and other conditions caused or exacerbated by gastric
      hyper-acidity.
PAR  The compounds of the invention can be administered alone, but will
      generally be administered in admixture with a pharmaceutical carrier or
      diluent selected with regard to the intended route of administration and
      standard pharmaceutical practice. For example, they may be administered
      orally in the form of tablets containing such excipients as starch or
      lactose, or in capsules either alone or in admixture with excipients, or
      in the form of elixirs or suspensions containing flavoring or coloring
      agents. They may be injected parenterally, for example, intramuscularly or
      subcutaneously. For parenteral administration, they are best used in the
      form of a sterile aqueous which may contain other solutes, for example,
      enough salts or glucose to make the solution isotonic.
PAR  As a result of testing in animals, the more effective compounds of the
      invention have been found to be those in which R is a tert-butyl group,
      R.sup.1 is hydrogen or halogen atom and Y is an amino-alkyl group
      --Alk--NR.sup.2 R.sup.3 in which `Alk` is ethylene or trimethylene,
      particularly those in which --NR.sup.2 R.sup.3 is a dimethylamino,
      diethylamino, pyrrolidino, piperidino, perhydroazepino or morpholino
      group. Such compounds have been found to give at least 75% inhibition of
      the effect of histamine on gastric acid secretion in rats when
      administered intravenously at doses of 5mg/kg, the most active being
      3-tert-butyl-9-(2-pyrrolidino-ethyl)-1,2,3,4-tetrahydrocarbazole, which
      has been found to give 100% inhibition at 5mg/kg over a period of 3 hours
      or more after injection.
PAR  With respect to dosage levels for human administration, it is expected that
      a broad dosage range of from 25 to 500 mg for adults will be appropriate,
      with a preferred range of from 100 to 250 mg, such dosage being
      administrable up to four times a day. The physician in any event will
      determine the actual dosage which will be most suitable for an individual
      patient and it will vary with age, the weight and response of the
      particular patient. The above dosages are exemplary of the average host.
      There can, of course, be individual cases where higher or lower dosage
      ranges are merited, and such are within the scope of this invention.
DETD
PAR  The invention is illustrated by the following Examples.
PAC  EXAMPLE 1
PAR  Sodium hydride (1.20g; 50% dispersion in oil) was added to a solution of
      3-tert-butyl-1,2,3,4-tetrahydrocarbazole (5.68g) in dry dimethylformamide
      (25ml) and the mixture was heated over a steam bath for one-half hour.
      2-Pyrrolidinoethyl chloride (3.34g) was then added, and the mixture was
      heated over the steam bath for a further 4 hours. Thereafter the mixture
      was cooled at room temperature, allowed to stand for about 16 hours, and
      poured into water. The aqueous mixture was extracted with diethyl ether,
      and the ethereal solution was evaporated in vacuo to afford
      3-tert-butyl-9-(2-pyrrolidinoethyl)-1,2,3,4-tetrahydrocarbazole as an oil.
      The latter was distilled under reduced pressure, the principal fraction
      collected having a b.p. of 185.degree.-195.degree.C/0.05mm. mercury
      pressure.
PAR  Conversion of the oil product into the hydrochloride salt by conventional
      means was followed by recrystallization from a mixture ethanol and diethyl
      ether, to afford 3.85 g of the corresponding hydrochloride m.p.
      255.degree.-8.degree.C.
PAR  Analysis: Found: C, 73.01; H, 9.30; N, 8.08%. Calc'd. for C.sub.22 H.sub.32
      N.sub.2.HCl: C, 73.18; H, 9.21; N, 7.76%.
PAC  EXAMPLES 2 TO 6
PAR  By methods similar to that of Example 1 the compounds shown in the
      following examples were prepared from
      3-tert-butyl-1,2,3,4-tetrahydrocarbazole and the appropriate chloride
      Y--Cl, and characterized as the salt indicated.
      ##SPC5##
TBL                           Analysis %                                       

                              (Theoretical                                     

     Example                                                                   

             Y      Isolated                                                   

                         M.P. in brackets)                                     

                      as .degree.C                                             

                              C     H     N                                    

     __________________________________________________________________________

     2    --(CH.sub.2).sub.3 N(CH.sub.3).sub.2                                 

                    Hydro-                                                     

                         222-5                                                 

                              72.54 9.45  8.22                                 

                    chloride  (72.49                                           

                                    9.27  8.05)                                

     3    --(CH.sub.2).sub.2 N(C.sub.2 H.sub.5).sub.2                          

                    oxalate                                                    

                         183-5                                                 

                              69.00 8.80  6.59                                 

                              (69.21                                           

                                    8.71  6.72)                                

     4    --(CH.sub.2).sub.2 NO                                                

                    oxalate                                                    

                         240-2                                                 

                              66.92 7.98  6.67                                 

                              (66.91                                           

                                    7.96  6.51)                                

     5    --(CH.sub.2).sub.2 N                                                 

                    Hydro-                                                     

                         249-252                                               

                              74.11 9.75  7.46                                 

                    chloride  (74.09)                                          

                                    (9.59)                                     

                                          (7.2)                                

     6    --(CH.sub.2).sub.2 N SO.sub.2                                        

                    free 183-6                                                 

                              67.87 8.56  7.10                                 

                    base      (67.98)                                          

                                    (8.30)                                     

                                          (7.21)                               

     __________________________________________________________________________

PAC  EXAMPLES 7 to 22
PAR  The compounds indicated in the following examples are prepared by methods
      similar to that of Example 1 from the appropriate tetrahydrocarbazole and
      chloride Y--Cl.
      ##SPC6##
TBL  Example                                                                   

            R         R.sup.1      Y                                           

     ______________________________________                                    

      7     tert-pentyl                                                        

                       H       2-pyrrolidino-ethyl                             

      8     neo- pentyl                                                        

                       H       "                                               

      9     tert-butyl                                                         

                      6--Cl    "                                               

     10     "         7--Cl    "                                               

     11     "         8--Cl    "                                               

     12     "         6--F     2-piperidino-ethyl                              

     13     "         6--CH.sub.3                                              

                               "                                               

     14     "         6--CH.sub.3 O                                            

                               2-perhydroazepino-ethyl                         

     15     "         8--CH.sub.3 O                                            

                               "                                               

     16     "         6--HO    "                                               

     17     "         8--HO    "                                               

     18     "          H       2-thiomorpholino-ethyl                          

     19     "          H       1-ethyl-2-pyrrolidinyl-methyl                   

     20     "          H       1-methyl-2-(2-pyrrolidinyl)-                    

                               ethyl                                           

     21     "          H       1-methyl-2-piperidinyl-methyl                   

     22     "          H       1-methyl-2-perhydroazepinyl-                    

                               methyl                                          

     ______________________________________                                    

PAC  EXAMPLE 23
PAR  The product of Example 1 as free base (22.25g) in methanol (300 ml) was
      cooled to 0.degree. (ice/water bath). Aqueous 30% w/v hydrogen peroxide
      (31.4g) was added dropwise over about 15 minutes, with cooling and
      stirring. The mixture was kept at ambient temperature for 3 days, and the
      excess hydrogen peroxide was then decomposed with a trace of potassium
      permanganate. The mixture was evaporated to dryness and the residue was
      dissolved in hot isopropanol (40 ml). Water (500 ml) was added with
      stirring and the mixture was refrigerated overnight, yielding a
      precipitate which was dissolved in hot water, filtered, and cooled,
      yielding a precipitate of 14.5g of
      1-[2-(3-tert-butyl-1,2,3,4-tetrahydrocarbazole-9-yl)
      ethyl]pyrrolidine-N-oxide quarter-hydrate, m.p. 163-5.degree.C.
PAR  Analysis: Found: C, 76.04; H, 9.24; N, 8.49%. Calc'd for C.sub.22 H.sub.32
      N.sub.2 O.1/4H.sub.2 O: C, 76.58; H, 9.61; N, 8.12%.
PAR  By similar methods to that of Example 23, the products of Examples 2 to 22
      are converted to their N-oxides.
PAC  EXAMPLE 24
TBL  Tablet formulation:     Mg/Tablet                                         

     ______________________________________                                    

     3-tert-butyl-9-(2-pyrrolidinoethyl)-                                      

                             112.0*                                            

      1,2,3,4-tetrahydrocarbazole hydro-                                       

      chloride                                                                 

     dicalcium phosphate     240.0                                             

     corn starch             20.0                                              

     magnesium stearate      3.2                                               

     sodium lauryl sulfate   0.4                                               

     ______________________________________                                    

      *equivalent to 100 mg. of free base.                                     

PAR  The ingredients are blended and compressed, broken into granules and
      re-compressed into finished tablets containing the requisite amount of
      3-tert-butyl-9-(2-pyrrolidinoethyl)-1,2,3,4-tetrahydrocarbazole
      hydrochloride.
PAC  EXAMPLE 25
TBL  Capsule formulation:    Mg/Capsule                                        

     ______________________________________                                    

     3-tert-butyl-9-(2-pyrrolidinoethyl)-                                      

                             112.0*                                            

      1,2,3,4-tetrahydrocarbazole hydro-                                       

      chloride                                                                 

     corn starch             254.0                                             

     microcrystalline cellulose                                                

                             254.0                                             

     magnesium stearate      10.8                                              

     sodium lauryl sulfate   1.2                                               

                             682.0                                             

     ______________________________________                                    

      *equivalent to 100 mg. of free base.                                     

PAR  The ingredients are blended and filled into hard gelatin capsules of
      suitable size to contain the requisite amount of
      3-tert-butyl-9-(2-pyrrolidinoethyl)-1,2,3,4-tetrahydrocarbazole
      hydrochloride.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC7##
PAL  or an N-oxide or a pharmaceutically-acceptable acid addition salt thereof
      wherein R is alkyl of from 3 to 5 carbon atoms, R.sup.1 is hydrogen,
      halogen, lower alkyl, lower alkoxy or hydroxy; and Y is aminoalkyl of the
      formula --Alk--NR.sup.2 R.sup.3 in which R.sup.2 and R.sup.3 taken
      separately are each lower alkyl and R.sup.2 and R.sup.3 taken together
      with the nitrogen atom to which they are attached form a pyrrolidino,
      piperidino, perhydroazepino, morpholino, thiomorpholino or
      1,1-dioxo-perhydro-1,4-thiazino group and `Alk` is a divalent alkyl group
      containing from 2 to 4 carbon atoms; or Y is an amino-cyclic group of the
      formula --C.sub.n H.sub.2n --CH  Z, in which n is 0 to 3 and Z is a
      divalent group which completes a pyrrolidine, piperidine or
      perhydroazepine ring, the nitrogen atom in said ring being separated from
      the nitrogen atom to which the aminocyclic group is attached by a chain of
      from 2 to 4 carbon atoms.
NUM  2.
PAR  2. A compound as claimed in claim 1, in which R is a branched chain alkyl
      group containing a quaternary carbon atom.
NUM  3.
PAR  3. A compound as claimed in claim 2, in which R is a tertiary butyl group.
NUM  4.
PAR  4. A compound as claimed in claim 1, in which R.sup.1 is hydrogen or
      halogen.
NUM  5.
PAR  5. A compound as claimed in claim 1, in which Y is an aminoalkyl group
      --Alk--NR.sup.2 R.sup.3 in which `Alk` is ethylene or trimethylene.
NUM  6.
PAR  6. A compound as claimed in claim 5, in which --NR.sup.2 R.sup.3 is a
      dimethylamino, diethylamino, pyrrolidino, piperidino, perhydroazepino or
      morpholino group.
NUM  7.
PAR  7. 3-Tertiary-butyl-9-(2-pyrrolidino-ethyl)-1,2,3,4-tetrahydrocarbazole, or
      an N-oxide or a pharmaceutically-acceptable acid addition salt thereof.
PATN
WKU  039312232
SRC  5
APN  4754468
APT  1
ART  121
APD  19740603
TTL  3-(Dimethylamino)-1,2,3,4,8,9-hexahydro-1H[1]benzazepino[1,2,3-k,j]carba
     zole
ISD  19760106
NCL  3
ECL  1
EXP  Winters; Sherman D.
INVT
NAM  Mooradian; Aram
CTY  Schodack
STA  NY
ASSG
NAM  Sterling Drug Inc.
CTY  New York
STA  NY
COD  02
CLAS
OCL  260315
XCL  260239D
XCL  260563C
XCL  424274
EDF  2
ICL  C07D20988
FSC  260
FSS  315
UREF
PNO  3592824
ISD  19710700
NAM  Schut
OCL  260315
OREF
PAL  J. Chem. Soc., Perkin Trans. 1, (1973), pp. 1041-1047, Cattanach et al.
LREP
FR2  Stonner; Frederik W.
FR2  Wyatt; B. Woodrow
ABST
PAL  3-(Dimethylamino)-1,2,3,4,8,9-hexahydro-1H[1]benzazepino[1,2,3-k,j]carbazol
     e and acid-addition salts thereof having anti-bacterial activity, and
      process for the preparation thereof are disclosed.
BSUM
PAR  The invention sought to be patented resides in the chemical compounds
      designated as
      3-(dimethylamino)1,2,3,4,8,9-hexahydro-1H[1]benzazepino[1,2,3-k,j]carbazol
     e having the formula:
      ##SPC1##
PAL  And acid-addition salts thereof.
PAR  The compound of the invention having formula I and acid-addition salts
      thereof exhibit antibacterial activity as more fully described
      hereinbelow.
PAR  The compound of formula I is prepared by the Fischer indole synthesis.
      Thus, the compound is prepared by reacting 4-dimethylaminocyclohexanone
      with 5-amino-10,11-dihydro-5H-dibenz[b,f]azepine in a suitable solvent in
      the presence of an acidic agent. The acidic agent should be present in at
      least one mole excess per mole of the aminodibenzazepine.
PAR  The compound of formula I, by virtue of possessing an asymmetric carbon
      atom at the 3-position, that is, the position at which the 3-dimethylamino
      group occurs, can exist as optical isomers. Therefore, within the purview
      of the invention are the dextrorotatory isomer and levorotatory isomer and
      the racemic mixture of the compound of formula I. The racemic mixture may
      be separated into the d-isomer and l-isomer using standard resolution
      procedures.
PAR  The compound of the invention having formula I is useful both in the free
      base form and in the form of acid-addition salts, and both forms are
      within the purview of the invention. The acid-addition salts are simply a
      more convenient form for use, and in practice, use of the salt form
      inherently amounts to use of the base form. When the compound of the
      invention having formula I is to be utilized for pharmaceutical purposes,
      the acids which can be used to prepare the acid-addition salts include
      preferably those which produce, when combined with the free base,
      medicinally acceptable salts, that is, salts whose anions are relatively
      innocuous to the animal organism in medicinal doses of the salts, so that
      the beneficial properties inherent in the free base are not vitiated by
      side effects ascribable to the anions. Appropriate medicinally acceptable
      salts within the scope of the invention are those derived from mineral
      acids such as hydrochloric acid, hydrobromic acid, hydriodic acid, nitric
      acid, phosphoric acid, sulfamic acid, and sulfuric acid; and organic acids
      such as acetic acid, citric acid, tartaric acid, lactic acid,
      cyclohexanesulfamic acid, methanesulfonic acid, ethanesulfonic acid,
      benzenesulfonic acid, p-toluenesulfonic acid, quinic acid, and the like,
      giving the hydrochloride, hydrobromide, hydriodide, nitrate, phosphate,
      sulfamate, acetate, citrate, tartrate, lactate, cyclohexanesulfamate,
      methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate
      and quinate respectively.
PAR  The acid-addition salts of said basic compound are prepared either by
      dissolving the free base in aqueous or aqueous-alcohol solution containing
      the appropriate acid and isolating the salt by evaporating the solution,
      or by reacting the free base and acid in an organic solvent, in which case
      the salt separates directly or can be obtained by concentration of the
      solution or dilution of the solution with a solvent in which the salt is
      insoluble or only slightly soluble.
PAR  Although medicinally acceptable salts of said basic compound are preferred
      for pharmaceutical purposes, all acid-addition salts are within the scope
      of the invention. All acid-addition salts are useful as sources of the
      free base form even if the particular salt per se is desired only as an
      intermediate product as for example when the salt is formed only for
      purposes of purification or identification or when it is used as an
      intermediate in preparing a medicinally acceptable salt by ion exchange
      procedures.
PAR  The compound of formula I and acid-addition salts thereof possess useful
      antibacterial activity, thus indicating the utility of the compound of
      formula I and acid-addition salts thereof as antibacterial agents.
PAR  The antibacterial activity was determined using a modification of the
      Autotiter method described by Goss et al., Applied Microbiology 16 (No.
      9), 1414-1416 (1968) in which a 1000 mcg./ml. solution of the test
      compound is prepared. To the first cup of the Autotray is added 0.1 ml. of
      the test solution. Activation of the Autotiter initiates a sequence of
      operations by which 0.05 ml. of the test compound solution is withdrawn
      from this cup by a Microtiter transfer loop and diluted in 0.05 ml. of
      sterile semi-synthetic medium (glucose). After this operation, 0.05 ml. of
      inoculated semi-synthetic medium is added automatically to each cup. The
      overall operation results in final drug concentrations ranging from 500 to
      0.06 mcg./ml. in twofold decrements. The Autotray is incubated for 18-20
      hours at 37.degree.C., at which time the trays are examined visually for
      growth as evidenced by turbidity, and the concentration of the last sample
      in the series showing no growth (or no turbidity) is recorded as the
      minimal inhibitory concentration (MIC).
PAR  The compound of formula I and its hydrochoride salt were found to be
      antibacterially effective against Staphylococcus aureus at a concentration
      of 15.6 mcg./ml.
PAR  The actual determination of the numerical biological data definitive for a
      particular compound is readily determined by standard test procedures by
      technicians having ordinary skill in pharmacological test procedures,
      without the need for any extensive experimentation.
PAR  The compounds of the invention can be formulated for use by preparing a
      dilute solution in an aqueous medium or in a solution containing a
      surfactant, or alternatively in an organic medium in which the compounds
      are soluble, for example ethyl alcohol, and are applied to a surface to be
      disinfected by conventional means such as spraying, swabbing, immersion,
      and the like. Alternatively, the compounds can be formulated as ointments
      or creams by incorporating them in conventional ointment or cream bases,
      for example alkylpolyether alcohols, cetyl alcohol, stearyl alcohol, and
      the like, or as jellies by incorporating them in conventional jelly bases
      as glycerol and tragacanth. They can also be formulated for use as aerosol
      sprays or foams.
PAR  The molecular structure of the compound of the invention having formula I
      was assigned on the basis of the method of its synthesis and study of its
      infrared and nuclear magnetic resonance spectra, and confirmed by the
      correspondence between calculated and found values for the elementary
      analysis.
DETD
PAR  The invention is illustrated by the following example without, however,
      being limited thereto.
PAC  EXAMPLE 1
PAR  A solution of 5-amino-10,11-dihydro-5H-dibenz[b,f]azepine hydrochloride
      (24.7g.) and 4-dimethylaminocyclohexanone (14.1g) in absolute ethyl
      alcohol (100 ml.) was heated at reflux for one-half hour. Alcoholic
      hydrogen chloride (6-N; 75 ml.) was added cautiously in small portions.
      Heating was continued at reflux for one-half hour and the reaction mixture
      was cooled. The precipitate was collected by filtration, washed with water
      and isopropyl alcohol and recrystallized from methanol-isopropyl alcohol
      (2:1) to give 3-(dimethylamino)-1,2,3,4,8,9-hexahydro-1H[1]benzazepino
      [1,2,3-k,j]carbazole hydrochloride (17.1g.), m.p.
      300.degree.-303.degree.C.
PAR  A suspension of the above hydrochloride salt in water was treated with
      ammonium hydroxide and the aqueous mixture was extracted with chloroform.
      The chloroform extract was evaporated to dryness and the resulting residue
      was crystallized from isopropyl alcohol-water to yield
      3-(dimethylamino)-1,2,3,4,8,9-hexahydro-1H[1]benzazepino
      [1,2,3-k,j]carbazole (76% yield), m.p. 85.degree.-88.degree.C.
PAR  The base thus obtained can be converted to any desired acid-addition salt,
      for example, hydrobromide, sulfamate, tartrate, lactate and the like in
      the manner hereinabove described.
CLMS
STM  I claim:
NUM  1.
PAR  1. 3-(Di
     methylamino)-1,2,3,4,8,9-hexahydro-1H[1]benzazepino[1,2,3-k,j]carbazole or
      a medicinally acceptable acid-addition salt thereof.
NUM  2.
PAR  2. 3-(Dimethylamino)-1,2,3,4,8,9-hexahydro-1H[1]benza
     zepino[1,2,3-k,j]carbazole according to claim 1.
NUM  3.
PAR  3. 3-(Dimethylamino)-1,2,3,4,8,9-hexahydro-1H[1]
     benzazepino[1,2,3-k,j]carbazole hydrochloride according to claim 1.
PATN
WKU  039312240
SRC  5
APN  3938395
APT  1
ART  124
APD  19730904
TTL  Aromatic imidodicarboxylic acid diallyl esters, prepolymers thereof,
      cured resins thereof, and processes for producing these
ISD  19760106
NCL  3
ECL  1
EXA  Williams; S. P.
EXP  Gotts; Lewis
INVT
NAM  Santa; Toshihiro
CTY  Hino
CNT  JA
INVT
NAM  Aito; Yuzo
CTY  Hino
CNT  JA
INVT
NAM  Watanabe; Katsuhisa
CTY  Hino
CNT  JA
INVT
NAM  Tsunawaki; Kiyokazu
CTY  Hachioji
CNT  JA
INVT
NAM  Mitani; Yuji
CTY  Hino
CNT  JA
INVT
NAM  Nawata; Kiyoshi
CTY  Hachioji
CNT  JA
ASSG
NAM  Teijin Limited
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19720907
APN  47-89104
PRIR
CNT  JA
APD  19720908
APN  47-89536
PRIR
CNT  JA
APD  19721222
APN  47-129127
PRIR
CNT  JA
APD  19721222
APN  47-129128
CLAS
OCL  260326A
XCL  260 326N
XCL  260 37N
XCL  260 37P
XCL  260 47UA
XCL  260 883R
XCL  260326C
XCL  260326S
XCL  260326N
EDF  2
ICL  C07D20948
FSC  260
FSS  326 A
UREF
PNO  3217014
ISD  19651100
NAM  Van Strien et al.
OCL  260326A
LREP
FRM  Sherman & Shalloway
ABST
PAL  New curable monomeric aromatic imidodicarboxylic acid diallyl esters, such
      as 4-allyloxycarbonyl-N-(allyloxycarbonyl-methyl)phthalimide, 1,2-ethylene
      bis (4-allyloxycarbonylphthalimide), or N,N'-allyloxycarbonylmethyl)
      pyromellitimide. When heated in the presence of a free radical initiator,
      these monomers give cured polymers having very superior mechanical
      strength, thermal stability, chemical resistance and electrical
      properties. If this polymerization is stopped before the reaction mixture
      is gelled, prepolymers can be obtained. The cured polymers are especially
      useful as electronics materials and engineering plastics.
BSUM
PAR  This invention relates to curable monomeric aromatic imidodicarboxylic acid
      diallyl esters, prepolymers thereof, cured resins thereof, and to
      processes for producing these.
PAR  It is an object of this invention to provide novel aromatic
      imidodicarboxylic acid diallyl esters capable of forming novel
      diallyl-type cured resins containing an aromatic imide group, prepolymers
      thereof, and processes for producing these.
PAR  Another object of this invention is to provide novel aromatic diallyl
      imidodicarboxylates which when heated in the presence of a free radical
      initiator, easily polymerize to polymers useful as industrial material of
      very superior mechanical strength, thermal stability, chemical resistance
      and electrical properties; prepolymers thereof; and curable compositions
      containing these; and also processes for producing said diallyl esters,
      said prepolymers, and said polymers.
PAR  Conventional diallyl-type cured resins include, for example, diallyl
      ortho-phthalate resin (DAP resin), and diallyl isophthalate resin (DAIP
      resin). Generally, these resins have good thermal stability, electrical
      characteristics, mechanical properties, and chemical resistance, and there
      has been an increasing demand for these resins in many applications.
      However, the DAP and DAIP resins cannot meet the requirements of
      shapability and thermal stability which have recently become more severe.
      For example, in the thermal stability classification of electrical
      insulating materials, the DAP resin is classified as Class B
      (130.degree.C.) and the DAIP resin, as Class F (155.degree.C.), but no
      diallyl-type cured resins having greater thermal stability have ever been
      developed.
PAR  Furthermore, the DAIP resin, especially its prepolymer, has poor storage
      stability, and has not gained widespread acceptance.
PAR  According to the present invention, there are provided cured resins having
      superior electrical and mechanical characteristics and chemical resistance
      and especially superior thermal stability as compared with the
      conventional DAP resin or DAIP resin; monomeric aromatic diallyl
      imidodicarboxylates capable of forming such cured resins; prepolymers of
      said diallyl esters; and processes for producing these.
DETD
PAR  The invention will be described in detail below with reference to the
      monomeric aromatic diallyl imidodicarboxylates and a process for their
      preparation; prepolymers derived from the monomeric diallyl esters, and a
      process for their preparation; and a curable composition comprising said
      monomeric diallyl esters, said prepolymers, or a mixture of these, and a
      process for preparing said cured resins from this composition.
PAC  I. AROMATIC DIALLYL IMIDODICARBOXYLATES (MONOMER) AND PROCESS FOR
      PREPARATION THEREOF
PAR  I-1. Monomers used in this invention
PAR  The novel aromatic imidodicarboxylic acid diallyl ester (monomer) of this
      invention is expressed by the following formula (1)
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are the same or different and represent a
      hydrogen atom or methyl group; .phi..sub.1 is a trivalent or tetravalent
      aromatic group expressed by the following formula,
      ##SPC1##
PA1  (l) represents an m-or p-oriented bond,
      ##SPC2##
PA1  p in the formula (e) and (f) representing 0 or 1, and when p is 0, the two
      benzene rings are directly bonded to each other, and when p is 1, Z is
      --SO.sub.2 --, --O--, or a divalent lower hydrocarbon residue; m and n
      each represent 0 or 1, when one of m or n is 0, the other is also 0, and
      in this case, the allyloxy carbonyl group of the formula
      ##EQU2##
      is directly bonded to .phi..sub.1, and when m and n are both 1, (B).sub.m
      (n) represents the following formula
      ##EQU3##
      wherein R.sub.3 is a divalent aliphatic, alicyclic, or aromatic organic
      radical; and A represents the following formula
EQU  --R.sub.4 --
PA1  or
      ##EQU4##
      wherein R.sub.4 is a divalent aliphatic, alicyclic, or aromatic organic
      radical and is the same as or different from R.sub.3, and .phi..sub.2
      represents a trivalent aromatic group (a), (c) or (e), .phi..sub.2 and
      .phi..sub.1 being the same or different.
PAR  The aromatic imidodicarboxylic acid diallyl esters of this invention
      expressed by formula (1) can be produced, for example, by reacting an
      aromatic imidodicarboxylic acid expressed by the formula (2)
      ##EQU5##
      wherein B, m, n, .phi..sub.1 and A are the same as defined with respect to
      formula (1), and Q.sub.1 is a halogen atom, or --OM, in which M is a
      hydrogen atom, a lower alkyl group, alkali metal or alkaline earth metal,
PAL  or its functional derivative with at least 2 molar times the amount of said
      compound of a reactive allyl compound expressed by formula (3)
      ##EQU6##
      wherein R.sub.1 is a hydrogen atom or methyl group, D is a hydroxyl group
      when Q.sub.1 is a halogen atom, or a halogen atom when Q.sub.1 is --OM and
      M is an alkali metal or alkaline earth metal, and when Q.sub.1 is a
      hydroxyl group or lower alkoxy group, D is either a halogen atom or a
      hydroxyl group.
PAR  The aromatic nucleus of .phi..sub.1 [the aromatic radical in formula (a )
      to (f) which constitutes the above aromatic imidodicarboxylic acid diallyl
      ester] may be replaced by a substituent for example, a halogen atom such
      as chlorine, bromine or iodine, a lower alkyl group, or lower alkoxy
      group.
PAR  The formula (1) expressing the aromatic imidodicarboxylic acid diallyl
      ester (monomer) of this invention can be shown by the following formulae
      (1-A) and (1-B).
      ##EQU7##
      wherein R.sub.1, R.sub.2, .phi..sub.1 and A are the same as in formula
      (1).
      ##EQU8##
      wherein R.sub.1, R.sub.2, R.sub.3 .phi..sub.1 and A are the same as
      defined in formula (1).
PAR  Of the aromatic imidodicarboxylic diallyl esters of formula (1-B), those
      expressed by formula (1-B-1)
      ##EQU9##
      and the aromatic imidodicarboxylic acid allyl ester of formula (1-A) are
      preferred because they are relatively easy to synthesize and give cured
      resins having superior thermal stability and electrical characteristics.
PAR  Especially, the compounds of the following formula (1-A-1), (1-A-2) and
      (1-B-2)
      ##SPC3##
PA1  wherein R.sub.1, R.sub.2 and R.sub.3 are the same as in formula (1)
      ##SPC4##
PA1  wherein R.sub.1, R.sub.2 and R.sub.4 are the same as in formula (1)
      ##SPC5##
PA1  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are the same as in formula
      (1)
PAL  are very preferred monomers since they are easy to synthesize and give
      cured resins having excellent physical properties, especially excellent
      thermal stability and electrical characteristics.
PAR  The benzene ring in the above formulae (1-A-1), (1-A-2) and (1-B-2) may be
      replaced by a substituent, for example, a halogen atom such as chlorine
      bromine or iodine, a lower alkyl group, or a lower alkoxy group.
PAR  I-2. Process for Preparation of the Monomers
PAR  As already described, the monomers expressed by the formula (1) are
      prepared by reacting the aromatic imidodicarboxylic acid of formula (2) or
      its functional derivative with the reactive allyl compound of formula (3).
      This reaction is the so-called esterification reaction, and can be
      performed under any esterification conditions known to those skilled in
      the art.
PAR  The monomers expressed by the formula (1-A-1) can be prepared by reacting
      the aromatic imidodicarboxylic acid of formula (2) or its functional
      derivative of formula (2-1)
      ##SPC6##
PA1  wherein Q.sub.1 and R.sub.4 are the same as defined with respect to formula
      (2),
PAL  with the reactive allyl compound of formula (3).
PAR  Likewise, the monomers of formula (1-A-2) and (1-B-2) can be prepared by
      reacting a compound of formula (2-2)
      ##SPC7##
PAL  and a compound of formula (2-3)
      ##SPC8##
PA1  wherein R.sub.3, R.sub.4 and Q.sub.1 are the same as defined with respect
      to formula (2),
PAL  respectively with the reactive allyl compound of formula (3).
PAR  Preferred examples of Q.sub.1 in the formulae (2), (2-1), (2-2) and (2-3)
      are halogen atoms such as chlorine, bromine or iodine, or --OM groups in
      which M is a hydrogen atom, a lower alkyl group such as a methyl, ethyl or
      propyl group, an alkali metal such as sodium, potassium or lithium, or an
      alkaline earth metal such as calcium or barium.
PAR  Whilst the process for producing the aromatic imidodicarboxylic acid
      diallyl esters of this invention has been described above with reference
      to the case in which .phi..sub.1 and .phi..sub.2 are benzene rings in
      formula (2), it should be understood that these monomers can be prepared
      equally easily by reacting the aromatic imidocarboxylic acid of formula
      (c), (d), (e) or (f) given above with the reactive allyl compound of
      formula (3).
      ##SPC9##
PA1  (l) represents an m- or p-oriented bond,
      ##SPC10##
PA1  wherein Z and P are the same as in formula (1).
PAR  In the above formula (2), (2-1), (2-2) and (2-3), R.sub.3 and R.sub.4 are
      the same or different, and each represent a divalent aliphatic, alicyclic
      or aromatic organic radical.
PAR  Examples of R.sub.3 and R.sub.4 are as follows:
PA1  a. Aliphatic radicals having one to 20 carbon atoms, such as a methylene,
      ethylene, trimethylene, tetramethylene, hexamethylene, octamethylene,
      nonamethylene, decamethylene, or dodecamethylene group,
PA1  b. Alicyclic radicals having six to 20 carbon atoms, such as a
      cyclohexylene group or
      ##SPC11##
PA1  c. Aromatic radicals having six to 20 carbon atoms, such as a p-phenylene
      group, m-phenylene group, p-xylylene group, m-xylylene group, biphenylene
      group,
      ##SPC12##
PAR  The divalent organic radical represented by R.sub.3 and R.sub.4 may be
      replaced by a substituent, for example, a halogen atom such as chlorine,
      bromine or iodine, a lower alkyl group, or a lower alkoxy group.
PAR  Aromatic imidodicarboxylic acids of formulae (2), (2-1), (2-2), and (2-3)
      wherein M is a hydrogen atom can be easily prepared, for example, by
      reacting an aromatic tricarboxylic monohydride (for example, trimellitic
      anhydride) with an aminocarboxylic acid or diamine, or by reacting an
      aromatic tetracarboxylic dianhydride (for example, pyromellitic anhydride)
      with an aminocarboxylic acid.
PAR  The aminocarboxylic acid and the diamine are compounds having an active
      amino group. Specific examples are:
PA1  Aminocarboxylic acid -- Aliphatic aminocarboxylic acids having one to 20
      carbon atoms such as glycine, alanine, valine, leucine, iso-leucine,
      phenylalanine, .beta.-aminopropionic acid, .gamma.-aminobutyric acid or
      anthranilic acid, .epsilon.-aminocaproic acid; alicyclic aminocarboxylic
      acids having six to 20 carbon atoms such as 2-aminocyclohexanecarb oxylic
      acid, 3-aminocyclohexanecarboxylic acid, or 4-aminocyclohexanecarboxylic
      acid; and aromatic aminocarboxylic acids having six to 20 carbon atoms
      such as m-aminobenzoic acid, p-aminobenzoic acid,
      4,4'-aminodiphenylcarboxylic acid, 5-amino-naphthoic acid-1, or
      7-amino-napthoic acid-2.
PA1  Diamines -- Aliphatic diamines having one to 20 carbon atoms such as
      ethylene diamine, trimethylene diamine, tetramethylene diamine,
      hexamethylene diamine, octamethylene diamine, nonamethylene diamine,
      decamethylene diamine or dodecamethylene diamine; alicyclic diamines
      having six to 20 carbon atoms such as diaminocyclohexane,
      bis(4-aminocyclohexane), or bis(4-aminocyclohexyl)methane; and aromatic
      diamines such as p-phenylene diamine, m-phenylene diamine, p-xylylene
      diamine, m-xylylene diamine, benzidine, 3,3'- or 4,4'-diaminodiphenyl
      methane, 3,3'- or 4,4'-diaminodiphenyl sulfoxide, 3,3'- or
      4,4'-diaminodiphenyl sulfone, 3,3'- or 4,4'-diaminodiphenyl ether, or
      diaminonaphthalene.
PAR  Furthermore, by reacting the above aromatic imidodicarboxylic acid with a
      halogenating agent such as thionyl halide, phosphorus trihalide, or
      phosphorus pentahalide, compounds of the above general formulae in which
      Q.sub.1 is a halogen atom are obtained. Further, by reacting them with
      metal alcoholates, alkali hydroxides, or alkaline earth metal compounds,
      compounds in which Q.sub.1 is OM in which M is an alkali metal or alkaline
      earth metal are obtained easily. Further reaction of these with lower
      alcohols yields compounds in which Q.sub.1 is OM with M representing a
      lower alkyl group.
PAR  Specific examples of the reactive allyl compound of formula (3) for
      producing the monomers of this invention include allyl alcohol, methyllyl
      alcohol, allyl chloride, allyl bromide, allyl iodide, methallyl chloride,
      methallyl iodide, and methallyl bromide.
PAR  Preferred reactions for preparing the monomers of this invention from the
      aromatic imidodicarboxylic acids of formula (2) or the functional
      derivatives thereof and the reactive allyl compounds of formula (3)
      include, for example, (1) a reaction between a diimidocarboxylic acid or
      its lower alkyl ester and allyl alcohol, (2) a reaction between a
      diimidodicarboxylic acid halide and allyl alcohol, or (3) a reaction
      between a diimidodicarboxylic acid or its metal salt and an allyl halide.
PAR  The reaction (1) is performed by mixing a diimidodicarboxylic acid with 1
      to 30 equivalents, preferably 5 to 20 equivalents, based on the
      dimidodicarboxylic acid, of allyl alcohol, adding a small amount of an
      esterification catalyst such as sulfuric acid, hydrochloric acid or
      p-toluene-sulfonic acid, and if desired adding a substance which forms an
      azeotrope with water, such as benzene, toluene or xylene, in order to
      remove water from the reaction system. The reaction temperature differs
      according to the type of the diimidodicarboxylic acid, but is generally
      60.degree. to 220.degree.C., preferably 80.degree. to 200.degree.C. After
      the reaction, the product is washed with water, and then distilled or
      recrystallized from a solvent to form the intended diallyl ester.
PAR  The reaction (2) is performed by heating in the presence of a
      dehydrohalogenation agent. Preferred deheydrohalogenation agents are basic
      substances such as triethyl amine, dimethyl aniline, pyridine or
      magnesium.
PAR  The reaction (3) is advantageous from the viewpoint of the starting
      materials. The reaction can be completed by converting the
      diimidodicarboxylic acid substantially to its metal salt, and heating it
      in solvent or an allyl halide. The diimidodicarboxylic acid need not
      always be isolated in the form of metal salt, but can be offered for the
      reaction in the form of a mixture with an equivalent of an alkaline
      compounds such as sodium carbonate, potassium carbonate, sodium hydrogen
      carbonate, or potassium hydrogen carbonate.
PAR  Examples of the solvent are aromatic solvents such as o-xylene, toluene,
      nitrobenzene, or N,N-dimethylaniline; polar aprotic solvents such as
      dimethyl formamide, dimethyl sulfoxide, tetramethylurea, tetramethylene
      sulfone, N-methyl pyrrolidone or hexamethyl phosphoramide; glycols such as
      ethylene glycol, diethylene glycol or triethylene glycol; and glycol
      ethers such as ethylene glycol monomethyl ether, ethylene glycol dimethyl
      ether, or triethylene glycol monoethylene ether. These are used either
      alone or in admixture. Depending upon the type of the solvent and the type
      of the diimidodicarboxylic acid, the reaction can be accelerated by using
      a catalyst.
PAR  Examples of such a catalyst include metal halides such as potassium iodide,
      sodium iodide, copper iodide, potassium bromide or sodium bromide;
      ammonium halides such as ammonium bromide or ammonium iodide; tertiary
      amines such as trimethyl amine or triethyl amine; quaternary ammonium
      salts such as tetramethyl ammonium chloride, or benzyl trimethyl ammonium
      bromide; and halogens such as bromide or iodine.
PAR  The reaction can be performed by dispersing or dissolving the
      diimidodicarboxylic acid metal salt in the solvent and gradually adding
      dropwise at least 2 molar times, based on the metal salt, of an allyl
      halide while maintaining the reaction temperature at 60.degree. to
      200.degree.C., preferably 80.degree. to 180.degree.C. The amount of the
      solvent is not particularly limited, but for ease of stirring, heat
      transmission, and dissolution, the preferred amount is at least 2 times
      the weight of the dicarboxylic acid metal salt.
PAR  After the reaction, by-products such as metal halides are separated by
      filtration, and the solvent is removed. Then, the product is distilled or
      recrystallized from a suitable solvent to form the intended diallyl ester
      in good yield.
PAR  The preferred methods for producing the monomers of this invention have
      been described above. It should be understood that the monomers of this
      invention may be those which are produced by any other methods.
PAR  I-3 Examples of the Monomers
PAR  Preferred examples of the monomers of this invention will be shown below.
      It is to be noted that these examples are given in order to facilitate the
      understanding of the monomers of this invention, and they are not intended
      to limit the monomers of this invention.
PAL  1. Monomers of formula (1-A-1)
PA1  No. 1: 4-Allyloxycarbonyl-N-(allyloxycarbonylmethyl) phthalimide
      ##SPC13##
PA1  No. 2: 4-Allyloxycarbonyl-N-(allyloxycarbonylpentamethyl) phthalimide
      ##SPC14##
PA1  No. 3: 4-Allyloxycarbonyl-N-(4-allyloxycarbonylcyclohexyl) phthalimide
      ##SPC15##
PA1  No. 4: 4-Allyloxycarbonyl-N-(4-allyloxycarbonylphenyl) phthalimide
      ##SPC16##
PA1  No. 5: 4-Allyloxycarbonyl-N-(4,4'-allyloxycarbonyldiphenyl) phthalimide
      ##SPC17##
PA1  No. 6: 4-Allyloxycarbonyl-N-(3-allyloxycarbonylphenyl) phthalimide
      ##SPC18##
PAL  2. Monomers of formula (1-A-2)
PA1  No. 7: 1,2-Ethylene bis(4-allyloxycarbonylphthalimide)
      ##SPC19##
PA1  No. 8: 1,6-Hexamethylene bis(4-allyloxycarbonylphthalimide)
      ##SPC20##
PA1  No. 9: 1,12-Dodecamethylene bis(4-allyloxycarbonylphthalimide)
      ##SPC21##
PA1  No. 10: 1,4-Cyclohexylene bis(4-allyloxycarbonylphthalimide)
      ##SPC22##
PA1  No. 11: 4,4'-Dicyclohexylmethane bis(4-allyloxycarbonylphthalimide)
      ##SPC23##
PA1  No. 12: Methaphenylene bis(4-allyloxycarbonylphthalimide)
      ##SPC24##
PA1  No. 13: Paraphenylene bis(4-allyloxycarbonylphthalimide)
      ##SPC25##
PA1  No. 14: 4,4'-Diphenylsulfoxide bis(4-allyloxycarbonylphthalimide)
      ##SPC26##
PA1  No. 15: 4,4'-Diphenylether bis(4-allyloxycarbonylphthalimide)
      ##SPC27##
PA1  No. 16: 1,5-Naphthalene bis(4-allyloxycarbonylphthalimide)
      ##SPC28##
PAL  3. Monomers of formula (1-B-2):
PA1  No. 17: N,N' -bis(allyloxycarbonylmethyl)pyromellitimide
      ##SPC29##
PA1  No. 18: N,N' -bis(allyloxycarbonylpentamethyl)pyromellitimide
      ##SPC30##
PA1  No. 19: N,N' -bis(3-allyloxycarbonylcyclohexyl)pyromellitimide
      ##SPC31##
PA1  No. 20: N,N' -bis(4-allyloxycarbonylcyclohexyl)pyromellitimide
      ##SPC32##
PA1  No. 21: N,N'-bis(3-allyloxycarbonylphenyl)pyromellitimide
      ##SPC33##
PA1  No. 22: N,N'-bis(4-allyloxycarbonyl)pyromellitimide
      ##SPC34##
PAL  4. Monomers not belonging to (1) - (3):
PA1  No. 23:
      N,N'-bis(allyloxycarbonylmethyl)-3,3',4,4'-diphenylsulfonetetracarbodiimid
     e
      ##SPC35##
PA1  No. 24: N,N'
      -bis(allyloxycarbonylpentamethyl)-3,3',4,4'-diphenylsulfonetetracarbodiimi
     de
      ##SPC36##
PA1  No. 25:
      N,N'-bis(3-allyloxycarbonylphenyl)-3,3',4,4'-diphenylsulfonetetracarbodiim
     ide
      ##SPC37##
PA1  No. 26:
      N,N'-bis(4-allyloxycarbonylphenyl)-3,3',4,4'-diphenylsulfonetetracarbodiim
     ide
      ##SPC38##
PA1  No. 27:
      N,N'-bis(allyloxycarbonylmethyl)-1,4,5,8-naphthalenetetracarbodiimide
      ##SPC39##
PA1  No. 28:
      N,N'-bis(allyloxycarbonylpentamethyl)-1,4,5,8-naphthalenetetracarbodiimide
      ##SPC40##
PA1  No. 29:
      N,N'-bis(3-allyloxycarbonylcyclohexyl)-1,4,5,8-naphthalenetetracarbodiimid
     e
      ##SPC41##
PA1  No. 30:
      N,N'-bis(3-allyloxycarbonylphenyl)-1,4,5,8-naphthalenetetracarbodiimide
      ##SPC42##
PA1  No. 31:
      N,N'-bis(4-allyloxycarbonylphenyl)-1,4,5,8-naphthalenetetracarbodiimide
      ##SPC43##
PAC  II. Prepolymers and Process for Preparation Thereof
PAR  II-1. Process for Preparing Prepolymers
PAR  According to this invention, at least one of the monomers of the formula
      (1), (1-A) or (1-B) is prepolymerized to form a substantially linear
      prepolymer. The prepolymerization may be performed by heating preferably
      in the presence of a free radical initiator. Accordingly, the curable
      prepolymer of this invention can be prepared by heating at least one of
      the monomers of formula (1), namely the aromatic diallyl
      imidodicarboxylate, in the presence of a free radical initiator to
      polymerize the diallyl ester, stopping the polymerization reaction before
      the reaction mixture is gelled, and if desired, separating and recovering
      the polymeric product.
PAR  Accordingly, if the monomer of formula (1-A-1), (1-A-2), or (1-B-2) is used
      in the above method, the corresponding curable prepolymer can be prepared.
PAR  The prepolymer of this invention has in its molecule unsaturated bonds
      ascribable to the allyl residue, and is soluble in solvent. It also has
      thermoplasticity.
PAR  The preferred method for preparing such as prepolymer of this invention
      comprises heating the monomer of formula (1) either as such or as diluted
      with a solvent, preferably in the presence of a free radical initiator and
      in the presence or absence of a gas containing oxygen, and stopping the
      reaction before the gellation of the reaction mixture takes place, usually
      when about 5 to 50% of the monomer is converted to a prepolymer.
PAR  Various solvents can be used to dilute the monomer, and specific examples
      include aliphatic alcohols having three to five carbon atoms, aromatic
      hydrocarbons such as benzene, toluene, xylene, ethylbenzene, cumene or
      hexylbenzene, lower aliphatic ketones such as acetone, methyl ethyl ketone
      or methyl isobutyl ketone, lower saturated or unsaturated aliphatic
      aldehydes or derivatives thereof, such as acetaldehyde, paraacetaldehyde,
      propionaldehyde, n-butyraldehyde or crotonaldehyde, benzyl-type compounds
      such as benzyl alcohol, methylbenzyl alcohol, dimethylbenzyl alcohol,
      chlorobenzyl alcohol or dimethylbenzyl chloride, substituted aromatic
      compounds such as chlorobenzene, cinnamyl alcohol, cyanobenzene or
      tetrahydronaphthalene, and carbon tetrachloride.
PAR  According to the proportion of the diluent used, not only is it possible to
      control the temperature of the reaction system, but also it is possible to
      control the rate of polymerization or the molecular weight of the polymer.
PAR  The free radical initiator may, for example, be organic peroxides such as
      caprylyl peroxide, lauroyl peroxide; benzoyl peroxide, t-butyl peracetate,
      t-butyl perbenzoate, dicumyl peroxide, t-butylhydroperoxide, methyl ethyl
      ketone peroxide, di-butyl peroxide or cumene hydroperoxide, azo compounds
      such as 2,2'-abobisisobutyronitrile, gases containing oxygen, and many
      other equivalently effective substances. The suitable amount of the
      initiator is usually 0.05 to 5% by weight based on the monomer used. The
      initiator may be added at the initiation of polymerization, or
      continuously added at the initial stage of polymerization. It may be used
      in bulk or as diluted in the solvent or monomer.
PAR  Various additives can be used in the polymerization according to this
      invention. Specifically, organic metal compounds or radical capturing
      agents may be added before or during polymerization in order to control
      the rate of polymerization, the molecular weight of the polymer, or the
      molecular weight distribution, inhibit side-reactions (cyclization,
      branching, etc.), prevent the gellation of the polymer, of modify the
      resulting polymer.
PAR  Especially useful additives includes organo-tin compounds such as
      tetrabutyl tin, dibutyl tin dichloride, dibutyl tin dibromide, dibutyl tin
      chloride acetate, dibutyl tin diacetate, dibutyl tin oxalate, dibutyl tin
      dilaurate, dipropyl tin dibenzoate, phenyl methyl tin diacetate, dibutyl
      tin diphenolate, triethyl tin chloride, tripropyl tin bromide, triphenyl
      tin chloride, tribenzyl tin chloride, 1,3,5-tris (tributyl
      tin)hexahydrotriazine-2,4,6-trione, bistributyl tin oxide, dibutyl tin
      oxide, dipropyl tin sulfide, dioctyl tin oxide, or tribenzyl tin
      hydroxide, organo-lead compounds such as tetraethyl lead, tetraphenyl
      lead, trimethyl lead chloride, tri-n-propyl lead chloride, or triphenyl
      lead hydroxide, organo-germanium compounds such as tetraethyl germanium,
      tetraphenyl germanium, triethyl bromogermanium, di-n-propyl
      dichlorogermanium, methyl triiodogermanium, or hexamethyl digermanium; as
      radical capturing agents, quinones such as p-benzoquinone, chloranil,
      anthraquinone or phenanthroquinone, aromatic polyhydroxy compounds such as
      p-tertiary butyl catechol, hydroquinone, resorcinol, or catechol, aromatic
      nitro compounds such as m-dinitrobenzene, 2,4-dinitrotoluene or
      trinitrophenol, aromatic nitron compounds such as nitronbenzene or
      nitron-.beta.-naphthol, aromatic amino compounds such as methyl aniline,
      p-phenylene diamine, or N,N'-tetraethyl-p-phenylene diamine, and organic
      sulfur compounds such as tetramethyl thiuram disulfide, dithiobenzoyl
      disulfide, p,p'-ditolyl trisulfide, and p,p'-ditolyltetrasulfide.
PAR  The amount of the additive is 0.05 to 5% by weight based on the monomer, in
      the case of the organo-metal compound, and 0.01 to 1% by weight based on
      the monomer in the case of the radical capturing agent.
PAR  In the preparation of the prepolymer, a part (preferably not more than 40
      mol%, especially not more than 30 mol%) of the diallyl ester expressed by
      the above general formula may be replaced by another copolymerizable
      compound having an unsaturated bond.
PAR  Examples of the compound having an unsaturated bond are vinyl monomers such
      as acrylonitrile, styrene, methyl methacrylate or maleic anhydride;
      diallyl esters or dimethallyl esters of dibasic acids such as
      ortho-phthalic acid, iso-phthalic acid, terephthalic acid,
      hexahydro-orthophthalic acid, hexahydro-iso-phthalic acid,
      hexahydro-terephthalic acid, methylphthalic acid, methylisophthalic acid,
      methylterephthalic acid, diphenyldicarboxylic acid,
      diphenylmethanedicarboxylic acid, diphenylether dicarboxylic acid,
      diphenylsulfonedicarboxylic acid, naphthalenedicarboxylic acid, maleic
      acid, fumaric acid, adipic acid, muconic acid, dimethylmuconic acid or HET
      acid; monoallyl esters of monobasic acids, such as allyl benzoate, allyl
      methacrylate or allyl naphthoate; and polyallyl esters such as triallyl
      trimellitate, triallyl cyanurate, triallyl isocyanurate, triallyl
      phosphate or pentaerythritol tetrakis allyl phthalate.
PAR  If the amount of the copolymerizable compound having an unsaturated bond in
      the precopolymer is too large, it is difficult to produce a cured resin
      having superior thermal stability. Accordingly, it is advantageous to
      adjust the amount to not more than 40 mol%, especially less than 30 mol%,
      more preferably less than 20 mol%, based on the monomer used for preparing
      the prepolymer.
PAR  In the polymerization reaction in accordance with the present invention,
      the reaction temperature can be varied over a wide range according to the
      presence, type or amount of the free radical initiator, diluent or
      additives. Generally, it is preferred that the temperature should be
      60.degree. to 250.degree.C. Especially when an organic peroxide is used as
      the free radical initiator, it is convenient to use an organic solvent to
      adjust the reflux temperature, and operate under total reflux at a
      temperature of 75.degree. to 200.degree.C. In this reaction, pressures
      over a wide range can be used, but generally, it is preferred that the
      reaction be carried out at atmospheric pressure.
PAR  The time required to complete the reaction is affected by various
      conditions. The reaction is stopped by lowering the temperature before the
      occurrence of gellation, or by diluting the reaction mixture in an inert
      substance, or by adding a polymerization inhibitor. The decomposition of
      the converted prepolymer is performed, for example, by mixing it with a
      medium which dissolves the monomer but not the prepolymer and extracting
      and separating the unreacted monomer and if desired, also the
      polymerization solvent or additives.
PAR  II-2. Prepolymer
PAR  The prepolymer of this invention so produced is substantially linear and
      solvent soluble, and has thermoplasticity.
PAR  The prepolymer of this invention is a prepolymer in which at least 60 mol%,
      preferably at least 70 mol%, above all at least 80 mol%, of the total
      recurring units are composed of recurring units of the formula (4)
      ##EQU10##
      wherein Y is an allyl group of the formula
      ##EQU11##
      R.sub.1 and R.sub.2 are the same or different and represent a hydrogen
      atom or methyl group; and X is a trivalent or tetravalent aromatic radical
      expressed by the formula
      ##EQU12##
      in which .phi..sub.1 is
      ##SPC44##
PA1  (e) showing an m- or p-oriented bond,
      ##SPC45##
PA1  p in the formulae (e) and (f) represents 0 or 1, when p is 0, the two
      benzene rings are directly bonded, and when p is 1,Z is --SO.sub.2 --,
      --O-- or a divalent lower hydrocarbon residue; m and n are 0 or 1, when
      one of m and n is 0, the other is also 0, and in this case the allyloxy
      carbonyl group expressed by the formula
      ##EQU13##
      is directly  bonded to .phi..sub.1, and when n and m are both 1, (B).sub.m
      (n) represents the following formula
      ##EQU14##
      wherein R.sub.3 is a divalent aliphatic, alicyclic or aromatic organic
      radical, and A is an atomic group of the following formula
EQU  --R.sub.4 --
PAL  or
      ##EQU15##
      wherein R.sub.4 is a divalent aliphatic, alicyclic or aromatic organic
      radical and are the same a or different from R.sub.3, and .phi..sub.2 is a
      trivalent aromatic radical of formula (a), (c) or (e), .phi..sub.2 and
      .phi..sub.1 being the same or different, with the proviso that X is bonded
      to
      ##EQU16##
      through
      ##EQU17##
      either via A or B, This prepolymer has a relative viscosity
      [.eta..sub.rel. ], as measured at 30.degree.C. on a solution of 1.0 g of
      the prepolymer in 100 ml. of N,N-dimethyl formamide as a reference
      solvent, of 1.05 to 1.35, preferably 1.05 to 1.25.
PAR  Furthermore, by using a diallyl ester of a dibasic acid copolymerizable
      with the monomer of this invention during manufacture, the prepolymer of
      this invention can contain recurring units of the following formula (5)
      ##EQU18##
      wherein R.sub.1 and R.sub.2 are the same or different and each represent a
      hydrogen atom or methyl group, and G is a divalent aliphatic, alicyclic or
      aromatic hydrocarbon radical having one to 12 carbon atoms,
PAL  in an amount not in excess of 40 mol%, preferably not in excess of 30 mol%,
      of the total recurring units of the prepolymer.
PAR  The prepolymers of the formulae (4) and (5) suitably have a molecular
      weight of 300 to 1,100, preferably 300 to 900, most preferably 300 to 650,
      per double bond (polymerizable double bond) of the allyl group contained
      therein.
PAR  Those prepolymers having a number average molecular weight of about 2,000
      to 30,000, especially 2,500 to 20,000, are preferred because their
      flowability is suitable for fabrication.
PAR  The prepolymers are solid thermoplastic polymers having a residual
      unsaturated bond, and when further polymerized, can be converted to
      heat-infusible crosslinked thermosetting resins which are insoluble in
      organic solvents.
PAC  III. Processes for Producing Curable Composition and Cured Resins
PAR  According to this invention, a cured resin can be prepared by maintaining
PA1  a. an aromatic imidodicarboxylic acid diallyl ester (monomer) of the
      formula (1),
PA1  b. a curable prepolymer having a relative viscosity, measured by the method
      described hereinabove, of 1.05 to 1.35, preferably 1.05 to 1.25 in which
      at least 60 mol%, preferably at least 70 mol%, of the total recurring
      units are composed of recurring units of the formula (4), or
PA1  c. a mixture of the diallyl ester (a) above with the prepolymer (b) above,
PAL  under suitable polymerization conditions.
PAR  The curable prepolymer (b) above may be a coprepolymer consisting of not
      more than 40 mol%, preferably not more than 30 mol%, based on the total
      recurring units, of the recurring units of the formula (5) above, and at
      least 60 mol%, preferably at least 70 mol% of recurring units of formula
      (4).
PAR  Likewise, there can be used a mixture of at least 60 mol%, preferably at
      least 70 mol%, of an aromatic imidodicarboxylic acid diallyl ester of the
      formula (1) above with not more than 40 mol%, preferably not more than 30
      mol%, of a diallyl dicarboxylate expressed by the formula (6)
      ##EQU19##
      wherein R.sub.1 and R.sub.2 are the same or different and represent a
      hydrogen atom or methyl group, and G is a divalent aliphatic, alicyclic or
      aromatic hydrocarbon radical having two to 12 carbon atoms.
PAR  As already stated, a part or whole of the dicarboxylic acid diallyl ester
      of formula (6) may be replaced by another unsaturated compound
      copolymerizable with the monomer of the formula (1). Or the prepolymer may
      be one in which not more than 40 mol%, preferably not more than 30 mol%,
      based on the total recurring units, of such a copolymerizable unsaturated
      compound is copolymerized with the monomer of the formula (1). If the
      proportion of the copolymerizable component is large, the physical
      properties, especially thermal stability, of the resulting cured resin are
      deteriorated. Accordingly, it is preferred that the proportion of the
      copolymerizable component should not exceed 20 mol%. Such a
      copolymerizable component has already been described under the headline
      prepolymer.
PAR  The above monomer or prepolymer or a mixture of these can be converted to a
      cured resin by heating, or applying ionizing radiation or electron beams.
      The resulting cured resin is a heat-infusible, organic solvent-insoluble
      hard resin in which the molecules are aligned three-dimensionally.
PAR  When the curing is performed by heating, it is effective to add a suitable
      amount of a polymerization initiator, for example, an organic peroxide
      such as di-tert-butyl peroxide, tert.-butyl hydroperoxide, tert.-butyl
      perbenzoate, benzoyl peroxide, dicumyl peroxide, or cumene hydroperoxide,
      tert.-butyl peroxylaurate, cyclohexanone peroxide, methyl ethyl ketone
      peroxide, tert.-butyl cumyl peroxide, diisopropyl benzene hydroperoxide,
      2,5-dimethyl hexane, 2,5-dihydroperoxide. The amount of the initiator is
      preferably 0.3 to 5% by weight per 100 parts by weight of the above
      monomer, prepolymer or mixture of these.
PAR  The heat curing can be performed by heating to 100.degree. to 200.degree.C.
      for 0.5 min. to 10 hrs.
PAR  The heat curing in the presence of a polymerization initiator is most
      recommended for curing, but the use of electron beams for the curing is
      also effective. The monomer or prepolymer can be easily polymerized by
      irradiating electron beams in a dose of about 0.5 to 70 Mrad. For example,
      when it is to be polymerized on the surface of a substrate, the use of
      electron beams gives a cured film within very short periods of time.
PAR  When the polymerization is carried out using light, it is preferred to use
      the organic peroxide together with a light sensitizer.
PAR  In the curing of the monomer, prepolymer or mixture, a pigment, internal
      mold releasing agent, polymerization promotor, polymerization retardant,
      stabilizer, or an inorganic or organic filler may be added in an amount
      such as not impair the effects of the present invention, in order to
      improve the shapability, storability and other properties of the cured
      resin.
PAR  Examples of the inorganic filler are mica, asbestos, glass powder, silica,
      clay, "SHIRASU" (white volcanic ash accumulated in Kagoshima Prefecture,
      Japan), titanium oxide, magnesium oxide, alumina, asbestos fibers, silica
      fibers, glass fibers, silicate glass fibers, alumina fibers, carbon
      fibers, boron fibers beryllium fibers, steel fibers, and whiskers.
PAR  Examples of the organic filler include polyethylene, polypropylene,
      polyvinyl chloride, polyvinyl fluoride, poly (methyl methacrylate),
      polybutadiene, aliphatic and aromatic polyamides, imide polymers, ester
      imide polymers amide imide polymers, pulp, acrylic fibers, polyester
      fibers such as polyethylene terephthalate fibers, cotton, and rayon.
PAR  The suitable amount of such a filler is usually up to 500 parts by weight
      per 100 parts of the resin component.
PAR  Since the properties of the filler affect the properties of the cured
      product, the choice of the type and amount of it must be made having
      regard to the properties of the intended cured products. Where the cured
      product especially requires thermal stability, the inorganic filler or
      organic fillers having superior thermal stability, such as polyvinyl
      fluoride, polybutadiene, aromatic polyamides, amide imide polymers or
      imide polymers, must be selected.
PAR  The internal mold releasing agent may be a longchain aliphatic carboxylic
      acid such as stearic acid or lauric acid, or its metal salt.
PAR  The polymerization promoter is effective for increasing the rate of
      polymerization, or lowering the polymerization temperature. Examples are
      organic cobalt compounds such as cobalt naphthenate or cobalt octylate.
PAR  The polymerization retarding agent is effective for controlling the rate of
      polymerization to form uniform cured products, and hydroquinone, n-propyl
      gallate, p-benzoquinone, tetramethyl thiuram disulfide, or methoquinone is
      used, for example.
PAR  The mixing of these fillers and other additives can be made easy by adding
      an organic solvent.
PAR  Examples of such a solvent include aromatic hydrocarbons such as benzene or
      toluene, ketones such as acetone or methyl ethyl ketone, esters such as
      ethyl acetate, ethers such as ethyl ether, or ethylene glycol monomethyl
      ether, alcohols such as methanol or ethanol, and halogenated hydrocarbons
      such as chloroform or methylene chloride, dimethyl.formamide and N-methyl
      pyrrolidone.
PAR  The processes of the present invention are applicable, for example, to the
      following methods.
PAR  1. A casting method in which the resin is placed in a mold and polymerized
      and cured.
PAR  2. An injection molding or transfer moldingg method which comprises heating
      the resin to render it flowable, feeding it to a heated mold, and
      polymerizing and curing it.
PAR  3. A compression molding method involving heating the resin under pressure
      in a mold thereby to cure it.
PAR  4. A method of forming a laminate, which comprises dissolving the resin in
      an organic solvent, impregnating a fibrous sheet such as a non-woven cloth
      or glass matt with the resulting solution, drying it to remove the
      solvent, and then polymerizing the resin in the fibrous sheet.
PAR  5. A coating method in which a resin solution or a fine powdery resin is
      coated on a substrate and polymerized on the substrate.
PAR  6. A method of forming a decorative plate which comprises impregnating a
      resin solution into a printing paper for example, precuring the resin to
      drive off the solvent, and then heating the precured resin under pressure
      on a substrate.
PAR  The cured resins so obtained have extremely superior thermal stability,
      electrical characteristics, mechanical characteristics, and chemical
      resistance, especially the thermal stability and storage stability, which
      are not seen in the conventional cured resins, and have a wide range of
      utility. Especially useful applications are found in electronics materials
      which require light weight and compact size and high levels of thermal
      stability and electrical characteristics, and engineering plastics.
PAR  Properties of the hardened resins and prepolymers of this invention were
      measured in accordance with the method mentioned below.
PAL  1. Heat Distortion Temperature:
PAR  Column-shaped test pieces of a size of 125 mm long, 6.0 mm thick and 12.8
      mm wide were prepared from a hardened resin, and were placed on the
      support rack with the distance between the support points being 10.0 cm
      apart. The support rack was immersed in the silicone oil at 20.degree.C,
      and the load F (Kg) calculated by the equation
      ##EQU20##
      in which S is a maximum fiber stress of the test piece (18.5 Kg/cm.sup.2),
      b is a thickness of the test piece (cm), d is the width of the test piece
      (cm), and e is the distance (10 cm) between the support points,
PAL  was applied to the center midway between the support points. Then the bath
      was heated at a rate of 2.degree.C/min, and the temperature at which the
      deflection of the test piece has reached 0.25 mm was read to determine the
      heat distortion temperature of the hardened resin, in accordance with ASTM
      648-45T.
PAL  2. borcol Hardness:
PAR  Hardness was measured using Impressor (No. 934-1) made by Barber-Colman Co.
PAL  3. Flexural Strength and Flexural Modulus:
PAR  A test piece of the same shape as used in the abovementioned heat
      distortion temperature measurement was placed on the support rack with the
      distance between the support points being 100 mm. Load at a rate of 5
      mm/min was applied to the center between the support points through a
      wedge having a roundness of 5 mm, to read the load until the test piece is
      broken. Flexural strength .tau..sub.f (Kg/mm.sup.2) and flexural modulus
      E.sub.f (Kg/mm.sup.2) were calculated from the following equations
      ##EQU21##
      in which P is the load (Kg) when the test piece has broken, e is the
      distance (100 mm) between the support points, b is the width of the test
      piece (mm), d is the thickness of the test piece (mm), and m is a gradient
      (Kg/mm) of tangent at the initial straight line part of the curve of load
      vs. deflection.
PAR  The above method accords with ASTM-D-790.
PAL  4. volume Resistivity:
PAR  A disc-shaped hardened resin test piece of a size of 50 mm in diameter and
      3 mm in thickness was prepared and treated in boiling water for 2 hours.
      By using a megger made by Toa Denpa Co., the voltage of DC 500 volts was
      applied to examine the electric resistance as 1 -minute value (resistance
      after 1 minute of voltage application). This method accords with
      ASTM-D-257.
PAL  5. arc-Resistance:
PAR  Tungsten electrodes, 6.35 mm spaced apart, were held on a test piece of the
      same shape as that used in 4) above, -- angle between the electrode axis
      and the test piece surface being 35.degree. -- and applied with an open
      voltage of 12,500 volts. By measuring the time (in second) until the
      arcing is extinguished, the arc-resistance was determined. This method
      accords with ASTM-D-495.
PAL  6. dielectric Constant (.epsilon.) and Dissipation factor (tan .delta.):
PAR  A disc-shaped hardened resin test piece of a size of 50 mm in diameter and
      3 mm in thickness was prepared, both of which surfaces was coated with a
      metal foil as a main electrode and counter electrode. Measurement was made
      by "Mutual Bridge Method" with a frequency of 1 .times. 10.sup.3 Hz.
PAL  7. Weight Loss on Heating:
PAR  Measured by thermal gravimetry. That is, by using a thermobalance measuring
      instrument manufactured by Rigaku Denki Co., the weight loss on heating at
      a rate of 5.degree.C/min in air was examined. The temperature at which the
      weight loss has started or the temperature at which 5% of the weight has
      lost, was based as a criterion of evaluating the heat resistance.
PAL  8. Heat Deterioration Testing:
PAR  Hardened resin test pieces were held in an air oven heated at 260.degree.C
      for 10, 100, and 1,000 hours. Weight loss rate and flexural strength
      holding rate during such heat treatments were measured to evaluate heat
      resistance.
PAL  9. Resistance to Chemicals:
PAR  Hardened resin test pieces were boil-treated in an aqueous solution of 10%
      caustic soda and an aqueous solution of 10% sulfuric acid, for 50 and 100
      hours. Barcol hardness holding rate of the test pieces were measured to
      determine resistance to chemicals.
PAL  10. Relative Viscosity (.nu.rel) of the Prepolymer:
PAR  One gram of a prepolymer was dissolved in 100 ml of N,N-dimethylformamide,
      and by using Ubbelohde type viscometer, the flow down time (t sec) at
      30.0.degree.C. of the resulting solution was compared to the flow down
      time (t.sub.o sec) of said solvent, to determine the relative viscosity in
      terms of the ratio t/t.sub.o.
PAL  11. Preservation Stability of the Prepolymer:
PAR  The prepolymer was hold in an air oven set at 100.degree.C for 20 hours,
      and the distance the plunger has lowered down (mm/min) was measured by
      flow tester (Shimazu Mfg. Co.).
TBL  ______________________________________                                    

     Plunger        10 mm in diameter                                          

     Load          100 Kg/cm.sup.2                                             

     Nozzle        1 mm in diameter, 1 mm length                               

     Temperature   100.degree.C.                                               

     Preheating    2 minutes                                                   

     ______________________________________                                    

      *See "Kogyo Zairyo" (Industrial Material), Vol. 18, No. 10, p. 164, 1970.

PAC  EXAMPLE
PAC  Part I -- Synthesis of aromatic imide dicarboxylic acid diallyl ester
PAL  I-a. Synthesis of 4-allyloxycarbonyl-N-(4-allyloxycarbonylphenyl)
      phthalimide of the above-mentioned formula No. 4
PAR  i. 71.0 Parts of the above white powdery imidedicarboxylic acid disodium
      salt was prepared by taking 62.2 parts of
      4-hydroxycarbonyl-N-(4-hydroxycarbonylphenyl)phthalimide of the formula
      ##SPC46##
      into an aqueous solution containing 16.2 parts of sodium hydroxide, and
      the mixture was heated, stirred, and then dehydrated, to make 71.0 parts
      of the above-mentioned white powdery imidedicarboxylic acid disodium salt.
PAR  71 Parts of said imidedicarboxylic acid disodium salt was taken into 210
      parts of dimethyl formamide, and after having added 0.7 parts of potassium
      iodide as a catalyst, 46.0 parts of allylchloride was added thereto over a
      period of 0.5 hour by heating at 150.degree.C, and the reaction was
      further continued for 4.5 hours with refluxing.
PAR  After the reaction has finished, the precipitate was separated by
      filtration, excess of allylchloride and dimethyl formamide were removed
      under reduced pressure, and after having washed sufficiently with water,
      the organic layer was extracted with ether. By separating the organic
      layer and then removing the ether, a white powder was obtained. And by
      recrystallizing the so obtained white powder using the methanol, 70 parts
      of white needle-like crystals were obtained, having a melting point,
      128.degree.C. Infrared spectrum showed the imidering absorption at 1,770
      cm.sup..sup.-1, characteristic absorption of ester bond at 1,710
      cm.sup..sup.-1, and characteristic absorption of double bond at 926
      cm.sup..sup.-1.
PA1  Elementary analysis has shown;
PA1  Measured -- C 67.41%, H 4.30%, N 3.49%
PA1  Calculated -- C 67.51%, H 4.38%, N 3.58%
PA1  Iodine value, 129.0 (calculated, 129.7)
PAR  From the above results, it was confirmed that the product obtained is a
      diallyl ester represented by the above formula (I-a).
PAR  ii. Synthesis of the same diallyl ester as those of above formula (I-a) by
      the method other than the above (i):
PAR  62.2 Parts of a 4-hydroxycarbonyl-N-(4-hydroxycarbonylphenyl)phthalimide
      and 21.8 parts of sodium carbonate were mixed and crushed, and introduced
      into an autoclave, and after having added thereto 46 parts of
      allylchloride and 2.0 parts of triethylamine, the mixture was reacted at
      170.degree.C for 7 hours with stirring. After the reaction has finished,
      the content was taken out, poured into acetone, and the insoluble parts
      were separated by filtration. After removing excess of allylchloride and
      acetone from the filtrate, the separated solid product was recrystallized
      using methanol to obtain 55.7 parts of white needle-like crystals having a
      melting point, 128.degree.C. The crystals showed the same infrared
      spectrum as that obtained by the above method (i).
PA1  Elementary analysis has shown;
PA1  Measured -- C 67.48%, H 4.41%, N 3.51%
PA1  Calculated -- C 67.51%, H 4.38%, N 3,58%
PA1  Iodine value, 128.5 (calculated, 129.7)
PAR  Mixed examination with the diallyl ester obtained by the above method (i)
      has shown no drop in melting point.
PAR  The above analytical results have proved the product obtained to be a
      diallyl ester represented by the above formula (I-a).
PAL  I-b Synthesis of 4-allyloxycarbonyl-N-(allyloxycarbonyl methyl)phthalimide
      of the above mentioned formula No. 1
PAR  i. 58.6 Parts of disodium salt of a 4-hydroxycarbonyl-N-(hydroxycarbonyl
      methyl)phthalimide of the formula
      ##SPC47##
PAL  was taken into 176 parts of dimethyl sulfoxide, 0.10 part of triethylamine
      was added as a catalyst thereto, and 60 parts of allyl bromide was added
      thereto over a period of 0.5 hour by heating at 160.degree.C, to further
      continue the reaction for 3.5 hours. After the reaction has finished, the
      sodium bromide formed as a by-product was separated by filtration and
      excess of allyl bromide was removed; then a large amount of water was
      added thereto and extraction of organic layer was repeated with ether. By
      removing the ether from the ether solution by heating under reduced
      pressure, and by recrystallizing the so obtained viscous liquid from the
      methanol, 60.3 parts of white needle-like crystals were yielded, m.p.
      51.degree.C. The infrared spectrum has shown a specific absorption of
      imide ring at 1,770 cm.sup..sup.-1, absorption of ester at 1,740
      cm.sup..sup.-1 and 1,710 cm.sup..sup.-1, absorption of double bond at
      1,640 cm.sup..sup.-1, and absorption of allyl group at 920 cm.sup..sup.- 1
      and 960 cm.sup..sup.-1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 62.57%, H 4.62%, N 4.14%
PA1  Calculated -- C 62.00%, H 4.59%, N 4.25%
PA1  Iodine value, 155.0 (calculated, 154.1)
PAR  Furthermore, according to the NMR spectrum (solvent, trifluoroacetic acid)
      of the above crystals, the peaks corresponding to each proton of the
      double bond --CH=CH--(--CH--CH.sub.2 --) of allyl group have the center
      value at 6.1 ppm (multiplet), 5.5 ppm (quartet), and 4.9 ppm (doublet).
PAR  From the above analytical results, it was confirmed that the product
      obtained is a diallylester represented by the above formula (I-b).
PAR  ii. Synthesis of diallyester represented by the above formula (I-c) by the
      method other than the above (i):
PAR  58.6 Parts of disodium salt of a 4-hydroxycarbonyl-N-(hydroxycarbonyl
      methyl)phthalamide of the formula
      ##SPC48##
PAL  was taken into 290 parts of diethylene glycol monomethylether, and after
      having added 2 parts of triethylamine as a catalyst, 60 parts of allyl
      bromide was added thereto dropwise by heating at 180.degree.C over a
      period of 1.0 hour, to continue the reaction for 5.0 hours with stirring
      and refluxing. After the reaction has finished, the insoluble parts were
      separated by filtration, and excess of allyl bromide and diethylene glycol
      monomethyl ether were removed by heating under reduced pressure. By
      washing the so obtained viscous liquid with large amounts of water, and
      extracting the organic layer with ether to recrystallize it using the
      methanol, 51.6 parts of white needle-like crystals were obtained, m.p.
      51.5.degree.C. The infrared absorption spectrum has shown the same
      characteristic absorption as that obtained by the above method (i).
PAR  Elementary analysis has shown;
PA1  Measured -- C 62.51%, H 4.55%, N 4.28%
PA1  Calculated -- C 62.60%, H 4.59%, N 4.25%
PA1  Iodine value, 154.7 (calculated, 154.2)
PAR  From the above analytical results, it was confirmed that the product
      obtained is a diallyl ester represented by the above formula (I-b).
PAR  iii. Synthesis of dially ester represented by the above formula (I-b) by
      the method other than the above (i) or (ii):
PAR  49.8 Parts of a 4-hydroxycarbonyl-N-(hydroxycarbonyl methyl)phthalimide,
      1.35 parts of benzyldimethylamine, 60 parts of potassium carbonate, and
      306 parts of allylchloride were fed into the pressure reaction vessel, and
      reacted at 150.degree.C for 6.0 hours. After the reaction has finished,
      the content was taken out and the insoluble parts were separated by
      filtration as an acetone solution. After excess of allylchloride and
      acetone in the filtrate were removed under reduced pressure by heating, a
      large amount of water was added thereto to wash it sufficiently, and then
      the organic layer was extracted with ether. Recrystallization using
      methanol yielded 46.1 parts of white needle-like crystals, m.p.
      51.degree.C. The infrared spectrum has shown the same characteristic
      absorption as that obtained by the method (i) above.
PAR  Elementary analysis has shown;
PA1  Measured -- C 62.59%, H 4.60%, N 4.21%
PA1  Calculated -- C 62.60%, H 4.59%, N 4.25%
PA1  Iodine value, 154.3 (calculated 154.2)
PAL  I-c. Synthesis of
      4-allyloxycarbonyl-N-(3-allyloxycarbonylphenyl)phthalimide of the above
      mentioned formula No. 6
PAR  62.2 Parts of a 4-hydroxycarbonyl-N-(3-hydroxycarbonylphenyl)phthalimide of
      the formula
      ##SPC49##
PAL  was dissolved into an aqueous solution containing 16.2 parts of sodium
      hydroxide to a homogeneous solution, and the solution was dehydrated to
      prepare 71.1 parts of the above-mentioned white powdery imidedicarboxylic
      acid disodium salt.
PAR  7.1 Parts of said imidedicarboxylic acid disodium salt was taken into 210
      parts of dimethyl formamide, 0.7 part of potassium iodide was added
      thereto, and 50 parts of allylchloride was also added thereto dropwise at
      150.degree.C over a period of 0.5 hour, to continue the reaction for 5.0
      hours with refluxing.
PAR  After the reaction has finished, the solid product precipitated was
      separated by filtration, and excess of allyl chloride and dimethyl
      formamide were removed from the filtrate under reduced pressure. And after
      adding a large amount of water to wash it sufficiently the organic layer
      was extracted with ether. By separating the organic layer and removing the
      ether therefrom, a white powder was obtained. By recrystallizing from
      methanol, 62 parts of a white diallyl ester was obtained, m.p.
      115.0.degree.C.
PAR  The infrared spectrum has shown the absorption of imide ring at 1770
      cm.sup..sup.-1, characteristic absorption of ester bond at 1720
      cm.sup..sup.-1, and characteristic absorption of allyl group at 1645
      cm.sup..sup.-1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 67.45%, H 4.41%, N 3.52%
PA1  Calculated -- C 67.51%, H 4.38%, N 3.58%
PA1  Iodine value, 129.0 (calculated 129.7)
PAR  The above results have proved the product obtained to be a diallyl ester
      represented by the above formula (I-c).
PAL  I-d. Synthesis of 1,2-ethylene-bis(4-allyloxycarbonylphthalimide) of the
      above mention formula No. 7
PAR  59.6 Parts of anhydrous trimellitic acid and 9.0 parts of ethylene diamine
      were dissolved in 120 parts of dimethyl formamide, and 100 parts of
      m-xylene was also added thereby removing the forming water out of the
      system, to continue the reaction for 3.0 hours maintaining the temperature
      at 160.degree. -180.degree.C.
PAR  After the reaction has finished, a large excess of water was added to
      obtain a faint yellowish precipitation. The precipitate was separated by
      filtration and washed sufficiently using hot water. After drying 116 parts
      of 1,2-ethylene-bis(4-hydroxycarbonylphthalimide) of the formula
      ##SPC50##
PAL  was obtained.
PAR  The so obtained 1,2-ethylene-bis(4-hydroxycarbonylphthalimide) was
      dissolved in an equivalent amount of sodium hydroxide aqueous solution. By
      removing the water, said diimidedicarboxylic acid disodium salt was
      obtained.
PAR  45.2 Parts of disodium salt of the so obtained
      1,2-ethylene-bis(4-hydroxycarbonylphthalimide) was mixed into 136 parts of
      dimethylformamide, and by adding 0.4 part of triethylamine thereto as a
      catalyst, and maintaining the temperature at 140.degree.C, 26.8 parts of
      allylchloride was added slowly and dropwisely thereto over a period of 0.5
      hour. After the reaction for 3.5 hours, the reaction product was cooled,
      and the formed sodium chloride was separated by filtration. And by adding
      large amount of water to the filtrate, a white precipitate was formed.
      After washed sufficiently with water, the white precipitate was heated and
      dissolved into a mixed solvent of acetone:ethanol = 3:1, and then cooled
      and recrystallized. The resulting crystals showed a melting point at
      145.degree.C. The infrared spectrum has shown the absorption of imide ring
      at 1,770 cm.sup..sup.-1, ester bond absorption at 1,720 cm.sup..sup.-1,
      and absorption of double bond at 1,645 cm.sup..sup.-1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 63.98%, H 4.15%, N 5.70%
PA1  Calculated -- C 63.93%, H 4.13%, N 5.74%
PA1  Iodine value, 103.2 (calculated, 103.9)
PAR  From the above analytical results, it was confirmed that the product
      obtained is a 1,2-ethylene-bis(4-allyloxycarbonylphthalimide) represented
      by the above formula (I-d).
PAL  I-e Synthesis of 1,6-hexamethylene-bis(4-allyloxycarbonylphthalimide) of
      the above mentioned formula No. 8
PAR  i. 50.8 Parts of disodium salt of a
      1,6-hexamethylene-bis4-hydroxycarbonylphthalimide) of the formula
      ##SPC51##
PAL  was dispersed in 100 parts of dimethyl sulfoxide, and by maintaining the
      external temperature at 160.degree.C and allowing refluxing, 36.3 parts of
      allyl bromide was added thereto over a period of 1.0 hour. The reaction
      was continued for 2.0 hours in the same manner as the above method (I-d),
      and 46.2 parts of white crystals were obtained, melting at 116.degree.C.
      The infrared spectrum has shown the imide-ring absorption at 1770
      cm.sup..sup.-1, ester bond absorption at 1720 cm.sup..sup.-1, and double
      bond absorption at 1645 cm.sup..sup.-1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 66.20%, H 5.15%, N 5.09%
PA1  Calculated -- C 66.17%, H 5.18%, N 5.14%
PA1  Iodine value, 93.1 (calculated 93.2)
PAR  The above analytical results have proved the product to be a
      1,6-hexamethylene-bis(4-allyloxycarbonylphthalimide) of the above formula
      (I-e).
PAR  ii. Synthesis of the same diallyl esters as those of above formula (I-e) by
      the method other than the above method (i):
PAR  46.4 Parts of a 1,6-hexamethylene-bis(4-hydroxycarbonylphthalimide) and 290
      parts of allyl alcohol were introduced into a flask with refining tower,
      followed by the addition of 3.0 parts of sulfuric acid and 70 parts of
      m-xylene, and removing the water out of the reaction system, the reaction
      was carried out for 9.0 hours with refluxing. After the reaction has
      finished, an excess of allyl alcohol and m-xylene were removed under
      reduced pressure, and then by adding large amounts of water, the
      precipitate was filtered and repeatedly washed with an aqueous solution
      containing 10% by weight of sodium carbonate. The crude product obtained
      was recrystallized with a mixed solvent of acetone:methanol = 1:3, and
      35.4 parts of a white powder, m.p. 115.degree.C. was obtained.
PAR  Elementary analysis has shown;
PA1  Measured -- C 66.14%, H 5.21%, N 5.14%
PA1  Calculated -- C 66.17%, H 5.18%, N 5.14%
PA1  Iodine value, 92.5 (calculated, 93.2)
PAR  The above analytical results have provided the product obtained to be a
      1,6-hexamethylene-bis(4-allyloxycarbonylphthalimide) of the above formula
      (I-e).
PAR  iii. Synthesis of the same diallyl esters as those of above formula (I-e)
      by the method other than the above (i) or (ii):
PAR  50.8 Parts of a 1,6-hexamethylene-bis(4-hydroxycarbonylphthalimide)
      disodium salt, 153 parts of allyl chloride, and 5.1 parts of triethylamine
      were fed to the stainless steel pressure reaction vessel, and the reaction
      was continued for 6.0 hours maintaining the external temperature at
      170.degree.C. After the reaction has finished, the content was eluted out
      with acetone, and the sodium chloride formed as a by-product was separated
      by filtration. Recrystallization in the same manner as the above (I-d)
      yielded 31.6 parts of a white powder, melting at 116.degree.C. The
      infrared spectrum showed the same results as those of above (i) and (ii).
PAR  Elementary analysis has shown;
PA1  Measured -- C 66.11%, H 5.22%, N 5.10%
PA1  Calculated -- C 66.17%, H 5.18%, N 5.14%
PA1  Iodine value, 92.5 (calculated 93.2)
PAR  From the foregoing analysis, it was confirmed that the product obtained is
      a 1,6-hexamethylene-bis(4-alloxycarbonylphthalimide) represented by the
      above formula (I-e).
PAL  I-f. Synthesis of 1,12-dodecamethylene-bis(4-allyloxycarbonylphthalimide)
      of the above mentioned formula No. 9
PAR  i. 54.8 Parts of a 1,12-dodecamethylene-bis(4-hydroxycarbonylphthalimide)
      of the formula
      ##SPC52##
PAL  23.3 parts of sodium carbonate, and 0.9 part of benzyl trimethylammonium
      chloride were taken into 164 parts of dimethyl formamide, mixed heated
      sufficiently, and dissolved therein, and then by maintaining the external
      temperature at 160.degree.C, 18.1 parts of allyl chloride was added
      dropwise thereto over a period of 1.0 hour. The reaction was continued for
      3.0 hours in the same manner as in (I-d) above, and 54.7 parts of a white
      powder melting at 88.degree.C was obtained.
PAR  The infrared spectrum has shown the imide absorption at 1770
      cm.sup.-.sup.1, absorption of carbonyl group of ester bond at 1710 - 1720
      cm.sup.-.sup.1, and absorption of double bond of allyl at 1640
      cm.sup.-.sup.1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 68.78%, H 6.40%, N 4.39%
PA1  Calculated -- C 68.77%, H 6.41%, N 4.46%
PA1  Iodine value 80.4 (calculated, 80.7)
PAR  From the above analytical results, it was confirmed that the product
      obtained is a 1,12-dodecamethylene-bis(4-allyloxycarbonylphthalimide)
      represented by the above formula (I-f).
PAR  ii. Synthesis of the same diallyl esters as those of above formula (I-f) by
      the method other than that in above (i):
PAR  54.8 Parts of a 1,12-dodecamethylene-bis(4-hydroxycarbonylphthalimide) was
      introduced into a flask followed by the dropwise addition of 119 parts of
      thionyl chloride, and heated with refluxing. After the hydrochloric acid
      and sulfurous acid gases have stopped to evolve, the tionyl chloride was
      removed under reduced pressure. Extraction with ether gave 35.1 parts of a
      1,12-dodecamethylene-bis(4-chlorocarbonylphthalimide).
PAR  58.5 parts of said imidecarboxylic acid chloride obtained by the above
      method and 145 parts of allyl alcohol were introduced into a flask
      equipped with a refluxing device and stirrer, and after adding 31.6 parts
      of pyridine as a hydrogen chloride capturing agent, the reaction was
      carried out for 7.0 hours with refluxing. After the reaction has finished,
      allyl alcohol and pyridine were removed under reduced pressure, and large
      amounts of water was added to obtain white precipitation. By performing
      the treatment in the same manner as mentioned in (I-d) above, 33.3 parts
      of a white powder was obtained, m.p. 89.degree.C.
PAR  The infrared spectrum has shown the same results as that of above (i).
PAR  Elementary analysis has shown;
PA1  Measured -- C 68.70%, H 6.35%, N 4.48%
PA1  Calculated -- C 68.77%, H 6.41%, N 4.46%
PA1  Iodine value, 80.1 (calculated, 80.7)
PAR  From the above analytical results, it was confirmed that the product
      obtained is a 1,12-dodecamethylene-bis(4-allyloxycarbonylphthalimide)
      represented by the above formula (I-f).
PAL  I-g. Synthesis of metaphenylene-bis(4-allyloxycarbonylphthalimide) of the
      above mentioned formula No. 12
PAR  22.6 Parts of sodium salt of
      metaphenylene-bis(4-hydroxycarbonylphthalimide) was dispersed in 150 parts
      of dimethyl formamide, followed by the addition of 0.06 part of a
      potassium iodide. The mixture was introduced into an oil bath heated at
      135.degree.C, and when the inner temperature has reached 110.degree.C, 15
      parts of allyl chloride was added thereto dropwise over a period of 12
      minutes. The mixture in an oil bath heated at 135.degree.C was stirred and
      reacted for 4 hours. After the reaction has finished, the reaction mixture
      was introduced into the two times amount of water. The formed precipitate
      was separated by filtration, washed with a caustic soda aqueous solution,
      and then washed sufficiently with water. The crystals obtained were
      recrystallized with cellosolve; resulting product showed m.p.
      179.degree.C. The infrared spectrum has shown the carbonyl group
      absorption of imide bond and ester bond at 1770 cm.sup.-.sup.1 and 1720
      cm.sup.-.sup.1 respectively, and allyl group double bond absorption at
      1640 cm.sup.-.sup.1 and 920 cm.sup.-.sup.1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 67.11%, H 3.79%, N 5.19%
PA1  Calculated -- C 67.16%, H 3.76% N 5.22%
PA1  Iodine value, 93.5 (calculated, 94.6)
PAR  From the above analytical results it was confirmed that the product
      obtained is a metaphenylene-bis(4-allyloxycarbonylphthalimide) represented
      by the above formula (I-g).
PAL  I-h Synthesis of
      4,4'-dicyclohexylmethane-bis(4-allyloxycarbonylphthalimide) of the above
      mentioned formula No. 11
PAR  63.4 Parts of a 4,4'-dicyclohexylmethane-bis(4-hydroxycarbonylphthalimide)
      dipotassium salt was added to 317 parts of diethylene glycol monomethyl
      ether, followed by the addition of 6.3 parts of potassium iodide as a
      catalyst. And by maintaining the external temperature at 160.degree.C, 115
      parts of allyl chloride was added thereto dropwise over a period of 0.5
      hour, to carry out the reaction for 4.0 hours with refluxing. After the
      reaction has finished, treatment was effected in the same manner as in
      (I-d) above, and 43.1 parts of a white powdery substance was obtained,
      m.p. 171.degree.C. The infrared absorption spectrum has shown the carbonyl
      group absorption of imide bond and ester bond at 1770 cm.sup.-.sup.1 and
      1720 cm.sup.-.sup.1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 69.61%, H 6.10%, N 4.33%
PA1  Calculated -- C 69.58% H 6.00%, N 4.39%
PA1  Iodine value, 78.9 (calculated, 79.5)
PAR  From the above analytical results, it was confirmed that the product
      obtained is a 4,4'-dicyclohexylmethane-bis (4-allyloxyphthalimide)
      represented by the above formula (I-h).
PAL  I-i. Synthesis of 4,4'-diphenylsulfoxide-bis(4-allyloxycarbonylphthalimide)
      of the above mentioned formula No. 14
PAR  64.0 Parts of 4,4'-diphenylsulfoxide-bis(4-hydroxycarbonylphthalimide)
      disodium salt was added to 190 parts of N-methylpyrolidone followed by the
      addition of 19 parts of allyl fluoride over a period of 0.5 maintaining
      the external temperature at 140.degree.C. The reaction product was treated
      in the same manner as in (I-d) above, and 47.6 parts of a faintly
      yellowish white powder was obtained, m.p. 163.degree.C. The infrared
      absorption spectrum has shown the absorption of imide bond and ester bond
      at 1780 cm.sup.-.sup.1 and 1720 - 1730 cm.sup.-.sup.1 respectively, and
      absorption of double bond of allyl group at 920 cm.sup.-.sup.1 and 940
      cm.sup.-.sup.1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 63.87%, H 3.61%, N 4.09%, S 4.80%
PA1  Calculated -- C 63.90%m H 3.58%, N 4.14%, S 4,74%
PA1  Iodine value, 74.6 (calculated, 75.0)
PA2  From the above analytical results, it was confirmed that the product
      obtained is a 4,4'-diphenylsulfoxide-bis(4-allyloxycarbonylphthalimide)
      represented by the above formula (I-i).
PAL  I-j. Synthesis of 4,4'-diphenylether-bis(4-allyloxycarbonylphthalimide) of
      the above mentioned formula No. 15
PAR  13.8 Parts of disodium salt of a
      4,4'-diphenylether-bis(4-hydroxycarbonylphthalimide) was dispersed in 100
      parts of dimethyl formamide, followed by the addition of 0.04 part of
      potassium iodide. The mixture was introduced into an oil bath heated at
      135.degree.C, and when the inner temperature has reached 110.degree.C, 8
      parts of allylchloride was added thereto with stirring over a period of 5
      minutes. Then by stirring the oil bath heated at 135.degree.C, the
      reaction was continued for 4 hours. After the reaction has been completed,
      the reaction mixture was introduced to the two times amount of water. The
      precipitate formed was separated by filtration, washed with a caustic soda
      aqueous solution, and washed sufficiently with water. The crystals
      obtained were recrystallized with methyl cellosolve, and a white powder
      melting at 219.degree.C was obtained. The infrared absorption spectrum has
      shown the absorption of imide bond and ester bond at 1775 cm.sup.-.sup.1
      and 1720 cm.sup.-.sup.1 respectively, and absorption of double bond of
      allyl group at 1645 cm.sup.-.sup.1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 68.72%, H 3.80%, N 4.38%
PA1  Calculated -- C 68.78%, H 3.85%, N 4.46%
PA1  Iodine value, 79.9 (calculated, 80.8)
PAR  From the above analytical results, it was confirmed that the product
      obtained is a 4,4'-diphenylether-bis(4-allyloxycarbonylphthalimide)
      represented by the above formula (I-j).
PAL  I-k. Synthesis of N,N'-bis(allyloxycarbonylmethyl) pyromellitdiimide of the
      above mentioned formula No. 17
PAR  33.2 Parts of a N,N'-bis(carboxymethyl)pyromellitdiimide was neutralized in
      8.0 parts of an aqueous solution containing sodium hydroxide with vigorous
      stirring, and then concentrated and dehydrated to obtain the
      above-mentioned white powdery disodium salt of imidedicarboxylic acid.
      37.6 parts of said imidedicarboxylic acid disodium salt was dispersed in
      300 parts of N,N-dimethylformamide, followed by the addition of 0.15 part
      of potassium iodide. The mixture was then introduced into an oil bath
      heated at 150.degree.C with stirring, and 23.1 parts of allyl chloride was
      then added thereto dropwise over a period of 0.5 hour. The oil bath was
      then heated for another 6 hours, cooled, and then the precipitated
      crystals were separated by filtration. The filtrate was poured into 800
      parts of water, and the formed white precipitate was washed with an
      aqueous solution of 0.5% sodium hydroxide and then washed sufficiently
      with water. By recrystallizing the product with a mixed solvent of
      N,N-dimethylformamide and ethanol, 29.4 parts of white powdery crystals
      were obtained, m.p. 147.degree.C. The infrared spectrum has shown the
      absorption of carbonyl group of imide bond and ester bond at 1770
      cm.sup.-.sup.1 and 1720 cm.sup.-.sup.1 and absorption of allyl group
      double bond at 1640 - 1645 cm.sup.-.sup.1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 58.20%, H 3.95%, N 6.68%
PA1  Calculated -- C 58.25%, H 3.91%, N 6.79%
PA1  Iodine value, 122.0 (calculated, 123.1)
PAR  The above results have proved the product obtained to be a diallyl ester
      represented by the above formula (I-k).
PAL  I-l. Synthesis of N,N'-bis(3-allyloxycarbonylphenyl) pyromellitdiimide
      represented by the above mentioned formula No. 21
PAR  50 Parts of disodium salt of a N,N'-bis(3-carboxyphenyl)pyromellitdiimide
      was dispersed in 300 parts of N,N-dimethylformamide containing 0.5 part of
      potassium iodide. The mixture was then introduced into an oil bath heated
      at 150.degree.C with stirring, and 30.6 parts of allyl chloride was added
      dropwise thereto over a period of 0.5 hour. The oil bath was then heated
      at the same temperature and reacted for 6.0 hours, cooled, and the
      precipitate was separated by filtration. The filtrate was then poured into
      1000 parts of water, and a brownish white precipitate was obtained. The
      precipitate was then recrystallized with a mixed solvent of N,N-dimethyl
      formamide and ethanol, and faintly yellowish white crystals were obtained.
      The infrared spectrum has shown the absorption of carbonyl group of imide
      bond and ester bond at 1775 cm.sup.-.sup.1 and 1725 cm.sup.-.sup.1
      respectively and absorption of allyl group double bond at 1640
      cm.sup.-.sup.1, 985 cm.sup.-.sup.1, and 910 cm.sup.-.sup.1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 67.08%, H 3.72%, N 5.14%
PA1  Calculated -- C 67.16%, H 3.76%, N 5.22%
PA1  Iodine value, 93.8 (calculated, 94.6)
PAR  From the above results, it was confirmed that the product obtained is a
      diallyl ester represented by the above formula (I-l).
PAL  I-m. Synthesis of
      N,N'-bis(3-allyloxycarbonyl-cis-cyclohexyl)pyromellitdiimide represented
      by the above mentioned formula No. 19
PAR  10.6 Parts of said imidedicarboxylic acid disodium salt obtained by
      neutralizing N,N'-bis(3-carboxy-cis-cyclohexyl)pyromellitdiimide with the
      sodium hydroxide and dehydrating it, was dispersed in 100 parts of an
      N,N-dimethylformamide containing 0.04 part of potassium iodide. The
      mixture was introduced into an oil bath heated at 130.degree. -
      140.degree.C with stirring, and 7.0 parts of allyl chloride was added
      thereto dropwise over a period of 15 minutes. The oil bath was then
      maintained at the same temperature, reacted for 4.0  hours, cooled, and
      the precipitate was separated by filtration. The filtrate obtained was
      poured into 250 parts of water to cause precipitation, and the precipitate
      was washed with an aqueous solution of 0.1% sodium hydroxide, and then
      washed sufficiently with water. Recrystallization was effected using a
      mixed solvent of ethanol and toluene, and 7.1 parts of white crystals were
      obtained, melting at 208.degree.C. The infrared absorption spectrum showed
      the absorption of carbonyl group of imide bond and ester bond at 1770
      cm.sup.-.sup.1 and 1710 - 1720 cm.sup.-.sup.1 respectively and the
      absorption of allyl group double bond at 1645 cm.sup.-.sup.1, 985
      cm.sup.-.sup.1, and 915 cm.sup.-.sup.1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 65.63%, H 5.82%, N 5.04%
PA1  Calculated -- C 65.68%, H 5.88%, N 5.11%
PA1  Iodine value, 91.4 (calculated, 92.5).
PAR  From the above results, it was confirmed that the product obtained is a
      diallyl ester represented by the above formula (I-m).
PAL  I-n. Synthesis of
      N,N'-bis(allyloxycarbonylmethyl)-3,3',4,4'-diphenylsulfone-tetracarbodiimi
     de represented by the above mentioned formula No. 23
PAR  A N,N'-bis(carboxymethyl)-3,3',4,4'-diphenylsulfonetetracarbodiimide
      obtained by the reaction of a diphenyl sulfone-3,3',4,4'-tetracarboxylic
      acid dianhydride with glycine was neutralized with sodium hydroxide, and
      dehydrated to obtain a disodium salt of said imidedicarboxylic acid. 9.2
      Parts of the disodium salt was dispersed in 150 parts of
      N,N-dimethylformamide containing 0.07 part of potassium iodide. The
      mixture was stirred in an oil bath heated at 130.degree.C, and 6.1 parts
      of allyl chloride was added dropwise thereto requiring 10 minutes. The
      reaction was continued for 5 hours at the same temperature and was then
      cooled. The precipitate was separated by filtration, and the filtrate was
      poured into 3,000 parts of water. The precipitate being formed was taken
      out by filtration, washed sufficiently with water, dried, and then
      recrystallized using methyl cellosolve to obtain crystals, m.p.
      227.degree.C. The infrared spectrum showed the absorption of imide bond
      and ester bond at 1775 cm.sup.-.sup.1 and 1730 cm.sup.-.sup.1
      respectively, and the absorption of allyl group double bond at 1645
      cm.sup.-.sup.1 and 920 cm.sup.-.sup.1.
PAR  The elementary analysis has shown;
PA1  Measured -- C 56.48%, H 3.62%, N 5.01%, S 5.69%
PA1  Calculated -- C 56.52%, H 3.65%, N 5.07%, S 5.80%
PA1  Iodine value, 92.1 (calculated 91.9)
PAR  From the above results, it was confirmed that the product obtained is a
      diallyl ester represented by the above formula (I-n).
PAL  I-o. Synthesis of
      N,N'-bis(allyloxycarbonylpentamethyl)3,3',4,4'-diphenylsulfone
      tetracarbodiimide of the above mentioned formula No. 24
PAR  A N,N'-bis(carboxypentamethyl)-3,3',4,4'-diphenylsulfone tetracarbodiimide
      obtained by the reaction of a diphenyl sulfone-3,3',4,4'-tetracarboxylic
      acid dianhydride with the caproic acid was neutralized with the sodium
      hydroxide to obtain a disodium salt. 10.1 parts of the disodium salt was
      dispersed in 150 parts of N,N-dimethylformamide containing 0.07 part of
      potassium iodide. After the mixture was introduced into a bath heated at
      130.degree.C with stirring, 6.1 parts of allyl chloride was added dropwise
      thereto, followed by the heating to maintain the same temperature for 7.5
      hours. The bath was cooled, and the precipitate was separated by
      filtration. The filtrate was then poured into 3,000 parts of water, and
      the precipitate being separated was recovered by centrifugal precipitation
      method. Recrystallization was effected by using methanol, followed by
      active carbon decolorization as an acetone solution, and recrystallization
      was effected again by using methanol. The crystals showed a melting point
      at 87.degree.C. The infrared spectrum showed the absorption of imide bond
      and ester bond at 1775 cm.sup.-.sup.1 and 1715 cm.sup.-.sup.1 respectively
      and absorption of allyl group double bond at 1645 cm.sup.-.sup.1 and 920
      cm.sup.-.sup.1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 61.40%, H 5.48%, N 4.29%, S 4.74%
PA1  Calculated -- C 61.43%, H 5.46%, N 4.21%, S 4.82%
PA1  Iodine value, 75.6 (calculated, 76.4)
PAR  From the above results, it was confirmed that the product obtained is a
      diallyl ester represented by the above formula (I-o).
PAL  I-p. Synthesis of
      N,N'-bis(3'-allyloxycarbonylphenyl)3,3',4,4'-diphenylsulfone-tetracarbodii
     mide of the above mentioned formula No. 25
PAR  A N,N'-bis(3'-carboxyphenyl)-3,3',4,4'-diphenyl-sulfone-tetracarbodiimide
      obtained from a diphenyl-sulfone-3,3',4,4'-tetracarboxylic acid
      dianhydride and m-aminobenzoic acid, was reacted with allyl chloride in
      the same way as the above method (I-o), and a faintly brownish white
      precipitate was obtained. By washing the precipitate sufficiently with
      water, and drying it, white powdery crystals were obtained, m.p.,
      179.degree.C. The infrared spectrum showed the absorption of carbonyl
      group of imide bond and ester bond at 1770 cm.sup.-.sup.1 and 1720
      cm.sup.-.sup.1 respectively, and the absorption of allyl group double bond
      at 1640 - 1645 cm.sup.-.sup.1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 63.81%, H 3.51%, N 4.03%, S 4.69%
PA1  Calculated -- C 63.90%m H 3.57%, N 4.14%, S 4.74%
PA1  Iodine value, 76.2 (calculated, 75.0)
PAR  From the above results was confirmed that the crystals obtained are
      identical to a diallyl ester represented by the above formula (I-p).
PAL  I-q. Synthesis of N,N'-bis(allyloxycarbonylmethyl)1,4,5,8-naphthalene
      tetracarbodiimide of the above mentioned formula No. 27
PAR  28 Parts of an N,N'-bis(carboxymethyl)-1,4,5,8-naphthalene
      tetracarbodiimide was neutralized with an aqueous solution containing 5.9
      parts of sodium hydroxide, dehydrated, and a disodium salt of said
      dicarboxylic acid was obtained. 25 Parts of the disodium salt was
      dispersed in 100 parts of N,N-dimethylformamide containing 0.7 part of
      potassium iodide with vigorous stirring at 110.degree.C, and 35.9 parts of
      allyl chloride was added dropwise thereto over a period of 30 minutes. The
      mixture was kept heated at the same temperature for 4 hours and cooled.
      The precipitate was separated by filtration, and the remaining filtrate
      was poured into 1,000 parts of water to cause precipitation, and the
      resulting precipitate was washed sufficiently with water and dried. By
      effecting recrystallization using ethyl cellosolve, 21  parts of crystals
      were obtained, m.p. 96.0.degree.C. The infrared spectrum showed the
      absorption of imide bond at 1750 cm.sup.-.sup.1 and 1660 cm.sup.-.sup.1,
      absorption of ester bond at 1700 cm.sup.-.sup.1, and absorption of allyl
      group at 905 cm.sup.-.sup.1 and 970 cm.sup.-.sup.1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 62.30%, H 3.98%, N 6.11%
PA1  Calculated -- C 62.34%, H 3.92%, N 6.06%
PA1  Iodine value, 109.0 (calculated, 109.8)
PAR  From the above results was confirmed that the product obtained is a diallyl
      ester represented by the above formula (I-q).
PAL  I-r. Synthesis of
      N,N'-bis(3-allyloxycarbonyl-cis-cyclohexyl)-1,4,5,8-naphthalene-tetracarbo
     diimide of the above mentioned formula No. 29
PAR  44.5 Parts of an
      N,N'-bis(3-carboxy-cis-cyclohexyl)-1,4,5,8-tetracarbodiimide of the
      formula
      ##SPC53##
PAL  was added to an aqueous solution containing 6.9 parts of sodium hydroxide,
      with stirring being heated to a homogeneous solution, and dehydrated, to
      obtain 48.0 parts of a disodium salt of a white powdery imidedicarboxylic
      acid.
PAR  3.5 Parts of the disodium salt was taken into 120 parts of
      N,N-dimethylformamide, followed by the addition of 0.07 part of potassium
      iodide. The mixture was heated at 110.degree.C, thereby dropwisely adding
      thereto 3.9 parts of allyl chloride over a period of 0.5 hour. The mixture
      was further heated and reacted for 4 hours, and cooled. The precipitated
      crystals were separated by filtration, an excess of allyl chloride and the
      solvent were removed from the filtrate under reduced pressure, and the
      residue was poured into 100 parts of water and washed sufficiently. The
      white crystals obtained by drying were recrystallized using ethyl
      cellosolve. The product showed a melting point at 250.degree.C, and the
      infrared spectrum showed the absorption of 6-membered imide bond at 1735
      cm.sup.-.sup.1 and 1660 cm.sup.-.sup.1, absorption of ester bond at 1710
      cm.sup.-.sup.1, and absorption of allyl group double bond at 910
      cm.sup.-.sup.1 and 990 cm.sup.-.sup.1.
PAR  Elementary analysis has shown;
PA1  Measured -- C 68.16%, H 5.77%, N 4.63%
PA1  Calculated -- C 68.21%, H 5.73%, N 4.68%
PA1  Iodine value, 84.1 (calculated 84.8)
PAR  From the above results it was confirmed that the product obtained is a
      diallyl ester represented by the above formula (I-r).
PAC  Part II--Synthesis of Prepolymer
PAR  II-a. 100 Parts of diallyl ester represented by the above formula (I-a),
      135 parts of benzoyl peroxide, and 100 parts of isopropyl alcohol were
      mixed together, and heated at a reflux temperature (82.5.degree. -
      84.3.degree.C) for 7 hours in an nitrogen atmosphere. The reaction mixture
      was cooled room temperature and then thrown into 250 parts of methanol
      which has been stirred violently and heated at 45.degree.C.
PAR  The formed precipitate was washed and dried and dissolved in 30 parts of
      acetone. The solution was thrown again into 250 parts of methanol heated
      at 45.degree.C, and stirred violently. The precipitate formed was washed
      sufficiently with methanol, and recovered by filtration. By drying it, a
      white powdery prepolymer was obtained in 24% yield; softening point,
      101.degree. - 112.degree.C, iodine value, 24, average molecular weight
      5400. Relative viscosity of the prepolymer at 30.degree.C was 1.21. Also
      the molecular weight per double bond in the prepolymer calculated from
      above iodine value was 1060.
PAR  II-b. A mixture of 100 parts of diallyl ester represented by the above
      formula (I-b) and 0.11 part of lauroyl peroxide was stirred in an nitrogen
      atmosphere and heated from room temperature to 100.degree.C over 1 hour,
      and reacted for 4.5 hours at 100.degree. .+-. 1.degree.C. The reaction was
      then cooled to 80.degree.C and allowed to flow down in filament from into
      350 parts of methanol with violent stirring. The formed precipitate was
      separated by filtration, and by adding 50 parts of new methanol thereto
      with violent stirring by heating at 50.degree. - 60.degree.C, the product
      soluble in methanol was removed by extraction. And by separating and
      drying the formed precipitate, 28 parts of the aimed prepolymer was
      obtained. The prepolymer was a white powder having iodine value of 54 and
      average molecular weight of 6,700. Relative viscosity of the repolymer at
      30.degree.C was 1.10. The molecular weight per double bond in the
      prepolymer calculated from the above iodine value was 470.
PAR  II-c. 100 Parts of diallyl ester represented by the above formula (I-c), 2
      parts of dicumyl peroxide, and 100 parts of xylene were mixed together,
      and the mixture was heated to 100.degree. - 140.degree.C for 4 hours with
      stirring in an nitrogen atmosphere. The reaction mixture obtained was
      poured into a mixed solvent of 200 parts of acetone and 300 parts of
      methanol, and a prepolymer was obtained in 10% yield. The prepolymer
      showed iodine value of 48 and average molecular weight of 5800, and the
      relative viscosity in N,N-dimethylformamide was 1.12. The molecular weight
      per double bond in the prepolymer calculated from the above iodine value
      was 530.
PAR  II-d. Polymerization was done by mixing 100 parts of diallyl ester of the
      above formula (I-d), 20 parts of carbon tetrachloride, and 1.1 parts of
      benzoyl peroxide and holding at a reflux temperature for 6.5 hours. The
      convertion of prepolymer was 23% with respect to the monomer fed. By
      stirring the reaction mixture at 50.degree.C under reduced pressure of 18
      mmHg, a carbon tetrachloride was recovered. To the reaction mixture was
      added 500 parts of methanol with violent stirring and the monomer was
      extracted therefrom by extraction; solid parts were recovered by
      filtration, washed and dried. The rate of optical density D(1645)/D(1600)
      of IR spectrum of the obtained white powderly prepolymer showed the
      presence of 30% of unsaturated double bond with respect to monomer and
      average molecular weight of 4600. Also the relative viscosity of the
      prepolymer was 1.08. The molecular weight per double bond in the
      prepolymer calculated from the above unsaturated bond concentration was
      820.
PAR  II-e. To the mixture consisting of 50 parts of diallyl ester represented by
      the above formula (I-e) and 50 parts of diallyl ester represented by the
      above formula (I-f) was added 0.09 part of benzoyl peroxide with
      sufficient stirring in an nitrogen atmosphere, and the mixture was heated
      from room temperature to 120.degree.C over a period of 2 hours and held
      the reaction for 5 hours at 120.degree. .+-. 1.degree.C. The reaction
      mixture was then allowed to flow down in a filament form into 650 parts of
      methanol which has been stirred, and the formed precipitate was washed and
      dried to obtain 19 parts of white powdery prepolymer. The product showed
      iodine value, 37 and average molecular weight, 6300. Relative viscosity of
      the prepolymer was 1.09. The molecular weight per double bond in the
      prepolymer calculated from the above iodine value was 690.
PAR  II-f. 100 Parts of diallyl ester represented by the above formula (I-h), 30
      parts of cumene, and 2 parts of benzoyl peroxide were mixed together, and
      held at 100.degree.C for 6 hours. The reaction mixture was then pumped
      into a colloid mill (clearance between rotor and stator being 0.001 in.,
      3600 rpm. works at a flow rate of 757 liters per hour.) together with
      about five times by volume of methanol. The mixture from the colloid mill
      was cooled to 5.degree.C, recovered by filtration, washed with cool
      methanol, dried at room temperature under reduced pressure, to obtain a
      prepolymer. The ratio of optical density D(1645)/D(1600) of IR spectrum of
      the white powdery prepolymer showed the presence of 38% of unsaturated
      bond with respect to the monomer, and average molecular weight of 5700.
      Relative viscosity of the prepolymer was 1.11. Also, the molecular weight
      of double bond in the prepolymer was calculated from the above double bond
      concentration to be 820.
PAR  II-g. 100 Parts of diallyl ester represented by the above formula (I-k),
      100 parts of methylethyl ketone, and 2.3 parts of benzoyl peroxide were
      mixed together, heated at a reflux temperature for 7 hours.
PAR  Then the reaction mixture was allowed to flow slowly into about 500 parts
      of isopropanol which was heated at 60.degree.C and stirred violently, and
      the solid part was recovered by filtration, washed and dried. The ratio of
      optical density D(1645)/D(1600) of IR spectrum of the white powdery
      prepolymer showed the presence of 29% of unsaturated bond with respect to
      the monomer, average molecular weight of 3200. The conversion was 18%.
      Relative viscosity of the prepolymer in N,N-dimethylformamide was 1.05,
      and the molecular weight per double bond in the prepolymer was calculated
      from the above unsaturated double bond concentration to be 710.
PAR  II-h. A mixture composed of 80 parts of diallyl ester represented by the
      above formula (I-a), 20 parts of 2,6-diallyl naphthalate, one part of
      dicumyl peroxide, and 100 parts of xylene, was held at 100.degree. -
      140.degree.C for 5 hours with stirring in an nitrogen atmosphere. The
      reaction mixture was then poured into 500 parts of methanol heated at
      60.degree.C, and a prepolymer was obtained (yield, 8%) as a white
      precipitate. The prepolymer was further dissolved in N,N-dimethylformamide
      and then poured into methanol, to effect reprecipitation, i.e.,
      purification. The prepolymer showed an iodine value of 56 and an average
      molecular weight of 6200. Relative viscosity in N,N-dimethylformamide was
      1.08. And the nitrogen analysis of the prepolymer showed the nitrogen
      content of 2.74%, indicating the constituting ratio of said prepolymer to
      be 77 to 23 in terms of mol ratio of diallyl ester unit represented by the
      above (I-a) to diallyl naphthalate unit. Also the molecular weight per
      double bond in the prepolymer was calculated from the above iodine value
      to be 450.
PAR  II-i. In order to examine the preservation stability of the prepolymers
      prepared by the above-mentioned methods (II-a) through up to (II-g), each
      prepolymer was heat-treated for 20 hours in an air oven set at
      100.degree.C, so that change in flow properties before and after the
      treatment can be measured. For the purpose of comparison, flow properties
      of the diallylisophthalate prepolymer (average molecular weight, 11,000
      and iodine value, 63) were also measured. Results are shown in Table 1
      below.
TBL                                    Table 1                                 

     __________________________________________________________________________

                 Amount plunger has lowered down                               

                 (mm/min)            Flow                                      

                                     property                                  

            Pre- Before heat                                                   

                        After heat treatment                                   

                                     holding                                   

            polymer                                                            

                 treatment                                                     

                        at 100.degree.C for 20 hours                           

                                     rate (%)                                  

     __________________________________________________________________________

     Example                                                                   

            II-a 6.3    4.4          70                                        

            II-b 5.9    3.9          66                                        

            II-c 7.5    5.1          68                                        

            II-d 11.3   9.6          85                                        

            II-e 6.7    4.7          70                                        

            II-f 8.2    4.3          52                                        

            II-g 5.7    4.0          70                                        

            II-h 8.5    6.8          80                                        

     Comparative                                                               

     Example                                                                   

            DAI  4.5    0.2           4                                        

     __________________________________________________________________________

PAR  As will be apparent from Table 1 above, the prepolymers derived from the
      aromatic imidedicarboxylic acid diallyl esters of this invention, show
      very good preservation stability.
PAC  Part III--Preparation of Hardened Resin
PAR  III-a. 5 Parts of a
      4-allyloxycarbonyl-N-(4'-allyloxycarbonylphenyl)phthalimide of the above
      formula (I-a), and 95 parts of the prepolymer of the above-mentioned
      diallyl ester prepared in (II-a) above were mixed well together with 100
      parts of glass short fibers, GLASSRON CHOPPED STRAND CS-03 HB (Asahi Fiber
      Glass K.K.), 2 parts of cumene hydroperoxide, and 200 parts of acetone,
      and the mixture was air-dried and mixed by a pair of rollers heated at
      100.degree.C, to make a molding compound.
PAR  The so prepared molding compound was held in a mold heated at 180.degree.C
      under a pressure of 450 Kg/cm.sup.2 for 15 minutes, and a hardened resin
      was obtained.
PAR  For the purpose of comparison, hardened resins (Comparative Example 1 and
      Comparative Example 2) were also prepared in the same manner as the above
      method but by using a diallyl orthophthalate (hereinafter abbreviated as
      DAO) and a diallyl orthophthalate prepolymer (average molecular weight,
      14,000; iodine value, 55), and a diallyl isophthalate (hereinafter
      abbreviated as DAI) and a diallyl isophthalate prepolymer (average
      molecular weight, 11,000; iodine value, 63), respectively, in place of
      using the above-mentioned dially ester (I-a) and prepolymer (II-a).
PAR  Mechanical properties, thermal properties, and electrical properties, of
      the hardened resins obtained above are listed below in Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

                               Comparative                                     

                                      Comparative                              

                      Example III-a                                            

                               Example 1                                       

                                      Example 2                                

     __________________________________________________________________________

     Hardened resin   Diallyl ester                                            

                               DAO    DAI                                      

                      (I-a)                                                    

     Flexural strength (Kg/mm.sup.2)                                           

                      7.1      8.2    6.0                                      

     Flexural modulus (Kg/mm.sup.2)                                            

                      650      790    700                                      

     Heat distortion temperature                                               

                      &gt;270     180    250                                      

     (.degree.C)                                                               

     Temperature at which weight                                               

                      350      269    303                                      

     loss starts (.degree.C)                                                   

     Volume resistivity (ohms-cm)                                              

                      4 .times. 10.sup.16                                      

                               3 .times. 10.sup.13                             

                                      7 .times. 10.sup.13                      

     Dielectric constant (at 1 KHz)                                            

                      3.0      4.6    4.5                                      

     Dissipation factor (at 1 KHz)                                             

                       0.008    0.014  0.015                                   

     Arc resistance (sec)                                                      

                      180      130    140                                      

     __________________________________________________________________________

PAR  As shown in Table 2 above, a hardened resin made from diallyl ester (I-a)
      of this invention provides superior electrical properties, thermal
      properties, and mechanical properties.
PAR  The hardened resins made from each of the above diallyl ester (I-a), DAO,
      and DAI were treated in an air oven heated at 260.degree.C for 10 - 1,000
      hours, to measure the weight losses and flexural strength before and after
      the treatment. Results are shown in Table 3 below.
TBL                                    Table 3                                 

     __________________________________________________________________________

                                     Comparative                               

                                            Comparative                        

                            Example III-a                                      

                                     Example 1                                 

                                            Example 2                          

     Hardened resin         Diallyl ester                                      

                                     DAO    DAI                                

                            (I-a)                                              

     __________________________________________________________________________

     Before treatment       7.1      8.2    6.0                                

     Flexural    260.degree.C .times. 10 hrs.                                  

                            7.4      1.6    4.8                                

     strength                                                                  

           After 260.degree.C .times. 100 hrs.                                 

                            6.6       0     1.3                                

     (Kg/mm.sup.2)                                                             

           treatment                                                           

                 260.degree.C .times. 1000 hrs.                                

                            6.0      (Measurement                              

                                            0.6                                

                                      impossible)                              

               260.degree.C .times. 10 hrs.                                    

                            0.2      17.5   1.6                                

     Weight loss                                                               

               260.degree.C .times. 100 hrs.                                   

                            0.8      33.0   18.8                               

     (%)       260.degree.C .times. 1000 hrs.                                  

                            1.9      (Measurement                              

                                            29.1                               

                                      impossible)                              

     __________________________________________________________________________

PAR  As shown in Table 3 above, the resin of diallyl ester (I-a) reinforced with
      a glass fiber shows marked heatresistance.
PAR  Resistance to chemicals (Barcol hardness holding ratio (%) after being
      boiled for a determined period of time in the chemicals shown) of each of
      the above hardened resins are listed in Table 4 below.
TBL                                    Table 4                                 

     __________________________________________________________________________

                           Comparative                                         

                                  Comparative                                  

                  Example III-a                                                

                           Example 1                                           

                                  Example 2                                    

     Hardened resin                                                            

                  Diallyl ester                                                

                           DAO    DAI                                          

                  (I-a)                                                        

     __________________________________________________________________________

     10% NaOH                                                                  

             50 hrs.                                                           

                  93       83     87                                           

     Aqueous                                                                   

            100 hrs.                                                           

                  80       56     69                                           

     solution                                                                  

     10% H.sub.2 SO.sub.4                                                      

             50 hrs.                                                           

                  94       88     90                                           

     Aqueous                                                                   

            100 hrs.                                                           

                  85       78     82                                           

     solution                                                                  

     __________________________________________________________________________

PAR  III-b - III-c. 100 Parts of a
      4-allyloxycarbonyl-N-(3'-allyloxycarbonylphenyl)phthalimide represented by
      the above formula (I-c) and 2 parts of dicumyl peroxide were mixed
      together, heated and poured into a mold of parallel cubic form (125 mm
      .times. 75 mm .times. 6 mm), and heated from 100.degree.C up to
      180.degree.C at a rate of 6.degree.C per hour, to obtain a transparent
      hardened resin (III-b).
PAR  Quite in the same way as above, a hardened resin (III-c) was prepared from
      a dodecamethylene-bis(4-allyloxycarbonylphenylphthalimide) represented by
      the above formula (I-f).
PAR  Furthermore, for the purpose of comparison, transparent hardened resins
      (Comparative Examples 3 and 4) were obtained by carrying out the hardened
      reaction in the same manner as the above method but using DAO and DAI in
      place of the above-mentioned diallyl ester.
PAR  Properties of each of the hardened resins so obtained are shown in Table 5
      below.
TBL                                    Table 5                                 

     __________________________________________________________________________

                                          Comparative                          

                                                 Comparative                   

                        Example III-b                                          

                                 Example III-c                                 

                                          Example 3                            

                                                 Example 4                     

     Hardened resin     Diallyl ester                                          

                                 Diallyl ester                                 

                                          DAO    DAI                           

                        (I-c)    (I-f)                                         

     __________________________________________________________________________

     Flexural strength (Kg/mm.sup.2)                                           

                        6.2      9.8      8.0    5.0                           

     Flexural modulus (Kg/mm.sup.2)                                            

                        300      160      320    230                           

     Heat distortion temperature (.degree.C)                                   

                        &gt;250     260      150    220                           

     Temperature at which weight                                               

     loss starts (.degree.C)                                                   

                        345      330      276    303                           

     Heat     260.degree.C, 10 hrs.                                            

                        1.3      1.1       30    2.0                           

     deteri-                                                                   

          Weight                                                               

     oration                                                                   

          loss                                                                 

              260.degree.C, 100 hrs.                                           

                        4.0      5.2       52     32                           

     test (%) 260.degree.C, 1000 hrs.                                          

                        5.2      9.6      (Measurement                         

                                                 (Measurement                  

                                           impossible)                         

                                                  impossible)                  

     __________________________________________________________________________

PAR  As shown in Table 5, it was confirmed that the hardened resins obtained
      from the diallyl esters (I-c) and (I-f) of this invention possess very
      distinguished heat-resistance.
PAR  III-d -- III-g. Hardened resins reinforced with a glass fiber were prepared
      by using the prepolymers II-b, II-e, II-f, and II-d in the same manner as
      in Example III-a, under the molding conditions shown in Table 6.
PAR  Heat deterioration test at 260.degree.C of each of the so prepared hardened
      resins showed the results as listed in Table 6. As will be apparent from
      the results, the harded resin prepared from the diallyl esters of this
      invention exhibits quite good resistance against heat.
TBL                                    Table 6                                 

     __________________________________________________________________________

                           Example III-d                                       

                                    Example III-e                              

                                             Example III-f                     

                                                      Example III-g            

                Prepolymer Prepolymer                                          

                                    Prepolymer                                 

                                             Prepolymer                        

                                                      Prepolymer               

                Amount     II-b     II-e     II-f     II-d                     

                           90 parts 90 parts 90 parts 90 parts                 

                           Diallyl ester                                       

                                    Diallyl ester                              

                                             Diallyl ester                     

                                                      Diallyl ester            

                Monomer Amount                                                 

                           I-b      I-f      I-b      I-b                      

                           10 parts 10 parts 10 parts 10 parts                 

     Raw                   t-Butyl  Dicumyl  Cumene   Dicumyl                  

     Material   Initiator Amount                                               

                           perbenzoate                                         

                                    peroxide hydroperoxide                     

                                                      peroxide                 

     Composition           2 parts  2 parts  3 parts  2 parts                  

                Amount of                                                      

                Glass short fiber                                              

                           100 parts                                           

                                    100 parts                                  

                                             100 parts                         

                                                      100 parts                

     __________________________________________________________________________

                Temperature (.degree.C)                                        

                           170      170      190      180                      

     Molding    Pressure (Kg/cm.sup.2)                                         

                           750      750      750      750                      

     Condition  Time (min.)                                                    

                           15       15       15       15                       

     Before treatment                                                          

                Flexural strength                                              

                           9.1      8.6      7.1      7.7                      

                (Kg/mm.sup.2)                                                  

                Flexural strength                                              

     260.degree.C - 10 hrs.                                                    

                (Kg/mm.sup.2)                                                  

                           8.7      8.9      7.2      5.7                      

     After treatment                                                           

                Weight loss (%)                                                

                           0.7      0.4      0.5      0.2                      

                Flexural strength                                              

     260.degree.C - 100 hrs.                                                   

                (Kg/mm.sup.2)                                                  

                           5.5      6.0      5.0      5.7                      

     After treatment                                                           

                Weight loss (%)                                                

                           2.2      1.6      1.0      0.7                      

                Flexural strength                                              

     260.degree.C - 1000 hrs.                                                  

                (Kg/mm.sup.2)                                                  

                           3.2      4.1      4.3      5.4                      

     After treatment                                                           

                Weight loss (%)                                                

                           9.9      5.8      4.2      2.2                      

     __________________________________________________________________________

PAR  III-h. 92 Parts of the prepolymer of an
      N,N'-bis(allyloxycarbonylmethyl)pyromellitdiimide prepared in II-g above,
      8 parts of diallylisophthalate, 2.2 parts of t-butyl perbenzoate, 0.022
      part of hydroquinone, and 100 parts of glass short fiber were mixed
      together by a pair of mixing rollers heated at 90.degree. - 110.degree.C,
      and heated under the conditions of 175.degree.C, 400 Kg/cm.sup.2 for 16
      minutes, to obtain a hardened resin.
PAR  The so obtained hardened resin showed quite excellent heat-resistance as
      shown in Table 7.
TBL                                    Table 7                                 

     __________________________________________________________________________

               Flexural strength (kg/cm.sup.2)                                 

                              Weight loss (%)                                  

     __________________________________________________________________________

     Before treatment                                                          

               79             0                                                

     260.degree.C, 10 hrs.                                                     

               5.9            0.3                                              

     After treatment                                                           

     260.degree.C, 100 hrs.                                                    

               5.5            1.0                                              

     After treatment                                                           

     260.degree.C, 1000 hrs.                                                   

               5.0            2.7                                              

     After treatment                                                           

     __________________________________________________________________________

PAR  III-i. 90 Parts of precopolymer (molecular weight, 6300; iodine value, 37)
      of diallyl ester (I-e) and diallyl ester (I-f) prepared in II-e above, 10
      parts of diallyl ester (I-f), 2-parts of a dicumyl peroxide, 100 parts of
      a glass short fiber (same as that used in Example III-a), and 200 parts of
      methylethyl ketone, were mixed together. The mixture was air-dried and
      mixed by a pair of rollers heated at 100.degree.C, and crushed to obtain a
      molding compound.
PAR  The so prepared molding compound was molded under the same conditions as
      those of Example III-a, and a hardened resin was obtained.
PAR  Properties of the hardened resin, and flexural strength, and rate of weight
      loss after being heat-treated under the same conditions as those of
      Example III-a are listed in Table 8 below.
TBL                Table 8                                                     

     ______________________________________                                    

     Flexural strength (Kg/mm.sup.2)                                           

                             8.6                                               

     Flexural modulus (Kg/mm.sup.2)                                            

                             590                                               

     Heat distortion temperature (.degree.C)                                   

                             &gt;270                                              

     ______________________________________                                    

            Flexural   After 10 hrs. 8.9                                       

            strength   After 100 hrs.                                          

                                     6.0                                       

     Treated                                                                   

            (Kg/mm.sup.2)                                                      

                       After 1000 hrs.                                         

                                     4.1                                       

     at                                                                        

     260.degree.C      After 10 hrs. 0.4                                       

            Weight loss                                                        

                       After 100 hrs.                                          

                                     1.6                                       

            (%)        After 1000 hrs.                                         

                                     5.8                                       

     ______________________________________                                    

PAR  As will be apparent from Table 8 above, the hardened resin obtained from
      the diallyl esters of this invention showed excellent mechanical and
      thermal properties.
PAR  III-j -- III-m. 80 Parts of a
      4-allyloxycarbonyl-N-(4'-allyloxycarbonylphenyl)phthalimide represented by
      the above formula (I-a), 20 parts of 2,6-diallyl naphthalate (hereinafter
      abbreviated as DAN), and 2 parts of dicumyl peroxide were fed into the
      same cast mold as used in Example III-b, and heated from 100.degree.C up
      to 180.degree.C over a period of 4 hours, and after-cured by being held at
      180.degree.C for 2 hours, to obtain a hardened resin (III-j).
PAR  Hardened resins (III-k to III-m) were prepared in the same manner as in
      III-j above using the diallyl esters (I-a) and (I-f) of this invention in
      combination with DAN and DAI in amounts as shown in Table 9.
PAR  Weight loss on heating of the hardened resins obtained as mentioned above
      and of the hardened resins of DAO (Comparative Example 3) and DAI
      (Comparative Example 4) obtained in Example III-b for the purpose of
      comparison were examined. Results were as shown in Table 9.
TBL                                    Table 9                                 

     __________________________________________________________________________

            Hardened resin composition                                         

                               Temperature                                     

            Diallyl ester                                                      

                    Co-        at which 5%                                     

            of this polymeric                                                  

                          Weight                                               

                               of weight is                                    

            invention                                                          

                    monomer                                                    

                          ratio                                                

                               lost                                            

            (A)     (B)   (A/B)                                                

                               (.degree.C)                                     

     __________________________________________________________________________

     Example                                                                   

     III-j  I-a     DAN   80/20                                                

                               360                                             

     Example                                                                   

     III-k  I-a     DAN   70/30                                                

                               353                                             

     Example                                                                   

     III-l  I-a     DAI   80/20                                                

                               357                                             

     Example                                                                   

     III-m  I-f     DAN   80/20                                                

                               343                                             

     Comparative                                                               

     Example 3                                                                 

            --      DAO   0/100                                                

                               304                                             

     Comparative                                                               

     Example 4                                                                 

            --      DAI   0/100                                                

                               331                                             

     __________________________________________________________________________

PAR  Table 9 above proves that the hardened resins obtained by using the diallyl
      esters of this invention in combination of a little amount of copolymeric
      monomer, show very good resistance to heat.
PAR  III-n - III-q. To 100 parts of a diallyl ester monomer represented by the
      above formula (I-o) were added 2 parts of a dicumyl peroxide and 1 part of
      a cumenehydroperoxide as free radical initiators, and the mixture was
      casted and hardened in the same manner as in Example III-j above, to
      obtain a transparent hardened resin (Example III-n).
PAR  Quite in the same manner as in Example III-n above, the cast-hardened
      resins were prepared from the mixture (III-o) of diallyl esters (I-b) and
      (I-n) at a weight basis ratio of 80 to 20, from the mixture (III-p) of
      diallyl esters (I-c) and (I-k) at a weight basis ratio of 70 to 30, and
      from the mixture (III-q) of diallyl esters (I-a) and (I-b) at a weight
      basis ratio of 50 to 50.
PAR  The temperature at which each of the above hardened resins showed 5% of
      weight loss as measured by thermal gravimetry, were as listed in Table 10
      below, indicating good resistance to heat.
TBL                Table 10                                                    

     ______________________________________                                    

                Hardening      Temperature at                                  

                resin          which 5% of                                     

                composition    weight is lost                                  

     Example    (diallyl ester)                                                

                               (.degree.C)                                     

     ______________________________________                                    

     III-n      I-o            373                                             

     III-o      I-b +          355                                             

                I-n                                                            

                (80/20)                                                        

     III-p      I-c +          364                                             

                I-k                                                            

                (70/30)                                                        

     III-q      I-a +          335                                             

                I-b                                                            

                (50/50)                                                        

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aromatic imidodicarboxylic acid diallyl ester of the formula
      ##SPC54##
PAL  wherein R.sub.1 and R.sub.2 are the same or different and represent a
      hydrogen atom or methyl group.
NUM  2.
PAR  2. The ester of claim 1 which is
      4-allyloxycarbonyl-N-(4-allyloxycarbonylphenyl) phthalimide.
NUM  3.
PAR  3. The ester of claim 1 which is
      4-allyloxycarbonyl-N-(3-allyloxycarbonylphenyl) phthalimide.
PATN
WKU  039312259
SRC  5
APN  4350502
APT  1
ART  124
APD  19740121
TTL  Process for preparing o-nitrobenzylketones
ISD  19760106
NCL  3
ECL  1
EXA  Williams; S. P.
EXP  Gotts; Lewis
INVT
NAM  Fryer; Rodney Ian
CTY  North Caldwell
STA  NJ
INVT
NAM  Garcia; Edward Ernest
CTY  West Caldwell
STA  NJ
ASSG
NAM  Hoffmann-La Roche Inc.
CTY  Nutley
STA  NJ
COD  02
CLAS
OCL  260326N
XCL  26029371
XCL  26029372
XCL  2602938
XCL  2603265J
XCL  26032687
XCL  2605705C
XCL  2605708
XCL  260590
EDF  2
ICL  C07D20948
ICL  C07C 4976
FSC  260
FSS  326 N;590;570.5 C
LREP
FR2  Welt; Samuel L.
FR2  Leon; Bernard S.
FR2  Isgro; William G.
ABST
PAL  o-nitrobenzylketones are prepared by reacting a trans-.beta.-substituted
      amino-2-nitrostyrene with a lower alkanoyl halide, halo-lower alkanoyl
      halide, phthalimido-lower alkanoyl halide, benzoyl halide or substituted
      benzoyl halide, and subsequently hydrolyzing the resulting product to
      yield the desired o-nitrobenzylketone.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention relates to a process for preparing o-nitrobenzylketones,
      which comprises the steps of:
PAR  A. REACTING A TRANS-.beta.-SUBSTITUTED AMINO-2-NITROSTYRENE OF THE FORMULA
      ##SPC1##
PA1  Wherein R.sub.2 and R.sub.3, independently, are lower alkyl or when taken
      together, are lower alkylene,
PAL  With a lower alkanoyl halide, halo-lower alkanoyl halide, phthalimido-lower
      alkanoyl halide, benzoyl halide or substituted benzoyl halide to yield the
      corresponding compound of the formula
      ##SPC2##
PA1  Wherein R is lower alkanoyl, halo-lower alkanoyl, phthalimidolower
      alkanoyl, benzoyl or substituted benzoyl; and R.sub.2 and R.sub.3 are as
      previously described,
PAL  And subsequently,
PAR  B. HYDROLYZING THE PRODUCT OF STEP (A) WHEREBY THE CORRESPONDING
      O-NITROBENZYLKETONE OF THE FORMULA
      ##SPC3##
PA1  Wherein R.sub.1 is lower alkyl, halo-lower alkyl, phenyl, substituted
      phenyl or phthalimido-lower alkyl,
PAL  Is obtained.
PAR  In another aspect, the invention relates to the novel intermediates of
      formula II.
PAR  The o-nitrobenzylketones are useful as intermediates in the preparation of
      2-substituted-indoles. More particularly, the o-nitrobenzylketones are
      chemically or catalytically reduced to the desired 2-substituted indoles.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention relates to a process for preparing o-nitrobenzylketones.
PAR  As used herein, the term "lower alkyl" denotes a straight or branched chain
      saturated hydrocarbon of 1 to 7 carbon atoms, for example, methyl, ethyl,
      propyl, isopropyl, butyl, t-butyl, neopentyl, pentyl, heptyl, and the
      like. The term "halogen" denotes all the halogens, i.e., bromine,
      chlorine, fluorine and iodine. The term "lower alkanoyl" denotes a group
      derived from an aliphatic carboxylic acid of 2 to 7 carbon atoms, for
      example, acetyl, propionyl, and the like. The term "lower alkylene"
      denotes a hydrocarbon radical of two to five carbon atoms, such as,
      ethylene, propylene, butylene and pentylene. The term "substituted
      benzoyl" denotes a benzoyl moiety having 1 to 3 of its hydrogen atoms
      replaced by halogen, lower alkyl of 1 to 7 carbon atoms, for example,
      methyl, ethyl, propyl, butyl, pentyl, hexyl and the like, or lower alkoxy
      of 1 to 7 carbon atoms, for example, methoxy, ethoxy, propoxy, butoxy, or
      the like.
PAR  The o-nitrobenzylketones are prepared by reacting trans-.beta.-substituted
      amino-2-nitrostyrene of the formula
      ##SPC4##
PA1  Wherein R.sub.2 and R.sub.3, independently, are lower alkyl or when taken
      together, are lower alkylene,
PAL  With an acyl halide selected from the group consisting of lower alkanoyl
      halide, halo-lower alkanoyl halide, phthalimido-lower alkanoyl halide,
      benzoyl halide and substituted benzoyl halide to yield the corresponding
      compound of the formula
      ##SPC5##
PA1  Wherein R is lower alkanoyl, halo-lower alkanoyl, phthalimido-lower
      alkanoyl, benzoyl or substituted benzoyl, and R.sub.2 and R.sub.3 are as
      previously described,
PAL  and subsequently hydrolyzing the product of step (a) whereby the
      corresponding o-nitrobenzylketone of the forumula
      ##SPC6##
PA1  wherein R.sub.1 is lower alkyl, halo-lower alkyl, phenyl, substituted
      phenyl or phthalimido-lower alkyl,
PAL  is obtained.
PAR  The trans-.beta.-substituted amino-2-nitrostyrenes of formula III are
      prepared by reacting o-nitrotoluene with a formamide acetal. The formamide
      acetals are known compounds or can be prepared by known procedures.
      Preferred formamide acetals are, for example, N,N-dimethylformamide
      diethyl acetal, N,N-dimethylformamide dimethyl acetal, N-formylpyrrolidine
      dimethyl acetal, 2-dimethylamino-1,3-dioxolane, N-formylpiperidine
      dimethyl acetal, N,N-dimethylformamide dibenzyl acetal,
      N,N-dimethylformamide dicyclohexyl acetal, N,N-dimethylformamide
      dineopentyl acetal, N,N-dimethylformamide di-isopropyl acetal,
      N,N-dimethylformamide di-n-heptyl acetal, and the like.
PAR  The condensation of the ortho-nitrotoluene with the formamide acetal can be
      effected in the presence or absence of an inert organic solvent.
      Preferably, the condensation is conducted in the presence of a polar
      aprotic solvent, such as, for example, N,N-dimethylformamide (DMF),
      diethyleneglycol dimethyl ether (Diglyme), hexamethylphosphortriamide
      (HMPT), and the like. The reaction conditions for the condensation are not
      narrowly critical. Thus, the condensation can be conducted at a
      temperature in the range of between about room temperature and the reflux
      temperature of the reaction mixture. Preferably, the reaction is conducted
      at a temperature in the range of 100.degree.-160.degree.. Most
      conveniently, the reaction is conducted at the reflux temperature of the
      reaction mixture. The condensation may be effected at atmospheric or
      super-atmospheric pressures. Conveniently, it is effected at atmospheric
      pressure.
PAR  The acyl halides selected from the group consisting of lower alkanoyl
      halides, halo-lower alkanoyl halides, phthalimido-lower alkanoyl halides,
      benzoyl halides and substituted benzoyl halides are known compounds or can
      be prepared according to known procedures. Exemplary of such compounds
      are: acetyl chloride, propionyl chloride, bromoacetyl chloride, acid
      chloride of phthalimido glycine, benzoyl chloride, o-, m- or
      p-chlorobenzoyl bromide, o-, m- or p-methylbenzoyl chloride,
      3,4-dichlorobenzoyl chloride, 3,4,5-trichlorobenzoyl chloride or the like.
PAR  A nitrostyrene of formula III is reacted, according to the invention, with
      a lower alkanoyl halide, halo-lower alkanoyl halide, phthalimido-lower
      alkanoyl halide, benzoyl halide or a substituted benzoyl halide to yield
      the corresponding compound of the formula
      ##SPC7##
PA1  wherein R is lower alkanoyl, halo-lower alkanoyl, phthalimido-lower
      alkanoyl, benzoyl or substituted benzoyl, and wherein R.sub.2 and R.sub.3
      are as previously described.
PAR  This reaction is carried out in an inert organic solvent, for example, an
      ether such as diethyl ether, dioxane, tetrahydrofuran or the like,
      aromatic hydrocarbons such as benzene, toluene, xylene or the like, or
      halogenated hydrocarbons such as methylene chloride, chloroform or the
      like, at a temperature in the range of from 0.degree. to the reflux
      temperature of the reaction mixture. The compound of formula II can be
      isolated by known procedures prior to being hydrolyzed or can be
      hydrolyzed without isolation to yield the corresponding
      o-nitrobenzylketone of the formula
      ##SPC8##
PA1  wherein R.sub.1 is lower alkyl, halo-lower alkyl, phenyl, substituted
      phenyl or phthalimido-lower alkyl.
PAR  The hydrolysis is conveniently carried out by known procedures, for
      example, by treatment with water or mixtures comprising water and a water
      miscible organic solvent such as dioxane, tetrahydrofuran, alkanols, for
      example, methanol, ethanol, or the like. The hydrolysis is conveniently
      carried out at room temperature to the reflux temperature of the reaction
      mixture; reflux temperature is preferred.
PAR  The ketones of formula I are known compounds and are useful as
      intermediates in the preparation of useful indoles. The conversion of the
      compounds of formula I to the indoles can be effected by chemical or
      catalytic reduction, for example, utilizing sodium hydrosulfite, iron in
      acetic acid or the like, as chemical reducing agents or utilizing hydrogen
      in the presence of a catalyst such as Raney nickel, palladium or the like.
      The indoles prepared by the process of the invention have the formula
      ##SPC9##
PA1  wherein R.sub.1 is as previously described.
PAR  Exemplary of such known indoles are 2-methyl-indole, 2-phenyl-indole,
      2-substituted phenyl-indole, and the like.
DETD
PAR  The following examples further illustrate the invention. All temperatures
      are in degrees Centigrade, unless otherwise mentioned.
PAC  EXAMPLE 1
PAC  Preparation of trans-.beta.-dimethylamino-2-nitrostyrene
PAR  A solution of 34.3 g. of 2-nitrotoluene in a mixture of 37 g. of
      N,N-dimethylformamide diethylacetal and 100 ml. of dimethylformamide was
      heated under reflux for 26 hours. The dark reaction mixture was
      concentrated by first removing the lower boiling components on a rotary
      evaporator and then distilling the unreacted 2-nitrotoluene at about
      75.degree./0.2 mm. The residual dark, red liquid (35 g., 72%), which was
      trans-.beta.-dimethylamino-2-nitrostyrene, was used directly in the
      experiments below without further purification.
PAC  EXAMPLE 2
PAC  Preparation of 2'-fluoro-2-(2-nitrophenyl) acetophenone
PAR  To a stirred solution of 26.2 g. of
      trans-.beta.-dimethylamino-2-nitrostyrene and 13.7 g. of triethylamine in
      150 ml. of benzene there was added dropwise 21.8 g. of 2-fluorobenzoyl
      chloride. The resultant mixture was stirred and heated under reflux for 15
      hours. Sufficient water was then added to dissolve the salts which had
      precipitated and the organic layer was separated and concentrated. The oil
      obtained was dissolved in a mixture comprising  ml. of dioxane and 50 ml.
      of water and the resultant solution was heated under reflux for 18 hours
      and then concentrated. The residue was extracted with dichloromethane,
      dried and evaporated to an oil. The oil was dissolved in a small volume of
      cold ethanol and scratched to initiate crystallization. After
      refrigeration, filtration gave 18.5 g. of crude product. Filtration over
      200 g. of florisil with benzene as the eluant yielded 16 g. (45%) of
      2'-fluoro-2-(2-nitrophenyl)acetophenone as white crystals, m.p.
      84.degree.-86.degree.. Recrystallization from carbon tetrachloride gave
      white prisms, m.p. 85.degree.-86.degree..
PAR  Anal. Calcd. for C.sub.14 H.sub.10 FNO.sub.3 : C, 64.86; H, 3.89; N, 5.40.
      Found: C, 65.02; H, 4.03; N, 5.48.
PAC  EXAMPLE 3
PAC  Preparation of .alpha.-bromoacetyl-.beta.-dimethylamino-2-nitrostyrene
PAR  To a stirred, ice-cooled solution of 38.4 g. of
      trans-.beta.-dimethylamino-2-nitrostyrene and 16 g. of pyridine in 200 ml.
      of ether there was added dropwise 40.4 g. of bromoacetyl bromide dissolved
      in 50 ml. of ether. After stirring in an ice-bath for 1.5 hours, the
      suspension was filtered and the solid residue was washed with ether. The
      somewhat oily solid was partitioned between dichloromethane-water and the
      organic layer was separated, washed, dried and evaporated to dryness. The
      solid was recrystallized from dichloromethane-hexane to give amber
      needles, m.p. 125.degree.-127.degree.. The yield of
      .alpha.-bromoacetyl-.beta.-dimethylamino-2-nitrostyrene was 44.6 g. (71%).
PAR  Anal. Calcd. for C.sub.12 H.sub.13 BrN.sub.2 O.sub.3 : C, 46.02; H, 4.18;
      N, 8.95. Found: C, 45.84; H, 4.48; N, 8.92.
PAC  EXAMPLE 4
PAC  Preparation of
      .alpha.-phthalimidoacetyl-.beta.-dimethylamino-2-nitrostyrene
PAR  To a stirred suspension of 18.5 g. of potassium phthalimide in 700 ml. of
      warm dimethylformamide there was added 31.4 g. of
      .alpha.-bromoacetyl-.beta.-dimethylamino-2-nitrostyrene. The resultant
      solution was stirred at room temperature for 2 hours and then was poured
      into 1 1. of ice-water. The precipitated solid was filtered, washed with
      water and recrystallized from methanol-dichloromethane to give 30 g. (79%)
      of .alpha.-phthalimidoacetyl-.beta.-dimethylamino-2-nitrostyrene as orange
      prisms, m.p. 230.degree.-233.degree.. The microanalytical sample was
      obtained by an additional recrystallization from methanol-dichloromethane,
      m.p. 237.degree.-239.degree..
PAR  Anal. Calcd. for C.sub.20 H.sub.17 N.sub.3 O.sub.5 : C, 63.32; H, 4.52; N,
      11.08 Found: C, 63.34; H, 4.36; N, 11.24
PAC  EXAMPLE 5
PAC  Preparation of 1-(2-nitrophenyl)-3-phthalimido-2-propanone
PAR  A solution of 22.8 g. of
      .alpha.-phthalimidoacetyl-.beta.-dimethylamino-2-nitrostyrene in a mixture
      of 950 ml. of dioxane and 50 ml. of water was heated under reflux for 70
      hours and then evaporated at reduced pressure. The residue was extracted
      with dichloromethane, washed, dried and filtered over florisil. Elution
      with dichloromethane gave 10.6 g. (54%) of
      1-(2-nitrohenyl)-3-phthalimido-2-propanone as a tan solid, m.p.
      179.degree.-182.degree.. Recrystallization from methanol-dichloromethane
      yielded white needles, m.p. 181.degree.-183.degree..
PAR  Anal Calcd. for C.sub.17 H.sub.12 N.sub.2 O.sub.5 : C, 62.96; H, 3.73; N,
      8.64. Found: C, 63.02; H. 3.76; N, 8.71.
PAC  EXAMPLE 6
PAC  Preparation of 2-(2-fluorophenyl)indole
PAR  To 15.6 g. of 2'-fluoro-2-(2-nitrophenyl)acetophenone dissolved in a
      mixture of 150 ml. tetrahydrofuran, 150 ml. ethanol and 100 ml. water
      there was added portionwise 24 g. of sodium hydrosulfite. The mixture was
      stirred and heated on the steam bath for 10 minutes. Thereafter an
      additional 100 ml. of water was added and stirring was continued at room
      temperature for 20 minutes. At this point more sodium hydrosulfite (16 g.)
      was added portionwise. After warming, the mixture was stirred at room
      temperature for 20 minutes and evaporated at reduced pressure to remove
      the organic solvents. The solid which separated was filtered and washed
      with water. This aqueous filtrate was treated with 100 ml. of 6N
      hydrochloric acid and heated on the steam bath for 15 minutes. The
      resultant suspension was filtered and the two solids were combined and
      recrystallized from hexane (small amount undissolved was discarded) to
      give 5.9 g. (46%) of 2-(2-fluorophenyl)indole as white needles, m.p.
      97.degree. -98.degree..
PAR  Anal Calcd. for C.sub.14 H.sub.10 FN: C, 79.60; H, 4.77; N, 6.63. Found: C,
      79.89; H, 4.72; N, 6.61.
PAC  EXAMPLE 7
PAC  Preparation of N-(2-indolylmethyl)phthalimide
PAR  A. Using the same procedure employed for the synthesis of
      2-(2-fluorophenyl)indole 10 g. of
      1-(2-nitrophenyl)-3-phthalimido-2-propanone was reduced with 20 g. of
      sodium hydrosulfite in a mixture of 300 ml. of ethanol, 250 ml. of
      tetrahydrofuran and 250 ml. of water. After removing the organic solvents,
      the aqueous solution was filtered and the resultant solid was suspended in
      250 ml. of 8N sulfuric acid and 300 ml. of chloroform and warmed on the
      steam bath for 5 minutes. The organic layer was separated, washed, dried
      and concentrated to give 3.3 g. of N-(2-indolylmethyl)phthalimide as an
      off-white solid. Treatment of the original aqueous filtrate with sulfuric
      acid-chloroform in the same fashion gave an additional 0.9 g. of product.
      The total yield of N-(2-indolylmethyl)phthalimide was 4.2 g. (50%), m.p.
      215.degree.-219.degree.. Recrystallization from acetonitrile gave
      pale-yellow needles, m.p. 226.degree.-228.5.degree..
PAR  Anal Calcd. for C.sub.17 H.sub.12 N.sub.2 O.sub.2 : C, 73.90; H, 4.38; N,
      10.14. Found: C, 74.01; H, 4.25; N, 10.14.
PAR  B. A solution of 20.7 g. of 1-(2-nitrophenyl)-3-phthalimido-2-propanone in
      200 ml. of dimethylformamide was treated with about 10 g. of Raney nickel
      catalyst and the mixture was reduced in a Parr apparatus at an initial
      pressure of 46 psi. After hydrogen absorbtion ceased, the mixture was
      filtered and the dimethylformamide filtrate was evaporated to dryness. The
      residual solid was recrystallized from acetonitrile-dichloromethane to
      yield 11.4 g. (65%) of N-(2-indolylmethyl)phthalimide, m.p.
      215.degree.-220.degree., identical in all respects to the product obtained
      by method A).
PAC  EXAMPLE 8
PAC  Preparation of .alpha.-acetyl-.beta.-dimethylamino-2-nitrostyrene
PAR  To a stirred solution of 3.84 g. of .beta.-dimethylamino-2-nitrostyrene and
      1.61 ml. of pyridine in 20 ml. of ether, was added dropwise a solution of
      1.42 ml. of acetyl chloride in 5 ml. of ether. The mixture was stirred for
      3 hours at 0.degree. and filtered. The gummy solid was partitioned between
      methylene chloride and water. The organic phase was washed with dilute
      hydrochloride, dried and concentrated to a dark oil. The nmr spectrum was
      in agreement with the proposed structure. This product, i.e.,
      .alpha.-acetyl-.beta.-dimethylamino-2-nitrostyrene was used without
      further purification in the next step.
PAC  EXAMPLE 9
PAC  Preparation of 1-o-nitrophenyl-2-propanone
PAR  The product of Example 8, i.e.,
      .alpha.-acetyl-.beta.-dimethylamino-2-nitrostyrene was refluxed with a
      mixture of 8 ml. of water and 25 ml. of dioxane for 24 hours. After
      cooling, the mixture was concentrated in vacuo and the residue partitioned
      between methylene chloride and water. The organic phase was washed with
      brine, dried and concentrated. The crude product was chromatographed on
      silica gel using benzene, followed by methylene chloride as the eluent to
      give 926 mg. (26 percent based on .beta.-dimethylamino-2-nitrostyrene) of
      1-o-nitrophenyl-2-propanone as an oil. A small amount was recrystallized
      from hexane to give pale yellow plates of 1-o-nitrophenyl-2-propanone,
      having a melting point of 24.degree.-25.degree.. The nmr spectrum was in
      agreement with the proposed structure.
PAC  EXAMPLE 10
PAC  Preparation of 2-methylindole
PAR  To 500 mg. of 1-o-nitrophenyl-2-propanone dissolved in a mixture of 15 ml.
      of tetrahydrofuran, 15 ml. of ethanol and 10 ml. of water, was added
      portionwise 3 g. of Na.sub.2 S.sub.2 O.sub.4 (sodium hydrosulfite). The
      mixture was stirred and heated on the steam bath for 10 minutes, then 10
      ml. of water was added and the mixture stirred at room temperature for 20
      minutes. Following the addition of 2 g. of Na.sub.2 S.sub.2 O.sub.4
      (sodium hydrosulfite), the solution was refluxed for 10 minutes and
      allowed to cool to room temperature. The solid which separated on cooling
      was filtered and recrystallized from ethanol/water to give 200 mg. (54
      percent) of 2-methylindole as colorless plates, m.p. 57.degree.-58.degree.
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing o-nitrobenzylketone of the formula
      ##SPC10##
PA1  wherein R.sub.1 is lower alkyl, halo-lower alkyl, phenyl,
      halogen-substituted phenyl, lower alkyl-substituted phenyl, lower
      alkoxy-substituted phenyl or phthalimido-lower alkyl,
PAL  which comprises the steps of:
PA1  a. reacting a trans- .beta. -substituted amino-2-nitrostyrene of the
      formula
      ##SPC11##
PA1  wherein R.sub.2 and R.sub.3, independently, are lower alkyl, or when taken
      together are lower alkylene,
PAL  with an acyl halide selected from the group consisting of lower alkanoyl
      halide, halo-lower alkanoyl halide, phthalimido-lower alkanoyl halide,
      benzoyl halide, halogen-substituted benzoyl halide, lower
      alkyl-substituted benzoyl halide and lower alkoxy-substituted benzoyl
      halide, to yield the corresponding compound of the formula
      ##SPC12##
PA1  wherein R is lower alkanoyl, halo-lower alkanoyl, phthalimido-lower
      alkanoyl, benzoyl, halogen-substituted benzoyl, lower alkyl-substituted
      benzoyl or lower alkoxy-substituted benzoyl, and R.sub.2 and R.sub.3,
      independently, are lower alkyl, or when taken together, are lower
      alkylene,
PAL  at a temperature in the range of from 0.degree. to the reflux temperature
      of the reaction mixture and subsequently,
PA1  b. hydrolyzing the product of step (a) to yield a compound of the formula
      ##SPC13##
PA1  wherein R.sub.1 is lower alkyl, halo-lower alkyl, phenyl,
      halogen-substituted phenyl, lower alkyl-substituted phenyl, lower
      alkoxy-substituted phenyl or phthalimido-lower alkyl.
NUM  2.
PAR  2. A process in accordance with claim 1, wherein R.sub.2 and R.sub.3 are
      methyl.
NUM  3.
PAR  3. A process in accordance with claim 1, wherein step (a) is carried out in
      an inert organic solvent.
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ABST
PAL  The invention relates to a process for preparing fused ring indole
      derivatives of formula (I)
      ##SPC1##
PAL  wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4 are each hydrogen, hydroxyl,
      lower alkyl, lower alkoxy, haloloweralkyl or halogen, R.sup.5 and R.sup.6
      are each hydrogen or lower alkyl and m and n are 0, 1, 2 or 3 and the sum
      of m + n is 2 or 3, by condensing an indole derivative of formula
      ##SPC2##
PAL  With a dihaloalkane of formula
      ##EQU1##
      The products have pharmacological activity, particularly antidepressant
      and hypoglycaemic activity.
BSUM
PAR  This invention relates to fused ring indole derivatives. More particularly
      it relates to a process for the preparation of certain
      pyrimido[1,2-a]indoles and diazepino[1,2-a]indoles and the products of
      this process.
PAR  German Offenlegungsschrift No. 2,200,584 discloses certain
      imidazo[1,2-a]indoles, pyrimido[1,2-a]indoles and diazepino[1,2-a]indoles
      and various processes for their preparation. We have now found that some
      of the compounds can be prepared by a novel alternative process.
PAR  Accordingly the present invention provides a process for the preparation of
      an indole derivative of the general formula (I)
      ##SPC3##
PAL  or an acid addition salt thereof, wherein R.sup.1, R.sup.2, R.sup.3 and
      R.sup.4 are each hydrogen,hydroxyl, lower alkyl, lower alkoxy,
      haloloweralkyl or halogen, R.sup.5 and R.sup.6 are each hydrogen or lower
      alkyl and m and n are 0, 1, 2 or 3 and the sum of m + n is 2 or 3 which
      comprises condensing an indole derivative of general formula (II)
      ##SPC4##
PAL  wherein R.sup.1, R.sup.2, R.sup.3 and R.sup.4 have the meanings given above
      with a dihaloalkane of general formula (III)
      ##EQU2##
      wherein R.sup.5, R.sup.6, m and n have the meanings given above and Hal
      and Hal' are each chlorine, bromine or iodine, and if desired converting a
      resulting acid addition salt to a free base or a free base to an acid
      addition salt.
PAR  The indole derivative of general formula (II) may exist in the alternative
      tautomeric form of general formula (IIa)
      ##SPC5##
PAL  Where in this specification there is used a formula or name implying a
      structure of general formula (II) it is to be understood that this name or
      structure includes the tautomeric compound of general formula (IIa) or a
      mixture of the two tautomers.
PAR  The term "lower" as used herein means that the radical contains up to 6
      carbon atoms preferably up to 4 carbon atoms.
PAR  The following are examples of the groups R.sup.1, R.sup.2, R.sup.3, R.sup.4
      : hydrogen; hydroxyl; lower alkyl such as methyl, ethyl, propyl and butyl;
      lower alkoxy such as methoxy, ethoxy, propoxy and butoxy; haloloweralkyl,
      e.g., trifluoromethyl and halogen such as chlorine and bromine. Preferably
      each group R.sup.1, R.sup.2, R.sup.3 and R.sup.4 is hydrogen or at least
      one of the groups is halogen and the remaining groups are hydrogen.
PAR  The groups R.sup.5 and R.sup.6 are hydrogen or lower alkyl, e.g., methyl,
      ethyl, propyl and butyl. Preferably both groups R.sup.5 and R.sup.6 are
      hydrogen.
PAR  The compounds of general formula (I) in which the sum of m + n is 2 are
      pyrimido[1,2-a]indoles and the compounds in which the sume of m + n is 3
      are 1,3-diazepino[1,2-a]indoles. Preferably m and n are 1 or 2, i.e., both
      are 1 or one is 1 and the other is 2.
PAR  The indole derivative (II) may be reacted with the dihaloalkane (III) in an
      inert organic solvent, i.e., a solvent which will dissolve the reactants
      but will not interfere with their interaction, e.g., dimethylformamide and
      alcohols such as ethanol and isopropanol. The reaction mixture may be
      heated, for example at the reflux temperature. A base, such as potassium
      carbonate or di-isopropylamine, can be added to the reaction mixture but
      this is not essential. The product can be obtained from the reaction
      medium by conventional methods. Isolation sometimes provides the indole
      derivative (I) in the form of its hydrohalic acid addition salt. The free
      base can be obtained in the usual manner by basifying a solution of the
      acid addition salt. The free base can be converted into acid addition
      salts, particularly pharmaceutically acceptable acid addition salts by
      dissolving the free base in a suitable organic solvent and treating it
      with a solution of the selected acid, in accordance with conventional
      procedures for preparing acid addition salts from base compounds. As
      examples of acids, there may be used hydrochloric, hydrobromic, tartaric,
      phosphoric, maleic, citric, methanesulphonic or p-toluene sulphonic acids.
PAR  In the dihaloalkane (III), the groups Hal and Hal' may be the same or
      different. If the groups are different the indole derivative (I) will be
      obtained as a mixture of hydrohalic acid addition salts from which the
      free base can be obtained by the process described above. Preferably the
      groups Hal and Hal' are the same. For example, they are both preferably
      bromine. The dihaloalkanes (III) are known compounds or can be prepared by
      methods described in the literature.
PAR  The indole derivative (II) may be prepared by the process described in U.S.
      Pat. No. 3,576,001 and by S. C. Bell et al., in J. Heterocyclic Chem.,
      1969, 6, 599-604. In this process the indole derivative is prepared by a
      process involving cyclization of a 2-benzoylacylanilide with an ionic
      cyanide such as potassium cyanide. The 2-benzoylacylanilides may be
      prepared by acylation of a 2-aminobenzophenone. The 2-aminobenzophenones
      are known compounds or may be prepared by methods described in the
      literature, for example in J. Am. Chem. Soc., 1943, 65, 363 or J.
      Heterocyclic Chem., 1971, 8, 903-910.
PAR  The compounds of formula (I) possess at least one asymmetric carbon atom
      and hence optical enantiomorphs are possible and the compounds may be
      obtained as the pure enantiomorphs or mixtures of such enantiomorphs, such
      as the racemates. The pure enantiomorphs may be obtained by the process of
      the present invention by employing optically active starting materials.
      Alternatively, a racemic mixture of the compound of general formula (I)
      may be resolved by the process described in German Offenlegungsschrift No.
      2,200,584.
PAR  As described in the last mentioned specification, the compounds of general
      formula (I) exhibit pharmacological activity, e.g., antidepressant,
      anti-inflammatory, anti-histaminic, cardiovascular, diuretic or
      hypoglycaemic activity. Examples of specific compounds having good
      antidepressant activity when tested by standard pharmacological tests are
      2,3,4,10-tetrahydro-10-phenyl-pyrimido[1,2-a]indol-10-ol,
      10-(m-chlorophenyl)-2,3,4,10-tetrahydropyrimido[1,2-a]indol-10-ol and
      2,4,5,11-tetrahydro-11-phenyl-3H-1,3-diazepino[1,2-a]indol-11-ol. The last
      compound also has good hypoglycaemic activity.
DETD
PAR  The following examples illustrate the invention:
PAC  EXAMPLE 1
PAC  2,3,4,10-Tetrahydro-10-phenylpyrimido[1,2-a]indol-10-ol.
PAR  a. Dichloroacetylchloride (88 ml) in dichloromethane (200 ml) was added
      dropwise to a stirred solution of 2-aminobenzophenone (157.6g) in
      dichloromethane (400 ml) and triethylamine (116 ml) while keeping the
      temperature between 20.degree.-30.degree.C by cooling in ice. On
      completion of the addition the reaction was stirred at room temperature
      for 1.5 hours. The reaction mixture was washed with successive portions of
      distilled water-dilute hydrochloric acid and finally distilled water.
      After drying over anhydrous magnesium sulphate the solvent was removed
      under reduced pressure to leave a solid which on recrystallisation from
      absolute, ethanol gave 222 g of 2'-benzoyl-2,2-dichloroacetanilide, m.p.
      112.degree.-114.degree.C.
PAR  Analysis: Found C, 58.5; H, 3.7; N, 4.5. C.sub.15 H.sub.11 Cl.sub.2
      NO.sub.2 requires C, 58.5; H, 3.6; N, 4.5%.
PAR  b. 2'-Benzoyl-2,2-dichloroacetanilide (50 g.) was suspended in 91% ethanol
      (750 ml) and treated with a solution of potassium cyanide (30 g) in water
      (50 ml). The reaction was stirred at room temperature for 40 hours. The
      crystalline precipitate was filtered off and the mother liquors diluted
      with water to provide further crops of 2-amino-3-phenyl-3H-indol-3-ol.
      Total 37 g. The product could be recrystallized from acetonitrile or
      aqueous dimethylformamide and had a m.p. of 204.degree.-6.degree.C
      (decomp).
PAR  Analysis: Found C, 75.0; H, 5.4; N, 12.5. C.sub.14 H.sub.12 N.sub.2 O
      requires C, 74.9; H, 5.6; N, 12.4%.
PAR  c. 2-Amino-3-phenyl-3H-indol-3-ol (2.24 g) was heated under reflux with
      isopropanol (20 ml) and 1,3-dibromopropane (2.0 g) for 20 hours. The
      reaction mixture was evaporated to 10 ml and diluted with a little ether.
      The title compound was obtained as its hydrobromide salt 0.73 g., m.p.
      260.degree.-262.degree.C (decomp.) and could be recrystallized from
      methanol, ethanol or isopropanol with or without the addition of ethyl
      acetate or ether.
PAR  Analysis: Found C, 58.7; H, 5.1; N, 7.8. C.sub.17 H.sub.16 N.sub.2 O.HBr
      requires C, 59.15; H, 4.8; N, 8.1%
PAC  EXAMPLE 2
PAC  2,4,5,11-Tetrahydro-11-phenyl-3H-1,3-diazepino[1,2a]indol-11-ol
PAR  2Amino-3-phenyl-3H-indol-3-ol (8.96 g) was heated under reflux with
      1,4-dibromobutane (8.64 g) in absolute ethanol (65 ml) for 30 hours. The
      reaction mixture was evaporated to small bulk and allowed to
      recrystallize. The product was obtained as its hydrobromide salt(4.67 g)
      m.p. 270.degree.-272.degree. (decomp.) and could be recrystallized from
      ethanol m.p. 262.degree.-277.degree.C (decomp.).
PAR  Analysis: Found C, 60.6; H, 5.5; N, 7.8% C.sub.18 H.sub.18 N.sub.2 O.HBr
      requires C, 60.3; H, 5.3; N, 7.8%.
PAC  EXAMPLE 3
PAC  8-Chloro-2,3,4,10-tetrahydro-10-phenylpyrimido[1,2-a]indol-10-ol
PAR  Reaction of 2-amino-5-chloro-3-phenyl-3H-indol-3-ol (2.58 g) with
      1,3-dichloropropane (1.1 g) according to the procedure of Example 1 step
      (c) gives the title compound as its hydrochloride salt, m.p.
      279.degree.-282.degree.C (decomp).
PAC  EXAMPLE 4
PAC  2,3,4,10-Tetrahydro-2(and 4)-methyl-10-phenyl-pyrimido[1,2-a]indol-10-ol
PAR  2-Amino-3-phenyl-3H-indol-3-ol (2.24 g) was heated under reflux with
      1,3-dibromobutane (2.16 g) in absolute ethanol (10 ml) for 16 hours. On
      cooling colourless needles, believed to be
      2-ethoxy-3-phenyl-3H-indol-3-ol, (500 mg m.p. 197.degree.-199.degree.C)
      were obtained. These were discarded. The mother liquors were evaporated
      under reduced pressure to a foam which was redissolved in hot isopropanol.
      On cooling 697 mg of a mixture of the hydrobromides of the title compounds
      was obtained, m.p. 270.degree.-272.degree.C (decomp.) after
      recrystallization from ethanol/ether.
PAR  Analysis: Found C, 60.1; H, 5.4; N, 7.7. C.sub.18 H.sub.18 N.sub.2 O HBr
      requires C, 60.3; H, 5.3; N, 7.8%.
PAC  EXAMPLE 5
PAC  11-(m-Chlorophenyl)-2,4,5,11-tetrahydro-3H-1,3-diazepino[1,2-a]indol-11-ol
PAR  a. 2-Amino-3'-chlorobenzophenone (6.12 g) was stirred and cooled at
      15.degree.C in solution in acetone (25 ml) while dichloroacetyl chloride
      (4.86 g) was added dropwise. After stirring at room temperature for 20
      minutes the reaction mixture was poured into water, the acetone was
      removed under reduced pressure and the resulting oil extracted into
      chloroform. After drying over magnesium sulphate the chloroform was
      removed under reduced pressure and the product crystallized from ethanol.
      2'-(m-Chlorobenzoyl)-2,2-dichloroacetanilide was obtained as yellow
      needles (6.88 g),m.p. 73.degree.-75.degree.C after recrystallization from
      ethanol.
PAR  Analysis: Found C, 52.8; H, 2.9; N, 4.1. C.sub.15 H.sub.10 Cl.sub.3
      NO.sub.2 requires C, 52.6; H, 2.9; N, 4.1%.
PAR  b. The dichloroacetanilide obtained above was dissolved in ethanol (150 ml)
      and treated with a solution of potassium cyanide (6 g) in water (50 ml).
      After stirring at room temperature overnight the reaction mixture was
      treated with charcoal, filtered and the ethanol removed under reduced
      pressure. The resulting oil was extracted into chloroform, dried over
      magnesium sulphate and evaporated to an oil which afforded 4.6 g of
      2-amino-3-(m-chlorophenyl)-3H-indol-3-ol, m.p. 247.degree.-250.degree.C
      (decomp.), as its hydrochloride on treatment with isopropanol and hydrogen
      chloride in dry ether.
PAR  Analysis: Found C, 57.1; H, 4.1; N, 9.1. C.sub.14 H.sub.11 ClN.sub.2 O
      requires C, 56.9; H, 4.1; N, 9.4%.
PAR  c. 2-Amino-3-(m-chlorophenyl)-3H-indol-3-ol hydrochloride (8.66 g) was
      converted to its oily base then heated under reflux with 1,4-dibromobutane
      (6.35 g) in ethanol (20 ml) for 4 hours. On cooling the title compound was
      obtained as its hydrobromide salt (2.41 g) m.p. 270.degree.-275.degree. C
      (decomp.) after recrystallization from methanol/ethyl acetate.
PAR  Analysis: Found C, 54.85; H, 4.6; N, 7.1. C.sub.18 H.sub.17 ClN.sub.2 O HBr
      requires C, 54.9; H, 4.35; N, 7.1%.
PAC  EXAMPLE 6
PAC  10-(m-Chlorophenyl)-2,3,4,10-tetrahydropyrimido[1,2-a]indol-10-ol
PAR  2-Amino-3-(m-chlorophenyl)-3H-indol-3-ol hydrochloride (2.3 g) is converted
      to its oily base then heated under reflux in ethanol (10 ml) with
      1,3-dibromopropane (1.55 g) for 20 hours. On cooling the title compound is
      obtained as its hydrobromide, m.p. 270.degree.-273.degree.C (decomp.).
PAC  EXAMPLE 7
PAC  9-Chloro-11-(o-chlorophenyl)-2,4,5,11-tetrahydro-3H-1,3-diazepino[1,2-a]ind
     ol-11-ol
PAR  a. Dichloroacetyl chloride (17 ml) in dichloromethane (50 ml) was added
      dropwise to a stirred solution of 2-amino-2',5-dichlorobenzophenone (40.8
      g) and triethylamine (24 ml) in dichloromethane (100 ml). The mixture was
      stirred for 15 hours at room temperature and washed with water. After
      drying over magnesium sulphate the solvent was removed under reduced
      pressure and the resulting oil crystallized from ethanol, affording 48.14
      g of colourless crystals, m.p. 130.degree.-133.degree.C after
      recrystallization from ethanol.
PAR  Analysis: Found c, 48.2; H, 2.5; N, 3.9. C.sub.15 H.sub.9 Cl.sub.4 NO.sub.2
      requires C, 47.8; H, 2.4; N, 3.7%
PAR  b. The dichloroacetanilide obtained in (a) above was dissolved in 90%
      ethanol (500 ml) and stirred for 24 hours at room temperature with
      potassium cyanide (20.95 g) in water (180 ml). The undissolved material
      was filtered and the filtrate diluted with water yielding 28.74 g of
      2-amino-5-chloro-3-(o-chlorophenyl)-3H-indol-3-ol, m.p.
      146.degree.-148.degree.C after recrystallization from aqueous
      dimethylformamide.
PAR  c. 2-Amino-5-chloro-3-(o-chlorophenyl)-3H-indol-3-ol (5.86 g) was heated
      under reflux with 1,4-dibromobutane (4.32 g) for 18 hours. On cooling the
      hydrobromide of the title compound (1.67 g) was deposited m.p.
      295.degree.-300.degree.C (decomp.).
PAR  Analysis: Found C, 50.3; H, 4.05; N, 6.4. C.sub.18 H.sub.16 Cl.sub.2
      N.sub.2 O.HBr requires C, 50.5; H, 4.0; N, 6.5%.
PAC  EXAMPLE 8
PAC  9-Chloro-11-phenyl-2,4,5,11-tetrahydro-3H-1,3-diazepino[1,2-a]indol-11-ol
PAR  a. Potassium cyanide (18 g) in water (150 ml) was added to a suspension of
      2'-benzoyl-2,2,4'-trichloro-acetanilide (30 g) in ethanol (400 ml). The
      reaction was stirred overnight and after treatment with charcoal diluted
      with water, 2-Amino-5-chloro-3-phenyl-3H-indol-3-ol (19.57 g) was obtained
      as off white crystals m.p. 205.degree.-208.degree.C after
      recrystallization from acetonitrile.
PAR  b. 2-Amino-5-chloro-3-phenyl-3H-indol-3-ol (5.16 g) was heated under reflux
      with 1,4-dibromobutane (4.32 g) for 24 hours. After cooling the solid was
      filtered off affording 1.88 g of the title compound as its hydrobromide,
      m.p. 298.degree.-300.degree.C (decomp.) after recrystallization from
      methanol/ethyl acetate.
PAR  Analysis: Found C, 54.5; H, 4.6; N, 7.0. C.sub.18 H.sub.17 ClN.sub.2 O.HBr
      requires C, 54.9; H, 4.35, N, 7.1%.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of an indole derivative selected from the
      group consisting of a compound of the formula (I)
      ##SPC6##
PAL  and an acid addition salt thereof, wherein R.sup.1, R.sup.2, R.sup.3 and
      R.sup.4 are selected independently from the group consisting of hydrogen,
      hydroxyl, lower alkyl containing 1 to 4 carbon atoms, lower alkoxy
      containing 1 to 4 carbon atoms, trifluoromethyl, and halogen, R.sup.5 and
      R.sup.6 are selected independently from the group consisting of hydrogen
      and lower alkyl containing 1 to 4 carbon atoms and n and m are selected
      from the group consisting of 1 and 2 such that the sum of m + n is 3,
      which process comprises condensing an indole derivative of formula (II)
      ##SPC7##
PAL  wherein R.sup.1, R.sup.2, R.sup.3 and R.sup.4 have the meanings given above
      with a dihaloalkane of formula (III)
      ##EQU3##
      where R.sup.5, R.sup.6, m and n have the meanings given above and Hal and
      Hal' are each chlorine or bromine.
NUM  2.
PAR  2. A process according to claim 1 wherein the condensation is carried out
      by heating the indole derivative of formula (II) with the dihaloalkane of
      formula (III) in an inert organic solvent.
NUM  3.
PAR  3. A process according to claim 1 for preparing
      2,4,5,11-tetrahydro-11-phenyl-3H-1,3-diazepino[1,2-a]indol-11-ol which
      comprises heating 2-amino-3-phenyl-3H-indol-3-ol with 1,4-dibromobutane in
      an inert organic solvent.
NUM  4.
PAR  4. A process according to claim 1 for preparing
      11-(m-chlorophenyl)-2,4,5,11-tetrahydro-3H-1,3-diazepino[1,2-a]indol-11-ol
      which comprises heating 2-amino-3-(m-chlorophenyl)-3H-indol-3-ol with
      1,4-dibromobutane in an inert organic solvent.
NUM  5.
PAR  5. A process according to claim 1 for prearing
      9-chloro-11-(o-chlorophenyl)-2,4,5,11-tetrahydro-3H-1,3-diazepino[1,2-a]in
     dol-11-ol which comprises heating
      2-amino-5-chloro-3-(o-chlorophenyl)-3H-indol-3-ol with 1,4-dibromobutane
      in an inert organic solvent.
NUM  6.
PAR  6. A process according to claim 1 for preparing
      9-chloro-11-phenyl-2,4,5,11-tetrahydro-3H-1,3-diazepino[1,2-]indol-11-ol
      which comprises heating 2-amino-5-chloro-3-phenyl-3H-indol-3-ol with
      1,4-dibromobutane in an inert organic solvent.
PATN
WKU  039312275
SRC  5
APN  4275802
APT  1
ART  124
APD  19731226
TTL  3,3-Di-(indolin-5-yl)-phthalides and naphthalides
ISD  19760106
NCL  8
ECL  1
EXA  Williams; S. P.
EXP  Gotts; Lewis
INVT
NAM  Borror; Alan L.
CTY  Lexington
STA  MA
INVT
NAM  Garcia; Paulina P.
CTY  Arlington
STA  MA
ASSG
NAM  Polaroid Corporation
CTY  Cambridge
STA  MA
COD  02
RLAP
COD  72
APN  241807
APD  19720406
PSC  03
CLAS
OCL  26032611R
EDF  2
ICL  C07D20908
ICL  C07D20918
FSC  260
FSS  326.11 R
UREF
PNO  3509174
ISD  19700400
NAM  Lin
OCL  260326.14R
LREP
FR2  Campbell; Sybil A.
ABST
PAL  This invention relates to a new class of phthalein dyes useful as the
      color-forming material in either pressure sensitive or heat sensitive
      mark-forming systems. Such dyes comprise 3,3-disubstituted phthalides and
      3,3-disubstituted naphthalides wherein the 3,3 substituents are
      indolin-5-yl radicals.
PARN
PAC  CROSS-REFERENCE TO RELATED PATENT APPLICATIONS
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      241,807 filed Apr. 6, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to novel chemical compounds, and more
      specifically, it relates to a new class of phthalein dyes.
PAR  2. Background of the Invention
PAR  Various classes of phthalein dyes are known including phthaleins derived
      from heterocyclic compounds, such as, indoles and carbazoles and
      phthaleins derived from aminosubstituted and hydroxy-substituted
      carbocyclic aryl compounds, such as, anilines and notably phenols.
      Typically, these dyes possess spectral absorption characteristics
      alterable in response to changes in the pH of their environment and have
      found a number of different uses based upon their ability to change from
      one color to another, from colorless to colored and vice versa.
PAR  The present invention is concerned with a new class of phthalein dyes,
      namely, phthaleins including both phthalides and naphthalides derived from
      indolines.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, the primary object of the present invention to provide a
      novel class of phthalein dyes.
PAR  Other objects of this invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the products and compositions
      possessing the features, properties and the relation of elements which are
      exemplified in the following detailed disclosure, and the scope of the
      application of which will be indicated in the claims.
PAR  According to the present invention, there is provided a class of phthalein
      dyes comprising 3,3-disubstituted phthalides and 3,3-disubstituted
      naphthalides wherein the 3,3 substituents are indolin-5-yl radicals, the
      same or different. Though these dyes may be used as analytical reagents,
      for example, to measure changes in pH value, they possess certain
      properties that render them particularly useful as the chromogenic
      components in mark-forming systems.
PAR  For a fuller understanding of the nature of the invention, reference should
      be had to the following detailed description.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the present invention, it has been found that
      5-indolinphthaleins normally appearing colorless or substantially
      colorless in solution or carrier are readily converted to their colored
      form when contacted with an electron-accepting material, for example, of
      the Lewis acid type and further, that they also are converted to their
      colored form upon application of heat. Because of these properties, the
      phthaleins of the present invention may be employed as the chromogenic or
      color-forming component in either pressure sensitive or heat sensitive
      mark-forming systems.
PAR  Typical of the indicator dyes of the present invention are those
      represented by the formula:
      ##SPC1##
PAL  Wherein R.sup.1 and R.sup.2 are selected from hydrogen, alkyl, cycloalkyl,
      aryl, aralkyl and alkaryl and X represents the atoms necessary to complete
      a ring-closing moiety selected from a phthalide and a naphthalide.
PAR  The groups R.sup.1 and R.sup.2, preferably unsubstituted, usually contain
      up to about 20 carbon atoms but may contain a grater number of carbon
      atoms as may be desired. When selected from alkyl, aralkyl and alkaryl,
      the alkyl group or the alkyl portion of the aralkyl and alkaryl groups may
      be branched or straight chain. Examples of groups that may comprise
      R.sup.1 and R.sup.2 include alkyl, such as methyl, ethyl, propyl,
      isopropyl, sec-butyl, tert-butyl, hexyl, octyl, decyl, dodecyl, hexadecyl,
      octadecyl and eicosanyl; cycloalkyl, such as cyclopentyl, cyclohexyl and
      cycloctyl; aryl, such as phenyl and naphthyl; and aralkyl and alkaryl,
      such as, benzyl, phenethyl, phenylhexyl, p-hexylphenyl, p-octylphenyl, and
      p-dodecylphenyl.
PAR  In a preferred embodiment, the indicator dyes of the present invention are
      represented by the formula;
      ##SPC2##
PAL  wherein R.sup.1 and R.sup.2, the same, are hydrogen or a group which is
      unsubstituted and which contains up to 20 carbon atoms selected from
      alkyl, cycloalkyl, aryl, alkaryl and particularly aralkyl and X represents
      the atoms necessary to complete a ring-closing moiety selected from
      phthalide, unsubstituted or substituted in the 7-position with COOR
      wherein R is hydrogen or alkyl having 1 to 4 carbon atoms and naphthalide,
      unsubstituted.
PAR  The dyes defined above and as represented in the foregoing formulas may
      contain substituents on the indolinyl radicals and/or on the ring-closing
      moiety as may be desired which do not interfere with the function of the
      dye for its selected ultimate use. Where it is desired that the dye be
      substantially immobile or non-diffusible in solution, it may be
      substituted with a bulky group, such as, a long chain substituent, e.g.,
      dodecyloxy, hexadecyl or dodecylphenyl. Also it may be substituted with
      solubilizing groups, e.g., carboxy or sulfo to adjust the solubility in a
      given solution. Because of the convenience in the preparation, the dyes of
      the present invention preferably are symmetrical, i.e., bis phthalides and
      bis naphthalides wherein the two indolinyl radicals are the same, i.e.,
      R.sup.1 and R.sup.2 are the same and the radicals contain the same
      substituents in the same position.
PAR  Typical substituents include branched or straight chain alkyl, such as,
      methyl, ethyl, isopropyl, n-butyl, t-butyl, hexyl, octyl, dodecyl,
      hexadecyl, octadecyl and eicosanyl; aryl, such as phenyl, 2-hydroxyphenyl,
      and naphthyl; alkaryl, such as, benzyl, phenethyl, phenylhexyl,
      p-octylphenyl, p-dodecylphenyl; alkoxy, such as, methoxy, ethoxy, butoxy,
      1-ethoxy-2-(.beta.-ethoxyethoxy), dodecyloxy and octadecyloxy; aryloxy,
      such as phenoxy, benzyloxy, naphthoxy; alkoxyalkyl, such as methoxyethyl,
      dodecyloxyethyl; halo such as, fluoro, bromo, and chloro; trifluoralkyl,
      such as, trifluoromethyl, mono- and bis- trifluoromethyl carbinol;
      sulfonamido; sulfamoyl; acyl and its derivatives; aminomethyl; amido;
      sulfonyl; sulfo; cyano; nitro; amino including mono- and disubstituted
      amino, e.g., N-ethyl amino and N,N'dimethylamino; carboxy; and hydroxyl.
PAR  Specific examples of dyes within the scope of the present invention are as
      follows:
      ##SPC3##
PAR  In synthesizing indolinphthaleins wherein the indoline is bonded to the
      phthalide or naphthalide through the 5-position, the indoline starting
      material should be substituted in the 1-position, i.e., the indoline
      should contain an appropriate blocking group substituted on the
      heterocyclic N atom in order to activate the 5-position for reaction with
      the phthalic or naphthalic acid reagent. Accordingly, the dyes of the
      present invention may be prepared by reacting an indoline substituted with
      alkyl, cycloalkyl, aryl, aralkyl or alkaryl on the heterocyclic N atom and
      a phthalic or naphthalic acid reagent at elevated temperatures in the
      presence of a suitable catalyst, such as, a Lewis acid catalyst as
      conventionally used in Friedel Craft reactions, e.g., aluminum chloride,
      ferric chloride, stannic chloride, boron trifluoride and zinc chloride.
      Also, an inert organic solvent capable of dissolving the reactants may be
      employed. Depending upon the dye product desired, the alkyl, cycloalkyl,
      aryl, aralkyl or alkaryl blocking groups substituted on the N atoms may be
      subsequently removed, e.g., by catalytic hydrogenation, to give
      corresponding indolinphthalein having hydrogen substituted on the
      heterocyclic N atoms.
PAR  The phthalic or naphthalic acid reagent selected to ultimately form the
      ring-closing moiety may be the acid, the acid chloride and preferably, the
      acid anhydride. The terms "phthalic acid reagent" and "naphthalic acid
      reagent" as used herein are intended to include the corresponding
      anhydrides and acid chlorides. These reagents may be substituted with
      groups, such as, carboxy, nitro and with other substituents as may be
      desired. Usually these groups are substituted in the 4- and preferably the
      7-position of the phthalide ring-closing moiety and in the 6-position of
      the naphthalide ring-closing moiety. The carboxy and nitro groups may be
      converted to carbalkoxy and amino groups, respectively, in a known manner,
      for example, by reacting the carboxy-substituted phthalides and
      naphthalides with a lower alkyl alcohol to yield the corresponding
      carbalkoxy-substituted compound wherein the alkoxy portion of the
      carbalkoxy group contains 1 to 4 carbons. The starting indoline also may
      contain substituents other than the blocking group on the N atom provided
      that the carbon atom in the 5-position is available for reaction with the
      phthalic or naphthalic acid reagent. Typical substituents have been
      enumerated above.
DETD
PAR  The following Examples are given to further illustrate the present
      invention and are not intended to limit the scope thereof.
PAC  EXAMPLE 1
PAR  Preparation of the compound of formula (3):
PAR  To a well-stirred solution of 59.6 g. (0.5 mole) of indoline and 64.7 g.
      (0.5 mole) of ethyldiisopropylamine in 200 ml. chloroform was added 85.5
      g. (0.5 mole) of benzyl bromide over a period of 45 minutes, after which
      it was refluxed for 8 hours. The reaction mixture was cooled to room
      temperature, washed with three 150 ml. portions of water (until washings
      were neutral to pH paper), and dried over anhydrous magnesium sulfate. The
      dried chloroform solution was distilled at reduced pressure and the
      residual liquid was distilled in vacuo to give 88 g. of N-benzylindoline,
      boiling range 127.degree.-130.degree.C/0.5 mm. A mixture of 38.4 g. (0.2
      mole) of hemimellitic anhydride and 100 g. (0.72 mole) of freshly fused
      zinc chloride, previously ground in a mortar and pestle, was added to 83.6
      g. (0.4 mole) of N-benzylindoline with vigorous stirring at 100.degree.C.
      in an atmosphere of nitrogen. The temperature of the reaction mixture was
      raised to 115.degree.-120.degree.C. and kept at this temperature for 5
      hours. The green-blue solid mass was cooled to room temperature,
      pulverized and then triturated with 30% acetic acid until it was free from
      zinc ions. The light green solid was washed thoroughly with water and
      dried over sodium hydroxide in vacuo at 50.degree.C. The dried powder was
      extracted with hot chloroform. The combined chloroform extracts were
      concentrated to 200 ml. and poured slowly into 1.5 liters of hexane with
      vigorous stirring. The light green solid was removed by suction filtration
      and dried in vacuo at 50.degree.C. This solid was extracted in a Soxhlet
      with 1 liter of benzene for 24 hours. The benzene extract was concentrated
      to about one-half its original volume and poured into 1.5 liters of
      hexane. The pale green precipitate was removed by suction filtration and
      dried in vacuo at 50.degree.C. to give 48.2 g. (41% by weight) of the
      title compound (melting range 147.degree.-149.degree.C.).
PAC  EXAMPLE 2  2
PAR  Preparation of the compound of formula (5):
PAR  A suspension of 5.93 g. (10.0 mm.) of the compound prepared in Example 1 in
      250 ml. of ethanol-water (1:1) containing 1 ml. of hydrochloric acid (sp.
      gr. 1.19) and 2.0 g. of 10% palladium-on-carbon was allowed to absorb
      hydrogen in a Parr shaker until the theoretical uptake had been reached.
      The catalyst was removed by filtration through Celite and then washed
      thoroughly with boiling ethanol. The combined filtrate and washings were
      evaporated to dryness in a flash evaporator. The residue was dried in
      vacuo at 60.degree.C. over sodium hydroxide. There was obtained 4.0 g. of
      the title compound (melting range 190.degree.-195.degree.C.).
PAC  EXAMPLE 3
PAR  Preparation of the compound of formula (8):
PAR  A solution of 3.0 g. of the compound prepared in Example 2 in 50 ml. of
      absolute ethanol saturated with dry hydrogen chloride at
      15.degree.-20.degree.C. was refluxed overnight. The ethanol was removed on
      a flash evaporator, and the residue was treated with 120 ml. of 5% sodium
      bicarbonate. The purple solid was removed by suction filtration, washed
      thoroughly with water, and dried in vacuo over Drierite at 50.degree.C. to
      give 3.3 g. of the title compound (melting range
      100.degree.-105.degree.C.).
PAR  It was observed that the phthalein compounds prepared in the above Examples
      immediately assumed color when contacted with glacial acetic acid. Also,
      it was observed that these compounds, when adsorbed on a silica matrix,
      were converted to their colored form upon applying heat.
PAR  Phthalic anhydride and naphthalic anhydride may be used instead of
      hemimellitic anhydride to yield the corresponding 5-indoline phthalides
      and naphthalides. For example, naphthalic anhydride may be substituted for
      hemimellitic anhydride in Example 1 above to yield N-benzylindoline-5-yl
      naphthalide, and this compound may be treated with palladium-on-carbon, as
      in Example 2, to yield indolin-5-yl naphthalide.
PAR  As noted previously, such properties render the subject phthalein compounds
      useful as the color-forming material in mark-forming systems employing
      pressure sensitive or heat sensitive copying papers, such as, the
      mark-forming systems described in U.S. Pat. Nos. 3,491,111 and 2,967,785,
      respectively. As used in pressure sensitive systems, marking in desired
      areas on support webs or sheets may be accomplished by effecting localized
      reactive contact between the color-forming material and an
      electron-accepting material of the Lewis acid type, such as, phenolic
      polymers and acid clays, to form a dark or contrasting color in the
      intended image-marking areas. As used in heat sensitive systems, marking
      in desired areas of a heat sensitive sheet containing the color-forming
      material may be accomplished by placing a graphic original in
      heatconductive contact with the heat sensitive sheet and irradiating the
      composite to develop a differential heat pattern at the printed surface of
      the original. The heat pattern formed upon irradiation generates color in
      the color-forming material to form a reproduction of the printed matter in
      the heat sensitive sheet. Such mark-forming systems employing pressure or
      heat for reprocuding a graphic original are well known in the art.
PAR  Since certain changes may be made in the above product and composition
      without departing from the scope of the invention herein involved, it is
      intended that all matter contrained in the above description shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC4##
PAL  wherein R.sup.1 and R.sup.2, the same, are hydrogen or a group which is
      unsubstituted and which contains up to 20 carbon atoms selected from
      alkyl; cycloalkyl; aryl selected from phenyl and naphthyl; alkaryl wherein
      the aryl portion of said alkaryl is phenyl; and aralkyl wherein the aryl
      portion of said aralkyl is phenyl; and X represents the atoms necessary to
      complete a ring-closing moiety selected from phthalide, unsubstituted or
      substituted in the 7-position with --COOR wherein R is hydrogen or alkyl
      containing 1 to 4 carbon atoms and naphthalide, unsubstituted.
NUM  2.
PAR  2. A compound as defined in claim 1 wherein R.sup.1 and R.sup.2 are
      aralkyl.
NUM  3.
PAR  3. A compound as defined in claim 2 wherein R.sup.1 and R.sup.2 are benzyl.
NUM  4.
PAR  4. A compound as defined in claim 1 wherein R.sup.1 and R.sup.2 are
      hydrogen.
NUM  5.
PAR  5. A compound as defined in claim 1 wherein X represents phthalide.
NUM  6.
PAR  6. 3,3-di-(indolin-5-yl)-7-carboxyphthalide.
NUM  7.
PAR  7. 3,3-di-(indolin-5-yl)-7-carbethoxyphthalide.
NUM  8.
PAR  8. 3,3-di-(N-benzylindolin-5-yl)-7-carboxyphthalide.
PATN
WKU  039312283
SRC  5
APN  4467167
APT  1
ART  124
APD  19740228
TTL  Process for preparing phthalide and naphthalide indicator dyes
ISD  19760106
NCL  31
ECL  1,2
EXA  Williams; S. P.
EXP  Gotts; Lewis
INVT
NAM  Borror; Alan L.
CTY  Lexington
STA  MA
ASSG
NAM  Polaroid Corporation
CTY  Cambridge
STA  MA
COD  02
RLAP
COD  72
APN  108662
APD  19710121
PSC  03
CLAS
OCL  26032612R
XCL  260287CF
XCL  260287XA
XCL  260309
XCL  26032613R
XCL  26032614R
XCL  26032625
XCL  26032627
XCL  26032634
XCL  2603432R
XCL  2603433
XCL  2603434
EDF  2
ICL  C07D20910
ICL  C07D20912
ICL  C07D20914
FSC  260
FSS  326.14 R;326.13 R;326.12 R
UREF
PNO  3491116
ISD  19700100
NAM  Lin
OCL  260326.14R
LREP
FR2  Campbell; Sybil A.
ABST
PAL  This invention relates to a process of preparing phthalein indicator dyes
      including phthalides and naphthalides derived from certain
      hydroxy-substituted carbocyclic aryl compounds, such as phenols, and from
      certain N-heterocyclic aryl compounds, such as indoles, and to a process
      of preparing novel intermediates useful therein. According to the present
      invention, the selected carbocyclic compound or the selected
      N-heterocyclic compound is reacted with phthalaldehydic or
      naphthalaldehydic acid to form the corresponding (na)phthalidyl adduct
      which is treated with an oxidizing agent to yield the subject
      intermediates. To prepare the indicator dye, the intermediate, i.e., the
      oxidation product thus obtained is then reacted with a carbocyclic or
      heterocyclic aryl compound to yield the corresponding indicator dye. The
      oxidation products comprising the novel intermediates of the present
      invention may be dehydro or hydrated (na)phthalidyl adducts.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is in part a continuation of copending application Ser.
      No. 108,662 filed Jan. 21, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a novel method of preparing indicator dyes, to
      novel intermediates useful in the preparation of the dyes and to the
      preparation of the intermediates.
PAR  2. Description of the Prior Art
PAR  Dyes which undergo a change in spectral absorption characteristics in
      response to a change in pH are well known in the art and are frequently
      referred to as indicator or pH-sensitive dyes. Typically, these dyes
      change from one color to another, from colored to colorless or from
      colorless to colored on the passage from acidity to alkalinity or the
      reverse and are commonly employed in analytical chemical procedures to
      measure changes in pH value. Among the indicator dyes most widely used in
      the group derived from phthaleins as exemplified by phenolphthalein,
      thymolphthalein, o-cresolphthalein and 1-naphtholphthalein.
PAR  Various methods are known in the art for preparing phthalein indicator
      dyes. In one of the more conventional procedures, phenols, such as thymol,
      o-cresol, and phenol itself are reacted with phthalic anhydride at
      elevated temperatures in the presence of a suitable catalyst such as zinc
      chloride or sulfuric acid to yield the corresponding symmetrical, i.e.,
      di-phenol phthalein. Di-indole phthaleins also have been prepared by
      simple condensation usually in the presence of an acid catalyst and by
      other methods, such as, reacting magnesium indyl bromide with phthalyl
      chloride
PAR  Another method of synthesizing indole phthaleins is disclosed in British
      Patents Nos. 1,160,940; 1,161,386; 1,161,387; and 1,162,771, which
      comprises reacting an indole with phthalic anhydride in the presence of a
      metal halide, e.g., aluminum chloride to yield a keto-acid intermediate
      which is subsequently reacted with a second aromatic compound, the same or
      different, in the presence of an acid condensing agent to yield the
      desired indole phthalein. Using this method both symmetrical and
      unsymmetrical compounds may be prepared by selecting respectively, as the
      second aromatic compound, an indole which is the same or an indole which
      is different from the starting indole initially reacted with the
      anhydride. Where it is desired to produce a mixed indole phthalein
      containing an indole radical and a second radical derived from a different
      aromatic compound such as carbazole or aniline the keto-acid intermediate
      may be formed by reaction of the indole, carbazole or other appropriate
      compound with phthalic anhydride followed by condensation of the
      intermediate with the second aromatic compound to yield the desired mixed
      indole indicator dye.
PAR  These prior methods of preparing phthaleins, though useful in synthesizing
      a large number of compounds, are accompanied by certain drawbacks. The
      simple condensation reactions and the Grignard reactions are not useful
      with all starting materials. Some phenols and indoles will not react under
      the condensation conditions conventionally employed. Moreover, these
      synthetic methods generally are limited to the production of symmetrical
      compounds, i.e., di-phthalides containing two indole or two phenol
      radicals that are identical. While the method of the aforementioned
      British patents is useful for producing symmetrical and unsymmetrical
      indole phthaleins and also mixed indole indicator dyes, the more sensitive
      indole derivatives, when used as starting materials, tend to decompose
      under the vigorous reaction conditions encountered in the presence of the
      aluminum chloride catalyst.
PAR  It is known from the work of Brubaker, et al., J. Amer. Chem. Soc., 49,
      2279 (1927) that o-phthalaldehydic acid condenses with phenol and certain
      substituted phenols having a free par-position to yield the
      para-condensation products. These compounds were prepared by mixing
      equimolar proportions of phenol and phthalaldehydic acid and then adding a
      suitable condensing acid, such as sulfuric acid, while maintaining the
      reaction temperature below about 30.degree.C.
PAR  As reported by Norland, et al., ibid, 82, 5143 (1960), phthalaldehydic acid
      and indoles will condense to yield phthalidylindoles and water then the
      two reactants are fused together at temperatures of 120.degree. to &gt;
      200.degree.C. If the 3-position of the indole is free, then
      3-phthalidylindoles are formed. If the 3-position is blocked or if the 1-
      and 3-positions are blocked, then 1-phthalidylindoles and
      2-phthalidylindoles are formed, respectively.
PAR  Rees, et al., J. Chem. Soc., pp. 680-687 (1965) observed that for reaction
      with phthalaldehydic acid the 3-substituted indoles and the
      1,3-disubstituted indoles generally require the vigorous fusion conditions
      used by Norland et al., but found that indoles having a free 3-position
      will react with phthalaldehydic acid under milder conditions. Indole and
      its 2-phenyl, 2-methyl, 7-methyl and 1,2-dimethyl deriviatives were
      reported to react in hot benzene to yield the corresponding 3-phthalidyl
      indoles which results were attributed to intramolecular acid catalysis. In
      solution phthalaldehydic acid exists in the cyclic form,
      3-hydroxyphthalide, which is in rapid equilibrium with the open-ring form,
      0-formylbenzoic acid. Presumably, the indole reacts with the aldehyde form
      and the carboxyl group ortho to the aldehyde group functions as an
      intramolecular acid catalyst. The authors observed that reactions with
      indole and 2-methyl indole also were catalyzed by an external acid
      catalyst, such as toluene-p-sulfonic acid, and also that a second mole of
      indole could be added to 3-phthalidylindole by opening the lactone ring
      with alkali and treating the resulting salt with a second mole of indole.
PAR  Rees et al. in further studies, ibid., pp. 687-91 (1965), reported that the
      condensation of phthalaldehydic acid could be extended to pyrroles and
      found that phthalaldehydic acid reacted with pyrrole and 2,5-dimethyl
      pyrrole in boiling benzene in the absence of an external catalyst to give
      high yields of 2-phthalidyl-pyrrole and 3-phthalidylpyrrole, respectively.
      In these reactions, it was observed that pyrrole tended to substitute in
      the 2-position when possible to yield the 2-phalidyl derivative. In a
      further extension of the reactions, the authors found that naphthaldehydic
      acid, though less reactive than phthalaldehydic acid, behaved in a similar
      manner and could be condensed with indole under fusion conditions to yield
      3-naphthalidylindole.
PAR  It has now been found that certain phthalidyl-substituted phenols,
      naphthols, indoles and pyrroles and the corresponding naphthalidyl
      derivatives may be oxidized to yield novel intermediates which will
      condense readily with another mole of the same aromatic compound as used
      in the initial condensation reaction or a different aromatic compound, to
      yield a phthalide or naphthalide indicator dye.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, the primary object of the present invention to provide a
      novel method of synthesizing phthalein indicator dyes.
PAR  It is another object of the present invention to provide a method of
      synthesizing phthalide and naphthalide indicator dyes which may be
      symmetrical, unsymmetrical or mixed indicator dyes.
PAR  It is a further object of the present invention to provide novel
      intermediates useful in the preparation of such dyes and to provide a
      method for preparing the intermediates.
PAR  Other objects of this invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the process involving the several steps
      and the relation and order of one or more of such steps with respect to
      each of the others and the product possessing the features, properties and
      the relation or elements which are exemplified in the following detailed
      disclosure and the scope of the application of which will be indicated in
      the claims.
PAR  According to the present invention, there is provided a novel method of
      preparing phthalein indicator dyes that is generally applicable to the
      synthesis of phthalides and naphthalides of certain hydroxy-substituted
      carbocyclic aryl compounds, namely, phenols and benzphenols (i.e.,
      1-naphthols) and certain N-heterocyclic aryl compounds, namely, pyrrols
      and benzpyrroles (i.e., indoles). The present method comprises (1)
      reacting a hydroxy-substituted carbocyclic compound selected from a phenol
      and a 1-naphthol or an N-heretocyclic aryl compound selected from an
      indole and a pyrrole with phthalaldehydic or napthalaldehydic acid to form
      the corresponding (na)phthalidyl-substituted intermediate, (2) oxidizing
      the intermediate and (3) reacting the oxidation product with an aromatic
      compound selected from carbocyclic aryl and heterocyclic aryl to form the
      complete indicator dye. As used herein, the expression "(na)phthalidyl" is
      intended to denote either the corresponding phthalidyl-or
      naphthalidyl-substituted intermediate depending upon the selection of
      phthalaldehydic or naphthalaldehydic acid.
PAR  Since the reaction conditions are comparatively mild, the present invention
      allows greater latitude in the selection of starting materials. For
      example, the indole derivatives to be intially reacted with the acid are
      not limited to the more stable compounds but may include alkali and acid
      sensitive compounds as well. The present invention also allows greater
      latitude in the indicator dyes that may be produced. Novel intermediates
      are obtained as the oxidation product of step (2) which may be reacted
      with any of various aromatic compounds in step (3) to form a complete dye
      so that both symmetrical and unsymmetrical phthalides and naphthalides and
      also, mixed indicator dyes, such as phthalides and naphthalides
      containing, for example, one phenol radical and one indole radical, may be
      readily synthesized.
PAR  For a fuller understanding of the nature and objects of the present
      invention reference should be had to the following detailed description.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Specifically, the method of the present invention comprises:
PAR  1. reacting a compound selected from (a) a hydroxy-substituted carbocyclic
      aryl compound having a free position para to the hydroxy group selected
      from a phenol and a 1-naphthol and (b) and N-heterocyclic aryl compound
      having hydrogen substituted on the nitrogen atom selected from an indole
      having a free 3-position and a pyrrole having a free 2-position with a
      compound selected from phthalaldehydic and naphthalaldehydic acid to form
      a compound having the formula:
      ##SPC1##
PAL  wherein A is selected from p-hydroxyphenyl, p-hydroxynaphthyl, indol-3-yl
      and pyrr-2-yl and X represents the carbon atoms necessary to complete a
      ring-closing moiety selected from phthalide and naphthalide;
PAR  2. converting the last-named compound by oxidation to a compound selected
      from
      ##SPC2##
PAL  and mixtures thereof
PAL  wherein A' is selected from
      ##SPC3##
      ##SPC4##
PAL  and A and X have the same meaning as above; and
PAR  3. reacting said last-named compound with an aromatic compound selected
      from a carbocyclic aryl compound and a heterocyclic aryl compound to form
      an indicator dye of the formula:
      ##SPC5##
PAL  wherein B is selected from carbocyclic aryl and heterocyclic aryl and A and
      X have the same meaning as above.
PAR  The above reaction scheme is illustrated below wherein A" represents the
      starting phenol, naphthol, indole or pyrrole which ultimately comprises
      the A radical of the indicator dye and B' represents the carbocyclic aryl
      or heterocyclic aryl compound which ultimately comprises the B radical of
      the indicator dye and X represents the carbon atoms necessary to complete
      the phthalide or naphthalide moiety.
      ##SPC6##
PAR  The reaction sequence is further illustrated below under the preferred
      anhydrous conditions using as specific reactants, indole and
      phthalaldehydic acid to produce 3,3-di-(indole-3-yl) phthalide.
      ##SPC7##
PAR  Typical of the indicator dyes that may be prepared according to the present
      invention are those represented by the following formula:
      ##SPC8##
PAL  wherein A is a radical selected from p-hydroxyphenyl, p-hydroxynaphthyl,
      indol-3-yl and pyrr-2-yl, the N atoms of said indolyl and pyrryl radicals
      being subsituted with hydrogen; B is a radical selected from carbocyclic
      aryl and heterocyclic aryl; and X represents the carbon atoms necessary to
      complete a ring-closing moiety selected from phthalide and naphthalide.
PAR  In the above formula, the B radical may be carbocyclic aryl of the benzene
      or naphthalene series, preferably benzene or napthalane containing a para
      substituent, such as hydroxy, or it may be heterocyclic aryl containing O,
      N, S, P and combinations thereof, preferably N-heterocyclic aryl, such as
      indole, pyrrole or carbazole.
PAR  The A and/or B radical and/or the ring-closing moiety of the indicator dyes
      represented above may contain one or more substituents in addition to
      those specified as may be readily selected by those skilled in the art to
      achieve certain desired properties.
PAR  Typical substituents include branched or straight chain alkyl, such as,
      methyl, ethyl, isopropyl, n-butyl, t-butyl, hexyl, octyl, dodecyl,
      hexadecyl, octadecyl and eicosanyl; aryl, such as, phenyl,
      2-hydroxyphenyl, 2-hydroxy-4-dodecyloxyphenyl, and naphthyl; alkaryl, such
      as benzyl, phenethyl, phenylhexyl, p-octylphenyl, p-dodecylphenyl; alkoxy,
      such as, methoxy, ethoxy, butoxy, 1-ethoxy-2-(.beta.-ethoxyethoxy),
      dodecyloxy and octadecyloxy; aryloxy, such as phenoxy, benzyloxy,
      naphthoxy; alkoxyalkyl, such as methoxyethyl, dodecyloxyethyl; halo such
      as, fluro, bromo, and chloro; trifluoraklyl, such as trifluoromethyl,
      mono-and bis-trifuloromethyl carbinol; sulfonamido (--NH--SO.sub.2 --R
      wherein R may be alkyl, aryl, alkaryl); sulfamoyl (--SO.sub.2 --NH--R
      wherein R may be alkyl, aryl, alkaryl); acyl and its derivatives
      ##EQU1##
      wherein R' may be hydrogen, alkyl, aryl, alkaryl); aminomethyl (--CH.sub.2
      --NR'R" wherein R' and R" each may be hydrogen, alkyl, aryl, alkaryl);
      amino
      ##EQU2##
      wherein R' and R" each may be hydrogen, alkyl, aryl, alkaryl): sulfonyl
      (--SO.sub.2 --R wherein R may be alkyl, aryl, alkaryl); sulfo; cyano;
      nitro; amino including mono-and disubstituted amino, e.g., N-ethyl amino
      and N,N'-dimethylamino; carboxy; and hydroxyl.
PAR  In addition to the above, the substituent may comprise a fused ring bonded
      to adjacent atoms of the aromatic nucleus. For example, the indoles,
      pyrroles, phenols and 1-naphthols comprising one or both of the A and B
      radicals may contain as a substitutent a cycloaliphatic or an aromatic
      ring usually having 5 or 6 members, carbocyclic or heterocyclic and
      substituted or unsubstituted, bonded to adjacent carbon atoms of the basic
      compound, e.g.,
      ##SPC9##
PAL  wherein R.degree. is, e.g.. --OH os --COOH
      ##SPC10##
PAL  wherein R.degree. is, e.g., --OH or --COOH
PAR  As mentioned previously, the indicator dyes produced in accordance with the
      present invention may be symmetrical, i.e., di-phthalides or
      di-napthalides in which instance the B radical would be identical to the A
      radical, or they may be unsymmetrical or mixed indicators. When
      unsymmetrical, the B radical and B radical would be derived from the same
      aromatic compound such as, indole, but each radical would contain
      different substituents or the same substitutents in different positions or
      one radical would be substituted and the other unsubstituted. The term
      "mixed indicator" is intended to denote indicator dyes where the A radical
      and B radical are derived from different aromatic compounds, for example,
      one from indole and the other from phenol.
PAR  In a preferred embodiment, the method of synthesizing the subject oxidation
      products and the method of synthesizing indicator dyes therefrom
      comprises:
PAR  1. reacting in substantially equimolar proportions in an inert organic
      liquid solvent at a temperature between about 20.degree.C. and
      120.degree.C., (a) a compound selected from
      ##SPC11##
PAL  wherein R.sup.1 is selected from hydrogen, alkoxy containing 1 to 3 carbon
      atoms and alkyl containing 1 to 3 carbon atoms; R.sup.2 is selected from
      hydrogen, hydroxy, carboxy, sulfonamido, sulfamoyl, o-hydroxyphenyl,
      bis-trifluoromethylcarbinol, methoxy, alkyl containing 1 to 16 carbon
      atoms; R.sup.3 is selected from hydrogen, alkoxy containing 1 to 18 carbon
      atoms and alkyl containing 1 to 3 carbon atoms; R.sup.4 is selected from
      hydrogen, hydroxy and carboxy; R.sup.5 is selected from hydrogen and
      alkoxy containing 1 to 18 carbon atoms; R.sup.6 is selected from hydrogen,
      phenyl, alkyl containing 1 to 3 carbon atoms, and alkoxy containg 1 to 18
      carbon atoms; R.sup.7 is selected from hydrogen, phenyl, o-hydroxyphenyl
      and alkyl containing 1 to 3 carbon atoms and R.sup.8 is selected from
      hydrogen, cyano, carboxy, halo, trifluoromethyl, sulfonyl and alkoxy
      containing 1 to 18 carbon atoms with (b) and aldehyric acid selected from
      phthalaldehydic acid, unsubstituted or substituted in one of the  4- or
      7-positions with carboxy and napthalaldehydic acid, unsubstituted, to form
      the corresponding adduct having the formula:
      ##SPC12##
PAL  wherein A is a radical selected for p-hydroxyphenyl, p-hydroxynaphthyl,
      pyrr-2-yl and indol-3-yl corresponding to said (i), (ii) (iii) and (iv),
      respectively, and X represents the carbon atoms necessary to complete a
      ring-closing moiety selected from phthalide, unsubstituted or substituted
      in the 4- or 7-position with carboxy, and naphthalide, unsubstituted; and
PAR  2. reacting said adduct with a quinone selected from choranil, o-chloranil
      and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in a molar ratio of about
      1.1 to 1.5 moles of quinone per 1.0 mole of adduct in an inert organic
      liquid solvent at a temperature between about 20.degree.C. and
      200.degree.C. to form the corresponding oxidation product.
PAR  To prepare the indicator dye product, the oxidation product of step (2) is
      reacted with a compound selected from (i), (ii), (iii) and (v) as defined
      in (a) above in substantially equimolar proportions in an inert organic
      liquid solvent at a temperature between about 20.degree.C. and
      120.degree.C. in the presence of an acid catalyst to form the
      corresponding 3,3-disubstituted phthalide or naphthalide,
      ##SPC13##
PAL  wherein A and B each is a radical selected from p-hydroxyphenyl,
      p-hydroxynaphthyl, pyrr-2-yl, and indol-3-yl corresponding to said (i),
      (ii), (iii) and (iv), respectively, and X represents the carbon atoms
      necessary to complete a ring-closing moiety selected from phthalide,
      unsubstituted or substituted in the 4- or 7-position with carboxy and
      naphthalide, unsubstituted.
PAR  In a particularly preferred embodiment, the process of the present
      invention are employed in the synthesis of phthalides and naphthalides
      wherein the radicals A and B of the dye product are both p-hydroxyphenyl,
      p-hydroxynaphthyl, etc., either symmetrical or unsymmetrical and
      especially such dyes and dye intermediates wherein the R.sup.2 group(s)
      forms a 5-, 6- or 7-membered intramolecular hydrogen-bonded ring with the
      functional --OH of the p-hydroxycarbocyclic aryl radical of the --NH-- of
      the N-heterocyclic aryl radical and which contains a heteroatom selected
      from O, N and S. Preferably, the heteroatom has attached to it a proton
      more acidic than the proton on the --OH or --NH-- and ionizes in basic
      solution to a negative charge to form the intramolecular hydrogen bond
      with the adjacent --OH or --NH--. Examples of such groups found
      particularly useful in preparing high pKa indicator dyes are carboxy,
      hydroxy, or o-hydroxyphenyl, bis-trifluoromethyl carbinol, sulfonamido and
      sulfamoyl. Such phthalide and naphthalide indicator dyes include those
      where at least one of the R.sup.2 groups of the di-phenol, di-naphthol,
      di-pyrrole and di-indole dyes is a hydrogen-bonding group, for example,
      di-phenol indicators wherein R.sup.2 on one or both of the phenolic
      radicals is a hydrogen-bonding group; di-naphthol indicators wherein
      R.sup.2 on one of the naphtholic radicals is a hydrogen-bonding group and
      R.sup.4 is hydrogen and on the second naphtholic radical, R.sup.2 is
      hydrogen; di-pyrrole indicators wherein R.sup.2 on one or both of the
      pyrr-2-yl radicals is a hydrogen-bonding group; and di-indole indicators
      wherein R.sup.2 on one of the indol-3-yl radicals is a hydrogen-bonding
      group, and R.sup.7 is hydrogen and on the second indol-3-yl radical,
      R.sup.7 is hydrogen and R.sup.2 is a hydrogen-bonding group and R.sup.8 is
      hydrogen, alkoxy or an electron-withdrawing group, i.e., a group having a
      positive sigma value as defined by Hammett's Equation, such as, carboxy,
      cyano, halo, sulfonyl and trifluoromethyl.
PAR  Examples of specific indicator dyes that may be prepared according to the
      present invention include:
      ##SPC14##
      ##SPC15##
      ##SPC16##
      ##SPC17##
      ##SPC18##
      ##SPC19##
      ##SPC20##
      ##SPC21##
PAR  The novel intermediates of the present invention are obtained as the
      product(s) of step 2 of the present method as shown in the foregoing
      general reaction scheme and may be represented by the formulae:
      ##SPC22##
PAL  wherein A' is selected from
      ##SPC23##
PAL  A is selected from
      ##SPC24##
     and
      ##SPC25##
PAL  and X represents the atoms necessary to complete a ring-closing moiety
      selected from phthalide and naphthalide. It will be appreciated that the
      above intermediates may contain one or more substituents as ultimately
      desired in the complete dye, such as those enumerated above.
PAR  Preferred intermediates are those of formulas (IIa) and (IIIa).
      ##SPC26##
PAL  where A' is selected from
      ##SPC27##
PAL  A is selected from
      ##SPC28##
PAL  wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7 and
      R.sup.8 and X have the same meaning given above. As discussed above, in a
      particularly preferred embodiment, R.sup.2 in the above formulas is a
      hydrogen-bonding group and R.sup.3, R.sup.5, R.sup.6 and R.sup.8 are
      hydrogen or a group for controlling diffusibility of the dye product,
      preferably, an alkoxy group containing 1 to 18 carbon atoms. R.sup.4 and
      R.sup.7 are hydrogen and R.sup.1 is hydrogen, alkoxy or alkyl. In the
      indole intermediates another particularly preferred embodiment comprises
      compounds wherein R.sup.8 is an electron-withdrawing group, as discussed
      above, R.sup.2 is hydrogen or a hydrogen-bonding group and R.sup.7 is
      hydrogen or R.sup.2 is hydrogen and R.sup.7 is o-hydroxyphenyl. In these
      intermediates, the hydroxy and carboxy substituents adjacent the --OH or
      --NH-- may be blocked with alkyl, e.g., having 1 to 6 carbon atoms, such
      as --COOCH.sub.3.
PAR  When the oxidation reaction is carried out under anhydrous conditions, the
      dehydro intermediate of Formula (II) is obtained and may be isolated, if
      desired, and reacted with the second aromatic compound to form the
      complete dye. This intermediate may be readily hydrated to yield the
      intermediate of Formula (III). Mixtures of the two compounds as
      represented by Formulae (II) and (III) may be obtained when trace amounts
      of water are present during oxidation or when the compound of Formula (II)
      is exposed to atomspheric moisture upon standing. The compound of Formula
      (III) also may be isolated, if desired, before further reaction. Both
      intermediates react readily with the aromatic compound, and the product of
      step 2 may be reacted further without isolating the individual compounds
      even though the product may be a mixture of the dehydro and hydrated
      intermediates. Preferably, however, the oxidation reaction is conducted
      under anhydrous conditions to yield the dehydro intermediate. If it is
      desired to use the hydrated intermediate for further reaction, it is
      preferred to hydrate the dehydro compound rather than carrying out the
      oxidation in the presence of water to yield hydrated intermediate
      directly.
PAR  Specific examples of novel intermediates of the present invention include:
      ##SPC29##
      ##SPC30##
      ##SPC31##
PAR  In carrying out the present method, the starting materials, i.e., the
      hydroxy substituted carbocyclic compound or N-heterocyclic compound and
      the (na)phthalaldehydic acid may be reacted in a solvent at room
      temperature or elevated temperature as described in the aforementioned
      reference of Rees et. al. In the present invention, it is sometimes
      preferred to react the starting materials in the presence of an external
      acid catalyst, for example, an organic acid catalyst, such as
      toluene-p-sulfonic acid, trifluoroacetic acid and trichloroacetic acid.
      The reaction temperature may vary over a relatively wide range from room
      temperature, i.e., about 20.degree. C. up to elevated temperatures of
      about 120.degree.C. which may be readily determined for the particular
      reactants. To achieve practical reaction rates, it is preferred to conduct
      the reaction at elevated temperatures but below temperatures where
      decomposition of starting material and/or side reactions and by-products
      tend to occur. The solvent used may be any of the inert organic liquids
      commonly employed for this purpose, such as, glacial acetic acid, ethanol,
      propanol, petroleum ether, hexane, heptane, cyclohexane, toluene,
      methylene chloride, and benzene. Ordinarily, a polar solvent is selected
      when an external acid catalyst is employed and a non-polar solvent when
      the reaction is conducted in the absence of an external acid catalyst.
PAR  The (na)phthalidyl intermediate of the phenol, naphthol, indole or pyrrole
      thus produced is oxidized by dehydrogenation to selectively remove the
      hydrogen from the 3-position of the (na)phthalidyl portion and to remove
      the hydrogen from the hydroxy group of the phenol (or naphthol) or from
      the 1-position, i.e., N atom of the indole (or pyrrole) thereby converting
      the single bond connecting the two portions of the molecule to a double
      bond. Quinones have been found particularly useful for this purpose
      including, for example, ortho- and para-quinones, such as
      dicyanodichloroquinone, chloranil, and ortho-chloranil. It has been found
      that these materials will selectively remove the hydrogens as desired and
      without oxidizing the compound further. The solvent used in the oxidation
      step may be any inert organic liquid that does not react with the
      oxidizing agent, such as dioxane, toluene, benzene, dichloromethane and
      hexane. The temperature employed may vary widely and generally ranges
      between about 20.degree.C. and 200.degree.C. As in the initial
      condensation step, the oxidation step is preferably conducted at elevated
      temperatures that may be readily selected to achieve a practical reaction
      rate without by-product formation.
PAR  Subsequent to the oxidation step, a second aromatic compound is condensed
      with the oxidation product to yield the complete indicator dye. The second
      condensation reaction, like the initial condensation may be carried out in
      a suitable solvent at room or elevated temperature of 20.degree. to
      120.degree.C preferably in the presence of an acid catalyst such as
      phosphorous oxychloride, boron trifluoride (e.g. in benzene or ether) and
      other Lewis acids, such as zinc chloride and the catalysts enumerated
      above, i.e., toluene-p-sulfonic acid, trifluoroacetic acid and
      trichloroacetic acid. The inert organic solvent used may be any of those
      commonly employed in condensation reactions such as the particular
      solvents mentioned above for use in the initial condensation.
PAR  The starting materials preferably are used in equimolar quantities and in
      the oxidation step, the oxidizing agent and (na)phthalidyl intermediate
      may be used in equimolar quantities but preferably, the oxidizing agent is
      used in excess to ensure completion of the reaction. A ratio of 1.1 to 1.5
      moles of oxidizing agent to 1.0 mole of intermediate has been found
      satisfactory. In the second or final condensation, the oxidized
      intermediate and the second aromatic compound selected to form the
      complete dye preferably are used in equimolar proportions.
PAR  As the starting materials, any phenol or 1-naphthol may be employed
      provided it has a free 4-position, i.e., it is unsubstituted on the carbon
      atom para to the phenolic hydroxy group, so that the hydrogen will be
      displaced to yield the corresponding 4-(na)phthalidyl intermediate in the
      initial condensation with the acid. Likewise, any indole or pyrrole
      starting material may be employed provided that these compounds have a
      free 3-position and a free 2-position, respectively, so that the
      corresponding 3-(na)phthalidylindole and 2-(na)phthalidylpyrrole will be
      produced in the initial condensation reaction. The indoles and pyrroles
      each should also have a free 1-position, i.e., the nitrogen atoms of these
      compounds should be substituted with hydrogen. Other than the necessary
      free positions discussed above, the starting materials may contain one or
      more substituents as may be desired in the final indicator dye provided
      any substituent positioned adjacent the condensation site and tending to
      bond internally with the dehydro intermediate is protected with a blocking
      group that may be removed subsequent to condensation of the intermediate
      with the second aromatic compound. For example, the carboxy group of
      2-carboxyindole may be protected as an alkyl ester and the alkyl blocking
      portion removed after the complete dye is formed by alkaline hydrolysis.
      Similarly, a hydroxysubstituted aryl or alkyl group in the 2-position of
      an indole may be protected as an alkyl ether and the alkyl blocking
      portion removed by catalytic hydrogenation.
PAR  For purposes of nomenclature, the following illustrates the numbering of
      the hydroxy-substituted carbocyclic compounds and N-heterocyclic compounds
      used as the starting materials in the present method.
      ##SPC32##
PAR  Likewise, the aldehydic acid reacted with the hydroxy-substutited
      carbocyclic or N-heterocyclic compound may be a substituted
      phthalaldehydic acid or naphthaldehydic acid, such as, carboxy-substituted
      compounds, e.g., 4-carboxy-phthalaldehydic acid and
      7-carboxy-phthalaldehydic acid and sulfonamido-substituted compounds,
      e.g., 6-hexadecylsulfonamido-naphthalaldehydic acid.
PAR  The aromatic compound condensed with the oxidized intermediate to form the
      complete dye may be a carbocyclic aryl compound of the benzene or
      naphthalene series, or it may be a heterocyclic aryl compound containing
      O, N, S, or P or combinations thereof. The heterocyclic compound is
      preferably N-heterocyclic derived from, e.g., indole, pyrrole or
      carbazole, though it may be derived from, e.g., N-benzylindoline. In a
      preferred embodiment, the starting materials employed in the synthesis of
      the oxidized intermediates of the present invention and the aromatic
      compound condensed with the intermediate are the phenols, 1-naphthols,
      pyrroles and indoles designated above as i, ii, iii and iv, respectively.
PAR  The following Examples are given to further illustrate the present
      invention and are not intended to limit the scope thereof.
PAC  EXAMPLE 1
PAC  Preparation of the compound of formula (21)
PAR  A mixture of 6.0 g. (0.0372 mole) of 7-carboxyindole and 7.5 g. (0.0372
      mole) of naphthaldehydic acid in 38 ml. of glacial acetic acid was heated
      to reflux and stirred mechanically. To the solution was added dropwise, 38
      ml. of 12% toluene-p-sulfonic acid-acetic acid. An immediate precipitation
      of product began and the mixture was refluxed for five minutes. The
      mixture was cooled to room temperature, filtered, and the
      3-naphthalidylindole intermediate washed with 50 ml. of acetic acid. The
      solid was then stirred in 100 ml. of acetone, filtered and dried to give
      12.8 g. (86% by weight yield) of a white crystalline solid, 239.degree.-
      240.degree. C. melting range.
PAR  A mixture of 11.0 g. (0.028 mole) of the intermediate prepared above and
      140 ml. of dioxane was refluxed with stirring under nitrogen. To the
      solution was added 7.3 g. (0.032 mole) of
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone and the refluxing continued for
      3.5 hours. The mixture was cooled to room temperature and the pink solid
      comprising oxidized intermediate was collected by suction filtration. The
      solid was extracted twice by boiling in 125 ml. of acetone for 5 to 10
      minutes. The solid was then heated in 125 ml. of ethanol and the white
      solid collected. Weight 7.2 g. (78% by weight yield).
PAR  A mixture of 0.40 g. (1.2 m mole) of oxidized intermediate and 0.51 g. (1.2
      m mole) of 7-hexadecylsulfonamidoindole in 5 ml. of glacial acetic acid
      was heated to 65.degree. C. with stirring. To the mixture was added 5 ml.
      of 12% toluene-p-sulfonic acid-acetic acid over a five-minute period. The
      solution turned an intense purple color. The heating was continued for 15
      minutes at 65.degree. C. and cooled to room temperature. The solution was
      poured into 20 ml. of water containing 3 ml. of concentrated NH.sub.4 OH.
      The precipitate was collected and dried. Recrystallization of 0.8 g. of
      this material from methanol-water gave 0.66 g. (77% by weight yield) of
      title compound, melting range 216.degree.-217.degree. C.
PAR  Steps 1 and 2 of the foregoing procedure were repeated using
      2-carboxy-benzaldehyde (o-formylbenzoic acid), the open-ring form of
      phthalaldehydic acid.
PAR  8.05 g. (0.05 mole) of 7-carboxyindole and 7.5 g. (0.05 mole) of
      2-carboxybenzaldehyde were heated under reflux in 90 ml. of xylene in a
      500 ml. roundbottom flask with stirring for 8 hours. The mixture was
      cooled to room temperature and allowed to stand overnight. The product was
      collected by suction filtration, washed with benzene and dried in vacuo at
      60.degree. C. Wgt. = 13.0 g. The product was recrystallized from ethanol
      (.about.300 ml.). After refrigeration, the product was collected by
      suction filtration. Wgt. = 8.2 g., melting range 250.degree.-2.degree.C.
      The ethanol was evaporated to .about.50 ml. and a second crop of material
      collected. Wgt. = 2.0 g., melting range 248.degree.-50.degree.C. Overall
      yield 10.2 g., (67% by weight yield). The materials was thoroughly dried
      in vacuo (60.degree. C.).
PAR  3.2 g. (0.011 mole) of the product obtained above and 2.7 g. (0.012 mole)
      of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone were heated in 60 ml. of
      freshly opened analytical grade dioxane at 60.degree. C. for 24 hours
      under nitrogen with stirring. The mixture was cooled to room temperature
      and the hydroquinone (2.05 g.) removed by filtration. The filtrate was
      concentrated to a volume of 10 ml. in vacuo and an additional 0.4 g. of
      hydroquinone collected. The product was precipitated by the addition of
      benzene (60 ml.) to the filtrate. Wgt. = 1.9 g. Concentration of the
      filtrate to a volume of 20 ml. followed by the addition of 50 ml. of
      benzene furnished an additional 1.0 g. of product.
PAR  The hydroquinone collected was compared to and found to be identical with a
      standard sample of 2,3-dichloro-5,6-dicyano-1,4-hydroquinone
      substantiating the removal of the two hydrogens from the
      phthalidyl-substituted carboxyindole to yield a dehydro product under
      anhydrous conditions. The dehydro product upon initial precipitation was
      yellow and was observed to become substantially colorless upon standing in
      the presence of atmospheric moisture. The colorless product formed upon
      standing on the basis of molecular weight determination was found to
      correspond to the hydrated form of the dehydro product as evidenced by a
      difference of 18 in molecular weight. Further studies revealed that a
      mixture of dehydro and hydrated products can be obtained in the oxidation
      step when moisture is present, for example, when trace amounts of water is
      present in the dioxane solvent. Upon further reaction with
      orthohydroxyphenylindole, the dehydro and hydrated intermediates showed
      substantially equivalent reactivity in the formation of the complete dye.
PAC  EXAMPLE 2
PAR  The product of Example 1 was prepared in the same manner described above
      except that o-chloranil (0.029 mole) was substituted for
      dichlorodicyanoquinone as the oxidizing agent.
PAC  EXAMPLE 3
PAC  Preparation of the compound of formula (97)
PAR  A solution of 10.0 g. (0.05 mole) of naphthaldehydic acid and 8.9 g. (0.05
      mole) of 2,6-diisopropylphenol in 80 ml. of 12% p-toluene sulfonic acid in
      acetic acid was refluxed for 8 hours. The solution was cooled and the
      product began to precipitate out. The mixture was poured onto 200 g. of
      ice and stirred. The white solid was filtered and dissolved in 200 ml. of
      hot ethanol. Water was added slowly until the solution was turbid and
      cooled and the solid collected by filtration and dried to give 15.0 g.
      (83.5% by weight yield) of solid, melting range 185.degree.-187.degree. C.
      (decomposition).
PAR  5.0 g. (0.0139 mole) of the intermediate prepared above was dissolved in
      100 ml. of methylene chloride. To this solution was added 3.4 g. (10%
      excess) of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone. The reaction mixture
      was refluxed under a nitrogen atmosphere for 4 hours. The mixture was
      cooled and the 2,3-dichloro-5,6-dicyano-1,4-hydroquinone filtered off. The
      methylene chloride was evaporated under vacuum and the oil dissolved in
      ethanol with heating. The ethanol was evaporated under vacuum and the
      solid collected as an orange powder 4.5 g. (90% by weight yield), melting
      range 38.degree.-30.degree.C.
PAR  3.2 g. (0.0092 mole) of the oxidized intermediate prepared above was
      dissolved in 25 ml. of phosphorous oxychloride together with 2.0 g. of
      2-isopropyl phenol. The resulting mixture was stirred for 6 hours at room
      temperature and then was added to a mixture of 100 g. of ice, 100 ml. of
      water and 2 ml. of conc. hydrochloric acid. The product was extracted with
      200 ml. of ether, dried over anhydrous calcium chloride, and the ether
      evaporated. The resulting red oil was placed in hexane and a pink solid
      formed with recrystallization from 100 ml. of ethanol and 20 ml. of water
      to yield 3.1 g. (70% by weight yield) of the title compound, melting
      range, 225.degree. - 227.degree. C.
PAC  EXAMPLE 4
PAC  Preparation of the compound of formula (124)
PAR  Example 3 was repeated except that 2-hexadecyl-1-naphthol was reacted with
      the oxidized naphthalidyl-substituted 2,6-diisopropyl phenol intermediate
      by adding 15 ml. of phosphorous oxychloride to 0.5 g. (0.0014 mole) of
      oxidized intermediate and 0.51 g. (0.0014 mole) of 2-hexadecyl-1-naphthol.
      The resulting mixture was stirred at room temperature for 6 hours and then
      poured onto a mixture of 25 g. of ice, 25 ml. of water with stirring. The
      product was extracted with ether and dried over anhydrous calcium
      chloride. The ether was evaporated and hexane added to the residue. Upon
      refluxing a solution was obtained which upon cooling gave a precipitate,
      0.5 g. (49% by weight yield) of the title compound.
PAC  EXAMPLE 5
PAC  Preparation of the compound of formula (98)
PAR  Example 3 was repeated except that 1.0 g. (0.0028 mole) of the oxidized
      naphthalidyl-2,6-diisopropyl phenol intermediate was reacted with 0.495 g.
      (0.0028 mole) of 2,6-diisopropyl phenol at room temperature for 6 hours in
      the presence of 15 ml. of phosphorous oxychloride. The resulting solution
      was added slowly to a mixture of 100 g. of ice, 50 ml. of water and 2 ml.
      of concentrated hydrochloric acid. The oily product was extracted with
      ether, dried over anhydrous caclium chloride and the ether evaporated. The
      oil was placed in 50 ml. of hexane and refluxed for 1 hour. The solution
      was filtered and the filtrate cooled. The precipitate formed upon cooling
      was collected by filtration and dried to give 0.6 g. (40% by weight yield
      of title compound, melting range 83.degree. - 85.degree. C.
PAC  EXAMPLE 6
PAC  Preparation of the compound of formula (171)
PAR  a. 7-carboxyphthalaldehydic acid (5.0 gms., 0.0258 mole) was added under
      nitrogen to 25 ml. of 85% sulfuric acid in a 100 ml. round bottom flask
      equipped with a stirring bar. Crystalline o-cresol (2.81 gms., 0.0260
      mole) was added to the flask with stirring. The resulting orange-pink
      solution was stirred at room temperature for 6 hours. The solution was
      then poured onto ice (about 50 gms.) with stirring to give a greyish pink
      mass which was filtered and dried in a vacuum oven at 50.degree.C. The
      dried solid was recrystallized from methanol with "Norit" to yield
      colorless needles (4.40 gms., melting point 146.degree.C.).
PAR  b. The product of step a above (0.546 gm., 0.001 mole) was added under
      nitrogen to a solution of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (0.454
      gms., 0.001 mole) in 10 ml. of dichloromethane contained in a 25 ml. round
      bottom flask. The resulting brownish orange solution was stirred for 4
      hours at room temperature. The dichlorodicyanohydroquinone precipitate was
      removed from the solution by filtration, and the dichloromethane was
      evaporated from the filtrate to give a tan solid. The solid was
      recrystallized from dichloromethane and hexane and purified by column
      chromatography. Elution with dichloromethane and hexane removed a few
      impurities. Further elution yielded the dehydro intermediate which was
      recovered as a pink solid (0.440 mg., melting point 220.degree. C. dec.).
PAR  c. The dehydro intermediate of step b (0.270 gm., 0.001 mole) was dissolved
      into 10 ml. of ethyl ether in a three neck flask with stirring under
      nitrogen. To this solution was added crystalline o-cresol (0.108 gm.,
      0.001 mole) and then 1 ml. of boron trifluoride etherate by dropper. The
      resulting dark magenta solution was allowed to stand 16 hours at room
      temperature. The ethyl ether was evaporated by a flow of nitrogen leaving
      a magenta gum. 10 ml. of ice water was added to the gum. A pink
      precipitate formed which was removed by filtration and dried. The
      precipitate was dissolved into 25 ml. of 5% aqueous sodium hydroxide, and
      after filtration of the solution, was reprecipitated by the addition of 5%
      hydrochloric acid. The off-white precipitate was filtered and dried and
      recrystallized from ethanol containing "Norit" to give the title compound
      as a white solid (0.220 gm., melting range 295.degree. - 297.degree. C.).
PAC  EXAMPLE 7
PAC  Preparation of the compound of formula (151)
PAR  Following the first two steps of Example 2, 2-carboxy-1-naphthol
      (1-hydroxy-2-naphthoic acid) was reacted with naphthaldehydic acid to
      yield the corresponding p-naphthalidylnaphthol adduct which then was
      oxidized to the dehydro intermediate using o-chloranil. The dehydro
      intermediate, 3-(3'-carboxy-4'-oxo-1'-naphthylidene)naphthalide, was
      converted to its hydrated form with water. The hydrated intermediate,
      3-hydroxy-3-(3'-carboxy-4'-hydroxy-1'-naphthyl) naphthalide (about 528
      mgs.), 1-hydroxy-6-octadecyloxy-2-naphthoic acid (about 480 mgs.) and
      boron-trifluoride etherate (about 185 mgs.) in glacial acetic acid (12
      cc.) was refluxed 3 hours. The solution was cooled and evaporated to
      half-volume. On standing a solid formed which was filtered, dried and
      recrystallized to give the title compound in about 5% by weight yield.
PAR  The last step of Example 7 was repeated using
      3-hydroxy-3-(3'-carbomethoxy-4'-hydroxy-1'-naththyl) naphthalide-1,8 as
      the hydrated intermediate. The solid formed in the concentrated reaction
      solution upon standing was recrystallized from ethanol, and then
      hydrolyzed with hot ethanolic sodium hydroxide solution. After cooling to
      room temperature, the basic solution was acidified with 20% hydrochloric
      acid. The gum that formed was scratched and triturated with water until
      solidification was complete. The solid was air dired and dissolved in
      boiling cyclohexane. A white solid precipitated from the hot solution
      almost immediately which was collected and dried to give the compound of
      formula 151 in a yield of about 30% by weight.
PAR  In addition to the above compounds, the specific indicator dyes of formulae
      (1) to (19) and (48) above also were prepared in accordance with the
      procedure of Example 1. The dye of formula (1) was prepared by reacting
      indole with the acid, oxidizing the intermediate thus formed and then
      reacting the oxidized intermediate with ortho-hydroxyphenyl indole. In
      preparing the dyes of formulae (2) to (9), the respective 5-substituted
      indoles were initially reacted with the acid and in preparing the dyes of
      formulae (16) to (19), the respective 7-substituted indoles were initially
      reacted with the acid. The dyes of formulae (10) to (15) and (48) were
      prepared by reacting 7-carboxyindole with the acid and subsequently
      reacting the intermediate after oxidation with the compound selected for
      the second aromatic nucleus.
PAR  It will be appreciated that other phenols, 1-naphthols, indoles and
      pyrroles substituted in the manner discussed above, for example, with
      hydrogen-bonding and electron-withdrawing groups and groups useful in
      controlling the mobility of the dye product in aqueous solution may be
      substituted for the starting materials used in the procedure set out in
      the foregoing examples to give the corresponding adduct with
      naphthaldehydic, phthaldehydic and carboxyphthaldehydic acid. Following
      the above procedures, the adduct thus obtained may be converted to the
      corresponding oxidation product comprising, for example, the compounds of
      formulas IIa and IIIa by reacting with a quinone, such as, the o-chloranil
      or dichlorodicyanobenzoquinone employed above. Also following the
      foregoing procedures, the oxidation product may be condensed with the
      selected aromatic compound, particularly a phenol, 1-naphthol, pyrrole or
      indole substituted as described in the preferred embodiment to yield the
      indicator dye, either a "mixed" dye or a symmetrical or unsymmetrical
      indicator.
PAR  As noted previously, solvents other than those specified may be used in the
      oxidation and the initial and final condensation steps and other acid
      condensation catalysts may be employed. Though it is not essential, any
      one or all of the steps of the process may be carried out in an inert
      atmosphere, for example, under nitrogen, and final indicator dyes may be
      purified by recrystallization from any appropriate solvent or in any other
      suitable and convenient manner.
PAR  Indicator dyes comprising phthaleins containing an indole radical and a
      second radical derived from a different N-heterocyclic aryl compound and
      phthaleins containing an indole radical and a second radical derived from
      a hydroxy-substituted carbocyclic aryl compound form the subject matter of
      copending U.S. patent applications Ser. No. 202,555 and Ser. No. 202,558,
      respectively, now U.S. Pat. Nos. 3,816,120 and 3,816,124, respectively.
      Indicator dyes containing a naphthalide ring-closing moiety substituted in
      the 6-position with certain groups, such as sulfonamido, form the subject
      matter of copending U.S. patent Application Ser. No. 193,746, now U.S.
      Pat. No. 3,811,881. Phthaleins derived from azaphenanthrol form the
      subject matter of copending U.S. patent application Ser. No. 177,513, now
      U.S. Pat. No. 3,779,754. Phthaleins containing one phenol radical and a
      second carbocyclic aryl radical, which is different, e.g., a phenyl
      radical with a different p-substituent form the subject matter of
      copending U.S. patent application Ser. No. 203,544, now U.S. Pat. No.
      3,782,937.
PAR  The indicator dyes produced in accordance with the present invention may be
      employed in conventional analytical procedures where phthalein indicator
      dyes, such as, phenol phthalide and phenol naphthalide are commonly used,
      for example, to measure changes in pH value. The dyes produced according
      to the present invention also find other uses.
PAR  As discussed in copending U.S. patent applications, Ser. No. 108,260 and
      Ser. No. 103,392, now U.S. Pat. Nos. 3,702,244 and 3,702,245,
      respectively, it has been found that a selectively exposed photosensitive
      material having a latent image therein may be processed in the presence of
      extraneous incident radiation actinic thereto by reason of the protection
      afforded by suitably positioning with respect to the exposure surface of
      the photosensitive layer an effective concentration of a selected dye or
      dyes as optical filter agents. The use of certain indole dyes including
      indole phthalides and naphthalides as optical filter agents for protecting
      photosensitive materials from radiation in the shorter wavelength region
      of the visible spectrum forms the subject matter of aforementioned U.S.
      patent application Ser. No. 108,260. The use of certain dyes derived from
      phenols and naphthols including phenol and naphthol phthalides and
      naphthalides as optical filter agents for protecting photosensitive
      materials from radiation in the longer wavelength region of the visible
      spectrum forms the subject matter of aforementioned U.S. patent
      application Ser. No. 103,392.
PAR  Indicator dyes found particularly useful as optical filter agents prepared
      according to the preferred embodiment of the present invention are
      phthaleins derived from certain hydroxy-substituted carbocyclic and
      N-heterocyclic compounds which contain a hydrogen-bonding group, i.e., a
      substituent capable of forming a hydrogen-bonded ring with the respective
      phenolic --OH and --NH-- portions of these compounds. Certain indole and
      phenolic phthaleins of this type form the subject matter of U.S. patent
      application Ser. No. 204,350, now U.S. Pat. No. 3,862,128. Other
      phthaleins of this type derived from phenols and 1-naphthols form the
      subject matter of copending U.S. patent applications Ser. Nos. 103,864 and
      103,865, respectively, now U.S. Pat. Nos. 3,833,615 and 3,833,614,
      respectively. Still other phthaleins of this type derived from indoles
      form the subject matter of copending U.S. patent application Ser. No.
      108,277, now abandoned. Indoles substituted with selected hydrogen-bonding
      groups useful in the synthesis of such indole phthalides and naphthalides
      form the subject matter of copending U.S. patent application Ser. No.
      108,663, now U.S. Pat. No. 3,772,329.
PAR  Since certain changes may be made in the above processes and products
      without departing from the scope of the invention herein involved, it is
      intended that all matter contained in the above description shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process which comprises the steps of:
PA1  1. reacting in substantially equimolar proportions in an inert organic
      liquid solvent at a temperature between about 20.degree.C. and
      120.degree.C. in the presence of an acid catalyst selected from
      toluene-p-sulfonic acid, sulfuric acid, trifluoroacetic acid and
      trichloroacetic acid, (a) a compound selected from
      ##SPC33##
PAL  wherein R.sup.1 is selected from hydrogen, alkoxy containing 1 to 3 carbon
      atoms and alkyl containing 1 to 3 carbon atoms; R.sup.2 is selected from
      hydrogen, hydroxy, carboxy, sulfonamido, sulfamoyl, o-hydroxyphenyl,
      bis-trifluoromethylcarbinol, methoxy, alkyl containing 1 to 16 carbon
      atoms; R.sup.3 is selected from hydrogen, alkoxy containing 1 to 18 carbon
      atoms and alkyl containing 1 to 3 carbon atoms; R.sup.4 is selected from
      hydrogen, hydroxy and carboxy; R.sup.5 is selected from hydrogen and
      alkoxy containing 1 to 18 carbon atoms; R.sup.6 is selected from hydrogen,
      phenyl, alkyl containing 1 to 3 carbon atoms, and alkoxy containing 1 to
      18 carbon atoms; R.sup.7 is selected from hydrogen, phenyl,
      o-hydroxyphenyl and alkyl containing 1 to 3 carbon atoms and R.sup.8 is
      selected from hydrogen, cyano, carboxy, halo, trifluoromethyl, sulfonyl
      and alkoxy containing 1 to 18 carbon atoms with (b) an aldehydic acid
      selected from phthalaldehydic acid, unsubstituted or substituted in one of
      the 4- or 7-positions with carboxy and naphthalaldehydic acid,
      unsubstituted, to form the corresponding adduct having the formula:
      ##SPC34##
PAL  wherein A is a radical selected from p-hydroxyphenyl, p-hydroxynaphthyl,
      pyrr-2-yl and indol-3-yl corresponding to said (i), (ii) and (iii) and
      (iv), respectively, and X represents the carbon atoms necessary to
      complete a ring-closing moiety selected from phthalide, unsubstituted or
      substituted in the 4- or 7-position with carboxy, and naphthalide,
      unsubstituted; and
PA1  2. reacting said adduct with a quinone selected from chloranil, o-chloranil
      and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in a molar ratio of about
      1.1 to 1.5 moles of quinone per 1.0 mole of adduct in an inert organic
      liquid solvent at a temperature between about 20.degree.C. and
      200.degree.C. to form the corresponding oxidation product selected from
      ##SPC35##
PAL  wherein A and X have the same meaning given above, and
      ##SPC36##
PAL  wherein A' is selected from
      ##SPC37##
PAL  wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7 and
      R.sup.8 and X have the same meaning given above and mixtures of (I) and
      (II), said (I) being produced under anhydrous conditions and said (II) and
      said mixtures of (i) and (II) being produced in the presence of moisture.
NUM  2.
PAR  2. A process as defined in claim 1 which includes the additional step of:
PA1  3. reacting said oxidation product with a compound (c) selected from (i),
      (ii), (iii) and (iv) as defined in (a) above in substantially equimolar
      proportions in an inert organic liquid solvent at a temperature between
      about 20.degree.C. and 120.degree.C. in the presence of an acid catalyst
      selected from toluene-p-sulfonic acid, sulfuric acid, trifluoroacetic
      acid, trichloroacetic acid and a Lewis acid to form the corresponding
      3,3-disubstituted phthalide or naphthalide,
      ##SPC38##
PAL  wherein A and B each is a radical selected from p-hydroxyphenyl,
      p-hydroxynaphthyl, pyrr-2-yl, and indol-3-yl corresponding to said (i),
      (ii), (iii) and (iv), respectively, and X represents the carbon atoms
      necessary to complete a ring-closing moiety selected from phthalide,
      unsubstituted or substituted in the 4- or 7-position with carboxy and
      naphthalide, unsubstituted.
NUM  3.
PAR  3. A process as defined in claim 2 wherein said step (1) is conducted in
      the presence of toluene-p-sulfonic acid.
NUM  4.
PAR  4. A process as defined in claim 2 wherein said step (2) is conducted under
      substantially anhydrous conditions.
NUM  5.
PAR  5. A process as defined in claim 4 wherein said quinone is o-chloranil.
NUM  6.
PAR  6. A process as defined in claim 2 wherein said compound (a) is (iv).
NUM  7.
PAR  7. A process as defined in claim 6 wherein said indole compound (a) is
      7-carboxyindole.
NUM  8.
PAR  8. A process as defined in claim 7 wherein said aldehydic acid is
      naphthalaldehydic acid.
NUM  9.
PAR  9. A process as defined in claim 8 wherein said compound (c) is (iv).
NUM  10.
PAR  10. A process as defined in claim 9 wherein said indole compound (c) is
      7-hexadecylsulfonamidoindole.
NUM  11.
PAR  11. A process as defined in claim 9 wherein said indole compound (c) is
      2-ortho-hydroxyphenyl indole.
NUM  12.
PAR  12. A process as defined in claim 9 wherein said indole compound (c) is
      7-carboxyindole.
NUM  13.
PAR  13. A process as defined in claim 9 wherein said indole compound (c) is
      5-bromo-7-octadecylsulfamoyl indole.
NUM  14.
PAR  14. A process as defined in claim 2 wherein said compound (a) is (i).
NUM  15.
PAR  15. A process as defined in claim 14 wherein said phenol compound (a) is
      2,6-diisopropylphenol.
NUM  16.
PAR  16. A process as defined in claim 15 wherein said compound (c) is (ii).
NUM  17.
PAR  17. A process as defined in claim 16 wherein said 1-naphthol compound (c)
      is 2-hexadecyl-1-naphthol and said aldehydic acid is naphthalaldehydic
      acid.
NUM  18.
PAR  18. A process as defined in 14 wherein said compound (c) is (i).
NUM  19.
PAR  19. A process as defined in claim 18 wherein said phenol compound (a) is
      o-cresol, said phenol compound (c) is o-cresol and said aldehydic acid is
      7-carboxy-phthalaldehydic acid.
NUM  20.
PAR  20. A process as defined in claim 2 wherein said compound (a) is (ii).
NUM  21.
PAR  21. A process as defined in claim 20 wherein said compound (c) is (ii).
NUM  22.
PAR  22. A process as defined in claim 21 wherein said aldehydic acid is
      naphthalaldehydic acid.
NUM  23.
PAR  23. A process as defined in claim 22 wherein said 1-naphthol compound (a)
      is 2-carboxy-1-naphthol and said 1-naphthol compound (c) is
      2-carboxy-1-naphthol.
NUM  24.
PAR  24. A process as defined in claim 1 wherein said oxidation product formed
      in step (2) is
      ##SPC39##
PAL  wherein A and X have the same meaning given above.
NUM  25.
PAR  25. A process as defined in claim 1 wherein said oxidation product formed
      in step (2) is
      ##SPC40##
PAL  wherein A' is selected from
      ##SPC41##
PAL  wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7 and
      R.sup.8 and X have the same meaning given above.
NUM  26.
PAR  26. A process as defined in claim 1 wherein said quinone is
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone.
NUM  27.
PAR  27. A process as defined in claim 1 wherein said quinone is o-chloranil.
NUM  28.
PAR  28. A process as defined in claim 1 wherein said step (1) is conducted in
      the presence of toluene-p-sulfonic acid.
NUM  29.
PAR  29. A process as defined in claim 1 wherein said compound (a) is (i).
NUM  30.
PAR  30. A process as defined in claim 1 wherein said compound (a) is (ii).
NUM  31.
PAR  31. A process as defined in claim 1 wherein said compound (a) is (iv).
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ABST
PAL  3-Thiomethyl-2[2-(dialkylamino)ethyl]indoles having the following
      structural formula are disclosed
      ##SPC1##
PAL  In the above formula, R.sub.1, R.sub.2, and R.sub.3 are hydrogen or alkyl,
      R.sub.4 is alkyl, aryl, aralkyl, or a heterocyclic, R.sub.5 is hydrogen,
      alkyl, halogen, alkoxy, hydroxyl and the like.
PAL  These compounds exhibit central nervous system depressing properties and
      are useful as anti-aggression agents.
PARN
PAR  This application is a continuation-in-part of our co-pending application
      Ser. No. 391,171 filed Aug. 23, 1973 now abandoned.
BSUM
PAR  The present invention relates to
      3-THIOMETHYL-2[2-(DIALKYLAMINO)ETHYL]INDOLES having the structural formula
      ##SPC2##
PAL  Wherein R.sub.1, R.sub.2, and R.sub.3 are hydrogen or alkyl, R.sub.4 is
      alkyl, aryl, aralkyl, or a heterocyclic, R.sub.5 is hydrogen, alkyl,
      halogen, alkoxy and hydroxyl and the like.
PAR  In the above definitions for R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5
      "alkyl" and "alkoxy" are meant to have 1to 7 carbon atoms in the carbon
      chain. It includes straight chain as well as branched chain radicals. The
      term includes for example methyl, ethyl propyl, isopropyl and the like.
      The term "aryl" denotes a monocyclic aromatic hydrocarbon preferably of 6
      to 10 carbon atoms for example phenyl, tolyl, and the like. The term
      "aralkyl" encompasses an alkyl group as defined, in which a hydrogen atom
      is substituted by "aryl" such as benzyl, phenethyl and the like. The aryl
      portion may be substituted, e.g., chloro, amino or unsubstituted. The term
      heterocyclic denotes a 5 or 6-membered hetero ring having at least one
      hetero atom in the ring which may be either nitrogen, oxygen or sulfur.
      Representative heterocyclics are, for example, pyridyl, thienyl, furyl,
      thiazolyl, imidazolyl and the like.
PAR  According to the present invention the above compounds are prepared by
      treating the quaternary salt of 1,2,3,4-tetrahydro-.gamma.-carboline of
      structure II with the salt of a thiol of structure III to give compound I.
      This reaction is illustrated by the scheme:
      ##SPC3##
PAR  The starting 1,2,3,4-tetrahydro-.gamma.-carbolines are prepared by
      procedures known to the art (See V. Boekelheide, et al/JACS, 72, 2132
      (1950), C. J. Cattanach, et al/J. Chem. Soc. (C) 1235 (1968)). They are
      readily converted to the corresponding quaternary salts by treatment of
      the free base with alkyl halide.
PAR  A more detailed description of this process is given below under "General
      Procedure."
PAR  The compounds of this invention form salts with pharmaceutically acceptable
      acids and these salts are included within the scope of this invention.
      These salts include, for example, salts formed with hydrochloric,
      sulfuric, nitric, acetic acids and the like.
PAR  The above compounds and their salts exhibit central nervous system
      depressing activity. For example, when administered intraperitonially to
      rodents such as mice at a dose of 10-100 mg/kg, sedation of the mice is
      produced. Additionally, the compounds of this invention when evaluated in
      other animal models, e.g. isolated fighting mice and killer rats, was
      found to reduce aggression.
PAR  These compounds are useful as mild sedatives or anti-aggression agents,
      within the above described dose range.
PAR  In order to use these compounds, they are formulated with tablets or
      injections utilizing known excipients such as lactose or sterile water by
      methods well known to the pharmacist's art.
PAR  To further illustrate the practice of this invention, the following
      examples are included:
DETD
PAC  EXAMPLE 1
PAC  3-Thiomethyl-2[2-(dialkylamino)ethyl]indoles -- General Procedure.
PAR  A mixture of 0.07 mol of an appropriate
      2-alkyl-1,2,3,4-tetrahydro-.gamma.-carboline quaternary salt, 0.077 mol of
      an appropriate thiol derivative, 70 ml of 1.0 N sodium hydroxide, and 100
      ml of water was refluxed with stirring for three hours and allowed to cool
      to 25.degree.. The crude product separated out as a crystalline
      precipitate or as a gummy semi-solid. Two work-up procedures were
      employed.
PAC  Method A
PAR  In those cases where a crystalline precipitate formed, it was collected,
      washed well with water, and recrystallized as described in the individual
      examples.
PAC  Method B
PAR  When a semi-solid was obtained, it was separated from the aqueous solution
      by decantation of the latter and was dissolved in ether. When an oil was
      obtained, the mixture was extracted with ether. The ether solution was
      washed successively with 1N sodium hydroxide, water, and saturated aqueous
      sodium chloride solution. It was then dried and evaporated to give a
      residue which was purified as described in the individual examples.
PAC  EXAMPLE 2
      ##SPC4##
PAC  2[2-(Dimethylamino)ethyl]-3-[(ethylthio)methyl]indole
PAR  The reaction was carried out with
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and ethanethiol,
      using Method A for the workup. Recrystallization from 50 ml of ethyl
      acetate gave 8.9 g of product; mp 59.degree.-61.degree..
PAR  Anal. Calcd for C.sub.15 H.sub.22 N.sub.2 S: C, 68.66; H, 8.45; N, 10.67;
      S, 12.22.
PAR  Found: C, 68.90; H, 8.42; N, 10.47; S, 12.47.
PAC  EXAMPLE 3
      ##SPC5##
PAC  2-[2-(Dimethylamino)ethyl]-3-[(phenylthio)methyl]indole
PAR  The reaction was carried out with
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and thiophenol,
      using Method B for the workup. Recrystallization from 100 ml of isopropyl
      ether gave 14.9 g of product; mp 97.degree.-99.degree..
PAR  Anal. Calcd for C.sub.19 H.sub.22 N.sub.2 S: C,73.51; H, 7.14; N, 9.02; S,
      10.33.
PAR  Found: C, 73.74; H, 7.34; N, 8.96; S, 10.21.
PAC  EXAMPLE 4
      ##SPC6##
PAC  1-Methyl-2-[2-(Dimethylamino)ethyl]-3-[(phenylthio) methyl]indole
PAR  The reaction was carried out with
      2,5-dimethyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and
      thiophenol, using work-up Method B. Recrystallization from 60 ml of hexane
      gave 11.2 g of product; mp 58.degree.-60.degree..
PAR  Anal. Calcd for C.sub.20 H.sub.24 N.sub.2 S: C, 74.03; H, 7.46; N, 8.03; S,
      9.88.
PAR  Found: C, 74.11; H, 7.54; N, 8.43; S, 9.93.
PAC  EXAMPLE 5
      ##SPC7##
PAC  2-[2-(Dimethylamino)ethyl]-3-[(p-chlorophenylthio)methyl] indole
PAR  The reaction was carried out with
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and
      p-chlorothiophenol, using work-up Method B. Recrystallization from 500 ml
      of isopropyl ether gave 15 g of product; mp 115.degree.-117.degree..
PAR  Anal. Calcd for C.sub.19 H.sub.21 ClN.sub.2 S: C, 66.17; H, 6.14; Cl,
      10.28; N, 8.12; S, 9.30.
PAR  Found: C, 66.00; H, 5.89; Cl, 10.16; N, 8.09; S, 9.13.
PAC  EXAMPLE 6
      ##SPC8##
PAC  2-[2-(Dimethylamino)ethyl]-3-[2-(dimethylamino) ethylthiomethyl]-indole
PAR  The reaction was carried out with
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and
      2-dimethylaminoethanethiol, using work-up Method B. Recrystallization from
      60 ml of hexane gave 10.4 g of product; mp 52.degree.-54.degree..
PAR  Anal. Calcd for C.sub.17 H.sub.27 N.sub.3 S: C, 66.84; H, 8.91; N, 13.75;
      S, 10.50.
PAR  Found: C, 66.77; H, 8.97; N, 13.59; S, 10.59.
PAC  EXAMPLE 7
      ##SPC9##
PAC  2-[2-(Dimethylamino)ethyl]-3-[(2-thiazolin-2-ylthio) methyl]indole
PAR  The reaction was carried out with
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and
      2-mercapto-2-thiazoline, using workup Method A. Recrystallization from 140
      ml of ethyl acetate gave 14.5 g of product; mp 140.degree.-143.degree..
PAR  Anal. Calcd for C.sub.16 H.sub.21 N.sub.3 S.sub.2 : C, 60.15; H, 6.63; N,
      13.15; S, 20.07.
PAR  Found: C, 59.89; H, 6.68; N, 13.14; S, 20.04.
PAC  EXAMPLE 8
      ##SPC10##
PAC  2-[2-(Dimethylamino)ethyl]-3-[(o-tolylthio)methyl]indole
PAR  The reaction was carried out with
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and o-thiocresol,
      using work-up Method B. Recrystallilzation from 150 ml of cyclohexane gave
      11.1 g of product; mp 134.degree.-137.degree..
PAR  Anal. Calcd for C.sub.20 H.sub.24 N.sub.2 S: C, 74.03; H, 7.46; N, 8.63; S,
      9.88.
PAR  Found: C, 74.13; H, 7.76; N, 8.76; S, 9.89.
PAC  EXAMPLE 9
      ##SPC11##
PAC  2-[2-(Dimethylamino)ethyl]-3-[(2-furylmethylthio) methyl]indole
PAR  The reaction was carried out with
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and
      2-furylmethylthiol, using work-up Method B. Recrystallization from 100 ml
      of isopropyl ether gave 15.5 g of product; mp 79.degree.-82.degree..
PAR  Anal. Calcd for C.sub.18 H.sub.22 N.sub.2 OS: C, 68.75; H, 7.05; N, 8.91;
      S, 10.20.
PAR  Found: C, 68.92; H, 7.19; N, 8.91; S, 10.47.
PAC  EXAMPLE 10
      ##SPC12##
PAC  2-[2-(Dimethylamino)ethyl]-3-[(1-methylimidazol-2-ylthio) methyl]indole
PAR  The reaction was carried out with
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and
      2-mercapto-1-methylimidazole. Work-up Method B was used with the exception
      that ethyl acetate was used to dissolve the crude gum instead of ether.
      Recrystallization from 175 ml of isopropyl alcohol gave 12.5 g of product;
      mp 152.degree.-154.degree..
PAR  Anal. Calcd for C.sub.17 H.sub.22 N.sub.4 S: C, 64.93; H, 7.05; N, 17.82;
      S, 10.20.
PAR  Found: C, 64.73; H, 6.99; N, 17.65; S, 10.33.
PAC  EXAMPLE 11
      ##SPC13##
PAC  2-[2-(Dimethylamino)ethyl]-3-[(benzylthio)methyl]indole
PAR  The reaction was carried out with
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and benzylthiol,
      using work-up Method B. Recrystallization from 100 ml of isopropyl ether
      gave 12.4 g of product; mp 69.degree.-72.degree..
PAR  Anal. Calcd for C.sub.20 H.sub.24 N.sub.2 S: C, 74.03; H, 7.46; N, 8.63; S,
      9.88.
PAR  Found: C, 74.10; H, 7.62; N, 8.48; S, 9.88.
PAC  EXAMPLE 12
      ##SPC14##
PAC  5-Bromo-2-[2-(Dimethylamino)ethyl]-3-[(phenylthio) methyl]indole
PAR  The reaction was carried out with
      8-bromo-2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and
      thiophenol, using work-up Method B. Recrystallization by dissolving in 600
      ml of hot isopropyl ether and evaporation to a volume of 80 ml gave 19.4 g
      of product, mp 112.degree.-115.degree..
PAR  Anal. Calcd for C.sub.19 H.sub.21 BrN.sub.2 S: C, 58.61; H, 5.44; Br,
      20.52; N, 7.19; S, 8.23.
PAR  Found: C, 58.74; H, 5.51; Br, 20.46; N, 7.15; S, 8.26.
PAC  EXAMPLE 13
      ##SPC15##
PAC  1-Methyl-2-[2-(dimethylamino)ethyl]-3-[(ethylthio) methyl]indole
      Hydrochloride
PAR  The reaction was carried out with
      2,5-dimethyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and
      ethanethiol, using work-up Method B. Since the free base was an oil, it
      was redissolved in ether and treated with ethereal hydrogen chloride.
      Recrystallization of the crude hydrochloride from 300 ml of isopropyl
      alcohol gave 5.7 g of material, mp 188.degree.-190.degree. dec.
PAR  Anal. Calcd for C.sub.16 H.sub.24 N.sub.2 S.HCl: C, 61.42; H, 8.05; Cl,
      10.25; N, 8.95; S, 11.33.
PAR  Found: C, 61.65; H, 8.33; Cl, 10.18; N, 8.73; S, 11.28.
PAC  EXAMPLE 14
      ##SPC16##
PAC  2-[2-(Ethylmethylamino)ethyl]-3-[(phenylthio)methyl]indole
PAR  The reaction was carried out with
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline ethiodide and thiophenol,
      using work-up Method B. Recrystallizataion from 200 ml of cyclohexane gave
      16 g of product, mp 77.degree.-79.degree..
PAR  Anal. Calcd for C.sub.20 H.sub.24 N.sub.2 S: C, 74.03; H, 7.46; N, 8.63; S,
      9.88.
PAR  Found: C, 74.16; H, 7.52; N, 8.70; S, 10.06.
PAC  EXAMPLE 15
      ##SPC17##
PAC  5-Methoxy-2-[2-(dimethylamino)ethyl]-3-[(phenylthio) methyl]indole
PAR  The reaction was carried out with
      8-methoxy-2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and
      thiophenol, using work-up Method B, except that the crude oily solid was
      taken up in ethyl acetate rather than ether. Evaporation gave an oil which
      solidified on refrigeration. Recrystallization by dissolving in 600 ml of
      hot isopropyl ether and concentration to a volume of 70 ml gave 11.6 g of
      product, mp 85.degree.-88.degree..
PAR  Anal. Calcd for C.sub.20 H.sub.24 N.sub.2 OS: C, 70.55; H, 7.10; N, 8.23;
      S, 9.42.
PAR  Found: C, 70.37; H, 7.18; N, 8.46; S, 9.49.
PAC  EXAMPLE 16
      ##SPC18##
PAC  1-Ethyl-2-[2-(dimethylamino)ethyl]-3-[(phenylthio) methyl]indole
      Hydrochloride
PAR  The reaction was carried out with
      5-ethyl-2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and
      thiophenol, using work-up Method B. Since the free base was an oil, it was
      dissolved in ether and treated with ethereal hydrogen chloride. The crude
      hydrochloride was recrystallized from 120 ml of isopropanol to give 7.0 g
      of product, mp 148.degree.-150.degree..
PAR  Anal. Calcd for C.sub.21 H.sub.26 N.sub.2 S.HCl: C, 67.27; H, 7.26; Cl,
      9.45; N, 7.47; S, 8.55.
PAR  Found: C, 67.03; H, 7.49; Cl, 9.47; N, 7.25; S, 8.70.
PAC  EXAMPLE 17
      ##SPC19##
PAC  1-n-Propyl-2-[2-(dimethylamino)ethyl]-3-[(phenylthio) methyl]indole
      hydrochloride
PAR  The reaction was carried out with
      5-n-propyl-2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and
      thiophenol, using work-up Method B. The free base was a tan oil. This was
      dissolved in ether and treated with ethereal hydrogen chloride. The
      resulting crude hydrochloride was recrystallized from 200 ml of isopropyl
      alcohol to give 13 g of product mp 141.degree.-143.degree..
PAR  Anal. Calcd for C.sub.22 H.sub.28 N.sub.2 S.HCl: C, 67.93; H, 7.51; Cl,
      9.11; N, 7.20; S, 8.24.
PAR  Found: C, 68.17; H, 7.64; Cl, 9.35; N, 7.27; S, 8.11.
PAC  EXAMPLE 18
      ##SPC20##
PAC  2-[2-(Dimethylamino)ethyl]-3-[p-tolylthio)methyl]indole
PAR  The reaction was carried out with
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and p-cresol,
      using work-up Method B. Recrystallization from 100 ml of hexane gave 19.7
      g of product, mp 84.degree.-87.degree..
PAR  Anal. Calcd for C.sub.20 H.sub.24 N.sub.2 S: C, 74.03; H, 7.46; N, 8.63; S,
      9.88.
PAR  Found: C, 74.01; H, 7.59; N, 8.55; S, 10.12.
PAC  EXAMPLE 19
      ##SPC21##
PAC  2-[2-(Dimethylamino)ethyl]-3-[(m-tolylthio)methyl]indole
PAR  The reaction was carried out with
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and m-cresol,
      using work-up Method B. Recrystallization from 60 ml of hexane gave 18.7 g
      of product, mp 75.degree.-78.degree..
PAR  Anal. Calcd for C.sub.20 H.sub.24 N.sub.2 S: C, 74.03; H, 7.46; N, 8.63; S,
      9.88.
PAR  Found: C, 73.90; H, 7.41; N, 8.50; S, 9.99.
PAC  EXAMPLE 20
      ##SPC22##
PAC  2-[2-(Dimethylamino)ethyl]-1-methyl-3-[(p-tolylthio)methyl]indole,
      Hydrochloride
PAR  The reaction was carried out with
      2,5-dimethyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and p-cresol,
      using work-up Method B. The residue obtained on evaporation of the ether
      extraction solvent was redissolved in ether and treated with ethereal
      hydrogen chloride. The crude hydrochloride salt which precipitated was
      collected and recrystallized from ispropyl alcohol to give 18.9 g of
      product, mp 162.degree.-163.degree..
PAR  Anal. Calcd for C.sub.21 H.sub.26 N.sub.2 S.HCl: C, 67.27; H, 7.26; Cl,
      9.45; N, 7.47; S, 8.55.
PAR  Found: C, 67.18; H, 7.30; Cl, 9.39; N, 7.56; S, 8.80.
PAC  EXAMPLE 21
      ##SPC23##
PAC  2-[2-(Dimethylamino)ethyl]-1-methyl-3-[m-tolylthio)methyl]indole,
      Hydrochloride
PAR  The reaction was carried out with
      2,5-dimethyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide and m-cresol,
      using work-up Method B. The residue obtained on evaporation of the ether
      extraction solvent was redissolved in ether and treated with ethereal
      hydrogen chloride. The resulting crude hydrochloride salt was
      recrystallized from isopropyl alcohol to give 17.5 g of product, mp
      177.degree.-179.degree..
PAR  Anal. Calcd for C.sub.21 H.sub.26 N.sub.2 S.HCl: C, 67.27; H, 7.26; Cl,
      9.45; N, 7.47; S, 8.55.
PAR  Found: C, 67.09; H, 7.30; Cl, 9.35; N, 7.45; S, 8.66.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC24##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are hydrogen or alkyl having 1 to 7
      carbon atoms, R.sub.4 is alkyl having 1 to 7 carbon atoms, aryl having 6
      to 10 carbon atoms, aralkyl in which aryl and alkyl are as defined, or a 5
      or 6-membered heterocyclic ring having one or two atoms selected from the
      group consisting of nitrogen, oxygen or sulfur and R.sub.5 is hydrogen,
      alkyl having 1 to 7 carbon atoms, alkoxy having 1 to 7 carbon atoms, and
      hydroxyl and the corresponding pharmaceutically acceptable acid addition
      salt.
NUM  2.
PAR  2. A compound according to claim 1 which is 2[2-(dimethylamino)
      ethyl]-3-[(ethylthio)methyl]indole.
NUM  3.
PAR  3. A compound according to claim 1 which is 2[2-(dimethylamino)
      ethyl]-3-[(phenylthio)methyl]indole.
NUM  4.
PAR  4. A compound according to claim 1 which is
      1-methyl-2-[2-(dimethylamino)ethyl]-3-[(phenylthio)methyl]indole.
NUM  5.
PAR  5. A compound according to claim 1 which is 2-[2-(dimethylamino)
      ethyl]-3-[(p-chlorophenylthio)methyl]indole.
NUM  6.
PAR  6. A compound according to claim 1 which is 2-[2-(dimethylamino)
      ethyl]-3-[2-(dimethylamino)ethylthiomethyl]-indole.
NUM  7.
PAR  7. A compound according to claim 1 which is 2-[2-(dimethylamino)
      ethyl]-3-[(2-thiazolin-2-ylthio)methyl]indole.
NUM  8.
PAR  8. A compound according to claim 1 which is 2-[2-(dimethylamino)
      ethyl]-3-[(o-tolylthio)methyl]indole.
NUM  9.
PAR  9. A compound according to claim 1 which is 2-[2-(dimethylamino)
      ethyl]-3-[(2-furylmethylthio)methyl]indole.
NUM  10.
PAR  10. A compound according to claim 1 which is 2-[2-(dimethylamino)
      ethyl]-3-[(1-methylimidazol-2-ylthio)methyl]indole.
NUM  11.
PAR  11. A compound according to claim 1 which is 2-[2-(dimethylamino)
      ethyl]-3-[(benzylthio)methyl]indole.
NUM  12.
PAR  12. A compound according to claim 1 which is
      5-bromo-2-[2-(dimethylamino)ethyl]-3-[(phenylthio)methyl]indole.
NUM  13.
PAR  13. A compound according to claim 1 which is
      1-methyl-2-[2-(dimethylamino)ethyl]-3-[(ethylthio)methyl]indole.
NUM  14.
PAR  14. A compound according to claim 1 which is
      2-[2-(ethylmethylamino)ethyl]-3-[(phenylthio)methyl]indole.
NUM  15.
PAR  15. A compound according to claim 1 which is
      5-methoxy-2-[2-(dimethylamino)ethyl]-3-[(phenylthio)methyl]indole.
NUM  16.
PAR  16. A compound according to claim 1 which is
      1-ethyl-2-[2-(dimethylamino)ethyl]-3-[(phenylthio)methyl]indole.
NUM  17.
PAR  17. A compound according to claim 1 which is
      1-n-propyl-2-[2-(dimethylamino)ethyl]-3-[(phenylthio)methyl]indole.
NUM  18.
PAR  18. A compound according to claim 1 which is 2-[2-(Dimethylamino)
      ethyl]-3-[p-tolylthiomethyl]indole.
NUM  19.
PAR  19. A compound according to claim 1 which is 2-[2-(Dimethylamino)
      ethyl]-3-[(m-tolylthio)methyl]indole.
NUM  20.
PAR  20. A compound according to claim 1 which is 2-[2-(Dimethylamino)
      ethyl]-1-methyl-3-[(p-tolylthio)methyl]indole.
NUM  21.
PAR  21. A compound according to claim 1 which is 2-[2-(Dimethylamino)
      ethyl]-1-methyl-3-[m-tolylthio)methyl]indole.
NUM  22.
PAR  22. A process for the production of a compound according to claim 1 which
      comprises refluxing a compound of the formula
      ##SPC25##
PAL  with a compound of the formula
EQU  R.sub.4 S.sup.-Na.sup.+
PAL  in which R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are as defined in
      claim 1.
PATN
WKU  039312305
SRC  5
APN  4603974
APT  1
ART  124
APD  19740412
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ISD  19760106
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ICL  C07D20914
FSC  260
FSS  326.12 R;326.15
UREF
PNO  2883394
ISD  19590400
NAM  Schindler
OCL  260326.15
UREF
PNO  3781299
ISD  19731200
NAM  Yamamoto
OCL  260326.15
LREP
FR2  Graddis; Albert H.
FR2  Chow; Frank S.
ABST
PAL  The present invention concerns compounds of Formula I
      ##SPC1##
PAL  wherein R.sub.1 is hydrogen, lower alkyl, aralkyl; R.sub.2 is hydrogen,
      lower alkyl, lower alkoxy, halogen, trifluoromethyl, cyano, nitro, and the
      like; R.sub.3 is lower alkyl;
      ##EQU1##
      (where R.sub.4 and R.sub.5 are lower alkyl),
      ##EQU2##
      (where R.sub.6 is hydrogen, lower alkyl, aryl, acetamido and R.sub.7 is
      lower alkyl),
      ##SPC2##
PAL  (where R.sub.8 and R.sub.9 are hydrogen or lower alkyl), --CH(SO.sub.2
      C.sub.6 H.sub.5).sub.2,
      ##SPC3##
      ##EQU3##
      (where R.sub.10 is hydrogen, CN, acyl),
      ##EQU4##
      (where R.sub.11  and R.sub.12 are lower alkyl), --SO.sub.2 C.sub.6
      H.sub.5, --CONH.sub.2, --CO.sub.2 R.sub.13 (where R.sub.13 is lower
      alkyl),
      ##EQU5##
      (R.sub.14 and R.sub.15 are lower alkyl). These compounds are useful as
      sedatives and antiaggression agents.
BSUM
PAR  The present invention relates to compounds of Formula I
      ##SPC4##
PAL  wherein R.sub.1 is hydrogen, lower alkyl, aralkyl; R.sub.2 is hydrogen,
      lower alkyl, lower alkoxy, halogen, trifluoromethyl, cyano, nitro and the
      like; R.sub.3 is lower alkyl, X is CN,
      ##EQU6##
      (where R.sub.4 and R.sub.5 are lower alkyl),
      ##EQU7##
      (where R.sub.6 is hydrogen, lower alkyl, aryl, acetamido and R.sub.7 is
      lower alkyl),
      ##SPC5##
PAL  (where R.sub.8 and R.sub.9 are hydrogen or lower alkyl), --CH(SO.sub.2
      C.sub.6 H.sub.5).sub.2,
      ##SPC6##
      ##EQU8##
      (where R.sub.10 is hydrogen, CN, acyl),
      ##EQU9##
      (where R.sub.11  and R.sub.12 are lower alkyl), --SO.sub.2 C.sub.6
      H.sub.5, --CONH.sub.2, --CO.sub.2 R.sub.13 (where R.sub.13 is lower
      alkyl),
      ##EQU10##
      (R.sub.14 and R.sub.15 are lower alkyl).
PAR  In the above definitions for R.sub.1 to R.sub.15, the terms "lower alkyl"
      and "lower alkoxy" includes lower aliphatic hydrocarbons having one to
      seven carbon atoms. It includes straight-chain as well as branched-chain
      radicals. These are, for example, methyl, propyl, isopropyl and so on. The
      term "aryl" means a monocyclic aromatic hydrocarbon preferably of six to
      10 carbon atoms such as, for example, "phenyl, tolyl" and the like. The
      term "aralkyl" encompasses a lower alkyl group as defined in which an aryl
      group as defined is substituted for a hydrogen such as benzyl, phenethyl
      and the like. The term "acyl" denotes the redical derived from a
      carboxylic acid, preferably "lower alkanoyl and monocyclic aryl carboxylic
      acids, e.g., benzoic and toluic acids."
PAR  According to the process of this invention, a quaternary salt of a
      2-substituted-1,2,3,4-tetrahydro-.UPSILON.-carboline of Formula II is
      reacted with an anion X.sup.- to give the title compound I. The X.sup.- is
      utilized as the commercially available alkali metal salt (i.e., sodium
      cyanide and sodium phenylsulfinate) or is prepared in situ by treatment of
      the corresponding conjugate acid (commercially available) with a base.
      ##SPC7##
PAR  The reaction may be carried out in a variety of solvents such as water,
      methanol, dimethylformamide, dimethylformamide-tetrahydrofuran mixture, or
      hexamethylphosphortriamide. The reaction temperature can vary between room
      temperature (25.degree.C) and 100.degree.C and the reaction time can vary
      between 1 hour and 65 hours.
PAR  The choice of solvent depends on the stability and the reactivity of the
      anion in question.
PAR  Anions (X.sup.-)
      ##EQU11##
      ##SPC8##
     , and --CH(SO.sub.2 C.sub.6 H.sub.5).sub.2 which are stable in an aqueous
      solution, are prepared by treatment of the conjugate acid (active
      methylene compound) with an alkali hydroxide using water as the solvent.
      These anions as well as the commercially available CN.sup.- are reacted
      with II by refluxing in aqueous solution.
PAR  The anion (X.sup.-), --CH(CO.sub.2 CH.sub.3).sub.2 is readily prepared from
      its conjugate acid (dimethyl malonate) by the use of sodium methoxide in
      methanol and reaction with II is carried out by refluxing in the latter
      solvent.
PAR  Some of the anions (X.sup.-) are best prepared from their respective
      conjugate acids by the use of a base such as sodium hydride in a
      non-hydroxylic solvent such as tetrahydrofuran or dimethylformamide.
PAR  Examples are
      ##EQU12##
      ##SPC9##
      After the formation of these anions, a solution of II in a solvent such as
      dimethylformamide is added and the mixture is stirred at room temperature.
PAR  The anions, (X.sup.-) --SO.sub.2 C.sub.6 H.sub.5 and
      ##EQU13##
      are commercially available as their sodium salts. These are best reacted
      by heating on a steam bath with II in a solvent such as
      hexamethyphosphortriamide.
PAR  The starting 1,2,3,4-tetrahydro-.gamma.-carbolines are prepared by
      preocedures known to the art [See V. Boekelheide, et al., JACS, 72, 2132
      (1950), C. J. Cattanach, et al., J. Chem. Soc. (C) 1235 (1968)]. They are
      readily converted to the corresponding quaternary salts by treatment of
      the free base with an alkyl halide.
PAR  The compounds I wherein R.sub.1 is hydrogen can be alkylated on the indole
      nitrogen to give compounds of formula I where R.sub.1 is alkyl or aralkyl.
      The procedure involves conversion of the N-unsubstituted compound to its
      sodium salt using a base such as sodium amide in liquid ammonia and
      treatment of this salt with an alkyl or aralkyl halide or alkyl or aralkyl
      sulfate.
PAR  Compounds of formula I wherein X is --CONH.sub.2 are prepared by treatment
      of a compound of formula I wherein X is CN with an acid such as
      hydrochloric acid.
PAR  Compounds of formula I wherein X is CO.sub.2 R.sub.13 are prepared by
      treatment of a compound of formula I wherein X is CN with an alcohol of
      formula R.sub.13 OH in the presence of an acid such as hydrogen chloride.
      ##SPC10##
PAL  Compounds of formula I wherein X is
      ##EQU14##
      are prepared by treatment of a compound of formula I wherein X is
      ##EQU15##
      with an organometallic reagent such as methyllithium.
      ##SPC11##
PAR  The compounds of this invention form salts with pharmaceutically acceptable
      acids and these salts are included within the scope of this invention.
      These salts include, for example, salts formed with hydrochloric,
      hydrobromic, sulfuric, nitric, acetic acids and the like.
PAR  The above compounds and their salts exhibit central nervous system
      depressing activity. For example, when administered intraperitoneally to
      rodents such as mice at a dose of 10-100 mg/kg, sedation of the mice is
      produced. These compounds were further evaluated in other animal models,
      e.g., isolated fighting mice and killer rats, and were found to reduce
      agression, in the same dose range.
PAR  These compounds are useful as mild sedatives or anti-aggression agents,
      within the above-described dose range.
DETD
PAR  To further illustrate the practice of this invention, the following
      examples are included, the temperatures indicated therein being in degrees
      Centigrade:
PAC  EXAMPLE 1
      ##SPC12##
PAC  2-[2-(Dimethylamino)ethyl]indole-3-acetonitrile
PAR  To a solution of 4.9 g (0.1 mol) of sodium cyanide in 500 ml of water was
      added (as the dry powder) 32.8 g (0.1 mol) of
      2-methyl-1,2,3,4-tetrahydro-.gamma.- carboline methiodide, the reaction
      mixture was refluxed for 3 hr, and was allowed to stand at room
      temperature. The aqueous supernatant was poured away from the solid which
      had precipitated and the latter was partitioned between dichloromethane
      and water. The dried (Na.sub.2 SO.sub.4) dichloromethane layer was
      evaporated to give 17.4 g of product, mp 122.degree.-127.degree..
      Recrystallization from methanol gave 15 g of material, mp
      129.degree.-131.degree..
PAR  Anal. Calcd for Ch.sub.14 H.sub.17 N.sub.3 : C, 73.97; H, 7.54; N, 18.49.
      Found: C, 73.85; H, 7.56; N, 18.21.
PAC  EXAMPLE 2
      ##SPC13##
PAC  2-({2-[2-(Dimethylamino)ethyl
      indol-3-yl}methyl)-5,5-dimethyl-1,3-cyclohexanedione
PAR  The same reaction procedure was carried out using the anion formed by the
      addition of 14.0 g (0.1 mol) of dimedone to 100 ml of 1N sodium hydroxide.
      Reflux time was 5 hr. The white crystalline solid which separated from the
      reaction mixture was collected by filtration, washed successively with 100
      ml of saturated sodium carbonate solution and 100 ml of water, and
      recrystallized from 300 ml of methanol to give 20.4 g of product, mp
      157.degree.-160.degree.dec.
PAR  Anal. Calcd for C.sub.21 H.sub.28 N.sub.2 O.sub.2 : C, 74.08; H, 8.29; N,
      8.23. Found: C, 73.90; H, 8.48; N, 8.02.
PAC  EXAMPLE 3
      ##SPC14##
PAC  2-[2(Dimethylamino)ethyl]-3-(2-methyl-2-nitropropyl)indole Hydrochloride
PAR  The same reaction procedure was carried out using the anion formed by the
      addition of 9.0 g (0.1 mol) of 2-nitropropane to 100 ml of 1N sodium
      hydroxide. The reflux time was 1 hour. Evaporation of the dichloromethane
      extraction solvent gave a residue which was dissolved in ether and treated
      with excess ethereal hydrogen chloride to cause precipitation of 10.9 g of
      the hydrochloride salt, mp 222.degree.-226.degree.dec. Recrystallization
      from isopropyl alcohol gave 8.4 g of material, mp
      224.degree.-226.degree.dec.
PAR  Anal. Calcd for C.sub.16 H.sub.23 N.sub.3 O.sub.2.HCl: C, 58.98; H, 7.42;
      N, 12.90; Cl, 10.88. Found: C, 59.08; H, 7.47; N, 12.72; Cl, 10.77.
PAC  EXAMPLE 4
      ##SPC15##
PAC  1-Methyl-2-[2(dimethylamino)ethyl]-3-(2-methyl-2-nitropropyl)indole
PAR  The same reaction procedure was carried using the anion from 9.0 g (0.1
      mol) of 2-nitropropane and 46.8 g (0.1 mol) of
      2,5-dimethyl-1,2,3,4-tetrahydro-.gamma.-carboline, the reflux time being
      22 hr. The reaction mixture was extracted with ether and the ether
      solution was washed successively with water and saturated sodium chloride
      solution. The residue obtained on evaporation of the solvent was
      recrystallized from hexane to give 11 g of product, mp
      87.degree.-90.degree..
PAR  Anal. Calcd for C.sub.17 H.sub.25 N.sub.3 O.sub.2 : C, 67.30; H, 8.31; N,
      13,85. Found: C, 67.10; H, 8.32; N, 13.89.
PAC  EXAMPLE 5
      ##SPC16##
PAC  N,N-Dimethyl-3-[2,2-bis(phenylsulfonyl)ethyl]-1H-indole-2-ethanamine
      Hydrochloride
PAR  The same reaction procedure was carried out using the anion derived from
      29.6 g (0.1 mol) of bis-phenylsulfonylmethane and 32.8 g (0.1 mol) of
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline, methiodide. The reflux time
      was 2 hr and the extraction solvent was ethyl acetate. The residue
      obtained on evaporation of the ethyl acetate was dissolved in 500 ml of
      tetrahydroufuran and treated with ethereal hydrogen chloride. The
      resulting crude hydrochloride salt was recrystallized from 400 ml of 95%
      ethanol to give 31.5 g of product, mp 236.degree.-238.degree.dec.
PAR  Anal. Calcd for C.sub.26 H.sub.28 N.sub.2 O.sub.4 S.sub.2.HCl: C, 58.58; H,
      5.48; Cl, 6.65; N, 5.26; S, 12.03. Found: C, 58.52; H, 5.57; Cl, 6.37; N,
      4.97; S, 12.15.
PAC  EXAMPLE 6
      ##SPC17##
PAC  2-[(2-Dimethylamino)ethyl]-1-methylindole-3-acetonitrile
PAR  The same reaction procedure was carried out using 2.0 g (0.04 mol) of
      sodium cyanide and 6.8 g (0.02 mol) of
      2,5-dimethyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide. The reflux
      time was 20 hr and the extraction solvent was ether. The residue obtained
      on evaporation of the ether was recrystallized from 10 ml of isopropyl
      alcohol to give 0.42 g of product, mp 77.degree.-79.degree..
PAC  EXAMPLE 7
      ##SPC18##
PAC  Dimethyl({2-[2-Dimethylamino)ethyl]indol-3-yl}-methyl) malonate,
      Hydrochloride
PAR  To the anion prepared from 13.2 g (0.1 mol) of dimethyl malonate, 5.9 g
      (0.11 mol) of sodium methoxide, and 400 ml of methanol was added 32.8 g
      (0.1 mol) of 2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline (as the powder)
      and the reaction mixture was refluxed for 4 hr. The solvent was removed in
      vacuo, the residue was treated with ice-water, and the supernatant was
      decanted from the resulting gum. The gum was dissolved in 400 ml of
      dichloromethane. Evaporation of the dried dichloromethane solution gave an
      oily residue which was dissolved in 350 ml of ether. Treatment with
      ethereal hydrogen chloride resulted in precipitation of the slightly
      hygroscopic hydrochloride salt. Recrystallization from 350 ml of isopropyl
      alcohol gave 20.0 g of product, mp 193.degree.-195.degree.dec.
PAR  Anal. Calcd for C.sub.18 H.sub.24 N.sub.2 O.sub.4.HCl: C, 58.61; H, 6.83;
      Cl, 9.61; N, 7.59. Found: C, 58.46; H, 7.10; Cl, 9.51; N, 7.42.
PAC  EXAMPLE 8
      ##SPC19##
PAC  Diethyl({2-[2-(Dimethylamino)ethyl]indol-3-yl}-methyl)methylmalonate
      Hydrochloride
PAR  To the anion prepared from 17.4 g (0.1 mol) of diethyl methylmalonate,
      0.105 mol of sodium hydride, and 150 ml of tetrahydrofuran was added a
      solution of 32.8 g (0.1 mol) of
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide in 400 ml of
      dimethylformamide. The reaction mixture was stirred at room temperature
      for 65 hr, the solvent was removed in vacuo, the residue was treated with
      ice-water and the supernatant was decanted from the resulting gum. This
      was partitioned between ether and water. The ether solution was washed
      successively with water and saturated aqueous sodium chloride solution,
      dried over sodium sulfate, filtered, and treated with ethereal hydrogen
      chloride. The resulting crude hydrochloride salt was collected and
      recrystallized from 220 ml of isopropyl alcohol to give 24.2 g of product,
      mp 150.degree.-152.degree..
PAR  Anal. Calcd for C.sub.21 H.sub.30 N.sub.2 O.sub.4.HCl: C, 61.38; H, 7.60;
      Cl, 8.62; N, 6.82. Found: C, 61.37; H, 7.58; Cl, 8.83; N, 6.84.
PAC  EXAMPLE 9
      ##SPC20##
PAC  Diethyl({5-Bromo-[2-(dimethylamino)ethyl]indol-3-yl}-methyl)
      methylmalonate, Hydrochloride
PAR  The same procedure was used with 17.4 g (0.1 mol) of diethyl methylmalonate
      and 40.8 g (0.1 mol) of
      8-bromo-2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide. The
      crude hydrochloride salt was recrystallized from 150 ml of isopropyl
      alcohol to give 34.6 g of product, mp 146.degree.-148.degree..
PAR  Anal. Calcd for C.sub.21 H.sub.29 BrN.sub.2 O.sub.4.HCl: C, 51.49; H, 6.17;
      Br, 16.31; Cl, 7.24; N, 5.72. Found: C, 51.51; H, 6.31; Br, 16.60; Cl,
      7.11; N, 5.71.
PAC  EXAMPLE 10
      ##SPC21##
PAC  Diethyl({2-[2-(Dimethylamino)ethyl]indol-3-yl}-methyl)phenylmalonate,
      Hydrochloride
PAR  The same procedure was employed with 23.8 g (0.1 mol) of
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide. The crude
      hydrochloride salt was recrystallized from 110 ml of acetonitrile to give
      30.7 g of product, mp 188.degree.-190.degree..
PAR  Anal. Calcd for C.sub.26 H.sub.32 N.sub.2 O.sub.4.HCl: C, 66.02; H, 7.03;
      Cl, 7.50; N, 5.92. Found: C, 66.28; H, 7.03; Cl, 7.58; N, 5.78.
PAC  EXAMPLE 11
      ##SPC22##
PAC  Diethyl({2-[2-(dimethylamino)ethyl]-5-methoxyindol-3-yl}methyl)
      methylmalonate, Hydrochloride
PAR  The same procedure was employed with 17.4 g (0.1 mol) of diethyl
      methylmalonate and 35.6 g (0.1 mol) of
      8-methoxy-2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide, the
      reaction time being 24 hr. The crude hydrochloride salt was recrystallized
      from 150 ml of isopropyl alcohol to give 22.3 g of product, mp
      162.degree.-163.degree..
PAR  Anal. Calcd for C.sub.22 H.sub.32 N.sub.2 O.sub.5.HCl: c, 59.92; H, 7.54;
      Cl, 8.04; N, 6.35. Found: C, 59.70; H, 7.65; Cl, 8.03; N, 6.54.
PAC  EXAMPLE 12
      ##SPC23##
PAC  Diethyl Acetamido({2-[2-(dimethylamino)ethyl]indol- 3-yl}methyl) malonate,
      Hydrochloride
PAR  The same procedure was employed with 21.7 g (0.1 mol) of diethyl
      acetamidomalonate and 32.8 g (0.1 mol) of
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline except that the anion was
      prepared in 400 ml of dimethylformamide rather than tetrahydrofuran and
      the reaction time was 20 hr. The crude hydrochloride salt was
      recrystallized from 500 ml of acetonitrile to give 18.8 g of product, mp
      205.degree.-207.degree.dec.
PAR  Anal. Calcd for C.sub.22 H.sub.31 N.sub.3 O.sub.5.HCl: C, 58.21; H, 7.11;
      Cl, 7.81; N, 9.26. Found: C, 58.45; H, 7.08; Cl, 7.74; N, 9.34.
PAC  EXAMPLE 13
      ##SPC24##
PAC  2-({2-[2-(Dimethylamino)ethyl]indol-3yl)}methyl)-2-phenylcyclohexanone
PAR  To the anion prepared from 17.4 g (0.1 mol) of 2-phenylcyclohexanone, 0.105
      mol of sodium hydride, and 300 ml of tetrahydrofuran was added a solution
      of 32.8 g (0.1 mol) of 2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline in
      600 ml of dimethylformamide and the reaction mixture was stirred at room
      temperature for 20 hr. The solvent was removed in vacuo, the residue was
      treated with ice water, and the resulting brown precipitate was collected
      and dissolved in 600 ml of dichloromethane. This solution was washed well
      with water, dried, and evaporated to dryness. The residue was triturated
      with 400 ml of ether to give 26.0 g of material, mp
      171.degree.-175.degree.. Recrystallization from 600 ml of isopropyl
      alcohol gave 21.6 g of product, mp 176.degree.-179.degree..
PAR  Anal. Calcd for C.sub.25 H.sub.30 N.sub.2 O: C, 80.17; H, 8.07; N, 7.48.
      Found: C, 79.96; H, 7.98; N, 7.39.
PAC  EXAMPLE 14
      ##SPC25##
PAC  2-[2-(Dimethylamino)ethyl]-.alpha., .alpha.-diphenylindole-3-propionitrile
PAR  The same reaction procedure was carried out using 19.3 g (0.1 mol) of
      diphenylacetonitrile. After the ice-water treatment, the resulting solid
      was collected and dissolved in 1800 ml of ethyl acetate. This solution was
      successively washed well with water and saturated aqueous sodium chloride
      solution, dried, and evaporated to dryness. The residue was recrystallized
      from 180 ml of ethyl acetate to give 29.8 g of product, mp
      181.degree.-185.degree.. Recrystallization gave an analytical sample, mp
      183.degree.-186.degree..
PAR  Anal. Calcd for C.sub.27 H.sub.27 N.sub.3 : C, 87.40; H, 6.92; N, 10.68.
      Found: C, 82.14; H, 7.10; N, 10.63.
PAC  EXAMPLE 15
PAC  4-{2-[2-(Dimethylamino)ethyl]indol-3-yl}-3,3-diphenyl-2-butanone
PAR  To the anion prepared from 21.0 g (0.1 mol) of 1,1-diphenylacetone and 0.1
      mol of sodium hydride in 250 ml of dimethylformamide was added a solution
      of 32.8 g of 2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide in
      400 ml of dimethylformamide and the reaction mixture was stirred at room
      temperature for 65 hr. The solvent was removed in vacuo and the residue
      was partitioned between water and ether. The ether layer was washed well
      with water, dried and evaporated to dryness. Recrystallization of the
      residue from cyclohexane gave 24 g of product, mp 135.degree.-137.degree..
PAR  Anal. Calcd for C.sub.28 H.sub.30 N.sub.2 O: C, 81.91; H, 7.37; N, 6.82.
      Found: C, 82.03; H, 7.43; N, 6.79.
PAC  EXAMPLE 16
      ##SPC26##
PAC  Diethyl({2-[2-(Dimethylamino)ethyl]indol-3yl}-methyl)phosphonate
      hydrochloride.
PAR  To the anion prepared from 15.7 g (0.1 mol) of diethyl phosphite, 0.1 mol
      of sodium hydride, and 100 ml of tetrahydrofuran was added a solution of
      32.8 g (0.1 mol) of 2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline
      methiodide in 350 ml of dimethyl formamide and the reaction mixture was
      stirred at room temperature for 20 hr. The solvent was removed in vacuo
      and the residue was partitioned between dichloromethane and water. The
      washed dichloromethane solution was dried over sodium sulfate, evaporated
      to dryness, and the residue was dissolved in 350 ml of ether. The filtered
      ether solution was treated with ethereal hydrogen chloride and the
      precipitated hydrochloride salt (32 g, mp 132-.degree.) was recrystallized
      from 180 ml of acetonitrile to give 12.5 g of product, mp 150-152.degree..
PAR  Anal. Calcd for C.sub.17 H.sub.27 N.sub.2 PO.sub.3.HCl: C, 54,57; H, 7.52;
      Cl, 9.46; N, 7.47; P, 8.26. Found: C, 54.26; H, 7.34; Cl, 9.24; N, 7.41;
      P, 8.09.
PAC  EXAMPLE 17
      ##SPC27##
PAC  {2-[2-(dimethylamino)ethyl]-1H-indol-3-yl}methyl dimethylcarbamodithioate
PAR  A mixture of 6.56 g (0.02 mol) of
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide, 3.9 g (0.022
      mol) of sodium dimethydithiocarbamate dihydrate, and 30 ml of
      hexamethylphosphortriamide was heated on a steam bath for 3 hr, allowed to
      cool to room temperature, poured into 400 ml of water, and extracted with
      700 ml of ether. The ether solution was washed successively with water and
      saturated sodium chloride solution, dried over sodium sulfate and
      evaporated to dryness. Recrystallization of the residue from cyclohexane
      gave 4.1 g of product, mp 125.degree.-128.degree.. Another
      recrystallization gave an analytical sample, mp 126.degree.-128.degree. .
PAR  Anal. Calcd for C.sub.16 H.sub.23 N.sub.3 S.sub.2 : C, 59.77; H, 7.21; N,
      13.07; S, 19.95. Found: C, 59.67; H, 7.03; N, 13.15; S, 19.89.
PAC  EXAMPLE 18
      ##SPC28##
PAC  N,N-Dimethyl-3[(phenylsulfonyl)methyl]-1H-indole-2-ethanamine Hydrochloride
PAR  A mixture of 9.9 g (0.03 mol) of
      2-methyl-1,2,3,4-tetrahydro-.gamma.-carboline methiodide , 5.0 g (0.03
      mol) of sodium phenylsulfinate and 50 ml of hexamethylphosphortriamide was
      heated on a steam bath for 4 hr, allowed to cool to room temperature,
      poured into 400 ml of water and extracted with 600 ml of ethyl acetate.
      The ethyl acetate solution was washed successively with water and
      saturated sodium chloride solution, dried over sodium sulfate and treated
      with ethereal hydrogen chloride. The precipitated hydrochloride salt was
      recrystallized from 250 ml of acetonitrile to give 4.9 g of product, mp
      202.degree.-205.degree.dec.
PAR  Anal. Calcd for C.sub.19 H.sub.21 N.sub.2 O.sub.2 S.HCl: C, 60.23; H, 6.12;
      Cl, 9.36; N, 7.39; S, 8.46. Found: C, 60.10; H, 6.23; Cl, 9.16; N, 7.37;
      S, 8.41.
PAC  EXAMPLE 19
      ##SPC29##
PAC  2-[(2-Dimethylamino)ethyl]-1-methylindole-3-acetonitrile
PAR  Sodamide was prepared by portionwise addition of 2.53 g (0.11 mol) of
      sodium to 300 ml of liquid ammonia containing a pinch of ferric nitrate
      nonahydrate. A solution of 22.7 g (0.1 mol) of
      2[2-(dimethylamino)ethyl]indole-3-acetonitrile in 300 ml of
      dimethylformamide was added, the mixture was stirred at -78.degree. for 1
      hr, and a solution of 15.6 g (0.11 mol) of methyl iodide in 50 ml of
      dimethylformamide was added. The mixture was allowed to warm slowly to
      25.degree., the ammonia was evaporated, the residue was stirred with 500
      ml of water, and then extracted with 500 ml of ether. The ether layer was
      washed successively with water and saturated sodium chloride solution,
      dried over sodium sulfate, and evaporated to dryness. Recrystallization of
      the residue from isopropyl alcohol gave 8.0 g of product, mp
      77.degree.-79.degree..
PAR  Anal. Calcd for C.sub.15 H.sub.19 N.sub.2 : C, 74.65; H, 7.94; N, 17.41.
      Found: C, 74.81; H, 7.92; N, 17.33.
PAC  EXAMPLE 20
      ##SPC30##
PAC  1-Methyl-2-[2-(dimethylamino)ethyl]-.alpha.,
      .alpha.-diphenylindole-3-propionitrile
PAR  The same procedure was used to methylate 39.6 g (0.1 mol) of
      2-[2-dimethylamino)ethyl]-.alpha., .alpha.-diphenylindole-3-propionitrile.
      The residue obtained on evaporation of the ethereal extraction solvent was
      recrystallized from 300 ml of isopropyl alcohol to give 30.6 g of product,
      mp 133.degree.-136.degree..
PAR  Anal. Calcd for C.sub.28 H.sub.29 N.sub.3 : C, 82.52; H, 7.17; N, 10.31.
      Found: C, 81.32; H, 7.19; N, 10.21.
PAC  EXAMPLE 21
      ##SPC31##
PAC  2-({2-[2-(Dimethylamino)ethyl]-1-methylindol-3-yl}-methyl)-2-phenylcyclohex
     anone Hydrochloride
PAR  The same procedure was used to methylate 37.5 g (0.1 mol) of
      2({2-[2-(dimethylamino)ethyl]indol-3-yl}methyl)-2-phenylcyclohexanone. The
      residue obtained on evaporation of the ethereal extraction solvent was
      redissolved in ether and treated with ethereal hydrogen chloride. The
      crude hydrochloride salt was collected and recrystallized from 750 ml of
      isopropyl alcohol to give 25.8 g of product, mp
      246.degree.-247.degree.dec.
PAR  Anal. Calcd for C.sub.26 H.sub.32 N.sub.2 O.HCl: C, 73.48; H, 7.83; Cl,
      8.34 N, 6.59. Found: C, 73.24; H, 7.96; Cl, 8.35; N, 6.53.
PAC  EXAMPLE 22
      ##SPC32##
PAC  Diethyl ({2-[2-(dimethylamino)ethyl]-1-methylindol-3-yl}methyl)methyl
      malonate hydrochloride.
PAR  A solution of 41.1 g (0.1 mol) of diethyl
      ({2-[2-(dimethylamino)ethyl]indol-3-yl}-methyl)methylmalonate
      hydrochloride in 1000 ml of water was treated with 100 ml of 1N sodium
      hydroxide and the mixture was extracted with 750 ml of ether. The ether
      solution was washed successively with water saturated sodium chloride
      solution, dried over sodium sulfate and evaporated to dryness to give 37 g
      of the free base as a colorless gum. This was methylated, using the same
      procedure described for the previous example. The crude hydrochloride salt
      was recrystallized from 500 ml of isopropyl alcohol to give 28.5 g of
      product, mp 194.degree.-198.degree. dec.
PAR  Anal. Calcd for C.sub.22 H.sub.32 N.sub.2 O.sub.4.HCl: C, 62.18; H, 7.83;
      Cl, 8.34; N, 6.59. Found: C, 62.24; H, 7.70; Cl, 8.16; N, 6.48.
PAC  EXAMPLE 23
      ##SPC33##
PAC  2-[2-(Dimethylamino)ethyl]indole-3-acetamide
PAR  A mixture of 9.1 g (0.04 mol) of
      2[2-dimethylamino)ethyl]indole-3-acetonitrile and 80 ml of concentrated
      hydrochloric acid was stirred at 50.degree. for 1 hr. It was diluted with
      ice-water, made alkaline to pH 9, and extracted with dichloromethane. The
      residue obtained on evaporation of the dichloromethane was triturated with
      600 ml of ethyl acetate. The filtered ethyl acetate solution was
      evaporated to give a residue which was recrystallized from 40 ml of
      benzene to give 4.9 g of product, mp 114.degree.-117.degree..
PAR  Anal. Calcd for C.sub.14 H.sub.19 N.sub.3 O: C, 68.54; H, 7.81; N, 17.13.
      Found: C, 68.42; H, 7.95; N, 16.99.
PAC  EXAMPLE 24
      ##SPC34##
PAC  2-[2-(Dimethylamino)ethyl]-1-methylindole-3-acetamide
PAR  The same procedure was employed using 9.6 g (0.04) mol of
      1-methyl-2]2-(dimethylamino)ethyl]indole-3-acetonitrile. The crude product
      was purified by dissolving in 250 ml of ethyl acetate and concentrating to
      a volume of 50 ml to give 6.7 g of material, mp 131.degree.-134.degree..
      Another recrystallization gave an analytical sample, mp
      134.degree.-136.degree..
PAR  Anal. Calcd for C.sub.15 H.sub.21 N.sub.3 O: C, 69.46; H, 8.16; N, 10.21.
      Found: C, 69.49; H, 8.25; N, 15.91.
PAC  EXAMPLE 25
      ##SPC35##
PAC  Ethyl 2-[2-(Dimethylamino)ethyl]indole-3-acetate, Hydrochloride
PAR  Hydrogen chloride gas was bubbled through a solution of 13.6 g (0.06 mol)
      of 2]2-(dimethylamino)ethyl]indole-3-acetonitrile in 450 ml of ethanol.
      Addition of the gas was continued for 4 hr during which time the reaction
      mixture became heated to reflux temperature. It was then stirred at room
      temperature for 20 hr, poured into icewater, made alkaline to pH 9, and
      quickly extracted with dichloromethane. Evaporation of the dichloromethane
      solution gave an oily residue which was dissolved in ether and treated
      with ethereal hydrogen chloride. The resulting crude hydrochloride salt
      (3.5 g, mp 136.degree.-142.degree.) was recrystallized from ethyl acetate
      to give 2 g of product, mp 145.degree.-148.degree..
PAR  Anal. Calcd for C.sub.16 H.sub.22 N.sub.2 O.sub.2.HCl: C, 61.83, H, 7.46;
      Cl, 11.41; N, 9.01. Found: C, 61.79; H, 7.52; Cl, 11.30; N, 9.03.
PAC  EXAMPLE 26
      ##SPC36##
PAC  2-[2-(Dimethylamino)ethyl]-3-(2,2-diphenylethyl)-1-methylindole
      hydrochloride
PAR  To a solution of 0.1 mol of methyllithium in 60 ml of ether was slowly
      added a solution of 10.1 g (0.025 mol) of
      1-methyl-2-[2-(dimethylamino)ethyl]-.alpha.,.alpha.-diphenylindole-3-propi
     onitrile in 200 ml of benzene and the mixture was refluxed for 20 hr. It
      was cooled to room temperature and treated with ice-water. The layers were
      separated, the benzene solution was evaporated to dryness, and the residue
      was dissolved in ether. Treatment with ethereal hydrogen chloride gave 8.5
      g of crude hydrochloride salt which was recrystallized from ethyl acetate
      to give 4.5 g of product, mp 194.degree.-196.degree..
PAR  Anal. Calcd for C.sub.27 H.sub.30 N.sub.2.HCl: C, 77.40; N, 7.46; Cl, 8.46;
      N, 6.69. Found: C, 77.22; H, 7.58; Cl, 8.50; N, 6.85.
PAR  A 1.0g portion of this hydrochloride salt was dissolved in 30 ml of
      methanol and 1N sodium hydroxide was added to basify it to a pH of 9.
      Dilution with water, extraction with ether, evaporation of the ether and
      recrystallization of the residue from 8 ml of hexane gave 0.5 g of the
      free base, mp 92.degree.-94.degree..
PAR  Anal. Calcd for C.sub.27 H.sub.30 N.sub.2 : C, 84.77; H, 7.91; N, 7.32.
      Found: C, 84.76; H, 8.03; N, 7.14.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC37##
PAL  wherein R.sub.1 is hydrogen, lower alkyl or phenyl lower alkyl; R.sub.2 is
      hydrogen, lower alkyl, lower alkoxy, halogen, trifluoromethyl, cyano or
      nitro; R.sub.3 is lower alkyl; and X is cyano.
NUM  2.
PAR  2. A compound according to claim 1 which is
      2-[2-(dimethylamino)ethyl]indole-3-acetonitrile.
NUM  3.
PAR  3. A compound according to claim 1 which is
      2-[(2-dimethylamino)ethyl]-1-methylindole-3-acetonitrile.
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ABST
PAL  4,5,6,7-Tetrachloro-2-thio-phthalide of the formula
      ##SPC1##
PAL  Which possesses fungicidal and bactericidal properties.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      the new compound 4,5,6,7-tetrachloro-2-thio-phthalide, which possesses
      fungicidal and bactericidal properties, active compositions in the form of
      mixtures of such compound with solid and liquid dispersible carrier
      vehicles, and a method for producing such compound and for using such
      compound in a new way especially for combating pests, e.g. fungi and
      bacteria, with other and further objects becoming apparent from a study of
      the within specification and accompanying examples.
PAR  As evidenced by R. Wegler, "Chemie der Pflanzenschutz- und
      Schadlingsbekampfungsmittel" ("Chemistry of Plant Protection Agents and
      Pesticides"), Springer-Verlag, Heidelberg (1970) page 65, it has been
      generally known for a considerable time that the zinc salt of
      ethylene-bis-dithiocarbamic acid (Compound A) is suitable for combating
      plant diseases caused by fungi; the compound mentioned is a commercially
      available product used world-wide. Earlier, organo-mercury compounds were
      used extensively for specifically combating fungi which cause diseases in
      rice plants. While these compounds are of high fungicidal potency, they
      are dangerous for toxicological reasons.
PAR  The present invention provides, as a new compound,
      4,5,6,7-tetrachloro-2-thio-phthalide, which has the formula
      ##SPC2##
PAR  Surprisingly, 4,5,6,7-tetrachloro-2-thio-phthalide shows a greater
      fungicidal action than the generally known standard preparation zinc
      ethylene-bis-dithiocarbamate. The compound according to the invention thus
      represents an enrichment of the art.
PAR  The present invention also provides a process for the preparation of
      4,5,6,7-tetrachloro-2-thio-phthalide, in which an alkali salt of
      2-mercaptomethyl-3,4,5,6-tetrachloro-thiolbenzoic acid, of the general
      formula
      ##SPC3##
PAL  In which
PA1  X is SH or SM, and
PA1  M is an alkali metal,
PAL  Is treated with an acid.
PAR  It is surprising that simple acidification of the alkali metal salt of the
      formula (II) gives the new compound (I) in a simple reaction and in good
      yield. This is unexpected, since it is known from A. W. Day and S.
      Gabriel, Berichte Vol. 23 (1890) page 2482 that sodium salts of
      2-mercaptomethylbenzoic acid on acidification give the entirely stable
      2-mercaptomethylbenzoic acid. However, the corresponding completely
      nuclear-chlorinated 2-mercaptomethyltetrachloro-benzoic acid proved
      incapable of isolation in the free form in numerous experiments both at
      low temperatures and with weak acids and in these experiments,
      surprisingly, tetrachlorothiophthalide was always obtained.
PAR  If the disodium salt of 2-mercaptomethyl-3,4,5,6-tetrachloro-thiolbenzoic
      acid is used for the preparation of the compound (I) and acidification is
      carried out with concentrated hydrochloric acid, the course of the
      reaction can be represented by the following equation:
      ##SPC4##
PAR  In formula (II), M is preferably sodium or potassium. Examples which may be
      mentioned are the disodium salt or dipotassium salt of
      2-mercaptomethyl-3,4,5,6-tetrachlorothiolbenzoic acid; in this case, X in
      the formula (II) represents the radical --SM, i.e. -SNa or -SK. Further
      examples which should be mentioned are the monosodium salt or
      monopotassium salt of 2-mercaptomethyl-3,4,5,6-tetrachlorothiobenzoic
      acid; here, X in the formula (II) represents the radical --SH. The salts
      of the formula (II) are obtained by reacting
      2-chloromethyl-3,4,5,6-tetrachlorobenzoyl chloride obtained by nuclear
      chlorination of o-toluic acid chloride and subsequent side-chain
      chlorination according to the instructions in U.S. Pat. No. 3,253,900,
      with, for example, the stoichiometric amount of sodium hydrogen sulfide in
      alcoholic solution, for example in methanol or ethanol. This reaction can
      be carried out in the temperature range between 0.degree. and
      100.degree.C, preferably between 20.degree. and 80.degree.C.
PAR  Any desired organic or inorganic acids can be used for acidifying the
      alkali metal salts. For example, formic acid, acetic acid, hydrochloric
      acid, sulfuric acid and phosphoric acid are suitable. The cheap mineral
      acids such as hydrochloric acid and sulfuric acid are preferred.
PAR  As diluents it is possible to use water-miscible organic solvents;
      alcohols, such as methanol or ethanol, or ketones, such as acetone, are
      especially suitable for this purpose.
PAR  The acidification of the alkali metal salts can be carried out in the
      temperature range between about -10.degree. and 40.degree.C; preferably,
      temperatures between about 0.degree. and 20.degree.C are used.
PAR  In carrying out the process according to the invention, the equivalent
      amount of acid required for the reaction is generally employed per mole of
      dialkali metal salt or monoalkali metal salt of the general formula (II).
      An excess of acid is not necessary and it suffices, for the formation of
      the product, to reach a weakly acid pH range of about pH 5 to 6.
PAR  The working-up of the reaction mixture can be carried out by filtering off
      the compound (I) which precipitates after acidification, washing it with
      water and acetone and drying it.
PAR  Following the more extensive working up, the compound obtained is of
      satisfactory purity. If a fine purification of the product is of interest,
      the following procedure can be employed: the crude product is dissolved in
      aqueous alkali metal hydroxide solution and impurities are filtered off.
      The solution then contains a monoalkali metal salt or dialkali metal salt
      of 2-mercaptomethyl-3,4,5,6-tetrachloro-benzoic acid. These salts are then
      converted into the pure compound (I) on acidification.
PAR  According to an advantageous embodiment, the preparation of the compound
      (I) can be carried out by reacting
      2-chloromethyl-3,4,5,6-tetrachloro-benzoyl chloride, in alcholic solution,
      with sodium hydrogen sulfide, keeping the resulting monosodium salt or
      disodium salt of the formula (II) in solution without isolating it, and
      adding the acid after cooling to the above-mentioned temperature range.
      The preparation of the compound (I) can in this way be carried out in a
      simple manner.
PAR  As mentioned at the outset, the compound according to the invention
      exhibits a strong fungitoxic action; it also exhibits a bacteriotoxic
      action. It does not damage crop plants in the concentrations required to
      combat fungi and has a low toxicity to warm-blooded animals. For these
      reasons it is suitable for use as a plant-protection agent for combating
      fungi and bacteria. Fungitoxic agents are employed in plant protection to
      combat Archimycetes, Phycomycetes, Ascomycetes, Basidiomycetes and Fungi
      Imperfecti.
PAR  The active compound according to the invention has a broad spectrum of
      action and can be employed against parasitory fungi and bacteria which
      attack above-ground parts of plants or attack the plants through the soil,
      and against seed-borne pathogens.
PAR  The active compound according to the invention has proved of particular
      value in combating diseases of rice. Thus it shows an excellent action
      against the fungi Pyricularia oryzae and Pellicularia sasakii, as a result
      of which it can be employed for conjointly combating these two fungi. This
      represents an advance since hitherto agents of different chemical
      structure have in most cases been required to combat these two fungi.
PAR  However, the compound according to the invention is also active against
      other fungi which attack rice plants or other crop plants, such as, for
      example Cochliobolus myiabeanus, Mycosphaerella musicola, Cercospora
      personata, Botrytis cinerea, species of Alternaria, Verticillium
      alboatrum, Phialophora cinerescens and species of Fusarium.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e. diluents, carriers or extenders of the type
      usable in conventional pesticide formulations or compositions, e.g.
      conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g. conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g. benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g. petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g. glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g. dimethyl formamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.
      acetone, methyl ethyl ketone methyl isobutyl ketone, cyclohexanone, etc.),
      and/or water; as well as inert dispersible finely divided solid carriers,
      such as ground natural minerals (e.g. kaolins, clays, alumina, silica,
      chalk, i.e. calcium carbonate, talc, attapulgite, montmorillonite,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g. alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      albumin hydrolyzates, etc., and especially alkyl arylpolyglycol ethers,
      magnesium stearate, sodium oleate, etc.); and/or dispersing agents, such
      as lignin, sulfite waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other fungicides and bactericides, or
      insecticides, acaricides, nematocides, rodenticides, herbicides,
      fertilizers, growth-regulating agents, etc., if desired, or in the form of
      particular dosage preparations for specific application made therefrom,
      such as solutions, emulsions, suspensions, powders, pastes, and granules
      which are thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably
      0.5-90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001-10%, preferably 0.01-1%, by weight of the mixture.
      Thus, the present invention contemplates over-all compositions which
      comprise mixtures of a conventional dispersible carrier vehicle such as
      (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g. a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001-95%, and preferably 0.01-95%, by weight of the
      mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      15 to 1000 g/hectare, preferably 40 to 600 g/hectare, are sufficient. In
      this process it is possible to use highly concentrated liquid compositions
      with said liquid carrier vehicles containing from about 20 to about 95% by
      weight of the active compound or even the 100% active substance alone,
      e.g. about 20-100% by weight of the active compound.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. fungi and bacteria, and more
      particularly methods of combating fungi, which comprises applying to at
      least one of correspondingly (a) such fungi, (b) such bacteria, and (c)
      the corresponding habitat thereof, i.e. the locus to be protected, e.g. to
      a growing crop, to an area where a crop is to be grown or to a domestic
      animal, a correspondingly combative or toxic amount, i.e. a fungicidally
      or bactericidally effective amount, of the particular active compound of
      the invention alone or together with a carrier vehicle as noted above. The
      instant formulations or compositions are applied in the usual manner, for
      instance by spraying, atomizing, vaporizing, scattering, dusting,
      watering, squirting, sprinkling, pouring, fumigating, dressing,
      encrusting, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
DETD
PAR  The unexpected superiority and outstanding activity of the particular new
      compounds of the present invention are illustrated, without limitation, by
      the following examples:
PAC  EXAMPLE 1
PAR  Pyricularia test; liquid preparation of active compound
PA0  Solvent: 1.9 parts by weight of DMF
PA0  Dispersing agent: 0.1 part by weight of alkylaryl polyglycol ether
      emulsifier
PA0  Water: 98 parts by weight
PAR  The amount of active compound required for the desired concentration in the
      spray liquor was mixed with the stated amount of solvent, and the
      concentrate was diluted with the stated amount of water.
PAR  30 rice plants about 14 days old were sprayed with the spray liquor until
      dripping wet. The plants remained in a greenhouse at temperatures of
      22.degree. to 24.degree.C and a relative atmospheric humidity of about 70%
      until they were dry. They were then inoculated with an aqueous suspension
      of 100,000 to 200,000 spores/ml of Pyricularia oryzae and placed in a
      chamber at 24.degree.-26.degree.C and 100% relative atmospheric humidity.
PAR  5 days after inoculation, the infection of all the leaves present at the
      time of inoculation was determined as a percentage of the untreated but
      also inoculated control plants. 0% means no infection: 100% means that the
      infection was exactly as great as in the case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results can be seen from the following table:
      ##EQU1##
PAC  EXAMPLE 2
PAC  Mycelium growth test
PAR  Nutrient medium used:
PA0  20 parts by weight of agar-agar
PA0  200 parts by weight of potato decoction
PA0  5 parts by weight of malt
PA0  15 parts by weight of dextrose
PA0  5 parts by weight of peptone
PA0  2 parts by weight of disodium hydrogen phosphate
PA0  0.3 part by weight of calcium nitrate
PAR  Composition of solvent mixture:
PA0  0.19 part by weight of acetone
PA0  0.01 part by weight of alkylaryl polyglycol ether
PA0  1.80 parts by weight of water
PAR  Proportion of solvent mixture to nutrient medium:
PA0  2 parts by weight of solvent mixture
PA0  100 parts by weight of agar nutrient medium
PAR  The amount of active compound required for the desired concentration of
      active compound in the nutrient medium was mixed with the stated amount of
      solvent. The concentrate was thoroughly mixed, in the stated proportion,
      with the liquid nutrient medium, which had been cooled to 42.degree.C, and
      was then poured into Petri dishes of 9 cm diameter. Control dishes to
      which the preparation had not been added were also set up.
PAR  When the nutrient medium had cooled and solidified, the dishes were
      inoculated with the species of fungi stated in the table and incubated at
      about 21.degree.C.
PAR  Evaluation was carried out after 4-10 days, dependent upon the speed of
      growth of the fungi. When evaluation was carried out the radial growth of
      the mycelium on the treated nutrient media was compared with the growth on
      the control nutrient media. In the evaluation of the fungus growth, the
      following characteristic values were used:
     1        no fungus growth                                                 

     up to 3  very strong inhibition of growth                                 

     up to 5  medium inhibition of growth                                      

     up to 7  slight inhibition of growth                                      

     9        growth equal to that of untreated control.                       

PAR  The active compounds, their concentrations and the results obtained can be
      seen from the following table:
      ##EQU2##
PAC  EXAMPLE 3
      ##SPC5##
PAR  309 g (2 moles) of o-toluic acid chloride were chlorinated in the presence
      of 2 g of iron(III) chloride and 2 g of iodine in the temperature range
      between 20.degree. and 60.degree.C until a weight increase of 276 g was
      reached after 13 hours. The mixture was stirred with 250 ml of
      acetonitrile and the crystals which separated out were filtered off at
      0.degree.C and recrystallized from 500 ml of acetonitrile. 473 g
      (representing 81% of theory) of tetrachloro-o-toluic acid chloride were
      obtained as colorless crystals of melting point 70.degree.C.
PAR  C.sub.8 H.sub.3 Cl.sub.5 O (292.5): Calculated: C, 32.82; H, 1.03; Cl,
      60.68; O, 5.47. Found: C, 32.5; H, 1.0; Cl, 60.9; O, 5.5.
      ##SPC6##
PAR  146.3 g (0.5 mole) of the product of (a) were chlorinated under exposure to
      a UV lamp (type Osram Hg H 2,000; 450 watt) at 90.degree. to 110.degree.C
      until a weight increase of 17.5 g was reached. The mixture was then
      stirred for a further hour at 90.degree.C while exposed to the lamp. After
      cooling, the product was recrystallized from 200 ml of acetonitrile and
      dried in vacuo at 40.degree.C. 134 g (representing 82% of theory) of
      2-chloromethyl-3,4,5,6-tetrachlorobenzoyl chloride of melting point
      77.degree.-78.degree.C were obtained.
PAR  C.sub.8 H.sub.2 Cl.sub.6 O (327) Calculated: C, 29.36; H, 0.62; Cl, 64.14;
      O, 4.89. Found: C, 29.5; H, 0.7; Cl, 65.0; O, 5.1.
PAC  c) 4,5,6,7-Tetrachloro-2-thio-phthalide
      ##SPC7##
PAR  48 g (0.2 mole) of sodium sulfide containing water of crystallization
      (Na.sub.2 S. 9H.sub.2 O) were dissolved in 300 ml of methanol. 6.8 g (0.2
      mole) of hydrogen sulfide were passed into this solution at 10.degree. to
      20.degree.C and 32.7 g (0.1 mole) of
      2-chloromethyl-3,4,5,6-tetrachlorobenzoyl chloride were then introduced at
      20.degree. to 30.degree.C. The mixture was boiled for 6 hours under reflux
      and after cooling to 10.degree.C was acidified to pH 5 with concentrated
      hydrochloric acid. The crystal paste which separated out was filtered off,
      and the residue was washed with water and acetone and dried. The yield was
      27.5 g (representing 95.5% of theory) of almost colorless crystalline
      powder of melting point 181.degree.-183.degree.C.
PAR  C.sub.8 H.sub.2 Cl.sub.4 OS (288): Calculated: C, 33.33; H, 0.70; Cl,
      49.31; O, 5.55; S, 11.11. Found: C, 33.3; H, 1.0; Cl, 49.1; O, 5.5; S,
      11.0.
PAC  d) Special purification process:
PAR  28.8 g (0.1 mole) of crude 4,5,6,7-tetrachloro-2-thiophthalide were
      dissolved in 200 ml of 10% strength sodium hydroxide solution and
      impurities were filtered off. The solution was acidified with acetic acid,
      whereupon colorless crystals of melting point 183.degree.-184.degree.C
      separated out. The yield was 24.0 g, representing 83% of theory.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 4,5,6,7-Tetrachloro-2-thio-phthalide of the formula
      ##SPC8##
NUM  2.
PAR  2. A process for the preparation of 4,5,6,7-tetrachloro-2-thio-phthalide
      according to claim 1, in which an alkali metal salt of
      2-mercaptomethyl-3,4,5,6-tetrachloro-thiolbenzoic acid, of the formula
      ##SPC9##
PAL  in which
PA1  X is SH or SM, and
PA1  M is an alkali metal,
PAL  is treated with an acid.
NUM  3.
PAR  3. The process according to claim 2, in which M is sodium or potassium.
NUM  4.
PAR  4. The process according to claim 2, in which the reaction is effected in
      the presence of a water-miscible, organic solvent.
NUM  5.
PAR  5. The process according to claim 2, in which the reaction is effected
      between about -10.degree. and 40.degree.C.
NUM  6.
PAR  6. A process according to claim 2, in which the acid is hydrochloric acid
      or sulfuric acid.
NUM  7.
PAR  7. The process according to claim 2, in which the salt of
      2-mercaptomethyl-3,4,5,6-tetrachlorothiolbenzoic acid is reacted in situ
      after having been prepared by the reaction of
      2-chloromethyl-3,4,5,6-tetrachloro-benzoyl chloride with sodium hydrogen
      sulfide in alcoholic solution.
NUM  8.
PAR  8. The process according to claim 6, in which M is sodium or potassium, the
      acid is added to produce a pH of about 5 to 6, and the reaction is
      effected between about 0.degree. and 20.degree.C.
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ABST
PAL  The compounds of this invention are 3-alkyl xanthenes having
      pharmacological activity such as central nervous system activity.
      Preferred compounds of this invention are
      3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydro-1-hydroxy-9-methylxanthene,
      3-(1,2-dimethylheptyl)-1-hydroxy-6,9-dimethylxanthene and
      3-(1,2-dimethylheptyl)-1-hydroxy-9-methylxanthene.
BSUM
PAR  This invention relates to new 3-alkyl xanthenes which have pharmacological
      activity.
PAR  The compounds of this invention are represented by the following structural
      formula:
      ##SPC1##
PAL  In which:
PA1  Ring A is a benzene ring, a cyclohexane ring or a cyclohexene ring with the
      double bond at position 5a-8a;
PA1  R.sub.1 is hydrogen, methyl or ethyl;
PA1  R.sub.2 is hydrogen, methyl or ethyl;
PA1  R.sub.3 is hydrogen or alkanoyl of from two to five carbon atoms;
PA1  R.sub.4 is hydrogen, methyl or ethyl and R.sub.5 and R.sub.6 are hydrogen
      or methyl, at least one of R.sub.4, R.sub.5 and R.sub.6 being other than
      hydrogen; and
PA1  R.sub.7 is alkyl of from four to eight carbon atoms.
PAR  In the nomenclature used herein the xanthene ring is numbered as follows:
      ##SPC2##
PAR  Preferred compounds of this invention are represented by Formula I in which
      ring A is a benzene ring or a cyclohexene ring with the double bond at
      position 5a-8a. Most preferred are the compounds of Formula I in which
      ring A is a benzene ring or a cyclohexene ring with the double bond at
      position 5a-8a, R.sub.4 is methyl and R.sub.5 and R.sub.6 are hydrogen or
      methyl.
PAR  Advantageous compounds of this invention are represented by Formula I in
      which ring A is a benzene ring or a cyclohexene ring with the double bond
      at position 5a-8 a, R.sub.1 is hydrogen or methyl in the 6-position,
      R.sub.2 is hydrogen or methyl, R.sub.3 is hydrogen or acetyl, R.sub.4 is
      methyl, R.sub.5 and R.sub.6 are hydrogen or methyl and R.sub.7 is
      n-pentyl.
PAR  Particularly preferred are the compounds
      3-(1,2-dimethylheptyl)-5,6,7,8,-tetrahydro-1-hydroxy-9-methylxanthene,
      3-(1,2-dimethylheptyl)-1-hydroxy-6,9-dimethylxanthene and
      3-(1,2-dimethylheptyl)-1-hydroxy-9-methylxanthene.
PAR  The compounds of this invention may exist as optical isomers due to the
      asymmetry of carbon atoms in the side chain, in ring A and at position 9
      of the xanthene system. All of the isomers, including separated isomers
      and mixtures thereof, are included within the scope of this invention.
PAR  The compounds of Formula I in which ring A is a benzene ring or a
      cyclohexene ring with the double bond at position 5a-8a and R.sub.3 is
      hydrogen are prepared by heating the product formed from condensation of a
      2-formyl, 2-acetyl or 2-propionyl cyclohexanone with a 5-alkyl resorcinol
      in acid solution, for example in acetic acid containing hydrogen chloride.
      When a mixture of tetrahydro and aromatic products is formed, it is
      separated by standard methods such as column chromatography and fractional
      distillation.
PAR  The compounds of Formula I in which ring A is a cyclohexene ring with the
      double bond at position 5a-8a and R.sub.3 is hydrogen are also prepared by
      treating the condensation product of a 2-formyl, 2-acetyl or 2-propionyl
      cyclohexanone and a 5-alkyl resorcinol, formed as described above, with a
      metal hydride such as sodium cyanoborohydride or a reducing metal such as
      zinc. To facilitate separation of the reaction products, the mixture is
      preferably acetylated by standard methods such as reaction with acetic
      anhydride or acetyl chloride, chromatographed and the product 1-acetoxy-
      3-alkyl-5,6,7,8-tetrahydroxanthene then hydrolyzed, for example with
      potassium carbonate in aqueous alcohol, to the corresponding 1-hydroxy
      compound of Formula I.
PAR  When ring A is a benzene ring and R.sub.3 is hydrogen, the corresponding
      compounds of Formula I are also prepared by dehydrogenation of the
      compounds in which ring A is a cyclohexene ring. The dehydrogenation is
      carried out either using a chemical dehydrogenating agent such as
      2,3-dichloro-5,6-dicyanoquinone or using a catalyst such as
      palladium-on-carbon.
PAR  The 3-alkyl-5a,5,6,7,8,8a-hexahydro-1-hydroxyxanthenes of Formula I, in
      which ring A is a cyclohexane ring and R.sub.3 is hydrogen, are prepared
      from the corresponding compounds in which ring A is a cyclohexene ring by
      chemical or catalytic reduction according to standard procedures such as
      with platinum on silica gel in acetic acid.
PAR  The compounds of Formula I in which R.sub.3 is lower alkanoyl are prepared
      from the corresponding compounds in which R.sub.3 is hydrogen by
      conventional methods, for example by reacting the hydroxy compound with a
      lower alkanoic acid in the presence of a dehydrating agent such as
      dicyclohexylcarbodiimide, a lower alkanoic acid anhydride or a lower
      alkanoyl halide.
PAR  The alkyl substituted resorcinols are prepared from reaction of
      3,5-dimethoxyacetophenone, 3,5-dimethoxybenzaldehyde or
      3,5-dimethoxybenzonitrile with an appropriate alkyl magnesium halide with
      subsequent dehydration of the intermediate alcohols followed by
      hydrogenation and removal of the protective groups by standard procedures,
      for example by acid hydrolysis or with pyridine hydrochloride or boron
      tribromide.
PAR  The compounds of this invention have pharmacological activity such as
      central nervous system activity; for example the compounds have central
      nervous system depressant, sedative and tranquilizing activity. In
      addition, the compounds may have analgesic, gastric acid secretion
      inhibitory, anti-convulsant and anti-arthritic activity.
PAR  The central nervous system activity is demonstrated by oral administration
      to rats at doses of about 10 to 100 mg./kg. to produce effects such as
      decreased spontaneous motor activity.
PAR  One skilled in the art will recognize that in determining the amounts of
      the compound to produce the desired pharmacological effect, the activity
      of the compound as well as the size of the host animal must be considered.
PAR  The compounds of this invention may be combined with standard
      pharmaceutical carriers and administered internally in conventional dosage
      forms such as capsules, tablets or liquid preparations.
DETD
PAR  The following examples illustrate the invention but are not to be construed
      as limiting the scope thereof. Temperatures are in degrees Centigrade
      unless otherwise stated.
PAC  EXAMPLE 1
PAC  3-(1,2-Dimethylheptyl)-5,6,7,8,-tetrahydro-1-hydroxy-6,9-dimethylxanthene
PAR  A solution of 3.6 g. of 2-acetyl-5 -methylcyclohexanone and 5.6 g. of
      5-(1,2-dimethylheptyl)resorcinol in 150 ml. of acetic acid is cooled to
      15.degree. and saturated with hydrogen chloride gas. The solution is
      allowed to warm to 25.degree., stirred for 20 hours and then heated for
      one hour on a steam bath. The reaction mixture is concentrated in vacuo,
      water is added and the residue is dissolved in ethyl acetate. The ethyl
      acetate solution is washed with water, dried (MgSO.sub.4) and concentrated
      to give a residue which is distilled five times, b.p.
      195.degree.-200.degree. (0.025 mm.). The distillate is chromatographed on
      silica gel with benzene as eluant. The second fraction is collected and
      distilled to give the title compound, b.p. 190.degree.-195.degree. (0.05
      mm.).
PAC  EXAMPLE 2
PAC  3-(1,2-Dimethylheptyl)-1-hydroxy-6,9-dimethylxanthene
PAR  A solution of 1.7 g. of
      3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydro-1-hydroxy-6,9-dimethylxanthene
      in 70 ml. of p-cymene is added dropwise over one hour to a stirred
      suspension of 0.56 g. of 10% palladium-on-carbon in 70 ml. of refluxing
      p-cymene under a nitrogen atmosphere. The reaction mixture is refluxed for
      four hours, cooled and chloroform is added. The mixture is filtered and
      the filtrate is concentrated in vacuo to give a residue which is
      chromatographed on silica gel with 1:1 chloroform-cyclohexane as eluant to
      give the title compound, b.p. 208.degree.-210.degree. (0.004 mm.).
PAC  EXAMPLE 3
PAC  3-(1,2-Dimethylheptyl)-5,6,7,8-tetrahydro-1-hydroxy-9-methylxanthene and
      3-(1,2-dimethylheptyl)-1-hydroxy-9-methylxanthene
PAR  A. A solution of 2.48 g. of 2-acetylcyclohexanone and 4.17 g. of
      5-(1,2-dimethylheptyl)resorcinol in 100 ml. of acetic acid is cooled to
      15.degree. and saturated with hydrogen chloride gas. The reaction mixture
      is allowed to warm to 25.degree. and stirred for 23 hours. The solvent is
      removed in vacuo, the residue is distilled twice and the fraction boiling
      at 170.degree.-190.degree. (0.02 mm.) is collected and chromatographed on
      silica gel with benzene as eluant. The nonpolar fractions are
      rechromatographed on a silver nitrate impregnated silica gel "dry-column"
      with 18:1:1 cyclohexaneacetic acid-ether to give a mixture which is
      separated by distillation to give the title compounds, b.p. 180.degree.
      (0.005 mm.), tetrahydro xanthene; b.p. 190.degree. (0.003 mm.), aromatic
      xanthene.
PAR  B. A solution of 26.2 g. of 5-(1,2-dimethylheptyl)resorcinol and 16.5 g. of
      2-acetylcyclohexanone in 150 ml. of acetic acid is cooled to 15.degree.
      and saturated with hydrogen chloride gas. The mixture is allowed to warm
      to 25.degree., stirred for 48 hours and then quenched by pouring into 500
      ml. of methanol at 0.degree. and adding 40 g. of sodium bicarbonate to the
      methanol solution. Sodium cyanoborohydride is then added to the reaction
      mixture until the bright orange color is dissipated. The solution is
      concentrated in vacuo, water is added to the residue and the aqueous
      mixture is extracted with ether. The extract is washed with water and 5%
      aqueous sodium bicarbonate, dried (MgSO.sub.4) and concentrated to give a
      residue which is chromatographed on silica. The less polar fraction is
      collected and dissolved in 150 ml. of pyridine. Acetic anhydride (64 g.)
      is added and the solution is refluxed 10 minutes then allowed to stir at
      25.degree. for 18 hours. The mixture is concentrated in vacuo, the residue
      is dissolved in hexane and the hexane solution is washed with water,
      dilute hydrochloric acid and water, dried (Na.sub.2 SO.sub.4) and
      concentrated to give a residue which is chromatographed on silica with 1:1
      methylene chloride-petroleum ether to give
      1-acetoxy-3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydro-9-methylxanthene.
PAR  1-Acetoxy-3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydro-9-methylxanthene is
      refluxed with potassium carbonate in 100 ml. of 15% aqueous methanol for
      15 minutes. The reaction mixture is diluted with cold water and extracted
      with hexane. The organic phase is washed with water, dried (Na.sub.2
      SO.sub.4) and concentrated in vacuo to give a residue which, upon
      distillation, gives
      3-(1,2-dimethylheptyl)-5,6,7,8,-tetrahydro-1-hydroxy-9-methylxanthene.
PAC  EXAMPLE 4
PAC  3-(1,2-Dimethylheptyl)-5,6,7,8-tetrahydro-1-hydroxyxanthene
PAR  The title compound is prepared by substitution of an equivalent amount of
      2-formylcyclohexanone in the procedure of Example 1 for
      2-acetyl-5-methylcyclohexanone.
PAC  EXAMPLE 5
PAR  When an equivalent amount of a cyclohexanone listed below:
PA1  2-acetyl-3-methylcyclohexanone
PA1  2-propionylcyclohexanone
PA1  2-methyl-6-propionylcyclohexanone
PA1  3-methyl-2-propionylcyclohexanone
PA1  4-methyl-2-propionylcyclohexanone
PAL  is used as a starting material in place of 2-acetyl-5-methylcyclohexanone
      in the procedure of Example 1, the following compounds of this invention
      are obtained:
PA1  3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydro-1-hydroxy-8,9-dimethylxanthene
PA1  3-(1,2-dimethylheptyl)-9-ethyl-5,6,7,8-tetrahydro-1-hydroxyxanthene
PA1  3-(1,2-dimethylheptyl)-9-ethyl-5,6,7,8-tetrahydro-1-hydroxy-5-methylxanthen
     e
PA1  3-(1,2-dimethylheptyl)-9-ethyl-5,6,7,8-tetrahydro-1-hydroxy-8-methylxanthen
     e
PA1  3-(1,2-dimethylheptyl)-9-ethyl-5,6,7,8-tetrahydro-1-hydroxy-7-methylxanthen
     e.
PAC  EXAMPLE 6
PAC  3-(1,2-Dimethylheptyl)-6
      -ethyl-5,6,7,8-tetrahydro-1-hydroxy-9-methylxanthene
PAR  Pyrrolidine (71.0 g.) is added to a solution of 12.6 g. of
      3-ethylcyclohexanone in 12.6 ml. of benzene and the mixture is refluxed
      for eight hours with azeotropic removal of water. The mixture is cooled
      (ice bath) and 10.1 g. of diethylamine followed by 10.0 g. of acetyl
      chloride are added dropwise. The resulting mixture is refluxed for two
      hours then cooled and quenched by addition of 15.0 ml. of concentrated
      hydrochloric acid. The reaction mixture is refluxed an additional 15
      minutes, cooled and diluted with water. The mixture is extracted with
      ether and the ethereal phase is washed with water, dried (MgSO.sub.4) and
      concentrated in vacuo to give a residue which, upon distillation in vacuo,
      gives 2-acetyl-5-ethylcyclohexanone.
PAR  Substitution of an equivalent amount of 2-acetyl-5-ethylcyclohexanone in
      the procedure of Example 1 for 2-acetyl-5-methylcyclohexanone gives the
      title compound.
PAC  EXAMPLE 7
PAR  Reaction of 2-acetyl-5-methylcyclohexanone with 5-(1
      -methylheptyl)resorcinol according to the procedure of Example 1 gives
      5,6,7,8-tetrahydro-1 -hydroxy-6,9-dimethyl-3-(1-methylheptyl)xanthene.
PAR  In like manner,
      5,6,7,8-tetrahydro-1-hydroxy-6,9-dimethyl-3-(1-methylhexyl)xanthene is
      prepared when 5-(1-methylhexyl)resorcinol is used as a starting material
      in the procedure of Example 1 in place of
      5-(1,2-dimethylheptyl)resorcinol.
PAC  EXAMPLE 8
PAC  3-(1,2-Dimethyldecyl)-5,6,7,8-tetrahydro-1-hydroxy-6,9-dimethylxanthene
PAR  To the Grignard reagent prepared from 13.3 g. of magnesium turnings and
      123.9 g. of 2-bromodecane in anhydrous ether, under nitrogen, is added
      with stirring a solution of 50.5 g. of 3,5-dimethoxyacetophenone [J.
      Prakt. Chem. 107:104 (1924)] in 200 ml. of anhydrous tetrahydrofuran.
      After refluxing for 12 hours the mixture is quenched with 300 ml. of
      saturated aqueous ammonium chloride and extracted with ether. The extracts
      are washed with water, dried (MgSO.sub.4) and the solvent is removed to
      give 5-(1,2-dimethyl-1-hydroxydecyl)resorcinol dimethyl ether.
PAR  Dehydration by distillation from a few drops of 20% aqueous sulfuric acid
      gives a mixture of 5-(1,2-dimethyldec-1-enyl)resorcinol dimethyl ether and
      5-(1-methylenyl-2-methyldecyl)resorcinol dimethyl ether which is
      hydrogenated over 10% palladium-on-carbon in absolute ethanol at 50 p.s.i.
      and 25.degree. to give 5-(1,2-dimethyldecyl)-resorcinol dimethyl ether.
PAR  A solution of 30.6 g. of 5-(1,2-dimethyldecyl)-resorcinol dimethyl ether in
      350 ml. of glacial acetic acid and 150 ml. of 48% hydrogen bromide is
      refluxed eight hours, then stirred at 25.degree. for 12 hours. The
      reaction mixture is diluted with water and extracted three times with
      ether. The combined extracts are washed with saturated aqueous sodium
      bisulfite and saturated aqueous sodium bicarbonate, dried (MgSO.sub.4),
      concentrated and distilled to give 5-(1,2-dimethyldecyl)resorcinol.
PAR  Substitution of 5-(1,2-dimethyldecyl)resorcinol in the procedure of Example
      1 for 5-(1,2-dimethylheptyl)-resorcinol gives the title compound.
PAC  EXAMPLE 9
PAC  5,6,7,8-Tetrahydro-1-hydroxy-6,9-dimethyl-3-(1,1,2-trimethylheptyl)xanthene
PAR  To 0.2 mol. of methyl magnesium bromide (2N in tetrahydrofuran-benzene),
      under nitrogen, is added 55.6 g. of
      2-(3,5-dimethoxyphenyl)-2-methyloct-3-one [J. Amer. Chem. Soc. 70:664
      (1948); Helv. Chim. Acta 52:116 (1969)]  in tetrahydrofuran. After
      refluxing for 12 hours the mixture is quenched with saturated aqueous
      ammonium chloride and extracted with ether. The extracts are washed with
      water, dried (MgSO.sub.4) and the solvent is removed to give
      5-(2-hydroxy-1,1,2-trimethylheptyl)resorcinol dimethyl ether as an oil. A
      solution of 5.9 g. of the carbinol in ether is allowed to react over a six
      hour period with a suspension of 0.8 g. of metallic potassium in 60 ml. of
      ether. Carbon disulfide (1.5 g.) is added and the mixture is stirred for
      30 minutes, then 2.8 g. of methyl iodide is added and the reaction mixture
      is refluxed for six hours and left at 25.degree. for 12 hours. The mixture
      is filtered and the filtrate is concentrated and distilled in vacuo. The
      distillate is dissolved in ethanol, refluxed with Raney nickel and
      redistilled to give a mixture of 5-(1,1,2-trimethylhept-2-enyl)resorcinol
      dimethyl ether and 5-(1,1-dimethyl-2-methylenylheptyl)resorcinol dimethyl
      ether. Removal of the protective groups and hydrogenation is accomplished
      as described in Example 8 to give 5-(1,1,2-trimethylheptyl)resorcinol.
PAR  Reaction of 5-(1,1,2-trimethylheptyl)resorcinol with
      2-acetyl-5-methylcyclohexanone as described in Example 1 gives the title
      compound.
PAC  EXAMPLE 10
PAC  3-(1-Ethyl-2-methylheptyl)-5,6,7,8-tetrahydro-1-hydroxy-6,9-dimethylxanthen
     e
PAR  Substitution of equivalent amounts of 3,5-dimethoxyphenyl ethyl ketone and
      3-bromoheptane in the procedure of Example 8 for 3,5-dimethoxyacetophenone
      and 2-bromodecane followed by dehydration, hydrogenation, and removal of
      the protective groups as described gives
      5-(1-ethyl-2-methylheptyl)resorcinol.
PAR  Condensation of 5-(1-ethyl-2-methylheptyl)resorcinol and
      2-acetyl-5-methylcyclohexanone as described in Example 1 gives the title
      compound.
PAC  EXAMPLE 11
PAC  3-(1,2-Diethylheptyl)-5,6,7,8-tetrahydro-1-hydroxy-6,9-dimethylxanthene
PAR  Substitution of equivalent amounts of 3,5-dimethoxyphenyl ethyl ketone and
      3-bromooctane in the procedure of Example 8 for 3,5-dimethoxyacetophenone
      and 2-bromodecane followed by dehydration, hydrogenation and removal of
      the protective groups as described gives 5-(1,2-diethylheptyl)resorcinol.
PAR  Condensation of 5-(1,2-diethylheptyl)resorcinol and
      2-acetyl-5-methylcyclohexanone as described in the procedure of Example 1
      gives the title compound.
PAC  EXAMPLE 12
PAR  When 2-bromononane is used as a starting material in place of 2-bromodecane
      in the procedure of Example 8, 5-(1,2-dimethylnonyl)resorcinol is obtained
      as the product.
PAR  Reaction of 5-(1,2-dimethylnonyl)resorcinol and
      2-acetyl-5-methylcyclohexanone as described in Example 1 gives
      3-(1,2-dimethylnonyl)-5,6,7,8-tetrahydro-1-hydroxy-6,9-dimethylxanthene.
PAR  Similarly, use of 2-bromooctane as a starting material in place of
      2-bromodecane in the procedure of Example 8 gives
      5-(1,2-dimethyloctyl)resorcinol as the product.
PAR  Substitution of 5-(1,2-dimethyloctyl)resorcinol in the procedure of Example
      1 for 5-(1,2-dimethylheptyl)-resorcinol gives
      3-(1,2-dimethyloctyl)-5,6,7,8-tetrahydro-1-hydroxy-6,9-dimethylxanthene.
PAC  EXAMPLE 13
PAC  3-(1,2-Dimethylheptyl)-5a,5,6,7,8,8a-hexahydro-1-hydroxy-6,9-dimethylxanthe
     ne
PAR  A solution of 2.5 g. of
      3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydro-1-hydroxy-6,9-dimethylxanthene
      in 25 ml. of glacial acetic acid is hydrogenated over platinum on silica
      gel at 50 p.s.i. until one equivalent of hydrogen is absorbed. The
      suspension is then filtered, the filtrate is poured into water and the
      aqueous solution is extracted with ether. The ethereal phase is washed
      with water, aqueous sodium bicarbonate and saturated aqueous sodium
      chloride solution, dried (MgSO.sub.4) and concentrated to give a residue
      which is distilled to give the title compound
PAC  EXAMPLE 14
PAC  5,6,7,8-Tetrahydro-1-hydroxy-3-(2-methylheptyl)-6,9-dimethylxanthene
PAR  By use of 3,5-dimethoxybenzaldehyde and 2-bromoheptane as starting
      materials in the procedure of Example 8 in place of
      3,5-dimethoxyacetophenone and 2-bromodecane, 5-(2-methylheptyl)resorcinol
      is prepared.
PAR  When 5-(2-methylheptyl)resorcinol is reacted with
      2-acetyl-5-methylcyclohexanone as described in Example 1 the title
      compound is obtained.
PAC  Example 15
PAC  1-Acetoxy-3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydro-6,9-dimethylxanthene
PAR  To a solution of 1.2 g. of
      3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydro-1-hydroxy-6,9-dimethylxanthene
      in 20 ml. of dry pyridine is added 8.0 g. of acetic anhydride. The
      solution is stirred at 25.degree. for 24 hours, then concentrated in
      vacuo. The residue is dissolved in water and extracted with hexane. The
      extract is washed with water until neutral, then dried and evaporated to
      give the title compound.
PAC  EXAMPLE 16
PAR  By the procedure of Example 15, using propionic anhydride in place of
      acetic anhydride, the product is
      3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydro-6,9-dimethyl-1-propionyloxyxanth
     ene.
PAR  Similarly, using n-butyric anhydride, the product is
      1-n-butyryloxy-3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydro-6,9-dimethylxanth
     ene.
PAR  By the same procedure, using n-valeric anhydride, the product is
      3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydro-6,9-dimethyl-1-n-valeryloxyxanth
     ene.
PAC  EXAMPLE 17
PAR  When an equivalent amount of
      3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydro-1-hydroxyxanthene is substituted
      in the procedure of Example 16 for
      3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydro-1-hydroxy-6,9-dimethylxanthene,
      1-acetoxy-3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydroxanthene is obtained.
PAR  Similarly, the 1-propionyl, 1-n-butyryl and 1-n-valeryl derivatives may be
      prepared.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC3##
PAL  in which:
PA1  ring A is a benzene ring, a cyclohexane ring or a cyclohexene ring with the
      double bond at position 5a-8a;
PA1  R.sub.1 is hydrogen, methyl or ethyl;
PA1  R.sub.2 is hydrogen, methyl or ethyl;
PA1  R.sub.3 is hydrogen or alkanoyl of from two to five carbon atoms;
PA1  R.sub.4 is hydrogen, methyl or ethyl and R.sub.5 and R.sub.6 are hydrogen
      or methyl, at least one of R.sub.4, R.sub.5 and R.sub.6 being other than
      hydrogen; and
PA1  R.sub.7 is alkyl of from four to eight carbon atoms.
NUM  2.
PAR  2. A compound as claimed in claim 1 where ring A is a benzene ring or a
      cyclohexene ring with the double bond at position 5a-8a.
NUM  3.
PAR  3. A compound as claimed in claim 2 where R.sub.4 is methyl and R.sub.5 and
      R.sub.6 are hydrogen or methyl.
NUM  4.
PAR  4. A compound as claimed in claim 3 where R.sub.1 is hydrogen or methyl in
      the 6-position, R.sub.2 is hydrogen or methyl, R.sub.3 is hydrogen or
      acetyl and R.sub.7 is n-pentyl.
NUM  5.
PAR  5. A compound as claimed in claim 4 being the compound
      3-(1,2-dimethylheptyl)-5,6,7,8-tetrahydro-1-hydroxy-9-methylxanthene.
NUM  6.
PAR  6. A compound as claimed in claim 4 being the compound
      3-(1,2-dimethylheptyl)-1-hydroxy-6,9-dimethylxanthene.
NUM  7.
PAR  7. A compound as claimed in claim 4 being the compound
      3-(1,2-dimethylheptyl)-1-hydroxy-9-methylxanthene.
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ABST
PAL  An improved process for the production of 5-bromo-5-nitro-1,3-dioxane by
      the acetalization of formaldehyde with 2-bromo-2-nitro-propanediol-1,3 in
      the presence of concentrated sulfuric acid as a catalyst and recovery of
      readily crystallizable 5-bromo-5-nitro-1,3-dioxane.
BSUM
PAC  THE PRIOR ART
PAR  In copending, commonly-assigned U.S. Pat. application Ser. No. 190,827,
      filed Oct. 20, 1971, now U.S. Pat. No. 3,772,443 (a division of Ser. No.
      29,692, filed Apr. 17, 1970, now abandoned), the method of use of
      5-bromo-5-nitro-1,3-dioxane in anti-microbial compositions is described.
      In this application, the production of 5-bromo-5-nitro-1,3-dioxane is
      shown by acetalization of formaldehyde with
      2-bromo-2-nitro-propane-diol-1,3 in the presence of p-toluenesulfonic acid
      and preferably polyphosphoric acid as acid catalysts. The technical
      performance of these syntheses is made extremely difficult by the fact
      that the product produced, 5-bromo-5-nitro-1,3-dioxane, is very impure and
      cannot be purified by a simple method. The purification is performed
      according to this application by means of the costly processes of vapor
      distillation and sublimation under a high vacuum or by steam distillation.
      There is a great interest, therefore, in a process which permits the
      manufacture of a pure product at much less cost.
PAR  In addition, Eckstein et al, Chemical Abstracts, 49, 10299d (1955),
      describes a process for the preparation of derivatives of
      5-bromo-5-nitro-1,3-dioxane by the reaction of
      2-bromo-2-nitro-propanediol-1,3 with the corresponding aldehyde where 0.1
      gm of benzenesulfonic acid and 200 ml of anhydrous benzene were employed
      per mol of diol. The mixture was azeotropically distilled until cessation
      of water evolution and thereafter one drop of sulfuric acid was added and
      the reaction continued to cessation of water evolution, for a total
      reaction of 6 to 8 hours. After distilling off the benzene, the acetal was
      extracted by anhydrous ethanol and crystallized. This process requires
      lengthy time and elaborate recovery methods.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the development of an improved method
      for the production of 5-bromo-5-nitro-1,3-dioxane which does not require
      costly methods of purification.
PAR  Another object of the present invention is the development of a process for
      the production of 5-bromo-5-nitro-1,3-dioxane consisting essentially of
      condensing formaldehyde with 2-bromo-2-nitro-propanediol-1,3 in the
      presence of an inert water-immiscible organic solvent and concentrated
      sulfuric acid as sole catalyst at temperatures between 40.degree.C and
      110.degree.C under conditions whereby water produced is removed from the
      reaction, and recovering said 5-bromo-5-nitro-1,3-dioxane.
DETD
PAR  These and other objects of the present invention will become more apparent
      as the description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  In further developing the process for the production of
      5-bromo-5-nitro-1,3-dioxane, it was now found that concentrated sulfuric
      acid can advantageously be used as an acid catalyst.
PAR  In carrying out the synthesis by the process according to the invention
      using concentrated sulfuric acid as catalyst in a two-phase system, it
      appears that the difficulties which existed when using p-toluenesulfonic
      acid and polyphosphoric acid did not occur and that a pure product was
      obtained with high yield without the need of a complicated purification.
      This result of the process of the invention was surprising and by no means
      predictable, since in other acetalizations with sulfuric acid as catalyst,
      resinifications very often occurred. Apparently this was why, in one
      instance, the prior art suggested use of benzenesulfonic acid first and
      then finishing the reaction with sulfuric acid.
PAR  The present invention therefore is directed to a process for the production
      of 5-bromo-5-nitro-1,3-dioxane consisting essentially of condensing
      formaldehyde with 2-bromo-2-nitro-propanediol-1,3 in the presence of an
      inert water-immiscible organic solvent and concentrated sulfuric acid as
      sole catalyst at temperatures between 40.degree.C and 110.degree.C under
      conditions whereby water produced is removed from the reaction, and
      recovering said 5-bromo-5-nitro-1,3-dioxane.
PAR  5-Bromo-5-nitro-1,3-dioxane is readily prepared by reacting
      2-bromo-2-nitro-propanediol-1,3 with formaldehyde or a material which
      forms formaldehyde under the reaction conditions, such as paraformaldehyde
      in the presence of the concentrated sulfuric acid catalyst and recovering
      the desired compound. Preferably the reaction is conducted under
      substantially anhydrous conditions and the water produced by the reaction
      is either removed by azeotropic distillation or absorbed by an excess of
      concentrated sulfuric acid. The reactants are employed in substantially
      equimolar amounts. However, a small excess of either reactant may be
      employed. A preferred ratio of reactants is 1.01 to 1.5 mols of
      2-bromo-2-nitro-propanediol-1,3 to 1 mol of formaldehyde. If the
      formaldehyde is introduced as paraformaldehyde, it is charged in an amount
      equivalent to its formaldehyde content. The reaction is conducted at
      elevated temperatures of from 40.degree.C to 110.degree.C, preferably at
      the reflux temperature, and in the presence of anhydrous water-immiscible
      organic solvents, preferably one from which water may be azeotropically
      distilled.
PAR  To carry out the process of the invention, 2-bromo-2-nitro-propanediol-1,3
      and paraformaldehyde in the calculated quantities were dissolved in an
      inert solvent, preferably ethylene chloride. Concentrated sulfuric acid
      was added in drops to the boiling, vigorously stirred solution. If one
      operates with catalytic quantities of acid, such as from 0.01 percent to 5
      percent by weight, based on the weight of the reactants, the water formed
      in the reaction must be removed, preferably by azeotropic distillation.
      However, if an amount of sulfuric acid sufficient to bind the water of
      reaction is used, such as an amount which, when fully diluted by the water
      formed, is at least 35 percent by weight sulfuric acid, it suffices to
      agitate the two-phase mixture for two hours with reflux at elevated
      temperature. Preferably the inert water-immiscible organic solvent is one
      which boils between 40.degree.C and 110.degree.C, preferably between
      60.degree.C and 90.degree.C.
PAR  The working up of the reaction mixture is very simple in both procedures.
      After the mixture has cooled, the sulfuric acid separated as the lower
      phase is removed and the organic phase is washed several times with water.
      After evaporation of the ethylene chloride, there remains as residue
      practically pure, promptly crystallizing 5-bromo-5-nitro-1,3-dioxane in
      almost quantitative yield. To obtain a high purity product, the crude
      product, which is obtained in a yield of 97% to 98% of theory, can be
      recrystallized, for example, from aqueous methanol with little loss. The
      product thus obtained is gas-chromatographically pure, stable in storage
      and odor stable, and melts at 59.degree.C to 61.degree.C.
PAR  Neither the 5-bromo-5-nitro-1,3-dioxane produced according to the prior art
      by condensation of 2-bromo-2-nitro-propanediol-1,3 with paraformaldehyde
      by means of polyphosphoric acid, nor that produced by means of
      p-toluenesulfonic acid and azeotropic removal of the water of reaction,
      could be purified thus simply. The product produced by means of
      polyphosphoric acid and recrystallized from aqueous methanol had a fatty
      appearance, a smeary feel and was not pourable. Due to impurities, a
      strongly pungent odor developed after a short storage time.
PAR  The 5-bromo-5-nitro-1,3-dioxane produced by means of p-toluenesulfonic acid
      in catalytic amounts with azeotropic removal of the water of reaction by
      means of benzene was obtained as an oil and could not be made to
      crystallize either by itself or from aqueous methanol. To get a useful
      product, purification by steam distillation was required.
PAR  The following examples will explain the subject of the present invention in
      greater detail, without limiting it thereto, however.
PAC  EXAMPLE 1
PAR  100 gm (0.5 mol) of 2-bromo-2-nitro-propanediol-1,3 were dissolved with
      agitation in 250 ml of ethylene chloride at the boiling temperature. After
      the addition of 18 gm (0.6 mol) of paraformaldehyde, stirring was
      continued for a short time. Then 0.5 ml of concentrated sulfuric acid was
      added to the boiling mixture and azeotropic distillation with separation
      of water was continued for three hours. The solution, cooled to room
      temperature, was washed three times with 100 ml of water, filtered, and
      the solvent was evaporated under vacuum. The resulting faintly yellow oil
      soon solidified as an almost colorless, crystalline mass of
      5-bromo-5-nitro-1,3-dioxane.
PAR  Yield: 102.5 gm (97 percent)
PAR  Melting point: 57.degree.C to 60.degree.C
PAR  For larger batches, containing greater amounts of concentrated sulfuric
      acid, it is advisable to separate the sulfuric acid phase before washing
      the organic phase.
PAC  EXAMPLE 2
PAR  1200 gm (6 mols) of 2-bromo-2-nitro-propanediol-1,3 and 186 gm (6.2 mols)
      of paraformaldehyde in 3 liters of boiling ethylene chloride were slowly
      mixed with 240 ml of concentrated sulfuric acid while stirring. The
      agitation was continued for two hours at boiling temperature.  The mixture
      was then cooled to room temperature and the sulfuric acid was separated.
      The pale yellow organic phase was washed four times with 1 liter of water.
      The oil remaining upon evaporation of the solvent under vacuum solidified
      upon cooling in coarse, almost colorless crystals of
      5-bromo-5-nitro-1,3-dioxane.
PAR  Yield: 1245 gm (98 percent)
PAR  Melting point: 57.degree.C to 60.degree.C
PAR  One part by weight of the 5-bromo-5-nitro-1,3-dioxane obtained was
      recrystallized from 1 to 1.5 parts by volume of methanol/water (80:20).
      The product, dried under vacuum over calcium chloride or in a thin layer
      in air, melted at 59.degree. to 61.degree.C, was pourable
      gas-chromatographically pure, and stable on storage and odor stable.
PAR  An advantage of the process according to the invention is that it permits
      the production of much purer products by simple means compared with the
      process of the prior art. In addition, the process of the invention gives
      considerably better yields compared with the production method by means of
      p-toluenesulfonic acid. As a further advantage of the process of the
      invention, it may be stated that the sulfuric acid used in the synthesis
      can be separated virtually completely after the reaction. Thus only traces
      of sulfuric acid get into the effluent water with the wash water, which in
      view of sewage purification and protection of the environment must be
      regarded as an advantage not to be underestimated.
PAR  The product, a cyclic acetal of 2-bromo-2-nitro-propanediol-1,3, has been
      found to possess an excellent activity against bacteria and fungi in very
      low concentrations. The new compound is stable in the alkaline region and
      also is only decomposed by strong acids when hot, into
      2-bromo-2-nitro-propanediol-1,3 and formaldehyde which two likewise are
      very active antimicrobial substances.
PAR  The advantage obtainable with the substance according to the invention
      consists in that, owing to its great activity and good stability, it is
      possible to prepare with it neutral, acid and also alkaline compositions
      which ensure a positive protection against bacterial and fungal attack.
PAR  The preceding specific embodiments are illustrative of the practice of the
      invention. It is to be understood, however, that other expedients known to
      those skilled in the art may be employed without departing from the spirit
      of the invention or the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the production of 5-bromo-5-nitro-1-3-dioxane consisting
      essentially of condensing the reactants formaldehyde and
      2-bromo-2-nitro-propanediol-1,3, in substantially equimilar amounts in the
      presence of the inert water-immiscible organic solvent ethylene chloride,
      and concentrated sulfuric acid as sole catalyst under conditions whereby
      water produced is removed from the reaction, said concentrated sulfuric
      acid being slowly added to said solution of reactants at the reflux
      temperature and recovering said 5-bromo-5-nitro-1,3-dioxane.
NUM  2.
PAR  2. The process of claim 1, wherein there is from 1.01 to 1.5 mols of
      2-bromo-2-nitro-propanediol-1,3 per 1 mol of formaldehyde.
NUM  3.
PAR  3. The process of claim 1, wherein said water produced is removed by
      azeotropic distillation.
NUM  4.
PAR  4. The process of claim 3 wherein there is from 0.01 to 5 percent by
      weight, based upon the weight of said reactants, of said sulfuric acid
      present as said sole catalyst.
NUM  5.
PAR  5. The process of claim 1 wherein said water produced is removed from the
      reaction by an excess of concentrated sulfuric acid.
NUM  6.
PAR  6. The process of claim 5 wherein said excess of concentrated sulfuric acid
      used is an amount, which when fully diluted by the water produced, is at
      least 35 percent by weight sulfuric acid.
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ABST
PAL  Process for synthesizing the lactone, (dl) 3,3a beta-4,5,6,6a
      beta-hexahydro-4beta(3-hydroxy-1-trans-octenyl)-5.alpha.-hydroxyl-2-oxo-2H
     -cyclopenta[ b] furan, a known intermediate for producing prostaglandin
      F.sub.2 and F.sub.2.sub..alpha. from dihydroresorcyclic acid, and
      intermediates in this process.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This appication is a divisional of U.S. application Ser. No. 457,528, now
      U.S. Pat. No. 3,855,250 filed Apr. 3, 1974, Jernow et al. which in turn is
      a divisional of U.S. application Ser. No. 317,589 now abandoned filed Dec.
      22, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Prostaglandins are well known therapeutic agents. For example,
      prostaglandin F.sub.2.sub..alpha. is a well known agent for inducing labor
      in pregnant women and for the therapeutic termination of pregnancy.
PAR  In an article by Corey et al. entitled "Stereo Controlled Synthesis of
      Prostaglandin F.sub.2.sub..alpha. and E.sub.2 (d1)," Journal of American
      Chemical Society, Vol., 91, pp. 5675-5678 (1969), the synthesis of various
      prostaglandings such as F.sub.2 and F.sub.2.sub..alpha. from (d1) 3,3a
      beta-4,5,6,6a beta-hexahydro-4beta(3-hydroxyl-1-trans-octenyl)-5 .alpha.
      -hydroxyl-2-oxo-2H-cyclopenta [b] furan, which has the formula:
      ##EQU1##
      is disclosed.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a new synthesis for the lactone of
      formula I has been discovered starting from dihydroresorcyclic acid, which
      has the formula:
      ##SPC1##
PAL  Via an intermediate of the formula:
      ##SPC2##
PAL  Wherein R is hydroxy protected with a hydrolyzable ether or ester group.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As used throughout this application, the term "lower alkyl" includes both
      straight chain and branched chain alkyl groups having from 1 to 7 carbon
      atoms, such as methyl, ethyl and propyl, preferably methyl. As used
      herein, the term "lower alkoxy" comprehends groups having from 1 to 7
      carbon atoms such as methoxy and ethoxy. As also used herein, the term
      "lower alkanoic acids" comprehends an alkanoic acid of 2 to 7 carbon atoms
      such as propionic acid and acetic acid. As further used herein, the term
      "halogen" or "halo," unless otherwise stated, comprehends fluorine,
      chlorine, bromine and iodine.
PAR  In the process of this invention, all compounds having one or more
      asymmetric carbon atoms can be produced as racemic mixtures. These racemic
      mixtures which are obtained can be resolved at the appropriate steps in
      the process of this invention by methods well known in the art discussed
      more fully below, whereupon subsequent products may be obtained as the
      corresponding optically pure enantiomers.
PAR  In the pictorial representation of the compounds given throughout this
      application, a thickened tapered line () indicates a substituent which is
      in the .beta. -orientation (above the plane of the molecule), a dotted
      line (- - -) indicates a substituent which is in the .alpha. -orientation
      (below the plane of the molecule) and a wavy line () indicates a
      substituent which is in either the .alpha.- or .beta. -orientation. It is
      to be understood that the pictorial representations of the compounds given
      throughout the specification are set forth for convenience and are to be
      construed as inclusive of other forms including enantiomers and racemates
      and are not to be construed as limited to the particular form shown.
PAR  As also used herein, the term "aryl" signifies mononuclear aromatic
      hydrocarbon groups such as phenyl, tolyl, etc., which can be unsubstituted
      or substituted in one or more positions with a lower alkylenedioxy, a
      halogen, a nitro, a lower alkyl or a lower alkoxy substitutent, and
      polynuclear aryl groups such as naphthyl, anthryl, phenanthryl, azulyl,
      etc., which can be substituted with one or more of the aforementioned
      groups. The preferred aryl groups are the substituted and unsubstituted
      mononuclear aryl groups, particularly phenyl. The term "aryl lower alkyl"
      comprehends groups wherein aryl and lower alkyl are as defined above,
      particularly benzyl. The term "aryl lower alkanoic acid" comprehends acids
      wherein "aryl" and "lower alkanoic acid" are as defined above,
      particularly benzoic acid.
PAR  As still further used herein, the term "carboxy protected with a group
      convertible thereto by hydrolysis" comprehends any conventional organic
      acid protecting group which can be removed by hydrolysis. The preferred
      organic acid protecting groups are the esters. Any conventional ester that
      can be hydrolyzed to yield the acid can be utilized as the protecting
      group. Exemplary esters useful for this purpose are alkyl esters,
      particularly aroic esters, particularly phenyl ester and the aryl lower
      alkyl esters, particularly benzyl ester.
PAR  As used herein, the term "hydrolyzable ester or ether group" designates any
      ester or ether which can be hydrolyzed to yield the hydroxy group.
      Exemplary ester groups useful for this purpose are those in which the acyl
      moiety is derived from a lower alkanoic, an aryl lower alkanoic, or a
      lower alkane dicarboxylic acid. Among the acids which can be utilized to
      form such ester groups are the acid anhydrides and the acid halides,
      preferably chlorides or bromides, with the lower alkanoic acid anhydrides,
      e.g., acetic anhydride and caproic anhydride, the aryl lower alkanoic acid
      anhydrides, e.g., benzoic acid anhydrides, lower alkane dicarboxylic acid
      anhydrides, e.g., succinic anhydride, and chloroformates, e.g.,
      trichloroethylchloroformate, being preferred. A suitable ether protecting
      group is, for example, the tetrahydropyranyl ether or
      4-methoxy-5,6-dihydro-2H-pyranyl ether. Others are arylmethyl ethers such
      as benzyl, benzhydryl, or trityl ethers or .alpha. -lower alkoxy lower
      alkyl ether, for example, methoxymethyl or allylic ethers, or alkyl silyl
      ethers such as trimethyl silyl ether.
PAR  In accordance with the process of this invention, the compound of formula
      III can be obtained from dihydroresorcyclic acid (II) according to the
      following reaction scheme:
      ##SPC3##
PAL  wherein R.sub.1 is hydrogen or lower alkyl; R.sub.3 is lower alkanoyl;
      R.sub.4 is lower alkyl; X is halogen; and R is as above.
PAR  In the first step, i.e., reaction step (a) of the reaction sequence of this
      invention, the compound of formula II is reacted with an alcohol of the
      formula:
EQU  HO--CH.sub.2 --CH=CH.sub.2                                 XX
PAL  the compound of formula IV is prepared by reacting the compound of formula
      II with a compound of the formula XX. In carrying out this reaction, any
      conventional method of esterification can be utilized. However, in this
      case, at least 2 moles of the compound of formula XX is utilized per mole
      of the compound of formula II. Generally, it is preferred to utilize from
      about 2 to 20 moles of the compound of formula XX per mole of the compound
      of formula II. However, if desired, larger molar quantities of the
      compound of the formula XX can be utilized per mole of the compound of
      formula II without any deleterious effects. In carrying out this reaction,
      any of the conditions conventional in esterifying acids with alcohols can
      be utilized. Among the preferred reaction conditions in carrying out the
      reaction of step (a), in the presence of an acid catalyst, any
      conventional acid catalyst such as p-toluene sulfonic acid can be
      utilized. Furthermore, any of the inert organic solvents conventional in
      esterification procedures can be utilized in carrying out this reaction.
      Among the preferred solvents are the aromatic solvents such as benzene and
      toluene. In carrying out this reaction, temperatures and pressures are not
      critical and the reaction can be carried out at room temperature, i.e.,
      20.degree. centigrade. However, it is generally preferred to carry out
      this reaction at the reflux temperature of the reaction medium.
PAR  The compound of formula IV is converted to the compound of formula V by
      treating the compound of formula IV with an anhydride of a lower alkanoic
      acid. In carrying out this reaction, the lower alkanoic acid anhydride can
      act as the reaction medium. Therefore, it is generally desired to utilize
      excess lower alkanoic acid anhydrides in this reaction. Any conventional
      lower alkanoic acid anhydride can be utilized in carrying out the reaction
      of step (b). Among the preferred lower alkanoic acid anhydrides are acetic
      acid anhydride and propionic acid anhydride. Generally, this reaction is
      carried out at a reflux temperature of the reaction medium.
PAR  The compound of formula V is converted to the compounds of formula VI by
      treating the compound of formula V with an alkali metal alkoxide,
      preferably an alkali metal methoxide. In carrying out this reaction, any
      alkali metal alkoxide can be utilized. Among the preferred alkali metal
      alkoxides are lithium methoxide, sodium methoxide and potassium methoxide.
      In carrying out this reaction, a lower alkanol is utilized as the solvent.
      Any conventional lower alkanol such as methanol, ethanol, isopropanol,
      etc. can be utilized as the organic solvent medium. In carrying out this
      reaction, temperature and pressure are not critical and this reaction can
      be carried out at room temperature and atmospheric pressure. On the other
      hand, higher or lower temperatures can be utilized. Generally it is
      preferred to carry out this reaction at a temperature of from -25.degree.
      centigrade to 30.degree. centigrade.
PAR  The compound of formula VI is converted to the compound of formula VII by
      halogenating the compound of formula VI. Any conventional halogenating
      agent can be utilized to carry out this conversion. Generally, it is
      preferred to utilize chlorinating or brominating agents in carrying out
      this coversion. Among the preferred chlorinating agents are chlorine
      dissolved in a chlorinated hydrocarbon, tert-butylhypochlorite, and
      N-chlorosuccinimide, particularly, tert-butylhypochlorite. Among the
      preferred brominating agents are included bromine dissolved in a
      halogenated hydrocarbon or N-bromosuccinimide. This reaction can be
      carried out in an inert organic solvent. In carrying out this reaction,
      any conventional inert organic solvent can be utilized such as the
      halogenated hydrocarbons, the lower alkanols, diethyl ether and
      tetrahydrofuran. In carrying out this reaction, temperature and pressure
      are not critical, and in general, the reaction can be carried out at room
      temperature and atmospheric pressure. In carrying out this reaction,
      temperatures of from about -50.degree. centigrade to about 100.degree.
      centigrade are generally utilized with temperatures of from 40.degree.
      centigrade to 60.degree. centigrade being particularly preferred.
PAR  The compound of formula VII is converted to the compound of formula IX by
      the procedure disclosed in U.S. patent application Ser. No. 300,633, Rosen
      et al., filed Oct. 25, 1972. Therefore, the reaction of step (e) is
      carried out utilizing the intermediates designated in Ser. No. 300,633 as
      VIII, IX, X, XI, XI-A and XII, wherein R.sub.30 is a nitro methyl group.
      This conversion is described in Examples 3 through 9 of U.S. patent
      application Ser. No. 300,633.
PAR  The compound of formula IX is converted to the compound of formula X by
      hydrolysis. Any conventional method of ester hydrolysis can be utilized to
      convert the compound of formula IX to the compound of formula X. The
      compound of formula X can be converted to the compound of formula XI via
      reaction step (g). The reaction of step (g) is carried out by any of the
      conventional methods for forming an acid halide from the corresponding
      acid. Any method conventional in halogenating acids can be utilized in
      carrying out the reaction of step (g). Among the preferred methods of
      halogenating the compound of formula X is by treating this compound with a
      halogenating agent, preferably a chlorinating agent such as oxalyl
      chloride, thionyl chloride, phosphorous pentachloride, etc. Any
      conventional halogenating agent can be utilized in carrying out this
      reaction. Any of the conditions conventional in utilizing these
      halogenating or chlorinating agents can be utilized in carrying out the
      reaction of step (g).
PAR  The compound of formula XI is converted to the compound of formula XII via
      reaction step (h) by treating the compound of formula XI with a
      methylating agent. Any conventional methylating agent can be utilized in
      carrying out this reaction. Among the preferred methylating agents are
      dimethyl zinc, lithium, dimethyl copper, dimethyl cadmium. In carrying out
      this reaction, any conventional inert organic solvent can be utilized as
      the reaction medium. Among the preferred inert organic solvents are
      included hydrocarbon solvents such as benzene, toluene, xylene, etc., and
      chlorinated hydrocarbons such as carbon tetrachloride, methylene chloride,
      etc. In carrying out this reaction, temperature and pressure are not
      critical and this reaction can be carried out at room temperature and
      atmospheric pressure. If desired, higher or lower temperatures and
      pressures can be utilized.
PAR  The compound of formula XII is converted to the compound of formula XIII,
      via reacton step (i), by treating the compound of formula XII with a
      peracid. Any conventional peracid, preferably a perorganic acid such as
      perbenzoic acid, m-chloroperbenaoic acid, peracetic acid,
      pertrilfuoroacetic acid, etc., can be utilized in carrying out this
      reaction. Generally this reaction is carried out in the presence of an
      inert organic solvent. Any conventional inert organic solvent can be
      utilized in carrying out this reaction. Among the preferred inert organic
      solvents are included the halogenated hydrocarbon solvents such as
      methylene chloride, chloroform, ethylene chloride, etc. In carrying out
      this reaction, temperature and pressure are not critical and this reaction
      can be carried out at room temperature and atmospheric pressure. In
      general, it is preferred to carry out this reaction at from about
      -20.degree. centigrade to +60.degree. centigrade. In carrying out this
      reaction, any conventional perorganic acid can be utilized such as the
      aromatic perorganic acids such as p-nitroperorganic acid, perbenzoic acid,
      m-chloroperbenzoic acid, and the aliphatic perorganic acids such as
      peracetic acid, trifluoroperacetic acid, etc.
PAR  The compound of formula XIII is converted to the compound of formula XIV
      via reaction step (j) by hydrolyzing the compound of formula XIII. Any
      conventional method of ester hydrolysis can be utilized to convert the
      compound of formula XIII to the compound of formula XIV.
PAR  The compound of formula XIV is converted to the compound of formula XV by
      either esterifying or etherifying the free hydroxy group with a
      hydrolyzable ether or ester protecting group. The esterification or
      etherification can be carried out by convevtional esterification or
      etherification procedures. Among the preferred hydrolyzable ester groups
      are lower alkanoyloxy with p-phenylbenzoyl being especially preferred. In
      the case where acetoxy is utilized, the compound of formula XV will be the
      compound of formula XIII since there is no necessity to hydrolyze the
      compound of formula XIII to produce a compound of formula XIV and then
      reesterifying the compound of formula XIV. Among the preferred
      hydrolyzable ether groups are included tetrahydropyranyl.
PAR  The compound of formula XV is converted to the compound of formula II by
      oxidizing the compound of formula XV with an oxidizing agent which
      selectively oxidizes a nitromethyl group to an aldehyde. The preferred
      oxidizing agents are the permanganate oxidizing agents with alkali metal
      permanganates such as sodium permanganate being particularly preferred. In
      carrying out this reaction, the compound of formula XV is converted to its
      aci-nitro salt before treatment with permanganate.
PAR  The compound of formula XV can be converted to its aci-nitro salt by
      treatment with an alkali metal lower alkoxide, preferably lithium
      methoxide. In carrying out this reaction, temperature and pressure are not
      critical, and in general, the reaction can be carried out at room
      temperature and atmospheric pressure. This reaction can be carried out in
      an inert organic solvent. In this reaction, any conventional inert organic
      solvents may be utilized. Among the preferred solvents are any of the
      solvents mentioned hereinbefore wtih methanol being especially preferred.
PAR  The oxidation of the aci-nitro salt of the compound of formula XV can be
      carried out in the presence of an inert organic solvent or water. In this
      reaction, any conventional inert organic solvent may be utilized such as
      tetrahydrofuran, dioxane, acetone, diglyme or a lower alkyl ether. In
      carrying out this reaction, temperature and pressure are not critical and
      this reaction can be carried out at room temperature and atmospheric
      pressure. In general, it is preferred to carry out this reaction at a
      temperature of from about -10.degree. centigrade to about 75.degree.
      centigrade with a temperature of about 0.degree. centigrade being
      particularly preferred.
PAR  The compound of formula III is converted to the compound of the formula:
      ##EQU2##
      wherein R is as above; by treating the compound of formula III with either
      a phosphorane of the formula:
      ##EQU3##
      wherein R.sub.7, R.sub.8 and R.sub.9 are aryl; or a phosphonate of the
      formula:
      ##EQU4##
      wherein R.sub.10 and R.sub.11 are aryloxy or lower alkoxy.
PAR  The reaction of a phosphorane of formula XIX with the compound of formula
      III can, if desired, be carried out in the presence of an inert organic
      solvent. In carrying out this reaction, any conventional inert organic
      solvent can be utilized. Among the conventional inert organic solvents
      which can be utilized in accordance with this invention are included
      benzene, toluene, N,N-dimethylformamide, tetrahydrofuran,
      1,2-dimethoxyethane and dioxane. In carrying out this reaction,
      temperature and pressure are not critical, and this reaction can be
      carried out at from about 50 degrees centigrade to about 150 degrees
      centigrade and atmospheric pressure.
PAR  The phosphoranes of formula XIX above can be prepared by known procedures
      from the corresponding phosphonium salts. In accordance with this
      invention, R.sub.7, R.sub.8 and R.sub.9 can be any conventional aryl
      group. The aryl groups which may form the substituent designated by
      R.sub.7, R.sub.8 and R.sub.9 include mononuclear aryl groups such as
      phenyl or substituted phenyl such as tolyl, xylyl, mesityl,
      4-methoxyphenyl, etc. The aryl substituent can be a polynuclear aryl group
      such as naphthyl, anthryl, phenanthryl, azylyl, etc.
PAR  The reaction between the phosphonate of formula XIX-A and the compound of
      formula II can be carried out by first providing a solution of an alkali
      metal base and the phosphonate of formula XIX-A in an inert organic
      solvent and then adding the compound of formula III to this reaction
      mixture. In carrying out this reaction, any conventional alkali metal base
      can be utilized, such as the alkali metal hydrides such as sodium hydride
      and alkyl lithium; alkali metal lower alkoxides such as sodium methoxide
      and sodium ethoxide; and the alkali metal amide bases such as sodamide,
      potassium amide, as well as other alkali metal lower alkyl amides. In
      carrying out this reaction, any conventional inert organic solvent can be
      utilized such as benzene, toluene, N,N-dimethylformamide, tetrahydrofuran,
      dioxane, 1,2-dimethoxyethane. In carrying out this reaction, a temperature
      of from 0 degrees centigrade to the reflux temperature can be utilized.
PAR  The phosphonate of formula XIX-A can be substituted by alkoxy or aryloxy
      groups. As with R.sub.7, R.sub.8 and R.sub.9 in the phosphorane of formula
      XIX, the aryloxy groups denoted by R.sub.10 and R.sub.11 in the
      phosphonate of the formula XIX-A can contain mononuclear or polynuclear
      aryl groups which may be substituted or unsubstituted. When the compound
      of formula XIX-A is substituted by alkoxy groups, it is generally
      preferred to utilize alkoxy groups containing from 1 to 4 carbon atoms
      such as methoxy, ethoxy and isopropyl. Among the aryloxy groups, phenoxy
      groups which are singly or multiply substituted with a lower alkyl,
      nitrogen, halogen, lower alkoxy or dialkylamino group are generally
      preferred.
PAR  In accordance with this invention, the compound of formula XVI is next
      converted to a compound of the formula:
      ##EQU5##
      wherein R is as above.
PAR  The compound of formula XXI can be obtained by treating the compound of
      formula XVI with a reducing agent. In carrying out this reaction, any
      conventional reducing agent which will selectively reduce a keto group to
      a hydroxy group can be utilized. Preferred reducing agents are the
      hydrides, particularly the aluminum hydrides, such as the alkali metal
      aluminum hydrides, and the borohydrides, such as the alkali metal
      borohydrides and zinc borohydride. In carrying out this reaction,
      temperature and pressure are not critical, and the reaction can be carried
      out at room temperature and atmospheric pressure or at elevated or reduced
      temperatures and pressures. Generally, it is preferred to carry out this
      reaction at a temperature of from -10.degree. centigrade to the reflux
      temperature of the reaction mixture. This reduction reaction can be
      carried out in the presence of an inert organic solvent. Any conventional
      inert organic solvent or water can be utilized in carrying out this
      reaction, such as the conventional, inert organic solvents hereinbefore
      mentioned. Among the preferred solvents are dimethoxy ethylene glycol and
      ethers such as tetrahydrofuran, diethyl ether and dioxane.
PAR  If desired, the compound of formula XXI can be hydrolyzed to form the
      compound of formula I. Any conventional method of ether or ester
      hydrolysis can be utilized.
PAR  The compound of formulae I or XXI can be separated into its two isomeric
      forms by conventional means to produce a compound of the formula:
      ##EQU6##
      wherein R' is hydroxy or hydroxy protected with a hydrolyzable ether
      group;
PAL  and a compound of the formula:
      ##EQU7##
      wherein R' is as above. Any conventional means of separation such as
      column chromatography, vapor phase chromatography, etc., can be utilized
      to carry out this reaction.
PAR  The following examples are illustrative but not limitative of the claimed
      invention. All temperatures are in degrees centigrade. The ether used is
      diethyl ether.
PAC  EXAMPLE 1
PAC  5-(2-Propenylcarbonyloxy)-3-(2-propenyloxy)-2-cyclohexen-1-one
PAR  To a solution of 156 g. of dihydroresorcyclic acid in 2 liters of benzene
      and 580 ml. of allyl alcohol was added 6 g. of p-toluene sulfonic acid
      monohydrate. The solution was refluxed for 18 hours and the water formed
      during the reaction was removed by means of a Dean-Stark apparatus. The
      solution was then washed with a saturated sodium bicarbonate soluton and
      the organic layer dried (MgSO.sub.4). The solvent was then removed under
      reduced pressure to give
      5-(2-propenylcarbonyloxy)-3-(2-propenyloxy)-2-cyclohexen-1-one.
PAC  EXAMPLE 2
PAC  3-Acetoxy-2-(2-propenyl)-5-(2-propenylcarbonyloxy)-2-cyclohexen-1-one
PAR  A mixture of 200 g. of
      5-(2-propenylcarbonyloxy)-3-(2-propenyloxy)-2-cyclohexen-1-one and 500 g.
      of acetic anhydride was refluxed under argon for 5 hours. The excess
      acetic anhydride was then removed under reduced pressure and the residue
      distilled to give
      3-acetoxy-2-(2-propenyl)-5-(2-propenylcarbonyloxy)-2-cyclohexen-1-one,
      b.p. 150/0.1 mmHg.
PAC  EXAMPLE 3
PAC  Methyl 4-(2-propenyl)-3,5-cyclohexenedione carboxylate
PAR  To a solution of 139 g. of
      3-acetoxy-2-(2-propenyl)-5-(2-propenylcarbonyloxy) -2-cyclohexen-1-one in
      1 liter of dry methanol was added dropwise at 0 degrees centigrade 420 ml.
      of a 2.4 molar solution of lithium methoxide in methanol. The reaction was
      run under argon. After one hour at 0.degree.centrigrade, 4N-aqueous
      sulfuric acid was slowly added to pH 3 and the methanol removed under
      reduced pressure. The residue was then extracted with ethyl acetate and
      the organic solution dried (MgSO.sub.4). The solvent was removed under
      reduced pressure and the residue crystallized from ethyl acetate-petroleum
      ether to give methyl-4-(2-propenyl)-3,5-cyclohexanedione carboxylate, m.p.
      130.degree.-132.degree.centigrade.
PAC  EXAMPLE 4
PAC  3,3 a,beta-4,5,6,6a, beta-hexahydro-4beta-nitromethyl-2-oxo-2H-cyclopenta
      [b]furan-5alpha-carboxylic acid
PAR  To a solution of 472 ml. of tetrahydrofuran and 95 ml. of an aqueous
      solution containing 20% by weight sulfuric acid was added 25 g. of 3,3
      a,beta-4,5,6,6 a,beta-hexahydro-4-beta-nitromethyl-2-oxo-2H-cyclopenta
      [b]furan-5alpha-carboxylic acid methyl ester. After refluxing for 48
      hours, most of the solvent was removed under reduced pressure and the
      residue extracted with an aqueous saturated sodium bicarbonate solution.
      The basic water solution was then extracted with ethyl acetate, the
      organic layer washed with water and the washing added to the bicarbonate
      solution. The aqueous solution was then acidified to pH 3 with 4N-aqueous
      sulfuric acid and the resulting mixture extracted with ethyl acetate. The
      ethyl acetate solution was dried (MgSO.sub.4) and the solvent removed
      under reduced pressure. Trituration of the residue with ether afforded 3,3
      a,beta-4,5,6,6 a,beta-hexahydro-4beta- nitromethyl-2-oxo-2H-cyclopenta
      [b]furan-5alpha-carboxylic acid, m.p. 125.degree.-127.degree. centigrade.
PAC  EXAMPLE 5
PAC  3,3 a,beta-4,5,6,6 a,beta-hexahydro-4beta-nitromethyl-2-oxo-2h-cyclopenta
      [b] furan-5alpha-carboxylic ACID CHLORIDE
PAR  A mixture of 20 g. of 3,3 a,beta-4,5,6,6 a,beta-hexahydro-4beta-
      nitromethyl-2-oxo-2H-cyclopenta [b] furan-5-alpha-carboxylic acid and 20
      ml of oxalyl chloride was heated at 50.degree. centigrade for two hours.
      The excess oxalyl chloride was then removed under reduced pressure and the
      residue treated with 50 ml. of hexane. The solvent was then removed under
      reduced pressure to give 3,3 a,beta-4,5,6,6
      a,beta-hexahydro-4beta-nitromethyl- 2-oxo-2H-cyclopenta [b]
      furan-5alpha-carboxylic acid chloride.
PAC  EXAMPLE 6
PAC  3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-nitromethyl-5alpha-acetyl-2-oxo-2h-
     cyclopenta [b] furan
PAR  To 500 ml. of a 0.19 molar solution of dimethyl cadmium in methylene
      chloride was added 10 g. of 3,3
      a,beta-4,5,6,6a,beta-hexahydro-4beta-nitromethyl-2-oxo-2H-cyclopenta [b]
      furan-5alpha-carboxylic acid chloride dissolved in 50 ml. of methylene
      chloride. The mixture was stirred for 18 hours and then slowly poured onto
      200 g. of ice containing 5 ml. of 96% by weight chloride acid in water.
      The aqueous layer was then saturated with sodium chloride and extracted
      with ethyl acetate. The organic layers were then combined, dried
      (MgSO.sub.4) and the solvent removed under reduced pressure. The residue
      was then dissolved in diethyl ether and passed through 55 g. of silica gel
      to give 9.2 g. of
      3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-nitromethyl-5alpha-acetyl-2-oxo-2H
     -cyclopenta [b] furan.
PAC  EXAMPLE 7
PAC  3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-nitromethyl-5alpha-acetoxy-2-oxo-2h
     -cyclopenta [b] furan
PAR  To a solution of 13 g. of trifluoroperacetic acid in 100 ml. of methylene
      chloride was added 63 g. of disodium phosphate. To the resulting mixture
      was then added a solution of 12 g. of
      3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-nitromethyl-5alpha-acetyl-2-oxo-2H
     -cyclopenta [b] furan dissolved in 100 ml. of methylene chloride. The
      mixture was stirred for 8 hours after which time a second addition of 13
      g. of trifluoroperacetic acid in 100 ml. of methylene chloride was added
      together with 63 g. of disodium phosphate. The mixture was stirred for an
      additional 12 hours after which time the reaction was poured into 500 ml.
      of ice water. The resulting mixture was then extracted with ethyl acetate,
      the organic extract washed with a 5% by weight sodium bicarbonate aqueous
      solution and then dried (MgSO.sub.4). The solvent was then removed under
      reduced pressure and the residue triturated with diethyl ether to give
      3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-nitromethyl-5alpha-acetoxy-2-oxo-2
     H-cyclopenta [b] furan; m.p. 98.degree.-101.degree. centigrade.
PAC  EXAMPLE 8
PAC  3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-nitromethyl-5alpha-hydroxyl-2-oxo-2
     h-cyclopenta [b] furan
PAR  To a suspension of 7.5 g. of 3,3 a,beta-4,5,6,6
      a,beta-hexahydro-4beta-nitromethyl-5alpha-acetoxy-2-oxo-2H-cyclopenta [b]
      furan in 20 ml. of dry methanol at 0.degree. centigrade was added 28 ml.
      of a 2.2 molar solution of lithium methoxide in methanol. After stirring
      for one hour, the solution was treated with 1N-aqueous sulfuric acid to pH
      3 and the methanol removed under reduced pressure. The residue was then
      extracted with ethyl acetate and the solution dried (MgSO.sub.4). The
      solvent was then removed under reduced pressure and the residue triturated
      with diethyl ether to give
      3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-nitromethyl-5alpha-hydroxyl-2-oxo-
     2H-cyclopenta [b] furan, m.p. 79.degree.-81.degree. centigrade.
PAC  EXAMPLE 9
PAC  3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-nitromethyl-5alpha-tetrahydro-pyran
     yloxy-2-oxo-2h-cyclopenta [b] furan
PAR  To a suspension of 3.44 g. of
      3,3a,beta-4,5,6,6a,beta-hexahydro-4-beta-nitromethyl-5-alpha-hydroxyl-2-ox
     o-2-oxo-2H-cyclopenta [b]furan in 60 ml. of dry benzene was added 2.4 ml.
      of dihydropyran and 50 mg. of p-toluenesulfonic washed with a 5% by weight
      aqueous sodium bicarbonate solution. The benzene solution was dried
      (MgSO.sub.4) and the solvent and excess dihydropyran removed under vacuum
      to give 4.9 g. of
      3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-nitromethyl-5alpha-tetrahydropyany
     loxy-2-oxo-2H-cyclopenta [b]furan.
PAC  EXAMPLE 10
PAC  3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-formyl-5-alpha-tetrahydropyranyloxy
     -2-oxo-2h-cyclopenta [b] furan
PAR  To a solution of 12.1 g. of 3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-
      nitromethyl-5alpha-tetrahydropyranyloxy-2-oxo-2H-cyclopenta [b] furan in
      150 ml. of dry methanol was added 19.4 ml. of a 2.4 molar solution of
      lithium methoxide in methanol. After 10 minutes, the solvent was removed
      under high vacuum and the residual aci-nitro salt dried for an additional
      1.5 hours. The dried salt was then dissolved in 175 ml. of a saturated
      aqueous sodium tetraborate solution and cooled to 0 degrees centigrade. A
      solution of 5.54 g. of sodium permanganate in 65 ml. of water was then
      added dropwise over a 5 minute period. The mixture was stirred an
      additional 10 minutes, treated with 200 ml. of a 1:4 parts by volume
      acetone-methylene chloride solution and then filtered through a bed of
      celite. The celite was washed with an additional 100 ml. of 1:4 parts by
      volume acetone-methylene chloride solution and the organic layers combined
      and dried (Na.sub.2 SO.sub.4). The solvent was removed under pressure to
      give 3,3 a,beta-4,5,6,6
      a,beta-hexahydro-4beta-formyl-5alpha-tetrahydropyranyloxy-2-oxo-2H-cyclope
     nta [b] furan.
PAC  EXAMPLE 11
PAC  3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-(3-oxo-1-trans-octenyl)-5alpha-tetr
     ahydropyranyloxy-2-oxo-2h-cyclopenta [b] furan
PAR  To a suspension of 0.5 g. of sodium hydride in 150 ml. of dry glyme was
      added 4.7 g. of dimethyl (2-oxoheptyl)-phosphonate. After stirring for 1.5
      hours, 4.9 g. of
      3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-formyl-5alpha-tetrahydropyranyloxy
     -2-oxo-2H-cyclopenta [b] furan dissolved in 25 ml. of glyme was added
      dropwise at 0.degree. centigrade. After stirring for 3 hours at room
      temperature, 500 ml. of diethyl ether was added and the mixture washed
      with water. The organic layer was then dried (Na.sub.2 SO.sub.4) and the
      solvent removed under reduced pressure. The residue was then washed
      through 60 g. of silica gel (pH 7) to give 6 g. of
      3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-(3-oxo-1-trans-octenyl)-5alpha-tet
     rahydropyranyloxy-2-oxo-2H-cyclopenta [b] furan.
PAC  EXAMPLE 12
PAC  3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-(3-hydroxy-1-trans-octenyl)-5alpha-
     tetrahydropyranyloxy-2-oxo-2h-cyclopenta [b] furan
PAR  To a solution of 5 g. of
      3,3a,beta-4,5,6,6a,beta-hexahydro-4beta(3-oxo-1-trans-octenyl)-
      5alpha-tetrahydropyranyloxy-2-oxo-2H-cyclopenta [b] furan in 50 ml. of
      glyme was added excess zinc borohydride in 50 ml. of glyme and the
      resulting solution stirred at room temperature for 3 hours. The solution
      was then cooled to 0.degree. centigrade and treated with 200 ml. of water,
      400 ml. of ether and 10 ml. of 0.5N aqueous sulfuric acid. The ether layer
      was separated and dried (MgSO.sub.4) and the solvent was removed under
      reduced pressure to give
      3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-(3-hydroxy-1-trans-octenyl)-5alpha
     -tetrahydropyranyloxy-2-oxo-2H-cyclopenta [b] furan.
PAC  EXAMPLE 13
PAC  3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-(3alpha-hydroxy-1-trans-octenyl)-5b
     eta-hydroxy-2-oxo-2h-cyclopenta [b] furan
PAR  To a 2:1 parts by volume acetic acid-water solution (50 ml.) was added 2 g.
      of 3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-(3-hydroxy-1-trans-ocetnyl)-
      5beta-tetrahydropyranyloxy-2-oxo-2H-cyclopenta [b] furan. The solution
      heated at 40.degree. centigrade for 2.5 hours after which time the acetic
      acid was neutralized with solid potassium bicarbonate. The resulting
      mixture was then extracted several times with ethyl acetate and the
      organic solution dried (MgSO.sub.4). The solvent was then removed under
      reduced pressure and the residue chromatographed on silica gel to give 3,3
      a,beta-4,5,6,6a,beta-hexahydro-4beta-(3alpha-hydroxy-1-trans-octenyl)-5bet
     a-hydroxy-2-oxo-2H-cyclopenta [b] furan. Also obtained by chromatography
      was the 3,3a,beta-4,5,6,6
      a,beta,hexahydro-4beta-(3beta-hydroxy-1-trans-octenyl)-5beta-hydroxy-2-oxo
     -2H-cyclopenta [b] furan.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC4##
PA1  wherein R is hydrogen, tetra-hydropyranyl, alpha-lower alkoxy-lower alkyl,
      benzyl, lower alkyl silyl, alkanoyl or benzoyl;
PAL  or enantiomers or racemates thereof.
NUM  2.
PAR  2. The compound of claim 1 wherein said compound is
      3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-nitromethyl-5alpha-acetoxy-2-oxo-2
     H-cyclopenta [b]furan.
NUM  3.
PAR  3. The compound of claim 1 wherein said compound is
      3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-nitromethyl-5alpha-hydroxyl-2-oxo-
     2H-cyclopenta [b]furan.
NUM  4.
PAR  4. The compound of claim 1 wherein said compound is
      3,3a,beta-4,5,6,6a,beta-hexahydro-4beta-nitromethyl-5alpha-tetrahydropyran
     yloxy-2-oxo-2H-cyclopenta [b]furan.
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ABST
PAL  This invention concerns sulfur-containing hydroxy pyrones corresponding to
      the formula
      ##SPC1##
PAL  Wherein M is H or alkali metal, R is methyl, R' is hydrogen, alkyl, phenyl,
      halophenyl, nitrophenyl, loweralkylphenyl, benzyl, phenethyl,
      naphthylmethyl, halobenzyl, loweralkylbenzyl, nitrobenzyl, propargyl,
      allyl, cyclohexyl loweralkyl, (loweralkylthio)-loweralkyl or adamantyl and
      n is 0 to 2. The compounds are prepared by reacting the mono-alkali metal
      salt of 4-hydroxy-6-methyl-2-pyrone with an appropriate thiosulfonate,
      advantageously in the presence of an organic solvent. The compounds have
      utility as plant growth stunters and as antimicrobial agents.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 316,420, filed Dec. 18, 1972,
      now U.S. Pat. No. 3,818,046.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention concerns sulfur-containing hydroxy pyrones and their alkali
      metal salts corresponding to the formula
      ##SPC2##
PAL  Wherein M represents hydrogen or alkali metal, R represents methyl, R'
      represents hydrogen, a 1 to 20 carbon alkyl, phenyl, halophenyl,
      nitrophenyl, lower alkylphenyl, benzyl, phenethyl, naphthylmethyl,
      halobenzyl, lower alkylbenzyl, nitrobenzyl, propargyl, allyl, cyclohexyl
      lower alkyl, (lower alkylthio)-lower alkyl or adamantyl, and n represents
      an integer from 0 to 2. In the specification and claims, "lower alkyl"
      designates a straight or branched chain alkyl group such as, for example,
      methyl, ethyl, propyl, isopropyl, butyl, isobutyl, secondary butyl or
      tertiary butyl and halo designates fluoro, chloro or bromo.
PAR  The compounds are prepared in the following several ways.
PAC  1. Process for the simultaneous preparation of a
      3-sulfenylated-4-hydroxy-6-methyl-2-pyrone and a sulfinic acid
      ##SPC3##
PAR  A mixture of the mono-alkali metal salt of 4-hydroxy-6-methyl-2-pyrone and
      substantially one molar equivalent of the appropriate thiolsulfonate in an
      inert organic solvent, i.e., methanol, ethanol, acetonitrile, 2-propanol,
      benzene, toluene, methyl ethyl ketone, acetone or methyl isobutyl ketone
      is heated at substantially reflux temperature with agitation for about 30
      minutes to about 24 hours. The solvent is removed by distillation in vacuo
      and the residue extracted with water. The crude pyrone product is
      collected on a filter. The filtrate is acidified with a mineral acid, such
      as sulfuric or hydrochloric acid to precipitate the sulfinic acid which is
      removed by filtration and dried. The crude pyrone product is purified by
      crystallization from an appropriate solvent such as methanol, ethanol,
      2-propanol, nitromethane, acetonitrile, benzene, hexane, cyclohexane,
      methylcyclohexane, acetone, methyl ethyl ketone or methyl isobutyl ketone
      or any combination of the foregoing solvents.
PAR  In an alternative procedure the 4 -hydroxy-6-methyl-2-pyrone is dissolved
      in a solution of water and a substantially molar equivalent of an alkali
      metal hydroxide. To this solution is then added a molar equivalent of the
      appropriate thiolsulfonate, and the resulting mixture is heated under
      reflux with agitation (shaking or stirring) for a period of time necessary
      for completion of the reaction (i.e., about 30 minutes to about 24 hours).
      The mixture is then cooled to ambient temperature and extracted with an
      appropriate solvent such as chloroform, methylene chloride, carbon
      tetrachloride, 1,1,1-trichloroethane, ethyl ether, benzene, toluene,
      xylene or mixed liquid chlorinated hydrocarbons. The extract is dried over
      an appropriate drying agent such as anhydrous sodium sulfate, anhydrous
      magnesium sulfate or anhydrous calcium sulfate, and the solvent is removed
      either by evaporation or by distillation at a convenient pressure (i.e.,
      760 to 0.1 mm Hg), depending on the nature of the solvent. The product
      residue may not require further purification, or it may be further
      purified by crystallization from an appropriate solvent, as shown above.
PAC  2. Process for the sulfenylation of 4 -hydroxy-6-methyl-2-pyrone with
      sulfenyl chlorides
      ##SPC4##
PAR  A solution of the appropriate alkane- or arenesulfenyl chloride in an inert
      organic solvent, i.e., methylene chloride, chloroform, carbon
      tetrachloride, benzene, 1,1,1-trichloroethane or mixed chlorinated
      hydrocarbons, is added to a slurry of a substantially molar equivalent of
      the mono-alkali metal salt of 4-hydroxy-6-methyl-2-pyrone in the same
      solvent over a period of about 5 minutes to about one hour, keeping the
      temperature rise under control (for example: below 25.degree.C.) by means
      of a cooling bath. The reaction mixture is then stirred at ambient
      temperature for about 30 minutes to about 24 hours. The solvent is then
      removed either by evaporation or by distillation at a convenient pressure
      (i.e., 760 to 0.1 mm Hg), depending on the nature of the solvent. The
      residue is then triturated with water to remove the by-product alkali
      metal chloride and is collected on a filter and dried. The product thus
      obtained may be used without further purification, or it may be further
      purified by recrystallization from an appropriate solvent, such as
      methanol, ethanol, 2-propanol, nitromethane, acetonitrile, benzene,
      hexane, cyclohexane, methylcyclohexane, acetone, methyl ethyl ketone or
      methyl isobutyl ketone or any combination of the foregoing solvents.
PAR  In an alternative procedure, the appropriate alkane- or arenesulfenyl
      chloride dissolved in an inert solvent, such as methylene chloride,
      chloroform, carbon tetrachloride, benzene, 1,1,1-trichloroethane or mixed
      liquid chlorinated hydrocarbon solvents, is added to a vigorously agitated
      suspension or solution of 4-hydroxy-6-methyl-2-pyrone in the same solvent,
      and the mixture heated at substantially reflux temperature for a period of
      time necessary for completion of the reaction as determined by the
      cessation of the evolution of the hydrogen chloride gas by-product. The
      mixture is then cooled; and, in cases where the product separates under
      these conditions, said product is collected on a filter and dried. In
      cases where the product does not separate from the solvent, the solution
      is either concentrated to cause separation of the product, or the solvent
      is removed by evaporation or by distillation at an appropriate pressure
      (i.e., 760 to 0.1 mm Hg), depending on the nature of the solvent. The
      crude product may be used without further purification, or it may be
      further purified as shown above.
PAC  3. Preparation of 3-sulfenylated-4-hydroxy-6-methyl-2-pyrones from
      4-hydroxy-3-mercapto-6-methyl-2-pyrone and halide alkylating agents
      (S.sub.n2 route)
      ##SPC5##
PAR  To a solution of 4-hydroxy-3-mercapto-6-methyl-2-pyrone in pyridine at a
      temperature of from about -5 to about 35.degree.C. is added the
      appropriate alkyl halide with ice bath cooling when necessary. After the
      addition is complete, the reaction mixture is heated to about 80.degree.
      to 90.degree.C. for about 15 minutes to about one hour, or not heated at
      all, and allowed to stand at room temperature for about one to about 24
      hours. After the reaction period, the mixture is poured into a mixture of
      ice and excess mineral acid, such as sulfuric or hydrochloric acid, and
      the crude product is separated either by filtration or by extraction with
      an appropriate solvent such as methylene chloride, ethyl ether, benzene,
      toluene, chloroform or 1,1,1-trichloroethane.
PAR  In cases where the crude product is crystalline, insoluble in the aqueous
      mixture and filterable, it is dried and purified by recrystallization
      (sometimes accompanied by the use of activated charcoal) from an
      appropriate solvent such as methanol, ethanol, 2-propanol, nitromethane,
      acetonitrile, benzene, hexane, cyclohexane, methylcyclohexane, acetone,
      methyl ethyl ketone or methyl isobutyl ketone or any combination of the
      foregoing solvents.
PAR  In cases where it is necessary to extract the crude product from the
      aqueous mixture, the extract is dried over an appropriate drying agent
      such as anhydrous sodium sulfate, anhydrous magnesium sulfate or anhydrous
      calcium sulfate, and the solvent is removed either by evaporation or by
      distillation at a convenient pressure (i.e., 760 to 0.1 mm Hg), depending
      on the nature of the solvent. The product may not require further
      purification, or it may be further purified as above.
PAC  4. Preparation of 3-sulfenylated-4-hydroxy-6-methyl-2-pyrones from
      4-hydroxy-3-mercapto-6-methyl-2-pyrone and tert.-alcohols (S.sub.n2 -
      route)
      ##SPC6##
PAR  Ice is slowly added with stirring to concentrated sulfuric acid (preferably
      one part ice to 3.5 parts sulfuric acid), keeping the temperature at a
      moderate degree (preferably below 35.degree.C.) by means of a cooling
      bath. The temperature of the diluted acid is adjusted to about
      5.degree.C., and an excess (preferably about two molar equivalents of
      alcohol to one of pyrone) of the tertiary alcohol is slowly added with
      stirring, keeping the temperature at a moderate degree (preferably between
      5.degree. and 10.degree.C.). 4-Hydroxy-3-mercapto-6-methyl-2-pryone is
      then added with vigorous stirring over a period of about 15 minutes,
      keeping the temperature of the reaction mixture at or below 5.degree.C.
      The reaction mixture is then allowed to come to ambient temperature and is
      allowed to remain at that temperature for about 10 minutes to about 24
      hours, after which period of time it may be heated to from 30.degree. to
      50.degree.C. for from 1 to 5 hours and is then poured into ice water. The
      crude product is purified by usual crystallization procedures (see above)
      or it may be dissolved in aqueous sodium hydroxide solution (preferably 3
      to 5 percent) and the solution stirred at room temperature with
      decolorizing charcoal, filtered and acidified with mineral acid to give
      the solid product, which is collected on a filter, washed with water and
      dried. The crude product can be used without further purification or it
      can be further purified by recrystallization, as above.
PAR  Allyl- and propargylthiopyrones can be prepared by foregoing process 1 and
      process 3 but not by process 2, as allyl- and propargylsulfenyl chlorides
      do not exist and cannot be made by known procedures.
PAR  Process 3 or process 4 must be used when only alkylating agents R'X or
      R'OH, respectively, are available in the absence of the availability of
      the corresponding thiolsulfonate and/or sulfenyl chloride.
PAR  It is more convenient to use process 1 over process 2 in cases where the
      latter would require the use of a sulfenyl chloride with one or two alpha
      hydrogen atoms, since said sulfenyl chlorides must be prepared at low (ca.
      -40.degree.C.) temperatures to avoid chlorination of the alpha carbon
      atom.
PAR  Process 2 is preferred in cases where the particular intermediate sulfenyl
      chloride is made more conveniently than the corresponding thiolsulfonate
      such as in the synthesis of 3-arylthiopyrones. Of the four processes, only
      processes 1 and 2 can be used for the introduction of arylthio groups in
      the 3-position.
PAR  Process 4 is preferred in cases where R'S is a bulky group and where
      R'.sup.+ represents an abnormally stable carbonium ion, permitting a
      facile S.sub.nl attack on the sulfur atom.
DETD
PAC  DESCRIPTION OF SOME PREFERRED EMBODIMENTS
PAR  The following examples illustrate the present invention and the manner and
      process of making and using it, setting forth the best mode contemplated
      by the inventors of carrying out the invention. The examples should not be
      construed as limitations upon the overall scope of the invention.
      Temperature is given in Centigrade degrees.
PAC  EXAMPLE 1
PAC  4-Hydroxy-6-methyl-3-methylthio-2-pyrone
PAR  A mixture of the monosodium salt of 4-hydroxy- 6-methyl-2-pyrone (14.8 g.,
      0.100 mol), methyl p-toluenethiolsulfonate (20.2 g., 0.100 mol), and 2B
      absolute ethanol (250 ml.) was heated at reflux for 21 hours. The ethanol
      was removed by distillation in vacuo; on attempted trituration with water
      (200 ml.), an oil separated. The oil was removed and the aqueous phase
      extracted with chloroform (2 .times. 100 ml.). The oil and chloroform
      washings were combined, dried over anhydrous Na.sub.2 SO.sub.4, and the
      chloroform removed by distillation in vacuo. The resulting solid product,
      4.5 g. (m. 130.degree.-136.degree.C., 26% yield) was twice recrystallized
      from 2-propanol to obtain the pure product, m. 141.degree.-141.5.degree..
      The aqueous layer was acidified with dilute HCl producing 10.0 g. (64
      percent yield) of the by-product p-toluenesulfinic acid, m.
      79.degree.-85.degree.C.
PAR  Anal. Calcd. for C.sub.7 H.sub.8 O.sub.3 S: C, 48.8; H, 4.68; S, 18.5.
      Found: C, 49.0; H, 4.86; S, 18.3.
PAC  EXAMPLE 2
PAC  4-Hydroxy-6-methyl-3-methylthio-2-pyrone
PAR  Methanesulfenyl chloride (21.6 g., 0.261 mol) dissolved in methylene
      chloride (100 ml.) was added to a rapidly stirred slurry of the monosodium
      salt of 4-hydroxy-6-methyl-2-pyrone (38.6 g., 0.261 mol) in methylene
      chloride (500 ml.) over a period of 35 minutes. The reaction temperature
      was maintained at 25.degree.C. with cooling during the addition; then
      stirring was continued at ambient temperature for 4 hours. The methylene
      chloride was removed by distillation in vacuo and the residue triturated
      with water (200 ml.) to remove the by-product sodium chloride. The crude
      product was removed by filtration, 26.0 g., m. 127.degree.-134.degree.C.,
      58 percent yield; after recrystallization from 2-propanol, 17.2 g., m.
      139.degree.-140.5.degree.C., 38 percent yield
PAC  EXAMPLE 3
PAC  4-Hydroxy-6-methyl-3-methylthio-2-pyrone
PAR  A mixture of 47.0 g. (0.317 mole) of the monosodium salt of 4-hydroxy-6
      -methyl-2-pyrone and 40.0 g. (0.317 mole) of methyl methanethiolsulfonate
      in 700 ml. of 2B absolute ethanol was heated under reflux with stirring
      for four hours. The solvent was then removed by evaporation in vacuo,
      leaving a viscous semi-solid. The crude substance was washed with water
      and extracted with methylene chloride. The combined extracts were dried
      over anhydrous sodium sulfate and evaporated in vacuo to dryness, leaving
      24.8 g. of a yellow solid; which, when recrystallized from isopropanol
      gave 10.6 g. (20 percent) of the pure product m.
      141.5.degree.-143.degree.C.
PAC  EXAMPLE 4
PAC  4-Hydroxy-6-methyl-3-phenylthio-2-pyrone
PAR  A mixture of the monosodium salt of 4-hydroxy-6-methyl-2-pyrone (28.3 g.,
      0.191 mol), phenyl benzenethiolsulfonate (47.7 g., 0.191 mol), and 2B
      absolute ethanol (500 ml.) was heated at reflux with stirring for 6 hours.
      The ethanol was removed by distillation in vacuo and the residue
      triturated with water (350 ml.). The crude product was removed by
      filtration, 43.0 g. (m. 142.degree.-165.degree.C., 80 percent purity, 77
      percent yield); acidification of the filtrate with dilute HCl produced
      additional product, 6.9 g. (m. 160.degree.-165.degree.C., 92 percent total
      yield). Recrystallization from 2-propanol gave 30.0 g., m.
      163.degree.-165.degree.C., 67 percent yield. A second recrystallization
      from 2-propanol gave the pure product, m. 164.5.degree.- 165.5.degree.C.
      Evaporation of the aqueous filtrate (to 50 ml.) gave 14.8 g. (55 percent
      yield) of the by-product benzenesulfinic acid, m. 81.degree.-85.degree.C.
PAR  Anal. Calcd. for C.sub.12 H.sub.10 O.sub.3 S: C, 61.5; H, 4.30; S, 13.7.
      Found: C, 61.3; H, 4.34; S, 13.4.
PAC  EXAMPLE 5
PAC  4-Hydroxy-6-methyl-3-phenylthio-2-pyrone
PAR  4-Hydroxy-6-methyl-2-pyrone (6.3 g., 0.050 mol) was dissolved in a solution
      of sodium hydroxide (2.0 g., 0.050 mol) and water (150 ml.). Phenyl
      benzenethiolsulfonate (12.5 g., 0.050 mol) was added and the mixture
      heated at reflux for 6 hours. An oil resulted which was extracted with
      chloroform (2 .times. 100 ml.). The chloroform solution was dried over
      anhydrous sodium sulfate, filtered, and the chloroform removed by
      distillation in vacuo. The resulting solid product was washed with
      2-propanol, 3.2 g. colorless crystals, m. 164.degree.-165.5.degree.C., 27
      percent yield.
PAC  EXAMPLE 6
PAC  4-Hydroxy-6-methyl-3-phenylthio-2-pyrone
PAR  Benzenesulfenyl chloride (7.2 g., 0.050 mol) dissolved in benzene (15 ml.)
      was added to a rapidly stirred slurry of the monosodium salt of
      4-hydroxy-6-methyl-2-pyrone (7.4 g., 0.050 mol) in benzene (110 ml.) over
      a period of 12 minutes. The reaction temperature was maintained at
      25.degree.-27.degree.C. with cooling during the addition; then the
      reaction mixture was heated at reflux for 30 minutes. The benzene was
      removed by distillation in vacuo and the residue triturated with water
      (100 ml.) to remove the by-product sodium chloride. The crude product was
      removed by filtration, 10.9 g., m. 158.degree.-163.degree.C., 93 percent
      yield. A portion was recrystallized from ethanol, m.
      164.5.degree.-165.5.degree.C. Evaporation of the aqueous filtrate to
      dryness in vacuo produced 2.9 g. (100 percent yield) of the by-product
      sodium chloride.
PAC  EXAMPLE 7
PAC  4-Hydroxy-6-methyl-3-phenylthio-2-pyrone
PAR  Benzenesulfenyl chloride (7.2 g., 0.050 mol) dissolved in benzene (15 ml.)
      was added to a rapidly stirred slurry of 4-hydroxy-6-methyl-2-pyrone (6.3
      g., 0.050 mol) in benzene (135 ml.). There was no apparent reaction at
      ambient temperature, but upon heating hydrogen chloride was evolved. After
      heating at reflux for 2 hours, the mixture was cooled and filtered to give
      11.6 g. colorless crystals, m. 160.degree.-162.5.degree.C., 99 percent
      yield.
PAC  EXAMPLE 8
PAC  3-p-Chlorophenylthio-4-hydroxy-6-methyl-2-pyrone
PAR  A mixture of the monosodium salt of 4-hydroxy-6-methyl-2-pyrone (29.6 g.,
      0.200 mol), p-chlorophenyl p-toluenethiolsulfonate (59.8 g., 0.200 mol),
      and 2B absolute ethanol (500 ml.) was heated at reflux with stirring for
      6.5 hours. The ethanol was removed by distillation in vacuo and the
      residue triturated with water (300 ml.). The crude product was removed by
      filtration, 53.0 g. (m. 166.degree.-177.degree.C., 91% yield); after
      recrystallization from ethanol, 36.4 g., m. 175.degree.-180.degree.C., 68%
      yield. A second recrystallization produced the pure product, 18.0 g., m
      181.degree.-182.degree.C., 34 percent yield. The aqueous filtrate was
      acidified with dilute HCl producing 21.8 g. (70 percent yield) of the
      by-product p-toluenesulfinic acid, m. 87.degree.-89.degree.C.
PAR  Anal. Calcd. for C.sub.12 H.sub.9 ClO.sub.3 S: C, 53.6; H, 3.38; S, 11.9.
      Found: C, 53.6; H, 3.46; S, 12.0.
PAC  EXAMPLE 9
PAC  3-Benzylthio-4-hydroxy-6-methyl-2-pyrone
PAR  A mixture of the monosodium salt of 4-hydroxy-6-methyl-2-pyrone (20.2 g.,
      0.136 mol), benzyl p-toluenesulfonate (37.8 g., 0.136 mol), and 2B
      absolute ethanol (340 ml.) was heated at reflux with stirring for 5 hours.
      The ethanol was removed by distillation in vacuo and the residue
      triturated with water (250 ml.). The crude product was removed by
      filtration, 32.6 g. (m. 104.degree.-120.degree.C., 92 percent purity, 89
      percent yield); after recrystallization from 2-propanol, 18.7 g., m.
      124.degree.-129.degree.C., 55% yield. A second recrystallization from
      2-propanol gave the pure product as colorless crystals, m.
      128.degree.-129.degree.C. The aqueous filtrate was acidified with dilute
      HCl producing 14.0 g. (66 percent yield) of the by-product
      p-toluenesulfinic acid, m. 83.degree.-86.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.12 O.sub.3 S: C, 62.9; H, 4.87; S, 12.9
      Found: C, 62.7; H, 4.82; S, 12.7.
PAC  EXAMPLE 10
PAC  3-Dodecylthio-4-hydroxy-6-methyl-2-pyrone
PAR  A mixture of 21.6 g. (0.145 mole) of the monosodium salt of
      4-hydroxy-6-methyl-2-pyrone and 52.0 g. (0.145 mole) of n-dodecyl
      p-toluenethiolsulfonate in 400 ml. of 2B absolute ethanol was heated at
      reflux with stirring for 22 hours. The ethanol was removed by evaporation
      in vacuo, and the solid residue was stirred with 400 ml. of water. The
      aqueous suspension was then extracted with methylene chloride and the
      extract dried over anhydrous magnesium sulfate. The methylene chloride was
      removed by evaporation in vacuo, and the sticky, semi-solid residue was
      triturated with n-hexane to give the pure product as 22.7 g. (48 percent)
      of a white solid, m. 77.5.degree.-78.5.degree.C.
PAR  Anal. Calcd. for C.sub.18 H.sub.30 O.sub.3 S: C, 66.22; H, 9.26; S, 9.82.
      Found: C, 66.2; H, 9.18; S, 9.8.
PAC  EXAMPLE 11
PAC  3-(2,4-Dinitrophenylthio)-4-hydroxy-6-methyl-2-pyrone
PAR  2,4-Dinitrobenzenesulfenyl chloride (23.5 g., 0.100 mole) was added to a
      slurry of 12.6 g. (0.100 mole) of 4-hydroxy-6-methyl-2-pyrone in 150 ml.
      of methylene chloride, containing 10 ml. (0.125 mole) of pyridine. An
      exothermic reaction occurred, causing the methylene chloide to reflux
      gently. After the mixture had been stirred at room temperature for one
      hour the precipitated yellow solid product was collected on a filter,
      washed with water and dried in vacuo. This crop weighed 17.4 g., m.p.
      262.degree.C. (dec.). A second crop of yellow solid (wt. 13.4 g., m.p.
      210.degree.C.) was obtained by evaporation of the filtrate. The two
      combined crops were recrystallized from a mixture of dimethylformamide and
      isopropanol to give 23.1 g. (71 percent) of the product
      3-(2,4-dinitrophenylthio)-4-hydroxy-6-methyl-2-pyrone as yellow crystals,
      m.p. 270.degree.C. (dec.).
PAC  EXAMPLE 12
PAC  3-Ethylthio-4-hydroxy-6-methyl-2-pyrone
PAR  A mixture of 37.2 g. (0.295 mole) of 4-hydroxy-6-methyl-2-pyrone and 28.4
      g. (0.295 mole) of ethanesulfenyl chloride in 900 ml. of toluene was
      heated under reflux with stirring at 75.degree.C. for two hours, during
      which time hydrogen chloride evolved. The reaction mixture was cooled to
      room temperature and filtered to remove 24.2 g. of a solid (m.
      170.degree.-172.degree.C. - probably a mixture of starting pyrone and an
      unknown substance). The filtrate was concentrated to give 13.3 g. (25
      percent) of the product as a white solid, m. 94.degree.-95.degree.C.
      Recrystallization from cyclohexane gave the pure product as white
      crystals, m. 101.degree.-102.degree.C.
PAR  Anal. Calcd. for C.sub.8 H.sub.10 O.sub.3 S: C, 51.59; H, 5.41; S, 17.22.
      Found: C, 51.4; H, 5.49; S, 16.65.
PAC  EXAMPLE 13
PAC  3-Isopropylthio-4-hydroxy-6-methyl-2-pyrone
PAR  A solution of 62.7 g. (0.57 mole) of isopropanesulfenyl chloride in 300 ml.
      of methylene chloride was added dropwise to a suspension of 84.5 g. (0.57
      mole) of 4-hydroxy-6-methyl-2-pyrone in 200 ml. of methylene chloride
      while the reaction mixture was maintained at 20.degree.C. The mixture was
      then warmed to 40.degree.C. for 1.5 hours and finally stirred at room
      temperature for 17 hours. The by-product sodium chloride was removed by
      filtration and the filtrate evaporated to dryness, leaving a red liquid
      (85.5 g.) which solidified upon cooling in an ice bath. The crude product
      was recrystallized from cyclohexane to give 33.1 g. (28 percent) of the
      product as off-white crystals, m. 89.degree.-91.degree.C. A second
      recrystallization from cyclohexane gave white crystals, m.
      91.degree.-92.degree.C.
PAR  Anal. Calcd. for C.sub.9 H.sub.12 O.sub.3 S: C, 53.93; H, 6.04; S, 16.01.
      Found: C, 54.1; H, 6.20; S, 15.9.
PAC  EXAMPLE 14
PAC  4-Hydroxy-6-methyl-3-[2-(methylthio)ethylthio]-2-pyrone
PAR  A solution of 8.0 g. (0.20 mole) of sodium hydroxide in 200 ml. of water
      was added to a stirred slurry of 25.2 g. (0.200 mole) of
      4-hydroxy-6-methyl-2-pyrone in 400 ml. of ethanol. 2-(Methylthio)ethyl
      methanethiolsulfonate (37.3 g., 0.200 mole) was then added, and the
      mixture was heated at reflux with stirring for three hours. The reaction
      mixture was then concentrated to 150 ml. by evaporation in vacuo, and the
      two-phase system was extracted with methylene chloride. The extract was
      dried over anhydrous magnesium sulfate, filtered, and the solvent removed
      by evaporation in vacuo, leaving a dark brown oil as residue. After
      standing at room temperature for 24 hours a solid crystallized from the
      oil and was collected on a filter and recrystallized from cyclohexane to
      give the product 4-hydroxy-6-methyl-3-[2-(methylthio)ethylthio]-2-pyrone
      as 13.2 g. (29 percent) of a tan solid, m.p. 81.degree.-83.degree.C. A
      second recrystallization gave the pure substance as a white, crystalline
      solid, m.p. 81.5.degree.-82.degree.C.
PAR  Anal. Calcd. for C.sub.9 H.sub.12 O.sub.3 S.sub.2 : C, 46.53; H, 5.21; S,
      27.60. Found C, 46.7; H, 5.1; S, 27.7.
PAC  EXAMPLE 15
PAC  4-Hydroxy-6-methyl-3-(2-nitrophenylthio)-2 -pyrone
PAR  o-Nitrobenzenesulfenyl chloride (18.9 g., 0.100 mole) was added to a slurry
      of 14.8 g. (0.117 mole) of 4-hydroxy-6-methyl-2-pyrone in 200 ml. of
      methylene chloride, containing 10 ml. (0.125 mole) of pyridine, causing
      the temperature to rise to 35.degree.C. Complete solution was affected
      initially, but as the solution was stirred at ambient temperature a
      precipitate formed. After the reaction mixture had been stirred at room
      temperature for two hours, the yellow precipitate was collected on a
      filter, washed first with water, then with methylene chloride and finally
      dried in vacuo over calcium chloride. The crude product was recrystallized
      from aqueous dimethylformamide to give 20.8 g. (75%) of
      4-hydroxy-6-methyl-3-(2-nitrophenylthio)-2-pyrone as a light yellow,
      crystalline solid, m.p. 229.degree.C. (dec.). A second recrystallization
      from aqueous dimethylformamide gave the pure substance as light yellow
      crystals, m.p. 235.degree.C. (dec.).
PAR  Anal. Calcd. for C.sub.12 H.sub.9 NO.sub.5 S: C, 51.61; H, 3.25; S, 11.48.
      Found: C, 51.5; H, 3.27; S, 11.2.
PAC  EXAMPLE 16
PAC  Ammonium Salt of 4-Hydroxy-6-methyl-3-phenylthio-2-pyrone
PAR  4-Hydroxy-6-methyl-3-phenylthio-2-pyrone (11.1 g., 0.0474 mol) and 15M
      aqueous ammonia (50 ml.) was stirred overnight at ambient temperature. The
      resultant solution was heated at reflux for 2 hours to strip the excess
      ammonia. The water was removed by distillation in vacuo; 50 ml. 2B
      absolute ethanol was added to the resultant gell and then removed by
      distillation in vacuo. The resultant light tan, crystalline product was
      dried overnight in a vacuum oven at 70.degree.C., 8.8 g., m. 140.degree.C.
      (dec.), 80 percent yield.
PAR  Anal. Calcd. for C.sub.12 H.sub.13 NO.sub.3 S: C, 57.35; H, 5.21; S, 12.7.
      Found: C, 57.7; H, 5.45; S, 12.7.
PAR  The ammonium salt of 4-hydroxy-6-methyl-3-phenylthio-2-pyrone (5.0 g.,
      0.0213 mol) was dissolved in water (50 ml.). Hydrochloric acid was added
      in excess and the 4-hydroxy-6-methyl-3-phenylthio-2-pyrone removed by
      filtration, 4.1 g., m. 164.degree.-165.degree.C., 83% yield.
PAC  EXAMPLE 17
PAC  3-Allylthio-4-hydroxy-6-methyl-2-pyrone
PAR  A mixture of 22.2 g. (0.150 mol) of sodium salt of
      4-hydroxy-6-methyl-2-pyrone and 22.8 g. (0.100 mol) allyl-p-toluene
      thiolsulfonate in 150 ml. ethanol was heated at reflux for 3.5 hours.
      After cooling to room temperature, the reaction mixture was filtered to
      remove an off-white crystalline solid, mp&gt;250.degree.C. The filtrate was
      evaporated in vacuo to recover a solid residue. The solid was washed with
      water and extracted with methylene chloride. The extracts were dried
      (Na.sub.2 SO.sub.4) and evaporated in vacuo to recover a yellow
      crystalline solid. One crystallization from cyclohexane gave the product
      as 7.2 g. (36 percent) of a light yellow solid. One additional
      recrystallization from cyclohexane gave the pure compound as a white
      crystalline solid, mp 98.degree.-98.5.degree.C.
PAR  Anal. Calcd. for C.sub.9 H.sub.10 O.sub.3 S: C, 54.53; H, 5.08; S, 16.17.
      Found: C, 54.5; H, 4.90; S, 16.0.
PAC  EXAMPLE 18
PAC  4-Hydroxy-3-isopentylthio-6-methyl-2-pyrone
PAR  To a slurry of 12.6 g. (0.100 mol) 4-hydroxy-6-methyl-2-pyrone in 100 ml.
      ethanol was added a solution of 4.0 g. (0.10 mol) NaOH in 50 ml. water. To
      the resulting clear solution was added 25.8 g. (0.100 mol)
      isopentyl-p-toluene thiolsulfonate. The mixture was heated at reflux
      temperature for 7 hours then stirred at room temperature overnight. After
      removing the solvent in vacuo, the residue was washed with water and
      extracted with methylene chloride. The extracts were dried (Na.sub.2
      SO.sub.4) and evaporated in vacuo to recover an oil which solidified upon
      cooling. The solid was recrystallized from cyclohexane (decolorized). To
      recover 12.4 g. (54 percent) of the desired product. One additional
      recrystallization from cyclohexane gave the pure compound, m.p.
      81.degree.-82.degree.C.
PAR  Anal. Calcd. for C.sub.11 H.sub.16 O.sub.3 S: C, 57.87; H, 7.06; S, 14.04.
      Found: C, 58.0; H, 6.9; S, 13.9.
PAC  EXAMPLE 19
PAC  3-n-Hexylthio-4-hydroxy-6-methyl-2-pyrone
PAR  To a slurry of 37.9 g. (0.300 mol) 4-hydroxy-6-methyl-2-pyrone in 200 ml.
      ethanol was added a solution of 12 g. (0.30 mol) NaOH in 100 ml. water. To
      the resulting clear solution was added 54.7 g. (0.300 mol) n-hexylmethane
      thiolsulfonate. The reaction mixture was heated at reflux for 3 hours,
      then stirred at room temperature overnight. After removing the solvent in
      vacuo, the residue was slurried in water and extracted with methylene
      chloride. The extracts were dried (Na.sub.2 SO.sub.4), and evaporated in
      vacuo to recover a solid. The solid was recrystallized from n-hexane to
      recover 40 g. (58 percent) of the pure product, m.p.
      69.degree.-70.degree.C.
PAR  Anal. Calcd. for C.sub.12 H.sub.18 O.sub.3 S: C, 59.47; H, 7.48; S, 13.23.
      Found: C, 59.8; H, 7.68; S, 13.0
PAC  EXAMPLE 20
PAC  4-Hydroxy-6-methyl-3-(p-methylbenzylthio)-2-pyrone
PAR  An aqueous basic solution (8 g., 0.2 mol NaOH in 100 ml. H.sub.2 O) was
      added to a slurry of 4-hydroxy-6-methyl-2-pyrone (25.2 g., 0.200 mol) in
      200 ml. ethanol. To the resulting clear solution was added
      p-methylbenzyl-p-toluene thiolsulfonate (58.5 g., 0.200 mol). The mixture
      was heated at reflux temperature for 5 hours then stored at room
      temperature over night. Evaporation of the reaction mixture to
      approximately 25 ml., then dilution with water, followed by extraction
      with methylene chloride, drying (Na.sub.2 SO.sub.4), and evaporation of
      organic layer resulted in recovery of a light yellow solid. Solids were
      recrystallized from toluene to recover 24.9 g. (47 percent) of a white
      crystalline solid, m.p. 134.degree.-135.degree.C.
PAR  Anal. Calcd. for C.sub.14 H.sub.14 O.sub.3 S: C, 64.10; H, 5.38; S, 12.22.
      Found: C, 63.91; H, 5.32; S, 12.30.
PAC  EXAMPLE 21
PAC  3-(p-Chlorobenzylthio)-4-hydroxy-6-methyl-2-pyrone
PAR  To a slurry of 4-hydroxy-6-methyl-2-pyrone (25.2 g., 0.200 mol) in 200 ml.
      ethanol was added a basic solution (8.0 g., 0.20 mol NaOH in 100 ml.
      H.sub.2 O). To the resulting clear solution was added
      p-chlorobenzyl-p-toluene thiolsulfonate (62.4 g., 0.200 mol). The
      resulting mixture was heated at reflux temperature for 9 hours. After
      being stirred at room temperature over night, the mixture was evaporated
      in vacuo to dryness. The residue was dissolved in a mixture of CHCl.sub.3
      --H.sub.2 O and the organic layer was separated, dried (Na.sub.2
      SO.sub.4), and evaporated in vacuo to recover a light yellow solid. The
      solid was recrystallized from toluene to recover 27.4 g. (50 percent) of
      the desired compound, m.p. 139.degree.-141.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.11 ClO.sub.3 S: C, 55.22; H, 3.92; S,
      11.34. Found: C, 55.6; H, 3.94; S, 11.2.
PAC  EXAMPLE 22
PAC  3-Cyclohexylmethylthio-4-hydroxy-6-methyl-2-pyrone
PAR  To a solution of 18.9 g. (0.150 mole) of 4-hydroxy-6-methyl-2-pyrone in 375
      ml. of ethanol was added a solution of 6.0 g. (0.150 mole) of sodium
      hydroxide in 240 ml. of water followed by 42.7 g. (0.150 mole) of
      cyclohexylmethyl  pg,20 p-toluenethiolsulfonate. The reaction mixture was
      heated under reflux with stirring for 12 hours, after which period of time
      the solvent was removed by evaporation in vacuo, leaving a brown, mushy
      solid as residue. This was combined and shaken with water to remove the
      water-soluble by-product, sodium p-toluenesulfinate. This mixture was then
      extracted with methylene chloride, and the extract was dried over
      anhydrous magnesium sulfate. Removal of the solvent by evaporation in
      vacuo left a brown oil, which soon crystallized: weight 34.3 g. (90
      percent). Recrystallization from a solution of benzene and petroleum ether
      (bp 60.degree.-70.degree.C.) gave 18.5 g. of cream colored solid, m.p.
      80.degree.-82.degree.C. A second recrystallization gave the pure
      3-cyclohexylmethylthio-4-hydroxy-6-methyl-2-pyrone as white crystals, m.p.
      81.5.degree.-83.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.18 O.sub.3 S: C, 61.39; H, 7.13; S, 12.61.
      Found: C, 61.6; H, 7.48; S, 12.5.
PAC  EXAMPLE 23
PAC  Bis(4-hydroxy-6-methyl-2-oxo-3-pyranyl)-disulfide
PAR  Sulfur monochloride (13.5 g., 0.100 mole) was dissolved in 70 ml. of
      benzene, and the solution was added dropwise to a suspension of 25.2 g.
      (0.200 mole) of 4-hydroxy-6-methyl-2-pyrone in 500 ml. of benzene while
      the suspension was being heated under reflux with stirring. The addition
      was made over 25 minutes while hydrogen chloride was evolved and escaped
      through the condenser. The reaction mixture was heated under reflux with
      stirring for an additional one hour and 20 minutes, at the end of which
      period of time the evolution of hydrogen chloride had subsided. The light
      tan solid product (29.3 g., 93 percent) was collected on a filter and air
      dried; M.p. 225.degree.C. (dec.). Recrystallization from nitromethane gave
      the pure bis(4-hydroxy-6-methyl-2-oxo-3-pyranyl)disulfide as cream colored
      platelets, m.p. 229.degree.C. dec.
PAR  Anal. Calcd. for C.sub.12 H.sub.10 O.sub.6 S.sub.2 : C, 45.85; H, 3.21; S,
      20.40. Found: C, 45.63; H, 3.28; S, 20.2.
PAR  This compound is an intermediate for preparation by the 3-mercapto S.sub.n2
      route. From it is prepared the compound of Example 28.
PAC  EXAMPLE 24
PAC  4-Hydroxy-6-methyl-3-propargylthio-2-pyrone
PAR  A solution of 39.5 g. (0.250 mole) of
      4-hydroxy-3-mercapto-6-methyl-2-pyrone in 250 ml. of pyridine was cooled
      to 15.degree.C. in an ice bath. Propargyl bromide (29.7 g., 0.250 mole)
      was then added in one portion, causing the temperature of the reaction
      mixture to rise to 53.degree.C. When the temperature began to subside, the
      flask was placed on the steam bath and heated at 80.degree.C. for one
      hour, during which pyridinium bromide by-product precipitated. The
      reaction mixture was then cooled and poured into a mixture of ice and 500
      ml. of concentrated hydrochloric acid. After this mixture had been kept
      cold in an ice bath for one hour, the crystalline product, which formed,
      was collected on a filter and dried; m.p. 143.5.degree.-146.degree.C.,
      weight 27.2 g. More product was obtained by extraction of the filtrate
      with methylene chloride, giving a total yield of 41.9 g., (85 percent).
      Two recrystallizations (Darco) from ethanol afforded the pure
      4-hydroxy-6-methyl-3-propargylthio- 2-pyrone as light tan crystals, m.p.
      148.degree.-149.degree.C. (dec.).
PAR  Anal. Calcd. for C.sub.9 H.sub.8 O.sub.3 S: C, 55.09; H, 4.11; S, 16.34.
      Found: C, 54.9; H, 3.97; S, 16.03.
PAC  EXAMPLE 25
PAC  4-Hydroxy-6-methyl-3-(1-naphthylmethylthio)-2-pyrone
PAR  A solution of 15.8 g. (0.100 mole) of
      4-hydroxy-3-mercapto-6-methyl-2-pyrone in 100 ml. of pyridine was cooled
      in an ice bath to about 15.degree.C., and 17.7 g. (0.100 mole) of
      1-chloromethylnaphthalene was added in one portion. The flask was then
      heated at 90.degree.-95.degree.C. on the steam plate for four hours. The
      reaction mixture was cooled and poured into 200 ml. of concentrated
      hydrochloric acid and about 400 g. of ice. A gummy solid was formed and
      was extracted with methylene chloride. The wet extract was treated with
      Darco and dried over anhydrous sodium sulfate. The solvent was removed by
      evaporation in vacuo, leaving a brown gum, which was crystallized (Darco)
      from ethanol to give 9.8 g. (33 percent) of tan crystals m.p.
      155.5.degree.-157.5.degree.C. Recrystallization from ethanol gave the pure
      4-hydroxy-6-methyl-3-(1-naphthylmethylthio)-2-pyrone as cream colored
      crystals, m.p. 169.5.degree.-170.5.degree.C.
PAR  Anal. Calcd. for C.sub.17 H.sub.14 O.sub.3 S: C, 68.44; H, 4.73; S, 10.75.
      Found: C, 68.3; H, 4.75; S, 10.66.
PAC  EXAMPLE 26
PAC  4-Hydroxy-6-methyl-3-(4-nitrobenzylthio)-2-pyrone
PAR  To a solution of 8.00 g. (0.0510 mole) of
      4-hydroxy-3-mercapto-6-methyl-2-pyrone in 50 ml. of pyridine was added
      11.0 g. (0.0510 mole) of p-nitrobenzyl bromide portionwise, keeping the
      temperature of the reaction mixture below 35.degree.C. by means of an ice
      bath. After the addition was complete the reaction mixture was heated at
      90.degree.C. on the steam bath for two hours and 15 minutes. The mixture
      was then poured into ice and 100 ml. of concentrated hydrochloric acid.
      The cream colored solid precipitate was collected on a filter, washed with
      water and dried; m.p. 156.degree.-160.degree.C. (dec.), weight 12.2 g. (81
      percent). Recrystallization from ethanol gave the pure
      4-hydroxy-6-methyl-3-(4-nitrobenzylthio)-2-pyrone as tan crystals, m.p.
      178.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.11 NO.sub.5 S: C, 53.23; H, 3.78; N, 4.78.
      Found: C, 53.10; H, 3.86; N, 5.03.
PAC  EXAMPLE 27
PAC  3-(p-Fluorobenzylthio)-4-hydroxy-6-methyl-2-pyrone
PAR  To a stirred solution of 10.5 g. (0.0664 mole) of
      4-hydroxy-6-methyl-3-mercapto-2-pyrone in 50 ml. of pyridine was added
      9.60 g. (0.0664 mole) of p-fluorobenzyl chloride in one portion. The
      reaction was slightly exothermic, the temperature rising from 25.degree.
      to 34.degree.C. The reaction mixture was then allowed to stand at room
      temperature for four hours and at the end of this period was poured into a
      mixture of ice and 100 ml. of concentrated hydrochloric acid. The gummy
      precipitate was extracted with methylene chloride and the extract dried
      over anhydrous magnesium sulfate. The solvent was removed by evaporation
      in vacuo, leaving a light yellow oil, which crystallized upon cooling,
      weight 12.5 g. (71 percent). This was recrystallized from a solvent system
      of methylcyclohexane, benzene and ethanol to give light yellow crystals,
      m.p. 114.5.degree.-118.5.degree.C.; weight 7.20 g. Recrystallization from
      benzene gave the pure 3-(p-fluorobenzylthio)-4-hydroxy-6-methyl-2-pyrone
      as a pale yellow, crystalline solid, m.p. 118.degree.-122.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.11 FO.sub.3 S: C, 58.63; H, 4.16; S, 12.04.
      Found: C, 58.6; H, 4.12; S, 12.4.
PAC  EXAMPLE 28
PAC  4-Hydroxy-3-mercapto-6-methyl-2-pyrone
PAR  To a solution of 60.0 g. (1.50 moles) of sodium hydroxide and 78.6 g.
      (0.250 mole) of bis(4-hydroxy-6-methyl-2-oxo-3-pyranyl)disulfide in 750
      ml. of water at 42.degree.C. was added 47.9 g. (0.275 mole) of sodium
      hydrosulfite. The solution was allowed to stand for 30 minutes and then
      was acidified by the addition of concentrated hydrochloric acid, keeping
      the temperatures below 45.degree.C. by the addition of a sufficient
      quantity of crushed ice. The precipitated, off-white solid was collected
      on a filter and dried in vacuo over calcium chloride for approximately 15
      hours. The product weighed 76.3 g. (96 percent) and melted at
      167.degree.-169.degree.C. (dec.). One recrystallization from methyl ethyl
      ketone gave the pure 4-hydroxy-3-mercapto-6-methyl-2-pyrone as light
      yellow crystals, m.p. 168.degree.-169.degree.C. (dec.).
PAR  Anal. Calcd. for C.sub.6 H.sub.6 O.sub.3 S: C, 45.56; H, 3.82; S, 20.27.
      Found: C,45.58; H, 3.37; S, 20.3.
PAR  This compound is an intermediate for preparation by the 3-mercapto S.sub.n2
      route.
PAC  EXAMPLE 29
PAC  3-Benzylthio-4-hydroxy-6-methyl-2-pyrone
PAR  To a solution of 8.0 g. (0.051 mole) of
      4-hydroxy-3-mercapto-6-methyl-2-pyrone in 38 ml. of pyridine was added 6.4
      g. (0.051 mole) of benzyl chloride portionwise with stirring at room
      temperature. The reaction was slightly exothermic, the temperature rising
      from 23.degree. to 30.degree.C. The reaction mixture was stirred at room
      temperature for 30 minutes, and then heated on the steam bath for one hour
      at 90.degree.-95.degree.C. The reaction mixture was then cooled to room
      temperature and poured into a mixture of ice and 80 ml. of concentrated
      hydrochloric acid. The gummy precipitate, thus formed, was extracted with
      methylene chloride. The extract was dried over anhydrous sodium sulfate,
      filtered and evaporated to dryness to give 7.7 g. (61%) of brown oil,
      which was crystallized from toluene, containing a little
      methylcyclohexane, to give 5.0 g. of yellow-brown crystals, m.p.
      117.degree.-126.degree.C. Recrystallization of this substance from toluene
      gave the pure 3-benzylthio-4hydroxy-6-methyl-2-pyrone as cream colored
      crystals, m.p. 127.5.degree.-128.5.degree.C.
PAC  EXAMPLE 30
PAC  .alpha.,.alpha.'-Bis(4-hydroxy-6-methyl-2-oxo-3-pyranylthio)-p-xylene
PAR  To a stirred solution of 15.8 g. (0.100 mole) of
      4-hydroxy-3-mercapto-6-methyl-2-pyrone in 100 ml. of pyridine was added
      8.75 g. (0.0500 mole) of .alpha.,.alpha.'-dichloro-p-xylene in one portion
      at room temperature. The reaction mixture was allowed to stand at room
      temperature for 15 hours and then was poured into a mixture of ice and 200
      ml. of concentrated hydrochloric acid. The mixture was extracted with
      methylene chloride, leaving the methylene chloride-insoluble, white solid
      product behind. This was collected on a filter and found to weigh 5.3 g.,
      m.p. 224.degree.C. (dec.). The extract was dried over anhydrous sodium
      sulfate, and the methylene chloride was removed by evaporation in vacuo.
      The remaining 4.1 g. of light yellow solid residue was triturated with
      benzene containing a little ethanol, leaving 1.7 g. more product as an
      insoluble white solid, m.p. 228.degree.-229.degree.C. (dec.).
      Recrystallization of the combined product fractions from nitromethane gave
      the pure .alpha.,.alpha.'-bis(
     4-hydroxy-6-methyl-2-oxo-3-pyranylthio)-p-xylene as very pale yellow
      crystals, m.p. 234.degree.C. (dec.).
PAR  Anal. Calcd. for C.sub.20 H.sub.18 O.sub.6 S.sub.2 : C, 57.40; H. 4.33; S,
      15.32. Found: C, 57.1; H, 4.34; S, 15.2.
PAC  EXAMPLE 31
PAC  3-n-Dodecylsulfinyl-4-hydroxy-6-methyl-2-pyrone
PAR  3-n-Dodecylthio-4l -hydroxy-6-methyl-2-pyrone (9.8 g., 0.033 mol) was added
      to 30 ml. glacial acetic acid. A 30 percent solution of hydrogen peroxide
      (3.7 g., 0.033 mol) was added. After the mixture was stirred at room
      temperature for 0.5 hour, a clear solution was obtained. A white
      precipitate formed after one hour. Filtration of the material gave a
      solid: m.p. .about.80.degree.C. Additional solid formed in the filtrate
      after it was kept at room temperature overnight. The fractions were
      combined and dried to give 8.8 g. (84 percent) of the desired product. One
      recrystallization from cyclohexane gave the pure material as fluffy,
      white, crystalline needles: m.p. 79.5.degree.-80.5.degree.C.
PAR  Anal. Calcd. for C.sub.18 H.sub.30 O.sub.4 S: C, 63.12; H, 8.83; S, 9.36.
      Found: C, 63.35; H, 9.00; S, 9.5.
PAC  EXAMPLE 32
PAC  3-Benzylsulfinyl-4-hydroxy-6-methyl-2-pyrone
PAR  3-Benzylthio-4-hydroxy-6-methyl-2-pyrone (7.45 g., 0.0282 mol) and 30%
      hydrogen peroxide (3.7 g., 0.033 mol) were combined in 30 ml. glacial
      acetic acid and stirred at room temperature for 20 hours. The solution was
      then diluted with a mixture of toluene and ethanol (5:1) and warmed in
      vacuo to codistil the acetic acid. The recovered tan solid was
      recrystallized from toluene (DARCO) to give 5.4 g. (69 percent) of the
      desired product: m.p. 150.degree.-153.degree.C. One additional
      recrystallization from toluene gave the pure compound: m.p.
      155.degree.-156.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.12 O.sub.4 S: C, 59.08; H, 4.58; S, 12.13.
      Found: C, 59.14; H, 4.4; S, 12.4.
PAC  EXAMPLE 33
PAC  3-Benzylthio-4-hydroxy-6-methyl-2-pyrone
PAR  3-Benzylthio-4-hydroxy-6-methyl-2-pyrone (7.45 g., 0.0266 mol), 30%
      hydrogen peroxide (10 g., 0.090 mol), and 50 ml. glacial acetic acid were
      combined and heated on a steam bath for 15 minutes. The clear solution was
      cooled, diluted with a mixture of toluene and ethanol (3.1) and warmed in
      vacuo to remove the acetic acid by codistillation, leaving 6.8 g. (81
      percent) of white solid: m.p. 188.degree.-190.degree.C. The solid was
      recrystallized from cyclohexane, giving the pure substance as a fluffy
      white crystalline solid: m.p. 190.degree.-191.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.12 O.sub.5 S: C, 55.70; H, 4.32; S, 11.44
      Found: C, 55.80; H, 4.33; S, 11.3.
PAC  EXAMPLE 34
PAC  3-n-Dodecylsulfonyl-4-hydroxy-6-methyl-2-pyrone
PAR  3-n-Dodecylthio-4-hydroxy-6-methyl-2-pyrone (9.8 g., 0.027 mol), 30%
      hydrogen peroxide solution (10 g., 0.090 mol), and 50 ml. glacial acetic
      acid were combined and heated on a steam bath for 15 minutes. After
      cooling to room temperature a precipitate began to form. The mixture was
      poured into 400 ml. of ice-water, and the crude product was collected on a
      filter and dried. The compound was recrystallized from cyclohexane to
      recover 8.8 g. (82 percent) of a white crystalline substance: m.p.
      78.degree.-79.degree.C. A second recrystallization from cyclohexane gave
      the pure compound: m.p. 77.degree.-78.5.degree.C.
PAR  Anal. Calcd. for C.sub.18 H.sub.30 O.sub.5 S: C, 60.30, H, 8.44; S, 8.94.
      Found: C, 60.18; H, 8.1; S, 8.7.
PAC  EXAMPLE 35
PAC  --Allylsulfinyl-4-hydroxy-6-methyl-2-pyrone
PAR  3-Allylthio-4-hydroxy-6-methyl-2-pyrone (5.95 g., 0.0300 mol), 30% hydrogen
      peroxide (3.85 g., 0.0330 mol), and 40 ml. glacial acetic acid were
      combined and stirred over night at room temperature. The clear solution
      was poured into 250 ml. ice water. The aqueous mixture was extracted with
      clhoroform. The CHCl.sub.3 was dried (Na.sub.2 SO.sub.4) and evaporated in
      vacuo. The recovered pink solid was recrystallized from
      cyclohexane-benzene to recover 5.0 g. (78 percent) of the desired
      compound. One additional recrystallization from cyclohexane-n-hexane gave
      the pure compound, m.p. 111.degree.-112.degree.C.
PAR  Anal. Calcd. for C.sub.9 H.sub.10 O.sub.4 S: C, 50.46; H, 4.70; S, 14.96.
      Found: C, 50.51; H, 4.81; S, 14.25.
PAC  EXAMPLE 36
PAC  4-Hydroxy-3-isopentylsulfinyl-6-methyl-2-pyrone
PAR  4-Hydroxy-3-isopentylthio-6-methyl-2-pyrone (4.5 g., 0.020 mol), 30%
      hydrogen peroxide (2.44 g., 0.0220 mol), and 35 ml. glacial acetic acid
      were combined and stirred over night at room temperature. The clear
      solution was diluted with a mixture of toluene and ethanol and the acetic
      acid was removed by codistillation in vacuo. A yellow liquid was recovered
      which solidified upon cooling. The compound was recrystallized from
      n-hexane to recover 2.5 g. (51 percent) of shiny yellow platelets. One
      additional recrystallization from n-hexane gave the pure compound as tiny
      white crystalline needles: m.p. 80.degree.-81.degree.C.
PAR  Anal. Calcd. for C.sub.11 H.sub.16 O.sub.4 S: C, 54.08; H, 6.02; S, 13.12.
      Found: C, 54.11; H, 6.42; S, 13.0.
PAC  EXAMPLE 37
PAC  3-n-Hexylsulfinyl-4-hydroxy-6-methyl-2-pyrone
PAR  3-n-Hexylthio-4-hydroxy-6-methyl-2-pyrone (9.1 g., 0.040 mol), 30% hydrogen
      peroxide (4.85 g., 0.0440 mol), and 40 ml. glacial acetic acid were
      combined and stirred at room temperature over night. The clear solution
      was poured into 200 ml. ice water and the resulting white precipitate was
      collected and dried in vacuo: m.p. 59.degree.-60.degree.C. The solid was
      recrystallized from n-hexane to recover 8.0 g. (77%) of the desired
      compound as white crystalline platelets, m.p. 59.degree.-60.degree.C.
PAR  Anal. Calcd. for C.sub.12 H.sub.18 O.sub.4 S: C, 55.79; H, 7.02; S, 12.41.
      Found: C, 56.0; H, 7.0; S, 12.6.
PAC  EXAMPLE 38
PAC  3-n-Hexylsulfonyl-4-hydroxy-6-methyl-2-pyrone
PAR  3-n-Hexylthio-4-hydroxy-6-methyl-2-pyrone (6.85 g., 0.0300 mol), 30%
      hydrogen peroxide (10.2 g., 0.0900 mol), and 40 ml. glacial acetic acid
      were combined and heated on a steam bath for 20 minutes. After cooling,
      the solution was poured into 200 ml. ice water and the resulting
      precipitate was collected and dried in vacuo. The compound was
      recrystallized from cyclohexane to recover 2.0 g. (25 percent) of the
      desired compound as white crystalline platelets, m.p.
      65.degree.-66.degree.C.
PAR  Anal. Calcd. for C.sub.12 H.sub.18 O.sub.5 S: C, 52.54; H, 6.61; S, 11.69.
      Found: C, 52.5; H, 6.6; S, 11.2.
PAC  EXAMPLE 39
PAC  3-Isopentylsulfonyl-4-hydroxy-6-methyl-2-pyrone
PAR  3-Isopentylthio-4-hydroxy-6-methyl-2-pyrone (2.3 g., 0.10 mol), 30%
      hydrogen peroxide (4.8 g., 0.042 mol), and 35 ml. glacial acetic acid were
      combined and heated on a steam bath for 20 minutes. After cooling, the
      solution was poured into 200 ml. ice water. The precipitate was collected
      and dried in vacuo. The solid was recrystallized from cyclohexane to
      recover 1.4 g. (54 percent) of white crystalline flakes, m.p.
      101.degree.-102.degree.C.
PAR  Anal. Calcd. for C.sub.11 H.sub.16 O.sub.5 S: C, 50.75; H, 6.20; S, 12.32.
      Found: C, 51.15; H, 6.53; S, 12.45.
PAC  EXAMPLE 40
PAC  4-Hydroxy-6-methyl-3-(p-methylbenzylsulfinyl)-2-pyrone
PAR  4-Hydroxy-6-methyl-3-(p-methylbenzylthio)-2-pyrone (10.5 g., 0.0400 mol),
      30% hydrogen peroxide (5.14 g., 0.0440 mol), and 50 ml. glacial acetic
      acid were combined and stirred at room temperature for 20 hours. The
      reaction mixture was poured into 250 ml. ice-water and the recovered white
      precipitate was collected and dried. The solids were recrystallized from
      toluene to give 3.9 g. (35 percent) of the desired compound as a pale pink
      crystalline solid, m.p. 156.degree.-158.degree.C.
PAR  Anal. Calcd. for C.sub.14 H.sub.14 O.sub.4 S: C, 60.41; H, 5.07; S, 11.52.
      Found: C, 60.95; H, 4.94; S, 11.4.
PAC  EXAMPLE 41
PAC  3-(p-Chlorobenzylsulfinyl)-4-hydroxy-6-methyl-2-pyrone
PAR  3-p-Chlorobenzylthio-4-hydroxy-6-methyl-2-pyrone (11.3 g., 0.0400 mol), 30%
      hydrogen peroxide (5.14 g., 0.0440 mol) and 50 ml. glacial acetic acid
      were combined and stirred at room temperature for 4 hours. Then stored at
      room temperature over night. The reaction mixture, containing a
      crystalline solid, was added to 200 ml. of icewater. The precipitate was
      collected and dried. The solids were recrystallized from a mixture of
      cyclohexane-toluene to recover 8.6 g. (72 percent) of the desired
      compound, m.p. 150.degree.-151.degree.C. One additional recrystallization
      from cyclo-hexane-toluene gave the pure compound as white platelets, m.p.
      151.degree.-152.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.11 ClO.sub.4 S: C, 52.26; H, 3.71; S,
      10.73. Found: C, 52.36; H, 3.79.
PAC  EXAMPLE 42
PAC  4-Hydroxy-6-methyl-3-propargylsulfinyl-2-pyrone
PAR  To a suspension of 23.1 g. (0.124 mole) of
      4-hydroxy-6-methyl-3-propargylthio-2-pyrone in 200 ml. of glacial acetic
      acid was added 14.1 g. (0.124 mole) of 30% hydrogen peroxide in 50 ml. of
      glacial acetic acid dropwise over a period of 20 minutes. The reaction
      mixture was stirred at room temperature for approximately 60 hours and
      then poured into 400 ml. of ice water. When no precipitate appeared, the
      solution was extracted with four 100 ml. portions of chloroform, and the
      extract was dried over anhydrous sodium sulfate. The chloroform was
      removed by evaporation in vacuo, leaving a solid residue and some acetic
      acid. The latter was removed by desiccation over sodium hydroxide at 0.2
      mm. Hg. for four hours. The crude product was then recrystallized from
      ethanol, giving 17.7 g. (67 percent) of pale yellow crystals, m.p.
      131.degree.-134.degree.C. A second recrystallization from ethanol gave the
      pure 4-hydroxy-6-methyl-3-propargylsulfinyl-2-pyrone as pale yellow
      needles, m.p. 133.5.degree.-134.5.degree.C.
PAR  Anal. Calcd. for C.sub.9 H.sub.8 O.sub.4 S: C, 50.93; H, 3.80; S, 15.11.
      Found: C, 50.80; H, 3.85; S, 14.8.
PAC  EXAMPLE 43
PAC  3-Cyclohexylmethylsulfinyl-4-hydroxy-6-methyl-2-pyrone
PAR  A solution, consisting of 6.00 g. (0.0236 mole) of
      3-cyclohexylmethylthio-4-hydroxy-6-methyl-2-pyrone and 2.67 g. (0.0236
      mole) of 30% hydrogen peroxide in 30 ml. of glacial acetic acid, was
      allowed to stand at room temperature for 26 hours, after which period of
      time it was poured into ice water, giving a white solid precipitate, which
      was collected on a filter and dried in vacuo over calcium chloride. The
      crude product weighed 5.8 g. (91 percent) and melted at
      132.5.degree.-133.5.degree.C. Recrystallization from ethanol gave the pure
      3-cyclohexylmethylsulfinyl-4-hydroxy-6-methyl-2-pyrone as white needles,
      m.p. 137.degree.-138.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.18 O.sub.4 S: C, 57.75; H, 6.71; S, 11.86.
      Found: C, 58.0; H, 6.62; S, 12.6.
PAC  EXAMPLE 44
PAC  3-Cyclohexylmethylsulfonyl-4-hydroxy-6-methyl-2-pyrone
PAR  A solution, consisting of 6.22 g. (0.0245 mole) of
      3-cyclohexylmethylthio-4-hydroxy-6-methyl-2-pyrone and 10 g. (0.088 mole)
      of 30% hydrogen peroxide in 50 ml. of glacial acetic acid, was heated at
      95.degree.C. for 30 minutes, cooled and poured onto ice. The white, solid
      precipitate was collected on a filter and dried in vacuo over calcium
      chloride. The dry product weighed 6.0 g. (85 percent) and melted at
      104.degree.-105.5.degree.C. Recrystallization from ethanol did not result
      in a higher melting point.
PAR  Anal. Calcd. for C.sub.13 H.sub.18 O.sub.5 S: C, 54.53; H, 6.34; S, 11.20.
      Found: C, 54.78; H, 6.27; S, 11.46.
PAC  EXAMPLE 45
PAC  4-Hydroxy-6-methyl-3-(2-phenylethylthio)-2-pyrone
PAR  To a solution of 10.1 g. (0.0800 mole) of 4-hydroxy-6-methyl-2-pyrone in
      200 ml. of ethanol was added a solution of 3.20 g. (0.0800 mole) of sodium
      hydroxide in 125 ml. of water followed by 23.4 g. (0.0800 mole) of sodium
      hydroxide in 125 ml. of water followed by 23.4 g. (0.0800 mole) of
      2-phenylethyl p-toluenethiolsulfonate. The mixture was heated under reflux
      with stirring for 15.5 hours, after which period of time the solvent was
      removed by evaporation in vacuo, and the residue shaken with water. The
      water suspension was then extracted with methylene chloride and the
      extract dried first over anhydrous sodium sulfate and then over anhydrous
      magnesium sulfate. The methylene chloride was removed by evaporation, and
      the brown, gummy residue was shaken with 100 ml. of 5% sodium hydroxide
      solution, the alkali-insoluble material being removed by extraction with
      methylene chloride and discarded. The aqueous alkaline phase was stirred
      with decolorizing charcoal at room temperature, filtered, cooled by means
      of an ice bath and acidified with dilute hydrochloric acid. A gum
      precipitated and crystallized with continued stirring. The crude product
      was collected on a filter and recrystallized from 2-propanol to give 6.8
      g. (32 percent) of white crystals, m.p. 98.5.degree.-101.degree.C. A
      second recrystallization from 2-propanol gave the pure
      4-hydroxy-6-methyl-3-(2-phenylethylthio)-2-pyrone as white crystals, m.p.
      100.5.degree.-101.degree.C.
PAR  Anal. Calcd. for C.sub.14 H.sub.14 O.sub.3 S; C, 64.10; H, 5.38; S, 12.22.
      Found: C, 64.14; H, 5.48; S, 12.10.
PAC  EXAMPLE 46
PAC  3-tert.-Butylthio-4-hydroxy-6-methyl-2-pyrone
PAR  Ice (50g.) was added slowly with stirring to 175 g. of concentrated
      sulfuric acid, keeping the temperature below 35.degree.C. by means of an
      ice-salt bath. The temperature of the diluted acid was adjusted to
      5.degree.C., and 38.6 g. (0.460 mole) of tert.-butyl alcohol was slowly
      added with stirring, keeping the temperature between 5.degree. and
      10.degree.C. 4-Hydroxy-3-mercapto-6-methyl-2-pyrone (36.4 g., 0.230 mole)
      was then added with vigorous stirring over a period of about 15 minutes,
      keeping the temperature of the reaction mixture at 5.degree.C. The cooling
      bath was then removed from the reaction vessel, and stirring was continued
      for one hour, 20 minutes, while the temperature of the reaction mixture
      rose to 24.degree.C. The mixture was then poured into ice water, and the
      gummy precipitate crystallized to a gray solid (weight 42.4 g. (86
      percent), m.p. 108.5.degree.-112.5.degree.C.) upon standing at room
      temperature overnight. The crude product was suspended in 200 ml. of water
      and then dissolved by the addition of 100 ml. of 10% sodium hydroxide
      solution. The solution was stirred at room temperature for one hour with
      decolorizing charcoal, filtered and acidified with with dilute
      hydrochloric acid. The cream-colored solid precipitate (37.7 g., m.p.
      116.5.degree.C.) was collected on a filter, washed with water and dried.
      Recrystallization from 2-propanol gave the pure
      3-tert.-butylthio-4-hydroxy-6-methyl-2-pyrone as white crystals, m.p.
      117.degree.-117.5.degree.C.
PAR  Anal. Calcd. for C.sub.10 H.sub.14 O.sub.3 S: C, 56.05; H, 6.59; S, 14.96.
      Found: C, 55.96; H, 6.71; S, 15.15.
PAC  EXAMPLE 47
PAC  3-tert.-Butylsulfinyl-4-hydroxy-6-methyl-2-pyrone
PAR  Hydrogen peroxide (30%, 5.29 g., 0.467 mole) was added in one portion to a
      solution of 10.0 g. (0.0467 mole) of
      3-tert.-butylthio-4-hydroxy-6-methyl-2-pyrone in 85 ml. of glacial acetic
      acid. The solution was allowed to stand at room temperature for 66 hours
      and then was poured into ice water, resulting in the precipitation of the
      pure product as 8.9 g. (83 percent) of white crystals, m.p. 119.degree.C.
PAR  Anal. Calcd. for C.sub.10 H.sub.14 O.sub.4 S: C, 52.16; H, 6.13; S, 13.92.
      Found: 52.06; H, 6.17; S, 13.97.
PAC  EXAMPLE 48
PAC  3-tert.-Butylsulfonyl-4--hyddroxy-6-methyl-2-pyrone
PAR  Hydrogen peroxide ((30%, 12 g.) was added to a solution of 6.50 g. (0.0303
      mole) 3-tert.-butylthio-4-hydroxy-6-methyl-2-pyrone in 55 ml. of glacial
      acetic acid. The flask was heated on the steam bath for one hour, cooled
      and the reaction mixture poured into ice water, whereupon 2.6 g. of white
      crystalline solid precipitated. The solid was collected on a filter and
      air-dried; m.p. 118.degree.-119.degree.C.; weight 2.6 g. The filtrate was
      extracted with methylene chloride and the extract dried over anhydrous
      sodium sulfate and magnesium sulfate. The methylene chloride was removed
      by evaporation in vacuo, leaving 2.9 g. more product as white crystals,
      m.p. 118.degree.-119.5.degree.C. Recrystallization from ethanol gave the
      pure 3-tert.-butylsulfonyl-4-hydroxy-6-methyl-2-pyrone as white crystals,
      m.p. 119.degree.-120.degree.C.
PAR  Anal. Calcd. for C.sub.10 H.sub.14 O.sub.5 S: C, 48.77; H, 5.73; S, 13.02.
      Found: C, 48.50; H, 5.72; S, 13.15.
PAC  EXAMPLE 49
PAC  3-(p-Fluorobenzylsulfinyl)-4-hydroxy-6-methyl-2-pyrone
PAR  To a solution of 3-(p-fluorobenzylthio)-4-hydroxy-6-methyl-2-pyrone (10.0
      g., 0.0376 mole) in glacial acetic acid (50 ml.) was added 30% hydrogen
      peroxide (4.3 g., 0.0376 mole). After standing for several days the
      solution was diluted with water, filtered and dried, yielding 6.4 g. (60
      percent) of the desired product. Recrystallization from benzene yielded
      the pure product as a white solid, m.p. 127.degree.-128.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.11 FO.sub.4 S: C, 55.31; H, 3.93; S, 11.36.
      Found: C, 55.38; H, 3.92; S, 11.33.
PAC  EXAMPLE 50
PAC  4-Hydroxy-3-isobutylsulfinyl-6-methyl-2-pyrone
PAR  To a solution of 4-hydroxy-3-isobutylthio-6-methyl-2-pyrone (8.0 g., 0.0374
      mole) in glacial acetic acid (50 ml.) was added 30% hydrogen peroxide (4.3
      g., 0.0374 mole). The solution was allowed to stand for several days and
      then was diluted with water, filtered and the cake dried, yielding 8.2 g.
      (95 percent) of the desired product. Recrystallization from hexane gave
      the pure product as an off-white solid, m.p. 102.degree.-103.degree.C.
PAR  Anal. Calcd. for C.sub.10 H.sub.14 O.sub.4 S: C, 52.15; H, 6.13; S, 13.92.
      Found: C, 52.06; H, 6.20; S, 14.04.
PAC  EXAMPLE 51
PAC  3-(o-Fluorobenzylsulfinyl)-4-hydroxy-6-methyl-2-pyrone
PAR  3-(o-Fluorobenzylthio)-4-hydroxy-6-methyl-2-pyrone (13.8 g., 0.0519 mole)
      and 30% hydrogen peroxide (5.9 g., 0.0519 mole) were mixed with glacial
      acetic acid (100 ml.) with stirring. After ten days the peroxide had been
      consumed, and the solution was diluted with water. The resulting mixture
      was extracted with methylene chloride. The extract was dried (MgSO.sub.4)
      and evaporated to dryness, leaving 13.3 g. (91 percent) of a colored
      solid. Recrystallization from a mixed hexane-benzene solution gave the
      pure product as a white solid, m.p. 115.degree.-116.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.11 FO.sub.4 S: C, 55.31; H, 3.93; S, 11.36.
      Found: C, 55.26; H, 4.18; S, 11.51.
PAC  EXAMPLE 52
PAC  3-(3,4-Dichlorobenzylsulfinyl)- 4 -hydroxy-6-methyl-2-pyrone
PAR  3-(3,4-Dichlorobenzylthio)-4-hydroxy-6-methyl-2-pyrone (12.0 g., 0.037
      mole) and 40% peroxyacetic acid (7.2 g., 0.0378 mole) were dissolved in
      glacial acetic acid (200 ml.). After a day there was no peroxide left and
      a solid had crystallized. The mixture was diluted with water and extracted
      with methylene chloride. The extract was dried (MgSO.sub.4) and evaporated
      to dryness leaving 11.9 g. (95 percent) of an off-white solid.
      Recrystallization from benzene gave the pure product as a white solid,
      m.p. 144.degree.-146.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.10 Cl.sub.2 O.sub.4 S: C, 46.86; H, 3.03.
      Found: C, 46.9; H, 3.11.
PAC  EXAMPLE 53
PAC  3-(2,4-Dichlorobenzylsulfinyl)-4-hydroxy-6-methyl-2-pyrone
PAR  3-(2,4-Dichlorobenzylthio)-4 -hydroxy-6-methyl-2-pyrone (13.0 g., 0.041
      mole) and 40% peroxyacetic acid (7.8 g., 0.041 mole) were dissolved in
      glacial acetic acid (200 ml.). The solution was allowed to stand at room
      temperature for two weeks, then was diluted with water and extracted with
      methylene chloride. The extract was dried (MgSO.sub.4) and evaporated to
      dryness, leaving 12.6 g. (93 percent) of an off-white solid.
      Recrystallization from benzene gave the pure product as white needles,
      m.p. 144.degree.-146.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.10 Cl.sub.2 O.sub.4 S: C, 46.86; H, 3.03.
      Found: C, 46.7; H, 3.07.
PAC  EXAMPLE 54
PAC  3-(m-Fluorobenzylsulfinyl)- 4-hydroxy-6-methyl-2-pyrone
PAR  3-m-Fluorobenzylthio)-4-hydroxy-6-methyl-2-pyrone (6.0 g., 0.0265 mole) and
      30% hydrogen peroxide (3.0 g., 0.0265 mole) were dissolved in glacial
      acetic acid (100 ml.) and allowed to stand at room temperature for four
      days. There was still peroxide remaining but the solution was diluted with
      water and extracted with methylene chloride. The methylene chloride
      extract was dried (MgSO.sub.4) and evaporated to dryness leaving 5.9 g.
      (79 percent) of an off-white solid. Recrystallization from benzene gave a
      white solid that nmr and IR analysis indicated was a l:1 mixture of the
      desired sulfoxide and the sulfone.
PAC  EXAMPLE 55
PAC  Ammonium salt of 3-benzylsulfinyl-4-hydroxy-6-methyl-2-pyrone
PAR  3-Benzylsulfinyl-4-hydroxy-6-methyl-2-pyrone (10.0 g., 0.0365 mole) was
      dissolved in concd. ammonium hydroxide (100 ml.). The solution was
      evaporated to dryness at 6 mm. pressure, keeping the temperature below
      70.degree.C. The residue was mixed with acetone from which the product
      slowly crystallized. The product was filtered and dried giving 4.4 g. (42
      percent) of a white solid, m.p. 163.degree.-164.degree.C.
PAC  EXAMPLE 56
PAC  3-(p-Fluorobenzylsulfonyl)-4-hydroxy-6-methyl-2-pyrone
PAR  To a mixture of 3-(p-fluorobenzylthio)-4-hydroxy-6-methyl-2-pyrone(10.2 g.,
      0.0383 mole) in glacial acetic acid (50 ml.) was added 30% hydrogen
      peroxide (8.7 g., 0.0766 mole). The mixture was heated at reflux for 1.5
      hours and diluted with water. The resulting mixture was filtered and
      dried, giving the desired product as 7.6 g. (53 percent) of a white solid.
      Recrystallization from benzene gave the pure product as a white solid,
      m.p. 180.degree.-182.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.11 FO.sub.5 S: C, 52.34; H, 3.72; S, 10.75.
      Found: C, 52.88; H, 3.77; S, 10.7.
PAC  EXAMPLE 57
PAC  4-Hydroxy- 3-isobutylsulfonyl-6-methyl-2-pyrone
PAR  4-Hydroxy-3-isobutylthio-6-methyl-2-pyrone (8.0 g., 0.0374 mole) and 30%
      hydrogen peroxide (8.6 g., 0.0748 mole) were dissolved in glacial acetic
      acid (50 ml.) and heated at reflux for two hours. The solution was diluted
      with water, in which the product was soluble. The aqueous solution was
      extracted with methylene chloride. The extract was dried (MgSO.sub.4) and
      evaporated to dryness, leaving 8.8 g. (96 percent) of the desired product.
      Recrystallization from benzene gave the pure product as white needles,
      m.p. 90.degree.-91.degree.C.
PAR  Anal. Calcd, for C.sub.10 H.sub.14 O.sub.5 S: C, 48.77; H, 5.73 S, 13.02.
      Found: C.sub.48.7; H, 5.70; S, 13.29.
PAC  EXAMPLE 58
PAC  3-(3,4-Dichlorobenzylsulfonyl)-4-hydroxy-6-methyl-2-pyrone
PAR  3-(3,4-Dichlorobenzylthio)-4-hydroxy-6-methyl-2-pyrone (10.8 g., 0.034
      mole) and 30% hydrogen peroxide (7.8 g., 0.068 mole) were dissolved in
      glacial acetic acid (100 ml.) and heated at reflux for two hours. The
      solution was diluted with water and extracted with methylene chloride. The
      methylene chloride extract was dried (MgSO.sub.4) and evaporated to
      dryness, leaving 9.7 g. (82 percent) of an off-white solid.
      Recrystallization from benzene gave the pure compound as a white solid,
      m.p. 144.degree.-145.degree.C.
PAR  Anal Calcd, for C.sub.13 H.sub.10 Cl.sub.2 O.sub.5 S: C, 44.71; H, 2.89.
      Found: C, 44.9; H, 2.86.
PAC  EXAMPLE 59
PAC  4-Hydroxy-3-isobutylthio-6-methyl-2-pyrone
PAR  4-Hydroxy-6-methyl-2-pyrone (37.9 g., 0.3 mole), isobutyl
      methanethiolsulfonate (50.5 g., 0.3 mole), sodium hydroxide (12.0 g., 0.3
      mole), water (100 ml.) and ethanol (200 ml.) were mixed and heated under
      reflux for 24 hours. The ethanol was removed under vacuum and the residue
      was mixed with water and extracted with chloroform. The extract was dried
      (MgSO.sub.4) and the solvent removed by evaporation. The oily residue was
      crystallized from hexane, giving 21.5 g. (33 percent) of the pure product
      as a white fluffy solid, m.p. 106.5.degree.-107.5.degree.C.
PAR  Anal. Calcd. for C.sub.10 H.sub.14 O.sub.3 S: C, 56.06; H, 6.59; S, 14.96:
      Found: C, 56.34; H, 6.73; S, 12.59.
PAC  EXAMPLE 60
PAC  3-(o-Fluorobenzylthio)-4-hydroxy-6-methyl-2-pyrone
PAR  4-Hydroxy-3-mercapto-6-methyl-2-pyrone (49.5 g., 0.313 mole) and
      o-fluorobenzyl chloride (45.3 g., 0.313 mole) were dissolved in pyridine
      (250 ml.). The temperature rose from 20.degree. to 43.degree.C. The
      solution was heated at 90.degree.C. for two hours, cooled and poured over
      ice and concd. hydrochloric acid (500 ml.). This mixture was extracted
      with methylene chloride. The extract was dried (MgSO.sub.4) and evaporated
      to dryness, leaving an oily residue (80 g.) which is dissolved in hot
      benzene. Hexane was added to this hot benzene solution and an oil
      separated. The solution was decanted off. This was repeated until a solid
      separated. The mixture was cooled and filtered, giving 38.0 g. (46
      percent) of the desired product. Recrystallization from benzene gave the
      pure product as a pale yellow solid, m.p. 123.degree.-125.degree.C.
PAR  Anal. Calcd, for C.sub.13 H.sub.11 FO.sub.3 S: C, 58.63; H, 4.16; S, 12.04.
      Found: C, 58.55; H, 4.24; S, 12.13.
PAC  EXAMPLE 61
PAC  3(2,4Dichlorobenzylthio)-4-hydroxy-6-methyl-2-pyrone
PAR  4-Hydroxy-3-mercapto-6-methyl-2-pyrone (47.5 g., 0.300 mole) and
      .alpha.2,4-trichlorotoluene (58.6 g., 0.300 mole) were dissolved in
      pyridine (250 ml.). The temperature rose from 20.degree. to 43.degree.C.
      The solution was then heated at 90.degree.C. for two hours, cooled and
      poured onto ice and 500 ml. of concd. hydrochloric acid. The resulting
      mixture was extracted with methylene chloride. The extract was dried
      (MgSO.sub.4) and the solvent removed by evaporation. The residue was mixed
      with hexane, filtered and dried, giving 53.3 g. (56 percent) of the
      desired product. Recrystallization from benzene gave the pure product as a
      white solid, m.p. 163.degree.-164.degree.C.
PAR  Anal. Calcd, for C.sub.13 H.sub.10 Cl.sub.1 O.sub.3 S: C, 49.22; H, 3.18;
      Cl, 22.36. Found: C, 49.35; H, 3.25; Cl, 22.10.
PAC  EXAMPLE 62
PAC  3-(m-Fluorobenzylthio)-4-hydroxy-6-methyl -2-pyrone
PAR  4-Hydroxy-3-mercapto-6-methyl-2-pyrone (50 g., 0.317 mole) and
      m-fluorobenzylchloride (45.8 g., 0.317 mole) were dissolved in pyridine
      (250 ml.). The temperature rose from 20.degree. to 36.degree.C. The
      resulting solution was heated at 90.degree.C. for two hours and poured
      over ice and 500 ml. of concd. hydrochloric acid. This mixture was
      extracted with methylene chloride. The extract was dried (MgSO.sub.4) and
      the solvent removed by evaporation. The residue was mixed with hexane,
      filtered and dried, yielding 44.6 g. (53 percent) of the desired product.
      Recrystallization from benzene gave the pure product as a white solid,
      m.p. 123.5.degree.-124.degree.C.
PAR  Anal. Calcd, for C.sub.13 H.sub.11 FO.sub.3 S: C, 58.63; H, 4.16; S, 12.04.
      Found: C, 58.32; H, 4.17; S, 12.12.
PAC  EXAMPLE 63
PAC  Ammonium salt of 4-hydroxy-3-isobutylthio-6-methyl-2-pyrone
PAR  4-Hydroxy-3-isobutylthio-6-methyl-2-pyrone (5.0 g., 0.023 mole) was
      dissolved in concd. ammonium hydroxide (100 ml.) and evaporated to dryness
      at 6 mm pressure, keeping the temperature below 70.degree.C. The residue
      was mixed with acetone, filtered and dried, giving 4.0 g. (75 percent) of
      the pure product was a white solid, m.p. 163.degree.-164.degree.C.
PAC  EXAMPLE 64
PAC  3-(1-Adamantylthio)-4-hydroxy-6-methyl-2-pyrone
PAR  Ice (22 g.) was slowly added to 90 g. of concd. sulfuric acid with
      stirring, keeping the temperature below 35.degree.C. by means of an
      ice-salt bath. 1-Adamantanol (18.2 g., 0.120 mole) was added followed by
      the slow addition of 15.8 g. (0.100 mole) of
      4-hydroxy-3-mercapto-6-methyl-2-pyrone, keeping the temperature of the
      reaction mixture between 0.degree. and 5.degree.C. The ice bath was then
      removed from the reaction vessel, and the reaction mixture was warmed to
      30.degree.-40.degree.C. with vigorous stirring for 1.5 hours. The mixture
      was then poured into ice water and allowed to stand for about 15 hours.
      The crude, solid product was collected on a filter, dried in vacuo over
      calcium chloride and recrystallized from ethanol (Darco) to give 8.3 g.
      (28 percent) of colorless needles, m.p. 175.5.degree.-176.5.degree.C. A
      second recrystallization from ethanol gave the pure product as colorless
      needles, m.p. 176.degree.-177.degree.C.
PAR  Anal. Calcd. for C.sub.12 H.sub.20 O.sub.3 S: C, 65.72; H, 6.90; S, 10.97.
      Found: C, 65.90; H, 6.90; S, 10.89.
PAC  EXAMPLE 65
PAC  3-(1-Adamantylsulfinyl)-4hydroxy-6-methyl- 2-pyrone
PAR  To a solution of 2.0 g. (0.0068 mole) of
      3-(1-adamantylthio)-4-hydroxy-6-methyl-2-pyrone in 50 ml. of glacial
      acetic acid was added 0.78 g. (0.0070 mole) of 30% hydrogen peroxide and
      the solution allowed to stand at room temperature for 19 hours. The
      solution was then poured into ice water, and the resulting white solid
      precipitate was collected on a filter and recrystallized from ethanol to
      give the pure product 3-(1-adamantylsulfinyl)-4-hydroxy-6-methyl- 2-pyrone
      as 1.67 g. (80 percent) of colorless needles, m.p. 174.5.degree.C.
PAR  Anal. Calcd. for C.sub.16 H.sub.20 O.sub.4 S: C, 62.31; H, 6.54; S, 10.40.
      Found: C, 62.44; H, 6.48; S, 10.55.
PAR  The compounds of the invention are employed as plant growth regulators for
      stunting plant, particularly grasses and including corn and wheat. Such
      stunting is advantageous to plant health and disease resistance. Stunting
      also facilitates mechanical harvesting. With corn and wheat, stunting
      prevents lodging.
PAR  Some of the compounds of the invention are also useful as antimicrobials,
      being effective against Mycobacterium phlei, Staphylococcus aureus,
      Trichophyton mentagrophytes, Bacillus subtilis, Trichoderma species,
      Cephaloascus fragans, Candida albicans, Candida pelliculosa, Pullularia
      pullalans and Aspergillus terreous. This is not to suggest that such
      compounds are equally effective against all such organisms or at the same
      concentrations.
PAR  Whether in use as plant growth regulators or as antimicrobials, the
      compounds can be employed in an unmodified form or dispersed on a finely
      divided solid and employed as dusts. Such mixtures can also be dispersed
      in water with or without the aid of a surface active-agent and the
      resulting aqueous suspensions employed as sprays. In other procedures, the
      products can be employed as active constituents in solvent solution,
      oil-in-water, or water-in-oil emulsions or aqueous dispersions. The
      augmented compositions are adapted to be formulated as concentrates and
      subsequently diluted with additional liquid or solid adjuvants to produce
      the ultimate treating compositions. Good results are obtained when
      employing compositions containing plant growth regulating or antimicrobial
      concentrations and usually from about 10 to about 10,000 parts by weight
      or one or more of the compounds per million parts of such composition for
      antimicrobial application and from about 2 to about 10 pounds per acre for
      pre-emergent application for plant growth stunting and from about 1,000 to
      about 5,000 parts per million for foliar application for plant growth
      stunting.
PAR  In the following Table, data are presented for plant growth stunting of
      various grasses, including wheat and corn, by conventional pre-emergent
      and foliar application for the indicated compounds of the examples. The
      data indicate percent growth reduction expressed as a percentage of normal
      growth controls.
TBL                                    Table I                                 

     __________________________________________________________________________

     Plant Growth Stunting, % Reduction vs. Application Rate                   

     Pre-emergent                                                              

             %            Foliar                                               

                                %                                              

     Example                                                                   

            Reduction/lb./acre                                                 

                          Example                                              

                               Reduction/ppm .times. 10.sup.3                  

     __________________________________________________________________________

      9     white winter   1   cotton/10/4                                     

            wheat/30/5     9   cultured rice/40/1                              

            corn/20/5                                                          

     10     beans/60/10        sorghum/50/4                                    

     12     beans/60/20   15   cotton/20/4                                     

            crabgrass/75/20                                                    

                          17   soybeans/30/4                                   

     13     corn/30/10         winter wheat/30/4                               

            winter wheat/30/10 beans/50/4                                      

     16     white winter wheat/15/10                                           

                          19   sorghum/20/4                                    

                          43   sorghum/35/4                                    

                          48   cotton/30/4                                     

     18     crabgrass/80/20                                                    

                          49   crabgrass/90/4                                  

            yellow foxtail/70/20                                               

                               yellow foxtail/50/4                             

     19     cultured rice/40/10                                                

                          50   sorghum/40/4                                    

     20     soybeans/30/10                                                     

                          54   sorghum/45/4                                    

            cultured rice/30/2                                                 

                          55   sorghum/50/4                                    

     21     white winter       crabgrass/60/4                                  

            wheat/30/2         wild oats/50/4                                  

            corn/20/2     56   sorghum/20/4                                    

     22     white winter  59   soybeans/30/2.5                                 

            wheat/40/2         sorghum/60/4                                    

            corn/40/2     61   crabgrass/80/4                                  

     24     cotton/40/10  62   sorghum/20/4                                    

     25     cultured rice/30/10                                                

                          63   soybeans/40/5                                   

     26     foxtail/100/20     corn/30/2.5                                     

     27     white winter  65   barnyard grass/40/4                             

            wheat/50/20                                                        

            corn/50/2                                                          

            cultured rice/50/2                                                 

     30     corn/20/10                                                         

     31     corn/20/2                                                          

     32     cultured rice/30/5                                                 

            white winter                                                       

            wheat/50/2                                                         

            corn/50/2                                                          

     33     bindweed/100/20                                                    

     35     Johnson grass/100/20                                               

     36     Johnston grass/100/20                                              

            barnyard grass/25/10                                               

     37     cultured rice/50/10                                                

            yellow foxtail/70/10                                               

     38     cultured rice/25/10                                                

     39     yellow foxtail/75/10                                               

            crabgrass/50/10                                                    

     40     white winter                                                       

            wheat/40/2                                                         

            corn/50/2                                                          

     41     white winter                                                       

            wheat/40/2                                                         

            corn/30/2                                                          

     42     white winter                                                       

            wheat/30/10                                                        

            corn/30/5                                                          

     43     white winter                                                       

            wheat/40/2                                                         

            corn/40/2                                                          

     44     white winter                                                       

            wheat/30/2                                                         

            corn/40/2                                                          

     46     wild oats/100/20                                                   

            crabgrass/90/20                                                    

     47     wild mustard/100/20                                                

            crabgrass/40/20                                                    

     49     cultured rice/40/10                                                

            crabgrass/90/20                                                    

     50     cultured rice/20/10                                                

            crabgrass/90/20                                                    

     51     winter wheat/60/2                                                  

            corn/27/2                                                          

            cotton/37/2                                                        

     52     wild mustard/100/20                                                

            crabgrass/50/20                                                    

     53     crabgrass/70/20                                                    

            wild oats/30/20                                                    

     54     cultured rice/10/10                                                

            crabgrass/80/20                                                    

     55     crabgrass/90/20                                                    

            yellow foxtail/85/20                                               

     56     cultured rice/10/10                                                

            crabgrass/60/20                                                    

     57     crabgrass/40/20                                                    

            barnyard grass/40/20                                               

     58     pigweeds/100/20                                                    

     59     cultured rice/70/10                                                

            Johnson grass/90/2                                                 

     60     crabgrass/50/20                                                    

            yellow foxtail/75/20                                               

     62     cultured rice/35/10                                                

     63     cultured rice/20/10                                                

            white winter                                                       

            wheat/30/2                                                         

     64     yellow foxtail/40/20                                               

            barnyard grass/30/20                                               

     __________________________________________________________________________

PAR  The following Table presents minimum growth inhibitory concentrations of
      the compounds of the indicated examples as determined by conventional agar
      dilution tests for the indicated bacteria, fungi and yeasts. At the
      indicated concentrations, no growth for the organisms was observed.
TBL                                    Table II                                

     __________________________________________________________________________

     Minimum Growth Inhibitory Concentration, ppm                              

     Example                                                                   

          Mp* Sa  Tm  Bs  T   CI  Ca  Cp  Pp  At                               

     __________________________________________________________________________

      4   10                                                                   

     10   10  100 10  10  500                                                  

     14   500 500 500                                                          

     16   500                                                                  

     18           500                                                          

     19           500 500                                                      

     21   500 500 500 500                                                      

     25   100 500 500 500     500                                              

     31   10  100 10  10          500 500 500                                  

     34   10  100 500 10                                                       

     45                   500                                                  

     50               500                                                      

     61   500 500 500 500 500                 500                              

     __________________________________________________________________________

     Controls no growth inhibition                                             

     __________________________________________________________________________

      *Mp = Mycobacterium phlei                                                

      Sa = Staphylococcus aureus                                               

      Tm = Trichophyton mentagrophytes                                         

      Bs = Bacillis subtilis                                                   

      T   = Trichoderma species                                                

      Cf = Cephaloascus fragans                                                

      Ca = Candida albicans                                                    

      Cp = Candida pelliculosa                                                 

      Pp = Pullularia pullulans                                                

      At =  Aspergillus terreus                                                

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for making a compound corresponding to the formula
      ##SPC7##
PAL  wherein R' represents a 1 to 20 carbon alkyl, phenyl, halophenyl,
      nitrophenyl, lower alkylphenyl, benzyl, phenethyl, naphthylmethyl,
      halobenzyl, lower alkylbenzyl, nitrobenzyl, propargyl, allyl, cyclohexyl
      loweralkyl, (lower alkylthio)-loweralkyl or adamantyl, which comprises
      reacting an alkali metal salt of 4-hydroxy-6-methyl-2-pyrone with a
      substantially equimolar proportion of an R'-thiolsulfonate of the formula
      R.sup.2 --SO.sub.2 SR' wherein R.sup.2 is methyl, phenyl or p-tolyl in the
      presence of an inert organic solvent at substantially reflux temperature;
      and recovering the said compound.
PATN
WKU  039312364
SRC  5
APN  3519805
APT  1
ART  122
APD  19730417
TTL  Oxidation and dehydrohalogenation of halotetrahydropyrans
ISD  19760106
NCL  3
ECL  1
EXA  Tighe; Anne Marie T.
EXP  Daus; Donald G.
INVT
NAM  Holtz; Hans D.
CTY  Bartlesville
STA  OK
INVT
NAM  Mahan; John E.
CTY  Bartlesville
STA  OK
ASSG
NAM  Phillips Petroleum Company
CTY  Bartlesville
STA  OK
COD  02
CLAS
OCL  2603435
EDF  2
ICL  C07D30930
FSC  260
FSS  343.5
UREF
PNO  2453890
ISD  19481100
NAM  Bremner et al.
OCL  260343.5
UREF
PNO  3527771
ISD  19700900
NAM  Stapp
OCL  260345.1
OREF
PAL  Wagner and Zook, Synthetic Organic Chemistry, New York, Wiley & Sons, 1953,
      pp. 35-38 relied on.
ABST
PAL  A halotetrahydropyran is oxidized and dehydrohalogenated employing oxygen
      and a free radical initiator.
PAL  4-Chlorotetrahydropyran is converted to 5,6-dihydro-1,2-pyrone using
      2,2'-azobis(2-methylpropionitrile) under elevated oxygen pressure and at a
      temperature of the order of about 170.degree.F.
BSUM
PAR  This invention relates to the oxidation and dehydrohalogenation of a
      halotetrahydropyran. In one of its aspects, it relates to the production
      of a dihydropyrone, e.g., 5,6-dihydro-1,2-pyrone, employing an oxidation
      and dehydrohalogenation process.
PAR  In one of its concepts, the invention provides a process for the production
      of a dihydropyrone by oxidation and dehydrohalogenation of a
      halotetrahydropyran in the presence of oxygen or an oxygen-containing
      gaseous medium and a free radical initiator at ordinary, but preferably an
      elevated temperature, the partial pressure of oxygen being about 2-200
      psig which is sufficient to accomplish the oxidation and
      dehydrohalogenation. It is to be noted that U.S. Pat. No. 3,527,771
      describes and claims the thermal dehydrohalogenation of
      4-halotetrahydropyrans such as 4-chlorotetrahydropyran in the temperature
      range of 400.degree. to 600.degree.C.
PAR  We have now discovered, quite unexpectedly, when attempting to produce a
      chlorolactone from 4-chlorotetrahydropyran by free radical oxidation that
      the major product of the oxidation is, in fact, the unsaturated lactone.
      Thus, we have discovered that oxidation and dehydrohalogenation occurs in
      the presence of oxygen or oxygen-containing gas and a free radical
      initiator to yield the unsaturated lactone or dihydropyrone and this at a
      relatively quite low, even in fact ordinary temperature.
PAR  It is an object of this invention to produce a dihydropyrone. It is another
      object of this invention to oxidize and dehydrohalogenate a
      halotetrahydropyran at a relatively low temperature. It is a further
      object of the invention to produce 5,6-dihydro-1,2-pyrone. Still another
      object of the invention is to oxidize and dehydrohalogenate a
      halotetrahydropyran at low or ordinary temperatures.
PAR  Other aspects, concepts, objects, and the several advantages of the
      invention are apparent from a study of this disclosure and the appended
      claims.
PAR  According to the present invention, there is provided a process for the
      oxidation and dehydrohalogenation of a halotetrahydropyran to form a
      dihydropyrone or unsaturated lactone which comprises contacting the
      halotetrahydropyran with oxygen or an oxygen-containing gas in the
      presence of a free radical initiator for a time sufficient to effect the
      desired conversion.
PAR  As noted, the reaction takes place at ordinary temperatures. However, an
      elevated temperature is now preferred as given herein.
PAR  Conditions including temperature, reaction time and partial pressure of
      oxygen, as well as the free radical initiator selected, can be varied
      considerably within the scope of the broad concept of the invention. One
      skilled in the art in possession of this disclosure having studied the
      same will understand that the reaction which can be achieved is a
      discovery upon which this application for patent is based. Given the
      conditions herein, depending upon the starting material or materials and
      product or products sought to be obtained, the conditions can be
      determined by routine testing.
PAR  Thus, in accordance with the present invention, halotetrahydropyran such as
      4-chlorotetrahydropyran and 3-bromotetrahydropyran (A) are converted to
      5,6-dihydro-1,2-pyrone (B) in the presence of oxygen and a free radical
      initiator such as 2,2'-azobis(2-methylpropionitrile) (AIBN) as shown
      below:
      ##SPC1##
PAL  wherein X represents bromine, chlorine or iodine and the halogen is
      attaching the three or four position of the tetrahydropyran ring.
PAR  Free radical initiators which can be used include such as
      2,2'-azobis(2-methylpropionitrile) (AIBN), di-tert-butyl peroxide,
      tert-butyl hydroperoxide, cumyl peroxide, benzoyl peroxide, cumene
      hydroperoxide, and the like.
PAR  In a now preferred embodiment, the feedstock (A) is 4-chlorotetrahydropyran
      and the free radical initiator is 2,2'-azobis(2-methylpropionitrile)
      (AIBN). Other suitable feedstocks include 4- and 3-bromotetrahydropyran,
      4- and 3-iodotetrahydropyran and 3-chlorotetrahydropyran.
PAR  The following approximate parameters are suitable for the practice of the
      present invention:
TBL  Parameter           Suitable   Preferred                                  

     ______________________________________                                    

     Temperature, .degree.C                                                    

                          30-180    50-130                                     

     Reaction Time (Hours)                                                     

                         0.1-100     5-50                                      

     Partial Pressure Oxygen (psig)                                            

                          2-200     50-100                                     

     ______________________________________                                    

PAR  Pure oxygen can be used; however, there can be used an inert diluent such
      as nitrogen, neon, helium, argon, krypton, and xenon.
PAR  Safety considerations dictate against the use of the upper end of the
      temperature range coupled with the upper limit of the oxygen partial
      pressure range. In general, lower temperatures will require longer
      reaction periods to attain a specified conversion at constant oxygen
      pressure. Reaction temperatures generally will be higher than the
      decomposition temperature of the initiator used. Such temperatures are
      well known in the art for the used initiators.
PAR  Halogenated aromatic compounds such as aryl chlorides and aryl fluorides
      are solvents useful in the present process. Suitable solvents or diluents
      include chlorobenzene, fluorobenzene, ortho-dichlorobenzene,
      1,2,4-trichlorobenzene, 1,3,5-trichlorobenzene, meta-difluorobenzene,
      para-dichlorobenzene, 1-chloronaphthalene, 1-fluoronaphthalene,
      meta-dichlorobenzene, and the like, mixtures thereof.
PAR  The present process can be carried out in conventional pressure vessels
      which are made of materials resistant to the corrosive effects of the
      hydrohalic acid by-product. Presently a glass-lined Parr titanium
      autoclave is preferred although all glass pressure reactors are suitable.
DETD
PAR  The following is an example enabling one skilled in the art to perform the
      invention and to conduct routine experimentation rendered obvious by this
      disclosure.
PAC  EXAMPLE I
PAR  A 55.6 g (0.46 mole) sample of 4-chlorotetrahydropyran and 0.3 g
      2,2'-azobis(2-methylpropionitrile) (AIBN) was placed in a glass-lined Parr
      titanium autoclave and the system was pressured to 100 psig O.sub.2. After
      a reaction period of 46 hours at 170.degree.F (76.6.degree.C), the
      reaction mixture was distilled to give 49.9 g (0.41 mole) of recovered
      4-chlorotetrahydropyran (10.2% conversion). The distillation residue was
      stirred with water for four days at room temperature. The aqueous phase
      was separated and the water was removed under vacuum. The resulting
      residue was treated with 0.1 g polyphosphoric acid and distilled at 0.1 mm
      Hg. The fraction distilling up to 60.degree.C weighed 0.73 g and was shown
      to be 5,6-dihydro-1,2-pyrone by infrared, nuclear magnetic resonance and
      mass spectral analyses. The 0.73 g fraction was shown to be 90+% pure
      5,6-dihydro-1,2-pyrone by glc analysis.
PAR  The water insoluble fraction from the four-day water extraction above was
      distilled at 0.1 mm Hg to give 1.29 g of distillate which was shown to be
      50% 5,6-dihydro-1,2-pyrone by glc analysis. The total yield of
      5,6-dihydro-1,2-pyrone amounted to approximately 1.30 g which represents a
      28% yield.
PAR  Reasonable variation and modification are possible within the scope of the
      foregoing disclosure and the appended claims to the invention the essence
      of which is that a halotetrahydropyran is converted by oxidation and
      dehydrohalogenation, as described and under conditions and with
      oxygenating or oxidizing gas and a free radical initiator also as
      described to produce, unexpectedly, a dihydropyrone.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing a 5,6-dihydro-1,2-pyrone comprising the steps of
      reacting a monohalotetrahydropyran selected from the group consisting of
      4-chlorotetrahydropyran, 3-chlorotetrahydropyran, 4-bromotetrahydropyran,
      3-bromotetrahydropyran, 4-iodotetrahydropyran, and 3-iodotetrahydropyran
      with oxygen at a partial O.sub.2 pressure of from about 2 to about 200
      psig and a temperature of from about 30.degree. to about 180.degree.C in
      the presence of a free radical initiator selected from the group
      consisting of 2,2'-azobis(2-methylpropionitrile) (AIBN), di-tert-butyl
      peroxide, tert-butyl hydroperoxide, cumyl peroxide, benzoyl peroxide, and
      cumene hydroperoxide, capable of functioning as oxidation initiators under
      the reaction conditions employed.
NUM  2.
PAR  2. A process according to claim 1 wherein the halotetrahydropyran is
      4-chlorotetrahydropyran.
NUM  3.
PAR  3. A process for preparing 5,6-dihydro-1,2-pyrone comprising the step of
      reacting 4-chlorotetrahydropyran with oxygen at a temperature of about
      30.degree. to about 180.degree.C, at a partial O.sub.2 pressure of from
      about 2 to about 200 psig, in the presence of
      2,2'-azobis(2-methylpropionitrile) for about 0.1 to about 100 hours.
PATN
WKU  039312372
SRC  5
APN  4910923
APT  1
ART  122
APD  19740723
TTL  Production of 2,2-disubstituted propiolactones
ISD  19760106
NCL  24
ECL  1
EXA  Tighe; Anne Marie T.
EXP  Daus; Donald G.
INVT
NAM  Holmes; Jerry D.
CTY  Longview
STA  TX
ASSG
NAM  Eastman Kodak Company
CTY  Rochester
STA  NY
COD  02
RLAP
COD  72
APN  394370
APD  19730904
PSC  03
CLAS
OCL  2603439
XCL  252454
XCL  252456
EDF  2
ICL  C07D30512
FSC  260
FSS  343.9
UREF
PNO  2462357
ISD  19490200
NAM  Caldwell et al.
OCL  260343.9
UREF
PNO  2469704
ISD  19490500
NAM  Stone
OCL  260343.9
UREF
PNO  2806064
ISD  19570900
NAM  McKlveen
OCL  260343.9
UREF
PNO  3201474
ISD  19650800
NAM  Hasek et al.
OCL  260343.9
LREP
FR2  Weber; Edward R.
FR2  Reece, III; Daniel B.
ABST
PAL  The present invention relates to a process for the manufacture of
      2,2-disubstituted propiolactones from isoanhydrides and formaldehyde, as
      shown in the following equation:
      ##SPC1##
PAL  Wherein R and R.sup.1 individually may be a straight- or branched-chain
      alkyl, aryl or aralkyl group having 1 to 10 carbon atoms. The reaction is
      conducted at a temperature of from about 190.degree.C. to about
      400.degree.C. in the presence of a metal oxide-silica gel complex which
      results from heating the calcined residue of a salt of a metal selected
      from the group consisting of Ta, Ti, Nb and Zr supported upon a silica gel
      in the presence of nitrogen and steam at a temperature of from about
      650.degree.C. to about 1000.degree.C.
PARN
PAR  This is a continuation-in-part application of my copending application,
      Ser. No. 394,370 filed Sept. 4, 1973 now abandoned, entitled "Production
      of 2,2-Disubstituted Propiolactones."
BSUM
PAR  The present invention relates to a process for preparing 2,2-disubstituted
      propiolactones by the reaction of an isoanhydride with formaldehyde
      according to the following formula:
      ##SPC2##
PAL  Wherein R and R.sup.1 individually may be a straight- or branched-chain
      alkyl, aryl, or aralkyl group having 1 to 10 carbon atoms, preferably 1 to
      6 carbon atoms, at a temperature of from about 190.degree.C. to about
      400.degree.C.
PAR  2,2-Disubstituted propiolactones are useful in the polymer industry as a
      starting material for synthetic resins and synthetic fibers. They are also
      useful in the pharmaceutical industry and have heretofore been prepared by
      a variety of methods. For example, in U.S. Pat. No. 2,356,459, there is
      described a well-known method for preparing 2,2-disubstituted
      propiolactones by the addition reaction of dimethyl ketene and
      formaldehyde. The known methods for the manufacture of 2,2-disubstituted
      propiolactones, however, can be practiced on the commercial scale only
      with difficulties and resultant economic disadvantages.
PAR  It is, therefore, an object of my invention to provide a simplified method
      for the preparation of 2,2-disubstituted propiolactones.
PAR  It is another object to provide a one-step method for the preparation of
      2,2-disubstituted propiolactones.
PAR  Other objects of the invention will become apparent from a consideration of
      the sepcification and claims of this application.
PAR  The prior literature described a reaction of primarily aromatic aldehydes
      with anhydrides to give unsaturated acids. These reactions are normally
      conducted in the liquid phase using basic catalysts. Aliphatic aldehydes
      are usually unsuitable for this reaction. In the liquid phase, aldehydes
      normally react with anhydrides to form gem-diesters. For example,
      formaldehyde, when reacted with butyric anhydride, normally gives
      methylene dibutyrate (J. F. Walker, "Formaldehyde," 3rd Ed., ACS Monograph
      Series No. 152, Reinholt, p. 350). No prior literature is known which
      describes the condensation of aldehydes with acid anhydrides to produce
      lactones. U.S. Pat. application Ser. No. 303,567 filed Nov. 3, 1972,
      discloses a process for producing 2,2-disubstituted propiolactones from an
      isoanhydride and formaldehyde in the presence of a catalyst consisting of
      a supported heavy metal oxide. These catalysts, however, are not
      completely satisfactory because they give substantially lower yields and
      conversions of the desired lactone or they lose activity during use and
      are difficult to reactivate.
PAR  In the process of the instant invention, an isoanhydride having the formula
      ##EQU1##
      is condensed with formaldehyde to yield a 2,2-disubstituted propiolactone
      having the formula
      ##SPC3##
PAL  and an organic acid having the formula
      ##EQU2##
      wherein R and R.sup.1 individually may be a straight- or branched-chain
      alkyl, aryl or aralkyl group having 1 to 10 carbon atoms, preferably 1 to
      6 carbon atoms. The reaction is catalyzed by a metal oxide-silica gel
      complex which results from heating the calcined residue of silica gel and
      a water-soluble salt of a metal selected from the group consisting of
      tantalum, titanium, niobium and zirconium in the presence of nitrogen and
      steam at a temperature of from about 650.degree.C. to about 1000.degree.C.
      and preferably less than about 900.degree.C. Good results are obtained
      when the calcined residue is heated at a temperature of from about
      730.degree.C. to about 780.degree.C. for a period of from about 3 to about
      6 hours.
PAR  These catalysts give almost complete reaction of formaldehyde with
      isobutyric anhydride to form pivalolactone and, to a minor degree, a
      secondary reaction product, isobutyroxypivalic anhydride. This by-product
      appears to be formed from the secondary reaction of pivalolactone with
      isobutyric acid to form isobutyroxypivalic acid, which then interchanges
      with excess isobutyric anhydride as shown below.
      ##SPC4##
PAR  A common method of regeneration is to burn carbonaceous material from the
      catalyst at temperatures of up to about 550.degree.C. The 550.degree.C.
      temperature is selected since above about 600.degree.C. silica gel begins
      to sinter and lose its structural properties. Since it had been determined
      that heating at 550.degree.C. had very little effect on catalyst activity
      of the aforementioned heavy metal oxide catalyst (Ser. No. 303,567) it was
      quite surprising that heating a heavy metal oxide silica gel catalyst to
      temperatures of from about 650.degree.C. to about 1000.degree.C. produced
      a highly selective catalyst with long life which could be readily
      regenerated.
PAR  The supported metal oxide catalysts of the instant invention are
      conveniently formed by mixing one of their water-soluble salts such as a
      nitrate, acetate, oxalate, or ammonium salt with a silica gel and then
      removing the water by evaporation. Calcining the material in nitrogen at
      from about 400.degree.C. to about 600.degree.C. and then in air at from
      about 400.degree.C. to about 600.degree.C. produces the desired silica gel
      supported metal oxide. A preferred temperature range for the calcining
      steps is from about 500.degree.C. to about 550.degree.C. If desired, the
      metal oxide can be precipitated directly upon the support by use of a
      suitable chemical reaction. A relatively low surface area (340 square
      meters per gram) and large pore volume (1.15 cc. per gram) silica gel has
      been found to be particularly effective.
PAR  The silica gel supported calcined metal oxide is then heated in a nitrogen
      steam mixture at a temperature of from about 650.degree.C. to
      1000.degree.C. until the desired metal oxide silica gel complex is formed,
      usually from about 2 to about 10 hours. The nitrogen is used to facilitate
      more uniform heat distribution. Good results have been obtained with
      N.sub.2 to H.sub.2 O ratios of from about 0.1:1 to about 10:1. An exact
      description of the catalyst complex is not available. It is best
      characterized by the unique, greatly improved properties it exhibits when
      compared to analogous catalysts or those prepared by alternate methods.
PAR  During the heat treating cycle (650.degree.-1000.degree.C.) the
      relationship of time of treatment to temperature may be varied
      considerably. Higher temperatures require shorter treatment times and vice
      versa. An excellent catalyst has been obtained by steam treatment in
      nitrogen at 760.degree.-780.degree.C. for 4 to 6 hours. It is essential,
      however, that the final heat treatment be in the
      650.degree.-1000.degree.C. range. A more practical measurement to obtain a
      catalyst of greatest activity, selectivity and life span is based on the
      volume of the solid catalyst. When the catalyst being treated at
      650.degree.-1000.degree.C. has been reduced in volume by not less than 5
      percent and not more than 20 percent, the desired catalyst complex has
      been attained.
PAR  The importance of treatment at 650.degree.-1000.degree.C. is further
      described as follows. If insufficient heat treatment is used, the catalyst
      is too active and produces considerable decomposition resulting in low
      conversions and yields to lactones. On the other hand, if too much heat is
      applied the catalyst begins to lose activity which results in low
      conversions and a short lifetime.
PAR  In a preferred embodiment of the subject invention an aqueous solution of
      tantalum oxalate is used as a convenient source of soluble tantalum for
      the deposition of tantalum oxide on the silica gel. The catalyst is
      prepared by soaking the silica gel in an aqueous solution of the tantalum
      oxalate, removing the water by evaporation, calcining the solid residue in
      nitrogen at a temperature of about 550.degree.C. for 11/2 hours and then
      in air at a temperature of about 550.degree.C. for 11/2 hours, and heating
      the resultant silica gel-tantalum oxide mix in a nitrogen steam mixture at
      a temperature of from about 650.degree.C. to about 1000.degree.C. for 2 to
      8 hours.
PAR  In an effort to ascertain the mechanism behind the improved catalyst
      performance and to ascertain if the high temperature treatment was simply
      reducing the activity of the silica gel, the catalyst was prepared by
      depositing tantalum oxide on a silica gel which had been previously heated
      at 760.degree.C. to 780.degree.C. in steam and nitrogen. This material
      gave much lower conversions and yields and had a relatively short catalyst
      life as compared to those obtained when the tantalum oxide and silica gel
      were exposed to the high temperature treatment together.
PAR  Optimum process conditions such as contact time, temperature, amount of
      diluent gas and feed composition will vary for the different metal
      oxide-silica gel complex catalysts. In general, the best results are
      obtained at a contact time of from about 0.5 to about 2.5 seconds,
      although this may vary over a much broader range, such as from about 0.1
      second to about 5.0 seconds.
PAR  Preferably the temperature selected will be sufficient to insure
      vaporization of the reactants and the products. The process may be
      operated at temperatures of from about 190.degree.C. to about
      400.degree.C. A preferred temperature range is from about 240.degree.C. to
      about 300.degree.C.
PAR  Suitable anhydrides include isobutyric, 2-ethylhexanoic, 2-phenylpropionic,
      2-ethylpropionic, 2-ethylbutyric, and 2-methylpentanoic.
PAR  Formaldehyde may be fed as a gaseous monomer, as a trioxane solution, or as
      a paraformaldehyde slurry. It has been found that the aldehyde conversion
      to lactone is dependent on the amount of anhydride fed. A molar ratio of
      from about 1.15:1 to about 5:1, preferably from about 3:1 to about 4:1, of
      anhydride to formaldehyde (as trioxane) in the feed mixture produces good
      results. The optimum ratio will depend upon various manufacturing
      considerations, such as refining and recycling of unreacted feed
      materials. There appears to be no upper limit to this ratio other than
      practical manufacturing considerations which arise when a large excess of
      one material is introduced into a system. In general, a higher anhydride
      to formaldehyde ratio gives higher formaldehyde conversion, but also
      decreases the percentage of lactone in the product.
PAR  The reaction may be carried out at atmospheric, subatmospheric, or
      superatmospheric pressure. If desired, an inert diluent gas may be
      utilized to facilitate feeding of the reactants, control of contact time,
      etc. Good results are obtained at atmospheric pressure using an inert
      diluent gas, usually in a molar ratio of gas to organic feed of from about
      1:10 to about 20:1, preferably about 1:1 to 6:1, and most preferably from
      about 2:1 to 4:1. A suitable inert diluent gas is any gas which does not
      react with either the reactants or the products under the conditions of
      the reaction, such as N.sub.2, argon, helium, gaseous hydrocarbons and
      compounds which are readily vaporized such as benzene.
DETD
PAR  The process of the invention is illustrated in greater detail by the
      following examples which are all conducted at atmospheric pressure, but it
      will be understood that these examples are not intended to limit the
      invention in any way, and obvious modifications will occur to those
      skilled in the art.
PAC  EXAMPLE 1
PAR  This example illustrates a procedure for the preparation of my new and
      improved catalyst. To a 600 milliliter beaker is charged 60 milliliters of
      tantalum oxalate solution (10.32 grams as tantalum or 12.6 grams as
      tantalum oxide) and 240 milliliters water. To this is added 100 grams
      Davison G-59, 7-10 mesh silica gel and the mixture is left standing
      overnight. The mixture is transferred to a large evaporating dish and is
      taken to dryness on a steam bath. A small amount of powder is removed by
      collecting the catalyst on a 20 mesh screen.
PAR  To the usual Vycor reactor (30 millimeters by 2 feet) are charged 36
      milliliters of Vycor chips, 150 milliliters (99 grams) of the above
      catalyst and 100 milliliters of Vycor chips for preheat. The reactor is
      brought to 550.degree.C. with nitrogen and 8.18 moles per hour for
      approximately 1.5 hours and then air at 8.18 moles per hour is substituted
      for the nitrogen for an additional 1.5 hours. At this time the air is shut
      off and nitrogen at 8.18 moles per hour is again started. Water feeding is
      started through a preheater (approximately 100.degree.C.) at a rate of
      about 180 milliliters per hour and the temperature is rapidly brought to
      760.degree.-780.degree.C. and held for 6 hours. After the heat is shut
      off, steaming is continued until the reactor temperature decreases to
      about 550.degree.C. at which point water feeding is discontinued. After
      cooling, the catalyst is removed from the reactor and has lost 14 percent
      of its original volume to a final value of 129 milliliters (60.4 grams).
PAC  EXAMPLE 2
PAR  The general procedure followed for testing all catalysts is described here.
      The reactor used is a 22 millimeter by 2 foot Vycor tube heated with a
      three-element furnace and charged with 35 milliliters Vycor chips, 50
      milliliters catalyst and 90 milliliters Vycor chips for preheat. A
      nitrogen purge of 1.25 moles per hour is used and the feed rate is held at
      60-61 milliliters per hour. The operating temperature is controlled at
      256.degree.-266.degree.C. and a 3 to 1 molar ratio of isobutyric anhydride
      to formaldehyde (fed as trioxane) is used as feed. Gas liquid
      chromatography (4 foot column filled with 20M TPA Carbowax) is used to
      analyze the reaction product. A composite sample for each run is stripped
      at approximately 140.degree.C. at 1-2 millimeters pressure to determine
      the percent high boilers (primarily isobutyroxypivalic anhydride). This is
      used to correct chromatograph results.
PAR  Following this procedure 50 milliliters of the catalyst from Example 1 is
      tested in continuous operation for four days. Formaldehyde conversion to
      pivalolactone averages 68 percent with 14 percent going to
      isobutyroxypivalic anhydride, the product derived from the secondary
      reaction between pivalolactone, isobutyric acid and isobutyric anhydride.
      Isobutyric anhydride yield averages 66 percent to pivalolactone and 20
      percent to isobutyroxypivalic anhydride. This catalyst is then regenerated
      by burning clean in air and steam at 550.degree.C. and put back into
      service. For a similar four day period formaldehyde conversion to
      pivalolactone averages 74 percent with 8 percent going to
      isobutyroxypivalic anhydride. Isobutyric anhydride yield averages 76
      percent to pivalolactone and 12 percent to isobutyroxypivalic anhydride.
      Another similar regeneration cycle is carried out and essentially the same
      results are obtained.
PAC  EXAMPLE 3
PAR  This example shows the lower yields and conversions obtained by the usually
      prepared tantalum oxide on silica gel catalyst. The catalyst is prepared
      by the same procedure described in Example 1 except that after treatment
      in air at 550.degree.C. for 1.5 hours the reactor is cooled and put into
      service. This material is not steam treated at high temperatures. The
      catalyst is tested as described in Example 2 in continuous operation for
      two days. For this period formaldehyde conversion to pivalolactone
      averages 28 percent with 26 percent going to isobutyroxypivalic anhydride.
      Isobutyric anhydride yield for the same two days averages 30 percent to
      pivalolactone and 41 percent to isobutyroxypivalic anhydride.
PAC  EXAMPLE 4
PAR  This example illustrates that steam treating the silica gel at high
      temperatures before adding tantalum oxide does not give a good catalyst.
      The catalyst is prepared by depositing tantalum oxalate on Davison G-59
      silica gel (5.84 grams as tantalum on 52 grams silica gel) which has been
      treated in steam and nitrogen at 760.degree.-780.degree.C. for 6 hours.
      The tantalum oxalate is converted to tantalum oxide as usual by calcining
      at 550.degree.C. in nitrogen and air. A typical run is made following
      procedures described in Example 2. Over a 24 hour period the following
      results are obtained. The formaldehyde conversion to pivalolactone and
      isobutyroxypivalic anhydride is 35 percent and 29 percent, respectively.
      For the same period the isobutyric anhydride yield is 34 percent to
      pivalolactone and 43 percent to isobutyroxypivalic anhydride. The percent
      unreacted formaldehyde in the product is up to 1.5 percent in the
      twenty-fourth hour showing a low catalyst life.
PAC  EXAMPLE 5
PAR  This example illustrates that our new and improved catalyst is effective
      for other disubstituted lactones. Using our new and improved catalyst as
      described in Example 1, the same procedures described in Example 2 are
      followed except that the feed mixture is a 3 to 1 molar ratio of
      2-ethylhexanoic anhydride to formaldehyde (as trioxane). The formaldehyde
      conversion to .alpha.-n-butyl-.alpha.-ethylpropiolactone is 61 percent and
      the 2-ethylhexanoic anhydride yield to this lactone is approximately 50
      percent.
PAC  EXAMPLE 6
PAR  This example shows that a usable catalyst may also be prepared by operating
      at higher temperatures. To a 4 liter beaker is charged 300 milliliters of
      tantalum oxalate solution (51.6 grams as tantalum or 63.0 grams as
      tantalum oxide) and 1.2 liters water. To this is added 500 grams Davison
      G-59 (3-8 mesh silica gel) and the mixture is left standing overnight. The
      mixture is transferred to a large evaporating dish and is taken to dryness
      on a steam bath. A small amount of fines is removed by collecting the
      catalyst on a 10 mesh screen.
PAR  To a Vycor reactor are charged 100 milliliters of inert ceramic packing,
      300 milliliters of the above catalyst, and 600 milliliters of the ceramic
      packing for preheat. The reactor is brought to 500.degree.-550.degree.C.
      with nitrogen at 3 moles per hour and then air at 3 moles per hour is
      substituted for the nitrogen for approximatley 4 hours. The calcined
      catalyst is then cooled under nitrogen.
PAR  The nitrogen flow is increased to 4 moles per hour and the catalyst is
      heated to 865.degree.-900.degree.C. as rapidly as possible and held in
      this range for 6 hours. Water is fed through a preheater
      (85.degree.-90.degree.C.) at a rate of 300 milliliters per hour whenever
      the temperature exceeds 350.degree.C. both during the heatup and cooldown
      periods. After cooling, the catalyst is removed from the reactor and has
      lost 17 percent of its original volume to a final value of 250
      milliliters.
PAR  A 50 milliliter portion of this recovered catalyst is tested in continuous
      operation for 24 hours under the conditions outlined in Example 2.
      Formaldehyde conversion to pivalolactone averages 59 percent with 10
      percent going to isobutyroxypivalic anhydride. Isobutyric anhydride yield
      for the same period averages 75 percent to pivalolactone and 20 percent to
      isobutyroxypivalic anhydride.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention as described hereinabove.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for producing a 2,2-disubstituted propiolactone having the
      formula
      ##SPC5##
PAL  which comprises the steps of reacting an isoanhydride having the formula
      ##EQU3##
      wherein R and R.sup.1 individually may be straight- or branched-chain
      alkyl, having 1 to 10 carbon atoms, with formaldehyde or a formaldehyde
      yielding material at a temperature of from about 190.degree.C. to about
      400.degree.C., in the presence of a catalyst consisting of the metal
      oxide-silica gel complex which results from heating the calcined residue
      of a mixture of silica gel and a water-soluble salt of a metal selected
      from the group consisting of tantalum, titanium, niobium and zirconium to
      a temperature of from about 650.degree.C. to about 1000.degree.C. in the
      presence of water vapor.
NUM  2.
PAR  2. The process of claim 1 wherein each R and R.sup.1 individually is
      straight- or branched-chain alkyl of 1 to 6 carbon atoms.
NUM  3.
PAR  3. The process of claim 1 wherein the isoanhydride is selected from the
      group consisting of isobutyric anhydride, 2-ethylhexanoic anhydride,
      2-phenylpropionic anhydride, 2-ethylbutyric anhydride, and
      2-methylpentanoic anhydride.
NUM  4.
PAR  4. The process of claim 1 wherein the catalyst is formed by mixing a
      water-soluble salt of the selected heavy metal with silica gel, removing
      the water by evaporation, and subsequently calcining the material at a
      temperature of from about 400.degree.C. to about 600.degree.C.
NUM  5.
PAR  5. The process of claim 4 wherein the calcining takes place at a
      temperature of from about 500.degree.C. to about 550.degree.C.
NUM  6.
PAR  6. The process of claim 1 wherein the calcined residue is heated, in the
      presence of water vapor, to a temperature of from about 730.degree.C. to
      about 780.degree.C.
NUM  7.
PAR  7. The process of claim 6 wherein the calcined residue is heated, in the
      presence of water vapor, for a period of from about 3 to about 6 hours.
NUM  8.
PAR  8. The process of claim 6 wherein the calcined residue is heated, in the
      presence of water vapor, to a temperature of from about 760.degree.C. to
      about 780.degree.C.
NUM  9.
PAR  9. The process of claim 8 wherein the calcined residue is heated, in the
      presence of water vapor, for a period of from about 4 to about 6 hours.
NUM  10.
PAR  10. The process of claim 1 wherein the reaction is conducted at a
      temperature of from about 240.degree.C. to about 300.degree.C.
NUM  11.
PAR  11. The process of claim 1 wherein the process is conducted at atmospheric
      pressure.
NUM  12.
PAR  12. The process of claim 1 wherein the ratio of anhydride to aldehyde is
      from about 1.15 to 1 to about 5 to 1.
NUM  13.
PAR  13. The process of claim 12 wherein the ratio of anhydride to aldehyde is
      from about 3 to 1 to about 4 to 1.
NUM  14.
PAR  14. A process for producing pivalolactone whereby isobutyric anhydride is
      reacted with formaldehyde at a temperature of from about 190.degree.C. to
      about 400.degree.C. in the presence of a catalyst consisting essentially
      of the metal oxide-silica gel complex which results from heating the
      calcined residue of a mixture of silica gel and a water-soluble salt of a
      metal selected from the group consisting of tantalum, titanium, niobium
      and zirconium to a temperature of from about 650.degree.C. to about
      1000.degree.C. in the presence of water vapor.
NUM  15.
PAR  15. The process of claim 14 wherein the catalyst is formed by mixing a
      water-soluble salt of the selected heavy metal with silica gel, removing
      the water by evaporation, and subsequently calcining the material at a
      temperature of from about 400.degree.C. to about 550.degree.C.
NUM  16.
PAR  16. The process of claim 15 wherein the calcining takes place at a
      temperature of from about 500.degree.C. to about 550.degree.C.
NUM  17.
PAR  17. The process of claim 14 wherein the calcined residue is heated, in the
      presence of water vapor, to a temperature of from about 730.degree.C. to
      about 780.degree.C.
NUM  18.
PAR  18. The process of claim 17 wherein the calcined residue is heated, in the
      presence of water vapor, for a period of from about 3 to about 6 hours.
NUM  19.
PAR  19. The process of claim 17 wherein the calcined residue is heated, in the
      presence of water vapor, to a temperature of from about 760.degree.C. to
      about 780.degree.C.
NUM  20.
PAR  20. The process of claim 19 wherein the calcined residue is heated, in the
      presence of water vapor, for a period of from about 4 to about 6 hours.
NUM  21.
PAR  21. The process of claim 14 wherein the reaction is conducted at a
      temperature of from about 240.degree.C. to about 300.degree.C.
NUM  22.
PAR  22. The process of claim 14 wherein the reaction is conducted at
      atmospheric pressure.
NUM  23.
PAR  23. The process of claim 14 wherein the ratio of anhydride fed to aldehyde
      is from about 1.15 to 1 to about 5 to 1.
NUM  24.
PAR  24. The process of claim 23 wherein the ratio of anhydride fed to aldehyde
      is from about 3 to 1 to about 4 to 1.
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PAL  Alcohols and ethers are prepared by reacting a substituted hydrocarbon
      compound containing halogen or alkyl sulfate groups with an alkali metal
      hydroxide, in aqueous solution, in the presence of a catalytic amount of
      certain betaines and recovering from the reaction mixture the desired
      alcohol and/or ether. The reaction mixture can contain alcohols, ethers,
      and diethers, in varying amounts, depending on reactants and reaction
      conditions. Typical examples of materials used are: 1,4-dichlorobutane,
      sodium hydroxide, and tridodecylcarbomethoxymethyl ammonium bromide as the
      catalyst. The ethers are useful as solvents.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation-in-part of application Ser. No.
      233,714, filed Mar. 10, 1972, and now abandoned.
BSUM
PAR  Ser. No. 233,771, entitled "Preparation of Ethers" and wherein the inventor
      is Ronnie M. Gordon, filed Mar. 10, 1972, and having the same assignee as
      both Ser. No. 233,714 and the present application, concerns the
      preparation of symmetrical ethers by the reaction of an organic compound,
      containing a halogen or alkyl sulfate group with an alkali metal
      hydroxide, in the presence of a catalytic amount of an organic quaternary
      salt.
PAC  BACKGROUND
PAR  Ethers are particularly useful as solvents. Since the boiling points of
      ethers differ according to the composition, it is desirable to have
      available ethers of varying compositions in order to meet a variety of
      boiling point requirements for solvents.
PAR  Industrially, symmetrical ethers have been produced by sulfuric acid
      dehydration of alcohols. Another manner of preparing symmetrical ethers
      has been by the Williamson synthesis which uses an alkyl halide and a
      sodium alkoxide (both alkyl groups being the same).
PAR  The commonly-assigned application, referred to above, concerns a process
      for preparing ethers by the reaction of an organic compound, containing a
      halogen or alkyl sulfate group, with an alkali metal hydroxide, in aqueous
      solution, in the presence of a catalytic amount of a quaternary salt. I
      have found that use of certain betaines gives improved results,
      particularly when higher temperatures are used.
PAC  PRIOR ART
PAR  From a search of the prior art, the following references are considered to
      be the most pertinent.
PAR  U.S. Pat. No. 2,318,033 teaches the preparation of alcohols by reacting an
      alkyl halide with an aqueous alkali metal hydroxide in the presence of a
      salt of a strong base and a weak acid (e.g., the salt of a strong amino
      base and a weak acid, such as acetic or carbonic acid is suggested). The
      betaines are not taught in this patent.
PAR  U.S. Pat. No. 3,157,705 teaches the preparation of an alcohol by contacting
      an aliphatic or an alkyl halide, other than a fluoride, with water and an
      N:N dialkyl amide of a saturated carboxylic acid. The patent states that,
      if desired, a stronger base can be added to the reaction mixture at the
      beginning of the process.
PAR  U.S. Pat. No. 3,562,315 teaches the preparation of an alcohol and its
      carboxylic acid ester by the reaction of an organic halide, a carboxylic
      acid amide, and water at an elevated temperature.
PAR  Briefly, it is believed apparent that the references discussed in the
      foregoing do not suggest the process described herein.
PAR  The following additional references were cited in the parent application,
      either in connection with a restriction requirement or in order to show
      the state of the art: U.S. Pat. Nos. 711,565; 1,873,538; 1,245,742;
      1,873,538; 2,237,241; and 2,818,444.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Broadly stated, my invention is directed to a process for preparing
      alcohols and ethers by reacting a substituted hydrocarbon compound
      containing 1 to 40 carbon atoms and containing 1 to 10 halogen atoms,
      preferably 1 to 3 halogen atoms, which are preferably chlorine or bromine,
      or an alkyl sulfate group, with an alkali metal hydroxide, in aqueous
      solution, in the presence of certain betaines and recovering from the
      reaction mixture the desired alcohol and/or ether.
PAR  Depending on reactants and reaction conditions, the reaction mixture
      contains alcohols, ethers, and diethers. Also, depending on reactants and
      reaction conditions, the reaction mixture contains substantially all
      ethers and/or diethers.
PAR  Preferably, the substituted hydrocarbon compound is a halogen-substituted
      hydrocarbon.
PAR  An important feature of the process is the use of the betaine as a
      catalyst. As stated hereinbefore, when higher temperatures are used these
      materials give improved results.
PAR  Other significant features of the process are that it is conducted under
      autogeneous pressure conditions and does not require the use of an organic
      solvent.
DETD
PAC  DETAILED DESCRIPTION
PAC  Materials Used and Amounts of Materials Used
PAR  Suitable substituted hydrocarbon compounds contain 1 to 40 carbon atoms and
      contain 1 to 10 halogen atoms, preferably 1 to 3 halogen atoms, which are
      preferably chlorine or bromine, or an alkyl sulfate group. These
      substituted hydrocarbon compounds are characterized further in that the
      hydrocarbon fraction is selected from the group consisting of:
PA0  a. terminally substituted linear alkyl groups containing 1 to 18 carbon
      atoms,
PA0  b. 1 to 20 continuous methylene groups,
PA0  c. internally substituted alkanes containing 4 to 40 carbon atoms,
PA0  d. alkenes containing 3 to 40 carbon atoms, and
PA0  e. mono- and di-alkyl substituted monocyclic aromatic compounds containing
      7 to 8 carbon atoms.
PAR  Examples of suitable substituted hydrocarbon compounds include the
      following:
PA0  a. Primary n-alkyl halides or alkyl sulfates, represented by the formula RZ
      wherein R is a C.sub.1 to C.sub.18 normal alkyl group and Z is a halogen
      or an alkyl sulfate group. Preferably, Z is chloride or bromide, and
      preferably the alkyl moiety of the alkyl sulfate group contains 1 or 2
      carbon atoms. Specific examples include methyl chloride, methyl bromide,
      butyl chloride, butyl bromide, butyl iodide, hexyl chloride, hexyl
      bromide, octadecyl chloride, octadecyl bromide, methylethylsulfate,
      butylmethylsulfate, hexylmethylsulfate, octadecylmethylsulfate, and
      octadecylethylsulfate.
PA0  b. Dihaloalkanes represented by the formula X(CH.sub.2).sub.n X wherein X
      is a halogen, preferably chlorine or bromine, and n is an integer of 1 to
      20. Specific examples include dichloroethane, dibromopropane,
      dichlorobutane, dichlorooctane, dibromododecane, dichlorohexadecane,
      dibromooctadecane, and dichloroeicosane.
PA0  c. Internally substituted mono-, di-, and polychlorinated or brominated
      alkanes containing 4 to 40 carbon atoms. Preferably, the chlorinated
      alkanes are mono- or di-substituted. Specific examples include
      2-chlorobutane, 2,4-dichloropentane, 2-chlorohexane, 2,6-dichlorooctane,
      2,18-dichloroeicosane, 2,6,18-trichloroeicosane,
      2,6,16,18-tetrachloroeicosane, 2,6,8,14,16,18-hexabromoeicosane,
      2,4,6,8,10,12,14,16,18-nonachloroeicosene, 2,28-dichlorotriacontane,
      2,20,28-trichlorotriacontane, 2,38-dibromotetracontane,
      2,38-dichlorotetracontane, 2,20,38-trichlorotetracontane,
      2,4,36,38-tetrabromotetracontane,
      2,4,6,8,10,12,14,16,18,20-decachlorotetracontane, and
      2,4,6,8,10,30,32,34,36,38-decachlorotetracontane.
PA0  d. Unsaturated alkyl halides containing 3 to 40 carbon atoms, such a
      1-chloro-3-propene, 1,4-dichloro-2-butene, 2,6-dichloro-4-octene,
      2,8-dichloro-6-decene, 2,18-dichloro-10-eicosene,
      2,18-dibromo-10-eicosene, 2,28-dichloro-20-triacontene,
      2,34-dibromo-4-dotriacontene, 4-chloro-1-triacontene, and
      2,38-dibromo-10-tetracontene.
PA0  e. Mono- and di-chloro-substituted monocyclic aromatic compounds, such as
      benzyl chloride and .alpha.,.alpha.'-dichloroxylene.
PAR  Of the foregoing materials the chlorinated or brominated hydrocarbons are
      considered more suitable, with the n-alkyl chlorides or bromides preferred
      for reasons of economy and availability.
PAR  An aqueous solution of alkali metal hydroxide is used. More suitably, the
      alkali metal is sodium or potassium, but preferably is sodium, for
      economic reasons. The concentrations of the alkali metal in the water can
      be in the range of 1 to 70 percent. Preferably, the concentration is not
      less than 10 percent by weight.
PAR  While it is suitable to use stoichiometric amounts of the organic compound
      and alkali metal hydroxide (i.e., 1:1 mole ratio), preferably an excess of
      alkali metal hydroxide is used which can be in the range of 2 to 5 times
      the stoichiometric amount.
PAR  Suitable betaines are represented by the following formulae:
EQU  (1)  R'.sub.3 M.sup.+(CH.sub.2).sub.n CO.sub.2 R"X.sup.-
PAL  or
EQU  (2)  R'.sub.3 M.sup.+(CH.sub.2).sub.n CO.sub.2.sup.-
PAL  wherein
PA1  R' is an alkyl group containing from 2 to 20 carbon atoms, but preferably
      from 4 to 14 carbon atoms, or a mono- or di-alkyl substituted phenyl or
      benzyl group wherein the alkyl radical contains from 1 to 20 carbon atoms,
      more suitably from 2  to 20 carbon atoms and preferably from 4 to 14
      carbon atoms;
PA1  R" is hydrogen or an alkyl group containing from 1 to 20 carbon atoms, but
      preferably 1 to 2 carbon atoms;
PA1  M is nitrogen or phosphorus;
PA1  n is an integer in the range of from 1 to 20, but preferably from 1 to 10;
      and
PA1  X is a halide or alkyl sulfate anion, but preferably is chloride or
      bromide.
PAR  Specific examples of suitable betaines include the following:
      triethylcarbobutoxyethyl ammonium chloride, tributylcarboeicosoxymethyl
      ammonium bromide, trihexylcarboproxydecyl ammonium chloride,
      tridecylcarbomethoxyethyl ammonium methyl sulfate,
      tridodecylcarbohexoxymethyl ammonium ethyl sulfate,
      tritetradecylcarbobutyoxyhexyl ammonium bromide,
      tridodecylcarbomethoxymethyl ammonium bromide, trieicosylcarbomethoxyethyl
      ammonium chloride, tripropylcarbooctadecoxyethyl ammonium bromide,
      tributylphenylcarbobutoxyethyl ammonium bromide,
      trihexylphenylcarbohexoxymethyl ammonium chloride,
      tridodecylphenylcarbomethoxyethyl ammonium bromide,
      tributylbenzylcarbobutoxyethyl ammonium bromide,
      trihexylbenzylcarbohexorymethyl ammonium chloride,
      tridodecylbenzylcarbomethoxyethyl ammonium bromide,
      4-carboxybutyltridodecyl ammonium bromide, 4-carboxyhexyltrioctadecyl
      ammonium chloride, 4-carboxydecyltridecyl ammonium chloride,
      4-carboxyeicosyltrihexyl ammonium bromide, triethylcarbobutoxyethyl
      phosphonium chloride, tributylcarboeicosoxymethyl phosphonium bromide,
      trihexylcarboproxydecyl phosphonium chloride, tridecylcarbomethoxyethyl
      phosphonium methyl sulfate, tridodecylcarbohexoxymethyl phosphonium ethyl
      sulfate, tritetradecylcarbobutoxyhexyl phosphonium bromide,
      tridodecylcarbomethoxymethyl phosphonium bromide,
      trieicosylcarbomethoxyethyl phosphonium chloride,
      tripropylcarbooctadecoxyethyl phosphonium bromide,
      tributylphenylcarbobutoxyethyl phosphonium bromide,
      trihexylphenylcarbohexoxymethyl phosphonium chloride,
      tridodecylphenylcarbomethoxyethyl phosphonium bromide,
      tributylbenzylcarbobutoxyethyl phosphonium bromide,
      trihexylbenzylcarbohexorymethyl phosphonium chloride,
      tridodecylbenzylcarbomethoxyethyl phosphonium bromide,
      4-carboxybutyltridodecyl phosphonium bromide, 4-carboxyhexyltrioctadecyl
      phosphonium chloride, 4-carboxydecyltridecyl phosphonium chloride,
      4-carboxyeicosyltrihexyl phosphonium bromide, and the inner salts of the
      preceding. (By inner salt is meant materials corresponding to formula (2)
      in the foregoing.)
PAR  Knowing that the betaines described herein are effective as a catalyst in
      the process of preparing symmetrical ethers described herein, any person
      skilled in the art can readily determine the optimum amount required. In
      order to make my disclosure more complete, however, I have found a
      preferred amount of catalyst to be from about 1 to about 5 percent by
      weight based on the organic compound. An amount of catalyst as low as 0.01
      weight percent is suitable provided a longer reaction time is not
      undesirable. Similarly, an amount of catalyst as high as 20 weight percent
      is suitable as long as higher costs are not undesirable.
PAC  Process Conditions
PAR  The process can be conducted under either batch or continuous operation,
      but usually is conducted as a batch operation.
PAR  The process can be conducted at a temperature in the range of about
      25.degree. to about 300.degree.C, preferably in the range of from above
      50.degree. to about 150.degree.C. As noted previously when using higher
      temperatures, e.g., above 50.degree.C, the betaines of my invention give
      improved results as compared to the other quaternary salts disclosed in
      related application Ser. No. 233,771.
PAR  The reaction time is not critical, being dependent on the particular
      materials used (e.g., type of organic compound, type of catalyst, and
      concentration of catalyst and/or alkali metal hydroxide).
PAR  No solvent is required other than the water for making an aqueous alkali
      metal hydroxide solution.
PAR  The reaction is conducted under autogeneous pressure; in other words, the
      only pressure is that which is self-generated by the materials and process
      conditions. It is not necessary to use intentionally created conditions in
      order to produce a higher pressure in the reaction system.
PAR  In order to show the products obtained by my process, the reactions which
      occur are shown below, using an alkyl chloride as the organic compound:
EQU  (1)  RCl + NaOH(Aq.) .sup.Catalyst ROH + NaCl(Aq.)
EQU  (2)  RCl + ROH + NaOH(Aq.) .sup.Catalyst ROR + NaCl(Aq.) + H.sub.2 O
PAR  Since the reaction kinetics favor the second reaction, a major amount of
      ether is formed in the reaction mixture.
PAR  In addition the following reaction may occur:
EQU  (3)  ROR + ROH .fwdarw. ROROR + H.sup.+
PAR  It is to be understood that the reactions shown in the foregoing are merely
      illustrative and are not intended to limit my invention. For example, my
      process can also be used to prepare unsymmetrical ethers and unsymmetrical
      diethers.
PAR  The combined reaction product, alcohol and ether, and possibly diether, can
      be recovered from the reaction mixture as one product. Also, if desired,
      by careful distillation conditions, the individual products can be
      recovered from the reaction mixture. The alcohol recovered from the
      reaction mixture can be recycled to the process to increase the yield of
      ether, if desired.
PAR  In order to disclose the nature of the present invention more specifically,
      the following illustrative examples will be given. It is to be understood
      that the invention is not to be limited to the specific conditions or
      details set forth in these examples except insofar as these limitations
      are specified in the appended claims.
PAC  EXAMPLE 1
PAR  This example illustrates the effect of various quaternary salts, including
      betaines, in the reaction of 1,4-dibromobutane with aqueous sodium
      hydroxide.
PAR  A mixture of 1,4-dibromobutane (30 ml); tridecane used as in internal GLC
      (gas liquid chromatography) standard (15 ml); catalyst, 2.0 g; and 100 ml
      of 50 percent aqueous sodium hydroxide was heated to 75.degree.C with
      constant speed stirring at 500 rpm. Samples of the organic phase were
      periodically removed for analysis. From these data rate constants for the
      disappearance of 1,4-dibromobutane and for the formation of
      tetrahydrofuran were calculated:
TBL                      Rate Constant (Min.sup..sup.-1) at                    

     Catalyst            75.degree.C .times. 10.sup.4                          

     ______________________________________                                    

     None                No detectable reaction                                

     (C.sub.12 H.sub.25).sub.3 N                                               

                         1.7                                                   

     (C.sub.12 H.sub.25).sub.3 N.sup.+C.sub.4 H.sub.9 Br.sup.-                 

                         3.0                                                   

     (C.sub.12 H.sub.25).sub.3 N.sup.+CH.sub.2 CH.sub.2 CO.sub.2 H             

                         9.7                                                   

     Br.sup.-                                                                  

     (C.sub.12 H.sub.25).sub.3 N.sup.+CH.sub.2 CO.sub.2 H                      

                          86                                                   

     Br.sup.-                                                                  

     (C.sub.12 H.sub.25).sub.3 N.sup.+(CH.sub.2).sub.7 CO.sub.2 H              

                          51                                                   

     Br.sup.-                                                                  

     (C.sub.16 H.sub.33).sub.2 N.sup.+(C.sub.6 H.sub.13).sub.2                 

                         2.1sup.-                                              

     ______________________________________                                    

PAR  The data represented above shows that the betaines are superior catalysts
      for ether formation at higher temperatures, such as 75.degree.C.
PAC  EXAMPLE 2
PAR  A mixture of 30 ml 1,4-dichlorobutane, 50 ml of 50 percent aqueous sodium
      hydroxide, and 2 g of (C.sub.12 H.sub.25).sub.3 N.sup.+ CH.sub.2 CO.sub.2
      CH.sub.3 Br.sup.- was stirred at 50.degree.C for 36 hours. Analysis of the
      organic phase of the reaction mixture showed it to contain 66.7 weight
      percent tetrahydrofuran, 33.3 weight percent 1,4-dichlorobutane, and ca
      1.0 percent of all other impurities.
PAC  EXAMPLE 3
PAR  A mixture of 10 ml ethylene glycol, 25 ml of 1-bromooctane, and 25 ml of 50
      percent sodium hydroxide solution was mixed with 1 g (C.sub.12
      H.sub.25).sub.3 N.sup.+ CH.sub.2 CO.sub.2 CH.sub.3 Br.sup.- and heated
      with stirring at 60.degree.-80.degree.C for 48 hours. Analysis of the
      organic phase showed it to contain 9.1 percent ethylene glycol, 6.3
      percent 1-octanol, 3.3 percent 1-bromooctane, 5.4 percent C.sub.8 H.sub.17
      O--CH.sub.2 CH.sub.2 OH, 20.9 percent (C.sub.8 H.sub.17).sub.2 O, and 54.0
      percent C.sub.8 H.sub.17 O--CH.sub.2 CH.sub.2 O--C.sub.8 H.sub.17.
PAC  EXAMPLE 4
PAR  A mixture of 5.0 g 1-bromooctane, 6.1 g tridecane, 1.5 g (C.sub.12
      H.sub.25).sub.3 N.sup.+ CH.sub.2 CO.sub.2 CH.sub.3 Br.sup.-, and 15 ml of
      aqueous 50 percent sodium hydroxide was heated with stirring at
      90.degree.C for 24 hours. Analysis of the organic phase showed that 76
      percent of the 1-bromooctane had been converted to a mixture of octanol
      and dioctyl ether.
PAR  Having thus described the invention by providing specific examples thereof,
      it is to be understood that no undue limitations or restrictions are to be
      drawn by reason thereof and that many variations and modifications are
      within the scope of the invention.
CLMS
STM  The invention having thus been described, what is claimed and desired to be
      secure by Letters Patent is:
NUM  1.
PAR  1. A process for preparing alcohols and ethers wherein the process
      comprises reacting a substituted hydrocarbon compound containing 1 to 40
      carbon atoms and containing 1 to 10 chlorine or bromine atoms or an alkyl
      sulfate group, with at least a stoichiometric amount of an alkali metal
      hydroxide, in aqueous solution, at a temperature in the range of about
      25.degree. to about 300.degree.C in the presence of a catalytic amount, in
      the range of from about 0.01 to about to about 20 weight percent based on
      said organic compound, of a betaine, and recovering from the reaction
      mixture by distillation said alcohol and said ether, said process being
      characterized further in that:
PA1  A. the hydrocarbon fraction of the substituted hydrocarbon compound is
      selected from the group consisting of:
PA2  1. terminally substituted linear alkyl groups containing 1 to 18 carbon
      atoms,
PA2  2. 1 to 20 continuous methylene groups,
PA2  3. internally substituted alkanes containing 4 to 40 carbon atoms,
PA2  4. alkenes containing 3 to 40 carbon atoms, and
PA2  5. mono- and di-haloakyl-substituted monocyclic aromatic compounds selected
      from the group consisting of benzyl chloride and
      .alpha.,.alpha.'-dichloroxylene, and
PA1  B. the betaine is selected from the group consisting of:
PA2  1. compounds represented by the formula
EQU  R'.sub.3 M.sup.+(CH.sub.2).sub.n CO.sub.2 R"X.sup.-,
PA2   and
PA2  2. compounds represented by the formula
EQU  R'.sub.3 M.sup.+(CH.sub.2).sub.n CO.sub.2.sup.-
PAL  wherein
PA3  R' is selected from the group consisting of alkyl groups containing from 2
      to 20 carbon atoms and mono- or di-alkyl substituted phenyl or benzyl
      groups, wherein the alkyl radical contains from 1 to 20 carbon atoms,
PA3  R" is selected from the group consisting of hydrogen and alkyl groups
      containing from 1 to 20 carbon atoms,
PA3  M is selected from the group consisting of nitrogen and phosphorus,
PA3  n is an integer in the range of 1 to 20, and
PA3  x is selected from the group consisting of halides and alkyl sulfates.
NUM  2.
PAR  2. The process of claim 1 wherein the amount of catalyst is from about 1 to
      about 5 weight percent based on said substituted hydrocarbon compound.
NUM  3.
PAR  3. The process of claim 2 wherein the alkali metal hydroxide is sodium
      hydroxide and the amount of alkali metal hydroxide, based on said
      substituted hydrocarbon on a molar basis, is in the range of about 2:1 to
      about 5:1.
NUM  4.
PAR  4. The process of claim 3 wherein the temperature is in the range of from
      above 50.degree. to about 150.degree.C.
NUM  5.
PAR  5. The process of claim 4 wherein the substituted hydrocarbon compound is a
      primary n-alkyl halide or alkyl sulfate represented by the formula RZ
      wherein R is a C.sub.1 to C.sub.18 normal alkyl group and Z is a halide or
      alkyl sulfate anion.
NUM  6.
PAR  6. The process of claim 4 wherein the substituted hydrocarbon compound is a
      dihaloalkane represented by the formula X(CH.sub.2).sub.n X wherein X is
      chlorine or bromine and n is an integer of 1 to 20.
NUM  7.
PAR  7. The process of claim 4 wherein the substituted hydrocarbon compound is
      an internally substituted mono-, di-, or tri-chlorinated or brominated
      alkane containing 4 to 40 carbon atoms.
NUM  8.
PAR  8. The process of claim 4 wherein the substituted hydrocarbon compound is
      an alkene containing 3 to 40 carbon atoms and 1 to 2 chlorine or bromine
      atoms.
NUM  9.
PAR  9. The process of claim 4 wherein the substituted hydrocarbon compound is a
      mono- or di-chloro alkyl substituted aromatic compound selected from the
      group consisting of benzyl chloride and .alpha.,.alpha.'-dichloroxylene.
NUM  10.
PAR  10. A process for preparing ethers wherein the process comprises reacting a
      halogen substituted hydrocarbon, containing 1 to 40 carbon atoms, wherein
      the halogen is bromine or chlorine, with at least a stoichiometric amount
      of sodium hydroxide, in aqueous solution, at a temperature in the range of
      from above 50.degree. to about 150.degree.C, in the presence of a
      catalytic amount, in the range of from about 0.01 to about 20 weight
      percent, of a betaine and recovering from the reaction mixture by
      distillation the desired ether, said process being characterized further
      in that:
PA1  A. the hydrocarbon fraction of the substituted hydrocarbon compound is
      selected from the group consisting of:
PA2  1. terminally substituted linear alkyl groups containing 1 to 18 carbon
      atoms,
PA2  2. 1 to 20 continuous methylene groups,
PA2  3. internally substituted alkanes containing 4 to 40 carbon atoms,
PA2  4. alkenes containing 3 to 40 carbon atoms, and
PA1  B. the betaine is selected from the group consisting of:
PA2  1. compounds represented by the formula
EQU  R'.sub.3 M.sup.+(CH.sub.2).sub.n CO.sub.2 R"X.sup.-,
PA2   and
PA2  2. compounds represented by the formula
EQU  R'.sub.3 M.sup.+(CH.sub.2).sub.n CO.sub.2.sup.-
PAL  wherein
PA3  R' is selected from the group consisting of alkyl groups containing from 2
      to 20 carbon atoms and mono- or di-alkyl substituted phenyl or benzyl
      groups, wherein the alkyl radical contains from 1 to 20 carbon atoms,
PA3  R" is selected from the group consisting of hydrogen and alkyl groups
      containing from 1 to 20 carbon atoms,
PA3  M is selected from the group consisting of nitrogen and phosphorus,
PA1  n is an integer in the range of 1 to 20, and
PA1  X is selected from the group consisting of halides and alkyl sulfates.
NUM  11.
PAR  11. The process of claim 10 wherein in the betaine catalyst M is nitrogen
      and X is a halide anion which is chloride or bromide.
NUM  12.
PAR  12. The process of claim 11 wherein the sodium hydroxide is present in an
      amount of from about 2 to about 5 moles per mole of halogen-substituted
      hydrocarbon and the amount of betaine catalyst is from about 1 to about 5
      weight percent based on the halogen-substituted hydrocarbon.
NUM  13.
PAR  13. The process of claim 12 wherein the halogen-substituted hydrocarbon is
      an n-alkyl halide, wherein the halogen is chlorine or bromine, containing
      from 1 to 18 carbon atoms.
NUM  14.
PAR  14. The process of claim 12 wherein the halogen-substituted hydrocarbon is
      an internally substituted mono-, di-, or tri-chlorinated or brominated
      alkane containing 4 to 40 carbon atoms.
NUM  15.
PAR  15. The process of claim 12 wherein the halogen-substituted hydrocarbon is
      an alkene containing 3 to 40 carbon atoms and 1 to 2 chlorine or bromine
      atoms.
NUM  16.
PAR  16. The process of claim 10 wherein in the betaine catalyst M is phosphorus
      and X is a halide anion, which is chloride or bromide.
NUM  17.
PAR  17. The process of claim 16 wherein the sodium hydroxide is present in an
      amount of from about 2 to about 5 moles per mole or halogen-substituted
      hydrocarbon and the amount of betaine catalyst is from about 1 to about 5
      weight percent based on the halogen-substituted hydrocarbon.
NUM  18.
PAR  18. The process of claim 17 wherein the halogen-substituted hydrocarbon is
      an n-alkyl halide, wherein the halogen is chlorine or bromine, containing
      from 1 to 18 carbon atoms.
NUM  19.
PAR  19. The process of claim 17 wherein the halogen-substituted hydrocarbon is
      an internally substituted mono-, di-, or tri-chlorinated or brominated
      alkane containing 4 to 40 carbon atoms.
NUM  20.
PAR  20. The process of claim 17 wherein the halogen-substituted hydrocarbon is
      an alkene containing 3 to 40 carbon atoms and 1 to 2 chlorine or bromine
      atoms.
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PAL  6-Oxo-7-substituted -6H-indeno-[5,4-b]furan(and thiophene)carboxylic acids;
      the 1,2,7,8-tetrahydro; 7,8-dihydro; and 1,2-dihydro derivatives; and the
      salt, ester and amide derivatives thereof are disclosed having
      diuretic-saluretic and antihypertensive activity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to certain indenofurans and indenothiophenes having
      diuretic-saluretic and antihypertensive pharmacological activity. Further,
      this invention relates to processes for the preparation of such compounds;
      pharmacological compositions comprising such compounds; and to methods of
      treatment comprising administering such compounds and compositions for the
      alleviation of symptoms associated with electrolyte imbalance and fluid
      retention such as hypertension and edema.
PAR  The compounds of this invention may be represented by the following generic
      structure:
      ##SPC1##
PAL  Wherein the dotted lines indicate 1,2-, 7,8-, and 1,2,7,8-unsaturated
      embodiments; A is oxygen or sulfur; R is hydrogen, lower alkyl or halo;
      R.sup.1 is lower alkyl, cycloalkyl, or aralkyl; or R and R.sup.1, together
      with the carbon atom to which they are attached, may be joined to form a
      cycloalkyl radical having from 3 to about 6 carbon atoms; R.sup.2 is
      hydrogen, lower alkyl, or phenyl; X.sup.1 is lower alkyl or halo; X.sup.2
      is hydrogen, lower alkyl or halo. A 7-alkylidene embodiment is
      characterized in that the substituent at the 7-position is =CR.sup.3
      R.sup.4 ; wherein R.sup.3 and R.sup.4 are independently selected from the
      group consisting of hydrogen, lower alkyl, cycloalkyl, aryl, and aralkyl.
PAR  Also within the scope of the present invention are the respective salt,
      ester and amide derivatives of the above-described compounds.
PAR  For convenience, these compounds will collectively be referred to
      hereinafter as "indenofurans".
PAR  Pharmacological studies show that the indenofurans of the present invention
      are effective diuretic and saluretic agents which can be used in the
      treatment of conditions associated with electrolyte and fluid retention
      such as edema and hypertension. Thus, when administered in therapeutic
      dosages in conventional vehicles, the compounds of this invention
      effectively reduce the amount of sodium and chloride ions in the body,
      lower dangerous excesses of fluid levels to acceptable levels and in
      general alleviate conditions associated with edema and hypertension.
PAR  Thus it is an object of the present invention to provide the indenofurans
      of the above general description and to provide processes for preparation
      of such compounds. Further objects of this invention are to provide
      pharmaceutical compositions comprising such indenofurans and to provide
      methods of treatment comprising administering such compounds and
      compositions.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For purposes of description, the indenofurans of the present invention
      (structure I above) may be represented in a 5-member subgeneric
      classification according to the following structural formulae:
      ##SPC2##
PAL  Wherein A, X.sup.2, X.sup.1, R, R.sup.1, R.sup.2, R.sup.3, and R.sup.4 have
      previously been defined. The dotted line in structures IV and VI indicates
      provision for both the 1,2-dihydro and unsaturated forms.
PAR  The preferred indenofurans of the present invention are those wherein A is
      oxygen; R is hydrogen, lower alkyl having from 1 to about 6 carbon atoms,
      or halogen such as chloro, bromo and fluoro; R.sup.1 is lower alkyl having
      from 1 to about 6 carbon atoms, cycloalkyl having from 3 to about 6 carbon
      atoms, or aralkyl having from 7 to about 20 carbon atoms; R and R.sup.1
      are joined together with the carbon to which they are attached to form a
      cycloalkyl radical having from 3 to about 6 carbon atoms; R.sup.2 is
      hydrogen, lower alkyl having from 1 to about 6 carbon atoms, or phenyl;
      R.sup.3 and R.sup.4 are independently selected from hydrogen, lower alkyl
      having from 1 to about 6 carbons atoms, cycloalkyl having from 3 to about
      6 carbon atoms, phenyl, or aralkyl having from 7 to about 20 carbon atoms;
      X.sup.1 is lower alkyl having from 1 to about 6 carbon atoms, or halogen
      such as chloro, fluoro and bromo; X.sup.2 is hydrogen, lower alkyl having
      from 1 to about 6 carbon atoms, or halogen such as chloro, fluoro and
      bromo.
PAR  Of the non-toxic pharmaceutically acceptable salt, ester and amide
      derivatives of I, the preferred salts are those of the alkali
      metals-principally sodium and potassium; the preferred esters are those
      derived from lower alkanols having from 1 to about 6 carbon atoms; the
      preferred amides are those derived from mono- and di-lower alkyl amines
      and hetero amines such as piperidine, morpholine and the like.
PAR  The indenofurans of the present invention may be prepared essentially by
      two basic schemes of synthesis, A and B.
PAR  Central to scheme A is an appropriately substituted 5-hydroxyindanone or
      derivative having the structure:
      ##SPC3##
PAL  wherein X.sup.1, X.sup.2, R, R.sup.1 and R.sup.2 have been previously
      defined. Representative indanones of structure Ia and their 5-alkoxy or
      alkyl thio derivatives wherein R is halo or hydrogen have been fully
      disclosed in U.S. Pat. Nos. 3,668,241 (June 6, 1972) and 3,704,314 (Nov.
      28, 1972) which patents are incorporated herein by reference. Other such
      indanones (R = lower alkyl) are prepared by Friedel-Crafts alkylation of
      the parent structure or derivatives thereof (Step B, infra).
PAR  Scheme A may generally be depicted in the following manner:
      ##SPC4##
PAR  According to Scheme A, an appropriately substituted indanone Ia, is reacted
      with allyl bromide to yield the corresponding 5-allyl ether. Typically the
      allyl bromide is employed in excess; in fact it may serve as the reaction
      solvent. Other solvents, provided they are compatible with the desired
      course of reaction may be employed, for example, ethanol,
      dimethylformamide and the like. Typically the reaction is conducted in the
      presence of a base such as sodium alkoxide, potassium carbonate and the
      like at a temperature in the range of from about 25.degree. to about
      100.degree.C. and is substantially complete in from about 0.5 to about 2
      hours. The Claisen rearrangement to obtained the 4-allyl species is
      effected by continued heating at from about 100.degree. to about
      220.degree.C. Alternately the 5-allyloxy species may be separated;
      dissolved in a solvent such as N,N-dimethylaniline, N,N-diethylaniline and
      the like; and heated at the reflux temperature of the solvent for 0.5 to 4
      hours to yield the 4-allyl species. The basic indenofuran nucleus is
      obtained from the  4-allyl species by treating the latter with a peracid
      such as m-chloroperbenzoic, peracetic acid and the like in a solvent such
      as methylene chloride, chloroform, acetic acid and the like at a
      temperature of from about 0.degree. to the reflux temperature of the
      solvent. Oxidation of the resulting hydroxymethyl substituted indenofuran
      yields the indenofurans of the present invention. Typically the oxidation
      is effected by oxidizing agents such as chromic acid, m-chloroperbenzoic
      acid, potassium permanganate and the like in a solvent such as water,
      dilute sulfuric acid, acetone and the like; the temperature of reaction is
      typically in the range of from about 0.degree. to the reflux temperature
      of the solvent.
PAR  Scheme A is most suitable for the preparation of the saturated species of
      the present invention represented by structure III, above-depicted.
      However, the 1,2-dihydro-7,8-unsaturated and the 1,2-dihydro-7-alkylidene
      embodiments (above-given structures V and VI, respectively) are readily
      obtained from III by halogenation and dehydrohalogenation.
PAR  Scheme B is particularly suited for the preparation of the 1,2-unsaturated
      embodiments, II, IV, and VI (above); the 1,2-dihydro and
      1,2,7,8-tetrahydro embodiments are readily obtainable therefrom by
      reduction. Central to scheme B is an appropriately 6,7-disubstituted
      benzofuran (or benzothiophene)-2-carboxylic acid (Ib and Ic, respectively,
      below):
      ##SPC5##
PAL  wherein X.sup.2 and X.sup.1 have previously been defined. Such benzofuran
      and benzothiophene compounds are known and available. See for example U.S.
      Pat. Nos. 3,627,785 (Dec. 14, 1971) and 3,651,094 (Mar. 21, 1972), which
      patents are incorporated herein by reference. Alternately such compounds
      may readily be prepared by known procedures. For example, the benzofuran
      of structure Ib may readily be prepared from an appropriately
      2,3-disubstituted phenol in reaction with malic acid in concentrated
      sulphuric acid to provide the corresponding disubstituted coumarin which
      upon bromination and subsequent treatment with potassium hydroxide in
      ethanol yields Ib.
PAR  According to scheme B, an appropriate benzofuran (or
      benzothiophene)-2-carboxylic acid (above) is reacted under Friedel-Crafts
      conditions with a carboxylic acid halide (or anhydride) of the formula:
      ##EQU1##
      wherein R.sup.1 and R.sup.2 have previously been defined and Z is halogen
      such as chloro or bromo, to yield the corresponding 5-acyl species:
      ##SPC6##
PAL  respectively, wherein A is oxygen or sulphur. Suitable catalysts for the
      reaction are aluminum chloride, tin (IV) chloride, concentrated sulphuric
      acid and the like. The reaction solvent and temperature are not critical
      inasmuch as any solvent which is inert to the acyl halide/benzofuran
      (benzothiophene) reactants may be employed. In this regard, suitable
      solvents include aliphatic and cycloaliphatic hydrocarbons such as
      heptane, cyclohexane, and the like; nitrohydrocarbons such as nitrobenzene
      and the like; and halogenated hydrocarbons such as carbon tetrachloride,
      methylene chloride, and the like. Typically the reaction is conducted at
      from 0.degree. to the reflux temperature of the particular solvent
      employed.
PAR  The Friedel-Crafts product is prepared for cyclialkylation to the ultimate
      indenofuran of this invention by either of two methods. In the case of
      structure VIIa, a 2'-methylene derivative is prepared via a Mannich
      intermediate by treating VIIa is paraformaldehyde in the presence of a
      secondary amine, such as dimethylamine hydrochloride, and the like:
      ##SPC7##
PAL  The 2'-methylene species (IXa) is obtained from the Mannich intermediate
      (VIIIa) on treatment with aqueous sodium bicarbonate, sodium acetate or
      anhydrous dimethylformamide. In the case of structure VIIb, a suitable
      2'-methylene derivative is prepared by halogenating and then
      dehydrohalogenating according to the following process:
      ##SPC8##
PAR  Cyclialkylation of IXa and IXb, thus prepared, yields the indenofurans of
      the present invention. The cyclialkylation is effected by treatment with a
      Lewis Acid such as concentrated sulphuric, polyphosphoric acid, boron
      trifluoride and the like at a temperature of from about 0.degree. to about
      6.degree.C. The following equations illustrate this process:
      ##SPC9##
PAL  All embodiments of the present invention may be obtained from the
      above-described 1,2-unsaturated embodiments. For example, 7,8-unsaturated
      and 7-alkylidene embodiments are readily prepared by halogenation and
      dehydrohalogenation as previously described under Scheme A; 1,2-dihydro
      embodiments are readily prepared by reduction with sodium amalgam followed
      by oxidation of the resulting carbinol (which are also diuretic/saluretic
      and antihypertensives) to the desired keto form. The following equation
      generally illustrates this process.
      ##SPC10##
PAL  Typically the reduction is carried out in excess aqueous sodium bicarbonate
      solution, and typically the reaction is complete in from 2 to about 24
      hours at 0.degree. to about 25.degree.C. Suitable oxidizing agent include
      chromic acid, potassium permangante, and the like. Typically the oxidation
      is conducted in a solvent such as acetone, water and the like.
PAR  Finally the 7,7-disubstituted embodiments are conveniently prepared by
      alkylation according to the following generalized equation:
      ##SPC11##
PAL  Wherein A, R.sup.1, R.sup.2, R, X.sup.2, and X.sup.1 have been defined and
      Z is halogen such as bromo, chloro, iodo and the like. The above-depicted
      alkylation is effected by first heating the 7-substituted indenofuran with
      a suitable base, for example, an alkali metal hydride such as sodium
      hydride and the like, or an alkali metal alkoxide, for example potassium
      tertiary butoxide and the like, other bases which may be employed include
      sodium amide, lithium amide and the like. The resulting carbanion is then
      treated with an alkylating agent RZ. Any solvent which is inert or
      substantially inert to the reactants employed may be used. Suitable
      solvents include 1,2-dimethoxy ethane, tertiary butanol, benzene,
      dimethylformamide and the like. The reaction may be conducted at a
      temperature in the range of from about 25.degree. to about 100.degree.C.
PAR  As previously mentioned, included within the scope of this invention are
      the ester and amide derivatives of the instant products which are prepared
      by conventional methods well known to those skilled in the art. Thus, for
      example, the ester derivative may be prepared by the reaction of an
      indenofuran- or indenothiophene-2-carboxylic acid of this invention with
      an alcohol, for example, with a lower alkanol. The amide derivatives may
      be prepared by converting the same acid to its corresponding acid chloride
      by treatment with thionyl chloride followed by treating said acid chloride
      with ammonia, an appropriate mono-lower alkylamine, di-lower alkyl amine
      or a hetero amine, such as piperidine, morpholine and the like, to produce
      the corresponding amide compound. These and other equivalent methods for
      the preparation of the ester and amide derivatives of the instant products
      will be apparent to one having ordinary skill in the art and to the extent
      that said derivatives are both non-toxic and physiologically acceptable to
      the body system, said derivatives are the functional equivalent of the
      corresponding free acids of the present invention.
PAR  The examples which follow illustrate the indenofuran products of the
      present invention and the methods by which they are prepared. However, the
      examples are illustrative only and it will be apparent to those having
      ordinary skill in the art that all the products embraced by the
      above-given description of the present invention may also be prepared in
      an analogous manner by substituting the appropriate starting materials for
      those set forth in the examples.
PAC  EXAMPLE 1
PAC  4,5-Dimethyl-6-oxo-7-isopropyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]furan-2-c
     arboxylic acid
PAC  Step A: 7,8-Dimethylcoumarin
PAR  A stirred mixture of 2,3-dimethylphenol (45 g.) and malic acid (50 g.) in
      concentrated sulfuric acid (100 ml.) is slowly warmed in an oil bath to
      130.degree.C. and maintained at that temperature until the evolution of
      carbon monoxide ceases. The reaction mixture is poured into ice water (1
      l.) affording 45 g. of 7,8-dimethylcoumarin which melts at
      122.degree.-3.degree.C.
PAC  Step B: 6,7-Dimethylbenzofuran-2-carboxylic acid
PAR  Bromine (28 g.) in chloroform (20 ml.) is added dropwise to a solution of
      7,8-dimethylcoumarin (30 g.) in chloroform (50 ml.); the reaction is
      stirred for 0.5 hours at 25.degree.C.; the solvent is distilled off at
      reduced pressure and the residual oil is poured protionwise into an ice
      chilled slurry of potassium hydroxide (90 g.) in ethanol (300 ml.). The
      reaction mixture is stirred at 40.degree.C. for 0.5 hours, warmed to
      60.degree. then poured into ice water (1.2 l.). The aqueous solution is
      washed with ether and acidified with hydrochloric acid to afford 28 g. of
      6,7-dimethylbenzofuran-2-carboxylic acid which melts at
      235.degree.-7.degree.C.
PAC  Step C: 2,3-Dihydro-6,7-dimethylbenzofuran-2-carboxylic acid
PAR  6,7-Dimethylbenzofuran-2-carboxylic acid (11 g.) is dissolved in 165 ml. of
      saturated aqueous sodium bicarbonate, diluted with water (60 ml.) and
      cooled to 5.degree.C. Thereafter sodium amalgam (1%, 610 g.) is added. The
      mixture is stirred 18 hours at room temperature; the aqueous phase
      separated and acidified with hydrochloric acid to afford 9 g. of
      2,3-dihydro-6,7-dimethyl-benzofuran-2-carboxylic acid which melts at
      182.degree.C.
PAC  Step D: 2,3-Dihydro-5-isovaleryl-6,7-dimethylbenzofuran-2-carboxylic acid
PAR  To a stirred solution of 2,3-dihydro-6,7-dimethylbenzofuran-2-carboxylic
      acid (9 g.) and isovaleryl chloride (7.5 g.) in dichloromethane (100 ml.)
      at 5.degree.C. is added aluminum chloride (20 g.) in portions over a 1
      hour period. The reaction mixture is stirred at 25.degree. for 18  hours
      then poured into a mixture of ice (300 g.) and hydrochloric acid (50 ml.)
      affording 9 lg. of
      2,3-dihydro-5-isovaleryl-6,7-dimethyl-benzofuran-2-carboxylic acid which
      melts at 117.degree. after recrystallization from methylcyclohexane.
PAR  Calculated: C.sub.16 H.sub.20 O.sub.4 ; C, 69.55; H, 7.30; Found: C, 69.34;
      H, 7.32.
PAC  Step E:
      2,3-Dihydro-5-(2-methyleneisovaleryl)-6,7-dimethylbenzofuran-2-carboxylic
      acid
PAR  A mixture 2,3-dihydro-5-isovaleryl-6,7-dimethylbenzofuran-2-carboxylic acid
      (8.5 g.), paraformaldehyde (2.0 g.), dimethylamine hydrochloride (3.3 g.)
      and acetic acid (1 ml.) is heated at 95.degree. for 2.5 hours, treated
      with dimethylformamide (75 ml.), heated an additional 3.5 hours then
      poured into ice water (300 ml.) containing hydrochloric acid (5 ml.). The
      product is extracted into ether, washed with water, dried over magnesium
      sulfate and the solvent evaporated at reduced pressure to afford
      2,3-dihydro-5-(2-methyleneisovaleryl)-6,7-dimethylbenzofuran-2-carboxylic
      acid which melts at 97.degree.C. after recrystallization from cyclohexane.
PAR  Calculated: C.sub.17 H.sub.20 O.sub.4 ; C, 70.81; H, 6.99; Found: C, 70.47;
      H, 7.49.
PAC  Step F:
      4,5-Dimethyl-6-oxo-7-isopropyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]furan-2-
     carboxylic acid
PAR  A mixture of
      2,3-dihydro-5-(2-methyleneisovaleryl)-6,7-dimethylbenzofuran-2-carboxylic
      acid (5.0 g.) and concentrated sulfuric acid (25.0 ml.) is heated at
      57.degree.C. for 6 hours then poured into ice water (300 ml.). The
      4,5-dimethyl-6-oxo-7-isopropyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]furan-2-
     carboxylic acid which separates is filtered and dried.
PAC  EXAMPLE 2
PAR  Following the procedure exactly as described in Example 1 except that the
      2,3-dimethylphenol of Step A is replaced by an equivalent amount of
      2,3-dichlorophenol and 3-ethylphenol, respectively, there is obtained
      4,5-dichloro-6-oxo-7-isopropyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]furan-2c
     arboxylic acid and
      5-ethyl-6-oxo-7-isopropyl-1,2,7,8-tetrahydro-6H-indeno-[5,4-b]furan-2-carb
     oxylic acid, respectively.
PAC  EXAMPLE 3
PAC  4,5-Dimethyl-6-oxo-7-isopropyl-7,8-dihydro-6H-indeno-[5,4-b]furan-2-carboxy
     lic acid
PAC  Step A: 5-Isovaleryl-6,7-dimethylbenzofuran-2-carboxylic acid
PAR  To a stirred solution of 6,7-dimethylbenzofuran-2-carboxylic acid (9 g.)
      and isovaleryl chloride (7.5 g.) in dichloromethane (100 ml.) at
      5.degree.C. is added aluminum trichloride (20 g.) in portions over a 1
      hour period. The reaction mixture is stirred at 25.degree.C. for 18 hours,
      poured into a mixture of ice (300 g.) and hydrochloric acid (50 ml.) to
      afford 5-isovaleryl-6,7-dimethylbenzofuran-2-carboxylic acid.
PAC  Step B: 5-(2-Methyleneisovaleryl)-6,7-dimethylbenzofuran-2-carboxylic acid
PAR  A mixture of 5-isovaleryl-6,7-dimethylbenzofuran-2-carboxylic acid (8.5
      g.), paraformaldehyde (2.0 g.), dimethylamine hydrochloride (3.3 g.) and
      acetic acid (1 ml.) is heated at 95.degree.C. for 2.5 hours, treated with
      dimethylformamide (75 ml.), heated an additional 3.5 hours, poured into
      ice water (300 ml.) containing hydrochloric acid (5 ml.). The product is
      extracted into ether, washed with water, dried over magnesium sulfate, the
      solvent evaporated at reduced pressure to afford
      5-(2-methyleneisovaleryl)-6,7-dimethylbenzofuran-2-carboxylic acid.
PAC  Step C:
      4,5-Dimethyl-6-oxo-7-isopropyl-7,8-dihydro-6H-indeno[5,4-b]furan-2-carboxy
     lic acid
PAR  A mixture of 5-(2-methyleneisovaleryl)-6,7-dimethylbenzofuran-2-carboxylic
      acid (5 g.) and concentrated sulfuric acid (25 ml.) is heated at
      57.degree.C. for 6 hours and poured into ice water (300 ml.). The
      4,5-dimethyl
      -6-oxo-7-isopropyl-7,8-dihydro-6H-indeno-[5,4-b]furan-2-carboxylic acid
      which separates is filtered and dried.
PAC  EXAMPLE 4
PAC  4,5,7-Trimethyl-6-oxo-7-isopropyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]furan-
     2-carboxylic acid
PAR  A solution of
      4,5-dimethyl-6-oxo-7-isopropyl1,2,7,8-tetrahydro-6H-indeno[5,4-b]furan-2-c
     arboxylic acid (0.01 mole) in dimethylformamide (50 ml.) at 15.degree.C. is
      treated with sodium hydride (50% dispersion in mineral oil, (0.-25 mole).
      The solution is warmed to 50.degree.C., cooled to 25.degree.C., treated
      with methyl iodide (0.025 mole) then warmed to 50.degree.C. Thereafter,
      water (50 ml.) and 10 N sodium hydroxide (2 ml.) are added; the reaction
      is heated at 95.degree.C. for 0.5 hours then poured into cold 1.0N
      hydrochloric acid to afford
      4,5,7-trimethyl-6-oxo-7-isopropyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]furan
     -2-carboxylic acid.
PAC  EXAMPLE 5
PAC  4,5-Dimethyl-6-oxo-7-isopropyl-6H-indeno[5,4-b]furan-2-carboxylic acid
PAC  Step A: 4,5-Dimethyl-6-oxo-7,8-dihydro-7-bromo-7-isopropyl-6H-indeno[5,4-9
      furan-2-carboxylic acid
PAR  A solution of
      4,5-dimethyl-6-oxo-7,8-dihydro-7-isopropyl-6H-indeno[5,4-b]furan-2-carboxy
     lic acid (0.01 mole) in acetic acid (60 ml.) is treated with 48%
      hydrobromic acid (1 drop) then with bromine (0.01 mole) in acetic acid (10
      ml.) during a ten minute period. The solution is poured into ice water
      (300 ml.) containing sodium bisulfite (1 g.) to afford
      4,5-dimethyl-6-oxo-7,8-dihydro-7-bromo-7-isopropyl-6-H-indeno[5,4-b]furan-
     2-carboxylic acid.
PAC  Step B: 4,5-Dimethyl-6-oxo-7-isopropyl-6H-indeno[5,4-b]furan-2-carboxylic
      acid
PAR  A solution of
      4,5-dimethyl-6-oxo-7,8-dihydro-7-bromo-7-isopropyl-6H-indeno[5,4-b]furan-2
     -carboxylic acid (0.01 mole) in dimethylsulfoxide (50 ml.) is treated with
      1,5-diazabicyclo[4.3.0] -5-nonene (0.20 mole) and stirred in an inert
      (nitrogen) atmosphere at 25.degree.C. for 1  hour; poured into 1.0 N
      hydrochloric acid to afford
      4,5-dimethyl-6-oxo-7-isopropyl-6H-indeno-[5,4-b]furan-2-carboxylic acid.
PAC  EXAMPLE 6
PAC  4,5-Dimethyl-6-oxo-7,8-dihydro-7-isopropylidene-6H-indeno[5,4-b]furan-2-car
     boxylic acid
PAR  A solution of
      4,5-dimethyl-6-oxo-7,8-dihydro-7-bromo-7-isopropyl-6H-indeno[5,4-b]furan-2
     -carboxylic acid (0.01 mole) and lithium bromide (0.02 mole) in
      dimethylformamide (100 ml.) is heated in an inert atmosphere (nitrogen) at
      95.degree.C. for 2.0 hours; poured into ice water (300 ml.) to afford
      4,5-dimethyl-6-oxo-7,8-dihydro-7-isopropylidene-6H-indeno[5,4-b]furan-2-ca
     rboxylic acid.
PAC  EXAMPLE 7
PAC  4',5'-Dichloro-6'-oxo-1',2',7',8'-tetrahydrospiro(cyclopentane-1,7'-6'H-ind
     eno[5,4-b]furan)-2'-carboxylic acid
PAC  Step A: 2,3-Dichloro-4-(6-bromohexanoyl)anisole
PAR  A stirred mixture of 2,3-dichloroanisole (89 g., 0.50 mole) and
      6-bromohexanoyl chloride (120 g., 0.59 mole) in methylene chloride (500
      ml.) is cooled to 5.degree.C. and treated with aluminum chloride (74 g.,
      0.56 mole) in portions during a one-half hour period. The reaction mixture
      is kept at 25.degree.C. for 18 hours, then poured into ice water (1 l.)
      made acidic with hydrochloric acid. The organic phase is separated washed
      with water, 2% sodium hydroxide and 1.0 M hydrochloric acid. The methylene
      chloride is evaporated at reduced pressure. The resulting oil is dissolved
      in ether, dried over magnesium sulfate, evaporated to 200 ml. and treated
      with hexane (600 ml.) to afford 2,3-dichloro-4-(6-bromohexanoyl) anisole
      which melts at 52.degree.-53.degree.C.
PAR  Elemental analysis for C.sub.13 H.sub.15 BrCl.sub.2 O.sub.2 : Calc.: C,
      44.10; H, 4.27; Found: C, 44.33; H, 4.66.
PAC  Step B: 2-(4-Chlorobutyl)-5-methoxy-6,7-dichloro-1-indanone
PAR  A stirred mixture of 2,3-dichloro-4-(6-bromohexanoyl)anisole (10 g.),
      dimethylamine hydrochloride (4 g.), paraformaldehyde (2 g.) and acetic
      acid (0.5 ml.) is heated on a steam bath for two hours, treated with
      dimethylformamide (30 ml.) and heated an additional 2 1/2 hours. The
      reaction mixture is poured into water, extracted with ether, washed with
      water and dried over magnesium sulfate. Evaporation of the ether affords 9
      g. of crude 2,3-dichloro-4-(6-chloro-2-methylenehexanoyl)-anisole which is
      cyclialkylated by treatment with concentrated sulfuric acid (50 ml.). The
      sulfuric acid solution is poured into water (300 ml.) affording 5.8 g. of
      2-(4-chlorobutyl)-5-methoxy-6,7-dichloro-1-indanone which melts at
      92.degree.C. after recrystallization from cyclohexane.
PAR  Elemental analysis for C.sub.14 H.sub.15 Cl.sub.3 O.sub.2 : Calc.: C,
      52.28; H, 4.70; Cl, 33.07; Found: C, 52.25; H, 4.50; Cl, 33.03.
PAC  Step C: 5'-Methoxy-6',7'-dichlorospiro(cyclopentane-1,2'-indanone)
PAR  A stirred suspension of sodium hydride (370 mg., 0.0155 mole) in
      1,2-dimethoxyethane (250 ml.) is refluxed in an inert atomosphere. A
      solution of 2-(4-chlorobutyl)-5-methoxy-6,7-dichloro-1-indanone. (4.5 g.,
      0.014 mole) in 1,2-dimethoxyethane (50 ml.) is added over a 20-minute
      period and refluxing is maintained for three hours. The solvent is
      distilled to a volume of 50 ml. and poured into water (300 ml.) affording
      2.6 g. of 5'-methoxy-6',7'-dichlorospiro-(cyclopentane-1,2'-indanone)
      which melts at 170.degree.C. after recrystallization from ethanol-water.
PAR  Elemental analysis for C.sub.14 H.sub.14 Cl.sub.2 O.sub.2 : Calc: C, 58.97;
      H, 4.95; Found: C, 58.94; H. 5.00.
PAC  Step D: 5'-Hydroxy-6',7'-dichlorospiro-(cyclopentane-1,2'-indanone)
PAR  A stirred mixture of 5'-methoxy-6',7'-dichlorospiro-(cyclopentan-
      1,2'-indanone) (2.6 g., 0.0091 mole) and pyridine hydrochloride (26 g.) is
      heated at 185.degree.C. for one hour, then poured into water (200 ml.).
      The 5'-hydroxy-6',7'-dichlorospiro-(cyclopentane-1,2'-indanone) which
      separates (2.3 g.) melts at 236.degree.C. after recrystallization from
      nitromethane.
PAR  Elemental analysis for C.sub.13 H.sub.12 Cl.sub.2 O.sub.2 : Calc.: C,
      57.55; H, 4.46; Found: C, 57.77; H, 4.54.
PAC  Step E: 5'Allyloxy-6',7'-dichlorospiro-(cyclopentane-1,2'-indanone)
PAR  A stirred mixture of 5'-hydroxy-6',7'-dichlorospiro
      (cyclopentane-1,2'-indanone) (8.13 g., 0.03 mole) potassium carbonate
      (4.55 g.) and allyl bromide (2.85 ml.) in dimethylformamide (50 ml.) is
      heated at 55.degree.C. in an inert atmosphere for 1 hour then poured into
      water (300 ml.) affording
      5'-allyloxy-6',7'-dichlorospiro-(cyclopentane-1,2'-indanone (9.0 g.) which
      melts at 110.degree.-2.degree.C. after recrystallization from cyclohexane.
PAR  Elemental analysis for C.sub.16 H.sub.16 Cl.sub.2 O.sub.2 : Calc.: C,
      61.75; H, 5.18; Found: C, 61.45; H, 5.18.
PAC  Step F: 4'-Allyl-5'-hydroxy-6',7'-dichlorospiro
      (cyclopentane-1,2'-indanone)
PAR  A mixture of 5'-allyloxy-6',7'-dichlorospiro (cyclopentane-1,2'-indanone)
      (3.0 g., 0.0096 mole) and N,N-diethylaniline (30 ml.) is refluxed for 1
      1/2 hours then poured into water (300 ml.) containing hydrochloric acid
      (50 ml.). The product is extracted into ether (100 ml.) washed with 1N
      hydrochloric acid, water, dried over magnesium sulfate and the ether
      evaporated affording
      4'-allyl-5'-hydroxy-6',7'-dichlorospiro(cyclopentane-1,2'-indanone) (1.7
      g.) which melts at 103.degree.C. after recrystallization from butyl
      chloride-hexane.
PAR  Elemental analysis for C.sub.16 H.sub.16 Cl.sub.2 O.sub.2 : Calc.: C,
      61.75; H, 5.18: Found: C, 61.91; H, 5.34.
PAC  Step G: 4',5'-Dichloro-2'-hydroxymethyl-1',2'7',8'-tetrahydrospiro
      (cyclopentane-1,7'-6'H-indeno[5,4-b]furan-6'-one)
PAR  A solution of
      4'-allyl-5'-hydroxy-6',7'-dichlorospiro(cyclopentane-1,2'-indanone) (9.3
      g., 0.03 mole) and m-chloroperbenzoic acid (6.5 g.) in methylene chloride
      (125 ml.) is refluxed for 18 hours, cooled, washed with dilute aqueous
      sodium bicarbonate, saturated sodium chloride solution, and dried over
      magnesium sulfate. Evaporation of the methylene chloride affords
      4',5'-dichloro-2'-hydroxymethyl-1',2',7',8'-tetrahydrospiro
      (cyclopentane-1,7',6'H-indeno[5,4-b]furan-6'-one) which melts at
      123.degree.-5.degree.C. after recrystallization from ether.
PAR  Elemental analysis for C.sub.16 H.sub.16 Cl.sub.2 O3: Calc.: C, 58.73; H,
      4.93; Cl, 21.67; Found: C, 58.44; H, 4.83; Cl, 21.72.
PAC  Step H:
      4',5'-Dichloro-6'-oxo-1',2',7',8'-tetrahydrospiro(cyclopentane-1,7'-6'-H-i
     ndeno[5,4-b]furan)-2'-carboxylic acid
PAR  A stirred solution of
      4',5'-dichloro-2'-hydroxymethyl-1',2',7',8'-tetrahydrospiro(cyclopentane-1
     ,7'-6'H-indeno[5,4-b]furan-6'-one) (0.58 g., 1.77 m moles) in acetone (25
      ml.) is treated with an oxidizing solution comprised of chromium trioxide
      (0.35 g.), water (2.5 ml.) and sulfuric acid (0.31 ml.). The reaction is
      stirred at 25.degree.C. for 18 hours, then the acetone phase is decanted
      and evaporated at reduced pressure. The residue is dissolved in ether,
      washed with dilute hydrochloric acid, extracted into sodium bicarbonate,
      acidified, extracted into ether, washed with water and dried over
      magnesium sulfate. Evaporation of the ether affords
      4',5'-dichloro-6'-oxo-1',2',7',8'-tetrahydrospiro(cyclopentane-1,7'-6'H-in
     deno-[5,4-b]furan)-2'-carboxylic acid which melts at 195.degree.C. after
      recrystallization from toluene.
PAR  Elemental analysis for C.sub.16 H.sub.14 Cl.sub.2 O.sub.4 : Calc.: C,
      56.32; H, 4.14; Found: C, 56.25; H, 4.28.
PAC  EXAMPLE 8
PAC  4,5-Dimethyl-6-oxo-7-propyl-7,8-dihydro-6H-indeno[5,4-b]-furan-2-carboxylic
      acid
PAC  Step A: 4,5-Dimethyl-6-valerylbenzofuran-2-carboxylic acid
PAR  A stirred suspension of 4,5-dimethylbenzofuran-2-carboxylic acid (18 g.)
      and valeryl chloride (15 g.) in methylene chloride (300 ml.) is cooled to
      5.degree.C. and treated with aluminum chloride (40 g.) in portions during
      a 1/2 hour period during which time the suspended reactant dissolves. The
      reaction mixture is stirred at 25.degree. for 2 days then poured into ice
      water (500 ml.) containing hydrochloric acid (50 ml.). The product (21 g.)
      separates from the biphasic solution, is filtered and recrystallized from
      ethanol-water affording 4,5-dimethyl-6-valerylbenzofuran-2-carboxylic acid
      which melts at 188.degree.-9.degree.C.
PAR  Elemental analysis for C.sub.16 H.sub.18 O.sub.4 : Calc.: C, 70.05; H,
      6.61; Found: C, 69.94; H, 6.79.
PAC  Step B: 4,5-Dimethyl-6-(2-methylenevaleryl) benzofuran-2-carboxylic acid
PAR  A mixture of 4,5-dimethyl-6-valerylbenzofuran-2-carboxylic acid (15 g.)
      paraformaldehyde (3.5 g.) and dimethylamine hydrochloride (7 g.) in
      p-dioxane (100 ml.) is refluxed for 8 hours and cooled. The
      4,5-dimethyl-6-[(2-dimethylaminomethyl)valeryl]benzofuran-2-carboxylic
      acid hydrochloride which separates is filtered, dried, and dissolved in
      acetic acid (200 ml.) containing sodium acetate (20 g.). The reaction
      mixture is refluxed for two hours then poured into water (250 ml.)
      containing hydrochloric acid (25 ml.) affording 4,5
      -dimethyl-6-(2-methylenevaleryl)-benzofuran-2-carboxylic acid which melts
      at 172.degree. after recrystallization from butyl chloride.
PAR  Elemental analysis for C.sub.17 H.sub.18 O.sub.4 : Calc: C, 71.31; H, 6.34;
      Found: C, 71.10; H, 6.54.
PAC  Step C:
      4,5-Dimethyl-6-oxo-7-propyl-7,8-dihydro-6H-indeno[5,4-b]furan-2-carboxylic
      acid
PAR  A solution of 4,5-dimethyl-6-(2-methylenevaleryl)benzofuran-2-carboxylic
      acid (6 g.) in concentrated sulfuric acid (80 ml.) is stirred 18 hours at
      25.degree.C. then poured into ice water (500 ml.) affording
      4,5-dimethyl-6-oxo-7-propyl-7,8-dihydro-6H-indeno[5,4-b]-furan-2-carboxyli
     c acid which melts at 287.degree.C. after recrystallization from acetic
      acid.
PAR  Elemental analysis for C.sub.17 H.sub.18 O.sub.4 : Calc: C, 71.31; H, 6.34;
      Found: C, 71.58; H, 6.42.
PAC  EXAMPLE 8a
PAC  Sodium[4,5-dimethyl-6-oxo-7-propyl-7,8-dihydro-6H-indeno[5,4-b]furan-2-carb
     oxylate]
PAR  To a saturated ethanolic solution of
      4,5-dimethyl-6-oxo-7-propyl-7,8-dihydro-6H-indeno[5,4-b]-furan-2-carboxyli
     c acid is added, dropwise, a saturated ethanolic solution of sodium
      hydroxide. The resulting salt precipitate is collected by filtration and
      dried to provide sodium
      [4,5-dimethyl-6-oxo-7-propyl-7,8-dihydro-6H-indeno[5,4-b]furan-2-carboxyla
     te.]
PAC  EXAMPLE 8b
PAC  N-Ethyl[4,5-dimethyl-6-oxo-7-propyl-7,8
      -dihydro-6H-indeno[5,4-b]furan-2-carboxamide]
PAR  A solution of
      4,5-dimethyl-6-oxo-7-propyl-7,8-dihydro-6H-indeno[5,4-b]furan-2-carboxylic
      acid (0.6 g.) and thionyl chloride (0.3 ml.) in benzene (10 ml.) is
      refluxed for one hour. The solvent is distilled at reduced pressure and
      the residue is treated with benzene (20 ml.) and ethylamine (0.5 ml.).
      After one hour the reaction mixture is poured into water and extracted
      with ether which is washed with dilute hydrochloric acid and aqueous
      sodium bicarbonate. The ether solution is dried over magnesium sulfate and
      evaporated at reduced pressure to afford
      N-ethyl[4,5-dimethyl-6-oxo-7-propyl-7,8-dihydro-6H-indeno[5,4-b]furan-2-ca
     rboxamide].
PAC  EXAMPLE 8c
PAC  Ethyl[4,5-dimethyl-6-oxo-7-propyl-7,8-dihydro-6H-indeno-[5,4-b]furan-2-carb
     oxylate]
PAR  To a solution of
      4,5-dimethyl-6-oxo-7-propyl-7,8-dihydro-6H-indeno[5,4-b]furan-2-carboxylic
      acid (8.0 g.) in ethanol (50 ml.) is added borontrifluoride etherate (13
      ml.). The reaction mixture is refluxed for 0.5 hour, treated with water
      and cooled to afford ethyl
      [4,5-dimethyl-6-oxo-7-propyl-7,8-dihydro-6H-indeno[5,4-b]-furan-2-carboxyl
     ate] after filtration and drying.
PAC  EXAMPLE 9
PAC  4,5-Dichloro-7-ethyl-6-oxo-8-phenyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]fura
     n-2-carboxylic acid
PAC  Step A: 2',3'-Dichloro-4'-methoxybutyropheone
PAR  A solution of 2',3'-dichloro-4'-hydroxybutyrophenone (57 g., 0.0248 mole)
      in methanol (400 ml.) is heated to reflux. A solution of sodium hydroxide
      (40 g.) in water (100 ml.) and dimethyl sulfate are added alternately in
      small portions over a 1/2 hour period such that the reaction mixture is
      always alkaline. On cooling 2',3'-dichloro-4'-methoxybutyropheone
      separates which melts at 42.degree.-44.degree.C. after recrystallization
      from hexane.
PAR  Elemental analysis for C.sub.11 H.sub.12 Cl.sub.2 O.sub.2 : Calc.: C,
      53.46; H, 4.89; Found: C, 53.71; H, 4.73.
PAC  Step B: 2,3-Dichloro-4-(2-benzylidenebutyryl)anisole
PAR  A stirred mixture of benzaldehyde (19.4 g., 0.183 mole) and
      2',3'-dichloro-4-methoxybutyropheone (42.2 g., 0.183 mole) in ethanol (350
      ml.) is treated with 20% sodium hydroxide (35.9 ml.). The reaction is
      stirred for 22 hours during which time the
      2,3-dichloro-4-(2-benzylidenebutyryl)anisole separates mp=
      127.degree.-130.degree.C.
PAR  Elemental analysis for C.sub.18 H.sub.16 Cl.sub.2 O.sub.2 : Calc.: C,
      64.49; H, 4.81; Found: C, 64.39; H, 4.79.
PAC  Step C: 2-Ethyl-3-phenyl-5-methoxy-6,7-dichloro-1-indanone
PAR  A stirred mixture of 2,3-dichloro-4-(2-benzylidenebutyryl)anisole (55.6 g.,
      0.166 mole) and polyphosphoric acid (550 g.) is heated at
      95.degree.-100.degree.C. for six hours then at 80.degree.-85.degree. for
      16 hours, then poured into water (2 l.) affording
      2-ethyl-3-phenyl-5-methoxy-6,7-dichloro-1-indanone which melts at
      114.degree.-6.degree.C. after recrystallization from acetic acid-water.
PAR  Elemental analysis for C.sub.18 H.sub.16 Cl.sub.2 O.sub.2 : Calc.: C,
      64.49; H, 4.48; Found: C, 64.48; H, 4.87.
PAC  Step D: 2-Ethyl-3-phenyl-5-hydroxy-6,7-dichloro-1-indanone
PAR  A stirred mixture of 2-ethyl-3-phenyl-5-methoxy-6,7-dichloro-1-indanone
      (13.9 g., 0.0415 mole) and aluminum chloride (13.6 g., 0.104 mole) in
      heptane (120 ml.) is refluxed for five hours then cooled. The heptane is
      decanted and the residue is treated with ice water (100 ml.) containing
      hydrochloric acid. The gum which separates is extracted into ether, washed
      with water dried over magnesium sulfate and the ether evaporated at
      reduced pressure affording 11.3 g. of
      2-ethyl-3-phenyl-5-hydroxy-6,7-dichloro-1-indanone which melts at
      220.degree.-2.degree.C. after recrystallization from methanol.
PAR  Elemental analysis for C.sub.17 H.sub.14 Cl.sub.2 O.sub.2 : Calc: C, 63.57;
      H, 4.39; Found: C, 63.80; H, 4.46.
PAC  Step E: 5-Allyloxy-6,7-dichloro-2-ethyl-3-phenyl-1-indanone
PAR  5-Allyloxy-6,7-dichloro-2-ethyl-3-phenyl-1-indanone is prepared following
      substantially the same procedure described in Example 7 Step E using the
      following substantces:
TBL  2-Ethyl-3-phenyl-5-hydroxy-6,7-                                           

                         (14 g., 0.044 mole)                                   

     dichloro-1-indanone                                                       

     Potassium Carbonate (6.6 g., 0.047 mole)                                  

     Allyl bromide       (5.9 g., 0.049 mole)                                  

     Dimethylformamide   (75 ml.)                                              

PAL  The above procedure gives 10.4 g. (67%) of
      5-allyloxy-6,7-dichloro-2-ethyl-3-phenyl-1-indanone which after
      recrystallization from ethanol melts at 115.degree.C.
PAR  Elemental analysis for C.sub.20 H.sub.18 Cl.sub.2 O.sub.2 : Calc.: C,
      66.49; H, 5.02; Found: C, 66.78; H, 5.13.
PAC  Step F: 4-Allyl-5-hydroxy-6,7-dichloro-2-ethyl-3-phenyl-1-indanone
PAR  4-Allyl-5-hydroxy-6,7-dichloro-2-ethyl-3-phenyl-1-indanone is prepared
      following substantially the same procedure as described in Example 7, Step
      F using the following substances:
TBL  5-Allyloxy-6,7-dichloro-2-ethyl-                                          

                         (10.7 g., 0.03 mole)                                  

     3-phenyl-1-indanone                                                       

     N,N-Diethylaniline  (75 ml.)                                              

PAL  The above procedure gives 4.0 g. (37%) of
      4-allyl-5-hydroxy-6,7-dichloro-2-ethyl-3-phenyl-1-indanone which after
      recrystallization from butyl-chloride-hexane melts at 129.degree.C.
PAR  Elemental analysis for C.sub.20 H.sub.18 Cl.sub.2 O.sub.2 : Calc.: C,
      66.49; H, 5.02; Found: C, 65.92; H, 5.31.
PAC  Step G:
      4,5-Dichloro-1,2,7,8-tetrahydro-2-hydroxymethyl-7-ethyl-6-oxo-8-phenyl-6H-
     indeno[5,4-b]furan
PAR  4,5-Dichloro-1,2,7,8-tetrahydro-2-hydroxymethyl-7-ethyl-6-oxo-8-phenyl-6H-i
     ndeno[5,4-b]furan is prepared following substantially the same procedure
      described in Example 7, Step G using the following substances:
TBL  4-Allyl-5-hydroxy-6,7-dichloro-2-                                         

                          (3.9 g., 0.011 mole)                                 

     ethyl-3-phenyl-1-indanone                                                 

     Methylene chloride    40 ml.                                              

     Sodium acetate       100 ml.                                              

     Peracetic acid (40%)  3 ml.                                               

PAL  The above procedures gives 2.0 g. (50%) of
      4,5-dichloro-1,2,7,8-tetrahydro-2-hydroxymethyl-7-ethyl-6-oxo-8-phenyl-6H-
     indeno[5,4-b]furan which after recrystallization from butyl chloride melts
      at 169.degree.-70.degree.C.
PAR  Elemental analysis for C.sub.20 H.sub.18 Cl.sub.2 O.sub.3 : Calc.: C,
      63.67; H, 4.81; Found: C, 63.66; H, 4.90.
PAC  Step H:
      4,5-Dichloro-7-ethyl-6-oxo-8-phenyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]-fu
     ran-2-carboxylic acid
PAR  4,5-Dichloro-7-ethyl-6-oxo-8-phenyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]fura
     n-2-carboxylic acid is prepared following substantially the same procedure
      described in Example 7, Step H using the following substances:
TBL  4,5-Dichloro-1,2,7,8-tetrahydro-2-                                        

                          (1.9 g., 0.005 mole)                                 

     hydroxymethyl-7-ethyl-6-oxo-8-                                            

     phenyl-6H-indeno [5,4-b] furan                                            

     Acetone              100 ml.                                              

     Chromium trioxide    1.4 g.                                               

     Sulfuric acid        1.2 ml.                                              

     Water                10 ml.                                               

PAL  The above procedure gives
      4,5-dichloro-7-ethyl-6-oxo-8-phenyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]fur
     an-2-carboxylic acid which after recrystallization from toluene melts at
      222.degree.C.
PAR  Elemental analysis for C.sub.20 H.sub.16 Cl.sub.2 O.sub.4 : Calc.: C,
      61.40; H, 4.12; Found: C, 61.24; H, 4.06.
PAC  EXAMPLE 10
PAC  4,5-Dimethyl-6-oxo-7-propyl-6H-indeno[5,4-b]furan-2-carboxylic acid
PAC  Step A: 4,5-Dimethyl-6-oxo-7-bromo-7-propyl
      7,8-dihydro-6H-indeno[5,4-b]furan-2-carboxylic acid
PAR  A stirred solution of
      4,5-dimethyl-6-oxo-7-propyl-7,8-dihydro-6H-indeno[5,4-b]furan-2-carboxylic
      acid (2.86 g., 0.01 mole) in tetrahydrofuran (75 ml.) is treated during a
      1/2 hour period with a solution of pyrrolidone-2-hydrotribromide (4.96 g.,
      0.01 mole) in tetrahydrofuran. Addition of water (500 ml.) to the reaction
      mixture affords 4,5-dimethyl-6-oxo-7-bromo-7-propyl-7,8.
      -dihydro-6H-indeno[5,4-b]furan-2-carboxylic acid which melts at
      233.degree.C. after recrystallization from toluene.
PAR  Elemental analysis for C.sub.17 H.sub.17 BrO.sub.4 ; Calc.: C, 55.90; H,
      4.69; Found: C, 56.75; H, 4.91.
PAC  Step B: 4,5-Dimethyl-6-oxo-7-propyl-6H-indeno[5,4-b]furan-2-carboxylic acid
PAR  A solution of
      4,5-dimethyl-6-oxo-7-bromo-7-propyl-7,8-dihydro-6H-indeno[5,4-b]furan-2-ca
     rboxylic acid (1.2 g., 0.0033 mole) and 1,5-diazabicyclo [4.3.0]-5-nonene
      (0.8 ml.) in dimethylsulfoxide (8 ml.) is stirred at 25.degree.C. for one
      hour then treated with water (30 ml.) hydrochloric acid (5 ml.) and
      ethanol (20 ml.) affording
      4,5-dimethyl-6-oxo-7-propyl-6H-indeno[5,4-b]-furan-2-carboxylic acid as a
      red solid which melts at 242.degree.C. after recrystallization from
      nitromethane.
PAR  Elemental analysis for C.sub.17 H.sub.16 O.sub.4 ; Calc.: C, 71.82; H,
      5.67; Found: C, 71.31; H, 5.72.
PAC  EXAMPLE 11
PAC  4,5-Dimethyl-6-oxo-7-propylidene-7,8-dihydro-6H-indeno-[5,4-b]furan-2-carbo
     xylic acid
PAR  A stirred solution of
      4,5-dimethyl-6-oxo-7-bromo-7-propyl-7,8-dihydro-6H-indeno[5,4-b]furan-2-ca
     rboxylic acid (0.8 g., 0.0022 mole) and anhydrous lithium bromide (0.49 g.,
      0.0056 mole) in dimethylformamide (10 ml.) is heated at 95.degree. in an
      inert atomosphere for one hour then poured into water (100 ml.) affording
      4,5-dimethyl-6-oxo-7-propylidene-7,8-dihydro-6H-indeno-[5,4-b]furan-2-carb
     oxylic acid which melts at 301.degree.C after recrystallization from
      ethanol.
PAR  Elemental analysis for C.sub.17 H.sub.16 O.sub.4 ; Calc.: C, 71.82; H,
      5.67; Found: C, 71.53; H, 5.66.
PAC  EXAMPLE 12
PAC  4,5-Dimethyl-6-oxo-7-propyl-1,2,7,8-tetrahydro-6H-indeno-[5,4-b]furan-2-car
     boxylic acid
PAC  Step A:
      4,5-Dimethyl-6-hydroxy-7-propyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]-furan-
     2-carboxylic acid
PAR  A solution of
      4,5-dimethyl-6-oxo-7-propyl-7,8-dihydro-6H-indeno[5,4-b]furan-2-carboxylic
      acid (2.0 g., 0.007 mole) in aqueous sodium bicarbonate (40 ml.) is
      treated with 1% sodium amalgam (120 g.) and stirred at 25.degree.C. for 18
      hours. The mercury is separated and the aqueous phase is acidified with
      hydrochloric acid affording 2.0 g. (99%) of
      4,5-dimethyl-6-hydroxy-7-propyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]furan-2
     -carboxylic acid which melts at 161.degree.C. after recrystallization from
      nitromethane.
PAR  Elemental analysis for C.sub.17 H.sub.22 O.sub.4 : Calc.: C, 70.32; H,
      7.64; Found: C, 70.52; H, 7.44.
PAC  Step B:
      4,5-Dimethyl-6-oxo-7-propyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]furan-2-car
     boxylic acid
PAR  A stirred suspension of
      4,5-dimethyl-6-hydroxy-7-propyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]furan-2
     -carboxylic acid (5.0 g., 0.017 mole) in acetone (250 ml.) is treated over
      a ten minute period with an oxidizing reagent prepared from chromium
      trioxide (2.5 g. and concentrated sulfuric acid (2.2 ml.) in water (18
      ml.). The acetone solution is decanted from the precipitated chromium
      salts and poured into water (700 ml.) affording
      4,5-dimethyl-6-oxo-7-propyl-1,2,7,8-tetrahydro-6H-indeno-[5,4-b]furan-2-ca
     rboxylic acid which melts at 161.degree.C. after recrystallization from
      butyl chloride.
PAR  Elemental analysis for C.sub.17 H.sub.20 O.sub.4 : Calc.: C, 70.81; H,
      6.99; Found: C, 70.33; H, 6.99.
PAC  EXAMPLE 13
PAC  4,5-Dimethyl-6-oxo-7-propyl-1,2-dihydro-6H-indeno[5,4-b]-furan-2-carboxylic
      acid
PAC  Step A:
      4,5-Dimethyl-6-oxo-7-bromo-7-propyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]-fu
     ran-2-carboxylic acid
PAR  A stirred suspension of
      4,5-dimethyl-6-oxo-7-propyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]furan-2-car
     boxylic acid (14 g., 0.00486 mole) in acetic acid (15 ml.) is treated with
      a solution of bromine (0.8 g., 0.005 mole) in acetic acid (5 ml.) during a
      three minute period. The reaction mixture is poured into water (100 ml.)
      containing sodium bisulfate (1 g.), extracted with ether, washed with
      water, dried over magnesium sulfate and the ether distilled at reduced
      pressure affording an oil which on trituration with cyclohexane affords
      4,5-dimethyl-6-oxo-7-bromo-7-propyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]fur
     an-2-carboxylic acid (1.4 g., 78%) as a white solid which melts at
      78.degree.C. and is used in the next step without further purification.
PAC  Step B:
      4,5-Dimethyl-6-oxo-7-propyl-1,2,dihydro-6H-indeno[5,4-b]furan-2-carboxylic
      acid
PAR  A solution of
      4,5-dimethyl-6-oxo-7-bromo-7-propyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]fur
     an-2-carboxylic acid (0.70 g., 0.0019 mole) and
      1,5-diazabicyclo-[4.3.0]-5-one (0.5 ml.) in dimethylsulfoxide (5 ml.) is
      stirred at 25.degree.C. in an inert atomsphere for 1 1/2 hours, treated
      with water (15 ml.) acidified with hydrochloric acid, extracted with ether
      washed with water and dried over magnesium sulfate. The ether is
      evaporated at reduced pressure and the crude product crystallized from
      nitromethane (10 ml.) affording
      4,5-dimethyl-6-oxo-7-propyl-1,2-dihydro-6H-indeno[5,4-b]furan-2-carboxylic
      acid as a red solid which melts at 212.degree.C.
PAR  Elemental analysis for C.sub.17 H.sub.18 O.sub.4 : Calc.: C, 71.31; H,
      6.34; Found: C, 71.08; H, 6.34.
PAC  EXAMPLE 14
PAC  4,5-Dimethyl-6-oxo-7-propylidene-1,2,7,8-tetrahydro-6H-indeno[5,4-b]furan-2
     -carboxylic acid
PAR  A stirred solution of
      4,5-dimethyl-6-oxo-7-bromo-7-propyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]fur
     an-2-carboxylic acid (0.7 g., 0.0019 mole) and lithium bromide (0.5 g.,
      0.0057 mole) in dimethylformamide (10 ml.) is heated at 95.degree.C. for
      one hour in an inert atmosphere then poured into water (50 ml.) affording
      4,5-dimethyl-6-oxo-7-propylidene-1,2,7,8-tetrahydro-6H-indeno[5,4-b]-furan
     -2-carboxylic acid as a cream colored solid which melts at 229.degree.C.
      after recrystallization from ethanol.
PAR  Elemental analysis for C.sub.17 H.sub.18 O.sub.4 : Calc.: C, 71.31; H,
      6.34; Found: C, 71.28; H, 6.45.
PAR  The compounds of this invention can be administered in a wide variety of
      therapeutic dosages in conventional vehicles as, for example, by oral
      administration in the form of a tablet or by intravenous injection. Also,
      the daily dosage of the products may be varied over a wide range as, for
      example, in the form of scored tablets containing 5, 10, 25, 100, 150, 250
      and 500 mg. of the active ingredient for the symptomatic adjustment of the
      dosage to the individual being treated.
PAR  A suitable unit dosage form of the product of this invention can be
      administered by mixing 50 mg. of an indenofuran or a suitable salt, ester
      or amide derivative thereof of the present invention with 149 mg. of
      lactose and 1 mg. of magnesium sterate and placing the 200 mg. mixture
      into a No. 1 gelatin capsule. Similarly by employing more of the active
      ingredient and less lactose, other dosage forms can be put up in No. 1
      gelatin capsules and should it be necessary to mix more than 200 mg. of
      ingredients together larger capsules may be employed. Compressed tablets,
      pills or other desired unit dosages can be prepared to incorporate the
      compounds of this invention by conventional methods and if desired can be
      made up as elixirs or as injectable solutions by methods well known to
      pharmacists.
PAR  It is also within the scope of this invention to combine two or more of the
      compounds of this invention into a unit dosage form or to combine one or
      more of the compounds of this invention with other known diuretics and
      saluretics or with other desired therapeutic and/or nutritive agents in
      dosage unit form.
PAR  The following example is included to illustrate the preparation of
      representative dosage form:
PAC  EXAMPLE 15
PAR  Dry-filled capsules containing 50 mg. of active ingredient per capsule.
TBL  ______________________________________                                    

                           Per Capsule                                         

     4',5'-Dichloro-6'-oxo-1',2',7',8'-                                        

     tetrahydrospiro (cyclopentane-1,7'-6'-                                    

     H-indeno[5,4-b]furan)-2'-carboxylic acid                                  

                             50       mg.                                      

     Lactose                 149      mg.                                      

     Magnesium stearate      1        mg.                                      

     Capsule (Size No. 1)    200      mg.                                      

     ______________________________________                                    

PAR  Similar dry-filled capsules are prepared by replacing the active ingredient
      of the above example by the sodium, diethanolamine, and triethanolamine
      salt thereof, respectively.
PAR  It will be apparent from the foregoing description that the indenofurans of
      this invention constitute a valuable class of compounds which have not
      been prepared heretofore. One skilled in the art will also appreciate that
      the processes disclosed in the above examples are merely illustrative and
      are capable of nonsubstantive modification without departing from the
      intended scope of the present invention as claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the formula:
      ##SPC12##
PAL  wherein the dotted lines indicate no unsaturation or 1,2-,7,8-, and
      1,2,7,8- unsaturated embodiments; A is oxygen or sulfur; R is hydrogen,
      lower alkyl or halo; R.sup.1 is lower alkyl or cycloalkyl having from 3-6
      carbon atoms; R and R.sup.1, together with the carbon atom to which they
      are attached, may be joined to form a cycloalkyl radical having from 3 to
      about 6 carbon atoms; R.sup.2 is hydrogen, lower alkyl or phenyl; X.sup.1
      is lower alkyl or halo; X.sup.2 is hydrogen, lower alkyl or halo; a
      7-alkylidene embodiment is characterized in that the substituent at the
      7-position is = CR.sup.3 R.sup.4 ; wherein R.sup.3 and R.sup.4 are
      independently selected from a group consisting of hydrogen, lower alkyl,
      cycloalkyl having from 3 - 6 carbon atoms, and phenyl; and if the dotted
      line at the 7,8-position represents unsaturation the R radical is
      nonexistent; and the non-toxic, pharmacologically acceptable salt and
      lower alkyl ester derivatives thereof.
NUM  2.
PAR  2. The compound of claim 1 wherein R is hydrogen, lower alkyl having from 1
      to 6 carbon atoms, or halogen selected from a group consisting of chloro,
      bromo and fluoro; R.sup.1 is lower alkyl having from 1 to 6 carbon atoms
      and cycloalkyl having from 3 to 6 carbon atoms; R and R.sup.1 are joined
      together with the carbon atom to which they are attached to form a
      cycloalkyl radical having from 3 to 6 carbon atoms; R.sup.2 is hydrogen,
      lower alkyl having from 1 to 6 carbon atoms or phenyl; R.sup.3 and R.sup.4
      are independently selected from hydrogen, lower alkyl having from 1 to 6
      carbon atoms, cycloalkyl having from 3 to 6 carbon atoms and phenyl;
      X.sup.1 is lower alkyl having from 1 to 6 carbon atoms or halogen selected
      from a group consisting of chloro, fluoro and bromo; X.sup.2 is hydrogen,
      lower alkyl having from 1 to 6 carbon atoms, or halogen selected from the
      group consisting of chloro, fluoro and bromo; and the non-toxic
      pharmaceutically acceptable salt and lower alkyl ester derivatives
      thereof.
NUM  3.
PAR  3. The compound of claim 2 wherein A is oxygen.
NUM  4.
PAR  4. The compound of claim 3 wherein R.sup.2 is phenyl or hydrogen; R is
      hydrogen, methyl, chloro or bromo; R.sup.1 is lower alkyl having from 1 to
      6 carbon atoms, cycloalkyl having from 5 to 6 carbon atoms; R.sup.3 and
      R.sup.4 are independently selected from hydrogen and lower alkyl having
      from 1 to 6 carbon atoms.
NUM  5.
PAR  5. The compound of claim 4 which is
      4,5-dimethyl-6-oxo-7-isopropyl-1,2,7,8-tetrahydro-6H-indeno-[5,4-b]furan-2
     -carboxylic acid.
NUM  6.
PAR  6. The compound of claim 4 which is
      4,5-dimethyl-6-oxo-7-isopropyl-7,8-dihydro-6H-indeno-[5,4-b]-furan-2-carbo
     xylic acid.
NUM  7.
PAR  7. The compound of claim 4 which is
      4,5,7-trimethyl-6-oxo-7-isopropyl-1,2,7,8-tetrahydro-6H-indeno-[5,4-b]fura
     n-2-carboxylic acid.
NUM  8.
PAR  8. The compound of claim 4 which is
      4,5-dimethyl-6-oxo-7-isopropyl-6H-indeno[5,4-b]furan-2-carboxylic acid.
NUM  9.
PAR  9. The compound of claim 4 which is
      4,5-dimethyl-6-oxo-7,8-dihydro-7-isopropylidene-6H-indeno-[5,4-b]furan-2-c
     arboxylic acid.
NUM  10.
PAR  10. The compound of claim 4 which is
      4,5-dichloro-7-ethyl-6-oxo-8-phenyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]fur
     an-2-carboxylic acid.
NUM  11.
PAR  11. 4',5'-Dichloro-6'
     -oxo-1',2',7',8'-tetrahydrospiro-(cyclopentane-1,7',-6'
      H-ideno[5,4-b]furan)-2'-carboxylic acid and its nontoxic pharmaceutically
      acceptable salt and lower alkyl ester derivatives.
NUM  12.
PAR  12. 4,5-Dimethyl-6-oxo-7-propyl-7,8-dihydro-6H-inde
     no[5,4-b]furan-2-carboxylic acid and its nontoxic pharmaceutically
      acceptable salt and lower alkyl ester derivatives.
NUM  13.
PAR  13. 4,5-Dimethyl-6-oxo-7-bromo-7-propyl-7,8-dihydro
     -6H-indeno[5,4-b]furan-2-carboxylic acid and its nontoxic pharmaceutically
      acceptable salt and lower alkyl ester derivatives.
NUM  14.
PAR  14. 4,5-Dimethyl-6-oxo-7-propyl-6H-indeno-[5,4-b]furan-2-carboxylic acid
      and its nontoxic pharmaceutically acceptable salt and lower alkyl ester
      derivatives.
NUM  15.
PAR  15. 4,5-Dimet
     hyl-6-oxo-7-propylidene-7,8-dihydro-6H-indeno[5,4-b]furan-2-carboxylic acid
      and its nontoxic pharmaceutically acceptable salt and lower alkyl ester
      derivatives.
NUM  16.
PAR  16. 4,5-Dimet
     hyl-6-hydroxy-7-propyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]-furan-2-carboxyl
     ic acid and its nontoxic pharmaceutically acceptable salt and lower alkyl
      ester derivatives.
NUM  17.
PAR  17. 4,5-Dimethyl-6-
     oxo-7-propyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]furan-2-carboxylic acid and
      its nontoxic pharmaceutically acceptable salt and lower alkyl ester
      derivatives.
NUM  18.
PAR  18. 4,5-Dimet
     hyl-6-oxo-7-bromo-7-propyl-1,2,7,8-tetrahydro-6H-indeno[5,4-b]furan-2-carbo
     xylic acid and its nontoxic pharmaceutically acceptable salt and lower
      alkyl ester derivatives.
NUM  19.
PAR  19. 4,5-Dimethyl-6-oxo-7-
     propyl-1,2-dihydro-6H-indeno[5,4-b]furan-2-carboxylic acid and its nontoxic
      pharmaceutically acceptable salt and lower alkyl ester derivatives.
NUM  20.
PAR  20. 4,5-Dimethyl-6-oxo-7-propylidene-1,2,7,8-tetrahydro-6H-indeno[5,
     4-b]furan-2-carboxylic acid and its nontoxic pharmaceutically acceptable
      salt and lower alkyl ester derivatives.
PATN
WKU  039312402
SRC  5
APN  5300762
APT  1
ART  121
APD  19741206
TTL  Benzofuranyloxy and benzthienyloxy and certain 2,3-dihydro
      benzofuranyloxy and benzothienyloxy amidoximes
ISD  19760106
NCL  5
ECL  1
EXA  Dentz; Bernard I.
EXP  Jiles; Henry R.
INVT
NAM  Binon; Fernand
CTY  Strombeek-Bever
CNT  BE
INVT
NAM  Eymard; Pierre Luc
CTY  Fontaine
CNT  FR
ASSG
NAM  Labaz
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19740115
APN  74.01286
CLAS
OCL  2603462R
XCL  2603305
XCL  2603403
XCL  260564G
XCL  424275
XCL  424278
XCL  424285
XCL  424326
EDF  2
ICL  C07D30783
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PAL  Amidoxime derivatives corresponding to the general formula:
      ##EQU1##
      and pharmaceutically acceptable acid addition salts thereof, wherein
      R.sub.1 and R.sub.2, which are the same or different, represent hydrogen
      or a straight- chain lower alkyl radical containing from 1 to 3 carbon
      atoms, n is 0, 1 or 2 and R is selected from the groups consisting of:
PAL  Wherein X represents oxygen or sulphur, Y. . .Z represents HC-CH or C=C,
      R.sub.3 and R.sub.4, which are the same or different, represent hydrogen
      or a branched- or straight-chain lower alkyl radical containing from 1 to
      3 carbon atoms with the provisos that:
PAL  A. when n is 1, R.sub.1 and R.sub.2 are each hydrogen and R is selected
      from the groups A, B, C and D.
PAL  b. when n is 2, R.sub.1 and R.sub.2 are each hydrogen and R is selected
      from the groups A, B, C and the group D when it represents
      .beta.-naphthyl.
PAL  They are effective as antidepressive and antiaggressive agents.
BSUM
PAR  This invention relates to novel amidoxime derivatives having
      pharmacological activity and to a process for preparing the said novel
      amidoxime derivatives.
PAR  The amidoxime derivatives with which the invention is concerned can be
      represented by the general formula:
      ##EQU2##
      wherein R.sub.1 and R.sub.2, which are the same or different, represent
      hydrogen or a straight-chain lower alkyl radical containing from 1 to 3
      carbon atoms, n is 0, 1  or 2 and R is selected from the groups consisting
      of:
      ##SPC1##
PAL  Wherein X represents oxygen or sulphur, y . . . Z represents HC-CH or C=C,
      R.sub.3 and R.sub.4, which are the same or different, represent hydrogen
      or a branched- or straight-chain lower alkyl radical containing from 1 to
      3 carbon atoms with the provisos that:
PA0  A. When n is 1, R.sub.1 and R.sub.2 are each hydrogen and R is selected
      from the groups A, B, C and D.
PA0  b. When n is 2, R.sub.1 and R.sub.2 are each hydrogen and R is selected
      from the groups A, B, C and the group D when the latter represents
      .beta.-naphthyl.
PAR  The pharmaceutically acceptable acid addition salts of the compounds of
      formula I are also included within the scope of the invention.
PAR  The invention is also concerned with pharmaceutical compositions for use in
      human and veterinary therapy comprising as an essential active ingredient
      at least one compound represented by formula I or a pharmaceutically
      acceptable acid addition salt thereof in association with a
      pharmaceutically carrier or excipient therefor.
PAR  Another object of the present invention is concerned with a process for
      preparing pharmaceutical compositions for use in human or veterinary
      therapy comprising the association of at least one compound represented by
      formula I or a pharmaceutically acceptable acid addition salt thereof with
      a pharmaceutical carrier or excipient therefor.
PAR  As will be further demonstrated in detail, the compounds of formula I have
      been found to possess valuable pharmacological activity, in particular
      antidepressive and antiaggressive properties.
PAR  Hence, a further object of the invention is to provide a method for
      treating pathological states of depression or aggressivity in a human or
      animal host in need of such treatment, comprising the administration to
      said host of at least one compound of formula I or a pharmaceutically
      acceptable acid addition salt thereof.
PAR  The compounds of formula I may be prepared by reacting, in an appropriate
      medium such as ethanol and in the presence of an alkali metal alcoholate,
      for example sodium methylate or ethylate, a nitrile of the general
      formula:
      ##EQU3##
      wherein R, R.sub.1, R.sub.2 and n have the same meanings as in formula I,
      with hydroxylamine hydyrochloride to obtain the desired compound of
      formula I in free base form which may be further treated with an organic
      or inorganic acid to form the corresponding pharmaceutically acceptable
      acid addition salt thereof.
PAR  The nitriles of formula II may be obtained by various processes, according
      to the nitrile desired form a common starting-product which is a phenolic
      compound corresponding to the general formula:
EQU  HO-R                                                       III
PAL  wherein R has the same meaning as in formula I.
PAR  All the compounds of formula III are known compounds. When n is 0, the
      compounds of formula II may be prepared as follows:
PA0  a. A compound of formula III is heated in an appropriate medium and in the
      presence of a base such as anhydrous potassium carbonate or sodium hydride
      with an .alpha.-halogenated aliphatic ester of the general formula:
      ##EQU4##
      wherein R.sub.1 and R.sub.2 have the same meanings as in formula I, Hal
      represents a chlorine or bromine atom and R.sub.6 represents a lower alkyl
      radical such as methyl or ethyl and the resulting alkyl oxyalkanoate
      derivative is converted to the corresponding amide by reaction with
      ammonia in gaseous form or in an aqueous concentrated solution.
PAR  The amidification can be effected in a hydroalcoholic medium or in a pure
      alcoholic medium such as pure methanol or ethanol or again in methanol
      containing a small quantity of sodium methylate.
PAR  The amide so obtained is then treated with a dehydrating agent, for example
      phosphorous pentoxide in a solvent such as toluene or with phosphorous
      oxychloride or thionyl chloride in a solvent such as benzene to obtain the
      required compound of formula II.
PAR  All the compounds of formula IV are known compounds.
PAL  or
PA0  b. A compound of formula III is condensed with a compound of the general
      formula:
      ##EQU5##
      wherein R.sub.1 and R.sub.2 have the same meanings as in formula I and Z
      represents a chlorine or bromine atom or a benzenesulphonoxy or
      p-toluenesulphonoxy group. The reaction may be effected in an appropriated
      medium such as for example methyl ethyl ketone or dimethylformamide and in
      the presence of sodium hydride or an alkali metal carbonate such as sodium
      carbonate to obtain the required compound of formula II.
PAR  All the compounds of formula V are known compounds.
PAR  When n is 1 or 2, the compounds of formula II may be obtained by condensing
      a compound of formula III with a halogenonitrile of the general formula:
EQU  Hal-(CH.sub.2).sub.n -C.tbd.N                              VI
PAL  wherein n represents the values 2 or 3 and Hal represents a halogen atom
      such as a chlorine or bromine atom. The reaction is undertaken in the
      presence of sodium hydride in a solvent such as dimethylformamide.
PAR  Following a variation of procedure, the compounds of formula II wherein n
      is 1 can be obtained by reacting a compound of formula III in an excess of
      acrylonitrile in the presence of a catalyst such as for example cupric
      acetate or trimethylbenzylammonium hydroxide.
PAR  As mentioned above the amidoxime derivatives of formula I have been found
      to possess valuable pharmacological properties which are likely to render
      them useful in human and veterinary therapy.
PAR  In particular, the compounds of the invention have been found to present
      psychotropic properties and more particularly thymoanaleptic properties
      producing very marked antidepressive and antiaggressive effects.
PAR  In the case of certain compounds of the invention the antidepressive
      properties are predominant and are similar to those of tricyclic
      antidepressants. However, at antidepressive doses, there are none of the
      sedative effects characteristic of the latter.
PAR  As an example of a tricyclic antidepressant, particular mention may be made
      of imipramine i.e., 5-(3-dimethylaminopropyl)-10,11-dihydro-5H-dibenz
      [b,f] azepine, which is at present one of the most widely used
      antidepressants.
PAR  In the remaining compounds of the invention, on the other hand, it is the
      antiaggressive factor which predominates.
PAR  Trials have shown that the compounds of the invention do not exert any
      effect on peripheral noradrenergic processes whereas they do influence
      central noradrenergic processes. As against this, all the antidepressants
      used in clinical practice, such as imipramine for example, potentiate all
      the peripheral effects of exogenous norepinephrine from 1 mg/kg upwards by
      intravenous route which results in disorders of the heart and arterial
      pressure. It is, in fact, known that imipramine, for example, exerts at
      low doses sympathomimetic effects which can provoke arterial hypertension.
      On the other hand, at high doses, imipramine acts more as a sympatholytic
      or adrenolytic agent thus producing orthostatic hypotension.
PAR  A patient treated with imipramine or a related substance must consequently
      be kept under constant supervision which means that such treatment can
      only be carried out when the patient is hospitalized.
PAR  The compounds of the invention, on the other hand, have not shown any
      adrenolytic or ganglioplegic properties and therefore do not exert any
      influence on arterial pressure regardless of the doses employed.
PAR  Furthermore, the fact that the compounds of the invention do not exert any
      effect on the peripheral noradrenergic processes means that they present
      an undeniable advantage over imipramine as they will not provoke any
      undesirable side-effects on the cardiac system such as arrhythmia or
      tachycardia as imipramine may do.
PAR  It has also been possible to demonstrate that unlike the tricyclic
      antidepressants of the imipramine type, there are no contraindications on
      the cardiac plane when the compounds of the invention are associated with
      inhibitors of monoamine oxydase (IMAO).
PAR  It is, in fact, well known that the association of IMAO with tricyclic
      antidepressants is strictly contraindicated by reason of the tropism of
      the IMAO with respect to the cardiac system.
PAR  The originality of those compounds of the invention in which the
      antiaggressive activity predominates lies in the fact that the
      antiaggressive action becomes apparent at very low doses in the region of
      0.1 mg/kg so that the antiaggressive action becomes practically specific
      in these compounds. Similarly, these compounds potentiate barbital at a
      dose as low as 1 mg/kg by oral route which indicates the presence of
      powerful psychotropic properties.
PAR  Furthermore, these latter compounds exert their effect at doses which do
      not influence behaviour which means that there need be no fear of
      neuromuscular lesions.
PAR  At present, only the thymoanaleptics of the imipramine type exert an
      antiaggressive effect in pharmacology. However, at doses devoid of any
      influence on behaviour, this antiaggressive effect is much less specific
      than that observed with the typically antiaggressive compounds of formula
      I.
PAR  Similarly, compounds are already known which are specific inhibitors of
      aggressivity in the animal but none of them has been adopted for general
      use by the Medical Profession in human or veterinary therapy. It is known,
      for example, from Arch. Int. Pharmac. 186, 287-297 (1970) that two
      derivatives of dimethoxytriazoloisoquinoline possess specific inhibitory
      properties against aggressivity in the animal at doses devoid of any
      effect on behaviour. However, these derivatives possess strong emetic
      properties which render them difficult to use for therapeutic purposes.
PAR  The specifically antiaggressive compounds of the invention, on the other
      hand, do not present these undesirable side-effects.
PAR  In accordance with present knowledge, the method which is generally used to
      combat aggressivity consists in administering neuroleptics to the subject
      under treatment. However, the use of these neuroleptics is very often
      accompanied by undesirable side-effects of the extrapyramidal type such as
      rigidity, catalepsy and tremors which it is necessary to prevent with
      antidepressants.
PAR  The specifically antiaggressive compounds of the invention are
      characterized by the absence of extrapyramidal effects and eliminate the
      need for the frequently used association of a neuroleptic and an
      antidepressant to combat aggressivity.
PAR  Furthermore, the neuroleptics are generally adrenolytics of the
      .alpha.-receptor-blocking type which consequently provoke vaso-dilation
      and orthostatic hypotension. These undesirable side-effects can thus be
      avoided as the specifically antiaggressive compounds of formula I are not
      adrenolytic.
PAR  These pharmacological properties taken as a whole are likely to render the
      compounds of the invention useful in treating depressive states of all
      kinds requiring either a thymoanaleptic action with a view to improving
      the patients outlook as in cases of melancholia or a specifically
      antiaggressive action, for example in oligophrenia.
PAR  In veterinary therapy the specifically antiaggressive compounds of the
      invention can be used in place of neuroleptics with a view to preventing
      the aggressivity developed by certain animals when being transported, such
      as in the case of cattle.
PAR  Like pain, the various types of depression are numerous and constitute one
      of the most widespread disorders. For this reason, it is very difficult
      for the doctor to choose amongst the various antidepressant drugs at his
      disposal, that which will be effective for the case under treatment. When
      faced with a case of depression, the psychiatrist is often obliged to feel
      his way by trying several antidepressant drugs one after the other until
      he discovers the most suitable medication.
PAR  For this point of view, the compounds of the invention will constitute
      valuable additions to the therapeutic arsenal at the disposal of the
      doctor and, if necessary, will provide useful replacement medication for a
      drug which has become ineffective for any reason such as, for example, a
      change in the state of the patient or habituation.
PAR  Similarly, the specifically antiaggressive compounds of the invention will
      constitute a marked progress in psychiatric therapy when it is desired to
      combat pathological aggressivity. As stated above there is at present no
      specific drug at the disposal of the Medical Profession for combating such
      states.
PAR  The compounds of the invention which have been found to be particularly
      useful as pure thymoanaleptics of the imipramine type are:
PAL   2-(7-Benzofuryloxy)-propionamidoxime
PAL  2-(4-Benzofuryloxy)-propionamidoxime
PAL  2(2,3-Dihydro-7-benzofuryloxy)-propionamidoxime and
PAL  3-(7-Benzofuryloxy)-propionamidoxime.
PAR  As specific antiaggressive agents the following compounds may be cited:
PAL  2-(1-Naphthyloxy)-propionamidoxime
PAL  2-(1-Naphthyloxy)-butyramidoxime and
PAL  3-(2-Naphthyloxy)-propionamidoxime.
PAR  Pharmacological trials have been undertaken with a view to determining the
      presence of the various properties which, taken together, are capable of
      rendering the compounds of the invention useful as antidepressant or
      antiaggressive agents.
PAR  Preferably, the compounds of the invention were studied in the form of a
      pharmaceutically acceptable acid addition salt such as the hydrochloride
      or the oxalate.
PAR  As it is not possible to find or to create a depressive state in the
      animal, the compounds of the invention were studied in accordance with
      classical procedures namely by verifying whether they present in the
      animal the same properties as the known antidepressants recognized as
      being active in human therapy.
PAR  It is, therefore, very difficult to estimate the effectiveness of a
      compound on the basis of a single test. A compound which shows only
      relatively slight activity in a particular test should not be
      automatically considered to be ineffective.
PAR  Only the overall results of several tests make it possible to form a good
      opinion as regards the action of a compound as being a potentially
      antidepressive agent.
PAC  1. Determination of thymoanaleptic properties
PAR  The thymoanaleptic properties of the compounds of the invention were
      determined by means of reserpine-induced ptosis and hypothermia in the
      rat.
PAC  a. Reserpine-induced ptosis
PAR  The antidepressants antagonize or delay the sedative action of reserpine as
      measured by means of, for example, ptosis in the rat.
PAR  An intraperitoneal dose of 5 mg/kg of reserpine was administered to batches
      of 5 male rats of the CF.sub.1 strain weighing an average of 300 g.
PAR  Thirty minutes later a dose of the compound to be studied was given by oral
      route and the inhibitory effect of the reserpine was noted every hour up
      to the 6th hour. Ptosis was evaluated for each eye in accordance with the
      following scale:
PAL  0 : eyelids open
PAL  1 : eyelids 1/4 closed
PAL  2 : eyelids 1/2 closed
PAL  3 : eyelids 3/4 closed
PAL  4 : eyelids completely closed.
PAR  Thus, for example, if an animal had a ptosis of 1 for one eye and 2 for the
      other, it was given the score of 1.5. The average of the results
      registered for each hour to the 6th hour was calculated for the treated
      animals and for the controls which had only received reserpine. The
      difference between these two averages represents the average decrease of
      the ptosis in the treated animals as compared to the controls.
PAR  The following compounds were studied in accordance with the procedure
      above:
PAL  2-(1-Naphthyloxy)-propionamidoxime (Compound 1 )
PAL  2(7-Benzofuryloxy)-propionamidoxime (Compound 2 )
PAL  2-(4-Benzofuryloxy)-propionamidoxime (Compound 3 )
PAL  2-(2,3-Dimethyl-6-benzofuryloxy)-2-methyl-propionamidoxime (Compound 4)
PAL  2-(5-Benzofuryloxy)-acetamidoxime (Compound 5)
PAL  3-(1-Naphthyloxy)-propionamidoxime (Compound 6)
PAL  2-(7-Benzofuryloxy)-acetamidoxime (Compound 7)
PAL  3-(7-Benzofuryloxy)-propionamidoxime (Compound 8)
PAL  2-(2,3-Dihydro-7-benzofuryloxy)-propionamidoxime (Compound 9)
PAL  2-(2-Ethyl-3-benzofuryloxy)-butyramidoxime (Compound 10)
PAL  2-(1-Naphtyloxy)-2-methyl-propionamidoxime (Compound 11)
PAL  2-(2-Methyl-3-benzofuryloxy)-acetamidoxime (Compound 12)
PAL  3-(2-Ethyl-3-benzofuryloxy)-propionamidoxime (Compound 13)
PAL  2-[(1,4-Benzodioxanyl)-5-oxy]-butyramidoxime (Compound 14)
PAL  2-(2,3-Dimethyl-5-benzofuryloxy)-acetamidoxime (Compound 15)
PAL  2-(2-Methyl-3-benzofuryloxy)-propionamidoxime (Compound 16)
PAL  2-(2-Ethyl-3-benzofuryloxy)-propionamidoxime (Compound 17)
PAL  3-(2-Naphthyloxy)-propionamidoxime (Compound 18)
PAL  3-(2-Methyl-3-benzofuryloxy)-propionamidoxime (Compound 19)
PAL  2-(2-Isopropyl-3-benzofuryloxy)-butyramidoxime (Compound 20)
PAL  2-(2,3-Dimethyl-6-benzofuryloxy)-acetamidoxime (Compound 21)
PAL  2-(2-Methyl-3-benzofuryloxy)-2-methyl-propionamidoxime (Compound 22)
PAL  3-(2,3-Dimethyl-5-benzofuryloxy)-propionamidoxime (Compound 23)
PAL  2-(2-Isopropyl-3-benzofuryloxy)-propionamidoxime (Compound 24)
PAL  2-(6-Benzofuryloxy)-acetamidoxime (Compound 25)
PAL  2-(4-Benzothienyloxy)-acetamidoxime (Compound 26)
PAL  2-(2-Ethyl-3-benzofuryloxy)-acetamidoxime (Compound 27)
PAL  2-(6-Benzofuryloxy)-propionamidoxime (Compound 28)
PAL  2-(5-Benzofuryloxy)-propionamidoxime (Compound 29)
PAL  2(7-Benzofuryloxy)-2-methyl-propionamidoxime (Compound 30)
PAL  2-(6-Benzofuryloxy)-butyramidoxime (Compound 31)
PAL  3-(2-Methyl-5-benzofuryloxy)-propionamidoxime (Compound 32)
PAL  2-(2-Methyl-5-benzofuryloxy)-acetamidoxime (Compound 33)
PAR  The results obtained with the above compounds are listed in Table I which
      follows:
TBL                Table I                                                     

     ______________________________________                                    

     Compound                                                                  

             Dose administered                                                 

                            Average decrease of ptosis                         

             (in mg/kg)                                                        

     ______________________________________                                    

     1       10             1.7                                                

     2       10             2.4                                                

     3       10             2.1                                                

     4       10             2.1                                                

     5       10             1.9                                                

     6       10             1.5                                                

     7       10             1.4                                                

     8       10             1.3                                                

     9       10             1.3                                                

     10      10             0.8                                                

     11      10             0.7                                                

     12      10             0.7                                                

     13      10             0.7                                                

     14      10             0.6                                                

     15      10             0.5                                                

     16      10             0.5                                                

     17      10             0.4                                                

     18      10             0.4                                                

     19      10             0.3                                                

     20      10             0.3                                                

     21      10             0.3                                                

     22      10             0.3                                                

     23      10             0.2                                                

     24      10             0.2                                                

     25      10             0.2                                                

     26      20             1.4                                                

     27      20             0.3                                                

     28      100            2.4                                                

     29      100            2.4                                                

     30      100            2.3                                                

     31      100            2.3                                                

     32      100            2.3                                                

     33      100            2.0                                                

     ______________________________________                                    

PAR  A comparative test carried out with 20 mg/kg of imipramine in the same
      conditions gave an average decrease of ptosis of 1.6 in comparison with
      the controls.
PAC  b. Reserpine-induced hypothermia
PAR  The thymoanaleptics antagonize the hypothermia-inducing action of
      reserpine.
PAR  An intraperitoneal dose of 5 mg/kg of reserpine was administered to batches
      of 5 male rats CF.sub.1 weighing an average of 300 g. 30 minutes later,
      the rectal temperature was determined and then a dose of the compound to
      be tested was given by oral route, except to the control animals. The
      rectal temperature of all the animals including the controls was taken
      every hour up to the 6th hour.
PAR  The average of the results registered with the treated animals and with the
      controls was calculated. The difference between these two averages enabled
      an estimation to be made regarding the antagonistic effect of the
      compounds of the invention on the hypothermia induced by reserpine.
PAR  Thus, an average result of + 1.degree.C means that the compound under study
      produced an average increase of 1.degree.C in the temperature previously
      lowered by the reserpine as compared with the controls.
PAR  The following Table II illustrates the results obtained with some of the
      above compounds as well as with the following compounds:
PAL  2-(1-Naphthyloxy))-butyramidoxime (Compound 34)
PAL  2-(2-Isopropyl-3-benzofuryloxy)-2-methyl-propionamidoxime  (Compound 35)
PAL  2-(2-Isopropyl-3-benzofuryloxy)-acetamidoxime (Compound 36)
PAL  2-(2-Naphthyloxy)-butyramidoxime (Compound 37)
PAL  2-[ (1,4-Benzodioxanyl)-5-oxy] -2-methyl-propionamidoxime (Compound 38)
PAL  2-(2-Methyl-3-benzofuryloxy)-butyramidoxime (Compound 39)
PAL  2-(2-Naphthyloxy)-2-methyl-propionamidoxime (Compound 40)
PAL  2-(2,3-Dimethyl-7-benzofuryloxy)-butyramidoxime (Compound 41)
TBL                Table II                                                    

     ______________________________________                                    

     Compound                                                                  

             Dose administered                                                 

                            Average inhibition of                              

             (in mg/kg)     hypothermia (positive .degree.C)                   

     ______________________________________                                    

      1      10             0.7                                                

      2      100            0.8                                                

      3      20             1                                                  

      4      10             0.6                                                

      5      10             0.5                                                

      7      10             0.6                                                

      8      10             0.4                                                

      9      10             0.5                                                

     11      20             0.5                                                

     14      10             0.4                                                

     20      10             0.8                                                

     22      10             0.5                                                

     23      10             0.3                                                

     24      10             0.8                                                

     28      100            1.1                                                

     29      100            0.8                                                

     30      100            1                                                  

     34      10             1.1                                                

     35      10             0.7                                                

     36      10             0.7                                                

     37      10             0.5                                                

     38      10             0.5                                                

     39      10             0.3                                                

     40      10             0.2                                                

     41      100            1.1                                                

     ______________________________________                                    

PAR  A comparative trial undertaken with 10 mg/kg of imipramine, in the same
      conditions, gave an average inhibition of hypothermia of + 0.4.degree. C.
PAR  The antidepressant activity of the compounds of the invention was confirmed
      by verifying whether they potentiate the toxicity of yohimbine as well as
      the stereotypies induced by amphetamine.
PAR  Yohimbine provokes central adrenergic effects while amphetamine causes
      central dopaminergic effects.
PAC  c. Potentiation of the toxicity of yohimbine
PAR  Yohimbine is a substance which provokes an increase in the serotonine level
      in the brain or a decrease in norepinephrine according to the author.
PAR  For this purpose, the test of QUINTON was used which is described in Brit.
      J. Pharmacol. 21, 51 (1963). This test was performed on male mice which
      received an oral dose of 50 mg/kg of the compound to be tested. Thirty
      minutes later, the animals were given an intraperitoneal dose of 25 mg/kg
      of yohimbine hydrochloride. The percentage of mortality was noted after 24
      hours.
PAR  Table III hereunder expresses the percentage of potentiation of the
      toxicity due to yohimbine in comparison with the controls.
PAR  The percentage in question was determined 24 hours after the administration
      of yohimbine.
PAR  The following results were recorded with certain of the ccompounds
      hereabove cited as well as with the following compounds:
PAL  2-(7-Benzofuryloxy)-butyramidoxime (Compound 42)
PAL  2-(4-Benzofuryloxy)-butyramidoxime (Compound 43)
PAL  2-(2,3-Dimethyl-7-benzofuryloxy)-propionamidoxime (Compound 44)
PAL  2-[ (1,4-Benzodioxanyl)-5-oxy] -propionamidoxime (Compound 45)
PAL  2-(2-Ethyl-3-benzofuryloxy)-2-methyl-propionamidoxime (Compound 46)
TBL                Table III                                                   

     ______________________________________                                    

     Compound   Potentiation of the toxicity of                                

                Yohimbine (in %)                                               

     ______________________________________                                    

      2         50                                                             

      3         40                                                             

      4         30                                                             

      5         10                                                             

      6         30                                                             

      7         60                                                             

      8         30                                                             

      9         10                                                             

     10         10                                                             

     15         10                                                             

     17         20                                                             

     18         10                                                             

     19         10                                                             

     21         40                                                             

     24         30                                                             

     25         30                                                             

     27         20                                                             

     34         10                                                             

     38         10                                                             

     39         40                                                             

     42         60                                                             

     43         60                                                             

     44         40                                                             

     45         10                                                             

     46         10                                                             

     ______________________________________                                    

PAR  At the dose of 20 mg/kg, under the same conditions, Compound 1 potentiates
      by 50 percent the toxicity of yohimbine.
PAR  In this test, imipramine at a dose of 50 mg/kg produced a 50 percent
      potentiation of the toxicity induced by yohimbine.
PAR  Other trials undertaken with 20 mg/kg of Compound 26, by oral  route,
      produced a 50 percent potentiation of the toxicity of 10 mg/kg of
      yohimbine 24 hours after injection of the latter.
PAC  d. Potentiation of the stereotypies induced by amphetamine
PAR  It is commonly admitted that amphetamine induces stereotypies by
      stimulating the dopaminergic receptors and inhibiting the re-uptake of
      dopamine into the neuron.
PAR  The thymoanaleptics potentiate these stereotypies.
PAR  An intraperitoneal dose of 10 mg/kg of amphetamine was administered to
      batches of 5 rats maintained in individual cages. Thirty minutes later, a
      dose of 10 mg/kg of the compound to be tested was given by oral route.
      Note was taken of the intensity of the stereotypies every 30 minutes for
      150 minutes in accordance with the following scale which indicates the
      behaviour of the animal.
PA0  0 :  the rat is motionless and asleep
PA0  1 : the rat is motionless and awake
PA0  2 : the rat is mobile but does not present stereotyped (repeated) movements
PA0  3 : the rat stands on its hind paws and sniffs the lid of its cage in a
      stereotyped manner.
PA0  4 : the rat licks the walls of its cage in a stereotyped manner
PA0  5 : the rat bites the bars of its cage or sniffs the shavings of its litter
      in a stereotyped manner
PA0  6 : the rat chews the shavings in a stereotyped manner
PAR  The average of the 5 results obtained for each batch was calculated and
      compared with the average obtained with the control animals.
PAR  The difference between these averages represents the mean increase of the
      stereotypies of the treated animals in comparison with the controls.
PAR  The results obtained with the above compounds are listed in Table IV
      hereunder.
TBL                Table IV                                                    

     ______________________________________                                    

     Compound  Average increase of the stereotypies                            

     ______________________________________                                    

      1        1                                                               

      2        9                                                               

      3        8.6                                                             

      4        0.8                                                             

      7        4.8                                                             

      8        5.6                                                             

      9        6.2                                                             

     10        5.6                                                             

     13        2.4                                                             

     14        4.2                                                             

     15        1                                                               

     17        1.2                                                             

     21        4.2                                                             

     22        4.2                                                             

     24        3.8                                                             

     25        4.4                                                             

     35        3                                                               

     36        1.8                                                             

     37        1.8                                                             

     43        5.5                                                             

     45        3                                                               

     46        6.6                                                             

     ______________________________________                                    

PAR  At a dose of 20 mg/kg, under the same conditions, Compounds 29, 30 and 33
      gave average increases of stereotypies of 5, 6.5 and 4 respectively.
PAR  A comparative trial carried out with 20 mg/kg of imipramine under the same
      conditions gave an average increase of stereotypies of 6.
PAR  Other trials performed with 20 mg/kg of Compound 26, by oral route and in
      the same conditions, gave mean increases of 6.8 of the stereotypies
      provoked by 5 mg/kg of amphetamine.
PAR  It was also demonstrated that, at a dose of 0.05 mg/kg by intragastric
      route, Compound 2 potentiates the stereotypies induced by amphetamine to a
      more marked degree for 150 minutes than 5 mg/kg of imipramine under the
      same conditions. The average increase of the stereotypies for Compound 2
      is 9 and for imipramine 4.4.
PAC  2. Determination of antiaggressive properties
PAR  The antiaggressive properties of the compounds of the invention were
      determined by means of the killer rats and isolated mice aggressivity
      tests.
PAC  a. Aggressivity of killer rats
PAR  If, under certain conditions, male rats are kept alone in individual cages
      for several weeks, they become spontaneously aggressive towards any mouse,
      which they kill as soon as it is placed in the same cage.
PAR  Mice were introduced one after another into cages containing an isolated
      rat and a selection was made of the rats which immediately killed three
      mice. In this way batches of 6 to 8 rats were constituted. The rats were
      then given the compound to be studied by intraperitoneal route in such a
      way that each batch received a higher dose than the preceding batch. At
      different times after administration, three mice were successively
      introduced into the cage and the percentage of reduction in aggressivity
      was calculated at a selected time after administration and on the basis of
      the dose given.
PAR  Table V which follows contains the results obtained 30 minutes after
      administration of the compound to be studied.
TBL                Table V                                                     

     ______________________________________                                    

     Compound                                                                  

             Dose administered                                                 

                       % of inhibition of                                      

             (in mg/kg)                                                        

                       aggressivity                                            

     ______________________________________                                    

      1       3        100                                                     

      2      20        50                                                      

      3      20        89                                                      

      4      25        25                                                      

      5      25        60                                                      

      6      25        30                                                      

      8      25        70                                                      

     12      25        27                                                      

     14      25        80                                                      

     18      25        100                                                     

     26      25        27                                                      

     30      20        75                                                      

     33      20        60                                                      

     34       1        100                                                     

     46      25        100                                                     

     ______________________________________                                    

PAR  A comparative test undertaken with 20 mg/kg of imipramine under the same
      conditions showed a 45 %- inhibition of aggressivity.
PAR  The above Table shows more particularly that Compounds 1, 18 and 34 possess
      powerful antiaggressive properties.
PAC  b. Aggressivity of isolated mice
PAR  If a male mouse is kept alone in a cage for 3 weeks to one month, it will
      spontaneously attack any other animal of the same species which is placed
      in the same cage. If the other animal has also been isolated under the
      same conditions a series of fights takes place.
PAR  Mice were isolated for the period of time required to render them
      spontaneously aggressive. Couples were then put together and note was
      taken of the number of fights which took place over a period of three
      minutes. Each batch was composed of four pairs of mice.
PAR  The animals of each batch were then treated by intragastric route with the
      compound to be studied which was administered in such a way that each
      batch received a higher dose than the preceding batch. Thirty minutes
      after administration, the couples were placed together again for a further
      three minutes and the number of fights noted.
PAR  The results were expressed in the percentage of decrease in the number of
      fights between the animals after treatment in comparison with the
      percentage obtained before treatment which represents the percentage of
      inhibition of aggressivity.
PAR  Trials undertaken by oral route showed that Compound 1 at a dose of 0.63
      mg/kg provokes a 50 percent inhibition of aggressivity (=ED.sub.50).
PAR  A comparative trial revealed that 20 mg/kg of imipramine provokes an
      inhibition of 78 percent.
PAR  A test performed with Compound 1 by intragastric route showed that 0.42
      mg/kg of this compound inhibited agressivity by 50 percent (ED.sub.50) 90
      minutes after administration. The same activity was obtained with a dose
      of imipramine which was 20-times greater.
PAC  3. Determination of cholinolytic properties
PAC  Action with respect to tremorine
PAR  When injected into mice, tremorine and its metabolite, oxotremorine,
      produce central cholinergic effects, i.e., normal and provoked tremor as
      well as peripheral cholinergic effects i.e., weeping, sweating diarrhoea
      and salivation.
PAR  The purpose of this series of tests was to demonstrate that the compounds
      of the invention are devoid of cholinolytic activity which gives rise to
      undesirable side-effects such as dryness of the mouth, difficulties in
      optical accomodation and tachycardia.
PAR  Male mice of the OF.sub.1 strain weighing 22 g, were divided into batches
      of 10. Each batch with the exception of the control animals, received, by
      oral route, a dose of the compound to be tested.
PAR  Thirty minutes later, 10 mg/kg of tremorine were administered to all the
      batches and thirty minutes after the injection of tremorine note was taken
      of the cholinergic effects on each animal in accordance with the following
      scale:
PA0  0 : no action
PA0  1 : slight action
PA0  2 : average action
PA0  3 : strong action
PA0  4 : very strong action
PAR  The difference between the results obtained with the controls and the
      treated animals represents the decrease of the cholinergic effects
      provoked by tremorine. No decrease means that the compound under study
      does not posses cholinolytic properties.
PAR  The differences in question are listed in the following Table VI, these
      differences being obtained with the compounds of the invention in
      comparison with imipramine.
TBL                Table VI                                                    

     ______________________________________                                    

     Compound Peripheral cholinergic                                           

                                 Central response                              

              response           tremor                                        

     ______________________________________                                    

            Weeping                                                            

                   Sweating Salivat. Normal                                    

                                           Provoked                            

     1        0        0        0      0     0                                 

      (5 mg/kg)                                                                

     13       0        0        0      0     0                                 

     (25 mg/kg)                                                                

     17       0        0        0      -0.8  0                                 

     (25 mg/kg)                                                                

     22       0        0        0      0     0                                 

     (10 mg/kg)                                                                

     Imipramine                                                                

              -0.8     -2       0      -4    -0.4                              

     (20 mg/kg)                                                                

     ______________________________________                                    

PAR  These results show that the compounds of the invention do not antagonize
      the peripheral effects provoked by tremorine and are almost without action
      on the central effects due to tremorine.
PAR  Tests were also performed with a view to determining whether the compounds
      of the invention modify spontaneous motricity. Compounds 2, 3, 8 and 9
      were found to have no influence on the spontaneous motricity in the mouse
      when administered at the dose of 50 mg/kg by intragastric route.
PAR  Similarly, it was demonstrated that 3 mg/kg of Compound 1, by intragastric
      route, reduced spontaneous motricity also in the mouse by 50 percent 30
      minutes after administration without, however modifying the curiosity of
      the animal.
PAR  However, the doses of Compound 1 which are active on aggressivity are far
      removed from those which decrease motricity as shown by the ratio:
      ##EQU6##
PAR  This figure proves that Compound 1 is not sedative at the doses which are
      active against aggressivity.
PAR  It was also demonstrated that in the rat and the mouse, the active doses
      which were capable of inhibiting aggressivity completely or partially did
      not affect the behaviour of the animal.
PAR  For example, in the case of Compound 1, the neurotoxic dose 50 (NTD 50)
      which was determined by means of the rotarod test of BOISSIER (Therapie
      1958, XIII, pp 1074-1118) 30 minutes after oral administration to the
      mouse was sufficiently far removed from the ED.sub.50 determined in the
      aggressivity test on the isolated mouse to avoid any damage to the
      neuromuscular functions.
PAR  This conclusion can be expressed by the following ratio:
      ##EQU7##
PAR  With regard to Compound 2, it was found that this compound did not cause
      any damage to the neuromuscular functions up to 40 mg/kg by oral route for
      3 hours after administration.
PAR  A pharmacological test was also carried out on the anesthetized cat with a
      view to demonstrating that Compound 1 is devoid of ganglioplegic activity.
PAR  The tonus of the nictitating membrane was first noted after which the
      contractile reaction of the membrane to electric stimulation of the
      preganglionic fibre of the cervical sympathetic nerve was tested.
PAR  It was fond that intravenous doses of 0.005, 0.1 and 1 mg/kg did not modify
      the intensity of the contractions of the membrane provoked by the electric
      stimulation. This proves that Compound 1 is devoid of ganglioplegic
      effects.
PAR  Another pharmacological test undertaken on the dog anaesthetized with
      sodium pentobarbital and atropinized showed that intravenous doses of
      0.005, 0.1 and 1 mg/kg of Compound 1 did not modify the hypertensive
      effect of epinephrine injected into the vein. This result proves that
      Compound 1 is also devoid of adrenolytic properties.
PAR  Finally, tests of toxicity were performed with compounds of the invention
      following the method of KARBER and BEHRENS. The following results were
      recorded:
TBL  (a) By intraperitoneal route on mice                                      

     Compound             LD.sub.50 (in mg/kg)                                 

     ______________________________________                                    

     2 and 3              68 (after 48 hours)                                  

     (b) By intraperitoneal route on rats                                      

     Compound             LD.sub.50 (in mg/kg)                                 

     ______________________________________                                    

     1                    50 (after 24 hours)                                  

     2                    62.5 (after 48 hours)                                

     (c) By oral route on mice                                                 

     Compound             LD.sub.50 (in mg/kg)                                 

     ______________________________________                                    

     1                    380 (after 24 hours)                                 

     2                    170 (after 48 hours)                                 

     (d) By oral route on rats                                                 

     Compound             LD.sub.50 (in mg/kg)                                 

     ______________________________________                                    

     1                    108 (after 24 hours)                                 

     2                    440 (after 48 hours)                                 

     ______________________________________                                    

PAR  The other compounds of the invention showed in general a LD.sub.50 superior
      to 250 mg/kg by oral route in mice.
PAR  It will be appreciated that for therapeutic use the compounds of the
      invention will normally be administered in the form of a pharmaceutically
      or veterinary composition comprising as an essential active ingredient at
      least one compound of formula I or a pharmaceutically acceptable acid
      addition salt thereof, in association with a pharmaceutical carrier or
      excipient therefor. The carrier may be a solid or liquid diluent or
      excipient of the kind normally employed in the production of medicaments
      ready for use, for example lactose, starches, talc, magnesium stearate,
      polyvinylpyrrolidone, alginic acid, colloidal silica and microcrystalline
      cellulose. The composition may be made up in a form suitable for the
      desired mode of administration which may be by the oral, rectal or
      parenteral route.
PAR  Advantageously for clinical use, the composition is made up in a dosage
      unit form adapted for the desired mode of administration. The dosage unit
      may be, for example a coated- or uncoated tablet, a hard or soft gelatin
      capsule, a suspension, a powder, or a syrup for oral administration, a
      suppository for rectal administration, or a solution for parenteral
      administration.
PAR  The amount of active ingredient in each dosage unit will be such that one
      or more units are required for each therapeutic administration.
PAR  The following Examples illustrate the preparation of the compounds of the
      invention as well as that of the compositions containing the said
      compounds:
DETD
PAC  EXAMPLE 1
PAC  Preparation of 2-(2,3-dimethyl-7-benzofuryloxy)-propionamidoxime
PAL  a. Ethyl 2-(2,3-dimethyl-7-benzofuryloxy)-propionate
PAR  Under vigorous stirring, a mixture of 16.2 g, (0.1 mol) of
      2,3-dimethyl-7-hydroxy-benzofuran, 13.8 g (0.1 mol) of dry and finely
      divided potassium carbonate and 50 ml of methyl ethyl ketone was refluxed
      for 30 minutes. The reaction medium was allowed to cool to room
      temperature and a solution of 19.9 g (0.11 mol) of ethyl
      2-bromo-propionate in 25 ml of methyl ethyl ketone was added drop-by-drop.
      Rapid stirring and heating under reflux were maintained for 22 hours.
PAR  After cooling, the inorganic salts were filtered off, the solvent was
      evaporated under reduced pressure and the residue so obtained was taken up
      in ethyl ether. The ethereal solution was first washed with a 5 percent
      solution of sodium hydroxide and then with water after which the mixture
      was dried on anhydrous sodium sulphate and distilled.
PAR  In this manner, 20.7 g of ethyl 2-(2,3-dimethyl-7-benzofuryloxy)-propionate
      were prepared, boiling at 132.degree.-135.degree.C under 0.25 mm of Hg,
      which represents a yield of 79 % of the theoretical value. n.sup.24 .sub.D
      = 1.5263
PAR  By following the same procedure as that described above but using the
      appropriate starting-products the compounds listed hereunder were
      prepared:
TBL  Compound               Boiling point .degree.C                            

     ______________________________________                                    

     Ethyl 2-(2-methyl-5-benzofuryloxy)-                                       

     propionate             122-123                                            

                            (0.2 mm.Hg)                                        

     n.sub.D.sup.25 = 1.5258                                                   

     Methyl 2-(7-benzofuryloxy)-                                               

     2-methyl-propionate    111-115                                            

                            (0.3 mm.Hg)                                        

     M.P. 55-57.degree.C                                                       

     Ethyl 2-(2,3-dimethyl-7-benzofuryl-                                       

     oxy)- valerianate      145-148                                            

                            (0.5 mm.Hg)                                        

     n.sub.D.sup.24 = 1.5175                                                   

     Ethyl 2-(2,3-dimethyl-7-benzofuryl-                                       

     oxy)- butyrate         138-140                                            

                            (0.22 mm.Hg)                                       

     n.sub.D.sup.27 = 1.5184                                                   

     Ethyl 2-(1-naphthyloxy)-2-methyl-                                         

     propionate             115-116                                            

                            (0.3 mm.Hg)                                        

     n.sub.D.sup.25.5 = 1.5564                                                 

     Methyl 2-(2-naphthyloxy)-2-methyl-                                        

     propionate             118-120                                            

                            (0.15 mm.Hg)                                       

     n.sub.D.sup.26 = 1.5693                                                   

     Methyl 2-[(1,4-benzodioxanyl)-                                            

     5-oxy]-2-methyl-propionate                                                

                            120-136                                            

                            (0.1 mm.Hg)                                        

     n.sub.D.sup.28 = 1.5225                                                   

     Ethyl 2-(2,3-dimethyl-6-                                                  

     benzofuryloxy)-2-methyl-propionate                                        

                            115-120                                            

                            (0.4 mm.Hg)                                        

     n.sub.D.sup.25 = 1.5258                                                   

     Ethyl 2-(1-naphthyloxy)-valerianate                                       

                            140-142                                            

                            (0.1 mm.Hg)                                        

     n.sub.D.sup.27 = 1.5528                                                   

     Methyl 2-(7-Benzofuryloxy)-valerianate                                    

                            127-130                                            

                            (0.5 mm.Hg)                                        

     n.sub.D.sup.24.5 = 1.5218                                                 

     ______________________________________                                    

PAC  b. 2-(2,3-Dimethyl-7-benzofuryloxy)-propionamide
PAR  To a solution of 23.6 g (0.09 mol) of ethyl
      2-(2,3-dimethyl-7-benzofuryloxy)-propionate in 100 ml of 95.degree.
      ethanol, were added 100 ml of a concentrated ammonia solution. The mixture
      was stirred for 16 hours and then diluted with water. The reaction medium
      was cooled with iced water after which the precipitate was filtered off.
PAR  In this manner, 16.8 g of 2-(2,3-dimethyl-7-benzofuryloxy)-propionamide
      were obtained, melting at 164.degree.-165.degree.C after recrystallisation
      from benzene which represents a yield of 80 percent of the theoretical
      value.
PAR  By following the same procedure as that described above but using the
      appropriate starting-products, the compounds listed hereunder were
      prepared:
TBL                            Melting                                         

     Compound                  point .degree.C                                 

     ______________________________________                                    

     2-(2-Methyl-5-benzofuryloxy)-propionamide                                 

                               124-126                                         

     2-(2,3-Dimethyl-7-benzofuryloxy)-valeramide                               

                               181-182                                         

     2-(2,3-Dimethyl-7-benzofuryloxy)-butyramide                               

                               186-187                                         

     2-[(1,4-Benzodioxanyl)-5-oxy]-2-methyl-                                   

     propionamide              143-146                                         

     2-(2,3-Dimethyl-6-benzofuryloxy)-2-methyl-                                

     propionamide              135-137                                         

     2-(7-Benzofuryloxy)-2-methyl-propionamide                                 

                               112-115                                         

     2-(1-Naphthyloxy)-valeramide                                              

                               145-147                                         

     2-(7-Benzofuryloxy)-valeramide                                            

                               146-148                                         

     ______________________________________                                    

PAR  Using the same method as that hereabove described, the following compounds
      were prepared taking into account the variations of process given
      hereunder: 2-(1-Naphthyloxy)-2-methyl-propionamide by reacting, for 7
      days, the appropriate starting-product with a saturated ammonia solution
      in methanol and in the presence of a catalytic amount of sodium methylate.
      The compound was used in crude form.
      2-(2-Naphthyloxy)-2-methyl-propionamide by reacting the appropriate
      starting-product with a saturated ammonia solution in methanol. M.P.:
      116.degree.-119.degree.C.
PAC  c. 2-(2,3-Dimethyl-7-benzofuryloxy)-propionitrile
PAR  To a solution of 22.7 g (0.09 mol) of
      2-(2,3-dimethyl-7-benzofuryloxy)-propionamide in 450 ml of dry toluene
      were added 70 g of phosphorous pentoxide. The mixture was heated under
      reflux for 24 hours and then allowed to cool to 50.degree.C. The toluene
      was decanted out and the residue so obtained was taken up in 100 ml of
      fresh toluene. The solution was heated to boiling for 20 minutes, allowed
      to cool and decanted. These last three operations were repeated twice. The
      organic solutions were collected, evaporated to dryness under vacuum and
      the residue was distilled.
PAR  In this manner, 16.3 g of 2-(2,3-dimethyl-7-benzofuryloxy)-propionitrile
      were obtained, boiling at 104.degree.-106.degree.C under 0.35 mm. Hg,
      which represents a yield of 78 percent of the theoretical value. M.P.
      53.degree.-55.degree.C
PAR  By following the same procedure as that described above
      -benzofuryloxy)-propionamidoxime using the appropriate starting-products,
      the compounds listed hereunder were prepared:
TBL  Compound               Boiling point .degree.C                            

     ______________________________________                                    

     2-(2-Methyl-5-benzofuryloxy)-                                             

     propionitrile          100-104                                            

                            (0.3 mm. Hg)                                       

     n.sub.D.sup.27 = 1.5457                                                   

     2-(2,3-Dimethyl-7-benzofuryloxy)-                                         

     butyronitrile          132-134                                            

                            (0.35 mm. Hg)                                      

     n.sub.D.sup.28 = 1.5306                                                   

     2-(2,3-Dimethyl-7-benzofuryloxy)-                                         

     valeronitrile          used in crude form                                 

     2-(7-Benzofuryloxy)-2-methyl-propio-                                      

     nitrile                95-97                                              

                            (0.15 mm. Hg)                                      

     n.sub.D.sup.28 = 1.5304                                                   

     2-[(1,4-Benzodioxanyl)-5-oxy]-2-                                          

     methyl propionitrile   129-132                                            

                            (0.02 mm. Hg)                                      

     n.sub.D.sup.24 = 1.5232                                                   

     ______________________________________                                    

PAC  d. 2-(2,3-Dimethyl-7-benzofuryloxy)-pripionamidoxime
PAR  To a mixture containing 10.75 g (0.05 mol ) of
      2-(2,3-dimethyl-7-benzofuryloxy)-propionitrile and 3.47 g (0.05 mol) of
      hydroxylamine hydrochloride in 75 ml of ethanol, was added drop-by-drop
      and under stirring, a solution of sodium ethylate obtained from 1.15 g
      (0.05 at.g) of sodium in 35 ml of ethanol.
PAR  The reaction medium was refluxed for 3 hours and allowed to stand for 16
      hours at 20.degree.C after which it was filtered and evaporated to dryness
      under reduced pressure. The residue so obtained was taken up in ether and
      the ethereal phase was washed with water, dried over anhydrous sodium
      sulphate and evaporated to dryness under reduced pressure. The solid
      residue so obtained was then purified by crystallisation from a
      n-hexane/isopropanol mixture.
PAR  In this manner, 2-(2,3-dimethyl-7-benzofuryloxy)-propionamidoxime was
      obtained in free base form melting at 136.degree.-138.degree.C. Yield: 76
      percent of the theoretical value.
PAR  The free base so obtained was converted to its hydrochloride, oxalate,
      hydrobromide and methanesulphonate in the following manner.
PAC  Hydrochloride
PAR  The 2-(2,3-dimethyl-7-benzofuryloxy)-propionamidoxime base obtained was
      taken up in ether and a hydrochloric acid solution in ether was added. The
      hydrochloride so formed was then recrystallised from an
      isopropanol/isopropyl ether mixture.
PAR  In this manner, 5.84 g of 2-(2,3-dimethyl-7-benzofuryloxy)-propionamidoxime
      hydrochloride were obtained which represents a yield of 41 percent of the
      theoretical value. M.P. 191.degree.-194.degree.C after recrystallisation
      from pure isopropanol.
PAC  NEUTRAL OXALATE
PAR  To a solution of 2-(2,3-dimethyl-7-benzofuryloxy)-propionamidoxime base in
      ether, was added under stirring and until an acid reaction was obtained,
      an oxalic acid solution in ether.
PAR  The oxalate which precipitated was centrifuged out and purified by
      crystallisation from a methyl ethyl ketone/ether mixture.
PAR  In this manner, 2-(2,3-dimethyl-7-benzofuryloxy)-propionamidoxime neutral
      oxalate was obtained melting at 147.degree.-148.degree.C with
      decomposition.
PAC  HYDROBROMIDE
PAR  To a solution of 2-(2,3-dimethyl-7-benzofuryloxy)-propionamidoxime base in
      methanol, was added while stirring concentrated hydrobromic acid until an
      acid reaction was obtained.
PAR  The solution was evaporated to dryness under reduced pressure and the
      semisolid residue was taken up in ether where it crystallised. The
      hydrobromide so obtained was purified by crystallisation in a methyl ethyl
      ketone/ether mixture.
PAR  In this manner, 2-(2,3-dimethyl-7-benzofuryloxy)-propionamidoxime was
      obtained, melting at 168.degree.-171.degree.C with decomposition.
PAC  METHANESULPHONATE
PAR  2-(2,3Dimethyl-7-benzofuryloxy)-propionamidoxime hydrobromide
      methanesulphonate was obtained following the same procedure as for the
      hydrobromide but replacing hydrobromic acid with methanesulphonic acid.
      M.P. of the methanesulphonate: 129.degree.-132.degree.C.
PAR  Using the same method as that described hereabove but using the appropriate
      starting-products, the following compounds were prepared:
TBL  Compound               Melting point .degree.C                            

     ______________________________________                                    

     2-(2,3-Dimethyl-7-benzofuryloxy)-                                         

     butyramidoxime hydrochloride                                              

                            189-193                                            

     2-(7-Benzofuryloxy)-2-methyl-propion-                                     

     amidoxime hydrochloride                                                   

                            162-164                                            

     2-(2,3-Dimethyl-7-benzofuryloxy)-                                         

     valeramidoxime hydrochloride                                              

                            193-197                                            

     2-[(1,4-Benzodioxanyl)-5-oxy]-2-                                          

     methyl-propionamidoxime hydrochloride                                     

                            173-175                                            

     2-(2-Methyl-5-benzofuryloxy)-propion-                                     

     amidoxime hydrochloride                                                   

                            174-177                                            

     ______________________________________                                    

PAC  EXAMPLE 2
PAC  Preparation of 2-(7-benzofuryloxy)-butyramidoxime hydrochloride
PAL  a. 2-(7-Benzofuryloxy)-butyronitrile
PAR  To a solution of 67 g (0.5 mol) of 7-hydroxy-benzofuran in 250 ml of
      dimethylformamide were added 75.9 g (0.55 mol) of finely ground anhydrous
      potassium carbonate. While stirring the reaction mixture was heated for
      one hour to about 70.degree.-80.degree.C, cooled and, while still
      stirring, 123.75 g (0.55 mol) of 2-benzenesulphonyloxy-butyronitrile were
      added. Stirring was maintained for 15 hours, after which the reaction
      medium was heated for one hour at 70.degree.-80.degree.C, cooled and
      filtered. The solvent was evaporated out under reduced pressure and the
      residue obtained was taken up in ether. The organic solution was washed
      first with water, then with a 5 percent solution of sodium hydroxide and
      finally with water. The mixture was dried over anhydrous sodium sulphate,
      the solvent was evaporated out and the residue was fractionated by
      distillation.
PAR  In this manner 89 g of 2-(7-benzofuryloxy)-butyronitrile were obtained,
      boiling at 115.degree.-120.degree.C under 0.6 mm. Hg, which represents a
      yield of 89 percent of the theoretical value. n.sub.D .sup.24 = 1.5355
PAR  By following the same procedure as that described above but using the
      appropriate starting-products, the compounds listed hereunder were
      prepared
TBL  Compound                  Boiling point .degree.C                         

     __________________________________________________________________________

     2-(5-Benzofuryloxy)-propionitrile                                         

                               103-105                                         

                               (0.3 mm.Hg)                                     

     n.sub.D.sup.30 = 1.5450                                                   

     2-(6-Benzofuryloxy)-propionitrile                                         

                               130-132                                         

                               (0.45 mm.Hg)                                    

     n.sub.D.sup.24 = 1.5497                                                   

     2-(4-Benzofuryloxy)-butyronitrile                                         

                               96-97                                           

                               (0.3 mm.Hg)                                     

     n.sub.D.sup.26 = 1.5362                                                   

     2-(5-Benzofuryloxy)-butyronitrile                                         

                               145-147                                         

                               (0.5 mm.Hg)                                     

     n.sub.D.sup.26 = 1.5360                                                   

     2-(6-Benzofuryloxy)-butyronitrile                                         

                               122-124                                         

                               (0.55 mm.Hg)                                    

     n.sub.D.sup.25 = 1.5370                                                   

     2-(2,3-Dimethyl-5-benzofuryloxy)-2-propionitrile                          

                               120-125                                         

                               (0.4 mm.Hg)                                     

     n.sub.D.sup.30 = 1.5523                                                   

     2-(2,3-Dimethyl-5-benzofuryloxy)-butyronitrile                            

                               121-124                                         

                               (0.35 mm.Hg)                                    

     n.sub.D.sup.26 = 1.5308                                                   

     2-(2,3-Dimethyl-6-benzofuryloxy)-butyronitrile                            

                               112-116                                         

                               (0.2 mm.Hg)                                     

     n.sub.D.sup.29 = 1.5321                                                   

     2-[(1,4-Benzodioxanyl)-5-oxy]-butyronitrile                               

                               130-138                                         

                               (0.32 mm.Hg)                                    

     n.sub.D.sup.26 = 1.5284                                                   

     2-(1-Naphthyloxy)-butyronitrile                                           

                               108-114                                         

                               (0.08 mm.Hg)                                    

     n.sub.D.sup.25 = 1.5780                                                   

     2-(2-Naphthyloxy)-butyronitrile                                           

                               120-130                                         

                               (0.25 mm.Hg)                                    

     n.sub.D.sup.24 = 1.5771                                                   

     2-(2,3-Dimethyl-6-benzofuryloxy)-propionitrile                            

                               102-103                                         

                               (0.2 mm.Hg)                                     

     n.sub.D.sup.26 = 1.5419                                                   

     __________________________________________________________________________

PAL  b. 2-(7-Benzofuryloxy)-butyramidoxime hydrochloride
PAR  This compound was obtained in accordance with the method described in
      Example 1 (d) starting from 2-(7-benzofuryloxy)-butyronitrile. M.P.
      129.degree.-130.degree.C after recrystallisation from a
      tetrahydrofuran/ethyl ether mixture.
PAR  Using the same procedure the following compounds were prepared from the
      appropriate starting-products:
TBL                            Melting                                         

     Compound                  point .degree.C                                 

     ______________________________________                                    

     2-(4-Benzofuryloxy)-butyramidoxime hydro-                                 

     chloride                  141-143                                         

     2-(6-Benzofuryloxy)-butyramidoxime hydro-                                 

     chloride                  149-152                                         

     2-(6-Benzofuryloxy)-propionamidoxime                                      

     hydrochloride             170-174                                         

     2-(5-Benzofuryloxy)-propionamidoxime                                      

     hydrochloride             164-166                                         

     2-(5-Benzofuryloxy)-butyramidoxime                                        

     hydrochloride             167-171                                         

     2-(2,3-Dimethyl-5-benzofuryloxy)-propiona-                                

     midoxime hydrochloride    188-194                                         

     2-(2,3-Dimethyl-5-benzofuryloxy)-butyrami-                                

     doxime acid oxalate       153-156                                         

     2-(2,3-dimethyl-6-benzofuryloxy)-butyrami-                                

     doxime hydrochloride      180-184                                         

     2-[(1,4-Benzodioxanyl)-5-oxy]-butyramidoxime                              

     hydrochloride             178-181                                         

     2-(1-Naphthyloxy)-butyramidoxime hydrochlo-                               

     ride                      178-181                                         

     2-(2-Naphthyloxy)-butyramidoxime                                          

                                97-101                                         

     2-(2,3-Dimethyl-6-benzofuryloxy)-propionami-                              

     doxime hydrochloride      199-203                                         

     ______________________________________                                    

PAC  EXAMPLE 3
PAC  Preparation of 2-(2,3-Dimethyl-4-benzofuryloxy)-acetamidoxime hydrochloride
PAL  a. (2,3-Dimethyl-4-benzofuryloxy)-acetonitrile
PAR  To a solution of 19 g (0.117 mol) of 2,3-dimethyl-4-hydroxybenzofuran in
      100 ml of methyl ethyl ketone, were added 16.1 g (0.117 mol) of finely
      divided anhydrous potassium carbonate. Under vigorous stirring the
      suspension was refluxed for 30 minutes and then allowed to cool to room
      temperature. After which a mixture of 9.1 g (0.12 mol) of
      chloracetonitrile and 0.3 g of potassium iodide in 15 ml of methyl ethyl
      ketone was added drop-by-drop and while stirring.
PAR  The reaction medium was refluxed for 2 hours, allowed to cool and the
      inorganic salts were filtered off. The filtrate was evaporated to dryness
      under reduced pressure and the residue so obtained was taken up in ether.
      The ethereal solution was washed with a 5 percent sodium hydroxide
      solution and then with distilled water. The mixture was then dried over
      anhydrous sodium sulphate and fractionated by distillation.
PAR  The fraction distilling between 124.degree. and 130.degree.C under 0.5
      mm.Hg was (2,3-dimethyl-4-benzofuryloxy)acetonitrile which was
      crystallised from a n-hexane/ethanol mixture.
PAR  In this manner, 18.3 g of (2,3-dimethyl-4-benzofuryloxy)-acetonitrile were
      obtained, melting at 50.degree.-52.degree.C which represents a yield of 78
      percent of the theoretical value.
PAR  By following the same procedure as that described above but using the
      appropriate starting-products, the compounds listed hereunder were
      prepared
TBL                           Boiling                                          

     Compound                 point .degree.C                                  

     ______________________________________                                    

     (2,3-Dimethyl-6-benzofuryloxy)-acetoni-                                   

                              126-129                                          

     trile                    (0.4 mm.Hg)                                      

     M.P. 42-45.degree.C                                                       

     (2,3-Dimethyl-5-benzofuryloxy)-acetonitrile                               

                              M.P. 78-80.degree.C                              

     (6-Benzofuryloxy)-acetonitrile                                            

                              98-100                                           

                              (0.15 mm.Hg)                                     

     n.sub.D.sup.26 = 1.5650                                                   

     2-(4-Benzofuryloxy)-propionitrile                                         

                              88-94                                            

                              (0.4 mm.Hg)                                      

     n.sub.D.sup.27 = 1.5438                                                   

     2-[(1,4-Benzodioxanyl)-5-oxy]-propionitrile                               

                              M.P. 65-67.degree.C                              

     2-(1-Naphthyloxy)-propionitrile                                           

                              115-117                                          

                              (0.2 mm.Hg)                                      

     n.sub.D.sup.27 = 1.5863                                                   

     2-(2-Naphthyloxy)-propionitrile                                           

                              135-138                                          

                              (0.2 mm.Hg)                                      

     (prepared in dimethylformamide                                            

     for 6 hours at 90.degree.C)                                               

     n.sub.D.sup.24 = 1.5880                                                   

     (5-Benzofuryloxy)-acetonitrile                                            

                              87-94                                            

                              (0.1 mm.Hg)                                      

     n.sub.D.sup.25 = 1.5649                                                   

     (2,3-Dihydro-7-benzofuryloxy)-acetonitrile                                

                              98-104                                           

                              (0.2 mm.Hg)                                      

     M.P. 50-53.degree.C                                                       

     (4-Benzothienyloxy)-acetonitrile                                          

                              102-104                                          

                              (0.15 mm.Hg)                                     

     n.sub.D.sup.26 = 1.6172                                                   

     2-(4-Benzothienyloxy)-propionitrile                                       

                              110-113                                          

                              (0.25 mm.Hg)                                     

     n.sub.D.sup.32 = 1.5913                                                   

     ______________________________________                                    

PAL  b. (2,3-Dimethyl-4-benzofuryloxy)-acetamidoxime hydrochloride
PAR  This compound was obtained in accordance with the method described in
      Example 1 (d) starting from (2,3-dimethyl-4-benzofuryloxy)-acetonitrile.
      M.P. of the hydrochloride 185.degree.-189.degree.C after recrystallisation
      from isopropanol.
PAR  Using the same procedure, the following compounds were prepared from the
      appropriate starting-products:
TBL  Compound               Melting point .degree.C                            

     ______________________________________                                    

     2-(2,3-Dimethyl-6-benzofuryloxy)-                                         

     acetamidoxime hydrochloride                                               

                            180-184                                            

     2-(2,3-Dimethyl-5-benzofuryloxy)-                                         

     acetamidoxime hydrochloride                                               

                            185-187                                            

     2-(6-Benzofuryloxy)-acetamidoxime                                         

     hydrochloride          150-154                                            

     2-(4-Benzofuryloxy)-propionamidoxime                                      

     hydrochloride          170-173                                            

     2-[(1,4-Benzodioxanyl)-5-oxy]-                                            

     propionamidoxime hydrochloride                                            

                            135-139                                            

     2-(1-Naphthyloxy)-propionamidoxime                                        

                            116-119                                            

     2-(1-Naphthyloxy)-propionamidoxime                                        

     hydrochloride          190-191                                            

     2-(2-Naphthyloxy)-propionamidoxime                                        

     hydrochloride          172-175                                            

     2-(2-Methyl-5-benzofuryloxy)-acetami-                                     

     doxime hydrochloride   173-175                                            

     2-(2,3-Dimethyl-7-benzofuryloxy)-                                         

     acetamidoxime hydrochloride                                               

                            164-167                                            

     2-(7-Benzofuryloxy)-acetamidoxime                                         

     hydrochloride          164-167                                            

     2-(5-Benzofuryloxy)-acetamidoxime                                         

     hydrochloride          179-183                                            

     2-(2,3-Dihydro-7-benzofuryloxy)-                                          

     acetamidoxime          155-158                                            

     2-(4-Benzothienyloxy)-acetamidoxime                                       

                            166-168                                            

     2-(4-Benzothienyloxy)-propionamidoxime                                    

     hydrochloride          200-203                                            

     ______________________________________                                    

PAC  EXAMPLE 4
PAC  Preparation of 2-(1-naphthyloxy)-2-methyl-propionamidoxime hydrochloride
PAL  a) 2-(1-Naphthyloxy)-2-methyl-propionitrile
PAR  To a suspension of 22.9 g (0.1 mol) of
      2-(1-naphthyloxy)-2-methyl-propionamide in 50 ml of anhydrous pyridine
      were added, drop-by-drop and under vigorous stirring,, 23 g (0.15 mol) of
      phosphorus oxychloride. During this operation the temperature was
      maintained below 70 .degree.C.
PAR  Stirring was maintained for 24 hours at room temperature and the reaction
      medium was poured onto crushed ice. After extraction with ether the
      ethereal phase so obtained was successively washed with water, with
      acidified water and finally with water. The mixture was dried over
      anhydrous sodium sulphate, the solvent was evaporated and the residue
      obtained was distilled under high vacuum.
PAR  In this manner 17.7 g of 2-(1-naphthyloxy)-2-methyl-propionitrile were
      obtained, boiling at 115.degree.-120.degree.C under 0.3 mm Hg which
      represents a yield of 84 percent. n.sub.D.sup. 25 = 1.5729
PAR  By following the same procedure as that described above but using the
      appropriate starting-products, the following compounds were prepared:
TBL  Compound               Boiling point .degree.C                            

     ______________________________________                                    

     2-(2,3-Dimethyl-6-benzofuryloxy)-2-meth-                                  

     yl-propionitrile       108-110                                            

                            (0.3 mm.Hg)                                        

     n.sub.D.sup.26 = 1.5300                                                   

     2-(2,3-Dihydro-7-benzofuryloxy)-2-propio-                                 

     nitrile                102-104                                            

                            (0.2 mm.Hg)                                        

     n.sub.D.sup.30 = 1.5287                                                   

     2-(2-Naphthyloxy)-2-methyl-propionitrile                                  

                            105-112                                            

                            (0.2 mm.Hg)                                        

     n.sub.D.sup.24 = 1.5730                                                   

     2-(1-Naphthyloxy)-valeronitrile                                           

                            144-145                                            

                            (0.5 mm.Hg)                                        

     n.sub.D.sup.27 = 1.5705                                                   

     2-(7-Benzofuryloxy)-valeronitrile                                         

                            130-132                                            

                            (0.7 mm.Hg)                                        

     n.sub.D.sup.26 = 1.5312                                                   

     ______________________________________                                    

PAL  b. 2-(1-Naphthyloxy)-2-methyl-propionamidoxime hydrochloride
PAR  This compound was obtained in accordance with the method described in
      Example 1 (d) starting from 2-(1-naphthyloxy)-2-methyl-propionitrile M.P.
      180.degree.-183.degree.C after recrystallisation from isopropanol.
PAR  By following the same procedure the following compounds were prepared using
      the appropriate starting-products:
TBL  Compound               Melting point .degree.C                            

     ______________________________________                                    

     2-(2,3-Dimethyl-6-benzofuryloxy)-2-                                       

     methyl-propionamidoxime hydrochloride                                     

                            159-162                                            

     2-(2,3-Dihydro-7-benzofuryloxy)-                                          

     propionamidoxime hydrochloride                                            

                            184-187                                            

     2-(2-Naphthyloxy)-2-methyl-propion-                                       

     amidoxime hydrochloride                                                   

                            155-158                                            

     2-(1-Naphthyloxy)-valeramidoxime hydro-                                   

     chloride               193-196                                            

     2-(7-Benzofuryloxy)-valeramidoxime                                        

     hydrochloride          157-160                                            

     ______________________________________                                    

PAC  EXAMPLE 5
PAC  Preparation of 2-(7-benzofuryloxy)-propionamidoxime hydrochloride
PAR  A mixture of 51.25 g (0.25 mol) of 2-(7-benzofuryloxy)-propionamidoxime, 76
      g of thienyl chloride and 200 ml of dry benzene was refluxed for 5 hours.
      The mixture was then allowed to stand for 15 hours at room temperature and
      then poured onto ice.
PAR  The organic phase was washed with water, then with a diluted solution of
      sodium carbonate and finally with water. After the mixture was dried and
      the solvent evaporated, the residue was distilled and 29.3 g of
      2-(7-benzofuryloxy)-propionitrile were obtained, boiling at 118.degree.C
      under 0.4 mm. Hg, (n.sub.D.sup.24 =1.5440) which represents a yield of 62
      percent of the theoretical value. This nitrile was treated following the
      method described in Example 1 (d) to obtain
      2-(7-benzofuryloxy)-propionamidoxime melting at 92.degree.-94.degree.C
      after recrystallisation from a hexane/isopropyl mixture. M.P. of the
      hydrochloride: 178.degree.-181.degree.C (from isopropanol)
PAC  EXAMPLE 6
PAC  Preparation of 3-(2-methyl-5-benzofuryloxy)-propionamidoxime hydrochloride
PAL  a. 3-(2-Methyl-5-benzofuryloxy)-propionitrile
PAR  A mixture of 59.2 g (0.4 mol) of 2-methyl-5-hydroxy-benzofuran, 32 g (0.6
      mol) of acrylonitrile, 4 g of monohydrated cupric acetate, 5 ml of acetic
      acid and 5 ml of acetic anhydride were heated for 6 hours at 95.degree.C.
PAR  The volatile fractions were evaporated out under vacuum and the residue
      obtained was taken up in ether. The ethereal phase was washed with a
      diluted solution of sodium hydroxide and then with water. The mixture was
      dried on anhydrous sodium sulphate, the solvent was evaporated out and the
      residue was recrystallised from cyclohexane.
PAR  In this manner, 27 g of 3-(2-methyl-5-benzofuryloxy)-propionitrile were
      obtained melting at 73.degree.-76.degree.C which represents a yield of
      33.5 percent.
PAR  By following the same procedure as that described above, the following
      compounds were prepared in the presence of trimethylbenzylammonium in
      place of cupric acetate and without acetic acid and acetic anhydride:
TBL  Compound                Melting point .degree.C                           

     ______________________________________                                    

     3-(7-Benzofuryloxy)-propionitrile                                         

                             49-50                                             

     3-(2,3-Dimethyl-5-benzofuryloxy)-                                         

     propionitrile           72-74                                             

     3-(4-Benzothienyloxy)-propionitrile                                       

                             70-71                                             

     3-[(1,4-Benzodioxanyl)-5-oxy]-                                            

     propionitrile           73-75                                             

     3-(4-Benzofuryloxy)-propionitrile                                         

                             B.P. 101-102.degree.C                             

                             (0.09 mm.Hg)                                      

     n.sub.D.sup.26.5 = 1.5561                                                 

     3-(2,3-Dihydro-7-benzofuryloxy)-                                          

                             B.P. 120-122.degree.C                             

     propionitrile           (0.25 mm.Hg)                                      

     n.sub.D.sup.29 = 1.5460                                                   

     3-(6-Benzofuryloxy)-propionitrile                                         

                             80-81                                             

     ______________________________________                                    

PAL  b. 3-(2-Methyl-5-benzofuryloxy)-propionamidoxime hydrochloride
PAR  This compound was obtained in accordance with the procedure described in
      Example 1 (d) starting from 3-(2-methyl-5-benzofuryloxy)-propionitrile.
      M.P. 163.degree.-167.degree.C after recrystallisation from isopropanol.
PAR  By following the same method, the compounds hereunder were prepared using
      the appropriate starting-products:
TBL  Compound               Melting point .degree.C                            

     ______________________________________                                    

     3-(7-Benzofuryloxy)-propionamidoxime                                      

     hydrochloride          135-138                                            

     3-(2,3-Dimethyl-5-benzofuryloxy)-                                         

     propionamidoxime hydrochloride                                            

                            162-164                                            

     3-(4-Benzothienyloxy)-propionamidoxime                                    

     hydrochloride          164-167                                            

     3-(1-Naphthyloxy)-propionamidoxime                                        

     hydrochloride          169-173                                            

     3-(2-Naphthyloxy)-propionamidoxime                                        

     hydrochloride          171-174                                            

     3-[(1,4-Benzodioxanyl)-5-oxy]-propion-                                    

     amidoxime hydrochloride                                                   

                            181-184                                            

     3-(4-Benzofuryloxy)-propionamidoxime                                      

     hydrochloride          164-167                                            

     3-(2,3-Dihydro-7-benzofuryloxy)-                                          

     propionamidoxime hydrochloride                                            

                            153-155                                            

                            (decomposition)                                    

     3-(6-Benzofuryloxy)-propionamidoxime                                      

     hydrochloride          166-169                                            

     ______________________________________                                    

PAC  EXAMPLE 7
PAC  Preparation of 2-(2-methyl-3-benzofuryloxy)-acetamidoxime hydrochloride
PAL  a. (2-Methyl-3-benzofuryloxy)-acetonitrile
PAR  While stirring 14.8 g (0.1 mol) of 2-methyl-3-hydroxy-benzofuran were added
      drop-by-drop and at room temperature, to a suspension of 6 g of sodium
      hydride (50 percent in oil) in 100 ml of dimethylformamide. The mixture
      was stirred for a further 20 minutes and then 15.1 g (0.2 mol) of
      chloracetonitrile were added.
PAR  Stirring was maintained for 48 hours after which the reaction medium was
      poured into water and extracted with ether.
PAR  In this manner 12 g of (2-methyl-3-benzofuryloxy)-acetonitrile boiling at
      100.degree.-104.degree.C under 0.15 mm.Hg and melting at
      58.degree.-60.degree.C after recrystallisation from petroleum ether
      (40.degree.-80.degree.C.
PAR  By following the same procedure as that described above but using the
      appropriate starting-products, the compounds listed hereunder were
      prepared:
TBL                          Boiling                                           

     Compound                point .degree.C                                   

     ______________________________________                                    

     (2-Ethyl-3-benzofuryloxy)-acetonitrile                                    

                             118-122                                           

                             (0.5 mm.Hg)                                       

     M.P. 37-43.degree.C                                                       

     3-(2-Ethyl-3-benzofuryloxy)-propionitrile                                 

                             M.P. 63-65.degree.C                               

     (2-Isopropyl-3-benzofuryloxy)-acetonitrile                                

                             98-105                                            

                             (0.1 mm.Hg)                                       

     n.sub.D.sup.25 = 1.5328                                                   

     3-(2-Methyl-3-benzofuryloxy)-propionitrile                                

                             120-125                                           

                             (0.1 mm.Hg)                                       

     n.sub.D.sup.25 = 1.5518                                                   

     3-(2-Isopropyl-3-benzofuryloxy)-propionitrile                             

                             120-130                                           

                             (0.2 mm.Hg)                                       

     n.sub.D.sup.25 = 1.4610                                                   

     4-(4-Benzofuryloxy)-butyronitrile                                         

                             130-135                                           

                             (0.45 mm.Hg)                                      

     n.sub.D.sup.30 = 1.4623                                                   

     4-(7-Benzofuryloxy)-butyronitrile                                         

                             158-160                                           

                             (0.5 mm.Hg)                                       

     n.sub.D.sup.27 = 1.5512                                                   

     ______________________________________                                    

PAR  The following compounds were prepared in accordance with the method
      described hereabove but using 2-benzenesulphonyloxy-butyronitrile as
      starting-compound:
TBL  Compound               Boiling point .degree.C                            

     ______________________________________                                    

     2-(2-Methyl-3-benzofuryloxy)-butyr-                                       

     onitrile               102-106                                            

                            (0.2 mm.Hg)                                        

     n.sub.D.sup.24 = 1.5268                                                   

     2-(2-Ethyl-3-benzofuryloxy)-butyroni-                                     

     trile                  110-117                                            

                            (0.2 mm.Hg)                                        

     n.sub.D.sup.24 = 1.5242                                                   

     2-(2-Isopropyl-3-benzofuryloxy)-butyr-                                    

     onitrile               105-110                                            

                            (0.1 mm.Hg)                                        

     n.sub.D.sup.24 = 1.5192                                                   

     ______________________________________                                    

PAL  b. 2-(2-Methyl-3-benzofuryloxy)-acetamidoxime hydrochloride
PAR  This compound was obtained in accordance with the method described in
      Example 1 (d) starting from (2-methyl-3-benzofuryloxy)-acetonitrile. M.P.
      183.degree.-187.degree.C after recrystallisation from an ethyl
      acetate/methanol mixture.
PAR  By following the same procedure the following compounds were prepared
      starting from the appropriate compounds:
TBL                              Melting                                       

     Compound                    point .degree.C                               

     ______________________________________                                    

     2-(2-Ethyl-3-benzofuryloxy)-acetamidoxime                                 

                                 144-146                                       

     2-(2-Ethyl-3-benzofuryloxy)-acetamidoxime acid                            

     oxalate                     160-161                                       

     2-(2-Methyl-3-benzofuryloxy)-butyramidoxime                               

                                 138-140                                       

     2-(2-Methyl-3-benzofuryloxy)-butyramidoxime                               

     hydrochloride               170-174                                       

     2-(2-Ethyl-3-benzofuryloxy)-butyramidoxime                                

                                 139-141                                       

     2-(2-Isopropyl-3-benzofuryloxy)-butyramidoxime                            

                                 154-157                                       

     3-(2-Ethyl-3-benzofuryloxy)-propionamidoxime                              

                                 120-122                                       

     3-(2-Ethyl-3-benzofuryloxy)-propionamidoxime                              

     hydrochloride               160-163                                       

     2-(2-Isopropyl-3-benzofuryloxy)-acetamidoxime                             

                                 165-167                                       

     2-(2-Isopropyl-3-benzofuryloxy)-acetamidoxime                             

     acid oxalate                171-173                                       

     3-(2-Methyl-3-benzofuryloxy)-propionamidoxime                             

     acid oxalate                173-176                                       

     3-(2-Isopropyl-3-benzofuryloxy)-propionamidoxime                          

                                 158-160                                       

     3-(2-Isopropyl-3-benzofuryloxy)-propionamidoxime                          

     hydrochloride               180-183                                       

     4-(4-Benzofuryloxy)-butyramidoxime hydrochloride                          

                                 183-186                                       

     4-(7-Benzofuryloxy)-butyramidoxime acid oxalate                           

                                 145-147                                       

     ______________________________________                                    

PAC  EXAMPLE 8
PAC  Preparation of 2-(2-methyl-3-benzofuryloxy)-2-methyl-propionamidoxime
      hydrochloride
PAL  a. Methyl 2-(2-methyl-3-benzofuryloxy)-2-methyl-propionate
PAR  To a suspension of 9 g of sodium hydride (50 percent in oil) in 150 ml of
      anhydrous dimethylformamide were added drop-by-drop and while stirring
      22.2 g (0.15 mol) of 2-methyl-3-hydroxy-benzofuran, care being taken to
      maintain the temperature at about 30.degree.-35.degree.C. The reaction
      medium was stirred for a further 15 minutes and then 27.2 g (0.15 mol) of
      methyl .alpha.-bromoisobutyrate were added, the temperature being
      maintained at 35.degree.-40.degree.C. Stirring was continued for 24 hours
      at room temperature, the reaction mixture was poured into water and
      extracted several times with ether. The ethereal extracts were collected,
      washed with water and dried over anhydrous sodium sulphate.
PAR  The solvent was evaporated under vacuum and the residue was distilled.
PAR  In this manner 22.3 g of methyl
      2-(2methyl-3-benzofuryloxy)12-methyl-propionate were obtained boiling at
      110.degree.-115.degree.C under 0.2 mm. Hg which represents a yield of 60
      percent of the theoretical value.
PAR  By following the same procedure as that described above but using the
      appropriate starting-products, the following compounds were prepared:
TBL                           Boiling                                          

     Compound                 point .degree.C                                  

     ______________________________________                                    

     Methyl 2-(2-ethyl-3-benzofuryloxy)-                                       

     2-methyl-propionate      116-120                                          

                              (0.2 mm.Hg)                                      

     n.sub.D.sup.24 = 1.5220                                                   

     Methyl 2-(2-isopropyl-3-benzofuryloxy)-                                   

     2-methyl-propionate      103-106                                          

                              (0.1 mm.Hg)                                      

     n.sub.D.sup.25 = 1.5180                                                   

     Ethyl 2-(2-Isopropyl-3-benzofuryloxy)-                                    

     propionate               64-67                                            

                              (0.05 mm.Hg)                                     

     n.sub.D.sup.24 = 1.5235                                                   

     Ethyl 2-(2-ethyl-3-benzofuryloxy)-                                        

                              65-70                                            

     propionate               (0.1 mm.Hg)                                      

     n.sub.D.sup.26 = 1.5427                                                   

     Ethyl 2-(2-methyl-3-benzofuryloxy)-                                       

                              105-110                                          

     propionate               (0.2 mm.Hg)                                      

     n.sub.D.sup.23 = 1.5162                                                   

     ______________________________________                                    

PAL  b. 2-(2-Methyl-3-benzofuryloxy)-2-methyl-propionamide
PAR  A solution of 24.8 g (0.1 mol) of methyl
      2-(2-methyl-3-benzofuryloxy)-2-methyl-propionate in 400 ml of methanol
      saturated with ammonia was allowed to stand for 8 days at room
      temperature. The solvent was evaporated under vacuum and the residue was
      crystallised from petroleum ether (40.degree.-80.degree.C).
PAR  In this manner, 13.1 g of
      2-(2-methyl-3-benzofuryloxy)-2-methyl-propionamide were obtained melting
      at 116.degree.-120.degree.C which represents a yield of 56 percent of the
      theoretical value.
PAR  By following the procedure described above but using the appropriate
      starting-products, the following compounds were prepared:
TBL                             Melting                                        

     Compound                   point .degree.C                                

     ______________________________________                                    

     2-(2-Ethyl-3-benzofuryloxy)-2-methyl-                                     

     propionamide               82-84                                          

     2-(2-Isopropyl-3-benzofuryloxy)-2-                                        

     methyl-propionamide        104-105                                        

     2-(2-Isopropyl-3-benzofuryloxy)-propionamide                              

                                110-113                                        

     2-(2-Ethyl-3-benzofuryloxy)-propionamide                                  

                                100-103                                        

     2-(2-Methyl-3-benzofuryloxy)-propionamide                                 

                                145-148                                        

     ______________________________________                                    

PAL  c. 2-(2-Methyl-3-benzofuryloxy)-2-methyl-propionitrile
PAR  This compound was obtained in accordance with the method described in
      Example 4 (a) starting from 2-(2-methyl-3-benzofuryloxy)
      -2-methyl-propionamide. B.P. 95.degree.-100.degree.C under 0.2 mm.Hg. M.P.
      53.degree.-55.degree.C after recrystallisation from petroleum ether
      (50.degree.-75.degree.C).
PAR  By following the same procedure the compounds listed hereunder were
      obtained:
TBL                           Boiling                                          

     Compound                 point .degree.C                                  

     ______________________________________                                    

     2-(2-Ethyl-3-benzofuryloxy)-2-methyl-                                     

     propionitrile            100-108                                          

                              (0.2 mm.Hg)                                      

     n.sub.D.sup.24 = 1.5238                                                   

     2-(2-Isopropyl-3-benzofuryloxy)-2-methyl-                                 

     propionitrile            103-108                                          

                              (0.15 mm.Hg)                                     

     n.sub.D.sup.24 = 1.5240                                                   

     2-(2-Isopropyl-3-benzofuryloxy)-propioni-                                 

     trile                    96-99                                            

                              (0.1 mm.Hg)                                      

     n.sub.D.sup.25 = 1.5258                                                   

     2-(2-Ethyl-3-benzofuryloxy)-propionitrile                                 

                              108-110                                          

                              (0.2 mm.Hg)                                      

     n.sub.D.sup.24 = 1.5291                                                   

     2-(2-Methyl-3-benzofuryloxy)-propionitrile                                

                              95-98                                            

                              (0.25 mm.Hg)                                     

     n.sub.D.sup.25 = 1.5298                                                   

     ______________________________________                                    

PAL  d. 2-(2-Methyl-3-benzofuryloxy)-2-methyl-propionamidoxime hydrochloride
PAR  This compound was prepared in accordance with the method described in
      Example 1 (d) starting from
      2-(2-methyl-3-benzofuryloxy)-2-methyl-propionitrile. M.P.
      162.degree.-166.degree.C.
PAR  By following the same procedure the compounds listed hereunder were
      prepared:
TBL                             Melting                                        

     Compound                   point .degree.C                                

     ______________________________________                                    

     2-(2-Ethyl-3-benzofuryloxy)-2-methyl-                                     

     propionamidoxime hydrochloride                                            

                                147-150                                        

     2-(2-Isopropyl-3-benzofuryloxy)-2-methyl-                                 

     propionamidoxime hydrochloride                                            

                                165-168                                        

     2-(2-Isopropyl-3-benzofuryloxy)-propiona-                                 

     midoxime                   137-140                                        

     2-(2-Ethyl-3-benzofuryloxy)-propionamidoxime                              

                                103-106                                        

     2-(2-Ethyl-3-benzofuryloxy)-propionamidoxime                              

     hydrochloride              137-140                                        

     2-(2-Methyl-3-benzofuryloxy)-propionami-                                  

     doxime                     121-123                                        

     2-(2-Methyl-3-benzofuryloxy)-propionamido-                                

     xime acid oxalate          146-148                                        

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  Hard-gelatin capsules containing the following ingredients were prepared in
      accordance with know pharmaceutical technique:
TBL  Ingredient                   mg per capsule                               

     __________________________________________________________________________

     a)                                                                        

       2-(7-Benzofuryloxy)-propionamidoxime                                    

       hydrochloride              10                                           

       Microcrystalline cellulose 110                                          

                                  120                                          

     b)                                                                        

       2-(7-Benzofuryloxy)-propionamidoxime hydrochloride                      

                                  10                                           

       Starch                     190                                          

                                  200                                          

     c)                                                                        

       2-(1-Naphthyloxy)-propionamidoxime hydrochloride                        

                                  5                                            

       Microcrystalline cellulose 115                                          

                                  120                                          

     d)                                                                        

       2-(1-Naphthyloxy)-propionamidoxime hydrochloride                        

                                  5                                            

       Starch                     195                                          

                                  200                                          

     e)                                                                        

       2-(1-Naphthyloxy)-propionamidoxime                                      

       hydrochloride              15                                           

       Starch                     185                                          

                                  200                                          

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. An amidoxime derivative corresponding to the general formula:
      ##EQU8##
      or a pharmaceutically acceptable acid addition salt thereof, wherein
      R.sub.1 and R.sub.2, which are the same or different, represent hydrogen
      or a straight-chain lower alkyl radical containing form 1 to 3 carbon
      atoms, n is 0, 1 or 2 and R is selected from the groups consisting of
      ##SPC2##
PAL  wherein X represents oxygen or sulphur, Y...Z represents HC-CH or C=C,
      R.sub.3 and R.sub.4, which are the same or different, represent hydrogen
      or a branched- or straight-chain lower alkyl radical containing from 1 to
      3 carbon atoms with the provisos that:
PAL  a. when n is 1, R.sub.1 and R.sub.2 are each hydrogen and R is selected
      from the groups A and B.
PA1  b. when n is 2, R.sub.1 and R.sub.2 are each hydrogen and R is selected
      from the groups A and B.
NUM  2.
PAR  2. 2-(7-Benzofuryloxy)-propionamidoxime or a pharmaceutically acceptable
      acid addition salt thereof.
NUM  3.
PAR  3. 2-(4-Benzofuryloxy)-propionamidoxime or a pharmaceutically acceptable
      acid addition salt thereof.
NUM  4.
PAR  4. 2-(2,3-Dihydro-7-benzofuryloxy)-propionamidoxime or a pharmaceutically
      acceptable acid addition salt thereof.
NUM  5.
PAR  5. 3-(7-Benzofuryloxy)-propionamidoxime or a pharmaceutically acceptable
      acid addition salt thereof.
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OCL  2603468R
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ABST
PAL  A method of preparing citraconic acid and derivatives thereof comprising
      reacting methylsuccinic acid and derivatives thereof (such as an acid
      halide, an acid anhydride, a monoester and a diester) with chlorine in the
      absence of or in the presence of a catalyst at a temperature ranging from
      about 100.degree. to 500.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for preparation of citraconic acid and
      derivatives thereof, and more precisely, to a method for preparation of
      citraconic acid and derivatives thereof by reacting methylsuccinic acid
      and derivatives thereof with chlorine.
PAR  2. Description of the Prior Art
PAR  Citraconic acid and derivatives thereof per se are useful compounds, and,
      in particular, they are of special interest as raw materials for producing
      itaconic acid since they can easily be converted to itaconic acid.
PAR  For the synthesis of citraconic acid, some conventional processes,
      including the pyrolysis of citric acid (as described in U.S. Pat. No.
      3,701,805) and the direct oxidation of isoprene (as described in Japanese
      Pat. Publication No. 38425/72) are known. However, these conventional
      means involve some problems with respect to formation of by-products, and
      with respect to yield, purity and cost of the products.
PAR  The synthesis of citraconic acid has been investigated in detail to
      overcome the defects in the prior art, and a method for preparation of
      citraconic acid and derivatives thereof which does not have the defects
      described above has been developed.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, this invention provides a method for preparation of citraconic
      acid and derivatives thereof comprising chlorinating methylsuccinic acid
      and derivatives thereof. In the present method, citraconic acid and
      derivatives thereof are directly formed under reaction conditions where
      the chlorinating reaction proceeds.
PAR  The reaction with chlorine (or dehydrogenating reaction) also proceeds
      utilizing the anhydride, chloride or esters of methyl succinic acid as
      starting materials at a temperature ranging from about 100.degree. to
      500.degree.C. By hydrolizing the formed anhydride, citraconic acid can
      easily be accomplished.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Derivatives of methylsuccinic acid which can be used in the present
      invention include methylsuccinic acid monohalide and dihalide,
      methylsuccinic acid anhydride, and methylsuccinic acid monoesters and
      diesters. Suitable esters are preferably those with aliphatic alcohols
      having 1 to 8 carbon atoms and with aromatic alcohols, e.g.,
      2-chloroethanol, benzyl alcohol, etc. The method of this invention can
      employ methylsuccinic acid, a derivative thereof or a mixture thereof as a
      starting material(s)
PAR  The reaction of methylsuccinic acid and derivatives thereof with chlorine
      can be carried out in the absence of or presence of a catalyst at a
      temperature of about 100.degree. to 500.degree.C, and it is preferred to
      carry out the chlorinating reaction at a temperature of 140.degree.C or
      above in order to accelerate the reaction rate. On the other hand, it is
      preferred to carry out the reaction at a temperature of 400.degree.C or
      below to prevent the formation of undesirable by-products resulting from
      the pyrolysis of methylsuccinic acid and derivatives thereof (starting
      materials) and citraconic acid and derivatives thereof (products).
PAR  The reaction can be carried out in a liquid-phase or a gasphase at a
      temperature within the above-described range.
PAR  The present reaction sufficiently proceeds without the presence of a
      catalyst, but catalysts which are usually used in chlorination reactions
      and dehydrochlorination reactions, as long as they do not hinder the
      reaction, can be employed, if desired. The catalyst, where used, can be
      suspended in a liquid medium or supported on a suitable carrier. A
      suitable amount of the catalyst generally ranges from about 0.01 to 1000
      times by weight the amount of the methylsuccinic acid and derivatives
      thereof.
PAR  Examples of catalysts which can be used in the present reaction include
      halides of phosphorus, iodine, sulfur, iron, aluminum, nickel and copper,
      the oxychloride of sulfur (thionylchloride) and anhydrides and halides of
      organic acids (e.g., having 2 to 10 carbon atoms, such as acetic acid,
      monochloroacetic acid, dichloroacetic acid, trichloroacetic acid and
      trifluoroacetic acid).
PAR  It also is possible to carry out the reaction in a reactor filled with a
      non-reactive filler optionally having the catalyst adsorbed thereon or
      admixed therewith.
PAR  The present reaction can be carried out under at superatmospheric
      pressures, normal pressure or subatmospheric pressures. Chlorine can be
      recovered from the hydrogen chloride generated in the reaction by
      conversion using a conventional dehydrating process and can then be
      circulated for re-use. The molar ratio of methylsuccinic acid and
      derivatives thereof to the chlorine can vary, e.g; from a trace amount
      when the reaction is conducted in the liquid phase to about 0.1 to 10
      times the amount of the chlorine when the reaction is conducted in the
      gaseous phase, and the time required for the contact of the methylsuccinic
      acid and derivatives thereof with chlorine gas can be about 0.1 second or
      more.
PAR  When the reaction is carried out as a liquid-phase reaction, direct
      chlorination in the absence of a solvent is possible, but it also is
      possible to use a solvent which is inert to chlorine under the reaction
      condition, such as halogenated hydrocarbons, e.g; carbon tetrachloride,
      halogenated carboxylic acids, e.g., trichloroacetic acid, carboxylic acid
      halides or halides or oxyhalides of sulfur or phosphorus, e.g., sulfuryl
      chloride, etc.
PAR  When the reaction is carried out as a gas-phase reaction, a diluting gas
      (such as nitrogen, carbon dioxide, helium, argon, carbon tetrachloride,
      Freon (trade name of E. I. du Pont de Nemours, & Co. Inc.), etc.) can be
      used for diluting the reaction system.
PAR  This invention will be explained in greater detail by reference to the
      following Examples, but the invention is not to be construed as being
      limited to only the illustrated Examples. Unless otherwise indicated, all
      parts, percents, ratios and the like are by weight.
DETD
PAC  EXAMPLE 1
PAR  10g of methylsuccinic acid anhydride was placed in a stainless reactor
      equipped with a reflux condenser (water cooling type), and 8g of chlorine
      gas were fed thereinto under atmospheric pressure and at a constant
      feeding rate over the course of 2 hours while maintaining the reaction
      temperature at 180.degree.C.
PAR  After the reaction, the product was analyzed using gas chromatography, and
      it was found that the product contained 8.3g of citraconic acid anhydride
      and 0.7g of methylsuccinic acid anhydride.
PAR  The formation of chloromethylsuccinic acid anhydride (which was proved to
      have the following formula) was observed as a byproduct and the yield
      thereof was about 10 mol% of the citraconic acid anhydride.
      ##EQU1##
PAC  EXAMPLE 2
PAR  10g of methylsuccinic acid was placed in a stainless reactor provided with
      a reflux condenser (water cooling type), 0.2g of phosphorus chloride was
      added thereto, and 7.5g of chlorine gas were fed thereinto under
      atmospheric pressure and at a constant feeding rate over the course of 3
      hours while maintaining the reaction temperature at 220.degree.C.
PAR  After completion of the reaction, the reaction product was analyzed using
      gas chromatography, and it was found that the product contained 5.8g of
      citraconic acid anhydride and 2.1g of methylsuccinic acid anhydride.
PAR  It was further confirmed that chloromethylsuccinic acid anhydride (the same
      compound as in Example 1) was formed in an amount of 6 mole% of the yield
      of the citraconic acid anhydride.
PAC  EXAMPLE 3
PAR  10g of dimethyl methylsuccinate was placed in the same reactor as in
      Example 1, 1.0g of ferric chloride was added thereto, and 5.0g of chlorine
      gas were fed thereinto under atmospheric pressure and at a constant
      feeding rate over the course of 1 hour while maintaining the reaction
      temperature at 170.degree.C.
PAR  After completion of the reaction, the resulting product was analyzed using
      gas chromatography, and it was confirmed that 1.0g of dimethyl citraconate
      and 0.6g of citraconic acid anhydride were formed.
PAC  EXAMPLE 4
PAR  10g of methylsuccinic acid anhydride was placed in the same reactor as in
      Example 1, and 4g of chlorine gas diluted with nitrogen were fed and
      circulated therein under atmospheric pressure and at a constant feeding
      rate over the course of 1 hour while maintaining the reaction temperature
      at 180.degree.C.
PAR  Next, the reacted gas was passed through a layer in a Pyrex tube (diameter:
      2.5cm) packed with 20cc of an oxychlorinating catalyst comprising
      silica-alumina carrying 5% by weight of potassium chloride and 5% by
      weight of cupric chloride, at a temperature of 250.degree.C while
      introducing oxygen in an amount of 1000cc/hour. The water generated was
      trapped in a vessel and the chlorine gas recovered was circulated, whereby
      the reaction was carried out for 2 hours. After completion of the
      reaction, the product was analyzed using gas chromatography, and it was
      confirmed that the product contained 7.4g of citraconic acid anhydride and
      1.8g of methylsuccinic acid anhydride. In addition, a small amount of
      chloromethylsuccinic acid anhydride was formed.
PAC  EXAMPLES 5-10
PAR  In each of these Examples, the same process as in Example 1 was carried out
      with the exception that 1g of each catalyst as shown in the following
      Table 1 was used and the reaction temperature used was as shown in the
      same Table 1. A glass-lined autoclave was used in Example 9. The results
      obtained are shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

              Kind of   Reaction                                               

                               Yield of Citraconic                             

     Ex. No.  Catalyst  Temperature                                            

                               Acid Anhydride                                  

     __________________________________________________________________________

                         (.degree.C)                                           

                               (g)                                             

     5     Acetic Acid Anhydride                                               

                        180    9.0                                             

     6     Monochloroacetic Acid                                               

                        160    8.1                                             

     7     Cupric Chloride                                                     

                        180    8.5                                             

     8     Aluminum Chloride                                                   

                        160    7.9                                             

     9     Thionyl Chloride                                                    

                        150    8.4                                             

     10    Nickel Chloride                                                     

                        200    8.9                                             

     __________________________________________________________________________

PAC  EXAMPLE 11
PAR  20ml of .alpha.-alumina supporting 10% of copper chloride was charged in a
      reaction tube made of Pyrex glass having a diameter of 20mm. A mixed gas
      of methylsuccinic acid anhydride, chlorine and nitrogen in a molar ratio
      of 2:1:12 was passed through the tube at a temperature of 260.degree.C and
      at a space velocity of 500hr.sup..sup.-1 under normal pressure to obtain
      citraconic acid anhydride in an amount of 81 mol% based on the chlorine
      used.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the preparation of citraconic acid and derivatives thereof
      comprising reacting methylsuccinic acid, methylsuccinic acid halide,
      methylsuccinic acid anhyride, methylsuccinic acid monoesters or diesters
      wherein said esters are those with aliphatic alcohols having 1 to 8 carbon
      atoms and with aromatic alcohols, or a mixture thereof with chlorine at a
      temperature ranging from about 100.degree. to 500.degree.C.
NUM  2.
PAR  2. The method as claimed in claim 1, wherein the reacting is in the
      presence of a catalyst selected from the group consisting of (1) the
      halides of a member selected from the group consisting of phosphorous,
      iodine, sulfur, iron, aluminum, nickel and copper, (2) the oxychloride of
      sulfur, and (3) the anhydrides and halides of organic acids selected from
      the group consisting of acetic acid, monochloroacetic acid, dichloroacetic
      acid, trichloroacetic acid and trifluoroacetic acid.
NUM  3.
PAR  3. The method as claimed in claim 1, including recovering chlorine from the
      hydrogen chloride generated in the reaction by conversion using a
      dehydrating technique.
NUM  4.
PAR  4. The method as claimed in claim 1, wherein the reaction is a liquid-phase
      reaction.
NUM  5.
PAR  5. The method as claimed in claim 1, wherein the temperature ranges from
      140.degree. to 400.degree.C.
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ABST
PAL  Organic compounds of the formula:
EQU  [(H.sub.3.sub.-n X.sub.n)C -- CO.sub.2 M (CO).sub.m (R).sub.p (L).sub.q
      ].sub.r
PAL  In which X is a halogen atom, at least one X being fluorine, M is
      molybdenum or tungsten, R is a hydride ion or a hydrocarbon group, L is a
      Lewis base and m, n, p, q and r are integers, are manufactured from
      fluoracetic esters and molybdenum or tungsten carbonyl compounds, They are
      useful as catalysts for polymerizing or co-polymerising unsaturated
      compounds such as butadiene.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 215,425, filed Jan. 4, 1972 now abandoned.
BSUM
PAR  This invention relates to the manufacture and use of a new catalytic
      composition which may be used in the stereospecific polymerisation and
      copolymerisation of unsaturated compounds, particularly conjugated dienes.
PAR  These catalysts have the following formula:
EQU  [(H.sub.3-n X.sub.n)C -- CO.sub.2 M (CO).sub.m (R).sub.p (L).sub.q ].sub.r
PAL  In which X is a halogen atom, at least one of the Xs being fluorine; n is
      an integer which is selected from 1,2 and 3; M is molybdenum or tungsten;
      R is an hydride ion or a hydrocarbon radical, for example an alkyl
      radical, an allylic radical, or an aralkyl or aryl radical; L is a Lewis
      base which contains at least one ether, alcohol or ketone group; m is an
      integer from 1 to 4; p and q are integers selected from 1 and 2; and r is
      an integer, preferably 1 or 2.
PAR  In the foregoing formula, numerals m, p, and q are related to one another
      according to the 18 electron-rule, as set forth, for example, by G. E.
      Coates et al in "Principles of organometallic Chemistry" (Methuen and Co,
      London 1968) pp 150-153 and by G. E. Coates et al in "Organometallic
      Compounds" (Methuen and Co, London 1956) Vol 2, page 2. Indeed, the
      compounds of this invention, which contains such ligands as carbonyl
      groups, hydrocarbon radicals or hydride ion, and certain other organic
      ligands, and are isolable at room temperature, can be regarded as having
      18 electrons in the valence shell of the metal, thus complying with the
      rule; "a valence shell containing 18 electrons gives rise to stable
      compounds". Moreover, in the present case, the unsophisticated 18
      electron-rule is also confirmed by X-ray diffraction patterns, performed
      on the crystalline compounds, and providing a detailed insight into the
      chemistry of the new organometallic complexes of this invention.
PAR  The application of the 18 electron-rule to the compounds of this invention
      can be done by counting the electrons in the valence shell of the metal as
      follows: The number of electrons contributed by molbdenum or tungsten is
      6. The number of electrons which the ligands formally contribute to the
      metal, according to the conventional classification of ligands is: 1 for
      alkyl radicals, hydride ions or acetate groups; 2 for carbonyl, ether
      groups, alcholic hydroxy, or ketone groups; and 3 for .pi.-allylic groups.
      By adding the number of electrons contributed by the ligands to the number
      of electrons contributed by the metal, the sum found is 18. This procedure
      may be exemplified by the following compounds:
TBL                            Number                                          

     Structure of the complex  of electrons                                    

     ______________________________________                                    

     Acetate                                                                   

            W (CO).sub.2                                                       

                      (.pi.--C.sub.3 H.sub.5)                                  

                                (diether)                                      

     1      6 2.times.2=4                                                      

                      3         2.times.2=4                                    

                                         = 18                                  

     Acetate                                                                   

            Mo (CO).sub.3                                                      

                      (.pi.--C.sub.3 H.sub.5)                                  

                                (monoether)                                    

     1      6 3.times.2=6                                                      

                      3         2        = 18                                  

     Acetate                                                                   

            Mo (CO).sub.3                                                      

                      (.pi.CH.sub.3)                                           

                                (diether)                                      

     1      6 3.times.2=6                                                      

                      1         2.times.2=4                                    

                                         = 18                                  

     Acetate                                                                   

            Mo (CO).sub.3                                                      

                      (.pi.--C.sub.3 H.sub.5)                                  

                                (monoketone)                                   

     1      6 3.times.2=6                                                      

                      3         2        = 18                                  

     Acetate                                                                   

            Mo (CO).sub.3                                                      

                      (H)       (monoether).sub.2                              

     1      6 3.times.2=6                                                      

                      1         2.times.2=4                                    

                                         = 18                                  

     ______________________________________                                    

PAL  Most of these compounds are solid, frequently crystalline products, which
      may be easily obtained in the pure state by a process according to this
      invention, in one step, using reactions which do not require handling of
      flammable organometal compounds. They have a fairly good stability under
      inert atmosphere, which makes their storage easier, and they are
      sufficiently soluble in various media to be easily handled and used in the
      form of solutions.
PAR  The new molybdenum and tungsten compounds of this invention may be obtained
      with high yields, for example by reacting carbonyl derivatives of the
      corresponding metals with esters of fluoracetic acids in the presence of
      at least one stoichiometrical amount of a Lewis base containing at least
      one ether, alcohol or ketone group.
PAR  The easily available molybdenum and tungsten hexacarbonyl compounds of the
      formulae Mo(CO).sub.6 and W (CO).sub.6 are preferably used.
PAR  The following esters of fluoracetic acids are examples of reactants which
      may be used for manufacturing compounds according to this invention: the
      methyl, ethyl, allyl, methallyl, crotyl, phenyl and benzyl esters of
      mono-, di- or tri-fluoracetic acid, of mono-fluoro-dichloracetic acid,
      mono-fluoro-dibromacetic acid, difluoro-monochloracetic acid and
      difluoro-monobromacetic acid. According to a particular embodiment, the
      allyl ester of trifluoracetic acid may be used to obtain new compounds
      according to this invention with very high conversion rates.
PAR  The Lewis base with at least one ether, alcohol or ketone group is
      preferably tetrahydrofuran, 1,2-dimethoxy ethane, ethylene glycol
      monomethyl ether, dioxane, di-isobutyl ether, diethylene glycol diethyl
      ether, acetone, methylethylketone and acetylacetone.
PAR  The esters of the fluoracetic acids and the Lewis base may be used in
      stoechiometrical amount with respect to the molybdenum or tungsten
      compound or in any other proportion, according to the nature and the
      desired conversion rate of the reactants. They are preferably used in at
      least a stoichiometric amount, with respect to the molybdenum or tungsten
      compound.
PAR  Various reaction media may be used, for example ethers, esters, ketones,
      aliphatic hydrocarbons, aromatic hydrocarbons or halogenated hydrocarbons.
      Ethers are preferably used since they result in higher reaction rates.
PAR  The manufacture of the new compounds of this invention may be improved
      either by heating the reaction mixture at a temperature in the preferred
      range of from 50.degree. to 150.degree.C or in a somewhat different range,
      or by a photochemical treatment, for example by irradiating the reaction
      mixture with U.V. rays.
PAR  The preferred reaction times are usually in the range of from 15 minutes to
      48 hours; they depend on the particular activation treatment employed, the
      nature and the concentration of the reactants and the desired conversion
      rate.
PAR  The new compounds of this invention may be used as catalysts in the
      polymerisation of straight-chain or cyclic ethylenic unsaturated organic
      monomers, containing, for example, from 2 to 8 carbon atoms. They are
      particularly useful in the stereospecific polymerisation of linear
      conjugated dienes such as 1,3-butadiene, isoprene and piperylene, vinylic
      monomers such as styrene, vinyl chloride and methyl methacrylate, and also
      in the polymerisation of cyclic ethylenic unsaturated monomers such as
      cyclopentene and 1,5-cyclooctadiene to obtain straight-chain polymers.
PAR  According to a particular embodiment, the invention relates to a process
      for producing polybutadiene with a high content both of cis-1,4 and 1,2
      units and substantially no trans-1,4 unit. In a preferred embodiment, the
      polymers of 1,3-butadiene obtained according to this invention contain
      from 55 to 85% of 1,2-vinyl units, from 45 to 15% of cis-1,4 units and
      less than 3% of trans-1,4 units. They have glass transition temperatures
      usually between -25.degree. and -80.degree.C.
PAR  The invention may be also applied to the co-polymerisation of two or more
      unsaturated ethylenic monomers.
PAR  The polymerisation process of this invention may be carried out at
      temperatures for example between -20.degree. and +100.degree.C.
      Temperatures between 25.degree. and 75.degree.C are preferred, although
      higher and lower temperatures are also convenient.
PAR  The polymerisation is preferably carried out in the presence of a
      paraffinic or aromatic hydrocarbon such as normal heptane, iso-octane,
      cyclohexane, benzene or toluene.
PAR  The polymerisation reaction may be carried out under autogeneous pressure
      or under any other pressure, provided it is high enough to maintain the
      reaction mixture substantially in liquid phase. The pressure depends of
      the monomer, the particular diluent and the temperature at which the
      polymerisation is carried out.
PAR  The polymerisation process may be carried out batchwise or continuously by
      maintaining the necessary concentrations of catalyst in the reactor for an
      appropriate time which depends on the temperature, the pressure and the
      concentration of catalyst and monomer(s).
PAR  When the radical R is allyl, another embodiment consists of using, instead
      of the isolated catalyst of the above general formula, a mixture of the
      reactants which may be employed for manufacturing it. This mixture may be
      introduced into the vessel which contains the monomer(s) and the
      polymerisation diluent if any.
PAR  In that case, the molar ratio of the molybdenum or tungsten compound to the
      allyl ester of the haloacetic acid may be in the range of from 0.25 : 1 to
      10 : 1, preferably from 0.9 : 1 to 2 : 1, these limits being not
      imperative, and the concentration of the molybdenum and tungsten compounds
      may vary broadly; it is advantageously in the range of from 0.5 .
      10.sup.-.sup.3 to 5. 10.sup.-.sup.2 mole per liter of reaction mixture.
PAR  The polymers and copolymers of this invention may be liquid or solid
      according to their nature and their polymerisation degree; they have
      usually interesting properties in view of their use as plasticized
      materials or modified elastomers, either alone or as mixtures.
PAR  For example, the polybutadienes obtained according to this invention may be
      used with advantage as additives in pliable coatings or paints, or as
      mixtures in rubbers (they modify the ageing properties and rebound
      elasticity thereof) or in plastic materials (they improve the operability
      and impact resistance thereof).
PAR  Finally, the liquid or semi-solid polybutdienes which may be obtained
      according to this invention and which have a number average molecular
      weight of a most 50,000 may be used for the manufacture of thermosettin
      resins, which may be processed like thermoplastic materials, since their
      curing rate is high.
PAR  The invention is illustrated by the following examples which are in no
      manner intended to limit the scope thereof.
DETD
PAC  EXAMPLE 1
PAR  10 grams of molybdenum hexacarbonyl of the formula Mo(CO).sub.6 are added
      to a solution of 5.1 ccm of allyl trifluoracetate of the formula CF.sub.3
      COOC.sub.3 H.sub.5 in 378 ccm of 1,2-dimethoxy ethane. The concentration
      of the molybdenum compound is thus 0.1 mole per liter of reaction mixture
      and the ester is used in equimolecular proportion with respect to
      molybdenum. The mixture is stirred at 80.+-. 2.degree.C under inert
      atmosphere for 8 hours; it progressively turns brown-orange. The reaction
      mixture is then cooled down to -50.degree.C, decanted, concentrated by
      half by evaporation of the solvent under reduced pressure and finally
      crystallized at about -20.degree.C for 12 hours. The orange crystals
      separate by filtration; they are washed several times at low temperature
      with ethyl ether and optionally recrystallized in 1,2-dimethoxy ethane.
PAR  There is finally obtained 7.4 grams of a crystalline product of
      yellowish-orange colour whose elemental analysis is in agreement with the
      formula MoC.sub.11 H.sub.15 O.sub.6 F.sub.3. This compound has been
      subjected to infra-red and nuclear magnetic resonance analysis and found
      to have the following structure:
EQU  [F.sub.3 C -- CO.sub.2 Mo(CO).sub.2 (C.sub.3 H.sub.5)(CH.sub.3 O --
      CH.sub.2 -- CH.sub.2 -- OCH.sub.3)]
PAL  which is confirmed by the X-ray diffraction pattern of this compound.
PAR  2.34 grams of this compound are added to a solution of 270 grams of
      1,3-butadiene in 1480 ccm of toluene. The conversion is practically
      complete in 30 minutes at 40.degree.C and there is recovered a liquid
      polybutadiene whose vitrous transition temperature is -56.degree.C, as
      determined by differential thermal analysis; the polymer has been analysed
      by infra-red spectrometry and magnetic nuclear resonance and found to
      contain 76% of 1,2-units and 24% of cis-1,4 units; the intrinsic
      viscosity, as determined at 30.degree.C in toluene, is 0.94 dl/g.
PAC  EXAMPLE 2
PAR  A mixture of 0.63 g of molybdenum hexacarbonyl, 0.32 ccm of allyl
      trifluoracetate and 23 ccm of 1,2-dimethoxy ethane is stirred at
      80.degree..+-. 2.degree.C for 4 hours. It is then dried off under reduced
      pressure and a solution of 27 g of 1,3-butadiene in 148 ccm of toluene is
      added thereto. After 30 minutes stirring at 40.degree.C, the conversion
      rate is 84% and there is obtained a polymer whose intrinsic viscosity, as
      determined at 30.degree.C in toluene, is 0.64 dl/g. The microstructure of
      the resulting polybudadiene consists of 78% of 1,2 vinyl units and 22% of
      cis-1,4 units; no trans-1,4 unit can be detected. The glass transition
      temperature of the polymer is -54.degree.C, as determined by differential
      thermal analysis.
PAC  EXAMPLE 3
PAR  Example 2 is repeated, except that 1,2-dimethoxyethane is susbtituted with
      ethylene glycol monomethyl ether. There is obtained 19 g of polybutadiene
      containing 65% of 1,2-units and 35% of cis-1,4 units. The intrinsic
      viscosity of the polymer is 0.97 dl/g.
PAC  EXAMPLE 4
PAR  Example 1 is repeated except that allyl trifluoracetate is substituted with
      an equivalent amount of methyl trifluoracetate. There is obtained a
      compound of the formula
EQU  [F.sub.3 C -- CO.sub.2 Mo(CO).sub.3 (CH.sub.3)(CH.sub.3 O -- CH.sub.2
      CH.sub.2 -- OCH.sub.3)]
PAL  65 g of 1,3-butadiene in 100 ccm of toluene are added to 1.4g of this
      compound, and the mixture is stirred at 50.degree.C for 24 hours. 11g of
      polymer are obtained. The latter has the same microstructure as the
      polymer of example 1; its intrinsic viscosity is 2.08 dl/g.
PAC  EXAMPLE 5
PAR  Example 1 is repeated except that 1,2-dimethoxyethane is substituted with
      378 ccm of tetrahydrofuran, 5 g of yellow powder are obtained whose
      elemental analysis conforms to the chemical composition (MoC.sub.13
      H.sub.17 O.sub.7 F.sub.3). Its structure, as determined by infra-red
      spectrometry and magnetic nuclear resonance, is the following:
      ##EQU1##
      The Mo -- H bond of this compound is characterised by a strong infra-red
      absorption at 1882 cm.sup.-.sup.1.
PAR  20 ccm of a benzenic solution of 0.6 g of tricarbonyl molybdenum hydride
      trifluoracetate solvated by 2 moles of tetrahydrofuran are added to a
      solution of 56 g of 1,3-butadiene in 300 ccm of toluene.
PAR  After stirring at 50.degree.C for 15 minutes, there is obtained 54 g of
      liquid polybutadiene whose intrinsic viscosity is 0.55 dl/g. The
      microstructure of the polymer consists of 72% 1,2-units, 26% cis-1,4 units
      and 2% trans-1,4 units.
PAC  EXAMPLE 6
PAR  A solution of 0.6 g of hexacarbonyl molybdenum and 0.3 ccm of allyl
      trifluoracetate in 22 ccm of tetrahydrofuran is maintained under inert
      atmosphere at 70.degree.C for 8 hours. It is then evaporated to dryness
      under reduced pressure. 14 grams of 1,3-butadiene in 73 ccm of toluene are
      added thereto. After 15 minutes at 50.degree.C, there is obtained a
      substantially complete conversion to polybutadiene consisting of 73% of
      1,2-units and 27% of cis-1,4 units. The intrinsic viscosity of the polymer
      is 0.77 dl/g, and its vitrous transition temperature is about
      -58.degree.C.
PAC  EXAMPLE 7
PAR  A mixture of 3.9 g of hexacarbonyl molybdenum, 4,8 ccm of allyl
      trifluoracetate and 148 ccm of ethylene glycol monomethyl ether is heated
      at 60.degree.C for 4 hours. By crystallization at -20.degree.C as
      described in example 1, there is obtained 3.2 g of a yellow-orange solid
      consisting of a mixture of .pi.-allyl di-carbonyl molybdenum
      trifluoracetate and tri-carbonyl molybdenum hydride trifluoracetate
      solvated with one molecule of ethylene glycol monomethyl ether.
PAC  EXAMPLE 8
PAR  10 g of hexacarbonyl molybdenum are added to a solution of 9.6 ccm of allyl
      trifluoracetate in 378 ccm of 1,2-dimethoxy ethane contained in a quartz
      reactor. The mixture is irradiated at 0.degree.C, under weak argon stream,
      for 4 hours, by means of a Phillips HPR 125 lamp; it is then cooled down
      to about -50.degree.C and the lighter phase is decanted and concentrated
      by half under reduced pressure. Normal heptane is added at 0.degree.C up
      to a light opalescence of the solution; the mixture is reheated up to
      20.degree.C and then crystallized at -20.degree.C for 24 hours. The
      resulting crystals are filtered off, washed several times with normal
      heptane and dried under reduced pressure. There are finally obtained 7
      grams of the product of example 1, i.e. .pi.-allyl di-carbonyl molybdenum
      trifluoracetate, solvated by one molecule of 1,2-dimethoxy ethane.
PAC  EXAMPLE 9
PAR  A solution of 14 grams of hexacarbonyl tungsten of the formula W(CO).sub.6
      and 5.3 ccm of allyl trifluoracetate in one liter of 1,2-dimethoxyethane
      is stirred at 80.degree.C for 4 hours in an argon stream. The solution is
      then cooled down to -70.degree.C and decanted; it is concentrated under
      reduced pressure by evaporating 2/3 of the solvent and crystallized at
      -15.degree.C for 24 hours. The resulting orange crystals are isolated by
      filtration and recrystallized from dioxane. The compound has the following
      structure, as determined by infra-red spectrometry and nuclear magnetic
      resonance:
EQU  F.sub.3 C--CO.sub.2 W (CO).sub.2 (.pi.--C.sub.3 H.sub.5) (CH.sub.3 O --
      CH.sub.2 -- CH.sub.2 -- O CH.sub.3), which is also confirmed by the X-ray
      diffraction pattern of the compound.
PAC  EXAMPLE 10
PAR  A solution of 7.5 ccm of allyl trifluoracetate in one liter of
      1,2-dimethoxyethane is added to 14 g of hexacarbonyl tungsten W(CO).sub.6
      in a quartz reactor. The mixture is irradiated by means of a Phillips HPR
      125 lamp. The reaction product is isolated as described in example 8 and
      there are obtained 13 g of yellow-orange crystals the elemental analysis
      of which conforms to the chemical composition WC.sub.9 H.sub.11 O.sub.7
      F.sub.3 and the structure of which, such as determined by infra-red
      absorption and NMR chemical displacements, is in favor of the compound:
EQU  F.sub.3 C -- (CO.sub.2 W(CO).sub.3 (H) (CH.sub.3 OCH.sub.2 CH.sub.2
      OCH.sub.3)
PAR  A solution of 42 g of 1,3-butadiene in 65 ccm of toluene is added to 1.2
      gram of this compound. After 3 hours reaction at 30.degree.C, there are
      obtained 35 grams of liquid polybutadiene containing 88% of 1,2-units and
      12% of cis-1,4 units. The intrinsic viscosity of the polymer, when
      dissolved in toluene, is 0.23 dl/g.
PAC  EXAMPLE 11
PAR  A solution of 1.4 gram of tungsten hexacarbonyl W(CO).sub.6 and 0.8 ccm of
      allyl trifluoracetate in 100 ccm of 1,2-dimethoxy ethane, contained in a
      quartz reactor, is irradiated at 0.degree.C with a Phillips HPR 125 lamp.
      After evaporation of the reaction mixture under reduced pressure, the
      residue is taken up with a solution of 54 g of 1,3-butadiene in 80 ccm of
      toluene. After 3 hours stirring at 30.degree.C, there are obtained 32 g of
      polybutadiene whose intrinsic viscosity is 0.2 dl/g, and microstructure
      thereof consists of 83% of 1,2-units and 17% of cis-1,4 units.
PAC  EXAMPLE 12
PAR  Example 11 is repeated, except that 1,3-butadiene is substituted with an
      equivalent amount of isoprene. There are obtained, after 8 hours at
      50.degree.C, 11 grams of polyisoprene whose microstructure consists of 67
      % of 3,4-units and 33 % of 1,4-units.
PAC  EXAMPLE 13
PAR  Example 12 is repeated, except that isoprene is substituted with an
      equivalent amount of styrene, yielding 31 g of polystyrene whose intrinsic
      viscosity is 0.35 dl/g.
PAC  EXAMPLE 14
PAR  Example 12 is repeated except that isoprene is substituted with an
      equivalent amount of methyl methacrylate, thus yielding 8 g of methyl
      poly-methacrylate.
PAC  EXAMPLE 15
PAR  Example 11 is repeated except that 1,3-butadiene is substituted with an
      equivalent amount of 1,5-cyclooctadiene. Tungsten is used with an
      equivalent molar proportion of dichloromonoethylaluminum. After 3 hours at
      30.degree.C, 13 g of essentially linear polybutadiene are obtained, the
      intrinsic viscosity of which is 0.35 dl/g. The microstructure of the
      polymer consists of 80 % of cis- 1,4 units and 20 % of trans 1,4-units.
PAC  EXAMPLE 16
PAR  Example 15 is repeated, except that 1,5-cyclooctadiene is substituted with
      an equivalent amount of cyclopentene, thus yielding 28 g of mainly trans
      1,5-poly-pentenamer.
PAC  EXAMPLE 17
PAR  A solution of 1 g of hexacarbonyl molybdenum, 0.5 cm.sup.3 of allyl
      trifluoracetate and 2 cm.sup.3 of 1,2-dimethoxy ethane in 35 cm.sup.3 of
      cyclohexane is heated at 80.+-. 2.degree.C for 4 hours. 24 g of
      1,3-butadiene are added thereto and the reaction mixture is stirred at
      50.degree.C for 1 hour. Methyl alcohol is added and 18 g of polybutadiene
      are isolated, which consist of 72 % of 1,2-units, 26 % of cis-1,4 units
      and 2% of trans1,4 units.
PAC  EXAMPLE 18
PAR  A mixture of 1 g of hexacarbonyl molybdenum, 1 cm.sup.3 of allyl
      trifluoracetate and 4 cm.sup.3 of 1,2-dimethoxyethane in 56 cm.sup.3 of
      normal heptane is irradiated at 0.degree.C with a HPR 125 Phillips lamp.
      After 4 hours, 40g of 1,3-butadiene are added and the mixture is stirred
      at 34.degree.C for 30 minutes. 36.5 g of polybutadiene are obtained, the
      intrinsic viscosity of which is 0.39 dl/g and the microstructure of which
      consists of 70 % of 1,2-units and 30 % of cis-1,4 units.
PAC  EXAMPLE 19
PAR  45 cc of allyl trifluoracetate, CF.sub.3 COO C.sub.3 H.sub.5, is added to a
      solution of 75 g of molybdenum hexacarbonyl, Mo (CO).sub.6, in 705 cc of
      tetrahydrofuran. The solution is refluxed for 12 hours in an argon
      atmosphere and then, evaporated to dryness, under a reduced pressure.
      There is obtained 105 g of a yellow crystalline solid which is the
      .pi.-allyl complex of trifluoracetate molybdenum tricarbonyl solvated by
      one molecule of tetrahydrofuran. The elemental analysis shows the
      following composition: 35.4 percent carbon, 14.1 percent fluorine, 23.6
      percent oxygen and 23.7 percent molybdenum. This corresponds to the
      calculated composition of the compound Mo C.sub.12 H.sub.13 O.sub.6
      F.sub.3. Infrared and NMR spectra exhibit bands characteristic for
      carbonyl trifluoracetate and .pi.-allyl groups, as well as for a
      coordinated tetrahydrofuran molecule; they support the following formula:
      (CF.sub.3 COO) Mo (CO).sub.3 ( .pi.-C.sub.3 H.sub.5).
      ##EQU2##
      3.25 g of this material is dissolved in 40 cc of benzene; the solution is
      heated at 60.degree.C for 3 hours in admixture with a solution of 720 g of
      butadiene in 2100 cc of toluene. The polymer formed is then precipitated
      from the reaction mixture by adding isopropryl alcohol; it is then
      filtered and dried under vaccum. 660 g of polybutadiene is obtained,
      containing 75% of vinyl units, 23% of cis-1,4 units and 2 % of trans 1.4
      units. The number average molecular weight or determined by osmometry is
      50,000 with a molecular weight distribution, given by the Mw/Mn ratio, of
      2.3.
PAC  EXAMPLE 20
PAR  20 g of the complex of Example 19 is dissolved in 200cc of methyl
      ethylketone at room temperature. The solution is evaporated to dryness.
      The elemental analysis of the yellow powder obtained is similar to that of
      the starting material and it corresponds to the composition (Mo C.sub.12
      H.sub.13 O.sub.6 F.sub.3). But infrared and NMR spectra show that one
      molecule of methylethylketone has been substituted for the tetrahydrofuran
      molecule in the compound of Example 19, this yielding a new complex having
      the formula CF.sub.3 COO Mo (CO).sub.3 (.pi.-C.sub.3 H.sub.5). (CH.sub.3
      CO CH.sub.2 CH.sub.3), which is a catalyst for the polymerization of
      butadiene.
PAC  EXAMPLE 21
PAR  A solution comprising 4 cc of allyl trifluoracetate in a mixture of 8 g of
      molybdenum hexacarbonyl and 1000 cc of acetone is refluxed for 22 hours in
      an argon atmosphere. The solution is then evaporated to dryness under a
      reduced pressure. Quantitative yield of the compound of the formula
      (CF.sub.3 COO) Mo (CO).sub.3 (.pi. -C.sub.3 H.sub.5) (CH.sub.3 CO
      CH.sub.3) is reached. A mixture of 0.58 g of this material with 200 cc of
      toluene and 130 g of butadiene is stirred at 60.degree.C for 15minutes and
      then precipitated by the addition of isopropylalcohol. There is obtained 7
      g of polybutadiene the microstructure of which consists of 77% 1,2 units,
      18% cis 1,4 units, and 5% trans 1,4 units; the intrinsic viscosity, ad
      determined at 30.degree.C in toluene, is 0.52 dl/g. The spatial structure
      of the compounds obtained in Examples 1 and 9, as determined from their
      X-ray diffraction patterns is given on the accompanying drawings (FIG. 1
      and FIG. 2 respectively) where the numbers indicate the intramolecular
      lengths in Angstrom and the bracketed numerals indicate the average
      uncertainty, on the determination of said lengths (expressed as hundredths
      Angstrom).
CLMS
STM  What we claim as this invention is:
NUM  1.
PAR  1. A compound of the formula [(H.sub.3.sub.-n X.sub.n)C--CO.sub.2
      M(CO).sub.m (R).sub.p (L).sub.q ].sub.r
PAL  in which each X is fluorine, chlorine or bromine with the provision that at
      least one X is fluorine, n is an integer selected from 1, 2 and 3, M is a
      metal selected from the group consisting of molybdenum and tungsten, R is
      selected from the group consisting of a hydride ion or a methyl, ethyl,
      allyl, methallyl, crotyl, phenyl or benzyl radical, L is a tetrahydrofuran
      or dioxane Lewis base, m is an integer from 1 to 3 inclusive, p is 1 and q
      is an integer selected from the values 1 and 2, and r is 1, with the
      proviso that the values of m, p and q are such that in the valence shell
      of said metal M the sum of the number of electrons contributed by said
      metal M and the number of electrons contributed by the ligands is 18.
NUM  2.
PAR  2. A compound as defined by claim 1, in which n is 3 and all X are
      fluorine.
NUM  3.
PAR  3. A compound as defined by claim 1, in which R is a hydride ion.
NUM  4.
PAR  4. A compound as defined by claim 1, in which R is .pi.-allyl.
NUM  5.
PAR  5. A compound as defined by claim 1, in which the Lewis base is
      tetrahydrofuran.
NUM  6.
PAR  6. A compound as defined by claim 1, said compound having the formula
EQU  F.sub.3 C CO.sub.2 Mo(CO).sub.3 (.pi.-C.sub.3 H.sub.5)
      ##EQU3##
NUM  7.
PAR  7. A compound as defined by claim 1, said compound having the formula
EQU  F.sub.3 C CO.sub.2 Mo (CO).sub.3 (H)
      ##EQU4##
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ABST
PAL  Anhydrides of carboxylic acids, more particularly, of aromatic, naphthenic
      and saturated aliphatic acids having at least one pair of carboxyl groups
      attached to adjacent carbon atoms, can be prepared by thermal
      decomposition of amine salts of the acids, with removal of the amine. The
      amine salts may be produced by aqueous hydrolysis of the corresponding
      nitriles, imides, or amides in the presence of an amine, or by hydrolysis
      to the ammonium salts followed by conversion to the amine salt by
      stripping off ammonia in the presence of an amine.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our application Ser. No.
      372,047, filed June 21, 1973, entitled "Production of Amine Salts of
      Carboxylic Acids."
BSUM
PAC  BACKGROUND AND DISCUSSION OF PRIOR ART
PAR  This invention relates to the production of anhydrides of aromatic
      naphthenic and saturated aliphatic carboxylic acids. More specifically,
      this invention relates to the production of anhydrides of polycarboxylic
      acids having at least one pair of carboxyl groups attached to adjacent
      carbon atoms of the molecule. The anhydride portion of the molecule
      therefore has the configuration
      ##SPC1##
PAL  As compared with the structure of other anhydrides which may be generally
      represented as:
      ##SPC2##
PAL  Which are generally formed either by condensation of two molecules having
      the general formula R--COOH, (in which R may be hydrogen, or alkyl,
      cycloalkyl, aryl, heterocyclic, naphthenic, etc., with or without other
      substituents) or from a polycarboxylic acid having carboxyl groups
      attached to non-adjacent carbon atoms, e.g., terephthalic acid.
PAR  The predominant process for the production of anhydrides having at least
      one pair of carboxyl groups attached to adjacent carbon atoms is by air
      oxidation of a corresponding hydrocarbon or hydrocarbon derivative, such
      as an aldehyde, in the presence of a catalyst. For example, anhydrides of
      aromatic carboxylic acids such as phthalic, trimellitic and pyromellitic
      acids are commonly prepared by air oxidation of corresponding lower alkyl
      (e.g., methyl-, ethyl- and/or propyl-) substituted benzenes. In the case
      of phthalic anhydride the hydrocarbon is usually either naphthalene or
      ortho-xylene; trimellitic acid is commercially prepared by air oxidation
      of pseudocumene and pyromellitic acid from durene. Similarly, anhydrides
      of aliphatic carboxylic acids of this type may also be prepared from
      corresponding hydrocarbons or derivatives thereof.
PAR  A second method of preparation of such anhydrides is by dehydration of the
      corresponding carboxylic acids.
PAR  Such processes are known to produce significant amounts of oxidized
      by-products, such as aldehydes, other carboxylic acids, ketones, etc. In
      some cases, the presence of such by-products may not be greatly
      disadvantageous to the process, because the anhydride may not be required
      in great purity. However, in some cases the presence of significant
      amounts of by-products will derogate from the suitability of the anhydride
      for the particular end use. For example, in the preparation of polyesters
      or polyamides from the anhydrides, the presence of impurities in
      significant amounts can interfere with the formation of appropriate
      polymer chains or result in cross-linking. Additionally, such by-products
      may give the polymers an undesirable color and/or other undesirable
      properties. For example, phthalic anhydride, when produced by the
      oxidation of orthoxylene, will contain small but significant amounts of
      partly oxidized compounds such as ortho-toluic acid and phthalide and
      over-oxidized compounds such as maleic anhydride and benzoic acid. Removal
      of such impurities is an expensive process, even though they may be
      present in quite small amounts, often less than 1 percent.
PAR  Purification of phthalic anhydride generally requires heating to polymerize
      some of the impurities and several distillation steps to separate and
      recover the anhydride.
PAR  More recently it has been found that aromatic carboxylic acids can be
      prepared by conversion of the corresponding hydrocarbons to nitriles,
      followed by conversion of the nitriles to acids, e.g., by hydrolysis. The
      hydrolysis may be performed with or without the aid of a catalyst, and
      with stripping of the ammonia from the hydrolysis product, and results in
      the formation of ammonium salts of the acids. Anhydrides of acids having
      at least one pair of carboxyl groups attached to adjacent carbon atoms,
      e.g., phthalic, trimellitic and pyromellitic can be obtained by thermal
      decomposition of the ammonium salt(s). However, such processes also tend
      to produce substantial amounts of the corresponding imide, and subsequent
      purification of the anhydride will be required to eliminate this and other
      nitrogen-containing by-products such as intermediate hydrolysis products,
      which could interfere with the production of polyesters or polyamides.
PAR  The carboxylic acids and/or their ammonium salts may also be produced by
      hydrolysis of corresponding amides or imides.
PAR  It is an object of the present invention to produce anhydrides of aromatic,
      naphthenic and saturated aliphatic carboxylic acids without requiring
      production of the acid as an intermediate compound. More specifically, it
      is an object of the present invention to produce anhydrides of aromatic,
      naphthenic and saturated aliphatic polycarboxylic acids having at least
      one pair of carboxyl groups attached to adjacent carbon atoms. A second
      object of this invention is to produce anhydrides of such carboxylic acids
      free from the presence of undesirable oxidation by-products. Another
      object of the present invention is to provide anhydrides of such
      carboxylic acids suitable for use in the production of polyesters,
      polyamides, and other polymeric compounds. Yet another object of the
      present invention is the production of anhydrides of such aromatic and
      aliphatic carboxylic acids from the corresponding nitriles. A further
      object of the present invention is to produce such anhydrides from amine
      salts of the corresponding acids. A still further object of the present
      invention is to produce such anhydrides from the nitriles of the
      corresponding acids, with the production of the amine salt of the acid as
      an intermediate, and without requiring separation of the amine salts from
      the hydrolysis products.
PAC  SUMMARY OF THE INVENTION
PAR  In one aspect, the invention described herein comprises the production of
      anhydrides of aromatic, naphthenic and saturated aliphatic polycarboxylic
      acids having at least one pair of carboxyl groups attached to adjacent
      carbon atoms from the carresponding amine salts by thermal decomposition
      of the salts, either per se or in aqueous solution.
PAR  In another aspect, the invention described herein comprises the production
      of anhydrides of such acids from the corresponding nitriles, imides and/or
      amides by aqueous hydrolysis and conversion of the hydrolysis products to
      the corresponding amine salts, or aqueous solutions thereof, followed by
      thermal decomposition of the salts, either per se or in aqueous solution.
PAR  In yet another aspect, the invention described herein comprises the
      production of anhydrides of such carboxylic acids from the corresponding
      nitriles, imides and/or amides by aqueous hydrolysis in the presence of an
      amine, with continuous stripping to remove evolved ammonia to produce the
      corresponding amine salts, or aqueous solutions thereof, followed by
      thermal decomposition of the amine salts to the anhydride, with continuous
      removal of amine. In yet a fourth aspect, the invention comprises the
      production of anhydrides of such carboxylic acids from corresponding
      hydrocarbons without the production of undesirable oxidation by-products
      by first contacting the hydrocarbon with ammonia and a catalyst,
      optionally in the presence of free oxygen to form the corresponding
      nitrile or mixture of nitrile and imide, and/or amides, followed by
      hydrolysis in the presence of an amine, as above, to produce the amine
      salt, with subsequent thermal decomposition of the amine salt and removal
      of the amine to produce the anhydride.
PAC  DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS
PAR  For convenience, the detailed description of the process of the present
      invention will be described in terms of the production of phthalic
      anhydride via the di(trimethylammonium) salt of phthalic acid, which has
      been prepared from phthalonitrile, phthalimide or a mixture of the two by
      hydrolysis in the presence of trimethylamine. As further illustrated
      below, however, the process is applicable to anhydrides of other aromatic,
      naphthenic and saturated aliphatic polycarboxylic acids having at least
      one pair of carboxyl groups attached to adjacent carbon atoms, and their
      preparation from amine salts of the corresponding acids, whether obtained
      by hydrolysis as above, or in any other manner.
PAR  Processes for preparing nitriles by catalytic reaction of corresponding
      hydrocarbons with ammonia and oxygen are well known in the art. Generally
      speaking, such processes involve the use of free oxygen (usually as air),
      in which case the process is usually referred to as ammoxidation.
      Alternatively, as disclosed in U.S. application Ser. No. 147,159, filed
      May 26, 1971, copending herewith, and assigned to the assignee hereof,
      this type of process can also be carried out in the substantial absence of
      free oxygen, in the presence of a catalyst which contains oxygen combined
      therein, and which is believed to both catalyze the reaction and supply
      the oxygen, the catalyst being at least partially reduced in the process.
      Such a process may be referred to as ammonolysis.
PAR  Such reaction (in the case of methyl-substituted benzenes) produces
      primarily the nitrile corresponding to the methylbenzene, or in the case
      of polymethylbenzenes, a mixture of the desired polynitrile and other
      nitriles. In the case of methylbenzenes having one or more pairs of methyl
      groups in the ortho position with respect to each other, the reaction
      products will contain some amount of the corresponding cyclic imide (e.g.,
      phthalimide).
PAR  The reaction, in general, for compounds which do not have two methyl groups
      in the ortho position on the aromatic ring can be represented as:
      ##EQU1##
PAR  In the case of aromatic compounds having one or more pairs of methyl groups
      in the ortho position on the aromatic ring, however, additional reactions
      are also possible. In the case of ortho-xylene, for instance, the
      following reactions may occur:
      ##EQU2##
PAR  Generally, in the reaction of ortho-xylene to produce phthalonitrile, all
      three reactions will occur to some extent, and the product will contain
      some o-tolunitrile and phthalimide.
PAR  In commercial practice today, phthalimide is regarded as an undesirable
      by-product or contaminant and steps are taken to prevent its formation or
      separate it from the desired nitrile. As will be pointed out below,
      however, the presence of phthalimide will not be detrimental in the
      utilization of the present invention, as it will be converted to the
      desired amine salt. Phthalimide may in fact be considered desirable in
      that it is hydrolyzed even more readily than the nitrile.
PAR  Analogously, the reaction of other aromatic compounds having ortho-dimethyl
      (or other lower-alkyl) configurations, such as durene, pseudocumene and
      ortho-dimethylnaphthalenes, with ammonia and oxygen will result in the
      production of some imide, which can be converted to the desired amine salt
      by the process of our invention without necessitating its separation from
      the desired nitrile.
PAR  Other nitriles, such as o-tolunitrile, will also be hydrolyzed to amine
      salts of their corresponding carboxylic acids. Separation of these
      nitriles or the amine salts or other derivatives of the acid may be
      necessary to avoid contamination of the final product.
PAR  The ammoxidation or ammonolysis reactions are generally conducted at
      temperatures of 600.degree. to 1000.degree.F, total pressures of 1 to 5
      atmospheres, residence times of 1 to 30 seconds and feed compositions
      containing from stoichiometric amounts of reactants to large excesses of
      O.sub.2 and NH.sub.3 with or without diluents.
PAR  The products of the ammoxidation or ammonolysis reaction are, according to
      the invention, then subjected to an aqueous hydrolysis step under pressure
      and at elevated temperatures, in the presence of an amine, which may be
      either a primary, secondary, or tertiary amine, preferably a tertiary
      amine, (as its use essentially precludes formation of imides in the
      subsequent processing steps, as pointed out hereinafter) with continuous
      removal of ammonia evolved, to convert the reaction products to the amine
      salt of the corresponding polycarboxylic acid and ammonia.
PAR  Alternatively, the conversion to the amine salt can be carried out in two
      steps: hydrolysis to form the ammonium salt followed by stripping of
      ammonia in the presence of amine.
PAR  The hydrolysis of the phthalonitrile-phthalimide mixture with
      trimethylamine proceeds according to the following reactions, depending on
      the feed:
      ##EQU3##
PAR  The hydrolysis is carried out at temperatures of between 150.degree. and
      500.degree.F, preferably between 200.degree. and 450.degree.F, under
      autogenous pressure of the system. The ammonia evolved is removed from the
      reaction products, preferably by countercurrent stripping with steam or
      other suitable inert gas (e.g., helium, nitrogen, methane, paraffins,
      etc.). Ammonia must be reduced to low levels before subsequent
      decomposition of the amine salt as larger concentrations of ammonia may
      result in substantial imide formation during decomposition.
PAR  In one preferred embodiment, the hydrolysis is carried out in a continuous
      fashion, preferably in a vertically disposed reactor, with continuous
      introduction of reactants and withdrawal of products. Alternatively, the
      hydrolysis could be conducted as a batch process. In the first case,
      ammonia is preferably stripped by introducing the stripping gas into the
      hydrolysis reactor countercurrently to the flow of reactants, so that all
      operations can be carried out in one reactor. If a volatile amine is
      utilized, some will be stripped along with the ammonia and provision
      should be made for separation and recycling or refluxing the amine to the
      reactor. Preferably the amine, both fresh feed and recycle, is mixed with
      the stripping gas prior to its introduction into the reactor.
PAR  Alternatively, for most nitriles, the hydrolysis can be carried out to
      produce the corresponding ammonium salts and the reaction products can be
      continuously stripped in a second piece of apparatus. In a batch
      operation, stripping will generally be performed in a subsequent step,
      either in the same or another piece of apparatus.
PAR  As the hydrolysis reaction (reactions 2a and/or 2b) will be carried out in
      excess water and the amine salts are water-soluble, the products will
      remain in solution and the mixture will contain for example, hydroxyl,
      ammonium, and trimethylammonium ions, as depicted in the following
      reactions 3-5, as well as phthalate ions:
EQU  3. (CH.sub.3).sub.3 N + H.sub.2 O.revreaction.(CH.sub.3).sub.3
      NHOH.revreaction. [ (CH.sub.3)3NH].sup.+ + [OH].sup.-
EQU  4. NH.sub.3 + H.sub.2 O.revreaction.NH.sub.4 OH.revreaction. [NH.sub.4
      ].sup.+ + [OH].sup.-
PAL  Overall, the reaction is:
EQU  5. (CH.sub.3).sub.3 N + [NH.sub.4 ].sup.+.revreaction. [(CH.sub.3).sub.3
      NH].sup.+ + NH.sub.3
PAR  Analogous reactions take place for salts of other amines and other acids as
      this class of compounds is generally water-soluble, and the products of
      the reaction will, in general, be an aqueous solution containing carboxyl
      anions and alkyl substituted ammonium cations.
PAR  Since aliphatic amines are more basic than ammonia (for example the
      dissociation constant of ammonia is 4.75, that of trimethylamine is 4.20,
      and that of triethylamine 3.36) the equilibrium of reaction 5 will be
      shifted to the right and that of reaction 3 will be more to the right than
      that of reaction 4. The higher concentration of hydroxyl ions will
      therefore effect hydrolysis of the ammoxidation or ammonolysis reaction
      products more rapidly than will ammonium hydroxide (i.e., ammonia) alone.
      In addition, separation of ammonia for recycle to the ammoxidation or
      ammonolysis reactor is facilitated (reaction 5).
PAR  One advantage of the present invention is that the anhydrides may be
      produced from the reaction products of the amine hydrolysis-ammonia
      stripping step without actual recovery of the amine salts from the aqueous
      solution. However, it may be in some cases advantageous to recover these
      salts by evaporation, fractional crystallization or other conventional
      methods to recover the amine salts as solids, for example, if these salts
      are to be stored or shipped or further treated in another location or at a
      subsequent time.
PAR  The amine salt, either in the form of the aqueous solution, or per se, is
      subjected to a thermal decomposition, with removal of the amine and any
      water present, to produce the anhydride of the corresponding carboxylic
      acid. The decomposition of di(trimethylammonium) phthalate, for instance,
      proceeds according to the reaction:
      ##EQU4##
PAR  The thermal decomposition is conducted without added water, and with
      stripping of water already present, if the amine salt is in aqueous
      solution. The amine is also removed, i.e., by stripping, during the
      thermal decomposition, leaving the anhydride. Decomposition of the
      isolated amine salt may be conducted in any suitable fashion and the amine
      continuously removed during decomposition by stripping with an inert gas
      such as nitrogen or steam. Some of these salts have low melting points and
      may be in liquid or melt form at the decomposition temperature; the method
      of decomposition and equipment used therefor should be selected with this
      possibility in mind. Decomposition of aqueous solutions of amine salts may
      be performed by spray drying or other conventional means, with continuous
      removal of amine and water by stripping with a suitable inert gas such as
      nitrogen or steam. More preferably the decomposition of the aqueous amine
      salt solution is accomplished by heating in an inert liquid medium such as
      dodecane, ortho-xylene, mesitylene, pseudocumene,
      .alpha.-methylnaphthalene or adiponitrile, which functions as a heat
      transfer medium, together with stripping of the amine by evolved steam.
      The starting hydrocarbon material is most preferred as the inert liquid
      medium. If the decomposition is performed at the boiling point of the
      inert liquid, vapors of the liquid which evolve can be used as the
      stripping gas, either alone or together with an inert gas, such as steam
      or nitrogen. In general, the decomposition is conducted at temperatures of
      about 100.degree.F to about 450.degree.F. The rate of decomposition is
      rapid and hence the residence time for the decomposition is a function of
      the mass-transfer characteristics of the system. The recovered amine is
      preferably recycled to the hydrolysis step for use therein.
PAR  In general, the amine utilized in this process can be any amine which is
      preferably at least as basic as ammonia and has sufficient solubility in
      water under the hydrolysis conditions employed to ensure adequate hydroxyl
      ion concentration. In selecting the amine, consideration should be given
      to the possibilities of complications (e.g., side reactions or reactions
      between two amine molecules) which may occur in some situations when
      amines having additional functional groups are utilized. For example,
      depending on operating conditions, amines having functional groups such as
      ethers, halogen atoms, nitro groups or unsaturation, may undergo,
      respectively, cleavage, hydrolysis, thermal decomposition or
      polymerization, or addition reactions. Use of an alkanolamine may involve
      the possibility of an esterification reaction.
PAR  While it is possible to utilize primary, secondary or tertiary amines in
      this process, tertiary amines are highly preferred. Salts of primary or
      secondary amines may decompose on heating, with the formation of mono- or
      dialkylamides. Amine salts of acids having two carboxyl groups attached to
      adjacent carbon atoms, e.g., phthalic acid, tend to decompose even more
      readily than others, forming the corresponding N-alkylimide. Salts of
      tertiary amines do not form either amides or imides. However, depending on
      the reaction conditions and the desired anhydride, the amount of imide or
      amide formed when using primary or secondary amines may not be so large as
      to be detrimental to the use of the product anhydride in further
      processing. Additionally amides and imides may be recycled to the
      hydrolysis steps to be reconverted to amine salt. This can, however,
      increase the processing cost as compared to the use of a tertiary amine.
      Prevention of amide and/or imide formation is also assisted by ensuring
      that ammonia is removed prior to the decomposition step, e.g., by
      stripping from the hydrolysis mixture.
PAR  In general, low molecular weight tertiary aliphatic amines are preferred.
      Most preferred are amines such as trimethylamine,
      N,N,N',N'-tetramethylethylenediamine and
      N,N,N',N'-tetramethyl-1,3-propylenediamine. Other suitable tertiary amines
      are triethylamine, dimethylethylamine, diethylmethylamine,
      triethylenediamine, N,N,N',N'-tetramethyl-1,3- and 1,4-butanediamines and
      quinuclidine. Other aliphatic amines which may be considered for use are
      e.g., methylamine, dimethylamine, ethylamine, diethylamine and homologous
      compounds.
PAR  Aromatic amines with an alkyl group between the amine group and aromatic
      group would also be useful. Typical examples are benzylamine and
      xylylamine and N-substituted analogues thereof. Pyridine and some of its
      methyl-substituted derivatives such as the picolines and lutidines should
      also be effective, given sufficient time and temperature, because of their
      solubility in water. Even though they are less basic than ammonia, ammonia
      is much more volatile and can be stripped off as it forms.
PAR  The process of our invention, in addition to being suitable for the
      production of phthalic anhydride, is also suitable for the production of
      other such carboxylic acid anhydrides. For instance, the process may be
      utilized to produce anhydrides of aromatic polycarboxylic acids such as
      trimellitic, pyromellitic, mellophanic, hemimellitic, prehnitic, mellitic,
      1,2-naphthalenedicarboxylic and 2,3-naphthalenedicarboxylic acids.
      Anhydrides of heterocyclic acids such as quinolinic and cinchomeronic may
      be produced, as may anhydrides of non-aromatic cyclic hydrocarbon, i.e.,
      naphthenic, carboxylic acids such as tetrahydrophthalic,
      1,1-dimethyl-2,3-cyclopropanedicarboxylic and
      cis-1,2-cyclopentanedicarboxylic.
PAR  Anhydrides of aliphatic carboxylic acids which may be produced by this
      process include succinic acid and its homologues, e.g., pyrotartaric acid.
PAR  As mentioned previously, imides can also be hydrolyzed to the amine salt of
      the corresponding carboxylic acids by the present process, either as the
      sole feed or in a mixture with the nitrile. This becomes particularly
      important in the production of anhydrides of certain acids, for example,
      phthalic acid, since the present commerical processes for production of
      phthalonitrile generally also produce phthalimide as well (see equation
      1c), sometimes in substantial quantities. Ordinarily the phthalimide must
      be separated from the nitrile before the nitrile can be further used. In
      the present invention, however, a mixture of nitrile and imide is quite
      satisfactory as a hydrolysis feed.
PAR  Intermediate hydrolysis products of the nitrile such as amides, including
      mixed cyano-amides (e.g., o-cyanobenzamide) and other similar compounds
      having a mixture of substituents, e.g., from recycled streams, may also
      comprise the hydrolysis feed, or be included in a feed comprising a
      nitrile, imide, or mixture thereof.
PAR  The nature of the invention may be further illustrated by the following
      examples, without however, being limited thereby.
DETD
PAC  EXAMPLE I
PAR  A 43 weight % solution of bis(trimethylammonium) phthalate was added
      dropwise to refluxing dodecane (211.degree.C). Trimethylamine and water
      were stripped from the reaction mixture. White needles were filtered from
      the dodecane after cooling which assayed as substantially pure phthalic
      anhydride by titration with standard base.
PAC  EXAMPLE II
PAR  66.5g of 43% bis(trimethylammonium) phthalate was dropped into 200 ml of
      refluxing (143.degree.C) o-xylene which had previously been saturated with
      phthalic anhydride at room temperature. The addition took 88 minutes;
      stripping was continued for an additional 119 minutes. Amine recovery from
      the exit gas was 86% with another 7% from undecomposed salt remaining in
      the xylene. On cooling to room temperature, white crystals were filtered
      which were identified by infrared analysis as phthalic anhydride, the
      weight of which represented 96.6% of theory based upon the amine salt
      charged. This solid contained only 46 ppm nitrogen as analyzed by Kjeldahl
      digestion.
PAR  It was also noted that once phthalic anhydride solubility in the hot
      o-xylene was exceeded, the product separated as a fused, lower layer from
      which it could be drawn off continuously during the salt decomposition.
PAC  EXAMPLE III
PAR  A 40g sample of crude, xylene-wet phthalonitrile obtained from the
      ammonolysis of o-xylene and 172g of 25% aqueous trimethylamine were
      charged to an autoclave and heated for 4 hours at 300.degree.F. At this
      temperature, the pressure was 240 psig. After cooling, the reaction
      mixture was a clear, homogeneous solution, light yellow, with a xylene
      upper layer. The xylene was separated and the bottom layer heated to
      approx. 125.degree.F, then stripped with trimethylamine vapor at
      atmospheric pressure for 1.5 hours. Ammonia was removed from the
      hydrolyzate as shown by GC analysis of the evolved vapors.
PAR  At this point, the solution was recharged to the autoclave and reheated for
      an additional 4 hours at 300.degree.F and its autogenous pressure.
PAR  After cooling, the solution was re-stripped with trimethylamine vapor as
      described above until the ammonia concentration in vapor was less than 1
      part per 1000 of amine.
PAR  The remaining solution was added to 500 ml of o-xylene in a glsss flask
      fitted with a trap and condenser, then brought to reflux. Initially, the
      xylene-water azeotrope was removed; separation of water/amine and xylene
      was effected in the trap and the xylene returned. Reflux was continued
      until the boiling point of the xylene was reached and amine/water
      evolution had essentially ceased. Cooling of the flask contents resulted
      in crystallization of a white solid which was phthalic anhydride by
      infrared analysis. Phthalimide was not present according to this analysis.
PAR  A portion of this solid was distilled under vacuum and an overhead fraction
      boiling at approx. 160.degree.C and approx. 25 mm Hg was collected. The
      melting point of this material was the same as that of a pure, commercial
      phthalic anhydride.
PAR  Equivalents and other embodiments of the invention will be readily apparent
      to those skilled in the art. Consequently, the invention is not deemed to
      be limited to the specifics disclosed herein, but only as defined in the
      following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing phthalic anhydride, comprising:
PA1  a. hydrolyzing a feed comprising phthalonitrile with an aqueous solution of
      a tertiary aliphatic amine at a temperature of from 150.degree. to
      500.degree.F while removing evolved ammonia to produce the corresponding
      diamine salt of phthalic acid; and
PA1  b. thermally decomposing said diamine salt of phthalic acid while
      continuously removing evolved amine to produce phthalic anhydride.
NUM  2.
PAR  2. The process of claim 1 wherein the diamine salt is decomposed at
      temperatures of 100.degree. to 450.degree.F.
NUM  3.
PAR  3. The process of claim 2 wherein diamine salt is decomposed in the form of
      an aqueous solution.
NUM  4.
PAR  4. The process of claim 2 wherein the decomposition is effected by heating
      the aqueous solution in an inert liquid.
NUM  5.
PAR  5. The process of claim 4 wherein the decomposition is effected at a
      temperature to effect volatization of the inert liquid which functions as
      a stripping gas.
NUM  6.
PAR  6. The process of claim 2 wherein the feed in step (a) further contains
      phthalimide.
NUM  7.
PAR  7. The process of claim 2 wherein the amine is trimethylamine.
NUM  8.
PAR  8. The process of claim 2 wherein the amine is
      N,N,N',N'-tetramethylethylenediamine.
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ABST
PAL  The invention relates to thioureas of formula:
      ##EQU1##
      wherein R is phenyl, substituted phenyl or furyl and R.sup.1 is hydrogen
      or methyl. The compounds are useful as anorexiants.
BSUM
PAR  This invention relates to thioureas. More particularly the invention
      relates to certain N,N'-disubstituted-thioureas, to processes for
      preparing them and to pharmaceutical compositions containing them.
PAR  The present invention provides thioureas of the general formula (I)
      ##EQU2##
      wherein R is phenyl, a phenyl radical substituted by one or more hydroxy,
      halo, lower alkyl, lower alkoxy or halo(lower)alkyl groups or a furyl
      radical (e.g. a 2-furyl radical) and R.sup.1 is hydrogen or methyl.
PAR  The term "lower" as used herein means that the radical referred to contains
      up to 6, preferably up to 4, carbon atoms.
PAR  When the group R is a substituted phenyl group suitable substituents are
      hydroxy, halogen (for example, fluorine, chlorine or bromine, particularly
      chlorine), lower alkyl (for example methyl, ethyl, propyl or butyl,
      particularly methyl), lower alkoxy (for example methoxy, ethoxy, propoxy
      or butoxy, particularly methoxy) or halo(lower)alkyl (for example
      trifluoromethyl). Preferably R is a phenyl group containing a single
      substituent in the m or p position or, more preferably, an unsubstituted
      phenyl group. The group R.sup.1 is preferably methyl.
PAR  A particularly preferred compound of general formula (I) is
      N-benzoyl-N'-(1-methyl-2-phenyl)ethylthiourea.
PAR  The thioureas of general formula (I) may be prepared by reacting an amine
      of general formula (II)
      ##EQU3##
      (wherein R.sup.1 has the meaning given above) with an isothiocyanate of
      general formula (III)
EQU  R.CO.NCS                                                   (III)
PAL  (wherein R has the meaning given above). The amine can be reacted with the
      isothiocyanate by methods known per se, for example the reactants may be
      heated together in a suitable solvent.
PAR  The isothiocyanates of general formula (III) are known compounds or they
      may be prepared by methods known for the preparation of analogous
      compounds. For example, they may be prepared by reacting a thiocyanate
      salt (e.g. ammonium thiocyanate or a metal thiocyanate such as an alkaline
      metal, alkaline earth metal or lead thiocyanate) with an acid halide of
      general formula (IV)
EQU  R.CO.X                                                     (IV)
PAL  (wherein R has the meaning given above and X is a halogen atom, preferably
      chlorine). The isothiocyanate of general formula (III) need not be
      isolated from the reaction mixture but it can be reacted with the amine of
      general formula (II) in situ to yield the thiourea of general formula (I)
      directly.
PAR  When R.sup.1 is methyl the compounds of the invention possess an asymmetric
      carbon atom and hence optical enantiomorphs are possible. The compounds of
      the invention may be in the form of the pure enantiomorphs or mixtures of
      such enantiomorphs such as racemates. The pure enantiomorphs may be
      obtained by reacting an optically active amine of general formula (II)
      with the isothiocyanate of general formula (III). If the amine is in the
      form of a mixture of enantiomorphs, such as a racemate, the product will
      likewise be a mixture of enantiomorphs.
PAR  The compounds of general formula (I) exhibit anorectic properties.
      Accordingly the invention further provides a pharmaceutical preparation
      comprising a compound of general formula (I) in association with a
      pharmaceutically acceptable carrier. According to another aspect the
      invention provides a method of inhibiting the appetite of a mammal by
      administering to the mammal an anorectic amount of a thiourea of general
      formula (I). Preferably the mammal is a human. The active compound may be
      administered in the form of a pharmaceutical composition.
PAR  The compounds of the invention may be tested for anorectic properties by
      the following procedure:
PAR  Groups of 8 or 10 male mice weighing 22-24 grams are starved overnight,
      although access to water is not restricted. The animals are dosed with the
      test drug or vehicle alone (control) one hour before they are placed
      individually into glass jars. The jars (100 mm diameter .times. 80 mm
      high) have lids fitted with a glass tube to accommodate a stick of
      spaghetti of approximate length of 450 mm. The glass tube is arranged such
      that only 5 mm of spaghetti is exposed for eating by the mouse. The length
      of spaghetti eaten during a two hour test period is indicative of the
      appetite of the animal.
PAR  When tested by this procedure at a dose of 100 mg/kg per os the following
      results were obtained:
TBL  ______________________________________                                    

     Compound of Example                                                       

                        % Inhibition*                                          

                        of appetite                                            

     ______________________________________                                    

     1                  90                                                     

     2                  49                                                     

     3                  52                                                     

     4                  49                                                     

     5                  41                                                     

     6                  40                                                     

     7                  53                                                     

     ______________________________________                                    

     *determined by mean length eaten by control - mean                        

     length eaten by test animal                                               

                                 .times. 100                                   

     mean length eaten by control                                              

PAR  Generally the compounds, despite their advantageous anorectic properties,
      surprisingly have little or no undesirable stimulant activity, as measured
      by standard pharmacological tests.
PAR  Any suitable carrier known in the art can be used to prepare the
      pharmaceutical compositions of the present invention. The carrier may be
      solid, liquid or a mixture of solid and liquid. Solid form compositions
      include powders, tablets and capsules. A solid carrier can be one or more
      substances which may also act as flavouring agents, lubricants,
      solubilisers, suspending agents, binders, or tablet-disintegrating agents;
      it can also be an encapsulating material. In powders the carrier is a
      finely divided solid which is in admixture with the finely divided active
      ingredient. In tablets the active ingredient is mixed with a carrier
      having the necessary binding properties in suitable proportions and
      compacted in the shape and size desired. The powders and tablets
      preferably contain from 5 to 99, preferably 10-80% of the active
      ingredient. Suitable solid carriers are magnesium carbonate, magnesium
      stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin,
      tragacanth, methyl cellulose, sodium carboxymethyl cellulose, a low
      melting wax, and cocoa butter. The term "composition" is intended to
      include the formulation of an active ingredient with encapsulating
      material as carrier to give a capsule in which the active ingredient (with
      or without other carriers) is surrounded by carrier, which is thus in
      association with it. Similarly cachets are included.
PAR  Sterile liquid form compositions include sterile solutions, suspensions,
      emulsions, syrups and elixirs. The active ingredient can be dissolved or
      suspended in a pharmaceutically acceptable sterile liquid carrier, such as
      sterile water, sterile organic solvent or a mixture of both. Preferably a
      liquid carrier is one suitable for parenteral injection. Where the active
      ingredient is sufficiently soluble it can be dissolved in normal saline as
      a carrier; if it is too insoluble for this it can often be dissolved in a
      suitable organic solvent, for instance aqueous propylene glycol or
      polyethylene glycol solutions. Aqueous propylene glycol containing from 10
      to 75% of the glycol by weight is generally suitable. In other instances
      compositions can be made by dispersing the finely-divided active
      ingredient in aqueous starch or sodium carboxymethyl cellulose solution,
      or in a suitable oil, for instance arachis oil. Liquid pharmaceutical
      compositions which are sterile solutions or suspensions can be utilised by
      intramuscular, intraperitoneal or subcutaneous injection. In many
      instances a compound is orally active and can be administered orally
      either in liquid or solid composition form.
PAR  Preferably the pharmaceutical composition is in unit dosage form. In such
      form, the composition is sub-divided in unit doses containing appropriate
      quantities of the active ingredient; the unit dosage form can be a
      packaged composition, the package containing specific quantities of
      compositions, for example packeted powders or vials or ampoules. The unit
      dosage form can be a capsule or tablet itself, or it can be the
      appropriate number of any of these in packaged form. The quantity of
      active ingredient in a unit dose of compositions may be varied or adjusted
      from 5 mg. or less to 500 mg. or more, according to the particular need
      and the activity of the active ingredient. The invention also includes the
      compounds in the absence of carrier where the compounds are in unit dosage
      form.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAC  N-Benzoyl-N'-(1-methyl-2-phenyl)ethylthiourea.
PAR  Ammonium thiocyanate (4.00 g) was stirred in refluxing acetone (12 ml) and
      benzoyl chloride (7.0 g) added to the boiling solution over 5 min.
      Stirring was continued for 15 min. then d-amphetamine (6.76 g) in acetone
      (6 ml) was added dropwise, also with stirring. Reflux was maintained for a
      further 30 min., the mixture cooled and poured into cold water. The orange
      oil was extracted into ether (3 .times. 75 ml. portions), and the combined
      extracts washed with water, dried (MgSO.sub.4), filtered and evaporated to
      give the title compound as a viscous orange/yellow oil (13.43 g), which
      crystallised on storing at 4.degree.C for 24 hr. to give a solid, m.p.
      68.degree.-70.degree.C.
PAR  Found: C, 68.31; H, 6.21; N, 9.72; C.sub.17 H.sub.18 N.sub.2 OS requires C,
      68.42; H, 6.08; N, 9.39%,
PAC  EXAMPLE 2
PAC  N-Benzoyl-N'-phenthylthiourea.
PAR  Ammonium thiocyanate (4.00 g) and benzoyl chloride (7.00 g) were reacted
      together in the manner of Example 1. Phenethylamine (6.56 g) was then
      added and the mixture worked up, also as described in Example 1. The title
      compound was obtained as a yellow crystalline solid (14.41 g).
      Recrystallisation from ethanol/water afforded a colourless sample, m.p.
      110.6.degree.C.
PAR  Found: C, 67.57; H, 5.80; N, 9.70. C.sub.16 H.sub.16 N.sub.2 OS requires C,
      67.57; H, 5.67; N, 9.58%
PAC  EXAMPLE 3
PAC  N-(4-Methoxybenzoyl)-N'-(1-methyl-2-phenyl)ethylthiourea.
PAR  Ammonium thiocyanate (2.00 g) and anisoyl chloride 4.27 g) were reacted
      together and the product treated with d-amphetamine (3.38 g) as described
      in Example 1. Work up afforded the crude title compound as a yellow sticky
      solid. Trituration with a little cold ether and filtration gave colourless
      needles, (0.93 g), m.p. 70.2.degree.C.
PAR  Found: C, 65.82; H, 6.22; N, 8.49; C.sub.18 H.sub.20 N.sub.2 O.sub.2 S
      requires C, 65.84; H, 6.14; N, 8.53%
PAC  EXAMPLE 4
PAC  N-(3-Trifluoromethylbenzoyl)-N'-(1-methyl-2-phenyl)-ethylthiourea.
PAR  Ammonium thiocyanate (2.00 g) and m-trifluoro-methylbenzoyl chloride (5.19
      g) were reacted together and the product treated with d-amphetamine (3.38
      g) in the manner of Example 1. Work-up afforded the title compound as a
      viscous oil (8.75 g).
PAR  Found: C, 58.36; H, 4.68; N, 7.46. C.sub.18 H.sub.17 F.sub.3 N.sub.2 OS.
      1/4H.sub.2 O requires C, 58.28; H, 4.76; N, 7.55%.
PAC  EXAMPLE 5
PAC  N-(4-Chlorobenzoyl)-N'-(1-methyl-2-phenyl)ethylthiourea.
PAR  Ammonium thiocyanate (2.00 g) and p-chlorobenzoyl chloride (4.38 g) were
      reacted together and the product treated with d-amphetamine (3.38 g) in
      the manner of Example 1. Work-up gave the title compound as a colourless
      crystalline solid (7.97 g) which was recrystallised as needles (7.34 g),
      m.p. 105.5.degree.C, from ethanol.
PAR  Found: C, 61.60; H, 5.20; N, 8.69. C.sub.17 H.sub.17 ClN.sub.2 OS requires
      C, 61.34; H, 5.15; N, 8.42%.
PAC  EXAMPLE 6
PAC  N-Furoyl-N'-1-methyl-2-phenyl)ethylthiourea.
PAR  Ammonium thiocyanate (2.00 g) and furoyl chloride (3.23 g) were reacted
      together and the product treated with d-amphetamine (3.38 g) in the manner
      of Example 1. Work-up afforded the title compound as a pale yellow viscous
      oil (5.10 g).
PAR  Found: C, 62.14; H, 5.77; N, 9.47. C.sub.15 H.sub.16 N.sub.2 O.sub.2 S
      requires C, 62.49; H, 5.59; N, 9.72%.
PAC  EXAMPLE 7
PAC  N-(3-Toluoyl)-N'-(1-methyl-2-phenyl)ethylthiourea.
PAR  Ammonium thiocyanate (2.00 g) and m-toluoyl chloride (3.87 g) were reacted
      together and the product treated with d-amphetamine (3.38 g) in the manner
      of Example 1. Work-up afforded the title compound as a viscous, pale
      yellow oil (5.85 g).
PAR  Found: C, 69.16; H, 6.64; N, 8.86. C.sub.18 H.sub.20 N.sub.2 OS requires C,
      69.21; H, 6.45; N, 8.97%.
CLMS
STM  We claim:
NUM  1.
PAR  1. A thiourea of the formula
      ##EQU4##
      wherein R is selected from the group consisting of phenyl, furyl and
      phenyl monosubstituted by a member of the group consisting of halogen,
      lower alkyl, lower alkoxy and trifluoromethyl and R.sup.1 is selected from
      the group consisting of hydrogen and methyl.
NUM  2.
PAR  2. A thiourea as claimed in claim 1 which is
      N-benzoyl-N'-(1-methyl-2-phenyl)ethylthiourea.
NUM  3.
PAR  3. A thiourea as claimed in claim 1 which is
      N-benzoyl-N'-phenethylthiourea.
NUM  4.
PAR  4. A thiourea as claimed in claim 1 which is
      N-(4-methoxy-benzoyl)-N'-(1-methyl-2-phenyl)ethylthiourea.
NUM  5.
PAR  5. A thiourea as claimed in claim 1 which is
      N-(3-trifluoro-methylbenzoyl)-N'-(1-methyl-2-phenyl)ethylthiourea.
NUM  6.
PAR  6. A thiourea as claimed in claim 1 which is
      N-(4-chlorobenzoyl)-N'-(1-methyl-2-phenyl)ethylthiourea.
NUM  7.
PAR  7. A thiourea as claimed in claim 1 which is
      N-furoyl-N'-(1-methyl-2-phenyl)ethylthiourea.
NUM  8.
PAR  8. A thiourea as claimed in claim 1 which is
      N-(3-toluoyl)-N'-(1-methyl-2-phenyl)ethylthiourea.
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ABST
PAL  Furan Sulfur compounds of the formula
      ##SPC1##
PAL  Wherein n is 1 and R is methyl, ethyl, propyl, 1-methyl-prop-1-en-1-yl,
      2-methyl-prop-1-en-1-yl, furyl or hydrogen; and wherein n is 2 and R is
      methyl which are useful as flavor additives for foodstuffs and beverages.
PARN
PAR  This is a division of application Ser. No. 243,866 filed Apr. 13, 1972, now
      abandoned, which is a division of application Ser. No. 70,560 filed Sept.
      8, 1970, now U.S. Pat. No. 3,702,253; which latter application is a
      continuation of now-abandoned application Ser. No. 543,069 filed Apr. 18,
      1966, which is a continuation-in-part of now-abandoned application Ser.
      No. 452,342 filed Apr. 30, 1965.
BSUM
PAR  The invention relates to flavor agents in general. More particularly the
      invention relates to chemical compounds or compositions which have been
      found to have utility in the alteration of flavor or flavor
      characteristics of substances, whether naturally occurring or synthetic.
      Still more particularly the invention relates to a group of chemical
      compounds which have been found to be useful in the area of flavor-note
      alteration, whether by the enhancement of flavors or flavor-notes that are
      characteristic in a substance, by the alteration of a flavor or a
      flavor-note from a less to a more desirable one, or by the complete or
      partial masking of a flavor or flavor-note.
PAR  As is generally recognized by those familiar with the art, the science of
      flavor technology is an extremely complex one. Although much is known
      about flavor and flavor technology there is still a great deal to be
      learned in the field and the body of scientific literature is being
      rapidly expanded by those working in the area. The technology of flavor
      synthesis and blending of various flavor elements to achieve certain
      desirable results is of great commercial importance at the present stage
      of industrial advance. Commercial production of consumer goods from
      synthetic starting materials is becoming more and more common, and
      desirable, as world population continues to increase its demands upon the
      finite capacity for the production of natural products. Industry is also
      continually seeking means of upgrading natural products -- methods of
      altering or enhancing the qualities of taste of less desirable natural
      products -- usually more abundant -- into more desirable product
      qualities. Often, for example, a product can be made commercially
      attractive only by masking or blanking out an undesirable flavor
      component. Formerly, before the advent of the flavor chemist and his
      technology, this unit of production would have been lost, or at least,
      would have had to have been re-processed to a useable quality. By the use
      of specifically designed flavoring agents, however, the undesirable flavor
      note can be eliminated or masked with another desirable one, and the
      expensive and time-consuming re-processing step eliminated or the
      production batch saved for use. Too, it is common in some segments of the
      industry, particularly the food industry, to add flavor agents to
      production units to enhance or bring out a desirable flavor
      characteristics of products -- and by so doing to render the product more
      desirable from a consumer preference standpoint.
PAR  It is the object of this invention therefore, to provide the flavor
      technologist with additional tools for his use in the alteration of food
      flavors, whether it be flavor or flavor-note alteration generally or the
      enhancement or improvement of flavor or flavor notes specifically.
PAR  It is a further object of the invention to furnish a group of chemical
      compositions which have utility in the technology of flavor alteration,
      whether added to solid or liquid compositions for human consumption, and
      which may be used in either solid or liquid form.
PAR  A further object of the invention is to describe several groups of chemical
      compounds having desirable utility as flavor agents which may be prepared
      synthetically, thus enabling the food technologist to alter or enhance his
      product without drawing upon a natural product for the flavor agent.
PAR  A still further object of the invention is to describe a group of chemical
      compounds capable of synthesis from readily available organic substances
      which may be used singly or in combination to alter the flavor or flavor
      notes of compositions for food use, whether used in micro-quantities such
      as parts-per-million or in larger quantities, as the dictates of the end
      results may require.
PAR  Other objects will become apparent to those skilled in the art as the
      description proceeds.
PAR  Thus, in accordance with the concept of the instant invention, there is set
      out below a series of groups of compounds which have been found to have
      utility as flavor agents and to represent valuable materials to the food
      technologist who wishes to alter the flavor components of foods or food
      products either liquid foods or beverages, such as fruit and vegetable
      juices, milk, coffee, tea, cocoa, chocolate, and the like or solid foods
      such as cereals, flours, confections, vegetables, meats, etc. The flavor
      agents may be used either in liquid or solid form and are used in
      quantities designed to give the desired results, as will be more clearly
      explained as the description proceeds.
PAR  The chemical compounds which have been found to have utility as flavor
      agents may be generally classified according to the following groups:
     I.       --      Diphenyls                                                

     II.      --      Substituted Naphthalenes                                 

     III.     --      Furan Hydrocarbons                                       

     IV.      --      Thiophene Hydrocarbons                                   

     V.       --      Pyrrole Hydrocarbons                                     

     VI.      --      Pyridine Hydrocarbons                                    

     VII.     --      Pyrazine Hydrocarbons                                    

     VIII.    --      Aliphatic and Aromatic Alcohols                          

     IX.      --      Furan Ethers                                             

     X.       --      Thiophene Ethers                                         

     XI.      --      Thiazole Alcohols                                        

     XII.     --      Pyridine Ethers and Alcohols                             

     XIII.    --      Pyrazine Ethers and Alcohols                             

     XIV.     --      Benzofuran Carbonyl Compounds                            

     XV.      --      Thiophene Aldehydes                                      

     XVI.     --      Pyrrole Aldehydes                                        

     XVII.    --      Pyrazine Carbonyl Compounds                              

     XVIII.   --      Aliphatic and Aromatic Ketones                           

     XIX.     --      Furan Ketones                                            

     XX.      --      Thiophene Ketones                                        

     XXI.     --      Pyrrole Ketones                                          

     XXII.    --      Thiazole Carbonyl Compounds                              

     XXIII.   --      Pyridine Carbonyl Compounds                              

     XXIV.    --      .alpha.-Diketones                                        

     XXV.     --      Thiophene-.alpha.-diketones                              

     XXVI.    --      Pyrrol-.alpha.-diketones                                 

     XXVII.   --      Furan Esters                                             

     XXVIII.  --      Thiophene Esters                                         

     XXIX.    --      Pyridine Esters                                          

     XXX.     --      Aromatic Sulfur Compounds                                

     XXXI.    --      Furan Sulfur Compounds                                   

     XXXII.   --      Thiophene Sulfur Compounds                               

     XXXIII.  --      Pyridine Sulfur Compounds                                

     XXXIV.   --      Pyrrole Sulfur Compounds                                 

     XXXV.    --      Pyrazine Sulfur Compounds                                

     XXXVI.   --      Phenols and Phenol Ethers                                

     XXXVII.  --      Aliphatic Oxoalochols                                    

     XXXVIII. --      Miscellaneous                                            

PAR  The above groupings are selected more for reasons of chemical similarity
      than because of flavor alteration characteristics as will be more
      specifically described in relation to the more complete definition
      afforded each particular group.
PAR  The flavor agents or flavor modifying compositions of this invention are
      available to the food technologists in a variety of forms. It is usually
      preferably to use the agents in the form of a solution, for ease of
      dilution, exactitude of measurement, efficiency of distribution in the end
      use, etc. However the chemical nature of the compound, its solubility in
      acceptable solvents, its stability, and other characteristics may dictate
      the form in which it is used.
PAR  The amounts of the agents used is also subject to wide variation, of
      course. More concentrated materials, and those with the greatest degree of
      flavor modifying ability will be used in lesser amounts. Some degree of
      experimentation is, of course, required to achieve the desired results. A
      small, but flavor modifying amount, of the agents is blended with the
      material whose total flavor is to be altered, the amount depending upon
      the end result desired.
PAR  Two different types of methods were used in testing the compounds listed in
      this specification for their utility as flavor agents, flavor modifiers,
      flavor alteration agents, flavor-note enhancers, and the like. The first
      type method (A) served the purpose of determining the intrinsic taste,
      flavor and aroma of each individual compound. The second type methods (B)
      and (C) were used for testing the flavor- and aroma-modifying or
      -enhancing effects of the compounds hereinafter listed on coffee products
      and more particularly on spray-dried soluble coffee products commercially
      known as "instant coffee".
PAC  Method A.
PAR  The vehicle used for testing the flavor compounds was a 65% solution of
      cane sugar in tap water. The flavor compounds were incorporated in this
      sugar syrup in the form of 1% or 1 per 1000 by weight solutions in 96%
      ethyl alcohol. The concentration of the flavor compounds in the sugar
      syrup varied between about 0.005 and 5 g. for 100 liters of syrup
      according to the varying strength of flavor compounds. Samples of each
      flavored sugar syrup were submitted to the members of the tasting panels.
      After tasting the samples each member had to give an evaluation of each
      flavor compound in terms of descriptive words.
PAR  In the evaluation of materials for the alteration or enhancement of coffee
      flavor or of coffee flavor notes it is essential that the equipment used,
      coffee pots, cups, spoons, measuring equipment, etc. be absolutely clean
      prior to use.
PAC  Method B.
PAR  The coffee base was prepared by dissolving 1 g. of a commercial spray-dried
      soluble coffee in boiling water. A sufficient number of pots was prepared
      to provide one pot for each flavor agent to be evaluated plus one control.
      The flavor agent was added to the coffee base in the form of a 1% or 1 per
      1000 by weight alcoholic solution at concentrations varying between 0.005
      and 5 g. of flavor agent for 100 liters of coffee base. The measured
      quantity of the flavor agent was added to a pot of the coffee base
      material, stirred well, and poured immediately into cups for the
      organoleptic evaluation. The taste tests were made within a short time
      (not more than 15 minutes) after the final composition to be tested was
      prepared.
PAR  The organoleptic evaluation involved grading a series of cups that were
      coded, the taster merely rating the coded cups against the standard or
      control which did not contain the flavor agent. The standard was placed at
      the first position in a series of cups. The tasters were asked to
      ascertain whether or not there existed differences in the flavor of the
      samples to be tested as compared with the control. The tasters were
      furthermore asked to describe and characterize the various flavor notes
      and types determined.
PAC  Method C.
PAR  Using boiling Crystal Spring Water, to provide a clean starting taste, a
      1.35% solution of relatively bland tasting commercially available
      spray-dried soluble coffee was prepared. The containers used -- preferably
      the lower portion of a glass coffee maker -- was absolutely clean, as was
      the other equipment used, e.g. cups and spoons.
PAR  A sufficient number of containers, or pots, were used to accommodate each
      flavor fraction to be studied, plus one control. The flavor fraction was
      measured carefully with a micro-syringe, adding from 2 to 150 microliters
      of the flavor fraction per pot. The mixture of coffee solution and flavor
      fraction was stirred and immediately poured into cups for tasting. At
      least 5 experienced tasters are used. The tasting should begin at least
      within 15 minutes after the solution is prepared. If not, the solution
      should be discarded and fresh solution prepared.
PAR  The cups are coded and the samples are not identified. A standard sample is
      included in which no flavor fraction has been added. The taster is asked
      to identify and describe the flavor enhancement or modification noted.
PAR  In the following specific description of the compounds of the Groups listed
      above (I - XXXVIII) there is first given the structural formula followed
      by a list of members of the group which have been found to have
      outstanding utility in the concept of this invention. Immediately
      following the chemical name of each member there is given the commercial
      source or a literature reference giving a method for its preparation.
      Commercially available products will be identified by the abbreviation
      c.a., and may be obtained from FLUKA, A. G., Buchs S. G., Switzerland;
      ALDRICH CHEM. CO., Milwaukee, Wis.; DR. F. RASCHIO, GMBH, Ludwigshafen a.
      Rh., West-Germany; or K & K LABORATORIES INC., Plainview, N.Y. 11803.
PAR  In those instances wherein new compounds are described a detailed method of
      preparation is given following the list of the group members. New
      compounds will be identified by the abbreviation n.c.
PAR  The results of the organoleptic evaluation tests are set out in the group
      of TABLES following the detailed description of the groups of compounds
DETD
PAC  I. -- Diphenyls
PAR  In this first group of compounds are included those having the structural
      formula:
      ##SPC2##
PAL  wherein R is hydrogen or an alkyl group, e.g. methyl.
TBL  ______________________________________                                    

                    Typical compounds are:                                     

     (1)      a.    diphenyl         c.a.                                      

              b.    2-methyl-diphenyl                                          

                                     c.a.                                      

              c.    3-methyl-diphenyl                                          

                                     c.a.                                      

              d.    4-methyl-diphenyl                                          

                                     c.a.                                      

              e.    4,4'-dimethyl-diphenyl                                     

                                     c.a.                                      

     ______________________________________                                    

PAR  Organoleptic evaluations as flavor agents are described in TABLE I below.
PAC  II. -- Substituted Naphthalenes
PAR  Compounds in this group are those having the general formula:
      ##SPC3##
PAL  wherein R is hydrogen or an alkyl group, e.g. methyl or ethyl, at least one
      of the R's being an alkyl group.
TBL  ______________________________________                                    

                    Typical compounds include:                                 

     (1)      a.    alpha-methyl-naphthalene                                   

                                      c.a.                                     

              b.    beta-methyl-naphthalene                                    

                                      c.a.                                     

              c.    beta-ethyl-naphthalene                                     

                                      c.a.                                     

              d.    1,2-dimethyl-naphthalene                                   

                                      c.a.                                     

              e.    1,3-dimethyl-naphthalene                                   

                                      c.a.                                     

              f.    1,4-dimethyl-naphthalene                                   

                                      c.a.                                     

              g.    1,5-dimethyl-naphthalene                                   

                                      c.a.                                     

              h.    1,6-dimethyl-naphthalene                                   

                                      c.a.                                     

              i.    2,3-dimethyl-naphthalene                                   

                                      c.a.                                     

              j.    2,6-dimethyl-naphthalene                                   

                                      c.a.                                     

              k.    1,3,7-trimethyl-naphthalene                                

                                      c.a.                                     

              l.    2,3,5-trimethyl-naphthalene                                

                                      c.a.                                     

              m.    2,3,6-trimethyl-naphthalene                                

                                      c.a.                                     

              n.    alpha-ethyl-naphthalene                                    

                                      c.a.                                     

              o.    1,7-dimethyl-naphthalene                                   

                                      c.a.                                     

              p.    2,7-dimethyl-naphthalene c.a.                              

     ______________________________________                                    

PAR  The compounds enumerated above were evaluated organoleptically and gave the
      results set out in TABLE II below.
PAC  III. -- Furan Hydrocarbons
PAR  The compounds of this group which have utility according to the inventive
      concept are selected from the class of compounds having the general
      formula:
      ##SPC4##
PAL  wherein R is hydrogen or an alkyl group containing from 1 to 3 carbon
      atoms; compounds of the formula:
      ##SPC5##
PAL  wherein R is hydrogen or an alkyl or an alkenyl group of from 1 to 3 carbon
      atoms, provided that the sum of the carbon atoms of the substituent groups
      does not exceed 3; and compounds of the formula:
      ##SPC6##
PAL  wherein R.sub.1 is hydrogen or a methyl group and wherein R.sub.2 is
      ##SPC7##
PAL  R.sub.3 being hydrogen or a methyl group such that R.sub.1 and R.sub.3 are
      not both hydrogen.
PAR  Specific compounds included in this group of compounds are:
     (1)                                                                       

        a.                                                                     

          2-vinyl-furan      Bull. 1947, 453                                   

        b.                                                                     

          2-(1)-pentenyl-furan                                                 

                             C.A. 1961, 85905f                                 

     (2)                                                                       

        a.                                                                     

          benzofuran         c.a.                                              

        b.                                                                     

          2-methyl-benzofuran                                                  

                             Soc. 1955, 3689                                   

        c.                                                                     

          2-ethyl-benzofuran J.A.C.S. 73,754 (1951)                            

        d.                                                                     

          2,3-dimethyl-benzofuran                                              

                             Soc. 1955, 3689                                   

        e.                                                                     

          2-vinyl-benzofuran J.A.C.S. 73, 754 (1951)                           

        f.                                                                     

          2-isopropenyl-benzofuran                                             

                             n.c.                                              

        g.                                                                     

          7-methyl-benzofuran                                                  

                             J.Chem.Soc.1920, 1534                             

        h.                                                                     

          7-ethyl-benzofuran n.c.                                              

        i.                                                                     

          2,7-dimethylbenzofuran                                               

                             n.c.                                              

     (3)                                                                       

        a.                                                                     

          2,2'-difuryl       J.A.C.S. 73, 1271 (1951)                          

        b.                                                                     

          5-methyl-2,2'-difuryl-methane                                        

                             C.A. 1957, 6594a                                  

        c.                                                                     

          5,5'-dimethyl-2,2'-difuryl-methane                                   

                             Helv. 1932, 1068                                  

PAR  The new compounds included in Group III can be prepared by the methods
      described below.
PAR  2. f. 2-Isopropenyl-benzofuran. According to the method described in
      J.A.C.S. 73, 754 (1951) 2-acetyl-benzofuran is reacted with
      methyl-magnesium bromide to form 2-(2-hydroxy-isopropyl)-benzofuran which
      is converted to its acetate. Pyrolysis of the acetate yields
      2-isopropenyl-benzofuran of b.p. 81.degree.-83.degree.C./0.001 mm. Hg.
PAR  2. h. 7-Ethyl-benzofuran is prepared by the method described in J. Chem.
      Soc. 1920, 1934, but using o-ethylphenol inate of o-cresol. The MS. of the
      product thus obtained shows the following ion peaks with the relative
      intensities given within brackets: 131 (100%), 146 (38%) and 77 (10%).
PAR  2. i. 2,7-Dimethyl-benzofuran. 7-Methyl-benzofuran (cf. compound (2) g.) is
      subjected to a WILSMEYER reaction to form 7-methyl-benzofuran-2-aldehyde
      which is converted into 2,7-dimethyl-benzofuran by a WOLFF-KISHNER
      reaction by the method described in Bull. Soc. Chim. France 29, 1875
      (1952). The product thus obtained has the following peaks in its MS: 146
      (100%), 145 (92%) and 131 (32%).
PAR  Organoleptic evaluations of this group of compounds are set out in TABLE
      III below.
PAC  IV. -- Thiophene Hydrocarbons
PAR  The thiophene hydrocarbons having utility in accordance with the instant
      inventive concept are those compounds described by the structural formula:
      ##SPC8##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen, methyl, ethyl, vinyl or propyl,
PAL  the compound of the formula:
      ##SPC9##
PAL  the compounds of the formula:
      ##SPC10##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen or methyl groups, and wherein X is
      oxygen or sulfur; the compounds of the formula
      ##SPC11##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen or methyl groups, and the
      compounds of the formula
      ##SPC12##
PAL  wherein R.sub.1 and R.sub.2 represent hydrogen or alkyl groups.
TBL  __________________________________________________________________________

     Typical compounds of this class of compounds are:                         

     __________________________________________________________________________

     (1)                                                                       

        a.                                                                     

          2-methyl-thiophene c.a.                                              

        b.                                                                     

          3-methyl-thiophene c.a.                                              

        c.                                                                     

          2-ethyl-thiophene  c.a.                                              

        d.                                                                     

          3-ethyl-thiophene  Bull. 1955, 424                                   

        e.                                                                     

          2-propyl-thiophene J.A.C.S. 70, 391, Bull.                           

                             1955, 361                                         

        f.                                                                     

          2-vinyl-thiophene  Bull. 1955, 424                                   

        g.                                                                     

          3-vinyl-thiophene  Bull. 1955, 424                                   

        h.                                                                     

          2-methyl-4-ethyl-thiophene                                           

                             J.A.C.S. 75, 989 (1953)                           

        i.                                                                     

          2-methyl-5-ethyl-thiophene                                           

                             J.A.C.S. 75, 989 (1953)                           

        j.                                                                     

          2-methyl-5-propyl-thiophene                                          

                             J.A.C.S. 75, 989 (1953)                           

        k.                                                                     

          2,5-dimethyl-thiophene                                               

                             c.a.                                              

     (2)                                                                       

        a.                                                                     

          2,3,3',2'-thiophenothiophene                                         

                             Soc. 1953, 1837                                   

     (3)                                                                       

        a.                                                                     

          2,2'-dithienyl-methane                                               

                             J.A.C.S. 73, 1270 (1951)                          

        b.                                                                     

          5,5'-dimethyl-2,2'-dithienyl-methane                                 

                             J.A.C.S. 73, 1270 (1951)                          

        c.                                                                     

          2-furyl-2-thienyl-methane                                            

                             C.A. 57, 9776f (1962)                             

        d.                                                                     

          (5-methyl-2-thienyl)-2-furyl-methane                                 

                             C.A. 57, 9776f (1962)                             

     (4)                                                                       

        a.                                                                     

          2,2'-dithienyl     J.A.C.S. 78, 1958 (1956)                          

        b.                                                                     

          5,5'-dimethyl-2,2'-dithienyl-methane                                 

                             J.A.C.S. 78, 1958 (1956)                          

     (5)                                                                       

        a.                                                                     

          benzothiophene     c.a.                                              

        b.                                                                     

          2-methyl-benzothiophene                                              

                             J.A.C.S. 74, 664 (1952)                           

     __________________________________________________________________________

PAR  Organoleptic evaluations of these compounds are set out in TABLE IV below.
PAC  V. - Pyrrole Hydrocarbons
PAR  Compounds of this group have general formulae:
      ##SPC13##
PAL  wherein R is alkyl, e.g. ethyl, amyl, isoamyl, or alphamethylbutyl, and
      ##SPC14##
PAL  wherein X is oxygen or sulfur and R is hydrogen or a methyl group, provided
      that, if X represents oxygen, R is methyl.
TBL  __________________________________________________________________________

     Typical compounds of this group include:                                  

     __________________________________________________________________________

     (1)                                                                       

        a.                                                                     

          1-ethyl-pyrrole   Helv.10, 387 (1927)                                

        b.                                                                     

          1-n-amyl-pyrrole  Helv.10, 387 (1927)                                

        c.                                                                     

          1-isoamyl-pyrrole Helv.10, 387 (1927)                                

        d.                                                                     

          1-(alphamethyl-butyl)-pyrrole                                        

                            Helv.10, 387 (1927)                                

     (2)                                                                       

        a.                                                                     

          1-(5-methyl-2-furfuryl)-pyrrole                                      

                            n.c.; b.p.104.degree.C./11 mm;                     

                            prepared by the same                               

                            method as (1) a.                                   

        b.                                                                     

          1-thienyl-pyrrole J.Org.Chem.28,574 (1963)                           

     __________________________________________________________________________

PAR  Organoleptic test evaluations are set out in TABLE V below.
PAC  VI -- Pyridine Hydrocarbons
PAR  The compounds of this group which have utility according to the instant
      concept are to be described as falling under the general formula:
      ##SPC15##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are hydrogen, alkyl, e.g. methyl,
      ethyl, isobutyl; alkenyl groups, e.g. vinyl, propenyl; aryl groups; or
      aralkyl groups; provided that the symbols R.sub.1, R.sub.2 and R.sub.3 are
      not all hydrogen.
TBL  __________________________________________________________________________

     Typical compounds include:                                                

     __________________________________________________________________________

     (1)                                                                       

        a.                                                                     

          2-methyl-pyridine                                                    

                         c.a.                                                  

        b.                                                                     

          3-methyl-pyridine                                                    

                         c.a.                                                  

        c.                                                                     

          3-ethyl-pyridine                                                     

                         c.a.                                                  

        d.                                                                     

          2-allyl-pyridine                                                     

                         Bull. 420, (1955)                                     

        e.                                                                     

          4-isobutyl-pyridine                                                  

                         Bull. 420, (1955)                                     

        f.                                                                     

          2-(1)-propenyl-pyridine                                              

                         Ann. 247, 1 (1888)                                    

     (1)                                                                       

        g.                                                                     

          4-(1)-propenyl-pyridine                                              

                         Ann. 247, 1 (1888)                                    

        h.                                                                     

          2-methyl-5-ethyl-pyridine                                            

                         c.a.                                                  

        i.                                                                     

          2,3-dimethyl-pyridine                                                

                         c.a.                                                  

        j.                                                                     

          2,4-dimethyl-pyridine                                                

                         c.a.                                                  

        k.                                                                     

          2,5-dimethyl-pyridine                                                

                         c.a.                                                  

        l.                                                                     

          2,6-dimethyl-pyridine                                                

                         c.a.                                                  

        m.                                                                     

          3,4-dimethyl-pyridine                                                

                         c.a.                                                  

        n.                                                                     

          3,5-dimethyl-pyridine                                                

                         c.a.                                                  

        o.                                                                     

          2-vinyl-pyridine                                                     

                         c.a.                                                  

        p.                                                                     

          4-methyl-pyridine                                                    

                         c.a.                                                  

        q.                                                                     

          2-methyl-6-vinyl-pyridine                                            

                         c.a.                                                  

        r.                                                                     

          4-phenyl-pyridine                                                    

                         c.a.                                                  

        s.                                                                     

          4-benzyl-pyridine                                                    

                         c.a.                                                  

        t.                                                                     

          2-benzyl-pyridine                                                    

                         c.a.                                                  

        u.                                                                     

          2-methyl-5-ethyl-pyridine                                            

                         c.a.                                                  

     Organoleptic evaluations are set out in TABLE VI below.                   

     __________________________________________________________________________

PAC  VII -- Pyrazine Hydrocarbons
PAR  This important group of compounds have been found to have exceptional
      utility as flavor agents in accordance with the instant inventive concept.
      Compounds of the group have the general formulae:
      ##SPC16##
PAL  wherein R.sub.1 is hydrogen, alkyl, 1-pyrrolyl or 2-thienyl; and R.sub.2 is
      alkyl or alkenyl,
      ##SPC17##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are alkyl groups having from 1 to 5
      carbon atoms,
      ##SPC18##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are hydrogen or methyl groups,
      ##SPC19##
PAL  wherein R.sub.1 and R.sub.2 are alkyl groups containing from 1 to 3 carbon
      atoms,
      ##SPC20##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are alkyl groups containing
      from 1 to 6 carbon atoms, and
      ##SPC21##
PAL  wherein R.sub.1 is methyl or ethyl and R.sub.2 is alkyl or alkenyl with
      C.sub.1 to C.sub.6.
TBL  __________________________________________________________________________

     Compounds of this group which are of special interest include:            

     __________________________________________________________________________

     (1)                                                                       

        a.                                                                     

          2-methyl-3-ethyl-pyrazine                                            

                                  n.c.                                         

        b.                                                                     

          2-methyl-3-isobutyl-pyrazine                                         

                                  n.c.                                         

        c.                                                                     

          2-methyl-3-propyl-pyrazine                                           

                                  n.c.                                         

        d.                                                                     

          2-methyl-3-isopropyl-pyrazine                                        

                                  n.c.                                         

        e.                                                                     

          2-methyl-3-butyl-pyrazine                                            

                                  n.c.                                         

        f.                                                                     

          2-methyl-3-amyl-pyrazine                                             

                                  n.c.                                         

     (1)                                                                       

        g.                                                                     

          2-methyl-3-hexyl-pyrazine                                            

                                  n.c.                                         

        h.                                                                     

          2,3-dimethyl-pyrazine   Ber. 40, 4855 (1907)                         

        i.                                                                     

          2,3-diethyl-pyrazine    n.c.                                         

        j.                                                                     

          2-ethyl-3-vinyl-pyrazine                                             

                                  n.c.                                         

        k.                                                                     

          2-methyl-3(5,6)-(pyrrolyl-1)-                                        

                                  n.c.                                         

          pyrazine                                                             

        l.                                                                     

          2-methyl-3-(thienyl-2)-pyrazine                                      

                                  n.c.                                         

        m.                                                                     

          2-ethyl-pyrazine        J.Org.Chem.26, 3379                          

                                  (1961)                                       

        n.                                                                     

          2-propyl-pyrazine       J.Org.Chem.26, 3379                          

                                  (1961)                                       

        o.                                                                     

          2-isopropyl-pyrazine    J.Org.Chem.26, 3379                          

                                  (1961)                                       

        p.                                                                     

          2-vinyl-pyrazine        J.Org.Chem.26, 3379                          

                                  (1961)                                       

        q.                                                                     

          2-isopropenyl-pyrazine  n.c.                                         

        r.                                                                     

          2-methyl-3-vinyl-pyrazine                                            

                                  n.c.                                         

     (2)                                                                       

        a.                                                                     

          trimethyl-pyrazine      J.A.C.S. 72, 844(1950)                       

        b.                                                                     

          2,6-dimethyl-3-ethyl-pyrazine                                        

                                  n.c.                                         

        c.                                                                     

          2,5-dimethyl-3-ethyl-pyrazine                                        

                                  n.c.                                         

        d.                                                                     

          2,5-dimethyl-3-propyl-pyrazine                                       

                                  n.c.                                         

        e.                                                                     

          2,6-diethyl-3-methyl-pyrazine                                        

                                  n.c.                                         

        f 2,5-diethyl-3-methyl-pyrazine                                        

                                  n.c.                                         

        g.                                                                     

          2,5-dimethyl-3-butyl-pyrazine                                        

                                  n.c.                                         

        h.                                                                     

          2,3-dimethyl-5-isoamyl-pyrazine                                      

                                  n.c.                                         

        i.                                                                     

          2,5-dimethyl-3-isoamyl-pyrazine                                      

                                  n.c.                                         

        j.                                                                     

          2,3-diethyl-5-methyl-pyrazine                                        

                                  n.c.                                         

     (3)                                                                       

        a.                                                                     

          5-methyl-quinoxaline    Ann. 237, 336 (1887)                         

        b.                                                                     

          2-methyl-quinoxaline    Org.Synth.30,86 (1950)                       

        c.                                                                     

          6-methyl-quinoxaline    Ann. 237, 336 (1887)                         

        d.                                                                     

          2,3-dimethyl-quinoxaline                                             

                                  Ber. 40, 4852 (1907)                         

        e.                                                                     

          2-methyl-3-ethyl-quinoxaline                                         

                                  Ber. 22, 526 (1889)                          

        f.                                                                     

          2,3-diethyl-quinoxaline J.A.C.S. 79,1712 (1957)                      

     (3)                                                                       

        g.                                                                     

          2-methyl-3-propyl-quinoxaline                                        

                                  J.Chem.Soc. 1946, 54                         

        h.                                                                     

          2-methyl-3-isopropyl-quinoxaline                                     

                                  J.Chem.Soc. 1953, 2822                       

        i.                                                                     

          2-methyl-3-butyl-quinoxaline                                         

                                  n.c.                                         

        j.                                                                     

          2-methyl-3-isobutyl-quinoxaline                                      

                                  n.c.                                         

        k.                                                                     

          2-methyl-3-amyl-quinoxaline                                          

                                  J.Chem.Soc. 1943, 322                        

        l.                                                                     

          2-ethyl-quinoxaline     J.Chem.Soc. 1953, 2822                       

     (4)                                                                       

        a.                                                                     

          2-methyl-6-ethyl-pyrazine                                            

                                  n.c.                                         

        b.                                                                     

          2-methyl-6-propyl-pyrazine                                           

                                  J.Org.Chem. 27, 1355                         

                                  (1962)                                       

        c.                                                                     

          2,6-diethyl-pyrazine    n.c.                                         

        d.                                                                     

          2-methyl-6-vinyl-pyrazine                                            

                                  n.c.                                         

     (5)                                                                       

        a.                                                                     

          trimethyl-butyl-pyrazine                                             

                                  n.c.                                         

        b.                                                                     

          trimethyl-isoamyl-pyrazine                                           

                                  n.c.                                         

        c.                                                                     

          2,5-dimethyl-3,6-dipropyl-pyrazine                                   

                                  n.c.                                         

        d.                                                                     

          2,5-dimethyl-3,6-diisopropyl-pyrazine                                

                                  n.c.                                         

        e.                                                                     

          2,5-dimethyl-3,6-dibutyl-pyrazine                                    

                                  n.c.                                         

        f.                                                                     

          2,5-dimethyl-3,6-diisobutyl-pyrazine                                 

                                  n.c.                                         

        g.                                                                     

          2,5-dimethyl-3,6-diamyl-pyrazine                                     

                                  n.c.                                         

        h.                                                                     

          2,5-dimethyl-3,6-dihexyl-pyrazine                                    

                                  n.c.                                         

        i.                                                                     

          2,3,5-trimethyl-6-hexyl-pyrazine                                     

                                  n.c.                                         

        j.                                                                     

          2,5-dimethyl-3,6-diethyl-pyrazine                                    

                                  n.c.                                         

     (6)                                                                       

        a.                                                                     

          2-ethyl-5-methyl-pyrazine                                            

                                  n.c.                                         

        b.                                                                     

          2-isopropyl-5-methyl-pyrazine                                        

                                  n.c.                                         

        c.                                                                     

          2,5-diethyl-pyrazine    n.c.                                         

        d.                                                                     

          2-methyl-5-vinyl-pyrazine                                            

                                  n.c.                                         

     __________________________________________________________________________

PAR  Organoleptic evaluations are set out in TABLE VII below.
PAR  The new compounds of this Group VII can be prepared as follows:
PAR  The 2,3 -disubstitited pyrazines (formula (1)) can be obtained by a method
      comprising catalytically dehydrogenating with copper chromite the
      correspondingly substituted dihydropyrazines which, in turn, can be
      prepared by condensation of ethylene diamine with the corresponding
      alpha-diketones. By way of illustration the preparation of
      2-methyl-3-ethyl-pyrazine is described in more details.
PAR  1. a. 2-Methyl-3-ethyl-pyrazine. In a 3-necked flask equipped with a
      stirrer, means for cooling and a dropping funnel there was placed 150 g.
      of ethylene diamine in 500 ml. ether. After cooling to 0.degree.C there
      was slowly added with stirring a solution of 250 g. of ethylmethyl
      diketone in 500 ml. of ether. After the addition was complete, the
      temperature was allowed to rise to room temperature and the mixture was
      heated on a water bath for a few minutes. The material separated into 2
      phases and the water phase was discarded. The ether phase was dried with
      sodium sulfate, the solvent was removed by evaporation and the residue
      distilled under reduced pressure and an inert atmosphere. There was
      obtained 192 g. of the dihydrophyrazine (62% yield), boiling point
      61.degree.-65.degree.C./11 mm. Hg.
PAR  In an apparatus similar to that described by Bouveault in Bull IV, 3, 119
      (1908) the dihydro pyrazine was distilled under reduced pressure under
      nitrogen atmosphere through a column containing copper chromite (Girdler
      G-13). The catalyst was heated to 300.degree.C electrically and the
      effluent was passed through a Widmer column to separate the unhydrogenated
      material.
PAR  The product was condensed, dried and redistilled; a 90% yield was obtained
      of a product boiling at 57.degree.C./10 mm. Hg.
PAR  The same method as used for compound (1) a. was applied for the preparation
      of the following compounds:
TBL  (1) b.                                                                    

          2-methyl-3-isobutyl-pyrazine                                         

                          b.p. 74.degree./10 mm. Hg.                           

     (1) c.                                                                    

          2-methyl-3-propyl-pyrazine                                           

                          b.p. 71.degree.-72.degree./10 mm. Hg.                

     (1) d.                                                                    

          2-methyl-3-isopropyl-pyrazine                                        

                          b.p. 59.degree./10 mm. Hg.                           

     (1) e.                                                                    

          2-methyl-3-butyl-pyrazine                                            

                          b.p. 83.degree.-84.degree./9 mm. Hg.                 

     (1) f.                                                                    

          2-methyl-3-amyl-pyrazine                                             

                          b.p. 98.degree./10 mm. Hg.                           

     (1) g.                                                                    

          2-methyl-3-hexyl-pyrazine                                            

                          b.p. 113.degree.-115.degree./9 mm. Hg.               

     (1) i.                                                                    

          2,3-diethyl-pyrazine                                                 

                          b.p. 69.degree.-71.degree./12 mm. Hg.                

PAR  1. j. 2-Ethyl-3-vinyl-pyrazine can be prepared from
      2-ethyl-3-methyl-pyrazine by the method described in J. Org. Chem. 27,
      1363 (1962). B.p. 75.degree.-80.degree.C./10 mm. Hg.
PAR  1. k. 2-Methyl-3(5,6)-(pyrrolyl-1)-pyrazine can be prepared as follows:
      N-Pyrrolyl-lithium is prepared by reacting 0.242 mole (15.4 g.) of
      butyllithium (as 15% suspension in hexane) with 0.22 mole (14.7 g.) of
      pyrrole at -20.degree.C. in the presence of 100 ml. of tetrahydrofuran.
      There is then added at room temperature a solution of 0.2 mole (25.6 g.)
      of 3(5,6 )-chloro-2-methyl-pyrazine [obtained by the method described in
      J. Org. Chem. 26, 2356 (1961)] in 75 ml. of tetrahydrofuran. The reaction
      mixture is refluxed for 5 days and subjected to the usual treatments for
      purifying and isolating the reaction product which is then distilled.
      There is thus obtained 2-methyl-3(5,6)-N-pyrrolyl-pyrazine as a fraction
      distilling at 120.degree.-124.degree.C./10 Torr.
PAR  1. l. 2-(Thienyl-2)-3-methyl-pyrazine is prepared as follows. A solution of
      0.36 g. (0.006 mole) of ethylene diamine in 3 ml. of ether is cooled to
      0.degree.C. To this solution there is added slowly in a nitrogen
      atmosphere a solution of 0.94 g. (0.006 mole) of (thienyl-2) methyl
      diketone (obtained by oxidation of 2-propionylthiophene with selenium
      dioxide) in 3 ml. of absolute ether. The ether is gradually replaced by
      benzene, and water is removed as an azeotropic mixture with the latter
      solvent. The reaction product is fractionally distilled, and the fraction
      boiling at 85.degree.-105.degree.C./0.003 mm. Hg. is redistilled through a
      copper chromite column (GIRDLER G-13) heated at 350.degree.C. There is
      thus obtained 2-(thienyl-2)-3-methyl-pyrazine of b.p. 94.degree.C./0.03
      mm. Hg.
PAR  1. q. 2-Isopropenyl-pyrazine is obtained from 2-ethyl-pyrazine by the
      method described in J. Org. Chem. 27, 1363 (1962). It has the following
      peaks in the MS: 119 (100%), 120 (81%) and 67 (21%).
PAR  1. r. 2-Methyl-3-vinyl-pyrazine is prepared from 2,3-diethylpyrazine by the
      same method as used for compound (1) q. It has a b.p. of
      66.degree.-67.degree.C./13 mm. Hg.
PAR  2. b. 2,6-Dimethyl-3-ethyl-pyrazine is prepared by the addition of an ethyl
      group at the 3-position of 2,6-dimethyl-pyrazine by the alkyl-lithium
      method described by Klein et al. in J.A.C.S. 73, 2949 (1951). The
      resulting product has a b.p. of 64.degree.-66.degree.C./8 mm. Hg.
PAR  2. c. 2,5-Dimethyl-3-ethyl-pyrazine is prepared by the addition of an ethyl
      group at the 3-position of 2,5-dimethyl-pyrazine by the alkyl-lithium
      method described by Klien et al. (loc.cit.). The resulting product has a
      b.p. of 63.degree.-68.degree.C./8 mm. Hg.
PAR  2. d. 2,5-Dimethyl-3-propyl-pyrazine is prepared by the addition of an
      n-propyl group at the 3-position of 2,5-dimethyl-pyrazine by the
      alkyl-lithium method described by Klein et al. (loc.cit.). The product is
      identified by mass spectrometry. It has a b.p. of 80.degree.C./10 mm. Hg.
PAR  2. e. 2,6-Diethyl-3-methyl-pyrazine is prepared by the introduction of a
      methyl group into the 3-position of 2,6-diethyl-pyrazine by the method of
      Klein et al. (loc.cit.). The product has a b.p. of
      91.degree.-92.degree.C./13 mm. Hg.
PAR  2. f. 2,5-Diethyl-3-methyl-pyrazine is prepared by the introduction of a
      methyl group into the 3-position of 2,5-diethyl-pyrazine by the method of
      Klein et al. (loc.cit.). The product was isolated by gas chromatography
      and was identified by mass spectrometry.
PAR  2. g. 2,5-Dimethyl-3-butyl-pyrazine is prepared by introducing a butyl
      group into the 3-position of 2,5-dimethyl-pyrazine by the method of Klein
      et al. (loc.cit.). The resulting product has a b.p. of 91.degree.C./9 mm.
      Hg.
PAR  2. h. 2,3-Dimethyl-5-isoamyl-pyrazine is prepared by introducing an isoamyl
      group into the 5-position of 2,3-dimethyl-pyrazine by the method of Klein
      et al. (loc.cit.). The product is identified by mass spectrometry.
PAR  2. i. 2,5-Dimethyl-3-isoamyl-pyrazine is prepared by introducing an isoamyl
      group into the 3-position of 2,5-dimethyl-pyrazine by the method of Klein
      et al. (loc.cit.). The product has a b.p. of 110.degree.-120.degree.C./13
      mm. Hg.
PAR  2. j. 2,3-Diethyl-5-methyl-pyrazine is prepared by the method described for
      the preparation of compound (1) a. in Group VII, using 1,2-diamino-propane
      instead of ethylene diamine and dipropionyl as the .alpha.-diketone. The
      product has a b.p. of 79.degree.-80.degree.C./12 mm. Hg.
PAR  3. i. 2-Methyl-3-butyl-quinoxaline is obtained by the same method as
      compound (3) d. of Group VII. It has a b.p. of 153.degree.C./9 mm. Hg.
PAR  3. j. 2-Methyl-3-isobutyl-quinoxaline is obtained by the same method as
      compound (3) e. of Group VII. It has a m.p. of 94.degree.-95.degree.C.
PAR  4. a. 2-Methyl-6-ethyl-pyrazine was obtained by the alkylation of
      2,6dimethyl-pyrazine by the method described by Levine and Behun in J.
      Org. Chem. 26, 3379 (1961). It has a boiling point of
      54.degree.-57.degree.C./11 mm. Hg.
PAR  4. c. 2,6-Diethyl-pyrazine was obtained by subjecting compound (4) a. to a
      second alkylation by the procedure described above. It has a boiling point
      of 70.degree. at 10 mm. Hg.
PAR  4. d. 2-Methyl-6-vinyl-pyrazine is obtained by starting with
      2,6-dimethyl-pyrazine and following the method of Levine et al. reported
      in J. Org. Chem. 27, 1363 (1962). It has a b.p. of
      74.degree.-75.degree./22 mm. Hg.
PAR  5. a. 2,3,5-Trimethyl-6-butyl-pyrazine was prepared by introducing a butyl
      group into the 6-position of 2,3,5-trimethyl-pyrazine by the method of
      Klein et al. (loc.cit.). The product was isolated by gas chromatography
      and identified by mass spectrometry.
PAR  5. b. 2,3,5-Trimethyl-6-isoamyl-pyrazine was prepared by introducing an
      isoamyl group into the 6-position of 2,3,5-trimethyl-pyrazine by the
      method of Klein et al. (loc.cit.). The product has a b.p. of
      80.degree.C./10 mm. Hg.
PAR  5. c. 2,5-Dimethyl-3,6dipropyl-pyrazine was prepared by first forming
      3-oximino-2-hexanone by reacting 2-hexanone with nitrosyl chloride
      according to the method of BOUVEAULT, Bull. [[3]  31, 1163 (1904). The
      autocondensation of two molecules of the imino-ketone in the presence of
      zinc and acetic acid [according to the method described in Chimia 11, 310
      (1957)] yielded 2,5-dimethyl-3,6-dipropyl-pyrazine which had a b.p. of
      109.degree.-110.degree.C./10 mm. Hg.
PAR  5. d. 2,5-Dimethyl-3,6-diisopropyl-pyrazine was prepared by first forming
      4-methyl-3-oximino-2-pentanone by reacting 4-methyl-2-pentanone with
      nitrosyl chloride according to the method of BOUVEAULT, Bull. [3] 31, 1163
      (1904). The autocondensation of two moles of the imino-ketone in the
      presence of zinc and acetic acid [according to the method described in
      Chimia 11, 310 (1957)] yielded 2,5 -Dimethyl-3,6-diisopropyl-pyrazine
      which had a b.p. of 91.degree.C./8 mm. Hg.
PAR  5. e. 2,5-Dimethyl-3,6-dibutyl-pyrazine was prepared by first forming
      3-oximino-2-heptanone by reacting 2-heptanone with nitrosyl chloride
      according to the method of BOUVEAULT, Bull. [3] 31, 1163 (1904). The
      autocondensation of two moles of the imino-ketone in the presence of zinc
      and acetic acid [according to the method described in Chimia 11, 310
      (1957)] yielded 2,5-dimethyl-3,6-dibutyl-pyrazine which had a b.p. of
      18.degree.C./0.002 mm. Hg.
PAR  5. f. 2,5-Dimethyl-3,6-diisobutyl-pyrazine was prepared by first forming
      5-methyl-3-oximino-2-hexanone by reacting 5-methyl-2-hexanone with
      nitrosyl chloride according to the method of BOUVEAULT (loc.cit.). The
      autocondensation of two moles of the imino-ketone in the presence of zinc
      and acetic acid [according to the method described in Chimia 11, 310
      (1957)]  yielded 2,5-dimethyl-3,6-diisobutyl-pyrazine which had a b.p. of
      69.degree.-70.degree.C./0.01 mm. Hg.
PAR  5. g. 2,5-Dimethyl-3,6-diamyl-pyrazine was prepared by first forming
      3-oximino-2-octanone by reacting 2-octanone with nitrosyl chloride
      according to the method of BOUVEAULT (loc.cit.). The autocondensation of
      two moles of the imino-ketone in the presence of zinc and acetic acid
      [according to the method described in Chimia 11, 310 (1957)] yielded
      2,5-dimethyl-3,6-diamyl-pyrazine which had a b.p. of 78.degree.C./0.03 mm.
      Hg.
PAR  5. h. 2,5-Dimethyl-3,6-dihexyl-pyrazine was prepared by first forming
      3-oximino-2-nonanone by reacting 2-nonanone with nitrosyl chloride
      according to the method of BOUVEAULT (loc.cit.). The autocondensation of
      two moles of the imino-ketone in the presence of zinc and acetic acid
      [according to the method described in Chimia 11, 310 (1957)] yielded
      2,5-dimethyl-3,6-dihexyl-pyrazine which has a b.p. of
      112.degree.-120.degree.C./0.01 mm. Hg.
PAR  5. i. 2,3,5-Trimethyl-6-hexyl-pyrazine was prepared by introducing a hexyl
      group into the 6-position of 2,3,5-trimethyl-pyrazine by the method of
      Klien et al. (loc.cit.). The product had a b.p. of
      89.degree.-91.degree.C./0.2 mm. Hg.
PAR  5. j. 2,5-Dimethyl-3,6-diethyl-pyrazine is prepared by alkylation of
      2,5-dimethyl-3-ethyl-pyrazine according to the alkyl-lithium method
      described by Klein et al. [J.A.C.S. 73, 2949 (1951)] . It has a b.p. of
      83.degree.-85.degree.C./8 mm. Hg.
PAR  6. a. 2-Ethyl-5-methyl-pyrazine was prepared by alkylation of
      2,5-dimethyl-pyrazine following the procedure of Levine and Behun
      described in J. Org. Chem. 26, 3379 (1961). It has a boiling point of
      60.degree.C./11 mm. Hg.
PAR  6. b. 2-Isopropyl-5-methyl-pyrazine was produced in the preparation of
      compound (6) a. as a by-product and was separated from the reaction
      mixture by gas chromatography. Identification was confirmed by mass
      spectrometry.
PAR  6. c. 2,5-Diethyl-pyrazine was obtained by subjecting compound (6) a. to a
      second alkylation by the procedure given for compound (6) a. above. It
      boils at 64.degree.C. at 12 mm. Hg.
PAR  6. d. 2-Methyl-5-vinyl-pyrazine was prepared by the method of Levine et al.
      described at J. Org. Chem. 27, 1363 (1962), starting from
      2,5-dimethyl-pyrazine. It has a boiling point of
      65.degree.-66.degree.C./12 mm. Hg.
PAC  VIII. -- Aliphatic and Aromatic Alcohols
PAR  This group comprises compounds having the general formula:
      ##EQU1##
      wherein
PAR  1. R.sub.1 is hydrogen or an alkyl group, e.g. methyl, ethyl, propyl; and
      R.sub.2 is an alkyl group having at least 4 carbon atoms, e.g. from 4 to 9
      carbon atoms; or
PAR  2. R.sub.2 is hydrogen or an alkyl group, e.g. comprising from 1 to 6
      carbon atoms; and R.sub.2 is an aryl group, e.g. phenyl; an aralkyl group,
      e.g. benzyl, phenylethyl; phenylpropyl; or an aralkenyl group, e.g.
      styryl, cinnamyl.
PAR  Compounds representative of this group include for instance:
TBL  (1)  a.    n-amylalcohol             c.a.                                 

          b.    isoamylalcohol            c.a.                                 

          c.    n-hexanol                 c.a.                                 

          d.    n-heptanol                c.a.                                 

          e.    n-octanol                 c.a.                                 

          f.    n-nonanol                 c.a.                                 

          g.    n-decanol                 c.a.                                 

          h.    2-heptanol                c.a.                                 

          i.    3-octanol                 c.a.                                 

     (2)  a.    phenylethan-1-ol          c.a.                                 

          b.    phenylpropan-1-ol         c.a.                                 

     (2)  c.    cinnamyl alcohol          c.a.                                 

          d.    phenyl methyl carbinol    c.a.                                 

          e.    benzyl methyl carbinol    c.a.                                 

          f.    benzyl ethyl carbinol     c.a.                                 

          g.    benzyl butyl carbinol     n.c.                                 

          h.    benzyl amyl carbinol      n.c.                                 

          i.    benzyl isoamyl carbinol   n.c.                                 

          j.    benzyl hexyl carbinol     n.c.                                 

PAR  The new compounds of this Group VIII can be prepared as follows:
PAR  2. g. Benzyl butyl carbinol. To a solution of 1.05 mole of butyl-magnesium
      bromide in 400 ml. of ether there is added a solution of 1 mole (120 g.)
      of phenylacetaldehyde in 300 ml. of ether at -8.degree. to -12.degree. C.
      within 3 to 4 hours. The reaction mixture is heated to about 20.degree.C.
      and worked up by conventional methods. Distillation of the crude reaction
      product yields 99 g. of benzyl butyl carbinol of b.p.
      88.degree.-91.degree.C./0.06 Torr; d.sub.4.sup.20 = 0.9485; n.sub.D.sup.20
      = 1.5059.
PAR  The same method is used for preparing:
PAR  2. h. Benzyl amyl carbinol, b.p. 81.degree.C./0.01 Torr.
PAR  2. i. Benzyl isoamyl carbinol, b.p. 142.degree.-143.degree.C./13 Torr;
      d.sub.4.sup.20 = 0.9377; n.sub.D.sup.20 = 1.5009.
PAR  2. j. Benzyl hexyl carbinol, b.p. 95.degree.C./0.01 Torr; d.sub.4.sup.20 =
      0.9339; n.sub.D.sup.20 = 1.4997.
PAR  Organoleptic evaluation data are listed in TABLE VIII below.
PAC  IX. -- Furan Ethers
PAR  The compounds of this group have the general formula:
      ##SPC22##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen; alkyl, e.g. methyl, ethyl; aryl,
      e.g. phenyl, alkylphenyl; furfuryl, or alkylfurfuryl groups.
PAR  Compounds representative of this group include the following:
TBL  (1)  a.    furfuryl methyl ether                                          

                                 Ber. 56, 1004 (1923)                          

          b.    furfuryl ethyl ether                                           

                                 Ber. 56, 1004 (1923)                          

          c.    furfuryl phenyl ether                                          

                                 Bull. 1938, 1151                              

          d.    5-methyl-furfuryl furfuryl ether                               

                                 n.c.                                          

          e.    difurfuryl ether Am.Soc. 49, 1066 (1927)                       

PAR  1. d. 5-Methyl-furfuryl furfuryl ether was prepared by the procedure
      described by J. E. Zanetti in J. Am. Chem. Soc. 49, 1066 (1927) for the
      difurfuryl ether, starting with 5-methylfurfuryl bromide (Compt. Rend.
      222, 1441 (1947)) instead of furfuryl bromide of Zanetti. The product was
      isolated by ether extraction of the crude mixture after having diluted
      with water. For purification the ether extract was distilled twice - b.p.
      68.degree.-70.degree.C. at 0.01 mm./Hg vacuum. The product was a viscous
      colourless liquid, darkening rapidly on contact with air.
PAR  Organoleptic evaluations are tabulated in TABLE IX.
PAC  X -- Thiophene Ethers
PAR  This group of compounds are described by the structural formula:
      ##SPC23##
PAL  wherein R is an alkyl group, phenyl, alkylphenyl, furfuryl, alkylfurfuryl,
      or thenyl group, and includes for example:
TBL  (1)  a.    thenyl methyl ether                                            

                                 J.A.C.S. 49, 1066 (1927)                      

                                 J.A.C.S. 50, 1960 (1928)                      

          b.    dithenyl ether   n.c.                                          

          c.    furfuryl thenyl ether                                          

                                 n.c.                                          

PAR  The new compounds of this group were prepared as follows:
PAR  1. b. Dithenyl ether. To a suspension of 1.32 g. (0.01 mole) of
      chloromethylthiophene [obtained by the method of F. F. BLICKE, J.A.C.S.
      64, 477 (1942)] and 1.2 g. (0.02 mole) of powdered potassium hydroxide in
      10 ml. of ether there is added a solution of 3.5 g. (0.03 mole) of thenyl
      alcohol in 10 ml. of ether. The reaction mixture is stirred for 1 hour at
      room temperature, then refluxed for 30 minutes and finally allowed to
      stand over night. After filtration the ethereal solution is concentrated
      and the residue fractionally distilled. There is obtained 0.22 g. (10%) of
      dithenyl ether having a b.p. of 99.degree.C./0.01 mm. Hg. and a m.p. of
      36.5.degree..
PAR  1. c. Furfuryl thenyl ether is obtained by the same method as used for
      preparing compound (1) b., but using furfuryl alcohol instead of thenyl
      alcohol. The product thus obtained had a b.p. of 50.degree.C./0.01 mm. Hg.
PAR  Organoleptic evaluation data on representatives of this group of compounds
      are set out in TABLE X below.
PAC  XI -- Thiazole Alcohols
PAR  Compounds of this group have the following structural formula:
      ##SPC24##
PAL  wherein R is an alkyl group, e.g. containing from 1 to 4 carbon atoms, or
      an alkenyl group, e.g. vinyl.
TBL  ______________________________________                                    

     Representative compounds include the following:                           

     (1)  a.    methyl (4-methyl-thiazolyl-2) carbinol                         

                                          n.c.                                 

          b.    ethyl (4-methyl-thiazolyl-2) carbinol                          

                                          n.c.                                 

          c.    vinyl (4-methyl-thiazolyl-2) carbinol                          

                                          n.c.                                 

          d.    isobutyl (4-methyl-thiazolyl-2) carbinol                       

                                          n.c.                                 

     ______________________________________                                    

PAR  The new compounds of this Group X can be prepared as follows:
PAR  1. a. Methyl (4-methyl-thiazolyl-2) carbinol was prepared by starting from
      4-methyl-thiazole and substituting the hydrogen atom in the 2-position by
      lithium by reaction with butyl-lithium. The resulting metal-organic
      compound was reacted with acetaldehyde [cf. J.A.C.S. 74, 6260 (1952)]. The
      resulting product has a b.p. of 102.degree.-103.degree.C./9 mm. Hg.
PAR  1. b. Ethyl (4-methyl-thiazolyl-2) carbinol was prepared by starting from
      4-methyl-thiazole and substituting the hydrogen atom in the 2-position by
      lithium by reaction with butyl-lithium. The resulting metal-organic
      compound was reacted with propionaldehyde [cf. J.A.C.S. 74, 6260 (1952)].
      The resulting product had a b.p. of 110.degree.-115.degree.C./9 mm. Hg.
      and a m.p. of 67.degree.-72.degree.C.
PAR  1. c. Vinyl (4-methyl-thiazolyl-2) carbinol was prepared by starting from
      4-methyl-thiazole and substituting the hydrogen atom in the 2 -position by
      lithium by reaction with butyl-lithium. The resulting metal-organic
      compound was reacted with acrolein [cf. J.A.C.S. 74, 6260 (1952)]. The
      resulting product had a b.p. of 66.degree.C./0.005 mm. Hg.
PAR  1. d. Isobutyl (4-methyl-2-thiazolyl) carbinol was prepared by starting
      from 4 -methyl-thiazole and substituting the hydrogen atom in the
      2-position by lithium by reaction with butyllithium. The resulting
      metal-organic compound was reacted with isovaleraldehyde [cf. J.A.C.S. 74,
      7260 (1952)]. The resulting product had a b.p. of 94.degree.C./0.1 mm. Hg.
PAR  Organoleptic evaluations are set out in TABLE XI below.
PAC  XII -- Pyridine Ethers and Alcohols
PAR  Compounds of this group are found to have the following general formula:
      ##SPC25##
PAL  wherein R.sub.1 is hydrogen or an alkoxy group, R.sub.2 is hydrogen or an
      alkyl group, and n is 0, 1 or 2. Examples of this group include:
TBL  (1)  a.    2-methoxy-pyridine        c.a.                                 

          b.    2-butoxy-pyridine         n.c.                                 

          c.    2-methoxymethyl-pyridine  c.a.                                 

          d.    2-methoxymethyl-6-methyl-pyridine                              

                                          c.a.                                 

          e.    2-hydroxymethyl-pyridine  c.a.                                 

          f.    3-hydroxymethyl-pyridine  c.a.                                 

          g.    4-hydroxymethyl-pyridine  c.a.                                 

          h.    2-hydroxymethyl-6-methyl-pyridine                              

                                          c.a.                                 

          i.    2-(2-hydroxyethyl)-pyridine                                    

                                          c.a.                                 

          j.    2-(2-ethoxyethyl)-pyridine                                     

                                          c.a.                                 

PAR  1. b. 2-Butoxy-pyridine was prepared according to the method described in
      J.A.C.S. 69, 1803 (1947) by condensing 0.17 mole of 2-bromo-pyridine with
      0.195 mole of sodium butoxide. By distillation of the reaction product
      there were obtained 15 g. of 2-butoxy-pyridine distilling at
      78.degree.C./10 mm. Hg. n.sub.D.sup.23 = 1.4880;  d.sub.4.sup.23,4 =
      0.9723.
PAR  Organoleptic evaluations are set out in TABLE XII below.
PAC  XIII -- Pyrazine Ethers and Alcohols
PAR  Compounds of this group area represented by the general formula:
      ##SPC26##
PAL  wherein R represents hydrogen or an alkyl group and n is 0, 1 or 2.
TBL  __________________________________________________________________________

     Examples of compounds covered by this formula are:                        

     __________________________________________________________________________

     (1)                                                                       

        a.                                                                     

          2-hydroxymethyl-pyrazine                                             

                        J.Org.Chem. 28, 1898 (1963)                            

        b.                                                                     

          2-methoxymethyl-pyrazine                                             

                        n.c.                                                   

        c.                                                                     

          2-ethoxymethyl-pyrazine                                              

                        n.c.                                                   

     __________________________________________________________________________

PAR  Compounds (1) b. and (1) c. were prepared by reacting
      2-chloromethyl-pyrazine with the corresponding sodium alkoxide according
      to the same method as used for the preparation of sulfides [cf.
      HOUBEN-WEYL, 4th edition, vol. 9, 97 (1955)]. The products thus obtained
      had the following boiling points:
PA1  compound (1) b.: 51.degree.C./8 mm. Hg.;
PA1  compound (1) c.: 75.degree.C./8 mm. Hg.
PAR  Organoleptic evaluations are set out in TABLE XIII below.
PAC  XIV -- Benzofuran Carbonyl Compounds
PAR  This group of compounds has the following general formula:
      ##SPC27##
PAL  wherein R.sub.1 and R.sub.2 may be hydrogen or alkyl.
PAR  Examples of compounds included in this definition are:
     (1)                                                                       

        a.                                                                     

          benzofuran-2-aldehyde                                                

                           Bull. 1962, 1875                                    

        b.                                                                     

          2-acetyl-benzofuran                                                  

                           J.A.C.S.73, 754 (1951)                              

        c.                                                                     

          7-methyl-benzofuran-2-aldehyde                                       

                           n.c.                                                

PAR  1. c. 7Methyl-benzofuran-2-aldehyde was prepared by formylating
      7-methyl-benzofuran according to the same method as used for the
      preparation of benzofuran-2-aldehyde. The product thus obtained has the
      following ion peaks in its mass spectrum: 160 (100%), 159 (62%) and 131
      (33%).
PAR  Organoleptic evaluations are set out in TABLE XIV below.
PAC  XV -- Thiophene Aldehydes
PAR  Compounds of this group have the general formulae:
      ##SPC28##
PAL  wherein R is hydrogen, or an alkyl or thenyl group; and
      ##SPC29##
PAL  wherein R.sub.1 and R.sub.2 represent hydrogen or alkyl.
PAR  Compounds in this group include for instance:
     (1)                                                                       

        a. Thiophene-2-aldehyde                                                

                          c.a.                                                 

        b. 5-methyl-thiophene-2-aldehyde                                       

                          Org.Syn. 36, 74 (1956)                               

        c. 3-methyl-thiophene-2-aldehyde                                       

                          *b.p. 88-89.degree.C./10 mm.Hg.                      

        d. 5-propyl-thiophene-2-aldehyde                                       

                          *b.p. 64-65.degree.C./0.002 mm.Hg.                   

        e. 5-thenyl-thiophene-2-aldehyde                                       

                          *m.p. 31-32.degree.C.                                

      *prepared according to the same method as used for compound (1) b.       

     (2)                                                                       

        a. benzothiophene-2-aldehyde                                           

                          J.A.C.S.74, 2935 (1952)                              

     (2)                                                                       

        b. 2-acetyl-benzothiophene                                             

                          Compt.Rend.234, 736 (1952)                           

PAR  Organoleptic evaluations are set out in TABLE XV below.
PAC  XVI -- Pyrrole Aldehydes
PAR  Compounds of this group have the structural formula
      ##SPC30##
PAL  wherein R is an alkyl, furfuryl or thenyl group.
TBL  __________________________________________________________________________

     Representative compounds include, for example:                            

     __________________________________________________________________________

     (1)                                                                       

        a. 1-ethyl-pyrrole-2-aldehyde                                          

                             n.c.                                              

        b. 1 butyl-pyrrole-2-aldehyde                                          

                             Helv. 13, 349 (1930)                              

        c. 1-butyl-pyrrole-3-aldehyde                                          

                             n.c.                                              

        d. 1-amyl-pyrrole-2-aldehyde                                           

                             n.c.                                              

        e. 1-amyl-pyrrole-3-aldehyde                                           

                             n.c.                                              

        f. 1-.alpha.-methylbutyl-pyrrole-2-aldehyde                            

                             n.c.                                              

        g. 1-.alpha.-methylbutyl-pyrrole-3-aldehyde                            

                             n.c.                                              

        h. 1-furfuryl-pyrrole-2-aldehyde                                       

                             Helv. 13, 349 (1930)                              

        i. 1-furfuryl-pyrrole-3-aldehyde                                       

                             n.c.                                              

        j. 1-thenyl-pyrrole-2-aldehyde                                         

                             n.c.                                              

        k. 1-isoamyl-pyrrole-2-aldehyde                                        

                             Helv. 13, 349 (1930)                              

     __________________________________________________________________________

PAR  The new compounds of this group XVI can be prepared as follows:
PAR  1. a. 1-Ethyl-pyrrole-2-aldehyde was prepared from 1-ethyl-pyrrole
      [obtained by the method described in Helv. 10, 387 (1927)] by introducing
      a formaldehyde group following the technique described in Org. Synth. 36,
      74 (1956). The product boiled at 73.degree.-75.degree.C./7 mm. Hg.
PAR  1. c. 1-Butyl-pyrrole-3-aldehyde was prepared by the same method as used
      for compound (1) a. It has a b.p. of 148.degree.-150.degree.C./11 mm. Hg.
PAR  1. d. 1-Amyl-pyrrole-2-aldehyde was prepared by the same method as used for
      compound (1) a. It has a b.p. of 111.degree.-112.degree.C./11 mm. Hg.
PAR  1. e. 1-Amyl-pyrrole-3-aldehyde was prepared by the same method as used for
      compound (1) a. It has a b.p. of 155.degree.-160.degree.C./11 mm. Hg.
PAR  1. f. 1-.alpha.-Methylbutyl-pyrrole-2-aldehyde was prepared by the same
      method as used for compound (1) a. It has a b.p. of
      103.degree.-105.degree.C./11 mm. Hg.
PAR  1. g. 1-.alpha.-Methylbutyl-pyrrole-3-aldehyde was prepared by the same
      method as used for compound (1) a. It has a b.p. of 150.degree.C./11 mm.
      Hg.
PAR  1. h. 1-Furfuryl-pyrrole-2-aldehyde was prepared starting with
      1-furfuryl-pyrrole described by Reichstein in Helv. 15, 1450 (1932) as
      well as Gianturco et al. in Tetrahedron 20, 1763 (1964). The aldehyde
      group was introduced by the Vilameyer reaction (e.g. by the method
      described in Bull. 1962, 1989). A small amount of the corresponding
      3-aldehyde is obtained as a byproduct and can be separated by fractional
      distillation. The 2-aldehyde boils at 139.degree.-140.degree.C./12 mm. Hg.
      and is a viscous colorless oil. The 3-aldehyde has a b.p. of
      190.degree.C./12 mm. Hg.
PAR  1. j. 1-Thenyl-pyrrole-2-aldehyde was prepared by the same method as used
      for compound (1) h. It has a b.p. of 98.degree.C./0.005 mm. Hg.
PAR  The organoleptic evaluations are shown in TABLE XVI below.
PAC  XVII -- Pyrazine Carbonyl Compounds
PAR  Compounds of this group have the general formula:
      ##SPC31##
PAL  wherein R is hydrogen or an alkyl group and n is 0 or 1.
TBL  ______________________________________                                    

     Examples of this group include:                                           

     ______________________________________                                    

     (1)  a. 2-formyl-pyrazine                                                 

                          C.A. 58, 10180b (1963)                               

          b. 2-acetyl-pyrazine                                                 

                          J.A.C.S. 74, 3621 (1952)                             

          c. 2-acetonyl-pyrazine                                               

                          J.Org.Chem.23, 406 (1958)                            

     ______________________________________                                    

PAR  Organoleptic evaluations are tabulated in TABLE XVII below.
PAC  XVIII -- Aliphatic and Aromatic Ketones
PAR  The compounds of this group are defined by the following general formula:
EQU  R.sub.1 --CO--R.sub.2                                      (1)
PAL  wherein R.sub.1 is an alkyl group having from 1 to 3 carbon atoms and
      R.sub.2 is an alkyl group having from 3 to 11 carbon atoms, or a phenyl or
      benzyl group.
TBL  ______________________________________                                    

     Examples of compounds corresponding to this definition                    

     are as follows:                                                           

     ______________________________________                                    

     (1)  a. methyl amyl ketone                                                

                           c.a.                                                

          b. methyl hexyl ketone                                               

                           c.a.                                                

          c. methyl heptyl ketone                                              

                           c.a.                                                

          d. methyl octyl ketone                                               

                           c.a.                                                

          e. methyl nonyl ketone                                               

                           c.a.                                                

          f. methyl decyl ketone                                               

                           c.a.                                                

          g. methyl undecyl ketone                                             

                           c.a.                                                

          h. ethyl butyl ketone                                                

                           c.a.                                                

          i. ethyl amyl ketone                                                 

                           c.a.                                                

          j. dipropyl ketone                                                   

                           c.a.                                                

     (1)  k. propyl isopropyl ketone                                           

                           J.A.C.S. 63, 3163 (1941)                            

          l. di-isopropyl ketone                                               

                           J.A.C.S. 59, 1826 (1937)                            

          m. acetophenone  c.a.                                                

          n. propiophenone c.a.                                                

          o. isopropyl phenyl ketone                                           

                           c.a.                                                

          p. methyl benzyl ketone                                              

                           c.a.                                                

          q. ethyl benzyl ketone                                               

                           c.a.                                                

     ______________________________________                                    

PAR  Organoleptic evaluations are tabulated in TABLE XVIII below.
PAC  XIX -- FURAN KETONES
PAR  This family of compounds have the following general formula:
      ##SPC32##
PAL  wherein n is 0, 1 or 2 and wherein R.sub.1 is hydrogen or methyl, and
      R.sub.2 is alkyl.
TBL  ______________________________________                                    

     Representative examples of compounds in this group                        

     include:                                                                  

     ______________________________________                                    

     (1)  a. 2-acetyl-furan       c.a.                                         

          b. 2-propionyl-furan    J.A.C.S. 72, 3695 (1950)                     

          c. 2-butyryl-furan      J.A.C.S. 72, 3695 (1950)                     

          d. 2-valeryl-furan      J.A.C.S. 72, 3695 (1950)                     

          e. 5-methyl-2-acetyl-furan                                           

                                  J.A.C.S. 72, 3695 (1950)                     

          f. 5-methyl-2-propionyl-furan                                        

                                  J.A.C.S. 72, 3695 (1950)                     

          g. furfuryl methyl ketone                                            

                                  Ber. 76, 192 (1943)                          

          h. furfuryl ethyl ketone                                             

                                  J.Org.Chem. 15, 8 (1950)                     

          i. (5-methyl-furfuryl) methyl ketone                                 

                                  n.c.                                         

          j. (5-methyl-furfuryl) ethyl ketone                                  

                                  n.c.                                         

     (1)  k. 4-furyl-2-butanone   J.A.C.S. 72, 3695 (1950)                     

          l. 4-(5-methylfuryl)-2-butanone                                      

                                  Ber. 76, 192 (1943)                          

          m. 1-(5-methylfuryl)-3-pentanone                                     

                                  n.c.                                         

     ______________________________________                                    

PAR  The new compounds of this group can be prepared as follows:
PAR  1. i. (5-Methyl-furfuryl) methyl ketone was prepared according to the
      procedure described by Hass et al. in J. Org. Chem. 15, 8 (1950) by
      condensing 5-methyl-furfuryl-aldehyde with nitroethane. The product has a
      b.p. of 75.degree.C./10 mm. Hg.
PAR  1. j. (5-Methyl-furfuryl) ethyl ketone was prepared by the same method as
      used for compound (1) i., except that 1-nitropropane was used instead of
      nitroethane. The product has a b.p. of 97.degree.-100.degree.C./15 mm. Hg.
PAR  1. m. 1-(5-Methylfuryl)-3-pentanone was prepared by the method described in
      Ber. 76, 192 (1943). It has a b.p. of 101.degree.-102.degree.C./11 mm. Hg.
PAR  Organoleptic evaluation data are set out in TABLE XIX below.
PAC  XX -- Thiophene Ketones
PAR  Compounds of this group which have been found to have utility in the
      concept of the instant invention have the following general formulae:
      ##SPC33##
PAL  wherein n is 0 or 1, R.sub.1 is hydrogen or alkyl and R.sub.2 is alkyl; and
      ##SPC34##
PAL  wherein n is 0 or 1.
TBL  __________________________________________________________________________

     Representative compounds include:                                         

     (1)                                                                       

        a. 2-acetyl-thiophene J.A.C.S. 72, 3695 (1950)                         

        b. 3-methyl-2-acetyl-thiophene                                         

                              J.A.C.S. 72, 3695 (1950)                         

        c. 4-methyl-2-acetyl-thiophene                                         

                              J.A.C.S. 72, 3695 (1950)                         

        d. 3-methyl-2-propionyl-thiophene                                      

                              J.A.C.S. 72, 3695 (1950)                         

        e. 5-methyl-2-propionyl-thiophene                                      

                              J.A.C.S. 72, 3695 (1950)                         

        f. 2-butyryl-thiophene                                                 

                              J.A.C.S. 72, 3695 (1950)                         

        g. 5-methyl-2-acetyl-thiophene                                         

                              J.A.C.S. 72, 3695 (1950)                         

        h. 2-propionyl-thiophene                                               

                              J.A.C.S. 72, 3695 (1950)                         

        i. 2-acetylmethyl-thiophene                                            

                              C.A. 51, 10509c (1957)                           

     (2)                                                                       

        a. 5,5'-diacetyl-dithienyl-2,2'-methane                                

                              J.A.C.S. 73, 1270 (1951)                         

        b. 5,5'-diacetyl-dithienyl-2,2'                                        

                              J.A.C.S. 78, 1958 (1956)                         

     __________________________________________________________________________

PAR  Organoleptic evaluation data are set out in TABLE XX below.
PAC  XXI -- Pyrrole Ketones
PAR  Compounds of this group have the general formulae:
      ##SPC35##
PAL  wherein X is oxygen or sulfur, R.sub.1 is an alkyl group, and R.sub.2 is
      hydrogen or an alkyl group;
      ##SPC36##
PAL  wherein R is an alkyl group;
      ##SPC37##
PAL  wherein R.sub.1 is hydrogen or an alkyl group and R.sub.2 is an alkyl
      group;
      ##SPC38##
PAL  wherein R.sub.1, R.sub.2 and R.sub.4 represent hydrogen or alkyl groups and
      R.sub.3 is an alkyl group.
PAR  Compounds which are representative of this group include:
TBL  (1)                                                                       

        a. 1-furfuryl-2-acetyl-pyrrole                                         

                         n.c.                                                  

        b. 1-thenyl-2-acetyl-pyrrole                                           

                         J.A.C.S. 85, 2859(1963)                               

        c. 1-thenyl-3-acetyl-pyrrole                                           

                         J.A.C.S. 85, 2859 (1963)                              

     (2)                                                                       

        a. 1-acetyl-pyrrole                                                    

                         Chem.&Ind. 1965, 1426                                 

        b. 1-propionyl-pyrrole                                                 

                         Ber. 89, 1938 (1956)                                  

     (3)                                                                       

        a. 2-methyl-5-acetyl-pyrrole                                           

                         c.a.                                                  

        b. 1,2-dimethyl-5-acetyl-pyrrole                                       

                         n.c.                                                  

     (4)                                                                       

        a. 2,5-dimethyl-3-acetyl-pyrrole                                       

                         Beilstein XXI, 277 (1935)                             

        b. 1-methyl-3-acetyl-pyrrole                                           

                         n.c.                                                  

PAR  The new compounds included in this group can be prepared as follows:
PAR  1. a. 1-Furfuryl-2-acetyl-pyrrole was prepared starting from
      1-furfuryl-pyrrole described by Reichstein in Helv. 15, 1450 (1932) as
      well as Gianturco et al. in Tetrahedron 20, 1763 (1964). Acetylation by
      reaction of the Grignard intermediate with acetyl chloride [cf. Chem. Ber.
      47, 1416 (1914)] led to the desired ketone. (A small amount of the
      3-isomer was also obtained, separable by fractional distillation). The
      product boils at 100.degree.-102.degree.C./0.03 mm Hg. and crystallizes on
      standing. Recrystallization from a mixture of methylene dichloride and
      petroleum ether gave a white crystalline product with a m.p. of
      42.degree.-43.degree.C.
PAR  3. b. 1,2-Dimethyl-5-acetyl-pyrrole was obtained by acetylating
      1,2-dimethylpyrrole according to the method described in Ber. 47, 1416
      (1914) [cf. also J.A.C.S. 85, 2859 (1963)]. The product has a b.p. of
      102.degree.-106.degree.C./10 mm. Hg.
PAR  4. b. 1-Methyl-3-acetyl-pyrrole was obtained as a by-product in the
      synthesis of 1-methyl-2-acetyl-pyrrole according to the method described
      in Ber. 47, 1416 (1914). The product has a b.p. of
      130.degree.-132.degree.C./12 mm. Hg.
PAR  Evaluation data are set out in TABLE XXI below.
PAC  XXII -- Thiazole Carbonyl Compounds
PAR  Compounds of this group have the following general formula:
      ##SPC39##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen or alkyl groups.
PAR  Representative compounds of this group are:
     (1) a. 4-methyl-2-acetyl-thiazole                                         

                               Bull. 20, 702 (1953)                            

         b. 4-methyl-2-propionyl-thiazole                                      

                               n.c.                                            

         c. 5-methyl-2-acetyl-thiazole                                         

                               Bull. 20, 702 (1953)                            

         d. 4-methyl-2-butyryl-thiazole                                        

                               n.c.                                            

         e. 4-methyl-2-formyl-thiazole                                         

                               n.c.                                            

PAR  The new compounds included in this group can be prepared as follows:
PAR  1. b. 4-Methyl-2-propionyl-thiazole was prepared according to the method
      described in Bull. 20, 702 (1953) by reacting 4-methyl-thiazole with
      ethyl-magnesium bromide and acylating the obtained Grignard intermediate
      with propionyl chloride. The product has a b.p. of
      83.degree.-88.degree.C./9 mm. Hg.
PAR  1. d. 4-Methyl-2-butyryl-thiazole was prepared by the same method as
      compound (1) b, but using butyric anhydride as the acylating agent. The
      product has a b.p. of 110.degree.-115.degree.C./8 mm. Hg.
PAR  1. e. 4-Methyl-2-formyl-thiazole was prepared by oxidizing
      2-hydroxymethyl-4-methyl-thiazole with chromic acid in a sulfuric acid
      medium according to the method described in J.A.C.S. 53, 1470 (1931). The
      product was identified by mass spectrometry (peaks M/e and relative
      intensity): 71 (100%), 127 (97%) and 72 (48%).
PAR  Organoleptic evaluation data are set out in TABLE XXII below.
PAC  XXIII -- Pyridine Carbonyl Compounds
PAR  Compounds of this group hhave the general formula:
      ##SPC40##
PAL  wherein R.sub.1 represents hydrogen, an alkyl group or a phenyl group,
      R.sub.2 represents hydrogen, an alkyl group or an acyl group and n is 0, 1
      or 2.
TBL  ______________________________________                                    

     Representative compounds include:                                         

     (1)  a. 2-acetyl-pyridine        c.a.                                     

          b. 6-methyl-2-acetyl-pyridine                                        

                                      c.a.                                     

          c. 3-acetyl-pyridine        c.a.                                     

          d. 4-acetyl-pyridine        c.a.                                     

          e. pyridine-2-aldehyde      c.a.                                     

          f. pyridine-3-aldehyde      c.a.                                     

          g. pyridine-4-aldehyde      c.a.                                     

          h. 6-methyl-pyridine-2-aldehyde                                      

                                      c.a.                                     

          i. 2-benzoyl-pyridine       c.a.                                     

          j. 3-benzoyl-pyridine       c.a.                                     

          k. 4-benzoyl-pyridine       c.a.                                     

          l. 2,6-diacetyl-pyridine    c.a.                                     

          m. 4-(.gamma.-pyridyl)-butan-2-one                                   

                                      n.c.                                     

     ______________________________________                                    

PAR  The new compound, 4-(.gamma.-pyridyl)-butan-2-one, was prepared as follows:
PAR  8 ml. of 2-n NaOH solution were added to a mixture of 10.8 g. (0.1 mole) of
      pyridine-4-aldehyde, 100 ml. of water and 10 ml. of acetone at
      12.degree.-15.degree.C. After a reaction time of 3 minutes the reaction
      mixture was neutralized with 10% aqueous acetic acid, saturated with NaCl
      and extracted with ether. After removal of the ether the residue was
      distilled. There were obtained 8.4 g. of 4-(.gamma.-pyridyl)-3-buten-2-one
      as a yellow oil of b.p. 135.degree.-138.degree.C./0.07 Torr. 5.24 g. of
      this product were dissolved in 30 ml. of ethanol and hydrogenated in the
      presence of 4 g. of Ni-catalyst. Distillation of the reaction product
      yielded 4-(.gamma.-pyridyl)-butan-2-one of b.p.
      83.degree.-85.degree.C./0.05 Torr; n.sub.4.sup.27 = 1.047; n.sub.D.sup.27
      = 1.516.
PAR  Organoleptic evaluation data are set out in TABLE XXIII below.
PAC  XXIV -- Alpha Diketones
PAR  Compounds of this group which have been found to have utility in the
      concept of this invention are of the formulae:
EQU  CH.sub.3 COCOR                                             (1)
EQU  C.sub.2 H.sub.5 COCOR                                      (2)
PAL  wherein R is an alkyl group or a phenyl group.
TBL  __________________________________________________________________________

     Compounds representative of this group include:                           

     __________________________________________________________________________

     (1)                                                                       

        a. acetylbutyryl J.Chem.Soc. 1946, 56                                  

        b. acetylisobutyryl                                                    

                         Ber. 22, 2121 (1889)                                  

        c. acetylisovalerianyl                                                 

                         Ber. 22, 2122 (1889)                                  

        d. acetylonpropyl                                                      

                         J.pr.Ch.[2]58, 402 (1898)                             

                         n.sub.D.sup.20 = 1.4214; d.sub.4.sup.20 = 0.9183      

        e. acetylbenzoyl o.a. (British Drug House)                             

        f. 5-methyl-heptanedione-2,3                                           

                         n.c.                                                  

        g. 5-methyl-octanedione-2,3                                            

                         n.c                                                   

        h. acetylvalerianyl                                                    

                         n.c.                                                  

        i. acetylheptanoyl                                                     

                         n.c.                                                  

     (2)                                                                       

        a. dipropionyl   Bull.[3]31, 629,650 (1906)                            

        b. heptane-3,4-dione                                                   

                         Bull.[3]31, 1174 (1904)                               

        c. 5-methyl-heptane-3,4-dione                                          

                         n.c.; prepared by the                                 

                         method in Bull.[3]31, 1145                            

                         (1904); b.p. 55.degree.C./12 mm.Hg.                   

     __________________________________________________________________________

PAR  The new compounds included in this group can be obtained as follows:
PAR  1. f. 5-Methyl-heptan-2,3-dione. 0.33 Mole of acetol, 0.33 mole of
      .alpha.-methylbutanal and 2.5 ml. of conc. HCl were heated in a flask
      equipped with a Raschig column (length 25 cm), and the volatile products
      were distilled over as the reaction proceeded. 15 ml. of distillate were
      collected and rejected. The flask was cooled, and 15 ml. of water were
      added to the distillation residue. The distillation was then continued at
      a bath temperature of 150.degree.-180.degree.C. After 15 ml. of distillate
      consisting of the reaction product and water had been collected, the flask
      was again cooled, and the addition of water followed by distillation were
      repeated several times until the reaction product was completely
      distilled. The combined distillates were extracted with ether, after
      washing the extract with aqueous sodium carbonate and water and
      evaporation of the solvent, the residue was distilled. There were obtained
      3.9 g. of pure 5-methyl-heptan-2,3-dione distilling at
      45.degree.-47.degree.C./8 Torr. n.sub.D.sup.23.5 = 1.4200;
      d.sub.4.sup.23.5 = 0.9099.
PAR  1. g. 5-Methyl-octan-2,3-dione was prepared according to the same method as
      5-methyl-heptan-2,3-dione, except that 0.5 mole of acetol, 0.55 mole of
      .alpha.-methyl-pentenal and 4.5 ml. of conc. HCl were used for the
      reaction. There were obtained 16 g. of pure 5-methyl-octan-2,3-dione
      distilling at 65.degree.-66.degree.C./11 Torr; n.sub.D.sup.22.5 = 1.4258;
      d.sub.4.sup.22.5 = 0.9107.
PAR  1. h. Acetylalerianyl was prepared according to the same method as compound
      (1) f. It has a b.p. of 71.degree.-72.degree.C./44 mm. Hg.
PA1  1. i. Acetylheptanoyl was prepared by hydrolyzing 3-oximino-nonan-2-one
      according to the method of Bouveault et al. described in Bull. Soc. Chim.
      France [3] 31, 1145 (1904). 3-Oximino-nonan-2-one was obtained by
      nitrosation of nonan-2-one with ethyl nitrite according to the method
      described in Org. React. VII, Chap. 6 (1953). Acetylheptanoyl has a b.p.
      of 74.degree.C./9 mm. Hg.
PAR  2. c. 5-Methyl-heptan-3,4-dione was prepared according to the method
      described in Bull [3], 31, 1145 (1904). It has a b.p. of 55.degree.C./12
      mm. Hg.
PAR  The organoleptic evaluations are set out in TABLE XXIV below.
PAC  XXV -- Thiophene Alpha-diketones
PAR  Compounds of this group have the following general formula:
      ##SPC41##
PAL  wherein R.sub.1 is hydrogen or a methyl group and wherein R.sub.2 is an
      alkyl group.
TBL  ______________________________________                                    

     Representative compounds include:                                         

     (1)  a. 1-(thienyl-2)-propane-1,2-dione                                   

                                      n.c.                                     

          b. 1-(3-methyl-thienyl-2)-propane-1,2-dione                          

                                      n.c.                                     

          c. 1-(5-methyl-thienyl-2)-propane-1,2-dione                          

                                      n.c.                                     

          d. 1-(thienyl-2)-butan-1,2-dione                                     

                                      n.c.                                     

     ______________________________________                                    

PAR  The new compounds included in this group can be obtained as follows:
PAR  1. a. 1(Thienyl-2)-propane-1,2 dione was prepared by acylating thiophene
      according to the method described in J.A.C.S. 72, 3695 (1950), subjecting
      the resulting 2-propionylthiophene to the action of nitrosyl chloride and
      hydrolyzing the reaction product in formic acid solution with nitrosyl
      sulfuric acid as described in Bull. [3] 31, 1163 (1904). The product
      formed bright yellow crystals and melted at 48.degree.-50.degree.C.
PAR  1. b. 1-(3-methyl-thienyl-2)-propane-1,2 dione was prepared by acylating
      thiophene according to the method described in J.A.C.S. 72, 3695 (1950),
      subjecting the resulting 3-methyl-2-propionyl-thiophene to the action of
      nitrosyl chloride and hydrolizing the reaction product in formic acid
      solution with nitrosyl sulfuric acid as described in Bull, [3] 31, 1163
      (1904). The product had a b.p. of 93.degree.C./11 mm. Hg.
PAR  1. c. 1-(5-Methyl-thienyl-2)-propane-1,2-dione was prepared by the same
      method as compound (1) a. It has a b.p. of 150.degree.-160.degree.C. (bath
      temp.)/11 mm. Hg.
PAR  1. d. 1-(Thienyl-2)-butan-1,2-dione was prepared from 2-butyryl-thiophene
      via the oxime according to the method used in the furan series and
      described in Tetrahedron 20, 2959 (1964). The product has a b.p. of
      120.degree.-123.degree.C. (bath temperature) 11 mm. Hg.
PAR  The organoleptic evaluations gave the results set out in TABLE XXV below.
PAC  XXVI -- Pyrrole Alpha-diketones
PAR  This group of compounds has the general formula:
      ##SPC42##
PAL  wherein R.sub.1 is hydrogen or alkyl and R.sub.2 is alkyl.
TBL  ______________________________________                                    

     Representative compounds of this group include e.g.:                      

     (1)  a. (pyrrolyl-2)-propan-1,2-dione                                     

                                      n.c.                                     

          b. (pyrrolyl-2)-butan-1,2-dione                                      

                                      n.c.                                     

     ______________________________________                                    

PAR  The new compounds included in this group can be obtained as follows:
PAR  1. a. (Pyrrolyl-2)-propan-1,2-dione was prepared according to the same
      method as used for compound (1) d. of Group XXV. It has a m.p. of
      50.degree.-51.degree.C.
PAR  1. b. (Pyrrolyl-2)-butan-1,2-dione was prepared by the same method as used
      for compound (1) d. of Group XXV. It has a m.p. of 37.degree.-38.degree.C.
PAR  Organoleptic evaluation data are set out in TABLE XXVI below.
PAC  XXVII -- Furan Esters
PAR  Compounds of this group have the general formulae:
      ##SPC43##
PAL  wherein R is an alkyl group comprising at least 2 carbon atoms;
PAL  and
      ##SPC44##
PAL  wherein R is an alkyl or alkenyl group.
TBL  __________________________________________________________________________

     Representative compounds of this group include:                           

     __________________________________________________________________________

     (1)                                                                       

        a. furfuryl propionate                                                 

                            *"The Furans", page 226                            

        b. furfuryl butyrate                                                   

                            *"The Furans", page 226                            

        c. furfuryl isobutyrate                                                

                            *"The Furans", page 226                            

        d. furfuryl isovalerate                                                

                            n.c.                                               

        e. furfuryl orotonate                                                  

                            n.c.                                               

        f. furfuryl tiglate *"The Furans", page 36                             

        g. furfuryl alphamethylbutyrate                                        

                            n.c.                                               

        h. furfuryl .beta.,.beta.'-dimethylacrylate                            

                            n.c.                                               

        i. furfuryl valerate                                                   

                            n.c.                                               

     (2)                                                                       

        a. ethyl furoate     *"The Furans", page 513                           

        b. propyl furoate   *"The Furans", page 513                            

        c. isopropyl furoate                                                   

                            *"The Furans", page 513                            

        d. butyl furoate    *"The Furans", page 513                            

        e. isobutyl furoate *"The Furans", page 513                            

        f. isoamyl furoate  *"The Furans", page 513                            

        g. methyl 3-(.alpha.-furyl)-propionate                                 

                            C.A. 32, 53977 (1938)                              

        h. ethyl 3-(.alpha.-furyl)-propionate                                  

                            c.a.                                               

     __________________________________________________________________________

      *"The Furans", Reinhold Publishing Company, New York (1953).             

PAR  The new compounds included in this group can be obtained by reacting the
      corresponding acid chlorides with furfuryl alcohol, e.g. according to the
      method described in Houben-Weyl, 4th ed., Vol. 8, 543 (1952). There are
      thus obtained:
PAR  1. d. Furfuryl isovalerate, b.p. 97.degree.-98.degree.C./11 mm. Hg.
PAR  1. e. Furfuryl crotonate, b.p. 96.degree.-98.degree.C./11 mm. Hg.
PAR  1. g. Furfuryl .alpha.-methylbutyrate, b.p. 96.degree.C./11 mm. Hg.
PAR  1. h. Furfuryl .beta.,.beta.'-dimethylacrylate, b.p.
      113.degree.-115.degree.C./11 mm. Hg.
PAR  1. i. Furfuryl valerate, b.p. 100.degree.-104.degree.C./11 mm. Hg.
PAR  In the organoleptic evaluation tests these compounds gave the results set
      out in TABLE XXVII below.
PAC  XXVIII -- Thiophene Esters
PAR  Compounds of this group have the following general formulae:
      ##SPC45##
PAL  wherein R is alkyl or furfuryl; and
      ##SPC46##
PAL  wherein R is hydrogen or alkyl.
TBL  __________________________________________________________________________

     Representative compounds of this group include:                           

     __________________________________________________________________________

     (1)                                                                       

        a. methyl thiophene-2-carboxylate                                      

                            J.A.C.S. 77, 6709 (1955)                           

        b. ethyl thiophene-2-carboxylate                                       

                            J.A.C.S. 77, 6709 (1955)                           

        c. propyl thiophene-2-carboxylate                                      

                            J.A.C.S. 77, 6709 (1955)                           

        d. butyl thiophene-2-carboxylate                                       

                            J.A.C.S. 77, 6709 (1955)                           

        e. isoamyl thiophene-2-carboxylate                                     

                            n.c.                                               

        f. furfuryl thiophene-2-carboxylate                                    

                            n.c.                                               

     (2)                                                                       

        a. thenyl formate   n.c.                                               

        b. thenyl acetate   n.c.                                               

     __________________________________________________________________________

PAR  The new compounds included in sub-class (1) of this group can be obtained
      by reacting thionyl chloride with the corresponding alkoxides according to
      the method described in J.A.C.S. 77, 6709 (1955). There were thus
      obtained:
PAR  1. e. Isoamyl thiophene-2-carboxylate, b.p. 79.degree.-80.degree.C./0.3 mm.
      Hg.
PAR  1. f. Furfuryl thiophene-2-carboxylate, b.p. 109.degree.C./0.07 mm. Hg.
PAR  The new compounds included in sub-class (2) of this group can be obtained
      by acylation of 2-thenyl alcohol which is prepared by reducing
      thiophene-2-aldehyde according to the method described in J. Org. Chem.
      15, 790 (1950). Acylation with the mixed anhydride of formic and acetic
      acids according to the method described in J.A.C.S. 64, 1583 (1942) yields
PAR  2. a. Thenyl formate, b.p. 87.degree.-88.degree.C./15 mm. Hg.  Acylation
      with acetic anhydride yields
PAR  2. b. Thenyl acetate, b.p. 91.degree.C./12 mm. Hg.
PAR  In the organoleptic evaluation test these compounds gave the results set
      out in TABLE XXVIII below.
PAC  XXIX -- Pyridine Esters
PAR  Compounds of this group are of the general formula
      ##SPC47##
PAL  wherein R stands for lower alkyl and n is 0 or 1.
TBL  ______________________________________                                    

     Representative compounds of this group include:                           

     ______________________________________                                    

     (1)  a. methyl (pyridyl-2)-acetate                                        

                                      c.a.                                     

          b. methyl (pyridyl-3)-acetate                                        

                                      c.a.                                     

          c. methyl (pyridyl-4)-acetate                                        

                                      c.a.                                     

          d. ethyl (pyridyl-2)-acetate                                         

                                      c.a.                                     

     (1)  e. ethyl (pyridyl-3)-acetate                                         

                                      c.a.                                     

          f. ethyl (pyridyl-4)-acetate                                         

                                      c.a.                                     

     ______________________________________                                    

PAR  Organoleptic evaluation data are set out in TABLE XXIX below.
PAC  XXX -- Aromatic Sulfur Compounds
PAR  Compounds of this group are of the general formulae:
      ##SPC48##
PAL  wherein R.sub.1 stands for hydrogen, hydroxy, alkoxy or alkyl and R.sub.2
      represents hydrogen or alkyl;
      ##SPC49##
PAL  wherein R.sub.1 stands for hydrogen, hydroxy, alkyl or alkoxy, R.sub.2 may
      be hydrogen or alkyl, R.sub.3 represents alkyl or benzyl and n is 0, 1 or
      2; and
      ##SPC50##
PAL  wherein R stands for alkyl or phenyl.
TBL  __________________________________________________________________________

     Representative compounds include:                                         

     __________________________________________________________________________

     (1)                                                                       

        a. 2-methoxy benzenethiol                                              

                          Ber. 39, 1348 (1906)                                 

        b. benzenethiol   c.a.                                                 

        c. 2-hydroxy-thiophenol                                                

                          Beilstein 6, 793                                     

        d. 2-methyl-benzenethiol                                               

                          c.a.                                                 

        e. 3-methyl-benzenethiol                                               

                          c.a.                                                 

        f. 4-methyl-benzenethiol                                               

                          c.a.                                                 

     (1)                                                                       

        g. 2,4-dimethyl-benzenethiol                                           

                          Ber. 32, 1147                                        

        h. 3,4-dimethyl-benzenethiol                                           

                          J.Org.Chem. 26, 4047 (1961)                          

        i. 2-ethyl-benzenethiol                                                

                          Ber. 59, 349                                         

        j. 2-ethoxy-benzenethiol                                               

                          J.pr.Ch. 114, 231, 235                               

        k. 4-methoxy-benzenethiol                                              

                          c.a.                                                 

     (2)                                                                       

        a. methyl phenyl sulfide                                               

                          c.a.                                                 

        b. dibenzyl sulfide                                                    

                          J.Chem.Soc. 1922, 1404                               

     (3)                                                                       

        a. phenyl methyl disulfide                                             

                          J.A.C.S. 85, 1618 (1963)                             

        b. diphenyl disulfide                                                  

                          Ber. 56, 1929 (1923)                                 

     __________________________________________________________________________

PAR  Evaluation test data are set out in TABLE XXX below.
PAC  XXXI -- Furan Sulfur Compounds
PAR  Compounds of this group are included in the formulae:
      ##SPC51##
PAL  wherein R may be hydrogen, alkyl or alkenyl and n stands for 1 or 2;
      ##SPC52##
PAL  wherein R.sub.1 stands for hydrogen or alkyl, R.sub.2 represents hydrogen,
      alkyl, furfuryl or alkyl-substituted phenyl, and n stands for 0, 1 or 2,
      with the provision that, if R.sub.1 is hydrogen and n is 1, R.sub.2 is
      neither methyl nor furfuryl;
      ##SPC53##
PAL  wherein R is alkyl or furfuryl;
      ##SPC54##
PAL  wherein R.sub.1 represents hydrogen or alkyl and R.sub.2 stands for alkyl
      or furfuryl; and
      ##SPC55##
PAL  wherein R represents an alkyl or an acyl group.
TBL  __________________________________________________________________________

     Representative compounds in this group include:                           

     __________________________________________________________________________

     (1)                                                                       

        a. furfurylthiol acetate                                               

                              n.c.                                             

        b. furfurylthiol propionate                                            

                              n.c.                                             

        c. furfurylthiol butyrate                                              

                              n.c.                                             

        d. furfurylthiol furoate                                               

                              n.c.                                             

        e. furfurylthiol .beta.,.beta.-dimethylacrylate                        

                              n.c.                                             

        f. furfurylthiol tiglate                                               

                              n.c.                                             

        g. furfurylthiol formate                                               

                              n.c.                                             

        h. 2-(furyl-2)-ethanthiol acetate                                      

                              n.c.                                             

     (2)                                                                       

        a. 5-methylfurfuryl methyl sulfide                                     

                              n.c.                                             

        b. furfuryl propyl sulfide                                             

                              n.c.                                             

        c. furfuryl isopropyl sulfide                                          

                              n.c.                                             

        d. furfuryl 5-methylfuryl sulfide                                      

                              n.c.                                             

        e. 5-methylfuryl methyl sulfide                                        

                              n.c.                                             

        f. 2-(furyl-2)-ethanthiol                                              

                              n.c.                                             

     (3)                                                                       

        a. methylthiol furoate                                                 

                              n.c.                                             

     (4)                                                                       

        a. difurfuryl disulfide                                                

                              J.A.C.S. 52, 2141 (1930)                         

     (5)                                                                       

        a. (benzofuryl-2)-methyl methyl sulfide                                

                              n.c.                                             

        b. (benzofuryl-2)-methylthiol acetate                                  

                              n.c.                                             

     __________________________________________________________________________

PAR  The new compounds included in this group XXXI can be obtained as follows:
PAR  1. a. Furfurylthiol acetate was prepared by reacting acetic chloride or
      anhydride with furfurylmercaptan according to the method described in
      Houben-Weyl, 4th ed., vol. 9, 753 (1955). The product has a b.p. of
      90.degree.-92.degree.C./12 mm. Hg.
PAR  According to the same method, but starting from the corresponding acid
      chloride or anhydride, the following products were obtained:
PAR  1. b. Furfurylthiol propionate, b.p. 95.degree.-97.degree.C./10 mm. Hg.
PAR  1. c. Furfurylthiol butyrate, b.p. 105.5.degree.-106.5.degree./10 mm. Hg.
PAR  1. d. Furfurylthiol furoate, b.p. 110.degree.C./0.01 mm. Hg.
PAR  1. e. Furfurylthiol .beta.,.beta.-dimethylacrylate, b.p. 85.degree.C./0.015
      mm. Hg.
PAR  1. f. Furfurylthiol tiglate, b.p. 84.5.degree.-87.5.degree.C./0.03 mm. Hg.
PAR  1. g. Furfurylthiol formate was prepared according to the method used for
      the synthesis of furfuryl formate and described in J.A.C.S. 64, 1583
      (1942). The product had a b.p. of 77.degree.-78.degree.C./8 mm. Hg.
PAR  1. h. 2-(Furyl-2)-ethanthiol acetate was prepared by reacting thioacetic
      acid with 2-vinyl-furane under the action of UV light and in the presence
      of benzoyl peroxide according to the method described in J. Org. Chem. 27,
      2853 (1962). The thio-ester, after isolation by distillation had a b.p. of
      100.degree.-103.degree.C./0.05 mm. Hg.
PAR  2. a. 5-Methylfurfuryl methyl sulfide was prepared by reacting
      5-methylfurfuryl-mercaptan with dimethyl sulfate in alkaline solution
      according to known methods, 5-Methylfurfuryl-mercaptan was obtained from
      the corresponding alcohol by the method described in Org. Syn. 35, 67
      (1955). The product is a colorless liquid boiling at
      71.degree.-72.degree.C./11 mm. Hg.
PAR  2. b. Furfuryl propyl sulfide was prepared by reacting sodium
      furfurylmercaptide with n-propyl bromide according to the method described
      in Houben-Weyl, 4th ed., vol. 9, 97 (1955). The product has a b.p. of
      91.degree.C./15 mm. Hg.
PAR  2. c. Furfuryl isopropyl sulfide was prepared by the same method as used
      for compound (2) b., except that isopropyl bromide was used instead of
      n-propyl bromide. The product has a b.p. of 84.degree.C./16 mm. Hg.
PAR  2. d. Furfuryl 5-methylfuryl sulfide was prepared according to the method
      used for the synthesis of alkylthio-furans and described in C.A. 59, 8681d
      (1963). 2-Methylfuran was reacted with butyl-lithium and then with sulfur.
      The resulting thiol was further reacted (without prior isolation) with
      furfuryl chloride. The product was a slightly yellowish oil having a b.p.
      of 67.degree.C./0.04 -0.05 mm. Hg.
PAR  2. e. Methyl 5-methylfuryl sulfide was prepared by the same method as used
      for compound (2) d. The product was a light yellow liquid having a b.p. of
      80.degree.C./45-50 mm. Hg.
PAR  2. f. 2-(Furyl-2)-ethanethiol was prepared by saponifying 24 g. of
      2-furylethanethiol acetate with alkali in aqueous-alcoholic medium. After
      refluxing for 90 minutes the reaction mixture was neutralized with acetic
      acid and then extracted with ether. Upon distillation there were obtained
      14.4 g. of 2-(furyl-2)-ethanethiol having a b.p. of
      61.degree.-62.degree.C./0.03 mm. Hg; n.sub.D.sup.22.3 = 1.5653;
      d.sub.4.sup.23.2 = 1.153
PAR  3. a. Methylthiol fuorate was prepared by reacting furoyl chloride with
      methylmercaptan according to the method described in Houben-Weyl, 4th ed.,
      vol. 9, 753 (1953). It has a b.p. of 92.degree.-93.degree.C./11 mm. Hg.
PAR  5. a. Benzofurfuryl-2 methyl sulfide was prepared by reacting
      (benzofurfuryl-2)-mercaptan with dimethyl sulfate in alkaline solution.
      The sulfide thus obtained has a b.p. of 108.degree.-109.degree.C./0.4 mm.
      Hg.
PAR  The starting (benzofurfuryl-2)-mercaptan was obtained from the
      corresponding alcohol according to the method described in Org. Synth. 35,
      67 (1955).
PAR  5. b. (Benzofurfuryl-2)-thiol acetate was prepared by the same method as
      used for compound (1) a. (furfurylthiol acetate). The product has a b.p.
      of 120.degree.-122.degree.C./0.8 mm Hg.
PAR  Evaluation test data are set out in TABLE XXXI below.
PAC  XXXII -- Thiophene Sulfur Compounds
PAR  This group comprises compounds corresponding to the following general
      formulae:
      ##SPC56##
PAL  wherein R represents hydrogen, alkyl, acetyl or thenyl, and n is 1 or 2;
      and
      ##SPC57##
PAL  wherein R stands for alkyl or furfuryl.
PAR  Specific examples of compounds corresponding to these formulae include:
     (1)                                                                       

        a. thenyl-mercaptan Compt.rend. 229, 1343 (1949)                       

        b. thenyl methyl sulfide                                               

                            Compt.rend. 229, 1343 (1949)                       

        c. thenylthiol acetate                                                 

                            n.c.                                               

        d. 2-(thienyl-2)-ethanethiol                                           

                            n.c.                                               

        e. 2-(thienyl-2)-ethanethiol acetate                                   

                            n.c.                                               

        f. dithenyl sulfide n.c.                                               

     (2)                                                                       

        a. thiothenoic acid S-methyl ester                                     

                            n.c.                                               

        b. thiothenoic acid S-ethyl ester                                      

                            n.c.                                               

        c. thiothenoic acid S-furfuryl ester                                   

                            n.c.                                               

PAR  The new compounds of this group can be obtained as follows:
PAR  1. c. Thenylthiol acetate was prepared by the same method as used for
      compound (1) a. (furfurylthiol acetate) of Group XXXI above. The product
      is a colorless liquid having a b.p. of 113.degree.-114.degree.C.
PAR  1. d. 2-(Thienyl-2)-ethanethiol. 2-Vinyl-thiophene [obtained by the method
      described in Org. Synth. 38, 86 (1958] was reacted with thioacetic acid
      according to the method described in J. Org. Chem. 27, 2853 (1962), and
      the resulting addition product was subjected to hydrolysis with an acid.
      The product has a b.p. of 55.degree.C./0.1 mm. Hg.
PAR  1. e. 2-(Thienyl-2)-ethanethiol acetate was obtained as the intermediate
      product obtained by reacting 2-vinyl-thiophene with thioacetic acid in the
      preparation of compound (1) d. above. The product has a b.p. of
      90.degree.C./0.07 mm. Hg.
PAR  1. f. Dithenyl sulfide was prepared by the same method as used for compound
      (1) b. (dithenyl ether) of Group X above, except that thenylmercaptan was
      used instead of thenyl alcohol. The product has a b.p. of
      118.degree.C./0.04 mm. Hg.
PAR  Compounds (2) a, (2) b, and (2) c. were prepared by reacting thionyl
      chloride with the sodium salts of the corresponding mercaptans in
      alcoholic solution according to the method described in J.C.A.S. 77, 6709
      (1955). After refluxing for 1 hour the reaction mixture was filtered and
      concentrated. The residue was purified by chromatography on a silica-gel
      column using a benzene-hexane mixture 8:2 as the eluant. The structure of
      the resulting products was identified by mass spectrometry;
PAR  2. a. Thiothenoic acid S-methyl ester: Ion peaks with relative intensities:
      111 (100%), 39 (22%) and 158 (12%).
PAR  2. b. Thiothenoic acid S- ethyl ester: Ion peaks with relative intensities:
      111 (100%), 39 (17%) and 172 (10%).
PAR  2. c. Thiothenoic acid S-furfuryl ester: Ion peaks with relative
      intensities: 111 (100%), 81 (73.5%) and 39 (20%).
PAR  Organoleptic evaluation data are set out in TABLE XXXII below.
PAC  XXXIII -- Pyridine Sulfur Compounds
PAR  The compounds included in this group have the general formula:
      ##SPC58##
PAL  wherein R stands for hydrogen, alkyl, acyl or pyridyl, and n is 0 or 1.
TBL  __________________________________________________________________________

     As examples there can be mentioned:                                       

     __________________________________________________________________________

     (1)                                                                       

        a. (pyridyl-2)-methanthiol                                             

                               C.A. 55, 4542b (1961)                           

        b. 2-mercapto-pyridine c.a.                                            

        c. 2-methylthio-pyridine                                               

                               n.c.                                            

        d. 2-ethylthio-pyridine                                                

                               n.c.                                            

     (1)                                                                       

        e. (pyridyl-2)-thiol acetate                                           

                               n.c.                                            

        f. di(pyridyl-2)-sulfide                                               

                               J.Chem.Soc. 1942, 239                           

        g. 2-(pyridyl-2)-ethanethiol                                           

                               J.Org.Chem. 26, 82 (1961)                       

        h. 2-(pyridyl-2)-ethyl methyl sulfide                                  

                               see below                                       

        i. 2-(pyridyl-2)-ethyl ethyl sulfide                                   

                               n.c.                                            

        j. 2-(pyridyl-2)-ethanethiol acetate                                   

                               see below                                       

        k. 2-(pyridyl-2)-ethyl furfuryl sulfide                                

                               n.c.                                            

        l. (pyridyl-2)-methyl methyl sulfide                                   

                               Helv. 47, 1754 (1964)                           

        m. (pyridyl-2)-methyl ethyl sulfide                                    

                               n.c.                                            

        n. (pyridyl-2)-methanethiol acetate                                    

                               n.c.                                            

     __________________________________________________________________________

PAR  The method used for preparing the known compound (1) h.
      [2-(pyridyl-2)-ethyl methyl sulfide] was as follows: 2-Vinylpyridine was
      reacted with methylmercaptan by the action of UV light in the presence of
      trace amounts of benzoyl peroxide and diphenyl sulfide. The product has a
      b.p. of 48.degree.C./0.03 mm Hg.
PAR  The same method was used for preparing the known compound (1) j., except
      that thioacetic acid was used instead of methylmercaptan. The product has
      a b.p. pf 80.degree.C./0.02 mm. Hg.
PAR  The new compounds included in this Group XXXIII can be obtained as follows:
PAR  1. c. 2-Methylthio-pyridine was prepared according to the method described
      in Houben-Weyl, 4th ed., vol. 9, 7 (1955) by alkylating
      2-mercapto-pyridine with methyl halide. The resulting pyridinium salt was
      neutralized with NaOH and the base thus obtained extracted and distilled.
      The product had a b.p. of 67.degree.-68.degree.C./10 mm. Hg.
PAR  1. d. 2-Ethylthio-pyridine was prepared by the same method as used for
      compound (1) c., except that ethyl halide was used instead of methyl
      halide. The product had a b.p. of 77.degree.-77.5.degree.C./8 mm. Hg.
PAR  1. e. (Pyridyl-2)-thiol acetate was prepared by reacting acetic anhydride
      with 2-mercaptopyridine in alkaline medium according to the method
      described in Houben-weyl, 4th ed., vol. 9, 753 (1955) and in J.A.C.S. 59,
      1089 (1957). The product has a b.p. of 117.degree.-118.degree.C./9 mm. Hg.
PAR  1. i. 2-(Pyridyl-2)-ethyl ethyl sulfide was prepared by the same method as
      used for compound (1) h., except that ethylmercaptan was used instead of
      methyolmercaptan. The product has a b.p. of 62.degree.C./0.005 mm. Hg.
PAR  1. m. (pyridyl-2)-methyl ethyl sulfide was prepared by the same method as
      used for compound (1) 1. The product has a b.p. of
      107.degree.-110.degree.C./10 mm. Hg.
PAR  1. n. (Pyridyl-2)-methanethiol acetate was prepared by reacting acetyl
      chloride with 2-mercaptomethylpyridine in alkaline medium. The product has
      a b.p. of 102.degree.-103.degree.C./9 mm. Hg.
PAR  Evaluation test data are reported in TABLE XXXIII below.
PAC  XXXIV -- Pyrrole Sulfur Compounds
PAR  These sulfur compounds correspond to the following general formula:
      ##SPC59##
PAL  wherein R represents alkyl, furfuryl or acyl. As examples, there can be
      mentioned:
     (1)  a.     N-methyl-pyrryl-2 methyl sulfide                              

                                          n.c.                                 

          b.     N-methyl-pyrryl-2 ethyl sulfide                               

                                          n.c.                                 

          c.     N-methyl-pyrryl-2 furfuryl sulfide                            

                                          n.c.                                 

          d.     (N-methyl-pyrryl-2)-methylthiol acetate                       

                                          n.c.                                 

PAR  The new compounds included in this Group XXXIV can be obtained as follows:
PAR  1. a. N-Methyl-pyrryl-2 methyl sulfide was prepared by alkylating of
      N-methyl-(pyrryl-2)-methylmercaptan with methyl iodide according to the
      method described in Houben-weyl, 4th ed., vol. 9, 97 (1955). The product
      has a b.p. of 90.degree.C./10 mm. Hg.
PAR  1. b. N-Methyl-pyrryl-2 ethyl sulfide was prepared by the same method as
      used for compound (1) a., except that ethyl bromide was used in place of
      methyl iodide. The product has a b.p. of 99.degree.C./10 mm. Hg.
PAR  1. c. N-Methyl-pyrryl-2 furfuryl sulfide was prepared by the same method as
      used for compound (1) a., except that furfuryl chloride was used in place
      of methyl iodide. The product has a b.p. of 94.degree.C./0.01 mm. Hg.
PAR  1. d. (N-Methyl-pyrryl-2)-methylthiol acetate was prepared by acylating
      (N-methyl-pyrryl-2)-methylmercaptan according to the method described in
      Houben-Weyl, 4th ed., vol. 9, 753 (1958). The product has a b.p. of
      69.degree.C./0.05 mm. Hg.
PAR  Evaluation test data are set out in TABLE XXXIV below.
PAC  XXXV -- Pyrazine Sulfur Compounds
PAR  The compounds of this group can be represented by the following general
      formulae:
      ##SPC60##
PAL  wherein n is 0, 1 or 2, R.sub.1 represents hydrogen, alkyl, acyl or
      furfuryl and R.sub.2 stands for hydrogen or methyl with the proviso that
      R.sub.1 and R.sub.2 cannot both be methyl if n is 0;
      ##SPC61##
PAL  wherein R stands for hydrogen, alkyl, furfuryl or acyl.
PAR  Illustrative examples of compounds corresponding to formulae (1) and (2)
      include:
TBL  (1)  a.     (2-methylpyrazinyl-3, -5 and -6)                              

                                          n.c.                                 

                 furfuryl sulfide                                              

          b.     pyrazinylmethyl-mercaptan                                     

                                          n.c.                                 

          c.     pyrazinylmethyl methyl sulfide                                

                                          n.c.                                 

          d.     pyrazinylmethyl ethyl sulfide                                 

                                          n.c.                                 

          e.     pyrazinylmethyl furfuryl sulfide                              

                                          n.c.                                 

          f.     pyrazinylmethylthiol acetate                                  

                                          n.c.                                 

          g.     2-pyrazinyl-ethyl mercaptan                                   

                                          n.c.                                 

          h.     2-pyrazinyl-ethyl methyl sulfide                              

                                          n.c.                                 

          i.     2-pyrazinyl-ethyl ethyl sulfide                               

                                          n.c.                                 

          j.     2-pyrazinyl-ethyl furfuryl sulfide                            

                                          n.c.                                 

          k.     2-pyrazinyl-ethylthiol acetate                                

                                          n.c.                                 

     (2)  a.     2,5-dimethyl-3-mercapto-pyrazine                              

                                          n.c.                                 

          b.     2,5-dimethyl-3-methylthio-pyrazine                            

                                          n.c.                                 

          c.     2,5-dimethyl-3-ethylthio-pyrazine                             

                                          n.c.                                 

          e.     2,5-Dimethyl-3-acetylthio-pyrazine                            

                                          n.c.                                 

          d.     2,5-dimethyl-3-furfurylthio-pyrazine                          

                                          n.c.                                 

PAR  The new compounds included in this group can be obtained as follows:
PAR  1. a. (2-Methylpyrazinyl-3, -5 and -6) furfuryl sulfide (mixture): A
      mixture of 2-methyl-3-, 5- and 6-chloropyrazine was prepared by
      chlorination of 2-methylpyrazine according to the method described in J.
      Org. Chem. 26, 2356, 2360 (1961). 0.2 Mole of the above
      2-methyl-chloropyrazine mixture was added to 0.2 mole of a sodium
      furfurylmercaptide suspension in 250 ml. of xylene. The mixture was boiled
      for 6 hours. After cooling 250 ml. of water were added, the organic layer
      was concentrated and distilled, 13.5 g. of a mixture of
      (2-methylpyrazinyl-3, -5 and-6) furfuryl sulfide were obtained; b.p.
      153.degree.-156.degree.C./10 Torr; n.sub.D.sup.20 = 1.5970; d.sub.4.sup.20
      = 1.2164.
PAR  1. b. Pyrazinylmethylmercaptan: a solution of 6.3 g. (0.05 mole) of
      chloromethylpyrazine [obtained according to the method described in
      J.Org.Chem. 26, 2356 (1961)] in 20 ml. of ether was added slowly, with
      stirring, to a solution of sodium hydrogensulfide (60%) in 50 ml. of
      absolute methanol. Stirring of the reaction mixture at room temperature
      was continued for 3 hours. The precipitate which had formed was removed by
      filtering, the solvents were evaporated, and the residue was dissolved in
      water. The solution was extracted twice with ether. The aqueous phase was
      neutralized with acetic acid and extracted with ether. After drying of the
      extract the solvent was evaporated and the residue dstilled. 0.25 g. of
      pyrazinylmethylmercaptan boiling at 44.degree.-45.degree.C./0.7 mm. Hg.
      was obtained.
PAR  1. c. Pyrazinylmethyl methyl sulfide was prepared according to the method
      described in Houben-Weyl, 4th ed., vol. 9, 97 (1955) by reacting
      chloromethylpyrazine [obtained by the method described in J. Org. Chem.
      26, 2356 (1961)] with sodium methylmercaptide. The product has a b.p. of
      105.degree.-106.degree.C./12 mm. Hg.
PAR  1. d. Pyrazinylmethyl ethyl sulfide was prepared by the same method as used
      for compound (1) c., except that sodium ethylmercaptide was used in place
      of sodium methylmercaptide. The product has a b.p. of
      114.degree.-116.degree.C./12 mm. Hg.
PAR  1. e. Pyrazinylmethyl furfuryl sulfide was prepared by the same method as
      used for compound (1) c., except that sodium furfurylmercaptide was used
      instead of sodium methylmercaptide. The product has a b.p. of
      116.degree.C./0.05 mm. Hg.
PAR  1. f. Pyrazinylmethylthial acetate was prepared by acetylation of
      pyrazinylmethylthiol according to the method described in Houben-Weyl,
      4th. ed., vol. 9, 753 (1955). The product has a b.p. of 52.degree.C./0.02
      mm. Hg.
PAR  1. g. 2-Pyrazinyl-ethyl mercaptan was prepared by reacting vinylpyrazine
      [obtained by the method decribed in J.Org.Chem. 27, 1363 (1962)] and
      hydrolizing the resulting thiolic acid ester according to the method
      described in J. Org. Chem. 22, 980 (1957). The product has a b.p. of
      56.5.degree.-60.degree.C./0.003 mm. Hg.
PAR  1. h. 2-Pyrazinyl-ethyl methyl sulfide was prepared by reacting
      vinylpyrazine [c.f. J. Org. Chem. 27, 1363 (1962] with methylmercaptan by
      the action of ultra violet light and in the presence of benzoyl peroxide
      by the method described in Acta Chem. Scand. 8, 295 (1954). The product
      was identified by mass spectrometry. It has a b.p. of
      57.degree.-69.degree.C. at 0.05 mm. Hg.
PAR  1. i. 2-Pyrazinyl-ethyl ethyl sulfide was prepared by the method used for
      compound (1) h., but using ethylmercaptan. It has a b.p. of
      75.degree.C./0.03 mm. Hg.
PAR  1. j. 2-Pyrazinyl-ethyl furfuryl sulfide was prepared by the method used
      for compounds (1) h., but using furfuralmercaptan The product has a b.p.
      of 116.degree.-117.degree.C./0.01 mm. Hg.
PAR  1. k. 2-pyrazinyl-ethylthiol acetate was prepared by reacting vinylpyrazine
      with thioacetic acid in the presence of benzoyl peroxide as a catalyst
      according to the method described in J. Org. Chem. 27, 2853 (1962). The
      product has a b.p. of 80.degree.C./0.02 mm. Hg.
PAR  2. a. 2,3-Dimethyl-3-mercapto-pyrazine: A solution of 1.3 g. (0.023 mole)
      of sodium hydrogensulfide and 2.5 g. (0.01 mole) of
      2,5-dimethyl-3-iodo-pyrazine in 70 ml. of absolute methanol was refluxed
      for 3 hours. After evaporation of the alcohol the residue was dissolved in
      1-n NaOH., the solution was filtered and the filtrate was neutralized with
      actic acid. After isolation by the usual treatments the reaction product
      was sublimated. There was obtained 0.81 g. of a yellow powder having a
      m.p. of 182.degree.-185.degree.C.
PAR  2. b. 2,5-Dimethyl-3-methylthio-pyrazine: 2.85 g. (0.02 mole) of
      2,5-dimethyl-3-chloropyrazine and 0.06 mole of methylmercaptan were
      dissolved in a solution of 0.,7 g. of sodium in 20 ml. of absolute
      ethanol. The reaction mixture was refluxed for 45 minutes. After removal
      of the alcohol by distillation the residue was dissolved in water and the
      sulfide was extracted with ether and distilled. The product *yield 75.6%)
      has a b.p. of 40.degree.-50.degree.C./11 mm. Hg.
PAR  2. c. 2,5-Dimethyl-3-ethylthio-pyrazine was prepared in the same manner as
      compound (2) b., except that 0.06 mole of ethylmercaptan was used instead
      of methylmercaptan. The product (yield 75%) has a b.p. of 128.degree.C./9
      mm. Hg.
PAR  2. d. 2,5-Dimethyl-3-furfurylthio-pyrazine was prepared in the same manner
      as compound (2) b., except that 0.06 mole of furfurylmercaptan was used
      instead of methylmercaptan. The product (yield 75%) has a b.p. of
      115.degree.-120.degree.C./0.02 mm. Hg.
PAR  2. e. 2,5-Dimethyl-3-acetylthio-pyrazine was prepared by acetylating
      2,5-dimethyl-3-mercapto-pyrazine [compound (2) a.] with acetic anhydride
      in an alkaline medium according to the method described in Houben-Weyl,
      4th ed., vol. 9, 753 (1955). The product has a m.p. of
      36.degree.-42.degree.C.
PAR  Organoleptic evaluation test data are reported in TABLE XXXV below.
PAC  XXXVI -- Phenols and Phenol Ethers
PAR  The compounds of this group can be represented by the following general
      formulae:
      ##SPC62##
PAL  wherein R.sub.1 represents alkyl or acetyl and R.sub.2 represents hydrogen
      or methyl, with the proviso that R.sub.1 and R.sub.2 together comprise at
      least 2 carbon atoms;
      ##SPC63##
PAL  wherein R represents alkyl.
TBL  __________________________________________________________________________

     Examples of compounds defined by the above formulas:                      

     __________________________________________________________________________

     (1), (2) and (3) include:                                                 

     (1)                                                                       

        a. 2-ethyl-phenol    c.a.                                              

        b. 3-ethyl-phenol    c.a.                                              

     (1)                                                                       

        c. 4-ethyl-phenol    c.a.                                              

        d. 4-isopropyl-phenol                                                  

                             Compt.rend. 177, 453                              

                             (1923)                                            

        e. 2,3-xylenol       c.a.                                              

        f. 2,4-xylenol       c.a.                                              

        g. 2,5-xylenol       c.a.                                              

        h. 2,6-xylenol       c.a.                                              

        i. 3,4-xylenol       c.a.                                              

        j. 3,5-xylenol       c.a.                                              

        k. 2-hydroxy-acetophenone                                              

                             c.a.                                              

        l. 2-hydroxy-propiophenone                                             

                             Org.synth,13, 90 (1933)                           

        m. 4-hydroxy-propiophenone                                             

                             Org.Synth.13, 90 (1933)                           

        n. 5-methyl-2-hydroxy-acetophenone                                     

                             Ann. 460, 83 (1927)                               

     (2)                                                                       

        a. 2,3,5-trimethyl-phenonl                                             

                             c.a.                                              

        b. 2,4,6-trimethyl-phenol                                              

                             c.a.                                              

        c. 2,4,5-trimethyl-phenol                                              

                             c.a.                                              

        d. 3,4,5-trimethyl-phenol                                              

                             c.a.                                              

     (3)                                                                       

        a. 4-ethyl-2-methoxy-phenol                                            

                             c.a.                                              

        b. 4-propyl-2-methoxy-phenol                                           

                             Helv. 8, 334 (1925)                               

     The present group also comprises the single compound                      

     (4)                                                                       

        a. 4-vinyl-1,2-dimethoxy-benzene.                                      

     __________________________________________________________________________

PAR  Evaluation test data are set out in TABLE XXXVI below.
PAC  XXXVII -- Aliphatic Oxoalcohols
PAR  This group comprises compounds having the general formula
EQU  R--CO--CH.sub.2 OH                                         (1)
PAL  wherein R stands for alkyl. Examples of compounds corresponding to this
      definition include:
TBL  (1)  a. 2-Oxo-propan-1-ol                                                 

                          Ann. 596, 61 (1955)                                  

     (1)  b. 2-oxo-butan-1-ol                                                  

                          Ann. 596, 68 (1955)                                  

PAR  Flavor evaluation data are set out in TABLE XXXVII below.
PAC  XXXVIII -- Miscellaneous
PAR  This group comprises compounds of the classes represented by the following
      general formulae:
      ##SPC64##
PAL  wherein R stands for hydrogen, methyl or ethyl;
      ##SPC65##
PAL  wherein each of the symbols X and Y represents oxygen or sulfur;
EQU  R.sub.1 --CH.sub.2 COCH.sub.2 S--R.sub.2                   (3)
PAL  wherein R.sub.1 represents hydrogen or alkyl and R.sub.2 stands for alkyl
      or furfuryl;
      ##EQU2##
      wherein R.sub.1 is alkyl and R.sub.2 stands for alkyl or furfuryl.
TBL  __________________________________________________________________________

     Specific compounds included in the above formulae are:                    

     (1)                                                                       

        a. thiophane-3-one  J.A.C.S. 68, 2229 (1946)                           

        b. 2-methyl-thiophane-3-one                                            

                            Helv. 27, 124 (1944)                               

     (2)                                                                       

        a. 2,6-dimethyl-gamma-pyrone                                           

                            Ber. 69, 2379 (1936)                               

        b. 2,6-dimethyl-thio-gamma-pyrone                                      

                            Ber. 52, 1539 (1919)                               

        c. 2,6-dimethyl-dithio-gamma-pyrone                                    

                            Compt.rend. 238, 1717 (1954)                       

     (3)                                                                       

        a. furfurylthioacetone                                                 

                            n.c.                                               

        b. 1-methylthio-butan-2-one                                            

                            n.c.                                               

     (3)                                                                       

        c. methylthioacetone                                                   

                            J.A.C.S. 76, 164 (1954)                            

     (4)                                                                       

        a. dimethylmercaptal of                                                

        .alpha.-methylbutanal                                                  

                            n.c.                                               

        b. difurfurylmercaptal of                                              

        .alpha.-methylbutanal                                                  

                            n.c.                                               

        The present group also includes:                                       

     (5)                                                                       

        a. 5-methyl-furyl-2-nitrile                                            

                            J.A.C.S. 54, 2549 (1932)                           

     __________________________________________________________________________

PAR  The new compounds included in this group XXXVIII can be obtained as
      follows:
PAR  3. a. Furfurylthioacetone was prepared in the same manner as
      methylthioacetone [cf. compound (3)c.] according to the method described
      in J.A.C.S. 76, 114 (1954) by condensing 0.122 mole of chloroacetone with
      0.11 mole of sodium furfurylmercaptide. After the usual separation and
      purification of the reaction product there were obtained by distillation
      13. 9 g. of pure furfurylthioacetone distilling at
      115.degree.-177.degree.C./10 Torr. n.sub.D.sup.22.8 -  1.5250;
      d.sub.4.sup.23 = 1.150.
PAR  3. b. 1-Methylthio-butan-2-one was prepared in the same manner as
      methylthioacetone according to the method described in J.A.C.S. 76, 114
      (1954) by condensing 0.122 mole of 1-chlorobutan-2-one [obtained according
      to the method described in Ber. 82, 229 (1949)] with 0.11 mole of sodium
      methylmercaptide. The reaction product was separated by filtration from
      the NaCl formed in the reaction and concentration of the filtrate. By
      distillation of the residue there were obtained 8.2 g. of pure
      1-methylthio-butan-2-one distilling at 52.degree.-53.degree.C./8 Torr.
      n.sub.D.sup.22 = 1.4700; d.sub.4.sup.22 = 0.9970.
PAR  4. a. Dimethylmercaptal of .alpha.-methylbutanal: Dry HCl was introduced
      into a mixture of 0.05 mole .alpha.-methylbutanal and 0.11 mole
      methanthiol. By cooling the temperature was maintained between 0.degree.
      and 5.degree.C. After 15 minutes 50 ml. of water were added, the mixture
      extracted with ether, the ether layer washed with a NaHCO.sub.3 solution
      and water. By distillation of the ether concentrate 4.2 g. of
      dimethylmercaptal of .alpha.-methylbutanal were obtained; b.p.
      75.degree.-76.degree.C./8 Torr; n.sub.D.sup.24 = 1.5050; d.sub.4.sup.24 =
      0.9761.
PAR  4. b. Difurfurylmercaptal of .alpha.-methylbutanal: This compound was
      prepared by the same method as compound (4) a., using 0.11 mole of
      furfurylmercaptan instead of methanthiol. 6.4 g. of difurfurylmercaptal
      were obtained; b.p. 130.degree.C./0.1 Torr; n.sub.D.sup.22.8 = 1.5500;
      d.sub.4.sup.23 = 1.126.
PAR  Organoleptic evaluation as flavor agents gave the results set out in TABLE
      XXXVIII below.
PAC  ORGANOLEPTIC EVALUATIONS
PAR  As was described above, the compounds of this invention were subjected to
      organoleptic evaluation tests either in a syrup base (A), or one of the
      soluble coffee bases (B and C). The following tables give the results of
      these organoleptic evaluations. In the tables, the Roman numeral refers to
      the number of the group from which the test compounds were selected. The
      column headed "Number" refers to the number of the test compound of the
      corresponding group. The column headed "Test" gives the Method of the
      Test, as described hereinbefore, and the column headed "Quantity" sets out
      the amount of the Test Compound used in grams per 100 liters of the base
      material.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     ORGANOLEPTIC EVALUATION TABLES                                            

     Number                                                                    

         Test                                                                  

            Quantity                                                           

                    Organoleptic Characterization                              

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.2     neroli-, bergamot- and                                     

                    cinnamon-like; natural note                                

     (1)b.                                                                     

         A  0.05    green note                                                 

     (1)c.                                                                     

         A  0.15    green note; rose-like                                      

     (1)d.                                                                     

         A  1       grape- and fig-like                                        

     (1)d.                                                                     

         C  0.03    winey, buttery, woody, nutty                               

     (1)e.                                                                     

         A  5       green, metallic taste                                      

     __________________________________________________________________________

TBL                                    TABLE II                                

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.05 to green, musty taste                                         

            0.1                                                                

     (1)b.                                                                     

         A  0.1     oily, aromatic                                             

     (1)c.                                                                     

         A  0.15    oily taste                                                 

     (1)d.                                                                     

         A  0.15    aromatic taste                                             

     (1)e.                                                                     

         A  1.0     aromatic taste                                             

     (1)f.                                                                     

         A  0.25    mouldy, tarry taste                                        

     (1)g.                                                                     

         A  1.0     mouldy, aromatic taste                                     

     (1)h.                                                                     

         A  0.25    aromatic taste                                             

     (1)i.                                                                     

         A  1.0     earthy taste                                               

     (1)j.                                                                     

         A  2.0     sweet, anise- and honey-like taste                         

     (1)k.                                                                     

         A  0.5     strawberry-like                                            

     (1)l.                                                                     

         A  0.25    earthy taste                                               

     (1)m.                                                                     

         A  1       slightly fruity; dry                                       

     (1)n.                                                                     

         A  0.15    fatty, earthy taste                                        

     (1)o.                                                                     

         A  0.25 - 0.50                                                        

                    aromatic taste                                             

     (1)p.                                                                     

         A  1.0     aromatic earthy taste                                      

     __________________________________________________________________________

TBL                                    TABLE III                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.5     phenolic; coffee-grounds                                   

     (1)a.                                                                     

         B  0.5-1.0 enhancement of the roasted note                            

     (1)a.                                                                     

         C  0.68    grounday; cereal-like                                      

     (2)a.                                                                     

         A  0.05    styrene-like; aromatic                                     

     (2)b.                                                                     

         A  1-3     slightly phenolic; burnt taste                             

     (2)b.                                                                     

         B  0.4     enhancement of the bitter note                             

     (2)c.                                                                     

         A  0.3     salicylate-like taste                                      

     (2)d.                                                                     

         A  0.25    earthy flavor note                                         

     (2)e.                                                                     

         A  1.0     burnt, caramel taste                                       

     (2)f.                                                                     

         A  0.25    phenolic; saffron-like                                     

     (2)g.                                                                     

         B  0.12    earthy; mushroom-like; hazelnut                            

     (2)h.                                                                     

         B  0.50    burnt; green-taste                                         

     (2)i.                                                                     

         B  0.095   earthy flavor note                                         

     (3)a.                                                                     

         A  1.0     aromatic taste                                             

     (3)a.                                                                     

         C  0.1     medicinal; camphor; ricy                                   

     (3)b.                                                                     

         A  1.0     green-cooked taste                                         

     (3)a.                                                                     

         C  0.11    liquorice-like; sen-sen                                    

     (3)c.                                                                     

         A  2.0     green-owdery taste                                         

     (3)c.                                                                     

         C  0.068   bitter; wintergreen mouthfeel                              

     __________________________________________________________________________

TBL                                    TABLE IV                                

     __________________________________________________________________________

     (1)a.                                                                     

         B  0.75    roasted; bitter; green                                     

     (1)a.                                                                     

         C  1.1     nitrobenzene-like                                          

     (1)b.                                                                     

         B  0.85    fatty; winey                                               

     (1)c.                                                                     

         A  1.0     styrene-like                                               

     (1)d.                                                                     

         A  0.5     styrene-like                                               

     (1)e.                                                                     

         A  1.0     chemical-like taste                                        

     (1)f.                                                                     

         A  0.1     styrene-like                                               

     (1)g.                                                                     

         C  0.11    hydrocarbon like                                           

     (1)h.                                                                     

         A  0.1     burnt; horn-like; methyl furoate-like                      

     (1)h.                                                                     

         C  0.54    solvent; latex paint-like                                  

     (1)i.                                                                     

         A  1.0     diphenyloxide-like                                         

     (1)j.                                                                     

         A  1.0-2.0 onion-like                                                 

     (1)k.                                                                     

         A  1.0     green taste                                                

     (2)a.                                                                     

         A  0.05    styrene-like                                               

     (2)a.                                                                     

         C  0.01    sulfury; nutty; buckwheat-like                             

     (3)a.                                                                     

         A  0.25    fruity, green                                              

     (3)a.                                                                     

         C  0.01    geranium, metallic; acid; sulfury                          

     (3)b.                                                                     

         A  1.0     fruity taste                                               

     (3)c.                                                                     

         A  0.5     green taste                                                

     (3)c.                                                                     

         C  0.068   apricot,medicinal; sulfury; sour                           

     (3)d.                                                                     

         A  1.0     dry fruit flavor                                           

     (4)a.                                                                     

         A  0.025   dry phenolic taste                                         

     (4)a.                                                                     

         B  0.042   modified phenolic note                                     

     (4)a.                                                                     

         C  0.042   iodoform; sulfury                                          

     (4)b.                                                                     

         A  1.0     fruity; green taste                                        

     (5)a.                                                                     

         B  0.006   hydrocarbon; rubbery; earthy                               

     (5)b.                                                                     

         B  0.12    hydrocarbon; phenolic                                      

     __________________________________________________________________________

TBL                                    TABLE V                                 

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.2     burnt taste                                                

     (1)b.                                                                     

         A  0.1     green, fatty taste                                         

     (1)c.                                                                     

         A  0.03    fatty taste                                                

     (1)c.                                                                     

         C  0.021   aldehyde like                                              

     (1)d.                                                                     

         A  0.1     green taste                                                

     (2)a.                                                                     

         A  2.0     fruity taste                                               

     (2)a.                                                                     

         C  0.016   earthy, mushroom-like                                      

     (2)b.                                                                     

         A  0.25    gooseberry-like                                            

     (2)b.                                                                     

         C  0.013   geranium; green; rubbery; sulfury                          

     __________________________________________________________________________

TBL  Number                                                                    

         Test                                                                  

            Quantity                                                           

                    Organoleptic Characterization                              

     __________________________________________________________________________

     TABLE VI                                                                  

     __________________________________________________________________________

     (1)a.                                                                     

         B  0.6     astringent; hazel-nut; basic taste                         

     (1)b.                                                                     

         B  0.25    green; earthy; hazel-nut-like                              

     (1)c.                                                                     

         A  0.25    carmel-like - roasted                                      

                    hazelnut-like taste                                        

     (1)c.                                                                     

         C  0.096   buttery; green; cereal; caramel                            

     (1)d.                                                                     

         A  0.5     green; melon-like taste                                    

     (1)e.                                                                     

         A  0.5-1.0 fatty taste                                                

     (1)f.                                                                     

         A  0.25    green, burnt, coffee-like                                  

     (1)g.                                                                     

         A  0.25    green, fruity, strawberry-like,                            

                    melon-like taste                                           

     (1)h.                                                                     

         A  0.3     fatty; green                                               

     (1)i.                                                                     

         A  0.6     coffee-like                                                

     (1)i.                                                                     

         B  0.5     roasted, rubbery                                           

     (1)j.                                                                     

         A  1.0     green                                                      

     (1)j.                                                                     

         B  1.0     basic; bitter; astringent                                  

     (1)k.                                                                     

         A  0.3     rum-like;                                                  

     (1)k.                                                                     

         B  0.15    roasted; green; earthy                                     

     (1)l.                                                                     

         A  1.0     green                                                      

     (1)l.                                                                     

         B  0.2     green; astringent; earthy                                  

     (1)m.                                                                     

         A  2.0     green                                                      

     (1)m.                                                                     

         B  0.6     almond-like;                                               

     (1)n.                                                                     

         A  0.8     green; fatty; roasted                                      

     (1)n.                                                                     

         B  0.25    basic; green; hazelnut-like                                

     (1)o.                                                                     

         A  0.2     green                                                      

     (1)o.                                                                     

         B  0.13    astsringent, roasted; hazelnut                             

     (1)p.                                                                     

         B  0.6     basic; green                                               

     (1)q.                                                                     

         B  0.25    bitter; earthy; roasted                                    

     (1)r.                                                                     

         B  0.3     bitter; caramel                                            

     (1)s.                                                                     

         B  0.75    bitter; basic                                              

     (1)t.                                                                     

         B  0.45    green; astringent                                          

     (1)u.                                                                     

         C  0.054   winey; buttery; acid; cereal-like:                         

                    sulfury; caramel; solvent-like                             

     __________________________________________________________________________

TBL                                    TABLE VII                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.3     burnt, hardnut taste                                       

     (1)a.                                                                     

         B  0.4     enhanced the woody and coffee ground                       

                    note                                                       

     (1)b.                                                                     

         A  0.5     green,vegetable-like                                       

     (1)b.                                                                     

         C  0.17    earthy, potato-like                                        

     (1)c.                                                                     

         A  0.5     earthy flavor                                              

     (1)c.                                                                     

         C  0.2     green; nitrobenzene                                        

     (1)d.                                                                     

         A  0.5     earthy, potato-like                                        

     (1)d.                                                                     

         B  0.1-0.2 enhanced the woody and coffee grounds                      

                    notes; adds a bitter note                                  

     (1)d.                                                                     

         C  0.084   earthy; green; sulfury; mouthfeel                          

     (1)e.                                                                     

         A  0.25    anise-like, liquorice flavor                               

     (1)f.                                                                     

         A  1.0     hazelnut, coffee-like                                      

     (1)g.                                                                     

         A  0.5     anise-like                                                 

     (1)h.                                                                     

         A  2.0     slight caramel flavor                                      

     (1)i.                                                                     

         A  0.1     earthy; potato; hazelnut taste                             

     (1)i.                                                                     

         B  0.01-0.02                                                          

                    enhanced the coffee grounds note                           

     (1)i.                                                                     

         C  0.013   earthy; green; acid                                        

     (1)j.                                                                     

         B  0.06    earthy; hazelnut; burnt taste                              

     (1)k.                                                                     

         B  0.45    sweet; green; burnt; astringent note                       

     (1)l.                                                                     

         A  2.0     earthy note                                                

     (1)m.                                                                     

         A  4.0     burnt; praline-like                                        

     (1)n.                                                                     

         A  1.0     green; burnt note                                          

     (1)o.                                                                     

         A  4.0     slight coffee taste caramel; fruity                        

     (1)p.                                                                     

         A  4.0     green, burnt note                                          

     (1)q.                                                                     

         A  2.0     burnt; coffee-like note                                    

     (1)r.                                                                     

         A  0.3     fresh; hazelnut; earthy note                               

     (1)r.                                                                     

         C  0.07    earthy; green note                                         

     (2) a.                                                                    

         A  3.0     coffee-like taste                                          

     (2)b.                                                                     

         A  0.5     burnt almond taste                                         

     (2)b.                                                                     

         B  0.2-0.4 enhanced woody note                                        

     (2)c.                                                                     

         A  2.0     hazelnut taste                                             

     (2)d.                                                                     

         A  4.0     mild hazelnut taste                                        

     (2)e.                                                                     

         A  1.0     coffee-like taste                                          

     (2)e.                                                                     

         B  1.0     enhanced green and nutty notes                             

     (2)f.                                                                     

         A  3.0     hazelnut, slightly burnt taste                             

     (2)g.                                                                     

         A  2.5     caramel-like, fruity taste                                 

     (2)h.                                                                     

         A  0.5     green floral taste                                         

     (2)i.                                                                     

         A  1.0     anise-like taste                                           

     (2)j.                                                                     

         A  0.5     hazelnut-like taste                                        

     (3)a.                                                                     

         A  1.0     burnt, roasted hazelnut-like taste                         

     (3)a.                                                                     

         C  0.27    toasted                                                    

     (3)b.                                                                     

         A  4.0     phenolic, burnt taste                                      

     (3)c.                                                                     

         A  4.0     burnt, earthy taste                                        

     (3)d.                                                                     

         B  2.5     astringent; fatty; earthy                                  

     (3)e.                                                                     

         B  0.7     hazelnut-like; bitter; roasted                             

     (3)f.                                                                     

         B  0.6     bitter; earthy                                             

     (3)g.                                                                     

         B  2.5     bitter; acrid; earthy                                      

     (3)h.                                                                     

         B  1.2     bitter; astringent                                         

     (3)i.                                                                     

         B  2.5     bitter; acid; woody                                        

     (3)j.                                                                     

         B  1.2     bitter; earthy; woody                                      

     (3)k.                                                                     

         B  1.2     bitter; earthy; fatty                                      

     (3)l.                                                                     

         B  2.0     green; roasted                                             

     (4)a.                                                                     

         A  2.0     roasted hazelnut-like taste                                

     (4)b.                                                                     

         A  1.0     burnt, hazelnut-like taste                                 

     (4)b.                                                                     

         B  1.0     enhanced the green nutty note                              

     (4)c.                                                                     

         A  0.5     hazelnut-like taste                                        

     (4)d.                                                                     

         A  4.0     fresh hazelnut taste                                       

     (5)a.                                                                     

         A  1.5     caramel- and coffee-like                                   

     (5)b.                                                                     

         A  1.5     anise-like, floral taste                                   

     (5)c.                                                                     

         A  3.0     hazelnut, slightly acid                                    

     (5)d.                                                                     

         A  3.0     burnt, phenolic taste                                      

     (5)e.                                                                     

         A  4.0     fatty taste                                                

     (5)f.                                                                     

         A  3.0     maple-like taste                                           

     (5)g.                                                                     

         A  1.0     fatty taste, slightly reminiscent                          

                    of chocolate                                               

     (5)h.                                                                     

         A  1.0     green fatty, burnt taste                                   

     (5)i.                                                                     

         A  5.0     fatty, hazelnut-like taste                                 

     (5)j.                                                                     

         A  1.0     coffee-like; green; earthy                                 

     (6)a.                                                                     

         A  2.0     coffee-like taste                                          

     (6)b.                                                                     

         A  0.5     green taste                                                

     (6)c.                                                                     

         A  1.0     hazelnut-like taste                                        

     (6)d.                                                                     

         A  1.0     coffee-like taste                                          

     __________________________________________________________________________

TBL  Number                                                                    

         Test                                                                  

            Quantity                                                           

                    Organoleptic Characterization                              

     __________________________________________________________________________

     TABLE VIII                                                                

     __________________________________________________________________________

     (1)a.                                                                     

         A  5.0     fruity taste                                               

     (1)b.                                                                     

         A  5.0     fruity taste                                               

     (1)c.                                                                     

         A  0.5-1.0 green, fruity taste                                        

     (1)d.                                                                     

         A  0.5     green, fatty taste                                         

     (1)e.                                                                     

         A  0.1     fruity, fatty taste                                        

     (1)f.                                                                     

         A  0.1     fatty, orange-like taste                                   

     (1)g.                                                                     

         A  0.1     fatty, orange-like taste                                   

     (1)h.                                                                     

         B  0.06    earthy, green taste                                        

     (1)i.                                                                     

         B  0.06    green, fatty taste                                         

     (2)a.                                                                     

         A  0.2     flowery taste                                              

     (2)b.                                                                     

         B  0.9     winey, woody, green note                                   

     (2)c.                                                                     

         B  1.25    spicy taste                                                

     (2)d.                                                                     

         A  0.5     fruity, aromatic taste                                     

     (2)e.                                                                     

         A  0.5     fruity taste                                               

     (2)f.                                                                     

         A  0.5     fruity taste                                               

     (2)g.                                                                     

         A  4.0     sweet, slightly fatty taste                                

     (2)h.                                                                     

         A  4.0     sweet, slightly fatty taste                                

     (2)i.                                                                     

         A  4.0     chocolate-like taste                                       

     (2)j.                                                                     

         A  4.0     chocolate-like taste                                       

     __________________________________________________________________________

TBL                                    TABLE IX                                

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0     strong mustard taste                                       

     (1)a.                                                                     

         B  1.0     nutty, coffee grounds-like                                 

     (1)a.                                                                     

         C  0.27    sulfury, ricy, phenolic taste                              

     (1)b.                                                                     

         A  1.0     mustard taste                                              

     (1)b.                                                                     

         C  0.08    buttery, groundsy taste                                    

     (1)c.                                                                     

         A  0.25-0.5                                                           

                    honey-like                                                 

     (1)c.                                                                     

         B  1.0     coffee-grounds note                                        

     (1)c.                                                                     

         C  0.04    rye bread, caraway seed-like                               

     (1)d.                                                                     

         A  1.0     green, water-cress like                                    

     (1)d.                                                                     

         C  0.68    earthy, mushroom like                                      

     (1)e.                                                                     

         A  1.0     salicylate; coffee-like                                    

     (1)e.                                                                     

         C  0.14    mushroom-like                                              

     __________________________________________________________________________

TBL  Number                                                                    

         Test                                                                  

            Quantity                                                           

                    Organoleptic characterization                              

     __________________________________________________________________________

     TABLE X                                                                   

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0     mustard-like taste                                         

     (1)b.                                                                     

         A  1.0     fruity, woody note                                         

     (1)c.                                                                     

         A  1.0     woody, green, elderberry-like                              

     __________________________________________________________________________

TBL                                    TABLE XI                                

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0     green taste                                                

     (1)b.                                                                     

         A  1.0     fruity, woody taste                                        

     (1)c.                                                                     

         A  1.0     woody, green elderberry taste                              

     (1)d.                                                                     

         A  5.0     slightly woody, green taste                                

     __________________________________________________________________________

TBL                                    TABLE XII                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.3     burnt, mustard-like taste                                  

     (1)b.                                                                     

         A  0.1     leathery taste                                             

     (1)b.                                                                     

         B  0.006   green, basic taste                                         

     (1)c.                                                                     

         A  4.0     caramel-like                                               

     (1)d.                                                                     

         A  1.0     roasted, hazelnut-like                                     

     (1)e.                                                                     

         A  4.0     roasted, moldy flavor                                      

     (1)f.                                                                     

         B  7.0     bitter, green taste                                        

     (1)g.                                                                     

         B  1.9     hazelnut-coffee-like taste                                 

     (1)h.                                                                     

         B  6.0     bitter, burnt, coffee-like                                 

     (1)i.                                                                     

         A  5.0     paper-like taste                                           

     (1)i.                                                                     

         B  5.0     green, roasted taste                                       

     (1)j.                                                                     

         B  0.3     bitter, astringent, basic taste                            

     __________________________________________________________________________

TBL                                    TABLE XIII                              

     __________________________________________________________________________

     (1)a.                                                                     

         B  15.0    sweet, slightly basic taste                                

     (1)b.                                                                     

         B  0.40    astringent, bitter, roasted note                           

     (1)c.                                                                     

         B  0.75    bitter, fruity, anise-like taste                           

     __________________________________________________________________________

TBL                                    TABLE XIV                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0     tonka-bean like taste                                      

     (1)a.                                                                     

         C  0.8     nutty, bitter almond taste                                 

     (1)b.                                                                     

         B  0.4     bitter almond, flowery note                                

     (1)b.                                                                     

         C  0.08    nutty, bitter almond taste                                 

     (1)c.                                                                     

         B  0.25    bitter, earthy taste                                       

     __________________________________________________________________________

TBL  Number                                                                    

         Test                                                                  

            Quantity                                                           

                    Organoleptic Characterization                              

     __________________________________________________________________________

     TABLE XV                                                                  

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0     benzaldehyde taste                                         

     (1)b.                                                                     

         A  1.0     cherry-like taste                                          

     (1)b.                                                                     

         C  0.27    bitter almond, cherry-like                                 

     (1)c.                                                                     

         A  1.0     saffron taste                                              

     (1)c.                                                                     

         C  0.14    camphor note                                               

     (1)d.                                                                     

         A  1.0     caramel taste                                              

     (1)e.                                                                     

         A  1.0     burnt caramel taste                                        

     (2)a.                                                                     

         B  0.06    almond, caramel, buttery taste                             

     (2)b.                                                                     

         B  0.4     earthy, roasted, sweet aromatic taste                      

     (2)a.                                                                     

         C  0.07    nutty, starchy taste                                       

     __________________________________________________________________________

TBL                                    TABLE XVI                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  2.0     burnt taste                                                

     (1)a.                                                                     

         B  1.0     burnt, roasted flavor                                      

     (1)b.                                                                     

         A  1.0     mint taste                                                 

     (1)c.                                                                     

         C  0.16    bready taste                                               

     (1)d.                                                                     

         A  1.0     honey-like taste with anise note                           

     (1)e.                                                                     

         A  0.5     fatty, green, caraway-like taste                           

     (1)f.                                                                     

         A  1.0     slight mint taste                                          

     (1)g.                                                                     

         A  3.0     earthy taste                                               

     (1)h.                                                                     

         A  4.0     slightly burnt taste, slightly acid                        

     (1)i.                                                                     

         B  1.2     astringent, bitter taste                                   

     (1)i.                                                                     

         C  1.35    cereal-like; metallic taste                                

     (1)j.                                                                     

         A  3.0     earthy taste                                               

     (1)j.                                                                     

         C  0.54    caramel taste                                              

     (1)k.                                                                     

         A  1.0     fatty, flowery taste                                       

     __________________________________________________________________________

TBL                                    TABLE XVII                              

     __________________________________________________________________________

     (1)a.                                                                     

         A  5.0     bread-like taste                                           

     (1)a.                                                                     

         B  1.25    roasted note                                               

     (1)b.                                                                     

         B  0.2     hazelnut, roasted, caramel note                            

     (1)c.                                                                     

         A  5.0     slight hazelnut note                                       

     __________________________________________________________________________

TBL                                    TABLE XVIII                             

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.5     fruity, caramel-like note                                  

     (1)b.                                                                     

         A  0.5     fruity note                                                

     (1)c.                                                                     

         A  0.2     fruity, cheesy note                                        

     (1)d.                                                                     

         B  0.06    green note                                                 

     (1)e.                                                                     

         A  0.1     fruity, fatty note                                         

     (1)f.                                                                     

         A  0.1     fatty note                                                 

     (1)g.                                                                     

         A  0.1     fatty note                                                 

     (1)h.                                                                     

         A  0.1     fruity note                                                

     (1)i.                                                                     

         B  0.45    mushroom, earthy note                                      

     (1)j.                                                                     

         A  2.0     fruity note                                                

     (1)k.                                                                     

         A  2.0     fruity note                                                

     (1)1.                                                                     

         A  2.0     acetone-like                                               

     (1)m.                                                                     

         A  0.1     sweet taste                                                

     (1)n.                                                                     

         B  0.45    fruity taste                                               

     (1)o.                                                                     

         A  0.05    green taste                                                

     (1)p.                                                                     

         B  1.5     almond-like taste                                          

     (1)q.                                                                     

         B  0.125   earthy, green note                                         

     __________________________________________________________________________

TBL                                    TABLE XIX                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  7.0     slight caramel-like taste                                  

     (1)b.                                                                     

         A  4.0     slight fruity taste                                        

     (1)c.                                                                     

         A  4.0     fruity taste                                               

     (1)d.                                                                     

         A  4.0     fruity, cheesy note                                        

     (1)e.                                                                     

         A  4.0     light burnt taste                                          

     (1)e.                                                                     

         C  0.67    nutty, starchy taste                                       

     (1)f.                                                                     

         A  3.0     green, hazelnut-like taste                                 

     (1)g.                                                                     

         A  2.0     green, burnt taste                                         

     (1)g.                                                                     

         B  4.0     astringent note                                            

     (1)g.                                                                     

         C  3.46    peach pit, almond taste                                    

     (1)h.                                                                     

         A  6.0     slight rum-like taste                                      

     (1)i.                                                                     

         A  2.0     fatty, green taste                                         

     (1)i.                                                                     

         C  0.54    nutty, spicy                                               

     (1)j.                                                                     

         A  3.0     green taste                                                

     (1)k.                                                                     

         A  5.0     weak furanic note                                          

     (1)k.                                                                     

         C  0.63    fruity, banana oil flavor note                             

     (1)l.                                                                     

         A  5.0     weak furanic note                                          

     (1)l.                                                                     

         B  1.0     bitter, roasted note                                       

     (1)l.                                                                     

         C  1.35    acid flowery note                                          

     (1)m.                                                                     

         A  5.0     sweet aromatic taste                                       

     __________________________________________________________________________

TBL  Number                                                                    

         Test                                                                  

            Quantity                                                           

                    Organoleptic Characterization                              

     __________________________________________________________________________

     TABLE XX                                                                  

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0     onion-like taste                                           

     (1)a.                                                                     

         B  0.5-1.0 malty, roasted note                                        

     (1)b.                                                                     

         A  0.25    sweet honey-like taste                                     

     (1)b.                                                                     

         C  0.11    nutty, starchy taste                                       

     (1)d.                                                                     

         A  1.0     burnt anthranilate-like taste                              

     (1)e.                                                                     

         A  1.0     nonalactone-like taste                                     

     (1)f.                                                                     

         A  1.0     wine-like taste                                            

     (1)g.                                                                     

         A  1.0     sweet, flowery taste                                       

     (1)h.                                                                     

         A  2.0     cream, caramel-like taste                                  

     (1)i.                                                                     

         A  2.0     green, mustard-like note                                   

     (2)a.                                                                     

         A  4.0     sweet note                                                 

     (2)b.                                                                     

         A  5.0     slightly roasted note                                      

     __________________________________________________________________________

TBL                                    TABLE XXI                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  2.0     fruity, rose-like taste                                    

     (1)b.                                                                     

         A  0.5     green taste                                                

     (1)c.                                                                     

         A  3.0     green taste                                                

     (1)c.                                                                     

         C  0.025   geranium taste                                             

     (2)a.                                                                     

         B  0.60    astringent, bitter, roasted taste                          

     (2)a.                                                                     

         C  1.35    fermented taste                                            

     (2)b.                                                                     

         B  0.20    astringent, peanut, roasted taste                          

     (3)a.                                                                     

         B  0.60    bitter, earthy, roasted taste                              

     (3)b.                                                                     

         A  1.00    grape-like taste                                           

     (3)b.                                                                     

         B  0.06    fatty, bitter, roasted taste                               

     (3)b.                                                                     

         C  0.06    starchy taste                                              

     (4)a.                                                                     

         A  4.0     weak, sweet taste                                          

     (4)b.                                                                     

         A  2.0     woody taste                                                

     __________________________________________________________________________

TBL                                    TABLE XXII                              

     __________________________________________________________________________

     (1)a.                                                                     

         A  2.0     anthranilic, burnt flavor                                  

     (1)b.                                                                     

         A  3.0     fruity, burnt taste                                        

     (1)c.                                                                     

         A  0.5     burnt nutty taste                                          

     (1)c.                                                                     

         C  0.034   toasted, unroasted coffee bean note                        

     (1)d.                                                                     

         A  3.0     green, grapefruit taste                                    

     __________________________________________________________________________

TBL  Number                                                                    

         Test                                                                  

            Quantity                                                           

                    Organoleptic Characterization                              

     __________________________________________________________________________

     TABLE XXIII                                                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.12    roasted, coffe-like                                        

     (1)a.                                                                     

         B  0.08    hazelnut, coffee-like                                      

     (1)b.                                                                     

         A  2.5     chocolate-like                                             

     (1)b.                                                                     

         C  1.18    sulfury, starch-like                                       

     (1)c.                                                                     

         A  5.0     burnt, roasted note                                        

     (1)c.                                                                     

         B  3.0     phenolic, basic taste                                      

     (1)d.                                                                     

         B  7.5     burnt, coffee-like taste                                   

     (1)e.                                                                     

         A  4.0     caramel, fatty taste                                       

     (1)e.                                                                     

         B  5.5     bitter, green taste                                        

     (1)f.                                                                     

         B  7.5     bitter, astringent note                                    

     (1)g.                                                                     

         A  5.0     fruity taste                                               

     (1)h.                                                                     

         A  4.0     caramel, fruity taste                                      

     (1)i.                                                                     

         B  2.0     bitter, musty taste                                        

     (1)j.                                                                     

         B  2.5     green, woody, fruity note                                  

     (1)k.                                                                     

         B  45.0    astringent, bitter, musty taste                            

     (1)l.                                                                     

         B  5.5     bitter, coffee-like taste                                  

     (1)m.                                                                     

         B  3.0     earthy taste                                               

     __________________________________________________________________________

TBL                                    TABLE XXIV                              

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0     fruity, pear-like taste                                    

     (1)a.                                                                     

         B  0.125   green, chocolate cream-like taste                          

     (1)b.                                                                     

         A  3.0     burnt buttery rum note                                     

     (1)c.                                                                     

         A  3.0     strawberry-like taste                                      

     (1)d.                                                                     

         A  1.0     caramel-like taste                                         

     (1)d.                                                                     

         C  0.07    acid, fermented taste                                      

     (1)e.                                                                     

         A  1.0     caramel-like, cocoa taste                                  

     (1)e.                                                                     

         C  0.34    whey, nutty taste                                          

     (1)f.                                                                     

         A  2.0     fruity, butter-like taste                                  

     (1)g.                                                                     

         A  0.5     fruity (melon, pear-like) taste                            

     (1)h.                                                                     

         B  0.1     caramel, pineapple taste                                   

     (1)i.                                                                     

         A  1.0     fatty, rancid note                                         

     (2)a.                                                                     

         A  1.0     caramel-nutty taste                                        

     (2)a.                                                                     

         C  0.41    fruity, pineapple note                                     

     (2)b.                                                                     

         A  2.0     fruity taste                                               

     (2)c.                                                                     

         A  2.0     fruity taste                                               

     (2)d.                                                                     

         A  0.5     fruity taste                                               

     __________________________________________________________________________

TBL  Number                                                                    

         Test                                                                  

            Quantity                                                           

                    Organoleptic Characterization                              

     __________________________________________________________________________

     TABLE XXV                                                                 

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0     praline-like taste                                         

     (1)a.                                                                     

         B  2.0     woody, coffee grounds note                                 

     (1)b.                                                                     

         A  2.0     fruity taste                                               

     (1)c.                                                                     

         A  1.0     egg-like taste                                             

     (1)c.                                                                     

         B  0.2-0.4 woody note                                                 

     (1)d.                                                                     

         B  1.9     astringent, fruity, green taste                            

     __________________________________________________________________________

TBL                                    TABLE XXVI                              

     __________________________________________________________________________

     (1)a.                                                                     

         B  3.0     bitter, roasted peanut taste                               

     (1)b.                                                                     

         B  1.0     buttery, slightly meaty taste                              

     __________________________________________________________________________

TBL                                    TABLE XXVII                             

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0     pear-like taste                                            

     (1)a.                                                                     

         C  0.67    bitter, nutty taste                                        

     (1)b.                                                                     

         A  2.0     gooseberry-like taste                                      

     (1)c.                                                                     

         A  2.0     fruity, quince-like taste                                  

     (1)d.                                                                     

         A  2.0     fruity taste                                               

     (1)e.                                                                     

         A  2.0     mushroom-like taste                                        

     (1)e.                                                                     

         C  0.07    earthy, mushroom-like                                      

     (1)f.                                                                     

         A  1.0     fruity taste                                               

     (1)g.                                                                     

         A  1.0     fruity taste                                               

     (1)h.                                                                     

         A  2.0     mushroom-like taste                                        

     (1)i.                                                                     

         B  0.08    fruity, hydrocarbon taste                                  

     (2)a.                                                                     

         A  3.0     burnt taste                                                

     (2)a.                                                                     

         C  0.21    buttery, vanilla-like taste                                

     (2)b.                                                                     

         A  3.0     phenolic burnt note                                        

     (2)c.                                                                     

         B  0.15    earthy, roasted note                                       

     (2)c.                                                                     

         C  0.20    caraway seed note                                          

     (2)d.                                                                     

         B  0.09    flowery, earthy note                                       

     (2)e.                                                                     

         B  0.09    green, geranium note                                       

     (2)f.                                                                     

         A  2.0     chocolate note                                             

     (2)g.                                                                     

         B  0.65    spicy, winey, roasted almond taste                         

     __________________________________________________________________________

TBL                                    TABLE XXVIII                            

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0     anthranilate-like taste with                               

                    burnt note                                                 

     (1)a.                                                                     

         B  0.2     aromatic note                                              

     (1)a.                                                                     

         C  0.135   grape note                                                 

     (1)b.                                                                     

         A  2.0     burnt taste                                                

     (1)b.                                                                     

         C  0.135   fermented grape, sour, winey note                          

     (1)c.                                                                     

         A  1.0     burnt taste                                                

     (1)d.                                                                     

         A  2.0     oily, burnt taste                                          

     (1)d.                                                                     

         C  0.126   apricot, astringent, acid, sour note                       

     (1)e.                                                                     

         A  2.0     oily, burnt taste                                          

     (1)e.                                                                     

         C  0.17    sulfury, rubbery, toasted note                             

     (1)f.                                                                     

         A  2.0     earthy note                                                

     (2)a.                                                                     

         A  1.0     mustard-like taste                                         

     (2)a.                                                                     

         C  0.34    sweet, solvent-like                                        

     (2)b.                                                                     

         A  1.0     acetate-like taste                                         

     __________________________________________________________________________

TBL                                    TABLE XXIX                              

     __________________________________________________________________________

     (1)a.                                                                     

         B  4.0     astringent, bitter taste                                   

     __________________________________________________________________________

TBL                                    TABLE XXX                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.25    roasted barley taste                                       

     (1)a.                                                                     

         B  0.06    roasted coffee taste                                       

     (1)a.                                                                     

         C  0.68    earthy, ricy tate                                          

     (1)b.                                                                     

         A  0.1     burnt taste                                                

     (1)b.                                                                     

         B  0.01    roasted flavor note                                        

     (1)b.                                                                     

         C  0.08    groundsy, toasted, nutty note                              

     (1)c.                                                                     

         A  0.5     burned, slightly rubbery note                              

     (1)d.                                                                     

         A  0.05    meat broth-like                                            

     (1)e.                                                                     

         A  0.1     burnt taste                                                

     (1)f.                                                                     

         A  0.05    burnt, green, fatty taste                                  

     (1)g.                                                                     

         A  0.5-1.0 burnt, phenolic taste                                      

     (1)h.                                                                     

         A  0.1     burnt taste                                                

     (1)h.                                                                     

         B  0.03    bitter, roasted note                                       

     (1)h.                                                                     

         C  0.05    bitter, astringent taste                                   

     (1)i.                                                                     

         A  0.01    burnt, meat-like taste                                     

     (1)i.                                                                     

         B  0.03    bitter, astringent taste                                   

     (1)i.                                                                     

         C  0.01    sulfury brothy taste                                       

     (1)j.                                                                     

         A  1.0     rubbery taste                                              

     (1)k.                                                                     

         B  0.08    roasted taste                                              

     (2)a.                                                                     

         A  1.0     styrene-like taste                                         

     (2)b.                                                                     

         A  0.75    bitter roasted taste                                       

     (3)a.                                                                     

         A  0.05    burnt, flowery note                                        

     (3)b.                                                                     

         B  0.05    sulfurous, earthy note                                     

     (3)b.                                                                     

         C  0.13    nutty, mercaptan note                                      

     __________________________________________________________________________

TBL                                    TABLE XXXI                              

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.03    coffee taste                                               

     (1)a.                                                                     

         B  0.04    coffee taste                                               

     (1)a.                                                                     

         C  0.02    sulfury, mercaptan taste                                   

     (1)b.                                                                     

         A  0.25    coffee-like, alliaceous note                               

     (1)c.                                                                     

         A  0.25    coffee-like                                                

     (1)d.                                                                     

         A  1.0     garlic-like                                                

     (1)e.                                                                     

         A  0.25    coffee-like                                                

     (1)e.                                                                     

         C  0.03    sulfury, sour, caramel, nutty flavor                       

     (1)f.                                                                     

         A  1.0     coffee-like, mushroom                                      

     (1)g.                                                                     

         A  0.1     coffee-like                                                

     (1)g.                                                                     

         C  0.01    burnt, cereal, nutty taste                                 

     (1)h.                                                                     

         A  0.01    burnt, onion, mushroom note                                

     (2)a.                                                                     

         A  0.01-0.03                                                          

                    mustard, onion-like                                        

     (2)a.                                                                     

         B  0.004   bland coffee taste                                         

     (2)a.                                                                     

         C  0.005   geranium-like                                              

     (2)b.                                                                     

         A  0.05    onion-like                                                 

     (2)c.                                                                     

         A  0.05    onion-like                                                 

     (2)c.                                                                     

         B  0.02    astringent                                                 

     (2)c.                                                                     

         C  0.02    nutty, astringent, bitter note                             

     (2)d.                                                                     

         B  0.015   fatty, earthy taste                                        

     (2)d.                                                                     

         C  0.013   flowery, mercaptan taste                                   

     (2)e.                                                                     

         B  0.002   metallic, roasted note                                     

     (2)e.                                                                     

         C  0.006   woody, bitter, nutty taste                                 

     (2)f.                                                                     

         A  0.001   burnt, onion, caramel note                                 

     (3)a.                                                                     

         A  0.2-0.5 cabbage taste                                              

     (3)a.                                                                     

         C  0.067   sulfury, mercaptan-like                                    

     (4)a.                                                                     

         A  0.3     burnt coffee, metallic note                                

     (5)a.                                                                     

         B  0.03    metallic, sulfurous note                                   

     (5)b.                                                                     

         B  0.06    metallic, astringent, earthy note                          

     __________________________________________________________________________

TBL  Number                                                                    

         Test                                                                  

            Quantity                                                           

                    Organoleptic Characterization                              

     __________________________________________________________________________

     TABLE XXXII                                                               

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.01    coffee-like                                                

     (1)a.                                                                     

         C  0.007   sulfurous, mercaptan                                       

     (1)b.                                                                     

         A  0.01    garlic-like                                                

     (1)c.                                                                     

         A  0.1     coffee-like                                                

     (1)c.                                                                     

         B  0.01    aromatic note                                              

     (1)c.                                                                     

         C  0.005   geranium, mercaptan, nutty note                            

     (1)d.                                                                     

         A  0.001   burnt, coffee grounds, onion taste                         

     (1)e.                                                                     

         A  0.10    burnt, onion taste                                         

     (2)a.                                                                     

         A  1.0     cooked vegetable-like taste                                

     (2)b.                                                                     

         A  1.0     burnt, coffee-like taste                                   

     (2)c.                                                                     

         A  1.0     coffee-like                                                

     __________________________________________________________________________

TBL                                    TABLE XXXIII                            

     __________________________________________________________________________

     (1)a.                                                                     

         A  5.0     fortifies the bitter taste                                 

     (1)a.                                                                     

         C  0.093   popcorn, nutty, caramel, cereal taste                      

     (1)b.                                                                     

         A  0.25    enhances the burnt note                                    

     (1)c.                                                                     

         A  0.25    enhances the phenolic note                                 

     (1)d.                                                                     

         A  5.0     enhances the burnt note                                    

     (1)d.                                                                     

         C  0.025   green, acid, cereal, bitter, sour                          

                    note                                                       

     (1)e.                                                                     

         A  0.2     enhances the roast note                                    

     (1)f.                                                                     

         A  6.0     weak note                                                  

     (1)g.                                                                     

         B  0.30    roasted, astringent, earthy note                           

     (1)h.                                                                     

         B  0.12    mushroom, bitter, green taste                              

     (1)i.                                                                     

         B  0.25    astringent, fatty, green taste                             

     (1)j.                                                                     

         B  0.40    astringent, roasted taste                                  

     (1)k.                                                                     

         B  0.40    astringent, green note                                     

     (1)l.                                                                     

         B  0.30    bitter, green, earthy note                                 

     (1)m.                                                                     

         B  0.12    metallic note                                              

     (1)n.                                                                     

         B  0.40    bitter fatty note                                          

     __________________________________________________________________________

TBL                                    TABLE XXXIV                             

     __________________________________________________________________________

     (1)a.                                                                     

         B  0.08    metallic, burnt note                                       

     (1)b.                                                                     

         B  0.01    metallic, earthy, burnt note                               

     (1)c.                                                                     

         B  0.60    astringent, sulfurous, green note                          

     (1)d.                                                                     

         B  0.03    metallic, sulfurous, burnt note                            

     __________________________________________________________________________

TBL  Number                                                                    

         Test                                                                  

            Quantity                                                           

                    Organoleptic Characterization                              

     __________________________________________________________________________

     TABLE XXXV                                                                

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.1     roasted coffee-like taste                                  

     (1)a.                                                                     

         B  0.1     roasted, coffee grounds note                               

     (1)b.                                                                     

         A  2.0     roasted meat-like taste                                    

     (1)c.                                                                     

         A  0.1     cabbage taste                                              

     (1)c.                                                                     

         B  0.01-0.02                                                          

                    strawy, dark flavor note                                   

     (1)d.                                                                     

         A  0.2-0.3 cabbage, onion taste                                       

     (1)e.                                                                     

         A  2.0     coffee-like taste                                          

     (1)e.                                                                     

         C  0.135   sulfury, toasted, nutty, burnt                             

                    cereal note                                                

     (2)a.                                                                     

         A  1.0     coffee-like taste                                          

     (2)a.                                                                     

         C  0.135   burnt, sulfury, rubbery note                               

     (2)b.                                                                     

         C  0.5     turnip-like taste                                          

     (2)c.                                                                     

         A  3.0     burnt taste                                                

     (2)d.                                                                     

         A  1.0     coffee-like taste                                          

     (2)e.                                                                     

         A  5.0     sulfurous liver-like note                                  

     (3)a.                                                                     

         B  1.0     earthy, sulfurous, paper-like taste                        

     (3)a.                                                                     

         C  1.08    acid, sulfurous taste                                      

     (3)b.                                                                     

         B  0.12    bitter, peanut-like                                        

     (3)b.                                                                     

         C  0.135   rioy, iodoform-like                                        

     (3)c.                                                                     

         B  0.20    hazelnut, earthy taste                                     

     (3)c.                                                                     

         C  0.22    burnt cereal-like taste                                    

     (3)d.                                                                     

         B  1.9     earthy-like                                                

     (3)d.                                                                     

         C  2.96    burnt cereal, bitter, spicy                                

     (3)e.                                                                     

         B  1.0     leathery, flowery taste                                    

     __________________________________________________________________________

TBL                                    TABLE XXXVI                             

     __________________________________________________________________________

     (1)a.                                                                     

         A  3.0     phenolic taste                                             

     (1)b.                                                                     

         A  0.05    phenolic, burnt taste                                      

     (1)c.                                                                     

         A  0.01-0.05                                                          

                    phenolic taste                                             

     (1)c.                                                                     

         C  0.027   solvent-like                                               

     (1)d.                                                                     

         A  0.01    burnt taste                                                

     (1)d.                                                                     

         C  0.027   phenolic                                                   

     (1)e.                                                                     

         A  0.01    cresolic taste                                             

     (1)f.                                                                     

         A  0.01    burnt taste                                                

     (1)f.                                                                     

         B  0.02-0.04                                                          

                    roasted, dark flavor                                       

     (1)g.                                                                     

         A  0.01    phenolic taste                                             

     (1)h.                                                                     

         A  0.02    sweet, burnt taste                                         

     (1)h.                                                                     

         B  0.04    coffee, coffee grounds note                                

     (1)i.                                                                     

         A  0.1-0.2 slightly burnt taste                                       

     (1)j.                                                                     

         A  0.15    balsam taste                                               

     (1)j.                                                                     

         B  0.1     coffee grounds note                                        

     (1)k.                                                                     

         A  1.5     tangerine taste                                            

     (1)l.                                                                     

         A  1.0     phenolic note                                              

     (1)m.                                                                     

         A  1.0     phenolic note                                              

     (1)n.                                                                     

         A  6.0     phenolic note                                              

     (2)a.                                                                     

         A  1.0     burnt, coffee taste                                        

     (2)a.                                                                     

         B  1.0     wood flavor note                                           

     (2)b.                                                                     

         A  0.01    coffee grounds note                                        

     (2)c.                                                                     

         A  2.0     phenolic note                                              

     (2)d.                                                                     

         A  5.0     phenolic note                                              

     (3)a.                                                                     

         A  0.05-0.1                                                           

                    burnt taste                                                

     (3)a.                                                                     

         B  0.1-0.2 smoky roasted flavor                                       

     (3)b.                                                                     

         A  1.0     weak earthy note                                           

     (4)a.                                                                     

         A  0.25-0.5                                                           

                    smoky taste                                                

     (4)a.                                                                     

         B  0.4     roasted, coffee grounds note                               

     __________________________________________________________________________

TBL                                    TABLE XXXVII                            

     __________________________________________________________________________

     (1)a.                                                                     

         A  5.0     slightly green taste                                       

     (1)b.                                                                     

         A  3.0     burnt, caramel, slightly buttery                           

                    taste                                                      

     __________________________________________________________________________

TBL                                    TABLE XXXVIII                           

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.1-1.0 onion, garlic taste                                        

     (1)b.                                                                     

         A  0.25-0.5                                                           

                    green, burnt coffee taste                                  

     (1)b.                                                                     

         B  0.4     aromatic note                                              

     (1)b.                                                                     

         C  0.27    sulfury note                                               

     (2)a.                                                                     

         A  5.0     slightly bland taste                                       

     (2)b.                                                                     

         A  0.25    garlic, earthy taste                                       

     (2)b.                                                                     

         B  0.04    roasted, natural coffee taste                              

     (2)b.                                                                     

         C  0.027   bitter                                                     

     (2)c.                                                                     

         B  0.025   mushroom, paper-like                                       

     (2)c.                                                                     

         C  0.405   mushroom, earthy note                                      

     (3)a.                                                                     

         A  1.0     burnt coffee note                                          

     (3)a.                                                                     

         C  0.625   mercaptan note                                             

     (3)b.                                                                     

         B  0.025   green, sweet, fatty note                                   

     (3)b.                                                                     

         C  0.027   earthy mushroom note                                       

     (3)c.                                                                     

         A  1.0     cabbage, garlic taste                                      

     (4)a.                                                                     

         A  0.1-0.2 earthy, coffee grounds note                                

     (4)b.                                                                     

         A  0.5     coffee-like                                                

     (4)b.                                                                     

         C  0.42    sulfury, rubbery                                           

     (5)a.                                                                     

         A  1.0     caramel, coumarin-like                                     

     (5)a.                                                                     

         B  0.5-1.0 aromatic, fresh note                                       

     (5)a.                                                                     

         C  0.27    nutty, bitter almond taste                                 

     __________________________________________________________________________

PAR  As has been stated above the compounds having utility in the concept of
      this invention may be added to substances in varying amounts to alter or
      to modify the flavor of the substance by masking or blanking out
      undesirable flavors, by enhancing or fortifying desirable flavor or flavor
      notes, or by adding to the original substance an entirely new and
      different flavor. As will also be apparent to those skilled in the art
      various mixtures or blends of the flavor agents described may be used to
      achieve a desired flavor or flavor note. If, for example, one wishes to
      enhance a certain flavor note, or group of flavor notes present in a
      substance such as coffee, one needs only mix together certain of the
      described flavor agents to obtain the desired result.
PAR  Following are three samples of mixtures that have been prepared in
      accordance with the inventive concept.
TBL                                    TABLE XXXIX                             

     __________________________________________________________________________

     Compound                    Parts by weight                               

     Identification                                                            

               Name              Ex. 1                                         

                                      Ex. 2                                    

                                           Ex. 3                               

     __________________________________________________________________________

     VII   (1) a                                                               

               2-methyl-3-ethyl-pyrazine                                       

                                 --   40   20                                  

     VII   (1) i                                                               

               2,3-diethyl-pyrazine                                            

                                 --   --   0.5                                 

     VII   (1) d                                                               

               2-methyl-3-isopropyl-pyrazine                                   

                                 5    5    7.5                                 

     XVII  (1) b                                                               

               2-acetyl-pyrazine --   30   10                                  

               2-methyl-3-methylthio-pyrazine                                  

                                 2    --   2                                   

     XXXI  (1) a                                                               

               furfurylthiol acetate                                           

                                 2    2    3                                   

               furfuryl methyl sulfide                                         

                                 --   1    --                                  

     XX    (1) a                                                               

               2-acetyl thiophene                                              

                                 --   80   --                                  

     XXXI  (2) b                                                               

               furfuryl propyl sulfide                                         

                                 --   3    1                                   

     XXXVIII                                                                   

           (2) b                                                               

               2,6-dimethyl-.gamma.-thiopyrone                                 

                                 4    4    4                                   

     XXX   (1) a                                                               

               2-methoxybenzenethiol                                           

                                 --   12   6                                   

               2-hydroxyphenyl methyl sulfide                                  

                                 1    2    1.5                                 

     XXXVI (1) i                                                               

               3,4-xylenol       4    4    2                                   

     XXXVI (1) k                                                               

               2-hydroxyacetophenone                                           

                                 --   --   5                                   

     XXXVI (3) a                                                               

               4-ethyl-2-methoxy-phenol                                        

                                 --   5    2.5                                 

     XXXVI (1) c                                                               

               4-ethyl-phenol    --   --   0.5                                 

               pyridine          20   30   20                                  

     III   (2) e                                                               

               2-vinyl-benzofuran                                              

                                 3    3    4                                   

     XXXVI (4) a                                                               

               4-vinyl-1,2-dimethoxy-benzene                                   

                                 --   40   ---XXVI                             

                                                (1) a furfuryl                 

                                                propionate -- 50 --            

               furfural          --   100  --                                  

     __________________________________________________________________________

PAR  When added to a commercially available soluble powdered coffee beverage
      these blends of flavor agents added flavor notes which enhanced the flavor
      of the soluble coffee in the direction of that of roasted and ground
      coffee which has been brewed into a coffee beverage.
PAR  In order to demonstrate the flavor modifying or enhancing effect of the
      compounds of this invention a base material having the following
      composition was prepared:
TBL  Compound              Parts by weight                                     

     ______________________________________                                    

     3-methyl-cyclopentane-1,2-dione                                           

                           50                                                  

     furfuryl alcohol      50                                                  

     furfural              10                                                  

     diacetyl              5                                                   

     acetylmethylcarbinol  30                                                  

     benzyl alcohol        100                                                 

     propylene glycol      755                                                 

                           1000                                                

     ______________________________________                                    

PAR  Compounds of Group XXXV (Pyrazine Sulfur Compounds) were added to this base
      in varying amounts and the resulting compound mixtures were used to
      enhance or modify the flavor of the following food products:
PAR  a. A solution of milk sweetened with sugar, at a dosage level of 10 grams
      of the flavor composition per 100 kg.
PAR  b. A prepared ice-cream, at a dosage level of 10-15 g. of flavor
      composition per 100 kg.
PAR  c. A white cake mix, at a level of 20 g. per 100 kg. of finished cake
PA1  d. A milk pudding, at a dosage level of 10-15 g. per 100 kg.
PA1  e. A milk chocolate, at a dosage level of 25 g. per 100 kg.
PAR  The exact formulation of the various compound mixtures are set out in the
      TABLE XL below.
TBL                                    TABLE XL                                

     __________________________________________________________________________

             Compound      Parts by weight                                     

     Identification                                                            

             Name          Examples                                            

     __________________________________________________________________________

                           4    5    6    7    8    9                          

     XXXV (2) a                                                                

             2-pyrazinyl-ethyl-                                                

                           100  --   --   --    50   50                        

             mercaptan                                                         

     XXXV (2) b                                                                

             2-pyrazinyl-ethyl methyl                                          

                           --    30  --   --   --    5                         

             sulfide                                                           

     XXXV (2) c                                                                

             2-pyrazinyl-ethyl ethyl                                           

                           --   --   125  --   --    20                        

             sulfide                                                           

     XXXV (2) d                                                                

             2-pyrazinyl-ethyl                                                 

                           --   --   --   100   50   35                        

             furfuryl sulfide                                                  

             3-methyl-cyclopentane-                                            

                            50   50   50   50   50   50                        

             1,2-dione                                                         

             furfuryl alcohol                                                  

                            50   50   50   50   50   50                        

             furfural       10   10   10   10   10   10                        

             diacetyl       5    5    5    5    5    5                         

             acetylmethyl carbinol                                             

                            30   30   30   30   30   30                        

             benzyl alcohol                                                    

                           100  100  100  100  100  100                        

             propylene glycol                                                  

                           655  725  630  655  655  655                        

                           1000 1000 1000 1000 1000 1000                       

     __________________________________________________________________________

PAR  All of the compounds of Examples 4 - 9 gave a resulting flavor modification
      in the food products which was organoleptically characterized as adding a
      definite roasted coffee flavor note.
PAR  A number of the Compounds of Group VII (Pyrazine Hydrocarbons) were added
      to the above described base material. The resulting compound mixtures had
      the formulations shown in TABLE XLI below.
TBL                                    TABLE XLI                               

     __________________________________________________________________________

             Compound     Parts by weight                                      

     Identification                                                            

             Name         Examples                                             

     __________________________________________________________________________

                          10   11   12   13   14   15    16    17              

     VII (1) h                                                                 

             2,3-dimethyl-pyrazine                                             

                          250  --   --   --   --   --     50   --              

     VII (1) a                                                                 

             2-methyl-3-ethyl-                                                 

                          --    25  --   --   --   20     15    10             

             pyrazine                                                          

     VII (1) c                                                                 

             2-methyl-3-propyl-                                                

                          --   --    45  --   --   25    --     15             

             pyrazine                                                          

     VII (1) d                                                                 

             2-methyl-3-ispro-                                                 

                          --   --   --    45  --   --    --     20             

             pyl-pyrazine                                                      

     VII (1) i                                                                 

             2-ethyl-3-ethyl-                                                  

                          --   --   --   --   10   --     5     2              

             pyrazine (10% soln.)                                              

             3-methyl-cyclopentane-                                            

                           50   50   50   50  50   50     50    50             

             1,2-dione                                                         

             furfuryl alcohol                                                  

                           50   50   50   50  50   50     50    50             

             furfural      10   10   10   10  10   10     10    10             

             diacetyl      5    5    5    5   5    5      5     5              

             acetylmethylcarbinol                                              

                           30   30   30   30  30   30     30    30             

             benzyl alcohol                                                    

                          100  100  100  100  100  100   100   100             

             propylene glycol                                                  

                          505  730  710  710  745  710   685   708             

                          1000 1000 1000 1000 1000 1000  1000  1000            

     __________________________________________________________________________

PAR  When added to the same food products at the same dosage levels as described
      in connection with the Examples of TABLE XL above, the compound mixtures
      of Examples 10 - 17 imparted a pronounced nutty, green, fresh, earthy
      flavor note, with a light note of coffee grounds, to the foods.
PAR  Further compound mixtures utilizing mixtures of compounds from Group XXXV
      (Pyrazine Sulfur Compounds) and from Group VII (Pyrazine Hydrocarbons)
      were made as set out in TABLE XLII below.
TBL                                    TABLE XLII                              

     __________________________________________________________________________

             Compound       Parts by weight                                    

     Identification                                                            

             Name           Examples                                           

     __________________________________________________________________________

                            18   19   20   21                                  

     XXXV (2) a                                                                

             2-pyrazinyl-ethylmercaptan                                        

                             20   20   20   20                                 

     XXXV (2) d                                                                

             2-pyrazinyl-ethyl furfuryl                                        

                             20   20   20   20                                 

             sulfide                                                           

     VII (1) a                                                                 

             2-methyl-3-ethyl-pyrazine                                         

                            --   --    10   10                                 

     VII (1) c                                                                 

             2-methyl-3-propyl-pyrazine                                        

                            --   --    20   5                                  

     VII (1) i                                                                 

             2,3-diethyl-pyrazine                                              

                            --    10  --    5                                  

             (10% solution)                                                    

             3-methyl-cyclopentane-                                            

                             50   50   50   50                                 

             1,2-dione                                                         

             furfuryl alcohol                                                  

                             50   50   50   50                                 

             furfural        10   10   10   10                                 

             diacetyl        5    5    5    5                                  

             acetylmethylcarbinol                                              

                             30   30   30   30                                 

             benzyl alcohol 100  100  100  100                                 

             propylene glycol                                                  

                            715  705  685  695                                 

                            1000 1000 1000 1000                                

     __________________________________________________________________________

PAR  When added to the same food products as above and in the same dosage
      levels, the foods were found to have their flavor modified to one with a
      definite coffee flavor with a light touch of a coffee grounds note.
PAR  Some further compound mixtures were prepared from compounds of Group VII
      (Pyrazine Hydrocarbons) using as a base the following mixture:
TBL                       Parts by weight                                      

     ______________________________________                                    

     3-methyl-cyclopentane-1,2-dione                                           

                            200                                                

     Essence of cinnamon    10                                                 

     Essence of sweet fennel                                                   

                            20                                                 

     Essence of star anise  20                                                 

     benzyl alcohol         250                                                

     propylene glycol       500                                                

                            1000                                               

     ______________________________________                                    

PAR  The exact formulations of these compound mixtures are set out in TABLE
      XLIII below.
TBL                                    TABLE XLIII                             

     __________________________________________________________________________

             Compound                  Parts by weight                         

     Identification                                                            

             Name            Examples                                          

     __________________________________________________________________________

                             22   23   24   25   26                            

     VII (1) e                                                                 

             2-methyl-3-butyl-pyrazine                                         

                              25  --   --   --    5                            

     VII (1) b                                                                 

             2-methyl-3-isobutyl-pyrazine                                      

                             --    50  --   --    15                           

     VII (1) f                                                                 

             2-methyl-3-amyl-pyrazine                                          

                             --   --   100  --    20                           

     VII (1) g                                                                 

             2-methyl-3-hexyl-pyrazine                                         

                             --   --   --    50   15                           

             3-methyl-cyclopentane-1,2-                                        

                             200  200  200  200  200                           

             dione                                                             

             Essence of cinnamon                                               

                              10   10   10   10   10                           

             Essence of sweet fennel                                           

                              20   20   20   20   20                           

             Essence of star anise                                             

                              20   20   20   20   20                           

             benzyl alcohol  250  250  250  250  250                           

             propylene glycol                                                  

                             475  450  400  450  445                           

                             1000 1000 1000 1000 1000                          

     __________________________________________________________________________

PAR  When added to a soft gum-drop candy formulation at a dosage level of 30 g.
      per 100 kg., to an ice-cream mix at a dosage level of 8 - 10 g. per 100
      kg., to a milk pudding mix at a dosage level of 8 - 10 g. per 100 kg., and
      to a hard candy formulation at a dosage level of 15 - 20 g. per 100 kg.,
      the compound mixtures imparted a definite anise, liquorice-like flavor
      note to the finished products.
PAR  It should be kept in mind, as will be appreciated by those
      skilled-in-the-art, that with many flavors it is possible to imitate the
      natural flavor by selecting a limited number of the flavor enhancing
      substances examplified above. Coffee aroma, on the other hand, is much
      more complex than the ordinary flavoring materials and may necessitate the
      combination of many more of the examplified ingredients for reproduction.
PAR  It will also be understood that whereas the preferred embodiment of this
      invention is directed toward the enhancement or modification of coffee
      flavors, the concept of the invention has much wider application. While
      some of the compounds may be characterized by terms which are not directly
      related to coffee flavors, these compounds, when used in more complex
      formulae, may contribute desirable flavor notes to the overall flavor and
      aroma.
PAR  To summarize briefly this invention relates to a group of chemical
      compounds which have been found to have utility for the alteration or
      modification of the flavor of other materials. These compounds, called
      flavor agents or flavor modifiers, may be used in minute quantities to
      enhance the natural flavor of substances to which they are added, or to
      alter or modify a flavor which is undesirable, or to impart to a substance
      additional or different flavors or flavor notes. The flavor agents of the
      invention are used in minor, but flavor altering amounts, in any case, in
      quantities sufficient to obtain the desired results. The flavor modifiers
      are of particular importance and usefulness in the modification,
      alteration or enhancement of the flavor of coffee beverages made from
      soluble coffee and the preferred embodiment of the invention contemplates
      their use in conjunction with such products.
PAR  The flavor agents of the invention may be added at a convenient step in the
      soluble coffee process such as plating the dried soluble coffee with a
      desired dilution of the flavor agent in an acceptable solution followed by
      drying. In certain instances the desired agent may be added directly in a
      concentrated coffee extract and the mixture dried into a soluble coffee
      product which contains the flavor agent as an integral part thereof. Other
      methods of incorporation of the agents will suggest themselves to those
      skilled in the art and may, of course, be used without departing from the
      inventive concept, which may be described as being a composition of matter
      comprising a combination of a soluble coffee product, however prepared,
      whether liquid or solid, concentrated or dilute, which contains combined
      therewith a minor, but flavor modifying amount, of a flavor agent as
      described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A furan sulfur compound of the formula
      ##SPC66##
PAL  wherein n is 1 and R is methyl, ethyl, propyl, 1-methyl-prop-1-en-1-yl,
      2-methyl-prop-1-en-1-yl, furyl or hydrogen; and wherein n is 2 and R is
      methyl.
NUM  2.
PAR  2. A furan sulfur compound as in claim 1 in which said compound is
      furfurylthiol acetate.
NUM  3.
PAR  3. A furan sulfur compound as in claim 1 in which said compound is
      furfurylthiol propionate.
NUM  4.
PAR  4. A furan sulfur compound as in claim 1 in which said compound is
      furfurylthiol butyrate.
NUM  5.
PAR  5. A furan sulfur compound as in claim 1 in which said compound is
      furfurylthiol furoate.
NUM  6.
PAR  6. A furan sulfur compound as in claim 1 in which said compound is
      furfurylthiol .beta.,.beta. - dimethylacrylate.
NUM  7.
PAR  7. A furan sulfur compound as in claim 1 in which said compound is
      furfurylthiol tiglate.
NUM  8.
PAR  8. A furan sulfur compound as in claim 1 in which said compound is furfuryl
      formate.
NUM  9.
PAR  9. A furan sulfur compound as in claim 1 in which said compound is
      2-(furyl-2)-ethanthiol acetate.
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PAL  Furan Sulfur compounds of the formula
      ##SPC1##
PAL  Wherein when n is 0, R.sub.1 and R.sub.2 are methyl; when n is 1, R.sub.1
      and R.sub.2 are methyl or R.sub.1 is hydrogen and R.sub.2 is
      5-methylfuryl; and when n is 2, R.sub.1 and R.sub.2 are hydrogen which are
      useful as flavor additives to foodstuffs and beverages.
PARN
PAR  This is a division of application Ser. No. 243,866 filed Apr. 13, 1972, now
      abandoned, which is a division of application Ser. No. 70,560 filed Sept.
      8, 1970, now U.S. Pat. No. 3,702,253; which latter application is a
      continuation of now-abandoned application Ser. No. 543,069 filed Apr. 18,
      1966, which is a continuation-in-part of now-abandoned application Ser.
      No. 452,342 filed Apr. 30, 1965.
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PAR  The invention relates to flavor agents in general. More particularly the
      invention relates to chemical compounds or compositions which have been
      found to have utility in the alteration of flavor or flavor
      characteristics of substances, whether naturally occurring or synthetic.
      Still more particularly the invention relates to a group of chemical
      compounds which have been found to be useful in the area of flavor-note
      alteration, whether by the enhancement of flavors or flavor-notes that are
      characteristic in a substance, by the alteration of a flavor or a
      flavor-note from a less to a more desirable one, or by the complete or
      partial masking of a flavor or flavor-note.
PAR  As is generally recognized by those familiar with the art, the science of
      flavor technology is an extremely complex one. Although much is known
      about flavor and flavor technology there is still a great deal to be
      learned in the field and the body of scientific literature is being
      rapidly expanded by those working in the area. The technology of flavor
      synthesis and blending of various flavor elements to achieve certain
      desirable results is of great commercial importance at the present stage
      of industrial advance. Commercial production of consumer goods from
      synthetic starting materials is becoming more and more common, and
      desirable, as world population continues to increase its demands upon the
      finite capacity for the production of natural products. Industry is also
      continually seeking means of upgrading natural products -- methods of
      altering or enhancing the qualities of taste of less desirable natural
      products -- usually more abundant -- into more desirable product
      qualities. Often, for example, a product can be made commercially
      attractive only by masking or blanking out an undesirable flavor
      component. Formerly, before the advent of the flavor chemist and his
      technology, this unit of production would have been lost, or at least,
      would have had to have been re-processed to a useable quality. By the use
      of specifically designed flavoring agents, however, the undesirable flavor
      note can be eliminated or masked with another desirable one, and the
      expensive and time-consuming re-processing step eliminated or the
      production batch saved for use. Too, it is common in some segments of the
      industry, particularly the food industry, to add flavor agents to
      production units to enhance or bring out a desirable flavor
      characteristics of products -- and by so doing to render the product more
      desirable from a consumer preference standpoint.
PAR  It is the object of this invention therefore, to provide the flavor
      technologist with additional tools for his use in the alteration of food
      flavors, whether it be flavor or flavor-note alteration generally or the
      enhancement or improvement of flavor or flavor notes specifically.
PAR  It is a further object of the invention to furnish a group of chemical
      compositions which have utility in the technology of flavor alteration,
      whether added to solid or liquid compositions for human consumption, and
      which may be used in either solid or liquid form.
PAR  A further object of the invention is to describe several groups of chemical
      compounds having desirable utility as flavor agents which may be prepared
      synthetically, thus enabling the food technologist to alter or enhance his
      product without drawing upon a natural product for the flavor agent.
PAR  A still further object of this invention is to describe a group of chemical
      compounds capable of synthesis from readily available organic substances
      which may be used singly or in combination to alter the flavor or flavor
      notes of compositions for food use, whether used in micro-quantities such
      as parts-per-million or in larger quantities, as the dictates of the end
      results may require.
PAR  Other objects will become apparent to those skilled in the art as the
      description proceeds.
PAR  Thus, in accordance with the concept of the instant invention, there is set
      out below a series of groups of compounds which have been found to have
      utility as flavor agents and to represent valuable materials to the food
      technologist who wishes to alter the flavor components of foods or food
      products either liquid foods or beverages, such as fruit and vegetable
      juices, milk, coffee, tea, cocoa, chocolate, and the like or solid foods
      such as cereals, flours, confections, vegetables, meats, etc. The flavor
      agents may be used either in liquid or solid form and are used in
      quantities designed to give the desired results, as will be more clearly
      explained as the description proceeds.
PAR  The chemical compounds which have been found to have utility as flavor
      agents may be generally classified according to the following groups:
     I.         -- Diphenyls                                                   

     II.        -- Substituted Naphthalenes                                    

     III.       -- Furan Hydrocarbons                                          

     IV.        -- Thiophene Hydrocarbons                                      

     V.         -- Pyrrole Hydrocarbons                                        

     VI.        -- Pyridine Hydrocarbons                                       

     VII.       -- Pyrazine Hydrocarbons                                       

     VIII.      -- Aliphatic and Aromatic Alcohols                             

     IX.        -- Furan Ethers                                                

     X.         -- Thiophene Ethers                                            

     XI.        -- Thiazole Alcohols                                           

     XII.       -- Pyridine Ethers and Alcohols                                

     XIII       -- Pyrazine Ethers and Alcohols                                

     XIV.       -- Benzofuran Carbonyl Compounds                               

     XV.        -- Thiophene Aldehydes                                         

     XVI.       -- Pyrrole Aldehydes                                           

     XVII.      -- Pyrazine Carbonyl Compounds                                 

     XVIII.     -- Aliphatic and Aromatic Ketones                              

     XIX.       -- Furan Ketones                                               

     XX.        -- Thiophene Ketones                                           

     XXI.       -- Pyrrole Ketones                                             

     XXII.      -- Thiazole Carbonyl Compounds                                 

     XXIII.     -- Pyridine Carbonyl Compounds                                 

     Diketones  -- .alpha.                                                     

     XXV.       -- Thiophene-.alpha.-diketones                                 

     XXVI.      -- Pyrrol-.alpha.-diketones                                    

     XXVII.     -- Furan Esters                                                

     XXVIII.    -- Thiophene Esters                                            

     XXIX.      -- Pyridine Esters                                             

     XXX.       -- Aromatic Sulfur Compounds                                   

     XXXI.      -- Furan Sulfur Compounds                                      

     XXXII.     -- Thiophene Sulfur Compounds                                  

     XXXIII.    -- Pyridine Sulfur Compounds                                   

     XXXIV.     -- Pyrrole Sulfur Compounds                                    

     XXXV.      -- Pyrazine Sulfur Compounds                                   

     XXXVI.     -- Phenols and Phenol Ethers                                   

     XXXVII.    -- Aliphatic Oxoalcohols                                       

     XXXVIII.   -- Miscellaneous                                               

PAR  The above groupings are selected more for reasons of chemical similarity
      than because of flavor alteration characteristics as will be more
      specifically described in relation to the more complete definition
      afforded each particular group.
PAR  The flavor agents or flavor modifying compositions of this invention are
      available to the food technologists in a variety of forms. It is usually
      preferable to use the agents in the form of a solution, for ease of
      dilution, exactitude of measurement, efficiency of distribution in the end
      use, etc. However the chemical nature of the compound, its solubility in
      acceptable solvents, its stability, and other characteristics may dictate
      the form in which it is used.
PAR  The amounts of the agents used is also subject to wide variation, of
      course. More concentrated materials, and those with the greatest degree of
      flavor modifying ability will be used in lesser amounts. Some degree of
      experimentation is, of course, required to achieve the desired results. A
      small, but flavor modifying amount, of the agents is blended with the
      material whose total flavor is to be altered, the amount depending upon
      the end result desired.
PAR  Two different types of methods were used in testing the compounds listed in
      this specification for their utility as flavor agents, flavor modifiers,
      flavor alteration agents, flavor-note enhancers, and the like. The first
      type method (A) served the purpose of determining the intrinsic taste,
      flavor and aroma of each individual compound. The second type methods (B)
      and (C) were used for testing the flavor- and aroma-modifying or
      -enhancing effects of the compounds hereinafter listed on coffee products
      and more particularly on spray-dried soluble coffee products commercially
      known as "instant coffee."
DETD
PAC  METHOD A
PAR  The vehicle used for testing the flavor compounds was a 65 percent solution
      of cane sugar in tap water. The flavor compounds were incorporated in this
      sugar syrup in the form of 1 percent or 1 per 1000 by weight solutions of
      96 percent ethyl alcohol. The concentration of the flavor compounds in the
      sugar syrup varied between about 0.005 and 5 g. for 100 liters of syrup
      according to the varying strength of flavor compounds. Samples of each
      flavored sugar syrup were submitted to the members of the tasting panels.
      After tasting the samples each member had to give an evaluation of each
      flavor compound in terms of descriptive words.
PAR  In the evaluation of materials for the alteration or enhancement of coffee
      flavor or of coffee flavor notes it is essential that the equipment used,
      coffee pots, cups, spoons, measuring equipment, etc. be absolutely clean
      prior to use.
PAC  METHOD B
PAR  The coffee base was prepared by dissolving 1 g. of a commerical spray-dried
      soluble coffee in boiling water. A sufficient number of pots was prepared
      to provide one pot for each flavor agent to be evaluated plus one control.
      The flavor agent was added to the coffee base in the form of a 1% or 1 per
      1000 by weight alcoholic solution at concentrations varying between 0.005
      and 5 g. of flavor agent for 100 liters of coffee base. The measured
      quantity of the flavor agent was added to a pot of the coffee base
      material, stirred well, and poured immediately into cups for the
      organoleptic evaluation. The taste tests were made within a short time
      (not more than 15 minutes) after the final composition to be tested was
      prepared.
PAR  The organoleptic evaluation involved grading a series of cups that were
      coded, the taster merely rating the coded cups against the standard or
      control which did not contain the flavor agent. The standard was placed at
      the first position in a series of cups. The tasters were asked to
      ascertain whether or not there existed differences in the flavor of the
      samples to be tested as compared with the control. The tasters were
      furthermore asked to describe and characterize the various flavor notes
      and types determined.
PAC  METHOD C
PAR  Using boiling Crystal Spring Water, to provide a clean starting taste, a
      1.35 percent solution of relatively bland tasting commercially available
      spray-dried soluble coffee was prepared. The containers used -- preferably
      the lower portion of a glass coffee maker -- was absolutely clean, as was
      the other equipment used, e.g. cups and spoons.
PAR  A sufficient number of containers, or pots, were used to accomodate each
      flavor fraction to be studied, plus one control. The flavor fraction was
      measured carefully with a micro-syringe, adding from 2 to 150 microliters
      of the flavor fraction per pot. The mixture of coffee solution and flavor
      fraction was stirred and immediately poured into cups for tasting. At
      least 5 experienced tasters are used. The tasting should begin at least
      within 15 minutes after the solution is prepared. If not, the solution
      should be discarded and fresh solution prepared.
PAR  The cups are coded and the samples are not identified. A standard sample is
      included in which no flavor fraction has been added. The taster is asked
      to identify and describe the flavor enhancement or modification noted.
PAR  In the following specific description of the compounds of the Groups listed
      above (I - XXXVIII) there is first given the structural formula followed
      by a list of members of the group which have been found to have
      outstanding utility in the concept of this invention. Immediately
      following the chemical name of each member there is given the commercial
      source or a literature reference giving a method for its preparation.
      Commercially available products will be identified by the abbreviation
      c.a., and may be obtained from FLUKA, A.O., Buchs S.O., Switzerland;
      ALDRICH CHEM. CO., Milwaukee, Wis.; Dr. F. RASCHIO OMBH, Ludwigshafen a.
      Rh., West-Germany; or K & K LABORATORIES INC., Plainview, NY. 11803.
PAR  In those instances wherein new compounds are described a detailed method of
      preparation is given following the list of the group members. New
      compounds will be identified by the abbreviation n.c.
PAR  The results of the organoleptic evaluation tests are set out in the group
      of TABLES following the detailed description of the groups of compounds
PAC  I. - DIPHENYLS
PAR  In this first group of compounds are included those having the structural
      formula:
      ##SPC2##
PAL  wherein R is hydrogen or an alkyl group, e.g. methyl.
PAR  Typical compounds are:
TBL  (1) a.                                                                    

           diphenyl             c.a.                                           

     b.    2-methyl-diphenyl    c.a.                                           

     c.    3-methyl-diphenyl    c.a.                                           

     d.    4-methyl-diphenyl    c.a.                                           

     e.    4,4'-dimethyl-diphenyl                                              

                                c.a.                                           

PAR  Organoleptic evaluations as flavor agents are described in TABLE I below.
PAC  II. - SUBSTITUTED NAPHTHALENES
PAR  Compounds in this group are those having the general formula:
      ##SPC3##
PAL  wherein R is hydrogen or an alkyl group, e.g. methyl or ethyl, at least one
      of the R's being an alkyl group.
PAR  Typical compounds include:
TBL  (1) a.                                                                    

           alpha-methyl-naphthalene                                            

                                c.a.                                           

     b.    beta-methyl-naphthalene                                             

                                c.a.                                           

     c.    beta-ethyl-naphthalene                                              

                                c.a.                                           

     d.    1,2-dimethyl-naphthalene                                            

                                c.a.                                           

     e.    1,3-dimethyl-naphthalene                                            

                                c.a.                                           

     f.    1,4-dimethyl-naphthalene                                            

                                c.a.                                           

     g.    1,5-dimethyl-naphthalene                                            

                                c.a.                                           

     h.    1,6-dimethyl-naphthalene                                            

                                c.a.                                           

     i.    2,3-dimethyl-naphthalene                                            

                                c.a.                                           

     j.    2,6-dimethyl-naphthalene                                            

                                c.a.                                           

     k.    1,3,7-trimethyl-naphthalene                                         

                                c.a.                                           

     l.    2,3,5-trimethyl-naphthalene                                         

                                c.a.                                           

     m.    2,3,6-trimethyl-naphthalene                                         

                                c.a.                                           

     n.    alpha-ethyl-naphthalene                                             

                                c.a.                                           

     o.    1,7-dimethyl-naphthalene                                            

                                c.a.                                           

     p.    2,7-dimethyl-naphthalene                                            

                                c.a.                                           

PAR  The compounds enumerated above were evaluated organoleptically and gave the
      results set out in TABLE II below.
PAC  III. - FURAN HYDROCARBONS
PAR  The compounds of this group which have utility according to the inventive
      concept are selected from the class of compounds having the general
      formula:
      ##SPC4##
PAL  wherein R is hydrogen or an alkyl group containing from 1 to 3 carbon
      atoms;
PAL  compounds of the formula:
      ##SPC5##
PAL  wherein R is hydrogen or an alkyl or an alkenyl group of from 1 to 3 carbon
      atoms, provided that the sum of the carbon atoms of the substituent groups
      does not exceed 3; and compounds of the formula:
      ##SPC6##
PAL  wherein R.sub.1 is hydrogen or a methyl group and wherein R.sub.2 is
      ##SPC7##
PAL  R.sub.3 being hydrogen or a methyl group such that R.sub.1 and R.sub.3 are
      not both hydrogen.
PAR  Specific compounds included in this group of compounds are:
TBL  (1) a.                                                                    

         2-vinyl-furan      Dull. 1947, 453                                    

     b.  2-(1)-pentenyl-furan                                                  

                            C.A. 1961, 85905f                                  

     (2) a.                                                                    

         benzofuran         c.a.                                               

     b.  2-methyl-benzofuran                                                   

                            Soc. 1955, 3689                                    

     c.  2-ethyl-benzofuran J.A.C.S. 73,754 (1951)                             

     d.  2,3-dimethyl-benzofuran                                               

                            Soc. 1955, 3689                                    

     e.  2-vinyl-benzofuran J.A.C.S. 73, 754 (1951)                            

     f.  2-isopropenyl-benzofuran                                              

                            n.c.                                               

     g.  7-methyl-benzofuran                                                   

                            J.Chem.Soc.1929, 1534                              

     h.  7-ethyl-benzofuran n.c.                                               

     i.  2,7-dimethylbenzofuran                                                

                            n.c.                                               

     (3) a.                                                                    

         2,2'-difuryl       J.A.C.S. 73, 1271 (1951)                           

     b.  5-methyl-2,2'-difuryl-methane                                         

                            C.A. 1957, 6594c                                   

     c.  5,5'-dimethyl-2,2'-difuryl-methane                                    

                            Helv. 1932, 1068                                   

PAR  The new compounds included in Group III can be prepared by the methods
      described below.
PAR  2 f. 2-Isopropenyl-benzofuran. According to the method described in
      J.A.C.S. 73, 754 (1951) 2-acetyl-benzofuran is reacted with
      methyl-magnesium bromide to form 2-(2-hydroxyisopropyl)-benzofuran which
      is converted to its acetate. Pyrolysis of the acetate yields
      2-isopropenyl-benzofuran of b.p. 81.degree.-83.degree.C./ 0.001 mm. Hg.
PAR  2 h. 7-Ethyl-benzofuran is prepared by the method described in J.Chem.Soc.
      1920, 1534, but using o-ethylphenol instead of o-cresol. The MS. of the
      product thus obtained shows the following ion peaks with the relative
      intensities given within brackets: 131 (100%), 146 (38%) and 77 (10%).
PAR  2 i. 2,7-Dimethyl-benzofuran. 7-Methyl-benzofuran (cf. compound (2) g.) is
      subjected to a WILSMEYER reaction to form 7-methyl-benzofuran-2-aldehyde
      which is converted into 2,7-dimethyl-benzofuran by a WOLFF-KISHNER
      reaction by the method described in Bull.Soc.Chim.France 29, 1875 (1952).
      The product thus obtained has the following peaks in its MS: 146 (100%),
      145 (92%) and 131 (32%).
PAR  Organoleptic evaluations of this group of compounds are set out in TABLE
      III below.
PAC  IV. - THIOPHENE HYDROCARBONS
PAR  The thiophene hydrocarbons having utility in accordance with the instant
      inventive concept are those compounds described by the structural formula:
      ##SPC8##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen, methyl, ethyl, vinyl or propyl,
      the compound of the formula:
      ##SPC9##
PAL  the compounds of the formula:
      ##SPC10##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen or methyl groups, and wherein X is
      oxygen or sulfur;
PAL  the compounds of the formula
      ##SPC11##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen or methyl groups, and the
      compounds of the formula
      ##SPC12##
PAL  wherein R.sub.1 and R.sub.2 represent hydrogen or alkyl groups.
PAR  Typical compounds of this case of compounds are:
TBL  (1) a.                                                                    

         2-methyl-thiophene    c.a.                                            

     b.  3-methyl-thiophene    c.a.                                            

     c.  2-ethyl-thiophene     c.a.                                            

     d.  3-ethyl-thiophene     Bull. 1955, 424                                 

     e.  2-propyl-thiophene    J.A.C.S. 70, 391, Bull.                         

                               1955, 361                                       

     f.  2-vinyl-thiophene     Bull.1955, 424                                  

     g.  3-vinyl-thiophene     Bull. 1955, 424                                 

     h.  2-methyl-4-ethyl-thiophene                                            

                               J.A.C.S.75,989 (1953)                           

     i.  2-methyl-5-ethyl-thiophene                                            

                               J.A.C.S.75, 989 (1953)                          

     j.  2-methyl-5-propyl-thiophene                                           

                               J.A.C.S.75, 989 (1953)                          

     k.  2,5-dimethyl-thiophene                                                

                               c.a.                                            

     (2) a.                                                                    

         2,3,3',2'-thiophenothiophene                                          

                               Soc. 1953, 1837                                 

     (3) a.                                                                    

         2,2'-dithienyl-methane                                                

                               J.A.C.S.73, 1270 (1951)                         

     b.  5,5'-dimethyl-2,2'-dithienyl-methane                                  

                               J.A.C.S.73, 1270 (1951)                         

     c.  2-furyl-2-thienyl-methane                                             

                               C.A. 57, 9776f(1962)                            

     d.  (5-methyl-2-thienyl)-2-furyl-methane                                  

                               C.A. 57, 9776f (1962)                           

     (4) a.                                                                    

         2,2'-dithienyl        J.A.C.S.78, 1958 (1956)                         

     b.  5,5'-dimethyl-2,2'-dithienyl-methane                                  

                               J.A.C.S.78, 1958 (1956)                         

     (5) a.                                                                    

         benzothiophene        c.a.                                            

     b.  2-methyl-benzothiophene                                               

                               J.A.C.S.78, 664 (1952)                          

PAR  Organoleptic evaluations of these compounds are set out in TABLE IV below.
PAC  V. - PYRROLE HYDROCARBONS
PAR  Compounds of this group have the general formulae:
      ##SPC13##
PAL  wherein R is alkyl, e.g. ethyl, amyl, isoamyl, or alphamethylbutyl, and
      ##SPC14##
PAL  wherein X is oxygen or sulfur and R is hydrogen or a methyl group, provided
      that, if X represents oxygen, R is methyl.
PAR  Typical compounds of this group include:
TBL  (1) a.                                                                    

         1-ethyl-pyrrole   Helv.10, 387 (1927)                                 

     b.  1-n-amyl-pyrrole  Helv.10, 387 (1927)                                 

     c.  1-isoamyl-pyrrole Helv.10, 387 (1927)                                 

     d.  1-(alphamethyl-butyl)-pyrrole                                         

                           Helv.10, 387 (1927)                                 

     (2) a.                                                                    

         1-(5-methyl-2-furfuryl)-pyrrole                                       

                           n.c.; b.p.104.degree.C./11 mm;                      

                           prepared by the same                                

                           method as (1) n.                                    

     b.  1-thienyl-pyrrole J.Org.Chem.28,574 (1965)                            

PAR  Organoleptic test evaluations are set out in TABLE V below.
PAC  VI - PYRIDINE HYDROCARBONS
PAR  The compounds of this group which have utility according to the instant
      concept are to be described as falling under the general formula:
      ##SPC15##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are hydrogen, alkyl, e.g. methyl,
      ethyl, isobutyl; alkenyl groups, e.g. vinyl, propenyl; aryl groups; or
      aralkyl groups; provided that the symbols R.sub.1, R.sub.2 and R.sub.3 are
      not all hydrogen.
PAR  Typical compounds include:
TBL  (1) a.                                                                    

           2-methyl-pyridine  c.a.                                             

     b.    3-methyl-pyridine  c.a.                                             

     c.    3-ethyl-pyridine   c.a.                                             

     d.    2-allyl-pyridine   Bull. 420, (1955)                                

     e.    4-isobutyl-pyridine                                                 

                              Bull. 420, (1955)                                

     f.    2-(1)-proponyl-pyridine                                             

                              Ann. 247, 1 (1888)                               

     g.    4-(1)-propenyl-pyridine                                             

                              Ann. 247, 1 (1888)                               

     h.    2-methyl-5-ethyl-pyridine                                           

                              c.a.                                             

     i.    2,3-dimethyl-pyridine                                               

                              c.a.                                             

     j.    2,4-dimethyl-pyridine                                               

                              c.a.                                             

     k.    2,5-dimethyl-pyridine                                               

                              c.a.                                             

     l.    2,6-dimethyl-pyridine                                               

                              c.a.                                             

     m.    3,4-dimethyl-pyridine                                               

                              c.a.                                             

     n.    3,5-dimethyl-pyridine                                               

                              c.a.                                             

     o.    2-vinyl-pyridine   c.a.                                             

     p.    4-methyl-pyridine  c.a.                                             

     q.    2-methyl-6-vinyl-pyridine                                           

                              c.a.                                             

     r.    4-phenyl-pyridine  c.a.                                             

     s.    4-benzyl-pyridine  c.a.                                             

     t.    2-benzyl-pyridine  c.a.                                             

     u.    2-methyl-5-ethyl-pyridine                                           

                              c.a.                                             

PAR  Organoleptic evaluations are set out in TABLE VI below.
PAC  VII - PYRAZINE HYDROCARBONS
PAR  This important group of compounds have been found to have exceptional
      utility as flavor agents in accordance with the instant inventive concept.
      Compounds of the group have the general formulae:
      ##SPC16##
PAL  wherein R.sub.1 is hydrogen, alkyl, 1-pyrrolyl or 2-thienyl; and R.sub.2 is
      alkyl or alkenyl,
      ##SPC17##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are alkyl groups having from 1 to 5
      carbon atoms,
      ##SPC18##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are hydrogen or methyl groups,
      ##SPC19##
PAL  wherein R.sub.1 and R.sub.2 are alkyl groups containing from 1 to 3 carbon
      atoms,
      ##SPC20##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are alkyl groups containing
      from 1 to 6 carbon atoms, and
      ##SPC21##
PAL  wherein R.sub.1 is methyl or ethyl and R.sub.2 is alkyl or alkenyl with
      C.sub.1 to C.sub.6.
PAR  Compounds of this group which are of special interest include:
TBL  (1) a.                                                                    

         2-methyl-3-ethyl-pyrazine                                             

                              n.c.                                             

     b.  2-methyl-3-isobutyl-pyrazine                                          

                              n.c.                                             

     c.  2-methyl-3-propyl-pyrazine                                            

                              n.c.                                             

     d.  2-methyl-3-isopropyl-pyrazine                                         

                              n.c.                                             

     e.  2-methyl-3-butyl-pyrazine                                             

                              n.c.                                             

     f.  2-methyl-3-amyl-pyrazine                                              

                              n.c.                                             

     g.  2-methyl-3-hexyl-pyrazine                                             

                              n.c.                                             

     h.  2,3-dimethyl-pyrazine                                                 

                              Ber. 40, 4855 (1907)                             

     i.  2,3-diethyl-pyrazine n.c.                                             

     j.  2-ethyl-3-vinyl-pyrazine                                              

                              n.c.                                             

     k.  2-methyl-3(5,6)-(pyrrolyl-1)-pyrazine                                 

                              n.c.                                             

     l.  2-methyl-3-(thienyl-2)-pyrazine                                       

                              n.c.                                             

     m.  2-ethyl-pyrazine     J.Org.Chem.26, 3379                              

                              (1961)                                           

     n.  2-propyl-pyrazine    J.Org.Chem.26, 3379                              

                              (1961)                                           

     o.  2-isopropyl-pyrazine J.Org.Chem.26, 3379                              

                              (1961)                                           

     p.  2-vinyl-pyrazine     J.Org.Chem.26, 3379                              

                              (1961)                                           

     q.  2-isopropenyl-pyrazine                                                

                              n.c.                                             

     r.  2-methyl-3-vinyl-pyrazine                                             

                              n.c.                                             

     (2) a.                                                                    

         trimethyl-pyrazine   J.A.C.S. 72, 844(1950)                           

     b.  2,6-dimethyl-3-ethyl-pyrazine                                         

                              n.c.                                             

     c.  2,5-dimethyl-3-ethyl-pyrazine                                         

                              n.c.                                             

     d.  2,5-dimethyl-3-propyl-pyrazine                                        

                              n.c.                                             

     e.  2,6-diethyl-3-methyl-pyrazine                                         

                              n.c.                                             

     f.  2,5-diethyl-3-methyl-pyrazine                                         

                              n.c.                                             

     g.  2,5-dimethyl-3-butyl-pyrazine                                         

                              n.c.                                             

     h.  2,3-dimethyl-5-isoamyl-pyrazine                                       

                              n.c.                                             

     i.  2,5-dimethyl-3-isoamyl-pyrazine                                       

                              n.c.                                             

     j.  2,3-diethyl-5-methyl-pyrazine                                         

                              n.c.                                             

     (3) a.                                                                    

         5-methyl-quinoxaline Ann.237, 336 (1887)                              

     b.  2-methyl-quinoxaline Org.Synth.30,86 (1950)                           

     c.  6-methyl-quinoxaline Ann. 237, 336 (1887)                             

     d.  2,3-dimethyl-quinoxaline                                              

                              Ber. 40, 4852 (1907)                             

     e.  2-methyl-3-ethyl-quinoxaline                                          

                              Ber. 22, 526 (1889)                              

     f.  2,3-diethyl-quinoxaline                                               

                              J.A.C.S.79,1712 (1957)                           

     g.  2-methyl-3-propyl-quinoxaline                                         

                              J.Chem.Soc. 1946, 54                             

     h.  2-methyl-3-isopropyl-quinoxaline                                      

                              J.Chem.Soc. 1953, 2822                           

     i.  2-methyl-3-butyl-quinoxaline                                          

                              n.c.                                             

     j.  2-methyl-3-isobutyl-quinoxaline                                       

                              n.c.                                             

     k.  2-methyl-3-amyl-quinoxaline                                           

                              J.Chem.Soc. 1943, 322                            

     l.  2-ethyl-quinoxaline  J.Chem.Soc. 1953, 2822                           

     (4) a.                                                                    

         2-methyl-6-ethyl-pyrazine                                             

                              n.c.                                             

     b.  2-methyl-6-propyl-pyrazine                                            

                              J.Org.Chem. 27, 1355                             

                              (1962)                                           

     c.  2,6-diethyl-pyrazine n.c.                                             

     d.  2-methyl-6-vinyl-pyrazine                                             

                              n.c.                                             

     (5) a.                                                                    

         trimethyl-butyl-pyrazine                                              

                              n.c.                                             

     b.  trimethyl-isoamyl-pyrazine                                            

                              n.c.                                             

     c.  2,5-dimethyl-3,6-dipropyl-pyrazine                                    

                              n.c.                                             

     d.  2,5-dimethyl-3,6-diisopropyl-pyrazine                                 

                              n.c.                                             

     e.  2,5-dimethyl-3,6-dibutyl-pyrazine                                     

                              n.c.                                             

     f.  2,5-dimethyl-3,6-diisobutyl-pyrazine                                  

                              n.c.                                             

     g.  2,5-dimethyl-3,6-diamyl-pyrazine                                      

                              n.c.                                             

     h.  2,5-dimethyl-3,6-dihexyl-pyrazine                                     

                              n.c.                                             

     i.  2,3,5-trimethyl-6-hexyl-pyrazine                                      

                              n.c.                                             

     j.  2,5-dimethyl-3,6-diethyl-pyrazine                                     

                              n.c.                                             

     (6) a.                                                                    

         2-ethyl-5-methyl-pyrazine                                             

                              n.c.                                             

     b.  2-isopropyl-5-methyl-pyrazine                                         

                              n.c.                                             

     c.  2,5-diethyl-pyrazine n.c.                                             

     d.  2-methyl-5-vinyl-pyrazine                                             

                              n.c.                                             

PAR  Organoleptic evaluations are set out in TABLE VII below
PAR  The new compounds of this Group VII can be prepared as follows:
PAR  The 2,3-disubstituted pyrazines (formula (1)) can be obtained by a method
      comprising catalytically dehydrogenating with copper chromite the
      correspondingly substituted dihydropyrazines which, in turn, can be
      prepared by condensation of ethylene diamine with the corresponding
      alpha-diketones. By way of illustration the preparation of
      2-methyl-3-ethyl-pyrazine is described in more details.
PAR  1 a. 2-Methyl-3-ethyl-pyrazine In a 3-necked flask equipped with a stirrer,
      means for cooling and a dropping funnel there was placed 150 g. of
      ethylene diamine in 500 ml. ether. After cooling to 0.degree.C there was
      slowly added with stirring a solution of 250 g. of ethyl methyl diketone
      in 500 ml. of ether. After the addition was complete, the temperature was
      allowed to rise to room temperature and the mixture was heated on a water
      bath for a few minutes. The material separated into 2 phases and the water
      phase was discarded. The ether phase was dried with sodium sulfate, the
      solvent was removed by evaporation and the residue distilled under reduced
      pressure and an inert atmosphere. There was obtained 192 g. of the
      dihydropyrazine (62 percent yield), boiling point
      61.degree.-65.degree.C./11 mm. Hg.
PAR  In an apparatus similar to that described by Bouveault in Bull IV, 3, 119
      (1908) the dihydro pyrazine was distilled under reduced pressure under
      nitrogen atmosphere through a column containing copper chromite (Girdler
      G-13). The catalyst was heated to 300.degree.C electrically and the
      effluent was passed through a Widmer column to separate the unhydrogenated
      material.
PAR  The product was condensed, dried and redistilled; a 90 percent yield was
      obtained of a product boiling at 57.degree.C./10 mm.Hg.
PAR  The same method as used for compound (1) a. was applied for the preparation
      of the following compounds:
TBL  (1) b. 2-methyl-3-isobutyl-pyrazine                                       

                        b.p. 74.degree./10 mm. Hg.                             

     (1) c. 2-methyl-3-propyl-pyrazine                                         

                        b.p. 71.degree.-72.degree./10 mm. Hg.                  

     (1) d. 2-methyl-3-isopropyl-pyrazine                                      

                        b.p. 59.degree./10 mm. Hg.                             

     (1) e. 2-methyl-3-butyl-pyrazine                                          

                        b.p. 83.degree.-84.degree./9 mm. Hg.                   

     (1) f. 2-methyl-3-amyl-pyrazine                                           

                        b.p. 98.degree./10 mm. Hg.                             

     (1) g. 2-methyl-3-hexyl-pyrazine                                          

                        b.p. 113.degree.-115.degree./9 mm. Hg.                 

     (1) i. 2,3-diethyl-pyrazine                                               

                        b.p. 69.degree.-71.degree./12 mm. Hg.                  

PAR  1 j. 2-Ethyl-3-vinyl-pyrazine can be prepared from
      2-ethyl-3-methyl-pyrazine by the method described in J. Org. Chem. 27,
      1363 (1962). B.p. 75.degree.-80.degree.C./10 mm.Hg.
PAR  1 k. 2-Methyl-3(5.6)-(pyrrolyl-1)-pyrazine can be prepared as follows:
      N-Pyrrolyl-lithium is prepared by reacting 0.242 mole (15.4 g.) of
      butyllithium (as 15 percent suspension in hexane) with 0.22 mole (14.7 g.)
      of pyrrole at -20.degree.C. in the presence of 100 ml. of tetrahydrofuran.
      There is then added at room temperature a solution of 0.2 mole (25.6 g.)
      of 3(5.6)-chloro-2-methyl-pyrazine [obtained by the method described in J.
      Org. Chem. 26, 2356 (1961)] in 75 ml. of tetrahydrofuran. The reaction
      mixture is refluxed for 5 days and subjected to the usual treatments for
      purifying and isolating the reaction product which is then distilled.
      There is thus obtained 2-methyl-3(5,6)-N-pyrrolyl-pyrazine as a fraction
      distilling at 120-124.degree.C./10 Torr.
PAR  1 l. 2-(Thienyl-2)-3-methyl-pyrazine is prepared as follows. A solution of
      0.36 g. (0.006 mole) of ethylene diamine in 3 ml. of ether is cooled to
      0.degree.C. To this solution there is added slowly in a nitrogen
      atmosphere a solution of 0.94 g. (0.006 mole) of (thienyl-2) methyl
      diketone (obtained by oxidation of 2-propionylthiophene with selenium
      dioxide) in 3 ml. of absolute ether. The ether is gradually replaced by
      benzene, and water is removed as an azeotropic mixture with the latter
      solvent. The reaction product is fractionally distilled, and the fraction
      boiling at 85.degree.-105.degree.C./0.003 mm. Hg. is redistilled through a
      copper chromite column (GIRDLER G-13) heated at 350.degree.C. There is
      thus obtained 2-(thienyl-2)-3-methyl-pyrazine of b.p. 94.degree.C./0.03
      mm. Hg.
PAR  1 q. 2-isopropenyl-pyrazine is obtained from 2-ethylpyrazine by the method
      described in J. Org. Chem. 27, 1363 (1962). It has the following peaks in
      the MS: 119 (100%), 120 (81%) and 67 (21%).
PAR  1 r. 2-Methyl-3-vinyl-pyrazine is prepared from 2,3-diethylpyrazine by the
      same method as used for compound (1) q. It has a b.p. of
      66.degree.-67.degree.C./13 mm. Hg.
PAR  2 b. 2,6-Dimethyl-3-ethyl-pyrazine is prepared by the addition of an ethyl
      group at the 3-position of 2,6-dimethylpyrazine by the alkyl-lithium
      method described by Klein et al. in J.A.C.S. 73, 2949 (1951). The
      resulting product has a b.p. of 64.degree.-66.degree.C./8 mm. Hg.
PAR  2 c. 2,5-Dimethyl-3-ethyl-pyrazine is prepared by the addition of an ethyl
      group at the 3-position of 2,5-dimethyl-pyrazine by the alkyl-lithium
      method described by Klein et al. (loc.cit.). The resulting product has a
      b.p. of 63.degree.-68.degree.C./8 mm. Hg.
PAR  2 d. 2,5-Dimethyl-3-propyl-pyrazine is prepared by the addition of an
      n-propyl group at the 3-position of 2,5-dimethylpyrazine by the
      alkyl-lithium method described by Klein et al. (loc.cit.). The product is
      identified by mass spectrometry. It has a b.p. of 80.degree.C./10 mm. Hg.
PAR  2 e. 2,6-Diethyl-3-methyl-pyrazine is prepared by the introduction of a
      methyl group into the 3-position of 2,6-diethylpyrazine by the method of
      Klein et al. (loc.cit.). The product has a b.p. of
      91.degree.-92.degree.C./13 mm. Hg.
PAR  2 f. 2,5-Diethyl-3-methyl-pyrazine is prepared by the introduction of a
      methyl group into the 3-position of 2,5-diethylpyrazine by the method of
      Klein et al. (loc.cit.). The product was isolated by gas chromatography
      and was identified by mass spectrometry.
PAR  2 g. 2,5-Dimethyl-3-butyl-pyrazine is prepared by introducing a butyl group
      into the 3-position of 2,5-dimethylpyrazine by the method of Klein et al.
      (loc.cit.). The resulting product has a b.p. of 91.degree.C./9 mm. Hg.
PAR  2 h. 2,3-Dimethyl-5-isoamyl-pyrazine is prepared by introducing an isoamyl
      group into the 5-position of 2,3-dimethylpyrazine by the method of Klein
      et al. (loc.cit.). The product is identified by mass spectrometry.
PAR  2 i. 2,5-Dimethyl-3-isoamyl-pyrazine is prepared by introducing an isoamyl
      group into the 3-position of 2,5-dimethylpyrazine by the method of Klein
      et al. (loc.cit.). The product has a b.p. of 110.degree.-120.degree.C./13
      mm. Hg.
PAR  2 j. 2,3-Diethyl-5-methyl-pyrazine is prepared by the method described for
      the preparation of compound (1) a. in Group VII, using 1,2-diamino-propane
      instead of ethylene diamine and dipropionyl as the .alpha.-diketone. The
      product has a b.p. of 79.degree.-80.degree.C./12 mm.Hg.
PAR  3 i. 2-Methyl-3-butyl-quinoxaline is obtained by the same method as
      compound (3) d. of Group VII. It has a b.p. of 153.degree.C./9 mm. Hg.
PAR  3 j. 2-Methyl-3-isobutyl-quinoxaline is obtained by the same method as
      compound (3) e. of Group VII. It has a m.p. of 94.degree.-95.degree.C.
PAR  4 a. 2-Methyl-6-ethyl-pyrazine was obtained by the alkylation of
      2,6-dimethyl-pyrazine by the method described by Levine and Behun in J.
      Org. Chem. 26, 3379 (1961). It has a boiling point of
      54.degree.-57.degree.C./11 mm. Hg.
PAR  4 c. 2,6-Diethyl-pyrazine was obtained by subjecting compound (4) a. to a
      second alkylation by the procedure described above. It has a boiling point
      of 70.degree. at 10 mm. Hg.
PAR  4 d. 2-Methyl-6-vinyl-pyrazine is obtained by starting with
      2,6-dimethyl-pyrazine and following the method of Levine et al. reported
      in J. Org. Chem. 27, 1363 (1962). It has a b.p. of
      74.degree.-75.degree./22 mm. Hg.
PAR  5 a. 2,3,5-Trimethyl-6-butyl-pyrazine was prepared by introducing a butyl
      group into the 6-position of 2,3,5-trimethylpyrazine by the method of
      Klein et al. (loc.cit.). The product was isolated by gas chromatography
      and identified by mass spectrometry.
PAR  5 b. 2,3,5-Trimethyl-6-isoamyl-pyrazine was prepared by introducing an
      isoamyl group into the 6-position of 2,3,5-trimethyl-pyrazine by the
      method of Klein et al. (loc.cit.). The product had a b.p. of
      80.degree.C./10 mm.Hg.
PAR  5 c. 2,5-Dimethyl-3,6-dipropyl-pyrazine was prepared by first forming
      3-oximino-2-hexanone by reacting 2 -hexanone with nitrosyl chloride
      according to the method of BOUVEAULT, Bull. [3] 31, 1163 (1904). The
      autocondensation of two molecules of the imino-ketone in the presence of
      zinc and acetic acid [according to the method described in Chimia 11, 310
      (1957)] yielded 2,5-dimethyl-3,6-dipropyl-pyrazine which had a b.p. of
      109.degree.-110.degree.C./10 mm. Hg. 5 d.
      2,5-Dimethyl-3,6-diisopropyl-pyrazine was prepared by first forming
      4-methyl-3-oximino-2-pentanone by reacting 4-methyl-2-pentanone with
      nitrosyl chloride according to the method of BOUVEAULT, Bull. [3] 31, 1163
      (1904). The autocondensation of two moles of the imino-ketone in the
      presence of zinc and acetic acid [according to the method described in
      Chimia 11, 310 (1957)] yielded 2,5-Dimethyl-3,6-diisopropyl-pyrazine which
      had a b.p. of 91.degree.C./8 mm. Hg.
PAR  5 e. 2,5-Dimethyl-3,6-dibutyl-pyrazine was prepared by first forming
      3-oximino-2-heptanone by reacting 2-heptanone with nitrosyl chloride
      according to the method of BOUVEAULT, Bull. [3] 31, 1163 (1904). The
      autocondensation of two moles of the imino-ketone in the presence of zinc
      and acetic acid [according to the method described in Chimia 11, 310
      (1957)] yielded 2,5-dimethyl-3,6-dibutyl-pyrazine which had a b.p. of
      18.degree.C./0.002 mm. Hg.
PAR  5 f. 2,5-Dimethyl-3,6-diisobutyl-pyrazine was prepared by first forming 5
      -methyl-3-oximino-2-hexanone by reacting 5-methyl-2-hexanone with nitrosyl
      chloride according to the method of BOUVEAULT (loc.cit.). The
      autocondensation of two moles of the imino-ketone in the presence of zinc
      and acetic acid [according to the method described in Chimia 11, 310
      (1957)] yielded 2,5-dimethyl-3,6-diisobutyl-pyrazine which had a b.p. of
      69.degree.-70.degree.C./0.01 mm. Hg.
PAR  5 g. 2,5-Dimethyl-3,6-diamyl-pyrazine was prepared by first forming
      3-oximino-2-octanone by reacting 2-octanone with nitrosyl chloride
      according to the method of BOUVEAULT (loc.cit.). The autocondensation of
      two moles of the imino-ketone in the presence of zinc and acetic acid
      [according to the method described in Chimia 11, 310 (1957)] yielded
      2,5-dimethyl-3,6-diamyl-pyrazine which had a b.p. of 78.degree.C./0.03 mm.
      Hg.
PAR  5 h. 2,5-Dimethyl-3,6-dihexyl-pyrazine was prepared by first forming
      3-oximino-2-nonanone by reacting 2-nonanone with nitrosyl chloride
      according to the method of BOUVEAULT (loc.cit.). The autocondensation of
      two moles of the imino-ketone in the presence of zinc and acetic acid
      [according to the method described in Chimia 11, 310 (1957)] yielded
      2,5-dimethyl-3,6-dihexyl-pyrazine which had a b.p. of
      112.degree.-120.degree.C./0.01 mm. Hg.
PAR  5 i. 2,3,5-Trimethyl-6-hexyl-pyrazine was prepared by introducing a hexyl
      group into the 6-position of 2,3,5-trimethylpyrazine by the method of
      Klein et al. (loc.cit.). The product had a b.p. of
      89.degree.-91.degree.C./0.2 mm. Hg.
PAR  5 j. 2,5-Dimethyl-3,6-diethyl-pyrazine is prepared by alkylation of
      2,5-dimethyl-3-ethyl-pyrazine according to the alkyl-lithium method
      described by Klein et al. [J.A.C.S. 73, 2949 (1951)]. It has a b.p. of
      83.degree.-85.degree.C./8 mm. Hg.
PAR  6 a. 2-Ethyl-5-methyl-pyrazine was prepared by alkylation of
      2,5-dimethyl-pyrazine following the procedure of Levine and Behun
      described in J. Org. Chem. 26, 3379 (1961). It has a boiling point of
      60.degree.C./11 mm. Hg.
PAR  6 b. 2-Isopropyl-5-methyl-pyrazine was produced in the preparation of
      compound 6 a. as a by-product and was separated from the reaction mixture
      by gas chromatography. Identification was confirmed by mass spectrometry.
PAR  6 c. 2,5-Diethyl-pyrazine was obtained by subjecting compound 6 a. to a
      second alkylation by the procedure given for compound 6 a. above. It boils
      at 64.degree.C. at 12 mm. Hg.
PAR  6 d. 2-Methyl-5-vinyl-pyrazine was prepared by the method of Levine et al.
      described at J. Org. Chem. 27, 1363 (1962), starting from
      2,5-dimethyl-pyrazine. It has a boiling point of
      65.degree.-66.degree.C./12 mm. Hg.
PAC  VIII. - ALIPHATIC AND AROMATIC ALCOHOLS
PAR  This group comprises compounds having the general formula:
      ##EQU1##
      wherein 1. R.sub.1 is hydrogen or an alkyl group, e.g. methyl, ethyl,
      propyl; and R.sub.2 is an alkyl group having at least 4 carbon atoms, e.g.
      from 4 to 9 carbon atoms; or
PA1  2. R.sub.1 is hydrogen or an alkyl group, e.g. comprising from 1 to 6
      carbon atoms; and R.sub.2 is an aryl group, e.g. phenyl; an aralkyl group,
      e.g. benzyl, phenylethyl; phenylpropyl; or an aralkenyl group, e.g.
      styryl, cinnamyl.
PAR  Compounds representative of this group include for instance:
TBL  (1) a.                                                                    

           n-amylalcohol    c.a.                                               

     b.    isoamylalcohol   c.a.                                               

     c.    n-hexanol        c.a.                                               

     d.    n-heptanol       c.a.                                               

     e.    n-octanol        c.a.                                               

     f.    n-nonanol        c.a.                                               

     g.    n-decanol        c.a.                                               

     h.    2-heptanol       c.a.                                               

     i.    3-octanol        c.a.                                               

     (2) a.                                                                    

           phenylethan-1-ol c.a.                                               

     b.    phenylpropan-1-ol                                                   

                            c.a.                                               

     c.    cinnamyl alcohol c.a.                                               

     d.    phenyl methyl carbinol                                              

                            c.a.                                               

     e.    benzyl methyl carbinol                                              

                            c.a.                                               

     f.    benzyl ethyl carbinol                                               

                            c.a.                                               

     g.    benzyl butyl carbinol                                               

                            n.c.                                               

     h.    benzyl amyl carbinol                                                

                            n.c.                                               

     i.    benzyl isoamyl carbinol                                             

                            n.c.                                               

     j.    benzyl hexyl carbinol                                               

                            n.c.                                               

PAR  The new compounds of this Group VIII can be prepared as follows:
PAR  2 g. Benzyl butyl carbinol. To a solution of 1.05 mole of butyl-magnesium
      bromide in 400 ml. of ether there is added a solution of 1 mole (120 g.)
      of phenylacetaldehyde in 300 ml. of ether at -8.degree. to -12.degree.C.
      within 3 to 4 hours. The reaction mixture is heated to about 20.degree.C.
      and worked up by conventional methods. Distillation of the crude reaction
      product yields 99 g. of benzyl butyl carbinol of b.p.
      88.degree.-91.degree.C./0.06 Torr; d.sub.4.sup.20 = 0.9485; n.sub.D.sup.20
      = 1.5059.
PAR  The same method is used for preparing:
PAR  2 h. Benzyl amyl carbinol, b.p. 81.degree.C./0.01 Torr.
PAR  2 i. Benzyl isoamyl carbinol, b.p. 142.degree.-143.degree.C./13 Torr;
      d.sub.4.sup.20 = 0.9377; n.sub.D.sup.20 = 1.5009.
PAR  2 j. Benzyl hexyl carbinol, b.p. 95.degree.C./0.01 Torr; d.sub.4.sup.20 =
      0.9339; n.sub.D.sup.20 = 1.4997.
PAR  Organoleptic evaluation data are listed in TABLE VIII below.
PAC  IX. - FURAN ETHERS
PAR  The compounds of this group have the general formula:
      ##SPC22##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen; alkyl, e.g. methyl, ethyl; aryl,
      e.g. phenyl, alkylphenyl; furfuryl, or alkylfurfuryl groups.
PAR  Compounds respresentative of this group include the following:
TBL  (1) a.                                                                    

         furfuryl methyl ether                                                 

                          Ber. 56, 1004 (1923)                                 

     b.  furfuryl ethyl ether                                                  

                          Ber. 56, 1004 (1923)                                 

     c.  furfuryl phenyl ether                                                 

                          Bull. 1938, 1151                                     

     d.  5-methyl-furfuryl furfuryl ether                                      

                          n.c.                                                 

     e.  difurfuryl ether Am.Soc. 49, 1066 (1927)                              

PAR  1 d. 5-Methyl-furfuryl furfuryl ether was prepared by the procedure
      described by J. E. Zanetti in J. Am. Chem. Soc. 49, 1066 (1927) for the
      difurfuryl ether, starting with 5-methylfurfuryl bromide (Compt.Rend. 222,
      1441 (1946)) instead of furfuryl bromide of Zanetti. The product was
      isolated by ether extraction of the crude mixture after having diluted
      with water. For purification the ether extract was distilled twice - b.p.
      68.degree.-70.degree.C. at 0.01 mm./Hg vacuum. The product was a viscous
      colourless liquid, darkening rapidly on contact with air.
PAR  Organoleptic evaluations are tabulated in TABLE IX.
PAC  X - THIOPHENE ETHERS
PAR  This group of compounds are described by the structural formula:
      ##SPC23##
PAL  wherein R is an alkyl group, phenyl, alkylphenyl, furfuryl, alkylfurfuryl,
      or thenyl group, and includes for example:
TBL  (1) a.                                                                    

           thenyl methyl ether                                                 

                           J.A.C.S. 42, 1066 (1927)                            

                           J.A.C.S. 50, 1960 (1928)                            

     b.    dithenyl ether  n.c.                                                

     c.    furfuryl thenyl ether                                               

                           n.c.                                                

PAR  The new compounds of this group were prepared as follows:
PAR  1. b. Dithenyl ether. To a suspension of 1.32 g. (0.01 mole) of
      chloromethylthiophene [obtained by the method of F. F. BLICKE, J.A.C.S.
      64, 477 (1942)] and 1.2 g. (0.02 mole) of powdered potassium hydroxide in
      10 ml. of ether there is added a solution of 3.5 g. (0.03 mole) of thenyl
      alcohol in 10 ml. of ether. The reaction mixture is stirred for 1 hour at
      room temperature, then refluxed for 30 minutes and finally allowed to
      stand over night. After filtration the ethereal solution is concentrated
      and the residue fractionally distilled. There is obtained 0.22 g. (10%) of
      dithenyl ether having a b.p. of 99.degree.C./0.01 mm. Hg. and a m.p. of
      36.5.degree..
PAR  1. c. Furfuryl thenyl ether is obtained by the same method as used for
      preparing compound (1) b., but using furfuryl alcohol instead of thenyl
      alcohol. The product thus obtained had a b.p. of 50.degree.C./0.01 mm. Hg.
PAR  Organoleptic evaluation data on representatives of this group of compounds
      are set out in TABLE X below.
PAC  XI - THIAZOLE ALCOHOLS
PAR  Compounds of this group have the following structural formula:
      ##SPC24##
PAL  wherein R is analkyl group, e.g. containing from 1 to 4 carbon atoms, or an
      alkenyl group, e.g. vinyl.
PAR  Representative compounds include the following:
TBL  (1) a.                                                                    

           methyl (4-methyl-thiazolyl-2) carbinol                              

                                     n.c.                                      

     b.    ethyl (4-methyl-thiazolyl-2) carbinol                               

                                     n.c.                                      

     c.    vinyl (4-methyl-thiazolyl-2) carbinol                               

                                     n.c.                                      

     d.    isobutyl (4-methyl-thiazolyl-2) carbinol                            

                                     n.c.                                      

PAR  The new compounds of this Group X can be prepared as follows:
PAR  1. a. Methyl (4-methyl-thiazolyl-2) carbinol was prepared by starting from
      4-methyl-thiazole and substituting the hydrogen atom in the 2-position by
      lithium by reaction with butyllithium. The resulting metal-organic
      compound was reacted with acetaldehyde [cf. J.A.C.S. 74, 6260 (1952)]. The
      resulting product has a b.p. of 102.degree.-103.degree.C./9 mm. Hg.
PAR  1. b. Ethyl (4-methyl-thiazolyl-2) carbinol was prepared by starting from
      4-methyl-thiazole and substituting the hydrogen atom in the 2-position by
      lithium by reaction with butyllithium. The resulting metal-organic
      compound was reacted with propionaldehyde [cf. J.A.C.S. 74, 6260 (1952)].
      The resulting product had a b.p. of 110-115.degree.C./9 mm. Hg. and a m.p.
      of 67.degree.-72.degree.C.
PAR  1. c. Vinyl (4-methyl-thiazolyl-2) carbinol was prepared by starting from
      4-methyl-thiazole and substituting the hydrogen atom in the 2-position by
      lithium by reaction with butyllithium. The resulting metal-organic
      compound was reacted with acrolein [cf. J.A.C.S. 74, 6260 (1952)]. The
      resulting product had a b.p. of 66.degree.C./0.005 mm.Hg.
PAR  1. d. Isobutyl (4-methyl-2-thiazolyl) carbinol was prepared by starting
      from 4-methyl-thiazole and substituting the hydrogen atom in the
      2-position by lithium by reaction with butyllithium. The resulting
      metal-organic compound was reacted with isovaleraldehyde [cf. J.A.C.S. 74,
      6260 (1952)]. The resulting product had a b.p. of 94.degree.C./0.1 mm. Hg.
PAR  Organoleptic evaluations are set out in TABLE XI below.
PAC  XII - PYRIDINE ETHERS AND ALCOHOLS
PAR  Compounds of this group are found to have the following general formula:
      ##SPC25##
PAL  wherein R.sub.1 is hydrogen or an alkoxy group, R.sub.2 is hydrogen or an
      alkyl group, and n is 0, 1 or 2. Examples of this group include:
TBL  (1) a.                                                                    

           2-methoxy-pyridine      c.a.                                        

     b.    2-butoxy-pyridine       n.c.                                        

     c.    2-methoxymethyl-pyridine                                            

                                   c.a.                                        

     d.    2-methoxymethyl-6-methyl-pyridine                                   

                                   c.a.                                        

     e.    2-hydroxymethyl-pyridine                                            

                                   c.a.                                        

     f.    3-hydroxymethyl-pyridine                                            

                                   c.a.                                        

     g.    4-hydroxymethyl-pyridine                                            

                                   c.a.                                        

     h.    2-hydroxymethyl-6-methyl-pyridine                                   

                                   c.a.                                        

     i.    2-(2-hydroxyethyl)-pyridine                                         

                                   c.a.                                        

     j.    2-(2-ethoxyethyl)-pyridine                                          

                                   c.a.                                        

PAR  1. b. 2-Butoxy-pyridine was prepared according to the method described in
      J.A.C.S. 69, 1803 (1947) by condensing 0.17 mole of 2-bromo-pyridine with
      0.195 mole of sodium butoxide. By distillation of the reaction product
      there were obtained 15 g. of 2-butoxy-pyridine distilling at
      78.degree.C./10 mm.Hg. n.sub.D.sup.23 = 1.4880;  d.sub.4.sup.23.4 =
      0.9723.
PAR  Organoleptic evaluations are set out in TABLE XII below.
PAC  XIII - PYRAZINE ETHERS AND ALCOHOLS
PAR  Compounds of this group are represented by the general formula:
      ##SPC26##
PAL  wherein R represents hydrogen or an alkyl group and n is 0, 1 or 2.
PAR  Examples of compounds covered by this formula are:
TBL  (1) a.                                                                    

           2-hydroxymethyl-pyrazine                                            

                            J.Org.Chem. 28, 1898(1963)                         

     b.    2-methoxymethyl-pyrazine                                            

                            n.c.                                               

     c.    2-ethoxymethyl-pyrazine                                             

                            n.c.                                               

PAR  Compounds (1) b. and (1) c. were prepared by reacting
      2-chloromethyl-pyrazine with the corresponding sodium alkoxide according
      to the same method as used for the preparation of sulfides [cf.
      HOUBEN-WEYL, 4th edition, vol. 9, 97 (1955)]. The products thus obtained
      had the following boiling points:
PA1  compound (1) b.: 51.degree.C./8 mm. Hg.;
PA1  compound (1) c.: 75.degree.C./8 mm. Hg.
PAR  Organoleptic evaluations are set out in TABLE XIII below.
PAC  XIV - BENZOFURAN CARBONYL COMPOUNDS
PAR  This group of compounds has the following general formula:
      ##SPC27##
PAL  wherein R.sub.1 and R.sub.2 may be hydrogen or alkyl.
PAR  Examples of compounds included in this definition are:
TBL  (1) a.                                                                    

         benzofuran-2-aldehyde                                                 

                          Bull. 1962, 1875                                     

     b.  2-acetyl-benzofuran                                                   

                          J.A.C.S.73, 754 (1951)                               

     c.  7-methyl-benzofuran-2-aldehyde                                        

                          n.c.                                                 

PAR  1. c. 7-Methyl-benzofuran-2-aldehyde was prepared by formylating
      7-methyl-benzofuran according to the same method as used for the
      preparation of benzofuran-2-aldehyde. The product thus obtained has the
      following ion peaks in its mass spectrum: 160 (100%), 159 (62%) and 131
      (33%).
PAR  Organoleptic evaluations are set out in TABLE XIV below.
PAC  XV - THIOPHENE ALDEHYDES
PAR  Compounds of this group have the general formulae:
      ##SPC28##
PAL  wherein R is hydrogen, or an alkyl or thenyl group; and
      ##SPC29##
PAL  wherein R.sub.1 and R.sub.2 represent hydrogen or alkyl.
PAR  Compounds in this group include for instance:
TBL  (1) a.                                                                    

         Thiophene-2-aldehyde                                                  

                          c.a.                                                 

     b.  5-methyl-thiophene-2-aldehyde                                         

                          Org.Syn. 36, 74 (1956)                               

     c.  3-methyl-thiophene-2-aldehyde                                         

                          *b.p. 88-89.degree.C./10 mm.hg.                      

     d.  5-propyl-thiophene-2-aldehyde                                         

                          *b.p. 64-65.degree.C./0.002 mm.Hg.                   

     e.  5-thenyl-thiophene-2-aldehyde                                         

                          *m.p. 31-32.degree.C.                                

     (2) a.                                                                    

         benzothiophene-2-aldehyde                                             

                          J.A.C.S.74, 2935 (1952)                              

     b.  2-acetyl-benzothiophene                                               

                          Compt.Hend.234, 730 (1952)                           

      *prepared according to the same method as used for compound (1) b.       

PAR  Organoleptic evaluations are set out in TABLE XV below.
PAC  XVI - PYRROLE ALDEHYDES
PAR  Compounds of this group have the structural formula
      ##SPC30##
     wherein R is an alkyl, furfuryl or thenyl group.
PAR  Representative compounds include, for example:
TBL  (1) a.                                                                    

         1-ethyl-pyrrole-2-aldehyde                                            

                            n.c.                                               

     b.  1-butyl-pyrrole-2-aldehyde                                            

                            Helv. 13, 349 (1930)                               

     c.  1-butyl-pyrrole-3-aldehyde                                            

                            n.c.                                               

     d.  1-amyl-pyrrole-2-aldehyde                                             

                            n.c.                                               

     e.  1-amyl-pyrrole-3-aldehyde                                             

                            n.c.                                               

     f.  1-.alpha.-methylbutyl-pyrrole-2-aldehyde                              

                            n.c.                                               

     g.  1-.alpha.-methylbutyl-pyrrole-3-aldehyde                              

                            n.c.                                               

     h.  1-furfuryl-pyrrole-2-aldehyde                                         

                            Helv. 13, 349 (1930)                               

     i.  1-furfuryl-pyrrole-3-aldehyde                                         

                            n.c.                                               

     j.  1-thenyl-pyrrole-2-aldehyde                                           

                            n.c.                                               

     k.  1-isoamyl-pyrrole-2-aldehyde                                          

                            Helv. 13, 349 (1930)                               

PAR  The new compounds of this group XVI can be prepared as follows:
PAR  1. a. 1-Ethyl-pyrrole-2-aldehyde was prepared from 1-ethyl-pyrrole
      [obtained by the method described in Helv. 10, 387 (1927)] by introducing
      a formaldehyde group following the technique described in Org.Synth. 36,
      74 (1956). The product boiled at 73.degree.-75.degree.C./7 mm. Hg.
PAR  1. c. 1-Butyl-pyrrole-3-aldehyde was prepared by the same method as used
      for compound (1) a. It has a b.p. of 148.degree.-150.degree.C./11 mm. Hg.
PAR  1. d. 1-Amyl-pyrrole-2-aldehyde was prepared by the same method as used for
      compound (1) a. It has a b.p. of 111.degree.-112.degree.C./11 mm. Hg.
PAR  1. e. 1-Amyl-pyrrole-3-aldehyde was prepared by the same method as used for
      compound (1) a. It has a b.p. of 155.degree.-160.degree.C./11 mm.Hg.
PAR  1. f. 1-.alpha.-Methylbutyl-pyrrole-2-aldehyde was prepared by the same
      method as used for compound (1) a. It has a b.p. of
      103.degree.-105.degree.C./11 mm. Hg.
PAR  1. g. 1-.alpha.-Methylbutyl-pyrrole-3-aldehyde was prepared by the same
      method as used for compound (1) a. It has a b.p. of 150.degree.C./11 mm.
      Hg.
PAR  1. h. 1-Furfuryl-pyrrole-2-aldehyde was prepared starting with
      1-furfury-pyrrole described by Reichstein in Helv. 15, 1450 (1932) as well
      as Gianturoo et al. in Tetrahedron 20, 1763 (1964). The aldehyde group was
      introduced by the Vilameyer reaction (e.g. by the method described in
      Bull. 1962, 1989). A small amount of the corresponding 3-aldehyde is
      obtained as a byproduct and can be separated by fractional distillation.
      The 2-aldehyde boils at 139.degree.-140.degree.C./12 mm. Hg. and is a
      viscous colorless oil. The 3-aldehyde has a b.p. of 190.degree.C./12 mm.
      Hg.
PAR  1. j. 1-Thenyl-pyrrole-2-aldehyde was prepared by the same method as used
      for compound (1) h. It has a b.p. of 98.degree.C./0.005 mm. Hg.
PAR  The organoleptic evaluations are shown in TABLE XVI below.
PAC  XVII - PYRAZINE CARBONYL COMPOUNDS
PAR  Compounds of this group have the general formula:
      ##SPC31##
     wherein R is hydrogen or an alkyl group and n is 0 or 1.
PAL  Examples of this group include:
     (1) a.                                                                    

           2-formyl-pyrazine                                                   

                           C.A. 58, 10180b (1963)                              

     b.    2-acetyl-pyrazine                                                   

                           J.A.C.S. 74, 3621 (1952)                            

     c.    2-acetonyl-pyrazine                                                 

                           J.Org.Chem.23, 406 (1958)                           

PAR  Organoleptic evaluations are tabulated in TABLE XVII below.
PAC  XVIII - ALIPHATIC AND AROMATIC KETONES
PAR  The compounds of this group are defined by the following general formula:
EQU  R.sub.1 --CO--R.sub.2                                      1
PAL  wherein R.sub.1 is an alkyl group having from 1 to 3 carbon atoms and
      R.sub.2 is an alkyl group having from 3 to 11 carbon atoms, or a phenyl or
      benzyl group.
PAR  Examples of compounds corresponding to this definition are as follows:
TBL  (1) a.                                                                    

           methyl amyl ketone                                                  

                            c.a.                                               

     b.    methyl hexyl ketone                                                 

                            c.a.                                               

     c.    methyl heptyl ketone                                                

                            c.a.                                               

     d.    methyl octyl ketone                                                 

                            c.a.                                               

     e.    methyl nonyl ketone                                                 

                            c.a.                                               

     f.    methyl decyl ketone                                                 

                            c.a.                                               

     g.    methyl undecyl ketone                                               

                            c.a.                                               

     h.    ethyl butyl ketone                                                  

                            c.a.                                               

     i.    ethyl amyl ketone                                                   

                            c.a.                                               

     j.    dipropyl ketone  c.a.                                               

     k.    propyl isopropyl ketone                                             

                            J.A.C.S. 63, 3163 (1941)                           

     l.    di-isopropyl ketone                                                 

                            J.A.C.S. 59, 1826 (1937)                           

     m.    acetophenone     c.a.                                               

     n.    propiophenone    c.a.                                               

     o.    isopropyl phenyl ketone                                             

                            c.a.                                               

     p.    methyl benzyl ketone                                                

                            c.a.                                               

     q.    ethyl benzyl ketone                                                 

                            c.a.                                               

PAR  Organoleptic evaluations are tabulated in TABLE XVIII below.
PAC  XIX - FURAN KETONES
PAR  This family of compounds have the following general formula:
      ##SPC32##
PAL  wherein n is 0, 1 or 2 and wherein R.sub.1 is hydrogen or methyl, and
      R.sub.2 is alkyl.
PAR  Representative examples of compounds in this group include:
TBL  (1) a.                                                                    

         2-acetyl-furan    c.a.                                                

     b.  2-propionyl-furan J.A.C.S. 72, 3695 (1950)                            

     c.  2-butyryl-furan   J.A.C.S. 72, 3695 (1950)                            

     d.  2-valeryl-furan   J.A.C.S. 72, 3695 (1950)                            

     e.  5-methyl-2-acetyl-furan                                               

                           J.A.C.S. 72, 3695 (1950)                            

     f.  5-methyl-2-propionyl-furan                                            

                           J.A.C.S. 72, 3695 (1950)                            

     g.  furfuryl methyl ketone                                                

                           Ber. 76, 192 (1943)                                 

     h.  furfuryl ethyl ketone                                                 

                           J.Org.Chem. 15, 8 (1950)                            

     i.  (5-methyl-furfuryl) methyl ketone                                     

                           n.c.                                                

     j.  (5-methyl-furfuryl) ethyl ketone                                      

                           n.c.                                                

     k.  4-furyl-2-butanone                                                    

                           J.A.C.S. 72, 3695 (1950)                            

     l.  4-(5-methylfuryl)-2-butanone                                          

                           Ber. 76, 192 (1943)                                 

     m.  1-(5-methylfuryl)-3-pentanone                                         

                           n.c.                                                

PAR  The new compounds of this group can be prepared as follows:
PAR  1. i. (5-Methyl-furfuryl) methyl ketone was prepared according to the
      procedure described by Hass et al. in J.Org.Chem. 15, 8 (1950) by
      condensing 5-methyl-furfuryl-aldehyde with nitroethane. The product has a
      b.p. of 75.degree.C./10 mm. Hg.
PAR  1. j. (5-Methyl-furfuryl) ethyl ketone was prepared by the same method as
      used for compound (1) i., except that 1-nitropropane was used instead of
      nitroethane. The product has a b.p. of 97.degree.-100.degree.C./15 mm. Hg.
PAR  1. m. 1-(5-Methylfuryl)-3-pentanone was prepared by the method described in
      Ber. 76, 192 (1943). It has a b.p. of 101.degree.-102.degree.C./11 mm. Hg.
PAR  Organoleptic evaluation data are set out in TABLE XIX below.
PAC  XX - THIOPHENE KETONES
PAR  Compounds of this group which have been found to have utility in the
      concept of the instant invention have the following general formulae:
      ##SPC33##
PAL  wherein n is 0 or 1, R.sub.1 is hydrogen or alkyl and R.sub.2 is alkyl; and
      ##SPC34##
PAL  wherein n is 0 or 1.
PAR  Representative compounds include:
TBL  (1) a.                                                                    

         2-acetyl-thiophene  J.A.C.S. 72, 3695 (1950)                          

     b.  3-methyl-2-acetyl-thiophene                                           

                             J.A.C.S. 72, 3695 (1950)                          

     c.  4-methyl-2-acetyl-thiophene                                           

                             J.A.C.S. 72, 3695 (1950)                          

     d.  3-methyl-2-propionyl-thiophene                                        

                             J.A.C.S. 72, 3695 (1950)                          

     e.  5-methyl-2-propionyl-thiophene                                        

                             J.A.C.S. 72, 3695 (1950)                          

     f.  2-butyryl-thiophene J.A.C.S. 72, 3695 (1950)                          

     g.  5-methyl-2-acetyl-thiophene                                           

                             J.A.C.S. 72, 3695 (1950)                          

     h.  2-propionyl-thiophene                                                 

                             J.A.C.S. 72, 3695 (1950)                          

     i.  2-acetylmethyl-thiophene                                              

                             C.A. 51, 10509c (1957)                            

     (2) a.                                                                    

         5,5'-diacetyl-dithienyl-2,2'-methane                                  

                             J.A.C.S. 73, 1270 (1951)                          

     b.  5,5'-diacetyl-dithienyl-2,2'                                          

                             J.A.C.S. 78, 1958 (1956)                          

PAR  Organoleptic evaluation data are set out in TABLE XX below.
PAC  XXI - PYRROLE KETONES
PAR  Compounds of this group have the general formulae:
      ##SPC35##
PAL  wherein X is oxygen or sulfur, R.sub.1 is an alkyl group, and R.sub.2 is
      hydrogen or an alkyl group;
      ##SPC36##
PAL  wherein R is an alkyl group;
      ##SPC37##
PAL  wherein R.sub.1 is hydrogen or an alkyl group and R.sub.2 is an alkyl
      group;
      ##SPC38##
PAL  wherein R.sub.1, R.sub.2 and R.sub.4 represent hydrogen or alkyl groups and
      R.sub.3 is an alkyl group.
PAR  Compounds which are representative of this group include:
TBL  (1) a.                                                                    

         1-furfuryl-2-acetyl-pyrrole                                           

                          n.c.                                                 

     b.  1-thenyl-2-acetyl-pyrrole                                             

                          J.A.C.S. 85,2859 (1963)                              

     c.  1-thenyl-3-acetyl-pyrrole                                             

                          J.A.C.S. 85, 2859 (1963)                             

     (2) a.                                                                    

         1-acetyl-pyrrole Chem.& Ind. 1965, 1426                               

     b.  1-propionyl-pyrrole                                                   

                          Ber. 89, 1938 (1956)                                 

     (3) a.                                                                    

         2-methyl-5-acetyl-pyrrole                                             

                          c.a.                                                 

     b.  1,2-dimethyl-5-acetyl-pyrrole                                         

                          n.c.                                                 

     (4) a.                                                                    

         2,5-dimethyl-3-acetyl-pyrrole                                         

                          Beilstoin XXI, 277 (1935)                            

     b.  1-methyl-3-acetyl-pyrrole                                             

                          n.c.                                                 

PAR  The new compounds included in this group can be prepared as follows:
PAR  1. a. 1-Furfuryl-2-acetyl-pyrrole was prepared starting from
      1-furfuryl-pyrrole described by Reichstein in Helv. 15, 1450 (1932) as
      well as Gianturco et al. in Tetrahedron 20, 1763 (1964). Acetylation by
      reaction of the Grignard intermediate with acetyl chloride [cf. Chem. Ber.
      47, 1416 (1914)] led to the desired ketone. (A small amount of the
      3-isomer was also obtained, separable by fractional distillation). The
      product boils at 100.degree.-102.degree.C./0.03 mm Hg. and crystallizes on
      standing. Recrystallization from a mixture of methylene dichloride and
      petroleum ether gave a white crystalline product with a m.p. of
      42.degree.-43.degree.C.
PAR  3. b. 1,2-Dimethyl-5-acetyl-pyrrole was obtained by acetylating
      1,2-dimethylpyrrole according to the method described in Ber. 47, 1416
      (1914) [cf. also J.A.C.S. 85, 2859 (1963)]. The product has a b.p. of
      102.degree.-106.degree.C./10 mm. Hg.
PAR  4. b. 1-Methyl-3-acetyl-pyrrole was obtained as a by-product in the
      synthesis of 1-methyl-2-acetyl-pyrrole according to the method described
      in Ber. 47, 1416 (1914). The product has a b.p. of
      130.degree.-132.degree.C./12 mm. Hg.
PAR  Evaluation data are set out in TABLE XXI below.
PAC  XXII - THIAZOLE CARBONYL COMPOUNDS
PAR  Compounds of this group have the following general formula:
      ##SPC39##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen or alkyl groups.
PAR  Representative compounds of this group are:
     (1) a.                                                                    

           4-methyl-2-acetyl-thiazole                                          

                                Bull. 20, 702 (1953)                           

     b.    4-methyl-2-propionyl-thiazole                                       

                                n.c.                                           

     c.    5-methyl-2-acetyl-thiazole                                          

                                Bull. 20, 702 (1953)                           

     d.    4-methyl-2-butyryl-thiazole                                         

                                n.c.                                           

     e.    4-methyl-2-formyl-thiazole                                          

                                n.c.                                           

PAR  The new compounds included in this group can be prepared as follows:
PAR  1. b. 4-Methyl-2-propionyl-thiazole was prepared according to the method
      described in Bull. 20, 702 (1953) by reacting 4-methyl-thiazole with
      ethyl-magnesium bromide and acylating the obtained Grignard intermediate
      with propionyl chloride. The product has a b.p. of
      83.degree.-88.degree.C./9 mm. Hg.
PAR  1. d. 4-Methyl-2-butyryl-thiazole was prepared by the same method as
      compound (1) b, but using butyric anhydride as the acylating agent. The
      product has a b.p. of 110.degree.-115.degree.C./ 8 mm. Hg.
PAR  1. e. 4-Methyl-2-formyl-thiazole was prepared by oxidizing
      2-hydroxymethyl-4-methyl-thiazole with chromic acid in a sulfuric acid
      medium according to the method described in J.A.C.S. 53, 1470 (1931). The
      product was identified by mass spectrometry (peaks M/e and relative
      intensity): 71 (100%), 127 (97%) and 72 (48%).
PAR  Organoleptic evaluation data are set out in TABLE XXII below.
PAC  XXIII - PYRIDINE CARBONYL COMPOUNDS
PAR  Compounds of this group have the general formula:
      ##SPC40##
PAL  wherein R.sub.1 represents hydrogen, an alkyl group or a phenyl group,
      R.sub.2 represents hydrogen, an alkyl group or an acyl group and n is 0, 1
      or 2.
PAR  Representative compounds include:
TBL  (1) a.                                                                    

           2-acetyl-pyridine    c.a.                                           

     b.    6-methyl-2-acetyl-pyridine                                          

                                c.a.                                           

     c.    3-acetyl-pyridine    c.a.                                           

     d.    4-acetyl-pyridine    c.a.                                           

     e.    pyridine-2-aldehyde  c.a.                                           

     f.    pyridine-3-aldehyde  c.a.                                           

     g.    pyridine-4-aldehyde  c.a.                                           

     h.    6-methyl-pyridine-2-aldehyde                                        

                                c.a.                                           

     i.    2-benzoyl-pyridine   c.a.                                           

     j.    3-benzoyl-pyridine   c.a.                                           

     k.    4-benzoyl-pyridine   c.a.                                           

     l.    2,6-diacetyl-pyridine                                               

                                c.a.                                           

     m.    4-(.gamma.-pyridyl)-butan-2-one                                     

                                n.c.                                           

PAR  The new compound, 4-(.gamma.-pyridyl)-butan-2-one, was prepared as follows:
PAR  8 ml. of 2-n NaOH solution were added to a mixture of 10.8 g. (0.1 mole) of
      pyridine-4-aldehyde, 100 ml. of water and 10 ml. of acetone at
      12.degree.-15.degree.C. After a reaction time of 3 minutes the reaction
      mixture was neutralized with 10 percent aqueous acetic acid, saturated
      with NaCl and extracted with ether. After removal of the ether the residue
      was distilled. There were obtained 8.4 g. of
      4-(.gamma.-pyridyl)-3-buten-2-one as a yellow oil of b.p.
      135.degree.-138.degree.C./ 0.07 Torr. 5.24 g. of this product were
      dissolved in 30 ml. of ethanol and hydrogenated in the presence of 4 g. of
      Ni-catalyst. Distillation of the reaction product yielded
      4-(.gamma.-pyridyl)-butan-2-one of b.p. 83.degree.-85.degree.C./0.05 Torr;
      n.sub.4.sup.27 = 1047; n.sub.D.sup.27 = 1.516.
PAR  Organoleptic evaluation data are set out in TABLE XXIII below.
PAC  XXIV - ALPHA-DIKETONES
PAR  Compounds of this group which have been found to have utility in the
      concept of this invention are of the formulae:
PA1  1. CH.sub.3 COCOR
PA1  2. c.sub.2 h.sub.5 cocor
PAL  wherein R is an alkyl group or a phenyl group.
PAR  Compounds representative of this group include:
TBL  (1) a.                                                                    

         acetylbutyryl  J.Chem.Soc. 1946, 56                                   

     b.  acetylisobutyryl                                                      

                        Ber. 22, 2121 (1889)                                   

     c.  acetylisovalerianyl                                                   

                        Ber. 22, 2122 (1889)                                   

     d.  acetylcaproyl  J.pr,Ch.[2] 58, 402 (1898)                             

                        n.sub.D.sup.20 = 1.4214; d.sub.4.sup.20 = 0.9183       

     e.  acetylbenzoyl  c.a. (British Drug House)                              

     f.  5-methyl-heptanedione-2,3                                             

                        n.c.                                                   

     g.  5-methyl-octanedione-2,3                                              

                        n.c.                                                   

     h.  acetylvalerianyl                                                      

                        n.c.                                                   

     i.  acetylheptanoyl                                                       

                        n.c.                                                   

     (2) a.                                                                    

         dipropionyl    Bull.[3], 31, 629,650 (1906)                           

     b.  heptane-3,4-dione                                                     

                        Bull.[3], 31, 1174 (1904)                              

     c.  5-methyl-heptane-3,4-dione                                            

                        n.c.; prepared by the                                  

                        method in Bull.[3], 31, 1145                           

                        (1904); b.p. 55.degree.C./12 mm.Hg.                    

PAR  The new compounds included in this group can be obtained as follows:
PAR  1. f. 5-Methyl-heptan-2,3-dione. 0.33 Mole of acetol, 0.33 mole of
      .alpha.-methylbutanal and 2.5 ml. of conc. HCl were heated in a flask
      equipped with a Raschig column (length 25 cm), and the volatile products
      were distilled over as the reaction proceeded. 15 ml. of distillate were
      collected and rejected. The flask was cooled, and 15 ml. of water were
      added to the distillation residue. The distillation was then continued at
      a bath temperature of 150.degree.-180.degree.C. After 15 ml. of distillate
      consisting of the reaction product and water had been collected, the flask
      was again cooled, and the addition of water followed by distillation were
      repeated several times until the reaction product was completely
      distilled. The combined distillates were extracted with ether. after
      washing the extract with aqueous sodium carbonate and water and
      evaporation of the solvent, the residue was distilled. There were obtained
      3.9 g. of pure 5-methyl-heptan-2,3-dione distilling at
      45.degree.-47.degree.C./8 Torr. n.sub.D.sup.23.5 = 1.4200;
      d.sub.4.sup.23.5 = 0.9099.
PAR  1 g. 5-Methyl-octan-2,3-dione was prepared according to the same method as
      5-methyl-heptan-2,3-dione, except that 0.5 mole of acetol, 0.55 mole of
      .alpha.-methyl-pentenal and 4.5 ml. of conc. HCl were used for the
      reaction. There were obtained 16 g. of pure 5-methyl-octan-2,3-dione
      distilling at 65.degree.-66.degree.C./11 Torr; n.sub.D.sup.22.5 = 1.4258;
      d.sub.4.sup.22.5 = 0.9107.
PAR  1 h. Acetylvalerianyl was prepared according to the same method as compound
      (1) f. It has a b.p. of 71.degree.-72.degree.C./44 mm.Hg.
PAR  1 i. Acetylheptanoyl was prepared by hydrolyzing 3-oximino-nonan-2-one
      according to the method of Bouvesult et al. described in Bull.Soc.Chim.
      France [3] 31, 1145 (1904). 3-Oximino-nonan-2-one was obtained by
      nitrosation of nonan-2-one with ethyl nitrite according to the method
      described in Org.React. VII, Chap. 6 (1953). Acetylheptanoyl has a b.p. of
      74.degree.C./9 mm. Hg.
PAR  2 c. 5-Methyl-heptan-3,4-dione was prepared according to the method
      described in Bull [3], 31, 1145 (1904). It has a b.p. of 55.degree.C./12
      mm. Hg.
PAR  The organoleptic evaluations are set out in TABLE XXIV below.
PAC  XXV - THIOPHENE ALPHA-DIKETONES
PAR  Compounds of this group have the following general formula:
      ##SPC41##
PAL  wherein R.sub.1 is hydrogen or a methyl group and wherein R.sub.2 is an
      alkyl group.
PAR  Representative compounds include:
     (1) a.                                                                    

           1-(thienyl-2)-propane-1,2-dione                                     

                                     n.c.                                      

     b.    1-(3-methyl-thienyl-2)-propane-1,2-dione                            

                                     n.c.                                      

     c.    1-(5-methyl-thienyl-2)-propane-1,2-dione                            

                                     n.c.                                      

     d.    1-(thienyl-2)-butan-1,2-dione                                       

                                     n.c.                                      

PAR  The new compounds included in this group can be obtained as follows:
PAR  1 a. 1-(Thienyl-2)-propane-1,2dione was prepared by acylating thiophene
      according to the method described in J.A.C.S. 72, 3695 (1950), subjecting
      the resulting 2-propionylthiophene to the nitrosyl chloride and
      hydrolyzing the reaction product in formic acid solution with nitrosyl
      sulfuric acid as described in Bull. [3] 31, 1163 (1904). The product
      formed bright yellow crystals and melted at 48.degree.-50.degree.C.
PAR  1 b. 1-(3-methyl-thienyl-2)-propane-1,2dione was prepared by acylating
      thiophene according to the method described in J.A.C.S. 72, 3695 (1950),
      subjecting the resulting 3-methyl-2-propionyl-thiophene to the action of
      nitrosyl chloride and hydrolizing the reaction product in formic acid
      solution with nitrosyl sulfuric acid as described in Bull. [3] 31, 1163
      (1904). The product had a b.p. of 93.degree.C./11 mm. Hg.
PAR  1 c. 1-(5-Methyl-thienyl-2)-propane-1,2-dione was prepared by the same
      method as compound (1)a. It has a b.p. of 150.degree.-160.degree.C. (bath
      temp.)/11 mm. Hg.
PAR  1 d. 1(Thienyl-2)-butan-1,2-dione was prepared from 2-butyryl-thiophene via
      the oxime according to the method used in the furan series and described
      in Tetrahedron 20, 2959  (1964). The product has a b.p. of
      120.degree.-123.degree.C. (bath temperature) 11 mm. Hg.
PAR  The organoleptic evaluations gave the results set out in TABLE XXV below.
PAC  XXVI -PYRROLE ALPHA-DIKETONES
PAR  This group of compounds has the general formula:
      ##SPC42##
PAL  wherein R.sub.1 is hydrogen or alkyl and R.sub.2 is alkyl.
PAR  Representative compounds of this group include e.g.:
TBL  (1) a.                                                                    

           (pyrrolyl-2)-propan-1,2-dione                                       

                                 n.c.                                          

     b.    (pyrrolyl-2)-butan-1,2-dione                                        

                                 n.c.                                          

PAR  The new compounds included in this group can be obtained as follows:
PAR  1 a. (Pyrrolyl-2)-propan-1,2-dione was prepared according to the same
      method as used for compound (1) d. of Group XXV. It has a m.p. of
      50.degree.-51.degree.C.
PAR  1 b. (Pyrrolyl-2)-butan-1,2-dione was prepared by the same method as used
      for compound (1) d. of Group XXV. It has a m.p. of 37.degree.-38.degree.C.
PAR  Organoleptic evaluation data are set out in TABLE XXVI below.
PAC  XXVII - FURAN ESTERS
PAR  Compounds of this group have the general formulae:
      ##SPC43##
PAL  wherein R is an alkyl group comprising at least 2 carbon atoms; and
      ##SPC44##
PAL  wherein R is an alkyl or alkenyl group.
PAR  Representative compounds of this group include:
TBL  (1) a.                                                                    

         furfuryl propionate                                                   

                          *"The Furans", page 226                              

     b.  furfuryl butyrate                                                     

                          *"The Furans", page 226                              

     c.  furfuryl isobutyrate                                                  

                          *"The Furans", page 226                              

     d.  furfuryl isovalerate                                                  

                          n.c.                                                 

     e.  furfuryl crotonate                                                    

                          n.c.                                                 

     f.  furfuryl tiglate *"The Furans", page 36                               

     g.  furfuryl alphamethylbutyrate                                          

                          n.c.                                                 

     h.  furfuryl .beta.,.beta.'-dimethylacrylate                              

                          n.c.                                                 

     i.  furfuryl valerate                                                     

                          n.c.                                                 

     (2) a.                                                                    

         ethyl furoate    *"The Furans", page 513                              

     b.  propyl furoate   *"The Furans", page 513                              

     c.  isopropyl furoate                                                     

                          *"The Furans", page 513                              

     d.  butyl furoate    *"The Furans", page 513                              

     e.  isobutyl furoate *"The Furans", page 513                              

     f.  isoamyl furoate  *"The Furans", page 513                              

     g.  methyl 3-(.alpha.-furyl)-propionate                                   

                          C.A. 32, 53977 (1938)                                

     h.  ethyl 3-(.alpha.-furyl)-propionate                                    

                          c.a.                                                 

      *"The Furans", Reinhold Publsihing Company, New York (1953).             

PAR  The new compounds included in this group can be obtained by reacting the
      corresponding acid chlorides with furfuryl alcohol, e.g. according to the
      method described in Houben-Weyl, 4th ed., Vol. 8, 543 (1952). There are
      thus obtained:
PAR  1 d. Furfuryl isovalerate, b.p. 97.degree.-98.degree.C./11 mm. Hg.
PAR  1 e. Furfuryl crotonate, b.p. 96.degree.-98.degree.C./11 mm. Hg.
PAR  1 g. Furfuryl .alpha.-methylbutyrate, b.p. 96.degree.C./11 mm. Hg.
PAR  1 h. Furfuryl .beta., .beta.'-dimethylacrylate, b.p.
      113.degree.-115.degree.C./11 mm. Hg.
PAR  1 i. Furfuryl valerate, b.p. 100.degree.-104.degree.C./11 mm. Hg.
PAR  In the organoleptic evaluation tests these compounds gave the results set
      out in TABLE XXVII below.
PAC  XXVIII - THIOPHENE ESTERS
PAR  Compounds of this group have the following general formulae:
      ##SPC45##
PAL  wherein R is alkyl or furfuryl; and
      ##SPC46##
PAL  wherein R is hydrogen or alkyl.
PAR  Representative compounds of this group include:
TBL  (1) a.                                                                    

         methyl thiophene-2-carboxylate                                        

                          J.A.C.S. 77, 6709 (1955)                             

     b.  ethyl thiophene-2-carboxylate                                         

                          J.A.C.S. 77, 6709 (1955)                             

     c.  propyl thiophene-2-carboxylate                                        

                          J.A.C.S. 77, 6709 (1955)                             

     d.  butyl thiophene-2-carboxylate                                         

                          J.A.C.S. 77, 6709 (1955)                             

     e.  isoamyl thiophene-2-carboxylate                                       

                          n.c.                                                 

     f.  furfuryl thiophene-2-carboxylate                                      

                          n.c.                                                 

     (2) a.                                                                    

         thenyl formate   n.c.                                                 

     b.  thenyl acetate   n.c.                                                 

PAR  The new compounds included in sub-class (1) of this group can be obtained
      by reacting thionyl chloride with the corresponding alkoxides according to
      the method described in J.A.C.S. 77, 6709 (1955). There were thus
      obtained:
PAR  1 e. Isoamyl thiophene-2-carboxylate, b.p. 79.degree.-80.degree.C./0.3 mm.
      Hg.
PAR  1 f. Furfuryl thiophene-2-carboxylate, b.p. 109.degree.C./0.07 mm. Hg.
PAR  The new compounds included in sub-class (2) of this group can be obtained
      by acylation of 2-thenyl alcohol which is prepared by reducing
      thiophene-2-aldehyde according to the method described in J.Org.Chem. 15,
      790 (1950). Acylation with the mixed anhydride of formic and acetic acids
      according to the method described in J.A.C.S. 64, 1583 (1942) yields
PA1  2 a. Thenyl formate, b.p. 87.degree.-88.degree.C./15 mm. Hg.  Acylation
      with acetic anhydride yields
PA1  2 b. Thenyl acetate, b.p. 91.degree.C./12 mm. Hg.
PAR  In the organoleptic evaluation test these compounds gave the results set
      out in TABLE XXVIII below.
PAC  XXIX - PYRIDINE ESTERS
PAR  Compounds of this group are of the general formula
      ##SPC47##
PAL  wherein R stands for lower alkyl and n is 0 or 1.
PAR  Representative compounds of this group include:
TBL  (1) a.                                                                    

           methyl (pyridyl-2)-acetate                                          

                              c.a.                                             

     b.    methyl (pyridyl-3)-acetate                                          

                              c.a.                                             

     c.    methyl (pyridyl-4)-acetate                                          

                              c.a.                                             

     d.    ethyl (pyridyl-2)-acetate                                           

                              c.a.                                             

     e.    ethyl (pyridyl-3)-acetate                                           

                              c.a.                                             

     f.    ethyl (pyridyl-4)-acetate                                           

                              c.a.                                             

PAR  Organoleptic evaluation data are set out in TABLE XXIX below.
PAC  XXX - AROMATIC SULFUR COMPOUNDS
PAR  Compounds of this group are of the general formulae:
      ##SPC48##
PAL  wherein R.sub.1 stands for hydrogen, hydroxy, alkoxy or alkyl and R.sub.2
      represents hydrogen or alkyl;
      ##SPC49##
PAL  wherein R.sub.1 stands for hydrogen, hydroxy, alkyl or alkoxy, R.sub.2 may
      be hydrogen or alkyl, R.sub.3 represents alkyl or benzyl and n is 0, 1 or
      2; and
      ##SPC50##
PAL  wherein R stands for alkyl or phenyl.
PAR  Representative compounds include:
TBL  (1) a.                                                                    

         2-methoxy benzenethiol                                                

                        Ber. 39, 1348 (1906)                                   

     b.  benzenethiol   c.a.                                                   

     c.  2-hydroxy-thiophenol                                                  

                        Beilstoin 6, 793                                       

     d.  2-methyl-benzenethiol                                                 

                        c.a.                                                   

     e.  3-methyl-benzenethiol                                                 

                        c.a.                                                   

     f.  4-methyl-benzenethiol                                                 

                        c.a.                                                   

     g.  2,4-dimethyl-benzenethiol                                             

                        Ber. 32, 1147                                          

     h.  3,4-dimethyl-benzenethiol                                             

                        J.Org.Chem.26, 4047 (1961)                             

     i.  2-ethyl-benzenethiol                                                  

                        Ber. 59, 349                                           

     j.  2-ethoxy-benzenethiol                                                 

                        J.pr,Ch. 114, 231,235                                  

     k.  4-methoxy-benzenethiol                                                

                        c.a.                                                   

     (2) a.                                                                    

         methyl phenyl sulfide                                                 

                        c.a.                                                   

     b.  dibenzyl sulfide                                                      

                        J.Chem.Soc. 1922, 1404                                 

     (3) a.                                                                    

         phenyl methyl disulfide                                               

                        J.A.C.S. 85, 1618 (1963)                               

     b.  diphenyl disulfide                                                    

                        Ber. 56, 1929 (1923)                                   

PAR  Evaluation test data are set out in TABLE XXX below.
PAC  XXXI - FURAN SULFUR COMPOUNDS
PAR  Compounds of this group are included in the formulae:
      ##SPC51##
PAL  wherein R may be hydrogen, alkyl or alkenyl and n stands for 1 or 2;
      ##SPC52##
PAL  wherein R.sub.1 stands for hydrogen or alkyl, R.sub.2 represents hydrogen,
      alkyl, furfuryl or alkyl-substituted phenyl, and n stands for 0, 1 or 2,
      with the provision that, if R.sub.1 is hydrogen and n is 1, R.sub.2 is
      neither methyl nor furfuryl;
      ##SPC53##
PAL  wherein R is alkyl or furfuryl;
      ##SPC54##
PAL  wherein R.sub.1 represents hydrogen or alkyl and R.sub.2 stands for alkyl
      or furfuryl; and
      ##SPC55##
PAL  wherein R represents an alkyl or an acyl group.
PAR  Representative compounds in this group include:
TBL  (1) a.                                                                    

         furfurylthiol acetate                                                 

                            n.c.                                               

     b.  furfurylthiol propionate                                              

                            n.c.                                               

     c.  furfurylthiol butyrate                                                

                            n.c.                                               

     d.  furfurylthiol furoate                                                 

                            n.c.                                               

     e.  furfurylthiol .beta.,.beta.-dimethylacrylate                          

                            n.c.                                               

     f.  furfurylthiol tiglate                                                 

                            n.c.                                               

     g.  furfurylthiol formate                                                 

                            n.c.                                               

     h.  2-(furyl-2)-ethanthiol acetate                                        

                            n.c.                                               

     (2) a.                                                                    

         5-methylfurfuryl methyl sulfide                                       

                            n.c.                                               

     b.  furfuryl propyl sulfide                                               

                            n.c.                                               

     c.  furfuryl isopropyl sulfide                                            

                            n.c.                                               

     d.  furfuryl 5-methylfuryl sulfide                                        

                            n.c.                                               

     e.  5-methylfuryl methyl sulfide                                          

                            n.c.                                               

     f.  2-(furyl-2)-ethanthiol                                                

                            n.c.                                               

     (3) a.                                                                    

         methylthiol furoate                                                   

                            n.c.                                               

     (4) a.                                                                    

         difurfuryl disulfide                                                  

                            J.A.C.S. 52, 2141 (1930)                           

     (5) a.                                                                    

         (benzofuryl-2)-methyl methyl sulfide                                  

                            n.c.                                               

     b.  (benzofuryl-2)-methylthiol acetate                                    

                            n.c.                                               

PAR  The new compounds included in this group XXXI can be obtained as follows:
PAR  1 a. Furfurylthiol acetate was prepared by reacting acetic chloride or
      anhydride with furfurylmercaptan according to the method described in
      Houben-Weyl, 4th ed., vol. 9, 753 (1955). The product has a b.p. of
      90.degree.-92.degree.C./12 mm. Hg.
PAR  According to the same method, but starting from the corresponding acid
      chloride or anhydride, the following products were obtained:
PAR  1 b. Furfurylthiol propionate, b.p. 95.degree.-97.degree.C./10 mm.Hg.
PAR  1 c. Furfurylthiol butyrate, b.p. 105.5.degree.-106.5.degree./10 mm. Hg.
PAR  1 d. Furfurylthiol furoate, b.p. 110.degree.C./0.01 mm. Hg.
PAR  1 e. Furfurylthiol .beta., .beta.-dimethylacrylate, b.p. 85.degree.C./0.015
      mm. Hg.
PAR  1 f. Furfurylthiol tiglate, b.p 84.5.degree.-87.5.degree.C./0.03 mm. Hg.
PAR  1 g. Furfurylthiol formate was prepared according to the method used for
      the synthesis of furfuryl formate and described in J.A.C.S. 64, 1583
      (1942). The product had a b.p. of 77.degree.-78.degree.C./8 mm. Hg.
PAR  1 h. 2(Furyl-2)-ethanthiol acetate was prepared by reacting thioacetic acid
      with 2-vinyl-furane under the action of UV light and in the presence of
      benzoyl peroxide according to the method described in J.Org.Chem. 27, 2853
      (1962). The thio-ester, after isolation by distillation had a b.p. of
      100.degree.-103.degree.C./0.05 mm. Hg.
PAR  2 a. 5-Methylfurfuryl methyl sulfide was prepared by reacting
      5-methylfurfuryl-mercaptan with dimethyl sulfate in alkaline solution
      according to known methods. 5-Methylfurfurylmercaptan was obtained from
      the corresponding alcohol by the method described in Org.Syn. 35, 67
      (1955). The product is a colorless liquid boiling at
      71.degree.-72.degree.C./11 mm. Hg.
PAR  2 b. Furfuryl propyl sulfide was prepared by reacting sodium
      furfurylmercaptide with n-propyl bromide according to the method described
      in Houben-Weyl, 4th ed., vol. 9, 97 (1955). The product has a b.p. of
      91.degree.C./15 mm. Hg.
PAR  2 c. Furfuryl isopropyl sulfide was prepared by the same method as used for
      compound (2)b., except that isopropyl bromide was used instead of n-propyl
      bromide. The product has a b.p. of 84.degree.C./16 mm. Hg.
PAR  2 d. Furfuryl 5-methylfuryl sulfide was prepared according to the method
      used for the synthesis of alkylthio-furans and described in C.A. 59, 8681d
      (1963). 2-Methylfuran was reacted with butyl-lithium and then with sulfur.
      The resulting thiol was further reacted (without prior isolation) with
      furfuryl chloride. The product was a slightly yellowish oil having a b.p.
      of 67.degree.C./0.04-0.05 mm. Hg.
PAR  2 e. Methyl 5-methylfuryl sulfide was prepared by the same method as used
      for compound (2) d. The product was a light yellow liquid having a b.p. of
      80.degree.C/45-50 mm. Hg.
PAR  2 f. 2(Furyl-2)-ethanethiol was prepared by saponifying 24 g. of
      2-furylethanethiol acetate with alkali in aqueous-alcoholic medium. After
      refluxing for 90 minutes the reaction mixture was neutralized with acetic
      acid and then extracted with ether. Upon distillation there were obtained
      14.4 g. of 2-(furyl-2)-ethanethiol having a b.p. of
      61.degree.-62.degree.C./0.03 mm. Hg; n.sub.D.sup.22.3 = 1.5653;
      d.sub.4.sup.23.2 = 1.153.
PAR  3 a. Methylthiol fuorate was prepared by reacting furoyl chloride with
      methylmercaptan according to the method described in Houben-Weyl, 4th ed.,
      vol. 9, 753 (1955). It has a b.p. of 92.degree.-93.degree.C./11 mm. Hg.
PAR  5 a. Benzofurfuryl-2-methyl sulfide was prepared by reacting
      (benzofurfuryl-2)-mercaptan with dimethyl sulfate in alkaline solution.
      The sulfide thus obtained has a b.p. of 108.degree.-109.degree.C./0.4 mm.
      Hg.
PAR  The starting (benzofurfuryl-2)-mercaptan was obtained from the
      corresponding alcohol according to the method described in Org. Synth. 35,
      67 (1955).
PAR  5 b. (Benzofurfuryl-2)-thiol acetate was prepared by the same method as
      used for compound (1) a. (furfurylthiol acetate). The product has a b.p.
      of 120.degree.-122.degree.C./0.8 mm. Hg.
PAR  Evaluation test data are set out in TABLE XXXI below.
PAC  XXXII - THIOPHENE SULFUR COMPOUNDS
PAR  This group comprises compounds corresponding to the following general
      formulae:
      ##SPC56##
PAL  wherein R represents hydrogen, alkyl, acetyl or thenyl, and n is 1 or 2;
      and
      ##SPC57##
PAL  wherein R stands for alkyl or furfuryl.
PAR  Specific examples of compounds corresponding to these formulae include:
     (1) a.                                                                    

         thenyl-mercaptan  Compt.rend. 229, 1343 (1949)                        

     b.  thenyl methyl sulfide                                                 

                           Compt.rend. 229, 1343 (1949)                        

     c.  thenylthiol acetate                                                   

                           n.c.                                                

     d.  2-(thineyl-2)-ethanethiol                                             

                           n.c.                                                

     e.  2-(thienyl-2)-ethanethiol acetate                                     

                           n.c.                                                

     f.  dithenyl sulfide  n.c.                                                

     (2) a.                                                                    

         thiothenoic acid S-methyl ester                                       

                           n.c.                                                

     b.  thiothenoic acid S-ethyl ester                                        

                           n.c.                                                

     c.  thiothenoic acid S-furfuryl ester                                     

                           n.c.                                                

PAR  The new compounds of this group can be obtained as follows:
PAR  1 c. Thenylthiol acetate was prepared by the same method as used for
      compound (1) a. (furfurylthiol acetate) of Group XXXI above. The product
      is a colorless liquid having a b.p. of 113.degree.-114.degree.C.
PAR  1 d. 2-(Thienyl-2)-ethanethiol. 2Vinyl-thiophene [obtained by the method
      described in Org. Synth. 38, 86 (1958)] was reacted with thioacetic acid
      according to the method described in J. Org. Chem. 27, 2853 (1962), and
      the resulting addition product was subjected to hydrolysis with an acid.
      The product has a b.p. of 55.degree.C./0.1 mm. Hg.
PAR  1 e. 2-(Thienyl-2)-ethanethiol acetate was obtained as the intermediate
      product obtained by reacting 2-vinyl-thiophene with thioacetic acid in the
      preparation of compound (1) d. above. The product has a b.p. of
      90.degree.C./0.07 mm. Hg.
PAR  1 f. Dithenyl sulfide was prepared by the same method as used for compound
      (1 ) b. (diethenyl ether) of Group X above, except that thenylmercaptan
      was used instead of thenyl alcohol. The product has a b.p. of
      118.degree.C./0.04 mm. Hg.
PAR  Compounds (2) a, (2) b, and (2) c. were prepared by reacting thionyl
      chloride with the sodium salts of the corresponding mercaptans in
      alcoholic solution according to the method described in J.C.A.S. 77, 6709
      (1955). After refluxing for 1 hour the reaction mixture was filtered and
      concentrated. The residue was purified by chromatography on a silica-gel
      column using a benzene-hexane mixture 8:2 as the eluant. The structure of
      the resulting products was identified by mass spectrometry:
PAR  2 a. Thiothenoic acid S-methyl ester: Ion peaks with relative intensities:
      111 (100%), 39 (22%) and 158 (12%).
PAR  2 b. Thiothenoic acid S-ethyl ester; Ion peaks with relative intensities:
      111 (100%), 39 (17%) and 172 (10%).
PAR  2 c. Thiothenoic acid S-furfuryl ester; Ion peaks with relative
      intensities: 111 (100%), 81 (73.5%) and 39 (20%).
PAR  Organoleptic evaluation data are set out in TABLE XXXII below.
PAC  XXXIII - PYRIDINE SULFUR COMPOUNDS
PAR  The compounds included in this group have the general formula:
      ##SPC58##
PAL  wherein R stands for hydrogen, alkyl, acyl or pyridyl, and n is 0 or 1.
PAR  As examples there can be mentioned:
     (1) a.                                                                    

         (pyridyl-2)-methanthiol                                               

                             C.A. 55, 4542b (1961)                             

     b.  2-mercapto-pyridine c.a.                                              

     c.  2-methylthio-pyridine                                                 

                             n.c.                                              

     d.  2-ethylthio-pyridine                                                  

                             n.c.                                              

     e.  (pyridyl-2)-thiol acetate                                             

                             n.c.                                              

     f.  di(pyridyl-2)-sulfide                                                 

                             J.Chem.Soc. 1942, 239                             

     g.  2-(pyridyl-2)-ethanethiol                                             

                             J.Org.Chem. 26, 82 (1961)                         

     h.  2-(pyridyl-2)-ethyl methyl sulfide                                    

                             see below                                         

     i.  2-(pyridyl-2)-ethyl ethyl sulfide                                     

                             n.c.                                              

     j.  2-(pyridyl-2-ethanethiol acetate                                      

                             see below                                         

     k.  2-(pyridyl-2)-ethyl-furfuryl sulfide                                  

                             n.c.                                              

     l.  (pyridyl-2)-methyl methyl sulfide                                     

                             Helv. 47, 1754 (1964)                             

     m.  (pyridyl-2)-methyl ethyl sulfide                                      

                             n.c.                                              

     n.  (pyridyl-2)-methanethiol acetate                                      

                             n.c.                                              

PAR  The method used for preparing the known compound (1) h.
      [2-(pyridyl-2)-ethyl methyl sulfide] was as follows: 2-Vinylpyridine was
      reacted with methylmercaptan by the action of UV light in the presence of
      trace amounts of benzoyl peroxide and diphenyl sulfide. The product has a
      b.p. of 48.degree.C./0.03 mm. Hg.
PAR  The same method was used for preparing the known compound (1) j., except
      that thioacetic acid was used instead of methylmercaptan. The product has
      a b.p. of 80.degree.C./0.02 mm. Hg.
PAR  The new compounds included in this Group XXXIII can be obtained as follows:
PAR  1 c. 2-Methylthio-pyridine was prepared according to the method described
      in Houben-Weyl, 4th ed., vol. 9, 7 (1955) by alkylating
      2-mercapto-pyridine with methyl halide. The resulting pyridinium salt was
      neutralized with NaOH and the base thus obtained extracted and distilled.
      The product had a b.p. of 67.degree.-68.degree.C./10 mm. Hg.
PAR  1 d. 2-Ethylthio-pyridine was prepared by the same method as used for
      compound (1) c., except that ethyl halide was used instead of methyl
      halide. The product had a b.p. of 77.degree.-77.5.degree.C./8 mm. Hg.
PAR  1 e. (Pyridyl-2)-thiol acetate was prepared by reacting acetic anhydride
      with 2-mercaptopyridine in alkaline medium according to the method
      described in Houben-Weyl, 4th ed., vol. 9, 753 (1955) and in J.A.C.S. 59,
      1089 (1937). The product has a b.p. of 117.degree.-118.degree.C./9 mm. Hg.
PAR  1 i. 2-(Pyridyl-2)-ethyl ethyl sulfide was prepared by the same method as
      used for compound (1) h., except that ethylmercaptan was used instead of
      methylmercaptan. The product has a b.p. of 62.degree.C./0.005 mm. Hg.
PAR  1 m. (Pyridyl-2)-methyl ethyl sulfide was prepared by the same method as
      used for compound (1) l. The product has a b.p. of
      107.degree.-110.degree.C./10 mm. Hg.
PAR  1 n. (Pyridyl-2)-methanethiol acetate was prepared by reacting acetyl
      chloride with 2-mercaptomethylpyridine in alkaline medium. The product has
      a b.p. of 102.degree.-103.degree.C./9 mm. Hg.
PAR  Evaluation test data are reported in TABLE XXXIII below.
PAC  XXXIV - PYRROLE SULFUR COMPOUNDS
PAR  These sulfur compounds correspond to the following general formula:
      ##SPC59##
PAL  wherein R represents alkyl, furfuryl or acyl. As examples, there can be
      mentioned:
     (1) a.                                                                    

           N-methyl-pyrryl-2 methyl sulfide                                    

                                     n.c.                                      

     b.    N-methyl-pyrryl-2 ethyl sulfide                                     

                                     n.c.                                      

     c.    N-methyl-pyrryl-2 furfuryl sulfide                                  

                                     n.c.                                      

     d.    (N-methyl-pyrryl-2)-methylthiol acetate                             

                                     n.c.                                      

PAR  The new compounds included in this Group XXXIV can be obtained as follows:
PAR  1 a. N-Methyl-pyrryl-2-methyl sulfide was prepared by alkylating of
      N-methyl-(pyrryl-2)-methylmercaptan with methyl iodide according to the
      method described in Houben-Weyl, 4th ed., vol. 9, 97 (1955). The product
      has a b.p. of 90.degree.C./10 mm. Hg.
PAR  1 b. N-Methyl-pyrryl-2 ethyl sulfide was prepared by the same method as
      used for compound (1) a., except that ethyl bromide was used in place of
      methyl iodide. The product has a b.p. of 99.degree.C./10 mm. Hg.
PAR  1 c. N-Methyl-pyrryl-2 furfuryl sulfide was prepared by the same method as
      used for compound (1) a., except that furfuryl chloride was used in place
      of methyl iodide. The product has a b.p. of 94.degree.C./0.01 mm. Hg.
PAR  1 d. (N-Methyl-pyrryl-2)-methylthiol acetate was prepared by acylating
      (N-methyl-pyrryl-2)-methylmercaptan according to the method described in
      Houben-Weyl, 4th ed., vol. 9, 753 (1958). The product has a b.p. of
      69.degree.C./0.05 mm. Hg.
PAR  Evaluation test data are set out in TABLE XXXIV below.
PAC  XXXV - PYRAZINE SULFUR COMPOUNDS
PAR  The compounds of this group can be represented by the following general
      formulae:
      ##SPC60##
PAL  wherein n is 0, 1 or 2, R.sub.1 represents hydrogen, alkyl, acyl or
      furfuryl and R.sub.2 stands for hydrogen or methyl with the proviso that
      R.sub.1 and R.sub.2 cannot both be methyl if n is 0;
      ##SPC61##
PAL  wherein R stands for hydrogen, alkyl, furfuryl or acyl.
PAR  Illustrative examples of compounds corresponding to formulae (1) and (2)
      include:
TBL  (1) a.                                                                    

           (2-methylpyrazinyl-3, -5 and -6) furfuryl                           

                                      n.c.                                     

           sulfide                                                             

     b.    pyrazinylmethyl-mercaptan  n.c.                                     

     c.    pyrazinylmethyl methyl sulfide                                      

                                      n.c.                                     

     d.    pyrazinylmethyl ethyl sulfide                                       

                                      n.c.                                     

     e.    pyrazinylmethyl furfuryl sulfide                                    

                                      n.c.                                     

     f.    pyrazinylmethylthiol acetate                                        

                                      n.c.                                     

     g.    2-pyrazinyl-ethyl mercaptan                                         

                                      n.c.                                     

     h.    2-pyrazinyl-ethyl methyl sulfide                                    

                                      n.c.                                     

     i.    2-pyrazinyl-ethyl ethyl sulfide                                     

                                      n.c.                                     

     j.    2-pyrazinyl-ethyl furfuryl sulfide                                  

                                      n.c.                                     

     k.    2-pyrazinyl-ethylthiol acetate                                      

                                      n.c.                                     

     (2) a.                                                                    

           2,5-dimethyl-3-mercapto-pyrazine                                    

                                      n.c.                                     

     b.    2,5-dimethyl-3-methylthio-pyrazine                                  

                                      n.c.                                     

     c.    2,5-dimethyl-3-ethylthio-pyrazine                                   

                                      n.c.                                     

     e.    2,5-Dimethyl-3-acetylthio-pyrazine                                  

                                      n.c.                                     

     d.    2,5-dimethyl-3-furfurylthio-pyrazine                                

                                      n.c.                                     

PAR  The new compounds included in this group can be obtained as follows:
PAR  1 a. (2-Methylpyrazinyl-3, -5 and -6) furfuryl sulfide (mixture): A mixture
      of 2-methyl-3-, 5- and 6-chloropyrazine was prepared by chlorination of
      2-methylpyrazine according to the method described in J.Org.Chem. 26,
      2356, 2360 (1961). 0.2 Mole of the above 2-methyl-chloropyrazine mixture
      was added to 0.2 mole of a sodium furfurylmercaptide suspension in 250 ml.
      of xylene. The mixture was boiled for 6 hours. After cooling 250 ml. of
      water were added, the organic layer was concentrated and distilled. 13.5
      g. of a mixture of (2-methylpyrazinyl-3, -5and-6) furfuryl sulfide were
      obtained; b.p. 153.degree.-156.degree.C./10 Torr; n.sub.D.sup.20 = 1.5970.
      d.sub.4.sup.20 = 1.2164.
PAR  1 b. Pyrazinylmethylmercaptan: a solution of 6.3 g. (0.05 mole) of
      chloromethylpyrazine [obtained according to the method described in
      J.Org.Chem. 26, 2356 (1961)] in 20 ml. of ether was added slowly, with
      stirring, to a solution of sodium hydrogensulfide (60%) in 50 ml. of
      absolute methanol. Stirring of the reaction mixture at room temperature
      was continued for 3 hours. The precipitate which had formed was removed by
      filtering, the solvents were evaporated, and the residue was dissolved in
      water. The solution was extracted twice with ether. The aqueous phase was
      neutralized with acetic acid and extracted with ether. After drying of the
      extract the solvent was evaporated and the residue distilled. 0.25 g. of
      pyrazinylmethylmercaptan boiling at 44.degree.-45.degree.C./0.07 mm. Hg.
      was obtained.
PAR  1 c. PYrazinylmethyl methyl sulfide was prepared according to the method
      described in Houben-Weyl, 4th ed., vol. 9, 97 (1955) by reacting
      chloromethylpyrazine [obtained by the method described in J.Org.Chem. 26,
      2356 (1961)] with sodium methylmercaptide. The product has a b.p. of
      105.degree.-106.degree.C./12 mm. Hg.
PAR  1 d. Pyrazinylmethyl ethyl sulfide was prepared by the same method as used
      for compound (1) c., except that sodium ethylmercaptide was used in place
      of sodium methylmercaptide. The product has a b.p. of
      114.degree.-116.degree.C./12 mm. Hg.
PAR  1 e. Pyrazinylmethyl furfuryl sulfide was prepared by the same method as
      used for compound (1) c., except that sodium furfurylmercaptide was used
      instead of sodium methylmercaptide. The product has a b.p. of
      116.degree.C./0.05 mm. Hg.
PAR  1 f. Pyrazinylmethylthiol acetate was prepared by acetylation of
      pyrazinylmethylthiol according to the method described in Houben-Weyl,
      4th. ed., vol. 9, 753 (1955). The product has a b.p. of 52.degree.C./0.02
      mm. Hg.
PAR  1 g. 2-Pyrazinyl-ethyl mercaptan was prepared by reacting vinylpyrazine
      [obtained by the method described in J.Org.Chem. 27, 1363 (1962)] and
      hydrolizing the resulting thiolic acid ester according to the method
      described in J.Org.Chem. 22, 980 (1957). The product has a b.p. of
      56.5.degree.-60.degree.C./0.003 mm. Hg.
PAR  1 h. 2-Pyrazinyl-ethyl methyl sulfide was prepared by reacting
      vinylpyrazine [c.f. J.Org.Chem. 27, 1363 (1962] with methylmercaptan by
      the action of ultra violet light and in the presence of benzoyl peroxide
      by the method described in Acta Chem. Scand. 8, 295 (1954). The product
      was identified by mass spectrometry. It has a b.p. of
      57.degree.-69.degree.C. at 0.05 mm. Hg.
PAR  1 i. 2-Pyrazinyl-ethyl ethyl sulfide was prepared by the method used for
      compound (1) h., but using ethylmercaptan. It has a b.p. of
      75.degree.C./0.03 mm. Hg.
PAR  1 j. 2-Pyrazinyl-ethyl furfuryl sulfide was prepared by the method used for
      compound (1) h., but using furfuralmercaptan. The product has a b.p. of
      116.degree.-117.degree.C./0.01 mm. Hg.
PAR  1 k. 2-Pyrazinyl-ethylthiol acetate was prepared by reacting vinylpyrazine
      with thioacetic acid in the presence of benzoyl peroxide as a catalyst
      according to the method described in J.Org.Chem. 27, 2853 (1962). The
      product has a b.p. of 80.degree.C./0.02 mm. Hg.
PAR  2 a. 2,3-Dimethyl-3-mercapto-pyrazine: A solution of 1.3 g. (0.023 mole) of
      sodium hydrogensulfide and 2.5 g. (0.01 mole) of
      2,5-dimethyl-3-iodo-pyrazine in 70 ml. of absolute methanol was refluxed
      for 3 hours. After evaporation of the alcohol the residue was dissolved in
      1-n NaOH, the solution was filtered and the filtrate was neutralized with
      acetic acid. After isolation by the usual treatments the reaction product
      was sublimated. There was obtained 0.81 g. of a yellow powder having a
      m.p. of 182.degree.-185.degree.C.
PAR  2 b. 2,5-Dimethyl-3-methylthio-pyrazine: 2.85 g. (0.02 mole) of
      2,5-dimethyl-3-chloropyrazine and 0.06 mole of methylmercaptan were
      dissolved in a solution of 0.7 g. of sodium in 20 ml. of absolute ethanol.
      The reaction mixture was refluxed for 45 minutes. After removal of the
      alcohol by distillation the residue was dissolved in water and the sulfide
      was extracted with ether and distilled. The product (yield 75.6%) has a
      b.p. of 40.degree.-50.degree.C./11 mm. Hg.
PAR  2 c. 2,5-Dimethyl-3-ethylthio-pyrazine was prepared in the same manner as
      compound (2) b., except that 0.06 mole of ethylmercaptan was used instead
      of methylmercaptan. The product (yield 75%) has a b.p. of 128.degree.C./9
      mm. Hg.
PAR  2 d. 2,5-Dimethyl-3-furfurylthio-pyrazine was prepared in the same manner
      as compound (2) b., except that 0.06 mole of furfurylmercaptan was used
      instead of methylmercaptan. The product (yield 75%) has a b.p. of
      115.degree.-120.degree.C./0.02 mm. Hg.
PAR  2 e. 2,5-Dimethyl-3-acetylthio-pyrazine was prepared by acetylating
      2,5-dimethyl-3-mercapto-pyrazine [compound (2) a.] with acetic anhydride
      in an alkaline medium according to the method described in Houben-Weyl,
      4th ed., vol. 9, 753 (1955). The product has a m.p. of
      36.degree.-42.degree.C.
PAR  Organoloptic evaluation test data are reported in TABLE XXXV below.
PAC  XXXVI - PHENOLS AND PHENOL ETHERS
PAR  The compounds of this group can be represented by the following general
      formulae:
      ##SPC62##
PAL  wherein R.sub.1 represents alkyl or acetyl and R.sub.2 represents hydrogen
      or methyl, with the proviso that R.sub.1 and R.sub.2 together comprise at
      least 2 carbon atoms;
      ##SPC63##
PAL  wherein R represents alkyl.
PAR  Examples of compounds defined by the above formulae:
TBL  (1), (2) and (3) include:                                                 

     (1) a.                                                                    

         2-ethyl-phenol    c.a.                                                

     b.  3-ethyl-phenol    c.a.                                                

     c.  4-ethyl-phenol    c.a.                                                

     d.  4-isopropyl-phenol                                                    

                           Compt.rend. 177, 453                                

                           (1923)                                              

     e.  2,3-xylenol       c.a.                                                

     f.  2,4-xylenol       c.a.                                                

     g.  2,5-xylenol       c.a.                                                

     h.  2,6-xylenol       c.a.                                                

     i.  3,4-xylenol       c.a.                                                

     j.  3,5-xylenol       c.a.                                                

     k.  2-hydroxy-acetophenone                                                

                           c.a.                                                

     l.  2-hydroxy-propiophenone                                               

                           Org. Synth.13, 90 (1933)                            

     m.  4-hydroxy-propiophenone                                               

                           Org.Synth.13, 90 (1933)                             

     n.  5-methyl-2-hydroxy-acetophenone                                       

                           Ann. 460, 83 (1927)                                 

     (2) a.                                                                    

         2,3,5-trimethyl-phenol                                                

                           c.a.                                                

     b.  2,4,6-trimethyl-phenol                                                

                           c.a.                                                

     c.  2,4,5-trimethyl-phenol                                                

                           c.a.                                                

     d.  3,4,5-trimethyl-phenol                                                

                           c.a.                                                

     (3) a.                                                                    

         4-ethyl-2-methoxy-phenol                                              

                           c.a.                                                

     b.  4-propyl-2-methoxy-phenol                                             

                           Helv. 8, 334 (1925)                                 

PAR  The present group also comprises the single compound 4 a.
      4-vinyl-1,2-dimethoxy-benzene.
PAR  Evaluation test data are set out in TABLE XXXVI below.
PAC  XXXVII - ALIPHATIC OXOALCOHOLS
PAR  This group comprises compounds having the general formula
EQU  R-CO-CH.sub.2 OH                                           1
PAL  wherein R stands for alkyl. Examples of compounds corresponding to this
      definition include:
TBL  (1) a.                                                                    

           2-Oxo-propan-1-ol                                                   

                           Ann. 596, 61 (1955)                                 

     b.    2-oxo-butan-1-ol                                                    

                           Ann. 596, 68 (1955)                                 

PAR  Flavor evaluation data are set out in TABLE XXXVII below.
PAC  XXXVIII - MISCELLANEOUS
PAR  This group comprises compounds of the classes represented by the following
      general formulae:
      ##SPC64##
PAL  wherein R stands for hydrogen, methyl or ethyl;
      ##SPC65##
PAL  wherein each of the symbols X and Y represents oxygen or sulfur;
EQU  R.sub.1 -CH.sub.2 COCH.sub.2 S-R.sub.2                     3
PAL  wherein R.sub.1 represents hydrogen or alkyl and R.sub.2 stands for alkyl
      or furfuryl: and
      ##EQU2##
      wherein R.sub.1 is alkyl and R.sub.2 stands for alkyl or furfuryl
PAR  Specific compounds included in the above formulae are:
TBL  (1) a.                                                                    

         thiophane-3-one   J.A.C.S. 68, 2229 (1940)                            

     b.  2-methyl-thiophane-3-one                                              

                           Helv. 27, 124 (1944)                                

     (2) a.                                                                    

         2,6-dimethyl-gamma-pyrone                                             

                           Ber. 69, 2379 (1936)                                

     b.  2,6-dimethyl-thio-gamma-pyrone                                        

                           Ber. 52, 1539 (1919)                                

     c.  2,6-dimethyl-dithio-gamma-pyrone                                      

                           Compt.rend. 238, 1717 (1954)                        

     (3) a.                                                                    

         furfurylthioacetone                                                   

                           n.c.                                                

     b.  1-methylthio-butan-2-one                                              

                           n.c.                                                

     c.  methylthioacetone J.A.C.S. 76, 164 (1954)                             

     (4) a.                                                                    

         dimethylmercaptal of                                                  

         .alpha.-methylbutanal                                                 

                           n.c.                                                

     b.  difurfurylmercaptal of                                                

         .alpha.-methylbutanal                                                 

                           n.c.                                                

         The present group also includes: -(5) a.                              

                           5-methyl-furyl-2-nitrile                            

                                           J.A.C.S. 54, 2549 (1932)            

PAR  The new compounds included in this group XXXVIII can be obtained as
      follows:
PAR  3 a. Furfurylthiocacetone was prepared in the same manner as
      methylthioacetone [of. compound (3)c.] according to the method described
      in J.A.C.S. 76, 114 (1954) by condensing 0.122 mole of chloroacetone with
      0.11 mole of sodium furfurylmercaptide. After the usual separation and
      purification of the reaction product there were obtained by distillation
      13.9 g. of pure furfurylthioacetone distilling at
      115.degree.-177.degree.C./10 Torr. n.sub.D.sup.22.8 = 1.5250;
      d.sub.4.sup.23 = 1.150.
PAR  3 b. 1-Methyltio-butan-2-one was prepared in the same manner as
      methylthioacetone according to the method described in J.A.C.S. 76, 114
      (1954) by condensing 0.122 mole of 1-chlorobutan-2-one [obtained according
      to the method described in Ber. 82, 229 (1949)] with 0.11 mole of sodium
      methylmercaptide. The reaction product was separated by filtration from
      the NaCl formed in the reaction and concentration of the filtrate. By
      distillation of the residue there were obtained 8.2 g. of pure
      1-methylthiobutan-2-one distilling at 52.degree.-53.degree.C./8 Torr.
      n.sub.D.sup.22 = 1.4700; d.sub.4.sup.22 = 0.9970.
PAR  4 a. Dimethylmercaptal of .alpha.-methylbutanal: Dry HCl was introduced
      into a mixture of 0.05 mole .alpha.-methylbutanal and 0.11 mole
      methanthiol. By cooling the temperature was maintained between 0.degree.
      and 5.degree.C. After 15 minutes 50 ml. of water were added, the mixture
      extracted with ether, the ether layer washed with a NaHCO.sub.3 solution
      and water. By distillation of the ether concentrate 4.2 g. of
      dimethylmercaptal of .alpha.-methylbutanal were obtained; b.p.
      75.degree.-76.degree.C./8 Torr; n.sub.D.sup.24 = 1.5050; d.sub.4.sup.24 =
      0.9761.
PAR  4 b. Difurfurylmercaptal of .alpha.-methylbutanal:
PAR  This compound was prepared by the same method as compound (4) a., using
      0.11 mole of furfurylmercaptan instead of methanthiol, 6.4 g. of
      difurfurylmercaptal were obtained; b.p. 130.degree.C./0.1 Torr;
      n.sub.D.sup.22.8 = 1.5500; d.sub.4.sup.23 = 1.126.
PAR  Organoleptic evaluation as flavor agents gave the results set out in TABLE
      XXXVIII below.
PAC  ORGANOLEPTIC EVALUATIONS
PAR  As was described above, the compounds of this invention were subjected to
      organoleptic evaluation tests either in a syrup base (A), or one of the
      two soluble coffee bases (B and C). The following tables give the results
      of these organoleptic evaluations. In the tables, the Roman numeral refers
      to the number of the group from which the test compounds were selected.
      The column headed "Number" refers to the number of the test compound of
      the corresponding group. The column headed "Test" gives the Method of the
      Test, as described hereinbefore, and the column headed "Quantity" sets out
      the amount of the Test Compound used in grams per 100 liters of the base
      material.
TBL                                    ORGANOLEPTIC EVALUATION                 

     __________________________________________________________________________

     TABLES                                                                    

     Number                                                                    

         Test                                                                  

            Quantity                                                           

                   Organoleptic Characterization                               

     __________________________________________________________________________

            TABLE I                                                            

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.2    neroli-, bergamot- and                                      

                   cinnamon-like; natural note                                 

     (1)b.                                                                     

         A  0.05   green note                                                  

     (1)c.                                                                     

         A  0.15   green note; rose-like                                       

     (1)d.                                                                     

         A  1      grape- and fig-like                                         

     (1)d.                                                                     

         C  0.03   winey, buttery, woody, nutty                                

     (1)e.                                                                     

         A  5      green, metallic taste                                       

     __________________________________________________________________________

            TABLE II                                                           

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.05 to                                                            

                   green, musty taste                                          

            0.1                                                                

     (1)b.                                                                     

         A  0.1    oily, aromatic                                              

     (1)c.                                                                     

         A  0.15   oily taste                                                  

     (1)d.                                                                     

         A  0.15   aromatic taste                                              

     (1)e.                                                                     

         A  1.0    aromatic taste                                              

     (1)f.                                                                     

         A  0.25   mouldy, tarry taste                                         

     (1)g.                                                                     

         A  1.0    mouldy, aromatic taste                                      

     (1)h.                                                                     

         A  0.25   aromatic taste                                              

     (1)i.                                                                     

         A  1.0    earthy taste                                                

     (1)j.                                                                     

         A  2.0    sweet, anise- and honey-like taste                          

     (1)k.                                                                     

         A  0.5    strawberry-like                                             

     (1)l.                                                                     

         A  0.25   earthy taste                                                

     (1)m.                                                                     

         A  1      slightly fruity; dry                                        

     (1)n.                                                                     

         A  0.15   fatty, earthy taste                                         

     (1)o.                                                                     

         A  0.25-0.50                                                          

                   aromatic taste                                              

     (1)p.                                                                     

         A  1.0    aromatic earthy taste                                       

     __________________________________________________________________________

            TABLE III                                                          

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.5    phenolic; coffee-grounds                                    

     (1)a.                                                                     

         B  0.5-1.0                                                            

                   enhancement of the roasted note                             

     (1)a.                                                                     

         C  0.68   groundsy; cereal-like                                       

     (2)a.                                                                     

         A  0.05   styrene-like; aromatic                                      

     (2)b.                                                                     

         A  1-3    slightly phenolic; burnt taste                              

     (2)b.                                                                     

         B  0.4    enhancement of the bitter note                              

     (2)c.                                                                     

         A  0.3    salicylate-like taste                                       

     (2)d.                                                                     

         A  0.25   earthy flavor note                                          

     (2)e.                                                                     

         A  1.0    burnt, caramel taste                                        

     (2)f.                                                                     

         A  0.25   phenolic; saffron-like                                      

     (2)g.                                                                     

         B  0.12   earthy; mushroom-like; hazelnut                             

     (2)h.                                                                     

         B  0.50   burnt; green-taste                                          

     (2)i.                                                                     

         B  0.095  earthy flavor note                                          

     (3)a.                                                                     

         A  1.0    aromatic taste                                              

     (3)a.                                                                     

         C  0.1    medicinal; camphor; rioy                                    

     (3)b.                                                                     

         A  1.0    green-cooked taste                                          

     (3)a.                                                                     

         C  0.11   liquorice-like; sen-sen                                     

     (3)c.                                                                     

         A  2.0    green-owdery taste                                          

     (3)c.                                                                     

         C  0.068  bitter; wintergreen mouthfeel                               

     __________________________________________________________________________

            TABLE IV                                                           

     __________________________________________________________________________

     (1)a.                                                                     

         B  0.75   roasted; bitter; green                                      

     (1)a.                                                                     

         C  1.1    nitrobenzene-like                                           

     (1)b.                                                                     

         B  0.85   fatty; winey                                                

     (1)c.                                                                     

         A  1.0    styrene-like                                                

     (1)d.                                                                     

         A  0.5    styrene-like                                                

     (1)e.                                                                     

         A  1.0    chemical-like taste                                         

     (1)f.                                                                     

         A  0.1    styrene-like                                                

     (1)g.                                                                     

         C  0.11   hydrocarbon like                                            

     (1)h.                                                                     

         A  0.1    burnt; horn-like; methyl furoate-like                       

     (1)h.                                                                     

         C  0.54   solvent; latex paint-like                                   

     (1)i.                                                                     

         A  1.0    diphenyloxide-like                                          

     (1)j.                                                                     

         A  1.0-2.0                                                            

                   onion-like                                                  

     (1)k.                                                                     

         A  1.0    green taste                                                 

     (2)a.                                                                     

         A  0.05   styrene-like                                                

     (2)a.                                                                     

         C  0.01   sulfury; nutty; buckwheat-like                              

     (3)a.                                                                     

         A  0.25   fruity, green                                               

     (3)a.                                                                     

         C  0.01   geranium, metallic; acid; sulfury                           

     (3)b.                                                                     

         A  1.0    fruity taste                                                

     (3)c.                                                                     

         A  0.5    green taste                                                 

     (3)c.                                                                     

         C  0.068  apricot, medicinal; sulfury; sour                           

     (3)d.                                                                     

         A  1.0    dry fruit flavor                                            

     (4)a.                                                                     

         A  0.025  dry phenolic taste                                          

     (4)a.                                                                     

         B  0.042  modified phenolic note                                      

     (4)a.                                                                     

         C  0.042  iodoform; sulfury                                           

     (4)b.                                                                     

         A  1.0    fruity; green taste                                         

     (5)a.                                                                     

         B  0.006  hydrocarbon; rubbery; earthy                                

     (5)b.                                                                     

         B  0.12   hydrocarbon; phenolic                                       

     __________________________________________________________________________

            TABLE V                                                            

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.2    burnt taste                                                 

     (1)b.                                                                     

         A  0.1    green, fatty taste                                          

     (1)c.                                                                     

         A  0.03   fatty taste                                                 

     (1)c.                                                                     

         C  0.021  aldehyde like                                               

     (1)d.                                                                     

         A  0.1    green taste                                                 

     (2)a.                                                                     

         A  2.0    fruity taste                                                

     (2)a.                                                                     

         C  0.016  earthy, mushroom-like                                       

     (2)b.                                                                     

         A  0.25   gooseberry-like                                             

     (2)b.                                                                     

         C  0.013  geranium; green; rubbery; sulfury                           

     __________________________________________________________________________

            TABLE VI                                                           

     __________________________________________________________________________

     (1)a.                                                                     

         B  0.6    astringent; hazel-nut; basic taste                          

     (1)b.                                                                     

         B  0.25   green; earthy; hazel-nut-like                               

     (1)c.                                                                     

         A  0.25   caramel-like -- roasted                                     

                   hazelnut-like taste                                         

     (1)c.                                                                     

         C  0.096  buttery; green; cereal; caramel                             

     (1)d.                                                                     

         A  0.5    green; melon-like taste                                     

     (1)e.                                                                     

         A  0.5-1.0                                                            

                   fatty taste                                                 

     (1)f.                                                                     

         A  0.25   green, burnt, coffee-like                                   

     (1)g.                                                                     

         A  0.25   green, fruity, strawberry-like,                             

                   melon-like taste                                            

     (1)h.                                                                     

         A  0.3    fatty; green                                                

     (1)i.                                                                     

         A  0.6    coffee-like                                                 

     (1)i.                                                                     

         B  0.5    roasted, rubbery                                            

     (1)j.                                                                     

         A  1.0    green                                                       

     (1)j.                                                                     

         B  1.0    basic; bitter; astringent                                   

     (1)k.                                                                     

         A  0.3    rum-like;                                                   

     (1)k.                                                                     

         B  0.15   roasted; green; earthy                                      

     (1)l.                                                                     

         A  1.0    green                                                       

     (1)l.                                                                     

         B  0.2    green; astringent; earthy                                   

     (1)m.                                                                     

         A  2.0    green                                                       

     (1)m.                                                                     

         B  0.6    almond-like;                                                

     (1)n.                                                                     

         A  0.8    green; fatty; roasted                                       

     (1)n.                                                                     

         B  0.25   basic; green; hazelnut-like                                 

     (1)o.                                                                     

         A  0.2    green                                                       

     (1)o.                                                                     

         B  0.13   astringent, roasted; hazelnut                               

     (1)p.                                                                     

         B  0.6    basic; green                                                

     (1)q.                                                                     

         B  0.25   bitter; earthy; roasted                                     

     (1)r.                                                                     

         B  0.3    bitter; caramel                                             

     (1)s.                                                                     

         B  0.75   bitter; basic                                               

     (1)t.                                                                     

         B  0.45   green; astringent                                           

     (1)u.                                                                     

         C  0.054  winey; buttery; acid; cereal-like;                          

                   sulfury; caramel; solvent-like                              

     __________________________________________________________________________

            TABLE VII                                                          

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.3    burnt, hardnut taste                                        

     (1)a.                                                                     

         B  0.4    enhanced the woody and coffee grounds note                  

     (1)b.                                                                     

         A  0.5    green, vegetable-like                                       

     (1)b.                                                                     

         C  0.17   earthy, potato-like                                         

     (1)c.                                                                     

         A  0.5    earthy flavor                                               

     (1)c.                                                                     

         C  0.2    green; nitrobenzene                                         

     (1)d.                                                                     

         A  0.5    earthy, potato-like                                         

     (1)d.                                                                     

         B  0.1-0.2                                                            

                   enhanced the woody and coffee grounds                       

                   notes; adds a bitter note                                   

     (1)d.                                                                     

         C  0.084  earthy; green; sulfury; mouthfeel                           

     (1)e.                                                                     

         A  0.25   anise-like, liquorice flavor                                

     (1)f.                                                                     

         A  1.0    hazelnut, coffee-like                                       

     (1)g.                                                                     

         A  0.5    anise-like                                                  

     (1)h.                                                                     

         A  2.0    slight caramel flavor                                       

     (1)i.                                                                     

         A  0.1    earthy; potato; hazelnut taste                              

     (1)i.                                                                     

         B  0.01-0.02                                                          

                   enhanced the coffee grounds note                            

     (1)i.                                                                     

         C  0.013  earthy; green; acid                                         

     (1)j.                                                                     

         B  0.06   earthy; hazelnut; burnt taste                               

     (1)k.                                                                     

         B  0.45   sweet; green; burnt; astringent note                        

     (1)l.                                                                     

         A  2.0    earthy note                                                 

     (1)m.                                                                     

         A  4.0    burnt; praline-like                                         

     (1)n.                                                                     

         A  1.0    green; burnt note                                           

     (1)o.                                                                     

         A  4.0    slight coffee taste; caramel; fruity                        

     (1)p.                                                                     

         A  4.0    green, burnt note                                           

     (1)q.                                                                     

         A  2.0    burnt; coffee-like note                                     

     (1)r.                                                                     

         A  0.3    fresh; hazelnut; earthy note                                

     (1)r.                                                                     

         C  0.07   earthy; green note                                          

     (2)a.                                                                     

         A  3.0    coffee-like taste                                           

     (2)b.                                                                     

         A  0.5    burnt almond taste                                          

     (2)b.                                                                     

         B  0.2-0.4                                                            

                   enhanced woody note                                         

     (2)c.                                                                     

         A  2.0    hazelnut taste                                              

     (2)d.                                                                     

         A  4.0    mild hazelnut taste                                         

     (2)e.                                                                     

         A  1.0    coffee-like taste                                           

     (2)e.                                                                     

         B  1.0    enhanced green and nutty notes                              

     (2)f.                                                                     

         A  3.0    hazelnut, slightly burnt taste                              

     (2)g.                                                                     

         A  2.5    caramel-like, fruity taste                                  

     (2)h.                                                                     

         A  0.5    green floral taste                                          

     (2)i.                                                                     

         A  1.0    anise-like taste                                            

     (2)j.                                                                     

         A  0.5    hazelnut-like taste                                         

     (3)a.                                                                     

         A  1.0    burnt, roasted hazelnut-like taste                          

     (3)a.                                                                     

         C  0.27   toasted                                                     

     (3)b.                                                                     

         A  4.0    phenolic, burnt taste                                       

     (3)c.                                                                     

         A  4.0    burnt, earthy taste                                         

     (3)d.                                                                     

         B  2.5    astringent; fatty; earthy                                   

     (3)e.                                                                     

         B  0.7    hazelnut-like; bitter; roasted                              

     (3)f.                                                                     

         B  0.6    bitter; earthy                                              

     (3)g.                                                                     

         B  2.5    bitter; acrid; earthy                                       

     (3)h.                                                                     

         B  1.2    bitter; astringent                                          

     (3)i.                                                                     

         B  2.5    bitter; acid; woody                                         

     (3)j.                                                                     

         B  1.2    bitter; earthy; woody                                       

     (3)k.                                                                     

         B  1.2    bitter; earthy; fatty                                       

     (3)l.                                                                     

         B  2.0    green; roasted                                              

     (4)a.                                                                     

         A  2.0    roasted hazelnut-like taste                                 

     (4)b.                                                                     

         A  1.0    burnt, hazelnut-like taste                                  

     (4)b.                                                                     

         B  1.0    enhanced the green nutty note                               

     (4)c.                                                                     

         A  0.5    hazelnut-like taste                                         

     (4)d.                                                                     

         A  4.0    fresh hazelnut taste                                        

     (5)a.                                                                     

         A  1.5    caramel- and coffee-like                                    

     (5)b.                                                                     

         A  1.5    anise-like, floral taste                                    

     (5)c.                                                                     

         A  3.0    hazelnut; slightly acid                                     

     (5)d.                                                                     

         A  3.0    burnt, phenolic taste                                       

     (5)e.                                                                     

         A  4.0    fatty taste                                                 

     (5)f.                                                                     

         A  3.0    maple-like taste                                            

     (5)g.                                                                     

         A  1.0    fatty taste, slightly reminiscent                           

                   of chocolate                                                

     (5)h.                                                                     

         A  1.0    green fatty, burnt taste                                    

     (5)i.                                                                     

         A  5.0    fatty, hazelnut-like taste                                  

     (5)j.                                                                     

         A  1.0    coffee-like; green; earthy                                  

     (6)a.                                                                     

         A  2.0    coffee-like taste                                           

     (6)b.                                                                     

         A  0.5    green taste                                                 

     (6)c.                                                                     

         A  1.0    hazelnut-like taste                                         

     (6)d.                                                                     

         A  1.0    coffee-like taste                                           

     __________________________________________________________________________

            TABLE VIII                                                         

     __________________________________________________________________________

     (1)a.                                                                     

         A  5.0    fruity taste                                                

     (1)b.                                                                     

         A  5.0    fruity taste                                                

     (1)c.                                                                     

         A  0.5-1.0                                                            

                   green, fruity taste                                         

     (1)d.                                                                     

         A  0.5    green, fatty taste                                          

     (1)e.                                                                     

         A  0.1    fruity, fatty taste                                         

     (1)f.                                                                     

         A  0.1    fatty, orange-like taste                                    

     (1)g.                                                                     

         A  0.1    fatty, orange-like taste                                    

     (1)h.                                                                     

         B  0.06   earthy, green taste                                         

     (1)i.                                                                     

         B  0.06   green, fatty taste                                          

     (2)a.                                                                     

         A  0.2    flowery taste                                               

     (2)b.                                                                     

         B  0.9    winey, woody, green note                                    

     (2)c.                                                                     

         B  1.25   spicy taste                                                 

     (2)d.                                                                     

         A  0.5    fruity, aromatic taste                                      

     (2)e.                                                                     

         A  0.5    fruity taste                                                

     (2)f.                                                                     

         A  0.5    fruity taste                                                

     (2)g.                                                                     

         A  4.0    sweet, slightly fatty taste                                 

     (2)h.                                                                     

         A  4.0    sweet, slightly fatty taste                                 

     (2)i.                                                                     

         A  4.0    chocolate-like taste                                        

     (2)j.                                                                     

         A  4.0    chocolate-like taste                                        

     __________________________________________________________________________

            TABLE IX                                                           

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0    strong mustard taste                                        

     (1)a.                                                                     

         B  1.0    nutty, coffee grounds-like                                  

     (1)a.                                                                     

         C  0.27   sulfury, rioy, phenolic taste                               

     (1)b.                                                                     

         A  1.0    mustard taste                                               

     (1)b.                                                                     

         C  0.08   buttery, groundsy taste                                     

     (1)c.                                                                     

         A  0.25-0.5                                                           

                   honey-like                                                  

     (1)c.                                                                     

         B  1.0    coffee-grounds note                                         

     (1)c.                                                                     

         C  0.04   rye bread, caraway seed-like                                

     (1)d.                                                                     

         A  1.0    green, water-cross like                                     

     (1)d.                                                                     

         C  0.68   earthy, mushroom like                                       

     (1)e.                                                                     

         A  1.0    salicylate; coffee-like                                     

     (1)e.                                                                     

         C  0.14   mushroom-like                                               

     __________________________________________________________________________

            TABLE X                                                            

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0    mustard-like taste                                          

     (1)b.                                                                     

         A  1.0    fruity, woody note                                          

     (1)c.                                                                     

         A  1.0    woody, green, elderberry-like                               

     __________________________________________________________________________

            TABLE XI                                                           

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0    green taste                                                 

     (1)b.                                                                     

         A  1.0    fruity, woody taste                                         

     (1)c.                                                                     

         A  1.0    woody, green elderberry taste                               

     (1)d.                                                                     

         A  5.0    slightly woody, green taste                                 

     __________________________________________________________________________

            TABLE XII                                                          

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.3    burnt, mustard-like taste                                   

     (1)b.                                                                     

         A  0.1    leathery taste                                              

     (1)b.                                                                     

         B  0.006  green, basic taste                                          

     (1)c.                                                                     

         A  4.0    caramel-like                                                

     (1)d.                                                                     

         A  1.0    roasted, hazelnut-like                                      

     (1)e.                                                                     

         A  4.0    roasted, moldy flavor                                       

     (1)f.                                                                     

         B  7.0    bitter, green taste                                         

     (1)g.                                                                     

         B  1.9    hazelnut- coffee-like taste                                 

     (1)h.                                                                     

         B  6.0    bitter, burnt, coffee-like                                  

     (1)i.                                                                     

         A  5.0    paper-like taste                                            

     (1)i.                                                                     

         B  5.0    green, roasted taste                                        

     (1)j.                                                                     

         B  0.3    bitter, astringent, basic taste                             

     __________________________________________________________________________

            TABLE XIII                                                         

     __________________________________________________________________________

     (1)a.                                                                     

         B  15.0   sweet, slightly basic taste                                 

     (1)b.                                                                     

         B  0.40   astringent, bitter, roasted note                            

     (1)c.                                                                     

         B  0.75   bitter, fruity, anise-like taste                            

     __________________________________________________________________________

            TABLE XIV                                                          

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0    tonka-bean like taste                                       

     (1)a.                                                                     

         C  0.8    nutty, bitter almond taste                                  

     (1)b.                                                                     

         B  0.4    bitter almond, flowery note                                 

     (1)b.                                                                     

         C  0.08   nutty, bitter almond taste                                  

     (1)c.                                                                     

         B  0.25   bitter, earthy taste                                        

     __________________________________________________________________________

            TABLE XV                                                           

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0    benzaldehyde taste                                          

     (1)b.                                                                     

         A  1.0    cherry-like taste                                           

     (1)b.                                                                     

         C  0.27   bitter almond, cherry-like                                  

     (1)c.                                                                     

         A  1.0    saffron taste                                               

     (1)c.                                                                     

         C  0.14   camphor note                                                

     (1)d.                                                                     

         A  1.0    caramel taste                                               

     (1)e.                                                                     

         A  1.0    burnt caramel taste                                         

     (2)a.                                                                     

         B  0.06   almond, caramel, buttery taste                              

     (2)b.                                                                     

         B  0.4    earthy, roasted, sweet aromatic taste                       

     (2)a.                                                                     

         C  0.07   nutty starchy taste                                         

     __________________________________________________________________________

            TABLE XVI                                                          

     __________________________________________________________________________

     (1)a.                                                                     

         A  2.0    burnt taste                                                 

     (1)a.                                                                     

         B  1.0    burnt, roasted flavor                                       

     (1)b.                                                                     

         A  1.0    mint taste                                                  

     (1)c.                                                                     

         C  0.16   bready taste                                                

     (1)d.                                                                     

         A  1.0    honey-like taste with anise note                            

     (1)e.                                                                     

         A  0.5    fatty, green, caraway-like taste                            

     (1)f.                                                                     

         A  1.0    slight mint taste                                           

     (1)g.                                                                     

         A  3.0    earthy taste                                                

     (1)h.                                                                     

         A  4.0    slightly burnt taste, slightly acid                         

     (1)i.                                                                     

         B  1.2    astringent, bitter taste                                    

     (1)i.                                                                     

         C  1.35   cereal-like, metallic taste                                 

     (1)j.                                                                     

         A  3.0    earthy taste                                                

     (1)j.                                                                     

         C  0.54   caramel taste                                               

     (1)k.                                                                     

         A  1.0    fatty, flowery taste                                        

     __________________________________________________________________________

            TABLE XVII                                                         

     __________________________________________________________________________

     (1)a.                                                                     

         A  5.0    bread-like taste                                            

     (1)a.                                                                     

         B  1.25   roasted note                                                

     (1)b.                                                                     

         B  0.2    hazelnut, roasted, caramel note                             

     (1)c.                                                                     

         A  5.0    slight hazelnut note                                        

     __________________________________________________________________________

            TABLE XVIII                                                        

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.5    fruity caramel-like note                                    

     (1)b.                                                                     

         A  0.5    fruity note                                                 

     (1)c.                                                                     

         A  0.2    fruity, cheesy note                                         

     (1)d.                                                                     

         B  0.06   green note                                                  

     (1)e.                                                                     

         A  0.1    fruity, fatty note                                          

     (1)f.                                                                     

         A  0.1    fatty note                                                  

     (1)g.                                                                     

         A  0.1    fatty note                                                  

     (1)h.                                                                     

         A  0.1    fruity note                                                 

     (1)i.                                                                     

         B  0.45   mushroom, earthy note                                       

     (1)j.                                                                     

         A  2.0    fruity note                                                 

     (1)k.                                                                     

         A  2.0    fruity note                                                 

     (1)l.                                                                     

         A  2.0    acetone-like                                                

     (1)m.                                                                     

         A  0.1    sweet taste                                                 

     (1)n.                                                                     

         B  0.45   fruity taste                                                

     (1)o.                                                                     

         A  0.05   green taste                                                 

     (1)p.                                                                     

         B  1.5    almond-like taste                                           

     (1)q.                                                                     

         B  0.125  earthy, green note                                          

     __________________________________________________________________________

            TABLE XIX                                                          

     __________________________________________________________________________

     (1)a.                                                                     

         A  7.0    slight caramel-like taste                                   

     (1)b.                                                                     

         A  4.0    slight fruity taste                                         

     (1)c.                                                                     

         A  4.0    fruity taste                                                

     (1)d.                                                                     

         A  4.0    fruity, cheesy note                                         

     (1)e.                                                                     

         A  4.0    light burnt taste                                           

     (1)e.                                                                     

         C  0.67   nutty, starchy taste                                        

     (1)f.                                                                     

         A  3.0    green, hazelnut-like taste                                  

     (1)g.                                                                     

         A  2.0    green, burnt taste                                          

     (1)g.                                                                     

         B  4.0    astringent note                                             

     (1)g.                                                                     

         C  3.46   peach pit, almond taste                                     

     (1)h.                                                                     

         A  6.0    slight rum-like taste                                       

     (1)i.                                                                     

         A  2.0    fatty, green taste                                          

     (1)i.                                                                     

         C  0.54   nutty, spicy                                                

     (1)j.                                                                     

         A  3.0    green taste                                                 

     (1)k.                                                                     

         A  5.0    weak furanic note                                           

     (1)k.                                                                     

         C  0.63   fruity, banana oil flavor note                              

     (1)l.                                                                     

         A  5.0    weak furanic note                                           

     (1)l.                                                                     

         B  1.0    bitter, roasted note                                        

     (1)l.                                                                     

         C  1.35   acid flowery note                                           

     (1)m.                                                                     

         A  5.0    sweet aromatic taste                                        

     __________________________________________________________________________

            TABLE XX                                                           

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0    onion-like taste                                            

     (1)a.                                                                     

         B  0.5-1.0                                                            

                   malty, roasted note                                         

     (1)b.                                                                     

         A  0.25   sweet honey-like taste                                      

     (1)b.                                                                     

         C  0.11   nutty, starchy taste                                        

     (1)d.                                                                     

         A  1.0    burnt anthranilate-like taste                               

     (1)e.                                                                     

         A  1.0    nonalactone-like taste                                      

     (1)f.                                                                     

         A  1.0    wine-like taste                                             

     (1)g.                                                                     

         A  1.0    sweet, flowery taste                                        

     (1)h.                                                                     

         A  2.0    cream, caramel-like taste                                   

     (1)i.                                                                     

         A  2.0    green, mustard-like note                                    

     (2)a.                                                                     

         A  4.0    sweet note                                                  

     (2)b.                                                                     

         A  5.0    slightly roasted note                                       

     __________________________________________________________________________

            TABLE XXI                                                          

     __________________________________________________________________________

     (1)a.                                                                     

         A  2.0    fruity, rose-like taste                                     

     (1)b.                                                                     

         A  0.5    green taste                                                 

     (1)c.                                                                     

         A  3.0    green taste                                                 

     (1)e.                                                                     

         C. 0.025  geranium taste                                              

     (2)a.                                                                     

         B  0.60   astringent, bitter, roasted taste                           

     (2)a.                                                                     

         C  1.35   fermented taste                                             

     (2)b.                                                                     

         B  0.20   astringent, peanut, roasted taste                           

     (3)a.                                                                     

         B  0.60   bitter, earthy, roasted taste                               

     (3)b.                                                                     

         A  1.00   grape-like taste                                            

     (3)b.                                                                     

         B  0.06   fatty, bitter, roasted taste                                

     (3)b.                                                                     

         C  0.06   starchy taste                                               

     (4)a.                                                                     

         A  4.0    weak, sweet taste                                           

     (4)b.                                                                     

         A  2.0    wood taste                                                  

     __________________________________________________________________________

            TABLE XXII                                                         

     __________________________________________________________________________

     (1)a.                                                                     

         A  2.0    anthranilic, burnt flavor                                   

     (1)b.                                                                     

         A  3.0    fruity, burnt taste                                         

     (1)c.                                                                     

         A  0.5    burnt nutty taste                                           

     (1)c.                                                                     

         C  0.034  toasted, unroasted coffee bean note                         

     (1)d.                                                                     

         A  3.0    green, grapefruit taste                                     

     __________________________________________________________________________

            TABLE XXIII                                                        

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.12   roasted, coffee-like                                        

     (1)a.                                                                     

         B  0.08   hazelnut, coffee-like                                       

     (1)b.                                                                     

         A  2.5    chocolate-like                                              

     (1)b.                                                                     

         C  1.18   sulfury, starch-like                                        

     (1)c.                                                                     

         A  5.0    burnt, roasted note                                         

     (1)c.                                                                     

         B  3.0    phenolic, basic taste                                       

     (1)d.                                                                     

         B  7.5    burnt, coffee-like taste                                    

     (1)e.                                                                     

         A  4.0    caramel, fatty taste                                        

     (1)e.                                                                     

         B  5.5    bitter, green taste                                         

     (1)f.                                                                     

         B  7.5    bitter, astringent note                                     

     (1)g.                                                                     

         A  3.0    fruity taste                                                

     (1)h.                                                                     

         A  4.0    caramel, fruity taste                                       

     (1)i.                                                                     

         B  2.0    bitter, musty taste                                         

     (1)j.                                                                     

         B  2.5    green, woody, fruity note                                   

     (1)k.                                                                     

         B  45.0   astringent, bitter, musty taste                             

     (1)1.                                                                     

         B  5.5    bitter, coffee-like taste                                   

     (1)m.                                                                     

         B  3.0    earthy taste                                                

     __________________________________________________________________________

            TABLE XXIV                                                         

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0    fruity, pear-like taste                                     

     (1)a.                                                                     

         B  0.125  green, chocolate cream-like taste                           

     (1)b.                                                                     

         A  3.0    burnt buttery rum note                                      

     (1)c.                                                                     

         A  3.0    stawberry-like taste                                        

     (1)d.                                                                     

         A  1.0    caramel-like taste                                          

     (1)d.                                                                     

         C  0.07   acid, fermented taste                                       

     (1)e.                                                                     

         A  1.0    caramel-like, cocoa taste                                   

     (1)e.                                                                     

         C  0.34   whey, nutty taste                                           

     (1)f.                                                                     

         A  2.0    fruity, butter-like taste                                   

     (1)g.                                                                     

         A  0.5    fruity (melon, pear-like) taste                             

     (1)h.                                                                     

         B  0.1    caramel, pineapple taste                                    

     (1)i.                                                                     

         A  1.0    fatty, rancid note                                          

     (2)a.                                                                     

         A  1.0    caramel-nutty taste                                         

     (2)a.                                                                     

         C  0.41   fruity, pineapple note                                      

     (2)b.                                                                     

         A  2.0    fruity taste                                                

     (2)c.                                                                     

         A  2.0    fruity taste                                                

     (2)d.                                                                     

         A  0.5    fruity taste                                                

     __________________________________________________________________________

            TABLE XXV                                                          

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0    praline-like taste                                          

     (1)a.                                                                     

         B  2.0    woody, coffee grounds note                                  

     (1)b.                                                                     

         A  2.0    fruity taste                                                

     (1)c.                                                                     

         A  1.0    egg-like taste                                              

     (1)c.                                                                     

         B  0.2-0.4                                                            

                   woody note                                                  

     (1)d.                                                                     

         B  1.9    astringent, fruity, green taste                             

     __________________________________________________________________________

            TABLE XXVI                                                         

     __________________________________________________________________________

     (1)a.                                                                     

         B  3.0    bitter, roasted peanut taste                                

     (1)b.                                                                     

         B  1.0    buttery, slightly meaty taste                               

     __________________________________________________________________________

            Table XXVII                                                        

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0    pear-like taste                                             

     (1)a.                                                                     

         C  0.67   bitter, nutty taste                                         

     (1)b.                                                                     

         A  2.0    gooseberry-like taste                                       

     (1)c.                                                                     

         A  2.0    fruity, quince-like taste                                   

     (1)d.                                                                     

         A  2.0    fruity taste                                                

     (1)e.                                                                     

         A  2.0    mushroom-like taste                                         

     (1)e.                                                                     

         C  0.07   earthy, mushroom-like                                       

     (1)f.                                                                     

         A  1.0    fruity taste                                                

     (1)g.                                                                     

         A  1.0    fruity taste                                                

     (1)h.                                                                     

         A  2.0    mushroom-like taste                                         

     (1)i.                                                                     

         B  0.08   fruity, hydrocarbon taste                                   

     (2)a.                                                                     

         A  3.0    burnt taste                                                 

     (2)a.                                                                     

         C  0.21   buttery, vanilla-like taste                                 

     (2)b.                                                                     

         A  3.0    phenolic burnt note                                         

     (2)c.                                                                     

         B  0.15   earthy, roasted note                                        

     (2)c.                                                                     

         C  0.20   caraway seed note                                           

     (2)d.                                                                     

         B  0.09   flowery, earthy note                                        

     (2)e.                                                                     

         B  0.09   green, geranium note                                        

     (2)f.                                                                     

         A  2.0    chocolate note                                              

     (2)g.                                                                     

         B  0.65   spicy, winey, roasted almond taste                          

     __________________________________________________________________________

            TABLE XXVIII                                                       

     __________________________________________________________________________

     (1)a.                                                                     

         A  1.0    anthranilate-like taste with                                

                   burnt note                                                  

     (1)a.                                                                     

         B  0.2    aromatic note                                               

     (1)a.                                                                     

         C  0.135  grape note                                                  

     (1)b.                                                                     

         A  2.0    burnt taste                                                 

     (1)b.                                                                     

         C  0.135  fermented grape, sour, winey note                           

     (1)c.                                                                     

         A  1.0    burnt taste                                                 

     (1)d.                                                                     

         A  2.0    oily, burnt taste                                           

     (1)d.                                                                     

         C  0.126  apricot, astringent, acid, sour note                        

     (1)e.                                                                     

         A  2.0    oily, burnt taste                                           

     (1)e.                                                                     

         C  0.17   sulfury, rubbery, toasted note                              

     (1)f.                                                                     

         A  2.0    earthy note                                                 

     (2)a.                                                                     

         A  1.0    mustard-like taste                                          

     (2)a.                                                                     

         C  0.34   sweet, solvent-like                                         

     (2)b.                                                                     

         A  1.0    acetate-like taste                                          

     __________________________________________________________________________

            TABLE XXIX                                                         

     __________________________________________________________________________

     (1)a.                                                                     

         B  4.0    astringent, bitter taste                                    

     __________________________________________________________________________

            TABLE XXX                                                          

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.25   roasted barley taste                                        

     (1)a.                                                                     

         B  0.06   roasted coffee taste                                        

     (1)a.                                                                     

         C  0.68   earthy, rioy taste                                          

     (1)b.                                                                     

         A  0.1    burnt taste                                                 

     (1)b.                                                                     

         B  0.01   roasted flavor note                                         

     (1)b.                                                                     

         C  0.08   groundary, toasted, nutty note                              

     (1)c.                                                                     

         A  0.5    burned, slighty rubbery note                                

     (1)d.                                                                     

         A  0.05   meat broth-like                                             

     (1)e.                                                                     

         A  0.1    burnt taste                                                 

     (1)f.                                                                     

         A  0.05   burnt, green, fatty taste                                   

     (1)g.                                                                     

         A  0.5-1.00                                                           

                   burnt, phenolic taste                                       

     (1)h.                                                                     

         A  0.1    burnt taste                                                 

     (1)h.                                                                     

         B  0.03   bitter, roasted note                                        

     (1)h.                                                                     

         C  0.05   bitter, astringent taste                                    

     (1)i.                                                                     

         A  0.01   burnt, meat-like taste                                      

     (1)i.                                                                     

         B  0.03   bitter, astringent taste                                    

     (1)i.                                                                     

         C  0.01   sulfury brothy taste                                        

     (1)j.                                                                     

         A  1.0    rubbery taste                                               

     (1)k.                                                                     

         B  0.08   roasted taste                                               

     (2)a.                                                                     

         A  1.0    styrene-like taste                                          

     (2)b.                                                                     

         A  0.75   bitter roasted taste                                        

     (3)a.                                                                     

         A  0.05   burnt, flowery note                                         

     (3)b.                                                                     

         B  0.05   sulfurous, earthy note                                      

     (3)b.                                                                     

         C  0.13   nutty, mercaptan note                                       

     __________________________________________________________________________

            TABLE XXXI                                                         

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.03   coffee taste                                                

     (1)a.                                                                     

         B  0.04   coffee taste                                                

     (1)a.                                                                     

         C  0.02   sulfury, mercaptan taste                                    

     (1)b.                                                                     

         A  0.25   coffee-like, alliaceous note                                

     (1)c.                                                                     

         A  0.25   coffee-like                                                 

     (1)d.                                                                     

         A  1.0    garlic-like                                                 

     (1)e.                                                                     

         A  0.25   coffee-like                                                 

     (1)e.                                                                     

         C  0.03   sulfury, sour, caramel, nutty flavor                        

     (1)f.                                                                     

         A  1.0    coffee-like, mushroom                                       

     (1)g.                                                                     

         A  0.1    coffee-like                                                 

     (1)g.                                                                     

         C  0.01   burnt, cereal, nutty taste                                  

     (1)h.                                                                     

         A  0.01   burnt, onion, mushroom note                                 

     (2)a.                                                                     

         A  0.01-0.03                                                          

                   mustard, onion-like                                         

     (2)a.                                                                     

         B  0.004  bland coffee taste                                          

     (2)a.                                                                     

         C  0.005  geranium-like                                               

     (2)b.                                                                     

         A  0.05   onion-like                                                  

     (2)c.                                                                     

         A  0.05   onion-like                                                  

     (2)c.                                                                     

         B  0.02   astringent                                                  

     (2)c.                                                                     

         C  0.02   nutty, astringent, bitter note                              

     (2)d.                                                                     

         B  0.015  fatty, earthy taste                                         

     (2)d.                                                                     

         C  0.013  flowery, mercaptan taste                                    

     (2)e.                                                                     

         B  0.002  metallic, roasted note                                      

     (2)e.                                                                     

         C  0.006  woody, bitter, nutty taste                                  

     (2)f.                                                                     

         A  0.001  burnt, onion, caramel note                                  

     (3)a.                                                                     

         A  0.2-0.5                                                            

                   cabbage taste                                               

     (3)a.                                                                     

         C  0.067  sulfury, mercaptan-like                                     

     (4)a.                                                                     

         A  0.3    burnt coffee, metallic note                                 

     (5)a.                                                                     

         B  0.03   metallic sulfurous note                                     

     (5)b.                                                                     

         B  0.06   metallic, astringent, earthy note                           

     __________________________________________________________________________

            TABLE XXXII                                                        

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.01   coffee-like                                                 

     (1)a.                                                                     

         C  0.007  sulfurous, mercaptan                                        

     (1)b.                                                                     

         A  0.01   garlic-like                                                 

     (1)c.                                                                     

         A  0.1    coffee-like                                                 

     (1)c.                                                                     

         B  0.01   aromatic note                                               

     (1)c.                                                                     

         C  0.005  geranium, mercaptan, nutty note                             

     (1)d.                                                                     

         A  0.001  burnt, coffee grounds, onion taste                          

     (1)e.                                                                     

         A  0.10   burnt, onion taste                                          

     (2)a.                                                                     

         A  1.0    cooked vegetable-like taste                                 

     (2)b.                                                                     

         A  1.0    burnt, coffee-like taste                                    

     (2)c.                                                                     

         A  1.0    coffee-like                                                 

     __________________________________________________________________________

            TABLE XXXIII                                                       

     __________________________________________________________________________

     (1)a.                                                                     

         A  5.0    fortifies the bitter taste                                  

     (1)a.                                                                     

         C  0.093  popcorn, nutty, caramel, cereal taste                       

     (1)b.                                                                     

         A  0.25   enhances the burnt note                                     

     (1)c.                                                                     

         A  0.25   enhances the phenolic note                                  

     (1)d.                                                                     

         A  5.0    enhances the burnt note                                     

     (1)d.                                                                     

         C  0.025  green, acid, cereal, bitter, sournote                       

     (1)e.                                                                     

         A  0.2    enhances the roast note                                     

     (1)f.                                                                     

         A  6.0    weak note                                                   

     (1)g.                                                                     

         B  0.30   roasted, astringent, earthy note                            

     (1)h.                                                                     

         B  0.12   mushroom, bitter, green taste                               

     (1)f.                                                                     

         B  0.25   astringent, fatty, green taste                              

     (1)j.                                                                     

         B  0.40   astringent, roasted taste                                   

     (1)k.                                                                     

         B  0.40   astringent, green note                                      

     (1)l.                                                                     

         B  0.30   bitter, green, earthy note                                  

     (1)m.                                                                     

         B  0.12   metallic note                                               

     (1)n.                                                                     

         B  0.40   bitter fatty note                                           

     __________________________________________________________________________

            TABLE XXXIV                                                        

     __________________________________________________________________________

     (1)a.                                                                     

         B  0.03   metallic, burnt note                                        

     (1)b.                                                                     

         B  0.01   metallic, earthy, burnt note                                

     (1)c.                                                                     

         B  0.60   astringent, sulfurous, green note                           

     (1)d.                                                                     

         B  0.03   metallic, sulfurous, burnt note                             

     __________________________________________________________________________

            TABLE XXXV                                                         

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.1    roasted coffee-like taste                                   

     (1)a.                                                                     

         B  0.1    roasted, coffee grounds note                                

     (1)b.                                                                     

         A  2.0    roasted meat-like taste                                     

     (1)c.                                                                     

         A  0.1    cabbage taste                                               

     (1)c.                                                                     

         B  0.01-0.02                                                          

                   strawy, dark flavor note                                    

     (1)d.                                                                     

         A  0.2-0.3                                                            

                   cabbage, onion taste                                        

     (1)e.                                                                     

         A  2.0    coffee-like taste                                           

     (1)e.                                                                     

         C  0.135  sulfury, toasted, nutty, burnt                              

                   cereal note                                                 

     (2)a.                                                                     

         A  1.0    coffee-like taste                                           

     (2)a.                                                                     

         C  0.135  burnt, sulfury, rubbery note                                

     (2)b.                                                                     

         C  0.5    turnip-like taste                                           

     (2)c.                                                                     

         A  3.0    burnt taste                                                 

     (2)d.                                                                     

         A  1.0    coffee-like taste                                           

     (2)e.                                                                     

         A  5.0    sulfurous liver-like note                                   

     (3)a.                                                                     

         B  1.0    earthy, sulfurous, paper-like taste                         

     (3)a.                                                                     

         C  1.08   acid, sulfurous taste                                       

     (3)b.                                                                     

         B  0.12   bitter, peanut-like                                         

     (3)b.                                                                     

         C  0.135  rioy, iodoform-like                                         

     (3)c.                                                                     

         B  0.20   hazelnut, earthy taste                                      

     (3)c.                                                                     

         C  0.22   burnt cereal-like taste                                     

     (3)d.                                                                     

         B  1.9    earthy-like                                                 

     (3)d.                                                                     

         C  2.96   burnt cereal, bitter, spicy                                 

     (3)e.                                                                     

         B  1.0    leathery, flowery taste                                     

     __________________________________________________________________________

            TABLE XXXVI                                                        

     __________________________________________________________________________

     (1)a.                                                                     

         A  3.0    phenolic taste                                              

     (1)b.                                                                     

         A  0.05   phenolic, burnt taste                                       

     (1)c.                                                                     

         A  0.01-0.05                                                          

                   phenolic taste                                              

     (1)c.                                                                     

         C  0.027  solvent-like                                                

     (1)d.                                                                     

         A  0.01   burnt taste                                                 

     (1)d.                                                                     

         C  0.027  phenolic                                                    

     (1)e.                                                                     

         A  0.01   cresolic taste                                              

     (1)f.                                                                     

         A  0.01   burnt taste                                                 

     (1)f.                                                                     

         B  0.02-0.04                                                          

                   roasted, dark flavor                                        

     (1)g.                                                                     

         A  0.01   phenolic taste                                              

     (1)h.                                                                     

         A  0.02   sweet, burnt taste                                          

     (1)h.                                                                     

         B  0.04   coffee, coffee grounds note                                 

     (1)i.                                                                     

         A  0.1-0.2                                                            

                   slightly burnt taste                                        

     (1)j.                                                                     

         A  0.15   balsam taste                                                

     (1)j.                                                                     

         B  0.1    coffee grounds note                                         

     (1)k.                                                                     

         A  1.5    tangerine taste                                             

     (1)l.                                                                     

         A  1.0    phenolic note                                               

     (1)m.                                                                     

         A  1.0    phenolic note                                               

     (1)n.                                                                     

         A  6.0    phenolic note                                               

     (2)a.                                                                     

         A  1.0    burnt, coffee taste                                         

     (2)a.                                                                     

         B  1.0    wood flavor note                                            

     (2)b.                                                                     

         A  0.01   coffee grounds note                                         

     (2)c.                                                                     

         A  2.0    phenolic note                                               

     (2)d.                                                                     

         A  5.0    phenolic note                                               

     (3)a.                                                                     

         A  0.05-0.1                                                           

                   burnt taste                                                 

     (3)a.                                                                     

         B  0.1-0.2                                                            

                   smoky roasted flavor                                        

     (3) A  1.0    weak earthy note                                            

     (4)a.                                                                     

         A  0.25-0.5                                                           

                   smoky taste                                                 

     (4)a.                                                                     

         B  0.4    roasted, coffee grounds note                                

     __________________________________________________________________________

            TABLE XXXVII                                                       

     __________________________________________________________________________

     (1)a.                                                                     

         A  5.0    slightly green taste                                        

     (1)b.                                                                     

         A  3.0    burnt, caramel, slightly buttery taste                      

     __________________________________________________________________________

            TABLE XXXVIII                                                      

     __________________________________________________________________________

     (1)a.                                                                     

         A  0.1-1.0                                                            

                   onion, garlic taste                                         

     (1)b.                                                                     

         A  0.25-0.5                                                           

                   green, burnt coffee taste                                   

     (1)b.                                                                     

         B  0.4    aromatic note                                               

     (1)b.                                                                     

         C  0.27   sulfury note                                                

     (2)a.                                                                     

         A  5.0    slightly bland taste                                        

     (2)b.                                                                     

         A  0.25   garlic, earthy taste                                        

     (2)b.                                                                     

         B  0.04   roasted, natural coffee taste                               

     (2)b.                                                                     

         C  0.027  bitter                                                      

     (2)c.                                                                     

         B  0.025  mushroom, paper-like                                        

     (2)c.                                                                     

         C  0.405  mushroom, earthy note                                       

     (3)a.                                                                     

         A  1.0    burnt coffee note                                           

     (3)a.                                                                     

         C  0.625  mercaptan note                                              

     (3)b.                                                                     

         B  0.025  green, sweet, fatty note                                    

     (3)b.                                                                     

         C  0.027  earthy mushroom note                                        

     (3)c.                                                                     

         A  1.0    cabbage, garlic taste                                       

     (4)a.                                                                     

         A  0.1-0.2                                                            

                   earthy, coffee grounds note                                 

     (4)b.                                                                     

         A  0.5    coffee-like                                                 

     (4)b.                                                                     

         C  0.42   sulfury, rubbery                                            

     (5)a.                                                                     

         A  1.0    caramel, coumarin-like                                      

     (5)a.                                                                     

         B  0.5-1.0                                                            

                   aromatic, fresh note                                        

     (5)a.                                                                     

         C  0.27   nutty, bitter almond taste                                  

     __________________________________________________________________________

PAR  As has been stated above the compounds having utility in the concept of
      this invention may be added to substances in varying amounts to alter or
      to modify the flavor of the substance by masking or blanking out
      undesirable flavors, by enhancing or fortifying desirable flavor or flavor
      notes, or by adding to the original substance an entirely new and
      different flavor. As will also be apparent to those skilled in the art
      various mixtures or blends of the flavor agents described may be used to
      achieve a desired flavor or flavor note. If, for example, one wishes to
      enhance a certain flavor note, or group of flavor notes present in a
      substance such as coffee, one needs only mix together certain of the
      described flavor agents to obtain the desired result.
PAR  Following are three examples of mixtures that have been prepared in
      accordance with the inventive concept.
TBL                                    TABLE XXXIX                             

     __________________________________________________________________________

     Compound                  Parts by weight                                 

     Identification            Ex. 1                                           

                                    Ex. 2                                      

                                         Ex. 3                                 

     Name                                                                      

     __________________________________________________________________________

     VII   (1) a                                                               

              2-methyl-3-ethyl-pyrazine                                        

                               --   40   20                                    

     VII   (1) i                                                               

              2,3-diethyl-pyrazine                                             

                               --   --   0.5                                   

     VII   (1) d                                                               

              2-methyl-3-isopropyl-pyrazine                                    

                               5    5    7.5                                   

     XVII  (1) b                                                               

              2-acetyl-pyrazine                                                

                               --   30   10                                    

              2-methyl-3-methylthio-pyrazine                                   

                               2    --   2                                     

     XXXI  (1) a                                                               

              furfurylthiol acetate                                            

                               2    2    3                                     

              furfuryl methyl sulfide                                          

                               --   1    --                                    

     XX    (1) a                                                               

              2-acetyl thiophene                                               

                               --   80   --                                    

     XXXI  (2) b                                                               

              furfuryl propyl sulfide                                          

                               --   3    1                                     

     XXXVIII                                                                   

           (2) b                                                               

              2,6-dimethyl-.gamma.-thiopyrone                                  

                               4    4    4                                     

     XXX   (1) a                                                               

              2-methoxybenzenethiol                                            

                               --   12   6                                     

              2-hydroxyphenyl methyl sulfide                                   

                               1    2    1.5                                   

     XXXVI (1) i                                                               

              3,4-xylenol      4    4    2                                     

     XXXVI (1) k                                                               

              2-hydroxyacetophenone                                            

                               --   --   5                                     

     XXXVI (3) a                                                               

              4-ethyl-2-methoxy-phenol                                         

                               --   5    2.5                                   

     XXXVI (1) c                                                               

              4-ethyl-phenol   --   --   0.5                                   

              pyridine         20   30   20                                    

     III   (2) e                                                               

              2-vinyl-benzofuran                                               

                               3    3    4                                     

     XXXVI (4) a                                                               

              4-vinyl-1,2-dimethoxy-benzene                                    

                               --   40   --                                    

     XXVI  (1) a                                                               

              furfuryl propionate                                              

                               --   50   --                                    

              furfural         --   100  --                                    

     __________________________________________________________________________

PAR  When added to a commercially available soluble powdered coffee beverage
      these blends of flavor agents added flavor notes which enhanced the flavor
      of the soluble coffee in the direction of that of roasted and ground
      coffee which has been brewed into a coffee beverage.
PAR  In order to demonstrate the flavor modifying or enhancing effect of the
      compounds of this invention a base material having the following
      composition was prepared:
TBL  Compound              Parts by weight                                     

     ______________________________________                                    

     3-methyl-cyclopentane-1,2-dione                                           

                           50                                                  

     furfuryl alcohol      50                                                  

     furfural              10                                                  

     diacetyl              5                                                   

     acetylmethylcarbinol  30                                                  

     benzyl alcohol        100                                                 

     propylene glycol      755                                                 

                           1000                                                

     ______________________________________                                    

PAR  Compounds of Group XXXV (Pyrazine Sulfur Compounds) were added to this base
      in varying amounts and the resulting compound mixtures were used to
      enhance or modify the flavor of the following food products:
PA1  a. A solution of milk sweetened with sugar, at a dosage level of 10 grams
      of the flavor composition per 100 kg.
PA1  b. A prepared ice-cream, at a dosage level of 10-15 g. of flavor
      composition per 100 kg.
PA1  c. A white cake mix, at a level of 20 g. per 100 kg. of finished cake
PA1  d. A milk pudding, at a dosage level of 10-15 g. per 100 kg.
PA1  e. A milk chocolate, at a dosage level of 25 g. per 100 kg.
PAR  The exact formulation of the various compound mixtures are set out in the
      TABLE XL below.
TBL                                    TABLE XL                                

     __________________________________________________________________________

     Compound             Parts by weight                                      

     __________________________________________________________________________

     Identification name  Examples                                             

     __________________________________________________________________________

                          4   5   6   7   8   q                                

     __________________________________________________________________________

     XXXV (2) a                                                                

            2-pyrazinyl-ethyl-                                                 

                          100 --  --  --  50  50                               

            mercaptan                                                          

     XXXV (2) b                                                                

            2-pyrazinyl-ethyl methyl                                           

                          --  30  --  --  --  5                                

            sulfide                                                            

     XXXV (2) c                                                                

            2-pyrazinyl-ethyl ethyl                                            

                          --  --  125 --  --  20                               

            sulfide                                                            

     XXXV (2) d                                                                

            2-pyrazinyl-ethyl                                                  

                          --  --  --  100 50  35                               

            furfuryl sulfide                                                   

            3-methyl-cyclopentane-                                             

                          50  50  50  50  50  50                               

            1,2-dione                                                          

            furfuryl alcohol                                                   

                          50  50  50  50  50  50                               

            furfural      10  10  10  10  10  10                               

            diacetyl      5   5   5   5   5   5                                

            acetylmethyl carbinol                                              

                          30  30  30  30  30  30                               

            benzyl alcohol                                                     

                          100 100 100 100 100 100                              

            propylene glycol                                                   

                          655 725 630 655 655 655                              

                          1000                                                 

                              1000                                             

                                  1000                                         

                                      1000                                     

                                          1000                                 

                                              1000                             

     __________________________________________________________________________

PAR  All of the compounds of Examples 4 - 9 gave a resulting flavor modification
      in the food products which was organoleptically characterized as adding a
      definite roasted coffee flavor note.
PAR  A number of the Compounds of Group VII (Pyrazine Hydrocarbons) were added
      to the above described base material. The resulting compound mixtures had
      the formulations shown in TABLE XLI below.
TBL                                    TABLE XLI                               

     __________________________________________________________________________

            Compound     Parts by weight                                       

     Identification Name Examples                                              

     __________________________________________________________________________

                         10  11  12  13  14  15  16  17                        

     __________________________________________________________________________

     VII (1) h                                                                 

            2,3-dimethyl-pyrazine                                              

                         250 --  --  --  --  --  50  --                        

     VII (1) a                                                                 

            2-methyl-3-ethyl-                                                  

                         --  25  --  --  --  20  15  10                        

            pyrazine                                                           

     VII (1) c                                                                 

            2-methyl-3-propyl-                                                 

                         --  --  45  --  --  25  --  15                        

            pyrazine                                                           

     VII (1) d                                                                 

            2-methyl-3-isopro-                                                 

                         --  --  --  45  --  --  --  20                        

            pyl-pyrazine                                                       

     VII (1) i                                                                 

            2-ethyl-3-ethyl-                                                   

                         --  --  --  --  10  --  5   2                         

            pyrazine (10% soln.)                                               

            3-methyl-cyclopentane-                                             

                         50  50  50  50  50  50  50  50                        

            1,2-dione                                                          

            furfuryl alcohol                                                   

                         50  50  50  50  50  50  50  50                        

            furfural     10  10  10  10  10  10  10  10                        

            diacetyl     5   5   5   5   5   5   5   5                         

            acetylmethylcarbinol                                               

                         30  30  30  30  30  30  30  30                        

            benzyl alcohol                                                     

                         100 100 100 100 100 100 100 100                       

            propylene glycol                                                   

                         505 730 710 710 745 710 685 708                       

                         1000                                                  

                             1000                                              

                                 1000                                          

                                     1000                                      

                                         1000                                  

                                             1000                              

                                                 1000                          

                                                     1000                      

     __________________________________________________________________________

PAR  When added to the same food products at the same dosage levels as described
      in connection with the Examples of TABLE XL above, the compound mixtures
      of Examples 10 - 17 imparted a pronounced nutty, green, fresh, earthy
      flavor note, with a light note of coffee grounds, to the foods.
PAR  Further compound mixtures utilizing mixtures of compounds from Group XXXV
      (Pyrazine Sulfur Compounds) and from Group VII (Pyrazine Hydrocarbons)
      were made as set out in TABLE XLII below.
TBL                                    TABLE XLII                              

     __________________________________________________________________________

            Compound       Parts by weight                                     

     Identification Name   Examples                                            

     __________________________________________________________________________

                           18  19  20  21                                      

     __________________________________________________________________________

     XXXV (2) a                                                                

            2-pyrazinyl-ethylmercaptan                                         

                           20  20  20  20                                      

     XXXV (2) d                                                                

            2-pyrazinyl-ethyl furfuryl                                         

                           20  20  20  20                                      

            sulfide                                                            

     VII (1) a                                                                 

            2-methyl-3-ethyl-pyrazine                                          

                           --  --  10  10                                      

     VII (1) c                                                                 

            2-methyl-3-propyl-pyrazine                                         

                           --  --  20  5                                       

     VII (1) i                                                                 

            2,3-diethyl-pyrazine                                               

                           --  10  --  5                                       

            (10% solution)                                                     

            3-methyl-cyclopentane-                                             

                           50  50  50  50                                      

            1,2-dione                                                          

            furfuryl alcohol                                                   

                           50  50  50  50                                      

            furfural       10  10  10  10                                      

            diacetyl       5   5   5   5                                       

            acetylmethylcarbinol                                               

                           30  30  30  30                                      

            benzyl alcohol 100 100 100 100                                     

            propylene glycol                                                   

                           715 705 685 695                                     

                           1000                                                

                               1000                                            

                                   1000                                        

                                       100                                     

     __________________________________________________________________________

PAR  When added to the same food products as above and in the same dosage
      levels, the foods were found to have their flavor modified to one with a
      definite coffee flavor with a light touch of a coffee grounds note.
PAR  Some further compound mixtures were prepared from compounds of Group VII
      (Pyrazine Hydrocarbons) using as a base the following mixture:
TBL                      Parts by weight                                       

     ______________________________________                                    

     3-methyl-cyclopentane-1,2-dione                                           

                           200                                                 

     Essence of cinnamon   10                                                  

     Essence of sweet fennel                                                   

                           20                                                  

     Essence of star anise 20                                                  

     benzyl alcohol        250                                                 

     propylene glycol      500                                                 

                           1000                                                

     ______________________________________                                    

PAR  The exact formulations of these compound mixtures are set out in TABLE
      XLIII below.
TBL                                    TABLE XL                                

     __________________________________________________________________________

            Compound        Parts by Weight                                    

     __________________________________________________________________________

     Identification Name    Examples                                           

     __________________________________________________________________________

                            22  23  24  25  26                                 

     __________________________________________________________________________

     VII (1) e                                                                 

            2-methyl-3-butyl-pyrazine                                          

                            25  --  --  --  5                                  

     VII (1) b                                                                 

            2-methyl-3-isobutyl-pyrazine                                       

                            --  50  --  --  15                                 

     VII (1) f                                                                 

            2-methyl-3-amyl-pyrazine                                           

                            --  --  100 --  20                                 

     VII (1) g                                                                 

            2-methyl-3-hexyl-pyrazine                                          

                            --  --  --  50  15                                 

            3-methyl-cyclopentane-1,2-                                         

                            200 200 200 200 200                                

            dione                                                              

            Essence of cinnamon                                                

                            10  10  10  10  10                                 

            Essence of sweet fennel                                            

                            20  20  20  20  20                                 

            Essence of star anise                                              

                            20  20  20  20  20                                 

            benzyl alcohol  250 250 250 250 250                                

            propylene glycol                                                   

                            475 450 400 450 445                                

                            1000                                               

                                1000                                           

                                    1000                                       

                                        1000                                   

                                            1000                               

     __________________________________________________________________________

PAR  When added to a soft gum-drop candy formulation at a dosage level of 30 g.
      per 100 kg., to an ice-cream mix at a dosage level of 8 - 10 g. per 100
      kg., to a milk pudding mix at a dosage level of 8 - 10 g. per 100 kg., and
      to a hard candy formulation at a dosage level of 15 - 20 g. per 100 kg.,
      the compound mixtures imparted a definite anise, liquorice-like flavor
      note to the finished products.
PAR  It should be kept in mind, as will be appreciated by those
      skilled-in-the-art, that with many flavors it is possible to imitate the
      natural flavor by selecting a limited number of the flavor enhancing
      substances examplified above. Coffee aroma, on the other hand, is much
      more complex than the ordinary flavoring materials and may necessitate the
      combination of many more of the examplified ingredients for reproduction.
PAR  It will also be understood that whereas the preferred embodiment of this
      invention is directed toward the enhancement or modification of coffee
      flavors, the concept of the invention has much wider application. While
      some of the compounds may be characterized by terms which are not directly
      related to coffee flavors, these compounds, when used in more complex
      formulae, may contribute desirable flavor notes to the overall flavor and
      aroma.
PAR  To summarize briefly this invention relates to a group of chemical
      compounds which have been found to have utility for the alteration or
      modification of the flavor of other materials. These compounds, called
      flavor agents or flavor modifiers, may be used in minute quantities to
      enhance the natural flavor of substances to which they are added, or to
      alter or modify a flavor which is undesirable, or to impart to a substance
      additional or different flavors or flavor notes. The flavor agents of the
      invention are used in minor, but flavor altering amounts, in any case, in
      quantities sufficient to obtain the desired results. The flavor modifiers
      are of particular importance and usefulness in the modification,
      alteration or enhancement of the flavor of coffee beverages made from
      soluble coffee and the preferred embodiment of the invention contemplates
      their use in conjunction with such products.
PAR  The flavor agents of the invention may be added at a convenient step in the
      soluble coffee process such as plating the dried soluble coffee with a
      desired dilution of the flavor agent in an acceptable solution followed by
      drying. In certain instances the desired agent may be added directly to a
      concentrated coffee extract and the mixture dried into a soluble coffee
      product which contains the flavor agent as an integral part thereof. Other
      methods of incorporation of the agents will suggest themselves to those
      skilled in the art and may, of course, be used without departing from the
      inventive concept, which may be described as being a composition of matter
      comprising a combination of a soluble coffee product, however prepared,
      whether liquid or solid, concentrated or dilute, which contains combined
      therewith a minor, but flavor modifying amount, of a flavor agent as
      described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A furan sulfur compound of the formula:
      ##SPC66##
PAL  wherein when n is O, R.sub.1 and R.sub.2 are methyl; when n is 1, R.sub.1
      and R.sub.2 are methyl or R.sub.1 is hydrogen and R.sub.2 is
      5-methylfuryl; and when n is 2, R.sub.1 and R.sub.2 are hydrogen.
NUM  2.
PAR  2. A furan sulfur compound as in claim 1 in which said compound is
      5-methylfurfuryl methyl sulfide.
NUM  3.
PAR  3. A furan sulfur compound as in claim 1 in which said compound is furfuryl
      5-methylfuryl sulfide.
NUM  4.
PAR  4. A furan sulfur compound as in claim 1 in which said compound is
      5-methylfur-2-yl methyl sulfide.
NUM  5.
PAR  5. A furan sulfur compound as in claim 1 in which said compound is
      2-(furyl-2)-ethanthiol.
PATN
WKU  039312470
SRC  5
APN  5314658
APT  1
ART  121
APD  19741211
TTL  5-(Substituted)phenylfurfuryl alcohols
ISD  19760106
NCL  10
ECL  1
EXP  Moatz; Harry I.
INVT
NAM  Pelosi, Jr.; Stanford S.
CTY  Norwich
STA  NY
ASSG
NAM  Morton-Norwich Products, Inc.
CTY  Norwich
STA  NY
COD  02
CLAS
OCL  2603472
XCL  2603473
XCL  2603477
XCL  2603478
XCL  424285
EDF  2
ICL  C07D30742
FSC  260
FSS  347.2;347.3;347.7;347.8
UREF
PNO  3458523
ISD  19690700
NAM  Szmuszkovicz
OCL  260347.8
OREF
PAL  Oleinik et al., Chem. Abstracts, Vol. 78, item 43169, (Feb. 1973).
LREP
FR2  Franze; Anthony J.
ABST
PAL  A series of 5-(substituted)phenylfurfuryl alcohols are useful as
      anti-inflammatory agents.
BSUM
PAR  This invention is concerned with chemical compounds. More particularly it
      is directed to a series of 5-(substituted)phenylfurfuryl alcohols of the
      formula:
      ##SPC1##
PAL  Wherein X is 4-nitro, 3,4 dichloro, 3-trifluoromethyl, 4-amino,
      4-acetamido, 4-methylsulfonyl, 4-cyano, or 4-chloro and R is methyl, ethyl
      or chloromethyl.
PAR  The members of this series of compounds possess pharmacologic activity.
      They are particularly useful as anti-inflammatory agents as evidenced by
      their ability to inhibit edema induced in rats by the administration of
      carrageenin. Thus, when administered at a dose of 300 mg/kg suspended in a
      vehicle such as aqueous methyl cellulose per os to rats receiving
      carrageenin, edema associated with that substance is inhibited [Winter et
      al., P.S.E.B.M. (14:544 (1964)].
DETD
PAR  The method which is currently preferred for the preparation of the
      compounds of this invention consists in the reduction of the corresponding
      ketone. This method is illustrated in the following examples.
PAC  EXAMPLE I
PAC  .alpha.-Methyl-5-(p-nitrophenyl)furfuryl Alcohol
PAR  Sodium borohydride (9.0 g, 0.34 mole) was added in portions to a stirred
      mixture of 55 g (0.24 mole) of methyl 5-(p-nitrophenyl)-2-furyl ketone in
      700 ml of methanol at 20.degree.-25.degree. over 45 minutes. The mixture
      was stirred at ambient temperature for 4 hours and allowed to stand
      overnight. Some insoluble material was removed by filtration and
      discarded. The filtrate was poured into a mixture of ice and water (3
      liters) and made acidific with 5% aqueous HCl. The brown oil which was
      deposited solidified on standing and was collected by filtration to give
      56 g (100%) of title compound. Recrystallization from a
      cyclohexane-benzene mixture gave an analytical sample, m.p.
      69.5.degree.-70.5.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.11 NO.sub.4 : C, 61.80; H, 4.75; N, 6.01.
      Found: C, 61.95; H, 4.90; N, 5.94.
PAC  EXAMPLE II
PAC  5-(3,4-Dichlorophenyl)-.alpha.-methylfurfuryl Alcohol
PAR  A. A mixture of 81 g (0.50 mole) of 3,4-dichloroaniline, 100 ml of water
      and 75 ml of conc. HCl was heated on a steam bath to ca. 70.degree., and
      150 ml of conc. HCl was added. White crystals separated and the mixture
      was cooled to 0.degree.. A solution of 35 g (0.50 mole) of sodium nitrite
      in 150 ml of water was added at 0.degree.-5.degree. over 25 min and
      stirring was continued at 0.degree.-5.degree. for 1 hour. A solution of 55
      g (0.50 mole) of methyl 2-furyl ketone in 50 ml of acetone was added
      quickly followed by the dropwise addition over 10 minutes at
      4.degree.-5.degree. of a solution of 10 g (0.06 mole) of cupric chloride
      dihydrate in 20 ml of water. The cooling bath was removed, and the green
      solution was stirred overnight at ambient temperature. The solid which was
      deposited was collected by filtration and washed with water.
      Recrystallization from ca. 800 ml of MeOH gave 45 g (35%) of
      5-(3,4-dichlorophenyl)-2-furyl methyl ketone A. Two additional
      recrystallizations from MeOH gave an analytical sample, m.p.
      114.degree.-117.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.8 Cl.sub.2 O.sub.2 : C, 56.50; H, 3.16.
      Found: C, 56.17; H, 3.14.
PAR  B. Sodium Borohydride (1.5 g, 0.04 mole) was added in portions to a stirred
      mixture of 15 g (0.059 mole) of 5-(3,4-dichlorophenyl)-2-furyl methyl
      ketone and 125 ml of MeOH at 15.degree.-20.degree. over 30 minutes. The
      mixture was stirred at ambient temperature for 3 hours. Some insoluble
      material was removed by filtration and set aside. The filtrate was poured
      into 300 ml of ice-H.sub.2 O mixture and made acidic with dilute HCl. The
      oil which was deposited solidified and was collected by filtration.
      Recrystallization from n-hexane gave 11 g (73%) of title compound, m.p.
      82.5.degree.-83.5.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.10 Cl.sub.2 O.sub.2 : C, 56.05; H, 3.92.
      Found: C, 56.20; H, 4.00.
PAC  EXAMPLE III
PAC  5-(m-Trifluoromethylphenyl)-.alpha.-(methylfurfuryl Alcohol
PAR  A. A mixture of 322 g (2.0 moles) of 3-aminobenzotrifluoride, 690 ml of
      concentrated hydrochloric acid and 260 ml of water was heated with steam
      for 20 minutes at 80.degree. and then cooled to 0.degree.. An additional
      200 ml of water was added to aid in stirring. A solution of 138 g (2.0
      moles) of sodium nitrite in 500 ml of water was added dropwise while
      maintaining the temperature between 0.degree.-5.degree. by means of an ice
      bath. The reaction mixture was stirred for 30 minutes and then filtered to
      remove a small amount of solid which was discarded. The pH of the solution
      was adjusted to ca. 4 by the addition of 900 ml of saturated sodium
      acetate solution. A solution of 220 g (2.0 moles) of methyl-2-furyl ketone
      in 200 ml of acetonitrile was added followed by a solution of 40 g of
      CuCl.sub.2 . 2H.sub.2 O in 100 ml of water. The reaction was stirred at
      5.degree.-15.degree. for 1 hour and then warmed to room temperature
      becoming slightly exothermic. The reaction mixture was controlled below
      33.degree. by means of an ice bath. After 11/4 hour the reaction was no
      longer exothermic and was stirred at room temperature overnight. The oil
      mixture was extracted with 2 .times. 750 ml and 1 .times. 500 ml portions
      of ether. The ethereal extracts were combined and washed with 2000 ml of
      5% sodium carbonate solution, with 1500 ml of water and then dried over
      magnesium sulfate. The ether was removed on the calab evaporator and the
      residue refrigerated for 72 hours. The solid which was formed was
      filtered, washed with pet ether and air-dried to yield 174 g. The crude
      product was recrystallized from 2500 ml of hexane/charcoal to yield 112 g
      (24%) of 5-(m-trifluoromethylphenyl)-2-furyl methyl ketone. An analytical
      sample was prepared by recrystallizing a sample of crude product twice
      from hexane/charcoal, m.p. 105.degree.-109.degree..
PAR  Anal. Calcd. for C.sub.13 H.sub.9 F.sub.3 O.sub.2 : C, 61.43; H, 3.57.
      Found: C, 61.26; H, 3.66.
PAR  B. To a stirring mixture of 46 g (0.18 mole) of
      5-(m-trifluoromethylphenyl)-2-furyl methyl ketone and 350 ml of methanol
      was added portionwise 4.53 g (0.12 mole) of NaBH.sub.4 while maintaining
      the temperature between 15.degree.-20.degree. by means of an ice bath. The
      ice bath was removed and the resulting solution stirred at ambient
      temperature for 3 hours and then allowed to stand at room temperature
      overnight. The solution was poured into 2000 ml of ice water to give a
      semisolid after scratching and cooling. The mixture was refrigerated
      overnight and the solid was collected by filtration. The solid was
      dissolved in methanol, treated with charcoal, filtered, and poured onto
      ice. The product which formed was filtered and dried in a desiccator over
      KOH to yield 29 g (61%). An analytical sample was prepared by
      recrystallizing a sample from pet ether/charcoal, m.p.
      56.degree.-57.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.11 F.sub.3 O.sub.2 : C, 60.94; H, 4.33.
      Found: C, 60.60; H, 4.35.
PAC  EXAMPLE IV
PAC  .alpha.-Methyl-5-(p-aminophenyl)furfuryl Alcohol
PAR  A mixture of 79 g (0.34 mole) of the compound of Example I, 1 tsp. of 5%
      Pd/C, 50% H.sub.2 O, and 500 ml of methanol was shaken under hydrogen
      pressure with the theoretical amount of H.sub.2 being absorbed. The
      catalyst was removed by filtration, and the filtrate was taken to near
      dryness on a Calab evaporator. The resulting solid was filtered and
      air-dried to yield 49 g (71%) of title compound. An analytical sample was
      prepared by recrystallizing a sample twice from ethanol/charcoal, m.p.
      100.degree.-104.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.13 NO.sub.2 : C, 70.92; H, 6.59; N, 6.89.
      Found: C, 71.10; H, 6.56; N, 6.78.
PAC  EXAMPLE V
PAC  5-(p-Acetamidophenyl)-.alpha.-methylfurfuryl Alcohol
PAR  A. A mixture of 58 g (0.25 mole) of methyl 5-(p-nitrophenyl)-2-furyl
      ketone, 2 tsp. of Raney Ni and 750 ml of ethanol was shaken under hydrogen
      pressure for one hour with the theoretical amount of H.sub.2 being
      absorbed. An additional 2000 ml of ethanol was added to the reaction
      mixture. The mixture was heated to reflux and the catalyst was removed by
      filtration. The filtrate was treated with ethereal HCl and the resulting
      solid was filtered and air-dried to yield 41 g (8.15%) of methyl
      5-(p-aminophenyl)-2-furyl ketone. An analytical sample was prepared by
      drying a sample at room temperature in the vacuum pistol, m.p. scinters
      above 160.degree..
PAR  Anal. Calcd. for C.sub.11 H.sub.11 NO.sub.2 .HCl: C, 60.64; H, 5.09. Found:
      C, 60.63; H, 5.22.
PAR  B. A mixture of 5.0 g (0.0248 mole) of methyl 5-(p-aminophenyl)-2-furyl
      ketone and 75 ml of acetic anhydride was heated at 70.degree.-90.degree.
      for 2 hours. The excess acetic anhydride was removed on a Calab
      evaporator, and the residual solid was recrystallized from ethyl acetate
      to yield 4.4 g (73%) of methyl 5-(p-acetamidophenyl)-2-furyl ketone. An
      analytical sample was prepared by drying a sample in the vacuum pistol at
      the temperature of refluxing chloroform, m.p. 214.degree.-215.degree..
PAR  Anal. Calcd. for C.sub.14 H.sub.13 NO.sub.3 : C, 69.12; H, 5.39; N, 5.76.
      Found: C, 69.14; H, 5.41; N, 5.76.
PAR  C. To a stirring mixture of 22 g (0.090 mole) of methyl
      5-(p-acetamido-phenyl)-2-furyl ketone and 345 ml of 95% dioxane/H.sub.2 O
      was added portionwise 3.4 g (0.090 mole) of NaBH.sub.4 while maintaining
      the temperature at 15.degree.-20.degree.. The resulting mixture was
      stirred overnight at room temperature and then added to ice/water. The
      solid was filtered and dried at 60.degree. to yield 21 g (95%), m.p.
      175.degree.-177.degree., of title compound.
PAR  Anal. Calcd. for C.sub.14 H.sub.15 NO.sub.3 : C, 68.55; H, 6.16; N, 5.71.
      Found: C, 68.32; H, 6.06; N, 5.60.
PAC  EXAMPLE VI
PAC  .alpha.-Methyl-5-(p-methylsulfonylphenyl)furfuryl Alcohol
PAR  A. A mixture of 200 g (1.16 mole) of p-aminophenyl methyl sulfone, 405 ml
      of concentrated hydrochloric acid, and 150 ml of water was heated at
      80.degree. for 20 minutes and then cooled to 0.degree.. A solution of 80 g
      (1.16 mole) of sodium nitrite in 270 ml of water was added dropwise while
      maintaining the temperature between 0.degree.-5.degree. by means of an ice
      bath. The near solution was kept at 0.degree. for 15 minutes. A solution
      of 129 g (1.16 mole) of methyl 2-furyl ketone in 125 ml of acetonitrile
      was added followed by a solution of 30 g of CuCl.sub.2 .2H.sub.2 O in 100
      ml of water. The reaction, after stirring in the cold for one hour, was
      allowed to warm to room temperature at which time it became exothermic and
      was controlled below 55.degree. by means of an ice bath. The reaction,
      after stirring overnight at room temperature, was treated with 500 ml of
      ether with a solid forming. The solid was filtered, washed with dilute
      NaOH solution, and refluxed in acetonitrile with the insoluble material
      being removed by filtration. The filtrate was again heated to reflux and
      water was added to the "cloud point". Upon cooling an oil formed from
      which the acetonitrile was decanted. The acetonitrile was again treated
      with water and the resulting solid was filtered and recrystallized from
      ethyl acetate/charcoal and airdried to yield 28 g (9%) of
      5-(p-methylsulfonylphenyl)-2-furyl methyl ketone. An analytical sample was
      prepared by drying a sample in the vacuum pistol at the temperature of
      refluxing CHCl.sub.3, m.p. 160.degree.-164.degree..
PAR  Anal. Calcd. for C.sub.13 H.sub.12 O.sub.4 S: C, 59.08; H, 4.58. Found: C,
      58.89; H, 4.61.
PAR  B. A mixture of 2.0 g (0.0076 mole) of 5-(p-methylsulfonylphenyl)-2-furyl
      ketone and 40 ml of 95% of dioxane/H.sub.2 O was treated portionwise with
      0.29 g (0.0076 mole) of NaBH.sub.4 while maintaining the temperature at
      15.degree.-20.degree. by means of an ice bath. The resulting solution was
      stirred at room temperature for 2 hours, added to ice/H.sub.2 O and the
      resulting precipitate filtered and dried in the vacuum pistol at room
      temperature to yield 1.3 g (64%), m.p. 118.degree.-120.degree., of title
      compound.
PAR  Anal. Calcd. for C.sub.13 H.sub.14 SO.sub.4 : C, 58.63; H, 5.30. Found: C,
      58.32; H, 5.31.
PAC  EXAMPLE VII
PAC  4-[5-(1-Hydroxyethyl)-2-furyl]benzonitrile
PAR  A. A mixture of 50 g (0.42 mole) of p-aminobenzonitrile, 146 ml of
      concentrated hydrochloric acid, and 106 ml of H.sub.2 O was heated at
      80.degree. for for 20 minutes and then cooled to 0.degree.. A solution of
      29 g (0.42 mole) of sodium nitrite in 105 ml of H.sub.2 O was added
      dropwise while maintaining the temperature at 0.degree.-5.degree. by means
      of an ice bath. The reaction was kept at 0.degree. for 45 minutes. A
      solution of 47 g (0.42 mole) of methyl 2-furyl ketone in 43 ml of
      acetonitrile was added followed by a solution of 10 g of CuCl.sub.2
      .2H.sub.2 O in 50 ml of water. The reaction became exothermic and was
      controlled below 40.degree.. The reaction was allowed to stand overnight.
      The aqueous layer was decanted and the residual semisolid was extracted
      with 6000 ml of refluxing hexane. The hexane was cooled and the resulting
      precipitate was filtered and air dried to yield 16 g (18%) of
      p-(5-acetyl-2-furyl)benzonitrile. An analytical sample was prepared by
      recrystallizing a sample from hexane/charcoal, m.p.
      115.degree.-116.degree..
PAR  Anal. Calcd. for C.sub.13 H.sub.9 NO.sub.2 : C, 73.92; H, 4.29; N, 6.63.
      Found: C, 73.93; H, 4.30; N, 6.64.
PAR  B. To a solution of 2.1 g (0.01 mole) of p-(5-acetyl-2-furyl)benzonitrile
      and 40 ml of 95% dioxane/water was added portionwise 0.37 g (0.10 mole) of
      NaBH.sub.4 while maintaining the temperature at 15.degree.-20.degree. by
      means of an ice bath. The reaction was stirred at room temperature for 3
      hours and then added to ice/water with a precipitate forming. The
      precipitate was filtered and dried in vacuum pistol at room temperature to
      yield 1.6 g (75%), n.p. 79.degree.-82.degree., of title compound.
PAR  Anal. Calcd. for C.sub.13 H.sub.11 NO.sub.2 : C, 73.22; H, 5.20; H, 6.57.
      Found: C, 73.08; H, 5.09; N, 6.78.
PAC  EXAMPLE VIII
PAC  .alpha.-Chloromethyl-5-(p-nitrophenyl)furfuryl Alcohol
PAR  A. Sulfuryl chloride (10 ml, 0.12 mole) was added dropwise to a stirred
      mixture of 23 g (0.10 mole) of methyl 5-(p-nitrophenyl)-2-furyl ketone in
      150 ml of chloroform at room temperature over 5 minutes. The resulting
      orange brown solution was stirred at ambient temperature for 1 hour,
      heated under reflux for 2 hours, and allowed to stand overnight. The solid
      which was deposited was collected by filtration and washed with chloroform
      to give 16 g (60%) of chloromethyl 5-(p-nitrophenyl)-2-furylketone. Two
      recrystallizations from ethanol gave an analytical sample, m.p.
      172.degree.-175.degree..
PAR  B. Sodium borohydride (1.6 g, 0.043 mole) was added in portions to a
      stirred mixture of 11.5 g (0.043 mole) of chloromethyl
      5-(p-nitrophenyl)-2-furyl ketone in 150 ml of absolute methanol over 10
      minutes at 15.degree.-20.degree.. The resulting solution was stirred at
      ambient temperature for 2.5 hours, poured into a mixture of ice and water
      (400 ml), and made acidic with 5% aqueous HCl. The yellow solid was
      collected by filtration and washed with water to give 11.5 g (100%) of
      title compound. Recrystallization from a MeOH--H.sub.2 O mixture gave an
      analytical sample, m.p. 111.degree.-113.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.10 ClNO.sub.4 : C, 53.84; H, 3.76; N, 5.23.
      Found: C, 54.06; H, 3.85; N, 5.16.
PAC  EXAMPLE IX
PAC  1-[5-(p-Chlorophenyl)-2-furyl]-1-propanol
PAR  A. To a solution of 133 g (1.0 mole) of AlCl.sub.3 in 750 ml of CS.sub.2
      was added 93 g (1.0 mole) of propionyl chloride. A solution of 178 g (1.0
      mole) of 2-(p-chlorophenyl)furan in 500 ml of CS.sub.2 was added dropwise
      while maintaining the temperature between 10.degree.-15.degree. by means
      of an ice bath with large volumes of HCl gas being given off. The reaction
      mixture was stirred in an ice bath for 15 minutes, at room temperature for
      15 minutes, and then added to 2000 ml of ice/water. The aqueous layer was
      separated from the CS.sub.2 layer and extracted with 2 .times. 500 ml
      portions of dichloromethane. The CS.sub.2 and CH.sub.2 Cl.sub.2 layers
      were combined and washed with 1000 ml of 6% sodium carbonate solution,
      with 1000 ml of water and then dried over magnesium sulfate. The solvent
      was removed on a Calab evaporator, and the residual oil was distilled
      under reduced pressure to yield 84 g of an oil which solidified on
      cooling, b.p. 250.degree.-270.degree. at 0.5-1.5 mm. The 84 g was
      recrystallized from hexane/charcoal and dried to yield 64 g (27.4%) of
      1-[5-(p-chlorophenyl)-2-furyl]-1-propanone. An analytical sample was
      prepared by recrystallizing a sample a second time from hexane, m.p.
      66.degree.-68.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.11 ClO.sub.2 : C, 66.53; H, 4.72. Found: C,
      66.51; H, 4.65.
PAR  B. To a stirring solution of 34 g (0.15 mole) of
      1-[5-(p-chlorophenyl)-2-furyl]-1-propanone in 300 ml of anhydrous methanol
      was added portionwise 4.1 g (0.11 mole) of NaBH.sub.4 while maintaining
      the temperature between 15.degree.-20.degree.. The reaction solution was
      stirred at room temperature for 3 hours and after standing over-night was
      added to ice/water with a solid forming. The solid was filtered and
      air-dried to yield 34 g (99%) of title compound. An analytical sample was
      prepared by recrystallizing a sample from hexane/charcoal, m.p.
      74.degree.-75.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.13 ClO.sub.2 : C, 65.96; H, 5.54. Found: C,
      66.09; H, 5.53.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC2##
PAL  wherein X is 4-nitro, 3,4-dichloro, 3-trifluoromethyl, 4-amino,
      4-acetamido, 4-methylsulfonyl, 4-cyano, or 4-chloro and R is methyl, ethyl
      or chloromethyl.
NUM  2.
PAR  2. The compound 5-(4-nitrophenyl)-.alpha.-methylfurfuryl alcohol.
NUM  3.
PAR  3. The compound 5-(3,4-dichlorophenyl)-.alpha.-methylfurfuryl alcohol.
NUM  4.
PAR  4. The compound 5-(3-trifluoromethylphenyl)-.alpha.-methylfurfuryl alcohol.
NUM  5.
PAR  5. The compound 5-(4-aminophenyl)-.alpha.-methylfurfuryl alcohol.
NUM  6.
PAR  6. The compound 5-(4-acetamidophenyl)-.alpha.-methylfurfuryl alcohol.
NUM  7.
PAR  7. The compound 5-(4-methylsulfonylphenyl)-.alpha.-methylfurfuryl alcohol.
NUM  8.
PAR  8. The compound 5-(4-cyanophenyl)-.alpha.-methylfurfuryl alcohol.
NUM  9.
PAR  9. The compound 5-(4-nitrophenyl)-.alpha.-chloromethylfurfuryl alcohol.
NUM  10.
PAR  10. The compound 5-(4-chlorophenyl)-.alpha.-ethylfurfuryl alcohol.
PATN
WKU  039312488
SRC  5
APN  4396731
APT  1
ART  121
APD  19740204
TTL  Reactive high polymer compound
ISD  19760106
NCL  4
ECL  1
EXP  Moatz; Harry I.
INVT
NAM  Maekawa; Yukio
CTY  Asaka
CNT  JA
INVT
NAM  Satomura; Masato
CTY  Asaka
CNT  JA
INVT
NAM  Umehara; Akira
CTY  Asaka
CNT  JA
ASSG
NAM  Fuji Photo Film Co., Ltd.
CTY  Minami-ashigara
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730202
APN  48-13511
PRIR
CNT  JA
APD  19730202
APN  48-13513
CLAS
OCL  2603475
XCL  20415917
XCL  117 34
XCL  117 32R
XCL   96  15
XCL   96  16
XCL  2603322A
XCL  260 784D
XCL  260  2EP
XCL  260 883A
XCL  260 885
XCL  260 887
XCL  260 891
XCL  260 895R
XCL  260 895A
XCL  260 897
XCL  260 911R
XCL  260 915
XCL  260 921
XCL  260 923
XCL  260 935R
XCL  260 937
XCL  260 942R
XCL  260 949R
XCL  20415914
XCL  20415915
XCL  20415916
EDF  2
ICL  C07D30754
FSC  260
FSS  332.2;347.4
UREF
PNO  2653866
ISD  19530900
NAM  Mowry et al.
OCL  260347.4
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  A high polymer compound containing therein the reactive group represented
      by the following general formula;
      ##SPC1##
PAL  Wherein X represents O or S; Y represents a hydrogen atom or a cyano group;
      and R.sub.2 represents a hydrogen atom, an alkyl group having not more
      than 4 carbon atoms, a halogen atom or a nitro group.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention p The present invention relates to a high polymer
      compound, particularly, to a reactive high polymer compound. More
      particularly, it is concerned with a high polymer compound which has a
      skeletal structure which undergoes a reduction in solubility or becomes
      insoluble due to the action of light, heat, electron beams, particle rays,
      electromagnetic waves or the like.
PAR  2. Description of the Prior Art
PAR  Heretofore, many studies have been made on high polymer compounds which
      undergo a reduction in solubility or become insoluble due to the action of
      light, heat or electron beams, with respect to relief images, printing
      plates, resist materials, photographic copies, coating materials, and the
      like. These are summarized in detail in the literature (e.g., Kosar;
      Light-Sensitive Systems, John Wiley & Sons, New York (1965), and
      Schonberg; Preparative Organic Photochemistry, Springer Verlag, New York
      (1968), chap.8). Of these, photodimerization-type polymers having cinnamic
      ester group
      ##EQU1##
      as the light-sensitive group have been well studied (for example, in U.S.
      Pat. Nos. 2,835,656; 3,357,831; 3,737,319; 3,418,295; 3,647,470;
      3,409,593; 2,956,878; 3,173,787; 3,023,100; 3,066,117).
PAR  The inventors have previously examined reactive high polymer compounds
      having a furanacrylic acid ester group known to possess higher sensitivity
      as compared with the aforesaid cinnamic acid ester group, and like polymer
      compounds. Furthermore, they have studied reactive high polymer compounds
      having a thiophenylacrylic acid ester group, and application have been
      made thereon. As a result of additional studies, the inventors have now
      developed a reactive high polymer compound with a remarkably high
      sensitivity, thus achieving the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a high polymer compound having as the
      reactive group in the polymer the group represented by the following
      general formula;
      ##SPC2##
PAL  Wherein X represents O or S, Y represents a hydrogen atom or a cyano group,
      R.sub.2 represents a hydrogen atom, an alkyl group having not more than 4
      carbon atoms (such as methyl, ethyl, propyl, isopropyl, butyl, t-butyl and
      sec-butyl), a halogen atom (such as achlorine atom, a bromine atom etc.)
      or a nitro group.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The high polymer compound having the reactive group represented by the
      above-described general formula can be prepared using the following two
      processes: one being a process of introducing the reactive group into a
      high polymer; and the other being a process of homopolymerizing a monomer
      having the reactive group or copolymerizing it with other monomers.
PAR  These two processes are described in greater detail below. (1) Process of
      introducing the reactive group into a high polymer:
PAR  1-i. Process of reacting a furylpentadienic acid halide or a
      thienylpentadienic acid halide with a high polymer compound having a
      hydroxy group. A suitable molar ratio of the acid halide per hydroxy group
      containing unit of the polymer (to be esterified), ranges from about 0.1:1
      to 10:1, preferably 1:1 to 3:1. In this reaction, catalysts for general
      esterification reactions, i.e., organic bases (e.g., pyridine,
      triethylamine, quinoline, diethylaniline, dimethylaniline, methyl
      piperidine, diazabicyclooctane, triethylene diamine, etc.) or inorganic
      bases (e.g., sodium hydroxide, potassium hydroxide, sodium carbonate,
      ionic ion exchange resins, etc.) are effective. A suitable molar ratio of
      the catalyst per hydroxy group containing unit of the polymer (to be
      esterified) ranges from about 0.2:1 to 10:1 preferably 1:1 to 3:1.
      Specific examples of high polymer compounds having a hydroxy group which
      can be used as the starting material are high polymers such as
      homopolymers or copolymers of a vinyl or vinylidene monomers having a
      hydroxy group, such as hydroxyalkyl acrylate, hydroxyalkyl methacrylate,
      .beta.-chloromethylhydroxyethyl methacrylate, hydroxymethylstyrene,
      hydroxystyrene, etc.; and the like. A furylpentadienic acid chloride and
      thienylpentadienic acid chloride are preferred acid halides.
PAR  In case of a polymer reaction (to obtain a functional group containing
      polymer starting from a polymer), it is very important to use a
      homogeneous reaction system, that is, to use a solvent soluble polymer.
PAR  Solvent insoluble polymers such as polyvinyl alcohol, and hydroxyethyl
      cellulose are not convenient starting polymers in case of a polymer
      reaction.
PAR  For example, in U.S. Pat. No. 3,257,664, detailed experimental conditions
      concerning a reaction of a polymer (polyvinyl alcohol) with an acid
      chloride are described specifically as follows:
PAR  1. In Example 4, a mixture of 22g of polymer and 200 ml of pyridine was
      heated on a steam bath for 1 hour with stirring and additional 200 ml of
      pyridine is added before dropwise addition of a melted acid chloride. The
      reaction is further conducted at 50.degree.C for 4 hours. The yield is
      about 91 percent.
PAR  2. In Example 7, 380 ml of pyridine is used to swell (not to dissolve) 22g
      of a polymer (polyvinyl alcohol) on a steam bath overnight. After the
      reaction of the polymer with an acid halide, the reaction mixture is
      heated at 50.degree.C for 4 hours and diluted with 700 ml of acetone
      before precipitation in cold water. The resulting polymer is further
      purified by washing with water 4 times.
PAR  In these Examples, the polymer concentration is only 5.5 to 5.8 weight
      percent to the base (pyridine). Yet, as shown in the specification
      clearly, the polymer is only swollen by pyridine. That is a heterogeneous,
      complicated reaction arises from these reaction conditions.
PAR  The reaction conditions shown above are very severe, heterogeneous and
      complicated conditions compared with those of this invention (homogeneous,
      mild reaction conditions) as will be described later.
PAR  The process of this invention is an esterification reaction wherein an acid
      halide is reacted with a high polymer compound having a hydroxy group.
      Separately from this process, there is the synthesis of forming an ester
      bond as follows, which can be employed as the case may be.
PAR  1-ii. A process of reacting a high polymer compound having an active
      halogen atom such as a chlorine atom or a bromine atom (e.g., a
      homopolymer or a copolymer of chloromethylstyrene, chloroethyl vinyl
      ether, bischloromethyloxetane, epichlorohydrin, chloropropyl methacrylate,
      chloroethylacrylate, chloropropylacrylate, vinyl-.alpha.-bromoacetate,
      bromoethyl methacrylate, or the like) with, e.g., furyl (or thienyl)
      pentadienic acid or a salt thereof sodium furylpentadienate, sodium
      thienylpentadienate, potassium furylpentadienate, potassium
      thinylpentadienate, etc. to thereby obtain the ester of the high polymer
      compound. Examples of catalysts employed in the reaction are triethyl
      benzyl ammonium chloride, triemethylbenzyl ammonium bromide, tetramethyl
      ammonium iodide, trimethyl ethyl ammonium iodide, lauryl pyridinium
      chloride, etc. with the halogen containing unit of the active halogen
      compound ranging from molar ratio to the ammonium salt of about
      10.sup.-.sup.3 :1 to 10:1, preferably 5 .times. 10.sup.-.sup.3 :1 to 5
      .times. 10.sup.-.sup.1 :1 The process can be suitably conducted at a
      temperature of 0.degree. to 180.degree.C, preferably 60.degree. to
      150.degree.C, for 0.5 to 40 hours, preferably 3 to 10 hours, and in a
      solvent such as dimethylformamide, diethylformamide, dimethylacetoamide,
      methylpyrrodidone, hexamethylphosphorylamide, xylene, dioxane,
      dimethylsulfoxide, dimethoxyethane, phenyl butylether, etc. at a weight
      ratio of solvent to the polymer of 0.1 to 1000 preferably 5 to 100.
PAR  1-iii. a process of reacting a high polymer compound having an epoxy ring
      (e.g., a homopolymer or copolymer of glycidyl acrylate, p-glycidylstyrene,
      p-vinylphenyl glycidyl ether, glycidyl methacrylate, butadiene oxide,
      vinyloxyethylglycidyl ether, methacryloxyethylglycidyl ether, or the like)
      with, e.g., furyl (or thienyl) pentadienic acid to obtain the ester of the
      high polymer compound. A suitable molar ratio of the acid to the epoxy
      group containing unit of the epoxy compound ranges from about 0.2 to 20,
      preferably 1 to 3, and the process can be conducted at a temperature of
      about 10.degree. to 180.degree.C, preferably 60.degree. to 120.degree.C
      for about 0.2 to 20 hours, preferably 1 to 5 hours. employing
      dimethylaniline, diethylaniline, dimethylbenzylaniline,
      diethylbenzylamine, or a hydroxide salt of these materials as a catalyst
      in a molar ratio of the catalyst to the epoxy group containing unit of the
      epoxy compound ranging from about 10.sup.-.sup.5 :1 to 10:1, preferably 5
      .times. 10.sup.-.sup.3 :1 to 5 .times.  10.sup.-.sup.1 :1. Suitable
      solvents are dimethylformamide, diethylformamide, dimethylacetoamide,
      methylpyrrolidone, hexamethylphosphorylamide, xylene, dioxane,
      dimethylsulfoxide, dimethoxyethane, phenylbutylether, etc. at a weight
      ratio of solvent to the polymer of 0.1:1 to 1000:1 preferably 5:1 to
      100:1.
PAR  1-iv. a process of utilizing an ester interchange reaction between a high
      polymer compound of a lower fatty acid ester (e.g., polyvinyl formate,
      polyvinylacetate, etc.) and, for example, a furyl (or thienyl) pentadienic
      acid ester to thereby obtain the corresponding ester of the high polymer
      compound. A suitable molar ratio of the acid ester to the ester group
      containing unit of the polymer can range from about 0.1:1 to 20:1
      preferably 1:1 to 3:1 with the reaction being conducted at a temperature
      ranging from about 20.degree. to 180.degree.C, preferably 60.degree. to
      130.degree.C for about 0.1 to 20 hours, preferably, 1 to 5 hours.
PAR  Suitable ester interchange catalysts are sulfuric acid mercury acetate,
      tetrabutyltitanate, toluene sulfonic acid etc. employed at a molar ratio
      of the catalyst to the ester group containing unit of the polymer of about
      10.sup.-.sup.3 :1 to 1:1, preferably 5 .times. 10.sup.-.sup.3 :1 to 0.5:1.
PAR  Examples of solvent are benzene, toluene, xylene, mesitylene,
      chlorobenzene, dichlorobenzene, and a weight ratio of the solvent to the
      polymer ranging from about 1:1 to 1000:1, preferably 2:1 to 50:1 can be
      employed.
PAR  2. A process of homopolymerizing or copolymerizing a monomer having a
      reactive group:
PAR  The monomers having a reactive group can be represented, e.g., by the
      following general formulae;
      ##SPC3##
PAL  wherein R.sub.1 represents
      ##EQU2##
EQU  -CH.sub.2 CH.sub.2 (OCH.sub.2 CH.sub.2).sub.n,   R.sub.2 represents H,
      C.sub.n H.sub.2n.sub.+1.sub.'  Cl, Br, F or NO.sub.2 ; R.sub.3 represents
      H or CH.sub.3 ; R.sub.4 represents
      ##EQU3##
      --CH.sub.2 CH--(OCH.sub.2 CH.sub.2).sub.n --,
      ##EQU4##
      R.sub.5 represents (CH.sub.2).sub.m ; m represents 0 or 1; n represents an
      integer of 1 to 4, X represents O or S, and Y represents a hydrogen atom
      or a cyano group.
PAR  Specific examples of the compounds represented by these general formulae
      are the following compounds
      ##EQU5##
PAR  As to the processes for synthesizing these compounds, the following two
      processes can be employed.
PAR  3. A process of reacting a vinyl compound having a haloalkyl group with an
      alkali metal salt (e.g., sodium, potassium) of an unsubstituted or
      substituted 5-furyl- or 5-thienyl-2,4-pentadienic acid in the presence of,
      if necessary, a quaternary ammonium salt catalyst (e.g., triethylbenzyl
      ammonium chloride, trimethyl benzyl ammonium bromide, tetramethyl ammonium
      iodide, trimethyl ethyl ammonium iodide, lauryl pyridinium chloride can be
      used.
PAR  A suitable molar ratio of the haloalkyl group containing unit of the
      haloalkyl group containing polymer compound to the alkali metal salt is
      about 5:1 to 100:1, preferably 5:1 to 30:1 and a suitable molar ratio of
      the quaternary ammonium salt to the haloalkyl group containing unit of the
      polymer compound ranges from about 10.sup.-.sup.3 :1 to 10:1, preferably 5
      .times. 10.sup.-.sup.3 :1 to 5 .times. 10.sup.-.sup.1 :1. Suitable
      non-solvents which can be used as the reaction medium are
      dimethylformamide, diethylformamide, dimethylacetamide, methylpyrrodidone,
      hexamethylphosphorylamide, xylene, dioxane, dimethylsulfoxide,
      dimethoxyethane, phenylbutylether, etc. at a weight ratio of solvent to
      the polymer of 0.1:1 to 1000:1, preferably 5:1 to 1000:1.
PAR  Suitable vinyl compounds having a haloalkyl group which can be used in
      Process (3) are the following compounds.
      ##EQU6##
PAR  4. A process of reacting a vinyl compound having a hydroxy group with an
      unsubstituted or substituted 5-furyl- or 5-thienyl-2,4-pentadienic acid
      halide (e.g., chloride, bromide) in the presence of an organic base (e.g.,
      pyridine, triethylamine, quinoline, diethylaniline, dimethylaniline,
      methylpiperidine, diazabicyclooctane, triethylene diamine) or inorganic
      base (e.g., sodium hydroxide, potassium hydroxide, sodium carbonate, ionic
      ion exchange resins, etc.) can be used.
PAR  A suitable molar ratio of the alcohol group of the vinyl compound to the
      acid haide ranges from about 0.1:1 to 20:1, preferably 0.9:1 to 5:1.
PAR  A suitable molar ratio of the catalyst per hydroxy group containing unit of
      the polymer (to be esterified) ranges from about 0.2 to 10, preferably 1
      to 3.
PAR  Suitable solvents are benzene, toluene, xylene, ethylether, acetone,
      tetrahydrofuran, chloroform, methylethyl ketone, methyl acetate,
      ethylacetate, chlorobenzene, and a suitable weight ratio of the solvent to
      vinyl compound ranges from about 0.1:1 to 200:1, preferably 1:1 to 10:1
      with a reaction temperature ranging from about -25.degree. to
      100.degree.C, preferably -10.degree. to 80.degree.C, and a reaction time
      from about 0.1 to 20 hours, preferably 0.5 to 3 hours.
PAR  Suitable vinyl compounds having a hydroxy group which can be used in
      Process (4) are the following compounds.
EQU  CH.sub.2 =CH--O--CH.sub.2 CH.sub.2 OH, CH.sub.2 =CH--(OCH.sub.2
      CH.sub.2).sub.2 OH
EQU  CH.sub.2 =CH--O--CH.sub.2 CH.sub.2 CH.sub.2 OH,
      ##EQU7##
PAR  Some of these starting material compounds are described in detail in
      Murahashi et al; Synthetic High Polymer III (1971), Asakura Shoten, Tokyo.
      Some of them are commercially available.
PAR  In the case of copolymerizing these vinyl derivatives having reactive group
      to thereby obtain a reactive high polymer compound, conventional monomers
      having an addition-polymerizable group can be used as the comonomer to
      copolymerize with the vinyl monomers. Examples of such comonomers are,
      e.g., acrylic esters, acrylamides, methacrylic esters, methacrylamides,
      allyl compounds, vinyl ethers, vinyl esters, N-vinyl compounds, styrenes,
      crotonic acid esters, and the like. Specific examples thereof include
      acrylates such as acrylic acid, an alkyl acrylate (e.g., propyl acrylate,
      butyl acrylate, amyl acrylate, ethylhexyl acrylate, octyl acrylate,
      t-octyl acrylate, chloroethyl acrylate, hydroxyethyl acrylate,
      hydroxypropyl acrylate, 2,2-dimethylhydroxypropyl acrylate,
      5-hydroxypentyl acrylate, diethyleneglycol monoacrylate,
      trimethylolpropane monoacrylate, pentaerythritol monoacrylate, glycidyl
      acrylate, benzyl acrylate, methoxybenzyl acrylate, furfuryl acrylate,
      tetrahydrofurfuryl acrylate, etc.), an aryl acrylate (e.g., phenyl
      acrylate, etc.); methacrylates such as methacrylic acid, an alkyl
      methacrylate (e.g., methyl methacrylate, ethyl methacrylate, propyl
      methacrylate, isopropyl methacrylate, amyl methacrylate, hexyl
      methacrylate, cyclohexyl methacrylate, benzyl methacrylate, chlorobenzyl
      methacrylate, octyl methacrylate, N-ethyl-N-phenylaminoethyl methacrylate,
      ethyleneglycol monomethacrylate, 2-hydroxyethyl methacrylate,
      3-hydroxypropyl methacrylate, 2-hydroxypropyl methacrylate, 4-hydroxybutyl
      methacrylate, 5-hydroxypentyl methacrylate, 2,2-dimethyl-3-hydroxypropyl
      methacrylate, diethyleneglycol monomethacrylate, trimethylolpropane
      monomethacrylate, pentaerythritol monomethacrylate, glycidyl methacrylate,
      furfuryl methacrylate, tetrahydrofurfuryl methacrylate, etc.) an aryl
      methacrylate (e.g., phenyl methacrylate, cresyl methacrylate, naphthyl
      methacrylate, etc.), etc.; acrylamides such as acrylamide, an N-alkyl
      acrylamide (the alkyl moiety being, e.g., a methyl group, an ethyl group,
      a propyl group, a butyl group, a t-butyl group, a heptyl group, an octyl
      group, a cyclohexyl group, a benzyl group, a hydroxymethyl group, a
      hydroxyethyl group, a benzyl group, etc.), an N-aryl acrylamide (the aryl
      moiety being, e.g., a phenyl group, a tolyl group, a nitrophenyl group, a
      naphthyl group, a hydroxyphenyl group, etc.), an N,N-dialkyl acrylamide
      (the alkyl moiety being, e.g., a methyl group, an ethyl group, a butyl
      group, an isobutyl group, an ethylhexyl group, a cyclohexyl group, etc.),
      N-methyl-N-phenylacrylamide, N-hydroxyethyl-N-methylacrylamide,
      N-2-acetamidoethyl-N-acetylacrylamide, etc.; methacrylamides such as
      methacrylamide, an N-alkylmethacrylamide (the alkyl moiety being, e.g., a
      methyl group, an ethyl group, a t-butyl group, an ethylhexyl group, a
      hydroxyethyl group, a cyclohexyl group, etc.), an N-arylmethacrylamide
      (the aryl moiety being, e.g., a phenyl group, etc.), an
      N,N-dialkylmethacrylamide (the alkyl moiety being, e.g., an ethyl group, a
      propyl group, a butyl group, etc.), N-hydroxyethyl-N-methylmethacrylamide,
      N-methyl-N-phenylmethacrylamide, N-ethyl-N-phenylmethacrylamide, etc.;
      allyl compounds such as an allyl ester (e.g., allyl acetate, allyl
      caproate, allyl caprylate, allyl laurate, allyl palmitate, allyl stearate,
      allyl benzoate, allyl acetoacetate, allyl lactate, etc.), allyloxyethanol,
      etc.; vinyl ethers such as an alkyl vinyl ether (e.g., hexyl vinyl ether,
      octyl vinyl ether, decyl vinyl ether, ethylhexyl vinyl ether, methoxyethyl
      vinyl ether, ethoxyethyl vinyl ether, chloroethyl vinyl ether,
      1-methyl-2,2-dimethylpropyl vinyl ether, 2-ethylbutyl vinyl ether,
      hydroxyethyl vinyl ether, diethyleneglycol vinyl ether, dimethylaminoethyl
      vinyl ether, diethylaminoethyl vinyl ether, butylaminoethyl vinyl ether,
      phenoxyethyl vinyl ether, tetrahydrofurfuryl vinyl ether, etc.), a vinyl
      aryl ether (e.g., vinyl phenyl ether, vinyl tolyl ether, vinyl
      chlorophenyl ether, vinyl 2,4-dichlorophenyl ether, vinyl naphthyl ether,
      vinyl anthranyl ether, etc.); vinyl esters, such as vinyl acetate, vinyl
      propionate, vinyl butyrate, vinyl isobutyrate, vinyl trimethylacetate,
      vinyl diethylacetate, vinyl valerate, vinyl caproate, vinyl chloroacetate,
      vinyl dichloroacetate, vinyl methoxyacetate, vinyl butoxyacetate, vinyl
      phenyl acetate, vinyl acetoacetate, vinyl lactate, vinyl
      .beta.-phenylbutyrate, vinyl cyclohexylcarboxylate, vinyl benzoate, vinyl
      salicylate vinyl chlorobenzoate, vinyl tetrachlorobenzoate, vinyl
      naphthoate, etc.; N-vinyl compounds such as N-vinyloxazolidone,
      N-vinylimidazole, methylvinylimidazole, N-vinylpyrrolidone,
      N-vinyl-carbazole, N-vinylethylacetamide, etc.; styrenes such as styrene,
      an alkylstyrene (e.g., methylstyrene, dimethylstyrene, trimethylstyrene,
      ethylstyrene, diethylstyrene, isopropylstyrene, butylstyrene,
      hexylstyrene, cyclohexylstyrene, decylstyrene, benzylstyrene,
      chloromethylstyrene, trifluoromethylstyrene, ethoxymethylstyrene,
      acetoxymethylstyrene, etc.), an alkoxystyrene (e.g., methoxystyrene,
      4-methoxy-3-methylstyrene, dimethoxystyrene, etc.), a halostyrene (e.g.,
      chlorostyrene, dichlorostyrene, trichlorostyrene, tetrachlorostyrene,
      pentachlorostyrene, bromostyrene, dibromostyrene, iodostyrene,
      fluorostyrene, trifluorostyrene, 2-bromo-4-trifluoromethylstyrene,
      4-fluoro-3-trifluoromethylstyrene, etc.), a carboxystyrene (e.g.,
      vinylbenzoic acid, methyl vinylbenzoate, etc.); crotonic acid esters such
      as an alkyl crotonate (e.g., butyl crotonate, hexyl crotonate, glycerine
      monocrotonate, etc.); vinyl chloride; vinylidene chloride; acrylonitrile;
      butadiene; ethylene; propylene; chloroprene; isoprene; maleic anhydride;
      and the like.
PAR  Of these, an acrylic acid ester, a methacrylic acid ester, a vinyl ether
      and a styrene derivative are advantageous from the standpoint of
      reactivity and availability. Also, other monomers having a reactive group,
      such as .beta.-vinyloxyethyl furylacrylate, .beta.-vinyloxyethyl
      cinnamate, .beta.-cinnamoyloxyethyl vinyl ether,
      cinnamoyloxymethylstyrene, .beta.-cinnamoyloxyethyl acrylate and the like,
      can be used. In addition, in the polymerization of monomers having a
      reactive group, pigments (such as phthalocyanine, zinc flower, titanium
      oxide, etc.) can be present. One or more of these monomers can be
      polymerized provided that the ratio of the monomers reacted is determined
      so that monomers having the reactive group are contained in the resulting
      high polymer compound in sufficient amounts for a cross-linking reaction
      to occur on exposure.
PAR  That is, in the polymerization, the ratio should be determined so that a
      vinyl or vinylidene derivative having a 5-furyl-2,4-pentadienic acid ester
      group or a 5-thienylpentadienic acid ester group is contained in the
      resulting copolymer in an amount of not less than 0.2 mol %, preferably
      not less than 3 mol %.
PAR  In obtaining a reactive high polymer using a vinyl monomer as the starting
      material, suitable catalysts for the polymerization thereof are ionic
      polymerization catalysts such as Lewis acids or proton acids (e.g.,
      trifluoroborate or the etherate thereof, zinc chloride, diethylzinc,
      aluminum chloride, triethylaluminum, ethylaluminum dichloride, aluminum
      isopropoxide, ferric chloride, tin tetrachloride, anhydrous hydrochloric
      acid, sulfuric acid, trifluoroacetic acid, etc.), or metal sulfates (such
      as aluminum sulfate, chronium sulfate, iron sulfate, etc.), which can be
      used alone or in combination. In addition, radical polymerization
      catalysts such as benzoyl peroxide, azobisisobutyronitrile, potassium
      persulfate, hydrogen peroxide-sodium sulfite, etc. can also be utilized.
      These polymerization catalysts are preferably used in an amount of from
      0.1 to 10 mol %, preferably 1 to 10 mole %, based on the monomer. Any of
      the various known processes, such as bulk polymerization, solution
      polymerization, emulsion polymerization, suspension polymerization and the
      like, can be applied to the polymerization reaction.
PAR  In obtaining a reactive high polymer compound using a vinyl monomer as the
      starting material, the reaction can be conducted either in the absence of
      solvent or in a solution. Where a solvent is used, methylene chloride,
      carbon tetrachloride, toluene, benzene, tetrahydrofuran, methyl ethyl
      ketone, ethanol, isopropanol, dimethylformamide, methylpyrolidone or a
      mixture thereof is preferable as the solvent, although the solvent used
      depends on the kind of the polymerization initiator used.
PAR  In conducting the polymerization reaction in a solution, a suitable
      concentration of the monomer is 1 to 90% (by weight), preferably 30 to
      80%. The polymerization can be conducted at -100.degree. to +150.degree.C,
      but preferably it is conducted at -78.degree. to 80.degree.C. It is
      advantageous to conduct the polymerization reaction in a solvent since
      localized heating and localized acceleration of reaction can be prevented.
PAR  With the monomers in the present invention, such as furylpentadienic acid
      alkylvinyl ether, three moieties, i.e., a vinyl moiety, a 1,4-substituted
      diene moiety and a furan ring moiety, are considered to be reactive. In
      particular, the furan ring is known to possess cation polymerizability due
      to its cyclic vinyl ether structure (see, e.g., Murahashi et al; Gosei
      Kobunshi(Synthetic High Polymer) III, Asakura Shoten, Tokyo, 1971.
PAR  Therefore, in polymerizing a monomer having a vinyl ether group represented
      by the general formula (I) using a cationic polymerization catalyst,
      gellation would be believed to be unavoidable. In fact, however, as shown
      in Examples, hereinafter a linear polymer soluble in ordinary oganic
      solvents such as benzene, tetrahydrofuran, etc. can be suprisingly
      obtained without causing any gellation.
PAR  The infrared absorption spectrum of the resulting polymer shows adsorptions
      at 3130, 1560,1030, 880 cm.sup.-.sup.1, etc., characteristic of the furan
      ring, which clearly demonstrates that polymerization has occurred
      selectively at the vinyl ether group.
PAR  The high polymer compound obtained in the present invention has greater
      light sensitivity as compared with polyvinyl cinnamate, and is useful
      particularly for a light-sensitive composition.
PAR  In particular, the aforesaid process (2) of polymerizing a vinyl monomer to
      obtain a reactive high polymer compound is very advantageous because the
      chemical reactivity, solvent property, adhesiveness, photo-chemical
      reactivity, film-forming ability, transparency, oleophilicity,
      hydrophilicity, water-solubility, dyeability, fire retardant property,
      flexibility or like physical or chemical properties of the end high
      polymer compound can be broadly and easily changed by suitably selecting
      the kind and the amount of the comonomer used in the copolymerization.
PAR  The present invention will now be illustrated in greater detail by
      reference the following synthesis examples of the monomer, examples of the
      polymerization reaction and applications of the resulting high polymer
      compounds. In all of the examples given herinafter, all parts, percents,
      ratios and the like are by weight unless otherwise indicated.
PAC  SYNTHESIS EXAMPLE OF MONOMER
PAC  Synthesis of .beta.-Vinyloxyethyl 5-Furyl-2,4-pentadienate
PAR  30 Grams of potassium 5-furyl-2,4-pentadienate, 200 ml of
      .beta.-chloroethyl vinyl ether and 1.0 g of trimethylbenzylammonium
      chloride were placed, together with a small amount of a polymerization
      inhibitor (0.5 g of phenylnaphthylamine), in a 500 ml three-necked flask
      equipped with a condenser and the reaction was conducted at 110.degree. -
      120.degree.C for 5 hours under vigorous stirring. The potassium chloride
      produced was filtered off and washed with 20 ml of chloroethyl vinyl
      ether. This washing and the mother liquor were combined and the
      chloroethyl vinyl ether was distilled off under reduced pressure.
PAR  Then, the residue was rectified under reduced pressure to obtain the
      product as a pale yellow solid. Upon recrystallization from n-hexane, 31 g
      of white crystals was obtained. Yield: 90%. m.p.:63.degree. - 64.degree.C.
PAC  EXAMPLE 1
PAR  In a glass polymerization vessel purged with dry argon gas were placed 1.0
      g of .beta.-vinyloxyethyl 5-furyl-2,4-pentadienate and 4.0 ml of methylene
      chloride and, at 0.degree.C, a 4.3 .times. 10.sup.-.sup.4 mol/ml methylene
      chloride solution of boron trifluoride etherate was added thereto as a
      polymerization catalyst in an amount of 4 mol % based on the monomer.
PAR  After maintaining the temperature at 0.degree.C for 1 hour, the contents of
      the polymerization vessel was poured, under stirring, into 150 ml of
      methanol containing a small amount of ammonia. Thus, the high polymer
      compound was obtained as a white solid, which was soluble in ordinary
      organic solvents such as benzene, tetrahydrofuran, methyl ethyl ketone,
      etc.
PAR  The yield of the high polymer compound after drying at room temperature
      (about 20.degree. - 30.degree.C) in vacuo was 0.18 g. The intrinsic
      viscosity, [.eta.], measured in tetrahydrofuran at 30.degree.C was 1.67
      (dl/g).
PAC  EXAMPLE 2
PAR  While Example 1 showed an example of a homopolymerization reaction, this
      Example shows an example of a copolymerization reaction. The same
      procedures as described in Example 1 were conducted using the following
      monomers. That is, to a solution of 1.0 g of .beta.-vinyloxyethyl
      5-furyl-2,4-pentadienate, 0.5 g of isobutyl vinyl ether and 4.0 ml of
      methylene chloride was added boron trifluoride etherate (as a 4.3 .times.
      10.sup.-.sup.4 mol/ml methylene chloride solution) in an amount of 4 mol %
      based on the monomers, and the polymerization reaction was conducted for 2
      hours in the same manner as described in Example 1.
PAR  The thus obtained high polymer compound was soluble in organic solvents
      such as benzene, tetrahydrofuran, methyl ethyl ketone, etc. Yield: 1.25 g.
      The viscosity, [.eta.], measured in tetrahydrofuran at 30.degree.C was
      1.25 (dl/g).
PAR  The thus synthesized reactive high polymer compound undergoes a reduction
      in solubility or becomes insoluble due to the action of light, heat, or
      electron beam.
PAR  As to the reaction mechanism giving rise to this phenomenon, the inventors
      believe that a four-membered ring-forming reaction takes place, although
      the precise mechanism is not completely clear due to the absolutely novel
      skeletal structure.
PAR  As a result of examining the relative sensitivity of the high polymer
      compound having the skeletal structure of the present invention according
      to a gray scale method, it was found that the sensitivity of the high
      polymer of the present invention was about 10 times that of a commercially
      available polyvinyl alcohol cinnamic acid ester containing a sensitizer
      (e.g., polyvinyl alcohol cinnamate, (DP=1700 to 2700) with a sensitizer,
      2-benzoyl methylene-N-methyl-.beta.-naphthothiazoline 8 to 10 weight % to
      the polymer, cinnamic acid ester content up to 98 mole %, as described in
      U.S. Pat. No. 2,610,120. A light-sensitive composition using a reactive
      high polymer compound having such high sensitivity is considered to be
      extremely useful. For example the exposure time can be reduced to 1/10,
      which is a great advantage, and a reduction in the working time and an
      improvement in efficiency can be obtained. Thus, the high polymer compound
      of the present invention is expected to contribute greatly to the industry
      in this field.
PAR  Suitable sensitizing agent which can be used with the photosensitive
      polymer of this invention are aromatic carbonyl compounds, aromatic nitro
      compounds, aromatic quinone compounds, or like photographic sensitizing
      dyes. These are used in a proportion of 1 to 20% (by weight) based on the
      high polymer compound.
PAR  To illustrate representative specific examples of carbonyl compounds,
      benzoin, benzoin methyl ether, benzophenone, anthraquinone, benzanthrone,
      9-anthraldehyde, 9.10-anthraquinone, 2-methylanthraquinone,
      acetonaphthone, xanthone, tetramethylaminobenzophenone,
      tetraethylaminobenzophenone, butylanthraquinone,
      dimethoxythiobenzophenone, 9,10-phenanthrenequinone, diacetyl, benzyl,
      chloroanthraquinone and the compound represented by the following general
      formula;
      ##EQU8##
      are useful.
PAR  In the above general formula, R.sub.6 represents an alkyl group
      conventionally present in cyanine dyes, preferably, an unsubstituted lower
      alkyl group (e.g., a methyl group, an ethyl group, etc.), a hydroxyalkyl
      group (e.g., a 2-hydroxyethyl group, etc.), an alkoxyalkyl group (e.g., a
      2-methoxyethyl group, etc.), a carboxyalkyl group (e.g., a 2-carboxyethyl
      group, etc.), a sulfoalkyl group (e.g., a 2-sulfoethyl group, a
      3-sulfopropyl group, etc.), an aralkyl group (e.g., a benzyl group, a
      phenethyl group, a p-sulfophenethyl group, a p-carboxyphenethyl group,
      etc.), or a vinylmethyl group, R.sub.7 represents an alkyl group
      (preferably a lower alkyl group such as a methyl group, an ethyl group or
      a propyl group), an aryl group (preferably, a phenyl group, a
      p-hydroxyphenyl group, a naphthyl group or the like) or a thienyl group,
      and Z represents the non-metallic atoms necessary to form a heterocyclic
      nucleus conventionally present in cyanine dyes, such a benzothiazole
      (e.g., benzothiazole, 5-chlorobenzothiazole, 6-chlorobenzothiazole,
      4-methylbenzothiazole, 6-methylbenzothiazole, 5-phenylbenzothiazole
      6-methoxybenzothiazole, 4-ethoxybenzothiazole, 5-methoxybenzothiazole,
      5-hydroxybenzothiazole, 5,6-dimethylbenzothiazole,
      5,6-dimethoxybenzothiazole, etc.), a naphthothiazole (e.g.,
      .alpha.-naphthothiazole, .beta.-naphthothiazole, etc.), a benzoselenazole
      (e.g., benzoselenazole, 5-chlorobenzoselenazole, 6-methylbenzoselenazole,
      6-methoxybenzoselenazole, etc.), a naphthoselenazole (e.g.,
      .alpha.-naphthoselenazole, .beta.-naphthoselenazole, etc.), a benzoxazole
      (e.g., benzoxazole, 5-methylbenzoxazole, 5-phenylbenzoxazole,
      6-methoxybenzoxazole, etc.), or a naphthoxazole (e.g.,
      .alpha.-naphthoxazole, .beta.-naphthoxazole, etc.) nucleus.
PAR  Specific examples of compounds represented by the above general formula
      include, e.g., 2-benzoylmethylene-3-methyl-.beta.-naphthothiazoline,
      2-benzoylmethylene-3-ethyl-.beta.-naphthothiazoline,
      3-ethyl-2-(2-thenoyl)-methylene-.beta.-naphthothiazoline,
      3-ethyl-2-propionylmethylene-.beta.-naphthothiazoline,
      5-chloro-3-ethyl-2-p-methoxybenzoylmethylenebenzothiazoline, and the like.
PAR  Suitable organic sulfur compounds are di-n-butyldisulfide,
      di-n-octyldisulfide, dibenzyldisulfide, diphenyldisulfide,
      dibenzoyldisulfide, diacetyldisulfide, 2-mercaptobenzothiazole,
      2-mercaptobenzoxazole, 2-mercaptobenzimidazole, thiophenol, thiocresol,
      p-methoxybenzenethiol, carboxymethyl-N,N-dimethyldithiocarbamate, ethyl
      trichloromethanesulfonate, and the like.
PAR  As the peroxides, there are hydrogen peroxide, di-t-butyl peroxide, benzoyl
      peroxide, methyl ethyl ketone peroxide, and the like.
PAR  Redox compounds comprise the combination of a peroxide and a reducing
      agent, and suitable combination are ferrous ion and hydrogen peroxide,
      ferrous ion and persulfate ion, and ferric ion and a peroxide.
PAR  As the azo and diazo compounds, there are
      .alpha.,.alpha.-azobisisobutyronitrile, 2-azobis-2-methylbutyronitrile,
      1-azo-bis-cyclohexanecarbonitrile, p-aminodiphenylamine diazonium salt,
      and the like.
PAR  Suitable halogen compounds are chloromethylnaphthyl chloride, phenacyl
      chloride, chloroacetone, .beta.-naphthalenesulfonyl chloride,
      xylenesulfonyl chloride, and the like.
PAR  As the photoreducible dyes, there are Rose Bengal, Erythrosine, Eosine,
      acriflavine, riboflavine, Thionine, and the like.
PAR  Examples of nitro compounds are p-nitrodiphenyl, 5-nitro-2-aminotoluene,
      4-nitro-1-aminonaphthalene, 4-nitro-1-acetylaminonaphthalene, picric acid,
      picramide, dichloronitroaniline, nitroacenaphthene, dinitronaphthalene,
      trinitrofluorenone, tetranitrocarbazole, dinitrobenzeanthracenedione,
      dinitrodimethylacetyl-tert-butylbenzene, dinitrostilbene disulfonic acid,
      trinitronaphthalene, dinitrochalcone, and the like.
PAR  Others include methyl-3-ethyl-2-benzothiazolinylidene dithioacetate,
      2,6-di(p-ethoxyphenyl)-4-(p-amyloxyphenyl)thiapyrilium perchlorate, and
      the like. Some of these compounds are described in U.S. Pats. Nos.
      2,610,120; 2,670,285; 2,670,285; 2,670,287; 2,690,966; 2,732,301;
      2,835,656; 2,956,878; 3,023,100; 3,066,117; 3,173,787; 3,357,831;
      3,409,593; 3,418,295; 3,453,110; 3,475,617; 3,561,969; 3,575,929;
      3,582,327; 3,647,470; 2,7321,566; and 3,737,319; British Pat. No. 659,197
      French Pats. Nos. 1,086,257; 1,089,290; and 1,238,262; and in the
      literature such as J. Kosar Light Sensitive Systems, John Wiley and Sons,
      New York (1965).
PAR  It can be decided through simple try-and-error by those skilled in the art
      what kind of the compound be selected among these and to what extent it
      should be added. Generally, a suitable amount if 1 to 20% by weight.
PAR  In addition adding a sensitizer to the reactive high polymer compound, a
      thermal polymerization inhibitor or the like can be added thereto so as to
      increase stability during storage. Specific examples of such thermal
      polymerization inhibitors include, e.g., p-methoxyphenol, hydroquinone,
      alkyl- or aryl-substituted hydroquinone, t-butylcatechol, pyrogallol,
      cuprous chloride, phenothiazine, phenylnaphthylamine, naphthol,
      2,6-di-t-butyl-p-cresol, pyridine, nitrobenzene, dinitrobenzene,
      p-toluidine, methylene blue, the copper salt of an organic acid (such as
      copper acetate), and the like. These thermal polymerization inhibitors are
      preferably incorporated in an amount of 0.0001 to 5 parts by weight based
      on 100 parts by weight of the polymer. These are added in such amount that
      cross-linking reaction is not substantially prevented and the storage
      stability is increased.
PAR  In the resin composition can further be incorporated various additives such
      as coloring agents, plasticizers, resins and the like. As the coloring
      agent, there are, for example, pigments such as titanium oxide, carbon
      black, iron oxide, a phthalocyanine pigment, an azo pigment, etc. and dyes
      such as Methylene Blue, Crystal Violet, Rhodamine B, Fuchsine, Auramine,
      an azo dye, an anthraquinone dye, etc. The coloring agent is preferably
      added in an amount of 0.1 to 30 parts by weight (for the pigments) or in
      an amount of 0.01 to 10 parts by weight (for the dyes) based on 100 parts
      by weight of the polymer. Suitable plasticizers are phthalic esters such
      as dimethyl phthalate, diethyl phthalate, dibutyl phthalate, diisobutyl
      phthalate, dioctyl phthalate, octylcapryl phthalate, dicyclohexyl
      phthalate, ditridecylphthalate, butylbenzyl phthalate, diisodecyl
      phthalate, diaryl phthalate, etc.; glycol esters such as dimethylglycol
      phthalate, ethyl phthalylethyl glycolate, methyl phthalylethyl glycolate,
      butyl phthalybutyl glycolate, triethyleneglycol dicapryl ester, etc.;
      phosphoric acid esters such as tricresyl phosphate, triphenyl phosphate,
      etc.; aliphatic dibasic acid esters such as diisobutyl adipate, dioctyl
      adipate, dimethyl sebacate, dioctyl azelate, dibutyl maleate, etc.;
      triethyl citrate; glycerine triacetyl ester; butyl laurate; and the like.
      In addition, other synthetic high polymers such as polymethyl
      methacrylate, polyglycidyl acrylate, polystyrenebutadiene,
      polychloroprene, chlorinated rubber, etc. or an emulsified polymer (latex)
      can be used in combination.
PAR  The compound of the present invention finds application as a coating
      material, a photographic copy, a printing plate, a resist, a relief image
      and the like. Of these applications, image formation using the high
      polymer compound of the invention will be described in detail below.
PAR  First, the reactive high polymer compound is dispersed together with, if
      desired, a stabilizing agent, a plasticizer, a dye, other high polymer
      compounds, a pigment or a sensitizer, in a ketone solvent, an amide
      solvent, a cellosolve solvent or a halogenated hydrocarbon in a proportion
      of 0.1 to 95%, particularly 1 to 45% (by weight). Examples of these
      solvents include acetone, methyl ethyl ketone, methyl isobutyl ketone,
      cyclohexanone, diisobutyl ketone, ethyl acetate, butyl acetate, n-amyl
      acetate, methyl formate, ethyl propionate, dimethyl phthalate, ethyl
      benzoate, toluene, xylene, benzene, ethylbenzene, carbon tetrachloride,
      trichloroethylene chloroform, 1,1,1-trichloroethane, chlorobenzene,
      dichlorobenzene, tetrahydrofuran, anisole, diethyl ether, ethyleneglycol
      monomethyl ether ethyleneglycol monoethyl ether acetate,
      dimethylformamide, sulforane, dimethylsulfoxide, methylpyrrolidone,
      hexamethylphosphoramide or a mixture thereof. The resulting solution is
      applied to a support such as a plastic film (e.g., a polyethylene
      terephthalate film, etc.), a metal plate (e.g., a zinc plate, an aluminum
      plate, etc.), a silicone wafer, glass, or the like using conventional
      coating method such as dip coating, spinner coating, spray coating,
      extrusion coating, laminating or vacuum deposition to prepare a
      light-sensitive layer of 0.1 to 300 microns, particularly 0.5 to 5
      microns, in thickness.
PAR  After providing thereon, if desired, a transparent protective layer, the
      desired area is exposed followed by processing with a solvent, if
      necessary. A suitable source, for exposure is a mercury lamp, a high
      pressure mercury lamp, a carbon arc lamp, a cathode ray tube, a laser
      beam, a tungsten lamp, a photoflood lamp, an electron beam, ultraviolet
      rays, a xenon lamp, a chmical lamp, sun light, etc. and a suitable
      exposure amount is about 1/10,000 sec to 30 min., preferably 1/100 sec to
      10 min. Thus, the exposed area remains due to the cross-linking reaction,
      thereby forming an image.
PAR  The present invention will now be illustrated specifically in greater
      detail by the following examples of the invention of application to image
      formation, which show applications of the light-sensitive composition,
      thus facilitating the understanding of the present invention.
PAR  However, the uses of the reactive high polymer composition of the present
      invention are not limited only to these examples.
PAC  Application Example 1
PAR  A 5% (by weight) methyl ethyl ketone solution was prepared using the high
      polymer compound obtained in the foregoing Synthesis Example 1. This
      solution was applied to a surface-processed aluminum plate in a thickness
      of about 3 microns using a No. 26 coating rod under a safe light, and was
      allowed to dry at room temperature followed by maintainence at 70.degree.C
      for 5 minutes to dry it completely. The thus obtained light-sensitive
      plate was exposed for about 5 seconds through a line image original
      superposed thereon using a 450 W high pressure mercury lamp spaced at a
      distance of 28 cm as a light source.
PAR  Upon development with methyl ethyl ketone, the exposed area was found to be
      rendered insoluble in the solvent as a result of cross-linking. This was
      supported by the fact that, when processed with a usual oily dye, the
      exposed area alone was colored.
PAC  Application Example 2
PAR  A 5% (by weight) methyl ethyl ketone solution was prepared using the high
      polymer compound obtained in Synthesis Example 1. To this was added as a
      sensitizing agent 5-nitroacenaphthene in an amount of 5% (by weight) based
      on the high polymer compound and stirred to completely dissolve.
PAR  The resulting solution was applied to a surface-processed aluminum plate
      under a safe light using a No. 26 coating rod and was allowed to dry at
      room temperature followed by maintainence at 70.degree.C for 5 minutes to
      dry it completely. The thus obtained light-sensitive plate was irradiated
      through a line image original superposed thereon using a 450 W high
      pressure mercury lamp spaced at a distance of 28 cm as a light source.
PAR  Upon development with methyl ethyl ketone, the exposed area was found to be
      rendered insoluble as a result of crosslinking.
PAR  Alternatively, when the light-sensitive plate was irradiated for 1 minute
      through a step wedge (optical wedge) of a step difference of 0.11 to 0.16
      superposed thereon using a 450 W high pressure mercury lamp spaced at a
      distance of 28 cm and processed with methyl ethyl ketone,
      photoinsolubilization was found to have occurred up to 12th step. In order
      to obtain the same effect using a commercially available polyvinyl alcohol
      cinnamic acid ester containing a sensitizer (polyvinyl alcohol (molecular
      weight about 2,000) esterified with cinnamoyl chloride to about 90 mole %
      esterification in the presence of pyridine;
      2-benzoylmethylene-N-methyl-.beta.-naphthothiazoline, 8 to 10% by weight
      to the polymer, as a sensitizer, with the polymer and sensitize being
      dissolved in a ethoxyethanol and toluene mixture, at 10 weight %),
      exposure for about 10 minutes was necessary.
PAC  Application Example 3
PAR  A 6% (by weight) chlorobenzene solution was prepared using the high polymer
      compound obtained in Synthesis Example 2. This solution was applied to a
      surface-processed aluminum plate using dip coating under a safe light, and
      allowed to dry at room temperature followed by maintainence at 70.degree.C
      for 5 minutes to dry.
PAR  The resulting light-sensitive plate was irradited for 5 seconds through a
      transparent line image original superposed thereon in the same manner as
      described in Application Example 1. Upon development with methyl ethyl
      ketone, the unexposed area was dissolved into the methyl ethyl ketone
      while the exposed area was rendered insoluble. After drying, a distinct
      image was found to be formed.
PAC  Application Example 4
PAR  A 10% (by weight) trichlene solution was prepared using the high polymer
      compound obtained in Synthesis Example 2. To this was added as a
      sensitizing dye Michler's ketone in a proportion of 5% (by weight) and
      stirred to dissolve.
PAR  The resulting solution was applied to a surface-processed aluminum plate
      using a No. 26 coating rod, and allowed to dry at room temperature
      followed by maintainence at 70.degree.C for 5 minutes to dry.
PAR  This light-sensitive material was irradiated for about 1 minute through a
      step wedge of a step difference of 0.11 - 0.16 using a 450 W high pressure
      mercury lamp spaced at a distance of 28 cm as a light source. Upon
      development with methyl ethyl ketone, photoinsolublilization was found to
      have occurred up to 12th step.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A monomer represented by the following formula;
      ##SPC4##
PAL  wherein R.sub.1 represents
      ##EQU9##
      R.sub.2 represents H, C.sub.n H.sub.2n.sup.+1.sub.', Cl, Br, F or NO.sub.2
      ; X represents O or S; Y represents H or CN; m represents 0 or 1; and n is
      1, 2, 3 or 4.
NUM  2.
PAR  2. A monomer represented by the following formula:
      ##SPC5##
PAL  wherein R.sub.2 is H, C.sub.n H.sub.2n.sup.+1.sub.' Cl, Br, F or NO.sub.2 ;
      R.sub.3 is H or CH.sub.3 ; R.sub.4 is
      ##EQU10##
      --CH.sub.2 CH.sub.2 (OCH.sub.2 CH.sub.2).sub.n
      ##EQU11##
      X is O or S; Y is H or CN; n is 1, 2, 3 or 4; and m is 0 or 1.
NUM  3.
PAR  3. A monomer represented by the following formula;
      ##SPC6##
PAL  wherein R.sub.2 represents H, C.sub.n H.sub.2n.sup.+1, Cl, Br, F or
      NO.sub.2 ; R.sub.5 represents -CH.sub.2).sub.m ; X represents O or S; Y
      represents H or CN; m represents 0 or 1; and n represents 1, 2, 3, or 4.
NUM  4.
PAR  4. .beta.-vinyloxyethyl-5-furyl-2,4-pentadienate.
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ABST
PAL  A process for the epoxidation of ethylenically unsaturated compounds with
      organic hydroperoxides using metal-free phthalocyanines or metal
      phthalocyanines as catalysts. Suitable metals include those of the metals
      Ni, Cu, Ag, Ti, V, Zr, Mo. Re, or U.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation-in-part of copending patent application Ser. No.
      105,134, filed Jan. 8, 1971 and now abandoned, which in turn is a
      continuation of application Ser. No. 746,289, filed July 22, 1968, and now
      abandoned.
BSUM
PAR  The present invention relates to the epoxidation of ethylenically
      unsaturated compounds.
PAR  It is well known that ethylenically unsaturated compounds, i.e., those
      having at least one aliphatic double bond (&gt;C = C&lt;), may undergo a liquid
      phase reaction with organic hydroperoxides in the presence of a catalyst
      so as to form oxirane epoxides according to the following reaction:
      ##EQU1##
      For example see Belgian Pat. No. 665,082 which discloses the epoxidation
      of unsaturated compounds using catalysts of compounds of Mo, W, V, Se, Ti,
      Cr, Nb, Zr, Te, Ta, Re or U together with a basic compound. Also see
      Indicator, "Metal Acetylacetonate Catalyzed Epoxidation of Olefins with
      t-Butyl Hydroperoxide," Journal of Organic Chemistry, Volume 30, page
      2074, wherein the use of acetylacetonates of Cr, V, VO, MoO.sub.2, Co, Cu,
      and Mn are reported as epoxidation catalysts using a t-butyl hydroperoxide
      epoxidizing agent. Even though these and other catalysts are effective in
      producing oxirane epoxides from ethylenically unsaturated compounds and
      organic hydroperoxides, research has continued directed toward new and
      efficient catalysts for this reaction.
PAC  SUMMARY
PAR  It is thus an object of the present invention to provide a process for the
      reaction of an organic hydroperoxide and an ethylenically unsaturated
      compound so as to introduce an oxirane oxygen at the site of an ethylenic
      double bond in the ethylenically unsaturated compound. It is also an
      object of the present invention to provide a catalyst for promoting the
      epoxidation of ethylenically unsaturated compounds with organic
      hydroperoxides.
PAR  These and other objects are accomplished by the present invention which in
      one of its embodiments is an improvement in a process wherein an
      ethylenically unsaturated compound is catalytically reacted in the liquid
      phase with an organic hydroperoxide so as to introduce an oxirane oxygen
      at the site of an ethylenic double bond in said ethylenically unsaturated
      compound, which improvement comprises using a metal-free phthalocyanine
      compound or a metal salt of said phthalocyanine compound as a catalyst,
      said metal being nickel, copper, silver, titanium, vanadium, zirconium,
      molybdenum, rhenium, or uranium. That nickel phthalcyanine is effective in
      this improved process is especially surprising, since nickel
      acetylacetonate is not effective whereas metal moieties that are good
      epoxidation catalysts are normally effective as the acetylacetonates.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The ethylenically unsaturated compounds which may be oxidized in accordance
      with the present invention are preferably hydrocarbons free of acetylenic
      unsaturation and may have one or a plurality of ethylenic double bonds.
      These compounds may be aromatic or non-aromatic and may be either monomers
      or polymers. Examples of ethylenically unsaturated hydrocarbons which may
      be epoxidized in accordance with the present invention include propylene,
      butenes, pentenes, hexenes, heptenes, octenes, decenes, dodecenes,
      octadecenes, butadiene, isoprene, pentadienes, hexadienes, heptadienes,
      octadienes, decadienes, dodecadienes, octadecadienes, styrene,
      divinylbenzenes, dihydronaphthalenes, indene, stilbene,
      1-phenyl-1-propene, 1,1-diphenylene, cyclopentenes, cyclohexense,
      cyclopentadiene, dicyclopentadiene bicycloheptadiene, vinylcyclohexenes,
      alkyl-substituted cycloalkenes, alkyl-substituted cycloalkadienes,
      aryl-substituted alkadienes, aryl-substituted cyclopentenes, unsaturated
      macromolecules such as butadiene polymer and copolymers, and the like.
      Although the present process is not limited thereto, best results are
      generally obtained when epoxidizing non-aromatic hydrocarbons of 3-20
      carbon atoms, the only unsaturation being a single ethylenic double bond,
      for example, propylene, cyclohexene, vinyl cyclohexane, etc.
PAR  The catalysts which may be used in the present process are metalfree
      phthalocyanine compounds and certain metal phthalocyanine compounds. These
      phthalocyanine compounds which may be utilized as catalysts in the present
      invention are generally insoluble compounds which may be made by methods
      well described in the chemical literature and well summarized in Moser et
      al., Phthalocyanine Compounds, A.C.S. Monograph No. 157, Reinhold
      Publishing Corporation, 1963. The fact that the catalysts of the present
      invention are generally insoluble makes them preferable to the prior art
      catalysts mentioned above since those catalysts are soluble and thus
      present a problem of separating them from the reaction products. For
      another discussion of phthalocyanine compounds attention is directed to
      Lever, A.B.P., Advances in Inorganic Chemistry and Radiochemistry,
      Academic Press, Volume 7, 1965, pages 27-114.
PAR  In general the metal-free phthalocyanine compounds which may be used in the
      present invention are phthalocyanine compounds of the structural formula
      ##SPC1##
PAL  wherein R.sub.1 is hydrogen or a hydrocarbon radical free of ethylenic and
      acetylenic unsaturation, each R.sub.1 being alike or different and
      preferably being of 1 to 8 carbon atoms when R.sub.1 is a hydrocarbon
      radical. Thus R.sub.1 could in addition to hydrogen be such radicals as
      methyl, ethyl, pentyl, benzyl, phenyl, cyclohexyl, and the like. When each
      R.sub.1 of Formula (II) is hydrogen, the compound would be phthalocyanine
      itself which is the preferred non-metal phthalocyanine compound for use in
      the present process. Other metal-free phthalocyanines which may be used as
      catalysts are those of Formula (II) which have halo or sulfo, i.e. --
      SO.sub.3 H, substituents. Of the halo-substituted phthalocyanines those of
      chlorine and bromine are preferred.
PAR  The metal phthalocyanine compounds which may be utilized as catalysts in
      the present invention are in general the metal derivatives of those
      phthalocyanine compounds mentioned above which themselves are effective
      catalysts. These metal phthalocyanines are formed by replacing the two
      hydrogen atoms in the center of the molecule of Formula (II) with a metal
      which may be nickel, copper, silver, titanium, vanadium, zirconium,
      molybdenum, rhenium, or uranium. The metal phthalocyanines are generally
      considered to be salts since phthalocyanine itself is considered to be an
      extremely weak dibasic acid. Depending on the valence of the metal which
      replaces the two hydrogen atoms there may also be one or more oxygen atoms
      attached to the metal and therefore the metal phthalocyanines useful as
      catalysts in the present invention usually are of the general formula
      ##SPC2##
PAL  wherein R.sub.1 is as described above, wherein n is a number of 0-6 wherein
      M represents a metal. The halo and/or sulfo-substituted derivatives of the
      metal phthalocyanines of Formula III are also effective catalysts in the
      present process. Illustrative of specific metal salts of phthalocyanine
      compounds which may be used as catalysts in the present invention are
      nickel phthalocyanine
      ##SPC3##
PAL  and vanadyl phthalocyanine
      ##SPC4##
PAL  Other useful phthalocyanine compounds include copper
      tetra-3-chlorophthalocyanine, tetramethyl phthalocyanine, nickel
      phthalocyanine di-3sulfonic acid, zirconium monochlorophthalocyanine
      [C.sub.32 H.sub.15 N.sub.8 Cl.Zr(OH).sub.2.2H.sub.2 O], copper
      tetra-4-nitrophthalocyanine, titanium monochlorophthalocyanine, vanadyl
      monochlorophthalocyanine, silver phthalocyanine, molybdenum
      phthalocyanine, uranyl phthalocyanine, uranyl phthalocyanine sulfonic
      acid, phthalocyanine tetrasulfonic acid, rhenium phthalocyanine,
      naphthalocyanine, copper chloro-1,2-naphthalocyanine,
      bis(chloromethyl)-phthalocyanine, bromomethyl phthalocyanine, tetrachloro
      phthalocyanine, tetraphenyl phthalocyanine, tetranitro phthalocyanine,
      tris(hydroxybenzyl) phthalocyanine. Of the various metal phthalocyanines
      which may be utilized, best results are obtained when the metal is nickel,
      vanadium or molybdenum while the preferred phthalocyanine compound from
      which metal phthalocyanine is formed is phthalocyanine itself.
PAR  In using the phthalocyanine compounds as catalysts in the present process
      they may advantageously be present in the mixed reactants at the start of
      a batch-type reaction in amounts so as to provide from about
      10.sup.-.sup.6  to 0.1 moles per mole of ethylenic double bond provided by
      the ethylenically unsaturated compound being oxidized. Preferably the
      phthalocyanine compound catalysts are present in amounts of from about
      10.sup.-.sup.5 to 10.sup.-.sup.3 moles per mole of ethylenic double bond
      in the ethylenically unsaturated compound being epoxidized. More broadly
      stated, whether the reaction technique be batchwise or continuous, a
      concentration of phthalocyanine compound of at least about 10.sup.-.sup.6
      molar in the liquid contained in the reaction zone is recommended, more
      preferably 10.sup.-.sup.6 to 0.1 molar and most preferably 10.sup.-.sup.5
      to 10.sup.-.sup.3 molar.
PAR  The epoxidation reaction can be conducted at temperatures which generally
      vary from 50 to about 200.degree.C although temperatures of from about
      80.degree. to about 150.degree.C are preferred. The operative pressure
      should be sufficient to maintain a liquid phase epoxidation reaction
      medium. Usually these pressures will be from about atmospheric, or
      slightly above, to about 5,000 psig, depending of course on the particular
      reactants being employed and the temperature at which the reaction is
      being conducted. Most often the pressure will vary from about 30 to 1,000
      psig.
PAR  Practically any organic hydroperoxide may be utilized in the present
      process. The term "organic hydroperoxide" as used herein is used in its
      generally accepted sense and is not intended to include peracids such as
      peracetic acid and the like. In general the organic hydroperoxides useful
      in the present invention are of the formula R.sub.2 -OOH wherein R.sub.2
      is a hydrocarbon radical, halo-substituted hydrocarbon radical, hydroxyl
      substituted hydrocarbon radical, or nitro-substituted hydrocarbon radical.
      The radical R.sub.2 preferably contains from about 3-20 atoms and is
      preferably free of ethylenic and acetylenic unsaturation. Of the various
      organic hydroperoxides that may be used the tertiary hydroperoxides are
      especially useful. Specific examples of suitable organic hydroperoxides
      include chlorotertiary butyl hydroperoxide, p-cymene hydroperoxide,
      para-methane hydroperoxide, tertiary amyl hydroperoxide, lauryl
      hydroperoxide, benzyl hydroperoxide, cyclohexyl hydroperoxide, cyclohexene
      hydroperoxide, bromo-tertiary butyl hydroperoxide, eicosyl hydroperoxide,
      1,1-dichloromethylpropyl hydroperoxide, tertiary butyl hydroperoxide,
      isopropyl hydroperoxide, sec-butyl hydroperoxide, alpha,
      alpha-dimethylbenzyl hydroperoxide, chloro-tertiary butyl hydroperoxide,
      1-chloromethyl-1-bromomethylpropyl hydroperoxide, 1-methylcyclohexyl
      hydroperoxide, cyclohexanol hydroperoxide, alpha,
      alpha-dimethyl-p-nitrobenzyl hydroperoxide, 2-chloro-1-hydroxycyclohexyl
      hydroperoxide, 2-hydroxyethyl hydroperoxide and alpha-methyl-p-nitrobenzyl
      hydroperoxide. It is apparent from Equation (I) that a molecule of organic
      hydroperoxide is consumed for each ethylenic double bond which is
      epoxidized; however, the hydroperoxide epoxidizing agent and the
      ethylenically unsaturated compound may be used in a wide variety of
      proportions. Generally the ethylenically unsaturated compound and organic
      hydroperoxide should be present in amounts such that there are from about
      0.8 to 10 ethylenic double bonds which are to be epoxidized per molecule
      of organic hydroperoxide, preferably 1.0 to 2.0 ethylenic double bonds
      which are to be epoxidized per molecule of organic hydroperoxide.
PAR  The present invention may be carried out either continuously,
      intermittently or batchwise and the reactants may be added in any order.
      Stirring the reactants or some other form of agitation is not necessary,
      but does reduce the time required to complete the reaction by promoting
      intimate contact of the reactants.
PAR  The reaction may be carried out with or without a solvent but it is
      generally preferred to carry out the reaction in a solvent so as to
      facilitate the handling of reactants which either have high vapor
      pressure, requiring high process pressure to maintain a liquid phase, or
      else are of high viscosity such that a non-viscous solvent facilitates
      mixing and pumping. Taking propylene as an example of a feedstock with
      which a solvent might be used advantageously, it will be recognized that
      propylene has a comparatively high vapor pressure although this vapor
      pressure is low enough that, if desired, propylene can be epoxidized
      without a solvent by simply maintaining a reaction pressure sufficiently
      high that the propylene is kept in the liquid phase during the reaction.
      In other words, a reaction solvent facilitates handling but is not
      essential. Advantageously, however, the required reaction pressure is
      reduced by incorporating into the reaction feedstock an inert liquid which
      is miscible with propylene and which, at the reaction temperatures, is
      either liquid or has a vapor pressure not greatly exceeding atmospheric
      pressure. Any of a very large number of solvents is applicable, as
      explained hereinbelow, but with propylene it is particularly convenient to
      employ as solvent a hydrocarbon liquid which is free of unsaturation other
      than aromatic. (It will be recognized, of course, that one could, if
      desired, employ an ethylenically unsaturated hydrocarbon of the desired
      low vapor pressure as a reactive solvent, the result being formation of a
      mixture of the epoxides of this solvent hydrocarbon with propylene oxide,
      this mixture then being resolved, as by distillation, after conclusion of
      the reaction.) Generally speaking, however, propylene is advantageously
      epoxidized in the presence of inert hydrocarbons such as benzene,
      alkylbenzenes, and saturated aliphatic or alicyclic hydrocarbons having at
      least about 6 carbon atoms in the molecule, preferably from about 6 to
      about 12 carbon atoms. The proportion of propylene to solvent in the
      reaction mixture is not critical, although a relatively high proportion is
      to be preferred.
PAR  The particular solvent which is used in a given instance is not critical
      and suitable solvents include hydrocarbons (especially those which are
      free of unsaturation other than aromatic unsaturation), alcohols, ketones,
      ethers, and esters which are miscible with the olefinic feedstock. Some
      specific suitable solvents include benzene, toluene, xylenes, pentanes,
      hexane, cyclohexane, methanol, ethanol, propanol, tertiary butyl alcohol,
      isopropanol, ethylene glycol, acetone, methyl ethyl ketone, cyclohexanol,
      dimethyl ether, ethylene glycol monomethyl ether, dioxane, and ethylene
      glycol monoacetate. The solvents which are used may be either reactive or
      non-reactive. However, the non-reactive solvents are preferred because
      recovery of the reaction product from them is facilitated. By
      "non-reactive"  is meant a solvent species which, under the reaction
      conditions, is inert toward hydroperoxides and epoxides.
PAR  Following the completion of the epoxidation reaction the seperation of the
      reaction product may be effected by conventional techniques such as
      distillation, fractionation, extraction, crystallization and the like.
      Normally the effluent from the reaction zone will comprise unreacted
      ethylenically unsaturated compounds, the epoxide product, insoluble
      catalyst, solvent for the ethylenic compound, if employed, and the like. A
      preferable procedure for separating the epoxide products from the reactor
      effluent is by filtering or centrifuging away the catalyst and then
      separating the unreacted ethylenically unsaturated compound, epoxide and
      solvent by distillation. The catalyst may be recycled and utilized again
      if desired.
PAR  The following examples are given to illustrate the present invention but
      are not to be taken in a limiting sense.
DETD
PAC  EXAMPLE I
PAR  Several runs were made in which cyclohexene was epoxidized with t-butyl
      hydroperoxide using various catalysts. In conducting each of the runs a
      glass flask fitted with a reflux condenser was charged with 190 millimoles
      of cyclohexene, 7.9 millimoles of t-butyl hydroperoxide and 0.02
      millimoles of catalyst. The contents of the flask were then refluxed at
      82.degree.C for a time and then the reaction product analyzed to determine
      the amount of t-butyl hydroperoxide which had been converted as well as
      what percent of that which had been converted went to the epoxide. The
      results of the several runs are listed in Table I with the initials "Pc"
      in Table I standing for phthalocyanine.
TBL                TABLE I                                                     

     ______________________________________                                    

                    Hydroperoxide                                              

     Run                                Efficiency to                          

     No.  Catalyst   Time, hr Conversion, %                                    

                                        Epoxide, %                             

     ______________________________________                                    

     1    Ni Pc      5        74         97.3                                  

     2    Phthalocyanine                                                       

                     3        18        32                                     

     3    Cu Pc       2.5     22        22                                     

     4    Ag Pc      3        24        27                                     

     5    MoO Pc     2        87        99                                     

     6    VO Pc      2        60        75                                     

       7.sup.(a)                                                               

          Ni Pc      2        56        68                                     

     ______________________________________                                    

      .sup.(a) Cyclohexanol hydroperoxide used                                 

PAC  EXAMPLE II
PAR  A glass flask fitted with a reflux condenser was charged with 50 millimoles
      of cyclohexene, 1.6 millimoles of cyclohexyl hydroperoxide, and 0.005
      millimoles of a nickel phthalocyanine catalyst. After refluxing the
      contents of the flask at 82.degree.C for about 19 hours, analysis showed
      that 99% of the cyclohexyl hydroperoxide had been converted with 99% of
      that converted going to the cyclohexene epoxide.
PAC  EXAMPLE III
PAR  A glass flask fitted with a reflux condenser was charged with 128
      millimoles of octene-1, 7.9 millimoles of t-butyl hydroperoxide, and 0.02
      millimoles of nickel phthalocyanine catalyst. The contents of the flask
      were then refluxed at 113.degree.C for 100 minutes and then the contents
      analyzed. Analysis showed that 30% of the hydroperoxide had been converted
      with 88% of that converted going to 1,2-octene epoxide.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a process for the catalytic reaction of an organic hydroperoxide with
      an ethylenically unsaturated hydrocarbon of 3 to about 20 carbon atoms
      which is free of acetylenic unsaturation so as to introduce an oxirane
      oxygen at the site of an ethylenic double bond in said hydrocarbon, the
      improvement which comprises employing nickel phthalocyanine as catalyst
      for said reaction, the reaction being conducted in a reaction zone
      containing a liquid reaction medium consisting essentially of
      ethylenically-unsaturated hydrocarbon or mixtures of
      ethylenically-unsaturated hydrocarbon with an unreactive reaction solvent,
      together with said hydroperoxide and said catalyst, the reaction
      temperature being about 80.degree. to 150.degree.C, the reaction pressure
      being one which is high enough to keep said reaction medium in the liquid
      phase, and the concentration of nickel phthalocyanine in said reaction
      medium being at least about 10.sup.-.sup.6 molar.
NUM  2.
PAR  2. The process of claim 1 wherein the hydrocarbon is an aliphatic or
      alicyclic hydrocarbon of 3 to about 20 carbon atoms.
NUM  3.
PAR  3. The process of claim 1 wherein there are introduced into said reaction
      zone as reaction feedstocks about 0.8 to 10 ethylenic double bond moieties
      per mole of said organic hydroperoxide introduced thereinto.
NUM  4.
PAR  4. The process of claim 3 wherein said organic hydroperoxide is of the
      formula R.sub.2 --OOH wherein R.sub.2 is a hydrocarbon, halo-substituted
      hydrocarbon, hydroxyl-substituted hydrocarbon, or nitro-substituted
      hydrocarbon of 3 to about 20 carbon atoms.
NUM  5.
PAR  5. The process of claim 4 wherein said organic hydroperoxide is of the
      formula R.sub.2 --OOH wherein R.sub.2 is a hydrocarbon radical of 3 to
      about 20 carbon atoms free of ethylenic and acetylenic unsaturation.
NUM  6.
PAR  6. The process of claim 5 wherein said ethylenically-unsaturated
      hydrocarbon is an aliphatic or alicyclic hydrocarbon of 3 to about 20
      carbon atoms having in the molecule a single double bond.
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PAL  New heterocyclic compound useful as odor-modifying agent for manufacturing
      perfumes, perfumed products, natural or synthetic essential oils, and as
      flavor-modifying agent for the manufacture of artificial flavors or for
      flavoring foodstuffs, animal feeds, beverages, pharmaceutical preparations
      and tobacco products.
PAL  Process for preparing said heterocyclic compound.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a heterocyclic compound of formula
      ##SPC1##
PAL  As well as to its use as odor- and flavor-modifying agent.
PAR  The invention also relates to a perfume or a flavor-modifying composition
      comprising as one of its active ingredients the compound of formula I as
      set forth hereinabove.
PAR  The invention finally relates to a process for the preparation of the
      compound of formula I, said process comprising
PAR  A. condensing a compound of formula
      ##SPC2##
PAL  With a furan derivative of formula
      ##SPC3##
PAL  Wherein the symbol ME represents an alkali metal, and
PAR  B. hydrolyzing the condensation product thus obtained to afford a compound
      of formula
      ##SPC4##
PAL  And subsequently reducing the said alcohol; or
PAR  B'. directly reducing the product resulting from the condensation described
      sub letter A.
PAC  BACKGROUND OF THE INVENTION
PAR  Compound I, defined as
      1-(5-methyl-fur-2-yl)-1-(5-methyl-5-vinyl-tetrahydrofur-2-yl)-ethane, is a
      naturally occurring compound. It has been recently isolated as a trace
      component from Davana Oil (Artemisia pallens), by means of an expensive
      and rather complicated process. Said process included in fact several
      successive fractional distillations, followed by a series of preparative
      vapor phase chromatographies.
PAR  It was surprisingly discovered that, with respect to its organoleptic
      properties,
      1-(5-methyl-fur-2-yl)-1-(5-methyl-5-vinyl-tetrahydrofur-2-yl)-ethane
      greatly differs from Davana oil. Compound I possesses in fact, in its pure
      state an original, fresh, green and somewhat fruity note, whereas Davana
      oil is described as possessing a sharp, penetrating, bitter-green,
      foliage-like and powerfully herbaceous odour [See S. Arctander, Perfumes
      and Flavor Chemicals, Montclair N.J. 1969, p. 212-3].
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  In the field of perfumery
      1-(5-methyl-fur-2-yl)-1-(5-methyl-5-vinyl-tetrahydrofur-2-yl)-ethane
      presents a well distinct, original, fresh and fruity olfactive note,
      reminiscent in most instances of that of black-current or that of lime for
      example. Compound I is therefore particularly suitable for preparing
      modern or classical perfume compositions, to which it imparts a pleasant
      fresh and fruity tonality. Compound I is also appreciated for the
      reconstruction of various essential oils such as rose oil, jasmine oil,
      black-currant oil or those of citrus-fruits such as orange, bergamot or
      lemon for example. Compound I may also be advantageously used for the
      preparation of perfumed products such as soaps, detergents, household
      materials or cosmetic preparations.
PAR  The proportions of compound I which are used to achieve an interesting
      olfactive effect may vary within a wide range, said proportions being
      however generally comprised between about 1 and about 10% (parts by
      weight) of the perfume composition. Depending on the desired effect,
      smaller quantities, for example of the order of 0.1%, or quantities as
      high as 20% may also be used. When compound I is used as reinforcing
      ingredient in base perfume compositions, quantities up to 80% may be used.
PAR  In the field of flavor industry
      1-(5-methyl-fur-2-yl)-1-(5-methyl-5-vinyl-tetrahydrofur-2-yl)-ethane
      possesses an original, at one time green and fruity gustative note.
      Depending on the nature of the materials wherein it is incorporated or on
      the concentration used, compound I may advantageously enhance not only
      green and fruity notes but also various gustative notes such as woody or
      balsamic notes typical of the flavor and aroma of citrus-fruits for
      example. Compound I is therefore particularly suitable for the preparation
      of artificial flavors, those of black-currant, lemon or grapefruit in
      particular. Compound I is also appreciated for the aromatization of liquid
      or solid foodstuffs such as jams, jellies, syrups, dairy products,
      icecreams or even bakery and confectionery products. Compound I is also
      appreciated for the aromatization of pharmaceutical preparations or even
      tobacco products.
PAR  The term "foodstuff" is here used broadly and also includes products such
      as coffee, tea or chocolate.
PAR  When compound I is used for the aromatization of various foodstuffs, or
      beverages for example, the proportions used may vary within a wide range
      and mostly depend on the nature of the flavored material or on the effect
      desired. Interesting gustative effects such as those described above may
      be achieved by the use of proportions comprised between 1 ppm and 1%
      (parts by weight) of the flavored material, the most interesting effects
      being obtained by using quantities of the order of 50 to 100 ppm. When
      compound I is used as flavor ingredient for the preparation of artificial
      flavor compositions, the proportions used may be of the order of 0.1 to
      15% of the given composition.
PAR  In all the above cases however, depending on the gustative or olfactive
      effects desired, smaller or higher proportions may also be used.
PAR  Due to the presence of several chirality centers in its molecule, namely at
      carbons 2 and 5 of the tetrahydrofuranic ring and the asymetrical carbon
      atom of the ethylidenic moiety, compound I can exist in the form of at
      least one of the following stereoisomers:
      ##SPC5##
PAR  In the present specification, formula I is deemed to represent either one
      individual stereoisomer or any mixture of at least two of the said
      stereoisomers.
PAR  Compounds Ia, Ib, Ic and Id have been separated each from the other by
      means of a careful vapor phase chromatography and individually
      characterized. However, for practical and economical reasons and for the
      utility disclosed in the present specification, compound I can be used in
      the form of an isomeric mixture.
PAR  As mentioned above, the first step of the process of the invention consists
      in condensing a ketone of formula
      ##SPC6##
PAL  with an organometallic derivative of furan of formula
      ##SPC7##
PAL  wherein the symbol ME represents an alkali metal, for example Na, K or Li.
PAR  The above condensation may be carried out in accordance with the methods
      known in organic chemistry for the coupling reaction between a carbonyl
      compound and an organometallic derivative [see, e.g., A. P. Dunlop and F.
      N. Peters, The Furans, Reinhold Publ. New York 1953, p 254 and ff.].
PAR  According to a preferred embodiment of the present invention, compound II
      reacts with 5-methyl-fur-2-yl-lithium, in an inert organic solvent.
      Suitable organic solvents include an ether such as diethyl ether,
      tetrahydrofuran or dioxan. Anhydrous diethyl ether is preferably used [see
      J. Org. Chem. 27, 1216 (1967)].
PAR  The product resulting from the above condensation and subsequent hydrolysis
      is a tertiary alcohol of formula
      ##SPC8##
PAL  1-(5-Methyl-fur-2-yl)-1(-5-methyl-5-vinyl-tetrahydrofuran-2-yl)-ethanol
      (IV), which is a new compound, can be isolated in its pure state and
      reduced then to compound I.
PAR  This particular reaction step however is not absolutely necessary for the
      good accomplishment of the process of the invention and the said reduction
      can also be carried out in situ, directly on the reaction mixture
      resulting from the above condensation.
PAR  The said reduction, which consists in fact in a hydrogenolysis, is effected
      by means of a mixture of aluminum trichloride and lithium-aluminum
      hydride, according to the method described in particular in J. Org. Chem.
      29, 121 (1964). The presence of an inert organic solvent, for example an
      ether such as diethyl ether, dioxan or tetrahydrofuran is necessary. The
      same solvent as that used for the preceding condensation is preferred.
PAR  The organometallic derivative of formula III, used as starting material in
      the above process, can be obtained from the corresponding furanic compound
      in accordance with known methods [see, e.g., A. P. Dunlop and F. N.
      Peters, Op. cit. p. 193 and ff].
PAR  5-Methyl-5-vinyl-tetrahydrofur-2-yl-methyl ketone (II), also used as
      starting material in the above process, can be prepared from linalyl
      oxide, a commercially available compound, as illustrated hereinbelow:
      ##SPC9##
PAL  The acetylation of linalyl oxide is effected in accordance with the
      conventional techniques, for example by means of a pyridine-acetic
      anhydride mixture or by means of acetyl chloride in the presence of an
      organic base such as N,N-dimethylaniline.
PAR  The pyrolysis of the acetate thus obtained is carried out in accordance
      with known methods. For example, the said pyrolysis can be achieved as
      follows: a solution of the acetate in an inert solvent, n-hexane for
      example, is introduced dropwise at the top of a tube filled with glass
      helix and heated to a temperature of the order of 400.degree.C.
PAR  The pyrolysate essentially consists of
      2-isopropenyl-5-methyl-5-vinyl-tetrahydrofuran. This compound can also be
      prepared by a different method, by dehydrating linalyl oxide, for example
      by means of a pyridine-phosphorus oxychloride mixture.
PAR  The conversion of 2-isopropenyl-5-methyl-5-vinyl-tetrahydrofuran into
      compound II can be effected by an ozonolysis. This reaction is effected
      with conventional techniques [see, e.g., L. F. Fieser and M. Fieser,
      Reagents for Organic Chemistry, Vol I p 773, John Wiley & Sons, New York
      1967], preferably at low temperature and in the presence of an organic or
      an aqueous organic solvent, ethyl acetate or methanol for example.
PAR  Compound II may exist as one of the two stereoisomers of formula
      ##SPC10##
PAL  or as any mixture thereof.
PAR  When compound IIa reacts with 5-methyl-fur-2-yl-lithium, in accordance with
      a preferred embodiment of the process of the invention, compound I is
      isolated as a mixture of stereoisomers Ia and Ib. When compound IIb reacts
      in analogous conditions, a mixture of stereoisomers Ic and Id is then
      obtained. However, owing to the possibility of separating compounds Ia,
      Ib, Ic and Id each from the others -- see above --, the stereoisomeric
      mixture IIa/IIb can also be conveniently used.
PAR  Finally, it was discovered that the acylated derivative of linalyl oxide as
      well as compound II also possessed useful organoleptic properties and that
      they can be advantageously used as perfuming and flavor-modifying
      ingredients.
PAR  The present invention will be better illustrated by the following Examples
      wherein the temperatures are given in degrees centigrade and the
      abbreviations have the meaning common in the art.
DETD
PAC  EXAMPLE 1
PAC  1-(5-Methyl-fur-2-yl)-1-(5-methyl-5-vinyl-tetrahydrofur-2-yl(-ethane --
      "two step process"
PAR  a. 110 ml of a 14% solution of butyl-lithium in hexane was added dropwise,
      under vigorous stirring and in a nitrogen atmosphere, to a cold
      (-35.degree.) mixture of 12 g (0.14 Mole) of 2-methyl-furan, 24 ml of
      tetramethyl-ethylene-diamine and 150 ml of anhydrous diethyl. The obtained
      reaction mixture was then stirred for 3 hours, brought to -65.degree. and
      21 g (0.14 Mole) of 5-methyl-5-vinyl-tetrahydrofur-2-yl-methyl ketone --
      equimolecular mixture of stereoisomers IIa and IIb -- were then rapidly
      added. The reaction mixture was stirred during 15 min. at -65.degree.,
      then 1 hour at 0.degree., and finally poured onto 100 ml hydrochloric acid
      and 200 g of crushed ice. The organic layer was extracted twice with
      ether, neutralized, washed and dried over MgSO4. After evaporation and
      distillation of the obtained residue, there were isolated 35 g of a
      product having b.p 95.degree.-100.degree./0.01 Torr and consisting
      essentially of
      1-(5-methyl-fur-2-yl)-1-(5-methyl-5-vinyl-tetrahydrofur-2-yl)-ethanol.
PAR  An analytical sample was characterized by mass spectrometry.
PAR  MS: M.sup.+ = 236 (2): m/e = 218 (8), 125 (100), 109 (13), 107 (18), 93
      (13), 55 (15), 43 (52).
PAL  The thus obtained material can be used for the subsequent reaction step
      whithout any supplemental purification.
PAR  When cis-5-methyl-5-vinyl-tetrahydro-fur-2-yl-methyl ketone (IIb) was used
      as starting material in the above process, the corresponding carbinol was
      obtained as a mixture of two isomers (A and B), isolated in their pure
      state by a column chromatography (Silicagel - hexane/ether 5:1).
PAC  Isomer A
PAR  NMR: 1.23 (3H, s); 1.42 (3H, s); 1.6-2.1 (4H, m); 2.22 (3H, s); 4.14 (1H, d
      of t, J = 2, J' = 7 cps); 4.94 (1H, d of q, J = 2, J' = 10 cps); 5.09 (1H,
      d of q, J = 2, J' = 17 cps); 5.93 (1H, d of d, J = 10, J' = 17 cps); 5.80
      and 6.02 (1H each, broad s) .delta. ppm.
PAC  Isomer B
PAR  NMR: 1.22 (3H, s); 1.32 (3H, s); 1.6-2.1 (4H, m); 2.2 (3H, s); 4.21 (1H, d
      of t, J = 2, J' = 7 cps); 4.90, 5.09, 5.92, 5.78 and 6.03: same
      attribution as above.
PAR  In analogous conditions, trans-5-methyl-5-vinyl-tetrahydrofur-2-yl-methyl
      ketone (IIa) also gave a mixture of isomers (C and D).
PAC  Isomer C
PAR  NMR: 1.21 (3H, s); 1.42 (3H, s); 1.5-2.1 (4H, m); 2.24 (3H, s); 4.07 (1H, d
      of t, J = 1, J' = 7 cps); 4.95 (1H, d of q, J = 2, J' = 10.5 cps); 5.15
      (1H, d of q J = 2 J' = 17 cps); 5.83 (1H, d of d, J = 10.5 J' = 17 cps);
      5.80 and 6.05 (1H each, broad s) .delta. ppm.
PAC  Isomer D
PAR  NMR: 1.22 (3H, s); 1.33 (3H, s); 1.5-2.0 (4H, m); 2.23 (3H, s); 4.16 (1H,
      t, J = 6.5 cps); 5.83 (1H, m); 4.92, 5.15, 5.80 and 6.04: same attribution
      as above.
PAR  b. 52.5 g of aluminum trichloride were progressively added to 200 ml of
      anhydrous diethyl ether, followed by 7.5 g of lithium-aluminum hydride.
      The above mixture was then cooled to 0.degree. and 35 g of crude
      1-(5-methyl-fur-2-yl)-1-(5-methyl-5-vinyl-tetrahydrofur-2-yl)-ethanol --
      see letter (a) -- were then added dropwise, under vigourous stirring. 30
      min. after addition of the reactants, the obtained mixture was poured onto
      crushed ice and the organic layer extracted with ether, washed with a
      saturated aqueous solution of NaHCO.sub.3, then dried and evaporated in
      accordance with the usual techniques, to afford 28.9 g of raw material.
      The thus obtained residue was finally purified by means of a column
      chromatography (Silicagel - hexane/ether 9:1) followed by a fractional
      distillation, b.p. 49.degree.-51.degree./0.001 Torr, of the eluate. 14.7 g
      (54%) of
      1-(5-methyl-fur-2-yl)-1-(5-methyl-5-vinyl-tetra-hydrofur-2-yl-)-ethane
      were thus isolated, as a mixture of 4 isomers according to a vapor phase
      chromatography analysis (CARBOWAX 20 M - 5m -- ca. 200.degree.C.
PAR  NMR: 1.05-1.30 (6H, broad s); 1.45-1.90 (4H, m); 2.16 (3H, s); 2.50-3.10
      (1H, m); 3.70-4.30 (1H, m); 4.75-5.30 (2H, m); 5.50-6.10 (3H, 2m) .delta.
      ppm
PAR  ms: M.sup.+ = 220 (4); m/e = 135 (6), 111 (19), 110 (10), 109 (100), 93
      (15), 95 (9), 55 (15), 43 (28).
PAR  This isomeric mixture may be used according to the present invention
      without any further purification -- see Examples 3 to 6.
PAR  For analytical reasons however, the aforementioned stereoisomers were
      separated by means of a vapour phase chromatography (CARBOWAX column) and
      individually characterized by NMR spectroscopy. The obtained results are
      given in the following table.
      ##SPC11##
PAL  1 to 4 define the NMR signals which were taken into consideration for the
      spectroscopic analysis.
TBL  Attribution order of elution                                              

               4      3        2        1                                      

     ______________________________________                                    

     1    CH.sub.3 (d)                                                         

                     1.25     1.36   1.26    1.32                              

     2    H (m)      3.05     2.90   3.09   2.91                               

     3    H (m)      4.27     4.05   4.27   4.05                               

     4    H (d of d) 5.96     5.95   5.91   5.89                               

     ______________________________________                                    

PAC  EXAMPLE 2
PAC  1-(5-Methyl-fur-2-yl)-1-(5-methyl-5-vinyl-tetrahydrofur-2-yl)-ethane - "one
      step process"
PAR  595 g of a 14% solution of butyl-lithium in hexane were added over 2 hours
      at -10.degree. to a mixture of 107 g (1.3 Mole) of 2-methylfuran and 800
      ml of anhydrous ether as indicated above, in Example 1. The reaction
      mixture was heated to room temperature for 3 hours, then cooled at
      -10.degree. and 200 g (1.3 Mole) of
      5-methyl-5-vinyl-tetrahydrofuran-2-yl-methyl ketone (mixture of
      stereoisomers IIa and IIb) were finally added. The obtained mixture was
      then kept overnight at a temperature of the order of -10.degree. to
      -1.degree..
PAR  The above mixture was then added dropwise to a suspension of 433 g of
      aluminum trichloride and 9.12 g of lithium-aluminum hydride in 1600 ml of
      anhydrous ether. During the addition, the mixture was kept under stirring
      at 0.degree. to 5.degree. and finally stirred overnight at room
      temperature, after the addition of the reactants. The reaction mixture was
      then poured onto 2000 g of crushed ice and 3000 ml of water, extracted,
      dried and evaporated as indicated in Example 1. After distillation of the
      crude residue, there were obtained 137 g (48%) of
      1-(5-methyl-fur-2-yl)-1-(5-methyl-5-vinyl-tetrahydrofur-2-yl)-ethane
      having b.p. 38.degree.-60.degree./0.002 Torr.
PAR  5-Methyl-5-vinyl-tetrahydrofur-2-yl-methyl ketone, used as starting
      material in the above process, was prepared as follows:
PAR  i. 86.5 g of acetyl chloride and 51 g of acetic anhydride were added
      dropwise, under stirring, to a mixture of 170 g of linalyl oxide and 170 g
      of N,N-dimethylaniline. The reaction temperature, which was of the order
      of 5.degree. to 10.degree. at the beginning of the addition, finally
      reached 65.degree.. The reaction mixture was then cooled to room
      temperature, poured onto a mixture of crushed ice and sulphuric acid and
      extracted with ether. After the usual treatments of washing, drying and
      distillation, there were isolated 201 g (95%), of the desired compound,
      b.p. 99.degree./10 Torr.
PAR  ms: m/e = 197 (1), 152 (6), 111 (38), 93 (23), 81 (11), 59 (18), 55 (25),
      42 (100).
PAR  The above compound was isolated as a mixture of two isomeric acetates (A
      and B) which were separated by means of a vapor phase chromatography.
PAC  Isomer A
PAR  NMR: 1.25 (3H, s); 1.42 (6H, s); 1.91 (3H, s); 4.04 (1H, m); 4.75-5.40 (2H,
      m); 5.92 (1H, d of d, J = 10, J' = 17 cps) .delta. ppm.
PAC  Isomer B
PAR  NMR: 1.27 (3H, s); 1.43 (6H, s); 1.91 (3H, s); 4.00 (1H, m); 4.80-5.35 (2H,
      m); 5.83 (1H, d of d, J = 10 J' = 17 cps) .delta. ppm.
PAR  ii. a solution of 100 g of the above acetate in 500 ml of hexane was added
      dropwise at the top of a column (30 cm length) filled with glass helix and
      heated at 400.degree.. The pyrolysate, which was collected in a
      NaHCO.sub.3 aqueous solution, was extracted and finally purified as
      indicated sub letter (i), to afford 49 g (68%) of
      2-isopropenyl-5-methyl-5-vinyl-tetrahydrofuran, in the form of an isomeric
      mixture (A and B).
PAR  MS: M.sup.+ = 152 (2); m/e = 137 (19), 110 (25), 82 (38), 81 (25), 68 (84),
      67 (100), 55 (90), 43 (65).
PAR  Isomers A and B were purified by means of a vapour phase chromatography,
      for analytical purpose only.
PAC  Isomer A
PAR  NMR: 1.27 (3H, s); 1.70 (3H, s); 4.30 (1H, m); 4.65-5.35 (4H, m); 5.92 (1H,
      d of d, J = 10, J' = 17 cps) .delta. ppm.
PAC  Isomer B
PAR  NMR: 1.28 (3H, s); 1.68 (3H, s), 4.31 (1H, m); 4.65-5.35 (4H, m); 5.86 (1H,
      d of d, J = 10, J' = 17 cps) .delta. ppm.
PAR  iii. a flow of ozone was passed through a cold (-70.degree.) solution of
      7.6 g of the isomeric mixture prepared sub letter ii) in 70 ml of ethyl
      acetate. After the absorbtion of 2.4 g of ozone, the reaction mixture was
      heated to -30.degree. and 6.6 g of zinc powder were progressively added,
      followed by the addition of 13 ml of a 50% aqueous solution of acetic
      acid. The above mixture was then slowly heated to room temperature,
      stirred for 4 hours and finally filtered. After the usual treatments of
      extraction, washing and evaporation -- see letter (i) --, there were
      isolated 2.7 g (36%) of 5-methyl-5-vinyl-tetrahydrofur-2-yl-methyl ketone
      having b.p. 72.degree.-78.degree./10 Torr.
PAR  This compound was obtained as a mixture of isomers (A and B), which can be
      separated by means of a vapour phase chromatography.
PAC  Isomer A
PAR  NMR: 1.32 (3H, s); 2.21 (3H, s); 4.39 (1H, t, J = 7 cps); 5.02 (1H, d of d,
      J = 10.5, J' = 1.5 cps); 5.94 (1H, d of d, J = 10.5, J' = 18 cps) .delta.
      ppm.
PAR  MS: M.sup.+ = 154 (1); m/e = 139 (1), 111 (93), 93 (57), 81 (30), 69 (31),
      67 (22), 43 (100).
PAC  Isomer B
PAR  NMR: 1.32 (3H, s); 2.15 (3H, s); 4.29 (1H, d of d, J = 6, J' = 8 cps); 4.95
      (1H, d of d, J' = 10.5, J'  = 1.5 cps); 5.10 (1H, d of d, J = 18, J' = 1.5
      cps); 5.77 (1H, d of d, J = 10.5, J' = 18 cps) .delta. ppm.
PAR  MS: m/e = 125 (6), 111 (59), 93 (36), 81 (17), 69 (23), 67 (15), 55 (62),
      43 (100).
PAC  EXAMPLE 3
PAR  A base perfume composition for a classical Eau de Cologne was prepared by
      mixing the following ingredients (parts by weight).
TBL  ______________________________________                                    

     Synthetic lemon        250                                                

     Synthetic bergamot     300                                                

     Orange oil             150                                                

     Petitgrain bigarade    100                                                

     Neroli bigarade        20                                                 

     Lavender oil           70                                                 

     White thyme oil        10                                                 

     Cyclopentadecanolide 10 %*                                                

                            100                                                

     Total                  1000                                               

     ______________________________________                                    

      *in diethyl phthalate                                                    

PAR  By adding 10 g of
      1-(5-methyl-fur-2-yl)-1-(5-methyl-5-vinyl-tetrahydrofur-2-yl)-ethane -
      isomeric mixture prepared in accordance with the process of Example 1 --
      to 90 g of the above base, there was obtained a new perfume composition
      possessing a fresh and fruity tonality, more powerful and more distinct
      than that of the said base. The thus obtained perfume composition
      possessed moreover an original olfactive note, reminiscent of that of
      lime.
PAC  EXAMPLE 4
PAR  A commercial bilberries jam was flavored with a 10% ethanolic (95% ethanol)
      solution of
      1-(5-methyl-fur-2-yl)-1(5-methyl-5-vinyl-tetrahydrofur-2-yl)-ethane -
      isomeric  mixture prepared in accordance with the process of Example 1 --,
      in the proportions of 10 ml of said ethanolic solution per 100 kg of
      flavoured material. The thus flavored foodstuff was then compared with an
      unflavoured jam containing 95% ethanol in the above given proportions. It
      was declared that the thus flavored jam possessed a fruity and woody note
      much more pronounced than that of the unflavored jam.
PAC  EXAMPLE 5
PAR  1 liter of a commercial grapefruit juice was flavored with 1 ml of a 1%
      ethanolic (95% ethanol) solution of
      1-(5-methyl-fur-2-yl)-1-(5-methyl-5-vinyl-tetrahydrofur-2-yl) ethane --
      isomeric mixture prepared in accordance with the process of Example 1 --:
      "test" sample. A "control" sample was obtained by adding 1 ml of 95%
      ethanol to 1 liter of the above juice. The "test" and "control" beverages
      were then tested by a panel of experts who declared thaat the flavored
      juice ("test" sample) possessed an original fruity note, reminiscent of
      that of a fresh juice.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pure compound of formula
      ##SPC12##
NUM  2.
PAR  2. A pure compound selected from the group consisting of at least one
      compound of formula
      ##SPC13##
PATN
WKU  039312518
SRC  5
APN  4037650
APT  1
ART  127
APD  19731005
TTL  Process for the manufacture of 1-nitroanthraquinone
ISD  19760106
NCL  9
ECL  1
EXA  Skelly; E. Jane
EXP  Weinberger; Lorraine A.
INVT
NAM  Vogel; Axel
CTY  Cologne
CNT  DT
INVT
NAM  Schmitz; Reinold
CTY  Blecher
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CTY  Leverkusen-Bayerwerk
CNT  DT
COD  03
PRIR
CNT  DT
APD  19721006
APN  2248990
CLAS
OCL  260369
EDF  2
ICL  C07C 7937
FSC  260
FSS  369
UREF
PNO  2302729
ISD  19421100
NAM  Whelen
OCL  260369
UREF
PNO  3786073
ISD  19740100
NAM  Frey et al.
OCL  260369
UREF
PNO  3798244
ISD  19740300
NAM  Mueller et al.
OCL  260369
OREF
PAL  Reichel, et al., as cited in Chem. Abstracts 70, p. 38877z, (1969).
LREP
FRM  Plumley & Tyner
ABST
PAL  Preparation of very pure 1-nitroanthraquinone by heating
      1-nitroanthraquinone which contains dinitroanthraquinone with the aqueous
      solution of a salt of sulphurous acid in the presence of an inert organic
      solvent.
BSUM
PAR  The present invention relates to an improved process for the manufacture of
      1-nitroanthraquinone which is practically free of dinitroanthraquinone,
      from 1-nitroanthraquinone which contains dinitroanthraquinone, by heating
      with salts of sulphurous acid in an aqueous medium, which is characterised
      in that the reaction with the salt of sulphurous acid is carried out in
      the presence of an inert organic solvent.
PAR  By 1-nitroanthraquinone containing dinitroanthraquinone there is here
      understood a 1-nitroanthraquinone essentially contaminated with
      2-nitroanthraquinone and 1,5-, 1,6-, 1,7- and 1,8-dinitroanthraquinone,
      such as is obtained on nitration of anthraquinone.
PAR  Possible salts of sulphurous acid are especially the alkali metal
      sulphites, for example sodium sulphite or potassium sulphite, or ammonium
      sulphite, and also the acid salts such as sodium bisulphite, or sulphur
      dioxide in combination with bases or compounds giving a basic reaction.
PAR  The amount and concentration of the salts of sulphurous acid can vary
      within wide limits. In general, 0.1-2 mols, preferably 0.2-1.5 mols, of
      sulphite are employed per mol of 1-nitroanthraquinone. The concentration
      of the sulphite solution is generally about 0.5 - 20% by weight,
      preferably 1-15% by weight.
PAR  Inert organic solvents which can be used are both water-miscible and
      water-immiscible solvents, the latter being preferred.
PAR  As examples of solvents which can be used for the process according to the
      invention there may be mentioned aromatic and araliphatic hydrocarbons
      from the benzene and naphthalene series with up to 30, preferably up to
      20, C atoms, which can be substituted in the nucleus, for example by
      halogen, (fluorine, chlorine, bromine or iodine), nitro, sulphone, ether,
      thioether, keto and/or carboalkoxy groups; additionally, aliphatic and
      alicyclic hydrocarbons with up to 30, preferably with up to 20, C atoms,
      which can be substituted, for example by halogen (fluorine, chlorine,
      bromine or iodine) or the nitro, sulphone, sulphoxide, ether, thioether,
      hydroxyl, carbonyl, carboxyl and/or carboalkoxy or carboaryloxy group.
PAR  The following may be mentioned as examples: benzene, toluene, the isomeric
      o-, m- and p-xylenes, ethylbenzene, cumene, n-propylbenzene, pseudocumene,
      mesitylene, p-cymene, durene, the isomeric diethylbenzenes and
      diisopropylbenzenes, tert.-butylbenzene, tert.-butyltoluene,
      tert.-butylxylene, triisopropylbenzene, isododecylbenzene,
      diphenylmethane, ditolylmethane, diphenylethane, .alpha.-methylstyrene,
      stilbene, dihydrostilbene, indene, indane, naphthalene, tetralin,
      methylnaphthalene, methyltetralin, ethylnaphthalene, isopropylnaphthalene,
      diisopropylnaphthalene, isooctylnaphthalene and isododecylnaphthalene;
      pentane, hexane, heptane, octane, nonane, decane, undecane, dodecane,
      cyclopentane, cyclohexane, cyclooctane, cyclodecane and decalene.
PAR  The list of examples of course also covers, in addition to the compounds
      mentioned, the straight-chain or branched isomers and the
      alkyl-substituted cycloaliphatic and aromatic compounds.
PAR  As examples of hydrocarbons substituted by heteroatoms there may be
      mentioned: chlorobenzene, o-, m- and p-dichlorobenzene, 1,2,3- and
      1,2,4-trichlorobenzene, o-, m- and p-chlorotoluene, benzotrichloride, the
      isomeric dichlorotoluenes, chloroxylenes, dichloroxylenes and
      chlorocumenes; also .alpha.- and .beta.-chloronaphthalene and
      chloromethylnaphthalene; bromobenzene, bromotoluene, bromonaphthalene and
      chlorobromobenzene; carbon tetrachloride, difluorodichloromethane,
      difluorodibromomethane and perfluoromethylcyclohexane; nitrobenzene,
      nitrotoluene, nitronaphthalene, and nitromethane; anisole, chloroanisole,
      bromoanisole, phenetol, veratrol, and hydroquinone dimethyl ether; diethyl
      ether, diisopropyl ether, di-n-butyl ether, di-isobutyl ether, dioxane and
      tetrahydrofurane; ethylene glycol and its monomethyl, dimethyl, monoethyl,
      diethyl, isopropyl and butyl ethers, diethylene glycol and its methyl,
      dimethyl, ethyl, diethyl, isopropyl and butyl ethers, propylene glycol,
      methanol, ethanol, propanol, butanol and pentanol; dimethylsulphone and
      tetramethylenesulphone.
PAR  Of course, mixtures of different solvents can also be used.
PAR  The amount of the organic solvent can be varied within wide limits. In
      general, 0.01 part by volume of solvent per part by weight of
      1-nitroanthraquinone already suffices to achieve a distinct effect.
      Preferably, 0.05-40, especially 0.1-10, parts by volume of organic solvent
      are used per part by weight of 1-nitroanthraquinone.
PAR  It is not necessary for the crude 1-nitroanthraquinone to be completely
      dissolved in the organic solvent. The reaction is preferably carried out
      in such a way that the 1-nitroanthraquinone is wholly or partially
      suspended in the organic solvents.
PAR  The reaction mixture can additionally contain foreign salts, for example
      salts which originate from neutralisation of the acids used in the
      nitration, such as sodium nitrate, sodium sulphate, sodium fluoride,
      sodium hydrogen phosphate or sodium phosphate or salts which are added to
      produce a particular pH-value.
PAR  Furthermore, the reaction mixture can contain surface-active substances
      such as emulsifiers, wetting agents, anti-foaming agents and similar
      additives. The addition of such surface-active compounds is particularly
      advantageous if severe foaming is to be prevented or separation of the
      aqueous and organic phase, or better wetting of the crystals by the
      aqueous phase, are to be favoured.
PAR  The reaction is generally carried out at a pH-value above 8, preferably at
      pH 9-12. The pH-value is adjusted, for example, by adding bases such as
      sodium hydroxide solution, potassium hydroxide solution or alkali metal
      carbonate or acids such as hydrochloric acid, sulphuric acid, phosphoric
      acid, sulphurous acid or sulphur dioxide, or by means of salts which
      maintain a certain pH-value through their buffer action; preferably, the
      reaction mixture is left at the pH-value which results from the reaction
      components due to hydrolysis and reaction.
PAR  The reaction temperature can be varied over a wide range. In general, the
      reaction temperature is kept at between 75.degree.C and 150.degree.C,
      preferably between 80.degree.C and 130.degree.C, and especially between
      85.degree.C and 110.degree.C.
PAR  The process according to the invention can be carried out at normal,
      lowered or elevated pressure. Working under elevated pressure may at times
      be absolutely essential in order to reach the chosen reaction temperature.
      Preferably, the reaction is carried out under normal pressure or under the
      autogenic pressure of the reaction mixture.
PAR  In general, the process according to the invention is carried out by
      dissolving or suspending the 1-nitroanthraquinone in water and/or the
      organic solvent or initially introducing the neutralised nitration batch,
      if necessary after distillation or decantation of the undesired solvents
      originating from the nitration, adding the particular salt of sulphurous
      acid, or sulphur dioxide, in bulk or as an aqueous solution, all at once,
      batchwise or continuously, optionally with simultaneous addition of sodium
      hydroxide solution, adding the organic solvent before, simultaneously with
      or after the addition of the sulphite, again all at once, batchwise or
      continuously, and maintaining the reaction mixture at the chosen reaction
      temperature for several hours, whilst stirring. The foreign salts, bases,
      acids or surface-active compounds which are used optionally are added
      prior to or simultaneously with the reactants or in the course of the
      reaction or subsequently, all at once, batchwise or continuously.
PAR  It can also be of advantage first to react the 1-nitroanthraquinone with a
      part or the whole of the amount of sulphite, without organic solvent, and
      only after a certain reaction time to add the organic solvent all at once,
      batchwise or continuously and, where relevant, subsequently to add the
      remaining amount of sulphite and then to complete the reaction.
PAR  A further advantageous embodiment consists of heating 1-nitroanthraquinone
      initially with the organic solvent, in the absence of sulphite, and
      optionally in the presence of water, to temperatures of up to about
      240.degree.C, preferably up to about 200.degree.C and especially up to
      about 160.degree.C, to cool the mixture again to the reaction temperature
      after some time, and then to add the sulphite, water and, if appropriate,
      further organic solvent and to carry out the reaction as described.
PAR  The purified, sparingly soluble 1-nitroanthraquinone can be isolated in
      various ways; for example, the 1-nitroanthraquinone can be isolated at
      temperatures between 5.degree.C and 150.degree.C, preferably between
      10.degree.C and 110.degree.C, by filtration, decantation or centrifuging,
      if appropriate after removal of the organic phase, and can be washed with
      an organic solvent and/or water and dried if appropriate. This preferred
      working-up technique is particularly advantageous if the nitration product
      employed still contains anthraquinone, since the anthraquinone can then be
      removed simultaneously with the mother liquor. It is however also possible
      first to distil off the organic solvent and then to isolate the sparingly
      soluble 1-nitroanthraquinone from the aqueous phase according to the known
      methods.
PAR  The purified 1-nitroanthraquinone manufactured according to the invention
      can be directly reduced to 1-aminoanthraquinone without isolation,
      optionally after removal of the organic solvent; sodium sulphide, for
      example, is used for the reduction. The 1-aminoanthraquinone can then be
      isolated in the usual manner by filtering, centrifuging or decanting the
      batch or, if appropriate, evaporating the organic phase.
PAR  The process according to the invention can be carried out discontinuously,
      for example in a stirred kettle, or continuously, for example in a kettle
      cascade, in an interval tube, in a circulation installation or in similar
      apparatuses.
PAR  1-Nitroanthraquinone is an important industrial intermediate product for
      the manufacture of 1-aminoanthraquinone, the starting product for numerous
      anthraquinone dyestuffs.
PAR  U.S. Pat. No. 2,302,729 has already disclosed a process for the
      purification of crude 1-nitroanthraquinone in which the crude
      1-nitroanthraquinone is heated for several hours to 100.degree.C with
      0.2-0.5 mol of sodium sulphite in an aqueous medium. In the course
      thereof, the anthraquinones containing .beta.-nitro groups are in
      particular supposed to be converted into water-soluble compounds. However,
      the process suffers from a series of disadvantages. Thus, the removal of
      the by-products containing .beta.-nitro groups, especially
      2-nitroanthraquinone and 1,6- and 1,7-dinitroanthraquinone, leaving
      residual contents of, in each case, about 1 per cent by weight, is rather
      unsatisfactory for present-day purity criteria. Above all, however, the
      removal of the .alpha.,.alpha.'-dinitroanthraquinones, that is to say 1,5-
      and 1,8-dinitroanthraquinone, and amongst these especially the removal of
      1,5-dinitroanthraquinone, takes place, according to this process, to a
      completely inadequate extent, as a result of which this process is
      unsuitable for purifying 1-nitroanthraquinone with a view to the
      manufacture of anthraquinone dyestuffs.
PAR  German Offenlegungsschrift (German Published Specification) 2,206,960
      proposes to increase the purification effect by using substantially larger
      amounts of sodium sulphite simultaneously with higher sulphite ion
      concentration, at least 0.5 part by weight of sodium sulphite being
      employed per part by weight of crude 1-nitroanthraquinone,  corresponding
      to about 1 mol, preferably about 1.5-3 mols, of sodium sulphite per mol of
      1-nitroanthraquinone. However, this process again does not make it
      possible, without a separate preliminary purification of the crude
      nitration product, to reduce the residual content of the by-products below
      10% by weight and to produce an even approximately pure
      1-nitroanthraquinone. Even if a preliminary purification is introduced
      into the process, which however is technically very involved and
      associated with losses in yield, and is therefore uneconomical, this
      process still leaves a residual content of at least 3% by weight of the
      dinitroanthraquinones which interfere greatly with further conversion to
      anthraquinone dyestuffs.
PAR  The process according to the invention offers a number of important
      advantages over the process according to the state of the art. Thus, as
      compared to the state of the art, the residual content of
      1,5-dinitroanthraquinone, in particular, can be substantially reduced. At
      the same time, the residual contents of the remaining impurities, such as
      1,6- and 1,7-dinitroanthraquinone, but especially 1,8-dinitroanthraquinone
      and 2-nitroanthraquinone and anthraquinone can, by the process according
      to the invention, in part be reduced to below the limit of analytical
      detection, so that overall, as compared to the state of the art, the
      quality of the 1-nitroanthraquinone is substantially improved and
      1-nitroanthraquinone of a degree of purity of 98-99% is directly obtained.
DETD
PAC  EXAMPLE 1
PAR  85 ml of 100% strength by weight sulphuric acid are slowly added dropwise,
      over the course of about 3  hours, to a mixture of 250 g of anthraquinone
      (99% pure), 200 ml of methylene chloride and 65.5 ml of 98% strength by
      weight nitric acid in a three-neck flask with fitted stirrer, reflux
      condenser and dropping funnel, whilst stirring at the reflux temperature.
      The batch is stirred for a further 4 hours at the same temperature and
      then poured into 1,000 ml of water, and the methylene chloride is
      distilled off. The aqueous suspension which remains is filtered and the
      filter cake is washed with water until neutral. The dried filter residue
      (300 g) is stirred with 90 g of sodium sulphite, 2,400 ml of water and
      1,200 ml of chlorobenzene for 6 hours in an autoclave at 105.degree.C. The
      mixture is cooled to 20.degree.C and the precipitate is filtered off at
      this temperature and washed successively with 75 ml of chlorobenzene and
      then with water. After drying, 206 g of 1-nitroanthraquinone having the
      composition indicated in Table A are obtained. A further fraction of 19 g
      of 1-nitoanthraquinone remains in solution in the mother liquor, which can
      be re-used for the next nitration. The total yield is 73% of theory.
PAC  EXAMPLE 2
PAR  50 g of a crude 1-nitroanthraquinone manufactured according to Example 1
      are stirred, according to U.S. Pat. No. 2,302,729, with 10 g of sodium
      sulphite and 500 ml of water for 6 hours at the reflux temperature. After
      filtration, washing and drying, 40.4 g of 1-nitroanthraquinone of the
      composition indicated in Table A are isolated (representing 71% of theory,
      relative to anthraquinone employed).
PAC  EXAMPLE 3
PAR  50 G of a crude 1-nitroanthraquinone manufactured according to Example 1
      are treated, in accordance with German Offenlegungsschrift (German
      Published Specification) 2,206,960, with 30 g of sodium sulphite in 400 ml
      of water. After filtration, washing and drying, 34.6 g of
      1-nitroanthraquinone of the composition indicated in Table A are obtained
      (= 63% of theory, relative to anthraquinone employed).
TBL                                    Table A                                 

     __________________________________________________________________________

     Example No.                                                               

             I    II III  IV  V   VI  VII VIII                                 

     __________________________________________________________________________

     1       0.25 98 &lt;0.25                                                     

                          1.0 0.3 0.2 0.1 0.1                                  

     2       .about.3                                                          

                  88 2.2  2.6 0.8 0.8 1.0 1.1                                  

     3       .about.3                                                          

                  89 1.3  2.8 0.7 0.6 0.9 1.1                                  

     4       0.5  97 0.25 1.4 0.1 0.2 0.2 0.2                                  

     5       0.5  96 0.5  1.5 0.3 0.2 0.4 0.2                                  

     6       0.5  96 0.5  1.4 0.2 0.2 0.2 0.1                                  

     9       0.25 98 &lt;0.25                                                     

                          0.9 0.2 0.2 0.2 0.1                                  

     10      0.25 97 &lt;0.25                                                     

                          1.1 0.3 0.2 0.3 0.3                                  

     12      0.25 99 0.25 0.1 0.1 0.1 --  --                                   

     30      0.25 97 &lt;0.25                                                     

                          1.4 0.2 0.2 0.4 0.4                                  

     32      &lt;0.25                                                             

                  98 &lt;0.25                                                     

                          0.6 0.3 0.2 0.3 0.2                                  

     33      0.5  98 0.25 0.8 0.2 0.2 0.2 0.1                                  

     34      .about.3                                                          

                  90 1.2  2.8 0.7 0.6 0.9 1.1                                  

     __________________________________________________________________________

     I   = % by weight of anthraquinone                                        

     II  = % by weight of 1-nitroanthraquinone                                 

     III = % by weight of 2-nitroanthraquinone                                 

     IV  = % by weight of 1,5-dinitroanthraquinone                             

     V   = % by weight of 1,6-dinitroanthraquinone                             

     VI  = % by weight of 1,7-dinitroanthraquinone                             

     VII = % by weight of 1,8-dinitroanthraquinone                             

     VIII                                                                      

         = % by weight of hydroxynitroanthraquinones                           

PAC  EXAMPLE 4
PAR  250 G of anthraquinone are nitrated as in Example 1. The dried nitration
      product is heated with 90 g of sodium sulphite, 2,400 ml of water, 1.5 g
      of di-sec.-butyl naphthalenesulphonate and 1,200 ml of toluene for 4 hours
      in an autoclave to 105.degree.C. The mixture is then cooled to 60.degree.C
      in a separating vessel and at this temperature the organic phase is
      siphoned off. The aqueous suspension is filtered and the filter residue is
      washed with water and dried. The yield is 207 g and the content of
      1-nitroanthraquinone is 97% by weight, corresponding to 66% of theory. The
      organic phase contains a further 20 g of 1-nitroanthraquinone so that the
      total yield is 73% of theory.
PAC  EXAMPLE 5
PAR  250 G of anthraquinone are nitrated as in Example 1. The dried nitration
      product is heated with 90 g of sodium sulphite, 1,200 ml of water and
      1,200 ml of chlorobenzene to 105.degree.C for 6 hours. The mixture is
      cooled to 20.degree.C and the precipitate is filtered off at this
      temperature and washed initially with twice 120 ml of chlorobenzene and
      then with water. The yield of dry material is 203 g of 96% strength by
      weight 1-nitroanthraquinone. The chlorobenzene mother liquor contains a
      further 15 g of 1-nitroanthraquinone.
PAC  EXAMPLE 6
PAR  250 G of anthraquinone are nitrated as in Example 1. The dry nitration
      product is heated for 6 hours to 105.degree.C with 90 g of sodium
      sulphite, 600 ml of water and 1,200 ml of chlorobenzene. The mixture is
      cooled to 20.degree.C and the precipitate is filtered off and washed with
      twice 120 ml of chlorobenzene and then with water. The yield of dry
      material is 190 g of 96% strength by weight 1-nitroanthraquinone. The
      organic mother liquor contains a further 15 g of 1-nitroanthraquinone.
PAC  EXAMPLE 7
PAR  50 G of an anthraquinone nitration product manufactured according to
      Example 1 are stirred for 6 hours with 200 ml of chlorobenzene, 400 ml of
      water and 7.5 g of sodium sulphite at 130.degree.C. The precipitate is
      filtered off at 20.degree.C, washed with 40 ml of chlorobenzene and then
      with water and dried. 36.1 g of 93% strength by weight
      1-nitroanthraquinone are obtained, corresponding to 68% of theory. The
      content of 1,5-dinitroanthraquinone is 1.9% by weight and the content of
      anthraquinone is 0.25% by weight. The total yield is 74% of theory.
PAC  EXAMPLE 8
PAR  50 G of an anthraquinone nitration product manufactured according to
      Example 1 are stirred for 6 hours with 200 ml of chlorobenzene, 400 ml of
      water and 7.5 g of sodium sulphite at 140.degree.C. The precipitate is
      filtered off at 20.degree.C, washed with 40 ml of chlorobenzene and then
      with water and dried. 34.2 g of 93% strength by weight
      1-nitroanthraquinone are obtained. The content of 1,5-dinitroanthraquinone
      is 1.7% by weight and that of anthraquinone is 0.25% by weight.
PAC  EXAMPLE 9
PAR  50 G of crude 1-nitroanthraquinone are stirred with 20 g of sodium sulphite
      and 400 ml of water for 6 hours in an autoclave at 105.degree.C. After
      cooling to about 90.degree.C, 200 ml of chlorobenzene are added and the
      mixture is stirred for a further 4 hours at about 93.degree.C under reflux
      conditions and at normal pressure. It is cooled to 45.degree.C, the
      precipitate is filtered off at this temperature and the filter cake is
      thoroughly pressed out and rinsed with water. The yield of dry material is
      27.3 g of 98% strength by weight 1-nitroanthraquinone. The content of
      1,5-dinitroanthraquinone is 0.9% by weight. Including the
      1-nitroanthraquinone which has remained in the chlorobenzene mother
      liquor, the total yield is calculated to be 64% of theory relative to
      anthraquinone.
PAC  EXAMPLE 10
PAR  50 G of crude 1-nitroanthraquinone are stirred with 20 g of sodium sulphite
      and 400 ml of water for 6 hours in an autoclave at 105.degree.C. After
      cooling to about 80.degree.C, 200 ml of toluene are added and the mixture
      is stirred for a further 4 hours at about 84.degree.C under reflux
      conditions at normal pressure. After adding a little
      di-sec.-butylnaphthalenesulphonate, the mixture is cooled to 45.degree.C
      and allowed to settle out, and the aqueous suspension by itself is
      filtered on a suction filter. After washing and drying, 30.1 g of 97%
      strength by weight 1-nitroanthraquinone are isolated, having a residual
      content of 1,5-dinitroanthraquinone of 1.1% by weight. The total yield,
      including the 1-nitroanthraquinone which has remained in the toluene
      phase, is 64% of theory relative to anthraquinone employed.
PAC  EXAMPLE 11
PAR  50 G of crude 1-nitroanthraquinone containing 77% of 1-nitroanthraquinone
      and about 12% of dinitroanthraquinone are heated with 200 ml of toluene to
      150.degree.C for 1 hour in a glass autoclave. The mixture is then cooled
      to 100.degree.C, a solution of 20 g of sodium sulphite and 1 g of
      di-sec.-butylnaphthalenesulphonate in 400 ml of water is pumped in, and
      the mixture is stirred for a further 10  hours at 100.degree.C. It is
      cooled to 60.degree.C, and after brief settling-out, the toluene phase is
      siphoned off. The aqueous suspension is filtered and the filter residue is
      washed with water and dried. The yield is 33.5 g and the content of
      1-nitroanthraquinone is 97% by weight.
PAC  EXAMPLE 12
PAR  50 g of crude 1-nitroanthraquinone are stirred with 200 ml of chlorobenzene
      for 1 hour at 130.degree.C in an autoclave. A solution of 15 g of sodium
      sulphite in 400 ml of water is then pumped in at 130.degree.C over the
      course of 1 hour and the mixture is stirred for a further 6 hours at
      105.degree.C. It is allowed to cool to 20.degree.C and the precipitate is
      filtered off and washed with chlorobenzene and then with water. After
      drying, 22.8 g of 99% strength by weight 1-nitroanthraquinone are
      isolated, having a residual content of, in total, less than 0.5% by weight
      of dinitroanthraquinone (compare Table A).
PAC  EXAMPLES 13 - 29
PAR  The examples indicated in Table B which follows were carried out in
      fundamentally the same manner. 50 g of a crude 1-nitroanthraquinone
      manufactured as in Example 1 were stirred for 6 hours, in an autoclave at
      105.degree.C, with the amount of sodium sulphite indicated in column I,
      with the volume indicated in column II of the solvent noted in column III,
      and with 400 ml of water. The organic solvent was then distilled off
      azeotropically under normal pressure, with the volume of the aqueous phase
      being adjusted to about 600 ml by adding water. Finally, the aqueous
      suspension was filtered hot and the product was rinsed with hot water and
      dried. The yield (relative to 1-nitroanthraquinone employed) and the
      content of the various dinitroanthraquinones and
      hydroxynitroanthraquinones in the 1-nitroanthraquinone are shown in
      columns IV--IX.
TBL                                    Table B                                 

     __________________________________________________________________________

     Example                                                                   

     No.  I  II  III       IV  V   VI  VII VIII                                

                                               IX                              

     __________________________________________________________________________

     13   15 200 Chlorobenzene                                                 

                           1.0 0.3 0.2 0.1 0.1 92                              

     14   15 200 Toluene   1.4 0.2 0.2 0.1 0.3 91                              

     15   15 200 O-Xylene  1.6 0.3 0.3 0.1 0.4 95                              

     16   15 200 Cumene    1.7 0.3 0.3 0.3 0.5 95                              

     17   15 200 Tetralin  1.7 0.3 0.3 0.3 0.6 97                              

     18   15 200 Isododecylbenzene                                             

                           1.7 0.3 0.3 0.3 0.6 97                              

     19   15 200 p-Chlorotoluene                                               

                           1.7 0.3 0.3 0.1 0.6 92                              

     20*  15 200 o-Dichlorobenzene                                             

                           1.8 0.6 0.5 0.5 0.1 97                              

     21*  15 200 Nitrobenzene                                                  

                           1.9 0.5 0.5 0.9 &lt;0.1                                

                                               80                              

     22   15 200 Anisole   1.9 0.7 0.5 0.3 0.1 91                              

     23   15 200 Dioxane   1.7 0.2 0.2 0.5 0.1 82                              

     24   15 200 Dibutyl ether                                                 

                           2.0 0.4 0.4 0.5 0.7 94                              

     25   15 200 Methyl glycol                                                 

                           2.3 0.3 0.3 0.8 0.7 89                              

     26   15 200 Cyclohexanol                                                  

                           2.3 0.6 0.5 0.8 0.6 92                              

     27   20  1  Chlorobenzene                                                 

                           2.2 0.6 0.6 0.8 0.9 84                              

     28   20 2.5 Chlorobenzene                                                 

                           1.7 0.5 0.4 0.5 0.7 86                              

     29   20  5  Chlorobenzene                                                 

                           1.5 0.5 0.3 0.5 0.7 86                              

     __________________________________________________________________________

      *Solvent distilled off in vacuo.                                         

TBL  I   = g of Na.sub.2 SO.sub.3                                              

     II  = ml                                                                  

     III = organic solvent                                                     

     IV  = % by weight of 1,5-dinitroanthraquinone                             

     V   = % by weight of 1,6-dinitroanthraquinone                             

     VI  = % by weight of 1,7-dinitroanthraquinone                             

     VII = % by weight of 1,8-dinitroanthraquinone                             

     VIII                                                                      

         = % by weight of hydroxynitroanthraquinones                           

PAC  EXAMPLE 30
PAR  A suspension of 250 g of anthraquinone in 200 ml of methylene chloride and
      68.4 ml of 98% strength by weight nitric acid is nitrated over the course
      of about 3 hours at the reflux temperature by adding 85.0 ml of 100%
      strength by weight sulphuric acid, and the mixture is stirred for a
      further 4 hours at this temperature. The batch is then poured into 2 l of
      water, the pH is adjusted to 7-8 by adding concentrated sodium hydroxide
      solution, and the methylene chloride is distilled off. The suspension is
      heated with 600 ml of chlorobenzene to 100.degree.C and a concentrated
      solution of 120 g of sodium sulphite in water is pumped in. After 6 hours'
      reaction time at 100.degree.C, the mixture is cooled to 60.degree.C and is
      filtered and the product is washed first with 400 ml of chlorobenzene and
      then with water until the latter is clear. After drying, 223 g are
      obtained, containing 97% by weight of 1-nitroanthraquinone, corresponding
      to 71% of theory. The total yield, including the 1-nitroanthraquinone
      dissolved in the mother liquor, is 75% of theory (compare Table A).
PAC  EXAMPLE 31
PAR  50 G of crude 1-nitroanthraquinone are stirred for 6 hours at 105.degree.C
      with 15 g of sodium sulphite, 400 ml of water, 150 ml of toluene and 0.5 g
      of di-sec.-butyl naphthalenesulphonate. The mixture is cooled to
      80.degree.C, the toluene phase is siphoned off, and a solution of 45 g of
      sodium sulphide in 300 ml of water is pumped in. The mixture is stirred
      for a further hour at 100.degree.C and the precipitate of
      1-aminoanthraquinone is then filtered off hot. After washing and drying,
      30.9 g, containing 92% by weight of 1-aminoanthraquinone are obtained.
      This 1-aminoanthraquinone contains less than 2% by weight of
      diaminoanthraquinones and can be reacted further in accordance with the
      known industrial processes, for example by sulphobromination to give
      so-called bromamine-acid.
PAC  EXAMPLE 32
PAR  100 g of pre-purified 1-nitroanthraquinone of the following composition:
      84% by weight of 1-nitroanthraquinone, 0.5% by weight of
      2-nitroanthraquinone, 3% by weight of 1,5-dinitroanthraquinone, 5% of
      1,6-dinitroanthraquinone, 4% of 1,7-dinitroanthraquinone and 3% of 1,8
      -dinitroanthraquinone, 30 g of sodium sulphite, 0.5 g of di-sec.-butyl
      naphthalenesulphonate and 800 ml of water are stirred together for 6 hours
      at 100.degree.C. The reaction temperature is then lowered to about
      90.degree.C, 200 ml of chlorobenzene are added and the mixture is stirred
      for a further 4 hours at this temperature. It is cooled to 20.degree.C and
      the precipitate is filtered off and washed with water until the latter is
      clear. The yield is 78.8 g of 98% strength by weight 1-nitroanthraquinone,
      corresponding to 92% of theory. The 1-nitroanthraquinone contains less
      than 0.25% by weight of anthraquinone and 2-nitroanthraquinone and only
      0.6% by weight of 1,5-dinitroanthraquinone in addition to 0.3% of
      1,6-dinitroanthraquinone, 0.2% of 1,7-dinitroanthraquinone and 0.3% of
      1,8-dinitroanthraquinone. Taking into account the 1-nitroanthraquinone
      dissolved in the mother liquor, the total yield is 95% of theory.
PAC  EXAMPLE 33
PAR  50 g of crude 1-nitroanthraquinone from an anthraquinone nitration with
      approx. 95% conversion of the anthraquinone (approx. 5% of anthraquinone,
      76% of 1-nitroanthraquinone and 11% of dinitroanthraquinone) are stirred
      with 15 g of sodium sulphite, 200 ml of chlorobenzene and 400 ml of water
      for 6 hours at 105.degree.C. 100 ml of chlorobenzene are then distilled
      off and the precipitate is filtered off at 60.degree.C. After washing with
      chlorobenzene and water, and drying, 32.1 g of 1-nitroanthraquinone,
      containing 98% by weight of 1-nitroanthraquinone, are isolated. The
      residual contents of by-products are 0.5% of anthraquinone, 0.25% of
      2-nitroanthraquinone and 0.8% of 1,5-dinitroanthraquinone, as well as 0.2%
      each of 1,6-, 1,7- and 1,8-dinitroanthraquinone.
PAC  EXAMPLE 34
PAR  50 g of a crude 1-nitroanthraquinone manufactured according to Example 1
      are stirred with 20 g of sodium sulphite in 400 ml of water for 6 hours at
      the reflux temperature. After filtration, washing and drying, 38.2 g of
      1-nitroanthraquinone of the composition indicated in Table A are obtained
      (= 69% of theory, relative to anthraquinone employed).
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process wherein a reaction mixture obtained by the nitration of
      anthraquinone and comprising 1-nitroanthraquinone and containing
      dinitroanthraquinone as an impurity is treated at temperatures of
      75.degree.C-150.degree.C with an aqueous solution of a salt of sulfurous
      acid to solubilize said dinitroanthraquinone and the solubilized
      dinitroanthraquinone is removed from said 1-nitroanthraquinone the
      improvement which comprises conducting the treatment in the presence of an
      inert organic solvent selected from the group consisting of aromatic and
      araliphatic hydrocarbons of the benzene and naphthalene series with up to
      thirty carbon atoms which may contain in the nucleus halogen, nitro,
      sulphone, ether, thioether, keto or carbalkoxy groups or mixtures thereof
      or aliphatic and alicyclic hydrocarbons with up to thirty carbon atoms
      which may contain halogen, nitro, sulphone, sulfoxide, ether, thioether,
      hydroxyl, carbonyl, carboxyl, carboalkoxy, or carboaryloxy groups or
      mixtures thereof.
NUM  2.
PAR  2. Process according to claim 1, characterised in that per part by weight
      of 1-nitroanthraquinone containing dinitroanthraquinone, 0.01 - 40 parts
      by volume of organic solvent are employed.
NUM  3.
PAR  3. Process of claim 2 wherein 0.1-10 parts by volume of organic solvent are
      employed.
NUM  4.
PAR  4. Process according to claim 1, characterised in that it is carried out at
      pH-values above 8.
NUM  5.
PAR  5. Process of claim 4, wherein the pH is from 9-12.
NUM  6.
PAR  6. Process of claim 1 wherein the temperature is 80.degree.-130.degree.C.
NUM  7.
PAR  7. Process according to claim 1, characterised in that water-immiscible
      organic solvents are used.
NUM  8.
PAR  8. Process according to claim 7, characterised in that aromatic or
      aliphatic optionally halogenated hydrocarbons are used.
NUM  9.
PAR  9. Process according to claim 8, characterised in that benzene, toluene,
      xylene, cumene, chlorobenzene, chlorotoluene or dichlorobenzene are used.
PATN
WKU  039312526
SRC  5
APN  4166426
APT  1
ART  127
APD  19731116
TTL  Process for the preparation of pure 1-nitroanthraquinone
ISD  19760106
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ABST
PAL  Process for the manufacture of pure 1-nitroanthraquinone, characterised in
      that a nitroanthraquinone mixture obtained by nitration of anthraquinone
      in the presence of inorganic acids and, optionally, lowering the molar
      fraction of the acids in the reaction mixture after isolation of the
      reaction products which have precipitated and, optionally, further
      measures, is subjected to a rectification.
BSUM
PAR  The previously known processes for the preparation of 1-nitroanthraquinone
      by nitration of anthraquinone give product mixtures which must be
      subjected to purification operations in order to obtain a pure
      1-nitroanthraquinone.
PAR  Thus, for example, a process for the nitration of anthraquinone in
      sulphuric acid by means of nitric acid is known from German
      Offenlegungsschrift (German Published Specification) 2,039,822. Even using
      the best embodiment of this process, the crude product must be purified by
      washing with acid amides, for example dimethylformamide. 95-96% pure
      1-nitroanthraquinone is obtained in 42% yield. A disadvantage of this
      process is that organic solvents are used, the recovery of which, in
      special apparatuses, is difficult and expensive, solvent losses being
      unavoidable.
PAR  Further, German Offenlegungsschrift (German Published Specification)
      2,103,360 has disclosed a process for the manufacture of
      1-nitroanthraquinone in phosphoric acid and nitric acid in which a part of
      the impurities remains in the phosphoric acid. In this process, a
      1-nitroanthraquinone of which the purity, in the best embodiment, reaches
      about 96%, is obtained in 43% yield.
PAR  A variant of this process is described in German Offenlegungsschrift
      (German Published Specification) 2,142,100 in which the nitration product
      is purified by treatment with halogenated hydrocarbons, for example
      dichloroethane. The yield of 1-nitroanthraquinone can thus be increased to
      49% (of theory); however, the purity does not exceed 92%. Further, using
      organic solvents throws up the technological problems already mentioned.
PAR  German Offenlegungsschrift (German Published Specification) 2,162,538
      describes the nitration of anthraquinone in nitric acid, of concentrations
      exceeding 90%, the molar ratio of anthraquinone to nitric acid being at
      least 1:20. A part of the by-products can be removed by diluting the acid
      with water, so that 1-nitroanthraquinone is obtained in 74.5% yield, but
      its purity does not exceed 92%.
PAR  Similar results are obtained if the nitration of anthraquinone with nitric
      acid is carried out in other media, for example in organic solvents or in
      hydrofluoric acid.
PAR  1-Nitroanthraquinone is an important intermediate product for the
      manufacture of 1-aminoanthraquinone, which in turn is the starting product
      for the manufacture of numerous dyestuffs. Since the by-products which are
      formed in the nitration of anthraquinone interfere with the multi-stage
      conversion of 1-nitroanthraquinone to dyestuffs, the quality of the
      dyestuffs is considerably impaired by the secondary products of the
      impurities, as already established in German Offenlegungsschrift (German
      Published Specification) 2,162,538.
PAR  There has therefore been no lack of attempts to produce
      1-nitroanthraquinone, suitable for the preparation of anthraquinone
      dyestuffs, by further purification operations. Thus, for example, attempts
      have been made to purify crude 1-nitroanthraquinone by repeated
      crystallisation (Zeitschrift fur Elektrochemie 7, 797 (1901)). Further,
      Chem. and Ind., 41, 1070 (1953) states that a crude separation of the
      products is achieved by dissolving in concentrated sulphuric acid and
      fractionally precipitating the nitration products by gradual dilution of
      the acid with water. Also, processes are known from U.S. Pat. No.
      2,302,729 and German Offenlegungsschrift (German Published Specification)
      2,206,960, in which the crude or pre-purified nitration products of
      anthraquinone can be purified further by boiling with aqueous alkali metal
      sulphite solution. The degree of purity of the 1-nitroanthraquinone
      achievable by this process is between 87 and 97%. The impurities are
      essentially anthraquinone and dinitroanthraquinone.
PAR  However, the sulphite purification process suffers from serious
      disadvantages since a part of the nitration products, including a part of
      the 1-nitroanthraquinone, is converted into water-soluble products of
      undefined composition and therefore leads to substantial contamination of
      effluents. Since it has hitherto not been possible to develop a process
      for recovering an industrially utilisable product from the filtrates of
      the sulphite purification process, this process entails a loss of
      anthraquinone derivatives.
PAR  German Pat. No. 281,490 states that crude 1-nitroanthraquinone can be
      converted easily into pure 1-nitroanthraquinone by distillation in vacuo.
      On repeating this process, however, it was only possible to obtain 86%
      pure 1-nitroanthraquinone in 74% yield. Whilst the purity can be improved
      by variations in the preparation of the crude product and in the
      distillation, it does not exceed 90-92%, and the yield is reduced
      considerably.
PAR  All these purification operations however fail to give 1-nitroanthraquinone
      which is sufficiently pure for further dyestuff syntheses. Thus, for
      example, German Offenlegungsschrift (German Published Specification)
      2,206,960 shows that in the manufacture of
      1-amino-4-bromo-anthraquinone-2-sulphonic acid by reduction of
      1-nitroanthraquinone with sodium sulphide, subsequent sulphonation and
      bromination, an additional filtration process is necessary to remove the
      anthraquinone still present in the 1-nitroanthraquinone used as the
      starting material.
PAR  It is all the more surprising that 1-nitroanthraquinone which is
      sufficiently pure for the manufacture of dyestuffs (99-99.7% pure) is
      obtained if a nitroanthraquinone mixture obtained by nitration of
      anthraquinone in the presence of inorganic acids and optionally by
      lowering the molar fraction of the acids in the reaction mixture, after
      isolation of the reaction products which have precipitated and,
      optionally, further measures, is subjected to a rectification.
PAR  It is possible to use nitroanthraquinone mixtures which are obtained, for
      example, by the abovementioned processes, such as nitration of
      anthraquinone in nitric acid or sulphuric acid, with subsequent partial
      removal of the impurities by dilution of the acids with water, by
      nitration of anthraquinone in phosphoric acid and other solvents or by the
      sulphite treatment of nitration mixtures manufactured in any desired way.
PAR  A preferred embodiment of the process according to the invention for the
      preparation of particularly pure 1-nitroanthraquinone is characterised in
      that anthraquinone is nitrated in highly concentrated nitric acid,
      especially in the concentration range of over 90%, at temperatures in the
      range of -40.degree. to 80.degree.C, especially of 20.degree. to
      60.degree.C, using a molar ratio of nitric acid to anthraquinone of at
      least 4:1, especially of 8:1 to 19:1, and that subsequently the molar
      ratios of nitric acid to nitration products and the acid concentrations
      are adjusted to the following values by distilling off nitric acid and/or
      by dilution with water: from a molar ratio of 4:1, with a simultaneous
      acid concentration of 96%, to a molar ratio of 19:1 and an acid
      concentration of 75%. Preferred ranges are molar ratios of 6:1 with an
      acid concentration of 93% to molar ratios of 15:1 with an acid
      concentration of 79%. In this procedure, a part of the impurities also
      precipitates  alongside 1-nitroanthraquinone.
PAR  The solubility of the products contained in the reaction mixture rises with
      the temperature and with the amount and concentration of nitric acid.
      Hence, to precipitate a certain proportion of the reaction product, the
      acid concentration must be adjusted to a relatively low value if the molar
      ratio of nitric acid to the reaction product is relatively high (and vice
      versa). Hence, with the limits indicated above, low acid concentrations
      correspond to high molar ratios and vice versa.
PAR  The 1-nitroanthraquinone which precipitates in this procedure is filtered
      off, dried and subjected to a vacuum distillation, especially a
      rectification. The temperatures and pressures quoted below indicate the
      conditions at the head of the distillation apparatus.
PAR  The distillation can be carried out at between 200.degree. and 400.degree.C
      under 0.5-100 mm Hg, especially at 235.degree. to 330.degree.C and 1.5-50
      mm Hg, and preferably at 245.degree. to 315.degree.C and 2.5 to 35 mm Hg.
      It proves to be particularly advantageous to carry out the distillation at
      temperatures between 265.degree. and 300.degree.C, using a vacuum of 5 to
      20 mm Hg. The entire process can be carried out discontinuously or
      continuously.
PAR  A special variant is that the pre-purified product is distilled together
      with a solvent which boils at 100.degree. to 300.degree.C, is stable under
      distillation conditions and is inert towards the product, for example
      high-boiling hydrocarbons or silicone oils, under the conditions indicated
      above, and the 1-nitroanthraquinone which has crystallised out is isolated
      from the condensate according to known processes.
PAR  The advantages of the process according to the invention reside firstly in
      the high purity (&gt;99%) coupled with good yield (over 70%) and secondly in
      the fact that the purification process neither uses organic solvents nor
      produces chemically undefined waste products which are water-soluble and
      therefore contaminate effluents. Further advantages of this process are
      that dinitroanthraquinones, which are also valuable starting products for
      dyestuffs, can be isolated from the distillation residue and that the
      nitric acid produced can, after distillation and subsequent concentration,
      be re-used.
DETD
PAC  WORKING-UP OF A NITRATION MIXTURE OF ANTHRAQUINONE, ACCORDING TO GERMAN
      PAT. NO. 281,490.
PAR  A mixture of 208 g of anthraquinone and 763 g of 99% strength nitric acid
      (molar ratio 1:12) is stirred for 18 minutes at 45.degree.C. The reaction
      product is then added to ice and the nitration product which precipitates
      is filtered off, washed until neutral and dried. The product is subjected
      to a fractional vacuum distillation at 295.degree.C and 20 mm Hg and the
      distillate obtained is 218 g of 86% pure 1-nitroanthraquinone (74% of
      theory).
PAC  EXAMPLE 1
PAR  A mixture of 208 g of anthraquinone and 2,550 g of 99% strength nitric acid
      (molar ratio 1:40) is stirred for 10 minutes at 20.degree.C and then
      diluted with 302 ml of water to an acid content of approx. 88% by weight.
      1,350 g of 98% strength nitric acid are then distilled off in vacuo,
      resulting, in the sump, in a molar ratio of approx. 18:1 and an acid
      content of 78%. The precipitate which has separated out is filtered off,
      washed until neutral and dried. The product is subjected to a fractional
      vacuum distillation at 10 mm Hg, and a head temperature of 281.degree.C.
      181 g of 99.2% pure 1-nitroanthraquinone (71% of theory) are obtained as
      the distillate.
PAC  EXAMPLE 2
PAR  The nitration mixture obtained according to Example 1 is heated, in 250 ml
      of water, with 175 g of anhydrous sodium sulphite and 32.5 g of a 30%
      strength sodium hydroxide solution for 1 hour at 90.degree.-95.degree.C.
      The product is then filtered off hot, and the residue is washed with hot
      water until neutral and dried. The product is fractionally distilled at 15
      mm Hg, and a head temperature of 292.degree.C, and gives 170 g of 99.7%
      pure 1-nitroanthraquinone. (67% of theory).
PAC  EXAMPLE 3
PAR  A mixture of 208 g of anthraquinone and 1,210 g of 99% strength nitric acid
      (molar ratio 1:19) is stirred for 14 minutes at 35.degree.C and
      subsequently adjusted to an acid content of 78% with 319 ml of water. The
      product which precipitates is filtered off, washed until neutral and
      dried. The product is subjected to a fractional distillation at 5 mm Hg,
      and a head temperature of 262.degree.C. 99.4% pure 1-nitroanthraquinone is
      obtained as the distillate, in 69% yield (176 g).
PAC  EXAMPLE 4
PAR  A mixture of 208 g of anthraquinone and 763 g of 99% strength nitric acid
      (molar ratio 1:12) is stirred at 45.degree.C for 18 minutes and then
      diluted to an acid content of approx. 90% with 51 ml of water. 193 G of
      98% strength nitric acid are then distilled off in vacuo, resulting in an
      acid content of approx. 87%, and a molar ratio of approx. 8:1, in the
      sump. The product which precipitates is filtered off, washed until neutral
      and dried. Fractional distillation of the product at 6 mm Hg and a head
      temperature of 267.degree.C gives 165 g of a 99.4% pure
      1-nitroanthraquinone (65% of theory).
PAC  EXAMPLE 5
PAR  A pre-purified crude 1-nitroanthraquinone obtained according to Example 4
      is distilled with 800 g of paraffin oil at 30 mm Hg and using head
      temperatures between 250.degree. and 300.degree.C. The
      1-nitroanthraquinone which precipitates in the condensate is filtered off
      and freed from paraffin oil by washing with petroleum ether. 163 G of
      99.4% pure 1-nitroanthraquinone (64% of the theory) are obtained.
PAC  EXAMPLE 6
PAR  A product obtained according to Example 4 is distilled with 800 g of
      silicone oil at 30 mm Hg, using head temperatures between 250.degree. and
      300.degree.C. The product which precipitates is worked up according to the
      instructions of Example 5. The yield of 99.4% pure 1-nitroanthraquinone is
      168 g (66% of theory).
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process for manufacturing pure 1-nitroanthraquinone wherein
      anthraquinone is nitrated with at least 90% by weight nitric acid or 90%
      by weight of a mixture of nitric acid and another inorganic acid at
      temperatures of -40.degree. to +80.degree.C; the improvement which
      comprises adjusting the acid content to from 76% at a molar ratio of acid
      to nitration products of 19:1 to 96% at a molar ratio of 4:1 after
      nitration has occurred, allowing crude 1-nitroanthraquinone to
      crystallize, and subsequently rectifying the precipitated reaction product
      at temperatures of 200.degree. to 400.degree.C and pressures of from 0.5
      to 100 mm. of mercury.
NUM  2.
PAR  2. The process of claim 1 wherein said nitration takes place with a molar
      ratio of acid to anthraquinone of from 4:1 to 19:1.
NUM  3.
PAR  3. Process according to claim 1, characterised in that the
      nitroanthraquinone mixture obtained from the nitration is subjected to a
      treatment with alkali metal sulphites in the presence of water prior to
      the rectification.
NUM  4.
PAR  4. Process according to claim 1, characterised in that the nitration of
      anthraquinone is carried out at temperatures of 20.degree. to 60.degree.C
      and molar ratios of nitric acid to anthraquinone of 8:1 to 19:1, the
      conditions are then adjusted to conditions between nitric acid
      concentrations of 79% at molar ratios of nitric acid to nitration products
      of 15:1 and nitric acid concentrations of 93% at molar ratios of 6:1, and
      the reaction product which precipitates is subjected to a rectification.
NUM  5.
PAR  5. Process according to claim 1 characterized in that the reaction product
      is rectified together with a diluent with is inert under the rectification
      conditions and which boils between 100.degree. and 300.degree.C and the
      1-nitroanthraquinone which crystallizes is isolated from the condensate.
NUM  6.
PAR  6. Process of claim 5 wherein the diluent is selected from the group
      consisting of high-boiling hydrocarbons and silicone oils.
NUM  7.
PAR  7. Process according to claim 5, characterised in that a hydrocarbon is
      used as diluent.
NUM  8.
PAR  8. Process according to claim 7, characterised in that a paraffin is
      employed.
NUM  9.
PAR  9. Process according to claim 5, characterised in that a silicone oil is
      employed as a diluent.
NUM  10.
PAR  10. Process of claim 1 wherein the nitration is continuous.
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ABST
PAL  The present invention concerns a novel process for the production of an
      aminoanthraquinone, which comprises catalytically hydrogenating the
      corresponding nitroanthraquinone in an organic solvent.
      Aminoanthraquinones are known and are useful as intermediates in the
      production of anthraquinone dyestuffs.
BSUM
PAC  IMPROVEMENTS IN OR RELATING TO ORGANIC COMPOUNDS
PAR  The present invention relates to aminoanthraquinones and more specifically
      to a process for the production of aminoanthraquinones.
PAR  Aminoanthraquinones, in particular 1-aminoanthraquinone, are important
      intermediates in the synthesis of anthraquinone dyes. For such use, it is
      of importance to obtain the aminoanthraquinones in high yield and purity.
PAR  Accordingly, the present invention provides a process for the production of
      an aminoanthraquinone from a nitroanthraquinone, which comprises
      hydrogenating the nitroanthraquinone in the presence of a solid
      hydrogenation catalyst and in an inert organic solvent in which the
      resulting aminoanthraquinone is soluble and the catalyst insoluble, and
      removing the catalyst from the resulting aminoanthraquinone solution.
PAR  According to a preferred aspect of the present invention the inert solvent
      is such that the resulting aminoanthraquinone is soluble therein at an
      upper temperature and insoluble therein at a lower temperature, the
      catalyst being removed at the upper temperature.
PAR  The difference in temperature between the upper and lower temperatures is
      preferably from 40.degree. to 150.degree.C, e.g. from 50.degree. to
      130.degree.C, more preferably from 60.degree. to 125.degree.C especially
      from 70.degree. to 125.degree.C, and conveniently said lower temperature
      is room temperature. As will be appreciated, in general, the solvent is
      preferably selected such that the temperature solubility gradient thereof
      in relation to the aminoanthraquinone (i.e., the rate of increase of
      solubility of the aminoanthraquinone with increase of temperature) is as
      large as possible. In addition the inert solvent is preferably such that
      any over-hydrogenated aminoanthraquinone that may be formed by
      over-hydrogenation of the resulting aminoanthraquinone is soluble therein
      at said lower temperature, and after removal of the catalyst at the upper
      temperature, the solution is cooled to the lower temperature and the
      aminoanthraquinone is removed from the solution. Preferably the
      nitroanthraquinone is hydrogenated in excess of the theoretical amount of
      hydrogen so that a small proportion of the resulting aminoanthraquinone is
      overhydrogenated to overhydrogenated aminoanthraquinone (believed to be
      nuclear hydrogenated aminoanthraquinone), e.g. 7  percent especially
      between 0.5 and 6 percent by weight, of the resulting aminoanthraquinone,
      is overhydrogenated. In further accordance with this preferred aspect of
      the invention, after removal of the resulting aminoanthraquinone, the
      nuclear-hydrogenated aminoanthraquinone remaining in solution is oxidised
      to aminoanthraquinone, conveniently by reaction with nitroanthraquinone or
      a nitrohydrogenated derivative thereof of higher oxidative level than
      aminoanthraquinone, e.g. hydroxylaminoanthraquinone. One method of
      achieving oxidation of the nuclear-hydrogenated aminoanthraquinone is by
      recycling the final solution containing the nuclear-hydrogenated
      aminoanthraquinone, after removal of the aminoanthraquinone, into the
      initial reaction mixture containing the nitroanthraquinone and proceeding
      with hydrogenation. In this manner, the recycled nuclear hydrogenated
      aminoanthraquinone is allowed to react with the nitroanthraquinone or its
      hydrogenated derivatives of higher oxidative level than the
      aminoanthraquinone, i.e., with nitroanthraquinone, nitrosoanthraquinone or
      hydroxylaminoanthraquinone, and thereby be oxidised with simultaneous
      reduction of the nitroanthraquinone or its hydrogenated derivative. Such
      recycling of the final reaction solution after removal of the catalyst and
      then the aminoanthraquinone lends itself particularly to continuous
      operation of the process of the invention, by continuously recycling with
      addition of nitroanthraquinone starting material and catalyst, and
      replenishing with solvent, as necessary.
PAR  It will, however, be appreciated that the present invention lends itself
      not only to continuous operation, but also to semi-continuous or
      discontinuous operation e.g. batch production.
PAR  The nitroanthraquinone employed as starting material may, for example, be a
      mononitro or dinitroanthraquinone such as 1-nitroanthraquinone,
      2-nitroanthraquinone, 1,2-dinitroanthraquinone, 1,6-dinitroanthraquinone,
      1,7-dinitroanthraquinone, 1,8-dinitroanthraquinone,
      1,5-dinitroanthraquinone, 2,7-dinitroanthraquinone or
      2,6-dinitroanthraquinone.
PAR  In addition the anthraquinone may comprise a single nitroanthraquinone or a
      mixture of nitroanthraquinone constituents. Preferably however, one
      nitroanthraquinone at least predominates and, for example, in the case of
      1-nitroanthraquinone, preferably the 1-nitroanthraquinone predominates to
      at least 85 percent, more preferably at least 90 percent, e.g. 95-100
      percent by weight. Moreover, it is not essential that the
      nitroanthraquinone employed as starting material be completely free from
      impurities and, for example, crude nitroanthraquinones obtained by
      nitration of anthraquinone and containing the impurities normally
      associated with this manner of production, e.g. small amounts of
      anthraquinone, may be employed as starting material in the process of the
      invention.
PAR  Suitable inert organic solvents are those which do not react with the
      starting, intermediate or final compounds and which are not subject to
      hydrogenation under the conditions of the reaction. In addition, and where
      necessary, solvents should fulfill the selective solubility requirements,
      e.g. as between the resulting aminoanthraquinone and the nuclear
      hydrogenated aminoanthraquinone, insofar as this is required. As example
      of suitable solvents, there may be mentioned liquid substituted or
      unsubstituted aromatic hydrocarbons such as an aromatic hydrocarbon
      petroleum fraction, e.g. having a boiling range of 170.degree. to
      200.degree.C, xylene, e.g. m-xylene, toluene or chlorobenzene. Further
      examples of suitable solvents that may be mentioned are liquid ethers
      particularly arylalkyl ethers such as alkyl (C.sub.1 -C.sub.5) ethers of
      phenol, which may be mono or polyalkyl substituted with a total of 1 to 6
      carbon atoms in the alkyl substituents, or of dihydroxybenzene, in
      particular anisole, phenetol, hydroquinone dimethylether and resorcinol
      dimethylether. Aliphatic ethers may also be mentioned such as
      dialkylethers, e.g. di-n-butylether, or, preferably, mono or diethers of
      glycols, particularly derived from glycols of 2 to 4 carbon atoms or
      diethylene or triethylene glycols with aliphatic alcohols of 1 to 5 carbon
      atoms, especially diethylene glycol dimethylether, diethylene glycol
      monoethyl ether, ethylene glycol, monoethyl ether and ethylene glycol
      dimethylether. Further ethers that may be mentioned are cyclic ethers such
      as dioxan or tetrahydrofuran. Other examples of suitable solvents that may
      be employed are carboxylic acid esters such as esters derived from
      aromatic acids, e.g. unsubstituted or substituted benzoic acid or
      aliphatic carboxylic acids with aliphatic alcohols (C.sub.1 -C.sub.5),
      with glycols (C.sub.2 -C.sub.4) or with cyclohexanol, in particular adipic
      diethyl ester, ethyl benzoate, cyclohexylacetate, ethyl 0-ethylsalicylate
      and ethylene glycol monoacetate.
PAR  For the production of 1-aminoanthraquinone, the liquid aryl-alkyl ethers,
      especially anisole and phenetol, are preferred.
PAR  The amount of solvent employed is, advantageously, as little as possible,
      particularly when selective solubility as between the resulting
      aminoanthraquinone and the nuclear hydrogenated aminoanthraquinone is
      desired. Preferably, the ratio by weight of the amount of solvent to the
      amount of nitroanthraquinone is in the range 100:1 to 1:2, more preferably
      in the range 20:1 to 1:1.
PAR  The nitroanthraquinone may either be dissolved in the solvent, or may be
      suspended therein, preferably the former. In addition, as will be
      appreciated, it is not essential that the resulting aminoanthraquinone
      passes directly into solution immediately on its formation. It may, for
      example, precipitate out and later be dissolved by heating towards the end
      of the reaction.
PAR  As suitable hydrogenation catalysts, metal hydrogenation catalysts,
      preferably employed in finely dispersed form, offering as large an active
      surface as possible, may be employed, particularly noble metal catalysts,
      e.g. palladium, platinum, ruthenium and rhodium, which may be employed
      with a carrier such as barium sulphate, strontium carbonate, calcium
      carbonate, silicon dioxide, aluminium sesquioxide and particularly active
      charcoal. Nickel catalysts e.g. Raney nickel, may also be mentioned.
PAR  The amount of catalyst employed in the process of the invention is suitably
      0.05 to 10 percent of the weight of nitroanthraquinone (including the
      weight of any catalyst carrier) and preferably 0.1 to 5 percent by weight.
PAR  The process of the invention is preferably effected with heating, e.g. to a
      temperature of up to 200.degree.C, such as between 50.degree. to
      200.degree.C, in particular from 80.degree. to 160.degree.C.
PAR  The hydrogen partial pressure may be up to 15 atmospheres, e.g. between 0.5
      and 15 atmospheres, preferably between 0.5 and 10 atmospheres.
PAR  Naturally, the actual temperature and hydrogen partial pressure employed
      will depend on the nature and composition of the nitroanthraquinone
      employed as starting material, and also the solvent. Thus, when
      1-nitroanthraquinone of at least 85 percent by weight purity is employed
      in an aryl-alkyl ether solvent, the preferred temperature is from
      80.degree. - 170.degree.C more preferably from 100.degree. to
      150.degree.C, and the partial pressure is preferably 0.5 to 10
      atmospheres, more preferably 1 to 7 atmospheres.
PAR  The hydrogenation in accordance with the process of the invention is found
      in general to proceed with almost complete reaction of the hydrogen so
      that an almost stoichiometric quantity of hydrogen is consumed. The
      progress of the reaction may therefore be acceptably monitored on the
      basis of the amount of hydrogen employed. When the progress of the
      reaction is monitored chromatographically, in the view of the rather rapid
      rate of hydrogenation, the supply of hydrogen to the reaction mixture is
      preferably interrupted temporarily to terminate the reaction when
      chromatographic determinations are being effected.
PAR  After the completion of the reaction, the spent hydrogenation catalyst is
      removed from the resulting aminoanthraquinone solultion, if necessary at
      an elevated temperature to dissolve the aminoanthraquinone, e.g. by
      filtration or by centrifuging. After removal of the spent catalyst, the
      resulting aminoanthraquinone may be removed from the solution, if
      necessary after concentration of the solution and reducing the
      temperature, by crystallization and filtration. Alternatively, and
      especially in the case where substantially pure aminoanthraquinone is
      obtained, the resulting solution may be evaporated to dryness.
PAR  In one mode of effecting the process of the invention, particularly
      suitable for continuous and semicontinuous production of
      aminoanthraquinones, the nitroanthraquinone is dissolved or suspended in
      the inert organic solvent in a mixing and heating chamber and the catalyst
      added. The temperature of the mixture is then raised until the desired
      temperature has been reached. The hot mixture is then passed to a reaction
      chamber where hydrogen is blown therethrough, the reaction being effected
      adiabatically, isothermally or, if necessary, with positive or negative
      temperature adjustment by external heat exchange. After the required
      degree of hydrogenation, computed on the basis of the rate of
      hydrogenation, the reaction mixture then passes to a separating chamber
      where the spent catalyst is removed, e.g. by filtration, under conditions
      avoiding heat loss to maintain the desired aminoanthraquinone in solution.
      The solution is then passed to an evaporating chamber where part or all of
      the solvent is removed. The solvent removed is recovered and recycled.
      Preferably, however, only part of the solvent is removed, and the
      concentrated solution is passed to a crystallisor whereupon, with cooling,
      aminoanthraquinone crystallises and is removed after passage to a
      filtration chamber. The filtrate cake, consisting of wet
      aminoanthraquinone, is passed to an evaporator where it is dried, the
      removed solvent being recovered and recycled. The mother liquor, recovered
      from the filtration is passed to the initial nitroanthraquinone solvent
      mixing chamber to be recycled through the apparatus. In the case where
      overhydrogenation is effected, i.e., in excess of the theoretical amount,
      so that nuclear hydrogenated aminoanthraquinone is obtained, this
      recycling of the mother liquor containing the nuclear hydrogenated
      aminoanthraquinone has the effect of oxidising the nuclear hydrogenated
      aminoanthraquinone by reaction thereof with nitroanthraquinone starting
      material or reduction derivatives thereof of higher oxidation level than
      the nuclear hydrogenated compound. Most economically, overhydrogenation is
      effected to a distinct but low degree.
PAR  Examples of the process of the invention will now be described, in some
      cases, with reference to the accompanying drawing which shows a schematic
      flow diagram of a method of performing the present invention. In the
      following examples, where temperatures are referred to, these are in
      .degree.C, where pressure is indicated in atmospheres, these are technical
      atmospheres and where a ratio of parts by volume to parts by weight is
      given, this is the same as of ml to g. Volumes are measured at STP unless
      otherwise indicated.
PAR  It is understood that where a partial pressure is referred to throughout
      the specification, an excess pressure, i.e., above atmospheric pressure,
      is intended unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  1 Part of crude nitroanthraquinone with a content of 90 percent of
      1-nitroanthraquinone is dissolved by heating in 25 parts of a petroleum
      fraction consisting of a mixture of aromatic hydrocarbons having a boiling
      range of 170.degree.-200.degree.. The solution is treated with 0.1 parts
      of hydrogenation catalyst (1 percent of Pt on active charcoal) and
      submitted to hydrogenation in a vessel, thermostatically stabilized at
      100.degree., with fine hydrogen inlet openings in the bottom. After no
      more 1-nitroanthraquinone can be detected in the reaction solution by
      means of thin layer chromatography, rinsing is effected with nitrogen and
      air is passed through for a brief period. The catalyst is separated off
      and the filtrate cooled down to room temperature, on which
      1-aminoanthraquinone is liberated in the form of easily filtrable
      crystals.
PAR  The mother liquor is now separated and the crystallization product dried at
      120.degree. and 20 mm of Hg, after washing with a small quantity of cold
      benzene. 0.75 Parts of a product containing 93 percent of
      1-aminoanthraquinone are obtained. By concentrating the mother liquor
      another 0.12 parts of a less pure product is obtained.
PAC  EXAMPLE 2
PAR  1 Part of crude nitroanthraquinone with a content of 90 percent of
      1-nitroanthraquinone is dissolved by heating in 9 parts of anisole, the
      solution treated with 0.05 parts of a hydrogenation catalyst (4 percent Pd
      on active charcoal) and submitted to hydrogenation through fine hydrogen
      inlet openings in the bottom of a vessel thermostatically stabilized at
      130.degree.. After no more 1-nitroanthraquinone is detectable in the
      reaction solution by means of thin layer chromatography, rinsing is
      effected with nitrogen and air passed through for a short period. The
      catalyst is separated and the filtrate cooled down to room temperature, on
      which 1-aminoanthraquinone is liberated in the form of easily filtrabale
      crystals. The crystallization product is now separated from the mother
      liquor, washed with a small quantity of cold benzene and dried at
      100.degree. and 20 mm of Hg. 0.82 Parts of a product containing 94 percent
      of 1-aminoanthraquinone are obtained. By concentration of the mother
      liquor another 0.05 parts of a less pure product is obtained.
PAC  EXAMPLE 3
PAR  1 Part of crude nitroanthraquinone with a content of 90 percent of
      1-nitroanthraquinone is dissolved by heating in 9 parts of the mother
      liquor obtained in Example 2, the solution treated with 0.05 parts of
      hydrogenation catalyst (4 percent of Pd on active charcoal) and submitted
      to hydrogenation through fine hydrogen inlet openings in the bottom of a
      vessel thermostatically kept at 130.degree.. After no more
      1-nitroanthraquinone is detectable in the reaction solution by means of
      thin layer chromatography, rinsing is effected with nitrogen and air
      passed through for a short period. The catalyst is separated and the
      filtrate cooled down to room temperature, on which 1-aminoanthraquinone is
      liberated in the form of easily filtrable crystals. The crystallization
      product is now separated from the mother liquor, washed with a small
      quantity of cold benzene and dried at 100.degree. and 20 mm of Hg. 0.83
      Parts of a product containing 94 percent of 1-aminoanthraquinone are
      obtained. By concentrating the mother liquor another 0.08 parts of less
      pure product is obtained.
PAC  EXAMPLE 4
PAR  1 Part of crude nitroanthraquinone with a content of 90 percent of
      1-nitroanthraquinone, 9 parts of phenetol and 0.33 parts of hydrogenation
      catalyst (2,4 percent Pd on Al.sub.2 O.sub.3) are heated in an autoclave
      with a stroke agitator, to 130.degree.. While heating, rinsing is effected
      with nitrogen which is followed by hydrogen when the final temperature has
      been reached. The stroke agitator is then activated and hydrogenation
      effected for 35 minutes at a pressure of 3 atm., upon which the hydrogen
      is followed by nitrogen, and afterwards by air at 5 atm. The agitator is
      run for 15 minutes. The catalyst is separated and the filtrate cooled down
      to room temperature on which 1-aminoanthraquinone precipitates in easily
      filtrable crystals. The crystallization product is separated, washed with
      a small quantity of cold benzene and dried at 100.degree. and 20 mm of Hg.
      0.775 Parts of a product containing 92 percent of 1-aminoanthraquinone are
      obtained. By concentrating the mother liquor another 0.09 parts of a less
      pure product are obtained.
PAC  EXAMPLE 5
PAR  1 Part of crude nitroanthraquinone obtained by nitration of anthraquinone
      and composed of 90.0 percent of 1-nitroanthraquinone, 0.5 percent of
      2-nitroanthraquinone, 1.0 percent of anthraquinone and 8.0 percent of
      dinitroanthraquinone, 12 parts of ethyl benzoate and 0.01 parts of
      catalyst (5 percent of Pd on active charcoal) are heated to 130.degree. in
      an autoclave with a capacity of 26.7 parts by volume, and equipped with a
      stroke agitator. While heating is effected, rinsing is done with nitrogen
      followed by hydrogen when the temperature of 130.degree. is reacted so
      that the total pressure attains 6.0 kp per cm.sup.2. The agitator is now
      run and hydrogenation effected at the above-mentioned pressure until an
      amount of hydrogen of 280 parts by volume is taken up. The hydrogen is
      then followed by nitrogen and the catalyst separated, the filtrate cooled
      down to room temperature, by which 1-aminoanthraquinone is liberated in
      the form of easily filtrable crystals. The crystallization product is
      separated, washed with a small quantity of cold benzene and dried at
      100.degree. and 20 mm of Hg. 0.74 Parts of a product containing 92.0
      percent of 1-aminoanthraquinone, which corresponds to a yield of 85.9
      percent of theory. By concentrating the mother liquor, a further 0.13
      percent of a product containing 75 percent of 1-aminoanthraquinone is
      obtained.
PAC  EXAMPLE 6
PAR  1 Part of crude nitroanthraquinone obtained by nitration of anthraquinone
      and composed of 90 percent of 1-nitroanthraquinone. 0.5 percent of
      2-nitroanthraquinone, 1.0 percent of anthraquinone and 8.0 percent of
      dinitroanthraquinone, 24 parts chlorobenzene and 0.01 parts of catalyst (5
      percent of Pd on active charcoal) are heated to 120.degree. in an
      autoclave with a total capacity of 25 parts by volume and equipped with a
      stroke agitator. While heating, rinsing is effected with nitrogen and on
      reaching the reaction temperature, hydrogen is passed through such that
      the total pressure is 6.0 kp per cm.sup.2. The agitator is activated and
      hydrogenation conducted at the above-mentioned pressure until an amount of
      hydrogen corresponding to 275 parts by volume is taken up. Then the
      hydrogen is followed by nitrogen and the catalyst separated. The filtrate
      is cooled down to room temperature, where 1-aminoanthraquinone is
      liberated in the form of easily filtrable crystals. The crystallization
      product is separated, washed with a small quantity of cold benzene and
      dried at 100.degree. and 20 mm of Hg. 0.08 Parts of a product containing
      93.0 percent of 1-aminoanthraquinone are obtained, which corresponds to a
      yield of 93.8 percent of theory. By concentrating the mother liquor, a
      further 0.06 percent of a product containing 62 percent of
      1-aminoanthraquinone is obtained.
PAC  EXAMPLE 7
PAR  1 Part of nitroanthraquinone with a content of 97.0 percent of
      1-nitroanthraquinone, 9 parts of anisole and 0.005 parts of catalyst (10
      percent Pd on active charcoal) are heated to 130.degree. in an autoclave
      with a capacity of 20 parts by volume and equipped with a rotary agitator.
      While heating, rinsing with nitrogen is effected and, on reaching the
      reaction temperature, hydrogen is passed through to provide a total
      pressure of 6.0 kp per cm.sup.2, at which the agitator is activated and
      hydrogenation effected until an amount of hydrogen corresponding to 264
      parts by volume is taken up. The hydrogen is now followed by nitrogen and
      the catalyst separated, the filtrate cooled down to room temperature, when
      1-aminoanthraquinone is formed in easily filtrable crystals. The
      crystallization product is separated, washed with a small quantity of cold
      benzene and dried at 100.degree. and 20 mm of Hg. 0.83 Parts of a product
      containing 98.0 percent of 1-aminoanthraquinone are obtained, which
      corresponds to a yield of 95.1 percent of the theory. By concentrating the
      mother liquor, a further 0.05 parts of a product containing 71 percent of
      1-aminoanthraquinone is obtained.
PAC  EXAMPLE 8
PAR  1 Part of nitroanthraquinone containing 97.0 percent by weight of
      1-nitroanthraquinone, 7 parts of monoethyl ether of diethylene glycol and
      0.007 parts of catalyst (10 percent of Pd on active charcoal) are heated
      to 130.degree. in an autoclave with a capacity of 16.7 parts by volume and
      equipped with a stroke agitator. While heating, rinsing with nitrogen is
      effected and, on reaching the reaction temperature, hydrogen is passed
      through at a partial pressure sufficient to attain a total pressure of 6.0
      kp per cm.sup.2, at which point the agitator is activated and
      hydrogenation conducted at the above-mentioned pressure until an amount of
      hydrogen corresponding to 266 parts by volume is taken up. The hydrogen is
      then followed by nitrogen and the catalyst separated, the filtrate
      evaporated and dried at 120.degree. and 10 mm of Hg. 0.87 Parts of a
      product containing 97.0 percent of 1-aminoanthraquinone are obtained. This
      corresponds to yield of 98.8 percent of the theory.
PAC  EXAMPLE 9
PAR  With reference to the drawing, 26 parts of pure 1-nitroanthraquinone, 238
      parts of anisole and 0.026 parts of a palladium/charcoal catalyst (5
      percent Pd on active charcoal) are mixed with heating in a mixer a until
      the temperature rises to 110.degree. and the 1-nitroanthraquinone is
      completely dissolved. The mixture is then fed via a pipeline b to a
      reactor c where hydrogenation is effected by blowing hydrogen through the
      solution at a partial pressure of 5 atmospheres, the reaction temperature
      increasing to, and being maintained at, 150.degree.. Hydrogenation is
      effected until 4 percent overhydrogenation of the resulting
      aminoanthraquinone occurs, being determined by the amount of hydrogen
      consumed. After the reaction has been terminated by interruption of the
      hydrogen supply, the reaction mixture passes to a separator d where the
      spent catalyst is separated off by filtration of the warm reaction
      mixture. The filtrate is led to an evaporator/crystallisor e where the
      anisole is partly distilled off to concentrate the solution. 183 Parts of
      anisole are removed in this way and recovered for recycling. At this stage
      1-aminoanthraquinone precipitates out. The precipitation increases with
      cooling. After precipitation the mixture is passed to a separator f and
      the 1-aminoanthraquinone is filtered off yielding a wet filtration cake
      and leaving 55 parts of mother liquor. The wet filtration cake is
      transported to an evaporator g.
PAR  The yield of the resulting dry and pure 1-aminoanthraquinone is 96 percent
      of theory.
PAR  With regard to the second cycle of operation, the solvent recovered from
      the evaporator g is led off via pipeline 7 and combined with solvent
      recovered from the evaporator/crystalliser which is led along pipeline 5,
      the combined solvent recovered being fed along pipelines 8 and 3 to the
      mixer a, the recovered solvent, fed to the mixer, being replenished as
      necessary via a top-up inlet 9. In a mixer a, the recovered solvent,
      replenished as necessary, serves as solvent for a new charge of
      1-nitroanthraquinone. After addition of a new charge of catalyst, mixing
      and heating, in analogous manner to that described above in relation to
      the first cycle, are effected and the mixture then passes to the reactor c
      via pipeline b. The 55 parts of mother liquor obtained by filtration of
      the precipitate in the separator f is recycled via pipeline 6 with an
      inlet to pipeline b. The recycled mother liquor contains overhydrogenated
      1-aminoanthraquinone. In this manner, the overhydrogenated product passes
      with the new charge of reactants, to the reactor and the cycle is
      repeated. In this manner, the process may be effected continuously.
PAR  When effecting the process in the continuous manner, as described above, an
      overall yield of between 99 and 100 percent of 1-aminoanthraquinone is
      obtained.
PAC  EXAMPLE 10
PAR  Proceeding in analogous manner to that described in Example 9, and
      employing a 6 percent overhydrogenation rate of the aminoanthraquinone,
      138 parts of anisole are distilled off in the evaporator/crystalliser e
      and 100 parts of mother liquor is obtained in the separator f which is
      recycled.
PAR  The yield on the first cycle amounts to 94 percent of theory and on
      recyclisation, to between 99 and 100 percent of theory.
PAC  EXAMPLE 11
PAR  300 Parts by weight of anisole are mixed with 27 parts of (97 percent)
      1-nitroanthraquinone and 0.2 parts by weight of a palladium/charcoal
      catalyst (5 percent of Pd on active charcoal) and heated to 130.degree. in
      an autoclave. At this temperature, hydrogen is blown through until the
      rate of up-take of the hydrogen has fallen to 10 percent of the original
      value. At this stage, about 2 percent of overhydrogenated product is
      present (ascertained by TLC). After interruption of the hydrogen supply,
      at 130.degree., 0.4 parts by weight of 1-hydroxylaminoanthraquinone are
      added and stirring is effected for 30 minutes. The catalyst is separated
      off at the upper temperature, the filtrate is concentrated and cooled and
      the 1-aminoanthraquinone is filtered off. No nuclear hydrogenated
      1-aminoanthraquinone is present in the mother liquor. 23 Parts of 97
      percent pure 1-aminoanthraquinone is obtained.
PAC  EXAMPLE 12
PAR  The procedure is analogous to that described in Example 11, using:
TBL  25     parts of anisole                                                   

     5      parts of 1,5-dinitroanthraquinone (95% purity),                    

            and                                                                

     0.1    parts of catalyst (5% of Pd on active charcoal),                   

            operating at 130.degree., 10 atm. and for a period of              

            hydrogenation of 120 minutes.                                      

     Yield: 3.9 parts of 1,5-diaminothraquinone at 94% of                      

            purity.                                                            

PAC  EXAMPLE 13
PAR  The procedure is analogous to that described in Example 11 using:
TBL  250    Parts of anisole                                                   

     13     Parts of 1,8-dinitroanthraquinone (96% purity)                     

            and                                                                

     0.13   parts of catalyst (5% of Pd on active charcoal),                   

            operating at 130.degree., 10 atm. and for a time of                

            hydrogenation of 10 minutes.                                       

     Yield:                                                                    

     10     parts of 1,8-diaminoanthraquinone (96% purity).                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing an aminoanthraquinone or a diaminoanthraquinone
      or mixtures thereof from a nitroanthraquinone selected from the group
      consisting of 1-nitroanthraquinone, 2-nitroanthraquinone,
      1,2-dinitroanthraquinone, 1,6-dinitroanthraquinone,
      1,7-dinitroanthraquinone, 1,8-dinitroanthraquinone,
      1,5-dinitroanthraquinone, 2,7-dinitroanthraquinone,
      2,6-dinitroanthraquinone, and mixtures thereof, comprising the steps of:
      1) dissolving said nitroanthraquinone in an inert organic solvent selected
      from the group consisting of a liquid substituted or unsubstituted
      aromatic hydrocarbon, a liquid ether and a liquid carboxylic acid ester,
      the weight ratio of solvent to nitroanthraquinone being between 100:1 and
      1:2, 2) adding to said mixture, based on the weight of nitroanthraquinone,
      between 0.05 percent and 10 percent of a metal hydrogenation catalyst
      selected from the group consisting of noble metal and Raney nickel; 3)
      heating the resultant mixture to an upper temperature of between
      50.degree. and 200.degree.C.; 4) hydrogenating the resultant heated
      mixture with molecular hydrogen at a partial pressure between 0.5 and 15
      atmospheres, while maintaining said upper temperature; 5) separating the
      undissolved spent catalyst at said upper temperature from the reaction
      mixture containing dissolved aminoanthraquinone; 6) cooling the reaction
      mixture to a lower temperature to precipitate the aminoanthraquinone, said
      lower temperature being between 40.degree. and 150.degree.C. below the
      upper temperature; and 7) recovering the precipitated aminoanthraquinone,
      said process characterized in that the inert solvent is such that the
      resulting aminoanthraquinone is soluble therein at an upper temperature
      and insoluble therein at a lower temperature, the catalyst being removed
      at the upper temperature.
NUM  2.
PAR  2. The process of claim 1 wherein said nitroanthraquinone is selected from
      the group consisting of 1-nitroanthraquinone, 2-nitroanthraquinone, or a
      mixture thereof.
NUM  3.
PAR  3. The process of claim 1 wherein said nitroanthraquinone is selected from
      the group consisting of 1,2-dinitroanthraquinone,
      1,5-dinitroanthraquinone, 1,6-dinitroanthraquinone,
      1,7-dinitroanthraquinone, 1,8-dinitroanthraquinone,
      2,6-dinitroanthraquinone, 2,7-dinitroanthraquinone, or a mixture thereof.
NUM  4.
PAR  4. The process of claim 1 wherein said nitroanthraquinone comprises a
      mixture of mononitroanthraquinone and dinitroanthraquinone.
NUM  5.
PAR  5. The process of claim 2, wherein a single compound or a mixture in which
      a single compound predominates is used.
NUM  6.
PAR  6. The process of claim 5, wherein 1-nitroanthraquinone is used and
      predominates to at least 85 percent by weight.
NUM  7.
PAR  7. The process of claim 1, wherein the inert organic solvent is a liquid
      substituted or unsubstituted aromatic hydrocarbon.
NUM  8.
PAR  8. The process of claim 7, wherein the inert organic solvent is an aromatic
      hydrocarbon petroleum fraction.
NUM  9.
PAR  9. The process of claim 8, wherein the aromatic hydrocarbon petroleum
      fraction has a boiling range of 170.degree.-200.degree.C.
NUM  10.
PAR  10. The process of claim 1, wherein the inert organic solvent is a liquid
      ether.
NUM  11.
PAR  11. The process of claim 10, wherein the liquid ether is an aryl-alkyl
      ether.
NUM  12.
PAR  12. The process of claim 11, wherein the aryl-alkyl ether is anisole,
      phenetol, hydroquinone dimethyl ether or resorcinol dimethyl ether.
NUM  13.
PAR  13. The process of claim 10, wherein the ether is an aliphatic ether.
NUM  14.
PAR  14. The process of claim 13, wherein the aliphatic ether is a glycol ether.
NUM  15.
PAR  15. The process of claim 14, wherein the glycol ether is monoethyl
      diethylene glycol.
NUM  16.
PAR  16. The process of claim 1, wherein the inert organic solvent is a liquid
      carboxylic acid ester.
NUM  17.
PAR  17. The process of claim 16, wherein the liquid carboxylic acid ester is
      ethyl benzoate.
NUM  18.
PAR  18. The process of claim 1, wherein the hydrogenation catalyst comprises a
      noble metal catalyst.
NUM  19.
PAR  19. The process of claim 18, wherein the noble metal catalyst is platinum
      or palladium.
NUM  20.
PAR  20. The process of claim 19, wherein the catalyst is palladium on a carrier
      of active charcoal.
NUM  21.
PAR  21. The process of claim 1, wherein the hydrogenation is effected at a
      temperature of between 80.degree. and 160.degree.C.
NUM  22.
PAR  22. The process of claim 1, wherein said ratio is between 20:1 to 1:1.
NUM  23.
PAR  23. The process of claim 1, wherein the amount of catalyst employed is
      between 0.1 and 5 percent of the weight of the nitroanthraquinone.
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ABST
PAL  A simple process for preparing anthraquinone in good yield from anthracene
      is described, which process comprises oxidising anthracene by means of
      oxygen or an oxygen-containing gas in the liquid phase, in an inert
      organic diluent, in the presence of a halogen-copper bond free copper
      derivative.
BSUM
PAR  The present invention relates to a process for the preparation of
      anthraquinone by oxidation of anthracene by means of oxygen or a gas
      containing it.
PAR  Anthraquinone is a compound of great industrial value, particularly in the
      manufacture of dyestuffs. Various processes have been proposed for the
      preparation of anthraquinone, especially from phthalic anhydride
      (condensation with benzene in the presence of anhydrous aluminium chloride
      to yield benzoylbenzoic acid which is converted to anthraquinone with
      sulphuric acid). It has also been proposed to oxidise anthracene to
      anthraquinone in the liquid phase by means of an oxidising agent such as
      nitric acid or a dichromate, or in the vapour phase by means of oxygen or
      air in the presence of a catalyst such as vanadium pentoxide. These
      various processes are not completely satisfactory either because of the
      reagents employed or because of the reaction conditions, it is clearly
      important to have available a simple process for the oxidation of
      anthracene by means of oxygen or a gas containing it, in the liquid phase.
      During an investigation into the halogenation of aromatic compounds,
      especially phenols and amines, by means of cupric chloride in the presence
      of oxygen and hydrochloric acid in 1,5-dimethoxy-3-oxa-pentane (diglyme),
      H. P. CROCKER and R. WALSER (J. Chem. Soc. 1970, 1982-1986) mentioned the
      formation of anthraquinone from anthracene, but it was found that under
      these conditions the halogenation reaction leads predominantly to the
      formation of 9-chloroanthracene which deprives such a process of any value
      as an industrial method for the preparation of anthraquinone.
PAR  According to the present invention there is provided a process for the
      preparation of anthraquinone by oxidation of anthracene by means of oxygen
      or a gas containing it in an inert organic diluent in the presence of a
      copper derivative which does not contain any halogen bonded directly to
      the metal.
PAR  Suitable diluents for use in the process of this invention include linear
      or branched saturated aliphatic alcohols containing 1 to 10 carbon atoms,
      and compounds of the general formula:
      ##EQU1##
      IN WHICH R.sub.1 and R.sub.2, which may be identical or different, denote
      a hydrogen atom or a linear or branched alkyl radical containing 1 to 5
      carbon atoms, R' denotes a linear or branched alkylene radical containing
      up to 10 carbon atoms, and n is an integer from 1 to 3.
PAR  More specifically, R.sub.1 and R.sub.2 can be, for example, a methyl, ethyl
      or propyl radical and R' can be, for example, an ethylene, propylene,
      tetramethylene, pentamethylene, hexamethylene or octamethylene radical.
PAR  Specific examples of diluents which may be used include methanol, ethanol,
      propanol, isopropanol, 1-butanol, isoamyl alcohol, tertiary amyl alcohol,
      n-pentanol, 1-hexanol, the octanols, ethylene glycol, 2-methoxy-ethanol,
      1,2-dimethoxy-ethane, propane-1,2-diol, propane-1,3-diol,
      3-methoxy-2-propanol, 1,3-dimethoxy-propane, 2-methyl-propane-1,3-diol,
      2,2-dimethyl-propane-1,3-diol, butane-1,4-diol, butane-2,3-diol,
      pentane-1,5-diol, hexane-1,6-diol, diethylene glycol, triethylene glycol,
      dipropylene glycol, tripropylene glycol and 1,5-dimethoxy-3-oxa-pentane.
      Amongst these, the non-condensed glycols are preferred, especially
      ethylene glycol.
PAR  It is, of course, possible to use a mixture of organic diluents; it is also
      possible for the reaction mixture to contain water.
PAR  The copper derivatives used to oxidise anthracene to anthraquinone are
      preferably cupric derivatives of copper, although cuprous derivatives of
      copper which can be oxidised to cupric derivatives under the reaction
      conditions can also be employed. Amongst the cupric derivatives which are
      suitable for carrying out the process, there may be mentioned: salts of
      inorganic acids such as cupric sulphate; cupric nitrate; cupric
      phosphates; copper borates; cupric cyanide, copper cuprocyanide; and salts
      of aliphatic, cycloaliphatic or aromatic carboxylic acids such as cupric
      formate and cupric acetate; basic cupric acetates; cupric propionate,
      cupric butyrate, cupric caproate, cupric octoate, cupric resinate, cupric
      naphthenate, cupric benzoate and cupric salycilate.
PAR  In addition to the copper derivatives mentioned above, use can also be made
      of chelates or complexes of cupric copper with electron pair donor
      compounds such as heterocyclic bases which are optionally substituted by
      functional groups; such as pyridine; dipyridyl; piperidine; quinoline;
      isoquinoline; phenanthroline; and 8-hydroxyquinoline; phenols, phosphines;
      arsines and stibines.
PAR  Amongst the compounds mentioned above, the copper salts of non-halogenated
      inorganic acids and carboxylic acids are preferably used. Cupric sulphate
      is especially suitable.
PAR  It has also been found that it is advantageous to carry out the reaction in
      the presence of one or more iron halides, aluminium halides and halides of
      elements from Group 3A, 4A and 5A of the Periodic Table of the elements as
      given in "Handbook of Chemistry and Physics", 45th edition, 1964, page
      B-2, which exert an accelerating effect on the rate of oxidation. These
      compounds will hereafter be called "activators". Amongst the halides of
      elements from Groups 3A, 4A and 5A, there may be mentioned boron
      trifluoride, antimony pentachloride, antimony trichloride, antimony
      tribromide, antimony trifluoride and pentafluoride, antimony pentaiodide,
      arsenic tribromide, arsenic trichloride, arsenic trifluoride, and bismuth
      trichloride and tetrachloride. Amongst these various compounds, the
      antimony derivatives and especially antimony pentachloride are
      particularly suitable.
PAR  It has also been found that inorganic acids with a pK in water of less than
      2 (with the exception of hydrochloric acid), such as sulphuric, nitric,
      pyrophosphoric or hydrobromic acids, also exert an activating effect on
      the reaction.
PAR  The quantity of copper derivatives, expressed in gram atoms of copper per
      mol of anthracene, can vary within wide limits. It is suitably at least 1
      .times. 10.sup.-.sup.5 gram atom of copper per mol of anthracene. In
      general, there is no need to introduce more than 2 gram atoms of copper
      per mol of anthracene, although this limit can be exceeded.
PAR  The quantity of activator can also vary within wide limits, depending on
      the nature of the compound used. In general, quantities of from 1 .times.
      10.sup.-.sup.5 mol to 2 mols per mol of anthracene are quite suitable.
      However, the latter limit can be exceeded without disadvantage.
PAR  The temperature at which the reaction is carried out is suitably from
      20.degree. to 200.degree.C. A temperature of from 20.degree. to
      180.degree.C is generally quite suitable. The oxidation is suitably
      carried out under a partial oxygen pressure of 0.1 to 20 bars. When the
      diluent or the activator such as boron trifluoride, arsenic trifluoride or
      arsenic pentafluoride is gaseous at the chosen temperature, it is
      preferable to work under a sufficient pressure to maintain them in the
      liquid state in the reaction medium.
PAR  In addition to oxygen, it is possible to use mixtures of oxygen with inert
      gases such as nitrogen, as the oxidising gas. Typically air, optionally
      enriched with oxygen, is used.
PAR  The process according to the present invention is particularly simple to
      effect on a technical scale and can be carried out continuously.
DETD
PAR  The following Examples further illustrate the present invention.
PAC  EXAMPLE 1
PAR  7.12 g of anthracene (4 .times. 10.sup.-.sup.2 mol), 0.937 g. of anhydrous
      CuSO.sub.4 (6 .times. 10.sup.-.sup.3 mol) and 120 cm.sup.3 of ethylene
      glycol are introduced into a 250 cm.sup.3 flask equipped with a reflux
      condenser, a thermometer, a dip tube for supplying gas, a stirring system
      and a thermoregulated heating device; then the contents of the flask are
      heated to 140.degree.C with stirring and a stream of oxygen is supplied at
      a rate of 4 1/hour under normal conditions of pressure and temperature.
      These conditions are maintained for 8 hours and then the contents of the
      flask are cooled to 20.degree.C and poured into a sufficient quantity of
      water to bring the total volume to 1 liter, which brings about the
      precipitation of the dissolved anthracene. The mixture is left to stand at
      ambient temperature for 12 hours and is then filtered through sintered
      glass. The precipitate obtained is dried to constant weight over P.sub.2
      O.sub.5. In this way, 7.91 g. of a product are collected, in which 5.15 g
      of anthracene (degree of conversion 27.5%) and 2.2 g of anthraquinone
      (corresponding to a yield of 96.5% relative to the converted anthracene)
      are measured by chromatography on alumina.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is followed, but in the presence of 0.2 cm.sup.3
      of SbCl.sub.5 (corresponding to 0.15 .times. 10.sup.-.sup.2 mol). At the
      end of the reaction, 7.75 g. of a product are isolated, in which 3.92 g.
      of anthracene (degree of conversion 45%) and 3.67 g. of anthraquinone
      (corresponding to a yield of 98% relative to the converted anthracene) are
      measured.
PAC  EXAMPLE 3
PAR  The procedure of Example 2 is followed, replacing the cupric sulphate by
      0.735 g. of anhydrous cupric acetate (corresponding to 6 .times.
      10.sup.-.sup.3 mol). At the end of the reaction, 8.01 g. of a product are
      isolated, in which 2.02 g. of anthracene (corresponding to a degree of
      conversion of 71.4%) and 5.8 g. of anthraquinone (corresponding to a yield
      of 95.5% relative to the converted anthracene) are measured.
PAC  EXAMPLE 4
PAR  7.12 g. of anthracene, 0.957 g. of CuSO.sub.4 and 120 cm.sup.3 of ethylene
      glycol are introduced into a 250 cm.sup.3 autoclave made of stainless
      steel lined with tantalum, and then the autoclave is closed and air is
      introduced into it to a pressure of 30 bars. The contents of the apparatus
      are then heated at 140.degree.C for 5 hours 25 minutes. After cooling to
      20.degree.C, the reaction mixture is treated as in Example 1. 7.43 g. of a
      product containing anthracene (44.5% of the quantity introduced) and
      anthraquinone representing 51.2% of the anthracene introduced are
      collected. The yield of anthraquinone is 93% relative to the converted
      anthracene.
PAC  EXAMPLE 5
PAR  The procedure of Example 4 is followed, but 0.2 cm.sup.3 of SbCl.sub.5 is
      also introduced. At the end of the reaction, 7.89 g. of a product
      containing 23.6% of the anthracene introduced and anthraquinone
      representing 74.5% of the anthracene introduced are recovered. The yield
      of anthraquinone relative to the converted anthracene is 97.5%.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the preparation of anthraquinone which comprises
      oxidising anthracene by means of oxygen or an oxygen-containing gas in the
      liquid phase, in an inert organic diluent, in the presence of a copper
      salt, the improvement wherein the copper salt is a halogen-copper bond
      free copper salt of an inorganic or carboxylic acid and the organic
      diluent is a compound of the general formula:
      ##EQU2##
      in which R.sub.1 and R.sub.2 denote a hydrogen atom, R' denotes a linear
      or branched alkylene radical containing up to 10 carbon atoms, and n is an
      integer from 1 to 3.
NUM  2.
PAR  2. Process according to claim 1 in which the copper derivative is cupric
      sulphate.
NUM  3.
PAR  3. Process according to claim 1 in which the copper derivative is cupric
      acetate.
NUM  4.
PAR  4. Process according to claim 1, in which the diluent is ethylene glycol.
NUM  5.
PAR  5. Process according to claim 1 in which the reaction is carried out at a
      temperature from 20.degree. to 200.degree.C with an oxygen partial
      pressure from 0.1 to 20 bars.
NUM  6.
PAR  6. Process according to claim 1 in which the copper derivative is present
      in an amount of at least 1 .times. 10.sup.-.sup.5 gram atom of copper per
      mol of anthracene.
NUM  7.
PAR  7. Process according to claim 1 in which anthracene is oxidised in ethylene
      glycol in the presence of cupric sulphate and antimony pentachloride.
NUM  8.
PAR  8. Process according to claim 1 which is carried out in the presence of at
      least one activator which is an iron halide, an aluminum halide, boron
      trifluoride, an antimony halide, an arsenic halide and a bismuth halide,
      or an inorganic acid with a pK in water of less than 2 other than
      hydrochloric acid.
NUM  9.
PAR  9. Process according to claim 8, in which the activator is antimony
      pentachloride.
NUM  10.
PAR  10. Process according to claim 8 in which the activator is present in an
      amount of at least 1 .times. 10.sup.-.sup.5 mol per mol of anthracene.
NUM  11.
PAR  11. Process according to claim 1 in which n is 1.
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PAL  5-Nitro-1,4-naphthoquinone is prepared by reducing
      8-nitro-1,4-naphthoquinone-1-oxime and/or
      5-nitro-1,4-naphthoquinone-1-oxime in an aqueous and/or organic reaction
      medium in the presence of iron (II) ions and a hydrogen halide at a
      temperature in the range of from -20.degree. to 100.degree.C, and
      thereafter oxidizing the 8- and and/or 5-nitro-4-amino-1-naphthol formed,
      or the corresponding salt, optionally without intermediate isolation, at a
      temperature in the range of from -10.degree. to 100.degree.C to form the
      desired 5-nitro-1,4-naphthoquinone.
BSUM
PAR  This invention relates to a particularly advantageous process for the
      production of 5-nitro-1,4-naphthoquinone from
      8-nitro-1,4-naphthoquinone-1-oxime and/or
      5-nitro-1,4-naphthoquinone-1-oxime.
PAR  The selective reduction of 8-nitro-1,4-naphthoquinone-1-oxime into
      5-nitro-4-amino-1-naphthol is already known (Zh. Vses. Khim. Obshch. 5
      (1969), pages 474 to 475). The selective reducing agent used for this
      reaction is phenyl hydrazine which can only be obtained by a multistage
      process and which, in addition, is toxic. Furthermore, the presence of
      phenyl hydrazine gives rise to the formation of secondary products which
      necessitate extensive purification. Accordingly, the known process is not
      suitable for working on an industrial scale.
PAR  It has now been found that 5-nitro-1,4-naphthoquinone can be obtained by a
      particularly advantageous process in which
      8-nitro-1,4-naphthoquinone-1-oxime and/or
      5-nitro-1,4-naphthoquinone-1-oxime is/are reduced in an aqueous and/or
      organic reaction medium in the presence of iron (II) ions and hydrogen
      halide at temperatures in the range of from -20.degree.C to +100.degree.C,
      and the resulting 8- and/or 5-nitro-4-amino-1-naphthol and the
      corresponding salt are oxidized, optionally without intermediate
      isolation, at temperatures in the range of from -10.degree. to
      +100.degree.C to form the 5-nitro-1,4-naphthoquinone.
PAR  The reduction in the presence of iron (II) ions and hydrogen halide is
      preferably carried out at temperatures in the range of from -5.degree. to
      70.degree.C, more especially at temperatures in the range of from
      10.degree. to 45.degree.C. Oxidation is preferably carried out at
      temperatures in the range of from 20.degree. to 80.degree.C and more
      especially at temperatures in the range of from 40.degree. to 60.degree.C.
PAR  8- and 5-Nitronaphthoquinone oxime are known (Friedlander, Vol.4, pages 342
      to 344; C. Graebe, A. Oser, Ann.335 (1904), pages 143 et seq; Zh. Vses.
      Khim. Obshch. 5 (1969), pages 474 to 475).
PAR  In the context of the invention, 8- and 5-nitronaphthoquinone oxime are
      8-nitro-1,4-naphthoquinone-1-oxime and 5-nitro-1,4-naphthoquinone-1-oxime
      and their tautomeric forms, 5-nitro-4-nitroso-1-naphthol and
      8-nitro-4-nitroso-1-naphthol, and also a mixture of the tautomeric forms.
PAR  The process according to the invention is illustrated by the following
      example:
      ##SPC1##
PAR  Reduction into 8- and/or 5-nitro-4-amino-1-naphthol requires 4 reduction
      equivalents which, in the process according to the invention, can be
      completely supplied by iron (II) ions. The iron (II) ions are added in the
      form of iron (II) salts, such as FeCl.sub.2, FeCl.sub.2.4H.sub.2 O and
      FeSO.sub.4.7H.sub.2 O.
PAR  However, the iron (II) ions or salts can also be partly replaced by
      reducing agents which, under the conditions applied in the process
      according to the invention, reduce iron (III) ions into iron (II) ions.
      Reducing agents of this kind are, for example, base metals such as iron,
      zinc or tin; non-metallic reducing agents such as sulphur dioxide and
      phosphorus in the presence of catalytic quantities of hydrogen iodide; and
      metal ions of the kind whose reduction potential is greater than that of
      the iron (II)) ions, such as tin (II) ions.
PAR  Where reference is made both in the foregoing and hereinafter to ions, it
      is obvious that these ions do not exist alone, but require an oppositely
      charged ion which does not have to be of any particular type. Preferred
      oppositely charged ions are halogen and, in particular, chlorine ions.
PAR  From 0.01 to about 6 mols and preferably from 1 to 4.4 mols of iron (II)
      ions or salts are generally used per mol of
      8-nitro-1,4-naphthoquinone-1-oxime and/or
      5-nitro-1,4-naphthoquinone-1-oxime in the process according to the
      invention.
PAR  In cases where only iron (II) ions or salts are used as reducing agents in
      the process according to the invention, it is necessary to use at least
      the stoichiometrically necessary quantity of 4 mols per mol of
      8-nitro-and/or 5-nitro-1,4-naphthoquinone-1-oxime. Where other reducing
      agents are used as well, the quantity of iron (II) ions can be reduced to
      catalytic quantities, generally to 0.01 and more especially to 2 mols of
      iron (II) ions per mol of compound to be reduced. Where other strong
      reducing agents are used, such as iron, zinc, tin or tin (II) ions, they
      may be employed in a quantity of up to 4 reduction equivalents and
      preferably in a quantity of up to 2 reduction equivalents per mol of
      starting compound to be reduced. For example, it is possible to employ two
      equivalents of a strong reducing agent and 2 mols of iron (II) ions or
      salts.
PAR  In cases where iron (II) ions alone are used or where iron (II) ions are
      employed together with other, weak reducing agents, such as sulphur oxide
      and phosphorus in the presence of catalytic quantities of hydrogen iodide,
      an excess beyond the stoichiometrically necessary quantity of reducing
      agent may be employed without any disadvantages. This excess may amount to
      200 percent by weight and, more especially to 20 percent by weight of the
      necessary quantity.
PAR  In general, the hydrogen halide is used in at least the stoichiometrically
      necessary quantity of 5 mol per mol of starting compound to be reduced.
      However, it can be advantageous to use an excess of up to 20 mols of
      hydrogen halide. It is possible, but not necessary, to use an even larger
      excess of hydrogen halide.
PAR  Some of the stoichiometrically necessary hydrogen halide may be replaced
      with advantage by other strong, non-oxidizing mineral acids, for example
      sulphuric acid or phosphoric acid. In the complete absence of halogen
      ions, reduction is very slow, so that very low conversions, if any, are
      obtained (cf. Comparison Example 24).
PAR  Suitable hydrogen halides include hydrogen fluoride, hydrogen chloride and
      hydrogen bromide. Hydrogen chloride is preferably used.
PAR  The process according to the invention can be carried out both in a pure
      aqueous reaction medium and also in an organic reaction medium.
PAR  Preferred aqueous reaction media are aqueous mineral acids, for example
      sulphuric acid (more especially 35 to 70 percent by weight sulphuric
      acid), hydrochloric acid (more especially 20 to 42 percent by weight
      hydrochloric acid), hydrobromic acid (more especially 20 to 48 percent by
      weight hydrobromic acid) and phosphoric acid (more especially 40 to 90
      percent by weight phosphoric acid).
PAR  Organic solvents or solutions and/or mixtures of organic solvents and water
      and, optionally, aqueous acids, may be used with advantage as organic
      reaction media.
PAR  Of the organic solvents, it is particularly preferred to use aliphatic
      carboxylic acids such as formic acid, acetic acid and propionic acid. It
      is also possible to use nitriles such as acetonitrile and propionitrile;
      ketones such as acetone and methyl ethyl ketone; alcohols such as
      methanol, ethanol, isopropanol, butanols, ethylene glycol and propylene
      glycol; ethers such as diethyl ether, tetrahydrofuran, dioxan, ethylene
      glycol monoalkyl ether and ethylene glycol dialkyl ether (alkyl C.sub.1 --
      C.sub.4); carboxylic acid esters such as acetic acid ethyl ester or acetic
      acid butyl ester; lactones, such as .gamma.-butyrolactone; and sulphones
      such as sulpholan. Finally, it is also possible to use carboxylic acid
      amides such as dimethyl formamide, N-methyl pyrrolidone and pyrrolidone.
PAR  In general, the process according to the invention is carried out as
      follows: 8- and/or 5-nitronaphthoquinone-1-oxime are dissolved or
      suspended in the selected reaction medium. The iron (II) salt is then
      added either as such or in solution and the reaction is carried out at the
      selected reaction temperature by the addition of hydrogen halide in the
      form of a gas or in the form of aqueous hydrohalic acid. In cases where
      the reaction medium already contains hydrogen halide, the reaction begins
      on addition of the iron (II) salt. However, the order in which the
      individual reaction components are added can be changed as required and,
      for example, the iron (II) salt and hydrogen halide may be initially
      introduced in solution and/or suspension in the reaction medium selected,
      followed by addition of the nitronaphthoquinone oxime.
PAR  The reaction components may each be added in batches, in portions or
      continuously. It is also possible, preferably in cases where the reaction
      is carried out continuously, to introduce all the reaction components
      continuously at the same time.
PAR  The process according to the invention can be carried out both under normal
      pressure and also under reduced or elevated pressure. In general, the
      process is preferably carried out under normal pressure.
PAR  In cases where ketones are present as organic solvents in the reaction
      medium, the 8- and/or 5-nitro-4-amino-1-naphthol formed can be further
      reacted with the ketone to form the corresponding Schiff's base,
      especially where only a little water is present in the reaction medium,
      and the Schiff's base thus formed may even be isolated. However, the
      Schiff's base formed is generally split again by hydrolysis during
      subsequent oxidation to form the 5-nitro-1,4-naphthoquinone, and
      accordingly, can be used in the same way as 5-nitro-4-amino-1-naphthol in
      the following oxidation stage.
PAR  The 5- and/or 8-nitro-4-amino-1-naphthol formed by reduction in the first
      stage, or the corresponding salt, may be isolated on completion of the
      reaction and oxidized in a second, separate reaction stage to form
      5-nitro-1,4-naphthoquinone.
PAR  In general, known oxidants may be used for the oxidation stage. In
      particular it is possible to use oxidants of the kind normally used for
      the oxidation of hydroquinones or those aminophenols or aminonaphthols
      structurally related to hydroquinones (Beilstein VII, pages 709, 724 et
      seq, 733; Supplementary Volume I, pages 384 et seq, Supplementary Volume
      II, pages 645, 651; Beilstein VII, pages 599, 609;  Supplementary Volume
      I, pages 337, 340; Supplementary Volume II, page 566).
PAR  The following are mentioned as examples of oxidants: iron (III) and copper
      (II) halides, potassium permanganate and manganese dioxide;
PAR  chromic acid and its salts such as chromates and bichromates, more
      especially of the alkali metals, salts of the oxyacids of chlorine, such
      as sodium chlorate, in combination with compounds of vanadium such as
      VCl.sub.3, V.sub.2 O.sub.5 and ammonium vanadate and/or iron salts such as
      FeSO.sub.4.7H.sub.2 O, FeCl.sub.2.4H.sub.2 O and/or copper halides such as
      CuCl.sub.2 ;
PAR  hydrogen peroxide and peroxo compounds such as peroxobisulphate, more
      especially in the presence of halides of iron and copper; and
PAR  oxidation systems such as nitric acid, nitrous acid and their salts,
      NO.sub.2, N.sub.2 O.sub.3, nitrous gases, more especially in hydrchloric
      acid reaction media and in the presence of iron salts or copper salts.
PAR  In some cases, it is also possible to use air and other oxygen-containing
      gases, and also oxygen itself, for regenerating other oxidants which may
      then also be used in less than equivalent or in catalytic quantities.
PAR  The 5-nitro-1,4-naphthoquinone formed can be isolated from the reaction
      mixture in the usual way.
PAR  In one preferred embodiment of the process according to the invention,
      reduction of the 5- and/or 8-nitro-1,4-naphthoquinone-1-oxime is carried
      out with at least the equivalent quantity of iron (II) ions, preferably
      with from 4 to 5 mols of iron (II) ions per mol of oxime. In this way, the
      subsequent oxidation stage may be carried out with particular advantage.
      The 8- and/or 5-nitro-4-amino-1-naphthol formed by reduction, which is
      present as the salt form in an acid reaction medium, may be oxidized in a
      particularly simple manner, without intermediate isolation, in the
      reaction mixture. The reaction medium is diluted with water and the
      oxidation effected by the iron (III) salt simultaneously formed as
      secondary reaction product, because the increase in the redox potential of
      the iron (III) salt or reduction in the redox potential of the
      5-nitro-4-aminonaphthol salt required for oxidation can be obtained simply
      by dilution with water. The minimum quantity of water required for
      diluting the reaction mixture is governed both by the type and quantity of
      acids used and by the type and quantity of solvent employed. It can
      readily be determined from the known physico chemical data or by one or
      more preliminary tests.
PAR  This particular embodiment of the process according to the invention may,
      with advantage, be modified to the extent that the minimum of four
      reduction equivalents required for reduction can be used in the form of 2
      mols of iron (II) salt and two reduction equivalents of another suitable
      reducing agent, such as tin (II) chloride or sulphur dioxide, in the
      presence of catalytic quantities of hydrogen iodide or agents forming
      hydrogen iodide, or in the form of 1 mol of iron (II) salt and 1 g-atom of
      metallic iron.
PAR  The 5-nitro-1,4-naphthoquinone obtained can be isolated from the reaction
      mixture in the usual way.
PAR  The mother liquor left following separation of the
      5-nitro-1,4-naphthoquinone, which contains iron (III) ions and,
      optionally, even iron (II) ions in addition to iron (III) ions, may
      advantageously be reduced in known manner, for example by treatment with
      hydrogen or sulphur dioxide, and an iron (II) salt subsequently isolated
      from the resulting iron (II) salt solution by crystallization and reused,
      optionally following the removal by distillation of the organic solvent
      used and/or of the hydrochloric acid and/or water. The concentrated iron
      (II)) salt solution obtained following the removal by distillation of the
      organic solvent and/or of the hydrohalic acid and/or of water may with
      advantage be directly used for further reductions.
PAR  By comparison with the known process, the process according to the
      invention gives better yields of more pure 5-nitro-naphthoquinone in a
      particularly simple manner. It is known that nitro groups on the aromatic
      nucleus are readily reduced into amino groups by iron (II) ions in acid
      medium. Accordingly, it is particularly surprising that it is possible by
      the process according to the invention to carry out reduction selectively
      in the case of the 5- and/or 8-nitronaphthoquinone oxime.
PAR  5-Nitronaphthoquinone can be converted in known manner into
      1-nitroanthraquinone by butadiene addition and dehydrogenation of the
      adduct formed. The 1-nitroanthraquinone can be reduced into
      1-aminoanthraquinone which is an important starting material for dyes. It
      is possible in this way to produce a pure 1-nitroanthraquinone, whilst
      nitration of anthraquinone into 1-nitroanthraquinone results in the
      formation of a mixture of different nitro derivatives which is difficult
      to separate.
PAR  In the following Examples, the percentages quoted are percentages by weight
      unless otherwise stated. Where contents are specified in respect of
      mineral acids, the remainder is water.
DETD
PAC  EXAMPLES 1 to 12
PAR  42 g (0.21 mol) of iron (II) chloride tetrahydrate and 11 g (0.05 mol) of
      8-nitro-1,4-naphthoquinone-1-oxime are introduced into 120 ml quantities
      of the solvents indicated in Table I below. While gaseous hydrogen
      chloride is slowly passed through them, the mixtures are left to react
      with continuous stirring at the temperatures indicated in Table I below
      until the respective reactions are complete. The increases in weight
      indicated in Table I below are obtained. After the reaction times
      specified in Table I, the mixtures are poured onto 500 ml of water heated
      to approximately 40.degree.C, followed by stirring for 30 minutes. The
      5-nitro-1,4-naphthoquinone formed is filtered off under suction, washed
      off under suction, washed with water until neutral and dried at
      50.degree.C. The yields of 5-nitro-1,4-naphthoquinone specified in Table I
      below in g and percent of the theoretical yield are obtained.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                      5-Nitro-       Melting                                   

                                          Reduction    Increase in             

     Example          naphthoquinone                                           

                              (% of  Point                                     

                                          Time  Temperature                    

                                                       Weight                  

     No.  Solvent     (g)     theoretical)                                     

                                     .degree.C                                 

                                          (hours)                              

                                                (.degree.C)                    

                                                       (g)                     

     __________________________________________________________________________

     1    acetic acid 8.7     85     158  1     30     27                      

     2    i-propanol  9.6     94     163  3     15 - 20                        

                                                       35                      

     3    methanol    9.2     90     160  5     approx.20                      

     4    ethylene glycol                                                      

                      8.6     84     160  3     15 - 20                        

                                                       18                      

     5    acetone     9.2     90     161  1     15 - 20                        

                                                       33                      

     6    acetone     9.0     88     162  2.5   0 - 5                          

     *                                                                         

     7    methylethyl ketone                                                   

                      9.5     93     163  2     30 - 35                        

     *                                                                         

     8    tetrahydrofuran                                                      

                      9.0     88     160  3     approx.0                       

     *                                                                         

     9    N-methyl pyrrolidone                                                 

                      9.5     93     160  1.5   approx.0                       

     *                                                                         

     10   propionic acid(70%)                                                  

                      9.0     88     162  2     approx.40                      

     *                                                                         

     11   .gamma.-butyrolactone                                                

                      8.8     86     160  approx.5                             

                                                 5 - 10                        

                                                       25                      

     12   diethylene glycol                                                    

                      9.6     94     162  3     15 - 20                        

                                                       18                      

          dimethyl ether                                                       

     __________________________________________________________________________

      *=not determined                                                         

PAC  EXAMPLES 13 to 16
PAR  A suspension of the quantities indicated in Table II below of iron (II)
      chloride tetrahydrate in 120 ml of 37 percent by weight aqueous
      hydrochloric acid is saturated by the introduction of approximately 10 g
      of hydrogen chloride gas. 11 g (0.05 mol) of
      8-nitro-1,4-naphthoquinone-1-oxime are added at the reaction temperature
      indicated in Table II below, and the reaction mixture is left to react
      with stirring for 1.5 hours at the temperature specified. The quantity
      indicated in Table II below of the particular reducing agent is then
      introduced in small portions over a period of about 1.5 hours, and the
      mixture is left to react for 3 hours. The reaction mixture is then poured
      into approximately 1,000 ml of water heated to approximately 40.degree.C,
      and left to react for 1 hour. The 5-nitro-1,4-naphthoquinone precipitated
      is filtered off under suction, washed with water until neutral and dried
      at approximately 50.degree.C. The yield obtained is indicated in Table II
      below.
TBL                                    Table II                                

     __________________________________________________________________________

                                     5-nitro-1,4-                              

                                     naphthoquinone                            

                                                 Melting                       

     Example                                                                   

          Quantity of iron    Temperature                                      

                                     (g)   (% of Point                         

     No.  chloride (g)        (.degree.C)                                      

                                         theoretical)                          

                                                 (.degree.C)                   

     __________________________________________________________________________

     13   15       Fe (2.8 g) approx. 0                                        

                                     8.5     83  160                           

     14   23       Na.sub.2 SO.sub.3 (6.3 g)                                   

                              approx. 0                                        

                                     8.4     82  163                           

     15   23       Sn (2.9 g) 15 - 20                                          

                                     8.6    84   160                           

     16   23       SnCl.sub.2.2H.sub.2 O(11.3 g)                               

                              15 - 20                                          

                                     8.1    79   161                           

     __________________________________________________________________________

PAC  EXAMPLE 17
PAR  11 g of 8-nitro-1,4-naphthoquinone-1-oxime and 30 g (0.21 mol) of
      FeCl.sub.2.H.sub.2 O are suspended in 100 ml of acetonitrile. The
      suspension is cooled to 5.degree.C in an ice bath, after which
      approximately 25 g of hydrogen chloride gas are slowly introduced with
      stirring at 5.degree. to 10.degree.C. After 2 hours, 350 ml of water are
      added, followed by stirring for 1 hour at room temperature. The
      crystalline 5-nitro-1,4-naphthoquinone precipitated is then filtered off,
      washed with water until neutral and dried at 50.degree.C. Crystals melting
      at 165.degree.C are obtained in a yield of 9.7 g or 95 percent of the
      theoretical yield.
PAC  EXAMPLE 18
PAR  120 ml of 37 percent by weight aqueous hydrochloric acid and 42 g (0.21
      mol) of iron (II) chloride tetrahydrate are introduced into a reaction
      vessel and saturated with approximately 8 g of gaseous hydrogen chloride.
      11 g of 5-nitro-1,4-naphthoquinone-1-oxime are introduced at a temperature
      of about 20.degree. to 25.degree.C. The reaction mixture is kept at the
      temperature indicated with stirring and, after 2 hours, is poured into
      1,000 ml of water heated to approximately 40.degree.C. followed by
      stirring for 30 minutes. The reaction product precipitated is then
      filtered off under suction, washed with water until neutral and dried at
      approximately 50.degree.C. 5-Nitro-1,4-naphthoquinone melting at
      161.degree.C is thus obtained in a yield of 9.8 g (96 percent of the
      theoretical yield).
PAC  EXAMPLE 19
PAR  5.5 g (0.025 mol) of 8-nitro-1,4-naphthoquinone-1-oxime and 21 g (0.11 mol)
      of iron (II) chloride tetrahydrate are heated to reflux temperature in 100
      ml of methyl ethyl ketone. 25 g of hydrogen chloride gas are then
      introduced over a period of 20 minutes during which the sump temperature
      is kept at 87.degree. to 90.degree.C. The reaction mixture is stirred for
      another hour at this temperature, after which it is poured into 1000 ml of
      water heated to approximately 50.degree.C, followed by stirring for 30
      minutes at that temperature. The reaction product precipitated is then
      filtered off under suction. Recrystallization from toluene following the
      addition of 2 g of active carbon gives 4 g (78 percent of the theoretical
      yield) of 5-nitro-1,4-naphthoquinone melting at 164.degree.C.
PAC  EXAMPLES 20 to 25
PAR  11 g of 8-nitro-1,4-naphthoquinone-1-oxime and the quantity, indicated in
      Table III below, of the particular iron (II) salt are left to react in 120
      ml of the mineral acid indicated with the concentration specified at the
      particular temperature quoted, and at the same time the quantity of
      hydrogen chloride gas indicated is introduced over the period specified in
      Table III below. After the reaction time specified, the reaction mixtures
      are poured into 1,000 ml of water heated to approximately 60.degree.C,
      followed by stirring for 1.5 hours at that temperature. The reaction
      product precipitated is then filtered off under suction, washed with water
      until neutral and dried at 50.degree.C. The yield of reaction product
      (5-nitro-1,4-naphthoquinone) and its content of unreacted
      8-nitro-1,4-naphthoquinone-1-oxime in percent by weight are given in the
      last two columns of Table III below.
PAR  Examples 23 to 25 are Comparison Examples.
TBL                                    Table III                               

     __________________________________________________________________________

                                               Reaction                        

     Example      Iron(II)  Temperature                                        

                                   Time HCl gas                                

                                               product                         

                                                     Content of unreacted      

     No.  Acid    salt      (.degree.C)                                        

                                   (hours)                                     

                                        (g)    (g)   oxime in                  

     __________________________________________________________________________

                                                     %                         

     20   H.sub.2 SO.sub.4                                                     

                  FeCl.sub.2.4H.sub.2 O(42g)                                   

                            10 - 20                                            

                                   55   approx.25                              

                                               9.4   approx. 0%                

     21   H.sub.2 SO.sub.4 (55%)                                               

                  FeCl.sub.2.4H.sub.2 O(42g)                                   

                            30     approx.4                                    

                                        17.5   9.8   approx. 8%                

     22   H.sub.3 PO.sub.4 (50%)                                               

                  FeCl.sub.2.4H.sub.2 O(42g)                                   

                            10 - 20                                            

                                   approx.5                                    

                                        approx.25                              

                                               9.6   approx. 0%                

     23   H.sub.3 PO.sub.4 (85%)                                               

                  FeCl.sub.2.4H.sub.2 O(42g)                                   

                            40     5.5  0      8.5   approx.40%                

     24   H.sub.3 PO.sub.4 (85%)                                               

                  FeSO.sub.4.7H.sub.2 O(61g)                                   

                            40     5.5  0      10.2  approx.92%                

     25   H.sub.2 SO.sub.4 (60%)                                               

                  FeSO.sub.4.7H.sub.2 O(61g)                                   

                            40     5.5  0      10.5  approx.100%               

     __________________________________________________________________________

PAC  EXAMPLE 26
PAR  5.5 g of 8-nitro-1,4-naphthoquinone-1-oxime are suspended in 450 ml of 38
      percent by weight aqueous hydrochloric acid, followed by heating to
      33.degree.C. 61 g (0.22 mol) of iron (II) sulphate heptahydrate are then
      introduced in portions with stirring. After 1.5 hours, the reaction
      mixture is poured into 1000 ml of water heated to approximately
      50.degree.C, followed by stirring for 1 hour at that temperature. The
      reaction product precipitated is filtered off under suction, washed with
      water until neutral and dried at approximately 50.degree.C. The yield
      amounts to 4 g (78 percent of the theoretical yield) of
      5-nitro-1,4-naphthoquinone melting at 160.degree.C.
PAC  EXAMPLE 27
PAR  11 g of 8-nitro-1,4-naphthoquinone-1-oxime and 42 g (0.21 mol) of iron (II)
      chloride tetrahydrate are suspended with stirring in 100 ml of acetone,
      and the resulting suspension is heated to reflux temperature. 25 g of
      hydrogen chloride gas are then introduced for 20 minutes, during which a
      sump temperature of approximately 70.degree.C is maintained. The reaction
      mixture is then stirred for about 10 minutes at that temperature, followed
      by cooling to approximately 0.degree.C. At this temperature, more hydrogen
      chloride gas is introduced until the solution is saturated, after which
      the reaction product precipitated is filtered off under suction, washed
      with 50 ml of acetone and dried in vacuo at about 30.degree.C. 12.8 g
      (90.5 percent of the theoretical yield) of the hydrochloride of the
      Schiff's base of 5-nitro-4-amino-1-naphthol and acetone are obtained in
      the form of pale yellow crystals, the product being identified by
      elemental analysis, NMR-spectrum and IR spectrum.
PAR  A mixture of 50 ml of 50 percent by weight aqueous acetic acid, 1 g of iron
      (III) chloride hexahydrate, 1.8 g of sodium chlorate and 0.5 ml of
      concentrated sulphuric acid, is introduced into the reaction vessel. 12.8
      g of the hydrochloride, obtained as described above, are then introduced
      in small portions with stirring at about 70.degree.C. After 20 minutes,
      the reaction mixture is cooled to 0.degree.C, the pale yellow crystals are
      filtered off under suction, washed with a little cold methanol and dried
      at 50.degree.C. 5-nitronaphthoquinone melting at 165.degree.C is thus
      obtained in a yield of 9.1 g or 89 percent of the theoretical yield.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process for producing 5-nitro-1,4-naphthoquinone which comprises
      reducing an oxime selected from the group of
      8-nitro-1,4-naphthoquinone-1-oxime, 5-nitro-1,4-naphthoquinone-1-oxime and
      mixtures of the foregoing in a reaction medium selected from the group of
      water, an organic solvent and mixtures of water and an organic solvent in
      the presence of iron (II) ions and a hydrogen halide at a temperature in
      the range of from -20.degree. to 100.degree.C, and thereafter oxidizing
      the naphthol product formed, or the corresponding salt, optionally without
      intermediate isolation, at a temperature in the range of from -10.degree.
      to 100.degree.C to form the desired 5-nitro-1,4-naphthoquinone.
NUM  2.
PAR  2. Process of claim 1 wherein reduction is carried out at a temperature in
      the range of from -5.degree. to 70.degree.C.
NUM  3.
PAR  3. Process of claim 2 wherein the temperature is from 10.degree. to
      45.degree.C.
NUM  4.
PAR  4. Process of claim 1 wherein oxidation is carried out at a temperature in
      the range of from 20.degree. to 80.degree.C.
NUM  5.
PAR  5. Process of claim 4 wherein the temperature is from 4.degree. to
      60.degree.C.
NUM  6.
PAR  6. Process of claim 1 wherein the iron (III) ions formed during reduction
      are used as an oxidizing agent for the oxidizing step.
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PAL  This invention relates to new and novel methods for the production of
      substantially pure bile acids, and particularly,
      3.alpha.,7.alpha.-dihydroxy 5.beta.-cholanic acid, from natural sources
      thereof.
PARN
PAR  This application is a continuation application of my copending previously
      filed application Ser. No. 417,170, filed Nov. 19, 1973, which in turn is
      a continuation in part application of my prior filed application Ser. No.
      290,960, filed Sept. 21, 1972, and now abandoned.
BSUM
PAR  This invention relates to and has as its object, the production of
      substantially pure bile acids from natural sources thereof, and to new and
      useful processes therefore.
PAR  More particularly, this invention relates to new and novel methods for
      producing substantially pure bile acids, and particularly
      3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic acid, from natural animal
      sources thereof. Bile acids are naturally occurring steroidal compounds,
      which are naturally synthesized by various animals. The most common of
      these natural bile acids are those possessing the following structure:
      ##SPC1##
PAL  Wherein R is a carboxyl group and hydroxyl substituents may be found in the
      3,7 and/or 12 positions, depending on the particular bile acid involved.
PAR  In nature, bile acids are synthesized in the liver of animals and are
      incorporated into the bile, which is a fluid secreted by the liver and
      poured into the intestine of the animal. The bile acids are the major
      constituent of the bile and are usually produced in various numbers and
      quantities by different animals, all of which are incorporated into the
      bile. Among the common animal originated bile acids may be included:
      3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic acid;
      3.alpha.,7.alpha.,12.alpha.-trihydroxy-5.beta.-cholanic acid; and
      3.alpha.,12.alpha.-dihydroxy-5.beta.-cholanic acid.
PAR  Due to the fact that the animal incorporates all these bile acids and a
      number of other materials, for example, pigments, lipids and protein
      materials, into the bile, it has heretofore, been inconvenient and
      uneconomical to isolate any particular bile acid from animal bile and
      therefore, many individual bile acids, even though naturally occurring in
      some abundance, had to be prepared synthetically from various precursors.
      In addition, heretofore, it has not been possible to produce certain bile
      acids in a sufficiently pure form for various uses, for example medical
      therapy.
PAR  I have now discovered a method whereby individual bile acids, in
      substantially pure form, can be produced economically and efficiently,
      directly from natural animal bile. Most importantly, for purposes of this
      invention, I have discovered an economically efficient method for
      producing substantially pure 3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic
      acid from animal bile. The use of the term, "substantially pure", in this
      Specification and the Claims appended thereto, is meant to denote a
      chemical purity in excess of 99.0%, as evidenced by standard and
      acceptable analytical procedures. Heretofore, it has not been possible to
      produce substantially pure bile acids directly from natural animal bile.
PAR  The animals which may be employed as the source of natural animal bile in
      the practice of this invention, are those whose bile is rich in the
      desired bile acid. Among those animals which may be included in this group
      are such animals as birds, for example, chickens, turkeys, geese,
      pheasants, owls and ducks; mammals, for example, oxen, rats, guinea pigs,
      bears and pigs; and fish, for example, cod fish, mullet fish, anchovies
      and harder fish. The most preferred source of the natural bile are
      animals, the major constituent of whose bile is the desired dihydroxy bile
      acid, and these include such birds as chickens, turkeys, geese and ducks.
      The process of this invention involves a number of steps commencing with a
      suitable animal bile as starting material. The animal bile, for example
      chicken or turkey bile, may be collected in any manner known to and
      convenient to the skilled worker, with the usual precautions being taken
      to avoid damage or deterioration of the animal bile starting material.
PAR  The successful practice of this invention involves two major procedures in
      the treatment of the natural animal bile to obtain the desired
      substantially pure bile acid. The first of these major procedures involves
      the removal from the natural animal bile of the undesired impurities and
      other extraneous materials, such as pigments, lipids and protein
      substances found therein. The second major procedure involves the
      isolation and purification of the desired bile acid, after all the
      undesired impurities have been removed.
PAC  REMOVAL OF IMPURITIES FROM NATURAL ANIMAL BILE
PAR  The removal of the undesirable impurities from natural animal bile
      including bile pigments, lipid impurities and the like, can be achieved by
      a number of new and novel procedures. One such method involves the direct
      solvent extraction of these impurities with an organic solvent capable of
      solubilizing the bile acids in the bile, and in which solvent the
      impurities are insoluble, for example, an alcohol, such as methanol or
      ethanol; a ketone, such as acetone; or an acid, such as, acetic acid; and
      other like solvents. The undesired impurities, due to their insolubility
      in the solvent, are caused to precipitate out of the solution and may then
      be removed by simple filtration. Although this method has given somewhat
      satisfactory results, it has been found that its practice does not remove
      substantially all the impurities and further purification is required to
      obtain removal of substantially all of the undesired material from the
      bile.
PAR  Another method to remove the unwanted impurities requires the natural bile
      to first be mildly hydrolyzed as by treatment with a base, such as an
      alkali metal base, for example, sodium hydroxide or potassium hydroxide.
      The hydrolyzed material is then neutralized and extracted with a suitable
      solvent system, for example, chloroform: methanol, in which the bile acids
      portion of the bile is soluble in one solvent, but the impurities are not,
      thus causing the impurities to be separated out into one solvent of the
      system and thus, rendering them subject to withdrawal therewith. This
      method, although more satisfactory than that set forth hereinabove, is
      also not capable of the removal of all of the impurities from the natural
      bile and additional purification is required to obtain the optimum final
      products of this invention.
PAR  Still another method that has been found to remove the impurities from the
      natural bile may be employed in the practice of this invention. This
      method involves first, mildly hydrolyzing the crude natural bile with a
      base, such as an alkali metal base, for example, NaOH or KOH, neutralizing
      the resultant hydrolyzed solution, and then dehydrating said solution, as
      by spray drying, lyophilization, drum drying, membrane separation or
      freeze drying. Although the hydrolysis procedure may be helpful in the
      removal of certain of the impurities, in certain cases, for example in
      chicken or turkey bile, I have found that the hydrolysis procedure can be
      dispensed with, and the natural animal bile is dehydrated as the first
      step in the process. By omitting the hydrolysis procedure in these
      instances, I have found that the quality and character of the final
      product is not adversely effected.
PAR  In the most preferred process of this invention, the natural crude animal
      bile is first dehydrated by any of the well known methods, such as those
      enumerated above. It is preferred that the dehydration procedure be
      accomplished by freeze drying, or lyophilization, although the other well
      known methods also yield equivalently satisfactory results.
PAR  The resultant dehydrated natural bile material is then esterified as by
      treatment with a suitable esterification agent. Depending upon the animal
      which is the source of the natural bile, the esterification agent
      employable in the practice of this invention, may be altered. Preferably,
      the esterification agent employed in this invention is an alcohol, which
      may be a hydrocarbon alcohol or may be a substituted alcohol. Among the
      alcohols which may be employed as esterification agents herein may be
      included such saturated or unsaturated alcohols as the alkanols, for
      example, methanol, propanol or butanol; the alkenols, for example,
      ethenol, or propenol; the cyclic alcohols, for example, cyclohexanol, or
      cyclooctanol; the aryl alcohols, for example, phenol, benzyl alcohol,
      cinnamyl alcohol, and other like alcohol esterification agents. In
      addition, the alcohols of this invention may be substituted or
      unsubstituted and may contain such substituents as halides, for example,
      chlorides or bromides, or sulfur, or oxygen, without departing from the
      practice of this invention. Most preferably, I have found that
      esterification of the natural bile material may be satisfactorily
      accomplished by treatment thereof with an alkyl esterification agent, such
      as a methyl esterification agent, for example, methanol in an acid medium,
      such as a mineral acid, for instance, sulfuric acid. Where an alkyl
      esterification agent is employable in the practice of this invention,
      other alkylating agents may also be employed. Thus, such alkylating agents
      as diazomethane, may also be employed in the practice of this invention.
PAR  The esterification of the natural bile material yields the esters, for
      example the alkyl esters, of the bile material impurities, such as
      pigments, etc., whereupon they are apparently rendered soluble in certain
      organic solvents and insoluble in others. Likewise, the bile acids present
      in the bile are soluble in certain solvents and not in others. By
      subjecting the resultant esterified composition to the proper solvent
      system, it has been found to be possible to separate the bile acids from
      the impurities. Among the satisfactory solvent systems which may be
      employed in the practice of this invention are the halogenated hydrocarbon
      organic solvents such as chloroform, methylene chloride, methylene
      dichloride, such aromatic organic solvents such as, benzene, toluene, and
      the like, and such organic solvents as alcohols, for example, methanol and
      ethanol, alkanes, such as hexane or heptane, ketones, for example,
      benzophenone, or cyclohexanone, ethers, such as methyl or ethyl ether,
      carboxylic acids, for example, acetic acid, and other similar suitable
      organic solvents. In the practice of this invention, it has been found
      that a satisfactory solvent system is one which is comprised of at least
      two phases, in one phase of which the bile impurities are soluble and the
      remaining phases in which the said impurities are insoluble. Conversely,
      the desired bile acid fraction of the bile must be insoluble in the phase
      in which the impurities are soluble, while being soluble in the remaining
      phase. I have now found that a solvent system comprised of the following
      phases may be satisfactorily employed in the practice of this invention:
      halogenated hydrocarbon:alcohol, for example, chloroform:methanol,
      chloroform:ethanol, methylene chloride:methanol; aroamtic organic
      solvent:alcohol, for example, toluene:methanol, benzene:methanol; aromatic
      organic solvent:alkane, for example, benzene:hexane, toluene:hexane;
      ether:alcohol, for example, methyl ether:methanol; halogenated
      hydrocarbon:ketone, for example, chloroform:acetone; and other like
      organic solvent systems which the skilled worker may determine to be
      employable in the practice of the instant invention in conformance with
      the teachings set forth herein.
PAR  It has been found that the most economically satisfactory results may be
      obtained in the practice of this invention when the solvent system
      employed is comprised of a halogenated hydrocarbon phase and an alcohol
      phase. More particularly, a solvent system comprised of a halogenated
      hydrocarbon, for example, chloroform, and an alcohol, for example
      methanol, has provided very satisfactory results in the practice of this
      invention. The bile acid fraction of the crude bile is not soluble in the
      halogenated hydrocarbon solvent phase, while it has been unexpectedly been
      found that substantially all the esterified impurities are. It has also
      been found that for the most successful practice of this invention, it is
      desirable to process the dehydrated bile material under substantially
      anhydrous conditions. It appears that the presence of material amounts of
      water, either in the bile material or in the subsequent processing thereof
      results in a product of relatively unsatisfactory quality.
PAR  The vigorous admixing of the solvents and the bile, and the addition of a
      separating phase to the system, if desired, results in completely
      separated phases, one containing the undesired impurities and the other
      containing the bile acid fraction. Among those materials which may be
      employed as a separating phase, if one is desired, may be included dilute
      mineral acids, for example, hydrochloric or sulfuric acids, or water.
      Thus, all the impurities which are found in one solvent phase may be drawn
      off therewith, leaving only the bile acid solution, free of impurities, to
      further purify hereunder. This method of removal of the undesired
      impurities from the natural bile is the most preferred in the practice of
      this invention, and has been found to result in the most satisfactory
      final products hereunder. In practice, I have found that while the
      impurity containing solvent phase has a deep greenish, or greenish-black
      color, the bile acid containing solvent phase is almost water-white, and
      contains practically no detectable amounts of undesired impurities, such
      as pigments.
PAR  In nature, natural animal bile exists in a peptide conjugated form, i.e.
      the natural acids have, by the animal system, been conjugated with amino
      acids. The two principal amino acids with which the natural animal bile
      acids have been conjugated are glycine and taurine. In the case of the
      glycine conjugated bile acids, it has been found that a slight variation
      in the process by which the impurities and pigments are removed from the
      natural bile, as set forth hereinabove, can also provide satisfactory
      results. I have found an additional procedure whereby substantially all of
      the pigments and other undesired impurities in glycine conjugated bile can
      be removed, all without departing from the ambit of the instant invention.
PAR  The natural bile is brought to substantial dryness and esterified as
      aforesaid. However, the esterification is permitted to continue until and
      to the extent that the pigment fraction, the other impurity fraction and
      the bile acid fraction of the natural bile are all obtained in their
      esterified form. The esterification agents enumerated hereinabove may also
      be employed in the instant procedure. The thus completely esterified
      natural bile is then subjected to a selective hydrolysis reaction, wherein
      only the esterified bile acid fraction of the natural bile has been
      hydrolyzed. This selective hydrolysis may be accomplished by subjecting
      the esterified bile to the commonly employed hydrolysis procedures in the
      presence of a suitable pH adjusting buffer. It has been found that this
      selective hydrolsis procedure may be effectively carried out where the
      hydrolysis reaction mixture's pH is kept either highly basic, or highly
      acidic, for example, a pH of about 9-12, or about 1-3, respectively, the
      conditions of hydrolysis being adjusted accordingly, as is well known to
      the skilled worker. The selective hydrolysis reaction is continued until
      the esterified bile acid fraction of the bile is hydrolyzed to the free
      acids, and the resultant hydrolyzed bile is then subjected to the solvent
      separation procedure as set forth hereinabove, to yield the desired
      solvent phase containing the substantially pigment and impurity-free bile
      acid fraction of the natural bile. The solvent phase containing the bile
      acids may then be further treated by the processes of this invention to
      yield the desired final products thereof. The bile acid containing soltion
      may thus be neutralized, and the solvent evaporated off to yield a crude
      bile acid composition which may then be further treated hereunder.
PAC  ISOLATION AND PURIFICATION OF THE DESIRED BILE ACID
PAR  The crude bile acid composition thus obtained, may then be treated to
      obtain the desired final pure bile acid of this invention. One method that
      may be employed involves the hydrolysis of the crude bile acid composition
      to split off the amino acid conjugates, if any, in which form the
      naturally occurring bile acids are found. This hydrolysis may be
      accomplished by treating the bile acid composition with a hydrolyzing
      agent, for example an alkali metal base, such as KOH or NaOH. The
      resultant hydrolyzed material may then be acidified as by treatment with a
      mineral acid, such as HCl or H.sub.2 SO.sub.4, and the acidified solution
      extracted with a suitable organic solvent, such as ethyl acetate, ethyl
      ether, isopropyl ether, or diispropyl ether, and the resultant solution is
      reduced to dryness to yield a crude residue of the free bile cids.
PAR  This crude residue may then be esterified by treatment with a suitable
      esterification agent. Preferably, the esterification agent employed is one
      which will yield an alkyl esterified product, and may be an alcohol which
      is a hydrocarbon alcohol, which may be substituted or unsubstituted. Among
      the alcohols which have been found to provide satisfactory results
      hereunder, may be included such saturated or unsaturated alcohols as the
      alkanols, for example, methanol, propanol or butanol; the alkenols, for
      example, propenol; the cycloalkanols, for example, cyclohexanol; the aryl
      alcohols, for example, phenol, benzyl alcohol, cinnamyl alcohol, and other
      like alcohols. In addition, the alcohols employed herein may be
      substituted or unsubstituted and therefore, may contain such molecular
      substituents as halogens, for example, chlorine or bromine, or sulfur,
      without altering the satisfactory results obtained hereunder. In addition,
      further esterification agents may be employed in the practice of the
      foregoing procedure, particularly in the case where the objective thereof
      is the alkyl esterification of the substrate. Thus, such alkyl
      esterification agents such as diazomethane, and other like known agents
      may also be successfully employed in the practice of this invention.
PAR  Most preferably, in the practice of this invention, the crude residue
      obtained above, is subjected to alkyl esterification although the other
      esters thereof may also be employed herein.
PAR  This crude residue is then alkyl esterified as by treatment with an alkyl
      esterification agent, such as methanol in an acidic medium, for example,
      sulfuric acid, or diazomethane in ether, to yield the alkyl esters of the
      bile acids. These alkyl esters may then be subjected to colum nar
      extraction, for example in a column of alumina, employing a suitable
      solvent system, such as ethyl acetate-benzene, to yield the crude alkyl
      ester of the desired bile acid, i.e.,
      3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic acid. On further elution with
      a suitable solvent system, for example, methanol-ethyl acetate, additional
      crude alkyl ester of the 3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic
      acid, combined in the case of the bile source being chicken or turkey
      bile, with the alkyl ester of
      3.alpha.,7.alpha.,12.alpha.-trihydroxy-5.beta.-cholanic acid. The second
      eluate may then be recycled through the extraction column and with the
      proper solvent system, for example, ethyl acetate-benzene, yield further
      amounts of the crude alkyl ester of
      3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic acid.
PAR  The reusltant crude alkyl ester of the desired bile acid is then
      hydrolyzed, as by treatment with a suitable base, for example an alkali
      metal base, such as, KOH or NaOH, and the resultant product acidified,
      extracted with a suitable solvent, filtered and dried. The resultant
      residue is then treated with a suitable solvent, such as ethyl acetate, at
      elevated temperature, and the reusltant solution, upon cooling, is found
      to contain substantially pure crystallised
      3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic acid, which can be recovered
      by filtration.
PAR  Still another method has been found for obtaining substantially pure bile
      acids hereunder. After hydrolysis of the impurity free residue obtained as
      set forth hereinabove, to obtain the crude residue of free bile acids,
      this crude bile acid residue can be processed by a method whereby there is
      obtained a selective insoluble salt precipitation of the bile acid to
      yield the desired bile acid directly.
PAR  After removal of the impurities and the hydrolysis of the peptide
      conjugated bile acids, the resultant solution containing the free bile
      acids is treated with a suitable salt, which will cause a selective,
      differential bile salt precipitation in a suitable solvent. In other
      words, a suitable salt must be employed which will cause the formation of
      free bile acid salts which will possess differential solubilities in a
      selected solvent. Thus, where the free bile acids are
      3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic acid and
      3.alpha.,7.alpha.,12.alpha.-trihydroxy-5.beta.-cholanic acid, as in
      chicken, turkey and goose biles, the suitable salt which may be employed
      is one which will cause the resultant bile acid salts to have differential
      solubility properties in a particular solvent. The salts which have now
      been found to be employable in the practice of this invention in clude
      such salts as Group IIa metal salts. The Group IIa metal salts which may
      be employed in the practice of this invention include such salts as
      barium, strontium and calcium salts, for example, Group IIa halide salts,
      such as the chloride salts, such as barium chloride, or Group IIa acetate
      salts, or Group IIa nitrate salts. The free bile acid composition is
      treated with the suitable Group IIa salt, for example barium chloride,
      first in an aqueous solution to form the bile acid salts and then in a
      suitable solvent in which one of the resultant bile salts is soluble,
      while the other is not. In the case of the bile acids derived from chicken
      bile or turkey bile hereunder, a barium chloride salt and an organic
      solvent, for example, an alcohol, such as methanol, may be employed. The
      desired bile acid salt is thus separated, and may then be treated with an
      acid, such as a mineral acid, for example, HCl, to dissociate the salt and
      obtain the desired substantially pure free bile acid product. The
      resultant substantially pure bile acid final product may then be further
      purified if desired, as by recrystallization from a suitable solvent, and
      then dried to yield the substantially pure, free bile acid final product
      of this invention.
PAR  In addition to the foregoing, various other suitable organic solvents in
      which the resultant Group 11a bile acid salts will have a differential
      solubility, thus enabling their separation, may be employed in the
      practice of this invention. The skilled worker can easily determine those
      organic solvents which may thus be employed in the practice of this
      invention, which include such organic solvents, as ethyl acetate, hexane,
      and acetic acid, among others, all of which may be satisfactorily employed
      herein.
PAR  Further to the foregoing, the concurrently produced bile acid salt, which
      is not separated and purified hereunder, which in the case of chicken bile
      is 3.alpha.,7.alpha.,12.alpha.-trihydroxy-5.beta.-cholanic acid, may also
      be further purified and treated in accordance with well known procedures
      to yield its respective free bile acid. Once isolated in its free bile
      acid form, in the case of chicken bile, the
      3.alpha.,7.alpha.,12.alpha.-trihydroxy-5.beta.-cholanic acid thus
      obtained, may be further treated as by the method described by Feiser et
      al, in Volume 72, Journal of the American Chemical Society, page 5530,
      (1950), to yield additional amounts of the desired
      3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic acid. Although the foregoing
      general description of this invention has been somewhat limited to a
      discussion of the treatment thereunder of natural bile containing material
      amounts of 3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic acid, it should be
      understood that the principles and practice thereof is not limited to such
      natural bile and is generally applicable to all natural bile. I have found
      that with merely minor modifications easily determinable by the skilled
      worker in view of the teachings and disclosures hereof, the process for
      removal of the undesired impurities contained in natural bile is generally
      applicable to all natural animal bile and hence the process of this
      invention may also be employed to separate and purify the naturally
      occurring bile acids contained in such natural animal bile as may be
      obtained from oxen, pig, possum, sheep, and man. The practice of this
      invention with such natural bile starting materials, including the animals
      listed hereinabove, and such laboratory animals as rats, guinea pigs and
      the like, will result in equivalent satisfactory production of the
      requisite substantially pure bile acids of this invention.
PAR  I have found in the practice of this invention that the resultant
      substantially pure bile acid, and particularly, the
      3.alpha.,7.alpha.-dihydroxy-5.alpha.-cholanic acid produced hereunder, are
      the purest bile acids I have seen. The purity which has been checked by
      thin layer chromatography, gas liquid chromatography and melting point,
      has been shown to be in excess of 99+% and the melting point appears to be
      higher than any found in the literature, thus indicating a final product
      of extraordinary purity. Obviously, in those applications where the
      compound may be employed for medical uses, purity of the product is of
      utmost concern.
DETD
PAR  The invention is more particularly described and set forth in the following
      Examples:
PAC  EXAMPLE I
PAR  Ten ml. of chicken gallbladder bile are added to 200 ml. of hot methanol
      with stirring. After cooling, the resultant precipitate was removed by
      filtration and the alcoholic solution evaporated to dryness at
      60.degree.C., in vacuo. The resultant dry residue was then dissolved in 25
      ml. of 10% aqueous NaOH and the solution autoclaved at 14 lbs/sq.in. for 3
      hours. The solution is then cooled in an ice bath, acidified to pH 1.0
      with 4N HCl, and extracted 4 times with 50 ml. of ethyl acetate. The
      organic solvent fractions are washed with water to near neutrality and
      dried over Na.sub.2 SO.sub.4. The organic phase is then filtered off and
      evaporated to dryness. The resultant material is then dissolved in 25 ml.
      of anhydrous methanol containing 2% conc. H.sub.2 SO.sub.4, allowed to
      stand overnight and an equal volume of water is added. The resultant
      solution is then extracted 3 times with 50 ml. diethyl ether-benzene
      (2:1v/v) and the organic phases combined, washed with 5 ml. of water, 5
      ml. of saturated NaHCO.sub.3 and again 3 times with 5 ml. of water. The
      solution is dried over Na.sub.2 SO.sub.4, filtered and evaporated to
      dryness. The resultant residue is then dissolved in 50 ml. ethyl
      acetate-benzene (1:9v/v) and placed on a column of alumina, grade III, 200
      grams. The column is washed with 400 ml. ethyl acetate-benzene (3:7v/v) to
      remove colored impurities. The methyl ester of
      3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic acid is then removed from the
      column with 800 ml. ethyl acetate-benzene (4:6v/v), and the solvent
      evaporated off in air at 60.degree.C. The resultant residue is then
      dissolved in 50 ml. of 5% KOH in methanol and heated to 60.degree. C. for
      1 hour. The resultant solution is cooled in an ice bath and acidified to
      pH 1.0 with 4N HCl. The resultant acidic solution is diluted with 100 ml.
      of water and extracted  4 times with 75 ml. of ethyl ether, and the
      etheral solution washed with water to pH 5.0, dried over Na.sub.2
      SO.sub.4, filtered and evaporated to dryness. The resultant residue is
      then dissolved in 30 ml. of hot ethyl acetate and allowed to stand at room
      temperature. Upon cooling, crystallization occurs, and after filtration on
      a Buchner filter, with suction, and drying overnight in vacuo, there is
      obtained 447 mg. of 3.alpha.7.alpha.-dihydroxy-5.beta.-cholanic acid,
      melting at 142.degree.-144.degree.C., analyzed as pure material by thin
      layer chromatography using the upper phase of a solvent system,
      toluene-acetic acid-water, (5:5:1 v/v/v) and 50% H.sub.2 SO.sub.4 in water
      as detecting agent, The yield was calculated at 54.7%.
PAC  EXAMPLE II
PAR  50 ml. of crude chicken gallbladder bile was lyophilized to dryness to
      yield a dry greenish-black powder. This material was then dissolved in 100
      ml. of anhydrous methanol and the solution heated to near boiling. The hot
      solution was then filtered and the green precipitate washed with 10 ml. of
      hot anhydrous methanol and discarded. The methanol wash was combined with
      the original methanol solution, 2 ml. of conc. H.sub.2 SO.sub.4 was added
      and the solution allowed to stand overnight at room temperature. The
      solution was then transferred to a separatory funnel containing 200 ml. of
      chloroform and 20 ml. of water, and the funnel shaken for 1 minute to
      permit separation of the phases. The lower chloroform layer was a dark
      greenish color and contained all the pigment and other impurities, while
      the upper alcoholic layer was water-white and contained the bile acid
      fraction. The chloroform layer was drawn off and discarded.
PAC  EXAMPLE III
PAR  50 ml. of crude chicken bile was lyophilized to dryness to yield a dry
      greenish-black powder. This material was then dissolved in 100 ml. of
      methanol and the solution heated to near boiling, and then filtered. The
      resultant greenish-black precipitate was discarded. The filtered methanol
      solution was then treated with 5 gm. of KOH added at room temperature,
      with stirring, and the resultant solution allowed to stand overnight and
      was then neutralized with conc. H.sub.2 SO.sub.4 with stirring. After
      neutrality was reached, 2 ml. of conc. H.sub.2 SO.sub.4 was added and the
      solution allowed to stand overnight at room temperature. The solution was
      then cooled in an ice bath with 20 ml. of ice water and a saturated
      solution of sodium bicarbonate was added dropwise until a pH of 8.0-9.0
      was reached. The solution was then filtered and transferred to a
      separatory funnel containing 200 ml. of chloroform and 20 ml. of water and
      shaken for 2 minutes to permit separation of the resultant phases. The
      lower chloroform layer was greenish in color and contained the undesired
      pigment and lipid impurities, while the upper methanol layer was near
      water white and contained the bile acids.
PAC  EXAMPLE IV
PAR  Fifty ml. of native chicken gallbladder bile is stirred with 2 gm. of NaOH
      until dissolved and allowed to stand overnight. The resultant solution was
      then cooled in an ice bath and 4N HCl was added dropwise with stirring
      until the pH was below 2.0. An additional 1 ml. of conc. HCl was then
      added. To the resultant solution with stirring, was added dimethoxypropane
      at the rate of 9 ml. per 1 ml. of solution, at room temperature, and
      stirring was continued for one hour and the resultant solution allowed to
      stand overnight. Thereafter, the solution was cooled in an ice bath, 10
      ml. of ice water was added, and then a saturated aqueous sodium
      bicarbonate solution was added until the pH became alkaline. The resultant
      solution was filtered and transferred to a separatory funnel containing
      200 ml. of chloroform and shaken for one minute, after which the phases
      were allowed to separate. The lower chloroform phase contained the
      unwanted impurities and was drawn off and discarded. The upper, colorless
      phase contained the bile acids in aqueous methanol-acetone.
PAC  EXAMPLE V
PAR  The clear solution obtained in Example II above, was concentrated by
      distillation to remove most of the organic solvents. The residual aqueous
      solution containing peptide conjugated bile acids was diluted with water
      containing sufficient NaOH to result in 100 ml. of solution containing 10%
      NaOH. The resultant colorless alkaline solution was then autoclaved at 14
      lb/sq. in. for 3 hours, and the resultant hydrolyzed solution cooled in an
      ice bath and acidified with 4N HCl, dropwise with stirring, to yield a
      light yellow gummy precipitate. The precipitate was filtered off, washed
      with water and then dissolved in 80 ml. of 10% aqueous ammonium hydroxide
      with stirring, and then heated to near boiling. To the stirring solution
      was added dropwise, 40 ml. of a 10% barium chloride solution, yielding a
      white crystalline precipitate. The precipitate was filtered off, washed
      with methanol and dried in vacuo at 60.degree.C., yielding a crude barium
      salt of 3.alpha.,7.alpha.-dihydroxy 5-.beta.-cholanic acid, weighing 4.9
      gm., which was then suspended in 100 ml. of ethyl acetate, 100 ml. of 3N
      HCl was then added and the three phase system shaken until the precipitate
      was dissolved. The ethyl acetate layer was separated, the aqueous acidic
      layer was washed with 50 ml. of ethyl acetate and the ethyl acetate
      aliquots combined. The combined ethyl acetate solution was washed to
      neutrality with water and dried over sodium sulfate, and the aqueous
      layers were discarded.
PAR  The ethyl acetate of the resultant solution was then evaporated off and the
      residue was dissolved in 100 ml. of methanol and 10 ml of a 10% barium
      chloride solution was added with stirring followed by 1 ml. of conc.
      ammonium hydroxide, added dropwise with stirring. The resultant solution
      was brought to boiling, and allowed to cool to room temperature and
      filtered.
PAR  The filtrate was tested for completeness of precipitation by the addition
      of an amount of barium chloride solution and any precipitate formed was
      treated as above, to yield additional precipitate which was then added to
      the original precipitate and the combined material was then washed with
      methanol and dried in vacuo at 60.degree.C., yielding a crude barium salt
      of 3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic acid, weighing 4.1 gm.
PAR  The crude barium salt thus obtained, was then shaken with 100 ml of 3N HCl
      and 100 ml of ethyl acetate until complete dissolution was obtained. The
      phases were allowed to separate, the ethyl acetate phase was drawn off,
      the aqueous acidic phase washed with ethyl acetate and the ethyl acetate
      aliquots combined, washed to neutrality with water and dried over sodium
      sulfate. The aqueous layers were discarded.
PAR  The washed and dried ethyl acetate solution of
      3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic acid thus obtained, was then
      evaporated to a volume of 40 ml. at 50.degree.C. under a stream of air.
      The resultant solution was then cooled to 4.degree.C. and n-hexane at
      4.degree.C. was added until the solution became slightly turbid. The ethyl
      acetate-n-hexane solution was then allowed to stand overnight at
      4.degree.C., causing pure 3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic
      acid to crystallize on the walls of the flask. The crystals were collected
      by filtration and washed with n-hexane, and dried in vacuo at 60.degree.
      C. yielding 3.2 gm. of pure 3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic
      acid, (99.0% pure by gas liquid chromatography) having a melting point of
      140.degree.-142.degree.C.
PAR  Further purification of the product may be obtained by following the
      procedures set forth in the succeeding Examples VI to IX.
PAC  EXAMPLE VI
PAR  The product obtained in Example V is dissolved in ethyl acetate to which
      n-hexane is added, and the solution is subjected to five plate
      countercurrent distribution between 25 ml. of 70% acetic acid (aqueous)
      and 40 ml. of 40% isopropyl ether in n-hexane v/v. The purified bile acid
      product will be in the isopropyl ether phase from which it may be
      recovered by evaporation.
PAC  EXAMPLE VII
PAR  The product obtained in Example V above, may be further purified by column
      partition chromatography on Celite columns containing 70% acetic acid as
      the stationary phase, 40% isopropyl ether-n-hexane as the mobile phase. A
      100gm. column purifies 1 gm. of the crude bile acid.
PAC  EXAMPLE VIII
PAR  The product obtained in Example V above, may be further purified by
      adsorption chromatography on acidic alumina, activity grade V. The crude
      bile acid is dissolved in ethyl acetate or acetone and put through the
      column, which absorbs the impurities and allows the pure bile acid
      solution to pass through.
PAC  EXAMPLE IX
PAR  The crude bile acid product obtained in Example IV above, may be esterified
      with either diazomethane or methanol in H.sub.2 SO.sub.4 as described in
      Example I above, and the esterified material purified on an alumina column
      as fully set forth in Example I, above.
PAC  EXAMPLE X
PAR  The procedure of Example V was followed to the point where 4.9 grams of dry
      crude barium salt of 3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic acid is
      obtained. To this dry crude material was then added 100 ml. of absolute
      methanol and the solution heated to near boiling with stirring, until the
      crude material completely dissolves. The heated solution was then cooled
      whereupon white crystals formed. The solution was filtered and dried to
      yield the barium salt of 3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic
      acid, weighing 4.0 gm. and more than 98% pure barium salt. The barium salt
      thus obtained was then shaken with 100 ml. of 3N HCl and 100 ml. of ethyl
      acetate until complete dissolution was obtained. The phases were allowed
      to separate, the ethyl acetate phase was drawn off, the aqueous acidic
      phase washed with ethyl acetate and the ethyl acetate aliquots combined,
      washed to neutrality with water and dried over sodium sulfate.
PAR  The washed and dried ethyl acetate solution was then evaporated to a volume
      of 45 ml. at 50.degree.C. under a stream of air and the resultant solution
      cooled to about 4.degree.C. and held there overnight, causing pure
      3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic acid to crystallize. The
      crystals were collected and dried in vacuo to yield 3.1 gm. of pure
      3.alpha.,7.alpha.-dihydroxy-5.beta.-cholanic acid, (99.0+% pure by gas
      liquid chromatography), having a melting point of
      141.degree.-143.degree.C.
PAR  The foregoing procedure may also be successfully practiced with equivalent
      amounts of anhydrous ethanol, acetone or acetic acid being substituted for
      the absolute methanol solvent.
PAC  EXAMPLE XI
PAR  The procedure of Example V is followed, except that equivalent amounts of
      n-heptane or n-octane or n-pentane are substituted for the n-hexane
      yielding like results.
PAC  EXAMPLE XII
PAR  The procedure of Example II was followed except that natural anchovy,
      harder fish, codfish or sheep bile was substituted for the chicken
      gallbladder bile, yield a clear light colored solution which is
      substantially free from impurities and contains substantially all the bile
      acids of the respective bile.
PAC  EXAMPLE XIII
PAR  The method of Examples I, II, III, IV and V are followed except that turkey
      gallbladder bile, goose biles and duck bile are substituted for the
      chicken gallbladder bile, with equivalent results being obtained.
PAC  EXAMPLE XIV
PAR  50 ml. of crude hog bile was lyophilized to yield a light greenish-yellow
      powder. This material was then dissolved in an hydrous methanol, heated
      and filtered. Additional methanol was added and the methanol solution is
      then treated with sulfuric aciduntil complete esterification of the bile
      material is obtained. The esterified bile is then subjected to selective
      hydrolysis as by treatment with an alkali metal base at an elevated
      temperature, in the presence of an alkaline buffer whereby the pH of the
      reaction mixture is maintained at between 10 and 11. The hydrolysis
      reaction is allowed to continue until the bile acid fraction of the bile
      is hydrolyzed. The resultant selectively hydrolyzed bile is then
      transferred to a separatory funnel containing 200 ml. of chloroform and 20
      ml. of water and the funnel shaken for 1 minute to permit phase
      separation. The lower chloroform phase is intensely greenish-yellow in
      color and contains substantially all the pigment and other impurities,
      while the upper alcoholic phase is a clear light yellow in color and
      contains the bile acid fraction of the bile. The chloroform layer is drawn
      off and discarded.
PAR  Following the procedure of Example V, but substituting the light yellow
      solution obtained above for the solution of Example II, there is obtained
      the desired free bile acid.
PAC  EXAMPLE XV
PAR  Following the procedure set forth in Example II, but substituting
      equivalent amounts of hexane, dimethyl ether, acetone or acetic acid for
      methanol, equivalent results may be obtained.
PAC  EXAMPLE XVI
PAR  Following the procedure set forth in Example II, but substituting
      equivalent amounts of toluene, methylene chloride, benzene or methylene
      dichloride, for chloroform. equivalent results are obtained.
PAR  The invention may variously otherwise embodied within the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the production of substantially pure bile acids from
      natural animal bile, which comprises:
PA1  a. Extracting the naturally occurring bile acids from the natural animal
      bile by the treatment thereof with a multiphasic organic solvent system
      having at least two phase, in one phase of which the said bile acids are
      soluble and the naturally occurring pigments and impurities contained
      therein are not soluble, and in the remaining phases of which the said
      impurities and pigments are soluble and the said bile acids are not
      soluble;
PA1  b. Hydrolyzing the said extracted bile acids by treating with an alkali
      metal base;
PA1  c. Esterifying the resultant hydrolyzed bile acids by treating with an
      alcohol esterification agent;
PA1  d. Isolating the desired esterified bile acid; and
PA1  e. Recovering the resultant substantially pure free bile acid.
NUM  2.
PAR  2. The method of removing bile pigments and other impurities from natural
      animal bile, which comprises:
PA1  a. Substantially dehydrating said natural animal bile;
PA1  b. Esterifying said substantially dehydrated natural animal bile by
      treatment with a suitable organic esterification agent;
PA1  c. Subjecting said esterified natural animal bile to a multiphasic organic
      solvent system having at least two phases in one phase of which the bile
      acid fraction of said animal bile is soluble and the pigments and other
      impurities thereof are not soluble, and in the remaining phases of which
      the said pigments and other impurities are soluble and the bile acid
      fraction is not soluble;
PA1  d. Separating and recovering the substantially pigment and impurity-free
      bile acid fraction of the natural animal bile.
NUM  3.
PAR  3. The method of claim 2, wherein the natural animal bile is derived from
      birds.
NUM  4.
PAR  4. The method of claim 2, wherein the natural animal bile is selected from
      the bile of chicken, turkeys, geese and ducks.
NUM  5.
PAR  5. The method of claim 2, wherein the natural animal bile is chicken bile
      or turkey bile.
NUM  6.
PAR  6. The method of claim 2, wherein in step c., the multiphasic organic
      solvent system is selected from the group consisting of halogenated
      hydrocarbon: alcohol; aromatic organic solvent: alcohol; aromatic organic
      solvent: alkane; ether: alcohol; and halogenated hydrocarbon: ketone.
NUM  7.
PAR  7. The method of claim 2, wherein in step b., the organic esterification
      agent is an alcohol.
NUM  8.
PAR  8. The method of claim 2, wherein in step b., the organic esterification
      agent is an alkyl esterification agent.
NUM  9.
PAR  9. The method of claim 2, wherein the natural animal bile is chicken or
      turkey bile; wherein in step b., the organic esterification agent is an
      alkyl esterification agent; and wherein in step c., the multiphasic
      organic solvent system is halogenated hydrocarbon: alcohol.
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ABST
PAL  Novel 9-substituted phenyl- or
      cyclohex-1-en-1-yl-3,7-dimethyl-nona-2,4,6-trienoic acids or derivatives
      thereof, -trienal or -trienol derivatives are described. The subject
      compounds are useful in the treatment of certain dermatoses and
      inflammatory and allergic dermatological conditions.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention pertains to compounds represented by the formula
      ##SPC1##
PAL  Wherein R.sub.1 is a 2,6,6-trimethyl-cyclohex-1-en-1-yl group or a phenyl
      group which is substituted in positions 2 and 6 by a member selected from
      the group consisting of halogen, lower alkyl and lower alkoxy and in at
      least one of positions 3, 4 and 5 by a member selected from the group
      consisting of halogen, hydroxy, lower alkyl, lower alkenyl, lower alkoxy,
      lower alkenoxy, lower alkanoyloxy, nitro, amino, mono(lower alkyl)amino,
      di(lower alkyl)amino, lower alkanoylamido and a nitrogen-containing
      heterocyclic group; and R.sub.2 is selected from the group consisting of
      formyl, hydroxymethyl, alkoxymethyl, alkanoyloxymethyl, carboxyl,
      alkoxycarbonyl, alkenoxycarbonyl, alkynoxycarbonyl, carbamoyl, mono(lower
      alkyl) carbamoyl, di(lower alkyl)carbamoyl and a nitrogen-containing
      heterocycle-substituted carbonyl group.
PAR  The term "halogen" as utilized in the instant specification denotes all
      form halogens, i.e., chlorine, bromine, iodine and fluorine, with chlorine
      and bromine being preferred. The terms "lower alkyl" and "lower alkenyl"
      denote both straight- and branched-chain groups containing 1 to 6 carbon
      atoms such as, for example, methyl, ethyl, isopropyl and 2-methylpropyl
      and vinyl, allyl and butenyl, respectively. The terms "lower alkoxy" and
      "lower alkenoxy" denote groups containing 1 to 6 carbon atoms such as, for
      example, methoxy, ethoxy and isopropoxy and vinyloxy and allyloxy,
      respectively. The lower alkanoyloxy groups preferably contain up to 6
      carbon atoms such as, for example, acetoxy, propionyloxy, butyryloxy and
      the like.
PAR  The amino group as represented in the above formulae may be mono- or
      disubstituted by lower alkyl groups containing from 1 to 6 carbon atoms
      such as, for example, methylamino, diethylamino and isopropylamino. The
      alkanoyl portion of the lower alkanoylamido groups of the above formula
      can be derived from lower alkanecarboxylic acids having 1 to 6 carbon
      atoms such as, for example, acetic acid, propionic acid, pivalic acid and
      the like.
PAR  The terminology "nitrogen-containing heterocycle" as utilized herein
      denotes a 5- or 6-membered ring containing a nitrogen atom and which may
      contain an additional hetero atom selected from the group consisting of
      oxygen, nitrogen and sulfur. Examples of preferred groups in accordance
      with the invention include pyrrolidino, pyridino, piperidino, morpholino
      and thiomorpholino. The alkoxy portion of the alkoxymethyl and
      alkoxycarbonyl groups are preferably straight- or branched-chain groups
      containing from 1 to 6 carbon atoms such as, for example, methoxy, ethoxy
      or isopropoxy. The alkoxy portion of said groups, however, may also
      contain from 7 to 20 carbon atoms. Of this group the cetyloxy group is
      preferred.
PAR  The alkenoxycarbonyl and alkynoxycarbonyl groups in the above formula
      preferably contain 2 to 6 carbon atoms in the alkenoxy and alkynoxy
      portions, respectively. Examples of suitable groups include alkyloxy and
      2-propynyloxy. The alkanoyloxy portion of the alkanoyloxymethyl group of
      the above formula can be derived from lower alkanecarboxylic acids having
      from 1 to 20 carbons, preferably from 1 to 6 carbon atoms. Examples of
      suitable acids include acetic acid, propionic acid, pivalic acid, palmitic
      acid and stearic acid. The carbamoyl group of the above formula can be
      mono- or di-substituted by straight- or branched-chain lower alkyl groups.
      Examples of suitable preferred groups include methylcarbamoyl,
      dimethylcarbamoyl and diethylcarbamoyl. The nitrogen-containing
      heterocycle portion of the nitrogen-containing heterocycle-substituted
      carbonyl group is defined above.
PAR  Preferred compounds of formula I in accordance with the invention include
      the following:
PA1  3,7-dimethyl-9-(2,6,6-trimethyl-cyclohex-1-en-1-yl)-nona-2,6,8-trien-1-oic
      acid methyl ester;
PA1  3,7-dimethyl-9-(2,6,6-trimethyl-cyclohex-1-en-1-yl)-nona-2,6,8-trien-1-oic
      acid;
PA1  3,7-dimethyl-9-(2,6,6-trimethyl-cyclohex-1-en-1-yl)-nona-2,6,8-trien-1-ol;
PA1  1-acetoxy-3,7-dimethyl-9-(2,6,6-trimethyl-cyclohex-1-en-1-yl)-nona-2,6,8-tr
     iene;
PA1  3,7-dimethyl-9-(2,3,6-trimethyl-phenyl)-nona-2,6,8-trien-1-oic acid;
PA1  3,7-dimethyl-9-(4-methoxy-2,3,6-trimethyl-phenyl)-nona-2,6,8-trien-1-oic
      acid methyl ester;
PA1  3,7-dimethyl-9-(3-chloro-2,4,6-trimethyl-phenyl)-nona-2,6,8-trien-1-oic
      acid;
PA1  3,7-dimethyl-9-(3-nitro-2,4,6-trimethyl-phenyl)-nona-2,6,8-trien-1-oic
      acid;
PA1  3,7-dimethyl-9-(3-chloro-2,4,6-trimethyl-phenyl)-nona-2,6,8-trien-1-oic
      acid methyl ester;
PA1  3,7-dimethyl-9-(3-chloro-2,6-dimethyl-4-methoxy-phenyl)-2,6,8-nonatrien-1-o
     l acetate;
PA1  3,7-dimethyl-9-(3-chloro-2,6-dimethyl-4-methoxy-phenyl)-nona-2,6,8-trien-1-
     oic acid and
PA1  3,7-dimethyl-9-(3-nitro-2,4,6-trimethyl-phenyl)-2,6,8-nona-trien-1-ol
      acetate.
PAR  In accordance with the present invention, the novel polyene compounds of
      formula I are prepared by condensing a compound represented by the formula
      ##SPC2##
PAL  with a compound represented by the formula
      ##SPC3##
PAL  wherein one member of A and B is oxo and the other is a triarylphosphonium
      group represented by the formula --P[Y].sub.3 .sup.+Z.sup.-, in which Y is
      an aryl group, Z is an anion of an inorganic or organic acid, R.sub.1 is
      as given above and, wherein B is oxo, R.sub.3 is selected from the group
      consisting of alkoxymethyl, dialkoxymethyl, alkanoyloxymethyl,
      alkoxycarbonyl, alkenoxycarbonyl and alkynoxycarbonyl, wherein B is
      triarylphosphonium, R.sub.3 is selected from the group consisting of
      formyl, hydroxymethyl, alkoxymethyl, dialkoxymethyl, carboxyl,
      alkoxycarbonyl, alkenoxycarbonyl and alkynoxycarbonyl.
PAR  The novel compounds of formula I may also be prepared by reacting a
      compound represented by the formula
      ##SPC4##
PAL  wherein R.sub.1 is as given above and D is oxo with a compound represented
      by the formula
      ##SPC5##
PAL  wherein R.sub.4 is selected from the group consisting of formyl, carboxyl,
      alkoxycarbonyl, alkenoxycarbonyl, alkynoxycarbonyl, carbamoyl, mono(lower
      alkyl)carbamoyl, di(lower alkyl) carbamoyl and a nitrogen-containing
      heterocycle substituted carbonyl group and E is a dialkoxyphosphinoxy
      group represented by the formula
      ##EQU1##
      wherein X is an alkoxy group.
PAR  The novel compounds of formula I may also be prepared by reacting a
      compound represented by the formula
      ##SPC6##
PAL  with a compound represented by the formula
      ##SPC7##
PAL  wherein R.sub.1, A and B have the meaning given above and wherein B is oxo,
      R.sub.5 is selected from the group consisting of alkoxymethyl,
      dialkoxymethyl, alkanoyloxymethyl, alkoxycarbonyl, alkenoxycarbonyl and
      alkynoxycarbonyl, wherein B is a triarylphosphonium group, R.sub.5 is
      selected from the group consisting of hydroxymethyl, alkoxymethyl,
      dialkoxymethyl, carboxyl, alkoxycarbonyl, alkenoxycarbonyl and
      alkynoxycarbonyl.
PAR  The novel compounds of formula I may further be prepared by reacting a
      compound represented by the formula
      ##SPC8##
PAL  with a compound represented by the formula
      ##SPC9##
PAL  wherein R.sub.1, D and E are as given above and R.sub.6 is selected from
      the group consisting of alkoxymethyl, dialkoxymethyl, alkanoyloxymethyl,
      alkoxycarbonyl, alkenoxycarbonyl, alkynoxycarbonyl, carbamoyl, mono(lower
      alkyl)carbamoyl, di(lower alkyl)carbamoyl and a nitrogen-containing
      heterocycle-substituted carbonyl group.
PAR  Finally, the novel compounds of formula I may be prepared by reacting a
      compound represented by the formula
      ##SPC10##
      with a compound represented by the formula
      ##SPC11##
PAL  wherein R.sub.1, R.sub.3, A and B have the meaning given above.
PAR  Wherein a carboxylic acid is obtained, it may be esterified or amidated.
      Wherein an ester is formed, it may, if desired, be hydrolyzed or amidated.
      Wherein either a carboxylic acid or ester are obtained, these may
      optionally be reduced to form the corresponding alcohol. Such alcohols may
      be etherified or esterified. The alcohol ester can also, if desired, be
      saponified. The alcohol or an ester thereof can further be oxidized to
      form the corresponding carboxylic acid.
PAR  The aryl groups represented by "Y" in the above formulae include all
      generally known aryl groups. Preferred groups include, for example,
      mononuclear groups such as phenyl, lower alkyl-substituted phenyl and
      lower alkoxysubstituted phenyl such as, for example, tolyl, xylyl, mesityl
      and p-methoxyphenyl. Preferred among the inorganic acid anions represented
      by "Z" in the above formulae are chlorine, bromide, iodide and
      hydrosulfate and, of the organic acid anions, the tosyloxy ion is
      preferred.
PAR  The alkoxy groups represented by "X" in the dialkoxyphosphinoxy group in
      the above formulae are preferably lower alkoxy groups containing from 1 to
      6 carbon atoms. Especially preferred are methoxy and ethoxy groups.
PAR  The compounds of formula II are novel and can be prepared, for example,
      wherein R.sub.1 is a 2,6,6-trimethyl-cyclohexenyl group and X is oxo, by
      condensing
      1-chloro-3-methyl-5-(2,6,6-trimethyl-cyclohex-1-en-1-yl)-penta-2,4-diene
      by conventional procedures with ethyl acetoacetate. The resulting
      3-ethoxycarbonyl-6-methyl-8-(2,6,6-trimethyl-cyclohex-1-en-1-yl)-octa-5,7-
     dien-2-one is then hydrolyzed and decarboxylated by conventional
      procedures.
PAR  The compounds of formula II wherein R.sub.1 is substituted phenyl can be
      prepared, for example, by halogenating the corresponding
      3-hydroxy-3-methyl-5-(substituted phenyl)-penta-1,4-diene under allylic
      rearrangement and condensing the thus-formed
      1-halo-3-methyl-5-(substituted phenyl)-penta-2,4-diene in a conventional
      manner with ethyl acetoacetate to yield the beta-keto-carboxylic acid
      ester which is then conventionally hydrolyzed and decarboxylated.
PAR  Compounds of formula II wherein R.sub.1 is 2,6,6-trimethyl-cyclohexenyl or
      a substituted-phenyl group and A is a triarylphosphonium group can be
      prepared, for example, by reducing an appropriate compound of formula II
      in which A is oxo by conventional procedure, e.g., using sodium
      borohydride, halogenating the resulting hydroxy compound obtained by
      conventional procedure, e.g., by treatment with a phosphorus trihalide or
      phosphorus pentahalide, and reacting the resulting halide with a
      triarylphosphine.
PAR  The starting materials of formula III above are known compounds.
PAR  The starting materials of formula IV wherein D is oxo are identical with
      the compounds of formula II wherein A is oxo and can be prepared as
      described above for said compounds.
PAR  The starting materials of formula V are known compounds.
PAR  The starting materials of formula VI wherein R.sub.1 is a
      2,6,6-trimethylcyclohexenyl group are known compounds. In contrast, the
      starting materials of formula VI wherein R.sub.1 is a substituted-phenyl
      group are novel and also form part of the invention.
PAR  Compounds of formula VI wherein R.sub.1 is a substituted-phenyl group and A
      is oxo can be prepared, for example, by first treating an appropriately
      substituted benzene in a conventional manner with a formylating agent in
      the presence of a Lewis acid and then condensing the resulting substituted
      benzaldehyde in a conventional manner with acetone. Compounds of formula
      VI wherein R.sub.1 is substituted-phenyl and A is a triarylphosphonium
      group can be prepared, e.g., by reducing an appropriate compound of
      formula VI wherein A is oxo in a conventional manner using sodium
      borohydride, halogenating the hydroxy compound obtained, e.g., by
      treatment with a phosphorus trihalide or phosphorus pentahalide and
      reacting the resulting halide with a triarylphosphine.
PAR  The starting materials of formula VII are known compounds.
PAR  The starting materials of formula VIII wherein R.sub.1 is a
      substituted-phenyl group are novel and also form part of the invention.
      They can be prepared, for example, by reacting the halide obtained in the
      preparation of compounds of formula VI above wherein R.sub.1 is a
      substituted-phenyl group and A is a triarylphosphonium group with a
      trialkylphosphite instead of a triarylphosphine.
PAR  The starting materials of formula IX wherein D is oxo are known compounds.
PAR  In accordance with the process provided by the present invention, the
      reaction of compounds of formulae II and III, IV and V, VI and VII, VIII
      and IX or X and XI to give polyene compounds of formula I is carried out
      by a Wittig or Horner reaction.
PAR  According to the Wittig procedure, the starting materials are condensed
      together in the presence of an acid-binding agent, e.g., an alkali metal
      alcoholate such as sodium methylate or an alkylene oxide which may be
      alkyl-substituted, especially ethylene oxide or 1,2-butylene oxide. The
      reaction may be carried out, if desired, in a solvent, e.g., a chlorinated
      hydrocarbon such as methylene chloride, or dimethylformamide, at a
      temperature between room temperature and the boiling point of the
      condensation mixture.
PAR  According to the Horner procedure, the condensation is carried out with the
      aid of a base and preferably in the presence of an inert organic solvent
      such as, for example, using sodium hydride in benzene, toluene,
      dimethylformamide, tetrahydrofuran, dioxane or 1,2-dimethoxyethane, or
      using an alkali metal alcoholate in an alkanol such as sodium methylate in
      methanol at a temperature between 0.degree.C. and the boiling point of the
      condensation mixture.
PAR  A carboxylic acid of formula I can be converted in a conventional manner,
      for example, by treatment with thionyl chloride into an acid chloride
      which can be converted into an amide by treatment with ammonia or into an
      ester by reaction with a suitable alkanol.
PAR  A carboxylic acid ester of formula I can be hydrolyzed to a carboxylic acid
      in a conventional manner such as, for example, by treatment with an
      alkali, preferably an aqueous-alcoholic solution of sodium hydroxide or
      potassium hydroxide at a temperature between room temperature and the
      boiling point of the mixture. The resulting carboxylic acid can then be
      amidated utilizing an acid halide as described above. Alternately, a
      carboxylic acid ester can be directly amidated as described hereinafter.
PAR  A carboxylic acid ester of formula I can be converted directly into the
      corresponding amide by treatment with lithium amide, preferably at room
      temperature.
PAR  A carboxylic acid or a carboxylic acid ester of formula I may be reduced to
      the corresponding alcohol in a conventional manner such as, for example,
      by treatment with a metal hydride or alkyl metal hydride in an inert
      solvent. Suitable hydrides include mixed metal hydrides such as lithium
      aluminum hydride and bis-[methoxy-ethylenoxy]-sodium aluminum hydride.
      Suitable inert solvents include, for example, ether, tetrahydrofuran and
      dioxane wherein lithium aluminum hydride is utilized and ether, hexane,
      benzene and toluene wherein diisobutyl-aluminum hydride or
      bis-[methyloxy-ethylenoxy]-sodium aluminum hydride are utilized.
PAR  An alcohol of formula I can be etherified with an alkyl halide such as, for
      example, ethyl iodide, in the presence of a base, preferably sodium
      hydride and in an organic solvent such as, for example, dioxane,
      tetrahydrofuran, 1,2-dimethoxyethane, dimethylformamide and the like, or
      in the presence of an alkali metal alcoholate in an alkanol and at a
      temperature between 0.degree.C. and room temperature.
PAR  An alcohol of formula I can also be esterified by treatment with an
      alkanoyl halide or anhydride, preferably in the presence of a base such
      as, for example, pyridine or triethylamine at a temperature between room
      temperature and the boiling point of the mixture.
PAR  An alcohol ester can be saponified by conventional procedure such as
      previously described in connection with the carboxylic acid esters.
PAR  A diacetal of formula I can be saponified by conventional procedure such
      as, for example, by treatment with a proton donator in an inert solvent,
      e.g., hydrochloric acid in tetrahydrofuran.
PAR  An alcohol of formula I or an ester thereof can be oxidized to
      corresponding acid by conventional means such as, for example, silver (I)
      oxide and an alkali in water or an organic solvent miscible with water at
      a temperature between room temperature and the boiling point of the
      mixture.
PAR  In papilloma tests, tumors induced with dimethyl-benzanthracene and croton
      oil were shown to regress upon treatment with the polyene compounds of
      formula I. The diameter of such papillomas in mice decreased by 33% within
      2 weeks upon the intraperitoneal administration of
      3,7-dimethyl-9-(2,6,6-trimethyl-cyclohex-1-en-1-yl)-nona-2,6,8-trien-1-oic
      acid methyl ester at a dosage of 400 mg/kg/week.
PAR  The polyene compounds of formula I are further useful in the topical and
      systemic treatment of acne, psoriasis and other dermatoses accompanied by
      an increased or pathologically altered cornification and for the treatment
      of inflammatory and allergic dermatological conditions. The compounds of
      formula I can also be utilized in the treatment of conditions of the
      mucous membranes characterized by inflammatory, degenerative or
      metaplastic alterations.
PAR  The compounds of formula I may be administered enterally, parenterally or
      topically. The dosages will vary according to mode of administration, the
      condition being treated and the requirements of the patient. For oral
      administration, from about 5 mg. to about 200 mg. of the compounds of
      formula I daily in one or more dosages are contemplated. A preferred oral
      dosage form is capsules containing from about 10 mg. to about 100 mg. of
      active ingredient. For topical administration, preferred dosage forms are
      solutions containing the active ingredient in from 0.01% by weight to
      about 0.3% by weight, preferably from about 0.02% by weight to about 0.1%
      by weight and ointments and creams containing from about 0.5% by weight to
      about 5% by weight, preferably from about 0.1% by weight to about 2.0% by
      weight active ingredient.
PAR  The toxicity of the polyene compounds of formula I is slight. For example,
      as is evident from the following Table, the acute toxicity (LD.sub.50) in
      mice after intraperitoneal administration in rape oil of
      3,7-dimethyl-9-(2,6,6-trimethylcyclohex-1-en-1-yl)-nona-2,6,8-trien-1-oic
      acid methyl ester is over 4000 mg/kg.
      ##EQU2##
PAR  Wherein, in accordance with the present invention, the compounds of formula
      I are administered by either enteral or parenteral modes, suitable
      pharmaceutical dosage forms include tablets, capsules, dragees, syrups,
      suspensions, solutions, suppositories and the like for enteral
      administration. Parenteral dosage forms may be infusions or injectable
      solutions which can be injected intravenously or intramuscularly. These
      preparations can contain other medicinally active substances as well as
      inert binding agents, fillers, carriers or diluents. Additional additives
      such as flavoring agents, preservatives, stabilizers, emulsifying agents,
      buffers and the like may be added in accordance with accepted practices of
      pharmaceutical compounding. It is preferred to incorporate into the
      preparations herein described one or a mixture of antioxidants recognized
      as being suitable for such preparations such as, for example,
      N-methyl-.gamma.-tocopherol-amine, tocopherols, butylated hydroxyanisole,
      butylated hydroxytoluene, ethoxyquin and the like. The carriers and
      diluents utilized may be organic or inorganic substances such as, for
      example, water, gelatin, lactose, starches, magnesium stearate, talc, gum
      arabic, polyalkyleneglycols and the like.
PAR  For topical administration, the polyene compounds of formula I are
      incorporated into ointments, tinctures, creams, solutions, lotions,
      sprays, suspensions and the like. Ointments, creams and solutions are
      preferred. These pharmaceutical preparations for topical administration
      can be prepared by mixing the polyene compounds, as the active
      ingredients, with non-toxic, inert solid or liquid carriers suitable for
      topical treatment in accordance with accepted pharmaceutical practices.
DETD
PAR  The following examples further illustrate the invention. All temperatures
      are in degrees Centigrade.
PAC  EXAMPLE 1
PAR  4.6 Grams of sodium hydride were washed with low boiling petroleum ether
      and, after addition of 100 ml. of anhydrous dimethoxyethane, treated
      dropwise with 6.5 g. of ethyl acetoacetate. The mixture was heated to
      boiling under reflux for 1 hour and after the dropwise addition of 120 g.
      of
      1-chloro-3-methyl-5-(2,6,6-trimethyl-cyclohex-1-en-1-yl)-penta-2,4-diene i
     n 40 ml. of dimethoxyethane, again heated to boiling under reflux for 12
      hours. After cooling, the reaction mixture was filtered. The filtrate was
      diluted with ether, washed to neutrality with a saturated aqueous sodium
      chloride solution, dried over sodium sulfate and evaporated. 14.7 Grams of
      the crude
      3-ethoxycarbonyl-6-methyl-8-(2,6,6-trimethyl-cyclohex-1-en-1-yl)-octa-5,7-
     dien-2-one obtained were taken up in 500 ml. of 70% ethanol and treated
      with 140 g. of potassium hydroxide. The mixture was heated to boiling
      under reflux for 1 hour, cooled, adjusted to pH 2 by the addition of
      concentrated hydrochloric acid, again heated to boiling for 30 minutes
      until cessation of the carbon dioxide evolution and subsequently extracted
      with ether. The ether extract was dried over sodium sulfate and
      evaporated. The remaining crude
      6-methyl-8-(2,6,6-trimethylcyclohex-1-en-1-yl)-octa-5,7-dien-2-one boiled
      between 120.degree. and 135.degree./0.1 Torr. The product was purified in
      a conventional manner via the semicarbazone which melted at 152.degree..
PAR  A total of 2.85 g. of sodium hydride was washed with low boiling petroleum
      ether and, after addition of 400 ml. of anhydrous tetrahydrofuran, treated
      dropwise with 12.15 g. of dimethoxyphosphonoacetic acid methyl ester. The
      mixture was heated at 40.degree.-50.degree. for 2 hours, then cooled to
      5.degree.-10.degree. and after addition of 12.9 g. of the
      6-methyl-8-(2,6,6-trimethyl-cyclohex-1-en-1-yl)-octa-5,7-diene-2-one
      formed above in 50 ml. of anhydrous tetrahydrofuran, heated to boiling for
      12 hours under reflux. The resulting reaction mixture was poured onto ice
      and taken up in ether. The ether extract was washed to neutrality with
      water, dried over sodium sulfate and evaporated. The crude
      3,7-dimethyl-9-(2,6,6-trimethyl-cyclohex-1-en-1-yl)-nona-2,6,8-trien-1-oic
      acid methyl ester remaining was purified by adsorption on silica gel and
      separated into the isomeric forms. The pure ester boiled at
      125.degree./0.05 Torr.
PAC  EXAMPLE 2
PAR  A total of 12.3 g. of
      3-hydroxy-3-methyl-5-(4-methoxy-2,3,6-trimethylphenyl)-penta-1,4-diene are
      introduced into 150 ml. of absolute ether with stirring. The solution was
      cooled in an inert gas to -60.degree., treated in the course of 5-10
      minutes with 39 ml. of 10.3% ethereal hydrochloric acid and stirred for 5
      minutes at -60.degree.. The mixture was then warmed to +10.degree. with
      stirring and, after 5 minutes, diluted with water and extracted twice with
      ether. The combined ether extracts were washed to neutrality with a
      saturated, aqueous sodium bicarbonate solution, dried over sodium sulfate
      and evaporated. The remaining crude
      1-chloro-3-methyl-5-(4-methoxy-2,3,6-trimethyl-phenyl)-penta-2,4-diene was
      reacted as described below.
PAR  3.08 Grams of sodium hydride were washed with low boiling petroleum ether
      and suspended in 100 ml. of dimethoxyethane. After the dropwise addition
      of 8.35 g. of ethyl acetoacetate, the suspension was heated to boiling
      under reflux for 1 hour. The clear solution was cooled to 0.degree.,
      treated dropwise over a period of 20 minutes at 0.degree.-50.degree. with
      17 g. of
      1-chloro-3-methyl-5-(4-methoxy-2,3,6-trimethyl-phenyl)-penta-2,4-diene in
      60 ml. of dimethoxyethane and heated to boiling under reflux for 12 hours.
      After cooling, the reaction mixture was filtered. The filtrate was diluted
      with ether, washed to neutrality with a saturated aqueous solution of
      sodium chloride, dried over sodium sulfate and evaporated.
PAR  22 Grams of the crude
      3-ethoxycarbonyl-6-methyl-8-(4-methoxy-2,3,6-trimethyl-phenyl)-octa-5,7-di
     en-2-one obtained above were dissolved in 70% ethanol. After the addition
      of 22 g. of potassium hydroxide, the solution was heated to boiling under
      reflux for 1 hour, cooled, acidified by the addition of concentrated
      hydrochloric acid, and again heated to boiling for 1 hour. The reaction
      mixture was then diluted with water and extracted with ether. The ether
      extract was washed successively with a saturated aqueous solution of
      sodium bicarbonate and sodium chloride, dried over sodium sulfate and
      evaporated. The remaining crude
      6-methyl-8-(4-methoxy-2,3,6-trimethyl-phenyl)-octa-5,7-dien-2-one melted
      at 89.degree. after recrystallization from hexane.
PAR  A total of 1.8 g. of sodium hydride was washed with low boiling petroleum
      ether and, after the addition of 300 ml. of absolute tetrahydrofuran,
      treated dropwise with 9.6 g. of diethoxyphosphono-acetic acid ethyl ester.
      The mixture was stirred for 30 minutes at room temperature, subsequently
      cooled to 5.degree. and after adding dropwise 9 g. of
      6-methyl-8-(4-methoxy-2,3,6-trimethyl-phenyl)-octa-5,7-dien-2-one in 50
      ml. of absolute tetrahydrofuran, heated to boiling under reflux conditions
      for 12 hours. The reaction mixture obained was poured onto ice and taken
      up in ether. The ether extract was washed to neutrality with water, dried
      over sodium sulfate and evaporated. The remaining crude
      3,7-dimethyl-9-(4-methoxy-2,3,6-trimethyl-phenyl)-nona-2,6,8-trien-1-oic
      acid ethyl ester was purified by adsorption on silica gel.
PAC  EXAMPLE 3
PAR  A total of 23.25 g. of 3-chloro-2,4,6-trimethylbenzyltriphenylphosponium
      chloride and 7.1 g. of ethyl beta-formylcrotonate were combined with 25
      ml. of toluene and 25 ml. of 1,2-epoxybutane and heated with stirring for
      18 hours at 80.degree.-90.degree.. The toluene was removed on a rotary
      evaporator and 800 ml. of hexane was added and the mixture allowed to
      cool. The solid was removed by filtration and the filtrate concentrated to
      give 23.6 g. of crude product which was purified by chromatography on
      silica gel and elution with methylene chloride, to give 16.2 g. of
      ethyl-3-methyl-5-(3-chloro-2,4,6-trimethylphenyl)-2,4-pentadienoate, b.p.
      175.degree./0.7 mmHg.
PAR  In a 200 ml., of 4-necked flask fitted with a thermometer, magnetic stirrer
      and protected by an inert atmosphere, 925 mg. of lithium aluminum hydride
      were suspended in 25 ml. of anhydrous ether, and the mixture cooled to
      0.degree.. A solution of 5 g. of the ethyl
      3-methyl-5-(3-chloro-2,4,6-trimethylphenyl)-2,4-pentadienoate formed above
      in 50 ml. of anhydrous ether was added dropwise at 0.degree.-5.degree..
      The mixture was stirred at 5.degree. for 1 hour and then 10 ml. of ethyl
      acetate was added cautiously at 0.degree.-5.degree. followed by 50 ml. of
      sodium sulfate solution. The mixture was then extracted twice with ether
      and the combined organic phases washed with a saturated aqueous solution
      of sodium chloride, dried with anhydrous sodium sulfate and the solvent
      was removed on the rotary evaporator to give 3.8 g. of
      3-methyl-5-(3-chloro-2,4,6-trimethylphenyl)-2,4-pentadien-1-ol.
PAR  To a solution of 2.6 g. of
      3-methyl-5-(3-chloro-2,4,6-trimethylphenyl)-2,4-pentadien-1-ol in 18 ml.
      of anhydrous ether in a two-necked flask fitted with a thermometer and
      dropping funnel 0.155 ml. of anhydrous pyridine was added. The mixture was
      cooled to -20.degree. and a solution of 1.04 g. of phosphorus tribromide
      in 10 ml. of anhydrous ether was added slowly over a 30 minute period. The
      mixture was then allowed to stir for 2 hours without cooling and was then
      poured onto ice and extracted three times with ether. The organic extracts
      were washed sequentially with saturated aqueous solutions of sodium
      chloride, sodium bicarbonate and sodium chloride. The dried extracts were
      concentrated on the rotary evaporator to give 2.4 g. of
      1-bromo-3-methyl-5-(3-chloro-2,4,6-trimethylphenyl)penta-2,4-diene.
PAR  A solution of 1.0 g. of distilled ethyl acetoacetate in 5 ml. of
      dimethoxyethane was slowly added to a suspension of 368 mg. of sodium
      hydride in 5 ml. of dimethoxyethane under an inert atmosphere. The mixture
      was allowed to stir for 1 hour and was then added dropwise to a cooled
      (0.degree.) solution of 2.4 g. of
      1-bromo-3-methyl-5-(3-chloro-2,4,6-trimethylphenyl)penta-2,4-diene in 10
      ml. of dimethoxyethane. After the addition was complete, the reaction
      mixture was heated to reflux for 8 hours, cooled and filtered through
      Celite. The filtrate was diluted with ether and washed to neutrality with
      a saturated aqueous solution of sodium chloride and dried with sodium
      sulfate. Evaporation of the solvent yielded 2.4 g. of
      3-carboethoxy-6-methyl-8-(3-chloro-2,4,6-trimethylphenyl)-5,7-octadien-2-o
     ne, which was dissolved in 10 ml. of 70% ethanol. Thereafter, 2.2 grams of
      potassium hydroxide were added and the mixture was heated for 1 hour on a
      steam bath. The solution was allowed to cool, acidified to pH 1 with
      concentrated hydrochloric acid and again heated to reflux for 30 minutes
      to complete the decarboxylation. The reaction mixture was cooled and
      diluted with water and ether. The organic phase was separated and the
      aqueous phase extracted twice more with ether. The combined ether extracts
      were successively washed with saturated aqueous solutions of sodium
      chloride, sodium bicarbonate and sodium chloride. The dried ether solution
      was concentrated on a rotary evaporator to yield 2.2 g. of an oil which
      was chromatographed on 100 g. of silica gel. Elution with methylene
      chloride-hexane (1:1) afforded 500 ml. of crystalline
      6-methyl-8-(3-chloro-2,4,6-trimethylphenyl)-5,7-octadien-2-one, which,
      after three recrystallizations from hexane, had a m.p. of
      65.degree.-67.degree..
PAR  A total of 53.2 mg. of sodium hydride was suspended in 5 ml. of anhydrous
      tetrahydrofuran under an inert gas atmosphere in a 25 ml. three-necked
      flask equipped with a thermometer, magnetic stirrer and reflux condenser.
      Then, 252 mg. of dimethoxyphosphonacetic acid methyl ester were added and
      the mixture heated to 60.degree. with stirring. A solution of 300 mg. of
      the 6-methyl-8-(3-chloro-2,4,6-trimethyl-phenyl)-5,7-octadien-2-one formed
      above in 5 ml. of anhydrous tetrahydrofuran was added and the mixture
      refluxed for 5 hours. A further 53.2 mg. of sodium hydride and 252 mg. of
      dimethoxyphosphonoacetic acid methyl ester were reacted as described
      earlier and added to the reaction mixture, which was then heated to reflux
      overnight. The mixture was poured into ice-water and extracted with ether.
      The organic phase was washed to neutrality with a saturated sodium
      chloride solution and dried over sodium sulfate. There were obtained 400
      mg. of crude product, which was purified by chromatography on 40 g. of
      silica gel. By elution with methylene chloride/hexane (1:1), there were
      obtained 55 mg. of
      3,7-dimethyl-9-(3-chloro-2,4,6-trimethyl-phenyl)-nona-2,6,8-trien-1-oic
      acid methyl ester.
PAC  EXAMPLE 4
PAR  A total of 2.41 g. of
      3-chloro-4-methoxy-2,6-dimethylbenzyltriphenylphosphonium chloride was
      added under an argon atmosphere to a suspension of 0.236 g. of sodium
      hydride in 10 ml. of dimethylformamide which had been cooled to
      15.degree.. After the addition was complete, the mixture was stirred at
      room temperature for 15 minutes. A solution of 1.05 g. of
      7-formyl-3-methyl-2,6-octadien-1-ol acetate in 3 ml. of dimethylformamide
      was slowly added to the mixture. The mixture, which slowly became clear
      over a period of 1 hour, was stirred at room temperature for an additional
      4 hours. The mixture was then poured onto 300 ml. of ice-water with
      stirring. The aqueous phase was extracted with two 150 ml. portions of
      ethyl acetate. The organic layer was washed to neutrality with 150 ml. of
      saturated sodium chloride solution and dried over anhydrous sodium
      sulfate. Evaporation of the solvent produced an oil, which was extracted
      with three 100 ml. portions of hexane and 35 ml. of a 1:1 mixture of
      carbon tetrachloride and hexane. The extracts were combined and
      concentrated under vacuum to yield 1.5 g. of an oil which is purified by
      chromatography on 45 g. of silica gel in hexane. Elution with 1% ethyl
      acetate in hexane gradually increasing to 3% ethyl acetate in hexane gave
      370 ml. of
      3,7-dimethyl-9-(3-chloro-2,6-dimethyl-4-methoxy-phenyl)-2,6,8-nonatrien-1-
     ol acetate.
PAC  EXAMPLE 5
PAR  A solution of 470 mg. of
      3,7-dimethyl-9-(3-chloro-2,6-dimethyl-4-methoxyphenyl)-2,6,8-nonatrien-1-o
     l acetate in 5 ml. of methanol was slowly added to a mixture of 1.02 g. of
      silver nitrate, 0.47 g. of sodium hydroxide, 1.6 ml. of water and 4.8 ml.
      of methanol cooled to 20.degree.. The mixture was stirred at room
      temperature for 3.5 hours and then heated to 50.degree.-55.degree. for 1
      hour. The mixture was filtered and washed well with methanol and water.
      The combined filtrates were evaporated on a rotary evaporator to remove
      the methanol. The aqueous solution was then extracted with 150 ml. of
      ether. The aqueous phase was separated, 30 ml. of methylene chloride were
      added thereto and the mixture rendered acidic with 0.58 ml. of 85%
      phosphoric acid. To the resulting mixture was added 30 ml. of chloroform
      and the organic layer was separated, washed to neutrality with a saturated
      sodium chloride solution and dried over anhydrous sodium sulfate. After
      evaporation of the filtrate, there was obtained a yellow oil which was
      extracted with 200 ml. of boiling isopropyl ether. Evaporation of the
      isopropyl ether yielded 200 mg. of crude product in the form of a waxy
      solid material which is recrystallized from ispropyl ether. There was thus
      obtained 25 mg. of
      3,7-dimethyl-9-(3-chloro-2,6-dimethyl-4-methoxy-phenyl)-nona-2,6,8-trien-1
     -oic acid as yellow crystals, m.p. 134.degree.-138.degree..
PAC  EXAMPLE 6
PAR  A mixture of 2.37 g. of 3-nitro-2,4,6-trimethylbenzyltriphenylphosphonium
      chloride, 1.05 g. of 7-formyl-3-methyl-2,6-octadien-1-ol acetate, 2.5 ml.
      of 1,2-epoxybutane and 50 ml. of toluene was heated at
      80.degree.-85.degree. overnight. Then, 20 ml. of chloroform were added
      thereto and the mixture stirred at 83.degree. overnight. The resulting
      mixture was evaporated on a rotary evaporator and the residue diluted with
      100 ml. of ether. The organic layer was separated, washed to neutrality
      with a saturated sodium chloride solution and dried over sodium sulfate.
      After evaporation of the filtrate, there was obtained a light-yellow oil,
      which solidified. This solid was extracted with 125 ml. of hexane and
      filtered. The filtrate was evaporated on a rotary evaporator and yielded
      1.9 g. of crude product as a yellow oil. This oil was chromatographed on
      50 g. of silica gel in hexane. After elution with 1% ethyl acetate in
      hexane, gradually increasing to 3% ethyl acetate in hexane, there was
      obtained 77 mg. of
      3,7-dimethyl-9-(3-nitro-2,4,6-trimethyl-phenyl)-2,6,8-nonatrien-1-ol
      acetate.
PAC  EXAMPLE 7
PAR  Soft gelatin capsules were filled with the following composition:
TBL  Ingredient               Amount in mg.                                    

     ______________________________________                                    

     3,7-dimethyl-9-(2,6,6-trimethyl-cyclohex-                                 

     1-en-1-yl)-nona-2,6,8-trien-1-oic acid                                    

     methyl ester             10.0                                             

     Wax mixture              41.5                                             

     Vegetable oil            98.0                                             

     Trisodium salt of ethylenediamine tetra-                                  

     acetic acid              0.5                                              

                              150.0                                            

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  An ointment containing 0.3% of active ingredient was prepared in a
      conventional manner from the following composition:
TBL  Ingredient             Amount in Grams                                    

     ______________________________________                                    

     3,7-dimethyl-9-(2,6,6-trimethyl-cyclo-                                    

     hex-1-en-1-yl)-nona-2,6,8-trien-1-oic                                     

     acid methyl ester      0.3                                                

     Cetyl alcohol          2.7                                                

     Lanolin                6.0                                                

     White petroleum jelly  15.0                                               

     Distilled water q.s. ad                                                   

                            100.0                                              

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  A water/fat emulsion containing 0.3% of active ingredient was prepared by
      conventional procedures from the following composition:
TBL  Ingredient             Amount in Grams                                    

     ______________________________________                                    

     3,7-dimethyl-9-(2,6,6-trimethyl-cyclo-                                    

     hex-1-en-1-yl)-nona-2,6,8-trien-1-oic                                     

     acid methyl ester      0.3                                                

     Magnesium stearate     2.0                                                

     Perhydrosqualene       13.0                                               

     Distilled water q.s. ad                                                   

                            100.0                                              

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A compound selected from compounds represented by the formula
      ##SPC12##
PAL  wherein R.sub.1 is a 2,6,6-trimethyl-cyclohex-1-en-1-yl group or a phenyl
      group substituted in positions 2 and 6 by a member selected from the group
      consisting of halogen, lower alkyl and lower alkoxy and in at least one of
      positions 3, 4 and 5 by a member selected from the group consisting of
      halogen, hydroxy, lower alkyl, lower alkenyl, lower alkoxy, lower
      alkenoxy, lower alkanoyloxy and R.sub.2 is carboxyl .
NUM  2.
PAR  2. A compound in accordance with claim 1 wherein said compound is
      3,7-dimethyl-9-(2,6,6-trimethyl-cyclohex-1-en-1-yl)-nona-2,6,8-trien-1-oic
      acid.
NUM  3.
PAR  3. A compound in accordance with claim 1 wherein said compound is
      3,7-dimethyl-9-(4-methoxy-2,3,6-trimethyl-phenyl)-nona-2,6,8-trien-1-oic
      acid.
NUM  4.
PAR  4. A compound in accordance with claim 1 wherein said compound is
      3,7-dimethyl-9-(3-chloro-2,6-dimethyl-4-methoxy-phenyl)-nona-2,6,8-trien-1
     -oic acid.
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ABST
PAL   This invention relates to a process for recovering wax from filter cake
      derived from the treatment of sugar cane in the production of cane sugar.
      The process involves taking up the wax in water by forming an aqueous
      slurry of the filter cake, adding a surface active agent to the slurry to
      assist the release of wax from the fibres in the slurry and then heating
      the slurry to melt the wax which then passes into the water. Thereafter an
      extractant for the wax, such as kerosene, is added to the slurry to
      extract the wax whereafter the extractant is separated off, the wax is
      allowed to crystallize on cooling and is then recovered by filtration or
      centrifuging.
BSUM
PAR  This invention relates to the extraction of sugar cane wax.
PAR  Sugar cane wax comprises a mixture of long chain fatty acids, alcohols,
      esters, aldehydes and ketones together with a range of hydrocarbon and
      resin components. Sugar cane wax is normally considered as containing a
      "wax" fraction, an "oil" fraction and a "resin" fraction, the former
      comprising the carboxylated components of the mix and the latter two the
      hydrocarbon components thereof.
PAR  The overall crude wax has several industrial uses which include the coating
      of steel products for metal working and rust prevention while for uses
      such as polish production refinement of the crude wax into its fractions
      is necessary.
PAR  The existing method of crude sugar cane wax extraction involves a solvent
      extraction on the filter cake derived from cane sugar production. In the
      processing of sugar cane a filter cake is derived comprising, on a dry
      basis, approximately 10 percent sugar cane wax (of which 45 percent is the
      wax fraction), 20 percent carbohydrate, 10 percent protein and 40 percent
      fibres, the balance being inorganic components and other impurities. The
      solvent extraction technique involves dissolving the crude wax off from
      the cake and then evaporating off the solvent. It is expensive in terms of
      energy requirements and solvent losses, presents a serious fire hazard and
      consequently involves the use of extensive plant.
PAR  It is an object of the invention to provide an alternative and less costly
      method of extraction of the crude wax fraction of sugar cane wax directly
      from the moist filter press cake obtained in cane sugar production.
PAR  According to the invention a method of recovering sugar cane wax from
      filter cake derived from the treatment of sugar cane includes the steps of
      forming an aqueous slurry of the filter cake, including a surface active
      agent in the slurry to weaken the bond between wax and fibres in the
      slurry, if the slurry is alkaline adjusting the pH of the slurry to the
      acid side, heating the slurry to melt the wax, adding an extractant
      vehicle for the wax to the slurry to extract the wax from the aqueous
      phase, and separating the extractant vehicle containing the wax from the
      aqueous slurry.
PAR  In the preferred method of the invention the surface active agent operative
      to release wax from the fibre carrier or at least to weaken the bond
      between these materials is a surfactant selected from the class comprising
      quaternary ammonium compounds. It is also possible to employ surface
      active agents other than quaternary ammonium compounds to assist release
      of the wax from the fibres of the filter cake.
PAR  For example sodium sulphosuccinate may be used, but with less efficiency.
      The preferred surface active agent is myristyl dimethyl benzene ammonium
      chloride. Such surface active agent should have a cloud point above the
      temperature to which the slurry is heated in order to melt the wax.
      Normally the wax will melt between 85.degree. and 90.degree.C and the
      slurry will be heated to at least this temperature.
PAR  Acidification of the slurry, if alkaline, may be conducted with a mineral
      acid, preferably hydrochloric acid, in order to render the pH of the
      system less than 7.0.
PAR  The pH of the slurry may generally be lowered to between 3.5 and 6.5 and
      preferably to between 4 and 5 by the addition of the acid since at this
      acidity the best separation of wax from the fibres is obtained. Other
      acids may be used to reduce the pH of the slurry including organic acids
      such as acetic, citric and tartaric acids but hydrochloric acid causes
      least problem from an effluent point of view and is also less costly than
      other acids.
PAR  When the pH of the slurry has been adjusted to between 4 and 5 the slurry
      may be heated to boiling point to melt the wax which is then released from
      the fibres of the slurry. However, separation of the wax from the aqueous
      phase of the slurry directly without the use of an extractant is difficult
      since the specific gravity of the wax is close to that of the slurry.
PAR  For this reason an extractant vehicle is added to the slurry, after heating
      thereof, to allow the extractant vehicle to extract the wax from the
      aqueous slurry. The extractant vehicle is an oil or solvent, preferably a
      solvent. Such extractant vehicle which now includes the molten wax is
      allowed to separate from the aqueous phase on standing whereafter the
      upper extractant phase is decanted off and the wax is thereafter recovered
      from the extractant vehicle. Alternatively with a suitable extractant
      vehicle the combination may be used as such in certain commercial
      operations. For example, if spindle oil is used as the extractant vehicle
      the combination would be a useful metal working lubricant. Further
      alternatively the extractant vehicle may be evaporated to yield the wax
      fraction which may contain some oil and resin fractions.
PAR  Also according to the invention the wax is separated from the extractant
      vehicle by allowing this to cool so that wax crystals separate out. The
      wax crystals may then be separated by filtration or by means of a
      centrifuge.
PAR  It will be appreciated that by merely blending the extractant vehicle with
      the slurry which has been heated to 90.degree.C or more, the temperature
      of the extractant would be raised. The heated aqueous slurry and
      extractant phase are then gently blended by agitation and boiling so that
      the molten wax is brought into contact with extractant vehicle without
      causing the extractant vehicle to become intimately mixed with the slurry.
      In this way a major proportion of the cane wax is rapidly taken up in the
      extractant vehicle.
PAR  Such extractant should be carefully selected to provide for good affinity
      for the wax at the raised temperature. Further if separation of the wax is
      desired when the extractant vehicle should also be selected to have poor
      affinity for the wax on cooling so that easy and substantial separation by
      crystallization of the cane wax on cooling is obtained. Also the
      extractant vehicle should be such that residual amounts thereof in the
      separated wax can be tolerated in the industrial uses to which the wax may
      be put. It has been found that odourless kerosene such as that supplied by
      the Shell Chemical Company is excellent as an extractant vehicle while
      solvents of higher volatility do not allow separation of the wax on
      cooling and solvents and oils of higher viscosity tend to separate wax
      slowly and retard filtration of the wax crystals. More volatile solvents
      present a fire hazard and also tend to be objectionable even in residual
      amounts in the final wax products. High boiling point alcohols have been
      found to be admirably suited for the extraction of the wax fraction of
      sugar cane wax and the subsequent crystallization of the wax on cooling.
      Such alcohols are, however, relatively costly and for all practical
      purposes kerosene is the most suitable extractant vehicle yet found.
PAR  In the operation of the method of the invention the filter cake may be
      mixed with 1 to 5 times its volume of water and 0.05 to 0.5 percent of the
      surface active agent while about 10 to 30 percent of the total volume of
      extractant vehicle is added to the hot slurry for extraction of the wax.
PAR  Once the extractant vehicle has been added to the slurry and the mass
      gently agitated to combine the molten wax with the extractant vehicle, a
      period of 30 to 60 minutes should be allowed to achieve a maximum
      separation of the aqueous and extractant phases. After separation of the
      extractant phase slow cooling to 20.degree. to 30.degree.C should be
      adopted to permit efficient crystallization of the cooled wax.
PAR  It has been found that maximum yield of cane wax is obtained from fresh
      filter press cake. If the filter cake is allowed to age the wax appears to
      become so tightly bound to the fibres that inefficient release according
      to the method of the invention is obtained. The filter cake used in the
      process should accordingly be no more than 2 weeks old.
PAR  After removal of the cane wax from the extractant vehicle the latter,
      containing a proportion of the oil and resin fractions of the sugar cane
      wax as well as a low concentration of the wax fraction of the sugar cane
      wax, can be returned for a further extraction cycle on fresh slurry. After
      many extraction cycles the extractant becomes contaminated to too great an
      extent with sugar cane oil and resin and can no longer be used in the
      extraction. The aqueous slurry after removal of the extractant vehicle and
      wax therefrom may be filtered to remove solids and the filtrate employed
      to form a further slurry with fresh filter cake by suitable addition of
      surface active agent and make-up acid if necessary.
PAR  Sugar cane wax derived in accordance with the method described above may
      contain up to 10 percent of the extractant vehicle but for many industrial
      uses such as metal working, rust prevention, mould release agents and
      lubricant manufacture some extractant can be tolerated in the wax. In this
      state the wax is recovered far more economically than by previous
      processes. If desired the wax can be treated for extraction of the traces
      of extractant by vacuum distillation or recrystallization from acetone.
      Acetone extraction yields pure cane wax which may be bleached to suit the
      polish market requirements. The main purpose of this invention, however,
      is to provide crude wax at an economic price, which can then be further
      processed to suit market needs. It will be appreciated that the process of
      the invention may be operated batch-wise or on a continuous basis.
PAC  EXAMPLE I
PAR  A filter cake obtained in the production of sugar from sugar cane was
      analysed on a wet basis and found to have 3.0 to 3.5 percent of wax.
PAR  1000 kg. of the fresh filter cake, 2000 kg. of water and 8 kg. of myristyl
      dimethyl benzene ammonium chloride were mixed to form a slurry having a pH
      of 6.5 in a 4000 liter steel vessel equipped with a slow speed paddle
      stirrer. The vessel was also equipped with a steamjacket and the slurry
      was heated to boiling point.
PAR  500 kg. of odourless kerosene was then piped onto the surface of the slurry
      and the mix was kept at boiling point (.+-. 95.degree.C) with gentle
      stirring for 1.0 - 1.5 hours. The solvent extractant vehicle was then
      removed from the mix by pumping water into the base of vessel to raise
      mass of solvent which was bled off via an overflow pipe. The mass of
      solvent containing the wax was then pumped to a settling vessel and cooled
      by means of cooling coils to ambient temperature.
PAR  The wax fraction crystallised and the mass was then passed through a plate
      filter and the wax residue recovered. This wax was vacuum dried to remove
      residual solvent and the clean crude wax product weighed. 18 kg. of wax
      was obtained.
PAC  EXAMPLE II
PAR  A slurry was formed in the same way as that prepared in accordance with
      Example I using the same quantities of fresh filter cake, water,
      quaternary ammonium compound and odourless kerosene. In this case,
      however, 40 kg. of hydrochloric acid was added to the slurry prior to
      pumping the solvent extractant onto the surface thereof and the acid
      reduced the pH of the slurry to 3.5.
PAR  The sugar cane wax was then recovered from the solvent extractant vehicle
      in the same way as that described in Example I and upon weighing it was
      found that 19 kg. of wax was derived.
PAR  It is thus apparent that reduction of the pH of the slurry from 6.5 to 3.5
      provided a somewhat better release of wax from the fibres of the filter
      cake since approximately 5.5 percent more of the wax was obtained from the
      acidified slurry.
PAR  The essence of the invention, however, resides in the extraction of the wax
      from the filter cake in aqueous slurry form and the invention includes
      within its scope not only the process as outlined but also the sugar cane
      wax when recovered by the method of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of recovering sugar cane wax from filter cake derived from the
      treatment of sugar cane including the steps of forming an aqueous slurry
      of the filter cake, the slurry containing a quaternary ammonium compound
      as a cationic surface active agent to weaken the bond between wax and
      fibers in the slurry, if the slurry is alkaline adjusting the pH of the
      slurry to the acid side, heating the slurry to melt the wax, adding an
      extractant vehicle which is a solvent for the wax to the slurry to extract
      the wax from the aqueous phase, and separating the extractant vehicle
      containing the wax from the liquid phase of the slurry.
NUM  2.
PAR  2. The method of claim 1 in which the surface active wetting agent is
      myristyl dimethyl benzene ammonium chloride.
NUM  3.
PAR  3. The method of claim 1 which the pH of the slurry is adjusted to between
      4 and 5.
NUM  4.
PAR  4. The method of claim 3 in which the pH of the slurry is adjusted by the
      addition of hydrochloric acid thereto.
NUM  5.
PAR  5. The method of claim 1 in which the slurry and extractant vehicle are
      gently agitated by boiling the slurry, the mass thereafter being allowed
      to stand to permit the extractant and aqueous phases to separate
      whereafter the extractant is decanted off.
NUM  6.
PAR  6. The method of claim 1 in which the wax is recovered from the extractant
      vehicle by cooling the extractant, allowing the wax to crystallise and
      separating the wax from the extractant by filtration or by centrifuging.
NUM  7.
PAR  7. The method of claim 1 in which the extractant is added to the slurry
      only after the latter has been heated to melt the wax.
NUM  8.
PAR  8. The method of claim 6 in which the extractant vehicle is kerosene.
NUM  9.
PAR  9. The method of claim 1 in which the slurry is formed by mixing the filter
      cake with 1 to 5 times its volume of water whereafter between 0.05 and 0.5
      percent by volume of surface active agent is added thereto and 10 to 30
      percent of extractant vehicle.
NUM  10.
PAR  10. The method of claim 1, the extractant vehicle being kerosene, the
      slurry being formed by mixing the filter cake with 1 to 5 times its volume
      of water whereafter between 0.05 and 0.5 percent by volume of the surface
      active agent is added thereto and 10 to 30 percent of extractant vehicle,
      the slurry and the extractant vehicle being gently agitated by boiling the
      slurry, the mass thereafter being allowed to stand to permit the
      extractant and aqueous phases to separate whereafter the extractant is
      decanted off, the wax is recovered from the extractant vehicle by cooling
      the extractant, allowing the wax to crystallize and thereafter separating
      the wax from the extractant.
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PAL  The present invention provides a process for the preparation of carboxylic
      acids, which comprises reacting relatively long-chain vicinal diols and/or
      their complete or part esters with lower carboxylic acids with nitric acid
      having a concentration of at least 65% at temperatures from 40.degree. to
      100.degree.C, and recovering said carboxylic acids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a process for the preparation of higher carboxylic
      acids.
PAR  It is known that it is possible to obtain carboxylic acids from
      petrochemical raw materials by the direct oxidation of olefins with nitric
      acid. The method of preparation, however, has the disadvantage that the
      reaction is not easily controlled since during the process isomerizations
      may take place in the olefin and therefore carboxylic acids of different
      chain lengths result. In addition the mixtures of carboxylic acids
      obtained are considerably contaminated with nitrogen containing compounds,
      especially nitro-compounds, and moreover, are only obtained in moderate
      yields. Better results are attained when the olefins are first converted
      into compounds which contain polar groups attached to two adjacent carbon
      atoms, for example, hydroxy, ether, ester and/or epoxy groups. Such
      compounds may be converted into carboxylic acids with higher yields in the
      presence of the usual oxidation catalysts. Transition metals or their
      compounds, such as salts or oxides, especially vanadium and vanadium
      compounds, serve as oxidation catalysts. It is detrimental to employ such
      a method because the presence of the catalyst considerably impedes the
      preparation and purification of the products, while giving rise to
      undesirable consecutive reactions. The separation of the catalyst itself
      necessitates complicated separation methods, for example the insertion of
      special exchange resins stable to oxidation, and when such resins are used
      it is also necessary to conduct the reaction at specific pH values.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      process for the preparation of carboxylic acids consisting essentially of
      the steps of reacting an organic material starting substance selected from
      the group consisting of (a) an alkane vicinal diol having 6 to 18 carbon
      atoms having the formula
      ##EQU1##
      wherein R is alkyl having 4 to 16 carbon atoms and wherein R.sub.1 is
      hydrogen or alkyl having 1 to 12 carbon atoms with the proviso that the
      total number of carbon atoms in said diol is from 6 to 18 and that when
      R.sub.1 is alkyl at least one of R or R.sub.1 has at least 6 carbon atoms,
      (b) monoesters or diesters of said alkane vicinal diol with lower alkanoic
      acids, and (c) mixtures of (a) and (b) with nitric acid having a
      concentration of at least 65% at temperatures from 40.degree. to
      100.degree.C to produce said carboxylic acids; and recovering said
      carboxylic acids.
PAR  It is another object of the present invention to provide an improved
      process for the preparation of carboxylic acids consisting essentially of
      the steps of reacting an organic material starting substance selected from
      the group consisting of (a) an alkane vicinal diol having 6 to 18 carbon
      atoms having the formula
      ##EQU2##
      wherein R is alkyl having 4 to 16 carbon atoms and wherein R.sub.1 is
      hydrogen or alkyl having 1 to 12 carbon atoms with the proviso that the
      total number of carbon atoms in said diol is from 6 to 18 and that when
      R.sub.1 is alkyl at least one of R or R.sub.1 has at least 6 carbon atoms,
      (b) monoesters or diesters of said alkane vicinal diol with lower alkanoic
      acids, and (c) mixtures of (a) and (b) with nitric acid having a
      concentration of at least 65% at temperatures from 40.degree. to
      100.degree.C to produce said carboxylic acids; dissolving the unreacted
      starting substance and the formed carboxylic acids in an inert organic
      solvent to produce an organic solution; extracting the carboxylic acids
      from the organic solution with a dilute aqueous solution of a strong base;
      isolating the base extracted carboxylic acid by acidification with a
      dilute strong acid; and again reacting said unreacted starting material
      with said nitric acid.
PAR  Other and further objects of the present invention will become apparent as
      the description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been surprisingly found that even without the use of catalysts,
      relatively long-chain vicinal diols and/or their esters with lower
      alkanoic acids can be oxidized to alkanoic acids in high yields when the
      method described below is used.
PAR  The new process is characterized by reacting relatively long-chain vicinal
      diols having 6 to 18 carbon atoms and/or their esters with lower alkanoic
      acids with nitric acid, having a concentration of at least 65%, preferably
      70% to 85%, at temperatures from 40.degree.C to about 100.degree.C, in the
      absence of oxidation catalysts.
PAR  The present invention provides a process for the preparation of carboxylic
      acids consisting essentially of the steps of reacting an organic material
      starting substance selected from the group consisting of (a) an alkane
      vicinal diol having 6 to 18 carbon atoms having the formula
      ##EQU3##
      wherein R is alkyl having 4 to 16 carbon atoms and wherein R.sub.1 is
      hydrogen or alkyl having 1 to 12 carbon atoms with the proviso that the
      total number of carbon atoms in said diol is from 6 to 18 and that when
      R.sub.1 is alkyl at least one of R or R.sub.1 has at least 6 carbon atoms,
      (b) monoesters or diesters of said alkane vicinal diol with lower alkanoic
      acids, and (c) mixtures of (a) and (b) with nitric acid having a
      concentration of at least 65% at temperatures from 40.degree. to
      100.degree.C to produce said carboxylic acids; and recovering said
      carboxylic acids.
PAR  This discovery was all the more unexpected since it is known from the
      literature "Chimia 22, 307 (1968)" that in the reaction of vicinal cyclic
      diols, for example, 1,2-cyclohexanediol, by oxidation with nitric acid in
      the absence of oxidation catalysts, a complete breakdown of the starting
      substance to oxalic acid takes place. Further, it was to be expected that
      nitration reactions would be encouraged by the use of highly concentrated
      nitric acid, so that products with a high nitrogen content would result.
PAR  The limits for the reaction temperatures are given because temperatures
      below 40.degree.C cause too long reaction times and would therefore make
      the process uneconomical, whereas at reaction temperatures over
      100.degree.C side reactions take place to a greater extent, which reduce
      the yield of alkanoic acid with breaking down of the carbon chain. It is
      particularly favorable to carry out the reaction at temperatures between
      60.degree.C and 80.degree.C. Such a method of operation is accordingly
      preferred.
PAR  Terminal or non-terminal vicinal diols and/or their part esters with lower
      alkanoic acids may be used as starting substances, the esters being
      preferably those derived from formic or acetic acid. When terminal diols
      or their esters are used as starting substances, alkanoic acids result
      which have 1 or 2 carbon atoms less than the starting material, since
      during the nitric acid oxidation, fission of the C.sub.2 -C.sub.3 -linkage
      may also take place besides a fission of the C.sub.1 -C.sub.2 linkage.
      When non-terminal compounds are used, alkanoic acids are obtained of which
      the number of carbon atoms corresponds to the number of carbon atoms in
      the pieces formed by fission of the diol group or is less than this by 1.
      In the case when alkanoic acids with at least 5 carbon atoms are to be
      prepared, the vicinal diols or their esters used as starting substances
      must accordingly have at least 6 or 7 carbon atoms with terminal hydroxyl
      or ester groups and at least 6 carbon atoms in at least one residue
      adjacent to the diol or ester groupings with non-terminal hydroxyl or
      ester groups. Examples of such starting substances are: Hexanediol-1,2,
      heptanediol-1,2, decanediol-1,2, octadecanediol-1,2, octadecanediol-9,10,
      hexadecanediol-8,9 or their complete or part esters with lower alkanoic
      acids, especially formic or acetic acids.
PAR  The diols or diol-esters to be used as starting substances may also be
      present in admixture with one another or in admixture with substances
      which are inert towards nitric acid under the reaction conditions, for
      example, paraffin hydrocarbons.
PAR  The starting substances are easily obtainable from olefinic petrochemical
      raw materials, for example through the known hydroxylation reaction, in
      which case a purification of the products resulting from this reaction may
      be omitted.
PAR  A preferred form of the process according to the invention consists in the
      use as starting substances of mixtures of substances which have been
      obtained by hydroxylation of relatively long-chain olefins by means of
      peracetic acid, acetic acid/H.sub.2 O.sub.2 or formic acid/H.sub.2 O.sub.2
      mixtures and separation of excess solvent.
PAR  Such mixtures of substances may be reaction products of terminal or
      non-terminal, straight or branched-chain olefins, especially reaction
      products of so-called central olefins, such as are obtained by catalytic
      dimerisation of .alpha.-olefins of the same or different chain lengths.
PAR  On carrying out the process according to the invention the relative
      proportions of starting substances and nitric acid may vary within wide
      limits, but the molar ratio should be from 1:6 to 1:60 with the upper
      limit of 1:60 for the molar ratio being determined principally on economic
      grounds. It is to be seen as a particular advantage of the process of the
      invention, however, that relatively large excesses of nitric acid must not
      be used. A preferred embodiment is one in which the molar ratio of diol
      (or diol-ester) : nitric acid lies in the range from 1 : 10 to 1 : 20.
PAR  The reaction is usually carried out in a heterogeneous phase, i.e. without
      use of solvents. In some cases it may be desirable to add a solvent, in
      which the nitric acid is also soluble, for example for the purpose of
      reducing the viscosity of the reaction mixture. In this case all solvents
      may be used which do not react with nitric acid under the reaction
      conditions, and the boiling point of which lies at least 40.degree. C
      above the reaction temperature used. Suitable solvents comprise: aliphatic
      or cyclic saturated hydrocarbons, especially decane and mixtures of
      paraffins, and also polar solvents such as, expecially, alkanoic acids,
      which here include both lower aliphatic carboxylic acids, for example
      acetic acid, propionic acid, or butyric acid, and also in certain cases
      those alkanoic acids which are to be prepared in the process. Further,
      nitrohydrocarbons, such as nitropropane, can also be used.
PAR  The presence of a solvent has no effect on the reaction, i.e. the yields of
      alkanoic acids are the same with both methods. It is therefore generally
      preferred to carry out the reaction in the absence of a solvent, since
      this means that the working up is considerably simplified.
PAR  The reaction may be carried out by slowly adding the diol, which may also
      be present in solid form, to the requisite amount of nitric acid, which
      has been heated to the desired reaction temperature. After the end of the
      addition, the reaction mixture is kept for some time at an elevated
      temperature.
PAR  To purify the reaction mixture and recover the final product, the organic
      constituents are dissolved in a suitable solvent and the organic solution
      of the alkanoic acids formed is extracted with aqueous NaOH, the
      concentration of which should be about 10 to 20%. The alkanoic acids may
      be isolated from the alkali extracts by acidification with dilute sulfuric
      acid.
PAR  The unsaponifiable fractions of the reaction mixture obtained from the
      organic phase by concentration may be converted for the most part into the
      alkanoic acids formed in the initial reaction by repeated reaction with
      nitric acid under the same reaction conditions, so that the total yield of
      alkanoic acids, referred to diol used, is almost quantitative.
PAR  The nitrogen oxides NO and NO.sub.2 formed during the reaction may be
      reacted by oxidation in presence of water to reform nitric acid. This
      regeneration is suitably carried out by passing the nitrogen oxides
      together with air into the nitric acid separated from the reaction mixture
      of the previous batch.
PAR  The process according to the invention may also be carried out
      continuously.
PAR  The alkanoic acids obtainable in the process according to the invention
      have a high degree of purity, i.e. their nitrogen content generally is
      less than 0.1%.
PAR  The invention will be illustrated with reference to the following examples
      which are not to be deemed limitative of the invention:
PAC  EXAMPLE 1
PAR  40.4 gm (0.2 mol) of dodecanediol-1,2 in the molten state (m.p.
      58.degree.-59.degree.C) were added dropwise from a heated dropping funnel
      into 220 gm of 80% nitric acid (about 2.8 mol) at a temperature of
      60.degree.C with stirring. After the end of the addition, the reaction
      mixture was maintained for a further 2 hours at the same temperature.
      After cooling, the organic constituents of the reaction mixture were
      dissolved in ether and the ethereal solution was extracted several times
      with 10% aqueous caustic soda to separate the carboxylic acids formed from
      the unsaponifiable material. The ethereal solution was washed until
      neutral, dried and concentrated to determine the unsaponifiable matter
      (12% calculated as unreacted dodecanediol). The alkali extracts were
      acidified with dilute sulfuric acid and then again extracted with ether,
      and the ether extracts were freed from traces of nitric acid by washing
      with water, dried and concentrated. The carboxylic acid mixture obtained,
      consists chiefly of carboxylic acids having 10 to 11 carbon atoms with a
      nitrogen content of less than 0.1% and an acid value of 309. The yield,
      referred to the amount of dodecanediol-1,2 used and calculated as a
      carboxylic acid having 11 carbon atoms, was 86%.
TBL  __________________________________________________________________________

     Examples 2 - 6                                                            

     The diols listed below were oxidatively decomposed with nitric            

     acid in the same way and under the reaction conditions given.             

     Example                                                                   

          Starting                                                             

                 Temperature                                                   

                        Further                                                

                             HNO.sub.3                                         

                                     Molar                                     

                                         N-Content                             

                                                Yield                          

                                                    Acid                       

     No.  Compound      Reaction                                               

                             Concentration                                     

                                     Ratio          Value                      

                 (xx)   Time                                                   

     __________________________________________________________________________

     2    Dodecane-                                                            

                 60/80.degree.C                                                

                        1 hr.                                                  

                             80%     1:14                                      

                                         &lt;0.1%  88% 312                        

          diol-1,2                                                             

     3    Dodecane-                                                            

                 80/80.degree.C                                                

                        1 hr.                                                  

                             80%     1:14                                      

                                         &lt;0.1%  85% 319                        

          diol-1,2                                                             

     4    Dodecane-                                                            

                 80/60.degree.C                                                

                        2 hrs.                                                 

                             80%     1:10                                      

                                         &lt;0.1%  84% 317                        

          diol-1,2                                                             

     5    Decane-                                                              

                 90/60.degree.C                                                

                        2 hrs.                                                 

                             65%     1:14                                      

                                         (x)    80% 365                        

          diol-1,2                                                             

     6    Hexadecane-                                                          

          diol-1,2                                                             

                 80/80.degree.C                                                

                        2 hrs.                                                 

                             80%     1:20                                      

                                         (x)    81% 235                        

     __________________________________________________________________________

      (x)under amounts which can be determined.                                

      (xx)second number = temperature of further reaction.                     

PAC  EXAMPLE 7
PAR  20.2 gm of the unsaponifiable residues obtained in the oxidative fission of
      dodecanediol-1,2 with nitric acid were oxidized at 80.degree.C with 2.8
      mol of 80% nitric acid. After having been prepared by the method of
      Example 1, carboxylic acids were obtained with a yield of 72%, calculated
      as a carboxylic acid having 11 carbon atoms and referred to the material
      used as dodecanediol-1,2. The nitrogen content of the acid mixture was
      less than 0.1% and the acid value was 332.
PAR  The experiment shows that the unsaponifiable material obtained from
      preparing the reaction mixtures can be converted for the most part into
      carboxylic acids by oxidation with nitric acid, so that the total
      carboxylic acid yield is generally over 90%.
PAC  EXAMPLE 8
PAR  38.6 gm (0.15 mol) of hexadecanediol-8,9 in the molten state were added
      dropwise into 134.6 gm of 70% HNO.sub.3 (= 1.5 mol) at 80.degree.C in the
      course of an hour. The mixture was stirred for a further 3 hours at the
      same temperature. After having been prepared by the method of Example 1,
      5.6 gm of unsaponifiable material (15% referred to the diol used) were
      obtained in addition to 33.8 gm of carboxylic acids (78% yield calculated
      as octane carboxylic acid). The nitrogen content of the carboxylic acids
      was 0.1% with an acid value of 383.
PAC  EXAMPLE 9
PAR  49.6 gm of a mixture of n-dodecanediol-1,2-diformate and
      n-dodecanediol-1,2-monoformate (average molecular weight 248,
      saponification value 365), obtained from dodecene-(1) by reaction with
      H.sub.2 O.sub.2 and formic acid, were added dropwise into 252 gm of 70%
      HNO.sub.3 (2.8 mol) at 80.degree.C, and the mixture was stirred for a
      further 4 hours. After separating the unsaponifiable and unreacted
      material (5.0 gm = 10%, referred to the material used), 31.0 gm of
      carboxylic acid were obtained (83% yield calculated as a carboxylic acid
      having 11 carbon atoms). The nitrogen content of the carboxylic acids was
      0.1% with an acid value of 314.
PAR  The particular advantages of the invention are that the use of oxidation
      catalysts can be omitted in the proposed method. Because of this fact, as
      well as the fact that the working up can be effected in the heterogeneous
      phase, i.e. in the absence of all solvent, several steps of the process
      are omitted in the working up of the reaction mixtures.
PAR  Although the present invention has been disclosed in connection with a few
      preferred embodiments thereof, variations and modifications may be
      resorted to by those skilled in the art without departing from the
      principles of the new invention. All of these variations and modifications
      are considered to be within the true spirit and scope of the present
      invention as disclosed in the foregoing description and defined by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of carboxylic acids consisting essentially
      of the steps of reacting an organic material starting substance selected
      from the group consisting of (a) an alkane vicinal diol having 6 to 18
      carbon atoms having the formula
      ##EQU4##
      wherein R is alkyl having 4 to 16 carbon atoms and wherein R.sub.1 is
      hydrogen or alkyl having 1 to 12 carbon atoms with the proviso that the
      total number of carbon atoms in said diol is from 6 to 18 and that when
      R.sub.1 is alkyl at least one of R or R.sub.1 has at least 6 carbon atoms,
      (b) monoesters or diesters of said alkane vicinal diol with lower alkanoic
      acids, and (c) mixtures of (a) and (b) with nitric acid having a
      concentration of at least 65% in the absence of an oxidation catalyst at
      temperatures from 40.degree. to 100.degree.C with the molar ratio of diol
      or diol ester to nitric acid being from 1:10 to 1:20 to produce said
      carboxylic acids; and recovering said carboxylic acids.
NUM  2.
PAR  2. The process as claimed in claim 1 in which the lower alkanoic acid of
      (b) has 1 to 2 carbon atoms.
NUM  3.
PAR  3. The process as claimed in claim 1 in which recovering said carboxylic
      acids consists essentially of the steps dissolving the unreacted starting
      substance and the formed carboxylic acid in an inert organic solvent to
      produce an organic solution; extracting the carboxylic acids from the
      organic solution with a dilute aqueous solution of a strong base;
      isolating the base extracted carboxylic acids by acidification with a
      dilute strong acid; and again reacting said unreacted starting material
      with said nitric acid.
NUM  4.
PAR  4. The process as claimed in claim 1 in which the nitric acid has a
      concentration of 70 - 85%.
NUM  5.
PAR  5. The process as claimed in claim 1 in which the reaction temperature is
      between 60.degree. and 80.degree.C.
NUM  6.
PAR  6. The process as claimed in claim 1 in which mixtures of substances are
      used as starting substances which have been obtained by hydroxylation of
      relatively long-chain olefins having 6 to 18 carbon atoms by means of an
      oxidation agent, selected from the group consisting of peracetic acid,
      acetic acid/H.sub.2 O.sub.2, formic acid/H.sub.2 O.sub.2 and the mixtures
      thereof, followed by separation of excess solvent.
NUM  7.
PAR  7. The process as claimed in claim 1 in which the reaction is carried out
      in the presence of a solvent which does not react with nitric acid under
      the reaction conditions and which has a boiling point of at least
      40.degree.C above the reaction temperature used.
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ABST
PAL  Organo metallic compounds for use in the treatment of glass fibers prepared
      by reaction of a hydrolyzable metal halide and one or more epoxides. The
      organo metallic compounds of this invention are characterized by a
      beta-haloalkoxy group and are resistant to hydrolysis.
BSUM
PAR  This invention relates to complex organo metallic compounds and more
      particularly to complex organo metallic compounds which are resistant to
      hydrolysis for use in the treatment of glass surfaces.
PAR  It has been common practice for a number of years to treat glass surfaces
      with organo metallic compounds to impart improved abrasion resistance to
      the glass surfaces. For example, it has been proposed to treat glass
      surfaces with ortho esters of titanium,
EQU  Ti (OR).sub.4                                              ( 1)
PAL  wherein R is an organic group, and then heat the glass surfaces to an
      elevated temperature to convert the ortho ester to TiO.sub.2. The
      TiO.sub.2 coating may, if desired, be overcoated with a protective binder
      to assume adhesion to the glass fiber surface as described in U.S. Pat.
      No. 3,352,708.
PAR  One of the primary difficulties with such titanium compounds is that they
      are quite readily hydrolyzable and even hydrolyze in response to moisture
      in air. In an effort to avoid such difficulties, it has been suggested in
      U.S. Pat. No. 3,582,395 to treat glass fibers with a titanium compound
      which is more resistant to hydrolysis, such as titanium ortho esters in
      which the compound contains an organo silane group
EQU  Ti (O-SiR.sub.3).sub.4
PAL  wherein R is an organic group such as an alkyl group or the like. Such
      compounds are quite expensive to prepare and employ because of the organo
      silane compounds which must be used in their preparation.
PAR  It is accordingly an object of the present invention to provide organo
      metallic compounds which are resistant to hydrolysis and can be prepared
      in a simple and inexpensive manner.
PAR  It is a further object of the present invention to provide organo metallic
      compounds which are resistant to hydrolysis and can be used in the
      treatment of glass surfaces, including glass fibers, to impart improved
      abrasion resistance to the glass and to impart hydrophobicity to the glass
      surface.
PAR  The concepts of the present invention reside in organo metallic compounds
      in the form of ortho esters which contain a halogen atom in the
      beta-position relative to the oxygen - metal bond. These compounds are
      characterized by a beta-haloalkoxy group
      ##EQU1##
      wherein M is a metal and X is a halogen atom. It has been found that the
      presence of the beta-haloalkoxy group imparts improved resistance to
      hydrolysis. Without limiting the present invention as to theory, it is
      believed that the halogen atom stabilizes the bond between the metal and
      the oxygen atom.
PAR  The concepts of the present invention are applicable to a number of
      polyvalent metals, and particularly those which form highly hydrolyzable
      halide salts. Preferred in this invention is titanium, but use can also be
      made of tin, germanium, zirconium and antimony.
PAR  In the practice of the invention, the organo metallic compounds are
      prepared by reaction of one of the foregoing metals in the form of the
      hydrolyzable halide, and preferably chloride or bromide, with an epoxide
      ##EQU2##
      wherein n is the valence of the metal, 3 or 4.
PAR  As the epoxide which is reacted with the metal halide, use can be made of a
      number of epoxides including alkylene oxides
      ##EQU3##
      wherein R is hydrogen or alkyl containing 1 to 10 carbon atoms (e.g.,
      ethylene oxide, propylene oxide, butylene oxide, etc.). It is also
      possible, and sometimes desirable, to employ epoxides containing one or
      more functional groups. By way of illustration, the following compounds
      can be employed:
PAR  [1] Epoxides of the formula
      ##EQU4##
      wherein R.sub.2 is an aryl group such as phenyl or phenyl substituted with
      an amino group, a halogen group, an alkyl group; alkyl containing 1 to 20
      carbon atoms and substituted derivatives thereof; an alkenyl group
      containing 2 to 8 carbon atoms (e.g., vinyl, allyl, etc.); a group having
      the formula
      ##EQU5##
      wherein R' is hydrogen or methyl. Illustrative of such epoxides are phenyl
      glycidyl ether, cresyl glycidyl ether, allyl glycidyl ether, glycidyl
      acrylate, glycidyl methacrylate, a mixture of n-octyl and n-decyl glycidyl
      ethers (Epoxide No. 7  from Procter and Gamble) and a mixture of n-dodecyl
      and n-tetradecyl glycidyl ethers (Epoxide No. 8 from Procter and Gamble).
PAR  [2] Epoxides of the formula
      ##EQU6##
      wherein R.sub.3 is a divalent organic radical such as alkylene containing
      1 to 10 carbon atoms; alkylene-oxyalkylene containing 2 to 20 carbon
      atoms, oxyalkyleneoxy containing 1 to 10 carbon atoms;
      oxyalkylene-oxyalkyleneoxy containing 2 to 20 carbon atoms; divalent
      aromatic groups such as a group of the formula
      ##SPC1##
PAL  or
      ##SPC2##
PAR  A number of such epoxides are commercially available from Dow and Ciba and
      include the following:
      ##EQU7##
PAR  [3] Cycloalkane epoxides, including the following:
      ##SPC3##
PAR  In the preparation of the organo metallic compounds of this invention, the
      reactants are simply contacted in the liquid phase, either with or without
      an inert organic solvent. The temperature of the reaction is not critical
      to the practice of the invention, and the reaction frequently evolves
      heat. For best results, use can be made of a reaction temperature within
      the range of 0.degree. to 100.degree.C, although higher temperatures may
      be employed. When the solvent is employed, it is an aprotic solvent; good
      results have been obtained with liquid alkanes (e.g., pentane, hexane,
      heptane, etc.) and aromatic hydrocarbons (e.g., benzene, toluene, xylene,
      etc.).
PAR  The metal halides preferred for use in the invention are tetravalent
      titanium halides, e.g., TiCl.sub.4 or TiBr.sub.4. Use can also be made of
      SnCl.sub.4, SnBr.sub.4, GeCl.sub.4, GeBr.sub.4 , ZrCl.sub.4, ZrBr.sub.4,
      SbCl.sub.3 or SbBr.sub.3.
PAR  The relative proportions of reactants depend not only on the valence of the
      metal halide but also on the nature of the epoxide. When the epoxide
      contains only one oxirane ring, the epoxide should be employed in an
      amount sufficient to displace all of the halogen atoms from the metal
      halide. Good results are frequently obtained when the mole ratio of
      epoxide to halogen in the metal halide is within the range of 0.8 to 1.8,
      and preferably 0.9 to 1.3.
PAR  Compounds which can be prepared using alkylene oxides have the general
      formula
      ##EQU8##
      wherein M is titanium, tin, germanium or zirconium and n is 4, or M is
      antimony and n is 3.
PAR  Representative compounds include the following:
      ##EQU9##
PAR  Compounds which can be prepared from the functional epoxides described
      above have the general formula
      ##EQU10##
      wherein M, X, n and R.sub.2 are as defined above. Representative of such
      compounds include:
      ##EQU11##
PAR  It is possible, and frequently desirable, to employ a combination of
      monoepoxides of the type described above. For example, use can be made of
      an alkylene oxide and an epoxide containing a functional group in
      accordance with the following reaction:
      ##EQU12##
      wherein x and y are integers, the sum of which is equal to the valence of
      the metal halide, n, depending on the reaction proportions. In practice,
      the reaction product is most frequently a mixture which can be utilized as
      such without the need to separate particular compounds.
PAR  However, specific compounds contained in the reaction product can be, if
      desired, separated therefrom by known techniques, such as fractional
      distillation, liquid chromatography, etc., to yield substantially pure
      compounds. The nature of the specific compounds, of course, depends on the
      porportions.
PAR  For example, when the reaction mixture contains 1 to 3 epoxide equivalents
      of the functional monoepoxide, the reaction product, for a tetravalent
      metal halide, includes the following compounds
      ##EQU13##
      wherein a and b are integers from 1 to 3, with the total of a and b being
      equal to 4. When the metal is antimony, the compounds are the same except
      that a and b are each integers from 1 to 2 and their sum is equal to 3.
PAR  Examples of specific compounds which can be prepared in accordance with the
      concepts of the invention include the following, it being understood that
      the raw reaction product prior to separation is a mixture.
      ##EQU14##
      (TiCl.sub.4 1 mole; propylene oxide 3 epoxide equivalents; phenyl glycidyl
      ether 1 epoxide equivalent)
      ##EQU15##
      (TiCl.sub.4 1 mole; ethylene oxide 3 epoxide equivalents; glycidyl
      acrylate 1 epoxide equivalent)
      ##EQU16##
      (TiCl.sub.4 1 mole; propylene oxide 2 epoxide equivalents; allyl glycidyl
      ether 2 epoxide equivalents)
      ##EQU17##
      (SnCl.sub.4 1 mole; ethylene oxide 3 epoxide equivalents; n-octyl glycidyl
      ether 1 epoxide equivalent)
      ##EQU18##
      (SnBr.sub.4 1 mole; propylene oxide 2 epoxide equivalents; cresyl glycidyl
      ether 2 epoxide equivalents)
      ##EQU19##
      (GeCl.sub.4 1 mole; ethylene oxide 3 epoxide equivalents; vinyl glycidyl
      ether 1 epoxide equivalent)
      ##EQU20##
      (GeCl.sub.4 1 mole; butylene oxide 1 epoxide equivalent; methyl glycidyl
      ether 3 epoxide equivalents)
      ##EQU21##
      (ZrCl.sub.4 1 mole; propylene oxide 3 epoxide equivalents; glycidyl
      methacrylate 1 epoxide equivalent)
      ##EQU22##
      (SbCl.sub.4 1 mole; ethylene oxide 2 epoxide equivalents; phenyl glycidyl
      ether 1 epoxide equivalent)
      ##EQU23##
      (SbCl.sub.4 1 mole; propylene oxide 1 epoxide equivalent; vinyl glycidyl
      ether 2 epoxide equivalents)
PAR  The products of the above reactions are, as indicated above, mixtures; the
      foregoing compounds can be, if desired, isolated from such mixtures.
PAR  Where use is made of an epoxide containing more than one oxirane ring, it
      is desirable to employ a combination of epoxides, one having more than one
      oxirane group and one having but a single oxirane group, to avoid gelling
      of the product. In actual practice, it has been found that best results
      are usually obtained where the monoepoxide is reacted with the metal
      halide, and the product is then reacted with the diepoxide. The product
      produced is generally a mixture of compounds which can be utilized as such
      without the need to separate compounds contained in the product. However,
      compounds contained in the reaction product can be, if desired, separated
      from the mixture by known techniques.
PAR  As with compounds described above, the nature of such compounds depends on
      the relative proportions. It has been found that use should be made of at
      least 2.2 and preferably 2.5 epoxide equivalents of the monoepoxide per
      mole of tetravalent metal halide, and at least 1.7 epoxide equivalents of
      the monoepoxide per mole of the trivalent metal halide. It is generally
      preferred to employ 2.2 to 3.5 epoxide equivalents of the monoepoxide and
      0.5 to 3 epoxide equivalents of the diepoxide per mole of a tetravalent
      metal halide, and 1.7 to 2.5 epoxide equivalents of monoepoxide and 0.25
      to 2 epoxide equivalents per mole of the trivalent metal halide.
PAR  In accordance with one embodiment of the invention, use can be made of 2 or
      more epoxide equivalents of a diepoxide with a tetravalent metal halide,
      and the reaction product contains compounds which contain a free epoxide
      group. Such compounds are represented by the formulae:
      ##EQU24##
      and
      ##EQU25##
      where R, R.sub.2, R.sub.3 and X are as defined above, and M.sub.4 is one
      of the foregoing tetravalent metals.
PAR  Representative of the compounds which can be separated from reaction
      mixtures of the type described include the following:
      ##EQU26##
      (TiCl.sub.4 1 mole; propylene oxide 3 epoxide equivalents; ERE 1359 2
      epoxide equivalents)
      ##EQU27##
      (TiCl.sub.4 1 mole; allyl glycidyl ether 3 epoxide equivalents; DER 332 2
      epoxide equivalents)
      ##EQU28##
      (TiCl.sub.4 1 mole; glycidyl acrylate 3 epoxide equivalents; RD 2 epoxide
      equivalents)
      ##EQU29##
      (SnCl.sub.4 1 mole; propylene oxide 3 epoxide equivalents; DER 736 2
      epoxide equivalents)
      ##EQU30##
      (SnCl.sub.4 1 mole; phenyl glycidyl ether 3 epoxide equivalents; ERE 1359
      2 epoxide equivalents)
      ##EQU31##
      (GeCl.sub.4 1 mole; butylene oxide 3 epoxide equivalents; DER 332 2
      epoxide equivalents)
      ##EQU32##
      (GeCl.sub.4 1 mole; methyl glycidyl ether 3 epoxide equivalents; DER 508 2
      epoxide equivalents)
PAR  Analogous compounds can be formed from antimony halides, except that use is
      made of one less epoxide equivalent of the monoepoxide. Representative
      compounds include the following:
      ##EQU33##
      (SbCl.sub.3 1 mole; propylene oxide 2 epoxide equivalents; RD 2 2 epoxide
      equivalents)
      ##EQU34##
      (SBCl.sub.3 1 mole; glycidyl acrylate 2 epoxide equivalents; ERE 1359 2
      epoxide equivalents)
      ##EQU35##
      (SbCl.sub.3 1 mole; allyl glycidyl ether 2 epoxide equivalents; DER 332 2
      epoxide equivalents)
PAR  In accordance with another embodiment of the invention, it has been found
      that the nature of the product can be changed by employing an amount of
      the diepoxide within the range of 0.5 to 1.8 epoxide equivalents per mole
      of the metal halides. As in the case of the previous embodiment, the
      product of the reaction is a mixture, but the product can be subjected to
      separation techniques to isolate the major components of the reaction
      product.
PAR  One of the major components of such reaction products include the following
      compounds:
      ##EQU36##
      or
      ##EQU37##
PAR  Representative of such compounds include the following:
      ##EQU38##
      (TiCl.sub.4 1 mole; propylene oxide 3 epoxide equivalents; RD2 1 epoxide
      equivalent)
      ##EQU39##
      (TiCl.sub.4 1 mole; ethylene oxide 3 epoxide equivalents; ERE 1359 1
      epoxide equivalent)
      ##EQU40##
      (TiBr.sub.4 1 mole; phenyl glycidyl ether 3 epoxide equivalents; DER 508 1
      epoxide equivalent)
      ##EQU41##
      (TiCl.sub.4 1 mole; glycidyl methacrylate 3 epoxide equivalents; DER 332 1
      epoxide equivalent)
      ##EQU42##
      (SnCl.sub.4 1 mole; propylene oxide 3 epoxide equivalents; DER 332 1
      epoxide equivalent)
      ##EQU43##
      (SnCl.sub.4 1 mole; methyl glycidyl ether 3 epoxide equivalents, RD2 1
      epoxide equivalent)
      ##EQU44##
      (GeCl.sub.4 1 mole; propylene oxide 3 epoxide equivalents; ERE 1359 1
      epoxide equivalent)
      ##EQU45##
      (GeCl.sub.4 1 mole; vinyl glycidyl ether 3 epoxide equivalents; DER 732 1
      epoxide equivalent)
      ##EQU46##
      (ZrCl.sub.4 1 mole; propylene oxide 3 epoxide equivalents; DER 332 1
      epoxide equivalent)
      ##EQU47##
      (ZrCl.sub.4 1 mole; glycidyl acrylate 3 epoxide equivalents; RD2 1 epoxide
      equivalent)
PAR  Generally analogous products can be produced from antimony halides, except
      that use is made of one less epoxide equivalent of the monoepoxide because
      of the lower valency of the antimony. Such products include the following:
      ##EQU48##
      (SbCl.sub.3 1 mole; ethylene oxide 2 epoxide equivalents; ERE 1359 1
      epoxide equivalent)
      ##EQU49##
      (SbCl.sub.3 1 mole; propylene oxide 2 epoxide equivalents; RD2 1 epoxide
      equivalent)
      ##EQU50##
      (SbCl.sub.3 1 mole; phenyl glycidyl ether 2 epoxide equivalents; DER 736 1
      epoxide equivalent)
PAR  Reactions of the type described above with respect to the diepoxides can
      also be carried out using the cycloalkane epoxides. Reactions of this type
      also include a mixture of compounds including complex compounds containing
      a beta-haloalkoxy group. Representative of the compounds included in such
      reaction products are illustrated by the following:
      ##EQU51##
      (TiCl.sub.4 1 mole; propylene oxide 3 epoxide equivalents; RD4 2 epoxide
      equivalents)
      ##EQU52##
      (TiCl.sub.4 1 mole; ethylene oxide 3 epoxide equivalents; ERR 4205 2
      epoxide equivalents)
      ##EQU53##
      (TiCl.sub.4 1 mole; glycidyl acrylate 3 epoxide equivalents; ERR 4289 2
      epoxide equivalents)
      ##EQU54##
      (SnCl.sub.4 1 mole; propylene oxide 3 epoxide equivalents; ERR 4221 2
      epoxide equivalents)
      ##EQU55##
      (SnCl.sub.4 1 mole; cresyl glycidyl ether 3 epoxide equivalents; ERR 4289
      2 epoxide equivalents)
      ##EQU56##
       (GeCl.sub.4 1 mole; ethylene oxide 3 epoxide equivalents; RD4 2 epoxide
      equivalents)
      ##EQU57##
      (ZrCl.sub.4 1 mole; ethylene oxide 3 epoxide equivalents; ERR 4205 2
      epoxide equivalents)
      ##EQU58##
      (ZrCl.sub.4 1 mole; allyl glycidyl ether 3 epoxide equivalents; ERR 4289 2
      epoxide equivalents)
      ##EQU59##
      (SbCl.sub.3 1 mole; propylene oxide 2 epoxide equivalents; ERR 4221 2
      epoxide equivalents)
      ##EQU60##
      (TiCl.sub.4 1 mole; ethylene oxide 3 epoxide equivalents; RD4 1 epoxide
      equivalent)
      ##EQU61##
      (TiCl.sub.4 1 mole; glycidyl methacrylate 3 epoxide equivalents; ERR 4205
      1 epoxide equivalent)
      ##EQU62##
      (GeCl.sub.4 1 mole; ethylene oxide 3 epoxide equivalents; ERR 4289 1
      epoxide equivalent)
      ##EQU63##
      (SbCl.sub.3 1 mole; propylene oxide 2 epoxide equivalents; ERR 4221 1
      epoxide equivalent)
PAR  The compounds of the present invention, or mixtures of the compounds of the
      present invention, are particularly well suited for use in the treatment
      of glass to include glass fibers to impart to the glass a protective
      coating which renders the glass less susceptible to fatigue by abrasion.
      Because the chemical bonds between the metal and organic groups are more
      resistant to hydrolysis, the products of the present invention can be
      applied to glass surfaces without hydrolysis in the metal-organic group
      bond. For this purpose, the products of the present invention can be
      dissolved in an inert organic solvent such as diacetone, alcohol, acetone,
      etc., and applied to the glass surface. While it is not necessary to the
      practice of the present invention, the resulting coating can be heated to
      a temperature sufficient to result in decomposition of the products of
      this invention to thereby leave on the glass surface a metal oxide coating
      which is similarly capable of imparting abrasion resistance to the glass.
      In general, temperatures of 350.degree.F. or higher may be used for this
      purpose when it is desired to form a metal oxide coating on the glass
      surface. However, in some instances a lower temperature may be employed.
PAR  The products of the present invention are also capable of being used as
      coupling agents to provide a more secure bonding relationship between
      glass fibers and thermosetting resinous material or elastomeric material.
      In this application, the products of this invention can be simply applied
      to the glass fiber surface, dried at a temperature below the decomposition
      temperature of the coating and then simply admixed with plastic materials
      or elastomeric materials whereby the products of this invention operate to
      establish a chemical bond between the glass fiber surfaces and resin or
      elastomeric material.
PAR  Having described the basic concepts of the present invention, reference is
      now made to the following examples which are provided by way of
      illustration, and not of limitation, in the practice of this invention in
      the preparation of the products of this invention.
DETD
PAC  EXAMPLE 1
PAR  Into a 2 liter round bottom flask equipped with a stirrer, a reflux
      condenser, an addition funnel and a thermometer, is placed 82.45 cc (0.75
      moles) of titanium tetrachloride. To the TiCl.sub.4 is added 500 cc of
      pentane, and then 262.1 cc of propylene oxide (3.75 moles) is added with a
      further addition of 1000 cc of pentane.
PAR  The reaction mixture is allowed to stand over night after which the pentane
      and excess propylene oxide is removed. The product is found to be tetrakis
      (beta-chloropropyl) titanate.
PAC  EXAMPLE 2
PAR  Using the procedure described in Example 1, 4.1 moles of ethylene oxide are
      reacted with 1 mole of titanium tetrachloride to produce the compound (23)
      described above.
PAC  EXAMPLE 3
PAR  Using the procedure described in Example 1, 4.0 moles of propylene oxide
      are reacted with 1 mole of stannic chloride. The product is found to be
      the beta-chloroalkoxy compound (26) described above.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 is again repeated, using instead of TiCl.sub.4,
      germanium tetrachloride. The product formed is found to be the
      beta-chloropropoxy compound (28).
PAC  EXAMPLE 5
PAR  The procedure of Example 1 is repeated, using 1 mole of antimony
      trichloride and 3.05 moles of propylene oxide. The product is the
      tris-beta-chloropropoxy compound (29).
PAC  EXAMPLE 6
PAR  One mole of titanium tetrachloride is reacted with 4 mole of phenyl
      glycidyl ether, using the procedure outlined in Example 1. The product of
      the reaction is found to be the titanate (31).
PAC  EXAMPLE 7
PAR  Using the procedure outlined in Example 1, one mole of titanium
      tetrachloride is reacted with 4.0 mole of allyl glycidyl ether. The
      product is found to be the beta-chloroallyl compound (33).
PAC  EXAMPLE 8
PAR  Using the procedure of Example 6, 1 mole of stannic chloride is reacted
      with 4.0 moles of methyl glycidyl ether. After removal of the solvent, the
      product is found to be the compound (37).
PAC  EXAMPLE 9
PAR  The procedure of Example 8 was repeated, except that the metal halide was
      germanium tetrachloride and the epoxide was cresyl glycidyl ether. The
      product was found to be the ester (40) described above.
PAC  EXAMPLE 10
PAR  The procedure of Example 6 was again repeated, using as the metal halide
      zirconium bromide and glycidyl acrylate in a mole ratio of 4.0 moles of
      the epoxide per mole of halide. The product was found to be compound (43)
      described above.
PAC  EXAMPLE 11
PAR  Using the procedure of Example 6, 3 moles of phenyl glycidyl ether were
      reacted with antimony trichloride. After removal of the solvent, the
      product was found to contain compound (45) described above.
PAC  EXAMPLE 12
PAR  Using the apparatus employed in Example 1, one mole of titanium
      tetrachloride is reacted with three moles (3 epoxide equivalents) of
      propylene oxide. The product of this reaction is then reacted with one
      mole of phenyl glycidyl ether. The reaction product is found to contain a
      mixture of compounds, and from this mixture there is separated the
      compound (48) described above.
PAC  EXAMPLE 13
PAR  Using the procedure described in Example 12, one mole of titanium
      tetrachloride is reacted with 2 moles of propylene oxide and the product
      of this reaction is then reacted with 2 moles of allyl glycidyl ether. The
      product of the reaction is a mixture of compounds which can be utilized as
      such. However, compound (50) described above can be separated therefrom
      using conventional separation techniques.
PAC  EXAMPLE 14
PAR  Using the procedure described in Example 12, one mole of stannic chloride
      is reacted with 3 moles of ethylene oxide and the product is then reacted
      with 1 mole of n-octyl glycidyl ether. The product of the reaction is a
      mixture of compounds from which there can be separated the compound (51)
      described above.
PAC  EXAMPLE 15
PAR  Using the procedure described in Example 12, 1 mole of germanium
      tetrachloride is reacted with 3 moles of ethylene oxide and 1 mole of
      vinyl glycidyl ether. Such a product is a mixture from which there can be
      separated the compound (57).
PAC  EXAMPLE 16
PAR  The procedure of Example 12 is repeated, using 1 mole of zirconium
      tetrachloride, 3 moles of propylene oxide and 1 mole of glycidyl
      methacrylate. The reaction product is a mixture of compounds which is
      found to contain compound (55). If desired, this compound can be separated
      from the reaction mixture.
PAC  EXAMPLE 17
PAR  The procedure of Example 12 is again repeated, using antimony trichloride
      (1 mole), 1 mole of propylene oxide and 2 moles of vinyl glycidyl ether.
      The product is found to contain a mixture of compounds from which can be
      separated, if desired, compound (57) described above.
PAC  EXAMPLE 18
PAR  Using the procedure described in Example 12, one mole of titanium
      tetrachloride is reacted with 3 moles of propylene oxide and 1 mole (2
      epoxide equivalents) of ERE 1359. Addition of the propylene oxide is made
      prior to the addition of the diepoxide, and the product is found to
      contain a mixture of compounds, including compound (61) which can be
      separated from the reaction mixture, if desired, by conventional
      techniques.
PAC  EXAMPLE 19
PAR  Using the procedure of Example 18, one mole of titanium tetrachloride is
      reacted with 3 moles of allyl glycidyl ether and 1 mole (2 epoxide
      equivalents) of DER 332. The reaction product is a mixture from which
      compound (62) can be separated.
PAC  EXAMPLE 20
PAR  Using the procedure of Example 18, one mole of stannic chloride is reacted
      with 3 moles of propylene oxide. The product of this reaction is then
      reacted with 1 mole of DER 736, and the product of this reaction is a
      mixture including compound (64).
PAC  EXAMPLE 21
PAR  Using the procedure of Example 20, 1 mole of zirconium tetrachloride is
      reacted with 3 moles of propylene oxide, and the product of this reaction
      is reated with 1 mole of DER 332.  The product is a mixture of compounds.
PAC  EXAMPLE 22
PAR  One mole of antimony trichloride is reacted with 2 moles of ethylene oxide
      and the product of this reaction is then reacted with 1 mole of RD 2. The
      product is a mixture which is found to include compound (68) which can be
      separated therefrom by conventional techniques.
PAC  EXAMPLE 23
PAR  Using the procedure of Example 12, one mole of titanium tetrachloride is
      reacted with 3 moles of propylene oxide in the presence of pentane as a
      solvent. The product of this reaction is then reacted with 0.5 mole (1
      epoxide equivalent) of RD 2. The product of the reaction is a complex
      mixture of titanium ortho-esters. The mixture is found to contain compound
      (73) which can be separated therefrom, if desired, by conventional
      techniques.
PAC  EXAMPLE 24
PAR  The procedure of Example 23 is repeated, using 1 mole of titanium
      tetrabromide, 3 moles of phenyl glycidyl ether and 0.5 moles of DER 508.
      The product of the reaction is found to be a complex mixture of titanium
      ortho-esters including compound (75) described above.
PAC  EXAMPLE 25
PAR  Using the procedure of Example 23, one mole of stannic chloride is reacted
      with 3 moles of propylene oxide and the product of this reaction is
      reacted with 0.5 moles of DER 332. The product of the reaction is a
      complex mixture which is found to include compound (77). The latter is
      separated from the reaction product by means of extraction.
PAC  EXAMPLE 26
PAR  The procedure of Example 23 is again repeated, using germanium
      tetrachloride, propylene oxide and ERE 1359. The product is found to
      contain the ester (79) which can be separated from the mixture by
      conventional techniques.
PAC  EXAMPLE 27
PAR  The procedure of Example 23 is repeated, using 1 mole of zirconium
      tetrachloride, 3 moles of propylene oxide and 0.5 moles of DER 332. The
      product of the reaction is found to include compound (81) which can be
      separated therefrom, if desired.
PAC  EXAMPLE 28
PAR  Using the procedure of Example 23, one mole of antimony trichloride is
      reacted with 2 moles of ethylene oxide and 0.5  moles of ERE 1359. The
      product of the reaction which is a complex mixture contains compound (83)
      which can be separated therefrom.
PAC  EXAMPLE 29
PAR  Using the procedure of Example 23, one mole of titanium tetrachloride is
      reacted with 3 moles of propylene oxide. The product of this reaction is
      then reacted with 1 mole of the cyclohexane epoxide RD 4. The product is a
      complex mixture of compounds and it was found that the mixture includes
      compound (86) which can be separated therefrom, if desired.
PAC  EXAMPLE 30
PAR  Using the procedure of Example 23, one mole of titanium tetrachloride is
      reacted with 3 moles of glycidyl methacrylate and the product of this
      reaction is then reacted with 1 epoxide equivalent (0.5 mole) of the
      diepoxide ERR 4205. The product of the reaction is a mixture of compounds
      which is found to include compound (96).
PAR  It will be apparent from the foregoing that numerous changes and
      modifications can be made in the details of procedure, formulation and use
      without departing from the spirit of the invention, especially as defined
      in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound having the formula
      ##EQU64##
      wherein M is a tetravalent metal selected from the group consisting of
      titanium, tin, germanium and zirconium, R is hydrogen or alkyl, R.sub.2 is
      a group of the formula
      ##EQU65##
      wherein R.sub.1 is hydrogen or methyl, X is halogen, a and b are each
      integers from 1 to 3, with the sum of a and b being equal to 4.
NUM  2.
PAR  2. A compound as defined in claim 1 wherein X is chlorine or bromine.
NUM  3.
PAR  3. A compound as defined in claim 1 wherein M is titanium.
NUM  4.
PAR  4. A compound as defined in claim 1 wherein a is 3 and b is 1.
NUM  5.
PAR  5. A compound having the formula
      ##EQU66##
      wherein R is hydrogen or alkyl, X is halogen, R.sub.2 is a group of the
      formula
      ##EQU67##
      wherein R.sub.1 is hydrogen or methyl, and a and b are each integers from
      1 to 2, with the sum of a and b being equal to 3.
NUM  6.
PAR  6. A compound as defined in claim 5 wherein X is chlorine or bromine.
NUM  7.
PAR  7. A compound as defined in claim 5 wherein a is 2 and b is 1.
NUM  8.
PAR  8. A compound of the formula
      ##EQU68##
      wherein M is a tetravalent metal selected from the group consisting of
      titanium tin, germanium and zirconium, X is halogen, R is hydrogen or
      alkyl, R.sub.2 is selected from the group consisting of aryl, alkyl,
      alkenyl and a group of the formula
      ##EQU69##
      wherein R.sub.1 is hydrogen or methyl and R.sub.3 is a divalent organic
      group selected from the group consisting of alkylene, alkyleneoxyalkylene,
      oxyalkyleneoxy, oxyalkyleneoxyalkyleneoxy, a group having the formula
      ##SPC4##
PAL  and a group having the formula
      ##SPC5##
NUM  9.
NUM  10.
NUM  11.
PAR  11. A compound selected from the group consisting of
PA1  1. a compound of the formula
      ##EQU70##
PAR   and 2. a compound of the formula
      ##EQU71##
      wherein X is halogen, R is hydrogen or alkyl, R.sub.2 is selected from the
      group consisting of aryl, alkyl, alkenyl and a group of the formula
      ##EQU72##
      wherein R.sub.1 is hydrogen or methyl, and R.sub.3 is a divalent organic
      group selected from the group consisting of alkylene, alkyleneoxyalkylene,
      oxyalkyleneoxy, oxyalkyleneoxyalkyleneoxy, a group having the formula
      ##SPC6##
PAL  and a group having the formula
      ##SPC7##
NUM  12.
PAR  12. A compound as defined in claim 11 wherein X is chlorine or bromine.
NUM  13.
PAR  13. A method of preparing organo metallic compounds by contacting, in the
      liquid stage, (1) an antimony halide and (2) an alkylene oxide having the
      formula
      ##EQU73##
      wherein R is hydrogen or alkyl, and (3) an epoxide having the formula
      ##EQU74##
      wherein R.sub.2 is a group of the formula
      ##EQU75##
      wherein R.sub.1 is hydrogen or methyl.
NUM  14.
PAR  14. The method of claim 13 in which from 1 to 2 epoxide equivalents of (2)
      are contacted with 1 to 2 epoxide equivalents of (3) per mole of antimony
      halide.
NUM  15.
PAR  15. the method of claim 13 in which the antimony halide is antimony
      chloride or antimony bromide.
NUM  16.
PAR  16. The method of claim 13 in which the reaction produced includes
      compounds having the formula
      ##EQU76##
      wherein X is halogen and a and b, each, are integers from 1 to 2 with the
      sum of a and b being equal to 3.
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ABST
PAL  Biocidal agents, such as bactericides and fungicides, are
      bromosalicylanilide derivatives of the following formula:
      ##SPC1##
PAL  Wherein R is hydrogen or a halogen atom such as chlorine or bromine, n is a
      whole number of 1 or 2 and M is a metal salt such as an alkali metal,
      alkaline earth metal, copper or zinc. These compounds are prepared by
      reaction of a 3,5-dibromosalicylic acid halide with the desired
      aminobenzenesulfonic acid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to novel bromosalicylanilide derivatives which are
      useful as biocidal agents and particularly useful as fungicides and
      bactericides.
PAR  2. Description of the Prior Art
PAR  It is known in the prior art that certain brominesubstituted salicylanilide
      compounds are useful in the biocidal area. For example, di- and
      tri-bromosalicylanilides are described in U.S. Pat. No. 2,906,711 as being
      useful as germicides. Further, U.S. Pat. No. 3,041,236 discloses that
      dibromo salicylanilides containing a trifluoromethyl group are
      bactericides. Also, British Pat. No. 840,366 discloses
      3,4',5-tribromosalicylanilide as useful in germicidal preparations. In
      general, these halogenated salicylanilides are prepared by halogenation of
      the corresponding salicylanilide compounds as disclosed in these
      references. However, as indicated in these patents the halogenation
      process of the prior art generally result in the preparation of only
      mixtures of products which comprise isomeric halogenated products having
      varying degrees of halogenation. This is illustrated for example by U.S.
      Pat. No. 2,967,885 which describes a method for bromination of
      salicylanilide where it is specifically indicated that by suitable control
      of the reaction, a major portion of the product is
      3,4',5-tribromosalicylanilide but that other products, including 3,5- and
      4',5-dibromosalicylanilides and 2',3,4',5-tetrabromosalicylanilide are
      also produced in the process. Hence only mixtures are obtained. Therefore,
      while the prior art has recognized that dibromosalicylanilides do exhibit
      biocidal properties the art has not disclosed suitable procedures by which
      these compounds can be prepared in high purity. Further, the art has not
      disclosed processes for preparation of compounds of this type which
      contain sulfonic acid groups and therefore are watersoluble for wider use
      areas.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly one object of this invention to provide
      dibromosalicylanilide derivatives which contain sulfonic acid groups,
      which salicylanilides have biocidal properties, especially in the
      fungicidal and bactericidal area.
PAR  A further object of this invention is to provide 3,5-dibromosalicylanilide
      derivatives and compositions useful as fungicides and bactericides, which
      salicylanilides contain sulfonic acid groups on the aniline moiety of the
      molecule.
PAR  A still further object of the invention is to provide sulfonic acid
      substituted dibromosalicylic acid derivatives which are water-soluble and
      thus can be dissolved in aqueous solutions without requirements for
      dispersement, which compositions exhibit a higher degree of
      mildew-proofing characteristics than the corresponding non-sulfonated
      derivatives.
PAR  A still further object of this invention is to provide a method of
      preparation for the compounds as well as compositions and methods for
      their use as biocidal materials.
PAR  Other objects and advantages of the present invention will become apparent
      as the description thereof proceeds.
PAR  In satisfaction of the foregoing objects and advantages there are provided
      by this invention novel bromosalicylanilide derivatives which have the
      following structural formula:
      ##SPC2##
PAL  wherein R is hydrogen or a halogen atom such as chlorine or bromine, n is a
      whole number of 1 or 2, M is a metal salt such as an alkali metal, an
      alkaline earth metal, copper or zinc. Also provided are compositions and
      methods for using these compounds as fungicidal and bactericidal materials
      as well as procedures for preparation of the compounds by reaction of the
      3,5-dibromosalicylic acid halide with the corresponding
      aminobenzenesulfonic acid.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As indicated above, the present invention provides novel
      bromosalicylanilide derivatives which have been found to be useful as
      biocidal compounds, particularly as fungicides and bactericides. The
      compounds of this invention are salicylanilide derivatives and may best be
      defined by the following structural formula:
      ##SPC3##
PAL  wherein R is hydrogen or a halogen atom such as chlorine or bromine, n is a
      whole number of 1 or 2 and M is a metal salt such as an alkali metal, for
      example sodium, potassium, an alkaline earth metal such as calcium,
      magnesium, as well as copper and zinc. In the above formula, it will be
      understood that when the metal representing M is divalent, it will be
      attached to two molecules through the SO.sub.3 H group. In specific
      compounds this is designated as M/2, for example Ca/2. It has been found
      that the novel products exhibit superior bactericidal and fungicidal
      activity over similar products known in the art. In addition to their
      outstanding fungicidal and bactericidal activity, these products have the
      added advantage that they are water-soluble because of the presence of the
      sulfonic acid portion of the molecule and thus can be dissolved in aqueous
      solutions for use without the necessity for the formation of dispersions
      and the like. In addition, the compounds exhibit a higher degree of
      mildew-proofing than the corresponding non-sulfonated derivatives thus
      providing additional advantages for the products of the invention.
PAR  The products of the invention are prepared by initially converting the
      commercially available 3,5-dibromosalicylic acid to its corresponding acid
      halide, preferably acid chloride, by reaction with any of the well known
      halogenating agents such as thionyl chloride, phosphorous trichloride,
      phosphorus pentachloride, phosphorus oxychloride, sulfuryl chloride, and
      the like. This reaction is preferably carried out in the presence of an
      organic solvent including the aromatic hydrocarbons, the aliphatic
      hydrocarbons and the chlorinated aromatic and aliphatic hydrocarbons.
      Particularly preferred solvents for this reaction are benzene, toluene,
      xylene, chlorobenzene, chloroethane and the like. Mixtures may, of course,
      also be used. The reaction is generally carried out by contacting the
      reactants in the solvent at a temperature of about 0.degree. to 50.degree.
      C and then removing the solvent.
PAR  The acid chloride recovered from this reaction is then contacted with
      approximately a stoichiometically equivalent amount of the desired
      aminobenzensulfonic acid. In this reaction, while equivalent amounts are
      preferred, an excess of up to 10% by weight of either reactant can be
      used.
PAR  The reaction is preferably carried out in a suitable solvent and preferably
      nitrogen-containing solvents including the liquid heterocyclics such as
      pyridine and picoline as well as dimethylformamide, dimethylacetamide and
      the like. In general, the reaction is conducted at atmospheric pressure
      and over a temperature range of from about 50.degree.C. to the reflux
      point of the solvent.
PAR  The product formed from this reaction is the free sulfonic acid derivative
      inasmuch as the sulfonic acid compounds are used as initial reactants.
      However, for conversion to the desired metal salt of this invention it has
      been found convenient to isolate the product from an alkali metal
      solution, usually as the sodium salt, although potassium or lithium salts
      may also be used if desired. This is conveniently effected by dissolving
      the resulting product is water in the presence of a sufficient amount of
      an alkali metal hydroxide such as sodium hydroxide to give an alkaline
      reaction. Then, the addition of sodium chloride and filtering will yield
      the sodium salt of the final product.
PAR  The product can be converted to other salts of metals which are more
      insoluble than the sodium salt such as the salts of calcium, magnesium,
      copper, zinc, etc., as described above by adding to the solution of the
      sodium salt, a solution of the desired metal in salt form and isolating by
      filtration or any other convenient manner. These metals are added as
      soluble salts, and preferably as the chlorides, although others may be
      used.
PAR  While any of the compounds falling within the scope of the above generic
      formula may be used according to this invention, the following are
      especially preferred aminobenzenesulfonic acids which may be employed in
      forming the final products.
PA1  Orthanilic acid
PA1  Metanilic acid
PA1  Sulfanilic acid
PA1  4-Amino-1,3-benzenedisulfonic acid
PA1  5-Amino-1,3-benzenedisulfonic acid
PA1  2-Amino-1,4-benzenedisulfonic acid
PA1  5-Bromoorthanilic acid
PA1  5-Chloroorthanilic acid
PA1  6-Bromometanilic acid
PA1  6-Chlorometanilic acid
PA1  4,6-Dibromometanilic acid
PA1  3-Chlorosulfanilic acid
PA1  3-Bromosulfanilic acid
PA1  3,5-Dibromosulfanilic acid
PA1  4-Amino-5-bromo-1,3-benzenedisulfonic acid
PA1  4-Amino-5-chloro-1,3-benzenedisulfonic acid
PAR  As pointed out above, the compounds of this invention have been found to be
      eminently suitable as biocidal agents and particularly useful as
      fungicides and bactericides. For application for the desired use, the
      compounds being soluble in water, are preferably prepared for use by
      dissolving about 0.01 up to about 1.0 weight percent in water. Since the
      products are water soluble it is highly preferred that they be applied
      from a water solution. The compositions of this invention may be applied
      in known manner against the fungi and bacteri to be affected and have been
      found to provide better results than the analogous prior art compounds
      discussed above.
PAR  The products of this invention are effective in the protection of textiles,
      wood, paper and other cellulosic fibrous materials, from the deleterious
      action of fungi and other cellulose-destroying organisms. They may be
      applied in general for the finishing of textiles to reduce mildew
      deterioration. They may be applied to the foliage of trees and plants for
      fungus control, in washing apples and oranges and the like, for the
      inhibition of pathogens, for treating seeds and for the drenching of flats
      of seedlings and for the prevention of damp-off.
PAR  The preservatives may be modified by the addition thereto of adjuvants,
      such as wetting agents, water repellants, insect repellants, fire
      retardants, substances which have a synergistic action, or have a
      desirable action in further protecting or enhancing the value of the
      treated article.
PAR  The carrier employed is a selective material or materials into which the
      compounds of this invention are incorporated to produce the fungicidal or
      bactericidal compositions. Since these compounds are water soluble, water
      is the preferred carrier, but any carrier, such as a solvent in which the
      compounds are soluble or dispersible, dust, or other material chosen for a
      particular intended use of the toxicant incorporated therein, may be
      employed.
PAR  The following examples set forth specific embodiments of the invention but
      it is not to be considered as limited thereto. Parts are by weight unless
      otherwise indicated.
DETD
PAC  EXAMPLE I
PAR  A. This example illustrates preparation of the compound having the formula:
      ##SPC4##
PAR  212 Grams of 3,5-dribromosalicylic acid, 200 ml, benzene and 100 ml.
      thionyl chloride are charged into a 1 liter flask equipped with a
      condenser, stirrer, thermometer and heating mantle. 8 drops of picoline in
      40 ml. benzene are added dropwise and then the reaction mixture is stirred
      at 40 C. for 60 hours. The thionyl chloride and benzene are distilled off
      under vacuum with a water aspirator. 221 Grams of 3,5-dibromosalicylic
      acid chloride is obtained.
PAR  100 Grams of this product, 200 ml. pyridine and 57 grams of sulfanilic acid
      are mixed together, heated to reflux and refluxed for 4 hours. The
      pyridine is then steam distilled off. The charge is cooled to 5.degree.C.,
      filtered, washed with water and oven dried at 40.degree.C.
PAR  75 Grams of this product is then slurried with 250 ml. of water, 27 cc. of
      sodium hydroxide (40% wt./vol.) is added to give an alkaline reaction, it
      is stirred to solution. 7 Grams of sodium chloride are added, stirred for
      15 minutes, cooled to 25.degree.C., filtered and air dried at 80.degree.C.
PAR  10 Grams of this product and 60 ml. water are heated to 70 C. and stirred
      to solution. Then 1.3 grams of calcium chloride dissolved in 50 ml. water
      is added. The charge is cooled, filtered and dried to give the desired
      product.
PAR  In the following portions of this example, the reaction of A is repeated
      except that in the last step, different metal salts are added to provide
      compounds where M is Mg, Cu and Zn. These examples are as follows:
     B. Metal salt-                                                            

        MgCl.sub.2 Product                                                     

     C. Metal salt-                                                            

        CuCl.sub.2 Product                                                     

     D. Metal salt- ZnCl.sub.2                                                 

        Product                                                                

PAC  EXAMPLE 2
PAR  Application of the product of Example 1.
PAR  0.1 Gram of the product of Example 1 is combined with 2 ml.
      dimethylformamide and this mixture, at 70.degree.C, is poured into 1 liter
      of water. The proper aliquot of this mixture to give 25 ppm in water is
      taken for dipping paper and treating cloth according to AATCC test 6205.
      The test papers are 1 1/2 inch squares of Whatman No. 2 filter paper.
PAR  A culture medium is made up consisting of the following:
TBL                          Grams                                             

     Ammonium nitrate        3.0                                               

     Potassium monohydrateorthophosphate                                       

                             2.5                                               

     Magnesium sulfate-7H.sub.2 O                                              

                             2.0                                               

     Agar                    20.0                                              

     Distilled water up to   1000                                              

PAR  The pH is adjusted to 6.4-6.8 and the solution is sterilized in an
      autoclave for 20 min. at 250.degree.F. and 15 lbs. pressure and then
      cooled.
PAR  Scrapings are made from a Petri dish which had been inoculated with
      chaetomium globosum and incubated for 10 days and stirred into a flask
      containing 100 ml. distilled water. The chaetomium globosum is admixed
      with the culture medium employing a transfer loop. Paper, which had
      previously been dipped in the solution of
      4-(3,5-dibromosalicylamido)benzenesulfonic acid, calcium salt, and dried
      is then dipped into the inoculated agar medium, allowed to dry and
      maintained under sterile conditions at 80.degree.F.
PAR  Paper was treated in similar manner employing an equivalent amount of
      3,4',5-tribromosalicylanilide, dissolving 0.1 gm. of the latter in 2 ml.
      of dimethyl formamide at 70.degree.C., drowning into 1 liter water, then
      dipping paper into dispersion of 25 ppm. After 24, 48 and 72 hours the
      paper treated with 4-(3,5-dibromosalicylamido)benzenesulfonic acid,
      calcium salt showed much less growth than in the case of the
      3,4',5-tribromosalicylanilide.
PAR  0.1 Gram of the product of Example 1 is combined with 2 ml.
      dimethylformamide and this mixture, at 70.degree.C, is poured into 1 liter
      of water. The proper aliquot is taken and made up with 100 ml. water and
      8% Tide detergent to give 0.1% o.w.f. of the product. 5 g. cotton cloth is
      introduced and agitated in the bath for 10 minutes at 120.degree.F. The
      cloth is removed, rinsed and dried. It is cut into 1 1/2 in. squares,
      treated with the fungus culture as above and incubated for 24, 48, 72
      hours. The cloth treated with this product showed much less growth than in
      the case of 3,4',5-tribromosalicylanilide.
PAC  EXAMPLE 3
PAR  Preparation and application of the compound having the formula:
      ##SPC5##
PAR  100 grams of 3,5-dibromosalicylic acid chloride, 200 ml. pyridine and 57
      grams of orthanilic acid are mixed together, heated to reflux and refluxed
      for four hours. The pyridine is then steam distilled off. The charge is
      cooled to 5.degree.C., filtered, washed with water and oven dried at
      40.degree.C.
PAR  75 Grams of this product is then slurried with 250 ml. water. 27 cc. of
      sodium hydroxide is added to give an alkaline solution and it is stirred
      to solution, 7 grams of sodium chloride are added, stirred for 15 minutes,
      cooled to 25.degree.C., filtered and air dried at 80.degree.C.
PAR  Paper and cotton cloth treated according to the manner of Example 2 showed
      inhibition of mildew in the treated paper and cotton in contrast to the
      mildew which proliferated in untreated paper and cotton.
PAR  The sodium salt of this example is converted into the calcium salt in the
      manner of Example 1. Paper and cotton cloth treated in the manner of
      Example 1 showed less mildew than in the case of paper and cotton treated
      in similar manner with 3,4',5tribromosalicylanilide, and especially
      untreated paper and cotton.
PAC  EXAMPLE 4
PAR  Preparation and application of the compound having the formula:
      ##SPC6##
PAR  100 Grams of 3,5-dibromosalicyl acid chloride, 200 ml. pyridine and 84
      grams of 4-amino-1,3-benzenedisulfonic acid are combined, heated to reflux
      and refluxed for 4 hours. The pyridine is then steam distilled off. The
      charge is cooled to 5.degree.C., filtered, washed with water and oven
      dried at 40.degree.C.
PAR  75 Grams of this product are slurried with 250 ml. water. 27 cc. Sodium
      hydroxide is added to give an alkaline reaction, it is stirred to
      solution, 7 grams of sodium chloride are added, stirred for 15 minutes,
      cooled to 25.degree.C., filtered and air dried at 80.degree.C.
PAR  10 Grams of this product and 60 ml. water are then heated to 70.degree.C.
      and stirred to solution, 2.6 grams of calcium chloride dissolved in 100
      ml. water are added, the charge is cooled, filtered and dried to give the
      desired product.
PAR  Treatment of paper and cotton pieces as described in Example 2 showed less
      mildew than in the cases of paper and cotton treated in similar manner
      with 3,4',5-tribromosalicylanilide and much less than in the cases of
      untreated paper and cloth.
PAC  EXAMPLE 5
PAR  Preparation and application of the compound having the formula:
      ##SPC7##
PAR  In the manner of Example 1, 100 grams 3,5-dibromosalicyclic acid chloride
      is reacted with 84 grams 3-bromosulfanilic acid to product
      3-bromo-4-(3,5-dibromosalicylamido)benzene sulfonic acid, which is then
      converted to the sodium salt, and then to the calcium salt.
PAR  Paper and cotton treated with the above compound of this invention in the
      manner of Example 2 showed less mildew than a paper and cotton
      correspondingly treated with 3,4',5-tribromosalicylanilide, and
      considerably less mildew than untreated paper and cotton.
PAR  The invention has been described with reference to certain preferred
      embodiments. However, as obvious variations thereon will become apparent
      to those skilled in the art, the invention is not to be considered as
      limited thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Compounds of the following general formula:
      ##SPC8##
PA1  wherein R is hydrogen or halogen, n is a whole number of 1 or 2, l is 1/2
      or 1 and M is selected from the group consisting of alkali metals,
      alkaline earth metals, copper and zinc.
NUM  2.
PAR  2. A compound according to claim 1 wherein R is hydrogen, chlorine or
      bromine.
NUM  3.
PAR  3. A compound according to claim 1 wherein R is hydrogen, n is 1 and M is
      sodium l is 1.
NUM  4.
PAR  4. A compound according to claim 1 wherein R is hydrogen, n is 1 and M is
      calcium l is 1/2.
NUM  5.
PAR  5. A compound according to claim 1 wherein R is hydrogen, n is 1 and M is
      magnesium l is 1/2.
NUM  6.
PAR  6. A compound according to claim 1 wherein R is hydrogen, n is 1 and M is
      copper l is 1/2.
NUM  7.
PAR  7. A compound according to claim 1 wherein R is hydrogen, n is 1 and M is
      zinc l is 1/2.
NUM  8.
PAR  8. A compound according to claim 1 wherein R is bromine, n is 1 and M is
      sodium, calcium, magnesium, copper or zinc.
NUM  9.
PAR  9. A compound according to claim 1 wherein n is 2.
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ABST
PAL  New triorganotin compounds which are hydrophilic and difficultly volatile
      are used as biocides.
PARN
PAR  This is a continuation-in-part of our copending application Ser. No.
      382,633, filed July 25, 1973.
BSUM
PAR  Triorganotin compounds are valuable biocides. However, the widely used
      compounds, for example bis-(tri-n-butyltin)-oxide (TBTO), are highly
      hydrophobic in accordance with their chemical constitution. Their low
      water-solubility (that of TBTO is only 20 ppm) severely limits their field
      of use. It is extremely difficult to manufacture aqueous disinfectant
      solutions with them or to add them to disperse paints. The frequently used
      admixture with emulsifiers, for example, in the form of the commercial
      product "METATIN R 5710" (based on TBTO), is a long way from being able to
      satisfy all the requirements of practice because these emulsions have only
      limited durability. A further disadvantage of the trialkyltin compounds is
      their volatility. This volatility is the cause, for example, of the rapid
      loss of effectiveness of TBTO and its derivatives in many practical
      applications.
PAR  All tributyltin carboxylates, sulphonates, and salts with inorganic acids
      (chloride, sulphate, nitrate, perchlorate etc.) undergo hydrolysis on
      contact with water and consequently reconversion into volatile TBTO. Even
      more, marked is the volatility in compounds with smaller organic radicals,
      especially the trimethyltin derivatives. However, these compounds are of
      considerable commercial interest because the biocidal activity spectrum in
      the triorganotin series is highly specific as to structure.
PAR  This invention therefore has for its object to develop biocidal
      triorganotin compounds with hydrophilic properties, which are soluble in
      water, or at least are readily compatible with or form stable emulsions
      with water, and which still continue to possess only a slight volatility.
      The surprising discovery has been made that it is possible to effect the
      hydrophilic modification and reduction of the volatility with a single
      structural principle. The hydrophilic solubilising groups which impart the
      water-solubility (compatibility) and simultaneously also lower the
      volatility, are bonded through the mercapto-sulphur to the triorganotin
      radicals. Only this bond ensures a hydrolysis-resistant fixing of the
      solubilising groups mentioned.
PAR  A number of triorganotin mercaptides with biocidal activity have already
      been proposed. For example, tributyltin-2-diethylaminoethyl mercaptide
      ##EQU1##
      IS CLAIMED AS FUNGICIDE IN French Pat. No. 1.533.524.
PAR  Through the diethylamino group this compound does have a slight hydrophily,
      but for practical purposes this is far from being sufficient. An even more
      serious disadvantage is its volatility. These disadvantages only disappear
      if this compound -- as shown in this invention -- is converted into an
      ammonium salt.
PAR  The same applies to the tributyltin-mercapto-pyridine described in Belgian
      patent 707.519.
      ##EQU2##
      Here too only the salt formation leads to a product with hydrophilic
      properties which are useful for practical purposes.
PAR  Tributyltin-.beta.-hydroxyethyl mercaptide
EQU  Bu.sub.3 Sn--S--CH.sub.2 CH.sub.2 --OH
PAL  is cited in U.S. Pat. No. 3.382.264. This compound contains a free hydroxy
      group. But this is still not sufficient for the hydrophilic solubilising
      of the tributyltin group necessary for practical purposes. A satisfactory
      hydrophily is obtained only with two or more free hydroxyl groups, e.g. in
      the form of the monomercaptoglyceride.
PAR  Japanese Pat. No. 1977/67 claims organotin sulphaminates with a certain
      water-solubility. However, verification has shown that, for example, the
      tributyltin sulphaminate is hydrolytically split off in water at once and
      passes over into TBTO. As further investigations have shown, only the
      mercapto compound (apart from the carbon bond) is able to prevent this
      hydrolysis.
PAR  The invention therefore provides hydrophilic, difficultly volatile biocidal
      compounds of the formula I
      ##EQU3##
      wherein R.sub.1, R.sub.2, and R.sub.3 each independently represents a
      linear or branched aliphatic group with 1 to 16 carbon atoms which can be
      saturated or singly olefinically unsaturated, the cyclopentyl, cyclohexyl,
      or phenyl group, the sum of the carbon atoms of the substituents R.sub.1,
      R.sub.2, and R.sub.3 being altogether at most 18, and A represents a
      strongly hydrophilic group with polyether, carboxylate, sulphonate,
      carboxylic acid ester, carboxylic acid amide, and/or ammonium salt
      function.
PAR  The application also provides a process for the manufacture of compounds of
      the general formula I, wherein a triorganotin compound of the general
      formula II
      ##EQU4##
      in which R.sub.1, R.sub.2, and R.sub.3 have the same meaning as in formula
      I and X represents OH, O.sub.1/2, chlorine, bromine, iodine, or acetate,
      is condensed in known manner with a mercapto compound of the general
      formula III
EQU  H-- S -- A                                                 (III)
PAL  in which A has the same meaning as in formula I, optionally in the presence
      of a basic compound, accompanied by the elimination of HX.
PAR  As triorganotin compounds of the formula II there are used especially
      triorganotin hydroxides or triorganotin oxides.
PAR  The symbol R.sub.1, R.sub.2, and R.sub.3 in formula I preferably represents
      a linear or branched alkyl or alkenyl group with 1 to 4 carbon atoms, the
      cyclohexyl- or the phenyl group.
PAR  Preferably two or all three of the groups R.sub.1, R.sub.2, and R.sub.3 are
      the same. If two alkyl groups are the same, these are preferably methyl
      groups.
PAR  Exemplary of R.sub.1, R.sub.2, and R.sub.3 in the general formula I are
      n-amyl, 2-methylbutyl, 3-methylbutyl, neopentyl, pentenyl-3, pentenyl-4,
      3-methyl-butenyl-3, hexyl, octyl, decyl, dodecyl, tetradecyl, hexadecyl,
      cyclopentyl, but preferably methyl, ethyl, vinyl, n-propyl, i-propyl,
      n-butyl, i-butyl, butenyl-3, cyclohexyl, or phenyl.
PAR  Preferred triorganotin groups are: tri-n-butyltin, triphenyltin,
      tricyclohexyltin, octyl-dimethyltin, cyclohexyl-dimethyltin and
      phenyl-dimethyltin.
PAR  A represents in detail:
PAL  1. The radical of a polyethylene oxide with 2 to 15, preferably 8 to 11,
      ethylene oxide units.
PAL  2. A hydrocarbon radical with carboxylate or sulphonate function, of the
      formula
      ##EQU5##
      wherein O represents hydrogen or the hydroxyl group, p is a whole number
      from 1 to 6, X represents --CO.sub.2 -- or --SO.sub.3 --, Y represents a
      counterion which is positively charged once or twice, with q = 1 in the
      first case and a = 1/2 in the second. Y is preferably sodium or the
      ammonium group
EQU  NH(CH.sub.2 --CH.sub.2 --OH).sub.3
PAR  Where p is O, the group X can also be
      ##EQU6##
      3. A hydrocarbon radical with carboxylic acid amide or, in particular,
      carboxylic acid ester, function, of the formula
      ##EQU7##
      Wherein Q and p have the meanings given hereinbefore, Q is preferably
      hydrogen and p is preferably 1 or 2, X is --CO-- and q is 1. Y is
      preferably a polyethylene oxide radical of the formula
EQU  --O--(CH.sub.2 -- CH.sub.2 --O).sub.n --H
PAL  in which n is 2 to 15, especially 8 to 11, a polyhydroxyalkyl radical of
      the formula
      ##EQU8##
      in which m is 2 to 6, or the polyhydroxyalkyl/radicals which derive from
      pentaerythritol, dipentaerythritol, and trismethylolpropane
      ##EQU9##
      Y is also the radical of primary or secondary amine-polyethylene oxide
      adducts of the formula
      ##EQU10##
      wherein r and s are numbers which are the same or different. The sum of r
      + s is 2 to 15, preferably 2.
PAR  The values for m, n, r, and s in the radicals cited hereinbefore can also
      be rational numbers for mean values of the chain length of the given
      radicals.
PAR  4. A hydrocarbon radical with an ammonium salt function, of the formula
      ##EQU11##
      wherein Q and p have the meanings given hereinbefore and p is preferably
      2, X in its turn corresponds to the formula
EQU  --NZ.sub.3.sup.+,
PAL  and Z represents lower alkyl groups which are the same or different,
      polyethylene oxide radicals with 2 to 6 ethylene oxide units, and/or
      hydrogen, but preferably .beta.-hydroxyethyl.
PAR  The group X can also be
      ##EQU12##
      where p is O,X represents
      ##EQU13##
      and Y represents a monovalent or divalent negative counterion, wherein in
      the first case q = 1 and in the second q = 1/2.
PAR  In the formula I -S-A preferably represents the radical of a salt of an
      aliphatic mercaptocarboxylic acid with at most 8, but above all at most 5,
      carbon atoms, and, in particular, represents the 2-mercaptopropionate or
      mercaptoacetate radical, wherein sodium, potassium or the triethanolamine
      group is preferred as cation, and very preferably -S-A is the radical of
      the triethanolamine salt of thioglycolic acid. In addition -S-A is
      preferably the radical of an ester of an aliphatic mercaptocarboxylic acid
      with up to 8, especially up to 5, carbon atoms, in particular of
      2-mercaptopropionic acid, and polyethylene oxides with 2 to 15 ethylene
      oxide units, and is furthermore preferably the radical of the salt of a
      mercaptoalkanesulphonic acid with at most 6 carbon atoms, in particular
      the 3-mercaptopropionsulphonate radical.
PAR  Examples of the group A are
PAL  ad. 1. Polyethylene oxide radicals
PA1  --(CH.sub.2 --CH.sub.2 --O).sub.n --H
PAL  (n is 2 to 15, preferably 8 to 10) Examples of the group
      ##EQU14##
      are ad 2. Carboxylate or sulphonate radicals
      ##EQU15##
EQU  --(CH.sub.2).sub.2 --SO.sub.3 -- , --(CH.sub.2).sub.5 --SO.sub.3 -- ad 3.
      Carboxylic acid ester or carboxylic acid amide radicals
EQU  --CH.sub.2 --CO-- , --(CH.sub.2).sub.2 --CO-- , --(CH.sub.2).sub.5 --CO-- ,
      ##EQU16##
PAR  Examples of --X-- as --NZ.sub.3 -- group are
PAL  ad 4.
EQU  --NH.sub.3 -- , --NH (CH.sub.3).sub.2 -- , --NH (C.sub.2 H.sub.5).sub.2 --
      ,
EQU  --NH (CH.sub.2 --CH.sub.2 --OH).sub.2, --NH (C.sub.2 H.sub.5) (CH.sub.2
      --CH.sub.2 --OH)-- ,
EQU  --N (C.sub.2 H.sub.5).sub.3 -- , --N (CH.sub.3) (CH.sub.2 --CH.sub.2
      --OH).sub.2 -- ,
EQU  --N [(CH.sub.2 --CH.sub.2 --O).sub.n --H].sub.3 -- (n is 1 to 6)
PAR  Examples of the group -Y are
PAL  ad 2. A counterion which is positively charged once or twice
EQU  --Na , --K , --Li , --NH.sub.4 , --NH(CH.sub.3).sub.3 , --N(CH.sub.3).sub.4
      ,
EQU  --NH(CH.sub.2 --CH.sub.2 --OH).sub.3 , --N(CH.sub.2 --CH.sub.2 --OH).sub.4
      ,
EQU  --NH.sub.2 (CH.sub.2 --CH.sub.2 --OH).sub.2 , --NH(C.sub.2 H.sub.5)
      (CH.sub.2 --CH.sub.2 --OH).sub.2 ,
EQU  = Ca, = Mg, = Be, = Zn, = Mn, = Sr, = Ba,
      ##EQU17##
      ad 3. Polyhydroxyalkyl or polyethylene oxide radicals or the radical of
      amine-polyethylene oxide adducts
      ##EQU18##
      (n is 2 to 15, preferably 8 to 11)
      ##EQU19##
      ad 4. Mono- or divalent negative counterion
EQU  --Cl, --Br, -I, --F, --NO.sub.3, --BF.sub.4, CH.sub.3 --SO.sub.3 --,
      C.sub.6 H.sub.5 --SO.sub.3 -- , p--CH.sub.3 --(C.sub.6 H.sub.4)--SO.sub.3
      -- , CH.sub.3 --O--SO.sub.3 -- , --ClO.sub.4 , C.sub.2 H.sub.5
      --O--SO.sub.3 -- , = SO.sub.4 , = SiF.sub.6 , F.sub.3 C--CO.sub.2 -- ,
      Cl.sub.3 C--CO.sub.2 --
PAR  The triorganotin-mercapto-polyethylene oxides are manufactured by reacting
      the free mercaptans with a tri triorganotin oxide or hydroxide, for
      example
EQU  Ph.sub.3 Sn--OH + HS--(CH.sub.2 CH.sub.2 O).sub.n H .fwdarw. Ph.sub.3
      SnS--(CH.sub.2 CH.sub.2 O).sub.n H (Ph=Phenyl)
PAR  The synthesis can also be carried out starting from triorganotin halide in
      the presence of alkali lye, carbonate, or bicarbonate solution on the
      lines of a SCHOTTEN-BAUMANN reaction, e.g.,
EQU  Bu.sub.3 Sn--Cl + HS(CH.sub.2 CH.sub.2 O).sub.n H
EQU  (Bu = Butyl)
      ##EQU20##
PAR  The mercapto-polyethylene oxides are obtained by the addition of
      polyethylene oxide to hydrogen sulphide
      ##EQU21##
EQU  .fwdarw. HS--(CH.sub.2 --CH.sub.2 --O).sub.n --H
PAR  The manufacture of the triorganotin mercaptoalkylsulphonates of the formula
      ##EQU22##
      can be carried out, for example, in the following way
      ##EQU23##
EQU  .fwdarw. HS--(CH.sub.2).sub.3 --SO.sub.3 Na.
PAR  Using an ion exchanger (AT) it is possible to obtain therefrom the free
      sulphonic acid
EQU  --SO.sub.3 . Na + AT . H
EQU  --SO.sub.3 . H + AT . Na
PAL  which can be converted with the bases Y. OH into other salts, with the
      equation
EQU  --SO.sub.3 . H + Y . OH
EQU  .fwdarw. --SO.sub.3 . Y + H.sub.2 O.
PAR  The reaction with a triorganotin oxide or hydroxide takes place
      subsequently, for example
PA1  Ph.sub.3 Sn . OH + HS -- (CH.sub.2).sub.3 --SO.sub.3 . N (CH.sub.2 --
      CH.sub.2 -- OH).sub.4 .fwdarw. Ph.sub.3 Sn -- S -- (CH.sub.2).sub.3 --
      SO.sub.3 . N (CH.sub.2 --CH.sub.2 --OH).sub.4
PAR  THe other mercaptoalkylsulphonic acids can be manufactured from the
      corresponding haloalkylsulphonic acids in known manner, for example via
      the isothiuronium halides
EQU  Na . O.sub.3 S -- (CH.sub.2).sub.n --Cl + S = C (NH.sub.2).sub.2
      ##EQU24##
EQU  .sup.Na OH Na . O.sub.3 S -- (CH.sub.2).sub.n -- SH
PAR  The direct reaction with, for example, potassium hydrosulphide, leads to
      the same result. Finally, the .beta.-mercaptoethanesulphonic acid can also
      be obtained by starting from the carbyl sulphate.
PAR  The mercaptohydroxyalkylsulphonic acids can be easily obtained via the
      corresponding epoxides, e.g.
      ##EQU25##
PAR  The synthesis route to the analogous triorganotin mercaptocarboxylic acid
      salts also proceeds via the corresponding mercaptocarboxylic acids, for
      which there are a number of known methods of manufacture.
PAR  The reaction (neutralisation of the carboxyl group) with the base Y is
      carried out advantageously after the linkage with the triorganotin group
      in accordance with the equation
      ##EQU26##
PAR  The corresponding mercapto-hydroxyalkylcarboxylic acids can also be
      obtained via the epoxycarboxylic acids by known methods.
PAR  Triorganotin derivatives which carry a hydrophilic carboxylic acid ester
      function are manufactured in two steps.
PAR  The reaction with a triorganotin oxide or hydroxide is performed after the
      esterification of the mercaptocarboxylic acid with a hydroxyl group of the
      polyol. The monoesterification with respect to a chemically unitary
      polyolmonoester is as a rule only possible with a substantial excess of
      polyol. The separation of excess (nonreacted) polyol is effected in these
      cases very smoothly at the end stage after the combination with the
      triorganotin group, on the basis of differing solubility properties,
      principally in chloroform or methylene chloride. However, the polyol
      esterification can also be carried out under stoichiometric conditions for
      the monoesterification. The products which are formed under these
      conditions do constitute statistical mixtures, but - since the monoester
      derivative predominates - are sufficiently hydrophilic.
PAR  If the polyol is obtainable as epoxide compound, the esterification can be
      effected also by the indirect route, in which case unitary polyol
      monoester are also formed. It is advantageous in this case to effect the
      linkage of the mercaptocarboxylic acid with the triorganotin group
      beforehand.
      ##EQU27##
PAR  In obtaining the triorganotin mercaptocarboxylic acid polyethylene oxide
      esters, the esterification is carried out first, as with the polyol esters
      ##EQU28##
PAR  (n is 2 to 15)
PAR  Since these polyethylene oxides - also called polyglycols - are mostly
      mixtures, the triorganotin compounds resulting therefrom are not unitary
      products. Their commercial value is not thereby impaired.
PAR  The triorganotin mercaptocarboxylic acid amides with hydrophilic amide
      component can be readily manufactured from the corresponding triorganotin
      mercaptocarboxylic acid esters, preferably from the methyl esters, on the
      lines of an esteramide exchange reaction, for example
      ##EQU29##
PAR  If amines which are polyethylene oxide adducts, and therefore constitute
      mostly mixtures, are used, then corresponding mixtures are also obtained
      as end product. This is not prejudical to the use of these products.
      Triorganotin derivatives with ammonium salt function of the formula
      ##EQU30##
      are easily manufactured. When n is 2, a .beta.-mercaptoethylamine is used
      as starting product
EQU  HS--CH.sub.2 --CH.sub.2 --NZ.sub.2
PAL  which in its turn can be obtained by addition of the amine HNZ.sub.2 to
      ethylene sulphide. It is possible to manufacture other mercapto amines in
      known manner by addition of hydrogen sulphide to amines with unsaturated
      ligands.
PAR  The conversion into the ammonium salt takes place advantageously after the
      reaction with the triorganotin compound. This is effected either with
      acid, preferably mineral acid, but more preferably by alkylating agents,
      for example, dimethyl sulphate, p-toluenesulphonic acid esters, or alkyl
      nitrates, e.g.,
EQU  i-Bu.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --N(CH.sub.2 --CH.sub.2 --OH).sub.2 +
      Me.sub.2 SO.sub.4
      ##EQU31##
PAR  (i-Bu is isobutyl, Me is methyl)
PAR  Finally, mercapto-hydroxyalkylammonium salts can be obtained from the
      readily accessible epoxides, for example from glycidyltrimethylammonium
      chloride.
      ##EQU32##
PAR  Triorganotin compounds with aromatic ligands can be readily manufactured
      from the known mercaptoamines, some of which are obtainable commercially.
      The most important reaction step for one example of a pyridinium salt is
      ##EQU33##
PAR  Examples of compounds according to the invention are listed hereinbelow.
PAR  The following abbreviation are used: Me = methyl, Pr = propyl, Bu = butyl,
      Am = amyl, Hex = hexyl, Oc = octyl, Ph = phenyl.
EQU  Me.sub.3 Sn--S--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.4)
EQU  Ph.sub.3 Sn--S--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.7)
EQU  n--Pr.sub.3 Sn--S--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.8)
EQU  n--Bu.sub.3 Sn--S--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.14)
      ##EQU34##
EQU  Ph.sub.3 Sn--S--(CH.sub.2).sub.6 --CO.sub.2 . K
EQU  Ph.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CO.sub.2.NH.sub.2 (CH.sub.2
      --CH.sub.2 --CH).sub.2
EQU  n--Bu.sub.3 Sn--S--CH.sub.2 --CO.sub.2 . NH(CH.sub.2 --CH.sub.2 --OH).sub.3
EQU  Me.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CO.sub.2 . NH(CH.sub.2 --CH.sub.2
      --OH).sub.3
EQU  [n--Bu.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CO.sub.2 a .sub.2 . Mg
EQU  [n--Am.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CO.sub.2 ].sub.2 . Mn
EQU  [n--Bu.sub.3 Sn--S--CH.sub.2 --CO.sub.2 ].sub.2 . Ba
EQU  Ph.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --SO.sub.3 . N(CH.sub.3).sub.4
EQU  (Me.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --SO.sub.3).sub.2 . Ca
EQU  (Ph.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CH.sub.2 --SO.sub.3).sub.2 . Mg
EQU  [(C.sub.2 H.sub.5).sub.3 Sn--S--CH.sub.2 --CH.sub.2 --SO.sub.3 ].sub.2 . Zn
EQU  Me.sub.3 Sn--S--CH.sub.2 --CO--O--(CH.sub.2 --CH.sub.2 --O).sub.2 --H
EQU  n--Bu.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CO--O--(CH.sub.2 --CH.sub.2
      --O).sub.n H (n.about.4,5)
EQU  i--Bu.sub.3 Sn--S--CH.sub.2 --CO--O--(CH.sub.2 --CH.sub.2 --O).sub.n --H
      (n.about.10)
EQU  Ph.sub.3 Sn--S--(CH.sub.2).sub.6 --CO--O--(CH.sub.2 --CH.sub.2 --O).sub.n
      --H (n.about.15)
EQU  (H.sub.2 C=CH--CH.sub.2 --CH.sub.2).sub.3 Sn--S--CH.sub.2 --CH.sub.2
      --NH.sub.3 . SO.sub.3 CH.sub.3
EQU  Me.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --NH(CH.sub.2 --CH.sub.2 --OH).sub.2 .
      CL.sub. 4
EQU  i--Pr.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --N(CH.sub.3).sub.3 . SO.sub.4 CH.sub.3
EQU  (C.sub.2 H.sub.5).sub.3 Sn--S--CH.sub.2 --CH.sub.2 --N(CH.sub.3)(C.sub.2
      H.sub.5).sub.2 . O.sub.2 C--CCl.sub.3
EQU  i--Bu.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --N(CH.sub.2 --CH.sub.2 --OH).sub.3
      . ClO.sub. 4    Preferred compounds are:
      ##EQU35##
PAR  The substance of the present invention possess marked hydrophilic
      properties. Moreover, they simultaneously fulfill the requirement of
      slight volatility.
PAR  By appropriate choice of the group A it is possible to attain substantial
      gradations of these properties for particular applications. Thus it is
      possible to obtain from one and the same triorganotin group derivatives
      which are miscible with water to a practically unlimited extent, while
      others display good emulsiying properties.
PAC  TABLE 1
PAR  Solubility properties of tributyltin derivatives
      ##EQU36##
PAC  COMPARISON
TBL          A          Solubility in water                                    

     ______________________________________                                    

     --CH.sub.2 --CH--CH.sub.2                                                 

                        satisfactory                                           

     .vertline..vertline.                                                      

     OHOH                                                                      

     bis(n-tributyl-tin)-oxide                                                 

                        poor (20 ppm)                                          

     (TBTO)                                                                    

     ______________________________________                                    

PAR  The solubilising effect of a particular hydrophilic group naturally depends
      also on the triorganotin species itself. Large organic radicals (e.g. amyl
      or phenyl) require for a specific water-solubility of the resulting
      compound stronger solubilising groups than small organic radicals (e.g.
      methyl).
PAR  The quaternary ammonium group produces a very strong (already extreme)
      solubilising effect. The triorganotin compounds provided therewith -- they
      are almost always honey -- or wax-like substances -- are in most cases
      miscible with water in any proportion. Very marked is also the
      solubilising effect of the sulphonate group in the form of the alkali
      salts. These substances display the typical behaviour of tensides (soaps),
      i.e., they form mostly micellar solutions and thereby also lower the
      surface tension of the water. The influence of the counterion is here more
      marked than in the case of the ammonium salts. Coupled with the strongly
      hydrophilic quaternary ammonium ions - for example with the
      tetra-(.beta.-hydroxyethyl)-ammonium group - it is possible to obtain
      extremely good water-solubility.
PAR  With the corresponding carboxylates the water-solubility is reduced
      somewhat under otherwise comparable structural prerequisites. Substances
      with the typical behaviour of soaps are also available in the form of
      alkali salts. The aqueous solutions also display the alkaline reaction
      which is typical of alkali carboxylate soaps, and like these they form
      very stable emulsions.
PAR  Very similar are the solubility properties of the triorganotin carboxylic
      acid esters and amides (with hydrophilic alcohol or amin moiety). It can
      be said that there is a direct connection between the hydrophily and
      consequently of the water-solubility on the one hand, and the number of
      the hydroxyl groups and the length of the polyethylene oxide radicals on
      the other. The same applies also to the pure polyethylene oxide
      derivatives. All these products have a honey- or wax-like consistency.
PAR  In the compounds according to the invention the triorganotin bond is
      completely stable to hydrolysis in neutral medium. Only in a strongly acid
      or alkaline pH range does cleavage slowly commence.
PAR  The compounds of this invention are outstanding biocides. With them it is
      possible to manufacture aqueous disinfectant solutions which can be used
      with complete success in human and veterinary medicine. The disinfecting
      of seeds and wood conservation - also from aqueous liquor - are other
      fields of application for these substances. They can also be used with
      particular advantage as additives for pigment dye dispersions and disperse
      paints, both in respect of storage and of the long-lasting protective
      action of the coating. Furthermore these substances can be used in
      antifouling paints, whereby they prevent both the harmful growth of sea
      organisms and improve -- as a result of the hydrophilic radical -- the
      hydrodynamic properties on the ship's stern.
PAR  A further field of application for these substances is mucilage control in
      paper manufacture, thereby also simultaneously ensuring paper
      conservation.
PAR  Certain thermoplasts and elastomers, in particular PVC with plasticiser
      content, can be effectively protected by the substances against attack by
      microbes. An antistatic finish is thereby simultaneously provided.
PAR  The substances of the present invention are also valuable herbicides for
      various cultivated plants. In cotton growing they can be used as
      defoliants and desicants.
PAR  In many cases the phytotoxicity of the triorganotin compounds according to
      the invention is distinctly lower than of the corresponding known
      compounds, thereby ensuring their favourable use in plant protection.
      Their activity against phytopathogenic fungi in cereal disinfection
      extends, for example, over Fusarium nivale, Tilletia caries,
      Helminthosporium gramineum, Septoria nodorum. The activity against soil
      fungi comprises, for example, Fusarium oxysporium, Pythium debarynum,
      hizoctonia solani, Verticileum albo atrum. In fungoid leaf infections the
      following species, for example, are attached and destroyed: Botrytis
      cinerea, rust fungi, e.g., Cloromyces and puccinia, powdery mildews, e.g.,
      Phytophthora and Plasmopara, Pseudoperonospera.
PAR  Total activity was obsered e.g., against the following leaf fungi: Botrytis
      cinerea in Vicia faba, Plasmopora viticola (Bert, et Curt,), (Berl. et de
      Toni) on vines; in the disinfectant test against Fusarium nivale and
      Tilletia caries. This statement, however, does not constitute any
      limitation.
PAR  In the test for microbiocidal activity the compounds listed hereinbelow
      yielded the values indicated in the following Table:
     No.                                                                       

        Compound                                                               

     __________________________________________________________________________

     1  (n--C.sub.4 H.sub.9).sub.3 Sn--S--CH.sub.2 --CH.sub.2 --COO.(CH.sub. 2 

        --CH.sub.2 --O--.sub.n H(n.about.9)                                    

     2  (C.sub.6 H.sub.5).sub.3 Sn--S--(CH.sub.2).sub.3 --SO.sub.3.Na          

        CH.sub.3                                                               

        .vertline.                                                             

     3  --Sn--S--CH.sub.2 --CH.sub.2 --COO--(CH.sub.2 --CH.sub.2 --O).sub.n.H(n

        .about.9)                                                              

        .vertline.                                                             

        CH.sub.3                                                               

     4  (n--C.sub.4 H.sub.9).sub.3 Sn--S--CH.sub.2 --COO.H.N(CH.sub.2 CH.sub.2 

        OH).sub.3                                                              

     5  (n--C.sub.4 H.sub.9).sub.3 Sn--S--(CH.sub.2).sub.2 --COO.H.N(CH.sub.2  

        CH.sub.2 OH).sub.3                                                     

     6  (n--C.sub.4 H.sub.9).sub.3 Sn--S--CH.sub.2 --CO.N(CH.sub.2 CH.sub.2    

        OH).sub.2                                                              

     __________________________________________________________________________

TBL                                    Table                                   

     __________________________________________________________________________

     Microbiological Test                                                      

     Activity range in ppm                                                     

     Bacteria                    *     1    2    3    4    5    6              

     __________________________________________________________________________

     Staphylococcus                                                            

                 aureus   SG 511       10   3    10   30   10   30             

                          SG 511 M6    10   10   --   30   30   3              

     Sarcina     ureae    SMB 81       10   3    10   30   30   .ltoreq.1      

     Streptococcus                                                             

                 faecalis NCTC 8619    10   10   10   30   100  30             

                 agalactiae      M100  3    3    --   30   30   3              

     Corynebacterium                                                           

                 diphte-  FUR          10   3    3    30   10   .ltoreq.1      

                 roides                                                        

     Bacillus    subtilis NCTC 6460    10   3    3    30   10   .ltoreq.1      

     Mycobacterium                                                             

                 phlei    CITM 61      3    3    3    30   10   .ltoreq.1      

     Escherichia coli     NCTC 8195    10   30   10   30   &gt;300 30             

                                 RP 45410                                      

                                       10   10   10   30   &gt;300 30             

     Arizona     paracolon       7:1.7,8                                       

                                       &gt;300 &gt;300 --   &gt;300 &gt;300 &gt;300           

     Salmonella  pullorum VBIZ         &gt;300 &gt;300 100  &gt;300 &gt;300 &gt;300           

                 gallinarum      VBIB  &gt;300 &gt;300 --   --   --   --             

                 cholerae-suis   VBIB  &gt;300 &gt;300 100  &gt;300 &gt;300 &gt;300           

     Pasteurella multocida       K753  10   &gt;300 10   30   30   30             

     Pseudomonas fluorescens                                                   

                                       10   &gt;300 30   &gt;300 30   30             

                          NCTC 4755                                            

     Fungi                                                                     

     Trichophyton                                                              

                 gypseum  CBS          30   30   10   10   10   10             

     Fusarium spec.       DAP          30   30   --   --   --   --             

     Pilz schwarzlich     DAP          10   30   --   --   --   --             

     Candida albicans     CBS          30   30   3    10   10   10             

     Hefe                 DAP          10   10   --   --   --   --             

     Hefe rot             DAP          10   10   --   --   --   --             

     Aspergillus niger    ATCC 6275    30   30   10   10   10   10             

                 flavus   CBS 12662    30   30   3    10   10   10             

     Penicillium funicu-                                                       

                          CEB 329631   30   100  10   30   10   30             

                 losum                                                         

                 expansum SMC 36       30   30   3    10   10   10             

     Trichoderma viride   CEB 3334.2   100  10   10   10   10   10             

     Fusarium    oxysporum                                                     

                          CBS          30   10   3    10   10   10             

     Chaetomium  globosum CBS 14851    10   10   3    10   .ltoreq.3           

                                                                .ltoreq.3      

     Alternaria  tenuis   CBS 10426    30   10   3    10   .ltoreq.3           

                                                                .ltoreq.3      

     Paecilomyces                                                              

                 varioti  CBS          30   10   3    10   .ltoreq.3           

                                                                .ltoreq.3      

     Stachybotrys                                                              

                 atra     CBS 32465    10   10   3    10   .ltoreq.3           

                                                                .ltoreq.3      

     Pullularia  pullulans                                                     

                          CBS 10767    10   3         10   10   10             

     Coniphora   cerebella                                                     

                          CBS          10   30   --   10   10   10             

     Poria       vaporia  CBS          100  3    --   10   10   10             

     Polystictus versi-   EMPA61       100  30   --   100  30   30             

                 color                                                         

     Lenzites    abietina CBS          10   100  --   10   10   10             

     __________________________________________________________________________

      * = virulent strains                                                     

PAR  Results of the test of growth resistance on the beer bottling plant of a
      brewery:
PAL  1. white pigmented disperse paint based on a finely dispersed
      polyvinylpropionate copolymer finished with
TBL  (g of additive per kg of ready free from                                  

     for brushing paint)            growth                                     

     __________________________________________________________________________

     2,5  g of tributyl-tin oxide (TBTO)                                       

                                     7 months                                  

     10,0 g of a TBTO preparation containing                                   

          25% TBTO                   8  "                                      

     20,0 g of Mergal 10 S (commercially                                       

          obtainable mercury compound)                                         

                                     8 "                                       

      3,25                                                                     

          g Me.sub.3 Sn--S--(CH.sub.2).sub.2.COO.CH.sub.2.C(CH.sub.2 OH).sub.2.

          CH.sub.2.CH.sub.3         10  "                                      

     3,4  g Bu.sub.3 Sn--S--CH.sub.2.COO.Na                                    

                                    10  "                                      

     3,7  g (C.sub.3 H.sub.7).sub.3 Sn--S--CH(COO.Na).CH.sub.2.COO.Na          

                                    10  "                                      

     3,8  g (Bu.sub.3 Sn--S--CH.sub.2.COO).sub.2.Ba                            

                                    10  "                                      

      3,95                                                                     

          g Bu.sub.3 Sn--S--(CH.sub.2).sub.3.SO.sub.3.Na                       

                                    10  "                                      

      4,25                                                                     

          g [CH.sub.3.C(CH.sub.3).sub.2.CH.sub.2 ].sub.3 Sn--S--(CH.sub.2).sub.

          3.SO.sub.3.NH.sub.4       10  "                                      

     5,0  g Me.sub.3 Sn--S--(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.10)         

                                    12  "                                      

      3,35                                                                     

          g Me.sub.3 Sn-- S--(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.4)         

                                    13 "                                       

     3,7  g Bu.sub.3 Sn--S--[C.sub.5 H.sub.4 N].HCl                            

                                    13 10 "                                    

      3,95                                                                     

          g Bu.sub.3 Sn--S--CH.sub.2.CO.N(CH.sub.2.CH.sub.2 OH).sub.2          

                                    13  "                                      

     4,5  g Bu.sub.3 Sn--S--CH.sub.2.COOH.N(CH.sub.2.CH.sub.2 OH).sub.3        

                                    13  "                                      

     4,9  g Bu.sub.3 Sn--S--CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H         

          (n.about.4,5)             13  "                                      

     5,0  g Bu.sub.3 Sn--S--CH.sub.2.CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H

           (n.about.4,5)            13  "                                      

     5,2  g [CH.sub.2 =C(CH.sub.3).CH.sub.2.CH.sub.2 ].sub.3 Sn--S--CH.sub.2.CO

          O.(CH.sub.2.CH.sub.2 O).sub.n                                        

                                    13  "                                      

           .H (n.about.5)                                                      

     6,6  g Bu.sub.3 Sn--S--CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H         

          (n.about.9)               13  "                                      

     6,7  g Bu.sub.3 Sn--S--CH.sub.2.CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H

           (n.about.9)              13  "                                      

     7,2  g Ph.sub.3 Sn--S--CH.sub.2.CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H

           (n.about.9)              13  "                                      

      7,75                                                                     

          g Bu.sub.3 Sn--S--(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.14)         

                                    13  "                                      

     __________________________________________________________________________

PAL  2. White pigmented disperse paint based on a finely dispersed
      styrene-butadiene copolymer finished with
TBL  (g of additive per kg or ready free from                                  

     for brushing paint)            growth                                     

     __________________________________________________________________________

     2,5 g tributyl-tin oxide (TBTO  7 months                                  

     20  g Mergal .sup.R 10 S        7  "                                      

     4,35                                                                      

         g [Ph.sub.3 Sn--S--(CH.sub.2).sub.3.SO.sub.3 ].sub.2.Mg               

                                     9  "                                      

     4,35                                                                      

         g (C.sub.2 H.sub.5).sub.3 Sn--S--CH.sub.2.CH.sub.2.N(CH.sub.3)(CH.sub.

         2.CH.sub.3).sub.2.OOC.CCl.sub.3                                       

                                    10  "                                      

     4,45                                                                      

         g Ph.sub.3 Sn--S--(CH.sub.2).sub.3.SO.sub.3.Na                        

                                    10  "                                      

     4,65                                                                      

         g Ph.sub.3 Sn--S--(CH.sub.2).sub.6.COO.K                              

                                    10  "                                      

     4,95                                                                      

         g Ph.sub.3 Sn--S--CH.sub.2 --COOH.N(CH.sub.2.CH.sub.2 OH).sub.3       

                                    10  "                                      

     3,35                                                                      

         g Me.sub.3 Sn--S--(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.4)           

                                    11  "                                      

     3,95                                                                      

         g Bu.sub.3 Sn--S--CH.sub.2.CO.N(CH.sub.2.CH.sub.2 OH).sub.2           

                                    11  "                                      

     4,5 g Bu.sub.3 Sn--S--CH.sub.2.COOH.N(CH.sub.2.CH.sub.2 OH).sub.3         

                                    11  "                                      

     4,9 g Bu.sub.3 Sn--S--CH.sub.2 .COO.(CH.sub.2.CH.sub.2.O).sub.n.H         

         (n.about.4,5)              11  "                                      

     5,0 g Bu.sub.3 Sn--S--CH.sub.2.CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H 

         (n.about.4,5)              11  "                                      

     5,2 g (CH.sub.2 =C(CH.sub.3).CH.sub.2.CH.sub.2).sub.3 Sn--S--CH.sub.2.COO.

         (CH.sub.2.CH.sub.2.O).sub.n                                           

                                    11  "                                      

          .H (n.about.5)                                                       

     6,6 g Bu.sub.3 Sn--S--CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H          

         (n.about.9)                11  "                                      

     6,7 g Bu.sub.3 Sn--S--CH.sub.2.CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H 

         (n.about.9)                11  "                                      

     7,2 g Ph.sub.3 Sn--S--CH.sub.2.CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H 

         (n.about.9)                11  "                                      

     7,75                                                                      

         g Bu.sub.3 Sn--S--(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.14)          

                                    11  "                                      

     3,7 g Bu.sub.3 Sn--S--[C.sub.5 H.sub.4 N].HCl                             

                                    12  "                                      

     __________________________________________________________________________

PAL  The tin compounds are used in these experiments in the same molar ratio.
DETD
PAC  EXAMPLE I:
PAC  S-tri-n-butyl-tin-thioglycolic acid polyethylene glycol ester (C.sub.4
      H.sub.9).sub.3 Sn--S-- CH.sub.2 --COO--(CH.sub.2 --CH.sub.2 --O).sub.n --H
      (n.about.9)
PAL  80 parts of polyethylene glycol (MG.about.400), 18,4 parts of thioglycolic
      acid, and 100 parts of toluene are heated under reflux with stirring until
      the water of reaction is removed by circulation. Subsequently 60 parts of
      bis-(tri-n-butyl-tin)-oxide are added and the water of reaction is once
      more removed by circulation. The solvent is the distilled off under
      reduced pressure.
PAL  Yiel: 151 parts (99% of theory); colourless liquid;
PA1  Sn calc. 15,5%, found 15,6%
PAC  EXAMPLE II:
PAC  S-tri-n-butyl-tin-thioglycolic acid-polyethylene glycol ester (C.sub.4
      H.sub.9).sub.3 Sn--S--CH.sub.2 --COO--(CH.sub.2 --CH.sub.2 --O).sub.n --H
      (n.about.4,5)
PAL  The synthesis is carried out under the conditions described in Example I.
TBL  __________________________________________________________________________

     Batch:                                                                    

         20    parts of polyethylene glycol (MG.about.200)                     

         9.2   parts of thioglycolic acid                                      

         30    parts of bis-(tri-n-butyl-tin)-oxide                            

         100   parts of toluene                                                

     Yield:                                                                    

         54    parts (97,5% of theory); colourless liquid: n.sub.D.sup.20 :    

               1.5012.                                                         

               Sn calc. 21,4%, found 20,9%.                                    

     __________________________________________________________________________

PAC  EXAMPLE III:
PAC  S-tri-n-butyl-tin-.beta.-mercaptopropionic acid polyethylene glycol ester
      (C.sub.4 H.sub.9).sub.3 Sn--S--CH.sub.2 --CH.sub.2 --COO--(CH.sub.2
      CH.sub.2 --O--).sub.n --H (n.about.9)
PAL  The synthesis is carried out under the conditions described in Example I.
TBL  __________________________________________________________________________

     Batch:                                                                    

         80    parts of polyethylene glycol (MG.about.400)                     

         21.2  parts of .beta.-mercaptopropionic acid                          

         60    parts of bis-(tri-n-butyl-tin)-oxide                            

         100   parts of toluene                                                

     Yield:                                                                    

         154   parts (99% of theory); yellowish liquid: n.sub.D.sup.20 :       

               1.4921                                                          

               Sn calc. 15,3%, found 15,2%                                     

     __________________________________________________________________________

PAC  EXAMPLE IV:
PAC  S-tri-butyl-tin-.beta.-mercaptopropionic acid polyethylene glycol ester
      (C.sub.4 H.sub.9).sub.3 Sn--S--CH.sub.2 --CH.sub.2 --COO--(CH.sub.2
      --CH.sub.2 --O).sub.n --H (n.about.4,5)
PAL  The synthesis is carried out under the conditions described in Example I.
TBL  ______________________________________                                    

     Batch:                                                                    

           20        parts of polyethylene glycol (MG.about.200)               

           10.6      parts of .beta.-mercaptopropionic acid                    

           30        parts of bis-(tri-n-butyl-tin)-oxide                      

           100       parts of toluene                                          

     ______________________________________                                    

PAL  The reaction product was filtered over a filter aid.
TBL  ______________________________________                                    

     Yield: 51                                                                 

              parts (88% of theory); colourless                                

              liquid: n.sub.D.sup.20 :                                         

              1,4990.                                                          

              Sn calc. 20,6%, found 20,2%.                                     

     ______________________________________                                    

PAC  EXAMPLE V:
PAC  S-tri-n-butyl-tin-mercaptosuccinic acid-bispolyethylene glycol ester
      ##EQU37##
      The synthesis is carried out under the conditions described in Example I.
TBL  ______________________________________                                    

     Batch:   40 parts of polyethylene glycol (MG.about.200)                   

              15 parts of thiosuccinic acid                                    

              30 parts of bis-(tri-n-butyl-tin)-oxide                          

             100 parts of toluene                                              

     ______________________________________                                    

PAL  The reaction product was filtered over a filter aid.
TBL  ______________________________________                                    

     Yield: 79                                                                 

              parts (98,5% of theory); colourless liquid;                      

              n.sub.D.sup.20 : 1.5000.                                         

              Sn calc. 14,8%, found 14,7%.                                     

     ______________________________________                                    

PAC  EXAMPLE VI:
PAC  S-triphenyl-tin-.beta.-mercaptopropionic acid-polyethylene glycol ester
      Ph.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --COO--(CH.sub.2 --CH.sub.2 --O).sub.n
      --H(n.about.9)
PAL  The synthesis is carried out under the conditions described in Example I.
TBL  ______________________________________                                    

     Batch:                                                                    

           26,5    parts of .beta.-mercaptopropionic acid                      

           100,0   parts of polyethylene glycol (MG.about.400)                 

           99,0    parts of triphenyl tin hydroxide                            

           200.0   parts of toluene                                            

     Yield:                                                                    

           202     parts (97% of theory); yellow viscous                       

                   liquid;                                                     

                   n.sub.D.sup.20 : 1.5584 Sn calc. 14,2%, found               

     ______________________________________                                    

                   14,5%.                                                      

PAC  EXAMPLE VII:
PAC  1-(S-trimethyl-tin)-mercapto-polyethylene oxide (CH.sub.3).sub.3
      Sn--S--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.10)
PAL  While stirring, 47 parts of 1-mercapto-polyethylene oxide HS--(CH.sub.2
      --O).sub.n --H; (n.about.10), 18 parts of trimethyl tin hydroxide, and 100
      parts of toluene are heated under reflux until the water of reaction has
      been quantitatively removed by circulation. The solvent is then distilled
      off under reduced pressure.
PAL  Yield: 61 parts (96% of theory); yellowish viscous liquid.
PA1  Sn calc. 19,6% found 18,4%
PA1  S calc. 5,0%, found 4,8%.
PAC  EXAMPLE VIII:
PAC  1-(S-trivinyl tin)-mercapto-polyethylene oxide (CH.sub.2 =CH).sub.3
      Sn--S--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.8)
PAL  The synthesis is carried out under the conditions described in Example VII.
TBL  ______________________________________                                    

     Batch: 36      parts of 1-mercapto-polyethylene oxide                     

                    (n.about.8)                                                

            22      parts of trivinyl tin hydroxide                            

            100     parts of toluene                                           

     Yield: 54      parts (96% of theory); yellowish viscous                   

                    liquid;                                                    

                    Sn calc. 21,2%, found 21,2%                                

                    S calc. 5,7%, found 5,55%.                                 

     ______________________________________                                    

PAC  EXAMPLE IX
PAC  1-(S-tri-n-butyl tin)-mercapto-polyethylene oxide (C.sub.4 H.sub.9).sub.3
      Sb--S--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.14)
PAL  The synthesis is carried out under the conditions described in Example VII.
TBL  ______________________________________                                    

     Batch: 62      parts of 1-mercapto-polyethylene oxide                     

                    (n.about.14)                                               

            30      parts of bis-(tri-n-butyl-tin)-oxide                       

            100     parts of toluene                                           

     Yield: 90      parts (98% of theory); yellowish viscous                   

                    liquid.                                                    

                    Sn calc. 13,1%, found 12,9%                                

                    S calc. 3,5%, found 3,4%.                                  

     ______________________________________                                    

PAC  EXAMPLE X
PAC  S-tri-n-butyl tin-mercaptodiethanol (C.sub.4 H.sub.9).sub.3 Sn.S--(CH.sub.2
      --CH.sub.2 --O).sub.2 --H
PAL  While stirring, a mixture of 60 parts of bis-(tri-n-butyl tin)-oxide, 24,4
      parts of mercaptodiethanol, and 100 parts of toluene is stirred under
      reflux until the water of reaction is quantitatively removed by
      circulation. The solvent is subsequently distilled off in vacuo.
PAL  Yiel: 81 parts (99% of theory); colourless liquid:
PA1  n.sub.D.sup.20 : 1.5168.
PA1  Sn calc. 28,9%, found 28,8%.
PAC  EXAMPLES XI:
PAC  .beta.-(S-tri-i-butyl tin)-mercaptopropionic acid-1,1,1
      -trismethylolpropane monoester
      ##EQU38##
      While stirring, 107,2 parts of 1,1,1-tris-(hydroxymethyl)-propane, 21,2
      parts of 2-mercaptopropionic acid, and 250 parts of toluene are heated
      under reflux until the water of reaction has been quantitively removed by
      circulation. Subsequently 60 parts of bis-(tri-i-butyl tin)-oxide are
      added and the water of reaction is once more removed by circulation. The
      solvent is then distilled off under reduced pressure, and subsequently
      excess tris-(hydroxymethyl)-propane is distilled off in an oil pump
      vacuum.
PAL  Yield: 101 parts (99% of theory); honey-like consistency.
PA1  Sn calc. 23.2%, found 23,0%
PA1  S calc. 6,3%, found 6,0%
PAC  EXAMPLE XII:
PAC  sodium S-tri-n-butyl tin-thioglycolate (C.sub.4 H.sub.9).sub.3
      Sn--S--CH.sub.2 --CO.sub.2.Na
PAL  While stirring, 29,8 parts of bis-(tri-n-butyl tin)-oxide, 10,1 parts of
      thioglycolic acid, and 100 parts of toluene are heated under reflux until
      the water of reaction has been quantitatively removed by circulation. A
      solution of 4,4 parts of sodium hydroxide in 50 parts of methanol is
      subsequently added, the batch is heated under reflux for 10 minutes, and
      the solvent distilled off under reduced pressure.
PAL  Yield: 39,1 parts (97% of theory); wax-like substance.
PA1  Sn calc. 29,45%, found 29,2%.
PAC  EXAMPLE XIII:
PAC  calcium .beta.-(S-tri-n-butyl tin).alpha.-hydroxy-propionate [(C.sub.4
      H.sub.9).sub.3 Sn--S--CH.sub.2 --CH(OH)--CO.sub.2 ].sub.2 Ca
PAL  The synthesis is carried out under the conditions described in Example XII.
TBL  ______________________________________                                    

     Batch:                                                                    

           59,6     parts of bis-(tri-n-butyl tin)-oxide                       

           26,4     parts of 1-hydroxy-2-mercaptopropionic                     

                    acid                                                       

           200      parts of toluene                                           

           5,6      parts of calcium oxide                                     

     Yield:                                                                    

           93       parts (98% of theory); whit powder; m.p.                   

                    230.degree. - 20.degree.C (with decomp.)                   

                    Sn calc. 25.0%, found 24,8%                                

                    S calc. 6,7%, found 6,5%.                                  

     ______________________________________                                    

PAC  EXAMPLE XIV:
PAC  sodium S-tri-n-propyl-mercaptosuccinate
      ##EQU39##
      The synthesis is carried out under the conditions described in Example
      XII.
TBL  ______________________________________                                    

     Batch:                                                                    

           25,6     parts of bis-(tri-n-propyl tin)-oxide                      

           15.0     parts of thiosuccinic acid                                 

           100      parts of toluene                                           

           8.8      parts of sodium hydroxide                                  

           100      parts of methanol                                          

     Yield:                                                                    

           44       parts (100% of theory); soap-like                          

                    consistency.                                               

                    Sn calc. 26.9%, found 26,4%                                

                    S calc. 7.3%, found 7.2%.                                  

     ______________________________________                                    

PAC  EXAMPLE XV:
PAC  potassium S-triphenyl tin-.omega.-mercaptoheptanoate Ph.sub.3
      Sn--S--CH.sub.2 (CH.sub.2)--.sub.4 CH.sub.2 --COO.K
PAL  The synthesis is carried under the conditions described in Example XII.
TBL  ______________________________________                                    

     Batch:                                                                    

           36.7     parts of triphenyl tin hydroxide                           

           16.2     parts of .omega.-mercaptoheptanoic acid                    

           100      parts of toluene                                           

           6.2      parts of potassium hydroxide                               

           50       parts of methanol                                          

     Yield:                                                                    

           54       parts (98% of theory); wax-like                            

                    consistency                                                

                    Sn calc. 21,6%, found 21,1%                                

                    S calc.  5.8%, found  5.8%.                                

     ______________________________________                                    

PAC  EXAMPLE XVI:
PAC  sodium S-tri-n-butyl tin-.gamma.-mercaptopropanesulphonate (C.sub.4
      H.sub.9).sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CH.sub.2 --SO.sub.3.Na
PAL  A solution of 60 g of bis-(tri-n-butyl tin)-oxide in 100 parts of toluene
      is added dropwise to a solution of 39 parts of sodium
      .gamma.-mercaptopropanesulphonate and 50 parts of water. While stirring
      under reflux the water is removed by circulation and the solvent is
      subsequently distilled off under reduced pressure.
TBL  ______________________________________                                    

     Yield: 87  parts (93,1% of theory); colourless                            

                powder: m.p.                                                   

                260.degree. - 263.degree.C.                                    

                Sn calc. 25.4%, found 25.0%                                    

                S calc. 13.7%, found 14.0%.                                    

     ______________________________________                                    

PAC  EXAMPLE XVII:
PAC  sodium S-triphenyl tin-.gamma.-mercaptopropanesulphonate Ph.sub.3
      Sn--S--CH.sub.2 --CH.sub.2 --CH.sub.2 --SO.sub.3.Na
PAL  While stirring, 36.7 parts of triphenyl tin hydroxide, 19,5 parts of sodium
      .gamma.-mercaptopropanesulphonate, and 300 parts of methanol are heated
      for 2 hours under reflux. The undissolved portion (7.5 parts) is filtered
      off and the filtrate is concentrated in vacuo.
PAL  Yield: 45 parts (85,4% of theory). The product is purified by dissolving it
      in chloroform and then precipitating it with diethyl ether; m.p.
      283.degree. - 285.degree.C.
PA1  Sn calc, 22.5%, found 21,9%
PA1  S calc, 12.2%, found 12.1%.
PAC  EXAMPLE XVIII:
PAC  triethylammonium S-tri-n-butyl tin-thioglycolate (C.sub.4 H.sub.9).sub.3
      Sn--S--CH.sub.2 --COOH.N(--CH.sub.2 CH.sub.2 OH).sub.3
PAL  To a solution of 46 parts of thioglycolic acid, 74,6 parts of
      triethanolamine and 100 parts of toluene are added 59,6 parts of
      bis-(tri-n-butyl tin)-oxide and the water of reaction is quantitatively
      removed by circulation while stirring. The solvent is subsequently
      distilled off in vacuo and the residue us recrystallised from
      acetonitrile.
PAL  Yield: 76,4 parts (72% of theory); colourless crystals;
PA1  m.p. 64.degree. - 67.degree.C.
PA1  Sn calc. 22,4%, found 22,3%.
PAC  EXAMPLE XIX:
PAC  triethanolammonium S-tri-n-butyl tin-.beta.-mercaptopropionate (C.sub.4
      H.sub.9).sub.3 Sn--S--CH.sub.2 --CH.sub.2 --COOH.N (--CH.sub.2 --CH.sub.2
      --OH).sub.3
PAL  The synthesis is carred out under the conditions described in Example
      XVIII.
TBL  ______________________________________                                    

     Batch:                                                                    

           53      parts of .beta.-mercaptopropionic acid                      

           74      parts of triethanolamine                                    

           149     parts of bis-(tri-n-butyl tin)-oxide                        

           150     parts of toluene                                            

     Yield:                                                                    

           266     parts (98% of theory); yellow viscous                       

                   liquid;                                                     

                   n.sub.D.sup.20 : 1.5182                                     

                   Sn calc. 21,8%, found 21,5%.                                

     ______________________________________                                    

PAC  EXAMPLE XX:
PAC  triethanolamoonium S-triphenyl tin-thioglycolate Ph.sub.3 Sn--S--CH.sub.2
      COOH.N(--CH.sub.2 --CH.sub.2 --OH).sub.3
PAL  36,7 parts of triphenyl tin hydroxide are added to a solution of 9,2 parts
      of thioglycolic acid, 14,9 parts of triethanolamine, and 100 parts of
      tetrahydrofuran and the batch is stirred for 1 hour under reflux. The
      reaction mixture is subsequently cooled to 0.degree.C and the precipitated
      product is filtered with suction and dried.
TBL  ______________________________________                                    

     Yield: 41,4                                                               

               parts (84% of theory); colourless crystals;                     

               m.p. 116.degree. - 118.degree.C.                                

               Sn calc. 20,1%, found 20,2 %                                    

               SH calc.  5,6%, found  5,4%.                                    

     ______________________________________                                    

PAC  EXAMPLE XXI:
PAC  S-tri-n-butyl tin-thioglycolic acid diethanolamide (C.sub.4 H.sub.9).sub.3
      Sn--S--CH.sub.2 --CO.N(--CH.sub.2 --CH.sub.2 --OH).sub.2
PAL  While stirring, 39,5 parts of tri-n-butyl tin-thioglycolic acid methyl
      ester, 12,5 parts of diethanolamine, and 0,5 part of ammonium carbonate
      are heated in vacuo until no more methanol is distilled off.
TBL  ______________________________________                                    

     Yield: 46,7                                                               

               parts (96% of theory); colourless liquid;                       

               n.sub.D.sup.20 : 1.5252                                         

               SH calc.  6.8%, found  6,5%                                     

               Sn calc. 24,4%  found 24,1%                                     

     ______________________________________                                    

PAC  EXAMPLE XXII:
PAC  .beta.-(S-tri-n-butyl
      tin)-mercaptoethyl-diethylmethylammonium-methylsulphate
      ##EQU40##
      While stirring, 13,3 parts of diethylamino-ethane thiol, 100 parts of
      toluene, and 26,8 parts of bis-(tri-n-butyl tin)-oxide are heated under
      reflux until the water of reaction has been quantitatively removed by
      circulation. The solvent is subsequently distilled off in vacuo and the
      residue is treated with 100 parts of methanol and 12,6 parts of dimethyl
      sulphate. The batch is then heated under reflux for 20 minutes while
      stirring, then cooled and the solvent is distilled off under reduced
      pressure.
PAL  Yield: 48 parts (97% of theory); soap-like consistency.
PA1  Sn calc. 21,7%, found 20,9%.
PAC  EXAMPLE XXIII:
PAC  .beta.-(S-triphenyl
      tin)-mercaptoethyl-diesthylmethylammonium-methylsulphate
      ##EQU41##
PAR  The synthesis is carried out under the conditions described in Example
      XXII.
TBL  ______________________________________                                    

     Batch: 13,3     parts of diethylamino-ethane thiol                        

            33.0     parts of triphenyl tin hydroxide                          

            100      parts of toluene                                          

            100      parts of methanol                                         

            12.6     parts of dimethyl sulphate.                               

     Yield: 50       parts (97% of theory); yellow resin.                      

                     Sn calc. 20,75%, found 20,5%.                             

     ______________________________________                                    

PAC  EXAMPLE XXIV:
PAC  S-tri-vinyl tin-thioglycolic acid-polyethylene glycol ester (CH.sub.2
      =CH).sub.3 Sn--S--CH.sub.2--COO--(CH.sub.2--CH.sub.2--O).sub.n --H
      (n.about.4,5)
PAL  The synthesis is carried out under the conditions described in Example I.
TBL  ______________________________________                                    

     Batch:                                                                    

           20,0     parts of polyethylene glycol (MG.about.200)                

           9,2      parts of thioglycolic acid                                 

           21,7     parts of tri-vinyl-tin hydroxide                           

           100      parts of toluene                                           

     Yield:                                                                    

           46       parts (97,5% of theory); colourless                        

                    liquid.                                                    

                    Sn calc. 25,1%, found 25,0%.                               

     ______________________________________                                    

PAC  EXAMPLE XXV:
PAC  S-tri-n-propyl tin-.beta.-mercaptopropionic acidpolyethylene glycol ester
PAR  (C.sub.3 H.sub.7).sub.3 Sn--S--CH.sub.2 --CH.sub.2 --COO--(CH.sub.2
      --Ch.sub.2 --O).sub.n -H (n.about.9)
PAL  The synthesis is carried out under the conditions described in Example I.
TBL  ______________________________________                                    

     Batch:                                                                    

           40,0     parts of polyethylene glycol (MG.about.400)                

           10,6     parts of .beta.-mercaptopropionic acid                     

           25.6     parts of bis-(tripropyl tin)-oxide                         

           100      parts of toluene                                           

     Yield:                                                                    

           71       parts (97% of theory); yellowish liquid;                   

                    n.sub.D.sup.20 : 1.4946                                    

                    Sn calc. 16,15%, found 16,0%.                              

     ______________________________________                                    

PAC  EXAMPLE XXVI:
PAC  S-tri-n-pentyl tin-.beta.-mercaptopropionic acidpolyethylene glycol ester
PAR  (C.sub.5 H.sub.11).sub.3 Sn--S--CH.sub.2 --CH.sub.2 --COO--(CH.sub.2
      --CH.sub.2 --O).sub.n --H (n.about.9)
PAL  The synthesis is carried out under the conditions described in Example I.
TBL  ______________________________________                                    

     Batch:                                                                    

           80,0     parts of polyethylene glycol (MG.about.400)                

           21,2     parts of .beta.-mercaptopropionic acid                     

           68,0     parts of bis-(tri-n-pentyl tin)-oxide                      

           100,0    parts of toluene                                           

     Yield:                                                                    

           159      parts (97% of theory): yellow liquid;                      

                    n.sub.D.sup.20 : 1.4895                                    

                    Sn calc. 14,5%, found 14,4%                                

     ______________________________________                                    

PAC  EXAMPLE XXVII:
PAC  potassium S-tri-methyl tin-.gamma.-mercapto-propanesulphonate
PAR  (CH.sub.3).sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CH.sub.2 --SO.sub.3.K
PAL  The synthesis is carried out under the conditions described in Example XVI.
TBL  ______________________________________                                    

     Batch:                                                                    

           19,4     parts of potassium .gamma.-mercaptopro-                    

                    panesulphonate                                             

           50,0     parts of water                                             

           18,0     parts of tri-methyl tin hydroxide                          

           100,0    parts of toluene                                           

     Yield:                                                                    

           34       parts (95% of theory); colourless                          

                    powder;                                                    

                    m.p. &gt; 250.degree.C.                                       

                    Sn calc. 33,2%, found 32,9%.                               

     ______________________________________                                    

PAC  EXAMPLE XXVIII:
PAC  magnesium S-tri-methyl tin-.beta.-mercaptopropionate [(CH.sub.3).sub.3
      Sn.S--CH.sub.2 --CH.sub.2 --COO].sub.2.Mg
PAR  The synthesis is carried out under the conditions described in Example XII.
TBL  ______________________________________                                    

     Batch:                                                                    

           21,2     parts of .beta.-mercaptopropionic acid                     

           36,1     parts of tri-methyl tin hydroxide                          

           100,0    parts of toluene                                           

           8,1      parts of magnesium oxide                                   

           50,0     parts of methanol.                                         

     Yield:                                                                    

           52       parts (98,5% of theory); white powder;                     

                    m.p&gt; 240.degree.C.                                         

                    Sn calc. 22,5%, found 22,0%                                

                    Mg calc.  4,6%, found  5,0%.                               

     ______________________________________                                    

PAC  EXAMPLE XXIX:
PAC  S-tri-cyclohexyl tin-.beta.-mercaptopropionic acid-polyethylene glycol
      ester
PAR  Cy.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --COO--(CH.sub.2 --CH.sub.2 --O).sub.n
      --H (n.about.9)
PAR  The synthesis is carried out under the conditions described in Example I.
TBL  ______________________________________                                    

     Batch:                                                                    

           40,0     parts of polyethylene glycol (MG.about.400)                

           10,6     parts of .beta.-mercaptopropionic acid                     

           38,5     parts of tricyclohexyl tin hydroxide                       

           100,0    parts of toluene                                           

     Yield:                                                                    

           84       parts (98% of theory); yellowish liquid;                   

                    Sn calc. 13,88%, found 13,6%                               

                    S calc.  3,75%, found  3,8%.                               

     ______________________________________                                    

PAC  EXAMPLE XXX:
PAC  S-dimethylphenyl tin-.beta.-mercaptopropionic acidpolyethylene glycol ester
      ##EQU42##
      To a solution of 30,6 parts of dimethylphenyl tin bromide and 50 parts of
      methanol are added 5,4 parts of sodium methylate and the batch is stirred
      for 10 minutes at 30.degree.C. The reaction mixture is subsequently
      treated with 48.8 parts of .beta.-mercaptopropionic acid polyethylene
      glycol ester and 50 parts of i-propanol.
PAL  The clear solution is concentrated in a rotary evaporator, and the residue
      is taken up with chloroform and purified neutral on silica gel (hydrated
      with 5% water). Subsequently the solvent is stripped off from the eluate.
TBL  ______________________________________                                    

     Yield: 63,5                                                               

                parts (87% of theory); yellowish liquid;                       

                n.sub.D.sup.20 : 1.5326                                        

                Sn calc. 16,64%, found 16,9%                                   

                S calc.  4,50%, found  4,3%.                                   

     ______________________________________                                    

PAC  EXAMPLE XXXI:
PAC  S-dimethylcyclophexyl tin .beta.-mercaptopropionic acid-polyethylene glycol
      ester
      ##EQU43##
      The synthesis is carried out under the conditions described in Example
      XXX.
TBL  ______________________________________                                    

     Batch:                                                                    

           31,2    parts of dimethylcyclohexyl tin bromide                     

           5,4     parts of sodium methylate                                   

           48,8    parts of .beta.-mercaptopropionic acid                      

                   polyethylene                                                

                   glycol ester                                                

           50,0    parts of methanol                                           

           50,0    parts of i-propanol                                         

     Yield:                                                                    

           69,9    parts (97% of theory); yellowish liquid;                    

                   Sn calc. 16,51%, found 16,2%                                

                   S calc.  4,46%, found  4,5%.                                

     ______________________________________                                    

PAC  EXAMPLE XXXII:
PAC  S-dimethyl-n-octyl tin-.beta.-mercaptopropionic acid-polyethylene glycol
      ester
      ##EQU44##
      The synthesis is carried out under the conditions described in Example
      XXX.
TBL  ______________________________________                                    

     Batch:                                                                    

           34,2    parts of dimethyl-n-octyl tin-bromide                       

           5,4     parts of sodium methylate                                   

           48,8    parts of .beta.-mercaptopropionic acid                      

                   polyethylene                                                

                   glycol ester                                                

           50,0    parts of methanol                                           

           50,0    parts of i-propanol                                         

     Yield:                                                                    

           61,3    parts (90% of theory); yellowish liquid;                    

                   n.sub.D.sup.20 : 1.4940                                     

                   Sn calc. 15,85%, found 15,9%                                

                   S calc.  4,28%, found  4,1%.                                

     ______________________________________                                    

PAC  EXAMPLE XXXIII:
PAC  sodium S-dimethyl-n-octyl tin-.gamma.-mercapto-propanesulphonate
      ##EQU45##
      A solution of 51,3 parts of dimethyl-n-octyl tin bromide in 150 parts of
      methanol is treated with 8,1 parts of sodium methylate. The reaction
      mixture is stirred for 10 minutes at 30.degree.C and subsequently 26,7
      parts of sodium .gamma.-mercaptopropanesulphonate dissolved in 40 parts of
      water are added dropwise. The clear solution is treated with chloroform
      and purified neutral on silica gel. The eluate is concentrated in a rotary
      evaporator and the residual solvent is distilled off in an oil pump.
TBL  ______________________________________                                    

     Yield:                                                                    

           63       parts (96% of theory); semisolid mass;                     

                    Sn calc. 27,03%, found 26,2%.                              

     ______________________________________                                    

PAC  EXAMPLE XXXIV.
PAC  S-dimethyl-n-butyl tin-.beta.-mercaptopropionic acid polyethylene glycol
      ester
      ##EQU46##
      The synthesis is carried out under the conditions described in Example
      XXX.
TBL  ______________________________________                                    

     Batch:                                                                    

           42,8    parts of dimethyl-n-butyl tin bromide                       

           8,1     parts of sodium methylate                                   

           43,2    parts of .beta.-mercaptopropionic acid                      

                   polyethylene                                                

                   glycol ester                                                

           75,0    parts of methanol                                           

           75,0    parts of i-propanol                                         

     Yield:                                                                    

           69      parts (93% of theory); colourless liquid;                   

                   Sn calc. 24,08%, found 23,6%                                

                   S calc.  6,50%, found  6,3%.                                

     ______________________________________                                    

PAC  EXAMPLE XXXV:
PAC  .beta.-(S-dimethyl-n-dodecyl)-mercaptoethyl-diethylmethylammonium-methylsul
     phate
      ##EQU47##
      The synthesis is carried out under the conditions described in Example
      XXII.
TBL  ______________________________________                                    

     Batch:                                                                    

           13,3     parts of diethylamino-ethane diol                          

           33,5     parts of dimethyl-n-dodecylhydroxide                       

           100,0    parts of toluene                                           

           12,6     parts of dimethyl sulphate                                 

           100.0    parts of methanol                                          

     Yield:                                                                    

           57       parts (99% of theory); soap-like                           

                    consistency.                                               

                    Sn calc. 20,59%, found 19,9%                               

                    S calc. 11,12%, found 11,3%.                               

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A triorganotin compound of the general formula I
      ##EQU48##
      wherein R.sub.1, R.sub.2 and R.sub.3 each independently represents a
      linear or branched aliphatic group with 1 to 16 carbon atoms, which can be
      saturated or singly olefinically unsaturated, a cyclopentyl, cyclohexyl or
      phenyl group, the sum of the carbon atoms of the substituents R.sub.1,
      R.sub.2 and R.sub.3 being at most 18, and A represents a strongly
      hydrophilic residue selected from the group consisting of
PA1  a. a polyethylene oxide of the formula
EQU  --(CH.sub.2 CH.sub.2 O).sub.n --H
PAL  with 2 to 15 ethylene oxide units (n is 2 to 15),
PA1  b. a carboxylate or sulphonate of the general formula II
      ##EQU49##
      wherein Q represents hydrogen or hydroxyl, p is a whole number from 1 to
      6, X is --CO.sub.2 -- or --SO.sub.3 --, or where p is 0, X is the succinic
      acid radical, the p-benzenesulphonic acid radical or the o-benzoic acid
      radical and Y represents an once or twic charged cation with g- 1 in the
      first case and 1 = 1/2 in the second case,
PA1  c. a carboxylic acid ester or a carboxylic acid amide of formula II,
      wherein Q and p have the same meaning given hereinbefore, X is --CO--, q
      is 1 and Y represents for the ester a polyethylene oxide radical of the
      formula --O--(CH.sub.2 CH.sub.2 O).sub.n -H in which n is 2 to 15, a
      polyhydroxyalkyl radical of the formula
      ##EQU50##
      in which m is 2 to 6, or radicals of pentaerythritol, dipentaerythritol or
      trimethylolpropane, and for the amide the radical of primary or secondary
      amine- polyethylene oxide adducts of the formulae
      ##EQU51##
      wherein r is in the first case 1 to 15 and r and s in the second case are
      numbers which are the same or different, the sum of r and s being 2 to 15,
      and
PA1  d. an ammonium salt of formula II wherein Q and p have the meanings given
      hereinbefore, X represents a radical of the formulae
      ##EQU52##
      ##EQU53##
      or --NZ.sub.3 .sup.+ wherein Z represents lower alkyl groups, which are
      the same or different, polyethylene oxide radicals with 2 to 6 ethylene
      oxide units, .beta.-hydroxyethyl and/or hydrogen, or where p is 0, X
      represents
      ##EQU54##
      or
      ##EQU55##
      wherein n is 1 to 6, and Y represents a monovalent or divalent negative
      counterion, wherein in the first case q= 1 and in the second case q= 1/2 ,
NUM  2.
PAR  2. A compound according to claim 1, of formula I, wherein R.sub.1, R.sub.2
      and R.sub.3 each independently represents alkyl with 1 to 4 carbon atoms,
      vinyl, 3-butenyl, cyclohexyl or phenyl.
NUM  3.
PAR  3. A compound according to claim 1, of the formula I, wherein the
      substituents R.sub.1 and R.sub.2 are the same.
NUM  4.
PAR  4. A compound according to claim 1, of the formula I, wherein the
      substituents R.sub.1, R.sub.2, and R.sub.3 are the same.
NUM  5.
PAR  5. A compound according to claim 1, of the formula I, wherein R.sub.1 and
      R.sub.2 represent methyl, and R.sub.3 represents butyl, octyl, cyclohexyl,
      or phenyl.
NUM  6.
PAR  6. A compound according to claim 1, of the formula I, wherein R.sub.1,
      R.sub.2, and R.sub.3 are the same and represent n-butyl, cyclohexyl, or
      phenyl.
NUM  7.
PAR  7. A compound according to claim 1, of the formula I, wherein -S-A
      represents the radical of a salt of an aliphatic mercapto-carboxylic acid
      with at most 5 carbon atoms, and which contain sodium, potassium, or the
      triethanolammonium group as cation.
NUM  8.
PAR  8. A compound according to claim 1, of the formula I, wherein -S-A
      represents a carboxylic acid ester radical of the formula
      --S--(CH.sub.2).sub.p --COO--(CH.sub.2 --CH.sub.2 --O).sub.n --H, wherein
      p is 1 to 4 and n is 2 to 15.
NUM  9.
PAR  9. A compound according to claim 1, of the formula I, wherein -S-A
      represents the radical of the salt of a mercaptoalkanesulphonic acid with
      at most 6 carbon atoms.
NUM  10.
PAR  10. A compound according to claim 1, of the formula I, wherein the
      polyethyleneoxide has 8 to 11 ethylene oxide units.
NUM  11.
PAR  11. A compound according to claim 1, of the formula I, wherein -S-A
      represents the 2-mercaptopropionate or mercaptoacetate radical and which
      contain sodium, potassium or the triethanolammonium group as cation.
NUM  12.
PAR  12. A compound according to claim 1, of the formula I, wherein -S-A
      represents the 3-mercaptopropanesulphonate radical.
NUM  13.
PAR  13. A compound according to claim 1, of the formula I, wherein for the
      carboxylic acid ester or amide, Q represents in formula II hydrogen and p
      is 1 or 2.
NUM  14.
PAR  14. A compound according to claim 1, of the formula I, wherein n in the
      --O--(CH.sub.2 --CH.sub.2 --O).sub.n --H-- radical is 8 to 11.
NUM  15.
PAR  15. A compound according to claim 1, of the formula I, wherein the sum of r
      and s in the amine-polyethylene adduct is 2.
NUM  16.
PAR  16. A compound according to claim 1, of the foumula I, wherein Z in the
      NZ.sub.3.sup.+ -group of the ammonium salt is the .beta.-hydroxyethyl
      radical.
NUM  17.
PAR  17. A compound according to claim 1, of the formula n-butyl.sub.3
      Sn--S--CH.sub.2 --CH.sub.2 --CO--O CH.sub.2 --CH.sub.2 --O .sub.n --H,
      wherein n has a value of about 9.
NUM  18.
PAR  18. A compound according to claim 1, of the formula
      ##EQU56##
      wherein n has a value of about 9.
NUM  19.
PAR  19. A compound according to claim 1, of the formula n-butyl.sub.3
      --Sn--S--CH.sub.2 --CO.sub.2. HN(CH.sub.2 --CH.sub.2 --OH).sub.3.
NUM  20.
PAR  20. A compound according to claim 1, of the formula
      ##EQU57##
      wherein n has a value of about 15.
NUM  21.
PAR  21. A compound according to claim 1, of the formula
      ##EQU58##
      wherein n has a value of about 8.
NUM  22.
PAR  22. A compound according to claim 1, of the formula (CH.sub.3).sub.3
      Sn--S--CH.sub.2 CH.sub.2 COOCH.sub.2 C(CH.sub.2 OH).sub.2 CH.sub.2
      CH.sub.3 .
NUM  23.
PAR  23. A compound according to claim 1, of the formula n-butyl.sub.3
      Sn--S--CH.sub.2 CON(CH.sub.2 CH.sub.2 OH).sub.2
NUM  24.
PAR  24. A compound according to claim 1, of the formula n-butyl.sub.3
      Sn--S--CH.sub.2 CH.sub.2 CH.sub.2 SO.sub.3.Na
NUM  25.
PAR  25. A compound according to claim 1, of the formula n-butyl.sub.3
      Sn--S--(CH.sub.2 CH.sub.2 O).sub.n H,
PAL  wherein n has a value of about 14.
NUM  26.
PAR  26. A compound according to claim 1, of the formula
      ##EQU59##
NUM  27.
PAR  27. A compound according to claim 1, of the formula
      ##EQU60##
NUM  28.
PAR  28. A compound according to claim 1, of the formula
      ##EQU61##
NUM  29.
PAR  29. A compound according to claim 1, of the formula
      ##EQU62##
NUM  30.
PAR  30. A compound according to claim 1, of the formula
      ##EQU63##
NUM  31.
PAR  31. A compound according to claim 1, of the formula
      ##EQU64##
NUM  32.
PAR  32. A compound according to claim 1, of the formula
      ##EQU65##
NUM  33.
PAR  33. a compound according to claim 1, of the formula i-propyl.sub.3
      Sn--S--CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 N(CH.sub.3) (C.sub.2
      H.sub.5).sub.2. SO.sub.4 CH.sub.3
NUM  34.
PAR  34. A compound according to claim 1, of the formula
      ##EQU66##
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PAL  Certain organotin halides can be recovered in substantially quantitative
      yield from their aqueous solutions by adding a non-reactive highly soluble
      inorganic salt to partially or completely saturate the solution and then
      heating the resultant solution as required to effect a separation of the
      organotin halide from the aqueous phase.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a method for recovering certain water-soluble
      organotin halides from aqueous solutions containing the organotin
      compounds.
PAR  Organotin halides of the general formula R.sub.a SnX.sub.4.sub.-a wherein
      each R represents a hydrocarbon radical, particularly a lower alkyl
      radical and X represents chlorine, bromine or iodine, and a is 1, 2 or 3
      are employed as biocides for controlling a variety of undesirable
      organisms and as auxiliary heat stabilizers for halogen-containing
      polymers. A major portion of the organotin halides produced are employed
      as intermediates for preparing organotin derivatives that are useful as
      catalysts, herbicides, insectides, anti-microbial agents and for a variety
      of other applications in the agricultural, coating and chemical
      industries. When applied to heated glassware such as bottles and other
      containers, organotin halides decompose to yield an adherent coating of
      stannic oxide on the glass. This is often the first step in forming
      conductive, protective or decorative coatings on glass containers.
PAR  During the preparation and use of organotin halides, these compounds are
      often present as a solution or emulsion in water. Since the organotin
      compounds are relatively costly and may exhibit significant mammalian
      toxicity, an attempt is usually made to recover substantially all of these
      compounds from their aqueous solutions. In addition it is often desirable
      to recover the halides in a relatively pure form. This is particularly
      true during the preparation of these compounds, at which time they are
      usually combined with other organotin compounds which must be absent from
      the final product. A conventional method for recovering water-soluble
      organotin halides from an aqueous solution is by distillation whereby a
      portion or all of the water is boiled off, leaving a residue of the
      desired organotin compound. If the organotin compound is present in
      combination with other water-soluble organotin compounds, the boiling
      points may differ sufficiently to permit separation of the organotin
      compounds by fractional distillation once the water is removed.
      Distillation may not be possible without significant loss of product if
      the boiling point of the organotin halide is close to that of water, if
      the organotin compound and water form an azeotropic mixture or if the
      organotin compound decomposes to any appreciable extent when heated to the
      temperature required to remove the water. Even if the desired separation
      can be effected by distillation, the process requires expensive equipment
      and considerable amounts of energy in the form of heat. In addition, the
      recovered organotin compound may require further processing to attain the
      desired level of purity. Organotin halides that melt above ambient
      temperature can often be purified by recrystallization, however this
      requires an additional process step and the use of organic solvents. Since
      many of the organic solvents are flammable and/or volatile, they present a
      hazard to the safety and health of personnel handling these materials in
      addition to increasing manufacturing costs.
PAR  An objective of this invention is to provide a simple, relatively low cost
      method for recovering some of the water-soluble organotin halides in
      relatively pure form and high yield from aqueous solutions containing
      these compounds. It has now been found that this objective can be achieved
      by adding to the aqueous solution containing certain organotin halides a
      strong inorganic electrolyte in an amount sufficient to form a partially
      or completely saturated solution at ambient temperature and then heating
      the resultant solution as necessary to effect separation of the organotin
      halide.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a method for isolating a liquid or solid organotin
      halide of the formula (CH.sub.3).sub.a SnX.sub.4.sub.-a or C.sub.4 H.sub.9
      SnX.sub.3 in substantially pure form from an aqueous solution containing
      more than about 2% by weight of said organotin halide, the method
      consisting essentially of the following sequence of steps:
PA1  1. combining with said aqueous solution an amount of a water-soluble inert
      inorganic salt sufficient to attain a concentration of from 50 g. of said
      salt per 100 cc. of water up to the concentration equivalent to a
      saturated solution of said salt;
PA1  2. maintaining the temperature of the solution at between ambient and the
      boiling point of the solution as required to effect a separation of the
      organotin halide from the aqueous phase;
PA1  3. isolating the organotin halide.
PAR  In the foregoing formula a is the integer 2 or 3 and X represents chlorine,
      bromine or iodine.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present method for separating water-soluble organotin halides from an
      aqueous solution resembles the technique known as "salting out", whereby a
      strong electrolyte is added to an aqueous solution containing a
      solubilized weak electrolyte for the purpose of precipitating the latter
      from the solution as an immiscible liquid or solid. Once the aqueous
      solution containing the organotin halide has been combined with the
      inorganic electrolyte separation of the organotin halide as an immiscible
      liquid or solid occurs at ambient or elevated temperatures depending upon
      the particular organotin halide. The halide is readily isolated by
      conventional methods, which include decantation and filtration. Since the
      solubility of the inorganic electrolyte usually increases as the
      temperature is raised, it is unlikely that any of the electrolyte will
      precipitate from the solution along with the organotin halide.
PAR  Using the present technique it is feasible to recover at least 65% of an
      organotin halide from an aqueous solution containing as little as 2% by
      weight of halides containing 4 carbon atoms. Halides containing 2 or 3
      carbon atoms are more soluble, and the minimum concentration level
      required to effect recovery of most of the halide present may therefore be
      correspondingly higher. All of the present compounds can be isolated when
      present at a concentration greater than about 55% by weight. If a given
      solution is too dilute for an effective separation using the present
      method, some of the water should be removed by distillation, which is
      preferably conducted under reduced pressure to avoid or at least minimize
      heat-induced decomposition of the organotin compound.
PAR  Depending upon the solubility of the organotin halide in water, the minimum
      concentration of inorganic salt necessary to completely precipitate the
      organotin halide is between 50 and 130% or more of the amount
      theoretically equivalent to a saturated solution of the salt at ambient
      temperature. Some salts will form super-saturated solutions under certain
      conditions, which would account for a higher solubility than the
      theoretical maximum.
PAR  The present method for isolating organotin halides from an aqueous solution
      of inorganic salts differs from a conventional "salting out" of weak
      electrolytes in that once the organotin compound separates from a heated
      saturated solution it cannot be redissolved when the solution is cooled to
      ambient temperature. The precipitation of weak electrolytes from aqueous
      solution is usually a reversible reaction, in that once the second phase
      forms it can be redissolved by adjusting the concentration of strong
      electrolyte, the temperature of the aqueous phase or both to levels at
      which a single phase exists.
PAR  Organotin halides that can be isolated using the present technique include
      dimethyltin dichloride, trimethyltin chloride, butyltin trichloride and
      corresponding compounds wherein the chlorine atoms of these three
      chlorides are replaced by bromine or iodine.
PAR  Inorganic salts suitable for precipitating the present organotin halides do
      not react with the organotin halide and are soluble at ambient temperature
      to the extent of at least about 50 g. per 100 cc. of water. Of the salts
      which meet these two criteria, preferred ones include the chlorides,
      bromides and iodides of zinc, calcium and manganese.
PAR  Other suitable readily available inorganic salts include, but are not
      limited to,
PA1  ammonium bromate
PA1  ammonium iodide
PA1  barium bromide
PA1  barium iodide
PA1  calcium nitrate
PA1  ferric halides
PA1  lead acetate
PA1  lithium bromide
PA1  magnesium acetate
PA1  nickel halides
PA1  potassium acetate
PA1  potassium carbonate
PA1  potassium fluoride
PA1  potassium iodide
PA1  sodium iodide
PA1  strontium bromide
PA1  strontium iodide
PAR  The concentration of salt necessary to completely precipitate the organotin
      halide will vary depending upon the solubility of the organotin halide.
      Salt concentrations greater than 50 g. per 100 cc. of water are usually
      required to recover more than about 50% of the organotin halide. For the
      more soluble halides, such as dimethyltin dichloride, a saturated or
      super-saturated solution of the salt, equivalent to at least 200 g. of
      salt per 100 cc. of water, may be required to recover more than about 90%
      of the organotin compound.
PAR  The inorganic salt should be anhydrous to minimize the amount of salt
      required to precipitate the organotin compound. Some hydrated salts such
      as ferric chloride hexahydrate contain nearly equal amounts of salt and
      water. These hydrated salts are therefore too inefficient for use in the
      present method due to the inordinately large amount required to attain the
      desired concentration of salt in the solution.
PAR  The following example demonstrates preferred embodiments of the present
      method and demonstrates that the method cannot be employed with organotin
      halides that are not within the scope of the invention as defined in the
      accompanying claims. All parts and percentages are by weight.
DETD
PAC  EXAMPLE 1
PAR  The solubility in water of various organotin chlorides and an organotin
      bromide containing between one and eight carbon atoms was investigated
      using 10 parts or 55 parts of the organotin halide for each 100 parts of
      water. The mixture was then heated to 100.degree.C. to determine whether
      the solubility of the halide at 100.degree.C. differed from the value at
      21.degree.C. The results are summarized in the following table. Soluble
      compounds are indicated by the letter "s", unsoluble compounds by the
      letter "i".
TBL                TABLE I                                                     

     ______________________________________                                    

             PARTS OF COMPOUND/                                                

                          SOLUBILITY                                           

     COMPOUND  100 PARTS WATER                                                 

                              AT 21.degree.C.                                  

                                        AT 100.degree.C.                       

     ______________________________________                                    

     CH.sub.3 SnCl.sub.3                                                       

               10             s         s                                      

               55             s         s                                      

     (CH.sub.3).sub.2 SnCl.sub.2                                               

               10             s         s                                      

               55             s         s                                      

     (CH.sub.3).sub.3 SnCl                                                     

               10             s         s                                      

               55             s         s                                      

     C.sub.2 H.sub.5 SnCl.sub.3                                                

               50             s         s                                      

     (C.sub.2 H.sub.5).sub.2 SnBr.sub.2                                        

               50             i         i                                      

     C.sub.4 H.sub.9 SnCl.sub.3                                                

               10             s         s                                      

               55             s         s                                      

     (C.sub.6 H.sub.5).sub.2 SnCl.sub.2                                        

               10             i         i                                      

     C.sub.8 H.sub.17 SnCl.sub.3                                               

               10             i         i                                      

     (C.sub.4 H.sub.9).sub.2 SnCl.sub.2                                        

               10             i         i                                      

     ______________________________________                                    

PAR  An attempt was made to precipitate those organotin halides which dissolved
      using aqueous solution of calcium chloride were employed at each of the
      three temperatures. The concentration of the various solutions were as
      follows:
TBL             Temperature of                                                 

                             Grams of CaCl.sub.2.2H.sub.2 O                    

     Solution No.                                                              

                Solution     per 100 cc. of water                              

     ______________________________________                                    

     1          21.degree.C. 79.62                                             

     2          21.degree.C. 99.53                                             

     3          21.degree.C. 129.39                                            

     4          70.degree.C. 151.44                                            

     5          70.degree.C. 189.30                                            

     6          70.degree.C. 246.10                                            

     7          100.degree.C.                                                  

                             169.9                                             

     8          100.degree.C.                                                  

                             212.4                                             

     9          100.degree.C.                                                  

                             276.1                                             

     ______________________________________                                    

PAR  A 2 cc. portion of each of the nine organotin halide solutions listed in
      Table I was added to an 8 cc. portion of each of the nine calcium chloride
      solutions, which were then heated to the temperature specified in the
      following Table 2 and maintained at that temperature for five minutes. The
      percent by weight of the organotin halide present in the solution appears
      immediately below the formula for the organotin compound. The type of
      second phase which formed, if any, is noted. The absence of any entry
      indicates that only one phase was present.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     ORGANOTIN HALIDE                                                          

     Temp. of                                                                  

          CaCl.sub.2                                                           

                 (control)             (control)                               

     Solution                                                                  

          Soln. No.                                                            

                 CH.sub.3 SnCl.sub.3                                           

                       (CH.sub.3).sub.2 SnCl.sub.2                             

                               (CH.sub.3).sub.3 SnCl                           

                                       C.sub.2 H.sub.5 SnCl.sub.3              

                                              C.sub.4 H.sub.9 SnCl.sub.3       

     __________________________________________________________________________

     .degree.C.  10%                                                           

                    55%                                                        

                       10% 55% 10% 55% 50%    10% 55%                          

     21   1      -- -- --  slight                                              

                               slight  --     slight                           

                           ppt.                                                

                               ppt.                                            

                                   gel        ppt --                           

     21   2      -- -- --  heavy                                               

                               slight  --     slight                           

                                                  slight                       

                           ppt.                                                

                               ppt.                                            

                                   oil        ppt.                             

                                                  oil                          

     21   3      -- -- --  heavy       --     slight                           

                                                  slight                       

                           ppt.                                                

                               ppt.                                            

                                   oil        oil oil                          

     70   4      -- -- --  heavy                                               

                               --      --     --  heavy                        

                           ppt.    oil            oil                          

     70   5      -- -- --  heavy                                               

                               --  heavy                                       

                                       --     --  heavy                        

                           ppt.    oil            oil                          

     70   6      -- -- --  heavy                                               

                               --  heavy                                       

                                       --     --  heavy                        

                           ppt.    oil            oil                          

     100  7      -- -- --  heavy                                               

                               --  heavy                                       

                                       --     --  heavy                        

                           ppt.    oil            oil                          

     100  8      -- -- --  heavy                                               

                               --  heavy                                       

                                       --     heavy                            

                                                  heavy                        

                           ppt.    oil        oil oil                          

     100  9      -- -- --  heavy                                               

                               --  heavy                                       

                                       --     heavy                            

                                                  heavy                        

                           ppt.    oil        oil oil                          

     __________________________________________________________________________

      Note:                                                                    

      ppt = solid precipitate                                                  

PAR  The data in Table 2 demonstrate that while methyltin trichloride and
      ethyltin trichloride are soluble in water, they cannot be recovered using
      the present method, which, for all practical purposes, is limited to
      organotin halides containing 2 or 3 methyl radicals or one butyl radical.
      Certain asymmetric organotin halides, such as methyl ethyltin dihalides
      and methyl propyltin dihalides may be recoverable from aqueous solutions
      using the present technique, however these compounds are either highly
      toxic or so difficult to prepare that they are of limited commercial
      interest.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for isolating an organotin halide of the general formula
      (CH.sub.3).sub.a SnX.sub.4.sub.-a or C.sub.4 H.sub.9 SnX.sub.3, wherein a
      is the integer 2 or 3 and X represents chlorine, bromine or iodine, in
      substantially pure form from an aqueous solution containing more than
      about 2% by weight of said organotin halide, the method consisting
      essentially of the following steps:
PA1  1. combining said aqueous solution with an amount of a chemically inert
      water-soluble, inorganic salt sufficient to attain a concentration of from
      50 g. to said salt per 100 cc. of water up to the concentration equivalent
      to a saturated or super-saturated solution of said salt;
PA1  2. maintaining the temperature of the solution at between ambient and the
      boiling point of the solution as required to effect a separation of the
      organotin halide from the aqueous phase;
PA1  3. isolating the organotin halide.
NUM  2.
PAR  2. A method as described in claim 1 wherein X is chlorine.
NUM  3.
PAR  3. A method as described in claim 1 wherein the water-soluble inorganic
      salt is a halide of calcium, zinc or manganese.
NUM  4.
PAR  4. A method as described in claim 3 wherein the halide is a chloride. per
      cent.
NUM  5.
PAR  5. A method as described in claim 4 wherein the chloride is calcium
      chloride. per cent.
NUM  6.
PAR  6. A method as described in claim 1 wherein the concentration of said
      inorganic salt is equivalent to a saturated solution of said salt in the
      presence of the organotin halide.
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ABST
PAL  A process for producing oil-soluble anionic metal sulfonates is disclosed
      wherein an anionic metal acid anhydride or its corresponding hydrate is
      reacted with an oil-soluble sulfonic acid and a polyamine compound to
      produce the desired metal sulfonate. The metal constituent of the anionic
      metal acid anhydride is selected from the group consisting of silicon,
      molybdenum, vanadium, arsenic, phosphorus, selenium, boron and tellurium.
PARN
PAR  This is a continuation, of application Ser. No. 240,273, filed Mar. 31,
      1972, now abandoned.
BSUM
PAR  This invention relates to oil-soluble anionic metal sulfonates. In one
      aspect the invention relates to oil-soluble anionic metal sulfonates
      wherein the metal constituent is selected from silicon, molybdenum,
      vanadium, phosphorus, arsenic, selenium, boron and tellurium. In another
      aspect the present invention relates to a process for producing
      oil-soluble anionic metal sulfonates from acid anhydrides of silicon,
      phosphorus, molybdenum, vanadium, arsenic, selenium, boron and tellurium
      and oil-soluble sulfonic acids and polyamine compounds.
PAR  In recent years it has been found that superior standards for
      spectrographic equipment can be prepared from oil-soluble metal sulfonates
      and metal dispersions in such sulfonates by dissolving such materials in
      predetermined quantities in a suitable solvent. Such standards have
      exhibited indefinite shelf life and any combination of metals can be
      combined without precipitation of the metal constituents.
PAR  Further, dispersions containing certain oil-soluble metal sulfonates have
      acquired considerable importance as additives in fuels and lubricating
      oil. Such dispersions have been highly useful as additives to other
      materials where the problem of suspending insoluble waste materials formed
      in the utilization of the material and also the problem of corrosion
      inhibition is met. When the oil-soluble metal sulfonates are employed as
      additives for use in internal combustion engine lubricating compositions,
      such agents function to effectively disperse or peptize the insolubles
      formed by the fuel combustion, oil oxidation, or similar conditions
      obtained during the operation of the engine.
PAR  Thus, while the use of oil-soluble anionic metal sulfonates have been
      established and recognized, problems have been encountered in the
      production of oil-soluble anionic metal sulfonates of certain metals, such
      as molybdenum, arsenic and vanadium. Therefore, a need has long been
      recognized for an improved process for the production of oil-soluble
      anionic metal sulfonates from readily available chemical compounds, and it
      is to such a process that the present invention is directed.
PAR  An object of the present invention is to provide an improved process for
      the production of oil-soluble anionic metal sulfonates. Another object of
      the present invention is to provide an economical, dependable, and
      efficient method for preparing oil-soluble anionic metal sulfonates from
      readily available chemical compounds.
PAR  Another object of the present invention is to provide an improved method
      for the preparation of oil-soluble anionic metal sulfonates of silicon,
      molybdenum, vanadium, phosphorus, arsenic, selenium, boron and tellurium
      which are suitable as analytical standards while at the same time
      providing an oil-soluble source of such metals.
PAR  These and other objects, advantages, and features of the present invention
      will be apparent to those skilled in the art from a reading of the
      following detailed description.
PAR  According to the present invention, I have found a process for producing
      oil-soluble anionic metal sulfonates wherein the metal constituent is
      selected from silicon, molybdenum, vanadium, phosphorus, arsenic,
      selenium, boron and tellurium which comprises admixing an acid anhydride
      compound of such metals with an oil-soluble sulfonic acid and a polyamine
      compound, heating the resulting mixture to its reflux temperature for a
      period of time effective to allow formation of the oil-soluble metal
      sulfonate.
PAR  Further according to the invention I have found that it is desirable for
      said acid anhydride and said sulfonic acid to be present in a
      stoichiometric amount in a ratio of from about 10:1 to about 1:20
      respectively with said polyamine compound. A volatile inert solvent can be
      incorporated with the oil-soluble sulfonic acid to reduce the viscosity of
      same and to facilitate the admixing of the oil-soluble sulfonate with said
      acid anhydride and said polyamine compound.
PAR  Oil-soluble metal sulfonates have been recognized as desirable analytical
      standards as well as oil-soluble additives for fuels and lubricants.
      However, problems have been encountered in producing oil-soluble anionic
      metal sulfonates such as molybdenum sulfonate, arsenic sulfonate and
      vanadium sulfonate.
PAR  I have now found that oil-soluble anionic metal sulfonates of silicon,
      molybdenum, vanadium, phosphorus, arsenic, selenium, boron and tellurium
      can readily be prepared by reacting an acid anhydride compound of such
      metal with an oil-soluble sulfonic acid and a polyamine compound at
      elevated temperatures for a period of time effective to allow said acid
      anhydride compound to react with said oil-soluble sulfonic acid and said
      polyamine compound to produce the desired oil-soluble anionic metal
      sulfonate.
PAR  The present invention can be carried out as either a batch process or a
      continuous process. However, for the sake of simplicity the process of the
      present invention will be described as a batch process.
PAR  The metal acid anhydride, the polyamine compound and the oil-soluble
      sulfonic acid are charged to a reaction vessel equipped with heating
      means, a stirring means and a reflux means. Generally, it is desirable to
      introduce an effective amount of an inert volatile solvent to the reaction
      mixture to reduce the viscosity of the oil-soluble sulfonic acid thereby
      facilitating the mixing and contact between the reactants. The amount of
      inert volatile solvent employed can vary widely depending upon the
      viscosity of the particular oil-soluble sulfonic acid employed as well as
      the viscosity desired in the reaction mixture but will generally be in an
      amount ranging from about 5 to 75 weight percent, based on the weight of
      the reaction mixture. The amount of the reactants can vary widely,
      however, the metal acid anhydride and sulfonic acid should be present in a
      stoichiometric amount with the polyamine compound. Generally, the acid
      anhydride and sulfonic acid should be present in a stoichiometric amount
      in a ratio of from about 10:1 to about 1:20 respectively.
PAR  It is important in the operation of the present invention that a sufficient
      amount of sulfonic acid be employed to neutralize at least one amine group
      of the polyamine compound and that sufficient acid anhydride be employed
      to react with the remaining amine group or groups of the polyamine
      compound. It may be found that with certain polyamine compounds, to
      maintain suitable oil solubility, enough sulfonic acid to neutralize two
      amine groups of the polyamine compound should be employed, although, at
      least one amine group of the polyamine compound should be left available
      to react with the acid anhydride.
PAR  Once the reactants have been introduced into the reaction vessel, the
      reactants are thoroughly agitated and the reaction mixture is heated to
      its reflux temperature which will generally be within the range of about
      60.degree. to 125.degree. C. When the reaction mixture reaches its reflux
      temperature, it is maintained at such temperature under reflux conditions
      for an effective period of time to allow the reactants to react and form
      the desired oil-soluble anionic metal sulfonate. The reflux time of the
      reaction mixture can vary widely but will generally range from about 0.5
      to about 12 hours. It is often desirable to introduce to the mixture prior
      to same being refluxed from about 5 to 75 weight percent water based on
      sulfonic acid. Further, it has also been found desirable to introduce to
      the mixture prior to same being refluxed from about 50 to 300 weight
      percent of a high boiling alcohol based on sulfonic acid. In the operation
      of the present invention in some instances it will be desirable to employ
      two or more reflux steps at graduated temperatures.
PAR  After the above-described reflux steps have been carried out, the mixture
      is stripped of the volatile components. Any suitable method for removing
      the volatile components can be employed such as heating the mixture to a
      temperature from about 125.degree. to 175.degree. C. From about 10 to 300
      weight percent of a nonvolatile organic carrier component (based on
      sulfonic acid) is introduced at any convenient point, such as during the
      reflux period. Residual volatile material is removed by any suitable means
      such as vacuum stripping or stripping said mixture with a gas such as
      nitrogen, carbon dioxide, air and the like for a period of time ranging
      from 0.2 to 6 hours. The stripped product normally is clarified by
      filtration of the stripped product through a desirable inert absorbent
      such as alumina, diatomaceous earth, pumice and the like.
PAR  The term "metal acid anhydride" as used herein should be read to include
      the corresponding hydrated form of the metal acid anhydrides that are
      suitable for use in the present invention. The metal acid anhydrides which
      may be employed in the production of the oil-soluble anionic metal
      sulfonates of the present invention can be any suitable acid anhydride of
      silicon, molybdenum, vanadium, phosphorus, arsenic, selenium, boron and
      tellurium and their corresponding hydrates. Examples of such acid
      anhydrides include As.sub.2 O.sub.5, MoO.sub.3, SiO.sub.2, 3SiO.sub.2
      .H.sub.2 O, H.sub.2 SiO.sub.3, H.sub.4 SiO.sub.4, V.sub.2 O.sub.5,
      HVO.sub.3, P.sub.2 O.sub.5, P.sub.2 O.sub.4, P.sub.2 O.sub.3, H.sub.3
      PO.sub.4, SeO.sub.2, H.sub.2 SeO.sub.3, H.sub.3 BO.sub.3, B.sub.2 O.sub.3,
      H.sub.2 TeO.sub.4 and the like. Especially desirable results have been
      obtained wherein the metal acid anhydride is arsenic acid anhydride
      (As.sub.2 O.sub.5). In addition, mixtures of various metal acid anhydrides
      can be employed.
PAR  Suitable oil-soluble hydrocarbon sulfonic acids include alkane sulfonic
      acid, aromatic sulfonic acid, alkaryl sulfonic acid, aralkyl sulfonic
      acid, and the natural petroleum mahogany sulfonic acids. The mahogany
      sulfonic acids include any of those materials which may be obtained by
      concentrated or fuming sulfuric acid treatment of petroleum fractions,
      particularly the higher boiling lubricating oil distillates and white oil
      distillates. The higher molecular weight petroleum oil-soluble mahogany
      sulfonic acids are condensed-ring compounds, which condensed-rings may be
      aromatic or hydroaromatic in nature. Alkyl and/or cycloalkyl substituents
      may be present in the mahogany sulfonic acids.
PAR  The term "oil-soluble sulfonic acids," as used herein, refers to those
      materials wherein the hydrocarbon portion of the molecule has a molecular
      weight in the range of about 300 to about 1,000. Preferably, this
      molecular weight is in the range of about 370 to about 700. These
      oil-soluble sulfonic acids can be either synthetic sulfonic acids or the
      so-called mahogany or natural sulfonic acids. The term "mahogany sulfonic
      acid" is believed to be well understood, since it is amply described in
      the literature. The term "synthetic sulfonic acids" refers to those
      materials which are prepared by sulfonation of hydrocarbon feedstocks
      which are prepared synthetically. The synthetic sulfonic acids can be
      derived from either alkyl or alkaryl hydrocarbons. In addition, they can
      be derived from hydrocarbons having cycloalkyl (i.e., napthenic) groups in
      the side chains attached to the benzene ring. The alkyl groups in the
      alkaryl hydrocarbons can be straight or branched chain. The alkaryl
      radical can be derived from benzene, toluene, ethyl benzene, xylene
      isomers, or naphthalene.
PAR  An example of a hydrocarbon feedstock which has been particularly useful in
      preparing synthetic sulfonic acids is a material known as
      postdodecylbenzene. Postdodecylbenzene is a bottoms product of the
      manufacture of dodecylbenzene. The alkyl groups of postdodecylbenzene are
      branched chain. Postdodecylbenzene consists of monoalkylbenzenes and
      dialkylbenzenes in the approximate mole ratio of 2:3 and has typical
      properties as follows:
     Specific gravity at 38 degrees C                                          

                             0.8649                                            

     Average molecular weight                                                  

                             385                                               

     Percent sulfonatable    88                                                

     ASTM D-158 Engler:                                                        

      I.B.P., degrees F      647                                               

      5 degrees F            682                                               

      50 degrees F           715                                               

      90 degrees F           760                                               

      95 degrees F           775                                               

      F.B.P. degrees F       779                                               

     Refractive index at 23 degrees C                                          

                             11.4900                                           

     Viscosity at:                                                             

      -10 degrees C, centistokes                                               

                             2800                                              

      20 degrees C, centistokes                                                

                             280                                               

      40 degrees C, centistokes                                                

                             78                                                

      80 degrees C, centistokes                                                

                             18                                                

     Aniline point, degrees C                                                  

                             69                                                

     Pour Point, degrees F   -25                                               

PAR  An example of another hydrocarbon feedstock which is particularly useful in
      preparing synthetic sulfonic acids is a material referred to as "dimer
      alkylate." "Dimer alkylate" has a long branched-chain alkyl group. Briefly
      described, dimer alkylate is prepared by the following steps:
PAR  1. dimerization of a suitable feedstock, such as cat poly gasoline; and
PAR  2. alkylation of an aromatic hydrocarbon with the dimer formed in step (1).
PAL  Preferably, the dimerization step uses a Friedel-Crafts alkylation sludge
      as the catalyst. This process and the resulting product are described in
      U.S. Pat. No. 3,410,925.
PAR  An example of another hydrocarbon feedstock which is particularly useful
      for preparing synthetic sulfonic acids which can be used in my invention
      is a material which I refer to as "NAB Bottoms." NAB Bottoms are
      predominantly di-n-alkyl aromatic hydrocarbon wherein the alkyl groups
      contain from 8 to 18 carbon atoms. They are distinguished primarily from
      the preceding sulfonation feedstocks in that they are straight chain and
      contain a large amount of disubstituted material. A process of preparing
      these materials and the resulting product are described in application
      Ser. No. 62,211, filed Aug. 7, 1970, and being a continuation-in-part of
      application Ser. No. 529,284, filed Feb. 23, 1966, and now abandoned.
      Application Ser. Nos. 62,211 and 529,284 have the same assignee as the
      present application. The product is also described in U.S. Pat. No.
      3,288,716, which is concerned with an additional use for the product,
      other than sulfonation feedstock. Another process of preparing these
      materials is described in application Ser. No. 53,352, filed Aug. 6, 1970,
      and having the same assignee as the present application. Application Ser.
      No. 53,352 is a continuation-in-part of application Ser. No. 529,284.
      Still another process of preparing a di-n-alkaryl product is described in
      application Ser. No. 104,476, filed Jan. 7, 1971, which is a
      continuation-in-part of application Ser. No. 521,794, filed Jan. 20, 1966,
      and now abandoned.
PAR  In order to make my disclosure even more complete, U.S. Pat. No. 3,410,925
      and application Ser. Nos. 53,352; 62,211 and 104,476, are made a part of
      this disclosure.
PAR  In addition to the sulfonic acids derived from the foregoing described
      hydrocarbon feedstock, examples of other suitable sulfonic acids include
      the following: mono- and poly-substituted naphthalene sulfonic acid,
      dinonyl napthalene sulfonic acid, diphenyl ether sulfonic acid, napthalene
      disulfide sulfonic acid, dicetyl thianthrene sulfonic acid, dialauryl
      betanaphthol sulfonic acid, dicapryl nitronaphthalene sulfonic acid,
      unsaturated paraffin wax sulfonic acid, hydroxy substituted paraffin wax
      sulfonic acid, tetraamylene sulfonic acid, mono- and
      poly-chlorosubstituted paraffin wax sulfonic acid, nitrosoparaffin wax
      sulfonic acid, cycloaliphatic sulfonic acid such as lauryl-cyclohexyl
      sulfonic acid, mono- and poly-wax-substituted cyclohexyl sulfonic acid,
      and the like.
PAR  The corresponding hydrocarbon sulfonic acid is usually prepared by treating
      the hydrocarbon with concentrated sulfuric acid, fuming sulfur acid or
      sulfur trioxide. The sulfonation of hydrocarbons is well known and details
      need not be given. The sulfonic acid may also be purified by any suitable
      means: i.e., treatment with inorganic base, ion exchange, water washing
      and the like.
PAR  As previously stated the oil-soluble sulfonic acid is often diluted with a
      volatile solvent. The volatile solvent can be any suitable hydrocarbon,
      preferably a low boiling hydrocarbon such as hexane or naphtha which may
      readily be removed from the metal sulfonate product when desired.
PAR  With respect to the types of nonvolatile carriers which may be utilized in
      the process a wide variety of materials have been found suitable for such
      usage. The principal requisites desired in the nonvolatile carrier are
      that it will dissolve the dispersing agents utilized in the process, and
      that such solutions will be relatively stable when the basic metallic
      compounds are peptized in the dispersion by the dispersing agent. Examples
      of such nonvolatile carriers which may be employed include mineral
      lubricating oil obtained by any of the conventional refining procedures;
      vegetable oils, such as corn oil, cotton-seed oil, castor oil, etc; animal
      oil, such as lard oil, sperm oil, etc; and synthetic oils such as polymers
      of propylene, polyoxyalkylenes, polyoxypropylene, dicarboxylic acid
      esters, such as esters of adipic and azelaic acids with alcohols such as
      butyl, 2-ethyl hexyl and dodecyl alcohols, and esters of acids of
      phosphorus, such as diethyl ester of decanephosphonic acid and tricresyl
      phosphate. The preferred nonvolatile carriers are liquid lubricating oils,
      either mineral or synthetic. In addition, sulfonic acid stock such as
      previously described hereinabove can be employed as the nonvolatile
      carrier. If desired, the nonvolatile carriers may be diluted with a
      solvent to reduce the viscosity. Suitable solvents include petroleum
      naphtha or hydrocarbons, such as hexane, heptane, octane, benzene,
      toluene, or xylene.
PAR  The alcohols which are suitable for use in the process of the present
      invention are those which have a boiling point of at least 75.degree. C.
      and in which the reactants have an appreciable miscibility. Those alcohols
      found suitable include alcohols having from 3 to about 6 carbon atoms,
      monoethers of ethylene glycol containing not more than 8 carbon atoms, and
      monoethers of diethylene glycol containing not more than 8 carbon atoms.
      Preferred glycol ethers are the monoethyl ether of ethylene glycol and the
      monomethyl ether of ethylene glycol. These materials are available
      commercially under the trademarks "CELLOSOLVE"  and "methyl CELLOSOLVE."
      The monoethyl ether of diethylene glycol is available commercially under
      the trademark "CARBITOL."
PAR  The monoethers of ethylene glycol are also known as alkoxy alkanols, and
      more specifically as alkoxy ethanols. These materials have the generic
      formula, ROCH.sub.2 CH.sub.2 OH, where R is a C.sub.1 to C.sub.6
      hydrocarbon group. Similarly, the monoalkylether of diethylene glycol has
      the generic formula, HOCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 OR, where R is
      a C.sub.1 to C.sub.4 hydrocarbon group.
PAR  The polyamine compounds which may be employed in the production of the
      oil-soluble anionic metal sulfonates can be any suitable polyamine
      compound having a molecular weight of at least 100.
PAR  Especially desirable results have been obtained wherein the polyamine
      compound is the diamine 1,3-diaminopropane having an alkyl moiety selected
      from the group consisting of N-coco, N-tallow, N-soya and N-oleyl. The
      compound 1,3-diaminopropane can be represented by the general formula
      R--NH(C.sub.3 H.sub.6 NH.sub.2) wherein R is an alkyl group representing
      the coco, tallow, soya or oleyl moiety. These diamines are available
      commercially under the tradename DUOMEEN C, T, O and S.
PAR  Other suitable polyamines include tetraethylene pentamine and similar
      polyamine types containing primary and/or secondary amine groups. Further
      suitable polyamines can be represented by the general formulas
      R(NH.sub.2).sub.2 and R(NH--C.sub.3 H.sub.6 NH.sub.2).sub.2 wherein R is
      an alkyl radical derived from the dimerization of a C.sub.18 unsaturated
      fatty acid. Another group of suitable polyamine compounds can be
      represented by the general formula R--N--(C.sub.3 H.sub.6 NH.sub.2).sub.2
      wherein R is an alkyl radical derived from tallow, oleyl and lauryl fatty
      acids.
PAR  In order to more fully illustrate the nature of the present invention, the
      following examples are given. However, it is to be understood that the
      examples are for illustrative purposes only and are not intended to unduly
      limit or restrict the scope of the present invention. In each example the
      sulfonic acid was derived from an alkyl-aromatic which was predominantly
      di-n-alkylbenzenes having a molecular weight of about 420, unless
      otherwise specified.
DETD
PAC  EXAMPLE 1
PAR  To a creased one-liter flask was charged 25 ml of water, 31.9 grams of
      N-coco-1,3-diaminopropane and then mechanically agitated. Heat was applied
      and the reaction was taken to 40.degree.-50.degree. C., whereupon 100.0
      grams of sulfonic acid were charged over a period of 15 minutes and the
      reaction taken to 50.degree.-60.degree. C. where 3.5 grams of arsenic acid
      anhydride were charged and the reaction refluxed at a temperature of
      75.degree.-80.degree.C. and refluxed for 2 hours, volatiles were taken
      overhead to 120.degree.-125.degree.C. and the reaction was again refluxed
      for 2 hours, then the volatiles were taken overhead to a pot temperature
      of 140.degree. C.; 40 grams of 80 pale oil were charged at about
      140.degree. C. The product was then stripped with N.sub.2 gas for 15
      minutes and filtered through Hyflo. The bright fluid product was analyzed
      and found to contain 2.0 weight percent arsenic.
PAC  EXAMPLE 2
PAR  An experiment was conducted employing the procedure of Example 1 except
      that 7.9 grams of molybdic acid anhydride (MoO.sub.3) were substituted for
      the 3.4 grams of As.sub.2 O.sub.5. The charge employed in this experiment
      was as follows:
     100.0 grams    Sulfonic Acid                                              

      31.9 grams    N-Coco-1,3-diaminopropane                                  

      7.9 grams     Molybdic Acid Anhydride                                    

                    (MoO3)                                                     

       40 grams     80 Pale Oil                                                

      150 ml        Methyl CELLOSOLVE                                          

       25 ml        Water                                                      

PAL  The bright and fluid product produced was filtered as in Example 1 and
      found to contain 3.9 weight percent molybdenum.
PAC  EXAMPLE 3
PAR  An experiment was conducted employing the procedure of Example 1 except
      that 68.2 grams of a primary mono fatty amine (commercially available
      under tradename ARMEEN T) was substituted for the diamine. The charge
      employed in this experiment was as follows:
TBL  100.0    grams           Sulfonic Acid                                    

     68.2     grams           ARMEEN T (primary mono                           

                              fatty amine)                                     

     3.4      grams           Arsenic Anhydride (As.sub.2 O.sub.5)             

     40       grams           80 Pale Oil                                      

     150      ml              Methyl CELLOSOLVE                                

     25       ml              Water                                            

PAR  The product produced was filtered as in Example 1 and was initially bright
      and fluid; but after overnight storage at ambient temperature the filtrate
      turned hazy and solids were observed.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. A process of producing a reaction product of a polyamine compound, an
      oil-soluble sulfonic acid and arsenic oxide or a hydrate thereof
      comprising:
PA1  a. admixing said arsenic oxide or hydrate thereof and said oil-soluble
      sulfonic acid with said polyamine compound, said sulfonic acid being
      present in sufficient amount to neutralize at least one amine group of
      said polyamine, and at least one amine group of said polyamine being
      available to react with said arsenic oxide or hydrate thereof;
PA1  b. agitating and heating the resulting mixture to the reflux temperature of
      said mixture for a period of time sufficient to allow formation of said
      reaction product; and
PA1  c. recovering said reaction product.
NUM  2.
PAR  2. The process of claim 1 wherein said oil-soluble sulfonic acid is diluted
      with from about 5 to 75 weight percent of an inert volatile solvent and
      said reflux temperature is in the range of about 60.degree. to 125.degree.
      C.
NUM  3.
PAR  3. The process of claim 2 wherein said inert volatile solvent is a low
      boiling hydrocarbon selected from the group consisting of hexane and
      naptha.
NUM  4.
PAR  4. The process of claim 1 wherein said reaction mixture is maintained at
      its reflux temperature for a period of time ranging from about 0.5 to 12
      hours.
NUM  5.
PAR  5. The process of claim 4 which includes the step of admixing from about 5
      to about 75 weight percent water, based on the amount of sulfonic acid
      employed, to said mixture prior to same being refluxed.
NUM  6.
PAR  6. The process of claim 4 which includes the step of admixing from about 50
      to about 300 weight percent of a high boiling alcohol, based on the amount
      of sulfonic acid employed, to said mixture prior to same being refluxed.
NUM  7.
PAR  7. The process of claim 1 wherein the refluxed mixture is stripped of
      volatile components by heating said refluxed mixture to a temperature
      within the range of about 125.degree. to 175.degree. C. and includes the
      step of admixing from about 10 to 300 weight percent of a nonvolatile
      organic carrier component based on the amount of sulfonic acid employed,
      to said reflux mixture during refluxing of same.
NUM  8.
PAR  8. The process of claim 7 which includes the additional purification steps
      of stripping the product with an inert gas selected from the group
      consisting of nitrogen, carbon dioxide, air and mixtures thereof for a
      period of time ranging from about 0.2 to 6 hours and filtering the gas
      stripped product through an inert absorbent material selected from the
      group consisting of alumina, diatomaceous earth and pumice.
NUM  9.
PAR  9. The process of claim 1 wherein the polyamine compound has a molecular
      weight of at least 100.
NUM  10.
PAR  10. The process of claim 9 wherein said oil-soluble sulfonic acid was
      derived from an alkyl-aromatic compound which was predominantly
      di-n-alkylbenzenes having a molecular weight of about 420, and said
      nonvolatile carrier component is pale oil.
NUM  11.
PAR  11. The process of claim 10 wherein said nonvolatile carrier is diluted
      with a solvent selected from the group consisting of petroleum naptha,
      hexane, heptane, octane, benzene, toluene, and xylene.
NUM  12.
PAR  12. The process of claim 9 wherein said polyamine compound is
      1,3-diaminopropane having an alkyl moiety selected from the group
      consisting of N-coco, N-tallow, N-soya, and N-oleyl.
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ABST
PAL  This invention is addressed to organo silicon compounds prepared by
      reaction of a halosilane, a monoepoxide containing at least one other
      functional group, and at least one polyepoxide. The products of this
      invention are liquid organo silicon compounds which are useful in the
      treatment of glass fibers to improve the bonding relationship between
      glass fibers and resinous or elastomeric materials.
BSUM
PAR  This invention relates to organo silicon compounds, and more particularly
      to complex organo silicon compounds which are resistant to hydrolysis.
PAR  Organo silicon compounds have found widespread use in a variety of
      applications and have been found to be particularly well suited for use in
      the treatment of highly hydrophilic substrates, such as glass and glass
      fibers, to render the hydrophilic substrates more compatible with
      hydrophobic systems. Thus, in the manufacture of glass fiber reinforced
      plastics and glass fiber reinforced elastomeric products such as drive
      belts, rubber tires and the like, it has been the practice to treat the
      glass fibers with organo silicon compounds.
PAR  The organo silicon compounds frequently used for this purpose are the
      organo silanes of the formula
PAC  R-Si(OR').sub.3                                            ( 1)
PAL  wherein R is an organic group which may contain any of a variety of
      functional groups, such as amino, epoxy, hydroxy, mercapto, etc., and R'
      is an alkyl group. While such silanes as well as their hydrolysis products
      and polymerization products are quite effective in promoting a secure
      bonding relationship between glass fibers and resins and elastomeric
      materials, they are nevertheless expensive to manufacture and consequently
      contribute to the overall costs in the manufacture of glass fiber
      reinforced resins and elastomeric materials.
PAR  It is known, as shown by U.S. Pat. No. 2,650,934, that an alkylene oxide
      can be reacted with silicon tetrahalides such as silicon tetrachloride as
      follows:
      ##EQU1##
      While this reaction is known, it has only recently been discovered that
      the tetrakis alkoxy silane produced is stable in aqueous media against
      hydrolysis. Without limitation as to theory, it is believed that the
      halogen atom in the beta-position serves to stabilize the bond between the
      alkoxy group and the silicon atom.
PAR  It has also been suggested that silanized epoxide resins can be prepared by
      reaction of an epoxide resin with an organo silane in the presence of an
      amine. In this reaction, which is disclosed in U.S. Pat. No. 3,169,884,
      the product does not contain the stabilized
      ##EQU2##
      GROUP.
PAR  It is an object of the present invention to produce complex organo silicon
      compounds which contain beta-haloalkoxy groups attached directly to the
      silicon atoms which stabilize the compounds against hydrolysis.
PAR  It is a more specific object of this invention to produce organo silicon
      compounds which contain highly reactive functional groups along with
      beta-haloalkoxy groups for use in the treatment of highly hydrophilic
      substrates to render such substrates more hydrophobic.
PAR  The concepts in this invention reside in complex organo silicon compounds
      which are prepared by reaction of a halosilane with at least one
      monoepoxide and at least one polyepoxide. As will be appreciated by those
      skilled in the art, the nature of the product depends not only upon the
      specific combination of epoxides employed but also upon the reactant
      proportions. In all cases, however, the reaction product includes a
      mixture of compounds which can be utilized as such, or, if desired, the
      predominant compounds forming the reaction product can be separated in
      relatively pure form.
PAR  As the monoepoxide, use is preferably made of organic epoxides containing
      at least one other functional group. By way of illustration, the following
      compounds can be employed: Epoxides of the formula
      ##EQU3##
      wherein R.sub.2 is an aryl group and preferably phenyl or phenyl
      substituted with an amino group, a halogen group, an alkyl group; alkyl
      containing 1 to 20 carbon atoms and substituted derivatives thereof; an
      alkenyl group containing 2 to 8 carbon atoms (e.g., vinyl, allyl, etc.); a
      group having the formula
      ##EQU4##
      wherein R' is hydrogen or methyl. Illustrative of such epoxides are phenyl
      glycidyl ether, cresyl glycidyl ether, allyl glycidyl ether, glycidyl
      acrylate, glycidyl methacrylate, a mixture of n-octyl and n-decyl glycidyl
      ether (Epoxide No. 7 from Procter and Gamble) and a mixture of n-dodecyl
      and n-tetradecyl glycidyl ethers (Epoxide No. 8 from Procter and Gamble).
PAR  As the polyepoxide, use is preferably made of diepoxide, such as the
      following epoxides of the formula
      ##EQU5##
      wherein R.sub.3 is a divalent organic radical such as alkylene containing
      1 to 10 carbon atoms; alkyleneoxyalkylene containing 2 to 20 carbon atoms;
      divalent aromatic groups such as a group of the formula
      ##SPC1##
PAR  A number of such epoxides are commercially available from Dow and Ciba and
      include the following:
      ##EQU6##
      ##SPC2##
      ##SPC3##
      Cycloalkane epoxides, including the following:
      ##SPC4##
PAR  In accordance with one embodiment of the invention, the organo silicon
      compounds are prepared by reaction of from 1 to 3 epoxide equivalents of
      the monoepoxide and at least 0.5 and up to 3 epoxide equivalents of
      another epoxide containing a functional group per mole of the silicon
      tetrahalide. As used herein, the term "epoxide equivalent" refers to the
      number of moles of the epoxide divided by the number of epoxide groups per
      molecule.
PAR  For example, use can be made of a monoepoxide containing another functional
      group and a diepoxide as described above. This reaction can be illustrated
      by way of the following equations:
      ##EQU7##
      and
      ##EQU8##
      wherein X represents halogen, a represents the epoxide equivalent of the
      monoepoxide and b represents the epoxide equivalent of the diepoxide. In
      actual practice, the reaction product produced is a mixture of compounds
      which can be utilized as such without the need to separate specific
      compounds contained in the reaction product.
PAR  However, compounds contained in the reaction mixture can be, if desired,
      separated from the mixture by known techniques such as fractional
      distillation, liquid chromatography, etc., to yield substantially pure
      compounds.
PAR  It has been found that in the reaction mixture, a should be at least 2.2,
      and preferably at least 2.5, to avoid polymer formation which causes
      gelling of the product. Thus, a is within the range of 2.2 to 3.5 and b is
      within the range of 0.5 to 1.8. It has also been found that where the
      reaction mixture contains 2 or more epoxide equivalents of the diepoxide,
      the compounds which predominate in the reaction mixture have the general
      formula
      ##EQU9##
      wherein c is within the range of 2.0 to 3 and d is within the range of 1
      to 2.0. Most frequently c is 3 and d is 1.
PAR  Examples of specific compounds which can be prepared in accordance with
      this embodiment of the invention are:
      ##EQU10##
      (SiCl.sub.4 1 mole; phenyl glycidyl ether 3 epoxide equivalents; RD 2 2
      epoxide equivalents)
      ##EQU11##
      (SiCl.sub.4 1 mole; allyl glycidyl ether 3 epoxide equivalents; DER 332 2
      epoxide equivalents)
      ##EQU12##
      (SiCl.sub.4 1 mole; glycidyl acrylate 3 epoxide equivalents; ERE 1359 2
      epoxide equivalents)
      ##EQU13##
      (SiBr.sub.4 1 mole; aminophenyl glycidyl ether 3 epoxide equivalents; DER
      732 2 epoxide equivalents)
      ##EQU14##
      (SiCl.sub.4 1 mole; allyl glycidyl ether 1 epoxide equivalent; RD 4 2
      epoxide equivalents)
      ##EQU15##
      (SiCl.sub.4 1 mole; glycidyl methacrylate 3 epoxide equivalents; ERR 4221
      2 epoxide equivalents)
      ##EQU16##
      (SiCl.sub.4 1 mole; cresyl glycidyl ether 3 epoxide equivalents; ERR 4289
      2 epoxide equivalents)
PAR  Where, however, use is made of less than 2 epoxide equivalents of the
      diepoxide, the product of the reaction includes compounds containing no
      free epoxy groups; these compounds have the general formula
      ##EQU17##
PAR  Examples of such compounds include the following:
      ##EQU18##
      (SiCl.sub.4 1 mole; glycidyl acrylate 3 epoxide equivalents; RD 2 1
      epoxide equivalent)
      ##EQU19##
      (SiCl.sub.4 1 mole; cresyl glycidyl ether 3 epoxide equivalents; ERE 1359
      1 epoxide equivalent)
      ##EQU20##
      (SiCl.sub.4 1 mole; allyl glycidyl ether 3 epoxide equivalents; DER 332 1
      epoxide equivalent)
      ##EQU21##
      (SiBr.sub.4 1 mole; decyl glycidyl ether 3 epoxide equivalents; Araldite
      508 1 epoxide equivalent)
      ##EQU22##
      (SiCl.sub.4 1 mole; phenyl glycidyl ether 3 epoxide equivalents; ERR 4221
      1 epoxide equivalent)
      ##EQU23##
      (SiCl.sub.4 1 mole; glycidyl methacrylate 3 epoxide equivalents; RD 4 1
      epoxide equivalent)
      ##EQU24##
      (SiCl.sub.4 1 mole; allyl glycidyl ether 3 epoxide equivalents; ERR 4289 1
      epoxide equivalent)
PAR  As indicated above, styrene oxides as well as substituted derivatives
      thereof can also be used in the practice of this invention as the
      monoepoxide. Compounds produced in the reaction product thus have the
      formula
      ##EQU25##
PAR  Representative compounds derivated from styrene oxide and a diepoxide
      include the following:
      ##EQU26##
      (SiCl.sub.4 1 mole; styrene oxide 3 epoxide equivalents; ERE 1359 2
      epoxide equivalents)
      ##EQU27##
      (SiBr.sub.4 1 mole; styrene oxide 3 epoxide equivalents; DER 332 1 epoxide
      equivalent)
      ##EQU28##
      (SiCl.sub.4 1 mole; styrene oxide 3 epoxide equivalents; RD 2 1 epoxide
      equivalent)
      ##EQU29##
      (SiCl.sub.4 1 mole; styrene oxide 3 epoxide equivalents; ERE 1359 1
      epoxide equivalent)
      ##EQU30##
      (SiCl.sub.4 1 mole; styrene oxide 3 epoxide equivalents; RD 4 2 epoxide
      equivalents)
      ##EQU31##
      (SiCl.sub.4 1 mole; styrene oxide 3 epoxide equivalents; ERR 4205 1
      epoxide equivalent)
      ##EQU32##
      (SiBr.sub.4 1 mole; styrene oxide 3 epoxide equivalents; ERL 4221 2
      epoxide equivalents)
      ##EQU33##
      (SiCl.sub.4 1 mole; styrene oxide 3 epoxide equivalents; ERL 4289 1
      epoxide equivalent)
PAR  In preparing the reaction mixtures of the present invention, the reactants
      are contacted in the liquid phase. An inert organic solvent can be
      employed, if desired, but is not essential to the practice of the
      invention. The reaction temperature is not critical as the reaction
      generally takes place spontaneously and evolves heat. Best results are
      usually achieved when the reaction temperature is maintained below
      100.degree.C such as within the range of 0.degree. to 100.degree.C.
PAR  It is frequently preferred that the monoepoxide be added to the reaction
      mixture. This procedure has the advantage that the reaction of monoepoxide
      with the silicon tetrahalide is quite exothermic and thus raises the
      temperature of the reaction medium to a level suitable for addition of the
      diepoxide.
PAR  It will be observed that in all of the compounds specifically described
      above, each bond to the silicon atom contains a beta-haloalkoxy group. As
      indicated above, it is believed that such groupings impart improved
      stability to the compounds of the invention.
PAR  In accordance with another concept of the present invention, the reaction
      is carried out with 0.5 to 2 moles of an alkylene oxide in addition to the
      monoepoxide and the diepoxide. In this embodiment of the invention, the
      alkylene oxide reacts with the halosilane in a similar manner to form a
      beta-haloalkoxy group attached directly to the silicon atom. This reaction
      can proceed in two ways, depending upon the amount of diepoxide employed.
      Thus, where the amount of the diepoxide is less than 2 epoxide
      equivalents, the reaction proceeds as follows:
      ##EQU34##
      where e and g are each integers from 1 to 2 and f is 1, and R is hydrogen
      or C.sub.1 to C.sub.6 alkyl (e.g., methyl, ethyl, propyl, etc.).
PAR  As with the embodiment described above, the reaction product of the above
      is a mixture which can be used as such or, if desired, the predominant
      compounds having the formula represented by (47) can be separated from the
      reaction mixture.
PAR  Examples of such compounds include the following:
      ##EQU35##
      (SiCl.sub.4 1 mole; allyl glycidyl ether 2 epoxide equivalents; propylene
      oxide 1 epoxide equivalent; RD 2 1 epoxide equivalent)
      ##EQU36##
      (SiCl.sub.4 1 mole; allyl glycidyl ether 1 epoxide equivalent; propylene
      oxide 2 epoxide equivalents; RD 2 1 epoxide equivalent)
      ##EQU37##
      (SiCl.sub.4 1 mole; glycidyl acrylate 2 epoxide equivalents; ethylene
      oxide 1 epoxide equivalent; ERE 1359 1 epoxide equivalent)
      ##EQU38##
      (SiCl.sub.4 1 mole; glycidyl acrylate 1 epoxide equivalent; propylene
      oxide 2 epoxide equivalents; ERE 1359 1 epoxide equivalent)
      ##EQU39##
      (SiBr.sub.4 1 mole; phenyl glycidyl ether 2 epoxide equivalents; butylene
      oxide 1 epoxide equivalent; DER 332 1 epoxide equivalent)
      ##EQU40##
      (SiCl.sub.4 1 mole; cresyl glycidyl ether 2 epoxide equivalents; propylene
      oxide 1 epoxide equivalent; ERR 4205 1 epoxide equivalent)
      ##EQU41##
      (SiCl.sub.4 1 mole; allyl glycidyl ether 1 epoxide equivalent; propylene
      oxide 2 epoxide equivalents; ERR 4289 1 epoxide equivalent)
      ##EQU42##
      (SiCl.sub.4 1 mole; glycidyl methacrylate 2 epoxide equivalents; propylene
      oxide 1 epoxide equivalent; RD 4 1 epoxide equivalent)
      ##EQU43##
      (SiCl.sub.4 1 mole; allyl glycidyl ether 1 epoxide equivalent; propylene
      oxide 2 epoxide equivalents; DER 332 1 epoxide equivalent)
      ##EQU44##
      (SiCl.sub.4 1 mole; allyl glycidyl ether 1 epoxide equivalent; propylene
      oxide 2 epoxide equivalents; ERL 4206 1 epoxide equivalent)
      ##EQU45##
      (SiCl.sub.4 1 mole; cresyl glycidyl ether 1 epoxide equivalent; propylene
      oxide 2 epoxide equivalents; ERL 4206 1 epoxide equivalent)
      ##EQU46##
      (SiCl.sub.4 1 mole; allyl glycidyl ether 1 epoxide equivalent; propylene
      oxide 2 epoxide equivalents; ERE 1359 1 epoxide equivalent)
      ##EQU47##
      (SiCl.sub.4 1 mole; cresyl glycidyl ether 1 epoxide equivalent; propylene
      oxide 2 epoxide equivalents; ERE 1359 1 epoxide equivalent)
      ##EQU48##
      (SiCl.sub.4 1 mole; glycidyl methacrylate 1 epoxide equivalent; propylene
      oxide 2 epoxide equivalents; DER 332 1 epoxide equivalent)
      ##EQU49##
      (SiCl.sub.4 1 mole; glycidyl methacrylate 1 epoxide equivalent; propylene
      oxide 2 epoxide equivalents; ERL 4206 1 epoxide equivalent)
      ##EQU50##
      (SiCl.sub.4 1 mole; cresyl glycidyl ether 1 epoxide equivalent; propylene
      oxide 2 epoxide equivalents; DER 736 1 epoxide equivalent)
PAR  Where the amount of diepoxide used is 2 epoxide equivalents, the reaction
      product includes compounds containing a free epoxy group. These compounds
      can be represented by the formula
      ##EQU51##
PAR  Illustrative of such compounds include the following:
      ##EQU52##
      (SiCl.sub.4 1 mole; glycidyl methacrylate 2 epoxide equivalents; ethylene
      oxide 1 epoxide equivalent; RD 2 2 epoxide equivalent)
      ##EQU53##
      (SiCl.sub.4 1 mole; glycidyl acrylate 2 epoxide equivalents; propylene
      oxide 1 epoxide equivalent; DER 732 2 epoxide equivalents)
      ##EQU54##
      (SiCl.sub.4 1 mole; allyl glycidyl ether 1 epoxide equivalent; propylene
      oxide 2 epoxide equivalents; ERE 1359 2 epoxide equivalents)
      ##EQU55##
      (SiCl.sub.4 1 mole; cresyl glycidyl ether 1 epoxide equivalent; propylene
      oxide 2 epoxide equivalents; DER 332 2 epoxide equivalents)
      ##EQU56##
      (SiCl.sub.4 1 mole; phenyl glycidyl ether 1 epoxide equivalent; propylene
      oxide 2 epoxide equivalents; ERL 4206 2 epoxide equivalents)
      ##EQU57##
      (SiCl.sub.4 1 mole; allyl glycidyl ether 1 epoxide equivalent; ethylene
      oxide 2 epoxide equivalents; ERR 4221 2 epoxide equivalents)
      ##EQU58##
      (SiBr.sub.4 1 mole; phenyl glycidyl ether 1 epoxide equivalent; ethylene
      oxide 2 epoxide equivalents; ERR 4289 2 epoxide equivalents)
PAR  As will be appreciated by those skilled in the art, styrene oxide can be
      used in lieu of the monoepoxide containing the functional group as
      described above. The reaction product thus includes the following
      compounds:
      ##EQU59##
      and
      ##EQU60##
PAR  Specific compounds are illustrated by way of the following:
      ##EQU61##
      (SiCl.sub.4 1 mole; styrene oxide 1 epoxide equivalent; propylene oxide 2
      epoxide equivalents; ERE 1359 2 epoxide equivalents)
      ##EQU62##
      (SiCl.sub.4 1 mole; styrene oxide 1 epoxide equivalent; propylene oxide 2
      epoxide equivalents; DER 332 1 epoxide equivalent)
      ##EQU63##
      (SiCl.sub.4 1 mole; styrene oxide 2 epoxide equivalents; propylene oxide 1
      epoxide equivalent; RD 2 1 epoxide equivalent)
      ##EQU64##
      (SiCl.sub.4 1 mole; styrene oxide 2 epoxide equivalents; propylene oxide 1
      epoxide equivalent; RD 4 1 epoxide equivalent)
      ##EQU65##
      (SiCl.sub.4 1 mole; styrene oxide 1 epoxide equivalent; ethylene oxide 2
      epoxide equivalents; ERR 4205 2 epoxide equivalents)
      ##EQU66##
      (SiCl.sub.4 1 mole; styrene oxide 1 epoxide equivalent; propylene oxide 2
      epoxide equivalents; ERR 4289 2 epoxide equivalents)
      ##EQU67##
      (SiBr.sub.4 1 mole; styrene oxide 1 epoxide equivalent; propylene oxide 2
      epoxide equivalents; ERR 4221 1 epoxide equivalent)
PAR  In the practice of the above embodiment, it is generally desirable to react
      the diepoxide last, that is, after the alkylene oxide and the monoepoxide
      has been reacted with the halosilane. The monoepoxide and the alkylene
      oxide can be reacted with the silane in any order, or simultaneously, and
      the resulting product is preferably reacted with the diepoxide. It is
      generally preferred that the total of the number of epoxide equivalents of
      the monoepoxide and the alkylene oxide equal at least 2.1 to minimize
      polymer formation.
PAR  It is sometimes desirable that the products of this invention contain one
      or two oxy groups bonded directly to the silicon atom which does not have
      the increased resistance to hydrolysis which characterizes the
      ##EQU68##
      group. According to another embodiment of the invention, all or a portion
      of the alkylene oxide reactant can be replaced by an alcohol, and
      preferably a monohydric alcohol. For this purpose, use can be made of a
      compound having the formula
EQU  R.sub.5 - OH                                               (81)
PAL  wherein R.sub.5 is C.sub.1 to C.sub.6 alkyl (e.g., methyl, ethyl, propyl,
      etc.), benzyl, C.sub.2 to C.sub.6 alkenyl (e.g., vinyl, allyl, butenyl,
      etc.) or an aminoalkyl group containing 2 to 6 carbon atoms (e.g.,
      aminoethyl, aminopropyl, aminobutyl, etc.).
PAR  Compounds which can be used in accordance with this embodiment of the
      invention include methanol, ethanol, propanol, isopropanol, benzyl
      alcohol, allyl alcohol and the alkanolamines, such as ethanolamine,
      propanolamine, butanolamine, etc.
PAR  As with the previous embodiments, the reaction product is a mixture of
      compounds which can be utilized as such or, if desired, compounds
      predominating the reaction product can be isolated as described above.
PAR  Compounds which can be prepared in this manner have the general formula:
      ##EQU69##
      where h is 0 to 1, i is 1 to 2 and R.sub.5 is as described above, and use
      is made of 1.8 or more epoxide equivalents of the diepoxide. Where use is
      made of less than 2, both epoxide groups of the diepoxide generally react
      with the halosilane to form a reaction product which includes the
      following compounds:
      ##EQU70##
PAR  In the practice of this concept of the invention, use is made of from 0.5
      to 2 epoxide equivalents of the functional monoepoxide, 0 to 1 epoxide
      equivalents of the alkylene oxide and 1 to 2 hydroxy equivalents of the
      alcohol. The amount of the diepoxide generally ranges from 0.5 to 2
      epoxide equivalents. It is frequently preferred that the total of the
      functional monoepoxide, the alkylene oxide, if any, and the alcohol be at
      least 2.1 and preferably 2.5 to minimize polymer formation. It is also
      preferred that the diepoxide be reacted with halosilane after reaction
      with the other components of the reaction mixture.
PAR  As will be appreciated by those skilled in the art, the reaction product
      includes somewhat analogous compounds where use is made of styrene oxide
      in lieu of the functional monoepoxide as follows:
      ##EQU71##
      and/or
      ##EQU72##
PAR  Compounds which can be prepared in accordance with this concept include the
      following:
      ##EQU73##
      (SiCl.sub.4 1 mole; cresyl glycidyl ether 1 epoxide equivalent; propylene
      oxide 1 epoxide equivalent; methanol 1 mole; RD 2 2 epoxide equivalents)
      ##EQU74##
      (SiCl.sub.4 1 mole; glycidyl acrylate 1 epoxide equivalent; propylene
      oxide 1 epoxide equivalent; allyl alcohol 1 mole; ERE 1359 2 epoxide
      equivalents)
      ##EQU75##
      (SiCl.sub.4 1 mole; allyl glycidyl ether 1 epoxide equivalent; allyl
      alcohol 1 mole; DER 332 1 epoxide equivalent)
      ##EQU76##
      (SiCl.sub.4 1 mole; glycidyl methacrylate 2 epoxide equivalents; ethanol
      amine 1 mole; DER 732 1 epoxide equivalent)
      ##EQU77##
      (SiCl.sub.4 1 mole; phenyl glycidyl ether 1 epoxide equivalent; benzyl
      alcohol 1 mole; ERE 1359 1 epoxide equivalent; 1 ethylene oxide epoxide
      equivalent)
      ##EQU78##
      (SiBr.sub.4 1 mole; allyl glycidyl ether 1 epoxide equivalent; propylene
      oxide 1 epoxide equivalent; ethanol 1 mole; ERR 4205 2 epoxide
      equivalents)
      ##EQU79##
      (SiCl.sub.4 1 mole; glycidyl methacrylate 1 epoxide equivalent; allyl
      alcohol 2 mole; RD 4 1 epoxide equivalent)
      ##EQU80##
      (SiCl.sub.4 1 mole; styrene oxide 2 epoxide equivalents; benzyl alcohol 1
      mole; ERL 4289 1 epoxide equivalent)
      ##EQU81##
      (SiCl.sub.4 1 mole; styrene oxide 1 epoxide equivalent; propanol amine 2
      mole; DER 332 1 epoxide equivalent)
      ##EQU82##
      (SiCl.sub.4 1 mole; styrene oxide 1 epoxide equivalent; propylene oxide 1
      epoxide equivalent; methanol 1 mole; ERR 4221 2 epoxide equivalents).
PAR  In accordance with yet another embodiment of the invention, the halosilane
      employed in the reaction can contain one or more organo groups attached
      directly to the silicon atom through a carbon-to-silicon bond. In the
      preferred practice of this embodiment, the halosilane is of the formula
EQU  (R.sub.6).sub.n SiX.sub.(4-n)                              ( 96)
PAL  wherein R.sub.6 is an organic group containing 1 to 20 carbon atoms, n is
      an integer from 1 to 2 and X is halogen and preferably chlorine or
      bromine.
PAR  R.sub.6 is preferably alkyl containing 1 to 20, and preferably 1 to 6,
      carbon atoms (e.g., methyl, ethyl, propyl, isopropyl, lauryl, etc.);
      alkenyl containing 2 to 20, and preferably 2 to 6, carbon atoms (e.g.,
      vinyl, allyl, 3-butenyl, 4-pentenyl, etc.), cycloalkyl, such as
      cyclopentyl, cyclohexyl, etc., phenyl, as well as substituted derivatives
      thereof.
PAR  Where the organo halosilanes described above are reacted with a monoepoxide
      and at least one diepoxide as described above, it is preferred to employ
      from 0.5 to 2.0 epoxide equivalents of the diepoxide and from 1 to 3
      epoxide equivalents of the monoepoxide. The reaction mixtures can
      optionally include 1 to 2 moles of an alkylene oxide and/or an alcohol as
      described above.
PAR  As is the case in the embodiments described above, the reaction product is
      generally in the form of a mixture of compounds. Compounds which can be
      separated from the resulting product include the following:
      ##EQU83##
      wherein j is an integer from 1 to 2 when n = 1, and j is 1 when n = 2;
      where k is 0 or 1 and m is 0 or 1, provided that k + m = 1.
PAR  Specific examples of such compounds include the following:
      ##EQU84##
      (CH.sub.3 SiCl.sub.3 1 mole; phenyl glycidyl ether 2 epoxide equivalents;
      RD 2 2 epoxide equivalents)
      ##EQU85##
      (CH.sub.2 CHSiCl.sub.3 1 mole; glycidyl methacrylate 2 epoxide
      equivalents; ERE 1359 2 epoxide equivalents)
      ##SPC5##
PAL  (Phenyltrichlorosilane 1 mole; cresyl glycidyl ether 2 epoxide equivalents;
      ERR 4205 2 epoxide equivalents)
      ##EQU86##
      (Allyl trichlorosilane 1 mole; allyl glycidyl ether 2 epoxide equivalents,
      DER 732 1 epoxide equivalent)
      ##EQU87##
      (Ethyltrichlorosilane 1 mole; methyl glycidyl ether 1 epoxide equivalent;
      methanol 1 mole; DER 332 1 epoxide equivalent)
      ##EQU88##
      (Cyclohexyltrichlorosilane 1 mole; glycidyl acrylate 1 epoxide equivalent;
      ethylene oxide 1 mole; ERE 1359 1 epoxide equivalent)
      ##EQU89##
      (Methyltrichlorosilane 1 mole; phenyl glycidyl ether 1 epoxide equivalent;
      ethanol amine 1 mole; ERR 4221 1 mole)
      ##EQU90##
      (Vinyl tribromosilane 1 mole; styrene oxide 1 epoxide equivalent; RD 2 2
      epoxide equivalents)
      ##EQU91##
      (Methyltrichlorosilane 1 mole; styrene oxide 1 epoxide equivalent;
      propylene oxide 1 mole; ERR 4289 1 epoxide equivalent).
PAR  The compounds and mixtures of compounds produced in accordance with the
      concepts of this invention can be used in a wide variety of applications
      in which the organosilicon compounds described in formula (1) above have
      been used. It has been found that the organosilicon compounds of this
      invention are effective in the treatment of glass fibers to improve the
      bonding relationship between glass fibers and resinous plastics and
      elastomeric materials. For example, the compounds of this invention or the
      mixtures of compounds produced in accordance with this invention can be
      applied as a thin coating to individual glass fiber filaments and the
      coated glass fiber filaments can then be employed as reinforcement for
      resins and elastomeric materials. Alternatively, the compounds and
      mixtures of compounds prepared in accordance with this invention can be
      formulated into impregnating compositions for use in the impregnation of
      bundles of glass fibers for reinforcement of elastomeric materials as in
      the manufacture of glass fiber reinforced elastomeric products including
      rubber tires, drive belts, timing belts, etc.
PAR  Having described the basic concepts of the present invention, reference is
      now made to the following examples which are provided by way of
      illustration, and not by way of limitation, of the practice of this
      invention.
DETD
PAC  EXAMPLE 1
PAR  Into a round bottom flask equipped with a stir rod, a thermometer and a
      reflux condenser, there is introduced 1 mole of silicon tetrachloride.
      Thereafter, 3 epoxide equivalents of phenyl glycidyl ether are slowly
      added to the reaction vessel and the reaction commences with the evolution
      of heat. After addition of the phenyl glycidyl ether, 1 mole (2 epoxide
      equivalents) of the diepoxide RD 2 is added to the flask. The resulting
      mixture is then allowed to stand for one hour at room temperature.
PAR  Analysis of the reaction product reveals the presence of a mixture of
      compounds. From this mixture there is separated the organosilicon compound
      identified as (22) above.
PAC  EXAMPLE 2
PAR  Using the procedure described in Example 1, 1 mole of silicon tetrachloride
      is reacted with 3 epoxide equivalents of allyl glycidyl ether and 2
      epoxide equivalents of the diepoxide DER 332.
PAR  Analysis of the reaction mixture reveals that the reaction mixture is
      composed of several different compounds. One of the compounds which can be
      separated from the reaction mixture is compound (23).
PAC  EXAMPLE 3
PAR  Using the procedure described in Example 1, 1 mole of silicon tetrachloride
      is reacted with 3 epoxide equivalents of glycidyl acrylate and 2 epoxide
      equivalents of the diepoxide ERE 1359. The reaction product is found to
      include mixtures of compounds including the compound (24) containing a
      free epoxide group.
PAC  EXAMPLE 4
PAR  One mole of silicon tetrabromide is reacted with 3 epoxide equivalents of
      aminophenyl glycidyl ether and 2 epoxide equivalents of the diepoxide DER
      332. A mixture of compounds is found in the reaction product.
PAC  EXAMPLE 5
PAR  Using the procedure described in Example 1, 1 mole of silicon tetrachloride
      is reacted with 3 epoxide equivalents of allyl glycidyl ether and 2
      epoxide equivalents of the cyclohexane diepoxide RD 4. The reaction
      mixture is subjected to analysis and is found to contain the compound (26)
      as well as the compound in which the silicon atom is bonded through an
      oxygen atom to the cyclohexane ring.
PAC  EXAMPLE 6
PAR  Using the procedure described in Example 1, 1 mole of silicon tetrachloride
      is reacted with 3 epoxide equivalents of glycidyl acrylate and 1 epoxide
      equivalent of the diepoxide RD 2. The resulting reaction mixture is found
      to contain a mixture of compounds from which can be separated the compound
      (30).
PAC  EXAMPLE 7
PAR  One mole of silicon tetrachloride is reacted with cresyl glycidyl ether (3
      epoxide equivalents) and 1 epoxide equivalent of the diepoxide ERE 1359.
      The reaction mixture is subjected to analysis and is found to contain
      compound (31) which can be separated therefrom by liquid chromatography.
PAC  EXAMPLE 8
PAR  One mole of silicon tetrachloride is reacted with 3 epoxide equivalents of
      allyl glycidyl ether and 1 epoxide equivalent of the diepoxide DER 332.
      The reaction mixture is found to contain compound (32) which can be
      separated therefrom in admixture with other reaction products.
PAC  EXAMPLE 9
PAR  Using the procedure described in Example 1, 1 mole of silicon tetrachloride
      is reacted with 3 epoxide equivalents of Epoxide No. 7 from Procter and
      Gamble and 1 epoxide equivalent of the diepoxide DER 332. The reaction
      mixture is found to contain a mixture of compounds which can be utilized
      as such or, if desired, individual compounds contained therein can be
      subjected to purification.
PAC  EXAMPLE 10
PAR  One mole of silicon tetrachloride is reacted with 3 epoxide equivalents of
      phenyl glycidyl ether and 1 epoxide equivalent of the cyclohexane
      diepoxide ERR 4221. The resulting mixture is subjected to analysis and
      found to contain the compound (34) which can be separated therefrom by
      liquid chromatography.
PAC  EXAMPLE 11
PAR  One mole of silicon tetrachloride is reacted with 3 epoxide equivalents of
      allyl glycidyl ether and 1 epoxide equivalent of the cyclohexane diepoxide
      ERR 4289. The reaction mixture is then subjected to purification to
      isolate the compound (36).
PAC  EXAMPLE 12
PAR  One mole of silicon tetrachloride is reacted with 2 epoxide equivalents of
      glycidyl methacrylate and 1 epoxide equivalent of allyl glycidyl ether.
      The resulting mixture is then reacted with 1 epoxide equivalent of the
      diepoxide DER 332. The resulting product is subjected to analysis and is
      found to contain a mixture of complex organosilicon compounds.
PAC  EXAMPLE 13
PAR  One mole of silicon tetrachloride is reacted with 2 epoxide equivalents of
      glycidyl methacrylate and 1 epoxide equivalent of Epoxide No. 8 from
      Procter and Gamble. The resulting product is then reacted with the
      diepoxide ERE 1359 to produce a mixture of complex organosilicon
      compounds.
PAC  EXAMPLE 14
PAR  Using the procedure described in Example 1, 1 mole of silicon tetrachloride
      is reacted with 3 epoxide equivalents of styrene oxide and 1 epoxide
      equivalent of the diepoxide ERE 1359. The resulting product is subjected
      to analysis and found to contain a mixture of compounds including compound
      (42) which can be separated from the reaction mixture by liquid
      chromatography.
PAC  EXAMPLE 15
PAR  One mole of silicon tetrachloride is reacted with 3 epoxide equivalents of
      styrene oxide and 1 epoxide equivalent of the cyclohexane diepoxide ERR
      4205. The resulting product is subjected to analysis and found to contain
      compound (44) which can be separated from the reaction mixture in a
      conventional manner.
PAC  EXAMPLE 16
PAR  Using the procedure described in Example 1, 1 mole of silicon tetrachloride
      is reacted with 1 epoxide equivalent of propylene oxide and 2 epoxide
      equivalents of allyl glycidyl ether. The resulting product is then reacted
      with 1 epoxide equivalent of the diepoxide RD 2.
PAR  The resulting reaction mixture is subjected to analysis and is found to
      contain a mixture of compounds including the compound (48) which can be
      separated therefrom by liquid chromatography.
PAC  EXAMPLE 17
PAR  Using the procedure of Example 16, 1 mole of silicon tetrachloride is
      reacted with 2 epoxide equivalents of propylene oxide and 1 epoxide
      equivalent of allyl glycidyl ether. The resulting product is then reacted
      with 0.5 epoxide equivalents of the diepoxide DER 332 and 0.5 epoxide
      equivalents of the diepoxide DER 736. The resulting product is found to
      contain a mixture of complex organosilicon compounds.
PAC  EXAMPLE 18
PAR  One mole of silicon tetrachloride is reacted with 2 epoxide equivalents of
      propylene oxide and 1 epoxide equivalent of allyl glycidyl ether. The
      product is then reacted with 0.5 epoxide equivalents of the diepoxide DER
      332 and 0.5 epoxide equivalents of the diepoxide ERR 4205.
PAC  EXAMPLE 19
PAR  One mole of silicon tetrachloride is reacted with 2 epoxide equivalents of
      propylene oxide and 0.5 epoxide equivalents of allyl glycidyl ether. The
      resulting product is then reacted with 0.5 epoxide equivalents of each of
      the diepoxides ERE 1359, DER 736 and ERL 4206.
PAC  EXAMPLE 20
PAR  One mole of silicon tetrachloride is reacted with 2.5 epoxide equivalents
      of propylene oxide and 0.5 epoxide equivalents of Epoxide No. 7 from
      Procter and Gamble. The product of this reaction is then reacted with 1
      epoxide equivalent of the diepoxide ERE 1359.
PAR  The resulting product is a mixture of complex organosilicon compounds.
PAC  EXAMPLE 21
PAR  One mole of silicon tetrachloride is reacted with 1 epoxide equivalent of
      glycidyl acrylate and 2 epoxide equivalents of propylene oxide. The
      resulting product is then reacted with 1 epoxide equivalent of the
      diepoxide ERE 1359.
PAR  The product is found to contain a mixture of compounds, including compound
      (51) which can be separated therefrom by conventional techniques.
PAC  EXAMPLE 22
PAR  One mole of silicon tetrachloride is reacted with 1 epoxide equivalent of
      allyl glycidyl ether and 2 epoxide equivalents of propylene oxide.
      Thereafter, 1 epoxide equivalent of the diepoxide ERR 4289 is added to the
      reaction vessel to produce a mixture of compounds including compound (54)
      which can be separated from the reaction mixture, if desired.
PAC  EXAMPLE 23
PAR  One mole of silicon tetrachloride is reacted with 2 epoxide equivalents of
      propylene oxide and 1 epoxide equivalent of allyl glycidyl ether. The
      product is then reacted with the diepoxide DER 332 (1 epoxide equivalent)
      to produce a mixture of compounds. Compound (56) can be separated
      therefrom by conventional techniques.
PAC  EXAMPLE 24
PAR  One mole of silicon tetrachloride is reacted with 2 epoxide equivalents of
      propylene oxide and 1 epoxide equivalent of allyl glycidyl ether. The
      product is then reacted with the cyclohexane diepoxide ERL 4206 (1 epoxide
      equivalent) to produce a reaction mixture containing compound (57).
PAC  EXAMPLE 25
PAR  Using the procedure as described above, 1 mole of silicon tetrachloride is
      reacted with 1 epoxide equivalent of allyl glycidyl ether and 2 epoxide
      equivalents of propylene oxide. Thereafter, there is added to the reaction
      mixture 1 epoxide equivalent of the diepoxide ERE 1359. The product, which
      is a mixture of compounds, is found to include compound (59) which can be
      separated therefrom if desired.
PAC  EXAMPLE 26
PAR  One mole of silicon tetrachloride is reacted with 2 epoxide equivalents of
      propylene oxide and 1 epoxide equivalent of glycidyl methacrylate. The
      diepoxide DER 332 (1 epoxide equivalent) is then added to the reaction
      mixture to form a mixture of complex organosilicon compounds including the
      compound (61) which can be separated from the reaction mixture by liquid
      chromatography, if desired.
PAC  EXAMPLE 27
PAR  One mole of silicon tetrachloride is reacted with 2 epoxide equivalents of
      propylene oxide and 1 epoxide equivalent of cresyl glycidyl ether. The
      product of this reaction is then reacted with 1 epoxide equivalent of the
      diepoxide DER 736 to form a mixture of compounds including compound (63).
PAC  EXAMPLE 28
PAR  One mole of silicon tetrachloride is reacted with 2 epoxide equivalents of
      propylene oxide and 1 epoxide equivalent of allyl glycidyl ether.
      Thereafter, 2 epoxide equivalents of the diepoxide ERE 1359 are added to
      the reaction mixture to form a mixture of compounds including the compound
      (67) containing a free epoxy group. Compound (67) can be separated from
      the reaction mixture, if desired, by liquid chromatography.
PAC  EXAMPLE 29
PAR  One mole of silicon tetrachloride is reacted with 2 epoxide equivalents of
      propylene oxide and 1 epoxide equivalent of cresyl glycidyl ether.
      Thereafter, 2 epoxide equivalents of DER 332 are added. The resulting
      product is found to contain compound (68).
PAC  EXAMPLE 30
PAR  One mole of silicon tetrachloride is reacted with 2 epoxide equivalents of
      propylene oxide and 1 epoxide equivalent of phenyl glycidyl ether.
      Thereafter, the resulting product is reacted with cyclohexane diepoxide
      ERL 4206 (2 epoxide equivalents) to form a reaction mixture containing
      compound (69) which can be separated therefrom by conventional techniques,
      if desired.
PAC  EXAMPLE 31
PAR  One mole of silicon tetrachloride is reacted with 2 epoxide equivalents of
      propylene oxide and 1 epoxide equivalent of styrene oxide. The product of
      this reaction is then reacted with two epoxide equivalents of the
      diepoxide ERE 1359 to form the compound (74) in addition to other complex
      reaction products. Compound (74) can be separated from the reaction
      mixture, if desired.
PAC  EXAMPLE 32
PAR  One mole of silicon tetrabromide is reacted with 2 epoxide equivalents of
      propylene oxide and 1 epoxide equivalent of styrene oxide. Thereafter, 1
      epoxide equivalent of the cyclohexane diepoxide ERR 4221 is added to form
      a mixture of compounds including compound (80) which can be separated
      therefrom by conventional techniques.
PAC  EXAMPLE 33
PAR  One mole of silicon tetrachloride is reacted with 1 epoxide equivalent of
      propylene oxide, 1 epoxide equivalent of cresyl glycidyl ether and 1 mole
      of methanol. The resulting product is then reacted with 2 epoxide
      equivalents of the diepoxide RD 2 to form a mixture of complex
      organosilicon compounds including compound (86) which is separated from
      the reaction mixture by liquid chromatography.
PAC  EXAMPLE 34
PAR  Using the procedures described in the previous Examples, 1 mole of silicon
      tetrachloride is reacted with 2 epoxide equivalents of glycidyl
      methacrylate and 1 mole of ethanol amine. The product of this reaction is
      then reacted with 1 epoxide equivalent of the diepoxide DER 732 to form a
      mixture of compounds including compound (89) which can be separated from
      the reaction mixture, if desired.
PAC  EXAMPLE 35
PAR  Using the procedure described above, 1 mole of silicon tetrachloride is
      reacted with 2 epoxide equivalents of styrene oxide and 1 mole of benzyl
      alcohol. The product of this reaction is then reacted with the diepoxide
      ERR 4289 to form a mixture of complex organosilicon compounds including
      the compound (93).
PAC  EXAMPLE 36
PAR  One mole of vinyl trichlorosilane is reacted with 2 epoxide equivalents of
      glycidyl methacrylate and then with 2 epoxide equivalents of the diepoxide
      ERE 1359. The resulting product is a mixture of compounds including
      compound (102) which can be separated from the reaction mixture, if
      desired, by liquid chromatography.
PAC  EXAMPLE 37
PAR  One mole of allyl trichlorosilane is reacted with 2 epoxide equivalents of
      allyl glycidyl ether and 1 epoxide equivalent of the diepoxide DER 732.
      The resulting product is a mixture of compounds including compound (104)
      which can be separated from the reaction mixture by conventional
      techniques.
PAR  It will be apparent from the foregoing that numerous changes and
      modifications can be made in the details of procedure, formulation and use
      without departing from the spirit of the invention, especially as defined
      in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Organo silicon compounds prepared by reaction of a halosilane selected
      from the group consisting of an organo halosilane having the formula
EQU  (R.sub.6).sub.n SiX .sub.(4-n)
PAL  wherein R.sub.6 is an organic group selected from the group consisting of
      alkyl, alkenyl, cycloalkyl and phenyl, n is an integer from 1 to 2 and X
      is halogen and a tetrahalosilane, with a monoepoxide selected from the
      group consisting of a styrene oxide and an epoxide having the formula
      ##EQU92##
      wherein R.sub.2 is an organic group selected from the group consisting of
      phenyl and amino, halo and alkyl substituted phenyl, alkyl, alkenyl and a
      group having the formula
      ##EQU93##
      wherein R' is hydrogen or methyl, and at least one diepoxide selected from
      the group consisting of an epoxide of the formula
      ##EQU94##
      wherein R.sub.3 is a divalent organic group selected from the group
      consisting of alkylene, alkyleneoxyalkylene, oxyalkyleneoxy,
      oxyalkyleneoxyalkyleneoxy, a group of the formula
      ##SPC6##
PAL  and a group of the formula
      ##SPC7##
PAL  and a cyclohexane diepoxide, with the diepoxide being reacted in an amount
      less than two epoxide equivalents based upon a mole of silane.
NUM  2.
PAR  2. Compounds as defined in claim 1 wherein the reaction mixture also
      includes a compound selected from the group consisting of an alkylene
      oxide, a monohydric alcohol and mixtures thereof.
NUM  3.
PAR  3. Compounds as defined in claim 1 wherein the monoepoxide is reacted in an
      amount corresponding to 1 to 3 epoxide equivalents per mole of the
      halosilane and the diepoxide is reacted in an amount corresponding to 0.5
      to 2 epoxide equivalents per mole of the halosilane.
NUM  4.
PAR  4. Compounds as defined in claim 1 wherein the monoepoxide is reacted in an
      amount corresponding to at least 2.1 epoxide equivalents per mole of the
      halosilane.
NUM  5.
PAR  5. Compounds as defined in claim 1 wherein the halosilane is a
      tetrahalosilane and the reaction mixture includes from 1 to 2 moles of an
      alkylene oxide and/or a monohydric alcohol per mole of the halosilane.
NUM  6.
PAR  6. Organo silicon compounds prepared by reaction of a tetrahalosilane with
      a monoepoxide selected from the group consisting of a styrene oxide and an
      epoxide of the formula
      ##EQU95##
      where R.sub.2 is an organic group selected from the group consisting of
      phenyl and amino, halo and alkyl substituted phenyl, alkyl, alkenyl and a
      group having the formula
      ##EQU96##
      wherein R' is hydrogen or methyl and at least one diepoxide selected from
      the group consisting of an epoxide of the formula
      ##EQU97##
      wherein R.sub.3 is a divalent organic group selected from the group
      consisting of alkylene, alkyleneoxyalkylene, oxyalkyleneoxy,
      oxyalkyleneoxyalkyleneoxy, a group of the formula
      ##SPC8##
PAL  and a group of the formula
      ##SPC9##
PAL  and a cyclohexane diepoxide, with the diepoxide being reacted in an amount
      less than two epoxide equivalents based upon a mole of silane.
NUM  7.
PAR  7. Compounds as defined in claim 6 wherein the monoepoxide is present in an
      amount of at least 2.1 epoxide equivalents per mole of the
      tetrahalosilane.
NUM  8.
PAR  8. Compounds as defined in claim 6 wherein the diepoxide is present in an
      amount of 0.5 to 2 epoxide equivalents per mole of the tetrahalosilane.
NUM  9.
PAR  9. Compounds as defined in claim 6 wherein the reaction product includes at
      least one compound selected from the group consisting of  compounds of the
      formula
      ##EQU98##
      and compounds of the formula
      ##EQU99##
      wherein X is halogen.
NUM  10.
PAR  10. A compound selected from the group consisting of a compound of the
      formula
      ##EQU100##
      and a compound of the formula
      ##EQU101##
      wherein R.sub.2 is an organic group selected from the group consisting of
      phenyl and amino, halo and alkyl substituted phenyl, alkyl, alkenyl and a
      group having the formula
      ##EQU102##
      wherein R' is hydrogen or methyl, X is halogen and R.sub.3 is a divalent
      organic group selected from the group consisting of alkylene,
      alkyleneoxyalkylene, oxyalkyleneoxy, oxyalkyleneoxyalkyleneoxy, a group of
      the formula
      ##SPC10##
PAL  and a group of the formula
      ##SPC11##
NUM  11.
PAR  11. Organo silicon compounds prepared by reaction of a tetrahalosilane with
      (1) a monoepoxide selected from the group consisting of a styrene oxide
      and an epoxide of the formula
      ##EQU103##
      wherein R.sub.2 is an organic group selected from the group consisting of
      phenyl and amino, halo and alkyl substituted phenyl, alkyl, alkenyl and a
      group having the formula
      ##EQU104##
      wherein R' is hydrogen or methyl, (2) at least one diepoxide selected from
      the group consisting of an epoxide of the formula
      ##EQU105##
      wherein R.sub.3 is selected from the group consisting of alkylene,
      alkyleneoxyalkylene, oxyalkyleneoxy, oxyalkyleneoxyalkyleneoxy, a group of
      the formula
      ##SPC12##
PAL  and a group of the formula
      ##SPC13##
PAL  and a cyclohexane diepoxide, and (3) a compound selected from the group
      consisting of an alkylene oxide, a monohydric alcohol having the formula
EQU  R.sub.5 -OH
PAL  wherein R.sub.5 is alkyl, aminoalkyl, benzyl and alkenyl, and mixtures
      thereof, with the diepoxide being reacted in an amount less than two
      epoxide equivalents based upon a mole of silane.
NUM  12.
PAR  12. Organo silicon compounds as defined in claim 11 wherein the reaction
      mixture includes 0.5 to 2 epoxide equivalents of the monoepoxide, 0.5 to 2
      epoxide equivalents of the diepoxide and 1 to 2 moles of said compound per
      mole of tetrahalosilane.
NUM  13.
PAR  13. Organo silicon compounds as defined in claim 11 wherein the total of
      the epoxide equivalents of the monoepoxide and the moles of said compound
      is at least 2.1.
NUM  14.
PAR  14. A compound selected from the group consisting of a compound of the
      formula
      ##EQU106##
      a compound of the formula
      ##EQU107##
      and mixtures thereof, wherein R.sub.2 is an organic group selected from
      the group consisting of phenyl and amino, halo and alkyl substituted
      phenyl, alkyl, alkenyl and a group having the formula
      ##EQU108##
      wherein R' is hydrogen or methyl, X is halogen, R.sub.4 is hydrogen or
      alkyl, R.sub.5 is selected from the group consisting of alkyl,
PAL  alkenyl, benzyl and aminoalkyl, R.sub.3 is a divalent organic group
      selected from the group consisting of alkylene, alkyleneoxyalkylene,
      oxyalkyleneoxy, oxyalkyleneoxyalkyleneoxy, a group of the formula
      ##SPC14##
PAL  and a group of the formula
      ##SPC15##
PAL  h is an integer from 0 to 1, i is an integer from 1 to 2 and e is an
      integer from 1 to 2.
NUM  15.
PAR  15. Organo silicon compounds prepared by reaction of (1) a halosilane
      having the formula
EQU  (R.sub.6).sub.n SiX.sub.(4-n)
PAL  wherein R.sub.6 is an organic group selected from the group consisting of
      alkyl, alkenyl, cycloalkyl and phenyl, X is halogen and n is an integer
      from 1 to 2, (2) a monoepoxide selected from the group consisting of a
      styrene oxide and an epoxide of the formula
      ##EQU109##
      wherein R.sub.2 is an organic group selected from the group consisting of
      phenyl and amino, halo and alkyl substituted phenyl, alkyl, alkenyl and a
      group having the formula
      ##EQU110##
      wherein R' is hydrogen or methyl, and (3) a diepoxide selected from the
      group consisting of a diepoxide of the formula
      ##EQU111##
      wherein R.sub.3 is a divalent organic group selected from the group
      consisting of alkylene, alkyleneoxyalkylene, oxyalkyleneoxy,
      oxyalkyleneoxyalkyleneoxy, a group of the formula
      ##SPC16##
PAL  and a group of the formula
      ##SPC17##
PAL  and a cyclohexane diepoxide, with the diepoxide being reacted in an amount
      less than two epoxide equivalents based upon a mole of silane.
NUM  16.
PAR  16. Compounds as defined in claim 15 wherein the reaction mixture includes
      0.5 to 2 epoxide equivalents of the monoepoxide and 1 to 2 epoxide
      equivalents of the diepoxide per mole of halosilane.
NUM  17.
PAR  17. Compounds as defined in claim 15 wherein the reaction mixture includes
      1 to 2 moles of an alkylene oxide and/or a monohydric alcohol per mole of
      halosilane.
NUM  18.
PAR  18. A compound selected from the group consisting of a compound of the
      formula
      ##EQU112##
      a compound of the formula
      ##EQU113##
      and mixtures thereof, wherein R.sub.2 is an organic group selected from
      the group consisting of phenyl and amino, halo and alkyl substituted
      phenyl, alkyl, alkenyl and a group having the formula
      ##EQU114##
      wherein R' is hydrogen or methyl, X is halogen, R.sub.4 is alkyl or
      hydrogen, R.sub.5 is selected from the group consisting of alkyl, alkenyl,
      benzyl and aminoalkyl, R.sub.3 is a divalent organic group selected from
      the group consisting of alkylene, alkyleneoxyalkylene, oxyalkyleneoxy,
      oxyalkyleneoxyalkyleneoxy, a group of the formula
      ##SPC18##
PAL  and a group of the formula
      ##SPC19##
PAL  wherein j is an integer from 1 to 2 where n is 1 and j is 1 where n is 2,
      and k is 0 or 1 and m is 0 or 1.
NUM  19.
PAR  19. A compound of the formula
      ##EQU115##
NUM  20.
PAR  20. Organo silicon compounds prepared by reaction of silicon tetrachloride,
      allyl glycidyl ether and an epoxide of the formula
      ##EQU116##
      with the epoxide being reacted in an amount less than two epoxide
      equivalents per mole of silicon tetrachloride.
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PAL  The silane compounds of the instant invention can be representated by the
      formula:
      ##SPC1##
PAL  Wherein a has a value of 0 to 2 inclusive; wherein n is an integer of 1 or
      2; wherein m has a value of 0 to 1 inclusive and wherein the sum of n + m
      is 2; and wherein X is a hydrolyzable group.
BSUM
PAR  This invention relates to silylated bisphenol structures.
PAR  The silane compounds of the instant invention can be represented by the
      formula:
      ##SPC2##
PAL  Wherein a has a value of 0 to 2 inclusive; wherein n is an integer of 1 or
      2; wherein m has a value of 0 to 1 inclusive and wherein the sum of n + m
      is 2; and wherein X is a hydrolyzable group.
PAR  Illustrative of hydrolyzable groups represented by X above are halo, such
      as chloro, bromo and fluoro, and alkoxy radicals having from 1 to 8 carbon
      atoms, such as methoxy, ethoxy, propoxy, butoxy, isobutyoxy, pentoxy,
      hexoxy, 2-chloro-propoxy, 2-chloroethoxy, and the like.  Illustrative
      examples of such lower alkyl radicals represented by R above are methyl,
      ethyl, propyl and the like.
PAR  The functional silanes of the instant invention can be produced by the
      addition reaction of a silane containing silicon bonded hydrogen (i.e.,
      silane hydride) of the formula
      ##EQU1##
      wherein X is as defined above with the unsaturated
      bisphenol-2,2-bis[4-hydroxy-3-allylphenyl]propane.
PAR  Illustrative of the more preferred silicon hydrogen containing silanes that
      can be employed are for example, trichlorosilane, tribromosilane,
      trifluorosilane, methyldichlorosilane, trimethoxysilane, triethoxyosilane,
      tri-n-propoxysilane, methyldimethoxysilane, dimethylmethoxysilane,
      ethyldiethoxysilane, and the like.
PAR  The reaction between the silane hydrides and the unsaturated bisphenol can
      be effected by conventional addition reactions such as by the use of free
      radical addition catalysts, e.g., peroxide catalysts, or the platinum
      catalysts that are usually employed for such reactions, or with heat
      alone. Illustrative peroxide catalysts include for example, benzoyl
      peroxide, ditertiary-butyl peroxide, tertiary-butyl hydroperoxide and the
      like. Illustrative platinum catalysts include platinum metal, platinum
      deposited on a variety of particulate support materials such as charcoal,
      alumina, or silica particles. Particularly desirable is chloroplatinic
      acid. Usually, the amount of platinum catalysts employed ranges from about
      5 to about 1,000 parts by weight of the catalyst per million parts by
      weight of the reactants.
PAR  The reaction may be effected in a solvent solution such as in hydrocarbon
      solvents, for example,  normal hexane, octane, nonene, dodecane, benzene,
      toluene, xylene, mineral spirits, and the like, or halogenated
      hydrocarbons such as perchloroethylene, carbon tetrachloride,
      trifluoromethane, the arachlors, and the like. The reaction may be
      effected at any temperature sufficient to cause the addition of the silane
      to the unsaturated bisphenol. Minimum temperature is dependent on the
      catalyst chosen but usually the reaction proceeds from about room
      temperature to about 300.degree.C. Most desirably the reaction is effected
      at about below about 250.degree.C, and in the usual case at above about
      40.degree.C. The length of the reaction is dependent upon the degree of
      reaction desired and reaction periods ranging from seconds to days are
      contemplated and typical. The reaction is typical effected at ambient
      pressures, such as atmospheric pressure, but sub-atmospheric and
      super-atmospheric pressures can be employed though are not necessary.
PAR  Because the unsaturated bisphenol contains two unsaturated groups the
      stoichiometric amount of silane to that bisphenol will be in a molar ratio
      of 2 or less to 1. If it is desired to maintain in the resulting product
      some measurable amount of residual unsaturation, then the stoichiometry
      will be less than the 2 to 1 ratio. Using these guidelines one can produce
      all of the silane compositions depicted herein.
PAR  The silanes of this invention, because of their phenolic nature are
      eminently suitable as reactants in the formation of phenolic resins such
      as those based on the reaction of phenol and formaldehyde.
PAR  In addition, these silanes can be added to any variety of solid surfaces
      for which silane coupling agents have heretofore been employed. For
      example, the silanes can be used as coupling agents for the aforementioned
      polymers when they are reinforced or filled with particulate or fibrous
      materials such as, for example, the various siliceous particulate and
      pigmentary materials, as, for example, silica pigments of the hydrated,
      fumed, aerogels, xerogels, and the like varieties; the aluminum silicates
      such as the clay reinforcing fillers; alumina; iron oxide; brass coated
      steel fibers; glass fibers; foundry sands; iron, steel, aluminum, copper,
      silver, and the like metal surfaces, added for protection of such
      surfaces, as well as to provide a chemical coupling site, and the like.
      The silanes of this invention are particularly desirable in foundry resin
      applications where the resins are furfural-phenol, or urea-formaldehyde,
      or melamine-formaldehyde, all of which are acid cured at low temperatures,
      such as room temperature.
PAR  The following example is illustrative of the present invention and is not
      to be regarded as limiting.
PAR  A sample weighing 30.8 grams of 2,2-bis [4-hydroxy-3-(allyl)phenyl] propane
      (n D.sup.25 = 1.5853; % OH = 10.50) was dissolved in 250 ml. of toluene
      and all traces of water were removed by azeotropic  distillation.
      Thereafter 0.43 gram of a 1 per cent solution of H.sub.2 PtCl.6H.sub.2 O
      is dimethoxyethane was added to the dried solution and the mixture was
      stirred until a solution was formed. To this solution were added 24.4
      grams of trimethoxysilane in 25 ml. of toluene. The resulting solution was
      maintained at about 260.degree.C. for 5 hours and then heated at
      65.degree. to 75.degree.C. for 3 hours. Infrared analysis showed that
      2,2-bis[4-hydroxy-3-(gamma-trimethoxysilylpropyl) phenyl] propane was
      formed, immediately after silane addition.
PAR  Various modifications of this invention will be obvious to a worker skilled
      in the art and it is understood that such modifications and variations are
      to be included within the purview of this application and the spirit and
      scope of the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A silane compound having the formula:
      ##SPC3##
PAL  wherein R is a lower alkyl radical; n is 1 or 2; m is 0 or 1; the sum of n
      + m is 2; a is 0, 1 or 2; and X is a hydrolyzable group.
NUM  2.
PAR  2. A silane compound as defined in claim 1, wherein n is 2.
NUM  3.
PAR  3. A silane compound as defined in claim 1, wherein X is a methoxy radical.
NUM  4.
PAR  4. 2,2-bis[4-hydroxy-3-(gamma-trimethoxysilylpropyl)phenyl] propane.
PATN
WKU  039312682
SRC  5
APN  0352926
APT  1
ART  121
APD  19700506
TTL  Methylhydrazinomethyl-substituted benzoic acid amides
ISD  19760106
NCL  8
ECL  1
EXP  Moatz; Harry I.
INVT
NAM  Bollag; Werner
CTY  Basel
CNT  CH
INVT
NAM  Gutmann; Hugo
CTY  Reinach
CNT  CH
INVT
NAM  Hegedus; Balthasar
CTY  Binningen
CNT  CH
INVT
NAM  Kaiser; Ado
CTY  Neu-Frenkendorf
CNT  CH
INVT
NAM  Langemann; Albert
CTY  Binningen
CNT  CH
INVT
NAM  Muller; Marcel
CTY  Frenkendorf
CNT  CH
INVT
NAM  Zeller; Paul
CTY  Allschwil
CNT  CH
ASSG
NAM  Hoffmann-La Roche Inc.
CTY  Nutley
STA  NJ
COD  02
PRIR
CNT  CH
APD  19610609
APN  6734/61
RLAP
COD  74
APN  593734
APD  19661114
PSC  01
PNO  3520926
RLAP
COD  82
APN  200059
APD  19620605
PSC  03
CLAS
OCL  260465D
XCL  260558H
XCL  260490
EDF  2
ICL  C07C10376
ICL  C07C10378
ICL  C07C10382
ICL  C07C10322
FSC  260
FSS  558 H;465;490
UREF
PNO  3520926
ISD  19700700
NAM  Bollag
OCL  260558
LREP
FR2  Welt; Samuel L.
FR2  Leon; Bernard S.
FR2  Isgro; William G.
ABST
PAL  Benzene-ring substituted (2-methylhydrazino)methylbenzene compounds and
      intermediates therefor are described. The former compounds are useful as
      cytostatic agents.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 593,734, filed Nov.
      14, 1966, now U.S. Pat. No. 3,520,926, issued July 21, 1970, which in turn
      is a continuation in part of Ser. No. 200,059, filed June 5, 1962, now
      abandoned.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This application relates to novel hydrazine compounds useful as cytostatic
      agents. More particularly, the novel compounds in this invention are
      selected from the group consisting of compounds of the formula
      ##SPC1##
PAL  And pharmaceutically acceptable acid addition salts thereof;
PAR  WHEREIN W is selected from the group consisting of
      ##EQU1##
      R.sub.6 is selected from the group consisting of hydrogen and halogen;
      R.sub.7 is selected from the group consisting of hydrogen and lower alkyl;
      p is selected from the group consisting of hydrogen, lower alkyl and
      ##EQU2##
      q is selected from the group consisting of lower alkyl and
      ##EQU3##
      r is
      ##EQU4##
      and R.sub.4 and R.sub.5 are each selected from the group consisting of,
      taken separately, hydroxy-lower alkyl, lower alkanoyloxy-lower alkyl,
      lower alkylamino-lower alkyl, di-lower alkylamino-lower alkyl,
      (2-methyl-hydrazinomethyl)-phenyl, phenyl-lower alkyl, hydrogen, lower
      alkoxy-lower alkyl, lower alkylthio-lower alkyl, lower alkylsulfonyl-lower
      alkyl, pyridylmethyl, furfuryl, tetrahydrofurfuryl, lower alkyl, lower
      alkenyl, cyclo-lower alkyl, carbamoyl, lower alkylcarbamoyl, cyano-lower
      alkyl, halo-lower alkyl and halo-hydroxylower alkyl and, taken together,
      lower alkylene and lower alkyleneoxy-lower alkylene of 4 to 5 atom chain
      length.
PAR  Exemplary of the various phenyl ring substituents comprehended by W in the
      formula I are the following:
PA1  amidino groups, the hydrogen atoms of which can be in part or completely
      replaced by saturated or unsaturated aliphatic, cycloaliphatic,
      araliphatic, aromatic or heterocyclic radicals which themselves can bear
      further functional groups, for example, methylamidino, diisopropylamidino,
      cyclopropylamidino, phenylamidino, benzylamidino, isoxazolylamidino and
      (hydroxyethyl)amidino;
PA1  carbamoyl groups, the hydrogen atoms of which can be replaced by saturated
      or unsaturated aliphatic or alicyclic radicals which themselves can bear
      further functional groups or aromatic or heterocyclic radicals, for
      example, mono and dialkylcarbamoyl such as N-methylcarbamoyl,
      N,N-dimethylcarbamoyl, N-isopropylcarbamoyl, N-isobutylcarbamoyl,
      N-tert.-butylcarbanoyl, N,N-diisopropylcarbamoyl, N-tert.-amylcarbamoyl,
      N-tert.-octylcarbamoyl; as well as N-alkoxyalkylcarbamoyl groups such as
      methoxyethylcarbamoyl; N-hydroxyalkylcarbamoyl, such as
      hydroxyethylcarbamoyl; N-alkylthioalkylcarbamoyl groups such as
      methylthioethylcarbamoyl; N-carbamoyl-alkylcarbamoyl groups such as
      carbamoyl, methylcarbamoyl; N-alkylsulfonylalkylcarbamoyl groups such as
      methylsulfonylethylcarbamoyl; N-haloalkylcarbamoyl groups such as
      .beta.-chloroethylcarbamoyl and .beta., .beta.,
      .beta.-trifluoroethylcarbamoyl; N-alkenylcarbamoyl groups such as
      N-allylcarbamoyl; N-aralkylcarbamoyl groups such as benzylcarbamoyl;
      N-furfurylcarbamoyl; N-cycloalkylcarbamoyl groups such as
      N-cyclopropylcarbamoyl; N-alkylaminoalkylcarbamoyl and
      N-dialkylaminoalkylcarbamoyl groups such as
      .beta.-methylaminoethylcarbamoyl and diethylaminoethylcarbamoyl: and
      N,N-alkylenecarbamoyl groups such as N,N-tetramethylenecarbamoyl and
      N,N-pentamethylenecarbamoyl;
PA1  allophanoyl groups, the hydrogen atoms of which can be in part or
      completely replaced by saturated or unsaturated aliphatic, cycloaliphatic,
      araliphatic, aromatic or heterocyclic radicals which themselves can bear
      further functional groups, for example, 4-methylallophanoyl,
      2-isopropylallophanoyl;
PA1  sulfamoyl groups, the hydrogen atoms of which can be substituted by alkyl
      groups such as lower alkyl groups, for example, N,N-dimethylsulfamoyl;
PA1  lower alkylsulfonyl groups, for example methylsulfonyl;
PA1  acyl radicals of lower aliphatic carboxylic acid, for example, formyl,
      acetyl and propionyl, and of aromatic carboxylic acids, for example,
      benzoyl.
PAR  A preferred subgenus of compounds of formula I are benzamides, i.e., those
      compounds of formula I wherein W is
      ##EQU5##
      Another preferred subgenus of formula I are those compounds of formula I
      wherein R.sub.6 is hydrogen. An especially preferred subgenus of compounds
      of formula I are those methylhydrazinomethyl benzamides of the formula
      ##SPC2##
PAL  and pharmaceutically acceptable acid addition salts thereof  wherein
      R.sub.4 and R.sub.5 have the same meaning as above. An especially
      preferred subgenus of compounds of formula II are those compounds, as well
      as pharmaceutically acceptable acid accition salts thereof, wherein
      R.sub.4 and R.sub.5 are each selected from the group consisting of, taken
      separately, hydroxy-lower alkyl, hydrogen, lower alkoxy-lower alkyl, lower
      alkyl, cyclo-lower alkyl, carbamoyl, cyano-lower alkyl, halo-lower alkyl
      and, taken together, lower alkylene of 4-5 carbon atoms. Of this
      subgenera, particularly valuable compounds are
      [(2-methylhydrazino)-methyl]benzamides and N-lower
      alkyl-[(2-methylhydrazino)-methyl]benzamides.
PAR  The compounds of formula I can be prepared by aralkylation of a compound of
      the formula
EQU  CH.sub.3 --NH--NH.sub.2                                    III
PA1  wherein the hydrogen atoms of the hydrazine group may partially be
      substituted by protecting groups such as acyl, carbalkoxy, carbobenzoxy of
      benzyl,
PAL  with a compound yielding the moiety
EQU  X'--C.sub.6 H.sub.4 --CH.sub.2                             IV
PA1  wherein X' has the same meaning as W or is a substituent convertible into a
      substituent represented by W in formula I;
PAL  or by methylation of a compound of the formula
EQU  X'--C.sub.6 H.sub.4 --CH.sub.2 --NH--NH.sub.2              V
PA1  wherein X' has the same meaning as indicated above and the hydrogen atoms
      of the hydrazine group may partially be substituted by protecting groups
      such as acyl, carbalkoxy, carbobenzoxy or benzyl;
PAL  if necessary converting the moiety X' in the resulting hydrazine into a
      moiety represented by W; if necessary splitting off such protecting groups
      as are present; and if desired converting the so-obtained product of
      formula I into a salt.
PAR  One embodiment of the invention consists of aralkylating methylhydrazine or
      a methylhydrazine, the nitrogen atoms of which are partially substituted
      by protecting groups, with an agent yielding the residue X'--C.sub.6
      H.sub.4 --CH.sub.2 --. This aralkylation can be effected, for example, by
      use of the following aralkylating agents: 4-carbamoylbenzyl bromide,
      4-cyanobenzyl bromide, 4-carbalkoxybenzyl bromide, 2-cyanobenzyl bromide,
      4-carbamoyl-2-chlorobenzyl bromide, 4-benzoylbenzyl bromide,
      4-acetylbenzyl bromide, and the like. When using a dihalo compound as an
      aralkylating agent it is convenient to use two moles of methylhydrazine,
      thereby forming compounds bearing two methylhydrazino groups.
PAR  It is suitable in order to effect aralkylation to first convert the
      hydrazine compound of formula III above into a salt, preferably via
      treatment with an alkali metal alcoholate in an alcoholic solution. After
      removal of the alcohol, the resulting salt is advantageously dissolved in
      an inert solvent, for example, dimethylformamide, and treated with an
      aralkylating agent, preferably at an elevated temperature. The reaction
      product can be purified by conventional methods, for example, via
      extraction, crystallization or distillation.
PAR  The introduction of the aralkyl moiety can also be effected by a reaction
      of methylhydrazine or methylhydrazine partially substituted by protecting
      groups, for example, 1-methyl-1-acetylhydrazine with a carbonyl compound,
      followed by reduction of the so-formed hydrazone, as well as eventual
      splitting off of the protecting groups. This reaction can suitably be
      effected via a short heating of the reaction components in a solvent, such
      as, for example, alcohol, and reduction of the resulting hydrazone in the
      presence of a hydrogenation catalyst, such as palladium or platinum.
PAR  According to a further variation of the reaction, there is aralkylated with
      an agent yielding the moiety X'--C.sub.6 H.sub.4 --CH.sub.2 -- a compound
      of the formulae
      ##EQU6##
      wherein R represents lower alkyl, which has been methylated. Following the
      aralkylation, the carbalkoxy substituents are split off. The aralkylation
      can be undertaken in the same manner as previously described.
PAR  According to another embodiment of the invention, hydrazine compounds of
      formula V are methylated. This methylation can be conducted, for example,
      with the help of a methylating agent, such as, methyliodide or
      dimethylsulphate, under the conditions previously described for the
      aralkylation reaction.
PAR  The introduction of the methyl group can also be effected via reaction of a
      compound of formula V above with formaldehyde, followed by reduction of
      the condensation product. Condensation is suitably effected with equimolar
      amounts of the hydrazine of formula V and of the formaldehyde. The
      hydrogenation of the condensation product can proceed simultaneously with
      the condensation reaction or subsequent thereto. Advantageously, it is
      conducted in the presence of a hydrogenation catalyst, such as platinum or
      palladium, until the absorption of an equimolar amount of hydrogen. The
      working up of the reaction mixture can be effected by conventional means,
      for example, via fractional distillation.
PAR  Products of formula I above can also be obtained via methylation of a
      product obtained via aralkylation of a compound of formulae VI or VII
      above.
PAR  Any protecting groups present in the reaction products can be split off
      according to known procedures.
PAR  The reaction products formed by the above-outlined processes can, if
      desired, be additionally substituted in the phenyl ring. Thus, for
      example, compounds of formula I above, the hydrazine group of which is
      provided with protecting groups such as those previously described, can be
      nitrated, for example, via treatment with potassium nitrate in
      concentrated sulfuric acid at a temperature of from about 0.degree.C. to
      about 70.degree.C. Via reaction with chlorine or bromine in the presence
      of a suitable catalyst, for example, ferric chloride, at slightly elevated
      temperatures, halogen atoms can be introduced as substituents on the
      benzene nucleus.
PAR  Where necessary, the conversion of the moiety X'--C.sub.6 H.sub.4 into the
      moiety W--C.sub.6 H.sub.4 can be effected in the above-described reaction
      procedures at any point of time. Thus, it is advantageous, for example, to
      prepare substituted carbamoyl compounds from
      4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)-methyl]-benzoic acid, itself
      obtained by a saponification of corresponding methyl or ethylesters, via
      reaction with amines in accord with known methods of amidation. Suitably,
      the acid is converted into a reactive derivative, for example, into an
      acid chloride or a mixed anhydride, for example, with a carbonic acid
      monoester or into an activated ester, for example, a cyanomethylester. The
      acid can also be amidated directly via use of a condensation agent such as
      dicyclohexylcarbodiimide. The above-mentioned amides can also be obtained
      in the presence of a strong acid from
      [(2-methyl-1,2-dicarbobenzoxy-hydrazino)-methyl]-benzonitrile via reaction
      with olefins, for example, isobutylene or secondary or tertiary alcohols.
      Hydrolysis of the nitriles by means of strong acids or with hydrogen
      peroxide and alkalis produces N-unsubstituted benzamides. Protecting
      groups are subsequently removed from carbamoyl compounds obtained
      according to this method via hydrogenolysis or treatment with a hydrogen
      bromide/glacial acetic acid solution. The resulting hydrobromides obtained
      by the latter method can, if desired, be converted into corresponding free
      bases and/or into other salts.
PAR  Amidino or substituted amidino compounds of formula I are advantageously
      prepared from methylhydrazinomethyl-benzonitriles, the hydrazine group of
      which is substituted by protecting groups, via the corresponding imido
      ether, which can be obtained via reaction of the nitrile with alcohol and
      mineral acid. By reaction of the imido ether with ammonia or a primary or
      secondary amine, the desired amidino compound is obtained. Suitably
      protected methylhydrazinomethyl-benzonitriles can also be reacted directly
      with the salts of amines, for example, isopropylamine hydrochloride or
      isopropylamine tosylate at elevated temperatures, and the desired products
      of formula I can be obtained via subsequent removal of the protecting
      groups. One further method consists of converting a mono-substituted
      methylhydrazinomethyl-benzamide, the hydrazine groups of which are
      substituted by protecting groups, for example,
      4-[(2-methyl-1,2-dicarbobenzoxyhydrazino)-methyl]-benzoic acid
      isopropylamide, via reaction with a phosphorus halide, for example,
      phosphorus pentachloride, into corresponding imido halides, which then, in
      turn, can be reacted with ammonia, primary, or secondary amines, whereby
      there is obtained upon removal of the protecting groups, amidines and
      mono- or disubstituted amidines.
PAR  The substituted aromatic hydrazine compounds of formula I form
      pharmaceutically acceptable acid addition salts with both pharmaceutically
      acceptable inorganic and organic acids, such as, for example, hydrohalic
      acids, as hydrogen chloride, hydrogen bromide, hydrogen iodide, as well as
      other mineral acids, such as sulfuric acid, phpsphoric acid, nitric acid,
      and with organic acids, such as tartaric acid, citric acid, oxalic acid,
      camphorsulfonic acid, ethanesulfonic acid, toluenesulfonic acid, salicylic
      acid, ascorbic acid, maleic acid, mandelic acid, and the like. Preferred
      salts are the hydrohalides, especially the hydrochloride. The acid
      addition salts can suitably be prepared via treatment of the hydrazine
      derivative in an inert solvent with the corresponding acid.
PAR  The compounds of formula I are active cytostatic agents. They inhibit the
      growth of transplantable tumors in both mice and rats. Thus, they are
      active, for example, against Walker tumors, Erlich carcinoma, Erlich
      ascites carcinoma, and the like. Also these compounds cause decomposition
      of macromolecular desoxyribonucleic acid in solution. The compounds can be
      administered internally in the form of conventional pharmaceutical
      preparations, for example, the bases of formula I or their
      pharmaceutically acceptable acid addition salts can be administered in
      conventional enteral or parenteral pharmaceutical excipients containing
      organic and/or inorganic inert carriers, such as water, gelatin, lactose,
      starch, magnesium stearate, talc, plant oils, gums, alcohol, Vaseline, or
      the like. The pharmaceutical preparations can be in conventional solid
      forms, for example, tablets, dragees, suppositories, capsules, or the
      like, or conventional liquid forms, such as suspensions, emulsions, or the
      like. If desired, they can be sterilized and/or contain conventional
      pharmaceutical adjuvants, such as, preservatives, stabilizing agents,
      wetting agents, emulsifying agents, buffers, or salts used for the
      adjustment of osmotic pressure. The pharmaceutical preparations can also
      contain other therapeutically active materials.
PAR  It is to be understood that when the moiety "X'--C.sub.6 H.sub.4 " is used
      in the discussion above, there is comprehended the moiety
      ##SPC3##
PAL  in analogy to the moiety
      ##SPC4##
PAL  shown in formula I above.
PAR  The following examples are illustrative, but not limitative of the
      invention. All temperatures are in degrees Centigrade.
DETD
PAC  EXAMPLE 1
PAR  24.7 g. of 1-methyl-1,2-diacetyl-hydrazine were added to a solution of 4.38
      g. of sodium in 150 ml. of absolute ethanol and 27.5 g. of 2-cyano-benzyl
      chloride were then added to the resulting mixture, which was then heated
      under reflux for 4 hours. The precipitated salt was filtered off and the
      filtrate concentrated in vacuo. The residue was treated with water and
      extracted over 15 hours with a mixture of ether and methylene chloride
      (2:1). Concentration of the extract yielded a residue that was heated
      under a nitrogen atmosphere for 2 hours with a mixture of 85 ml. of
      concentrated hydrochloric acid and 67 ml. of water. The reaction solution
      was then concentrated and rendered alkaline by addition of sodium
      hydroxide, whereupon 2[(2-methyl-hydrazino)-methyl]-benzamide separated
      out. The dihydrobromide prepared therefrom was crystallized from glacial
      acetic acid and melted at 240.degree.-242.degree..
PAC  EXAMPLE 2
PAR  First, 2.05 g. of sodium and then 28 g. of
      1-methyl-1,2-dicarbobenzoxy-hydrazine were dissolved in 150 ml. of
      absolute ethanol, and the solution was evaporated to dryness under reduced
      pressure. The residue was dissolved in 100 ml. of dimethylformamide, and
      to this solution were added at one time with stirring 20.5 g. of
      4-(bromomethyl)-benzamide. The reaction was exothermic and the temperature
      of the reaction mixture rose to about 60.degree.. The reaction mixture was
      stirred for 2 hours, then poured into 500 ml. of water and extracted 3
      times with ether/methylene chloride (3:1). The organic extracts were
      washed 5 times with water, dried with sodium sulfate and evaporated to
      dryness in vacuo. The residual oil was dissolved in 180 ml. of a 33%
      solution of hydrogen bromide in glacial acetic acid, and the resulting
      solution permitted to stand for 4 hours at room temperature. The crystals
      that separated were filtered off, washed with glacial acetic acid and
      ether, and recrystallized from ethanol, yielding
      4-[(2-methyl-hydrazino)-methyl]-benzamide hydrobromide, melting at
      173.degree.-175.degree..
PAR  In an analogous manner, the following compounds were prepared:
PA1  3-[(2-methyl-hydrazino)-methyl]-benzamide hydrobromide, melting at
      142.degree.-143.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid methylamide hydrobromide,
      melting at 186.degree.-187.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzenesulfonic acid dimethylamide
      dihydrobromide, melting at 126.degree.-128.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-3-chloro-benzamide hydrobromide, melting at
      197.degree.-199.degree..
PAC  EXAMPLE 3
PAR  15 g. of 4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)methyl]-benzoic acid
      were boiled with an excess of thionyl chloride for 1 hour under reflux.
      The unconverted thionyl chloride was distilled off in vacuo, the residue
      twice dissolved each time in 75 ml. of absolute benzene and then
      concentrated in vacuo. The so-obtained
      4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)-methyl]-benzoyl chloride, a
      viscous light yellow oil, was dissolved in 50 ml. of absolute benzene and
      with stirring mixed with a solution of 4.45 g. of isopropylamine in 100
      ml. of absolute benzene. By cooling, the temperature of the reaction
      mixture was kept below 30.degree.. After the mixing had been completed,
      the reaction mixture was maintained first at room temperature for 3 hours
      and then for 1/2 hour at 40.degree.. It was then cooled down and poured
      into about 100 ml. of ice water. After the addition of a mixture of
      methylene chloride and ether (40 ml. + 200 ml.), the organic phase was
      separated and then washed with water, dilute hydrochloric acid, water,
      dilute sodium hydroxide and again with water. The solvents were then
      evaporated, yielding
      4-[(2-methyl-1,2-dicarbobenzoxyhydrazino)-methyl]-benzoic acid
      isopropylamide as a yellow oil, which crystallized upon triturating with
      ether; m.p. 90.degree.-92.degree.. This product was then covered with 70
      ml. of a 33 % solution of hydrogen bromide in glacial acetic acid, and
      then permitted to stand for 2 hours with occasional swirling, whereupon a
      thick slurry of crystals was formed. The precipitate was filtered off,
      washed with 20 ml. of glacial acetic acid and finally with ether, yielding
      crystals of 4-[(2-methyl-hydrazino)-methyl]-benzoic acid isopropylamide
      hydrobromide, which after recrystallization from methanol/ether melted at
      216.degree.-217.degree. (dec.).
PAR  The above-mentioned acid starting material was prepared as follows:
PAR  544 g. of 4-methyl-benzoic acid was boiled with 550 ml. of thionyl chloride
      until a clear solution was obtained. After the excess thionyl chloride was
      distilled off, the residue was fractionated, yielding 605 g. of
      4-methyl-benzoyl chloride; b.p. 91.degree./9 mm Hg., n.sub.D.sup.24 =
      1.5532. This was dissolved in 550 ml. of absolute benzene and the
      so-formed solution added to a mixture of 248 ml. of absolute methanol and
      550 ml. of absolute benzene. After the exothermic reaction had terminated,
      the reaction mixture was boiled for a further 20 hours, then concentrated
      in vacuo and the product, 4-methyl-benzoic acid methyl ester, isolated by
      conventional means. It could be purified by distillation, and the purified
      product boiled at 91.degree./9 mm Hg., m.p. 32.degree..
PAR  574 g. of this ester were dissolved in 1200 ml. of carbontetrachloride and,
      while boiling and exposing to a U.V. lamp, treated dropwise with a
      solution of 109 ml. of bromine in 400 ml. of carbontetrachloride. After
      all of the bromine had been dropped in, the mixture was heated for a
      further hour, concentrated in vacuo and the residue crystallized from low
      boiling petroleum ether, yielding as colorless fine crystals,
      4-(bromo-methyl)benzoic acid methyl ester, which melted at 52.degree.. For
      the reaction of this ester with 1-methyl-1,2-dicarbobenzoxy-hydrazine, the
      following procedure was followed:
PAR  309 g. of a 27% suspension of sodium hydride in an inert solvent were
      treated with 300 ml. of dimethylformamide, and a solution of 1095 g. of
      1-methyl-1,2-dicarbobenzoxy-hydrazine in dimethylformamide was added
      thereto. When all the material had been added and the hydrogen evolution
      had nearly come to a standstill, the mixture was heated for an hour at
      about 80.degree. in order to carry the formation of the sodium salt to
      completion. A mixture of 759 g. of 4-(bromo-methyl)-benzoic acid methyl
      ester in 700 ml. of dimethylformamide was then dropped in, and finally the
      reaction mixture was heated for an hour at 80.degree.. After cooling, the
      reaction mixture was poured into 10 liters of ice water and the
      condensation products taken up in ether. The thereby obtained crude methyl
      ester (n.sub.D.sup.24 = 1.1558) was used without further purification for
      the next step. It was dissolved in about 2200 ml. of dioxane, treated with
      a solution of 133 g. of sodium hydroxide in 870 ml. of water, and the
      resulting mixture stirred for about 24 hours at room temperature. It was
      then poured into about 10 liters of ice water and neutral materials were
      extracted with ether. The aqueous phase was rendered acid with
      concentrated hydrochloric acid (weak congo red) and the separated acid
      taken up in ether. The isolated crude acid was recrystallized from dibutyl
      ether, yielding colorless crystals of
      4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)-methyl]-benzoic acid, which
      melted at 112.degree.. The so-obtained product was sufficiently pure for
      further reaction.
PAR  In a similar way, but using different amines, the following compounds were
      prepared:
PA1  4[(2-methyl-hydrazino)-methyl]-benzoic acid methylamide hydrobromide, m.p.
      186-187.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid ethylamide hydrobromide, m.p.
      164.degree.-165.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid n-propylamide hydrobromide,
      m.p. 177.degree.-178.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid n-butylamide hydrobromide,
      m.p. 173.degree.-175.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid sec.-butylamide hydrobromide,
      m.p. 155.degree.-156.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid tert.-butylamide hydrobromide,
      m.p. 200.degree.-201.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid isobutylamide hydrobromide,
      m.p. 177.degree.-179.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid isopentylamide hydrobromide,
      m.p. 163.degree.-164.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid n-pentylamide hydrobromide,
      m.p. 174-175.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid dimethylamide dihydrobromide,
      m.p. 142.degree.-145.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid di-isopropylamide
      hydrobromide, m.p. 202.degree.-203.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid pyrrolidine dihydrobromide
      hydrate, m.p. 139.degree.-142.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid piperidine oxalate, m.p.
      170.degree.-172.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid allylamide hydrobromide, m.p.
      158.degree.-159.degree.,
PA1  4[(2-methyl-hydrazino)-methyl]-benzoic acid (2-chloroethyl)amide
      hydrobromide, m.p. 168.degree.-169.degree.,
PA1  4[(2-methyl-hydrazino)-methyl]-benzoic acid (2-methylthioethyl)-amide
      hydrobromide, m.p. 152.degree.-153.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid-(2-methylsulfonylethyl)-amide
      hydrobromide, m.p. 126.degree.-128.degree..
PAC  EXAMPLE 4
PAR  16.5 g. of 4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)methyl]-benzoyl
      chloride were added to 100 ml. of absolute benzene and treated with 3.1 g.
      of cyclopropylamine hydrochloride. 7.5 g. of triethylamine and 50 ml. of
      benzene were then dropped into the reaction mixture at
      20.degree.-30.degree. with stirring. The reaction mixture was worked up as
      in Example 3, yielding
      4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)-methyl]-benzoic acid
      cyclopropylamide, the carbobenzoxy groups of which were then removed by
      treatment with hydrogen bromide/glacial acetic acid. The product,
      4-[(2-methyl-hydrazino)-methyl]-benzoic acid cyclopropylamide
      hydrobromide, melted at 180.degree.-182.degree..
PAC  EXAMPLE 5
PAR  Reaction of 16.5 g. of
      4-[(2-methyl-1,2-dicarbobenzoxyhydrazino)-methyl]-benzoyl chloride with
      morpholine according to the process of Example 3 above yielded the
      reaction product as a viscous yellow oil. The carbobenzoxy groups were
      split off by hydrogenolysis as follows:
PAL  the so-obtained 4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)methyl]-benzoic
      acid morpholide was dissolved in 210 ml. of methanol and after the
      addition of 2.1 g. of 5% palladium-carbon, hydrogenated at room
      temperature and atmospheric pressure. After the hydrogen uptake had come
      to a standstill, the catalyst was filtered off, washed with methanol, and
      the filtrate concentrated in vacuo. The residue was taken up in 25 ml. of
      methanol, treated with a solution of 4.45 g. of oxalic acid in 20 ml. of
      methanol, and ether added thereto until the solution became turbid. Upon
      cooling, 4-[(2-methyl-hydrazino)-methyl]-benzoic acid morpholide oxalate
      crystallized out and after recrystallization from methanol/ether melted at
      142.degree.-144.degree..
PAR  By the same method and using 2-cyano-ethylamine, the following compound was
      prepared: 4-[(2-methyl-hydrazino)methyl]-benzoic acid
      (2-cyano-ethyl)-amide oxalate.
PAC  EXAMPLE 6
PAR  5.75 g. of sodium and then 79 g. of 1-methyl-1,2-dicarbobenzoxy-hydrazine
      were dissolved in 250 ml. of absolute alcohol. The solution was evaporated
      to dryness in vacuo at 40.degree. and the residue dissolved in 150 ml. of
      dimethylformamide. Over 10 minutes, 46 g. of 4-chloromethyl-thioanisole
      were added to the solution, the temperature of the reaction mixture rising
      to 60.degree.. The reaction mixture was then stirred for 2 hours at room
      temperature, poured into 1.5 liters of water and extracted with methylene
      chloride/ether. The extracts were washed several times with water, dried
      with sodium sulfate and concentrated in vacuo. The oily residue was
      dissolved in 400 ml. of glacial acetic acid and after the addition of 80
      ml. of 30% hydrogen peroxide, heated on the steam bath for 2 hours. The
      reaction mixture was then evaporated to dryness in vacuo and the residue
      dissolved in 500 ml. of a 33% solution of hydrogen bromide in glacial
      acetic acid. After a short time, the product
      1-methyl-2-(4-methylsulfonyl-benzyl)-hydrazine hydrobromide crystallized
      therefrom. It melted at 173.degree.-175.degree. (dec.).
PAC  EXAMPLE 7
PAR  10 g. of 4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)-methyl]-benzoyl
      chloride were dissolved in a mixture of 50 ml. of benzene and 10 ml. of
      pyridine. While stirring, this solution was treated with 8 g. of
      1-methyl-2-(4-amino-benzyl)-1,2-dicarbobenzoxyhydrazine in 30 ml. of
      benzene. After standing for one hour at room temperature, the reaction
      mixture was poured into water and extracted with methylene chloride. The
      methylene chloride extract was washed with sodium bicarbonate solution,
      dried with sodium sulfate and then concentrated. The residual viscous oil
      was decarbobenzoxylated with 70 ml. of a 33% solution of hydrogen bromide
      in glacial acetic acid. From this reaction mixture, the dihydrobromide of
      4,4'-bis-[(2-methyl-hydrazino)-methyl]-benzanilide crystallized out. After
      recrystallization from methanol, it melted at 247.degree.-248.degree.
      (dec.).
PAC  EXAMPLE 8
PAR  By reaction of 23.4 g. of
      4-[(2-methyl-1,2-dicarbobenzoxyhydrazino)-methyl]-benzoyl chloride with
      4.85 g. of furfurylamine in a mixture of 8 ml. pyridine and 50 ml. of
      benzene according to the procedure of Example 4 above, followed by
      hydrogenolysis of the condensation product with palladium-carbon in
      methanol, there was obtained 4-[(2-methyl-hydrazino)-methyl]-benzoic acid
      furfurylamide, the oxalate of which melted at 170.degree.-171.degree.
      (dec.).
PAR  In an analogous manner, there was obtained
      4-[(2-methylhydrazino)-methyl]-benzoic acid (3-methoxy-propyl)-amide
      hydrochloride, m.p. 135.degree.-136.degree..
PAR  By employing .beta.-phenethylamine in the condensation step, and splitting
      off the carbobenzoxy groups with hydrogen bromide/glacial acetic acid,
      there was obtained 4-[(2-methyl-hydrazino)methyl]-benzoic acid
      phenethylamide hydrobromide, which, after recrystallization from
      ethanol/ether, melted at 180.degree.-183.degree..
PAR  In an analogous manner, the following compounds were obtained by using the
      corresponding amines:
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid (3-pyridyl methyl)-amide
      dihydrobromide, m.p. 136.degree.-139.degree.,
PA1  4-[(2-methyl-hydrazino)-methyl]-benzoic acid benzylamide hydrobromide; m.p.
      175.degree.-177.degree..
PAC  EXAMPLE 9
PAR  23.4 g. of 4-[(2-methyl-1,4-dicarbobenzoxy-hydrazino)methyl]-benzoyl
      chloride were dissolved in 60 ml. of benzene and, with stirring and
      cooling, added dropwise to a solution of 13.4 g. of
      2-diethylamino-ethylamine in 20 ml. of benzene. The mixture was permitted
      to stand overnight and then partitioned between a dilute solution of
      sodium hydroxide and ether. The ether phase was washed thoroughly neutral
      with water and then extracted with 1/4 N hydrochloric acid. The hydrogen
      chloride extract was rendered strongly alkaline with sodium hydroxide, and
      then again extracted with ether. The ether solution was washed neutral
      with water, dried with sodium sulfate, and evaporated. The residual yellow
      oil was dissolved in 75 ml. of a 33% solution of hydrogen bromide in
      glacial acetic acid, and the resulting mixture permitted to stand for
      three hours at room temperature. It was then treated with ether, whereupon
      a hygroscopic salt separated out. This was separated and then dissolved in
      the minimum amount of water. The solution was then saturated with
      potassium carbonate and extracted with methylene chloride. The methylene
      chloride extracts were dried with potassium carbonate and concentrated.
      The residue was dissolved in methanol and treated with a methanolic
      solution of 2 equivalents of picric acid, whereupon the dipicrate of
      4-[(2-methyl-hydrazino)-methyl]benzoic -benzoic acid
      diethylaminoethylamide crystallized out. It melted at
      137.degree.-139.degree..
PAR  In an analogous manner, then was obtained
      4-[(2-methylhydrazino)-methyl]-benzoic acid dimethylaminoethylamide
      dihydrobromide, m.p. 131.degree.-133.degree..
PAC  EXAMPLE 10
PAR  9 g. of ethanolamine were dissolved in a solution of 18.2 g. of sodium
      carbonate in 200 ml. of water. Over 2 hours, a solution of 65 g. of
      4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)methyl]-benzoyl chloride in 150
      ml. of ether was then added thereto dropwise with vigorous stirring at
      0.degree.-5.degree.. The reaction mixture was then stirred overnight at
      0.degree.-5.degree.. It was then extracted with a mixture of methylene
      chloride and ether, and the extract washed with water, 1 N hydrochloric
      acid, potassium bicarbonate solution and water, dried with sodium sulfate,
      and evaporated. The residual
      4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)-methyl]benzoic acid
      (2-hydroxyethyl)-amide crystallized upon trituration with ether; m.p.
      74.degree.-76.degree.. 68 g. thereof were dissolved in 210 ml. of a 33%
      solution of hydrogen bromide in glacial acetic acid, and the so-formed
      mixture permitted to stand at room temperature for 16 hours. The
      4-[(2-methyl-hydrazino)-methyl]-benzoic acid (2-acetoxy-ethyl)-amide
      hydrobromide separated off; this hygroscopic salt melted at
      119.degree.-121.degree. (dec.). It was then filtered off, washed with
      acetic acid/ether (4:1), washed with ether and dissolved in the minimum
      amount of water. This solution was saturated with potassium carbonate and
      extracted with ether. An etheric picric acid was then added to the ether
      extract, whereupon the picrate of 4-[(2-methyl-hydrazino)-methyl]-benzoic
      acid (2-acetoxy-ethyl)-amide crystallized out. After recrystallization
      from methanol, it melted at 143.degree.-145.degree..
PAC  EXAMPLE 11
PAR  13.5 g. of diethanolamine were dissolved in a solution of 14.5 g. of sodium
      carbonate in 160 ml. of water. In the course of 2 hours, a solution of 52
      g. of 4-[(2-methyl-1,2-dicarbobenzoxyhydrazin)-methyl]-benzoyl chloride in
      150 ml. of ether was added thereto dropwise with vigorous stirring at
      0.degree.-5.degree.. The mixture was then stirred overnight at
      0.degree.-5.degree.. It was extracted with ethyl acetate and the ethyl
      acetate solution washed with sodium bicarbonate solution and sodium
      chloride solution, dried with sodium sulfate and evaporated. The residual
      viscous yellow oil was dissolved in 500 ml. of methanol and shaken with
      palladium-carbon in a hydrogen atmosphere until the carbobenzoxy groups
      had been hydrogenolyzed off. The catalyst was then filtered off, and the
      filtrate evaporated. The residue was dissolved in ethanol and treated with
      one equivalent of oxalic acid. Upon standing, the oxalate of
      4-[(2-methyl-hydrazino)-methyl]-benzoic acid bis(2-hydroxyethyl)-amide
      crystallized out. It melted at 145.degree.-146.degree..
PAC  EXAMPLE 12
PAR  106.5 g. of 4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)methyl]-benzoyl
      chloride were dissolved in 400 ml. of diethyleneglycol dimethylether, and,
      with stirring in the course of 11/2 hours at -75.degree. to -68.degree.,
      treated with a suspension of 70 g. of
      tritert.-butoxy-lithium-aluminum-hydride in 400 ml. of diethyleneglycol
      dimethylether. The temperature of reaction mixture was then allowed to
      rise to 0.degree. in the course of 1 hour and then the mixture was treated
      with 60 ml. of water and 25.5 ml. of 3N sodium hydroxide. After a further
      11/2 hours, the reaction mixture was poured into a large amount of water,
      acidified with hydrochloric acid and the crude aldehyde taken up in ether.
      The ether solution was washed three times with 3N hydrochloric acid, two
      times with water, four times with sodium hydroxide solution and a further
      three times with water, dried with sodium sulfate and concentrated,
      yielding crude
      4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)-methyl]benzaldehyde. In order
      to split off the carbobenzoxy groups, this product was dissolved in about
      40 ml. of glacial acetic acid, and to this solution were added 280 ml. of
      a 33% solution of hydrogen bromide in glacial acetic acid. The reaction
      mixture was then permitted to stand for 3 hours at room temperature. The
      separated crystals were filtered off with suction, washed first with
      glacial acetic acid and then with absolute ether, and then dried in a
      dessicator over potassium hydroxide, yielding
      4-[(2-methylhydrazino)-methyl]-benzaldehyde hydrobromide melting at
      127.degree.-132.degree..
PAC  EXAMPLE 13
PAR  52 g. of the product obtained in Example 8 by the condensation of
      4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)-methyl]-benzoyl chloride and
      furfuryl amine were hydrogenated in 300 ml. of ethanol in the presence of
      6 g. of acetic acid and 1 g. of platinum until 2 equivalent amounts of
      hydrogen had been taken up. The catalyst was then filtered off and the
      solution concentrated, whereupon the residue was dissolved in 150 ml. of a
      33% solution of hydrobromic acid in glacial acetic acid and allowed to
      stand for 3 hours. The crystallized product was filtered off, washed with
      glacial acetic acid and ether and recrystallized from a mixture of
      methanol, acetonitrile and ether, yielding
      4-[(2-methyl-hydrazino)-methyl]-benzoic acid tetrahydrofurfuryl-amide
      dihydrobromide melting at 124.degree.-125.degree..
PAC  EXAMPLE 14
PAR  23.8 g. of 4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)methyl]-benzoic acid
      (2-hydroxyethyl)-amide (obtained according to Example 10) were dissolved
      in 240 ml. of methanol and shaken in a hydrogen atmosphere together with 5
      g. of palladium-carbon until the carbobenzoxy groups were hydrogenated
      off. The catalyst was then filtered off and the filtrates were
      concentrated. The residue was dissolved in 20 ml. of ethanol and treated
      with 1 equivalent of 25% alcoholic hydrochloric acid. On diluting with
      acetonitrile, the 4-[(2-methyl-hydrazino)-methyl]-benzoic acid
      (2-hydroxyethyl)-amide hydrochloride crystallized, which melted at
      150.degree.-152.degree. after recrystallization from
      methanol/acetonitrile.
PAC  EXAMPLE 15
PAR  87.5 g. of 4-[(2-methyl-hydrazino)-methyl]-benzoic acid isopropylamide
      hydrobromide (obtained according to Example 3) were dissolved in 550 ml.
      of water. To this solution, there were added 1000 ml. of methylene
      chloride and, while cooling with ice and stirring under nitrogen
      atmosphere, 1200 g. of potassium carbonate portionwise. The methylene
      chloride layer was separated and the aqueous slurry extracted 3 times with
      500 ml. of methylene chloride in a nitrogen atmosphere. The united
      methylene chloride extracts were concentrated in vacuo. The residue was
      dissolved under nitrogen in 100 ml. of methanol and treated, while cooling
      with ice, with 40 ml. of a 45% methanolic hydrochloric solution, which
      induces immediate crystallization. The crystals were filtered off and
      recrystallized from methanol, yielding
      4-[(2-methyl-hydrazino)-methyl]-benzoic acid isopropylamide hydrochloride
      melting at 223.degree.-226.degree..
PAC  EXAMPLE 16
PAR  A solution of 15.5 g. of
      4-[(2-methyl-1,2-dicarbobenzoxyhydrazino)-methyl]-benzoyl chloride in 50
      ml. of methylene chloride was poured, while stirring, into a solution of
      2-(N-carbobenzoxy-methylamino)-ethylamine in 50 ml. of methylene chloride
      and 3.5 g. triethylamine. The mixture was stirred for 3 hours at room
      temperature and for 30 minutes at 40.degree., then poured onto water. The
      methylene chloride layer was separated and washed with 1N hydrochloric
      acid and with water. The methylene chloride solution was dried and
      concentrated and the residue dissolved in 75 ml. of a 33% solution of
      hydrobromic acid in glacial acetic acid and allowed to stand for 3 hours.
      The crystals formed were filtered off, washed with glacial acetic acid and
      ether, and recrystallized from ethanol, yielding
      4-[(2-methylhydrazino)-methyl]-benzoic acid (2-methylaminoethyl)-amide
      dihydrobromide melting at 166.degree.-168.degree..
PAR  The 2-(N-carbobenzoxy-methylamino)-ethylamine was prepared as follows:
PAR  20 g. of 2-methylamino-ethylamine in 100 ml. of absolute benzene was
      stirred with 28.7 g. of benzaldehyde. The mixture warmed up somewhat and
      became yellow. The benzene was evaporated in vacuo and the residue
      distilled under reduced pressure in a Hickmann-flask. After a little
      forerun, the desired fraction distilled at 106.degree.-107.degree./13 mm.
      The N-benzylidene-N'-methylethylenediamine was obtained as a colorless oil
      of n.sub.D.sup.22 = 1.5452 and a U.V.-absorption maximum at 245 m.mu.. 25
      g. of this product were dissolved in 150 ml. methylene chloride and
      thereto were added 16.5 g. of triethylamine and while stirring and cooling
      in an ice bath, 26.7 g. of carbobenzoxy chloride in 100 ml. of methylene
      chloride in such a way that the temperature did not rise over 20.degree..
      The mixture was stirred for 3 hours at room temperature and shaken with
      100 ml. of water. The methylene chloride layer was washed three times with
      water and concentrated in vacuo. The yellow oil obtained was well mixed
      with 100 ml. of ether and 100 ml. of 6 N sulfuric acid for one hour at
      room temperature. The layers were separated, the aqueous layer extracted
      five times more with 30 ml. ether each time. To this ether extracts were
      added, while cooling on an ice bath, 50 g. of solid potassium hydroxide.
      The oily product was extracted with methylene chloride, the extract
      concentrated and the residue distilled under reduced pressure. The desired
      product distilled, after a short forerun, at 105.degree.-112.degree. /0.04
      mm. as a colorless oil of n.sub.D.sup.24 = 1.5355.
PAC  EXAMPLE 17
PAR  7.4 g. of methyl urea, 46.7 g. of
      4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)-methyl]-benzoyl chloride, 8 g.
      of pyridine and 200 ml. of benzene were mixed and refluxed for 8 hours.
      After cooling down, the mixture was poured onto water and extracted with
      an ether/methylene chloride mixture. The extract was washed with water,
      with 1 N hydrochloric acid and again with water, dried over sodium sulfate
      and freed of the solvent by distillation. The residue crystallized upon
      triturating with methanol. The crystals were filtered off and dried,
      yielding
      1-methyl-2-[4-(4-methyl-allophanoyl)-benzyl]-1,2-dicarbobenzoxy-hydrazine
      melting at 141.degree.-142.degree.. 25 g. thereof were dissolved in 50 ml.
      of glacial acetic acid and to it were added 100 ml. of a 33% solution of
      hydrobromic acid in glacial acetic acid. After 4 hours standing, the
      crystals formed were filtered off, washed with glacial acetic acid and
      ether, and recrystallized from methanol, yielding
      1-methyl-2-[4-(4-methyl-allphanoyl)benzyl]-hydrazine hydrobromide of
      melting point 183.degree.-183.5.degree..
PAR  In an analogous manner, the following products were obtained:
PA1  1-methyl-2-(4-allophanoyl-benzyl)-hydrazine hydrobromide, melting point
      203.degree.-204.degree.,
PA1  1-methyl-2-[4-(4-ethyl-allophanoyl)-benzyl]-hydrazine hydrobromide, melting
      point 193.degree.-194.degree.,
PA1  1-methyl-2-[4-(4-butyl-allophanoyl)-benzyl]-hydrazine hydrobromide, melting
      point 171.degree.-172.degree..
PAC  EXAMPLE 18
PAR  A suspension of 21.5 g. of sodium hydride in 80 ml. of dimethylformamide
      was added slowly, while stirring to a solution of 281 g. of
      1-methyl-1,2-dicarbobenzoxy-hydrazine in 300 ml. of dimethylformamide.
      After the evolution of hydrogen had subsided, there was added to the
      reaction mixture a solution of 167 g. of 4-(bromomethyl)-benzonitrile in
      200 ml. of dimethylformamide and the mixture was then heated for 1 hour at
      80.degree.. The solvent was then almost completely distilled off in vacuo,
      the residue triturated with water and extracted with ether. The ether
      extract was washed with water, dried and concentrated. By
      recrystallization from dibutylether, there was obtained the
      4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)-methyl]-benzonitrile melting at
      68.degree..
PAR  43 g. of the above compound were mixed with 50 ml. of glacial acetic acid
      and 7.5 g. of tertiary butanol. Thereto were added dropwise, while
      stirring and cooling with ice to 0.degree.-5.degree. 5.6 ml. of
      concentrated sulfuric acid. The ice bath was then taken away and the
      mixture was stirred until homogeneous. It was then allowed to stand for 15
      hours at room temperature, poured onto ice, extracted with ether and the
      ether extract was washed until neutral with water and 5% sodium carbonate
      solution. After drying over sodium sulfate, the ether was distilled off.
      The residue, 4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)-methyl]-benzoic
      acid tert.-butylamide, was dissolved in 150 ml. of a 35% solution of
      hydrogen bromide in glacial acetic acid and allowed to stand for 2 hours
      at room temperature. The crystallized salt that separated was filtered off
      and washed with glacial acetic acid/ether (4:1) and with ether. By
      recrystallization from methanol/acetonitrile/ether, there was obtained the
      4-[(2-methyl-hydrazino)-methyl]benzoic acid tert.-butylamide hydrobromide
      melting at 200.degree.-201.degree..
PAC  EXAMPLE 19
PAR  21.5 g. of 4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)methyl]-benzonitrile
      were dissolved in 70 ml. of a 33% solution of hydrogen bromide in glacial
      acetic acid, and allowed to stand for 20 hours at room temperature. The
      crystallized product was filtered off, washed with ether and
      recrystallized from alcohol, yielding
      4-[(2-methyl-hydrazino)-methyl]-benzamide hydrochloride melting at
      173.degree.-175.degree..
PAC  EXAMPLE 20
PAR  15.8 g. of 4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)methyl]-benzoyl
      chloride were dissolved in 50 ml. of methylene chloride and, while
      stirring, added dropwise to a solution of 6.2 g. of 2-amino-1-butanol in
      50 ml. of methylene chloride. Stirring was continued for 2 more hours at
      room temperature and 30 minutes at 40.degree., whereupon 50 ml. of water
      were added to the solution, which was then worked up according to Example
      3. The yellowish glassy material obtained was dissolved in 200 ml. of
      methanol, shaken with 2 g. of 5% palladium-carbon in a hydrogen
      atmosphere, whereby 2/3 of the calculated amount of hydrogen had been
      absorbed after about 6 hours. The solution was then filtered and the
      filtrate concentrated in vacuo. The colorless residue was dissolved in 50
      ml. of methanol and to it was added a solution of 3.2 g. of anhydrous
      oxalic acid in 25 ml. of methanol. Upon addition of some ether, a salt
      precipitated, which was recrystallized from ethanol/acetonitrile, yielding
      4-[(2-methylhydrazino)-methyl]-benzoic acid (1-hydroxymethylpropyl)-amide
      oxalate melting at 141.degree.-143.degree. (dec.).
PAC  EXAMPLE 21
PAR  15.8 g. of 4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)methyl]-benzoyl
      chloride were dissolved in 50 ml. of dry ether and, wherein 30 minutes
      within stirring, added dropwise to a solution of 3.3 g. of
      2-amino-2-methyl-1-propanol and 3.6 g. of anhydrous sodium carbonate in 50
      ml. of water. The solution was stirred overnight at 0.degree., the mixture
      diluted with 100 ml. of water and extracted 3 times with 100 ml. of
      methylene chloride each time. The united methylene chloride extracts were
      freed off the solvent in vacuo and the residue dissolved in 200 ml. of
      methanol, whereupon it was hydrogenated in the presence of 2 g. of 5%
      palladium-carbon. The colorless glacial material was transformed according
      to Example 20 into its oxalic acid salt. The crystalline crude material
      was recrystallized from methanol/acetonitrile, yielding
      4-[(2-methyl-hydrazino)-methyl]-benzoic acid
      (1,1-dimethyl-2-hydroxy-ethyl)-amide oxalate as colorless platelets
      melting at 160.degree.-162.degree. (dec.).
PAC  EXAMPLE 22
PAR  The condensation product obtained in Example 21 from
      4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)-methyl]-benzoyl chloride and
      2-amino-2-methyl-1-propanol gave, upon treatment with hydrogen bromide in
      glacial acetic acid and subsequent precipitation with ether, an amorphous
      material that was dissolved in 50 ml. of water. To this solution were
      added 300 ml. of methylene chloride and, while cooling with ice under
      nitrogen, 150 g. of anhydrous potassium carbonate. The solution was well
      stirred, the organic phase decanted and the aqueous phase extracted three
      times with 300 ml. of methylene chloride each time. The united methylene
      chloride extracts were dried over potassium carbonate and the solvent was
      evaporated off. The residue was dissolved in 20 ml. of ethanol and to the
      mixture was immediately added a solution of 5 g. of anhydrous oxalic acid
      in 20 ml. of ethanol. Upon addition of a slight amount of ether the
      4-[(2-methyl-hydrazino)methyl]-benzoic acid
      (1,1-dimethyl-2-acetoxy-ethyl)-amide oxalate formed colorless crystals
      melting at 116.degree.-126.degree. (dec.) after 2 recrystallizations from
      ethanol.
PAC  EXAMPLE 23
PAR  15.8 g. of 4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)methyl]-benzoyl
      chloride were dissolved in 50 ml. of methylene chloride. This solution was
      added, while stirring, dropwise to a suspension of 12.6 g. of
      2-hydroxy-3,3,3-trichloro-propylamine in 150 ml. of methylene chloride.
      Stirring was continued for 2 hours at room temperature and 30 minutes at
      40.degree., whereupon 50 ml. of water were added thereto. The product was
      worked up according to Example 3 and treated with hydrogen bromide in
      glacial acetic acid. The crystalline crude material was recrystallized
      from ethanol/acetonitrile/ether, yielding
      4-[(2-methylhydrazino)-methyl]-benzoic acid
      [2-hydroxy-3,3,3-trichloropropyl]amide hydrobromide melting at
      187.degree.-189.degree. (dec.).
PAC  EXAMPLE 24
PAR  6.4 g. of phosphorous pentachloride were suspended in 100 ml. of dry
      benzene. To this suspension was added, while stirring, a solution of
      4-[(2-methyl-1,2-dicarbobenzoxy-hydrazino)-methyl]benzoic acid
      isopropylamide in 50 ml. of dry benzene. After 30 minutes, the solution
      became yellow and was concentrated in vacuo at 60.degree.. The residue was
      treated with 1.8 g. of isopropylamine in 50 ml. of dry benzene and the
      mixture was heated to 60.degree. for 2 hours. After evaporating off the
      solvent, there was obtained a yellow glacial material that was taken up in
      80 ml. of a 33% solution of hydrogen bromide in glacial acetic acid. The
      product went into solution after short stirring, and after about 30
      minutes crystallization began. After 1 hour standing at room temperature,
      the solid material was filtered off and recrystallized from glacial acetic
      acid yielding 1-methyl-2-[4-(N,N'-diisopropyl-amidino)-benzyl]-hydrazine
      dihydrobromide as slightly hydroscopic colorless prisms of melting point
      128.degree.-133.degree. (dec.).
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from the group consisting of compounds of the
      formula
      ##SPC5##
PAL  and pharmaceutically acceptable acid addition salts thereof; wherein
      R.sub.4 is hydrogen and R.sub.5 is selected from the group consisting of
      hydroxy-lower alkyl, (2-methylhydrazinomethyl)phenyl, hydrogen, lower
      alkoxy-lower alkyl, cyclo-lower alkyl, and cyano-lower alkyl.
NUM  2.
PAR  2. A compound as in claim 1 which is
      4-[(2-methylhydrazino)methyl]-benzamide.
NUM  3.
PAR  3. A compound as in claim 1 which is 4-[(2-methylhydrazino)methyl]-benzoic
      acid (3-methoxypropyl)-amide.
NUM  4.
PAR  4. A compound as in claim 1 which is 4-[(2-methylhydrazino)methyl]-benzoic
      acid (2-cyanoethyl)-amide.
NUM  5.
PAR  5. A compound as in claim 1 which is 4-[(2-methylhydrazino)methyl]-benzoic
      acid cyclopropylamide.
NUM  6.
PAR  6. A compound as in claim 1 which is
      4,4'-bis-[(2-methylhydrazino)-methyl]-benzanilide.
NUM  7.
PAR  7. A compound as in claim 1 of the formula
      ##SPC6##
NUM  8.
PAR  8. A compound as in claim 7 which is 4-[(2-methylhydrazino)methyl]-benzoic
      acid (2-hydroxyethyl)-amide.
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ABST
PAL  Novel naphthylalkanoic acids and their derivatives are described.
      Therapeutic compositions and method of treatment of inflammation is also
      disclosed.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 422,479, filed Dec. 6, 1973, now
      U.S. Pat. No. 3,892,803.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention describes novel hydroxy, halo and thionaphthylalkanoic acids
      and their derivatives and their use in therapeutic compositions. In
      addition, this invention describes the preparation of these hydroxy, halo
      and thionaphthylalkanoic acids and their derivatives. When the compounds
      of this invention are administered to mammals, they afford significant
      treatment for the relief of inflammation and associated pain and fever.
PAR  They further provide analgesic and antipyretic methods for the relief and
      treatment of pain and fever.
PAC  BACKGROUND OF THE INVENTION
PAR  Continued studies have been carried out in research to develop drugs which
      would significantly inhibit the development of inflammmation and relieve
      the pain and fever associated with it. Much of this effort has been
      carried out in the steroid field; however, there have been compounds
      developed which are non-steroidal and have included such as the alkanoic
      acids derived from the biphenyl ring system.
PAR  We have unexpectedly found that when a hydroxy, halo, or thio group or
      derivative thereof is present in the .alpha.-position of the side chain of
      a 6-methoxy-2-naphthylacetic acid molecule, pharmacological properties
      exist in the molecule which are useful for the relief and inhibition of
      inflammation conditions.
PAR  We have also found that the compounds of this invention are effective in
      the treatment of inflammation and the control of arthritic conditions
      associated with inflammation.
PAR  We have further found that .alpha.-hydroxy, halo and thio-2-naphthylacetic
      acids and their derivatives are novel.
PAR  We have also found that the compounds of this invention possess useful
      analgesic and antipyretic properties and are useful in the treatment of
      pain and fever.
PAR  We have still further found an entirely new class of antiinflammatory,
      analgesic and antipyretic pharmaceutical compositions which contain an
      .alpha.-hydroxy, halo or thio-2-naphthylacetic acid or derivative thereof
      as active ingredient.
PAR  We have also found a convenient method for synthesizing, these compounds.
PAC  DESCRIPTION AND PREFERRED EMBODIMENTS
PAR  This invention comprises a class of novel chemical compounds which are
      6-methoxy-2-naphthylacetic acids or derivatives to which is attached a
      hydroxy, hydroxy derivative, halo, mercapto, or thio derivative at the
      .alpha.-position of the acetic acid side chain. Also the naphthyl ring may
      further be substituted.
PAR  This invention also describes a new method for treating inflammation as
      well as pain and fever and also novel therapeutic compositions.
PAR  The compounds of this invention can be represented by the generic structure
      which is described by general formula I
      ##SPC1##
PAL  where X is:
PA1  Halo,
PA1  Hydroxy,
PA1  Loweralkoxy,
PA1  Loweracyloxy,
PA1  Aroyloxy,
PA1  Carbloweralkoxy,
PA1  Carbamyloxy,
PA1  Loweralkylcarbamyloxy,
PA1  Diloweralkylcarbamyloxy,
PA1  Loweralkanesulfonyloxy,
PA1  Benzenesulfonyloxy,
PA1  Toluenesulfonyloxy,
PA1  Carboxyacyloxy,
PA1  Carboxyaroyloxy,
PA1  Mercapto,
PA1  Loweralkylthio,
PA1  Acylthio,
PA1  Aroylthio,
PA1  Sulfo,
PA1  Sulfino,
PA1  Loweralkylsulfinyl,
PA1  Loweralkylsulfonyl,
PA1  thioacylthio,
PA1  thiosulfo,
PA1  thiocyanato,
PA1  amidinothio,
PA1  carbamylthio,
PA1  loweralkylcarbamylthio,
PA1  diloweralkylcarbamylthio,
PA1  loweralkoxythiocarbonylthio,
PA1  loweralkoxycarbonylthio,
PA1  diloweralkylthiocarbonylthio,
PA1  arloweralkoxycarbonylthio,
PA1  carboxyaroylthio or
PA1  carboxyacylthio;
PA1  Z is hydrogen,
PA1  --OH,
PA1  loweralkoxy,
PA1  arloweralkoxy,
PA1  --NH.sub.2,
PA1  loweralkylamino,
PA1  diloweralkylamino,
PA1  cycloloweralkylamino,
PA1  --NA (where A is loweralkylidenyl or heteroloweralkylidenyl),
PA1  --NHOH,
PA1  --nhnh.sub.2 or
PA1  --OM (where M is an alkali, alkaline earth or aluminum metal or an ammonium
      salt).
PAR  The preferred compounds of this invention are described by formula I where
      Z is --OH, amino, diloweralkylamino and --OM.
PAR  The more preferred compounds are described where X is halo, hydroxy,
      loweracyloxy, loweralkanesulfonyloxy, benzenesulfonyloxy,
      toluenesulfonyloxy, mercapto or acylthio.
PAR  The most preferred compounds are described where X is chloro or hydroxy.
PAR  The compounds of this invention contain an asymmetric carbon atom in the
      acid side chain. As a result, the above compounds of formula I may be
      obtained as racemic mixtures of their dextro (+) and levorotatory (-)
      isomers. It is to be understood that said d and l isomers as well as the
      dl mixtures thereof are embraced within the scope of this invention.
PAR  The compounds of this invention may be prepared from known starting
      materials. References to specific starting materials are given where
      applicable or the following methods of synthesis may be used where
      appropriate.
PAR  Condensation of 2-methoxynaphthalene with a loweralkyl (preferably t-butyl)
      or aralkyl oxalyl chloride in the presence of anhydrous aluminum chloride
      results in 6-methoxy-2-naphthylglyoxylate. This may then be reduced to the
      glycolate by catalytic hydrogenation with platinum oxide or under sodium
      borohydride conditions.
      ##SPC2##
PAR  Reaction of 6-methoxy-2-naphthylglycolate ester with a nitrogen base such
      as ammonia, loweralkylamine, diloweralkylamine, cycloloweralkylamine, a
      nitrogen containing hetero compound such as piperidine, morpholine,
      piperazine, hydroxylamine and hydrazine gives the corresponding amide,
      hydroxamic acid, or hydrazide.
PAR  The naphthyl glycolate esters may be hydrolyzed to the corresponding
      glycolic acids. Reaction of the glycolate ester or glycolic acid with an
      acyl chloride X'Cl or acyl anhydride X'OX' in the presence of a tertiary
      amine such as pyridine, picoline, or quinoline results in the formation of
      an acyloxy compound. Examples of X'Cl and X'OX' include acetyl chloride,
      acetic anhydride, propionyl chloride, butyryl chloride, succinic
      anhydride, maleic anhydride, phthalic anhydride, benzoyl chloride, benzoic
      anhydride, benzyl chlorocarbonate, ethyl chlorocarbonate, dimethylcarbamyl
      chloride, dibutylcarbamyl chloride, benzenesulfonyl chloride,
      methanesulfonyl chloride.
      ##SPC3##
PAR  When 6-methoxy-2-naphthyl glycolate is reacted with a phosphorus trihalide,
      phosphorus pentahalide, phosphorus oxyhalide, sulfurylhalide, thionyl
      halide, or sulfur halide, the corresponding
      6-methoxy-2-naphthyl-.alpha.-halo acetate is prepared.
      ##SPC4##
PAL  where
PA1  R" is lower alkyl; and
PA1  Hal is chloro, bromo or iodo.
PAR  Reaction of a naphthyl-.alpha.-sulfonate compound with a metal halide
      (preferably an alkali halide) also results in the corresponding
      .alpha.-halo compound.
      ##SPC5##
PAR  The 6-methoxy-2-naphthyl-.alpha.-haloacetic acid may be prepared by heating
      the ester with acetic acid containing the corresponding hydrogen halide.
      ##SPC6##
PAL  where R" is lower alkyl.
PAR  The substituted naphthyl-.alpha.-fluoro compounds may also be obtained from
      the corresponding .alpha.-iodo, .alpha.-bromo or .alpha.-chloro compounds
      by reaction with potassium fluoride at about 130.degree.-200.degree.C.
      ##SPC7##
PAR  The acid addition salts may be formed by the action of one equivalent of a
      suitable base with the substituted naphthyl .alpha.-haloacetic acid.
      Suitable bases thus include for example for example the alkali metal
      alkoxides such as sodium methoxide, etc., and the alkali metal and
      alkaline earth metal hydroxides, carbonates, bicarbonates, etc. (such as
      sodium hydroxide, potassium hydroxide, calcium hydroxide, potassium
      carbonate, sodium bicarbonate, magnesium bicarbonate, etc.). Also, the
      aluminum salts of the instant products may be obtained by treating the
      corresponding sodium salt with an appropriate aluminum complex such as
      aluminum hydroxy chloride hexahydrate, etc. The ammonium salts may be made
      by reaction with the corresponding amine such as methylamine,
      diethylamine, .beta.-hydroxyethylamine, piperazine, piperidine,
      .alpha.-methylbenzylamine, cyclohexylamine, triethylamine, phenethylamine,
      etc.
      ##SPC8##
PAR  Reaction of a substituted naphthyl .alpha.-halo acetate with a nitrogen
      base such as ammonia, loweralkylamine, diloweralkylamine,
      cycloloweralkylamine, a nitrogen containing hetero compound such as
      piperidine, morpholine, piperazine results in the corresponding amide. The
      acetate with hydroxylamine gives the corresponding hydroxamic acid, and
      with hydrazine gives the corresponding hydrazide.
      ##SPC9##
PAL  where Z is:
PA1  --NH.sub.2,
PA1  loweralkylamine,
PA1  diloweralkylamino,
PA1  cycloloweralkylamino,
PA1  --NB (where B is loweralkylidenyl or heteroloweralkylidenyl),
PA1  --NHOH or
PA1  --NHNH.sub.2.
PAR  The naphthyl .alpha.-halo acetamides, acethydroxamic acids, and
      acethydrazides, can be prepared from the corresponding glycolamides with
      thionyl halides according to the method of I. A. Smith, Chem. Berichte
      71B:634 (1938).
PAR  The substituted naphthyl .alpha.-halo acetic acids and acid derivatives
      such as their salts, amides or esters may be reacted with various
      nucleophilic reagents which will replace the .alpha.-halogen group. Thus,
      for example, an alkali hydrosulfide or an alkali thioalkanoate may be
      reacted to obtain an .alpha.-mercapto or .alpha.-acylthio compound. Other
      groups which may also react in this manner include such as an alkali
      thiobenzoate, alkali loweralkylxanthate, thiourea, alkali thiocyanate,
      alkali thiosulfate, alkali loweralkylmercaptide, alkali sulfite or an
      alkali sulfinate. This may also be carried out on the .alpha.-sulfonate
      compounds to obtain the same product.
PAR  The naphthyl .alpha.-mercapto acetic acids may then be reacted with a
      loweralkyl chlorocarbonate, an alkali isocyanate in the presence of
      hydrogen chloride, a loweralkylcarbamyl chloride, a diloweralkylcarbamyl
      chloride or converted to the metal salt which will react with a carbamyl
      chloride to form the corresponding .alpha.-mercaptoacetic acid
      derivatives. The .alpha.-mercapto acetic acid may also be reacted with
      succinic anhydride, maleic anhydride or phthalic anhydride to form the
      corresponding derivative.
PAR  The naphthyl .alpha.-loweralkylmercapto acetic acid may further be oxidized
      to the loweralkylsulfinyl and loweralkylsulfonyl groups.
PAR  In an analogous manner the various .alpha.-mercaptoacetates,
      .alpha.-mercaptoacetamides and .alpha.-mercaptoacetic acid salts may be
      prepared from the corresponding .alpha.-haloacetates,
      .alpha.-haloacetamides and .alpha.-haloacetic acid salts.
PAR  Of course it will be understood by one skilled in the art that variations
      in the above procedures can be employed which will provide that sequence
      of reactions which will result in the desired product.
PAR  The products of this invention are obtained as racemic mixtures of their
      dextro and levorotatory isomers since the .alpha.-carbon of the side chain
      is asymmetric. These may be resolved into the dextro and levorotatory
      optical isomers by conventional methods.
PAR  One method of resolution that may be employed is combining the racemic
      compound with an optically active compound by salt formation, ester
      formation, or amide formation to form two diastereomeric products. If the
      instant acids are added to an optically active base, then two
      diastereomeric salts are produced which possess different properties and
      different solubilities and can be separated by fractional crystallization.
      When the salts have been completely separated by repeated crystallization,
      the base is split off by acid hydrolysis and the pure d or l acids are
      obtained. Preferably, the acetic acid is reacted in alcoholic or acetone
      solution with an equivalent amount of the optically active primary,
      secondary, or tertiary amine such as cinchonidine, cinchonine, quinine,
      ephedrine, .alpha.-methylbenzylamine, sec-butylamine, sec-amylamine, etc.
      The diastereomeric amine salts produced thereby, are separated by
      fractional crystallization and each optically active salt is hydrolyzed
      with dilute mineral acid to produce the dextro or levo form of that acetic
      acid. Each optical isomer may be reacted then with X'Cl ir XOX' to produce
      the corresponding optically active alcoholic derivative. Alternatively, an
      alkanoate ester may be reacted with an optically active primary or
      secondary amine such as ephedrine, .alpha.-methylbenzylamine,
      sec-butylamine, etc., to produce a mixture of diastereomeric acetates
      which may be separated by fraction crystallization. Each optically active
      amide may be hydrolyzed with mineral acid to its respective optically
      active acid.
PAR  Alternatively, an acetate may be reacted with an optically active alcohol
      such as l-menthol or d-borneol, or 1-.alpha.-methylbenzylalcohol, to
      produce a mixture of diastereomeric acetate esters which may be separated
      by fractional crystallization. Each optically active ester may be
      hydrolyzed with mineral acid or alkali to its respective optically active
      acid. The optically active acids can also be recovered from the
      .alpha.-methylbenzyl esters by hydrogenolysis in the presence of
      palladium. In this manner the .alpha.-oxy, halo or thio isomers may be
      prepared.
PAR  We have found that the compounds of this invention exercise a useful degree
      of anti-inflammatory activity in mammals and are effective in the
      treatment of associated pain and fever and in like conditions which are
      responsive to treatment with anti-inflammatory agents. In general, the
      compounds of this invention are indicated for a wide variety of mammalian
      conditions where the symptoms of inflammation and associated fever and
      pain are manifested. Exemplary of such conditions are: rheumatic diseases
      such as rheumatoid arthritis, osteoarthritis and other degenerative joint
      diseases; soft-tissue rheumatism such as tendinitis; muscular rheumatism
      such as sciatica; pain and inflammation associated with dental surgery and
      similar human and veterinary disease conditions exhibiting the foregoing
      symptoms requiring the use of an anti-inflammatory, analgesic and/or an
      antipyretic agent.
PAR  For these purposes, the compounds of this invention are normally
      administered orally, topically, parenterally or rectally. Orally, these
      may be administered in tablets, capsules, suspensions or syrups; the
      optimum dosage, of course, depending on the particular compound being used
      and the type and severity of condition being treated. In any specific case
      the appropriate dosage selected will further depend on factors of the
      patient which may influence response to the drug; for example, general
      health, age, weight, etc. Although the optimum quantities of the compounds
      of this invention to be used in such manner will depend on the compound
      employed and the particular type of disease condition treated, oral dose
      levels of preferred compounds when administered to a mammal in dosages of
      0.5 to 100 milligrams per kilogram of body weight per day are particularly
      useful. The preferred range is 0.5 to 15 mg/kg. Comparative dosages may be
      used in topical, parenteral or rectal administration.
PAR  Dosage forms may be prepared according to any method known to the art for
      the manufacture of pharmaceutical compositions and such compositions may
      contain one or more agents; for example, sweetening agents, flavoring
      agents, coloring agents, preserving agents, etc. Further, the active
      compounds or their derivatives may be administered alone or in admixture
      with antacids such as sodium bicarbonate, magnesium carbonate, magnesium
      hydroxide, aluminum hydroxide, magnesium silicate, etc., and non-toxic
      pharmaceutically acceptable excipients. Such excipients may be, for
      example, inert diluents such as calcium carbonate, lactose, etc.,
      granulating and disintegrating agents; for example, magnesium stearate,
      talc, etc., binding agents; for example, starch gelatin, etc., suspending
      agents; for example, methylcellulose, vegetable oil, etc., dispersing
      agents; for example, lecithin, etc., thickening agents; for example,
      beeswax, hard paraffin, etc., emulsifying agents; for example, naturally
      occurring gums, etc., and non-irritating excipients; for example, cocoa
      butter and polyethylene glycols.
PAR  Various tests in animals can be carried out to show the ability of the
      6-methoxy-2-naphthylacetic acids and derivatives of this invention to
      exhibit reactions that can be correlated with anti-inflammatory activity
      in humans. One such test is the Carrageenan Paw Edema test, which shows
      the ability of the instant compounds to inhibit edema induced by injection
      of an inflammatory agent such as carrageenan into the tissues of the paw
      of a rat against non-inflammed controls. This carrageenan testing method
      is known to correlate well with anti-inflammatory activity in humans and
      is a standard test used to determine anti-inflammatory activity. This
      correlation can be shown by the activities of compounds known to be
      clinically active including such as aspirin, phenylbutazone, cortisone,
      hydrocortisone and prednisolone. In view of the results of this test, the
      6-methoxy-2-naphthylacetic acids and derivatives can be considered to be
      active anti-inflammatory agents.
PAR  One method for measuring the pain threshold of the compounds of this
      invention is the Randall-Selitto test. Analgesic activity is shown by
      antinociceptive testing of the inflammed foot of rats and a measurement of
      their pain response.
PAR  Antipyretic assay is carried out by yeast-induced fever tests of
      subcutaneously injected rats. The measurement of rectal temperature is
      carried out to determine the response by the test compounds.
PAR  In view of the results of the above tests, the 6-methoxy-2-naphthylacetic
      acids and derivatives of this invention are considered to have valuable
      analgesic and antipyretic properties.
PAR  Other tests which can be correlated to show significant activities are the
      "phenylquinone writhing" test for analgesia, "polyarthritis in rats" and
      "ultra-violet erythema in guinea pigs."
PAR  The following are detailed examples which show the preparation of the
      compounds of this invention. They are to be construed as illustrations of
      said compounds and are not intended to be limitations thereof.
DETD
PAC  EXAMPLE 1
PAC  Ethyl 6-methoxy-2-naphthylglyoxylate
PAR  Aluminum chloride 52 g. (0.39 mole) is dissolved in dry nitrobenzene (300
      ml). 2-Methoxynaphthalene (0.33 mole) is added to the ice-cold solution
      with mechanical stirring, followed by ethyl oxalyl chloride (0.37) over a
      25 minute period. The reaction mixture is kept in an ice-bath for 3 hours
      and at room temperature for 48 hours. The reaction mixture is poured onto
      crushed ice (400 g.), is mixed with concentrated hydrochloric acid (150
      cc), and water (150 cc) with good stirring. The organic layer is washed
      twice with water by decantation. Nitrobenzene is removed by steam
      distillation, the residue collected, dried, and distilled to give ethyl
      6-methoxy-2-naphthylglyoxylate.
PAC  EXAMPLE 2
PAC  Ethyl 6-methoxy-2-naphthylglycolate
PAR  Into a Paar hydrogenation bottle is added 0.144 mole of ethyl
      6-methoxy-2-naphthylglyoxylate, 2 ml. of 0.1 M - ferrous sulfate solution;
      220 ml. of isopropanol, and 1.0 g. of 84.1% platinum oxide. The mixture is
      shaken for 2 hours at room temperature with hydrogen gas until 0.144 mole
      of hydrogen is absorbed. The catalyst is then filtered off and the
      solution is evaporated in vacuo and the residue fractionally distilled to
      obtain ethyl 6-methoxy-2-naphthylglycolate.
PAC  EXAMPLE 3
PAC  6-Methoxy-2-naphthylglycolic acid
PAR  To a solution of 0.144 moies of ethyl 6-methoxy-2-naphthylglycolate
      dissolved in 220 ml. of isopropanol is added 38 g. (0.7 mole) of potassium
      hydroxide. This mixture is then heated at reflux temperature in a nitrogen
      atmosphere. The solution is concentrated in vacuo to a viscous oil, which
      is then dissolved in 500 ml. of water and filtered. The filtrate is
      acidified with 10% HCl and the precipitate is taken up in ether. The ether
      layer is dried, filtered and the filtrate concentrated to dryness.
      Recrystallization of residue from benzenecyclohexane 1:1 gives
      6-methoxy-2-naphthylglycolic acid.
PAC  EXAMPLE 4
PAC  1 6-Methoxy-2-naphthylglycolic acid
PAR  To a boiling solution of 29.4 g. (0.10 mole) of cinchonidine in 1 liter of
      absolute ethanol is added a boiling solution of 0.10 mole of dl
      6-methoxy-2-naphthylglycolic acid in 500 ml. of absolute ethanol. The
      solution is stirred briefly then allowed to cool to room temperature
      overnight. The precipitate is collected and washed with 2 .times. 25 ml.
      of ethanol and air dried. Recrystallization from isopropanol gives white
      needle crystals. This material is hydrolyzed with 200 ml. of 1.2 N-HCl.
      The white solid is collected, washed with 3 .times. 50 ml. water and dried
      at 55.degree.C overnight. Recrystallization from benzenecyclohexane 3:2
      gives 1 6-methoxy-2-naphthylglycolic acid.
PAC  EXAMPLE 5
PAC  d 6-Methoxy-2-naphthylglycolic acid
PAR  The combined ethanol and isopropanol filtrates from Example 4 are
      evaporated to dryness. This material is triturated with 1 liter of boiling
      acetone. The material which does not go into solution is filtered off. The
      filtrate is evaporated to dryness and hydrolyzed with 100 ml. of 1.2
      N-HCl. The precipitate is collected, washed with 3 .times. 25 ml. of
      water, and dried at 55.degree.C. Recrystallization from benzenecyclohexane
      3:2 gives d 6-methoxy-2-naphthylglycolic acid.
PAC  EXAMPLE 6
PAC  6-Methoxy-2-naphthylglycolic acid, sodium salt
PAR  A solution of 12.4 g. of sodium bicarbonate in 135 ml. of water is added
      dropwise to a stirred solution of 0.164 moles of
      6-methoxy-2-naphthylglycolic acid in 150 ml. of methanol. The solvent is
      removed in vacuo and the residue is dried by repeated distillations with
      anhydrous ethanol. The crystalline residue is triturated with ether (100
      ml.), collected and washed with ether. The residue is dried in a vacuum
      desiccator to obtain 6-methoxy-2-naphthylglycolic acid, sodium salt.
PAR  When an equimolar amount of sodium bicarbonate in the above reaction is
      replaced by the compounds of Table I below, then the corresponding salt is
      prepared.
PAC  Table I
PA1  sodium hydroxide
PA1  potassium hydroxide
PA1  clacium hydroxide
PA1  potassium carbonate
PA1  magnesium bicarbonate
PAC  EXAMPLE 7
PAC  6-Methoxy-2-naphthylglycolic acid, diethylammonium salt
PAR  Anhydrous diethylamine (0.11 moles) is added dropwise to a stirred solution
      of 6-methoxy-2-naphthylglycolic acid (0.10 moles) in 100 ml. of n-hexane
      at 0.degree.C. The precipitated diethylammonium salt is collected on a
      filter washed with n-hexane and dried in a vacuum desiccator to obtain
      6-methoxy-2-naphthylglycolic acid, diethylammonium salt.
PAR  When diethylamine in the above reaction is replaced by an equimolar amount
      of the compounds of Table I, below, then the corresponding product is
      prepared.
TBL                Table I                                                     

     ______________________________________                                    

     dimethylamine     .alpha.-methylbenzylamine                               

     .beta.-hydroxyethylamine                                                  

                       cyclohexylamine                                         

     piperazine        triethylamine                                           

     piperidine        phenethylamine                                          

     ______________________________________                                    

PAC  EXAMPLE 8
PAC  N-isopropyl-6-methoxy-2-naphthylglycolamide
PAR  Ethyl 6-methoxy-2-naphthylglycolate (0.1 mole) is stirred with 20 ml. of
      isopropylamine at about 35.degree.C with stirring overnight and the
      temperature is then raised to reflux for 28 hours. The reaction mixture is
      evaporated in vacuo and the residue distilled to obtain
      N-isopropyl-6-methoxy-2-naphthylglycolamide.
PAR  When isopropylamine in the above reaction is replaced by an equimolar
      amount of the compound of the Table I, below, then the corresponding
      product is prepared.
TBL                Table I                                                     

     ______________________________________                                    

     diethylamine      isothiazolidine                                         

     ethylmethylamine  piperidine                                              

     t-butylamine      morpholine                                              

     cyclopropylamine  N-methylpiperazine                                      

     N-methylhomopiperazine                                                    

     ______________________________________                                    

PAR  When isopropylamine in the above reaction is replaced by ammonia,
      methylamine or dimethylamine and the reaction carried out in a bomb at
      150.degree.C, then the product prepared is
      6-methoxy-2-naphthylglycolamide, N-methyl-6-methoxy-2-naphthylglycolamide
      or N,N-dimethyl-6-methoxy-2-naphthylglycolamide.
PAC  EXAMPLE 9
PAC  Ethyl .alpha.-chloro-6-methoxy-2-naphthylacetate
PAR  A mixture of 0.747 mole of ethyl
      .alpha.-chloro-6-methoxy-2-naphthylglycolate is stirred with 106.67 g.
      (0.895 mole) of thionyl chloride at room temperature for 24 hours and then
      heated to reflux for 6 hours. The cold reaction mixture is poured into
      1125 ml. of ice-cold water with stirring. The mixture is extracted with
      800 ml. of ether. The ethereal solution is washed with 450 ml. of cold
      saturated sodium hydrocarbonate solution followed by washing twice, each
      time with 250 ml. of cold water. The ethereal solution is dried over
      anhydrous sodium sulfate and filtered. The solvent is removed in vacuo to
      obtain ethyl .alpha.-chloro-6-methoxy-2-naphthylacetate.
PAC  EXAMPLE 10
PAR  When the procedure of Example 9 is followed but ethyl
      6-methoxy-2-naphthylglycolate is replaced by the dl, d and l glycolates of
      this invention, then the corresponding dl, d and l .alpha.-chloroacetate
      products are prepared.
PAC  EXAMPLE 11
PAR  When the procedure of Example 9 is followed but ethyl
      6-methoxy-2-naphthylglycolate is replaced by the amides of Example 8, then
      the corresponding product is obtained.
PAC  EXAMPLE 12
PAC  .alpha.-Chloro-6-methoxy-2-naphthylacetic acid
PAR  A mixture of 0.167 moles of the ethyl
      .alpha.-chloro-6-methoxy-2-naphthylacetate and 160 ml. of glacial acetic
      acid containing 40 ml. of 37% hydrochloric acid is refluxed for 20 hours.
      The mixture is concentrated under reduced pressure to give a gummy
      residue. The latter material is dissolved in 300 ml. of n-hexane, washed
      with ice-cold water (100 ml. total), dried over sodium sulfate and
      filtered. The hexane is removed to give
      .alpha.-chloro-6-methoxy-2-naphthylacetic acid.
PAC  EXAMPLE 13
PAR  When the procedure of Example 12 is followed but ethyl
      .alpha.-chloro-6-methoxy-2-naphthylacetate is replaced by the dl, d and l
      .alpha.-chloro-acetates of this invention, then the corresponding dl, d
      and l .alpha.-chloroacetic acids are prepared.
PAC  EXAMPLE 14
PAC  .alpha.-Chloro-6-methoxy-2-naphthylacetic acid, sodium salt
PAR  A solution of 12.4 g. of sodium bicarbonate in 135 ml. water is added
      dropwise to a stirred solution of 0.164 moles of
      .alpha.-chloro-6-methoxy-2-naphthylacetic acid in 150 cc. of methanol. The
      solvent is removed in vacuo and the residue is dried by repeated
      distillations with anhydrous ethanol. The crystalline residue is
      triturated with ether (100 cc.), collected on a filter, and washed with
      ether. Drying in a vacuum desiccator affords
      .alpha.-chloro-6-methoxy-2-naphthylacetic acid, sodium salt.
PAR  When an equimolar amount of sodium bicarbonate in the above reaction is
      replaced by the compounds of Table I below, then the corresponding salt is
      prepared.
PAC  Table I
PA1  sodium hydroxide
PA1  potassium hydroxide
PA1  calcium hydroxide
PA1  potassium carbonate
PA1  magnesium bicarbonate
PAC  EXAMPLE 15
PAC  .alpha.-Chloro-6-methoxy-2-naphthylacetic acid, diethylammonium salt
PAR  Anhydrous diethylamine (0.11 moles) is added dropwise to a stirred solution
      of .alpha.-chloro-6-methoxy-2-naphthylacetic acid (0.10 moles) in 100 ml.
      of n-hexane at 0.degree.C. The precipitate is collected on a filter,
      washed with n-hexane, and dried in a vacuum desiccator to obtain
      .alpha.-chloro-6-methoxy-2-naphthylacetic acid, diethylammonium salt.
PAR  When diethylamine in the above reaction is replaced by an equimolar amount
      of the compounds of Table I, below, then the corresponding product is
      prepared.
PAC  EXAMPLE 16
PAC  N-isopropyl .alpha.-chloro-6-methoxy-2-naphthylacetamide
PAR  A mixture of 5 g. (0.016 moles) of ethyl
      .alpha.-chloro-6-methoxy-2-naphthylacetate and 5.5 ml. of anhydrous
      isopropylamine are stirred over Linde 4A molecular sieve for 16 hours at
      room temperature. The reaction mixture is filtered and excess
      isopropylamine is removed in vacuo. The residue is taken up in ether and
      washed three times with 15 ml. of 10% hydrochloric acid. The ether layer
      is dried over sodium sulfate, filtered, and the ether is removed. The
      residue is triturated with n-hexane and the precipitate is collected to
      obtain N-isopropyl .alpha.-chloro-6-methoxy-6-naphthylacetamide.
PAR  When isopropylamine in the above reaction is replaced by an equimolar
      amount of the compound of Table I, below, then the corresponding product
      is prepared.
TBL                Table I                                                     

     ______________________________________                                    

     diethylamine      isothiazolidine                                         

     ethylmethylamine  piperidine                                              

     t-butylamine      morpholine                                              

     cyclopropylamine  N-methylpiperazine                                      

     N-methylhomopiperazine                                                    

     ______________________________________                                    

PAR  When isopropylamine in the above reaction is replaced by ammonia,
      methylamine or dimethylamine and the reaction carried out in a bomb at
      150.degree.C, then the product is prepared is
      .alpha.-chloro-6-methoxy-2-naphthylacetamide,
      N-methyl-.alpha.-chloro-6-methoxy-2-naphthylacetamide or
      N,N-dimethyl-.alpha.-chloro-6-methoxy-2-naphthylacetamide.
PAR  When the dl, d or l .alpha.-chloroacetates of this invention are used in
      the above reaction, then the corresponding amide is prepared.
PAC  EXAMPLE 17
PAC  Ethyl .alpha.-bromo-6-methoxy-2-naphthylacetate
PAR  To 0.0476 moles of ethyl 6-methoxy- 2-naphthylglycolate there is added
      slowly with stirring at 40.degree.-50.degree.C 23 g. (0.053 moles) of
      phosphorus pentabromide. The mixture is stirred at room temperature for 16
      hours, then diluted with 70 ml. of petroleum ether, and poured into 125
      ml. of ice-cold water. The organic phase is separated, washed with
      saturated aqueous sodium hydrogen carbonate solution, dried over anhydrous
      sodium sulfate, filtered and the solvent removed in vacuo to obtain ethyl
      .alpha.-bromo-6-methoxy-2-naphthylacetate.
PAR  When ethyl 6-methoxy-2-naphthylglycolate in the above procedure is replaced
      by d ethyl 6-methoxy-2-naphthylglycolate, 1 ethyl
      6-methoxy-2-naphthylglycolate or N-isopropyl
      6-methoxy-2-naphthylglycolamide, then the products prepared are d ethyl
      .alpha.-bromo-6-methoxy-2-naphthylglycolate, l ethyl
      .alpha.-bromo-6-methoxy-2-naphthylglycolate or N-isopropyl
      .alpha.-bromo-6-methoxy-2-naphthylglycolamide.
PAR  When the above procedure is followed using the various glycolates and
      glycolamides of this invention, then the corresponding
      .alpha.-bromoacetates and .alpha.-bromoacetamides are prepared.
PAC  EXAMPLE 18
PAR  When the .alpha.-bromoacetates of Example 17 are hydrolyzed according to
      the procedures of Examples 13-13, then the corresponding dl, d and l
      .alpha.-bromo-6-methoxy-2-naphthylacetic acid compounds and the various
      .alpha.-bromoacetic acids are prepared.
PAC  EXAMPLE 19
PAR  When the .alpha.-bromoacetic acid compounds are reacted according to the
      procedures of Examples 14-15, then the corresponding .alpha.-bromoacetic
      acid salts are prepared.
PAC  EXAMPLE 20
PAC  Ethyl .alpha.-fluoro-6-methoxy-2-naphthylacetate
PAR  A mixture of 0.33 moles of ethyl .alpha.-bromo-6-methoxy-2-naphthylacetate
      is vigorously stirred at 130.degree.-140.degree.C with 29 g. (0.5 moles)
      of potassium fluoride in 100 ml. of ethylene glycol for 12 hours. The
      reaction mixture is cooled and 400 ml. of water is added and the crude
      product separates. The aqueous glycol mixture is extracted with ether, the
      ether is then dried, evaporated to dryness and upon distillation results
      in ethyl .alpha.-fluoro-6-methoxy-2-naphthylacetate.
PAR  When ethyl .alpha.-bromo-6-methoxy-2-naphthylacetate in the above procedure
      is replaced by d ethyl .alpha.-bromo-6-methoxy-2-naphthylacetate, l ethyl
      .alpha.-bromo-6-methoxy-2-naphthylacetate or N-isopropyl
      .alpha.-bromo-6-methoxy-2-naphthylacetamide, then the products prepared
      are d ethyl .alpha.-fluoro-6-methoxy-2-naphthylacetate, l ethyl
      .alpha.-fluoro-6-methoxy-2-naphthylacetate or N-isopropyl
      .alpha.-fluoro-6-methoxy-2-naphthylacetamide.
PAR  When the above procedure is followed using the various
      .alpha.-bromoacetates and .alpha.-bromoacetamides of this invention, then
      the corresponding .alpha.-fluoroacetates and .alpha.-fluoroacetamides are
      prepared.
PAC  EXAMPLE 21
PAR  When the .alpha.-fluoroacetates of Example 20 are hydrolyzed according to
      the procedures of Examples 12-13, then the corresponding
      .alpha.-fluoro-6-methoxy-2-naphthylacetic acid compound and the various
      .alpha.-fluoroacetic acids are prepared.
PAC  EXAMPLE 22
PAR  When the .alpha.-fluoroacetic acid compounds are reacted according to the
      procedures of Examples 14-15, then the corresponding .alpha.-fluoroacetic
      acid salts are prepared.
PAC  EXAMPLE 23
PAC  Ethyl .alpha.-iodo-6-methoxy-2-naphthylacetate
PAR  A mixture of 0.1 moles of ethyl .alpha.-bromo-6-methoxy-2-naphthylacetate
      and 150 g. of sodium iodide in 1 liter of anhydrous acetone is refluxed
      for 4 hours. The reaction mixture is then evaporated to dryness and
      extracted with ether. The ether is then washed with water, dried and
      evaporated to dryness to obtain ethyl
      .alpha.-iodo-6-methoxy-2-naphthylacetate.
PAR  When ethyl .alpha.-bromo-6-methoxy-2-naphthylacetate in the above procedure
      is replaced by d ethyl .alpha.-bromo-6-methoxy-2-naphthylacetate, l ethyl
      .alpha.-bromo-6-methoxy-2-naphthylacetate or N-isopropyl
      .alpha.-bromo-6-methoxy-2-naphthylacetamide, then the products prepared
      are d ethyl .alpha.-iodo-6-methoxy-2-naphthylacetate, l ethyl
      .alpha.-iodo-6-methoxy-2-naphthylacetate or N-isopropyl
      .alpha.-iodo-6-methoxy-2-naphthylacetamide.
PAR  When the above procedure is followed using the various
      .alpha.-bromoacetates and .alpha.-bromoacetamides of this invention then
      the corresponding .alpha.-iodoacetates and .alpha.-iodoacetamides are
      prepared.
PAC  EXAMPLE 24
PAR  When the .alpha.-iodoacetates of Example 23 are hydrolyzed according to the
      procedures of Examples 12-13, then the corresponding
      .alpha.-iodo-6-methoxy-2-naphthylacetic acid compound and the various
      .alpha.-iodoacetic acids are prepared.
PAC  EXAMPLE 25
PAR  When the .alpha.-iodoacetic acid compounds are reacted according to the
      procedures of Examples 14-15, then the corresponding .alpha.-iodoacetic
      acid salts are prepared.
PAC  EXAMPLE 26
PAC  .alpha.-Mercapto-6-mehoxy-2-naphthylacetic acid
PAR  A mixture of 0.05 moles of .alpha.-chloro-6-methoxy-2-naphthylacetic acid
      and 5 g. of sodium hydrosulfide in 100 ml. of absolute ehtanol and under a
      nitrogen atmosphere is stirred for 15 hours. The mixture is then acidified
      with 6 N hydrochloric acid. The solvent is removed in vacuo and the
      residue is extracted into ether, washed with water, saturated sodium
      chloride solution, dried and evaporated to dryness to obtain
      .alpha.-mercapto-6-methoxy-2-naphthylacetic acid.
PAR  When the .alpha.-chloroacetates and .alpha.-chloroacetamides of this
      invention are used in the above reaction, then the corresponding
      .alpha.-mercaptoacetates and .alpha.-mercaptoacetamides are prepared.
PAC  EXAMPLE 27
PAC  .alpha.-Methylthio-6-methoxy-2-naphthylacetic acid
PAR  Methyl mercaptan is bubbled into a solution of 18.4 g. of potassium
      t-butoxide in 100 ml. of t-butanol for 3/4 hours and under a nitrogen
      atmosphere. To this is added 0.041 moles of
      .alpha.-chloro-6-methoxy-2-naphthylacetic acid in 60 ml of dry
      tetrahydrofuran. The mixture is then refluxed for 3 hours and allowed to
      stir at room temperature for 15 hours, acidified with 30 ml. of 6 N
      hydrochloric acid. The solvent is removed in vacuo and the residue
      extracted into ether, washed with water, saturated sodium chloride
      solution, dried and evaporated to dryness to obtain
      .alpha.-methylthio-6-methoxy-2-naphthylacetic acid.
PAR  When the .alpha.-chloroacetates and .alpha.-chloroacetamides of this
      invention are used in the above reaction, then the corresponding
      .alpha.-methylthioacetates and .alpha.-methylthioacetamides are prepared.
PAC  EXAMPLE 28
PAC  .alpha.-Acetylthio-6-methoxy-2-naphthylacetic acid
PAR  To a solution of 600 ml. of anhydrous ethanol and 21 g. (0.317 moles) of
      potassium hydroxide is added 45 ml. of thioacetic acid dropwise. To this
      mixture is then added 0.244 moles of
      .alpha.-chloro-6-methoxy-2-naphthylacetic acid and stirring is continued
      for 15 hours. The solid which forms is filtered off and washed with
      ethanol. The filtrate is evaporated to dryness and the residue is
      dissolved in 500 ml. of ether and washed several times with water. Drying
      the ether and evaporation to dryness results in
      .alpha.-acetylthio-6-methoxy-2-naphthylacetic acid.
PAR  In a similar manner, the .alpha.-propionylthio-6-methoxy-2-naphthylacetic
      acid compounds are prepared.
PAR  When the .alpha.-chloroacetates and .alpha.-chloroacetamides of this
      invention are used in the above reaction, then the corresponding
      .alpha.-acetylthioacetates and .alpha.-acetylthioacetamides are prepared.
PAC  EXAMPLE 29
PAC  .alpha.-Benzoylthio-6-methoxy-2-naphthylacetic acid
PAR  To 17.5 ml. of 2N alcoholic potassium hydroxide solution (0.035 mole) is
      added 4.84 g. (0.035 mole) of thiobenzoic acid. The solution is cooled to
      room temperature and to this is added in small portions 0.035 mole of
      .alpha.-chloro-6-methoxy-2-naphthylacetic acid. The reaction mixture is
      stirred at room temperature for 25 hours, then the solvent is removed, the
      residue dissolved in ether, filtered and washed with cold water. The
      ethereal solution is then dried over magnesium sulfate and evaporated to
      dryness to obtain .alpha.-benzoylthio-6-methoxy-2-naphthylacetic acid.
PAR  When the .alpha.-chloroacetates and .alpha.-chloroacetamides of this
      invention are used in the above reaction, then the corresponding
      .alpha.-benzoylthioacetates and .alpha.-benzoylthioacetamides are
      prepared.
PAC  EXAMPLE 30
PAC  Ethyl .alpha.-thioacetylthio-6-methoxy-2-naphthylacetate
PAR  A mixture of 0.2 moles of sodium dithioacetate and 0.12 moles of ethyl
      .alpha.-chloro-6-methoxy-2-naphthylacetate in 300 ml. of absolute ethanol
      is stirred at room temperature for 15 hours. The reaction mixture is
      filtered, washed with absolute ethanol and evaporated to dryness in vacuo.
      The residue is treated with ether, filtered and evaporated to dryness to
      obtain ethyl .alpha.-thioacetylthio-6-methoxy-2-naphthylacetate.
PAR  When the .alpha.-chloroacetates and .alpha.-chloroacetamides of this
      invention are used in the above reaction, then the corresponding
      .alpha.-thioacetylthioacetates and .alpha.-thioacetylthioacetamides are
      prepared.
PAR  When sodium dithioformate is used in the above procedure in place of sodium
      dithioacetate then the product prepared is ethyl
      .alpha.-thioformylthio-6-methoxy-2-naphthylacetate.
PAC  EXAMPLE 31
PAC  .alpha.-Thiocyanato-6-methoxy-2-naphthylacetic acid
PAR  To a solution of 300 ml. of anhydrous ethanol and 0.15 moles of sodium
      thiocyanate is added 0.12 moles of
      .alpha.-chloro-6-methoxy-2-naphthylacetic acid and stirred for 15 hours.
      The reaction mixture is filtered and washed with absolute ethanol. The
      filtrate is evaporated to dryness, the residue is dissolved in 250 ml. of
      ether and washed several times with water. The ether is then dried and
      evaporated to dryness to obtain
      .alpha.-thiocyanato-6-methoxy-2-naphthylacetic acid.
PAR  When the .alpha.-chloroacetate and .alpha.-chloroacetamides of this
      invention are used in the above reaction, then the corresponding
      .alpha.-thiocyanatoacetates and .alpha.-thiocyanatoacetamides are prepared
PAC  EXAMPLE 32
PAC  .alpha.-Sulfo-6-methoxy-2-naphthylacetic acid, disodium salt
PAR  To a solution of 250 ml. of anhydrous ethanol and 0.12 moles of sodium
      sulfite is added 0.1 moles .alpha.-chloro-6-methoxy-2-naphthylacetic acid,
      sodium salt. The reaction mixture is stirred for 15 hours, filtered and
      the residue worked with ethanol. The filtrate is evaporated to dryness to
      obtain .alpha.-sulfo-6-methoxy-2-naphthylacetic acid, disodium salt.
PAR  When sodium sulfinate is used in the above procedure in place of sodium
      sulfite, then the product obtained is
      .alpha.-sulfin-6-methoxy-2-naphthylacetic acid, disodium salt.
PAR  When the .alpha.-chloroacetates and .alpha.-chloroacetamides of this
      invention are used in the above reactions, then the corresponding
      .alpha.-sulfo and .alpha.-sulfinoacetates and amides are prepared.
PAC  EXAMPLE 33
PAC  Ethyl .alpha.-thiosulfo-6-methoxy-2-naphthylacetate, sodium salt
PAR  A mixture of 0.023 moles of ethyl
      .alpha.-chloro-6-methoxy-2-naphthylacetate and 5.7 g. of sodium
      thiosulfate pentahydrate in 75 ml. of 40:45 water-alcohol mixture is
      refluxed for 2 hours. An additional 0.8 g. of sodium thiosulfate
      pentahydrate is then added and refluxing continued another one-half hour.
      The reaction mixture is then evaporated to dryness in vacuo, azeotroped
      with ethanol and evaporated to dryness in vacuo again. The residue is
      triturated with ether, filtered and evaporated to dryness. The residue is
      then triturated with hexane and the resultant gum is dissolved in alcohol
      and evaporated to dryness in vacuo to obtain ethyl
      .alpha.-thiosulfo-6-methoxy-2-naphthylacetate, sodium salt.
PAR  When the .alpha.-chloroacetates and .alpha.-chloroacetamides of this
      invention are used in the above reaction, then the corresponding
      .alpha.-thiosulfoacetates and .alpha.-thiosulfoacetamides are prepared.
PAC  EXAMPLE 34
PAC  .alpha.-Amidinothio-6-methoxy-2-naphthylacetic acid, hydrochloride
PAR  Thiourea 15.2 g. (0.2 moles) is dissolved in 150 ml. of absolute ethanol
      and to this is added 0.11 moles of
      .alpha.-chloro-6-methoxy-2-naphthylacetic acid. The mixture is stirred for
      15 hours at 0.degree.C. The mixture is then filtered to obtain
      .alpha.-amidinothio-6-methoxy-2-naphthylacetic acid, hydrochloride.
PAR  When the .alpha.-chloroacetates and acetamides of this invention are used
      in the above procedures then the corresponding .alpha.-amidinoacetates and
      acetamides are prepared.
PAC  EXAMPLE 35
PAC  .alpha.-Ethoxythiocarbamylthio-6-methoxy-2-naphthylacetic acid
PAR  Ethylxanthic acid, potassium salt, 3.63 g. (0.22 moles) is dissolved in 150
      ml. of absolute ethanol stirring. To this solution is added 0.11 moles of
      .alpha.-chloro-6-methoxy-2-naphthylacetic acid and the mixture stirred for
      15 hours. The solid which collects is separated and washed with absolute
      ethanol. The solid is then treated with acetone and the insoluble material
      filtered off. The filtrate is concentrated to dryness to obtain
      .alpha.-ethoxythiocarbamylthio-6-methoxy-2-naphthylacetic acid.
PAR  When the .alpha.-chloroacetates and acetamides of this invention are used
      in the above procedure then the corresponding .alpha.-ethylxanthylacetates
      and acetamides are prepared.
PAC  EXAMPLE 36
PAC  .alpha.-Ethoxycarbonylthio-6-methoxy-2-naphthylacetic acid
PAR  A solution of .alpha.-mercapto-6-methoxy-2-naphthylacetic acid  (0.02
      moles) in 25 ml. of pyridine is cooled in an ice bath. To this is added
      dropwise 2.1 mol (0.022 moles) of ethyl chloroformate. The mixture is then
      stirred for 2 hours, diluted with ether and filtered. The mixture is
      basified with 10% sodium bicarbonate solution. The alkaline mixture is
      worked with ether, then acidified with 10% hydrochloric acid, washed with
      ether, dried and filtered. The solvent is removed and the residue is
      triturated with hexane to obtain
      .alpha.-ethoxycarbonylthio-6-methoxy-2-naphthylacetic acid.
PAR  When the .alpha.-mercaptoacetates and acetamides of this invention are used
      in the above procedure then the corresponding
      .alpha.-ethoxycarbonylthioacetates and acetamides are prepared.
PAC  EXAMPLE 37
PAC  .alpha.-Diethylcarbamylthio-6-methoxy-2-naphthylacetic acid
PAR  A solution of .alpha.-mercapto-6-methoxy-2-naphthylacetic acid (0.2 moles)
      in 25 ml. of pyridine is cooled in an ice bath. To this is added dropwise
      0.022 moles of diethylcarbamylchloride. The mixture is then stirred for 2
      hours, diluted with ether and filtered. The mixture is then basified with
      10% sodium bicarbonate solution. The alkaline mixture is washed with
      ether, acidified with 10% hydrochloric acid, extracted with ether which in
      turn is washed with cold water, dried and evaporated to dryness.
      Trituration with hexane results in
      .alpha.-diethylcarbamylthio-6-methoxy-2-naphthylacetic acid.
PAR  When diethylcarbamylchloride is replaced in the above procedure by carbamyl
      chloride (prepared in situ from potassium cyanate and anhydrous hydrogen
      chloride in anhydrous chloroform), ethylcarbamyl chloride or
      dimethylcarbamyl chloride, then the products prepared are
      .alpha.-carbamylthio-6-methoxy-2-naphthylacetic acid,
      .alpha.-ethylcarbamylthio-6-methoxy-2-naphthylacetic acid or
      .alpha.-dimethylcarbamylthio-6-methoxy-2-naphthylacetic acid.
PAR  When the .alpha.-mercaptoacetates and acetamides of this invention are used
      in the above procedure then the corresponding .alpha.-carbamylthioacetates
      and acetamides are prepared.
PAC  EXAMPLE 38
PAR  When the procedure of Example 37 is followed but diethylcarbonate is
      replaced by succinic anhydride, maleic anhydride or phthalic anhydride,
      then the products prepared are .alpha.-hydrogen
      succinicthio-6-methoxy-2-naphthylacetic acid, .alpha.-hydrogen
      maleylthio-6-methoxy-2-naphthylacetic acid and
      .alpha.-(.sigma.-carboxybenzoylthio)-6-methoxy-2-naphthylacetic acid.
PAR  When the various .alpha.-mercaptoacetates and acetamides of this invention
      are used in the above procedure, then the corresponding product is
      prepared.
PAC  EXAMPLE 39
PAR  When .alpha.-methylthio-6-methoxy-2-naphthylacetic acid is treated with 30%
      hydrogen peroxide, then the resultant product is
      .alpha.-methylsulfinyl-6-methoxy-2-naphthylacetic acid or
      .alpha.-methylsulfonyl-6-methoxy-2-naphthylacetic acid.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound which is .alpha.-acetylthio-6-methoxy-2-naphthylacetic acid.
NUM  2.
PAR  2. A compound which is .alpha.-propionylthio-6-methoxy-2-naphthylacetic
      acid.
NUM  3.
PAR  3. A compound which is .alpha.-benzoylthio-6-methoxy-2-naphthylacetic acid.
NUM  4.
PAR  4. A compound which is .alpha.-thioacetylthio-6-methoxy-2-naphthylacetic
      acid.
NUM  5.
PAR  5. A compound which is .alpha.-thioformylthio-6-methoxy-2-naphthylacetic
      acid.
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ABST
PAL  Process for producing 3-thia substituted alkane 1,4 diones comprising the
      steps of:
PA1  I. Providing a 2-ene-1,4 dione having the structure:
      ##SPC1##
PA1  Ii. Intimately admixing said 2-ene-1,4 dione with a sulfur compound having
      the formula:
EQU  R.sub.3 SH
PA1   thereby providing a substituted or sunsubstituted 2-thia substituted
      alkane 1,4 dione having the structure:
      ##SPC2##
PAL  Wherein
PA1  R.sub.3 is selected from the group consisting of acyl and royl, wherein
      R.sub.2 is lower alkyl; and wherein R.sub.1, R.sub.4 and r.sub.6 are the
      same or different and are selected from the group consisting of hydrogen
      and lower alkyl; wherein when R.sub.1 is hydrogen, the reaction (ii) is
      carried out in the presence of an organic base; and wherein when R.sub.1
      is lower alkyl, the reaction (ii) is carried out in the absence of
      catalyst. Examples of such organic bases are piperidine, pyridine,
      triethyl amine, quinoline or alpha-picoline.
PARN
PAR  This application is a continuation-in-part of co-pending application for
      U.S. Pat. No. 386,452 filed on Aug. 7, 1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to novel processes for producing 3-thia
      substituted alkane 1,4-diones.
PAR  Artifical flavoring agents for foodstuffs have received increasing
      attention in recent years. In many areas, such food flavoring agents are
      preferred over natural flavoring agents at least in part because of the
      uniform flavor that may be so obtained. For example, natural food
      flavoring agents such as extracts, essences, concentrates and the like are
      often subject to wide variation due to changes in the quality, type and
      treatment of the raw materials. Such variation can be reflected in the end
      product and results in unreliable flavor characteristics and uncertainity
      as to consumer acceptance and cost. Additionally, the presence of the
      natural product in the ultimate food may be undesirable because of
      increased tendency to spoil. This is particularly troublesome in
      convenience and snack food usage where such products as dips, soups,
      chips, prepared dinners, canned foods, sauces, gravies and the like are
      apt to be stored by the consumer for some time prior to use.
PAR  The fundamental problem in preparing artificial flavoring agents is that of
      achieving as nearly as possible a true flavor reproduction. This generally
      proves to be a difficult task since the magnetism for flavor development
      in many foods is not understood. This is noteable in products having meaty
      and roasted flavor characteristics. It is also noteable in products having
      vegetable-like and hydrolyzed vegetable protein-like and anise-like flavor
      characteristics.
PAR  Reproduction of roasted and meat flavors and aromas and vegetable-like and
      hydrolyzed vegetable protein-like and anise-like flavors and aromas has
      been the subject of the long and continuing search by those engaged in the
      production of foodstuffs. The severe shortage of foods, especially protein
      foods, in many parts of the world has given rise to the need for utilizing
      non-meat sources of proteins and making such proteins as palatable and as
      meatlike as possible. Hence, materials which will closely simulate or
      exactly reproduce the flavor and aroma of roasted meat products and liver
      products and vegetable products are required.
PAR  Moreover, there are a great many meat containing or meat based foods
      presently distributed in a preserved form. Examples being condensed soups,
      dry-soup mixes, dry meat, freeze-dried or lyophilized meats, packaged
      gravies and the like. While these products contain meat or meat extracts,
      the fragrance, taste and other organoleptic factors are very often
      impaired by the processing operation and it is desirable to supplement or
      enhance the flavors of these preserved foods with versatile materials
      which have either roasted meat or gravy-like or vegetable-like or
      meat-like or ham-like nuances.
PAR  2-Alkylfuran-3-thiols and bis (alkyl-3-furyl) disulfides are disclosed in
      U.S. Pat. No. 3,723,475 issued on Mar. 27, 1973 to supply meaty flavor
      aroma and taste nuances to foodstuffs. 2- thia substituted-1,4-diones are
      disclosed in U.S. Pat. No. 3,836,563 issued on Sept. 17, 1974 to also
      supply meaty flavors to foodstuffs.
PAR  Swiss Pat. No. 531,313 discloses the addition of hydrogen sulfide across a
      double bond, eliminating the double bond.
PAR  Such a reaction, however, is not shown in conjunction with a chemical
      compound which has two ketone moieties.
PAR  The mechanism of the addition of hydrogen sulfide across a double bond of
      an alpha-beta-unsaturated ketone is set forth at lines 40-67 of columns 3
      and 4 of Swiss Pat. No. 531,559. The formation of thio esters using thio
      acetic acid and unsaturated ketones is set forth at lines 15-20 of column
      6 of Swiss Pat. No. 531,559.
PAR  U.S. Pat. No. 2,630,452 to Crouch, et al discloses processes for reacting
      unsaturated nitriles with thio acids whereby the thio ester moiety adds to
      the double bond at the "alpha" position with respect to the CN moiety
      using an aqueous alkali metal hydroxide catalyst or a quaternary ammonium
      compound catalyst. The substance of Crouch, et al may be illustrated by
      the following reaction betweeen acrylonitrile and thioacetic acid:
      ##EQU1##
      At column 2, lines 40-45, Crouch, et al states:
PAR  "In accomplishing the thioacetic acidacrylonitrile reaction, it has been
      found to be highly advantageous to employ certain basic catalysts as
      reaction promoters and directors. The preferred catalyst is a quaternary
      ammonium compound designated by the general formula . . . "
PAL  In Example IV of Crouch, et al, acrylonitrile is reacted with thioacetic
      acid in the presence of a t-butyl hydroperoxide catalyst at a temperature
      of 43.degree.-49.degree.C.
PAR  U.S. Pat. No. 3,441,589 to Oswald discloses reaction of thiol compounds
      such as mercaptans and thiolcarboxylic acids being selectively added to
      esters which, in turn, are formed by the reaction of maleic acid, fumaric
      acid or maleic anhydride with terminally unsaturated alcohols such as
      allyl alcohol at either of the terminal double bonds of the ester
      functionality or at the maleic or fumaric side of unsaturation with the
      use of either free radical or ionic catalysts. At column 7, Example 8,
      Oswald teaches the reaction of diallyl maleate with thiolacetic acid to
      form n-(3-acetylthio)-propyl allyl maleate according to the following
      reaction:
      ##SPC3##
PAL  in the presence of a free radical catalyst, such as ultraviolet or gamma
      radiation or a "wide variety of peroxidic and azo compounds" (see column
      3, lines 60-62).
PAR  Reid "Organic Chemistry of Bivalent Sulfur", Volume IV, 1962, Chemical
      Publishing Co., Inc.; discloses reactions of thioacetic acid with
      unsaturated compounds. At pages 15 and 16 Reid states:
PAR  "The most interesting reaction of thioacetic acid is its ready addition to
      unsaturates. An example of this is its addition to acrylonitrile. In this
      it exhibits its mercaptan character but in activity it far surpasses most
      mercaptans. Usually the addition takes place spontaneously and completely.
      With styrene the reaction is:
      ##SPC4##
PAL  The product is the beta-phenethyl ester of thioacetic acid and is identical
      with that from phenethyl mercaptan and acetyl chloride . . . "
PAR  No teaching exists in the prior art to show that where R.sub.2 is lower
      alkyl and R.sub.1 is hydrogen, the effect of carrying out a reaction of a
      2-ene-4-one-1-al with a thioacid (in the presence of base) is directive
      leading substantially to a reaction product where the thioester
      substitution is alpha to the ketone moiety and not the aldehyde moiety.
PAR  Furthermore, given the 2-ene-1,4-dione reactants of our invention, there is
      no prediction in the prior art that either (i) no catalyst is necessary in
      the case of using a hex-3-ene-2,5-dione reactant, or (ii) a basic catalyst
      is needed and the addition is directive in the case of using a
      pent-2-ene-4-one-1-al.
PAR  The processes of the present invention provide straightforward methods for
      producing 3-thia substituted alkane 1,4 diones in good yields in an
      economical manner.
PAR  Briefly, the processes of our invention comprise the steps of:
PA1  i. Providing a 2-ene-alkane 1,4 dione having the structure:
      ##SPC5##
PA1  ii. Intimately admixing said 2-ene-alkane-1,4 dione with a sulfur compound
      having the formula:
EQU  R.sub.3 SH
PA1  thereby providing a substituted or unsubstituted 2-thia substituted 1,4
      dione having the structure:
      ##SPC6##
PAL  wherein
PA1  R.sub.3 is selected from the group consisting of acyl and aroyl, wherein
      R.sub.2 is lower alkyl; and wherein R.sub.1, R.sub.4 and R.sub.6 are the
      same or different and are each selected from the group consisting of
      hydrogen and lower alkyl; wherein when R.sub.1 is hydrogen, the reaction
      is carried out in the presence of an organic base; and wherein when
      R.sub.1 is lower alkyl, the reaction is carried out in the absence of
      catalyst.
PAR  Two particularly novel features of our invention involve (i) addition of
      the thiol acids, either
      ##EQU2##
      or
      ##EQU3##
      to a hex-3-ene-2,5-dione, e.g., having the structure:
      ##SPC7##
PAL  at room temperature in the absence of any catalyst to produce economic
      yields of 3-thia substituted alkane 1,4 dione, e.g., having the structure:
      ##SPC8##
PAL  and (ii) addition of a thiol acid, either
      ##EQU4##
      or
      ##EQU5##
      to pent-3-ene-4-one-1-als, e.g., having the structure:
      ##SPC9##
PAL  in the presence of an organic base to yield a 3-thia substituted
      pentane-4-one-1-al, e.g., having the structure:
      ##SPC10##
PAL  the addition being directive to that carbon atom (originally having the C=C
      double bond) which is "alpha" to the carbonyl group of the ketone moiety
      rather than the aldehyde moiety.
PAR  Examples of thio acids useful in our process are:
PA1  thioacetic acid
PA1  thiopropionic acid
PA1  thiobutyric acid
PA1  thioisobutyric acid
PA1  thio-n-pentenoic acid
PA1  thiocinnamic acid
PA1  thiobenzoic acid
PA1  2-methyl-thiobenzoic acid
PA1  3-methyl-thiobenzoic acid
PA1  4-methyl-thiobenzoic acid
PA1  2,4-dimethyl-thiobenzoic acid
PA1  3,5-dimethyl-thiobenzoic acid
PAR  Whether an organic base is used or not in the reaction with the 2-ene-1,4
      dione with the thio acid having the formula R.sub.3 SH, the 2-ene-1,4
      dione can be exemplified as follows:
     Compound        R.sub.1  R.sub.2  R.sub.4                                 

     Name                                                                      

     ______________________________________                                    

     3-Hexen-2,5-dione                                                         

                     Methyl   Methyl   Hydrogen                                

     3-Methyl-3-hexen-                                                         

                     Methyl   Methyl   Methyl                                  

     2,5 dione                                                                 

     3-Methyl-3-hepten-                                                        

                     Methyl   Ethyl    Methyl                                  

     2,5 dione                                                                 

     3-Ethyl-3-hepten-                                                         

                     Methyl   Ethyl    Ethyl                                   

     2,5-dione                                                                 

     4-Ethyl-4-octen-                                                          

                     Ethyl    Ethyl    Ethyl                                   

     3,6 dione                                                                 

     3-Propyl-3-hepten-                                                        

                     Methyl   Ethyl    Propyl                                  

     2,5 dione                                                                 

     4-Methyl-3-hepten-                                                        

                     Ethyl    Methyl   Methyl                                  

     2,5 dione                                                                 

     4-Methyl-4-octen-                                                         

                     Ethyl    Ethyl    Methyl                                  

     3,6-dione                                                                 

     4-Methyl-4-nonen-                                                         

                     Ethyl    Propyl   Methyl                                  

     3,6-dione                                                                 

     4-Propyl-3-hepten-                                                        

                     Ethyl    Methyl   Propyl                                  

     3,6-dione                                                                 

     5-Methyl-5-decen-                                                         

                     Propyl   Propyl   Methyl                                  

     4,7-dione                                                                 

     5-Methyl-4-nonen-                                                         

                     Propyl   Ethyl    Methyl                                  

     3,6-dione                                                                 

     4-Methyl-3-nonen-                                                         

                     Butyl    Methyl   Methyl                                  

     2,5-dione                                                                 

     4-Ethyl-3-nonen-                                                          

                     Butyl    Methyl   Ethyl                                   

     2,5-dione                                                                 

     3-Methyl-3-nonen-                                                         

                     Methyl   Butyl    Methyl                                  

     2,5-dione                                                                 

     3-Propyl-3-nonen-                                                         

                     Methyl   Butyl    Propyl                                  

     2,5 dione                                                                 

     3-Butyl-3-hexen-                                                          

                     Methyl   Methyl   Butyl                                   

     2,5-dione                                                                 

     4-Octen-3,6-dione                                                         

                     Ethyl    Ethyl    Hydrogen                                

     ______________________________________                                    

PAR  As stated above, R.sub.1 and R.sub.2 can each be hydrogen for the purposes
      of these processes of our invention in the event that in the reaction of
      the 2-ene-1,4 dione with the thioacid of the formula R.sub.3 SH, an
      organic base is used. Hence, in addition to the foregoing compounds, the
      following compounds can be utilized in the reaction with R.sub.3 SH:
TBL  Compound        R.sub.1  R.sub.2  R.sub.4                                 

     Name                                                                      

     ______________________________________                                    

     2-Buten-1,4-dial                                                          

                     Hydrogen Hydrogen Hydrogen                                

     2-Methyl-2-buten-                                                         

                     Hydrogen Hydrogen Methyl                                  

     1,4-dial                                                                  

     2-Pentenal-4-one                                                          

                     Methyl   Hydrogen Hydrogen                                

     2-Hexenal-4-one Ethyl    Hydrogen Hydrogen                                

     3-Methyl-2-hexenal                                                        

                     Ethyl    Hydrogen Methyl                                  

     4-one                                                                     

     2-Methyl-2-pentenal                                                       

                     Hydrogen Hydrogen Methyl                                  

     4-one                                                                     

     2-Methyl-2-heptenal                                                       

                     Hydrogen Propyl   Methyl                                  

     4-one                                                                     

     2-Methyl-2-octenal                                                        

                     Hydrogen Butyl    Methyl                                  

     4-one                                                                     

     ______________________________________                                    

PAR  Examples of useful organic bases are piperidine, pyridine, quinoline,
      triethyl amine and alpha-picoline.
PAR  The reaction may be carried out in a solvent such as water or an ether such
      as diethyl ether or a hydrocarbon such as benzene or hexane or
      cyclohexane. The reaction may also be carried out without the use of a
      solvent. The reaction may be carried out under reflux conditions although
      temperatures varying from 0.degree. up to 60.degree.C are suitable and
      will give rise to commercially suitable yields. When the reaction is
      carried out with highly volatile reactants, higher pressures than
      atmospheric pressure are preferred, e.g., three atmospheres pressure.
      Examples of reaction products, 3-thia-substituted-1,4-diones which are
      formed from the reaction of the 2-ene-1,4-diones with the thioacids,
      having the formula R.sub.3 SH are as follows:
TBL                            3-Thia Substituted                              

     2-ene-1,4 dione                                                           

                  R.sub.3 SH   1,4-dione Reaction                              

     Reactant     Reactant     Product                                         

     ______________________________________                                    

     3-Hexen-2,5-dione                                                         

                  Thioacetic acid                                              

                               3-Thioacetyl-                                   

                               2,5-hexan-dione                                 

     3-Methyl-3-hexen-                                                         

                  Thiopropionic                                                

                               3-Thiopropionyl-4-                              

     2,5-dione    acid         methyl hexan-2,5-                               

                               dione                                           

     3-Methyl-3-hepten-                                                        

                  Thiobenzoic acid                                             

                               4-Thiobenzoyl-4-                                

     2,5-dione                 methyl heptan-3,6-                              

                               dione                                           

     4-Ethyl-4-octen-                                                          

                  Thioacetic acid                                              

                               4-Thioacetyl-5-                                 

     3,6-dione                 ethyl-octan-3,6-                                

                               dione                                           

     2-Buten-1,4-dial                                                          

                  Thioacetic acid                                              

                               2-Thioacetyl-butan-                             

                               1,4-dial                                        

     2-Pentenal-4-one                                                          

                  4-Methyl-thio                                                

                               3-Thiobenzoyl-                                  

                  benzoic acid pentenal-4-one                                  

     2-Pentenal-4-one                                                          

                  Thioacetic acid                                              

                               3-Thioacetyl-                                   

                               pentenal-4-one                                  

     ______________________________________                                    

PAR  The 2-thia substituted-1,4-diones as exemplified above are useful for
      altering the organoleptic properties of consumable materials, more
      particularly, foodstuffs. Thus, for example, 3-thioacetyl-2,5-hexanedione
      has a roasted meat aroma and a pot-roast and roasted meat flavor tested at
      levels of 5 ppm. Its flavor threshold value is at 1 ppm. The compound
      3-thiobenzoyl-2,5-hexanedione has a berry and a meat aroma, an allium,
      earthy and horseradish flavor at concentrations of approximately 0.5 ppm.
      Its threshold value is at 0.5 ppm. 3-Thiobenzoyl-2,5-hexanedione at 5 ppm
      evaluated in beef bouillon has a meaty note. 3-Thioacetyl-2,5-hexanedione
      at 5 ppm adds a burnt meat note to beef bouillon.
      3-Thiobenzoyl-2,5-hexanedione adds a slight green chicken meat note to
      chicken broth at 2.5 ppm. 3-Thioacetyl-2,5-hexanedione adds eggy chicken
      notes to chicken broth at 2.5 ppm.
PAR  The products of the process of our invention may be used as reaction
      intermediates and, when used as such, the thia-substituted 1,4-diones
      produced by the process of our invention are then cyclized to form
      substituted or unsubstituted 3-thiafurans according to the following
      reaction:
      ##SPC11##
PAL  wherein R.sub.1 and R.sub.2 are the same or different and are each hydrogen
      or lower alkyl; wherein R.sub.3 is either acyl or aroyl and R.sub.4 is
      hydrogen or lower alkyl. The resulting 3-thiafurans may be used as such
      for their organoleptic properties or they may be hydrolyzed and then
      reacylated or aroylated to form other acyl thia or aroyl thia substituted
      furans which have still other organoleptic properties useful for flavoring
      foodstuffs.
PAR  The compound having the structure:
      ##SPC12##
PAL  may also be intermediates in that they may be hydrolyzed first using a weak
      base (e.g., 2-5% aqueous NaOH, LiOH or KOH) and then neutralizing with
      acid to a pH of 5-6 to form compounds having the structure:
      ##SPC13##
PAL  which have useful organoleptic properties. Thus, for example,
      3-thioacetyl-2,5-hexanedione is hydrolyzed to 3-mercapto-2,5-hexanedione
      by treating the 3-thioacetyl compound first with 2% aqueous NaOH and then
      adjusting the pH to about 5 using 10% HCl. Hydrolysis conditions are
      preferably atmospheric pressure and 20.degree.-50.degree.C with ambient
      temperature being most convenient and economical.
PAR  The 3-thia alkane-1,4 dione derivatives and mixtures thereof produced
      according to the present invention can be used to alter, vary, fortify,
      modify, enhance, or otherwise improve the organoleptic properties,
      including flavor and/or aroma of a wide variety of materials which are
      ingested, consumed, or otherwise organoleptically sensed. The term "alter"
      in its various forms will be understood herein to mean the supplying or
      imparting a flavor character or note to an otherwise bland, relatively
      tasteless substance, or augmenting an existing flavor characteristic where
      the natural flavor is deficient in some regard, or supplementing the
      existing flavor or aroma impression to modify the organoleptic character.
      The materials which are so altered are generally referred to herein as
      consumable materials.
PAR  Such 3-thia alkane-1,4-dione derivatives are accordingly useful in
      flavoring compositions. Flavoring compositions are herein taken to mean
      those which contribute a part of the overall flavor impression by
      supplementing or fortifying a natural or artificial flavor in a material,
      as well as those which supply substantially all the flavor and/or aroma
      character to a consumable article.
PAR  The term "foodstuff" as used herein includes both solid and liquid
      ingestible materials for man or animals, which materials usually do, but
      need not, have nutritional value. Thus, foodstuffs includes meats,
      gravies, soups, convenience foods, malt and other alcoholic or
      non-alcoholic beverages, milk and dairy products, nut butters such as
      peanut butter and other spreads, seafoods, including fish, crustaceans,
      mollusks, and the like, candies, breakfast foods, baked goods, vegetables,
      cereals, soft drinks, snack foods, dog and cat foods, other veterinary
      products, and the like.
PAR  When the 3-thia alkane-1,4 dione derivatives produced according to the
      process of this invention are used in a food flavoring composition, they
      can be combined with conventional flavoring materials or adjuvants. Such
      co-ingredients or flavoring adjuvants are well known in the art for such
      use and have been extensively described in the literature. Apart from the
      requirement that any such adjuvant material be ingestibly acceptable, and
      thus non-toxic or otherwise non-deleterious, conventional materials can be
      used and broadly include other flavor materials, vehicles, stabilizers,
      thickeners, surface active agents, conditioners, and flavor intensifiers.
PAR  Examples of preferred co-flavoring adjuvants are:
PA1  Methyl thiazole alcohol (4-methyl-5-betahydroxyethyl thiazole);
PA1  2-Methyl butanethiol;
PA1  4-Mercapto-2-butanone;
PA1  3-Mercapto-4-pentanone;
PA1  1-Mercapto-2-propanone;
PA1  Benzaldehyde;
PA1  Furfural;
PA1  Furfural alcohol;
PA1  2-Mercapto propionic acid;
PA1  2-Pentene;
PA1  Alkyl pyrazine;
PA1  Methyl pyrazine;
PA1  2-Ethyl-3-methyl pyrazine;
PA1  Tetramethyl pyrazine;
PA1  Polysulfides;
PA1  Dipropyl disulfide;
PA1  Methyl benzyl disulfide;
PA1  Alkyl thiophenes;
PA1  2-Butyl thiophene;
PA1  2,3-Dimethyl thiophene;
PA1  5-Methyl furfural;
PA1  Acetyl furan;
PA1  2,4-Decadienal;
PA1  Guiacol;
PA1  Phenyl acetaldehyde;
PA1  .delta.-Decalactone;
PA1  d-Limonene;
PA1  Acetoin;
PA1  Amyl acetate;
PA1  Maltol;
PA1  Ethyl butyrate;
PA1  Levulinic acid;
PA1  Piperonal;
PA1  Ethyl acetate;
PA1  n-Octanal;
PA1  n-Pentanal;
PA1  Hexanal;
PA1  Diacetyl;
PA1  Monosodium glutamate;
PA1  Sulfur-containing amino acids;
PA1  Cysteine;
PA1  Hydrolyzed vegetable protein;
PA1  Hydrolyzed fish protein; and
PA1  Tetramethyl pyrazine
PAR  The 3-thia alkane-1,4 dione derivatives, or the compositions incorporating
      them, as mentioned above, can be combined with one or more vehicles, or
      carriers for adding them to the particular product. Vehicles can be edible
      or otherwise suitable materials such as ethyl alcohol, propylene glycol,
      water, and the like. Carriers include materials such as gum arabic,
      carrageenan, other gums, and the like. The 3-thia alkane-1,4 dione
      compounds according to this invention can be incorporated with the
      carriers by conventional means such as spray-drying, drum-drying, and the
      like. Such carriers can also include materials for coacervating the 3-thia
      alkane-1,4 dione derivatives (and other flavoring ingredients, as present)
      to provide encapsulated products. When the carrier is an emulsion, the
      flavoring composition can also contain emulsifiers such as mono- and
      diglycerides of fatty acids and the like. With these carriers or vehicles,
      the desired physical form of the composition can be prepared.
PAR  The quantity of 3-thia alkane-1,4 dione derivatives or mixtures thereof
      utilized should be sufficient to impart the desired flavor characteristic
      to the product, but on the other hand, the use of an excessive amount of
      the derivative is not only wasteful and uneconomical, but in some
      instances too large a quantity may unbalance the flavor or other
      organoleptic properties of the product comsumed. The quantity used will
      vary depending upon the ultimate foodstuff; the amount and type of flavor
      initially present in the foodstuff; the further process of treatment steps
      to which the foodstuff will be subjected; regional and other preference
      factors; the type of storage, if any, to which the product will be
      subjected, and the preconsumption treatment, such as baking, frying, and
      so on, given to the product by the ultimate consumer. Accordingly, the
      terminology "effective amount" and "sufficient amount" is understood in
      the context of the present invention to be quantitiatively adequate to
      alter the flavor of the foodstuff.
PAR  It is accordingly preferred that the ultimate compositions contain from
      about 0.02 parts per million (ppm) to about 250 ppm of 3-thia-alkane-1,4
      dione derivative or derivatives. More particularly, in food compositions
      it is desirable to use from 0.05 ppm to 100 ppm for enhancing flavors and
      in certain preferred embodiments of the invention, from about 0.2 to 50
      ppm of the derivatives are included to add positive flavors to the
      finished product. All parts, proportions, percentages, and ratios herein
      are by weight unless otherwise indicated.
PAR  The amount of 3-thia alkane-1,4 dione material or materials of our
      invention to be utilized in flavoring compositions can be varied over a
      wide range depending upon the particular quality to be added to the
      foodstuff. Thus, amounts of one or more derivatives according to the
      present invention of from about 2 ppm up to 80 or 90 percent of the total
      flavoring composition can be incorporated in such compositions. It is
      generally found to be desirable to include from about 10 ppm up to about
      0.1 percent of the 3-thia alkane-1,4 dione derivatives in such
      compositions.
PAR  The following examples I, II, V, VI, VII and X are given to illustrate
      embodiments of the invention as it is preferably preferred to practice it.
      Examples III, IV, VIII and IX are given to illustrate the usefulness of
      the products produced by the process of our invention. It will be
      understood that these examples are illustrative and the invention is not
      to be considered as restricted thereto except as indicated in the appended
      claims.
DETD
PAC  EXAMPLE I
PAC  (PREPARATION OF CIS-3-HEXENE-2,5-DIONE)
PAR  In a 1000 ml round bottom flask fitted with condenser and magnetic stirrer
      are placed 200 g of 2,5-dimethoxy-2,5-dimethyl-2,5-dihydrofuran and 200 ml
      of a 1% aqueous acetic acid solution. The resulting solution is heated to
      reflux, refluxed for 2 minutes, cooled with an ice bath to 25.degree.C and
      625 ml of a 2% sodium bicarbonate solution is added. The solution is
      saturated by addition of 23 g of sodium chloride and extracted with
      methylene chloride (1 .times. 200 ml and 3 .times. 100 ml). After drying
      over sodium sulfate removal of the methylene chloride in vacuo gives 142 g
      of crude cis-3-hexene-2,5-dione which by GLC analysis is about 90% product
      having the structure:
      ##SPC14##
PAC  EXAMPLE II
PAC  (PREPARATION OF 3-THIOACETYL-2,5-HEXANEDIONE)
PAR  In a 1000 ml round bottom flask fitted with magnetic stirrer, thermometer,
      addition funnel and reflux condenser are placed 142 g of crude
      cis-3-hexene-2,5-dione (ex Example I), 380 ml of ether and 5 drops of
      piperidine. Thio acetic acid (96.6 g) is added over a period of one hour.
      When about 1/8 of the thio acetic acid is added, the solution begins to
      reflux which continues during the remainder of the addition. After
      addition is complete, the mixture is allowed to stand for 85 minutes.
      Ether is then removed in vacuo (water asperator) to give 235 g of crude
      material containing about 91% 3-thioacetyl-2,5-hexanedione. Distillation
      of a 134 g portion of the crude gives 84.5 g of
      3-thioacetyl-2,5-hexanedione boiling at 86.degree. to 87.degree.C at 0.5
      torr. NMR, IR and mass spectral analyses confirm the structure:
      ##SPC15##
PAC  EXAMPLE III
PAC  (PREPARATION OF 3-PROPYLTHIO-2,5-HEXANEDIONE)
PAR  In a 500 ml flask fitted with thermometer, addition funnel, reflux
      condenser and magnetic stirrer are placed 95 ml of ether, 35.4 g of
      cis-3-hexene-2,5-dione and one drop of piperidine. Addition of 24 g of
      n-propanethiol is started and as the addition progresses more piperidine
      is added (33 drops total) periodically. After standing 18 hours, the
      solution is washed successively with two 7.5 ml portions of 10%
      hydrochloric acid, saturated sodium chloride solution (10 ml), 5% sodium
      bicarbonate solution and two 10 ml portions of saturated sodium chloride
      solution. The ether solution is dried over sodium sulfate and concentrated
      to give 51.4 g of a dark yellow oil. Analysis by GLC shows the material to
      be essentially pure 3-thiopropyl-2,5-hexanedione. Mass spectral analysis
      shows molecular ion 188 then descending order 43, 103, 41, 145, 71, 114
      and 61 m/e units.
PAC  EXAMPLE IV
PAC  (PREPARATION OF 3-MERCAPTO-2,5-HEXANEDIONE)
PAR  To 150 ml of a 2% sodium hydroxide solution in a flask fitted for stirring
      is added 10 g of 3-thioacetyl-2,5-hexanedione. After stirring for one hour
      the pH of the mixture is adjusted to 5-6 by the addition of dilute (10%)
      hydrochloric acid, the solution is saturated with sodium chloride solution
      and extracted with ether (4 .times. 25 ml). The ether extracts are
      combined, washed with saturated sodium chloride solution (15 ml), dried
      and concentrated in vacuo to give 6.2 g of crude
      3-mercapto-2,5-hexanedione. Vacuum distillation gives 2.5 g of
      3-mercapto-2,5-hexanedione boiling at 57.degree.-59.degree.C at 0.85 torr.
      NMR, IR and mass spectral analyses confirm the structure as
      3-mercapto-2,5-hexanedione.
PAC  EXAMPLE V
PAC  (PREPARATION OF 2-THIOACETYL-1,4-BUTANE-DIAL)
PAC  A. Preparation of 2-butene-1,4-dial
PAR  A mixture of 2,5-dimethoxy-2,5-dihydrofuran (20 g), water (80 ml) and
      acetic acid (3 drops) is stirred for 105 minutes at room temperature, 22
      minutes at 40.degree.C and 90 minutes between 60.degree.C and 75.degree.C.
      GLC analysis at this point indicates 15.7% starting material and 83.5%
      2-butene-1,4-dial. The mixture is cooled to 25.degree.C and sodium
      bicarbonate (0.3 g) is added.
PAC  B. Preparation of 3-thioacetyl-1,4-butanedial
PAR  To the aqueous solution obtained in Section A supra, is added 10 g of thio
      acetic acid during a 14 minute period. During the addition, the
      temperature is kept below 30.degree.C by intermittent application of a
      cooling bath. After 110 minutes, the reaction mixture is extracted with
      methylene chloride (3 .times. 35 ml). The combined methylene chloride
      extracts are dried and then concentrated in vacuo to give 17.8 g of yellow
      oil containing about 80% 2-thioacetyl-1,4-butanedial. The compound is
      identified through mass spectral, NMR and IR analyses as having the
      structure:
      ##SPC16##
PAR  M.S. - No molecular ion; remaining peaks in decreasing
PA1  intensity - 43, 29, 27, 45, 55, 60, 84, 100
PA1  and 142 m/e units.
PAR  NMR (CDCl.sub.3) 2.38 (s,3) 3.02 (multiplet 2,J=10H.sub.z),
PA1  4.46 (r,1J=10H.sup.z) 9.40 (s,1) and
PA1  9.68 (s,1) ppm.
PAR  IR (thin film) - 2850, 2750, 1720, 1700 (shoulder),
PA1  1388, 1352, 1132 and 958 cm.sup..sup.-1.
PAC  EXAMPLE VI
PAC  (PREPARATION OF 3-THIOACETYL-4-OXO-PENTANAL)
PAC  A. 4-oxo-2-pentenal
PAR  Into a 5 liter, three-necked flask fitted with mechanical stirrer,
      thermometer and vacuum take-off are placed 600 g of
      2-methyl-2,5-dimethoxy-2,5-dihydrofuran and 2400 ml of deionized water.
      After 20 minutes of stirring at room temperature, the mixture becomes
      homogeneous and has a pale yellow green color. Analysis of a sample of the
      reaction mixture by GLC after 3.25 hours shows 22% methanol, 67%
      4-oxo-2-pentenal and 9% starting material. Vacuum (26 torr.) is applied to
      the reaction mixture while maintaining the temperature of the reaction
      mixture between 25.degree. and 30.degree.C. After 3.25 hours GLC analysis
      shows 13% methanol, 82% 4-oxo-2-pentenal and 3.2% starting material. The
      vacuum is removed and the reaction mixture is allowed to stand at room
      temperature overnight. Analysis after standing overnight shows 12.9%
      methanol, 85% 4-oxo-2-pentenal and 2.1% starting material.
PAC  B. 3-thioacetyl-4-oxo-pentanal
PAR  In a 5 liter, three-necked flask fitted with mechanical stirrer,
      thermometer and addition funnel are placed 2325 ml of the solution
      obtained in (A) and 2 ml of piperidine diluted in 5 ml of water. To this
      solution is added a mixture of thio acetic acid (292.3 g) and piperidine
      (13 ml) over a 20 minute period. After standing an additional 10 minutes,
      20 ml of concentrated hydrochloric acid is added, the resulting mixture
      poured into a separatory funnel and the oil layer removed. The aqueous
      layer is extracted with benzene (500 ml) and methylene chloride (2 .times.
      500 ml). The benzene extract is combined with the oil layer and the
      mixture is dried over sodium sulfate. The methylene chloride extracts are
      combined and dried over sodium sulfate. Solvent removal in vacuo
      (40.degree.-45.degree.C both at 15 torr.) gives 414.5 g of crude oil from
      the benzene extract and 172.5 g of crude oil from the methylene chloride
      extracts. The crude oil is distilled under vacuum to give
      3-thioacetyl-4-oxo-pentanal boiling at 94.degree.-98.degree.C at 0.3-0.55
      mm Hg.
PAC  EXAMPLE VII
PAC  (PREPARATION OF 3-THIOBENZOYL-2,5-HEXANEDIONE)
PAR  In a 50 ml three-necked flask equipped with thermometer, 10 ml addition
      funnel and magnetic stirrer is placed 6 g of
      2,5-dimethoxy-2,5-dimethyl-2,5-dihydrofuran, 24 ml H.sub.2 O and 1 drop of
      glacial acetic acid. The mixture (which is crude cis-3-hexene-2,5-dione)
      is stirred for one hour until homogeneous. Then 5.25 g thiobenzoic acid is
      added over a five-minute period. The mixture is allowed to stand for
      eighteen more minutes and is then extracted with 35 ml of methylene
      chloride. After drying over anhydrous sodium sulfate and subsequent
      solvent removal, 7.55 g of crude 3-thiobenzoyl-2,5-hexanedione is
      recovered. The crude material is purified by column chromatography on 108
      g silicic acid packed in ether:hexane (1:9) mixture. Elution with 630 ml
      ether:hexane (1:9) solvent mixture; followed by elution with 500 ml
      ether:hexane (1:4) solvent mixture; followed by elution with 850 ml
      ether:hexane (1:3) solvent mixture gives 6.2 g of
      3-thiobenzoyl-2,5-hexanedione, having the following analyses:
PAR  MS - Parent Ion, then decreasing order: 250, 105, 77, 43, 128, 106.
TBL  NMR (CDCl.sub.3):                                                         

                     7.96 (d,1,J=2 Hz),                                        

                     7.88 (d,1,J=2 Hz),                                        

                     7.48 (m,3),                                               

                     4.78 (q,1,J=5 Hz),                                        

                     3.06 (m,2),                                               

                     2.29 (s,3),                                               

                     2.14 (s,4) ppm                                            

     IR (KBr plate, thin film):                                                

                      3060, 3000, 2960, 2910,                                  

                      1709, 1661, 1590, 1578,                                  

                      1445, 1355, 1204, 1172                                   

                      1154, 900, 759, 681, 640 cm.sup.-.sup.1                  

PAC  EXAMPLE VIII
PAR  The following formulation is prepared:
TBL  Ingredient             Parts by Weight                                    

     ______________________________________                                    

     Liquid hydrolyzed vegetable                                               

                            90.00                                              

     protein                                                                   

     4-Methyl-5-beta-hydroxy-ethyl thiazole                                    

                            5.00                                               

     Tetrahydro thiophene-3-one                                                

                            1.00                                               

     Furfuryl mercaptan     0.01                                               

     2-nonenal              0.50                                               

     Difurfuryl disulfide   0.49                                               

     Dimethyl sulfide       0.50                                               

     Methyl mercaptan       0.50                                               

     3-Thioacetyl-2,5-hexanedione                                              

                            2.00                                               

     ______________________________________                                    

PAR  The 3-thioacetyl-2,5-hexanedione imparts a roasted meat taste to the above
      formula and ties in and rounds up the other meat-like chemicals in the
      formula. When 3-thioacetyl-2,5-hexanedione is replaced by
      3-thiobenzoyl-2,5-hexanedione, a similar effect is imparted to the
      over-all flavor and aroma pattern of the above formula.
PAC  EXAMPLE IX
PAC  (PREPARATION OF 3-THIOISOVALERYL-2,5-HEXANEDIONE)
PAR  In a 250 ml three-necked flask fitted with magnetic stirrer, reflux
      condenser and addition funnel are placed 10 g (0.068 moles) of
      3-mercapto-2,5-hexanedione, 5.4 g (0.068 moles) pyridine and 150 ml
      anhydrous diethyl ether. To this is added 8.3 g (0.068 moles) of
      isovaleryl chloride during a four minute period. The resulting ether
      solution is then washed, in sequence, with 150 ml of water, 50 ml of 4%
      HCl, 50 ml of saturated NaHCO.sub.3 solution and dried over anhydrous
      sodium sulfate. Sovent removal in vacuo gives 13.2 g crude
      3-thioisovaleryl 2,5-hexanedione.
PAR  Distillation of the crude gives 10.8 g product boiling at
      108.degree.-110.degree.C at 0.8-0.9 mm Hg pressure and having the
      following analyses:
PAR  Mass Spectral Analysis - In decreasing order (no parent ion): 43, 57, 85,
      128.
PAR  NMR Spectrum (CDCl.sub.3)
TBL         4.60         (q,1)                                                 

            2.95         (m,5)                                                 

            2.32         (s,3)                                                 

            2.17         (s,3)                                                 

            0.99         (d,6) ppm                                             

PAC  EXAMPLE X
PAC  (PREPARATION OF 2-PROPYL-3-THIOACETYL FURAN)
PAC  A. Preparation of 2-propyl-2,5-dimethoxy-2,5-dihydro furan from 2-propyl
      furan
PAR  Reaction:
      ##SPC17##
PAR  Into a 500 ml three-necked flask equipped with mechanical stirrer, calcium
      carbonate drying tube and thermometer, the following materials are placed:
TBL  (i)      2-Propyl furan   25.0 g                                          

                               (0.227 moles)                                   

     (ii)     Methanol, absolute                                               

                               180 ml                                          

     (iii)    Sodium carbonate 47.1 g                                          

                               (0.454 moles)                                   

PAL  The reaction mass is cooled to -10.degree.C using a dry-ice acetone bath.
      Over a period of 20 minutes, a solution of 36.3 grams of bromine in 70 ml
      absolute methanol is added dropwise while maintaining the reaction mass at
      -12.degree.C to -13.degree.C. After the addition of the bromine solution,
      the reaction mass is stirred for 1.5 hours while maintaining same at
      -10.degree.C.
PAR  The reaction mass is then mixed with 450 ml of saturated sodium chloride
      solution. The resulting mixture is suction filtered and the filter cake is
      washed with 100 ml of methylene dichloride. The resultant filtrate and
      washings are placed in a separatory funnel and the lower organic phase is
      drawn off. The aqueous phase is extracted with two 100 ml portions of
      methylene dichloride and the organic solutions are combined. The organic
      solution is then dried over anhydrous sodium sulfate and filtered; and
      then concentrated in vacuo to a yellow liquid weighing 32.7 grams. The
      major peak of this material determined by GLC contains
      2-propyl-2,5-dimethoxy-2,5-dihydro furan (GLC conditions: F & M 5750; 8
      feet .times. 1/4 inch SE-30; programmed from 130.degree.-225.degree.C at
      4.degree.C per minute, with an He flow rate of 80 ml/minute, chart speed
      0.25 inch per minute).
PAC  B. Preparation of 4-oxo-2-heptenal
PAR  Reaction:
      ##SPC18##
PAR  Into a 250 ml three-necked reaction flask equipped with mechanical stirrer
      and thermometer the following materials are added:
TBL  (i)    2-Propyl-2,5-dimethoxy                                             

                                 32.7 g                                        

            2,5-dihydrofuran prepared                                          

                                 (0.16 moles)                                  

            according to the process                                           

            of Part A                                                          

     (ii)   Water (distilled)    325 ml                                        

PAL  The reaction mass is stirred for a period of 4 hours at 24.degree.C. At the
      end of this period of time, the reaction mass exists in two phases; an
      aqueous upper phase and an organic lower phase. The aqueous upper phase is
      decanted and placed in a 1 liter vessel for the following reaction C.
PAC  C. Reaction of 4-oxo-heptenal with thioacetic acid
      ##SPC19##
PAR  To the stirred aqueous solution produced in Part B, supra, of
      4-oxo-2-heptenal is added 0.4 ml piperidine. After the piperidine
      addition, 12.4 grams of thioacetic acid is added to the reaction mass over
      a period of 4 minutes while maintaining the reaction mass at a temperature
      in the range of 27.degree.-32.degree.C. After the thioacetic acid addition
      is complete, the reaction mass is stirred for 1.5 hours. The reaction mass
      is then placed in a separatory funnel and extracted with 100 ml of
      methylene dichloride. The methylene dichloride solution is then separated,
      dried over anhydrous sodium sulfate and concentrated to an orange oil
      weighing 23.8 grams. This orange oil is analyzed using GLC, NMR and IR
      analyses and determined to be substantially 3-thioacetyl-4-oxo-heptenal-1.
PAR  Mass Spectral Analysis:
PAR  Molecular Ion, then in decreasing intensity: 202, 43, 28, 71, 55, 41, 97,
      83 m/e.
PAC  D. Preparation of 2-propyl-3-thioacetyl furan
PAR  Reaction:
      ##SPC20##
PAR  Into a 500 ml flask, equipped with reflux condenser, calcium chloride
      drying tube, mechanical stirrer, thermometer and addition funnel, the
      following materials are placed:
TBL  (i)     Isopropenyl acetate   175 ml                                      

     (ii)    Concentrated sulfuric acid                                        

                                   0.5 ml                                      

PAL  The mass is heated to reflux (93.degree.C) and, over a period of 20
      minutes, while maintaining the reaction mass temperature at
      91.degree.-93.degree.C, a solution of 23.0 grams of the reaction product
      of Part C in 25 ml of isopropenyl acetate is added from the addition
      funnel to the reaction mass with stirring. The reaction mass is then
      stirred and maintained at 91.degree.C for a period of 30 minutes at which
      point 5.0 grams of sodium bicarbonate is added to the mass.
PAR  The isopropenyl acetate cyclization agent is then distilled off at a pot
      temperature of 80.degree.C and a head temperature of 50.degree.C at 60 mm
      Hg pressure. The resulting residue is admixed with 50 ml benzene and 50 ml
      water. The resulting mixture is placed into a separatory funnel and the
      layers are separated. The benzene layer is filtered through anhydrous
      sodium sulfate and is then concentrated in vacuo to a brown liquid
      weighing 5.0 grams. This liquid is distilled through a short path
      microdistillation apparatus at 100.degree.-103.degree.C and 0.3 mm Hg
      pressure, yielding 2-propyl-3-thioacetylfuran as confirmed by mass
      spectral and NMR analyses.
PAR  Mass Spectral Analysis:
PAR  Molecular Ion, then in decreasing intensity: 184, 113, 43, 142, 27, 184.
TBL                NMR Analysis (CDCl.sub.3)                                   

     ______________________________________                                    

            Signal     Interpretation                                          

     ______________________________________                                    

     .delta.1.01 (t,3)                                                         

                    CH.sub.2 CH.sub.3                                          

     1.65 (m,2)     CH.sub.2 CH.sub.2 CH.sub.3                                 

                    O                                                          

                    .parallel.                                                 

     2.36 (s,3)     --C--CH.sub.3                                              

     2.59 (t,2)     CH.sub.2 --CH.sub.2                                        

     6.32 (d,1)                                                                

     7.35 ppm (d,1)                                                            

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a substituted or unsubstituted 3-thia
      alkane-4-one-1-al comprising the step of intimately admixing an
      alk-2-ene-4-one-1-al having the structure:
      ##SPC21##
PAL  with a sulfur compound having the formula
EQU  R.sub.3 SH
PAL  in the presence of an organic base selected from the group consisting of
      secondary amines and tertiary amines thereby providing a substituted or
      unsubstituted 3-thia alkane-4-one-1-al having the structure:
      ##SPC22##
PAL  wherein R.sub.3 is selected from the group consisting of acetyl and
      benzoyl; wherein R.sub.2 is lower alkyl; and wherein R.sub.4 and R.sub.6
      are the same or different and are each selected from the group consisting
      of hydrogen and lower alkyl.
NUM  2.
PAR  2. The process of claim 1 wherein the organic base is selected from the
      group consisting of piperidine, pyridine, triethyl amine, quinoline and
      alpha-picoline.
NUM  3.
PAR  3. The process of claim 1 wherein R.sub.6 is hydrogen and R.sub.2 is
      methyl.
NUM  4.
PAR  4. The process of claim 3 wherein R.sub.3 is benzoyl.
NUM  5.
PAR  5. The process of claim 3 wherein R.sub.3 is acetyl.
NUM  6.
PAR  6. The process of claim 3 wherein R.sub.4 is hydrogen.
NUM  7.
PAR  7. The process of claim 3 wherein R.sub.4 and R.sub.6 are each hydrogen;
      R.sub.2 is methyl.
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ABST
PAL  A process for the production of secondary alcohol ether sulfates which
      consists essentially of reacting adducts of secondary alkanols having from
      6 to 22 carbon atoms adducted with 1 to 10 mols of an alkylene oxide
      selected from the group consisting of ethylene oxide and propylene oxide,
      said adduct having at least 1 mol of oxypropylene per mol of alcohol, with
      at least a molecular equivalent of a sulfating agent stronger than
      concentrated sulfuric acid at temperatures of from 0.degree.C to
      50.degree.C and recovering said secondary alcohol ether sulfate.
PAC  THE PRIOR ART
PAR  At present secondary alcohols can be prepared from inexpensive raw
      materials, such as by oxidation of paraffins, substantially simpler than
      the preparation of primary alcohols. However, up to now the practical use
      of secondary alcohols is limited to non-ionic products prepared from them.
      Surface-active sulfates derived from secondary alcohols are used only in
      small amounts since the preparation of such raw materials for washing
      agents is very difficult, because of the instability of the secondary
      alkylsulfates. Primary alcohols, on the contrary, can be converted simply
      and with good yields into surface-active sulfates. In the sulfation of
      secondary alcohols, the conversion rates are low. In order to obtain
      somewhat usable products, expensive procedures have to be introduced, such
      as working with solvents and adduct formers, use of special sulfating
      agents, such as, for example, amidosulfonic acid, etc., as well as the
      addition of ethylene oxide adducts of primary alcohols. On the other hand,
      there is the possibility that by reaction of secondary alcohols with
      ethylene oxide, adducts with primary hydroxyl groups can be prepared, the
      sulfation products of which could be expected to have greater stability.
PAR  It is, however, very difficult to prepare ethoxylates of secondary alcohols
      with a high conversion rate and small amounts of by-products. A higher
      conversion rate of the secondary alcohols with ethylene oxide can only be
      attained by relatively cumbersome procedures, such as, for example, a
      two-step ethoxylation in which in the first step an acidic catalyst is
      used and, after distilling off the unreacted secondary alcohol, in the
      second step an alkaline catalyst is utilized. However, the ethoxylated
      secondary alcohols obtained by this expensive procedure are also
      unsatisfactorily sulfated and can only be sulfated by the application of
      special procedures. This is difficult to explain since by the ethoxylation
      of secondary alcohols, adducts with primary hydroxyl groups were formed.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the development of a simple process
      for the production of secondary alcohol ether sulfates utilizing
      conventional strong sulfating agents to give products with a high degree
      of sulfation.
PAR  Another object of the invention is the development of a process for the
      production of secondary alcohol ether sulfates which consists essentially
      of reacting adducts of secondary alkanols having from 6 to 22 carbon atoms
      adducted with 1 to 10 mols of an alkylene oxide selected from the group
      consisting of ethylene oxide and propylene oxide, said adduct having at
      least 1 mol of oxypropylene per mol of alcohol, with at least a molecular
      equivalent of a sulfating agent stronger than concentrated sulfuric acid
      at temperatures of from 0.degree.C to 50.degree.C and recovering said
      secondary alcohol ether sulfate.
PAR  These and other objects of the invention will become more apparent as the
      description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been surprisingly found that alkylene oxide adducts of secondary
      alcohols which contain at least one propylene glycol ether group can be
      sulfated simply with a high conversion rate. This result was the more
      unexpected since, as is known, on the introduction of propylene glycol
      ether groups by propoxylation, adducts with predominately secondary
      hydroxyl groups are formed. Therefore, the same difficulties in the
      further reaction of these adducts, especially in sulfation, would be
      expected as in the sulfation of secondary alcohols themselves. With this
      expectation, the sulfation of secondary alcohol propoxylates would appear
      to the expert as having little prospect of good yields.
PAR  The invention relates, therefore, to a process for the preparation of
      surface-active ether and polyether sulfates which is characterized in that
      adducts of secondary alkanols having 6 to 22 carbon atoms adducted with 1
      to 10 mols of alkylene oxide, possessing in the average at least 1 mol of
      propylene oxide per mol of alcohol, are reacted in a known manner at
      temperatures between 0.degree.C and 50.degree.C, particularly from
      10.degree.C and 30.degree.C, with strong sulfating agents in at least
      stoichiometric amounts.
PAR  As starting materials those adducts may be used that were obtained (1) by
      ethoxylation of secondary alcohols in the first step and subsequent
      propoxylation of the reaction mixtures, or (2) by reaction of secondary
      alcohols with ethylene oxide/propylene oxide mixtures, or (3) by the
      ethoxylation of reaction mixtures of secondary alcohols with propylene
      oxide, or (4) by pure propoxylation of secondary alcohols. The preferred
      starting materials are the adducts of propylene oxide to secondary
      alcohols or secondary alkanol propoxylates having 6 to 22 carbon atoms in
      the alkanol and 1 to 10 oxypropylene units.
PAR  The mixed alkoxylates to be used contain preferably 1 to 4, particularly 2
      to 3, oxyethylene groups. Of particular advantage among the pure propylene
      oxide adducts are those substance mixtures which were obtained by reaction
      of 1.5 to 5 mols of propylene oxide with 1 mol of secondary alcohol.
PAR  The starting materials can be obtained by conventional alkoxylation
      methods. The alkoxylation can be carried out both anionically, in the
      presence of alkaline alkoxylation catalysts, such as alkali metal
      hydroxides or alkali metal alcoholates, particularly sodium, potassium and
      lithium lower alkanolates, and cationically in the presence of acidic
      catalysts, such as BF.sub.3, or in the presence of the tertiary oxonium
      salts described as alkoxylation catalysts in Belgian Pat. No. 715,048.
PAR  If mixed adducts are used which have been obtained by propoxylation of
      ethylene oxide adducts of secondary alcohols as starting materials, such
      mixed adducts are preferred in which the alkoxylation in the first step
      was carried out by a cationic catalyst and in the second step with an
      anionic catalyst.
PAR  Among the mixed adducts which are obtained by simultaneous addition of
      ethylene oxide and propylene oxide, or by propoxylation in the first step
      and ethoxylation in the second step, as well as in the pure propoxylation
      products, these are preferably prepared by reaction with an anionic
      catalyst.
PAR  The secondary alcohols utilized to prepare the alkoxylation mixtures can be
      either compounds of uniform chain length or mixtures of homologs. Of
      particular economic advantage are those alcohol mixtures which have been
      obtained by the oxidation of paraffins in the presence of boron compounds,
      such as, for example, boric acid, boron trioxide, borates, boric acid
      esters, as well as other known reagents for the formation of secondary
      alcohols, such as arsenic acid, arsenic acid esters, arsenic trioxide, and
      others.
PAR  The alkoxylation mixtures utilizable for the subsequent sulfation can be
      used as crude products, that is, without intervening purification or
      processing operations. This is of essential importance for the technical
      execution of the process. These crude alkoxylation mixtures contain,
      therefore, in addition to the desired alkylene oxide adducts of secondary
      alcohols, as secondary constituents, the corresponding alkylene and/or
      polyalkylene glycols as well as, possibly, non-reacted secondary alcohol.
      The sulfation of the alkoxylate mixture is preferably carried out in the
      temperature range of from 10.degree.C to 30.degree.C.
PAR  By "strong sulfating agents" are meant those which are stronger than
      concentrated sulfuric acid, for example, SO.sub.3 or SO.sub.3 /air
      mixtures, oleum, chlorosulfonic acid, and the like. The addition of adduct
      formers for the sulfating agent or the presence of solvents are not
      required in the process. The preferred sulfating agent is chlorosulfonic
      acid. The mol ratio between the alkoxylate and the sulfating agent is
      advantageously chosen in the range of from 1:1.0 to 1:1.2, particularly in
      the range of from 1:1.02 to 1:1.1.
PAR  The sulfation reaction can be carried out continuously or discontinuously.
      The reaction times lie between fractions of seconds to about 20 minutes,
      depending upon the sulfating agent and/or sulfating apparatus used.
      Particularly short reaction times are attained if the reaction is carried
      out with very strong sulfating agents, such as SO.sub.3 /air mixtures, in
      modern short-time sulfation reactors which operate by the split-ring or
      falling film principle.
PAR  The products of the process have a substantially higher degree of sulfation
      than the products obtained by the sulfation of technical ethylene oxide
      adducts of secondary alcohols. They have, without further processing, very
      good surface-active properties and are superior, particularly in regard to
      their wetting action, to the known commercial sulfated adducts of ethylene
      oxide to primary alcohols.
PAR  The advantages attainable with the invention consist primarily in that as a
      raw material source for surface-active, water-soluble sulfates, secondary
      alcohols have been made available. Particularly those secondary alcohols
      which are easily obtainable by paraffin oxidation in the presence of the
      above-named oxidation catalysts to produce secondary alcohols with
      statistically distributed hydroxyl groups. These alcohols are converted by
      alkoxylation to the substances suitable for sulfation. Thus, these
      petrochemical raw materials can form the basis for the desired
      surface-active substances. Anionic active derivatives of secondary
      alcohols were up to now technically not producible by a simple way
      although secondary alcohols have been produced for some time on a large
      scale. The use of secondary alcohols was, therefore, until now limited to
      the production of non-ionic substances.
PAR  A further advantage of the process according to the invention can be seen
      in that the necessary alkoxylation may be carried out without a large
      expense in regard to catalysts and/or equipment.
PAR  The following examples are illustrative of the invention without being
      deemed limitative in any respect.
DETD
PAC  EXAMPLES
PAR  The results of the sulfation of propoxylated and ethoxylated-propoxylated
      adducts of secondary alcohols are summarized in the following Table I. The
      starting alkoxylated secondary alcohol mixtures are prepared in a known
      manner by the reaction of 2 to 6 mols of alkylene oxides with, each time,
      1 mol of a secondary C.sub.14 -C.sub.15 alcohol (composition less than
      C.sub.14, 1.8%; C.sub.14, 74.1%; C.sub.15, 24.1%; OH-number 250, average
      molecular weight = 218), obtained by the oxidation of paraffin in the
      presence of boric acid, in the presence of each time of 0.2% by weight (in
      reference to the alcohol used) of the named catalysts at a reaction
      temperature for the alkaline catalysts of 140.degree.C and for the other
      catalysts of 5.degree.C to 50.degree.C. The ethoxylated-propoxylated
      adducts were obtained either by a two-stage addition of the different
      alkylene oxides or by reaction with ethylene oxide-propylene oxide
      mixtures.
PAR  The crude alkoxylation products obtained were charged in amounts of 1.5
      mols each time into a 3-neck 1.5 liter flask, provided with a stirrer, a
      gas-inlet tube reaching to the flask bottom, a dropping funnel, and a
      thermometer. 1.5 to 1.65 mols of chlorosulfonic acid were added under
      strong agitation, at temperatures between 10.degree.C and 30.degree.C,
      over a period of about 10 minutes, while simultaneously passing through a
      slight nitrogen stream for the removal of the evolving hydrogen chloride.
      After the addition of the chlorosulfonic acid was completed, the agitation
      was continued for another 5 minutes with nitrogen passing through.
      Subsequently, the liquid reaction mixture was added to an aqueous sodium
      hydroxide solution in excess for neutralization. The degree of sulfation
      was determined in an aliquot part of the mixture by extraction of an
      aqueous alcoholic solution of the mixture five times with petroleum ether.
      The sulfated products obtained were, in the form of 30% aqueous
      preparations, viscous, clear pastes.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Example   Alkylene                                                        

                      Adducted  Alkoxyla-                                      

                                       Degree of                               

     No.       Oxide  Amount of tion   Sulfation                               

                      alkylene  Catalyst                                       

                      Oxide                                                    

     __________________________________________________________________________

     1         Propylene                                                       

                      2.0       Sodium 88.5 %                                  

               Oxide            methoxide                                      

     2         "      3.0       "      91.5 %                                  

     3         "      4.0       "      93.0 %                                  

     4         "      5.0       "      93.7 %                                  

     5         "      2.0       Boron tri-                                     

                                       90.5 %                                  

                                fluoride                                       

     6         "      3.0       "      91.4 %                                  

     7         "      4.0       "      92.4 %                                  

     8         "      5.0       "      93.3 %                                  

     9    1)   Propylene                                                       

                      3.0       Sodium                                         

               Oxide            methoxide                                      

                                       } 93.2 %                                

          2)   Ethylene                                                        

                      1.0       "                                              

               Oxide                                                           

     10   1)   Propylene                                                       

                      4.0       Sodium                                         

               Oxide            methoxide                                      

          2)   Ethylene                                                        

                      2.0       "      } 94.7 %                                

               Oxide                                                           

     11   1)   Propylene                                                       

                      3.0       Boron tri-                                     

               Oxide            fluoride                                       

                                       } 90.9 %                                

          2)   Ethylene                                                        

                      1.0       Sodium                                         

               Oxide            methoxide                                      

     12   1)   Propylene                                                       

                      4.0       Boron tri-                                     

               Oxide            fluoride                                       

          2)   Ethylene                                                        

                      2.0       Sodium } 93.3 %                                

               Oxide            methoxide                                      

     13   1)   Propylene                                                       

                      4.0       Triethyloxo-                                   

               Oxide            niumfluoro-                                    

                                borate                                         

          2)   Ethylene                                                        

                      2.0       Sodium } 92.8 %                                

               Oxide            methoxide                                      

     14   1)   Ethylene                                                        

                      1.0       Sodium                                         

               Oxide            methoxide                                      

          2)   Propylene                                                       

                      3.0       "      } 92.9 %                                

               Oxide                                                           

     15   1)   Ethylene                                                        

                      2.0       Sodium                                         

               Oxide            methoxide                                      

          2)   Propylene                                                       

                      4.0       "      } 94.5 %                                

               Oxide                                                           

     16   1)   Ethylene                                                        

                      1.0       Boron tri-                                     

               Oxide            fluoride                                       

          2)   Propylene                                                       

                      3.0       Sodium } 91.9 %                                

               Oxide            methoxide                                      

     17   1)   Ethylene                                                        

                      2.0       Boron tri-                                     

               Oxide            fluoride                                       

                                       } 92.8 %                                

          2)   Propylene                                                       

                      4.0       Sodium                                         

               Oxide            methoxide                                      

     18   1)   Ethylene                                                        

                      2.0       Triethyloxo-                                   

               Oxide            niumfluoro-                                    

                                borate } 93.2 %                                

          2)   Propylene                                                       

                      4.0       Sodium                                         

               Oxide            methoxide                                      

     19   1)   Ethylene                                                        

                      3.0       Boron tri-                                     

               Oxide            fluoride                                       

                                       } 92.0 %                                

          2)   Propylene                                                       

                      3.0       Sodium                                         

               Oxide            methoxide                                      

     20        Ethylene                                                        

                      1.0                                                      

               Oxide            Boron tri-                                     

          mixt.{              } fluoride                                       

                                       91.2 %                                  

               Propylene                                                       

                      3.0                                                      

               Oxide                                                           

     21        Ethylene                                                        

                      1.0                                                      

               Oxide            Triethyloxo-                                   

          mixt.{              } niumfluoro-                                    

                                       92.0 %                                  

               Propylene                                                       

                      3.0       borate                                         

               Oxide                                                           

     22        Ethylene                                                        

                      2.0                                                      

               Oxide                                                           

          mixt.{              } Boron tri-                                     

                                       90.5 %                                  

               Propylene                                                       

                      4.0       fluoride                                       

               Oxide                                                           

     23        Ethylene                                                        

                      3.0                                                      

               Oxide            Sodium                                         

          mixt.{              } methoxide                                      

                                       93.6 %                                  

               Propylene                                                       

                      3.0                                                      

               Oxide                                                           

     24        Ethylene                                                        

                      2.0                                                      

               Oxide            Sodium                                         

          mixt.{              } methoxide                                      

                                       95.3 %                                  

               Propylene                                                       

                      4.0                                                      

               Oxide                                                           

     25        Ethylene                                                        

                      2.0                                                      

               Oxide            Sodium                                         

          mixt.{              } methoxide                                      

                                       94.2 %                                  

               Propylene                                                       

                      2.0                                                      

               Oxide                                                           

     26        Ethylene                                                        

                      3.0                                                      

               Oxide            Sodium                                         

          mixt.{              } methoxide                                      

                                       93.9 %                                  

               Propylene                                                       

                      1.0                                                      

               Oxide                                                           

     27        Ethylene                                                        

                      4.0                                                      

               Oxide            Sodium                                         

          mixt.{              } methoxide                                      

                                       96.0 %                                  

               Propylene                                                       

                      2.0                                                      

               Oxide                                                           

     __________________________________________________________________________

PAC  Comparative Tests:
PAR  For comparison the following named addition products of ethylene oxide to
      the above-named secondary alcohol C.sub.14 -C.sub.15 alcohol were sulfated
      in the same way.
TBL                TABLE II                                                    

     ______________________________________                                    

     Compara-  Adducted                                                        

     tive      Amount of   Ethoxyla-                                           

     Example   Ethylene    tion        Degree of                               

     No.       Oxide       Catalyst    Sulfation                               

     ______________________________________                                    

     A         2.0         Sodium      68.8 %                                  

                           methoxide                                           

     B         2.1         Boron tri-  81.7 %                                  

                           fluoride                                            

     C         3.0         Triethyl    85.4 %                                  

                           oxonium                                             

                           fluoro-                                             

                           borate                                              

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  Tests were carried out with the products according to Examples 1, 2, 5, 6
      and 7 for the determination of the textile wetting time.
PAR  The following test method was utilized. Disks of test fabric of 35 mm
      diameter were introduced with the aid of a plunger into solution always
      containing 1 gm of the test substance. The time when the fabric was
      completely wetted, that is, when it detached itself from the plunger and
      sank was measured. As test fabric a duck cloth of unbleached cotton was
      used. For the preparation of the solutions distilled water was used. For
      comparison analogous tests were carried out with solutions of a sulfated
      adduct of 2 mols ethylene oxide to 1 mol of a primary C.sub.12 -C.sub.14
      alcohol which is commercially available under the name "Texapon N 25". The
      results are summarized in the following Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

     Sulfonate                                                                 

     according to     Wetting Time                                             

     Example No.      seconds                                                  

     ______________________________________                                    

     1                31                                                       

     2                32                                                       

     5                23                                                       

     6                27                                                       

     7                33                                                       

     Texapon N 25     40                                                       

     ______________________________________                                    

PAR  The superiority of the products according to the invention can be seen from
      the shorter wetting time compared to Texapon N 25.
PAR  The preceding specific embodiments are illustrative of the practice of the
      invention. It is to be understood, however, that other expedients known to
      those skilled in the art may be employed without departing from the spirit
      of the invention or the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of secondary alcohol ether sulfates which
      consists essentially of reacting crude adducts of secondary alkanols
      having from 6 to 22 carbon atoms adducted with 1 to 10 mols of an alkylene
      oxide selected from the group consisting of ethylene oxide and propylene
      oxide, said crude adduct having at least 1 mol of oxypropylene per mol of
      alcohol and being obtained from the oxyalkylation reaction without
      intervening purification, with from 1.0 to 1.2 mols per mol of said crude
      adduct, of a sulfating agent stronger than concentrated sulfuric acid
      selected from the group consisting of sulfur trioxide, sulfur trioxide/air
      mixtures, oleum and chlorosulfonic acid, at temperatures of from
      10.degree.C to 30.degree.C, and recovering said secondary alcohol ether
      sulfate having a high degree of sulfation.
NUM  2.
PAR  2. The process of claim 1 wherein said crude adduct of said secondary
      alkanol is a propylene oxide adduct containing from 1.5 to 5 mols of
      propylene oxide per mol of secondary alkanol.
NUM  3.
PAR  3. The process of claim 1 wherein said secondary alkanol was prepared by
      the oxidation of a paraffin.
NUM  4.
PAR  4. The process of claim 1 wherein said sulfating agent stronger than
      concentrated sulfuric acid is chlorosulfonic acid.
NUM  5.
PAR  5. The process of claim 1 wherein said sulfating agent stronger than
      sulfuric acid is utilized in an amount of from 1.02 to 1.1 mols per mol of
      said crude adduct of said secondary alkanol.
NUM  6.
PAR  6. The process of claim 1 wherein said crude adduct of said secondary
      alkanol is first adducted with propylene oxide and then with from 1 to 4
      mols of ethylene oxide.
NUM  7.
PAR  7. The process of claim 1 wherein said crude adduct of said secondary
      alkanol is first adducted with from 1 to 4 mols of ethylene oxide and then
      with said propylene oxide.
NUM  8.
PAR  8. The process of claim 1 wherein said crude adduct of said secondary
      alkanol is adducted with a mixture of from 1 to 4 mols of ethylene oxide
      and said propylene oxide.
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ABST
PAL  Novel compositions of matter which are useful as biodegradable detergents
      comprise alkali metal disubstituted cyclohexenyl sulfates. These compounds
      are prepared by condensing butadiene with allyl chloride, thereafter ring
      alkylating the resultant chloromethylcyclohexene with an olefin in the
      presence of a free-radical generating compound and reacting the
      disubstituted cyclohexene with an alkali metal salt of a sulfur-containing
      compound to form the desired product.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 277,837 filed Aug. 3, 1972, now U.S. Pat. No. 3,867,432, all teachings
      of which are specifically incorporated herein by reference thereto.
BSUM
PAR  This invention relates to novel compositions of matter and also to a
      process for preparing these compounds which are useful as biodegradable
      detergents. More specifically, the invention is concerned with these
      compounds comprising alkali metal salts of disubstituted cyclohexene
      sulfates which are biodegradable in nature when formed.
PAR  One of the major problems which is prevalent in population centers
      throughout the world is the disposal of sewage containing detergents
      dissolved therein. Such disposal problems are especially trying in the
      case of branched chained alkylaryl detergents. These detergents produce
      stable foams in hard or soft waters in such large quantities that the foam
      clogs sewage treatment facilities, and destroys the bacteria which are
      necessary for proper sewage treatment. In many rivers, streams, lakes,
      etc., which act as a water supply for the aforesaid population centers,
      there are found these unwanted foams and suds. As hereinbefore set forth,
      the presence of these unwanted foams or suds is due in many instances to
      the use of detergents which are non-biodegradable in nature and which will
      not break down by bacterial action thereon. The non-biodegradable nature
      of these detergents is due to the fact that the alkyl side chain of the
      molecule is in many instances highly branched and therefore not readily
      attacked by the organisms which would ordinarily destroy the molecule. In
      contradistinction to this, the use of straight chain alkyl substituents on
      the ring will permit the detergents to be destroyed and therefore foams or
      suds will not build up on the surface of the water.
PAR  It is therefore an object of this invention to provide a novel method for
      the manufacture of biodegradable detergents which may be degraded in both
      urban and rural sewage disposal systems.
PAR  A further object of this invention is to provide novel compositions of
      matter comprising biodegradable detergents.
PAR  In one aspect an embodiment of this invention resides in a biodegradable
      detergent compound of the formula:
      ##SPC1##
PAL  In which M is an alkali metal and R is an alkyl group of from 1 to about 14
      carbon atoms.
PAR  A specific embodiment of this invention is found in a biodegradable
      detergent such as sodium(n-octyl-3-cyclohexenyl)methano sulfate.
DETD
PAR  Other objects and embodiments will be found in the following further
      detailed description of the present invention.
PAR  As hereinbefore set forth, the present invention is concerned with novel
      compositions of matter and to a process for the preparation of these
      compounds which are useful as biodegradable detergents, the process being
      effected in a series of steps. In the first step of the reaction,
      butadiene is reacted with allyl chloride in a Diels-Alder type
      condensation to give 4-chloromethylcyclohexene. Homologs of butadiene,
      such as isoprene, or analogous cyclic conjugated dienes such as
      cyclopentadiene or cyclohexadiene may be used instead of butadiene, and
      these yield generally similar results, but butadiene is preferred. The
      Diels-Alder condensation is effected at elevated temperatures usually in
      the range of from about 50.degree. to about 190.degree. C. and at a
      pressure ranging from atmospheric up to about 100 atmospheres. The
      reaction pressure may be attained by the introduction of a substantially
      inert gas such as nitrogen or argon into the reaction zone, the amount of
      pressure which is utilized being that which is sufficient to maintain at
      least a portion of the reactants in the liquid phase.
PAR  The 4-chloromethylcyclohexene which has been prepared according to the
      above paragraph is then selectively alkylated utilizing an olefinic
      hydrocarbon as the alkylating agent. The selective alkylation in which the
      alkyl substituent is positioned on the ring rather than on the side chain
      is effected by treating the reactants in the presence of a free-radical
      generating compound and hydrogen chloride. In the preferred embodiment of
      the invention the olefinic hydrocarbon which is utilized as the alkylating
      agent will comprise an alpha-olefin containing from about 3 to about 20
      carbon atoms. By utilizing an alkylation catalyst comprising a
      free-radical generating compound and a promoter comprising hydrogen
      chloride, it is possible to obtain a normal alkyl side chain on the
      cyclohexene ring rather than a secondary alkyl side chain which would
      result if the alkylation were effected in the presence of an acidic
      catalyst of the Friedel-Crafts type or sulfuric acid, etc. Specific
      examples of these olefinic hydrocarbons which are utilized as alkylating
      agents include l-hexene, l-heptene, l-octene, l-nonene, l-decene,
      l-undecene, l-dodecene, l-tridecene, l-tetradecene, etc. It is also
      contemplated within the scope of this invention that other alpha-olefins
      containing less than 6 or more than 14 carbon atoms may also be utilized,
      said olefins including propene, l-butene, l-pentene, l-pentadecene,
      l-hexadecene, l-heptadecene, l-octadecene, l-nonadecene, l-eicosene, etc.
PAR  The catalysts which are used in this step of the invention will include
      peroxy compounds containing the bivalent radical --O--O-- which decompose
      to form free radicals which initiate the general reaction and are capable
      of inducing the condensation of the chloromethylcyclohexene with the
      l-alkene. Examples of these catalysts include the persulfates, perborates,
      percarbonates of ammonium and of the alkali metals or organic peroxy
      compounds. The organic peroxy compounds constitute a preferred class of
      catalysts for use in the invention and include peracetic acid, persuccinic
      acid, methyl ethyl ketone peroxide, methyl isobutyl ketone peroxide,
      acetyl peroxide, dipropionyl peroxide, di-t-butyl peroxide, butyryl
      peroxide, lauroyl peroxide, benzoyl peroxide, tetralin peroxide, urea
      peroxide, t-butyl perbenzoate, t-butyl hydroperoxide, methylcyclohexyl
      hydroperoxide, cumene hydroperoxide, diisopropylbenzene hydroperoxide,
      etc. Mixtures of peroxy compound catalysts may be employed or the peroxy
      compound catalyst may be utilized in admixture with various diluents.
      Thus, organic peroxy compounds which are compounded commercially with
      various diluents which may be used include benzoyl peroxide compounded
      with calcium sulfate, benzoyl peroxide compounded with camphor, phthalate
      esters, etc. Only catalytic amounts (less than stoichiometric amounts)
      need be used in the process.
PAR  The alkylation of the chloromethylcyclohexene with the l-alkene is effected
      at elevated reaction temperatures which should be at least as high as the
      initial decomposition temperature of the free-radical generating catalyst,
      such as the peroxide compound, in order to liberate and form free radicals
      which promote the reaction. In selecting a particular reaction temperature
      for use in the process of the present invention, two considerations must
      be taken into account. First, sufficient energy by means of heat must be
      supplied to the reaction so that the reactants, namely the
      chloromethylcyclohexene and the l-alkenes will be activated sufficiently
      for condensation to take place when free radicals are generated by the
      catalyst. Second, free-radical generating catalysts such as peroxy
      compounds, particularly organic peroxides, decompose at a measurable rate
      with time in a logarithmic function dependent upon temperature. This rate
      of decomposition can be and ordinarily is expressed as the half life of a
      peroxide at a particular temperature. For example, the half life in hours
      for di-t-butyl peroxide is 11 hours at 125.degree. C., 4 hours at
      135.degree. C., and 1.5 hours at 145.degree. C. A reaction system
      temperature must then be selected so that the free-radical generating
      catalyst decomposes smoothly with the generation of free radicals at a
      half life which is not too long. In other words, sufficient free radicals
      must be present to induce the present chain reaction to take place, and
      these radicals must be formed at a temperature at which the reactants are
      in a suitably activated state for condensation. When the half life of the
      free-radical generating catalyst is greater than 10 hours, radicals are
      not generated at a sufficient rate to cause the reaction of the process of
      the present invention to go forward at a practically useful rate. Thus the
      reaction temperature may be within the range of from about 50.degree. to
      about 300.degree. C., and at least as high as the decomposition
      temperature of the catalyst, by which is meant a temperature such that the
      half life of the free-radical generating catalyst is not greater than 10
      hours. Since the half life for each free-radical generating catalyst is
      different at different temperatures, the exact temperature to be utilized
      in a particular reaction will vary. However, persons skilled in the art
      are well acquainted with the half life vs. temperature data for different
      free-radical generating catalysts. Thus it is within the skill of one
      familiar with the art to select the particular temperature needed for any
      particular catalyst. However, the operating temperatures generally do not
      exceed the decomposition temperature of the catalyst by more than about
      100.degree. C. since free-radical generating catalysts decompose rapidly
      under such conditions. For example, when a free-radical generating
      catalyst such as t-butyl perbenzoate is used, having a 50 percent
      decomposition temperature (in 10 hours) of approximately 105.degree. C.,
      the operating temperature of the process is from about 105.degree. to
      about 205.degree. C. When di-t-butyl peroxide having a 10 hour, 50 percent
      decomposition temperature of about 125.degree. C. is used, the process is
      run at a temperature ranging from about 125.degree. to about 225.degree.
      C. Higher reaction temperatures may be employed, but little advantage is
      gained if the temperature is more than the hereinbefore mentioned
      100.degree. C. higher than the 10 hour, 50 percent decomposition
      temperature of the catalyst. The general effect of increasing the
      operating temperature is to accelerate the rate of condensation reaction
      of the chloromethylcyclohexene with the l-alkene. However, the increased
      rate of reaction is accompanied by certain amounts of decomposition. In
      addition to the elevated temperatures which are utilized, the reaction may
      also be effected at elevated pressures ranging from about 1 to about 100
      atmospheres or more, the preferred operating pressure of the process being
      that which is required to maintain a substantial portion of the reactants
      in liquid phase. Pressure is not an important variable in the process of
      this invention. However, because of the low boiling points of some of the
      reactants, it is necessary to utilize pressure-withstanding equipment to
      insure liquid phase conditions. In batch type operations, it is often
      desirable to utilize pressure-withstanding equipment to charge the
      reactants and the catalyst to the vessel and to pressure the vessel with
      10 or 30 or 50 or more atmospheres of an inert gas such as nitrogen. This
      helps to insure the presence of liquid phase conditions. However, when the
      mole quantity of reactants is sufficient, the pressure which they
      themselves generate at the temperature utilized is sufficient to maintain
      the desired phase conditions.
PAR  Furthermore, the concentration of the catalyst employed in this process may
      vary over a rather wide range but it is desirable to utilize low
      concentrations of catalysts such as from about 0.1 to about 10 percent of
      the total weight of the combined starting materials charged to the
      process. The reaction time may be within the range of from less than one
      minute to several hours, depending upon temperature and the half life of
      the catalyst. Generally speaking, contact times of at least 10 minutes are
      preferred.
PAR  In addition to the free-radical generating catalyst, the alkylation is also
      effected in the presence of a hydrogen chloride compound. The hydrogen
      chloride compound is used as a promoter for the reaction and also is used
      to prevent or inhibit telomerization, said telomerization being a
      polymerization reaction in which unwanted side reaction products may be
      formed. The hydrogen chloride may be present as anhydrous hydrogen
      chloride, as concentrated hydrochloric acid or as an aqueous solution of
      hydrochloric acid, the hydrochloric acid being present in an amount of
      from 5 to about 38 percent in said aqueous solution.
PAR  The resulting disubstituted cyclohexene comprising an n-alkyl
      chloromethylcyclohexene is thereafter reacted with an alkali metal salt of
      a sulfur-containing compound such as an alkali sulfate or alkali
      bisulfate. Representative examples of these alkali metal salts will
      include sodium sulfate, sodium bisulfate, potassium sulfate, potassium
      bisulfate, lithium sulfate, lithium bisulfate, rubidium sulfate, rubidium
      bisulfate, cesium sulfate, cesium bisulfate, etc., the preferred compounds
      comprising the sodium or potassium salts due to their relatively lower
      cost and greater availability. The reaction is usually effected at
      elevated temperatures in the range of from about 50.degree. to about
      150.degree. C. or more and at atmospheric pressure. Preferably the
      sulfation is effected in the presence of a highly polar or high dielectric
      solvent, said solvents including dimethyl sulfoxide, dimethylformamide,
      sulfolane dioxane, ethanol, ethylene glycol, glycerol, nitromethane, etc.
PAR  The process of this invention in which the novel compositions of matter
      useful as biodegradable detergents are prepared may be effected in either
      a batch type or continuous type of operation. When a batch type operation
      is used, a quantity of the allyl chloride is placed in an appropriate
      apparatus such as an autoclave and butadiene is charged thereto. The
      autoclave is then heated to the desired operating temperature and pressure
      in the range hereinbefore set forth and maintained thereat for a
      predetermined residence time which may range from about 0.5 up to about 10
      hours or more in duration. Upon completion of the desired residence time,
      heating is discontinued, the autoclave is allowed to return to room
      temperature, the excess pressure is vented and the reaction mixture is
      recovered. The 4-chloromethylcyclohexene is separated from any unreacted
      allyl chloride by conventional means such as distillation or any other
      separation means known in the art and placed in a second reaction vessel
      along with a free-radical generating compound and the l-alkene which is to
      be utilized as the alkylating agent. In addition, a promoter comprising
      hydrogen chloride either in gaseous form as hydrogen chloride or in
      aqueous form as hydrochloric acid is added to the reactor which is
      thereafter heated to the desired operating temperature which, as
      hereinbefore set forth, is at least as high as the decomposition
      temperature of said free-radical generating compound. After maintaining
      the alkylation reaction at this temperature for a predetermined period of
      time, heating is discontinued, the reaction mixture is allowed to return
      to room temperature and the alkyl-substituted chloromethylcyclohexene is
      again recovered by conventional means.
PAR  The n-alkyl chloromethylcyclohexene is then reacted with an alkali metal
      salt of a sulfur-containing compound at elevated temperatures and in the
      presence of a solvent of the type hereinbefore set forth. Following the
      sulfation step which may take again from about 0.5 up to about 10 hours or
      more, heating is discontinued and the desired product is separated from
      the solvent by fractionation or other means and passed to storage.
PAR  It is also contemplated within the scope of this invention that the desired
      product may be prepared while employing a continuous type of operation.
      When the continuous type of operation is to be used, the starting
      materials comprising the allyl chloride and butadiene are continuously
      charged to a reactor which is maintained at the proper operating
      conditions of temperature and pressure. After passage through this
      reactor, the effluent is continuously withdrawn, subjected to a separation
      step whereby the unreacted allyl chloride and butadiene are separated from
      the chloromethylcyclohexene and recycled to form a portion of the feed
      stock while the latter is continuously charged to an alkylation apparatus
      which is also maintained at the proper operating conditions of temperature
      and pressure. In addition, the l-alkene, the free-radical generating
      compound and the hydrogen chloride promoter are also continuously charged
      to this alkylation apparatus through separate lines. After completing the
      desired residence time in the alkylation apparatus, the reactor effluent
      is continuously withdrawn, again subjected to separation steps whereby
      unreacted starting materials, promoter, free-radical generating compound
      and by-products are separated from the alkyl-substituted
      chloromethylcyclohexene. The unreacted materials are recycled to form a
      portion of the feed stock to the apparatus while the alkyl-substituted
      chloromethylcyclohexene is continuously charged to a sulfation reactor.
      The alkali metal sulfur-containing compound such as sodium sulfate, sodium
      bisulfate, etc., is continuously charged to the sulfation reactor along
      with the solvent. The solvent may be charged to the reactor through a
      separate line or one or both of the reactants may be admixed with the
      solvent prior to entry into said reactor and the resulting mixture charged
      thereto in a single stream. After completion of the desired residence time
      in the sulfation reactor, the effluent is again continuously withdrawn and
      subjected to separation steps which are conventional in nature whereby
      unreacted starting material and solvent are separated from the desired
      compound, the latter being passed to storage while the unreacted starting
      materials are recycled to form a portion of the feed stock.
PAR  Some specific examples of the novel compositions of matter of the present
      invention which may be prepared according to the process hereinbefore set
      forth will include those compounds having the generic formula:
      ##SPC2##
PAL  in which M is an alkali metal and R is an alkyl group of from 1 to about 14
      carbon atoms such as sodium(n-propyl-3-cyclohexenyl)methano sulfate,
      sodium(n-butyl-3-cyclohexenyl)methano sulfate,
      sodium(n-pentyl-3-cyclohexenyl)methano sulfate,
      sodium(n-hexyl-3-cyclohexenyl)methano sulfate,
      sodium(n-heptyl-3-cyclohexenyl)methano sulfate,
      sodium(n-octyl-3-cyclohexenyl)methano sulfate,
      sodium(n-nonyl-3-cyclohexenyl)methano sulfate,
      sodium(n-decyl-3-cyclohexenyl)methano sulfate,
      sodium(n-undecyl-3-cyclohexenyl)methano sulfate,
      sodium(n-dodecyl-3-cyclohexenyl)methano sulfate,
      sodium(n-tridecyl-3(cyclohexenyl)methano sulfate,
      sodium(n-tetradecyl-3-cyclohexenyl)methano sulfate,
      potassium(n-propyl-3-cyclohexenyl)methano sulfate,
      potassium(n-pentyl-3-cyclohexenyl)methano sulfate,
      potassium(n-heptyl-3-cyclohexenyl)methano sulfate,
      potassium(n-nonyl-3-cyclohexenyl)-methano sulfate,
      potassium(n-undecyl-3-cyclohexenyl)methano sulfate,
      potassium(n-tridecyl-3-cyclohexenyl)methano sulfate,
      lithium(n-butyl-3-cyclohexenyl)methano sulfate,
      lithium(n-hexyl-3-cyclohexenyl)methano sulfate,
      lithium(n-octyl-3-cyclohexenyl)methano sulfate,
      lithium(n-decyl-3-cyclohexenyl)methano sulfate,
      lithium(n-dodecyl-3-cyclohexenyl)methano sulfate,
      lithium(n-tetradecyl-3-cyclohexenyl)methano sulfate, etc. It is to be
      understood that the aforementioned biodegradable detergents are only
      representative of the novel class of compounds and that the present
      invention is not necessarily limited thereto.
PAR  The following examples are given to illustrate the process of the present
      invention which, however, are not intended to limit the generally broad
      scope of the present invention in strict accordance therewith.
PAC  EXAMPLE I
PAR  In this example a mole proportion of allyl chloride is placed in the glass
      liner of a rotating autoclave. The autoclave is sealed, a mole proportion
      of butadiene along with a sufficient amount of nitrogen is pressed in
      until an initial operating pressure of 30 atmospheres is reached. The
      autoclave and contents thereof are then heated to a temperature of
      130.degree. C. and maintained in a range of 130.degree. to 140.degree. C.
      for a period of 4 hours. At the end of the 4-hour period, heating is
      discontinued, the autoclave is allowed to return to room temperature and
      the excess pressure is discharged therefrom. The autoclave is opened and
      the reaction mixture is recovered and subjected to fractional distillation
      under reduced pressure whereby the desired product comprising
      4-chloromethylcyclohexene is separated and recovered.
PAR  The aforementioned 4-chloromethylcyclohexene which is prepared according to
      the above paragraph is then placed in another liner of a rotating
      autoclave along with l-tetradecene, the chloromethylcyclohexene being
      present in a molar excess over the tetradecene. In addition, a catalyst
      comprising di-t-butyl peroxide and a promoter comprising concentrated
      hydrochloric acid is also added to the liner. The liner is then sealed
      into the autoclave and nitrogen is pressed in until an initial operating
      pressure of 30 atmospheres is reached. The autoclave and contents thereof
      are then heated to a temperature of 130.degree. C. and maintained in a
      range of from 130.degree. to 140.degree. C. for a period of 8 hours. At
      the end of the 8-hour period, heating is discontinued, the autoclave is
      allowed to return to room temperature, the excess pressure is discharged
      and the autoclave is opened. The reaction mixture is subjected to
      fractional distillation under reduced pressure whereby the desired
      n-tetradecyl-3-cyclohexenylmethyl chloride is recovered.
PAR  The disubstituted cyclohexene is reacted in a molar proportion with sodium
      sulfate, said reaction being effected in the presence of a solvent
      comprising dimethyl sulfoxide at a temperature of about 60.degree. C. for
      a period of 4 hours. At the end of the 4 -hour period, heating is
      discontinued, the reaction mixture is again subjected to fractional
      distillation under reduced pressure whereby the desired product comprising
      sodium(n-tetradecyl-3-cyclohexenyl)methano sulfate is recovered.
PAC  EXAMPLE II
PAR  In a manner similar to that set forth in Example I above, 76.5 grams (1.0
      mole) of allyl chloride is placed in the glass liner of a rotating
      autoclave. The liner is sealed into the autoclave and 54 grams (1.0 mole)
      of butadiene is charged thereto. The autoclave is then heated to a
      temperature of 125.degree. C. and maintained thereat for a period of 4
      hours. At the end of this time, heating is discontinued and the autoclave
      is allowed to return to room temperature. The autoclave is opened and the
      reaction mixture is recovered therefrom. Following this, the mixture is
      subjected to fractional distillation whereby the desired product
      comprising 4-chloromethylcyclohexene is separated from any unreacted allyl
      chloride and recovered.
PAR  The 4-chloromethylcyclohexene which is prepared according to the above
      paragraph is then placed in the glass liner of a rotating autoclave along
      with l-octene, the charge stock usually consisting of a molar excess of
      the chloromethylcyclohexene over the l-octene in a range of from about
      1.5:1 to about 2:1 moles of chloromethylcyclohexene per mole of l-octene.
      In addition, 7 grams of di-t-butyl peroxide and 20 grams of concentrated
      hydrochloric acid are placed in the autoclave. The autoclave is sealed and
      nitrogen is pressed in until an initial operating pressure of 30
      atmospheres is reached. The autoclave and contents thereof are then heated
      to a temperature of 130.degree. C. and maintained thereat for a period of
      8 hours. At the end of the 8-hour period, heating is discontinued, the
      autoclave is allowed to return to room temperature and the excess pressure
      is discharged therefrom. The autoclave is opened, the reaction mixture is
      recovered and subjected to fractional distillation, usually under reduced
      pressure, whereby the desired product comprising
      n-octyl-3-cyclohexenylmethyl chloride is recovered.
PAR  The n-octyl-3-cyclohexenylmethyl chloride which is prepared according to
      the above paragraph is then sulfated by placing said compound in a flask
      along with an equimolar amount of sodium sulfate and a solvent comprising
      dimethyl sulfoxide. The flask is then heated to a temperature of
      50.degree. C. and the reaction mixture is maintained at this temperature
      for a period of 4 hours, at the end of which time, heating is
      discontinued. Upon cooling, the reaction mixture is separated from the
      dimethyl sulfoxide solvent and any unreacted starting materials, the
      desired product comprising sodium(n-octyl-3-cyclohexenyl)methano sulfate
      being recovered therefrom.
PAC  EXAMPLE III
PAR  In this example 4-chloromethylcyclohexene is prepared in a manner similar
      to that set forth in Examples I and II above. Thereafter the
      4-chloromethylcyclohexene is placed in the glass liner of a rotating
      autoclave along with l-decene, a catalyst comprising di-t-butyl peroxide
      and concentrated hydrochloric acid, the 4-chloromethylcyclohexene being in
      a molar excess over the l-decene. The autoclave is sealed, nitrogen is
      pressed in until an initial operating pressure of 30 atmospheres is
      reached, after which the autoclave is heated to a temperature of
      130.degree. C. and maintained in a range of from 130.degree. to
      140.degree. C. for a period of 8 hours. At the end of this time, heating
      is discontinued, the autoclave is allowed to return to room temperature
      and the excess pressure is discharged therefrom. The autoclave is opened,
      the reaction mixture is recovered and subjected to conventional means of
      separation whereby the n-decyl-substituted chloromethylcyclohexene is
      separated and recovered.
PAR  The n-decyl-substituted chloromethylcyclohexene is then treated in a manner
      similar to that hereinbefore set forth with potassium sulfate at a
      temperature of about 60.degree. C. in the presence of a solvent comprising
      ethanol, said reaction being effected for a period of 4 hours. At the end
      of the 4-hour period, heating is discontinued, the mixture is recovered
      and subjected to conventional means of separation whereby the desired
      product comprising potassium(n-decyl-3-cyclohexenyl)methano sulfate is
      separated and recovered.
PAC  EXAMPLE IV
PAR  In this example 4-chloromethylcyclohexene is prepared in a manner similar
      to that hereinbefore set forth by condensing butadiene and allyl chloride
      in a Diels-Alder manner. Following the preparation and recovery of the
      4-chloromethylcyclohexene, it is then placed in an alkylation apparatus
      along with l-dodecene, benzoyl peroxide and concentrated hydrochloric
      acid, the alkylation being effected at a temperature in the range of about
      80.degree. to 85.degree. C. for a period of 4 hours. At the end of the
      4-hour period, heating is discontinued, the reactor is allowed to return
      to room temperature and the reaction mixture is recovered therefrom. After
      subjecting the reaction mixture to fractional distillation, the desired
      product comprising n-dodecyl-3-chloromethylcyclohexene is recovered. This
      product is then reacted with sodium sulfate at a temperature of about
      75.degree. C. for a period of 4 hours in the presence of a 1,4-dioxane
      solvent. At the end of the 4-hour period, heating is again discontinued
      and the reaction mixture is allowed to cool to room temperature. After
      cooling to room temperature, the mixture is subjected to conventional
      means of separation whereby the desired product comprising
      sodium(n-dodecyl-3-cyclohexenyl)-methano sulfate is recovered.
PAC  EXAMPLE V
PAR  To the glass liner of a rotating autoclave is charged 76.5 grams (1.0 mole)
      of allyl chloride and thereafter the liner is sealed into the autoclave.
      Following this, 54 grams (1.0 mole) of butadiene is charged thereto and
      the autoclave is heated to a temperature of 125.degree. C. After
      maintaining the autoclave at this temperature for a period of 4 hours,
      heating is discontinued and the autoclave is allowed to return to room
      temperature. The autoclave is opened and the reaction mixture is subjected
      to fractional distillation whereby the desired 4-chloromethylcyclohexene
      is separated from any unreacted allyl chloride and recovered.
PAR  The 4-chloromethylcyclohexene which is thus prepared is placed in the glass
      liner of a rotating autoclave along with l-octene, said
      chloromethylcyclohexene being in a molar excess over the l-octene. In
      addition to the starting materials, 7 grams of di-t-butyl peroxide and 20
      grams of concentrated hydrochloric acid are also placed in the autoclave
      which is thereafter sealed and pressured to an initial operating pressure
      of 30 atmospheres with nitrogen. The autoclave and contents thereof are
      then heated to a temperature of 130.degree. C. and maintained thereat for
      a period of 8 hours, at the end of which time heating is discontinued and
      the autoclave is allowed to return to room temperature. The excess
      pressure is discharged, the autoclave is opened and the reaction mixture
      which is recovered therefrom is subjected to fractional distillation under
      reduced pressure to separate and recover n-octyl-3-cyclohexenylmethyl
      chloride.
PAR  The aforementioned n-octyl-3-cyclohexenylmethyl chloride is sulfated by
      treating the compound with an equimolar amount of potassium sulfate in the
      presence of a solvent comprising dimethyl sulfoxide, the reaction being
      effected at a temperature of 50.degree. C. for a period of 4 hours. At the
      end of the 4-hour period, the reaction mixture is treated in a manner
      similar to that hereinbefore set forth whereby the desired product
      comprising potassium(n-octyl-3-cyclohexenyl)methano sulfate is separated
      and recovered.
CLMS
STM  I claim as my Invention:
NUM  1.
PAR  1. A biodegradable detergent compound of the formula:
      ##SPC3##
PAL  in which M is an alkali metal and R is an alkyl group of from 1 to about 14
      carbon atoms.
NUM  2.
PAR  2. The biodegradable detergent compound of claim 1 being
      sodium(n-octyl-3-cyclohexenyl)methano sulfate.
NUM  3.
PAR  3. The biodegradable detergent compound of claim 1 being
      sodium(n-tetradecyl-3-cyclohexenyl)methano sulfate.
NUM  4.
PAR  4. The biodegradable detergent compound of claim 1 being
      potassium(n-decyl-3-cyclohexenyl)methano sulfate.
NUM  5.
PAR  5. The biodegradable detergent compound of claim 1 being
      sodium(n-dodecyl-3-cyclohexenyl)methano sulfate.
NUM  6.
PAR  6. The biodegradable detergent compound of claim 1 being
      potassium(n-octyl-3-cyclohexenyl)methano sulfate.
PATN
WKU  039312739
SRC  5
APN  4512006
APT  1
ART  126
APD  19740314
TTL  Method for sulphonatizing and sulphatizing organic compounds with
      sulphur trioxide and apparatus therefor
ISD  19760106
NCL  7
ECL  1
EXA  Chan; Nicky
EXP  Thomas, Jr.; James O.
NDR  3
NFG  5
INVT
NAM  Lanteri; Agostino
CTY  Busto Arsizio, Varese
CNT  IT
ASSG
NAM  Costruzioni Meccaniche G. Mazzoni S.p.A.
CTY  Busto Arsizio, Varese
CNT  IT
COD  03
PRIR
CNT  IT
APD  19700223
APN  20991/70
RLAP
COD  71
APN  114973
APD  19710212
PSC  03
CLAS
OCL  260458
XCL  260459R
XCL  260513T
XCL  260505R
XCL   23284
EDF  2
ICL  C07C14102
ICL  C07C14316
ICL  C07C14312
ICL  C07C14334
FSC  260
FSS  458;459;513 R;505 R;505 C;457;458 R;458 C;459 R;513 T
FSC   23
FSS  277 R;284
UREF
PNO  2923728
ISD  19571100
NAM  Falk et al.
OCL  260458
UREF
PNO  3169142
ISD  19650200
NAM  Knaggs et al.
OCL  260458
UREF
PNO  3270038
ISD  19660800
NAM  Marshall
OCL  260458
UREF
PNO  3531518
ISD  19660700
NAM  Ohren et al.
OCL  260  5.3R
LREP
FRM  Young & Thompson
ABST
PAL  A continuous method for sulphonating and sulphating liquid organic
      compounds with gaseous sulphur trioxide diluted with inert gas in a
      plurality of externally cooled, parallel reaction tubes with downward flow
      communicating at the injection nozzles of the liquid and gas reactants
      with a single chamber under uniform pressure, from which an additional
      inert gas flows into the several reaction tubes so as to equalize the
      pressures downstream of all of said injection nozzles in order to provide
      for a uniform distribution of the reactants to said reaction tubes, as
      seen in FIGS. 1-5.
PAL  This method is applied to all the organic compounds susceptible to said
      reactions.
PARN
PAR  This is a continuation of application Ser. No. 114,973, filed Feb. 12,
      1971, now abandoned.
BSUM
PAR  This invention relates to a continuous method for sulphonating and
      sulphating liquid organic compounds with sulphur trioxide gas. As used
      herein, the term "liquid" means that the organic compounds to be processed
      are liquid at room temperature or at the temperature at which they are
      reacted with sulphur trioxide.
PAR  More particularly, this invention relates to a method and an apparatus for
      reacting organic compounds with gas containing sulphur trioxide in a
      two-phase gas-liquid flow system consisting of parallel conduits. The
      method is applicable to all of the organic compounds capable of reacting
      with diluted sulphur trioxide, either forming sulphonates or sulphates.
PAR  Methods are known for carrying out gas/liquid reactions in two-phase
      cocurrent flow systems, wherein the required turbulence for causing the
      interphase contact and heat transfer is essentially achieved at the charge
      of the gas stream energy. To this end, elongated reaction zones are
      generally used in the form of conduits or tubes where the gas and liquid
      reactants are continuously introduced from the same end. For example, U.S.
      Pat. No. 2,528,320 describes such reaction techniques for paraffin
      sulphochlorination with a gaseous mixture of gas sulphur trioxide and
      chlorine, characterized in that the superficial gas velocity is kept at a
      sufficiently high rate to cause an annular turbulent flow. This type of
      flow is characterized in that the liquid is caused by the gas velocity to
      circumferentially flow on the inner tube walls, as in the central portion
      the gas flows around the tube axis. U.S. Pat. No. 2,865,958 describes a
      sulphonatizing method, according to which a mineral oil containing olefine
      hydrocarbons and/or aromatic hydrocarbons and gas containing sulphur
      trioxide are introduced from an end into a tubular chamber. The organic
      liquid circumferentially enters the chamber and is dispersed in the gas
      jet centrally penetrating therein.
PAR  In most cases, such as in producing organic sulphonates and sulphates for
      detergents and similar uses, the reaction of the organic compounds with
      sulphur trioxide is extremely rapid and exothermic. Moreover, several
      products being obtained in this reaction, particularly organic sulphuric
      esters, are unstable. Suitable means have to be used for ensuring an even
      contact of the reactants, a rapid removal of the reaction heat and a short
      residence time of the product in the reaction zone. Otherwise, charrings
      and other undesirable effects would occur, which could adversely affect
      the quality of the final product. In these circumstances, an annular
      turbulent flow is definetely useful, as enabling an even interphase
      contact and an efficient temperature control by circulating cooling liquid
      outside the walls encircling the reaction zone.
PAR  According to U.S. Pat. No. 2,923,728, an annular turbulent flow for the
      liquid organic compound is established on the inner walls of a tube by
      propelling by an inert gas, as a mixture of sulphur trioxide and another
      inert diluent gas is introduced into the central zone of the tube. This
      method is suitable for small scale productions. A laboratory apparatus
      based on this principle is described in Soap & Chemical Specialities, May
      1967, page 67. It includes a downward vertical flow reaction tube having
      an inner diameter of 5 mm.
PAR  An increase in flow rate would involve an increase in the tube diameter and
      length and, at the same time, an increase in flow velocity. However, there
      are limits to this purpose because the gas supply pressure may become
      undue and/or the product quality may be lowered. Good reaction conditions
      are achieved by tubes of a comparatively small diameter or conduits in the
      form of rectangular or annular slot with a reduced thickness.
PAR  Industrial reactors generally include a single reaction zone in the form of
      an annular conduit between two concentric cylindrical surfaces, having a
      free cross-section suitable to the intended flow rate, or a plurality of
      parallel reaction zones in the form of circular tubes. These are downward
      flow vertical systems, wherein an annular type of flow is naturally
      established in a wide range of gas velocities. However, it is important to
      maintain an essentially high velocity for the gas phase in order to
      provide the liquid phase with velocity and turbulence, thereby ensuring an
      even reaction, an efficient temperature control and a short residence time
      of the product in the reaction zone.
PAR  In these reactors the problem arises for evenly distributing the liquid and
      gas reactants throughout the single reaction zone or in all of the
      parallel reaction zones. In this connection, known methods have several
      disadvantages.
PAR  In the case of annular conduit reactors (see British Patent No. 1,029,029),
      a uniform free cross section is required throughout the reaction zone.
      This gives rise to highly strict accuracy problems in construction,
      particularly where large reactors for important industrial productions are
      concerned. British Patent No. 1,103,441 describes a reactor in the form of
      an annular conduit provided with a cage stirring member rotating in the
      initial portion of the reaction zone in order to ensure an even
      distribution and contact for the reactants. However, this approach
      requires the use of a mechanical stirrer which has to rotate at a high
      speed closely adjacent the two surfaces.
PAR  Particularly, in those reactors where liquid and gas would flow in
      completely separate parallel conduits, such as the tubular reactors this
      invention is related to, an even distribution of the liquid and gas
      reactants is hampered by the changes which may occur in flow resistance of
      the several elements. These changes may depend on changes in the inner
      diameter within the ranges of commercial tolerances or the roughness of
      the inner surfaces. A certain change (in absolute length rate) in the
      inner diameter would cause a percentage change in pressure drop which is
      the higher as smaller is the tube diameter. Accordingly, while the
      reaction conditions improve as the inner diameter of the tubes decreases,
      the conditions for evenly distributing the reactants become more
      unfavourable. These changes may be enhanced in the long run because of
      unevenesses in corrosion and erosion. In addition to this, it occurs in
      two liquid/gas phase flows that an increase in liquid flow rate or in
      liquid viscosity would cause an increase in the resistance to gas flow.
      Accordingly, it may occur that in a reaction tube, where the liquid flow
      rate has an excess error (due to the metering element), there would be a
      shortage of gas flow rate, whereby in the reactant ratio there will be an
      overall error which is the sum of the two errors. The same may occur in a
      tube where the liquid flow rate shows an error in shortage. Finally, there
      may be slightly different reaction conditions from one tube to another,
      which may result in changes in pressure drop of the gas flow.
PAR  U.S. Pat. No. 3,169,142 describes a reactor formed of tubes having an inner
      diameter of about 11 mm., in which the distribution of the liquid reactant
      to the various tubes is effected by means of nozzles capable of building
      up a high pressure drop in order to minimize the effect of possible
      changes in the pressure downstream the nozzles on the liquid flow rate.
      Similarly, the distribution of the gas reactant is effected by means of
      nozzles capable of building up a high pressure drop relative to that in
      the reaction tubes. Thus, possible changes in the tube resistance would
      scarcely affect the gas flow rate of each element, since the latter
      depends on the overall pressure drop of the nozzle and tube. In this
      system the drawback is in that most of the gas stream energy has to be
      dissipated in the distributing nozzles and only a comparatively small
      portion is available for flow in the reaction tubes. Therefore, the gas
      velocity or flow rate in the reaction tubes has to be limited:
      substantially it is in the order of 15 m/sec., referred to the tube
      section. As a result of this, the gas and liquid flow rate per tube is
      rather low. An increase in the liquid flow rate, without a corresponding
      increase in the gas flow rate, can be provided within determined limits by
      increasing the sulphur trioxide concentration in the gas, but this is
      normally prejudicial to the quality and particularly to the colour of the
      product. Additionally, in most cases it is considerably advantageous to
      operate with a substantially higher gas velocity or rate, preferably in
      the range of 35-65 m/sec. in order to provide the liquid phase in the
      action tubes with turbulence and velocity. Under these conditions a rapid
      and even reaction occurs in all of the liquid portions with a short stay
      time and minimum alteration of the product. However, this requires some
      consumption of the gas stream energy, particularly in the case of
      sulphonation and sulphation products having a substantial viscosity at
      reaction temperature. To provide for this energy, it is necessary that a
      sufficient pressure drop be available in said tubes.
PAR  The method of the present invention enables to provide a substantially even
      distribution of the liquid and gas reactants to a plurality of parallel
      reaction tubes independently within sufficiently wide ranges of the
      changes in flow resistance which may occur in the several tubes, without
      any need for this to restrict the pressure drop in said tubes. To this
      end, the present method provides a substantial pressure equalization in
      all of the parallel reaction tubes immediately downstream of the
      distributing nozzles for the liquid and gas reactants.
PAR  Accordingly, this invention relates to a method for sulphonating and
      sulphating liquid organic compounds by diluted gas sulphur trioxide with
      inert gas in a plurality of externally cooled, parallel reaction tubes
      with downward flow, characterized in that the reaction tubes at the
      injection nozzles for the liquid and gas reactants communicates with a
      single uniform pressure chamber, additional inert gas freely flowing
      therefrom to the several reaction tubes, so as to substantially equalize
      the pressures downstream of all of the injection nozzles for the liquid
      and gas reactants. This additional inert gas is hereinafter referred to as
      equalizing gas. As a principle, the equalizing gas freely flows to the
      reaction tubes when the inlet pressure drops are negligible in relation to
      the pressure drops in the injection nozzles for the gas reactant. In most
      cases of practical application for the present method, a sufficiently even
      distribution of the reactants is provided when the inlet pressure drops of
      the equalizing gas are some units percent at the most of the pressure drop
      in the injection nozzles for the gas reactant. Under these conditions, the
      equalizing gas will be distributed to the reaction tubes, so that the
      overall gas flow rate of each tube is a decreasing function of the
      resistance thereof against the gas flow. It is apparent from the foregoing
      that the substantial pressure equalization downstream of the distributing
      nozzles for the liquid and gas reactants is depending on a substantial
      equalization of pressure drops in all of the reaction tubes. Generally,
      the amount of equalizing gas would vary approximately in the range of 8-19
      percent of the total amount of inert gas flowing in each tube. Generally,
      the inert equalizing gas is air. The equalizing gas may be introduced into
      the reaction tubes concentrically between the liquid reactant supplied to
      the inner surfaces of the tubes and the gas reactant injected into the
      central zone of each tube, or may be introduced together with the liquid
      reactant through convergent-shaped inlets of the reaction tubes and
      encircling the injection nozzles for the gas reactant.
DRWD
PAR  For a more detailed description of the characteristics of the present
      method, reference is made to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic vertical sectional view showing a reactor for
      carrying out the method according to the invention (in this figure,
      A.sub.1 indicates SO.sub.3 + inert diluent gas; B.sub.1 a liquid organic
      reactant; C an equalizing inert gas; D a vent; E the cooling water outlet;
      and F the cooling water inlet);
PAR  FIG. 2 is a detailed view showing the device for introducing the reactants
      and equalizing gas into the reaction tubes according to FIG. 1;
PAR  FIG. 3 is a horizontal sectional view showing the device in FIG. 2 at the
      inlet apertures for the equalizing gas;
PAR  FIG. 4 is a view showing another form for introducing the reactants and
      equalizing gas into the reaction tubes for use in the method according to
      the present invention; and
PAR  FIG. 5 is a diagram showing the inlet pressure drops for the equalizing air
      in a device as shown in FIG. 2.
DETD
PAR  As shown in FIG. 1, the reactor is formed of a preferably vertical
      cylindrical housing or shell 1 enclosing a plurality of reaction tubes 23
      (for simplicity, three only of such tubes being shown in the figure, but
      the reactor can comprise up to more than one hundred tubes). At the lower
      end thereof the tubes are secured to the plate 6 by means of sealing
      elements 12, while being welded at the upper end thereof to threaded
      connectors 13; these are sealingly clamped (by suitable seals) in the
      lower portion of threaded holes in the flanged plate 7. The housing or
      shell 1, plates 6 and 7 and walls of tubes 23 enclose the chamber 16, in
      which cooling water can be circulated from end to end by baffles 4 and 4'.
      For an efficient cooling, in chamber 16 there are also provided transverse
      baffles or other known devices (not shown in the drawing). The inner
      diameter of tubes 23 can be within about 8-18 mm. However, an internal
      diameter of 8-13 mm. is generally preferable to provide a sufficient flow
      rate per tube and an acceptable quality of product. In order to obtain the
      desired reaction degree, the tube length should increase as the inner
      diameter increases. Generally, the tube length is 0.8-5.0 meters and
      preferably 1.0-3.5 meters. A flanged plate 7' is fixedly mounted on
      flanged plate 7 and has lying exactly above holes at the threaded holes in
      flanged plate 7, the connectors 14 passing therethrough and being clamped
      at the upper portion of the threaded holes in plate 7 so as to seal (by
      suitable seals) on the flanged plate 7'. The connectors 14 carry the
      elements for introducing the reactants and gas into the reaction tubes. A
      chamber 17 is provided between the flanged plates 7 and 7' and
      communicates with the annular chamber 18 formed by the housing or shell 5
      which is welded outside the flanged plate 7'. The annular chamber 18
      communicates with chamber 17 by means of radial holes 21 in the protruded
      portion on the flange of plate 7. By means of this connection, some inert
      gas can be supplied to chamber 17 and distributed therefrom as equalizing
      gas, as described below. A chamber 19 is located over the flanged plate 7'
      and defined at the top by the separating flanges plate 8 and laterally by
      the cylindrical housing or shell 2, the liquid organic reactant being
      supplied from this chamber 19 to the reaction tubes by means of the
      distributing nozzles 25 mounted on the connectors 14. The top portion of
      the reactor between the separating flanged plate 8 and the flange cover or
      lid 9 and laterally defined by the cylindrical shell or housing 3
      comprises the chamber 20, from which the gas reactant is supplied to the
      reaction tubes by means of the distributing nozzles 26 centrally secured
      to the connectors 14 and passing through the separating flanged plate 8;
      the latter is provided with holes at the threaded holes in the flanged
      plate 7', fitted with sealing elements 15. The flange 11 is for connecting
      the reactor to the outlet conduit.
PAR  The elements for introducing the reactants and equalizing gas into the
      reactor in FIG. 1 are shown in greater detail in FIGS. 2 and 3. As metered
      by means of nozzle 25, the liquid organic reactant moves down the conduit
      24 to the space 30 between the connectors 13 and 14 in the threaded hole
      in plate 7; by means of the annular aperture 28 between the inner
      cylindrical surface of connector 13 and the outer cylindrical extension
      surface of connector 14 and the conical connector 31, the liquid is
      distributed therefrom on the periphery externally defining the annular
      aperture 29 opening into the reaction tube 23. The gas reactant is metered
      by means of nozzle 26 and concentrically injected into the innermost
      portion of reaction tube 23. Preferably, the outlet mouth of nozzles 26 is
      flared by a cone angle of about 7.degree.. The equalizing gas enters the
      radial holes 22 of connector 14, travels along the annular conduit 27
      between the inner cylindrical surface of the final section of connector 14
      and the outer surface of nozzle 26 and penetrates the reaction tube 23
      concentrically between the liquid reactant and the gas reactant jet. The
      annular apertures 28 are of a rather narrow thickness to cause the liquid
      to be distributed on the whole periphery, but such however to exhibit only
      a minimal flow resistance. Generally, this port is between 0.5 and 1.2 mm.
      Preferably, the thickness for the annular apertures 29 is in the range of
      1.0-1.8 mm and the length thereof is in the range of 5-30 mm.
PAR  FIG. 4 shows a further convenient arrangement for introducing the reactants
      and equalizing gas into the reaction tubes. Plates 7 and 7' are provided
      with threaded holes which are identical and properly overlying for
      receiving the connectors 41 and 42. An end portion of connectors 41 are
      convergent by a cone angle of about 22.degree.. Connectors 42 have a
      tubular extension 43 enclosing the gas nozzle 26 and forming an annular
      passage 45, through which the liquid organic reactant downward moves to
      the apertures 47 between the end conical surface of connector 41 and the
      outer rim of nozzle 26. The equalizing gas gets to this aperture passing
      through the annular conduit 46 between the inner surfaces of connector 41
      and the outer surfaces of the tubular extension 43. Through said aperture
      47, the liquid organic reactant and equalizing gas are concurrently
      introduced into the reaction tube 23 externally of the gas jet emerging
      from the nozzle 26. Good results are obtained when the outer diameter of
      nozzles 26 is substantially the same as the inner diameter of the reaction
      tubes 23 and the end of nozzle 26 is recessed by 2.0-3.5 mm from the
      converging end of connector 41, whereby the thickness of aperture 47 is
      the range of about 0.4-0.7 mm. The arrangement in FIG. 4 is particularly
      suitable for reaction tubes having an inner diameter of 6-10 mm. In these
      cases, also the arrangement in FIG. 2 can be used, however requiring the
      use of gas reactant injection nozzles having a small diameter to provide a
      suitable thickness for the annular apertures 29. However, the arrangement
      in FIG. 4 can be used also with reaction tubes of a larger diameter and
      affording, for example, substantially the same results as those obtained
      by the arrangement in FIG. 2 in the case of reaction tubes having an inner
      diameter of 13 mm.
PAR  The equalizing gas in chamber 17 flows from periphery to center while being
      distributed to the reaction tubes 23 through holes 22 and annular conduits
      27 (FIG. 2) or annular conduits 46 (FIG. 4). The pressure differential
      building up between the periphery and center of chamber 17 because of the
      gas flow will vary depending on the diameter of the chamber or the number
      of reaction tubes and the equalizing gas flow rate, however being always
      quite negligible and in the order of 1 mm. water column, or less.
PAR  The inlet pressure drop of the equalizing gas in reaction tubes 23 is
      mostly localized at apertures 29 (FIG. 2) or 47 (FIG. 4), where the gas
      flows together with the liquid organic reactant. The thickness for
      apertures 29 or 47 will depend on the liquid organic reactant flow rate
      related to the inner perimeter unit for tubes 23 and minimal and maximal
      equalizing gas flow rates. At the minimal flow rate, the inlet velocity of
      the equalizing gas should be sufficient to prevent the gas jet emerging
      from nozzles 26 from diffusing into the apertures 29 or 47. Such a
      diffusion may cause a premature reaction of the organic compound with
      sulphur trioxide and colour development. On the other hand, the inlet
      pressure drops, within the flow rate range required for equalizing the
      changes in resistance of tubes 23, should be at a maximum some units
      percent of the pressure drop provided by the gas reactant nozzles 26. In
      the above shown apertures, the inlet pressure drops are generally within
      20-120 mm water column for equalizing gas flow rates in the range of 8-19
      percent of the total inert gas flow rate per tube. In order to set up the
      above ratio of pressure drops the nozzles 26 are dimensioned in connection
      with the gas reactant flow rate, so as to set up a pressure drop generally
      in the range of 0.10-0.35 kg/cm.sup.2.
PAR  The highest difference in pressure downstream of the gas reactant
      distribution nozzles is given by the difference in inlet pressure drops
      for the equalizing gas corresponding to the maximal and minimal flow
      rates. This difference is related to the maximal difference in resistances
      of the parallel reaction tubes. The maximal percentage difference in gas
      reactant distribution to the reaction tubes is as from the following
      relation:
      ##EQU1##
      wherein .DELTA.P is the pressure drop at the gas reactant nozzles, while
      .DELTA..sub.p max and .DELTA..sub.p min are the inlet pressure drops for
      the equalizing gas corresponding to the maximal flow rate and minimal flow
      rate, respectively. Similarly, the maximum difference in liquid reactant
      distribution can be estimated. Since the pressure drops caused by gas
      flows in holes 22 and conduits 27 (FIG. 2) or conduits 26 (FIG. 4) are
      about 30 percent or less of the total inlet pressure drop for the
      equalizing gas, the pressure differential downstream of the liquid
      distribution nozzles is minimal. Accordingly, nozzles can be used having a
      pressure drop which is comparatively low when related to the required
      liquid flow rate. This is desirable in order to avoid a too high velocity
      for the liquid, which may cause erosion on the inner surfaces of the
      precision gauged holes.
PAR  The pressure drop in the reaction tubes 23 may be also substantially higher
      than that in nozzles 26. Therefore, the restrictions in the prior art can
      be overcome as to the liquid flow rate and gas speed in the reaction
      tubes.
PAR  The superficial gas velocity in the reaction tubes resulting from the
      overall inert gas flow rate, e.g. SO.sub.3 diluting gas and equalizing
      gas, is generally in the range of 20-80 m/sec., preferably 35-65 m/sec. At
      lower velocity than the minimal level indicated, the interphase contact
      may be unsatisfactory, or the liquid phase may be overheld in the reaction
      zone. Within the above shown velocity range, an interphase mixing occurs
      which increases as the gas velocity increases; the interphase surface is
      complex and liquid portions would leave the continuous phase for entering
      the gas phase and then re-entering the continuous liquid phase. For
      velocities exceeding the maximal level indicated, liquid portions would
      tend to be gradually and more firmly suspended in the gas phase as minute
      droplets which may unduly react with sulphur trioxide or be drawn by the
      outlet exhausted gas.
PAR  The concentration of sulphur trioxide in the gas, as the latter becomes
      diluted with the inert gas for equalizing the pressures and contacts the
      liquid organic reactant, is generally in the range of 2-12 percent by
      volume, preferably 3-6 percent by volume. The molar ratio of sulphur
      trioxide and organic compound will vary according to the nature of the
      latter and is in the range of 0.9-1.2, more generally 0.95-1.15.
PAR  The gas reactant containing sulphur trioxide can be obtained by evaporating
      commercial stabilized liquid sulphur trioxide or sulphur trioxide obtained
      by oleum distillation in a stream of inert gas, such as nitrogen, carbon
      dioxide or more usually dry air, or by elemental sulphur burning in a
      stream of dry air and conversion of sulphur dioxide to sulphur trioxide.
      In any case, a flow of gas or dry air can be by-passed ahead of the gas
      sulphur trioxide production system and used as equalizing gas.
PAR  The gas reactant containing sulphur trioxide is supplied to the reactor
      under a pressure of about 0.3-1.3 kg/cm.sup.2 and at a convenient
      temperature in order not to result in condensation and obstruction of the
      distribution nozzles or solidification of the organic compound within the
      supply chamber. In the case of high melting point organic compounds, also
      the equalizing gas should be at a convenient temperature to avoid
      solidification at the inlet of the reaction tubes.
PAR  The reaction temperature will vary according to viscosity and melting point
      of the liquid phase and fully generally is in the range of about
      30.degree.-110.degree.C. To this end, it should be noted that the
      temperature will vary along the reaction tubes: it increases
      instantaneously at the initial contact zone of the reactants because of
      the extremely fast reaction, whereupon the heat subtracted by external
      cooling will gradually prevail on the heat generated by the reaction and
      the temperature will drop.
PAR  The reaction tubes may be of such a length to effect a substantial cooling
      of the reaction mixture, or of a length just sufficient to provide a
      substantially complete absorption of sulphur trioxide; in the latter case
      the reaction product is further cooled at the reactor outlet, before or
      after the separation of the exhaust gas stream.
PAR  The method of the present invention is applicable to sulphonating and
      sulphating all of the organic compounds capable of reacting at a liquid
      state with gas sulphur trioxide. The compounds may be unitary, or mixtures
      of homologous terms or isomers, or both. Examples of these compounds are
      olefines having a linear or branched chain containing 8 to 20 carbon atoms
      with an inner or end double bond (alpha olefines); the aromatic
      hydrocarbons and aromatic hydrocarbons substituted by a linear or branched
      alkyl chain containing up to 25 carbon atoms, such as alkyl benzenes and
      particularly dodecylbenzene and tridecylbenzene; the fatty alcohols having
      a linear or branched chain containing 8 to 20 carbon atoms, such as lauryl
      alcohol and cetyl-stearyl alcohol; the condensation products of ethylene
      oxide with fatty alcohols and fatty acids having 8 to 20 carbon atoms and
      with alkyl phenols having an alkyl chain comprising 8 to 16 carbon atoms;
      the fatty acids containing 8 to 20 carbon atoms and their esters. Also
      mixtures of compounds having a different chemical structure can be used as
      starting materials, such as alkylbenzenes and fatty alcohols and also
      mixtures of compounds reacting with sulphur trioxide with other compounds
      not reacting therewith, such as fractions of mineral oils containing
      aromatic products.
PAR  Furthermore, the method of the present invention can be used also for other
      gas/liquid reactions occurring through heat development or absorption,
      provided that still an inert gas may be used as equalizing gas.
PAC  EXAMPLE 1
PAR  This example relates to the gas reactant distribution in a reactor as shown
      in FIG. 1, formed of commercial drawn pipes having a rated inner diameter
      of 11 mm. and a length of 1850 mm. The reactor is designed for a liquid
      reactant flow rate of 7.2 kg/h per tube (referred to dodecylbenzene) and a
      total air flow rate of 17 Nm.sup.3 /h. The annular inlet apertures for the
      liquid reactant and equalizing air having a thickness of 1.5 mm and a
      length of 20 mm. Under the above set forth conditions and under a pressure
      of 0.5 kg/cm.sup.2 (in the equalizing air chamber), the inlet pressure
      drops for the equalizing superficial air are graphically shown in FIG. 5.
      The air velocity in the reaction tubes, referred to the tube
      cross-section, is about 50 m/sec. The average equalizing air flow rate is
      2 Nm.sup.3 /h per tube. The main air stream of 15 Nm.sup.3 /h per tube is
      used for sulphur trioxide dilution. The equalization for changes in total
      air flow rate is contemplated, as due to changes in tube resistance,
      within a maximum of 6 percent, that is within 1 Nm.sup.3 /h per tube.
      Thus, the equalizing air flows to the several tubes in amounts from 1.5 to
      2.5 Nm.sup.3 /h per tube. The inlet pressure drops for the equalizing air
      are of 40 and 70 mm water column, respectively. By using gas reactant
      distribution nozzles capable of providing a pressure drop of 0.20
      kg/cm.sup.2, the maximal difference in distribution is:
      ##EQU2##
PAC  EXAMPLE 2
PAR  This example shows the sulphonation of commercial dodecyl benzene having a
      branched side chain and average molecular weight of 245. The
      characteristics of the reactor and the air flow rates are as shown in
      Example 1. A molar ratio of sulphur trioxide and organic reactant of 1.07
      is used. The organic reactant is supplied to the reactor in a rate of 7.2
      kg/h per tube and sulphur trioxide is evaporated in the main air stream in
      a rate of 2.52 kg/h per tube. The concentration of sulphur trioxide in the
      gas reactant is 4.5 percent by volume; as an average, it drops to 4
      percent by volume when the gas reactant encounters the equalizing air and
      contacts the organic reactant. The temperature of the organic reactant is
      20.degree.C, whereas the temperature of the gas reactant is 45.degree.C.
      Cooling water is circulated within the reactor at a temperature of
      34.degree.C. The pressure in the gas reactant supply chamber is 0.75
      kg/cm.sup.2, whereas the pressure in the equalizing air chamber is 0.55
      kg/cm.sup.2. The reaction mixture exits from the reactor at 60.degree.C.
      After separation of the exhausted gas, dodecylbenzene sulphonic acid is
      rapidly cooled at 42.degree.C, then kept in digestion for 20 minutes to
      complete the reaction and finally hydrated with 1 percent water to
      decompose the residual anhydrides. Dodecylbenzene sulphonic acid contains
      1.6 percent unsulphonated material (determined by extracting with
      petroleum ether the product meutralized with sodium hydroxide) and 1.6
      percent sulphuric acid. The product neutralized with sodium hydroxide in 5
      percent aqueous solution of active material has a colour corresponding to
      40 on Klett scale (40 mm. cell, No. 42 filter).
PAR  For a reactor according to the prior art, formed of tubes having
      approximately the same dimensions as those used in this example, a flow
      rate is shown of about 5 kg/h dodecyl benzole per tube, but with a
      concentration of sulphur trioxide in the gas reactant of about 8 percent
      by volume. According to experience, a reduction in sulphur trioxide
      concentration in the gas reactant to 4-5 percent by volume would enable to
      substantially improve the product colour; however, this involves a
      substantial reduction in dodecyl benzole flow rate in order to maintain
      the pressure drop within the reaction tubes in an acceptable value for an
      even distribution of the reactants.
PAC  EXAMPLE 3
PAR  This example relates to sulphation of a commercial fraction of linear
      synthetic fatty alcohols having an even number of carbon atoms, mainly
      C.sub.12 and C.sub.14. It is quite similar to commercial lauryl alcohol
      and has an average molecular weight of 198. The characteristics of the
      reactor and air flow rates are the same as in Example 1. A molar ratio of
      sulphur trioxide and organic compound of 1.00 is used. The organic
      reactant is supplied to the reactor in a rate of 6 kg/h per tube and
      sulphur trioxide is evaporated in the main air stream in a rate of 2.42
      kg/h per tube. The concentration of sulphur trioxide in the gas reactant
      is 4.3 percent by volume; as an average, it drops to 3.8 percent by volume
      when the gas reactant encounters the equalizing air and contacts the
      organic reactant. The organic reactant has a solidification temperature of
      about 22.degree.C and is supplied to the reactor at 29.degree.C. The
      temperature of the gas reactant is 40.degree.C. Cooling water at
      29.degree.C is circulated within the reactor. In the gas reactant supply
      chamber the pressure is 0.53 kg/cm.sup.2, and in the equalizing air
      chamber the pressure is 0.30 kg/cm.sup.2. The reaction mixture exits from
      the reactor at 37.degree.C. After separation of the exhausted gas, the
      resultant (fatty alcohol sulfate) is rapidly cooled to 32.degree.C and
      then neutralized with a 6 percent sodium hydroxide solution in a
      continuous mixer provided with cooling. During neutralization, the
      temperature is maintained at 36.degree.C. The neutralized product contains
      3.0 percent petroleum ether extract and 1.2 percent sodium sulphate on the
      basis 100 percent active material. The 5 percent aqueous solution of
      active material has a colour corresponding to 20 units on Klett scale.
PAR  For a reactor of the prior art, formed of tubes having approximately the
      same dimensions as those used in this example, the flow rate shown is
      about 2.3 kg/h of lauryl alcohol per tube, while sulphur trioxide
      concentration in the gas reactant is 4.5 percent by volume.
PAC  EXAMPLE 4
PAR  This example relates to sulphation of a commercial fraction of linear
      synthetic alcohols having an even number of carbon atoms, chiefly
      C.sub.16, C.sub.18 and C.sub.20 and an average molecular weight of 263.
      The characteristics of the reactor and air flow rates are the same as
      shown in Example 1; a molar ratio of sulphur trioxide and organic reactant
      of 0.98 is used. The organic reactant is supplied to the reactor in a rate
      of 7.2 kg/h per tube and sulphur trioxide is evaporated in the main air
      stream in a rate of 2.14 kg/h per tube. Sulphur trioxide concentration in
      the gas reactant is 3.9 percent by volume and as an average it drops to
      3.4 percent by volume when the gas reactant encounters the equalizing air
      and contacts the organic reactant. The solidification temperature of the
      organic reactant is 44.7.degree.C, the latter being supplied to the
      reactor at 52.degree.C. The gas reactant temperature is 46.degree.C and
      the equalizing air is pre-heated at 50.degree.C. Cooling water at
      44.degree.C is circulated within the reactor. In the gas reactant supply
      chamber the pressure is 0.6 kg/cm.sup.2 and in the equalizing air chamber
      the pressure is 0.36 kg/cm.sup.2. The reaction mixture exits from the
      reactor at 51.degree.C. After separation of the exhausted gas, the
      resultant (fatty alcohol sulfate) is rapidly cooled to 45.degree.C, then
      neutralized continuously with 5 percent sodium hydroxide solution,
      maintaining the temperature at 45.degree.C. The neutralized product
      clearly dissolves in hot water. It contains 9.5 percent petroleum ether
      extract and 4.3 percent sodium sulphate on the basis 100 percent active
      material. The 5 percent aqueous solution of active material has a colour
      corresponding to 45 units on Klett scale.
PAC  EXAMPLE 5
PAR  The sulphation in Example 4 is repeated in a reactor formed of tubes having
      the dimensions as shown in Example 1, except using the distribution system
      for the reactants and equalizing air as shown in FIG. 4, wherein the ends
      of the gas reactant nozzle is recessed by 3 mm from the converging inlet
      of the reaction tube. Air and reactant flow rates and the other operating
      conditions are the same as in Example 4. The neutralized product has
      substantially the same analytical composition and the same characteristics
      of solubility and colour as the product of Example 4.
PAC  EXAMPLE 6
PAR  This example shows the influence of gas velocity in the reaction tubes on
      the colour of the product, relating to the sulphation of the fraction of
      fatty alcohols in Example 4. The characteristics of the reactor are those
      shown in Example 1. The total air flow is 10.3 Nm.sup.3 /h per tube, 8.3
      Nm.sup.3 /h per tube of which entering as diluting air for sulphur
      trioxide and as an average 2 Nm.sup.3 /h per tube as equalizing
      superficial air. The air velocity related to the tube cross-section is
      about 30/m/sec. The organic reactant flow rate is reduced relative to that
      in Example 4, in order to prevent a too high gas reactant concentration
      from affecting the colour of the product. The organic reactant is supplied
      to the reactor in a rate of 3.6 kg/h per tube and sulphur trioxide is
      evaporated in the main air stream in a rate of 1.07 kg/h per tube. Sulphur
      trioxide concentration in the gas reactant is 3.5 percent by volume and,
      as an average, it drops to 2.8  percent by volume when the gas reactant
      encounters the equalizing air and contacts the organic reactant. The
      temperature of the organic reactant, gas reactant and equalizing air are
      those as in Example 4. Cooling water at 46.degree.C is circulated within
      the reactor in order to maintain the reaction mixture outlet at
      51.degree.C. After separation of the exhausted gas, the resultant (fatty
      alcohol sulfate) is cooled and neutralized as shown in Example 4. The
      colour of the product neutralized in 5 percent active material aqueous
      solution corresponds to 75 units on Klett scale. As in test 4, the air
      flow rate for diluting sulphur trioxide is then increased to 15 Nm.sup.3
      /h, the other conditions being left unaltered. The colour of the novel
      product neutralized in 5 percent active material aqueous solution
      corresponds to 37 units on the Klett scale. It is still more significant
      that the increase in air flow rate causes for some instants the outlet of
      very dark sulphation product from the reactor. The liquid reactant which,
      at a low gas velocity, tends to stay for too a long time within the
      reaction tubes and darken is "blown out," while the new flow regime
      corresponding to the increased gas flow rate is set up.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved process for continuously sulfonating and sulfating a liquid
      organic compound selected from the group consisting of olefins, aromatic
      hydrocarbons, alkyl aromatic hydrocarbons, fatty alcohols, fatty acids,
      fatty acid esters, ethoxylated fatty alcohols, and ethoxylated alkyl
      phenols, wherein the liquid reactant consisting of said sulfonatable and
      sulfatable organic compound and a gaseous reactant consisting of a mixture
      of sulfur trioxide and inert gas are fed, each from a single space,
      through distribution means, to a plurality of externally cooled parallel
      reaction tubes with downward annular two-phase flow to effect sulfonation
      and sulfation of said compound, which process comprises: introducing said
      liquid reactant circumferentially into said tubes, introducing said
      gaseous reactant centrally into said tubes immediately beyond the
      introducing openings for said liquid reactant, introducing to said tubes
      further inert gas from a further separated single space through said
      introducing openings and in contact with said liquid reactant, the flow
      rate of said further inert gas being in the range of 8-19 percent of the
      overall inert gas flow rate in each tube, the pressure drops of said
      further inert gas at the entrance of said tubes being in the range of
      0.5-8 percent of the pressure drop in the distribution means of said
      gaseous reactant, so that said further inert gas actually distributes to
      said tubes producing an overall gas flow rate in each tube which is a
      decreasing function of the resistance therein to the gas flow, thereby
      substantially to equalize the pressure downstream of all the distribution
      means for the liquid and gaseous reactants in order to provide for uniform
      distribution of the reactants to said reaction tubes without limiting the
      pressure drop therein, which is utilized as an energy factor for
      increasing liquid reactant flow rate, promoting heat removal and
      interphase mass transfer and reducing liquid phase residence time.
NUM  2.
PAR  2. A process according to claim 1, wherein the temperature in said reaction
      tubes is in the range of about 30.degree.-110.degree.C.
NUM  3.
PAR  3. A process according to claim 1, wherein the pressure drop in said
      distribution means for the gaseous reactant is in the range of 0.10-0.35
      kg/cm.sup.2 and the pressure drops of said further inert gas for
      equalizing the pressures, at the entrance of said reaction tubes, is in
      the range of 20-120 mm. column of water.
NUM  4.
PAR  4. A process according to claim 1, wherein the molar ratio of SO.sub.3 to
      the organic compound is in the range of 0.9-1.2.
NUM  5.
PAR  5. A process according to claim 1, wherein the concentration of sulfur
      trioxide in the gaseous reactant is in the range of 2-12 volume percent.
NUM  6.
PAR  6. A method according to claim 1, wherein the further inert gas for
      equalizing the pressures flows to the reaction tubes concentrically
      between the liquid reactant supplied to the inner surfaces of the tubes
      and the gas reactant injected in the central zone of each tube.
NUM  7.
PAR  7. A method according to claim 1, wherein said reaction tubes have an inner
      diameter in the range of 8-18 mm and a length in the range of 0.8-5.0
      meters.
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ABST
PAL  The compounds bis(2,3-dibromopropyl carbonate) of tetrabromobisphenol A and
      bis(2,3-dibromopropyl carbonate) of tetrachlorobisphenol A are effective
      fire retardants and impart enhanced fire-retardant properties to
      normally-combustible polymers by incorporation therein of a fire-retardant
      amount of one of said compounds or a mixture thereof. The fire retardancy
      of such polymer composition is further enhanced by incorporation therein
      of an additional flame-retardant material, e.g., an arsenic, antimony, or
      bismuth compound, preferably antimony oxide. Such polymer compositions of
      enhanced fire-retardancy incorporating a compound of the invention.
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PAC  BACKGROUND OF INVENTION
PAR  1. Field of Invention
PAR  Certain bis(2,3-dibromopropyl carbonates) of tetrahalobisphenol A; their
      use as fire-retardants; polymeric compositions embodying the same.
PAR  2. Prior Art
PAR  This invention relates to novel compounds and to flame retardant polymer
      compositions containing the novel compounds.
PAR  Flame retardant polymeric materials are in great demand. To improve the
      flame retardant or flame-out property of a polymer so that it will not
      support combustion beyond a few seconds is an objective of the entire
      polymer and polymer-related industry.
PAR  In the art of thermoplastics, many materials have been suggested as
      additives for imparting fire-retardant properties. Many of these additives
      have been halogen-containing compounds and some have been successful in
      rendering thermoplastics fire-retardant. It would seem that to merely
      increase the amount of these known additives would be sufficient to
      achieve the desired flame-retardant property whereby flame-out would occur
      in a matter of only a few seconds. However, achievement of the desired
      flame-retardant property by using large quantities of known flame
      retardants results in diminution of the other desirable properties of the
      polymer. In many instances, increasing the amounts of known
      flame-retardant compounds does not improve the flame-out property of the
      polymer. Moreover, merely increasing the amount of halogen in a material
      does not result in improved fire- or flame-retardant properties. This
      merely increases cost, without any guarantee of improved fire-retardant
      effect. It is apparent that, for enhanced fire-retardant properties,
      specifically-tailored molecules are required, rather than merely more of
      the same retardant or additional halogen in an existing retardant, but
      just how such molecules should be tailored is not clear. Nevertheless it
      is clear that new fire-retardant materials are required and it would be
      most desirable to have not only an improved fire-retardant additive and
      polymer composition, but to have such an economic additive and composition
      whereby and wherein other desirable properties of the polymer are not
      seriously diminished by addition of the flame-retardant agent.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to novel fire-retardant compounds and to novel
      polymeric compositions having enhanced fire-resistant properties
      incorporating one or more of said compounds. In one embodiment, this
      invention relates to fire-retardant compositions comprising a normally
      combustible polymer and a fire-retardant amount of bis(2,3-dibromopropyl
      carbonate) of tetrabromobisphenol A, or bis(2,3-dibromopropyl carbonate)
      of tetrachlorobisphenol A, or a mixture thereof. In a preferred
      embodiment, the degree of fire-retardancy is improved by additionally
      employing an arsenic, antimony, or bismuth compound, preferably antimony
      oxide.
PAC  OBJECTS
PAR  It is an object of this invention to provide novel compounds.
PAR  Another object of this invention is to provide improved fire-retardant
      polymer compositions.
PAR  Still another object of this invention is to provide such fire-retardant
      polymer compositions comprising one or more of the novel compounds of the
      invention.
PAR  Other objects and advantages of this invention will be obvious to one
      skilled in the art and still others will become apparent from the
      following detailed description.
PAC  DESCRIPTION OF INVENTION
PAR  Briefly, according to this invention, the foregoing and other objects are
      attained by provision of the stated novel compounds of the invention and
      by uniformly blending one or more thereof with a selected polymer to
      provide improved flame-retardant polymer compositions.
PAR  The novel compounds of the invention have already been set forth, as well
      as the fact of their flame-retardant properties. Further, in accord with
      this invention, normally combustible polymers are rendered more
      fire-retardant by incorporating therein a fire-retardant amount of one or
      more of the same. Thus, the compounds of this invention are generally
      useful on appropriate formulation by one skilled in the art to confer
      enhanced flame retardancy to polymeric materials and are desirably
      incorporated into such polymer materials in the range from about 2 to
      about 30 percent by weight of the polymer composition, and preferably
      about 6 to about 20 percent by weight. An antimony compound such as
      antimony oxide can be used, preferably in amounts in the range from about
      1 to about 15 percent by weight of the polymer composition, and preferably
      about 3 to about 10 percent by weight of the polymer composition to
      enhance the flame retardant efficiency of the compounds of the present
      invention and polymeric compositions containing the same. Most broadly
      speaking, the compounds of the invention are incorporated into polymeric
      materials in an amount which can vary from about 1 to about 50 percent by
      weight of the polymer composition, preferably about 2 to about 30 percent
      by weight, and more preferably about 6 to about 20 percent by weight,
      i.e., in an effective fire-retardant proportion.
PAR  The components comprising the compositions of the present invention can be
      mixed by any one of several methods. A compound of the invention or
      mixtures thereof, if desired together with other additives, can be
      introduced into the polymer while the latter is dissolved in a suitable
      solvent. This procedure is especially useful when it is desired to mix the
      additives during the polymer manufacturing process. When the polymer is
      subsequently recovered from the solvent, the additives are intimately
      mixed with the polymer. Usually, the additives are mixed with the polymer
      in the molten state at temperatures that can range from the melting point
      to the decomposition temperature of the polymer. Alternatively, the
      additives and polymer are dry blended in the finely divided state so that
      an intimate mixture is obtained upon subsequent molding or extrusion.
PAR  Other metallic compounds are also suitable for use in improving the
      flame-retardant effectiveness of the compounds of the invention, such as
      those described in U.S. Pat. No. 3,634,311, including ammonium
      hexafluorotitanate, ammonium hexafluoroferrate, and mixtures thereof. It
      is also contemplated that other conventional flame retardants including,
      but not limited to, phosphate esters, alkyl diaryl phosphates, cresol
      diphenyl phosphate, octayl diphenyl phosphate, triaryl phosphates,
      tributyl phosphate, triphenyl phosphate, phosphonate esters, barium
      metaborate, zinc borate, boric acid, dibutyl tin maleate, etc., may be
      used in conjunction with the flame-retardant compounds of the present
      invention.
PAR  Still other additives usual to organic polymer compositions such as heat
      stabilizers, light stabilizers, fillers, plasticizers, pigments, etc., may
      also be present. For example, silica filler or the like may be added in
      small amounts, for example about 1 to 10 percent of the total polymer
      composition, to improve the drip characteristics of flammable polymers,
      such as polypropylene and polyethylene.
PAR  Typical normally-combustible polymers in which the compounds of this
      invention may be employed as an additive are homopolymers and copolymers
      of ethylenically unsaturated aliphatic, alicyclic and aromatic
      hydrocarbons such as polyethylene, polypropylene, polybutene,
      ethylene-propylene copolymers; copolymers of ethylene or propylene with
      other olefins, polybutadiene; polymers of butadiene, polyisoprene, both
      natural and synthetic, polystyrene and polymers of pentene, hexene,
      heptene, octene, 2-methylpropene; 1,4-methylhexene-1,
      bicyclo-(2.2.1)-2-heptene, pentadiene, hexadiene,
      2,3-dimethylbutadiene-1,3; 4-vinylcyclohexene, cyclopentadiene,
      methylstyrene, and the like. Other polymers include polyindene,
      indenecoumarone resins; polymers of acrylate esters and polymers of
      methacrylate esters, acrylate and methacrylate resins such as from ethyl
      acrylate, n-butyl methacrylate, isobutyl methacrylate, ethyl metharcylate
      and methyl methacrylate, alkyd resins; cellulose derivatives such as
      cellulose acetate, cellulose acetate butyrate, cellulose nitrate, ethyl
      cellulose, hydroxyethyl cellulose, methyl cellulose and sodium
      carboxymethyl cellulose, epoxy resins; furan resins (furfuryl alcohol or
      furfural-ketone); hydrocarbon resins from petroleum, isobutylene resins
      (polyisobutylene); isocyanate resins (polyurethanes); melamine resins such
      as melamine-formaldehyde and malamine-urea-formaldehyde; oleo-resins;
      phenolic resins such as phenol-formaldehyde, phenolic-elastomer,
      phenolic-epoxy, phenolic-polyamide, and phenolic-vinyl acetals; polyamide
      resins such as polyamides and polyamide-epoxy; polyester resins such as
      polyesters (unsaturated) of dibasic acids and dihydroxy compounds, and
      polyester elastomer and resorcinol resins such as resorcinol-formaldehyde,
      resorcinol furfural, resorcinol-phenol-formaldehyde, resorcinol-polyamide
      and resorcinol-urea; rubbers such as natural rubber, synthetic
      polyisoprene, reclaimed rubber, polybutadiene, cyclized rubber,
      butadiene-acrylonitrile rubber, butadiene-styrene rubber, and butyl
      rubber; polysulfides (Thiokol); terpene resins; urea resins; vinyl resins
      such as polymers of vinyl acetal, vinyl acetate or vinyl alcohol-acetate
      vinyl acetate copolymer, vinyl alcohol, vinyl butyral, vinyl
      chloride-acetate copolymer and vinyl pyrrolidone; polyformaldehyde; nylon,
      polycarbonates of dihydroxy compounds such as formed from bisphenols and
      phosgene, and thermoplastic polymers of bisphenols and epichlorohydrin
      (trade named Phenoxy polymers); bitumens and asphalts; and graft
      copolymers of polymers of unsaturated hydrocarbons and an unsaturated
      monomer.
PAR  Thus, the novel compounds of the invention will, as hereinbefore set forth,
      be useful as additives to plastics, polymers, co-polymers, terpolymers,
      resins, elastomers, rubbers, textiles and fibers, both naturally occurring
      and synthetic in nature, such as cotton, wool, Dacron, nylon, rayon, etc.,
      coatings, paints, varnishes, leather, foams, polyolefins such as
      polyethylene and polyethylene copolymers, polypropylene and polypropylene
      copolymers, polystyrene co-polymers, polyvinyl acetate or alcohol and
      co-polymers, polyesters, polyurethanes, polyphenyl ethers, polycarbonates,
      polyamides, polyoxymethylenes, polyalkylene oxides, such as polyethylene
      oxide, polyacrylate and polymethacrylate copolymers with styrene,
      butadiene, acrylonitrile, etc., acrylonitrile-butadiene-styrene
      formulations (commonly known as ABS), polybutylene and acrylic ester
      modified styrene-acrylonitrile (ASA), methylmethacrylate-styrene-butadiene
      terpolymers, etc., whereby desirable physical characteristics of enhanced
      flameproofing or fire retardancy will be imparted to the aforementioned
      materials.
PAR  As already stated, the improved fire retardancy of the normally combustible
      polymers can be further improved, if desired, by incorporating metallic
      compounds such as compounds of arsenic, antimony or bismuth in addition to
      the compounds of the present invention in the polymers. Antimony oxide is
      generally the antimony compound of choice. However, many antimony
      compounds are suitable. Suitable antimony compounds include the sulfides
      of antimony, antimony salts of the alkali metals of Group I of the
      Periodic Table, antimony salts of organic acids and their pentavalent
      derivatives and the esters of antimonous acids and their pentavalent
      derivatives. It is sometimes convenient to use sodium antimonite or
      potassium antimonite when it is desired to use an alkali metal salt of the
      antimonly. U.S. Pat. No. 2,996,528 discloses suitable antimony salts of
      organic acids and their pentavalent derivatives. Compounds of this class
      include antimony butyrate, antimony valerate, antimony caproate, antimony
      heptylate, antimony caprylate, antimony pelargonate, antimony caprate,
      antimony cinnamate, antimony anisate, and their pentavalent dihalide
      derivatives. Likewise, the esters of antimonous acids and their
      pentavalent derivatives disclosed in U.S. Pat. No. 2,993,924, such as
      tris(n-octyl) antimonite, tris(2-ethylhexyl) antimonite, tribenzyl
      antimonite, tris(beta-chloroethyl)antimonite tris(beta-chloropropyl)
      antimonite, tris(beta-chlorobutyl) antimonite, and their pentavalent
      dihalide derivatives. Still other suitable organic antimony compounds are
      the cyclic antimonites such as trimethylol propane antimonite,
      pentaerythritol antimonite and glycerol antimonite. The corresponding
      arsenic and bismuth compounds can also be employed, in particular the
      oxides of arsenic and bismuth. The metallic additives are generally
      employed in a proportion of about 1 to 15 percent by weight, preferably
      about 3 to 10 percent by weight of the polymer composition.
PAR  The compositions of the invention are also useful in protective coatings
      such as paints, varnishes, applications for insulated wire and cable
      fabric coatings, roofing materials and the like. Aside from imparting
      enhanced fire retardancy to normally combustible polymers, the additives
      also function as a reinforcing filler for improving such properites as
      flexural strength and modulus and heat deflection temperatures. The fire
      retardant compositions of the instant invention may be used in the
      preparation of plastic articles in general and reinforced plastic articles
      containing a reinforcement such as cloth, glass fibers in the form of
      roving, individual glass fibers, etc. Suitable reinforcements for
      preparing reinforced articles include textile fibers, glass fibers or
      cloth, roving, wood flour, mineral fillers, etc. In general, well-known
      processes of the prior art can be used for preparing the above-mentioned
      plastic articles and reinforced plastic articles, with the exception of
      substituting the compositions of the invention for that conventionally
      used. Usually, other changes in the process are not necessary.
PAR  The following are additional examples of suitable reinforcing media and
      fillers which can be used with the compositions of the invention: glass
      fibers, glass mats, glass cloth, synthetic fibers such as orlon, mineral
      fibers such as asbestos, natural fibers such as cotton, silk and wool,
      metallic fibers such as aluminum and steel, inorganic materials such as
      calcium carbonate, clay and pigments, and organic materials such as wood
      flour, cotton and ray flock, sisal fibers, and dyes.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The following Preparations and Examples are given by way of illustration
      only and are not to be construed as limiting.
PAC  EXAMPLE 1
PAC  Bis(2,3-dibromopropyl caronate) of Tetrabromobisphenol A
      ##SPC1##
PAR  Preparation 1
PAR  The starting material, 2,3-dibromopropyl chloroformate, is prepared
      according to the method of R. Levaillant (Ann.Chim [11] 6, 505 (1936);
      Beilstein 3, III 26. This method comprises the reaction of
      2,3-dibromopropanol and phosgene at temperatures in the range of
      5.degree.-40.degree.C.
PAR  After several hours of reaction, unreacted phosgene and entrained hydrogen
      chloride are removed by vacuum stripping of the reaction mixture at
      60.degree.C. (17 mm Hg). Technical grade light yellow 2,3-dibromopropyl
      chloroformate is obtained, which is generally pure enough for direct use
      in the reactions described below. If a higher assay product is desired,
      technical-grade material may be distilled to afford 2,3-dibromopropyl
      chloroformate as a colorless, clear liquid, boiling point
      90.degree.-95.degree.C./2 mm Hg (literature boiling point
      127.degree.-129.degree.C./21 mm Hg).
PAR  Compound 1
PAR  To a mechanically stirred solution of 272 grams (0.50 mole) of
      4,4'-isopropylidene bis(2,6-dibromophenol), i.e., tetrabromobisphenol A,
      in 1.4 liters of acetone at room temperature, was added 67.8 grams (1.05
      mole) of potassium hydroxide (87% assay; slightly exothermic reaction).
      After the addition was complete, the mixture was stirred for ca. 1.5 hours
      at 30.degree.C., and then heated to reflux and agitated for an additional
      2 hours. At this point, a total of 315.2 grams of 2,3-dibromopropyl
      chloroformate (93.4% VPC assay), prepared as described in the foregoing,
      was added over a 20-minute period at a reaction temperature of
      23.degree.-49.degree.C. The reaction mixture was then heated to reflux and
      maintained at that temperature for 2 hours, after which time the reaction
      mixture was cooled to room temperature. After standing overnight, the
      reaction mixture was stripped to dryness at 60.degree.C. (17 mm Hg). A
      mixture of dichloromethane (2100 milliliters) and water (300 milliliters)
      was added to the remaining solids. After discarding the aqueous layer, the
      organic fraction was washed with four 100-milliliter portions of 5% (w/w)
      aqueous sodium hydroxide solution, and then with 100 milliliters of water.
      The washed organic layer was then stripped to dryness on a rotary
      evaporator at 60.degree.C./17 mm Hg to give 524.3 grams of off-white
      bis(2,3-dibromopropyl carbonate) of tetrabromobisphenol A, melting point
      159.degree.C. Recrystallization from benzene, followed by methanol washing
      of the recrystallized product before drying, increased the melting point
      of the final product to 163.3.degree.C. Two repetitions of this
      purification procedure improved the melting point to 164.1.degree.C.
      Bromine elemental analysis of the triple-recrystallized material gave the
      following: Calculated for C.sub.23 H.sub.20 Br.sub.8 O.sub.6 : 62.0%
      bromine; Found: 60.5% bromine.
PAR  Infrared spectrum (potassium bromide pellet) displayed characteristic
      carbonyl absorption at 5.69 microns.
PAC  EXAMPLE 2
PAC  Bis(2,3-dibromopropyl carbonate) of Tetrachlorobisphenol A
      ##SPC2##
PAR  Compound 2
PAR  To a stirred solution of 366.1 grams (1.0 mole) of
      4,4'-isopropylidenebis(2,6-dichlorophenol), i.e., tetrachlorobisphenol A,
      in 1.8 liters of acetone at room temperature, was rapidly added 135.4
      grams (2.1 moles) of potassium hydroxide pellets (87% assay). After the
      addition was complete, the reaction mixture was stirred for ca. 30 minutes
      during which time the temperature rose to 38.degree.C. The reaction
      mixture was then heated to reflux and maintained at that temperature for 2
      hours. After this time, the reaction mixture was cooled to ca.
      35.degree.C. and a total of 625.8 grams of 2,3-dibromopropyl chloroformate
      (94.1% VPC assay) was then added over a 25-minute period at
      35.degree.-50.degree.C. The reaction mixture was heated to reflux and
      maintained at that temperature for 2 hours, after which time the reaction
      mixture was stripped to dryness on a rotary evaporator at 60.degree.C./17
      mm Hg. The resulting pale ocher solid was then slurried in water,
      filtered, and the filter cake washed with water until the filtrate was
      essentially chloride free. Air-drying of the filter cake to constant
      weight afforded 836.8 grams of light yellow bis(2,3-dibromopropyl
      carbonate) of tetrachlorobisphenol A, melting point 136.degree.C. The
      technical grade product was then slurried in excess methanol at room
      temperature to give white crystalline product with a melting point of
      145.0.degree.C. Elemental analysis of this material gave the following:
      Calculated for C.sub.23 H.sub.20 Br.sub.4 Cl.sub.4 O.sub.6 : 37.4%
      bromine, 16.6% chlorine; Found: 35.7% bromine, 16.9% chlorine.
PAR  The infrared spectrum (potassium bromide pellet) exhibited characteristic
      carbonyl absorption at 5.65 microns.
PAC  Flame-Retardant Evaluation Data
PAR  To illustrate the flame-retardant effectiveness of these compounds, the
      foregoing carbonates were incorporated into several polymers in the
      following manner:
PAR  One hundred parts of polypropylene (PP), high-impact styrene (IS),
      acrylonitrile-butadiene-styrene polymer (ABS) or polyethylene (PE) were
      first banded on a two-roll mill (rear roll: front roll friction ratio =
      1.4:1.0; front roll speed -- 23 rpm) at the approximate temperatures
      designated:
PA1  Is 260.degree.-265.degree.f
PA1  abs 270.degree.-275.degree.f
PA1  pp 310.degree.-320.degree.f
PA1  pe 240.degree.-245.degree.f
PAR  the carbonate additive alone or in combination with antimony trioxide
      and/or commercial-grade silica was then slowly added. The rate of feed
      depends upon the nature of the additive or additives being incorporated.
PAR  The polymer mix was then molded in a preheated mold at the appropriate
      temperature for two minutes, pressed for three minutes, and then cooled
      for two minutes under pressure. Approximate press temperatures were as
      follows:
PA1  Abs, is 325.degree.f
PA1  pp 350.degree.f
PA1  pe 275.degree.f
PAR  the ABS used in this evaluation work was a copolymer of acrylonitrile,
      butadiene, and styrene prepared by the Marbon Chemical Division of
      Borg-Warner and was identified as "CYCOLAC T".
PAR  The polypropylene used was obtained from Rexene Polymers Company, a
      Division of Dart Industries, was identified as "EL REXENE PP 11S SERIES",
      and is reported to have a melt flow at 230.degree.C. of 10g/10min (ASTM D
      1238). A second sample of polypropylene "EL REXENE PP 11S SERIES" used in
      this work is reported to have a melt flow at 230.degree.C. of 12g/10min.
PAR  The impact styrene used in this work was high-impact grade polymer prepared
      by Union Carbide Corporation and was identifed as "Union Carbide
      TMDE-6500."
PAR  The polyethylene used was low-density polymer prepared by Rexene Polymers
      Company, a Division of Dart Industries, and was identified as "PRODUCT
      179" which is reported to have a nominal melt index of 12 and a nominal
      density of 0.917.
PAR  The flammability of the polymer specimens was then evaluated by A.S.T.M.
      D2863-70, "Flammability of Plastics using the Oxygen Index Method."
PAR  This widely-used flammability test determines the lowest concentration of
      oxygen (expressed as the Oxygen-Index) in a mixture of nitrogen and oxygen
      which is needed to sustain top burning of a vertical specimen.
      Oxygen-index values for a number of ABS, polypropylene, polyethylene, and
      impact styrene formulations are tabulated below.
PAR  Those additives which give rise to the highest oxygen-index values in
      polymer systems at the lowest loading levels are considered the most
      desirable.
TBL                I. FR Evaluation Data in ABS                                

     ______________________________________                                    

     FLAMMABILITY TEST DATA                                                    

     Flame                                                                     

     Retardant  Poly-   Parts/100 Parts Polymer                                

                                          Oxygen                               

     Additive   mer     Additive Sb.sub.2 O.sub.3                              

                                        Silica                                 

                                              Index                            

     ______________________________________                                    

     None       ABS     --       --     --    18.5                             

     Compound 1 "       12       --     --    21.0                             

     "          "       12       3      --    24.1                             

     "          "       12       5      --    24.5                             

     "          "       16       5      --    25.7                             

     Compound 2 "       12       --     --    21.8                             

     "          "       12       3      --    23.3                             

     Octabromo-                                                                

     Biphenyl   "       12       --     --    20.7                             

     "          "       12       3      --    22.5                             

     Bis(Tribromo-                                                             

     Phenyl)                                                                   

     Carbonate  "       12       --     --    20.4                             

     "          "       12       3      --    21.9                             

     ______________________________________                                    

     II FR Evaluation Data in Polypropylene                                    

     ______________________________________                                    

     FLAMMABILITY TEST DATA                                                    

     Flame      Poly-                                                          

     Retardant          Parts/100 Parts Polymer                                

                                          Oxygen                               

     Additive   mer     Additive Sb.sub.2 O.sub.3                              

                                        Silica*                                

                                              Index                            

     ______________________________________                                    

     None       PP      --       --     --    18.0                             

     Compound 1 "       12       --     --    ---" " 12 3 -- 25.1              

     "          "       12       3      1     27.2                             

     "          "       12       3      3     25.8                             

     "          "       12       3      5     25.3                             

     Compound 2 "       12       --     --    --                               

     "          "       12       3      --    25.6                             

     "          "       12       3      3     24.5                             

     Hexabromo-                                                                

     Benzene    "       12       --     --    22.5                             

     "          "       12       3      --    22.9                             

     Octabromo-                                                                

     Biphenyl   PP      12       --     --    22.7                             

     "          "       12       3      --    22.1                             

     I. FR Evaluation Data in ABS                                              

     ______________________________________                                    

     FLAMMABILITY TEST DATA                                                    

     Flame                                                                     

     Retardant  Poly-   Parts/100 Parts Polymer                                

                                          Oxygen                               

     Additive   mer     Additive Sb.sub.2 O.sub.3                              

                                        Silica                                 

                                              Index                            

     ______________________________________                                    

     None       ABS     --       --     --    18.5                             

     Compound 1 "       12       --     --    21.0                             

     "          "       12       3      --    24.1                             

     "          "       12       5      --    24.5                             

     "          "       16       5      --    25.7                             

     Compound 2 "       12       --     --    21.8                             

     "          "       12       3      --    23.3                             

     Octabromo-                                                                

     Biphenyl   "       12       --     --    20.7                             

     "          "       12       3      --    22.5                             

     Bis(Tribromo-                                                             

     Phenyl)                                                                   

     Carbonate  "       12       --     --    20.4                             

     "          "       12       3      --    21.9                             

     ______________________________________                                    

     II FR Evaluation Data in Polypropylene                                    

     ______________________________________                                    

     FLAMMABILITY TEST DATA                                                    

     Flame      Poly-                                                          

     Retardant         Parts/100 Parts Polymer                                 

                                          Oxygen                               

     Additive mer      Additive Sb.sub.2 O.sub.3                               

                                        Silica*                                

                                              Index                            

     ______________________________________                                    

     None     PP       --       --      --    18.0                             

     Compound 1                                                                

              "        12       --      --    --                               

     "        "        12       3       --    25.1                             

     "        "        12       3       1     27.2                             

     "        "        12       3       3     25.8                             

     "        "        12       3       5     25.3                             

     Compound 2                                                                

              "        12       --      --    --                               

     "        "        12       3       --    25.6                             

     "        "        12       3       3     24.5                             

     Hexabromo-                                                                

     Benzene  "        12       --      --    22.5                             

     "        "        12       3       --    22.9                             

     Octabromo-                                                                

     Biphenyl PP       12       --      --    22.7                             

     "        "        12       3       --    22.1                             

     ______________________________________                                    

      *Silica was obtained from PPG Industries and was identified as HI-SIL 233

                                                                               

PAR  In addition, at loading levels of 6 phr of flame retardant and 3 phr of
      antimony oxide, both Compounds 1 and 2 compared favorably with a
      commercial flame-retarded PP and appeared somewhat advantageous compared
      with a related but more expensive flame-retardant material.
TBL                III FR Evaluation Data in Polyethylene                      

     ______________________________________                                    

     FLAMMABILITY TEST DATA                                                    

     Flame             Parts/100 Parts Polymer                                 

     Retardant                            Oxygen                               

     Additive Polymer  Additive Sb.sub.2 O.sub.3                               

                                       Silica Index                            

     ______________________________________                                    

     None     PE       --       --     --     18.9                             

     Compound 1                                                                

              "        6        3      --     26.0                             

     "        "        12       3      --     25.0                             

     "        "        12       6      --     27.1                             

     Compound 2                                                                

              "        6        3      --     24.3                             

     "        "        12       3      --     24.0                             

     "        "        12       6      --     25.4                             

     ______________________________________                                    

PAR  In addition, at loading levels of 6 phr of flame retardant and 3 phr of
      antimony oxide, both Compounds 1 and 2 compared favorably with a
      commercial flame-retarded PE and were approximately equivalent to a
      related but more expensive flame-retardant material.
TBL                IV FR Evaluation Data in Impact Styrene                     

     ______________________________________                                    

     FLAMMABILITY TEST DATA                                                    

     Flame             Parts/100 Parts Polymer                                 

     Retardant                            oxygen                               

     Additive Polymer  Additive Sb.sub.2 O.sub.3                               

                                       Silica Index                            

     ______________________________________                                    

     None     IS       --       --     --     18.1                             

     Compound 1                                                                

              "        12       --     --     20.5                             

     "        "        12       3      --     21.8                             

     Compound 2                                                                

              "        12       --     --     20.0                             

     "        "        12       3      --     21.1                             

     ______________________________________                                    

PAR  The present invention is not to be limited to the exact details of
      operation or exact compounds, compositions, methods, or procedures shown
      and described, since only preferred forms have been described herein and
      various modifications and substitutions of equivalents will be apparent to
      one skilled in the art and can be made without departing from the spirit
      or scope thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from the group consisting of (a)
      bis(2,3-dibromopropyl carbonate) of tetrabromobisphenol A and (b)
      bis(2,3-dibromopropyl carbonate) of tetrachlorobisphenol A.
NUM  2.
PAR  2. A compound of claim 1 which is bis(2,3-dibromopropyl carbonate) of
      tetrabromobisphenol A.
NUM  3.
PAR  3. A compound of claim 1 which is bis(2,3-dibromopropyl carbonate) of
      tetrachlorobisphenol A.
PATN
WKU  039312755
SRC  5
APN  4209540
APT  1
ART  122
APD  19731203
TTL  Bis(4-(4-hydroxybenzyl)phenyl) carbonic acid ester
ISD  19760106
NCL  3
ECL  1,3
EXA  Rivers; Diana G.
EXP  Daus; Donald G.
INVT
NAM  Buzzolini; Mario Gustav
CTY  Convent Station
STA  NJ
ASSG
NAM  Sandoz Inc.
CTY  E. Hanover
STA  NJ
COD  02
RLAP
COD  72
APN  323299
APD  19730112
PSC  03
CLAS
OCL  260463
XCL  260613R
XCL  424301
EDF  2
ICL  C07C 6996
ICL  C07C 4320
ICL  A61K 31265
FSC  260
FSS  463
UREF
PNO  2380130
ISD  19450700
NAM  Valentine, Jr.
OCL  260463
UREF
PNO  3017424
ISD  19620100
NAM  Meyer et al.
OCL  260463
UREF
PNO  3510507
ISD  19700500
NAM  Bown et al.
OCL  260463
UREF
PNO  3579561
ISD  19710500
NAM  Meltsner
OCL  260463
UREF
PNO  3592837
ISD  19710700
NAM  Traber et al.
OCL  260463
OREF
PAL  Hartung et al., "Organic Reactions," Vol. 7, pp. 269, 295-297, 299, (1953).
LREP
FR2  Sharkin; Gerald D.
FR2  Honor; Robert S.
FR2  McGovern; Thomas O.
ABST
PAL  Bis (4-[4-hyroxybenzyl]phenyl)carbonic acid ester and its pharmaceutically
      acceptable salts, are useful in the treatment of lipidemia.
PARN
PAR  This application is a continuation-in-part of copending U.S. Pat.
      application, Ser. No. 323,299, filed Jan. 12, 1973, now abandoned.
BSUM
PAR  This invention relates to the carbonic acid diester of
      bis-(4-hydroxyphenyl)-methane, methods for preparing the diester, and its
      use in pharmaceutical compositions.
PAR  The compounds of this invention may be represented by the following
      formula:
      ##SPC1##
PAL  And pharmacologically acceptable salts thereof.
PAR  The compound of formula (I) may be prepared in accordance with the
      following reaction scheme:
      ##SPC2##
PAR  The compound of formula (I) may be prepared by hydrogenating the compound
      of formula (II) in the presence of a hydrogenation catalyst in an inert
      solvent. The hydrogenation catalyst is preferably a platinum or palladium
      catalyst especially 5% platinum or palladium on carbon. The inert solvents
      preferred are dimethylformamide, dimethylacetamide, esters such as ethyl
      acetate, the lower alcohols, especially methanol, ethanol, or isopropyl
      alcohol, and ethers, such as dioxane and tetrahydrofuran or mixtures
      thereof. The temperature of the reaction and the pressure of the hydrogen
      are not critical in the hydrogenation. The process can be carried out at a
      temperature of about 0.degree. to 50.degree.C., preferably 20.degree. to
      30.degree.C., especially between 20.degree. and 25.degree.C. The process
      is carried out preferably at pressures which vary from about 14 psi (about
      1 atmosphere) to about 50 psi. Compound (I) is recovered by conventional
      techniques, e.g., by chromatography or recrystallization.
PAR  The compound of formula (I) form pharmacologically acceptable salts with
      such cations as sodium, potassium, calcium, magnesium and the like and
      such salts are included within the scope of the present invention. The
      salts are prepared by conventional techniques, e.g., by dissolving the
      ester in a suitable solvent, e.g., water or lower alkanol such as
      methanol, ethanol and the like or in a mixture of water and lower alkanol
      and treating the ester with an oxide or hydroxide of the desired cation.
      Conversely the salts are converted back to the esters by treatment with an
      acid e.g., sulfuric acid, hydrochloric acid, and the like in a similar
      solvent. The compound of formula (I) contains two centers for salt
      formation and may therefore form mono or di-salt forms. This invention is
      intended to embrace both mono and di-salt forms but the di-salt forms are
      preferred. The disodium salts are especially preferred.
PAR  The compound of formula (II) may be prepared in accordance with the
      following reaction scheme:
      ##SPC3##
PAL  Where MH is an alkali metal hydride
PAR  The compound of formula (II) is prepared by treating compound (III) with
      phosgene in an inert solvent in the presence of an alkali metal hydride.
      The alkali metal hydride used in the reaction can be any alkali such as
      sodium, lithium or potassium hydride preferably sodium hydride. Although
      the particular solvent used in not critical, the preferred inert solvents
      are hydrocarbons, e.g., hexane, benzene, toluene, and the like,
      dimethylformamide, dimethylacetamide or ethers such as dioxane or
      tetrahydrofuran. The temperature is not critical but it is preferred that
      the reaction be carried out between 0.degree. to 50.degree.C especially
      20.degree. to 30.degree.C. The time of the reaction is also not critical,
      but it is normally run for about 1 hour to 24 hours. The product (II) is
      recovered by conventional techniques, e.g., extraction and evaporation.
PAR  The compound of formula (III) may be prepared by the following reaction
      scheme:
      ##SPC4##
PAL  where X is halo having an atomic weight of about 35 to 80.
PAR  The compound of formula (III) can be prepared by treating a compound of
      formula (IV) with a compound of formula (V) in the presence of an alkali
      metal such as sodium, potassium, and the like; alkali metal hydrides, such
      as sodium hydride, potassium hydride and the like; or an alkali metal salt
      such as potassium carbonate, preferably sodium or sodium hydride. Although
      a solvent is not required, it is preferred that the reaction be run in an
      inert solvent e.g. dimethylformamide, dimethylacetamide, ethers such as
      tetrahydrofuran and the like, or acetone when the alkali metal catalyst is
      potassium carbonate. The temperature is not critical, but it is preferred
      that the reaction be run at between about 0.degree. to about 150.degree.C,
      especially between 20.degree. to 100.degree., in particular, 20.degree. to
      30.degree.. The time of the reaction also is not critical, but it is
      preferred that the reaction should be run for at least 30 minutes. Because
      the above reaction also yields the dibenzyl ether, the monobenzyl ether
      (III) must be separated from it. This can be done by standard techniques,
      for example, crystallization and column chromatography.
PAR  The compounds of formula (IV) and (V) are known and may be prepared by
      techniques which are disclosed in the literature.
PAR  The compound of formula (I), and its pharmaceutically acceptable salts, are
      useful because they possess pharmacological activity in animals. In
      particular, the compound of formula (I) and its pharmaceutically
      acceptable salts are useful as hypolipidemic agents in the treatment of
      lipidemia, in particular, hyperlipoproteinemia, as indicated by the fall
      in cholesterol and triglyceride levels in male albino Wistar rats weighing
      110-130g initially. The rats are maintained on drug-free laboratory chow
      diet for seven days and then divided into groups of 6 to 10 animals. Each
      group, with the exception of the control, is then given orally 30 to 250
      milligrams per kilogram of body weight per diem of the test compound for
      six days. At the end of this period, the animals are anesthetized with
      sodium hexobarbital and bled from the carotid arteries. Serum or plasma
      samples are collected and 1.0 ml of the serum is added to 9.0 ml
      redistilled isopropanol. Two autoanalyzer cupsful of a mixture of
      zeolite-copper hydroxide and Lloydds reagent (Kersler, G., and Lederer, H,
      1965, Technicon Symposium, Madiad Inc. New York, 345-347) are added and
      the mixture is shaken for 1 hour. Cholesterol and triglyceride levels are
      determined simultaneously on the same sample by Technicon N 24A
      (cholesterol) and N-78 (triglyceride) methodology. The mean total serum
      cholesterol levels are then computed and the hypocholesterolemic activity
      is expressed as the fall in cholesterol levels as a percentage of the
      control level. The change in serum triglyceride levels induced by the drug
      is computed as a percentage of the control triglyceride levels.
PAR  For such usages, compound (I) or a pharmacologically acceptable salt
      thereof may be administered orally or parenterally as such or admixed with
      conventional pharmaceutical carriers of adjuvants. They may be
      administered orally in such forms as tablets, dispersible powders,
      granules, capsules, syrups, elixirs, suspensions and the like or
      parenterally as injectable solutions, suspensions, dispersions, emulsions,
      and the like. These pharmaceutical preparations may contain up to about
      90% of the active ingredient in combination with the carrier or adjuvant.
PAR  The hypolipidemic effective dosage of active ingredient employed for the
      treatment of lipidemia, in particular hyperlipoproteinemia may vary
      depending on the particular compound employed, the mode of administration
      and the severity of the condition being treated. However, in general,
      satisfactory results are obtained when compound (I) or a pharmaceutically
      acceptable salt thereof is administered at a daily dosage of from about 4
      milligrams to about 250 milligrams per kilogram of animal body weight,
      preferably given in divided doses two to four times a day, or in sustained
      release form. For most large mammals, the total daily dosage is from about
      300 to about 3000 milligrams. Dosage forms suitable for internal use
      comprise from about 75 to about 1500 milligrams of the active compound in
      intimate admixture with a solid or liquid pharmaceutically acceptable
      carrier or diluent.
PAR  The preferred pharmaceutical compositions from the standpoint of
      preparation and ease of administration are solid compositions,
      particularly hard-filled capsules and tablets containing from about 200 to
      500 milligrams of the active ingredient.
PAR  A representative formulation suitable for oral administration is a capsule
      prepared by standard encapsulating techniques which contains the following
      and may be administered 2 to 4 times a day in the treatment of lipidemia:
TBL  Ingredients               Weight (mg)                                     

     ______________________________________                                    

     bis(4-[4-hydroxybenzyl]phenyl carbonic                                    

                               250                                             

     acid ester                                                                

     Inert filler (lactose, kaolin, starch)                                    

                               250                                             

     ______________________________________                                    

PAC  EXAMPLE 1
PAC  Bis (4-[4-hydroxybenzyl]phenyl)carbonic acid ester
PAC  Step A: .alpha.-(p-benzyloxyphenyl)-p-cresol
PAR  To a stirred suspension of 3.36 g of sodium hydride (in mineral oil) in 50
      ml of dimethylformamide is added dropwise at room temperature a solution
      of 15 g bis-(p-hydroxyphenyl)-methane in 50 ml dimethylformamide. The
      resulting solution is stirred at room temperature for one hour. Ten grams
      of benzyl chloride is added dropwise and the stirring is continued at room
      temperature overnight. After evaporation of the solvent under reduced
      pressure, the residue is treated with 100 ml of water and extracted twice
      with diethyl ether. The combined ether extracts are combined, dried over
      anhydrous magnesium sulfate, evaporated to dryness, and the resulting oil
      dissolved in hot ethanol. Bis(p-(benzyloxy)phenyl)methane crystallizes
      upon cooling and is collected by filtration. The mother liquors are
      evaporated to dryness and the crystalline mono-addition product is
      obtained by chromatography on silica gel with chloroform. After
      separation, the mono-benzyl ether is recrystallized from isopropyl ether,
      m.p. 95.degree.-96.degree.C.
PAC  Step B: Bis (4-[4-benzyloxybenzyl]phenyl)carbonic acid ester
PAR  To a stirred suspension of 0.93 grams of sodium hydride in 25 ml. of
      anhydrous benzene is added dropwise at room temperature a solution of 5.8
      grams of .alpha.-(p-benzyloxyphenyl)-p-cresol in 25 ml. of anhydrous
      benzene. The resulting solution is stirred at room temperature for one
      hour and 8.61 grams of a 12% solution of phosgene in benzene is added
      dropwise at 10.degree.C. After the addition is completed, the reaction
      mixture is stirred at room temperature overnight. Following evaporation of
      the excess phosgene and the solvent under reduced pressure, the residue is
      treated with water and extracted twice with diethyl ether. The combined
      ether extracts are combined, dried over anhydrous magnesium sulfate and
      evaporated to dryness yielding the title product as a white solid.
PAC  Step C: Bis (4-[4-hydroxybenzyl]phenyl)carbonic acid ester
PAR  A solution of 3.1 grams of the above bis (4-[4-benzyloxybenzyl]
      phenyl)carbonic acid ester in 50 mg. of dimethyl formamide is hydrogenated
      over 3 grams of 5% palladium on charcoal at atmospheric pressure and room
      temperature. The catalyst is then separated by filtration through celite
      and the solvent evaporated. The oil obtained is chromatographed through
      silica gel with chloroform/methanol 95:5 yielding a colorless oil which is
      recrystallized from ethanol/water to yield the title product, m.p.
      156.degree.-158.degree.C.
PAR  The bis (4-[4-hydroxybenzyl]phenyl)carbonic acid ester of this example is
      an effective hypocholesterolemic agent when administered orally at a
      dosage of 250 milligrams twice a day.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The compound of the formula
      ##SPC5##
NUM  2.
PAR  2. The compound of claim 1 in the form of its pharmacologically acceptable
      salts.
NUM  3.
PAR  3. The compound which is bis (4-[4-benzyloxybenzyl]-phenyl) carbonic acid
      ester.
PATN
WKU  039312763
SRC  5
APN  3380084
APT  1
ART  124
APD  19730305
TTL  2-Chloro-trichloro-benzonitriles
ISD  19760106
NCL  8
ECL  1,3
EXA  Torrence; Dolph H.
EXP  Gotts; Lewis
INVT
NAM  Klauke; Erich
CTY  Odenthal-Hahnenberg
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CTY  Leverkusen
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720323
APN  2214058
CLAS
OCL  260465G
XCL   71105
XCL  424304
EDF  2
ICL  C07C12152
FSC  260
FSS  465 G
OREF
PAL  elslager et al: J. Med. Chem., Vol. 13, No. 3, pp. 542-544 (1970).
LREP
FRM  Burgess, Dinklage & Sprung
ABST
PAL  Benzonitrile derivatives having the formula:
      ##SPC1##
PAL  Wherein X is Cl or CCl.sub.3, are prepared by reacting dimethyl
      benzonitriles having the formula:
      ##SPC2##
PAL  With chlorine at temperatures of from 20.degree. to 200.degree.C,
      optionally in the presence of UV-irradiation to form
      bis-(trichloromethyl)-benzonitriles which are optionally chlorinated, if
      necessary after intermediate isolation, in a second reaction stage at
      temperatures of from 200.degree. to 280.degree.C until the elimination of
      carbon tetrachloride is over.
BSUM
PAR  This invention relates to 2-chlorotrichloromethyl benzonitriles and to
      bis-(trichloromethyl)-benzonitriles which can be isolated as an
      intermediate stage. The invention also relates to a process for producing
      these new compounds.
PAC  SUMMARY
PAR  It has been found that 2-chlorotrichloromethyl benzonitriles and
      bis-(trichloromethyl)-benzonitriles can readily be obtained on a large
      scale by reacting dimethyl benzonitriles corresponding to the general
      formula (I):
      ##SPC3##
PAL  with chlorine at a temperature of from 20.degree. to 200.degree.C,
      optionally under ultraviolet irradiation, to form
      bis-(trichloromethyl)-benzonitriles and optionally chlorinating the
      bis-(trichloromethyl)-benzonitriles thus obtained, optionally after
      intermediate isolation, in a second reaction stage at a temperature of
      from 200.degree. to 280.degree.C until the liberation of carbon
      tetrachloride is over.
PAR  The compounds obtainable by the process according to the invention
      correspond to the general formula (II):
      ##SPC4##
PAL  in which X represents Cl or CCl.sub.3.
PAR  These compounds are new; the compounds in which X represents CCl.sub.3
      occur as an intermediate stage on completion of the first stage of the
      reaction and can be isolated.
PAC  DESCRIPTION
PAR  The process according to the invention is illustrated by the following
      equation:
      ##SPC5##
PAR  The starting compounds used for the process, namely the dimethyl
      benzonitriles, are readily obtainable. Any isomeric dimethyl benzonitriles
      can readily be obtained, either by subjecting the trimethylbenzenes to
      oxidation with ammonia or by subjecting the xylidines to Sandmeyer's
      reaction. The following are mentioned as examples of the starting
      compounds: 2,4-dimethyl benzonitrile,2,5-dimethyl benzonitrile and
      2,6-dimethyl benzonitrile.
PAR  The 2-chlorotrichloromethyl benzonitriles are preferably obtained by
      chlorination in stages. To this end, gaseous chlorine is initially
      introduced in to the dimethyl benzonitriles under the condition of a
      side-chain chlorination, optionally under UV-irradiation, at a temperature
      of from 20.degree. to 200.degree.C, preferably from 70.degree. to
      190.degree.C. The end products of this reaction stage are the
      corresponding new bistrichloromethyl benzonitriles. They can be purified
      either by distillation or by recrystallization. In most cases, however,
      they are sufficiently pure so that further processing can be carried out
      in a second stage in which the CCl.sub.3 group in the ortho position to
      the nitrile group is eliminated and a chlorine atom introduced into this
      position by further reaction with chlorine at an elevated temperature
      (200.degree.- 280 .degree.C, preferably 230.degree. - 260.degree.C).
      Chlorolytic splitting has been repeatedly described in the aliphatic
      series. A summary can be found in Houben-Weyl, 4th Edition, Vol. V/3,
      pages 1,013 - 1.017.
PAR  The selective chlorolytic splitting of an alkyl side chain linked to the
      aromatic ring of a substituted aromatic compound, which is what the
      preferred process represents, is unknown. It is surprising that the
      CCl.sub.3 group in the ortho position is split off so distinctly
      preferentially with respect to the second CCl.sub.3 group on the benzene
      nucleus or the nitrile group, irrespective of the position relative to the
      nitrile group of the second CCl.sub.3 group.
PAR  The end products of the process according to the invention are used as
      intermediate products for the production of corresponding trifluoromethyl
      chlorobenzonitriles. The 2-chlorotrichloromethyl benzonitriles and
      bis-(trichloromethyl)-benzonitriles obtainable by the process can be used
      as herbicides and also for controlling Aedes aegypti and Drosophila. Their
      herbicidal activity is illustrated in the following example:
PAC  Pre-emergence test
PAL  Solvent: 5 parts by weight of acetone
PAL  Emulsifier: 1 part by weight of alkylaryl polyglycol ether.
PAR  In order to make up a suitable active substance preparation, 1 part by
      weight of the active substance is mixed with the specified quantity of
      solvent, the specified quantity of emulsifier is added and the concentrate
      is diluted with water to the required concentration.
PAR  Seeds of the test plants were sown in normal soil and watered with the
      active substance preparation after 24 hours. The quantity of water per
      unit area is best kept constant. The concentration of the active substance
      in the preparation is unimportant, the only crucial factor being the
      quantity in which the active substance is applied per unit area. After 3
      weeks, the degree to which the test plants were damaged was determined and
      given marks, from 0 to 5, which have the following meaning:
PA1  0 = no effect;
PA1  1 = slight damage or delay in growth;
PA1  2 = distinct damage or inhibition of growth;
PA1  3 = serious damage, and only defective development or only 50 percent
      emergence;
PA1  4 = plants partly destroyed after gemination, or only showing 25 percent
      emergence;
PA1  5 = plants completely killed or not emerging.
PAR  The active substances, the quantities applied, and the results are set out
      in Table (I):
      ##EQU1##
PAR  The other new compounds obtainable by the process according to the
      invention also show comparable herbicidal activity.
PAR  The ability of the new compounds to control Aedes aegypti is illustrated in
      the following example:
PAC  LT.sub.100 -test for dipters
PAR  Test parasites: Aedes aegypti
PAR  Solvent: acetone
PAR  2 parts by weight of the active substance are taken up in 1000 parts by
      volume of solvent. The solution thus obtained is diluted with further
      solvent to the required relatively low concentrations.
PAR  2.5 ml of the active substance solution are pipetted into a Petri dish. On
      the bottom of the Petri dish is a filter paper with a diameter of
      approximately 9.5 cm. The Petri dish remains open until the solvent has
      completely evaporated. The quantity of the active substance per m.sup.2 of
      filter paper differs according to the concentration of the active
      substance solution. Approximately 25 test parasites are then introduced
      into the Petri dish and covered with a glass lid.
PAR  The condition of the test parasites is continuously checked. The time
      required to obtain 100 % mortality is determined.
PAR  The test parasites, active substances, active substance concentrations and
      times required to produce 100 % mortality are shown in Table (II):
      ##EQU2##
PAR  The other new compounds obtainable by the process according to the
      invention also show a comparable effect.
PAR  The ability of the new compounds to control Drosophila is illustrated in
      the following example:
PAC  Drosophila test
PAL  Solvent: 3 parts by weight of alkylaryl polyglycol ether
PAL  Emulsifier: 1 part by weight of dimethyl formamide.
PAR  To make up a suitable active substance preparation, 1 part by weight of the
      active substance is mixed with the specified quantity of solvent
      containing the specified quantity of emulsifier, and the concentrate is
      diluted with water to the required concentration.
PAR  1 cc of the active substance preparation is pipetted onto a 7 cm diameter
      disc of filter paper. While still wet the filter paper is placed on a
      glass containing 50 dew flies (Drosophila melanogaster) and covered with a
      glass plate.
PAR  The mortality rate as a percentage is determined after the periods
      specified. 100 percent means that all the flies were killed, whilst 0
      percent means that none of the flies were killed.
PAR  The active substances, the active substance concentration the evaluation
      times and the percentage mortality are shown in Table (III).
      ##EQU3##
PAR  The other new compounds obtainable by the process according to the
      invention also show a comparable effect.
PAR  The process is illustrated in the following Examples:
DETD
PAC  EXAMPLE 1
PAR  450 g of 2,5-dimethyl benzonitrile are introduced into a 3-necked flask
      with a chlorine inlet pipe and chlorinated in the presence of UV
      irradiation at a temperature increasing slowly from 100.degree. to
      200.degree.C, until no more chlorine is absorbed. The reaction product is
      then worked up by distillation. After a few first runnings,
      2,5-bis-(trichloromethyl)-benzonitrile distils over in a yield of 1080 g
      (87.5 percent of the theoretical), b.p. 195.degree. - 200.degree.C/12
      Torr, m.p. 112.degree. - 113.degree.C.
PAR  776 g of 2,5-bis-(trichloromethyl)-benzonitrile are treated with chlorine
      in the presence of UV irradiation at a temperature rising from 200.degree.
      to 260.degree.C (1 to 1.5 hours). Carbon tetachloride is continuously
      distilled off. When the liberation of carbon tetrachloride is over, the
      reaction product is worked up by distillation.
PAR  2-chloro-5-trichloromethyl benzonitrile is obtained in a yield of 458 g (78
      percent), b.p. 171.degree. - 172.degree.C/12 Torr, m.p. 66.degree. -
      68.degree.C.
PAC  EXAMPLE 2
PAR  245 g of 2,4-dimethylbenzonitrile are introduced into a chlorination
      apparatus and treated with gaseous chlorine in the presence of UV
      irradiation at a temperature rising from 50.degree. to 195.degree.C until
      no more chlorine is absorbed.
PAR  When the absorption of chlorine is over, the reaction product is distilled.
      After some first runnings, 2,4-bis-(trichloromethyl)-benzonitrile is
      obtained in a yield of 520 g, b.p. 175.degree.C/3 Torr, m.p. 76.degree. -
      78.degree.C.
PAR  500 g of 2,4-bis-(trichloromethyl)-benzonitrile are chlorinated at a
      temperature rising slowly from 200.degree. to 270.degree.C. 358 g of
      distillate are obtained after a coarse distillation. According to a gas
      chromatogram, the liquid has the following composition:
PA1  76 percent of 2-chloro-4-trichloromethyl benzonitrile,
PA1  13 percent of 2,4-dichlorobenzonitrile, and
PA1  5 percent of unchanged starting material (rest unknown components).
PAR  The 2-chloro-4-trichloromethyl benzonitrile can readily be isolated from
      the crude product by fractional distillation. b.p.
      173.degree.-176.degree.C/14 Torr, m.p. 68.degree. - 70.degree.C.
PAC  EXAMPLE 3
PAR  2,6-bis-(trichloromethyl)-benzonitrile, m.p. 218.degree. - 220.degree.C,
      and 2-chloro-6-trichloromethyl benzonitrile, b.p. 146.degree. -
      148.degree.C/12 Torr, m.p. 121.degree. - 122.degree.C, are obtained in the
      same way as described in Example 1.
PAC  EXAMPLE 4
PAR  a. 1000 g of 2,5-dimethyl benzonitrile are initially introduced into a
      glass flask equipped with a stirring mechanism, a gas inlet pipe, an
      ascending condenser, which is kept at about 50.degree.C, and a following
      descending condenser with a cooling water temperature of from 10.degree.
      to 50.degree.C, and initially chlorinated under UV-irradiation, beginning
      at 70.degree.C. The temperature is increased to 195.degree.C commensurate
      with the absorption of chlorine, and chlorination is continued at this
      temperature until there is no further absorption of chlorine or
      elimination of hydrogen chloride. The temperature is then increased to
      240.degree.C over 20 to 50 minutes and then to 260.degree.C over another 4
      hours, the introduction of chlorine being continued. At the end of this
      time, the elimination of carbon tetrachloride which can be followed from
      the descending condenser, is over. Distillation gives 67 g of first
      runnings of b.p. 150.degree. - 155.degree.C/12 Torr, m.p. 125.degree. -
      127.degree.C, corresponding to 2,5-dichlorobenzonitrile (A), 1950 g of
      2-chloro-5-trichloromethyl benzonitrile (B) and 450 g of predominantly
      2,5-bis-(trichloromethyl)-benzonitrile (C). This corresponds to a yield of
      73.5 percent of (B) and 12.8 percent of (C), which can be used for another
      chlorolysis reaction.
PAR  b. If the reaction described in (a) is carried out in the absence of
      ultraviolet irradiation, the first stage carried out at the upper end of
      the temperature range (more rapid heating than in (a) from 130.degree. to
      195.degree.C) and if the further procedure is then as in (a), the result
      described there is obtained.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Benzonitrile derivative having the formula:
      ##SPC6##
NUM  2.
PAR  2. Compound of claim 1 selected from the group of
PA1  2-chloro-4-trichloromethyl-benzonitrile;
PA1  2-chloro-5-trichloromethyl-benzonitrile; and
PA1  2-chloro-6-trichloromethyl-benzonitrile.
NUM  3.
PAR  3. Process for preparing a 2-chloro-trichloromethyl-benzonitrile which
      comprises the steps of
PA1  i. reacting a dimethyl benzonitrile having the formula
      ##SPC7##
PAL  in a first reaction stage with chlorine at a temperature in the range of
      20.degree. to 200.degree.C, forming bis-(trichloromethyl)-benzonitrile;
      and
PA1  ii. further chlorinating said bis-(trichloromethyl)-benzonitrile in a
      second reaction stage at a temperature in the range of from 200.degree. to
      280.degree.C until the elimination of carbon tetrachloride is over,
      forming a 2-chloro-trichloromethylbenzonitrile.
NUM  4.
PAR  4. Process of claim 3 wherein the chlorination in the first stage is
      carried out in the presence of ultraviolet irradiation.
NUM  5.
PAR  5. Process of claim 3 wherein the bis-(trichloromethyl)-benzonitrile formed
      during the first reaction stage is isolated as an intermediate before
      undergoing the second reaction stage.
NUM  6.
PAR  6. Process of claim 3 wherein the first stage chlorination is carried out
      at a temperature in the range of from 70.degree. to 190.degree.C.
NUM  7.
PAR  7. Process of claim 3 wherein chlorination is carried out in the second
      stage at a temperature in the range 230.degree. to 260.degree.C.
NUM  8.
PAR  8. Process of claim 3 wherein both stages of the reaction are carried out
      in the presence of ultraviolet irradiation.
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PAL  Sulfonylamino-sulfonyl-isocyanates of the formula
      ##EQU1##
      where R.sub.1 is alkyl having from 1 to 12 carbon atoms, or cycloalkyl
      having from 4 to 8 carbon atoms, and R.sub.2 is alkyl or halogeno-alkyl,
      each having from 1 to 20 carbon atoms, cycloalkyl having from 5 to 8
      carbon atoms; phenyl, benzyl or naphthyl optionally substituted by
      halogen, alkyl or alkoxy each having from 1 to 4 carbon atoms, cyano
      and/or nitro.
BSUM
PAR  The present invention provides sulfonylamino-sulfonylisocyanates of the
      formula
      ##EQU2##
      where R.sub.1 is alkyl having from 1 to 12 carbon atoms, or cycloalkyl
      having from 4 to 8 carbon atoms, and R.sub.2 is alkyl or halogeno-alkyl,
      each having from 1 to 20 carbon atoms; cycloalkyl having from 5 to 8
      carbon atoms; phenyl, benzyl or naphthyl optionally substituted by
      halogen, alkyl or alkoxy each having from 1 to 4 carbon atoms, cyano
      and/or nitro.
PAR  Preferred radicals, R.sub.1 are alkyl having from 1 to 6 carbon atoms,
      especially alkyl having from 1 to 4 carbon atoms, and cycloalkyl having
      from 4 to 6 carbon atoms, especially cyclohexyl.
PAR  Preferred radicals R.sub.2 are alkyl having from 1 to 12 carbon atoms,
      cyclohexyl, methylphenyl, chlorophenyl, fluorophenyl or nitrophenyl.
PAR  The present invention provides also a process for the preparation of
      compounds of formula I, which comprises reacting sulfonamides of the
      formula
EQU  R.sub.2 SO.sub.2 --NH-- R.sub.1                            (II)
PAL  with chlorosulfonyl-isocyanate.
PAR  The reaction in accordance with the present invention may be carried out in
      one or two steps. It is possible, for example, to prepare first the
      addition product of the formula
      ##EQU3##
      starting from the sulfonamide II and chlorosulfonyl-isocyanate, at low
      temperature of from about 0.degree. to 80.degree.C, and subsequently
      convert this product to the isocyanate of formula I by heating, or the
      components may be heated from the start to the temperature required for
      the reaction in accordance with the present invention. Also an excess of
      the chlorosulfonyl-isocyanate of up to 100 % of the theoretical amount or
      more may be used. The reaction temperatures are generally from 80.degree.
      to 200.degree.C, preferably from 100.degree. to 160.degree.C.
PAR  The reaction may be carried out without solvent. However, it is generally
      advantageous to add a solvent or diluent indifferent under the reaction
      conditions, preferably hydrocarbons which may also be substituted by
      halogen atoms or nitro groups having boiling points above about
      80.degree.C, when the reaction is to be carried out without pressure. Such
      solvents or diluents are preferably the following: aliphatic or
      cycloaliphatic hydrocarbons having more than 6 carbon atoms, aliphatic or
      cycloaliphatic hydrocarbons substituted by nitro groups or halogen atoms
      having a boiling point of at least 80.degree.C, but especially aromatic
      hydrocarbons which may also be substituted by halogen, nitro groups or
      alkyl radicals, for example benzene, toluene, xylene, ethylbenzene,
      isopropylbenzene, tetrahydro-naphthalene, diisopropylbenzene,
      chlorobenzene, dichlorobenzene, chlorotoluene, chloroxylene or
      nitrobenzene.
PAR  In the reaction according to the present invention, hydrogen chloride is
      set free which escapes in gaseous form. Surprisingly, it is not necessary
      to bind it chemically in order to ensure the desired course of the
      reaction, as is required for many other reactions which proceed with
      splittingoff of hydrogen halides. It may be advantageous, however, to
      accelerate the release of the hydrogen chloride formed, for example by
      passing an inert gas such as nitrogen through the reaction vessel, or by
      applying a slight vacuum. By titrimetric determination of the hydrogen
      chloride split off, the course of the reaction may be quantitatively
      monitored and thus its completion can be verified.
PAR  In most cases, the new sulfonyl-isocyanates are liquid compounds which can
      be distilled under reduced pressure. Therefore, they are generally and
      advantageously isolated by distillation. In many cases, however, this
      isolation is not necessary; the reaction product may be used directly for
      further reactions after removal of excess chlorosulfonyl-isocyanate (for
      example by distillation) and, optionally, of the solvent employed. This
      applies especially for those isocyanates of formula I which because of
      their size of molecules or their high boiling point are difficult to
      distill without decomposition.
PAR  The process of the invention and its products are new. Since it is known
      (Chem. Ztg. -- Chem. Appar. 95 (1971), 1009) that perfluorinated
      alkyl-sulfonamides do not react with chlorosulfonyl-isocyanate to form
      sulfonylamino-sulfonyl-isocyanates, but from normal sulfonyl-isocyanates
      having only one sulfonyl group in the molecule together with sulfamic acid
      chloride as by-product, it is surprising that the compounds of formula II
      react in an entirely different manner.
PAR  Isocyanates which can be prepared in accordance with the process of the
      present invention are for example:
      methanesulfonyl-n-propylamino-sulfonylisocyanate,
      methanesulfonyl-isopropylamino-sulfonylisocyanate,
      methanesulfonyl-n-octylamino-sulfonylisocyanate,
      methanesulfonyl-cyclobutylamino-sulfonylisocyanate,
      methanesulfonyl-cyclopentylamino-sulfonylisocyanate,
      methanesulfonyl-cyclohexylamino-sulfonylisocyanate, methanesulfonyl-
      4-methylcyclohexylamino-sulfonylisocyanate,
      ethanesulfonyl-n-butylamino-sulfonylisocyanate,
      ethanesulfonyl-isopropylamino-sulfonylisocyanate,
      n-butanesulfonyl-isopropylamino-sulfonylisocyanate,
      n-butanesulfonyl-cyclohexylamino-sulfonylisocyanate,
      dodecanesulfonyl-methylamino-sulfonylisocyanate,
      octadecanesulfonyl-methylamino-sulfonylisocyanate,
      2-chloroethanesulfonyl-ethyl-amino-sulfonylisocyanate,
      cyclopentanesulfonyl-ethylamino-sulfonylisocyanate,
      cyclohexanesulfonyl-butylamino-sulfonylisocyanate,
      4-methylcyclohexanesulfonyl-methylamino-sulfonylisocyanate,
      cyclooctanesulfonyl-methylamino-sulfonylisocyanate,
      benzylsulfonyl-methylamino-sulfonylisocyanate,
      phenylsulfonyl-ethylamino-sulfonylisocyanate,
      4-toluenesulfonyl-methylamino-sulfonylisocyanate,
      phenylsulfonyl-cyclohexylamino-sulfonylisocyanate,
      2,4-dimethylphenylsulfonyl-ethylamino-sulfonylisocyanate,
      3,4-dimethylphenylsulfonyl-ethylamino-sulfonylisocyanate,
      4-ethylphenylsulfonyl-methylamino-sulfonylisocyanate,
      4-isopropylphenylsulfonyl-methylamino-sulfonylisocyanate,
      3-chlorophenylsulfonyl-methylamino-sulfonylisocyanate, 4
      -bromophenylsulfonyl-methylamino-sulfonylisocyanate,
      2,5-dichlorophenylsulfonyl-methylamino-sulfonylisocyanate,
      3-chloro-4-methyl-phenylsulfonyl-methylamino-sulfonylisocyanate, 3
      -nitrophenylsulfonyl-methylamino-sulfonylisocyanate,
      3-nitro-4-methylphenylsulfonyl-methylamino-sulfonylisocyanate,
      2-chloro-5-nitro-phenylsulfonyl-methylamino-sulfonylisocyanate,
      4-methoxy-phenylsulfonyl-methylamino-sulfonylisocyanate,
      3-cyanophenylsulfonyl-methylamino-sulfonylisocyanate,
      1-naphthylsulfonyl-methylamino-sulfonylisocyanate,
      1-chloro-6-naphthylsulfonyl-methylamino-sulfonylisocyanate.
PAR  The sulfonylamino-sulfonyl-isocyanates obtained in accordance with the
      present invention may be used as reactive intermediate products for
      syntheses of various kinds. Especially, when these sulfonyl-isocyanates
      are reacted wth benzimidazolecarbamates, products having an excellent
      fungicidal and anthelmintic activity are formed, which products correspond
      to the formual
      ##SPC1##
PAL  The preparation and the properties are described in our copending
      application Ser. No. 417640 (German Application No. P 22 57 184.2)
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  a. 151 g (1.38 moles) of methanesulfonic acid methyl amide are dissolved in
      500 ml of chlorobenzene, a solution of 215 g (1.52 moles) of
      chlorosulfonyl-isocyanate in 200 ml of chlorobenzene is added within 10
      minutes at room temperature, the whole is subsequently heated at
      120.degree. - 125.degree.C for 4 hours with agitation, and finally, the
      methanesulfonyl-methylamino-sulfonylisocyanate is isolated by
      distillation. The yield is 173 g (59 %), boiling point 94.degree. -
      98.degree.C/0.1 torr.
TBL  ______________________________________                                    

     C.sub.3 H.sub.6 N.sub.2 O.sub.5 S.sub.2                                   

                          MW 214.2                                             

     calc.: N 13.1 %;     S 29.9 %                                             

     found: N 13.0 %;     S 30.0 %                                             

     ______________________________________                                    

PAL  By hydrolizing this product with water,
      methylsulfonylmethylamino-sulfonamide having a melting point of
      140.degree.C is formed.
PAR  Under the above conditions, the following isocyanates are obtained from the
      corresponding sulfonamides:
PAR  b. methanesulfonyl-butylamino-sulfonylisocyanate, yield 62 %, boiling point
      106.degree. - 112.degree.C/0.05 torr
TBL  C.sub.6 H.sub.12 N.sub.2 O.sub.5 S.sub.2                                  

                          MW 256.3                                             

     calc.: N 10.9 %;     S 25.0 %                                             

     found: N 10.6 %;     S 24.8 %                                             

PAR  c. ethanesulfonyl-ethylamino-sulfonylisocyanate, yield 64 %, boiling point
      95.degree. - 99.degree.C/0.01 torr
TBL  C.sub.5 H.sub.10 N.sub.2 O.sub.5 S.sub.2                                  

                          MW 242.3                                             

     calc.: N 11.6 %;     S 26.4 %;                                            

     found: N 11.8 %;     S 26.8 %                                             

PAR  d. butanesulfonyl-methylamino-sulfonylisocyanate, yield 53 %, boiling point
      110.degree. - 116.degree.C/0.1 torr
TBL  C.sub.6 H.sub.12 N.sub.2 O.sub.5 S.sub.2                                  

                          MW 256.3                                             

     calc.: N 10.9 %;     S 25.0 %                                             

     found: N 10.8 %;     S 25.4 %                                             

PAC  EXAMPLE 2
PAR  a. 225 g (1.60 moles) of chlorosulfonyl-isocyanate are added to a solution
      of 170 g (1.38 moles) of methanesulfonic acid ethylamide in 700 ml of
      chlorobenzene, and the whole is heated for 5 hours at a bath temperature
      of 150.degree.C while passing nitrogen through the reaction vessel.
      Subsequently, 256 g (81 %) of
      methanesulfonyl-ethylamino-sulfonylisocyanate having a boiling point of
      99.degree. - 106.degree.C/1 torr are isolated by distillation.
TBL  ______________________________________                                    

     C.sub.4 H.sub.8 N.sub.2 O.sub.5 S.sub.2                                   

                          MW 228.2                                             

     calc.: N 12.3 %;     S 28.1 %                                             

     found: N 12.5 %;     S 28.6 %                                             

     ______________________________________                                    

PAR  Under the same reaction conditions, the following sulfonyl-isocyanates are
      obtained from the corresponding sulfonamides:
PAR  b. cyclohexanesulfonyl-methylamino-sulfonylisocyanate, yield 39 %, boiling
      point 120.degree.  - 124.degree.C/0.02 torr
TBL  C.sub.8 H.sub.14 N.sub.2 O.sub.5 S.sub.2                                  

                          MW 282.3                                             

     calc.: N 9.9 %;      S 22.7 %                                             

     found: N 9.7 %;      S 23.1 %                                             

PAR  c. ethanesulfonyl-methylamino-sulfonylisocyanate, yield 68 %, boiling point
      103.degree.  - 105.degree.C/0.05 torr
TBL  C.sub.4 H.sub.8 N.sub.2 O.sub.5 S.sub.2                                   

                          MW 228.2                                             

     calc.: N 12.3 %;     S 28.1 %                                             

     found: N 12.0 %;     S 28.4 %                                             

PAR  d. n-butanesulfonyl-ethylamino-sulfonylisocyanate, yield 70 %, boiling
      point 98.degree. - 103.degree.C/0.01 torr
TBL  C.sub.7 H.sub.14 N.sub.2 O.sub.5 S.sub.2                                  

                          MW 270.3                                             

     calc.: N 10.4 %;     S 23.7 %                                             

     found: N 10.1 %;     S 23.9 %                                             

PAR  e. 2-chloroethanesulfonyl-methylamino-sulfonylisocyanate, yield 38 %,
      boiling point 105.degree. - 110.degree.C/0.02 torr
TBL  C.sub.4 H.sub.7 ClN.sub.2 O.sub.5 S.sub.2                                 

                          MW 262.7                                             

     calc.: N 10.7 %;     S 24.4 %                                             

     found: N 10.9 %;     S 24.0 %                                             

PAR  f. octanesulfonyl-methylamino-sulfonylisocyanate, yield 59 %, boiling point
      134.degree. - 137.degree.C/0.01 torr
TBL  C.sub.10 H.sub.20 N.sub.2 O.sub.5 S.sub.2                                 

                          MW 312.4                                             

     calc.: N 9.0 %;      D 20.5 %                                             

     found: N 8.7 %;      S 20.9 %                                             

PAC  EXAMPLE 3
PAR  a. 44 g (0.31 mole) of chlorosulfonyl-isocyanate are added to a solution of
      50 g (0.29 mole) of benzenesulfonic acid methylamide in 150 ml of
      chlorobenzene, and the whole is heated at 120.degree.C for 4 hours with
      agitation. The distillation yields 47 g (58 %) of
      phenylsulfonyl-methylaminosulfonylisocyanate having a boiling point of
      125.degree. -128.degree.C/ 0.03 torr.
TBL  ______________________________________                                    

     C.sub.8 H.sub.8 N.sub.2 O.sub.5 S.sub.2                                   

                          MW 276.3                                             

     calc.: N 10.1 %;     S 23.2 %                                             

     found: N 10.5 %;     S 23.6 %                                             

     ______________________________________                                    

PAL  In the same manner, the following wulfonylisocyanates are obtained from the
      corresponding sulfonamides:
PAR  b. 4-chlorophenylsulfonyl-methylamino-sulfonylisocyanate, yield 90 %,
      boiling point 140.degree. - 145.degree.C/0.02 torr
TBL  C.sub.8 H.sub.7 ClN.sub.2 O.sub.5 S.sub.2                                 

                          MW 310.8                                             

     calc.: N 9.1 %;      S 20.6 %                                             

     found: N 9.3 %;      S 20.7 %                                             

PAR  c. 4-chlorophenylsulfonyl-ethylamino-sulfonylisocyanate, yield 92 %,
      boiling point 146.degree. - 149.degree.C/0.01 torr
TBL  C.sub.9 H.sub.9 ClN.sub.2 O.sub.5 S.sub.2                                 

                          MW 324.8                                             

     calc.: N 8.6 %;      S 19.7 %                                             

     found: N 8.5 %;      S 19.2 %                                             

PAR  d. 4-chlorophenylsulfonyl-butylamino-sulfonylisocyanate, yield 89 %,
      boiling point 148.degree. - 150.degree.C/0.01 torr
TBL  C.sub.11 H.sub.13 ClN.sub.2 O.sub.5 S.sub.2                               

                          MW 352.8                                             

     calc.: N 7.9 %;      S 18.2 %                                             

     found: N 7.6 %;      S 18.3 %                                             

PAR  e. 4-nitrophenylsulfonyl-cyclohexylamino-sulfonylisocyanate, yield 83 %,
      boiling point 167.degree. - 170.degree.C/0.005 torr (partial decomp.)
TBL  C.sub.13 H.sub.15 N.sub.3 O.sub.7 S.sub.2                                 

                          MW 389.4                                             

     calc.: N 10.8 %;     S 16.4 %                                             

     found: N 10.5 %;     S 16.4 %                                             

PAR  f. 4-nitrophenylsulfonyl-propylamino-sulfonylisocyanate, yield 85 %,
      boiling point 156.degree. - 159.degree.C/0.01 torr (partial decomp.)
TBL  C.sub.10 H.sub.11 N.sub.3 O.sub.7 S.sub.2                                 

                          MW 349.3                                             

     calc.: N 12.0 %;     S 18.3 %                                             

     found: N 11.8 %;     S 18.5 %                                             

PAR  g. 2,4-dimethylphenylsulfonyl-methylamino-sulfonylisocyanate, yield 63 %,
      boiling point 130.degree. - 135.degree.C/0.01 torr
TBL  C.sub.10 H.sub.12 N.sub.2 O.sub.5 S.sub.2                                 

                          MW 304.3                                             

     calc.: N 9.2 %;      S 21.1 %                                             

     found: N 8.8 %;      S 20.9 %                                             

PAR  h. 4-fluorophenylsulfonyl-methylamino-sulfonylisocyanate, yield 61 %,
      boiling point 118.degree. - 122.degree.C/0.02 torr
TBL  C.sub.8 H.sub.7 FN.sub.2 O.sub.5 S.sub.2                                  

                          MW 294.3                                             

     calc.: N 9.5 %;      S 21.8 %                                             

     found: N 9.5 %;      S 21.6 %                                             

PAR  i. 3-chloro-4-methyl-phenylsulfonyl-methylamino-sulfonylisocyanate, yield
      68 %, boiling point 138.degree. - 142.degree.C/0.01 torr
TBL  C.sub.9 H.sub.9 ClN.sub.2 O.sub.5 S.sub.2                                 

                          MW 324.8                                             

     calc.: N 8.6 %;      S 19.7 %                                             

     found: N 8.3 %;      S 19.4 %                                             

PAR  k. 4-tolylsulfonyl-butylamino-sulfonylisocyanate, yield 85 %, boiling point
      138.degree.  - 140.degree.C/0.01 torr
TBL  C.sub.12 H.sub.16 N.sub.2 O.sub.5 S.sub.2                                 

                          MW 332.4                                             

     calc.: N 8.4 %;      S 19.3 %                                             

     found: N 8.1 %;      S 19.1 %                                             

PAR  l. phenylsulfonyl-isopropylamino-sulfonylisocyanate, yield 46 %, boiling
      point 121.degree. - 124.degree.C/0.01 torr
TBL  C.sub.10 H.sub.12 N.sub.2 O.sub.5 S.sub.2                                 

                          MW 304.3                                             

     calc.: N 9.2 %;      S 21.1 %                                             

     found: N 8.8 %;      S 21.1 %                                             

PAR  m. 4-chlorophenylsulfonyl-cyclohexylamino-sulfonylisocyanate, yield 88 %,
      boiling point 153.degree. - 155.degree.C/0.005 torr (slight decomp.)
TBL  C.sub.12 H.sub.15 ClN.sub.2 O.sub.5 S.sub.2                               

                          MW 378.8                                             

     calc.: N 7.4 %;      S 16.9 %                                             

     found: N 7.7 %;      S 16.5 %                                             

PAC  EXAMPLE 4
PAR  By reaction of 4-toluenesulfonic acid ethylamide with
      chlorosulfonylisocyanate in benzene, the crystalline addition product
      N-ethyl-N-chlorosulfonyl-amidocarbenyl-toluene-4-sulfonic acid amide is
      obtained.
PAR  102 g (0.3 mole) of this compound are heated at 100.degree.C for 7 hours in
      300 ml of 4-chlorotoluene, while passing nitrogen through the reaction
      vessel. By means of a subsequent distillation, 51 g (56 %) of
      4-toluenesulfonyl-ethylamino-sulfonylisocyanate, having a boiling point of
      123.degree. - 128.degree.C/0.01 torr, are obtained.
TBL  ______________________________________                                    

     C.sub.10 H.sub.12 N.sub.2 O.sub.5 S.sub.2                                 

                          MW 304.3                                             

     calc.: N 9.2 %;      S 21.1 %                                             

     found: N 8.8 %;      S 20.9 %                                             

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  27.7 g (0.10 mole) of dedecanesulfonic acid ethylamide are heated for 5
      hours at 130.degree.C with 15 g (0.106 mole) of chlorosulfonyl-isocyanate,
      while passing dry nitrogen through the reaction vessel. Subsequently, all
      volatile components are distilled off at 0.01 torr and a bath temperature
      raised up to 120.degree.C. The residue is composed of 36.9 g of a viscous
      oil.
TBL  ______________________________________                                    

     C.sub.15 H.sub.30 N.sub.2 O.sub.5 S.sub.2                                 

                          MW 382.5                                             

     calc.: N 7.3 %;      S 16.8 %                                             

     found: N 6.9 %;      S 16.2 %                                             

     ______________________________________                                    

PAR  The isocyanate structure of the reaction product is proved by the sharp IR
      band at 4.4 .mu., and the violent reaction with water (with splitting off
      of CO.sub.2) as well as with alcohols and amines.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Sulfonylamino-sulfonyl-isocyanates of the formula
      ##EQU4##
      where R.sub.1 is alkyl having from 1 to 12 carbon atoms, or cycloalkyl
      having from 4 to 8 carbon atoms, and R.sub.2 is alkyl or halogeno-alkyl,
      each having from 1 to 20 carbon atoms; cycloalkyl having from 5 to 8
      carbon atoms; phenyl, benzyl or naphthyl optionally substituted by
      halogen, alkyl or alkoxy each having from 1 to 4 carbon atoms, cyano
      and/or nitro.
NUM  2.
PAR  2. A process for the preparation of compounds of formula I, which comprises
      reacting sulfonamides of the formula
EQU  R.sub.2 SO.sub.2 --NH--R.sub.1                             (II)
PAL  in which R.sub.1 and R.sub.2 are as defined in claim 1, with
      chlorosulfonyl-isocyanate at a temperature from 80.degree. to
      200.degree.C.
NUM  3.
PAR  3. A process as claimed in claim 2, which comprises carrying out the
      reaction at a temperature of from 100.degree. to 160.degree.C.
NUM  4.
PAR  4. A process as claimed in claims 2, which comprises carrying out the
      reaction in the presence of an inert solvent or diluent.
NUM  5.
PAR  5. In a process for reacting sulfonamides of the general formula
EQU  R.sub.2 --SO.sub.2 --NH--R.sub.1                           (II)
PAL  in which R.sub.1 and R.sub.2 are as defined in claim 1 to obtain the
      compounds of formula
      ##EQU5##
      whereby compound of the formula II is reacted with chlorosulfonyl
      isocyanate at a temperature of from 0.degree. to 80.degree.C to form
      sulfochlorides of the general formula
      ##EQU6##
      the step comprising rearranging the intermediate products of formula III
      to compounds of formula I by heating said compounds of formula III at a
      temperature from 80.degree.C to 200.degree.C.
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ABST
PAL  Process for preparing 5-oxohexane-nitrile by reaction of acetone with
      acrylonitrile at elevated temperatures in the presence of an acid and a
      compound selected from the group consisting of primary amines, aliphatic
      amino alcohols, aliphatic amino carboxylic acids with primary amino groups
      or Schiff bases and in the presence of a minor quantity of water.
BSUM
PAR  A possibility for preparing 5-oxohexane-nitrile well known to those skilled
      in the art is the addition of acrylonitrile to acetone, if the reaction is
      carried out in the presence of a small quantity of acid and of a primary
      amine or of a compound being able to form a primary amine.
PAR  5-OXOHEXANE-NITRILE IS AN IMPORTANT INTERMEDIARY PRODUCT FOR OTHER
      COMPOUNDS, FOR EXAMPLE .alpha.-PICOLINE OR RESORCINOL.
PAR  A drawback of this known process is its poor yield in 5-oxohexane-nitrile,
      calculated on the acetone spent and on primary amine, mainly due to
      self-condensation of the acetone while forming diacetone-alcohol,
      mesityl-oxide and products of higher molecular weights which cannot be
      distilled.
PAR  Therefore, subject of the present invention is to prevent the formation of
      these undesirable by-products in course of the above-mentioned process.
      Further object is to prevent the double addition of acrylonitrile to
      acetone and to improve the yield in 5-oxohexane-nitrile, calculated on the
      consumption of catalyst.
PAR  Now, a process has been found for the preparation of 5-oxohexane-nitrile by
      reaction of acetone with acrylonitrile at elevated temperatures in the
      presence of an acid and of primary amines, aliphatic amino-alcohols,
      aliphatic amino-carboxylic acids with a primary amino group or Schiff
      bases, wherein the reaction is carried out in the presence of 0.2 to 5
      weight percent of water, calculated on the reaction mixture.
PAR  In the past it was understood in the art that the presence of water in the
      reaction mixture would be undesirable upon cyanoethylation of ketones, for
      three reasons:
PA0  1. The ketimines formed from a ketone and a primary amine are considered to
      be reactive intermediates upon the ketone-cyano-ethylation. German
      Offenlegungsschrift No. 2020143 describes the cyano-ethylation of pure
      ketimines, recommending particularly to keep the presence of water in the
      reaction mixture as low as possible, because acetone imines easily
      decompose with water.
PA0  2. It has been described (Chemical Abstracts 74, 12 49 44 h (1971)) that
      water prevents the cyano-ethylation of ketones in the presence of a
      catalyst consisting of a primary amine and a carboxylic acid.
PA0  3. It was to be expected that under the basic reaction conditions water
      reacts with acryonitrile to yield hydroxypropionitrile and
      bis-cyano-ethylether thus causing a loss in acrylonitrile.
PAR  Therefore, it is very surprising that the addition of a limited quantity of
      water to the reaction mixture considerably increases the yield in
      5-oxohexane-nitrile.
PAR  In the process of the invention the following acids may be used -- for
      example --: carboxylic acids such as formic acid, acetic acid, butyric
      acid, benzoic acid, adipic acid or mineral acids such as hydrochloric acid
      or phosphoric acid. The acid is added at the rate of -- generally -- from
      0.001 to 0.02 mole, preferably from 0.002 to 0.01 mole, per mole of
      acrylonitrile.
PAR  Among the primary amines, aliphatic amino alcohols, aliphatic
      amino-carboxylic acids and Schiff bases acting as catalysts, the following
      are cited as examples: methylamine, ethylamine, n-propylamine,
      isopropylamine, n-butylamine, amylamine, cyclohexylamine, benzylamine,
      aniline, .epsilon.-aminocapronic acid, aminoethanol, and Schiff bases
      derived from acetone and the above-mentioned primary amines. The quantity
      of the primary amine can vary within wide limits, generally amounting to
      from 0.01 to 0.2 mole per mole of acrylonitrile.
PAR  Advantageously, the catalysts should be chosen from among those which have
      boiling points below that of 5-oxohexanenitrile, so that they can be
      re-used after work-up by distillation.
PAR  The reaction mixture contains water at the rate of from 0.2 to 5 weight
      percent, preferably from 1 to 3 wt.%. To some extent, the optimum water
      concentration depends on the quantity of amine added.
PAR  Usually, the molar proportion of acetone to be reacted to acrylonitrile is
      1 : 1 to 20 : 1, preferably 3 : 1 to 8 : 1.
PAR  Preferably, the acrylonitrile-conversion rate is not superior to 90 %,
      since otherwise secondary reactions occur - due to prolonged reaction time
      and higher reaction temperatures which are necessary for a conversion rate
      of more than 90 %.
PAR  The most favorable reaction temperature depends on the nature and quantity
      of the catalyst used and on the portion of water contained in the reaction
      mixture. As a rule, the operating range is from 50.degree. to
      250.degree.C, preferably from 130.degree. to 200.degree.C. The pressure is
      not of critical importance, though -- in general -- operations are carried
      out at pressures from normal to 50 atm., preferably at the vapour pressure
      corresponding to the reaction temperature.
PAR  The reaction can be performed as well with a solvent or without. So as to
      prevent a polymerization of the acrylonitrile in course of the reaction,
      the addition of a small quantity of a polymerization-inhibitor such as
      hydroquinone is in general advantageous.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLES 1 - 11
PAR  A mixture of acetone, acrylonitrile, benzoic acid, isopropylamine, water
      and hydroquinone is heated to a certain temperature (cf. Table) for 1 hour
      in a 5 liter - autoclave. The reaction mixture, consisting of acetone,
      acrylonitrile, isopropylamine, mesityloxide, diacetone alcohol,
      N-cyanoethylisopropylamine, 5-oxohexane-nitrile, .gamma.-acetyl-pimelic
      acid nitrile and a minor quantity of material which cannot be distilled,
      is submitted to analysis by gas chromatography. The larger part of the
      non-reacted acetone, acrylonitrile and isopropylamine is evacuated in a
      rotation evaporator. Same can be re-used for a new batch or, in case of a
      continuously operated reaction, fed back directly into the reactor.
PAR  The residue in the rotation evaporator is submitted to vacuum-distillation.
      The first fraction up to a boiling point of 30.degree.C (170 mm) contains
      the remaining acetone and acrylonitrile. The second fraction up to a
      boiling point of 72.degree.C (130 mm) includes mesityloxide, diacetone
      alcohol and water passing over as ternary azeotrope. The third fraction
      having a boiling point of 86.degree.C (12 mm) contains
      N-cyanoethyl-isopropylamine. This latter can be submitted to thermal
      decomposition to yield acrylonitrile and isopropylamine and, therefore,
      does not mean a loss in acrylonitrile or isopropylamine. The next fraction
      at a boiling point of 106.degree.C (12 mm) consists of pure
      5-oxohexane-nitrile. The final fraction up to a boiling point of
      150.degree. - 160.degree.C (6 mm) consists essentially of
      .gamma.-acetylpimelic acid nitrile.
PAR  The examples show the improvement in the yield of 5-oxohexane-nitrile (OHN)
      in respect to acrylonitrile (AN), acetone (ACT) and isopropylamine (IPA)
      by addition of different quantities of water to the reaction mixture at
      different concentrations of acrylonitrile and isopropylamine.
TBL  reaction conditions:                                                      

     quantity applied: acetone: 2320 g; benzoic acid: 2 g; hydroquinone: 1 g;  

     temperature: 180.degree.C; time: 1 hour                                   

     EXAMPLE      1   2  3    4   5   6   7   8   9   10  11                   

     __________________________________________________________________________

     quantity applied [g]                                                      

     H.sub.2 O    5   30  55  105 5   30  55  5   55  5   55                   

     AN           424 424 424 424 265 265 265 424 424 265 265                  

     IPA          42  42  42  42  21  21  21  21  21  42  42                   

     selectivities [mole.%]                                                    

     OHN/AN       75  82  86  82  80  93  94  75  82  84  94                   

     OHN/acetone  50  66  74  76  46  68  73  61  78  49  61                   

     yields [g/g]                                                              

     OHN/IPA reacted                                                           

                  34  36  100 44  21  35  61  50  107 14  29                   

     conversion rate [wt.%]-acetone                                            

                  26  20  16  4   17  10  7   17  7   19  13                   

     AN           81  81  71  20  79  50  42  73  35  85  70                   

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for preparing 5-oxohexane-nitrile by reaction of acetone
      with acrylonitrile at from 50.degree.C to 250.degree.C in the presence of
      from 0.001 to 0.02 mols of an acid per mol of acrylonitrile and from 0.01
      to 0.2 mols of a compound per mol of acrylonitrile, said compound being
      selected from the group consisting of primary amines and Schiff bases, the
      improvement comprising carrying out the reaction in the presence of water
      maintained at the rate of from 0.2 to 5 weight percent, calculated on the
      reaction mixture.
NUM  2.
PAR  2. A process according to claim 1 wherein the reaction ratio of acetone to
      acrylonitrile is at a molar proportion of about 1:1 to about 20:1.
NUM  3.
PAR  3. A process according to claim 2, wherein said compound is selected from
      the group consisting of alkane primary amines having 1 to 5 carbon atoms,
      said amines further having a hydroxyl group, said amines further having a
      carboxylic group, and monocyclic primary means having 6 carbon atoms in
      the ring structure and 6 to 7 carbon atoms in the total structure, and
      said Schiff bases which are the condensation product of acetone and a
      foregoing primary amine.
NUM  4.
PAR  4. A process according to claim 2 wherein said acid is chosen from the
      group consisting of formic, acetic, butyric, benzoic, adipic, hydrochloric
      and phosphoric acids.
NUM  5.
PAR  5. A process according to claim 4, wherein said reaction is at a pressure
      of 1 to 50 atmospheres.
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ABST
PAL  5-Oxa prostaglandin-type compounds and processes for making them. These
      compounds are useful for a variety of pharmacological purposes, including
      anti-ulcer, inhibition of platelet aggregation, increase of nasal patency,
      labor inducement at term, and wound healing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel compositions of matter, to novel methods
      for producing those, and to novel chemical intermediates useful in those
      processes. Particularly, this invention relates to certain novel analogs
      of prostaglandins E.sub.1, F.sub.1.sub..alpha., F.sub.1.sub..beta.,
      A.sub.1, and B.sub.1 in which the C-5 methylene (--CH.sub.2) in the
      prostanoic acid structure is replaced by oxygen (--O--).
PAR  The known prostaglandins include, for example, prostaglandin E.sub.1
      (PGE.sub.1), prostaglandin F.sub.1 alpha and beta (PGF.sub.1.sub..alpha.
      and PGF.sub.1.sub..beta., prostaglandin A.sub.1 (PGA.sub.1), and
      prostaglandin B.sub.1 (PGB.sub.1). Each of the above-mentioned known
      prostaglandins is a derivative of prostanoic acid which has the following
      structure and atom numbering:
      ##SPC1##
PAL  See, for example, Bergstrom et al., Pharmacol. Rev. 20, 1 (1968), and
      references cited therein. A systematic name for prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.alpha.-yl]-heptanoic acid.
PAR  PGE.sub.1 has the following structure:
      ##SPC2##
PAL  Pgf.sub.1.sub..alpha. has the following structure:
      ##SPC3##
PAL  Pgf.sub.1.sub..beta. has the following structure:
      ##SPC4##
PAL  Pga.sub.1 has the following structure:
      ##SPC5##
PAL  Pgb.sub.1 has the following structure:
      ##SPC6##
PAR  In formulas II to VI, as well as in the formulas given hereinafter, broken
      line attachments to the cyclopentane ring indicate substituents in alpha
      configuration, i.e., below the plane of the cyclopentane ring. Heavy solid
      line attachments to the cyclopentane ring indicate substituents in beta
      configuration, i.e., above the plane of the cyclopentane ring.
PAR  The side-chain hydroxy at C-15 in formulas II to VI is in S configuration.
      See Nature, 212, 38 (1966) for discussion of the stereochemistry of the
      prostaglandins.
PAR  Molecules of the known prostaglandins each have several centers of
      asymmetry, and can exist in racemic (optically inactive) form and in
      either of the two enantiomeric (optically active) forms, i.e. the
      dextrorotatory and levorotatory forms. As drawn, formulas II to VI each
      represent the particular optically active form of the prostaglandin which
      is obtained from certain mammalian tissues, for example, sheep vesicular
      glands, swine lung, or human seminal plasma, or by carbonyl and/or double
      bond reduction of that prostaglandin. See, for example, Bergstrom et al.,
      cited above. The mirror image of each of formulas II to VI represents the
      other enantiomer of that prostaglandin. The racemic form of a
      prostaglandin contains equal numbers of both enantiomeric molecules, and
      one of formulas II to VI and the mirror image of that formula is needed to
      represent correctly the corresponding racemic prostaglandin. For
      convenience hereinafter, use of the terms, PGE.sub.1,
      PGF.sub.1.sub..alpha., PGF.sub.1.sub..beta., and the like, will mean the
      optically active form of that prostaglandin with the same absolute
      configuration as PGE.sub.1 obtained from mammalian tissues. When reference
      to the racemic form of one of those prostaglandins is intended, the word
      "racemic" or "dl" will preceed the prostaglandin name, thus, "racemic
      PGE.sub.2 " or "dl-PGF.sub.2.sub..alpha.."
PAR  PGE.sub.1, PGF.sub.1.sub..alpha., PGF.sub.1.sub..beta., PGA, and PGB.sub.1
      and their esters, acylates, and pharmacologically acceptable salts, are
      extremely potent in causing various biological responses. For that reason,
      these compounds are useful for pharmacological purposes. See, for example,
      Bergstrom et al., cited above. A few of those biological responses are
      systemic arterial blood pressure lowering in the case of the PGE and PGA
      compounds as measured, for example, in anesthetized (pentobarbital sodium)
      pentolinium-treated rats with indwelling aortic and right heart cannulas;
      pressor activity, similarly measured, for the PGF.sub..sub..alpha.
      compounds; stimulation of smooth muscle as shown, for example, by tests on
      strips of guinea pig ileum, rabbit duodenum, or gerbil colon; potentiation
      of other smooth muscle stimulants; antilipolytic activity as shown by
      antagonism of epinephrine-induced mobilization of free fatty acids or
      inhibition of the spontaneous release of glycerol from isolated rat fat
      pads; inhibition of gastric secretion in the case of the PGE and PGA
      compounds as shown in dogs with secretion stimulated by food or histamine
      infusion; activity on the central nervous system; controlling spasm and
      facilitating breathing in asthmatic conditions; decrease of blood platelet
      adhesiveness as shown by platelet-to-glass adhesiveness, and inhibition of
      blood platelet aggregation and thrombus formation induced by various
      physical stimuli, e.g., arterial injury, and various biochemical stimuli,
      e.g., ADP, ATP, serotonin, thrombin, and collagen; and in the case of the
      PGE and PGB compounds, stimulation of epidermal proliferation and
      keratinization as shown when applied in culture to embryonic chick and rat
      skin segments.
PAR  Because of these biological responses, these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE compounds, are useful
      in mammals, including man, as nasal decongestants. For this purpose, the
      compounds are used in a dose range of about 10 .mu.g. to about 10 mg. per
      ml. of a pharmacologically suitable liquid vehicle or as an aerosol spray,
      both for topical application.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., and PGA compounds are useful in
      the treatment of asthma. For example, these compounds are useful as
      bronchodilators or as inhibitors of mediators, such as SRS-A, and
      histamine which are released from cells activated by an antigen-antibody
      complex. Thus, these compounds control spasm and facilitate breathing in
      conditions such as bronchial asthma, bronchitis, bronchiectasis, pneumonia
      and emphysema. For these purposes, these compounds are administered in a
      variety of dosage forms, e.g., orally in the form of tablets, capsules, or
      liquids; rectally in the form of suppositories, parenterally,
      subcutaneously, or intramuscularly, with intravenous administration being
      preferred in emergency situations; by inhalation in the form of aerosols
      or solutions for nebulizers; or by insufflation in the form of powder.
      Doses in the range of about 0.01 to 5 mg. per kg. of body weight are used
      1 to 4 times a day, the exact dose depending on the age, weight, and
      condition of the patient and on the frequency and route of administration.
      For the above use these prostaglandins can be combined advantageously with
      other anti-asthmatic agents, such as sympathomimetics (isoproterenol,
      phenylephrine, ephedrine, etc.); xanthine derivatives (theophylline and
      aminophyllin); and corticosteroids (ACTH and prednisolone). Regarding use
      of these compounds see South African Pat. No. 68/1055.
PAR  The PGE and PGA compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secretion, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of such ulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful whenever
      it is desired to inhibit platelet aggregation, to reduce the adhesive
      character of platelets, and to remove or prevent the formation of thrombi
      in mammals, including man, rabbits, and rats. For example, these compounds
      are useful in the treatment and prevention of myocardial infarcts, to
      treat and prevent post-operative thrombosis, to promote patency of
      vascular grafts following surgery, and to treat conditions such as
      atherosclerosis, arteriosclerosis, blood clotting defects due to lipemia,
      and other clinical conditions in which the underlying etiology is
      associated with lipid imbalance or hyperlipidemia. For these purposes,
      these compounds are administered systemically, e.g., intravenously,
      subcutaneously, intramuscularly, and in the form of sterile implants for
      prolonged action. For rapid response, especially in emergency situations,
      the intravenous route of administration is preferred. Doses in the range
      about 0.005 to about 20 mg. per kg. of body weight per day are used, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are especially
      useful as additives to blood, blood products, blood substitutes, and other
      fluids which are used in artificial extracorporeal circulation and
      perfusion of isolated body portions, e.g., limbs and organs, whether
      attached to the original body, detached and being preserved or prepared
      for transplant, or attached to the new body. During these circulations and
      perfusions, aggregated platelets tend to block the blood vessels and
      portions of the circulation apparatus. This blocking is avoided by the
      presence of these compounds. For this purpose, the compound is added
      gradually or in single or multiple portions to the circulating blood, to
      the blood of the donor animal, to the perfused body portion, attached or
      detached, to the recipient, or to two or all of those at a total steady
      state dose of about 0.001 to 10 mg. per liter of circulating fluid. It is
      especially useful to use these compounds in laboratory animals, e.g.,
      cats, dogs, rabbits, monkeys, and rats, for these purposes in order to
      develop new methods and techniques for organ and limb transplants.
PAR  PGE compounds are extremely potent in causing stimulation of smooth muscle,
      and are also highly active in potentiating other known smooth muscle
      stimulators, for example, oxytocic agents, e.g., oxytocin, and the various
      ergot alkaloids including derivatives and analogs thereof. Therefore,
      PGE.sub.2, for example, is useful in place of or in combination with less
      than usual amounts of these known smooth muscle stimulators, for example,
      to relieve the symptoms of paralytic ileus, or to control or prevent
      atonic uterine bleeding after abortion or delivery, to aid in expulsion of
      the placenta, and during the puerperium. For the latter purpose, the PGE
      compound is administered by intravenous infusion immediately after
      abortion or delivery at a dose in the range about 0.01 to about 50 .mu.g.
      per kg. of body weight per minute until the desired effect is obtained.
      Subsequent doses are given by intravenous, subcutaneous, or intramuscular
      injection or infusion during puerperium in the range 0.01 to 2 mg. per kg.
      of body weight per day, the exact dose depending on the age, weight, and
      condition of the patient or animal.
PAR  The PGE or PGA compounds are useful as hypotensive agents to reduce blood
      pressure in mammals, including man. For this purpose, the compounds are
      administrered by intravenous infusion at the rate of about 0.01 to about
      50 .mu.g. per kg. of body weight per minute, or in single or multiple
      doses of about 25 to 500 .mu.g. per kg. of body weight total per day.
PAR  The PGA compounds and derivatives and salts thereof increase the flow of
      blood in the mammalian kidney, thereby increasing volume and electrolyte
      content of the urine. For that reason, PGA compounds are useful in
      managing cases of renal disfunction, especially in cases of severely
      impaired renal blood flow, for example, the hepatorenal syndrome and early
      kidney transplant rejection. In cases of excessive or inappropriate ADH
      (antidiuretic hormone; vasopressin) secretion, the diuretic effect of
      these compounds is even greater. In anephric states, the vasopressin
      action of these compounds is especially useful. Illustratively, the PGA
      compounds are useful to alleviate and correct cases of edema resulting,
      for example, from massive surface burns, and in the management of shock.
      For these purposes, the PGA compounds are preferably first administered by
      intravenous injection at a dose in the range 10 to 1000 .mu.g. per kg. of
      body weight or by intraveneous infusion at a dose in the range 0.1 to 20
      .mu.g per kg. of body weight per minute until the desired effect is
      obtained. Subsequent doses are given by intravenous, intramuscular, or
      subcutaneous injection or infusion in the range 0.05 to 2 mg. per kg. of
      body weight per day.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful in place
      of oxytocin to induce labor in pregnant female animals, including man,
      cows, sheep, and pigs, at or near term, or in pregnant animals with
      intrauterine death of the fetus from about 20 weeks to term. For this
      purpose, the compound is infused intravenously at a dose of 0.01 to 50
      .mu.g. per kg. of body weight per minute until or near the termination of
      the second stage of labor, i.e., expulsion of the fetus. These compounds
      are especially useful when the female is one or more weeks post-mature and
      natural labor has not started, or 12 to 60 hours after the membranes have
      ruptured and natural labor has not yet started. An alternative route of
      administration is oral.
PAR  The PGF.sub..alpha. and PGF.sub..beta. compounds are useful for controlling
      the reproductive cycle in ovulating female mammals, including humans and
      animals such as monkeys, rats, rabbits, dogs, cattle, and the like. By the
      term ovulating female mammals is meant animals which are mature enough to
      ovulate but not so old that regular ovulation has ceased. For that
      purpose, PGF.sub.1.sub..alpha., for example, is administered systemically
      at a dose level in the range 0.01 mg. to about 20 mg. per kg. of body
      weight of the female mammal, advantageously during a span of time starting
      approximately at the time of ovulation and ending approximately at the
      time of menses or just prior to menses. Intravaginal and intrauterine are
      alternative routes of administration. Additionally, expulsion of an embryo
      or a fetus is accomplished by similar administration of the compound
      during the first third of the normal mammalian gestation period.
PAR  The PGE and PGF compounds are useful in causing cervical dilation in
      pregnant and nonpregnant female mammals for purposes of gynecology and
      obstetrics. In labor induction and in clinical abortion produced by these
      compounds, cervical dilation is also observed. In cases of infertility
      cervical dilation produced by PGE and PGF compounds is useful in assisting
      sperm movement to the uterus. Cervical dilation by prostaglandins is also
      useful in operative gynecology such as D and C (Cervical Dilation and
      Uterine Curettage) where mechanical dilation may cause perforation of the
      uterus, cervical tears, or infections. It is also useful in diagnostic
      procedures where dilation is necessary for tissue examination. For these
      purposes, the PGE and PGF compounds are administered intramuscularly or
      subcutaneously at doses of about one to 25 mg. per treatment. The exact
      dosages for these purposes depend on the age, weight, and condition of the
      patient or animal.
PAR  As mentioned above, the PGE compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      these compounds are useful in experimental medicine for both in vitro and
      in vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The PGB compounds promote and accelerate the growth of epidermal cells nd
      keratin in animals, including humans, useful domestic animals, pets,
      zoological specimens, and laboratory animals. For that reason, these
      compounds are useful to promote and accelerate healing of skin which has
      been damaged, for example, by burns, wounds, and abrasions, and after
      surgery. These compounds are also useful to promote and accelerate
      adherence and growth of skin autografts, especially small, deep (Davis)
      grafts which are intended to cover skinless areas by subsequent outward
      growth rather than initially, and to retard rejection of homografts.
PAR  For these purposes, these compounds are preferably administered topically
      at or near the site where cell growth and keratin formation is desired,
      advantageously as an aerosol liquid or micronized powder spray, as an
      isotonic aqueous solution in the case of wet dressings, or as a lotion,
      cream, or ointment in combination with the usual pharmaceutically
      acceptable diluents. In some instances, for example, when there is
      substantial fluid loss as in the case of extensive burns or skin loss due
      to other causes, systemic administration is advantageous, for example, by
      intravenous injection or infusion, separately or in combination with the
      usual infusions of blood, plasma, or substitutes thereof. Alternative
      routes of administration are subcutaneous or intramuscular near the site,
      oral, sublingual, buccal, rectal, or vaginal. The exact dose depends on
      such factors as the route of administration, and the age, weight, and
      condition of the subject. Especially for topical use, these prostaglandins
      are useful in combination with antibiotics, for example, gentamycin,
      neomycin, polymyxin B, bacitracin, spectinomycin, and oxytetracyline, with
      other antibacterials, for example, mafenide hydrochloride, sulfadiazine,
      furazolium chloride, and nitrofurazone, and with corticoid steroids, for
      example, hydrocortisone, prednisolone, methylprednisolone, and
      fluprednisolone, each of those being used in the combination at the usual
      concentration suitable for its use alone.
PAR  Several related compounds have been reported in the literature.
      dl-3-Oxa-PGE.sub.1, dl-3-oxa-PGF.sub.1.sub..alpha., and
      dl-3-oxa-PGA.sub.1, all as ethyl esters, were described by G. Bundy et
      al., Ann. N.Y. Acad. Sci. 180, 76 (1971). See also German
      Offenlegungsschrift No. P 2,036,471, February 11, 1971, reference in
      Derwent No. 10,044S-B. 15-Deoxy-7-oxa-PGE.sub.1 and
      7-oxa-15.sub..alpha./.sub..beta.-PGE.sub.1 were reported by J. Fried et
      al., Tetrahedron Lett. 2695 (1970).
PAC  SUMMARY OF THE INVENTION
PAR  It is a purpose of this invention to provide novel 5-oxa prostagalandin E,
      F, A, and B analogs, It is a further purpose to provide novel 5-oxa
      prostaglandin analogs with a variety of substituents and degrees of
      saturation in the side chains. It is a further purpose to provide 5-oxa
      prostaglandin analogs having the 11-deoxy ring-structure in which the
      11-hydroxy is replaced by hydrogen. It is a further purpose to provide
      esters, lower alkanoates, and pharmacologically acceptable salts of said
      analogs. It is a further purpose to provide novel processes for preparing
      said analogs and esters. It is still a further purpose to provide novel
      intermediates useful in said processes.
PAR  The novel prostaglandin analogs of this invention each have an oxygen
      (--O--) in place of the methylene (--CH.sub.2 --) moiety at the 5-position
      of the prostanoic acid formula. They are represented by the generic
      formula
      ##EQU1##
      wherein D is one of the six carbocyclic moieties:
      ##SPC7##
      wherein .about. indicates alpha or beta attachment of hydroxyl to the
      cyclopentane ring; wherein E is --CH.sub.2 CH.sub.2 -- or
      ##EQU2##
      wherein Q.sub.1 is
      ##EQU3##
      wherein R.sub.6 and R.sub.7 are hydrogen or alkyl of one to 4 carbon
      atoms, inclusive, being the same or different, wherein R.sub.1 is
      hydrogen, alkyl of one to 12 carbon atoms, inclusive, cycloalkyl of 3 to
      10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms, inclusive,
      phenyl, or phenyl substituted with one, 2, or 3 chloro or alkyl of one to
      4 carbon atoms, inclusive; wherein R.sub.3 is hydrogen, alkyl of one to 4
      carbon atoms, inclusive, or fluoro; wherein R.sub.2 is hydrogen or fluoro,
      with the proviso that R.sub.2 is fluoro only when R.sub.3 is hydrogen or
      fluoro; wherein R.sub.4 and R.sub.5 are hydrogen or alkyl of one to 4
      carbon atoms, inclusive, being the same or different with the proviso that
      no more than one of R.sub.3, R.sub.4, and R.sub.5 is alkyl; and wherein
      R.sub.14 is
      ##EQU4##
      with the proviso that R.sub.14 is
      ##EQU5##
      only when E is
      ##EQU6##
      wherein C.sub.g H.sub.2g is alkylene of one to 9 carbon atoms, inclusive,
      with one to 5 carbon atoms, inclusive, in the chain between --CR.sub.8
      R.sub.9 -- and terminal methyl; wherein R.sub.8 and R.sub.9 are hydrogen,
      alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the same or
      different, with the proviso that R.sub.9 is fluoro only when R.sub.8 is
      hydrogen or fluoro; wherein T is alkyl of one to 4 carbon atoms,
      inclusive, fluoro, chloro, trifluoromethyl, or --OR.sub.10, wherein
      R.sub.10 is hydrogen or alkyl of one to 4 carbon atoms, inclusive, and s
      is zero, one, 2, or 3, with the proviso that not more than two T's are
      other than alkyl; and wherein Z represents an oxa atom (--O--) or C.sub.j
      H.sub.2j, wherein C.sub.j H.sub.2j is a valence bond or alkylene of one to
      9 carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with
      one to 6 carbon atoms, inclusive, between --CR.sub.8 R.sub.9 -- and the
      ring.
PAR  For example, 5-oxa-PGE.sub.1, one of the novel compounds of this invention,
      is represented by the formula:
      ##SPC8##
PAR  Some of the novel prostaglandin analogs of this invention have longer or
      shorter alkyl-terminated side chains than 5-oxa-PGE.sub.1. For example,
      5-oxa-20-methyl-PGE.sub.1, in which the alkyl-terminated side chain has
      nine carbon atoms, is represented by the formula:
      ##SPC9##
PAL  5-Oxa-19,20-dinor-PGE.sub.1, in which the alkyl-terminated side chain has
      only six carbon atoms, is represented by the formula:
      ##SPC10##
PAR  Some of the novel prostaglandin analogs of this invention have
      alkyl-terminated side chains which are more or less saturated than
      5-oxa-PGE.sub.1. For example, 5-oxa-17,18-dehydro-PGE.sub.1, in which the
      C.sub.17 and C.sub.18 carbon atoms are connected by a double bond, is
      represented by the formula:
      ##SPC11##
PAL  5-Oxa-13,14-dihydro-PGE.sub.1, in which the normal C.sub.13 -C.sub.14
      --CH=CH-- moiety is replaced by --CH.sub.2 --CH.sub.2 --, is represented
      by the formula:
      ##SPC12##
PAR  Some of the novel prostaglandin analogs of this invention have alkyl or
      fluoro substituents on the side chains. Others of the novel prostaglandin
      analogs of this invention have phenyl and substituted-phenyl substitution.
      For example, 16,16-dimethyl-5-oxa-PGE.sub.1 is represented by the formula:
      ##SPC13##
PAL  5-Oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 is represented by the formula:
      ##SPC14##
PAR  Also included among the novel prostaglandin analogs of this invention are
      15-alkoxy and 16-phenoxy ethers. 5-oxa-PGE.sub.1, 15-methyl ether is
      represented by the formula
      ##SPC15##
PAR  16-Methyl-5-oxa-16-phenoxy-18,19,20-trinor-PGE.sub.1, is represented by the
      formula
      ##SPC16##
PAR  Also included within the novel prostaglandin analogs of this invention are
      the corresponding PGF, PGA, PGB, 11-deoxy-PGE, and 11-deoxy-PGF compounds.
      For example, 5-oxa-PGF.sub.1.sub..alpha. is represented by the formula
      ##SPC17##
PAL  5-Oxa-PGA.sub.1 is represented by the formula
      ##SPC18##
PAL  5-Oxa-11-deoxy-PGE.sub.1 is represented by the formula
      ##SPC19##
PAL  5-Oxa-11-deoxy-PGF.sub.1.sub..beta. is represented by the formula
      ##SPC20##
PAR  The names of these examples of formulas VII to XX are typical of the names
      used hereinafter for the novel compounds of this invention. These names
      can better be understood by reference to the structure and numbering
      system of prostanoic acid (Formula I, above). That formula has seven
      carbon atoms in the carboxy-terminated chain and eight carbon atoms in the
      methyl-terminated chain. In these names, "5-oxa" indicates an oxa oxygen
      (--O--) in place of the C-5 methylene of the prostaglandin compound.
PAR  The use of "nor", "dinor", or "trinor" in the names of the novel compounds
      of this invention indicates the absence of one, two, or three of the chain
      carbon atoms and the attached hydrogen atoms. The number or numbers in
      front of "nor", "dinor", or "trinor" indicate which of the original
      prostanoic acid carbon atoms are missing in the named compound. It is
      understood that the terminal carbon atom in a chain carries its normal
      complement of hydrogen atoms. Formulas X, XIV, and XVI, above, illustrate
      this system of nomenclature.
PAR  In the name of the formula-IX example, "20-methyl" indicates that a methyl
      group replaces a hydrogen on C-20 so that the chain is extended by one
      carbon atom.
PAR  Where there is substitution in the side chains, for instance alkyl, fluoro,
      or phenyl, the points of attachment to the side chains are indicated in
      the conventional manner, following the atomic numbering of the prostanoic
      acid skeleton. Formulas XIII and XIV, above, are illustrative.
PAR  In the names of these compounds, "17,18-dehydro-PGE.sub.1 " indicates that
      there is one less hydrogen on each of the C-17 and C-18 carbon atoms than
      in the PGE.sub.1 structure, so that the normal --CH.sub.2 CH.sub.2 --
      moiety is replaced with --CH=CH--. "13,14-Dihydro-PGE.sub.1 " in the name
      indicates one more hydrogen on each of the C-13 and C-14 carbon atoms than
      in the PGE.sub.1 structure, so that the --CH=CH-- moiety is replaced with
      --CH.sub.2 CH.sub.2 --. In these names, "11-deoxy" indicates that the
      hydroxyl at C-11 is replaced with hydrogen. Formulas X, XII, XIX, and XX,
      above, are illustrative.
PAR  Included in the novel compounds of this invention are the 15-epimers. Where
      the C-15 configuration is the same as that of the natural prostaglandin
      PGE.sub.1, identified as S-configuration, the name will not identify the
      configuration at C-15. If the 15-epimer is intended, the name will include
      "15-beta" or "15(R)".
PAR  The presently described acids and esters of the 5-oxa-prostaglandin analogs
      include compounds of the following formulas which are intended to
      represent the same optically form as of the naturally occurring
      prostaglandins. There are also included the racemic compounds represented
      by each respective formula and the mirror image thereof. There are also
      included the alkanoates of two to 8 carbon atoms, inclusive and also the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
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PAR  Formulas XXI to XXVI represent 5-oxa compounds of the PGE and 11-deoxy-PGE
      types. Formulas XXVII to XXXII represent 5-oxa compounds of the PGF and
      11-deoxy-PGF types. Formulas XXXIII to XXXV represent 5-oxa compounds of
      the PGA type. Formulas XXXVI to XXXVIII represent 5-oxa compounds of the
      PGB type.
PAR  Formulas XXXIX to LXII represent 5-oxa compounds in which there is a
      benzene or aromatic nucleus. Formulas XXXIX to XLVI represent 5-oxa
      compounds of the PGE and 11-deoxy-PGE types. Formulas XLVII to LIV
      represent 5-oxa compounds of the PGF and 11-deoxy-PGF types. Formulas LV
      to LVIII represent 5-oxa compounds of the PGA type. Formulas LIX to LXII
      represent 5-oxa compounds of the PGB type.
PAR  In formulas XXI to LXII, inclusive, C.sub.g H.sub.2g is alkylene of one to
      9 carbon atoms, inclusive, with one to 5 carbon atoms, inclusive, in the
      chain between --CR.sub.8 R.sub.9 -- and terminal methyl. C.sub.j H.sub.2j
      is a valence bond or alkylene of one to 9 carbon atoms, inclusive,
      substituted with zero, one, or 2  fluoro, with one to 6 carbon atoms,
      inclusive, between --CR.sub.8 R.sub.9 -- and the ring. Q.sub.1 is
      ##EQU7##
      wherein R.sub.6 and R.sub.7 are hydrogen or alkyl of one to 4 carbon
      atoms, inclusive, being the same or different. R.sub.1 is hydrogen, alkyl
      of one to 12 carbon atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms,
      inclusive, aralkyl of 7 to 12 carbon atoms, inclusive, phenyl, or phenyl
      substituted with one, 2, or 3 chloro or alkyl of one to 4 carbon atoms,
      inclusive. R.sub.3, R.sub.8, and R.sub.9 are hydrogen, alkyl of one to 4
      carbon atoms, inclusive, or fluoro, being the same or different, with the
      proviso that R.sub.9 is fluoro only when R.sub.8 is hydrogen or fluoro and
      with the further proviso that neither R.sub.8 nor R.sub.9 are fluoro in
      the compounds containing the
      ##EQU8##
      moiety represented by formulas XLIII-XLVI, LI-LIV, LVII, LVIII, LXI, and
      LXII above. R.sub.2 is hydrogen or fluoro, with the proviso that R.sub.2
      is fluoro only when R.sub.3 is hydrogen or fluoro. R.sub.4 and R.sub.5 are
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, being the same or
      different, with the proviso that no more than one of R.sub.3, R.sub.4, and
      R.sub.5 is alkyl. T is alkyl of one to 4 carbon atoms, inclusive, fluoro,
      chloro, trifluoromethyl, or --OR.sub.10, wherein R.sub.10 is hydrogen or
      alkyl of one to 4 carbon atoms, inclusive, and s is zero, one, 2, or 3,
      with the proviso that not more than two T's are other than alkyl. The
      .about. indicates attachment of hydroxyl to the ring in alpha or beta
      configuration.
PAR  In formulas XXI to LXII wherein there is a C.sub.13 -C.sub.14 ethylenic
      group, for example formulas XXI and XXII, that ethylenic group is in trans
      configuration. In formulas XXI to LXII wherein there is a C.sub.17
      -C.sub.18 ethylenic group, for example formulas XXII and XXV, that
      ethylenic group is in cis configuration.
PAR  Those PGF-type compounds represented by formulas XXVII-XXXII and XLVII-LIV
      wherein the C-9 hydroxyl is attached to the cyclopentane ring with a wavy
      line .about. include both PGF.sub..alpha.- and PGF.sub..beta.-type
      compounds.
PAR  In all of the compounds represented by formulas XXI-XXXV and XXXIX-LVIII,
      the carboxyl-terminated side chain is attached to the cyclopentane ring in
      alpha configuration and the other side chain is attached in beta
      configuration.
PAR  As in the case of formulas II to VI, formulas XXI to LXII wherein Q.sub.1
      is
      ##EQU9##
      wherein the C-15 hydroxyl or ether group is attached to the side chain in
      alpha configuration, are each intended to represent optically active
      prostanoic acid derivatives with the same absolute configuration as
      PGE.sub.1 obtained from mammalian tissues.
PAR  Also included within this invention are the 15-epimer compounds of formulas
      XXI to LXII wherein Q.sub.1 is
      ##EQU10##
      These are identified hereinafter as "15-epi", "15.beta.", or "15(R)"
      compounds by the appropriate prefix in the name. For example,
      "15-epi-5-oxa-PGE.sub.1 " identifies the 15-epimeric compound
      corresponding to the formula-VIII example above except that it has the
      beta configuration at C-15 instead of the natural alpha configuration of
      5-oxa-PGE.sub.1. As is known in the art "R" and "S" designation depends on
      the neighboring substituents. See R. S. Cahn, J. Chem. Ed. 41, 116 (1964).
PAR  Included with this invention are both optically active enantiomorphs i.e.
      not only that isomer having the natural configuration, as represented by
      the formula herein, but also its enantiomer as represented by the mirror
      image of that formula, and also the racemic compound, comprising both
      isomers. The racemic compound is properly represented by two formulas, one
      as drawn herein and the other as its mirror image. Such a racemic compound
      is designated herein by the prefix "racemic" ("rac-" or "dl-") before its
      name; when that prefix is absent, the intent is to designate an optically
      active compound represented by the appropriate formula XXI to LXII. For
      convenience in the charts herein, only a single structural formula is
      used, for example in Chart B, to define not only the optically active form
      but also the racemic compound which generally undergoes the same
      reactions.
PAR  With regard to formulas XXI to LXII, examples of alkyl of one to 4 carbon
      atoms, inclusive, are methyl, ethyl, propyl, butyl, and isomeric forms
      thereof. Examples of alkyl of one to 12 carbon atoms, inclusive, are those
      given above, and pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
      dodecyl, and isomeric forms thereof. Examples of cycloalkyl of 3 to 10
      carbon atoms, inclusive, which includes alkyl-substituted cycloalkyl, are
      cyclopropyl, 2-methylcyclopropyl, 2,2-dimethylcyclopropyl,
      2,3-diethylcyclopropyl, 2-butylcyclopropyl, cyclobutyl,
      2-methylcyclobutyl, 3-propylcyclobutyl, 2,3,4-triethylcyclobutyl,
      cyclopentyl, 2,2-dimethylcyclopentyl, 2-pentylcyclopentyl,
      3-tert-butylcyclopentyl, cyclohexyl, 4-tert-butylcyclohexyl,
      3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl, cycloheptyl, cyclooctyl,
      cyclononyl, and cyclodecyl. Examples of aralkyl of 7 to 12 carbon atoms,
      inclusive, are benzyl, phenethyl, 1-phenylethyl, 2-phenylpropyl,
      4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-naphthylmethyl). Examples of phenyl substituted by one to 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, are (o-, m-, or
      p-)chlorophenyl, 2,4-dichlorophenyl, 2,4,6-trichlorophenyl, (o-, m-, or
      p-)tolyl, p-ethylphenyl, p-tert-butylphenyl, 2,5-dimethylphenyl,
      4-chloro-2-methylphenyl, and 2,4-dichloro-3-methylphenyl.
PAR  Examples of alkylene of one to 9 carbon atoms, inclusive, with one to 5
      carbon atoms inclusive, in the chain, within the scope of C.sub.g H.sub.2g
      as defined above, are methylene, ethylene, trimethylene, tetramethylene,
      and pentamethylene, and those alkylene with one or more alkyl substituents
      on one or more carbon atoms thereof, e.g. --CH(CH.sub.3)--,
      --C(CH.sub.3).sub.2 --, --CH(CH.sub.2 CH.sub.3)--, --CH.sub.2
      -CH(CH.sub.3)--, --CH(CH.sub.3)--CH(CH.sub.3)--, --CH.sub.2
      --C(CH.sub.3).sub.2 --, --CH.sub.2 --CH(CH.sub.3)--CH.sub.3 --, --CH.sub.2
      --CH.sub.2 --CH(CH.sub.2 CH.sub.2 CH.sub.3)--,
      --CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2 --CH.sub.2 --, --CH.sub.2
      --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2, and --CH.sub.2
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH(CH.sub.3)--. Examples of alkylene of
      one to 9 carbon atoms, inclusive, substituted with zero, one, or 2 fluoro,
      with one to 6 carbon atoms in the chain, within the scope of C.sub.j
      H.sub.2j as defined above, are those given above for C.sub.g H.sub.2g and
      hexamethylene, including hexamethylene with one or more alkyl substituents
      on one or more carbon atoms thereof, and including those alkylene groups
      with one or 2 fluoro substituents on one or 2 carbon atoms thereof, e.g.
      --CHF--CH.sub.2 --, --CHF--CHF--, --CH.sub.2 --CH.sub.2 --CF.sub.2 --,
      --CH.sub.2 --CHF--CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CF(CH.sub.3)--,
      --CH.sub.2 --CH.sub.2 --CF.sub.2 --CH.sub.2 --, --CH(CH.sub.3)--CH.sub.2
      --CH.sub.2 --CHF--, --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --CF.sub.2
      --, --CHF--CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --CHF--, --CF.sub.2
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --, --CH.sub.2
      --CH.sub. 2 --CH.sub.2 --CF.sub.2 --CH.sub.2 --CH.sub.2 --, and --CH.sub.2
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --CF.sub.2.
PAR  Examples of
      ##SPC21##
PAL  as defined above are phenyl, (o-, m-, or p-)tolyl, (o-, m-, or
      p-)ethylphenyl, (o-, m-, or p-) propylphenyl, (o-, m-, or p-)butylphenyl,
      (o-, m-, or p-)isobutylphenyl, (o-, m-, or p-)tert-butylphenyl, 2,3-xylyl,
      2,4-xylyl, 2,5-xylyl, 2,6-xylyl, 3,4-xylyl, 2,6-diethylphenyl,
      2-ethyl-p-tolyl, 4-ethyl-o-tolyl, 5-ethyl-m-tolyl, 2-propyl-(o-, m-, or
      p-)tolyl, 4-butyl-m-tolyl, 6-tert-butyl-m-tolyl, 4-isopropyl-2,6-xylyl,
      3-propyl-4-ethylphenyl, (2,3,4-, 2,3,5-, 2,3,6-, or
      2,4,5-)trimethylphenyl, (o-, m-, or p-)fluorophenyl, 2-fluoro-(o-, m-, or
      p-)tolyl, 4-fluoro-2,5-xylyl, (2,4-, 2,5-, 2,6-, 3,4-, or
      3,5-)difluorophenyl, (o-, m-, or p-)chlorophenyl, 2-chloro-p-tolyl, (3-,
      4-, 5-, or 6-)chloro-o-tolyl, 4-chloro-2-propylphenyl,
      2-isopropyl-4-chlorophenyl, 4-chloro-3,5-xylyl, (2,3-, 2,4-, 2,5-, 2,6-,
      3,4-, or 3,5-)dichlorophenyl, 4-chloro-3-fluorophenyl, (3-, or
      4-)chloro-2-fluorophenyl, .alpha.,.alpha.,.alpha.-trifluoro-(o-, m-, or
      p-)tolyl, (o-, m-, or p-)methoxyphenyl, (o-, m-, or p-)ethoxyphenyl, (4-
      or 5-)chloro-2-methoxyphenyl, and 2,4-dichloro-(5- or 6-)methoxyphenyl.
PAR  The novel formula XXI-to-LXII compounds and the racemic compounds of this
      invention each cause the biological responses described above for the PGE,
      PGF.sub..alpha., PGF.sub..beta., and PGA compounds, respectively, and each
      of these novel compounds is accordingly useful for the above-described
      corresponding purposes, and is used for those purposes in the same manner
      as described above.
PAR  The known PGE, PGF.sub..alpha., PGF.sub..beta., PGA and PGB compounds are
      all potent in causing multiple biological responses even at low doses. For
      example, PGE.sub.1 and PGE.sub.2 both cause vasodepression and smooth
      muscle stimulation at the same time they exert antilipolytic activity.
      Moreover, for many applications, these known prostaglandins have an
      inconveniently short duration of biological activity. In striking
      contrast, the novel prostaglandin analogs of formulas XXI-to-LXII and the
      corresponding racemic compounds are substantially more specific with
      regard to potency in causing prostaglandin-like biological responses, and
      have a substantially longer duration of biological activity. Therefore,
      each of these novel prostaglandin analogs is surprisingly and unexpectedly
      more useful than one of the corresponding above-mentioned known
      prostaglandins for at least one of the pharmacological purposes indicated
      above for the latter, because it has a different and narrower spectrum of
      biological potency than the known prostaglandin, and therefore is more
      specific in its activity and causes smaller and fewer undesired side
      effects than when the known prostaglandin is used for the same purpose.
      Moreover, because of its prolonged activity, fewer and smaller doses of
      the novel prostaglandin analog can frequently be used to attain the
      desired result.
PAR  Because of their unique chemical structure, the novel 11-deoxy-PGE and
      11-deoxy-PGF analogs of this invention of formulas XXIV-XXVI, XXX-XXXII,
      XLI, XLII, XLV, XLVI, XLIX, L, LIII, and LIV are less sensitive to
      chemical change than the prostaglandins and enjoy increased chemical
      stability and longer shelf life.
PAR  To obtain the optimum combination of biological response specificity,
      potency, and duration of activity, certain compounds within the scope of
      formulas XXI-to-LXII are preferred. With reference to the definitions
      given above, it is preferred that C.sub.g H.sub.2g be straight chain of
      one to 5 carbon atoms, inclusive. It is especially preferred that C.sub.g
      H.sub.2g be trimethylene. It is further preferred that Q.sub.1 be
      ##EQU11##
      It is also preferred that the sum of the carbon atoms in R.sub.6 and
      R.sub.7, when alkyl, be not greater than 7, and that the sum of the carbon
      atoms in R.sub.6, R.sub.7, R.sub.8, and R.sub.9 taken together is not
      greater than 7. Another preference is that if one or more of R.sub.3,
      R.sub.4, R.sub.5, R.sub.8, or R.sub.9 is alkyl, that it be methyl or
      ethyl. It is especially preferred that if R.sub.4 or R.sub.5 is alkyl that
      it be methyl.
PAR  In compounds XXXIX-to-LXII, it is preferred that C.sub.j H.sub.2j be
      straight chain of one to 4 carbon atoms, inclusive. It is especially
      preferred that C.sub.j H.sub.2j be methylene. It is further preferred that
      if T is alkyl that it be methyl, and that if T is -OR.sub.10 that R.sub.10
      be methyl. It is also preferred that, if s is not zero, the phenyl ring be
      substituted at least at the para position.
PAR  Another advantage of the novel compounds of this invention, especially the
      preferred compounds defined hereinabove, compared with the known
      prostaglandins, is that these novel compounds are administered effectively
      orally, sublingually, intravaginally, buccally, or rectally, in addition
      to usual intravenous, intramuscular, or subcutaneous injection or infusion
      methods indicated above for the uses of the known prostaglandins. These
      qualities are advantageous because they facilitate maintaining uniform
      levels of these compounds in the body with fewer, shorter, or smaller
      doses, and make possible self-administration by the patient.
PAR  The 5-oxa prostaglandin analogs encompassed by formulas XXI-to-LXII
      including their alkanoates, are used for the purposes described above in
      the free acid form, in ester form, or in pharmacologically acceptable salt
      form. When the ester form is used, the ester is any of those within the
      above definition of R.sub.1. However, it is preferred that the ester be
      alkyl of one to 12 carbon atoms, inclusive. Of those alkyl, methyl and
      ethyl are especially preferred for optimum absorption of the compound by
      the body or experimental animal system; and straight-chain octyl, nonyl,
      decyl, undecyl, and dodecyl are especially preferred for prolonged
      activity in the body or experimental animal.
PAR  Pharmacologically acceptable salts of these formula XXI-to-LXII compounds
      useful for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium, and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc, and iron are within the scope of this
      invention.
PAR  Pharmacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, crotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      N-butylethanolamine, 2-amino-1-butanol, 2-amino-2-ethyl-1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)diethanolamine, galactamine,
      N-methylglycamine, N-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium, and the like.
PAR  The compounds encompassed by formulas XXI-to-LXII are used for the purposes
      described above in free hydroxy form or also in the form wherein the
      hydroxy moieties are transformed to lower alkanoate moieties, e.g., --OH
      to --OCOCH.sub.3. Examples of lower alkanoate moieties are acetoxy,
      propionyloxy, butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy,
      octanoyloxy, and branched chain alkanoyloxy isomers of those moieties.
      Especially preferred among these alkanoates for the above described
      purposes are the acetoxy compounds. These free hydroxy and alkanoyloxy
      compounds are used as free acids, as esters, and in salt form all as
      described above.
PAR  As discussed above, the compounds of formulas XXI-to-LXII are administered
      in various ways for various purposes; e.g., intravenously,
      intramuscularly, subcutaneously, orally, intravaginally, rectally,
      buccally, sublingually, topically, and in the form of sterile implants for
      prolonged action. For intravenous injection or infusion, sterile aqueous
      isotonic solutions are preferred. For that purpose, it is preferred
      because of increased water solubility that R.sub.1 in the formula
      XXI-to-LXII compound be hydrogen or a pharmacologically acceptable cation.
      For subcutaneous or intramuscular injection, sterile solutions or
      suspensions of the acid, salt, or ester form in aqueous or non-aqueous
      media are used. Tablets, capsules, and liquid preparations such as syrups,
      elixirs, and simple solutions, with the usual pharmaceutical carriers, are
      used for oral sublingual administration. For rectal or vaginal
      administration, suppositories prepared as known in the art are used. For
      tissue implants, a sterile tablet or silicone rubber capsule or other
      object containing or impregnated with the substance is used.
PAR  The 5-oxa prostaglandin analogs encompassed by formulas XXI through LXII
      are produced by the reactions and procedures described and exemplified
      hereinafter.
PAR  Reference to Charts A and B herein will make clear the process steps
      starting in Chart A with the iodolactone of formula LXIII to provide the
      lactol of formula LXXII, and in Chart B, the transformation of the more
      general lactone of formula LXXIII to yield the 5-oxa PGF-type compounds of
      formula LXXVI.
      ##SPC22##
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                In Chart A, R.sub.8 and R.sub.9 have the same meaning as above,
      i.e. R.sub.8 and R.sub.9 are hydrogen, alkyl of one to 4 carbon atoms,
      inclusive, or fluoro, being the same or different, with the proviso that
      R.sub.9 is fluoro only when R.sub.8 is hydrogen or fluoro. R.sub.11 is
      ##EQU12##
      wherein C.sub.g H.sub.2g is alkylene of one to 9 carbon atoms, inclusive,
      with one to 5 carbon atoms, inclusive, in the chain between --CR.sub.8
      R.sub.9 -- and terminal methyl; wherein R.sub.8 and R.sub.9 are as defined
      above; wherein T is alkyl of one to 4 carbon atoms, inclusive, fluoro,
      chloro, trifluoromethyl, or --OR.sub.10, wherein R.sub.10 is hydrogen or
      alkyl of one to 4 carbon atoms, inclusive, and s is zero, one, 2, or 3,
      with the proviso that not more than two T's are other than alkyl; and
      wherein Z represents an oxa atom (--O--) or C.sub.j H.sub.2j, wherein
      C.sub.j H.sub.2j is a valence bond or alkylene of one to 9 carbon atoms,
      inclusive, substituted with zero, one, or 2 fluoro, with one to 6 carbon
      atoms, inclusive between --CR.sub.8 R.sub.9 -- and the ring. R.sub.12 is
      ##EQU13##
      wherein R.sub.19 is alkyl of one to 4 carbon atoms, inclusive, phenylalkyl
      of 7 to 10 carbon atoms, inclusive, or nitro, and d is zero to 5,
      inclusive, provided that not more than two R.sub.19 's are other than
      alkyl, and that the total number of carbon atoms in the R.sub.19 's does
      not exceed 10 carbon atoms;
      ##EQU14##
      wherein R.sub.20 is alkyl of one to 4 carbon atoms, inclusive;
      ##EQU15##
      wherein R.sub.19 and d are as defined above; or (4) acetyl. Use of acetyl
      or p-phenylbenzoyl is known in the art. See Corey et al., J. Am. Chem.
      Soc. 93, 1491 (1971).
PAR  Likewise in Chart A, R.sub.13 is a "blocking group", which is defined as
      any group which replaces hydrogen of the hydroxyl groups, which is not
      attacked by nor is reactive to the reagents used in the respective
      transformations to the extent that the hydroxyl group is, and which is
      subsequently replaceable by hydrogen at a later stage in the preparation
      of the prostaglandin-like products. Several blocking groups are known in
      the art, e.g. tetrahydropyranyl and substituted tetrahydropyranyl (see
      Corey, Proceedings of the Robert A. Welch Foundation Conferences on
      Chemical Research. XII, Organic Synthesis, pp. 51-79 (1969)). Those
      blocking groups which have been found useful include (a)
      tetrahydropyranyl; (b) tetrahydrofuranyl; or (c) a group of the formula
      ##EQU16##
      wherein R.sub.21 is alkyl of one to 18 carbon atoms, inclusive, cycloalkyl
      of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms,
      inclusive, phenyl, or phenyl substituted with one, 2, or 3 alkyl of one to
      4 carbon atoms, inclusive, wherein R.sub.22 and R.sub.23 are the same or
      different, being hydrogen, alkyl of one to 4 carbon atoms, inclusive,
      phenyl or phenyl substituted with one, 2, or 3 alkyl of one to 4 carbon
      atoms, inclusive, or, when R.sub.22 and R.sub.23 are taken together,
      --(CH.sub.2)a-- or --(CH.sub.2)b--O--(CH.sub.2)c-- wherein a is 3, 4, or
      5, b is one, 2, or 3, and c is one, 2, or 3 with the proviso that b plus c
      is 2, 3, or 4, and wherein R.sub.24  is hydrogen or phenyl.
PAR  Further in Chart A, Q.sub.2 is either
      ##EQU17##
      Q.sub.3 is
      ##EQU18##
      wherein R.sub.13 is a blocking group as defined above, and .about.
      indicates attachment of hydroxyl to the ring in alpha or beta
      configuration.
PAR  The iodolactone of formula LXIII is known in the art. See for example E.J.
      Corey et al., J. Am. Chem. Soc. 91, 5675 (1969) and 92, 397 (1970). It is
      available in either racemic or optically active (+ or -) form. For racemic
      products, the racemic form is used. For optically active products having
      the same configuration as the naturally occurring prostaglandins, the
      laevorotatory (-) form is used.
PAR  In preparing the formula-LXIV compound by replacing the hydrogen of the
      hydroxyl group in the 4-position with the acyl group R.sub.12, methods
      known in the art are used. Thus, an aromatic acid of the formula R.sub.12
      OH, wherein R.sub.12 is as defined above, for example benzoic acid, is
      reacted with the formula-LXIII compound in the presence of a dehydrating
      agent, e.g. sulfuric acid, zinc chloride, or phosphoryl chloride; or an
      anhydride of the aromatic acid of the formula (R.sub.12).sub.2 O, for
      example benzoic anhydride, is used.
PAR  Preferably, however, an acyl halide, e.g. R.sub.12 Cl, for example benzoyl
      chloride, is reacted with the formula-LXIII compound in the presence of a
      hydrogen chloride-scavenger, e.g. a tertiary amine such as pyridine,
      triethylamine, and the like. The reaction is carried out under a variety
      of conditions using procedures generally known in the art. Generally, mild
      conditions are employed, e.g. 20.degree.-60.degree. C., contacting the
      reactants in a liquid medium, e.g. excess pyridine or an inert solvent
      such as benzene, toluene or chloroform. The acylating agent is used either
      in stoichiometric amount or in excess.
PAR  As examples of reagents providing R.sub.12 for the purposes of this
      invention, the following are available as acids (R.sub.12 OH), anhydrides
      ((R.sub.12).sub.2 O), or acyl chlorides (R.sub.12 Cl): benzoyl;
      substituted benzoyl, e.g. (2-, 3-, or 4-)methylbenzoyl, (2-, 3-, or
      4-)ethylbenzoyl, (2-, 3-, or 4-)isopropylbenzoyl, (2-, 3-, or
      4-)tere-butylbenzoyl, 2,4-dimethylbenzoyl, 3,5-dimethylbenzoyl,
      2-isopropyltoluyl, 2,4,6-trimethylbenzoyl, pentamethylbenzoyl,
      .alpha.-phenyl-(2-, 3-, or 4-)toluyl, 2-, 3-, or 4-phenethylbenzoyl, 2-,
      3-, or 4-nitrobenzoyl, (2,4-, 2,5-, or 3,5-)dinitrobenzoyl,
      4,5-dimethyl-2-nitrobenzoyl, 2-nitro-6-phenethylbenzoyl,
      3-nitro-2-phenethylbenzoyl; mono-esterified phthaloyl, e.g.
      ##EQU19##
      isophthaloyl, e.g.
      ##EQU20##
      or terephthaloyl, e.g.
      ##EQU21##
      (1- or 2-)naphthoyl; and substituted naphthoyl, e.g. (2-, 3-, 4-, 4-, 6-,
      or 7-)-methyl-1-naphthoyl, (2- or 4-)ethyl-1-naphthoyl,
      2-isopropyl-1-naphthoyl, 4,5-dimethyl-1-naphthoyl, 6-isopropyl-4-methyl-
      1-naphthoyl, 8-benzyl-1-naphthoyl, (3-, 4-, 5-, or 8-)-nitro-1-naphthoyl,
      4,5-dinitro-1-naphthoyl, (3-, 4-, 6-, 7- or 8-)methyl-1-naphthoyl,
      4-ethyl-2-naphthoyl, and (5 -or 8-)nitro-2-naphthoyl. There may be
      employed, therefore, benzoyl chloride, 4-nitrobenzoyl chloride,
      3,5-dinitrobenzoyl chloride, and the like, i.e. R.sub.12 Cl compounds
      corresponding to the above R.sub.12 groups. If the acyl chloride is not
      available, it is made from the corresponding acid and phosphorus
      pentachloride as is known in the art. It is preferred that the R.sub.12
      OH, (R.sub.12).sub.2 O, or R.sub.12 Cl reactant does not have bulky,
      hindering substituents, e.g. tert-butyl, on both of the ring carbon atoms
      adjacent to the carbonyl attaching-site.
PAR  The formula-LXV compound is next obtained by deiodination of LXIV using a
      reagent which does not react with the lactone ring or the OR.sub.12
      moiety, e.g. zinc dust, sodium hydride, hydrazine-palladium, hydrogen and
      Raney nickel or platinum, and the like. Especially preferred is
      tributyltin hydride in benzene at about 25.degree. C. with
      2,2'-azobis-(2-methylpropionitrile) as initiator.
PAR  The formula-LXVI compound is obtained by demethylation of LXV with a
      reagent that does not attack the OR.sub.12 moiety, for example boron
      tribromide or trichloride. The reaction is carried out preferably in an
      inert solvent at about 0.degree.-5.degree. C.
PAR  The formula-LXVII compound is obtained by oxidation of the --CH.sub.2 OH of
      LXVI to --CHO, avoiding decomposition of the lactone ring. Useful for this
      purpose are dichromatesulfuric acid, Jones reagent, lead tetraacetate, and
      the like. Especially preferred is Collins' reagent (pyridine-CrO.sub.3) at
      about 0.degree.-10.degree. C.
PAR  The formula-LXVIII compound is obtained by Wittig alkylation of LXVII,
      using the sodio derivative of an appropriate dimethyl
      2-oxoalkylphosphonate within the scope of
      ##EQU22##
      wherein R.sub.8, R.sub.9, and R.sub.11 are as defined above. The trans
      enone lactone is obtained stereospecifically (see D.H. Wadsworth et al, J.
      Org. Chem. Vol 30, p. 680 (1965)).
PAR  The formula-LXIX compound is obtained as a mixture of alpha and beta
      hydroxy isomers by reduction of LXVIII. For this reduction, use is made of
      any of the known ketonic carbonyl reducing agents which do not reduce
      ester or acid groups or carbon-carbon double bonds when the latter is
      undesirable. Examples of those are the metal borohydrides, especially
      sodium, potassium, and zinc borohydrides, lithium (tri-tert-butoxy)
      aluminum hydride, metal trialkoxy borohydrides, e.g., sodium
      trimethoxyborohydride, lithium borohydride, diisobutyl aluminum hydride,
      and when carbon-carbon double bond reduction is not a problem, the
      boranes, e.g., disiamylborane (bis-3-methyl-2-butylborane). For production
      of natural-configuration prostaglandins, the alpha form of the
      formula-LXIX compound is separated from the beta isomer by silica gel
      chromatography using methods known in the art.
PAR  The formula-LXX compound is then obtained by deacylation of LXIX with an
      alkali metal carbonate, for example potassium carbonate in methanol at
      about 25.degree. C.
PAR  The formula-LXXI lactone is obtained by replacing the hydrogen atoms of the
      hydroxyl groups of LXX with a blocking group. When the blocking group is
      tetrahydropyranyl or tetrahydrofuranyl, the appropriate reagent, e.g.
      2,3-dihydropyran or 2,3-dihydrofuran, is used in an inert solvent such as
      dichloromethane, in the presence of an acid condensing agent such as
      p-toluenesulfonic acid or pyridine hydrochloride. The reagent is used in
      slight excess, preferably 1.0 to 1.2 times theory. The reaction is carried
      out at about 20.degree.-50.degree. C.
PAR  When the blocking group is of the formula
      ##EQU23##
      as defined above, the appropriate reagent is a vinyl ether, e.g. isobutyl
      vinyl ether or any vinyl ether of the formula R.sub.21
      --O--C(R.sub.22)=CR.sub.23 R.sub.24 wherein R.sub.21 R.sub.22, R.sub.23,
      and R.sub.24 are as defined above; or an unsaturated cyclic or
      heterocyclic compound, e.g. 1-cyclohex-1-yl methyl ether
      ##SPC23##
PAL  or 5,6-dihydro-4-methoxy-2H-pyran
      ##SPC24##
PAL  See C.B. Reese et al., J. Am. Chem. Soc. 89, 3366 (1967). The reaction
      conditions for such vinyl ethers and unsaturates are similar to those for
      dihydropyran above.
PAR  The formula-LXXII lactol is obtained on reduction of lactone LXXI without
      reducing the ethylenic group. For this purpose, diisobutylaluminum hydride
      is used as known in the art. The reduction is preferably done at
      -60.degree. to -70.degree. C.
PAR  The stereochemistry of the side chain is preserved in transforming LXIX to
      LXX to LXXI to LXXII. For example a 3-alpha compound LXIX yields a 3-alpha
      compound LXXII.
PAR  The preparation of lactol LXXII with specific embodiments of R.sub.8,
      R.sub.9, R.sub.11, and R.sub.13 was reported by E. J. Corey et al., first
      in racemic form in J. Am. Chem. Soc. 91, 5675 (1969) and later in
      optically active form in J. Am. Chem. Soc. 92, 397 (1970).
PAR  Referring to Chart B, there are shown the novel steps of this invention
      whereby lactol LXXIII is transformed to a 5-oxa PGF.sub..alpha.-type
      product LXXVI.
PAR  In Chart B, the terms R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.13,
      Q.sub.2, Q.sub.3, and .about. have the same meaning as in Chart A.
      R.sub.14 includes
      ##EQU24##
      as defined above and also the group
      ##EQU25##
PAR  Intermediate lactol LXXIII includes lactol LXXII of Chart A and also
      lactols of the formula
      ##EQU26##
      For the compound wherein R.sub.13 is tetrahydropyranyl, see Corey et al.,
      J. Am. Chem. Soc. 93, 1490 (1971). Preparation of similar formula-LXXIII
      compounds is by known methods.
PAR  Alcohol LXXIV is obtained on reduction of lactol LXXIII, for example with
      aqueous methanolic or ethanolic sodium borohydride. Alternatively and
      preferably, alcohol LXXIV is obtained by one-step reduction of a
      formula-LXXI lactone, for example with lithium aluminum hydride or
      diisobutylaluminum hydride at 0.degree.-35.degree. C.
PAR  For preparing the formula-LXXV compound, a Williamson synthesis is
      employed. For example, the formula-LXXIV alcohol is condensed with a
      halobutyrate or appropriate haloester within the scope of Hal
      ##EQU27##
      wherein Hal is chloro, bromo, or iodo and R.sub.2, R.sub.3, R.sub.4, and
      R.sub.5 are as defined above. Normally the reaction is done in the
      presence of a base such as n-butyllithium, phenyllithium,
      triphenylmethyllithium, sodium hydride, or potassium t-butoxide.
      Alternatively and preferably, an ortho-4-bromobutyrate within the scope of
      ##EQU28##
      wherein R.sub.26 is alkyl of one to 3 carbon atoms, inclusive, and
      R.sub.2, R.sub.3, R.sub.4, and R.sub.5 are as defined above, is employed.
      Such reagents are available or prepared by methods known in the art, for
      example from the appropriate halonitrile by way of the corresponding imino
      ester hydrohalide as illustrated hereinafter. The condensation is
      conveniently run in a solvent such as tetrahydrofuran or dimethyl
      sulfoxide, or especially if an organolithium compound is employed,
      preferably in dimethyl formamide or hexamethylphosphoramide. The reaction
      proceeds smoothly at -20.degree. to 50.degree. C., but is preferably done
      at about 25.degree. C. for convenience. Following the condensation, the
      formula-LXXV compound is obtained by methods known in the art, for example
      by hydrolysis in cold dilute mineral acid.
PAR  The 5 oxa PGF.sub..alpha.-type product LXXVI is obtained from the LXXV
      intermediate by hydrolysis of the blocking groups for example in dilute
      acetic acid, aqueous citric acid, or aqueous phosphoric
      acid-tetrahydrofuran.
PAR  Referring to Chart C, there is shown the transformation of the LXXV
      intermediates of Chart B to the formula-LXXVII PGE-type products or the
      formula-LXXVIII PGF.sub..beta. and -LXXIX PGF.sub..alpha. type products.
      In Chart C, the terms R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.13,
      R.sub.14, Q.sub.2, and Q.sub.3 are as defined above; R.sub.1 is hydrogen,
      alkyl of one to 12 carbon atoms, inclusive, cycloalkyl of 3 to 10 carbon
      atoms, inclusive, aralkyl of 7 to 12 carbon atoms, inclusive, phenyl, or
      phenyl substituted with one, 2, or 3 chloro or alkyl of one to 4 carbon
      atoms, inclusive. The steps by which LXXV is transformed to LXXVII depends
      on whether R.sub.1 is methyl or other group or hydrogen. If R.sub.1 is
      methyl, the procedure is simply to oxidize the C-9 position and then
      replace the blocking groups with hydrogen.
      ##EQU29##
PAR  Oxidation reagents useful for this transformation are known in the art. A
      useful reagent for this purpose is the Jones reagent, i.e., acidified
      chromic acid. See J. Chem. Soc. 39 (1946). A slight excess beyond the
      amount necessary to oxidize the C-9 secondary hydroxy groups of the
      formula-LXXV reactant is used. Acetone is a suitable diluent for this
      purpose. Reaction temperatures at least as low as about 0.degree. C.
      should be used. Preferred reaction temperatures are in the range 0.degree.
      to -50.degree. C. An especially useful reagent for this purpose is the
      Collins reagent, i.e. chromium trioxide in pyridine. See J. C. Collins et
      al., Tetrahedron Lett., 3363 (1968). Dichloromethane is a suitable diluent
      for this purpose. Reaction temperatures of below 30.degree. C. should be
      used. Preferred reaction temperatures are in the range 0.degree. to
      +30.degree. C. The oxidation proceeds rapidly and is usually complete in
      about 5 to 20 minutes.
PAR  Examples of other oxidation reagents useful for this transformation are
      silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine J. Am. Chem. Soc. 75, 422 (1953), and
      Tetrahedron, 18, 1351 (1962)), t-butylchromate in pyridine (Biochem. J.,
      84, 195 (1962)), mixtures of sulfur trioxide in pyridine and
      dimethylsulfoxide (J. Am. Chem. Soc. 89, 5505 (1967)), and mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide (J. Am. Chem. Soc. 87,
      5661 (1965)).
PAR  The formula-LXXVII 5-oxa PGE-type compound is then obtained by hydrolysis
      of the blocking groups, for example in dilute acetic acid.
PAR  If R.sub.1 in the desired formula-LXXVII product is to be hydrogen or a
      different group than methyl, the formula-LXXV intermediate is hydrolyzed
      or saponified under alkaline conditions by the usual known procedures and
      recovered in the free acid form. This acid intermediate is either
      subjected to the oxidation and hydrolysis steps above to yield LXXVII in
      acid form (R.sub.1 is hydrogen) or it is converted to the desired ester,
      for example with a diazoalkane or by other methods described herein, and
      then transformed by oxidation and hydrolysis to product LXXVII.
PAR  Continuing with Chart C, the formula-LXXVIII PGF.sub..beta.-type products
      are obtained by carbonyl reduction of the corresponding formula-LXXVII
      PGE.sub.2 -type compounds. There are obtained in the same reaction the
      corresponding formula-LXXIX PGF.sub..alpha.-type compounds. For example,
      carbonyl reduction of 5-oxa-PGE.sub.1 gives a mixture of
      5-oxa-PGF.sub.1.sub..alpha. and 5-oxa-PGF.sub.1.sub..beta..
PAR  These ring carbonyl reductions are carried out by methods known in the art
      for ring carbonyl reductions of known prostanoic acid derivatives. See,
      for example, Bergstrom et al., Arkiv Kemi 19, 563 (1963), Acta. Chem.
      Scand. 16,969 (1962), and British Specification No. 1,097,533. Any
      reducing agent is used which does not react with carbon-carbon double
      bonds or ester groups. Preferred reagents are lithium
      (tri-tert-butoxy)aluminum hydride, the metal borohydrides, especially
      sodium, potassium and zinc borohydrides, and the metal trialkoxy
      borohydrides, e.g., sodium trimethoxyborohydride. The mixtures of alpha
      and beta hydroxy reduction products are separated into the individual
      alpha and beta isomers by methods known in the art for the separation of
      analogous pairs of known isomeric prostanoic acid derivatives. See, for
      example, Bergstrom et al., cited above, Granstrom et al., J. Biol. Chem.
      240, 457 (1965), and Green et al., J. Lipid Research 5, 117 (1964).
      Especially preferred as separation methods are column chromatography,
      partition chromatographic procedures, both normal and reversed phase,
      preparative thin layer chromatography, and countercurrent distribution
      procedures.
PAR  Referring to Chart D, there is shown the transformation of lactone LXXX to
      5-oxa 15-alkyl ether PGF-type products of formula LXXXIII. In Chart D,
      R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.13, R.sub.14, Q.sub.2, and
      .about. have the same meanings as above. Q.sub.4 is either
      ##EQU30##
      wherein R.sub.17 is alkyl of one to 4 carbon atoms, inclusive. The
      starting materials are available from the steps of Chart A above or are
      readily available by methods known in the art.
PAR  The formula-LXXXI compound is prepared by alkylation of the side-chain
      hydroxy of the formula-LXXX compound thereby replacing hydroxy with the
      --OR.sub.17 moiety. For this purpose, diazoalkanes may be employed,
      preferably in the presence of a Lewis acid, e.g. boron trifluoride
      etherate, aluminum chloride, or fluoboric acid. When R.sub.17 is methyl,
      diazomethane is used. See Fieser et al., "Reagents for Organic Synthesis",
      John Wiley and Sons, Inc., N.Y. (1967), p. 191. Other --OR.sub.17 groups
      are formed by using the corresponding diazoalkane. For example diazoethane
      and diazobutane yield --OC.sub.2 H.sub.5 and --OC.sub.4 H.sub.9
      respectively. The reaction is carried out by mixing a solution of the
      diazoalkane in a suitable inert solvent, preferably ethyl ether, with the
      formula-LXXX compound.
      ##SPC25##
      ##EQU31##
      Generally the reaction proceeds at about 25.degree. C. Diazoalkanes are
      known in the art or can be prepared by methods known in the art. See, for
      example, Organic Reactions, John wiley and Sons, Inc., N.Y. Vol. 8, pp.
      389-394 (1954).
PAR  Another method for the alkylation of the side chain hydroxy is by reaction
      with an alcohol in the presence of boron trifluoride etherate. Thus,
      methanol and boron trifluoride etherate yield the methyl ether wherein
      R.sub.17 is methyl. The reaction is done at about 25.degree. C. and is
      conveniently followed with thin layer chromatography (TLC).
PAR  Another method for the alkylation of the side-chain hydroxy is by the
      reaction of an alkyl halide, e.g. methyl iodide, in the presence of a
      metal oxide or hydroxide, e.g. barium oxide, silver oxide, or barium
      hydroxide. An inert solvent may be beneficial, for example benzene or
      dimethylformamide. The reactants are preferably stirred together and
      maintained at temperatures of 25.degree.-75.degree. C.
PAR  Still another method is by first converting the hydroxy to mesyloxy (i.e.
      methanesulfonate) or tosyloxy (i.e. toluenesulfonate) and thence
      transforming the mesyloxy or tosyloxy to the --OR.sub.17 moiety by
      reaction with a metal alkoxide, e.g. potassium tert-butoxide. The mesylate
      or tosylate is prepared by reaction of the formula-LXXX intermediate with
      either methanesulfonyl chloride or toluenesulfonyl chloride in pyridine.
      Thereafter, the mesylate or tosylate is mixed with the appropriate
      potassium or sodium alkoxide in pyridine, the reaction proceeding smoothly
      at about 25.degree. C. An equivalent amount of the alkoxide based on the
      mesylate is preferred to avoid side reactions. In this manner, the
      formula-LXXXI intermediate is prepared wherein R.sub.17 is normal alkyl,
      secondary alkyl, or tertiary alkyl of one to 5 carbon atoms. The method is
      especially useful for tertiary alkyl substitutions for hydrogen, e.g.
      where R.sub.17 is tert-butyl or tert-pentyl.
PAR  The formula-LXXXII compound is then obtained in the conventional manner,
      for example by low temperature reduction with disobutylaluminum hydride as
      discussed above for Chart A. The final 5-oxa 15-alkyl ether
      PGF.sub..alpha. product LXXXIII is obtained from either LXXXI or LXXXII by
      the same reactions and conditions discussed above for the steps of Chart
      B.
PAR  Referring to Chart E, there is shown the transformation of lactone LXVIII
      to lactol LXXXVII useful for preparing 5-oxa-15-alkyl-PG-type products. In
      Chart E, R.sub.8, R.sub.9, R.sub.11, R.sub.12, R.sub.13 and .about. are as
      defined above for Chart A. Q.sub.5 is either
      ##EQU32##
      wherein R.sub.16 is alkyl of one to 4 carbon atoms, inclusive. Q.sub.6 is
      either
      ##EQU33##
      wherein R.sub.13 and R.sub.16 are as defined above.
PAR  For the starting material LXVIII refer to Chart A and the discussion
      pertaining thereto. Intermediate LXXXIV is obtained by replacing the
      side-chain oxo with Q.sub.5 by a conventional Grignard reaction, employing
      R.sub.16 MgHal. Next, the acyl group R.sub.12 is removed by hydrolysis and
      the hydrogen atoms of the hydroxyl groups are replaced with blocking
      groups R.sub.13 following the procedures of Chart A. Finally lactol
      LXXXVII is obtained by reduction of lactone LXXXVI in the same manner
      discussed above for Charts A and D.
PAR  The 15-alkyl products of this invention are obtained from lactone LXXXVI
      either with or without isolating the formula-LXXXVII lactol, following the
      procedures discussed above for chart B.
      ##SPC26##
      The 15-R and 15-S isomers are separated by conventional means, for example
      silica gel chromatography at either the lactol or the final product
      stages.
PAR  Referring to Chart F, there is shown a convenient method for obtaining the
      5-oxa 15-alkyl products from corresponding 5-oxa PGF-type compounds shown
      broadly by formula LXXXVIII. In Chart F, R.sub.1, R.sub.2, R.sub.3,
      R.sub.4, R.sub.5, R.sub.14, R.sub.16, Q.sub.2, and .about. are as defined
      above. G is alkyl of one to 4 carbon atoms, inclusive, aralkyl of 7 to 12
      carbon atoms, inclusive, phenyl, or phenyl substituted with one or 2
      fluoro, chloro, or alkyl of one to 4 carbon atoms, inclusive, and R.sub.15
      is R.sub.1 as defined above or silyl of the formula-Si-(G).sub.3 wherein G
      is as defined above. The various G's of a -Si(G).sub.3 moiety are alike or
      different. For example, a -Si(G).sub.3 can be trimethylsilyl,
      dimethyl(t-butyl)silyl, dimethylphenylsilyl, or methylphenylbenzylsilyl.
      Examples of alkyl of one to 4 carbon atoms, inclusive, are methyl, ethyl,
      propyl, isopropyl, butyl, isobutyl, sec-butyl, and tert-butyl. Examples of
      aralkyl of 7 to 12 carbon atoms, inclusive, are benzyl, phenethyl,
      .alpha.-phenylethyl, 3-phenylpropyl, .alpha.-naphthylmethyl, and
      2-(.beta.-naphthyl)ethyl. Examples of phenyl substituted with one or 2
      fluoro, chloro, or alkyl of one to 4 carbon atoms, inclusive, are
      p-chlorophenyl, m-fluorophenyl, o-tolyl, 2,4-dichlorophenyl,
      p-tert-butylphenyl, 4-chloro-2-methyl-phenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  This method is well-known for preparing 15-alkyl prostaglandins.
TBL                                    CHART F                                 

     __________________________________________________________________________

                   R.sub.5 R.sub.4 R.sub.3                                     

                   .vertline..vertline..vertline.                              

                   CH.sub.2 CH.sub.2 --O--C----C----C--COOR.sub.1              

                   .vertline..vertline..vertline.                              

                   HHR.sub.2              LXXXVIII                             

                   H                                                           

                   C=C.angle.                                                  

                   H.vertline.C--R.sub.14                                      

                   .parallel.(oxidation)                                       

                   Q.sub.2 .dwnarw.                                            

                   .dwnarw.                                                    

                   R.sub.5 R.sub.4 R.sub.3                                     

                   .vertline..vertline..vertline.                              

                   CH.sub.2 CH.sub.2 --O--C----C----C--COOR.sub.1              

                   .vertline..vertline..vertline.                              

                   HHR.sub.2              LXXXIX                               

                   H                                                           

                   C=C.angle.                                                  

                   H.vertline.C--R.sub.14                                      

                   .parallel.                                                  

                   O                                                           

                   .dwnarw.(silylation)                                        

                   .dwnarw.                                                    

                   R.sub.5 R.sub.4 R.sub.3                                     

                   .vertline..vertline..vertline.                              

                   CH.sub.2 CH.sub.2 --O--C----C----C--COOR.sub.15             

                   .vertline..vertline..vertline.                              

                                          XC                                   

                   HHR.sub.2                                                   

                   H                                                           

                   C=C.angle.                                                  

                   H.vertline.C--R.sub.14                                      

                   .parallel.                                                  

                   O.dwnarw. (R.sub. 16 MGHal and hydrolysis)                  

                   .dwnarw.                                                    

                   R.sub.5 R.sub.4 R.sub.3                                     

                   .vertline..vertline..vertline.                              

                   CH.sub.2 CH.sub.2 --O--C----C----C--COOR.sub.1              

                   .vertline..vertline..vertline.                              

                                          XCI                                  

                   HHHR.sub.2                                                  

                   C=C.angle.                                                  

                   H.vertline.C--R.sub.14                                      

                   .angle.                                                     

                   R.sub.16 OH                                                 

                   +                                                           

                   R.sub.5 R.sub.4 R.sub.3                                     

                   .vertline..vertline..vertline.                              

                   CH.sub.2 CH.sub.2 --O--C----C----C--COOR.sub.1              

                   .vertline..vertline..vertline.                              

                                          XCII                                 

                   HHHR.sub.2                                                  

                   C=C.angle.                                                  

                   H.vertline.C--R.sub.14                                      

                   .angle.                                                     

                   R.sub.16 OH                                                 

     __________________________________________________________________________

                    See South African Pat. No. 2482, May 3, 1972, or Belgian
      Pat. No. 766,682, Derwent No. 72109S.
PAR  The acids and esters of formula LXXXVIII, available herein by the processes
      of Charts B and C, are transformed to the corresponding intermediate
      15-oxo acids and esters of formula LXXXIX, respectively, by oxidation with
      reagents such as 2,3-dichloro-5,6-dicyano-1,4-benzoquinone, activated
      manganese dioxide, or nickel peroxide (see Fieser et al., "Reagents for
      Organic Synthesis," John Wiley & Sons, Inc., New York, N.Y., pp. 215, 637
      and 731).
PAR  Continuing with Chart F, intermediate LXXXIX is transformed to a silyl
      derivative of formula XC by procedures known in the art. See, for example,
      Pierce, "Silylation of Organic Compounds," Pierce Chemical Co., Rockford
      Illinois (1968). Both hydroxy groups of the formula-LXXXIX reactant are
      thereby transformed to --O--Si--(G).sub.3 moieties wherein G is as defined
      above, and sufficient of the silylating agent is used for that purpose
      according to known procedures. When R.sub.1 in the formula-LXXXIX
      intermediate is hydrogen, the --COOH moiety thereby defined is usually
      transformed to --COO--Si--(G).sub.3, additional silylating agent being
      used for this purpose. This latter transformation is aided by excess
      silylating agent and prolonged treatment. When R.sub.1 in formula LXXXIX
      is alkyl, then R.sub.15 in Formula XC will also be alkyl. The necessary
      silylating agents for these transformations are known in the art or are
      prepared by methods known in the art. See, for example, Post, "Silicones
      and Other Organic Silicon Compounds," Reinhold Publishing Corp., New York,
      N.Y. (1949).
PAR  The intermediate silyl compound of formula XC is transformed to the final
      compounds of formula XCI + XCII by first reacting the silyl compound with
      a Grignard reagent of the formula R.sub.16 MgHal wherein R.sub.16 is
      methyl or ethyl, and Hal is chloro, bromo, or iodo. For this purpose, it
      is preferred that Hal be bromo. This reaction is carried out by the usual
      procedure for Grignard reactions, using diethyl ether as a reaction
      solvent and saturated aqueous ammonium chloride solution to hydrolyze the
      Grignard complex. The resulting disilyl or trisilyl tertiary alcohol is
      then hydrolyzed with water to remove the silyl groups. For this purpose,
      it is advantageous to use a mixture of water and sufficient of a
      water-miscible solvent, e.g., ethanol to give a homogenous reaction
      mixture. The hydrolysis is usually complete in 2 to 6 hours at 25.degree.
      C., and is preferably carried out in an atmosphere of an inert gas, e.g.,
      nitrogen or argon.
PAR  The mixture of 15-S and 15-R isomers obtained by this Grignard reaction and
      hydrolysis is separated by procedures known in the art for separating
      mixtures of prostanoic acid derivatives, for example, by chromatography on
      neutral silica gel. In some instances, the lower alkyl esters, especially
      the methyl esters of a pair of 15-S and 15-R isomers are more readily
      separated by silica gel chromatography than are the corresponding acids.
      In those cases, it is advantageous to esterify the mixture of acids as
      described below, separate the two esters, and then, if desired, saponify
      the esters by procedures known in the art for saponification of
      prostaglandins F.
PAR  Referring to Chart G, there is shown a preferred method of obtaining the
      5-oxa-15-alkyl-PGF-type compounds as 15-alkyl ethers.
TBL                CHART G                                                     

     ______________________________________                                    

     R.sub.5 R.sub.4 R.sub.3                                                   

     .vertline..vertline..vertline.                                            

     CH.sub.2 CH.sub.2 --O--C----C----C--COOR.sub.1                            

     .vertline..vertline..vertline.                                            

                                LXXXVIII                                       

     HHHR.sub.2                                                                

     C=C.angle.                                                                

     H.vertline.C--R.sub.14                                                    

     .parallel.                                                                

     Q.sub.2 .dwnarw.                                                          

     .dwnarw.                                                                  

     R.sub.5 R.sub.4 R.sub.3                                                   

     .vertline..vertline..vertline.                                            

     CH.sub.2 CH.sub.2 --O--C----C----C--COOR.sub.1                            

     .vertline..vertline..vertline.                                            

                                LXXXIX                                         

     HHHR.sub.2                                                                

     C=C.angle.                                                                

     H.vertline.C--R.sub.14                                                    

     .parallel.                                                                

     .dwnarw.                                                                  

     R.sub.5 R.sub.4 R.sub.3                                                   

     .vertline..vertline..vertline.                                            

     CH.sub.2 --CH.sub.2 --O--C----C----C--COOR.sub.1                          

     .vertline..vertline..vertline.                                            

                                XCV                                            

     HHHR.sub.2                                                                

     C=C.angle.                                                                

     H.vertline.C--R.sub.14                                                    

     .parallel.                                                                

      O                                                                        

     .dwnarw.                                                                  

     R.sub.5 R.sub.4 R.sub.3                                                   

     .vertline..vertline..vertline.                                            

     CH.sub.2 --CH.sub.2 --O--C----C----C--COOR.sub.1                          

     .vertline..vertline..vertline.                                            

                                XCVI                                           

     HHHR.sub.2                                                                

     C=C.angle.                                                                

     H.vertline.C--R.sub.14                                                    

     .parallel.                                                                

     Q.sub.5                                                                   

     .dwnarw.                                                                  

     R.sub.5 R.sub.4 R.sub.3                                                   

     .vertline..vertline..vertline.                                            

     CH.sub.2 --CH.sub.2 --O--C----C----C--COOR.sub.1                          

     .vertline..vertline..vertline.                                            

     HHHR.sub.2                                                                

     C=C.angle.                                                                

     H.vertline.C--R.sub.14                                                    

     .parallel.                                                                

     Q.sub.7                                                                   

     ______________________________________                                    

PAL   in Chart G, R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.13,
      R.sub.14, Q.sub.2, Q.sub.5, and .about. are as defined above. Q.sub.7 is
      either
      ##EQU34##
      wherein R.sub.16 and R.sub.17 are as defined above, i.e. alkyl of one to 4
      carbon atoms, inclusive, being the same or different. Starting material
      LXXXVIII and intermediate LXXXIX are identical with those of Chart F.
      Compound XCV is obtained by replacing the hydrogen atoms of the C-9 and
      C-11 hydroxyls with blocking groups R.sub.13 by the methods discussed
      above for Chart A. Compound XCVI is then obtained by replacing the C-15
      oxo with Q.sub.5 by a Grignard reaction, employing R.sub.16 MgHal.
      Thereafter, compound XCVII is obtained by alkylation of the C-15 hydroxy
      using the methods and reagents discussed above for Chart D, for example
      diazoalkanes. Finally, the formula-XCVII compound is readily transformed
      to the PGF-type products by hydrolysis of the R.sub.13 blocking groups.
      The 15-R and 15-S isomers are separated by conventional means, for example
      silica gel chromatography.
PAR  Referring to Chart H, there are shown the transformations from the various
      5-oxa PGE-type compounds of formula XCVIII to the corresponding PGF, PGA,
      and PGB compounds. In Chart H, R.sub.1, R.sub.2, R.sub.3, R.sub.4,
      R.sub.5, R.sub.14, Q.sub.1, and .about. are as defined above.
PAR  The various 5-oxa PGF-type compounds of formula CI are obtained by carbonyl
      reduction of the PGE-type compounds using the methods and reagents
      discussed above for Chart C.
PAR  The various 5-oxa PGA-type compounds of formula XCIX are obtained by acidic
      dehydration of the PGE-type compounds. For example, acidic dehydration of
      5-oxa-PGE.sub.1 gives 5-oxa-PGA.sub.1.
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              These acidic dehydrations are carried out by methods known in the
      art for acidic dehydrations of known prostanoic acid derivatives. See, for
      example, Pike et al., Proc. Nobel Symposium II, Stockholm ( 1966),
      Interscience Publishers, New York, pp. 162-163 (1967); and British
      Specification No. 1,097,533. Alkanoic acids of 2 to 6 carbon atoms,
      inclusive, especially acetic acid, are preferred acids for this acidic
      dehydration. Dilute aqueous solutions of mineral acids, e.g., hydrochloric
      acid, especially in the presence of a solubilizing diluent, e.g.,
      tetrahydrofuran, are also useful as reagents for this acidic dehydration,
      although these reagents may cause partial hydrolysis of an ester reactant.
PAR  The various 5-oxa PGB-type compounds encompassed by formula C are prepared
      by basic dehydration of the PGE-type compounds or by contacting the PGA
      compounds of formula XCIX with base. For example, both 5-oxa PGE.sub.1 and
      5-oxa PGA.sub.1 give 5-oxa PGB.sub.1 on treatment with base. These basic
      dehydrations and double bond migrations are carried out by methods known
      in the art for similar reactions of known prostanoic acid derivatives.
      See, for example, Bergstrom et al., J. Biol. Chem. 238,3555 (1963). The
      base is any whose aqueous solution has pH greater than 10. Preferred bases
      are the alkali metal hydroxides. A mixture of water and sufficient of a
      water-miscible alkanol to give a homogenous reaction mixture is suitable
      as a reaction medium. The PGE-type or PGA-type compound is maintainted in
      such a reaction medium until no further PGB-type compound is formed, as
      shown by the characteristic ultraviolet light absorption near 278 nm for
      the PGB type compound.
PAR  Referring to Charts I and J, there is shown a general method for preparing
      5-oxa 11-deoxy PGF analogs. In Charts I and J, R.sub.2, R.sub.3, R.sub.4,
      R.sub.5, R.sub.8, R.sub.9, R.sub.11, R.sub.14, Q.sub.2, Q.sub.3, and
      .about. have the same meaning ascribed to them above for Charts A and B.
PAR  Referring to Chart I, there are shown the steps by which the formula-CII
      aldehyde is transformed to lactol CVI. Thereafter, product CX is obtained
      by the steps of Chart J. Starting material CII of Chart J is known in the
      art in racemic form. See Corey et al., Tetrahedron Lett. No. 49,4753
      (1971) and Crabbe' et al., ibid No. 2,115 (1972). When a formula-CIII
      compound is prepared by reacting a racemic compound corresponding to
      formula CII with a racemic Wittig reagent, there are obtained two pairs of
      racemates which are separable into pairs of racemic compounds by methods
      known in the art, e.g. silica gel chromatography. When a racemic compound
      corresponding to formula CII is reacted with an optically active isomer of
      the Wittig reagent, there are obtained two diastereomers corresponding to
      the formula-CIII compound which are separated by conventional methods,
      e.g. by silica gel chromatography.
PAR  It is preferred that the formula-CII compound be used in the optically
      active form which will lead to an 11-deoxy prostaglandin analog of the
      natural configuration. For this purpose, a process is used for resolving a
      racemic mixture of an oxo compound of the formula
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      ##SPC27##
PAL  and of the mirror image thereof, which comprises the steps of
PAR  a. converting the oxo compound by reaction with an optically active
      ephedrine to a mixture of oxazolidine diastereomers,
PAR  b. separating at least one oxazolidine diastereomer from said mixture,
PAR  c. hydrolyzing said oxazolidine to free the optically active oxo compound,
      and
PAR  d. recovering said optically active oxo compound.
PAR  In carrying out the resolution of the formula-XCIII ketone, there is
      prepared an oxazolidine by reaction of the ketone with an optically active
      ephedrine, e.g. d- or l-ephedrine, or d- or l-pseudoephedrine.
      Approximately equimolar quantities of the reactants are employed in a
      solvent such as benzene, isopropyl ether, or dichloromethane. The reaction
      proceeds smoothly over a wide range in temperature, for example 10.degree.
      to 80.degree. C., although for some reactants the range 20.degree. to
      30.degree. C. is preferred for convenience. The reaction occurs quickly,
      within minutes, whereupon the solvent is removed, preferably under vacuum.
      The product consists of the diastereomers of the ketone-ephedrine product,
      i.e. the oxazolidines. At least one of the diastereomers is separated by
      methods known in the art, including crystallization and chromatography. In
      this instance, crystallization is used as the preferred method. Repeated
      recrystallization of the thus-obtained solid oxazolidine from a suitable
      solvent, e.g., isopropyl ether, yields one of the diastereomers in
      substantially pure form. The oxazolidine is then hydrolyzed by procedures
      known in the art to release the ketone.
PAR  The mother liquor from the recrystallized diastereomer contains the optical
      isomer having opposite configuration. A preferred method for isolating
      this second diastereomer, however, is to prepare the oxazolidine of the
      racemic ketone using ephedrine of the opposite configuration to that first
      employed above, and thereafter recrystallizing as above. Finally,
      hydrolysis and recovery yield the resolved formula-XCIII ketone in
      opposite configuration to that first obtained above.
PAR  Each optically active ketone can be converted to an aldehyde of the formula
      ##SPC28##
PAL  or the mirror image thereof, using the procedures of Corey et al.,
      Tetrahedron Lett. No. 49, 4753 (1971).
PAR  Likewise, the above process of resolution applied to the racemate
      containing the formula-CII aldehyde yields the optically active
      formula-CII aldehyde which produces the 11-deoxy prostaglandin analogs
      having the natural configuration.
PAR  Referring to Chart I, the formula-CIII compound is obtained by Wittig
      alkylation of CII, using the sodio derivative of the appropriate
      2-oxoalkylphosphonate. The trans enone lactone is obtained
      stereospecifically. See D.H. Wadsworth et al., J. Org. Chem. 30, 680
      (1965). For the Wittig reaction certain phosphonates are employed having
      the general formula
      ##EQU35##
      R.sub.8, R.sub.9, and R.sub.11 are as defined above. The phosphonates are
      prepared and used by methods known in the art. See Wadsworth et al., Corey
      et al., and Crabbe' et al., references cited above. For this purpose as
      well as for the process of Chart A above, the phosphonates are
      conveniently obtained by condensing the appropriate aliphatic acid ester
      with dimethyl methylphosphonate in the presence of n-butyllithium. For
      this purpose, acids of the general formula R.sub.11 --C(R.sub.8
      R.sub.9)--COOH are used in the form of their lower alkyl esters,
      preferably methyl or ethyl. For example methyl esters are formed from the
      acids by reaction with diazomethane. These aliphatic acids of various
      chain length, with or without branching within the scope of R.sub.11 as
      defined above are known in the art or can be prepared by methods known in
      the art.
PAR  Aliphatic acids without branching are propionic, butyric, valeric,
      heptanoic, octanoic, nonanoic, decanoic, or undecanoic acids.
PAR  In the case of acids with branching, many are readily available, e.g.
      2-methylpropionic, 2-methylbutyric, 2-ethylbutyric, 3-methylbutyric,
      2,2-dimethylbutyric, 2-ethyl-2-methylbutyric, 2,2-diethylbutyric,
      2,3-dimethylbutyric, 3,3-dimethylbutyric, 2-methyvaleric, 2-propylvaleric,
      3-methylvaleric, 2,2-dimethylvaleric, 3,3-diethylvaleric,
      2-methyl-2-propylvaleric, 2-ethyl-3-methylvaleric, 2-methylhexanoic,
      2-ethylhexanoic, 2-butylhexanoic, 2,2-dimethylhexanoic,
      2,3-dimethylhexanoic, 2-butyl-2-methylhexanoic, 2-methylheptanoic,
      2-propylheptanoic, 2-butylheptanoic, 2,2-diethylheptanoic,
      2-methyl-2-propylheptanoic, 2-ethyloctanoic, 2-propyloctanoic,
      3-methyloctanoic, 2-ethyl-2-methyloctanoic, 2-ethylnonanoic,
      2,2-dimethylnonanoic, and 2-methyldecanoic acid. Other acids are available
      by methods known in the art, for example reaction of a branched alkyl
      halide with sodium cyanide to form a nitrile and subsequent hydrolysis to
      the acid.
PAR  Continuing with Chart I, the formula-CIV compound is obtained as a mixture
      of alpha and beta isomers by reduction of CIII. For this reduction, use is
      made of any of the known ketonic carbonyl reducing agents which do not
      reduce ester or acid groups or carbon-carbon double bonds when the latter
      is undesirable. Examples of those are the metal borohydrides, especially
      sodium potassium, and zinc borohydrides, lithium (tri-tert-butoxy)aluminum
      hydride, metal trialkoxy borohydrides, e.g., sodium trimethoxyborohydride,
      lithium borohydride, and when carbon-carbon double bond reduction is not a
      problem, the boranes, e.g., disiamylborane.
PAR  For production of natural-configuration PG-type compounds, the desired
      alpha (S) form of the formula-CIV compound is separated from the beta
      isomer by silica gel chromatography.
PAR  The formula-CV intermediate, wherein the hydrogen atoms of the hydroxyls
      are replaced with a blocking group R.sub.13, is prepared by methods known
      in the art, for example using the conditions set forth above for
      dihydropyran, dihydrofuran, or substituted vinyl ethers. Especially
      preferred for R.sub.13 are tetrahydropyranyl or (.alpha.-ethoxy)ethyl.
PAR  The lactol CVI is obtained on reduction of the formula-CV lactone, using,
      for example, diisobutylaluminum hydride. The reduction is preferably done
      at -60.degree. to 70.degree. C.
PAR  Referring to Chart J, there are shown the steps by which lactol CVII is
      transformed to 5-oxa 11-deoxy PGF-type products. Lactol CVII includes
      lactol CVI of Chart I within its scope, and also lactols of the formula
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      The lactol of formula XCIV is obtained from aldehyde CII by a Wittig
      reaction employing a phosphonium salt, for example (C.sub.6 H.sub.5).sub.3
      P.sup.+CH.sub.2 CH(OH)CH.sub.2 CH=CHC.sub.2 H.sub.5 I.sup.- . See Corey et
      al., J. Am. Chem. Soc. 93, 1490 (1971).
PAR  The steps of Chart J by which lactol CVII is transformed to alcohol CVIII
      and thence to ether CIX and finally product CX utilize substantially the
      same reactions as those described above for the steps of Chart B. At each
      stage the products are isolated by methods known in the art, for example
      silica gel chromatography.
PAR  Optically active compounds are obtained from optically active intermediates
      according to the process steps of Charts A, B, C, D, E, F, G, H, I, and J.
      When racemic intermediates are used in reactions corresponding to the
      processes of Charts A-J, inclusive, and racemic products are obtained,
      these racemic products may be used in their racemic form or, if preferred,
      they may be resolved as optically active isomers by procedures known in
      the art.
PAR  For example, when final compound XXI to LXII is a free acid, the dl
      (racemic) form thereof is resolved into the d and l forms by reacting said
      free acid by known general procedures with an optically active base, e.g.,
      brucine or strychnine, to give a mixture of two diastereoisomers which are
      separated by known general procedures, e.g., fractional crystallization,
      to give the separate diastereoisomeric salts. The optically active acid of
      formula XXI to LXII is then obtained by treatment of the salt with an acid
      by known general procedures.
PAR  Another procedure for obtaining optically active 5-oxa PGF-type compounds
      is by stereoselective microbiological reduction of the racemic 5-oxa
      PGE-type compounds. For this purpose actively fermenting baker's yeast is
      employed. The PGE-type compound is contacted with a yeast-sugar-water
      mixture at about 25.degree. C. for 24-48 hours. There is produced by
      reduction a mixture of the PGF.sub..sub..alpha. compound and the
      enantiomeric PGF.sub..sub..beta. compound, which are separable by silica
      gel chromatography for example. Accompanying this transformation,
      carboxylic ester groups are removed by hydrolysis. Accordingly, from dl
      -5-oxa PGE.sub.1 methyl ester, there are obtained natural configuration
      5-oxa-PGF.sub.1.sub..alpha. and enantiomeric 5-oxa-PGF.sub.1.sub..beta..
PAR  When the processes of Charts A-J yield an ester, such as where R.sub.1 is
      methyl, the free acid products are obtained by methods known in the art.
      For example, the 5-oxa PGF.sub.2 analogs are subjected to saponification
      in an aqueous alkaline medium to form an alkaline salt, which is then
      acidified to yield the free acid. A preferred method for the 5-oxa
      PGE.sub.2 analogs, and useful for the 5-oxa PGF.sub.2 analogs as well, is
      by enzymatic hydrolysis using an esterase enzyme composition obtained from
      the marine invertebrate Plexaura homomalla (Esper), 1792. Plexaura
      homomalla is a member of the subclass Octocorallia, order Gorgonacea,
      suborder Holaxonia, family Plexauridae, genus Plexaura. See, for example,
      Bayer, "The Shallow-Water Octocorallia of the West Indian Region",
      Martinus Nijhoff, The Hague (1961). Colonies of these Plexaura homomalla
      are abundant on the ocean reefs in the zone from the low-tide line to
      about 25 fathoms in the tropical and subtropical regions of the western
      part of the Atlantic Ocean, from Bermuda to the reefs of Brazil, including
      the eastern shore reefs of Florida, the Caribbean island and mainland
      reefs, and the Gulf of Mexico island and mainland reefs. These colonies
      are bush-like or small tree-like in habit and are readily identified for
      collection as Plexaura homomalla (Esper), 1792, by those of ordinary skill
      in this art. Two forms exist, the R-form and the S-form See W. P.
      Schneider et al., J. Am. Chem. Soc. 94, 2122 (1972).
PAR  The esterase enzyme composition is produced by the steps: (1) extracting
      colonies or colony pieces of the marine invertebrate Plexaura homomalla
      (Esper), 1792, forma R or forma S, with liquid acetone for a sufficient
      time to remove substantially all soluble lipids, and (2) recovering the
      acetone-insoluble matter as said composition.
PAR  The colonies of Plexaura homomalla are used either in their as-harvested
      form or in broken or chopped pieces. It is immaterial whether they are
      used fresh from their natural environment, or after freezing and thawing,
      or even after drying under ambient conditions.
PAR  The extraction with acetone may be done batch-wise, as by stirring in a
      container, or by percolation, or by continuous methods of extraction known
      in the art. If stirring is used, it is advantageous to first chop the
      Plexaura homomalla into small pieces, for example less than 3 mm. in
      greatest dimension. The product is accordingly then a powder consisting of
      pieces smaller than 3 mm. Contact with acetone is continued until
      substantially all of the soluble lipids are removed. Normally one hour is
      sufficient, although a longer time is required for whole colonies and a
      shorter time is sufficient for chopped colonies with efficient extraction.
      The end-point can be determined simply by examination of the acetone, as
      by evaporation and by physical measurements on any residue thus obtained.
      The extraction temperature is kept below 50.degree. C. to avoid
      denaturation of the enzyme, and is preferably in the range 20.degree. to
      30.degree. C. Lower temperatures may be used but the extraction then
      proceeds more slowly. The extraction is generally done at atmospheric
      pressure, but it may be carried out at higher or lower pressures provided
      the acetone is in a liquid state when contacting the Plexaura homomalla.
PAR  The acetone-insoluble enzyme composition is recovered from the acetone by
      decantation, filtration, centrifugation, or other convenient method for
      separating solids and liquids. A small amount of adherent acetone, for
      example, 10% of the weight of the composition, may be left on the product
      but it is preferred that the amount be lowered to less than 1%, for
      example by drying under ambient conditions or under reduced pressure. The
      product can then be stored without deterioration, preferably at about
      -20.degree. C.
PAR  In utilizing the above esterase enzyme composition for the purposes of this
      invention, the 5-oxa prostaglandin ester is contacted with a mixture of
      the enzyme composition and water. The ester is conveniently added as a
      solution, for example in ethanol or benzene, to about 50-100 times its
      weight of water. The enzyme composition is added in an amount about 1-15
      times the weight of ester. The mixture is stirred until the ester is
      hydrolyzed, generally about 18-24 hours at 25.degree. C. Temperatures of
      about 0.degree.-50.degree. C. may be employed, although about 25.degree.
      C. is preferred. The progress of hydrolysis is readily followed by
      analysis, for example by thin-layer chromatography by methods known in the
      art. See, for example, Hamberg et al., J. Biol. Chem. 241, 257 (1966).
      Finally, several volumes of acetone are added and the soluble acid
      products are recovered by filtration, concentration, and extraction using
      methods known in the art.
PAR  As discussed above, the processes of Charts A-J, inclusive, lead variously
      to acids (R.sub.1 is hydrogen) or to esters (R.sub.1 is alkyl, cycloalkyl,
      aralkyl, phenyl or substituted phenyl, as defined above). When an acid has
      been prepared and an alkyl ester is desired, esterification is
      advantageously accomplished by interaction of the acid with the
      appropriate diazohydrocarbon. For example, when diazomethane is used, the
      methyl esters are produced. Similar use of diazoethane, diazobutane, and
      1-diazo-2-ethylhexane, and diazodecane, for example, gives the ethyl,
      butyl, and 2-ethylhexyl and decyl esters, respectively.
PAR  Esterification with diazohydrocarbons is carried out by mixing a solution
      of the diazohydrocarbon in a suitable inert solvent, preferably diethyl
      ether, with the acid reactant, advantageously in the same or a different
      inert diluent. After the esterification reaction is complete, the solvent
      is removed by evaporation, and the ester purified if desired by
      conventional methods, preferably by chromatography. It is preferred that
      contact of the acid reactants with the diazohydrocarbon be no longer than
      necessary to effect the desired esterification, preferably about one to
      about ten minutes, to avoid undesired molecular changes. Diazohydrocarbons
      are known in the art or can be prepared by methods known in the art. See,
      for example, Organic Reactions, John Wiley and Sons, Inc., New York, N.Y.,
      Vol. 8, pp. 389-394 (1954).
PAR  An alternative method for esterification of the carboxyl moiety of the acid
      compounds comprises transformation of the free acid to the corresponding
      silver salt, followed by interaction of that salt with alkyl iodide.
      Examples of suitable iodides are methyl iodide, ethyl iodide, butyl
      iodide, isobutyl iodide, tert-butyl iodide, and the like. The silver salts
      are prepared by conventional methods, for example, by dissolving the acid
      in cold dilute aqueous ammonia, evaporating the excess ammonia at reduced
      pressure, and then adding the stoichiometric amount of silver nitrate.
PAR  The final formula XXI-to-LXII compounds prepared by the processes of this
      invention, in free acid form, are transformed to pharmacologically
      acceptable salts by neutralization with appropriate amounts of the
      corresponding iorganic or organic base, examples of which correspond to
      the cations and amines listed above. These transformations are carried out
      by a variety of procedures known in the art to be generally useful for the
      preparation of inorganic, i.e., metal or ammonium salts, amine acid
      addition salts, and quaternary ammonium salts. The choice of procedure
      depends in part upon the solubility characteristics of the particular salt
      to be prepared. In the case of the inorganic salts, it is usually suitable
      to dissolve the formula XXI-to LXII acid in water containing the
      stoichiometric amount of a hydroxide, carbonate, or bicarbonate
      corresponding to the inorganic salt desired. For example, such use of
      sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a solution
      of the sodium salt. Evaporation of the water or addition of a
      water-miscible solvent of moderate polarity, for example, a lower alkanol
      or a lower alkanone, gives the solid inorganic salt if that form is
      desired.
PAR  To produce an amine salt, the formula XXI-to-LXII acid is dissolved in a
      suitable solvent of either moderate or low polarity. Examples of the
      former are ethanol, acetone, and ethyl acetate. Examples of the latter are
      diethyl ether and benzene. At least a stoichiometric amount of the amine
      corresponding to the desired cation is then added to that solution. If the
      resulting salt does not precipitate, it is usually obtained in solid form
      by addition of a miscible diluent of low polarity or by evaporation. If
      the amine is relatively volatile, any excess can easily be removed by
      evaporation. It is preferred to use stoichiometric amounts of the less
      volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      formula XXI-to-LXII acid with the stoichiometric amount of the
      corresponding quaternary ammonium hydroxide in water solution, followed by
      evaporation of the water.
PAR  The final formula XXI-to-LXII acids or esters prepared by the processes of
      this invention are transformed to lower alkanoates by interaction of the
      formula XXI-to-LXII hydroxy compound with a carboxyacylating agent,
      preferably the anhydride of a lower alkanoic acid, i.e., an alkanoic acid
      of two to 8 carbon atoms, inclusive. For example, use of acetic anhydride
      gives the corresponding acetate. Similar use of propionic anhydride,
      isobutyric anhydride, and hexanoic acid anhydride gives the corresponding
      carboxyacylates.
PAR  The carboxyacylation is advantageously carried out by mixing the hydroxy
      compound and the acid anhydride, preferably in the presence of a tertiary
      amine such as pyridine or triethylamine. A substantial excess of the
      anhydride is used, preferably about 10 to about 10,000 moles of anhydride
      per mole of the hydroxy compound reactant. The excess anhydride serves as
      a reaction oil diluent and solvent. An inert organic diluent, for example,
      dioxane, can also be added. It is preferred to use enough of the tertiary
      amine to neutralize the carboxylic acid produced by the reaction, as well
      as any free carboxyl groups present in the hydroxy compound reactant.
PAR  The carboxyacylation reaction is preferably carried out in the range about
      0.degree. to about 100.degree. C. The necessary reaction time will depend
      on such factors as the reaction temperature, and the nature of the
      anhydride and tertiary amine reactants. With acetic anhydride, pyridine,
      and a 25.degree. C. reaction temperature, a 12 to 24-hour reaction time is
      used.
PAR  The carboxyacylated product is isolated from the reaction mixture by
      conventional methods. For example, the excess anhydride is decomposed with
      water, and the resulting mixture acidified and then extracted with a
      solvent such as diethyl ether. The desired carboxyacylate is recovered
      from the diethyl ether extract by evaporation. The carboxyacylate is then
      purified by conventional methods, advantageously by chromatography or
      crystallization.
PAR  By this procedure, the formula XXI-XXIII, XXXIX, XL, XLIII, and XLIV 5-oxa
      PGE-type compounds are transformed to dialkanoates; the formula XXIV-XXVI,
      XLI, XLII, XLV, and XLVI 5-oxa 11-deoxy PGE-type compounds are transformed
      to monoalkanoates; the formula XXVII-XXIX, XLVII, XLVIII, LI, and LII
      5-oxa PGF-type compounds are transformed to trialkanoates; the formula
      XXX-XXXII, XLIX, L, LIII, and LIV 5-oxa 11-deoxy PGF-type compounds are
      transformed to dialkanoates; the formula XXXIII-XXXV and LV-LVIII 5-oxa
      PGA-type compounds and the formula XXXVI-XXXVIII and LIX-LXII 5-oxa
      PGB-type compounds are transformed to monoalkanoates.
PAR  When a PGE-type mono- or dialkanoate is transformed to a PGF-type compound
      by carbonyl reduction as shown in Chart H, a corresponding PGF-type mono-
      or dialkanoate is formed. The product is used as such or is transformed to
      a di- or trialkanoate by the above-described procedure. The additional
      alkanoyloxy group can be the same or different than the alkanoyloxy group
      or groups present before the carbonyl reduction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention can be more fully understood by the following examples and
      preparations:
PAR  All temperatures are in degrees centigrade.
PAR  Infrared absorption spectra are recorded on a Perkin-Elmer Model 421
      infrared spectrophotometer. Except when specified otherwise, undiluted
      (neat) samples are used.
PAR  Ultraviolet spectra are recorded on a Cary Model 15 spectrophotometer.
PAR  NMR spectra are recorded on a Varian A-60 spectrophotometer on
      deuterochloroform solutions with tetramethylsilane as an internal standard
      (downfield).
PAR  Mass spectra are recorded on an Atlas CH-4 mass spectrometer with a TO-4
      source (ionization voltage 70 ev).
PAR  The collection of chromatographic eluate fractions starts when the eluant
      front reaches the bottom of the column.
PAR  "Brine", herein, refers to an aqueous saturated sodium chloride solution.
PAR  The A-IX solvent system used in thin layer chromatography is made up from
      ethyl acetate-acetic acid- 2,2,4-trimethylpentane-water (90:20:50:100)
      according to M. Hamberg and B. Samuelsson, J. Biol. Chem. 241, 257 (1966).
PAR  "Skellysolve-B" refers to mixed isomeric hexanes.
PAR  Silica gel chromatography, as used herein, is understood to include
      elution, collection of fractions, and combination of those fractions shown
      by TLC (thin layer chromatography) to contain the desired product free of
      starting material and impurities.
TBL  ______________________________________                                    

     Preparation 1                                                             

                  Trimethyl Ortho-4-bromobutyrate,                             

                  Br--CH.sub.2 CH.sub.2 CH.sub.2 --C--(OCH.sub.3).sub.3.       

     ______________________________________                                    

PAR  Refer to S. M. McElvain et al., J. Am. Chem. Soc. 64, 1825 (1942). A
      mixture of 4-bromobutyronitrile (74 g.), 21 ml. of methanol, and 250 ml.
      of diethyl ether is treated at 0.degree. C., while stirring, with hydrogen
      bromide (40 g.) over a 30-min. period. The mixture is stirred for an
      additional 4 hr. at 0.degree. C. and then 100 ml. of hexane is added. The
      precipitated imino ester hydrobromide is separated from the liquid by
      filtration and washed with 400 ml. of diethyl ether-hexane (1:1). The
      imino ester salt is treated in 250 ml. diethyl ether with 150 ml. of
      methanol and 25 ml. of methyl orthoformate, while stirring at about
      25.degree. C. for 24 hr. The mixture is cooled to about -10.degree. C. and
      the organic solution separated from the formed ammonium bromide, together
      with 100 ml. of diethyl ether rinse. The solution is immediately and
      quickly washed with an ice-cold solution prepared from potassium carbonate
      (20 g.) and 300 ml. of brine. The organic phase is washed with brine,
      treated with 3 drops of pyridine, and dried over anhydrous magnesium
      sulfate. The solution is concentrated under reduced pressure, diluted with
      150 ml. of benzene, and again concentrated. The residue is distilled to
      yield the title compound 66.0 g., b.p. 60.degree.-62.degree. C./0.5 mm.,
      having NMR peaks at 3.35-3.64, 3.22, 2.05-2.6, and 1.82-1.97 .delta..
PAR  Following the procedure of Preparation 1, there are prepared other
      substituted ortho-4-bromobutyrates within the scope of
      ##EQU37##
      wherein R.sub.2, R.sub.3, R.sub.4, and R.sub.5 are as defined above,
      namely R.sub.3 is hydrogen, alkyl of one to 4 carbon atoms, inclusive, or
      fluoro; R.sub.2 is hydrogen or fluoro, with the proviso that R.sub.2 is
      fluoro only when R.sub.3 is hydrogen or fluoro; and R.sub.4 and R.sub.5
      are hydrogen or alkyl of one to 4 carbon atoms, inclusive, being the same
      or different, with the proviso that no more than one of R.sub.3, R.sub.4,
      and R.sub.5 is alkyl. The appropriate halonitrile is converted to the
      corresponding imino ester hydrohalide and thence to the ortho ester.
      Chloronitriles are readily converted to bromonitriles by methods known in
      the art, for example contacting with lithium bromide in acetone.
PAR  In this way there are obtained the following substituted
      ortho-4-bromo-butyrates:
      ##EQU38##
PAR  Refer to Chart A. a. To a mixture of formula-LXIII laevorotatory (-)
      3.alpha.-hydroxy-5.alpha.-hydroxy-4-iodo-2.beta.-methoxymethyl-
      1.alpha.-cyclopentaneacetic acid .gamma.-lactone (E. J. Corey et al., J.
      Am. Chem. Soc. 92, 297 (1970), 75 g.) in 135 ml. of dry pyridine under a
      nitrogen atmosphere is added 30.4 ml. of benzoyl chloride with cooling to
      maintain the temperature at about 20.degree.-40.degree. C. Stirring is
      continued for an additional 30 min. About 250 ml. of toluene is added and
      the mixture concentrated under reduced pressure. The residue is dissolved
      in one liter of ethyl acetate, washed with 10% sulfuric acid, brine,
      aqueous saturated sodium bicarbonate, and brine. The ethyl acetate
      solution is dried over sodium sulfate and concentrated under reduced
      pressure to yield an oil, 95 g. Crystallization of the oil yields the
      corresponding formula-LXIV 3.alpha.-benzoyloxy compound, m.p.
      84.degree.-86.degree. C.; [.alpha.].sub.D +7.degree. (CHCl.sub.3);
      infrared spectral absorptions at  1768, 1722, 1600, 1570, 1490, 1275,
      1265, 1180, 1125, 1090, 1060, 1030, and 710 cm.sup.-.sup.1 ; and NMR
      (nuclear magnetic resonance) peaks at 2.1-3.45, 3.3, 3.58, 4.38, 5.12,
      5.51, 7.18-7.58, and 7.83-8.05 .delta..
PAR  b. The iodo group is removed as follows. To a solution of the above
      benzoyloxy compound (60 g.) in 240 ml. of dry benzene is added
      2,2'-azobis-(2-methylpropionitrile) (approximately 60 mg.). The mixture is
      cooled to 15.degree. C. and to it is added to a solution of 75 g.
      tributyltin hydride in 600 ml. of ether, with stirring, at such a rate as
      to maintain continuous reaction at about 25.degree. C. When the reaction
      is complete as shown by TLC (thin layer chromatography) the mixture is
      concentrated under reduced pressure to an oil. The oil is mixed with 600
      ml. of Skellysolve B (mixed isomeric hexanes) and 600 ml. of water and
      stirred for 30 min. The water layer, containing the product, is separated,
      then combined with 450 ml. of ethyl acetate and enough solid sodium
      chloride to saturate the aqueous phase. The ethyl acetate layer, now
      containing the product, is separated, dried over magnesium sulfate, and
      concentrated under reduced presssure to an oil, 39 g. of the formula-LXV
      iodine-free compound. An analytical sample gives [.alpha.].sub.D
      -99.degree. (CHCl.sub.3); infrared spectral absorptions at 1775, 1715,
      1600, 1585, 1490, 1315, 1275, 1180, 1110, 1070, 1055, 1015, and 715
      cm.sup.-.sup.1 ; NMR peaks at 2.5-3.0, 3.25, 3.34, 4.84-5.17, 5.17-5.4,
      7.1-7.5, and 7.8-8.05 .delta.; and mass spectral peaks at 290, 168, 105,
      and 77.
PAR  c. The 2.beta.-methoxymethyl compound is changed to the formula-LXVI
      hydroxymethyl compound as follows. To a cold (0.5.degree. C.) solution of
      the above iodine-free methoxymethyl lactone (20 g.) in 320 ml. of
      dichloromethane under nitrogen is added a solution of 24.8 ml. of boron
      tribromide in 320 ml. of dichloromethane, dropwise with vigorous stirring
      over a period of 50 min. at 0.degree.-5.degree. C. Stirring and cooling
      are continued for 1 hr. When the reaction is complete, as shown by TLC,
      there is cautiously added a solution of sodium carbonate (78 g.)
      monohydrate in 200 ml. of water. The mixture is stirred at
      0.degree.-5.degree. C. for 10- 15 min., saturated with sodium chloride,
      and the dichloromethane layer separated. Additional dichloromethane
      extractions of the water layer are combined with the main dichloromethane
      solution. The combined solutions are rinsed with brine, dried over sodium
      sulfate and concentrated under reduced pressure to an oil, 18.1 g. of the
      formula-LXVI 2.beta.-hydroxymethyl compound. An analytical sample has m.p.
      116.degree.-118.degree. C.; [.alpha.].sub.D -80.degree. (CHCl.sub.3);
      infrared spectral absorptions at 3460, 1735, 1708, 1600, 1580, 1490, 1325,
      1315, 1280, 1205, 1115, 1090, 1070, 1035, 1025, 730, and 720; and NMR
      peaks at 2.1-3.0, 3.58, 4.83-5.12, 5.2-5.45, 7.15-7.55, and 7.8-8.0
      .delta..
PAR  d. The title 2.beta.-carboxaldehyde compound is prepared as follows. To a
      mixture of 250 ml. of dichloromethane and Collins' reagent prepared from
      chromium trioxide (10.5 g.) and 16.5 ml. of pyridine, cooled to 0.degree.
      C., a cold solution of the hydroxymethyl compound of step c (5.0 g.) in 50
      ml. of dichloromethane is added, with stirring. After 7 min. of additional
      stirring, the formula-LXVII title intermediate is obtained and is used
      directly without isolation (see Preparation 3).
PAR  Following the procedures of Preparation 2, but replacing that optically
      active formula-LXIII iodolactone with the racemic compound of that formula
      and the mirror image thereof (see E. J. Corey et al., J. Am. Chem. Soc.
      91, 5675 (1969)) there is obtained the racemic compound corresponding to
      formula LXVII.
TBL  ______________________________________                                    

     Preparation 3                                                             

                2.beta.-[(3S)-3[(Tetrahydropyran-2-yl)oxy]-                    

                trans-1-octenyl]-5.alpha.-hydroxy-3.alpha.-[(tetra-            

                hydropyran-2-yl)oxy]-1.alpha.-cyclopentane-                    

                acetaldehyde, .gamma.-Lactol (Formula LXXII:                   

                Q.sub.3 is HOTHP, R.sub.8 and R.sub.9 are hydrogen,            

                R.sub.11 is n-butyl, and R.sub.13 is THP).                     

     ______________________________________                                    

PAR  Refer to Chart A. a. Compound LXVIII is prepared as follows. There is first
      prepared a solution of the anion of dimethyl 2-oxoheptyl phosphonate (E.
      J. Corey et al., J. Am. Chem. Soc. 90, 3247 (1968)). The phosphonate (8.0
      g.) is added in portions over a 2-3 min. period to a stirred mixture of
      sodium hydride (1.75 g. of 50%) in 250 ml. of dry tetrahydrofuran under
      nitrogen previously cooled to 5.degree. C. Stirring is continued at about
      25.degree. C. for at least 1 hr. and the mixture is cooled to 0.degree. C.
      There is then added a benzene solution of the formula-LXVII aldehyde and
      stirring is continued for 1.5 hr. at about 25.degree. C. Then about 3 ml.
      of acetic acid is added dropwise and the mixture is concentrated under
      reduced pressure. The residue is taken up in 400 ml. of ethyl acetate,
      washed with water and brine, dried over sodium sulfate, and concentrated
      under reduced pressure. The residue is dissolved in 50 ml. of
      dichloromethane and chromatographed on silica gel (500 g.) by elution
      gradient with 25-30% ethyl acetate in Skellysolve B. Those fractions shown
      by TLC (R.sub.f =0.58 in the A-IX system) to be free of starting material
      (R.sub.f =0.31) are combined and concentrated to an oil of the
      formula-LXVIII compound, 4.0 g. The oil yields crystals, m.p. 63-65 C.,
      [.alpha.].sub.D = -84.degree. (CHCl.sub.3); infrared spectral absorptions
      at 1775, 1720, 1670, 1630, 1600, 1585, 1490, 1315, 1275, 1175, 1115, 1070,
      1050, 1025, 980, and 715 cm.sup.-.sup.1., NMR peaks at 0.7-1.9, 2.2-3.1,
      4.9-5.45, 6.17, 6.71, 7.2-7.6, and 7.8-8.1 .delta.; and mass spectral
      peaks at 370, 314, 248, 192, and 177.
PAR  b. To a mixture of zinc borohydride prepared from zinc chloride (anhydrous,
      19 g.) and sodium borohydride (4.3 g.) in 120 ml. of dry
      1,2-dimethoxyethane under nitrogen stirred for 20 hr. and then cooled to
      -20.degree. C., is added the formula-LXVIII ketone above (10.5 g.) in 55
      ml. of 1,2-dimethoxyethane. The mixture is stirred at -20.degree. C. for
      17 hr., warmed to room temperature and stirred until reaction is complete
      as shown by TLC. The mixture is cooled to 0.degree.-5.degree. C., and 30
      ml. of water added dropwise. After hydrolysis is complete, the mixture is
      shaken with 200 ml. of ethyl acetate and separated. The ethyl acetate
      layer is washed with brine, dried over sodium sulfate, and concentrated
      under reduced pressure to 11.6 g. product. The .alpha. and .beta. isomers
      are separated by chromatography on a silica gel column by gradient elution
      with 35-60% ethyl acetate in Skellysolve B. Fractions containing the
      .alpha. or .beta. isomers, as shown by TLC, are combined and concentrated
      to yield, respectively, 5.1 g. of formula-LXIX product where Q.sub.2 is
      ##EQU39##
      and 4.15 g. of formula-LXIX product where Q.sub.2 is
      ##EQU40##
      The LXIX-.alpha. product has m.p. 71.degree.-72.degree. C.,
      [.alpha.].sub.D -68.degree. (CHCl.sub.3); infrared spectral absorption at
      3480, 1720, 1600, 1585, 1490, 1315, 1275, 1175, 1115, 1070, 1050, 1025,
      970, and 715; NMR peaks at 0.6-1.6, 1.9-3.0, 3.85-4.17, 4.85-5.35,
      5.45-5.68, 7.2-7.55, and 7.8-8.05 .delta.; and mass spectral peaks at 301,
      250, 179, and 105. The LXIX-.alpha. product has m.p. 77.degree.-78.degree.
      C., [.alpha.].sub.D -86.degree. (CHCl.sub.3); and infrared and NMR spectra
      essentially identical with the LXIX-.alpha. product.
PAR  c. To a solution of the formula-LXIX benzoyloxy .alpha.-hydroxyoctenyl
      compound above (18 g.) in 210 ml. of methanol under nitrogen is added
      potassium carbonate (6.75 g.) and the mixture is stirred vigorously for 1
      hr. About 210 ml. of chloroform is added and the mixture is filtered. The
      filtrate is concentrated under reduced pressure to a volume of about 50
      ml., then made up to a volume of about 230 ml. with chloroform, washed
      with brine, dried over sodium sulfate, filtered and concentrated under
      reduced pressure to an oil 10.7 g. The oil is triturated with Skellysolve
      B, then concentrated to the formula-LXX compound wherein Q.sub.2 is
      ##EQU41##
      An analytical sample has [.alpha.].sub.D -7.degree. (CHCl.sub.3); infrared
      spectral absorption at 3390, 1760, 1175, 1085, 1035, 970, and 905
      cm.sup.-.sup.1 ; and NMR peaks at 0.9, 1.0-1.7, 1.8-2.9, 3.8-4.2, 4.7-5.0,
      and 5.4-5.6 .delta..
PAR  d. There is next prepared the formula-LXXI bis(tetrahydropyranyl ether).
      The formula-LXX compound above (10.0 g.) is treated with 20 ml. of
      dihydropyran in 120 ml. of dichloromethane in the presence of pyridine
      hydrochloride (0.12 g.). After about 2.5 hr. the mixture is filtered,
      washed with dilute aqueous potassium bicarbonate, dried and concentrated
      to give the formula-LXXI compound wherein Q.sub.3 is
      ##EQU42##
      (see Corey et al., op. cit.).
PAR  e. To a solution of above lactone LXXI in 250 ml. of toluene at -78.degree.
      C. is added dropwise, while stirring, diisobutylaluminum hydride (12.5 ml.
      in 60 ml. of toluene). Stirring is continued at -78.degree. C. for 1 hr.,
      whereupon a solution of 3 ml. of tetrahydrofuran and 1 ml. of water is
      added cautiously. After the mixture is stirred an additional 0.5 hr. at
      about 25.degree. C., it is diluted with benzene and filtered. The filtrate
      is washed with brine, dried, and concentrated to the formula-LXXII title
      compound (18 g.). See Corey et al., op. cit.
PAR  Following the procedures of steps c, d, and e above, but employing the
      formula-LXIX benzoyloxy .beta.-hydroxyoctenyl compound from step b, there
      are obtained the corresponding formula-LXX, LXXI, and LXII compounds
      wherein Q.sub.2 is
      ##EQU43##
PAR  Likewise following the procedures of Preparation 3, but replacing the
      dimethyl 2-oxoheptylphosphonate of that preparation with the various
      phosphonates within the scope of
      ##EQU44##
      wherein C.sub.g H.sub.2g is alkylene of one to 9 carbon atoms, inclusive,
      with one to 5 carbon atoms, inclusive, in the chain between --CR.sub.8
      R.sub.9 -- and terminal methyl, and wherein R.sub.8 and R.sub.9 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.9 is fluoro only when
      R.sub.8 is hydrogen or fluoro, there are obtained the corresponding
      formula-LXXII optically active .gamma.-lactols and their racemic compounds
      wherein Q.sub.3 is either
      ##EQU45##
      Those phosphonates are prepared by methods described herein or known in
      the art, utilizing for example the following aliphatic acid esters within
      the scope of
      ##EQU46##
      wherein C.sub.g H.sub.2g, R.sub.8 , and R.sub.9 are as defined above,
      R.sub.18 is methyl or ethyl:
PA1  methyl butyrate
PA1  ethyl 2-methylbutyrate
PA1  methyl valerate
PA1  methyl 2-ethylvalerate
PA1  ethyl 3-methylhexanoate
PA1  methyl 2,3-diethylhexanoate
PA1  ethyl 4-ethylhexanoate
PA1  methyl heptanoate
PA1  methyl 3-methylheptanoate
PA1  methyl 6-methylheptanoate
PA1  ethyl octanoate
PA1  methyl nonanoate
PA1  methyl 3-propylnonanoate
PA1  methyl 2-fluorobutyrate
PA1  ethyl 2,2-difluorobutyrate
PA1  methyl 2-fluoro-3-methylbutyrate
PA1  ethyl 2-fluorovalerate
PA1  methyl 2,2-difluorohexanoate
PA1  methyl 2-fluoro-3-methylhexanoate
PA1  ethyl 4-ethyl-2-fluorohexanoate
PA1  methyl 2-fluoroheptanoate
PA1  methyl 2-fluoro-6-methylheptanoate
PA1  methyl 2,2-difluoro-3-methylheptanoate
PA1  ethyl 2-fluorooctanoate
PA1  methyl 2,2-difluorononanoate and
PA1  methyl 2-fluoro-3-propylnonanoate.
PAL  For example, methyl heptanoate yields dimethyl 2-oxooctylphosphonate and,
      thence, the formula-LXXII[2.beta.- 3(S) or
      (R)-3-[(tetrahydropyran-2-yl)oxy]-trans-1-nonenyl]-5.alpha.-hydroxy-3.alph
     a.-[(tetrahydropyran-2-yl)oxy]-1.alpha.-cyclopentaneacetaldehyde,
      .gamma.-lactol. Likewise, methyl 2,2-difluorohexanoate yields dimethyl
      2-oxo-3,3-difluoro-heptylphosphonate and, thence, the formula-LXXII
      2.beta.-[3(S) or
      (R)-3-[(tetrahydropyran-2-yl)oxy]-4,4-difluoro-trans-1-octenyl]-5.alpha.-h
     ydroxy-3.alpha.-[(tetrahydropyran-2-yl)oxyl]-1.alpha.-cyclopentaneacetaldeh
     yde, .gamma.-lactol.
PAR  When the phosphonate contains an asymmetric carbon atom, e.g. when the
      methylene between the carbonyl and C.sub.g H.sub.2g is substituted with
      only one methyl or ethyl group, the phosphonate exists in either of two
      optically active forms (+ or -) or their racemic (dl) mixture. An
      optically active phosphonate is obtained by starting with an appropriate
      optically active isomer of the aliphatic acid. Methods of resolving these
      acids are known in the art, for example by forming salts with an optically
      active base such as brucine, separating the resulting diastereomers, and
      recovering the acids,
PAR  Following the procedure of Preparation 3 employing the optically active
      aldehyde LXVII of that example, each optically active phosphonate obtained
      from the list of aliphatic acid esters above in the second paragraph
      following Preparation 3 yields a corresponding optically active
      formula-LXXII .gamma.-lactol.
PAR  Likewise following the procedure of Preparation 3, employing the optically
      active aldehyde LXVII of that example, each racemic phosphonate obtained
      from the above-mentioned list of aliphatic acid esters yields a pair of
      diastereomers, differing in their stereochemistry at the fourth carbon of
      the alkyl-terminated side-chain. These diastereomers are separated by
      conventional methods, e.g. by silica gel chromatography.
PAR  Again following the procedure of Preparation 3, employing the optically
      active aldehyde LXVII of that example, each of the optically inactive
      phosphonates obtained from the list of aliphatic acid esters above wherein
      there is no asymmetric carbon atom, i.e. R.sub.8 and R.sub.9 are the same,
      yields a corresponding optically active formula-LXXII .gamma.-lactol.
PAR  Replacing the optically active aldehyde LXVII with the racemic aldehyde
      obtained after Preparation 2, and following the procedure of Preparation 3
      using each of the optically active phosphonates described above, there is
      obtained in each case a pair of diastereomers which are separated by
      chromatography.
PAR  Likewise following the procedure of Preparation 3, employing the racemic
      aldehyde with each of the racemic phosphonates  described above, there are
      obtained in each case two pairs of 3-oxo racemates which are separated
      into pairs of racemic compounds by methods known in the art, e.g. silica
      gel chromatography.
PAR  Again following the procedure of Preparation 3, employing the racemic
      aldehyde with each of the optically inactive phosphonates described above,
      there are obtained in each case a racemic product corresponding to formula
      LXXII.
TBL  ______________________________________                                    

     Preparation 4                                                             

              2.beta.-[(3S)-4-Methyl-3-[(tetrahydropyran-2-yl)-                

              oxy]-trans-1-octenyl]-5.alpha.-hydroxy-3.alpha.-[(tetra-         

              hydropyran-2-yl)oxy]1.alpha.-cyclopentaneacetal-                 

              dehyde, .gamma.-Lactol (Formula LXXII: Q.sub.3 is                

              HOTHP, R.sub.8 is methyl, R.sub.9 is hydrogen,                   

              R.sub.11 is n-butyl, and R.sub.13 is THP).                       

     ______________________________________                                    

PAR  Refer to Chart A. a. There is first prepared racemic dimethyl
      2-oxo-3-methylheptylphosphonate,
      ##EQU47##
      n-Butyllithium (150 ml.) is slowly added to a solution of dimethyl
      methylphosphonate (25.6 g.) in 475 ml. of tetrahydrofuran (THF) at about
      -65.degree. C. To the mixture is added a solution of racemic ethyl
      2-methylhexanoate (18.4 g.) in 50 ml. of THF, and the resulting mixture is
      stirred at -70.degree. C. for 2 hr. Then 16 ml. of acetic acid is added
      and the mixture is concentrated under reduced pressure. The residue is
      mixed with dichloromethane (about 400 ml.) and water (about 50 ml.)
      shaken, and separated. The organic phase is dried over magnesium sulfate
      and concentrated. Distillation yields the desired phosphonate, 16.7 g.,
      b.p. 126-129.degree. C./1 mm.
PAR  b. Following the procedures of Preparation 3, but replacing the dimethyl
      2-oxoheptylphosphonate of that preparation with the above racemic dimethyl
      2-oxo-3-methylheptylphosphonate, there are obtained the corresponding
      formula-LXVIII, LXIX, LXX, LXXI, and LXXII compounds wherein R.sub.8 is
      methyl and R.sub.9 is hydrogen. See German Offenlegungsschrift 2217044,
      Derwent Reference No. 71483T-B.
PAR  Likewise following the procedures of Preparation 4 but replacing racemic
      ethyl 2-methylhexanoate with the ethyl esters of the (+) and (-) isomers
      of 2-methylhexanoic acid (see P.A. Levene et al., J. Biol. Chem. 70, 211
      (1926) and 84, 571 (1929)) there are obtained the corresponding optically
      active (+) and (-) phosphonates and thence the optically active title
      compounds. Alternatively, the phosphonate is prepared by reaction of a
      mixed anhydride instead of an ester. See Fieser et al., "Reagents for
      Organic Synthesis", Vol. I, John Wiley and Sons, Inc, New York, 1967, p.
      86. Thus, the (+ ) and (-) isomers of
      ##EQU48##
      with butyllithium and dimethyl methylphosphonate yield the respective (+)
      and (-) phosphonates.
PAR  Likewise following the procedures of Preparation 4 but replacing ethyl
      2-methylhexanoate with optically active or racemic ethyl 2-ethylhexanoate,
      there are obtained the corresponding optically active or racemic
      phosphonates and thence the corresponding formula-LXXII compounds wherein
      R.sub.8 is ethyl and R.sub.9 is hydrogen.
TBL  ______________________________________                                    

     Preparation 5                                                             

              2.beta.-[(3S)-4,4-Dimethyl-3-[(tetrahydro-                       

              pyran-2-yl)oxy]-trans-1-octenyl]-5.alpha.-                       

              hydroxy-3.alpha.-[(tetrahydropyran-2-yl)oxy]-                    

              1.alpha.-cyclopentaneacetaldehyde, .gamma.-Lactol                

              (Formula LXXII: Q.sub.3 is HOTHP, R.sub.8 and                    

              R.sub.9 are methyl, R.sub.11 is n-butyl, and R.sub.13 is         

              THP).                                                            

     ______________________________________                                    

PAR  Refer to Chart A. a. There is first prepared dimethyl
      2-oxo-3,3-dimethylheptylphosphonate
      ##EQU49##
      n-Butyllithium (400 ml.) is slowly added to a solution of dimethyl
      methylphosphonate (73.7 g) in 1.3 1. of tetrahydrofuran (THF) at about
      -66.degree. C. To the mixture is added a solution of ethyl
      2,2-dimethylhexanoate (53 g.) in 150 ml. of THF, and the resulting mixture
      is stirred at -70.degree. C. for 2 hr. Then 46 ml. of acetic acid is added
      and the mixture is concentrated under reduced pressure. The residue is
      mixed with portions of dichloromethane (about 1.2 1.) and water (about 150
      ml.), shaken, and separated. The organic phase is dried over magnesium
      sulfate and concentrated. Distillation yields the desired phosphonate,
      41.6 g., b.p. 117.degree.-120.degree.C./1 mm.
PAR  b. Following the procedures of Preparation 3, but replacing the dimethyl
      2-oxoheptylphosphonate of that preparation with the above dimethyl
      2-oxo-3,3-dimethylheptylphosphonate, there are obtained the corresponding
      formula-LXVIII, LXIX, LXX, LXXI, and LXXII compounds wherein R.sub.8 and
      R.sub.9 are methyl. See German Offenlegungsschrift No. 2217044, Derwent
      Reference No. 71483T-B.
TBL  ______________________________________                                    

     Preparation 6                                                             

              2.beta.-[(3S)-3[(Tetrahydropyran-2-yl)oxy]-                      

              trans-1-cis-5-octadienyl]-5.alpha.-hydroxy-3.alpha.-             

              [(tetrahydropyran-2-yl)oxy]-1.alpha.-cyclo-                      

              pentaneacetaldehyde, .gamma.-Lactol (Formula                     

              LXXIII of Chart B: Q.sub.3 is HOTHP, R.sub.13                    

              is THP, and R.sub.14 is --CH.sub.2 C.sub.2 H.sub.5).             

              .angle.C=C.angle.                                                

              HH                                                               

     ______________________________________                                    

PAR  Refer to E. J. Corey et al., J. Am. Chem. Soc. 93, 1490 (1971). A solution
      of the hydroxy (S) - (+) phosphonium salt
      ##EQU50##
      (6.6 g.) in 20 ml. of tetrahydrofuran is stirred under nitrogen with 2
      equivalents of methyllithium first at about -70.degree. C., then at
      -25.degree. C. for about 30 min. The mixture is cooled to -78.degree. C.
      and to it is added a solution of the
      2.beta.-carboxaldehyde-3.alpha.-[(tetrahydropyran-2-yl)-oxy]-5.alpha.-hydr
     oxy-1.alpha.-cyclopentaneacetic acid, .gamma.-lactone (2.5 g.) in 20 ml. of
      tetrahydrofuran. The mixture is stirred at about -78.degree. C. for 5
      min., then at 0.degree. C. for 30 min. The product is separated by
      extraction into benzene, washing the benzene solution with dilute
      hydrochloric acid and water, drying over sodium sulfate, and
      concentrating. The residue is chromatographed on silica get to yield the
      lactone. The bis(tetrahydropyranyl ether) is obtained in the conventional
      way using dihydropyran and pyridine hydrochloride. Treatment of the
      product with 2 equivalents of diisobutylaluminum hydride in toluene at
      -60.degree. C. for 20  min., followed by separation, yields the title
      compound.
TBL  ______________________________________                                    

     Preparation 7                                                             

              2.beta.-[(3S)-3-Methoxy-trans-1-octenyl]-5.alpha.-               

              hydroxy-3.alpha.-[(tetrahydropyran-2-yl)oxy]-                    

              1.alpha.-cyclopentaneacetaldehyde, .gamma.-Lactol                

              (Formula LXXXII: Q.sub.4 is HOCH.sub.3, R.sub.13 is              

              THP, and R.sub.14 is n-pentyl).                                  

     ______________________________________                                    

PAR  Refer to Chart D. A mixture of the formula-LXXX alpha hydroxy compound
      wherein Q.sub.2 is
      ##EQU51##
      R.sub.13 is THP, and R.sub.14 is n-pentyl (2.0 g.), silver oxide (4.0 g.)
      and 50 ml. of methyl iodide is stirred and heated at reflux for 68 hr. The
      mixture is cooled and filtered, and the filtrate concentrated to a
      residue, 2.0 g. The residue is subjected to silica gel chromatography to
      yield the formula-LXXXI compound.
PAR  Thereafter following the procedures of Preparation 3 step e there is
      obtained the formula-LXXXII title compound .gamma.-lactol.
TBL  ______________________________________                                    

     Preparation 8                                                             

              2.beta.-[(3S)-3-[(Tetrahydropyran-2-yl)oxy]-                     

              3-methyl-trans-1-octenyl]-5.alpha.-hydroxy-3.alpha.-             

              [(tetrahydropyran-2-yl)oxy]-1.alpha.-cyclopentane-               

              acetaldehyde, .gamma.-Lactol (Formula LXXXVII:                   

              Q.sub.6 is CH.sub.3 OTHP, R.sub.8 and R.sub.9 are hydrogen,      

              R.sub.11 is n-butyl, and R.sub.13 is THP).                       

     ______________________________________                                    

PAR  Refer to Chart E. A solution of the formula-LXVIII oxo compound wherein
      R.sub.8 and R.sub.9 are hydrogen, R.sub.11 is n-butyl, and R.sub.12 is
      benzoyl (Preparation 3, 0.2 g.) in 15 ml. of tetrahydrofuran is treated,
      with stirring at -78.degree. C., with 3M methyl magnesium bromide in
      ether, added dropwise. After 2 hr. there is added dropwise to the mixture
      at -78.degree. C. 10 ml. of saturated aqueous ammonium chloride. The
      mixture is warmed to 25.degree. C. and diluted with diethyl ether and
      water. The organic phase is washed with brine, dried and concentrated to
      the mixed 15R and 15S formula-LXXXIV compounds, an oil, 0.21 g., having
      R.sub.f 0.2 (TLC on silica gel plate in 50% ethyl acetate-Skellysolve B).
PAR  Thereafter, following the procedures of Preparation 3 steps c-e and
      employing the alpha-hydroxy compound, there are obtained the formula-LXXXV
      and LXXXVI compounds and finally the formula-LXXXVII title compound.
TBL  ______________________________________                                    

     Preparation 9                                                             

              2.beta.-[(3S)-3-[(Tetrahydropyran-2-yl)oxy]-                     

              trans-1-octenyl]-5.alpha.-hydroxy-1.alpha.-cyclo-                

              pentaneacetaldehyde, .gamma.-Lactol (Formula                     

              CVI: Q.sub.3 is HOTHP, R.sub.8 and R.sub.9 are hydro-            

              gen, and R.sub.11 is n-butyl).                                   

     ______________________________________                                    

PAR  a. Refer to Chart I. The formula-CII starting material, 3,3a.beta.,
      4.alpha., 5, 6,
      5a.beta.-hexahydro-2-oxo-2H-cyclopenta[b]furan-4-carboxaldehyde is first
      prepared in optically active form. A solution of the racemic compound (E.
      J. Corey et al., Tetrahedron Lett. No. 49, 4753 (1971) 15.4 g.) and
      1-ephedrine (16.5 g.) in 150 ml. of benzene is concentrated under reduced
      pressure to a residue. The residue is triturated with diethyl ether and
      then dissolved in isopropyl ether. The solution is chilled to yield
      crystals of one of the diastereomeric oxazolidines. The oxazolidine is
      hydrolyzed to the oxo compound and ephedrine by contact with water,
      preferably with an acid catalyst, as is known in the art (see Elderfeld
      Heterocyclic Compounds, Vol. 5, page 394, Wiley, N.Y. 1957). Thus, the
      above oxazolidine (1.3 g.) is stirred in a solution of
      tetrahydrofuran-water-acetic acid (25 ml.: 25 ml.: 5 ml.) for 4 hr. at
      about 25.degree. C. under nitrogen. The solvents are removed under reduced
      pressure and the residue is mixed with 25 ml. of water. The mixture is
      extracted several times with benzene, and the combined benzene layers are
      washed with water, dried over sodium sulfate, and concentrated under
      reduced pressure to yield an optically active isomer of the formula-CII
      compound; called "the isomer of Preparation 9a" herein. Following the
      procedure of part a above, but replacing 1-ephedrine with d-ephedrine,
      there is obtained another diastereomeric oxazolidine which yields on
      hydrolysis an enantiomer of the isomer above; called "the isomer of
      Preparation 9a'"  herein.
PAR  b. The formula-CIII compound is next prepared from dimethyl
      2-oxoheptylphosphonate, following the procedure of Preparation 3a above,
      but replacing the formula-LXVII aldehyde of that preparation with the
      formula-CII isomer of negative rotation of Preparation 9a above.
PAR  c. The formula-CIV compound is obtained by reduction of the product of step
      b using zinc borohydride and following the procedure of Preparation 3b.
      The .alpha. and .beta. isomers so obtained are separated and treated
      below.
PAR  d. The formula-CV tetrahydropyranyl ether is obtained from the
      .alpha.-isomer of part c following the procedure of Preparation 3d.
PAR  e. The title formula-CVI .gamma.-lactol is finally obtained by reduction of
      the product of step d following the procedure of Preparation 3e.
PAR  Following the procedures of Preparation 9 steps d and e, but employing the
      .beta. isomer of part c above, there are obtained the corresponding
      formula-CV and -CVI compound wherein Q.sub.4 is
      ##EQU52##
PAR  Following the procedures of Preparation 9, steps b-e but replacing the
      dimethyl 2-oxoheptylphosphonate of that preparation with the
      various-phosphonates within the scope of
      ##EQU53##
      wherein C.sub.g H.sub.2g, R.sub.8, and R.sub.9 are as defined above,
      including the specific examples listed following Preparation 3 and in
      Preparations 4 and 5, there are obtained the corresponding formula-CIII,
      CIV, and CVI compounds wherein Q.sub.2 and Q.sub.3 are in either the
      .alpha. or .beta. configuration. For example, there are obtained the
      following formula-CVI compounds:
      ##EQU54##
PAR  Likewise following the procedures of Preparation 9 steps b-e but replacing
      the optically active formula-CII aldehyde of that preparation with the
      corresponding racemic compound and employing the various phosphonates
      within the scope of
      ##EQU55##
      including the specific examples in and following Preparations 3, 4, and 5,
      there are obtained the racemic compounds corresponding to the
      formula-CIII, CIV, CV, and CVI compounds.
TBL  ______________________________________                                    

     Preparation 10                                                            

               2.beta.-[3(S)-3[(Tetrahydropyran-2-yl)oxy]-                     

               trans-1-cis-5-octadienyl]-5.alpha.-hydroxy-1.alpha.-            

               cyclopentaneacetaldehyde, .gamma.-Lactol                        

               (Formula CVII of Chart J: Q.sub.3 is H OTHP                     

               and R.sub.14 is --CH.sub.2 C.sub.2 H.sub.5                      

               .angle.C=C.angle.).                                             

               HH                                                              

     ______________________________________                                    

PAR  Following the procedure of Preparation 6 but replacing the
      2.beta.-carboxaldehyde of that preparation with the formula-CII
      3,3a.beta., 4.alpha., 5, 6, 6a.beta.-hexahydro-2-oxo-2H-cyclopenta
      [b]-furan-4-carboxaldehyde (step a of Preparation 9, isomer of negative
      rotation) there is obtained the title compound.
TBL  ______________________________________                                    

     Preparation 11                                                            

               2.beta.-[(3S)-5-Phenyl-3-[(tetrahydropyran-2-                   

               yl)oxy]-trans-1-pentenyl]-5.alpha.-hydroxy-3.alpha.-            

               [(tetrahydropyran-2-yl)oxy]-1.alpha.-cyclopent-                 

               aneacetaldehyde, .gamma.-Lactol (Formula LXXII:                 

               Q.sub.3 is HOTHP, R.sub.8 and R.sub.9 are hydrogen, R.sub.11    

               is and R.sub.13 is THP).                                        

     ______________________________________                                    

PAR  a. Refer to Chart A. The phosphonate anion (ylid) is first prepared as
      follows. Dimethyl 2-oxo-4-phenylbutylphosphonate (prepared by methods
      known in the art from dimethyl methylphosphonate and ethyl
      3-phenylpropionate in the presence of butyllithium) (14.28 g.) is added to
      a suspension of sodium hydride (2.7 g.) in 250 ml. of tetrahydrofuran and
      stirring continued for 2 hr.
PAR  To the above suspension at 0.degree. C. is added the formula-LXVII
      aldehyde, obtained without isolation from the formula-LXVI hydroxymethyl
      compound (Preparation 2, 6.0 g.) in benzene. The mixture is stirred for 2
      hr., acetic acid (1.5 ml.) is added, and the mixture is concentrated under
      reduced pressure. The residue is taken up in ethyl acetate, washed with
      brine, dried and concentrated. Silica gel chromatography yields the
      formula-LXVIII compound, wherein R.sub.8, R.sub.9, R.sub.11, and R.sub.12
      are defined in the heading above, 2.73 g., m.p. 118.degree.-119-5.degree.
      C., and having .lambda..sub.max EtOH 229 m.mu. (26,700), 264 m.mu. (1200),
      268 m.mu. (1150), 274 m.mu., (1100), and 281 m.mu. (886).
PAR  b. To a mixture of zinc borohydride prepared from zinc chloride (anhydrous,
      13.6 g.) and sodium borohydride (3.0 g.) in 120 ml. of 1,2-dimethoxyethane
      under nitrogen stirred for 2 hr. and then cooled to -10.degree. C., is
      added the formula-LXVIII ketone above (8.1 g.) in 45 ml. of
      1,2-dimethoxyethane. The mixture is stirred at 0.degree. C. for 2 hr. and
      at about 25.degree. C. for 1 hr. The mixture is cooled to
      0.degree.-5.degree. C. and 19.5 ml. of water is added cautiously. After
      hydrolysis is complete, the mixture is shaken with 200 ml. of ethyl
      acetate and filtered. The filtrate is washed with brine, dried and
      concentrated under reduced pressure. The alpha and beta isomers are
      separated by silica gel chromatography, eluting with ethyl
      acetate-Skellysolve B (2:1). Fractions containing the .alpha. or .beta.
      isomers as shown by TLC, are combined and concentrated to yield,
      respectively, 3.4 g. of formula-LXIX product where Q.sub.2  is
      ##EQU56##
      and 2.75 g. of formula-LXIX product wherein Q.sub.2 is
      ##EQU57##
      The LXIX-.alpha. product has m.p. 88.degree.-90.degree. C.
PAR  c. To a solution of the formula-LXIX benzoyloxy .alpha.-hydroxy compound
      above (3.3 g.) in 38 ml. of methanol is added potassium carbonate (1.11
      g.) and the mixture is stirred for 1.3 hr. About 40 ml. of chloroform is
      added and the mixture is filtered. The filtrate is concentrated under
      reduced pressure. The residue is taken up in dichloromethane, washed with
      brine, dried, and concentrated. The residue is triturated with Skellysolve
      B and concentrated to yield the formula-LXX product (2.02 g.). The product
      crystallizes slowly on standing; m.p. 65.degree.-67.degree. C. (from ethyl
      acetate-Skellysolve B).
PAR  d. There is next prepared the formula-LXXI bis(tetrahydropyranyl ether)
      wherein Q.sub.3 is
      ##EQU58##
      R.sub.8 and R.sub.9 are hydrogen,
      ##SPC29##
PAL  and R.sub.13 is THP. The formula-LXX compound above (1.985 g.) is treated
      with 5.95 ml. of dihydropyran in 45 ml. of dichloromethane in the presence
      of p-toluene-sulfonic acid (0.033 g.). After about 25 min. the mixture is
      washed with potassium bicarbonate solution, dried, and concentrated to
      give the formula-LXXI compound (4.4 g.) free of starting material by TLC.
PAR  e. To a solution of the above lactone in 45 ml. of toluene at -78.degree.
      C. is added dropwise, while stirring, diisobutylaluminum hydride (3.9
      ml.). Stirring is continued at -78.degree. C. for 0.5 hr., whereupon a
      solution of 9 ml. of water in 17 ml. of tetrahydrofuran is added. After
      the mixture is stirred for an additional hour at about 25.degree. C. it is
      filtered. The filtrate is washed with brine, dried, and concentrated to
      yield the formula-LXXII title compound, 4.39 g., on oil.
PAR  Following the procedures of steps c, d, and e above, but employing the
      formula-LXIX .beta.-hydroxy compound from step b, there are obtained the
      formula-LXX, LXXI, and LXXII compounds wherein Q.sub.2 is
      ##EQU59##
PAR  Following the procedures of Preparation 11, but replacing the formula-LXVII
      aldehyde with the racemic compound corresponding to formula LXVII obtained
      following Procedure 2, there are obtained the racemic compounds
      corresponding to formula-LXXII.
PAR  Likewise, following the procedures of Preparation 11, but replacing the
      dimethyl 2-oxo-4-phenylbutylphosphonate of that preparation with the
      various phosphonates within the scope of
      ##EQU60##
      wherein C.sub.j H.sub.2j is a valence bond or alkylene of one to 9 carbon
      atoms, inclusive, substituted with zero, one, or 2 fluoro, with one to 6
      carbon atoms, inclusive, between --CR.sub.8 R.sub.9 -- and the ring;
      wherein T is alkyl of one to 4 carbon atoms, inclusive, fluoro, chloro,
      trifluoromethyl, or --OR.sub.10, wherein R.sub.10 is hydrogen or alkyl of
      one to 4 carbon atoms, inclusive, and s is zero, one, 2, or 3, with the
      proviso that not more than two T's are other than alkyl and when s is 2 or
      3 the T's are either the same or different, wherein R.sub.8 and R.sub.9
      are hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being
      the same or different, with the proviso that R.sub.9 is fluoro only when
      R.sub.8 is hydrogen or fluoro, there are obtained the corresponding
      formula-LXXII optically active .gamma.-lactols and their racemic compounds
      wherein Q.sub.8 is either
      ##EQU61##
      Those phosphonates are prepared by methods described herein or known in
      the art, utilizing for example the following aliphatic acid esters within
      the scope of
      ##EQU62##
      wherein C.sub.j H.sub.2j, R.sub.8, R.sub.9, s, and T are as defined above,
      and R.sub.18 is methyl or ethyl, for example:
PA1  methyl 2-phenylacetate
PA1  ethyl 2-(p-chlorophenyl)acetate
PA1  methyl 2-(o, p-dichlorophenyl)propionate
PA1  methyl 2-fluoro-2-(p-tolyl)acetate
PA1  ethyl 2-phenylhexanoate
PA1  methyl 3-(p-chlorophenyl)propionate
PA1  ethyl 3-(.alpha.,.alpha. ,.alpha. -trifluoro-p-tolyl)propionate
PA1  methyl 2-(m-methoxybenzyl)butyrate
PA1  methyl 2,2-difluoro-3-phenylpropionate
PA1  ethyl 4-phenylbutyrate
PA1  ethyl 4-(p-chlorophenyl)butyrate
PA1  methyl 4-(p-tolyl)butyrate
PA1  methyl 4-(2-chloro-4-tolyl)butyrate
PA1  methyl 2-methyl-4-(2,4-xylyl)butyrate
PA1  methyl 5-phenylpentanoate
PA1  ethyl 2,2-dimethyl-5-phenylpentanoate
PA1  ethyl 3-(phenethyl)nonanoate
PA1  methyl 6-phenylhexanoate
PA1  methyl 7-phenylheptanoate
PA1  methyl 3-phenyl-3-(n-propyl)octanoate
PAL  For example, methyl 2-phenylacetate yields dimethyl
      2-oxo-3-phenylpropylphosphonate and, thence, the formula-LXXII
      2.beta.-[(3S)-4-phenyl-3-[(tetrahydropyran-2-yl)oxy]-trans-1-butenyl]-5.al
     pha.-hydroxy-3.alpha.-[(tetrahydropyran-2-yl)oxy]-1.alpha.-cyclopentaneacet
     aldehyde, .gamma.-lactol. Likewise, ethyl 4-(p-chlorophenyl)butyrate yields
      dimethyl 2-oxo-5-(p-chlorophenyl)pentylphosphonate and, thence, the
      formula-LXXII
      2.beta.-[(3S)-6-phenyl-3-[(tetrahydropyran-2-yl)oxy]-trans-1-hexenyl]-5.al
     pha.-hydroxy-3.alpha.-[(tetrahydropyran-2-yl)oxy]-1.alpha.-cyclopentaneacet
     aldehyde, .gamma.-lactol.
PAR  When the phosphonate contains an asymmetric carbon atom, e.g. when the
      methylene between the carbonyl and C.sub.j H.sub.2j is substituted with
      only one methyl or ethyl group, the phosphonate exists in either of two
      optically active forms (+ or -) or their racemic (dl) mixture. An
      optically active phosphonate is obtained by starting with an appropriate
      optically active isomer of the aliphatic acid. Methods of resolving these
      acids are known in the art, for example by forming salts with an optically
      active base such as brucine, separating the resulting diastereomers, and
      recovering the acids.
PAR  Following the procedure of Preparation 11, employing the optically active
      aldehyde LXVII of that example, each optically active phosphonate obtained
      from the list of aliphatic acid esters above in the third paragraph
      following Preparation 11 yields a corresponding optically active
      formula-LXXII .gamma.-lactol.
PAR  Likewise following the procedure of Preparation 11, employing the optically
      active aldehyde LXVII of that example, each racemic phosphonate obtained
      from the abovementioned list of aliphatic acid esters yields a pair of
      diastereomers, differing in their stereochemistry at the fourth carbon of
      the phenoxy-terminated side-chain. These diastereomers are separated by
      conventional methods, e.g. by silica gel chromatography.
PAR  Again following the procedure of Preparation 11, employing the optically
      active aldehyde LXVII of that example, each of the optically inactive
      phosphonates obtained from the list of aliphatic acid esters above wherein
      there is no asymmetric carbon atom, i.e. R.sub.8 and R.sub.9 are the same,
      yields a corresponding optically active formula-LXXII .gamma.-lactol.
PAR  Replacing the optically active aldehyde LXVII with the racemic aldehyde
      obtained after Preparation 2, and following the procedure of Preparation
      11 using each of the optically active phosphonates described above, there
      is obtained in each case a pair of diastereomers which are separated by
      chromatography.
PAR  Likewise following the procedure of Preparation 11, employing the racemic
      aldehyde with each of the racemic phosphonates described above, there are
      obtained in each case two pairs of 3-oxo-racemates which are separated
      into pairs of racemic compounds by methods known in the art, e.g. silica
      gel chromatography.
PAR  Again following the procedure of Preparation 11, employing the racemic
      aldehyde with each of the optically inactive phosphonates described above,
      there are obtained in each case a racemic product corresponding to
      formula-LXXII.
TBL  ______________________________________                                    

     Preparation 12                                                            

                2.beta.-[(3S)-4-Phenoxy-3-8(tetrahydropyran-                   

                2-yl)-oxy]-trans-1-butenyl]-5.alpha.-hydroxy-                  

                3.alpha.-[(tetrahydropyran-2-yl)oxy]-1.alpha.-                 

                cyclopentaneacetaldehyde, .gamma.-Lactol                       

                (Formula LXXII: Q.sub.3 is HOTHP, R.sub.8 and                  

                R.sub.9 are hydrogen, R.sub.11 isand                           

                R.sub.13 is THP).                                              

     ______________________________________                                    

PAR  Refer to Chart A. a. There is first prepared dimethyl
      3-phenoxyacetonylphosphonate. A solution of dimethyl methylphosphonate (75
      g.) in 700 ml. of tetrahydrofuran is cooled to -75.degree. C. under
      nitrogen and n-butyllithium (400 ml. of 1.6 molar solution of hexane) is
      added, keeping the temperature below -55.degree. C. The mixture is stirred
      for 10 min. and to it is slowly added phenoxyacetyl chloride (44 g.),
      again keeping the temperature below -55.degree. C. The reaction mixture is
      stirred at -75.degree. C. for 2 hr., then at about 25.degree. C. for 16
      hr. The mixture is acidified with acetic acid and concentrated under
      reduced pressure. The residue is partitioned between diethyl ether and
      water, and the organic phase is dried and concentrated to the above-named
      intermediate, 82 g. Further treatment by silica gel chromatography yields
      an analytical sample having NMR peaks at 7.4-6.7 (multiplet), 4.78
      (singlet), 4.8 and 4.6 (two singlets), and 3.4-3.04 (doublet).delta..
PAR  b. The phosphonate anion (ylid) is then prepared as follows. Dimethyl
      3-phenoxyacetonylphosphonate (step a, 9.3 g.) is added in portions to a
      cold (5.degree. C.) mixture of sodium hydride (1.75 g., 50%); in 250 ml.
      of tetrahydrofuran, and the resulting mixture is stirred for 1.5 hr. at
      about 25.degree. C.
PAR  c. To the mixture of step b is added the cold solution of the formula-LXVII
      2.beta.-carboxaldehyde of Preparation 2, and the resulting mixture is
      stirred about 1.6 hr. Then 3 ml. of acetic acid is added and the mixture
      is concentrated under reduced pressure. A solution is prepared from the
      residue in 500 ml. of ethyl acetate, washed with several portions of water
      and brine, and concentrated under reduced pressure. The residue is
      subjected to silica gel chromatography, eluting with ethyl
      acetate-Skellysolve B (isomeric hexanes) (3:1). Those fractions shown by
      TLC to be free of starting material and impurities are combined and
      concentrated to yield the formula-LXVIII compound, 1.7 g.; NMR peaks at
      5.0-8.2 and 4.7 (singlet).delta..
PAR  d. Sodium borohydride (1.05 g.) is added in portions to a cold (0.degree.
      C.) mixture of zinc chloride (4.4 g.) and 35 ml. of 1,2-dimethoxyethane
      under nitrogen. Stirring is continued at about 25.degree. C. for 20 hr.
      Then the mixture is cooled to -20.degree. C. and the formula-LXVIII 3-oxo
      compound (step c, 2.6 g. in 10 ml. of 1,2-dimethoxyethane) is added. The
      mixture is stirred at -20.degree. C. for 6 hr., and at 25.degree. C. for
      30 min. The mixture is again cooled to -20.degree. C. and 5 ml. of water
      is added dropwise. The mixture is shaken with 100 ml. of brine and ethyl
      acetate and the organic layer is dried and concentrated under reduced
      pressure. The residue is chromatographed on silica gel, eluting with ethyl
      acetate-Skellysolve B (isomeric hexanes) (3:1). Those fractions shown by
      TLC to be free of starting material and impurities are combined and
      concentrated to yield the 3.alpha.-hydroxy formula-LXIX compound, 1.1 g.;
      NMR peaks at 6.6-8.0, 5.52-5.87, and 3.83 .delta.. Other fractions yield
      the more polar 3.beta.-hydroxy formula-LXIX compound, 0.8 g.; NMR at
      6.6-8.0, 5.52-5.87, and 3.83 .delta..
PAR  e. The formula-LXIX 3.alpha.-hydroxy compound (step d, 1.35 g.) in 22 ml.
      of anhydrous methanol is stirred with potassium carbonate (0.48 g.) for 1
      hr. at about 25.degree. C. Then 15 ml. of chloroform is added and the
      solvent removed under reduced pressure. A solution of the residue in 70
      ml. of chloroform is shaken with 10 ml. of water containing potassium
      hydrogen sulfate (0.5 g.), then with brine, and concentrate. The residue
      is washed with several portions of Skellysolve B (isomeric hexanes) and
      dried to yield the formula-LXX benzoyloxy-free compound, i.e.
      3.alpha.,5.alpha.-dihydroxy-2.beta.-(3.alpha.-hydroxy-4-phenoxy-trans-1-bu
     tenyl)-1.alpha.-cyclopentaneacetic acid, .gamma.-lactone, 0.4 g.
PAR  f. The formula-LXX compound from part e above is converted to the
      formula-LXXI bis(tetrahydropyranyl ether) by reaction with 0.8 ml. of
      dihydropyran in 10 ml. of dichloromethane in the presence of pyridine
      hydrochloride (about 0.03 g.). In about 2.5 hr. the mixture is filtered
      and concentrated to the formula-LXXI product, 0.6 g.; having no infrared
      absorption at 3300 cm.sup.-.sup.1.
PAR  g. The formula-LXXII title compound is prepared as follows.
      Diisobutylaluminum hydride (4.8 ml. of a 10% solution in toluene) is added
      dropwise to a stirred solution of the formula-LXXI bis(tetrahydropyranyl
      ether) from step f above in 8 ml. of toluene cooled to -78.degree. C.
      Stirring is continued at -78.degree. C. for 0.5 hr., whereupon a solution
      of 3 ml. of tetrahydrofuran and 1 ml. of water is added cautiously. After
      the mixture warms to 25.degree. C. it is filtered and the filtrate washed
      with brine, dried, and concentrated to the mixed alpha and beta hydroxy
      isomers of the formula-LXXII title compounds, 0.33 g., having infrared
      absorption at 3300 cm.sup.-.sup.1.
PAR  Following the procedures of Preparation 12 steps e-g, but using the
      formula-LXIX 3.beta.-hydroxy-4-phenoxy isomer of step d, there is obtained
      the corresponding 3.beta.-hydroxy formula-LXXII compound, i.e. wherein
      Q.sub.3 is
      ##EQU63##
PAR  Following the procedure of Preparation 12, but replacing the optically
      active formula-LXVII aldehyde with the racemic aldehyde obtained after
      Preparation 2, there is obtained the racemic 3-hydroxy-4-phenoxy-1-butenyl
      compound corresponding to formula LXXII.
PAR  Following the procedure of Preparation 12, but replacing phenoxyacetyl
      chloride in step a with each of the aliphatic acid esters or acid
      chlorides within the scope of
      ##EQU64##
      wherein R.sub.8 and R.sub.9 are hydrogen or alkyl of one to 4 carbon
      atoms, being the same or different, wherein R.sub.18 is methyl or ethyl
      and wherein T is alkyl of one to 4 carbon atoms, inclusive, fluoro,
      chloro, trifluoromethyl, or --OR.sub.10, wherein R.sub.10 is hydrogen or
      alkyl of one to 4 carbon atoms, inclusive, and s is zero, one, 2, or 3,
      with the proviso that not more than two T's are other than alkyl and when
      s is 2 or 3 the T's are either the same or different, for example:
PA1  methyl p-fluorophenoxyacetate
PA1  methyl 2-phenoxypropionate
PA1  methyl 2-methyl-2-phenoxypropionate
PA1  ethyl 2-phenoxybutyrate
PA1  methyl 2-ethyl-2-phenoxybutyrate
PA1  ethyl 2-methyl-2-phenoxybutyrate
PA1  methyl 2-(p-tolyloxy)acetate
PA1  methyl 2-(p-fluorophenoxy)propionate
PA1  ethyl 2-(o,p-dichlorophenoxy)-2-methyl-propionate
PA1  ethyl 2-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyloxy)butyrate
PA1  methyl 2-(m-methoxyphenoxy)-2-methyl-butyrate and
PA1  methyl 2-phenoxyhexanoate,
PAL  there are obtained the corresponding phosphonate and, thence, the
      formula-LXXII .gamma.-lactol.
PAR  For example, methyl 2-phenoxypropionate yields dimethyl
      2-oxo-3-phenoxybutylphosphonate and, thence, the formula-LXXII
      3.alpha.-benzoyloxy-5.alpha.-hydroxy-2.beta.-(3-hydroxy-4-phenoxy-trans-1-
     pentenyl)-1.alpha.-cyclopentaneacetic acid .gamma.-lactone. Likewise, ethyl
      2-(o,p-dichlorophenoxy)-2-methyl-propionate yields dimethyl
      2-oxo-3-(o,p-dichlorophenoxy)-3-methylbutylphosphonate and, thence, the
      formula-LXXII .gamma.-lactone.
TBL  ______________________________________                                    

     Preparation 13                                                            

                2.beta.-[(3S)-5-Phenyl-3-[(tetrahydropyran-2-                  

                yl)oxy]-trans-1-pentenyl-5.alpha.-hydroxy-1.alpha.-            

                cyclopentaneacetaldehyde, .gamma.-Lactol                       

                (Formula CVI: Q.sub.4 is HOTHP, R.sub.8 and R.sub.9            

                are hydrogen, and R.sub.11 is                                  

     ______________________________________                                    

PAR  Refer to Chart I. Following the procedures of preparation 11 but replacing
      the formula-LXVII aldehyde of that preparation with the formula-CII
      3,3a.beta.,4.alpha.,5,6,6a.beta.-hexahydro-2-oxo-2H-cyclopenta[b]
      furan-4-carboxaldehyde (step a of Preparation 9, isomer of negative
      rotation), there is obtained the title compound.
TBL  ______________________________________                                    

     Preparation 14                                                            

                2.beta.-[(3S)-4-Phenoxy-3-[(tetrahydropyran-2-                 

                yl)-oxy]-trans-1-butenyl]-5.alpha.-hydroxy-1.alpha.-           

                cyclopentaneacetaldehyde, .gamma.-Lactol (Formul-              

                la CVI: Q.sub.3 is HOTHP, R.sub.8 and R.sub.9 are              

                hydrogen, and R.sub.11 is                                      

     ______________________________________                                    

PAR  Refer to Chart I. Following the procedures of Preparation 12 but replacing
      the formula-LXVII aldehyde of that preparation with the formula-CII 3,3a-,
      4.alpha.,5,5,5a.beta.-hexahydro-2-oxo-2H-cyclopenta[b]
      furan-4-carboxaldehyde (step a of Preparation 9, isomer of negative
      rotation), there is obtained the title compound.
PAC  EXAMPLE 1
PAR  2{2.beta.-[
      (3S)-3-[Tetrahydropyran-2-yl)oxy]-trans-1-octenyl]-5.alpha.-hydroxy-3.alph
     a.-[(tetrahydropyran-2yl)-oxy]-1.alpha.-cyclopentyl}ethanol. (Formula
      LXXIV: Q.sub.3 is
      ##EQU65##
      wherein THP is tetrahydropyranyl, R.sub.13 is THP, and R.sub.14 is
      n-pentyl).
PAR  Refer to Chart B. A mixture of the formula-LXXIII
      2.beta.-[(3S)-3-[(tetrahydropyran-2-yl)oxy]-trans-1-octenyl]-5.alpha.-hydr
     oxy-3.alpha.-[(tetrahydropyran-2-yl]-1.alpha.-acetaldehyde, .gamma.-lactol
      (Preparation 3, 6.3 g.) and 50 ml. of 95% ethanol is treated at 0.degree.
      C., while stirring, with a solution of sodium borohydride (0.6 g.) in 10
      ml. of water added over a 1-minute period. The mixture is stirred at
      0.degree. C. for 10 min. and is then shaken with 20 ml. of water, 250 ml.
      of ethyl acetate, and 150 ml. of brine. The organic phase is washed with
      brine, dried, and concentrated under reduced pressure to the title
      compound, 6.3 g., having R.sub.f 0.2 (TLC on silica gel plate in 1:1 ethyl
      acetate-Skellysolve B).
PAC  EXAMPLE 2
PAR  5-Oxa-PGF.sub.1.sub..alpha., Methyl Ester, 11,15-Bis(tetrahydropyranyl
      ether) (Formula LXXV: Q.sub.3 is
      ##EQU66##
      R.sub.2, R.sub.3, R.sub.4, and R.sub.5 are hydrogen; R.sub.13 is THP; and
      R.sub.14 is n-pentyl).
PAR  Refer to Chart B. A solution of potassium t-butoxide (1.77 g.) in 30 ml. of
      tetrahydrofuran is mixed at 0.degree. C., while stirring, with a solution
      of the formula-LXXIV
      2-{2.beta.-[(3S)-3-[tetrahydropyran-2-yl)oxy]-trans-1-octenyl]-5.alpha.-hy
     droxy-3.alpha.-[(tetrahydropyran-2-yl)oxy]-1.alpha.-cyclopentyl}-ethanol
      (Example 1, 5.8 g.) in 30 ml. of tetrahydrofuran. The mixture is stirred
      at 0.degree. C. for 5 min. and then 5 ml. of trimethyl
      ortho-4-bromobutyrate (Preparation 1) is added. Stirring is continued at
      0.degree. C. for 2 hr. and at about 25.degree. C. for 16 hr. To the
      mixture is added 30 ml. of dimethylformamide and 0.5 g. of potassium
      t-butoxide and the mixture is stirred 20 hr. Some of the solvent is
      removed under reduced pressure and the residue is shaken with water and
      diethyl ether-dichloromethane (3:1). The organic phase is washed with
      water and brine, dried, and concentrated. The residue, containing the
      ortho ester, is dissolved in 60 ml. of methanol at 0.degree. C., and
      treated with 15 ml. of cold water containing 2 drops of concentrated
      hydrochloric acid. The mixture is stirred at 0.degree. C. for 5 min. and
      shaken with 200 ml. of diethyl ether, 50 ml. of dichloromethane, and 200
      ml. of brine. The organic phase is washed with brine, dried and
      concentrated under reduced pressure. The residue is subjected to silica
      gel chromatography, eluting with ethyl acetate-SKellysolve B mixtures, to
      yield the title compound, 1.35 g., having NMR peaks at 5.3-5.62, 4.68, and
      3.63 .delta..
PAC  EXAMPLE 3
PAR  5-Oxa-PGF.sub.1.sub..alpha., Methyl Ester (Formula XXVII: C.sub.g H.sub.2g
      is trimethylene; Q.sub.1 is
      ##EQU67##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen; and .about. is alpha).
PAR  Refer to Chart B. A mixture of the formula-LXXV
      5-oxa-PGF.sub.1.sub..alpha., methyl ester, 11,15-bis(tetrahydropyranyl
      ether) (Example 2, 1.55 g.) in 40 ml. of acetic acid, 20 ml. of water, and
      6 ml. of tetrahydrofuran is stirred at 40.degree. C. for 4 hr. The mixture
      is diluted with ethyl acetate and the organic phase is washed with cold
      dilute sodium hydroxide solution, water, and brine, dried and concentrated
      under reduced pressure. The residue is subjected to silica gel
      chromatography, eluting with ethanol (5-10%)-dichloromethane mixtures, to
      obtain the title compound, 0.33 g., having NMR peaks at 5.39-5.55, 3.69,
      and 3.38-3.6 .delta.; and mass spectral peaks (for the trimethylsilyl
      derivative) at 588.3738, 573, 577, 498, 483, 471, 427, 408, and 337.
PAC  EXAMPLE 4
PAR  5-Oxa-16-methyl-PGF.sub.1.sub..alpha., Methyl Ester (Formula XXVII: C.sub.g
      H.sub.2g is trimethylene; Q.sub.1 is
      ##EQU68##
      R.sub.1 and R.sub.8 are methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, and
      R.sub.9 are hydrogen; and .about. is alpha).
PAR  Following the procedures of Examples 1-3 but replacing the formula-LXXIII
      .gamma.-lactol starting material of Example 1 with the formula-LXXII title
      compound of Preparation 4, there are obtained the corresponding title
      compounds.
PAC  EXAMPLE 5
PAR  5-Oxa PGF.sub.1.sub..alpha. -type Compounds within the scope of Formula
      XXVII.
PAR  Following the procedures of Examples 1, 2, and 3, but replacing the
      Preparation-3 -.gamma. -lactol of Example 1 with each of the appropriate
      formula-LXXII .gamma. -lactols identified in and following Preparation 3,
      there are obtained the corresponding 5-oxa PGF.sub.1.sub..alpha. -type
      compounds, both optically active and racemic, wherein Q.sub.1 is either
      ##EQU69##
      including their methyl esters, for example:
      5-oxa-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-methyl-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-20-nor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-ethyl-20-nor-PGF.sub.1.sub..alpha.
PA1  5-oxa-17-methyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-16,17-diethyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-18-ethyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-20-methyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-17,20-dimethyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-20,20-dimethyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-20-ethyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-20-(n-propyl)-PGF.sub.1.sub..alpha.
PA1  5-oxa-17,20-bis(n-propyl)-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-fluoro-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16,16-difluoro-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-fluoro-17-methyl-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-fluoro-20-nor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16,16-difluoro-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-fluoro-17-methyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-fluoro-18-ethyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-fluoro-20-methyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-fluoro-20,20-dimethyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-16,16-difluoro-17,20-dimethyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-fluoro-20-ethyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-16,16-difluoro-20-(n-propyl)-PGF.sub.1.sub..alpha. and
PA1  5-oxa-16-fluoro-17,20-bis(n-propyl)-PGF.sub.1.sub..alpha..
PAC  EXAMPLE 6
PAR  5-Oxa-PGE.sub.1, Methyl Ester (Formula XXI: C.sub.g H.sub.2g is
      trimethylene; Q.sub.1 is
      ##EQU70##
      R.sub.1 is methyl; and R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen).
PAR  Refer to Chart C. There is first prepared 5-oxa-PGE.sub.1, methyl ester,
      11,15-bis(tetrahydropyranyl ether). A solution of the formula-LXXV
      5-oxa-PGF.sub.1.sub..alpha., methyl ester, 11,15-bis(tetrahydropyranyl
      ether) Example 2, 1.35 g.) in 30 ml. of acetone is treated at -20.degree.
      C., while stirring, with 2.0 ml. of Jones reagent. The mixture is stirred
      at -20.degree. C. for 20 min. and then diluted with 350 ml. of ethyl
      acetate. The mixture is washed with water and brine, dried, and
      concentrated under reduced pressure. The residue is subjected to silica
      gel chromatography, eluting with 50% ethyl acetate in Skellysolve B, to
      yield the intermediate 5-oxa-PGE.sub.1, methyl ester,
      11,15-bis(tetrahydropyranyl ether), 1.05 g.
PAR  The above intermediate is treated with 25 ml. of acetic acid, 12.5 ml. of
      water, and 2 ml. of tetrahydrofuran at 40.degree. C. for 4 hr. The mixture
      is diluted with 300 ml. of ice cold (0.degree. C.) ethyl acetate and
      washed with a slight deficiency ice-cold dilute sodium hydroxide solution,
      cold dilute sodium bicarbonate solution, and brine, then dried and
      concentrated under reduced pressure. The residue is subjected to silica
      gel chromatography, eluting with 1-7% methanol in ethyl acetate, to yield
      the title compound, 0.50 g., having NMR peaks at 5.58-5.7, 3.69, and
      3.33-3.62 .delta.; and mass spectral peaks at 352.2228, 339, 334,, 321,
      and 299.
PAC  EXAMPLE 7
PAR  5-Oxa-PGF.sub.1.sub..alpha., Methyl Ester (Formula XXVII: C.sub.g H.sub.2g
      is trimethylene; Q.sub.1 is
      ##EQU71##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen; and .about. is alpha); and
      5-Oxa-PGF.sub.1.sub..beta., Methyl Ester (Formula XXVII: .about. is beta).
PAR  Refer to Chart C. The formula-LXXVII 5-oxa-PGE.sub.1, methyl ester (Example
      6, 0.2 g.) is treated in 6 ml. of methanol at 0.degree. C., while
      stirring, with a solution of 50 mg. of sodium borohydride in 0.5 ml. of
      water. The mixture is stirred at 0.degree. C. for 10 min. and then diluted
      with 100 ml. of ethyl acetate. The organic phase is washed with brine,
      dried, and concentrated under reduced pressure. The residue is subjected
      to silica gel chromatography eluting with 5-20% ethanol in chloroform. The
      first 200 ml. of eluant are discarded and then 10 ml. fractions are
      collected. Fractions 22-28 yield 5-oxa-PGF.sub.1.sub..alpha., methyl
      ester, 0.05 g., having identical properties with those of the product of
      Example 3. Fractions 29-47 yield 5-oxa-PGF.sub.1.sub..beta., methyl ester,
      0.1 g., m.p. 80.degree.-81.degree. C. (recrystallized from diethyl
      ether-Skellysolve B), having NMR peaks at 5.43-5.58, 3.68, and 3.40-3.61
      .delta., and mass spectral peaks identical with those of the corresponding
      PGF.sub.1.sub..alpha. -type compound.
PAC  EXAMPLE 7A
PAR  5-Oxa-PGF.sub.1.sub..alpha. (Formula XXVII: C.sub.g H.sub.2g is
      trimethylene; Q.sub.1 is
      ##EQU72##
      R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and R.sub.9 are
      hydrogen; and .about. is alpha).
PAR  A mixture of 5-oxa-PGF.sub.1.sub..alpha., methyl ester (Example 7, 0.38
      g.), potassium carbonate (0.2 g.) 10 ml. of methanol, and 1 ml. of water
      is stirred at about 25.degree. C. for 16 hr. and then concentrated under
      reduced pressure. The residue is shaken with ethyl acetate and dilute
      hydrochloric acid, and the organic phase is washed with brine, dried and
      concentrated. The residue is subjected to silica gel chromatography,
      eluting with 5-15% methanol in ethyl acetate, to yield the title compound,
      0.115 g., having R.sub.f 0.46 (TLC on silica gel in methanol-acetic acid-
      chloroform (1:1:8)), and mass spectral peaks at 575, 556, 485, 466, and
      395.
PAC  EXAMPLE 8
PAR  5-Oxa-PGA.sub.1, Methyl Ester (Formula XXXIII: C.sub.g H.sub.2g is
      trimethylene; Q.sub.1 is
      ##EQU73##
      R.sub.1 is methyl; and R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen).
PAR  Refer to Chart H. A solution of 5-oxa-PGE.sub.1, methyl ester (Example 6,
      0.2 g.) in a mixture of glacial acetic acid (9 ml.) and water (1 ml.) is
      heated under nitrogen at 60.degree. C. for 18 hr. Then, the acetic acid
      and water are evaporated under reduced pressure, and the residue is
      subjected to silica gel chromatography to yield the title compound.
PAC  EXAMPLE 9
PAR  5-Oxa-PGB.sub.1 (Formula XXXVI: C.sub.g H.sub.2g is trimethylene; Q.sub.1
      is
      ##EQU74##
      and R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and R.sub.9 are
      hydrogen).
PAR  Refer to Chart H. A solution of 5-oxa-PGE.sub.1, methyl ester (Example 6,
      0.2 g.) in 100 ml. of 50% aqueous ethanol containing 10 grams of potassium
      hydroxide is kept at 25.degree. C. for 10 hr. under nitrogen. Then, the
      solution is cooled to 10.degree. C. and neutralized by addition of 3N.
      hydrochloric acid at 10.degree. C. The resulting solution is extracted
      repeatedly with ethyl acetate, and combined ethyl acetate extracts are
      washed with water and then with brine, dried, and concentrated to give the
      title compound.
PAC  EXAMPLE 10
PAR  2{2.beta.-[(3S)-4,4-Dimethyl-3-[(tetrahydropyran-2-yl)oxy]-trans-1-octenyl]
     -5.alpha.-hydroxy-3.alpha.-[(tetrahydropyran-2-yl)oxy]-1.alpha.-cyclopentyl
     }-ethanol (Formula LXXIV: Q.sub.3 is
      ##EQU75##
      R.sub.13 is THP, and R.sub.14 is
      ##EQU76##
PAR  Refer to Chart B. A mixture of the formula-LXXIII
      2.beta.-[(3S)-4,4-dimethyl-3-[(tetrahydropyan-2-yl)oxy]-trans-1-octenyl]-5
     .alpha.-hydroxy-3.alpha.-[(tetrahydropyran-2-yl)oxy]-1.alpha.-acetaldehyde,
      .gamma.-lactol (Preparation 5, 6.1 g.) and 60 ml. of 95% ethanol is
      treated at 0.degree. C., while stirring, with a solution of sodium
      borohydride (0.7 g.) in 10 ml. of water. The mixture is stirred at
      0.degree. C. for 10 min. and is then shaken with 30 ml. of water, 300 ml.
      of ethyl acetate, and 150 ml. of brine. The organic layer is washed with
      brine, dried, and concentrated under reduced pressure to the title
      compound, 6.1 g., having R.sub.f 0.39 (TLC on silica gel plate in ethyl
      acetate), and NMR peaks at 5.34-5.66, 4.70, and 0.81-0.92 .delta..
PAC  EXAMPLE 11
PAR  16,16-Dimethyl-5-oxa-PGF.sub.1.sub..alpha., Methyl Ester,
      11,15-Bis(tetrahydropyranyl ether) (Formula-LXXV: Q.sub.3 is
      ##EQU77##
      R.sub.2, R.sub.3, R.sub.4, and R.sub.5 are hydrogen; R.sub.13 is THP; and
      R.sub.14 is
      ##EQU78##
PAR  Refer to Chart B. A solution of the formula-LXXIV
      2-{2.beta.-[(3S)-4,4-dimethyl-3-[(tetrahydropyran-2-yl)oxy]-trans-1-octeny
     l]-5.alpha.-hydroxy-3.alpha.-[(tetrahydropyran-2-yl)oxy]-1.alpha.-cyclopent
     yl}ethanol (Example 10, 6.1 g.) in 25 ml. of tetrahydrofuran is treated at
      -15.degree. C., while stirring, with 8.76 ml. of 1.6 M n-butyllithium over
      a 3-min. period. The mixture is stirred at 0.degree. C. for 5 min. and
      then treated with 25 ml. of hexamethylphosphoramide and 5 ml. of trimethyl
      ortho-4-bromobutyrate (Preparation 1). The mixture is stirred at about
      25.degree. C. for 16 hr. and is then shaken with diethyl ether and water.
      The organic phase is washed with brine, dried, and concentrated under
      reduced pressure.
PAR  The residue, containing the ortho ester, is dissolved in 100 ml. of
      methanol, previously cooled to 0.degree. C., and treated with 25 ml. of
      cold water containing 5 drops of concentrated hydrochloric acid. The
      mixture is stirred at 0.degree. C. for 5 min. and shaken with 300 ml. of
      diethyl ether, 100 ml. of dichloromethane, and 200 ml. of brine. The
      organic phase is washed with brine, dried and concentrated under reduced
      pressure. The residue is subjected to silica gel chromatography, eluting
      with 30-50% ethyl acetate in Skellysolve B, to yield the title compound,
      2.41 g., having R.sub.f 0.50 (TLC on silica gel plate in 50% ethyl acetate
      in Skellysolve B), and having NMR peaks at 5.32-5.62, 4.70, 3.68,
      3.37-3.57, and 0.82-0.91 .delta..
PAC  EXAMPLE 12
PAR  16,16-Dimethyl-5-oxa-PGF.sub.1.sub..alpha., Methyl Ester (Formula XXVII:
      C.sub.g H.sub.2g is trimethylene; Q.sub.1 is
      ##EQU79##
      R.sub.1, R.sub.8, and R.sub.9 are methyl; R.sub.2, R.sub.3, R.sub.4, and
      R.sub.5 are hydrogen; and .about. is alpha).
PAR  Refer to Chart B. A solution of the formula-LXXV
      16,16-dimethyl-5-oxa-PGF.sub.1.sub..alpha., methyl ester,
      11-15-bis(tetrahydropyranyl ether) (Example 11, 2.4 g.), 50 ml. of acetic
      acid, 25 ml. of water, and 10 ml. of tetrahydrofuran is stirred at
      40.degree. C. for 1 hr. The mixture is diluted with 300 ml. of cold ethyl
      acetate and shaken with a mixture of 50 ml. of 50% aqueous sodium
      hydroxide solution in 300 ml. of ice and water. The organic phase is
      washed with brine, dried and concentrated under reduced pressure. The
      residue is subjected to silica gel chromatography, eluting with 0-3%
      ethanol in ethyl acetate, to obtain the title compound, 0.59 g., having
      R.sub.f 0.42 (TLC on silica gel plate in 5% ethanol in ethyl acetate), NMR
      peaks at 5.40-5.62, 3.69, 3.37-3.57, and 0.83-0.89 .delta.; and mass
      spectral peaks at 616, 601.3797, 526, 517, 499, 427 and 337.
PAC  EXAMPLE  13
PAR  16,16-Dimethyl-5-oxa-PGE.sub.1, Methyl Ester (Formula XXI: C.sub.g H.sub.2g
      is trimethylene; Q.sub.1 is
      ##EQU80##
      R.sub.1, R.sub.8, and R.sub.9 are methyl; and R.sub.2, R.sub.3, R.sub.4,
      and R.sub.5 are hydrogen).
PAR  Refer to Chart C. There is first prepared 16,16-dimethyl-5-oxa-PGE.sub.1,
      methyl ester, 11,15-bis(tetrahydropyranyl ether). A solution of the
      formula-LXXV 16,16-dimethyl-5-oxa-PGF.sub.1.sub..alpha., methyl ester,
      11,15-bis(tetrahydropyranyl ether) (Example 11, 1.6 g.) in 40 ml. of
      acetone is treated at -20.degree. C., while stirring, with 2.5 ml. of
      Jones reagent. The mixture is stirred at -21.degree. C. for 20 min. and
      then shaken with 300 ml. of ethyl acetate and 200 ml. of cold water. The
      organic phase is washed with water and brine, dried, and concentrated
      under reduced pressure. The residue is subjected to silica gel
      chromatography, eluting with 40% ethyl acetate in hexane, to yield the
      intermediate 16,16-dimethyl-5-oxa-PGE.sub.1, methyl ester,
      11,15-bis(tetrahydropyranyl ether), 1.10 g., having R.sub.f 0.70 (TLC on
      silica gel plate in 50% ethyl acetate in Skellysolve B), and NMR peaks at
      5.48-5.74, 4.68, 3.63, 3.28-3.50, and 0.83-0.92 .delta..
PAR  The above intermediate is treated with 25 ml. of acetic acid, 12.5 ml. of
      water, and 4 ml. of tetrahydrofuran at 40.degree. C. for 4 hr. The mixture
      is diluted with 250 ml. of ice cold (0.degree. C.) ethyl acetate and
      shaken with about 200 ml. of crushed ice and water containing 20 ml. of
      50% aqueous sodium hydroxide solution. The organic phase is washed with
      cold dilute sodium bicarbonate solution and brine, dried, and concentrated
      under reduced pressure. The residue is subjected to silica gel
      chromatography, eluting with ethyl acetate, to yield the title compound,
      0.35 g., having R.sub.f 0.43 (TLC on silica gel plate in ethyl acetate),
      NMR peaks at 5.58-5.80, 3.68, 3.29-3.50, and 0.84-0.90 .delta.; and mass
      spectral peaks at 542, 527.3211, 443, 425 and 353.
PAC  EXAMPLE 14
PAR  5-Oxa-17,18-dehydro-PGF.sub.1.sub..alpha., Methyl Ester (Formula XXVIII:
      Q.sub.1 is
      ##EQU81##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, and R.sub.5 are hydrogen;
      and .about. is alpha).
PAR  Refer to Chart B. Following the procedures of Examples 1, 2, and 3, but
      replacing the formula-LXXIII .gamma.-lactol starting material of Example 1
      with the formula-LXXIII title compound of Preparation 6, there is obtained
      the formula-XXVIII title compound.
PAC  EXAMPLE 15
PAR  5-Oxa-PGF.sub.1.sub..alpha., 15-Methyl Ether, Methyl Ester (Formula XXVII:
      C.sub.g H.sub.2g is trimethylene; Q.sub.1 is
      ##EQU82##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen; and .about. is alpha).
PAR  Refer to Chart B. Following the procedures of Examples 1, 2, and 3, but
      replacing the formula-LXXIII .gamma.-lactol starting material of Example 1
      with the formula-LXXXII title compound of Preparation 7, there is obtained
      the formula-XXVII title compound.
PAC  EXAMPLE 16
PAR  (15S)-15-Methyl-5-oxa-PGF.sub.1.sub..alpha., Methyl Ester (Formula XXVII:
      C.sub.g H.sub.2g is trimethylene; Q.sub.1 is
      ##EQU83##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen; and .about. is alpha) and
      (15R)-15-Methyl-5-oxa-PGF.sub.1.sub..alpha., Methyl Ester (Formula XXVII:
      Q.sub.1 is CH.sub.3 OH).
PAR  a. Refer to Chart B. Following the procedures of Examples 1, 2, and 3, but
      replacing the formula-LXXIII .gamma.-lactol starting material of Example 1
      with the formula-LXXXVII title compound Preparation 8, there are obtained
      the formula-XXVII title compounds as a mixture of the 15R and 15S isomers.
PAR  b. Alternately, the formula-LXXXVI .gamma.-lactone bis(tetrahydropyranyl
      ether) is transformed directly to the corresponding formula-LXXIV compound
      as follows. The formula-LXXXVI
      5.alpha.-hydroxy-2.beta.[(3RS)-3-methyl-3-[(tetrahydropyran-2-yl)oxy]-tran
     s-1-octenyl]-3.alpha.-[(tetrahydropyran-2-yl)oxy]-cyclopentane-1.alpha.-ace
     tic acid, .gamma.-lactone (25.9 g.) in 150 ml. of diethyl ether is added
      dropwise over a 20 min. period to a stirred slurry of lithium aluminum
      hydride (3.0 g.) in 500 ml. of ether. The mixture is stirred at about
      25.degree. C. for 1.5 hr. and cooled to 0.degree. C. There is then added
      with caution 4.5 ml. of water in 20 ml. of tetrahydrofuran, then 4.5 ml.
      of 15% aqueous sodium hydroxide, and finally 5.0 ml. of water. The mixture
      is filtered through magnesium sulfate, and the filtrate concentrated under
      reduced pressure to the formula-LXXIV compound, 25.7 g., having NMR peaks
      at 5.40-5.63, 4.70, 1.30, and 1.23 .delta., and R.sub.f 0.35 (TLC on
      silica gel in ethyl acetate).
PAR  c. There is next prepared the formula-LXXV
      (15RS)-15-methyl-5-oxa-PGF.sub.1.sub..alpha., methyl ester,
      11,15-bis(tetrahydropyranyl ether). To a solution of the product of step b
      (25.7 g.) in 100 ml. of dry tetrahydrofuran at -15.degree. C. is added,
      with stirring, 29.6 ml. of 1.6 M. n-butyllithium in hexane. The mixture is
      stirred for 5 min. and there is added 100 ml. of hexamethylphosphoramide
      followed by 15 ml. of trimethyl ortho-4-bromobutyrate. The mixture is
      stirred at about 25.degree. C. for 20 hr. and shaken with a mixture of 600
      ml. of ether and 600 ml. of water. The organic phase is washed with brine,
      dried, and concentrated under reduced pressure. The residue is taken up in
      250 ml. of methanol at 0.degree. C. and treated with 50 ml. of cold water
      containing 10 drops of concentrated hydrochloric acid. The mixture is
      stirred at 0.degree. C. for 5 min. and shaken with a mixture of 250 ml. of
      ether, 250 ml. of dichloromethane, and 600 ml. of brine. The organic phase
      is washed with brine, dried, and concentrated under reduced pressure. The
      residue is subjected to silica gel chromatography, to yield the
      formula-LXXV product, 12.9 g., having NMR peaks at 5.37-5.61, 4.69, 3.67,
      3.45, 1.22 and 1.3 .delta., and R.sub.f 0.50 (TLC on silica gel in 50%
      ethyl acetate in Skellysolve B).
PAR  d. Finally, the formula-XXVII title compounds are obtained as follows. A
      mixture of the product of step c (8.0 g.), 100 ml. of acetic acid, and 50
      ml. of water is stirred at 40.degree. C. for 4 hr. The mixture is shaken
      with 400 ml. of cold ethyl acetate and a mixture of 100 ml. of 50% aqueous
      sodium hydroxide and 400 ml. of ice and water. The organic layer is washed
      with brine, dried, and concentrated under reduced pressure. The residue is
      subjected to silica gel chromatography to separate the 15R and 15S
      isomers, using 600 g. of silica gel, and eluting with 5 l. of
      acetone-dichloromethane (1:1) and then with one l. of acetone. The first
      liter of eluant is discarded, and fractions 100 ml. in size are then
      collected. Fractions 5-7 yield the 15R isomer, 0.5 g. having NMR peaks at
      5.43-5.64, 3.68, 3.48, and 1.27 .delta.; R.sub.f 0.42  (TLC on silica gel
      in acetone-dichloromethane (1:1); and mass spectral peaks at 602.3880,
      587, 531, 512, 497, 459, 422, 332, 217 and 213. Fractions 28-40 yield the
      15S isomer, 0.3 g., having NMR peaks at 5.41-5.57, 3.68, 3.48, and 1.27
      .delta.; R.sub.f 0.34 (TLC on silica gel in acetone-dichloromethane
      (1:1)); and mass spectral peaks at 602.3885, 587, 531, 512, 497, 459 and
      441.
PAC  EXAMPLE 17
PAR  (15S)-15-Methyl-5-oxa-PGE.sub.1, Methyl Ester (Formula XXI: C.sub.g
      H.sub.2g is trimethylene; Q.sub.1 is
      ##EQU84##
      R.sub.1 is methyl; and R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen) and (15R)-15-Methyl-5-oxa-PGE.sub.1, Methyl Ester
      (Formula XXI: Q.sub.1 is
      ##EQU85##
PAR  a. There is first prepared (15S)-15-methyl-5-oxa-PGF.sub.1.sub..alpha.,
      methyl ester, 11-trimethylsilyl ether. The formula-XXVII 15S isomer of
      Example 16 (0.4 g.) in 20 ml. of acetone at -45.degree. C. is treated,
      with stirring, with 2.0 ml. of N-trimethylsilyldiethylamine. The mixture
      is stirred at about -43.degree. C. for 2.5 hr. and is then diluted with
      150 ml. of ether precooled to -78.degree. C. The solution is washed
      immediately with aqueous sodium bicarbonate and brine, then dried and
      concentrated under reduced pressure to yield the 11-trimethylsilyl ether,
      0.5 g., having R.sub.f 0.35 (TLC on silica gel in 50% ethyl acetate in
      hexane).
PAR  b. The above 11-trimethylsilyl ether is oxidized with Collins reagent
      prepared in 30 ml. of dichloromethane from 1.36 ml. of pyridine and 0.835
      g. of chromium trioxide previously cooled to about 10.degree. C. The
      mixture is stirred at 25.degree. C. for 30 min. and filtered. The filtrate
      is concentrated to give the (15S)-15-methyl-5-oxa-PGE.sub.1, methyl ester,
      11-trimethylsilyl ether, 0.41 g., having R.sub.f 0.53 (TLC on silica gel
      in hexane). Hydrolysis of this material in 20 ml. of methanol, 10 ml. of
      water, and 1 ml. of acetic acid at 0.degree.-25.degree. C., followed by
      washing with aqueous sodium bicarbonate and brine, drying and
      concentrating, yields the 15S title product, 0.29 g. After silica gel
      chromatography there is obtained 0.12 g. of
      (15S)-15-methyl-5-oxa-PGE.sub.1, methyl ester, having NMR peaks at
      5.60-5.73, 3.68, 3.40, and 1.31 .delta.; R.sub.f 0.33 (TLC on silica gel
      in ethyl acetate); and mass spectral peaks at 528.3285, 513, 457, 438,
      384, 367, 348, and 101.
PAR  c. Following the procedures of steps a and b above but employing the 15 R
      isomer of the formula-XXVII compound of Example 16 (0.49 g.), there are
      obtained the corresponding 11-trimethylsilyl PGE.sub.1.sub..alpha. and
      PGE.sub.1 compounds and finally (15R)-15-methyl-5-oxa-PGE.sub.1, methyl
      ester, 0.15 g., having NMR peaks at 5.60-5.72, 3.68, 3.40, and 1.30
      .delta.; R.sub.f 0.41 (TLC on silica gel in ethyl acetate)); and mass
      spectral peaks at 528.3338, 513, 457, 438, 423, 367, 348, 313, 249 and
      101.
PAC  EXAMPLE 18
PAR  5-Oxa-13,14-dihydro-PGF.sub.1.sub..alpha. Methyl Ester (Formula XXIX:
      C.sub.g H.sub.2g is trimethylene; Q.sub.1 is
      ##EQU86##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen; and .about. is alpha).
PAR  A solution of 5-oxa-PGF.sub.1.sub..alpha. methyl ester (Example 3, 100 mg.)
      in 10 ml. of ethyl acetate is shaken with hydrogen at about one atmosphere
      pressure at 25.degree. C. in the presence of 5% palladium on charcoal (15
      mg.). The hydrogenation is stopped when one equivalent of hydrogen is
      absorbed, and the catalyst is removed by filtration. The filtrate is
      concentrated, and the residue is subjected to silica gel chromatogaphy to
      obtain the title compound.
PAC  EXAMPLE 19
PAR  5-Oxa-11-deoxy-PGF.sub.1.sub..alpha., Methyl Ester (Formula XXX: C.sub.g
      H.sub.2g is trimethylene; Q.sub.1 is
      ##EQU87##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen; and .about. is alpha).
PAR  Following the procedures of Examples 1, 2, and 3, but replacing the
      formula-LXXIII .gamma.-lactol starting material of Example 1 with the
      formula-CVI title compound of Preparation 9, there is obtained the
      formula-XXX title compound.
PAC  EXAMPLE 20
PAR  5-Oxa-11-deoxy-17,18-dehydro-PGF.sub.1.sub..alpha., Methyl Ester (Formula
      XXXI: Q.sub.1 is
      ##EQU88##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, and R.sub.5 are hydrogen;
      and .about. is alpha).
PAR  Following the procedures of Examples 1, 2, and 3, but replacing the
      formula-LXXIII .gamma.-lactol starting material of Example 1 with the
      formula-CVII title compound of Preparation 10, there is obtained the
      formula-XXX title compound.
PAC  EXAMPLE 21
PAR  5-Oxa PGE.sub.1 -type Compounds
PAR  Following the procedure of Example 6, but replacing the
      5-oxa-PGF.sub.1.sub..alpha., methyl ester, 11,15-bis(tetrahydropyranyl
      ether) of that example with the appropriate 5-oxa PGF.sub.1.sub..alpha.
      -type compound available from the examples herein, there are obtained, for
      example, the following compounds:
PA1  5-oxa-17,18-dehydro-PGE.sub.1, methyl ester (Formula XXIV)
PA1  5-oxa-11-deoxy-PGE.sub.1, methyl ester (Formula XXIV)
PA1  5-oxa-11-deoxy-17,18-dehydro-PGE.sub.1, methyl ester
PA1  (Formula XXV).
PAC  EXAMPLE 22
PAR  5-Oxa PGF.sub.1.sub..beta. -type Compounds
PAR  Following the procedures of Example 7, but replacing the 5-oxa-PGE.sub.1,
      methyl ester of that example with the appropriate 5-oxa-PGE.sub.1 -type
      compound available from the examples herein, there are obtained, for
      example, the following compounds:
PA1  16,16-dimethyl-5-oxa-PGF.sub.1.sub..beta., methyl ester (Formula XXVII)
PA1  5-oxa-17,18-dehydro-PFG.sub.1.sub..beta., methyl ester (Formula XXXVIII)
PA1  5-oxa-PGF.sub.1.sub..beta., 15-methyl ether, methyl ester (Formula XXVII)
PA1  5-oxa-11-deoxy-PGF.sub.1.sub..beta., methyl ester (Formula XXX)
PA1  5-oxa-11-deoxy-17,18-dehydro-PGF.sub.1.sub..beta., methyl ester
PA1  (Formula XXXI).
PAC  EXAMPLE 23
PAR  5-Oxa PGA.sub.1 -type Compounds
PAR  Following the procedure of Example 8, but replacing the 5-oxa-PGE.sub.1,
      methyl ester of that example with the appropriate 5-oxa PGE.sub.1 -type
      compound available from the examples herein, there are obtained, for
      example, the following compounds:
PA1  16,16-dimethyl-5-oxa-PGA.sub.1, methyl ester (Formula XXXIII)
PA1  5-oxa-17,18-dehydro-PGA.sub.1, methyl ester (Formula XXXIV)
PA1  15(s)-15-methyl-5-oxa-PGA, methyl ester (Formula XXXIII)
PA1  15(r)-15-methyl-5-oxa-PGA.sub.1, methyl ester (Formula XXXIII)
PA1  5-oxa-13,14-dihydro-PGA.sub.1, methyl ester (Formula XXXV).
PAC  EXAMPLE 24
PAR  5-Oxa PGB.sub.1 -type Compounds
PAR  Following the procedure of Example 9, but replacing the 5-oxa-PGE.sub.1,
      methyl ester of that example with the appropriate 5-oxa PGE.sub.1 -type
      compound available from the examples herein, there are obtained, for
      example, the following compounds:
PA1  16,16-dimethyl-5-oxa-PGB.sub.1 (Formula XXXVI)
PA1  5-oxa-17,18-dehydro-PGB.sub.1 (Formula XXXVII)
PA1  15(s)-15-methyl-5-oxa-PGB.sub.1 (Formula XXXVI)
PA1  15(r)-15-methyl-5-oxa-PGB.sub.1 (Formula XXXVI)
PA1  5-oxa-13,14-dihydro-PGB.sub.1 (Formula XXXVIII).
PAC  EXAMPLE 25
PAR  5-Oxa-13,14-dihydro PG.sub.1 -type Compounds
PAR  Following the procedure of Example 18, the various 5-oxa PG.sub.1 -type
      compounds available from the examples herein, in either their acid or
      ester forms, are reduced to the corresponding 5-oxa-13,14-dihydro PG.sub.1
      -type compounds. Thus, from the following 5-oxa PG.sub.1 -type compounds
      and their methyl esters:
PA1  5-oxa-PGE.sub.1
PA1  5-oxa-PGF.sub.1.sub..beta.
PA1  5-oxa-PGB.sub.1
PA1  16,16-dimethyl-5-oxa-PGF.sub.1.sub..alpha.
PA1  15(s)-15-methyl-5-oxa-PGF.sub.1.sub..alpha.
PA1  15(r)-15-methyl-5-oxa-PGF.sub.1.sub..alpha.
PA1  15(s)-15-methyl-5-oxa-PGE.sub.1
PA1  5-oxa-11-deoxy-PGF.sub.1.sub..alpha.
PA1  5-oxa-11-deoxy-PGE.sub.1
PA1  5-oxa-11-deoxy-PGF.sub.1.sub..beta.
PA1  5-oxa-11-deoxy-PGB.sub.1
PAL  there are obtained the following corresponding 5-oxa-13,14-dihydro PG.sub.1
      -type compounds and their methyl esters:
PA1  5-oxa-13,14-dihydro-PGE.sub.1
PA1  5-oxa-13,14-dihydro-PGF.sub.1.sub..beta.
PA1  5-oxa-13,14-dihydro-PGB.sub.1
PA1  16,16-dimethyl-5-oxa-13,14-dihydro-PGF.sub.1.sub..alpha.
PA1  15(s)-15-methyl-5-oxa-13,14-dihydro-PGF.sub.1.sub..alpha.
PA1  15(r)-15-methyl-5-oxa-13,14-dihydro-PGF.sub.1.sub..alpha.
PA1  15(s)-15-methyl-5-oxa-13,14-dihydro-PGE.sub.1
PA1  5-oxa-11-deoxy-13,14-dehydro-PGF.sub.1.sub..alpha.
PA1  5-oxa-11-deoxy-13,14-dihydro-PGE.sub.1
PA1  5-oxa-11-deoxy-13,14-dihydro-PGF.sub.1.sub..beta.
PA1  5-oxa-11-deoxy-13,14-dehydro-PGB.sub.1.
PAC  EXAMPLE 25A
PAR  5-Oxa-13,14-dihydro-PGA.sub.1, Methyl Ester (Formula XXXV: Q.sub.1 is
      ##EQU89##
      C.sub.g H.sub.2g is trimethylene; R.sub.1 is methyl; and R.sub.2, R.sub.3,
      R.sub.4, R.sub.5, R.sub.8, and R.sub.9 are hydrogen).
PAR  For the reduction of PGA.sub.1 compounds to 13,14-dihydro-PGA.sub.1
      compounds diimide is used. See van Tamelen et al., J. Am. Chem. Soc. 83,
      3726 (1961) and Fieser et al., "Topics in Organic Chemistry", Reinhold
      Publishing Corp., New York, pp. 432-434 (1963). A suspension of disodium
      azodiformate (50 mg.) in 5 ml. of absolute ethanol is added to a stirred
      solution of 5-oxa-PGA.sub.1, methyl ester (Example 8, 50 mg.) in 10 ml. of
      absolute ethanol under nitrogen at 25.degree. C. The mixture is made acid
      with glacial acetic acid, and then is stirred under nitrogen at 25.degree.
      C. for 8 hr. The resulting mixture is concentrated under reduced pressure,
      and the residue is mixed with a mixture of diethyl ether and water (1:1).
      The diethyl ether layer is separated, dried, and concentrated to give the
      title compound.
PAC  EXAMPLE 26
PAR  5-Oxa-PGB.sub.1 Methyl Ester (Formula XXXVI: C.sub.g H.sub.2g is
      trimethylene; Q.sub.1 is
      ##EQU90##
      R.sub.1 is methyl; and R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen).
PAR  A solution of diazomethane (about 50% excess) in diethyl ether (25 ml.) is
      added to a solution of 5-oxa-PGB.sub.1 (Example 9, 50 mg.) in 25 ml. of a
      mixture of methanol and diethyl ether(1:1). The mixture is allowed to
      stand at 25.degree. C. for 5 min. Then the mixture is concentrated to give
      the title compound.
PAR  Following the procedure of Example 26, each of the other specific 5-oxa
      PGB-type, PGA-type, PGE-type, and PGF-type free acids identified herein is
      converted to the corresponding methyl ester.
PAR  Also following the procedure of Example 26, but using in place of the
      diazomethane, diazoethane, diazobutane, 1-diazo-2-ethylhexane, and
      diazocyclohexane, there are obtained the corresponding ethyl, butyl,
      2-ethylhexyl, and cyclohexyl esters of 5-oxa-PGB.sub.1. In the same
      manner, each of the other specific 5-oxa PGB-type, PGA-type, PGE-type, and
      PGF-type free acids identified herein is converted to the corresponding
      ethyl, butyl, 2-ethylhexyl, and cyclohexyl esters.
PAC  EXAMPLE 27
PAR  5-Oxa-PGE.sub.1 Methyl Ester Diacetate
PAR  Acetic anhydride (5 ml.) and pyridine (5 ml.) are mixed with
      5-oxa-PGE.sub.1 methyl ester (Example 6, 20 mg.), and the mixture is
      allowed to stand at 0.degree.-25.degree. C. for 5-15 hr. The mixture is
      then cooled to 0.degree. C., diluted with 50 ml. of water, and acidified
      with 5% hydrochloric acid to pH 1. That mixture is extracted with ethyl
      acetate and the extract is washed successively with 5% hydrochloric acid,
      5% aqueous sodium bicarbonate solution, water, and brine, dried and
      concentrated to give the title compound.
PAR  Following the procedure of Example 27 but replacing the acetic anhydride
      with propionic anhydride, isobutyric anhydride, and hexanoic acid
      anhydride, there are obtained the corresponding dipropionate,
      diisobutyrate and dihexanoate derivatives of 5-oxa-PGE.sub.1 methyl ester.
PAR  Also following the procedure of Example 27, but replacing the
      5-oxa-PGE.sub.1 compound with 5-oxa-PGF.sub.1.sub..alpha. and
      -PGF.sub.1.sub..beta., there are obtained the corresponding triacetate
      derivatives of the 5-oxa-PGF compounds.
PAR  Also following the procedure of Example 27, each of the 5-oxa PGE-type,
      PGF-type, PGA-type, and PGB-type esters and free acids defined above is
      transformed to the corresponding acetates, propionates, isobutyrates, and
      hexanoates, the PGE-type and the 11-deoxy-PGF-type derivatives being
      dialkanoates, the PGF-type derivatives being trialkanoates, and the
      PGA-type, the PGB-type, and the 11-deoxy-PGE-type derivatives being
      monoalkanoates.
PAC  EXAMPLE 28
PAR  5-Oxa-PGE.sub.1 from 5-Oxa-PGE.sub.1, Methyl Ester.
PAR  There is first prepared an esterase composition from Plexaura homomalla,
      for which see W. P. Schneider et al., J. Am. Chem. Soc. 94, 2122 (1972).
      Freshly harvested colony pieces of Plexaura homomalla (Esper), 1792, forma
      S (10 kg.), are chopped into pieces less than 3 mm. in their longest
      dimension, and then covered with about three volumes (20 l.) of acetone.
      The mixture is stirred at about 25.degree. C. for about one hour. The
      solids are separated by filtration, washed with 1-2 liters of acetone, air
      dried, and finally stored at about -20.degree. C. as a coarse enzymatic
      powder.
PAR  A suspension of the above powder (2.5 g.) in 25 ml. of water is combined
      with a solution of 5-oxa-PGE.sub.1, methyl ester (Example 6, 0.5 g.) in
      about 0.8 ml. of ethanol previously acidified to pH 6 with phosphoric
      acid. The mixture is stirred at about 25.degree. C. for 24 hr. Then, 50
      ml. of acetone is added, the mixture is stirred briefly and filtered, and
      the filtrate is concentrated under reduced pressure. The aqueous residue
      is acidified to pH 3.5 with citric acid and extracted with
      dichloromethane. The combined extracts are concentrated under reduced
      pressure to the title compound.
PAR  Following the procedure of Example 28, but replacing the methyl ester of
      that example with the methyl esters of the 5-oxa PG compounds identified
      herein there are obtained the corresponding free acids, for example
PA1  5-oxa-PGF.sub.1.sub..alpha.
PA1  5-oxa-PGF.sub.1.sub..beta.
PA1  5-oxa-PGA.sub.1
PA1  5-oxa-16,16-dimethyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-16,16-dimethyl-PGE.sub.1
PA1  5-oxa-17,18-dehydro-PGF.sub.1.sub..alpha.
PA1  5-oxa-PGF.sub.1.sub..alpha., 15-methyl ether
PA1  (15S)-15-methyl-5-oxa-PGF.sub.1.sub..alpha.
PA1  5-oxa-13,14-dihydro-PGF.sub.1.sub..alpha.
PA1  5-oxa-11-deoxy-PGF.sub.1.sub..alpha. and
PA1  5-oxa-11-deoxy-17,18-dehydro-PGF.sub.1.sub..alpha..
PAC  EXAMPLE 29
PAR  5-Oxa-PGE.sub.1 Sodium Salt
PAR  A solution of 5-oxa-PGE.sub.1 (Example 28, 100 mg.) in 50 ml. of a
      water-ethanol mixture (1:1) is cooled to 5.degree. C. and neutralized with
      an equivalent amount of 0.1 N. aqueous sodium hydroxide solution. The
      solution is concentrated to give the title compound.
PAR  Following the procedure of Example 29, but using potassium hydroxide,
      calcium hydroxide, tetramethylammonium hydroxide, and
      benzyltrimethylammonium hydroxide in place of sodium hydroxide, there are
      obtained the corresponding salts of 5-oxa-PGE.sub.1.
PAR  Also following the procedure of Example 29 each of the 5-oxa PGE-type,
      PGF-type, PGA-type, and PGB-type acids identified herein is transformed to
      the sodium, potassium, calcium, tetramethylammonium, and
      benzyltrimethylammonium salts.
PAC  EXAMPLE 30
PAR  2-{2.beta.-[(3S)-5-Phenyl-3-[(tetrahydropyran-2-yl)-oxy]-trans-1-pentenyl]-
     5.alpha.-hydroxy-3.alpha.-[(tetrahydropyran-2-yl)oxy]-1.alpha.-cyclopentyl}
     -ethanol (Formula LXXIV: Q.sub.3 is
      ##EQU91##
      R.sub.13 is THP, and R.sub.14 is
      ##SPC30##
PAR  Refer to Chart B. A mixture of the formula-LXXII
      2.beta.-[(3S)-5-phenyl-3-[(tetrahydropyran-2-yl)oxy]-trans-1-pentenyl]-5.a
     lpha.-hydroxy-3.alpha.-[(tetrahydropyran-2-yl)oxy]-1.alpha.-cyclopentaneace
     taldehyde, .gamma. -lactol (Preparation 11, 7.5 g.) and 60 ml. of 95%
      ethanol is treated at 0.degree. C., while stirring, with a solution of
      sodium borohydride (0.75 g.) in 12 ml. of water. The mixture is stirred at
      0.degree. C. for 10 min. and is then shaken with 200 ml. of ethyl acetate,
      20 ml. of water, and 150 ml. of brine. The organic layer is washed with
      brine, dried and concentrated under reduced pressure. The residue is
      subjected to silica gel chromatography, eluting with 75-100% ethyl acetate
      in Skellysolve B, to yield the title compound, 4.8 g., having R.sub.f 0.40
      (TLC on silica gel plate in ethyl acetate) and NMR peaks at 7.21,
      5.38-5.68, and 4.69 .delta..
PAC  EXAMPLE 31
PAR  5-Oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha., Methyl Ester,
      11,15-Bis(tetrahydropyranyl ether) (Formula LXXV: Q.sub.3 is
      ##EQU92##
      R.sub.2, R.sub.3, R.sub.4, and R.sub.5 are hydrogen; R.sub.13 is THP; and
      R.sub.14 is
      ##SPC31##
PAR  Refer to Chart B. A solution of the formula-LXXIV
      2-{2.beta.-[(3S)-5-phenyl-3-[(tetrahydropyran-2-yl)oxy]-trans-1-pentenyl]-
     5.alpha.-hydroxy-3.alpha.-[(tetrahydropyran-2-yl)oxy]-1.alpha.-cyclopentyl}
     ethanol (Example 30, 4.4 g.) in 20 ml. of tetrahydrofuran is treated at
      -15.degree. C., while stirring, with 5.8 ml. of 1.6 M n-butyllithium over
      a 2-min. period. The mixture is stirred at 0.degree. C. for 5 min. and
      then treated with 20 ml. of hexamethylphosphoramide and 4 ml. of trimethyl
      ortho-4-bromobutyrate (Preparation 1). The mixture is stirred at about
      25.degree. C. for 6 hr. and is then shaken with diethyl ether and water.
      The organic phase is washed with brine, dried, and concentrated under
      reduced pressure.
PAR  The residue, containing the ortho ester, is dissolved in 60 ml. of methanol
      at 0.degree. C., and treated with 15 ml. of cold water containing 2 drops
      of concentrated hydrochloric acid. The mixture is stirred at 0.degree. C.
      for 5 min. and shaken with 200 ml. of diethyl ether, 50 ml. of
      dichloromethane, and 200 ml. of brine. The organic phase is washed with
      brine, dried and concentrated under reduced pressure. The residue is
      subjected to silica gel chromatography, eluting with 50-75% ethyl acetate
      in Skellysolve B, to yield the title compound, 2.25 g., having R.sub.f
      0.56 (TLC on silica gel plate in 75% ethyl acetate in Skellysolve B), and
      NMR peaks at 7.2, 5.37-5.69, 4.70, and 3.61 .delta..
PAC  EXAMPLE 32
PAR  5-Oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha., Methyl Ester
      (Formula XLVII: C.sub.j H.sub.2j is methylene; Q.sub.1 is
      ##EQU93##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen; s is zero; and .about. is alpha).
PAR  Refer to Chart B. A mixture of the formula-LXXV
      5-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha., methyl ester,
      11,15-bis(tetrahydropyranyl ether) (Example 31, 1.2 g.) in 40 ml. of
      acetic acid, 20 ml. of water, and 6 ml. of tetrahydrofuran is stirred at
      40.degree. C. for 4 hr. The mixture is diluted with ethyl acetate and the
      organic phase is washed with cold dilute sodium hydroxide solution, water,
      and brine, dried and concentrated under reduced pressure. The residue is
      subjected to silica gel chromatography to yield the title compound, 0.45
      g., having R.sub.f 0.29 (TLC on silica gel plate in 5% ethanol in ethyl
      acetate) and NMR peaks at 7.21, 5.40-5.68, 3.63, and 3.33-3.52 .delta..
PAC  EXAMPLE 33
PAR  5-Oxa Phenyl-substituted PGF.sub.1.sub..alpha. -type Compounds within the
      scope of Formula XLVII.
PAR  Following the procedures of Examples 30-32, but replacing the
      Preparation-11 .gamma.-lactol starting material of Example 30 with each of
      the appropriate formula-LXXII .gamma.-lactols identified in and following
      Preparation 11, there are obtained the corresponding 5-oxa
      phenyl-substituted PGF.sub.1.sub..alpha. -type compounds, both optically
      active and racemic, wherein Q.sub.1 is either
      ##EQU94##
      including their methyl esters for example:
      5-oxa-16-phenyl-17,18,19,20-tetranor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16(p-chlorophenyl)-17,18,19,20-tetranor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-(o,p-dichlorophenyl)-18,19,20-trinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-fluoro-16-(p-tolyl)-17,18,19,20-tetranor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-butyl-16-phenyl-17,18,19,20-tetranor-PGF.sub.1.sub..alpha.
PA1  5-oxa-17-(p-chlorophenyl)-18,19,20-trinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-17-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)-18,19,20-trinor-PGF.su
     b.1.sub..alpha.
PA1  5-oxa-16-ethyl-17-(m-methoxyphenyl)-18,19,20-trinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16,16-difluoro-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-18-(p-chlorophenyl)-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-18-(p-tolyl)-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-18-(2-chloro-4-tolyl)-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-methyl-18-(2,4-xylyl)-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-19-phenyl-20-nor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16,16-dimethyl-19-phenyl-20-nor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-heptyl-18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-20-phenyl-PGF.sub.1.sub..alpha.
PA1  5-oxa-20-benzyl-PGF.sub.1.sub..alpha. and
PA1  5-oxa-17-phenyl-17-propyl-20-ethyl-PGF.sub.1.sub..alpha..
PAC  EXAMPLE 34
PAR  5-Oxa-17-phenyl-18,19,20-trinor-PGE.sub.1, Methyl Ester (Formula XXXIX:
      C.sub.j H.sub.2j is methylene, Q.sub.1 is
      ##EQU95##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen; and s is zero).
PAR  Refer to Chart C. There is first prepared the intermediate
      5-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1, methyl ester,
      11,15-bis(tetrahydropyranyl ether). A solution of the formula-LXXV
      5-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha., methyl ester,
      11,15-bis(tetrahydropyranyl ether) (Example 31, 1.05 g.) is oxidized with
      the Jones reagent to yield the desired intermediate 0.9 g., having R.sub.f
      0.23 (TLC on silica gel plate in 30% ethyl acetate in Skellysolve B).
PAR  The above intermediate is then hydrolyzed following the procedure of
      Example 32 and subjected to silica gel chromatography to obtain the title
      compound, 0.45 g. having R.sub.f 0.48 (TLC on silica gel plate in 5%
      ethanol in ethyl acetate) and NMR peaks at 7.22, 5.55-5.70, 3.61, and
      3.24-3.48 .delta..
PAC  EXAMPLE 35
PAR  5-Oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha., Methyl Exter
      (Formula XLVII: C.sub.j H.sub.2j is methylene; Q.sub.1 is
      ##EQU96##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen, s is zero; and .about. is alpha) and
      5-Oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..beta., Methyl Ester
      (Formula XLVII: .about. is beta).
PAR  Refer to Chart C. The formula-XXXIX
      5-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1, methyl ester (Example 34, 0.2
      g.) is treated in 6 ml. of methanol at 0.degree. C., while stirring, with
      a solution of 50 mg. of sodium borohydride in 0.5 ml. of water. The
      mixture is stirred at 0.degree. C. for 10 min. and then diluted with 100
      ml. of ethyl acetate. The organic phase is washed with brine, dried, and
      concentrated under reduced pressure. The residue is subjected to silica
      gel chromatography to separate the title compounds thus obtained.
PAC  EXAMPLE 36
PAR  5-Oxa-16-phenoxy-17,18,19,20-tetranor-PGF.sub.1.sub..alpha. Methyl Ester
      (Formula LI: Q.sub.1 is
      ##EQU97##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen; s is zero; and .about. is alpha).
PAR  Following the procedures of Examples 30, 31, and 32, but replacing the
      formula-LXXII .gamma.-lactol starting material of Example 30 with the
      formula-LXXII title compound of Preparation 12, there is obtained the
      formula-LI title compound.
PAC  EXAMPLE 37
PAR  5-Oxa 16-Phenoxy PGF.sub.1.sub..alpha. -type Compounds within the scope of
      Formula LI
PAR  Following the procedures of Examples 30, 31, and 32, but replacing the
      Preparation-12 .gamma.-lactol starting material of Example 30 with each of
      the appropriate formula-LXXII .gamma.-lactols identified in and following
      Preparation 12, there are obtained the corresponding 5-oxa 16-phenoxy
      PGF.sub.1.sub..alpha. -type compounds, both optically active and racemic,
      wherein Q.sub.1 is either
      ##EQU98##
      including their methyl esters, for example:
      5-oxa-16-(p-fluorophenoxy)-17,18,19,20-tetranor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-phenoxy-18,19,20-trinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-methyl-16-phenoxy-18,19,20-trinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-phenoxy-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-ethyl-16-phenoxy-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-methyl-16-phenoxy-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-(p-tolyloxy)-17,18,19,20-tetranor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-(p-fluorophenoxy)-18,19,20 -trinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-methyl-16-(o,p-dichlorophenoxy)-18,19,20-trinor-PGF.sub.1.sub..alp
     ha.
PA1  5-oxa-16-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyloxy)-19,20-dinor-PGF.sub
     .1.sub..alpha.
PA1  5-oxa-16-methyl-16-(m-methoxyphenoxy)-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  and 5-oxa-16-phenoxy-PGF.sub.1.sub..alpha..
PAC  EXAMPLE 38
PAR  5-Oxa-11-deoxy-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha. Methyl Ester
      (Formula XLIX: Q.sub.1 is
      ##EQU99##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen; s is zero; and .about. is alpha).
PAR  Following the procedures of Examples 30, 31, and 32, but replacing the
      formula-LXXII .gamma.-lactol starting material of Example 30 with the
      formula-CVI title compound of Preparation 13, there is obtained the title
      compound.
PAC  EXAMPLE 39
PAR  5-Oxa-11-deoxy-16-phenoxy-17,18,19,20-tetranor-PGF.sub.1.sub..alpha.,
      Methyl Ester (Formula LII: Q.sub.1 is
      ##EQU100##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen; s is zero; and .about. is alpha).
PAR  Following the procedures of Examples 30, 31, and 32, but replacing the
      formula-LXXII .gamma.-lactol starting material of Example 30 with the
      formula-CVI title compound of Preparation 14, there is obtained the title
      compound.
PAC  EXAMPLE 40
PAR  5-Oxa 17-Phenyl and 16-Phenoxy PGE.sub.1 -type Compounds
PAR  Following the procedures of Example 34 but replacing the
      5-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha., methyl ester,
      11,15-bis(tetrahydropyranyl ether) of that example with the appropriate
      corresponding compound available from the examples herein, there are
      obtained, for example, the following compounds:
PA1  5-oxa-16-phenoxy-17,18,19,20-tetranor-PGE.sub.1, methyl ester (Formula
      XLIII)
PA1  5-oxa-11-deoxy-17-phenyl-18,19,20-trinor-PGE.sub.1, methyl ester (Formula
      XLI)
PA1  5-oxa-11-deoxy-16-phenoxy-17,18,19,20-tetranor-PGE.sub.1, methyl ester
      (Formula XLV).
PAC  EXAMPLE 41
PAR  5-Oxa 17-Phenyl and 16-Phenoxy PGF.sub.1.sub..beta. -type Compounds
PAR  Following the procedure of Example 35, but replacing the 5-oxa PGE.sub.1
      -type compound of that example with the appropriate corresponding compound
      available from the examples herein, there are obtained, for example, the
      following compounds:
PA1  5-oxa-16-phenoxy-17,18,19,20-tetranor-PGE.sub.1.sub..beta. (Formula LI)
PA1  5-oxa-11-deoxy-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..beta.  (Formula
      XLIX)
PA1  5-oxa-11-deoxy-16-phenoxy-17,18,19,20-tetranor-PGF.sub.1.sub..beta.
      (Formula LIII).
PAC  EXAMPLE 42
PAR  5-Oxa-13,14-dihydro-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha., Methyl
      Ester (Formula XLVIII: C.sub.j H.sub.2j is trimethylene, Q.sub.1 is
      ##EQU101##
      R.sub.1 is methyl, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen; s is zero; and .about. is alpha).
PAR  A solution of 5-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha., methyl
      ester, (Example 32, 100 mg.) in 10 ml. of ethyl acetate is shaken with
      hydrogen at about one atmosphere pressure at 25.degree. C. in the presence
      of 5% palladium on charcoal (15 mg.). The hydrogenation is stopped when
      one equivalent of hydrogen is absorbed and the catalyst is removed by
      filtration. The filtrate is concentrated, and the residue is subjected to
      silica gel chromatography to obtain the title compound.
PAC  EXAMPLE 43
PAR  5-Oxa-13,14-dihydro 17-Phenyl and 16-Phenoxy PG.sub.1 -type Compounds
PAR  Following the procedure of Example 42, the various 5-oxa 17-phenyl or
      16-phenoxy PG.sub.1 -type compounds available from the examples herein, in
      either their acid or ester forms, are reduced to the corresponding
      5-oxa-13,14-dihydro PG.sub.1 -type compounds. Thus, from the following
      compounds and their methyl esters:
PA1  5-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1
PA1  5-oxa-17-phenyl-18,19,20-trinor-PGF.sub. 1.sub..beta.
PA1  5-oxa-17-phenyl-18,19,20-trinor-PGB.sub.1
PA1  5-oxa-16-phenoxy-17,18,19,20-tetranor-PGF.sub.1.sub..alpha.
PA1  5-oxa-16-phenoxy-17,18,19,20-tetranor-PGE.sub. 1
PA1  5-oxa-16-phenoxy-17,18,19,20-tetranor-PGF.sub.1.sub..beta.
PA1  5-oxa-16-phenoxy-17,18,19,20-tetranor-PGB.sub.1
PA1  5-oxa-11-deoxy-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-11-deoxy-17-phenyl-18,19,20-trinor-PGE.sub.1
PA1  5-oxa-11-deoxy-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..beta.
PA1  5-oxa-11-deoxy-17-phenyl-18,19,20-trinor-PGB.sub.1
PA1  5-oxa-11-deoxy-16-phenoxy-17,18,19,20-tetranor-PGF.sub.1.sub..alpha.
PA1  5-oxa-11-deoxy-16-phenoxy-17,18,19,20-tetranor-PGE.sub.1
PA1  5-oxa-11-deoxy-16-phenoxy-17,18,19,20-tetranor-PGF.sub.1.sub..beta.
PA1  5-oxa-11-deoxy-16-phenoxy-17,18,19,20-tetranor-PGB.sub.1
PAL  there are obtained the following corresponding 5-oxa-13,14-dihydro PG.sub.1
      -type compounds and their methyl esters:
PA1  5-oxa-13,14-dihydro-17-phenyl-18,19,20-trinor-PGE.sub.1
PA1  5-oxa-13,14-dihydro-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..beta.
PA1  5-oxa-13,14-dihydro-17-phenyl-18,19,20-trinor-PGB.sub.1
PA1  5-oxa-13,14-dihydro-16-phenoxy-17,18,19,20-tetranor-PGF.sub.1.sub..alpha.
PA1  5-oxa-13,14-dihydro-16-phenoxy-17,18,19,20-tetranor-PGE.sub.1
PA1  5-oxa-13,14-dihydro-16-phenoxy-17,18,19,20-tetranor-PGF.sub.1.sub..beta.
PA1  5-oxa-13,14-dihydro-16-phenoxy-17,18,19,20-tetranor-PGB.sub.1
PA1  5-oxa-11-deoxy-13,14,-dihydro-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alph
     a.
PA1  5-oxa-11-deoxy-13,14-dihydro-17-phenyl-18,19,20-trinor-PGE.sub.1
PA1  5-oxa-11-deoxy-13,14-dihydro-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..beta.
PA1  5-oxa-11-deoxy-13,14-dihydro-17-phenyl-18,19,20-trinor-PGB.sub.1
PA1  5-oxa-11-deoxy-13,14-dihydro-16-phenoxy-17,18,19,20-tetranor-PGF.sub.1.sub.
     .alpha.
PA1  5-oxa-11-deoxy-13,14-dihydro-16-phenoxy-17,18,19,20-tetranor-PGE.sub.1
PA1  5-oxa-11-deoxy-13,14-dihydro-16-phenoxy-17,18,19,20-tetranor-PGF.sub.1.sub.
     .beta.
PA1  5-oxa-11-deoxy-13,14-dihydro-16-phenoxy-17,18,19,20-tetranor-PGB.sub.1.
PAC  EXAMPLE 43A
PAR  5-Oxa-13,14-dihydro-17-phenyl-18,19,20-trinor-PGA.sub.1 (Formula LVI:
      Q.sub.1 is
      ##EQU102##
      C.sub.j H.sub.2j is methylene; R.sub.1, R.sub.2, R.sub.3, R.sub.4,
      R.sub.5, R.sub.8, and R.sub.9 are hydrogen; and s is zero).
PAR  A suspension of disodium azodiformate (50 mg.) in 5 ml. of absolute ethanol
      is added to a stirred solution of
      5-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1 (50 mg.) in 10 ml. of absolute
      ethanol under nitrogen at 25.degree. C. The mixture is made acid with
      glacial acetic acid, and then is stirred under nitrogen at 25.degree. C.
      for 8 hr. The resulting mixture is concentrated under reduced pressure,
      and the residue is mixed with a mixture of diethyl ether and water (1:1).
      The diethyl ether layer is separated, dried, and concentrated to give the
      title compound.
PAR  Following the procedure of Example 43A, the various 5-oxa substituted
      phenyl or 16-phenoxy PGA.sub.1 -type compounds available from the examples
      herein are reduced to the corresponding 5-oxa-13,14-dihydro PGA.sub.1
      -type compounds, for example
      5-oxa-13,14-dihydro-16-phenoxy-17,18,19,20-tetranor-PGA.sub.1.
PAC  EXAMPLE 44
PAR  5-Oxa-17-phenyl-18,19,20-trinor-PGA.sub.1, Methyl Ester (Formula LV:
      C.sub.j H.sub.2j is methylene; Q.sub.1
      ##EQU103##
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen; and s is zero).
PAR  Refer to Chart H. A solution of 5-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1,
      methyl ester (Example 34, 0.2 g.) in a mixture of glacial acetic acid (9
      ml.) and water (1 ml.) is heated under nitrogen at 60.degree. C. for 18
      hr. Then, the acetic acid and water are evaporated under reduced pressure,
      and the residue is subjected to silica gel chromatography to yield the
      title compound.
PAC  EXAMPLE 45
PAR  5-Oxa 17-Phenyl and 16-Phenoxy PGA.sub.1 -type Compounds
PAR  Following the procedure of Example 44 but replacing the 5-oxa PGE.sub.1
      -type compound of that example with the appropriate corresponding compound
      available from the examples herein, there are obtained, for example, the
      following compounds:
PAR  5-oxa-16-phenoxy-17,18,19,20-tetranor-PGA.sub.1, methyl ester (Formula
      LVII)
PAR  5-oxa-13,14-dihydro-17-phenyl-18,19,20-trinor-PGA.sub.1, methyl ester
      (Formula LVI)
PAR  5-oxa-13,14-dihydro-16-phenoxy-17,18,19,20-tetranor-PGA.sub.1, methyl ester
      (Formula LVIII).
PAC  EXAMPLE 46
PAR  5-Oxa-17-phenyl-18,19,20-trinor-PGB.sub.1 (Formula LIX: C.sub.j H.sub.2j is
      methylene; Q.sub.1 is
      ##EQU104##
      R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and R.sub.9 are
      hydrogen; and s is zero).
PAR  Refer to Chart H. A solution of 5-oxa-17-phenyl-18,19,20-trinor PGE.sub.1,
      methyl ester (Example 34, 0.2 g.) in 20 ml. of 50% aqueous ethanol
      containing 0.5 grams of potassium hydroxide is kept at 25.degree. C. for
      10 hr. under nitrogen. Then, the solution is cooled to 10.degree. C. and
      acidified to pH 1 by addition of 3N. hydrochloric acid at 10.degree. C.
      The resulting solution is extracted repeatedly with ethyl acetate, and the
      combined ethyl acetate extracts are washed with water and then with brine,
      dried, and concentrated to give the title compound.
PAC  EXAMPLE 47
PAR  5-Oxa- 17-Phenyl and 16-Phenoxy PGB.sub.1 -type Compounds
PAR  Following the procedure of Example 46 but replacing the 5-oxa PGE.sub.1
      -type compound of that example with the appropriate corresponding compound
      available from the examples herein, there are obtained, for example, the
      following compounds:
PA1  5-oxa-16-phenoxy-17,18,19,20-tetranor-PGB.sub.1 (Formula LXI)
PA1  5-oxa-13,14-dihydro-17-phenyl-18,19,20-trinor-PGB.sub. 1  (Formula LX)
PA1  5-oxa-13,14-dihydro-16-phenoxy-17,18,19,20-tetranor-PGB.sub.1 (Formula
      LXII).
PAC  EXAMPLE 48 5-Oxa-17-phenyl-18,19,20-trinor-PGB.sub.1 Methyl Ester (Formula
      LIX: C.sub.j H.sub.2j is methylene; Q.sub.1 is
      ##EQU105##
      R.sub.1 is methyl; and R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.8, and
      R.sub.9 are hydrogen).
PAR  A solution of diazomethane (about 50%) in diethyl ether (25 ml.) is added
      to a solution of 5-oxa-17-phenyl-18,19,20-trinor-PGB.sub.1 (Example 47. 50
      mg.) in 25 ml. of a mixture of methanol and diethyl ether (1:1). The
      mixture is allowed to stand at 25.degree. C. for 5 min. Then the mixture
      is concentrated to give the title compound.
PAR  Following the procedure of Example 48, each of the other specific 5-oxa
      phenyl- or phenoxy-substituted PGB-type, PGA-type, PGE-type, and PGF-type
      free acids identified herein is converted to the corresponding methyl
      ester.
PAR  Also following the procedure of Example 48, but using in place of the
      diazomethane, diazoethane, diazobutane, 1-diazo-2-ethylhexane, and
      diazocyclohexane, there are obtained the corresponding ethyl, butyl,
      2-ethylhexyl, and cyclohexyl esters of
      5-oxa-17-phenyl-18,19,20-trinor-PGB.sub.1. In the same manner, each of the
      other specific 5-oxa phenyl- or phenoxy-substituted PGB-type, PGA-type,
      PGE-type, and PGF-type free acids identified herein is converted to the
      corresponding ethyl, butyl, 2-ethylhexyl, and cyclohexyl esters.
PAC  EXAMPLE 49
PAR  5-Oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 Methyl Ester Diacetate
PAR  Acetic anhydride (5ml.) and pyridine (5 ml.) are mixed with
      5-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 methyl ester (Example 34, 20
      mg.), and the mixture is allowed to stand at 25.degree. C. for 5-18 hr.
      The mixture is then cooled to 0.degree. C., diluted with 50 ml. of water,
      and acidified with 5% hydrochloric acid to pH 1. That mixture is extracted
      with ethyl acetate and the extract is washed successively with 5%
      hydrochloric acid, 5% aqueous sodium bicarbonate solution, water, and
      brine, dried and concentrated to give the title compound.
PAR  Following the procedure of Example 34 but replacing the acetic anhydride
      with propionic anhydride, isobutyric anhydride, and hexanoic acid
      anhydride, there are obtained the corresponding dipropionate,
      diisobutyrate and dihexanoate derivatives of
      5-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 methyl ester.
PAR  Also following the procedure of Example 34, but replacing the PGE.sub.1
      -type compound with the PGF.sub.1.sub..alpha. -type and
      PGF.sub.1.sub..beta. -type compounds defined herein, there are obtained
      the corresponding triacetate derivatives of the
      5-oxa-17-phenyl-18,19,20-trinor-PGF compounds.
PAR  Also following the procedure of Example 34, each of the 5-oxa phenyl- or
      phenoxy-substituted PGE-type, PGF-type, PGA-type, and PGB-type esters and
      free acids defined herein is transformed to the corresponding acetates,
      propionates, isobutyrates, and hexanoates, the PGE-type and the
      11-deoxy-PGF-type derivatives being dialkanoates, the PGF-type derivatives
      being trialkanoates, and the PGA-type, and the PGB-type, and the
      11-deoxy-PGE-type derivatives being monoalkanoates.
PAC  EXAMPLE 50
PAR  5-Oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 from
      5-Oxa-17-phenyl-18,19,20-trinor-PGE.sub.1, Methyl Ester
PAR  There is first prepared an esterase composition from Plexaura homomalla,
      for which see W. P. Schneider et al., J. Am. Chem. Soc. 94, 2122 (1972).
      Freshly harvested colony pieces of Plexaura homomalla (Esper), 1792, forma
      S (10 kg.), are chopped into pieces less than 3 mm. in their longest
      dimension, and then covered with about three volumes (20 l.) of acetone.
      The mixture is stirred at about 25.degree. C. for about one hour. The
      solids are separated by filtration, washed with 1-2 liters of acetone, air
      dried, and finally stored at about -20.degree. C. as a coarse enzymatic
      powder.
PAR  A suspension of the above powder (2.5 g.) in 25 ml. of water is combined
      with a solution of 5-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1, methyl
      ester, (Example 34, 0.5 g.) in about 0.8 ml. of ethanol previously
      acidified to pH 6 with phosphoric acid. The mixture is stirred at about
      25.degree. C. for 24 hr. Then, 50 ml. of acetone is added, the mixture is
      stirred briefly and filtered, and the filtrate is concentrated under
      reduced pressure. The aqueous residue is acidified to pH 3.5 with citric
      acid and extracted with dichloromethane. The combined extracts are
      concentrated under reduced pressure to the title compound.
PAR  Following the procedure of Example 50, but replacing the methyl ester of
      that example with the methyl esters of the 5-oxa PG compounds identified
      herein there are obtained the corresponding free acids, for example:
PA1  5-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.
PA1  5-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1
PA1  5-oxa-11-deoxy-17-phenyl-18,19,20-trinor-PGE.sub.1
PA1  5-oxa-13,14-dihydro-17-phenyl-18,19,20-trinor-PGE.sub.1
PA1  5-oxa-16-phenoxy-17,18,19,20-tetranor-PGE.sub.1
PA1  5-oxa-16-phenoxy-17,18,19,20-tetranor-PGF.sub.1.sub..alpha. and
PA1  5-oxa-16-phenoxy-17,18,19,20-tetranor-PGA.sub.1.
PAC  EXAMPLE 51
PAR  5-Oxa-17-phenyl-18,19,20-trinor-PGE.sub.1, Sodium Salt
PAR  A solution of 5-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1  (Example 50, 100
      mg.) in 50 ml. of a water-ethanol mixture (1:1) is cooled to 5.degree. C.
      and neutralized with an equivalent amount of 0.1 N. aqueous sodium
      hydroxide solution. The neutral solution is concentrated to give the title
      compound.
PAR  Following the procedure of Example 51 but using potassium hydroxide,
      calcium hydroxide, tetramethylammonium hydroxide, and
      benzyltrimethylammonium hydroxide in place of sodium hydroxide, there are
      obtained the corresponding salts of
      5-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1.
PAR  Also following the procedure of Example 52 each of the 5-oxa phenyl- or
      phenoxy-substituted PGE-type, PGF-type, PGA-type, and PGB-type acids
      defined herein is transformed to the sodium, potassium, calcium,
      tetramethylammonium, and benzyltrimethylammonium salts.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optically active compound of the formula
      ##EQU106##
      or a racemic compound of that formula and the mirror image thereof,
      wherein C.sub.g H.sub.2g  is alkylene of one to 9 carbon atoms inclusive,
      with one to 5 carbon atoms, inclusive, in the chain between --CR.sub.9
      R.sub.9 --and terminal methyl; wherein Q.sub.1 is
      ##EQU107##
      wherein R.sub.6 and R.sub.7 are hydrogen or alkyl of one to 4 carbon
      atoms, inclusive, being the same or different; wherein R.sub.1 is
      hydrogen, alkyl of one to 12 carbon atoms, inclusive, cycloalkyl of 3 to
      10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms, inclusive,
      phenyl, or phenyl substituted with one, 2, or 3 chloro or alkyl of one to
      4 carbon atoms, inclusive; wherein R.sub.3, R.sub.8 , and R.sub.9 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.9 is fluoro only when
      R.sub.8 is hydrogen or fluoro; wherein R.sub.2 is hydrogen or fluoro, with
      the proviso that R.sub.2 is fluoro only when R.sub.3 is hydrogen or
      fluoro; and wherein R.sub.4 and R.sub.5 are hydrogen or alkyl of one to 4
      carbon atoms, inclusive, being the same or different, with the proviso
      that no more than one of R.sub.3, R.sub.4, and R.sub.5 is alkyl; including
      the lower alkanoates thereof, and the pharmacologically acceptable salts
      thereof when R.sub.1 is hydrogen.
NUM  2.
PAR  2. A compound according to claim 1 wherein Q.sub.1 is
      ##EQU108##
      wherein R.sub.6 and R.sub.7 are hydrogen or alkyl of one to 4 carbon
      atoms, inclusive, being the same or different.
NUM  3.
PAR  3. A compound according to claim 2 wherein the sum of of the carbon atoms
      in R.sub.6, R.sub.7, R.sub.8 and R.sub.9 taken together is not greater
      than 7.
NUM  4.
PAR  4. A compound according to claim 3 wherein R.sub.3, R.sub.4, and R.sub.5
      are either hydrogen or methyl, and one of R.sub.3, R.sub.4, and R.sub.5 is
      methyl.
NUM  5.
PAR  5. A compound according to claim 3 wherein R.sub.2, R.sub.3, R.sub.4, and
      R.sub.5 are hydrogen.
NUM  6.
PAR  6. A compound according to claim 5 wherein R.sub.6, R.sub.7, R.sub.8, and
      R.sub.9 are either hydrogen or methyl, and at least one of R.sub.6,
      R.sub.7, R.sub.8, and R.sub.9 is methyl.
NUM  7.
PAR  7. A compound according to claim 6 wherein R.sub.6 is methyl.
NUM  8.
PAR  8. A compound according to claim 7 wherein C.sub.g H.sub.2g is
      trimethylene.
NUM  9.
PAR  9. An optically active compound according to claim 8.
NUM  10.
PAR  10. A compound according to claim 9 wherein R.sub.1 is alkyl of one to 12
      carbon atoms, inclusive.
NUM  11.
PAR  11. (15S)-15-Methyl-5-oxa-PGF.sub.1.sub..alpha., methyl ester, a compound
      according to claim 10.
NUM  12.
PAR  12. A compound according to claim 9 wherein R.sub.1 is hydrogen.
NUM  13.
PAR  13. A racemic compound according to claim 8.
NUM  14.
PAR  14. A compound according to claim 6 wherein R.sub.7 is methyl.
NUM  15.
PAR  15. A compound according to claim 6 wherein one or both of R.sub.8 and
      R.sub.9 are methyl.
NUM  16.
PAR  16. A compound according to claim 15 wherein C.sub.g H.sub.2g is
      trimethylene.
NUM  17.
PAR  17. An optically active compound according to claim 16.
NUM  18.
PAR  18. A compound according to claim 17 wherein R.sub.1 is alkyl of one to 12
      carbon atoms, inclusive.
NUM  19.
PAR  19. 16,16-Dimethyl-5-oxa-PGF.sub.1.sub..alpha., methyl ester, a compound
      according to claim 18.
NUM  20.
PAR  20. A compound according to claim 17 wherein R.sub.1 is hydrogen.
NUM  21.
PAR  21. A racemic compound according to claim 16.
NUM  22.
PAR  22. A compound according to claim 5 wherein R.sub.6, R.sub.7, R.sub.8, and
      R.sub.9 are hydrogen.
NUM  23.
PAR  23. A compound according to claim 22 wherein C.sub.g H.sub.2g is
      trimethylene.
NUM  24.
PAR  24. An optically active compound according to claim 23.
NUM  25.
PAR  25. A compound according to claim 24 wherein R.sub.1 is alkyl of one to 12
      carbon atoms.
NUM  26.
PAR  26. 5-Oxa-PGF.sub.1.sub..alpha., methyl ester, a compound according to
      claim 25.
NUM  27.
PAR  27. A compound according to claim 24 wherein R.sub.1 is hydrogen.
NUM  28.
PAR  28. 5-Oxa-PGF.sub.1.sub..alpha., a compound according to claim 27.
NUM  29.
PAR  29. A racemic compound according to claim 23.
NUM  30.
PAR  30. A compound according to claim 1 wherein Q.sub.1 is
      ##EQU109##
NUM  31.
PAR  31. A compound according to claim 30 wherein the sum of the carbon atoms in
      R.sub.6, R.sub.7, R.sub.8, and R.sub.9 taken together is not greater than
      7.
NUM  32.
PAR  32. A compound according to claim 31 wherein R.sub.3, R.sub.4, and R.sub.5
      are either hydrogen or methyl, and one of R.sub.3, R.sub.4 and R.sub.5 is
      methyl.
NUM  33.
PAR  33. A compound according to claim 31 wherein R.sub.2, R.sub.3, R.sub.4, and
      R.sub.5 are hydrogen.
NUM  34.
PAR  34. A compound according to claim 33 wherein R.sub.6, R.sub.7, R.sub.8, and
      R.sub.9 are either hydrogen or methyl, and at least one of R.sub.6,
      R.sub.7, R.sub.8, and R.sub.9 is methyl.
NUM  35.
PAR  35. A compound according to claim 34 wherein R.sub.6 is methyl.
NUM  36.
PAR  36. A compound according to claim 35 wherein C.sub.g H.sub.2g is
      trimethylene.
NUM  37.
PAR  37. An optically active compound according to claim 36.
NUM  38.
PAR  38. A compound according to claim 37 wherein R.sub.1 is alkyl of one to 12
      carbon atoms, inclusive.
NUM  39.
PAR  39. (15R)-15-Methyl-5-oxa-PGF.sub.1.sub..alpha., methyl ester, a compound
      according to claim 38.
NUM  40.
PAR  40. A compound according to claim 37 wherein R.sub.1 is hydrogen.
NUM  41.
PAR  41. A racemic compound according to claim 36.
NUM  42.
PAR  42. A compound according to claim 34 wherein R.sub.7 is methyl.
NUM  43.
PAR  43. A compound according to claim 34 wherein one or both of R.sub.8 and
      R.sub.9 are methyl.
NUM  44.
PAR  44. A compound according to claim 33 wherein R.sub.6, R.sub.7, R.sub.8, and
      R.sub.9 are hydrogen.
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ABST
PAL  Alkyl cis-chrysanthemate is treated with a catalytic amount of alkali metal
      alkoxide at a temperature of about 50.degree. to 200.degree.C in the
      absence or presence of an aprotic solvent to give alkyl
      trans-chrysanthemate in a high purity and an excellent yield.
BSUM
PAR  The present invention relates to a process for preparing alkyl
      trans-chrysanthemate, i.e. alkyl
      2,2-dimethyl-3-(2'-methyl)-1'-propenyl-1,3-trans-cyclopropane-1-carboxylat
     e. More particularly, it relates to a process for preparing the said
      trans-isomer from the corresponding cis-isomer, i.e. alkyl
      2,2-dimethyl-3-(2'-methyl)-1'-propenyl-1,3-cis-cyclopropane-1-carboxylate,
      by the use of a catalytic amount of alkali metal alkoxide.
PAR  It is known that chrysanthemic acid is the acid component of the esters
      known as "pyrethroidal insecticides" such as pyrethrin, allethrin,
      phthalthrin and 5-benzyl-3-furylmethyl chrysanthemate. It is also known
      that the pyrethroids having the residue of trans-chrysanthemic acid as the
      acid component generally exhibit a higher insecticidal activity than those
      having the residue of cis-chrysanthemic acid as the acid component. Thus,
      the use of the transisomer of chrysanthemic acid for the production of
      pyrethroids is more advantageous and favorable than that of the
      corresponding cis-isomer.
PAR  For the production of alkyl chrysanthemate, there has heretofore been
      widely adopted the reaction of 2,5-dimethyl-2,4-hexadiene with alkyl
      diazoacetate. However, the product in this reaction is a mixture of alkyl
      cis-chrysanthemate and alkyl trans-chrysanthemate. For this reason, the
      conversion of the cis-isomer thus produced into the corresponding
      transisomer is necessary in order to increase the insecticidal efficiency.
PAR  As the method for achieving such conversion, there is known the treatment
      of the cis-isomer with a not less than equal molar amount of alkali metal
      tertiary alkoxide in benzene while heating [French patent No. 1,203,902].
      This treatment is, however, not advantageous when using a relatively large
      amount of expensive alkali metal tertiary alkoxide. There is also known
      the treatment of the cis-isomer with a catalytic amount of alkali metal
      alkoxide in a lower primary alcohol at 150.degree. to 200.degree.C
      [Japanese provisional patent No. 6457/65]. This treatment is
      disadvantageous in requiring an autoclave for maintaining a high pressure
      in the reaction.
PAR  As the result of an extensive study, it has been found that treatment of
      alkyl cis-chrysanthemate with a catalytic amount of alkali metal alkoxide
      in the absence of any solvent makes it possible to isomerize the
      cis-isomer into the corresponding trans-isomer with ease even at a low
      temperature around 50.degree.C and under an atmospheric pressure. This
      finding is of unexpected and surprising nature, because the isomerization
      by the use of an alkali metal alkoxide wherein the alkoxy moiety is
      derived from a lower primary alcohol (e.g. methanol, ethanol) has been
      understood to be successfully achieved only under specific conditions as
      described in Japanese provisional patent No. 6457/65.
PAR  According to the present invention, there is provided a process for
      preparing alkyl trans-chrysanthemate which comprises treating the
      corresponding cis-isomer with a catalytic amount of alkali metal alkoxide
      at a temperature of about 50.degree. to 200.degree.C.
PAR  The alkyl cis-chrysanthemate to be used in this invention is representable
      by the formula:
      ##EQU1##
      wherein R is a lower alkyl group. The term "lower alkyl" hereinabove used
      is usually intended to mean the one having 1 to 8 carbon atoms and
      includes specifically methyl, ethyl, n-propyl, isopropyl, n-butyl,
      isobutyl, t-butyl, etc. Since the increase in the number of carbon atoms
      of the lower alkyl group generally results in the decrease of the
      isomerization efficiency, the methyl and ethyl esters are particularly
      preferred.
PAR  The starting cis-isomer [I] may be used alone or in a mixture with the
      corresponding trans-isomer, i.e. alkyl trans-chrysanthemate, which is
      representable by the formula:
      ##EQU2##
      wherein R is as defined above.
PAR  The alkali metal alkoxide to be employed as the catalyst may be an alkali
      metal lower alkoxide (e.g. sodium methoxide, sodium ethoxide, potassium
      methoxide, potassium ethoxide, lithium ethoxide), and the alkoxy moiety
      may be the one derived not only from a primary alcohol but also from a
      secondary or tertiary alcohol. From the economical viewpoint, the use of
      the one the alkoxy moiety is derived from a lower primary alcohol,
      particularly of sodium methoxide or sodium ethoxide, is favored.
PAR  Concerning the amount of the catalyst, i.e. alkali metal alkoxide, with
      respect to the starting cis-isomer [I] or its mixture with the
      corresponding trans-isomer [II], no strict limitation is present, and it
      may be appropriately decided depending on the reaction time, the type of
      catalyst and the like. Usually, the catalyst may be used in a proportion
      of 1/100 to 1/5 mol per 1 mol of the starting ester.
PAR  The process of this invention may be carried out batchwise or continuously.
      The reaction can proceed without any correlation to the pressure. When
      effected under an atmospheric pressure, the starting ester may be
      introduced into the reaction together with the catalyst. If desired, the
      starting ester may be added into the reactor continuously or
      intermittently depending on the progress of the reaction. The reaction
      temperature is usually from about 50.degree. to 200.degree.C, preferably
      from 70.degree. to 180.degree.C. In case of the reaction temperature being
      lower than 50.degree.C, the reaction rate of isomerization becomes too
      slow. In case of the reaction temperature being considerably higher than
      200.degree.C, unfavorable phenomena such as decomposition of the starting
      ester will be observed. The reaction proceeds without using any solvent
      but, if desired, an aprotic solvent may be employed.
PAR  In order to accomplish the isomerization more safely and efficiently, the
      adoption of an inert gas atmosphere is recommended. It is also
      recommendable to eliminate sufficiently the water which may be contained
      in the starting ester prior to its contact with the catalyst.
PAR  The reaction time is associated with the amount of the catalyst, the
      reaction temperature and the like. In general, a higher reaction
      temperature results in a shorter reaction time. Insofar as the reaction is
      carried out within the range of the reaction temperature as mentioned
      above, no strict regulation on the reaction time is necessary.
PAR  The proceeding of the reaction may be checked by a per se conventional
      procedure such as gas chromatography, IR absorption spectrum or the like.
PAR  After the isomerization is completed, the reaction mixture may be subjected
      to distillation to give the alkyl transchrysanthemate of the formula [II].
      Alternatively, the reaction mixture may be subjected to hydrolysis whereby
      transchrysanthemic acid is obtained.
PAR  As understood from the above descriptions, the process of this invention is
      industrially advantageous, because the isomerization can proceed easily in
      the presence of a catalytic amount of alkali metal alkoxide under a
      relatively mild condition without using any solvent to give the objective
      transisomer in an excellent yield and a high purity.
DETD
PAR  Practical and presently preferred embodiments of the present invention are
      illustratively shown in the following Examples.
PAC  EXAMPLE 1
PAR  In a 100 ml volume flask equipped with a condenser, there was charged ethyl
      cis-chrysanthemate (25.0 g). Under the nitrogen atmosphere, sodium
      ethoxide (1.0 g) was added thereto, and the resultant mixture was heated
      at 130.degree.C while stirring. The results of the gas chromatographic
      analysis of the reaction mixture sampled 10, 30, 60, 120 and 180 minutes
      after the initiation of the reaction are shown in the following Table:
     Reaction time                                                             

                  cis-Isomer   trans-Isomer                                    

     (minutes)    (% by weight)                                                

                               (% by weight)                                   

     ______________________________________                                    

     10           84.4         15.6                                            

     30           59.9         40.1                                            

     60           32.7         67.3                                            

     120          10.3         89.7                                            

     180          8.8          91.2                                            

     ______________________________________                                    

PAR  After the isomerization, the reaction mixture was distilled under reduced
      pressure to give ethyl trans-chrysanthemate (22.0 g). B.P. 88.degree.C/5
      mmHg. Hydrolysis of this product in a conventional manner afforded
      trans-chrysanthemic acid. M.P. 49.degree. to 54.degree.C.
PAC  EXAMPLE 2
PAR  The reaction was effected as in Example 1 but changing the reaction
      temperature. The results are shown in the following Table:
     Reaction trans-Isomer (% by weight)                                       

     temperature                                                               

              30        60        120     180                                  

     (.degree.C)                                                               

              minutes   minutes   minutes minutes                              

     ______________________________________                                    

     70       16.1      30.4      52.6    69.9                                 

     100      30.0      48.5      73.3    86.2                                 

     150      45.7      75.8      88.4    90.4                                 

     170      56.4      86.2      88.5    89.4                                 

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  In a 300 ml volume flask, a mixture of ethyl cischrysanthemate and ethyl
      trans-chrysamthemate (35.2 : 64.8 by weight) (100 g) was charged and,
      under the nitrogen atmosphere, sodium ethoxide (4.0 g) was added thereto.
      The resulting mixture was heated on an oil bath at 130.degree.C while
      stirring. The results of the gas chromatographic analysis of the reaction
      mixture sampled 60, 120 and 180 minutes after the initiation of the
      reaction are shown in the following Table:
TBL  Reaction time                                                             

                  cis-Isomer   trans-Isomer                                    

     (minutes)    (% by weight)                                                

                               (% by weight)                                   

     ______________________________________                                    

     60           10.7         89.3                                            

     120          9.2          90.3                                            

     180          8.8          91.2                                            

     ______________________________________                                    

PAR  The reaction mixture was hydrolyzed with a 25 % aqueous solution of sodium
      hydroxide and acidified with sulfuric acid to give trans-chrysanthemic
      acid (80.3 g). M.P. 48.degree. to 53.degree.C.
PAC  EXAMPLE 4
PAR  The reaction was effected as in Example 3 but changing the reaction
      temperature. The results are shown in the following Table wherein the
      yield is calculated by the following equation:
      ##EQU3##
     Reaction trans-Isomer (% by weight)                                       

     temperature                                                               

              30       60       120    180    Yield                            

     (.degree.C)                                                               

              minutes  minutes  minutes                                        

                                       minutes                                 

                                              (%)                              

     ______________________________________                                    

     100      84.5     88.6     90.3   92.3   97.0                             

     120      88.4     90.1     91.8   --     96.9                             

     140      90.2     90.6     91.1   --     96.9                             

     150      90.3     91.0     --     --     96.6                             

     170      89.7     89.6     --     --     96.5                             

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  The reaction was effected as in Example 3 but changing the amount of sodium
      ethoxide. The results are shown in the following Table:
TBL  Amount of                                                                 

              Reaction   Reaction   trans- Yield                               

     sodium   temperature                                                      

                         time       Isomer (%)                                 

     ethoxide (.degree.C)                                                      

                         (minutes)  (% by                                      

     (g)                            weight)                                    

     ______________________________________                                    

     3.0      130        240        90.1   96.8                                

     5.0      130        120        91.3   95.0                                

     6.0      130         60        91.4   94.1                                

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  As in Example 1, a mixture of ethyl cis-chrysanthemate and ethyl
      trans-chrysanthemate (35.2 : 64.8 by weight) (25.0 g) was treated with
      sodium methoxide (1.0 g) at 130.degree.C for 120 minutes while stirring.
      After cooling, the reaction mixture was hydrolyzed with a 25 % aqueous
      solution of sodium hydroxide and acidified with sulfuric acid. By IR
      absorption spectrum and gas chromatographic analysis, the obtained acidic
      product was confirmed to be a mixture of cis-chrysanthemic acid and
      trans-chrysanthemic acid in a weight ratio of 10 : 90.
PAC  EXAMPLE 7
PAR  As in Example 1, n-propyl cis-chrysanthemate (25.0 g) was treated with
      sodium ethoxide (1.0 g) at 140.degree.C for 120 minutes while stirring.
      After cooling, the reaction mixture was subjected to hydrolysis by a
      conventional procedure. By IR absorption spectrum and gas chromatographic
      analysis, the obtained acidic product was confirmed to be a mixture of
      cis-chrysanthemic acid and trans-chrysanthemic acid in a weight ratio of
      20 : 80.
PAC  EXAMPLE 8
PAR  As in Example 1, n-butyl cis-chryanthemate (25.0 g) was treated with sodium
      ethoxide (2.0 g) at 150.degree.C for 60 minutes while stirring. By gas
      chromatographic analysis, the product was confirmed to be a mixture of the
      cis-isomer and the trans-isomer in a weight ratio of 25 : 75. The product
      was hydrolyzed by a conventional procedure and cis-chrysanthemic acid was
      removed as dihydro-chrysanthemolactone to give trans-chrysanthemic acid
      (15.1 g).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing an alkyl trans-chrysanthemate which comprises
      treating the corresponding cis-isomer with an alkali metal lower alkoxide
      in the amount of about 1/100 to 1/5 mole of said alkali metal lower
      alkoxide per 1 mole of the starting cis-isomer at a temperature of about
      50.degree. to 200.degree.C. in the absence of a solvent.
NUM  2.
PAR  2. The process according to claim 1, wherein the alkali metal lower
      alkoxide is sodium methoxide or sodium ethoxide.
NUM  3.
PAR  3. The process according to claim 1, followed by the hydrolysis of the
      resulting alkyl trans-chrysanthemate to the corresponding free acid.
NUM  4.
PAR  4. The process according to claim 1, wherein the alkali metal lower
      alkoxide is derived from a primary alcohol.
NUM  5.
PAR  5. The process according to claim 1, wherein the alkali metal lower
      alkoxide is sodium methoxide, sodium ethoxide, potassium methoxide,
      potassium ethoxide or lithium ethoxide.
NUM  6.
PAR  6. The process according to claim 1, wherein the reaction temperature is
      from about 70.degree.C. to 180.degree.C.
PATN
WKU  039312810
SRC  5
APN  4315987
APT  1
ART  127
APD  19740108
TTL  Substituted anilide ester of PGA.sub.2
ISD  19760106
NCL  11
ECL  1
EXP  Gerstl; Robert
INVT
NAM  Morozowich; Walter
CTY  Kalamazoo
STA  MI
ASSG
NAM  The Upjohn Company
CTY  Kalamazoo
STA  MI
COD  02
CLAS
OCL  260468D
XCL  260345
XCL  260471R
XCL  260473R
XCL  260476R
XCL  260514D
XCL  424305
XCL  424317
EDF  2
ICL  C07C 6974
FSC  260
FSS  468;514
FREF
PNO  775,106
ISD  19720300
CNT  BE
OCL  260468
OREF
PAL  Fieser et al., Reagents for Organic Synthesis, I, pp. 86, 1229 (1967).
LREP
FR2  Nielsen; Morris L.
FR2  Stein; Bruce
ABST
PAL  Substituted anilide esters of PGA.sub.2, 15-alkyl-PGA.sub.2, and
      15(R)-15-alkyl-PGA.sub.2, and their racemic forms, and processes for
      producing them are disclosed. The products are useful for the same
      pharmacological and medical purposes as PGA.sub.2, 15-alkyl-PGA.sub.2, and
      15(R)-15-alkyl-PGA.sub.2, and are also useful as a means for obtaining
      highly purified PGA.sub.2, 15-alkyl-PGA.sub.2, and
      15(R)-15-alkyl-PGA.sub.2 products.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel ester derivatives of prostaglandin A.sub.2
      (hereinafter identified as "PGA.sub.2 "), 15-alkyl-PGA.sub.2,
      15(R)-15-alkyl-PGA.sub.2, and their racemic forms, and to processes for
      producing them.
PAR  PGA.sub.2 is represented by the formula:
      ##SPC1##
PAL  A systematic name for PGA.sub.2 is
      7-{2.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-5-oxo-1.alpha.-cyclo-3-penteny
     l}-cis-5-heptenoic acid. PGA.sub.2 is known to be useful for a variety of
      pharmacological and medical purposes, for example to reduce and control
      excessive gastric secretion, to increase the flow of blood in the
      mammalian kidney as in cases of renal dysfunction, to control spasm and
      facilitate breathing in asthmatic conditions, and as a hypotensive agent
      to reduce blood pressure in mammals, including humans. See Bergstrom et
      al., Pharmacol. Rev. 20, 1 (1968) and references cited therein. As to
      racemic PGA.sub.2, see for example J. Martel et al., Tetrahedron Lett.
      1491 (1972).
PAR  The 15-alkyl-PGA.sub.2 analog and its 15(R) epimer are represented by the
      formula:
      ##SPC2##
PAL  Wherein Y' is
      ##EQU1##
      following the usual convention wherein broken line attachment of hydroxy
      to the side chain at carbon 15 indicates the natural or "S" configuration
      and solid line attachment of hydroxy indicates the epi or "R"
      configuration. See for example Nugteren et al., Nature 212, 38 (1966) and
      Cahn, J. Chem. Ed. 41, 116 (1964). The 15-alkyl- and
      15(R)-15-alkyl-PGA.sub.2 analogs in their optically active and racemic
      forms are known. See for example Belg. Pat. No. 772,584, Derwent Farmdoc
      No. 19694T. These analogs are also useful for the above-described
      pharmacological purposes.
PAR  Esters of the above compounds are known, wherein the hydrogen atom of the
      carboxyl group is replaced by a hydrocarbyl or substituted hydrocarbyl
      group. Among these is the methyl ester of PGA.sub.2 (J.P. Lee et al.,
      Biochem. J. 105, 1251 (1967)).
PAC  SUMMARY OF THE INVENTION
PAR  It is a purpose of this invention to provide novel ester derivatives of
      prostaglandin PGA.sub.2, 15-alkyl-PGA.sub.2, 15(R)-15-alkyl-)PGA.sub.2,
      and their racemic forms. It is a further purpose to provide such esters
      derived from substituted phenols and naphthols. It is a further purpose to
      provide such esters in a free-flowing crystalline form. It is still a
      further purpose to provide novel processes for preparing these esters.
PAR  The presently described esters include compounds represented by the generic
      formula:
      ##SPC3##
PAL  Wherein Z is the substituted phenyl or naphthyl group as defined
      immediately below, and Y is
      ##EQU2##
      i.e., esters of PGA.sub.2, 15-methyl-PGA.sub.2, and
      15(R)-15-methyl-PGA.sub.2, 15-ethyl-PGA.sub.2, and
      15(R)-15-ethyl-PGA.sub.2 ; and also the racemic compounds represented by
      each respective formula and the mirrow image thereof; Z being represented
      by
      ##SPC4##
PAR  For example, PGA.sub.2, p-acetamidophenyl ester, is represented by formula
      III when Y is
      ##EQU3##
      and Z is A, i.e.
      ##SPC5##
PAL  and is conveniently identified herein as the PGA.sub.2 ester of formula
      III-A. Racemic compounds are designated by the prefix "racemic" or "dl";
      when that prefix is absent, the intent is to designate an optically active
      compound. Racemic 15-methyl-PGA.sub.2, p-benzamidophenyl ester,
      corresponds to formula III wherein Y is
      ##EQU4##
      and Z is B, i.e.
      ##SPC6##
PAL  including or course not only the optically active isomer represented by
      formula III but also its mirror image.
PAR  The novel formula-III compounds and corresponding racemic compounds of this
      invention are each useful for the same purposes as described above for
      PGA.sub.2 and are used for those purposes in the same manner known in the
      art, including oral, sublingual, buccal, rectal, intravaginal,
      intrauterine, or topical administration.
PAR  For many applications these novel prostaglandin esters which I have
      obtained from certain specified phenols and naphthols have advantages over
      the corresponding known prostaglandin compounds. Thus, these substituted
      phenyl and naphthyl esters are surprisingly stable compounds having
      outstanding shelf-life and thermal stability. In contrast to the acid form
      of these prostaglandins, these esters are not subject to decomposition
      either by elimination of water, epimerization, or isomerization. Thus
      these compounds have improved stability either in solid, liquid, or
      solution form. In oral administration these esters have shown surprisingly
      greater efficacy than the corresponding free acids or lower alkyl esters,
      whether because of longer duration of biological activity or because of
      improved lipophilicity and absorption is not certain. These esters offer a
      further advantage in that they have low solubility in water and the body
      fluids and are therefore retained longer at the site of administration.
PAR  A particularly outstanding advantage of many of these substituted phenyl
      and naphthyl esters is that they are obtained in free-flowing crystalline
      form, generally of moderately high melting point, in the range
      90.degree.-180.degree. C. This form is especially desirable for ease of
      handling, administering, and purifying. These crystals are highly stable,
      for example showing practically no decomposition at accelerated storage
      tests at 65.degree. C., in comparison with liquid alkyl esters or the free
      acids. This quality is advantageous because the compound does not lose its
      potency and does not become contaminated with decomposition products.
PAR  These crystalline esters also provide a means of purifying PGA.sub.2,
      15-methyl-PGA.sub.2, 15(R)-15-methyl-PGA.sub.2, 15-ethyl-PGA.sub.2, or
      15(R)-15-ethyl-PGA.sub.2, which are first converted to one of these
      esters, recrystallized until pure, and then recovered as the free acid.
      One method of recovering the free acid is by enzymatic hydrolysis of the
      ester, for example with a lipase. See German Pat. No. 2,242,792, Derwent
      Farmdoc No. 23047U.
PAR  To obtain the optimum combination of stability, duration of biological
      activity, lipophilicity, solubility, and crystallinity, certain compounds
      within the scope of formula III are preferred.
PAR  One preference is that Z is limited to either
      ##SPC7##
PAR  Another preference is that Z is further limited to
      ##SPC8##
PAL  wherein R.sub.1 is
      ##SPC9##
PAL  wherein R.sub.2 is
EQU  --CH.sub.3
      ##SPC10##
PAL  or
EQU  --NH.sub.2.
PAR  Another preference is that Z is limited to
      ##SPC11##
PAR  Another preference is that Z is limited to
      ##SPC12##
PAL  wherein R.sub.3 is
EQU  --CH.sub.3
      ##SPC13##
PAL  wherein R.sub.4 is
      ##SPC14##
PAR  Especially preferred are those compounds which are in free-flowing
      crystalline form, for example:
PA1  p-benzamidophenyl ester of PGA.sub.2
PA1  p-(p-acetamidobenzami do)phenyl ester of PGA.sub.2 or
PA1  .alpha.-semicarbazono-p-tolyl ester of PGA.sub.2
PAR  The substituted phenyl and naphthyl esters of PGA.sub.2,
      15-alkyl-PGA.sub.2, and 15(R)-15-alkyl-PGA.sub.2 encompassed by formula
      III wherein Z is defined by ester groups A through Y are produced by the
      reactions and procedures described and exemplified hereinafter. For
      convenience, the above prostaglandin or prostaglandin analog is referred
      to as "the PG compound." The term "phenol" is used in a generic sense,
      including both phenols and naphthols.
PAR  Various methods are available for preparing these esters, differing as to
      yield and purity of product. Thus, by one method, the PG compound is
      converted to a tertiary amine salt, reacted with pivaloyl halide to give
      the mixed acid anhydride and then reacted with the phenol. Alternately,
      instead of pivaloyl halide, an alkyl or phenylsulfonyl halide is used,
      such as p-toluenesulfonyl chloride. See for example Belgian Pat. Nos.
      775,106 and 776,294, Derwent Farmdoc Nos. 33705T and 39011T.
PAR  Still another method is by the use of the coupling reagent,
      dicyclohexylcarbodiimide. See Fieser et al., "Reagents for Organic
      Synthesis," pp. 231-236, John Wiley and Sons, Inc., New York (1967). The
      PG compound is contacted with one to ten molar equivalents of the phenol
      in the presence of 2-10 molar equivalents of dicyclohexylcarbodiimide in
      pyridine as a solvent.
PAR  The preferred novel process for the preparation of these esters, however,
      comprises the steps (1) forming a mixed anhydride with the PG compound and
      isobutylchloroformate in the presence of a tertiary amine and (2) reacting
      the anhydride with an appropriate phenol or naphthol.
PAR  The mixed anhydride is represented by the formula:
      ##SPC15##
PAL  for the optically active PG compounds, Y having the same definition as
      above.
PAR  The anhydride is formed readily at temperatures in the range -40.degree. to
      +60.degree. C., preferably at -10.degree. to +10.degree. C. so that the
      rate is reasonably fast and yet side reactions are minimized. The
      isobutylchloroformate reagent is preferably used in excess, for example
      1.2 molar equivalents up to 4.0 per mole of the PG compound. The reaction
      is preferably done in a solvent and for this purpose acetone is preferred,
      although other relatively non-polar solvents are used such as
      acetonitrile, dichloromethane, and chloroform. The reaction is run in the
      presence of a tertiary amine, for example triethylamine, and the co-formed
      amine hydrochloride usually crystallizes out, but need not be removed for
      the next step.
PAR  The anhydride is usually not isolated but is reacted directly in solution
      with the phenol, preferably in the presence of a tertiary amine such as
      pyridine.
PAR  The phenol is preferably used in equivalent amounts or in excess to insure
      that all of the mixed anhydride is converted to ester. Excess phenol is
      separated from the product by methods described herein or known in the
      art, for example by crystallization. The tertiary amine is not only a
      basic catalyst for the esterification but also a convenient solvent. Other
      examples of tertiary amines useful for this purpose include
      N-methylmorpholine, triethylamine, diisopropylethylamine, and
      dimethylaniline. Although they may be used, 2-methylpyridine and quinoline
      result in a slow reaction. A highly hindered amine such as
      2,6-dimethyllutidine is not useful because of the slowness of the
      reaction.
PAR  The reaction with the anhydride proceeds smoothly at room temperature
      (about 20.degree. to 30.degree. C.) and can be followed in the
      conventional manner with thin layer chromatography (TLC), usually being
      found complete within 1-4 hours.
PAR  The reaction mixture is worked up to yield the ester following methods
      known in the art, and the product is purified, for example by silica gel
      chromatography.
PAR  Solid esters are converted to a free-flowing crystalline form on
      crystallization from a variety of solvents, including ethyl acetate,
      tetrahydrofuran, methanol, and acetone, by cooling or evaporating a
      saturated solution of the ester in the solvent or by adding a miscible
      nonsolvent such as diethyl ether, hexane, or water. The crystals are then
      collected by conventional techniques, e.g. filtration or centrifugation,
      washed with a small amount of solvent, and dried under reduced pressure.
      They may be dried in a current of warm nitrogen or argon, or by warming to
      about 75.degree. C. Although the crystals are normally pure enough for
      many applications, they may be recrystallized by the same general
      techniques to achieve improved purity after each recrystallization.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention can be more fully understood by the following examples.
PAR  All temperatures are in degrees centigrade.
PAR  Silica gel chromatography, as used herein, is understood to include
      chromatography on a column packed with silica gel, elution, collection of
      fractions, and combination of those fractions shown by thin layer
      chromatography (TLC) to contain the desired product free of starting
      material and impurities.
PAR  "TLC," herein, refers to thin layer chromatography.
PAC  Preparation 1
PAC  p-Benzamidophenol
PAR  A solution of p-hydroxyaniline (20 g.) in 200 ml. pyridine is treated with
      benzoic anhydride (20 g.). After 4 hr. at about 25.degree. C., the mixture
      is concentrated under reduced pressure and the residue is taken up in 200
      ml. of hot methanol and reprecipitated with 300 ml. of water. The product
      is recrystallized from hot acetonitrile as white crystals, 8.5 g., m.p.
      218.0.degree.-218.5.degree. C.
PAC  Preparation 2
PAC  p-(p-Acetamidobenzami do)phenol
PAR  A solution of p-acetamidobenzoic acid (12.5 g.) in 250 ml. of
      tetrahydrofuran is treated with triethylamine (11.1 ml.). The mixture is
      then treated with isobutylchloroformate (10.4 ml.) and, after 5 min. at
      about 25.degree. C., with p-aminophenol (13.3 g.) in 80 ml. of dry
      pyridine. After 40 min. the crude product is obtained by addition of 2
      liters of water. The product is recrystallized from 500 ml. of hot
      methanol by dilution with 300 ml. of water as white crystals, 5.9 g., m.p.
      275.0.degree.-277.0.degree. C.
DETD
PAC  EXAMPLE 1
PAC  p-Benzamidophenyl Ester of PGA.sub.2 (Formula III-B)
PAR  A solution of PGA.sub.2 (0.310 g.) and triethylamine (0.244 ml.) in 20 ml.
      of acetone is treated at -10.degree. C. with isobutylchloroformate (0.236
      ml.) whereupon triethylamine hydrochloride is precipitated. After 5 min.
      the mixture is treated with p-benzamidophenol (0.558 g.) in 5 ml. of
      pyridine for 0.25 hr. at about 25.degree. C. The solvent is removed under
      reduced pressure and the residue is dissolved in ethyl acetate and washed
      with aqueous citric acid (2%) and water. The organic phase is dried over
      sodium sulfate, concentrated, and subjected to silica gel chromatography,
      eluting with acetonitrile-chloroform (1:4). The residue obtained by
      concentration of selected fractions, a solid on chilling, is the title
      compound, 0.293 g., having R.sub.f 0.6 (TLC on silica gel in
      acetonitrile-chloroform (1:4)). It is recrystallized from ethyl
      acetate-hexane as white free-flowing crystals, m.p.
      56.6.degree.-57.5.degree. C.
PAC  EXAMPLE 2
PAC  p-(p-Acetamidobenzami do)phenyl Ester of PGA.sub.2 (Formula III-C)
PAR  Following the procedure of Example 1 but using 0.308 g. of PGA.sub.2, 0.244
      ml. of triethylamine, 0.236 ml. of isobutylchloroformate, and 0.714 g. of
      p-[(p-acetamidophenyl)-carbamoyl]phenol (Preparation 2), there is obtained
      a crude solid residue. This residue is subjected to silica gel
      chromatography, eluting with ethyl acetate. The residue obtained by
      concentration of selected fractions, 0.260 g., is chromatographed again on
      silica gel, eluting with acetonitrile-chloroform (1:1) to yield 0.047 g.
      which is recrystallized from ethyl acetate-methanol-hexane (97:3:10) as
      the title compound, 0.044 g., white free-flowing crystals, m.p.
      159.5.degree.-160.0.degree. C., having R.sub.f 0.42 (TLC on silica gel in
      ethyl acetate).
PAC  EXAMPLE 3
PAC  4-Biphenylyl Ester of PGA.sub.2 (Formula III-G)
PAR  Following the procedure of Example 1 but using 0.561 g. of PGA.sub.2, 0.302
      ml. of triethylamine, 0.286 ml. of isobutyl-chloroformate, and 0.570 g. of
      p-phenylphenol, there is obtained a crude oily residue. This residue is
      subjected to silica gel chromatography, eluting with ethyl acetate-hexane
      (2:3) saturated with water. The residue obtained by concentration of
      selected fractions, 0.381 g., an oil, is the title compound, having
      R.sub.f 0.5 (TLC on silica gel in ethyl acetate-hexane (2:3).
PAC  EXAMPLE 4
PAC  .alpha.-Semicarbazono-p-tolyl Ester of PGA.sub.2 (Formula III-K)
PAR  Following the procedure of Example 1 but using 0.310 g. of PGA.sub.2, 0.244
      ml. of triethylamine, 0.236 ml. of isobutylchloroformate, and 0.470 g. of
      p-hydroxybenzaldehyde semicarbazone, there is obtained a crude solid
      residue. This residue is subjected to silica gel chromatography, eluting
      with tetrahydrofuran-ethyl acetate (3:2). The residue obtained by
      concentration of selected fractions, 0.600 g., is crystallized from
      acetone-water (1:2) as the title compound, 0.376 g., as white free-flowing
      crystals. An analytical sample recrystallized from acetonitrile has m.p.
      128.3.degree.-129.0.degree. C. and R.sub.f 0.5 (TLC on silica gel in ethyl
      acetate-methanol ((95:5)).
PAR  Following the procedures of Examples 1-4 but employing the racemic forms of
      the PG compounds, there are obtained the corresponding esters of racemic
      PG compounds.
PAC  EXAMPLES 5-75
PAR  The substituted phenyl and naphthyl esters of PGA.sub.2,
      15-methyl-PGA.sub.2, and 15(R)-15-methyl-PGA.sub.2 of Tables I-III below
      are obtained following the procedures of Example 1, wherein the
      prostaglandin compound is reacted in the presence of triethylamine and
      isobutylchloroformate with the appropriate hydroxy phenyl or naphthyl
      compound, listed in the Table. These phenols or naphthols are readily
      available or prepared by methods described herein or known in the art. The
      crude products, obtained by concentration under reduced pressure, are
      purified by means described herein, or known in the art, including
      partitioning, solvent extraction, washing, silica gel chromatography,
      trituration, or crystallization.
PAR  Following the procedures of Examples 5-75 but employing the racemic forms
      of the PG compounds, there are obtained the corresponding esters of the
      racemic PG compounds.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Esters of PGA.sub.2                                                       

        Hydroxy Phenyl or   Product PGA.sub.2                                  

     Ex.                                                                       

        Naphthyl Compound   Ester of formula:                                  

     __________________________________________________________________________

     5  p-acetamidophenol   III-A                                              

     6  p-(p-benzamidobenzamido)phenol                                         

                            III-D                                              

     7  p-hydroxyphenylurea III-E                                              

     8  p-hydroxy-1,3-diphenylurea                                             

                            III-F                                              

     9  p-tritylphenol      III-H                                              

     10 N-acetyl-L-tyrosinamide                                                

                            III-I                                              

     11 N-benzoyl-L-tyrosinamide                                               

                            III-J                                              

     12 p-hydroxyacetophenone                                                  

                            III-L                                              

     13 p-hydroxybenzophenone                                                  

                            III-M                                              

     14 p-hydroxybenzamide  III-N                                              

     15 o-hydroxybenzamide  III-O                                              

     16 N-(p-tritylphenyl)-p-hydroxybenzamide                                  

                            III-P                                              

     17 p-hydroxybenzoic acid, methyl ester                                    

                            III-Q                                              

     18 hydroquinone benzoate                                                  

                            III-R                                              

     19 hydroquinone, p-acetamidobenzoic                                       

                            III-S                                              

        acid ester                                                             

     20 2,4-diacetamidophenol                                                  

                            III-T                                              

     21 1-acetamido-4-hydroxynaphthalene                                       

                            III-U                                              

     22 1-benzamido-4-hydroxynaphthalene                                       

                            III-V                                              

     23 1-hydroxy-4-ureidonaphthalene                                          

                            III-W                                              

     24 2-naphthol          III-X                                              

     25 1-hydroxy-5-naphthalenesulfonamide                                     

                            III-Y                                              

     __________________________________________________________________________

TBL                                    TABLE II                                

     __________________________________________________________________________

     Esters of 15-Methyl-PGA.sub.2                                             

                            Product                                            

        Hydroxy Phenyl or   15-Methyl-PGA.sub.2                                

     Ex.                                                                       

        Naphthyl Compound   Ester of formula:                                  

     __________________________________________________________________________

     26 p-acetamidophenol   III-A                                              

     27 p-benzamidophenol   III-B                                              

     28 p-(p-acetamidobenzamido)phenol                                         

                            III-C                                              

     29 p-(p-benzamidobenzamido)phenol                                         

                            III-D                                              

     30 p-hydroxyphenylurea III-E                                              

     31 p-hydroxy-1,3-diphenylurea                                             

                            III-F                                              

     32 p-phenylphenol      III-G                                              

     33 p-tritylphenol      III-H                                              

     34 N-acetyl-L-tyrosinamide                                                

                            III-I                                              

     35 N-benzoyl-L-tyrosinamide                                               

                            III-J                                              

     36 p-hydroxybenzaldehyde semicarbazone                                    

                            III-K                                              

     37 p-hydroxyacetophenone                                                  

                            III-L                                              

     38 p-hydroxybenzophenone                                                  

                            III-M                                              

     39 p-hydroxybenzamide  III-N                                              

     40 o-hydroxybenzamide  III-O                                              

     41 N-(p-tritylphenyl)-p-hydroxybenzamide                                  

                            III-P                                              

     42 p-hydroxybenzoic acid, methyl ester                                    

                            III-Q                                              

     43 hydroquinone benzoate                                                  

                            III-R                                              

     44 hydroquinone, p-acetamidobenzoic                                       

                            III-S                                              

        acid ester                                                             

     45 2,4-diacetamidophenol                                                  

                            III-T                                              

     46 1-acetamido-4-hydroxynaphthalene                                       

                            III-U                                              

     47 1-benzamido-4-hydroxynaphthalene                                       

                            III-V                                              

     48 1-hydroxy-4-ureidonaphthalene                                          

                            III-W                                              

     49 2-naphthol          III-X                                              

     50 1-hydroxy-5-naphthalenesulfonamide                                     

                            III-Y                                              

     __________________________________________________________________________

TBL                                    TABLE III                               

     __________________________________________________________________________

     Esters of 15(R)-15-Methyl-PGA.sub.2                                       

                            Product 15(R)-                                     

        Hydroxy Phenyl or   15-Methyl-PGA.sub.2                                

     Ex.                                                                       

        Naphthyl Compound   Ester of formula:                                  

     __________________________________________________________________________

     51 p-acetamidophenol   III-A                                              

     52 p-benzamidophenol   III-B                                              

     53 p-(p-acetamidobenzamido)phenol                                         

                            III-C                                              

     54 p-(p-benzamidobenzamido)phenol                                         

                            III-D                                              

     55 p-hydroxyphenylurea III-E                                              

     56 p-hydroxy-1,3-diphenylurea                                             

                            III-F                                              

     57 p-phenylphenol      III-G                                              

     58 p-tritylphenol      III-H                                              

     59 N-acetyl-L-tyrosinamide                                                

                            III-I                                              

     60 N-benzoyl-L-tyrosinamide                                               

                            III-J                                              

     61 p-hydroxybenzaldehyde semicarbazone                                    

                            III-K                                              

     62 p-hydroxyacetophenone                                                  

                            III-L                                              

     63 p-hydroxybenzophenone                                                  

                            III-M                                              

     64 p-hydroxybenzamide  III-N                                              

     65 o-hydroxybenzamide  III-O                                              

     66 N-(p-tritylphenyl)-p-hydroxybenzamide                                  

                            III-P                                              

     67 p-hydroxybenzoic acid, methyl ester                                    

                            III-Q                                              

     68 hydroquinone benzoate                                                  

                            III-R                                              

     69 hydroquinone, p-acetamidobenzoic acid                                  

                            III-S                                              

        ester                                                                  

     70 2,4-diacetamidophenol                                                  

                            III-T                                              

     71 1-acetamido-4-hydroxynaphthalene                                       

                            III-U                                              

     72 1-benzamido-4-hydroxynaphthalene                                       

                            III-V                                              

     73 1-hydroxy-4-ureidonaphthalene                                          

                            III-W                                              

     74 2-naphthol          III-X                                              

     75 1-hydroxy-5-naphthalenesulfonamide                                     

                            III-Y                                              

     __________________________________________________________________________

CLMS
STM  I claim:
NUM  1.
PAR  1. An optically active compound of the formula
      ##SPC16##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
      Z is
      ##SPC17##
PAL  wherein R.sub.1 is
      ##SPC18##
PAL  wherein R.sub.2 is
      ##SPC19##
PAL  and wherein Y is
      ##EQU5##
NUM  2.
PAR  2. The ester of p-(p-benzamidobenzamido)phenol and PGA.sub.2, a compound
      according to claim 1.
NUM  3.
PAR  3. The ester of 1-hydroxy-4-ureidonaphthalene and PGA.sub.2, a compound
      according to claim 1.
NUM  4.
PAR  4. The ester of p-(p-benzamidobenzamido)phenol and 15-methyl-PGA.sub.2, a
      compound according to claim 1.
NUM  5.
PAR  5. The ester of 1-benzamido-4-hydroxynaphthalene and 15-methyl-PGA.sub.2, a
      compound according to claim 1.
NUM  6.
PAR  6. The ester of 1-hydroxy-4-ureidonaphthalene and 15-methyl-PGA.sub.2, a
      compound according to claim 1.
NUM  7.
PAR  7. The ester of 1-benzamido-4-hydroxynaphthalene and
      15(R)-15-methyl-PGA.sub.2, a compound according to claim 1.
NUM  8.
PAR  8. The ester of 1-hydroxy-4-ureidonaphthalene and
      15(R)-15-methyl-PGA.sub.2, a compound according to claim 1.
NUM  9.
PAR  9. The ester of p-benzamidophenol and PGA.sub.2, a compound according to
      claim 1.
NUM  10.
PAR  10. The ester of p-(p-acetamidobenzamido)phenol and PGA.sub.2, a compound
      according to claim 1.
NUM  11.
PAR  11. Free-flowing crystals of a compound of the formula:
      ##SPC20##
PAL  wherein E is
      ##SPC21##
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ABST
PAL  Novel process for the preparation of 11.alpha.-hydroxymethyl derivatives of
      natural (8R-) and racemic 9-keto-15.alpha.-hydroxy- and
      9,15.alpha.-dihydroxy-prosta-5-cis,13-trans-dienoic and
      prost-13-transenoic acids, and the novel 15-methyl and ethyl substituted
      derivatives thereof, as well as the esters of the primary and secondary
      hydroxy groups and the non-toxic, pharmaceutically acceptable salts of the
      novel compounds.
BSUM
PAR  The present invention realtes to a novel process for preparing certain
      prostanoic acid derivatives and to certain novel compounds obtained
      thereby.
PAR  More particularly, this invention relates to a novel process for preparing
      11.alpha.-hydroxymethyl derivatives of 9-keto-15.alpha.-hydroxy- and 9
      ,15.alpha.-dihydroxyprosta-5-cis,13-trans-dienoic acids as well as the
      13-monounsaturated derivatives thereof, and to the novel 15-methyl or
      ethyl substituted derivatives of such compounds. Also included are certain
      esters of the primary and secondary hydroxyl groups, and the
      pharmaceutically acceptable, non-toxic esters and salts of the carboxylic
      acid function of these novel compounds.
PAR  Prostaglandins are members of a relatively new class of hormonal agents
      with a remarkable range of biological and pharmaceutical properties. These
      compounds belong to a group of chemically related 20-carbon chain hydroxy
      fatty acids having the basic skeleton of prostanoic acid:
      ##SPC1##
PAL  For a review on prostaglandins and the definition of primary
      prostaglandins, see for example S. Bergstrom, Recent Progress in Hormone
      Research, 22, pp. 153-175 (1966) and Science, 157, page 382 (1967) by the
      same author.
PAR  Prostaglandins are widely distributed in mammalian tissues and have been
      isolated from natural sources in very small amounts. In addition, a number
      of the naturally occurring prostaglandins have been prepared by chemical
      synthesis; note for example, E. J. Corey et al., J. Am. Chem. Soc., 91,
      page 5675 (1969), J. Am. Chem. Soc. 92, page 2586 (1970) and J. Am. Chem.
      Soc., 93, pages 1489-1493 (1971) and references cited therein, W. P.
      Schneider et al., J. Am. Chem. Soc., 90, page 5895 (1968), U. Axen et al.,
      Chem. Commun., page 303 (1969) and W. P. Schneider, Chem. Commun., page
      304 (1969).
PAR  It has also been reported by A. J. Weinheimer et al., [Tetrahedron Letters,
      5183 (1969)] that a type of coral, the sea whip or sea fan Plexaura
      homomalla found in reefs off the Florida coast, in the Caribbean region,
      contains high concentrations of prostaglandin derivatives of the PGA.sub.2
      series, to which they assigned the unnatural (R) configuration for the
      hydroxyl group at C-15. More recently, W. P. Schneider et al., [J. Am.
      Chem. Soc., 94, 2122 (1972)] reported that some forms of P. homomalla
      contain, instead of the (15R)-prostaglandins, free or esterified
      derivatives of (15S)-PGA.sub.2, identical with the prostaglandins derived
      from mammalian sources. They also found that some specimens of this
      gorgonian may contain both (15R) and (15S) prostaglandins.
PAR  Because of the remarkable range of biological and pharmacological
      properties exhibited by this family of compounds, a great deal of interest
      has focused upon such compounds, and the preparation of analogs of such
      compounds; accordingly, we have discovered a novel process for preparing
      11.alpha.-hydroxymethyl prostaglandins and certain novel 15-alkyl
      derivatives thereof.
PAR  The novel prostaglandin derivatives of the present invention can be
      represented by the following formula:
      ##SPC2##
PAL  wherein
PA1  R is a keto group or the grouping
      ##EQU1##
      each of R.sup.1 and R.sup.2 is hydrogen or an acyl group of 1 to 6 carbon
      atoms;
PA1  R.sup.3 is methyl or ethyl;
PA1  R.sup.4 is hydrogen, a lower alkyl group of 1 to 6 carbon atoms or the
      pharmaceutically acceptable, non-toxic salts of compounds in which R.sup.4
      is hydrogen;
PA1  Z is a saturated linkage or a cis double bond and the wavy lines ( )
      indicate the .alpha. or .beta. configuration or mixtures thereof, provided
      that when R.sup.3 is .alpha., the hydroxyl group, attached to the same
      carbon atom as R.sup.3, is .beta.; and when R.sup.3 is .beta., the
      hydroxyl group, attached to the same carbon atom as R.sup.3 is .alpha..
PAR  The dotted lines shown in the above formula and in the formulas below
      indicate that the substituents are in .alpha. configuration, i.e., below
      the plane of the cyclopentane ring.
PAR  The double bonds in the compounds of the present invention have the same
      configuration as in natural prostaglandins of the PGE.sub.1, PGE.sub.2,
      PGF.sub.1.sub..alpha. and PGF.sub.2.sub..alpha. series, i.e., the double
      bond at C-5,6 is in cis-configuration and the double bond at C-13,14 is in
      trans-configuration.
PAR  These novel compounds possess asymmetric centers and thus can be produced
      as racemic mixtures. The racemic mixtures can be resolved if desired, at
      appropriate stages by methods known to those skilled in the art, to obtain
      the respective individual antimers. It is to be understood that the
      individual antimers as well as mixtures of both antimers are encompassed
      within the scope of the present invention. The preferred antimeric
      compounds are the 8R-antimers, i.e., the optically active forms
      corresponding to prostaglandins obtained from natural sources.
PAR  When the compounds of the present invention are racemic mixtures, they are
      produced starting from racemates, while when the compounds of the
      invention are individual antimers, they are preferably obtained starting
      from the appropriate individual antimer.
PAR  For the sake of simplicity only one antimer of each pair will be depicted
      in the description of the process and Claims; however, it is to be
      understood that the mirror images for the racemic mixtures and the
      individual antimers are also encompassed thereby.
PAR  The use of the symbol R preceding a substituent designates the absolute
      stereochemistry of that substituent according to the Cahn-Ingold-Prelog
      rules [see Cahn et al., Angew. Chem. Inter, Edit., Vol., 5, p. 385 (1966),
      errata p. 511; Cahn et al., Angew. Chem., Vol. 78, p. 413 (1966); Cahn and
      Ingold, J. Chem. Soc., (London), 1951, p. 612; Cahn et al., Experientia,
      Vol. 12, p. 81 (1956); Cahn., J. Chem. Educ., Vol. 41, p. 116 (1964)].
      Because of the interrelation of the designated substituent with the other
      substituents in the compound having .alpha. or .beta. prefixes, the
      designation of the absolute configuration of one substituent fixes the
      absolute configuration of all substituents in the compound and thus the
      absolute configuration of the compound as a whole.
PAR  As used hereinabove and below the term "conventionally hydrolyzable esters"
      refers to those physiologically acceptable ester groups employed in the
      pharmaceutical art. The conventionally hydrolyzable esters of the primary
      and secondary hydroxyl groups of the compounds of the present invention
      are derived from hydrocarbon carboxylic acids containing from 1 to 6
      carbon atoms or from a substituted hydrocarbon carboxylic acid having from
      1 to 6 carbon atoms, wherein the substituent is selected from the group
      consisting of hydroxy, alkoxy containing up to 6 carbon atoms, hydrocarbon
      carboxylic acyloxy groups containing up to 6 carbon atoms, nitro, amino or
      halogen. Typical conventional hydrolyzable esters thus included within the
      scope of the term and the instant invention are formate, acetate,
      propionate butyrate, valerate, caproate, diethylacetate, trimethylacetate,
      t-butylacetate, acetoxyacetate, trichloroacetate, .beta.-chloropropionate,
      aminoacetate, diethylaminoacetate and the like.
PAR  The conventionally hydrolyzable esters of the carboxylic acid function are
      derived from hydrocarbons containing from 1 to 6 carbon atoms,
      particularly the methyl, ethyl and propyl esters.
PAR  The addition salts of the compounds of the present invention are derived
      from pharmaceutically acceptable basic salts, including metal salts such
      as sodium, potassium, calcium, magnesium, aluminum and the like, as well
      as organic amine salts such as ammonium, triethylamine,
      2-dimethylaminoethanol, 2-diethylaminoethanol, lysine, arginine, caffeine,
      procaine, N-ethylpiperidine, hydrabramine and the like.
PAR  The term "pharmaceutically acceptable" refers to esters and salts which do
      not significantly adversely affect the properties of the parent compound.
PAR  The novel process for producing 11.alpha.-hydroxymethyl prostaglandin
      derivatives (without a methyl or ethyl substituent at C-15) can be
      illustrated by the following sequence of reactions:
      ##SPC3##
PAL  wherein
PA1  R.sup.4.sup.' is hydrogen or methyl;
PA1  R.sup.5 is hydrogen or acetyl;
PA1  Ac is acetyl and THP is tetrahydropyranyl.
PAR  In practicing the process outlined above,
      8R-9-keto-11.alpha.-nitromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid methyl ester, the racemic compound or the 15-acetylated
      derivatives thereof (compounds of formula I), are reduced with sodium
      borohydride in methanol solution, at about 0.degree.C for a period of time
      of the order of 1 to several hours, preferably for about 1 to 2 hours,
      using equimolecular amounts of the reagent and starting material to give a
      mixture of the corresponding 9.alpha.- and 9.beta.-hydroxylated
      derivatives of formula II, the 9.beta.-hydroxy isomer predominating. The
      individual isomers are separated by chromatographic techniques, preferably
      by chromatography on Florisil; the 9.alpha.-hydroxy isomer is less polar
      than the 9.beta.-hydroxy compound.
PAR  The nitromethyl group in compounds of formula II is converted into a formyl
      group via formation of a nitronic salt followed by reaction with titanium
      trichloride in a buffered medium, to yield the corresponding
      11.alpha.-formyl compounds of formula III.
PAR  Typically, a nitromethyl compound of the formula II is treated with about
      1.1 molar equivalents of sodium methoxide in anhydrous methanol under an
      inert atmosphere, i.e., under nitrogen or argon atmosphere, for a short
      period of time, of the order of 5 to 15 minutes, to form the nitronic
      salt, which upon reaction with 6 to 10 molar equivalents of titanium
      trichloride, using a 20% aqueous solution of titanium trichloride in the
      presence of an excess of ammonium acetate as buffer, at about room
      temperature for a period of time of the order of 30 minutes to 2 hours,
      produces the 11.alpha.-formyl derivative of formula III. In the preferred
      embodiments, there are used 8 molar equivalents of titanium trichloride
      per molar equivalent of the nitromethyl compound and about 25 parts of
      ammonium acetate, a period of about 1 hour being generally sufficient to
      complete the reaction. The product is isolated from the reaction mixture
      by conventional techniques, such as dilution with water, extraction with a
      solvent immiscible with water, evaporation of the solvent and
      chromatographic purification of the residue.
PAR  The aldehyde compounds of formula III, (R.sup.5 =H) are then submitted to a
      second reduction with sodium borohydride, to yield the desired
      hydroxymethyl compounds of formula IV (R.sup.4.sup.' = Me). This reaction
      is also effected at about 0.degree.C as described with regard to the
      reduction of the 9-keto group (I.fwdarw.II), for a period of time of the
      order of 30 minutes to 2 hours.
PAR  Upon selective reduction of the C-5,6-double bond in the
      11.alpha.-hydroxymethyl compounds of formula IV (R.sup.4.sup.' = Me) there
      are produced the monounsaturated compounds of formula V (R.sup.4.sup.' =
      Me). This selective reduction can be effected by the procedure described
      by Koch et al., in Journal of Labelled Compounds, Vol. VI, No. 4, page 395
      (October-December 1970) using tris(triphenylphosphine) chlororhodium as
      catalyst, in a suitable inert organic solvent or mixture of solvents, such
      as a benzene-acetone mixture, at about room temperature, or using a
      palladium-charcoal catalyst in a lower aliphatic alcohol as solvent, i.e.,
      in methanol, or ethanol solution at a temperature comprised between
      -20.degree.C to room temperature, until absorption of about one molar
      equivalent of hydrogen, using in both cases a thin layer chromatographic
      analytical technique to follow the progress of the reaction.
PAR  The methyl ester compounds of formulas IV and V (R.sup.4.sup.' = Me) can be
      converted into the corresponding free acids (R.sup.4.sup.' = H) by
      alkaline treatment, preferably by reaction with an excess of an alkali
      metal carbonate in aqueous methanol, under an inert atmosphere, i.e.,
      under nitrogen or argon atmosphere, for a period of time of about 12 to 20
      hours at room temperature or under slight heating, followed by
      acidification.
PAR  By conventional reaction of the racemic or 8R-antimeric aldehyde of formula
      III (R.sup.5 = acetyl) with dihydropyran in the presence of an acid
      catalyst, e.g., p-toluenesulfonic acid in an inert organic solvent such as
      methylene chloride there is obtained the corresponding
      9-tetrahydropyranyloxy-11.alpha.-formyl-15-acetoxy compound of formula VI,
      whose formyl group is reduced with sodium borohydride in methanol
      solution, to yield the 11.alpha.-hydroxymethyl derivative of formula VII.
      The latter compound is then esterified with acetic anhydride in pyridine
      solution, in a conventional manner, and the diacetate thus obtained is in
      turn treated with aqueous acetic acid, using particularly 65% aqueous
      acetic acid, to hydrolyze the tetrahydropyranyloxy function at C-9, thus
      producing the corresponding 9-hydroxylated compound of formula VIII. This
      hydrolysis is conducted at room temperature for a period of time of about
      12 to 20 hours, preferably for about 15 hours, optionally in the presence
      of an ethereal solvent miscible with water, e.g., tetrahydrofuran,
      dimethoxyethane and the like.
PAR  Upon oxidation of compounds of formula VIII with chromium trioxide, using
      particularly an 8N solution of chromic acid in acetone (Jones' reagent),
      there is produced the 9-keto prostadienoic acid compound of formula IX.
      This reaction is effected at low temperature of the order of -20.degree.
      to 0.degree.C, for a period of time of about 15 minutes to 1 hour. In the
      preferred embodiments the reaction is conducted at about -10.degree.C for
      about 30 minutes. The 9-keto compounds of formula IX are then hydrolyzed
      with a mild base to yield the methyl ester of the 8R-antimeric or racemic
      prostadienoic acid of formula X (R.sup.4.sup.' = Me) or the corresponding
      free acids (X, R.sup.4.sup.' = H) depending upon the conditions used.
PAR  Thus, by treatment of a compound of formula IX with two equivalents of an
      anhydrous alkali metal carbonate such as sodium carbonate or potassium
      carbonate in a dry lower aliphatic alcohol, particularly methanol, at
      about room temperature or below for a period of time of between 2 to 4
      hours, preferably for about 3 hours, at about 22.degree.C, the reaction
      time depending upon the temperature at which the hydrolysis takes place,
      produces the selective hydrolysis of the acetoxy functions, thus yielding
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxy-prosta-5-cis,13-trans-
     dienoic acid methyl ester or the racemic compound (X, R.sup.4.sup.' = Me).
      Upon reaction of the latter compounds with an excess of an alkali metal
      carbonate, such as those previously mentioned, in aqueous methanol at room
      temperature, or under slight heating, i.e., at a temperature of the order
      of 20.degree. to 40.degree.C for a period of time of about 12 to 20 hours,
      preferably for about 16 hours, the carboxylic acid ester is hydrolyzed,
      thus yielding, after acidification, the free acid (X, R.sup.4.sup.' = H).
      Both hydrolysis steps are preferably conducted under an inert atmosphere,
      i.e., under nitrogen or argon atmosphere.
PAR  Alternatively, the hydrolysis of both the acetoxy functions and the
      carboxylate function can be effected in a single step following the second
      procedure, i.e., using aqueous conditions and an excess of the alkali
      metal carbonate, however, better yields and a product of a higher purity
      is obtained when the hydrolysis is effected by the two step sequence.
PAR  By selective hydrogenation of the C-5,6 double bond in compounds of formula
      X (R.sup.4.sup.' = Me) in the presence of tris(triphenylphosphine)
      chlorohodium or a palladium charcoal catalyst, as described hereinabove
      with regard to the transformation of compounds of formula IV into
      compounds of formula V there are produced the racemic or 8R-antimeric
      monounsaturated 9-keto prostaglandin derivatives of formula XI (R.sup.4  =
      Me) which are converted into the corresponding free acids (XI,
      R.sup.4.sup.' = H) by reaction with an alkali metal carbonate in aqueous
      methanol.
PAR  Alternatively, the double bond at C-5,6 can be hydrogenated into the
      diacetoxy compounds of formula IX and thereafter hydrolyzing the acetoxy
      functions and the methyl ester group, as previously mentioned for the
      prostadienoic acid derivatives of the invention.
PAR  The novel 15-methyl and 15-ethyl substituted 11.alpha.-hydroxymethyl
      prostaglandin derivatives of the present invention can be obtained as
      illustrated by the following sequence of reactions:
      ##SPC4##
PAL  wherein R.sup.3, R.sup.4.sup.', Ac and Z have the above-indicated meaning.
PAR  In practicing the processes illustrated above, a racemic or 8R-antimeric
      compound of formula XII (which is a composite of formulas IV and V,
      R.sup.4.sup.' = Me, above) is selectively oxidized at C-15 with an excess
      of manganese dioxide or 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in a
      suitable inert organic solvent, e.g., chloroform, tetrahydrofuran, dioxane
      and the like to produce the corresponding 15-keto derivative of formula
      XIII. When manganese dioxide is used as reagent, the reaction is conducted
      at room temperature, for a period of time of 18 to 40 hours, under
      vigorous stirring, using preferably chloroform or tetrahydrofuran as
      solvent. The oxidizing agent is added portionwise, at 4-6 hours intervals.
      When the oxidation is effected using
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone as reagent, the reaction is
      preferably conducted at a temperature above room temperature, i.e., at
      about 50.degree. to 60.degree.C, using particularly dioxane or benzene as
      solvents, for a period of time of the order of 14 to 20 hours, preferably
      for about 18 hours.
PAR  In any case, the course of the reaction can be followed by thin layer
      chromatography or by periodic determination of the ultraviolet spectrum.
      When the reaction is complete, the product is isolated from the reaction
      mixture by conventional techniques, such as separation of the insoluble
      material by filtration, evaporation of the filtrate and purification of
      the residue by chromatographic techniques.
PAR  Treatment of the 15-keto compounds of formula XIII with an excess of an
      anlkylmagnesium halide, i.e., methyl or ethylmagnesium bromides or
      chlorides, yields the coresponding 15 -alkyl-15 -hydroxy compounds of
      formula XIV (R.sup.3  = Me, Et, R.sup.4.sup.' = Me), as mixtures of the
      respective 15.alpha.-hydroxy-15.beta.-alkyl- and
      15.beta.-hydroxy-15.alpha.-alkyl isomers. This reaction is preferably
      carried out in ether or tetrahydrofuran solution, using from 6 to 18 molar
      equivalents of the Grignard reagent per molar equivalent of starting
      compound, at a temperature of between -25.degree.C to room temperature,
      for a period of time of 1 to 4 hours, under an inert atmosphere.
PAR  Typically, the reaction is conducted by adding the Grignard reagent,
      portionwise, to a previously cooled solution (-20.degree.C) of compound
      XIII in diethylether or tetrahydrofuran, under argon or nitrogen
      atmosphere. The temperature of the reaction mixture is then allowed to
      rise to about -5.degree.C, an additional amount of the Grignard reagent is
      added, following the course of the reaction by thin layer chromatographic
      techniques, the reaction being generally complete within about 2 hours.
PAR  Alternatively, the reaction can be carried out using a molar excess of an
      alkyllithium as reagent, i.e., methyl-, or ethyllithium, conducting the
      reaction at about -70.degree. to -20.degree.C for a short period of time
      of the order of 10 to 30 minutes, however, a more selective alkylation is
      obtained when using a Grignard reagent.
PAR  The mixture of 15.alpha.-hydroxy-15.beta.-alkyl- and
      15.beta.-hydroxy-15.alpha.-alkyl compounds of formula XIV is separated
      into the individual isomers by thin layer chromatography.
PAR  In an alternative process, the hydroxyl groups in compounds of formula XIII
      can be protected as the silyloxy derivatives, particularly as the
      trimethylsilylethers prior to the reaction with the alkylating agent, by
      following procedures known in the art, see for example Pierce "Silylation
      of Organic compounds", Pierce Chemical Co., Rockford, Ill. (1968).
      Conveniently, this reaction can be done by using a mixture of
      hexamethyldisilazane and trimethylchlorosilane or with
      N-trimethylsilyldiethylamine in acetone as esterifying agents, hydrolyzing
      the protective groups with aqueous methanol in the presence of a trace of
      acid or tetrabutylammonium fluoride once the alkyl substituent at C-15 has
      been introduced.
PAR  The hydroxymethyl group in compounds of formula XIV (R.sup.4.sup.' = Me) is
      then selectively esterified with acetic anhydride in pyridine, to produce
      the acetoxymethyl derivatives of formula XV. This selective esterification
      is effected using about 1.1 molar equivalents of acetic anhydride in
      pyridine solution, conducting the reaction at low temperature, i.e., at
      about 0.degree.-5.degree.C for about 1 to 4 hours.
PAR  The 11.alpha.-acetoxymethyl compounds of formula XV are then oxidized with
      chromium trioxide under alkaline conditions, to yield the corresponding
      9-keto derivatives of formula XVI. Suitable oxidizing agent are, for
      example, chromium trioxide-pyridine complex, chromium trioxide-dipyridine
      complex (Collins' reagent) and dicyclohexylcarbodiimide or
      diisopropylcarbodiimide in dimethyl sulfoxide (Moffat's reagent), using
      particularly chromium trioxide-dipyridine complex, conducting the reaction
      at low temperature, in the range of -10.degree. to 0.degree.C, for a short
      period of time of the order of 5 to 20 minutes.
PAR  The acetoxymethyl function in compounds of formula XVI is then selectively
      saponified with anhydrous potassium carbonate, using about one equivalent
      of this reagent, at room temperature for about 1 to 2 hours, thus yielding
      the corresponding racemic or 8R-antimeric methyl ester compounds of
      formula XVII, R.sup.4.sup.'  = Me.
PAR  The methyl ester compounds of formulas XIV and XVII (R.sup.4.sup.'  = Me)
      are converted into the respective free prost-13-trans-enoic and
      prosta-5-cis,13-trans-dienoic acids of the invention (XIV and
      XVII,R.sup.4.sup.'  = H) by chemical or enzymatic hydrolysis methods.
PAR  When the hydrolysis is effected chemically, the reaction is effected with
      potassium carbonate in aqueous methanol, for a period of time of about 12
      to 24 hours, preferably for about 16 hours, at room temperature and under
      nitrogen or argon atmosphere, followed by careful acidification with a
      weak acid, such as acetic acid, at low temperature, i.e., at about
      0.degree. to -10.degree.C, to avoid dehydration of the tertiary hydroxyl
      group at C-15.
PAR  In the preferred embodiments, the hydrolysis of the methyl ester group is
      effected enzymatically.
PAR  Typically, this enzymatic reaction is conducted in aqueous solutions, using
      particularly a crude pancreatic lipase commercially available (Sigma
      Steapsin), however, other enzyme systems which are known as useful for the
      hydrolysis of compounds unstable to alkaline or acid conditions can also
      be practical, e.g., other lipases obtainable from bacterial sources, such
      as the partially purified lipase obtained from Corynebacterium acnes
      culture supernatant, or a lipase of those that are known to act on water
      insoluble esters of long chain fatty acids [L. Sarda et al., Biochem.
      Biophys. Acta. 23, 264 (1957)], or baker's yeast [C. J. Sih et al., J. C.
      S. Chem. Comm. 240 (1972)], or with the enzymes contained in the gorgonian
      Plexaura homomalla (Esper).
PAR  The enzymatic hydrolysis with a crude pancreatic lipase can be conducted in
      a buffered aqueous solution containing sodium chloride and calcium
      chloride, at a neutral or almost neutral pH, at a temperature of between
      22.degree. to 30.degree.C, preferably at about 25.degree. to 27.degree.C,
      adjusting the pH of the reaction mixture to 7.2 to 7.4 by addition of, for
      example dilute sodium hydroxide solution, at intervals. The starting alkyl
      ester compound is dissolved in the previously prepared buffered lipase
      aqueous solution by sonication at about 37.degree.C using from about 0.5
      ml. to about 1 ml. of the lipase solution per milligram of substrate. The
      methyl ester group is readily hydrolyzed within a short period of time, of
      the order of 5 minutes to 1 hour. The course of the reaction can be
      followed by thin layer chromatography; when the hydrolysis is complete,
      the free acid can be isolated from the reaction mixture by conventional
      techniques, such as acidification with a dilute acid solution, e.g., using
      dilute acetic acid, extraction with a solvent immiscible with water, e.g.,
      diethyl ether, ethyl acetate, methylene chloride and the like, evaporation
      of the solvent and purification of the crude product by chromatographic
      techniques.
PAR  The hydrolysis with the enzymes contained in the residue of the gorgonian
      Plexaura homomalla (after extraction of its prostaglandin content) is
      conducted in the same aqueous saline solution used in the case of the
      hydrolysis with the crude pancreatic lipase, employing from about 5 to
      about 20 parts by weight of finely ground recently extracted gorgonian
      residue per one part of the alkyl ester to be hydrolyzed, stirring the
      reaction mixture at a temperature of between 20.degree. to 37.degree.C,
      preferably at about room temperature, for a period of time of the order of
      16 to 24 hours, at a pH of 7.5-7.7. When the hydrolysis is complete, as
      demonstrated by thin layer chromatographic analysis, the reaction mixture
      is diluted with acetone, carefully acidified and the insoluble material
      separated by filtration. The product is isolated from the filtrate by
      concentration to a small volume, extraction, evaporation and
      chromatographic purification, as described hereinbefore.
PAR  The above-described enzymatic hydrolysis methods are also applicable for
      the hydrolysis of the methyl ester compounds of formulas IV, V, X and XI,
      (R.sup.4.sup.'  = Me), above.
PAR  Alternatively, the 9-keto-11.alpha.-hydroxymethyl compounds of formula XVII
      can be prepared by the method illustrated as follows:
      ##SPC5##
PAL  wherein R.sup.3, R.sup.4.sup.'  and Z have the above indicated meaning and
      TMS is trimethylsilyl [Si(CH.sub.3).sub.3 ].
PAR  In practicing the process outlined above, a racemic or 8R-antimeric
      compound of formula XVIII (composite of formulas X and XI, R.sup.4.sup.'
      = Me, above) is converted into the corresponding oxime of formula XIX by
      conventional procedures, e.g., by reaction with hydroxylamine
      hydrochloride in aqueous methanol, at room temperature for a period of
      time of the order of 16 to 24 hours. The oxime of formula XIX is then
      oxidized with manganese dioxide or
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone, as described hereinabove in
      detail for the obtention of compounds of formula XIII, to produce the
      corresponding 15-keto compounds of formula XX.
PAR  By reaction of a compound of formula XX with a silylating agent, using
      particularly a mixture of hexamethyldisilazane and trimethylchlorosilane
      or N-trimethylsilyldiethylamine as reagent there is produced the
      corresponding trimethylsilyloxy derivative represented by formula XXI,
      which upon treatment with a Grignard reagent or with methyl- or
      ethyllithium, as previously described in detail for the transformation of
      compounds of formula XIII into XIV produces a mixture of the corresponding
      15 -alkyl-15 -hydroxy derivatives represented by formula XXII.
PAR  The mixture of 15.alpha.-hydroxy-15.beta.-alkyl and
      15.beta.-hydroxy-15.alpha.-alkyl compounds thus obtained is separated into
      the individual isomers by thin layer chromatography (previous hydrolysis
      of the trimethylsilyloxy groups with aqueous methanol in the presence of a
      trace of acid) and thereafter the oxime is hydrolyzed to regenerate the
      9-keto function, thus producing the separated racemic or 8R-antimeric
      9-keto-15.alpha.-hydroxy-15.beta.-alkyl and
      9-keto-15.beta.-hydroxy-15.alpha.-alkyl prostenoic and prostadienoic acid
      ester compounds of formula XVII (R.sup.4.sup.'  = Me). The deoximation
      reaction is effected under mild conditions, for example by the methods
      described by E. J. Corey et al., in J. Am. Chem. Soc., 92, 5276 (1970) or
      A. McKillop et al., J. Am. Chem. Soc., 93, 4918 (1971) and references
      cited therein.
PAR  The first method involves the conversion of the oxime into the O-acetate
      derivative followed by reaction with an excess, using at least 2 molar
      equivalents, of chromous acetate in 90% aqueous tetrahydrofuran, at a
      temperature of the order of 25.degree. to 65.degree.C. for about 10 to 24
      hours.
PAR  The second method comprises treatment of the oxime with thallium (III)
      nitrate, using about 1 to 1.1 molar equivalents of the reagent per mol of
      starting compound. The reaction is conducted at room temperature or below
      for a short period of time, of the order of 5 to 30 minutes, in an inert
      organic solvent, followed by filtration of the thallium (I) nitrate with
      precipitates, and brief treatment of the filtrate with dilute acid to
      decompose the intermediate nitroso compound. In accordance with our
      invention, this reaction is conducted in methanol solution, at about
      20.degree.C. using aqueous acetic acid to decompose the nitroso
      intermediate.
PAR  Hydrolysis of the oxime can also be effected using titanium trichloride as
      described by Timms and Wilsmith, Tetrahedron Letters, 195 (1971).
PAR  Alternatively, the hydrolysis of the oxime can be effected on the mixture
      of the 15.alpha. and 15.beta.-hydroxy isomers, separating the individual
      isomers afterwards, by thin layer chromatography.
PAR  The alkyl ester group is then hydrolyzed by chemical or enzymatic methods,
      as previously mentioned.
PAR  The hydroxymethyl group at C-11 as well as the secondary hydroxyl group at
      C-9 in the novel compounds of the present invention can be esterified in a
      conventional manner, i.e., by reaction with the appropriate carboxylic
      acid anhydride or chloride in pyridine solution, to produce the
      corresponding mono-, or diesters, depending upon the particular
      prostaglandin derivative.
PAR  The alkyl esters of the carboxylic acid function in the novel compounds of
      the present invention, other than the methyl esters can be prepared by
      treatment of the free acid with an excess of, for example, diazoethane or
      diazopropane in ether or methylene chloride solution, in a conventional
      manner, or by reaction with the desired lower alkyl iodide in the presence
      of lithium carbonate, at room temperature.
PAR  The salt derivatives of the novel 11.alpha.-hydroxymethyl-15 -methyl and
      11.alpha.-hydroxymethyl-15 -ethyl prostaglandin derivatives hereof can be
      prepared by treating the corresponding free acids with about one molar
      equivalent of a pharmaceutically acceptable base per molar equivalent of
      free acid.
PAR  Suitable pharmaceutically acceptable bases include, for example, sodium
      hydroxide, potassium hydroxide, magnesium hydroxide, calcium hydroxide,
      ammonium hydroxide, trimethylamine, triethylamine, tripropylamine,
      2-dimethylaminoethanol, 2-diethylaminoethanol, arginine, lysine, caffeine,
      procaine, hydrabamine and the like. Typically, the reaction is conducted
      in an aqueous solution, alone or in combination with an inert, water
      miscible organic solvent, at a temperature of about from 0.degree. to
      30.degree.C, preferably at room temperature. Typical inert, water miscible
      organic solvents include methanol, ethanol, isopropanol, butanol, dioxane
      or tetrahydrofuran. When divalent metal salts are prepared such as the
      calcium salts or magnesium salts, the free acid starting material is
      treated with at least one half molar equivalent of the pharmaceutically
      acceptable base.
PAR  In conducting the above-described processes, it is generally preferred to
      separate or isolate the respective products of each reaction step prior to
      their use as starting materials in subsequent steps. Illustrative
      non-limiting separation and isolation procedures can be had by reference
      to the appropriate Examples set forth hereinbelow. Also, although the
      above processes have been described with regard to methyl ester compounds
      as starting materials the carboxylic acid function can also be protected
      as the ethyl or propyl esters, particularly when starting from racemic
      compouunds obtained by total synthesis.
PAR  The compounds of formula I used as starting materials in the process of the
      present invention are known compounds, or can be obtained by the method
      illustrated by the following equation:
      ##SPC6##
PAL  wherein R.sup.5 has the above-indicated meaning.
PAR  This process comprises the reaction of natural PGA.sub.2 methyl ester, or
      the corresponding acetate, isolated from the gorgonian Plexaura homomalla
      (see W. P. Schneider et al, J. Am. Chem. Soc. 94, 2122 (1972) or the
      racemic compounds thereof (compounds represented by formula Ia) with
      nitromethane in the presence of Triton B, as described by C. V.
      Grudzinskas et al., in Tetrahedron Letters No. 2, 141 (1973) to yield the
      respective nitromethyl derivative of formula I. The racemic compounds of
      formula Ia are in turn obtained from racemic PGE.sub.2, described by E. J.
      Corey et al, J. Am. Chem. Soc. 91, 5675 (1969) by dehydration with 90%
      aqueous acetic acid, in accordance with the method of J. E. Pike et al.,
      J. O. C. 34, 3552 (1969) followed by conventional esterification of the
      carboxylic acid function with ethereal diazomethane and optional acylation
      of the 15-hydroxy group.
PAR  The compounds, esters and salts of the invention exhibit prostaglandin-like
      biological activities and thus are useful in the treatment of mammals
      where the use of prostaglandins is indicated. The compounds, esters and
      salts of the invention are bronchodilators and thus are useful in treating
      mammals for bronchial spasm or wherever strong bronchodilators are
      indicated. These compounds are also useful in controlling or palliating
      hypertension in mammals and further exhibit central nervous system
      depressant activity in mammals, and are useful as sedatives. In addition,
      the compounds are useful for inducing labor, in pregnancy, and for
      inducing menses to correct or reduce menstrual abnormalities.
PAR  The compounds and/or salts of the invention, can be administered in a wide
      variety of dosage forms, either alone or in combination with other
      pharmaceutically compatible medicaments, in the form of pharmaceutical
      compositions suited for oral or parenteral administration or inhalation in
      the case of bronchodilators. The compounds are typically administered as
      pharmaceutical compositions consisting essentially of the compounds and/or
      salts, of the invention, and a pharmaceutical carrier. The pharmaceutical
      carrier can be either a solid material, liquid or aerosol, in which the
      compound and/or salt is dissolved, dispersed or suspended, and can
      optionally contain small amounts of preservatives and/or pH-buffering
      agents. Suitable preservatives which can be used include, for example,
      benzyl alcohol and the like. Suitable buffering agents include, for
      example, sodium acetate and pharmaceutical phosphate salts and the like.
PAR  The liquid compositions can, for example, be in the form of solutions,
      emulsions, suspensions, syrups, or elixirs. The solid compositions can
      take the form of tablets, powders, capsules, pills or the like, preferably
      in unit dosage forms for simple administration or precise dosages.
      Suitable solid carriers include, for example, pharmaceutical grades of
      starch, lactose, sodium saccharin, talcum, sodium bisulfite and the like.
PAR  For inhalation administration, the compounds and/or salts can, for example,
      be administered as an aerosol comprising the compounds or salts in an
      inert propellant together with a cosolvent (e.g., ethanol) together with
      optional preservatives and buffering agents. Additional general
      information concerning the inhalation administration of aerosols can be
      had by reference to U.S. Pat. Nos. 2,868,691 and 3,095,355.
PAR  The compounds of this invention are typically administered in dosages of
      about from 0.01 to 10 mg. per Kg. of body weight. The precise dosage will,
      of course, vary depending upon the mode of administration, condition being
      treated and host.
DETD
PAR  The following Preparations and Examples illustrate the invention, but are
      not intended to limit its scope. When using 8R-antimeric compounds as
      starting materials 8R-antimeric compounds are obtained as products, while
      starting from racemic compounds the products obtained are racemates. The
      abbreviation t.l.c. refers to thin-layer chromatography and all mixture
      ratios used with regard to liquids refer to volume ratios. Also, where
      necessary, examples are repeated to provide sufficiente starting materials
      for subsequent examples.
PAC  PREPARATION 1
PAR  To a solution of 10 g. of
      8R-9-keto-15.alpha.-hydroxyprosta-5-cis,10,13-trans-trienoic acid methyl
      ester [natural PGA.sub.2 methyl ester, isolated from the gorgonian
      Plexaura homomalla (Esper) and purified by successive chromatographies,
      first on a Florisil column using increasing percentages of ether in
      methylene chloride and thereafter by thin layer chromatography on silica
      gel, using methylene chloride-ethyl acetate as gradient] in 10 ml. of
      tetrahydrofuran is added 20 ml. of nitromethane, and to the resulting
      stirred mixture is added dropwise, at room temperature and under argon
      atmosphere, 10 ml. of a 40% methanolic solution of trimethylbenzylammonium
      hydroxide (Triton B). The reaction mixture is stirred at room temperature
      for 22 hours and then poured into 200 ml. of water, acidified with acetic
      acid and extracted three times with ethyl acetate. The combined organic
      extracts are washed with saturated sodium bicarbonate solution, and
      saturated sodium chloride solution, dried over sodium sulfate and
      evaporated to dryness under reduced pressure. The oily residue is purified
      by t.l.c. using hexane-ethyl acetate (1:1) as gradient thus producing the
      pure
      8R-9-keto-11.alpha.-nitromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid methyl ester as main product, and a small amount of
      8R-9-keto-14-nitromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-dienoic
      acid methyl ester.
PAR  In a similar manner, starting from
      8R-9-keto-15.alpha.-acetoxyprosta-5-cis,10,13-trans-trienoic acid methyl
      ester, also isolated from the gorgonian Plexaura homomalla, there is
      obtained 8R-9-keto-11.alpha.-nitromethyl-15.alpha.-acetoxyprosta-5-cis,
      13-trans-dienoic acid methyl ester as main product.
PAC  PREPARATION 2
PAR  A mixture of 850 mg. of
      9-keto-11.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-dienoic acid
      [obtained as described by E. J. Corey et al. in J. Am. Chem. Soc. 91, 5675
      (1969)] and 30 ml. of 90% aqueous acetic acid is stirred at 60.degree.C,
      under an atmosphere of argon, for 18 hours. The solvent is then eliminated
      under reduced pressure at a temperature not higher than 20.degree.C. The
      oily residue is dissolved in 10 ml. of methylene chloride and treated with
      an excess of an ethereal solution of diazomethane, maintaining the
      reaction mixture at room temperature for 10 minutes. The solvents and
      excess reagent are eliminated by vacuum distillation, and the residue is
      purified by t.l.c. to afford the pure
      9-keto-15.alpha.-hydroxyprosta-5-cis,10,13-trans-trienoic acid methyl
      ester.
PAR  Upon reaction of the foregoing compound with nitromethane in the presence
      of Triton B, in accordance with the method of Preparation 1, there is
      obtained
      9-keto-11.alpha.-nitromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-dienoi
     c acid methyl ester.
PAR  The latter compound is then esterified with acetic anhydride in pyridine
      solution, 1 hour at room temperature, thus yielding
      9-keto-11.alpha.-nitromethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dienoi
     c acid methyl ester.
PAC  EXAMPLE 1
PAR  To a solution of 500 mg. of
      8R-9-keto-11.alpha.-nitromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid methyl ester in 5 ml. of methanol, cooled to 0.degree.C is added
      47.5 mg. of sodium borohydride, and the reaction mixture is stirred at
      0.degree.C for 2 hours. It is then poured into water and extracted with
      ethyl acetate. The combined organic extracts are washed with 50% saturated
      sodium chloride solution, dried over sodium sulfate and evaporated to
      dryness under reduced pressure. The oily residue is dissolved in methylene
      chloride and purified by chromatography on Florisil. Those fractions
      eluted with methylene chloride-methanol (98:2) afford the pure, separated
      isomers,
      8R-11.alpha.-nitromethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans
     -dienoic acid methyl ester and
      8R-11.alpha.-nitromethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-trans-
     dienoic acid methyl ester (8R-antimers of II, R.sup.5 =H), in a 1:3 ratio,
      the 9.alpha.-hydroxy isomer being less polar than the 9.beta.-hydroxy
      compound.
PAR  By the same method
      9-keto-11.alpha.-nitromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-dienoi
     c acid methyl ester is converted into
      11.alpha.-nitromethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,
      13-trans-dienoic acid methyl ester and
      11.alpha.-nitromethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-trans-die
     noic acid methyl ester, the 9.beta.-hydroxy isomer predominating.
PAC  EXAMPLE 2
PAR  To a solution of 207 mg. of
      8R-11.alpha.-nitromethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-trans-
     dienoic acid methyl ester in 2 ml. of anhydrous methanol is added a
      recently prepared solution of sodium methoxide (obtained from 15 mg. of
      sodium and 3 ml. of anhydrous methanol) under argon atmosphere. The
      reaction mixture is stirred at room temperature for 10 minutes and then
      poured into an aqueous solution containing 5 g. of ammonium acetate, 6 ml.
      of water and 6 ml. of 20% aqueous titanium trichloride solution. The
      resulting mixture is stirred at room temperature, under argon atmosphere,
      for 1 hour and then diluted with 100 ml. of ice-water. The product is
      extracted carefully (4 .times. 50 ml) with ethyl acetate and the combined
      organic extracts washed with sodium chloride solution to neutral, dried
      over sodium sulfate and evaporated to dryness under reduced pressure, thus
      yielding
      8R-11.alpha.-formyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-trans-dieno
     ic acid methyl ester as an oil. (8R-antimer of III, R.sup.5 = H).
PAR  In a similar manner starting from
      8R-11.alpha.-nitromethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans
     -dienoic acid methyl ester, there is obtained
      8R-11.alpha.-formyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-dien
     oic acid methyl ester.
PAR  By the same method starting from the corresponding racemic
      11.alpha.-nitromethyl compounds there are produced the respective
      11.alpha.-formyl derivatives, namely,
      11.alpha.-formyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-trans-dienoic
      acid methyl ester and
      11.alpha.-formyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-dienoic
      acid methyl ester.
PAC  EXAMPLE 3
PAR  To a solution of 200 mg. of
      8R-11.alpha.-formyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-trans-dieno
     ic acid methyl ester in 5 ml. of methanol, cooled to 0.degree.C is added 20
      mg. of sodium borohydride, and the reaction mixture is stirred at
      0.degree.C for 90 minutes. It is then diluted with 60 ml. of ethyl acetate
      and washed to neutral with saturated sodium chloride solution, dried over
      sodium sulfate and evaporated to dryness under reduced pressure. The oily
      residue is purified by t.l.c. using a methylene chloride-methanol mixture
      (95:5) as eluant, to obtain the pure
      8R-11.alpha.-hydroxymethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester (8R-antimer of IV, R.sup.4.sup.'  = Me) in pure
      form.
PAR  By the same method but using
      8R-11.alpha.-formyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-dien
     oic acid methyl ester,
PAR  11.alpha.-formyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-dienoic
      acid methyl ester and
PAR  11.alpha.-formyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-trans-dienoic
      acid methyl ester, as starting materials there are respectively obtained:
PAR  8R-11.alpha.-hydroxymethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester,
PAR  11.alpha.-hydroxymethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester and
PAR  11.alpha.-hydroxymethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-transdie
     noic acid methyl ester.
PAC  EXAMPLE 4
PAR  A. To a solution of 750 mg. of
      8R-9-keto-11.alpha.-nitromethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester in 10 ml. of methanol cooled to 0.degree.C is added
      100 mg. of sodium borohydride, and the reaction mixture is maintained at
      the same temperature for 1 hour. It is then diluted with 50 ml. of ethyl
      acetate and washed with 50% saturated sodium chloride solution, dried over
      sodium sulfate and evaporated to dryness under vacuo. The oily residue is
      purified by thin layer chromatography using methylene chloride-ethyl
      acetate (80:20) as eluant, thus obtaining the pure, separated isomers,
      8R-9.alpha.-hydroxy-11.alpha.-nitromethyl-15.alpha.-acetoxyprosta-5-cis,13
     -trans-dienoic acid methyl ester and
      8R-9.beta.-hydroxy-11.alpha.-nitromethyl-15.alpha.-acetoxyprosta-5-cis,13-
     trans-dienoic acid methyl ester, in a 1:4 ratio. The 9.alpha.-isomer is
      less polar than the 9.beta.-hydroxyisomer.
PAR  B. By following the method of Example 2, 220 mg. of
      8R-9.beta.-hydroxy-11.alpha.-nitromethyl-15.alpha.-acetoxyprosta-5-cis,13-
     trans-dienoic acid methyl ester are treated with titanium trichloride in
      the presence of sodium methoxide and ammonium acetate, to afford
      8R-9.beta.-hydroxy-11.alpha.-formyl-[15.alpha.
      -acetoxyprosta-5-cis,13-trans-dienoic acid methyl ester (8R-antimer of
      III, R.sup.5 = Ac).
PAR  By the same method
      8R-9.alpha.-hydroxy-11.alpha.-nitromethyl-15.alpha.-acetoxyprosta-5-cis,13
     -trans-dienoic acid methyl ester is converted into
      8R-9.alpha.-hydroxy-11.alpha.-formyl-15.alpha.-acetoxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester.
PAR  By repeating this Example but using
      9-keto-11.alpha.-nitromethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dienoi
     c acid methyl ester as starting material there are obtained
      9.beta.-hydroxy-11.alpha.-formyl-15.alpha.-acetoxyprosta-5-cis,13-trans-di
     enoic acid methyl ester and
      9.alpha.-hydroxy-11.alpha.-formyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester as final products.
PAC  EXAMPLE 5
PAR  A solution of 2.36 g. of
      8R-9.beta.-hydroxy-11.alpha.-formyl-15.alpha.-acetoxyprosta-5-cis,13-trans
     -dienoic acid methyl ester in 50 ml. of anhydrous methylene chloride is
      treated with 4.5 ml. of freshly distilled dihydropyran and 100 mg. of
      p-toluenesulfonic acid, and the resulting mixture is maintained at room
      temperature for 18 hours. It is then poured into 50 ml. of saturated
      sodium bicarbonate solution, the organic layer separated and the aqueous
      phase extracted with methylene chloride. The combined methylene chloride
      extracts are washed with saturated sodium chloride solution, dried and
      evaporated to dryness under vacuo, thus affording
      8R-9.beta.-tetrahydropyranyloxy-11.alpha.-formyl-15.alpha.-acetoxyprosta-5
     -cis,13-trans-dienoic acid methyl ester (8R-antimer of VI).
PAR  In a similar manner,
      8R-9.alpha.-hydroxy-11.alpha.-formyl-15.alpha.-acetoxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester is converted into the corresponding
      9.alpha.-tetrahydropyranyloxy derivative.
PAC  EXAMPLE 6
PAR  A. To a solution of 405 mg. of
      8R-9.beta.-tetrahydropyranyloxy-11.alpha.-formyl-15.alpha.-acetoxyprosta-5
     -cis,13-trans-dienoic acid methyl ester in 5 ml. of anhydrous methanol,
      cooled to 0.degree.C is added 38 mg. of sodium borohydride and the
      resulting mixture is stirred for 30 minutes at 0.degree.C. It is then
      poured into 30 ml. of water and extracted with ethyl acetate (3 .times. 30
      ml). The combined organic extracts are washed with sodium chloride
      solution to neutral, dried over sodium sulfate and evaporated to dryness
      under vacuo. The oily residue is purified by t.l.c. using hexane-ethyl
      acetate (1:1) as eluant to obtain
      8R-9.beta.-tetrahydropyranyloxy-11.alpha.-hydroxymethyl-15.alpha.-acetoxyp
     rosta-5-cis,13-trans-dienoic acid methyl ester in pure form (8R-antimer of
      VII).
PAR  B. A mixture of 1.1 g. of
      8R-9.beta.-tetrahydroryranyloxy-11.alpha.-hydroxymethyl-15.alpha.-acetoxyp
     rosta-5-cis,13-trans-dienoic acid methyl ester, 5 ml. of pyridine and 3 ml.
      of acetic anhydride is kept at room temperature for 1 hour at the end of
      which time it is evaporated to dryness under vacuo and the residue
      dissolved in 60 ml. of ethyl acetate. The resulting solution is washed
      with 1% hydrochloric acid solution, saturated sodium bicarbonate solution
      and water, dried and evaporated to dryness, to afford
      8R-9.beta.-tetrahydropyranyloxy-11.alpha.-acetoxymethyl-15.alpha.-acetoxyp
     rosta-5-cis,13-trans-dienoic acid methyl ester.
PAR  C. A mixture of 1.1 g. of
      8R-9.beta.-tetrahydropyranyloxy-11.alpha.-acetoxymethyl-15.alpha.-acetoxyp
     rosta-5-cis,13-trans-dienoic acid methyl ester, 5 ml. of dimethoxyethane
      and 27 ml. of 65% aqueous acetic acid is kept at room temperature for 15
      hours. It is then poured into water and extracted with ethyl acetate. The
      combined organic extracts are washed with saturated sodium bicarbonate
      solution and saturated sodium chloride solution, dried over sodium sulfate
      and evaporated to dryness under reduced pressure, to yield
      8R-9.beta.-hydroxy-11.alpha.-acetoxymethyl-15.alpha.-acetoxyprosta-5-cis,1
     3-trans-dienoic acid methyl ester (8R-antimer of VIII).
PAR  By repeating the procedures of this Example but using
      8R-9.alpha.-tetrahydropyranyloxy-11.alpha.-formyl-15.alpha.-acetoxyprosta-
     5-cis,13-trans-dienoic acid methyl ester as starting material there are
      successively obtained:
PAR  8R-9.alpha.-tetrahydropyranyloxy-11.alpha.-hydroxymethyl-15.alpha.-acetoxyp
     rosta-5-cis,13-trans-dienoic acid methyl ester,
PAR  8R-9.alpha.-tetrahydropyranyloxy-11.alpha.-acetoxymethyl-15.alpha.-acetoxyp
     rosta-5-cis,13-trans-dienoic acid methyl ester and
PAR  8R-9.alpha.-hydroxy-11.alpha.-acetoxymethyl-15.alpha.-acetoxyprosta-5-cis,1
     3-trans-dienoic acid methyl ester.
PAC  EXAMPLE 7
PAR  A solution of 510 mg. of
      8R-9.beta.-hydroxy-11.alpha.-acetoxymethyl-15.alpha.-acetoxyprosta-5-cis,1
     3-trans-dienoic acid methyl ester in 25 ml. of purified acetone is cooled
      to -10.degree.C and treated, under nitrogen atmosphere and under stirring,
      with 0.5 ml. of an 8N solution of chromic acid (prepared by mixing 26 g.
      of chromium trioxide with 23 ml. of concentrated sulfuric acid and
      diluting with water to 100 ml.). The reaction mixture is stirred for 30
      minutes at -10.degree.C, 0.5 ml. more of the 8N chromic acid solution is
      added and stirred for an additional 30 minute period at the same
      temperature. It is then poured into water and extracted with ethyl acetate
      (3 .times. 50 ml.) and the combined organic extracts washed with saturated
      sodium chloride solution, dried over sodium sulfate and evaporated to
      dryness under reduced pressure. The oily residue is purified by t.l.c.
      using hexane-ethyl acetate (1:1) as gradient, to obtain the pure
      8R-9-keto-11.alpha.-acetoxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester (8R-antimer of IX).
PAR  The same compound is obtained using
      8R-9.alpha.-hydroxy-11.alpha.-acetoxymethyl-15.alpha.-acetoxyprosta-5-cis,
     13-trans-dienoic acid methyl ester as starting material.
PAC  EXAMPLE 8
PAR  Fifty milligrams of
      8R-9-keto-11.alpha.-acetoxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester are dissolved in 2 ml. of anhydrous methanol and
      treated with 29 mg. (2 molar equivalents) of potassium carbonate, under
      nitrogen atmosphere. The reaction mixture is stirred for 3 hours at room
      temperature, poured into water and acidified with 1% dilute hydrochloric
      acid and extracted with three 20 ml. portions of ethyl acetate. The
      combined organic extracts are washed with saturated sodium chloride
      solution, dried over sodium sulfate and evaporated to dryness under vacuo,
      thus affording
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester (8R-antimer of X, R.sup.4.sup.'  = Me).
PAC  EXAMPLE 9
PAR  Examples 5, 6, 7 and 8 are repeated using
      9.beta.-hydroxy-11.alpha.-formyl-15.alpha.-acetoxyprosta-5-cis,13-trans-di
     enoic acid methyl ester as starting material, to afford
      9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-dien
     oic acid methyl ester as final product.
PAC  EXAMPLE 10
PAR  Ten milligrams of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester are dissolved in a mixture of 1 ml. of methanol, 1
      ml. of water and 45 mg. of potassium carbonate. The reaction mixture is
      maintained at room temperature for 16 hours, under nitrogen atmosphere, 10
      ml. of water are then added, and the reaction mixture is then evaporated
      under reduced pressure to half volume. It is then acidified to pH 2 with
      2N hydrochloric acid and extracted several times with ethyl acetate. The
      combined organic extracts are dried over sodium sulfate and evaporated to
      dryness under reduced pressure to yield
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-d
     ienoic acid, (8R-antimer of X, R.sup.4.sup.'  = H) which can be further
      purified by thin layer chromatography.
PAR  Likewise,
      9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-dien
     oic acid methyl ester is converted into the free acid.
PAC  EXAMPLE 11
PAR  Fifteen milligrams of
      8R-11.alpha.-hydroxymethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester are dissolved in a mixture of 2 ml. of benzene
      and 3 ml. of acetone containing 5 mg. of freshly prepared
      tris-(triphenylphosphine)chlororhodium, at room temperature. The resulting
      mixture is stirred in a hydrogen atmosphere and aliquots are removed at
      periodic intervals. The aliquots are analyzed by gas liquid chromatography
      to determine whether hydrogenation has been completed. When the
      hydrogenation is determined to be essentially complete (ca. 6 hours) the
      reaction mixture is applied to 20% wt. silver nitrate impregnated silica
      gel (G) preparative plates developing with chloroform:methanol:acetic
      acid:water in a 95:75:1:0.6 parts by volume ratio. The zone corresponding
      to the desired monounsaturated compound is eluted with a 90:10, by vol.,
      of a mixture of chloroform and methanol yielding the pure
      8R-11.alpha.-hydroxymethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester (V, R.sup.4.sup.'  = Me).
PAR  Similarly starting from the corresponding
      11.alpha.-hydroxymethylprosta-5-cis,13-trans-dienoic acid derivatives
      obtained in Examples 3, 8 and 9 there are obtained the following
      compounds:
PAR  8R-11.alpha.-hydroxymethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester,
PAR  11.alpha.-hydroxymethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester,
PAR  11.alpha.-hydroxymethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester,
PAR  8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprost-13-trans-enoic
      acid methyl ester, and
PAR  9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprost-13-trans-enoic acid
      methyl ester.
PAR  Upon hydrolysis of the methyl ester group, in accordance with the method of
      Example 10, there are obtained the respective free acids, namely:
PAR  8R-11.alpha.-hydroxymethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid,
PAR  8R-11.alpha.-hydroxymethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid,
PAR  11.alpha.-hydroxymethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid,
PAR  11.alpha.-hydroxymethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid,
PAR  8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprost-13-trans-enoic
      acid and
PAR  9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprost-13-trans-enoic acid.
PAC  EXAMPLE 12
PAR  By following the hydrogenation method of Example 11, 20 mg. of
      8R-9-keto-11.alpha.-acetoxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester is converted into
      8R-9-keto-11.alpha.-acetoxymethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester.
PAR  To a solution of 15 mg. of
      8R-9-keto-11.alpha.-acetoxymethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester in 2 ml. of methanol is added a solution of 60 mg. of
      potassium carbonate in 1 ml. of water, under nitrogen atmosphere, and the
      reaction mixture is kept at room temperature for 20 hours. It is then
      acidified to pH-2 with 1% hydrochloric acid solution and extracted several
      times with ethyl acetate. The combined organic extracts are washed with
      saturated sodium chloride solution, dried over sodium sulfate and
      evaporated to dryness under reduced pressure. Purification of the residue
      by thin layer chromatography affords
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprost-13-trans-enoic
      acid (8R-antimer of XI, R.sup.4.sup.' = H) in pure form, identical to the
      product obtained in Example 11.
PAC  EXAMPLE 13
PAR  A. A mixture of 50 mg. of
      8R-11.alpha.-hydroxymethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester, 2 ml. of dioxane and 100 mg. of
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone is stirred at 50.degree. to
      55.degree.C for 18 hours. The reaction mixture is then evaporated to
      dryness under reduced pressure and the residue is dissolved in methylene
      chloride and chromatographed on Florisil. The fractions eluted with
      methylene chloride-ether (9:1) afford
      8R-9.beta.-hydroxy-11.alpha.-hydroxymethyl-15-ketoprosta-5-cis,13-trans-di
     enoic acid methyl ester in pure form (8R-antimer of XIII, Z = double bond).
PAR  B. To a solution of 100 mg. of
      8R-11.alpha.-hydroxymethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester in 5 ml. of anhydrous tetrahydrofuran are added
      400 mg. of activated manganese dioxide, and the reaction mixture is
      stirred at room temperature for 6 hours. The manganese dioxide is then
      filtered off and washed with acetone and the combined filtrates are
      evaporated to dryness under reduced pressure. The residue is redissolved
      in tetrahydrofuran and stirred with another 400 mg. batch of manganese
      dioxide as above, repeating the operation twice. After final evaporation
      of the solvent and purification of the residue by chromatography on
      Florisil there is obtained the pure
      8R-9.beta.-hydroxy-11.alpha.-hydroxymethyl-15-ketoprosta-5-cis,13-trans-di
     enoic acid methyl ester, identical to the compound obtained in part A.
PAR  By the above-described methods, starting from the corresponding
      8R-antimeric or racemic prostadienoic or prostenoic acid methyl ester
      compounds there are obtained:
PAR  8-R-9.alpha.-hydroxy-11.alpha.-hydroxymethyl-15-ketoprosta-5-cis,13-trans-d
     ienoic acid methyl ester,
PAR  8R-9.alpha.-hydroxy-11.alpha.-hydroxymethyl-15-ketoprost-13-trans-enoic
      acid methyl ester,
PAR  8R-9.beta.-hydroxy-11.alpha.-hydroxymethyl-15-ketoprost-13-trans-enoic acid
      methyl ester,
PAR  9.alpha.-hydroxy-11.alpha.-hydroxymethyl-15-ketoprosta-5-cis,13-trans-dieno
     ic acid methyl ester,
PAR  9.beta.-hydroxy-11.alpha.-hydroxymethyl-15-ketoprosta-5-cis,13-trans-dienoi
     c acid methyl ester,
PAR  9.alpha.-hydroxy-11.alpha.-hydroxymethyl-15-ketoprost-13-trans-enoic acid
      methyl ester and
PAR  9.beta.-hydroxy-11.alpha.-hydroxymethyl-15-ketoprost-13-trans-enoic acid
      methyl ester.
PAC  EXAMPLE 14
PAR  A solution of 228 mg. of
      8R-9.beta.-hydroxy-11.alpha.-hydroxymethyl-15-ketoprosta-5-cis,13-trans-di
     enoic acid methyl ester in 20 ml. of anhydrous ether is cooled to
      -20.degree.C and treated dropwise, under stirring and under argon
      atmosphere with 6 molar equivalents of a 3N methylmagnesium bromide
      solution in ether. The temperature of the reaction mixture is allowed to
      rise to -5.degree.C., 6 additional molar equivalents of methylmagnesium
      bromide solution are added, and the resulting mixture is stirred for 1
      hour more, at the end of which time there are added 5 ml. of methanol. The
      resulting mixture is diluted with water and ethyl acetate, and the
      insoluble material filtered through Celite, diatomaceous earth. The
      organic phase is separated from the filtrate and washed with saturated
      sodium chloride solution, dried over magnesium sulfate and evaporated to
      dryness under reduced pressure. The oily residue is purified by thin layer
      chromatography, to produce the pure
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid methyl ester and
      8R-11.alpha.-hydroxymethyl-15.alpha.-methyl-9.beta.,15.beta.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid methyl ester in approximately equal amounts
      [8R-antimers of XIV (R.sup.3 and R.sup.4.sup.'  = Me; Z = double bond)].
PAR  In a similar manner but using ethylmagnesium bromide in place of
      methylmagnesium bromide there are obtained
      8R-11.alpha.-hydroxymethyl-15.beta.-ethyl-9.beta.,15.alpha.-dihydroxyprost
     a-5-cis,13-trans-dienoic acid methyl ester and the
      15.alpha.-ethyl-15.beta.-hydroxy isomer.
PAC  EXAMPLE 15
PAR  To 280 mg. of
      8R-9.beta.-hydroxy-11.alpha.-hydroxymethyl-15-ketoprosta-5-cis,13-trans-di
     enoic acid methyl ester are added 6 ml. of a (1:1) mixture of
      N-trimethylsilyldiethylamine and anhydrous acetone, and the reaction
      mixture is kept at room temperature, under argon atmosphere, for 6 hours.
      The reaction mixture is then evaporated to dryness under reduced pressure
      and the oily residue is dissolved in 10 ml. of anhydrous tetrahydrofuran.
      The resulting solution is cooled to -20.degree.C and treated dropwise,
      under argon atmosphere, with 6 molar equivalents of 3N methylmagnesium
      bromide in ether, maintaining the temperature below -5.degree.C; 6
      additional molar equivalents of the Grignard reagent are added and the
      reaction mixture stirred at -5.degree.C for 1 hour further, diluted with
      saturated ammonium chloride solution and extracted with ether. The organic
      extract is washed with saturated sodium chloride solution, dried over
      magnesium sulfate and evaporated to dryness under vacuo. The residue is
      dissolved in 10 ml. of 70% aqueous methanol and treated with 0.1 ml. of a
      mixture of acetic acid-water (0.2:3), maintaining the reaction mixture at
      room temperature for 18 hours. It is then evaporated to dryness under
      vacuo and the residue purified by thin layer chromatography to yield
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid methyl ester and the
      15.alpha.-methyl-15.beta.-hydroxy isomer, identical to the products
      obtained in Example 14.
PAC  EXAMPLE 16
PAR  By following the method of Examples 14 or 15, the remaining 15-keto
      compounds obtained in Example 13 are converted into the corresponding 15
      -methyl-15 -hydroxy derivatives, namely:
PAR  8R-11.alpha.-hydroxymethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PAR  8R-11.alpha.-hydroxymethyl-15 -methyl-9.alpha.,15
      -dihydroxyprost-13-trans-enoic acid methyl ester,
PAR  8R-11.alpha.-hydroxymethyl-15 -methyl-9.beta.,15
      -dihydroxyprost-13-trans-enoic acid methyl ester,
PAR  11.alpha.-hydroxymethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis-13-trans-dienoic acid methyl ester,
PAR  11.alpha.-hydroxymethyl-15 -methyl-9.beta.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PAR  11.alpha.-hydroxymethyl-15 -methyl-9.alpha.,15
      -dihydroxyprost-13-trans-enoic acid methyl ester, and
PAR  11.alpha.-hydroxymethyl-15 -methyl-9.alpha.,15
      -dihydroxyprost-13-trans-enoic acid methyl ester,
PAL  separating the 15.alpha.-hydroxy-15.beta.-methyl and
      15.beta.-hydroxy-15.alpha.-methyl isomers by thin layer chromatography.
PAR  Likewise but using ethylmagnesium bromide in place of methylmagnesium
      bromide as alkylating agent, the corresponding
      15.alpha.-hydroxy-15.beta.-ethyl and 15.beta.-hydroxy-15.alpha.-ethyl
      analogs of the above-mentioned compounds are produced.
PAC  EXAMPLE 17
PAR  A mixture of 250 mg. of
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid methyl ester, 1 ml. of pyridine and 75 mg.
      of acetic anhydride is kept at 0.degree.-5.degree.C for 3 hours. It is
      then evaporated to dryness under vacuo, and the oily residue taken up in
      ethyl acetate. The resulting solution is washed several times with 50%
      saturated sodium chloride solution, dried and evaporated to dryness.
      Purification of the residue by t.l.c. affords the pure
      8R-11.alpha.-acetoxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid methyl ester (8R-antimer of XV, R.sup.3 =
      Me, Z = double bond).
PAC  EXAMPLE 18
PAR  To a suspension of 2 g. of Celite, diatomaceous earth (dried for 24 hours
      at 105.degree.C) and 1 g. of chromium trioxide-dipyridine complex,
      [prepared as described by J. C. Collins et al., in Tetrahedron Letters,
      3363 (1968)] in 15 ml. of methylene chloride, cooled to -5.degree.C is
      added, with stirring, a solution of 130 mg. of
      8R-11.alpha.-acetoxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid methyl ester in 5 ml. of methylene chloride
      and the mixture is stirred for 15 minutes further at 0.degree.-5.degree.C;
      300 mg. of sodium bisulfate monohydrate are then added and the reaction
      mixture is stirred for an additional 10 minute period. The insoluble
      material is separated by filtration and washed well with methylene
      chloride. The combined organic filtrate are evaporated to dryness under
      vacuo and the residue purified by thin layer chromatography, thus
      obtaining 8R-9-keto-11.alpha.-acetoxymethyl-15.beta.-methyl-15.alpha.-hydr
     oxyprosta-5-cis, 13-trans-dienoic acid methyl ester (8R-antimer of XVI,
      R.sup.3 = Me; Z = double bond) in pure form.
PAC  EXAMPLE 19
PAR  To a solution of 50 mg. of
      8R-9-keto-11.alpha.-acetoxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid methyl ester in 2 ml. of anhydrous methanol is
      added under nitrogen atmosphere, 17.3 mg. (1.1 molar equivalents) of
      anhydrous potassium carbonate and the reaction mixture is stirred at room
      temperature for 90 minutes. It is then poured into water and extracted
      with ethyl acetate. The combined organic extracts are washed with
      saturated sodium chloride solution, dried over sodium sulfate and
      evaporated to dryness under vacuo. The oily residue is purified by t.l.c.,
      to afford
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid methyl ester (8R-antimer of XVII, R.sup.3 and
      R.sup.4.sup.'  = Me; Z = double bond) in pure form.
PAC  EXAMPLE 20
PAR  Examples 17, 18 and 19 are repeated using the following compounds as
      starting materials:
PAR  8R-11.alpha.-hydroxymethyl-15.beta.-ethyl-9.beta.,15.alpha.-dihydroxyprosta
     -5-cis,13-trans-dienoic acid methyl ester,
PAR  8R-11.alpha.-hydroxymethyl-15.alpha.-methyl-9.alpha.,15.beta.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid methyl ester,
PAR  8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxyprost
     -13-trans-enoic acid methyl ester,
PAR  8R-11.alpha.-hydroxymethyl-15.alpha.-ethyl-9.alpha.,15.beta.-dihydroxyprost
     -13-trans-enoic acid methyl ester,
PAR  11.alpha.-hydroxymethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxyprosta-
     5-cis-13-trans-dienoic acid methyl ester,
PAR  11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxyprost-13
     -trans-enoic acid methyl ester, and
PAR  11.alpha.-hydroxymethyl-15.beta.-ethyl-9.beta.,15.alpha.-dihydroxyprost-13-
     trans-enoic acid methyl ester,
PAL  there are produced respectively as final products:
PAR  8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-ethyl-15.alpha.-hydroxyprosta-5-
     cis,13-trans-dienoic acid methyl ester,
PAR  8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-methyl-15.beta.-hydroxyprosta-5
     -cis,13-trans-dienoic acid methyl ester,
PAR  8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprost-13
     -trans-enoic acid methyl ester,
PAR  8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-ethyl-15.beta.-hydroxyprost-13-
     trans-enoic acid methyl ester,
PAR  9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-ci
     s,13-trans-dienoic acid methyl ester,
PAR  9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.beta.-hydroxyprost-13-tra
     ns-enoic acid methyl ester, and
PAR  9-keto-11.alpha.-hydroxymethyl-15.beta.-ethyl-15.alpha.-hydroxyprost-13-tra
     ns-enoic acid methyl ester.
PAC  EXAMPLE 21
PAR  To a solution of 110 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid methyl ester in 2.2 ml. of methanol are added
      165 mg. of potassium carbonate and 0.66 ml. of water, under nitrogen
      atmosphere, and the reaction mixture is kept at room temperature for 16
      hours. It is then evaporated to dryness and the oily residue taken up in
      10 ml. of water and 10 ml. of methylene chloride. The aqueous phase is
      separated and the organic phase which contains the unsaponifiable products
      is washed with saturated sodium potassium tartrate solution. The combined
      aqueous phases are saturated with sodium potassium tartrate, cooled to
      -10.degree.C and treated dropwise with 23.9 ml. of a 0.1N solution of
      acetic acid. It is then extracted three times with cold ethyl acetate and
      the combined organic extracts washed with saturated sodium potassium
      tartrate solution, dried and evaporated to dryness. The residue is
      purified by t.l.c., to afford the pure
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid (8R-antimer of XVII, R.sup.3 = Me;
      R.sup.4.sup.'  = H; Z = double bond).
PAC  EXAMPLE 22
PAR  A. A suspension of 4 g. of crude pancreatic lipase (Sigma L-3126) in 40 ml.
      of a 0.1 M sodium chloride and 0.05 M calcium chloride solution in water
      is stirred at 25.degree.C for 1 hour. The mixture is then centrifuged for
      1 hour at 5000 rev./min. and at 25.degree. to 30.degree.C. The supernatant
      is neutralized with 1N sodium hydroxide solution to pH 7.2 to 7.4 and used
      directly for the hydrolysis of the prostaglandin derivatives of the
      invention.
PAR  B. Forty-two milligrams of
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypro
     sta-5-cis,13-trans-dienoic acid methyl ester are dissolved by sonication at
      37.degree.C for 20 minutes in 30 ml. of the lipase solution prepared as
      described in part A. The reaction mixture is magnetically stirred for 24
      hours at 25.degree. to 26.degree.C, adjusting constantly the pH at 7.2 to
      7.4 during the reaction period with 0.1N sodium hydroxide solution. The
      cold reaction mixture is then acidified with 0.1N acetic acid solution and
      the product extracted several times from the solution with ethyl acetate
      and ether. The combined organic extracts are dried over sodium sulfate and
      evaporated to dryness under vacuo. The residue is dissolved in
      methylenechloride and chromatographed on 3 g. of Florisil. The column is
      eluted successively with methylene chloride-diethyl ether mixtures,
      diethyl ether, diethyl ether-ethyl acetate mixtures, pure ethyl acetate
      and ethyl acetate containing 1% methanol. The fractions eluted with the
      latter solvent mixture afford the pure
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypro
     sta-5-cis,13-trans-dienoic acid (8R antimer of XIV, R.sup.3 =Me;
      R.sup.4.sup.' =H; Z=double bond).
PAR  Similarly by following the above procedure,
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis-13-trans-dienoic acid methyl ester is converted into
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid, identical to the product obtained in Example
      21.
PAC  EXAMPLE 23
PAR  To a solution of 400 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester in 3 ml. of methanol is added a solution of 400
      mg. of hydroxylamine hydrochloride and 500 mg. of sodium acetate in 10 ml.
      of methanol-water (1:1). The resulting reaction mixture is kept at room
      temperature for 18 hours under argon atmosphere and the solvent is then
      eliminated under reduced pressure. The residue is taken up in water and
      the mixture extracted with ethyl acetate, the organic phase is separated,
      washed with saturated sodium chloride solution, dried over magnesium
      sulfate and evaporated to dryness under vacuo, thus obtaining
      9-hydroxyimino-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprosta-5-cis,13-tr
     ans-dienoic acid methyl ester. (8R-antimer of XIX, Z=double bond).
PAC  EXAMPLE 24
PAR  A mixture of 100 mg. of
      8R-9-hydroxyimino-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprosta-5-cis,13
     -trans-dienoic acid methyl ester, 5 ml. of dioxane and 200 mg. of
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone is stirred at 50.degree. to
      55.degree.C for 18 hours. The solvent is then eliminated under reduced
      pressure and the residue purified by t.l.c., to afford
      8R-9-hydroxyimino-11.alpha.-hydroxymethyl-15-ketoprosta-5-cis,13-trans-die
     noic acid methyl ester (8R-antimer of XX, Z=double bond) in pure form.
PAC  EXAMPLE 25
PAR  A. To a stirred mixture of 1.5 ml. of hexamethyl-disilazane and 0.3 ml. of
      trimethylchlorosilane there is added a solution of 100 mg. of
      8R-9-hydroxyimino-11.alpha.-hydroxymethyl-15-keto-prosta-5-cis,13-trans-di
     enoic acid methyl ester in 8 ml. of anhydrous tetrahydrofuran, under an
      argon atmosphere and the resulting mixture is stirred at room temperature,
      under anhydrous conditions for 16 hours. It is then evaporated to dryness
      under reduced pressure. The residue is dissolved in 5 ml. of toluene and
      the solvent eliminated under vacuo, repeating the operation several times,
      thus obtaining the crude
      8R-9-trimethylsilyloxyimino-11.alpha.-trimethylsilyloxymethyl-15-ketoprost
     a-5-cis,13-trans-dienoic acid methyl ester (8R antimer of XXI, Z=double
      bond).
PAR  B. The foregoing crude product is dissolved in 10 ml. of anhydrous diethyl
      ether, and the resulting solution is cooled to -78.degree.C in a dry
      ice-acetone bath. To the stirred cold solution is added dropwise an ether
      solution of 1.1 molar equivalents of methyllithium (1.3 ml. of 0.22M
      methyllithium in ether) under stirring and under an argon atmosphere. The
      resulting stirred mixture is allowed to attain room temperature, and
      stirred 2 additional hours at this temperature. It is then poured into
      saturated ammonium chloride solution, the ethereal phase is separated,
      washed with saturated sodium chloride solution, dried over magnesium
      sulfate and evaporated to dryness under vacuo, thus obtaining the crude
      8R-9-trimethylsilyloxyimino-11.alpha.-trimethylsilyloxymethyl-15
      -methyl-15 -hydroxyprosta-5-cis,13-trans-dienoic acid methyl ester.
      (8R-antimers of XXII; R.sup.3 = Me; Z=double bond).
PAR  C. A solution of 50 mg. of the crude
      8R-9-trimethylsilyloxyimino-11.alpha.-trimethylsilyloxymethyl-15
      -hydroxy-15 -methylprosta-5-cis,13-trans-dienoic acid methyl ester in 5
      ml. of 70% aqueous methanol containing 0.05 ml. of a 0.2:3 mixture of
      acetic acid-water is keppt at room temperature for 18 hours. The reaction
      mixture is then evaporated to dryness under reduced pressure and the
      residue purified by thin layer chromatography using ethyl acetate-ether
      (75:25) as eluant, thus obtaining the individual isomers, i.e.,
      8R-9-hydroxyimino-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydrox
     yprosta-5-cis,13-trans-dienoic acid methyl ester and
      8R-9-hydroxyimino-11.alpha.-hydroxymethyl-15.alpha.-methyl-15.beta.-hydrox
     yprosta-5-cis,13-trans-dienoic acid methyl ester in pure form.
PAR  D. To a stirred solution of 150 mg. of
      8R-9-hydroxyimino-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydrox
     yprosta-5-cis,13-trans-dienoic acid methyl ester in 3 ml. of methanol is
      added a solution of 150 mg. of thallium (III) nitrate in 3 ml. of
      methanol. The reaction mixture is stirred at room temperature for 10
      minutes, and the formed precipitate separated by filtration ans washed
      with methanol. The filtrate is cooled to 0.degree.C, and acidified with
      dilute acetic acid, stirring the mixture for 5 minutes. It is then
      extracted with ether and the organic extract washed with saturated sodium
      chloride solution, dried over magnesium sulfate and evaporated to dryness
      under reduced pressure. The residue is purified by chromatography on
      Florisil. The fractions eluted with diethyl ether-ethyl acetate (9:1)
      afford the pure
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid methyl ester, identical to the compound
      obtained in Example 19.
PAC  EXAMPLE 26
PAR  A mixture of 90 mg. of
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypro
     sta-5-cis,13-trans-dienoic acid methyl ester, 1.8 g. of dry finely ground
      freshly extracted residue of the gorgonian Plexaura homomalla (Esper),
      [which results after extraction of the prostaglandin derivatives contained
      originally by this gorgonian, as described by A. Prince et al., in
      Prostaglandins, Vol. 3, No. 4, p. 531 (1973)] and 10 ml. of a 0.1M sodium
      chloride and 0.05M calcium chloride solution in water is stirred at room
      temperature for 24 hours, maintaining the pH of the reaction mixture at
      7.5-7.7 by addition of 0.1N sodium hydroxide solution. At the end of this
      time the reaction mixture is diluted with 15 ml. of acetone, adjusting the
      pH to 4, with dilute acetic acid. Charcoal is added to decolorize the
      solution, and the insoluble material separated by filtration through
      Celite, diatomaceous earth, washing the solids with several portions of
      acetone. The combined filtrates are concentrated under reduced pressure to
      a small volume, and the product extracted from the aqueous residue with
      methylene chloride. The combined organic extracts are dried over magnesium
      sulfate and evaporated to dryness under reduced pressure. The oily residue
      is purified by t.l.c., thus obtaining the pure 8R-11.alpha.
      -hydroxymethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13
     -trans-dienoic acid, identical to the compound obtained in Example 22.
PAR  Likewise,
      8R-11.alpha.-hydroxymethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tra
     ns-dienoic acid, and
      8R-11.alpha.-hydroxymethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-tran
     s-dienoic acid, as well as the corresponding racemic compounds are
      obtained, starting from the methyl ester derivatives thereof.
PAC  EXAMPLE 27
PAR  By following the hydrolysis methods of Examples 21, 22 or 26, the other
      8R-antimeric of racemic 15-alkylated-15-hydroxy prostadienoic and
      prostenoic acid methyl ester derivatives obtained in Examples 14, 16 and
      20 are converted into the corresponding free acids, e.g.,
PAR  8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxyprost
     a-5-cis,13-trans-dienoic acid,
PAR  8R-11.alpha.-hydroxymethyl-15.beta.-ethyl-9.beta.,15.alpha.-dihydroxyprosta
     -5-cis,13-trans-dienoic acid,
PAR  8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypros
     t-13-trans-enoic acid,
PAR  8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxyprost
     -13-trans-enoic acid,
PAR  11.alpha.-hydroxymethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxyprosta-
     5-cis-13-trans-dienoic acid,
PAR  11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxyprosta-5
     -cis-13-trans-dienoic acid,
PAR  11.alpha.-hydroxymethyl-15.beta.-ethyl-9.beta.,15.alpha.-dihydroxyprosta-5-
     cis-13-trans-dienoic acid,
PAR  11.alpha.-hydroxymethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxyprost-1
     3-trans-enoic acid,
PAR  11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxyprost-13
     -trans-enoic acid,
PAR  8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-ethyl-15.alpha.-hydroxyprosta-5-
     cis-13,trans-dienoic acid,
PAR  8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprost-13
     -trans-enoic acid,
PAR  9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-ci
     s-13-trans-dienoic acid, and
PAR  9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprost-13-tr
     ans-enoic acid,
PAL  as well as the corresponding 15.alpha.-alkyl-15.beta.-hydroxy isomers.
PAC  EXAMPLE 28
PAR  To a solution of 100 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid in 5 ml. of ether is added 1 ml. of an ethereal
      solution of diazoethane, and the reaction mixture is maintained at room
      temperature for 10 minutes. The solvents and excess reagent are eliminated
      by vacuum distillation and the residue is purified by t.l.c. to afford
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid ethyl ester.
PAR  In a similar manner but using diazopropane in place of diazoethane, the
      propyl ester of
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid is obtained.
PAR  By the same method,
PAR  8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprost-13
     -trans-enoic acid,
PAR  8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxyprost
     a-5-cis,13-trans-dienoic acid,
PAR  8R-11.alpha.-hydroxymethyl-15.beta.-ethyl-9.alpha.,15.alpha.-dihydroxyprost
     a-5-cis-13-trans-dienoic acid,
PAR  9-keto-11.alpha.-hydroxymethyl-15.beta.-ethyl-15.alpha.-hydroxyprosta-5-cis
     -13-trans-dienoic acid and
PAR  11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxyprost-13
     -trans-enoic acid,
PAL  are converted into the corresponding ethyl and propyl esters.
PAC  EXAMPLE 29
PAR  A mixture of 50 mg. of
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid, 0.4 ml. of pyridine and 1.0 ml. of acetic
      anhydride is kept at room temperature for 1 hour. The reaction mixture is
      then evaporated to dryness under reduced pressure and the residue is
      dissolved in ethyl acetate, 50 mg. of sodium bisulfate are added and the
      solution is filtered through Celite, diatomaceous earth. The filtrate is
      evaporated to dryness under vacuo to yield
      8R-9.beta.-acetoxy-11.alpha.-acetoxymethyl-15.beta.-methyl-15.alpha.-hydro
     xyprosta-5-cis,13-trans-dienoic acid.
PAR  Similarly but using propionic, caproic and valeric anhydrides as
      esterifying agents there are respectively obtained:
PAR  8R-9.beta.-propionoxy-11.alpha.-propionoxymethyl-15.beta.-methyl-15.alpha.-
     hydroxyprosta-5-cis,13-trans-dienoic acid,
PAR  8R-9.beta.-caproxy-11.alpha.-caproxymethyl-15.beta.-methyl-15.alpha.-hydrox
     yprosta-5-cis,13-trans-dienoic acid and
PAR  8R-9.beta.-valeroxy-11.alpha.-valeroxymethyl-15.beta.-methyl-15.alpha.-hydr
     oxyprosta-5-cis,13-trans-dienoic acid.
PAR  Likewise, starting from
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid methyl ester there are produced:
PAR  8R-9-keto-11.alpha.-acetoxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5
     -cis,13-trans-dienoic acid methyl ester,
PAR  8R-9-keto-11.alpha.-propionoxymethyl-15.beta.-methyl-15.alpha.-hydroxyprost
     a-5-cis,13-trans-dienoic acid methyl ester,
PAR  8R-9-keto-11.alpha.-caproxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5
     -cis,13-trans-dienoic acid methyl ester and
PAR  8R-9-keto-11.alpha.-valeroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid methyl ester, respectively.
PAR  By the same method but using
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypro
     sta-5-cis,13-trans-dienoic acid methyl ester,
      8R-11.alpha.-hydroxymethyl-15.beta.-ethyl-9.beta.,15.alpha.-dihydroxyprost
     -13-trans-enoic acid methyl ester and
      9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprost-13-t
     rans-enoic acid as starting materials and acetic anhydride as esterifying
      agent, there are obtained respectively:
PAR  8R-9.alpha.-acetoxy-11.alpha.-acetoxymethyl-15.beta.-methyl-15.alpha.-hydro
     xyprosta-5-cis,13-trans-dienoic acid methyl ester,
PAR  8R-9.beta.-acetoxy-11.alpha.-acetoxymethyl-15.beta.-ethyl-15.alpha.-hydroxy
     prost-13-trans-enoic acid methyl ester and
PAR  9-keto-11.alpha.-acetoxymethyl-15.beta.-methyl-15.alpha.-hydroxyprost-13-tr
     ans-enoic acid.
PAC  EXAMPLE 30
PAR  To a solution of 100 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid in 10 ml. of methanol is added 3.0 ml. of a
      0.1N solution of sodium hydroxide, and the mixture is stirred at room
      temperature for 1 hour. It is then evaporated to dryness under reduced
      pressure, to give the sodium salt of
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid.
PAR  By employing 1.1 molar equivalents of potassium hydroxide (in the form of a
      0.1N solution) in place of sodium hydroxide in the above procedure the
      potassium salt of
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid is obtained.
PAR  Similarly, the sodium and potassium salts of the other 15-alkylated
      prostadienoic and prostenoic acid derivatives obtained in Examples 22, 26
      and 27 are produced.
PAC  EXAMPLE 31
PAR  To a solution of 100 mg. of
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid in 10 ml. of methanol is added a mixture of
      3 ml. of concentrated ammonium hydroxide solution and 5 ml. of methanol.
      The resulting mixture is stirred for 2 hours at room temperature and then
      evaporated to dryness, to yield the ammonium salt of
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxypros
     ta-5-cis-13-trans-dienoic acid.
PAR  By employing dimethylamine, diethylamine or dipropylamine in place of
      ammonium hydroxide in the above process the corresponding salts of
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid are obtained.
PAR  In a similar manner, the ammonium, dimethylamine, diethylamine and
      dipropylamine salts of the other 15-alkylated prostadienoic and prostenoic
      acid derivatives of the previous Examples can be prepared.
PAC  EXAMPLE 32
PAR  To a mixture of 142 mg. of procaine and 5 ml. of aqueous methanol is added
      100 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid in 5 ml. of methanol and the resultant reaction
      mixture is stirred at room temperature for 16 hours. It is then evaporated
      to dryness under reduced pressure to give the procaine salt of
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-
     5-cis,13-trans-dienoic acid.
PAR  Similarly, the lysine, caffeine and arginine salts thereof are obtained. In
      like manner, the procaine, lysine, caffeine and arginine salts of the
      other 15-methyl(ethyl)prostadienoic and prostenoic acid derivatives
      obtained in Examples 22, 26 and 27 can be produced e.g., the procaine salt
      of
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypro
     sta-5-cis,13-trans-dienoic acid, the caffeine salt of
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-ethyl-15.alpha.-hydroxyprosta-5
     -cis,13-trans-dienoic acid, the lysine salt of
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxypros
     t-13-trans-enoic acid and the arginine salt of
      8R-9-keto-11.alpha.-hydroxymethyl-15.beta.-methyl-15.alpha.-hydroxyprost-1
     3-trans-enoic acid, as well as the corresponding salts of the racemic
      compounds.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An 8R-antimeric or racemic compound selected from the group of those
      represented by the following formula:
      ##SPC7##
PAL  wherein
PA1  R is the grouping
      ##EQU2##
      each of R.sup.1 and R.sup.2 is hydrogen or a hydrocarbon carboxylic group
      of 1 to 6 carbon atoms;
PA1  R.sup.3 is methyl or ethyl;
PA1  R.sup.4 is hydrogen, a lower alkyl group of 1 to 6 carbon atoms or the
      pharmaceutically acceptable, non-toxic salts of compounds in which R.sup.4
      is hydrogen;
PA1  Z is a cis double bond and the wavy lines ( ) indicate the .alpha. or
      .beta. configuration or mixtures thereof, provided that when R.sup.3 is
      .alpha., the hydroxyl group, attached to the same carbon atom as R.sup.3,
      is .beta.; and when R.sup.3 is .beta., the hydroxyl group, attached to the
      same carbon atom as R.sup.3, is .alpha..
NUM  2.
PAR  2. A compound according to claim 1 wherein R is
      .alpha.-hydroxy-.beta.-hydrogen and R.sup.2 and R.sup.4 are hydrogen.
NUM  3.
PAR  3. A compound according to claim 1 wherein R is
      .beta.-hydroxy-.alpha.-hydrogen and R.sup.2 and R.sup.4 are hydrogen.
NUM  4.
PAR  4. A compound according to claim 1 wherein R.sup.2 and R.sup.4 are
      hydrogen.
NUM  5.
PAR  5. A compound according to claim 1 wherein R.sup.3 is methyl and R.sup.2
      and R.sup.4 are hydrogen.
NUM  6.
PAR  6. A compound according to claim 1 wherein said compound is an 8R-antimer.
NUM  7.
PAR  7. A compound according to claim 6 wherein R is
      .alpha.-hydroxy-.beta.-hydrogen, R.sup.2 and R.sup.4 are hydrogen, R.sup.3
      is .beta.-methyl and Z is a cis-double bond,
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypro
     sta-5-cis,13-trans-dienoic acid and the non-toxic, pharmaceutically
      acceptable salts thereof.
NUM  8.
PAR  8. A compound according to claim 6 wherein R is
      .alpha.-hydroxy-.beta.-hydrogen, R.sup.2 is hydrogen, R.sup.3 is
      .beta.-methyl, R.sup.4 is methyl and Z is a cis-double bond,
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypro
     sta-5-cis,13-trans-dienoic acid methyl ester.
NUM  9.
PAR  9. A compound according to claim 6 wherein R is
      .beta.-hydroxy-.alpha.-hydrogen, R.sup.2 and R.sup.4 are hydrogen, R.sup.3
      is .beta.-methyl and Z is a cis double bond,
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid and the non-toxic, pharmaceutically
      acceptable salts thereof.
NUM  10.
PAR  10. A compound according to claim 6 wherein R is
      .beta.-hydroxy-.alpha.-hydrogen, R.sup.2 is hydrogen, R.sup.3 is
      .beta.-methyl, R.sup.4 is methyl and Z is a cis double bond,
      8R-11.alpha.-hydroxymethyl-15.beta.-methyl-9.beta.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid methyl ester.
NUM  11.
PAR  11. A compound according to claim 1 wherein said compound is a racemic
      compound.
NUM  12.
PAR  12. A compound according to claim 11 wherein R is
      .alpha.-hydroxy-.beta.-hydrogen, R.sup.2 and R.sup.4 are hydrogen, R.sup.3
      is methyl and Z is a cis-double bond, 11.alpha.-hydroxymethyl-15
      -methyl-9.alpha.,15 -dihydroxyprosta-5-cis,13-trans-dienoic acid and the
      nontoxic, pharmaceutically acceptable salts thereof.
NUM  13.
PAR  13. A compound according to claim 11 wherein R is
      .alpha.-hydroxy-.beta.-hydrogen, R.sup.2 is hydrogen, R.sup.3 and R.sup.4
      are methyl and Z is a cis-double bond, 11.alpha.-hydroxymethyl-15
      -methyl-9.alpha.,15 -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl
      ester.
NUM  14.
PAR  14. A compound according to claim 11 wherein R is
      .beta.-hydroxy-.alpha.-hydrogen, R.sup.2 and R.sup.4 are hydrogen, R.sup.3
      is methyl and Z is a cis double bond, 11.alpha.-hydroxymethyl-15
      -methyl-9.beta.,15 -dihydroxyprosta-5-cis,13-trans-dienoic acid and the
      nontoxic, pharmaceutically acceptable salts thereof.
NUM  15.
PAR  15. A compound according to claim 11, wherein R is
      .beta.-hydroxy-.alpha.-hydrogen, R.sup.2 is hydrogen, R.sup.3 and R.sup.4
      are methyl and Z is a cis double bond, 11.alpha.-hydroxymethyl-15
      -methyl-9.beta.,15 -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl
      ester.
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PAL  Novel methods are disclosed for transforming PGA.sub.2 and
      15.beta.-PGA.sub.2 and their acetates, methyl esters, and acetate methyl
      esters to various prostanoic acids and esters of the PGE.sub.2 and
      PGF.sub.2.sub..alpha. series. Some of the latter are novel and are useful
      for the same pharmacological purposes as PGE.sub.2 and
      PGF.sub.2.sub..alpha..
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 403,094, filed Oct. 3, 1973,
      which is a division of Ser. No. 159,478, filed July 2, 1971, now U.S. Pat.
      No. 3,772,350, which is a continuation-in-part of our co-pending
      application Ser. No. 71,390, filed Sept. 11, 1970 now abandoned.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to novel compositions of matter, to novel methods
      for preparing them, and to novel intermediates used in those methods. This
      invention also relates to novel methods for preparing known compounds, and
      to novel intermediates used in those methods.
PAR  In particular, the several aspects of this invention relate to derivatives
      of prostanoic acid which has the following structure and numbering:
      ##SPC1##
PAR  Some of the derivatives of prostanoic acid are known as prostaglandins. One
      of those, prostaglandin E.sub.2 (PGE.sub.2), has the following formula:
      ##SPC2##
PAL  Another, prostaglandin F.sub.2.sub..alpha. (PGF.sub.2.sub..alpha.), has the
      formula:
      ##SPC3##
PAL  Still another, prostaglandin F.sub.2.sub..beta., (PGF.sub.2.sub..beta.),
      has the formula:
      ##SPC4##
PAR  In Formulas I to IV and in the formulas recited hereinafter in the
      specification and claims, broken line attachments to the cyclopentane ring
      indicate substituents in alpha configuration, i.e., below the plane of the
      cyclopentane ring. Heavy solid line attachments to the cyclopentane ring
      indicate substituents in beta configuration, i.e., above the plane of the
      cyclopentane ring.
PAR  The side-chain hydroxy at C-15 in Formulas II to IV is in S (alpha)
      configuration. That configuration is shown by attachment of said
      side-chain hydroxy to C-15 with a dotted line and hydrogen with a heavy
      solid line. The alternative configuration for the side-chain hydroxy at
      C-15 is known as R or epi (beta), and is shown when necessary by
      attachment of said side-chain hydroxy to C-15 with a heavy solid line and
      hydrogen with a dotted line, thus
      ##EQU1##
      The prostaglandin corresponding to PGE.sub.2 (Formula II) but with the R
      or epi configuration at C-15 will designated 15.beta.-PGE.sub.2. See
      Nature, 212, 38 (1966) for discussion of the stereochemistry of the
      prostaglandins.
PAR  These conventions regarding formulas, names, and symbols for derivatives of
      prostanoic acid apply to the formulas, names, and symbols given
      hereinafter in the specification and claims. When reference is made
      hereinafter to the compounds of Formulas II to IV, by the symbols
      PGE.sub.2, PGF.sub.2.sub..alpha., or PGF.sub.2.sub..beta., or to the
      methyl esters of any of those, 15(S) configuration will be intended and by
      established custom, S or alpha will not be mentioned in the name or
      symbol. For all of the other compounds recited hereinafter, the
      configuration at C-15 will be identified in the name as 15.beta. whenever
      the 15(R) configuration is intended.
PAR  Molecules of the known prostaglandins each have several centers of
      asymmetry, and can exist in racemic (optically inactive) form and in
      either of the two enantiomeric (optically active) forms, i.e., the
      dextrorotatory and levorotatory forms. As drawn, Formulas II to IV each
      represent the particular optically active form of the prostaglandin which
      is obtained from certain mammalian tissues, for example, sheep vesicular
      glands, swine lung, or human seminal plasma, or by carbonyl and/or double
      bond reduction of a prostaglandin so obtained. See, for example, Bergstrom
      et al., Pharmacol. Rev. 20, 1 (1968) and references cited therein.
PAR  The several aspects of this invention relate to novel methods for preparing
      PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta., their acetates
      and methyl esters, and the 15.beta.-epimers of those compounds, to novel
      intermediates used in those methods, to novel methods used to make those
      intermediates, and to certain novel and pharmacologically useful analogs
      of PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta..
PAR  The novel and pharmacologically useful PGE.sub.2, PGF.sub.2.sub..alpha.,
      and PGF.sub.2.sub..beta. analogs of this invention have the formulas:
      ##SPC5##
PAL  In formulas V VI, and VII, R.sub.1 is hydrogen, alkyl of one to 8 carbon
      atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive aralkyl of
      7 to 12 carbon atoms, inclusive, phenyl, or phenyl substituted with one to
      3 chloro or alkyl of one to 4 carbon atoms, inclusive. Also encompassed by
      Formulas V, VI, and VII are pharmacologically acceptable salts when
      R.sub.1 is hydrogen. In Formulas V and VII, Y is
      ##EQU2##
       In Formula V, B is
      ##EQU3##
       In Formula VI, .about. indicates attachment to the ring in alpha or beta
      configuration.
PAR  It will be observed that each of the novel compounds of Formulas V and VI
      has a hydroxy group attached to the 11-position in beta configuration. In
      PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta., and in the
      compounds of Formula VII, the hydroxy at C-11 is attached in alpha
      configuration.
PAR  With regard to Formulas V, VI, and VII, examples of alkyl of one to 8
      carbon atoms, inclusive, are methyl, ethyl, propyl, butyl, pentyl, hexyl,
      heptyl, octyl, and isomeric forms thereof. Examples of cycloalkyl of 3 to
      10 carbon atoms, inclusive, which includes alkyl-substituted cycloalkyl,
      are cyclopropyl, 2-methylcyclopropyl, 2,2-dimethylcyclopropyl,
      2,3-diethylcyclopropyl, 2-butylcyclopropyl, cyclobutyl,
      2-methylcyclobutyl, 3-propylcyclobutyl, 2,3,4-triethylcyclobutyl,
      cyclobentyl, 2,2-demethylcyclopentyl, 3-pentylcyclopentyl,
      3-tert-butylcyclopentyl, cyclohexyl, 4-tert-butylcyclohexyl,
      3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl, cycloheptyl, cyclooctyl,
      cyclononyl, and cyclodecyl. Examples of aralkyl of 7 to 12 carbon atoms,
      inclusive, are benzyl, phenethyl, 1-phenylethyl, 2-phenylpropyl,
      4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-naphthylmethyl). Examples of phenyl substituted by one to 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, are p-chlorophenyl,
      m-chlorophenyl, ochlorophenyl, 2,4-dichlorophenyl, 2,4,6-trichlorophenyl,
      p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl, p-tert-butylphenyl,
      2,5-demethylphenyl, 4-chloro2-methylphenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  The known prostanoic acid derivatives, PGE.sub.2, PGF.sub.2.sub..alpha.,
      and PGF.sub.2.sub..beta., and their esters and pharmacologically
      acceptable salts are extremely potent in causing various biological
      responses. For that reason, these compounds are useful for pharmacological
      purposes. See, for example, Bergstrom et al., cited above, and references
      cited therein. A few of those biological responses are systemic arterial
      blood pressure lowering in the case of the PGE.sub.2 and
      PGE.sub.2.sub..beta. compounds as measured, for example, in anesthetized
      (pentobarbitol sodium) pentolinium-treated rats with indwelling aortic and
      right heart cannulas; pressor activity, similarly measured, for the
      PGF.sub.2.sub..beta. compounds; stimulation of smooth muscle as shown, for
      example, by tests on strips of guinea pigileum, rabbit duodenum, or gerbil
      colon; potetiation of other smooth muscle stimulant; antilipolytic
      activity as shown by antagonism of epinephrine-induced mobilization of
      free fatty acids or inhibition of the spontaneous release of glycerol from
      isolated rat fat pads; inhibition of gastric secretion in the case of the
      PGE.sub.2 compounds as shown in dogs with secretion stimulated by food or
      histamine infusion; activity on the central nervous system; controlling
      spasm and facilitating breathing in asthmatic conditions; decrease of
      blood platelet adhesiveness as shown by platelet-to-glass adhesiveness,
      and inhibition of blood platelet aggregation and thrombus formation
      induced by various physical stimuli, e.g., arterial injury, and various
      biochemical stimuli, e.g., ADP, ATP, serotonin, thrombin, and collagen;
      and in the case of the PGE.sub.2 compounds, stimulation of epidermal
      proliferation and keratinization as shown when applied in culture to
      embryonic chick and rat skin segments.
PAR  Because of these biological responses, these known prostaglandins are
      useful to study, prevent, control, or aleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mannals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE.sub.2 compounds, are
      useful in mammals, including man, as nasal decongestants. For this
      purpose, the compounds are used in a dose range of about 10 .mu.g. to
      about 10 mg. per ml. of a pharmacologically suitable liquid vehicle or as
      an aerosol spray, both for topical application.
PAR  The PGE and PGF.sub..alpha. compounds are useful in the treatment of
      asthma. For example, these compounds are useful as bronchoctilators or as
      inhibitors of mediators, such as SRS-A and Histamine which are released
      from cells activated by an antigen-antibody complex. thus, these compounds
      control spasm and facilitate breathing in conditions such as bronchial
      asthma, bronchitis, bronchiectasis, pneumonia and emphysema. For these
      purposes, these compounds are administered in a variety of dosage forms,
      e.g., orally in the form of tablets, capsules, or liquids; rectally in the
      form of tablets, capsules, or liquids; rectally in the form of
      suppositories; parenterally, subcutaneously, or intramuscularly, with
      intravenous administration being preferred in emergency situation; by
      inhalation in the form of aerosols or solutions for nebulizer; or by
      insufflation in the form of powder. Doses in the range of about 0.01 to 5
      mg. per kg. of body weight are used one to four times a day, the exact
      dose depending on the age, weight, and condition of the patient and on the
      frequency and route of administration. For the above use these
      prostaglandins can be combined advantageously with other anti-asthmatic
      agents, such as sympathomimetics (isoproterenol, phenylephrine, ephedrine,
      etc); xanthine derivatives (theophylline and aminophyllin); and
      corticosteriods (ACTH) and predinisolone). Regarding use of these
      compounds see South African Pat. No. 681,055.
PAR  The PGE.sub.2 compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secretion, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of suchulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta. compounds
      are useful whenever it is desired to inhibit platelet aggregation, to
      reduce the adhesive character of platelets, and to remove or prevent the
      formation of thrombi in mammals, including man, rabbits, and rats. For
      example, these compounds are useful in the treatment and prevention of
      myocardial infarcts, to treat and prevent post-operative thrombosis, to
      promote patency of vascular grafts following surgery, and to treat
      conditions such as atherosclerosis, arteriosclerosis, blood clotting
      defects due to lipemia, and other clinical conditions in which the
      underlying etiology is associates with lipid imbalance or hyperlipidemia.
      For these purposes, these compounds are administered systemically, e.g.,
      intravenously, subcutaneously, intramuscularly, and in the form of sterile
      implants for prolonged action. For rapid response, especially in emergency
      situations, the intravenous route of administration is preferred. Doses in
      the range about 0.005 to about 20 mg. per kg. of body weight per day are
      used, the exact dose depending on the age, weight, and condition of the
      patient or animal, and on the frequency and route of administration.
PAR  The PGE.sub.2, PGF.sub.2.sub..alpha., and PGE.sub.2.sub..beta. compounds
      are especially useful as additives to blood, blood products, blood
      substitutes, and other fluids which are used in artificial extracorporeal
      circulation and perfusion of isolated body portions, e.g., limbs and
      organs, whether attached to the original body, detached and being
      preserved or prepared for transplant, or attached to a new body. During
      these circulations and perfusions, aggregated platelets tend to block the
      blood vessels and portions of the circulation apparatus. This blocking is
      avoided by the presence of these compounds. For this purpose, the compound
      is added gradually or in single or multiple portions to the circulating
      blood, to the blood of the donor animal, to the perfused body portion,
      attached or detached, to the recipient, or to two or all of those at a
      total steady state dose of about 0.001 to 10 mg. per liter of circulating
      fluid. It is especially useful to use these compounds in laboratory
      animals, e.g., cats, dogs, rabbits, monkeys, and rats, for these purposes
      in order to develop new methods and techniques for organ and limb
      transplants.
PAR  The PGE.sub.2 compounds are extremely potent in causing stimulation of
      smooth muscle, and are also highly active in potentiating other known
      smooth muscle stimulators, for example, oxytocic agents, e.g., oxytocin,
      and the various ergot alkaloids including derivatives and analogs thereof.
      Therefore PGE.sub.2 for example, is useful in place of or in combination
      with less than usual amounts of these known smooth muscle stimulators, for
      example, to relieve the symptoms of paralytic ileus, or to control or
      prevent atonic uterine bleeding after abortion or delivery, to aid in
      expulsion of the placenta, and during the puerperium. For the latter
      purpose, the PGE.sub.2 compound is administered by intravenous infusion
      immediately after abortion or delivery at a dose in the range about 0.01
      to about 50 .mu.g. per kg. of body weight per minute until the desired
      effect is obtained. Subsequent doses are given by intravenous,
      subcutaneous, or intramuscular injection or infusion during puerperium in
      the range 0.01 to 2 mg. per kg. of body weight per day, the exact dose
      depending one the age, weight, and condition of the patient or animal.
PAR  The PGE.sub.2 and PGF.sub.2.sub..beta. compounds are useful as hypotensive
      agents to reduce blood pressure in mammals, including man. for this
      purpose, the compounds are administered by intravenous infusion at the
      rate about 0.01 to about 50 .mu.g. per kg. of body weight per minute, or
      in single or multiple doses of about 25 to 500 .mu.g. per kg. of body
      weight total per day.
PAR  The PGE.sub.2, PGA.sub.2, and PGF.sub.2.sub..beta. compounds also increase
      the flow of blood in the mammalian kidney, thereby increasing volume and
      electrolyte content of the urine. Therefore, these compounds are useful in
      managing cases of renal disfunction, especially those involving blockage
      of the renal vascular bed. Illustratively, the compounds are useful to
      alleviate and correct cases of edema resulting, for example, from massive
      surface burns, and in the management of shock. For these purposes, the
      compounds are preferably first administered by intravenous injection at a
      dose in the range 10 to 1000 .mu.g. per kg. of body weight or by
      intravenous infusion at a dose in the range 0.1 to 20 .mu.g. per kg. of
      body weight per minute until the desired effect is obtained. Subsequent
      doses are given by intravenous, intramuscular, or subcutaneous injection
      or infusion in the range 0.05 to 2 mg. per kg. of body weight per day.
PAR  The PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta. compounds
      are useful in place of oxytocin to induce labor in pregnant female
      animals, including man, cows, sheep, and pigs, at or near term, or in
      pregnant animals with intrauterine death of the fetus from about 20 weeks
      to term. For this purpose, the compound is infused intravenously at a dose
      0.01 to 50 .mu.g. per kg. of body weight per minute until or near the
      termination of the second stage of labor, i.e., expulsion of the fetus.
      These compounds are especially useful when the female is 1 or more weeks
      post-mature and natural labor has not started, or 12 to 60 hours after the
      membranes have ruptured and natural labor has not yet started.
PAR  The PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta., and PGE.sub.2
      compounds are useful for controlling the reproductive cycle in ovulating
      female mammals, including humans and animals such as monkeys, rats,
      rabbits, dogs, cattle, and the like. For that purpose PGE.sub.2 or
      PGF.sub.2.sub..alpha., for example, is administered systemically, e.g.,
      intravenously, subcutaneously, and intravaginally, at a dose level in the
      range 0.001 mg. to about 20 mg. per kg. of body weight of the female
      mammal, advantageously during a span of time starting approximately at the
      time of ovulation and ending approximately at the next expected time of
      menses or just prior to that time. Additionally, expulsion of an embryo or
      fetus (abortion) is accomplished by similar administration of the compound
      during the first third of the normal mammalian gestation period.
PAR  As mentioned above, the PGE.sub.2 compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      this compound is useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The novel Formula-V, -VI, and -VII PGE.sub.2, PGF.sub.2.sub..alpha., and
      PGF.sub.2.sub..beta. analogs of this invention each cause the biological
      responses described above for PGE.sub.2, PGF.sub.2.sub..alpha., and
      PGF`331 , respectively, and each of these novel compounds is accordingly
      useful for the above-described corresponding purposes and is used for
      those purposes in the same manner as described above.
PAR  PGE.sub.2, PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., and their esters
      and pharmacologically acceptable salts are all potent in causing multiple
      biological responses even at low doses. For example, PGE.sub.2 is
      extremely potent in causing vasodepression and smooth muscle stimulation,
      and is also potent as an antilipolytic agent. Moreover, for many
      application, these known prostaglandins have an inconveniently short
      duration of biological activity. In striking contrast, the novel analogs
      of Formulas V, VI, and VII are substantially more specific with regard to
      potency in causing prostaglandin-like biological responses, and have a
      substantially longer duration of biological activity. Therefore, each of
      these novel prostaglandin analogs is surprisingly and unexpectedly more
      useful than one of the corresponding above-mentioned known prostaglandins
      for at least one of the pharmacological purposes because it has a
      different and narrower spectrum of biologic activity than the known
      prostaglandins, and therefore is more specific in its activity and causes
      smaller and fewer undesired side effects than when the known prostaglandin
      is used for the same purpose. Moreover, because of its prolonged activity,
      fewer and smaller doses of the novel prostaglandin analog can frequently
      be used to attain the desired result.
PAR  The novel Formula-V, -VI, and -VII prostaglandin analogs are used as
      described above in free acid form in ester form, or in pharmacologically
      acceptable salt form. When the ester form is used, the alkyl esters are
      preferred, especially the alkyl ester wherein the alkyl moiety contains
      one to four carbon atoms, inclusive. Of those alkyl, methyl and ethyl are
      especially preferred for optimum absorption of the compound by the body or
      experimental animal system.
PAR  Pharmacologically acceptable salts of these prostaglandin analogs useful
      for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc and iron, are within the scope of this
      invention.
PAR  Pharamacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, diotylamine, cyclopentylamine, d-cyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      --methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      N-butylethanolamine, 2-amino---butanol, 2-amino-2-ethyl1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)diethanolamine, galactamine,
      N-methylglucamine, N-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium, and the like.
PAR  As discussed above, these novel prostaglandin analogs, are administered in
      various ways for various purposes; e.g., intravenously, intramuscularly,
      subcutaneously, orally, intravaginally, rectally, buccally, sublingually,
      topically, and in the form of sterile implants for prolonged action.
PAR  For intravenous injection or infusion, sterile aqueous isotonic solutions
      are preferred. For that purpose, it is preferred because of increased
      water solubility to use the free acid form or the pharmacologically
      acceptable salt form. For subcutaneous or intramuscular injection, sterile
      solutions or suspensions of the acid, salt, or ester form in aqueous or
      non-aqueous media are used. Tablets, capsules, and liquid preparations
      such as syrups, elixirs, and simple solutions, with the usual
      pharmaceutical carriers are used for oral or sublingual administration.
      For rectal or vaginal administration, suppositories, tampons, ring
      devices, and preparations adapted to generate sprays or foams or to be
      used for lavage, all prepared as known in the art, are used. For tissue
      implants, a sterile tablet or silicone rubber capsule or other object
      containing or impregnated with the substance is used.
PAR  The novel compounds of Formulas V, VI, and VII wherein R.sub.1 is other
      than hydrogen, i.e., the esters wherein R.sub.1 is alkyl of one to 8
      carbon atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive,
      aralkyl of 7 to 12 carbon atoms, inclusive, phenyl, or phenyl substituted
      with one to 3 chloro or alkyl of one to 4 carbon atoms, inclusive, are
      prepared from the corresponding acids of Formulas V, VI, and VII, i.e.,
      wherein R.sub.1 is hydrogen, by methods known in the art. For example, the
      alkyl, cycloalkyl, and aralkyl esters are prepared by interaction of said
      acids with the appropriate diazohydrocarbon. For example, when
      diazomethane is used, the methyl esters are produced. Similar use of
      diazoethane, diazobutane, 1-diazo-2-ethylhexane, diazocyclohexane, and
      phenyldiazomethane, for example, gives the ethyl, butyl, 2-ethylhexyl,
      cyclohexyl, and benzyl esters, respectively.
PAR  Esterification with diazohydrocarbons is carried out by mixing a solution
      of the diazohydrocarbon in a suitable inert solvent, preferably diethyl
      ether, with the acid reactant, advantageously in the same or a different
      inert diluent. After the esterification reaction is complete, the solvent
      is removed by evaporation, and the ester purified if desired by
      conventional methods, preferably by chromatography. It is preferred that
      contact of the acid reactants with the diazohydrocarbon be no longer than
      necessary to effect the desired esterification, preferably about one to
      about ten minutes, to avoid undesired molecular changes. Diazohydrocarbons
      are known in the art or can be prepared by methods known in the art. See,
      for example, Organic Reactions, John Wiley & Sons, Inc., New York, N.Y.,
      Vol. 8, pp. 389-394 (1954).
PAR  An alternative method for esterification of the carboxyl moiety of the
      novel PGF-type or PGE-type compounds of Formulas V, VI, and VII comprises
      transformation of the free acid to the corresponding silver salt, followed
      by interaction of that salt with an alkyl iodide. Examples of suitable
      iodides are methyl iodide, ethyl iodide, butyl iodide, isobutyl iodide,
      tert-butyl iodide, cyclopropyl iodide, cyclopentyl iodide, benzyl iodide,
      phenethyl iodide, and the like. The silver salts are prepared by
      conventional methods, for example, by dissolving the acid in cold dilute
      aqueous ammonia, evaporating the excess ammonia at reduced pressure, and
      then adding the stoichiometric amount of silver nitrate.
PAR  The phenyl and substituted phenyl esters of the Formula-V, -VI, and -VII
      compounds are prepared by silylating the acid to pprotect the hydroxy
      groups, for example, replacing each --OH with --O-- Si--(CH.sub.3).sub.3.
      Doing that may also change --COOH to --COO--Si--(CH.sub.3).sub.3. A brief
      treatment of the silylated compound with water will change
      --COO--Si--(CH.sub.3).sub.3 back to --COOH. Procedures for this silylation
      are known in the art and are discussed hereinafter. Then, treatment of the
      silylated compound with oxalyl chloride gives the acid chloride which is
      reacted with phenol or the appropriate substituted phenol to give a
      silylated phenyl or substituted phenyl ester. Then the silyl groups, e.g.,
      --O--Si--(CH.sub.3).sub.3 are changed back to --OH by treatment with
      dilute acetic acid. Procedures for these transformations are known in the
      art.
PAR  The novel Formula-V, -VI, and -VII acids (R.sub.1 is hydrogen) are
      transformed to pharmacologically acceptable salts by neutralization with
      appropriate amounts of the corresponding inorganic or organic base,
      examples of which correspond to the cations and amines listed above. These
      transformations are carried out by a variety of procedures known in the
      art to be generally useful for the preparation of inorganic, i.e., metal
      or ammonium salts, amine acid addition salts, and quarternary ammonium
      salts. The choice of procedure depends in part upon the solubility
      characteristics of the particular salt to be prepared. In the case of the
      inorganic salts, it is usually suitable to dissolve the acid in water
      containing the stoichiometric amount of a hydroxide, carbonate, or
      bicarbonate corresponding to the inorganic salt desired. For example, such
      use of sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a
      solution of the sodium salt of the prostanolc acid derivative. Evaporation
      of the water or addition of a water-miscible solvent of moderate polarity,
      for example, a lower alkanol or a lower alkanone, gives the solid
      inorganic salt if that form is desired.
PAR  To produce an amine salt, the acid is dissolved in a suitable solvent of
      either moderate or low polarity. Examples of the former are ethanol,
      acetone, and ethyl acetate. Examples of the latter are diethyl ether and
      benzene. At least a stoichiometric amount of the amine corresponding to
      the desired cation is then added to that solution. If the resulting salt
      does not precipitate, it is usually obtained in solid form by addition of
      a miscible diluent of low polarity or by evaporation. If the amine is
      relatively volatile, any excess can easily be removed by evaporation. It
      is preferred to use stoichiometric amounts of the less volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      acid with the stoichiometric amount of the corresponding quaternary
      ammonium hydroxide in water solution, followed by evaporation of the
      water.
PAR  The novel compounds of Formulas V, VI, and VII wherein R.sub.1 is hydrogen
      or methyl, i.e., the free acids and the methyl esters, and also PGE.sub.2,
      PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta., and the methyl esters of
      those are prepared by novel methods which are described hereinafter. For
      those methods, one of the following starting materials is used:
      ##SPC6##
PAL  In Formulas VIIa, VIII, and IX, R.sub.2 is either hydrogen or methyl, and
      R.sub.3 is hydrogen or acetyl.
PAR  It will be observed that the compounds encompassed by Formula VIIa are also
      encompassed by VII. Thus, some Formula-VII compounds are useful both as
      intermediates and for pharmacological purposes.
PAR  These Formula-VIIa, -VIII, and -IX starting materials are all derivatives
      of prostanoic acid. The compounds of Formula VIII are known in the art or
      are available by methods known in the art. See, for example, Weinheimer et
      al., Tetrahedron Letters, No. 59, 5185 (1969); H. W. Youngken, Jr. (ed),
      "Food-Drugs from the Sea", Proc. Marine Technology Society, pp. 311-314
      (1969). The Formula-VIII compound wherein R.sub.2 and R.sub.3 are both
      hydrogen is designated 15.beta.-PGA.sub.2, alternatively 15(R)-PGA.sub.2
      or 15-epi-PGA.sub.2. The other compounds encompassed by Formula VIII are
      designated 15.beta.-PGA .sub.2 acetate, 15.beta.-PGA.sub.2 methyl ester,
      and 15.beta.-PGA .sub.2 acetate methyl ester.
PAR  The compounds of Formula VIIa are new in the art and methods for preparing
      them are described hereinafter. The Formula-VIIa compound wherein R.sub.2
      and R.sub.3 are both hydrogen is designated 15.beta.-PGE.sub. 2,
      alternatively 15(R)-PGE.sub.2 or 15-epi-PGE.sub.2. The other compounds
      encompassed by Formula VIIa are designated 15.beta.-PGE.sub.2 15-acetate,
      15.beta.-PGE.sub.2 methyl ester, and 15.beta.-PGE.sub.2 acetate methyl
      ester.
PAR  The compounds of Formula IX are known in the art. See, for example, British
      patent specification No. 1,097,533. Novel methods for preparing these
      Formula-IX compounds are described hereinafter. The Formula-IX compound
      wherein R.sub.2 and R.sub.3 are hydrogen is designated PGA.sub.2. The
      other compounds encompassed by Formula IX are disgnated PGA.sub.2 acetate,
      PGA.sub.2 methyl ester, and PGA.sub.2 acetate methyl ester.
PAR  All of the compounds of Formulas VIIa, VIII, and IX are obatined by
      extraction from a marine invertebrate. The compounds of Formula VIIa and
      VIII, i.e., the 15.beta. compounds, are obtained from colonies of Plexaura
      homomalla (Esper). 1792, forma R. The compounds of Formula IX, i.e., the
      15(S) or alpha compounds, are obtained from colonies of Plexaura homomalla
      (Esper), 1792, forma S.
PAR  These Plexaura homomalla forms are members of the subclass Octocorallia,
      order Gorgonaera, suborder Holaxonia, family Plexauridae, genus Plexaura.
      See, for example, Bayer, "The Shallow-Water Octocorallia of the West
      Indian Region", Martinus Nijhoff, The Hague (1961). Colonies of these
      Plexaura homomalla forms are abundant on the ocean reefs in the zone from
      the low-tide line to about 25 fathoms in the tropical and subtropical
      regions of the western part of the Atlantic Ocean, from Bermuda to the
      reefs of Brazil, including the eastern shore reefs of Florida, the
      Caribbean island and mainland reefs, and the Gulf of Mexico island and
      mainland reefs. These colonies are bush-like or small tree-like in habit,
      and are readily identified for collection as Plexaura homomalla (Esper),
      1792, by those of ordinary skill in this art. Forms R and S are
      distinguished by the methods described in Preparation 1 below.
PAR  The colonies of these two forms of Plexaura homomalla  are easily separated
      into an outer bark-like cortex and an inner wiry proteinaceous stem or
      skeleton. Symbiotic algae or Zooxanthellae are also present in the
      colonies. Weinheimer et al., cited above, disclose the occurence of the
      Formula-VIII compounds wherein R.sub.2 and R.sub.3 are both hydrogen and
      wherein R.sub.2 is methyl and R.sub.3 is acetyl in the air dried cortex of
      Plexaura homomalla (Esper).
PAR  The choice of isolation or extraction method is determined by the
      particular Formula-VIIa, -VIII, or -IX compound desired. Maximum yield of
      the Formula-VII or -IX diester is realized by freezing whole or coarsely
      cut or chopped fresh Plexaura homomalla colonies within an hour and
      preferably sooner after the colonies are removed from the reef. For small
      scale collections, this freezing is done advantageously by contacting the
      colonies or pieces with solid carbon dioxide. For larger scale
      collections, other suitable freezing methods are known to the art. The
      frozen colonies are colony pieces should be kept frozen, preferably below
      about -20.degree.C. until the extraction takes place.
PAR  The major component of fresh Plexaura homomalla (Esper), 1792, forma R is
      15.beta.-PGA.sub.2 acetate methyl ester, the Formula-VIII compound wherein
      R.sub.2 is methyl and R.sub.3 is acetyl. Relatively minor components are
      the hydroxy methyl ester, the acetate, and the hydroxy acid of Formula
      VIII and the 15.beta.-PGE.sub.2 compounds encompassed by Formula VIIa. Of
      the latter, the 15.beta.-PGE.sub.2 acetate methyl ester (R.sub.2 is methyl
      and R.sub.3 is acetyl) is the most abundant. The major component of
      Plexaura homomalla (Esper), 1792, forma S is PGA.sub.2 acetate methyl
      ester, the Formula-IX compound wherein R.sub.2 is methyl and R.sub.3 is
      acetyl. Relatively minor components are the hydroxy methyl ester, the
      acetate, and the hydroxy acid of Formula IX, and the PGE.sub.2 compounds
      corresponding to Formula VIIa but having the 15(S) configuration.
PAR  When the acetate methyl ester compound of Formula VIIa, VIII, or IX
      (R.sub.2 is methyl, R.sub.3 is acetyl) is desired as a starting material,
      a suitable method comprises grinding the frozen whole Plexaura homomalla
      colonies or colony pieces, advantageously in a hogger to a particle size
      with the largest dimension about 5 mm., and then extracting the resulting
      particles with any of the usual organic solvents, preferably one with
      moderate to high polarity, e.g., dichloromethane or methanol,
      advantageously, for 15 to 30 minutes in a high speed mixer. The desired
      compounds are isolated from the extract by evaporation, and then
      chromatography of the resulting residue. By this procedure, about 24 g. of
      15.beta.-PGA.sub.2 acetate methyl ester, and about one g. each of
      15.beta.-PGA.sub.2 methyl ester and 15.beta.PGE.sub.2 are obtained by
      dichloromethane extraction of 1500 g. of frozen Plexaura homomalla
      (Esper), 1792, forma R colonies are colony pieces. Similarly, relatively
      large amounts of PGA.sub.2 acetate methyl ester are obtained from frozen
      Plexaura homomalla (Esper), 1792, forma S.
PAR  When the 15-hydroxy methyl ester of Formula VIIa, VIII, or IX (R.sub.2 is
      methyl, R.sub.3 is hydrogen) is desired as a starting material, a suitable
      method comprises grinding the frozen whole Plexaura homomalla colonies or
      colony pieces as above, and then contacting the resulting particles with a
      lower alkanol, preferably methanol or ethanel, at 25.degree. C. for
      several days. The solvent is then evaporated and the residue
      chromatographed to give substantially larger amounts of the hydroxy methyl
      ester compound relative to the acetate methyl ester compound. When the
      contact between the Plexaura homomalla particles and the alkanol is
      substantially shorter, substantially the same amount and ratio of the
      various Formula-VIIa, -VIII, or -IX compounds is obtained with the alkanol
      as with dichloromethane. An alternative method for obtaining these
      15-hydroxy methyl esters is described below.
PAR  When 15.beta.-PGA.sub.2, 15.beta.-PGE.sub.2, or PGA.sub.2 (R.sub.2 and
      R.sub.3 in Formulas VIIa, VIII, and IX are both hydrogen) are desired as
      starting materials in the novel processes of this invention, they are
      prepared from the corresponding methyl esters and 15-acetate methyl esters
      after those have been extracted from the Plexaura homomalla colonies or
      colony pieces as described above. A suitable method for removing the
      acetyl group of each of the Formula-VIIa, -VIII, and -IX 15-acetate methyl
      esters comprises mixing the acetate methyl ester in lower alkanol
      solution, preferably in methanol solution, with a strong acid, e.g.,
      perchloric acid, for about 15 hours at 25.degree. C. A suitable method for
      removing the methyl group of any of the Formula-VIIa, -VIII, and -IX
      methyl esters is the enzymatic hydrolysis described in West Germany
      Offenlegungschrift No. 1,937,912, reprinted in Farmdoc Complete
      Specifications, Book No. 14, No. 6869R, Week R.sub.5, Mar. 18, 1970.
PAR  Another method for obtaining 15.beta.-PGA.sub.2, 15.beta.-PGE.sub.2, or
      PGA.sub.2 from Plexaura homomalla colonies or colony pieces comprises
      freezing the Plexaura homomalla colonies or colony pieces, preferably at a
      temperature below about -20.degree. C.. and then allowing the colonies or
      colony pieces to thaw and warm to a temperature in the range 20.degree. to
      30.degree. C. The thawed colonies or colony pieces are then maintained in
      the range 20.degree. to 30.degree. C. for at leat 24 hours. After that
      treatment, substantially none of the Formula-VIIa, -VIII, and -IX
      compounds wherein R.sub.2 is methyl and R.sub.3 is acetyl are present, the
      principal Formula-VIIa, -VIII, and -IX compounds present being those
      wherein R.sub.2 and R.sub.3 are both hydrogen, the minor components being
      those wherein R.sub.2 is methyl and R.sub.3 is hydrogen or wherein R.sub.2
      is hydrogen and R.sub.3 is acetyl. As before, Formula-VIIa and -VIII
      compounds are obtained from colonies of Plexaura homomalla (Esper), 1792,
      forma R, and Formula-IX compounds are obtained from colonies of Plexaura
      homomalla (Esper), 1792, forma S.
PAR  A preferred procedure for the PGA.sub.2 and PGE.sub.2 type free acids
      comprises grinding the Plexaura homomalla colonies or colony pieces,
      preferably to a particle size with the largest dimension about 5 mm., and
      then maintaining the mixture in contact with water at a temperature in the
      range 20.degree. to 30.degree. C. for at least 24 hours. This mixture is
      filtered, and the filtrate is extracted with an appropriate
      water-immiscible solvent, e.g., ethyl acetate. The solid residue is also
      extracted with an appropriate solvent, e.g., methanol. The two extracts
      are evaporated, and the total residue is chromatographed to give
      Formula-VIIa and -VIII or Formula-IX compounds, the principal component in
      each case being the compound wherein R.sub.2 and R.sub.3 are both
      hydrogen.
PAR  Since our invention of the novel processes for transforming PGA.sub.2 and
      15.beta.-PGA.sub.2 and their methyl esters and acetate methyl esters to
      the various prostanoic acids and esters disclosed herein, it has now been
      found that small amounts of the 5,6-trans compounds of PGA.sub.2 and
      15.beta.-PGA.sub.2 and their methyl esters and acetate methyl esters are
      also obtained from Plexaura homomalla (Esper), 1792, forms R and S. These
      5,6-Trans compounds are extracted with and accompany the corresponding
      PGA.sub.2 -type compounds through many of their transformations. For
      example, PGA.sub.2 containing 5,6-trans-PGA.sub.2 yields a mixture of
      PGE.sub.2 and 5,6-trans-PGE.sub.2 by the process represented in Chart E
      below.
PAR  When it is desired, for pharmacological purposes, to prepare the major
      products of this inention free of 5,6-trans compounds, those 5,6-trans
      compounds are separated either from the starting reactants or from the
      products. In either case, several methods are available for separating the
      5,6-trans-PG.sub.2 compounds from the PG.sub.2 compounds. One method is by
      means of a silver-saturated ion-exchange resin (for example, see E. A.
      Emken et al., J. Am. Oil Chemists' Soc. 41, 388 (1964)), illustrated below
      in Preparations 5 and 6. The other method is by preferentially forming a
      mercuric acetate adduct of the 5,6-cis compound which is extractable into
      polar solvents illustrated below in Prepartion 7.
PAR  Following the processes discussed herein and the procedures of the Examples
      below, the 5,6-trans-PG (and -15.beta.-PG.sub.2) compounds are transformed
      to other 5,6-trans-PG.sub.2 (and -15.beta.-PG.sub.2) compounds, e.g.,
      5,6-trans-PGA.sub.2 to 5,6-trans-PGE.sub.2, 5,6-trans-15.beta.-PGA.sub.2
      acetate methyl ester to 5,6-trans-15.alpha.-PGF.sub.2.sub..alpha. acetate
      methyl ester, and the like.
PAR  As mentioned above, the Formula-VIIa, -VIII, and -IX compounds are starting
      materials for the preparation of PGE.sub.2, PGF.sub.2.sub..alpha., and
      PGF.sub.2.sub..beta., the methyl esters of those, and also the novel
      compounds of Formulas V and VI, and some of the novel compounds of Formula
      VII. The novel processes using these starting materials will now be
      described.
PAR  The Formula-VIII and -IX starting materials are both of the PGA-type.
      According to the novel processes of this invention, those are first
      transformed to corresponding PGE-type compounds. The chemical reactions
      involved in those transformations are shown generically in Chart A.
PAR  In Chart A, R.sub.4 is hydrogen, methyl, or --Si--(A).sub.3 wherein A is
      alkyl of one to 4 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, or phenyl substituted with one or 2 fluoro,
      chloro, or alkyl of one to 4 carbon atoms, inclusive; G is
      ##EQU4##
       wherein R.sub.5 is hydrogen, acetyl, or --Si--(A).sub.3 when R.sub.4 is
      hydrogen or methyl, and R.sub.5 is --Si(A).sub.3 when R.sub.4 is
      --Si--(A).sub.3 ; R.sub.2 is hydrogen or methyl; and B is
      ##EQU5##
PAR  Thus, Formula X in Chart A encompasses the starting materials of Formulas
      VIII and IX obtained from Plexaura homomalla, and also compounds of the
      formula:
      ##SPC7##
PAL  wherein R.sub.4 is as defined above, and Z is
      ##EQU6##
       wherein A is as defined above.
PAR  In Formula XI, of Chart A,
      ##SPC8##
PAL  indicates attachment of the epoxy oxygen to the ring in alpha or beta
      configuration. In Formulas XIIi and XIII of Chart A, .about. indicates
      attachment of hydroxy to the ring in alpha or beta configuration.
      ##SPC9##
PAR  It will be observed in Chart A that the Formula-XII and -XIII products each
      encompass four stereoisomeric groups of compounds. Included are compounds
      with the 11.alpha.,15(S) configuration of PGE.sub.2 (Formula II, above),
      compounds with the configuration of 11.alpha.,15.beta.-PGE.sub.2 (Formula
      VIIa) as obtained from Plexaura homomalla (Esper), 1792, forma R, and both
      the 15(S) and 15(R) compounds with the 11.beta. configuration of the novel
      Formula-V compounds of this invention wherein Y is
      ##EQU7##
      i.e., 11.beta.-PGE.sub.2 and 11.beta., 15.beta.-PGE.sub.2. If the
      Formula-XII or -XIII product is to have the 15(S) configuration, e.g.,
      PGE.sub.2 or 11.beta.-PGE.sub.2, then the Formula-X starting material
      should have the 15(S) configuration, i.e., G should be
      ##EQU8##
       If a 15.beta. compound of Formula XII or XIII is desired, e.g.,
      15.beta.PGE.sub.2 or 11.beta.,15.beta.-PGE.sub.2, then the Formula-X
      starting material should have the 15(R) or 15-epi configuration, i.e., G
      should be
      ##EQU9##
PAR  As described above, Formula-IX starting materials wherein R.sub.2 is
      hydrogen or methyl and R.sub.3 is hydrogen, and with the 15(S)
      configuration, are obtained from Plexaura homomalla (Esper), 1792, forma
      S. Those same compounds are also produced by reacting the corresponding
      15(R) (beta) compound with a hydrocarbyl or halohydrocarbyl sulfonyl
      chloride or bromide, preferably a lower alkylsulfonyl chloride or bromide,
      especially methanesulfonyl chloride or bromide, or a benzene- or
      substituted-benzenesulfonyl chloride or bromide, e.g., p-toluenesulfonyl
      chloride. This reaction is done in the presence of at least sufficient
      tertiary amine, e.g., triethylamine, to absorb the hydrogen chloride or
      hydrogen bromide by-product, and at a low temperature, preferably in the
      range -15.degree. to +15.degree.C. The presence of an inert liquid
      diluent, e.g., tetrahydrofuran, is helpful to maintain a mobile homogenous
      reaction mixture. At 0.degree.C. and with methanesulfonyl chloride,
      usually 30 to 60 minutes is a sufficient reaction time. The product is
      hydrolyzed to a mixture of 15(S) (alpha) and 15(R) hydroxy compounds.
      These are separated by procedures known in the art, and the 15(S) product
      is purified by procedures known in the art, advantageously by
      chromatography on silica gel. This reaction is also used to transform
      15(S) Formula-IX starting materials wherein R.sub.2 is hydrogen or methyl
      and R.sub.3 is hydrogen to the corresponding 15(R) compounds. In each
      case, a mixture of 15(R) product and 15(S) starting material is obtained,
      the components of which are separated as described above.
PAR  Another method of transforming a 15.beta.-PG compound to a PG compound is
      by converting it to a mixture of PG 15-formate and 15.beta.-PG 15-formate
      compounds, separating the PG 15-formate, and hydrolyzing the PG 15-formate
      to the desired PG compound (see J.E. Pike et al., J. Org. Chem. 34, 3552
      (1969)).
PAR  The mixture of alpha and beta 15-formates is prepared by maintaining the
      15.beta. compound, e.g. 15.beta.PGE.sub.2, 15.beta.-PGA.sub.2, or
      15.beta.-PGF.sub.2.sub..alpha. , in formic acid buffered with an alkali
      metal formate in the range 10.degree. to 50.degree.C. until a substantial
      amount of the 15.beta. compound, e.g. 15.beta.-PGE.sub.2  15-formate, has
      been transformed to the PG 15-formate. The mixture of the PG 15-formate
      and 15.beta. 15-formates thus obtained is then separated by known methods,
      e.g., by chromatography.
PAR  The PG 15-formate can then be hydrolyzed to the desired PG 15-hydroxy
      compound. The 15.beta.-PG 15-formate yields the corresponding 15.beta.-PG
      15-hydroxy compound, which is then recycled through the above steps for
      further isomerization to the PG compound if desired.
PAR  This procedure is also useful to transform a PG compound to a 15.beta. PG
      compound, by obtaining a mixture of the intermediate PG 15-formate and
      15.beta.-PG 15-formate compounds, separating them, and hydrolyzing them to
      the respective PG 15-hydroxy and 15.beta.-PG 15 -hydroxy compounds, In
      this case, the PG compound is recycled for further isomerization to the
      15.beta. compound.
PAR  Referring again to Chart A, the transformation of starting material X to
      epoxide XI is carried out by reacting X with any agent known to epoxidize
      an .alpha..beta.-unsaturated ketone without reacting with isolated
      carbon-carbon double bonds, for example see Steroid Reactions, Carl
      Djerassi, ed., Holden-Day Inc., 1963, p. 593. Especially preferred are
      aqueous hydrogen peroxide or an organic tertiary hydroperoxide. See, for
      example, Organic Peroxides, A.V. Tobolsky et al., Interscience Publishers,
      N.Y., 1954. For this purpose, the peroxide or hydroperoxide is employed in
      an amount of at least one equivalent per mole of Formula-X reactant in the
      presence of a strong base, e.g., an alkali metal hydroxide, a metal
      alkoxide, or a quaternary ammonium hydroxide. For example, there is
      employed lithium hydroxide, sodium hydroxide, potassium hydroxide, lithium
      ethoxide, lithium octyloxide, magnesium methoxide, magnesium isopropoxide,
      benzyltrimethylammonium hydroxide, tetraethylammonium hydroxide,
      butyltrimethylammonium hydroxide, butyldiethylphenylammonium hydroxide,
      benzylethyldimethylammonium hydroxide, benzyldimethyloctadecylammonium
      hydroxide, benzyldodecyldimethylammonium hydroxide,
      decyldimethylphenylammonium hydroxide, and the like. See, for example,
      Sidgwick, Organic Chemistry of Nitrogen, Third Edition, rev. by Miller and
      Springall, Oxford, 1966, pp. 116-127.
PAR  The ratio of alpha to beta epoxide formed in the reaction is related to
      four factors: the epoxidizing agent, the base, the diluent, and the
      temperature. Hydrogen peroxide is employed in the concentrations usually
      available, for example 3 to 90%, although 30% is especially convenient.
      When the alpha epoxide is the desired product, tert-butyl hydroperoxide is
      especially preferred as the epoxidizing agent. Examples of other organic
      tertiary hydroperoxides useful for this purpose are tert-pentyl
      hydroperoxide, decahydronaphthyl hydroperoxide,
      .alpha.,.alpha.-dimethylbenzyl hydroperoxide, and 1,1-diphenyethyl
      hydroperoxide. The base is present in the proportion of 0.1-3.0,
      preferably about 0.1-0.5 equivalent of base per mole of starting material
      X when R.sub.4 is methyl and R.sub.5 is acetyl; preferably about 1.5- 2.5
      equivalent of base per mole of starting material VIII ir IX wherein
      R.sub.2 and R.sub.3 are hydrogen. When the alpha epoxide is the desired
      product, lithium hydroxide, lithium or magnesium alkoxides of one to eight
      carbon atoms, and benzyltrimethylammonium hydroxide are the preferred
      bases, although the lithium and magnesium compounds are especially
      preferred.
PAR  It is advantageous to use an inert liquid diluent in the epoxidation step
      to produce a mobile homogenous reaction mixture, for example, a lower
      alkanol, dioxane, tetrahydrofuran, dimethoxyethane, dimethylsulfoxide, or
      dimethylsulfone.  When the alpha epoxide is preferred, tetrahydrofuran or
      the less polar dimethoxyethane are especially preferred as the diluent. A
      reaction temperature in the range -60.degree. to 0.degree. C. is generally
      preferred, especially below -10.degree.C. The lower temperatures below
      -30.degree. C. are especially preferred for favoring formation of alpha
      epoxide over beta epoxide. At a temperature of -20.degree. C., the
      epoxidation is usually complete in 3 to 6 hours. It is also preferred that
      the reaction be carried out in an atmosphere of an inert gas, e.g.,
      nitrogen, helium, or argon. When the reaction is complete as shown by the
      absence of starting material on TLC plates (3% acetone in
      dichloromethane), the reaction mixture is neutralized, and the epoxy
      product is isolated by procedures known in the art, for example,
      evaporation of the diluent and extraction of the residue with an
      appropriate water-immiscible solvent, e.g., ethel acetate.
PAR  This transformation of X to XI usually produces a mixture of Formula-XI
      alpha and beta epoxides both with either the 15(R) or 15(S) configuration
      depending on the configuration at C-15 in the Formula-X starting material.
      Although these mixtures are separated into the individual alpha and beta
      isomers, for example, by chromatography by procedures known to be useful
      for separating alpha and beta epoxide mixtures, it is usually advantageous
      to transform the Formula-XI mixture of alpha and beta epoxides to the
      corresponding mixture of Formula-XII II.alpha. and II.beta. hydroxy
      compounds. The latter mixture is then readily separated into the II.alpha.
      and II.beta. compounds, for example, by chromatography of silica gel.
PAR  During the transformation of epoxides XI to alcohols XII, an alpha epoxide
      yields an II.alpha.-hydroxy compound, and a beta epoxide yields an
      II.beta.-hydroxy compound. The ratio of alpha to beta epoxides in XI, and
      hence the eventual ratio of II.alpha. and II.beta. alcohols in XII,
      produced from starting material X is dependent in large measure on the
      nature of R.sub.5 in X. Recall that G is defined as
      ##EQU10##
       wherein R.sub.5 is hydrogen, acetyl, or --Si--(A).sub.3 wherein A is as
      defined above. For either definition of G, i.e., R configuration or S
      configuration, when R.sub.5 is hydrogen, more Formula-XI beta epoxide is
      formed than when R.sub.5 is acetyl, and more Formula-XI beta epoxide is
      formed when R.sub.5 is acetyl than when R.sub.5 is --Si--(A).sub.3. For
      example, when G in formula X is
      ##EQU11##
      the preferred basic hydrogen peroxide epoxidation gives about equal
      amounts of alpha and beta epoxides, but when G in formula X is
      ##EQU12##
       about 3 parts of alpha epoxide and one part of beta epoxide are obtained,
      and when G in formula X is
      ##EQU13##
       about 4 parts of alpha epoxide and one part of beta epoxide are obtained,
      both reactions with the same epoxidation reagent. When G in formula X is
      ##EQU14##
      about one part of alpha epoxide and 3 parts of beta epoxide are obtained
      with basic hydrogen peroxide, but when G is
      ##EQU15##
       about 6 parts of alpha epoxide and 4 parts of beta epoxide are obtained
      with the same epoxidation reagent.
PAR  Each of the novel Formula-V and -VI compounds of this invention has a
      hydroxy attached in beta configuration to the cyclopentane ring. Some of
      the compounds of Formula V, i.e., when Y is
      ##EQU16##
      are encompassed by Formula XII (Chart A). The other Formula-V compounds
      and all of the Formula VI compounds are prepared as described below from
      Formula-XII compounds wherein the hydroxy at C-11 is attached in beta
      configuration. Therefore, when a Formula-V or Formula-VI compound is
      described as a final product for pharmacological purposes, there is
      advantage in choosing a corresponding Formula-X starting material which
      gives the maximum amount of beta epoxide during the transformation of X to
      XI. Those will be the formula-X compounds wherein G is
      ##EQU17##
PAR  On the other hand, when a prostanoic acid product with the natural
      II.alpha. configuration for the hydroxy at C-11 is the desired final
      product, e.g., PGE.sub.2, PGF.sub.2, PGF.sub.2 .sub..alpha., or PGF.sub.2
      .sub..beta., there is advantage in choosing a Formula-X starting material
      which gives a greater amount of the alpha epoxide during the
      transformation of X to XI. Those would be Formula-X compounds wherein X is
      ##EQU18##
       or the corresponding 15(S) compounds.
PAR  As mentioned above, the starting materials of Formula X encompass not only
      the Formula-VIII and -IX compounds obtained from Plexaura homomalla but
      also the silyl compounds of Formula X.sub.a. When desired as reactants,
      these silyl compounds are prepared by silylation of PGA.sub.2,
      15.beta.-PGA.sub.2, or the methyl esters of those. These silylations are
      carried out by procedures known in the art. See, for example, Pierce,
      "Silylation of Organic Compounds", Pierce Chemical Co., Rockford, III.
      (1968). The C-15 hydroxy group of PGA.sub.2, 15.beta.-PGA.sub.2, or their
      methyl esters is transformed to an --O--Si--(A).sub.3 moiety wherein A is
      as defined above, sufficient silylating agent being used according to
      known procedures to accomplish that. The necessary silylating agents for
      this purpose are known in the art or are prepared by methods known in the
      art. See, for example, Post, "Silicones and Other Organic Silicon
      Compounds," Reinhold Publishing Corp., New York, N.Y. (1949). In the case
      of PGA.sub.2 and 15.beta.-PGA.sub.2, excess silylating agent and prolonged
      treatment also transform the --COOH to --COO--Si--(A).sub.3. It is
      optional in transforming X to XI whether or not this --COOH of PGA.sub.2
      or 15.beta.-PGA.sub.2 is esterified to --COO--Si--(A).sub.3, since that
      ester group is transformed to --COOH during formation and isolation of the
      Formula-XI epoxide product.
PAR  The various A's of a --Si--(A).sub.3 are alike or different. For example,
      an --Si--(A).sub.3 can be trimethylsilyl, dimethylphenylsilyl, or
      methylphenylbenzylsilyl.
PAR  When it is desired to retain the --Si--(A).sub.3 moiety at C-15 in the
      Formula-XI epoxide product, for example, to give steric control in a
      subsequent reaction, it is important in isolating the epoxide that the
      presence of acid be avoided and that contact with water be minimized
      unless the water is kept cold, i.e., below about 10.degree. C.
PAR  Referring again to Chart A, the transformation of epoxide XI to hydroxy
      compound XII is accomplished by reduction with chromium (II) salts, e.g.,
      chromium (II) chloride or chromium (II) acetate. Those salts are prepared
      by methods known in the art, e.g., Inorganic Syntheses, VIII, 125 (1966);
      ibid., VI, 144 (1960); ibid. III, 148 (1950); ibid. I, 122 (1939); and
      references cited in those. This reduction is carried out by procedures
      known in the art for using chromium (II) salts to reduce epoxides of
      .alpha..beta.-unsaturated ketones to .beta.-hydroxy letones. See, for
      example, Cole et al., J. Org. Chem. 19, 151 (1954), and Neher et al.,
      Helv. Chem. Acta 42, 132 (1959). In these reactions, the absence of air
      and strong acids is desirable. If it is desired to maintain a
      --Si--(A).sub.3 moiety on C-15 a neutral reaction mixture is preferred. An
      especially preferred procedure is to generate the chromium (II) ion in the
      presence of the Formula-XI epoxide, for example, by mixing the epoxide
      with a chromium (III) salt, e.g., the chloride, with metallic zinc in the
      presence of acetic acid. The desired Formula-XII compound is isolated from
      the reduction reaction mixture by methods known in the art, care being
      taken to minimize contact of the product with acid and water, especially
      warm water, when retention of a --Si--(A).sub.3 at C-15 is desired.
PAR  Unexpectedly, amalgamated aluminum metal has also been found to be useful
      as a reducing agent in place of chromium (II) salts to transform Formula
      XI epoxides to Formula XII hydroxy compounds. This reagent was previously
      not known to be useful for this type of reaction. This use of amalgamated
      aluminum represents a distinct and separate aspect of this invention.
PAR  Amalgamated aluminum is prepared by procedures known in the art, for
      example, by contacting aluminum metal in the form of foil, thin sheet,
      turnings, or granules with a mercury (II) salt, for example, mercuric
      chloride, advantageously in the presence of sufficient water to dissolve
      the mercury (II) salt. Preferably, the surface of the aluminum metal is
      free of oxide. That is readily accomplished by physical removal of the
      usual oxide layer, e.g., by abrasion or scraping, or chemically, e.g., by
      etching with aqueous sodium hydroxide solution. It is only necessary that
      the aluminum surface be amalgamated. The amalgamated aluminum should be
      freshly prepared, and maintained in the absence of air and moisture until
      used.
PAR  The reductive opening of the Formula-XI epoxide ring is accomplished by
      contacting said epoxide with the amalgamated aluminum in the presence of a
      hydroxylic solvent and sufficient inert organic liquid diluent to give a
      mobile and homogeneous reaction mixture with respect to the hydroxylic
      solvent and said epoxide. Among hydroxylic solvents, water is especially
      preferred although lower alkanols, e.g., methanol and ethanols are also
      operable.
PAR  Examples of inert organic liquid diluents are normally liquid ethers such
      as diethyl ether, tetrahydrofuran, dimethoxyethane, diglyme (dimethyl
      ether of diethylene glycol), and the like. Especially preferred is
      tetrahydrofuran. When a water-immiscible liquid diluent is used, a mixture
      of water and methanol or ethanol is especially useful in this reaction
      since the latter two solvents also aid in forming the desired homogeneous
      reaction mixture. For example, a mixture of diethyl ether and water is
      used with sufficient methanol to give a homogeneous reaction mixture.
PAR  This reductive opening requires two hydrogen atoms per molecule of epoxide.
      Amalgamated aluminum reacts readily with water and more slowly with other
      hydroxylic solvents to give hydrogen. One atomic equivalent of aluminum
      required three molecular equivalents of the hydroxylic solvent to give
      three atomic equivalents of hydrogen. Therefore, one molecular equivalent
      of epoxide requires twothirds atomic equivalent of aluminum and two
      molecular equivalents of the hydroxylic solvent. Evolution of hydrogen gas
      (H.sub.2 molecules) is observed during this reductive opening of the
      epoxide. It is not known whether the reductive opening is caused by
      hydrogen atoms or hydrogen molecules. However, some of the hydrogen gas
      escapes from the reaction mixture. Therefore, it is preferred to use an
      excess of amalgamated aluminum and hydroxylic solvent, preferably at least
      one atomic equivalent of aluminum and three molecular equivalents of
      hydroxylic solvent per molecular equivalent of epoxide. Because of the
      relatively high economic value of the epoxide compared with amalgamated
      aluminum and hydroxylic solvents, it is preferred to assure maximum yields
      of the desired Formula-XII hydroxy compound by use of substantially
      greater excess of amalgamated aluminum and hydroxylic solvent, e.g., up to
      10 times or more of those reagents than is theoretically required.
PAR  The reductive opening of the epoxide is carried out by mixing a solution of
      the epoxide in the organic diluent with the amalgamated aluminum and the
      hydroxylic solvent. Since the reaction is exothermic, it is usually
      advantageous to cool the solution to a low temperature, e.g., -20.degree.
      C. to 20.degree. C., before adding the amalgamated aluminum and hydroxylic
      solvent and to maintain the reaction mixture in the range 20.degree. to
      30.degree. C. by external cooling. This is especially advantageous when
      water is used as the hydroxylic solvent. Higher reaction temperatures are
      operable but not preferred when a high yield of the Formula-XII products
      is desired. Stirring is preferred during the reaction since the reaction
      mixture is heterogeneous with respect to the solution and the amalgamated
      aluminum.
PAR  For reasons not understood, better yields and a shorter reaction time are
      usually observed when only part of the amalgamated aluminum is added at
      the start of the reaction, additional portions being added during the
      reaction, e.g., at 1-hour intervals, than when the entire amount of
      amalgamated aluminum is added at the start of the reaction. A suitable
      procedure is to add about one-third of the amalgamated aluminum at the
      start, about one-third after one hour, and another third after a second
      hour. The course of the reaction is advantageously determined by
      withdrawing small portions of the solution and determining the presence or
      absence of starting material by thin layer chromatography. For example,
      when R.sub.2 is methyl and G is
      ##EQU19##
       in Formulas XI and XII, a suitable TLC system is ethyl
      acetate-cyclohexane-acetic acid (40/60/2), the Formula-XI starting
      material having r.sub. f 0.64, and the two Formula-XII products having
      r.sub.f 0.25 (II.beta.) and r.sub.f 0.20 (II.alpha.).
PAR  As a modification of the above-described process for reductive opening of
      the epoxide, it has been found quite unexpectedly that instead of
      employing a Formula-XI compound wherein R.sub.2 is hydrogen, the reductive
      opening reaction proceeds more smoothly and completely if there is used,
      instead, an epoxide of the formula
      ##SPC10##
PAL  wherein G and
      ##SPC11##
PAL  are as defined above and R.sub.o is a cation of an alkali or alkaline earth
      metal or a quaternary ammonium group.
PAR  Thus, the Formula-XI epoxide compound is treated with a hydroxide or oxide
      of lithium, sodium, potassium, magnesium, calcium, barium, or strontium
      prior to contacting with the aluminum amalgam. Optionally, the quaternary
      ammonium bases are used for this neutralization, for example
      benzyltrimethylammonium hydroxide. The base is used in equivalent amount
      to the acid so that R.sub.5 is replaced by the corresponding metal or
      quaternary ammonium cation. Alternatively, instead of the hydroxides or
      oxides, there are employed the hydrides, the carbonate, the bicarbonates,
      or the alkoxides, for example lithium hydride, potassium carbonate, solium
      bicarbonate, magnesium methoxide, and the like, which form the
      corresponding Formula-XIa salts with the Formula-XI free acid.
      Alternatively, a metal or quaternary-ammonium carboxylate compound or
      Formula-XIa salt carried forward from the epoxidation step, whether
      isolated in that step or not, is employed in the reductive step with
      aluminum amalgam. It is preferred that the Formula-XIa salt be soluble in
      the organic diluent-alkanol-water or organic diluent-water medium used for
      the reduction step. By using the above-described salts, the reduction step
      proceeds smoothly without formation of insoluble aluminum salts which
      hinder the reaction. Following the reduction or hydrolysis step, the
      R.sub.o cations are replaced with hydrogen by means known in the art, for
      example by acidification and extraction of the acid compound into an
      organic phase.
PAR  The desired Formula-XII hydroxy products are isolated by filtration of the
      reaction mixture, advantageously after addition of magnesium sulfate as a
      filter aid, and evaporation of the organic diluents. The Formula-XII
      products are then hydrolyzed if desired to remove --Si--(A).sub.3 from
      C-15,  and the II.alpha. and II.beta. products of Formula XIII are
      separated, if desired, by procedures known in the art, e.g.,
      chromatography on silica gel.
PAR  The products of Formula-XII are all of the PGE.sub.2 -type and include
      PGE.sub.2, PGE.sub.2 15-acetate, PGE.sub.2 methyl ester, PGE.sub.2
      15-acetate methyl ester, PGE.sub.2 and PGE.sub.2 methyl ester with an
      --O--Si--(A).sub.3 at C-15 the corresponding 15.beta. compounds, and
      compounds corresponding to all of those wherein hydroxy is attached to
      C-11 in beta configuration.
PAR  As mentioned above, the transformation of X to XI to XII usually gives a
      mixture of Formula-XII PGE-type products, part with alpha and part with
      beta configuration for the hydroxy at C-11. There are several alternatives
      regarding that mixture. If --O--Si--(A).sub.3 is attached to C-15, that
      can readily be transformed by hydrolysis to --OH. These hydrolyses are
      carried out by prior art procedures known to be useful for transforming
      silyl ethers to alcohols. See, for example, Pierce, cited above,
      especially p. 447 thereof. A mixture of water and sufficient of a
      water-miscible organic diluent to give a homogeneous hydrolysis reaction
      mixture represents a suitable reaction medium. Addition of a catalytic
      amount of an organic or inorganic acid hastens the hydrolysis. The length
      of time required for the hydrolysis is determined in part by the
      hydrolysis temperature. With a mixture of water and methanol at 25.degree.
      C., several hours is usually sufficient for hydrolysis. At 0.degree. C.,
      several days is usually necessary. Also, if --OCOCH.sub.3 is attached to
      C-15, that can readily be transformed to --OH by acid-catalyzed
      alcoholysis as described above for removing the acetyl group of the
      Formula-VIII and -IX PGA type starting materials. Both of those
      tranformations are shown in Chart A, i.e., Xll to Xlll. Either before or
      after those transformations of Xll to Xlll, the Formula-Xll or -Xlll
      misture of 11.beta.and 11.beta. isomers can be separated by methods known
      in the art, advantageously be chromatagraphy on silica gel.
PAR  Further regarding the Formula-Xlll compounds, those compounds wherein the
      configuration of the hydroxy at C-11 is beta are within the scope of the
      Formula-V novel compounds of this invention, and those compounds wherein
      the configuration of the hydroxy at C-11 is alpha and B is
      ##EQU20##
      are within the scope of the Formula-Vll novel compounds of this invention.
      Both groups of novel compounds are used for pharacological purposes
      described above for those compounds, the acids also being useful as
      reactants to prepare pharmacologically useful esters sna pharmacologically
      acceptable and useful salts, both as described above. Moreover,
      Formula-Xlll compounds wherein the configuration of the hydroxy at C-11 is
      alpha and B is
      ##EQU21##
      are PGE.sub.2 and PGE.sub.2 methyl ester, both of known pharacological
      utility.
PAR  Still further regarding the separated compounds of Formulas Xll and Xlll,
      when a compound with one configuration at C-11, either alpha or beta, is
      desired as an intermediate or for pharmacological purposes, the other
      isomer is readily dehydrated to give additional Formula-X PGA-type
      starting material which is then used as a starting material according to
      the processes defired in Chart A and procedures described above to give
      additional of the desired isomer. These dehydrations are accomplished by
      procedures known in the art for dehydration of PGE-type compounds to
      PGA-type compounds. See, for example, Pike et al., Proc. Nobel Symposium
      ll, Stockholm (1966), Interscience Publishers, New York, p. 162 (1967),
      and British Pat. specification No. 1,097,533. These are acidic
      dehydrations, and alkanoic acids of 2 to 6 carbon atoms, inclusive,
      especially acetic acid, are preferred for this purpose. Dilute aqueous
      solutions of minerl acid, e.g., hydrochloric acid, especially in the
      presence of a solubilizing diluent, e.g., tetrahydrofuran, are also useful
      as reagents for these acidic dehydrations, although these reagents may
      also cause partial hydrolysis of the Formula-Xll or -Xlll methyl esters to
      carboxylic acids. A --Si--(A).sub.3 moiety at C-15 is also removed during
      all of these acidic dehydrations.
PAR  Still further regarding the Formula-Xll and -Xlll compounds, either as
      mixtures or separately, any of those is transformed to other uuseful
      compounds or mixtures by changing these PGE-type compounds to PGF-type
      products by reducing the ring carbonyl at C-9 tro alpha hydroxy or beta
      hydroxy. Those transformations are shown in Chart B.
PAR  In Chart B, R.sub.4 is hydrogen, methyl, or --Si--(A).sub.3, R.sub.2 is
      hydrogen or methyl, R.sub.7 is hydrogen or --Si--(A).sub.3, and G is
      ##EQU22##
       wherein R.sub.5 is hydrogen or --Si--(A).sub.3 when R.sub.4 and R.sub.2
      are hydrogen; R.sub.5 is hydrogen, acetyl, or --Si--(A).sub.3 when R.sub.2
      and R.sub.4 are methyl; and R.sub.5 is --Si--(A).sub.3 when R.sub.4 is
      --Si--(A).sub.3, wherein A is as defined above, with the proviso that when
      R.sub.5 is --Si--(A).sub.3, R.sub.7 is alos --Si--(A).sub.3. Further in
      Chart B, B in Formula XVl is
      ##EQU23##
       and .about. indicates attachment to the cyclopentaneing in alpha or beta
      position.
PAR  The Chart B starting material Xll is prepared as shown in Chart A. The
      compounds of Formula Xlll in Chart A are included in Formula Xll. As
      described above, 15.uparw.-PGE.sub.2, 15.beta.-PGE.sub.2 acetate,
      15.beta.-PGE.sub.2 methyl ester, and 15.beta.-PGE.sub.2 methyl ester
      acetateare obtained from Plexaura homomalla (Esper), 1792, forma R. All of
      those compounds are encompassed by formula Xll, and thus, extraction of
      this form of Plexaura homomalla provides an alternative source of these
      starting materials.
      ##SPC12##
PAR  Referring to Chart B, the starting material XII can be a mixture of
      compounds with regard to the configuration of C-11, or the starting
      material can be stereochemically pure with respect to C-11, depending upon
      whether there has been an earlier separation of II.alpha.  and II.beta.
      isomers (see above discussion of Chart A reactions).
PAR  The transformation of PGE-type starting material XII to PGF-type product
      XVI involves reduction of a ring carbonyl to a ring hydroxy. This process
      is known in the art for some of the compounds encompassed by Formula XII,
      i.e., when the configuration at C-11 is alpha and the configuration at
      C-15 is S. For the other compounds encompassed by Formula XII, this
      reaction is novel, and novel Formula-XV and -XVI compounds are produced.
PAR  For this carbonyl-to-hydroxy reduction, methods known in the art are used.
      See, for example, Pike et al., J. Org. Chem. 34,3552 (1969). Use is made
      of any of the known ketonic carbonyl reducing agents which do not reduce
      ester or acid groups or carbon-carbon double bonds. Examples of those are
      the metal borohydrides, especially sodium, potassium, lithium, and zinc
      borohydrides, lithium (tri-tertbutoxy) aluminum hydride, meta trialkoxy
      borohydrides, e.g., sodium trimethoxyborohydride, and diisobutylaluminum
      hydride. The sodium, potassium, and zinc borohydrides are preferred for
      this reduction, especially zinc borohydride.
PAR  Unexpectedly, the amalgamated aluminum metal found useful above in
      transforming the Formula-XI epoxides to Formula-XII hydroxy compounds has
      also been found useful as an agent for this carbonyl-to-hydroxy reduction
      of PGE-type compounds to PGF-type compounds. Either the PGE-type salts or
      the PGE-type esters are employed, for example the Formula-XII hydroxy
      compounds produced from the Formula-XI epoxides with or without
      intermediate isolation. Furthermore, the Formula-XI epoxides may be
      subjected to the combined epoxide-reduction and carbonyl-reduction
      reactions practically simultaneously by operating at higher temperatures,
      for example 40.degree.-60.degree.C., although it is preferred for high
      yields of the 11-hydroxy compounds that the reductions be done stepwise.
      The solvents which are operable for this reduction are generally the same
      as those found useful for the epoxide-reduction step. Somewhat higher
      temperatures or longer reaction times are required for the
      carbonyl-to-hydroxy reduction, however. For example, at 25.degree.C.,
      about 4 to 24 hours are required; at higher temperatures, e.g.,
      50.degree.-60.degree.C., about one to 2 hours are sufficient.
PAR  This carbonyl reduction usually produces a mixture of PGF.sub..alpha.-type
      and PGF.sub..beta.-type compounds, i.e., compounds with the alpha
      configuration and compounds with the beta configuration for the hydroxy at
      C-9. This mixture of alpha and beta isomers is separated by methods known
      in the art, e.g., chromatography on silica gel. See Pike et al., ibid.,
      for example. If the Formula-XII starting material is a mixture of
      II.alpha.  and II.beta.  isomers, then this reduction will usually produce
      four isomers, i.e., 9.alpha., II.alpha., 9.beta., II.beta., II.alpha., and
      9.alpha., II.alpha.. Those compounds are also separated from such mixtures
      by silica gel chromatography.
PAR  Regarding the transformation of XII to XIV in Chart B, it will be observed
      that the parameters for XII are such that all XII compounds are included
      in XIV. In other words, the transformation XII to XIV is an optional
      process step in proceeding from XII to XV. The reason for this is as
      follows. During the reduction of XIV to XV, the ratio of 9.alpha.-hydroxy
      and 9.beta.-hydroxy compounds formed will be different R.sub.7 in XIV is
      hydrogen than when R.sub.7 is --Si--(A).sub.3. For example, with the
      Formula-XIV compound wherein R.sub.4 is hydrogen, G is
      ##EQU24##
      and R.sub.7 O.about. represents HO------, i.e., II.alpha.-hydroxy, sodium
      borohydride reduction gives 42 parts of the corresponding Formula-XV
      9.alpha.-hydroxy compound, and 58 parts of the 9.beta.-hydroxy compound.
      But with the Formula-XIV compound wherein R.sub.4 is hydrogen, G is
      ##EQU25##
       and R.sub.7 O.about. represents (CH.sub.3).sub.3 --Si--O------, sodium
      borohydride reduction gives 85 parts of the corresponding Formula-XV
      9.alpha.-hydroxy compound and 15 parts of the 9.beta.-hydroxy compound.
      Similar differences are observed with the other isomers encompassed by
      Formula XIV although not necessarily in the same direction. Accordingly,
      whether R.sub.7 in Formula XIV is to be hydrogen or --Si--(A).sub.3
      depends on the particular formula XV C-9 isomer desired and the influence
      of silylation on the isomer ratio. For any particular Formula-XIV starting
      material, the latter is readily determined by small scale reduction with
      and without silylation. When silylation before carbonyl reduction is
      indicated, largely for economic reasons, it is preferred that A be methyl,
      i.e., that R.sub.7 be (CH.sub.3).sub.3 --Si--.
PAR  This transformation of XII to XIV wherein R.sub.7 is --Si--(A).sub.3 is
      carried out as described above for the transformation of hydroxy to
      --O--Si--(A).sub.3 at C-15 prior to the Chart A reactions. When R.sub.2 in
      XII is hydrogen, the --COOH is also transformed in part or entirely to
      --COO--Si--(A).sub.3 with prolonged silylation and excess silylating
      agent. It is optional in transforming XII to XIV wherein R.sub.7 is
      --Si--(A).sub.3 whether or not the --COOH of XII is esterified to
      --COO--Si--(A).sub.3. When G in Formula XIV is
      ##EQU26##
       those --OH are also transformed to --O--Si--(A).sub.3 by this silylation.
PAR  With regard to the Formula-XV carbonyl reduction product (Chart B), when
      the method to isolate said product does not remove any --Si--(A).sub.3
      groups which may be present, that is accomplished as described above for
      the removal of --Si--(A).sub.3 groups from Formula -XII products (Chart A,
      XII to XIII). Also, when G in Formula XV is
      ##EQU27##
       the acetyl is removed by alcoholysis also as described above for changing
      acetoxy at C-15 to hydroxy. These reactions are shown in Chart B as XV to
      XVI.
PAR  When R.sub.2 in Formula XVI is methyl and the compound wherein R.sub.2 is
      hydrogen is desired, that methyl ester is saponified, by methods known in
      the art. See, for example, Just et al., J. Am. Chem. Soc. 91,5371 (1969).
      This saponification also changes a C-15 acetate to a C-15 hydroxy.
PAR  The compounds encompassed by Formula XVI include the known compounds
      PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., and the methyl esters of
      those. Also included in Formula XVI are the novel compounds
      15.beta.-PGF.sub.2.sub..alpha., 15.beta.-PGF.sub.2.sub..beta., and the
      methyl esters of those. All of these new and old compounds are II.alpha.
      -hydroxy compounds. Also included in Formula XVI are the corresponding but
      novel II.beta. -hydroxy compounds which are also encompassed by Formula V
      and which are useful for the pharmacological purposes described above
      either as such or transformed into salts or esters as described above.
PAR  When one of these Formula-XVI compounds has the R or epi configuration for
      the hydroxy at C-15, and the corresponding compound with the S
      configuration at C-15 is desired, or when one of these Formula-XVI
      compounds has the S configuration for the hydroxy at C-15, and the
      corresponding compound with the R or epi configuration at C-15 is desired,
      those desired compounds are made by the processes of Chart C. In Chart C,
      R.sub.2, R.sub.4, R.sub.7, B, and .about. are as defined above.
PAR  The overall process scheme of Chart C is to start with one particular C-15
      isomer of a compound encompassed by Formula XVI, i.e., either 15(S) or
      15(R). The C-15 hydroxy of that isomer is oxidized to a ketonic carbonyl
      (XVII). Then, after an optional silylation of the C-9 and C-11 hydroxy
      groups (XVIII), the C-15 carbonyl is reduced back to a secondary hydroxy
      group. That reduction produces two C-15 hydroxy isomers, one with S
      configuration and one with R or epi configuration. After removal of any
      silyl groups, the isomers XIX and XX are separated. One of the isomers
      will be the same compound used as starting material (XVI). The other
      isomer will be the desired product. The starting material isomer is
      recycled to produce one of the desired isomer. This reaction scheme has
      previously been used to transform PGF.sub.1.sub..alpha. to
      15.beta.-PGF.sub.1.sub..alpha.. See Pike et al., J. Org. Chem. 34, 3552
      (1969).
      ##SPC13##
PAR  Referring now to Chart C, starting material XVI (from Chart B) is a single
      compound, a mixture of two compounds, one with alpha and one with beta
      configuration at C-9, or a mixture of four compounds, i.e., 9.alpha.,
      II.alpha., 9.alpha., II.beta., 9.beta., II.alpha., and 9.beta., II.beta..
PAR  For the oxidation of XVI to XVII, any oxidizing agent can be used which
      will oxidize an allylic alcohol to an .alpha.,.beta.-unsaturated ketone or
      aldehyde. Examples of those are 2,3-dichloro-5,6-dicyano-1,4-benzoquinone,
      activated manganese dioxide, or nickel peroxide (see Fieser et al.,
      "Reagents for Organic Syntheses," John Wiley & Sons, Inc., New York, N.Y.
      1967, pp. 215, 637, and 731). Alternatively, these oxidations are carried
      out by oxygenation in the presence of the 15-hydroxyprostaglandin
      dehydrogenase of swine lung (see Arkiv for Kemi 25, 293 (1966)). These
      reagents are used according to procedures known in the art. See, for
      example, J. Biol. Chem. 239, 4097 (1964).
PAR  Regarding the transformation of XVII to XVIII in Chart C, it will be
      observed that the parameters for XVIII are such that all XVII compounds
      are included in XVIII. In other words, the transformation of XVII to XVIII
      is an optional process step in proceeding from XVII to XIX and XX. The
      reason for this is as follows. During the reduction of XVIII to XIX and
      XX, the ratio of XIX to XX obtained will be different when R.sub.7 in
      XVIII is hydrogen than when R.sub.7 is --Si--(A).sub.3. For example,
      reduction of the Formula-XVIII 9.alpha.,II.alpha. -isomer wherein R.sub.4
      and R.sub.7 are both hydrogen with zinc borohydride gives the corresonding
      Formula-XIX and -XX in the amounts 43 parts of XIX (R or epi
      configuration) and 57 parts of XX (S configuration). On the other hand,
      when R.sub.7 in the Formula-XVIII reactant is --Si--(A).sub.3, the amounts
      with the same reducing agent are 27 parts of XIX and 73 parts of XX.
      Similar differences are observed with the other isomers encompassed by
      Formula XVIII although not necessarily in the same direction. Accordingly,
      whether R.sub.7 in formula XVIII is to be hydrogen or --Si--(A).sub.3
      depends on the particular C-15 isomer desired and the influence of
      silylation on the isomer ratio. For any particular Formula -XVII starting
      material, the latter is readily determined by small scale reductions with
      and without silylation. When silylation before carbonyl reduction is
      indicated, largely for economic reasons, it is preferred that A be methyl,
      i.e., that R.sub.7 be (CH.sub.3).sub.3 --Si--.
PAR  These silylations are carried out as described above for the Chart A and
      Chart B silylation.
PAR  The carbonyl reduction of XVIII to XIX is carried out as described above
      for the transformation of PGE-type Formula-XIV compounds to PGF-type
      Formula-XV compounds. As for those reductions, the sodium, potassium and
      zinc borohydrides are preferred as reducing agents, especially zinc
      borohydride.
PAR  When the method used to isolate the carbony reduction product does not
      remove any --Si--(A).sub.3 groups which may be present, that is
      accomplished as described above for the removal of --Si--(A).sub.3 groups
      from Formula-XII products (Chart A, XII to XIII).
PAR  The Formula-XIX and -XX products are separated from each other by methods
      known in the art, for example, silica gel chromatography. See, for
      example, Pike et al., J. Org. Chem. 34, 3552 (1969) for this type of
      separation.
PAR  If one of the isomers or isomer mixtures of Formulas XIX or XX is not
      desired for a pharmacological use as such or transformed to esters or
      pharmacologically acceptable salts as described above, that isomer or
      isomer mixture is recycled as a Formula-XVI starting material in the
      processes of Chart C to produce additional of the desired isomer.
PAR  The products of Formulas XIX and XX wherein the configuration of the C-11
      hydroxy is beta are encompassed by Formula V. The products of Formula XIX
      wherein the configuration of the C-11 hydroxy is alpha are encompassed by
      Formula VI. The intermediates of Formula XVII are encompassed by Formula
      VII. Thus, all of the compounds are useful for the pharmacological
      purposes described above for the Formula V, VI and VII compounds. The
      compounds prepared as in Chart C are also useful to make the other esters
      and the pharmacologically acceptable salts of the Formula V, VI, and VII
      compounds also as described above.
PAR  There are two particular embodiments of the novel process of the invention
      which are especially preferred. One of those embodiments provides an
      optional route to PGF.sub.2.sub..alpha., and starts with
      15.beta.-PGA.sub.2 acetate methyl ester, the most abundant component of
      Plexaura homomalla (Esper), 1792, forma R. The other embodiment provides a
      preferred route of PGE.sub.2, and starts with PGA.sub.2, readily obtained
      as described above by maintaining colonies or colony pieces of Plexaura
      homomalla (Esper), 1792, forma S in contact with water in a temperature
      range up to 50.degree.C. until substantially free of PGA.sub.2 15 acetate
      methyl ester.
PAR  The first of these embodiments is shown in Chart D, and the second is shown
      in Chart E. All of these Chart D and Chart E reactions and reagents for
      effecting them are described generically and specifically above, and all
      are exemplified below. In Charts D and E, it is preferred that
      --Si--(A).sub.3 be --Si--(CH.sub.3).sub.3. Also in Charts D and E, it is
      optional whether silylation of 15-oxo-PGF.sub.2.sub..alpha. (Chart D) or
      PGA.sub.2 (Chart E) produces the corresponding --Si--(A).sub.3 ester-ether
      or only the ether.
     CHART D                                                                   

     15.beta.-PGA.sub.2 acetate methyl ester                                   

                   .dwnarw.(oxidation)                                         

     15.beta.-PGA.sub.2 acetate methyl ester .alpha. and .beta. 10,11-epoxides 

     4                                                                         

                   .dwnarw.(reduction)                                         

     15.beta.-PGE.sub.2 and 11.beta.,15.beta.-PGE.sub.2 15-acetate methyl      

     esters                                                                    

                   .dwnarw.(separation)                                        

     15.beta.-PGE.sub.2 15-acetate methyl ester                                

                   .dwnarw.(silylation)                                        

     15.beta.-PGE.sub.2 11-Si-(A).sub.3 ether 15-acetate methyl ester          

                   .dwnarw.(reduction, hydrolysis)                             

     15.beta.-PGF.sub.2 .sub..alpha. and 15.beta.-PGF.sub.2 .sub..beta.        

     15-acetate methyl esters                                                  

                   .dwnarw.(separation)                                        

     15.beta.-PGF.sub.2 .sub..alpha. 15-acetate methyl ester                   

                   .dwnarw.(saponification)                                    

     15.beta.-PGF.sub.2 .sub..alpha.                                           

                   .dwnarw.(oxidation)                                         

     15-oxo-PGF.sub.2 .sub..alpha.                                             

                   .dwnarw.(silylation)                                        

     15-oxo-PGF.sub.2 .sub..alpha. 9,11-di-Si-(A).sub.3 ether                  

                   .dwnarw.(reduction, hydrolysis)                             

     15.beta.-PGF.sub.2 .sub..alpha. and PGF.sub.2 .sub..alpha.                

     .dwnarw. (separation) .dwnarw.                                            

     15.beta.-PGF.sub.2 .sub..alpha.PGF.sub.2 .sub..alpha.                     

TBL  CHART E                                                                   

     PGA.sub.2                                                                 

                   .dwnarw.(silylation)                                        

     PGA.sub.2 15-Si-(A).sub.3 ether                                           

                   .dwnarw.(oxidation)                                         

     PGA.sub.2 15-Si-(A).sub.3 ether .alpha. and .beta. 10,11-epoxides         

                   .dwnarw.(reduction, hydrolysis)                             

     PGE.sub.2 and 11.beta.-PGE.sub.2                                          

                   .dwnarw.(separation)                                        

     PGE.sub.2                                                                 

DETD
PAR  The invention is more fully understood by the following Examples and
      Preparations:
PAR  All temperatures are in degrees centigrade.
PAR  Ultraviolet spectra are recorded on a Cary Model 15 spectrophotometer.
PAR  The collection of chromatographic eluate fractions starts when the eluant
      front reaches the bottom of the column. "Brine", herein, refers to an
      aqueous saturated sodium chloride solution.
PAR  The A-IX solvent system used in thin layer chromatography (TLC) is made up
      from ethyl acetate-acetic acid-2,2,4-trimethylpentane-water (90:20:50:100)
      according to M. Hamberg and B. Samuelsson, J. Biol. Chem. 241, 257 (1966).
PAC  Prepparation 1
PAR  To distinguish Plexaura homomalla (Esper), 1782, forma R from Plexaura
      homomalla (Esper), 1792, forma S, a TLC method is used. A specimen
      approximately 2 cm. in length is harvested and placed in a small vial,
      with a small amount of water if necessary to insure it is wet, and kept
      closed for 6-24 hours. About one ml. of methanol is then added and the
      sample is either shaken for 2 hrs. at about 25.degree.C. or is stored for
      16-24 hrs. at about 10.degree.C. A sample of the liquid (10-21 .lambda.)
      is spotted on a TLC plate. It is preferred to use a fluorescent-treated
      silica gel plate, e.g. Uniplate Silica Gel GF (Analtech, Inc., Newark,
      Del.). As reference standards, spots of PGA.sub.2 and 15.beta.-PGA.sub.2
      are also applied. The plate is developed in the A-IX system (Hamberg and
      Samuelsson, J. Biol. Chem. 241, 257 (1965)). The spots are finally
      visualized with vanillin-phosphoric acid spary (McAleer, Arch. Biochem. E.
      Biophsy. 66, 120 (1957)). Comparison of the unknown with the two reference
      spots is then made and the identity of the coral established (forma S
      corresponding to PGA.sub.2, forma R to 15.beta.-PGA.sub.2).
PAC  Preparation 2
PAL  Pga.sub.2 from Plexaura homomalla (Esper), 1792 forma S.
PAR  Colonies of Plexaura homomalla (Esper), 1792, forma S, collected from reefs
      off the north shore of Jamaica, are frozen by contact with solid carbon
      dioxide within 1 hour after removal from the reef waters. The frozen
      colonies are maintained in insulated boxes containing solid carbon dioxide
      (temperature below about -20.degree.C.) until ready for thawing. Then, the
      frozen colonies (700 g.) are ground to a small particle size (Waring
      blender) and mixed with 1500 ml. of water. The mixture is maintained about
      20 hrs. at about 25.degree.C. with stirring. Then, the mixture is filtered
      through a pad of diatomaceous earth, and the filtrate is acidified with
      concentrated hydrochloric acid to pH about 2-3. The acidified filtrate is
      extracted four times with ethyl acetate. The extracts are combined,
      filtered, washed with brine, dried with anhydrous sodium sulfate, and
      evaporated under reduced pressure to give 11 g. of oily residue.
PAR  The solid residue on the diatomaceous earth filter pad is stirred 2 hours
      in methanol (enough to cover said residue) at 25.degree.C. The mixture is
      then filtered, and the filtrate is evaporated to give 14 g. of oily
      residue.
PAR  The two oily residues are combined and chromatographed on 1500 g. of
      acid-washed silica gel, eluting successively with 8 l. of a 25 to 65%
      gradient of ethyl acetate in Skellysolve B, 8 l. of a 65 to 100% gradient
      of ethyl acetate in Skellysolve B, and 5 l. of 2% methanol in ethyl
      acetate, collecting 500 ml. fractions. (Skellysolve B is a mixture of
      isomeric hexanes). Fractions 8-12 are combined and evaporated to give a
      small amount of PGA.sub.2 containing a trace of PGA.sub.2 methyl ester.
      Fractions 15-18 are combined and evaporated to give 9.54 g. of PGA.sub.2.
      Fractions 35-40 are combined to give 0.41 g. of PGE.sub.2.
PAC  Preparation 3
PAL  15.beta.-PGA.sub.2 from Plexaura Homomalla (Esper), 1792, forma R.
PAR  Colonies of Plexaura homomalla (Esper), 1792, forma R, collected from reefs
      off the southeast shore of Florida near Miami, are chopped into chunks
      several inches long. The chunks are frozen by contact with solid carbon
      dioxide with 1 hour after removal from the reef waters. The frozen colony
      pieces are maintained in insulated boxes containing solid carbon dioxide
      (temperature below about -20.degree.C.) until ready for thawing. Then,
      colony pieces (600 g.) are mixed with 1500 ml. of water. The mixture is
      stirred and maintained at 25.degree.C. for 23 hours. The mixture is then
      filtered through a pad of diatomaceous earth, and the filtrate is
      acidified to pH about 2-3 with concentrated hydrochloric acid. The
      acidified filtrate is extracted four times with ethyl acetate. The
      extracts are combined, filtered, washed with brine, dried with anhydrous
      sodium sulfate, and evaporated to give 9.2 g. of oil residue.
PAR  The solid residue on the diatomaceous earth pad is stirred 15 hours in
      methanol (enough to cover said residue) at 25.degree.C. The mixture is
      then filtered, and the filtrate is evaporated. The residue is dissolved in
      ethyl acetate, and the solution washed successively with 3 N hydrochloric
      acid and brine, dried with anhydrous sodium sulfate, and evaporated to
      give 5.83 g. of an oily residue.
PAR  The second oily residue and 8.2 g. of the first oily residue are combined
      and chromatographed on one kg. of acid-washed silica gel, eluting
      successively with 3l. portions of 25, 35, 45, 55, and 65% ethyl acetate in
      Skellysolve B, collecting 500-ml. fractions. Fractions 18-22 are combined
      and evaporated to give 5.54 g. of 15.beta.-PGA.sub.2. Fractions 15-17 are
      combined and evaporated to give 1.37 g. of 15.beta.-PGA.sub.2 methyl
      ester.
PAC  Preparation 4
PAL  Pga.sub.2 compounds from Plexaura homomalla (Esper), 1792, forma S.
PAR  Frozen colonies of Plexaura homomalla (Esper), 1792, forma S (see
      Preparation 2) are broken manually into pieces several cm. in length. The
      pieces (500 g.) are then covered with methanol and the mixture is
      maintained for 3 hours at 25.degree.C. The mixture is then ground in a
      Waring blender and filtered, and the filtrate is evaporated under reduced
      pressure. The residue is dissolved in ethyl acetate, and the solution is
      washed successively with one N hydrochloric acid, water, and brine, dried
      with anhydrous sodium sulfate, and evaporated under reduced pressure. The
      oily residue is chromatographed or 2 kg. of acid-wased silica gel
      wet-packed with Skellysolve B (a mixture of isomeric hexanes), eluting
      with 24 l. of a 25 to 100% ethyl acetate in Skellysolve B gradient. The
      fractions which contain PGA.sub.2 acetate methyl ester, PGA.sub.2 acetate,
      PGA.sub.2 methyl ester, and PGA.sub.2 as shown by TLC with the A-IX system
      are separately combined and evaporated to give those compounds.
PAC  Preparation 5
PAL  15.beta. -PGA.sub.2 compounds from Plexaura homomalla (Esper), 1792, forma
      R
PAR  Colonies of Plexaura homomalla (Esper), 1792, forma R, collected from reefs
      off the southeast shore of Florida near Miami, are chopped into chunks
      several inches long. The chunks are frozen by contact with solid carbon
      dioxide within 1 hour after removal from the reef waters. The frozen
      colony pieces are maintained in insulated boxes containing solid carbon
      dioxide (temperature below about -20.degree.C.) until the time for
      extraction. Then, the frozen colony pieces are ground to a small particle
      size (Mitts and Merrill hogger: average largest dimensions about 5 nm).
      The particles (1500 g.) are then stirred at high speed with 5 gallons of
      dichloromethane for 20 minutes at about 25.degree.C. external temperature.
      The mixture of dichloromethane and particles is then filtered through a
      pad of diatomaceous earth, and the filtrate is evaporated to about a
      2-liter volume at 30.degree.C. under reduced pressure. The liquid which
      remains is washed with water, dried with sodium sulfate, and evaporated at
      30.degree.C. under reduced pressure.
PAR  The oily residue (60 g.) is chromatographed on 3 kg. of silica gel wet
      packed in Skellysolve B (a mixture of isomeric hexanes), eluting
      successively with a gradient of 4 l. of Skellysolve B and 4 l. of 20 %
      ethyl acetate in Skellysolve B, 27 l. of 20%, 18 l. of 50%, and 8 l. of
      75% ethyl acetate in Skellysolve B, collecting 600-ml. fractions.
      Fractions 39-60 are combined and evaporated to give 24.3 g. of
      15.beta.-PGA.sub.2 acetate methyl ester. Between fractions 60 and 74 those
      fractions shown by TLC to contain 15.beta.-PGA.sub.2 acetate are combined
      and evaporated to yield that compound. Fractions 74-76 are combined and
      evaporated to give 1.03 g. of 15.beta.-PGA.sub.2 methyl ester. Fractions
      83-91 are combined and evaporated to give 1.08 g. of 15.beta.-PGA.sub.2
      15-acetate methyl ester. Still later fractions shown by TLC to contain
      15.beta.-PGE.sub.2 methyl ester are combined and evaporated to yield that
      compound.
PAR  Detection of the respective compounds by TLC is done by methods known in
      the art, e.g. by spotting the extract fractions on a TLC silica gel plate
      alongside spots of the authentic compounds, developing the plate with the
      A-IX system, and observing which spots of the extract fractions correspond
      exactly to the spots of the authentic compounds.
PAR  Following the procedures of Preparation 5, but substituting Plexaura
      homomalla (Esper), 1792, forma S for the Plexaura homomalla (Esper), 1792,
      forma R of that example, there are obtained the corresponding compounds of
      15(S) configuration, viz.: PGA.sub.2 acetate methyl ester, PGA.sub.2
      acetate, PGA.sub.2 methyl ester, PGE.sub.2 15-acetate methyl ester, and
      PGE.sub.2 methyl ester.
PAC  Preparation 6
PAL  Pga.sub.2 and 5.6-trans-PGA.sub.2
PAR  Separation of PGA.sub.2 from 5,6-trans-PGA.sub.2 is done on a
      chromatographic column using a silver-saturated ion-exchange resin.
      Preferably a macroreticular ion exchange resin is used, e.g. a sulfonated
      styrene-divinylbenzene copolymer having surface area of 40-50 sq. m./g.,
      30-40% porosity, and total exchange capacity of 4.5-5.0 meq. per gram of
      dry resin, for example Amberlyst 15, available from Rohm and Haas Co.,
      Philadelphia, Pa. The acid-form resin is packed in a column, washed with
      warm water, and converted to the silver form by passing a 10% silver
      nitrate solution through the column until the effluent shows a pH of
      3.5-4.0. The column is then washed with water to remove ionic silver, and
      finally with denatured ethanol (Type 3A). A solution of a mixture of
      PGA.sub.2 and 5,6-trans-PGA, e.g. fractions 15-18 of preparation 2, in
      ethanol is charged to the column. Elution with 3A alcohol then yields
      fractions which are combined according to their content of
      5,6-trans-PGA.sub.2 (faster-eluting) or PGA.sub.2. Testing for the
      presence of 5,6-trans-PGA.sub.2 or PGA.sub.2 in the eluate is conveniently
      done by TLC using silver nitrate-treated silica gel plates (e.g. Analtech
      uniplates dipped in saturated ethanolic silver nitrate and dried) and
      developing with the A-IX system. R.sub.f of PGA.sub.2 is 0.45; R.sub.f of
      5,6-trans-PGA.sub.2 is  0.50. Combined fractions are concentrated,
      partitioned between dichloromethane and a little water, dried over sodium
      sulfate, and concentrated under reduced pressure to yield the title
      compounds.
PAR  For quantitatively assaying the 5,6-trans-PGA.sub.2 content of mixtures of
      PGA.sub.2 and 5,6-trans-PGA.sub.2 a combination
      thin-layer-spectrophotometric assay is used. Silica gel-impregnated glass
      microfiber sheets, (e.g. ITLC sheets of the Gelman Instrument Co., Ann
      Arbor, Michigan), are impregnated with silver nitrate, using 5% ethanolic
      silver nitrate and drying. Spots of 100 to 200 .mu.g of the PGA.sub.2
      mixture are applied and developed in the solvent system
      2,2,4-trimethylpentane:ethyl acetate: acetic acid: water (100:35:8:10,
      upper phase). The sheet is dried and sprayed with Rhodamine 6G (Applied
      Science Co., State College, Pa) and viewed under ultraviolet light. The
      areas containing the cis and trans materials (R.sub.f of PGA.sub.2 = 0.6:
      R.sub.f of 5,6-trans-PGA.sub.2 = 0.7) are marked, then excised and eluted
      with methanol (1.9 ml.) and potassium hydroxide solution (0.1 ml. of 45%).
      After incubation at 40.degree. for 30 min., the respective solutions are
      centrifuged and analyzed spectrophotometrically at 278 nm.
PAR  Following the procedure of Preparation 6, 5,6-trans-15.beta.-PGA.sub.2 is
      separated from 15.beta.-PGA.sub.2.
PAC  Preparation 7
PAL  Pge.sub.2 and 5,6-trans-PGE.sub.2
PAR  Following the procedure of Preparation 6, PGE.sub.2 is separated from
      5,6-trans-PGE.sub.2 as follows. A solution of a mixture of PGE.sub.2 and
      5,6-trans-PGE.sub.2 is charged to the column. Elution with 3A alcohol
      yields fractions which are combined according to their content of
      5,6-trans-PGE.sub.2 (faster eluting) or PGE.sub.2. Assay for
      5,6-trans-PGE.sub.2 or PGE.sub.2 is done by TLC as for the PGA.sub.2 -type
      compounds above. R.sub.f of PGE.sub.2 is 0.13; R.sub.f or
      5,6-trans-PGE.sub.2 is 0.17. Combined fractions are concentrated, dried
      over sodium sulfate, and concentrated under reduced pressure to yield the
      title compounds.
PAC  Preparation 8
PAL  Pga.sub.2 15-acetate Methyl Ester, separation from 5,6-Trans-PGA.sub.2 15
      -Acetate Methyl Ester.
PAR  A mixture of PGA.sub.2 15-acetate methyl ester and 5,6-trans-PGA.sub.2
      1,-acetate methyl ester (11.0 g., 85:15) is dissolved in 415 ml. of a
      solution of methanol-water-acetic acid (95.5-0.4) and mercuric acetate
      (6.1 g.), and left standing at about 25.degree.C. for 30 min. Water (250
      ml.) is added and the mixture extracted twice with 700 ml. of Skellysolve
      B. The Skellysolve B phase is washed with 100 ml. of 60% methanol, dried
      over sodium sulfate, and concentrated to an oil (4.35 g) having a high
      content of 5,6-trans-PGA.sub.2 15-acetate methyl ester. The aqueous
      methanol phase is acidified with 32 ml. of 6 N. hydrochloric acid and the
      mixture is extracted with two portions of 700 ml. of Skellysolve B. The
      organic phase is dried over sodium sulfate and concentrated to an oil
      (5.53 g.) This last material is subjected to the same procedures again,
      using 350 ml. of the methanol-water-acetic acid and 4.6 g. of mercuric
      acetate. There is recovered from the work-up of the aqueous-methanol phase
      a fraction (3.92 g.) of the title compound containing only a small
      percentage of the 5,6-trans-PGA compound.
PAR  Following the procedure of Preparation 8,5,6-trans-15.beta.-PGA.sub.2
      15-acetate methyl ester is separated from 15.beta.-PGA.sub.2 15 -acetate
      methyl ester.
PAR  In the following examples, the above-described 5,6-trans-PG.sub.2 and
      5,6-trans-15.beta. -PG.sub.2 compounds are subjected to the same
      transformations as the PG.sub.2 and 15.beta.-PG.sub.2 compounds disclosed
      herein and illustrated hereafter.
PAC  EXAMPLE 1
PAC  15.beta.-PGA.sub.2 Methyl Ester
PAR  A solution of 70% aqueous perchloric acid (50 drops) in 50 drops of water
      is added to a solution of 15.beta.-PGA.sub.2 acetate methyl ester (2.0 g.)
      in 100 ml. of methanol. The mixture is stirred for 15 hours at
      25.degree.C. and then diluted with 80 ml. of water. The methanol is
      removed under reduced pressure, and the aqueous residue is extracted with
      ethyl acetate. The extract is washed successively with water and brine,
      dried with anhydrous sodium sulfate, and evaporated. The residue is
      chromatographed on 200 g. of silica gel, eluting with 2.5 l. of a gradient
      of 20-70% ethyl acetate in Skellysolve 8 (a mixture of isomeric hexanes),
      collecting 100-ml. fractions. Fractions 15-19 are combined and evaporated
      to give 727 mg. of 15.beta. -PGA.sub.2 methyl ester.
PAC  EXAMPLE 2
PAC  PGA.sub.2 Methyl Ester
PAR  A solution of 15.beta.-PGA.sub.2 methyl ester (250 mg.) in 20 ml. of
      anhydrous tetrahydrofuran is cooled to 0.degree.C. in an atmosphere of
      nitrogen. Iributylamine (1.5 ml.) is added, and the mixture is stirred at
      0.20 C. while adding methanesulfonyl chloride (1 ml.) dropwise. The
      mixture is stirred 30 minutes at 0.degree.C. Then, 10 ml of water is
      added, and the mixture is allowed to warm to 25.degree.C. and is stirred
      for 1 hour. The tetrahydrofuran is evaporated under reduced pressure, and
      the aqueous residue is extracted with ethyl acetate. The extract is washed
      successively with one N hydrochloric acid, water, and brine, dried with
      anhydrous sodium sulfate, and evaporated. The residue is chromatographed
      on 30 g. of silica gel, eluting with 800 ml. of a gradient of 20-70% ethyl
      acetate in Skellysolve B, collecting 25-ml. fractions. Fractions 14-16 are
      combined and evaporated to give 58 mg. of PGA.sub.2 methyl ester.
      Fractions 12 and 13 are combined to give 49 mg. of the starting material,
      15.beta.-PGA.sub.2 methyl ester.
PAR  Following the procedure of Example 2, PGA.sub.2 methyl ester is transformed
      to a mixture of PGA.sub.2 and 15.beta.-PGA.sub.2 methyl esters, the two
      compounds being separated as in Example 2.
PAC  EXAMPLE 3
PAC  PGA.sub.2 15-formate and 15.beta. PGA.sub.2 15-formate
PAR  A solution of sodium carbonate (50 mg.) in 7.5 ml. of anhydrous formic acid
      is added to PGA.sub.2 (0.25 g.). This mixture is stirred under nitrogen at
      25.degree.C. for 2 hrs. The reaction mixture is concentrated under reduced
      pressure, taken up in benzene, and again concentrated under reduced
      pressure. The residue is chromatographed on acid-washed silica gel (e.g.
      Mallinckrod: Silicar CC-4), eluting with a gradient of 25-75% ethyl
      acetate-Skellysolve B (isomeric hexane mixture) and collecting fractions.
      Those fractions shown by TLC to contain the respective 15-formate
      compound, separated from its isomer and free of starting material and
      impurities, are combined and concentrated under reduced pressure to give
      the title compounds.
PAC  EXAMPLE 4
PAC  PGA.sub.2 and 15.beta.-PGA.sub.2
PAR  PGA.sub.2 15-formate (100 mg., Example 3) is dissolved in a mixture of 10
      ml. of methanol and 2.5 ml. of saturated aqueous sodium bicarbonate
      solution. The solution is stirred under nitrogen at 25.degree.C. for 2.5
      hrs. Then 5 ml. of water and 2 ml. of 1 N. hydrochloric acid are added,
      and the solution concentrated. The aqueous residue is adjusted to pH 2-3
      and extracted three times with ethyl acetate. The combined extracts are
      washed with water, dried over sodium sulfate, and concentrated to yield
      PGA.sub.2.
PAR  Similarly, hydrolysis of 15.beta.-PGA.sub.2 15-formate (Example 3) yields
      15.beta.-PGA.sub.2.
PAC  Example 5
PAC  15.beta.-PGA.sub.2 10,11-Expoxide Acetate Methyl Ester
PAR  Hydrogen peroxide (350 ml.; 30% aqueous) is added with stirring to a
      solution of 15.beta.-PGA.sub.2 acetate methyl ester (265 g.) in 5000 ml.
      of methanol under a nitrogen atmosphere at -20.degree.C. Then, one N
      aqueous potassium hydroxide solution (50 ml.) is added gradually during
      one hour with stirring at -20.degree.C. The mixture is stirred an
      additional 2 hours at -20.degree.C. Then, one N hydrochloric acid (80 ml.)
      is added, and the methanol is removed under reduced pressure at
      35.degree.C. The residue is dissolved in 3000 ml. of ethyl acetate, and
      the solution is washed 3 times with 500-ml. portions of water. The
      combined water washes are extracted with 300 ml. of ethyl acetate. The two
      ethyl acetate solutions are combined, washed with brine, dried with
      anhydrous sodium sulfate and evaporated to give 2.75 g. of a mixture of
      the alpha and beta 10,11-epoxides of 15.beta.-PGA.sub.2 acetate methyl
      ester.
PAC  EXAMPLE 6
PAC  PGA.sub.2 10,11-Epoxide Methyl Ester
PAR  Hydrogen peroxide (0.3 ml.; 30% aqueous) and one N aqueous sodium hydroxide
      (0.5 ml.) are added to a solution of PGA.sub.2 methyl ester (229 mg) in 10
      ml. of isopropyl alcohol at 0.degree.C. After 2.5 hours at 0.degree.C., 10
      ml. of water and 1 ml. of one N hydrochloric acid are added, and the
      isopropyl alcohol is removed under reduced pressure. The residue is
      extracted with ethyl acetate. The extract is washed successively with
      water and brine, dried with anhydrous sodium sulfate, and evaporated. The
      residue is chromatographed on 30 g. of silica gel, eluting with 800 ml. of
      a gradient of 20-70% ethyl acetate in Skellysolve B, collecting 25-ml.
      fractions. Fractions 5-10 are combined and evaporated to give 136 mg. of a
      mixture of the alpha and beta 10,11-epoxides of PGA.sub.2  methyl ester.
PAC  EXAMPLE 7
PAC  PGA.sub.2 Acetate Methyl Ester .alpha. and .beta. 10,11-Epoxides
PAR  Refer to Chart A.
PAR  A solution of PGA.sub.2 15-acetate methyl ester (1.954 g.) in 30 ml. of
      dimethoxyethane (DME) is cooled to -55.degree.C. under nitrogen, and 5.25
      ml. of t-butyl hydroperoxide is added. Then, 5 ml. of 0.25 N. methanolic
      lithium hydroxide (prepared from the mono-hydrate) is added over 100 min.
      After about 46 hrs. an additional 2.5 ml. of the base is added over 50
      min. Finally, after about 23.5 hrs. the reaction is complete, as shown by
      TLC. The mixture is acidified to pH 5-6 with 1 N hydrochloric acid and is
      concentrated under reduced pressure. The residue is taken up in ethyl
      acetate, washed with brine, dried over sodium sulfate, and concentrated
      under reduced pressure. The product, 2.0 g., contains the title alpha and
      beta compounds in a ratio of 6:1, respectively, as shown by gas
      chromatography.
PAR  Following the procedures of Example 7, but replacing the lithium hydroxide
      solution with methanolic magnesium methoxide (prepared from magnesium and
      anhydrous methanol), there is obtained a product containing the alpha and
      beta epoxides in a ratio of 4:1.
PAR  Following the procedures of Examples 7, but replacing the DME with a
      mixture of toluene-DME (10:1) and replacing the lithium hydroxide with
      Triton B (benzyltrimethylammonium hydroxide) is methanol, there are
      obtained the alpha and beta epoxides in a ratio of 7.2:1.
PAR  Following the procedures of Example 7, but replacing the DME with a mixture
      of toluene-DME (1:1) and holding the reaction temperature at
      -40.degree.C., the product contains the alpha and beta epoxides in a ratio
      of 6.2:1.
PAR  Following the procedures of Example 7, but replacing the DME with
      tetrahydrofuran (THF) and replacing the lithium hydroxide solution with
      Triton B, there is obtained the alpha and beta epoxides in a ratio of
      4.5:1.
PAC  EXAMPLE 8
PAC  15.beta.-PGE.sub.2 15-Acetate Methyl Ester and 11.beta. ,15.beta.-PGE.sub.2
      15-Acetate Methyl Ester
PAR  Granular aluminum metal (50 g.) is added to a solution of mercuric chloride
      (50 g.) in 2 l. of water. The mixture is swirled until hydrogen gas
      evolution starts to become vigorous (about 30 seconds). Then, most of the
      aqueous solution is decanted, and the rest is removed by rapid filtration.
      The amalgamated aluminum is washed rapidly and successively with two
      200-ml. portions of methanol and two 200-ml. portions of anhydrous diethyl
      ether. The amalgamated aluminum is then covered with anhydrous diethyl
      ether until used.
PAR  Methanol (250 ml.) and water (25 ml.) are added to a solution of a mixture
      of the alpha and beta 10,11-epoxides of 15.beta.-PGA.sub.2 acetate methyl
      ester (275 g.) in 2500 ml. of diethyl ether. The mixture is cooled to
      -10.degree.C. and the amalgamated aluminum prepared as above from 50 g. of
      aluminum metal is added. The mixture is stirred and maintained at about
      25.degree.C. with external cooling. After 1 hour, amalgamated aluminum
      prepared as above from 50 g. of aluminum metal is added. After an
      additional hour of stirring at 25.degree.C., amalgamated aluminum prepared
      as above from 50 g. of aluminum metal and also 25 ml. of water are added.
      After an additional hour of stirring at 25.degree.C., 100 g. of magnesium
      sulfate is added as a filter aid, and the mixture is filtered. The filter
      cake is washed thoroughly with dichloromethane and the combined filtrate
      and washings are evaporated at 25.degree.C. under reduced pressure to give
      a mixture (247 g.) of 15.beta.-PGE.sub.2 15-acetate methyl ester and
      11.beta. ,15.beta.-PGE.sub.2 15-acetate methyl ester.
PAR  Part of this mixture (210 g.) is chromatographed on 30 kg of silica gel
      wet-packed with 60 l. of 25% ethyl acetate in Skellysolve B (6-inch
      diameter column), eluting successively with 60-l. portions of 25, 30, 35,
      40, 45, 50, 55, and 60% ethyl acetate in Skellysolve B, collecting 4-l.
      fractions. Fractions 71-76 are combined and evaporated to give 27 g. of
      11.beta. ,15.beta.-PGE.sub.2 15-acetate methyl ester. Fractions 81-98 are
      combined and evaporated to give 115 g. of 15.beta.-PGE.sub.2 15-acetate
      methyl ester.
PAC  EXAMPLE 9
PAC  15.beta.-PGE.sub.2 15-Acetate Methyl Ester and 11.beta. ,15.beta.-PGE.sub.2
      15-Acetate Methyl Ester
PAR  Anhydrous sodium acetate (0.5 g.) and zinc dust (500 mg.) are added to a
      solution of a mixture of the alpha and beta expoxides of
      15.beta.-PGA.sub.2 acetate methyl ester, prepared as in Example 5, in 5
      ml. of acetic acid. This mixture is stirred at 25.degree.C in an
      atmosphere of nitrogen and cooled to about 15.degree.C. One-half ml. of a
      solution of chromium (III) chloride hexahydrate (300 mg.) in 1 ml. of
      water is added, and the mixture is stirred at 0.degree.C. for 3 hours. The
      mixture is then diluted with ethyl acetate, and the solution is washed
      successively with four portions of water, one N hydrochloric acid, sodium
      bicarbonate solution, and brine, dried with anhydrous sodium sulfate, and
      evaporated. The residue is chromatographed on 20 g. of sslica gel, eluting
      with 600 ml. of a gradient of 20-75% ethyl acetate in Skellysolve B,
      collecting 25-ml. fractions. Fractions 10 and 11 are combined to give 11
      .beta., 15.beta.-PGE.sub.2 15-acetate methyl ester. Fractions 13 and 14
      are combined to give 15.beta.-PGE.sub.2 15-acetate methyl ester.
PAC  EXAMPLE 10
PAC  PGE.sub.2 Methyl Ester and 11.beta.-PGE.sub.2 Methyl Ester
PAR  Freshly prepared chromiun (11) acetate (450 mg., argon atmospheric:
      Inorganic Syntheses, 8, 125) is added to a solution of 136 mg. of epoxides
      (Example 6) in a mixture of 3 ml. of acetic acid and one ml. of water in
      an atmosphere of argon at 0.degree.C. The mixture is stirred at
      5.degree.C. under argon for 18 hours. Ice is then added to the mixture,
      and that mixture is extracted with ethyl acetate. The extract is washed
      successively with water, one N hydrochloric acid, sodium bicarbonate
      solution, and brine, dried with anhydrous sodium sulfate, and evaporated.
      The residue is chromatographed on silica gel (20 g.), eluting with 600 ml.
      of a gradient of 20-100% ethyl acetate in Skellysolve B, collecting 20 ml.
      fractions. Fractions 19-22 are combined and evaporated to give 27 mg. of
      11.beta.-PGE.sub.2 methyl ester. Fractions 24-27 are combined and
      evaporated to give 5 mg. of PGL.sub.2 methyl ester.
PAC  EXAMPLE 11
PAC  PGE.sub.2  and 11.beta.-PGE.sub.2
PAR  Hydrogen peroxide (0.35 ml.; 30% aqueous) is added to a solution of
      PGA.sub.2 (200 mg.) in 5 ml. of methanol. The mixture is cooled to
      -20.degree.C., and 0.75 ml. of one N aqueous sodium hydroxide solution is
      slowly added with stirring. After one hour of stirring at -20.degree.C., 1
      ml. of one N hydrochloric acid is added, and the mixture is evaporated
      under reduced pressure. The residue is dissolved in ethyl acetate, and the
      resulting solution is washed successively with water and brine, dried with
      anhydrous sodium sulfate, and evaporated. The residue is treated with
      amalgamated aluminum as described in Example 8, using 2.5 ml. diethyl
      ether, 0.25 ml. methanol, and 0.03 ml. water, the amalgamated aluminum
      being added in 2 portions. When the reduction is complete, ethyl acetate
      and one N hydrochloric acid are added to the reaction mixture and the
      mixture is separated in a separatory funnel. The ethyl acetate layer is
      washed successively with one N hydrochloric acid, water, and brine, dried
      with anhydrous sodium sulfate, and evaporated. The residue is subjected to
      preparative thin layer chromatography to give PGE.sub.2 and
      11.beta.-PGE.sub.2 in the ratio 1:2.
PAC  EXAMPLE 12
PAC  15.beta.-PGE.sub.2 and 11.beta., 15.beta.-PGE.sub.2
PAR  Following the procedure of Example 11, 15 .beta.-PGA.sub.2 is transformed
      to 15.beta.-PGE.sub.2 and 11.beta., 15.beta.-PGE.sub.2, those being
      obtained in the ratio 1:1.
PAC  EXAMPLE 13
PAC  PGE.sub.2 and 11.beta.-PGE.sub.2.
PAR  Hexamethyldisilizane (1 ml.) and trimethylchlorsilane (0.2 ml.) are added
      with stirring to a solution of PGA.sub.2 (250 mg.) in 4 ml. of
      tetrahydrofuran at 0.degree.C under nitrogen. This mixture is maintained
      at 5.degree.C. for 15 hours. The mixture is then evaporated under reduced
      pressure. Toluene is added and evaporated twice. Then the residue is
      dissolved in 6 ml. of methanol, and the solution is cooled to
      -20.degree.C. Hydrogen peroxide (0.45 ml.; 30% aqueous) is added. Then,
      one N sodium hydroxide solution 0.9 ml.) is added dropwise with stirring
      at -20.degree.C. After 2 hours at -20.degree.C., and additional 0.3 ml of
      the sodium hydroxide solution is added with stirring at -20.degree.C.
      After another hour in the range -10.degree. to -20.degree.C., an
      additional 0.1 ml. of the sodium hydroxide solution is added. The, 1.5 ml.
      of one N hydrochloric acid is added, and the mixture is evaporated under
      reduced pressure. The residue is extracted with ethyl acetate, and the
      extract is washed successively with one N hydrochloric acid and brine,
      dried with anhydrous sodium sulfate and evaporated. The residue is
      dissolved in 5 ml. of diethyl ether. To this solution is added 0.5 ml. of
      methanol and 0.1 ml of water. Then, amalgamated aluminum made from 0.5 g.
      of aluminum metal as described in Example 8 is added is small portions
      during 3 hours at 25.degree.C. Then, ethyl acetate and 3 N hydrochloric
      acid are added, and the ethyl acetate layer is separated and washed
      successively with one N hydrochloric acid and brine, dried with anhydrous
      sodium sulfate, and evaporated. The residue is chromatographed on 50 g. of
      acid-washed silica gel, eluting first with 400 ml. of a gradient of
      50-100% ethyl acetate in Skellysolve B, and then with 100 ml. of 5%
      methanol in ethyl acetate, collecting 25 ml. fractions. Fractions 9 and 10
      are combined and evaporated to give 18 mg. of 11.beta.-PGE.sub.2.
      Fractions 17-25 are combined and evaporated to give 39 mg. of PGE.sub.2.
PAR  Following the procedures of Example 13 but replacing PGA.sub.2 with
      PGA.sub.2 acetate and optionally omitting the silylation step, there are
      obtained the corresponding PGE.sub.2 15-acetate and 11.beta.-PGE.sub.2
      15-acetate compounds.
PAC  EXAMPLE 14
PAC  PGE.sub.2
PAR  Refer to Chart C.
PAR  a. Silylation. A mixture of PGA.sub.2 (0.68 g.), 4 ml. of tetrahydrofuran
      (THF), and 1 ml, of trimethylchlorosilane solution (5% in
      hexamethyldisilazane) is stirred under nitrogen for 2 hrs. at about
      25.degree.C. Then the silylated material is concentrated by removal of the
      THF under reduced pressure, utilizing added benzene (10 ml.) to facilitate
      removal of THF.
PAR  b. Oxidation. A cold (-40.degree. C.) solution of the above silylated
      material in 15 ml. of isopropyl alcohol is mixed with 1.2 ml. of 30%
      aqueous hydrogen peroxide, followed by 1.5 ml. of 3 N. aqueous lithium
      hydroxide added dropwise. The temperature is allowed to warm to about
      -30.degree. C. The reaction is continued until the PGA.sub.2 has been
      exhausted as shown by the absence of PGA.sub.2 in a thin layer
      chromatographic (TLC) spot test using the A-IX system (Hamberg and
      Samuelsson, J.Biol. Chem. 241, 257 (1966). At -30.degree. C., the reaction
      time is about 3-4 hrs. After completion, 5 ml. of 1 N. hydrochloric acid
      is added and the mixture is concentrated under reduced pressure. The
      residue is extracted with ethyl acetate, washed with 0.5 N. hydrochloric
      acid and then brine, dried over sodium sulfate, and concentrated to the
      epoxide.
PAR  c. Reduction and hydrolysis. A solution of the above epoxide in 20 ml. of
      THF and 2 ml. of methanol is stirred with 4 ml. of saturated aqueous
      sodium bicarbonate solution and cooled to 15.degree. C. To the mixture is
      added, in portions with vigorous stirring, an aluminum amalgam made from 1
      g. of powdered aluminum (Example 8). After stirring at about 25.degree. C.
      for 45 min., a sample is analyzed by TLC for PGE.sub.2 and epoxide.
      Reaction is continued if necessary. When the epoxide is no longer present,
      the supernatant suspension is decanted from the aluminum which is further
      washed with ethyl acetate. The combined decantate and washes are
      concentrated under reduced pressure. The residue is taken up in about
      15-20 ml. of ethyl acetate and shaken with 20 ml. of 1 N. hydrochloric
      acid. The layers are separated, the organic phase is washed with 0.5 N.
      hydrochloric acid, and then brine, dried and concentrated to an oily
      residue of 0.837 g.
PAR  d. Separation. A solution of the above residue in a small amount of 20%
      ethyl acetate-Skellysolve B (isomeric hexanes) is applied to a
      chromatographic column of 65 g. of acid-washed silica, e.g. Mallinckrodt
      Silicar CC-4. Elution with a gradient of 20-100% ethyl acetate-Skellysolve
      B gives fractions. Those fractions which are shown by TLC to contain the
      desired compound are combined, and concentrated. There is obtained in
      separate fractions PGE.sub.2, 0.5 g., and 11.beta.-PGE.sub.2, 0.05 g.
PAR  Alternatively, the oily product from c above is triturated in ethyl
      acetate-cyclohexane (1:1), cooled to about 10.degree. C. and seeded to
      yield crystalline PGE.sub.2, about 0.4 g. The mother liquor is subjected
      to silica gel chromatography to yield separate fractions of about 0.1 g.
      PGE.sub.2 and 0.05 g. 11.beta.-PGE.sub.2.
PAC  EXAMPLE 15
PAC  PGE.sub.2
PAR  a. Silylation. Following the procedure of Example 14, step a, PGA.sub.2
      (0.68 g.) is silylated and concentrated.
PAR  b. Oxidation. A cold (-40.degree. C.) solution of the above silylated
      material in 3.0 ml. of isopropyl alcohol is mixed with 0.84 ml. of t-butyl
      hydroperoxide, followed by the addition of 0.352 g. of lithium hydroxide
      monohydrate. The reaction is continued at -40.degree. C. to -20.degree. C.
      for 5 hrs. Then, the pH of the mixture is adjusted to about 8.0 by adding
      carbon dioxide.
PAR  c. Reduction and hydrolysis. The above mixture is diluted with 20 ml. of
      THF and cooled to 15.degree. C. To the mixture is added in portions with
      vigorous stirring, an aluminum amalgam made from 1 g. of powdered aluminum
      (Example 8). After stirring at about 25.degree. C. for 45 min., a sample
      is analyzed by TLC for PGE.sub.2 and epoxide. Reaction is continued if
      necessary. When the epoxide is no longer present, the supernatant
      suspension is decanted from the aluminum which is further washed with
      ethyl acetate. The combined decantate and washes are concentrated under
      reduced pressure. The residue is taken up in about 15-20 ml. of ethyl
      acetate and shaken with 20 ml. of 1 N. hydrochloric acid. The layers are
      separated, the organic phase is washed with 0.5 N. hydrochloric acid, and
      then brine, dried and concentrated to an oily residue of 0.837 g.
PAR  d. Separation. A solution of the above residue in a small amount of 20%
      ethyl acetate-Skellysolve B (isomeric hexanes) is applied to a
      chromatographic column of 65 g. of acid-washed silica, e.g. Mallinckrodt
      Silicar CC-4. Elution with a gradient of 20-100% ethyl acetate-Skellysolve
      B gives fractions. Those fractions which are shown by TLC to contain the
      desired compound are combined, and concentrated. There is obtained in
      separate fractions PGE.sub.2, 0.5 g., and 11.beta.-PGE.sub.2, 0.05 g.
PAC  EXAMPLE 16
PAC  15.beta.-PGE.sub.2 11-Si-(CH.sub.3).sub.3 Ether 15-Acetate Methyl Ester.
PAR  Hexamethyldisilazane (100 g.) and then trimethylchlorosilane (20 g.) are
      added to a solution of 15.beta.-PGE.sub.2 15-acetate methyl ester (Example
      8) in 400 ml. of tetrahydrofuran with vigorous stirring at 25.degree. C.
      under nitrogen. The reaction mixture is maintained in the range 20.degree.
      to 25.degree. C. by external cooling, and is stirred 2 hours under
      nitrogen. Then, the mixture is evaporated at 50.degree. C. at reduced
      pressure. The residue is mixed with 150 ml. of toluene, and the mixture is
      filtered through a pad of diatomaceous earth. The filtrate is evaporated
      at 50.degree. C. under reduced pressure. The residue is mixed with 150 ml.
      of toluene and again the toluene is removed under reduced pressure at
      50.degree. C. to give 75 g. of 15.beta.-PGE.sub.2 11--Si--(CH.sub.3).sub.3
      ether 15-acetate methyl ester.
PAR  Following the procedure of Example 16, 11.beta.-15.beta. -PGE.sub.2
      15-acetate methyl ester is transformed to the corresponding
      11--Si--(CH.sub.3).sub.3 ether.
PAR  Also following the procedure of Example 16, but using larger amounts of
      hexamethyldisilazane and trimethylchlorosilane, 15.beta.-PGE.sub.2 methyl
      ester, 15.beta.-PGE.sub.2, 11.beta.,15.beta.-PGE.sub.2 methyl ester, and
      11.beta.,15.beta.-PGE.sub.2 are transformed to the corresponding
      11,15-di-Si-(CH.sub.3).sub.3 ethers.
PAC  EXAMPLE 17
PAC  15.beta.-PGE.sub.2.sub..alpha. 15-Acetate Methyl Ester and
      15.beta.-PGF.sub.2.sub..beta. 15-Acetate Methyl Ester.
PAR  Sodium borohydride (1.42 g.) is added in one portion to a solution of
      15.beta.-PGE.sub.2 11--Si--(CH.sub.3).sub.3 ether 15-acetate methyl ester
      (Example 16) (30.7 g.) in 500 ml. of absolute ethanol at 0.degree. C. with
      stirring. The mixture is stirred at 0.degree. C. for 3.5 hours. Then, 10
      ml of glacial acetic acid is added slowly with stirring at 0.degree. C.
      Then, 100 ml. of water is added, and the mixture is allowd to warm to
      25.degree. C. with stirring, and is stirred 15 hours at 25.degree. C. The
      ethanol is evaporated under reduced pressure, and the residue is mixed
      with 400 ml. of brine. The mixture is extracted with 3 portions of ethyl
      acetate (400 ml., 250 ml., and 150 ml.). The combined extracts are washed
      successively with two 100-ml. portions of water, 100 ml. of saturated
      aqueous sodium bicarbonate solution, two 100-ml. portions of brine, dried
      with anhydrous sodium sulfate, and evaporated under reduced pressure to
      give 24.5 g. of a mixture of 15.beta.-PGF.sub.2.sub..alpha. 15-acetate
      methyl ester and 15.beta.-PGF.sub.2.sub..beta. 15 -acetate methyl ester.
PAC  EXAMPLE 18
PAC  15.beta.-PGF.sub.2.sub..alpha.  and 15.beta.-PGF.sub.2.sub..beta.
PAR  Aqueous sodium hydroxide solution (10%; 275 ml.) is added to a solution of
      48 g. of a mixture of 15.beta.-PGF.sub.2.sub..alpha. 15-acetate methyl
      ester and 15.beta.-PGF.sub.2.sub..beta. 15-acetate methyl ester (Example
      17) in 350 ml. of methanol at 0.degree. C. with stirring under nitrogen.
      The mixture is allowed to warm to 25.degree. C. with stirring, and is
      stirred 3 hours at 25.degree. C. Then, the methanol is evaporated under
      reduced pressure at 35.degree. C. The aqueous residue is cooled and
      extracted once with a mixture of diethyl ether and dichloromethane (1:1).
      Then, the aqueous residue is acidified with 260 ml. of 3 N hydrochloric
      acid, saturated with sodium chloride, and extracted with 3 portions of
      ethyl acetate (400 ml., 250 ml., and 150 ml.). The combined extracts are
      washed successively with two 100-ml. portions of water and two 100-ml.
      portions of brine, dried with anhydrous sodium sulfate, and evaporated to
      give 42 g. of a mixture of 15.beta.-PGF.sub.2.sub..alpha.  and
      15.beta.-PGF.sub.2.sub..beta..
PAC  EXAMPLE 19
PAC  15-Oxo-PGF.sub.2.sub..alpha.  and 15-Oxo-PGF.sub.2.sub..beta.
PAR  The mixture of 15.beta.-PGF.sub.2.sub..alpha.  and
      15.beta.-PGF.sub.2.sub..beta.  (42 g.) obtained as in Example 18 is
      dissolved in 950 ml. of dioxane. To this solution at 25.degree. C. is
      added 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (40 q.). This mixture is
      stirred 18 hours at 50.degree. C. under nitrogen. The mixture is then
      cooled to 25.degree. C. and filtered. The filter cake is washed with
      dichloromethane, and the combined filtrate and washing are evaporated
      under reduced pressure at 45.degree. C. to give a mixture (66 g.) of
      15-oxo-PGF.sub.2.sub..alpha.  and 15-oxo-PGF.sub.2.sub..beta.
PAR  Part of this mixture (33 g.) is chromatographed on 3 kg. of acid-washed
      silica gel, eluting successively with 10 l. 60%, 10 l. 70%, 10 l. 80%, 20
      l 90% ethyl acetate in Skellysolve B, 15 l. ethyl acetate, and 10 l. 5%
      methanol in ethyl acetate, collecting 650-ml. fractions. Fractions 42-53
      are combined and evaporated to give 8.3 g. of
      15-oxo-PGF.sub.2.sub..alpha.. Fractions 64-85 are combined and evaporated
      to give 3.3 g. of 15-oxo-PGF.sub.2.sub..beta..
PAC  EXAMPLE 20
PAC  PGF.sub.2.sub..alpha.  and 15.beta.-PGF.sub.2.sub..alpha..
PAR  Hexamethyldisilazane (70 ml.) and trimethylchlorosiiane (14 ml.) are added
      with vigorous stirring to a solution of 15-oxo-PGF.sub.2.sub..alpha.  (3.0
      g.) in 350 ml. of tetrahydrofuran at 25.degree. C. under nitrogen. The
      mixture is stirred 18 hours at 25.degree. C. under nitrogen. Then, the
      mixture is evaporated under reduced pressure at 50.degree. C. Toluene (100
      ml.) is added to the residue, and the mixture is filtered through a pad of
      diatomaceous earth. The filtrate is evaporated, and 100 ml. of toluene is
      added to the residue. This mixture is evaporated under reduced pressure to
      give the 9,11-di-Si-(Ch.sub.3).sub.3 ether of
      15-oxo-PGF.sub.2.sub..alpha..
PAR  This disilyl ether is dissolved in 20 ml. of 1,2-di-methoxyethane. Sodium
      borohydride (680 mg.) is suspended in 65 ml. of 1,2-dimethoxyethane at
      0.degree. C. under nitrogen. Anhydrous zinc chloride (1.23 g.) is added to
      this suspension, and the mixture is stirred 30 minutes of 0.degree. C.
      Then, the solution of the disilyl ether is added dropwise during 10
      minutes with stirring at 0.degree. C. The resulting mixture is allowed to
      warm to 25.degree. C. with stirring, and is stirred 4 hours at 25.degree.
      C. Then, 30 ml. of water is added, followed by 8 ml. of glacial acetic
      acid. This mixture is stirred 15 hours at 25.degree. C. The mixture is
      then poured into a mixture of ice and 100 ml. of 0.5 N hydrochloric acid.
      That mixture is saturated with sodium chloride, and then extracted with
      several portions of ethyl acetate. The combined extracts are washed with
      brine, dried with anhyrous sodium sulfate, and evaporated under reduced
      pressure. The residue (3.2 g.) is chromatographed on 600 g. of acidwashed
      silica gel, eluting successively with 5 l of 75% ethyl acetate in
      Skellysolve B, 5 l. of 90% ethyl acetate in Skellysolve B, and 5 l. of a
      gradient of 90% ethyl acetate and 10% methanol in ethyl acetate,
      collecting 550-ml. fractions. Fractions 21-26 are combined and evaporated
      to give 543 mg. of 15.beta.-PGF.sub.2.sub..alpha.. Fractions 28-36 are
      combined and evaporated to give 1.62 g. of PGF.sub.2.sub..alpha..
PAC  EXAMPLE 21
PAC  15.beta.-PGF.sub.2.sub..alpha.  15-Acetate Methyl Ester and
      15.beta.-PGF.sub.2.sub..beta.  15-Acetate Methyl Ester.
PAR  Sodium borohydride (6.0 g.) is added in one portion with vigorous stirring
      to a solution of 15.beta.-PGE.sub.2 11-Si-(CH.sub.3).sub.3 ether
      15-acetate methyl ester (77 g.) in 1500 ml. of methanol at -30.degree. C.
      Then 5.0 g. sodium borohydride is added and the mixture is stirred one
      hour at -30.degree. C., and a second hour while warming at 20.degree. C.
      Then, glacial acetic acid (30 ml.) is added slowly, followed by 125 ml. of
      water. This mixture is stirred 15 hours at 25.degree. C., and then
      evaporated under reduced pressure. The residue is mixed with brine (2
      volumes), and the mixture is extraced 3 times with ethyl acetate. The
      combined extracts are washed successively with water, sodium bicarbonate
      solution, and brine, dried with anhydrous sodium sulfate, and evaporated
      under reduced pressure to give 60 g. of a mixture of
      15.beta.-PGF.sub.2.sub..alpha.  15-acetate methyl ester and
      15.beta.-PGF.sub.2.sub..beta.  15-acetate methyl ester.
PAR  Part (21 g.) of this mixture is chromatographed on 1.8 kg. of silica gel,
      wet-packed in 50% ethyl acetate in Skellysolve B, eluting successively
      with 20 l. 50%, 20 l. 60%, and 5 l. 75% ethyl acetate in Skellysolve B,
      collecting 650-ml. fractions. Fractions 12-26 are combined and evaporated
      to give 22.0 g. of 15.beta.-PGF.sub.2.sub..alpha.  15-acetate methyl
      ester. Fractions 44-61 are combined and evaporated to give 6.11 g. of
      15.beta.-PGF.sub.2.sub..beta.  15-acetate methyl ester.
PAC  EXAMPLE 22
PAC  15.beta.-PGF.sub.2.sub..alpha.
PAR  Following the procedure of Example 18, 15.beta.-PGF.sub.2.sub..alpha.
      15-acetate methyl ester is saponified to 15.beta.-PGF.sub.2.sub..alpha.
PAC  EXAMPLE 23
PAC  15.beta.-PGF.sub.2.sub..beta.
PAR  Following the procedure of Example 18, 15.beta.-PGF.sub.2.sub..beta.
      15-acetate methyl ester is saponified to 15.beta.-PGF.sub.2.sub..beta..
PAC  EXAMPLE 24
PAC  15-Oxo-PGF.sub.2.sub..alpha.
PAR  Following the procedure of Example 19, 15.beta.-PGF.sub.2.sub..alpha.  is
      oxidized to 15-oxo-PGF.sub.2.sub..alpha.
PAC  EXAMPLE 25
PAC  15-Oxo-PGF.sub.2.sub..beta.
PAR  Following the procedure of Example 19, 15.beta.-PGF.sub.2.sub..beta.  is
      oxidized to 15-oxo-PGF.sub.2.sub..beta..
PAC  EXAMPLE 26
PAC  PGF.sub.2.sub..beta.  and 15.beta.-PGF.sub.2.sub..beta.
PAR  Following the procedure of Example 20, 15-oxo-PGF.sub.2.sub..beta.  is
      silylated and then reduced to a mixture of PGF.sub.2.sub..beta.  and
      15.beta.-PGF.sub.2.sub..beta.  which are separated as described for the
      alpha compounds in Example 20.
PAC  EXAMPLE 27
PAC  11.beta.,15.beta.-PGF.sub.2.sub..alpha.  and
      11.beta.,15.beta.-PGF.sub.2.sub..beta.
PAR  Following the procedures of Example 16 and 21 11.beta.,15.beta. -PGE.sub.2
      15-acetate methyl ester is transformed to a mixture of
      11.beta.,15.beta.-PGF.sub.2.sub..alpha.  15-acetate methyl ester and
      11.beta. ,15.beta.-PGF.sub.2.sub..beta.  15-acetate methyl ester which are
      separated as described for the products of Example 21. Those acetate
      methyl esters are then separately saponified as in Example 18 to give
      11.beta.,15.beta.-PGF.sub.2.sub..alpha.  and 11.beta.
      ,15.beta.-PGF.sub.2.sub..beta..
PAC  EXAMPLE 28
PAC  11.beta.-15-Oxo-PGF.sub.2.sub..alpha.
PAR  Following the procedure of Example 19,
      11.beta.,15.beta.-PGF.sub.2.sub..alpha.  is oxidized to
      11.beta.-15-oxo-PGF.sub.2.sub..alpha..
PAC  EXAMPLE 29
PAC  11.beta.-15-Oxo-PGF.sub.2.sub..beta.
PAR  Following the procedure of Example 19,
      11.beta.,15.beta.-PGF.sub.2.sub..beta.  is oxidized to
      11.beta.-15-oxo-PGF.sub.2.sub..beta..
PAC  EXAMPLE 30
PAC  11.beta.-15-PGF.sub.2.sub..alpha.  and
      11.beta.,15.beta.-PGF.sub.2.sub..alpha..
PAR  Following the procedure of Example 20,
      11.beta.-15-oxo-PGF.sub.2.sub..alpha. is silylated and then reduced to a
      mixture of 11.beta.-PGF.sub.2.sub..alpha.  and
      11.beta.,15.beta.-PGF.sub.2.sub..alpha.  which are separated as described
      for the products of Example 20.
PAC  EXAMPLE 31
PAC  11.beta.-PGF.sub.2.sub..beta.  and 11.beta.-15.beta.-PGF.sub.2.sub..beta.
PAR  Following the procedure of Example 20, 11.beta.-15-oxo-PGF.sub.2.sub..beta.
       is silylated and then reduced to a mixture of
      11.beta.-PGF.sub.2.sub..beta.  and 11.beta.,15.beta.-PGF.sub.2.sub..beta.
      which are separated as described for the products of Example 20.
PAC  EXAMPLE 32
PAC  PGF.sub.2.sub..alpha.  and PGF.sub.2.sub..beta.
PAR  a. Silylation. Following the procedure of Example 14, step a PGA.sub.2
      (0.68 g.) is silylated and concentrated.
PAR  b. Oxidation. A cold (-40.degree. C.) solution of the above silylated
      material in 15 ml. of isopropyl alcohol is mixed with 1.2 ml. of 30%
      aqueous peroxide, followed by 1.5 ml. of 3 N. aqueous lithium hydroxide
      added dropwise. The reaction is continued at about -30.degree. C. for 4
      hrs. Then, the pH of the mixture is adjusted to about 8.0 by adding carbon
      dioxide and the mixture is concentrated under reduced pressure.
PAR  c. Reduction and hydrolysis. The residue above is taken up in 20 ml. of THF
      and 2 ml. of methanol. To it is added with vigorous stirring, an aluminum
      amalgam made from 1 g. of powdered aluminum. (Example 8). After the
      epoxide is no longer present as shown by TLC, the mixture is heated to
      60.degree. C. for about one hour to reduce all 9-oxo compounds to
      9-hydroxy compounds. There is thereby formed a mixture containing
      F.sub.2.sub..alpha.. F.sub.2.sub..beta.. 11.beta.-F.sub.2.sub..alpha.. and
      11.beta.-F.sub.2.sub..beta.  salts. The mixture is cooled and
      thesupernatant material is decanted from the aluminum which is further
      washed with ethyl acetate. The combined decantate and washes are
      concentrated under reduced pressure. The residue is taken up in ethyl
      acetate and acidified, while stirring, with 20 ml. of 1 N. hydrochloric
      acid. The layers are separated and the organic phase is washed with 0.5 N.
      hydrochloric acid and then brine dried and concentrated under reduced
      pressure.
PAR  d. Separation. A solution of the above residue in a small amount of 20%
      ethyl acetate-Skellysolve B (isomeric hexanes) is applied to a
      chromatographic column of acid-washed silica, e.g. Mallinckrolt Silicar
      CC-4. Elution with a gradient of 20-100% ethyl acetate-Skellysolve B gives
      fractions. Those fractions which are shown by TLC to contain
      PGF.sub.2.sub..alpha.  are combined and concentrated to yield
      PGF.sub.2.sub..alpha.. Likewise, those fractions shown to contain
      PGF.sub.2.sub..beta., 11.beta.-PGF.sub.2.sub..alpha., or
      11.beta.-PGF.sub.2.sub..beta.  are combined and concentrated to yield
      those compounds, respectively.
PAC  EXAMPLE 33
PAC  PGF.sub.2.sub..alpha.  and PGF.sub.2.sub..beta.
PAR  Hydrogen peroxide (3.5 ml., 30% aqueous) is added with stirring to a
      solution of PGA.sub.2 acetate methyl ester (2.65 g) in 50 ml. of methanol
      under a nitrogen atmosphere at -20.degree. C. Then, 5.0 ml. of 0.1 N.
      aqueous potassium hydroxide solution is added gradually over one hr. with
      stirring at -20.degree. C. The mixture is stirred an additional 2 hrs. at
      -20.degree. C. Then, carbon dioxide is added to the mixture to adjust the
      pH to about 7.0-8.0, and the mixture containing the alpha and beta
      10,11-epoxides is concentrated under reduced pressure.
PAR  The above residue is taken up in 80 ml. of THF and 8 ml. of methanol, and
      cooled to -10.degree. C. To the mixture is added in portions, with
      vigorous stirring, an aluminum amalgam made from 4 g. of powdered aluminum
      (Example 8). The mixture is stirred and maintained at about 25.degree. C.
      with cooling. After an hour, a sample is analyzed by TLC for 10,11-epoxide
      of PGA.sub.2 15-acetate methyl ester and for PGE.sub.2 15-acetate methyl
      ester. Reaction is continued at about 25.degree. C. until substantially no
      epoxide is left. The reaction mixture is then warmed to 60.degree. C.,
      with stirring. After 1 hour a sample is analyzed by TLC for PGE.sub.2
      15-acetate methyl ester and 11.beta.-PGE.sub.2 15-acetate methyl ester and
      for the corresponding PGF.sub.2.sub..alpha.  and PGF.sub.2.sub..beta.
      compounds. Reaction is continued at 60.degree.  C. until no PGE.sub.2
      compounds are left. The mixture is cooled and the supernatant material is
      decanted from the aluminum which is further washed with ethyl acetate. The
      combined decantate and washes are concentrated under reduced pressure. The
      residue is taken up in ethyl acetate and chromatographed on silica gel,
      eluting with 20-100% ethyl acetate-Skellysolve B, collecting fractions.
      Those fractions which are shown by TLC to contain PGF.sub.2.sub..alpha.
      15-acetate methyl ester are combined and concentrated to give that
      compound. Likewise, the fractions containing PGF.sub.2.sub..beta.
      15-acetate methyl ester are combined and concentrated to give that
      compound.
PAR  PGF.sub.2.sub..alpha.  and PGF.sub.2.sub..beta.  are obtained by
      saponification of the above corresponding 15-acetate methyl esters.
      Aqueous sodium hydroxide (2.75 ml 10%) is added to a solution of
      PGF.sub.2.sub..alpha.  15-acetate methyl ester (0.48 g.) in 10 ml. of
      methanol at 0.degree. C. with stirring under nitrogen. The mixture is
      allowed to warm to 25.degree. C. with stirring and is stirred 3 hrs. at
      25.degree. C. The mixture is partially concentrated under reduced
      pressure. The aqueous residue is cooled and extracted once with a mixture
      of diethyl ether and dichloromethane (1:1). The aqueous residue is
      acidified with about 2.6 ml. of 3 N. hydrochloric acid, saturated with
      sodium chloride, and extracted with ethyl acetate. The organic phase is
      washed with water and brine, dried with anhydrous sodium sulfate, and
      concentrated to PGF.sub.2.sub..alpha.. In a similar fashion,
      PGF.sub.2.sub..beta.  is obtained by saponification of
      PGF.sub.2.sub..beta.  15-acetate methyl ester.
CLMS
STM  We claim:
NUM  1.
PAR  1. The compound of the formula
      ##SPC14##
PAL  wherein R.sub.1 is hydrogen, alkyl of 1 to 8 carbon atoms, inclusive,
      cycloalkyl, of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl or phenyl substituted with one, 2, or 3 chloro or
      alkyl of 1 to 4 carbon atoms, inclusive, and the pharmacologically
      acceptable salts thereof when R.sub.1 is hydrogen.
NUM  2.
PAR  2. The compound according to claim 1 wherein R.sub.1 is methyl.
NUM  3.
PAR  3. The compound according to claim 1 wherein R.sub.1 is hydrogen.
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ABST
PAL  Novel methods are disclosed for transforming PGA.sub.2 and
      15.beta.-PGA.sub.2 and their acetates, methyl esters, and acetate methyl
      esters to various prostanoic acids and esters of the PGE.sub.2 and
      PGF.sub.2.sub..alpha. series. Some of the latter are novel and are useful
      for the same pharmacological purposes as PGE.sub.2 and
      PGF.sub.2.sub..alpha..
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 403,094, filed Oct. 3, 1973,
      which is a division of 159,478, filed July 2, 1971, now U.S. Pat. No.
      3,772,350, which is a continuation-in-part of our co-pending application
      Ser. No. 71,390, filed September 11, 1970, now abandoned.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to novel compositions of matter, to novel methods
      for preparing them, and to novel intermediates used in those methods. This
      invention also relates to novel methods for preparing known compounds, and
      to novel intermediates used in those methods.
PAR  In particular, the several aspects of this invention relate to derivatives
      of prostanoic acid which has the following structure and numbering:
      ##SPC1##
PAR  Some of the derivatives of prostanoic acid are known as prostaglandins. One
      of those, prostaglandin E.sub.2 (PGE.sub.2), has the following formula:
      ##SPC2##
PAL  Another, prostaglandin F.sub.2.sub..alpha. (PGF.sub.2.sub..alpha.), has the
      formula:
      ##SPC3##
PAL  Still another, prostaglandin F.sub.2.sub..beta., (PGF.sub.2.sub..beta.),
      has the formula:
      ##SPC4##
PAR  In Formulas I to IV and in the formulas recited hereinafter in the
      specification and claims, broken line attachments to the cyclopentane ring
      indicate substituents in alpha configuration, i.e., below the plane of the
      cyclopentane ring.
PAR  The side-chain hydroxy at C-15 in Formulas II to IV is in S (alpha)
      configuration. That configuration is shown by attachment of side-chain
      hydroxy to C-15 with a dotted line and hydrogen with a heavy solid line.
      The alternative configuration for the side-chain hydroxy at C-15 is known
      as R or epi (beta), and is shown when necessary by attachment of said
      side-chain hydroxy to C-15 with a heavy solid line and hydrogen with a
      dotted line, thus
      ##EQU1##
      The prostaglandin corresponding to PGE.sub.2 (Formula II) but with the R
      or epi configuration at C-15 will be designated 15.beta.-PGE.sub.2. See
      Nature, 212, 38 (1966) for discussion of the stereochemistry of the
      prostaglandins.
PAR  These conventions regarding formulas, names, and symbols for derivatives of
      prostanoic acid apply to the formulas, names, and symbols given
      hereinafter in the specification and claims. When reference is made
      hereinafter to the compounds of Formulas II to IV, by the symbols
      PGE.sub.2, PGF.sub.2.sub..alpha., or PGF.sub.2.sub..beta., or to the
      methyl esters of any of those, 15(S) configuration will be intended and by
      established custom, "S" or alpha will not be mentioned in the name or
      symbol. For all of the other compounds recited hereinafter, the
      configuration at C-15 will be identified in the name as "15.beta."
      whenever the 15(R) configuration is intended.
PAR  Molecules of the known prostaglandins each have several centers of
      asymmetry, and can exist in racemic (optically inactive) form and in
      either of the two enantiomeric (optically active) forms, i.e., the
      dextrorotatory and levorotatory forms. As drawn, Formulas II to IV each
      represent the particular optically active form of the prostaglandin which
      is obtained from certain mammalian tissues, for example, sheep vesicular
      glands, swine lung, or human seminal plasma, or by carbonyl and/or double
      bond reduction of a prostaglandin so obtained. See, for example, Bergstrom
      et al., Pharmacol. Rev. 20, 1 (1968) and references cited therein.
PAR  The several aspects of this invention relate to novel methods for preparing
      PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta., their acetates
      and methyl esters, and the 15.beta.-epimers of those compounds, to novel
      intermediates used in those methods, to novel methods used to make those
      intermediates, and to certain novel and pharmacologically useful analogs
      of PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta..
PAR  The novel and pharmacologically useful PGE.sub.2, PGF.sub.2.sub..alpha.,
      and PGF.sub.2.sub..beta. analogs of this invention have the formulas:
      ##SPC5##
      ##SPC6##
PAL  In Formulas V, VI, and VII, R.sub.1 is hydrogen, alkyl of 1 to 8 carbon
      atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl
      of 7 to 12 carbon atoms, inclusive, phenyl, or phenyl substituted with one
      to 3 chloro or alkyl of one to 4 carbon atoms, inclusive. Also encompassed
      by Formulas V, VI, and VII are pharmacologically acceptable salts when
      R.sub.1 is hydrogen. In Formulas V and VII, Y is
      ##EQU2##
      In Formula V, B is
      ##EQU3##
      In Formula VI, .about. indicates attachment to the ring in alpha or beta
      configuration.
PAR  It will be observed that each of the novel compounds of Formulas V and VI
      has a hydroxy group attached to the 11-position in beta configuration. In
      PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta., and in the
      compounds of Formula VII, the hydroxy at C-11 is attached in alpha
      configuration.
PAR  With regard to Formulas V, VI, and VII, examples of alkyl of 1 to 8 carbon
      atoms, inclusive, are methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
      octyl, and isomeric forms thereof. Examples of cycloalkyl of 3 to 10
      carbon atoms, inclusive, which includes alkyl-substituted cycloalkyl, are
      cyclopropyl, 2-methylcyclopropyl, 2,2-dimethylcyclopropyl,
      2,3-diethylcyclopropyl, 2-butylcyclopropyl, cyclobutyl,
      2-methylcyclobutyl, 3-propylcyclobutyl, 2,3,4-triethylcyclobutyl,
      cyclopentyl, 2,2-dimethylcyclopentyl, 3-pentylcyclopentyl,
      3-tert-butylcyclopentyl, cyclohexyl, 4-tert-butylcyclohexyl,
      3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl, cycloheptyl, cyclooctyl,
      cyclononyl, and cyclodecyl. Examples of aralkyl of 7 to 12 carbon atoms,
      inclusive, are benzyl, phenethyl, 1-phenylethyl, 2-phenylpropyl,
      4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-naphthylmethyl). Examples of phenyl substituted by 1 to 3 chloro or
      alkyl of 1 to 4 carbon atoms, inclusive, are p-chlorophenyl,
      m-chlorophenyl, o-chlorophenyl, 2,4-dichlorophenyl, 2,4,6-trichlorophenyl,
      p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl, p-tert-butylphenyl,
      2,5-dimethylphenyl, 4-chloro-2-methylphenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  The known prostanoic acid derivatives, PGE.sub.2, PGF.sub.2.sub..alpha.,
      and PGF.sub.2.sub..beta., and their esters and pharmacologically
      acceptable salts are extremely potent in causing various biological
      responses. For that reason, these compounds are useful for pharmacological
      purposes. See, for example, Bergstrom et al., cited above, and references
      cited therein. A few of those biological responses are systemic arterial
      blood pressure lowering in the case of the PGE.sub.2 and
      PGE.sub.2.sub..beta. compounds as measured, for example, in anesthetized
      (pentobarbital sodium) pentolinium-treated rats with indwelling aortic and
      right heart cannulas; pressor activity, similarly measured, for the
      PGF.sub.2.sub..alpha. compounds; stimulation of smooth muscle as shown,
      for example, by tests on strips of guinea pig ileum, rabbit duodenum, or
      gerbil colon; potentiation of other smooth muscle stimulants;
      antilipolytic activity as shown by antagonism of epinephrine-induced
      mobilization of free fatty acids or inhibition of the spontaneous release
      of glycerol from isolated rat fat pads; inhibition of gastric secretion in
      the case of the PGE.sub.2 compounds as shown in dogs with secretion
      stimulated by food or histamine infusion; activity on the central nervous
      system; controlling spasm and facilitating breathing in asthmatic
      conditions; decrease of blood platelet adhesiveness as shown by
      platelet-to-glass adhesiveness, and inhibition of blood platelet
      aggregation and thrombus formation induced by various physical stimuli,
      e.g., arterial injury, and various biochemical stimuli, e.g., ADP, ATP,
      serotonin, thrombin, and collagen; and in the case of the PGE.sub.2
      compounds, stimulation of epidermal proliferation and keratinization as
      shown when applied in culture to embryonic chick and rat skin segments.
PAR  Because of these biological responses, these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE.sub.2 compounds, are
      useful in mammals, including man, as nasal decongestants. For this
      purpose, the compounds are used in a dose range of about 10 .mu.g. to
      about 10 mg. per ml. of a pharmacologically suitable liquid vehicle or as
      an aerosol spray, both for topical application.
PAR  The PGE and PGF.sub.301  compounds are useful in the treatment of asthma.
      For example, these compounds are useful as bronchodilators or as
      inhibitors of mediators, such as SRS-A and Histamine which are released
      from cells activated by an antigen-antibody complex. Thus, these compounds
      control spasm and facilitate breathing in conditions such as bronchial
      asthma, bronchitis, bronchiectasis, pneumonia and emphysema. For these
      purposes, these compounds are administered in a variety of dosage forms,
      e.g., orally in the form of tablets, capsules, or liquids; rectally in the
      form of tablets, capsules, or liquids; rectally in the form of
      suppositories, parenterally, subcutaneously, or intramuscularly, with
      intravenous administration being preferred in emergency situations; by
      inhalation in the form of aerosols or solutions for nebulizers; or by
      insufflation in the form of powder. Doses in the range of about 0.01 to 5
      mg. per kg. of body weight are used one to four times a day, the exact
      dose depending on the age, weight, and condition of the patient and on the
      frequency and route of administration. For the above use these
      prostaglandins can be combined advantageously with other anti-asthmatic
      agents, such as sympathomimetics (isoproterenol, phenylephrine, ephedrine,
      etc.); xanthine derivatives (theophylline and aminophyllin); and
      cortico-steroids (ACTH and predinisolone). Regarding use of these
      compounds see South African Pat. No. 681,055.
PAR  The PGE.sub.2 compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secretion, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of such ulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta. compounds
      are useful whenever it is desired to inhibit platelet aggregation, to
      reduce the adhesive character of platelets, and to remove or prevent the
      formation of thrombi in mammals, including man, rabbits, and rats. For
      example, these compounds are useful in the treatment and prevention of
      myocardial infarcts, to treat and prevent post-operative thrombosis, to
      promote patency of vascular grafts following surgery, and to treat
      conditions such as atherosclerosis, arteriosclerosis, blood clotting
      defects due to lipemia, and other clinical conditions in which the
      underlying etiology is associates with lipid imbalance or hyperlipidemia.
      For these purposes, these compounds are administered systemically, e.g.,
      intravenously, subcutaneously, intramuscularly, and in the form of sterile
      implants for prolonged action. For rapid response, especially in emergency
      situations, the intravenous route of administration is preferred. Doses in
      the range about 0.005 to about 20 mg. per kg. of body weight per day are
      used, the exact dose depending on the age, weight, and condition of the
      patient or animal, and on the frequency and route of administration.
PAR  The PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta. compounds
      are especially useful as additives to blood, blood products, blood
      substitutes, and other fluids which are used in artificial extracorporal
      circulation and perfusion of isolated body portions, e.g., limbs and
      organs, whether attached to the original body, detached and being
      preserved or prepared for transplant, or attached to a new body. During
      these circulations and perfusions, aggregated platelets tend to block the
      blood vessels and portions of the circulation apparatus. This blocking is
      avoided by the presence of these compounds. For this purpose, the compound
      is added gradually or in single or multiple portions to the circulating
      blood, to the blood of the donor animal, to the perfused body portion,
      attached or detached, to the recipient, or to two or all of those at a
      total steady state dose of about 0.001 to 10 mg. per liter of circulating
      fluid. It is especially useful to use these compounds in laboratory
      animals, e.g., cats, dogs, rabbits, monkeys, and rats, for these purposes
      in order to develop new methods and techniques for organ and limb
      transplants.
PAR  The PGE.sub.2 compounds are extremely potent in causing stimulation of
      smooth muscle, and are also highly active in potentiating other known
      smooth muscle stimulators, for example, oxytocic agents, e.g., oxytocin,
      and the various ergot alkaloids including derivatives and analogs thereof.
      Therefore PGE.sub.2, for example, is useful in place of or in combination
      with less than usual amounts of these known smooth muscle stimulators, for
      example, to relieve the symptoms of paralytic ileus, or to control or
      prevent atonic uterine bleeding after abortion or delivery, to aid in
      expulsion of the placenta, and during the puerperium. For the latter
      purpose, the PGE.sub.2 compound is administered by intravenous infusion
      immediately after abortion or delivery at a dose in the range about 0.01
      to about 50 .mu.g. per kg. of body weight per minute until the desired
      effect is obtained. Subsequent doses are given by intravenous,
      subcutaneous, or intramuscular injection or infusion during puerperium in
      the range 0.01 to 2 mg. per kg. of body weight per day, the exact dose
      depending on the age, weight, and condition of the patient or animal.
PAR  The PGE.sub.2 and PGF.sub.2.sub..beta. compounds are useful as hypotensive
      agents to reduce blood pressure in mammals, including man. For this
      purpose, the compounds are administered by intravenous infusion at the
      rate about 0.01 to about 50 .mu.g. per kg. of body weight per minute, or
      in single or multiple doses of about 25 to 500 .mu.g. per kg. of body
      weight total per day.
PAR  The PGE.sub.2, PGA.sub.2, and PGF.sub.2.sub..beta. compounds also increase
      the flow of blood in the mammalian kidney, thereby increasing volume and
      electrolyte content of the urine. Therefore, these compounds are useful in
      managing cases of renal disfunction, especially those involving blockage
      of the renal vascular bed. Illustratively, the compounds are useful to
      alleviate and correct cases of edema resulting, for example, from massive
      surface burns, and in the management of shock. For these purposes, the
      compounds are preferably first administered by intravenous injection at a
      dose in the range 10 to 1000 .mu.g. per kg. of body weight or by
      intravenous infusion at a dose in the range 0.1 to 20 .mu.g. per kg. of
      body weight per minute until the desired effect is obtained. Subsequent
      doses are given by intravenous, intramuscular, or subcutaneous injection
      or infusion in the range 0.05 to 2 mg. per kg. of body weight per day.
PAR  The PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta. compounds
      are useful in place of oxytocin to induce labor in pregnant female
      animals, including man, cows, sheep, and pigs, at or near term, or in
      pregnant animals with intrauterine death of the fetus from about 20 weeks
      to term. For this purpose, the compound is infused intravenously at a dose
      0.01 to 50 .mu.g. per kg. of body weight per minute until or near the
      termination of the second stage of labor, i.e., expulsion of the fetus.
      These compounds are especially useful when the female is one or more weeks
      post-mature and natural labor has not started, or 12 to 60 hours after the
      membranes have ruptured and natural labor has not yet started.
PAR  The PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., and PGE.sub.2 compounds
      are useful for controlling the reproductive cycle in ovulating female
      mammals, including humans and animals such as monkeys, rats, rabbits,
      dogs, cattle, and the like. For that purpose, PGE.sub.2 or
      PGF.sub.2.sub..alpha., for example, is administered systemically, e.g.,
      intravenously, subcutaneously, and intravaginally, at a dose level in the
      range 0.001 mg. to about 20 mg. per kg. of body weight of the female
      mammal, advantageously during a span of time starting approximately at the
      time of ovulation and ending approximately at the next expected time of
      menses or just prior to that time. Additionally, expulsion of an embryo or
      fetus (abortion) is accomplished by similar administration of the compound
      during the first third of the normal mammalian gestation period.
PAR  As mentioned above, the PGE.sub.2 compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      this compound is useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The novel formula-V, -VI, and -VII PGE.sub.2, PGF.sub.2.sub..alpha., and
      PGF.sub.2.sub..beta. analogs of this invention each cause the biological
      responses described above for PGE.sub.2, PGF.sub.2.sub..alpha., and
      PGF.sub.2.sub..beta., respectively, and each of these novel compounds is
      accordingly useful for the above-described corresponding purposes, and is
      used for those purposes in the same manner as described above.
PAR  PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta., and their
      esters and pharmacologically acceptable salts are all potent in causing
      multiple biological responses even at low doses. For example, PGE.sub.2 is
      extremely potent in causing vasodepression and smooth muscle stimulation,
      and is also potent as an antilipolytic agent. Moreover, for many
      applications, these known prostaglandins have an inconveniently short
      duration of biological activity. In striking contrast, the novel analogs
      of Formulas V, VI, and VII are substantially more specific with regard to
      potency in causing prostaglandin-like biological responses, and have a
      substantially longer duration of biological activity. Therefore, each of
      these novel prostaglandin analogs is surprisingly and unexpectedly more
      useful than one of the corresponding above-mentioned known prostaglandins
      for at least one of the pharmacological purposes because it has a
      different and narrower spectrum of biological activity than the known
      prostaglandins, and therefore is more specific in its activity and causes
      smaller and fewer undesired side effects than when the known prostaglandin
      is used for the same purpose. Moreover, because of its prolonged activity,
      fewer and smaller doses of the novel prostaglandin analog can frequently
      be used to attain the desired result.
PAR  The novel Formula-V, -VI, and -VII prostaglandin analogs are used as
      described above in free acid form in ester form, or in pharmacologically
      acceptable salt form. When the ester form is used, the alkyl esters are
      preferred, especially the alkyl esters wherein the alkyl moiety contains 1
      to 4 carbon atoms, inclusive. Of those alkyl, methyl and ethyl are
      especially preferred for optimum absorption of the compound by the body or
      experimental animal system.
PAR  Pharmacologically acceptable salts of these prostaglandin analogs useful
      for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc and iron, are within the scope of this
      invention.
PAR  Pharmacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, crotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      N-butylethanolamine, 2-amino-1-butanol, 2-amino-2-ethyl-1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)diethanolamine, galactamine,
      N-methylglucamine, N-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium, and the like.
PAR  As discussed above, these novel prostaglandin analogs are administered in
      various ways for various purposes; e.g., intravenously, intramuscularly,
      subcutaneously, orally, intravaginally, rectally, buccally, sublingually,
      topically, and in the form of sterile implants for prolonged action.
PAR  For intravenous injection or infusion, sterile aqueous isotonic solutions
      are preferred. For that purpose, it is preferred because of increased
      water solubility to use the free acid form or the pharmacologically
      acceptable salt form. For subcutaneous or intramuscular injection, sterile
      solutions or suspensions of the acid, salt, or ester form in aqueous or
      non-aqueous media are used. Tablets, capsules, and liquid preparations
      such as syrups, elixirs, and simple solutions, with the usual
      pharmaceutical carriers are used for oral or sublingual administration.
      For rectal or vaginal administration, suppositories, tampons, ring
      devices, and preparations adapted to generate sprays or foams or to be
      used for lavage, all prepared as known in the art, are used. For tissue
      implants, a sterile tablet or silicone rubber capsule or other object
      containing or impregnated with the substance is used.
PAR  The novel compounds of Formulas V, VI, and VII wherein R.sub.1 is other
      than hydrogen, i.e., the esters wherein R.sub.1 is alkyl or one to 8
      carbon atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive,
      aralkyl of 7 to 12 carbon atoms, inclusive, phenyl, or phenyl substituted
      with one to 3 chloro or alkyl of one to 4 carbon atoms, inclusive, are
      prepared from the corresponding acids of Formulas V, VI, and VII, i.e.,
      wherein R.sub.1 is hydrogen, by methods known in the art. For example, the
      alkyl, cycloalkyl, and aralkyl esters are prepared by interaction of said
      acids with the appropriate diazohydrocarbon. For example, when
      diazomethane is used, the methyl esters are produced. Similar use of
      diazoethane, diazobutane, 1-diazo-2-ethylhexane, diazocyclohexane, and
      phenyldiazomethane, for example, gives the ethyl, butyl, 2-ethylhexyl,
      cyclohexyl, and benzyl esters, respectively.
PAR  Esterification with diszohydrocarbons is carried out by mixing a solution
      of the diazohydrocarbon in a suitable inert solvent, preferably diethyl
      ether, with the acid reactant, advantageously in the same or a different
      inert diluent. After the esterification reaction is complete, the solvent
      is removed by evaporation, and the ester purified if desired by
      conventional methods, preferably by chromatography. It is preferred that
      contact of the acid reactants with the diazohydrocarbon be no longer than
      necessary to effect the desired esterification, preferably about one to
      about ten minutes, to avoid undesired molecular changes. Diazohydrocarbons
      are known in the art or can be prepared by methods known in the art. See,
      for example, Organic Reactions, John Wiley & Sons, Inc., New York, N.Y.,
      Vol. 8, pp. 389-394 (1954).
PAR  An alternative method for esterification of the carboxyl moiety of the
      novel PGr-type or PGE-type compounds of Formulas V, VI, and VII comprises
      transformation of the free acid to the corresponding silver salt, followed
      by interaction of that salt with an alkyl iodide. Examples of suitable
      iodides are methyl iodide, ethyl iodide, butyl iodide, isobutyl iodide,
      tert-butyl iodide, cyclopropyl iodide, cyclopentyl iodide, benzyl iodide,
      phenethyl iodide, and the like. The silver salts are prepared by
      conventional methods, for example, by dissolving the acid in cold dilute
      aqueous ammonia, evaporating the excess ammonia at reduced pressure, and
      then adding the stoichiometric amount of silver nitrate.
PAR  The phenyl and substituted phenyl esters of the Formula-V, -VI, and -VII
      compounds are prepared by silylating the acid to protect the hydroxy
      groups, for example, replacing each --OH with --O--Si--(CH.sub.3).sub.3.
      Doing that may also change --COOH to --COO--SI--Si--3).sub.3. A brief
      treatment of the silylated compound with water will change
      --COO--Si--(CH.sub.3).sub.3 back to --COOH. Procedures for this silylation
      are known in the art and are discussed hereinafter. Then, treatment of the
      silylated compound with oxalyl chloride gives the acid chloride which is
      reacted with phenol or the appropriate substituted phenol to give a
      silylated phenyl or substituted phenyl ester. Then the silyl groups, e.g.,
      --O--Si--(CH.sub.3).sub.3 are changed back to --OH by treatment with
      dilute acetic acid. Procedures for these transformations are known in the
      art.
PAR  The novel Formula-V, -VI, and -VII acids (R.sub.1 is hydrogen) are
      transformed to pharmacologically acceptable salts by neutralization with
      appropriate amounts of the corresponding inorganic or organic base,
      examples of which correspond to the cations and amines listed above. These
      transformations are carried out by a variety of procedures known in the
      art to be generally useful for the preparation of inorganic, i.e., metal
      or ammonium salts, amine acid addition salts, and quaternary ammonium
      salts. The choice of procedure depends in part upon the solubility
      characteristics of the particular salt to be prepared. In the case of the
      inorganic salts, it is usually suitable to dissolve the acid in water
      containing the stoichiometric amount of a hydroxide, carbonate, or
      bicarbonate corresponding to the inorganic salt desired. For example, such
      use of sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a
      solution of the sodium salt of the prostanoic acid derivative. Evaporation
      of the water or addition of a water-miscible solvent of moderate polarity,
      for example, a lower alkanol or a lower alkanone, gives the solid
      inorganic salt if that form is desired.
PAR  To produce an amine salt, the acid is dissolved in a suitable solvent of
      either moderate or low polarity. Examples of the former are ethanol,
      acetone, and ethyl acetate. Examples of the latter are diethyl ether and
      benzene. At least a stoichiometric amount of the amine corresponding to
      the desired cation is then added to that solution. If the resulting salt
      does not precipitate, it is usually obtained in solid form by addition of
      a miscible diluent of low polarity or by evaporation. If the amine is
      relatively volatile, any excess can easily be removed by evaporation. It
      is preferred to use stoichiometric amounts of the less volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      acid with the stoichiometric amount of the corresponding quaternary
      ammonium hydroxide in water solution, followed by evaporation of the
      water.
PAR  The novel compounds of Formulas V, VI, and VII wherein R.sub.1 is hydrogen
      or methyl, i.e., the free acids and the methyl esters, and also PGE.sub.2,
      PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta., and the methyl esters of
      those are prepared by novel methods which are described hereinafter. For
      those methods, one of the following starting materials is used:
      ##SPC7##
      ##SPC8##
PAL  In Formulas VIIa, VIII, and IX, R.sub.2 is either hydrogen or methyl, and
      R.sub.3 is hydrogen or acetyl.
PAR  It will be observed that the compounds encompassed by Formula VIIa are also
      encompassed by VII. Thus, some Formula-VII compounds are useful both as
      intermediates and for pharmacological purposes.
PAR  These Formula-VIIa, -VIII, and -IX starting materials are all derivatives
      of prostanoic acid. The compounds of Formula VIII are known in the art or
      are available by methods known in the art. See, for example, Weinheimer et
      al., Tetrahedron Letters, No. 59, 5185 (1969); H. W. Youngken, Jr. (ed),
      "Food-Drugs from the Sea", Proc. Marine Technology Society, pp. 311-314
      (1969). The Formula-VIII compound wherein R.sub.2 and R.sub.3 are both
      hydrogen is designated 15.beta.-PGA.sub.2, alternatively 15(R)-PGA.sub.2
      or 15-epi-PGA.sub. 2. The other compounds encompassed by Formula VIII are
      designated 15.beta.-PGA.sub.2 acetate, 15.beta.-PGA.sub.2 methyl ester,
      and 15.beta.-PGA.sub.2 acetate methyl ester.
PAR  The compounds of Formula VIIa are new in the art and methods for preparing
      them are described hereinafter. The Formula-VII a compound wherein R.sub.2
      and R.sub.3 are both hydrogen is designated 15.beta.-PGE.sub.2,
      alternatively 15(R)-PGE.sub.2 or 15-epi-PGE.sub.2. The other compounds
      encompassed by Formula VIIa are designated 15.beta.-PGE.sub.2 15-acetate,
      15.beta.-PGE.sub.2 methyl ester, and 15.beta.-PGE.sub.2 acetate methyl
      ester.
PAR  The compounds of Formula IX are known in the art. See, for example, British
      patent specification No. 1,097,533. Novel methods for preparing these
      Formula-IX compounds are described hereinafter. The Formula-IX compound
      wherein R.sub.2 and R.sub.3 are hydrogen is designated PGA.sub.2. The
      other compounds encompassed by Formula IX are designated PGA.sub.2
      acetate, PGA.sub.2 methyl ester, and PGA.sub.2 acetate methyl ester.
PAR  All of the compounds of Formulas VIIa, VIII, and IX are obtained by
      extraction from a marine invertebrate. The compounds of Formula VIIa and
      VIII, i.e., the 15.beta. compounds, are obtained from colonies of Plexaura
      homomalla (Esper), 1792, forma R. The compounds of Formula IX, i.e., the
      15(S) or alpha compounds, are obtained from colonies of Plexaura homomalla
      (Esper), 1792, forma S.
PAR  These Plexaura homomalla forms are members of the subclass Octocorallia,
      order Gorgonacea, suborder Holaxonia, family Plexauridae, genus Plexaura.
      See, for example, Bayer, "The Shallow-Water Octocorallia of the West
      Indian Region", Martinus Nijhoff, The Hague (1961). Colonies of these
      Plexaura homomalla forms are abundant on the ocean reefs in the zone from
      the low-tide line to about 25 fathoms in the tropical and subtropical
      regions of the western part of the Atlantic Ocean, from Bermuda to the
      reefs of Brazil, including the eastern shore reefs of Florida, the
      Caribbean island and mainland reefs, and the Gulf of Mexico island and
      mainland reefs. These colonies are bush-like or small tree-like in habit,
      and are readily identified for collection as Plexaura homomalla (Esper),
      1792, by those of ordinary skill in this art. Forms R and S are
      distinguished by the methods described in Preparation 1 below.
PAR  The colonies of these two forms of Plexaura homomalla are easily separated
      into an outer bark-like cortex and an inner wiry proteinaceous stem or
      skeleton. Symbiotic algae or Zooxanthellae are also present in the
      colonies. Weinheimer et al., cited above, disclose the occurence of the
      Formula-VIII compounds wherein R.sub.2 and R.sub.3 are both hydrogen and
      wherein R.sub.2 is methyl and R.sub.3 is acetyl in the air dried cortex of
      "Plexaura homomalla (Esper)".
PAR  The choice of isolation or extraction method is determined by the
      particular Formula-VIIa, -VIII, or -IX compound desired. Maximum yield of
      the Formula-VIII or -IX diester is realized by freezing whole or coarsely
      cut or chopped fresh Plexaura homomalla colonies within an hour and
      preferably sooner after the colonies are removed from the reef. For small
      scale collections, this freezing is done advantageously by contacting the
      colonies or pieces with solid carbon dioxide. For larger scale
      collections, other suitable freezing methods are known to the art. The
      frozen colonies or colony pieces should be kept frozen, preferably below
      about -20.degree. C. until the extraction takes place.
PAR  The major component of fresh Plexaura homomalla (Esper), 1792, forma R is
      15.beta.-PGA.sub.2 acetate methyl ester, the Formula-VIII compound wherein
      R.sub.2 is methyl and R.sub.3 is acetyl. Relatively minor components are
      the hydroxy methyl ester, the acetate, and the hydroxy acid of Formula
      VIII and the 15.beta.-PGE.sub.2 compounds encompassed by Formula VIIa. Of
      the latter, the 15.beta.-PGE.sub.2 acetate methyl ester (R.sub.2 is methyl
      and R.sub.3 is acetyl) is the most abundant. The major component of
      Plexaura homomalla (Esper), 1792, forma S is PGA.sub.2 acetate methyl
      ester, the Formula-IX compound wherein R.sub.2 is methyl and R.sub.3 is
      acetyl. Relatively minor components are the hydroxy methyl ester, the
      acetate, and the hydroxy acid of Formula IX, and the PGE.sub.2 compounds
      corresponding to Formula VIIa but having the 15(S) configuration.
PAR  When the acetate methyl ester compound of Formula VIIa, VIII, or IX
      (R.sub.2 is methyl, R.sub.3 is acetyl) is desired as a starting material,
      a suitable method comprises grinding the frozen whole Plexaura homomalla
      colonies or colony pieces, advantageously in a hogger to a particle size
      with the largest dimension about 5 mm., and then extracting the resulting
      particles with any of the usual organic solvents, preferably one with
      moderate to high polarity, e.g., dichloromethane or methanol,
      advantageously, for 15 to 30 minutes in a high speed mixer. The desired
      compounds are isolated from the extract by evaporation, and then
      chromatography of the resulting residue. By this procedure, about 24 g. of
      15.beta.-PGA.sub.2 acetate methyl ester, and about one g. each of
      15.beta.-PGA.sub.2 methyl ester and 15.beta.-PGE.sub.2 are obtained by
      dichloromethane extraction of 1500 g. of frozen Plexaura homomalla
      (Esper), 1792, forma R colonies or colony pieces. Similarly, relatively
      large amounts of PGA.sub.2 acetate methyl ester are obtained from frozen
      Plexaura homomalla (Esper), 1792, forma S.
PAR  When the 15-hydroxy methyl ester of Formula VIIa, VIII, or IX (R.sub.2 is
      methyl, R.sub.3 is hydrogen) is desired as a starting material, a suitable
      method comprises grinding the frozen whole Plexaura homomalla colonies or
      colony pieces as above, and then contacting the resulting particles with a
      lower alkanol, preferably methanol or ethanol, at 25.degree. C. for
      several days. The solvent is then evaporated and the residue
      chromatographed to give substantially larger amounts of the hydroxy methyl
      ester compound relative to the acetate methyl ester compound. When the
      contact between the Plexaura homomalla particles and the alkanol is
      substantially shorter, substantially the same amount and ratio of the
      various Formula-VIIa, -VIII, or -IX compounds is obtained with the alkanol
      as with dichloromethane. An alternative method for obtaining these
      15-hydroxy methyl esters is described below.
PAR  When 15.beta.-PGA.sub.2, 15.beta.-PGE.sub.2, or PGA.sub.2 (R.sub.2 and
      R.sub.3 in Formulas VIIa, VIII, and IX are both hydrogen) are desired as
      starting materials in the novel processes of this invention, they are
      prepared from the corresponding methyl esters and 15-acetate methyl esters
      after those have been extracted from the Plexaura homomalla colonies or
      colony pieces as described above. A suitable method for removing the
      acetyl group of each of the Formula-VIIa, -VIII, and -IX 15-acetate methyl
      esters comprises mixing the acetate methyl ester in lower alkanol
      solution, preferably in methanol solution, with a strong acid, e.g.,
      perchloric acid, for about 15 hours at 25.degree. C. A suitable method for
      removing the methyl group of any of the Formula-VIIa, -VIII, and -IX
      methyl esters is the enzymatic hydrolysis described in West Germany
      Offenlegungschrift No. 1,937,912, reprinted in Farmdoc Complete
      Specifications, Book No. 14, No. 6869R, Week R.sub.5, March 18, 1970.
PAR  Another method for obtaining 15.beta.-PGA.sub.2, 15.beta.-PGE.sub.2, or
      PGA.sub.2 from Plexaura homomalla colonies or colony pieces comprises
      freezing the Plexaura homomalla colonies or colony pieces, preferably at a
      temperature below about -20.degree. C., and then allowing the colonies or
      colony pieces to thaw and warm to a temperature in the range 20.degree. to
      30.degree. C. The thawed colonies or colony pieces are then maintained in
      the range 20.degree. to 30.degree. C. for at least 24 hours. After that
      treatment, substantially none of the Formula-VIIa, -VIII, and -IX
      compounds wherein R.sub.2 is methyl and R.sub.3 is acetyl are present, the
      principal Formula-VIIa, -VIII, and -IX compounds present being those
      wherein R.sub.2 and R.sub.3 are both hydrogen, the minor components being
      those wherein R.sub.2 is methyl and R.sub.3 is hydrogen or wherein R.sub.2
      is hydrogen and R.sub.3 is acetyl. As before, Formula-VIIa and -VIII
      compounds are obtained from colonies of Plexaura homomalla (Esper), 1792,
      forma R, and Formula-IX compounds are obtained from colonies of Plexaura
      homomalla (Esper), 1792, forma S.
PAR  A preferred procedure for the PGA.sub.2 and PGE.sub.2 type free acids
      comprises grinding the Plexaura homomalla colonies or colony pieces,
      preferably to a particle size with the largest dimension about 5 mm., and
      then maintaining the mixture in contact with water at a temperature in the
      range 20.degree. to 30.degree. C. for at least 24 hours. This mixture is
      filtered, and the filtrate is extracted with an appropriate
      water-immiscible solvent, e.g., ethyl acetate. The solid residue is also
      extracted with an appropriate solvent, e.g., methanol. The two extracts
      are evaporated, and the total residue is chromatographed to give
      Formula-VIIa and -VIII or Formula-IX compounds, the principal component in
      each case being the compound wherein R.sub.2 and R.sub.3 are both
      hydrogen.
PAR  Since our invention of the novel processes for transforming PGA.sub.2 and
      15.beta.-PGA.sub.2 and their methyl esters and acetate methyl esters to
      the various prostanoic acids and esters disclosed herein, it has now been
      found that small amounts of the 5,6-trans compounds of PGA.sub.2 and
      15.beta.-PGA.sub.2 and their methyl esters and acetate methyl esters are
      also obtained from Plexaura homomalla (Esper), 1792, forms R and S. These
      5,6-Trans compounds are extracted with and accompany the corresponding
      PGA.sub.2 -type compounds through many of their transformations. For
      example, PGA.sub.2 containing 5,6-trans-PGA.sub.2 yields a mixture of
      PGE.sub.2 and 5,6-trans-PGE.sub.2 by the process represented in Chart E
      below.
PAR  When it is desired, for pharmacological purposes, to prepare the major
      products of this invention free of 5.6-trans compounds, those 5,6-trans
      compounds are separated either from the starting reactants or from the
      products. In either case, several methods are available for separating the
      5,6-trans-PG.sub.2 compounds from the PG.sub.2 compounds. One method is by
      means of a silver-saturated ion-exchange resin (for example, see E. A.
      Emken et al., J. Am. Oil Chemists' Soc. 41, 388 (1964)), illustrated below
      in Preparations 5 and 6. The other method is by preferentially forming a
      mercuric acetate adduct of the 5,6-cis compound which is extractable into
      polar solvents illustrated below in Preparation 7.
PAR  Following the processes discussed herein and the procedures of the Examples
      below, the 5,6-trans-PG (and -15.beta.-PG.sub.2) compounds are transformed
      to other 5,6-trans-PG.sub.2 (and -15.beta.-PG.sub.2) compounds, e.g.,
      5,6-trans-PGA.sub.2 to 5,6-trans-PGE.sub.2, 5,6-trans-15.beta.-PGA.sub.2
      acetate methyl ester to 5,6-trans-15.beta.-PGF.sub.2.beta.  acetate methyl
      ester, and the like.
PAR  As mentioned above, the Formula-VIIa, -VIII, and -IX compounds are starting
      materials for the preparation of PGE.sub.2, PGF.sub.2.sub..alpha., and
      PGF.sub.2.sup..omega., the methyl esters of those, and also the novel
      compounds of Formulas V and VI, and some of the novel compounds of Formula
      VII. The novel processes using these starting materials will now be
      described.
PAR  The Formula-VIII and -IX starting materials are both of the PGA-type.
      According to the novel processes of this invention, those are first
      transformed to corresponding PGE-type compounds. The chemical reactions
      involved in those transformations are shown generically in Chart A.
PAR  In Chart A, R.sub.4 is hydrogen, methyl, or --Si--(A).sub.3 wherein A is
      alkyl of one to 4 carbon atoms, inclusive, aralkyl of T to 12 carbon
      atoms, inclusive, phenyl, or phenyl substituted with one or 2 fluoro,
      chloro, or alkyl of one to 4 carbon atoms, inclusive; G is
      ##EQU4##
      wherein R.sub.5 is hydrogen, acetyl, or --Si--(A).sub.3 when R.sub.4 is
      hydrogen or methyl, and R.sub.5 is --Si(A).sub.3 when R.sub.4 is
      --Si--(A).sub.3 ; R.sub.2 is hydrogen or methyl; and B is
      ##EQU5##
PAR  Thus, Formula X in Chart A encompasses the starting materials of Formulas
      VIII and IX obtained from Plexaura homomalla, and also compounds of the
      formula:
      ##SPC9##
PAL  wherein R.sub.4 is as defined above, and Z is
      ##EQU6##
      wherein A is as defined above.
PAR   In Formula XI, of Chart A,
      ##SPC10##
PAL  indicates attachment of the epoxy oxygen to the ring in alpha or beta
      configuration. In Formulas XII and XIII of Chart A, .about. indicates
      attachment of hydroxy to the ring in alpha or beta configuration.
PAC  CHART A
      ##SPC11##
PAR  It will be observed in Chart A that the Formula-XII and -XIII products each
      encompass four stereoisomeric groups of compounds. Included are compounds
      with the 11.alpha., 15(S) configuration of PGE.sub.2 (Formula II, above),
      compounds with the configuration of 11.alpha., 15.beta.-PGE.sub.2 (Formula
      VIIa) as obtained from Plexaura homomalla (Esper), 1792, forma R, and both
      the 15(S) and 15(R) compounds with the 11.beta. configuration of the novel
      Formula-V compounds of this invention wherein Y is
      ##EQU7##
      i.e., 11.beta.-PGE.sub.2 and 11.beta.,15.beta. -PGE.sub.2. If the
      Formula-XII or -XIII product is to have the 15(S) configuration, e.g.,
      PGE.sub.2 or 11.beta.-PGE.sub.2, then the Formula-X starting material
      should have the 15(S) configuration, i.e., G should be
      ##EQU8##
      If a 15.beta. compound of Formula XII or XIII is desired, e.g.,
      15.beta.-PGE.sub.2 or 11.beta.,15.beta. -PGE.sub.2, then the Formula-X
      starting material should have the 15(R) or 15-epi configuration, i.e., G
      should be
      ##EQU9##
PAR  As described above, Formula-IX starting materials wherein R.sub.2 is
      hydrogen or methyl and R.sub.3 is hydrogen, and with the 15(S)
      configuration, are obtained from Plexaura homomalla (Esper), 1792, forma
      S. Those same compounds are also produced by reacting the corresponding
      15(R) (beta) compound with a hydrocarbyl or halohydrocarbyl sulfonyl
      chloride or bromide, preferably a lower alkylsulfonyl chloride or bromide,
      especially methanesulfonyl chloride or bromide, or a benzene- or
      substituted-benzenesulfonyl chloride or bromide, e.g., p-toluenesulfonyl
      chloride. This reaction is done in the presence of at least sufficient
      tertiary amine, e.g., triethylamine, to absorb the hydrogen chloride or
      hydrogen bromide by-product, and at a low temperature, preferably in the
      range -15.degree. to +15.degree. C. The presence of an inert liquid
      diluent, e.g., tetrahydrofuran, is helpful to maintain a mobile homogenous
      reaction mixture. At 0.degree. C. and with methanesulfonyl chloride,
      usually 30 to 60 minutes is a sufficient reaction time. The product is
      hydrolyzed to a mixture of 15(S) (alpha) and 15(R) hydroxy compounds.
      These are separated by procedures known in the art, and the 15(S) product
      is purified by procedures known in the art, advantageously by
      chromatography on silica gel. This reaction is also used to transform
      15(S) Formula-IX starting materials wherein R.sub.2 is hydrogen or methyl
      and R.sub.3 is hydrogen to the corresponding 15(R) compounds. In each
      case, a mixture of 15(R) product and 15(S) starting material is obtained,
      the components of which are separated as described above.
PAR  Another method of transforming a 15.beta.-PG compound to a PG compound is
      by converting it to a mixture of PG 15-formate nad 15.beta.-PG 15-formate
      compounds, separating the PG 15-formate, and hydrolyzing the PG 15-formate
      to the desired PG compound (see J.E. Pike et al., J. Org. Chem. 34, 3552
      (1969)).
PAR  The mixture of alpha and beta 15-formates is prepared by maintaining the
      15.beta. compound, e.g. 15.beta.-PGE.sub.2, 15.beta.-PGA.sub.2, or
      15.beta.-PGF.sub.2.sub..alpha., in formic acid buffered with an alkali
      metal formate in the range 10.degree. to 50.degree. C. until a substantial
      amount of the 15.beta. compound, e.g. 15.beta.-PGE.sub.2 15-formate, has
      been transformed to the PG 15-formate. The mixture of the PG 15-formate
      and 15.beta. 15-formates thus obtained is then separated by known methods,
      e.g. by chromatography.
PAR  The PG 15-formate can then be hydrolyzed to the desired PG 15-hydroxy
      compound. The 15.beta.-PG 15-formate yields the corresponding 15.beta.-PG
      15-hydroxy compound, which is then recycled through the above steps for
      further isomerization to the PG compound if desired.
PAR  This procedure is also useful to transform a PG compound to a 15.beta. PG
      compound, by obtaining a mixture of the intermediate PG 15-formate and
      15.beta.-PG 15-formate compounds, separating them, and hydrolyzing them to
      the respective PG 15-hydroxy and 15.beta.-PG 15-hydroxy compounds. In this
      case, the PG compound is recycled for further isomerization to the
      15.beta. compound.
PAR  Referring again to Chart A, the transformation of starting material X to
      epoxide XI is carried out by reacting X with any agent known to epoxidize
      an .alpha..beta.-unsaturated ketone without reacting with isolated
      carbon-carbon double bonds, for example see Steroid Reactions, Carl
      Djerassi, ed., Holden-Day Inc., 1963, p. 593. Especially preferred are
      aqueous hydrogen peroxide or an organic tertiary hydroperoxide. See, for
      example, Organic Peroxides, A.V. Tobolsky et al., Interscience Publishers,
      N.Y., 1954. For this purpose, the peroxide or hydroperoxide is employed in
      an amount of at least one equivalent per mole of Formula-X reactant in the
      presence of a strong base, e.g., an alkali metal hydroxide, a metal
      alkoxide, or a quaternary ammonium hydroxide. For example, there is
      employed lithium hydroxide, sodium hydroxide, potassium hydroxide, lithium
      ethoxide, lithium octyloxide, magnesium methoxide, magnesium isopropoxide,
      benzyltrimethylammonium hydroxide, tetraethylammonium hydroxide,
      butyltrimethylammonium hydroxide, butyldiethylphenylammonium hydroxide,
      benzylethyldimethylammonium hydroxide, benzyldimethyloctadecylammonium
      hydroxide, benzyldodecyldimethylammonium hydroxide,
      decyldimethylphenylammonium hydroxide, and the like. See, for example,
      Sidgwick, Organic Chemistry of Nitrogen, Third Edition, rev. by Miller and
      Springall, Oxford, 1966, pp. 116-127.
PAR  The ratio of alpha to beta epoxide formed in the reaction is related to
      four factors: the epoxidizing agent, the base, the diluent, and the
      temperature. Hydrogen peroxide is employed in the concentrations usually
      available, for example 3% to 90%, although 30% is especially convenient.
      When the alpha epoxide is the desired product, tert-butyl hydroperoxide is
      especially preferred as the epoxidizing agent. Examples of other organic
      tertiary hydroperoxides useful for this purpose are tert-pentyl
      hydroperoxide, decahydronaphthyl hydroperoxide,
      .alpha.,.alpha.-dimethylbenzyl hydroperoxide, and 1,1-diphenylethyl
      hydroperoxide. The base is present in the proportion of 0.1-3.0,
      preferably about 0.1-0.5 equivalent of base per mole of starting material
      X when R.sub.4 is methyl and R.sub.5 is acetyl; preferably about 1.5.2.5
      equivalent of base per mole of starting material VIII or IX wherein
      R.sub.2 and R.sub.3 are hydrogen. When the alpha epoxide is the desired
      product, lithium hydroxide, lithium or magnesium alkoxides of 1 to 8
      carbon atoms, and benzyltrimethylammonium hydroxide are the preferred
      bases, although the lithium and magnesium compounds are especially
      preferred.
PAR  It is advantageous to use an inert liquid diluent in the epoxidation step
      to produce a mobile homogenous reaction mixture, for example, a lower
      alkanol, dioxane, tetrahydrofuran, dimethoxyethane, dimethylsulfoxide, or
      dimethylsulfone. When the alpha epoxide is preferred, tetrahydrofuran or
      the less polar dimethoxyethane are especially preferred as the diluent. A
      reaction temperature in the range -60.degree. to 0.degree. C. is generally
      preferred, especially below -10.degree. C. The lower temperatures below
      -30.degree. C. are especially preferred for favoring formation of alpha
      epoxide over beta epoxide. At a temperature of -20.degree. C., the
      epoxidation is usually complete in 3 to 6 hours. It is also preferred that
      the reaction be carried out in an atmosphere of an inert gas, e.g.,
      nitrogen, helium, or argon. When the reaction is complete as shown by the
      absence of starting material on TLC plates (3% acetone in
      dichloromethane), the reaction mixture is neutralized, and the epoxy
      product is isolated by procedures known in the art, for example,
      evaporation of the diluent and extraction of the residue with an
      appropriate water-immiscible solvent, e.g., ethyl acetate.
PAR  This transformation of X to XI usually produces a mixture of Formula-XI
      alpha and beta epoxides both with either the 15(R) or 15(S) configuration
      depending on the configuration at C-15 in the Formula-X starting material.
      Although these mixtures are separated into the individual alpha and beta
      isomers, for example, by chromatography by procedures known to be useful
      for separating alpha and beta epoxide mixtures, it is usually advantageous
      to transform the Formula-XI mixture of alpha and beta epoxides to the
      corresponding mixture of Formula-XII II.alpha. and II.beta. hydroxy
      compounds. The latter mixture is then readily separated into the II.alpha.
      and II.beta. compounds, for example, by chromatography of silica gel.
PAR  During the transformation of epoxides XI to alcohols XII, an alpha epoxide
      yields an II.alpha.-hydroxy compound, and a beta epoxide yields an
      II.beta.-hydroxy compound. The ratio of alpha to beta epoxides in XI, and
      hence the eventual ratio of II.alpha. and II.beta. alcohols in XII,
      produced from starting material X is dependent in large measure on the
      nature of R.sub.5 in X. Recall that G is defined as
      ##EQU10##
      wherein R.sub.5 is hydrogen, acetyl, or --Si--(A).sub.3 wherein A is as
      defined above. For either definition of G, i.e., R configuration or S
      configuration, when R.sub.5 is hydrogen, more Formula-XI beta epoxide is
      formed than when R.sub.5 is acetyl, and more Formula-XI beta epoxide is
      formed when R.sub.5 is acetyl than when R.sub.5 is --Si--(A).sub.3. For
      example, when G in formula X is
      ##EQU11##
      the preferred basic hydrogen peroxide epoxidation gives about equal
      amounts of alpha and beta epoxides, but when G in formula X is
      ##EQU12##
      about 3 parts of alpha epoxide and one part of beta epoxide are obtained,
      and when G in formula X is
      ##EQU13##
      about 4 parts of alpha epoxide and one part of beta epoxide are obtained,
      both reactions with the same epoxidation reagent. When G in formula X is
      ##EQU14##
      about one part of alpha epoxide and 3 parts of beta epoxide are obtained
      with basic hydrogen peroxide, but when G is
      ##EQU15##
      about 6 parts of alpha epoxide and 4 parts of beta epoxide are obtained
      with the same epoxidation reagent.
PAR  Each of the novel Formula-V and -VI compounds of this invention has a
      hydroxy attached in beta configuration to the cyclopentane ring. Some of
      the compounds of Formula V, i.e., when Y is
      ##EQU16##
      are encompassed by Formula XII (Chart A). The other Formula-V compounds
      and all of the Formula VI compounds are prepared as described below from
      Formula-XII compounds wherein the hydroxy at C-11 is attached in beta
      configuration. Therefore, when a Formula-V or Formula-VI compound is
      described as a final product for pharmacological purposes, there is
      advantage in choosing a corresponding Formula-X starting material which
      gives the maximum amount of beta epoxide during the transformation of X to
      XI. Those will be the Formula-X compounds wherein G is
      ##EQU17##
PAR  On the other hand, when a prostanoic acid product with the natural
      11.alpha. configuration for the hydroxy at C-11 is the desired final
      product, e.g., PGE.sub.2, PGF.sub.2.sub..alpha., or PGF.sub.2.sub..beta.,
      there is advantage in choosing a Formula-X starting material which gives a
      greater amount of the alpha epoxide during the transformation of X to XI.
      Those would be Formula-X compounds wherein X is
      ##EQU18##
      or the corresponding 15(S) compounds.
PAR  As mentioned above, the starting material of Formula X encompass not only
      the Formula-VIII and -IX compounds obtained from Plexaura homomalla but
      also the silyl compounds of Formula X.sub.a. When desired as reactants,
      these silyl compounds are prepared by silylation of PGA.sub.2,
      15.beta.-PGA.sub.2, or the methyl esters of those. These silylations are
      carried out by procedures known in the art. See, for example, Pierce,
      "Silylation of Organic Compounds", Pierce Chemical Co., Rockford, Ill.
      (1968). The C-15 hyroxy group of PGA.sub.2, 15.beta.-PGA.sub.2, or their
      methyl esters is transformed to an --O--Si--(A).sub.3 moiety wherein A is
      as defined above, sufficient silylating agent be ng used according to
      known procedures to accomplish that. The necessary silylating agents for
      this purpose are known in the art or are prepared by methods known in the
      art. See, for example, Post, "Silicones and Other Organic Silicon
      Compounds," Reinhold Publishing Corp., New York, N.Y. (1949). In the case
      of PGA.sub.2 and 15.beta.-PGA.sub.2, excess silylating agent and prolonged
      treatment also transform the --COOH to --COO--Si--(A).sub.3. It is
      optional in transforming X to XI whether or not this --COOH of PGA.sub.2
      or 15.beta.-PGA.sub.2 is esterified to --COO--Si--(A).sub.3, since that
      ester group is transformed to --COOH during formation and isolation of the
      Formula-XI epoxide product.
PAR  The various A's of a --Si--(A).sub.3 are alike or different. For example,
      an --Si--(A).sub.3 can be trimethylsilyl, dimethylphenylsilyl, or
      methylphenylbenzylsilyl.
PAR  When it is desired to retain the --Si--(A).sub.3 moiety at C-15 in the
      Formula-XI epoxide product, for example, to give steric control in a
      subsequent reaction, it is important in isolating the epoxide that the
      presence of acid be avoided and that contact with water be minimized
      unless the water is kept cold, i.e., below about 10.degree. C.
PAR  Referring again to Chart A, the transformation of epoxide XI to hydroxy
      compound XII is accomplished by reduction with chromium (II) salts, e.g.,
      chromium (II) chloride or chromium (II) acetate. Those salts are prepared
      by methods known in the art, e.g., Inorganic Syntheses, VIII, 125 (1966);
      ibid., VI, 144 (1960); ibid. III, 148 (1950); ibid. I, 122 (1939); and
      references cited in those. This reduction is carried out by procedures
      known in the art for using chromium (II) salts to reduce epoxides of
      .alpha..beta.-unsaturated ketones to .beta.-hydroxy letones. See, for
      example, Cole et al., J. Org. Chem. 19, 151 (1954), and Neher et al.,
      Helv. Chem. Acta 42, 132 (1959). In these reactions, the absence of air
      and strong acids is desirable. If it is desired to maintain a
      --Si--(A).sub.3 moiety on C-15, a neutral reaction mixture is preferred.
      An especially preferred procedure is to generate the chromium (II) ion in
      the presence of the Formula-XI epoxide, for example, by mixing the epoxide
      with a chromium (III) salt, e.g., the chloride, with metallic zinc in the
      presence of acetic acid. The desired Formula-XII compound is isolated from
      the reduction reaction mixture by methods known in the art, care being
      taken to minimize contact of the product with acid and water, especially
      warm water, when retention of a --Si--(A).sub.3 at C-15 is desired.
PAR  Unexpectedly, amalgamated aluminum metal has also been found to be useful
      as a reducing agent in place of chromium (II) salts to transform Formula
      XI epoxides to Formula XII hydroxy compounds. This reagent was previously
      not known to be useful for this type of reaction. This use of amalgamated
      aluminum represents a distinct and separate aspect of this invention.
PAR  Amalgamated aluminum is prepared by procedures known in the art, for
      example, by contacting aluminum metal in the form of foil, thin sheet,
      turnings, or granules with a mercury (II) salt, for example, mercuric
      chloride, advantageously in the presence of sufficient water to dissolve
      the mercury (II) salt. Preferably, the surface of the aluminum metal is
      free of oxide. That is readily accomplished by physical removal of the
      usual oxide layer, e.g., by abrasion or scraping, or chemically, e.g., by
      etching with aqueous sodium hydroxide solution. It is only necessary that
      the aluminum surface be amalgamated. The amalgamated aluminum should be
      freshly prepared, and maintained in the absence of air and moisture until
      used.
PAR  The reductive opening of the Formula-XI epoxide ring is accomplished by
      contacting said epoxide with the amalgamated aluminum in the presence of a
      hydroxylic solvent and sufficient inert organic liquid diluent to give a
      mobile and homogeneous reaction mixture with respect to the hydroxylic
      solvent and said epoxide. Among hydroxylic solvents, water is especially
      preferred although lower alkanols, e.g., methanol and ethanols are also
      operable.
PAR  Examples of inert organic liquid diluents are normally liquid ethers such
      as diethyl ether, tetrahydrofuran, dimethoxyethane, diglyme (dimethyl
      ether of diethylene glycol), and the like. Especially preferred is
      tetrahydrofuran. When a water-immiscible liquid diluent is used, a mixture
      of water and methanol or ethanol is especially useful in this reaction
      since the latter two solvents also aid in forming the desired homogeneous
      reaction mixture. For example, a mixture of diethyl ether and water is
      used with sufficient methanol to give a homogeneous reaction mixture.
PAR  This reductive opening requires two hydrogen atoms per molecule of epoxide.
      Amalgamated aluminum reacts readily with water and more slowly with other
      hydroxylic solvents to given hydrogen. One atomic equivalent of aluminum
      required 3 molecular equivalents of the hydroxylic so vent to give 3
      atomic equivalents of hydrogen. Therefore, one molecular equivalent of
      epoxide requires two-thirds atomic equivalent of aluminum and two
      molecular equivalents of the hydroxylic solvent. Evolution of hydrogen gas
      (H.sub.2 molecules) is observed during this reductive opening of the
      epoxide. It is not known whether the reductive opening is caused by
      hydrogen atoms or hydrogen molecules. However, some of the hydrogen gas
      escapes from the reaction mixture. Therefore, it is preferred to use an
      excess of amalgamated aluminum and hydroxylic solvent, preferably at least
      one atomic equivalent of aluminum and three molecular equivalents of
      hydroxylic solvent per molecular equivalent of epoxide. Because of the
      relatively high economic value of the epoxide compared with amalgamated
      aluminum and hydroxylic solvents, it is preferred to assure maximum yields
      of the desired Formula-XII hydroxy compound by use of substantially
      greater excess of amalgamated aluminum and hydroxylic solvent, e.g., up to
      ten times or more of those reagents than is theoretically required.
PAR  The reductive opening of the epoxide is carried out by mixing a solution of
      the epoxide in the organic diluent with the amalgamated aluminum and the
      hydroxylic solvent. Since the reaction is exothermic, it is usually
      advantageous to cool the solution to a low temperature, e.g., -20.degree.
      C. to 0.degree. C., before adding the amalgamated aluminum and hydroxylic
      solvent and to maintain the reaction mixture in the range 20.degree. to
      30.degree. C. by external cooling. This is especially advantageous when
      water is used as the hydroxylic solvent. Higher reaction temperatures are
      operable but not preferred when a high yield of the Formula-XII products
      is desired. Stirring is preferred during the reaction since the reaction
      mixture is heterogeneous with respect to the solution and the amalgamated
      aluminum.
PAR  For reasons not understood, better yields and a shorter reaction time are
      usually observed when only part of the amalgamated aluminum is added at
      the start of the reaction, additional portions being added during the
      reaction, e.g., at one-hour intervals, than when the entire amount of
      amalgamated aluminum is added at the start of the reaction. A suitable
      procedure is to add about one-third of the amalgamated aluminum at the
      start, about one-third of the amalgamated aluminum at the start, about
      one-third after one hour, and another third after a second hour. The
      course of the reaction is advantageously determined by withdrawing small
      portions of the solution and determining the presence or absence of
      starting material by thin layer chromatography. For example, when R.sub.2
      is methyl and G is
      ##EQU19##
      in Formulas XI and XII, a suitable TLC system is ethyl
      acetate-cyclohexane-acetic acid (40/60/2), the Formula-XI starting
      material having r.sub.f  0.64, and the two Formula-XII products having
      r.sub.f 0.25 (II.beta.) and r.sub.f 0.20 (II.alpha.).
PAR  As a modification of the above-described process for reductive opening of
      the epoxide, it has been found quite unexpectedly that instead of
      employing a Formula-XI compound wherein R.sub.2 is hydrogen, the reductive
      opening reaction proceeds more smoothly and completely if there is used,
      instead, an epoxide of the formula
      ##SPC12##
PAL  wherein G and
      ##SPC13##
      are as defined above and R.sub.6 is a cation of an alkali or alkaline
      earth metal or a quaternary ammonium group.
PAR  Thus, the Formula-XI epoxide compound is treated with a hydroxide or oxide
      of lithium, sodium, potassium, magnesium, calcium, barium, or strontium
      prior to contacting with the aluminum amalgam. Optionally, the quaternary
      ammonium bases are used for this neutralization, for example
      benzyltrimethylammonium hydroxide. The base is used in equivalent amount
      to the acid so that R.sub.5 is replaced by the corresponding metal or
      quaternary ammonium cation. Alternatively, instead of the hydroxides or
      oxides, there are employed the hydrides, the carbonate, the bicarbonates,
      or the alkoxides, for example lithium hydride, potassium carbonate, sodium
      bicarbonate, magnesium methoxide, and the like, which form the
      corresponding Formula-XIa salts with the Formula-XI free acid.
      Alternatively, a metal or quaternary-ammonium carboxylate compound or
      Formula-XIa salt carried forward from the epoxidation step, whether
      isolated in that step or not, is employed in the reductive step with
      aluminum amalgam. It is preferred that the Formula-XIa salt be soluble in
      the organic diluent-alkanol-water or organic diluent-water medium used for
      the reduction step. By using the above-described salts, the reduction step
      proceeds smoothly without formation of insoluble aluminum salts which
      hinder the reaction. Following the reduction or hydrolysis step, the
      R.sub.6 cations are replaced with hydrogen by means known in the art, for
      example by acidification and extraction of the acid compound into an
      organic phase.
PAR  The desired Formula-XII hydroxy products are isolated by filtration of the
      reaction mixture, advantageously after addition of magnesium sulfate as a
      filter aid, and evaporation of the organic diluents. The Formula-XII
      products are then hydrolyzed if desired to remove --Si--(A).sub.3 from
      C-15,  and the II.alpha. and II.beta. products of Formula XIII are
      separated, if desired, by procedures known in the art, e.g.,
      chromatography on silica gel.
PAR  The products of Formula-XII are all of the PGE.sub.2 -type and include
      PGE.sub.2, PGE.sub.2 15-acetate, PGE.sub.2 methyl ester, PGE.sub.2
      15-acetate methyl ester, PGE.sub.2 and PGE.sub.2 methyl ester with an
      --O--Si--(A).sub.3 at C-15, the corresponding 15.beta. compounds, and
      compounds corresponding to all of those wherein hydroxy is attached to
      C-11 in beta configuration.
PAR  As mentioned above, the transformation of X to XI to XII usually gives a
      mixture of Formula-XII PGE-type products, part with alpha and part with
      beta configuration for the hydroxy at C-11. There are several alternatives
      regarding that mixture. If --O--Si--(A).sub.3 is attached to C-15, that
      can readily be transformed by hydrolysis to --OH. These hydrolyses are
      carried out by prior art procedures known to be useful for transforming
      silyl ethers to alcohols. See, for example, Pierce, cited above,
      especially p. 447 thereof. A mixture of water and sufficient of a
      water-miscible organic diluent to give a homogeneous hydrolysis reaction
      mixture represents a suitable reaction medium. Addition of a catalytic
      amount of an organic or inorganic acid hastens the hydrolysis. The length
      of time required for the hydrolysis is determined in part by the
      hydrolysis temperature. With a mixture of water and methanol at 25.degree.
      C., several hours is usually sufficient for hydrolysis. At 0.degree. C.,
      several days is usually necessary. Also, if --OCOCH.sub.3 is attached to
      C-15, that can readily be transformed to --OH by acid-catalyzed
      alcoholysis as described above for removing the acetyl group of the
      Formula-VIII and -IX PGA type starting materials. Both of those
      transformations are shown in Chart A, i.e., XII to XIII. Either before or
      after those transformations of XII to XIII, the Formula-XII or -XIII
      mixture of II.alpha. and II.beta. isomers can be separated by methods
      known in the art, advantageously by chromatography on silica gel.
PAR  Further regarding the Formula-XIII compounds, those compounds wherein the
      configuration of the hydroxy at C-11 is beta are within the scope of the
      Formula-V novel compounds of this invention, and those compounds wherein
      the configuration of the hydroxy at C-11 is alpha and B is
      ##EQU20##
      are within the scope of the Formula-VII novel compounds of this invention.
      Both groups of novel compounds are used for pharmacological purposes
      described above for those compounds, the acids also being useful as
      reactants to prepare pharmacologically useful esters and pharmacologically
      acceptable and useful salts, both as described above. Moreover,
      Formula-XIII compounds wherein the configuration of the hydroxy at C-11 is
      alpha and B is
      ##EQU21##
      are PGE.sub.2 and PGE.sub.2 methyl ester, both of known pharmacological
      utility.
PAR  Still further regarding the separated compounds of Formulas XII and XIII,
      when a compound with one configuration at C-11, either alpha or beta, is
      desired as an intermediate or for pharmacological purposes, the other
      isomer is readily dehydrated to give additional Formula-X PGA-type
      starting material which is then used as a starting material according to
      the processes defired in Chart A and procedures described above to give
      additional of the desired isomer. These dehydrations are accomplished by
      procedures known in the art for dehydration of PGE-type compounds to
      PGA-type compounds. See, for example, Pike et al., Proc. Nobel Symposium
      II, Stockholm (1966), Interscience Publishers, New York, p. 162 (1967),
      and British patent specification No. 1,097,533. These are acidic
      dehydrations, and alkanoic acids of 2 to 6 carbon atoms, inclusive,
      especially acetic acid, are preferred for this purpose. Dilute aqueous
      solutions of mineral acid, e.g., hydrochloric acid, especially in the
      presence of a solubilizing diluent, e.g., tetrahydrofuran, are also useful
      as reagents for these acidic dehydrations, although these reagents may
      also cause partial hydrolysis of the Formula-XII or -XIII methyl esters to
      carboxylic acids. A --Si--(A).sub.3 moiety at C-15 is also removed during
      all of these acidic dehydrations.
PAR  Still further regarding the Formula-XII and -XIII compounds, either as
      mixtures or separately, any of those is transformed to other useful
      compounds or mixtures by changing these PGE-type compounds to PGF-type
      products by reducing the ring carbonyl at C-9 to alpha hydroxy or beta
      hydroxy. Those transformations are shown in Chart B.
PAR  In Chart B, R.sub.4 is hydrogen, methyl, or --Si--(A).sub.3, R.sub.2 is
      hydrogen or methyl, R.sub.7 is hydrogen or --Si--(A).sub.3, and G is
      ##EQU22##
      wherein R.sub.5 is hydrogen or --Si--(A).sub.3 when R.sub.4 and R.sub.2
      are hydrogen; R.sub.5 is hydrogen, acetyl, or --Si--(A).sub.3 when R.sub.2
      and R.sub.4 are methyl; and R.sub.5 is --Si--(A).sub.3 when R.sub.4 is
      --Si--(A).sub.3, wherein A is as defined above, with the proviso that when
      R.sub.5 is --Si--(A).sub.3, R.sub.7 is also --Si--(A).sub.3. Further in
      Chart B, B in Formula XVI is
      ##EQU23##
      and .about. indicates attachment to the cyclopentane ring in alpha or beta
      position.
PAR  The Chart B starting material XII is prepared as shown in Chart A. The
      compounds of Formula XIII in Chart A are included in Formula XII. As
      described above, 15.beta.-PGE.sub.2,
      ##SPC14##
      15.beta.-PGE.sub.2 acetate, 15.beta.-PGE.sub.2 methyl ester, and
      15.beta.-PGE.sub.2 methyl ester acetate are obtained from Plexaura
      homomalla (Esper), 1792, forma R. All of those compounds are encompassed
      by Formula XII, and thus, extraction of this form of Plexaura homomalla
      provides an alternative source of these starting materials.
PAR  Referring to Chart B, the starting material XII can be a mixture of
      compounds with regard to the configuration of C-11, or the starting
      material can be stereochemically pure with respect to C-11, depending upon
      whether there has been an earlier separation of 11.alpha. and 11.beta.
      isomers (see above discussion of Chart A reactions).
PAR  The transformation of PGE-type starting material XII to PGF-type product
      XVI involves reduction of a ring carbonyl to a ring hydroxy. This process
      is known in the art for some of the compounds encompassed by Formula XII,
      i.e., when the configuration at C-11 is alpha and the configuration at
      C-15 is S. For the other compounds encompassed by Formula XII, this
      reaction is novel, and novel Formula-XV and -XVI compounds are produced.
PAR  For this carbonyl-to-hydroxy reduction, methods known in the art are used.
      See, for example, Pike et al., J. Org. Chem. 34, 3552 (1969). Use is made
      of any of the known ketonic carbonyl reducing agents which do not reduce
      ester or acid groups or carbon-carbon double bonds. Examples of those are
      the metal borohydrides, especially sodium, potassium, lithium, and zinc
      borohydrides, lithium (tri-tertbutoxy) aluminum hydride, meta trialkoxy
      borohydrides, e.g., sodium trimethoxyborohydride, and diisobutylaluminum
      hydride. The sodium, potassium, and zinc borohydrides are preferred for
      this reduction, especially zinc borohydride.
PAR  Unexpectedly, the amalgamated aluminum metal found useful above in
      transforming the Formula-XI epoxides to Formula-XII hydroxy compounds has
      also been found useful as an agent for this carbonyl-to-hydroxy reduction
      of PGE-type compounds to PGF-type compounds. Either the PGE-type salts or
      the PGE-type esters are employed, for example the Formula-XII hydroxy
      compounds produced from the Formula-XI epoxides with or without
      intermediate isolation. Furthermore, the Formula-XI epoxides may be
      subjected to the combined epoxide-reduction and carbonyl-reduction
      reactions practically simultaneously by operating at higher temperatures,
      for example 40.degree.-60.degree. C., although it is preferred for high
      yields of the 11-hydroxy compounds that the reductions be done stepwise.
      The solvents which are operable for this reduction are generally the same
      as those found useful for the epoxide-reduction step. Somewhat higher
      temperatures or longer reaction times are required for the
      carbonyl-to-hydroxy reduction, however. For example, at 25.degree. C.,
      about 4 to 24 hours are required; at higher temperatures, e.g.
      50.degree.-60.degree. C., about 1 to 2 hours are sufficient.
PAR  This carbonyl reduction usually produces a mixture of PGF.sub..alpha.-type
      and PGF.sub..beta.-type compounds, i.e., compounds with the alpha
      configuration and compounds with the beta configuration for the hydroxy at
      C-9. This mixture of alpha and beta isomers is separated by methods known
      in the art, e.g., chromatography on silica gel. See Pike et al., ibid.,
      for example. If the Formula-XII starting material is a mixture of
      11.alpha. and 11.beta. isomers, then this reduction will usually produce
      four isomers, i.e., 9.alpha., 11.alpha., 9.alpha., 11.beta., 9.beta.,
      11.alpha., and 9.beta., 11.beta.. Those compounds are also separated from
      such mixtures by silica gel chromatography.
PAR  Regarding the transformation of XII to XIV in Chart B, it will be observed
      that the parameters for XII are such that all XII compounds are included
      in XIV. In other words, the transformation XII to XIV is an optional
      process step in proceeding from XII to XV. The reason for this is as
      follows. During the reduction of XIV to XV, the ratio of 9.alpha.-hydroxy
      and 9.beta.-hydroxy compounds formed will be different when R.sub.7 in XIV
      is hydrogen than when R.sub.7 is --Si--(A).sub.3. For example, with the
      Formula-XIV compound wherein R.sub.4 is hydrogen, G is
      ##EQU24##
      and R.sub.7 O.about. represents HO---, i.e., 11.alpha.-hydroxy, sodium
      borohydride reduction gives 42 parts of the corresponding Formula-XV
      9.alpha.-hydroxy compound, and 58 parts of the 9.beta.-hydroxy compound.
      But with the Formula-XIV compound wherein R.sub.4 is hydrogen, G is
      ##EQU25##
      and R.sub.7 O.about. represents (CH.sub.3).sub.3 --Si--O--, sodium
      borohydride reduction gives 85 parts of the corresponding Formula-XV
      9.alpha.-hydroxy compound and 15 parts of the 9.beta.-hydroxy compound.
      Similar differences are observed with the other isomers encompassed by
      Formula XIV although not necessarily in the same direction. Accordingly,
      whether R.sub.7 in Formula XIV is to be hydrogen or --Si--(A).sub.3
      depends on the particular formula XV C-9 isomer desired and the influence
      of silylation on the isomer ratio. For any particular Formula-XIV starting
      material, the latter is readily determined by small scale reduction with
      and without silylation. When silylation before carbonyl reduction is
      indicated, largely for economic reasons, it is preferred that A be methyl,
      i.e., that R.sub.7 be (CH.sub.3).sub.3 --Si--.
PAR  This transformation of XII to XIV wherein Ry is --Si--(A).sub.3 is carried
      R.sub.7 as described above for the transformation of hydroxy to
      -O-Si-(A).sub.3 at C-15 prior to the Chart A reactions. When R.sub.2 in
      XII is hydrogen, the --COOH is also transformed in part or entirely to
      --COO--Si--(A).sub.3 with prolonged silylation and excess silylating
      agent. It is optional in transforming XII to XIV wherein R.sub.7 is
      --Si--(A).sub.3 whether or not the -COOH of XII is esterified to
      --COO--Si--(A).sub.3. When G in formula XIV is
      ##EQU26##
      those --OH are also transformed to --O--Si--(A).sub.3 by this silylation.
PAR  With regard to the Formula-XV carbonyl reduction product (Chart B), when
      the method used to isolate said product does not remove any
      --Si--(A).sub.3 groups which may be present, that is accomplished as
      described above for the removal of --Si--(A).sub.3 groups from Formula-XII
      products (Chart A, XII to XIII). Also, when G in Formula XV is
      ##EQU27##
      the acetyl is removed by alcoholysis also as described above for changing
      acetoxy at C-15 to hydroxy. These reactions are shown in Chart B as XV to
      XVI.
PAR  When R.sub.2 in Formula XVI is methyl and the compound wherein R.sub.2 is
      hydrogen is desired, that methyl ester is saponified, by methods known in
      the art. See, for example, Just et al., J. Am. Chem. Soc. 91, 5371 (1969).
      This saponification also changes a C-15 acetate to a C-15 hydroxy.
PAR  The compounds encompassed by Formula XVI include the known compounds
      PGF.sub.2.sub..alpha. , PGF.sub.2.sub..beta. , and the methyl esters of
      those. Also included in Formula XVI are the novel compounds
      15.beta.-PGF.sub. 2.sub..alpha. , 15.beta. -PGF.sub.2.sub..beta. , and the
      methyl esters of those. All of these new and old compounds are
      11.alpha.-hydroxy compounds. Also included in Formula XVI are the
      corresponding but novel 11.beta.-hydroxy compounds which are also
      encompassed by Formula V and which are useful for the pharmacological
      purposes described above either as such or transformed into salts or
      esters as described above.
PAR  When one of these Formula-XVI compounds has the R or epi configuration for
      the hydroxy at C-15, and the corresponding compound with the S
      configuration at C-15 is desired, or when one of these Formula-XVI
      compounds has the S configuration for the hydroxy at C-15, and the
      corresponding compound with the R or epi configuration at C-15 is desired,
      those desired compounds are made by the processes of Chart C. In Chart C,
      R.sub.2, R.sub.4, R.sub.7, B, and .about. are as defined above.
PAR  The overall process scheme of Chart C is to start with one particular C-15
      isomer of a compound encompassed by Formula XVI, i.e., either 15(S) or
      15(R). The C-15 hydroxy of that isomer is oxidized to a ketonic carbonyl
      (XVII). Then, after an optional silylation of the C-9 and C-11 hydroxy
      groups (XVIII), the C-15 carbonyl is reduced back to a secondary hydroxy
      group. That reduction produces two C-15 hydroxy isomers, one with S
      configuration and one with R or epi configuration. After removal of any
      silyl groups, the isomers XIX and XX are separated. One of the isomers
      will be the same compound used as starting material (XVI). The other
      isomer will be the desired product. The starting material isomer is
      recycled to produce more of the desired isomer. This reaction scheme has
      previously been used to transform PGF.sub.1.sub..alpha. to
      15.beta.-PGF.sub.1.sub..alpha. . See Pike et al., J. Org. Chem. 34, 3552
      (1969).
PAR  Referring now to Chart C, starting material XVI (from
      ##SPC15##
PAR  Chart B) is a single compound, a mixture of two compounds, one with alpha
      and one with beta configuration at C-9, or a mixture of four compounds,
      i.e., 9.alpha.,11.alpha., 9.alpha.,11.beta., 9.beta.,11.alpha., and
      9.beta.,11.beta..
PAR  For the oxidation of XVI to XVII, any oxidizing agent can be used which
      will oxidize an allylic alcohol to an .alpha.,.beta.-unsaturated ketone or
      aldehyde. Examples of those are 2,3-dichloro-5,6-dicyano-1,4-benzoquinone,
      activated manganese dioxide, or nickel peroxide (see Fieser et al.,
      "Reagents for Organic Syntheses," John Wiley & Sons, Inc., New York, N.Y.,
      1967, pp. 215, 657, and 731). Alternatively, these oxidations are carried
      out by oxygenation in the presence of the 15-hydroxyprostaglandin
      dehydrogenase of swine lung (see Arkiv for Kemi 25, 293 (1966)). These
      reagents are used according to procedures known in the art. See, for
      example, J. Biol. Chem. 239, 4097 (1964).
PAR  Regarding the transformation of XVII to XVIII in Chart C, it will be
      observed that the parameters for XVIII are such that all XVII compounds
      are included in XVIII. In other words, the transformation of XVII to XVIII
      is an optional process step in proceeding from XVII to XIX and XX. The
      reason for this is as follows. During the reduction of XVIII to XIX and
      XX, the ratio of XIX to XX obtained will be different when R.sub.7 in
      XVIII is hydrogen than when R.sub.7 is --Si--(A).sub.3. For example,
      reduction of the Formula-XVIII 9.alpha.,11.alpha.-isomer wherein R.sub.4
      and R.sub.7 are both hydrogen with zinc borohydride gives the
      corresponding Formula-XIX and -XX in the amounts 43 parts of XIX (R or epi
      configuration) and 57 parts of XX (S configuration). On the other hand,
      when R.sub.7 in the Formula-XVIII reactant is --Si--(A).sub.3, the amounts
      with the same reducing agent are 27 parts of XIX and 73 parts of XX.
      Similar differences are observed with the other isomers encompassed by
      Formula XVIII although not necessarily in the same direction. Accordingly,
      whether R.sub.7 in formula XVIII is to be hydrogen or --Si--(A).sub.3
      depends on the particular C-15 isomer desired and the influence of
      silylation on the isomer ratio. For any particular Formula-XVII starting
      material, the latter is readily determined by small scale reductions with
      and without silylation. When silylation before carbonyl reduction is
      indicated, largely for economic reasons, it is preferred that A be methyl,
      i.e., that R.sub.7 be (CH.sub.3).sub.3 --Si--.
PAR  These silylations are carried out as described above for the Chart A and
      Chart B silylation.
PAR  The carbonyl reduction of XVIII to XIX is carried out as described above
      for the transformation of PGE-type Formula-XIV compounds to PGF-type
      Formula-XV compounds. As for those reductions, the sodium, potassium and
      zinc borohydrides are preferred as reducing agents, especially zinc
      borohydride.
PAR  When the method used to isolate the carbonyl reduction product does not
      remove any --Si--(A).sub.3 groups which may be present, that is
      accomplished as described above for the removal of --Si--(A).sub.3 groups
      from Formula-XII products (Chart A, XII to XIII).
PAR  The Formula-XIX and -XX products are separated from each other by methods
      known in the art, for example, silica gel chromatography. See, for
      example, Pike et al., J. Org. Chem. 34, 3552 (1969) for this type of
      separation.
PAR  If one of the isomers or isomer mixtures of Formulas XIX or XX is not
      desired for a pharmacological use as such or transformed to esters or
      pharmacologically acceptable salts as described above, that isomer or
      isomer mixture is recycled as a Formula-XVI starting material in the
      processes of Chart C to produce additional of the desired isomer.
PAR  The products of Formulas XIX and XX wherein the configuration of the C-11
      hydroxy is beta are encompassed by Formula V. The products of Formula XIX
      wherein the configuration of the C-11 hydroxy is alpha are encompassed by
      Formula VI. The intermediates of Formula XVII are encompassed by Formula
      VII. Thus, all of the compounds are useful for the pharmacological
      purposes described above for the Formula V, VI and VII compounds. The
      compounds prepared as in Chart C are also useful to make the other esters
      and the pharmacologically acceptable salts of the Formula V, VI, and VII
      compounds also as described above.
PAR  There are two particular embodiments of the novel process of this invention
      which are especially preferred. One of those embodiments provides an
      optional route to PGF.sub.2.sub..alpha. , and starts with
      15.beta.-PGA.sub.2 acetate methyl ester, the most abundant component of
      Plexaura homomalla (Esper), 1792, forma R. The other embodiment provides a
      preferred route of PGE.sub.2, and starts with PGA.sub.2, readily obtained
      as described above by maintaining colonies or colony pieces of Plexaura
      homomalla (Esper), 1792, forma S in contact with water in a temperature
      range up to 50.degree. C. until substantially free of PGA.sub.2 15 acetate
      methyl ester.
PAR  The first of these embodiments is shown in Chart D, and the second is shown
      in Chart E. All of these Chart D and Chart E reactions and reagents for
      effecting them are
TBL  CHART D                                                                   

     15.beta.-PGA.sub.2 acetate methyl ester                                   

                   .dwnarw.(oxidation)                                         

     15.beta.-PGA.sub.2 acetate methyl ester .alpha. and .beta. 10,11-epoxides 

     3                                                                         

                   .dwnarw.(reduction)                                         

     15.beta.-PGE.sub.2 and 11.beta.,15.beta.-PGE.sub.2 15-acetate methyl      

     esters                                                                    

                   .dwnarw.(separation)                                        

     15.beta.-PGE.sub.2 15-acetate methyl ester                                

                   .dwnarw.(silylation)                                        

     15.beta.-PGE.sub.2 11-Si-(A).sub.3 ether 15-acetate methyl ester          

                   .dwnarw.(reduction, hydrolysis)                             

     15.beta.-PGF.sub.2 .sub..alpha. and 15.beta.-PGF.sub.2 .sub..beta.        

     15-acetate methyl esters                                                  

                   .dwnarw.(separation)                                        

     15.beta.-PGF.sub.2 .sub..alpha. 15-acetate methyl ester                   

                   .dwnarw.(saponification)                                    

     15.beta.-PGF.sub.2 .sub..alpha.                                           

                   .dwnarw.(oxidation)                                         

     15-oxo-PGF.sub.2 .sub..alpha.                                             

                   .dwnarw.(silylation)                                        

     15-oxo-PGF.sub.2 .sub..alpha. 9,11-di-Si-(A).sub.3 ether                  

                   .dwnarw.(reduction, hydrolysis)                             

     15.beta.-PGF.sub.2 .sub..alpha. and PGF.sub.2 .sub..alpha.                

     .dwnarw. (separation) .dwnarw.                                            

     15.beta.-PGF.sub.2 .sub..alpha.PGF.sub.2 .sub..alpha.                     

TBL  CHART E                                                                   

     PGA.sub.2                                                                 

                   .dwnarw.(silylation)                                        

     PGA.sub.2 15-Si-(A).sub.3 ether                                           

                   .dwnarw.(oxidation)                                         

     PGA.sub.2 15-Si-(A).sub.3 ether .alpha. and .beta. 10,11-epoxides         

                   .dwnarw.(reduction, hydrolysis)                             

     PGE.sub.2 and 11.beta.-PGE.sub.2                                          

                   .dwnarw.(separation)                                        

     PGE.sub.2                                                                 

PAL  described generically and specifically above, and all are exemplified
      below. In Charts D and E, it is preferred that --Si--(A).sub.3 be
      --Si--(CH.sub.3).sub.3. Also in Charts D and E it is optional whether
      silylation of 15-oxo-PGF.sub.2.sub..alpha. (Chart D) or PGA.sub.2 (Chart
      E) produces the corresponding --Si--(A).sub.3 ester-ether or only the
      ether.
DETD
PAR  The invention is more fully understood by the following Examples and
      Preparations:
PAR  All temperatures are in degrees centigrade.
PAR  Ultraviolet spectra are recorded on a Cary Model 15 spectrophotometer.
PAR  The collection of chromatographic eluate fractions starts when the eluant
      front reaches the bottom of the column.
PAR  "Brine", herein, refers to aqueous saturated sodium chloride solution.
PAR  The A-IX solvent system used in thin layer chromatography (TLC) is made up
      from ethyl acetate-acetic acid-2,2,4-trimethylpentane-water (90:20:50:100)
      according to M. Hamberg and B. Samuelsson, J. Biol. Chem. 241, 257 (1966).
PAR  Preparation 1
PAR  To distinguish Plexaura homomalla (Esper), 1792, forma R from Plexaura
      homomalla (Esper), 1792, forma S, a TLC method is used. A specimen
      approximately 2 cm. in length is harvested and placed in a small vial,
      with a small amount of water if necessary to insure it is wet, and kept
      closed for 6-24 hrs. About one ml. of methanol is then added and the
      sample is either shaken for 2 hrs. at about 25.degree. C. or is stored for
      16-24 hrs. at about 10.degree. C. A sample of the liquid (10-21 1) is
      spotted on a TLC plate. It is preferred to use a fluorescent-treated
      silica gel plate, e.g. Uniplate Silica Gel GF (Analtech, Inc., Newark,
      Del.). As reference standards, spots of PGA.sub.2 and 15.beta.-PGA.sub.2
      are also applied. The plate is developed in the A-IX system (Hamberg and
      Samuelsson, J. Biol. Chem. 241, 257 (1965)). The spots are finally
      visualized with vanillin-phosphoric acid spray (McAleer, Arch. Biochem. E.
      Biophys. 66, 120 (1957)). Comparison of the unknown with the two reference
      spots is then made and the identity of the coral established (forma S
      corresponding to PGA.sub.2, forma R to 15.beta.-PGA.sub.2).
PAR  Preparation 2
PAR  PGA.sub.2 from Plexaura homomalla (Esper), 1792 forma S.
PAR  Colonies of Plexaura homomalla (Esper), 1792, forma S, collected from reefs
      off the north shore of Jamaica, are frozen by contact with solid carbon
      dioxide within 1 hour after removal from the reef waters. The frozen
      colonies are maintained in insulated boxes containing solid carbon dioxide
      (temperature below about -20.degree. C.) until ready for thawing. Then,
      the frozen colonies (700 g.) are ground to a small particle size (Waring
      blender) and mixed with 1500 ml. of water. The mixture is maintained about
      20 hrs. at about 25.degree. C. with stirring. Then, the mixture is
      filtered through a pad of diatomaceous earth, and the filtrate is
      acidified with concentrated hydrochloric acid to pH about 2-3. The
      acidified filtrate is extracted four times with ethyl acetate. The
      extracts are combined, filtered, washed with brine, dried with anhydrous
      sodium sulfate, and evaporated under reduced pressure to give 11 g. of
      oily residue.
PAR  The solid residue on the ciatomaceous earth filter pad is stirred 2 hours
      in methanol (enough to cover said residue) at 25.degree. C. The mixture is
      then filtered, and the filtrate is evaporated to give 14 g. of oily
      residue.
PAR  The two oily residues are combined and chromatographed on 1500 g. of
      acid-washed silica gel, eluting successively with 8 l. of a 25 to 65%
      gradient of ethyl acetate in Skellysolve B, 8 l. of a 65 to 100 % gradient
      of ethyl acetate in Skellysolve B, and 5 l. of 2% methanol in ethyl
      acetate, collecting 500 ml. fractions. (Skellysolve B is a mixture of
      isomeric hexanes). Fractions 8-12 are combined and evaporated to give a
      small amount of PGA.sub.2 containing a trace of PGA.sub.2 methyl ester.
      Fractions 15-18 are combined and evaporated to give 9.54 g. of PGA.sub.2.
      Fractions 35-40 are combined to give 0.414 g. of PGE.sub.2.
PAR  Preparation 3
PAR  15.beta.-PGA.sub.2 from Plexaura Homomalla (Esper), 1792, forma R.
PAR  Colonies of Plexaura homomalla (Esper), 1792, forma R, collected from reefs
      off the southeast shore of Florida near Miami, are chopped into chunks
      several inches long. The chunks are frozen by contact with solid carbon
      dioxide with one hour after removal from the reef waters. The frozen
      colony pieces are maintained in insulated boxes containing solid carbon
      dioxide (temperature below about -20.degree. C.) until ready for thawing.
      Then, colony pieces (600 g.) are mixed with 1500 ml. of water. The mixture
      is stirred and maintained at 25.degree. C. for 23 hours. The mixture is
      then filtered through a pad of diatomaceous earth, and the filtrate is
      acidified to pH about 2-3 with concentrated hydrochloric acid. The
      acidified filtrate is extracted four times with ethyl acetate. The
      extracts are combined, filtered, washed with brine, dried with anhydrous
      sodium sultate, and evaporated to give 9.2 g. of oily residue.
PAR  The solid residue on the diatomaceous earth pad is stirred 15 hours in
      methanol (enough to cover said residue) at 25.degree. C. The mixture is
      then filtered, and the filtrate is evaporated. The residue is dissolved in
      ethyl acetate, and the solution washed successively with 3 N hydrochloric
      acid and brine, dried with anhydrous sodium sulfate, and evaporated to
      give 5.83 g. of an oily residue.
PAR  The second oily residue and 8.2 g. of the first oily residue are combined
      and chromotographed on one kg. of acidwashed silica gel, eluting
      successively with 3-l. portions of 25%, 35%, 45%, 55%, and 65% ethyl
      acetate in Skellysolve B, collecting 500-ml. fractions. Fractions 18-22
      are combined and evaporated to give 5.54 g. of 15.beta.-PGA.sub.2.
      Fractions 15-17 are combined and evaporated to give 1.37 g. of
      15.beta.-PGA.sub.2 methyl ester.
PAR  Preparation 4
PAR  PGA.sub.2 compounds from Plexaura homomalla (Esper), 1792, forma S.
PAR  Frozen colonies of Plexaura homomalla (Esper), 1792, forma S (see
      Preparation 2) are broken manually into pieces several cm. in length. The
      pieces (500 g.) are then covered with methanol and the mixture is
      maintained for 3 hours at 25.degree. C. The mixture is then ground in a
      Waring blender and filtered, and the filtrate is evaporated under reduced
      pressure. The residue is dissolved in ethyl acetate, and the solution is
      washed successively with one N hydrochloric acid, water, and brine, dried
      with anhydrous sodium sulfate, and evaporated under reduced pressure. The
      oily residue is chromatographed on 2 kg. of acid-washed silica gel
      wet-packed with Skellysolve B (a mixture of isomeric hexanes), eluting
      with 24 l. of a 25 to 100% ethyl acetate in Skellysolve B gradient. The
      fractions which contain PGA.sub.2 acetate methyl ester, PGA.sub.2 acetate,
      PGA.sub.2 methyl ester, and PGA.sub.2 as shown by TLC with the A-IX system
      are separately combined and evaporated to give those compounds.
PAR  Preparation 5
PAR  15.beta.-PGA.sub.2 compounds from Plexaura homomalla (Esper), 1792, forma
      R.
PAR  Colonies of Plexaura homomalla (Esper), 1792, forma R, collected from reefs
      off the southeast shore of Florida near Miami, are chopped into chunks
      several inches long. The chunks are frozen by contact with solid carbon
      dioxide within one hour after renoval from the reef waters. The frozen
      colony pieces are maintained in insulated boxes containing solid carbon
      dioxide (temperature below about -20.degree.C.) until the time for
      extraction. Then, the frozen colony pieces are ground to a small particle
      size (Mitts and Merrill hogger; average largest dimension about 5 mm). The
      particles (1500 g.) are then stirred at high speed with 5 gallons of
      dichloromethane for 20 minutes at about 25.degree. C. external
      temperature. The mixture of dichloromethane and particles is then filtered
      through a pad of diatomaceous earth, and the filtrate is evaporated to
      about a 2-liter volume at 30.degree.C. under reduced pressure. The liquid
      which remains is washed with water, dried with sodium sulfate, and
      evaporated at 30.degree. C. under reduced pressure.
PAR  The oily residue (60 g.) is chromatographed on 3 kg. of silica gel wet
      packed in Skellysolve B (a mixture of isomeric hexanes), eluting
      successively with a gradient of 4 l. of Skellysolve B and 4l. of 20% ethyl
      acetate in Skellysolve B, 27 l. of 20%, 18 l. of 50%, and 8 l. of 75%
      ethyl acetate in Skellysolve B, collecting 600-ml. fractions. Fractions
      39-60 are combined and evaporated to give 24.3 g. of 15.beta.-PGA.sub.2
      acetate methyl ester. Between fractions 60 and 74 those fractions shown by
      TLC to contain 15.beta.-PGA.sub.2 acetate are combined and evaporated to
      yield that compound. Fractions 74-76 are combined and evaporated to give
      1.03 g. of 15.beta.-PGA.sub.2 methyl ester. Fractions 83-91 are combined
      and evaporated to give 1.08 g. of 15-acetate methyl ester. Still later
      fractions shown by TLC to contain 15.beta.-PGE.sub.2 methyl ester are
      combined and evaporated to yield that compound.
PAR  Detection of the respective compounds by TLC is done by methods known in
      the art, e.g. by spotting the extract fractions on a TLC silica gel plate
      alongside spots of the authentic compounds, developing the plate with the
      A-IX system, and observing which spots of the extract fractions correspond
      exactly to the spots of the authentic compounds.
PAR  Following the procedures of Preparation 5, but substituting Plexaura
      homomalla (Esper), 1792, forma S for the Plexaura homomalla (Esper), 1792,
      forma R of that example, there are obtained the corresponding compounds of
      15(S) configuration, viz.: PGA.sub.2 acetate methyl ester, PGA.sub.2
      acetate, PGA.sub.2 methyl ester, PGA.sub.2 15-acetate methyl ester, and
      PGE.sub.2 methyl ester.
PAR  Preparation 6
PAR  PGA.sub.2 and 5,6-trans-PGA.sub.2.
PAR  Separation of PGA.sub.2 from 5,6-trans-PGA.sub.2 is done on a
      chromatographic column using a silver-saturated ion-exchange resin.
      Preferably a macroreticular ion exchange resin is used, e.g. a sulfonated
      styrene-divinylbenzene copolymer having surface area of 40-50 sq. m./g.,
      30-40% porosity, and total exchange capacity of 4.5-5.0 meq. per gram of
      dry resin, for example Amberlyst 15, available from Rohm and Haas Co.,
      Philadelphia, Pa. The acid-form resin is packed in a column, washed with
      warm water, and converted to the silver form by passing a 10% silver
      nitrate solution through the column until the effluent shows a pH of
      3.5-4.0. The column is then washed with water to remove ionic silver, and
      finally was denatured ethanol (Type 3A). A solution of a mixture of
      PGA.sub.2 and 5,6-trans-PGA.sub.2, e.g. fractions 15-18 of Preparation 2,
      in ethanol is charged to the column. Elution with 3A alcohol then yields
      fractions which are combined according to their content of
      5,6-trans-PGA.sub.2 (faster-eluting) or PGA.sub.2. Testing for the
      presence of 5,6-trans-PGA.sub.2 or PGA.sub.2 in the eluate is conveniently
      done by TLC using silver nitrate-treated silica gel plates (e.g. Analtech
      Uniplates dipped in saturated ethanolic silver nitrate and dried) and
      developing with the A-IX system. R.sub.f of PGA.sub.2 is 0.45; R.sub.f of
      5,6-trans-PGA.sub. 2 is 0.50. Combined fractions are concentrated,
      partitioned between dichloromethane and a little water, dried over sodium
      sulfate, and concentrated under reduced pressure to yield the title
      compounds.
PAR  For quantitatively assaying the 5,6-trans-PGA.sub.2 content of mixtures of
      PGA.sub.2 and 5,6-trans-PGA.sub.2 a combination
      thin-layer-spectrophotometric assay is used. Silica gel-impregnated glass
      microfiber sheets (e.g. ITLC sheets of the Gelman Instrument Co., Ann
      Arbor, Michigan) are impregnated with silver nitrate, using 5% ethanolic
      silver nitrate and drying. Spots of 100 to 200 .mu.g of the PGA.sub.2
      mixture and applied and developed in the solvent system
      2,2,4-trimethylpentane: ethyl acetate: acetic acid: water (100:35:8:10,
      upper phase). The sheet is dried and sprayed with Rhodamine 6G (Applied
      Science Co., State College, Pa.) and viewed under ultraviolet light. The
      areas containing the cis and trans materials (R.sub.f of PGA.sub.2 = 0.6:
      R.sub.f of 5,6-trans-PGA.sub.2 = 0.7) are marked, then excised and eluted
      with methanol (1.9 ml.) and potassium hydroxide solution (0.1 ml. of 45%).
      After incubation at 40.degree. for 30 min., the respective solutions are
      centrifuged and analyzed spectrophotometrically at 278 nm.
PAR  Following the procedure of Preparation 6, 5,6-trans 15.beta.-PGA.sub.2 is
      separated from 15.beta.-PGA.sub.2.
PAR  Preparation 7
PAR  PGE.sub.2 and 5,6-trans-PGE.sub.2
PAR  Following the procedure of Preparation 6, PGE.sub.2 is separated from
      5,6-trans-PGE.sub.2 as follows. A solution of a mixture of PGE.sub.2 and
      5,6-trans-PGE.sub.2 is charged to the column. Elution with 3A alcohol
      yields fractions which are combined according to their content of
      5,6-trans-PGE.sub.2 (faster eluting) or PGE.sub.2. Assay for
      5,6-trans-PGE.sub.2 or PGE.sub.2 is done by TLC as for the PGA.sub.2 -type
      compounds above. R.sub.f of PGE.sub.2 is 0.13; R.sub.f of
      5,6-trans-PGE.sub.2 is 0.17. Combined fractions are concentrated, dried
      over sodium sulfate, and concentrated under reduced pressure to yield the
      title compounds.
PAR  Preparation 8
PAR  PGA.sub.2 15-Acetate Methyl Ester, separation from 5,6-Trans-PGA.sub.2
      15-Acetate Methyl Ester.
PAR  A mixture of PGA.sub.2 15-acetate methyl ester and 5,6-trans-PGA.sub.2
      15-acetate methyl ester (11.0 g., 85:15) is dissolved in 415 ml. of a
      solution of methanol-water-acetic acid (95-5-0.4) and mercuric acetate
      (6.1 g.), and let standing at about 25.degree.C. for 30 min. Water (250
      ml.) is added and the mixture extracted twice with 700 ml of Skellysolve
      B. The Skellysolve B phase is washed with 100 ml of 60% methanol, dried
      over sodium sulfate, and concentrated to an oil (4.35 g.) having a high
      content of 5,6-trans-PGA.sub.2 15-acetate methyl ester. The aqueous
      methanol phase is acidified with 32 ml. of 6 N. hydrochloric acid and the
      mixture is extracted with two portions of 700 ml. of Skellysolve B. The
      organic phase is dried over sodium sulfate and concentrated to an oil
      (5.53 g.) This last material is subjected to the same procedures again,
      using 350 ml. of the methanol-water-acetic acid and 4.6 g. of mercuric
      acetate. There covered from the work-up of the aqueous-methanol phase a
      fraction (3.92 g.) of the title compound containing only a small
      percentage of the 5,6-trans-PGA compound.
PAR  Following the procedure of Preparation 8, 5,6-trans-15.beta.-PGA.sub.2
      15-acetate methyl ester is separated from 15.beta.-PGA.sub.2 15-acetate
      methyl ester.
PAR  In the following examples, the above-described 5,6-trans-PGE.sub.2 and
      5,6-trans-15.beta.-PG.sub.2 compounds are subjected to the same
      transformations as the PG.sub.2 and 15.beta.-PG.sub.2 compounds disclosed
      herein and illustrated hereafter.
PAC  EXAMPLE 1
PAR  15.beta.-PGA.sub.2 Methyl Ester.
PAR  A solution of 70% aqueous perchloric acid (50 drops) in 50 drops of water
      is added to a solution of 15.beta.-PGA.sub.2 acetate methyl ester (2.0 g.)
      in 100 ml. of methanol. The mixture is stirred for 15 hours at 25.degree.
      C. and then diluted with 80 ml. of water. The methanol is removed under
      reduced pressure, and the aqueous residue is extracted with ethyl acetate.
      The extract is washed successively with water and brine, dried with
      anhydrous sodium sulfate, and evaporated. The residue is chromatographed
      on 200 g. of silica gel, eluting with 2.5 1. of a gradient of 20-70% ethyl
      acetate in Skellysolve B (a mixture of isomeric hexanes), collecting
      100-ml. fractions. Fractions 15-19 are combined and evaporated to give 727
      mg. of 15.beta.-PGA.sub.2 methyl ester.
PAC  EXAMPLE 2
PAR  PGA.sub.2 Methyl Ester.
PAR  A solution of 15.beta.-PGA.sub.2 methyl ester (250 mg.) in 20 ml. of
      anhydrous tetrahydrofuran is cooled to 0.degree. C. in an atmosphere of
      nitrogen. Tributylamine (1.5 ml.) is added, and the mixture is stirred at
      0.degree. C. while adding methanesulfonyl chloride (1 ml.) dropwise. The
      mixture is stirred 30 minutes at 0.degree. C. Then, 10 ml. of water is
      added, and the mixture is allowed to warm to 25.degree. C. and is stirred
      for 1 hour. The tetrahydrofuran is evaporated under reduced pressure, and
      the aqueous residue is extracted with ethyl acetate. The extract is washed
      successively with one N hydrochloric acid, water, and brine, dried with
      anhydrous sodium sulfate, and evaporated. The residue is chromatographed
      on 30 g. of silica gel, eluting with 800 ml. of a gradient of 20-70% ethyl
      acetate in Skellysolve B, collecting 25-ml. fractions. Fractions 14-16 are
      combined and evaporated to give 58 mg. of PGA.sub.2 methyl ester.
      Fractions 12 and 13 are combined to give 49 mg. of the starting material,
      15.beta.-PGA.sub.2 methyl ester.
PAR  Following the procedure of Example 2, PGA.sub.2 methyl ester is transformed
      to a mixture of PGA.sub.2 and 15.beta.-PGA.sub.2 methyl esters, the two
      compounds being separated as in Example 2.
PAC  Example 3
PAR  PGA.sub.2 15-formate and 15.beta.PGA.sub.2 15-formate
PAR  A solution of sodium carbonate (50 mg.) in 7.5 ml. of anhydrous formic acid
      is added to PGA.sub.2 (0.25 g.). This mixture is stirred under nitrogen at
      25.degree. C. for 2 hrs. The reaction mixture is concentrated under
      reduced pressure, taken up in benzene, and again concentrated under
      reduced pressure. The residue is chromatographed on acid-washed silica gel
      (e.g. Mallinokrod: Silicar CC-4), eluting with a gradient of 25-75% ethyl
      acetate-Skellysolve B (isomeric hexane mixture) and collecting fractions.
      Those fractions shown by TLC to contain the respective 15-formate
      compound, separated from its isomer and free of starting material and
      impurities, are combined and concentrated under reduced pressure to give
      the title compounds.
PAC  Example 4
PAR  PGA.sub.2 and 15.beta.-PGA.sub.2.
PAR  PGA.sub.2 15-formate (100 mg., Example 3) is dissolved in a mixture of 10
      ml. of methanol and 2.5 ml. of saturated aqueous sodium bicarbonate
      solution. The solution is stirred under nitrogen at 25.degree. C. for 2.5
      hrs. Then 5 ml. of water and 2 ml. of 1 N. hydrochloric acid are added,
      and the solution concentrated. The aqueous residue is adjusted to pH 2-3
      and extracted three times with ethyl acetate. The combined extracts are
      washed with water, dried over sodium sulfate, and concentrated to yield
      PGA.sub.2.
PAR  Similarly, hydrolysis of 15.beta.-PGA.sub.2 15-formate (Example 3) yields
      15.beta.-PGA.sub.2.
PAC  Example 5
PAR  15.beta.-PGA.sub. 2 10,11-Epoxide Acetate Methyl Ester.
PAR  Hydrogen peroxide 350 ml.; 30% aqueous) is added with stirring to a
      solution of 15.beta.-PGA.sub.2 acetate methyl ester (265 g.) in 5000 ml.
      of methanol under a nitrogen atmosphere at -20.degree. C. Then, one N
      aqueous potassium hydroxide solution (50 ml.) is added gradually during 1
      hour with stirring at -20.degree. C. The mixture is stirred an additional
      2 hours at -20.degree. C. Then, one N hydrochloric acid (80 ml.) is added,
      and the methanol is removed under reduced pressure at 35.degree. C. The
      residue is dissolved in 3000 ml. of ethyl acetate, and the solution is
      washed 3 times with 500-ml. portions of water. The combined water washes
      are extracted with 300 ml. of ethyl acetate. The two ethyl acetate
      solutions are combined, washed with brine, dried with anhydrous sodium
      sulfate and evaporated to give 2.75 g. of a mixture of the alpha and beta
      10,11-epoxides of 15.beta.-PGA.sub.2 acetate methyl ester.
PAC  Example 6
PAR  PGA.sub.2 10,11-Epoxide Methyl Ester.
PAR  Hydrogen peroxide (0.3 ml.; 30% aqueous) and one N aqueous sodium hydroxide
      (0.5 ml.) are added to a solution of PA.sub.2 methyl ester (229 mg.) in 10
      ml. of isopropyl alcohol at 0.degree. C. After 2.5 hours at 0.degree. C.,
      10 ml. of water and 1 ml. of one N hydrochloric acid are added, and the
      isopropyl alcohol is removed under reduced pressure. The residue is
      extracted with ethyl acetate. The extract is washed successively with
      water and brine, dried with anhydrous sodium sulfate, and evaporated. The
      residue is chromatographed on 30 g. of silica gel, eluting with 800 ml. of
      a gradient of 20-70% ethyl acetate in Skellysolve B, collecting 25-ml.
      fractions. Fractions 5-10 are combined and evaporated to give 136 mg. of a
      mixture of the alpha and beta 10,11-epoxide of PGA.sub.2 methyl ester.
PAC  Example 7
PAR  PGA.sub.2 Acetate Methyl Ester .alpha. and .beta.10,11-Epoxides
PAR  Refer to Chart A.
PAR  A solution of PGA.sub.2 15-acetate methyl ester (1.954 g.) in 30 ml. of
      dimethoxyethane (DME) is cooled to -55.degree. C. under nitrogen, and 5.25
      ml. of t-butyl hydroperoxide is added. Then, 5 ml. of 0.25 N. methanolic
      lithium hydroxide (prepared from the mono-hydrate) is added over 100 min.
      After about 6 hrs. an additional 2.5 ml. of the base is added over 50 min.
      Finally, after about 23.5 hrs. the reaction is complete, as shown by TLC.
      The mixture is acidified to pH 5-6 with 1 N hydrochloric acid and is
      concentrated under reduced pressure. The residue is taken up in ethyl
      acetate, washed with brine, dried over sodium sulfate, and concentrated
      under reduced pressure. The product, 2.0 g., contains the title alpha and
      beta compounds in a ratio of 6:1, respectively, as shown by gas
      chromatography.
PAR  Following the procedures of Example 7, but replacing the lithium hydroxide
      solution with methanolic magnesium methoxide (prepared from magnesium and
      anhydrous methanol), there is obtained a product containing the alpha and
      beta epoxides in a ratio of 4:1.
PAR  Following the procedures of Example 7, but replacing the DME with a mixture
      of toluene-DME (10:1) and replacing the lithium hydroxide with Triton B
      (benzyltrimethylammonium hydroxide) in methanol, there are obtained the
      alpha and beta epoxides in a ratio of 7.2:1.
PAR  Following the procedures of Example 7, but replacing the DME with a mixture
      of toluene-DME (1:1) and holding the reaction temperature at -40.degree.
      C., the product contains the alpha and beta epoxides in a ratio of 6.2:1.
PAR  Following the procedures of Example 7, the replacing the DME with
      tetrahydrofuran (THF) and replacing the lithium hydroxide solution with
      Triton B, there are obtained the alpha and beta epoxides in a ratio of
      4.5:1.
PAC  Example 8
PAR  15.beta.-PGE.sub.2 15-Acetate Methyl Ester and 11.beta.,15.beta. -PGE.sub.2
      15-Acetate Methyl Ester.
PAR  Granular aluminum metal (50 g.) is added to a solution pf mercuric chloride
      (50 g.) in 2 l. of water. The mixture is swirled until hydrogen gas
      evolution starts to become vigorous (about 30 seconds). Then, most of the
      aqueous solution is decanted, and the rest is removed by rapid filtration.
      The amalgamated aluminum is washed rapidly and successively with two
      200-ml. portions of methanol and two 200-ml. portions of anhydrous diethyl
      ether. The amalgamated aluminum is then covered with anhydrous diethyl
      ether until used.
PAR  Methanol (250 ml.) and water (25 ml.) are added to a solution of a mixture
      of the alpha and beta 10,11-epoxides of 15.beta.-PGA.sub.2 acetate methyl
      ester (275 g.) in 2500 ml. of diethyl ether. The mixture is cooled to
      -10.degree. C. and the amalgamated aluminum prepared as above from 50 g.
      of aluminum metal is added. The mixture is stirred and maintained at about
      25.degree. C. with external cooling. After one hour, amalgamated aluminum
      prepared as above from 50 g. of aluminum metal is added. After an
      additional hour of stirring at 25.degree. C., amalgamated aluminum
      prepared as above from 50 g. of aluminum metal and also 25 ml. of water
      are added. After an additional hour of stirring at 25.degree. C., 100 g.
      of magnesium sulfate is added as a filler aid, and the mixture is
      filtered. The filter cake is wasted thoroughly with dichloromethane and
      the combined filtrate and washings are evaporated at 25.degree. C. under
      reduced pressure to give a mixture (247 g.) of 15.beta.-PGE.sub.2
      15-acetate methyl ester and 11.beta.,15.beta.-PGE.sub.2 15-acetate methyl
      ester.
PAR  Part of this mixture (210 g.) is chromatographed on 30 kg. of silica gel
      wet-packed with 60 l. of 25% ethyl acetate in Skellysolve B (6-inch
      diameter column), eluting successively with 60-l. portions of 25%, 30%,
      35%, 40%, 45%, 50%, 55%, and 60% ethyl acetate in Skellysolve B,
      collecting 4-l., fractions. Fractions 71-76 are combined and evaporated to
      give 27 g. of 11.beta.,15.beta.-PGE.sub.2 15-acetate methyl ester.
      Fractions 81-98 are combined and evaporated to give 115 g. of
      15.beta.-PGE.sub.2 15-acetate methyl ester.
PAC  Example 9
PAR  15.beta.-PGE.sub.2 15-Acetate Methyl Ester and 11.beta.,15.beta.-PGE.sub.2
      15-Acetate Methyl Ester.
PAR  Anhydrous sodium acetate (0.5 g.) and zinc dust (500 mg.) are added to a
      solution of a mixture of the alpha and beta epoxides of 15.beta.-PGA.sub.2
      acetate methyl ester, prepared as in Example 5, in 5 ml. of acetic acid.
      This mixture is stirred at 25.degree. C. in an atmosphere of nitrogen and
      cooled to about 15.degree. C. One-half ml. of a solution of chromium III
      chloride hexahydrate (300 mg.) in 1 ml. of water is added, and the mixture
      is stirred at 0.degree. C. for 3 hours. The mixture is then diluted with
      ethyl acetate, and the solution is washed successively with four portions
      of water, one N hydrochloric acid, sodium bicarbonate solution, and brine,
      dried with anhydrous sodium sulfate, and evaporated. The residue is
      chromatographed on 20 g. of silica gel, eluting with 600 ml. of a gradient
      of 20-75% ethyl acetate in Skellysolve B, collecting 25-ml. fractions.
      Fractions 10 and 11 are combined to give 11.beta.,15.beta.-PGE.sub.2
      15-acetate methyl ester. Fractions 13 and 14 are combined to give
      15.beta.-PGE.sub.2 15-acetate methyl ester.
PAC  EXample 10
PAR  PGE.sub.2 Methyl Ester and 11.beta.-PGE.sub.2 Methyl Ester.
PAR  Freshly prepared chromium (II) acetate (450 mg., argon atmosphere;
      Inorganic Syntheses, 8, 125) is added to a solution of 136 mg. of epoxides
      (Example 6) in a mixture of 3 ml. of acetic acid and one ml. of water in
      an atmosphere or argon at 0.degree. C. The mixture is stirred at 5.degree.
      C. under argon for 18 hours. Ice is then added to the mixture, and that
      mixture is extracted with ethyl acetate. The extract is washed
      successively with water, one N hydrochloric acid, sodium bicarbonate
      solution, and brine, dried with anhydrous sodium sulfate, and evaporated.
      The residue is chromatographed on silica gel (20 g.), eluting with 600 ml.
      of a gradient of 20-100% ethyl acetate in Skellysolve B, collecting 20 ml.
      fractions. Fractions 19-22 are combined and evaporated to give 27 mg. of
      11.beta.-PGE.sub.2 methyl ester. Fractions 24-27 are combined and
      evaporated to give 5 mg. of PGE.sub.2 methyl ester.
PAC  Example 11
PAR  PGE.sub.2 and 11.beta.-PGE.sub.2.
PAR  Hydrogen peroxide (0.35 ml.; 30% aqueous) is added to a solution of
      PGA.sub.2 (200 mg.) in 5 ml. of methanol. The mixture is cooled to
      -20.degree. C., and 0.75 ml. of one N aqueous sodium hydroxide solution is
      slowly added with stirring. Atter 1 hour of stirring at -20.degree. C., 1
      ml. of one N hydrochloric acid is added, and the mixture is evaporated
      under reduced pressure. The residue is dissolved in ethyl acetate, and the
      resulting solution is washed successively with water and brine, dried with
      anhydrous sodium sulfate, and evaporated. The residue is treated with
      amalgamated aluminum as described in Example 8, using 2.5 ml. diethyl
      ether, 0.25 ml. methanol, and 0.03 ml. water, the amalgamated aluminum
      being added in 2 portions. When the reduction is complete, ethyl acetate
      and one N hydrochloric acid are added to the reaction mixture and the
      mixture is separated in a separatory funnel. The ethyl acetate layer is
      washed successively with one N hydrochloric acid, water, and brine, dried
      with anhydrous sodium sulfate, and evaporated. The residue is subjected to
      preparative thin layer chromatography to give PGE.sub.2 and
      11.beta.-PGE.sub.2 in the ratio 1:2.
PAC  Example 12
PAR  15.beta.-PGE.sub.2 and 11.beta.,15.beta.-PGE.sub.2
PAR  Following the procedure of Example 11, 15.beta.-PGA.sub.2 is transformed to
      15.beta.-PGE.sub.2 and 11.beta.,15.beta.-PGE.sub.2, those being obtained
      in the ratio 1:1.
PAC  Example 13
PAR  PGE.sub.2 and 11.beta.-PGE.sub.2.
PAR  Hexamethyldisilizane (1 ml.) and trimethylchlorosilane (0.2 ml.) are added
      with stirring to a solution of PGA.sub.2 (250 mg.) in 4 ml. of
      tetrahydrofuran at 0.degree. C. under nitrogen. This mixture is maintained
      at 5.degree. C. for 15 hours. The mixture is then evaporated under reduced
      pressure. Toluene is added and evaporated twice. Then the residue is
      dissolved in 6 ml. of methanol, and the solution is cooled to -20.degree.
      C. Hydrogen peroxide (0.45 ml.; 30% aqueous) is added. Then, one N sodium
      hydroxide solution (0.9 ml.) is added dropwise with stirring at
      -20.degree. C. After 2 hours at -20.degree. C., an additional 0.3 ml. of
      the sodium hydroxide solution is added with stirring at -20.degree. C.
      After another hour in the range -10.degree. to -20.degree. C., an
      additional 0.1 ml. of the sodium hydroxide solution is added. Then, 1.5
      ml. of one N hydrochloric acid is added, and the mixture is evaporated
      under reduced pressure. The residue is extracted with ethyl acetate, and
      the extract is washed successively with one N hydrochloric acid and brine,
      dried with anhydrous sodium sulfate and evaporated. The residue is
      dissolved in 5 ml. of diethyl ether. To this solution is added 0.5 ml. of
      methanol and 0.1 ml. of water. Then, amalgamated aluminum made from 0.5 g.
      of aluminum metal as described in Example 8 is added to small portions
      during 3 hours at 25.degree. C. Then, ethyl acetate and 3 N hydrochloric
      acid are added, and the ethyl acetate layer is separated and washed
      successively with one N hydrochloric acid and brine, dried with anhydrous
      sodium sulfate, and evaporated. The residue is chromatographed on 50 g. of
      acid-washed silica gel, eluting first with 400 ml. of a gradient of
      50-100% ethyl acetate in Skellysolve B, and then with 100 ml. of 5%
      methanol in ethyl acetate, collecting 25 ml. of fractions. Fractions 9 and
      10 are combined and evaporated to give 18 mg. of 11.beta.-PGE.sub.2.
      Fractions 17-25 are combined and evaporated to give 39 mg. of PGE.sub.2.
PAR  Following the procedures of Example 13 but replacing PGA.sub.2 with
      PGA.sub.2 acetate and optionally omitting the silylation step, there are
      obtained the corresponding PGE.sub.2 15-acetate and 11.beta.PGE.sub.2
      15-acetate compounds.
PAC  Example 14
PAR  PGE.sub.2
PAR  Refer to Chart C.
PA1  a. Silylation. A mixture of PGA.sub.2 (0.68 g.), 4 ml. of tetrahydrofuran
      (THF), and 1 ml of trimethylchlorosilane solution (5% in
      hexamethyldisilazane) is stirred under nitrogen for 2 hours, at about
      25.degree. C. Then the silylated material is concentrated by renoval of
      THF under reduced pressure, utilizing added benzene (10 ml.) to facilitate
      removal of THF.
PA1  b. Oxidation. A cold (-40.degree. C.) solution of the above silylated
      material in 15 ml. of isopropyl alcohol is mixed with 1.2 ml. of 30%
      aqueous hydrogen peroxide, followed by 1.5 ml. of 3 N. aqueous lithium
      hydroxide added dropwise. The temperature is allowed to warm to about
      -30.degree. C. The reaction is continued until the PGA.sub.2 has been
      exhausted as shown by the absence of PGA.sub.2 in a thin layer
      chromatographic (TLC) spot test using the A-IX system (Hamberg and
      Samuelsson, J. Biol. Chem. 241, 257 (1966). At -30.degree. C. the reaction
      time is about 3-4 hrs. After completion, 5 ml. of 1 N. hydrochloric acid
      is added and the mixture is concentrated under reduced pressure. The
      residue is extracted with ethyl acetate, washed with 0.5 N. hydrochloric
      acid and then brine, dried over sodium sulfate, and concentrated to the
      epoxide.
PA1  c. Reduction and hydrolysis. A solution of the above epoxide in 20 ml. of
      THF and 2 ml. of methanol is stirred with 4 ml. of saturated aqueous
      sodium bicarbonate solution and cooled to 15.degree. C. To the mixture is
      added, in portions with vigorous stirring, an aluminum amalgam made from 1
      g. of powdered aluminum (Example 8). After stirring at about 25.degree. C.
      for 45 min., a sample is analyzed by TLC for PGE.sub.2 and epoxide.
      Reaction is continued if necessary. When the epoxide is no longer present,
      the supernatant suspension is decanted from the aluminum which is further
      washed with ethyl acetate. The combined decantate and washes are
      concentrated under reduced pressure. The residue is taken up in about
      15-20 ml. of ethyl acetate and shaken with 20 ml. of 1 N. hydrochloric
      acid. The layers are separated, the organic phase is washed with 0.5 N.
      hydrochloric acid, and then brine, dried and concentrated to an oily
      residue of 0.837 g.
PA1  d. Separation. A solution of the above residue in a small amount of 20%
      ethyl acetate-Skellysolve B (isomeric hexanes) is applied to a
      chromatographic column of 65 g. of acid-washed silica, e.g. Mallinckrodt
      Silicar CC-4. Elution with a gradient of 20-100% ethyl acetate-Skellysolve
      B gives fractions. Those fractions which are shown by TLC to contain the
      desired compound are combined, and concentrated. There is obtained in
      separate fractions PGE.sub.2, 0.5 g., and 11.beta.-PGE.sub.2, 0.05 g.
PAR  Alternatively, the oily product from c above is triturated in ethyl
      acetate-cyclohexane (1:1), cooled to about 10.degree.C. and seeded to
      yield crystalline PGE.sub.2, about 0.4 g. The mother liquor is subjected
      to silica gel chromatography to yield separate fractions of about 0.1 g.
      PGE.sub.2 and 0.05 g. 11.beta.-PGE.sub.2.
PAC  EXAMPLE 15
PAR  PGE.sub.2
PA1  a. Silylation. Following the procedure of Example 14, step a, PGA.sub.2
      (0.68 g.) is silylated and concentrated.
PA1  b. Oxidation. A cold (-40.degree. C.) solution of the above silylated
      material in 3.0 ml. of isopropyl alcohol is mixed with 0.84 ml. of t-butyl
      hydroperoxide, followed by the addition of 0.352 g. of lithium hydroxide
      monohydrate. The reaction is continued at -40.degree. C. to -20.degree. C.
      for 5 hrs. Then, the pH of the mixture is adjusted to about 8.0 by adding
      carbon dioxide.
PA1  c. Reduction and hydrolysis. The above mixture is diluted with 20 ml. of
      THF and cooled to 15.degree. C. To the mixture is added in portions with
      vigorous stirring, an aluminum amalgam made from 1 g. of powdered aluminum
      (Example 8). After stirring at about 25.degree. C. for 45 min., a sample
      is analyzed by TLC for PGE.sub.2 and epoxide. Reaction is continued if
      necessary. When the epoxide is no longer present, the supernatant
      suspension is decanted from the aluminum which is further washed with
      ethyl acetate. The combined decantate and washes are concentrated under
      reduced pressure. The residue is taken up in about 15-20 ml. of ethyl
      acetate and shaken with 20 ml. of 1 N. hydrochloric acid. The layers are
      separated, the organic phase is washed with 0.5 N. hydrochloric acid, and
      then brine, dried and concentrated to an oily residue of 0.837 g.
PA1  d. Separation. A solution of the above residue in a small amount of 20%
      ethyl acetate-Skellysolve B (isomeric hexanes) is applied to a
      chromatographic column of 65 g. of acid-washed silica, e.g. Mallinckrodt
      Silicar OC-4. Elution with a gradient of 20-100% ethyl acetate-Skellysolve
      B gives fractions. Those fractions which are shown by TLC to contain the
      desired compound are combined, and concentrated. There is obtained in
      separate fractions PGE.sub.2, 0.5 g., and 11.beta.-PGE.sub.2, 0.05 g.
PAC  Example 16
PAR  15.beta.-PGE.sub.2 11-Si-(CH.sub.3).sub.3 Ether 15-Acetate Methyl Ester.
PAR  Hexamethyldisilazane (100 g.) and then trimethylchlorosilane (20 g.) are
      added to a solution of 15.beta.-PGE.sub.2 15-acetate methyl ester (Example
      8) in 400 ml. of tetrahydrofuran with vigorous stirring at 25.degree. C.
      under nitrogen. The reaction mixture is maintained in the range 20.degree.
      to 25.degree. C. by external cooling, and is stirred 2 hours under
      nitrogen. Then, the mixture is evaporated at 50.degree. C. at reduced
      pressure. The residue is mixed with 150 ml. of toluene, and the mixture is
      filtered through a pad of diatomaceous earth. The filtrate is evaporated
      at 50.degree. C. under reduced pressure. The residue is mixed with 150 ml
      of toluene, and again the toluene is removed under reduced pressure at
      50.degree. C. to give 75 g. of 15.beta.-PGE.sub.2 11-Si-(CH.sub.3).sub.3
      ether 15-acetate methyl ester.
PAR  Following the procedure of Example 1611.beta.-15.beta.-PGE.sub.2 15-acetate
      methyl ester is transformed to the corresponding 11-Si-(CH.sub.3).sub.3
      ether.
PAR  Also following the procedure of Example 16, but using larger amounts of
      hexamethyldisilazane and trimethylchlorosilane, 15.beta.-PGE.sub.2 methyl
      ester, 15.beta.-PGE.sub.2, 11.beta.,15.beta.-PGE.sub.2 methyl ester, and
      11.beta. ,15.beta.-PGE.sub.2 are transformed to the corresponding
      11,15-di-Si-(CH.sub.3).sub.3 ethers.
PAC  Example 17
PAR  15.beta.-PGF.sub.2.sub..alpha. 15-Acetate Methyl Ester and
      15.beta.-PGF.sub.2.sub..beta. 15-Acetate Methyl Ester.
PAR  Sodium borohydride (1.42 g.) is added in one portion to a solution of
      15.beta.-PGE.sub.2 11-Si-(CH.sub.3).sub.3 ether 15-acetate methyl ester
      (Example 16) (30.7 g.) in 500 ml. of absolute ethanol at 0.degree. C. with
      stirring. The mixture is stirred at 0.degree. C. for 3.5 hours. Then, 10
      ml. of glacial acetic acid is added slowly with stirring at 0.degree. C.
      Then, 100 ml. of water is added, and the mixture is allowed to warm to
      25.degree. C. with stirring, and is stirred 15 hours at 25.degree. C. The
      ethanol is evaporated under reduced pressure, and the residue is mixed
      with 400 ml. of brine. The mixture is extracted with 3 portions of ethyl
      acetate (400 ml., 250 ml., and 150 ml.). The combined extracts are washed
      successively with two 100-ml. portions of water, 100 ml. of saturated
      aqueous sodium bicarbonate solution, two 100-ml. portions of brine, dried
      with anhydrous sodium sulfate, and evaporated under reduced pressure to
      give 24.5 g. of a mixture of 15.beta.-PGF.sub.2.sub..alpha. 15-acetate
      methyl ester and 15.beta.-PGF.sub.2.sub..beta. 15-acetate methyl ester.
PAC  Example 18
PAR  15.beta.-PGF.sub.2.sub..alpha. and 15.beta.-PGF.sub.2.sub..beta..
PAR  Aqueous sodium hydroxide solution (10%; 275 ml.) is added to a solution of
      48 g. of a mixture of 15.beta.-PGF.sub.2.sub..alpha. 15-acetate methyl
      ester and 15.beta.-PGF.sub.2.sub..beta. 15-acetate methyl ester (Example
      17) in 350 ml. of methanol at 0.degree. C. with stirring under nitrogen.
      The mixture is allowed to warm to 25.degree. C. with stirring, and is
      stirred 3 hours at 25.degree. C. Then, the methanol is evaporated under
      reduced pressure at 35.degree. C. The aqueous residue is cooled and
      extracted once with a mixture of diethyl ether and dichloromethane (1:1).
      Then, the aqueous residue is acidified with 260 ml. of 3 N hydrochloric
      acid, saturated with sodium chloride, and extracted with 3 portions of
      ethyl acetate (400 ml., 250 ml., and 150 ml.). The combined extracts are
      washed successively with two 100-ml. portions of water and two 100-ml.
      portions of brine, dried with anhydrous sodium sulfate, and evaporated to
      give 42 g. of a mixture of 15.beta.-PGF.sub.2.sub..alpha. and
      15.beta.-PGF.sub.2.sub..beta..
PAC  Example 19
PAR  15-Oxo-PGF.sub.2.sub..alpha. and 15-Oxo-PGF.sub.2.sub..beta..
PAR  The mixture of 15.beta.-PGF.sub.2.sub..alpha. and
      15.beta.-PGF.sub.2.sub..beta. (42 g.) obtained as in Example 18 is
      dissolved in 950 ml. of dioxane. To this solution at 25.degree. C. is
      added 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (40.degree. g.). This
      mixture is stirred 18 hours at 50.degree. C. under nitrogen. The mixture
      is then cooled to 25.degree. C. and filtered. The filter cake is washed
      with dichloromethane, and the combined filtrate and washing are evaporated
      under reduced pressure at 45.degree. C. to give a mixture (66 g.) of
      15-oxo-PGF.sub.2.sub..alpha. and 15-oxo-PGF.sub.2.sub..beta.
PAR  Part of this mixture (33 g ) is chromatographed on 3 kg. of acid-washed
      silica gel, eluting successively with 10 l. 60%, 10 l. 70%, 10 l. 80%, 20
      l. 90% ethyl acetate in Skellysolve B, 15 l. ethyl acetate, and 10 l. 5%
      methanol in ethyl acetate, collecting 650-ml. fractions. Fractions 42-53
      are combined and evaporated to give 8.3 g. of
      15-oxo-PGF.sub.2.sub..alpha.. Fractions 64-85 are combined and evaporated
      to give 3.3 g. of 15-oxo-PGF.sub.2.sub..beta..
PAC  Example 20
PAR  PGF.sub.2.sub..alpha., and 15.beta.-PGF.sub.2.sub..alpha..
PAR  Hexamethyldisilazane (70 ml.) and trimethylchlorosiiane (14 ml.) are added
      with vigorous stirring to a solution of 15-oxo-PGF.sub.2.sub..alpha. (3.0
      g.) in 350 ml. of tetrahydrofuran at 25.degree. C. under nitrogen. The
      mixture is stirred 18 hours at 25.degree. C. under nitrogen. Then, the
      mixture is evaporated under reduced pressure at 50.degree. C. Toluene (100
      ml.) is added to the residue, and the mixture is filtered through a pad of
      diatomaceous earth. The filtrate is evaporated, and 100 ml. of toluene is
      added to the residue. This mixture is evaporated under reduced pressure to
      give the 9,11-di-Si-(CH.sub.3).sub.3 ether of 15oxo-PGF.sub.2.sub..alpha..
PAR  This disilyl ether is dissolved in 20 ml. of 1,2-dimethoxyethane. Sodium
      borohydride (680 mg.) is suspended in 65 ml. of 1,2-dimethoxyethane at
      0.degree. C. under nitrogen. Anhydrous zinc chloride (1.23 g.) is added to
      this suspension, and the mixture is stirred 30 minutes at 0.degree. C.
      Then, the solution of the disilyl ether is added dropwise during 10
      minutes with stirring at 0.degree. C. The resulting mixture is allowed to
      warm to 25.degree. C. with stirring, and is stirred 4 hours at 25.degree.
      C. Then, 30 ml. of water is added, followed by 8 ml. of glacial acetic
      acid. This mixture is stirred 15 hours at 25.degree. C. The mixture is
      then poured into a mixture of ice and 100 ml. of 0.5 N hydrochloric acid.
      That mixture is saturated with sodium chloride, and then extracted with
      several portions of ethyl acetate. The combined extracts are washed with
      brine, dried with anhydrous sodium sulfate, and evaporated under reduced
      pressure. The residue (3.2 g.) is chromatographed on 600 g. of acid-washed
      silica gel, eluting successively with 5 l. of 75% ethyl acetate in
      Skellysolve B, 5 l. of 90% ethyl acetate in Skellysolve B, and 5 l. of a
      gradient of 90% ethyl acetate and 10% methanol in ethyl acetate,
      collecting 550-ml. fractions. Fractions 21-26 are combined and evaporated
      to give 543 mg. of 15.beta.PGF.sub.2.sub..alpha.. Fractions 28-36 are
      combined and evaporated to give 1.62 g. of PGF.sub.2.sub..alpha..
PAC  Example 21
PAR  15.beta.-PGF.sub.2.sub..alpha. 15-Acetate Methyl Ester and
      15.beta.-PGF.sub.2.sub..beta. 15-Acetate Methyl Ester.
PAR  Sodium borohydride (6.0 g.) is added in one portion with vigorous stirring
      to a solution of 15.beta.-PGE.sub.2 11-Si-(CH.sub.3).sub.3 ether
      15-acetate methyl ester (77 g.) in 1500 ml. of methanol at -30.degree. C.
      Then 5.0 g. sodium borohydride is added and the mixture is stirred 1 hour
      at -30.degree. C., and a second hour while warming to 20.degree. C. Then,
      glacial acetic acid (30 ml.) is added slowly, followed by 125 ml. of
      water. This mixture is stirred 15 hours at 25.degree. c., and then
      evaporated under reduced pressure. The residue is C., with brine (2
      volumes), and the mixture is extracted 3 times with ethyl acetate. The
      combined extracts are washed successively with water, sodium bicarbonate
      solution, and brine, dried with anhydrous sodium sulfate, and evaporated
      under reduced pressure to give 60 g. of a mixture of
      15.beta.-PGF.sub.2.sub..alpha. 15-acetate methyl ester and
      15.beta.-PGF.sub.2.sub..beta. 15-acetate methyl ester.
PAR  Part (21 g.) of this mixture is chromatographed on 1.8 kg. of silica gel,
      wet-packed in 50% ethyl acetate in Skellysolve B, eluting successively
      with 20 l. 50%, 20 l. 60%, and 5 l. 75% ethyl acetate in Skellysolve B,
      collecting 650-ml. fractions. Fractions 12-26 are combined and evaporated
      to give 22.0 g. of 15.beta.-PGF.sub.2.sub..alpha. 15-acetate methyl ester.
      Fractions 44-61 are combined and evaporated to give 6.11 g. of
      15.beta.-PGF.sub.2.sub..beta. 15-acetate methyl ester.
PAC  Example 22
PAR  15.beta.-PGF.sub.2.sub..alpha..
PAR  Following the procedure of Example 18, 15.beta.-PGF.sub.2.sub..alpha.
      15-acetate methyl ester is saponified to 15.beta.-PGF.sub.2.sub..alpha.
PAC  Example 23
PAR  15.beta.2.sub..beta.. 2.sub..beta.
PAR  Following the procedure of Example 18, 15.beta.-PGF.sub.2.sub..beta.
      15-acetate methyl ester is saponified to 15.beta.-PGF.sub.2.sub..beta..
PAC  Example 24
PAR  15-Oxo-PGF.sub.2.sub..alpha..
PAR  Following the procedure of Example 19, 15.beta.-PGF.sub.2.sub..alpha. is
      oxidized to 15-oxo-PGF.sub.2.sub..alpha..
PAC  Example 25
PAR  15-Oxo-PGF.sub.2.sub..beta..
PAR  Following the procedure of Example 19, 15.beta.-PGF.sub.2.sub..beta.  is
      oxidized to 15-oxo-PGF.sub.2.sub..beta..
PAC  Example 26
PAR  PGF.sub.2.sub..beta.  and 15.beta.-PGF.sub.2.sub..beta..
PAR  Following the procedure of Example 20, 15-oxo-PGF.sub.2.sub..beta.  is
      silylated and then reduced to a mixture of PGF.sub.2.sub..beta. and
      15.beta.-PGF.sub.2.sub..beta.  which are separated as described for the
      alpha compounds in Example 20.
PAC  Example 27
PAR  11.beta.,15.beta.-PGF.sub.2.sub..alpha.  and 11.beta.
      ,15.beta.-PGF.sub.2.sub..beta.. .
PAR  Following the procedures of Example 16 and 21 11.beta.,15.beta.-PGE.sub.2
      15-acetate methyl ester is transformed to a mixture of
      11.beta.,15.beta.PGF.sub.2.sub..alpha. 15-acetate methyl ester and
      11.beta.,15.beta.-PGF.sub.2.sub..beta. 15-acetate methyl ester which are
      separated as described for the products of Example 21. Those acetate
      methyl esters are then separately saponified as in Example 18 to give
      11.beta.,15.beta.-PGF.sub.2.sub..alpha.  and
      11.beta.,15.beta.-PGF.sub.2.sub..beta..
PAC  Example 28
PAR  11.beta.-15-Oxo-PGF.sub.2.sub..alpha..
PAR  Following the procedure of Example 19,
      11.beta.,15.beta.-PGF.sub.2.sub..alpha.  is oxidized to
      11.beta.-15-oxo-PGF.sub.2.sub..alpha..
PAC  Example 29
PAR  11.beta.-15-Oxo-PGF.sub.2.sub..beta..
PAR  Following the procedure of Example 19,
      11.beta.,15.beta.-PGF.sub.2.sub..beta.  is oxidized to
      11.beta.-15-oxo-PGF.sub.2.sub..beta..
PAC  Example 30
PAR  11.beta.-PGF.sub.2.sub..alpha. and 11.beta.,15.beta.-PGF.sub.2.sub..alpha..
PAR  Following the procedure of Example 20,
      11.beta.-15-oxo-PGF.sub.2.sub..alpha.  is silylated and then reduced to a
      mixture of 11.beta.-PGF.sub.2.sub..alpha. and
      11.beta.,15.beta.-PGF.sub.2.sub..alpha. which are separated as described
      for the products of Example 20.
PAC  Example 31
PAR  11.beta.-PGF.sub.2.sub..beta. and 11.beta.-15.beta.-PGF.sub.2.sub..beta..
PAR  Following the procedure of Example 20, 11.beta.-15-oxo-PGF.sub.2.sub..beta.
      is silylated and then reduced to a mixture of
      11.beta.-PGF.sub.2.sub..beta. and 11.beta.,15.beta.-PGF.sub.2.sub..beta.
      which are separated as described for the products of Example 20.
PAC  Example 32
PAR  PGF.sub.2.sub..alpha.  and PGF.sub.2.sub..beta.
PA1  a. Silylation. Following the procedure of Example 14, step a PGA.sub.2
      (0.68 g.) is silylated and concentrated.
PA1  b. Oxidation. A cold (-40.degree. C.) solution of the above silylated
      material in 15 ml. of isopropyl alcohol is mixed with 1.2 ml. of 30%
      aqueous peroxide, followed by 1.5 ml. of 3 N. aqueous lithium hydroxide
      added dropwise. The reaction is continued at about -30.degree. C. for 4
      hrs. Then, the pH of the mixture is adjusted to about 8.0 by adding carbon
      dioxide and the mixture is concentrated under reduced pressure.
PA1  c. Reduction and hydrolysis. The residue above is taken up in 20 ml. of THF
      and 2 ml. of methanol. To it is added with vigorous stirring, an aluminum
      amalgam made from 1 g. of powdered aluminum (Example 8). After the epoxide
      is no longer present as shown by TLC, the mixture is heated to 60.degree.
      C. for about one hour to reduce all 9-oxo compounds to 9-hydroxy
      compounds. There is thereby formed a mixture containing
      F.sub.2.sub..alpha., F.sub.2.sub..beta., 11.beta.-F.sub.2.sub..alpha., and
      11.beta.-F.sub. 2.sub..beta.  salts. The mixture is cooled and the
      supernatant material is decanted from the aluminum which is further washed
      with ethyl acetate. The combined decantate and washes are concentrated
      under reduced pressure. The residue is taken up in ethyl acetate and
      acidified, while stirring, with 20 ml. of 1 N. hydrochloric acid. The
      layers are separated and the organic phase is washed with 0.5 N.
      hydrochloric acid and then brine dried and concentrated under reduced
      pressure.
PA1  d. Separation. A solution of the above residue in a small amount of 20%
      ethyl acetate-Skellysolve B (isomeric hexanes) is applied to a
      chromatographic column of acid-washed silica, e.g. Mallinckrodt Silicar
      CC-4. Elution with a gradient of 20-100% ethyl acetate-Skellysolve B gives
      fractions. Those fractions which are shown by TLC to contain
      PGF.sub.2.sub..alpha.  are combined and concentrated to yield
      PGF.sub.2.sub..alpha.. Likewise, those fractions shown to contain
      PGF.sub.2.sub..beta., 11.beta.-PGF.sub.2.sub..alpha., or
      11.beta.-PGF.sub.2.sub..alpha.  are combined and concentrated to yield
      those compounds, respectively.
PAC  Example 33
PAR  PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta.
PAR  Hydrogen peroxide (3.5ml., 30% aqueous) is added with stirring to a
      solution of PGA.sub.2 acetate methyl ester (2.65 g) in 50 ml. of methanol
      under a nitrogen atmosphere at -20.degree. C. Then, 5.0 ml. of 0.1 N.
      aqueous potassium hydroxide solution is added gradually over 1 hr. with
      stirring at -20.degree. C. The mixture is stirred an additional 2 hrs. at
      -20.degree. C. Then, carbon dioxide is added to the mixture to adjust the
      pH to about 7.0-8.0, and the mixture containing the alpha and beta 10,11
      -epoxides is concentrated under reduced pressure.
PAR  The above residue is taken up in 80 ml. of THF and 8 ml. of methanol, and
      cooled to -10.degree. C. To the mixture is added in portions, with
      vigorous stirring, an aluminum amalgam made from 4 g. of powdered aluminum
      (Example 8). The mixture is stirred and maintained at about 25.degree. C.
      with cooling. After an hour, a sample is analyzed by TLC for 10,11-epoxide
      of PGA.sub.2 15-acetate methyl ester and for PGE.sub.2 15-acetate methyl
      ester. Reaction is continued at about 25.degree. C. until substantially no
      epoxide is left. The reaction mixture is then warmed to 60.degree. C.,
      with stirring. After one hour a sample is analyzed by TLC for PGE.sub.2
      15-acetate methyl ester and 11.beta.-PGE.sub.2 15-acetate methyl ester and
      for the corresponding PGE.sub.2.sub..alpha. and PGE.sub.2.sub..beta.
      compounds. Reaction is continued at 60.degree. C. until no PGE.sub.2
      compounds are left. The mixture is cooled and the supernatant material is
      decanted from the aluminum which is further washed with ethyl acetate. The
      combined decantate and washes are concentrated under reduced pressure. The
      residue is taken up in ethyl acetate and chromatographed on silica gel,
      eluting with 20-100% ethyl acetate-Skellysolve B, collecting fractions.
      Those fractions which are shown by TLC to contain PGF.sub.2.sub..alpha.
      15-acetate methyl ester are combined and concentrated to give that
      compound. Likewise, the fractions containing PGF.sub.2.sub..beta.
      15-acetate methyl ester are combined and concentrated to give that
      compound.
PAR  PGF.sub.2.sub..alpha.  and PGF.sub.2.sub..beta.  are obtained by
      saponification of the above corresponding 15-acetate methyl esters.
      Aqueous sodium hydroxide (2.75 ml. 10%) is added to a solution of
      PGF.sub.2.sub..alpha. 15-acetate methyl ester (0.48 g.) in 10 ml. of
      methanol at 0.degree. C. with stirring under nitrogen. The mixture is
      allowed to warm to 25.degree. C. with stirring and is stirred 3 hrs. at
      25.degree. C. The mixture is partially concentrated under reduced
      pressure. The aqueous residue is cooled and extracted once with a mixture
      of diethyl ether and dichloromethane (1:1). The aqueous residue is
      acidified with about 2.6 ml. of 3 N. hydrochloric acid, saturated with
      sodium chloride, and extracted with ethyl acetate. The organic phase is
      washed with water and brine, dried with anhydrous sodium sulfate, and
      concentrated to PGF.sub.2.sub..alpha.. In a similar fashion,
      PGF.sub.2.sub..beta. is obtained by saponification of PGF.sub.2.sub..beta.
      15-acetate methyl ester.
CLMS
STM  We claim:
NUM  1.
PAR  1. The compound of the formula
      ##SPC16##
PAL  wherein R.sub.1 is hydrogen, alkyl of 1 to 8 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl or phenyl substituted with one, 2, or 3 chloro or
      alkyl of 1 to 4 carbon atoms, inclusive, and the pharmacologically
      acceptable salts thereof when R.sub.1 is hydrogen.
NUM  2.
PAR  2. The compound according to claim 1 wherein R.sub.1 is methyl.
NUM  3.
PAR  3. The compound according to claim 1 wherein R.sub.1 is hydrogen.
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ABST
PAL  Substituted phenyl and naphthyl esters of PGE.sub.1, 15-alkyl-PGE.sub.1,
      and 15(R)-15-alkyl-PGE.sub.1, and their racemic forms, and processes for
      producing them are disclosed. The products are useful for the same
      pharmacological and medical purposes as PGE.sub.1, 15-alkyl-PGE.sub.1, and
      15(R)-15-alkyl-PGE.sub.1, and are also useful as a means for obtaining
      highly purified PGE.sub.1, 15-alkyl-PGE.sub.1, and 15(R)-alkyl-PGE.sub.1
      products.
PARN
PAR  This is a division of application Ser. No. 431,599, filed Jan. 8, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel ester derivatives of prostaglandin E.sub.1
      (hereinafter identified as "PGE.sub.1 "), 15-alkyl-PGE.sub.1, 15
      (R)-15-alkyl-PGE.sub.1, and their racemic forms, and to processes for
      producing them.
PAR  PGE.sub.1 is represented by the formula:
      ##SPC1##
PAL  A systematic name for PGE.sub.1 is
      7-{3.alpha.-hydroxy-2.beta.-[(3S)-3-hydroxy trans-1-octenyl]
      -5-oxo-1.alpha.-cyclopentyl} -heptanoic acid. PGE.sub.1 is known to be
      useful for a variety of pharmacological and medical purposes, for example
      labor induction and abortion in pregnant animals, including humans,
      menstrual regulation in both pregnant and non-pregnant animals, including
      humans, reduction and control of gastric secretion, and as a hypotensive
      agent to reduce blood pressure in mammals, including humans. See Bergstrom
      et al., Pharmacol. Rev. 20, 1 (1968) and references cited therein. As to
      racemic PGE.sub.1, see for example W. P. Schneider et al., J. Am. Chem.
      Soc. 91, 5372 (1969).
PAR  The 15-alkyl-PGE.sub.  1 analog and its 15(R) epimer are represented by the
      formula:
      ##SPC2##
PAL  Wherein Y' is
      ##EQU1##
      following the usual convention wherein broken line attachment of hydroxy
      to the side chain at carbon 15 indicates the natural or "S" configuration
      and solid line attachment of hydroxy indicates the epi or "R"
      configuration. See for example Nugteren et al., Nature 212, 38 (1966) and
      Cahn, J. Chem. Ed. 41, 116 (1964). The 15-alkyl-and
      15(R)-15-alkyl-PGE.sub.1 analogs in their optically active and racemic
      forms are known. See for example U.S. Pat. No. 3,728,382. These analogs
      are also useful for the above-described pharmacological purposes.
PAR  Esters of the above compounds are known, wherein the hydrogen atom of the
      carboxyl group is replaced by a hydrocarbyl or substituted hydrocarbyl
      group. Among these are the methyl ester of PGE.sub.1 (B. Samuelsson, J.
      Biol. Chem. 238, 3229 (1963)), (see also U.S. Pat. No. 3,069,322), the
      methyl esters of 15-methyl-PGE.sub.1 and dl-15-methyl-PGE.sub.1 (G. L.
      Bundy et al., Ann. N.Y. Acad. Sci. 180, 76 (1971)), the ethyl ester of
      PGE.sub.1 (R. Ryhage et al., Biochem. Biophys. Res. Commun. 19, 279
      (1965)), and the octafluoro-1-pentyl ester of PGE.sub.1 (Belgian Pat. No.
      775,106, Derwent Farmdoc No. 33705T).
PAC  SUMMARY OF THE INVENTION
PAR  It is a purpose of this invention to provide novel ester derivatives of
      prostaglandin PGE.sub.1, 15-alkyl-PGE.sub.1, 15(R)- 15-alkyl-PGE.sub.1,
      and their racemic forms. It is a further purpose to provide such esters
      derived from substituted phenols and naphthols. It is a further purpose to
      provide such esters in a free-flowing crystalline form. It is still a
      further purpose to provide novel processes for preparing these esters.
PAR  The presently described esters include compounds represented by the generic
      formula:
      ##SPC3##
PAL  wherein Z is the substituted phenyl or naphthyl group as defined
      immediately below, and Y is
      ##EQU2##
      i.e. esters of PGE.sub.1, 15-methyl-PGE.sub.1, and
      15(R)-15-methyl-PGE.sub.1, 15-ethyl-PGE.sub.1, and
      15(R)-15-ethyl-PGE.sub.1, and also the racemic compounds represented by
      each respective formula and the mirror image thereof: Z being represented
      by
      ##SPC4##
PAR  For example, PGE.sub.1, p-acetamidophenyl ester, is represented by formula
      III when Y is
      ##EQU3##
      and Z is A, i.e.
      ##SPC5##
PAL  and is conveniently identified herein as the PGE.sub.1 ester of formula
      III-A. Racemic compounds are designated by the prefix "racemic" or "dl";
      when that prefix is absent, the intent is to designate an optically active
      compound. Racemic 15-methyl-PGE.sub.1, p-benzamidophenyl ester,
      corresponds to formula III wherein Y is
      ##EQU4##
      and Z is B, i.e.
      ##SPC6##
PAL  including of course not only the optically active isomer represented by
      formula III but also its mirror image.
PAR  The novel formula-III compounds and corresponding racemic compounds of this
      invention are each useful for the same purposes as described above for
      PGE.sub.1 and are used for those purposes in the same manner known in the
      art, including oral, sublingual, buccal, rectal, intravaginal,
      intrauterine, or topical administration.
PAR  For many applications these novel prostaglandin esters which I have
      obtained from certain specified phenols and naphthols have advantages over
      the corresponding known prostaglandin compounds. Thus, these substituted
      phenyl and naphthyl esters are surprisingly stable compounds having
      outstanding shelf-life and thermal stability. In contrast to the acid form
      of these prostaglandins, these esters are not subject to acid-catalyzed
      decomposition either by elimination of water or by epimerization. Thus
      these compounds have improved stability either in solid, liquid, or
      solution form. In oral administration these esters have shown surprisingly
      greater efficacy than the corresponding free acids or lower alkyl esters,
      whether because of longer duration of biological activity or because of
      improved lipophilicity and absorption is not certain. These esters offer a
      further advantage in that they have low solubility in water and the body
      fluids and are therefore retained longer at the site of administration.
PAR  A particularly outstanding advantage of many of these substituted phenyl
      and naphthyl esters is that they are obtained in free-flowing crystalline
      form, generally of moderately high melting point, in the range
      90.degree.-180.degree. C. This form is especially desirable for ease of
      handling, administering, and purifying. These crystals are highly stable,
      for example showing practically no decomposition at accelerated storage
      tests at 65.degree. C., in comparison with liquid alkyl esters or the free
      acids. This quality is advantageous because the compound does not lose its
      potency and does not become contaminated with decomposition products.
PAR  These crystalline esters also provide a means of purifying PGE.sub.1,
      15-methyl-PGE.sub.1, 15(R)-15-methyl-PGE.sub.1, 15-ethyl-PGE.sub.1, or
      15(R)-15-ethyl-PGE.sub.1, which are first converted to one of these
      esters, recrystalized until pure, and then recovered as the free acid. One
      method of recovering the free acid is by enzymatic hydrolysis of the
      ester, for example with a lipase. See German Pat. No. 2,242,792, Derwent
      Farmdoc No. 23047U.
PAR  To obtain the optimum combination of stability, duration of biological
      activity, lipophilicity, solubility, and crystallinity, certain compounds
      within the scope of formula III are preferred.
PAR  One preference is that Z is limited to either
      ##SPC7##
PAR  Another preference is that Z is further limited to
      ##SPC8##
PAL  wherein R.sub.1 is
EQU  --CH.sub.3
      ##SPC9##
EQU  --NH.sub.2
      ##SPC10##
      ##SPC11##
PAL  wherein R.sub.2 is
EQU  --CH.sub.3
      ##SPC12##
EQU  --NH.sub.2.
PAR  Another preference is that Z is limited to
      ##SPC13##
PAR  Another preference is that Z is limited to
      ##SPC14##
PAL  wherein R.sub.3 is
EQU  --CH.sub.3
      ##SPC15##
EQU  --NH.sub.2
      ##SPC16##
EQU  O--CH.sub.3 ;
PAL  or
      ##SPC17##
PAL  wherein R.sub.4 is
      ##SPC18##
PAR  Especially preferred are those compounds which are in free-flowing
      crystalline form, for example:
PA1  p-acetamidophenyl ester of PGE.sub.1 or
PA1  p-benzamidophenyl ester of PGE.sub.1.
PAR  The substituted phenyl and naphthyl esters of PGE.sub.1,
      15-alkyl-PGE.sub.1, and 15(R)-15-alkyl-PGE.sub.1 encompassed by formula
      III wherein Z is defined by ester groups A through Y are produced by the
      reactions and procedures described and exemplified hereinafter. For
      convenience, the above prostaglandin or prostaglandin analog is referred
      to as "the PG compound". The term "phenol" is used in a generic sense,
      including both phenols and naphthols.
PAR  Various methods are available for preparing these esters, differing as to
      yield and purity of product. Thus, by one method, the PG compound is
      converted to a tertiary amine salt, reacted with pivaloyl halide to give
      the mixed acid anhydride and then reacted with the phenol. Alternately,
      instead of pivaloyl halide, an alkyl or phenylsulfonyl halide is used,
      such as p-toluenesulfonyl chloride. See for example Belgian Pat. Nos.
      775,106 and 776,294, Derwent Farmdoc Nos. 33705T and 39011T.
PAR  Still another method is by the use of the coupling reagent,
      dicyclohexylcarbodiimide. See Fieser et al., "Reagents for Organic
      Synthesis,"  pp. 231-236, John Wiley and Sons, Inc., New York (1967). The
      PG compound is contacted with one to ten molar equivalents of the phenol
      in the presence of 2-10 molar equivalents of dicyclohexylcarbodiimide in
      pyridine as a solvent.
PAR  The preferred novel process for the preparation of these esters, however,
      comprises the steps (1) forming a mixed anhydride with the PG compound and
      isobutylchloroformate in the presence of a tertiary amine and (2) reacting
      the (2) with an appropriate phenol or naphthol.
PAR  The mixed anhydride is represented by the formula:
      ##SPC19##
PAL  for the optically active PG compounds, Y having the same definition as
      above.
PAR  The anhydride is formed readily at temperatures in the range -40.degree. to
      -60.degree. C., preferably at -10.degree. to +10.degree. C. so that the
      rate is reasonably fast and yet side reactions are minimized. The
      isobutylchloroformate reagent is preferably used in excess, for example
      1.2 molar equivalents up to 4.0 per mole of the PG compound. The reaction
      is preferably done in a solvent and for this purpose acetone is preferred,
      although other relatively non-polar solvents are used such as
      acetonitrile, dichloromethane, and chloroform. The reaction is run in the
      presence of a tertiary amine, for example triethylamine, and the co-formed
      amine hydrochloride usually crystallizes out, but need not be removed for
      the next step.
PAR  The anhydride is usually not isolated but is reacted directly in solution
      with the phenol, preferably in the presence of a tertiary amine such as
      pyridine.
PAR  The phenol is preferably used in equivalent amounts or in excess to insure
      that all of the mixed anhydride is converted to ester. Excess phenol is
      separated from the product by methods described herein or known in the
      art, for example by crystallization. The tertiary amine is not only a
      basic catalyst for the esterification but also a convenient solvent. Other
      examples of tertiary amines useful for this purpose include
      N-methylmorpholine, triethylamine, diisopropylethylamine, and
      dimethylaniline. Although they may be used, 2-methylpyridine and quinoline
      result in a slow reaction. A highly hindered amine such as
      2,6-dimethyllutidine is not useful because of the slowness of the
      reaction.
PAR  The reaction with the anhydride proceeds smoothly at room temperature
      (about 20.degree. to 30.degree. C.) and can be followed in the
      conventional manner with thin layer chromatography (TLC), usually being
      found complete within 1-4 hours.
PAR  The reaction mixture is worked up to yield the ester following methods
      known in the art, and the product is purified, for example by silica gel
      chromatography.
PAR  Solid esters are converted to a free-flowing crystalline form on
      crystallization from a variety of solvents, including ethyl acetate,
      tetrahydrofuran, methanol, and acetone, by cooling or evaporating a
      saturated solution of the ester in the solvent or by adding a miscible
      nonsolvent such as diethyl ether, hexane, or water. The crystals are then
      collected by conventional techniques, e.g. filtration or centrifugation,
      washed with a small amount of solvent, and dried under reduced pressure.
      They may also be dried in a current of warm nitrogen or argon, or by
      warming to about 75.degree. C. Although the crystals are normally pure
      enough for many applications, they may be recrystallized by the same
      general techniques to achieve improved purity after each recrystallization
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention can be more fully understood by the following examples.
PAR  All temperatures are in degrees centigrade.
PAR  Silica gel chromatography, as used herein, is understood to include
      chromatography on a column packed with silica gel, elution, collection of
      fractions, and combination of those fractions shown by thin layer
      chromatography (TLC) to contain the desired product free of starting
      material and impurities. "TLC," herein, refers to thin layer
      chromatography.
PAC  PREPARATION 1
PAC  p-Benzamidophenol
PAR  A solution of p-hydroxyaniline (20 g.) in 200 ml. pyridine is treated with
      benzoic anhydride (20 g.). After 4 hr. at about 25.degree. C., the mixture
      is concentrated under reduced pressure and the residue is taken up in 200
      ml. of hot methanol and reprecipitated with 300 ml. of water. The product
      is recrystallized from hot acetonitrile as white crystals, 8.5 g., m.p.
      218.0.degree.-218.5.degree. C.
PAC  PREPARATION 2
PAC   p-(p-Acetamidobenzamido) phenol
PAR  A solution of p-acetamidobenzoic acid (12.5 g.) in 250 ml. of
      tetrahydrofuran is treated with triethylamine (11.1 ml.). The mixture is
      then treated with isobutylchloroformate (10.4 ml.) and, after 5 min. at
      about 25.degree. C., with p-aminophenol (13.3 g.) in 80 ml. of dry
      pyridine. After 40 min. the crude product is obtained by addition of 2
      liters of water. The product is recrystallized from 500 ml. of hot
      methanol by dilution with 300 ml. of water as white crystals, 5.9 g., m.p.
      275.0.degree.-277.0.degree. C.
PAC  EXAMPLE 1
PAC  p-Acetamidophenyl Ester of PGE.sub.1 (Formula III-A).
PAR  A solution of PGE.sub.1 (0.450 g.) and triethylamine (0.214 ml.) in 20 ml.
      of acetone is treated at -20.degree. C. with isobutylchloroformate (0.20
      ml.) whereupon triethylamine hydrochloride is precipitated. After 5 min.
      the mixture is treated with p-acetamidophenol (0.260 g.) in 10 ml. of
      pyridine for 2 hr. at about 25.degree. C. The solvent is removed under
      reduced pressure and the residue is dissolved in ethyl acetate and washed
      with water. The organic phase is dried over sodium sulfate, concentrated,
      and subjected to silica gel chromatography, eluting with ethyl acetate
      followed by acetonitrile. The residue obtained by concentration of
      selected fractions, a solid on chilling, is the title compound, 0.600 g.,
      having R.sub.f 0.3 (TLC on silica gel in ethyl acetate-acetic acid, 97:3).
      It is recrystallized from ethyl acetate-hexane as white free-flowing
      crystals, m.p. 133.8.degree.-136.3.degree. C.
PAC  EXAMPLE 2
PAC  p-Benzamidophenyl Ester of PGE.sub.1 (Formula III-B).
PAR  Following the procedure of Example 1 but using 0.490 g. of PGE.sub.1, 0.230
      ml. of triethylamine, 0.216 ml. of isobutylchloroformate, and 0.400 g. of
      p-benzamidophenol there is obtained a crude solid residue. This residue is
      subjected to silica gel chromatography, eluting with ethyl acetate, then
      ethyl acetate-acetonitrile (1:1), and finally acetonitrile. The residue
      obtained by concentration of selected fractions, 0.496 g., is crystallized
      from acetone diluted with 1.5 volumes of hexane as the title compound,
      0.356 g., white free-flowing crystals, m.p. 150.8.degree.-154.8.degree.
      C., having R.sub.f 0.6 (TLC on silica gel in ethyl acetate).
PAR  Following the procedures of Examples 1-2 but employing the racemic forms of
      the PG compounds, there are obtained the corresponding esters of racemic
      PG compounds.
PAC  EXAMPLES 3-75
PAR  The substituted phenyl and naphthyl esters of PGE.sub.1,
      15-methyl-PGE.sub.1, and 15(R)-15-methyl-PGE.sub.1 of Tables I-III below
      are obtained following the procedures of Example 1, wherein the
      prostaglandin compound is reacted in the presence of triethylamine and
      isobutylchloroformate with the appropriate hydroxy phenyl or naphthyl
      compound, listed in the Table. These phenols or naphthols are readily
      available or prepared by methods described herein or known in the art. The
      crude products, obtained by concentration under reduced pressure, are
      purified by means described herein or known in the art, including
      partitioning, solvent extraction, washing, silica gel chromatography,
      trituration, or crystallization.
PAR  Following the procedures of Examples 3-75 but employing the racemic forms
      of the PG compounds, there are obtained the corresponding esters of the
      racemic PG compounds.
TBL                TABLE I                                                     

     ______________________________________                                    

     Esters of PGE.sub.1                                                       

          Hydroxy Phenyl or       Product PGE.sub.1                            

     Ex.  Naphthyl Compound       ester of formula:                            

     ______________________________________                                    

      3   p-(acetamidobenzamido)phenol                                         

                                  III-C                                        

      4   p-(p-benzamidobenzamido)phenol                                       

                                  III-D                                        

      5   p-hydroxyphenylurea     III-E                                        

      6   p-hydroxy-1,3-diphenylurea                                           

                                  III-F                                        

      7   p-phenylphenol          III-G                                        

      8   p-tritylphenol          III-H                                        

      9   N-acetyl-L-tyrosinamide III-I                                        

     10   N-benzoyl-L-tyrosinamide                                             

                                  III-J                                        

     11   p-hydroxybenzaldehyde   III-K                                        

          semicarbazone                                                        

     12   p-hydroxyacetophenone   III-L                                        

     13   p-hydroxybenzophenone   III-M                                        

     14   p-hydroxybenzamide      III-N                                        

     15   o-hydroxybenzamide      III-O                                        

     16   N-(p-tritylphenyl)-P-   III-P                                        

           hydroxybenzamide                                                    

     17   p-hydroxybenzoic acid,  III-Q                                        

           methyl ester                                                        

     18   hydroquinone benzoate   III-R                                        

     19   hydroquinone, p-acetamido-                                           

                                  III-S                                        

           benzoic acid ester                                                  

     20   2,4-diacetamidophenol   III-T                                        

     21   1-acetamido-4-hydroxy-  III-U                                        

           napththalene                                                        

     22   1-benzamido-4-hydroxy-naphthalene                                    

                                  III-V                                        

     23   1-hydroxy-4-ureido-naphthalene                                       

                                  III-W                                        

     24   1-naphthol              III-X                                        

     25   1-hydroxy-5-naphthalene-sulfonamide                                  

                                  III-Y                                        

     ______________________________________                                    

TBL                TABLE II                                                    

     ______________________________________                                    

     Esters of 15-Methyl-PGE.sub.1                                             

                                 Product                                       

          Hydroxy Phenyl or      15-Methyl-PGE.sub.1                           

     Ex.  Naphthyl Compound      Ester of formula:                             

     ______________________________________                                    

     26   p-acetamidophenol      III-A                                         

     27   p-benzamidophenol      III-B                                         

     28   p-(p-acetamidobenzamido)phenol                                       

                                 III-C                                         

     29   p-(p-benzamidobenzamido)phenol                                       

                                 III-D                                         

     30   p-hydroxyphenylurea    III-E                                         

     31   p-hydroxy-1,3-diphenylurea                                           

                                 III-F                                         

     32   p-phenylphenol         III-G                                         

     33   p-tritylphenol         III-H                                         

     34   N-acetyl-L-tyrosinamide                                              

                                 III-I                                         

     35   N-benzoyl-L-tyrosinamide                                             

                                 III-J                                         

     36   p-hydroxybenzaldehyde semicarbazone                                  

                                 III-K                                         

     37   p-hydroxyacetophenone  III-L                                         

     38   p-hydroxybenzophenone  III-M                                         

     39   p-hydroxybenzamide     III-N                                         

     40   o-hydroxybenzamide     III-O                                         

     41   N-(p-tritylphenyl)-p-hydroxybenzamide III-P                          

     42   p-hydroxybenzoic acid, methyl ester                                  

                                 III-Q                                         

     43   hydroquinone benzoate  III-R                                         

     44   hydroquinone, p-acetamido-                                           

                                 III-S                                         

           benzoic acid ester                                                  

     45   2,4-diacetamidophenol  III-T                                         

     46   1-acetamido-4-hydroxynaphthalene                                     

                                 III-U                                         

     47   1-benzamido-4-hydroxynaphthalene                                     

                                 III-V                                         

     48   1-hydroxy-4-ureidonaphthalene                                        

                                 III-W                                         

     49   2-naphthol             III-X                                         

     50   1-hydroxy-5-naphthalene-                                             

                                 III-Y                                         

           sulfonamide                                                         

     ______________________________________                                    

TBL                TABLE III                                                   

     ______________________________________                                    

     Esters of 15(R)-15-Methyl-PGE.sub.1                                       

                                 Product 15(R)-                                

          Hydroxy Phenyl or      15-Methyl-PGE.sub.1                           

     Ex.  Naphthyl Compound      Ester of formula:                             

     ______________________________________                                    

     51   p-acetamidophenol      III-A                                         

     52   p-benzamidophenol      III-B                                         

     53   p-(p-acetamidobenzamide)phenol                                       

                                 III-C                                         

     54   p-(p-benzamidobenzamido)phenol                                       

                                 III-D                                         

     55   p-hydroxyphenylurea    III-E                                         

     56   p-hydroxy-1,3-diphenylurea                                           

                                 III-F                                         

     57   p-phenylphenol         III-G                                         

     58   p-tritylphenol         III-H                                         

     59   N-acetyl-L-tyrosinamide                                              

                                 III-I                                         

     60   N-benzoyl-L-tyrosinamide                                             

                                 III-J                                         

     61   p-hydroxybenzaldehyde semicarbazone                                  

                                 III-K                                         

     62   p-hydroxyacetophenone  III-L                                         

     63   p-hydroxybenzophenone  III-M                                         

     64   p-hydroxybenzamide     III-N                                         

     65   o-hydroxybenzamide     III-O                                         

     66   N-(p-tritylphenyl)-p-hydroxybenzamide                                

                                 III-P                                         

     67   p-hydroxybenzoic acid, methyl ester                                  

                                 III-Q                                         

     68   hydroquinone benzoate  III-R                                         

     69   hydroquinone, p-acetamido-                                           

                                 III-S                                         

           benzoic acid ester                                                  

     70   2,4-diacetamidophenol  III-T                                         

     71   1-acetamido-4-hydroxynaphthalene                                     

                                 III-U                                         

     72   1-benzamido-4-hydroxynaphthalene                                     

                                 III-V                                         

     73   1-hydroxy-4-ureidonaphthalene                                        

                                 III-W                                         

     74   2-naphthol             III-X                                         

     75   1-hydroxy-5-naphthalenesulfonamide                                   

                                 III-Y                                         

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. An optically active compound of the formula:
      ##SPC20##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
      Z is
      ##SPC21##
PAL  and wherein Y is
      ##EQU5##
NUM  2.
PAR  2. The ester of N-acetyl-L-tyrosinamide and PGE.sub.1, a compound according
      to claim 1.
NUM  3.
PAR  3. The ester of N-benzoyl-L-tyrosinamide and PGE.sub.1, a compound
      according to claim 1.
NUM  4.
PAR  4. The ester of p-hydroxybenzaldehyde semicarbazone and PGE.sub.1, a
      compound according to claim 1.
NUM  5.
PAR  5. The ester of N-acetyl-L-tyrosinamide and 15-methyl-PGE.sub.1, a compound
      according to claim 1.
NUM  6.
PAR  6. The ester of N-benzoyl-L-tyrosinamide and 15-methyl-PGE.sub.1, a
      compound according to claim 1.
NUM  7.
PAR  7. The ester of p-hydroxybenzaldehyde semicarbazone and
      15-methyl-PGE.sub.1, a compound according to claim 1.
NUM  8.
PAR  8. The ester of N-acetyl-L-tyrosinamide and 15(R)-15-methyl-PGE.sub.1, a
      compound according to claim 1.
NUM  9.
PAR  9. The ester of N-benzoyl-L-tyrosinamide and 15(R)-15-methyl-PGE.sub.1, a
      compound according to claim 1.
NUM  10.
PAR  10. The ester of p-hydroxybenzaldehyde semicarbazone and
      15(R)-15-methyl-PGE.sub.1, a compound according to claim 1.
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ABST
PAL  Novel benzoylphenylacetic acid derivatives of the formula
      ##SPC1##
PAL  Wherein X is selected from the group consisting of geranyloxy,
      pivaloyloxymethoxy and,
      ##EQU1##
      Z is alkyl of 1 to 4 carbon atoms and Y is selected from the group
      consisting of hydrogen and alkyl of 1 to 4 carbon atoms having
      anti-inflammatory and analgesic activity.
BSUM
PAC  STATE OF THE ART
PAR  The literature describes certain derivatives of metabenzoylphenylacetic
      acids. French Pat. Nos. 1,516,775 and 1,546,478 and French Patent BSM 6444
      M describe metabenzoylphenylacetic acids substituted or unsubstituted in
      one or the other aromatic ring or in the side chain. Belgian Pat. No.
      718,466 describes the acids and derivatives of the carboxylic acid group
      such as alkyl esters, aryl esters, aminoalkyl esters, amides and
      hydroxamic acids. These references teach that the said compounds possess
      anti-inflammatory activity about equal to phenyl butazone and analgesic
      activity. In U.S. Pat. No. 3,741,988 is described the esterification of
      metabenzoylphenylacetic acids with polyhydroxy alcohols or their blocked
      derivatives. Glycerin esters or their blocked derivatives have been
      described for quinoleinic compounds in French Pat. No. 1,421,229
      (.alpha.-glycerin esters), in French Patent BSM 5310 M (.beta.-glycerin
      esters) and in French Patent BSM 4775 M (blocked .alpha.-glycerin esters
      in form of ketonides).
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide the novel products of formula
      I.
PAR  It is another object of the invention to provide a novel process for the
      preparation of the products of formula I.
PAR  It is a further object of the invention to provide novel analgesic and
      anti-inflammatory compositions.
PAR  It is an additional object to provide a novel method of relieving pain and
      inflammation in warm-blooded animals.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAC  THE INVENTION
PAR  The novel benzoylphenylacetic acid derivatives of the invention have the
      formula
      ##SPC2##
PAL  Wherein X is selected from the group consisting of geranyloxy,
      pivaloyloxymethoxy and
      ##EQU2##
      Z is alkyl of 1 to 4 carbon atoms and Y is selected from the group
      consisting of hydrogen and alkyl of 1 to 4 carbon atoms.
PAR  The novel process of the invention for the preparation of the compounds of
      formula I comprises subjecting a diazoketone of the formula
      ##SPC3##
PAL  Either to a Wolff rearrangement in the presence of a silver salt and a
      compound of the formula
      ##EQU3##
      to obtain the corresponding amide of formula I or to a Wolff rearrangement
      in the presence of a silver salt to form
      2-methyl-3-(p-chlorobenzoyl)-phenylacetic acid which can be converted into
      its acid chloride and then reacted in one or the other of these two forms
      with a compound of formula III to obtain the corresponding amide of
      formula I. Also, a salt of 2-methyl-3-(p-chlorobenzoyl)-phenylacetic acid
      can be reacted with chloromethyl pivalate to obtain a compound of formula
      I where X is pivaloyloxymethoxy and the said acid or a functional
      derivative can be reacted with geraniol to obtain the compound of formula
      I where X is geranyloxy.
PAR  Preferably, when X is pivaloyloxymethoxy of the formula
      ##EQU4##
      chloromethyl pivalate is reacted with an alkali metal salt of
      2-methyl-3-(p-chlorobenzoyl)-phenylacetic acid such as its sodium or
      potassium salts. When X is geranyloxy, geraniol is reacted with
      2-methyl-3-(p-chlorobenzoyl)-phenylacetic acid or its acid chloride,
      anhydride or mixed anhydride.
PAR  2-methyl-3-(p-chlorobenzoyl)-phenylacetic acid or its acid chloride may
      also be reacted with an hydroxylamine of formula III and if the acid is
      used, the reaction is preferably effected in the presence of a dehydrating
      agent such as dicyclohexyl carbodiimide. The diazoketone of formula II may
      be prepared by known methods.
PAR  The novel analgesic and anti-inflammatory compositions of the invention are
      comprised of an effective amount of at least one compound of formula I and
      a pharmaceutical carrier. The compositions may be in the form of
      injectable solutions or suspensions, tablets, capsules, gelules, drinkable
      solutions or emulsions, suppositories, pomades, creams or topical powders
      formed in the usual fashion.
PAR  The compositions are useful for the treatment of muscular, articulair or
      nervous pains, rheumatic affections, dental pains, zonas and migraines as
      an analgesic or for inflammatory conditions such as arthroses and lumbago
      and as a complementary treatment for infections and weak states.
PAR  The novel method of the invention for relieving pain and inflammation in
      warm-blooded animals comprises administering to warm-blooded animals an
      effective amount of at least one compound of formula I. The said compounds
      may be administered orally, parenterally or rectally or by topical
      application to the skin or mucous. The usual daily dose is 2 to 10 mg/kg
      depending on the treatment method and the compound.
DETD
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it is to be understood that the
      invention is not intended to be limited to the specific embodiments.
PAC  EXAMPLE 1
PAC  Pivaloyloxymethyl 2-methyl-3-(p-chlorobenzoyl)-phenylacetate STEP A:
      2-methyl-3-(p-chlorobenzoyl)-phenylacetic acid
PAR  A mixture of 5 g of 2-methyl-3-(p-chlorobenzoyl)-benzoic acid [prepared in
      French Pat. No. 2,085,638] and 50 ml of thionyl chloride was refluxed for
      2 hours and excess thionyl chloride was distilled off under reduced
      pressure. The resulting acid chloride was dissolved in 50 ml of methylene
      chloride and 370 ml of a solution of diazomethane in methylene chloride
      were added progressively thereto at 0.degree.C. After standing overnight
      at room temperature, the solvent was removed under reduced pressure and
      the obtained diazoketone was dissolved in 30 ml of dioxane. A mixture of 6
      g of silver oxide, 14.5 g of sodium carbonate, 9.6 g of sodium thiosulfate
      and 70 ml of water was added progressively to the resulting solution at
      70.degree.C and after standing for 2 hours at 70.degree.C, the mixture was
      filtered. The filtrate was acidified by addition of concentrated
      hydrochloric acid and the resulting precipitate was recovered, washed with
      water and crystallized from isopropyl ether to obtain
      2-methyl-3-(p-chlorobenzoyl)-phenylacetic acid melting at 152.degree.C.
PAC  STEP B: Pivaloyloxymethyl 2-methyl-3-(p-chlorobenzyl)-phenylacetate
PAR  A mixture of 3.37 g of the acid of Step A, 25 ml of
      hexamethylphosphortriamide and 0.57 g of a 50% suspension of sodium
      hydride in mineral oil stood until evolution of hydrogen ceased and then a
      solution of 1.78 g of chloromethyl pivalate in 10 ml of
      hexamethylphosphortriamide was progressively added thereto at room
      temperature. The mixture was stirred for 2 hours and was then poured into
      250 ml of water. The mixture was extracted with isopropyl ether and the
      extracts were evaporated to dryness under reduced pressure. The residue
      was purified by chromatography over silica gel with a 95:5 mixture of
      methylene chloride-ethyl acetate as eluant. The fraction having Rf=0.65
      was pivaloyloxymethyl 2-methyl-3-(p-chlorobenzoyl)-phenylacetate melting
      at 87.degree.C.
PAC  EXAMPLE 2
PAC  Geranyl 2-methyl-3-(p-chlorobenzoyl)-phenylacetate STEP A:
      2-methyl-3-(p-chlorobenzoyl)-phenylacetic acid chloride
PAR  A solution of 5.8 g of 2-methyl-3-(p-chlorobenzoyl)-phenylacetic acid in 25
      ml of thionyl chloride was refluxed for 11/2 hours and excess thionyl
      chloride was removed to obtain 2-methyl-3-(p-chlorobenzoyl)-phenylacetic
      acid chloride melting at 62.degree.-63.degree.C.
PAC  STEP B: Geranyl 2-methyl-3-(p-chlorobenzoyl)-phenylacetate
PAR  A solution of 6.3 g of the acid chloride from Step A in 15 ml of benzene
      was added to a solution of 3.1 g of geraniol and 3 g of triethylamine in
      15 ml of benzene while maintaining the temperature at about 25.degree.C
      and the mixture was then stirred for 3 hours. The precipitate formed was
      removed by filtration and the filtrate was washed with water. The benzene
      was evaporated. The residue was chromatographed over silica gel with
      methylene chloride as eluant to obtain geranyl
      2-methyl-3-(p-chlorobenzoyl)-phenylacetate with an Rf=0.42.
PAC  EXAMPLE 3
PAC  N-methoxy-2-methyl-3-(p-chlorobenzoyl)-phenylacetamide
PAR  Using the procedure of Step A of Example 1,
      2-methyl-3-(p-chlorobenzoyl)-phenylacetic acid was reacted first with
      thionyl chloride and then diazomethane to obtain
      2-methyl-3-diazoacetyl-4'-chlorobenzophenone which was purified over
      silica gel with methylene chloride as eluant. The product had an Rf=0.25
      and melted at 95.degree.C.
PAR  A mixture of 5 g of the diazoketone, 150 ml of dioxane, 5 ml of
      O-methylhydroxylamine and 10 ml of a 10% aqueous silver nitrate solution
      was heated for 1 hour at 60.degree.C and then 200 ml of water were added.
      The mixture was cooled to 0.degree.C and the precipitate was recovered,
      washed with water and dried. The product was crystallized from methanol to
      obtain N-methoxy 2-methyl-3-(p-chlorobenzoyl)-phenylacetamide melting at
      150.degree.C.
PAC  EXAMPLE 4
PAC  N-methoxy-N,2-dimethyl-3-(p-chlorobenzoyl)-phenylacetamide
PAR  1 ml of N,O-dimethylhydroxylamine was added progressively to a mixture of
      2.88 g of 2-methyl-3-(p-chlorobenzoyl)-phenylacetic acid and 2.06 g of
      dicyclohexylcarbodiimide in 50 ml of chloroform and the mixture was
      stirred for 4 hours at room temperature. The precipitate was filtered off
      and the filtrate was evaporated to dryness to obtain
      N-methoxy-N,2-dimethyl-3-(p-chlorobenzoyl)-phenylacetamide.
PAC  EXAMPLE 5
PAR  Tablets were prepared containing 50 mg of the product of Example 3 and 350
      mg of an excipient of lactose, amidon, talc and magnesium stearate.
PAC  PHARMACOLOGICAL STUDY
PAC  A. Anti-inflammatory Activity - Adjuvant Arthritis test
PAR  The injection of Freund type adjuvant into the rear paw of a rat provokes
      the appearance of a primary inflammatory lesion in the paw and then after
      a latency time of the order of 15 days, the release of a secondary
      arthritis affected the other rear paw as well as the front paws, the ears
      and the tail. On day zero of the test, the male rats received an injection
      in the rear paw of 0.1 ml of adjuvant (a suspension of dead mycobacterium
      bytiricum in mineral oil). The animals received orally from day zero to
      the 17th day the test product while the control anthritic animals did not
      receive the adjuvant and the normal control animals did not receive any
      treatment. On the 17th day, the increase in volume of the rear paws was
      compared to the normal controls. Also, the dosage of the .alpha. 2 M,
      glycoprotein absent in the normal rat but appearing notably in the
      inflammatory states, was determined. Also noted was the absence or
      presence of arthritic lesions in the tail, ears and front paws. The
      results were expressed by means of a conventional notation and addition of
      the resulting amounts gave the arthritic index.
PAR  The final results were determined by means of the DA.sub.40 or the dose
      which reduced by 40% the arthritic index as compared to the arthritic
      controls. The DA.sub.40 for the product of Examples 2 and 3 was 3 mg/kg.
PAC  B. Anti-inflammatory Activity - Naphthoylheparamine test
PAR  The test used the principle set forth by Jequier et al [Arch. Int.
      Pharmacodyn., Vol. 152 (1954), p. 15] and consisted of administering to
      rats weighing about 150 g a single injection of 1 mg of
      naphthoylheparamine into a rear paw to provoke formation of an
      inflammatory edema. The test products were orally administered 1 hour
      before the irritant injection. The volume of the paw was measured
      immediately before and 2 hours after the irritant injection and the
      increase in paw volume is a measure of the degree of inflammation. The
      DA.sub.40 is the dose that diminished the inflammation by 40% compared to
      the controls. The DA.sub.40 for the products of Examples 2 and 3 was 17
      mg/kg and was 3.5 mg/kg for the product of Example 1.
PAC  C. Analgesic Effect
PAR  The test used was based on the fact noted by R. Koster et al [Fed. Proc.,
      (1959), Vol. 18, page 412] wherein the intraperitoneal injection of acetic
      acid causes in mice characteristic repeated stretching and twisting
      movements which can persist for more than six hours. Analgesics prevent or
      suppress this syndrome which, therefore, can be considered as
      externalization of a diffuse abdominal pain.
PAR  A solution of 0.6% acetic acid in water containing 10% arabic gum was used
      and the dose which released the syndrome under these conditions was 0.01
      cc/gm, that is 60 mg/kg of acetic acid. The test compounds were
      administered orally one-half hour before the intraperitoneal injection of
      acetic acid, the mice having fasted since the day before the experiment.
      For each dose and for each control, which are obligatory for each test, a
      group of 5 animals was used. For each mouse, the stretchings were observed
      and counted and then added for the group of 5 during a period of 15
      minutes starting immediately after the injection of acetic acid.
PAR  The results were expressed by means of the DA.sub.50 which is the dose
      reducing by 50% the number of stretching as compared to the controls. The
      products of Examples 2 and 3 had a DA.sub.50 of 3 and 10 mg/kg,
      respectively.
PAR  Various modifications of the products and processes of the invention may be
      made without departing from the spirit or scope thereof and it should be
      understood that the invention is intended to be limited only as defined in
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A benzoylphenylacetic acid compound of the formula
      ##SPC4##
PAL  wherein X is selected from the group consisting of geranyloxy and
      pivaloyloxymethoxy.
NUM  2.
PAR  2. A compound of claim 1 which is pivaloyloxymethyl
      2-methyl-3-(p-chlorobenzoyl)-phenylacetate.
NUM  3.
PAR  3. A compound of claim 1 which is geranyl
      2-methyl-3-(p-chlorobenzoyl)-phenylacetate.
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ABST
PAL  The invention disclosed is for a new and novel class of liquid polyene
      compositions formed of a molecule containing at least two unsaturated
      carbon-to-carbon bonds disposed at terminal positions on a main chain
      backbone of the molecule. The molecule includes unsaturated
      carbon-to-carbon bonds connected by a divalent chemically compatible
      derivative to a stable, organic, polyvalent, and polymeric member free of
      reactive carbon-to-carbon unsaturation and free of highly water-sensitive
      members. The new class of liquid polyene compositions which have a
      molecular weight in the range 300 to 20,000, and a viscosity in the range
      from essentially 0 to 20 million centipoises at 70.degree.C., may usefully
      form a component of a system which upon curing in the presence of a free
      radical generator and a polythiol, forms odorless, solid, elastomeric
      products. The cured products may be used as sealants, coatings, adhesives
      and molded articles.
PARN
PAR  The present application for U.S. Letters Patent is a continuation of
      copending application Ser. No. 40.737 filed May 26, 1970, now abandoned,
      which in turn is a continuation-in-part of application Ser. No. 617,801,
      filed Feb. 23, 1967, now abandoned, which in turn is a
      continuation-in-part of application Ser. No. 567,841, filed July 26, 1966,
      now also abandoned.
BSUM
PAR  This invention relates to a new and novel class of liquid polyene
      compositions formed of a molecule containing at least two unsaturated
      carbon-to-carbon bonds disposed at terminal positions on a main chain
      backbone of the molecule. The molecule includes unsaturated
      carbon-to-carbon bonds connected by a divalent chemically compatible
      derivative to a stable, organic, polyvalent, and polymeric member free of
      reactive carbon-to-carbon unsaturation, and free of highly water-sensitive
      members. The new class of liquid polyene compositions have a molecular
      weight in the range 300 to 20,000, and a viscosity in the range from
      essentially 0 to 20 million centipoises at 70.degree.C.
PAR  It is well known in the art that cure of internally unsaturated polymers
      such as polybutadiene or polyisoprene may be effected with polythiols.
      However, such polymers, due mainly to residual internal unsaturation after
      curing, are unstable either to thermal oxidation or ultra-violet catalyzed
      oxidation, and are subject to rapid attack by ozone. Eventually
      degradation and embrittlement results in the internal double bond
      polymers, substantially reducing their useful service life.
PAR  A limitation of commercially available liquid polyurethane prepolymers is
      the fact that they are terminated by isocyanate (--NCO) groups. These
      --NCO groups are extremely unstable in storage, and are highly
      water-sensitive such that under practical conditions, they react with
      traces of moisture from the atmosphere to form gaseous carbon dioxide and
      amino groupings which in turn react with more --NCO to form eventually a
      highly viscous, sometimes completely insoluble urea-extended chain
      network. In cases where insolubilization occurs, the polymer has to be
      discarded at great expense. Further, if the --NCO-terminated prepolymers
      come in contact with traces of either acidic or basic impurities,
      dimerization and/or trimerization of the --NCO functions may take place to
      form viscous, sometimes insoluble products during storage. Even mild
      alkalis such as those constituents normally present on the surface of
      glass vessels and containers may cause storage problems.
PAR  A further limitation for some applications is found in polyurethane
      polymers of the prior art which are derived from aromatic diisocyanates or
      polyisocyanates such as tolylene-2,4-diisocyanate,
      tolylene-2,6-diisocyanate, 4,4'-diisocyanatodiphenylmethane, and the like.
      These aromatic diisocyanates (or mixtures thereof) enjoy widespread use in
      polyurethane elastomers, foams, and coatings, because of their ready
      commercial availability, high degree of reactivity and relatively low
      cost. The derived polyurethane products, however, are known to turn
      yellow, amber, orange or brown in color when exposed to sunlight,
      ultraviolet light or other forms of actinic radiation. This yellowing
      tendency imparts a definite limitation on the usage of such polyurethanes
      in many applications. There is evidence in the technical literature that
      shows that this yellowing or discoloration problem is directly
      attributable to the aromatic (benzeneoid) nucleus in the aromatic
      diisocyanates, and accordingly serious yellowing problems in polyurethanes
      may be avoided by use of aliphatic polyisocyanates such as hexamethylene
      diisocyanate.
PAR  It has now been found that numerous defects of the prior art may be
      effectively overcome by practice of the present invention which provides a
      new and novel class of liquid polyenes which are curable by polythiols to
      solid polythioether resins or elastomers. When the polyenes of the present
      invention are compounded with polythiols, the prepared system may be
      stored safely for long periods of time in the absence of a free radical
      generator. Upon exposure to a free radical generator such as actinic
      light, the prepared system may be cured rapidly and controllably to
      polythioether-polyurethane product which is low in cost and equal or
      better in reaction rate in polymer formation when compared with prior art
      compositions.
PAR  Generally stated; the new class of polyenes of the present invention
      include a composition which comprises the formula:
EQU  [A] (X).sub.m
PAL  wherein m is an integer of at least 2; wherein X is a member selected from
      the group consisting of:
      ##EQU1##
      In the members (a) to (e), R is a radical selected from the group
      consisting of hydrogen, fluorine, chlorine, furyl, thienyl, pyridyl,
      phenyl, benzyl, alkyl, cycloalkyl, alkoxy, substituted phenyl, substituted
      benzyl, substituted alkyl, substituted cycloalkyl, and substituted alkoxy,
      the alkyl and alkoxy having from 1 to 9 carbon atoms, the cycloalkyl
      having from 3 to 8 carbon atoms, and the substituents on the substituted
      members are selected from the group consisting of nitro, chloro, fluoro,
      acetoxy, acetamido, phenyl, benzyl, alkyl and alkoxy of 1 to 9 carbon
      atoms, and cycloalkyl of 3 to 8 carbon atoms.
PAR  The members (a) to (e) are connected to [A] through a divalent chemically
      compatible derivative member of the group consisting of Si(R).sub.2,
      carboxylate, sulfone, urethane and substituted urethane, urea and
      substituted urea, amide and substituted amide, amine and substituted
      amine, alkyl and substituted alkyl, aryl and substituted aryl, cycloalkyl
      and substituted cycloalkyl. The alkyl members have from 1 to 9 carbon
      atoms, the aryl members are either phenyl or naphthyl, and the cycloalkyl
      members have from 3 to 8 carbon atoms with R and said members substituted
      being defined above.
PAR  The member [A] is stable, organic, polyvalent, and polymeric; free of
      reactive carbon-to-carbon unsaturation; free of highly water-sensitive
      members; and consisting of atoms disposed in main chain series and
      selected from the group consisting of carbon, oxygen, nitrogen,
      phosphorus, and silicon. The main chain series is formed of at least two
      repeating units selected from the group consisting of --CH.sub.2.sbsb.g,
      --C.sub.2 H.sub.4 O).sub.h, --C.sub.3 H.sub.6 O).sub.h, and --C.sub.4
      H.sub.8 O).sub.h and having pendant substituent atoms of the group
      consisting of carbon, hydrogen, chlorine, bromine, oxygen and nitrogen.
      The symbol g is an integer from 1 to 9, and the symbol h is an integer
      from 1 to 200.
PAR  The composition has a molecular weight in the range 300 to 20,000, and a
      viscosity in the range from essentially 0 to 20 million centipoises at
      70.degree.C. as measured by a Brookfield Viscometer. More particularly,
      the member [A] of the polyene composition may be formed primarily of alkyl
      radicals, phenyl and urethane derivatives, oxygenated radicals, and
      nitrogen substituted radicals. The member [A] may also be represented by
      the formula:
      ##EQU2##
      wherein j and k are integers greater than 1;
PA1  R.sub.2 is a member of the group consisting of hydrogen, and alkyl having 1
      to 9 carbon atoms;
PA1  R.sub.3 is a member of the group consisting of hydrogen, and saturated
      alkyl having 1 to 9 carbon atoms;
PA1  R.sub.4 is a divalent derivative of the group consisting of phenyl, benzyl,
      alkyl, cycloalkyl, substituted phenyl, substituted benzyl, substituted
      alkyl and substituted cycloalkyl; with the terms alkyl, cycloalkyl and
      members substituted being defined above.
PAR  General representative formulas for the polyenes of the present invention
      may be prepared as exemplified below:
PAR  I -- Poly (alkylene-ether) Polyol Reacted with Unsaturated Monoisocyanates
      Forming Polyurethane Polyenes and Related Polymers
      ##EQU3##
PAR  II -- Poly (alkylene-ester) Polyol Reacted with Unsaturated
      Monoissocyanates Forming Polyurethane Polyenes and Related Polymers
      ##EQU4##
PAR  III -- Poly (alkylene-ether) Polyol Reacted With Polyisocyanate and
      Unsaturated Monoalcohol Forming Polyurethane Polyenes and Related Polymers
      ##EQU5##
PAR  In the above formulas, the sum of x + y + z in each chain segment is at
      least 1; P is an integer of 2 or more; q is at least 2; n is at least 1;
      R.sub.1 is selected from the group consisting of hydrogen, phenyl, benzyl,
      alkyl, cycloalkyl, and substituted phenyl; and R.sub.7 is a member of the
      group consisting of CH.sub.2 =CH--CH.sub.2).sub.n, hydrogen, phenyl,
      cycloalkyl, and alkyl.
PAR  A general method of forming one type of polyene containing urethane groups
      is to react a polyol of the general formula R.sub.11 --OH).sub.n wherein
      R.sub.11 is a polyvalent organic moiety free from reactive
      carbon-to-carbon unsaturation and n is at least 2; with a polyisocyanate
      of the general formula R.sub.12 --NCO).sub.n wherein R.sub.12 is a
      polyvalent organic moiety free from reactive carbon-to-carbon unsaturation
      and n is at least 2 and a member of the group consisting of an ene-ol,
      yne-ol, ene-amine and yne-amine. The reaction is carried out in an inert
      moisture-free atmosphere (nitrogen blanket) at atmospheric pressure at a
      temperature in the range from 0.degree. to about 120.degree. C for a
      period of about 5 minutes to about 25 hours. In the case where an ene-ol
      or yne-ol is employed, the reaction is preferably a one step reaction
      wherein all the reactants are charged together. In the case where an
      ene-amine or yne-amine is used, the reaction is preferably a two step
      reaction wherein the polyol and the polyisocyanate are reacted together
      and thereafter preferably at room temperature, the ene-amine or yne-amine
      is added to the NCO terminated polymer formed. The group consisting of
      ene-ol, yne-ol, ene-amine and yne-amine are usually added to the reaction
      in an amount such that there is one carbon-to-carbon unsaturation in the
      group member per hydroxyl group in the polyol and said polyol and group
      member are added in combination in a stoichiometric amount necessary to
      react with the isocyanate groups in the polyisocyanate.
PAR  A second general method of forming a polyene containing urethane groups (or
      urea groups) is to react a polyol (or polyamine) with an ene-isocyanate or
      an yne-isocyanate to form the corresponding polyene. The general procedure
      and stoichiometry of this synthesis route is similar to that described for
      polyisocyanates in the preceding. In this instance, a polyol reacts with
      an ene-isocyanate to form the corresponding polyene. It is found, however,
      that products derived from this route, when cured in the presence of a
      free radical generator and a polythiol, form relatively weak solid
      polythioether products. To obtain practical cured products having
      commercially useful physical strength characteristics, it is desirable to
      provide polar functional groupings within the main chain backbone of the
      polymeric polyene. These polar functional groupings serve as connecting
      linkages between multiple repeating units in the main chain series, and
      serve as internal strength-reinforcing agents by virtue of their ability
      to create strong interchain attraction forces between molecules of polymer
      in the final cured composition.
PAR  Polyenes containing ester groups may be formed by reacting an acid of the
      formula R.sub.13 --COOH).sub.n wherein R.sub.13 is a polyvalent organic
      moiety free from reactive carbon-to-carbon unsaturation and n is at least
      2; with either an ene-ol or yne-ol. The reaction is carried out in an
      inert moisture-free atmosphere (nitrogen blanket) at atmospheric pressure
      at a temperature in the range from 0.degree. to about 120.degree.C. for a
      period of 5 minutes to 25 hours. Usually the reaction is carried out in
      the presence of a catalyst (p-toluene sulfonic acid) and in the presence
      of a solvent, e.g. xylene at refluxing temperature. The water formed is
      azeotroped off of the reaction.
PAR  Another method of making an ester containing polyene is to react a polyol
      of the formula R.sub.11 --OH).sub.n wherein R.sub.11 is a polyvalent
      organic moiety free from reactive carbonto-carbon unsaturation and n is at
      least 2; with either an ene-acid or an yne-acid. The reaction is carried
      out in the same manner as set out above for the ester-containing polyenes.
      In practicing this latter technique, however, it may be found that
      ene-acids (or yne-acids) in which the ene (or yne) group is adjacent to an
      activating polar moiety such as
      ##EQU6##
      and the like are generally not desirable within the scope of this
      invention. These activated ene compounds are very prone to
      self-polymerization reactions to form vinyl polymers. Excessive amounts of
      self-polymerization of the ene groups is an undesirable side reaction in
      the present invention since the desired polythioether reaction products
      are precluded whenever self-polymerization of the ene groups occurs.
      Finally, the presence of activated, easily self-polymerizable ene groups
      in the composition leads to oxygen inhibition during curing, storage
      stability problems, or the need for excessively high inhibitor
      concentrations.
PAR  In forming the urethane-containing polyenes of the present invention,
      catalytic amounts of a catalyst may be employed to speed up the reaction.
      This is especially true in the case where an ene-ol is used to form the
      polyene. Such catalysts are well known to those in the art and include
      organometallic compounds such as stannous octoate, stannous oleate,
      dibutyl tin dilaurate, cobalt acetylacetonate, ferric acetylacetonate,
      lead naphthanate and dibutyl tin diacetate.
PAR  In summary, by admixing polyenes or polyynes containing two or more
      reactive unsaturated carbon-to-carbon bonds located terminal from the main
      chain with a polythiol containing two or more thiol groups per molecule
      and thereafter exposing said liquid mixture to free-radical generators,
      there is provided an essentially odorless solid elastomeric or resinous
      polymeric product.
PAR  Polythiol as used herein refers to simple or complex organic compounds
      having a multiplicity of pendant or terminally positioned --SH functional
      groups per average molecule.
PAR  On the average the polythiol must contain 2or more --SH groups/molecule and
      have a viscosity range of essentially 0 to 20 million centipoises (cps) at
      70.degree.C as measured by a Brookfield Viscometer when in the presence of
      an inert solvent, aqueous dispersion or plasticizer. Operable polythiols
      in the instant invention usually have molecular weights in the range about
      50 to about 20,000, and preferably from about 100 to about 10,000.
PAR  The polythiols operable in the instant invention may be exemplified by the
      general formula R.sub.8 13 SH).sub.n where n is at least 2 and R.sub.8 is
      a polyvalent organic moiety free from reactive carbon-to-carbon
      unsaturation. Thus R.sub.8 may contain cyclic groupings and minor amounts
      of hetero atoms such as N, P or O but primarily contains carbon-carbon,
      carbon-hydrogen, carbon-oxygen, or silicon-oxygen containing chain
      linkages free of any reactive carbon-to-carbon unsaturation.
PAR  One class of polythiols operable with polyenes to obtain essentially
      odorless polythioether products are esters of thiol-containing acids of
      the formula HS-R.sub.6 -COOH where R.sub.9 is an organic moiety containing
      no reactive carbon-to-carbon unsaturation with polyhydroxy compounds of
      structure R.sub.10 --OH).sub.n where R.sub.10 is an organic moiety
      containing no reactive carbon-to-carbon unsaturation, and n is 2 or
      greater. These components will react under suitable conditions to give a
      polythiol having the general structure:
      ##EQU7##
      where R.sub.9 and R.sub.10 are organic moieties containing no reactive
      carbon-to-carbon unsaturation, and n is 2 or greater.
PAR  Certain polythiols such as the aliphatic monomeric polythiols (ethane
      dithiol, hexamethylene dithiol, decamethylene dithiol,
      tolylene-2,4-dithiol, and the like, and some polymeric polythiols such as
      a thiol-terminated ethylcyclohexyl dimercaptan polymer, and the like, and
      similar polythiols which are conveniently and ordinarily synthesized on a
      commercial basis, although having obnoxious odors, are operable but many
      of the end products are not widely accepted from a practical, commercial
      point of view. Examples of the polythiol compounds preferred because of
      relatively low odor level include but are not limited to esters of
      thiogylcolic acid (HS--CH.sub.2 COOH), .alpha.-mercaptopropionic acid
      (HS--CH(CH.sub.3)--COOH and .beta.-mercaptopropionic acid (HS--CH.sub.2
      CH.sub.2 COCH) with polyhydroxy compounds such as glycols, triols,
      tetraols, pentaols, hexaols, and the like. Specific examples of the
      preferred polythiols include but are not limited to ethylene glycol bis
      (thioglycolate), ethylene glycol bis (.beta.-mercaptopropionate),
      trimethylolpropane tris (thioglycolate), trimethylolpropane tris
      (.beta.-mercaptopropionate), pentaerythritol tetrakis (thioglycolate) and
      pentaerythritol tetrakis (.beta.-mercaptoproprionate), all of which are
      commercially available. A specific example of a preferred polymeric
      polythiol is polypropylene ether glycol bis (.beta.-mercaptopropionate)
      which is prepared from polypropylene-ether glycol (e.g. Pluracol P2010,
      Wyandotte Chemical Corp.) and .beta.-mercaptopropionic acid by
      esterification.
PAR  The preferred polythiol compounds are characterized by a low level of
      mercaptan-like odor initially, and after reaction, give essentially
      odorless polythioether end products which are commercially attractive and
      practically useful resins or elastomers for both indoor and outdoor
      applications.
PAR  Prior to curing, the curable liquid polymer may be formulated for use as
      100% solids, or disposed in organic solvents, or as dispersions or
      emulsions in aqueous media.
PAR  To obtain the maximum strength, solvent resistance, creep resistance, heat
      resistance and freedom from tackiness, the reaction components consisting
      of the polyenes and polythiols are formulated in such a manner as to give
      solid, crosslinked, three dimensional network polythioether polymer
      systems on curing. In order to achieve such infinite network formation the
      individual polyenes and polythiols must have a functionality of at least 2
      and the sum of the functionalities of the polyene and polythiol components
      must always be greater than 4. Blends and mixtures of the polyenes and the
      polythiols containing said functionality are also operable herein.
PAR  The compositions to be cured may, if desired, include such additives as
      antioxidants, accelerators, dyes, inhibitors, activators, fillers,
      pigments, anti-static agents, flame-retardant agents, thickeners,
      thixotropic agents, surface-active agents, viscosity modifiers, extending
      oils, plasticizers, tackifiers and the like. Such additives are usually
      preblended with the polyene or polythiol prior to or during the
      compounding step. The additives may be present in quantities up to 500
      parts or more per 100 parts polyene or polythiol by weight and preferably
      from 0.005 to about 300 parts on the same basis.
PAR  The curable liquid polymer compositions prior to curing may readily be
      pumped, poured, siphoned, brushed, sprayed, doctored, or otherwise handled
      as desired. Following application, curing in place to a solid resin or
      elastomer may be effected either very rapidly or extremely slowly as
      desired by manipulation of the compounding ingredients and the method of
      curing.
PAR  The liquid polythioether-forming components and compositions, prior to
      curing, may be admixed with or blended with other monomeric and polymeric
      materials such as thermoplastic resins, elastomers or thermosetting resin
      monomeric or polymeric compositions. The resulting blend may be subjected
      to conditions for curing or co-curing of the various components of the
      blend to give cured products having unusual physical properties.
PAR  The curing reaction may be initiated by any free radical mechanism which
      dissociates or abstracts a hydrogen atom from an SH group, or accomplishes
      the equivalent thereof. Thus it is possible merely to expose the polyene
      and polythiol admixture to ambient conditions (oxygen from the air is the
      initiator) and obtain a cured solid elastomeric or resinous product. Azo
      compounds or peroxides (with or without amine accelerators) which
      decompose at ambient conditions are also operable as free radical
      generating agents capable of curing the components of the instant
      invention to solid odorless elastomeric or resinous polymer products.
      Additionally, ultraviolet light (with or without curing rate accelerators
      such as chemical photoinitiators, or sensitizers such as benzophenone,
      acetophenone, acenaphthlene-quinone) or other forms of energetic radiation
      yield rapid cures.
PAR  It is also possible, if desired, to use various forms of high energy
      irradiation for curing. Peroxides and hydroperoxides, whether or not
      accelerated, presently used in the curing of unsaturated polyesters are
      operable as free radical generators to initiate curing. Examples of some
      operable peroxides and accelerators include but are not limited to,
      benzoyl peroxide with dimethylaniline as an accelerator, cumene
      hydroperoxide with cobalt naphthenate as an accelerator and cyclohexanone
      peroxide with either of the aforementioned accelerators. The peroxides and
      hyroperoxides may also be generated in situ if so desired.
PAR  The curing period may be retarded or accelerated from less than 1 minute to
      30 days or more. Conventional curing initiators or accelerators operable
      include, but are not limited to oxygen; peroxides, hydroperoxides,
      peracids; persulfates, azo compounds such as azobis-isovaleronitrile;
      ultraviolet light (with or without coagent sensitizers); high energy
      radiation such as x-rays, .beta.-rays, electron beams, gamma radiation,
      and the like; ozone; oxidizing agents such as PbO.sub.2 ; and
      cyclohexanone peroxide with dimethyl aniline. Conventional curing
      inhibitors or retarders include but are not limited to hydroquinone;
      p-tert-butyl catechol; 2,6-ditert-butyl-p-methylphenol; phenothiazine;
      N-phenyl-2-napthylamine; inert gas atmospheres such as helium, argon,
      nitrogen, and carbon dioxide; vacuum; and the like.
DETD
PAR  The following examples are given to further illustrate the present
      invention. In all cases, unless otherwise noted, all parts and percentages
      are by weight.
PAC  FORMATION OF POLYENE PREPOLYMER
PAC  Example 1
PAR  458 g. (0.23 moles) of a commercially available liquid polymeric
      diisocyanate sold under the tradename "Adiprene L-100" by E. I. duPont de
      Nemours & Co. was charged to a dry resin kettle maintained under a
      nitrogen atmosphere and equipped with a condenser, stirrer, thermometer,
      and gas inlet and outlet. 37.8 g. (0.65 moles) of allyl alcohol was
      charged to the kettle and the reaction was continued for 17 hours with
      stirring at 100.degree.C. Thereafter the nitrogen atmosphere was removed
      and the kettle was evacuated 8 hours at 100.degree.C. 50 cc. dry benzene
      was added to the kettle and the reaction product was azeotroped with
      benzene to remove the unreacted alcohol. This allyl terminated liquid
      prepolymer had a molecular weight of approximately 2,100 and will be
      referred to as Prepolymer A hereinafter.
PAC  Example 2
PAR  400 g. (0.2 moles) of "Adiprene L-100" was charged to a dry resin kettle
      maintained under nitrogen and equipped with a condenser, stirrer,
      thermometer and gas inlet and outlet. 25.2 g. (0.43 moles) of propargyl
      alcohol (HC.tbd.C--CH.sub.2 OH) was added to the kettle and the reaction
      was continued with stirring for 18 hours at 160.degree.C. Thereafter the
      nitrogen atmosphere was removed and the kettle was evacuated 16 hours at
      100.degree.C followed by azeotropic distillations with 50 cc. water and
      then 50 cc. benzene to remove any excess propargyl  pg,22 alcohol. This
      HO.tbd.C-- terminated liquid prepolymer had a viscosity of 27,500
      centiposes at 70.degree.C. and a molecular weight of 2100 and will be
      referred to as Prepolymer B hereinafter.
PAC  Example 3
PAR  1 mole of commercially available poly(ethylene ether) glycol having a
      molecular weight of 1450 and a specific gravity of 1.21 was charged to a
      resin kettle maintained under nitrogen and equipped with a condenser,
      stirrer, thermometer and a gas inlet and outlet. 2.9 g. dibutyl tin
      dilaurate as a catalyst was charged to the kettle along with 2 moles of an
      80/20 mixed isomer blend of
      tolylene-2,4-diisocyanate/tolylene-2,6-diisocyanate and 2 moles of allyl
      alcohol. The reaction was continued with stirring at 60.degree.C for 2
      hours. Thereafter a vacuum of 1 mm. was applied for 2 hours at 60.degree.C
      to remove the excess alcohol. This CH.sub.2 =CH-- terminated prepolymer
      had a molecular weight of approximately 1,950 and will hereinafter be
      referred to as Prepolymer C.
PAC  Example 4
PAR  1 mole of a commercially available poly (propylene ether) glycol having a
      molecular weight of about 1958 and a hydroxyl number of 57.6 was charged
      to a resin kettle equipped with a condenser, stirrer, thermometer and a
      gas inlet and outlet. 4 g. of dibutyl tin dilaurate as a catalyst was
      added to the kettle along with 348 g. (2.0 moles) of an 80/20 mixed isomer
      blend of tolylene-2,4-diisocyanate/tolylene-2,6-diisocyanate and 116 g. (2
      moles) of allyl alcohol. The reaction was carried out for 20 minutes at
      room temperature under nitrogen. Excess alcohol was stripped from the
      reaction kettle by vacuum over a 1 hour period. The thus formed CH.sub.2
      =CH-- terminated liquid prepolymer had a molecular weight of approximately
      2,400 and will hereinafter be referred to as Prepolymer D.
PAC  Example 5
PAR  750 g. of a N-containing tetrol (hydroxyl functionality equal to 4)
      available from Wyandotte Chemicals Corp. under the tradename "Tetronic
      Polyol 904" having a M.W. of 7,500 was placed in a reaction vessel heated
      at 110.degree.C. The flask was maintained under vacuum for 1 hour. Then,
      under an atmosphere of nitrogen, 0.1 cc. dibutyl tin dilaurate was added
      and the flask was cooled to 50.degree.C. Now 18.3 g. allyl isocyanate was
      added slowly, maintaining the temperature at about 95.degree.C for about 1
      hour after the addition was completed. The thus formed polymeric polyene
      (i.e., Prepolymer E hereinafter) had a theoretical allyl functionality of
      2.2, a theoretical hydroxyl functionality of 1.8, and a calculated
      molecular weight of about 7,683.
PAC  Example 6
PAR  To a resin kettle maintained under a nitrogen atmosphere and equipped with
      a condenser, stirrer, and thermometer and gas inlet and outlet was added
      843 g. of a commercially available liquid diisocyanate prepolymer sold
      under the tradename "Multrathane F-196" by Mobay Chemical Co., said
      prepolymer having a molecular weight of about 1,680 and an available
      isocyanate content of 4.7 - 5.2%. 87 g. (1.5 moles) of allyl alcohol was
      added to the kettle and the reaction was continued for 18 hours at
      140.degree.C with stirring. Thereafter the nitrogen atmosphere was removed
      and the kettle was evacuated for 22 hours at 100.degree.C. 50 cc. of dry
      benzene was added to the kettle and the reaction product was azeotroped
      therewith to remove any unreacted alcohol. This CH.sub.2 =CH-- terminated
      liquid prepolymer had a viscosity of 25,000 centipoises at 70.degree.C and
      a molecular weight of approximately 1800 and will be referred to as a
      Prepolymer F hereinafter.
PAC  Example 7
PAR  Following the procedure of Example 3, and using necessary reactants, a
      polyene of the following formula was prepared:
      ##EQU8##
PAC  Example 8
PAR  A crotyl-terminated polyurethane which contains two reactive double bonds
      per average molecule in a near terminal position was prepared following
      the general procedure of Example 3. The resulting polymeric polyene was
      found to have the following formula:
      ##EQU9##
PAC  Example 9
PAR  Following the procedure of Example 3, and using necessary reactants, a
      polyene of the following formula was prepared:
      ##EQU10##
PAC  Example 10
PAR  Following the procedure of Example 3, and using necessary reactants, a
      polyene of the following formula was prepared:
      ##EQU11##
PAC  Example 11
PAR  To a liter 4 neck flask was charged 300 milliliters of dimethylformamide,
      35 g. of an 80/20 mixed isomer blend of
      tolylene-2,4-diisocyanate/tolylene-2,6-diisocyanate and 0.1 cc. of dibutyl
      tin dilaurate. A mixture of 11.6 g. of allyl alcohol and 22.8 g. of hexol
      commercially available from Union Carbide Chemical Co. under the tradename
      "NIAX Polyol LS-490" having a molecular weight of 684 was slowly added to
      the flask. Temperature was kept at approximately 65.degree.C during the
      addition and for a period of 1 hour. The polymeric product obtained had an
      average molecular weight of approximately 2,100.
PAC  Example 12
PAR  To a 1 liter 4 neck flask was charged 300 g. of a polyester diol (molecular
      weight 3232) sold under the tradename "RC Polyester S 101-35" by R. C.
      Division, Hooker Chemical Corp. and 0.1 cc. of dibutyl tin dilaurate. The
      flask was heated to 110.degree.C of dibutyl tin dilaurate. The flask was
      heated to 110.degree.C under vacuum and maintained thereat for 1 hour. The
      flask was cooled to approximately 60.degree.C, nitrogen was admitted, and
      7.7 g. allyl isocyanate and 8.1 g. of tolylene-2,4-diisocyanate was added
      by means of a dropping funnel to the reaction at a moderate rate. A
      maximum temperature of 90.degree.C was needed. When the addition was
      complete the reaction was allowed to continue at 70.degree.C for 1 hour.
      The thus formed solid polymeric product had an average molecular weight of
      approximately 6,800 and a viscosity of 13,600 centipoises when measured on
      a brookfield Viscometer at 70.degree.C.
PAC  EXAMPLE 13
PAR  To a 1 liter 4 neck flask heated at 110.degree.C was charged 808 g. of a
      polyester diol (having a molecular weight 3232) sold under the tradename
      "RC Polyester S 101-35" by R. C. Division, Hooker Chemical Corp. and 0.1
      cc. dibutyl tin dilaurate. The flask was maintained under vacuum at
      110.degree.C for 1 hour. The flask was cooled to approximately 50.degree.C
      and with nitrogen passing through, a mixture of 10 g. of allyl alcohol and
      60 g. of an 80/20 mixed isomer blend of
      tolylene-2,4-diisocyanate/tolylene-2,6-diisocyanate was added via a
      dropping funnel at a moderate rate. The reaction was allowed to continue
      for 15 minutes. A maximum temperature of 90.degree.C was produced by the
      exothermic reaction. The polymeric product obtained was a solid at room
      temperature but liquid at 70.degree.C. The product had an average
      molecular weight of approximately 10,500 and a viscosity of 270,000
      centipoises at 70.degree. C.
PAC  Examples 14-23
PAR  Following the general procedure of the prior examples, and using the
      necessary reactants, a series of polyenes having the formula: X -- B --
      A).sub.n B -- X where n is 2 or greater were prepared wherein the
      derivative members forming the polyenes are defined in the following:
      ##EQU12##
PAC  CURING PROCESS
PAC  Example 24
PAR  0.01 mole of the allyl-terminated liquid Prepolymer A was charged to a 2
      oz. glass bottle along with a stoichiometric amount to react with the
      allyl groups, i.e. 0.0066 moles, of trimethylolpropane
      tris(.beta.-mercaptopropionate) having a molecular weight of 398. The
      liquid reactants were stirred together and heated for 1/2 hour at
      140.degree.C. Thereafter the reactants were left under ambient conditions
      of room temperature and pressure. After 21/2 days the liquid reactants
      became viscous and at the end of a 2 week period, a solid,
      self-supporting, cured, odorless, elastomeric polythioether product
      resulted.
PAC  EXAMPLE 25
PAR  0.005 moles of the allyl-terminated liquid Prepolymer E was charged to a 2
      oz. glass jar along with a stoichiometric amount of a polythiol to react
      with the allyl groups in Prepolymer E, 0.0036 moles of trimethylolpropane
      tris (.beta.-mercaptopropionate). The liquid reactants were stirred
      together briefly at room temperature and allowed to stand under ambient
      conditions. After eight hours a solid, odorless, self-supporting cured
      elastomeric polythioether polymer resulted.
PAC  EXAMPLE 26
PAR  643 g. (0.32 moles) of a commercially available poly (propylene ether)
      glycol sold under the tradename "Pluracol P 2010" by Wyandotte Chemical
      Co. was degassed at room temperature for 1 hour and then charged to a
      resin kettle maintained under a nitrogen atmosphere and equipped with a
      condenser, stirrer, thermometer and gas inlet and outlet. 111.4 g. (0.64
      moles) of a 80-20% isomer mixture of tolylene-2,4-diisocyanate and
      tolylene-2,6-diisocyanate respectively sold under the tradename "Mondur TD
      80" was added to the kettle. After 45 minutes, the temperature was raised
      to 120.degree.C and the reaction was continued for 50 minutes. A sample
      was removed and titrated for NCO resulting in 33.54 mg NCO/g. 62.7 g. of
      diallyl amine was added at 105.degree.C and the reaction was continued for
      10 minutes. A sample was titrated resulting in an NCO content of 1.20
      milligrams NCO/g. A vacuum was applied to the kettle for 1 hour at
      90.degree.C followed by cooling under nitrogen. The resulting product had
      a molecular weight of about 2,540-2,580 and an ene functionality of 4.
PAR  10 g. of the thus formed polymer was charged to a 2 oz. glass jar along
      with 2 g. of pentaerythritol tetrakis (.beta.-mercaptopropionate and 0.5
      g. acetophenone. The liquid reactants were briefly stirred together and
      placed out-doors under ambient conditions. Within 15 minutes a solid,
      odorless, elastomeric cured polythioether product was obtained.
PAC  EXAMPLE 27
PAR  40 g. of Prepolymer A and 10 g. of a filler sold commercially under the
      tradename "Hi Sil 233" by Columbia Southern Chemical Corp. were charged
      under nitrogen to a 200 ml. round bottom 3 necked flask maintained under a
      nitrogen atmosphere and mixed thoroughly. The flask was heated by a water
      bath to 60.degree.C under full vacuum for 2 hours. The flask was then
      allowed to cool under vacuum. 4 g. of pentaerythritol tetrakis
      (.beta.-mercaptopropionate) was charged to the flask under nitrogen and
      the reaction was stirred continuously. After 61/2 days under nitrogen, no
      cure was noted. The reaction was then exposed to exygen from the
      atmosphere and a solid, cured, odorless elastomeric product resulted
      within 45 minutes.
PAC  EXAMPLE 28
PAR  30 g. of Prepolymer A and 2.9 g. of "Q43" pentaerythritol tetrakis
      (.beta.-mercaptopropionate) by Carlisle Chemical Co.) were admixed and
      cured by the presence of 1.5 g. of benzoyl peroxide and 0.3 g. dimethyl
      aniline as a peroxide activator. The curing time was 3 minutes and the
      solid, odorless, elastomeric cured polythioether product was found to have
      a Shore A hardness of 23.
PAC  EXAMPLE 29
PAR  20 g. of an aliphatic diisocyanate-derived urethane polyene of Example 21
      was mixed in an aluminum dish with 2.2 g. of pentaerythritol tetrakis
      (.beta.-mercaptopropionate) commercially available from Carlisle Chemical
      Co. under the tradename "Q43" and 0.5 g. of acetophenone. The mixture was
      irradiated for 3 minutes by ultraviolet light from a Sylvania Sun lamp.
      The sample cured to a tack-free solid which had a color of less than 1 on
      the Gardner Scale. After exposure to ultraviolet radiation in a Fadeometer
      for 47.2 hours, the color increased to a value of 4 on the Gardner Scale.
PAR  A similar polymer prepared from Polymeg glycol of molecular weight of about
      1,000 by Quaker Oats Co., tolyene-2,4-diisocyanate and allyl alcohol,
      cured with pentaerythritol tetrakis (.beta.-mercaptopropionate) and
      acetophenone by irradiation with ultraviolet light also had a Gardner
      color of less than 1. However, after 47.2 hours in the Fadeometer the
      Gardner color rose to 13.
PAR  The molecular weight of the polyenes of the present invention may be
      measured by various conventional methods. including solution viscosity,
      osmotic pressure and gel permeation chromatography. Additionally, the
      molecular weight may be calculated from the known molecular weight of the
      reactants.
PAR  The viscosity of the polyenes and polythiols may be measured on a
      Brookfield Viscometer at 30.degree. of 70.degree.C in accord with the
      instructions therefor.
PAR  The components to be cured may be prepared as either single-packaged or
      multi-packaged liquid polymer systems which may be cured to solid
      polythioether elastomers without liberating gaseous by-products which
      cause bubbles and voids in the vulcanizate. Thus, there is provided
      curable liquid polymer systems composed of polyenes and polythiols in
      which the components individually are storage stable and which are not
      sensitive to or deteriorated by traces of moisture or oxygen containing
      gas such as may be encountered during normal storage or handling
      procedures. Solid resinous or elastomeric products may be prepared from
      flowable liquids in a system in which the rate of curing may be inhibited
      or retarded by the use of chemical inhibitors, antioxidants, inert
      atmospheres and the like. The cured product may be characterized as in the
      thermally and oxidatively stable state since there is no reactive
      carbon-to-carbon unsaturation in the main backbone chain.
PAR  Solid cured polythioether polymer products have many and varied uses,
      examples of which include but are not limited to adhesives; caulks;
      sealants; coatings; impregnants for porous substrates; filleting
      compounds; molded articles and the like.
PAR  As used herein the term polyene and the term polyne refers to single or
      complex species of alkenes or alkynes having a multiplicity of terminal
      reactive carbon-to-carbon unsaturated functional groups per average
      molecule. For example, a diene is a polyene that has two reactive
      carbon-to-carbon double bonds per average molecule, while a diyne is a
      polyyne that contains in its structure two reactive carbon-to-carbon
      triple bonds per average molecule. Combinations of reactive double bonds
      and reactive triple bonds within the same molecule are also possible such
      as for monovinylacetylene which is a polyeneyne under this definition. For
      purpose of brevity all these classes of compounds are referred to
      hereafter as polyenes.
PAR  In defining the position of the reactive functional carbon-to-carbon
      unsaturation, the term terminal is intended to mean that functional
      unsaturation is at an end of the main chain in the molecule; whereas by
      near terminal is intended to mean that the functional unsaturation is not
      more than 10 carbon atoms and typically less than 8 carbon atoms from an
      end of the main chain in the molecule. The term pendant means that the
      reactive carbon-to-carbon unsaturation is located terminal or
      near-terminal in a branch of the main chain as contrasted to a position at
      or near the ends of the main chain. For purposes of brevity all of these
      positions are referred to herein generally as terminal unsaturation.
PAR  Functionality as used herein refers to the average number of ene or thiol
      groups per molecule in the polyene or polythiol, respectively. For example
      a triene is a polyene with an average of three reactive carbon-to-carbon
      unsaturated groups per molecule and thus has a functionality (f) of three.
      A dithiol is a polythiol with an average of two thiol groups per molecule
      and thus has a functionality (f) of two.
PAR  It is to be understood that the functionality of the polyene and the
      polythiol component is commonly expressed in whole numbers although in
      practice the actual functionality may be fractional. For example, a
      polyene component having a nominal functionality of 2 (from theoretical
      considerations alone) may in fact have an effective functionality of
      somewhat less than 2. In an attempted synthesis of a diene from a glycol
      in which the reaction proceeds to 100% of the theoretical value for
      complete reaction, the functionality (assuming 100% pure starting
      materials) would be 2.0. If however, the reaction were carried to only 90%
      of theory for complete reaction, about 10% of the molecules present would
      have only one ene functional group, and there may be a trace of material
      that would have no ene functional groups at all. Approximately 90% of the
      molecules, however, would have the desired diene structure and the product
      as a whole then would have an actual functionality of 1.9. Such a product
      is useful in the instant invention and is referred to herein as having a
      functionality of  2.
PAR  The term reactive unsaturated carbon-to-carbon groups means groups which
      will react under proper conditions as set forth herein with thiol groups
      to yield the thioether linkage
      ##EQU13##
      as contrasted to the term unreactive carbon-to-carbon unsaturation which
      means
      ##EQU14##
      groups found in aromatic nucleii (cyclic structures exemplified by
      benzene, pyridine, anthracene, and the like) which do not under the same
      conditions react with mols to give thioether linkages.
PAR  Highly water-sensitive groups are intended to include, for example,
      isocyanate, acyl halide such as acyl chloride, anhydride and the like
      which readily and rapidly react with water, alcohol, ammonia, amines and
      the like.
PAR  Odorless has been used herein to mean the substantial absence of the
      well-known offensive and sometimes obnoxious odors that are characteristic
      of hydrogen sulfide and the derivative family of compounds known as
      mercaptans.
PAR  The term non-yellowing means the substantial resistance to unsightly or
      uncontrollable discoloration during exposure to actinic radiation such as
      exposure to sunlight or to mechanical substitutes. Mechanical substitutes
      for sunlight include means such as a Fadometer having a source of
      ultraviolet radiation, or a Weatherometer which combines exposure to
      ultraviolet radiation with exposure to water.
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that many variations may be made therein without
      departing from the spirit of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polyene compound which comprises the formula:
      ##EQU15##
      wherein R is a radical selected from the group consisting of hydrogen,
      fluorine, chlorine, phenyl, benzyl, alkyl, and cycloalkyl; said alkyl
      having from 1 to 9 carbon atoms and said cycloalkyl having from 3 to 8
      carbon atoms; wherein [A] is free of reactive carbon-to-carbon
      unsaturation and formed of at least two repeating units selected from the
      group consisting of --CH.sub.2) .sub.g, --C.sub.2 H.sub.4 O) .sub.h,
      --C.sub.3 H.sub.6 O) .sub.h, and --C.sub.4 H.sub.8 O) .sub.h, g is an
      integer from 1 to 9 and h is an integer from 1 to 200; said compound
      having a molecular weight in the range of 300 to 20,000 and a viscosity in
      the range from essentially 0 to 20 million centipoises at 70.degree.C; and
      wherein R.sub.7 is a member of the group consisting of hydrogen, phenyl,
      cycloalkyl, alkyl, and CH.sub.2 =CH--, wherein said alkyl has from 1 to 9
      carbon atoms, said cycloalkyl has from 3 to 8 carbon atoms, and n is at
      least 1.
NUM  2.
PAR  2. The polyene compound of claim 1 having the formula:
      ##EQU16##
NUM  3.
PAR  3. The polyene compound of claim 1 having the formula:
      ##EQU17##
NUM  4.
PAR  4. The polyene composition of claim 1 having the formula:
      ##EQU18##
      wherein the sum of x + y + z in each chain segment is at least 1.
NUM  5.
PAR  5. A polyene compound having the formula:
      ##EQU19##
      wherein the sum of x + y + z is at least 1; n is at least 1; and P is at
      least 2; said compound having a molecular weight in the range of 300 to
      20,000 and a viscosity in the range from essentially 0 to 20 million
      centipoises at 70.degree. C.
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ABST
PAL  Tricyclic compounds of the formula
      ##SPC1##
PAL  Wherein R.sub.1 is hydrogen, halogen, lower alkyl, lower alkoxy, lower
      alkylthio, trifluoromethyl, cyano, carbamoyl, carboxy, lower alkoxy
      carbonyl, nitro, amino, mono-lower alkylamino, di-lower alkylamino, acyl,
      acylamido, sulfamoyl, di-lower alkylsulfamoyl, or difluoromethylsulfonyl;
      R.sub.2 is hydrogen, lower alkyl, amino-lower alkyl, mono-lower
      alkyl-amino-lower alkyl, or di-lower alkylamino-lower alkyl; n and r are
      independently 1 or 2; and X is oxygen or sulfur, prepared, inter alia,
      from the correspondingly substituted phenol or thiophenol and
      haloketocyclohexane or pentane carboxylic acid ester, are described. The
      end products are useful as anti-inflammatory and anti-rheumatic agents.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 234,375, filed March 13, 1972
      now U.S. Pat. No. 3,803,180, which in turn is a continuation-in-part of
      U.S. Pat. application Ser. No. 128,570, filed Mar. 26, 1971, now
      abandoned.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention relates to racemic compounds of the formula
      ##SPC2##
PAL  Wherein R.sub.1, independently, is hydrogen, halogen, lower alkyl, lower
      alkoxy, lower alkylthio, trifluoromethyl, cyano, carbamoyl, carboxy, lower
      alkoxy carbonyl, nitro, amino, mono-lower alkylamino, di-lower alkylamino,
      acyl, acylamido, sulfamoyl, di-lower alkylsulfamoyl, or
      difluoromethylsulfonyl; R.sub.2 is hydrogen, lower alkyl, amino-lower
      alkyl, mono-lower alkylamino-lower alkyl or di-lower alkylamino-lower
      alkyl; n and r are independently 1 or 2; and X is oxygen or sulfur, their
      enantiomers, and when R.sub.1 is carboxy and/or R.sub.2 is hydrogen, salts
      thereof with pharmaceutically acceptable bases, and when R.sub.1 is amino,
      mono-lower alkylamino or di-lower alkylamino, and/or when R.sub.2 is
      amino-lower alkyl, mono-lower alkylamino-lower alkyl, or di-lower
      alkylamino-lower alkyl, addition salts thereof with pharmaceutically
      acceptable acids.
PAR  The compounds of formula I are useful as anti-inflammatory and
      anti-rheumatic agents.
PAR  In other aspects, the invention relates to intermediates of the formulas
      ##SPC3##
PAL  Wherein R.sub.1, R.sub.1 ", R.sub.2, R.sub.2 ', r, n and X are as herein
      described.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As used herein, the term "lower alkyl" denotes a straight or branched chain
      hydrocarbon group containing 1-7 carbon atoms, for example, methyl, ethyl,
      propyl, isopropyl, butyl, isobutyl, tertiary butyl, neopentyl, pentyl,
      heptyl, and the like. The term "lower alkoxy" denotes an alkyl ether group
      in which the alkyl group is as described above, for example, methoxy,
      ethoxy, propoxy, isopropoxy, butoxy, pentoxy and the like. The term "lower
      alkylthio" denotes an alkylthio ether group in which the alkyl group is as
      described above, for example, methylthio, ethylthio, propylthio,
      isopropylthio, butylthio, pentylthio, and the like. The term "halogen"
      denotes all the halogens; that is, bromine, chlorine, fluorine and iodine;
      bromine and chlorine are preferred. The term "acyl" denotes an "alkanoyl"
      group derived from an aliphatic carboxylic acid of 1 to 7 carbon atoms,
      for example, formyl, acetyl, propionyl, and the like, and an "aroyl" group
      derived from an aromatic carboxylic acid, such as benzoyl and the like.
      Exemplary of acylamido are acetamido, benzylamido and the like. Exemplary
      of mono-lower alkylamino are methylamino, ethylamino and the like.
      Exemplary of di-lower alkylamino are dimethylamino, diethylamino and the
      like. Exemplary of amino-lower alkyl are aminomethyl, aminoethyl and the
      like. Exemplary of mono-lower alkylamino-lower alkyl are
      methylaminomethyl, ethylaminoethyl and the like. Exemplary of di-lower
      alkylamino-lower alkyl are dimethylaminomethyl, diethylaminoethyl and the
      like. Exemplary of di-lower alkylsulfamoyl are dimethylsulfamoyl,
      diethylsulfamoyl and the like.
PAR  The invention relates to racemic compounds of the formula
      ##SPC4##
PAL  wherein R.sub.1 is hydrogen, halogen, lower alkyl, lower alkoxy, lower
      alkylthio, trifluoromethyl, cyano, carbamoyl, carboxy, lower
      alkoxycarbonyl, nitro, amino, mono-lower alkylamino, di-lower alkylamino,
      acyl, acylamido, sulfamoyl, di-lower alkylsulfamoyl or
      difluoromethylsulfonyl; R.sub.2 is hydrogen, lower alkyl, amino-lower
      alkyl, mono-lower alkylamino-lower alkyl or di-lower alkylamino-lower
      alkyl; n and r are independently 1 or 2; and X is oxygen, sulfur, their
      enantiomers, and when R.sub.1 is carboxy and/or R.sub.2 is hydrogen, salts
      thereof with pharmaceutically acceptable bases, and when R.sub.1 is amino,
      mono-lower alkylamino or di-lower alkylamino, and/or when R.sub.2 is
      amino-lower alkyl, mono-lower alkylamino-lower alkyl, or di-lower
      alkylamino-lower alkyl, addition salts thereof with pharmaceutically
      acceptable acids.
PAR  A preferred sub-genus of the invention comprises racemic compounds of the
      formula
      ##SPC5##
PAL  wherein R.sub.1, R.sub.2, r and X are as previously described, their
      enantiomers, and the respective salts thereof as herein described.
PAR  Preferred compounds of formula Ia comprise compounds of the formula
      ##SPC6##
PAL  wherein R.sub.1, R.sub.2, r and X are as previously described, their
      enantiomers, and the respective salts thereof as herein described.
      Preferred compounds of formula Ib are those wherein X is oxygen.
PAR  Preferably, in formulas I, Ia and Ib, R.sub.1 is hydrogen, halogen, lower
      alkyl, lower alkoxy, cyano, carboxy, lower alkoxycarbonyl, nitro, amino,
      mono-lower alkylamino, di-lower alkylamino, acyl or acylamido; and R.sub.2
      is hydrogen or lower alkyl.
PAR  The preferred compounds of the invention comprise compounds of the formula
      ##SPC7##
PAL  wherein R.sub.2 is as previously described, and R.sub.1 ' is independently
      hydrogen, chlorine or cyano, provided that at least one of R.sub.1 ' is
      hydrogen, their enantiomers and the respective salts thereof as herein
      described.
PAR  The most preferred compounds of the invention are:
PA1  8-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid;
PA1  7-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid; and
PA1  8-cyano-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid.
PAR  Exemplary of the compounds of the invention corresponding to formula I
      wherein n is 2 and X is oxygen are:
PA1  1,2-dihydro-3(4H),8-dibenzofurandicarboxylic acid;
PA1  8-acetyl-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid;
PA1  8-amino-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid;
PA1  8-amino-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid ethyl ester;
PA1  7-amino-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid ethyl ester;
PA1  7-amino-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid;
PA1  8-chloro-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid;
PA1  6-chloro-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid;
PA1  9-chloro-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid methyl ester;
PA1  9-chloro-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid;
PA1  7-chloro-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid;
PA1  1,2-dihydro-8-nitro-3(4H)-dibenzofuran carboxylic acid;
PA1  8-fluoro-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid;
PA1  8-methyl-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid;
PA1  7-acetamido-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid ethyl ester;
PA1  7-acetamido-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid;
PA1  1,2-dihydro-7-methoxy-3(4H)-dibenzofuran carboxylic acid;
PA1  7,9-dimethoxy-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid;
PA1  7,9-dichloro-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid;
PA1  8-cyano-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid;
PA1  8-cyano-3,4-dihydro-1(2H)-dibenzofuran carboxylic acid;
PA1  8-carbamoyl-1,2-dihydro-3(4H)-dibenzofuran carboxylic acid ethyl ester;
PA1  8-cyano-3,4-dihydro-2(1H)-dibenzofuran carboxylic acid; and the like.
PAR  Exemplary of the compounds of the invention corresponding to formula I
      wherein n is 1 and X is oxygen are:
PA1  2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  7-chloro-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  7-acetyl-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  7-amino-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  7-amino-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid ethyl
      ester;
PA1  6-amino-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  5-chloro-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  6-chloro-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  8-chloro-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  7-nitro-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  7-fluoro-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  7-methyl-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  6-acetamido-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  6-acetamido-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid ethyl
      ester;
PA1  6-methoxy-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  6,8-dimethoxy-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  6,8-dichloro-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  7-cyano-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid;
PA1  7-carbamoyl-2,3-dihydro-1H-cyclopenta[b]benzofuran-2-carboxylic acid, and
      the like.
PAR  Exemplary of the compounds of the invention corresponding to formula I
      wherein n is 2 and X is sulfur are:
PA1  1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  8-chloro-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid ethyl ester;
PA1  8-chloro-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  8-acetyl-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  8-amino-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  8-amino-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid ethyl ester;
PA1  7-amino-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  7-amino-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid methyl ester;
PA1  8-chloro-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  6-chloro-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  9-chloro-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
      9-chloro-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid propyl ester;
PA1  7-chloro-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  8-nitro-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  8-fluoro-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  8-methyl-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  7-acetamido-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  7-acetamido-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid methyl
      ester;
PA1  7-methoxy-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  7,9-dimethoxy-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  7,9-dichloro-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  8-cyano-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid;
PA1  8-carbamoyl-1,2-dihydro-3(4H)-dibenzothiophene carboxylic acid, and the
      like.
PAR  Exemplary of the compounds of the invention corresponding to formula I
      wherein n is 1 and X is sulfur are:
PA1  2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid;
PA1  7-chloro-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid;
      7-acetyl-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid;
PA1  7-amino-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid;
PA1  7-amino-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid
      ethyl ester;
PA1  6-amino-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid;
PA1  5-chloro-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid;
PA1  6-chloro-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid;
PA1  8-chloro-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid;
PA1  7-nitro-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid;
PA1  7-fluoro-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid;
PA1  7-methyl-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid;
PA1  6-acetamido-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic
      acid;
PA1  6-acetamido-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid
      ethyl ester;
PA1  6-methoxy-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid;
PA1  6,8-dimethoxy-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic
      acid;
PA1  6,8-dichloro-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic
      acid;
PA1  7-cyano-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic acid;
PA1  7-carbamoyl-2,3-dihydro-1H-cyclopenta[b][l]benzothiophene-2-carboxylic
      acid, and the like.
PAR  The preparation of compounds of formula I wherein n is 1 or 2 and X is
      oxygen is exemplified by Reaction Scheme I.
      ##SPC8##
PAL  wherein HAL is halogen, for example, chlorine, fluorine, bromine and
      iodine, preferred is fluorine; R.sub.1 " is hydrogen or an electron
      withdrawing group such as nitro, trifluoromethyl, lower alkoxy carbonyl,
      cyano or acyl, provided that at least one of R.sub.1 " is other than
      hydrogen, and R.sub.2 and n are as described herein.
PAR  In Reaction Scheme I, the reaction of a halobenzene of formula II with an
      oxime of formula III to yield an O-phenyl oxime of formula IV is
      conveniently carried out in a polar solvent, such as dimethylsulfoxide,
      dimethylformamide, or hexamethylphosphoric triamide. The reaction
      temperature is not critical. Preferably, the reaction is carried out at a
      temperature in the range of from about room temperature to about the
      reflux temperature of the reaction mixture. The molar ratio of the
      reactants is not critical. Preferably, they are reacted in a 1:1 molar
      ratio.
PAR  The oxime of formula IV is converted to the compound of formula Id
      utilizing, for example, an acidic catalyst such as an organic, inorganic
      or Lewis acid, exemplary of which are hydrochloric acid, sulfuric acid,
      phosphoric acid, zinc chloride, copper chloride, boron trifluoride and the
      like, and various combinations thereof. Conveniently, the reaction can be
      carried out in a polar solvent such as an alkanol, for example, methanol,
      ethanol, propanol, and the like, water or a hydrocarbon such as benzene,
      toluene and the like. The reaction temperature is not critical.
      Preferably, the reaction is carried out at a temperature in the range of
      from about room temperature to about the reflux temperature of the
      reaction mixture. The separation of the desired compound of formula Id
      from the reaction mixture can be effected utilizing known techniques such
      as, for example, filtration, crystallization, distillation and the like.
PAR  A nitro group present in the compound of formula Id can be converted to an
      amino group utilizing known procedures, for example, by catalytic
      reduction. An amino group can be converted to a diazonium salt utilizing
      known procedures, for example, by reaction with sodium nitrite and a
      mineral acid such as a hydrohalic acid. A diazonium group can then be
      replaced by a halogen, cyano, hydroxy, lower alkoxy or hydrogen utilizing
      known procedures, for example, by mixing a diazonium salt solution with,
      for example, a cuprous halide, cuprous cyanide, water, an alkanol or a
      reducing agent, such as hypophosphorous acid, respectively, at room
      temperature or occasionally at elevated temperatures.
PAR  The preparation of compounds of formula I is also exemplified by Reaction
      Scheme II.
      ##SPC9##
PAL  wherein R.sub.1, X, n and r are as previously described, and R.sub.2 ' is
      lower alkyl.
PAR  In Reaction Scheme II, a compound of formula V is alkylated with the
      corresponding haloketocycloalkane carboxylic acid ester of formula VI to
      yield a compound of formula VII. The reaction is conveniently carried out
      in a non-polar solvent, for example, a hydrocarbon, such as benzene,
      toluene and the like, or a polar solvent, such as dimethylsulfoxide,
      dimethylformamide, hexamethylphosphoric triamide, and the like. The
      reaction temperature is not critical. Preferably, the reaction is carried
      out at a temperature in the range of from about room temperature to about
      the reflux temperature of the reaction mixture. The molar ratio of the
      reactants is not critical. Preferably, they are reacted at a 1:1 molar
      ratio.
PAR  A compound of formula VII is converted to a compound of formula Ie by
      thermal cyclization or by utilizing a cyclizing agent, such as
      polyphosphoric acid, sulfuric acid, acetic acid, hydrochloric acid, and
      the like. Preferably, the reaction is carried out at a temperature in the
      range of from about -20.degree. to about 120.degree.. The reaction can be
      conveniently carried out with or without a solvent. Exemplary of
      convenient solvents are acetic and the like.
PAR  The esters of formula Ie can be converted to the corresponding acid, i.e.,
      the compounds of formula I wherein R.sub.2 is hydrogen, by saponification
      according to known procedures, for example, by reaction with an alkali
      metal hydroxide such as sodium hydroxide, potassium hydroxide and the
      like, and subsequent treatment with a mineral acid, for example, a
      hydrohalic acid, such as hydrochloric acid and the like.
PAR  The separation of the desired compound of formula Ie and its corresponding
      acid from the reaction mixture can be effected utilizing known techniques
      such as, for example, filtration, crystallization, distillation and the
      like.
PAR  Furthermore, a salt of an acid of formula I, i.e., a salt of compounds of
      formula I wherein R.sub.2 is hydrogen, can be converted to a compound of
      formula I wherein R.sub.2 is amino-lower alkyl, mono-lower
      alkylamino-lower alkyl or di-lower alkylamino-lower alkyl by known
      procedures. For example, a salt of an acid of formula I is reacted with a
      amino-lower alkyl halide, mono-lower alkylamino-lower alkyl halide or
      di-lower alkylamino-lower alkyl halide, exemplary of which are aminoethyl
      chloride, methylamino-ethyl bromide, diethylaminomethyl chloride and the
      like, to yield the desired end product. The temperature at which the
      reaction is effected is not critical; conveniently, the reaction is
      carried out at a temperature in the range of from about room temperature
      and about the reflux temperature of the reaction mixture. Conveniently,
      the reaction can be carried out in a polar solvent, such as
      dimethylformamide, dimethylsulfoxide or the like. The molar ratio of
      reactants is not critical. Preferably, the reactants are utilized in a 1:1
      molar ratio.
PAR  The starting materials of formula II are known compounds or can be prepared
      in an analogous manner to known compounds. Exemplary of such compounds
      are:
PA1  4-fluoronitrobenzene;
PA1  4-fluorocyanobenzene;
PA1  4-fluoroacetophenone; and the like.
PAR  The starting materials of formula III are known compounds or can be
      prepared in an analogous manner to known compounds. Exemplary of such
      compounds are:
PA1  3-oxyiminocyclohexanecarboxylic acid methyl ester;
PA1  4-oxyiminocyclohexanecarboxylic acid ethyl ester;
PA1  2-oxyiminocyclohexanecarboxylic acid methyl ester;
PA1  3-oxyiminocyclopentanecarboxylic acid propyl ester;
PA1  2-oxyiminocyclopentanecarboxylic acid methyl ester;
PA1  4-oxyiminocyclopentanecarboxylic acid methyl ester; and the like.
PAR  The intermediates of formula IV are novel compounds. Exemplary of such
      compounds are:
PA1  3-(4-nitrophenoxyimino)cyclohexanecarboxylic acid and methyl ester thereof;
PA1  3-(2-nitrophenoxyimino)cyclohexanecarboxylic acid and methyl ester thereof;
PA1  3-(4-cyanophenoxyimino)cyclohexanecarboxylic acid;
PA1  3-(2-trifluoromethylphenoxyimino)cyclohexanecarboxylic acid;
PA1  2-(4-nitrophenoxyimino)cyclopentanecarboxylic acid and methyl ester
      thereof;
PA1  2-(4-cyanophenoxyimino)cyclopentanecarboxylic acid and methyl ester
      thereof; and the like.
PAR  The starting materials of formula V are known compounds or can be prepared
      in an analogous manner to known compounds. Exemplary of such compounds
      are:
PA1  4-chlorophenol;
PA1  5-chlorophenol;
PA1  4-nitrophenol;
PA1  p-cresol;
PA1  4-chlorothiophenol
PAR  The starting materials of formula VI can be prepared as exemplified in
      Reaction Scheme III:
      ##SPC10##
PAR  The compounds of formula VIII are known compounds or can be prepared in an
      analogous manner to known compounds.
PAR  The halogenation is effected utilizing known procedures, for example,
      utilizing a halogen such as bromine in ether, at a temperature of
      -10.degree.C. Exemplary of such compounds are:
PA1  3-bromo-4-ketocyclohexanecarboxylic acid;
PA1  3-bromo-4-ketocyclohexanecarboxylic acid ethyl ester;
PA1  2-bromo-3-ketocyclohexanecarboxylic acid;
PA1  4-bromo-5-ketocyclohexanecarboxylic acid;
PA1  3-bromo-4-ketocyclopentanecarboxylic acid;
PA1  3-bromo-4-ketocyclopentanecarboxylic acid ethyl ester;
PA1  2-bromo-3-ketocyclopentanecarboxylic acid;
PA1  4-bromo-5-ketocyclopentanecarboxylic acid, and the like.
PAR  The intermediates of formula VII are novel compounds. Exemplary of such
      compounds are:
PA1  3(4-chloro-phenoxy)-4-oxo-cyclohexane-carboxylic acid and ethyl ester
      thereof;
PA1  3-(4-chloro-phenylthio)-4-oxo-cyclohexane-carboxylic acid and ethyl ester
      thereof;
PA1  3-(4-chloro-phenoxy)-4-oxo-cyclopentane-carboxylic acid and methyl ester
      thereof;
PA1  3-(4-chloro-phenylthio)-4-oxo-cyclopentane-carboxylic acid and methyl ester
      thereof; and the like.
PAR  The compounds of formula I, when R is amino, mono-lower alkylamino or
      di-lower alkylamino, and/or when R.sub.2 is aminolower alkyl, mono-lower
      alkylamino-lower alkyl or di-lower alkylamino-lower alkyl, form addition
      salts with pharmaceutically acceptable organic or inorganic acids such as
      hydrohalides, e.g., hydrochloride, hydrobromide, hydroiodide, other
      mineral acid salts such as sulfate, nitrate, phosphate and the like,
      alkyl- and mono-aryl sulfonates such as ethanesulfonate,
      toluene-sulfonate, benzenesulfonate, or the like, other organic acid
      salts, such as acetate, tartrate, maleate, citrate, benzoate, salicylate,
      ascorbate and the like.
PAR  The compounds of formula I, when R.sub.1 is carboxy and/or R.sub.2 is
      hydrogen, form salts with pharmaceutically acceptable bases. Exemplary of
      such bases are alkali metal hydroxides, such as sodium hydroxide,
      potassium hydroxide, and the like; alkaline earth hydroxides, such as
      calcium hydroxide, barium hydroxide and the like; sodium alkoxides, such
      as sodium etholate, potassium etholate and the like; organic bases such as
      piperidine, diethanolamine, N-methylglucamine and the like. Also included
      are the aluminum salts of the compounds of formula I, when R.sub.1 is
      carboxy and/or R.sub.2 is hydrogen.
PAR  The compounds of formula I, including the salts of those compounds of
      formula I which form salts with pharmaceutically acceptable bases and
      acids, possess anti-inflammatory activity and anti-rheumatic activity, and
      are therefore useful as antiinflammatory agents and anti-rheumatic agents.
      Their pharmacologically useful activities are demonstrated in warmblooded
      animals using standard procedures.
PAR  For example, the anti-inflammatory activity is demonstrated in Albino rats
      of Hart Strain, weighing 125-155 gms. The test animals are given 10 ml. of
      vehicle.sup.1, which contains the test compound per kg. of body weight.
      The animals are treated daily for 5 consecutive days. Three hours after
      the first treatment, 0.05 ml. of an 0.5 percent suspension of heat killed
      dessiccated Mycobacterium butyricum in U.S.P. olive oil, which has been
      steam sterilized for 30 minutes, is injected into the right hind foot of
      each rat. The paw volume is measured immediately after the injection of
      the adjuvant and again 96 hours later. The difference is recorded as
      volume of edema. The paw volume is measured by immersion of the paw into a
      column of mercury to an ink mark exactly at the level of the lateral
      malleolus. Percent inhibition is calculated by dividing the average
      control edema minus the average treatment edema by the average control
      edema times 100. The percent inhibition is plotted against dose on
      semi-logarithmic probability paper and the dose required to produce a 30
      percent reduction in edema is estimated therefrom and is expressed as
      ED.sub.30.
PAR  .sup.1 Hilgar, A. G. and Hummel, D. J.: Endocrine Biossay Data, No. 1, p.
      15, August 1964 (Cancer Chemotheraby National Service Center, N.I.H.)
PAR  When 7-chloro-1,2-dihydro-3-(4H)-dibenzofuran carboxylic acid is utilized
      as the test substance at a dosage of 11.5 mg. p.o., an anti-inflammatory
      activity is observed (ED.sub.30 = 11.5).
PAR  The compounds of formula I, their enantiomers and salts as herein
      described, have effects qualitatively similar to those of phenylbutazone,
      known for its therapeutic uses and properties. Thus, the compounds of this
      invention demonstrate a pattern of activity associated with
      anti-inflammatory agents of known efficacy and safety.
PAR  The compound of formula I, their enantiomers and salts as herein described
      can be incorporated into standard pharmaceutical dosage forms, for
      example, they are useful for oral or parenteral application with the usual
      pharmaceutical adjuvant material, for example, organic or inorganic inert
      carrier materials such as water, gelatin, lactose, starch, magnesium
      stearate, talc, vegetable oils, gums, polyalkylene-glycols and the like.
      The pharmaceutical preparations can be employed in a solid form, for
      example, as tablets, troches, suppositories, capsules, or in liquid form,
      for example, as solutions, suspensions or emulsions. Pharmaceutical
      adjuvant materials can be added and include preservatives, stabilizers,
      wetting or emulsifying agents, salts to change the osmotic pressure or to
      act as buffers. The pharmaceutical preparations can also contain other
      therapeutically active substances.
PAR  Since the compounds of the invention possess asymmetric carbon atoms, they
      are ordinarily obtained as racemic mixtures. The resolution of such
      racemates into the optically active isomers can be carried out by known
      procedures. Some racemic mixtures can be precipitated as eutectics and can
      thereafter be separated. Chemical resolution is, however, preferred. By
      this method, diastereomers are formed from the racemic mixture with an
      optically active resolving agent, for example, an optically active base,
      such as d-.alpha.-(1-naphthyl)ethylamine, which can be reacted with the
      carboxyl group. The formed diastereomers are separated by selective
      crystallization and converted to the corresponding optical isomer. Thus,
      the invention covers the racemates of the compounds of formula I as well
      as their optically active isomers.
DETD
PAR  The following examples further illustrate the invention. All temperatures
      are in degrees Centigrade, unless otherwise mentioned.
PAC  EXAMPLE 1
PAC  Preparation of 3-(4-nitrophenoxyimino)cyclohexanecarboxylic acid
PAR  A mixture of 12.1 g. of potassium t-butoxide and 8.5 g. of
      3-oxyiminocyclohexanecarboxylic acid in 90 ml. of dimethylsulfoxide was
      treated with 5.73 ml. of 4-fluoronitrobenzene, stirred vigorously at room
      temperature for two hours, diluted with 450 ml. of saturated sodium
      chloride solution and acidified with acetic acid. The precipitate was
      removed by filtration, washed successively with water and pentane, and
      dried to give 14.25 g. of 3-(4-nitrophenoxyimino)-cyclohexanecarboxylic
      acid as light yellow crystals, m.p. 146.degree.-151.degree. dec. This
      material can be used for the next step without purification.
      Recrystallized from methylene chloride ether,
      3-(4-nitrophenoxyimino)cyclohexanecarboxylic acid has a melting point of
      158.5.degree.-159.degree. dec.
PAR  Analysis calcd. for C.sub.13 H.sub.14 N.sub.2 O.sub.5 (278.26): C, 56.11;
      H, 5.07; N, 10.07. Found: C, 56.42; H, 5.08; N, 10.37.
PAC  EXAMPLE 2
PAC  Preparation of 1,2-dihydro-8-nitro-3(4H)-dibenzofurancarboxylic acid
PAR  A solution of 23.4 g. of 3-(4-nitrophenoxyimino)cyclohexanecarboxylic acid
      in 250 ml. of acetic acid containing 29 g. of hydrogen chloride was
      stirred at 90.degree. for 17 hours. Thereafter, the reaction mixture was
      cooled to 30.degree. and filtered. The solid residue was washed
      successively with acetic acid, hexane and water, and dried to give 8.5 g.
      of 1,2-dihydro-8-nitro-3(4H)-dibenzofurancarboxylic acid as tan crystals,
      m.p. 229.degree.-231.5.degree.. This material can be used for the next
      step without purification. Recrystallized from acetone-ether,
      1,2-dihydro-8-nitro-3(4H)-dibenzofurancarboxylic acid has a melting point
      of 226.degree.-230.degree. .
PAR  Analysis Calcd. for C.sub.13 H.sub.11 NO.sub.5 (261.24): C, 59.77; H, 4.24;
      N, 5.36. Found: C, 59.57; H, 4.22; N, 5.51.
PAC  EXAMPLE 3
PAC  Preparation of 8-amino-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
PAR  A solution of 4.83 g. of 1,2-dihydro-8-nitro-3(4H)-dibenzofurancarboxylic
      acid in 150 ml. of acetic acid was reduced in the Brown hydrogenator with
      1 g. of 10 percent palladium-on-charcoal catalyst. The catalyst was
      removed by filtration. The filtrate was evaporated, and the residue was
      crystallized from acetonitrile-ether to give 3.4 g. of
      8-amino-1,2-dihydro-  3(4H)-dibenzofurancarboxylic acid as brown crystals,
      m.p. 235.degree.-235.5.degree. dec. This material may be used in
      succeeding steps without further purification. Crystallized from
      acetonitrileether as light brown crystals,
      8-amino-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid has a melting point
      of 231.degree.-231.5.degree. dec.
PAR  Analysis Calcd. for C.sub.13 H.sub.13 NO.sub.3 (23/.25):  C, 67.52; H,
      5.67; N, 6.06. Found: C, 67.35; H, 5.68; N, 6.05.
PAC  EXAMPLE 4
PAC  Preparation of 8-amino-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl
      ester hydrochloride
PAR  A solution of 1 g. of 8-amino-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
      in 100 ml. of ethanol saturated with hydrogen chloride was heated at
      reflux temperature for 2 hours and then evaporated to dryness. The residue
      was crystallized from ethanol-ether to give 986 mg. (89 percent) of
      8-amino-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester
      hydrochloride as white crystals, m.p. 250.degree.-251.degree. dec.
      Crystallized from ethanol-ether as white crystals,
      8-amino-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester
      hydrochloride has a melting point of 251.degree.-252.degree. dec.
PAR  Analysis Calcd. for C.sub.15 H.sub.17 NO.sub.3.HCl (295.77): C, 60.91; H,
      6.13; N, 4.74. Found: C, 61.11; H, 6.28; N, 4.91.
PAC  EXAMPLE 5
PAC  Preparation of 3-bromo-4-ketocyclohexanecarboxylic acid ethyl ester
PAR  A solution of 40 g. of 4-ketocyclohexanecarboxylic acid ethyl ester in 650
      ml. of ether was stirred at -10.degree. during the dropwise addition of
      12.05 ml. of bromine. The resultant colorless solution was washed
      successively with water, saturated sodium bicarbonate solution, and again
      with water. The organic layer was dried over sodium sulfate and evaporated
      to give 59 g. of 3-bromo-4-ketocyclohexanecarboxylic acid ethyl ester as a
      colorless oil. This material may be used for the next step without further
      purification, and may be kept for 2 to 3 days under nitrogen, without
      significant decomposition. For analysis, a sample was distilled, b.p.
      95.degree./0.001 mm.
PAR  Analysis Calcd. for C.sub.9 H.sub.13 BrO.sub.3 (249.11): C, 43.39; H, 5.26.
      Found: C, 43.24; H, 5.22.
PAC  EXAMPLE 6
PAC  Preparation of 8-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
PAR  Method A: A suspension of 2 g. of
      8-amino-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid in 12 ml. of water
      and 20 ml. of concentrated hydrochloric acid, stirred at 0.degree., was
      treated dropwise with a cold solution of 716 mg. of sodium nitrite in 20
      ml. of water. The diazotization solution was stirred at 0.degree. for 30
      minutes and then was added gradually to a cold solution of 1.3 g. of
      cuprous chloride in 18 ml. of concentrated hydrochloric acid. The mixture
      was stirred for 2.5 hours at room temperature, diluted with water, and
      filtered to give 1.78 g. of
      8-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid as tan crystals,
      m.p. 194.degree.-198.5.degree.. A pure sample of
      8-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid as white crystals,
      m.p. 198.degree.-201.degree., was obtained in about 50 percent yield by
      sublimation at 190.degree./0.05 mm.
PAR  Analysis Calcd. for C.sub.13 H.sub.11 ClO.sub.3 (250.68): C, 62.29; H,
      4.42; N, 14.14. Found: C, 62.24; H, 4.35; N, 13.76.
PAR  Method B: A suspension of sodium 4-chlorophenoxide, prepared from 11.6 g.
      of 4-chlorophenol and 4.86 g. of sodium methoxide, and 22.5 g. of
      3-bromo-4-ketocyclohexanecarboxylic acid ethyl ester in 300 ml. of benzene
      was stirred for 64 hours at room temperature. The mixture was then washed
      successively with 1N sodium hydroxide and water. The organic layer was
      dried over sodium sulfate and evaporated to give 18.30 g. of
      3-(p-chlorophenoxy)-4-oxocyclohexanecarboxylic acid ethyl ester as a
      yellow oil. A mixture of 18.25 g. of this material and 180 g. of
      polyphosphoric acid was stirred for 10 minutes at room temperature and
      then quenched with ice and water. The resulting solution was extracted
      with ether. The organic layer was washed successively with 1N sodium
      hydroxide and water, dried and evaporated to give 15.6 g. of viscous oil,
      which, after distillation, gave 10.2 g. of
      8-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester as a
      light yellow oil, b.p. 175.degree.- 185.degree./1 mm. A solution of 10.2
      g. of 8-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester,
      150 ml. of 1N sodium hydroxide and 300 ml. of ethanol was heated at reflux
      temperature for 1.5 hours and then concentrated at reduced pressure. After
      extraction with methylene chloride, the aqueous layer was treated with
      charcoal and filtered. The filtrate was cooled in ice water and acidified
      with 25 ml. of concentrated hydrochloric acid. The precipitate was
      filtered, washed with water, and dried to give 7 g. of crystals, m.p.
      199.5.degree.-201.degree., which were identical with the
      8-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid obtained by Method
      A.
PAC  EXAMPLE 7
PAC  Preparation of 8-fluoro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
PAR  A suspension of sodium p-fluorophenoxide, prepared from 11.2 g. of
      p-fluorophenol, 5.4 g. sodium methoxide and 26.8 g. of
      3-bromo-4-ketocyclohexanecarboxylic acid ethyl ester in 200 ml. of benzene
      was stirred for 16 hours at room temperature. The reaction mixture was
      washed with water, 1N sodium hydroxide, and saturated sodium chloride
      solution, and was dried over sodium sulfate. Evaporation of the solvent
      gave 22.1 g. of 3-(p-fluorophenoxy)-4-oxocyclohexanecarboxylic acid ethyl
      ester.
PAR  A mixture of 17.1 g. of this material and 150 g. of polyphosphoric acid was
      stirred for 10 minutes at room temperature, then quenched with ice water
      and extracted three times with ether. The organic portion was washed with
      sodium bicarbonate and saturated sodium chloride solutions, dried, and
      evaporated to dryness to give 15.8 g. of an oil which was distilled in a
      "Kugelrohr oven" to give 7.75 g. of
      8-fluoro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester as a
      colorless oil. This material was heated at reflux temperature for 1 hour
      in a mixture of 75 ml. of ethanol and 50 ml. of 1N sodium hydroxide. The
      ethanol was evaporated under reduced pressure. After the addition of 50
      ml. of water, the reaction mixture was treated with charcoal and
      neutralized with 25 ml. of 2N hydrochloric acid. The solids which formed
      were removed by filtration and crystallized from acetone-water to give
      3.65 g. of 8-fluoro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid as white
      crystals, m.p. 208.degree.-210.degree..
PAR  Analysis Calcd. for C.sub.13 H.sub.11 FO.sub.3 (234.23): C, 66.66; H, 4.73.
      Found: C, 66.68; H, 4.93.
PAC  EXAMPLE 8
PAC  Preparation of 8-methyl-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
PAR  A suspension of sodium p-cresolate, prepared from 3.24 g. of p-cresol and
      1.62 g. of sodium methoxide, and 7.45 g. of
      3-bromo-4-ketocyclohexanecarboxylic acid ethyl ester in 100 ml. of dry
      benzene was stirred for 64 hours at room temperature. The mixture was then
      washed successively with water, 1N sodium hydroxide and water. The aqueous
      layers were extracted two times with benzene. The organic layers were
      dried over sodium sulfate and evaporated to give 6.11 g. of
      3-(p-methylphenoxy)-4-oxocyclohexanecarboxylic acid ethyl ester as a
      yellow oil.
PAR  A solution of 1.9 g. of the above material in 5 ml. of ether was combined
      with 19 g. of polyphosphoric acid and stirred for 20 minutes at room
      temperature under nitrogen. The reaction was quenched by addition of ice
      water, and the resulting mixture was stirred until a solution was
      obtained. This solution was extracted three times with ether. The organic
      layers were washed with water, saturated sodium bicarbonate solution,
      water, and dried over sodium sulfate. Evaporation of the solvent gave 1.62
      g. of a yellow oil which was distilled under vacuum to give 1.2 g. of
      8-methyl-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester. A
      solution of this material (1.2g.) in 9 ml. of 1N sodium hydroxide, and 9
      ml. of ethanol was heated at reflux temperature for 1 hour under a
      nitrogen atmosphere. The ethanol was removed under vacuum. The residue was
      dissolved in water, treated with charcoal, and filtered. The filtrate was
      cooled in an ice water bath and acidified with 2N hydrochloric acid. The
      precipitate which formed was filtered and crystallized from ether-pentane
      to give 250 mg. of 8-methyl-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid,
      m.p. 199.degree.-201.degree..
PAR  Analysis Calcd. for C.sub.14 H.sub.14 O.sub.3 (230.26): C, 73.02; H, 6.13.
      Found: C, 72.65; H, 6.31.
PAC  EXAMPLE 9
PAC  Preparation of 6-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
PAR  To a solution of 6.43 g. of freshly distilled 2-chlorophenol in 100 ml. of
      methanol was added 2.7 g. of sodium methoxide, and the resulting solution
      was evaporated to dryness under reduced pressure to give 7.5 g. of sodium
      2-chlorophenoxide. A suspension of the above sodium salt and of 12.5 g. of
      3-bromo-4-ketocyclohexanecarboxylic acid ethyl ester in 150 ml. of benzene
      was stirred overnight at room temperature. The reaction mixture was washed
      with two 50 ml. portions of water, two 50 ml. portions of 1N sodium
      hydroxide, and three 50 ml. portions of brine. The organic layers were
      dried over sodium sulfate and evaporated to dryness to give 11.85 g. of
      3-(o-chlorophenoxy)-4-oxocyclohexanecarboxylic acid ethyl ester as a dark
      yellow oil.
PAR  A mixture of 1 g. of 3-(o-chlorophenoxy)-4-oxocyclohexanecarboxylic acid
      ethyl ester and 10 g. of polyphosphoric acid was stirred for 1 hour at
      75.degree.. After the addition of 25 ml. of ice water, the reaction
      mixture was extracted three times with 100 ml. portions of ether. The
      organic layers were washed with water, 1N sodium bicarbonate and with
      brine. The ether extracts were dried over sodium sulfate, evaporated to
      dryness, and the residue (955 mg.) was distilled in a Kugelrohr oven at
      200.degree./0.2 mm. to give 475 mg. of
      6-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester as a
      yellow oil. A solution of this material in 10 ml. of ethanol and 5 ml. of
      2N sodium hydroxide was heated at reflux temperature for 1 hour. After
      removal of the ethanol, the resulting cloudy solution was treated with
      charcoal, filtered and treated with 5 ml. of 2N HCl. The solids which
      formed were removed by filtration and crystallized from acetonitrile to
      give 250 mg. of 6-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid as
      white crystals, m.p. 188.degree.-192.degree.C. Recrystallization from
      acetone-water gave 230 mg. of
      6-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid, m.p.
      190.degree.-193.degree.C.
PAR  Analysis Calcd. for C.sub.13 H.sub.11 ClO.sub.3 (250.68): C, 62.29; H,
      4.42. Found: C, 61.99; H, 4.29.
PAC  EXAMPLE 10
PAC  Preparation of 7-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid and
      9-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
PAR  Sodium 3-chlorophenoxide, prepared from 11.6 g. of 3-chlorophenol and 4.86
      g. of sodium methoxide, in 300 ml. of dry benzene was stirred for 10 hours
      at room temperature with 21 g. of 3-bromo-4-ketocyclohexanecarboxylic acid
      ethyl ester. The suspension was washed twice with 100 ml. portions of
      water, once with 100 ml. of 1N sodium hydroxide, and thrice with 100 ml.
      portions of water. The aqueous layers were extracted twice with 150 ml.
      portions of benzene. The combined organic layers were dried with sodium
      sulfate and evaporated to give 20.4 g. of
      3-(3-chlorophenoxy)-4-oxocyclohexanecarboxylic acid ethyl ester. A mixture
      of 5.63 g. of this material and 85 g. of polyphosphoric acid was stirred
      at 75.degree. for 1 hour, decomposed with ice and water, and extracted
      three times with 250 ml. portions of ether. The organic layers were washed
      twice with 200 ml. portions of water, once with 150 ml. of saturated
      sodium bicarbonate solution, and three times with 200 ml. portions of
      water, and were then dried with sodium sulfate and evaporated to give 4.5
      g. of brown oil. Distillation at 190.degree./0.2 mm. gave 3.5 g. of a
      mixture of the isomeric esters
      7-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester and
      9-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester. A
      solution of 3.48 g. of this material in 70 ml. of 1N sodium hydroxide and
      140 ml. of ethanol was stirred at reflux temperature for 1 hour and then
      evaporated. The residue was dissolved in water, stirred with charcoal and
      filtered. The filtrate was acidified with concentrated hydrochloric acid,
      and the resulting precipitate was collected to give 2.72 g. of an isomeric
      mixture of 7-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid and
      9-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid as a gray solid,
      m.p. 148.degree.-163.degree.. Recrystallization from ether-pentane gave
      1.51 g. of the isomeric mixture
      7-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid and
      9-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid as yellowish
      crystals, m.p. 152.degree.-180.degree.. Crystallized from methylene
      chloride-ether-pentane; 7-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic
      acid and 9-chloro11,2-dihydro-3(4H)-dibenzofurancarboxylic acid as white
      crystals had a melting point of 167.degree.-185.degree..
PAR  Analysis calc. for C.sub.13 H.sub.11 ClO.sub.3 (250.68): C, 62.29; H, 4.42.
      Found: C, 62.38; H, 4.68.
PAC  EXAMPLE 11
PAC  Preparation of 9-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
      methyl ester
PAR  A solution of 5.65 g. of the mixture of isomers
      7-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid and
      9-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid, m.p.
      131.degree.-155.degree., in 100 ml. of methanol saturated with hydrogen
      chloride was stirred at reflux temperature for 1 hour. Evaporation of the
      solvent and crystallization of the residue from ether-pentane gave 884 mg.
      of 9-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid methyl ester as
      a yellowish crystals, m.p. 99.degree.-102.degree.. A sample for analysis
      was sublimed at 90.degree.-100.degree./0.12 mm. as white crystals, m.p.
      101.degree.-102.5.degree..
PAR  Analysis Calcd. for C.sub.14 H.sub.13 ClO.sub.3 (264.71): C, 63.53; H,
      4.95. Found: C, 63.35; H, 4.82.
PAC  EXAMPLE 12
PAC  Preparation of 9-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
PAR  A solution of 840 mg. of 9-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic
      acid methyl ester in 15 ml. of 1N sodium hydroxide and 30 ml. of ethanol
      was stirred at reflux temperature for 1 hour and then evaporated. The
      residue was dissolved in water and extracted three times with 75 ml.
      portions of methylene chloride. The aqueous layer was stirred with
      charcoal, and filtered, and the filtrate was acidified with concentrated
      hydrochloric acid. The precipitate was filtered, dried and crystallized
      from tetrahydrofuran-ether-pentane to give 452 mg. of
      9-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid as white crystals,
      m.p. 189.degree.-190.degree..
PAR  Analysis Calcd. for C.sub.13 H.sub.11 ClO.sub.3 (250.68): C, 62.29; H,
      4.42. Found: C, 62.51; H, 4.51.
PAC  EXAMPLE 13
PAC  Preparation of 7-acetamido-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
      ethyl ester
PAR  A suspension of 15.1 g. of 3-acetamidophenol and 13.8 g. of potassium
      carbonate in 60 ml. of dimethylformamide was heated with stirring at
      100.degree.  for 10 minutes. A solution of 24.9 g. of
      3-bromo-4-ketocyclohexanecarboxylic acid ethyl ester in 25 ml. of
      dimethylformamide was added dropwise to the above suspension. After 15
      minutes, the reaction mixture was concentrated, diluted with water and
      extracted three times with ether. The ether extracts were washed with 1N
      sodium hydroxide, water, and dried over sodium sulfate. Evaporation of the
      solvent gave 18.0 g. of 3-(m-acetamidophenoxy)-4-oxocyclohexanecarboxylic
      acid ethyl ester. A mixture of 16 g. of this material and 160 g. of
      polyphosphoric acid was stirred for 30 minutes at room temperature. An
      excess of ice water was added. The precipitate which formed was filtered,
      dried, dissolved in methylene chloride, and filtered through a column of
      alumina (activity grade II). The methylene chloride eluates were
      evaporated to give 11.1 g. of an oil which was crystallized from methylene
      chloride-ether-pentane to give 4.5 g. of
      7-acetamido-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester,
      m.p. 115.degree.-116.degree..
PAR  Analysis Calcd. for C.sub.17 H.sub.19 NO.sub.4 (301.33): C, 67.76; H, 6.36;
      N, 4.65. Found: C, 68.07; H, 6.35; N, 4.62.
PAC  EXAMPLE 14
PAC  Preparation of 7-amino-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl
      ester hydrochloride
PAR  A solution of 2.9 g. of
      7-acetamido-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester in
      ethanolic hydrogen chloride was heated at reflux temperature for 2 hours.
      The solvent was removed under vacuum. Crystallization of the residue from
      ethanol-ether gave 2.2 g. of
      7-amino-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester
      hydrochloride, m.p. 226.degree.-228.degree..
PAR  Analysis Calcd. for C.sub.15 H.sub.17 NO.sub.3.HCl (295.75): C, 60.91; H,
      6.13; N, 4.74. Found: C, 60.62; H, 6.24; N, 4.64.
PAC  EXAMPLE 15
PAC  Preparation of 7-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
PAR  A solution of 145 mg. of sodium nitrite in 2 ml. of water was added
      dropwise, under nitrogen, to a cooled solution of 590 mg. of
      7-amino-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester
      hydrochloride in 5 ml. of acetic acid:water (1:1). The resulting solution
      was added dropwise, under nitrogen, to a suspension of 238 mg. of cuprous
      chloride in 2 ml. of conc. hydrochloric acid at 5.degree.. The reaction
      mixture was stirred at room temperature for 30 minutes, then extracted
      three times with ether. The ether layers were washed with 1N hydrochloric
      acid, 1N sodium hydroxide, water, and dried over sodium sulfate.
      Evaporation of the solvent gave 510 mg. of an oil, which was distilled in
      a Kugelrohr oven, to give 444 mg. of
      7-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester as a
      yellow oil. A solution of 420 mg. of this material, 5 ml. of 1N sodium
      hydroxide, and 10 ml. of ethanol was heated at reflux temperature for 1
      hour. The solvent was removed under vacuum. The remaining residue was
      dissolved in water. The aqueous solution was extracted two times with
      ether, cooled and acidified with 2N hydrochloric acid. The precipitate
      which formed was filtered and crystallized from acetone-water to give 290
      mg. of a solid, m.p. 189.degree.-191.degree.. This material was
      recrystallized from acetone-ether to give 110 mg. of
      7-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid, m.p.
      194.degree.-196.degree..
PAR  Analysis Calcd. for C.sub.13 H.sub.11 ClO.sub.3 (250.68): C, 62.29; H,
      4.42. Found: C, 62.33; H, 4.22.
PAC  EXAMPLE 16
PAC  Preparation of 7-acetamido-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
PAR  A solution of 1,2 g. of
      7-acetamido-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester, 10
      ml. of 1N sodium hydroxide, and 10 ml. of ethanol was heated at reflux
      temperature for 1 hour. The solvent was removed under vacuum. The residue
      was dissolved in water and acidified with 2N hydrochloric acid. The
      precipitate was filtered and crystallized from acetone-water to give 75
      mg. of 7-acetamido-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid, m.p.
      229.degree.-230.degree..
PAR  Analysis Calcd. for C.sub.15 H.sub.15 NO.sub.4 (273.28): C, 65.92; H, 5.53;
      N, 5.13. Found: C, 65.71; H, 5.26; N, 4.98.
PAC  EXAMPLE 17
PAC  Preparation of 7-amino-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
      hydrochloride
PAR  A solution of 100 mg. of 7-amino-1,2-dihydro-3(4H)-dibenzofurancarboxylic
      acid ethyl ester hydrochloride, 3 ml. of 1N sodium hydroxide and 10 ml. of
      ethanol was heated at reflux temperature for 1 hour. The solvent was
      removed under vacuum. The residue was dissolved in water, cooled, and
      acidified with 1N hydrochloric acid. The solid was filtered and
      crystallized from methanol/ether to give 45 mg. of
      7-amino-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid hydrochloride, m.p.
      290.degree.-300.degree..
PAR  Analysis Calcd. for C.sub.13 H.sub.13 NO.sub.3.HCl (267.70): C, 58.33; H,
      5.27; N, 5.23; Cl, 13.24. Found: C, 58.32; H, 5.48; N, 5.14; Cl, 13.37.
PAC  EXAMPLE 18
PAC  Preparation of 7-methoxy-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
PAR  A suspension of 6.2 g. of freshly distilled 3-methoxyphenol and 6.9 g. of
      potassium carbonate in 20 ml. of dimethylformamide was heated at
      100.degree. for 15 minutes. To the stirred suspension was added dropwise
      12.5 g. of 3-bromo-4-ketocyclohexanecarboxylic acid ethyl ester in 5 ml.
      of dimethylformamide, and the resulting mixture was stirred at 100.degree.
      for 30 minutes. After cooling, 150 ml. of water was added, and the
      reaction mixture was extracted with three 150 ml. portions of ether. The
      ether layers were washed with 1N sodium hydroxide and water, dried over
      sodium sulfate, and treated with charcoal. Evaporation of the solvent gave
      8.5 g. of 3-(m-methoxyphenoxy)-4-oxocyclohexanecarboxylic acid ethyl ester
      as a yellow oil. A mixture of this material and 85 g. of polyphosphoric
      acid was stirred for 15 minutes at room temperature, and added to 150 ml.
      of ice water. Thereafter, the mixture was extracted with three 150 ml.
      portions of ether. The ether extracts were washed with saturated aqueous
      sodium bicarbonate and brine, and dried over sodium sulfate. Evaporation
      of the solvent gave 7 g. of
      7-methoxy-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester as a
      dark oil, which was dissolved in 100 ml. of ethanol and 50 ml. of 2N
      sodium hydroxide. The resulting solution was heated at reflux temperature
      for 1 hour. The ethanol was removed under reduced pressure. After the
      addition of 150 ml. of water, the reaction mixture was extracted with
      ether. The aqueous layer was treated with charcoal, cooled in an ice water
      bath, and neutralized with 50 ml. of 2N hydrochloric acid. The solids
      which formed were removed by filtration and were crystallized from
      acetone-water to give 3.8 g. of crystals, m.p. 175.degree.-180.degree..
      Recrystallization from acetonitrile-water gave
      7-methoxy-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid as white crystals,
      m.p. 181.degree.-183.degree..
PAR  Analysis Calcd. for C.sub.14 H.sub.14 O.sub.4 (246.25): C, 68.28; H, 5.73.
      Found: C, 68.45; H, 5.91;
PAC  EXAMPLE 10
PAC  Preparation of 7,9-dimethoxy-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
PAR  A suspension of 3.08 g. of 3,5-dimethoxyphenol, 2.76 g. of potassium
      carbonate and 4.98 g. of 3-bromo-4-ketocyclohexanecarboxylic acid ethyl
      ester in 30 ml. of dimethylformamide was stirred at 100.degree. for 2
      hours. Thereafter, 150 ml. of ice water was added, and the resulting
      solution was extracted three times with 100 ml. portions of ether. The
      ether layers were washed with 1N sodium hydroxide and with water, dried
      over sodium sulfate, and evaporated to dryness. The residue (3.3 g.)
      3-(3,5dimethoxyphenoxy)-4-oxocyclohexanecarboxylic acid ethyl ester was
      stirred at room temperature for 15 minutes with 33 g. of polyphosphoric
      acid. After the addition of 150 ml. of water, the reaction mixture was
      extracted three times with 100 ml. portions of ether. The ether layers
      were washed with sodium bicarbonate and saturated sodium chloride
      solutions, dried over sodium sulfate, and evaporated to dryness to give
      2.7 g. of 7,9-dimethoxy-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
      ethyl ester. This material was dissolved in 50 ml. of ethanol and 25 ml.
      of 2N sodium hydroxide, and the resulting solution was heated at reflux
      temperature for 1 hour. The reaction mixture was cooled, and the ethanol
      was removed under reduced pressure. The residue which formed was diluted
      with water, treated with charcoal, cooled in an ice bath and neutralized
      with 25 ml. of 2N hydrochloric acid. The solids which formed were removed
      by filtration and crystallized from acetone-water to give 1 g. of
      7,9-dimethoxy-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid, m.p.
      194.degree.-196.degree..
PAR  Analysis Calcd. for C.sub.15 H.sub.16 O.sub.5 (276.29): C, 65.21; H, 5.84.
      Found: C, 65.13; H, 5.95.
PAC  EXAMPLE 20
PAC  Preparation of 7,9-dichloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
PAR  A solution of 3.12 g. of 3-bromo-4-ketocyclohexanecarboxylic acid ethyl
      water in 5 ml. of dimethylformamide was added dropwise to a suspension of
      2.04 g. of 3,5-dichlorophenol and 0.865 g. of potassium carbonate in 25
      ml. of dimethylformamide. The resulting mixture was heated for 2 hours at
      100.degree.. Thereafter, it was cooled to room temperature, diluted with
      water, and extracted three times with ether. The organic layers were
      washed with water, saturated sodium bicarbonate solution, and water, dried
      over sodium sulfate, and evaporated to give 3.7 g. of
      3-(3,5-dichlorophenoxy)-4-oxocyclohexanecarboxylic acid ethyl ester. This
      material was combined with 38 g. of polyphosphoric acid and heated for 1
      hour at 70.degree.. The reaction was quenched by addition of ice water,
      and the resulting solution was extracted three times with ether. The
      organic layers were washed with water, saturated sodium bicarbonate
      solution, and water, dried over sodium sulfate, and evaporated to give 2.7
      g. of 7,9-dichloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl
      ester. A solution of 2.7 g. of
      7,9-dichloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester, 25
      ml. of 1N sodium hydroxide, and 25 ml. of ethanol was heated at reflux
      temperature for 1 hour. The ethanol was removed under vacuum. The residue
      was dissolved in water, extracted two times with ether, cooled in an ice
      water bath, and acidified with 2N hydrochloric acid. The precipitate which
      formed was filtered and dried under vacuum to give 2.0 g. of a solid, m.p.
      190.degree.-200.degree.. Crystallization from acetone-ether gave 1.06 g.
      of 7,9-dichloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid, m.p.
      223.degree.-225.degree..
PAR  Analysis Calcd. for C.sub.13 H.sub.10 Cl.sub.2 O.sub.3 (285.13): C, 54.76;
      H, 3.54. Found: C, 54.65; H, 3.86.
PAC  EXAMPLE 21
PAC  Preparation of 3-(4-cyanophenoxyimino)cyclohexanecarboxylic acid
PAR  To a solution of 2.26 g. of potassium t-butoxide in 18 ml. of
      dimethylsulfoxide, stirred vigorously at room temperature, was added 1.57
      g. of 3-oxyiminocyclohexanecarboxylic acid. After 15 minutes, the mixture
      was treated with 1.21 g. of p-fluorobenzonitrile, stirred for 2 hours,
      diluted with 150 ml. of saturated sodium chloride solution, and acidified
      with acetic acid. The solid which formed was removed by filtration, dried
      and crystallized from tetrahydrofuran-ether-pentane to give 1.6 g. of
      3-(4-cyanophenoxyimino)cyclohexanecarboxylic acid as white crystals, m.p.
      153.degree.-154.degree..
PAR  Analysis Calcd. for C.sub.14 H.sub.14 N.sub.2 O.sub.3 (258.28): C, 65.10;
      H, 5.46; N, 10.85. Found: C, 65.01; H, 5.48; N, 10.87.
PAC  EXAMPLE 22
PAC  Preparation of 8-cyano-1,2-dihydro-3(4H)-dibenzofurancarboxylc acid
PAR  A solution of 258 mg. of 3-(4-cyanophenoxyimino)cyclohexanecarboxylic acid
      in 25 ml. of acetic acid saturated with hydrogen chloride was heated on a
      steambath overnight, and then evaporated to dryness. The residue was
      digested on the steambath with 3 ml. of acetic acid. Thereafter, the
      mixture cooled to 25.degree., and the solid which formed was removed by
      filtration to give 99 mg. of
      8-cyano-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid as white crystals,
      m.p. 253.degree.-255.degree.. Crystallized from
      tetrahydrofuran-ether-pentane, as white crystals,
      8-cyano-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid had a melting point
      of 249.degree.-250.degree..
PAR  Analysis Calcd. for C.sub.14 H.sub.11 NO.sub.3 (241.26): C, 69.70; H, 4.59;
      N, 5.80. Found: C, 69.69; H, 4.60; N, 5.77.
PAC  EXAMPLE 23
PAC  Preparation of 8-cyano-3,4-dihydro-1(2H)-dibenzofurancarboxylic acid
PAR  Fractional crystallization of 15 g. of the mother liquors obtained from the
      preparation of 8-cyano-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid gave
      4.5 g. of a tan solid, m.p. 185.degree.-190.degree.. Two g. of this
      material was filtered through a column of 8 g. of Florisil. The column was
      eluted successively with benzene, methylene chloride, ether and ethyl
      acetate. The methylene chloride and the ether eluates were combined and
      crystallized twice from methylene chloride-ether-pentane to give 340 mg.
      of 8-cyano-3,4-dihydro-1(2H)-dibenzofurancarboxylic acid, m.p.
      195.degree.-196.degree..
PAR  Analysis Calcd. for C.sub.14 H.sub.11 NO.sub.3 (241.26): C, 69.70; H, 4.59;
      N, 5.80. Found: C, 69.75; H, 4.73; N, 5.81.
PAC  EXAMPLE 24
PAC  Preparation of 8-carbamoyl-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
      ethyl ester
PAR  A suspension of 1 g. of 8-cyano-1,2-dihydro-3(4H)-dibenzofurancarboxylic
      acid in 100 ml. of ethanol was stirred in an ice water bath and was
      saturated with hydrogen chloride. The mixture was refrigerated overnight
      and then heated to reflux temperature for 4 hours with the introduction of
      hydrogen chloride. The solution was evaporated to dryness, and the residue
      was partitioned between methylene chloride and dilute sodium hydroxide.
      The organic layer was washed with water, dried and evaporated to give 1.1
      g. of solid, which was crystallized from methylene chloride-ether to give
      283 mg. of 8-carbamoyl-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl
      ester as white crystals, m.p. 206.5.degree.-207.5.degree.. Crystallized
      twice from methylene chloride-ether as white crystals,
      8-carbamoyl-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid ethyl ester had
      a melting point of 207.5.degree.-208.degree..
PAR  Analysis Calcd. for C.sub.16 H.sub.17 NO.sub.4 (287.33): C, 66.88; H, 5.97;
      N, 4.87. Found: C, 67.01; H, 5.69; N, 4.85.
PAC  EXAMPLE 25
PAC  Preparation of 1,2-dihydro-3(4H),8-dibenzofurandicarboxylic acid
PAR  A mixture of 250 mg. of 8-cyano-1,2-dihydro-3(4H)-dibenzofurancarboxylic
      acid and 3 ml. of a 30 percent solution of potassium hydroxide in water
      was heated for 3 hours at 100.degree.. The solution thus obtained was
      diluted with water, cooled in an ice water bath, and acidified with 2N
      hydrochloric acid. The precipitate which formed was filtered and dried
      under vacuum. The solid obtained was crystallized from methanol to give 75
      mg. of 1,2-dihydro-3(4H),8-dibenzofurandicarboxylic acid, m.p.
      322.degree.-323.degree.. An additional 130 mg. of product, m.p.
      321.degree.-322.degree., was obtained from the mother liquors.
PAR  Analysis Calcd. for C.sub.14 H.sub.12 O.sub.5 (260.24): C, 64.61; H, 4.65.
      Found: C, 64.39; H, 5.01.
PAC  EXAMPLE 26
PAC  Preparation of 8-cyano-3,4-dihydro-2(`H)-dibenzofurancarboxylic acid
PAR  To a solution of 1.47 g. of potassium t-butoxide in 11 ml. of
      dimethylsulfoxide stirred vigorously at room temperature, was added 993
      mg. of 4-oxyiminocyclohexanecarboxylic acid. After 20 minutes, the
      reaction mixture was treated with 754 mg. of 4-fluorobenzonitrile, stirred
      for 2 hours, diluted with 100 ml. of saturated sodium chloride solution
      and acidified with acetic acid. Precipitate was removed by filtration,
      washed with water and with pentane and dried to give 670 mg. of
      4-(4-cyanophenoxyimino)-cyclohexanecarboxylic acid as a tan powder, m.p.
      160.degree.-161.degree. dec. This material can be used in the succeeding
      step without further purification.
PAR  A solution of 570 mg. of 4-(4-cyanophenoxyimino) cyclohexanecarboxylic acid
      in 10 ml. of acetic acid saturated with hydrogen chloride was heated on a
      steambath for 15 hours. The reaction mixture was cooled to about
      25.degree., and the solid which formed was removed by filtration.
      Crystallization from tetrahydrofuran-ether gave 230 mg. of
      8-cyano-3,4-dihydro-2(1H)-dibenzofurancarboxylic acid as white crystals,
      m.p. 251.degree.-251.5.degree.. Recrystallized from tetrahydrofuran-ether
      as white crystals, 8-cyano-3,4-dihydro-2(1H)-dibenzofurancarboxylic acid
      had a melting point of 249.5.degree.-250.5.degree..
PAR  Analysis Calcd. for C.sub.14 H.sub.11 NO.sub.3 (241.26): C, 69.70; H, 4.59;
      N, 5.80. Found: C, 69.85; H, 4.72; N, 5.81.
PAC  EXAMPLE 27
PAC  Preparation of 8-acetyl-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
PAR  To a solution of 9 g. of potassium t-butoxide in 50 ml. of
      dimethylsulfoxide, stirred vigorously at room temperature under a nitrogen
      atmosphere, was added 6.3 g. of 3-oxyiminocyclohexanecarboxylic acid.
      After 30 minutes, the mixture was treated with 4.86 ml. of
      4-fluoroacetophenone, stirred for 3.5 hours, diluted with 0.5 liter of
      saturated sodium chloride solution, and acidified with acetic acid. The
      solid was removed by filtration, washed with water and with pentane, dried
      and digested with 400 ml. of boiling tetrahydrofuran. Insoluble inorganic
      material which formed was removed by filtration, and the filtrate was
      evaporated to dryness. The residue was crystallized from methanol-ether to
      give 2.1 g. of 3-(4-acetylphenoxyimino)-cyclohexanecarboxylic acid as
      light brown crystals, m.p. 167.degree.-168.5.degree. dec. A solution of
      1.9 g. of this material in 25 ml. of acetic acid saturated with hydrogen
      chloride was heated on a steambath for 15 hours. The reaction mixture was
      cooled to about 25.degree., and the solid which formed was removed by
      filtration. Crystallization from tetrahydrofuran-ether gave 522 mg. of
      8-acetyl-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid as grayish
      crystals, m.p. 234.degree.-235.degree.. Recrystallized from
      tetrahydrofuranether as white crystals,
      8-acetyl-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid had a melting point
      of 234.degree.-235.degree..
PAR  Analysis Calcd. for C.sub.15 H.sub.14 O.sub.4 (258.28): C, 69.75; H, 5.46.
      Found: C, 69.72; H, 5.61.
PAC  EXAMPLE 28
PAC  Preparation of 8-chloro-1,2,3,4-tetrahydrodibenzothiophene-3-carboxylic
      acid ether ester
PAR  A solution of 59 g. of 3-bromo-4-ketocyclohexanecarboxylic acid ethyl ester
      in 250 ml. of ethanol was added at reflux temperature over a one-hour
      period to a stirred solution of 34 g. of 4-chlorobenzenthiol and 15.2 g.
      of potassium hydroxide in 750 ml. of ethanol. The reaction mixture was
      heated for another hour, cooled and filtered. The filtrate was evaporated,
      and the residue partitioned between ether and water. The ether layer was
      dried, evaporated, and the residue (75 g.) was distilled to give 55 g. of
      3-(4-chloro-phenylthio)-4-oxo-cyclohexanecarboxylic acid ethyl ester as a
      light yellow oil, b.p. 190.degree.10.04 mm. The product solidified on
      standing, pale yellow crystals, m.p. 63.degree.-72.degree.. The mixture of
      25 g. of this material and 375 g. of polyphosphoric acid was stirred at
      80.degree.-85.degree. for 3 decomposed with ice and water, and extracted
      with ether. The ether solution was washed successively with saturated
      sodium bicarbonate solution and water, dried with sodium sulfate, and
      evaporated to give 23 g. of
      8-chloro-1,2,3,4-tetrahydrodibenzothiophene-3-carboxylic acid ethyl ester,
      yellow oil which gradually crystallized, m.p. 60.degree.-66.degree.. This
      material may be used in the next step without further purification.
      Recrystallized from hexane as white crystals,
      8-chloro-1,2,3,4-tetrahydrodibenzothiophene-3-carboxylic acid ethyl ester
      had a melting point of 75.degree.-77.degree..
PAR  Analysis Calcd. for C.sub.15 H.sub.15 ClO.sub.2 S (294.80): C, 61.12; H,
      5.13. Found: C, 61.14; H, 5.13.
PAC  EXAMPLE 29
PAC  Preparation of 8-chloro-1,2,3,4-tetrahydrodibenzothiophene-3-carboxylic
      acid
PAR  A solution of 22.8 g. of
      8-chloro-1,2,3,4-tetrahydrodibenzothiophene-3-carboxylic acid ethyl ester,
      320 ml. of 1N sodium hydroxide, and 640 ml. of ethanol were stirred at
      reflux temperature for 5 hours and then concentrated to a small volume.
      The residue was mixed with 0.5 liter of water, charcoal, and thereafter
      filtered. The filtrate was cooled while adding 50 ml. of concentrated
      hydrochloric acid. The resultant precipitate was removed by filtration and
      dried to give 19.1 g. of a solid, m.p. 222.degree.-229.degree..
      Crystallization from acetone-ether gave 10.75 g. of
      8-chloro-1,2,3,4-tetrahydrodibenzothiophene-3-carboxylic acid as yellow
      crystals, m.p. 228.degree.-231.degree..
PAR  Analysis Calcd. for C.sub.13 H.sub.11 ClO.sub.2 S (266.74): C, 58.54; H,
      4.16. Found: C, 58.65; H, 4.31.
PAC  EXAMPLE 30
PAC  Preparation of 1,2-dihydro-3(4H),8-dibenzofurandicarboxylic acid diethyl
      ester
PAR  A solution of 226 mg. of 1,2-dihydro-3(4H),8-dibenzofurandicarboxylic acid
      in 50 ml. of ethanol saturated with hydrogen chloride was heated at reflux
      temperature for one hour while continuing introduction of hydrogen
      chloride. Gas introduction was terminated, and the solution was boiled for
      an additional two hours and then evaporated. The oily residue was
      dissolved in 75 ml. of methylene chloride and the solution was washed with
      one 25 ml. portion of 1N sodium hydroxide and two 25 ml. portions of
      water. The aqueous layers were extracted with two 50 ml. portions of
      methylene chloride. The organic layers were combined, dried with anhydrous
      sodium sulfate and evaporated to dryness to give 247 mg. of oil which
      crystallized, m.p. 58.degree.-61.degree.. Recrystallization from
      ether-pentane afforded 179 mg. of
      1,2-dihydro-3(4H),8-dibenzofurandicarboxylic acid diethyl ester, m.p.
      63.degree.-63.5.degree..
PAR  Analysis Calcd. for: C.sub.18 H.sub.20 O.sub.5 (316.34): C, 68.34; H, 6.37.
      Found: C, 68.49; H, 6.54.
PAC  EXAMPLE 31
PAC  Preparation of 7-chloro-1,2-dihydro-3-(4H)-dibenzofurancarboxylic acid
      2-dimethylaminoethyl ester hydrochloride
PAR  A mixture of 251 mg. of 7-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic
      acid, 304 mg. of anhydrous potassium carbonate and 25 ml. of
      dimethylformamide was stirred at room temperature for 0.75 hour. A
      solution of 173 mg. of 2-dimethylaminoethyl chloride hydrochloride in 5
      ml. of dimethylformamide was then added and the mixture was stirred for 16
      hours, heated at reflux temperature for one hour and evaporated. The
      residue was dissolved in 100 ml. of methylene chloride and washed with
      three 50 ml. portions of water. The aqueous layers were extracted with two
      100 ml. portions of methylene chloride. The organic layers were combined,
      dried with anhydrous sodium sulfate and evaporated. A solution of the
      residual oil in methanol was acidified with methanolic hydrogen chloride
      and evaporated. Crystallization of the residue from methylene
      chloride-ether containing a little methanol yielded 174 mg. of
      7-chloro-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
      2-dimethylaminoethyl ester hydrochloride, m.p. 178.5.degree.-181.degree..
PAR  Analysis Calcd. for: C.sub.17 H.sub.20 ClNO.sub.3.sup.. HCl (358.27):
PAR  C, 56.99; H, 5.91; N 3.91.
PAR  Found: C, 56.74; H, 5.89; N, 3.87.
PAC  EXAMPLE 32
PAC  Preparation of 2,3-dihydro-7-nitro-1H-cyclopenta[b]benzofuran-1-carboxylic
      acid and 1,3-dihydro-7-nitro-2H-cyclopenta[b]benzofuran-2-carboxylic acid
PAR  A mixture of 5.5 g. of potassium t-butoxide and 3.5 g. of
      3-oxyiminocyclopentanecarboxylic acid in 45 ml. of dimethylsulfoxide was
      treated with 2.6 ml. of 4-fluoronitrobenzene, stirred at room temperature
      for 1.5 hours, diluted with 475 ml. of saturated sodium chloride solution
      and acidified with acetic acid. The precipitate which formed was removed
      by filtration, washed successively with water and pentane, dried and
      crystallized from tetrahydrofuran-ether-pentane to give 811 mg. of yellow
      crystals, m.p. 141.5.degree.-142.5.degree.. 291 mg. of the product so
      obtained was treated with 3.5 ml. of a saturated solution of hydrogen
      chloride in acetic acid, and the mixture was stirred for 17 hours at room
      temperature. The solid was removed by filtration, washed with acetic acid
      and dried to give 201 mg. of white crystals, m.p. 203.degree.-205.degree.
      (dec.). The product was shown by NMR spectra to contain a 7:3 ratio of
      2,3-dihydro-7-nitro-1H-cyclopenta[b]benzofuran-1-carboxylic acid and
      1,3-dihydro-7-nitro-2H-cyclopenta[ b]benzofuran-2-carboxylic acid.
PAR  2,3-Dihydro-7-nitro-1H-cyclopenta[b]benzofuran-1-carboxylic acid or
      1,3-dihydro-7-nitro-2H-cyclopenta[b]benzofuran-2-carboxylic acid can be
      converted to 2,3-dihydro-7-amino-1H-cyclopenta[b]benzofuran-1-carboxylic
      acid or 1,3-dihydro-7-amino-2H-cyclopenta[b]benzofuran-2-carboxylic acid,
      respectively, utilizing known procedures, for example, by chemical
      reduction, for instance, with iron and hydrochloric acid, or by catalytic
      reduction employing a catalyst, such as Raney nickel and the like.
PAR  2,3-Dihydro-7-amino-1H-cyclopenta[b]benzofuran-1-carboxylic acid or
      1,3-dihydro-7-amino-2H-cyclopenta[b]benzofuran-2-carboxylic acid can be
      converted to
      2,3-dihydro-7-acylamido-1H-cyclopenta[b]benzofuran-1-carboxylic acid or
      1,3-dihydro-7-acylamido-2H-cyclopenta[b]benzofuran-2-carboxylic acid,
      respectively, utilizing known procedures, for example, acylation with an
      acylating agent, such as acyl halide or an acyl anhydride.
PAR  2,3-Dihydro-7-amino-1H-cyclopenta[b]benzofuran-1-carboxylic acid or
      1,3-dihydro-7-amino-2H-cyclopenta[b]benzofuran-2-carboxylic acid can be
      converted to 2,3-dihydro-7-mono-lower
      alkylamino-1H-cyclopenta[b]benzofuran-1-carboxylic acid (or
      2,3-dihydro-7-di-lower-alkylamino-1H-cyclopenta[b]benzofuran-1-carboxylic
      acid) or 1,3-dihydro-7-mono-lower
      alkylamino-2H-cyclopenta[b]benzofuran-2-carboxylic acid (or
      1,3-dihydro-7-di-lower-alkylamino-2H-cyclopenta[b]benzofuran-2-carboxylic
      acid), respectively, utilizing known procedures, for example, utilizing an
      alkylating agent, such as an alkyl-halide.
PAR  2,3-Dihydro-7-amino-1H-cyclopenta[b]benzofuran-1-carboxylic acid or
      1,3-dihydro-7-amino-2H-cyclopenta[b]benzofuran-2-carboxylic acid can be
      converted to a diazonium salt utilizing known procedures, for example, by
      reaction with sodium nitrite and a mineral acid, such as hydrohalic acid.
      The diazonium group can then be replaced by halogen, cyano, hydroxy, lower
      alkoxy or hydrogen, utilizing known procedures, for example, by mixing a
      diazonium salt solution with, for example, a cuprous halide, cuprous
      cyanide, water, an alcohol or a reducing agent, such as hypophosphoric
      acid, respectively, at room temperature or occasionally at elevated
      temperature to obtain the corresponding
      2,3-dihydro-7-halo-1H-cyclopenta[b]benzofuran-1-carboxylic acid or
      1,3-dihydro-7-halo-2H-cyclopenta[b]benzofuran-2-carboxylic acid,
      respectively, or the corresponding
      2,3-dihydro-7-hydroxy-1H-cyclopenta[b]benzofuran-1-carboxylic acid or
      1,3-dihydro-7-hydroxy-2H-cyclopenta[b]benzofuran-2-carboxylic acid,
      respectively, or the corresponding 2,3-dihydro-7-lower
      alkoxy-1H-cyclopenta[b]benzofuran-1-carboxylic acid or 1,3-dihydro-7-lower
      alkoxy-2H-cyclopenta[b]benzofuran-2-carboxylic acid, respectively, or the
      corresponding  2,3-dihydro-1H-cyclopenta[b]benzofuran-1-carboxylic acid or
      1,2-dihydro-2H-cyclopenta[b]benzofuran-2-carboxylic acid, respectively.
PAC  EXAMPLE 33
PAC  Preparation of 3-(4-cyanophenoxyimino)cyclopentanecarboxylic acid
PAR  A mixture of 5.5 g. of potassium t-butoxide and 3.65 g. of
      3-oxyiminocyclopentanecarboxylic acid in 40 ml. of dimethylsulfoxide was
      treated with 2.96 g. of 4-fluorobenzonitrile, stirred at room temperature
      for 3 hours, diluted with 400 ml. of saturated sodium chloride solution
      and acidifed with 25 ml. of acetic acid. The precipitate which formed was
      removed by filtration, washed successively with water and pentane, dried
      and crystallized from tetrahydrofuran-ether-pentane to give 2.5 g. of
      3-(4-cyanophenoxyimino)cyclopentanecarboxylic acid, tan crystals, m.p.
      160.5.degree.-161.degree. (dec.)
PAR  Analysis Calcd. for C.sub.13 H.sub.12 N.sub.2 O.sub.3 (244.24):
PAR  C, 63.92; H, 4.95; N, 11.47.
PAR  Found: C, 63.70; H, 5.02; N, 11.36.
PAC  EXAMPLE 34
PAC  Preparation of 7-cyano-2,3-dihydro-1H-cyclopenta[b]benzofuran-1-carboxylic
      acid and 7-cyano-1,3-dihydro-2H-cyclopenta[b]benzofuran-2-carboxylic acid.
PAR  A mixture of 1.06 g. of 3-(4-cyanophenoxyimino)cyclopentanecarboxylic acid
      and 5 ml. of a saturated solution of hydrogen chloride in acetic acid was
      stirred for 21 hours at room temperature. The solid was removed by
      filtration, washed with hexane-acetic acid (2:1) and then with hexane and
      dried to give 1.05 g. of a tan powder, m.p. 206.degree.-208.degree.
      (dec.). The product was shown by NMR spectra to be a mixture containing an
      approximately 1:1 ratio of
      7-cyano-2,3-dihydro-1H-cyclopenta[b]benzofuran-1-carboxylic acid and
      7-cyano-1,3-dihydro-2H-cyclopenta[b]benzofuran-2-carboxylic acid.
PAR  7-Cyano-2,3-dihydro-1H-cyclopenta[b]benzofuran-1-carboxylic acid or
      7-cyano-1,3-dihydro-2H-cyclopenta[b]benzofuran-2-carboxylic acid can be
      converted to 7-carboxy-2,3-dihydro-1H-cyclopenta[b]benzofuran-1-carboxylic
      acid or 7-carboxy-1,3-dihydro-2H-cyclopenta[b]benzofuran-2-carboxylic
      acid, respectively, utilizing known procedures, for example, hydrolysis
      with acid or base in water or alcohol.
PAR  7-Cyano-2,3-dihydro-1H-cyclopenta[b]benzofuran-1-carboxylic acid or
      7-cyano-1,3-dihydro-2H-cyclopenta[b]benzofuran-2-carboxylic acid can be
      converted to the
      7-amido-2,3-dihydro-1H-cyclopenta[b]benzofuran-1-carboxylic acid or
      7-amido-1,3-dihydro- 2H-cyclopenta[b]benzofuran-2-carboxylic acid,
      respectively, utilizing known procedures, for example, partial hydrolysis,
      in strong hydrochloric acid or polyphosphoric acid.
PAR  7-Cyano-2,3-dihydro-1H-cyclopenta[b]benzofuran-1-carboxylic acid or
      7-cyano-1,3-dihydro-2H-cyclopenta[b]benzofuran-2-carboxylic acid can be
      converted to a 7-lower
      alkanoyl-2,3-dihydro-1H-cyclopenta[b]benzofuran-1-carboxylic acid or a
      7-lower alkanoyl-1,3-dihydro-2H-cyclopenta[b]benzofuran-2-carboxylic acid,
      respectively, utilizing known procedures, for example, a Grignard reagent,
      such as a lower alkyl magnesium halide.
PAC  EXAMPLE 35
TBL  Capsule Formulation                                                       

                             Per Capsule                                       

     ______________________________________                                    

     8-Cyano-1,2-dihydro-3(4H)-                                                

      dibenzofurancarboxylic acid                                              

                               50 mg                                           

     Lactose, U.S.P.           125 mg                                          

     Corn Starch, U.S.P.       30 mg                                           

     Talc, U.S.P.               5 mg                                           

     Total Weight              210 mg                                          

     ______________________________________                                    

PAL  Procedure
PA1  1. 50 Parts of 8-cyano-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid is
      mixed with 125 parts of lactose and 30 parts of corn starch in a suitable
      mixer.
PA1  2. The mixture is further blended by passing through a Fitzpatrick
      Comminuting Machine with a No. 1A screen with knives forward.
PA1  3. The blended powder is returned to the mixer, 5 parts talc are added and
      blended thoroughly.
PA1  4. The mixture is filled into No. 4 hard shell gelatin capsules on a Parke
      Davis capsulating machine.
PAC  EXAMPLE 36
TBL  Tablet Formulation                                                        

                              Per Tablet                                       

     ______________________________________                                    

     8-Cyano-1,2-dihydro-3(4H)-dibenzofuran-                                   

      carboxylic acid           25 mg                                          

     Dicalcium Phosphate Dihydrate, Unmilled                                   

                                175 mg                                         

     Corn Starch                24 mg                                          

     Magnesium Stearate          1 mg                                          

     Total Weight               225 mg                                         

     ______________________________________                                    

PAL  Procedure:
PA1  1. 25 Parts of 8-cyano-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid and 24
      parts of corn starch are mixed together and passed through a No. 00 screen
      in Model "J" Fitzmill with hammers forward.
PA1  2. This premix is then mixed with 175 parts of dicalcium phosphate and
      one-half of a part of the magnesium stearate, and passed through a No. 1A
      screen in Model "J" Fitzmill with knives forward, and slugged.
PA1  3. The slugs are passed through a No. 2A plate in a Model "D" Fitzmill at
      slow speed knives forward, and the other one-half of a part magnesium
      stearate is added.
PA1  4. The mixture is mixed and compressed.
PAC  EXAMPLE 37
TBL  Tablet Formulation                                                        

                              Per Tablet                                       

     ______________________________________                                    

     8-Cyano-1,2-dihydro-3(4H)-dibenzofuran-                                   

      carboxylic acid           100 mg                                         

     Lactose, U.S.P             202 mg                                         

     Corn Starch, U.S.P.        80 mg                                          

     Amijel BO11*               20 mg                                          

     Calcium Stearate            8 mg                                          

     Total Weight               410 mg                                         

     ______________________________________                                    

      *A prehydrolyzed food grade corn starch. Any similar prehydrolyzed corn  

      starch may be used.                                                      

FNT  * A prehydrolyzed food grade corn starch. Any similar prehydrolyzed corn
      starch may be used.
PAL  Procedure:
PA1  1. 100 Parts of 8-cyano-1, 2-dihydro-3(4H)-dibenzofurancarboxylic acid, 202
      parts of lactose, 80 parts of corn starch, and 20 parts Amijel B011 are
      blended in a suitable mixer.
PA1  2. The mixture is granulated to a heavy paste with water and the moist mass
      is passed through a No. 12 screen. It is then dried overnight at
      110.degree.F.
PA1  3. the dried granules are passed through a No. 16 screen and transferred to
      a suitable mixer. The calcium stearate is added and mixed until uniform.
PA1  4. The mixture is compressed at a tablet weight of 410 mg using tablet
      punches having a diameter of approximately three-eighth inch. (Tablets may
      either flat or biconvex and may be scored if desired.)
PAC  EXAMPLE 38
TBL  Parenteral Formulation                                                    

     Each 1 cc ampul contains:                                                 

                            Per cc                                             

     ______________________________________                                    

     8-Cyano-1,2-dihydro-3(4H)-                                                

                            10.2 mg                                            

     dibenzofuran carboxylic acid                                              

                            (2 percent excess)                                 

     Methyl Paraben, U.S.P. 1.8 mg                                             

     Propyl Paraben, U.S.P. 0.2 mg                                             

     Sodium Hydroxide, U.S.P.  q.s. ph                                         

                            9.0                                                

     Water for Injection, U.S.P. q.s. ad                                       

                            1.0 cc                                             

     ______________________________________                                    

PAL  Procedure (For 10,000 cc):
PA1  1. In a clean glass or glass-lined vessel, 8,000 cc of Water for Injection
      are heated to 90.degree.C. It is then cooled to 50.degree.-60.degree.C,
      and 18 grams of methyl paraben and 2 grams of propyl paraben are added and
      dissolved with stirring. The solution is then allowed to cool to room
      temperature.
PA1  2. The 102.0 grams of 8-cyano-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid
      is added under an atmosphere of nitrogen and stirred until completely
      dispersed.
PA1  3. The Sodium Hydroxide was added as a 10 percent solution until the pH was
      adjusted to 9.0 plus or minus 0.1, and the drug is completely dissolved.
PA1  4. Sufficient Water for Injection is then added to make a total volume of
      10,000 cc.
PA1  5. This solution is then filtered through an 02 Selas candle, filled into
      suitable size ampuls, gassed with nitrogen and sealed. It is autoclaved at
      10 lbs PSI for 30 minutes.
PAC  EXAMPLE 39
TBL  Suppository Formulation                                                   

                             Per 1.3 Gm                                        

                             Suppository                                       

     ______________________________________                                    

     8-Cyano-1,2-dihydro-3(4H)-dibenzofuran-                                   

     carboxylic acid           0.025 mg                                        

     Wecobee M*                1.230 mg                                        

     Carnauba Wax              0.045 gm                                        

     ______________________________________                                    

      *E. F. Dew Company, 522 Fifth Avenue, New York, New York                 

FNT  *E. F. Drew Company 522 Fifth Avenue New York, New York
PAL  Procedure
PA1  1. 123 Parts of Wecobee M and 4.5 parts of carnauba wax are melted in a
      suitable size glass-lined container (stainless steel may also be used),
      mixed well and cooled to 45.degree.C.
PA1  2. 2.5 parts of 8-cyano-1,2-dihydro-3(4H)-dibenzofurancarboxylic acid,
      which has been reduced to a fine powder with no lumps, is added and
      stirred until completely and uniformly dispersed.
PA1  3. The mixture is poured into suppository molds to yield suppositories
      having an individual weight of 1.3 gms.
PA1  4. The suppositories are cooled and removed from molds, and individually
      wrapped in wax paper for packaging. (Foil may also be used.)
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound, 3-(4-chlorophenoxy)-4-oxo-cyclohexanecarboxylic acid ethyl
      ester.
NUM  2.
PAR  2. A compound, 3-(4-chlorophenoxy)-4-oxo-cyclopentanecarboxylic acid methyl
      ester.
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ABST
PAL  This invention is a group of 3-oxa and 4-oxa phenyl-substituted PGE type,
      PGF type, PGA type and PGB type compounds, and processes for making those.
      These compounds are useful for a variety of pharmacological purposes,
      including anti-ulcer, inhibition of platelet aggregation, increase of
      nasal patency, labor inducement at term, and wound healing.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of my copending application Ser. No.
      185,448, filed Sept. 30, 1971, now abandoned, which was a
      continuation-in-part of my copending application Ser. No. 103,338 filed
      Dec. 31, 1970, and now abandoned.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to compositions of matter, and to methods and
      intermediates for producing them. In particular, the several aspects of
      this invention relate to novel analogs of some of the known
      prostaglandins, for example, prostaglandin E.sub.1 (PGE.sub.1),
      prostaglandin E.sub.2 (PGE.sub.2), prostaglandin F.sub.1
      (PGF.sub.1.sub..alpha. and PGF.sub.1 .sub..beta.), prostaglandin F.sub.2
      (PGF.sub.2 .sub..alpha. and PGF.sub.2.sub..beta.), prostaglandin A.sub.1
      (PGA.sub.1), prostaglandin A.sub.2 (PGA.sub.2), prostaglandin B.sub.1
      (PGB.sub.1), prostaglandin B.sub.2 (PGB.sub.2), and the dihydro
      derivatives of PGE.sub.1, PGF.sub.1 .sub..alpha., PGF.sub.1 .sub..beta.,
      PGA.sub.1, and PGB.sub.1, to novel methods for producing those novel
      prostaglandin analogs, and to novel chemical intermediates useful in those
      novel methods.
PAR  Each of the above-mentioned known prostaglandins is a derivative of
      prostanoic acid which has the following structure and atom numbering:
      ##SPC1##
PAL  A systematic name for prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.alpha.-yl]heptanoic acid.
PAR  PGE.sub.1 has the following structure:
      ##SPC2##
PAR  PGF.sub.1 .sub..alpha. has the following structure:
      ##SPC3##
PAR  PGF.sub.1.sub..beta. has the following structure:
      ##SPC4##
PAR  PGA.sub.1 has the following structure:
      ##SPC5##
PAR  PGB.sub.1 has the following structure:
      ##SPC6##
PAR  Each of the known prostaglandins PGE.sub.2, PGF.sub.2.sub..alpha.,
      PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-5 and C-6 are linked with a cis carbon-carbon double bond. For example,
      PGE.sub.2 has the following structure:
      ##SPC7##
PAR  Each dihydro derivative of PGE.sub.1, PGF.sub.1 .sub..alpha. , PGF.sub.1
      .sub..beta., PGA.sub.1, and PGB.sub.1 has a structure the same as that
      shown for the corresponding PG.sub.1 compound except that in each, C-13
      and C-14 are linked with a carbon-carbon single bond. For example,
      dihydro-PGE.sub.1 has the following structure.
      ##SPC8##
PAR  The prostaglandin formulas mentioned above each have several centers of
      asymmetry. Each formula represents a molecule of the particular optically
      active form of the prostaglandin obtained from certain mammalian tissues,
      for example, sheep vesicular glands, swine lung, and human seminal plasma,
      or by reduction or dehydration of a prostaglandin so obtained. See, for
      example, Bergstrom et al., Pharmacol. Rev. 20, 1 (1968), and references
      cited therein. The mirror image of each formula represents a molecule of
      the other enantiomeric form of that prostaglandin. The racemic form of the
      prostaglandin consists of equal numbers of two types of molecules, one
      represented by one of the above formulas and the other represented by the
      mirror image of that formula. Thus, both formulas are needed to define a
      racemic prostaglandin. See Nature 212, 38 (1966) for discussion of the
      stereochemistry of the prostaglandins.
PAR  In formulas I, II, III, IV, V and VI, as well as in the formulas given
      hereinafter, broken line attachments to the cyclopentane ring indicate
      substituents in alpha configuration, i.e., below the plane of the
      cyclopentane ring. Heavy solid line attachments to the cyclopentane ring
      indicate substituents in beta configuration, i.e., above the plane of the
      cyclopentane ring.
PAR  Prostaglandins with carboxyl-terminated side chains attached to the
      cyclopentane ring in beta configuration are also known. These are
      derivatives of 8-iso-prostanoic acid which has the following formula:
      ##SPC9##
PAL  A systematic name for 8-iso-prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.beta.-yl]heptanoic acid.
PAR  The novel prostaglandin analogs of this invention each have an oxa oxygen
      (--O--) in place of the methylene (--CH.sub.2 --) moiety at the 3-position
      or at the 4-position of the prostanoic acid structure (I) or the
      8-iso-prostanoic acid structure (VII). The novel prostaglandin analogs of
      this invention also each have a benzene ring as part of the C-13 to C-20
      chain of the prostanoic acid or 8-iso-prostanoic acid structure. That
      benzene ring is present as a substituted or unsubstituted phenyl moiety
      attached as a substituent to one of the methylenes between C-15 and the
      terminal methyl of the prostanoic acid or 8-iso-prostanoic acid structure.
      Alternatively, the substituted or unsubstituted phenyl moiety is attached
      to the terminal or omega carbon of the C-16 to C-20 portion of the chain,
      replacing one of the hydrogens of the terminal methyl, the entire terminal
      methyl, or the terminal methyl plus one to four of the methylenes adjacent
      to that terminal methyl. For example, three of the novel prostaglandin
      analogs of this invention are represented by the formulas:
      ##SPC10##
PAL  Based upon its relationship to PGE.sub.1 and prostanoic acid, the compound
      of formula VIII is named 4-oxa-19-phenyl-PGE.sub.1. Similarly, the
      compound of formula IX is named 3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1,
      and the compound of formula X is named
      3-oxa-18-phenyl-19,20-dinor-PGF.sub.2 .sub..alpha.. In those names, 3-oxa
      and 4-oxa indicate an oxa oxygen (--O--) in place of the 3-methylene and
      4-methylene, respectively, of PGE.sub.1. Also, in formulas IX and X,
      trinor and dinor indicate absence of the terminal --CH.sub.2 --CH.sub.2
      --CH.sub.3 and the terminal --CH.sub.2 --CH.sub.3, respectively, of
      PGE.sub.1 and PGF.sub.2 .sub..alpha.. The words nor, dinor, trinor,
      tetranor, and pentanor in the names given here and hereinafter for novel
      prostaglandins of this invention are to be construed as indicating the
      number of carbon atoms missing from the C-16 to C-20 position of the
      prostanoic acid carbon skeleton. The phenyl or substituted phenyl moiety
      is attached to the remaining portion of the prostanoic acid skeleton,
      i.e., to C-19 for the nor-compounds, to C-18 for the dinor compounds, to
      C-17 for the trinor compounds, to C-16 for the tetranor compounds and to
      C-15 for the pentanor compounds.
PAR  Some of the novel prostaglandin analogs of this invention differ
      structurally in other ways from the known prostanoic acid derivatives,
      having for example, more or fewer carbon atoms in the C-1 to C-7 chain of
      prostanoic acid, and having one or more alkyl and/or fluoro substituents
      in that chain or in the C-13 to C-20 chain of prostanoic acid.
PAR  The following formulas represent the novel 3-oxa and 4-oxa
      phenyl-substituted prostaglandin analogs of this invention:
      ##SPC11##
PAL  Formulas XI to XVIII represent 3-oxa and 4-oxa phenyl-substituted compounds
      of the PGE type. Formulas XIX to XXVI represent 3-oxa and 4-oxa
      phenyl-substituted compound of the PGF type. Formulas XXVII to XXXIV
      represent 3-oxa and 4-oxa phenyl-substituted compounds of the PGA type.
      Formulas XXXV to XLII represent 3-oxa and 4-oxa phenyl-substituted
      compounds of the PGB type.
PAR  In formulas XI to XLII, R.sub.1 is hydrogen, alkyl of one to 8 carbon
      atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl
      of 7 to 12 carbon atoms, inclusive, phenyl, phenyl substituted with one to
      3 chloro or alkyl of one to 4 carbon atoms, inclusive, or ethyl
      substituted in the .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2,
      or 3 iodo. R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7, and
      R.sub.8 are hydrogen or alkyl of one to 4 carbon atoms, inclusive. The
      divalent moiety --C.sub.n H.sub.2n -- represents alkylene of one to 10
      carbon atoms, inclusive, with one to 5 carbon atoms, inclusive, between
      --CHR.sub.2 -- and --O--. The divalent moiety --C.sub.m H.sub.2m --
      represents alkylene of 1 to 9 carbon atoms, inclusive, with 1 to  4 carbon
      atoms, inclusive, between --CHR.sub.2 -- and --O--. The divalent moiety
      --C.sub.p H.sub.2p -- represents alkylene of one to 8 carbon atoms,
      inclusive, with one, 2, or 3 carbon atoms between --CH=CH-- or --C.tbd.C--
      and --O--. The divalent moiety --C.sub.q H.sub.2q -- represents alkylene
      of one to 7 carbon atoms, inclusive, with 1 or 2 carbon atoms between
      --CH=CH-- or --C.tbd.C-- and --O--. The moiety --C.sub.t H.sub.2t --
      represents a valence bond, i.e., wherein t is zero, or alkylene of one to
      10 carbon atoms, inclusive, i.e., wherein t is one to 10, substituted with
      zero, one, or 2 fluoro, with one to 7 carbon atoms, inclusive, between
      --CR.sub.3 OH-- and the ring. When one or 2 fluoro are present as
      substituents of --C.sub.t H.sub.2t --, that moiety will contain 2t- 1 or
      2t-2 hydrogen atoms, respectively, rather than 2t hydrogen atoms. The
      symbol T represents alkyl of one to 4 carbon atoms, inclusive, fluoro,
      chloro, trifluoromethyl, or --OR.sub.9, wherein R.sub.9 is hydrogen, alkyl
      of one to 4 carbon atoms inclusive, or tetrahydropyranyl. The symbol s
      represents zero, one, 2 or 3. Regarding the combination (T).sub.s attached
      to the phenyl ring, no more than two T are other than alkyl. Except for
      that proviso, when two or three T are present as substituents, they are
      the same or different.
PAR  The wavy line .about. in formulas XI to XXXIV indicates attachment of the
      group to the ring in alpha or beta configuration. In the case of the
      compounds of formulas XIX to XXVI, there are two wavy lines, and those
      formulas encompass compounds wherein the configurations of the hydroxy and
      the carboxyl-terminated moieties are, respectively, .alpha.,.alpha.,
      .alpha.,.beta., .beta.,.alpha., and .beta.,.beta..
PAR  Formulas XI to XLII include lower alkanoates, and also pharmacologically
      acceptable salts when R.sub.1 is hydrogen.
PAR  Also included in Formulas XI to XLII are separate isomers wherein the side
      chain hydroxy is in S or R (epi) configuration.
PAR  Included in Formulas XIII, XIV, XXI, XXII, XXIX, XXX, XXXVII, and XXXVIII
      are both the cis and the trans compounds with respect to the carbon-carbon
      double bond in the carboxy-terminated side chain. In all of the compounds
      containing --CH=CR.sub.4 --, that carbon-carbon double bond is in trans
      configuration, and the chain containing R.sub.4 is attached to the
      cyclopentane ring in beta configuration in compounds encompassed by
      Formulas XI to XXXIV.
PAR  The novel 3-oxa and 4-oxa phenyl-substituted prostaglandin analogs of this
      invention include racemic compounds and both optically active enantiomeric
      forms thereof. As discussed hereinabove, two structural formulas are
      required to define accurately these racemic compounds. For convenience,
      only a single structural formula is used, for example, Formulas XI to
      XLII, to define the racemic form and both enantiomeric forms of each group
      of novel prostaglandin analogs. Each formula is, however, to be construed
      as including said racemic forms and both of said optically active
      enantiomeric forms.
PAR  Formula XI represents 3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 (Formula IX
      hereinabove) when R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, and R.sub.6
      are each hydrogen, C.sub.n H.sub.2n is trimethylene (n is 3), C.sub.t
      H.sub.2t is ethylene (t is 2), s is zero, the carboxyl-terminated side
      chain is attached to the cyclopentane ring in alpha configuration, and the
      configuration of the side chain hydroxy is S.
PAR  With regard to Formulas XI to XLII, examples of alkyl of one to 4 carbon
      atoms, inclusive, are methyl, ethyl, propyl, butyl, and isomeric forms
      thereof. Examples of alkyl of one to 8 carbon atoms, inclusive, are those
      given above, and pentyl, hexyl, heptyl, octyl, and isomeric forms thereof.
      Examples of alkyl of one to 10 carbon atoms, inclusive, are those given
      above, and nonyl, decyl, and isomeric forms thereof. Examples of
      cycloalkyl of 3 to 10 carbon atoms, inclusive, which includes
      alkyl-substituted cycloalkyl, are cyclopropyl, 2-methylcyclopropyl,
      2,2-dimethylcyclopropyl, 2,3-diethylcyclopropyl, 2-butylcyclopropyl,
      cyclobutyl, 2-methylcyclobutyl, 3-propylcyclobutyl,
      2,3,4-triethylcyclobutyl, cyclopentyl, 2,2-dimethylcyclopentyl,
      3-pentylcyclopentyl, 3-tert-butylcyclopentyl, cyclohexyl,
      4-tert-butylcyclohexyl, 3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl,
      cycloheptyl, cyclooctyl, cyclononyl, and cyclodecyl. Examples of aralkyl
      of 7 to 12carbon atoms, inclusive, are benzyl, phenethyl, 1-phenylethyl,
      2-phenylpropyl, 4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-naphthylmethyl). Examples of phenyl substituted by one to 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, are p-chlorophenyl,
      m-chlorophenyl, o-chlorophenyl,  2,4-dichlorophenyl,
      2,4,6-trichlorophenyl, p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl,
      p-tert-butylphenyl, 2,5-dimethylphenyl, 4-chloro-2-methylphenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  Examples of alkylene within the scope of --C.sub.n H.sub.2n --, --C.sub.m
      H.sub.2m --, --C.sub.p H.sub.2p --, and --C.sub.q H.sub.2q -- as defined
      above, are methylene, ethylene, trimethylene, tetramethylene,
      pentamethylene, and those alkylene with one or more alkyl substituents on
      one or more carbon atoms thereof, e.g., --CH(CH.sub.3)--,
      --C(CH.sub.3).sub.2 --, --CH(CH.sub.2 CH.sub.3)--, --CH.sub.2
      --CH(CH.sub.3)--, --CH(CH.sub.3)--CH(CH.sub.3)--, --CH.sub.2
      --C(CH.sub.3).sub.2 --, --CH.sub.2 --CH(CH.sub.3)--CH.sub.2 --, --CH.sub.2
      --CH.sub.2 --CH(CH.sub.2 CH.sub.3)--, and the like.
PAR  Examples of alkylene within the scope of --C.sub.t H.sub.2t -- as defined
      above are those mentioned above, and also hexamethylene and
      heptamethylene, those with one or more alkyl substituents on one or more
      carbon atoms thereof, e.g., --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 CH(CH.sub.3)--, and --CH(CH.sub.3)--CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2 --, and also alkylene
      substituted with one or 2 fluoro, e.g., --CH.sub.2 --CHF--CH.sub.2 --,
      --CHF--CH.sub.2 --, --CHF--CHF--, --CHF--CH.sub.2 --CH.sub.2
      --CH(CH.sub.3)--, and --CHF--CH.sub.2 --CH(CH.sub.2 CH.sub.2
      CH.sub.3)--CH.sub.2 --CH.sub.2 --.
PAR  Examples of
      ##SPC12##
PAL  as defined above are phenyl, p-tolyl, m-tolyl, o-tolyl, p-fluorophenyl,
      m-fluorophenyl, o-fluorophenyl, p-chlorophenyl, m-chlorophenyl,
      o-chlorophenyl, p-trifluoromethylphenyl, m-trifluoromethylphenyl,
      o-trifluoromethylphenyl, p-hydroxyphenyl, m-hydroxyphenyl,
      o-hydroxyphenyl, p-methoxyphenyl, m-methoxyphenyl, o-methoxyphenyl,
      p-tetrahydropyranyloxyphenyl, m-tetrahydropyranyloxyphenyl,
      o-tetrahydropyranyloxyphenyl, o-ethylphenyl, m-isopropylphenyl,
      p-tert-butylphenyl, p-butoxyphenyl, 3,4-dimethylphenyl, 2,4-diethylphenyl,
      2,4,6-trimethylphenyl, 3,4,5-trimethylphenyl, 2,4-dichlorophenyl,
      3,4-difluorophenyl, 2-chloro-4-methylphenyl, 2-fluoro-4-methoxyphenyl,
      3,5-dimethyl-4-fluorophenyl, 2,6-dimethyl-4-hydroxyphenyl, and
      2,4-di(trifluoromethyl)phenyl.
PAR  PGE.sub.1, PGE.sub.2, dihydro-PGE.sub.1, and the corresponding
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds, and their esters,
      acylates, and pharmacologically acceptable salts, are extremely potent in
      causing various biological responses. For that reason, these compounds are
      useful for pharmacological purposes. See, for example, Bergstrom et al.,
      Pharmacol. Rev. 20, 1 (1968), and references cited therein. A few of those
      biological responses are systemic arterial blood pressure lowering in the
      case of the PGE, PGF.sub..beta., and PGA compounds as measured, for
      example, in anesthetized (pentobarbital sodium) pentolinium-treated rats
      with indwelling aortic and right heart cannulas; pressor activity,
      similarly measured, for the PGF.sub..alpha. compounds; stimulation of
      smooth muscle as shown, for example, by tests on strips of guinea pig
      ileum, rabbit duodenum, or gerbil colon; potentiation of other smooth
      muscle stimulants; antilipolytic activity as shown by antagonism of
      epinephrine-induced mobilization of free fatty acids or inhibition of the
      spontaneous release of glycerol from isolated rat fat pads; inhibition of
      gastric secretion in the case of the PGE and PGA compounds as shown in
      dogs with secretion stimulated by food or histamine infusion; activity on
      the central nervous system; decrease of blood platelet adhesiveness as
      shown by platelet-to-glass adhesiveness, and inhibition of blood platelet
      aggregation and thrombus formation induced by various physical stimuli,
      e.g., arterial injury, and various biochemical stimuli, e.g., ADP, ATP,
      serotonin, thrombin, and collagen; and in the case of the PGE and PGB
      compounds, stimulation of epidermal proliferation and keratinization as
      shown when applied in culture to embryonic chick and rat skin segments.
PAR  Because of these biological responses, these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE compounds, are useful
      in mammals, including man, as nasal decongestants. For this purpose, the
      compounds are used in a dose range of about 10 .mu.g. to about 10 mg. per
      ml. of a pharmacologically suitable liquid vehicle or as an aerosol spray,
      both for topical application.
PAR  The PGE and PGA compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secretion, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of such ulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful whenever
      it is desired to inhibit platelet aggregation, to reduce the adhesive
      character of platelets, and to remove or prevent the formation of thrombi
      in mammals, including man, rabbits, and rats. For example, these compounds
      are useful in the treatment and prevention of myocardial infarcts, to
      treat and prevent post-operative thrombosis, to promote patency of
      vascular grafts following surgery, and to treat conditions such as
      atherosclerosis, arteriosclerosis, blood clotting defects due to lipemia,
      and other clinical conditions in which the underlying etiology is
      associated with lipid imbalance or hyperlipidemia. For these purposes,
      these compounds are administered systemically, e.g., intravenously,
      subcutaneously, intramuscularly, and in the form of sterile implants for
      prolonged action. For rapid response, especially in emergency situations,
      the intravenous route of administration is preferred. Doses in the range
      about 0.005 to about 20 mg. per kg. of body weight per day are used, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are especially
      useful as additives to blood, blood products, blood substitutes, and other
      fluids which are used in artificial extracorporeal circulation and
      perfusion of isolated body portions, e.g., limbs and organs, whether
      attached to the original body, detached and being preserved or prepared
      for transplant, or attached to a new body. During these circulations and
      perfusions, aggregated platelets tend to block the blood vessels and
      portions of the circulation apparatus. This blocking is avoided by the
      presence of these compounds. For this purpose, the compound is added
      gradually or in single or multiple portions to the circulating blood, to
      the blood of the donor animal, to the perfused body portion, attached or
      detached, to the recipient, or to two or all of those at a total steady
      state dose of about 0.001 to 10 mg. per liter of circulating fluid. It is
      especially useful to use these compounds in laboratory animals, e.g.,
      cats, dogs, rabbits, monkeys, and rats, for these purposes in order to
      develop new methods and techniques for organ and limb transplants.
PAR  PGE compounds are extremely potent in causing stimulation of smooth muscle,
      and are also highly active in potentiating other known smooth muscle
      stimulators, for example, oxytocic agents, e.g., oxytocin, and the various
      ergot alkaloids including derivatives and analogs thereof. Therefore,
      PGE.sub.2, for example, is useful in place of or in combination with less
      than usual amounts of these known smooth muscle stimulators, for example,
      to relieve the symptoms of paralytic ileus, or to control or prevent
      atonic uterine bleeding after abortion or delivery, to aid in expulsion of
      the placenta, and during the puerperium. For the latter purpose, the PGE
      compound is administered by intravenous infusion immediately after
      abortion or delivery at a dose in the range about 0.01 to about 50 .mu.g.
      per kg. of body weight per minute until the desired effect is obtained.
      Subsequent doses are given by intravenous, subcutaneous, or intramuscular
      injection or infusion during puerperium in the range 0.01 to 2 mg. per kg.
      of body weight per day, the exact dose depending on the age, weight, and
      condition of the patient or animal.
PAR  The PGE, PGA, and PGF.sub..beta. compounds are useful as hypotensive agents
      to reduce blood pressure in mammals, including man. For this purpose, the
      compounds are administered by intravenous infusion at the rate about 0.01
      to about 50 .mu.g. per kg. of body weight per minute, or in single or
      multiple doses of about 25 to 500 .mu.g. per kg. of body weight total per
      day.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful in place
      of oxytocin to induce labor in pregnant female animals, including man,
      cows, sheep, and pigs, at or near term, or in pregnant animals with
      intrauterine death of the fetus from about 20 weeks to term. For this
      puprpose, the compound is infused intravenously at a dose of 0.01 to 50
      .mu.g. per kg. of body weight per minute until or near the termination of
      the second stage of labor, i.e., expulsion of the fetus. These compounds
      are especially useful when the female is one or more weeks post-mature and
      natural labor has not started, or 12 to 60 hours after the membranes have
      ruptured and natural labor has not yet started. An alternative route of
      administration is oral.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful for
      controlling the reproductive cycle in ovulating female mammals, including
      humans and animals such as monkeys, rats, rabbits, dogs, cattle, and the
      like. By the term ovulating female mammals is meant animals which are
      mature enough to ovulate but not so old that regular ovulation has ceased.
      For that purpose PGF.sub.2.sub..alpha., for example, is administered
      systemically at a dose level in the range 0.01 mg. to about 20 mg. per kg.
      of body weight of the female mammal, advantageously during a span of time
      starting approximately at the time of ovulation and ending approximately
      at the time of menses or just prior to menses. Intravaginal and
      intrauterine are alternative routes of administration. Additionally,
      expulsion of an embryo or a fetus is accomplished by similar
      administration of the compound during the first third of the normal
      mammalian gestation period.
PAR  As mentioned above, the PGE compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      this compound is useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The PGA compounds and derivatives and salts thereof increase the flow of
      blood in the mammalian kidney, thereby increasing volume and electrolyte
      content of the urine. For that reason, PGA compounds are useful in
      managing cases of renal disfunction, especially in cases of severely
      impaired renal blood flow, for example, the hepatorenal syndrome and early
      kidney transplant rejection. In cases of excessive or inappropriate ADH
      (antidiuretic hormone; vasopressin) secretion, the diuretic effect of
      these compounds is even greater. In anephric states, the vasopressin
      action of these compounds is especially useful. Illustratively, the PGA
      compounds are useful to alleviate and correct cases of edema resulting,
      for example, from massive surface burns, and in the management of shock.
      For these purposes, the PGA compounds are preferably first administered by
      intravenous injection at a dose in the range of 10 to 1000 .mu.g. per kg.
      of body weight or by intravenous infusion at a dose in the range 0.1 to 20
      .mu.g. per kg. of body weight per minute until the desired effect is
      obtained. Subsequent doses are given by intravenous, intramuscular, or
      subcutaneous injection or infusion in the range 0.05 to 2 mg. per kg. of
      body weight per day.
PAR  The PGE and PGB compounds promote and accelerate the growth of epidermal
      cells and keratin in animals, including humans, useful domestic animals,
      pets, zoological specimens, and laboratory animals. For that reason, these
      compounds are useful to promote and accelerate healing of skin which has
      been damaged, for example, by burns, wounds, and abrasions, and after
      surgery. These compounds are also useful to promote and accelerate
      adherence and growth of skin autografts, expecially small, deep (Davis)
      grafts which are intended to cover skinless areas by subsequent outward
      growth rather than initially, and to retard rejection of homografts.
PAR  For these purposes, these compounds are preferably administered topically
      at or near the site where cell growth and keratin formation is desired,
      advantageously as an aerosol liquid or micronized powder spray, as an
      isotonic aqueous solution in the case of wet dressings, or as a lotion,
      cream, or ointment in combination with the usual pharmaceutically
      acceptable diluents. In some instances, for example, when there is
      substantial fluid loss as in the case of extensive burns or skin loss due
      to other causes, systemic administration is advantageous, for example, by
      intravenous injection or infusion, separate or in combination with the
      usual infusions of blood, plasma, or substitutes thereof. Alternative
      routes of administration are subcutaneous or intramuscular near the site,
      oral, sublingual, buccal, rectal, or vaginal. The exact dose depends on
      such factors as the route of administration, and the age, weight, and
      condition of the subject. To illustrate, a wet dressing for topical
      application to second and/or third degree burns of skin area 5 to 25
      square centimeters would advantageously involve use of an isotonic aqueous
      solution containing 1 to 500 .mu.g./ml. of the PGB compound or several
      times that concentration of the PGE compound. Especially for topical use,
      these prostaglandins are useful in combination with antibiotics, for
      example, gentamycin, neomycin, polymyxic B, bacitracin, spectinomycin, and
      oxytetracycline, with other antibacterials, for example, mafenide
      hydrochloride, sulfadiazine, furazolium chloride, and nitrofurazone, and
      with corticoid steroids, for example, hydrocortisone, prednisolone,
      methylprednisolone, and fluprednisolone, each of those being used in the
      combination at the usual concentration suitable for its use alone.
PAR  The novel Formula XI-to-XVIII 3-oxa and 4-oxa phenyl-substituted PGE-type
      compounds, the novel Formula XIX-to-XXVI 3-oxa and 4-oxa
      phenyl-substituted PGF.sub..alpha.- and PGF.sub..beta.-type compounds, the
      novel Formula XXVII-to-XXXIV 3-oxa and 4-oxa phenyl-substituted PGA-type
      compounds, and the novel Formula XXXV-to-XLII 3-oxa and 4-oxa
      phenyl-substituted PGB-type compounds each cause the biological responses
      described above for the PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB
      compounds, respectively, and each of these novel compounds is accordingly
      useful for the above-described corresponding purposes, and is used for
      those purposes in the same manner as described above.
PAR  The known PGE, PGF.sub..alpha., PGF.sub..beta., PGA and PGB compounds are
      all potent in causing multiple biological responses even at low doses. For
      example, PGE.sub.1 and PGE.sub.2 are extremely potent in causing
      vasodepression and smooth muscle stimulation, and also are potent as
      antilipolytic agents. However, for many applications, these known
      prostaglandins have an inconveniently short duration of biological
      activity. In striking contrast, the novel prostaglandin analogs of
      Formulas XI to XLII are substantially more specific with regard to potency
      in causing prostaglandin-like biological responses, and have a
      substantially longer duration of biological activity. Therefore, each of
      these novel prostaglandin analogs is surprisingly and unexpectedly more
      useful than one of the corresponding above-mentioned known prostaglandins
      for at least one of the pharmacological purposes indicated above for the
      latter. Use of the novel analog for that purpose results in smaller
      undesired side effects than when the known prostaglandin is used for the
      same purpose. Moreover, because of its prolonged activity, fewer and
      smaller doses of the novel prostaglandin analog can frequently be used to
      attain the desired result.
PAR  To obtain the optimum combination of biological response specificity,
      potency, and duration of activity, certain compounds within the scope of
      Formulas XI to XLII are preferred. For example, it is preferred that the
      carboxy-terminated chain in each formula contain a chain of six atoms
      between the carboxy and the cyclopentane ring. One of those six atoms will
      be the oxa atom and the other five will be carbon atoms. Accordingly and
      with reference to formulas XI to XLII, it is preferred that --C.sub.n
      H.sub.2n -- represent a 3-carbon divalent chain, that --C.sub.m H.sub.2m
      -- represent a 2-carbon divalent chain, and that --C.sub.p H.sub.2p --
      represent a divalent carbon atom. These preferences do not exclude
      additional carbon atoms (alkyl groups) as branching.
PAR  A seven-atom carboxy-terminated chain is not included in the compounds of
      Formulas XIV, XVI, XXII, XXIV, XXX, XXXII, XXXVIII, XL, i.e., formulas
      wherein the carboxy-terminated side chain is 4-oxa and contains a
      carbon-carbon double or triple bond. In each of those compounds, the q of
      --C.sub.q H.sub.2q is at least one; and at least seven atoms, one oxygen
      (oxa) and six carbons, are present between the carboxyl and the
      cyclopentane ring. Preferably, q is one.
PAR  Another preference for the compounds of Formulas XI to XLII is that
      R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7, and R.sub.8 are
      hydrogen or methyl. All of those R groups can be hydrogen, all can be
      methyl, or there can be any of the possible combinations of hydrogen and
      methyl. It is especially preferred that R.sub.3 be methyl.
PAR  Another preference for the compounds of Formulas XI to XLII is that
      --C.sub.t H.sub.2t be a valence bond, i.e., t is zero, or straight chain
      alkylene of one to 4 carbon atoms, i.e., --(CH.sub.2).sub.d -- wherein d
      is one, 2, 3, or 4, with or without a fluoro or alkyl substituent on the
      carbon adjacent to the hydroxy-substituted carbon (C-15 in PGE.sub.1),
      e.g., --CHF--(CH.sub.2).sub.g --, --CH(CH.sub.3)--(CH.sub.2).sub.g --,
      --CH(C.sub.2 H.sub.5)--(CH.sub.2).sub.g --, --C(CH.sub.3).sub.2
      --(CH.sub.2).sub.g --, --C(C.sub.2 H.sub.5).sub.2 --(CH.sub.2).sub.g --,
      --C(CH.sub.3)(C.sub.2 H.sub.5)--CH.sub.2).sub.g --, wherein g is zero,
      one, 2, or 3. It is also preferred that the phenyl ring, when substituted,
      i.e., s is not zero, be substituted at least at the para position.
PAR  Another advantage of the novel compounds of this invention, especially the
      preferred compounds defined hereinabove, compared with the known
      prostaglandins, is that these novel compounds are administered effectively
      orally, sublingually, intravaginally, buccally, or rectally, in addition
      to usual intravenous, intramuscular, or subcutaneous injection or infusion
      methods indicated above for the uses of the known prostaglandins. These
      qualities are advantageous because they facilitate maintaining uniform
      levels of these compounds in the body with fewer, shorter, or smaller
      doses, and make possible self-administration by the patient.
PAR  The 3-oxa and 4-oxa phenyl-substituted PGE, PGF.sub..alpha.,
      PGF.sub..beta., PGA, and PGB type compounds encompassed by Formula XI to
      XLII, including the special classes of compounds described above, are used
      for the purposes described above in the free acid form, in ester form, or
      in pharmacologically acceptable salt form. When the ester form is used the
      ester is any of those within the above definition of R.sub.1. However, it
      is preferred that the ester be alkyl of one to four carbon atoms,
      inclusive. Of those alkyl, methyl and ethyl are especially preferred for
      optimum absorption of the compound by the body or experimental animal
      system.
PAR  Pharmacologically acceptable salts of these Formula XI-to-XLII compounds
      useful for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc, and iron, are within the scope of this
      invention.
PAR  Pharmacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, crotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      N-butylethanolamine, 2-amino-1-butanol, 2-amino-2-ethyl-1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)diethanolamine, galactamine,
      N-methylglucamine, N-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium, and the like.
PAR  The 3-oxa and 4-oxa phenyl-substituted PGE, PGF.sub..alpha.,
      PGF.sub..beta., PGA, and PGB type compounds encompassed by Formulas XI to
      XLII, including the special classes of compounds described above, are also
      used for the purposes described above in free hydroxy form or in the form
      wherein the hydroxy moieties are transformed to lower alkanoate moieties,
      e.g., --OH to --OCOCH.sub.3. Examples of lower alkanoate moieties are
      acetoxy, propionyloxy, butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy,
      octanoyloxy, and branched chain alkanoyloxy isomers of those moieties.
      Especially preferred among these alkanoates for the above described
      purposes are the acetoxy compounds. These free hydroxy and alkanoyloxy
      compounds are used as free acids, as esters, and in salt form all as
      described above.
PAR  As discussed above, the compounds of Formulas XI to XLII are administered
      in various ways for various purposes; e.g., intravenously,
      intramuscularly, subcutaneously, orally, intravaginally, rectally,
      buccally, sublingually, topically, and in the form of sterile implants for
      prolonged action.
PAR  For intravenous injection or infusion, sterile aqueous isotonic solutions
      are preferred. For that purpose, it is preferred because of increased
      water solubility that R.sub.1 in the Formula XI-to-XLII compound be
      hydrogen or a pharmacologically acceptable cation. For subcutaneous or
      intramuscular injection, sterile solutions or suspensions of the acid,
      salt, or ester form in aqueous or non-aqueous media are used. Tablets,
      capsules, and liquid preparations such as syrups, elixirs, and simple
      solutions, with the usual pharmaceutical carriers are used for oral or
      sublingual administration. For rectal or vaginal administration,
      suppositories prepared as known in the art are used. For tissue implants,
      a sterile tablet or silicone rubber capsule or other object containing or
      impregnated with the substance is used.
PAR  The 3-oxa and 4-oxa phenyl-substituted PGE, PGF.sub..alpha.,
      PGF.sub..beta., PGA, and PGB compounds encompassed by Formulas XI to XLII
      are produced by the reactions and procedures described and exemplified
      hereinafter.
PAR  The various 3-oxa and 4-oxa phenyl-substituted PGF.sub..alpha.-type and
      PGF.sub..beta.-type compounds encompassed by Formulas XIX to XXVI are
      prepared by carbonyl reduction of the corresponding PGE-type compounds
      encompassed by Formulas XI to XVIII. For example, carbonyl reduction of
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 gives a mixture of
      3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1 .sub..alpha.  and
      3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1 .sub..beta..
PAR  These ring carbonyl reductions are carried out by methods known in the art
      for ring carbonyl reductions of known prostanoic acid derivatives. See,
      for example, Bergstrom et al., Arkiv Kemi 19, 563 (1963), Acta Chem.
      Scand. 16, 969 (1962), and British Specification No. 1,097,533. Any
      reducing agent is used which does not react with carbon-carbon double
      bonds or ester groups. Preferred reagents are lithium
      (tri-tert-butoxy)aluminum hydride, the metal borohydrides, especially
      sodium, potassium and zinc borohydrides, and the metal trialkoxy
      borohydrides, e.g., sodium trimethoxyborohydride or sodium
      triethoxyborohydride. The mixtures of alpha and beta hydroxy reduction
      products are separated into the individual alpha and beta isomers by
      methods known in the art for the separation of analogous pairs of known
      isomeric prostanoic acid derivatives. See, for example, Bergstrom et al.,
      cited above, Granstrom et al., J. Biol. Chem. 240, 457 (1965), and Green
      et al., J. Lipid Research 5, 117 (1964). Especially preferred as
      separation methods are partition chromatographic procedures, both normal
      and reversed phase, preparative thin layer chromatography, and
      countercurrent distribution procedures.
PAR  The various 3-oxa and 4-oxa phenyl-substituted PGA-type compounds
      encompassed by Formulas XXVII to XXXIV are prepared by acidic dehydration
      of the corresponding PGE-type compounds encompassed by Formulas XI to
      XVIII. For example, acidic dehydration of
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 gives
      3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1.
PAR  These acidic dehydrations are carried out by methods known in the art for
      acidic dehydrations of known prostanoic acid derivatives. See, for
      example, Pike et al., Proc. Nobel Symposium II, Stockholm (1966);
      Interscience Publishers, New York, pp. 162-163 (1967), and British
      Specification No. 1,097,533. Alkanoic acids of 2 to 6 carbon atoms,
      inclusive, especially acetic acid, are preferred acids for this acidic
      dehydration. Dilute aqueous solutions of mineral acids, e.g., hydrochloric
      acid, especially in the presence of a solubilizing diluent, e.g.,
      tetrahydrofuran, are also useful as reagents for this acidic dehydration,
      although these reagents may also cause partial hydrolysis of an ester
      reactant.
PAR  The various 3-oxa and 4-oxa phenyl-subsituted PGB-type compounds
      encompassed by Formulas XXXV to XLII are prepared by basic dehydration of
      the corresponding PGE-type compounds encompassed by Formulas XI to XVIII,
      or by contacting the corresponding PGA-type compounds encompassed by
      Formulas XXVII to XXXIV with base. For example, both
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 and
      3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1 give
      3-oxa-17-phenyl-18,19,20-trinor-PGB.sub.1 on treatment with base.
PAR  These basic dehydrations and double bond migrations are carried out by
      methods known in the art for similar reactions of known prostanoic acid
      derivatives. See, for example, Bergstrom et al., J. Biol. Chem. 238,3555
      (1963). The base is any whose aqueous solution has pH greater than 10.
      Preferred bases are the alkali metal hydroxides. A mixture of water and
      sufficient of a water-miscible alkanol to give a homogeneous reaction
      mixture is suitable as a reaction medium. The PGE type or PGA type
      compound is maintained in such a reaction medium until no further PGB type
      compound is formed, as shown by the characteristic ultraviolet light
      absorption near 278 m.mu. for the PGB type compound.
PAR  The various transformations of 3-oxa and 4-oxa phenyl-substituted PGE-type
      compounds of Formulas XI to XVIII to the corresponding 3-oxa and
      4-oxa-phenyl-substituted PGF.sub..alpha., PGF.sub..beta., PGA, and PGB
      type compounds are shown in Chart A, wherein R.sub.1, R.sub.2, R.sub.3,
      and .about. are as defined above, wherein E is --CH.sub.2 CHR.sub.4 -- or
      trans --CH=CR.sub.4 --, wherein V is --C.sub.n H.sub.2n --O--CR.sub.5
      R.sub.6 --, --C.sub.m H.sub.2m --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8
      --, --CH=CH--C.sub.p H.sub.2p --O--CR.sub.5 R.sub.6 -- (cis or trans),
      --CH=CH--C.sub.q H.sub.2q --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --(cis
      or trans), --C.tbd.C--C.sub.p H.sub.2p --O--CR.sub.5 R.sub.6 --, or
      --C.tbd.C--C.sub.q H.sub.2q --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --,
      wherein R.sub.4, R.sub.5, R.sub.6, R.sub.7 , R.sub.8, n, m, p, and q are
      as defined above, with the proviso that V is --C.sub.n H.sub.2n
      --O--CR.sub.5 R.sub.6 -- or --C.sub.m H.sub.2m --O--CR.sub.5 R.sub.6
      --CR.sub.7 R.sub.8 -- when E is --CH.sub.2 --CHR.sub.4 --, and wherein Q
      is
      ##SPC13##
PAL  wherein C.sub.t H.sub.2t, T, and s are as defined above.
PAR  The various 3-oxa and 4-oxa phenyl-substituted dihydro-PGE.sub.1,
      dihydro-PGF.sub.1.sub..alpha., dihydro-PGF.sub.1.sub..beta.,
      dihydro-PGA.sub.1, and dihydro-PGB.sub.1 type compounds encompassed by
      Formulas XVII, XVIII, XXV, XXVI, XXXIII, XXXIV, XLI, and XLII are prepared
      by carbon-carbon double bond reduction of the corresponding PGE,
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type compound containing a
      trans double bond in the hydroxy-containing side chain. A cis or trans
      double bond or an acetylenic bond can also be present in the
      carboxy-terminated side chain of the unsaturated reactant, and will be
      reduced at the same time to --CH.sub.2 CH.sub.2 --. For example,
      13,14-dihydro-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 is produced by
      reduction of 3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1,
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.2, or
      5,6-dehydro-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.2.
      ##SPC14##
PAR  These reductions are carried out by reacting the unsaturated PGE,
      PGF.sub..alpha., PGF.sub..beta., PGA or PGB type compound with diimide,
      following the general procedure described by van Tamelen et al., J. Am.
      Chem. Soc. 83, 3725 (1961). See also Fieser et al., "Topics in Organic
      Chemistry," Reinhold Publishing Corp., New York, pp. 432-434 (1963) and
      references cited therein. The unsaturated acid or ester reactant is mixed
      with a salt of azodiformic acid, preferably an alkali metal salt such as
      the disodium or dipotassium salt, in the presence of an inert diluent,
      preferably a lower alkanol such as methanol or ethanol, and preferably in
      the absence of substantial amounts of water. At least one molecular
      equivalent of the azodiformic acid salt is used for each multiple bond
      equivalent of the unsaturated reactant. The resulting suspension is then
      stirred, preferably with exclusion of oxygen, and the mixture is made
      acid, advantageously with a carboxylic acid such as acetic acid. When a
      reactant wherein R.sub.1 is hydrogen is used, the carboxylic acid reactant
      also serves to acidify an equivalent amount of the azodiformic acid salt.
      A reaction temperature in the range of about 10.degree. to about
      40.degree. C. is usually suitable. Within that temperature range, the
      reaction is usually complete within less than 24 hours. The desired
      dihydro product is then isolated by conventional methods, for example,
      evaporation of the diluent, followed by separation from inorganic
      materials by solvent extraction.
PAR  In the case of the 3-oxa and 4-oxa phenyl-substituted unsaturated PGE,
      PGF.sub..alpha., and PGF.sub..beta. type reactants, the reductions to the
      corresponding 3-oxa and 4-oxa phenyl-substituted dihydro-PGE.sub.1,
      dihydro-PGF.sub.1 .sub..alpha., and dihydro-PGF.sub.1 .sub..beta.
      compounds are also carried out by catalytic hydrogenation. For that
      purpose, palladium catalysts, especially on a carbon carrier, are
      preferred. It is also preferred that the hydrogenation be carried out in
      the presence of an inert liquid diluent, for example, methanol, ethanol,
      dioxane, ethyl acetate, and the like. Hydrogenation pressures ranging from
      about atmospheric to about 50 p.s.i., and hydrogenation temperatures
      ranging from about 10.degree. to about 100.degree. C. are preferred. The
      resulting dihydro product is isolated from the hydrogenation reaction
      mixture by conventional methods, for example, removal of the catalyst by
      filtration or centrifugation, followed by evaporation of the solvent.
PAR  Diimide reductions and catalytic hydrogenations to produce the various
      novel 3-oxa and 4-oxa phenyl-substituted dihydro compounds of this
      invention from the corresponding 3-oxa and 4-oxa PGE.sub.1,
      PGF.sub.1.sub..alpha., PGF.sub.1.sub..beta., PGA.sub.1, and PGB.sub.1 type
      compounds are shown in Chart B, wherein R.sub.1, R.sub.2, R.sub.3 R.sub.4,
      Q, and .about. are as defined above, and W is --C.sub.n H.sub.2n
      --O--CR.sub.5 R.sub.6 -- or --C.sub.m H.sub.2m --O--CR.sub.5 R.sub.6
      --CR.sub.7 R.sub.8 --, wherein n, m, R.sub.5, R.sub.6, R.sub.7, and
      R.sub.8 are defined above.
PAR  Diimide reductions and catalytic hydrogenations to produce the same novel
      3-oxa and 4-oxa phenyl-substituted dihydro compounds of this invention
      from the corresponding 3-oxa and 4-oxa phenyl-substituted PGE.sub.2,
      PGF.sub.2 .sub..alpha., PGF.sub.2 .sub..beta., PGA.sub.2, and PGB.sub.2
      type compounds and also from the corresponding compounds with a
      trans-ethylenic or an acetylenic linkage in place of the cis-ethylenic
      linkage in the carboxyl-terminated side chain, are shown in Chart C,
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, Q, and .about. are as defined
      above, U is cis --CH=CH--, trans --CH=CH--, or --C.tbd.C--, and Y is
      --C.sub.p H.sub.2p --O--CR.sub.5 R.sub.6 -- or --C.sub.q H.sub.2q
      --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --, wherein p, q, R.sub.5,
      R.sub.6, R.sub.7, and R.sub.8 are as defined above.
      ##SPC15##
      ##SPC16##
PAR  The 3-oxa and 4-oxa phenyl-substituted compounds of the PGE.sub.2,
      PGF.sub.2 .sub..alpha., PGF.sub.2 .sub..beta., PGA.sub.2, and PGB.sub.2
      type wherein the carbon-carbon double bond in the carboxy-terminated side
      chain is in cis configuration are prepared by reduction of the
      corresponding acetylenic 3-oxa and 4-oxa phenyl-substituted compounds,
      i.e., those with a carbon-carbon triple bond in place of said
      carbon-carbon double bond. For that purpose, there are used any of the
      known reducing agents which reduce an acetylenic linkage to a
      cis-ethylenic linkage. Especially preferred for that purpose are diimide,
      or hydrogen and a catalyst, for example, palladium (5%) on barium sulfate,
      especially in the presence of pyridine. See Fieser et al., "Reagents for
      Organic Synthesis," pp. 566-567, John Wiley & Sons, Inc., New York, N.Y.
      (1967). These reductions are shown in Chart D, wherein R.sub.1, R.sub.2,
      R.sub.4 Q, Y, and .about. are as defined above. These 3-oxa and 4-oxa
      phenyl-substituted cis compounds of the PGE.sub.2, PGF.sub.2 .sub..alpha.,
      PGF.sub.2 .sub..beta., PGA.sub.2, and PGB.sub.2 type are also prepared as
      described hereinafter.
PAR  The 3-oxa and 4-oxa phenyl-substituted PGE type compounds of Formulas XI to
      XVI except wherein R.sub.1 is hydrogen, and the 3-oxa and 4-oxa
      phenyl-substituted PGA type compounds of Formulas XXVII to XXXII except
      wherein R.sub.1 is hydrogen are prepared by the series of reactions shown
      in Chart E, wherein Q, R.sub.2, R.sub.3, R.sub.4, and V are as defined
      above; Q' is
      ##SPC17##
PAL  wherein T' is the same as T above except that R.sub.9 is not hydrogen,
      R.sub.10 is the same as the above definition of R.sub.1 except that
      R.sub.10 does not include hydrogen; R.sub.11 and R.sub.12 are alkyl of one
      to 4 carbon atoms, inclusive; R.sub.13 is alkyl of one to 5 carbon atoms,
      inclusive; and .about. indicates attachment of --CHR.sub.2
      --V--COOR.sub.10 to the cyclopentane ring in alpha or beta configuration,
      and exo or endo configuration with respect to the moiety attached to the
      cyclopropane ring.
      ##SPC18##
      ##SPC19##
PAR  The 3-oxa and 4-oxa phenyl-substituted PGE.sub.1 type compounds of Formulas
      XI and XII, the 3-oxa and 4-oxa phenyl-substituted 5,6-dehydro-PGE.sub.2
      type compounds of Formulas XV and XVI, the 3-oxa and 4-oxa
      phenyl-substituted PGA.sub.1 type compounds of Formulas XXVII and XXVIII
      and the 3-oxa and 4-oxa phenyl-substituted 5,6-dehydro-PGA.sub.2 type
      compounds of Formulas XXXI and XXXII are also prepared by the series of
      reactions shown in Chart F, wherein Q, R.sub.2, R.sub.3, R.sub.4,
      R.sub.10, and R.sub.13, are as defined above; Q' is
      ##SPC20##
PAL  wherein T' is the same as T above except that R.sub.9 is not hydrogen; Z is
      --C.sub.n H.sub.2n --O--CR.sub.5 R.sub.6 --, --C.sub.m H.sub.2m
      --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --, --C.tbd.C--C.sub.p H.sub.2p
      --O--CR.sub.5 R.sub.6 --, or --C.tbd.C--C.sub.q H.sub.2q --O--CR.sub.5
      R.sub.6 --CR.sub.7 R.sub.8 --, and .about. indicates attachment of
      --CHR.sub.2 --Z--COOR.sub.10 to the cyclopentane ring in alpha or beta
      configuration, and exo or endo configuration with respect to the moiety
      attached to the cyclopropane ring.
PAR  It should be observed regarding the series of reactions shown in Charts E
      and F, that the reactions starting with glycol XLV in Chart E are similar
      to the reactions starting with glycol LII in Chart F. The only differences
      here are the definitions of the divalent moieties V (Chart E) and Z (Chart
      F). V includes saturated, cis and trans ethylenic, and acetylenic divalent
      moieties. Z is limited to the saturated and acetylenic divalent moieties
      encompassed by V. In other words, final 3-oxa and 4-oxa phenyl-substituted
      PGE type compounds of Formula XLVII (Chart E) encompass compounds of
      Formulas XI to XVI. Final 3-oxa and 4-oxa phenyl-substituted PGA type
      compounds of Formula XLVIII (Chart E) encompass compounds of Formulas
      XXVII to XXXII. On the other hand, final 3-oxa and 4-oxa
      phenyl-substituted PGE type compounds of Formula LIV (Chart F) encompass
      only compounds of Formulas XI, XII, XV, and XVI, and final 3-oxa and 4-oxa
      phenyl-substituted PGA type compounds of Formula LV (Chart F) encompass
      only compounds of Formulas XXVII, XXVIII, XXXI, and XXXII.
      ##SPC21##
PAR  As will subsequently appear, an acetylenic intermediate of Formulas XLIV,
      XLV, or LII is transformed by stepwise reduction to the corresponding cis
      or trans ethylenic intermediates of Formulas XLIV or XLV; and an
      acetylenic intermediate of Formulas XLIV, XLV, or LII, or a cis or trans
      ethylenic intermediate of Formulas XLIV or XLV is transformed by reduction
      to the corresponding saturated intermediate of Formulas XLIV, XLV, or LII.
PAR  The initial bicyclo-ketone reactant of Formula L in Chart F is also used as
      an initial reactant to produce the initial bicyclo-ketone cyclic ketal
      reactant of Formula XLIII in Chart E. The following reactions will produce
      cyclic ketal XLIII, wherein THP is tetrahydropyranyl, and .phi. is phenyl:
      ##SPC22##
PAR  The initial bicyclo-ketone reactant of Formula L exists in four isomeric
      forms, exo and endo with respect to the attachment of the --CR.sub.4
      =CR.sub.3 Q moiety, and cis and trans with respect to the double bond in
      that same moiety. Each of those isomers separately or various mixtures
      thereof are used as reactants according to this invention to produce
      substantially the same final 3-oxa and 4-phenyl-substituted PGE or PGA
      type product mixture.
PAR  The process for preparing either the exo or endo configuration of the
      Formula-L bicyclo-ketone is known to the art. See Belgian Pat. No.
      702,477; reprinted in Farmdoc Complete Specifications, Book 714, No.
      30,905, page 313, Mar. 12, 1968. See West Germany Offenlegungsschrift No.
      1,937,912; reprinted in Farmdoc Complete Specifications, Book No. 14, No.
      6869 R, Week R.sub.5, Mar. 18, 1970.
PAR  In said Belgian Pat. No. 702,477, a reaction sequence capable of forming
      exo ketone L is as follows: The hydroxy of 3-cyclopentenol is protected,
      for example, with a tetrahydropyranyl group. Then a diazoacetic acid ester
      is added to the double bond to give an exo-endo mixture of a
      bicyclo[3.1.0]hexane substituted at 3 with the protected hydroxy and at 6
      with a esterified carboxyl. The exo-endo mixture is treated with a base to
      isomerize the endo isomer in the mixture to more of the exo isomer. Next,
      the carboxylate ester gruop at 6 is transformed to an aldehyde group or
      ketone group,
      ##EQU1##
      wherein R.sub.4 is as defined above. Then, said aldehyde group or said
      keto group is transformed by the Wittig reaction, in this case to a moiety
      of the formula --CR.sub.4 =CR.sub.3 Q which is in exo configuration
      relative to the bicyclo ring structure. Next, the protective group is
      removed to regenerate the 3-hydroxy which is then oxidized, for example,
      by the Jones reagent, i.e., chromic acid (see J. Chem. Soc. 39 (1946)), to
      give said exo ketone L.
PAR  Separation of the cis-exo and trans-exo isomers of L is described in said
      Belgian Pat. No. 702,477. However, as mentioned above, that separation is
      usually not necessary since the cis-trans mixture is useful as a reactant
      in the next process step.
PAR  The process described in said Belgian Pat. No. 702,477 for producing the
      exo form of bicyclo-ketone L uses, as an intermediate, the exo form of a
      bicyclo[3.1.0]hexane substituted at 3 with a protected hydroxy, e.g.,
      tetrahydropyranyloxy, and at 6 with an esterified carboxyl. When the
      corresponding endo compound is substituted for that exo intermediate, the
      process in said Offenlegungsschrift No. 1,937,912 leads to the endo form
      of bicyclo-ketone L. That endo compound to be used has the formula:
      ##SPC23##
PAL  Compound LIX is prepared by reacting
      endo-bicyclo[3.1.0]hex-2-ene-6-carboxylic acid methyl ester with diborane
      in a mixture of tetrahydrofuran and diethyl ether, a reaction generally
      known in the art, to give endo-bicyclo[3.1.0]hexan-3-ol-6-carboxylic acid
      methyl ester which is then reacted with dihydropyran in the presence of a
      catalytic amount of POCl.sub.3 to give the desired compound. This is then
      used as described in said Offenlegungsschrift No. 1,937,912 to produce the
      endo form of bicyclo-ketone L.
PAR  As for exo L, the above process produces a mixture of endo-cis and
      endo-trans compounds. These are separated as described for the separation
      of exo-cis and exo-trans L, but this separation is usually not necessary
      since, as mentioned above, the cis-trans mixture is useful as a reactant
      in the next process step.
PAR  In the processes of said Belgian patent and said Offenlegungsschrift,
      certain organic halides, e.g., chlorides and bromides, are necessary to
      prepare the Wittig reagents used to generate the generic moiety --CR.sub.4
      =CR.sub.3 Q of bicyclo-ketone L. These organic chlorides and bromides
      ##EQU2##
      are known in the art or can be prepared by methods known in the art.
PAR  To illustrate the availability of these organic chlorides and bromides,
      consider the above-described 3-oxa and 4-oxa phenyl-substituted PGE type
      compounds of Formulas XI to XVIII, wherein C.sub.t H.sub.2t represents a
      valence bond or alkylene of one to 10 carbon atoms, inclusive, substituted
      with zero, one, or 2 fluoro, with one to 7 carbon atoms, inclusive,
      between --CR.sub.3 OH-- and the phenyl ring; wherein T is alkyl of one to
      4 carbon atoms, inclusive, fluoro, chloro, trifluoromethyl, or --OR.sub.9,
      wherein R.sub.9 is hydrogen, alkyl of one to 4 carbon atoms, inclusive, or
      tetrahydropyranyl, and s is zero, one, 2, or 3, with the proviso that not
      more than two T are other than alkyl; and wherein R.sub.3 is hydrogen or
      alkyl of one to 4 carbon atoms, inclusive. The halides necessary to
      prepare those compounds, if not readily available, are advantageously
      prepared by reacting the corresponding primary alcohol,
      ##SPC24##
PAL  or secondary alcohol
      ##SPC25##
PAL  with PCl.sub.3, PBr.sub.3, HBr, or any of the other halogenating agents
      known in the art to be useful for this purpose.
PAR  In the case of R.sub.3 being H, some of the readily available halides are
      shown in Table I wherein s, T, and t of the formula for the intermediate
      halides are as defined above, and Hal is chloro, bromo, or iodo. Thus,
      compound No. 1 of Table I is represented by the formula wherein S and t
      are zero, and Hal is chloro, i.e.
      ##SPC26##
PAL  namely .alpha.-chlorotoluene or benzyl chloride; compound No. 8 of Table I
      is represented by the formula wherein s is zero, t is 2, and Hal is bromo,
      i.e.
      ##SPC27##
PAL  namely 1-bromo-3-phenylpropane or 3-bromopropylbenzene; and compound No. 63
      of Table I represented by the formula wherein s is 3, T is methyl in the
      2-, 4- and 5- positions with respect to the C.sub.t H.sub.2t substitution,
      t is 2, and Hal is bromo, i.e.,
      ##SPC28##
PAL  namely 1-(3-bromophenyl)-2,4,5-trimethylbenzene.
TBL                TABLE I                                                     

     ______________________________________                                    

     Intermediate Halides                                                      

     represented by the formula                                                

     No.     s         T           t       Hal                                 

     ______________________________________                                    

     1       0         --          0       Cl                                  

     2       0         --          0       Br                                  

     3       0         --          0       I                                   

     4       0         --          1       Cl                                  

     5       0         --          1       Br                                  

     6       0         --          1       I                                   

     7       0         --          2       Cl                                  

     8       0         --          2       Br                                  

     9       0         --          2       I                                   

     10      0         --          3       Cl                                  

     11      0         --           3*     Cl                                  

     12      0         --          3       Br                                  

     13      0         --          4       Cl                                  

     14      1         2-CH.sub.3  0       Cl                                  

     15      1         2-C.sub.2 H.sub.5                                       

                                   0       Cl                                  

     16      1         4-C.sub.2 H.sub.5                                       

                                   0       Cl                                  

     17      1         2-CF.sub.3  0       Cl                                  

     18      1         4-OCH.sub.3 0       Cl                                  

     19      1         3-CH.sub.3  0       Br                                  

     20      1         4-CH.sub.3  0       Br                                  

     21      1         C-C.sub.5 H.sub.11                                      

                                   0       Br                                  

     22      1         4-Cl        0       Br                                  

     23      1         2-CF.sub.3  0       Br                                  

     24      1         3-CF.sub.3  0       Br                                  

     25      1         4-CH.sub.3  0       I                                   

     26      1         4-F         1       Cl                                  

     27      1         3-Cl        1       Br                                  

     28      1         4-Cl        1       Br                                  

     29      1         4-F         1       Br                                  

     30      1         2-Cl        2       Br                                  

     31      1         3-Cl        2       Br                                  

     32      1         4-Cl        2       Br                                  

     33      1         4-F          3*     Br                                  

     34      1         2-Cl        4       Br                                  

     35      2         2-CH.sub.3  0       Cl                                  

                       4-CH.sub.3                                              

     36      2         2-CH.sub.3  0       Cl                                  

                       5-CH.sub.3                                              

     37      2         2-CH.sub.3  0       Cl                                  

                       6-CH.sub.3                                              

     38      2         3-CH.sub.2  0       Cl                                  

                       4-CH.sub.3                                              

     39      2         2-CH.sub.3  0       Cl                                  

                       4-Cl                                                    

     40      2         2-CH.sub.3  0       Br                                  

                       5-CH.sub.3                                              

     41      2         2-CH.sub.3  0       Br                                  

                       6-CH.sub.3                                              

     42      2         3-CH.sub.3  0       Br                                  

                       5-t-butyl                                               

     43      2         3-CH.sub.3  0       Br                                  

                       4-Cl                                                    

     44      2         2-CH.sub.3  0       Br                                  

                       3-Br                                                    

     45      2         3-OCH.sub.3 0       Cl                                  

                       4-OCH.sub.3                                             

     46      2         3-OCH.sub.3 0       Cl                                  

                       5-OCH.sub.3                                             

     47      2         3-OCH.sub.3 0       Br                                  

                       5-OCH.sub.3                                             

     48      2         2-CH.sub.3  1       Cl                                  

                       4-CH.sub.3                                              

     49      2         2-CH.sub.3  1       Br                                  

                       4-CH.sub.3                                              

     50      2         3-CH.sub.3  1       Br                                  

                       4-CH.sub.3                                              

     51      2         3-OCH.sub.3 1       Br                                  

                       4-OCH.sub.3                                             

     52      2         3-OCH.sub.3 1       Br                                  

                       5-OCH.sub.3                                             

     53      2         3-OCH.sub.3 1       I                                   

                       4-OCH.sub.3                                             

     54      2         3-OCH.sub.3 2       Br                                  

                       4-OCH.sub.3                                             

     55      2         3-OCH.sub.3 2       Br                                  

                       5-OCH.sub.3                                             

     56      2         3-OCH.sub.3 4       Br                                  

                       5-OCH.sub.3                                             

     57      3         2-CH.sub.3  0       Cl                                  

                       4-CH.sub.3                                              

                       5-CH.sub.3                                              

     58      3         2-CH.sub.3  0       Cl                                  

                       4-CH.sub.3                                              

                       6-CH.sub.3                                              

     59      3         4-CH.sub.3  0       Cl                                  

                       2-OCH.sub.3                                             

                       5-OCH.sub.3                                             

     60      3         2-CH.sub.3  0       Br                                  

                       3-CH.sub.3                                              

                       6-CH.sub.3                                              

     61      3         2-CH.sub.3  0       Br                                  

                       4-CH.sub.3                                              

                       6-CH.sub.3                                              

     62      3         2-CH.sub.3  0       Br                                  

                       3-OCH.sub.3                                             

                       6-OCH.sub.3                                             

     63      3         2-CH.sub.3  2       Br                                  

                       4-CH.sub.3                                              

                       5-CH.sub.3                                              

     ______________________________________                                    

     *--branched--CH--                                                         

     .vertline.                                                                

     Et                                                                        

PAL  In the case of R.sub.3 being alkyl, some of the readily available halides
      are shown in Table II. Thus, compound No. 1 of Table II is represented by
      the formula wherein s and t are zero, R.sub.3 is methyl, and Hal is
      chloro, i.e.
      ##SPC29##
PAL  namely (1-chloroethyl)benzene; and compound No. 13 of Table II is
      represented by the formula wherein s is 2, t is one, R.sub.3 and T are
      methyl, and Hal is bromo, i.e.
      ##SPC30##
PAL  namely 4-(2-bromopropyl)-o-xylene or
      1-(2-bromopropyl)-3-methyl-4-methylbenzene.
TBL                TABLE II                                                    

     ______________________________________                                    

     Intermediate Halides                                                      

     represented by the Formula                                                

     No.    s        T          R.sub.3                                        

                                       t     Hal                               

     ______________________________________                                    

     1      0        --         CH.sub.3                                       

                                       0     Cl                                

     2      0        --         C.sub.2 H.sub.5                                

                                       0     Cl                                

     3      0        --         C.sub.2 H.sub.5                                

                                       0     Br                                

     4      0        --         CH.sub.3                                       

                                       0     I                                 

     5      0        --         CH.sub.3                                       

                                       1     Cl                                

     6      0        --         n-C.sub.3 H.sub.7                              

                                       1     Cl                                

     7      0        --         CH.sub.3                                       

                                       1     Br                                

     8      0        --         C.sub.2 H.sub.5                                

                                       2     Cl                                

     9      1        4-C.sub.2 H.sub.5                                         

                                CH.sub.3                                       

                                       0     Cl                                

     10     1        4-F        CH.sub.3                                       

                                       0     Cl                                

     11     1        4-Cl       C.sub.2 H.sub.5                                

                                       O     Br                                

     12     1        4-F        C.sub.2 H.sub.5                                

                                       0     Br                                

     13     2        3-CH.sub.3 CH.sub.3                                       

                                       1     Br                                

                     4-CH.sub.3                                                

     14     2        3-OCH.sub.3                                               

                                CH.sub.3                                       

                                       1     Br                                

                     4-OCH.sub.3                                               

     15     2        2-OCH.sub.3                                               

                                CH.sub.3                                       

                                       1     Br                                

                     6-OCH.sub.3                                               

     ______________________________________                                    

PAR  Other intermediate halides of the general formula
      ##SPC31##
PAL  may be obtained from the primary or secondary alcohols as discussed above.
      These alcohols are in general prepared from corresponding carboxylic
      acids. Thus, the substituted benzoic acids are selectively reduced to the
      corresponding benzyl using any of several hydride reagents, e.g., sodium
      borohydride/aluminum chloride in diglyme, diborane in tetrahydrofuran,
      aluminum hydride in tetrahydrofuran, and the like. The secondary alcohols,
      wherein R.sub.3 is alkyl, are prepared by transforming the COOH of the
      corresponding carboxylic acid,
      ##SPC32##
PAL  to a ketone by known procedures, e.g. by way of the acyl chloride and a
      dialkylcadmium. Reduction of the ketone with sodium borohydride then
      yields the secondary alcohol,
      ##SPC33##
PAR  Hydroxyl groups of the aromatic ring are suitably protected during these
      reactions by first forming the corresponding tetrahydropyranyl ethers with
      dihydropyran; the hydroxyl groups are restored by mild acid hydrolysis as
      is well known in the art.
PAR  In the case of C.sub.t H.sub.2t substituted with one or 2 fluoro atoms,
      there are a number of routes to the intermediate halides. The
      corresponding alcohols, for example .beta.-fluorophenethyl alcohol,
      .beta.-fluoro-.alpha.-methyl-phenethyl alcohol, .beta.-fluoro,
      .alpha.,.beta.-dimethyl-phenethyl alcohol, and the like, are reacted with
      PCl.sub.3 PBr or HBr to form the halide. Alternatively, the carboxylic
      acid having one less carbon atoms in the chain than the desired
      intermediate halide, i.e.
      ##SPC34##
PAL  wherein g is t-1, is converted by a series of known methods to the
      2,2-difluorohalide. Thus, the free carboxyl group is transformed first to
      the acid chloride with thionyl chloride and thence by way of the nitrile
      to the .alpha.-keto-acid. The carboxyl group is reduced to the alcohol
      with diborane and then converted to the .alpha.-keto halide. Finally, by
      reaction of the keto group with sulfur tetrafluoride, there is obtained
      ##SPC35##
PAL  For reactions of SF.sub.4 see U.S. Pat. No. 3,211,723 and J. Org. Chem. 27,
      3164 (1962).
PAR  As mentioned above, Formula XI-to-XLII compounds with an alpha-fluoro
      substituent on the carbon adjacent to the hydroxy-substituted carbon (i.e.
      adjacent to C-15 in PGE.sub.1) represent preferred embodiments among the
      novel phenyl-substituted compounds of this invention. The Formula-L
      bicyclo-ketones necessary to produce those mono-fluoro compounds are
      advantageously prepared by reacting either of the above-mentioned
      bicyclo-aldehydes, exo or endo, with a Wittig reagent prepared from
      ##SPC36##
PAL  and triphenylphosphine. The aldehyde group is thereby transformed to
      ##SPC37##
PAL  The resulting unsaturated ketone is reduced to the corresponding
      ##EQU3##
      compound. Then --OH in that group is replaced with fluoro by known
      methods, for example, directly by reaction with
      2-chloro-1,1,2-trifluorotriethylamine or indirectly for example, by
      transforming the hydroxy to tosyloxy or mesyloxy, and reacting the
      resulting compound with anhydrous potassium fluoride in diethylene glycol.
PAR  The transformation of bicyclo-ketone-olefin L to glycol LVIII is carried
      out by reacting olefin L with a hydroxylation reagent. Hydroxylation
      reagents and procedures for this purpose are known in the art. See, for
      example, Gunstone, Advances in Organic Chemistry, Vol. 1, pp. 103-147,
      Interscience Publishers, New York, N.Y. (1960). Various isomeric glycols
      are obtained depending on such factors as whether olefin L is cis or trans
      and endo or exo, and whether a cis or a trans hydroxylation reagent is
      used. Thus endo-cis olefin L gives a mixture of two isomeric erythro
      glycols of Formula LVIII with a cis hydroxylation agent, e.g., osmium
      tetroxide. Similarly, the endo-trans olefin L gives a similar mixture of
      the same two erythro glycols with a trans hydroxylation agent, e.g.,
      hydrogen peroxide. The endo-cis olefins and the endo-trans olefins L give
      similar mixtures of two threo glycol isomers with cis and trans
      hydroxylation reagents, respectively. These various glycol mixtures are
      separated into individual isomers by silica gel chromatography. However,
      this separation is usually not necessary, since each isomeric erythro
      glycol and each isomeric threo glycol is useful as an intermediate
      according to this invention and the processes outlined in Chart E to
      produce final products of Formulas XLVII and XLVIII, and then, according
      to Charts A, B, C, and D to produce the other final products of this
      invention. Thus, the various isomeric glycol mixtures encompassed by
      Formula LVIII produced from the various isomeric olefins encompassed by
      Formula L are all useful for these same purposes.
PAR  The transformation of glycol LVIII to the cyclic ketal of Formula XLIII
      (Chart E) is carried out by reacting said glycol with a dialkyl ketone of
      the formula
      ##EQU4##
      wherein R.sub.11 and R.sub.12 are alkyl of one to 4 carbon atoms,
      inclusive, in the presence of an acid catalyst, for example potassium
      bisulfate or 70% aqueous perchloric acid. A large excess of the ketone and
      the absence of water is desirable for this reaction. Examples of suitable
      dialkyl ketones are acetone, methyl ethyl ketone, diethyl ketone, methyl
      propyl ketone, and the like. Acetone is preferred as a reactant in this
      process.
PAR  Referring again to Chart E, cyclic ketal XLIII is transformed to cyclic
      ketal XLIV by alkylating with an alkylation agent of the formula
      ##EQU5##
      wherein R.sub.2, R.sub.10, and V are as defined above, and Hal is
      chlorine, bromine, or iodine. Similarly, referring to Chart F, olefin L is
      transformed to olefin LI by alkylating with an alkylation agent of the
      formula
      ##EQU6##
      wherein R.sub.2, R.sub.10, Z, and Hal are as defined above.
PAR  Any of the alkylation procedures known in the art to be useful for
      alkylating cyclic ketones with alkyl halides and haloalkanoic esters are
      used for the transformations of XLIII to XLIV, and of L to LI. See, for
      example, the above-mentioned Belgian Pat. No. 702,477 for procedures
      useful here and used there to carry out similar alkylations.
PAR  For these alkylations, it is preferred that Hal be bromo or iodo. Any of
      the usual alkylation bases, e.g., alkali metal alkoxides, alkali metal
      amides, and alkali metal hydrides, are useful for this alkylation. Alkali
      metal alkoxides are preferred, especially tert-alkoxides. Sodium and
      potassium are preferred alkali metals. Especially preferred is potassium
      tert-butoxide. Preferred diluents for this alkylation are tertrahydrofuran
      and 1,2-dimethoxyethane. Otherwise, procedures for producing and isolating
      the desired Formula XLIV and -LI compounds are within the skill of the
      art.
PAR  These alkylation procedures produce mixtures of alpha and beta alkylation
      products, i.e., a mixture of Formula-XLIV products wherein part has the
      --CHR.sub.2 --V--COOR.sub.10 moiety attached in alpha configuration, and
      wherein part has that moiety attached in beta configuration, or a mixture
      of Formula-LI products with the --CHR.sub.2 --Z--COOR.sub.10 moiety in
      both alpha and beta configurations. When about one equivalent of base per
      equivalent of Formula-XLIII or L ketone is used, the alpha configuration
      usually predominates. Use of an excess of base and longer reaction times
      usually result in production of larger amounts of beta products. These
      alpha-beta isomer mixtures are separated at this stage or at any
      subsequent stage in the multi-step processes shown in Charts E and F.
      Silica gel chromatography is preferred for this separation.
PAR  The necessary alkylating agents for the above-described alkylations, i.e.,
      compounds of the formulas
      ##EQU7##
      and
      ##EQU8##
      are prepared by methods known in the art. There are eight groups of
      compounds encompassed by these two genera or alkylating agents.
PAR  Alkylating agents of the formula
      ##EQU9##
      include compounds of the formulas:
      ##EQU10##
PAR  Alkylating agents of the formula
      ##EQU11##
      include the above-listed compounds of Formulas LX, LXI, LXII, and LXIII,
      and also compounds of the following formulas:
      ##EQU12##
      These alkylating agents of Formulas LX to LXVII are accessible to those of
      ordinary skill in the art. For example, the 3-oxa alkylating agents of
      Formulas LX, LXII, LXIV, and LXV are advantageously prepared by reacting
      an alpha-hydroxy ester or acid of the formula HO--CR.sub.5 R.sub.6
      --COOR.sub.1, wherein R.sub.1, R.sub.5, and R.sub.6 are as defined above,
      with a compound of the formula,
      ##EQU13##
      respectively, wherein R.sub.2, n, and p are as defined above, J is chloro,
      bromo, iodo, or a group transformable to one of those, for example,
      tetrahydropyranyloxy or mesyloxy, and K is chloro, bromo, iodo, mesyloxy,
      tosyloxy, or the like, in the presence of a strong base, for example,
      sodium hydride when R.sub.1 is a carbon-containing group, and lithium
      diisopropyl amide when R.sub.1 is hydrogen. Alternatively, an alpha-bromo
      ester or acid of the formula Br--CR.sub.5 R.sub.6 --COOR.sub.1, wherein
      R.sub.1, R.sub.5, and R.sub.6 are as defined above, is reacted in the
      presence of a similar strong base with a compound of the formula
      ##EQU14##
      or J--CH--CH=CH--C.sub.p H.sub.2p --OH. When both R.sub.5 and R.sub.6 in
      the ester are alkyl, it is preferred to use the hydroxy acid or ester
      route. When there are two alkyl groups in C.sub.n H.sub.2n or C.sub.p
      H.sub.2p on the carbon to which --OH or --K is attached, it is preferred
      to use the bromo acid or ester route. When a Formula LX, LXII, LXIV, or
      LXV alkylating agent is desired wherein both R.sub.5 and R.sub.6 are alkyl
      and C.sub.n H.sub.2n or C.sub.p H.sub.2p has two alkyl groups attached to
      the carbon to which --O-- is attached, it is preferred that K be mesyloxy
      or tosyloxy, or that the Br of the bromo acid or ester be replaced with
      mesyloxy or tosyloxy, and that relatively mild bases and reaction
      conditions be used, for example, potassium tert-butoxide in dimethyl
      sulfoxide. Alternatively, this group of tetraalkyl compounds is
      advantageously prepared by using the hydroxy acid or ester route wherein J
      is chloro or by using the bromo acid or ester route wherein the bromo is
      replaced with chloro, using freshly precipated wet magnesium hydroxide in
      ethanol suspension as the base. Alternatively this group of tetraalkyl
      compounds is advantageously prepared by the hydroxy acid or ester route
      wherein J is iodo, and silver oxide is used as the base. Any of these
      alternative routes is, of course, useful to make the other compounds
      within the scope of Formulas LX, LXII, LXIV, and LXV.
PAR  An alternative procedure generally applicable to the production of the
      alkylating agents of Formulas LX, LXII, LXIV, and LXV comprises reacting a
      compound of the formula
      ##EQU15##
      with an ethylene oxide of the formula
      ##EQU16##
      wherein R.sub.5 and R.sub.6 are as defined above, in the presence of an
      acid catalyst, e.g., hydrochloric acid, sulfuric acid, or boron
      trifluoride. The alcohol which is usually the major product,
      ##EQU17##
      or cis or trans
      ##EQU18##
      is isolated, oxidized to the corresponding carboxylic acid with Jones
      reagent, and the acid esterified (R.sub.10).
PAR  The 4-oxa alkylating agents of Formulas LXI, LXIII, LXVI, and LXVII are
      advantageously prepared as described above for the 3-oxa compounds,
      combining compounds of the formula
      ##EQU19##
      with .beta.-hydroxy acids or esters and .beta.-halo acids or esters of the
      formulas HO--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --COOR.sub.1 and
      Br--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --COOR.sub.1, or trimethylene
      oxides of the formula R.sub.5 R.sub.6 C--CR.sub.7 R.sub.8 --CH.sub.2 --O.
PAL  All of the procedures, preferences, and alternatives described above for
      the preparation of the 3-oxa alkylating agents are applicable to the
      preparation of these 4-oxa alkylating agents.
PAR  The alkylating agents of Formulas LX to LXVII are esters. When an alpha or
      beta hydroxy acid or bromo acid is used as a reactant as described above,
      the resulting product is a carboxylic acid. This acid is esterified to the
      corresponding Formula LX-to-LXVII alkylating agent by known procedures. As
      will be described hereinafter, the ester moiety R.sub.10 is chosen
      according to the desired type of final 3-oxa or 4-oxa prostaglandin-like
      product.
PAR  The alpha-hydroxy, alpha-halo, beta-hydroxy, and beta-halo  acids and
      esters and the ethylene and trimethylene oxides used as described above to
      produce the Formula LX-to-LXVII alkylating agents are all known in the art
      or are readily accessible through known methods to those of ordinary skill
      in the art.
PAR  The other reactants of the formulas
      ##EQU20##
      and the corresponding reactants with halogen, mesyloxy, or tosyloxy in
      place of --OH also are known in the art or are readily accessible through
      known methods to those of ordinary skill in the art.
PAR  For example, consider the compounds
      ##EQU21##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive,
      as defined above, THP represents 2-tetrahydropyranyl, and each free
      valence -- is attached to hydrogen or to alkyl, with a total of zero to 9
      attached carbon atoms. Said compounds are within the scope of
      ##EQU22##
      as above defined, and are advantageously prepared by hydroxylating by
      known methods, olefins of the formula
      ##EQU23##
      to give the glycols
      ##EQU24##
      which are transformed by known methods to the above tetrahydropyranyl
      ethers. These ethers are also transformed by known methods to
      ##EQU25##
      compounds within the scope of
      ##EQU26##
      as above defined.
PAR  Consider the compounds
      ##EQU27##
      wherein R.sub.2 and THP are as above defined, and the free valences are
      attached to hydrogen or to alkyl, with a total of zero to 8 attached alkyl
      carbon atoms. Said compounds are within the scope of
      ##EQU28##
      as above defined, and are advantageously prepared by known methods from
      beta-hydroxyesters of the formula
      ##EQU29##
      wherein R.sub.2 is as defined above, R.sub.20 is methyl or ethyl and the
      free valences are attached to hydrogen or to alkyl. Said esters are
      available through methods known in the art, e.g., the Reformatsky
      reaction. Said compounds are also transformed by known methods to
      ##EQU30##
      compounds within the scope of
      ##EQU31##
      as above defined.
PAR  Consider the compounds
      ##EQU32##
      wherein R.sub.2 and THP are as defined above and the free valences are
      attached to hydrogen or to alkyl, with a total of zero to 7 attached alkyl
      carbon atoms. Said compounds are within the scope of
      ##EQU33##
      as above defined, and are advantageously prepared by known methods from
      the known succinic acid half esters of the formula
      ##EQU34##
      wherein R.sub.20 is methyl or ethyl, the carboxyl end being transformed to
      ##EQU35##
      and then the --COOR.sub.20 end being transformed to
      ##EQU36##
      both by known methods. Said compounds are also transformed by known
      methods to
      ##EQU37##
      compounds within the scope of
      ##EQU38##
      as above defined.
PAR  Consider the compounds
      ##EQU39##
      wherein R.sub.2 and THP are as defined above and the free valences are
      attached to hydrogen or to alkyl, with a total of zero to 6 attached alkyl
      carbon atoms. Said compounds are within the scope of
      ##EQU40##
      as above defined, and are advantageously prepared by known methods from
      ##EQU41##
      wherein THP, R.sub.2, and the free valence attachments are as above
      defined, and R.sub.20 is methyl or ethyl. These ester reactants are
      prepared by known methods from
      ##EQU42##
      reactants whose preparation is described in the preceeding paragraph. Said
      compounds are also transformed by known methods to
      ##EQU43##
      compounds within the scope of
      ##EQU44##
      as above defined. In a similar manner, compounds of the formulas
      ##EQU45##
      and
      ##EQU46##
      wherein the free valences are attached to hydrogen or to alkyl, with a
      total of zero to 5 attached alkyl carbon atoms, are prepared from
      ##EQU47##
      compounds.
PAR  Consider the compounds
      ##EQU48##
      wherein R.sub.2 and THP are as above defined, and the free valences are
      attached to hydrogen or to alkyl, with a total of zero to seven attached
      alkyl carbon atoms. Said compounds are within the scope of
      ##EQU49##
      as above defined, and are prepared by known methods from reactants of the
      formula
      ##EQU50##
      which are known in the art or are prepared by known methods. See, for
      example, U.S. Pat. No. 3,108,140. Said compounds are also transformed by
      known methods to
      ##EQU51##
      compounds within the scope of
      ##EQU52##
      as above defined.
PAR  Consider the compounds
      ##EQU53##
      wherein R.sub.2 and THP are as above defined, and the free valences are
      attached to hydrogen or to alkyl, with a total of zero to six attached
      alkyl carbon atoms. Said compounds are within the scope of
      ##EQU54##
      as above defined, and are prepared by known methods from the known or
      easily accessible beta-hydroxy esters of the formula
      ##EQU55##
      wherein R.sub.20 is methyl or ethyl. The hydroxy end of those is changed
      to --O--THP and the R.sub.20 OOC end is changed to
      ##EQU56##
      both by known methods. Then
      ##EQU57##
      is changed by known methods first to HC.tbd.C-- and then to
      ##EQU58##
      Finally
      ##EQU59##
      is transformed by known methods to
      ##EQU60##
      The latter is also transformed by known methods to
      ##EQU61##
      compounds within the scope of
      ##EQU62##
      as above defined.
PAR  Another route to compounds
      ##EQU63##
      as above defined comprises Reformatsky-type reactions of propargyl
      bromides of the formula
      ##EQU64##
      with ketones or aldehydes
      ##EQU65##
      to give
      ##EQU66##
      See, for example J. Chem. Soc. (London) 2696 (1949). Then --OH is changed
      to --O--THP and HC.tbd.C-- is changed to
      ##EQU67##
      both by known methods. Finally,
      ##EQU68##
      is changed to
      ##EQU69##
      by known methods.
PAR  Consider the compounds
      ##EQU70##
      wherein R.sub.2 and THP are as above-defined, and the free valences are
      attached to hydrogen or to alkyl, with a total of zero to 5 attached alkyl
      carbon atoms. Said compounds are within the scope of
      ##EQU71##
      as above defined, and are prepared by known methods from the known
      succinic acid half esters of the formula
      ##EQU72##
      wherein R.sub.20 is methyl or ethyl. The carboxyl end is changed to Br--
      and the --COOR.sub.20 end is changed to
      ##EQU73##
      both by known methods. Then, Br-- is changed first to HOOC-- and then to
      ##EQU74##
      both by known methods. Then
      ##EQU75##
      is changed first to HC.tbd.C-- and then to
      ##EQU76##
      both by known methods. Finally,
      ##EQU77##
      is transformed by known methods to
      ##EQU78##
      The latter is also transformed by known methods to
      ##EQU79##
      compounds within the scope of
      ##EQU80##
      as above defined.
PAR  Another route to compounds of the formulas
      ##EQU81##
      both types within the scope of
      ##EQU82##
      as above defined comprises reaction of
      ##EQU83##
      by known procedures. These latter reactants are known or easily accessible
      by known methods.
PAR  The reactants of formulas
      ##EQU84##
      are prepared as described above for the preparation of the corresponding
      C.sub.n H.sub.2n compounds, due consideration being given to the
      definition differences between C.sub.n H.sub.2n and C.sub.m H.sub.2m.
      Similarly, reactants of formulas
      ##EQU85##
      are prepared as described above for the preparation of the corresponding
      C.sub.p H.sub.2p compounds, due consideration being given to the
      definition differences between C.sub.p H.sub.2p and C.sub.q H.sub.2q.
PAR  The cis and trans ethylenic reactants of formulas
      ##EQU86##
      are prepared by cis or trans reduction of the corresponding acetylenic
      reactant prepared as above described, or by cis or trans reduction of any
      earlier acetylenic intermediate in which both ends of the acetylenic bond
      are substituted, i.e., not hydrogen as in the moiety HC.tbd.C--.
      Alternatively, this cis or trans reduction is carried out on any
      subsequent acetylenic reaction product leading up to and including the
      final acetylenic alkylating agent of Formula LXII or LXIII.
PAR  For these cis reductions of the acetylenic bonds, it is advantageous to use
      hydrogen plus a catalyst which catalyzes hydrogenation of --C.tbd.C-- only
      to cis --CH=CH--. Such catalysts and procedures are well known to the art.
      See, for example, Fieser et al., "Reagents for Organic Syntheses," pp.
      566-567; John Wiley & Sons, Inc., New York, N.Y. (1967). Palladium (5%) on
      barium sulfate, especially in the presence of pyridine as a diluent, is a
      suitable catalyst for this purpose. Alternative reagents useful to
      transform these acetylenic compounds to cis-ethylenic compounds are
      bis(3-methyl-2-butyl)borane ("disiamylborane") and diisobutylaluminum
      hydride.
PAR  For trans reductions of the acetylenic bond, it is advantageous to use
      sodium or lithium in liquid ammonia or a liquid alkylamine, e.g.,
      ethylamine. When the moiety HO--CH.sub.2 --C.tbd.C-- is present in the
      acetylenic compound being reduced, the use of lithium aluminum hydride
      gives trans reduction of the triple bond. Procedures for these trans
      reductions are known in the art. See, for example, Fieser .beta.above
      cited, pp. 577, 592-594, and 603, and J. Am. Chem. Soc. 85, 622 (1963).
PAR  Referring again to Chart E, after alkylation as discussed above, cyclic
      ketal LXIV is transformed to glycol XLV by reacting the cyclic ketal with
      an acid with pK less than 5. Suitable acids and procedures for hydrolyzing
      cyclic ketals to glycols are known in the art. Suitable acids are formic
      acid, hydrochloric acid, and boric acid. Especially preferred as diluents
      for this reaction are tetrahydrofuran and .beta.-methoxyethanol.
PAR  Referring again to Chart F, after alkylation as discussed above, olefin LI
      is hydroxylated to glycol LII. As discussed above, the divalent moiety
      --Z-- includes the moieties --C.sub.n H.sub.2n --O--CR.sub.5 R.sub.6 --,
      --C.sub.m H.sub.2m --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --,
      --C.tbd.C--C.sub.p H.sub.2p --O--CR.sub.5 R.sub.6 --, and
      --C.tbd.C--C.sub.q H.sub.2q --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --,
      wherein m, n, p, q, R.sub.5, R.sub.6, R.sub.7, and R.sub.8 are as defined
      above. When Z is --C.sub.n H.sub.2n --O--CR.sub.5 R.sub.6 -- or --C.sub.m
      H.sub.2m --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --, this hydroxylation
      of LI is carried out as described above for the hydroxylation of olefin L
      to glycol LVIII, i.e., with any of the known reagents and procedures
      described in Gunstone, above cited. When Z is --C.tbd.C--C.sub.p H.sub.2p
      --O--CR.sub.5 R.sub.6 -- or --C.tbd.C--C.sub.q H.sub.2q --O--CR.sub.5
      R.sub.6 --CR.sub.7 R.sub.8 --, some of the reagents and procedures
      described by Gunstone tend to attack the acetylenic linkage as well as the
      ethylenic linkage of the Formula-LI olefin. Therefore it is preferred to
      use a hydroxylation reagent and procedure which attacks the ethylenic
      linkage preferentially. For this, it is preferred to carry out
      hydroxylation of these acetylenic Formula-LI olefins with organic
      peracids, e.g., performic acid, peracetic acid, perbenzoic acid, and
      m-chloroperbenzoic acid, as described by Gunstone, above cited, pp.
      124-130.
PAR  As discussed above regarding the hydroxylation of unalkylated olefin L to
      unalkylated glycol LVIII various isomeric glycols are obtained by
      hydroxylation of the Formula-LI alkylated olefin. The particular
      Formula-LII glycol or glycol mixture obtained depends on such factors as
      whether the olefin LI is cis or trans and endo or exo, and whether a cis
      or a trans hydroxylation takes place. However, all of the isomeric
      Formula-LI erytho and threo glycols and the various glycol mixtures each
      are useful as an intermediate according to this invention and the
      processes of Chart F to produce final products of Formulas LIV and LV, and
      then according to Charts A, B, C, and D, to produce the other final
      products of this invention. Therefore, it is usually not necessary to
      separate individual Formula-LI glycol isomers before proceeding further in
      the synthesis, although that separation is accomplished by silica gel
      chromatography.
PAR  It is preferred that glycols XLV and LII of Charts E and F, respectively,
      be free of phenolic hydroxyl substituents before the alkanesulfonation
      step. If any of the intermediate Formula-XLV or Formula-LII compounds have
      phenolic hydroxyls, these hydroxyls are readily converted to
      tetrahydropyranyloxy (OTHP) by reaction with dihydropyran, e.g. in the
      presence of a catalytic amount of POCl.sub.3. The --OTHP group is
      subsequently replaced by OH under neutral or mildly acidic conditions.
PAR  Referring again to Charts E and F, bis(alkanesulfonic acid) esters XLVI and
      LIII are prepared by reacting glycols XLV and LII, respectively, with an
      alkanesulfonyl chloride or bromide, or with an alkanesulfonic acid
      anhydride, the alkyl in each containing one to 5 carbon atoms, inclusive.
      Alkanesulfonyl chlorides are preferred for this reaction. The reaction is
      carried out in the presence of a base to neutralize the byproduct acid.
      Especially suitable bases are tertiary amines, e.g., dimethylaniline or
      pyridine. It is usually sufficient merely to mix the two reactants and the
      base, and maintain the mixture in the range 0.degree. to 25.degree.C. for
      several hours. The Formula-XLVI and LIII bis(sulfonic acid) esters are
      then isolated by procedures known to the art.
PAR  Referring now to Chart E, bis(sulfonic acid) esters XLVI are transformed
      either to 3-oxa or 4-oxa phenyl-substituted PGE type compounds XLVII, or
      to 3-oxa and 4-oxa phenyl-substituted PGA type compounds XLVIII. Referring
      to Chart F, bis(sulfonic acid) esters LIII are transformed either to 3-oxa
      and 4-oxa phenyl-substituted PGE type compounds LIV, or to 3-oxa and 4-oxa
      phenyl-substituted PGA type compounds LV.
PAR  The transformations of XLVI and LIII to the PGE type compounds XLVII and
      LIV, respectively, are carried out by reacting bis-esters XLVI and LIII
      with water in the range about 0.degree. to about 60.degree. C. In making
      the 3-oxa and 4-oxa phenyl-substituted PGE.sub.1 compounds, 25.degree. C.
      is a suitable reaction temperature, the reaction then proceeding to
      completion in about 5 to 20 hours. It is advantageous to have a homogenous
      reaction mixture. This is accomplished by adding sufficient of a
      water-soluble organic diluent which does not enter into the reaction.
      Acetone is a suitable diluent. The desired product is isolated by
      evaporation of excess water and diluent if one is used. The residue
      contains a mixture of Formula-XLVII or Formula-LIV isomers which differ in
      the configuration of the side chain hydroxy, that being either S or R.
      These are separated from byproducts and from each other by silica gel
      chromatography. A usual byproduct is the mono-sulfonic acid ester of
      Formula XLIX (Chart E) or Formula LVI (Chart F). These mono-sulfonic acid
      esters are esterified to the Formula-XLVI or -LIII bis(sulfonic acid)
      esters, respectively, in the same manner described above for the
      transformation of glycol XLV or LII to bis-ester XLVI or LIII and thus are
      recycled back to additional Formula XLVII or LIV final product.
PAR  The transformations of XLVI and LIII to the PGA type compounds XLVIII and
      LV, respectively, are carried out by heating bis-esters XLVI and LIII in
      the range 40.degree. to 100.degree. C. with a combination of water, a base
      characterized by its water solution having a pH 8 to 12, and sufficient
      inert water-soluble organic diluent to form a basic and substantially
      homogenous reaction mixture. A reaction time of one to 10 hours is usually
      used. Preferred bases are the watersoluble salts of carbonic acid,
      especially alkali metal bicarbonates, e.g., sodium bicarbonate. A suitable
      diluent is acetone. The products are isolated and separated as described
      above for the transformation of bis-esters XLVI and LIII to PGE type
      products XLVII and LIV. The same mono-sulfonic acid esters XLIX and LVI
      observed as byproducts in those tranformations are also observed during
      preparation of PGA type products XLVIII and LV.
PAR  For the transformations of bis(sulfonic acid) esters XLVI and LIII to final
      products XLVII, XLVIII, LIV, and LV, it is preferred to use the bis-mesyl
      esters, i.e., compounds XLVI and LIII wherein R.sub.13 is methyl.
PAR  Referring again to Charts E and F, the configuration of the
      ##EQU87##
      moiety in the Formula-XLVI bis-esters or the configuration of the
      ##EQU88##
      moiety in the Formula-LIII bis-esters does not change during these
      transformations of XLVI to XLVII, XLVIII, and XLIX, and of LIII to LIV,
      LV, and LVI. Therefore, when in Formula XLVI for example, V is
      --(CH.sub.2).sub.2 --O--(CH.sub.2).sub.2 --, Q is
      ##SPC38##
PAL  and R.sub.2, R.sub.3 and R.sub.4 are hydrogen, S and R
      4-oxa-18-phenyl-19,20-dinor-PGE.sub.1 esters (XLVII) are obtained when
      ##EQU89##
      is attached initially (XLVI) in alpha configuration, and S and R
      8-iso-4-oxa-18-phenyl-19,20-dinor-PGE.sub.1 esters (XLVII) are obtained
      when that moiety is attached in beta configuration. Similarly, when in
      Formula XLVI, V is cis--CH=CH--CH.sub.2 --O--CH.sub.2 -- or
      --C.tbd.CCH.sub.2 --O--CH.sub.2 --, Q is
      ##SPC39##
PAL  and R.sub.2, R.sub.3, and R.sub.4 are hydrogen, S and R
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.2 esters and S and R
      5,6-dehydro-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.2 esters are obtained
      when
      ##EQU90##
      is attached initially in alpha configuration, and the corresponding 8-iso
      compounds are obtained when that moiety is attached in beta configuration.
      The same retention of
      ##EQU91##
      configuration occurs when Formula-XLVIII and XLIX compounds are produced,
      and a similar retention of
      ##EQU92##
      configuration occurs when Formula-LIV, LV, and LVI compounds are produced
      from Formula-LIII bis-esters.
PAR  The Formula-XLVII and LIV 3-oxa and 4-oxa phenyl-substituted PGE type
      compounds and the Formula-XLVIII and LV 3-oxa and 4-oxa phenyl-substituted
      PGA type compounds shown in Charts E and F are all R.sub.10 carboxylic
      acid esters, wherein R.sub.10 is defined above. Moreover, when those
      PGE-type and PGA-type R.sub.10 esters are used to prepare the other 3-oxa
      and 4-oxa phenyl-substituted prostaglandin-like compounds according to
      Charts A, B, C, and D, corresponding R.sub.10 esters are likely to be
      produced, especially in the case of the 3-oxa and 4-oxa phenyl-substituted
      PGF type compounds. For some of the uses described above, it is preferred
      that the novel Formula XI-to-XLII 3-oxa and 4-oxa phenyl-substituted
      prostaglandin-like compounds of this invention be in free acid form, or in
      salt form which requires the free acid as a starting material. The
      PGF-type esters of Formulas XIX to XXVI and the PGE-type compounds of
      Formulas XXXV to XLII are easily hydrolyzed or saponified to the free
      acids by the usual known procedures, especially when R.sub.1 (R.sub. 10)
      is alkyl of one to 4 carbons, inclusive, preferably methyl or ethyl.
PAR  On the other hand, the PGE type esters of Formulas XI to XVIII and the PGA
      type esters of Formulas XXVII to XXXIV are difficult to hydrolyze or
      saponify without causing unwanted structural changes in the desired acids.
      There are two other procedures to make the free acid forms of these
      Formula XI-to-XVIII and XXVII-to-XXXIV compounds.
PAR  One of those procedures is applicable mainly in preparing the free acids
      from the corresponding alkyl esters wherein the alkyl group contains one
      to 8 carbon atoms, inclusive. That procedure comprises subjecting the
      alkyl esters corresponding to Formulas XI to XVIII and XXVII to XXXIV to
      the acylase enzyme system of a microorganism species of Subphylum 2 of
      Phylum III, and thereafter isolating the acid. Especially preferred for
      this purpose are species of the orders Mucorales, Hypocreales, Moniliales,
      and Actinomycetales. Also especially preferred for this purpose are
      species of the families Mucoraceae, Cunninghamellaceae, Nectreaceae,
      Moniliaceae, Dematiaceae, Tuberculariaceae, Actinomycetaceae, and
      Streptomycetaceae. Also especially preferred for this purpose are species
      of the genera Absidia, Circinella, Gongronella, Rhizopus, Cunninghamella,
      Calonectria, Asperigillus, Penicillium, Sporotrichum, Cladosporium,
      Fusarium, Nocardia, and Streptomyces.
PAR  Examples of microorganisms falling within the scope of those preferred
      orders, families, and genera are listed in U.S. Pat. No. 3,290,226.
PAR  This enzymatic ester hydrolysis is carried out by shaking the Formula
      XI-to-XVIII or XXVII-to-XXXIV alkyl esters in aqueous suspension with the
      enzyme contained in a culture of one of the above-mentioned microorganism
      species until the ester is hydrolyzed. A reaction temperature in the range
      20.degree. to 30.degree.C. is usually satisfactory. A reaction time of one
      to 20 hours in usually sufficient to obtain the desired hydrolysis.
      Exclusion of air from the reaction mixture, for example, with argon or
      nitrogen is usually desirable.
PAR  The enzyme is obtained by harvest of cells from the culture, followed by
      washing and resuspension of the cells in water, and cell disintegration,
      for example, by stirring with glass beads or by sonic or ultrasonic
      vibrations. The entire aqueous disintegration mixture is used as a source
      of the enzyme. Alternatively and preferably, however, the cellular debris
      is removed by centrifugation or filtration, and the aqueous supernatant or
      filtrate is used.
PAR  In some cases, it is advantageous to grow the microorganism culture in the
      presence of an alkyl ester of an aliphatic acid, said acid containing 10
      to 20 carbon atoms, inclusive, and said alkyl containing one to 8 carbon
      atoms, inclusive, or to add such an ester to the culture and maintain the
      culture without additional growth for one to 24 hours before cell harvest.
      Thereby, the enzyme produced is sometimes more effective in transforming
      the Formula XI-to-XVIII or XXVII-to-XXXIV ester to the free acid. An
      example of a useful alkyl ester for this purpose is methyl oleate.
PAR  This enzymatic hydrolysis is also applicable to the Formula XIX-to-XXVI PGF
      type alkyl esters and the Formula XXXV-to-XLIII PGB type alkyl esters.
PAR  Another procedure for making the free acids of Formula XI-to-XVIII PGE type
      compounds and Formula XXVII-to-XXXIV PGA type compounds involves treatment
      of certain haloethyl esters of those acids with zinc metal and an alkanoic
      acid of 2 to 6 carbon atoms, preferably acetic acid. Those haloethyl
      esters are the esters wherein R.sub.10 is ethyl substituted in the
      .beta.-position with 3 chloro, 2 or 3 bromo, or one, 2, or 3 iodo. Of
      those haloethyl moieties, .beta.,.beta.,.beta.-trichloroethyl is
      preferred. Zinc dust is preferred as the physical form of the zinc. Mixing
      the haloethyl ester with the zinc dust at about 25.degree. C. for several
      hours usually causes substantially complete replacement of the haloethyl
      moiety of the Formula XI-to-XVIII or XXVII-to-XXXIV ester with hydrogen.
      The free acid is then isolated from the reaction mixture by procedures
      known to the art. This procedure is also applicable to the production of
      Formula XIX-to-XXVI PGE type free acids or Formula XXXV-to-XLII PGB type
      free acids.
PAR  Formula-XLIV cyclic ketal and Formula-LI olefins wherein R.sub.10 is
      haloethyl as above defined are necessary as intermediates for this route
      to the final PGE, PGF, PGA, and PGB type free acids. These Formula-XLIV
      and -LI haloethyl ester intermediates can be prepared by alkylation of
      cyclic ketal XLIII (Chart E) or olefin L (Chart F), respectively, with the
      appropriate Formula LX-to-LXVII alkylating agent wherein R.sub.10 is
      haloethyl as above defined. However, preferred routes to the Formula-XLIV
      and -LI haloethyl ester intermediates are shown in Charts G and H.
PAR  In Charts G and H, R.sub.2, R.sub.3, R.sub.4 Q, R.sub.11, R.sub.12, V, Z,
      and .about. are as defined above. Haloethyl represents ethyl substituted
      in the .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo,
      preferably --CH.sub.2 CCl.sub.3. R.sub.17 represents alkyl of one to 4
      carbon atoms, inclusive, preferably methyl or ethyl.
PAR  Compound LXVIII in Chart G is within the scope of compound XLIV in Chart E.
      Compound LXXIV in Chart H is within the scope of compound LI in Chart F.
      Ketones LXVIII and LXXIV are reduced to corresponding hydroxy compounds
      LXIX and LXXV, respectively, with a carbonyl reducing agent, e.g., sodium
      borohydride, as described above in discussion of Chart A. Then, hydroxy
      esters LXIX and LXXV are saponified by known procedures to hydroxy acids
      LXX and LXXVI, respectively. These two hydroxy acids are transformed to
      keto haloethyl esters LXXIII and LXXIX, respectively, by oxidation of the
      hydroxy group to keto and esterification of the carboxyl group to
      --COO-haloethyl. As shown in Charts G and H, these two reactions are
      carried out in either order. However, it is preferred to oxidize first and
      then esterify.
      ##SPC40##
      ##SPC41##
PAR  Hydroxy acids LXX and LXXVI are oxidized to keto acids LXXII and LXXVIII,
      respectively, and hydroxy haloesters LXXI and LXXVII are oxidized to keto
      haloesters LXXIII and LXXIX, respectively, by reaction with an oxidizing
      agent which does not attack other parts of these molecules, especially the
      cyclic ketal group of compounds LXX and LXXI or the ethylenic linkage of
      compounds LXXVI and LXXVII. An especially useful reagent for this purpose
      is the Jones reagent, i.e., acidic chromic acid. Acetone is a suitable
      diluent for this purpose, and a slight excess of oxidant and temperatures
      at least as low as about 0.degree. C., preferably about -10.degree. to
      about -20.degree. C. should be used. The oxidation proceeds rapidly and is
      usually complete in about 5 to about 30 minutes. Excess oxidant is
      destroyed, for example, by addition of a lower alkanol, advantageously
      isopropyl alcohol, and the aldehyde is isolated by conventional methods,
      for example, by extraction with a suitable solvent, e.g., diethyl ether.
      Other oxidizing agents can also be used. Examples are mixtures of chromium
      trioxide and pyridine or mixtures of dicyclohexylcarbodiimide and dimethyl
      sulfoxide. See, for example, J. Am. Chem. Soc. 87, 5661 (1965).
PAR  Haloethyl esters LXXI, LXXIII LXXVII, and LXXIX are prepared by reacting
      acids LXX, LXXII, LXXVI, and LXXVIII, respectively, with the appropriate
      haloethanol, e.g., .beta.,.beta.,.beta.-trichloroethanol, in the presence
      of a carbodiimide, e.g., dicyclohexylcarbodiimide, and a base, e.g.,
      pyridine, preferably in the presence of an inert liquid diluent, e.g.,
      dichloromethane, for several hours at about 25.degree. C.
PAR  As described above, the alkylations of cyclic ketal XLIII to XLIV (Chart E)
      and olefin L to LI (Chart F) usually produce mixtures of alpha and beta
      alkylation products with respect to the
      ##EQU93##
      moieties. Also as described above, those two isomers lead to different
      final products, alpha leading to the PG type series, and beta leading to
      the 8-iso-PG type series. If a compound in one or the other of those two
      series is preferred, there are two methods for favoring production of the
      preferred final product.
PAR  One of those methods involves isomerization of the final product of
      Formulas XI to XVIII. Either the alpha isomer of a Formula XI-to-XVIII
      compound, ester or free acid, or the corresponding beta isomer is
      maintained in an inert liquid diluent in the range 0.degree. to 80.degree.
      C. and in the presence of a base characterized by its water solution
      having a pH below about 10 until a substantial amount of the isomer has
      been isomerized to the other isomer, i.e., alpha to beta or beta to alpha.
      Preferred bases for this purpose are the alkali metal salts of carboxylic
      acids, especially alkanoic acids of 2 to 4 carbon atoms, e.g., sodium
      acetate. Examples of useful inert liquid diluents are alkanols of one to 4
      carbon atoms, e.g., ethanol. This reaction at about 25.degree. takes about
      one to about 20 days. Apparently an equilibrium is established. The
      mixtures of the two isomers, alpha and beta, are separated from the
      reaction mixture by known procedures, and then the two isomers are
      separated from each other by known procedures, for example,
      chromatography, recrystallization, or a combination of those. The less
      preferred isomer is then subjected to the same isomerization to produce
      more of the preferred isomer. In this manner, by repeated isomerizations
      and separation, substantially all of the less preferred isomer of the
      Formula XI-to-XVIII compound is transformed to more preferred isomer.
PAR  The second method for favoring production of a preferred Formula
      XI-to-XVIII isomer involves any one of the keto intermediates of Formulas
      XLIV, XLV, LI, or LII (Charts E and F). Either the alpha form or the beta
      form of one of those intermediates is transformed to a mixture of both
      isomers by maintaining one or the other isomer, alpha or beta, in an inert
      liquid diluent in the presence of a base and in range 0.degree. to
      100.degree. C. until a substantial amount of the starting isomer has been
      isomerized to the other isomer. Preferred bases for this isomerization are
      alkali metal amides, alkali metal alkoxides, alkali metal hydrides, and
      triarylmethyl alkyli metals. Especially preferred are alkali metal
      tert-alkoxides of 4 to 8 carbon atoms, e.g., potassium tert-butoxide. This
      reaction at about 25.degree. C. proceeds rapidly (one minute to several
      hours). Apparently an equilibrium mixture of both isomers is formed,
      starting with either isomer. The isomer mixtures in the equilibrium
      mixture thus obtained are isolated by known procedures, and then the two
      isomers are separated from each other by known procedures, for example,
      chromatography. The less preferred isomer is then subjected to the same
      isomerization to produce more of the preferred isomer. In this manner, by
      repeated isomerizations and separations, substantially all of the less
      preferred isomer of any of these intermediates is transformed to the more
      preferred isomer. Cyclic ketalketone intermediates of Formula XLIV are
      preferred over the other intermediates for this isomerization procedure.
PAR  The novel 3-oxa and 4-oxa phenyl-substituted PGE, PGF, PGA and PGB type
      compounds of Formula XI to XLII wherein R.sub.3 is alkyl of one to 4
      carbon atoms, inclusive, preferably methyl or ethyl, are preferred over
      the corresponding 3-oxa and 4-oxa phenyl-substituted PGE, PGF, PGA and PGB
      type compounds in which R.sub.3 is hydrogen for the above-described
      pharmacological purposes.
PAR  These 15-alkyl prostaglandin analogs are surprisingly and unexpectedly more
      useful than the corresponding 15-hydrogen compounds for the reason that
      they are substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have substantially longer
      duration of biological activity. For that reason, fewer and smaller doses
      of these 15-alkyl prostaglandin analogs are needed to attain the desired
      pharmacological results.
PAR  Although the above-mentioned 15-alkyl compounds are produced by the methods
      outlined above in Charts A-F, the preferred methods are set forth in Chart
      I and J as follows.
PAR  In Chart I is shown the transformation of 15-alkyl PGF-type acids and alkyl
      esters to the corresponding PGE-type acids and alkyl esters by oxidation.
      For this purpose, an oxidizing agent is used which selectively oxidizes
      secondary hydroxy groups to carbonyl groups in the presence of
      carbon-carbon double bonds. Formula LXXX in Chart I includes optically
      active compounds as shown and racemic compounds of that formula and the
      mirror images thereof, and also the 15-epimers of both of those, i.e.,
      wherein the configuration at C-15 is R rather than S as shown. Also in
      Chart I, E, Q, R.sub.1, R.sub.2, and V are as defined above, and R.sub.19
      is alkyl of one to 4 carbon atoms.
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PAR  For the transformations of Chart I, the .beta.-hydroxy isomers of reactant
      LXXX are preferred starting materials when the carboxyl side chain is
      alpha, although the corresponding .alpha.-hydroxy isomers are also useful
      for this purpose.
PAR  Oxidation reagents useful for the transformation set forth in Chart I are
      known to the art. An especially useful reagent for this purpose is the
      Jones reagent, i.e., acidified chromic acid. See. J. Chem. Soc. 39 (1946).
      A slight excess beyond the amount necessary to oxidize one of the
      secondary hydroxy groups of the Formula-LXXX reactant is used. Acetone is
      a suitable diluent for this purpose. Reaction temperatures at least as low
      as about 0.degree. C. should be used. Preferred reaction temperatures are
      in the range -10.degree. to -50.degree. C. The oxidation proceeds rapidly
      and is usually complete in about 5 to 20 minutes. The excess oxidant is
      destroyed, for example by addition of a lower alkanol, advantageously,
      isopropyl alcohol, and the Formula-LXXXI PGE-type product is isolated by
      conventional methods.
PAR  Examples of other oxidation reagents useful for the Chart I transformations
      are silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (Tetrahedron Letters 3363 (1968), J. Am.
      Chem. Soc. 75, 422 (1953), and Tetrahedron, 18, 1351 (1962)), mixtures of
      sulfur trioxide in pyridine and dimethyl sulfoxide (J. Am. Chem. Soc. 89,
      5505 (1967)), and mixtures of dicyclohexylcarbodiimide and dimethyl
      sulfoxide (J. Am. Chem. Soc. 87, 5661 (1965)).
PAR  The novel 15-alkyl 3-oxa and 4-oxa phenyl-substituted PGF.sub..alpha.- and
      PGF.sub..beta.-type acids and esters of Formulas XIX to XXVI wherein
      R.sub.3 is one to 4 carbon atoms, inclusive, are preferably prepared from
      the corresponding 15-hydrogen compounds by the sequence of transformations
      shown in Chart J, wherein Formulas LXXXII through LXXXVI, inclusive,
      include optically active and racemic S and R compounds of those formulas
      and the mirror images thereof. Also in Chart J, R.sub.19 is alkyl of one
      to 4 carbon atoms, inclusive, and E, Hal, Q, R.sub.1, R.sub.2, and V are
      as heretofore defined; Q" in Formula LXXXIV is
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PAL  wherein T" is the same as T above except that, in R.sub.9, --Si(G).sub.3
      replaces hydrogen. Also in Chart J, G is alkyl of one to 4 carbon atoms,
      inclusive, aralkyl of 7 to 12 carbon atoms, inclusive, phenyl, or phenyl
      substituted with one or 2 fluoro, chloro, or alkyl of one to 4 carbon
      atoms, inclusive, and R.sub.14 is R.sub.1 as defined above or silyl of the
      formula --Si--(G).sub.3 wherein G is as defined above. The various G's of
      a --Si(G).sub.3 moiety are alike or different. For example, a
      --Si(G).sub.3 can be trimethylsilyl, dimethylphenylsilyl, or
      methylphenylbenzylsilyl. Examples of alkyl of one to 4 carbon atoms,
      inclusive, are methyl, ethyl, propyl, isopropyl, isobutyl, sec-butyl, and
      tert-butyl. Examples of aralkyl of 7 to 12 carbon atoms, inclusive, are
      benzyl, phenethyl, .alpha.-phenylethyl, 3-phenylpropyl,
      .alpha.-naphthylmethyl, and 2-(.beta.-naphthyl)ethyl. Examples of phenyl
      substituted with one or 2 fluoro, chloro, or alkyl of one to 4 carbon
      atoms, inclusive, are p-chlorophenyl, m-fluorophenyl, o-tolyl,
      2,4-dichlorophenyl, p-tert-butylphenyl, 4-chloro-2-methyl-phenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  In Chart J, the final PGF.sub..alpha. and PGF.sub..beta.-type products are
      those encompassed by Formulas LXXXV and LXXXVI, respectively.
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PAR  The initial optically active or racemic reactants of Formula LXXXII in
      Chart J. i.e., the 3-oxa and 4-oxa phenyl-substituted PGF.sub.1 -,
      PGF.sub.2 -, dehydro-PGF.sub.2 -, and dihydro-PGF.sub.1 -type compounds in
      their .alpha. and .beta. forms, and their esters, are prepared by methods
      described herein. Thus, racemic 3-oxa and 4-oxa phenyl-substituted
      dihydro-PGF.sub.1 .sub..alpha.- and -PGF.sub.1 .sub..beta.-type compounds,
      and their esters are prepared by catalytic hydrogenation of the
      corresponding racemic 3-oxa and 4-oxa phenyl-substituted PGF.sub.1
      .sub..alpha. or PGF.sub.2 .sub..alpha., and PGF.sub.1 .sub..beta. or
      PGF.sub.2 .sub..beta. type compounds, respectively, e.g. in the presence
      of 5% palladium-on-charcoal catalyst in ethyl acetate solution at
      25.degree. C. and one atmosphere pressure of hydrogen.
PAR  The heretofore-described acids and esters of Formula LXXXII are transformed
      to the corresponding intermediate 15-dehydro acids and esters of Formula
      LXXXIII, by oxidation with reagents such as
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone, activated manganese dioxide, or
      nickel peroxide (see Fieser et al., "Reagents for Organic Synthesis," John
      Wiley * Sons, Inc., New York, N.Y. pp. 215, 637, and 731). Alternatively,
      and especially for the Formula-LXXXII reactants wherein E and V are
      --CH.sub.2 CH.sub.2 --, these oxidations are carried out by oxygenation in
      the presence of the 15-hydroxyprostaglandin dehydrogenase of swine lung
      (see Arkiv for Kemi 25, 293 (1966)). These reagents are used according to
      procedures known in the art. See, for example, J. Biol. Chem. 239, 4097
      (1964).
PAR  Referring againt to Chart J, the intermediate compounds of Formula LXXXIII
      are transformed to silyl derivatives of Formula LXXXIV by procedures known
      in the art. See, for example, Pierce, "Silylation of Organic Compounds,"
      Pierce Chemical Co., Rockford, Ill. (1968). Both hydroxy groups of the
      Formula-LXXXIII reactants are thereby transformed to --O--Si--(G).sub.3
      moieties wherein G is as defined above, and sufficient of the silylating
      agent is used for that purpose according to known procedures. When R.sub.1
      in the Formula-LXXXIII intermediate is hydrogen, the --COOH moiety thereby
      defined is simultaneously transformed to --COO--Si--(G).sub.3, additional
      silylating agent being used for this purpose. This latter transformation
      is aided by excess silylating agent and prolonged treatment. Likewise,
      when R.sub.9 in T of the Formula-LXXXIII intermediate is hydrogen, the
      phenolic hydroxyl thereby defined is simultaneously transformed to
      --O--Si(G).sub.3 in the silylation step. Q" in Formula LXXXIV, therefore
      is
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PAL  wherein T" is the same as T above except that, in R.sub.9, --Si(G).sub.3
      replaces hydrogen. When R.sub.1 in Formula LXXXIII is alkyl, then R.sub.14
      in Formula LXXXIV will also be alkyl. The necessary silylating agents for
      these transformations are known in the art or are prepared by methods
      known in the art. See, for example, Post, "Silicones and Other Organic
      Silicon Compounds, " Reinhold Publishing Corp., New York, N.Y. (1949).
PAR  Referring again to Chart J the intermediate silyl compounds of Formula
      LXXXIV are transformed to the final compounds of Formulas LXXXV and LXXXVI
      by first reacting the silyl compound with a Grignard reagent of the
      formula R.sub.19 MgHal wherein R.sub.19 is as defined above, and Hal is
      chloro, bromo, or iodo. For this purpose, it is preferred that Hal be
      bromo. This reaction is carried out by the usual procedure for Grignard
      reactions, using diethyl ether as a reaction solvent and saturated aqueous
      ammonium chloride solution to hydrolyze the Grignard complex. The
      resulting disilyl, trisilyl, or tetrasilyl tertiary alcohol is then
      hydrolyzed with water to remove the silyl groups. For this purpose, it is
      advantageous to use a mixture of water and sufficient of a water-miscible
      solvent, e.g., ethanol to give a homogenous reaction mixture. The
      hydrolysis is usually complete in 2 to 6 hours at 25.degree. C., and is
      preferably carried out in an atmosphere of an inert gas, e.g., nitrogen or
      argon.
PAR  The mixture of 15-S and 15-R isomers obtained by this Grignard reaction and
      hydrolysis is separated by procedures known in the art for separating
      mixtures of prostanoic acid derivatives, for example, by chromatography on
      neutral silica gel. In some instances, the lower alkyl esters, especially
      the methyl esters of a pair of 15-S and 15-R isomers are more readily
      separated by silica gel chromatography than are the corresponding acids.
      In those cases, it is advantageous to esterify the mixture of acids as
      described below, separate the two esters, and then, if desired, saponify
      the esters by procedures known in the art for saponification of
      prostaglandins F.
PAR  Although Formula-LXXXV and -LXXXVI compounds wherein E is --CH.sub.2
      CHR.sub.4 -- and V is W as defined above may be produced according to the
      processes of Chart J, it is preferred to produce those novel
      dihydro-PGF.sub.1 analogs by hydrogenation of one of the corresponding
      unsaturated compounds, i.e., a compound of Formula LXXXV or LXXXVI wherein
      E is trans --CH=CR.sub.4 -- and V is either W, --CH=CH--Y, or
      --C.tbd.C--Y--, Y being defined above. This hydrogenation is
      advantageously carried out catalytically, for example, in the presence of
      a 5% palladium-on-charcoal catalyst in ethyl acetate solution at
      25.degree. C. and one atmosphere pressure of hydrogen.
PAR  The novel 15-alkyl 3-oxa and 4-oxa phenyl-substituted PGA-type and PGB-type
      acids and esters of Formulas XXVII to XLII are prepared from the 15-alkyl
      3-oxa and 4-oxa phenyl-substituted PGE compounds, heretofore described, by
      dehydrations and double bond migrations previously described, as shown in
      Chart A. Likewise the 15-alkyl PGB-type compounds are prepared by
      contacting the 15-alkyl PGA-type compounds with base. For the
      transformation of the 15-alkyl PGE-type compounds to the 15-alkyl PGA-type
      compounds of this invention (Chart K), it is preferred that a dehydrating
      agent be used which removes the hydroxy group from the alicyclic ring in
      the presence of a hydroxy group on a tertiary carbon atom. Formula LXXXVII
      as shown includes optically active compounds and racemic compounds of that
      formula and the mirror images thereof, and also the 15-epimers of both of
      those. Any of the known substantially neutral dehydrating agents is used
      for these reactions. See Fieser et al., cited above. Preferred dehydrating
      agents are mixtures of at least an equivalent amount of a carbodiimide and
      a catalytic amount of a copper (II) salt. Especially preferred are
      mixtures of at least an equivalent amount of dicyclohexylcarbodiimide and
      a catalytic amount of copper (II) chloride. An equivalent amount of a
      carbodiimide means one mole of the carbodiimide for each mole of the
      Formula-LXXXVII reactant. To ensure completeness of the reaction, it is
      advantageous to use an excess of the carbodiimide, i.e., 1.5 to 5 or even
      more equivalents of the carbodiimide.
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PAR  The dehydration is advantageously carried out in the presence of an inert
      organic diluent which gives a homogeneous reaction mixture with respect to
      the Formula-LXXXVII reactant and the carbodiimide. Diethyl ether is a
      suitable diluent. It is advantageous to carry out the dehydration in an
      atmosphere of an inert gas, e.g., nitrogen, helium, or argon. The time
      required for the dehydration will depend in part on the reaction
      temperature. With the reaction temperature in the range of 20.degree. to
      30.degree. C., the dehydration usually takes place in about 40 to 60
      hours.
PAR  The Formula-LXXXVIII product is isolated by methods known in the art, e.g.,
      filtration of the reaction mixture and evaporation of the filtrate. The
      product is then purified by methods known in the art, advantageously by
      chromatography on silica gel.
PAR  The final Formula XI-to-XLII compounds prepared by the processes of this
      invention, in free acid form, are transformed to pharmacologically
      acceptable salts by neutralization with appropriate amounts of the
      corresponding inorganic or organic base, examples of which correspond to
      the cations and amines listed above. These transformations are carried out
      by a variety of procedures known in the art to be generally useful for the
      preparation of inorganic, i.e., metal or ammonium, salts, amine acid
      addition salts, and quaternary ammonium salts. The choice of procedure
      depends in part upon the solubility characteristics of the particular salt
      to be prepared. In the case of the inorganic salts, it is usually suitable
      to dissolve the Formula XI-to-XLII acid in water containing the
      stoichiometric amount of a hydroxide, carbonate, or bicarbonate
      corresponding to the inorganic salt desired. For example, such use of
      sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a solution
      of the sodium salt. Evaporation of the water or addition of a
      water-miscible solvent of moderate polarity, for example, a lower alkanol
      or a lower alkanone, gives the solid inorganic salt if that form is
      desired.
PAR  To produce an amine salt, the Formula XI-to-XLII acid is dissolved in a
      suitable solvent of either moderate or low polarity. Examples of the
      former are ethanol, acetone, and ethyl acetate. Examples of the latter are
      diethyl ether and benzene. At least a stoichiometric amount of the amine
      corresponding to the desired cation is then added to that solution. If the
      resulting salt does not precipitate, it is usually obtained in solid form
      by addition of a miscible diluent of low polarity or by evaporation. If
      the amine is relatively volatile, any excess can easily be removed by
      evaporation. It is preferred to use stoichiometric amounts of the less
      volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      Formula XI-to-XLII acid with the stoichiometric amount of the
      corresponding quaternary ammonium hydroxide in water solution, followed by
      evaporation of the water.
PAR  The final Formula XI-to-XLII acids or esters prepared by the processes of
      this invention are transformed to lower alkanoates by interaction of the
      Formula XI-to-XLII hydroxy compound with a carboxyacylating agent,
      preferably the anhydride of a lower alkanoic acid, i.e., an alkanoic acid
      of one to 8 carbon atoms, inclusive. For example, use of acetic anhydride
      gives the corresponding diacetate. Similar use of propionic anhydride,
      isobutyric anhydride, and hexanoic acid anhydride gives the corresponding
      carboxyacylates.
PAR  The carboxyacylation is advantageously carried out by mixing the hydroxy
      compound and the acid anhydride, preferably in the presence of a tertiary
      amine such as pyridine or triethylamine. A substantial excess of the
      anhydride is used, preferably about 10 to about 10,000 moles of anhydride
      per mole of the hydroxy compound reactant. The excess anhydride serves as
      a reaction diluent and solvent. An inert organic diluent, for example,
      dioxane, can also be added. It is preferred to use enough of the tertiary
      amine to neutralize the carboxylic acid produced by the reaction, as well
      as any free carboxyl groups present in the hydroxy compound reactant.
PAR  The carboxyacylation reaction is preferably carried out in the range about
      0.degree. to about 100.degree. C. The necessary reaction time will depend
      on such factors as the reaction temperature, and the nature of the
      anhydride and tertiary amine reactants. With acetic anhydride, pyridine,
      and a 25.degree. C. reaction temperature, a 12 to 24-hour reaction time is
      used.
PAR  The carboxyacylated product is isolated from the reaction mixture by
      conventional methods. For example, the excess anhydride is decomposed with
      water, and the resulting mixture acidified and then extracted with a
      solvent such as diethyl ether. The desired carboxyacylate is recovered
      from the diethyl ether extract by evaporation. The carboxyacylate is then
      purified by conventional methods, advantageously by chromatography.
PAR  By this procedure, the Formula XI-to-XVIII PGE type compounds are
      transformed to dialkanoates, the Formula XIX-to-XXVI PGF type compounds
      are transformed to trialkanoates, and the Formula XXVII-to-XLII PGA type
      and PGB type compounds are transformed to monoalkanoates.
PAR  When a PGE type dialkanoate is transformed to a PGF type compound by
      carbonyl reduction as shown in Chart A, a PGF type dialkanoate is formed
      and is used for the above-described purposes as such or is transformed to
      a trialkanoate by the above-described procedure. In the latter case, the
      third alkanoyloxy group can be the same as or different from the two
      alkanolyoxy groups present before the carbonyl reduction.
PAR  Molecules of each of the compounds encompassed by Formulas XI to XLII and,
      except for L and LVII, of each intermediate formula each have at least one
      center of asymmetry, and each can exist in racemic form and in either
      enantiomeric form, i.e., d and l. A formula accurately defining the d form
      would be the mirror image of the formula which defined the l form. Both
      formulas are necessary to define accurately the corresponding racemic
      form. For convenience, the various formulas are to be construed as
      including racemic, d, and l compounds.
PAR  When an optically active (d or l) final compound is desired, that is made
      by resolution of the racemic compound or by resolution of one of the
      asymmetric racemic intermediates. These resolutions are carried out by
      procedures known in the art. For example, when final compound XI to XLII
      is a free acid, the dl form thereof is resolved into the d and l forms by
      reacting said free acid by known general procedures with an optically
      active base, e.g., brucine or strychnine, to give a mixture of two
      diastereoisomers which are separated by known general procedures, e.g.,
      fractional crystallization, to give the separate diastereoisomeric salts.
      The optically active acid of Formula XI to XLII is then obtained by
      treatment of the salt with an acid by known general procedures.
      Alternatively, the free acid form of olefin LI, cyclic ketal XLIV, or
      glycols XLV or LII is resolved into separate d and l forms and then
      esterified and transformed further to the corresponding optically active
      form of the final product XI to XLII as described above.
PAR  Alternatively, bicyclo ketone reactants XLV or LII, in exo or endo form,
      are transformed to ketals with an optically active 1,2-glycol, e.g.,
      D-(--)-2,3-butanediol, by reaction of said 1,2-glycol with the Formula-XLV
      or -LII compound in the presence of a strong acid, e.g., p-toluenesulfonic
      acid. The resulting ketal is a mixture of diastereoisomers which is
      separated into the d and l diastereoisomers, each of which is then
      hydrolyzed with an acid, e.g., oxalic acid, to the original keto compound,
      now in optically active form. These reactions involving optically active
      glycols and ketals for resolution purposes are generally known in the art.
      See, for example, Chem. Ind. 1664 (1961) and J. Am. Chem. Soc. 84,2938
      (1962). Dithiols may be used instead of glycols.
PAR  The invention can be more fully understood by the following examples and
      preparations:
PAR  All temperatures are in degrees centigrade.
PAR  Infrared absorption spectra are recorded on a Perkin-Elmer model 421
      infrared spectrophotometer. Except when specified otherwise, undiluted
      (neat) samples are used.
PAR  For all of the preparations and examples herein, the NMR spectra are
      recorded on a Varian A-60 spectrophotometer on deuterochloroform solutions
      with tetramethylsilane as an internal standard (downfield).
PAR  Mass spectra are recorded on an Atlas CH-4 mass spectrometer with a TO-4
      source (ionization voltage 70 ev).
PAR  The collection of chromatographic eluate fractions starts when the eluent
      front reaches the bottom of the column.
PAL  Preparation 1
PAR  Endo-bicyclo[3.1.0]hexan-3-ol-6-carboxylic acid Methyl Ester.
PAR  A mixture of endo-bicyclo[3.1.0]hex-2-ene-6-carboxylic acid methyl ester
      (103 g.) and anhydrous diethyl ether (650 ml.) is stirred under nitrogen
      and cooled at -5.degree. C. A one molar solution (284 ml.) of diborane in
      tetrahydrofuran is added dropwise during 30 minutes while keeping the
      temperature below 0.degree. C. The resulting mixture is then stirred and
      allowed to warm to 25.degree. C. during 3 hours Evaporation under reduced
      pressure gives a residue which is dissolved in 650 ml. of anhydrous
      diethyl ether. The solution is cooled to 0.degree. C., and 3 normal
      aqueous sodium hydroxide solution (172 ml.) is added dropwise under
      nitrogen and with vigorous stirring during 15 minutes, keeping the
      temperature at 0.degree. to 5.degree. C. Next, 30% aqueous hydrogen
      peroxide (94 ml.) is added dropwise with stirring during 30 minutes at
      0.degree. to 5.degree. C. The resulting mixture is stirred an hour while
      warming to 25.degree. C. Then, 500 ml. of saturated aqueous sodium
      chloride solution is added, and the diethyl ether layer is separated.The
      aqueous layer is washed with four 200-ml. portions of ethyl acetate, the
      washings being added to the diethyl ether layer, which is then washed with
      saturated aqueous sodium chloride solution, dried, and evaporated to give
      115 g. of a residue. This residue is distilled under reduced pressure to
      give 69 g. of a mixture of the methyl esters of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxylic acid and
      endo-bicyclo[3.1.0]hexan-2-ol-6-carboxylic acid; b.p.
      86.degree.-95.degree. C. at 0.5 mm.
PAL  Preparation 2
PAR  Endo-bicyclo[3.1.0]hexan-3-ol-6-carboxylic Acid Methyl Ester
      Tetrahydropyranyl Ether.
PAR  The 2-ol and 3-ol mixture (66 g.) obtained according to Preparation 1 in 66
      ml. of dihydropyran is stirred and cooled at 15.degree.-20.degree. C.
      during addition of 3 ml. of anhydrous diethyl ether saturated with
      hydrogen chloride. The temperature of the mixture is then kept in the
      range 20.degree. to 30.degree. C. for one hour with cooling, and is then
      kept at 25.degree. for 15 hours. Evaporation gives a residue which is
      distilled under reduced pressure to give 66 g. of a mixture of the methyl
      esters-tetrahydropyranyl ethers of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxylic acid and
      endo-bicyclo[3.1.0]hexan-2-ol-6-carboxylic acid; b.p.
      96.degree.-104.degree. C. at 0.1 mm.
PAL  Preparation 3
PAR  Endo-6-hydroxymethylbicyclo[3.1.0]hexan-3-ol-3-tetrahydropyranyl Ether.
PAR  A solution of the mixture (69 g.) of products obtained according to
      Preparation 2 in 300 ml. of anhydrous diethyl ether is added dropwise
      during 45 minutes to a stirred and cooled mixture of lithium aluminum
      hydride (21 g.) in 1300 ml. of anhydrous diethyl ether under nitrogen. The
      resulting mixture is stirred 2 hours at 25.degree. C., and is then cooled
      to 0.degree. C. Ethyl acetate (71 ml.) is added, and the mixture is
      stirred 15 minutes. Water (235 ml.) is then added, and the diethyl ether
      layer is separated. The water layer is washed twice with diethyl ether and
      twice with ethyl acetate. A solution of Rochelle salts is added to the
      aqueous layer, which is then saturated with sodium chloride and extracted
      twice with ethyl acetate. All diethyl ether and ethyl acetate solutions
      are combined, washed with saturated aqueous sodium chloride solution,
      dried, and evaporated to give 61 g. of a mixture of the
      3-tetrahydropyranyl ethers of
      endo-6-hydroxymethylbicyclo[3.1.0]hexane-3-ol and
      endo-6-hydroxymethylbicyclo[3.1.0]hexan-2-ol.
PAL  Preparation 4
PAR  Endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl Ether.
PAR  A solution of the mixture (34 g.) of products obtained according to
      Preparation 3 in 1000 ml. of acetone is cooled to -10.degree. C. Jones
      reagent (75 ml. of a solution of 21 g. of chromic anhydride, 60 ml. of
      water, and 17 ml. of concentrated sulfuric acid), precooled to 0.degree.
      C., is added dropwise with stirring during 10 minutes at -10.degree. C.
      After 10 minutes of additional stirring at -10.degree. C., isopropyl
      alcohol (35 ml.) is added during 5 minutes, and stirring is continued for
      10 minutes. The reaction mixture is then poured into 8 l. of an ice and
      water mixture. The resulting mixture is extracted 6 times with
      dichloromethane. The combined extracts are washed with aqueous sodium
      bicarbonate solution, dried, and evaporated to give 27 g. of a mixture of
      the tetrahydropyranyl ethers of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde and
      endo-bicyclo[3.1.0]hexan-2-ol-6 -carboxaldehyde.
PAL  Preparation 5
PAR  (3-Phenylpropyl)triphenylphosphonium Bromide.
PAR  A solution of 597.3 g. of 1-bromo-3-phenylpropane and 786 g. of
      triphenylphosphine in 1,500 ml. of toluene is heated at reflux under
      nitrogen for 16 hours, then the mixture is cooled and the solid product is
      separated by filtration. The solid is then slurried with toluene in a
      Waring blender, separated by filtration, and dried for 18 hours at
      70.degree. C. under reduced pressure to give 1068 g. of
      (3-phenylpropyl)triphenylphosphonium bromide; m.p.
      210.5.degree.-211.5.degree. C.
PAL  Preparation 6
PAR  4-Phenyl-1-butanol.
PAR  A solution of 200 g. of 4-phenylbutyric acid in 1500 ml. of anhydrous ether
      is added with stirring to a suspension of 46.3 g. of lithium aluminum
      hydride in 1,800 ml. of anhydrous ether at a rate sufficient to maintain
      gentle reflux while the mixture is cooled in an ice bath. Fifteen minutes
      after the addition is complete the mixture is treated cautiously, under
      nitrogen, with 93 ml. of water and then 74 ml. of 10% aqueous sodium
      hydroxide. The mixture is stirred about 18 hours at about 25.degree. C.
      and dried over sodium sulfate, filtered, and concentrated under reduced
      pressure to give 171 g. of 4-phenyl-1-butanol; infrared absorption at
      3250, 2980, 1610, 1060, 1030, 750 and 700 cm.sup.-.sup.1 ; NMR peaks at
      7.30 (singlet), 3.61 (triplet), 2.65 (multiplet) and 2.75 (singlet)
      .delta..
PAL  Preparation 7
PAR  4-Phenyl-1-bromobutane.
PAR  Phosphorus tribromide (40.5 ml.) is added dropwise to 171 g. of
      4-phenyl-1-butanol with cooling to keep the temperature between 0.degree.
      C. and -5.degree. C. This mixture is allowed to stand 16 hours at
      25.degree. C. and is poured into a mixture of ice and aqueous sodium
      bicarbonate. The mixture is extracted with hexane and the extract is
      washed with water, aqueous sodium bicarbonate, brine, dried over sodium
      sulfate and concentrated under reduced pressure to give 196 g. of crude
      4-phenyl-1-bromobutane. This is distilled to give 145.2 g. of
      4-phenyl-1-bromobutane, b.p. 103.degree.-103.5.degree./16 mm; NMR peaks at
      7.19 (multiplet), 3.14 (triplet) and 2.45 .delta..
PAL  Preparation 8
PAR  (4-Phenylbutyl)triphenylphosphonium Bromide.
PAR  A solution of 145 g. of 4-phenyl-1-bromobutane and 179 g. of
      triphenylphosphine in 350 ml. of toluene is heated at reflux under
      nitrogen for 16 hours. The mixture is then cooled slowly and ether is
      added giving a precipitate of (4-phenylbutyl)triphenylphosphonium bromide
      which is washed thoroughly with benzene/ether and dried 18 hours at
      50.degree. C. under reduced pressure, 268 g., m.p. 139.degree.-140.degree.
      C.
DETD
PAC  EXAMPLE 1
PAR  Endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (Formula L: Q is
      ##SPC47##
PAL  R.sub.3 and R.sub.4 are hydrogen; and .about. is endo).
PAR  A suspension of 314 g. of (3-phenylpropyl)triphenylphosphonium bromide in 3
      l. of benzene is stirred at room temperature (25.degree. C.) under
      nitrogen, and 400 ml. of 1.6 M butyllithium in hexane is added over a 20
      min. period. The mixture is heated at 35.degree. C. for 30 minutes, then
      is cooled to -15.degree. C. and a solution of 100 g. of
      endo-bicyclo[3.1.0]-hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ehter
      in 200 ml. of benzene is added over a 30-min. period. This mixture is
      heated at 70.degree. C. for 2.5 hours, cooled, and filtered. The filtrate
      is washed three times with water, dried over sodium sulfate, and
      evaporated to give 170 g. of crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]-hexan-3-ol
      3-tetrahydropyranyl ether.
PAR  A solution of 340 g. (two runs) of this crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo-[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether and 20 g. of oxalic acid in 3,600 ml. of
      methanol is heated at reflux for 3.5 hours. The mixture is cooled and the
      methanol is evaporated under reduced pressure. The residue is mixed with
      dichloromethane, and the dichloromethane solution is washed with aqueous
      sodium bicarbonate, dried over sodium sulfate, and evaporated to give 272
      g. of the endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-ol.
PAR  A solution of 93 g. of the above
      endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]hexan-3-ol in 2570 ml. of
      acetone is cooled to -5.degree. C. and 160 ml of Jones reagent is added
      over a period of 30 minutes while cooling to maintain a temperature of
      -5.degree. C. The mixture is allowed to stand for 10 minutes longer; then
      100 ml. of isopropyl alcohol is added and the mixture is swirled for 5
      min. The mixture is then diluted with 6 l. of water and extracted several
      times with dichloromethane. The organic layers are separated, washed with
      dilute hydrochloric acid, water, dilute aqueous sodium bicarbonate, and
      brine, then are dried over sodium sulfate, combined and evaporated to give
      83 g. of crude endo-6-(cis-4-phenyl-1-butenyl)-bicyclo-[3.1.0]hexan-3-one.
PAR  Crude endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (162 g.,
      two runs) is dissolved in isomeric hexanes (Skellysolve B) and
      chromatographed over 5 kg. of silica gel wet-packed with Skellysolve B,
      eluting successively with 11 l. of Skellysolve B, 62 l. of 2.5% ethyl
      acetate in Skellysolve B, and 32 l. of 5% ethyl acetate in Skellysolve B.
      The last 8 l. of the 2.5% ethyl acetate in Skellysolve B eluates and the
      32 l. of 5% ethyl acetate in Skellysolve B eluates are combined and
      evaporated to give 75.8 g. of
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one; infrared
      absorption at 3000, 1750, 1610, 1500, 1455, 1405, 1265, 1150, 778, 750,
      and 702 cm.sup.-.sup.1., N.M.R. peaks at 7.18 (singlet) and 4.75-6.0
      (broad multiplet) .delta..
PAC  EXAMPLE 2
PAR  Endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-one. (Formula L: Q
      is
      ##SPC48##
PAL  R.sub.3 and R.sub.4 are hydrogen; and .about. is endo).
PAR  A suspension of 242 g. of (4-phenylbutyl)-triphenylphosphonium bromide in
      2.3 l. of dry benzene at 25.degree. C. is stirred and 300 ml. of 1.6 M
      butyllithium in hexane is added over 15 minute period. The mixture is
      stirred at 30.degree. C. for 1 hour, then is cooled to 10.degree. C. and a
      solution of 75 g. of endobicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde
      3-tetrahydropyranyl ether in 200 ml. of benzene is added over a 15 minute
      period. The mixture is heated at 65.degree.-70.degree. C. for 3 hours,
      cooled and filtered. The filtrate is washed with water and brine, dried
      over sodium sulfate, and evaporated under reduced pressure to give 117 g.
      of crude endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether showing a single spot, R.sub.f 0.75, on thin layer
      chromatography with silica gel plates developed with 20% ethyl acetate in
      cyclohexane.
PAR  A solution of 117 g. of the above crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether and 6 g. of oxalic acid in 2500 ml. of methanol is
      heated under reflux for 2.5 hours. The methanol is then removed by
      distillation under reduced pressure and the residue is diluted with water
      and extracted with dichloromethane. The dichloromethane extracts are
      combined, washed with aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and evaporated under reduced pressure to give 95.7 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)bicyclo-[3.1.0]hexan-3-ol. The
      entire crude product is chromatographed over 1.5 g. of silica gel
      wet-packed with Skellysolve B, eluting successively with 5 l. of
      Skellysolve B, 4 l. of 2.5%, 6 l. of 5%, 9 l. of 7.5%, 12 l. of 10%, 8 l.
      of 15%, 10 l. of 20% and 10 l. of 30% ethyl acetate in Skellysolve B,
      taking 600 ml. fractions. The last fraction of 10% ethyl acetate in
      Skellysolve B, all the 15% and 20% ethyl acetate in Skellysolve B eluates,
      and the first 3 fractions of 30% ethyl acetate in Skellysolve B are
      evaporated to give 60.5 g. of purified
      endo-6-(cis-5-phenyl-1-pentenyl)bicyclo-[3.1.0 ]hexan-3-ol.
PAR  A solution of 60.5 g. of the above purified alcohol in 1,600 ml. of acetate
      is cooled to -10.degree. C. and 103 ml. of Jones reagent is added
      dropwise. After addition is complete the mixture is stirred for 10 minutes
      at 0.degree. C. and 65 ml. of isopropyl alcohol is added. The mixture is
      poured into 8 l. of water and extracted several times with
      dichloromethane. The dichloromethane extracts are combined, washed with
      dilute hydrochloric acid, aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and evaporated under reduced pressure to give 56 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-one. The
      crude ketone is slurried in Skellysolve B and chromatographed over 2,300
      g. of silica gel wet packed in Skellysolve B, eluting successively with 6
      l. of Skellysolve B, 16 l. of 2.5% ethyl acetate in Skellysolve B, then
      gradient elution with 5 l. of 2.5% and 5 l. of 5% ethyl acetate in
      Skellysolve B and finally 16 l. of 5% ethyl acetate in Skellysolve B,
      taking 625 ml. fractions. The last fraction of the gradient eluates and
      the first 19 fractions of 5% ethyl acetate in Skellysolve B are
      concentrated to give 23.6 g. of
      endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-one; infrared
      absorption at 2980, 1745, 1600, 1490, 1450, 1400, 1260, 1145, 770, 750 and
      702 cm.sup.-.sup.1., N.M.R. peaks at 7.17 (singlet), 6.0-5.4 (multiplet),
      and 5.2- 4.7 (broad multiplet) .delta..
PAR  Following the procedures of Examples 1 and 2, but using intermediate
      quarternary phosphonium halides prepared as in Preparation 5 from
      .alpha.-bromotoluene, (2-bromoethyl)benzene, (5-chloropentyl)benzene,
      (6-bromohexyl)benzene, and (7-iodoheptyl)benzene in place of
      1-bromo-3-phenylpropane, there are obtained the 2-phenyl-1-ethenyl,
      3-phenyl-1-propenyl, 6-phenyl-1-hexenyl, 7-phenyl-1-heptenyl, and
      8-phenyl-1-octenyl compounds corresponding to the products of Examples 1
      and 2.
PAR  Also following the procedures of Examples 1 and 2, but using intermediate
      quaternary phosphonium halides prepared as in Preparation 5 from
      (1-chloroethyl)benzene, (1-bromopropyl)benzene, (2-bromopropyl)benzene,
      (3-chloropentyl)benzene, (4-bromopentyl)benzene, (6-bromononyl)benzene and
      (7-bromononyl)benzene in place of 1-bromo-3-phenylpropane, there are
      obtained the 2-methyl-2-phenyl-1-ethenyl, 2-ethyl-2-phenyl-1-ethenyl,
      2-methyl-3-phenyl-1-propenyl, 2-ethyl-4-phenyl-1-butenyl,
      2-methyl-5-phenyl-1-pentenyl, 2-propyl-7-phenyl-1-heptenyl, and
      2-ethyl-8-phenyl-1-octenyl compounds corresponding to the products of
      Examples 1 and 2.
PAR  Also following the procedures of Examples 1 and 2, but using intermediate
      quarternary phosphonium halides prepared as in Preparation 5 from
      (2-bromo-1-fluoroethyl)benzene, (2-bromo-1-fluoropropyl)benzene,
      (2-chloro-1-fluoro-1-methylpropyl)benzene,
      (5-bromo-4-fluoropentyl)benzene, (7-iodo-6-fluoropentyl)benzene,
      (4-bromo-3,3-difluorobutyl)benzene, and (6-bromo-5,5-difluorohexyl)benzene
      in place of 1-bromo-3-phenylpropane, there are obtained the
      3-fluoro-3-phenyl-1-propenyl, 3-fluoro-1-methyl-3-phenyl-1-propenyl,
      3-fluoro-2,3-dimethyl-3-phenyl-1-propenyl, 3-fluoro-6-phenyl-1-hexenyl,
      3-fluoro-8-phenyl-1-octenyl, 3,3-difluoro-5-phenyl-1-pentenyl, and
      3,3-difluoro-7-phenyl-1-heptenyl compounds corresponding to the products
      of Examples 1 and 2.
PAR  Also following the procedures of Examples 1 and 2, but using intermediate
      quaternary phosphonium halides prepared as in Preparation 5 from
      .alpha.-bromo-m-xylene, .alpha.-chloro-p-ethyltoluene,
      .alpha.-bromo-p-chlorotoluene,
      .alpha.'-chloro-.alpha.,.alpha.,.alpha.-trifluoro-m-xylene,
      1-(2-bromoethyl)-4-fluorobenzene, 1-(5-bromopentyl)2-chlorobenzene,
      4-(3-iodopropyl)-1,2-dimethyoxybenzene, and
      1-(3-bromohexyl)-2,4,6-trimethylbenzene in place of
      1-bromo-3-phenylpropane, there are obtained the
      2-(2-methylphenyl)-1-ethenyl, 2-(4-ethylphenyl)-1-ethenyl,
      2-(4-chlorophenyl)-1-ethenyl, 2-[3-(trifluoromethyl)phenyl]-1-ethenyl,
      3-(4-fluoro-phenyl)-1-propenyl, 6-(2-chlorophenyl)-1-hexenyl,
      4-(3,4-dimethoxyphenyl)-1-butenyl, and
      7-(2,4,6-trimethylphenyl)-1-heptenyl compounds corresponding to the
      products of Examples 1 and 2.
PAR  Also following the procedures of Example 1, but using quaternary triphenyl
      phosphonium halides prepared from other primary and secondary halides of
      the formula
      ##SPC49##
PAL  wherein Hal, R.sub.3, --C.sub.t H.sub.2t --, T and s are as defined above
      in place of 1-bromo-3-phenylpropane, there are obtained compounds
      corresponding to the products of Example 1 with
      ##SPC50##
PAL  in place of the 4-phenyl-1-butenyl moiety.
PAR  Also following the procedure of Example 1, but using bicyclo[3.1.0]hexane
      reactants with
      ##EQU94##
      in place of
      ##EQU95##
      wherein R.sub.4 is as defined above, there are obtained compounds
      corresponding to the products of Example 1 with
      ##SPC51##
PAL  in place of the 4-phenyl-1-butenyl moiety.
PAR  Also following the procedures of Examples 1 and 2 but using
      exo-bicyclo[3.1.0]hexane reactants in place of each of the endo reactants
      defined in Examples 1 and 2 and above, the exo products are obtained
      corresponding to the endo products of Examples 1 and 2 and above.
PAR  By the above-described procedures, each of the reactants encompassed by
      Formula L, above, is prepared.
PAC  EXAMPLE 3
PAR  Ethyl
      7-[Endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xaheptanoate (Formula LI: Q is
      ##SPC52##
PAL  R.sub.2, r.sub.3, and R.sub.4 are hydrogen; R.sub.10 is ethyl; Z is
      --(CH.sub.2).sub.3 --O--CH.sub.2 --; and .about. is endo and alpha).
PAR  To a solution of endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]hexan-3-one
      (11.3 g.), ethyl 7-iodo-3-oxaheptanoate (41 g.), and
      dicyclohexyl-18-crown-6 [J. Am. Chem. Soc. 89, 7017 (1967)], (4.6 g.) in
      270 ml. of tetrahydrofuran freshly distilled from lithium aluminum hydride
      is added, at room temperature with stirring under nitrogen, a solution of
      potassium t-butoxide (6.7 g.) in 550 ml. of tetrahydrofuran (treated as
      above) over a period of 50 min. Three minutes after the addition of the
      butoxide solution is completed, 50 ml. of 5% aqueous hydrochloric acid is
      added, then 5 ml. of pyridine. The mixture is then concentrated under
      reduced pressure by heating it in a water bath at 35.degree. C. until most
      of the tetrahydrofuran is removed. The aqueous residue is extracted with
      dichloromethane and the extract is washed with ice-cold dilute
      hydrochloric acid, water, dilute aqueous sodium thiosulfate, and brine,
      then dried over sodium sulfate and concentrated under reduced pressure to
      give an oil. The oil is dissolved in 100 ml. of ethyl acetate-cyclohexane
      (10:90) and chromatographed over 2 kg. of silica gel wet-packed in ethyl
      acetate-cyclohexane (10:90), eluting with 8 l. of 10% and 7 l. of 20%
      ethyl acetate in cyclohexane, taking 200-ml. fractions. Fractions 50-65
      are evaporated under reduced pressure to give 7.2 g. of the desired ethyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xaheptanoate; mass spectral peaks at 384, 342 and 293.
PAR  Following the procedure of Example 3 but using a larger amount of potassium
      tert-butoxide (16 g.) and maintaining the reaction mixture for 8 hours at
      25.degree. C. before addition of hydrochloric acid, a product is obtained
      which contains substantial amounts of both the above-described 2.alpha.-yl
      isomer and the corresponding 2.beta.-yl isomer. These isomers are
      separated by the above-described silica gel chromatography.
PAC  EXAMPLE 4
PAR  Ethyl
      2,2-Dimethyl-7-[exo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.al
     pha.-yl]-3-oxaheptanoate (Formula LI: Q is
      ##SPC53##
PAL  R.sub.2, r.sub.3, and R.sub.4 are hydrogen; R.sub.10 is ethyl; Z is
      --(CH.sub.2).sub.3 --O--C(CH.sub.3).sub.2 --; .about. is endo and alpha).
PAR  Following the procedures of Example 3 but substituting ethyl
      2,2-dimethyl-7-iodo-3-oxaheptanoate for ethyl 7-iodo-3-oxaheptanoate, and
      substituting exo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one for
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one, and
      substituting ethyl acetate for dichloromethane, there are obtained ethyl
      2,2-dimethyl
      7-[exo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-ox
     aheptanoate and the corresponding -2.beta.-yl isomer.
PAR  Following the procedures of Examples 3 and 4, but using in place of the
      bicyclo[3.1.0]hexane reactant, each of endo and exo forms of the various
      Formula-L bicyclo[3.1.0]hexane reactants whose preparation is described
      following Example 2, for example, Formula-L bicyclo compounds wherein Q,
      R.sub.3, R.sub.4, and .about. are as defined above, those being prepared
      as described above, there are obtained alpha and beta exo and endo
      Formula-LI compounds corresponding to the products of Example 3 with one
      of these Q moieties in place of the
      ##SPC54##
PAL  moiety (the Q portion of those products). Accordingly, using Formula-L
      bicyclo compounds wherein --C.sub.t H.sub.2t represents alkylene
      substituted with one or 2 fluoro, for example the bicyclo compound
      prepared by the procedures of Preparation 5 and Example 1 from
      (2-bromo-1-fluoroethyl)benzene, (5-bromo-4-fluoropentyl)benzene, and
      (6-bromo-5,5-difluorohexyl)benzene there are obtained Formula-LI compounds
      corresponding to the products of Examples 3 and 4 wherein --C.sub.t
      H.sub.2t represents alkylene substituted with one or 2 fluoro.
      Accordingly, using the Formula-L bicyclo compounds wherein (T).sub.s on
      the phenyl ring is alkyl of one to 4 carbon atoms, inclusive, fluoro,
      chloro, trifluoromethyl, or OR.sub.9 wherein R.sub.9 is hydrogen, alkyl of
      one to 4 carbon atoms, inclusive, or tetrahydropyranyl, and s is one, 2,
      or 3, for example Formula-L bicyclo compounds wherein (T).sub.s is
      2-methyl, 2,4,6-trimethyl,2-chloro,3-trifluoromethyl, or 3,4-dimethoxy,
      there are obtained Formula-LI compounds corresponding to the products of
      Examples 3 and 4. As for Example 3, with excess base and a longer reaction
      time, these alternative products contain substantial amounts of the
      corresponding beta isomer which is separated from the alpha isomer as
      described above.
PAR  Also following the procedure of Examples 3 and 4, but using in place of the
      iodo alkylating agents of those Examples, ethyl 7-iodo-4-oxaheptanoate,
      ethyl 7-iodo-3-oxa-5-heptynoate, and ethyl 8-iodo-4-oxa-6-octynoate, there
      are obtained alpha and beta exo and endo Formula-LI compounds
      corresponding to the products of Examples 3 and 4 with --(CH.sub.2).sub.3
      OCH.sub.2 CH.sub.2 COOEt, --CH.sub.2 C.tbd.CCH.sub.2 OCH.sub.2 COOEt, and
      --CH.sub.2 C.tbd.CCH.sub.2 OCH.sub.2 CH.sub.2 COOEt, respectively, wherein
      Et is ethyl, in place of the --(CH.sub.2).sub.4 OCH.sub.2 COOEt and
      --CH.sub.2).sub.4 OC(CH.sub.3).sub.2 COOEt moieties of the products of
      Examples 3 and 4. As described above, both alpha and beta products are so
      obtained. In the same manner but using, according to Examples 3 and 4,
      other esters of the Examples 3 and 4 alkylating agents and of the other
      above-mentioned alkylating agents within the scope of R.sub.10  as
      above-defined, e.g., the methyl, isopropyl, tert-butyl, octyl, cyclohexyl,
      benzyl, and phenyl esters, there are obtained the corresponding esters of
      the alpha and beta bicyclo[3.1.0]hexane alkylation products.
PAR  Also following the procedure of Examples 3 and 4 but using in combination
      each of the above-described alternative Formula-L bicyclo[3.1.0]hexane
      reactants and each of the above-described alternative omega-halo
      alkylation reactants, there are obtained Formula-LI compounds
      corresponding to the products of Examples 3 and 4 but different therefrom
      with respect to both the carboxylate-terminated side chain and the side
      chain attached to the cyclopropane ring of the product.
PAR  Also following the procedure of Examples 3 and 4, but using in place of the
      iodo alkylating agents of those Examples, each of the other alkylating
      agents within the scope of
      ##EQU96##
      as above defined, i.e., alkylating agents of Formulas LX, LXI, LXII, and
      LXIII as above-described, there are obtained alpha and beta exo and endo
      Formula-LI compounds corresponding to the products of Examples 3 and 4
      with each of the other
      ##EQU97##
      side chains in place of the --(CH.sub.2).sub.4 OCH.sub.2 COOEt and
      --(CH.sub.2).sub.4 OC(CH.sub.3).sub.2 COOEt side chains of the Examples 3
      and 4 products. For example, using as alkylating agents in the Example 3
      and 4 procedure, I(CH.sub.2).sub.4 OCH(CH.sub.3)COOEt,
      ICH(CH.sub.3)--(CH.sub.2).sub.3 OCH.sub.2 COOEt, I(CH.sub.2).sub.3
      OCH.sub.2 COOEt, I(CH.sub.2).sub.5 OCH.sub.2 COOEt, ICH.sub.2
      CH(CH.sub.3)CH.sub.2 CH.sub.2 OCH.sub.2 COOEt, ICH.sub.2 CH.sub.2
      C(CH.sub.2 CH.sub.3).sub.2 CH.sub.2 OCH.sub.2 COOEt, I(CH.sub.2).sub.3
      C(CH.sub.3).sub.2 OCH.sub.2 COOEt, I(CH.sub.2).sub.3 OCH.sub.2 CH.sub.2
      COOEt, I(CH.sub.2).sub.2 OCH.sub.2 CH.sub.2 COOEt, I(CH.sub.2).sub.4
      OCH.sub.2 CH.sub.2 COOEt, I(CH.sub.2).sub.3 OCH(CH.sub.3)CH.sub.2 COOEt,
      I(CH.sub.2).sub.3 OC(CH.sub.3).sub.2 CH.sub.2 COOEt, I(CH.sub.2).sub.3
      OCH.sub.2 C(CH.sub.3).sub.2 COOEt, ICH(CH.sub.3)CH.sub.2 CH.sub.2
      OCH.sub.2 CH.sub.2 COOEt, ICH.sub.2 CH(CH.sub.3)CH.sub.2 OCH.sub.2
      CH.sub.2 COOEt, ICH.sub.2 CH.sub.2 C(CH.sub.3).sub.2 OCH.sub.2 CH.sub.2
      COOEt, ICH.sub.2 C(CH.sub.2 CH.sub.3).sub.2 CH.sub.2 OCH.sub.2 CH.sub.2
      COOEt, ICH.sub.2 C.tbd.CCH.sub.2 OCH.sub.2 COOEt,
      ICH(CH.sub.3)C.tbd.CCH.sub.2 OCH.sub.2 COOEt, ICH.sub.2 C.tbd.CCH.sub.2
      CH.sub.2 OCH.sub.2 COOEt, ICH.sub.2 C.tbd.CCH.sub.2 OCH(CH.sub.3)COOEt,
      ICH.sub.2 C.tbd.CCH.sub.2 OC(CH.sub.3).sub.2 COOEt, ICH.sub.2
      C.tbd.CCH(CH.sub.3)OCH.sub.2 COOEt, ICH.sub.2 C.tbd.CC(CH.sub.3).sub.2
      OCH.sub.2 COOEt, ICH.sub.2 C.tbd.C-CH.sub.2 OCH.sub.2 CH.sub.2 COOEt,
      ICH(CH.sub.3)C.tbd.CCH.sub.2 OCH.sub.2 CH.sub.2 COOEt, ICH.sub.2
      C.tbd.CCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 COOEt, ICH.sub.2
      C.tbd.CCH.sub.2 OCH(CH.sub.3)CH.sub.2 COOEt, ICH.sub.2 C.tbd.CCH.sub.2
      OC(CH.sub.3).sub.2 CH.sub.2 COOEt, ICH.sub.2 C.tbd.CCH(CH.sub.3)OCH.sub.2
      CH.sub.2 COOEt, ICH.sub.2 C.tbd.CC(CH.sub.3).sub.2 OCH.sub.2 CH.sub.2
      COOEt, ICH.sub.2 C.tbd.CCH.sub.2 OCH.sub.2 C(CH.sub.3).sub.2 COOEt there
      are obtained exo and endo alpha and beta alkylated bicyclo[3.1.0]hexanes
      each having a carboxylate-terminated side chain corresponding to one of
      the above specific omega-iodo alkylating agents. For example, the side
      chain will be alpha or beta --(CH.sub.2).sub.4 OCH(CH.sub.3)COOEt when the
      alkylating agent is I(CH.sub.2).sub.4 OCH(CH.sub.3)COOEt.
PAR  Also following the procedure of Examples 3 and 4, but using in combination
      each of the alternative alkylating agents within the scope of
      ##EQU98##
      including the specific examples of those just mentioned, and each of the
      above-described Formula-L alternative bicyclo[3.1.0]hexane reactants,
      there are obtained Formula-LI exo and endo alpha and beta compounds
      corresponding to the products of Examples 3 and 4 but different therefrom
      with respect to both the carboxylate-terminated side chain and the side
      chain attached to the cyclopropane ring of the product. In the same
      manner, alternative alkylating agents within the scope of
      ##EQU99##
      wherein R.sub.10 is other than ethyl, e.g., methyl, isopropyl, tert-butyl,
      octyl, cyclohexyl, benzyl, phenyl, and .beta.,.beta.,.beta.-trichloroethyl
      are used.
PAC  EXAMPLE 5
PAR  Ethyl
      7-[Endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-3-oxaheptanoate (Formula LII: Q is
      ##SPC55##
PAL  R.sub.2, r.sub.3, and R.sub.4 are hydrogen; R.sub.10 is ethyl; Z is
      --(CH.sub.2).sub.3 --O--CH.sub.2 --; and .about. is endo and alpha).
PAR  A solution of potassium chlorate (12.4 g.) in 150 ml. of water is added to
      a solution of ethyl
      7-[endo-6-[cis-4-phenyl-1-butenyl]-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xaheptanoate (15.9 g. ) in 365 ml. of tetrahydrofuran at 50.degree. C.,
      then 0.73 g. of osmium tetroxide is added and the mixture is stirred at
      50.degree. C. for 2.25 hours., then concentrated under reduced pressure
      until most of the tetrahydrofuran is removed. The aqueous residue is
      extracted with dichloromethane and the extract is washed with water and
      then brine, dried over sodium sulfate, and concentrated under reduced
      pressure to give an oil. The oil is chromatographed over 2 kg. of silica
      gel wet-packed with ethyl acetate-cyclohexane (1:1 vol/vol), eluting with
      6 l. of 2:1 and 4 l. of 3:1 ethyl acetate-cyclohexane and 5.6 l. of ethyl
      acetate, taking 200 ml. eluate fractions, then one 1000 ml. ethyl acetate
      fraction. Fractions 48-78 plus the 1000 ml. fraction are concentrated
      under reduced pressure to give 12.5 g. of the desired ethyl
      7-[endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-oxo-bicyclo[3.1.0]-hex-2.alpha.-
     yl]-3 -oxaheptanoate as a mixture of erythro and threo glycols; mass
      spectral peaks at 418, 400 and 283; NMR peaks at 7.22, 4.37-4.02,
      3.61-3.39, 3.08-2.59, 2.33, 1.66-1.42, and 1.36-1.13 .delta..
PAR  Following the procedure of Example 5 but using the hex-2.beta.-yl isomer in
      place of the hex-2.alpha.-yl isomer of the bicyclo reactant ethyl
      7-[endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-oxo-bicyclo[3.1.0]hex-2.beta.-yl
     ]-3-oxaheptanoate is obtained.
PAR  Also following the procedure of Example 5, each of the Formula-LI exo and
      endo, alpha and beta, saturated and acetylenic bicyclo[3.1.0]hexane
      olefinic esters defined above after Examples 3 and 4 is oxidized to
      mixtures of the corresponding isomeric Formula-LII dihydroxy compounds.
PAC  EXAMPLE 6
PAR  dl-3-Oxa-17-phenyl118,19,20-trinor-PGE.sub.1 Ethyl Ester, and
      dl-15-Epi-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1, Ethyl Ester (Formula
      XI: C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --; C.sub.t H.sub.2t is
      ethylene; R.sub.1 is ethyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, and
      R.sub.6 are hydrogen; s is zero; and .about. is alpha).
PAR  The steps shown in Chart F are followed. A solution of ethyl
      7-[endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-3-oxaheptanoate (mixture of isomeric glycols) (12.4 g.) in 150 ml. of dry
      pyridine is cooled to -5.degree. C. and to it is added 15 ml. of
      methanesulfonyl chloride at such a rate that the reaction temperature does
      not exceed 0.degree. C. The mixture is stirred for 2.5 hours at 0.degree.
      C. following addition of methanesulfonyl chloride. Then water is added
      dropwise, with continued cooling to keep the temperature below 5.degree.
      C., to decompose excess methanesulfonyl chloride. The mixture is diluted
      with 300 ml. of ice water and extracted with dichloromethane. The extract
      is washed successively with ice-cold dilute hydrochloric acid, dilute
      aqueous sodium bicarbonate, and brine, then dried over sodium sulfate and
      evaporated under reduced pressure to give an oil. The oil is dissolved in
      50 ml. of 3:1 (vol./vol.) ethyl acetate-cyclohexane and chromatographed
      over 1.5 kg. of silica gel wet-packed in 3:1 ethyl acetate-cyclohexane,
      eluting with 1.5 l. of 3:1 ethyl acetate-cyclohexane, 3 l. of ethyl
      acetate, 3 l. of 2%, 2.4 l. of 5% and 2 l. of 10% ethyl alcohol in ethyl
      acetate, taking 150-ml. fractions. Fractions 46-63 are evaporated under
      reduced pressure to give 1.6 g. of the desired
      dl-15-epi-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl ester; mass
      spectral peaks at 400 and 382. NMR peaks at 7.22, 5.78-5.63, 4.35-3.99
      (multiplet), 3.62-3.37, 2.97-2.60 (multiplet), 1.66-1.42, 1.36-1.13
      (multiplet) .delta..
PAR  Fractions 58-68 (5% ethyl alcohol in ethyl acetate) and the 10% ethyl
      fractions are combined and evaporated to give
      dl-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl ester mixed with the
      15-epi isomer. This is rechromatographed as above to give 1.41 g. of the
      desired dl-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl ester; mass
      spectral peaks at 400 and 382. NMR peaks at 7.22, 5.73-5.56, 4.35-4.02
      (multiplet), 3.53-3.33, 2.82-2.39 (multiplet), 2.03-1.76 (multiplet),
      1.66-1.42, and 1.36-1.13 (multiplet) .delta..
PAR  Following the procedures of Example 6, each of the Formula-LII
      endo-1,2-dihydroxy-3-oxa esters and endo-1,2-dihydroxy-4-oxa esters
      following Example 5 is transformed to the corresponding
      endo-1,2-dimesyloxy-3(or -4)- oxa ester, and thence to the corresponding
      PGE type compound or its isomers.
PAR  Also following the procedures of Example 6, each of the Formula-LII
      exo-1,2-dihydroxy-3-(or -4)-oxa esters corresponding to the above
      endo-1,2-dihydroxy-3(or -4)-oxa esters is transformed to the corresponding
      exo-1,2-dimesyloxy-3(or -4)-oxa ester, and thence to the corresponding PGE
      type compound or its isomers.
PAR  By the above-outlined procedures, following the steps of Chart F, there are
      obtained the specific PGE type esters represented by Figures XI, XII, XV,
      and XVI, e.g. the esters of 3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGE.sub.1 ;
PAR  3-oxa (or 4-oxa)-18-phenyl-19,20-dinor-PGE.sub.1 ;
PAR  5,6-dehydro-3-oxa (or 4-oxa)-17-phenyl-18,19,20-trinor-PGE.sub.2 ;
PAR  5,6-dehydro-3-oxa (or 4-oxa)-18-phenyl-19,20-dinor-PGE.sub.2 ; including
      their 8-iso and 15-epi forms.
PAR  For example, .beta.,.beta.,.beta.-trichloroethyl
      2,2,3,3-tetramethyl-7-[endo-6-(3-fluoro-3-phenyl-1-propenyl)-3-oxo-bicyclo
     [3.1.0]-hex-2.alpha.-yl]-7-methyl-4-oxaheptanoate yields
      .beta.,.beta.,.beta.-trichloroethyl
      2,2,3,3-tetramethyl-7-[endo-6-(3-fluoro-1,2-dihydroxy-3-phenyl-propyl)-3-o
     xo-bicyclo[3.1.0]hex-2.alpha.-yl]-4-oxaheptanoate in its isomeric forms,
      and thence the corresponding bis(mesylate) and thence the corresponding
      PGE.sub.1 type compound and its 15-epimer, as represented by the following
      formulas:
      ##SPC56##
PAL  Likewise, methyl
      2,2-dimethyl-7-{exo-6-[1,2-dimethyl-5-(4-methoxyphenyl)-1-pentenyl]-3-oxo-
     bicyclo[3.1.0]hex-2.beta.-yl}-3-oxa-5-heptynoate yields methyl
      2,2-dimethyl-7-{exo-6-[1,2-dihydroxy-5-(4-methoxyphenyl)-1-pentane]-3-oxo-
     bicyclo[3.1.0]hex-2.beta.-yl}-3-oxa-5-heptynoate in its isomeric forms, and
      thence the corresponding bis(mesylate) and thence the corresponding
      dehydro-PGE.sub.2 type compound and its 15-epimers, as represented by the
      following formulas:
      ##SPC57##
PAR  Also following the procedure of Example 6, but replacing methanesulfonyl
      chloride with an alkanesulfonyl chloride or bromide or with an
      alkanesulfonic acid anhydride, wherein the alkane moiety contains 2 to 5
      carbon atoms, inclusive, there is obtained from each dihydroxy compound
      the corresponding bis(sulfonic acid) esters encompassed by Formula LIII.
PAR  In each of the above transformations in Example 6, the monosulfonic acid
      ester is also obtained as a byproduct, which is reacted with additional
      alkanesulfonyl halide or alkanesulfonic acid anhydride to give the
      corresponding bis(sulfonic acid) ester and thence recycled back to
      additional Formula-LIV product.
PAR  For satisfactory yields of the bis-sulfonic acid ester, R.sub.10 is not
      hydrogen. Those intermediate compounds in which R.sub.10 is haloethyl,
      e.g., .beta.,.beta.,.beta.-trichloroethyl, are especially useful in the
      sequence of reactions leading to the acid form of the prostaglandin-like
      products. Each of the exo and endo, alpha and beta, saturated and
      unsaturated 3-oxa or 4-oxa phenyl-substituted bis(alkanesulfonic acid)
      esters is transformed to the corresponding 3-oxa or 4-oxa
      phenyl-substituted PGE type compound encompassed by Formula LIV.
PAC  EXAMPLE 7
PAR  dl-3-Oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 (Formula XI: C.sub.n H.sub.2n
      is --(CH.sub.2).sub.3 --; C.sub.t H.sub.2t is ethylene; R.sub.1, R.sub.2,
      R.sub.3, R.sub.4, R.sub.5, and R.sub.6 are hydrogen; s is zero; and
      .about. is alpha).
PAR  Zinc dust (420 mg.) is added to a solution containing
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester (100 mg.) in 5 ml. of a mixture
      of acetic acid and water (9:1 v/v). This mixture is stirred under nitrogen
      2 hours at 25.degree. C. Ethyl acetate (4 volumes) is then added, followed
      by addition of one normal hydrochloric acid (one volume). The ethyl
      acetate later is separated, washed with water and then with saturated
      aqueous sodium chloride solution, dried, and evaporated. The residue is
      chromatographed on 15 g. of acid-washed silica gel (Silicar CC4), being
      eluted with 100 ml. of 50%, 100 ml. of 80%, and 200 ml. of 100% ethyl
      acetate in Skellysolve B, collecting 20-ml. fractions. The fractions
      containing dl-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 and no starting
      material or dehydration products as shown by TLC are combined and
      evaporated to give dl-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1.
PAR  Following the procedure of Example 7, each of the
      .beta.,.beta.,.beta.-tribromoethyl, -triiodoethyl,
      .beta.,.beta.-dibromoethyl, -diiodoethyl, and the .beta.-iodoethyl esters
      of 3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 is converted to the free acid
      of 3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 by reaction with zinc dust
      and acetic acid. Likewise, the corresponding 4-oxa compounds are converted
      to 4-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1.
PAR  Following the procedure of Example 7, the
      .beta.,.beta.,.beta.-trichloroethyl ester of
      3-oxa-18-phenyl-19,20-dinor-PGE.sub.2 following Example 23 below is
      converted to the respective free acid compound using zinc dust with either
      propionic, butyric, pentanoic, or hexanoic acid instead of acetic acid.
      Likewise the corresponding 4-oxa compounds are converted to
      4-oxa-18-phenyl-19,20-dinor-PGE.sub.2.
PAR  Following the procedure of Example 7, the
      .beta.,.beta.,.beta.-trichloroethyl ester of each of the PGE, PGF, PGA and
      PGB type compounds represented by Formulas XI-XLII in their various
      structural configurations and optical isomers is treated with zinc dust
      and acetic acid to obtain the corresponding free acid form of the
      compound. The esters are prepared by the procedures disclosed herein,
      using as intermediates Formula-XLIV cyclic ketals or Formula-LI olefins
      wherein R.sub.10 is haloethyl, e.g., .beta.,.beta.,.beta.-trichloroethyl.
      These intermediates are prepared either by alkylation of the respective
      Formula-XLIII cyclic ketal (Chart E) of Formula-L olefin (Chart F) with
      the appropriate alkylating agent wherein R.sub.10 is haloethyl, or by the
      transformation of the alkylated cyclic ketal or olefin by the steps shown
      in Charts G and H using procedures disclosed herein, yielding
      intermediates LXXI, LXXIII, LXXVII, LXXXIX.
PAC  EXAMPLE 8
PAR  dl-3-Oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  Ethyl Ester and
      dl-3-Oxa-17-phenyl-18,19,20trinor-PGF.sub.1.sub..beta.  Ethyl Ester
      (Formula XIX: C.sub.n H.sub.2n is -(CH.sub.2).sub.3 -; C.sub.t H.sub.2t is
      ethylene; R.sub.1 is ethyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, and
      R.sub.6 are hydrogen; s is zero; and .about. is alpha or beta).
PAR  A solution of sodium borohydride (300 mg.) in 6 ml. of ice-cold methanol is
      added to a solution of dl-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl
      ester (650 mg.) in 30 ml. of methanol at -5.degree. C. the mixture is
      stirred for 0.5 hours at 0.degree. C. and 5 ml. of acetone is added, after
      which the mixture is stirred for 5 minutes and made slightly acid with
      acetic acid. The mixture is evaporated under reduced pressure until most
      of the methanol and acetone are removed, then the residue is extracted
      with dichloromethane. The extract is washed with water, dilute aqueous
      sodium bicarbonate, and brine, then dried over sodium sulfate and
      evaporated under reduced pressure to give a residue (690 mg.). This
      residue is chromatographed over 105 g. of silica-gel wet-packed in ethyl
      acetate, eluting with 750 ml. of 2%, 500 ml. of 4%, 625 ml. of 7.5% and
      875 ml. of 10% ethanol in ethyl acetate, taking 25 ml. fractions.
      Fractions 54- 71 are evaporated to a residue, which is recrystallized from
      ether-pentane to give 140 mg. of the desired
      dl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..beta.  ethyl ester, m.p.
      76.degree.-80.degree. C.; mass spectral peaks at 402, 384, and 366; NMR
      peaks at 7.22, 5.63-5.41, 4.35-3.97  (multiplet), 3.70, 3.49- 3.30, 2.78-
      2.53 (multiplet), 1.66- 1.42, and 1.36- 1.13 (multiplet) .delta..
PAR  Fractions 26-53 are evaporated under reduced pressure and the residue is
      rechromatographed as above to give 139 mg. of the desired
      dl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  ethyl ester as
      an oil; mass spectral peaks at 420, 402, 384 and 366; NMR peaks at 7.22,
      5.60-5.42, 4.35-3.97 (multiplet), 3.70, 3.49-3.23, 2.80-2.53 (multiplet),
      1.66-1.42, and 1.36-1.13 (multiplet) .delta..
PAR  Following the procedure of Example 8,
      4-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl ester is transformed to
      4-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta.  ethyl esters. Likewise,
      3-oxa-18-phenyl-19,20-dinor-PGE.sub.1 ethyl ester and
      4-oxa-18-phenyl-19,20-dinor-PGE.sub.1 ethyl ester are transformed to the
      corresponding PGF.sub.1.sub..alpha.  and PGF.sub.1.sub..beta.  type ethyl
      esters.
PAC  EXAMPLE 9
PAR  dl-3-Oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      dl-3-Oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..beta.  (Formula XIX:
      C.sub.n H.sub.2n is -(CH.sub.2).sub.3 -; C.sub.t H.sub.2t is ethylene:
      R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, and R.sub.6 are hydrogen; s
      is zero; and .about. is alpha or beta).
PAR  A solution of 146 mg. of
      dl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  ethyl ester in a
      mixture of 4.5 ml. of methanol and 1.5 ml. of water is cooled to 5.degree.
      C. and 0.6 ml. of 45% aqueous potassium hydroxide is added. The mixture is
      allowed to stand 3.5 hours at 25.degree. C., then is diluted with 75 ml.
      of water and extracted once with ethyl acetate to remove any neutral
      material. The aqueous layer is separated, made acid with dilute
      hydrochloric acid and extracted 4 times with ethyl acetate. The extracts
      are combined of washed 3 times with water, once with brine, dried over
      sodium sulfate, and evaporated to give
      dl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha..
PAR  A solution of 251 mg. of
      dl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..beta.  methyl ester in a
      mixture of 7.5 ml. of methanol and 2.5 ml. of water is cooled to 5.degree.
      C. and 1.0 ml. of 45% aqueous potassium hydroxide is added. The mixture is
      allowed to stand 2.5 hours at 25.degree. C. and is diluted with water and
      extracted with ethyl acetate to remove neutral material. The aqueous layer
      is made acid with dilute hydrochloric acid and extracted with ethyl
      acetate. The ethyl acetate extracts are washed with water, and brine,
      dried over sodium sulfate and evaporated to give
      dl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..beta..
PAR  Following the procedures of Example 9, the corresponding 4-oxa methyl or
      ethyl esters are transformed to
      dl-4-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta.. Likewise the 3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta.  ethyl esters are transformed to the dl-3-oxa (or
      -4-oxa)-18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta..
PAC  EXAMPLE 10
PAR  dl-15-Epi-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  Ethyl
      Ester and dl-15-Epi-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..beta.
      Ethyl Ester (Formula XIX: C.sub.n H.sub.2n is -(CH.sub.2).sub.3 -; C.sub.t
      H.sub.2t is ethylene; R.sub.1 is ethyl; R.sub.2, R.sub.3, R.sub.4,
      R.sub.5, and R.sub.6 are hydrogen; s is zero; and .about. is alpha or
      beta).
PAR  A solution of dl-15-epi-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl
      ester (650 mg.), hexamethyl disilazane (5 ml.) and trimethylchlorosilane
      (1 ml.) in 25 ml. of tetrahydrofuran is allowed to stand for 20 hours at
      about 25.degree. C. The mixture is concentrated under reduced pressure to
      give the 11,15-bis(trimethylsilyl)ether of
      dl-15-epi-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl ester as a
      viscous oil. This ether is dissolved in 135 ml. of methanol, cooled to
      -5.degree. C., and a solution of sodium borohydride (0.5 g.) in 25 ml. of
      ice-cold methanol is added. The mixture is allowed to stand 30 minutes at
      0.degree. C., then 10 ml. of acetone is added, and the mixture is made
      slightly acidic with acetic acid. This mixture is stirred at about
      25.degree. C. for 3 hours, then concentrated under reduced pressure to
      remove the methanol and acetone. The aqueous residue is extracted with
      ethyl acetate and the extract is washed with water and brine, dried over
      sodium sulfate, and evaporated under reduced pressure to give a residue.
      This residue is chromatographed over 140 g. of silica gel wet-packed in
      ethyl acetate, eluting with 150 ml. of 3%, 450 ml. of 5%, and 450 ml. of
      7.5% ethanol in ethyl acetate, taking 15-ml. fractions. Fractions 29-41
      are evaporated to give 344 mg. of
      dl-15-epi-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  ethyl
      ester; mass spectral peaks at 420, 402, 384 and 330.
PAR  Fractions 54-65 are evaporated to give 86 mg. of
      dl-15-epi-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..beta.  ethyl
      ester.
PAR  Also following the procedures of Examples 8 and 10, the methyl ester and
      free acid forms of Formula XIX-to-XXVI PGF compounds in their various
      spatial configurations, e.g., 8-iso-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., 8-iso-15-epi-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., 3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.2.sub..alpha.  and
      -PGF.sub.2.sub..beta., 15-epi-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.2.sub..alpha.  and
      -PGF.sub.2.sub..beta., 8-iso-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.2.sub..alpha.  and
      -PGF.sub.2.sub..beta., 8-iso-15-epi-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.2.sub..alpha.  and
      -PGF.sub.2.sub..beta., trans-5,6-dehydro-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., trans-5,6-dehydro-15-epi-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., trans-5,6-dehydro-8-iso-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., trans-5,6-dehydro-8-iso-15-epi-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., 5,6-dehydro-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.2.sub..alpha.  and
      PGF.sub.2.sub..beta., 5,6-dehydro-15-epi-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.2.sub..alpha.  and
      -PGF.sub.2.sub..beta., 5,6-dehydro-8-iso-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.2.sub..alpha.  and
      -PGF.sub.2.sub..beta., 5,6-dehydro-8-iso-15-epi-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.2.sub..alpha.  and
      -PGF.sub.2.sub..beta., 13,14-dihydro-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., 13,14-dihydro-15-epi-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., 13,14-dihydro-8-iso-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., 13,14-dihydro-8-iso-15-epi-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., 15-epi-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., 8-iso-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., 8-iso-15-epi-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.2.sub..alpha.  and
      -PGF.sub.2.sub..beta., trans-5,6-dehydro-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., trans-5,6-dehydro-15-epi-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., trans-5,6-dehydro-8-iso-3-oxa (or 4
      -oxa)-18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., trans-5,6-dehydro-8-iso-15-epi-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., 5,6-dehydro-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.2.sub..alpha.  and
      -PGF.sub.2.sub..beta., 5,6-dehydro-15-epi-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.2.sub..alpha.  and
      -PGF.sub.2.sub..beta., 5,6-dehydro8-iso-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.2.sub..alpha.  and
      -PGF.sub.2.sub..beta., 5,6-dehydro-8 -iso-15-epi-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.2.sub..alpha.  and
      -PGF.sub.2.sub..beta., 13,14-dihydro-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., 13,14-dihydro-15-epi-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., 13,14-dihydro-8-iso-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., 13,14-dihydro-8-iso-15-epi-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., are prepared by reduction of the corresponding
      3-oxa or 4-oxa 17-phenyl-18,19,20-trinor- or 18-phenyl-19,20-dinor-PGE
      type methyl ester or free acid.
PAR  Also following the procedure of Examples 8 and 10, each of the other 3-oxa
      or 4-oxa phenyl-substituted PGE-type esters and free acids defined above
      in and after Examples 6 and 7, and hereafter in Examples 14 and 15, is
      transformed to the corresponding 3-oxa or 4-oxa phenyl-substituted
      PGF.sub..alpha.-type and PGF.sub..beta.-type ester and free acid.
PAC  EXAMPLE 11
PAR  dl-15-Dehydro-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  Ethyl
      Ester (Formula LXXXIII (Chart J): E is trans --CH=CH--; Q is
      ##SPC58##
PAL  R.sub.1 is ethyl; R.sub.2 is hydrogen; V is --(CH.sub.2).sub.3 --O-CH.sub.2
      --; and .about. is alpha).
PAR  A solution of
      dl-15-epi-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  ethyl
      ester (566 mg.) in 24 ml. of dioxane is stirred at 50.degree. C. under
      nitrogen and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (0.37 g.) is added.
      The mixture is stirred at 50.degree. C. for 24 hours, cooled to room
      temperature, and filtered. The filter cake is washed with tetrahydrofuran,
      and the filtrate and wash are combined and concentrated under reduced
      pressure. The residue is taken up in dichloromethane and washed with
      brine, then dried over sodium sulfate and evaporated under reduced
      pressure. The residue is chromatographed over 90 g. of silica gel
      wet-packed in 8% ethanol in dichloromethane, eluting with 300 ml. of 2%,
      300 ml. of 3%, 225 ml. of 7.5% and 245 ml. of 10% ethanol in
      dichloromethane, taking 15-ml. fractions. Fractions 65-71 are evaporated
      to give 413 mg. of the desired
      dl-15-dehydro-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  ethyl
      ester: NMR peaks at 7.22, 6.95-6.30 (multiplet), 4.35-3.97 (multiplet),
      3.65-3.45 (triplet), 2.91, 1.66-1.42, and 1.36-1.13 (multiplet) .delta..
PAC  EXAMPLE 12
PAR  dl-15-Methyl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  Ethyl
      Ester (Formula XIX: C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --; C.sub.t
      H.sub.2t is ethylene; R.sub.1 is ethyl; R.sub.2, R.sub.4, R.sub.5, and
      R.sub.6 are hydrogen; R.sub.3 is methyl; s is zero; and .about. is alpha).
PAR  The steps shown in Chart J are followed. A solution of
      dl-15-dehydro-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  ethyl
      ester (413 mg.), hexamethyldisilazane (3 ml.) and trimethylchlorosilane
      (0.5 ml.) in 20 ml. of tetrahydrofuran is allowed to stand at about
      25.degree. C. for 20 hours. The mixture is filtered twice through a bed of
      diatomaceous earth (Celite Filter Aid) and the filtrate is concentrated by
      evaporation under reduced pressure. Xylene (10 ml.) is added to the
      residue and removed by evaporation under reduced pressure. The residue is
      dissolved in anhydrous ether and 0.43 ml. of 3 M methyl magnesium bromide
      in ether is added. The mixture is allowed to stand 20 minutes at about
      25.degree. C. and poured into 100 ml. of saturated aqueous ammonium
      chloride. The ether layer is separated, the aqueous layer is extracted
      with ether, and the ether extracts are combined and washed with brine,
      dried over sodium sulfate, and evaporated under reduced pressure. The
      residue is dissolved in 300 ml. of ethanol and 30 ml. of water containing
      3 drops of glacial acetic acid, and the mixture is stirred for 2 hours at
      about 25.degree. C. The mixture is concentrated under reduced pressure to
      an aqueous residue and the residue is extracted with dichloromethane. The
      dichloromethane extract is evaporated under reduced pressure to give a
      residue which is chromatographed over 60 g. of silica gel wet-packed in 8%
      ethanol in dichloromethane, eluting with 200 ml. of 5% and 800 ml. of 10%
      ethanol in dichloromethane and taking 10-ml. fractions. Fractions 48-62
      are evaporated to give 93 mg. of the desired
      dl-15-methyl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  ethyl
      ester: NMR peaks at 7.23, 5.64-5.52 (multiplet), 4.37-4.13 (multiplet),
      4.08, 1.5, 1.35, 1.38-1.15 (multiplet) .delta.. Other fractions yield the
      15-epi compound.
PAR  Following the procedures of Examples 11 and 12, but using
      dl-15-epi-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..beta.  ethyl
      ester instead of the PGF.sub.1.sub..alpha.  compound, there is obtained
      first the 15-dehydro PGF.sub.1.sub..beta.  compound, and finally the
      15-methyl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..beta.  ethyl
      ester, and its 15-epimer.
PAR  Likewise, using the corresponding 4-oxa PGF.sub.1.sub..alpha.  or
      PGF.sub.1.sub..beta.  compounds instead of the 3-oxa compounds, there are
      obtained the corresponding 15-dehydro 4-oxa PGF.sub.1.sub..alpha.  or
      PGF.sub.1.sub..beta.  compounds, and finally the
      15-methyl-4-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  or
      -PGF.sub.1.sub..beta.  ethyl esters and their 15-epimers.
PAR  Likewise, using the corresponding
      18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.  or PGF.sub.1.sub..beta.
      compounds instead of the above
      17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  or PGF.sub.1.sub..beta.
      compounds, there are obtained the corresponding 15-dehydro and 15-methyl
      18-phenyl-19,20-dinor-PGF.sub.1.sub..alpha.    or -PGF.sub.1.sub..beta.
      compounds, and their 15epimers.
PAC  EXAMPLE 13
PAR  Ethyl
      7-[Endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-3-oxa-cis-5-heptenoate (Formula XLV: Q is
      ##SPC59##
PAL  R.sub.2, r.sub.3, and R.sub.4 are hydrogen; R.sub.10 is ethyl; V is
      cis--CH=CH--CH.sub.2 --O-CH.sub.2 --; and .about. is endo and alpha).
PAR  The series of steps shown in Chart E is employed. The compound represented
      by Formula LVIII is prepared prior to forming the ketal XLIII.
PAR  A solution of potassium chlorate (10.0 g.) and osmium tetroxide (0.65 g.)
      in 250 ml. of water is added with stirring to a solution of the Formula-L
      product (approximately 10.0 g.) of Example 1. The mixture is stirred
      vigorously for 5 hours at 50.degree. C. Then, the cooled mixture is
      concentrated under reduced pressure. The residue is extracted repeatedly
      with dichloromethane, and the combined extracts are dried and evaporated.
      The residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l. of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions 13-19 (50% ethyl acetate) are combined and
      evaporated to dryness to give
      endo-6(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one (Formula
      LVIII).
PAR  A solution of the Formula-LVIII dihydroxy compound above (about 8.0 g.) and
      700 mg. of potassium bisulfate in 140 ml. of acetone is stirred at
      25.degree. C. for 64 hours. Then, sodium carbonate monohydrate (710 mg.)
      is added, and the mixture is stirred 10 minutes. The acetone is evaporated
      at reduced pressure, and water is added. The aqueous solution es extracted
      respectedly with dichloromethane, and the extracts are combined, washed
      with water, dried, and evaporated. The residue is chromatographed on 400
      g. of silica gel, being eluted with 2 l. of 10% ethyl acetate in
      Skellysolve B, and then with 4 l. of 15% ethyl acetate in Skellysolve B.
      The 15% ethyl acetate eluates are evaporated to give
      endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one acetonide
      (Formula XLIII).
PAR  Following the procedure of Example 3, but using the Formula-XLIII compound
      above instead of the
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one compound, the
      Formula-XLIII compound is alkylated with ethyl
      7-iodo-3-oxacis-5-heptenoate to give ethyl
      7-[endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-3-oxa-cis-5-heptenoate acetonide (Formula XLIV).
PAR  Concentrated hydrochloric acid (2.5 ml.) is added to a solution of the
      Formula-XLIV product above (about 2.0 g.) in a mixture of 50 ml. of
      tetrahydrofuran and 2.5 ml. of water. The mixture is stirred at
      25.degree.C. under nitrogen for 6 hours. The resulting mixture is then
      evaporated under reduced pressure, and the residue is extracted with ethyl
      acetate. The extract is washed with saturated aqueous sodium chloride
      solution, dried, and evaporated to give ethyl
      7-[endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-3-oxa-cis-5-heptenoate (Formula XLV).
PAR  Following the procedure of Example 13, but using Formula L exo reactants in
      place of the endo reactant from Example 1, there are obtained exo products
      in each intermediate and final step of Example 13.
PAR  With excess base (e.g., 26 g.) and a longer reaction time (e.g., 24 hours
      at 25.degree.C.) during the alkylation step, the production of a
      substantial amount of the beta isomer is assured.
PAR  Following the procedure of Example 13, but using the intermediate Formula-L
      compound of Example 2, viz.,
      endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-one, instead of the
      4-phenyl-1-butenyl compound of Example 1, there is obtained the
      Formula-XLV product, ethyl
      7-[endo-6-(1,2-dihydroxy-5-phenylpentyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-cis-5-heptenoate.
PAR  Also following the procedure of Example 13 but using the Formula-L products
      following Example 2 instead of the 4-phenyl-1-butenyl compound of Example
      1, there are obtained other compounds corresponding to the Formula-XLV
      product of Example 13. For example, the 3-fluoro-3-phenyl-1-propenyl
      Formula-L compound yields ethyl
      7-[endo-6-(1,2-dihydroxy-3-fluoro-3-phenylpropyl)-3-oxo-bicyclo[3.1.0]hex-
     2.alpha.-yl-3-oxa-cis-5-heptenoate. Depending upon the reactants and the
      conditions employed, as disclosed hereinabove, there are obtained products
      in the alpha or beta exo or endo configuration.
PAR  Also following the procedure of Example 13 but using in place of ethyl
      cis-7-iodo-3-oxa-cis-5-heptenoate in the alkylation step, ethyl
      7-iodo-4-oxa-heptanoate, ethyl 3-fluoro-7-iodo-4-oxa-heptanoate, ethyl
      7-iodo-3-oxa-trans-5-heptenoate, and ethyl 7-iodo-3-oxa-5-heptynoate,
      there are obtained alpha and beta exo and endo compounds corresponding to
      the product of Example 13 with --(CH.sub.2).sub.3 -O-(CH.sub.2).sub.2
      COOEt, --(CH.sub.2).sub.3 --O-CHF--COOEt, trans--CH.sub.2 CH=CH--CH.sub.2
      --O--CH.sub.2 -COOEt, and --CH.sub.2 C.tbd.C-CH.sub.2 --O-CH.sub.2 COOEt,
      respectively, wherein Et is ethyl, in place of the cis --CH.sub.2
      CH=CH--CH.sub.2 --O--CH.sub.2 -- moiety of the Example 13 product. In the
      same manner, but using Formula-LX-to-LXVII alkylating agents within the
      scope of the formula
      ##EQU100##
      there are obtained the corresponding Formula-XLV products.
PAR  In the same manner, but using, according to Example 13, other esters of the
      Example 1 alkylating agent and of the other above-mentioned alkylating
      agents within the scope of R.sub.10 as above-defined, e.g., the methyl,
      isopropyl, tertbutyl, octyl, .beta., .beta.,.beta.,-trichloroethyl,
      cyclohexyl, benzyl, and phenyl esters, there are obtained the
      corresponding esters of these alpha and beta exo and endo Formula-XLIV
      bicyclo[3.1.0]hexane cyclic ketal alkylation products.
PAR  Also following the procedure of Example 13 but using in combination each of
      the above-described alternative Formula-XLIII bicyclo[3.1.0]hexane cyclic
      ketal reactants and each of the above-described omega-halo alkylation
      reactants within the scope of
      ##EQU101##
      there are obtained Formula-XLIV compounds corresponding to the product of
      Example 13 but different therefrom with respect to both the
      carboxylateterminated side chain and the side chain attached to the
      cyclopropane ring of the product, and in their respective alpha or beta
      and exo or endo configuration.
PAR  Following the procedure of Example 13 but using in place of the acetonide
      each of the specific Formula-XLIV exo and endo, alpha and beta, saturated,
      cis and trans ethylenic, and acetylenic bicyclo[3.1.0]hexane cyclic ketal
      esters defined above, there are obtained the corresponding Formula-XLV
      dihydroxy compounds. R.sub.10 persists unchanged during this
      transformation, e.g., the Formula-XLV .beta.,.beta.,.beta.,-trichloroethyl
      dihydroxy ester is obtained from the Formula-XLIV
      .beta.,.beta.,.beta.-trichloroethyl cyclic ketal ester.
PAC  EXAMPLE 14
PAR  3-Oxa or 4-Oxa Phenyl-substituted PGE.sub.1, PGE.sub.2, dehydro PGE.sub.2,
      and dihydro PGE.sub.1 type Esters.
PAR  The steps of Chart E are followed. Thus, following the procedure of Example
      6, each of the Formula-XLV dihydroxy compounds of Example 13 is
      transformed to the corresponding Formula-XLVI bis-mesyl ester and thence
      to the Formula-XLVII PGE type compound. There are thus obtained the
      specific PGE type esters represented by Figures XI-XVIII, inclusive, e.g.
      the esters of 3-oxa (or 4-oxa)-17-phenyl-18,19,20-trinor-PGE.sub.1 ; 3-oxa
      (or 4-oxa)-18-phenyl-19,20-dinor-PGE.sub.1 ; 3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGE.sub.2 ; 3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGE.sub.2 ; 5,6-dehydro-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGE.sub.2 ; 5,6-dehydro-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGE.sub.2 ; 13,14-dihydro-3-oxa (or
      4-oxa)-17-phenyl-18,19,20-trinor-PGE.sub.1 ; and 13,14-dihydro-3-oxa (or
      4-oxa)-18-phenyl-19,20-dinor-PGE.sub.1 ; including their cis and trans
      forms, their 8-iso, and their 15-epi forms.
PAC  EXAMPLE 15
PAR  13,14-Dihydro-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 (Formula XVII:
      C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --; C.sub.t H.sub.2t is ethylene;
      R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, and R.sub.6 are hydrogen; s
      is zero; and .about. is alpha).
PAR  The procedures shown in Charts B and C are followed. A solution of
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 (100 mg.) in 10ml. of ethyl
      acetate is shaken with hydrogen at about one atmosphere pressure at
      25.degree.C. in the presence of 5% palladium on charcoal (15 mg.). One
      equivalent of hydrogen is absorbed in about 90 minutes. The hydrogenation
      is then stopped, and the catalyst is removed by filtration. The filtrate
      is evaporated, and the residue is chromatographed on 25 g. of silica gel,
      eluting with 50-100% ethyl acetate gradient in Skellysolve B. Those
      fractions shown by TLC to contain the desired product free of the starting
      product and dehydration products are combined and evaporated to give
      13,14-dihydro-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1.
PAR  Following the procedure of Example 15,
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl ester is reduced to
      13,14-dihydro-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl ester.
      Likewise, 4-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl ester is reduced
      to 13,14-dihydro-4-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl ester.
      Also following the procedure of Example 15,
      3-oxa-18-phenyl-19,20-dinor-PGE.sub.1 ethyl ester is reduced to
      13,14-dihydro-3-oxa-18-phenyl-19,20-dinor-PGE.sub.1 ethyl ester.
PAR  Also following the procedure of Example 15,
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.2,
      trans-5,6-dehydro-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1, and
      5,6-dehydro-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.2 are each reduced to
      13,14-dihydro-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1, using two
      equivalents of hydrogen for the first two reactions, and three equivalents
      of hydrogen for the third. Likewise, the corresponding 4-oxa compounds are
      reduced to 13,14-dihydro-4-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1.
PAR  Also following the procedure of Example 15, the ethyl ester and the free
      acid form of the Formula XI-to-XVI PGE compounds in their various spatial
      configurations are transformed to the corresponding 13,14-dihydro
      PGE.sub.1 compound by catalytic hydrogenation, using equivalents of
      hydrogen appropriate to the degree of unsaturation of the reactant, i.e.,
      one equivalent for the PGE.sub.1 type, two equivalents for the PGE.sub.2
      type and trans-5,6-dehydro-PGE.sub.1 type, and three equivalents for the
      5,6-dehydro-PGE.sub.2 type.
PAR  Also following the procedure of Example 15,
      3-oxa-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha. and its ethyl ester are
      reduced to
      13,14-dihydro-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha. and
      its ethyl ester, respectively.
PAR  Also following the procedure of Example 15, the ethyl ester and the free
      acid form of the Formula XIX-to-XXIV PGF compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGF.sub.1.sub..alpha. or PGF.sub.1.sub..beta. compound by catalytic
      hydrogenation, using equivalents of hydrogen appropriate to the degree of
      unsaturation of the reactant.
PAC  EXAMPLE 16
PAR  13,14-Dihydro-3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1 (Formula XXXIII:
      C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --; C.sub.t H.sub.2t is ethylene;
      R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, and R.sub.6 are hydrogen; s
      is zero; and .about. is alpha).
PAR  The procedures shown in Charts B and C are followed. A suspension of
      disodium azodiformate (50 mg.) in 5 ml. of absolute ethanol is added to a
      stirred solution of 3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1 (50 mg.) in
      10 ml. of absolute ethanol under nitrogen at 25.degree.C. The mixture is
      made acid with glacial acetic acid, and then is stirred under nitrogen at
      25.degree.C. for 8 hours. The resulting mixture is evaporated under
      reduced pressure, and the residue is mixed with a mixture of diethyl ether
      and water (1:1). The diethyl ether layer is separated, dried, and
      evaporated to give the product
      13,14-dihydro-3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1.
PAR  Following the procedure of Example 16,
      3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1 methyl ester is reduced to
      13,14-dihydro-3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1 methyl ester.
PAR  Also following the procedure of Example 16,
      3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.2,
      trans-5,6-dehydro-3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1, and
      5,6-dehydro-3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.2 are each reduced to
      13,14-dihydro-3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1, using amounts of
      the disodium azodiformate reactant appropriate to the degree of
      unsaturation of the reactant.
PAR  Also following the procedure of Example 16, the methyl ester and the free
      acid form of the Formula XI-to-XVI PGE type compounds, the Formula
      XIX-to-XXIV PGF type compounds, the Formula XXVII-to-XXXII PGA type
      compounds, and the Formula XXXV-to-LX PGB type compounds are transformed
      to the corresponding 13,14-dihydro PGE.sub.1, PGF.sub.1, PGA.sub.1, or
      PGB.sub.1 type compound by diimide reduction, using amounts of disodium
      azodiformate reactant appropriate to the degree of unsaturation of the
      PGE, PGF, PGA, or PGB type reactant.
PAC  EXAMPLE 17
PAR  dl-4-Oxa-17-phenyl-18,19,20-trinor-PGF.sub.2.sub..alpha. Methyl Ester
      (Formula XXII: C.sub.q H.sub.2q is methylene; C.sub.t H.sub.2t is
      ethylene; R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5 , R.sub.6,
      R.sub.7, and R.sub.8 are hydrogen; s is zero; and .about. is alpha.
PAR  The transformation shown in Chart D is used.
      dl-5,6-Dehydro-4-oxa-17-phenyl-18,19,20-trinor-PGF.sub.2.sub..alpha.
      methyl ester (200 mg.) in pyridine (4 ml.) and methanol (10 ml.) is
      hydrogenated in the presence of a 5%-palladium-on-barium sulfate catalyst
      (200 mg.) at 25.degree. and atmospheric pressure. The reaction is
      terminated when one equivalent of hydrogen is absorbed. The mixture is
      filtered and evaporated. Ethyl acetate is added and residual pyridine is
      removed by addition of ice and 3 N. hydrochloric acid. The ethyl acetate
      layer is washed with 1 N. hydrochloric acid and then with saturated
      aqueous sodium chloride solution, dried, and evaporated to yield
      dl-4-oxa-17-phenyl-18,l9,20-trinor-PGF.sub.2.sub..alpha. methyl ester.
PAR  Following the procedure of Example 17, the specific 5,6-dehydro-3-oxa (or
      4-oxa) phenyl-substituted compounds following Example 10 are reduced to
      the corresponding PGF.sub.2 compounds. Likewise, the specific
      5,6-dehydro-3-oxa (or 4-oxa) phenyl-substituted PGE, PGA, and PGB
      compounds herein are reduced to the corresponding PGE.sub.2, PGA.sub.2,
      and PGB.sub.2 compounds.
PAC  EXAMPLE 18
PAR  3-Oxa-17-phenyl-18,19,20-trinor-PGA.sub.1 Ethyl Ester and Free Acid
      (Formula XXVII: C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --; C.sub.t
      H.sub.2t is ethylene; R.sub.1 is ethyl or hydrogen; R.sub.2, R.sub.3,
      R.sub.4, R.sub.5, and R.sub.6 are hydrogen; s is zero; and .about. is
      alpha).
PAR  The procedures shown in Chart A are followed.
PAR   I. Using hydrochloric acid. A solution of
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl ester (400 mg.) in a
      mixture of tetrahydrofuran (5 ml.) and 0.5 N hydrochloric acid (5 ml.) is
      maintained under nitrogen at 25.degree. C. for 5 days. The resulting
      mixture is diluted with one volume of saturated aqueous sodium chloride
      solution and extracted with a mixture of diethyl ether and dichloromethane
      (3:1). The extract is washed with saturated aqueous sodium chloride
      solution, dried, and evaporated. The residue is dissolved in diethyl
      ether, and the solution is extracted with cold 5% aqueous sodium
      bicarbonate solution to give an aqueous layer A and a diethyl ether layer
      B. Aqueous layer A is acidified with dilute hydrochloric acid and then
      extracted with dichloromethane. This extract is washed with saturated
      aqueous sodium chloride solution, dried, and evaporated to give the
      product free acid. Diethyl ether layer B is evaporated to give the product
      ethyl ester.
PAR  II. Using acetic acid. A solution of
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl ester in a mixture of a
      glacial acetic acid (9 ml.) and water (1 ml.) is heated under nitrogen at
      60.degree. C. for 18 hours. Then, the acetic acid and water are evaporated
      under reduced pressure, and the residue is chromatographed on 50 g. of
      acid-washed silica gel, eluting with a 25-100% gradient of ethyl acetate
      in Skellysolve B. The fractions containing the desired product free of
      starting material as shown by TLC are combined and evaporated to give the
      product, 3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1 ethyl ester.
PAR  Following the procedure of Example 18, the
      4-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 free acid is transformed to
      4-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1 free acid.
PAR  Also following the procedure of Example 18, the Formula XI-to-XVIII PGE
      compounds in their various spatial configurations are transformed to the
      corresponding Formula XXVII-to-XXXIV PGA compounds, either as esters or as
      free acids.
PAC  EXAMPLE 19
PAR  3-Oxa-17-Phenyl-18,19,20-trinor-PGA.sub.1 Methyl Ester (Formula XXVII:
      C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --; C.sub.t H.sub.2t is ethylene;
      R.sub.1 is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, and R.sub.6 are
      hydrogen; s is zero; and .about. is alpha).
PAR  The procedure shown in Chart E to prepare the compounds of Formula XLVIII
      is used. A solution of methyl
      7-[endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-oxobicyclo[3.1.0.]hex-2.alpha.-y
     l]-3-oxa heptanoate bis(methanesulfonate) of Example 6 (Formula XLVI)
      (about 10 g.) in 75 ml. of acetone is mixed with 10 ml. of water and 20
      ml. of saturated aqueous sodium bicarbonate solution. The mixture is
      refluxed under nitrogen for 4 hours. Then, the mixture is cooled,
      acidified with 5% hydrochloric acid, and extracted with ethyl acetate. The
      extract is washed with saturated aqueous sodium chloride solution, dried,
      and evaporated to give 3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1 methyl
      ester.
PAR  Following the procedure of Example 19, each of the bismesylates defined in
      Example 14 is transformed to the corresponding PGA-type ester, including
      the .beta.,.beta.,.beta.-trichloroethyl esters. Thereafter, each of the
      .beta.,.beta.,.beta.-trichloroethyl esters is transformed to the
      corresponding PGA-type free acid by the procedure of Example 7.
PAC  EXAMPLE 20
PAR  3-Oxa-17-phenyl-18,19,20-trinor-PGB.sub.1 (Formula XXXV: C.sub.n H.sub.2n
      is --(CH.sub.2).sub.3 --; C.sub.t H.sub.2t is ethylene; R.sub.1, R.sub.2,
      R.sub.3, R.sub.4, R.sub.5, and R.sub.6 are hydrogen; and s is zero).
PAR  The procedure shown in Chart A is followed. A solution of
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 (200 mg.) in 100 ml. of 50%
      aqueous ethanol containing 10 grams of potassium hydroxide is kept at
      25.degree. C. for 10 hours under nitrogen. Then, the solution is cooled to
      10.degree. C. and neutralized by addition of 3 normal hydrochloric acid at
      10.degree. C. The resulting solution is extracted repeatedly with ethyl
      acetate, and the combined ethyl acetate extracts are washed with water and
      then with saturated aqueous sodium chloride solution, dried, and
      evaporated to give 3-oxa-17-phenyl-18,19,20-trinor-PGB.sub.1.
PAR  Following the procedure of Example 20,
      3-oxa-17-phenyl-18,19,20,-trinor-PGA.sub.1 is transformed to
      3-oxa-17-phenyl- 18,19,20-trinor-PGB.sub.1.
PAR  Following the procedure of Example 20, the Formula XI- to-XVIII PGE
      compounds and the Formula XXVII-to-XXXIV PGA compounds are transformed to
      the corresponding PGB compounds.
PAC  EXAMPLE 21
PAR  7-[Endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]
     -3-oxa-5-heptenoic acid acetonide (Formula LXXII: Q is
      ##SPC60##
PAL  R.sub.2, r.sub.3, and R.sub.4 are hydrogen; R.sub.11 and R.sub.12 are
      methyl; V is --CH=CH--CH.sub.2 --O--CH.sub.2 --; and .about. is endo and
      alpha).
PAR  The steps of this preparation are shown in Chart G. A solution of sodium
      borohydride (1.5 g.) in 10 ml. of water is added with stirring to a
      solution of Formula-LXVIII ethyl
      7-[endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-y
     l]-3-oxa-5-heptenoate acetonide (5.0 g.) in 110 ml. of absolute ethanol at
      0.degree. C. The mixture is stirred for 2.5 hours at 0.degree. to
      5.degree. C. Then, 40 ml. of acetone is added, and, after 5 minutes, the
      mixture is evaporated under reduced pressure. The residue is extracted
      with dichloromethane, and the extract is washed successively with dilute
      hydrochloric acid and saturated aqueous sodium chloride solution, dried,
      and evaporated to give the Formula-LXIX compound, ethyl
      7-[endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-hydroxy-bicyclo[
      3.1.0]hex-2.alpha.-yl]-3-oxa-5-heptenoate acetonide.
PAR  This cyclic ketal hydroxy ester is dissolved in a mixture of methanol (100
      ml.) and 45% aqueous potassium hydroxide solution (30 ml.), and the
      solution is stirred under nitrogen at 25.degree. C. for 15 hours. Two
      volumes of water are then added, and the mixture is acidified with cold
      hydrochloric acid and then extracted with a mixture of dichloromethane and
      diethyl ether (1:3). The extract is washed with saturated aqueous sodium
      chloride solution, dried, and evaporated to give the Formula-LXX compound,
      7-[endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha
     .-yl]-3-oxa-5-heptenoic acid acetonide.
PAR  Jones reagent (7 ml.; Preparation 4) is added to a solution of this hydroxy
      acid in 120 ml. of acetone at 0.degree. C. The mixture is stirred 5
      minutes at 0.degree. C. Then, 5 volumes of water are added, and the
      mixture is extracted with a mixture of dichloromethane and diethyl ether
      (1:3). The extract is washed successively with dilute hydrochloric acid
      and saturated aqueous sodium chloride solution, dried, and evaporated to
      give the Formula-LXXII compound,
      7-[endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-oxo-bicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-5-heptenoic acid acetonide.
PAR  Following the procedure of Example 21 but substituting for the
      Formula-LXVIII 3-oxobicyclo[3.1.0]hexane ester acetonide, each of the
      specific endo and exo, alpha and beta, saturated, cis and trans ethylenic,
      and acetylenic ester cyclic ketals described in and after Example 13 is
      reduced with sodium borohydride to give the corresponding Formula-LXIX
      3-hydroxybicyclo[3.1.0]hexane ester cyclic ketal. That hydroxy ester is
      then saponified as in Example 21 to the corresponding Formula-LXX hydroxy
      acid. That hydroxy acid is then oxidized as in Example 21 to the
      corresponding Formula-LXXII 3-oxobicyclo[3.1.0]hexane acid cyclic ketal.
PAC  EXAMPLE 22
PAR  7-[Endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-4-ox
     aheptanoic acid (Formula LXXVIII: Q is
      ##SPC61##
PAL  R.sub.2, r.sub.3, and R.sub.4 are hydrogen; Z is --(CH.sub.2).sub.2
      --O--(CH.sub.2).sub.2 -; and .about. is endo, and alpha).
PAR  The steps of this preparation are shown in Chart H. Following the procedure
      of Example 21, the Formula-LXXIV compound, methyl
      7[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-4-ox
     a heptanoate is reduced with sodium borohydride to the Formula-LXXV
      compound, methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[3.1.0]-hex-2.alpha.-yl
     ]-4-oxaheptanoate. That hydroxy ester is then saponified as described in
      Example 21 to the Formula-LXXVI compound,
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]
     -4-oxa heptanoic acid. That hydroxy acid is then oxidized as described in
      Example 21 to the Formula-LXXVIII product,
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-4-o
     xa heptanoic acid.
PAR  Following the procedure of Example 22, but using in place of the
      Formula-LXXIV 3-oxobicyclo[3.1.0]hexane ester, each of the specific
      Formula-LXXIV endo and exo, alpha and beta, saturated and acetylenic
      esters described in and following Examples 3 and 4 is reduced with sodium
      borohydride to give the corresponding Formula-LXXV 3-hydroxybicyclo[3.1.0]
      hexane ester. That hydroxy ester is then saponified as described in
      Example 21 to the corresponding Formula-LXXVI
      3-hydroxybicyclo[3.1.0]hexane acid. That hydroxy acid is then oxidized as
      described in Example 21 to the corresponding Formula-LXXVIII
      3-oxobicyclo[3.1.0]hexane acid.
PAC  EXAMPLE 23
PAR  .beta.,.beta.,.beta.-Trichloroethyl
      7-[endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-hyroxybicyclo[3.1.0]hex-2.alpha.
     -yl]-3-oxa-5-heptenoate acetonide (Formula LXXI: Q is
      ##SPC62##
PAL  R.sub.2, r.sub.3, and R.sub.4 are hydrogen; R.sub.11 and R.sub.12 are
      methyl; haloethyl is .beta. ,.beta.,.beta.-trichloroethyl; V is
      --CH=CH--CH.sub.2 --O-CH.sub.2 --; and .about. is endo, and alpha).
PAR  Successively, .beta.,.beta.,.beta.-trichloroethanol (25 ml.), pyridine (15
      ml.), and dicyclohexylcarbodiimide (4.0 g.) are added to a solution of
      Formula-LXX compound
      7-[endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha
     .-yl]-3-oxa-5-heptenoic acid acetonide (2.0 g.) in 100 ml. of
      dichloromethane. This mixture is stirred 3 hours under nitrogen at
      25.degree. C. Water (50 ml.) is then added, and the mixture is stirred 10
      minutes. The dichloromethane is evaporated under reduced pressure, and the
      residue is extracted repeatedly with ethyl acetate. The combined extracts
      are washed with ice-cold 3N hydrochloric acid. Then, the extracts are
      washed successively with aqueous sodium bicarbonate solution and saturated
      aqueous sodium chloride solution, dried, and evaporated under reduced
      pressure. The residue is chromatographed on 600 g. of silica gel, eluting
      with 10 l. of a 20-100% ethyl acetate-Skellysolve B gradient, collecting
      250-ml. fraction. The middle fractions which show the presence of a
      product on TLC (thin-layer chromatography) with the A-IX system are
      combined and evaporated under reduced pressure. The residue is
      chromatographed on 200 g. of silica gel impregnated with silver nitrate,
      eluting with 4 l. of a 20-100% ethyl acetate-Skellysolve B gradient,
      collecting 50-ml. fractions. The middle fractions which show a product
      free of starting materials on TLC with the A-IX system are combined and
      evaporated under reduced pressure to give the product,
      .beta.,.beta.,.beta.-trichloroethyl
      7-[endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha
     .-yl]-3-oxa-5-heptenoate acetonide.
PAR  Following the procedure of Example 23, but using in place of the
      Formula-LXX 3-hydroxybicylo[3.1.0]hexane acid acetonide, each of the
      specific endo and exo, alpha and beta, saturated and unsaturated
      Formula-LXX hdyroxy acid ketals defined after Example 21, there are
      obtained the corresponding .beta.,.beta.,.beta.-trichloroethyl esters of
      those 3-hydroxybicyclo[3.1.0]hexane acids.
PAR  Following the procedure of Example 23, but using in place of the
      Formula-LXX 3-hydroxybicyclo[3.1.0]hexane acid ketal, each of the specific
      Formula-LXXII 3-oxo-acid ketals defined after Example 21, there are
      obtained the corresponding Formula-LXXIII
      .beta.,.beta.,.beta.-trichloroethyl esters of those 3-oxo-acid ketals.
PAR  Following the procedure of Example 23 but using in place of the Formula-LXX
      3-hydroxy-acid ketal, each of specific Formula-LXXVI 3-hydroxy and
      Formula-LXXVIII 3-oxo acids defined after Example 22, there are obtained
      the corresponding Formula-LXXVII and Formula-LXXIX
      .beta.,.beta.,.beta.-trichloroethyl esters of those acids, respectively.
PAR  Following the procedures of Examples 13 and 14, each of the Formula-LXXIII
      cyclic ketal haloethyl esters of Example 23 is transformed to the
      corresponding Formula-XLVII 3-oxa or 4-oxa phenyl-substituted PGE.sub.2
      .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the procedure
      of Example 7, each of the esters is transformed to the 3-oxa or 4-oxa
      phenylsubstituted PGE.sub.2 acid compound wherein R.sub.10 of Formula
      XLVII is replaced with hydrogen.
PAR  Following the procedure of Examples 5 and 6 each of the Formula-LXXIX
      olefin haloethyl esters of Example 22 is transformed to the corresponding
      Formula-XLVII 3-oxa or 4-oxa phenyl-substituted PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the procedure
      of Example 7, each of the esters is transformed to the 3-oxa or 4-oxa
      phenyl-substituted PGE.sub.1 acid compound wherein R.sub.10 of Formula
      XXXIII is replaced with hydrogen.
PAC  EXAMPLE 24
PAR  dl-15-Methyl-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 Methyl Ester
      (Formula XI: C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --; C.sub.t H.sub.2t
      is ethylene; R.sub.1 and R.sub.3 are methyl; R.sub.2, R.sub.4, R.sub.5,
      and R.sub.6 are hydrogen;  s is zero; and .about. is alpha.
PAR  The process depicted in Chart 1 is used.
PAR  A solution of
      15-methyl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  methyl
      ester (95 mg.) in 40 ml. of acetone is cooled to -10.degree. C. To it is
      added Jones reagent (0.1 ml. of a solution of 21 g. of chromic anhydride,
      60 ml. of water, and 17 ml. of concentrated sulfuric acid), precooled to
      0.degree. C., with vigorous stirring. After 5 minutes at -10.degree. C.,
      thin layer chromatography on silica gel (acetic acid:methanol: chloroform;
      5:5:90) of a small portion of the reaction mixture indicates about 50%
      reaction completion. An additional 0.06 ml. of Jones reagent is added to
      the still cold reaction mixture with stirring, and the mixture is stirred
      an additional 5 minutes at -10.degree. C. Isopropyl alcohol (1 ml.) is
      added to the cold reaction mixture. After 5 minutes, the mixture is
      filtered through a layer of diatomaceous earth (Celite). The filtrate is
      concentrated at reduced pressure, and the residue is mixed with 5 ml. of
      saturated aqueous sodium chloride solution. The mixture is extracted
      repeatedly with ethyl acetate, and the combined extracts are washed with
      saturated aqueous sodium chloride solution, dried with anhydrous sodium
      sulfate, and concentrated at reduced pressure. The residue is
      chromatographed on 20 g. of neutral silica gel, eluting with 50% ethyl
      acetate in Skellysolve B. Evaporation of the eluates gives the product,
      dl-15-methyl-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 methyl ester.
PAR  Following the procedure of Example 24, there is substituted for the
      15-methyl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  methyl
      ester, the free acid, the propyl ester, the octyl ester, the cyclopentyl
      ester, the benzyl ester, the phenyl ester, the 2,4-dichlorophenyl ester,
      the 2-tolyl ester, or the .beta.,.beta.,.beta.-trichloroethyl ester, there
      is obtained the corresponding dl-15-methyl-3-oxa-17-phenyl-18,
      19,20-trinor-PGE.sub.1 compound.
PAR  Following the procedure of Example 24, but substituting for the
      15-methyl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  methyl
      ester, the methyl ester of each of the
      15-methyl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..beta.,
      -PGF.sub.2.sub..alpha., -PGF.sub.2.sub..beta.,
      -5,6-dehydro-PGF.sub.2.sub..alpha., -5,6-dehydro-PGF.sub.2.sub..beta.,
      -dihydro-PGF.sub.1.sub..alpha., and -dihydro-PGF.sub.1.sub..beta.
      compounds in their various R or S configurations and optical isomers is
      transformed to the corresponding PGE type compound.
PAR  Following the procedure of Example 24, and each of the various
      15-alkyl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  methyl
      ester compounds, including the 15-ethyl, 15-propyl, 15-butyl, and
      15-substituted isomeric forms of propyl and butyl, is transformed to the
      corresponding PGE type compound.
PAR  Also following the procedure of Example 24, each of the 15-alkyl PGF-type
      acids and esters within the scope of Formula LXXX (Chart I) is transformed
      to a 15-alkyl PGE-type acid or ester encompassed by Formula LXXXI.
PAC  EXAMPLE 25
PAR  15-Methyl-4-oxa-18-phenyl-19,20-dinor-PGA.sub.1 Methyl Ester (Formula
      XXVII: C.sub.n H.sub.2n is ethylene; C.sub.t H.sub.2t is
      --(CH.sub.2).sub.3 --; R.sub.1 and R.sub.3 are methyl; R.sub.2, R.sub.4,
      R.sub.5, and R.sub.6 are hydrogen;  s is zero; and .about. is alpha).
PAR  The process depicted in Chart K is used.
PAR  A mixture of 15-methyl-4-oxa-18-phenyl-19,20-dinor-PGE.sub.1 methyl ester
      (6 mg.), dicyclohexylcarbodiimide (20 mg.), copper(II) chloride dihydrate
      (2 mg.), and diethyl ether (2 ml.) is stirred under nitrogen at 25.degree.
      C. for 16 hours. Then, additional dicyclohexylcarbodiimide (20 mg.) is
      added, and the mixture is stirred an additional 32 hours at 25.degree. C.
      under nitrogen. The resulting mixture is filtered, and the filtrate is
      evaporated under reduced pressure. The residue is chromatographed by
      preparative thin layer chromatography with the A-IX system to give
      15-methyl-4-oxa-18-phenyl-19,20-dinor-PGA.sub.1 methyl ester.
PAR  Following the procedure of Example 25, but substituting for the 4-oxa
      phenyl-substituted PGE.sub.1 compound, the methyl esters of
      15-methyl-4-oxa-17-phenyl-18,19,20-trinor-PGE.sub.2,
      -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are obtained the
      corresponding Formula-LXXXVIII compounds, viz., the methyl esters of
      15-methyl-4-oxa-17-phenyl-18,19,20-trinor-PGA.sub.2,
      -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 25, but substituting for the
      phenyl-substituted PGE.sub.1 compound, the methyl esters of
      15-methyl-3-oxa-18-phenyl-19,20-dinor-PGE.sub.1, -PGE.sub.2,
      -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are obtained the
      corresponding Formula-LXXXVII compounds, viz., the methyl esters of
      15-methyl-3-oxa-18-phenyl-19,20-dinor-PGA.sub.1, -PGA.sub.2,
      -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 25, each of the Formula-LXXXVII
      (Chart K) compounds defined above in Example 24 is transformed to the
      corresponding Formula-LXXXVIII compound.
PAC  EXAMPLE 26
PAR  Enzymatic Hydrolysis of 3-oxa-17-phenyl- 18,19,20-trinor-PGE.sub.1 Methyl
      Ester.
PAR  A. Enzyme preparation
PAR  A medium is prepared consisting of 2% corn steep liquor (a mixture of equal
      parts of cerelose and glucose in tap water. This is brought to pH 4.5 by
      adding hydrochloric acid, and 1% of methyl oleate is added. For 500 ml.
      flasks each containing 100 ml. of the above medium are inoculated with
      Cladosporium resinae (C1-11, ATCC 11,274; and are placed on a shaker at
      room temperature (about 28.degree. C.) for 4 days. The culture is then
      placed in 40 ml. centrifuge tubes and centrifuged at about 2,000 rmp. in a
      clinical centrifuge. The liquid is decanted from the centrifuge tubes and
      the collected cells are washed with cold water. The washed cells from 2
      centrifuge tubes are suspended in 50 ml. of ice cold 0.05 M pH 7.0
      phosphate buffer and placed in small Waring blender cup chilled with ice.
      Glass beads are added and the suspended cells are churned in the blender
      for 15 minutes. The resulting suspension of broken cells is centrifuged in
      a clinical centrifuged at about 2,000 r.p.m. for 15 minutes at room
      temperature, then the supernatant liquid is collected. This supernatant
      liquid contains Cladosporium resinae acylase and is used directly for the
      hydrolysis of alkyl esters or is stored, preferably frozen, until needed.
PAR  B. Esterase hydrolysis
PAR  Ten milliliters of the supernatant liquid containing Cladosporium resinae
      acylase, prepared as described in part A of this example and 50 mg. of
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 methyl ester are shaken at room
      temperature under nitrogen for about 19 hours., then 70 ml. of acetone is
      added and the mixture is filtered giving a filtrate and an insoluble
      residue. The filtrate is evaporated under reduced pressure to a residue
      comprising 3-oxa-17-phenyl- 18,19,20-trinor-PGE.sub.1. This residue is
      chromatographed over 10 g. of acid-washed silica gel (Silicar CC-4,
      Mallinckrodt). Elution is with mixed hexanes (Skellysolve B) containing
      increasing amounts of ethyl acetate, collecting 50 ml. fractions. Those
      fractions containing 3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 are
      combined and evaporated to yield the product.
PAR  Following the procedure of Example 26, each of the specific methyl, ethyl,
      and other alkyl esters defined above in and after Examples 6, 14, and 15
      is hydrolyzed enzymatically to the corresponding 3-oxa or 4-oxa
      phenyl-substituted PGE-type free acid.
PAC  EXAMPLE 27
PAR  4-Oxa-17-phenyl-18,19,20-trinor-PGB.sub.1 Methyl Ester (Formula XXXVI:
      C.sub.m H.sub.2m and C.sub.t H.sub.2t are ethylene; R.sub.1 is methyl;
      R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7, and R.sub.8 are
      hydrogen; and s is zero).
PAR  A solution of diazomethane (about 0.5 g.) in diethyl ether (25 ml.) is
      added to a solution of 4-oxa-17-phenyl-18,19,20-trinor-PGB.sub.1 (50 mg.)
      in 25 ml. of a mixture of methanol and diethyl ether (1:1). The mixture is
      allowed to stand at 25.degree. C. for 5 minutes. Then, the mixture is
      evaporated to give 4-oxa-17-phenyl-18,19,20-trinor-PGB.sub.1 methyl ester.
PAR  Following the procedure of Example 27, each of the other specific
      phenyl-substituted PGB type, PGA type, PGE type, and PGF type free acids
      defined above is converted to the corresponding methyl ester.
PAR  Also following the procedure of Example 27, but using in place of the
      diazomethane, diazoethane, diazobutane, 1-diazo-2-ethylhexane, and
      diazocyclohexane, there are obtained the corresponding ethyl, butyl,
      2-ethylhexyl, and cyclohexyl esters of
      4-oxa-17-phenyl-18,19,20-trinor-PGB.sub.1. In the same manner, each of the
      other specific phenyl-substituted PGB type, PGA type, PGE type, and PGF
      type free acids defined above is converted to the corresponding ethyl,
      butyl, 2-ethylhexyl, and cyclohexyl esters.
PAC  EXAMPLE 28
PAR  3-Oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 Methyl Ester Diacetate.
PAR  Acetic anhydride (5 ml.) and pyridine (5 ml.) are mixed with
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 methyl ester (20 mg.), and the
      mixture is allowed to stand at 25.degree. C. for 18 hours. The mixture is
      then cooled to 0.degree. C., diluted with 50 ml. of water, and acidified
      with 5% hydrochloric acid to pH 1. That mixture is extracted with ethyl
      acetate. The extract is washed successively with 5% hydrochloric acid, 5%
      aqueous sodium bicarbonate solution, water, and saturated aqueous sodium
      chloride solution, dried and evaporated to give
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 methyl ester diacetate.
PAR  Following the procedure of Example 28 but replacing the acetic anhydride
      with propionic anhydride, isobutyric anhydride, and hexanoic acid
      anhydride, there are obtained the corresponding dipropionate,
      diisobutyrate and dihexanoate derivatives of
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 methyl ester.
PAR  Also following the procedure of Example 28, but replacing the
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 compound with
      3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., and
      15-methyl-3-oxa-17-phenyl-18,19,20-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., there are obtained the corresponding triacetate
      derivatives of the 3-oxa-17-phenyl-18,19,20-trinor-PGF compounds.
PAR  Also following the procedure of Example 28, each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type esters and free acids defined
      above is transformed to the corresponding acetates, propionates,
      isobutyrates, and hexanoates, the PGE type derivatives being
      dicarboxyacylates, the PGF type derivatives being tricarboxyacylates, and
      the PGA type and PGB type derivatives being monocarboxyacylates.
PAC  EXAMPLE 29
PAR  3-Oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 Sodium Salt.
PAR  A solution of 3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 (100 mg.) in 50 ml.
      of a water-ethanol mixture (1:1) is cooled to 5.degree. C. and neutralized
      with an equivalent amount of 0.1 N aqueous sodium hydroxide solution. The
      neutral solution is evaporated to give
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 sodium salt.
PAR  Following the procedure of Example 29 but using potassium hydroxide,
      calcium hydroxide, tetramethylammonium hydroxide, and
      benzyltrimethylammonium hydroxide in place of sodium hydroxide, there are
      obtained the corresponding salts of
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1.
PAR  Also following the procedure of Example 29 each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type acids defined above is
      transformed to the sodium, potassium, calcium, tetramethylammonium, and
      benzyltrimethylammonium salts.
PAR  The various Preparations and Examples given above describe the preparation
      of racemic intermediates and final products. Each of the intermediates and
      final products named and defined above is also obtained in each of the
      enantiomeric forms, d and l, by resolution of that compound or by
      resolution of an intermediate used to prepare that compound. For example,
      d-3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.1 free acid is prepared by
      resolution of dl-3-oxa-17-phenyl-18,19,-20-trinor-PGA.sub.1 free acid
      (Example 18) or by dehydration as in Example 18 of optically active
      3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 free acid with the same absolute
      configuration. These resolutions are carried out by procedures known in
      the art, and may be used to obtain prostaglandin-like materials having the
      spatial configuration of the natural prostaglandins, as typified by the
      following Example.
PAC  EXAMPLE 30
PAR  Natural Configuration 3-Oxa-17-phenyl-18,19,20-trinor-PGE.sub.2 and
      -PGF.sub.2.sub..alpha.  Methyl Esters (Formula XIII and XXI: C.sub.n
      H.sub.2n is --(CH.sub.2).sub.3 --; C.sub.t H.sub.2t is ethylene; R.sub.1
      is methyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, and R.sub.6 are hydrogen; s
      is zero; and .about. is alpha).
PAR  The process shown in Chart E is used to prepare the PGE.sub.2 -type
      compound first. The Formula-XLIV cyclic ketal intermediate wherein Q is
      ##SPC63##
PAL  R.sub.2, r.sub.3, and R.sub.4 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; V is --CH=CH--CH.sub.2 --O--CH.sub.2 --; and .about.
      is endo and alpha is prepared following the procedures of Example 13.
PAR  The formula-XLIV compound is resolved as its optical isomers by the method
      of Corey et al., J. Am. Chem. Soc. 84, 2938 (1962), by reacting this keto
      compound with optically active L(+)-2,3-butanedithiol in the presence of
      p-toluenesulfonic acid. The diastereomeric ketals are completely resolved
      on a preparative chromatographic column, and are then hydrolyzed
      separately, following the procedure of Example 13, to the Formula-XLV
      dihydroxy componds. Transformation to the Formula-XLVII PGE.sub.2 -type
      compounds is accomplished by the procedures of Examples 13 and 14. Of the
      separate diastereoisomers, one corresponds to the configuration of natural
      PGE.sub.2 and the other to its enantiomer. Conversion of the PGE.sub.2
      -type compound having the configuration of the natural product to the
      PGF.sub.2.sub..alpha. -type methyl ester is done by borohydride reduction
      following the procedure of Example 8. The
      natural-configuration-PGF.sub.2.sub..alpha. -type free acid is formed from
      the methyl ester by saponification, following the procedure of Example 9.
PAC  EXAMPLE 31
PAR  dl-16,16-Dimethyl-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.2 Ethyl Ester
      (Formula XIII: C.sub.p H.sub.2p is methylene; C.sub.t H.sub.2t is
      --C(CH.sub.3).sub.2 --CH.sub.2 --; R.sub.1 is ethyl; R.sub.2, R.sub.3,
      R.sub.4, R.sub.5, and R.sub.6 are hydrogen; s is zero; and .about. is
      alpha). Refer to Chart E.
PAR  A. (2,2-Dimethyl-3-phenylpropyl) triphenylphosphonium bromide. a.
      (3-Bromo-2,2-dimethylpropyl)benzene. Following the procedure of
      Preparation 7 but replacing 4-phenyl-1-butanol with the equivalent amount
      of 2,2-dimethyl-3-phenyl-1-propanol, there is obtained
      (3-bromo-2,2-dimethylpropyl)-benzene.
PAR  b. (2,2-Dimethyl-3-phenylpropyl)triphosphonium bromide. Following the
      procedure of Preparation 5 but replacing (3-bromopropyl)benzene with the
      equivalent amount of (3-bromo-2,2-dimethylpropyl)benzene, there is
      obtained the corresponding phosphonium compound.
PAR  B. Endo-6-(cis-3,3-dimethyl-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one
      (Formula L).- Following the procedure of Example 1 but replacing that
      phosphonium halide with the above product of Example 31A, there is
      obtained the corresponding bicyclo olefin L.
PAR  C.
      Endo-6-(1,2-dihydroxy-3,3-dimethyl-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-on
     e acetonide (Formula XLIII).- Following the procedures of Example 13, the
      above Formula-L compound is transformed first to
      endo-6-(1,2-dihydroxy-3,3-dimethyl-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-on
     e (Formula LVIII) and thence to the corresponding bicyclo acetonide XLIII.
PAR  D. Ethyl
      7-[endo-6-(1,2-dihydroxy13,3-dimethyl-4-phenylbutyl)-3-oxabicyclo[3.1.0]he
     x-2.alpha.-yl]-3-oxa-cis-5-heptenoate acetonide (Formula XLIV).- Following
      the procedure of Example 3, but using the Formula-XLIII compound above
      instead of the endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one
      compound, the Formula XLIII compound is alkylated with ethyl
      7-iodo-3-oxa-cis-5-heptenoate to give the corresponding Formula-XLIV
      intermediate.
PAR  E. Title compound (Formula XIII (XLVII).- Following the procedure of
      Example 13, the above Formula-XLIV compound is hydrolyzed with
      hydrochloric acid, water, and tetrahydrofuran to the corresponding glycol
      XLV.
PAR  Following the procedure of Example 6, but using the above Formula-XLV
      glycol instead of the ethyl
      7-[endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-3-oxaheptanoate, and finally subjecting the reaction product to silica
      gel chromatography, there is obtained the corresponding title compound
      and, separately, its 15-epimer.
PAC  EXAMPLE 32
PAR  dl-16,16-Dimethyl-3-oxa-17-methyl-18.19,20-trinor-PGF.sub.2.sub..alpha.
      and -PGF.sub.2.sub..beta.  Ethyl Esters (Formula XXI: C.sub.p H.sub.2p is
      methylene; C.sub.t H.sub.2t is --C(CH.sub.3).sub.2 --CH.sub.2 --; R.sub.1
      is ethyl; R.sub.2, R.sub.3, R.sub.4, R.sub.5, and R.sub.6 are hydrogen; s
      is zero, and .about. is alpha or beta). Refer to Chart A.
PAR  Following the procedure of Example 8,
      dl-16,16-dimethyl-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.2 ethyl ester
      (Example 31) is reduced with sodium borohydride to a mixture of the title
      compounds which are separated by silica gel chromatography.
PAC  EXAMPLE 33
PAR  dl-16,16-Dimethyl-3-oxa-17-phenyl-18,19,20-trinor-PGA.sub.2 Ethyl Ester
      (Formula XXIX: C.sub.p H.sub.2p is methylene; C.sub.t H.sub.2t is
      --C(CH.sub.3).sub.2 --CH.sub.2 --; R.sub.1 is ethyl; R.sub.2, R.sub.3,
      R.sub.4, R.sub.5, and R.sub.6 are hydrogen; s is zero; and .about. is
      alpha).
PAR  Following the procedures of Example 18,
      dl-16,16-dimethyl-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.2 ethyl ester
      (Example 31) is transformed by acid dehydration to the title compound.
PAC  EXAMPLE 34
PAR  dl-16,16-Dimethyl-3-oxa-17-phenyl-18,19,20-trinor-PGB.sub.2 (Formula
      XXXVII: C.sub.p H.sub.2p is methylene; C.sub.t H.sub.2t is
      --C(CH.sub.3).sub.2 --CH.sub.2 --; R.sub.1, R.sub.2, R.sub.3, R.sub.4,
      R.sub.5, and R.sub.6 are hydrogen; and s is zero).
PAR  Following the procedure of Example 20, dl-16,
      16-dimethyl-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.2 ethyl ester (Example
      31) is transformed in basic solution to the title compound.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC64##
PAL  wherein R.sub.1 is hydrogen, alkyl of one to 8 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, or ethyl substituted in the
      .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo; wherein
      R.sub.2, R.sub.3, R.sub.4, R.sub.5, and R.sub.6 are hydrogen or alkyl of
      one to 4 carbon atoms, inclusive; wherein C.sub.n H.sub.2n is alkylene of
      one to 10 carbon atoms, inclusive, with one to 5 carbon atoms, inclusive,
      between --CHR.sub.2 -- and --O--; wherein C.sub.t H.sub.2t represents (1)
      a valence bond or (2) alkylene of one to 10 carbon atoms, inclusive,
      substituted with zero, one, or 2 fluoro, with one to 7 carbon atoms,
      inclusive, between --CR.sub.3 OH-- and the ring; wherein T is alkyl of one
      to 4 carbon atoms, inclusive, fluoro, chloro, trifluoromethyl, or
      --OR.sub.9, wherein R.sub.9 is hydrogen, alkyl of one to 4 carbon atoms,
      inclusive, or tetrahydropyranyl, and s is zero, one, 2, or 3, with the
      proviso that no more than two T are other than alkyl; and wherein .about.
      indicates attachment of the group to the ring in alpha or beta
      configuration; including the lower alkanoates thereof, and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  2.
PAR  2. A compound of the formula:
      ##SPC65##
PAL  wherein R.sub.1 is hydrogen, alkyl of one to 8 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, or ethyl substituted in the
      .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo; wherein
      R.sub.2, R.sub.3, R.sub.4, R.sub.5, and R.sub.6 are hydrogen or alkyl of
      one to 4 carbon atoms, inclusive; wherein C.sub.p H.sub.2p is alkylene of
      one to 8 carbon atoms, inclusive, with one, 2, or 3 carbon atoms between
      --CH=CH-- and --O--; wherein C.sub.t H.sub.2t represents (1) a valence
      bond or (2) alkylene of one to 10 carbon atoms, inclusive, substituted
      with zero, one, or 2 fluoro, with one to 7 carbon atoms, inclusive,
      between --CR.sub.3 OH-- and the ring; wherein T is alkyl of one to 4
      carbon atoms, inclusive, fluoro, chloro, trifluoromethyl, or --OR.sub.9,
      wherein R.sub.9 is hydrogen, alkyl of one to 4 carbon atoms, inclusive, or
      tetrahydropyranyl, and s is zero, one, 2, or 3, with the proviso that no
      more than two T are other than alkyl; and wherein .about. indicates
      attachment of the group to the ring in alpha or beta configuration;
      including the lower alkanoates thereof, and the pharmacologically
      acceptable salts thereof when R.sub.1 is hydrogen.
NUM  3.
PAR  3. A compound of the formula:
      ##SPC66##
PAL  wherein R.sub.1 is hydrogen, alkyl of one to 8 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl or one to 4 carbon atoms, inclusive, or ethyl substituted in the
      .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo; wherein
      R.sub.2, R.sub.3, R.sub.4, R.sub.5, and R.sub.6 are hydrogen or alkyl of
      one to 4 carbon atoms, inclusive; wherein C.sub.p H.sub.2p is alkylene of
      one to 8 carbon atoms, inclusive, with one, 2, or 3 carbon atoms between
      --C.tbd.C-- and --O--; wherein C.sub.t H.sub.2t represents (1) a valence
      bond or (2) alkylene of one to 10 carbon atoms, inclusive, substituted
      with zero, one, or 2 fluoro, with one to 7 carbon atoms, inclusive,
      between --CR.sub.3 OH-- and the ring; wherein T is alkyl of one to 4
      carbon atoms, inclusive, fluoro, chloro, trifluoromethyl, or --OR.sub.9,
      wherein R.sub.9 is hydrogen, alkyl of one to 4 carbon atoms, inclusive, or
      tetrahydropyranyl, and s is zero, one, 2, or 3, with the proviso that no
      more than two T are other than alkyl; and wherein .about. indicates
      attachment of the group to the ring in alpha or beta configuration;
      including the lower alkanoates thereof, and the pharmacologically
      acceptable salts thereof when R.sub.1 is hydrogen.
NUM  4.
PAR  4. A compound of the formula:
      ##SPC67##
PAL  wherein R.sub.1 is hydrogen, alkyl of one to 8 carbon atoms, inclusive,
      cycloalkyl or 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, or ethyl substituted in the
      .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo; wherein
      R.sub.2, R.sub.3, R.sub.4, R.sub.5, and R.sub.6 are hydrogen or alkyl of
      one to 4 carbon atoms, inclusive; wherein C.sub.n H.sub.2n is alkylene of
      one to 10 carbon atoms, inclusive, with one to 5 carbon atoms, inclusive,
      between --CHR.sub.2 -- and --O--; wherein C.sub.t H.sub.2t represents (1)
      a valence bond or (2) alkylene of one to 10 carbon atoms, inclusive,
      substituted with zero, one, or 2 fluoro, with one to 7 carbon atoms,
      inclusive, between --CR.sub.3 OH-- and the ring; wherein T is alkyl of one
      to 4 carbon atoms, inclusive, fluoro, chloro, trifluoromethyl, or
      --OR.sub.9, wherein R.sub.9 is hydrogen, alkyl of one to 4 carbon atoms,
      inclusive, or tetrahydropyranyl, and s is zero, one, 2, or 3, with the
      proviso that no more than two T are other than alkyl; and wherein .about.
      indicates attachment of the group to the ring in alpha or beta
      configuration; including the lower alkanoates thereof, and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  5.
PAR  5. A compound according to claim 1 wherein
      ##EQU102##
EQU  --(CH.sub.2).sub.4 --O--CH.sub.2 COOR.sub.1,
PAL  wherein R.sub.1 is as defined in claim 1.
NUM  6.
PAR  6. A compound according to claim 5 wherein C.sub.t H.sub.2t is straight
      chain alkylene of one to 4 carbon atoms with or without a fluoro or alkyl
      substituent on the carbon atom adjacent to the hydroxy-substituted carbon
      atom.
NUM  7.
PAR  7. A compound according to claim 6 wherein the side chain hydroxy is in S
      configuration.
NUM  8.
PAR  8. A compound according to claim 7 wherein R.sub.4 is hydrogen.
NUM  9.
PAR  9. A compound according to claim 8 wherein R.sub.3 is hydrogen.
NUM  10.
PAR  10. A compound according to claim 9 wherein C.sub.t H.sub.2t is
      (CH.sub.2).sub.d wherein d is one, 2, 3, or 4.
NUM  11.
PAR  11. A compound according to claim 10 wherein d is 2.
NUM  12.
PAR  12. 3-Oxa-17-phenyl-18,19,20-trinor-PGE.sub.1, a compound according to
      claim 11.
NUM  13.
PAR  13. 3-Oxa-17-phenyl-18,19,20-trinor-PGE.sub.1, ethyl ester, a compound
      according to claim 11.
NUM  14.
PAR  14. A compound according to claim 8 wherein R.sub.3 is methyl.
NUM  15.
PAR  15. A compound according to claim 14 wherein C.sub.t H.sub.2t is
      (CH.sub.2).sub.d wherein d is one, 2, 3, or 4.
NUM  16.
PAR  16. A compound according to claim 15 wherein d is 2.
NUM  17.
PAR  17. 3-Oxa-15-methyl-17-phenyl-18,19,20-trinor-PGE.sub.1, a compound
      according to claim 16.
NUM  18.
PAR  18. 3-Oxa-15-methyl-17-phenyl-18,19,20-trinor-PGE.sub.1, ethyl ester, a
      compound according to claim 16.
NUM  19.
PAR  19. A compound according to claim 6 wherein the side chain hydroxy is in R
      (epi) configuration.
NUM  20.
PAR  20. A compound according to claim 19 wherein R.sub.4 is hydrogen.
NUM  21.
PAR  21. A compound according to claim 20 wherein R.sub.3 is methyl.
NUM  22.
PAR  22. A compound according to claim 21 wherein C.sub.t H.sub.2t is
      (CH.sub.2).sub.d wherein d is one, 2, 3, or 4.
NUM  23.
PAR  23. A compound according to claim 22 wherein d is 2.
NUM  24.
PAR  24. 15-Epi-3-oxa-15-methyl-17-phenyl-18,19,20-trinor-PGE.sub.1, a compound
      according to claim 23.
NUM  25.
PAR  25. 15-Epi-3-oxa-15-methyl-17-phenyl-18,19,20-trinor-PGE.sub.1, ethyl
      ester, a compound according to claim 23.
NUM  26.
PAR  26. A compound according to claim 2 wherein
      ##EQU103##
      is
EQU  --CH.sub.2 --CH=CH--CH.sub.2 --O--CH.sub.2 --COOR.sub.1,
PAL  wherein R.sub.1 is as defined in claim 2.
NUM  27.
PAR  27. A compound according to claim 3 wherein
      ##EQU104##
      is
EQU  --CH.sub.2 --C.tbd.C--CH.sub.2 --O--CH.sub.2 --COOR.sub.1,
PAL  wherein R.sub.1 is as defined in claim 3.
NUM  28.
PAR  28. A compound according to claim 4 wherein
      ##EQU105##
      is
EQU  --(CH.sub.2).sub.4 --O--CH.sub.2 --COOR.sub.1,
PAL  wherein R.sub.1 is as defined in claim 4.
NUM  29.
PAR  29. dl-3-Oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl ester, a compound
      according to claim 1 wherein C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --,
      C.sub.t H.sub.2t is ethylene, R.sub.1 is ethyl, R.sub.2, R.sub.3, R.sub.4,
      R.sub.5, and R.sub.6 are hydrogen, s is zero, .about. represents
      attachment of the moiety to the ring in alpha configuration, and the --OH
      is attached to the side chain in S configuration.
NUM  30.
PAR  30. dl-15-Epi-3-oxa-17-phenyl-18,19,20-trinor-PGE.sub.1 ethyl ester, a
      compound according to claim 1 wherein C.sub.n H.sub.2n is
      --(CH.sub.2).sub.3 --, C.sub.t H.sub.2t is ethylene, R.sub.1 is ethyl,
      R.sub.2, R.sub.3, R.sub.4, R.sub.5, and R.sub.6 are hydrogen, s is zero,
      .about. represents attachment of the moiety to the ring in alpha
      configuration, and the --OH is attached to the side chain in R
      configuration.
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ABST
PAL  Carboxylic acid alkyl esters are prepared by reacting an halo-alkane with
      an aqueous solution of an alkali metal salt of a carboxylic acid, using
      ammonia, a primary amine, a secondary amine, a heavy tertiary amine or a
      heavy quaternary ammonium salt as the catalyst.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to carboxylic acid alkyl esters, and, more
      particularly, to a process for the preparation of carboxylic acid alkyl
      esters by reaction of an halo-alkane with an alkali metal salt of
      carboxylic acid in a hydro-organic medium in the presence of a catalytic
      amount of ammonia or its organic derivatives.
PAC  BACKGROUND OF INVENTION
PAR  It is known that carboxylic acid alkyl esters find numerous applications in
      solvent and polymer plasticizer fields. It is also known that it is
      possible to obtain fatty alcohols of great purity by saponification of
      such carboxylic alkyl esters. So it is very desirable to have a process
      for obtaining such esters in a very high yield, and this is especially so
      with esters, the alkyl chain of which is linear, because in this way one
      can obtain valuable linear fatty alcohols in high yields.
PAR  The reaction of an halo-alkane with an alkali metal salt of carboxylic
      acid, catalyzed by a light tertiary amine, such as triethylamine, has been
      described in French Pat. No. 1,357,888. But in this case the reaction
      medium constitutes an organic liquid phase, i.e. the halo-alkane, and a
      finely dispersed solid phase, i.e. the carboxylic acid alkali metal salt.
      However, this is an undesirable reaction medium because the alkali metal
      salt must be in the solid phase and not in the form of the much more
      convenient aqueous solution. Indeed, since the salt is most often obtained
      by salification in an aqueous medium of the corresponding acid by means of
      an alkaline base, the required use of the solid phase in the process of
      French Pat. No. 1,357,888 requires that the crude aqueous solution be
      subjected to expensive isolation operations such as solvent evaporation or
      atomization. Moreover, handling of the solid is much more difficult than
      handling the liquid, especially when operating continuously because the
      problems of material transport and stirring of liquids are greatly
      simplified compared to that of solids.
PAC  SUMMARY OF INVENTION
PAR  It is, accordingly, an object of the present invention to overcome the
      deficiencies of the prior art, such as indicated above.
PAR  It is another object of the present invention to provide a high yield
      reaction between an halo-alkane and an alkali metal salt of a carboxylic
      acid in aqueous medium to produce a carboxylic acid alkyl ester.
PAR  It is another object of the present invention to provide a method for
      producing carboxylic acid alkyl esters in high yields by the direct
      utilization of crude aqueous solutions of alkali metal salts of carboxylic
      acids.
PAR  It is another object of the present invention to provide for the reaction
      between an halo-alkane and an alkali metal salt of a carboxylic acid
      without the necessity of isolating the alkali metal salt of the carboxylic
      acid in the solid phase.
PAR  It is another object of the present invention to provide for the
      esterification reaction between an halo-alkane and an alkali metal salt of
      carboxylic acid in the presence of water.
PAR  These and other objects and the nature and advantages of the instant
      invention will be more apparent from the following description. In
      general, however, the present invention provides a substantial advance in
      the art because it permits the above-described esterification to be
      carried out in the presence of water.
PAR  The process of the present invention for preparing a carboxylic acid alkyl
      ester by reaction between an halo-alkane and an alkali metal salt of a
      carboxylic acid is particularly characterized by carrying out the reaction
      in an heterogeneous organo-aqueous medium which is heated in the presence
      of a catalytic amount of a nitrogenous compound selected from the group
      consisting of ammonia, primary and secondary amines, and of tertiary
      amines and quaternary ammonium salts containing at least ten carbon atoms
      in the whole molecule.
PAR  It has now been determined, quite surprisingly, that the light tertiary
      amines described in French Pat. No. 1,357,888, such as triethylamine,
      while quite active when the esterification is carried out in the absence
      of water, are practically ineffective and are very inefficient in the
      presence of water, while to the contrary, other nitrogenous compounds, not
      used in the organic liquid phase in the absence of water, are particularly
      active in the process of the present invention in the presence of water,
      even in surprisingly low amounts.
PAR  The following more detailed description of various embodiments will provide
      a better understanding of the invention, it being understood that such
      embodiments are intended as merely exemplary and in no way limitative.
PAC  DETAILED DESCRIPTION
PAR  The halo-alkanes used in the present invention for the esterification
      reaction are known, and in this regard reference may be made to French
      Pat. No. 1,357,888. These halo-alkanes have a relatively important
      chemical inertia which distinguishes them from some organic halides, such
      as allyl chlorides or bromides, in which the halogen is activated by a
      neighboring group. Such halo alkanes contain from 6 to 18 carbon atoms and
      may be either linear or be branched, although the linear compounds are
      preferred since they have a higher reactivity than the corresponding
      branched compounds and, in addition, by further saponification, linear
      fatty alcohols may be synthesized therefrom. The halo-alkanes used may be
      either of pure or technical grades. Bromo-1 -alkanes are preferred because
      they are inexpensive and easily obtained from an olefin and hydrobromic
      acid, although other halo-alkanes may also be used.
PAR  The alkali metal salt of the carboxylic acid may be introduced into the
      reactor preformed, in either aqueous solution or in crystallized form, or
      it may be itself formed in the reactor by the simple reaction between an
      alkali metal hydroxide, such as sodium hydroxide or potassium hydroxide,
      with the carboxylic acid or its corresponding anhydride. The quality of
      the salt is not a process critical factor and, consequently, the salt used
      may be either pure or of technical grade. Alkali metal salts of all the
      carboxylic acids react with the halo-alkanes in accordance with the
      present invention. Without limitation, there may be mentioned as examples
      the alkali-metal salts of aliphatic-mono acids such as acetic acid, of
      aromatic mono-acids such as benzoic acid, of aliphatic diacids such as
      maleic, succinic and adipic acids, and of aromatic diacids such as
      orthophthalic and isophthalic acids.
PAR  The relative proportions of halo-alkane and of alkali metal salt are not
      critical to the invention, and any proportions may be used. However, it is
      preferred, in order to maintain the most favorable economics, to maintain
      the ratio of halo-alkane mole number to carboxylate group number near 1,
      preferably slightly greater than 1.
PAR  The quantity of water present in the heterogeneous liquid reaction phase is
      also not critical to the invention. Thus, water quantity may vary within
      very large limits, although it is preferred that the quantity of water be
      maintained between 50 and 200 grams per mole of halo-alkane. The reaction
      proceeds with water quantities outside such range, but when the quantity
      of water is less than 50 grams per mole of halo-alkane the reaction speed
      becomes undesirably reduced; when a proportion greater than 200 grams of
      water per mole of halo-alkane is used, the major effect is to merely
      increase the volume of the reaction mass in an undesirable manner, without
      any increase in yield.
PAR  The selection of the catalyst is an important aspect of the present
      invention, and it is important not to use a tertiary amine or a quaternary
      ammonium salt containing less than 10 carbon atoms. However, the reaction
      proceeds in the presence of the water satisfactory with the use of a
      catalyst of ammonia, any primary or secondary amine, or any tertiary amine
      or quaternary ammonium salt containing in the entire molecule at least 10
      carbon atoms. The catalyst is preferably chosen from compounds in which
      the nitrogen is not connected with a carbon belonging to an unsaturated
      cycle.
PAR  Among the most active catalytic compounds are the primary amines,
      monoethylamine and monomethylamine, the secondary amines, dimethylamine,
      diethylamine and morpholine, the tertiary amine, dimethyloctadecylamine,
      and the quaternary ammonium salt, tetrabutylammonium bromide, as examples.
      The quantity of catalysts necessary to obtain a quick reaction depends
      upon the particular catalyst selected. In general, however, the amine
      molar percentage with regard to the carboxylic acid alkali metal salt is
      generally between 0.5 and 5%. Thus, in the case of the use of light amines
      such as dimethyl amine, a molar percentage of 1% with regard to the alkali
      metal salt is quite sufficient to effect rapid reaction, such a percentage
      representing only 0.05% by weight of the esterification mixture. In any
      particular case, the optimum percentage of catalyst can be easily
      determined by simple calculation or by trial, it being understood that use
      of more or less than the optimum is permissible.
PAR  The reaction is advantageously carried out under autogeneeus pressure,
      although greater pressures are not excluded. The temperature is maintained
      between about 110.degree. and 250.degree.C., preferably 130.degree. to
      200.degree.C. Within this temperature range, the optimum temperature will
      vary with regard to the halo-alkane chain length and the acid used, it
      being understood that the greater the size of the molecules of the
      halo-alkane and the acid, the greater the optimum temperature. It may also
      be desirable in some cases when using a heavier catalyst to use a slightly
      higher temperature.
PAR  The reaction time may vary considerably, it being understood, of course,
      that other things being equal, the faster the reaction time, the more
      favorable the economics of the reaction. In general, however, the reaction
      is permitted to continue for a time sufficient for the reactant present in
      the smallest quantity, usually the acid salt, to be transformed
      essentially completely into a mixture of alkyl mono and/or diesters.
      Usually the reaction time necessary to accomplish this result is between
      thirty minutes and five hours.
PAR  After the esterification, it may be desirable to saponify the formed esters
      in order to synthesize alcohols. This may be accomplished after removing
      the alkali metal halide formed during the esterification, which alkali
      metal halide is dissolved in the aqueous phase. Accordingly, the aqueous
      phase may be removed and direct saponification carried out on the organic
      phase. Separation of the different formed alcohols is accomplished by
      simple distillation.
PAR  To the contrary, where it is desired to obtain pure monoesters and/or
      diesters from the reaction medium in which a dicarboxylic acid alkali
      metal salt has been used, it is necessary to separate the reaction
      products such as by any convenient way known in the art. Thus, it is
      possible, for example, to first separate the aqueous phase containing the
      alkali metal halide by any convenient means such as by decantation,
      possibly after water dilution. Then the remaining organic phase may be
      washed with an aqueous solution of alkali metal or alkaline earth
      hydroxide, and then with water. The alkali washing will extract acid
      products, such as mono-esters, while the water washing will bring the
      medium to a neutral pH. The two washings may also be carried out in the
      presence of a third material, such as a hydrocarbon.
PAR  Next the halo-alkane excess is removed from the organic phase in accordance
      with standard procedures, for example, distillation under low pressure.
      The distillate may be reused, and pure ester is obtained at the column
      bottom. The water obtained from the first washing mentioned above and
      containing the mono-esters may be used in a second esterification reaction
      in accordance with the process of the present invention, the monoester
      molar quantity introduced in this way replacing an equivalent quantity of
      carboxylic acid alkali metal salt; in this way the monoesters may be
      converted to diesters. From the above description it will be clear that a
      continuous process may be easily established including recycling of excess
      halo-alkane and recycling of monoesters where diester only is desired.
PAR  The following examples are presented to further illustrate the invention
      without limitation. The first two examples emphasize the catalytic
      efficiency of the catalysts suggested above; comparative tests made under
      the same conditions show that known catalysts are not active in the
      presence of water.
DETD
PAC  EXAMPLE 1
PAR  With the purpose of comparing the activity of different catalysts, a series
      of tests was conducted consisting of reacting for 1 hour at 160.degree.C.,
      in an autoclave under intense stirring, a mole of sodium o-phthalate in
      solution in 240 g. of water with 2 moles of bromo-1-octane in the presence
      of 1% by mole of catalyst with regard to sodium phthalate. Table 1 below
      shows the transformation % of sodium phthalate in esters.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Catalyst           % of transformed phthalate                             

     ______________________________________                                    

     Without catalyst   17%                                                    

     Trimethylamine     22%                                                    

     Triethylamine      22%                                                    

     Pyridine           21%                                                    

     ______________________________________                                    

     Invention:                                                                

     Monomethylamine    65%                                                    

     Dimethylamine      80%                                                    

     Monoethylamine     70%                                                    

     Diethylamine       75%                                                    

     Tetrabutyl ammonium bromide                                               

                        70%                                                    

     ______________________________________                                    

PAR  Those results emphasize clearly that light tertiary amines do not
      effectively catalyze the reaction under the conditions of the present
      process.
PAC  EXAMPLE 2
PAR  All other conditions being the same as in Example 1, the obtained results
      were compared by using, at the rate of 3% in mole with regard to sodium
      phthalate, on one hand ammonia and morpholine, and, on the other hand, a
      tertiary amine containing 8 carbon atoms.
TBL                TABLE 2                                                     

     ______________________________________                                    

      Catalyst       % of transformed phthalate                                

     ______________________________________                                    

     N-butylmorpholine                                                         

                     24%                                                       

     Ammonia         45%                                                       

     Morpholine      71%                                                       

     ______________________________________                                    

PAR  The superiority of the catalysts proposed in the present invention is
      emphasized again.
PAC  EXAMPLE 3
PAR  With the purpose of comparing the reactivity of different carboxylic acids,
      a series of tests was made, consisting of reacting, in an autoclave at
      160.degree.C., 2 moles of a carboxylic acid, 564 g. of 41% aqueous NaOH
      solution (quantity of alkaline hydroxide necessary for all acid
      salification), 1,000 g. of bromo-1-octane and 4.4 g. (0.06 mole) of
      N-diethylamine. Under those conditions, the time necessary for obtaining a
      total transformation of the alkali metal salt was determined. The results
      of those tests are given in the Table 3 hereinunder.
TBL                TABLE 3                                                     

     ______________________________________                                    

            Acid    Reaction Time                                              

     ______________________________________                                    

     Orthophthalic   90 minutes                                                

     Isophthalic    150 minutes                                                

     Adipic         300 minutes                                                

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  Using the Example 3 conditions, but with a fixed reaction time of 3 hours,
      the quantity of N,N-dimethylamine necessary for obtaining a total
      transformation in the three hour period of the sodium salt of different
      acids was determined. The results of those series are given in Table 4.
TBL                TABLE 4                                                     

     ______________________________________                                    

     Acid        Number of catalyst moles                                      

                 per acid mole                                                 

     ______________________________________                                    

     Acetic      0.014                                                         

     Maleic      0.030                                                         

     Succinic    0.050                                                         

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  With the purpose of determining the influence of alkyl chain length of the
      halo-alkane on reactivity, 2.4 moles of bromo-1-alkane were reacted for
      2.5 hours at 160.degree.C. with an aqueous solution containing 210 g of
      sodium o-phthalate, 2 g. of NaOH and 236 g. of water. To obtain a total
      conversion of phthalate, it was necessary to use 0.45 g. of dimethylamine
      where the halo-alkane was bromo-1-octane, and 1.35 g. of dimethylamine
      where the halo-alkane was bromo-1-dodecane. With the use of
      bromo-1-hexadecane in the presence of 1.35 g. of dimethylamine, phthalate
      total conversion required maintainance of a temperature of 165.degree.C.
      for 3 hours. Accordingly, it is seen that increased carbon-atom number of
      the halo-alkane has a small affect on the reaction, and that an increase
      in the reaction time, the quantity of catalyst and/or the reaction
      temperature compensates for increased halo-alkane chain length.
PAR  The foregoing description of specific embodiments will so fully reveal the
      general nature of the invention that others can, by applying current
      knowledge, readily modify such specific embodiments and/or adapt them for
      various applications without departing from the generic concept, and,
      therefore, such adaptations and modifications should and are intended to
      be comprehended within the meaning and range of equivalents of the
      disclosed embodiments. It is to be understood that the phraseology or
      terminology employed herein is for purposes of description and not of
      limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the preparation of carboxylic acid alkyl esters
      comprising the reaction of a linear or branched 1-halo-alkane containing
      from 6-18 carbon atoms and an alkali metal salt of a carboxylic acid
      selected from the group consisting of aliphatic mono-acids and diacids and
      aromatic mono-acids and diacids, in the presence of a nitrogen containing
      catalyst, the improvement wherein:
PA1  the reaction mixture consists essentially of an heterogeneous liquid phase
      of the organic halo-alkane and an aqueous solution of the carboxylic acid
      alkali metal salt;
PA1  and wherein said reaction mixture is heated at 110.degree.-250.degree.C.
      and at least those pressures which would be generated by the reaction in a
      closed autoclave, said catalyst consisting essentially of a nitrogenous
      compound selected from the group consisting of ammonia, primary and
      secondary amines, and of tertiary amines and quaternary ammonium salts
      containing in the whole molecule at least 10 carbon atoms, said catalyst
      being chosen from compounds in which the nitrogen is not connected to a
      carbon belonging to an unsaturated cycle, and wherein said catalyst is
      present in a molar percentage between 0.5 and 5% with regard to said
      carboxylic acid alkali metal salt.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein said halo-alkane is a
      bromo-1-alkane containing 6 to 18 carbon atoms.
NUM  3.
PAR  3. A process in accordance with claim 1 wherein said carboxylic acid alkali
      metal salt is a sodium salt of a dicarboxylic acid.
NUM  4.
PAR  4. A process in accordance with claim 1 wherein said catalyst is selected
      from the group consisting of monomethylamine, dimethylamine,
      monoethylamine, diethylamine, morpholine, dimethyloctadecylamine and
      tetrabutylammonium bromide.
NUM  5.
PAR  5. A process in accordance with claim 4 wherein said catalyst is
      dimethylamine or diethylamine.
NUM  6.
PAR  6. A method in accordance with claim 1 wherein, as a preliminary operation,
      said carboxylic acid alkali metal salt is formed in situ by reaction in an
      aqueous medium of an alkali metal hydroxide with a carboxylic acid or
      anhydride.
NUM  7.
PAR  7. A process in accordance with claim 1 wherein said halo-alkane is present
      in excess in the reaction medium, wherein the water comprising the aqueous
      phase is present in a quantity of between 50 and 200 grams per mole of
      halo-alkane, and wherein said reaction is carried out for a period of from
      30 minutes to 5 hours.
NUM  8.
PAR  8. A process in accordance with claim 1 for preparing carboxylic acid alkyl
      diesters, further comprising extracting the monoesters from the reaction
      product and recirculating said monoesters to the reaction medium to
      replace an equivalent molar quantity of carboxylic acid alkali metal salt.
NUM  9.
PAR  9. A process in accordance with claim 1 wherein said catalyst is selected
      from the group consisting of ammonia, primary and secondary amines, and of
      tertiary amines containing in the whole molecule at least 10 carbon atoms,
      said catalyst being chosen from compounds in which the nitrogen is not
      connected to a carbon belonging to an unsaturated cycle.
NUM  10.
PAR  10. A process in accordance with claim 1, wherein said reaction takes place
      in a closed autoclave.
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ABST
PAL  Optically active allethronyl acid phthalate is prepared by reacting
      (.+-.)-allethronyl acid phthalate of the formula
      ##SPC1##
PAL  With an optically active amine from the group of .alpha.-phenylethylamine
      of the formula,
      ##SPC2##
PAL  .alpha.-phenyl-.beta.-p-tolylethylamine of the formula
      ##SPC3##
PAL  Threo-2-dimethylamino-1-(p-nitrophenyl)-1,3-propanediol of the formula
      ##SPC4##
PAL  And naphthylethylamine of the formula
      ##SPC5##
PAL  To form diastereomeric salts thereof, and decomposing the resolved salt to
      obtain the optically active allethronyl acid phthalate.
BSUM
PAR  The present invention relates to a method for preparing optically active
      allethronyl acid phthalate (2-allyl-4-hydroxy-3-methyl-2-cyclopentenone
      acid phthalate).
PAR  More particularly, the present invention relates to a method for preparing
      optically active allethronyl acid phthalate by reacting (.+-.)-allethronyl
      acid phthalate represented by the formula,
      ##SPC6##
PAL   with optically active .alpha.-phenylethylamine represented by the formula,
      ##SPC7##
PAL   or optically active .alpha.-phenyl-.beta.-p-tolylethylamine represented by
      the formula,
      ##SPC8##
PAL   or optically active
      threo-2-dimethylamino-1-(p-nitrophenyl)-1,3-propanediol represented by the
      formula,
      ##SPC9##
      or optically active naphthylethylamine represented by the formula,
      ##SPC10##
PAL   to form diastereoisomeric salts thereof, and then by resolving the salts
      into optically active allethronyl acid phthalate components by means of
      fractional crystallization.
PAR  Hydrolysis of the optically active allethronyl acid phthalate obtained
      according to the present method affords optically active allethrolone, and
      hydrolysis of a racemic allethronyl acid phthalate affords a racemic
      allethrolone.
PAR  The above-mentioned raction processes can be represented by the following
      schema:
      ##SPC11##
PAR  Allethrin (allethronyl chrysanthemate) has widely been used as a low toxic
      (to mammal) and rapidly effective insecticidal ester which has a similar
      chemical structure and insecticidal activity to natural pyrethrins. As
      allethrolone, an alcohol moiety of the allethrin, has an asymmetric carbon
      atom at the 4-position it is present in two optical isomeric forms. Of the
      chrysanthemic acid esters of allethrolone, (+)-allethrolone ester is known
      to have several times greater insecticidal activity than (-)-allethrolone
      ester. It is, therefore, very important to develop a method for preparing
      optically active allethrolone industrially advantageously.
PAR  The only known method to prepare optically active allethrolone was based on
      optical resolution of the semicarbazones of diastereoisometic
      (.+-.)-allethrolonyl (+)-transchrysanthemates by means of fractional
      crystallization, and cleavage of the separated semicarbazone into the
      optically active allethrolone (F. B. La Forge et al., J. Org. Chem., 19,
      457, 1954). This method, however, can not be applied industrially because
      it has such a number of difficulties as many reaction steps, complicated
      operation and low over-all yield.
PAR  On the other hand, for optical resolution of a racemic alcohol, a method
      can most generally be carried out, which consists of resolution of the
      diastereoisomeric acid phthalates of the alcohol using an optically active
      amine, and hydrolysis of the resolved half ester into the optically active
      alcohol.
PAR  La Forge et al., in their attempts to apply this method to the optical
      resolution of allethrolone, studied in details the hydrolysis of
      allethronyl acid phthalate which is an intermediate in the optically
      active allethrolone synthesis (F. B. La Forge et al., J. Am. Chem. Soc.,
      74, 5392, 1952).
PAR  They showed that even at the room temperature the said phthalates could be
      hydrolysed with an excess of caustic soda, i.e. 2.2 equivalents, to
      afford, no allethrolone at all, but only a dimeric product resulting from
      the condensation of two allethrolone molecules was obtained. From this
      fact, the optical resolution of allethrolone via its acid phthalate has
      been regarded as impossible. Furthermore, they described at the beginning
      of the report that allethrolone can not generally be regenerated on the
      hydrolysis of allethrolone carboxylic acid ester. The above-mentioned
      difficulty of recovery can also be understood sufficiently by the fact
      that pyrethrolone
      [2-(2'-4'-pentadienyl)-4-hydroxy-3-methyl-2-cyclopentenone] can not be
      obtained by the hydrolysis of the pyrethrin [(+)-pyrethronyl (+)-trans
      chrysanthemate] which has a very similar chemical structure to that of
      allethrin. So, to obtain pyrethrolone, Standinger and Ruzicka, who could
      not obtain pyrethrolone by the direct hydrolysis of pyrethrin used a very
      troublesome process which consisted of the preparation of
      pyrethrin-semicarbazone, cleavage of the ester linkage by a base-catalyzed
      ester exchange reaction and decomposition of pyrethrolone-semicarbazone to
      pyrethrolone with aqueous sodium bisulfate. (H. Standinger and L. Ruzicka,
      Helv. Chim. Acta, 7, 177, 1924).
PAR  As can clearly be seen from the above examples, it has been believed almost
      impossible to obtain optically active allethrolone industrially.
PAR  The inventors, however, as a result of the long-term study, have succeeded
      in development of both the preparation of optically active allethronyl
      acid phthalate and the hydrolysis of the half-ester to allethrolone.
PAR  In other words, the inventors discovered that allethronyl acid phthalate
      could be resolved via diastereoisomeric salt with optically active amine.
PAR  The method of the present invention can be carried out as follows;
PAR  (A) diastereoisomeric salt formation by reacting 1 mole of
      (.+-.)-allethronyl acid phthalate alone or with partially optically active
      allethronyl acid phthalate, with 0.5 to 1.5 mole of an optically active
      amine; (i) .alpha.-phenylethylamine, (ii)
      .alpha.-phenyl-.beta.-p-tolylethylamine, (iii)
      threo-2-dimethylamino-1-(p-nitrophenyl)-1,3-propanediol, or (iv)
      naphthylethylamine, in an inert solvent; (B) crystallization and, if
      necessary, by further recrystallization to give the pure salt,
      corresponding to the resolving agents, (i) (--)-allethronyl acid
      phthalate-(+)-.alpha.-phenylethylamine salt or (+)-allethronyl acid
      phthalate-(-)-.alpha.-phenylethylamine salt, or (ii) (-)-allethronyl acid
      phthalate-(-)-.alpha.-phenyl-.beta.-p-tolylethylamine salt or
      (+)-allethronyl acid phthalate-(+)-.alpha.-phenyl-.beta.-p-tolylethylamine
      salt, or (iii) (-)-allethronyl acid
      phthalate-D(-)-threo-1-(p-nitrophenyl)-2-N,N-dimethylaminopropane-1,3-diol
      salt or (+)-allethronyl acid
      phthalate-L(+)-threo-1-(p-nitrophenyl)-2-N,N-dimethylaminopropane-1,3-diol
      salt, or (iv) (-) -allethronyl acid phthalate-(-)-naphthylethylamine salt
      or (+)-allethronyl acid phthalate-(+)-naphthylethylamine salt, and finally
      (C) decomposition of the resolved salt in the usual way with an acid or
      base to obtain (-)-allethronyl acid phthalate or its (+)-isomer, with
      simultaneous recovery of the optically active amine;
      .alpha.-phenylethylamine, .alpha.-phenyl-.beta.-p-tolylethylamine,
      threo-1-(p-nitrophenyl)-2-N,N-dimethylaminopropane-1,3-diol or
      naphthylethylamine.
PAR  The inert solvent used in (A) includes hydrocarbon such as benzene, toluene
      or hexane, chlorinated hydrocarbon such chloroform, tetrachloromethane or
      chlorobenzene dichloroethane or tetrachloroethylene, ethers such as ethyl
      ether or isopropyl ether, ketones such as acetone, methyl ethyl ketone,
      methyl isobutyl ketone or diisobutyl ketone, esters such as ethyl acetate
      or lower alkyl alcohols such as methanol, ethanol, propanol or isopropyl
      alcohol, the mixture thereof or aqueous mixture thereof.
PAR  The (.+-.)-allethronyl acid phthalate used as a starting material can be
      prepared according to known method (La Forge et al., J. Am. Chem. Soc.,
      74, 5392, 1952) or by the reaction between allethrolone and phthalic
      anhydride in the presence of a tertiary amine such as triethylamine.
PAR  The hydrolysis of allethronyl acid phthalate, unexpectedly proceeds very
      smoothly by heating in water or in an aqueous solvent, and allethrolone
      can be regenerated in a good yield. If necessary, the hydrolysis can be
      accelerated by the addition of a suitable amount of base.
PAR  In this process, if optically active allethronyl acid phthalate is used as
      the starting material optically active allethrolone can be obtained
      without racemization.
PAR  The present invention is further illustrated by the following
      non-limitative examples.
DETD
PAC  EXAMPLE 1
PAR  To the solution of 16.0 g of (.+-.)-allethronyl acid phthalate and 6.4 g of
      (+)-.alpha.-phenylethylamine dissolved in 55 g of benzene, was added 18 g
      of n-hexane. After standing at room temperature, the precipitated
      crystallites were filtered to obtain 8.0 g of a crude salt (m.p.
      111.degree. .about. 113.degree.C). The salt was recrystallized from the
      same mixture of benzene and n-hexane to give 6.0 g of white crystals; m.p.
      115.degree. .about. 116.degree.C, [.alpha.].sub.D.sup.22 - 17.8.degree.
      (in ethanol). The purified salt was added into a cold 2% aqueous sodium
      bicarbonate solution to separate free (+)-.alpha.-phenylethylamine which
      was extracted with benzene. The aqueous layer was made acidic with conc.
      hydrochloric acid, and the separated oily matter was extracted with ether.
      The ether layer was washed with water, dried over anhydrous magnesium
      sulfate, and concentrated under a reduced pressure to give 4.1 g of
      (-)-allethronyl acid phthalate as a very viscous, oily material;
      [.alpha.].sub.D.sup.22 - 45.9.degree. (in ethanol).
PAC  EXAMPLE 2
PAR  18.0 g of (.+-.)-allethronyl acid phthalate and 12.6 g of
      (-)-.alpha.-phenyl-.beta.-p-tolylethylamine were dissolved in 60 ml of
      toluene, and the solution was allowed to stand overnight at a room
      temperature. The precipitated crystal was filtered and washed with toluene
      to give 8.0 g of white prisms (m.p. 126.degree. .about. 128.degree.C). The
      salt was cleaved with an 1% hydrochloric acid to separate free
      (-)-allethronyl acid phthalate which was then extracted with ether. The
      aqueous layer was basified with 5% aqueous caustic soda and oily
      (-)-.alpha.-phenyl-.beta.-p-tolylethylamine was recovered. The ether layer
      was washed with water, dried and concentrated under a reduced pressure to
      give 4.60 g of (-)-allethronyl acid phthalate as a very viscous oil;
      [.alpha.].sub.D.sup.22 - 49.6.degree. (in ethanol).
PAC  EXAMPLE 3
PAR  18.0 g of (.+-.)-allethronyl acid phthalate and 12.6 g of
      (-)-.alpha.-phenyl-.beta.-p-tolylethylamine were dissolved in 80 ml of
      benzene, and the solution was allowed to stand overnight at a room
      temperature. The precipitates were filtered and washed with benzene to
      give 8.7 g of colorless crystal (m.p. 128.degree. .about. 129.degree.C).
      The salt was treated in the same manner as described in Example 1 to give
      5.0 g of (-)-allethronyl acid phthalate as a very viscous oil;
      [.alpha.].sub.D.sup.22 - 50.2.degree. (in ethanol).
PAC  EXAMPLE 4
PAR  18.0 g of (.+-.)-allethronyl acid phthalate and 12.6 g of
      (-)-.alpha.-phenyl-.beta.-p-tolylethylamine were dissolved in 80 ml of a
      mixture of benzene and n-hexane (4 : 1), and the solution was allowed to
      stand overnight at a room temperature. The precipitated salt was filtered
      and washed (m.p. 123.degree. .about. 126.degree.C), and recrystallized
      from 80 ml of the above solvent to give 10.6 g of pure salt (m.p.
      126.5.degree. .about. 128.degree.C). The salt was treated in the same
      manner as described in Example 1 to give 6.1 g of (-)-allethronyl acid
      phthalate as a very viscous oil; [.alpha.].sub.D.sup.22 -47.2.degree. (in
      ethanol).
PAC  EXAMPLE 5
PAR  18.0 g of (.+-.)-allethronyl acid phthalate and 14.4 g of
      D(-)-threo-1-(p-nitrophenyl)-2-N,N-dimethylaminopropane-1,3-diol were
      dissolved in hot mixture of 60.0 g of isopropylether and 80.0 g of
      methanol, and the solution was allowed to cool to a room temperature. The
      precipitates were filtered and recrystallized twice from the same solvent
      to give 10.10 g of pure salt; m.p. 98.degree. .about. 101.degree.C,
      [.alpha.].sub.D.sup.22 - 33.51.degree. (in methanol). The salt was cleaved
      with 1% hydrochloric acid to separate free (-)-allethronyl acid phthalate
      which was extracted with ether. The ether layer was washed with water,
      dried over anhydrous magnesium sulfate and concentrated 5.50 g of
      (-)-allethronyl acid phthalate was obtained as a very viscous oil;
      [.alpha.].sub.D.sup.22 - 47.3.degree. (in ethanol).
PAC  EXAMPLE 6
PAR  To a hot mixture of toluene (80 g) and n-hexane (30 g) was added 18.0 g of
      (.+-.)-allethronyl acid phthalate and 10.3 g of
      (-)-.alpha.-(2-naphthyl)-ethylamine, and the mixture was allowed to cool
      to a room temperature. The precipitated salt was filtered, washed with the
      above mixed solvent, and dried in a desiccator to give 6.50 g of colorless
      crystal; m.p. 113.degree. .about. 115.degree.C, [.alpha.].sub.D.sup.22 +
      9.93.degree. (in ethanol).
PAR  The salt was cleaved with 1% hydrochloric acid to separate free
      (+)-allethronyl acid phthalate which was then extracted with ether. The
      ether layer was washed with water, dried over anhydrous magnesium sulfate
      and concentrated under a reduced pressure to give 4.10 g of
      (+)-allethronyl acid phthalate as a very viscous oil;
      [.alpha.].sub.D.sup.22 + 41.7.degree. (in ethanol).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for preparing optically active allethronyl acid phthalate,
      which comprises reacting (.+-.)-allethronyl acid phthalate of the formula
      ##SPC12##
PAL  with an optically active amine selected from the group consisting of
      .alpha.-phenylethylamine of the formula
      ##SPC13##
PAL  .alpha.-phenyl-.beta.-p-tolylethylamine of the formula,
      ##SPC14##
PAL  threo-2-dimethylamino-1-(p-nitrophenyl)-1,3-propanediol of the formula,
      ##SPC15##
PAL  and naphthylethylamine of the formula
      ##SPC16##
PAL  in the presence of a solvent selected from the group consisting of benzene,
      toluene, hexane, chloroform, tetrachloromethane, chlorobenzene,
      dichloroethane, tetrachloroethylene, ethylether, isopropylether, acetone,
      methylethyl ketone, methylisobutyl ketone, diisobutyl ketone, ethyl
      acetate, methanol, ethanol, propanol, isopropyl alcohol, a mixture thereof
      and an aqueous mixture thereof,
PA1  the ratio of the optical active amine being 0.5 to 1.5 mole to 1 mole of
      the allethronyl acid phthalate, to form a diastereomeric salt thereof, and
      decomposing the resolved salt to obtain the optically active allethronyl
      acid phthalate.
NUM  2.
PAR  2. A method according to claim 1, wherein the diastereomeric salt is
      decomposed with an acid or alkali.
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PAL  An omega-amino-beta-alkoxycarboxylic acid ester is prepared by subjecting
      to hydrogenation in the liquid phase an omega-cyano-beta-alkoxycarboxylic
      acid ester. The hydrogenation may be carried out at a temperature of
      70.degree. to 150.degree.C. The amino-esters obtained can be cyclized
      through heating into beta-alkoxy-omega-lactams which may be applied for
      preparation of polyamides and copolyamides.
BSUM
PAR  This invention relates to .beta.-alkoxycarboxylic esters and to processes
      for preparing such esters.
PAR  The preparation of .omega.-cyano-.beta.-alkoxycarboxylic esters by reaction
      of an .omega.-cyano-acetal and a ketene is described in U.S. Pat.
      application Ser. No. 396,665, filed Sept. 13, 1973, which is hereby
      incorporated by reference. The compounds thereby obtained may be
      represented by the general formula
      ##EQU1##
      in which n is an integer of from 1 to 5, the two R groups, which may be
      the same or different, represent an alkyl group or a cyclo-alkyl group
      containing not more than 10 carbon atoms, and R.sub.1 and R.sub.2, which
      may be the same or different, represent hydrogen or an alkyl group or a
      cyclo-alkyl group containing not more than 10 carbon atoms.
PAR  It has now been found that such .omega.-cyano-.beta.-alkoxycarboxylic acid
      esters can be converted in good yields into the corresponding
      .omega.-amino-.beta.-alkoxycarboxylic esters, which are new compounds.
PAR  The invention provides an .omega.-amino-.beta.-alkoxycarboxylic acid ester
      of the general formula
      ##EQU2##
      wherein N IS AN INTEGER OF FROM 1 TO 5, THE TWO R groups, which may be the
       same or different, represent an alkyl group or a cycloalkyl group
      containing not more than 10 carbon atoms, and R.sub.1 and R.sub.2 which
      may be the same or different, represent hydrogen, an alkyl group or a
      cycloalkyl group containing not more than 10 carbon atoms.
PAR  A particular class of amino-esters according to the invention is according
      to the said general formula wherein n is 2 or 3, R represents a methyl
      group or an ethyl group, and R.sub.1 and R.sub.2 represent hydrogen.
PAR  The amino-esters according to the invention have the property of being
      capable of cyclization by heating into .beta.-alkoxy-.omega.-lactams, in
      which no substantial cyclization between the aminogroup and the carbon
      atom to which the alkoxy-group is bound occurs. Such lactams may be used
      for preparation of polyamides and copolyamides.
PAR  The invention also provides a process for preparing .omega.-amino
      substituted .beta.-alkoxycarboxylic acid esters, comprising hydrogenating
      in the liquid phase an .omega.-cyano-.beta.-alkoxycarboxylic acid ester of
      the general formula
      ##EQU3##
      in which n is integer of from 1 to 5,  the two R-groups, which may be the
      same or different, represent an alkyl group or a cycloalkyl group
      containing not more than 10 carbon atoms, and
PA1  R.sub.1 and R.sub.2 which may be the same or different, represent hydrogen,
      an alkyl group or a cycloalkyl group containing not more than 10 carbon
      atoms.
PAR  In the process according to the invention the cyano group is hydrogenated,
      but no substantial hydrogenation of the alkoxy group takes place. This is
      surprising as hydrogenation of the alkoxy group could be expected by
      analogy with the hydrogenation of alkoxy ketones (see U.S. Pat. Spec. Nos.
      3,065,237 and 2,676,176).
PAR  In the process according to the invention the preferred starting material
      is a cyano-ester according to the said general formula in which n is 2 or
      3, R represents a methyl group or an ethyl group, the two R groups are
      identical, and R.sub.1 and R.sub.2 represent hydrogen. Such cyano-esters
      can be prepared by reaction of ketene with the acetal of
      .beta.-cyanopropionaldehyde or .gamma.-cyanobutyraldehyde respectively,
      and methyl alcohol or ethyl alcohol.
PAR  The hydrogenation reaction according to the invention may be carried out at
      temperatures of from 70.degree. to 150.degree.C, to achieve a high
      efficiency with a rapid reaction.
PAR  Hydrogen used in the hydrogenation reaction may be for instance from 10 to
      100 atmospheres. The pressure used however should be such that the
      reaction is effected in the liquid phase at the particular temperature
      used. The hydrogenation is preferably effected in the presence of ammonia,
      whereby the formation of secondary and tertiary amines is inhibited.
PAR  In the process according to the invention various hydrogenation catalysts
      may be applied, for example Raney-nickel, Raney-cobalt, platinum or
      palladium.
PAR  The hydrogenation according to the invention may be carried out in a
      solvent, for example water, dioxane, ethyl acetate, cyclohexane, methyl
      cyclohexane, ethanol or methanol, the solvent may be recovered e.g. by
      distillation, after the reaction has ended.
PAR  If during subsequent processing the amino-ester obtained according to the
      invention is cyclized in the liquid phase by heating into the
      corresponding .beta.-alkoxy-.omega.-lactam, it is not necessary for the
      amino-ester to be separated as such from the hydrogenation mixture
      obtained, and the whole reaction mixture may be subjected to the
      cyclization conditions.
PAR  The following Examples of the invention are provided. In Examples I and II,
      the cyclization of the amino-ester into the corresponding
      beta-alkoxy-omega-lactam is demonstrated with and without separation of
      the aminoester as such from the hydrogenation mixture.
DETD
PAC  EXAMPLE I
PAR  20.3 g of .delta.-cyano-.beta.-methoxy-butanecarboxylic methyl ester, 230
      millilitres of dioxane, and 1.1 g of Raney nickel were introduced into a
      500 millilitre autoclave provided with a stirrer. The autoclave was
      flushed with nitrogen and 21 g of liquid ammonia were added to the mixture
      therein, and hydrogen is introduced into the autoclave until the pressure
      therein reached approximately 80 atmospheres. The mixture in the autoclave
      was then vigorously stirred for 1 hour at about 100.degree.C and after
      cooling to room temperature the autoclave was opened, the ammonia removed
      by evaporation, the Raney nickel filtered off, and the filtrate
      concentrated by evaporation. 25 g of residue were obtained which contained
      19 g of .epsilon.-amino-.beta.-methoxypentanecarboxylic acid methyl ester
      and 5.25 g of dioxane. The said residue did not contain any starting
      material. The reaction efficiency was 92%. By distillation at reduced
      pressure the amino-ester was obtained in a practically pure condition
      (boiling point 84.degree.-86.degree.C at 1.3 millimetres Mercury;
      n.sup.20.sub.d = 1.4469).
PAR  15 g of the .epsilon.-amino-.beta.-methoxy-pentanecarboxylic acid methyl
      ester thus obtained were dissolved in 160 g of dioxane in a 500 millilitre
      autoclave provided with a stirrer. The autoclave was flushed with nitrogen
      and the solution herein heated for 1 hour at 260.degree.-265.degree.C, the
      pressure in the autoclave being about 20 atmospheres.
PAR  After cooling, the autoclave was opened and the resulting reaction mixture
      concentrated by evaporation. 15 g of reaction product were obtained,
      containing 11% by weight of non-converted starting material and 60% by
      weight of .beta.-methoxy-.epsilon.-caprolactam, corresponding to a
      conversion of 89% and an efficiency of 83% based on the product converted.
PAC  EXAMPLE II
PAR  20.1 g of .delta.-cyano-.beta.-methoxy-butanecarboxylic acid methyl ester,
      240 millilitres of dioxane and 1 g of Raney nickel were introduced into a
      500 millilitre autoclave provided with a stirrer. The autoclave was
      flushed with nitrogen and 28 g of liquid ammonia added and hydrogen
      introduced into the autoclave to provide a pressure therein of 80
      atmospheres. The mixture was vigorously stirred for 1 hour at a
      temperature of approximately 90.degree.C and the stirring continued for a
      further hour at a temperature of 200.degree.C.
PAR  After cooling, the autoclave was opened and the ammonia removed by
      evaporation, the Raney nickel filtered off, and the filtrate concentrated
      by evaporation. 19 g of residue were obtained, no starting material being
      present and containing 3.8 g of dioxane and 13.1 g of
      .beta.-methoxy-.epsilon.-caprolactam. The efficiency was 78% based on the
      original quantity of cyano-ester.
PAR  Through distillation of the residue at reduced pressure practically pure
      .beta.-methoxy-.epsilon.-caprolactam was obtained (boiling point
      166.degree.C at 9 millimetres Mercury, melting point 54-56.degree.C).
PAC  EXAMPLE III
PAR  13 g of .epsilon.-cyano-.beta.-methoxy-pentanecarboxylic acid methyl ester,
      240 millilitres of dioxane, 0.75 g of Raney nickel and 1.5 g of water were
      introduced into a 500 millilitre autoclave provided with a stirrer.
PAR  The autoclave was flushed with nitrogen and 25 g of liquid ammonia added,
      and hydrogen introduced into the autoclave to provide a pressure of 80
      atmospheres therein. The mixture was then vigorously stirred for 1 hour at
      90.degree.C.
PAR  After cooling to room temperature the autoclave was opened and the ammonia
      removed by evaporation, the Raney nickel filtered off, and the filtrate
      concentrated by evaporation. 14.2 g of residue were thus obtained which
      contained 9.9 g of .omega.-amino-.beta.-methoxy-hexanecarboxylic acid
      methyl ester and 3.5 g of dioxane. The residue did not contain any
      starting product. The reaction efficiency was 75%. By distillation at
      reduced pressure the amino-ester was obtained in a substantially pure
      state (boiling point 124.degree.-125.degree.C at 1 millimetre Mercury;
      n.sup.20.sub.D = 1.4643).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An .omega.-amino-.beta.-alkoxycarboxylic acid ester of the general
      formula
      ##EQU4##
      wherein n is an integer of from 1 to 5,  the two R groups which may be the
      same or different, represent an alkyl group or a cycloalkyl group
      containing not more than 10 carbon atoms, and
PA1  R.sub.1 and R.sub.2 , which may be the same or different, represent
      hydrogen, an alkyl group or a cycloalkyl group containing not more than 10
      carbon atoms.
NUM  2.
PAR  2. An ester of the general formula of claim 1 wherein n is 2 or 3, R
      represents a methyl group or an ethyl group, and R.sub.1 and R.sub.2
      represent hydrogen.
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PAL  Methods for producing cis-alkyl-2-methyl-3-pentenoates and isomeric
      mixtures containing high proportions (greater than 50%) of cis C.sub.2
      -C.sub.6 alkyl-2-methyl-3-pentenoates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to cis-2-alkyl-3-pentenoates and novel
      isomeric mixtures containing greater than 50% cis C.sub.2 -C.sub.6
      alkyl-2-methyl-3-pentenoates produced by novel processes and compositions
      using such mixtures of isomers of alkyl-2-methyl-3-pentenoates to alter
      the flavor and/or aroma of consumable materials.
PAR  There has been considerable work performed related to substances which can
      be used to impart (or enhance) flavors to (or in) various consumable
      materials. These substances are used to diminish the use of natural
      materials, some of which may be in short supply and to provide more
      uniform properties in the finished product. Fruity, sweet, fresh, berry,
      pineapple, green, herbaceous, strawberry and pear aromas, as well as
      fruity, berry, woody, green and pear tastes are particularly desirable for
      many uses in foodstuff flavors. Fruity, peppery, woody, green, herbaceous,
      strawberry and chamomile notes and nuances are desirable in perfume
      compositions. Notes having Turkish-like characteristics, as well as
      aromatic, sweet and bitter notes are desirable in tobacco-flavoring
      compositions.
PAR  U.S. Pat. No. 3,449,769 issued on Mar. 10, 1970 discloses processes for
      imparting a fresh fruity flavor (particularly strawberry flavor) to foods
      by adding a small amount of 2-methyl-2-pentenoic acid to the foodstuff. In
      U.S. Pat. No. 3,499,769 it is emphasized that the basic nuance imparted by
      2-methyl-2-pentenoic acid is a "berry" flavor. Quite unexpectedly, the
      novel "high cis" isomeric mixtures of the instant invention has properties
      different in kind from the 2-methyl-2-pentenoic acid of U.S. Pat. No.
      3,499,769, which is only fruity and strawberry like, but does not have the
      sweet, pineapple, green, herbaceous and pear aroma and taste qualities of
      the isomeric ester mixture of the instant invention nor does it have the
      chamomile muances so useful in perfumes. Isomeric ("cis" and "trans")
      mixtures of 2-methyl-3-pentenoic acid are disclosed in co-pending
      application for U.S. letters patent, Ser. No. 408,854 filed on Oct. 23,
      1973, now abandoned to have the following organoleptic properties:
PA1  A. In food flavorings, a sweet, fruity, strawberry, winey-cognac,
      butter-like, rum-like and butterscotch aroma and a sweet, strawberry,
      nutty-coconut, fatty, butter-like, rum-like and butterscotch-like taste
      with fruity, coconut-like isovaleric undertones;
PA1  B. In perfumes, green, sweet, sharp strawberry notes; and
PA1  C. In tobaccos, aromatic, sweet, bitter, slightly woody and smokey notes
      giving tobacco a "Turkish-like" character.
PAR  Isomeric mixtures of 2-methyl-3-pentenoic acid are shown to be prepared by
      Boorman and Linstead, J.Chem.Soc. 1935, 258-67 (abstracted by Chem.
      Abstracts, Vol. 29, pages 2912 (7/8). 2-Ethyl-3-pentenoic acid is shown to
      be prepared by Fichter and Obladen, Berichte, 42, 4703-7 by distillation
      of alpha-ethyl gamma methyl paraconic acid which, in turn, is formed by
      reduction using a sodium-mercury amalgam of ethyl-alpha-ethyl
      aceto-succinate. The above-disclosed processes produce isomer mixtures
      which are considered to be different in kind insofar as their organoleptic
      properties are concerned from the isomer mixtures produced by the
      processes of the instant invention.
PAR  Ethyl-2-methyl-3-pentenoate (95% 3:1 trans:cis and 5%
      ethyl-2-methyl-2-pentenoate) is being offered as a development chemical by
      Toray Industries, Inc. of 2, Nihonbashi-Muromachi 2-chome, Chuo-Ku, Tokyo,
      Japan. This mixture of esters is not found to be of interest as a flavor
      material.
PAR  McGreer, et al, Can. J. Chem., 41, 726-31 (1963) discloses the production
      of various alkyl esters of pentenoic and butenoic acids by means of
      pyrolysis of 3,5-dimethyl-3-carbomethoxy .DELTA..sup.1 -pyrazoline. Thus,
      on page 728 of the McGreer article, products having the following
      structures are shown to be produced:
      ##SPC1##
PAR  Tsuji, et al, J.Am.Chem.Soc., 86, (20) 4350-3 (1964) discloses the
      production of alkyl alkenoates by means of reaction of carbon monoxide,
      alkenyl halides and alkanols with use of palladium chloride as a catalyst.
      Other methods for the synthesis of alkyl alkenoates are set forth in the
      following references:
PA1  i. French Pat. No. 1,389,856, issued Feb. 19, 1965;
PA1  ii. Brewis and Hughes, Chem. Communications (8), 157-8 (1965);
PA1  iii. Bordenca and Marsico, Tetrahedron Letters (16), 1541-3 (1967); and
PA1  iv. Hosaka and Tsuji, Tetrahedron, 27, (16) 3821-9 (1971).
PAL  None of the above references sets forth a process for preparing the cis
      isomer of an alkyl pentenoate or mixtures containing more than 50% cis
      isomer.
PAR  Felkin, et al, Ann.Chem. (Paris) 6 (1), 17-26 (1971) discloses processing
      for producing "high cis" and "high trans" methyl-2-methyl-3-pentenoate
      mixtures, according to the following reaction sequences:
      ##SPC2##
PAL  A process for preparing the "high cis" acid mixture is set forth in Felkin,
      et al., Chemical Communications, No. 802, pages 75 and 76 (Dec. 29, 1965).
PAC  THE INVENTION
PAR  It has now been discovered that novel solid and liquid foodstuff and
      flavoring compositions having sweet, fruity, fresh, berry, pineapple,
      green, herbaceous, strawberry and pear-like aromas and fruity, berry,
      woody, green, pear taste notes; and novel perfume compositions having
      fruity, peppery, woody, green, herbaceous, strawberry and chamomile notes,
      as well as novel tobacco flavoring compositions capable of imparting a
      Turkish-like character to tobacco and having aromatic, sweet, and bitter
      notes may be provided by the utilization of cis alkyl esters of
      2-methyl-3-pentenoic acid and isomer mixtures of
      alkyl-2-methyl-3-pentenoates containing greater than 50% cis isomer having
      the generic formula:
      ##SPC3##
PAL  wherein R is C.sub.2 -C.sub.6 alkyl produced either (i) according to a
      process involving the steps of first preparing a 2-halo-3-pentene; then
      admixing said 2-halo-3-pentent with magnesium to form a 2-magnesium
      halo-3-pentene; then reacting said 2-magnesium halo-3-pentene with carbon
      dioxide to form a magnesium halo salt of 2-methyl-3-pentenoic acid; then
      hydrolyzing the said salt in the presence of acid to form an isomer
      mixture containing an approximate ratio of 60% cis 2-methyl-3-pentenoic
      acid and 40% trans-2-methyl-3-pentenoic acid; and finally, esterifying
      this mixture of isomers of cis and trans-2-methyl-3-pentenoic with an
      alkyl halide in basic media to form a C.sub.2 -C.sub.6
      alkyl-2-methyl-3-pentenoate isomer mixture, or (ii) first reacting methyl
      acetylene with a methyl magnesium halide to form a methylacetylene
      magnesium halide Grignard reagent; then reacting the methyl acetylene
      magnesium halide Grignard reagent with acetaldehyde to form a
      3-pentyn-2-ol magnesium halide salt; then hydrolyzing the magnesium halide
      salt to form 3-pentyne-2-ol; then halogenating the 3-pentyne-2-ol to form
      a 4-halo-2-pentyne; then reacting magnesium with the 4-halo-2-pentyne to
      product a 4-magnesium halo-2-pentyne Grignard reagent; then reacting the
      4-magnesium halo-2-pentyne Grignard reagent with carbon dioxide to form a
      magnesium halo-carboxylate salt mixture of compounds having the
      structures:
      ##EQU1##
      (wherein X is halogen); then hydrolyzing the magnesium halo-carboxylate
      salt mixture to form a mixture of carboxylic acids having the structures:
      ##EQU2##
      then hydrogenating the aforementioned mixture of carboxylic acids to form
      a mixture containing 80% cis-2-methyl-3-pentenoic acid and 20%
      2-methyl-2-pentenoic acid; then esterifying this mixture of pentenoic
      acids with an alkyl halide in the presence of an alkali metal hydroxide
      and in a solvent selected from the group consisting of hexamethyl
      phosphoramide, a dilower alkyl formamide and dimethyl sulfoxide; and then,
      optionally, separating the resulting esters to yield a substantially pure
      cis-alkyl-2-methyl-3-pentenoate.
PAR  The term "cis-alkyl-2-methyl-3-pentenoate," as well as the structure:
      ##SPC4##
PAL  is intended herein to cover one or both stereoisomers of such material, to
      wit the stereoisomer having the structure:
      ##SPC5##
PAL  as well as the stereoisomer having the structure:
      ##SPC6##
PAL  wherein R is C.sub.2 -C.sub.6 lower alkyl. Further stereoisomers are
      possible depending upon the stereochemistry of the moiety, "R."
PAR  The cis-2-methyl-3-pentenoic acid alkyl esters and isomer mixtures
      containing same of our invention are capable of supplying and/or
      potentiating certain flavor and aroma notes usually lacking in many fruit
      flavors as well as Turkish tobacco flavors heretofore provided.
      Furthermore, the cis-alkyl-2-methyl-3-pentenoates and isomer mixtures
      containing same of our invention are capable of supplying certain
      fragrance notes usually lacking in many perfumery materials, for example,
      raspberry and strawberry fragrances.
PAR  One novel process for producing one of the novel isomer mixtures of
      alkyl-2-methyl-3-pentenoates containing approximately a 60:40 cis:trans
      isomer ratio of same involves the steps of:
PAR  a. First preparing a 2-halo-3-pentene by intimately admixing either
      hydrogen chloride or hydrogen bromide with 1,3-pentadiene at a temperature
      of from -20.degree.C up to +30.degree.C, preferably, from 0.degree. up to
      10.degree.C and at a pressure, preferably, of atmospheric pressure. The
      1,3-pentadiene (otherwise known as "piperylene" preferably has a purity of
      90% but 50% piperylene may also be used. The 2-halo-3-pentene thus
      produced may be used in its crude form without further purification in
      subsequent reactions;
PAR  b. The 2-halo-3-pentene is then reacted with magnesium to form a Grignard
      reagent, otherwise known as 2-magnesium halo-3-pentene. The reaction with
      the magnesium is carried out preferably in the presence of
      tetrahydrofuran, however, other solvents such as diethyl ether may also be
      used. The mole ratio of magnesium to halo-pentene is preferably from 1 up
      to 10 moles of magnesium per mole of halo-pentene, more preferably, from 3
      up to 5 moles of magnesium per mole of halo-pentene. The temperature of
      reaction is from 10 up to 50.degree.C; preferably from 10.degree. up to
      20.degree.C. Temperatures lower than 10.degree.C give rise to a reaction
      rate which is too slow to be economical. Temperatures higher than
      50.degree.C give rise to side reactions causing an undue lowering of the
      yield of product;
PAR  c. The Grignard reagent produced in step (b) is then reacted with carbon
      dioxide (preferably in the form of crushed dry ice). The reaction with
      carbon dioxide may also be carried out by bubbling carbon dioxide into the
      Grignard reagent at atmospheric pressure at a temperature of between
      -20.degree.C up to +40.degree.C, preferably from 0.degree.C to 20.degree.C
      or reacting the Grignard reagent with gaseous carbon dioxide at higher
      pressures of from 10 up to 100 pounds per square inch absolute at
      temperatures up to 50.degree.C. When the reaction takes place with crushed
      dry ice, the temperature is the temperature of crushed dry ice. The
      carbonation forms the magnesium halo salt of 2-methyl-3-pentenoic acid
      having the structure:
      ##EQU3##
      wherein X is halogen selected from the group consisting of chlorine and
      bromine;
PAR  d. Hydrolysis of the magnesium halo salt of 2-methyl-3-pentenoic acid in
      acid at a pH of from 2 up to 3. The preferred acid is a mineral acid such
      as hydrochloric acid or sulfuric acid;
PAR  e. Esterifying the resultant 2-methyl-3-pentenoic acid with an alkyl halide
      of the formula RX wherein R is C.sub.2 -C.sub.6 alkyl and X is chloro,
      bromo or iodo, in the presence of an equivalent amount of base (e.g., 50%
      aqueous sodium hydroxide, potassium hydroxide sodium carbonate, sodium
      bicarbonate or lithium hydroxide) and in the presence of a solvent, for
      example, hexamethyl phosphoramide, a dilower alkyl fromamide, such as
      dimethyl formamide and dimethyl sulfoxide, at a temperature in the range
      of 0.degree.C-50.degree.C ("room temperature", 20.degree.-30.degree.C is
      preferred). The solvent ratio is in the range of from 300 g up to 900 g of
      solvent per mole of 2-methyl-3-pentenoic acid used with a preferred ratio
      of 600 g of solvent per mole of 2-methyl-3-pentenoic acid. The reaction
      rate is inversely proportional to the temperature of reaction; however,
      too high a temperature leads to isomerization of the reaction product. The
      reaction time can range from 2 up to 50 hours.
PAR  f. Optionally, the resulting 60:40 cis-trans alkyl-2-methyl-3-pentenoate
      mixture may be separated using GLC apparatus.
PAR  A second novel process for producing another of the novel isomer mixtures
      containing a high proportion of cis-alkyl-2-methyl-3-pentenoates, to wit
      approximately 80% cis-alkyl-2-methyl-3-pentenoate and 20%
      alkyl-2-methyl-2-pentenoate, involves the steps of:
PAR  a. First preparing a methyl acetylene magnesium halide Grignard reagent by
      admixing, a methyl magnesium halide (the chloride, bromide or iodide) with
      a slight molar excess of methyl acetylene (preferably as "Mapp Gas", a
      commercial mixture of methyl acetylene and allene) at a temperature in the
      range of 40.degree.-60.degree.C (preferably 40.degree.-50.degree.C) in an
      inert solvent such as tetrahydrofuran or diethyl ether. Preferably, the
      reaction time range is from 4-12 hours;
PAR  b. Preparing 3-pentyne-2-ol by first admixing the methyl magnesium halide
      reaction product preferably in its original reaction solvent with a slight
      molar excess of acetaldehyde to form a magnesium halo salt of
      3-pentyne-2-ol, at a temperature in the range of 20.degree.-30.degree.C
      and then hydrolyzing the said magnesium halo salt of 3-pentyne-2-ol,
      preferably with a cold concentrated mineral acid such as concentrated
      hydrochloric acid in ice, and purifying the resulting 3-pentyn-2-ol using
      standard physical separation techniques, e.g., extraction and
      distillation;
PAR  c. Preparing a 4-halo-2-pentyne (e.g., 4-chloro-2-pentyne or
      4-bromo-2-pentyne) by means of halogenating the 3-pentyn-2-ol with a
      slight molar excess halogenating agent, e.g., phosphorous trichloride,
      phosphorous tribromide, and SOCl.sub.2, at temperatures in the range of
      20.degree.-80.degree.C, depending upon the halogenation reagent used. The
      preferred halogenating reagent is PCl.sub.3 using a temperature range of
      20.degree.-25.degree.C;
PAR  d. Preparing a 4-magnesium-halo-2-pentyne Grignard reagent by reaction of
      the 4-halo-2-pentyne with magnesium in a solvent, for example,
      tetrahydrofuran or diethyl ether at a temperature in the range of
      25.degree.-50.degree.C, depending upon the solvent used;
PAR  e. Preparing a magnesium halo carboxylate salt mixture of compounds having
      the structures:
      ##EQU4##
      (wherein X is halogen, e.g., chloro or bromo) by intimately admixing
      carbondioxide (either in the gas phase, or as a solid in the form of
      powdered dry ice). The reaction with carbondioxide may be carried out by
      bubbling carbon dioxide into the Grignard reagent at atmospheric pressure
      at a temperature of between -20.degree.C up to +40.degree.C, preferably,
      from 0.degree.C to 20.degree.C or reacting the Grignard reagent with
      gaseous carbon dioxide at higher pressures of from 10 up to 1,000 pounds
      per square inch absolute at temperatures up to 50.degree.C. When the
      reaction takes place with crushed dry ice, the temperature is the
      temperature of crushed dry ice.
PAR  f. Hydrolyzing the resulting magnesium halocarboxylate salt mixture with
      aqueous mineral acid (e.g., hydrochloric acid) at a temperature in the
      range of 20.degree.-30.degree.C to produce a crude mixture of
PA1  i. 2-methyl-3-pentynoic acid; and
PA1  ii. 2-methyl-2,3-pentadienoic acid in a (i):(ii) ratio of 3:1;
PAR  g. Preparing a mixture containing about 80% cis-2-methyl-3-pentenoic acid
      and 20% 2-methyl-2-pentenoic acid by hydrogenating the mixed acid product
      of step (f) supra in the presence of a palladium/CaSO.sub.4 catalyst
      containing 3% Pd at a pressure in the range of 10-100 psig; preferably in
      the range of 20-40 psig; preferably in a lower alkanol solvent such as
      methanol or ethanol at a temperature in the range of
      20.degree.-40.degree.C, preferably 20.degree.-25.degree.C. The weight
      percent range of catalyst is from 0.05% up to 1.5% with a range of 0.1% up
      to 1% being preferred. The resulting acid reaction product may then be
      purified using standard physical separation techniques, e.g., extraction
      and distillation;
PAR  h. Esterifying the resultant mixture containing 80%
      cis-2-methyl-3-pentenoic acid and 20% 2-methyl-2-pentenoic acid with an
      alkyl halide of the formula RX wherein R is C.sub.2 -C.sub.6 alkyl and X
      is chloro, bromo or iodo, in the presence of an equivalent amount of base
      (e.g., 50% aqueous sodium hydroxide, potassium hydroxide, sodium
      bicarbonate, sodium carbonate or lithium hydroxide) and in the presence of
      a solvent, for example, hexamethyl phosphoramide, a dilower alkyl
      formamide such as dimethyl formamide and dimethyl sulfoxide, at a
      temperature in the range of 0.degree.-50.degree.C ("room temperature",
      20.degree.-30.degree.C is preferred). The solvent ratio is in the range of
      from 300 g up to 900 g of solvent per mole of 2-methyl-3-pentenoic acid
      used with a preferred ratio of 600 g of solvent per mole of acid reactant.
      The reaction rate is inversely proportional to the temperature of
      reaction; however, too high a temperature leads to isomerization of the
      reaction product. The reaction time can range from 2  up to 50 hours.
PAR  i. Optionally, the resulting ester mixture may be separated using GLC
      apparatus.
PAR  Examples of specific alkyl halide reactants, reaction products and
      organoleptic characteristics of such reaction products, are set forth in
      the following table:
TBL  Alkyl Halide                                                              

                Reaction Product                                               

                             Organoleptic Properties                           

     ______________________________________                                    

     Ethyl Bromide                                                             

                Ethyl-2-methyl-3-                                              

                             Fruity, fresh, pine-                              

                pentenoate (cis:                                               

                             apple, strawberry                                 

                trans ratio, aroma and sweet,                                  

                approximately                                                  

                             fruity, pineapple,                                

                3:2)         strawberry, mellon-                               

                             green taste at 1                                  

                             ppm. Also a fruity,                               

                             green, strawberry                                 

                             fragrance note with                               

                             a chamomile nuance.                               

     Isopropyl  Isopropyl-2- A fruity, character-                              

     Bromide    methyl-3-pen-                                                  

                             istic strawberry taste                            

                tenoate (cis:                                                  

                             and a sweet, astringent                           

                trans ratio, after-taste at 5 ppm;                             

                approximately                                                  

                             and a fruity, herbaceous                          

                3:2)         fragrance note.                                   

     Isobutyl   Isobutyl-2-  Characteristic sweet,                             

     Bromide    methyl-3-pen-                                                  

                             strawberry taste, with                            

                tentoate (cis:                                                 

                             lasting strawberry                                

                trans ratio, after-taste at 5 ppm;                             

                approximately                                                  

                             at 10 ppm, character-                             

                3:2)         istic sweeter straw-                              

                             berry taste with a                                

                             lasting sweet strawberry                          

                             after taste. Also a                               

                             fruity, woody fragrance                           

                             note.                                             

     n-Hexyl    n-Hexyl-2-   A pear, strawberry,                               

     Bromide    methyl-3-pen-                                                  

                             fruity aroma and a                                

                tenoate (cis:                                                  

                             sweet, strawberry, pear,                          

                trans ratio, fruity taste at 2 ppm.                            

                approximately                                                  

                             In addition, fruity,                              

                3:2)         peppery, chamomile and                            

                             floral fragrance notes.                           

     ______________________________________                                    

PAR  When the cis-alkyl-2-methyl-3-pentenoate or isomer mixture containing more
      than 50% of same of our invention hereinafter called "high cis
      alkyl-2-methyl-3-pentenoate" is used as a food flavor adjuvant, the nature
      of the co-ingredients included with the said high cis
      alkyl-2-methyl-3-pentenoate in formulating the product composition will
      also serve to alter the organoleptic characteristics of the ultimate
      foodstuff treated therewith. As used herein in regard to flavors, the term
      "alter" in its various forms means "supplying or imparting flavor
      character or note to otherwise bland, relatively tasteless substances or
      augmenting the existing flavor characteristic where a natural flavor is
      deficient in some regard or supplementing the existing flavor impression
      to modify its quality, character or taste." As used herein, the term
      "foodstuff" includes both solid and liquid ingestible materials which
      usually do, but need not, have nutritional value. Thus "foodstuffs"
      include soups, convenience foods, beverages, dairy products, candies,
      vegetables, cereals, soft drinks, snacks and the like.
PAR  Substances suitable for use herein as co-ingredients or flavoring adjuvants
      are well known in the art for such use being extensively described in the
      relevant literature. Apart from the requirement that any such material be
      "ingestibly" acceptable and thus non-toxic or otherwise non-deleterious,
      nothing particularly critical resides in the selection thereof.
      Accordingly, such materials which may, in general, be characterized as
      flavoring adjuvants or vehicles comprise broadly stabilizers, thickeners,
      surface active agents, conditioners, other flavorants and flavor
      intensifiers.
PAR  Stabilizer compounds include preservatives, e.g., sodium chloride;
      antioxidants, e.g., calcium and sodium ascorbate, ascorbic acid, butylated
      hydroxyanisole (mixture of 2 and 3 tertiary butyl-4-hydroxyanisole),
      butylated hydroxy toluene (2,6-di-tertiary-butyl-4-methyl phenol), propyl
      gallate and the like and sequestrants, e.g., citric acid.
PAR  Thickener compounds include carriers, binders, protective colloids,
      suspending agents, emulsifiers and the like, e.g., agaragar; carrageenan;
      cellulose and cellulose derivatives, such as carboxymethyl cellulose and
      methyl cellulose; natural and synthetic gums such as gum arabic, gum
      tragacanth; gelatin, proteinaceous materials; lipids; carbohydrates;
      starches, pectins and emulsufiers, e.g., mono-and diglycerides of fatty
      acids, skim milk powder, hexoses, pentoses, disaccharides, e.g., sucrose,
      corn syrup solids and the like.
PAR  Surface active agents include emulsifying agents, e.g., fatty acids such as
      capric acid, caprylic acid, palmitic acid, myristic acid and the like,
      mon- and diglycerides of fatty acids, lecithin, defoaming and
      flavor-dispersing agents such as sorbitan monostearate, potassium
      stearate, hydrogenated tallow alcohol and the like.
PAR  Conditioners include compounds such as bleaching and maturing agents, e.g.,
      benzoyl peroxide, calcium peroxide, hydrogen peroxide and the like; starch
      modifiers such as peracetic acid, sodium chlorite, sodium hypochlorite,
      propylene oxide, succinic anhydride and the like, buffers and neutralizing
      agents, e.g., sodium acetate, ammonium bicarbonate, ammonium phosphate,
      citric acid, lactic acid, vinegar and the like; colorants, e.g., carminic
      acid, cochineal, turmeric and curcuma and the like; firming agents such as
      aluminum sodium sulfate, calcium chloride and calcium gluconate;
      texturizers; anti-caking agents, e.g., aluminum calcium sulfate and
      tribasic calcium phospate; enzymes; yeast foods, e.g., calcium lactate and
      calcium sulfate; nutrient supplements, e.g., iron salts such as ferric
      phosphate, ferrous gluconate and the like, riboflavin, vitamins, zinc
      sources such as zinc chloride, zinc sulfate and the like.
PAR  Other flavorants and flavor intensifiers include organic acids, e.g.,
      acetic acid, formic acid, 2-hexenoic acid, benzoic acid, n-butyric acid,
      caproic acid, caprylic acid, cinnamic acid, isobutyric acid, isovaleric
      acid, alpha-methyl-butyric acid, propionic acid, valeric acid,
      2-methyl-2-pentenoic acid, and 2-methyl-3-pentenoic acid; ketones and
      aldehydes, e.g., acetaldehyde, acetophenone, acetone, acetyl methyl
      carbinol, acrolein, n-butanal, crotonal, diacetyl, beta,
      beta-dimethylacrolein, n-hexanal, 2-hexenal, cis-3-hexenal, 2-heptanone,
      4-(p-hydroxyphenyl)-2-butanone, alpha-ionone, beta-ionone,
      methyl-3-butanone, 2-pentanone, 2-pentenal and propanal; alcohols, such as
      1-butanal, benzyl alcohol, 1-borneol, trans-2-buten-1-ol, ethanol,
      geraniol, 1-hexanol, 2-heptanol, trans-2-hexenol-1, cis-3-hexen-1-ol,
      3-methyl-3-buten-1-ol, 1-pentenol, 1-penten-3-ol,
      p-hydroxyphenyl-2-ethanol, isoamyl alcohol, isofenchyl alcohol,
      phenyl-2-ethanol, alpha terpineol, cis-terpineol hydrate; esters, such as
      butyl acetate, ethyl acetate, ethyl acetoacetate, ethyl benzoate, ethyl
      butyrate, ethyl capronate, ethyl cinnamate, ethyl crotonate, ethyl
      formate, ethyl isobutyrate, ethyl isovalerate, ethyl alpha-methylbutyrate,
      ethyl propionate, ethyl salicylate, trans-2-hexenyl acetate, hexyl
      acetate, 2-hexenyl butyrate, hexyl butyrate, isoamyl acetate, isopropyl
      butyrate, methyl acetate, methyl butyrate, methyl capronate, methyl
      isobutyrate, alpha-methylbutyrate, propyl acetate, amyl acetate, amyl
      butyrate, benzyl salicylate, dimethyl anthranilate, ethyl
      methylphenylglycidate, ethyl succinate, isobutyl cinnamate and terpenyl
      acetate; essential oils, such as jasmine absolute, rose absolute, orris
      absolute, lemon essential oil, bulgarian rose, yara yara, natural
      raspberry oil and vanilla; lactones; sulfides, e.g., methyl sulfide and
      other materials such as maltol, acetoin and acetals (e.g.,
      1,1-diethoxyethane, 1,1-dimethoxyethane and dimethoxymethane).
PAR  The specific flavoring adjuvant selected for use may be either solid or
      liquid depending upon the desired physical form of the ultimate product,
      i.e., foodstuff, whether simulated or natural, and should, in any event,
      be capable of providing an environment in which the high cis
      alkyl-2-methyl-3-pentenoate can be dispersed or admixed to provide a
      homogeneous medium. In addition, selection of one or more flavoring
      adjuvants, as well as the quantities thereof, will depend upon the precise
      organoleptic character desired in the finished product. Thus, in the case
      of flavoring compositions, ingredient selection will vary in accordance
      with the foodstuff to which the flavor and aroma are to be imparted. In
      contradistinction, in the preparation of solid products, e.g., simulated
      foodstuffs, ingredients capable of providing normally solid compositions
      should be selected such as various cellulose derivatives.
PAR  As will be appreciated by those skilled in the art, the amount of high
      cis-alkyl-2-methyl-3-pentenoate employed in a particular instance can vary
      over a relatively wide range whereby its desired organoleptic effects
      (having reference to the nature of the product) are achieved. Thus,
      correspondingly greater amounts would be necessary in those instances
      wherein the ultimate food composition to be flavored is relatively bland
      to the taste, whereas relatively minor quantities may suffice for purposes
      of enhancing a composition merely deficient in natural flavor or aroma.
      Thus, the primary requirement is that the amount selected should be
      "effective," i.e., sufficient to alter the organoleptic characteristics of
      the parent composition, whether foodstuff per se or flavoring composition.
      Thus, the use of insufficient quantities of high
      cis-alkyl-2-methyl-3-pentenoate will, of course, substantially vitiate any
      possibility of obtaining the desired results while excess quantities prove
      needlessly costly and in extreme cases, may disrupt the flavor-aroma
      balance, thus proving self-defeating. Accordingly, the terminology
      "effective amount" and "sufficient amount" is to be accorded a
      significance in the context of the present invention consistent with the
      obtention of desired flavoring effects.
PAR  Thus, and with respect to ultimate food compositions, it is found that
      quantities of high cis-alkyl-2-methyl-3-pentenoates ranging from a small
      but effective amount, e.g., 0.10 parts per million up to about 50 parts
      per million by weight based on total composition are suitable.
      Concentrations in excess of the maximum quantity stated are not normally
      recommended since they fail to provide commensurate enhancement of
      organoleptic properties. In those instances wherein the high
      cis-alkyl-2-methyl-3-pentenoate is added to the foodstuff as an integral
      component of a flavoring composition, it is of course essential that the
      total quantity of flavoring composition employed be sufficient to yield an
      effective high cis-alkyl-2-methyl-3-pentenoate concentration in the
      foodstuff product.
PAR  Food flavoring compositions prepared in accordance with the present
      invention preferably contain the high cis-alkyl-2-methyl-3-pentenoate in
      concentrations ranging from about 0.05% up to about 10% by weight based on
      the total weight of said flavoring composition.
PAR  The compositions described herein can be prepared according to conventional
      techniques well known, as typified by cake batters and vegetable juices,
      can be formulated by merely admixing the involved ingredients within the
      proportions stated in a suitable blender to obtain the desired
      consistency, homogeneity of dispersion, etc. Alternatively, flavoring
      compositions in the form of particulate solids can be conveniently
      prepared by mixing the high cis-alkyl-2-methyl-3-pentenoate with, for
      example, gum arabic, gum tragacanth, carrageenan and the like, and
      thereafter spray-drying the resultant mixture whereby to obtain the
      particular solid product. Pre-prepared flavor mixes in powder form, e.g.,
      a strawberry-flavored powder mix or a raspberry-flavored powder mix are
      obtained by mixing the dried solid components, e.g., starch, sugar and the
      like and the high cis-alkyl-2-methyl-3-pentenoate in a dry blender until
      the requisite degree of uniformity is achieved.
PAR  It is presently preferred to combine with the high
      cis-alkyl-2-methyl-3-pentenoate the following adjuvants:
PA1  Parahydroxy benzyl acetone
PA1  Vanillin
PA1  Maltol
PA1  Ethyl-3-methyl-3-phenyl glycidate
PA1  Benzyl acetate
PA1  Ethyl butyrate
PA1  Methyl cinnamate
PA1  Methyl anthranilate
PA1  Alpha-ionone
PA1  Gamma-undecalactone
PA1  Diacetyl
PA1  Anethole
PA1  Cis-3-hexenol
PA1  2-(4 hydroxy-4-methyl pentyl) norbornadiene (prepared according to Example
      II of application for U.S. patent Ser. No. 461,703 filed on Apr. 17, 1974)
PA1  Beta-ionone
PA1  Isobutyl acetate
PA1  Dimethyl sulfide
PA1  Acetic acid
PA1  Acetaldehyde
PA1  4-(2,6,6-trimethyl-1,3-cyclohexadiene-1-yl)-2-butanone (prepared according
      to Example XVI of application for U.S. patent Ser. No. 386,320 filed on
      Aug. 7, 1973)
PA1  4-(6,6-dimethyl-2-methylene-3-cyclohexen-1-yl)-2-butanone (prepared
      according to Example XVI of application for U.S. patent Ser. No. 386,320
      filed on Aug. 7, 1973)
PA1  Geraniol
PA1  Ethyl pelargonate
PA1  Isoamyl acetate
PA1  Naphthyl ethyl ether
PA1  Ethyl acetate
PA1  Isoamyl butyrate
PA1  2-Methyl-2-pentenoic acid
PA1  2-Methyl-3-pentenoic acid
PA1  Elemecine (4-allyl-1,2,6-trimethoxy benzene)
PA1  Isoelemecine (4-(1-propenyl)-1,2,6-trimethoxy benzene)
PAR  The high cis-alkyl-2-methyl-3-pentenoate can also be used to improve and
      augment the organoleptic properties of tobacco and tobacco products. Thus,
      the said high cis-alkyl-2-methyl-3-pentenoate will impart a Turkish-like
      character to tobacco (in smoke flavor) when used at levels of from 50
      parts per million up to 500 parts per million based on the dry weight of
      the tobacco. "Tobacco," as used herein, includes natural tobaccos such as
      burley, Turkish tobacco, Maryland tobacco, tobacco-like products such as
      reconstituted tobacco or homogenized tobacco and tobacco substitutes
      intended to replace natural tobacco such as various vegetable leaves, for
      example, lettuce, cabbage leaves and the like.
PAR  One or more of the high cis-2-methyl-3-pentenoates of our invention and an
      auxiliary perfume ingredient, including, for example, one or more
      alcohols, aldehydes, nitriles, esters, cyclic esters and natural essential
      oils, may be admixed so that the combined odors of the individual
      components produce a pleasant and desired fragrance, particularly and
      preferably in strawberry or raspberry fragrances. Such perfume
      compositions usually contain (a) the main note or the "bouquet" or
      foundation stone of the composition; (b) modifiers which round off and
      accompany the main note; (c) fixatives which include odorous substances
      which lend a particular note to the perfume throughout all stages of
      evaporation and substances which retard evaporation; and (d) topnotes
      which are usually low boiling fresh smelling materials.
PAR  In perfume compositions, each of the individual components will contribute
      its particular olfactory characteristics, but the over-all effect of the
      perfume composition will be the sum of the effects of each of the
      ingredients. Thus one or more of the alkyl-2-methyl-3-pentenoate isomer
      mixtures of our invention can be used to alter the aroma characteristics
      of a perfume composition, for example, by utilizing or moderating the
      olfactory reaction contributed by another ingredient in the composition.
PAR  The amount of high cis-alkyl-2-methyl-3-pentenoate of our invention which
      will be effective in perfumed articles, perfume compositions or perfumed
      compositions depends on many factors, including the other ingredients,
      their amounts and the effects which are desired. It has been found that
      perfume compositions containing as little as 0.3% of high
      cis-alkyl-2-methyl-3-pentenoate, or even less (e.g., 0.05%), can be used
      to impart a scent odor to soaps, cosmetics, or other products. The amount
      employed can range up to 100% of the fragrance components and will depend
      on considerations of cost, nature of the end product, the effect desired
      on the finished product and the particular fragrance sought.
PAR  One or more of the high cis-alkyl-2-methyl-3-pentenoate isomer mixtures of
      our invention is useful by themselves or in perfume compositions such as
      an olfactory component in detergents, and soaps; space odorants and
      deodorants, perfumes, colognes, toilet water, bath preparations, such as
      bath oils and bath solids; hair preparations, such as lacquers,
      brilliantines, pomades and shampoo; cosmetic preparations, such as creams,
      deodorants, hand lotions, and sun screens; powders, such as talcs, dusting
      powders, face powders and the like. When used as a olfactory component of
      a perfumed article, as little as 100 parts per million the high
      cis-alkyl-2-methyl-3-pentenoate will suffice to impart a fruity, green,
      strawberry note with chamomile nuances; or fruity herbaceous notes or
      fruity, peppery chamomile, floral notes, all of which are key odor
      characteristics of strawberry and/or raspberry perfume formulations.
      Generally, no more than 2.0% of the high cis-alkyl-2-methyl-3-pentenoate,
      based on the ultimate end product, is required in the perfume composition.
PAR  In addition, the perfumed article, perfume composition, perfumed
      composition or fragrance composition of our invention can contain a
      vehicle or carrier for the high cis-alkyl-2-methyl-3-pentenoate. The
      vehicle can be a liquid such as an alcohol, a non-toxic alcohol, a
      non-toxic glycol, or the like. The carrier can also be an absorbent solid,
      such as a gum (e.g., gum arabic) or components for encapsulating the
      composition (such as gelatin).
PAR  It will thus be apparent that one or more of the high
      cis-alkyl-2-methyl-3-pentenoate of our invention can be utilized to alter
      the sensory properties, particularly organoleptic properties, such as
      flavor and/or fragrance of a wide variety of consumable materials.
DETD
PAR  The following examples are given to illustrate embodiments of the invention
      as it is presently preferred to practice it. It will be understood that
      these examples are illustrative, and the invention is not to be considered
      as restricted thereto except as indicated in the appended claims. All
      parts and percentages set forth herein are by weight unless otherwise
      specified.
PAC  EXAMPLE I
PAC  Preparation of an Approximately 60:40 Cis:Trans Mixture
      2-Methyl-3-Pentenoic Acid
PAL  A. preparation of 4-Chloro-2-Pentene
PAR  Into a 3 liter flask equipped with stirrer, thermometer, reflux condenser,
      subsurface addition tube and inlet and outlet bubblers and cooling bath,
      1000 gms (14.8 moles) of 97.7% pure piperylene is charged. The piperylene
      is cooled to 10.degree.C and the reaction vessel is purged with dry
      nitrogen. While passing in hydrogen chloride, the reaction mass is stirred
      vigorously and the reaction mass temperature is maintained at
      10.degree.-15.degree.C with external cooling. The hydrogen chloride is
      added over a period of 7 hours. The reaction mass is then purged with
      nitrogen at room temperature for a period of 10-20 minutes to remove any
      excess hydrogen chloride. The crude product may then be used further
      without purification for the preparation of the 2-methyl-3-pentenoic acid
      isomer mixture. The amount of crude product obtained is 1,435 gms.
PAL  B. preparation of 2-Methyl-3-Pentenoic Acid Isomer Mixture
PAR  Into a 12 liter reaction vessel equipped with stirrer, thermometer, reflux
      condenser, dropping funnel, two bubblers, heating mantle and cooling bath,
      thoroughly purged with nitrogen, the following materials are charged:
TBL  Magnesium Turnings      600 gms                                           

     Tetrahydrofuran         3 liters                                          

PAL  The magnesium-tetrahydrofuran mixture is heated to 50.degree.C at which
      time 70 ml of a solution (produced by admixing 750 gms of
      4-chloro-2-pentene produced in step (A) with 2 liters of tetrahydrofuran)
      is added to the magnesium-tetrahydrofuran mixture in the 12-liter reaction
      vessel with stirring. The reaction mass temperature increases indicating
      the initiation of a Grignard reaction. With stirring, the remainder of the
      4-chloro-2-pentene-tetrahydrofuran solution is added over a period of 5
      hours. During the first 30 minutes of the addition, the reaction mass is
      slowly cooled to 25.degree.-30.degree.C and after that time the reaction
      mass is maintained at 25.degree.-30.degree.C throughout the remainder of
      the addition. The reaction mass is then stirred for 1 hour at
      25.degree.-30.degree.C.
PAR  7.2 Kilograms of finely crushed dry ice is added into a 22 liter reaction
      flask equipped with an air driven motor stirrer, addition tube and an
      inlet and outlet bubblers. The Grignard reagent produced in the 12 liter
      reaction vessel is siphoned onto the dry ice in the 22 liter flask thus
      leaving the excess magnesium turnings in the 12 liter flask. A nitrogen
      stream is used to prevent premature reaction of carbon dioxide at the
      inlet tube. The dry ice-Grignard reagent mixture is then stirred slowly
      until the excess carbon dioxide has evaporated. The time of stirring is 8
      hours. 2.5 Liters of water is then added to dissolve the magnesium salt
      and tetrahydrofuran is recovered by distillation at atmospheric pressure
      to a pot temperature of 80.degree.C. 1.25 Liters of toluene is then added
      to the reaction mass followed by 750 ml of concentrated hydrochloric acid
      over a period of 30 minutes maintaining the temperature of the reaction
      mass between 30.degree.-40.degree.C. The reaction mass is then stirred for
      another 30 minutes without further heating or cooling. The organic layer
      is removed and the aqueous layer is extracted with 1.25 liters of toluene
      after which time the two organic layers are combined. The organic solution
      is then stripped of solvent and the crude 2-methyl-3-pentenoic acid is
      rushed over to a pot temperature of 180.degree.C at 2 mm Hg. using a 2
      liter still with a 2 inch splash column. The rushed over
      2-methyl-3-pentenoic acid is then fractionated at 3 mm Hg. pressure and a
      vapor temperature of 62.degree.-63.degree.C on a 11/2 inch .times. 18 inch
      Goodloe packed column after adding 40 gms of Primol and 1 gm of Ionol.
      NMR, IR and Raman spectral analyses indicate that the material produced is
      a 60:40 cis: trans mixture of isomers of 2-methyl-3-pentenoic acid.
TBL  ______________________________________                                    

     NMR Analysis: (CDCl.sub.3)                                                

     Signal            Interpretation                                          

     ______________________________________                                    

     1.24 (d, 3H)      --CH--CH.sub.3                                          

     1.69 (d, 3H)      =CH--CH.sub.3                                           

     (3.10)            .vertline.                                              

     (m, 1H)           --CH(Shows cis:trans                                    

     (3.50)            .vertline.ratio of 3:2)                                 

     5.52 ppm (m, 2H)  --CH=CH--                                               

     ______________________________________                                    

      NOTE:                                                                    

      Signal at 3.50 ppm attributed to "cis" isomer, and 3.10 ppm attributed to

      "trans" isomer.                                                          

PAC  EXAMPLE II
PAC  Preparation of (i) Mixture of 60% Cis Ethyl-2-Methyl-3-Pentenoate and 40%
      Trans-Ethyl-2-Methyl-3-Pentenoate and (ii) Cis Ethyl-2-Methyl-3-Pentenoate
PAR  Into a 500 ml flask equipped with magnetic stirring bar, the following
      ingredients are added while maintaining the temperature at
      20.degree.-25.degree.C using an ice water cooling bath and with stirring:
TBL  (i)   2-methyl-3-pentenoic                                                

                            38 g     (0.33 moles)                              

           acid 60:40 cis:trans                                                

           isomer mixture (produced                                            

           according to Example I)                                             

     (ii)  Ethyl bromide    40 g     (0.37 moles)                              

     (iii) Sodium hydroxide (50%                                               

                            32 g     (0.40 moles)                              

           aqueous solution)                                                   

     (iv)  Hexamethyl phosphoramide                                            

                            200 g                                              

PAR  The reaction mass is stirred for a period of 15 hours at room temperature.
      300 ml water is then added to the mass and the solution is extracted with
      200 ml of diethyl ether. The ether extract is washed with 20 ml of 20%
      sodium chloride solution, and is then concentrated by means of rotary
      evaporation. The resulting residue (32 grams) is distilled at 50 mm Hg.
      pressure with a semi-micro distillation apparatus, thereby giving 23 g of
      ethyl-2-methyl-3-pentenoate (chemical yield: 50%).
PAR  Boiling point: 75.degree.C at 50 mm Hg. pressure. The ratio of cis isomer
      to trans isomer is 3:2.
TBL  ______________________________________                                    

     (A)     NMR Spectrum of mixture of cis and trans isomer                   

             of ethyl-2-methyl-3-pentenoate ester (CDCl.sub.3)                 

     Signal            Interpretation                                          

     ______________________________________                                    

     1.24 (d, 3H)      --CH--CH.sub.3                                          

     1.25 (t, 3H)      --O--CH.sub.2 --CH.sub.3                                

     1.65 (d, 3H)      =CH--CH.sub.3                                           

     (3.05)            .vertline.(Area integral                                

     (m, 1H)           --CHindicates that                                      

     (3.45)            .vertline.cis:trans isomer                              

                       ratio is 3:2)                                           

     4.10 (q, 2H)      --C--O--CH.sub.2 --CH.sub.3                             

                       .parallel.                                              

                       O                                                       

     5.50 ppm (m, 2H)  --CH=CH--                                               

     ______________________________________                                    

PAL  The mixture is separated using GLC trapping.
PAC  GLC CONDITIONS
PA0  Column: 20 feet .times. 1/4 inch OD 5% OV-25 on 80/100 mesh Chromosorb G
      stainless steel
PA0  Flow: 100 ml/min Helium
PA0  Temperatures:
PA1  Column = 150.degree. isothermal
PA1  Injector = 230.degree.
PA1  Detector (T.C.) = 260.degree.
PAL  The individual NMR analyses (CDCl.sub.3) are as follows:
TBL  (B)    Cis isomer of ethyl-2-methyl-3-pentenoate: NMR                     

            Analysis (CDCl.sub.3):                                             

     Signal            Interpretation                                          

     ______________________________________                                    

     1.22 (d, 3H)      --CH--CH.sub.3                                          

     1.28 (t, 3H)      --CH.sub.2 --CH.sub.3                                   

     1.66 (d, 3H)      C=CH--CH.sub.3                                          

                       .vertline.                                              

     3.44 (m, 1H)      --CH                                                    

                       .vertline.                                              

                       O                                                       

     4.15 (q, 2H)      .angle.C--O--CH.sub.2 --CH.sub.3                        

     5.52 ppm (m, 2H)  --CH=CH--                                               

     (C)    Trans isomer of ethyl-2-methyl-3-pentenaote:                       

            NMR Analysis (CDCl.sub.3)                                          

     Signal            Interpretation                                          

     ______________________________________                                    

     1.22 (d, 3H)      --CH--CH.sub.3                                          

     1.28 (t, 3H)      --CH.sub.2 --CH.sub.3                                   

     1.66 (d, 3H)      C=CH--CH.sub.3                                          

                       .vertline.                                              

     3.10 (m, 1H)      --CH                                                    

                       .vertline.                                              

                       O                                                       

     4.15 (q, 2H)      .angle.C--O--CH.sub.2 --CH.sub.3                        

     5.52 ppm (m, 2H)  --CH=CH--                                               

     ______________________________________                                    

PAC  EXAMPLE III
PAC  Preparation of the Esters: (i) Isopropyl-2-Methyl-3-Pentenoate: and (ii)
      Isobutyl-2-Methyl-Pentenoate;
PAR  Into a 250 ml flask equipped with magnetic stirring bar and operated at
      20.degree.-25.degree.C, using external cooling, the following materials
      are added:
TBL  (i)    2-methyl-3-pentenoic                                               

                              17.1 g   (0.15 moles)                            

            acid produced according                                            

            to the process of                                                  

            Example I                                                          

     (ii)   Iodomethane       4.26 g   (0.03 moles)                            

     (iii)  Isopropyl bromide 3.6 g    (0.03 moles)                            

     (iv)   Isobutyl bromide  4.11 g   (0.03 moles)                            

     (v)    Isoamyl bromide   4.53 g   (0.03 moles)                            

     (vi)   Sodium hydroxide  16.0 g   (0.2 moles)                             

            (50% aqueous solution)                                             

     (vii)  Hexamethyl phosphoramide                                           

                              180 g                                            

PAL  The reaction mass is stirred for a period of 72 hours while maintaining the
      reaction mass temperature at 20.degree.-25.degree.C. At the end of the 72
      hour period, the reaction mass is diluted with 100 ml of water and
      extracted with two 100 ml portions of diethyl ether. The diethyl ether
      extract is then evaporated, leaving a residue. The residue is
      rush-distilled at 0.3 mm Hg. pressure yielding 6 g of an oil. GLC analysis
      indicates at least two major and three minor components. The major
      components are trapped and certified by mass spectral and NMR analysis to
      be isopropyl-2-methyl-3-pentenoate and isobutyl-2-methyl-3-pentenoate. The
      GLC conditions are as follows: 100.degree. - 200.degree.C;
      6.degree.C/minute; 1/4 inch .times. 10 feet -- 5% carbowax packed column.
TBL  ______________________________________                                    

     NMR Analysis (CDCl.sub.3) for isopropyl-2-methyl-3-pentenoate             

     (having a cis:trans mole ratio of 3:2):                                   

     Signal           Interpretation                                           

     ______________________________________                                    

     1.22 (d, 9H)     --CH--CH.sub.3                                           

     1.70 (d, 3H)     =CH--CH.sub.3                                            

     (3.0)            .vertline.(Area integral                                 

     (m, 1H)          --CHindicates that                                       

     (3.40)           .vertline.cis:trans isomer                               

                      ratio is 3:2)                                            

                      O.vertline.                                              

     5.0 (m, 1H)      .angle.C--O--CH                                          

                      .vertline.                                               

     5.52 ppm (m, 2H) --CH=CH--                                                

     NMR Analysis (CDCl.sub.3) for isobutyl-2-methyl-3-pentenoate              

     (having a cis:trans mole ratio of 3:2):                                   

     Signal           Interpretation                                           

     ______________________________________                                    

     0.97 (d, 6H)     --CH--CH.sub.3                                           

                      O                                                        

     1.04 (d, 3H)     --C.angle.                                               

                      CH--CH.sub.3                                             

                      .vertline.                                               

     1.70 (d, 3H)     =CH--CH.sub.3                                            

                      .vertline.                                               

     1.90 (m, 1H)     --C--CH                                                  

                      .vertline.                                               

     (3.10)           O(Shows that                                             

     (m, 1H)          --C.angle..vertline.cis:trans                            

     (3.50)           C--Hisomer ratio                                         

                      .vertline.is 3:2)                                        

                      O                                                        

     3.88 (d, 2H)     .angle.C--O--CH.sub.2 --                                 

     5.52 ppm (m, 2H) -- CH=CH--                                               

     ______________________________________                                    

PAC  EXAMPLE IV
PAC  Preparation of n-Hexyl-2-Methyl-3-Pentenoate
PAR  Into a 125 ml reaction vessel equipped with magnetic stirrer and maintained
      at room temperature, the following materials are added:
TBL  (i)  2-methyl-3-pentenoic acid                                            

                             1.1 g    (0.01 moles)                             

          isomer mixture prepared                                              

          according to Example I                                               

     (ii) 1-bromo hexane     2.0 g    (0.012 moles)                            

     (iii)                                                                     

          Hexamethyl phosphoramide                                             

                             20 g                                              

     (iv) Sodium hydroxide   1.0 g    (0.012 moles)                            

          (50% aqueous solution)                                               

PAL  The reaction mass is stirred for a period of three hours at room
      temperature. It is then diluted with 100 ml of water and extracted with 50
      ml of diethyl ether. The resulting ether extract is washed with three 10
      ml portions of 20% aqueous sodium chloride solution. The ether is then
      evaporated to yield 2.0 g of an oil. GLC analysis indicates 67%
      n-hexyl-2-methyl-3-pentenoate. The mixture of esters is separated by GLC
      trapping.
TBL  ______________________________________                                    

     NMR Analysis (CDCl.sub.3) indicating that it is a mixture                 

     of cis and trans isomers with the ratio of cis isomer:                    

     trans isomer being 3:2 and is as follows:                                 

     Signal       Interpretation                                               

     ______________________________________                                    

     0.90 (t, 3H) CH.sub.3 --CH.sub.2 --                                       

     1.24 (d, 3H) CH.sub.3 --CH--                                              

     1.28 (m, 6H) --CH.sub.2 --                                                

     1.64 (m, 5H) --CH.sub.2 --C--O and =C--CH.sub.3                           

     (3.10)       .vertline.(Area integral                                     

     (m, 1H)      --CHindicates that                                           

     (3.44)       .vertline.cis:trans isomer                                   

                  ratio is 3:2)                                                

                  O                                                            

     4.08 (t, 2H) --CH.sub.2 --O--C.angle.                                     

     5.52 ppm (m, 2H)                                                          

                  --CH=CH--                                                    

     ______________________________________                                    

PAC  EXAMPLE V
PAC  Flavor Formulation Containing Ethyl-2-Methyl-3-Pentenoate 3:2 Cis:Trans
      Isomer Mixture
PAR  The following basic strawberry formulation is prepared:
TBL  Ingredient              Parts by Weight                                   

     ______________________________________                                    

     Parahydroxy benzyl acetone                                                

                             0.2                                               

     Vanillin                1.5                                               

     Maltol                  2.0                                               

     Ethyl-3-methyl-3-phenyl glycidate                                         

                             1.5                                               

     Benzyl acetate          2.0                                               

     Ethyl butyrate          1.0                                               

     Methyl cinnamate        0.5                                               

     Methyl anthranilate     0.5                                               

     Alpha-ionone            0.0                                               

     Gamma undecalactone     0.2                                               

     Diacetyl                0.2                                               

     Anethole                0.1                                               

     Cis-3-hexenol           1.7                                               

     95% Aqueous ethanol     38.5                                              

     Propylene glycol        50.0                                              

                             100.0                                             

     ______________________________________                                    

PAR  To a portion of the foregoing formulation, 0.2% by weight of
      ethyl-2-methyl-3-pentenoate, 3:2 cis:trans isomer mixture prepared
      according to the process of Example II is added. The formulation with the
      ethyl-2-methyl-3-pentenoate is compared to the same formulation without
      said ethyl-2-methyl-3-pentenoate.
PAR  Both flavors are evaluated in a milk beverage sweetened with 10% sugar at
      the rate of 100 ppm. Both beverages are tasted by an expert panel. The
      beverage containing the strawberry formulation with the addition of
      ethyl-2-methyl-3-pentenoate is unanimously preferred as having a more
      natural like, delicate strawberry aroma, a sweeter, more pleasant,
      strawberry taste and a sweet, strawberry after-taste.
PAC  EXAMPLE VI
PAC  Raspberry Perfume Formulation
PAR  The following formulation is prepared:
TBL  Ingredient              Parts by Weight                                   

     ______________________________________                                    

     Ethyl-2-methyl-3-pentenoate                                               

                             10                                                

     3:2 cis:trans isomer mixture                                              

     prepared according to the process                                         

     of Example II                                                             

     Ethyl-3-methyl-3-phenyl glycidate                                         

                             150                                               

     Vanillin                5                                                 

     3-Hydroxy-2-methyl-4-pyrone                                               

                             10                                                

     Beta-ionone             30                                                

     Ethyl acetate           1                                                 

     Ethyl acetoacetate      2                                                 

     Diacetyl                1                                                 

     Heliotropyl acetate     50                                                

     4-(parahydroxyphenyl)-2-butanone                                          

                             50                                                

     Ethyl laurate           30                                                

     Ethyl isovalerate       10                                                

     Ethyl butyrate          50                                                

     Cinnamyl cinnamate      20                                                

                             419                                               

     ______________________________________                                    

PAR  The ethyl-2-methyl-3-pentenoate imparts to this raspberry perfume
      formulation a delicate raspberry topnote nuance.
PAC  EXAMPLE VII
PAC  Tobacco Flavor Formulation and Tobacco
PAR  A tobacco mixture is produced by admixing the following materials:
TBL  Ingredient          Parts by Weight                                       

     ______________________________________                                    

     Bright              40.1                                                  

     Burley              24.9                                                  

     Maryland            1.1                                                   

     Turkish             11.6                                                  

     Stem (flue-cured)   14.2                                                  

     Glycerine           2.8                                                   

     Water               5.3                                                   

     ______________________________________                                    

PAL  Cigarettes are prepared from this tobacco.
PAR  The following flavor formulation is prepared:
TBL  Ingredient            Parts by Weight                                     

     ______________________________________                                    

     Ethyl butyrate        .05                                                 

     Ethyl valerate        .05                                                 

     Maltol                2.00                                                

     Cocoa extract         26.00                                               

     Coffee extract        10.00                                               

     Ethyl alcohol (95% aqueous)                                               

                           20.00                                               

     Water                 41.90                                               

     ______________________________________                                    

PAR  The above-stated tobacco flavor formulation is applied at the rate of 0.1%
      to all of the cigarettes produced using the above tobacco formulation.
      Half of the cigarettes are then treated with 100 or 200 ppm of the
      ethyl-2-methyl-3-pentenoate 3:2 cis:trans isomer mixture produced
      according to the process of Example II. The control cigarettes not
      containing the ethyl-2-methyl-3-pentenoate isomer mixture produced
      according to the process of Example II and the experimental cigarettes
      which do contain the ethyl-2-methyl-3-pentenoate isomer mixture produced
      according to the process of Example II are evaluated by paired comparison,
      and the results are as follows:
PAR  In aroma, the cigarettes containing the ethyl-2-methyl-3-pentenoate isomer
      mixture have been found to be more aromatic.
PAR  In smoke flavor, the cigarettes containing the ethyl-2-methyl-3-pentenoate
      isomer mixture are more aromatic, more sweet, more bitter, slightly less
      harsh in the mouth and throat and leave a slight, sweet chemical
      mouth-coating effect similar to Turkish tobacco.
PAR  In summary, the ethyl-2-methyl-3-pentenoate isomer mixture enhances the
      tobacco-like taste and aroma of a blended cigarette and imparts to that
      cigarette a Turkish-like character in smoke flavor.
PAC  EXAMPLE VIII
PAR  The following concentrate is prepared:
TBL  Ingredient               Percent                                          

     ______________________________________                                    

     Geraniol                 1.00                                             

     Ethyl methyl phenyl glycidate                                             

                              3.33                                             

     Isopropyl-2-methyl-3-pentenoate                                           

                              4.77                                             

     3:2 cis:trans isomer mixture                                              

     prepared according to the process                                         

     of Example III)                                                           

     Vanillin                 5.66                                             

     Ethyl pelargonate        13.06                                            

     Isoamyl acetate          14.00                                            

     Ethyl butyrate           58.18                                            

     ______________________________________                                    

PAC  EXAMPLE IX
TBL  Ingredient               Percent                                          

     ______________________________________                                    

     Naphthyl ethyl ether     0.96                                             

     Vanillin                 2.66                                             

     Ethyl methyl phenyl glycidate                                             

                              2.88                                             

     Isobutyl-2-methyl-3-pentenoate                                            

                              4.90                                             

     3:2 cis:trans isomer mixture                                              

     prepared according to the process                                         

     of Example III)                                                           

     Ethyl acetate            9.58                                             

     Isoamyl acetate          12.25                                            

     Ethyl butyrate           26.20                                            

     Isoamyl butyrate         40.57                                            

     ______________________________________                                    

PAC  EXAMPLE X
PAR  100 Parts of the concentrate prepared in Example VIII is dissolved in 400
      parts of propylene glycol and the mixture is added to a hard candy melt at
      the rate of 1.5 oz. of the concentrate solution per 100 lbs. of melt.
      After the finished candy has been produced, it is found to have an
      excellent strawberry flavor. When the candy is compared with candy made
      under the same conditions, but without the isopropyl-2-methyl-3-pentenoate
      prepared according to the process of Example III in the concentrate, it is
      found to have an inferior strawberry flavor.
PAC  EXAMPLE XI
PAR  A propylene glycol solution of the concentrate (1 part concentrate:4 parts
      of propylene glycol) as prepared in Example IX is added to a simple syrup
      at the rate of 1/8 oz. per gallon of syrup. The syrup is acidified by the
      addition of 1.5 oz. of 50% aqueous citric acid solution to each gallon of
      syrup. A carbonated beverage is prepared by admixing one oz. of the
      flavored, acidified syrup with 5 oz. of carbonated water. The beverage so
      prepared has an excellent fresh strawberry flavor, and is found to be
      markedly superior to a beverage prepared in the same manner but without
      the isobutyl-2-methyl-3-pentenoic isomer mixture prepared according to the
      process of Example III.
PAC  EXAMPLE XII
PAR  The flavor concentrate prepared in Example IX is admixed with gum arabic in
      the proportion of 7 lbs. of concentrate to 28 lbs. of gum arabic in 65
      lbs. of water, and the aqueous mixture is spray-dried. The flavor
      concentrate-carrier combination so obtained is then added to a gelatin
      dessert mix in the ratio of 1 oz. of spray-dried material to 100 lbs. of
      dessert mix powder. The gelatin dessert produced from the mix has an
      excellent strawberry flavor and is markedly superior to a gelatin dessert
      prepared in the same manner without the isobutyl-2-methyl-3-pentenoate
      isomer mixture prepared according to the process of Example III in the
      concentrate.
PAC  EXAMPLE XIII
PAR  The following mixture is prepared:
     Ingredient              Parts by Weight                                   

     ______________________________________                                    

     Ethyl acetoacetate      3                                                 

     Ethyl laurate           10                                                

     Cinnamyl isobutyrate    3                                                 

     Cinnamyl isovalerate    5                                                 

     Diacetyl                2                                                 

     Heliotropyl acetate     20                                                

     Peach aldehyde coeur    100                                               

     Ethyl butyrate          200                                               

     Ethyl isovalerate       20                                                

     Ethyl Heptanoate        1                                                 

     Dulcinyl                5                                                 

     2(para-hydroxyphenyl)-3-butanone                                          

                             2                                                 

     Ethyl acetate           1                                                 

     Beta-ionone             10                                                

     Palatone                2                                                 

     Ethyl vanillin          1                                                 

     Ethyl-3-methyl-3-phenyl glycidate                                         

                             150                                               

     n-hexyl-2-methyl-3-pentenoate                                             

                             5                                                 

     3:2 cis:trans isomer mixture                                              

     prepared according to the process                                         

     of Example IV                                                             

     ______________________________________                                    

PAR  The n-Hexyl-2-methyl-3-pentenoate isomer mixture prepared according to the
      process of Example IV imparts a fruity, chamomile, peppery, floral note to
      this strawberry fragrance.
PAC  EXAMPLE XIV
PAC  Preparation of Soap Composition
PAR  One hundred grams of soap chips are mixed with one gram of the perfume
      composition of Example VI until a substantially homogeneous composition is
      obtained. The perfumed soap composition manifests an excellent raspberry
      character with a delicate raspberry topnote nuance.
PAC  EXAMPLE XV
PAC  Preparation of a Detergent Composition
PAR  A total of 100 g of a detergent powder is mixed with 0.15 g of the perfume
      composition of Example VI until a substantially homogeneous composition is
      obtained. This composition has an excellent raspberry fragrance.
PAC  EXAMPLE XVI
PAC  Preparation of a Cosmetic Powder Composition
PAR  A cosmetic powder is prepared by mixing in a ball mill 100 g of talcum
      powder with 0.25 g of n-hexyl-2-methyl-3-pentenoate 3:2 cis:trans isomer
      mixture prepared according to Example IV. It has an excellent fruity,
      chamomile aroma.
PAC  EXAMPLE XVII
PAC  Perfumed Liquid Detergent
PAR  Concentrated liquid detergents with a fruity, chamomile odor are prepared
      containing 0.10%, 0.15% and 0.20% of n-hexyl-2-methyl-3-pentenoate. They
      are prepared by adding and homogeneously mixing the appropriate quantity
      of n-hexyl-2-methyl-3-pentenoate in the liquid detergent. The detergents
      all possess a fruity, chamomile fragrance, the intensity increasing with
      greater concentration of n-hexyl-2-methyl-3-pentenoate isomer mixture.
PAC  EXAMPLE XVIII
PAC  Preparation of a Cologne and Handkerchief Perfume
PAR  Isopropyl-2-methyl-3-pentenoate 3:2 cis:trans isomer mixture prepared
      according to the process of Example III is incorporated in a cologne at a
      concentration of 2.5% in 85% aqueous ethanol; and into a handkerchief
      perfume at a concentration of 20% (in 95% aqueous ethanol). A distinct and
      definite strong fruity, herbaceous fragrance is imparted to the cologne
      and to the handkerchief perfume.
PAC  EXAMPLE XIX
PAC  Preparation of a Cologne and Handkerchief Perfume
PAR  The composition of Example XIII is incorporated in a cologne at a
      concentration of 2.5% in 85% aqueous ethanol; and into a handkerchief
      perfume at a concentration of 20% (in 95% aqueous ethanol). The use of the
      n-hexyl-2-methyl-3-pentenoate isomer mixture in the composition of Example
      XIII affords a distinct and definite strong strawberry aroma with a
      chamomile note to the handkerchief perfume and cologne.
PAC  EXAMPLE XX
PAC  Preparation of Soap Composition
PAR  One hundred grams of soap chips are mixed with one gram of
      n-hexyl-2-methyl-3-pentenoate 3:2 cis: trans isomer mixture until a
      substantially homogeneous composition is obtained. The perfumed soap
      composition manifests an excellent raspberry aroma with fruity and green
      notes and a chamomile nuance.
PAC  EXAMPLE XXI
PAC  Preparation of a Detergent Composition
PAR  A total of 100 g of a detergent powder is mixed with 0.15 g of the isomer
      mixture of 3:2 cis:trans ethyl-2-methyl-3-pentenoates of Example II until
      a substantially homogeneous composition is obtained. This composition has
      an excellent strawberry aroma with fruity and green notes and a chamomile
      nuance.
PAC  EXAMPLE XXII
PAC  Preparation of a Cosmetic Powder Composition
PAR  A cosmetic powder is prepared by mixing in a ball mill 100 g of talcum
      powder with 0.25 g of ethyl-2-methyl-3-pentenoate 3:2 cis:trans isomer
      mixture prepared according to Example II. It has an excellent fruity,
      green, strawberry character with a chamomile nuance. The same cosmetic
      powder is then further admixed in a ball mill with 0.25 g of
      isopropyl-2-methyl-3-pentenoate 3:2 cis:trans isomer mixture prepared
      according to Example III. The cosmetic powder now has an added herbaceous
      note.
PAC  EXAMPLE XXIII
PAC  Perfumed Liquid Detergent
PAR  Concentrated liquid detergents with green, fruity, strawberry notes and
      chamomile nuances are prepared containing 0.10%, 0.15% and 0.20% of
      ethyl-2-methyl-3-pentenoate 3:2 cis:trans isomer mixture prepared
      according to Example II. They are prepared by adding and homogeneously
      mixing the appropriate quantity of ethyl-2-methyl-3-pentenoate isomer
      mixture in the liquid detergent. The detergents all possess fruity, green,
      strawberry notes with chamomile nuances, the intensity increasing with
      greater concentrations of ethyl-2-methyl-3-pentenoate isomer mixture.
PAC  EXAMPLE XXIV
PAC  Preparation of a Cologne and Handkerchief Perfume
PAR  Ethyl-2-methyl-3-pentenoate 3:2 cis:trans isomer mixture prepared according
      to Example II is incorporated in a cologne at a concentration of 2.5% in
      85% aqueous ethanol; and into a handkerchief perfume at a concentration of
      20% (in 95% aqueous ethanol). A distinct, fruity, green, strawberry aroma
      with a chamomile nuance is imparted to the cologne and to the handkerchief
      perfume.
PAC  EXAMPLE XXV
PAC  Preparation of Mixture Containing 80% Cis-2-Methyl-3-Pentenoic Acid and 20%
      2-Methyl-2-Pentenoic Acid
PAL  A. preparation of 3-pentyn-2-ol
TBL  equipment:                                                                

               5 liter reaction flask                                          

     Material: Methyl magnesium chloride                                       

                                    3 liters                                   

               (3 molar in tetrahydrofuran)                                    

               Mapp gas (Mixture of methyl                                     

                                    600 g                                      

               acetylene and allene)                                           

               Acetaldehyde (6 molar)                                          

                                    264 g                                      

PAR  Procedure: Mapp gas is passed through a sodium hydroxide drying tube into
      the methyl magnesium chloride solution at 40.degree.-50.degree.C. The
      operation takes 5 hours to completion. The mixture is heated at
      50.degree.C for an additional 2 hours before cooling. To the cold solution
      is added 264 g of acetaldehyde at 20.degree.-30.degree.C over 2 hours with
      cooling. The mixture is then stirred for one hour at 25.degree.C and is
      then decomposed with 800 ml of concentrated hydrochloric acid and 5 kg of
      ice. The resulting lower layer is extracted with one liter of benzene. The
      combined organic liquids are washed with two 200 ml portions of 20%
      aqueous NaCl and distilled at atmospheric pressure to a pot temperature of
      92.degree.C and then rushed over under vacuum. The rushed over material is
      then topped at 45-50 mm Hg. pressure to a pot temperature of 72.degree.C.
      After the topping, this material is used to prepare 4-chloro-2-pentyne in
      part B, infra, without further purification.
PAL  B. preparation of 4-chloro-2-pentyne
TBL  equipment:                                                                

              250 ml reaction flask                                            

     Material:                                                                 

              3-Pentyn-2-ol      84 g (1 mole)                                 

              Phosphorous trichloride                                          

                                 69 g (0.5 mole)                               

PAR  Procedure: The phosphorous trichloride is added at 20.degree.-25.degree.C
      with cooling to the 3-pentyn-2-ol prepared in part A, supra. The mixture
      is stirred for 12 hours at 20.degree.-25.degree.C and then heated to
      72.degree.C for 5 hours. IR analysis indicates that the reaction is
      complete. The material is then rushed over under vacuum to give
      4-chloro-2-pentyne for the Grignard reaction exemplified in part C, infra.
      The yield is nearly quantitative.
PAL  C. preparation of 2-methyl-3-pentynoic acid
TBL  equipment:                                                                

              1 liter reaction flask                                           

     Material:                                                                 

              4-chloro-2-pentyne                                               

                               46      g (0.5 mole)                            

              Magnesium chips  60      g (2.5 mole)                            

              Tetrahydrofuran (dry)                                            

                               500     ml                                      

PAR  Procedure: 4-Chloro-2-pentyne is dissolved in 200 ml of tetrahydrofuran and
      added over 41/2 hours (after starting the reaction with iodine crystals)
      to the magnesium chips in 300 ml of tetrahydrofuran. The reaction
      temperature rises to 44.degree.-50.degree.C in the initiation period and
      is maintained at 28.degree.-30.degree.C with external cooling. The
      reaction mixture is allowed to stir for an additional hour after all of
      the 4-chloro-2-pentyne is added. The resulting Grignard reagent is poured
      onto 620 g of dry ice (powdered) with stirring. After the CO.sub.2
      evaporates, 300 ml of water is added and the solution is extracted with
      three 200 ml portions of toluene. The toluene extracts are discarded. The
      aqueous solution is cooled and acidified with 50 ml of concentrated
      hydrochloric acid; then extracted with two 200 ml portions of toluene. The
      toluene extract, after washing with three 50 ml portions of 20% NaCl
      solution is stripped of solvent and rushed over to give 22 g of crude
      acids.
PAR  The crude product is then fractionated in a semi-micro still to give 6.2 g
      of an acid mixture which contains a 3:1 mixture of 2-methyl-3-pentynoic
      acid and 2-methyl-2,3-pentadienoic acid.
PAL  D. hydrogenation reaction
TBL  equipment: Parr Shaker                                                    

     Material:  Mixture of 2-methyl-3-                                         

                                    4 g                                        

                pentynoic acid and 2-                                          

                methyl-2,3-pentadienoic                                        

                acid                                                           

                Methanol (absolute) 50 ml                                      

                3% Pd/CaSO.sub.4    0.1 g                                      

PAR  Procedure: The 2-methyl-3-pentynoic acid and 2-methyl-2,3-pentadienoic acid
      mixture produced in part C, supra is hydrogenated at room temperature in
      methanol in the presence of Pd/CaSO.sub.4 catalyst at a hydrogen pressure
      of approximately 40 psig. The reaction is complete in 5 minutes. After
      removal of the methanol, the residue oil is analyzed by GLC which shows
      one peak. However, NMR analysis shows two products confirmed to be
      cis-2-methyl-3-pentenoic acid and 2-methyl-2-pentenoic acid (A 4:1
      mixture).
PAC  EXAMPLE XXVI
PAC  Preparation of Mixture of 80% Ethyl-2-Methyl-3-Pentenoate and 20%
      Ethyl-2-Methyl-2-Pentenoate
PAR  Into a 500 ml flask equipped with magnetic stirring bar, the following
      ingredients are added while maintaining the temperature at
      20.degree.-25.degree.C using an ice water cooling bath and with stirring:
TBL  (i)   Mixture of 80% cis-2-                                               

                              38      g (0.33 moles)                           

           methyl-3-pentenoic acid                                             

           and 20% 2-methyl-2-                                                 

           pentenoic acid (produced                                            

           according to the process                                            

           of Example XXV)                                                     

     (ii)  Ethyl bromide      40      g (0.37 moles)                           

     (iii) Sodium hydroxide (50%                                               

                              32      g (0.40 moles)                           

           aqueous solution)                                                   

     (iv)  Hexamethyl phosphoramide                                            

                              200     g                                        

PAR  The reaction mass is stirred for a period of 15 hours at room temperature.
      300 ml water is then added to the mass and the solution is extracted with
      200 ml of diethyl ether. The ether extract is washed with 20 ml of 20%
      sodium chloride solution, and is then concentrated by means of rotary
      evaporation. The resulting residue (32 grams) is distilled at 55 mm Hg.
      pressure with a semi-micro distillation apparatus, thereby giving 23 g of
      a mixture containing 80% cis-ethyl-2-methyl-3-pentenoate and 20%
      ethyl-2-methyl-2-pentenoate.
PAR  The mixture is separated using GLC trapping.
PAC  GLC Conditions:
PA0  Column: 20 feet .times. 1/4 inch OD 5% OV-25 on 80/100 mesh Chromosorb G
      stainless steel
PA0  Flow: 100 ml/min Helium
PA0  Temperature:
PA1  Column = 150.degree. isothermal
PA1  Injector = 230.degree.
PA1  Detector (T.C.) = 260.degree.
PAR  The NMR analysis (CDCl.sub.3) of the Cis isomer of
      ethyl-2-methyl-3-pentenoate is as follows:
TBL  Signal            Interpretation                                          

     ______________________________________                                    

     1.22 (d, 3H)      --CH--CH.sub.3                                          

     1.28 (t, 3H)      --CH.sub.2 --CH.sub.3                                   

     1.66 (d, 3H)      C=CH--CH.sub.3                                          

                       .vertline.                                              

     3.44 (m, 1H)      --CH                                                    

                       .vertline.                                              

                       O                                                       

     4.15 (q, 2H)      .angle.C--O--CH.sub.2 --CH.sub.3                        

     5.52 ppm (m, 2H)  --CH=CH--                                               

     ______________________________________                                    

PAC  EXAMPLE XXVII
PAC  Preparation of Mixture Containing 80% Cis-n-Hexyl-2-Methyl-3-Pentenoate and
      20% n-Hexyl-2-Methyl-2-Pentenoate
PAR  Into a 125 ml reaction vessel equipped with magnetic stirrer, and
      maintained at room temperature, the following materials are added:
TBL  (i)   Mixture of 80% cis-2-                                               

                             1.1 g    (0.01 moles)                             

           methyl-3-pentenoic acid                                             

           and 20% 2-methyl-2-                                                 

           pentenoic acid prepared                                             

           according to Example XXV                                            

     (ii)  1-Bromo hexane    2.0 g    (0.012 moles)                            

     (iii) Hexamethyl phosphoramide                                            

                             20 g                                              

     (iv)  Sodium hydroxide  1.0 g    (0.012 moles)                            

           (50% aqueous solution)                                              

PAR  The reaction mass is stirred for a period of three hours at room
      temperature. It is then diluted with 100 ml of water and extracted with 50
      ml of diethyl ether. The resulting ether extract is washed with three 10
      ml portions of 20% aqueous sodium chloride solution. The ether is then
      evaporated to yield 2.0 g of an oil. GLC trapping gives
      cis-n-hexyl-2-methyl-3-pentenoate having an NMR analysis (CDCl.sub.3) as
      follows:
TBL  Signal          Interpretation                                            

     ______________________________________                                    

     0.90 (t, 3H)    CH.sub.3 --CH.sub.2 --                                    

     1.24 (d, 3H)    CH.sub.3 --CH--                                           

     1.28 (m, 6H)    --CH.sub.2 --                                             

     1.64 (m, 5H)    --CH.sub.2 --C--O and =C--CH.sub.3                        

                     .vertline.                                                

     3.44 (m, 1H)    --CH                                                      

                     .vertline.                                                

                     O                                                         

     4.08 (t, 2H)    --CH.sub.2 --O--C.angle.                                  

     5.52 ppm (m, 2H)                                                          

                     --CH=CH--                                                 

     ______________________________________                                    

PAC  EXAMPLE XXVIII
PAC  Flavor Formulation Containing Mixture of 80%
      Cis-Ethyl-2-Methyl-3-Pentenoate and 20% Ethyl-2-Methyl-2-Pentenoate
PAR  The following basic strawberry formulation is prepared:
TBL  Ingredient              Parts by Weight                                   

     ______________________________________                                    

     Parahydroxy benzyl acetone                                                

                             0.2                                               

     Vanillin                1.5                                               

     Maltol                  2.0                                               

     Ethyl-3-methyl-3-phenyl glycidate                                         

                             1.5                                               

     Benzyl acetate          2.0                                               

     Ethyl butyrate          1.0                                               

     Methyl cinnamate        0.5                                               

     Methyl anthranilate     0.5                                               

     Alpha-ionone            0.0                                               

     Gamma undecalactone     0.2                                               

     Diacetyl                0.2                                               

     Anethole                0.1                                               

     Cis-3-hexenol           1.7                                               

     95% aqueous ethanol     38.5                                              

     Propylene glycol        50.0                                              

                             100.0                                             

     ______________________________________                                    

PAR  To a portion of the foregoing formulation, 0.2% by weight of a mixture of
      80% cis-ethyl-2-methyl-3-pentenoate and 20% ethyl-2-methyl-2-pentenoate
      prepared according to the process of Example XXVI is added. The
      formulation with the cis-ethyl-2-methyl-3-pentenoate is compared to the
      same formulation without said cis-ethyl-2-methyl-3-pentenoate.
PAR  Both flavors are evaluated in a milk beverage sweetened with 10% sugar at
      the rate of 100 ppm. Both beverages are tasted by an expert panel. The
      beverage containing the strawberry formulation with the addition of the
      mixture containing 80% cis-ethyl-2-methyl-3-pentenoate is unanimously
      preferred as having a more natural like, delicate strawberry aroma, a
      sweeter, more pleasant strawberry taste and a sweet, strawberry
      after-taste.
PAC  EXAMPLE XXIX
PAC  Raspberry Perfume Formulation
PAR  The following formulation is prepared:
TBL  Ingredient              Parts by Weight                                   

     ______________________________________                                    

     Mixture containing 80% cis-ethyl-                                         

                             10                                                

     2-methyl-3-pentenoate and 20%                                             

     ethyl-2-methyl-2-pentenoate cis:                                          

     trans prepared according to the                                           

     process of Example XXVI                                                   

     Ethyl-3-methyl-3-phenyl glycidate                                         

                             150                                               

     Vanillin                5                                                 

     3-Hydroxy-2-methyl-4-pyrone                                               

                             10                                                

     Beta-ionone             30                                                

     Ethyl acetate           1                                                 

     Ethyl acetoacetate      2                                                 

     Diacetyl                1                                                 

     Heliotropyl Acetate     50                                                

     4-(parahydroxyphenyl)-2-butanone                                          

                             50                                                

     Ethyl laurate           30                                                

     Ethyl isovalerate       10                                                

     Ethyl butyrate          50                                                

     Cinnamyl cinnamate      20                                                

                             419                                               

     ______________________________________                                    

PAR  The mixture containing the cis-ethyl-2-methyl-3-pentenoate imparts to this
      raspberry perfume formulation a delicate raspberry topnote nuance.
PAC  EXAMPLE XXX
PAC  Tobacco Flavor Formulation and Tobacco
PAR  A tobacco mixture is produced by admixing the following materials:
TBL  Ingredient          Parts by Weight                                       

     ______________________________________                                    

     Bright              40.1                                                  

     Burley              24.9                                                  

     Maryland            1.1                                                   

     Turkish             11.6                                                  

     Stem (flue-cured)   14.2                                                  

     Glycerine           2.8                                                   

     Water               5.3                                                   

     ______________________________________                                    

PAL  Cigarettes are prepared from this tobacco.
PAR  The following flavor formulation is prepared:
TBL  Ingredient            Parts by Weight                                     

     ______________________________________                                    

     Ethyl butyrate        .05                                                 

     Ethyl valerate        .05                                                 

     Maltol                2.00                                                

     Cocoa extract         26.00                                               

     Coffee extract        10.00                                               

     Ethyl alcohol (95% aqueous)                                               

                           20.00                                               

     Water                 41.90                                               

     ______________________________________                                    

PAR  The above-stated tobacco flavor formulation is applied at the rate of 0.1%
      to all of the cigarettes produced using the above tobacco formulation.
      Half of the cigarettes are then treated with 100 or 200 ppm of the mixture
      containing 80% cis ethyl-2-methyl-3-pentenoate and 20%
      ethyl-2-methyl-2-pentenoate produced according to the process of Example
      XXVI. The control cigarettes not containing the mixture having 80%
      cis-ethyl-2-methyl-3-pentenoate produced according to the process of
      Example XXVI and the experimental cigarettes which do contain the mixture
      having 80% cis-ethyl-2-methyl-3-pentenoate produced according to the
      process of Example XXVI are evaluated by paired comparison, and the
      results are as follows:
PAR  In aroma, the cigarettes containing the mixture having 80%
      cis-ethyl-2-methyl-3-pentenoate have been found to be more aromatic.
PAR  In smoke flavor, the cigarettes containing the mixture having 80%
      cis-ethyl-2-methyl-3-pentenoate are more aromatic, more sweet, more
      bitter, slightly less harsh in the mouth and throat and leave a slight,
      sweet chemical mouth-coating effect similar to Turkish tobacco.
PAR  In summary, the mixture having 80% cis-ethyl-2-methyl-3-pentenoate enhances
      the tobacco-like taste and aroma of a blended cigarette and imparts to
      that cigarette a Turkish-like character in smoke flavor.
PAC  EXAMPLE XXXI
PAR  The following mixture is prepared:
TBL  Ingredient              Parts by Weight                                   

     ______________________________________                                    

     Ethyl acetoacetate      3                                                 

     Ethyl laurate           10                                                

     Cinnamyl isobutyrate    3                                                 

     Cinnamyl isovalerate    5                                                 

     Diacetyl                2                                                 

     Heliotropyl acetate     20                                                

     Peach aldehyde coeur    100                                               

     Ethyl butyrate          200                                               

     Ethyl isovalerate       20                                                

     Ethyl heptanoate        1                                                 

     Dulcinyl                5                                                 

     2(para-hydroxyphenyl)-3-butanone                                          

                             2                                                 

     Ethyl acetate           1                                                 

     Beta-ionone             10                                                

     Palatone                2                                                 

     Ethyl vanillin          1                                                 

     Ethyl-3-methyl-3-phenyl glycidate                                         

                             150                                               

     Mixture containing 80% cis-n-hexyl-                                       

                             5                                                 

     2-methyl-3-pentenoate (prepared                                           

     according to the process of                                               

     Example XXVII)                                                            

     ______________________________________                                    

PAR  The mixture containing 80% cis-ethyl-2-methyl-3-pentenoate isomer mixture
      prepared according to the process of Example XXVII imparts a fruity,
      chamomile, peppery, floral note to this strawberry fragrance.
PAC  EXAMPLE XXXII
PAC  Preparation of Soap Composition
PAR  One hundred grams of soap chips are mixed with one gram of the perfume
      composition of Example XXIX until a substantially homogeneous composition
      is obtained. The perfumed soap composition manifests an excellent
      raspberry character with a delicate raspberry topnote nuance.
PAC  EXAMPLE XXXIII
PAC  Preparation of a Detergent Compostion
PAR  A total of 100 g of a detergent powder is mixed with 0.15 g of the perfume
      composition of Example XXIX until a substantially homogeneous composition
      is obtained. This composition has an excellent raspberry fragrance.
PAC  EXAMPLE XXXIV
PAC  Preparation of a Cosmetic Powder Composition
PAR  A cosmetic powder is prepared by mixing in a ball mill 100 g of talcum
      powder with 0.25 g of the mixture containing 80%
      cis-n-hexyl-2-methyl-3-pentenoate prepared according to Example XXVII. It
      has an excellent fruity, chamomile aroma.
PAC  EXAMPLE XXXV
PAC  Perfumed Liquid Detergent
PAR  Concentrated liquid detergents with a fruity, chamomile odor are prepared
      containing 0.10%, 0.15% and 0.20% of the mixture having 80%
      cis-n-hexyl-2-methyl-3-pentenoate prepared according to Example XXVII.
      They are prepared by adding and homogeneously mixing the appropriate
      quantity of mixture containing 80% cis-n-hexyl-2-methyl-3-pentenoate in
      the liquid detergent. The detergents all possess a fruity, chamomile
      fragrance, the intensity increasing with greater concentration of mixture
      containing 80% cis-n-hexyl-2-methyl-3-pentenoate.
PAC  EXAMPLE XXXVI
PAC  Preparation of a Cologne and Handkerchief Perfume
PAR  The composition of Example XXXI is incorporated in a cologne at a
      concentration of 2.5% in 85% aqueous ethanol; and into a handkerchief
      perfume at a concentration of 20% (in 95% aqueous ethanol). The use of the
      mixture containing 80% cis-n-hexyl-2-methyl-3-pentenoate in the
      composition of Example XXXI affords a distinct and definite strong
      strawberry aroma with a chamomile note to the handkerchief perfume and
      cologne.
PAC  EXAMPLE XXXVII
PAC  Preparation of Soap Composition
PAR  One hundred grams of soap chips are mixed with one gram of mixture
      containing 80% cis-n-hexyl-2-methyl-3-pentenoate of Example XXVII until a
      substantially homogeneous composition is obtained. The perfumed soap
      composition manifests an excellent raspberry aroma with fruity and green
      notes and a chamomile nuance.
PAC  EXAMPLE XXXVIII
PAC  Preparation of a Detergent Composition
PAR  A total of 100 g of a detergent powder is mixed with 0.15 g of the mixture
      containing 80% cis-ethyl-2-methyl-3-pentenoate of Example XXVI until a
      substantially homogeneous composition is obtained. This composition has an
      excellent raspberry aroma with fruity and green notes and a chamomile
      nuance.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a mixture containing 80%
      cis-2-methyl-3-pentenoic acid C.sub.2 -C.sub.6 alkyl ester and 20%
      2-methyl-2-pentenoic acid C.sub.2 -C.sub.6 alkyl ester comprising the
      steps of:
PA1  a. reacting in the presence of a non-reactive solvent at a temperature in
      the range of 40.degree.-60.degree.C methyl acetylene with a methyl
      magnesium halide to form a methyl acetylene magnesium halide Grignard
      reagent;
PA1  b. reacting in the presence of a non-reactive solvent at a temperature in
      the range of 20.degree.-30.degree.C the methyl acetylene magnesium halide
      Grignard reagent with acetaldehyde to form a 3-pentyn-2-ol magnesium
      halide salt;
PA1  c. hydrolyzing said 3-pentyn-2-ol magnesium halide salt with concentrated
      mineral acid to form 3-pentyn-2-ol;
PA1  d. reacting said 3-pentyn-2-ol with a halogenating reagent selected from
      the group consisting of phosphorous trichloride, phosphorous tribromide
      and SOCl.sub.2 at a temperature in the range of 20.degree.-80.degree.C to
      form a 4-halo-2-pentyne;
PA1  e. reacting in the presence of a non-reactive solvent at a temperature in
      the range of 25.degree.-50.degree.C said 4-halo-2-pentyne with magnesium
      to form a 4-magnesium halo-2-pentyne Grignard reagent;
PA1  f. reacting said 4-magnesium halo-2-pentyne Grignard reagent with CO.sub.2
      to form a magnesium halo carboxylate salt mixture;
PA1  g. hydrolyzing said magnesium halo carboxylate salt mixture with aqueous
      mineral acid at a temperature in the range of 20.degree.-30.degree.C to
      form a mixture of 2-methyl-3-pentenoic acid and 2-methyl-2,3-pentadienoic
      acid;
PA1  h. reacting in the presence of a non-reactive solvent said mixture of
      2-methyl-3-pentynoic acid and 2-methyl-2,3-pentadienoic acid with
      hydrogen; the reaction taking place at a pressure of 20-200 psig and a
      temperature in the range of 20.degree.-40.degree.C in the presence of a
      Pd/CaSO.sub.4 catalyst to form a mixture containing 80%
      cis-2-methyl-3-pentenoic acid and 20% 2-methyl-2-pentenoic acid; and
PA1  i. intimately admixing said mixture of 80% cis-2-methyl-3-pentenoic acid
      and 2-methyl-2-pentenoic acid with an alkali metal base and a compound
      having the formula RX, wherein R is C.sub.2 -C.sub.6 alkyl, and X is
      selected from the group consisting of chloro, bromo and iodo in the
      presence of a solvent selected from the group consisting of hexamethyl
      phosphoramide, a dilower alkyl formamide and dimethyl sulfoxide at a
      temperature in the range of 0.degree.-50.degree.C.
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ABST
PAL  Production of 2-phenyl-ethylene phosphonic acid by reacting styrene with
      phosphorus pentachloride in a molar ratio of about 1 : 2 in liquid phase
      and hydrolyzing the resulting complex 2-phenyl-ethylene phosphonic acid
      tetrachloride with water. The reaction is more particularly started with
      the use as the liquid phase of the equimolar mixture of 2-phenyl-ethylene
      phosphonic acid dichloride and phosphorus oxychloride obtained as an
      intermediary product; styrene and phosphorus pentachloride are introduced
      thereinto with continuous agitation; resulting complex 2-phenyl-ethylene
      phosphonic acid tetrachloride is partially hydrolyzed by adding a
      predetermined quantity of water to an equimolar mixture of
      2-phenyl-ethylene phosphonic acid dichloride and phosphorus oxychloride; a
      portion of the resulting clear solution is continuously used as the liquid
      phase and phosphorus oxychloride is continuously distilled off under
      reduced pressure from the balance portion of the solution; remaining
      2-phenyl-ethylene phosphonic acid dichloride is hydrolyzed by continuous
      addition of overstoichiometric proportions of water to an aqueous solution
      of 2-phenyl-ethylene phosphonic acid; the aqueous solution is cooled and
      crystalline phosphonic acid is precipitated therefrom.
BSUM
PAR  The present invention relates to a continuous process for making
      2-phenyl-ethylene phosphonic acid of the formula
EQU  C.sub.6 H.sub.5 --CH=CH--P(O)(OH).sub.2
PAL  which is an accumulator acid suitable for use in the commercial
      concentration of tinstone by flotation.
PAR  It is known that styrene can be reacted with phosphorus pentachloride in
      the presence of an inert solvent so as to obtain an intermediary addition
      product, which can be dehydrochlorinated with the resultant formation of
      2-phenyl-ethylene phosphonic acid tetrachloride in complex combination
      with phosphorus pentachloride. By subjecting the complex phosphonic acid
      tetrachloride to hydrolysis, it is possible to produce free
      2-phenyl-ethylene phosphonic acid via the stage of phosphonic acid
      dichloride. The entire reaction is illustrated by the following scheme of
      formulae:
      ##EQU1##
PAR  In view of the fact that the reaction of styrene with phosphorus
      pentachloride is an exothermal liquid matter/solid matter reaction,
      wherein a solid product (adduct of 2-phenyl-ethylene phosphonic acid
      tetrachloride and phosphorus pentachloride) is obtained again in the first
      reaction stage, it is possible for the reaction to be effected in the
      presence of a solvent or dispersing agent, for reasons of improved heat
      transmission. As described in the literature, it is good practice to use a
      hydrocarbon or chlorinated hydrocarbon for that purpose.
PAR  The above reaction has been described by E. Bergmann and A. Bondi [Ber. 63,
      1158 - 1173 (1930)]. More particularly, styrene has been reacted with
      phosphorus pentachloride in the molar ratio of 2 : 1 in the presence of
      benzene as a dispersing agent with the resultant formation of an addition
      compound. After hydrolysis, crude 2-phenyl-ethylene phosphonic acid is
      obtained in a yield of about 59 %, based on styrene. Recrystallization
      from dibromo-ethane produces the pure acid in a total yield of 34 %.
PAR  As taught by G. M. Kosolapoff and W. F. Huber [J. Am. Chem. Soc. 68,
      2540-41 (1946)] it is possible to produce 2-phenyl-ethylene phosphonic
      acid without the direct use of phosphorus pentachloride as a starting
      material. To this end, it is necessary to introduce chlorine into a blend
      of styrene and phosphorus trichloride (molar ratio 1 : 1) which is diluted
      with about five times its volume of benzene. The reaction mixture so
      obtained is hydrolyzed and desirable phosphonic acid is obtained in a
      yield of about 36 %. In this reaction, a considerable proportion of the
      styrene used goes into chlorination products and does not participate in
      the reaction to phosphonic acid. More particularly, the chlorination of
      phosphorus trichloride occurs parallel with the chlorination of styrene
      and substantially 1,2-dichloro-1-phenyl-ethane is produced.
PAR  A further process for making 2-phenyl-ethylene phosphonic acid has been
      described in DL-PS 76 974, wherein phosphorus trichloride is chlorinated
      in the presence of an inert solvent, e.g. carbon tetrachloride, to give
      phosphorus pentachloride. This latter product is not isolated but reacted
      with styrene. Following this, the reaction product is partially
      hydrolyzed, solvent and by-products are separated in a manner not
      specifically described, and the product is completely hydrolyzed to
      phosphonic acid. The yield in which phosphonic acid is obtained is not
      indicated.
PAR  One feature which is common to all those processes which have been referred
      to hereinabove resides in the fact that they are carried out
      intermittently and that solvents are used therein. The re-use of the
      solvents is a problematic procedure as they are partially strongly
      contaminated and are required to be purified by costly methods.
PAR  The manufacture of 2-phenyl-ethylene phosphonic acid by chlorinating a
      blend of styrene and phosphorus trichloride and hydrolyzing the
      chlorinated product is handicapped by the formation of considerable
      quantities of 1,2-dichloro-1-phenyl-ethane which is not acceptable in
      effluent water. It is difficultly biodegradable and rather toxic for
      microbes.
PAR  The chlorination of phosphorus trichloride in carbon tetrachloride,
      described in DL-PS 76 974, is difficult to carry out under commercial
      conditions, under which the chlorine feed inlet is very likely to become
      clogged by phosphorus pentachloride which crystallizes out. In addition,
      towards the end of the chlorination, the solution tends to precipitate
      compact phosphorus pentachloride, which is rather inactive with respect to
      its further reaction with styrene. After partial hydrolysis to the
      phosphonic acid dichloride stage, the solvent and by-products, which
      substantially consist of carbon tetrachloride and phosphorus oxychloride,
      are separated. The distillative separation of this mixture into its pure
      components calls for the use of considerable technical expenditure, for
      example, distillation columns provided with an extremely high number of
      trays.
PAR  In summary, all the processes described heretofore for making
      2-phenyl-ethylene phosphonic acid are commercially unattractive procedures
      for the following reasons:
PA1  a. They are carried out intermittently.
PA1  b. The yields of phosphonic acid, inasmuch as they have been identified,
      are rather low.
PA1  c. The reactions are required to be carried out in the presence of
      solvents, which can generally not be used again.
PA1  d. The reactions partially produce toxic by-products which are difficultly
      degradable and must be disposed of by subjecting them to specific
      treatment (e.g. incineration), whereby the processes are rendered even
      more costly.
PAR  The present invention now provides a process for the continuous manufacture
      of 2-phenyl-ethylene phosphonic acid which is obtained in high yields and
      purity.
PAR  In accordance with the present invention, the process is effected in the
      absence of any supplementary solvent or dispersing agent. In other words,
      the present process compares very favorably with the prior art methods, in
      respect of its economy.
PAR  The process of the present invention can, for example, be effected in the
      following manner: A solution preferably of an equimolar blend of
      2-phenyl-ethylene phosphonic acid dichloride and phosphorus oxychloride is
      admixed, with agitation, with a certain amount of phosphorus
      pentachloride, which is partially dissolved and of which the bulk is kept
      in suspension. The resulting mixture is reacted with a suitable quantity
      of styrene and the resulting addition compound is partially hydrolyzed to
      2-phenyl-ethylene phosphonic acid dichloride and phosphorus oxychloride,
      by the addition of stoichiometric proportions of water. The fraction of
      these two products originating from the reaction is separated from the
      solution and delivered to a collecting tank, before it is further
      processed. The residual solution is used once again for reaction of
      phosphorus pentachloride and styrene therein, in the manner described.
      Following the addition of the necessary quantity of water, a proportionate
      share of hydrolyzate is taken from the reactor.
PAR  This procedure is repeated as often as desirable.
PAR  The present invention thus provides a process, wherein phosphorus
      pentachloride is reacted with styrene in the secondary products
      originating from the partial hydrolysis, as solvents or dispersing agents.
      As has unexpectedly been found, neither 2-phenyl-ethylene phosphonic acid
      dichloride nor phosphorus oxychloride do react with, or homopolymerize,
      styrene, under these conditions. It has also unexpectedly been found that
      the addition of stoechiometric proportions of water to the reaction
      mixture effects hydrolysis exclusively of the complex 2-phenyl-ethylene
      phosphonic acid tetrachloride, whereas the 2-phenyl-ethylene phosphonic
      acid dichloride and phosphorus oxychloride, respectively, which per se are
      hydrolyzable, remain unchanged.
PAR  In order to react phosphorus pentachloride with styrene substantially
      quantitatively within relatively short reaction periods, it is necessary
      for the suspension of phosphorus pentachloride or the resulting
      2-phenyl-ethylene phosphonic acid dichloride to remain stirrable in the
      reaction medium, during the reaction. Failing this, a considerable
      proportion of the phosphorus pentachloride used becomes embedded in
      reaction product, whereby it is substantially or even completely withdrawn
      from further reaction with styrene. The suspensions remain stirrable
      provided that reaction medium and resulting hydrolyzate are used in a
      ratio by volume of at least 2 : 1, following partial hydrolysis.
PAR  The reaction of phosphorus pentachloride with styrene in accordance with
      the present invention should preferably be effected with the use of a
      "dispersing aid" as the reaction medium, in the initial reaction stage.
      The useful dispersing aids include more particularly organic solvents,
      such as aliphatic or aromatic hydrocarbons, e.g. petroleum ether, benzene,
      toluene or xylene, halogenated hydrocarbons, e.g. carbon tetrachloride,
      dichloroethane, dibromoethane, di-, tri- or tetrachloroethylene, or
      phosphorus oxychloride, this latter being preferably used.
PAR  Experiments have shown that the reaction system is free from the
      "dispersing aid" after a relatively minor number of passages. In those
      cases in which the process of the present invention is effected in such a
      manner that the increase in volume originating from the reaction is 50 %
      of the starting volume and that the surplus volume is removed in each
      particular case after partial hydrolysis, it is found that the "dispersing
      aid" used is removed substantially quantitatively from the reaction
      system, after altogether 20 passages. Needless to say the most
      advantageous "dispersing aid" is phosphorus oxychloride (this being a
      secondary compound originating from the reaction itself and thus no
      foreign by-product). If use is made thereof, the liquid reaction medium
      contains a predominant proportion thereof in the initial reaction stage.
      However, after as little as 20 passages, the reaction medium is comprised
      of an equimolar mixture of phosphorus oxychloride and 2-phenyl-ethylene
      phosphonic acid dichloride.
PAR  The partial hydrolyzate, which is an intermediary product and which
      substantially consists of 2-phenyl-ethylene phosphonic acid dichloride and
      phosphorus oxychloride, is freed from phosphorus oxychloride by
      distillation. The distillation should preferably be carried out
      continuously under vacuum, e.g., under pressures within the range 65 and
      200 mm of mercury, more preferably 100 mm of mercury, by delivering the
      mixture to be separated into its components to a heated distillation
      column. The jacket of the distillation column may be heated to
      tempera-tures within the range 55 and 110.degree.C, preferably
      75.degree.C. 98 % of the distillate so produced is phosphorus oxychloride,
      which can be reused as "dispersing aid," or for further reactions. The
      column base product is 2-phenyl-ethylene phosphonic acid dichloride
      containing a minor residual quantity of phosphorus oxychloride.
PAR  The crude 2-phenyl-ethylene phosphonic acid dichloride is then hydrolyzed
      to 2-phenyl-ethylene phosphonic acid, preferably with the use of a
      suitable column which is fed with metered quantities of dichloride and
      simultaneously with four to seven times the quantity by weight of water.
      The mixture to be hydrolyzed assumes a temperatures of about 60.degree.C.
PAR  The effluent matter coming from the column, containing dissolved
      2-phenyl-ethylene phosphonic acid, is delivered to two parallel
      alternately actuated agitator vessels, in which the phosphonic acid
      crystallizes out almost quantitatively, after cooling to room temperature.
      The resulting 2-phenyl-ethylene phosphonic acid is separated from its
      aqueous phase by filtration, preferably by continuous centrifugation.
PAR  Hydrogen chloride which originates from the two hydrolyzing operations can
      be reco-vered continuously as a 30 % HCl by-product, by means of an
      absorption column.
PAR  The present invention relates more particularly to a process for making
      2-phenyl-ethylene phosphonic acid by reacting styrene with phosphorus
      pentachloride in a molar ratio of about 1 : 2 in liquid phase and
      hydrolyzing the resulting complex 2-phenyl-ethylene phosphonic acid
      tetrachloride with water, which comprises starting the reaction with the
      use, as the liquid phase, of the equimolar mixture of 2-phenyl-ethylene
      phosphonic acid dichloride and phosphorus oxychloride obtained as an
      intermediary product; introducing styrene and phosphorus pentachloride
      thereinto with continuous agitation; partially hydrolyzing the complex
      2-phenyl-ethylene phosphonic acid tetrachloride by adding a predetermined
      quantity of water to an equimolar mixture of 2-phenyl-ethylene phosphonic
      acid dichloride and phosphorus oxychloride; continuously using as the
      liquid phase a portion of the resulting clear solution and continuously
      distilling off under reduced pressure phosphorus oxychloride from the
      balance portion of the solution; hydrolyzing remaining 2-phenyl-ethylene
      phosphonic acid dichloride by continuous addition of overstoichiometric
      proportions of water to an aqueous solution of 2-phenyl-ethylene
      phosphonic acid; cooling the aqueous solution and effecting the
      precipitation of crystalline phosphonic acid therefrom.
PAR  In accordance with a preferred feature of the present process, the liquid
      starting phase comprised of an equimolar mixture of 2-phenyl-ethylene
      phosphonic acid dichloride and phosphorus oxychloride is prepared by
      stepwise operation comprising using once as the initial liquid phase an
      inert solvent, which is selected from hydrocarbons and halogenated
      hydrocarbons, preferably phosphorus oxychloride; introducing styrene and
      phosphorus pentachloride thereinto; hydrolyzing the resulting mixture by
      means of water; continuously using a portion of the resulting solution as
      liquid starting phase; and recover-ing 2-phenyl-ethylene phosphonic acid
      from the solution balance portion.
PAR  The reactions in the process of the present invention can be carried out at
      temperatures within the range 0.degree. and 90.degree.C, preferably within
      the range 20.degree. and 70.degree.C.
PAR  In accordance with the present invention, it has also been found
      advantageous to use the liquid phase an at least two-third portion of the
      intermediary product mixture comprised of 2-phenyl-ethylene phosphonic
      acid dichloride and phosphorus oxychloride, and to subject an at most
      one-third portion thereof to further reaction to 2-phenyl-ethylene
      phosphonic acid. It is possible for the 2-phenyl-ethylene phosphonic acid
      dichloride to be hydrolyzed with four to seven times its quantity of
      water. The partial hydrolysis of complex 2-phenyl-ethylene phosphonic acid
      tetrachloride and the hydrolysis of 2-phenyl-ethylene phosphonic
      dichloride give rise to the evolution of hydrogen chloride, which should
      preferably be absorbed in water and recovered in the form of hydrochloric
      acid, for further use thereof.
PAC  EXAMPLE
PAR  500 cc of phosphorus oxychloride (liquid phase) was placed in a reactor
      having a capacity of 2 liters and 520 g (2.5 mols) of phosphorus
      pentachloride was introduced thereinto with agitation and exclusion of
      moisture. A suspension was obtained and 130 g (1.25 mols) of styrene was
      metered thereinto within 15 minutes, whereby the temperature of the
      reaction mixture increased from 24.degree. to 48.degree.C. The whole was
      allowed to further react for 15 minutes at that temperature. The resulting
      complex 2-phenyl-ethylene phosphonic acid tetrachloride, which was a
      stirrable suspension, was partially hydrolyzed to 2-phenyl-ethylene
      phosphonic acid dichloride and phosphorus oxychloride by dropwise
      addition, within 10 minutes, of 45 g (2.5 mols) of water to the reaction
      mixture, whereby the temperature increased to 56.degree.C. Once the water
      was added, a clear solution was obtained which had a total volume of 750
      cc and of which a 250 cc portion was continuously delivered to an
      intermediate container. The remaining solution (500 cc liquid phase) was
      used again for the reaction of phosphorus pentachloride and styrene
      therein and hydrolysis. A proportionate share of liquid was removed and
      the procedure repeated as often as desirable. The partial hydrolyzate (250
      cc) was taken from the intermediate container and continuously injected
      into a distillation column heated to 75.degree.C, which was operated under
      a pressure of 100 mm of mercury. Phosphorus oxychloride which went over
      was condensed with the use of an efficient cooler and recovered as a
      by-product, in a receiver. Crude 2-phenyl-ethylene phosphonic acid
      dichloride was obtained as the base product which was continuously pumped,
      while hot, into a hydrolysis column which was simultaneously fed with 5
      times the quantity of water. The aqueous phosphonic acid solution which
      left the column at a temperature of about 60.degree.C was delivered to two
      parallel, alternately actuated crystallizers, in which 2-phenyl-ethylene
      phosphonic acid was all-owed to crystallize out, while cooling and with
      agitation. The product was continuously separated in a centrifuge.
      Hydrogen chloride gas evolved during the individual reaction stages, was
      passed through an absorption column and recovered as a further by-product,
      in the form of 30 % hydrochlorid acid. 192 g of 2-phenyl-ethylene
      phosphonic acid (84 % of the theoretical yield, based on styrene) was
      obtained per passage, in the form of a white crystalline means melting
      within the range 142.degree. and 145.degree.C. After further
      recrystallization from hot water, it melted within the range 154.degree.
      and 155.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for making 2-phenyl-ethylene phosphonic acid by reacting
      with styrene with phosphorus pentachloride in a molar ratio of about 1 : 2
      in liquid phase and hydrolyzing the resulting complex 2-phenyl-ethylene
      phosphonic acid tetrachloride with water, the improvement which comprises
      starting the reaction with the use, as the liquid phase (A), of the
      equimolar mixture of 2-phenyl-ethylene phosphonic acid dichloride and
      phosphorus oxychloride obtained as an intermediary product; introducing
      styrene and phosphorus pentachloride thereinto with continuous agitation;
      partially hydrolyzing the complex 2-phenyl-ethylene phosphonic acid
      tetrachloride by adding a predetermined quantity of water to obtain an
      equimolar mixture of 2-phenyl-ethylene phosphonic acid dichloride and
      phosphorus oxychloride; continuously using as the liquid phase (A) at
      least two thirds of the resulting clear solution and continuously
      distilling off under reduced pressure phosphorus oxychloride from the
      remainder of the solution; hydrolyzing the remaining 2-phenyl-ethylene
      phosphonic acid dichloride by admixing it with an overstoichiometric
      proportion of water to obtain an aqueous solution of 2-phenyl-ethylene
      phosphonic acid; cooling the aqueous solution and effecting the
      precipitation of crystalline phosphonic acid therefrom.
NUM  2.
PAR  2. The process as claimed in claim 1, wherein the reactions are effected at
      temperatures within the range 0.degree. and 90.degree.C.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein 2-phenyl-ethylene phosphonic
      acid dichloride is hydrolyzed with the use of four to seven times its
      quantity by weight of water.
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ABST
PAL  Nuclear hydroxylation of aromatic compounds is effected by treating said
      aromatic compounds with hydrogen peroxide in the presence of a catalyst
      comprising an alkaline solution containing a salt of hydrocyanic acid, or
      an aromatic or aliphatic nitrile compound.
BSUM
PAR  This invention relates to a process for the nuclear hydroxylation of
      aromatic compounds. More particularly, this invention relates to a process
      for the nuclear hydroxylation of aromatic compounds having the formula
      R.sub.m ArX.sub.n H in which Ar is a monocyclic or polycyclic hydrocarbon
      nucleus, R is selected from the group consisting of carboxylic, sulfonic
      or phosphonic acid radicals, the alkali metal salts or alkaline earth
      metal salts of the acid radical, X is independently selected from the
      group consisting of hydrogen, alkyl, aryl, cycloalkyl, alkoxy, halogen and
      amino substituents, m being an integer from 1 to about 5 and n being an
      integer between 0 and 5, the sum of m and n being 5, which comprises
      treatment of said aromatic compounds with hydrogen peroxide in the
      presence of a catalyst comprising an alkaline solution containing a salt
      of hydrocyanic acid or an aromatic or aliphatic organic nitrile compound.
PAR  Hydroxylated aromatic acids are finding a wide variety of uses in the
      chemical field. For example, .alpha.-resorcylic acid which is also known
      as 3,5-dihydroxybenzoic acid is used as an intermediate for dyes,
      pharmaceuticals, light stabilizers and resins; .beta.-resorcylic acid
      which is also known as 2,4-dihydroxybenzoic acid is also used as a dye
      stuff, as an intermediate in the preparation of pharmaceuticals or in the
      synthesis of organic chemicals. A third isomer of the dihydroxybenzoic
      acid which is gentisic acid also known as 2,5-dihydroxybenzoic acid is
      used in medicine as sodium gentisate. Another hydroxylated aromatic
      compound is gallic acid also known as 3,4,5-trihydroxybenzoic acid which
      is used for a variety of purposes including its use in photography,
      writing inks, dying, in the manufacturing of pyrogallol which itself has
      many uses, as a tanning agent and in the manufacture of tannins, in the
      manufacture of paper; in synthesis of pharmaceuticals, in process
      engraving, and lithography, etc. The hydroxylated benzene sulfonic acids
      and phosphonic acids may also be utilized in the synthesis of
      pharmaceuticals, paper manufacturing, as tanning agents and in process
      engraving. The hydroxylated aromatic acid disalts will have similar
      utility as hereinbefore set forth for the hydroxylated aromatic acids.
PAR  It is therefore an object of this invention to provide a process for
      hydroxylating aromatic acids or their alkali or alkaline earth metal
      salts.
PAR  A further object of this invention is to provide a process for introducing
      hydroxy substituents on the nucleus of the various aromatic acids or their
      alkali or alkaline earth metal salts to provide a useful chemical
      compound.
PAR  In one aspect an embodiment of this invention resides in a process for the
      nuclear hydroxylation of an aromatic compound having the formula R.sub.m
      ArX.sub.n in which Ar is a monocyclic or polycyclic hydrocarbon nucleus, R
      is selected from the group consisting of carboxylic, sulfonic or
      phosphonic acid radicals, the alkali metal salt or alkaline earth metal
      salts of the acid radicals, X is independently selected from the group
      consisting of hydrogen, alkyl, aryl, cycloalkyl, alkoxy, aralkyl, alkaryl,
      halogen and amino substituents, m being an integer from 1 to about 5 and n
      being an integer between 0 and 5 which comprises treating said aromatic
      compound with hydrogen peroxide at hydroxylation conditions in the
      presence of a catalyst comprising an alkaline solution containing a salt
      of hydrocyanic acid, or an aromatic or aliphatic organic nitrile, and
      recovering the resultant hydroxylated aromatic compound.
PAR  A specific embodiment of this invention resides in a process for preparing
      2-hydroxybenzoic acid which comprises treating benzoic acid with hydrogen
      peroxide at a temperature of 50.degree.C and a pressure of 1 atmosphere in
      the presence of a catalyst comprising benzonitrile in a sodium hydroxide
      solution, and recovering the resultant hydroxylated aromatic compound,
      namely 2-hydroxybenzoic acid.
PAR  Another specific embodiment of this invention resides in a process for
      preparing 2-hydroxybenzene sulfonic acid disodium salt which comprises
      treating sodium benzene sulfonate, at a temperature of 75.degree.C and
      atmospheric pressure with hydrogen peroxide in the presence of a catalyst
      comprising butyronitrile in solution with potassium hydroxide and
      recovering the resultant hydroxylated aromatic compound, namely
      2-hydroxybenzene sulfonic acid disodium salt.
DETD
PAR  Other objects and embodiments will be found in the following further
      detailed description of the present invention.
PAR  As hereinbefore set forth the present invention is concerned with the
      process for preparing hydroxylated aromatic compounds, said process being
      effected by treating an aromatic compound with hydrogen peroxide in the
      presence of a catalyst comprising an alkaline solution containing a salt
      of hydrocyanic acid, or an aromatic or aliphatic organic nitrile compound.
      The reaction is effected under conditions which include temperature in the
      range of from about -10.degree.C to about 150.degree.C and preferably from
      about 0.degree.C to about 100.degree. C. In addition, another reaction
      condition involves pressure, said pressure ranging from about atmospheric
      up to 100 atmospheric or more. When superatmospheric pressures are
      employed, said pressure is afforded by the introduction of a substantially
      inert gas such as nitrogen or helium into the reaction zone. Another
      variable which may be employed in the present invention is the amount of
      reactants, the hydrogen peroxide usually being present in a mol ratio in
      the range of from about 1:1 up to 1:10 mols of the hydrogen peroxide per
      mol of the aromatic compound.
PAR  Aromatic compounds which comprise the starting material for the process of
      this invention possess the generic Formula I:
PAC  R.sub.m ArX.sub.n H
PAC  FORMULA I
PAL  in which Ar is a monocyclic or polycyclic hydrocarbon nucleus, R is
      selected from the group consisting of carboxylic, sulfonic, or phosphonic
      acid radicals, the alkali metal salt or alkaline earth metal salts of the
      acid radicals, X is independently selected from the group consisting of
      hydrogen, alkyl, aryl, cycloalkyl, alkoxy, aralkyl, alkaryl, halogen and
      amino substituents, m being an integer of from 1 to about 5 and n being an
      integer between 0 and 5, the total of m and n equaling 5. Some specific
      examples of these aromatic compounds which undergo nuclear hydroxylation
      will include benzoic acid, benzenesulfonic acid, benzenephosphonic acid,
      p-toluic acid, o-toluic acid, m-toluic acid, o-methylbenzenesulfonic acid,
      p-methylbenzenephosphonic acid, o-ethylbenzenesulfonic acid,
      m-ethylbenzoic acid, p-ethylbenzenephosphonic acid, o-propylbenzoic acid,
      m-propylbenzenesulfonic acid, p-propylbenzenephosphonic acid,
      o-isopropylbenzoic acid, m-isopropylbenzenesulfonic acid,
      p-isopropylbenzenephosphonic acid, o-n-butylbenzoic acid,
      m-n-butylbenzenesulfonic acid, p-n-butylbenzenephosphonic acid,
      2,4-dimethylbenzoic acid, 2,5-dimethylbenzenesulfonic acid,
      2,6-dimethylbenzenephosphonic acid, 2,4-ethylbenzoic acid,
      2,5-diethylbenzenesulfonic acid, 2,6-diethylbenzenephosphonic acid,
      2,4-dipropylbenzenesulfonic acid, 2,5-dipropylbenzenesulfonic acid,
      2,6-dipropylbenzenesulfonic acid, 2,4-diisopropylbenzenephosphonic acid,
      2,5-diisopropylbenzenephosphonic acid, 2,6-diisopropylbenzoic acid,
      2,4,6-trimethylbenzoic acid, o-cyclohexylbenzoic acid,
      m-cyclohexylbenzenesulfonic acid, p-cyclohexylbenzenephosphonic acid,
      o-phenylbenzoic acid, m-phenylbenzenesulfonic acid,
      p-phenylbenzenephosphonic acid, o-benzylbenzoic acid, o-[4-tolyl]benzoic
      acid, m-[4-tolyl]benzenesulfonic acid, p-[4-tolyl]-benzenephosphonic acid,
      o-methoxybenzoic acid, m-methoxybenzenesulfonic acid,
      p-methoxybenzenephosphonic acid, o-ethoxybenzoic acid,
      m-ethoxybenzenesulfonic acid, p-ethoxybenzenephosphonic acid,
      2,3,4,5-tetramethylbenzenesulfonic acid,
      2,3,4,6-tetraethylbenzenephosphonic acid, 2-chlorobenzoic acid,
      2-chlorobenzenesulfonic acid, 2-chlorobenzenephosphonic acid,
      2,3-dichlorobenzoic acid, 2,3-dichlorobenzenesulfonic acid,
      2,3-dichlorobenzenephosphonic acid, 2,3,4-trichlorobenzoic acid,
      2,3,4-trichlorobenzenesulfonic acid, 2,3,4-trichlorobenzenephosphonic
      acid, 2-bromobenzoic acid, 2-bromobenzenesulfonic acid,
      2-bromobenzenephosphonic acid, 2,3-dibromobenzoic acid,
      2,3,4-tribromobenzenephosphonic acid, 2,3,4,5-tetrachlorobenzoic acid,
      2,3,4,5-tetrabromobenzenesulfonic acid,
      2,3,4,5-tetrabromobenzenephosphonic acid, 2-aminobenzenesulfonic acid,
      2-aminobenzenephosphonic acid, 2-aminobenzoic acid, 2,3-diaminobenzoic
      acid, 2,3-diaminobenzenephosphonic acid, 2,3-diaminobenzenesulfonic acid,
      2,3,4-triaminobenzoic acid, 2,3,4-triaminobenzenesulfonic acid,
      2,3,4-triaminobenzenephosphonic acid, 2,3,4,5-tetraaminobenzenesulfonic
      acid, naphthoic acid, .alpha.-anthranoic acid, .beta.-phenanthanoic acid,
      .alpha.-pyric acid, .alpha.-naphthalenesulfonic acid,
      .beta.-naphthalenephosphonic acid, etc. It is also contemplated within the
      scope of this invention that the starting material may also comprise the
      alkali metal salt or alkaline earth metal salts of the various carboxylic,
      sulfonic and phosphonic acids. Suitable examples of these salts would
      include sodium benzoate, sodium benzenesulfonate, sodium
      benzenephosphonate, lithium benzoate, lithium benzenesulfonate, lithium
      benzenephosphonate, potassium benzoate, potassium benzenesulfonate,
      potassium benzenephosphonate, rubidium benzoate, rubidium
      benzenesulfonate, rubidium benzenephosphonate, cesium benzoate, cesium
      benzenesulfonate, cesium benzenephosphonate, magnesium benzoate, magnesium
      benzenesulfonate, magnesium benzenephosphonate, calcium benzoate, calcium
      benzenesulfonate, calcium benzenephosphonate, strontium benzoate,
      strontium benzenesulfonate, strontium benzenephosphonate, barium benzoate,
      barium benzenesulfonate, barium benzenephosphonate, sodium terephthalate,
      calcium phthalate, calcium isophthalate, 2-methyl sodium benzoate, calcium
      benzenesulfonate, magnesium 3-methylbenzenephosphonate, cesium
      benzenesulfonate, rubidium 3-chlorobenzenephosphonate, sodium
      2,3-dichlorobenzoate, rubidium 2-aminobenzenephosphonate,
      2,4-diaminobenzenephosphonate, etc.
PAR  It is contemplated within the scope of this invention that the aromatic
      compound may be treated with hydrogen peroxide (common name of H.sub.2
      O.sub.2) at hydroxylation conditions in the presence of a catalyst
      comprising an alkaline solution containing a salt of hydrocyanic acid, or
      an aromatic or aliphatic organic nitrile compound. The term alkaline
      solution as used in the specification and the appended claims is defined
      to mean a solution in which there remains free base such as sodium
      hydroxide or potassium hydroxide present after any free carboxylic,
      sulfonic or phosphonic acid groups are neutralized plus an equivalent
      amount of base for each mole of hydrogen peroxide charged. As hereinbefore
      set forth the alkaline solution contains a salt of hydrocyanic acid, or an
      aromatic or aliphatic organic nitrile compound. Suitable examples of salts
      of hydrocyanic acid would include sodium cyanide, calcium cyanide,
      magnesium cyanide, rubidium cyanide, etc. Suitable examples of aromatic or
      aliphatic organic nitriles would include benzonitrile,
      o-methylbenzonitrile, m-methylbenzonitrile, p-methylbenzonitrile,
      o-ethylbenzonitrile, m-ethylbenzonitrile, p-ethylbenzonitrile, etc.;
      acetonitrile, propionitrile, butyronitrile, pentanonitrile, capronitrile,
      heptanonitrile, caprylnitrile, etc. The alkaline solution of the catalyst
      of the present invention may be afforded by the presence of any relatively
      strong base such as sodium hydroxide, potassium hydroxide, calcium
      hydroxide, lithium hydroxide, magnesium hydroxide, etc. It is understood
      that the aforementioned aromatic compounds and catalysts comprising an
      alkaline solution containing a salt of hydrocyanic acid or an aromatic or
      aliphatic organic nitrile compound are only representative of the class of
      compounds which may be used and that the present invention is not
      necessarily limited thereto.
PAR  The process of the present invention may be effected in either a batch or
      continuous type operation. For example, when a batch type operation is
      used, a quantity of the aromatic acid or acid salt is placed in an
      appropriate apparatus such as, for example, a stirred autoclave along with
      a catalyst comprising an alkaline solution containing a salt of a
      hydrocyanic acid, or an aromatic or aliphatic organic nitrile compound.
      The hydrogen peroxide is added thereto and the reaction allowed to proceed
      for a predetermined residence time under the hydroxylation conditions
      hereinbefore set forth in greater detail. The residence time may vary from
      about 0.5 hour up to about 5 hours or more in duration. Upon completion of
      the desired residence time the reaction product is recovered. Following
      this, the reaction product is subjected to conventional means for
      recovery, said means including washing the product with an inert organic
      solvent, flashing off the solvent and subjecting the reaction product to
      fractional distillation or crystallization to recover the desired
      compounds.
PAR  It is also contemplated that the process of this invention may be effected
      in a continuous manner of operation. When such a process is used the
      aromatic compound which is to undergo hydroxylation and the catalyst
      comprising an alkaline solution containing a salt of hydrocyanic acid, or
      an aromatic or aliphatic organic nitrile compound are continuously charged
      to a reaction zone in which proper operating conditions of temperature and
      pressure are maintained. The alkalinity of the solution is maintained or
      modified by an on-stream pH meter. In addition, the hydrogen peroxide in
      the form of an aqueous solution containing from about 5% to about 90% or
      more of hydrogen peroxide is continuously charged to the reaction zone in
      slow and deliberate manner. The reaction is allowed to proceed for a
      predetermined residence time, following which the reactor effluent is
      continuously withdrawn. The reaction product in the reactor effluent is
      separated from the unreacted aromatic compound by conventional means of
      the type hereinbefore set forth and passed to storage while any unreacted
      aromatic compound or catalyst comprising an alkaline solution containing a
      salt of hydrocyanic acid, or an aromatic or aliphatic organic nitrile may
      be recycled to form a portion of the feedstock.
PAR  Examples of hydroxylated aromatic compounds which may be prepared according
      to the process of this invention include 5-hydroxy-o-toluic acid,
      3,4-hydroxy-o-toluic acid, 5-hydroxy-m-toluic acid, 5-hydroxy-p-toluic
      acid, 3,5-dihydroxy-p-toluic acid, 5-hydroxy-2-ethylbenzoic acid,
      5-hydroxy-3-ethylbenzenesulfonic acid, 5-hydroxy-3-ethylbenzenephosphonic
      acid, 3-hydroxy-4-ethylbenzoic acid, 3,4-dihydroxy-4-ethylbenzenesulfonic
      acid, 5-hydroxy-2-propylbenzenephosphonic acid, 5-hydroxy-3-propylbenzoic
      acid, 3-hydroxy-4-propylbenzenesulfonic acid,
      3,5-dihydroxy-4-propylbenzenephosphonic acid, 5-hydroxy-2-isopropylbenzoic
      acid, 5-hydroxy-3-isopropylbenzenesulfonic acid,
      3-hydroxy-4-isopropylbenzenephosphonic acid,
      3,5-dihydroxy-4-isopropylbenzoic acid, 5-hydroxy-o-n-butylbenzenesulfonic
      acid, 5-hydroxy-3-n-butylbenzenephosphonic acid,
      3-hydroxy-4-t-butylbenzoic acid, 3,5-dihydroxy-4-n-butylbenzenesulfonic
      acid, 3-hydroxy-4-n-butylbenzenephosphonic acid,
      3,5-dihydroxy-4-n-butylbenzoic acid, 3-hydroxy-2,4-dimethylbenzenesulfonic
      acid, 3-hydroxy-2,5-dimethylbenzenephosphonic acid,
      5-hydroxy-2,6-dimethylbenzoic acid,
      5-hydroxy-2,4,6-trimethylbenzenesulfonic acid,
      3,5-dihydroxy-2,4,6-trimethylbenzenephosphonic acid,
      5-hydroxy-2-cyclohexylbenzoic acid, 5-hydroxy-2-phenylbenzenesulfonic
      acid, 3,5-dihydroxy-4-phenylbenzenephosphonic acid, 2,3-dihydroxybenzoic
      acid, 3,4-dihydroxybenzenesulfonic acid, 2,5-dihydroxybenzenephosphonic
      acid, 3,4,5-trihydroxybenzoic acid, 2,3-dihydroxy-4-methylbenzenesulfonic
      acid, 2,5-dihydroxy-4-methylbenzenephosphonic acid,
      5-hydroxy-2-methoxybenzenephosphonic acid, 5-hydroxy-2-methoxybenzoic
      acid, 3,5-dihydroxy-4-methoxybenzenesulfonic acid,
      5-hydroxy-2-ethoxybenzenephosphonic acid, 3-hydroxy-4-ethoxybenzoic acid,
      3,5-dihydroxy-4-ethoxybenzenesulfonic acid, 4-hydroxy-1-methyl-2-naphthoic
      acid, 3,4-dihydroxy-1-methyl-2-naphthoic acid, 1,4-dihydroxy-2-naphthoic
      acid, 3,4-dihydroxy-1-naphthoic acid. It is also contemplated within the
      hydroxylation of the aromatic compound that a dialkali or dialkaline salt
      of the precursor aromatic acid may be formed. Examples of such disalts
      would include 2-hydroxybenzenesulfonic acid disodium salt,
      3-hydroxybenzoic acid dipotassium salt, 4-hydroxybenzenephosphonic acid
      dirubidium salt, etc. It is to be understood that the aforementioned
      hydroxylated aromatic compounds are only representative of the class of
      compounds which may be prepared, and that the process of the present
      invention as described herein is not necessarily limited thereto.
PAR  The following examples are given to illustrate the process of the present
      invention which, however, are not intended to limit the generally broad
      scope of the present invention in strict accordance therewith.
PAC  EXAMPLE I
PAR  In this example 122.0 grams (1.0 moles) of benzoic acid are placed in a
      stainless steel autoclave containing 15.0 grams of benzonitrile and 500
      grams of water containing 200.0 grams (5.0 moles) of sodium hydroxide.
      Thereafter, 12.0 grams of a 30 percent aqueous hydrogen peroxide solution
      is added to the autoclave during a period of time comprising 22 minutes.
      The autoclave is maintained at a temperature of 50.degree.C and a pressure
      of one atmosphere during the entire 22 minutes of treatment time. At the
      end of the 22 minutes, the autoclave is allowed to return to room
      temperature and the treatment product transferred to a clean dry beaker.
      The treatment product is acidified, extracted with ether and the ether
      layer evaporated to produce a crude product. Fractional crystallization of
      the crude product in water and alcohol yields essentially pure
      2-hydroxybenzoic acid, 3-hydroxybenzoic acid and 4-hydroxybenzoic acid.
PAC  EXAMPLE II
PAR  In this example 164.0 grams (1.0 moles) of sodium benzenesulfonate, the
      alkali metal salt of benzenesulfonic acid, are placed in a stainless steel
      turbomixer autoclave containing 71.0 grams butyronitrile and 400.0 grams
      of water containing 60.0 grams (1.5 moles) of sodium hydroxide.
      Thereafter, 24.0 grams of a 90 percent aqueous hydrogen peroxide solution
      is added to the autoclave during a period of time comprising 50 minutes.
      During this time, the autoclave is maintained at a temperature of
      50.degree.C and a pressure of 5 atmospheres afforded by the introduction
      of substantially inert nitrogen gas. At the end of the 50 minutes, the
      heat is terminated and the autoclave is vented thereby allowing it to
      return to ambient pressure and room temperature. The treatment product is
      transferred to a clean, dry beaker, neutralized with sulfonic acid and
      extracted by an ether wash. The ether is removed from the treatment
      product by evaporation on a steam bath, thereby producing a crude reaction
      product. The treatment product is subjected to analysis by means of
      nuclear magnetic resonance spectroscopy instrumentation, said analysis
      disclosing the product to contain 2-hydroxybenzenesulfonic acid,
      3-hydroxybenzenesulfonic acid, 4-hydroxybenzenesulfonic acid and
      2-hydroxybenzenesulfonic acid disodium salts.
PAC  EXAMPLE III
PAR  In this example 158.0 grams (1.0 mole) of benzenephosphonic acid are placed
      in a stainless steel autoclave containing 19.0 grams of propionitrile
      dissolved in water containing 116.0 grams (2.0 moles) of potassium
      hydroxide. Thereafter, 30.0 grams of a 50% aqueous hydrogen peroxide is
      added to the autoclave during a period of time comprising 60 minutes. The
      autoclave is maintained at a temperature of 0.degree.C by means of an ice
      bath and a pressure of 10 atmospheres afforded by the introduction of
      substantially inert nitrogen gas. At the end of the 60 minutes, the ice
      bath is removed and the autoclave is vented thereby allowing it to return
      to ambient pressure and room temperature. The treatment product is
      transferred to a beaker, neutralized, and extracted by an ether wash. The
      ether is removed from the treatment product by evaporation, thereby
      producing a crude product. The product is subjected to analysis by means
      of nuclear magnetic spectroscopy instrumentation, said analysis disclosing
      the product to contain 2-hydroxybenzenephosphonic acid.
PAC  EXAMPLE IV
PAR  In this example 157.0 grams (1.0 mole) of 2-chlorobenzoic acid are placed
      in a stainless steel autoclave containing 32.0 grams of potassium cyanide,
      a salt of hydrocyanic acid, 500.0 grams of water, and 48.0 grams (2.0
      moles) of lithium hydroxide. Thereafter, 20.0 grams of hydrogen peroxide
      is added to the autoclave during a period of time comprising 90 minutes.
      The autoclave is maintained at a temperature of 100.degree.C and a
      pressure of 25 atmospheres afforded by the introduction of substantially
      inert helium gas. At the end of the 90 minutes, the heat is terminated and
      the autoclave is vented thereby allowing it to return to ambient pressure
      and room temperature. The treatment product is transferred to an apparatus
      for neutralization, said apparatus being equipped to trap the lethal
      hydrogen cyanide as the iron complex. The acidified mixture is extracted
      by an ether wash, and the ether is removed from the product by use of a
      film evaporation, thereby yielding a crude product. The product is
      subjected to analysis by means of nuclear magnetic resonance spectroscopy
      instrumentation, said analysis disclosing the product to comprise
      polyhydroxy-substituted isomers of 2-chlorobenzoic acid.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for the nuclear hydroxylation of an aromatic compound having
      the formula R.sub.m ArX.sub.n H in which Ar is a monocyclic or polycyclic
      hydrocarbon nucleus, R is selected from the group consisting of
      carboxylic, sulfonic, phosphonic acid groups, alkali metal salt or
      alkaline earth metal salts of the acids, X is independently selected from
      the group consisting of hydrogen, alkyl, aryl, cycloalkyl, alkoxy,
      aralkyl, alkaryl, halogen and amino substituents, m being an integer from
      1 to about 5 and n being an integer between 0 and 5, which comprises
      reacting said aromatic compound with hydrogen peroxide at a temperature of
      from about -10.degree.C. to about 150.degree.C., a pressure of from about
      atmospheric to about 100 atmospheres and a mol ratio of from about 1:1 to
      about 1:10 mols of hydrogen peroxide per mol of aromatic compound in the
      presence of a catalyst consisting essentially of an alkaline solution of
      an aromatic nitrile selected from the group consisting of benzonitrile and
      alkyl benzonitrile and recovering the resultant hydroxylated aromatic
      compound.
NUM  2.
PAR  2. The process of claim 1 further characterized in that the aromatic
      nitrile is an alkyl benzonitrile.
NUM  3.
PAR  3. The process of claim 1 further characterized in that the aromatic
      nitrile is benzonitrile.
NUM  4.
PAR  4. The process of claim 1 further characterized in that the alkaline
      solution comprises aqueous sodium hydroxide.
NUM  5.
PAR  5. The process of claim 1 further characterized in that the alkaline
      solution comprises aqueous potassium hydroxide.
NUM  6.
PAR  6. The process of claim 1 further characterized in that the alkaline
      solution comprises aqueous lithium hydroxide.
NUM  7.
PAR  7. The process of claim 1 further characterized in that the aromatic
      compound is benzoic acid and the resultant hydroxylated compound is
      2-hydroxybenzoic acid.
NUM  8.
PAR  8. The process of claim 1 further characterized in that the aromatic
      compound is sodiumbenzenesulfonate and the resultant hydroxylated compound
      is 2-hydroxybenzenesulfonic acid disodium salt.
NUM  9.
PAR  9. The process of claim 1 further characterized in that the aromatic
      compound is benzenephosphonic acid and the resultant hydroxylated compound
      is 2-hydroxybenzenephosphonic acid.
NUM  10.
PAR  10. The process of claim 1 further characterized in that the aromatic
      compound is 2-chlorobenzoic acid and the resultant hydroxylated compounds
      are polyhydroxy-substituted isomers of 2-chlorobenzoic acid.
NUM  11.
PAR  11. The process of claim 1 further characterized in that the aromatic
      compound is 4-aminobenzenesulfonic acid and the resultant hydroxylated
      compounds are hydroxy-substituted isomers of 4-aminobenzenesulfonic acid.
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ABST
PAL  New process for the preparation of trans-.DELTA..sup.2 -prostaglandins of
      the formula
      ##SPC1##
PAL  (wherein A represents a grouping of the PGE, PGF or PGA type, X represents
      --CH.sub.2 CH.sub.2 -- or trans --CH=CH--, R.sub.1 represents an alkyl
      radical of 1 to 10 carbon atoms or an alkyl radical of 1 to 6 carbon atoms
      carrying a phenyl substituent or a cycloalkyl substituent of 5 to 7 carbon
      atoms, R.sub.2 represents a hydrogen atom or an alkyl radical of 1 to 4
      carbon atoms) and alkyl esters thereof having 1 to 10 carbon atoms in the
      chain, which comprises reacting a cyclopentane derivative of the formula:
      ##SPC2##
PAL  (where R.sub.3 represents a 2-tetrahydropyranyl group unsubstituted or
      substituted by at least one alkyl radical, or a 1-ethoxyethyl group) with
      an alkyl phosphonate of the general formula:
      ##EQU1##
      (wherein R.sub.4 represents a methyl or ethyl radical, and R.sub.5
      represents an alkyl radical of 1 to 10 carbon atoms), optionally
      hydrolyzing the resulting trans-.DELTA..sup.2 -prostaglandin ester of the
      general formula:
      ##SPC3##
PAL  To the corresponding acid, optionally converting the 9.alpha.-hydroxy
      radical in the ester or acid product to an oxo group, and hydrolyzing the
      tetrahydropyranyloxy or ethoxyethoxy groups in the resulting
      trans-.DELTA..sup.2 -prostaglandin compound of the formula:
      ##SPC4##
PAL  (wherein R.sub.6 represents a hydrogen atom or an alkyl radical of 1 to 10
      carbon atoms, Z represents
      ##EQU2##
      or C=O) to hydroxy radicals to obtain a trans-.DELTA..sup.2 -PGF or
      trans-.DELTA..sup.2 -PGE compound of the formula:
      ##SPC5##
PAL  And, if desired, converting the PGE alicyclic ring (Z represents C=O) into
      that of a PGA compound.
PAL  The trans-.DELTA..sup.2 -prostaglandin products, which are new compounds
      except for trans-.DELTA..sup.2 -PGE.sub.1, possess typical pharmacological
      properties of the `natural` prostaglandins.
BSUM
PAR  THIS INVENTION relates to a new process for the preparation of
      prostaglandin analogues, and to new prostaglandin analogues and
      compositions containing them.
PAR  Prostaglandins are derivatives of prostanoic acid which has the following
      formula:
      ##SPC6##
PAL  Various types of prostaglandins are known, the types depending inter alia
      on the structure and substituents on the alicyclic ring. For example, the
      alicyclic rings of prostaglandins E(PGE), F(PGF) and A(PGA) have the
      structures:
      ##SPC7##
PAL  Respectively.
PAR  Such compounds are sub-classified according to the position of double
      bond(s) in the side chain(s) attached to the 8- and 12-positions of the
      alicyclic ring. Thus PG-1 compounds have a trans-double bond between
      C.sub.13 -C.sub.14 (trans -.DELTA..sup.13), PG-2 compounds have a
      cis-double bond between C.sub.5 -C.sub.6 and a trans-double bond between
      C.sub.13 -C.sub.14 (cis-.DELTA..sup.5, trans-.DELTA..sup.13), and PG-3
      compounds have cis-double bonds between C.sub.5 -C.sub.6 and C.sub.17
      -C.sub.18 and a trans-double bond between C.sub.13 -C.sub.14
      (cis-.DELTA..sup.5, trans-.DELTA..sup.13, cis-.DELTA..sup.17). For
      example, prostaglandin F.sub.1.sub..alpha. (PGF.sub.1.sub..alpha.) and
      prostaglandin E.sub.1 (PGE.sub.1) are characterized by the following
      structures V and VI.
      ##SPC8##
PAL  respectively. The structures of PGF.sub.2.sub..alpha. and PGE.sub.2, as
      members of the PG-2 group, correspond to those of formulae V and VI
      respectively with a cis-double bond between the carbon atoms in positions
      5 and 6. Compounds in which the double bond between the carbon atoms in
      positions 13 and 14 of members of the PG-1 group is replaced by
      ethylene(--CH.sub.2 CH.sub.2 --) are known as dihydro-prostaglandins, e.g.
      dihydro-prostaglandin-F.sub.1.sub..alpha. (dihydro-PGF.sub.1.sub..alpha.)
      and dihydro-prostaglandin-E.sub.1 (dihydro-PGE.sub.1).
PAR  Prostaglandins are generally known to possess pharmacological properties,
      for example they stimulate smooth muscle, have hypotensive, diuretic,
      bronchodilating and antilipolytic activities, and also inhibit blood
      platelet aggregation and gastric acid secretion, and are, accordingly,
      useful in the treatment of hypertension, thrombosis, asthma and
      gastro-intestinal ulcers, in the induction of labour and abortion in
      pregnant female mammals, in the prevention of arteriosclerosis, and as
      diuretic agents. They are fat-soluble substances obtainable in very small
      quantities from various tissues of animals which secrete the
      prostaglandins in the living body.
PAR  For example, PGE's and PGA's have an inhibiting effect on gastric acid
      secretion and may, accordingly, be used in the treatment of gastric
      ulcers. They also inhibit the release of free fatty acid induced by
      epinephrine and as a result they reduce the concentration of free fatty
      acid in blood, and are, accordingly, useful in the prevention of
      arteriosclerosis and hyper-lipemia. PGE.sub.1 inhibits blood platelet
      aggregation and also removes the thrombus and prevents thrombosis. PGE's
      and PGF's have a stimulating effect on smooth muscle and increase the
      intestinal peristalsis; these actions indicate therapeutic utility on
      post-operative ileus and as purgatives. Furthermore, PGE's and PGF's may
      be used as oxytocics, as abortifacients in the first and second
      trimesters; in the post-labour abortion of the placenta, and as oral
      contraceptives because they regulate the sexual cycle of female mammals.
      PGE's and PGA's have vasodilator and diuretic activities. PGE's are useful
      for improvement in patients suffering from cerebral vascular disease
      because they increase the cerebral blood flow, and are also useful in the
      treatment of asthmatic conditions in patients because of their
      bronchodilating activity.
PAR  During the past decade processes have been developed for the preparation of
      compounds analogous to natural prostaglandins or derivatives of
      prostaglandins in order to discover inter alia new products possessing the
      pharmacological properties of the `natural` prostaglandins or one or more
      of such properties to an enhanced degree. It has been found that small
      changes or chemical structure from the `natural` prostaglandins can
      considerably alter the pharmacological properties of the prostaglandins
      and can, in numeroous instances, destroy therapeutic utility.
PAR  A process is known for the preparation of a prostaglandin analogous to
      PGE.sub.1 in which there is a trans double bond between C.sub.2 -C.sub.3,
      i.e. trans-.DELTA..sup.2 -PGE.sub.1, of the formula:
      ##SPC9##
PAL  The process, which is described by Van Dorp in Annals New York Academy of
      Sciences, 180, 185 (1971), is based on a biosynthetic reaction involving
      incubating sheep seminal vesicular glands with an unsaturated fatty acid
      as substrate, according to the reaction scheme:
      ##SPC10##
PAL  However, this process is difficult and expensive to carry out on a large
      scale due to the complicated synthesis of the unsaturated fatty acid and
      the use of expensive materials of animal origin of difficult availability.
PAR  As a result of research and experimentation a new process has been evolved
      for the preparation of trans-.DELTA..sup.2 -PGE.sub.1, and of other
      prostaglandins having a trans C.sub.2 -C.sub.3 double bond which possess
      the pharmacological properties of the natural prostaglandins to the same
      extent or to an enhanced degree, which process avoids the use of expensive
      materials derived from sheep and employs readily obtainable starting
      materials.
PAR  The present invention is concerned with a new chemical process for the
      preparation of trans-.DELTA..sup.2 -prostaglandin analogues of the general
      formula:
      ##SPC11##
PAL  (wherein A represents a grouping of formula IV as indicated above or a
      grouping of the formula:
      ##SPC12##
PAL  X represents --CH.sub.2 CH.sub.2 -- or trans --CH=CH--, R.sub.1 represents
      a straight- or branched-chain alkyl radical containing from 1 to 10 carbon
      atoms or a straight- or branched-chain alkyl radical containing from 1 to
      6 carbon atoms carrying a phenyl substituent or a cycloalkyl substituent
      of 5 to 7 carbon atoms, R.sub.2 represents a hydrogen atom or a straight-
      or branched-chain alkyl radical containing from 1 to 4 carbon atoms, and
      indicates attachment of the hydroxy radical to the carbon atom in alpha or
      beta configuration) and alkyl esters thereof having 1 to 10 carbon atoms
      in a straight- or branched-chain, and cyclodextrin clathrates of such
      acids and esters, and non-toxic (e.g. sodium) salts of the acids of
      formula IX.
PAR  The present invention is concerned with all compounds of general formula IX
      in the `natural` form or its enantiomeric form, or mixtures thereof, more
      particularly the racemic form consisting of equimolecular mixtures of
      natural and its enantiomeric form.
PAR  As will be apparent to those skilled in the art, the compounds depicted in
      general formula IX have at least three centres of chirality, these three
      centres of chirality being at the alicyclic ring carbon atoms in the
      positions of group A identified as 8 to 12 and at the C-15 carbon atom
      which has attached to it a hydroxy radical. Still further centres of
      chirality occur when the alicyclic group A carries a hydroxy radical on
      the carbon atom in position 11 (i.e. when the ring is that of formula IIA)
      or hydroxy radicals in positions 9 and 11 (i.e. when the ring is that of
      formula IIIA). The presence of chirality leads, as is well known, to the
      existence of isomerism. However, the compounds of general formula IX all
      have such a configuration that the side chains attached to the ring carbon
      atoms in the positions identified as 8 and 12 are trans with respect to
      each other. Accordingly, all isomers of general formula IX, and mixtures
      thereof, which have those side-chains attached to the ring carbon atoms in
      positions 8 and 12 in the trans configuration and have a hydroxy radical
      in the 15-position are to be considered within the scope of general
      formula IX.
PAR  According to the present invention, the trans-.DELTA..sup.2 -prostaglandins
      of general formula IX are prepared by the process which comprises reacting
      a cyclopentane derivative of the general formula:
      ##SPC13##
PAL  (wherein R.sub.3 represents a 2-tetrahydropyranyl group unsubstituted or
      substituted by at least one alkyl radical, or a 1-ethoxyethyl group, X,
      R.sub.1 and R.sub.2 are as hereinbefore defined, and   indicates
      attachment of the OR.sub.3 groups to the carbon atom in alpha or beta
      configuration) with an alkyl phosphonate of the general formula:
      ##EQU3##
      (wherein R.sub.4 represents a methyl or ethyl radical, and R.sub.5
      represents a straight- or branched-chain alkyl radical containing from 1
      to 10 carbon atoms), optionally hydrolyzing the resulting
      trans-.DELTA..sup.2 -prostaglandin ester of the general formula:
      ##SPC14##
PAL  (wherein X, R.sub.1, R.sub.2, R.sub.3, R.sub.5 and   have the meanings
      hereinbefore specified) to the corresponding acid of the general formula:
      ##SPC15##
PAL  (wherein X, R.sub.1, R.sub.2, R.sub.3 and   have the meanings hereinbefore
      specified), optionally converting by methods known per se the
      9.alpha.-hydroxy radical in the compounds of general formulae XII and XIII
      to an oxo group, and hydrolyzing the tetrahydropyranyloxy or ethoxyethoxy
      groups in the resulting trans-.DELTA..sup.2 -prostaglandin compound of the
      general formula:
      ##SPC16##
PAL  (wherein R.sub.6 represents a hydrogen atom or a straight- or
      branched-chain alkyl radical containing from 1 to 10 carbon atoms, Z
      represents
      ##EQU4##
      or C=O, and X, R.sub.1, R.sub.2, R.sub.3 and   have the meanings
      hereinbefore specified) to hydroxy radicals to obtain a PGF or PGE
      compound of the general formula:
      ##SPC17##
PAL  (wherein X, R.sub.1, R.sub.2, Z, R.sub.6 and   have the meanings
      hereinbefore specified) and, if desired, converting by methods known per
      se the PGE alicyclic ring (Z represents C=O) into that of a PGA compound.
      By the term "methods known per se" as used in this specification is meant
      methods heretofore used or described in the chemical literature.
PAR  The intermediate compounds of general formula XIV, which are new compounds
      and as such constitute a feature of the invention, may thus be converted
      into trans-.DELTA..sup.2 -prostaglandins of general formula IX, or alkyl
      esters thereof, by the reactions depicted schematically below:
      ##SPC18##
PAL  wherein the various symbols and   are as hereinbefore defined.
PAR  The hydrolysis of the alkyl esters of general formula XII to the
      corresponding acids of general formula XIII may be carried out according
      to methods known per se, for example by treatment of the ester in an inert
      organic solvent (e.g. tetrahydrofuran) with an aqueous solution of sodium
      or potassium hydroxide or carbonate.
PAR  The tetrahydropyranyloxy and ethoxyethoxy groups (  OR.sub.3) in the
      intermediate compounds of general formula XII, XIII and XIV [including
      XIV(A) and (B)] may be converted into hydroxy radicals by mild hydrolysis
      with an aqueous solution of an organic acid, e.g. acetic acid, or with a
      dilute inorganic acid, e.g. dilute hydrochloric acid. Advantageously an
      organic solvent miscible with water, such as tetrahydrofuran or an
      alcohol, is employed as starting acids of general formulae XV [including
      XV(A) and (B)] are practically insoluble in water. The treatment of the
      compounds of general formulae XII, XIII and XIV may be carried out at a
      temperature ranging from ambient temperature to 60.degree.C. (preferably
      at a temperature below 45.degree.C.) with an acid mixture, such as a
      mixture of acetic acid, water and tetrahydrofuran, or a mixture of
      hydrochloric acid with tetrahydrofuran or methanol.
PAR  The PGF alicyclic ring in the compounds of general formulae XII and XIII
      can be converted into a PGE ring [cf. formulae XIV(A) and (B)] by methods
      known per se for the conversion of a hydroxy group in the 9-position of a
      prostaglandin to an oxo radical, for example by means of a chromic acid
      solution (e.g. obtained from chromium trioxide, manganese sulphate,
      sulphuric acid and water) or Jones' reagent.
PAR  The PGE compounds of general formula XV [Z represents C=O, cf. formula
      XV(B) and (D)] can be converted into corresponding PGA compounds by
      methods known per se, for example by subjecting the PGE's to dehydration
      using an aqueous solution of an organic or inorganic acid having a higher
      concentration than that employed for hydrolysis of compounds of general
      formulae XII, XIII and XIV, e.g. acetic acid for 1N hydrochloric acid, and
      heating at a temperature of 30.degree.-60.degree.C.
PAR  The reaction between the cyclopentane derivatives of general formula X and
      the alkyl phosphonates of general formula XI (in the form of a sodio
      derivative formed, for example, by reaction of sodium hydride with the
      alkyl phosphonate in an inert organic medium) is carried out under the
      normal conditions utilized for effecting a Wittig reaction, e.g. in an
      inert organic solvent at a temperature not exceeding 30.degree.C. The
      reaction is preferably carried out by suspending a strong base, such as
      sodium hydride, in an inert organic medium (e.g. tetrahydrofuran or
      dimethoxymethane), adding the alkyl phosphonate thereby to form its sodio
      derivative with evolution of hydrogen, and adding to the resulting
      solution of the sodium alkyl phosphonate the cyclopentane derivative of
      general formula X. By the Wittig reaction a trans-.DELTA..sup.2 double
      bond is formed stereospecifically and a compound of general XII is
      obtained.
PAR  The cyclopentane derivatives of general formula X, which are new compounds
      and as such constitute a feature of the invention, can be prepared by the
      series of reactions depicted schematically below:
      ##SPC19##
PAL  wherein .phi. represents the phenyl radical, and the other symbols and
      have the meanings hereinbefore specified.
PAR  The reaction between the bicyclo-octanes of general formula XVII and
      2-carboxyethylidenetriphenylphosphorane [obtained by the reaction of
      sodiomethylsulphinylcarbanide with 2-carboxyethyltriphenylphosphonium
      bromide, itself prepared from 3-bromopripionic acid and
      triphenylphosphine] is carried out under the normal conditions utilized
      for effecting the Wittig reaction, e.g. in an inert solvent at or about
      ambient temperature. The reaction is preferably carried out in
      dimethylsulphoxide because the phosphorane compound is practically
      insoluble in other solvents, e.g. tetrahydrofuran. For the better
      performance of the Wittig reaction more than two molecular equivalents of
      the phosphorane compound are required for each mole of the bicyclo-octane
      reactant. The reaction is generally effected at a temperature of
      0.degree.-40.degree.C., preferably at 20.degree.-30.degree.C., and is
      usually complete after about 1 to five hours at laboratory temperature.
      The acid product of formula XVIII (a mixture of cis-.DELTA..sup.3 - and
      trans-.DELTA..sup.3 -forms) may be extracted from the reaction mixture by
      conventional procedures and further purified by column chromatography on
      silica gel.
PAR  The catalytic hydrogenation of the compounds of general formula XVIII can
      be carried out as follows:
PAR  The hydrogenation catalyst, i.e., a catalyst usually used for the
      hydrogenation of double bonds such as various forms of platinum, palladium
      or nickel, is suspended in an adequate amount of a solvent acting as
      reaction medium, and the suspension placed in an apparatus appropriate for
      a catalytic reduction process. The air inside the apparatus is replaced by
      hydrogen, and a solution of the cyclopentane compound in a suitable inert
      solvent (for example methanol, ethanol, water, dioxan or acetic acid, or a
      mixture of two or more of them) is added to the suspension of the
      catalyst. The reaction takes place at about 0.degree.C. to 50.degree.C.
      until one or two times the molar quantity of hydrogen has been consumed
      according to whether or not it is desired to reduce the trans double bond
      adjacent to the carbon atom carrying the OR.sub.3 group in the starting
      material of formula XVIII as well as the cis or trans double bond in
      .beta.-position to the carboxy radical, for example for a period of 0.5 to
      8 hours. After completion of the reaction, the catalyst is removed by
      means of a filter, and the filtrate concentrated. If necessary, the
      residue is purified by column chromatography using silica gel or silica
      gel impregnated with silver nitrate.
PAR  the trans double bond adjacent to the carbon atom carrying the OR.sub.3
      group is difficult to hydrogenate due to steric hindrance by the
      tetrahydropyranyloxy or ethoxyethoxy group OR.sub.3. The double bond
      between positions 3- and 4 can be reduced by appropriate selection of the
      catalyst (palladium is satisfactory), the reaction temperature and time.
PAR  Esterification of the acids of general formula XIX to the methyl esters of
      general formula XX can be effected by methods known per se for converting
      the carboxy radical to a methoxycarbonyl group, for example by reaction
      with diazomethane in an inert organic solvent, such as diethyl ether,
      under mild conditions.
PAR  the methyl esters of general formula XX can be reduced to the corresponding
      aldehydes of general formula X by methods known per se for converting a
      methoxycarbonyl group to the formyl radical (--CHO), for example by
      reduction of the methyl esters with diisobutylaluminiumhydride in an inert
      organic solvent, e.g. toluene, preferably at a low temperature.
PAR  The alkyl phosphonate starting materials of general formula XI can be
      synthesized by the procedure described by G. M. Kosolapoff, J. Amer. Chem.
      Soc. 68, 1103 (1946), according to the reaction sequence:
      ##EQU5##
      wherein R.sub.4 and R.sub.5 are as hereinbefore defined.
PAR  The bicyclo-octane compounds of general formula XVII can be prepared using
      initially
      2-oxa-3-oxo-6-syn-formyl-7-anti-acetoxy-cis-bicyclo[3,3,0]-octane [E. J.
      Corey et al, J. Amer. Chem. Soc. 92, 397 (1970)]and applying thereto known
      procedures [see, for example, J. Amer. Chem. Soc. 91, 5675 (1969) and
      French Patent No. 7215314 (Publication No. 2134673)].
PAR  Trans-.DELTA..sup.2 -prostaglandins of general formula IX obtained by the
      process of the present invention can be converted into salts or esters,
      preferably alkyl esters containing 1 to 10 carbon atoms.
PAR  The salts may be prepared from the compounds of general formula IX by
      methods known per se, for example by reaction of stoichiometric quantities
      of acids of general formula IX and the appropriate base, e.g. an alkali
      metal hydroxide or carbonate, ammonium hydroxide, ammonia or an amine, in
      a suitable solvent. The salts may be isolated by lyophilisation of the
      solution or, if sufficiently insoluble in the reaction medium, by
      filtration, if necessary after removal of part of the solvent. Preferably
      the salts are non-toxic salts, i.e. salts the cations of which are
      relatively innocuous to the animal organism when used in therapeutic doses
      so that the beneficial pharmacological properties of the
      trans-.DELTA..sup.2 -prostaglandins of general formula IX are not vitiated
      by side-effects ascribable to those cations. Preferably the salts are
      water-soluble. Suitable salts include the alkali metal, e.g. sodium and
      potassium, and ammonium salts and pharmaceutically-acceptable (i.e.
      non-toxic) amine salts. Amines suitable for forming such salts with
      carboxylic acids are well known and include, for example, amines derived
      in theory by the replacement of one or more of the hydrogen atoms of
      ammonia by groups, which may be the same or different when more than one
      hydrogen atom is replaced, selected from, for example, alkyl groups
      containing from 1 to 6 carbon atoms and hydroxyalkyl groups containing
      from 1 to 3 carbon atoms.
PAR  Esters of the trans-.DELTA..sup.2 -prostaglandins of general formula IX can
      be obtained by reaction of the acids with (i) diazoalkane compounds, e.g.
      diazomethane, (ii) alcohols or thiols in the presence of
      dicyclohexylcarbodiimide as condensing agent, or (iii) alcohols following
      the formation of a mixed acid anhydride by adding a tertiary amine and
      then a pivaloyl halide or an arylsulphonyl or alkylsulphonyl halide (cf.
      Belgian Patents Nos. 775106 and 776294).
PAR  The trans-.DELTA..sup.2 -prostaglandins of general formula IX can also be
      converted into prostaglandin alcohols, i.e. compounds in which the carboxy
      radical is replaced by the hydroxymethylene (i.e. --CH.sub.2 OH) group, of
      the general formula:
      ##SPC20##
PAL  wherein the various symbols and   have the meanings hereinbefore specified.
PAR  The trans-.DELTA..sup.2 -prostaglandin alcohols of general formula XXI can
      be prepared from the acids of general formula IX by application of the
      method described by Pike, Lincoln and Schneider in J. Org. Chem. 34,
      3552-3557 (1969), for example by converting the acids of general formula
      IX into their methyl esters and then the esters into oximes, and reducing
      the oximes with lithium aluminum hydride to form oxime alcohols, and
      hydrolyzing them with, for example, acetic acid. Trans-.DELTA..sup.2 -PGF
      alcohols can also be obtained directly by reducing trans-.DELTA..sup.2
      -PGF compounds of general formula IX, or methyl esters thereof, with
      lithium aluminum hydride. The alcohol derivatives of prostaglandins of
      general formula XXI possess pharmacological properties similar to the
      acids of general formula IX from which they are derived.
PAR  The prostaglandin compounds of general formula IX and esters thereof, and
      corresponding alcohols of general formula XXI may, if desired, be
      converted into cyclodextrin clathrates. The clathrates may be prepared by
      dissolving the cyclodextrin in water and/or an organic solvent which is
      miscible with water and adding to the solution the prostaglandin compound
      in a water-miscible organic solvent. The mixture is then heated and the
      desired cyclodextrin clathrate product isolated by concentrating the
      mixture under reduced pressure or by cooling and separating the product by
      filtration or decanting. The ratio of organic solvent to water may be
      varied according to the solubilities of the starting materials and
      products. Preferably the temperature is not allowed to exceed 70.degree.C.
      during the preparation of the cyclodextrin clathrates. .alpha., .beta. or
      .gamma.-Cyclodextrins or mixtures thereof may be used in the preparation
      of the cyclodextrin clathrates. Conversion into their cyclodextrin
      clathrates serves to increase the stability of the prostaglandin
      compounds.
PAR  Prostaglandin compounds obtained by the process of the present invention
      and esters and alcohol derivatives thereof, and their cyclodextrin
      clathrates, and non-toxic salts possess the valuable pharmacological
      properties typical of prostaglandins in a selective fashion including, in
      particular, hypotensive activity, inhibitory activity on blood platelet
      aggregation, inhibitory activity on gastric acid secretion and gastric
      ulceration and bronchodilator activity and are useful in the treatment of
      hypertension, in the treatment of disorders of the peripheral circulation,
      in the prevention and treatment of cerebral thrombosis and myocardial
      infarction, in the treatment of gastric ulceration and in the treatment of
      asthma, 16(R)-methyl-trans-.DELTA..sup.2 -PGE.sub. 1 being particularly
      preferred in respect of these properties. For example, in laboratory
      screening tests, the compound 16(R)-methyl-trans-.DELTA..sup.2 -PGE.sub.1
      produces:
PAR  a. a 26 mm.Hg fall for 11 minutes and a 66 mm.Hg fall for 18 minutes in the
      blood-pressure of the allobarbital-anaesthetized dog by intravenous
      administration at doses of 0.05 and 0.20 .mu.g./kg. animal body weight
      respectively and is 9.5 times as potent as PGE.sub.1 in this respect;
PAR  b. 50% inhibition of adenosine diphosphate-induced blood platelet
      aggregation in platelet-rich plasma of rabbits at a dose of 3.1 .times.
      10.sup..sup.-2 .mu.g./ml. in comparison with controls, the corresponding
      dose for PGE.sub.1 being 8.8 .times. 10.sup..sup.-2 .mu.g./ml.;
PAR  c. an increase in gastric acid pH from 2.0-2.5 to at least 4.0 in 50% of
      pentagastrin-treated rats when perfused into the stomach at a rate of 0.12
      (confidence limit 0.076-0.190) .mu.g./animal/minute;
PAR  d. 23.02% and 31.14% inhibitions of stress ulceration in rats [produced
      according to the method of Takagi and Okabe -- Jap. J. Pharmac. 18, 9-18
      (1968)] by oral administration at doses of 2 and 10 .mu.g./kg. animal body
      weight respectively, and
PAR  e. 55.9% and 62.0% inhibitions by intravenous administration at doses of
      0.05 and 0.10 .mu.g./kg. animal body weight, respectively, of the increase
      in resistance in the respiratory tract induced by the administration of
      histamine to guinea-pigs, as determined by the method of Konzett and
      Rossler, Arch. exp. Path. Pharmak., 195, 71-74 (1940).
PAR  Moreover, when trans-.DELTA..sup.2 -PGE.sub.1, trans-.DELTA..sup.2
      -PGA.sub.1, trans-.DELTA..sup.2 -dihydro-PGE.sub.1 are administered
      intravenously to the allobarbital-anaesthetised dog at doses of 1
      .mu.g./kg. animal body weight, 0.2 .mu.g./kg. animal body weight and 1
      .mu.g./kg. animal body weight respectively, the compounds produce falls of
      18 mm.Hg, 20 mm.Hg and 18 mm.Hg respectively in blood-pressure.
      Trans-.DELTA..sup.2 -PGE.sub.1 also inhibits adenosine diphosphate induced
      blood platelet aggregation in platelet-rich plasma of rats and also in
      human blood, and with rat blood showed itself to have an activity 2.95
      times that of PGE.sub.1 and with human blood 7.15 times the activity of
      PGE.sub.1.
PAR  The trans-.DELTA..sup.2 -prostaglandins of general formula IX (with the
      exception of trans-.DELTA..sup.2 -PGE.sub.1) are new compounds and as such
      they and their esters and alcohol derivatives thereof conforming to
      general formula XXI, and cyclodextrin clathrates of such acids, esters and
      alcohol derivatives, and salts of the acids of general formula IX,
      constitute a particularly important aspect of the invention. Of particular
      interest are those compounds of general formula IX wherein the grouping
      ##SPC21##
PAL  is of the general formula:
      ##SPC22##
PAL  wherein X and   have the meanings hereinbefore specified, and R.sub.7 and
      R.sub.8 each represent a hydrogen atom or a methyl or ethyl radical, or
      such a grouping in which R.sub.7 and R.sub.8 represent hydrogen atoms and
      the carbon atom in the 15-, 18- or 19-position carries a methyl radical,
      or the carbon atoms in the 15- and 16-positions each carry a methyl
      radical, or a grouping of the general formula:
      ##SPC23##
PAL  wherein X and   are as hereinbefore specified, and R.sub.9  represents a
      phenyl, cyclohexyl or cyclopentyl radical.
PAR  Of outstanding importance are trans-.DELTA..sup.2 -PGE.sub.1,
      trans-.DELTA..sup.2 -PGA.sub.1, trans-.DELTA..sup.2 -PGF.sub.1
      .sub..alpha., trans-.DELTA..sup.2 -13,14-dihydro-PGE.sub.1,
      trans-.DELTA..sup.2 -13,14-dihydro-PGA.sub.1, trans-.DELTA..sup.2
      -13,14-dihydro-PGF.sub.1 .sub..alpha., and corresponding 15-methyl,
      16-methyl, 17-methyl, 18-methyl, 19-methyl, 15,16-dimethyl,
      16,17-dimethyl, 16-ethyl and 17-ethyl compounds, and corresponding
      16-phenyl-.omega.-trinor and 16-cyclohexyl-.omega.-trinor analogues
      thereof. It is to be understood that in the aforesaid compounds the
      methyl, ethyl, phenyl and cyclohexyl substituents may have the R -or
      S-configuration, or be a mixture of R- and S-configurations, preferably a
      racemic mixture.
DETD
PAR  The following Reference Examples and Examples illustrate the process of the
      present invention and products thereof.
PAC  REFERENCE EXAMPLE 1
PAC  Synthesis of 2-carboxyethyl-triphenylphosphonium bromide
PAR  A solution of 90 g. (0.343 mole) of triphenylphosphine and 50 g. (0.326
      mole) of 3-bromopropionic acid in 550 ml. of acetonitrile was refluxed for
      two days. The reaction mixture was then distilled under reduced pressure
      to remove acetonitrile, and the residue was stirred well together with
      diethyl ether, and then the upper ethereal layer removed by decantation.
      The operation was repeated twice to form the crystalline product, which
      was recrystallised from acetonitrile; yield of the title compound: 115 g,
      m.p. 195.degree.-198.degree.C. Infra-red (hereinafter abbreviated to IR)
      absorption spectrum (potassium bromide tablet): 2880, 1740, 1434, 1382,
      1322, 1230, 1105, 745, 690, 520 and 505 cm.sup..sup.-1.
PAC  REFERENCE EXAMPLE 2
PAC  Synthesis of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-prost-trans-13-enoic acid
PAR  A solution of 88 g. (0.212 mole) of 2-carboxyethyltriphenylphosphonium
      bromide (prepared as described in Reference Example 1) in 170 ml. of
      dimethylsulphoxide was mixed with 202 ml. of dimethylsulphoxide containing
      2 moles of sodiomethylsulphinyl carbanide (0.40 mole as
      sodiomethylsulphinyl carbanide) whilst maintaining the temperature at
      25.degree.C. To the resulting red mixture was added 150 ml. of a solution
      containing 31 g. (0.0706 mole) of
      2-oxa-3-hydroxy-6-syn-(3.alpha.-2'-tetrahydropyranyloxy-oct-trans-1-enyl)-
     7-anti-(2-tetrahydropyranyloxy)-cis-bicyclo[3,3,0]octane [prepared as
      described in J. Amer. Chem. Soc. 92, 397 (1970)] in 150 ml. of
      dimethylsulphoxide. The resulting mixture was stirred for 2 hours at
      25.degree.C., and then poured into 3 liters of ice-water, 350 ml. of
      diethyl ether and 5 g. of potassium carbonate, and extracted with 350 ml.
      of ethyl acetate. The aqueous layer was extracted three times with 700 ml.
      of a diethyl ether-ethyl acetate mixture (1:1) and washed to remove the
      neutral substances. The aqueous layer was adjusted to pH 2 with oxalic
      acid and extracted 4 times with 1.4 liters of a diethyl ether-pentane
      mixture (1:1), and the extract was washed with water, dried and
      concentrated under reduced pressure. The residue was purified using silica
      gel column chromatography with an ethanol-benzene mixture (6.about.10:100)
      as eluent to give
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-prosta-cis-and trans-5, trans-13-dienoic acids as a colourless oil in
      a yield of 17.5 g. (48%).
PAR  IR absorption spectrum (liquid film): 2920, 1710, 1200, 1130, 1020, and 975
      cm.sup..sup.-1 ;
PAR  nuclear magnetic resonance (hereinafter abbreviated to NMR) spectrum;
      (deuterochloroform -- hereinafter abbreviated to CDCl.sub.3 -solution):
      .delta.=7.00 (2H, singlet), 5.50 (4H, multiplet), 4.68 (2H, multiplet),
      and 4.20 - 3.00 (9H, multiplet).
PAR  The product was dissolved in 285 ml. of methanol, mixed with 8.5 g. of 5%
      palladium carbonate and treated with an equimolar amount of hydrogen at
      room temperature. The reaction mixture was filtered with a glass filter to
      remove the catalyst and the filtrate concentrated under reduced pressure
      to yield the title compound: 14.4 g. (82% yield).
PAR  Following the above procedure but starting with a corresponding
      bicyclo-octane compound having a methyl substituent on the carbon atom in
      the 4- or 5-position of the octenyl chain, there were prepared
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-16-methyl-prost-trans-13-enoic acid and
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-17-methyl-prost-trans-13-enoic acid.
PAR  Similar products to those mentioned in this Example can be prepared from
      bicyclo-octane starting materials in which the tetrahydropyranyl radical
      is replaced by the 1-ethoxyethyl group.
PAC  REFERENCE EXAMPLE 3
PAC  Synthesis of methyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-prost-trans-13-enoate
PAR  To a solution of 2.95 g. (5.94 mmole) of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranloxy)-.alpha.-di
     nor-prost-trans-13-enoic acid (prepared as described in Reference Example
      2) in 100 ml. of diethyl ether was added a newly prepared solution of
      diazomethane in diethyl ether until the reaction mixture became yellow.
      The reaction mixture was then concentrated under reduced pressure and low
      temperature, and the residue purified by means of silica gel column
      chromatography using an ethyl acetate-cyclohexane mixture (1:1) as eluent
      to yield 2.43 g. (80%) of the title compound as a colourless oil.
PAR  IR absorption spectrum (liquid film): 3450, 2900, 1735, 1432, 1200, 1120,
      1015, and 970 cm.sup..sup.-1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 5.30 (2H, multiplet), 4.58 (2H,
      multiplet), 3.56 (3H, singlet), 4.10 - 3,20 (7H, multiplet);
PAR  thin layer chromatography (hereinafter abbreviated to TLC) [ethyl
      acetate-cyclohexane mixture 1:1)] Rf = 0.66.
PAR  Following the same procedure but starting with a corresponding
      .alpha.-dinor-16-methyl-prost-trans-13-enoic acid, and
      .alpha.-dinor-17-methyl-prost-trans-13-enoic acid, there were obtained as
      products methyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-16-methyl-prost-trans-13-enoate and methyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-17-methyl-prost-trans-13-enoate.
PAR  Similar products to those mentioned in this Reference Example can be
      obtained when the tetrahydropyranyl radical in the
      .alpha.-dinor-prost-trans-13-enoic acid starting material is replaced by
      the 1-ethoxyethyl group.
PAC  REFERENCE EXAMPLE 4
PAC  Synthesis of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-prost-trans-13-enaldehyde
PAR  A solution of 1.827 g. (3.58 mmole) of the title methyl ester product of
      Reference Example 3 in 54 ml. of toluene was cooled to -65.degree.C.,
      mixed with 8.14 ml. of a toluene solution containing 2.04 g. (14.3 mmole)
      of diisobutylaluminium hydride, and the reaction mixture stirred for 30
      minutes at the same temperature. Methanol was gradually added dropwise
      and, after the bubbling stopped, the resulting mixture was raised to
      20.degree.C., then stirred with 11 ml. of water for 30 minutes. The
      aluminum hydroxide which formed was filtered off and the residue was
      washed with an aqueous sodium chloride solution, dried over magnesium
      sulphate and concentrated at reduced pressure to obtain the title compound
      as a colourless oil: yield 1.72 g (97%).
PAR  TLC [ethyl acetate-cyclohexane mixture (1:1)] Rf = 0.51.
PAR  Following the same procedure but starting with a corresponding methyl
      .alpha.-dinor-16-methyl-prost-trans-13-enoate and methyl
      .alpha.-dinor-17-methyl-prost-trans-13-enoate, there were obtained
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-16-methyl-prost-trans-13-enaldehyde and
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-17-methyl-prost-trans-13-enaldehyde.
PAR  Similar products to those mentioned in this Reference Example can be
      obtained when the tetrahydropyranyl radical in the ester starting
      materials is replaced by the 1-ethoxyethyl group.
PAC  EXAMPLE 1
PAC  Synthesis of trans-.DELTA..sup.2 -PGF.sub.1.sub..alpha.
PAR  to a mixture of 472 mg. (purity: 63.9%; 12.5 mmole) of sodium hydride and
      50 ml. of tetrahydrofuran was added dropwise 2.81 g. (12.5 mmole) of
      triethylphosphonoacetate, the reaction mixture being maintained at a
      temperature less than 30.degree.C. Stirring was continued at 25.degree.C.,
      for 30 minutes until the generation of hydrogen stopped. 60 ml. of a
      tetrahydrofuran solution containing 1.72g.(3.58 mmole) of the title
      aldehyde product of Reference Example 4 was added thereto, and the
      resulting mixture was stirred for a further 40 minutes at 25.degree.C.,
      adjusted to pH 7 with acetic acid, diluted with water, extracted with
      diethyl ether and the ethereal extract washed with water, dried and
      concentrated. The residue was purified by silica gel column chromatography
      using an ethyl acetate-cyclohexane mixture (1:3) as eluent to obtain pure
      ethyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-prost-tra
     ns-2, trans-13-dienoate as a colourless oil; yield 1.53 g. (78%).
PAR  TLC [ethyl acetate-cyclohexane mixture (1:1)] Rf = 0.66
PAR  IR absorption spectrum (liquid film): 3440, 2930, 2840, 1720, 1650, 1130,
      1020, and 970 cm.sup..sup.-1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.85 (1H, doublet-triplet), 5.69
      (1H, doublet), 5.30 (2H, multiplet), 4.59 (2H, multiplet), 4.07 (2H,
      quartet), 4.1 - 3.2 (7H, multiplet).
PAR  A solution of 1.42 g. (2.59 mmole) of the ethyl ester compound in 15 ml. of
      tetrahydrofuran was mixed with 15 ml. of an aqueous solution containing
      1.42 g. (25.9 mmole) of sodium hydroxide, and stirred for 2 hours at
      25.degree.C. The resulting mixture was diluted with 50 ml. of water,
      adjusted to pH 5 with oxalic acid, diluted further wiht 50 ml. of water,
      then extracted four times with 80 ml. of ethyl acetate. The ethyl acetate
      extract was washed with water, dried and concentrated under reduced
      pressure to obtain 1.42 g. of crude
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-prosta-tr
     ans-2,trans-13-dienoic acid.
PAR  The product thus obtained was dissolved in 125 ml. of a 1N hydrochloric
      acid-tetrahydrofuran mixture (1:1) and stirred for 1 hour at room
      temperature. After completion of the reaction, the reaction mixture was
      poured into 300 ml. of ice-water and extracted with ethyl acetate. The
      extract was washed with water, dried and concentrated under reduced
      pressure and the residue subjected to silica gel column chromatography
      using an ethyl acetate-cyclohexane mixture (5:1) as eluent to obtain pure
      trans-.DELTA..sup.2 -PGF.sub.1 .sub..alpha. as white crystals, m.p.
      95.degree.C; yield 580 mg. (59%).
PAR  IR absorption spectrum (potassium bromide tablet): 3320, 2900, 1700, 1640,
      1420, 1310, 1020, and 960 cm.sup..sup.-1 ;
PAR  NMR spectrum (in acetone-d.sub.6 solution): .delta. = 6.95 (1H,
      doublet-triplet), 5.81 (1H, doublet), 5.50 (2H, multiplet), 4.50 (4H,
      singlet), 4.00 (3H, multiplet).
PAC  EXAMPLE 2
PAC  Synthesis of trans-.DELTA..sup.2 -PGE.sub.1
PAR  790 mg. of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranloxy)-prosta-tra
     ns-2,trans-13-dienoic acid (prepared as described in Example 1) were
      dissolved in 24 ml. of diethyl water. The solution was cooled in an ice
      bath, and a solution prepared from 5 g. of manganese sulphate, 1.03 g. of
      chromium trioxide, 1.15 ml. of concentrated sulphuric acid and 23.9 ml. of
      water was added and the reaction mixture stirred for 2 hours at 0.degree.
      to 5.degree.C. 200 ml. of diethyl ether were added, and the resulting
      aqueous layer, after separation, was saturated with sodium sulphate and
      subjected to a further diethyl ether extraction.
PAR  The ethereal layers were combined, washed with water, dried and
      concentrated under reduced pressure. The residue was purified by silica
      gel column chromatography using a 6% ethanol-benzene mixture as eluent to
      obtain 710 mg. (88%) of
      9-oxo-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-prosta-trans-2,trans
     -13-dienoic acid as a colourless oil.
PAR  685 mg. (1.31 mmole) of the product thus obtained were dissolved in a mixed
      solvent containing 11.8 ml. of acetic acid, 7.1 ml. of water and 1.42 ml.
      of tetrahydrofuran and the solution was stirred for 2 hours at
      40.degree.C. The reaction mixture was added to 60 ml. of ice-water,
      extracted with ethyl acetate, and the extract washed with water, dried and
      concentrated under reduced pressure. The residue was recrystallised from
      an ethyl acetate-cyclohexane mixture (1:1) to obtain the title compound as
      white needle-like crystals: yield 276 mg. (60%), m.p. 130.degree. -
      132.degree.C.
PAR  IR absorption spectrum (potassium bromide tablet): 3480, 2900, 1736, 1705,
      1655, 1283, 1195, 1080, and 975 cm.sup..sup.-1 ;
PAR  NMR spectrum (in CDCl.sub.3 + methyl sulphoxide-d.sub.6 solution): .delta.
      = 6.92 (1H, doublet-triplet), 5.77 (1H, doublet), 5.60 (2H, multiplet),
      4.82 (3H, singlet), 4.00 (2H, multiplet), 2.72 (1H, doublet-doublet).
PAC  EXAMPLE 3
PAC  Synthesis of trans-.DELTA..sup.2 -PGA.sub.1
PAR  A solution of 170 mg. of trans-.DELTA..sup.2 -PGE.sub.1 (prepared as
      described in Example 2) in 15 ml. of 90% acetic acid was stirred for 17
      hours at a temperature of 57.degree. to 60.degree.C. The reaction mixture
      was concentrated under reduced pressure and the residue dissolved in
      diethyl ether, washed with water, dried, and concentrated under reduced
      pressure. The residue was further purified by column chromatography using
      20 g. of silica gel and a cyclohexaneethyl acetate mixture (4:1) as
      eluent. The fraction containing trans-.DELTA..sup.2 -PGA.sub.1 was
      collected and concentrated. The product thus obtained was recrystallised
      from a cyclohexane-ethyl acetate mixture to obtain pure
      trans-.DELTA..sup.2 -PGA.sub.1 : yield 102 mg. (63%), m.p. 68.degree.C.
PAR  IR absorption spectrum (potassium bromide tablet): 2920, 1700, 1650, 1590,
      1486, 1290, 975, 755 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta.=7.50 (1H, doublet-doublet), 7.04
      (doublet-doublet), 6.43 (2H singlet), 6.17 (1H, doublet-doublet), 5.82
      (doublet), 5.62 (2H, multiplet), 4.11 (1H, multiplet) and 3.22 (1H,
      multiplet).
PAR  Following the same procedure but starting with
      16-methyl-trans-.DELTA..sup.2 -PGE.sub.1 or 17-methyl-trans-.DELTA..sup.2
      -PGE.sub.1 (prepared by an analogous procedure to that hitherto described
      for the preparation of trans-.DELTA..sup.2 -PGE.sub.1), there were
      obtained 16-methyl-trans-.DELTA..sup.2 -PGA.sub.1 and
      17-methyl-trans-.DELTA..sup.2 -PGA.sub.1, the IR and NMR spectra of which
      were similar to those of trans-.DELTA..sup.2 -PGA.sub.1 except that in the
      NMR spectra the doublet peak of the methyl group appeared also at
      .delta.=1.0 to 0.7.
PAC  REFERENCE EXAMPLE 5
PAC  Synthesis of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-prostanoic acid
PAR  A solution of 4.5 g. of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-prosta-cis-and trans-5,trans-13-dienoic acids(prepared as described in
      Reference Example 2) in 60 ml. of ethanol was added to a suspension of 400
      mg. of platinum oxide in 140 ml. of ethanol after being saturated with
      hydrogen. A hydrogen stream was passed through the stirred reaction
      mixture at 20.degree.C., under ordinary pressure for 2 hours. The catalyst
      was removed by filtration and the filtrate was concentrated under reduced
      pressure to obtain 4.37 g. (97%) of the title compound.
PAR  Following the same procedure but starting with corresponding
      .alpha.-dinor-prostadienoic acids with a methyl substituent on the carbon
      atom in the 16- or 17-position (prepared in an analogous manner to the
      preparation of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-prosta-cis- and trans-5,trans-13-dienoic acids), there were obtained
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-16-methyl-prostanoic acid and
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-17-methyl-prostanoic acid.
PAR  Similar products to those mentioned in this Reference Example can be
      obtained from corresponding .alpha.-dinor-prostadienoic acid starting
      materials in which the tetrahydropyranyl radical is replaced by the
      1-ethoxyethyl group.
PAC  REFERENCE EXAMPLE 6
PAC  Synthesis of methyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-prostanoate
PAR  A solution of 4.1 g. of the hydroxy acid title product of Reference Example
      5 in 150 ml. of diethyl ether was mixed with a freshly prepared diethyl
      ether solution of diazomethane. The working up of the reaction mixture was
      conducted using the procedure described in Reference Example 3 to obtain
      3.2 g. (76%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3500, 2900, 1735, 1435, 1200, 1130,
      1075, and 1020 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 4.70 (2H, multiplet), 4.10 - 3.40
      (7H, multiplet), 3.70 (3H, singlet); TLC [ethyl acetate-cyclohexane (1:1)]
      Rf = 0.64.
PAR  Following the same procedure but starting with corresponding
      .alpha.-dinor-prostanoic acids with a methyl substituent on the carbon
      atom in the 16- or 17-position (prepared by the procedure of Reference
      Example 5), there were obtained methyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-16-methyl-prostanoate and methyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-17-methyl-prostanoate.
PAR  Similar products to those mentioned in this Reference Example can be
      obtained from corresponding .alpha.-dinor-prostanoic acid starting
      materials in which the tetrahydropyranyl radical is replaced by the
      1-ethoxyethyl group.
PAC  REFERENCE EXAMPLE 7
PAC  Synthesis of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-prostanaldehyde
PAR  2.3 g. of the methyl ester title product of Reference Example 6 was reduced
      using the procedure described in Reference Example 4 to obtain 2.18 g.
      (95%) of the title aldehyde as a colourless oil.
PAR  TLC [ethyl acetate-cyclohexane (1:1)] Rf = 0.54.
PAR  In a similar manner but starting with methyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-16-methyl-prostanoate and methyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-17-methyl-prostanoate (cf. Reference Example 6), there were obtained
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-16-methyl-prostanaldehyde and
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-17-methyl-prostanaldehyde.
PAR  Similar products to those mentioned in this Reference Example can be
      obtained from corresponding methyl .alpha.-dinor-prostanoate starting
      materials in which the tetrahydropyranyl radical is replaced by the
      1-ethoxyethyl group.
PAC  EXAMPLE 4
PAC  Synthesis of trans-.DELTA..sup.2 -dihydro-PGE.sub.1
PAR  1.8 g. of the aldehyde title product of Reference Example 7 was subjected
      to the Wittig reaction in accordance with the procedure described in
      Example 1 using sodium hydride and triethylphosphonoacetate to give the
      ethyl ester of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-prost-tra
     ns-2-enoic acid as a colourless oil: yield 1.4 g. (67%).
PAR  IR absorption spectrum (liquid film): 3500, 2950, 1715, 1646, 1420, 1195,
      1130, 1070, 1020, and 780 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.80 (1H, doublet-triplet), 5.62
      (1H, doublet), 4.49 (2H, multiplet), 4.02 (2H, quartet), 4.00 - 3.20 (7H,
      multiplet).
PAR  The ethyl ester thus obtained was hydrolysed with an alkaline solution in
      accordance with the procedure described in Example 1, the product oxidised
      with chromic acid according to the procedure described in Example 2, and
      the obtained PGE compound hydrolysed in an acidic solution. The resulting
      product, which was not crystallised, was subjected to silica gel column
      chromatography using a cyclohexane-ethyl acetate mixture (2:3) as eluent
      to obtain 562 mg. (63%) of the title compound as a colourless oil.
PAR  IR absorption spectrum (liquid film): 3360, 2900, 1730, 1690, 1650, 1455,
      1240, 1120, 1045, 980, and 755 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3); .delta. = 7.02 (1H, doublet-triplet), 5.82
      (1H, doublet), 5.65 (3H, singlet), 4.13 (1H, multiplet), 3.67 (1H,
      multiplet), 2.71 (1H, doublet-doublet).
PAR  In a similar manner but starting with
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-16-methyl-prostanaldehyde and
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-17 -methyl-prostanaldehyde (cf. Reference Example 7), there were
      obtained 16-methyl-trans-.DELTA..sup.2 -dihydro-PGE.sub.1 and
      17-methyl-trans-.DELTA..sup.2 -dihydro-PGE.sub.1.
PAR  Similar products to those mentioned in this Example can be obtained from
      corresponding .alpha.-dinor-prostanaldehyde starting materials in which
      the tetrahydropyranyl radical is replaced by the 1-ethoxyethyl group; the
      IR absorption and NMR spectra of the products were similar to those of
      trans-.DELTA..sup.2 -dihydro-PGE.sub.1 except that in the NMR spectrum the
      doublet peak of the methyl group appeared also at .delta. = 1.0 to 0.7.
PAC  REFERENCE EXAMPLE 8
PAC  synthesis of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16(R)-met
     hyl-.alpha.-dinor-prost-trans-13-enoic acid
PAR  A solution of 29 g. (0.070 mole) of 2-carboxyethyltriphenylphosphonium
      bromide in 80 ml. of dimethylsulphoxide was mixed with a solution of
      sodiomethylsulphinylcarbanide [obtained from 5.0 g. (0.136 mole) of sodium
      hydride and dimethylsulphoxide] in 80 ml. of dimethylsulphoxide, the
      temperature of the reaction mixture being maintained at 25.degree.C. To
      the resulting red mixture was added a solution of 10.5 g. (0.023 mole) of
      2-oxa-3-hydroxy-6-syn-(3.alpha.-2'-tetrahydropyranyloxy-4(R)-methyl-oct-tr
     ans-1-enyl)-7-anti-(2-tetrahydropyranyloxy)-cis-bicyclo[3,3,0]-octane
      [prepared as described in French Pat. No. 7215314] in 80 ml. of
      dimethylsulphoxide. The reaction mixture was stirred for 2 hours at
      25.degree.C., poured into one liter of ice-water, 150 ml. of diethyl ether
      and 2 g. of potassium carbonate and then extracted with 150 ml. of ethyl
      acetate. The aqueous layer, after separation, was extracted three times
      with 250 ml. of diethyl ether-ethyl acetate (1:1) to remove the neutral
      substances, washed, acidified to pH 2 with oxalic acid and extracted 4
      times with 500 ml. of diethyl ether-n-pentane (1:1). The organic layer,
      after separation, was washed with water, dried and concentrated under
      reduced pressure. The residue was purified using silica gel column
      chromatography and eluting with ethanolbenzene(6.about.10:100) to give 6.5
      g. (55%) of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16(R)-met
     hyl-.alpha.-dinor-prosta-cis-5,trans-13-dienoic acid as a colourless oil.
PAR  IR absorption spectrum (liquid film): 3420, 2930, 1710, 1440, 1375, 1245,
      1135, 1023, 978 and 870 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 7.20 (2H, singlet), 5.65 - 5.20
      (4H, multiplet) and 4.67 (2H, multiplet).
PAR  The resulting compound was dissolved in 100 ml. of methanol mixed with 2.5
      g. of 5% palladium on charcoal, and treated with hydrogen at room
      temperature until an equimolar amount of hydrogen had been absorbed. The
      catalyst was filtered off and the filtrate was concentrated under reduced
      pressure to yield 5.2 g. (79%) of the title compound.
PAR  TLC [dichloromethane-methanol (19:1)] Rf = 0.41.
PAC  REFERENCE EXAMPLE 9
PAC  Synthesis of methyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16(R)-met
     hyl-.alpha.-dinor-prost-trans-13-enoate
PAR  8.7 g. (0.017 mole) of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16(R)-met
     hyl-.alpha.-dinor-prost-trans-13-enoic acid (prepared as described in
      Reference Example 8) were dissolved in 50 ml. of diethyl ether. A freshly
      prepared ethereal solution of diazomethane was added until the reaction
      mixture turned yellow. The mixture was then concentrated under reduced
      pressure at low temperature, and the residue was purified by column
      chromatography on silica gel using ethyl acetate-cyclohexane (1:1) as
      eluent.
PAR  IR absorption spectrum (liquid film): 3450, 2940, 1740, 1440, 1030 and 685
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 5.63 - 5.30 (2H,multiplet), 4.70
      (2H,multiplet), 3.64 (3H, singlet), and 4.20 -3.30 (7H,multiplet);
PAR  TLC [dichloromethane-methanol (19:1)] Rf. = 0.61.
PAC  REFERENCE EXAMPLE 10
PAC  Synthesis of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16(R)-met
     hyl-.alpha.-dinor-prost-trans-13-enaldehyde
PAR  2.0 g. (0.0033 mole) of the methyl ester product of Reference Example 9
      were dissolved in 54 ml. of toluene, and 8.2 ml. of a solution of 2.06 g.
      (0.0152 mole) of diisobutylaluminium hydride in toluene was added at
      -65.degree.C. The reaction mixture was stirred at the same temperature for
      30 minutes and methanol was added slowly dropwise until no more gas was
      evolved. The reaction mixture was allowed to warm to 20.degree.C., 11 ml.
      of water was added and the mixture was stirred for 30 minutes. The
      solution was filtered to remove precipitated aluminium hydroxide, washed
      with brine, dried over magnesium sulphate and concentrated under reduced
      pressure to yield 1.83 g. (97.5%) of the title compound. TLC [cyclohexane
      -- ethyl acetate (1:1)] Rf. = 0.52.
PAC  EXAMPLE 5
PAC  Synthesis of 16(R)-methyl-trans-.DELTA..sup.2 -PGF.sub.1.sub..alpha.
PAR  The procedure of Example 1 was repeated using as the starting material
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-.alpha.-d
     inor-16(R)-methyl-prost-trans-13-enaldehyde (prepared as described in
      Reference Example 10) to obtain ethyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16(R)-met
     hyl-prosta-trans-2,trans-13-dienoate as a colourless oil.
PAR  IR absorption spectrum (liquid film): 3400, 2950, 2860, 1725, 1650, 1135,
      1020, and 970 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.87 (1H, doublet-triplet), 5.67
      (1H, doublet), 5.31 (2H, multiplet), 4.63 (2H, multiplet), 4.07 (quartet),
      4.13 - 3.2 (7H, multiplet).
PAR  Following the same procedure but starting with corresponding
      .alpha.-dinor-prostenaldehydes with the methyl group on the carbon atom in
      the 16-position in the S- or the racemic configuration and/or with a
      methyl group on the carbon atom in the 17-position, there were obtained
      the corresponding ethyl prosta-trans-2, trans-13-dienoates, the IR spectra
      of which were similar to the 16(R)-methyl compound: the NMR spectra showed
      an additional peak (doublet) of the methyl group at .delta. = less than
      1.0.
PAR  Using alkyl diethylphosphonoacetates, the esterifying alkyl group having 1
      to 10 carbon atoms instead of triethylphosphonoacetate used in Example 1,
      there were obtained the corresponding alkyl esters of the prostadienoic
      acid, the IR spectra of which were very similar to those of the ethyl
      ester. The NMR spectra were similar to those of the ethyl ester except
      that the integral value of the methylene area changed and in that in the
      peaks depending upon the terminal esterifying alkyl group; there were, for
      example, methyl group at .delta. = 3.6, ethyl group at .delta. = 1.25, and
      groups higher than propyl group at still higher magnetic fields.
PAR  Using the procedure described in Example 1, the ethyl (or other alkyl)
      ester of 9.alpha.-hydroxy-11.alpha. ,15.alpha.-bis(
     2-tetrahydropyranyloxy)-16(R)-methyl-prosta-trans-2, trans-13-dienoic acid
      obtained as described above was successively hydrolysed in alkaline
      solution to give 9.alpha.-hydroxy-11.alpha.,15.alpha.
      -bis(2-tetrahydropyranyloxy)-16(R)-methyl-prosta-trans-2, trans-13-dienoic
      acid, then in acidic solution and finally purified to obtain pure
      16(R)-methyl-trans-.DELTA..sup.2 -PGF.sub.1.sub..alpha.  as a colourless
      oil.
PAR  IR absorption spectrum (liquid film): 3330, 2950 - 2860, 2400, 1700, 1640,
      1420, 1305, 1025 and 970 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in acetone-d.sub.6 solution): .delta. = 6.92 (1H,
      doublet-triplet), 5.81 (1H, doublet), 5.52 (2H, multiplet), 4.78 (4H,
      singlet), 4.02 (3H, multiplet), 1.05 - 0.86 (6H, doublet and triplet);
PAR  optical rotation [.alpha.].sub.D.sup.25 = +32.0.degree. (c = 0.60,
      ethanol).
PAR  Following the same procedure but starting with the ethyl
      9.alpha.-hydroxy-11.alpha. ,15.alpha.-bis(2-tetrahydropyranyloxy)-16(S)[
      or 16()]-methyl-prosta-trans-2, trans-13-dienoate or ethyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.
      -bis(2-tetrahydropyranyloxy)-17-methyl-prosta-trans-2, trans-13-dienoate,
      there were obtained, via the corresponding dienoic acids,
      16(S)-methyl-trans-.DELTA..sup.2 -PGF.sub.1.sub..alpha., 16(
     )-methyl-trans-.DELTA..sup.2 -PGF.sub.1 .alpha.  and
      17-methyl-trans-.DELTA..sup.2 -PGF.sub.1.sub..alpha., the IR and NMR
      spectra of which were similar to those of trans-.DELTA..sup.2
      -PGF.sub.1.sub..alpha.  except that the doublet peak of the methyl group
      appeared also at .delta. = 1.0 to 0.7.
PAC  EXAMPLE 6
PAC  Synthesis of 16(R)-methyl-trans-.DELTA..sup.2 -PGE.sub.1
PAR  1.03 g. (1.92 mmole) of 9.alpha.-hydroxy-11.alpha.
      ,15.alpha.-bis(2-tetrahydropyranyloxy)-16(R)-methyl-prosta-trans-2,
      trans-13-dienoic acid (prepared as described in Example 5) was dissolved
      in 40 ml. of diethyl ether, cooled in an icebath, and a solution of 5.2 g.
      of manganese sulphate, 1.1 g. of chromium trioxide, 1.40 ml. of sulphuric
      acid and 24 ml. of water, was added and the reaction mixture stirred at
      0.degree. to 5.degree.C. for 2 hours. Diethyl ether was added to the
      reaction mixture and the ethereal layer separated. The aqueous layer was
      saturated with sodium sulphate and extracted with diethyl ether. The
      combined ethereal extracts were washed with water, dried over magnesium
      sulphate and concentrated under reduced pressure. The residue was purified
      by silica gel column chromatography using ethanol -- benzene (6:94) as
      eluent to give 815 mg. (80%) of 9-oxo-11.alpha.
      ,15.alpha.-bis(2-tetrahydropyranyloxy)-16(R)-methyl-prosta-trans-2
      ,trans-13-dienoic acid.
PAR  815 mg. (1.55 mmole) of the compound thus obtained was dissolved in a mixed
      solvent of 20 ml. of acetic acid -- water -- tetrahydrofuran (65:35:10)
      and the solution stirred at 40.degree.C., for 2 hours. 70 ml. of ice-water
      were added to the solution which was then extracted with ethyl acetate.
      The combined extracts were washed with water, dried and concentrated under
      reduced pressure. The residue was purified by silica gel column
      chromatography using cyclohexane -- ethyl acetate (1:1) as eluent to
      obtain 347 mg. (62%) of the title compound
PAR  IR absorption spectrum (liquid film): 3370, 2920, 1735, 1700, 1645, 1450,
      1380, 1245, 1080, 980 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.99 (1H, doublet-triplet), 5.80
      (1H, doublet), 5.70 - 5.30 (5H, multiplet), 4.20 - 3.80 (2H, multiplet),
      2.74 (1H, doublet-doublet);
PAR  TLC [chloroform -- tetrahydrofuran -- acetic acid (10:2:1)] Rf. = 0.27;
PAR  Optical Rotation [.alpha.].sub.D.sup.25 =-48.0.degree. (c = 0.95, ethanol).
PAC  EXAMPLE 7
PAC  Synthesis of 16(R)-methyl-trans-.DELTA..sup.2 -PGA.sub.1
PAR  192 mg. (0.524 mmole) of 16(R)-methyl-trans-.DELTA..sup.2 -PGE.sub.1
      (prepared as described in Example 6) were dissolved in 15 ml. of 90%
      acetic acid and the solution was stirred at 57.degree. - 60.degree.C. for
      17 hours. The reaction mixture was concentrated under reduced pressure,
      the residue dissolved in diethyl ether, the ethereal solution washed with
      water, dried and concentrated under reduced pressure. The residue was
      purified by column chromatography on silica gel using cyclohexane -- ethyl
      acetate (4:1) as eluent to yield 122 mg. (67%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3400, 2700 - 2300, 1710, 1660, 1595,
      1460, 980 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 7.48 (1H, doublet-doublet), 7.03
      (1H, doublet-triplet), 6.17 (1H, doublet-doublet), 5.95 - 5.45 (5H,
      multiplet), 3.99 (1H, multiplet); TLC [chloroform -- tetrahydrofuran --
      acetic acid (10:2:1)]Rf. = 0.69;
PAR  Optical Rotation: [.alpha.].sub.D.sup.25 = +171.1.degree. (c = 0.80
      ethanol);
PAR  Ultra-violet (UV) absorption spectrum: .lambda..sub.max = 213 m.mu. (in 50%
      ethanol).
PAC  EXAMPLE 8
PAC  Synthesis of 17-methyl-trans-.DELTA..sup.2 -PGE.sub.1
PAR  The procedure described in Example 2 was repeated using
      9.alpha.-hydroxy-11.alpha. ,15.alpha.-bis(2-tetrahydropyranyloxy)-17
      -methyl-prosta-trans-2 ,trans-13-dienoic acid (prepared as described in
      Example 5) instead of 9.alpha.-hydroxy-11.alpha.
      ,15.alpha.-bis(2-tetrahydropyranyloxy)-prosta-trans-2 ,trans-13-dienoic
      acid to give 17-methyl-trans-.DELTA..sup.2 -PGE.sub.1 as a colourless oil.
PAR  IR absorption spectrum (liquid film) : 3400, 2960 - 2860, 1740, 1710, 1650,
      1460, 1280, 1200, 1080 and 980 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.89 (1H, doublet-triplet), 5.80
      (1H, doublet), 5.56 (2H, multiplet), 4.90 (3H, singlet), 4.05 (2H,
      multiplet), 2.74 (1H, doublet-doublet), 1.00 - 0.74 (6H, triplet and
      doublet).
PAR  The same procedure was repeated using a compound having a methyl group in
      the 16-position prepared in Example 5 as the starting compound to obtain
      the corresponding 16-methyl-trans-.DELTA..sup.2 -PGE.sub.1 therefrom; the
      IR and NMR spectra of the product were similar to those of
      trans-.DELTA..sup.2 -PGE.sub.1 except that the doublet peak of the methyl
      group appeared also at .delta. = 1.0 to 0.7.
PAC  REFERENCE EXAMPLE 11
PAC  Synthesis of
      2-oxa-3-hydroxy-6-syn-(3.alpha.-2'-tetrahydropyranyloxy-4-cyclopentyl-pent
     -trans-1-enyl)-7-anti-(2-tetrahydropyranyloxy)-cis-bicyclo-[3,3,0]octane
PAR  A methanolic solution of 6.5 g. of
      2-oxa-3-oxo-6-syn-(3.alpha.-hydroxy-4-cyclopentyl-pent-trans-1-enyl)-7-ant
     i-acetoxy-cis-bicyclo[3,3,0]octane [obtained by appropriate modification of
      the procedure described in J. Amer. Chem. Soc. 92, 397 (1970)] was
      hydrolysed with an equimolar aqueous potassium carbonate solution at
      25.degree.C., to obtain 5.5 g. (100%) of 2-oxa-3-oxo-6-syn-(3.alpha.
      -hydroxy-4-cyclopentyl-pent-trans-1-enyl)-7-anti-hydroxy-cis-bicyclo[3,3,0
     ]octane.
PAR  A methylene chloride solution of 5.6 g. of the hydroxy compound thus
      obtained was reacted with 10 equimolar amounts of dihydropyran and a small
      amount of p-toluenesulphonic acid as catalyst at 25.degree.C., for 15
      minutes to yield 8.9 g. (100%) of
      2-oxa-3-oxo-6-syn-(3.alpha.-2'-tetrahydropyranyloxy-4-cyclopentyl-pent-tra
     ns-1-enyl)-7-anti-(2-tetrahydropyranyloxy)-cis-bicyclo[3,3,0]octane.
PAR  8.6 g. of the said bis-tetrahydropyranyl compound in toluene was reduced
      with 2 equimolar amounts of diisobutylaluminium hydride at -60.degree.C.
      for 30 minutes to yield 8.6 g. (100%) of the title compound.
PAC  REFERENCE EXAMPLE 12
PAC  Synthesis of 9.alpha.-hydroxy-11.alpha.
      ,15.alpha.-bis(2-tetrahydropyranyloxy)-16-phenyl-.alpha.-dinor-.omega.-tri
     nor-prost-trans-13-enoic acid
PAR  A solution of 88 g. (0.212 mole) of 2-carboxyethyl-triphenylphosphonium
      bromide in 170 ml. of dimethylsulphoxide was mixed with 202 ml. of
      dimethylsulphoxide containing 2 molecular equivalents of
      sodiomethylsulphinyl carbanide (0.404 mole as sodiomethylsulphinyl
      carbanide) whilst maintaining the temperature at 25.degree.C. To the
      resulting red mixture was added a solution containing 33.4 g. (0.0706
      mole) of 2-oxa-3-hydroxy-6-syn-(3.alpha.-2'
      tetrahydropyranyloxy-4-phenyl-pent-trans-1-enyl)-7-anti-(2-tetrahydropyran
     yloxy)-cis-bicyclo[3,3,0]octane (prepared by a similar procedure to that
      described in Reference Example 11) in 150 ml. of dimethylsulphoxide. The
      reaction mixture was stirred for 2 hours at 25.degree.C., poured into 3
      liters of ice-water, 350 ml. of diethyl ether and 5g. of potassium
      carbonate and then extracted with 350 ml. of ethyl acetate. The aqueous
      layer was extracted three times with 700 ml. of a diethyl ether-ethyl
      acetate mixture (1:1), washed to remove the neutral substances, adjusted
      to pH 2 with oxalic acid and extracted four times with 1.4 liters of a
      diethyl ether-pentane mixture (1:1); the organic layer was washed with
      water, dried and concentrated under reduced pressure. The residue was
      purified by silica gel column chromatography using an ethanol-benzene
      mixture (6.about.10:100) as eluent to give 18.1 g. (48%) of
      9.alpha.-hydroxy-11.alpha.,
      15.alpha.-bis(2-tetrahydropyranyloxy)-16-phenyl-.alpha.-dinor-.omega.-trin
     or-prosta-cis-5, trans-13-dienoic acid as a colourless oil.
PAR  IR absorption spectrum (liquid film): 3450, 3030, 2940, 1705, 1450, 1244,
      1023, 977 and 689 cm.sup.-.sup.1.
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 7.12 (5H, multiplet), 6.53 (2H,
      singlet), 5.60 - 5.20 (4H, multiplet), 4.65 (2H, multiplet).
PAR  The compound thus obtained was dissolved in 185 ml. of methanol, mixed with
      8.5 g. of 5% palladium on charcoal and treated with hydrogen; after
      absorption of an equimolar amount of hydrogen at room temperature, the
      catalyst was filtered off and the filtrate was concentrated under reduced
      pressure to yield 15.1 g. (83%) of the title compound. TLC [methylene
      chloride-methanol (19:1)] Rf. = 0.40.
PAC  REFERENCE EXAMPLE 13
PAR  Using the procedure described in Reference Example 12, the following
      compounds were obtained:
PA1  a. 9.alpha.-hydroxy-11.alpha.,
      15.alpha.-bis(2-tetrahydropyranyloxy)-16-cyclohexyl-.alpha.-dinor-.omega.-
     trinor-prost-trans-13-enoic acid
PAR  88 g. (0.212 mole) of 2-carboxyethyl-triphenylphosphonium bromide and 33.8
      g. of
      2-oxa-3-hydroxy-6-syn-(3.alpha.-2'-tetrahydropyranyloxy-4-cyclohexyl-pent-
     trans-l-enyl)-7-anti-(2-tetrahydropyranyloxy)-cis-bicyclo[3,3,0]-octane
      (prepared by a similar procedure to that described in Reference Example
      11) gave 15.7 g. (41%) of the title compound.
PAR  TLC [methylene chloride-methanol (19:1)] Rf. = 0.32.
PA1  b. 9.alpha.-hydroxy-11.alpha.,
      15.alpha.-bis(2-tetrahydropyranyloxy)-16-cyclopentyl-.alpha.-dinor-.omega.
     -trinor-prost-trans-13-enoic acid
PAR  88 g. (0.212 mole) of 2-carboxyethyl-triphenylphosphonium bromide and 33.0
      g. of
      2-oxa-3-hydroxy-6-syn-(3.alpha.-2'-tetrahydropyranyloxy-4-cyclopentyl-pent
     -trans-l-enyl)-7-anti-(2-tetrahydropyranyloxy)-cis-bicyclo[3,3,0]octane
      (prepared as described in Reference Example 11) gave 15.2 g. (40.5%) of
      the title compound.
PAR  TLC [methylene chloride-methanol (19:1)] Rf. = 0.30.
PA1  c. 9.alpha.-hydroxy-11.alpha., 15 -bis(2-tetrahydropyranyloxy)-15
      -methyl-.alpha.-dinor-prost-trans-13-enoic acid
PAR  88 g. (0.212 mole) of 2-carboxyethyl-triphenylphosphonium bromide and 33.0
      g. of
      2-oxa-3-hydroxy-6-syn-(3-2'-tetrahydropyranyloxy-3-methyl-oct-trans-l-enyl
     )-7-anti-(2-tetrahydropyranyloxy)-cis-bicyclo-[3,3,0]octane (prepared by a
      similar procedure to that described in Reference Example 11) gave 15.5 g.
      (41.0%) of the title compound.
PAR  TLC [methylene chloride-methanol (19:1)] R.f. = 0.41.
PA1  d. 9.alpha.-hydroxy-11.alpha.,
      15-bis(2-tetrahydropyranyloxy)-15,16-dimethyl-.alpha.-dinor-prost-trans-13
     -enoic acid
PAR  88 g. (0.212 mole) of 2-carboxyethyl-triphenylphosphonium bromide and 34.0
      g. of
      2-oxa-3-hydroxy-6-syn-(3-2'-tetrahydropyranyloxy-3,4-dimethyl-oct-trans-l-
     enyl)-7-anti-(2-tetrahydropyranyloxy)-cis-bicyclo-[3,3,0]octane (prepared
      by a similar procedure to that described in Reference Example 11) gave
      15.8 g. (40.9%) of the title compound.
PAR  TLC [methylene chloride-methanol (19:1)] Rf. = 0.42.
PAC  REFERENCE EXAMPLE 14
PAC  Synthesis of methyl 9.alpha.-hydroxy-11.alpha.,
      15.alpha.-bis(2-tetrahydropyranyloxy)-16-phenyl-.alpha.-dinor-.omega.-trin
     or-prost-trans-13-enoate
PAR  3.16 g. (5.94 mmole) of 9.alpha.-hydroxy-11.alpha.,
      15.alpha.-bis(2-tetrahydropyranyloxy)-16-phenyl-.alpha.-dinor-.omega.-trin
     or-prost-trans-13-enoic acid (obtained as described in Reference Example
      12) were dissolved in 100 ml. of diethyl ether. A freshly prepared
      ethereal solution of diazomethane was added until the reaction mixture
      turned yellow. The mixture was then concentrated under reduced pressure at
      low temperature, and the residue was purified by column chromatography on
      silica gel using ethyl acetate-cyclohexane (1:1) as eluent to yield 2.61
      g. (80%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3430, 3030, 2940, 1735, 1450, 1023
      and 690 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 7.12 (5H, multiplet), 5.50 - 5.15
      (2H, multiplet), 4.55 (2H, multiplet), 3.57 (3H, singlet), 4.10 - 3.20
      (7H, multiplet);
PAR  TLC [methylene chloride-methanol (19:1)] Rf. = 0.60.
PAC  REFERENCE EXAMPLE 15
PAR  Using the procedure described in Reference Example 14, the following
      compounds were obtained:
PA1  a. Methyl 9.alpha.-hydroxy-11.alpha.,
      15.alpha.-bis(2-tetrahydropyranyloxy)-16-cyclohexyl-.alpha.-dinor-.omega.-
     trinor-prost-trans-13-enoate
PAR  From 3.2 g. (5.9 mmole) of 9.alpha.-hydroxy-11.alpha.,
      15.alpha.-bis(2-tetrahydropyranyloxy)-16-cyclohexyl-.alpha.-dinor-.omega.-
     trinor-prost-trans-13-enoic acid (prepared as described in Reference
      Example 13 (a)), there were obtained 2.63 g. (80%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3420, 2900, 2820, 1735, 1440, 1200,
      1120, 1020 and 902 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 5.50 - 5.20 (2H, multiplet), 4.60
      (2H, multiplet), 3.52 (3H, singlet), 4.10 - 3.20 (7H, multiplet);
PAR  TLC [methylene chloride-methanol (19:1)] Rf. = 0.55.
PA1  b. Methyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-cyclop
     entyl-.alpha.-dinor-.omega.-trinor-prost-trans-13-enoate
PAR  From 3.15 g. (5.95 mmole) of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-cyclop
     entyl-.alpha.-dinor-.omega.-trinor-prost-trans-13-enoic acid (prepared as
      described in Reference Example 13(b)), 2.6 g. (80.5%) of the title
      compound were obtained.
PAR  IR absorption spectrum (liquid film): 3450, 2920, 2820, 1735, 1440, 1200,
      1120, 1020 and 970 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCL.sub.3): .delta. = 5.50 - 5.23 (2H, multiplet), 4.60
      (2H, multiplet), 3.60 (3H, singlet), 4.10 - 3.20 (7H, multiplet), 0.87
      (3H, doublet);
PAR  TLC [methylene chloride-methanol (19:1)] Rf. = 0.75.
PA1  c. Methyl
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-15-methyl-.alpha
     .-dinor-prost-trans-13-enoate
PAR  From 3.04 g. (5.9 mmole) of
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranloxy)-15-methyl-.alpha.
     -dinor-prost-trans-13-enoic acid (prepared as described in Reference
      Example 13(c)), 2.5 g. (80%) of the title compound were obtained. IR
      absorption spectrum (liquid film): 3440, 2920, 2850, 1935, 1200, 1120,
      1020 and 975 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 5.60 - 5.25 (2H, multiplet), 4.65
      (2H, multiplet), 3.57 (3H, singlet), 4.10 - 3.30 (6H, multiplet);
PAR  TLC [methylene chloride-methanol (19:1)] Rf. = 0.61.
PA1  d. Methyl
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-15,16-dimethyl-.
     alpha.-dinor-prost-trans-13-enoate
PAR  From 3.15 g. (5.95 mmole) of
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-15,16-dimethyl-.
     alpha.-dinor-prost-trans-13-enoic acid (prepared as described in Reference
      Example 13(d)), 2.6 g. (80.5%) of the title compound were obtained.
PAR  IR absorption spectrum (liquid film): 3440, 2920, 2845, 1736, 1200, 1120,
      1020 and 980 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 5.65 - 5.30 (2H, multiplet), 4.64
      (2H, multiplet), 4.10 - 3.30 (6H, multiplet, 3.59 (3H, singlet);
PAR  TLC [methylene chloride-methanol (19:1)] Rf. = 0.62.
PAC  REFERENCE EXAMPLE 16
PAC  Synthesis of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-phenyl
     -.alpha.-dinor-.omega.-trinor-prost-trans-13-enaldehyde
PAR  1.96 g. (3.58 mmole) of the methyl ester product of Reference Example 14
      were dissolved in 54 ml. of toluene, and 8.14 ml. of a solution of 2.04 g.
      (14.3 mmole) of diisobutylaluminiumhydride in toluene were added at
      -65.degree.C. The solution was stirred at the same temperature for 30
      minutes and methanol was slowly added dropwise until no more gas was
      evolved. The reaction mixture was allowed to warm to 20.degree.C., 11 ml.
      of water were added and the mixture was stirred for 30 minutes. The
      solution was filtered to remove precipitated aluminium hydroxide, washed
      with brine, dried over magnesium sulphate, and concentrated under reduced
      pressure to yield 1.79 g. (97%) of the title compound.
PAR  TLC [cyclohexane-ethyl acetate (1:1)] Rf. = 0.53.
PAC  REFERENCE EXAMPLE 17
PAR  Using the same procedure as in Reference Example 16, the following
      compounds were obtained:
PA1  a.
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-cycloh
     exyl-.alpha.-dinor-.omega.-trinor-prost-trans-13-enaldehyde
PAR  1.99 g. (3.6 mmole) of the methyl ester compound prepared in Reference
      Example 15(a) gave 1.84 g. (97.5%) of the title compound.
PAR  TLC [methylene chloride-methanol (19:1)] Rf. = 0.51.
PA1  b.
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-cyclop
     entyl-.alpha.-dinor-.omega.-trinor-prost-trans-13-enaldehyde
PAR  1.94 g. (3.6 mmole) of the methyl ester compound prepared in Reference
      Example 15(b) gave 1.78 g. (97%) of the title compound.
PAR  TLC [cyclohexane-ethyl acetate (1:1)] Rf. = 0.55.
PA1  c.
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-15-methyl-.alpha
     .-dinor-prost-trans-13-enaldehyde
PAR  1.90 g. (3.6 mmole) of the methyl ester compound prepared in Reference
      Example 15(c) gave 1.74 g. (97.1%) of the title compound.
PAR  TLC [cyclohexane-ethyl acetate (1:1)] Rf. = 0.54.
PA1  d.
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-15,16-dimethyl-.
     alpha.-dinor-prost-trans-13-enaldehyde
PAR  1.94 g. (3.6 mmole) of the methyl ester compound prepared in Reference
      Example 15(d) gave 1.78 g. (97%) of the title compound.
PAR  TLC [cyclohexane-ethyl acetate (1:1)] Rf. = 0.55.
PAC  EXAMPLE 9
PAC  Synthesis of ethyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-phenyl
     -.omega.-trinor-prosta-trans-2,trans-13-dienoate
PAR  To a mixture of 472 mg. (purity 63.9%; 12.5 mmole) of sodium hydride and 50
      ml. of tetrahydrofuran, 2.81 g. (12.5 mmole) of triethylphosphonacetate
      was added dropwise, keeping the temperature below 30.degree.C. The mixture
      was stirred at 25.degree.C., for about 30 minutes until evolution of
      hydrogen ceased.
PAR  A solution of 1.85 g. (3.58 mmole) of the aldehyde prepared in Reference
      Example 16 in 60 ml. of tetrahydrofuran was added to the reaction mixture
      which was then stirred at 25.degree.C., for 40 minutes. The pH of the
      solution was adjusted to pH 7 with acetic acid, the solution was diluted
      with water and extracted with diethyl ether. The ethereal layer was washed
      with water, dried and concentrated.
PAR  The residue was purified by silica gel column chromatography using ethyl
      acetate-cyclohexane (1:3) as eluent to yield 1.62 g. (77%) of the title
      compound.
PAR  IR absorption spectrum (liquid film): 3450, 3030, 2940, 1720, 1650, 1023
      and 690 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .omega. = 7.12 (5H, multiplet), 6.85 (1H,
      double-triplet), 5.68 (1H, doublet), 5.50 - 5.20 (2H, multiplet), 4.60
      (2H, multiplet), 4.09 (2H, quartet), 4.10 - 3.20 (7H, multiplet);
PAR  TLC [cyclohexane-ethyl acetate (1:1)]  Rf. = 0.68.
PAC  EXAMPLE 10
PAC  Synthesis of ethyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-cycloh
     exyl-.omega.-trinor-prosta-trans-2,trans-13-dienoate
PAR  Using the procedure described in Example 9, 1.87 g. (3.6 mmole) of the
      aldehyde prepared as described in Reference Example 17(a) gave 1.64 g.
      (77.3%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3450, 2900, 2820, 1720, 1650, 1120,
      1020 and 902 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.84 (1H, doublet-triplet), 5.66
      (1H, doublet), 5.50 - 5.20 (2H, multiplet), 4.60 (2H, multiplet), 4.08
      (2H, quartet), 4.10 - 3.20 (7H, multiplet);
PAR  TLC [cyclohexane-ethyl acetate (1:1)] Rf. = 0.66.
PAC  EXAMPLE 11
PAC  Synthesis of ethyl
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-cyclop
     entyl-.omega.-trinor-prosta-trans-2,-trans-13-dienoate
PAR  The procedure described in Example 9 was followed using 1.82 g. (3.6 mmole)
      of the aldehyde prepared as described in Reference Example 17(b) as
      starting material to yield 1.60 g. (77.1%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3450, 2920, 2830, 1720, 1650, 1120,
      1020 and 978 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.85 (1H, doublet-triplet), 5.65
      (1H, doublet), 5.50 - 5.20 (2H, multiplet), 4.62 (2H, multiplet), 4.07
      (2H, quartet), 4.10 - 3.20 (7H, multiplet), 0.88 (3H, doublet);
PAR  TLC [cyclohexane-ethyl acetate (1:1)] Rf. = 0.67.
PAC  EXAMPLE 12
PAC  Synthesis of ethyl
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-15-methyl-prosta
     -trans-2,trans-13-dienoate
PAR  Using the procedure described in Example 9 1.77 g. (3.6 mmole) of the
      aldehyde prepared as described in Reference Example 17(c) gave 1.56 g.
      (77%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3450, 2920, 2840, 1720, 1650, 1130,
      1020 and 975 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.86 (1H, doublet-triplet), 5.68
      (1H, doublet), 5.60 - 5.25 (2H, multiplet), 4.62 (2H, multiplet),4.10
      (2H,quartet), 4.10-3.35 (6H, multiplet);
PAR  TLC [cyclohexane-ethyl acetate (1:1)] Rf. = 0.69.
PAC  EXAMPLE 13
PAC  Synthesis of ethyl
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-15,16-dimethyl-p
     rosta-trans-2,trans-13-dienoate
PAR  The procedure described in Example 9 was followed using 1.82 g. (3.6 mmole)
      of the aldehyde prepared as described in Reference Example 17(d) as a
      starting material to yield 1.62 g. (78%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3450, 2920, 2840, 1720, 1652, 1120,
      1020 and 980 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.86 (1H, doublet-triplet), 5.68
      (1H, doublet), 5.70 - 5.30 (2H, multiplet), 4.65 (2H, multiplet), 4.10
      (2H, quartet), 4.10 - 3.30 (6H, multiplet);
PAR  TLC [cyclohexane-ethyl acetate (1:1)] Rf. = 0.70.
PAC  EXAMPLE 14
PAC  Synthesis of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-phenyl
     -.omega.-trinor-prosta-trans-2,trans-13-dienoic acid
PAR  1.51 g. (2.59 mmole) of the ethyl ester prepared as described in Example 9
      was dissolved in 15 ml. of tetrahydrofuran. After addition of 15 ml. of an
      aqueous solution containing 1.42 g. (25.9 mmole) of potassium hydroxide,
      the solution was stirred at 25.degree.C., for 2 hours. 50 ml. of water was
      added to the reaction mixture and the solution adjusted to pH 5 with
      oxalic acid; a further 50 ml. of water was added and the solution
      extracted four times with 80 ml. of ethyl acetate. The organic layer was
      washed with water, dried and concentrated under reduced pressure. The
      residue was purified by silica gel column chromatography using
      benzene-ethyl acetate (3:1) as eluent to yield 1.11 g. (77%) of the title
      compound.
PAR  IR absorption spectrum (liquid film): 3400, 3030, 2940, 1700, 1640, 1023
      and 690 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 7.12 (5H, multiplet), 6.95 (1H,
      doublet-triplet), 6.40 (2H, singlet), 5.80 (1H, doublet), 5.50 - 5.20 (2H,
      multiplet), 4.60 (2H, multiplet), 4.10 - 3.20 (7H, multiplet);
PAR  TLC [methylene chloride-methanol (19:1)] Rf. = 0.28.
PAC  EXAMPLE 15
PAR  Using the procedure described in Example 14, the following compounds were
      obtained:
PA1  a.
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-cycloh
     exyl-.omega.-trinor-prosta-trans-2,trans-13-dienoic acid
PAR  1.53 g. (2.6 mmole) of the ethyl ester prepared as described in Example 10
      gave 1.13 g. (77.3%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3400, 2900, 2820, 1700, 1642, 1120,
      1020 and 902 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.92 (1H, doublet-triplet), 6.30
      (2H, singlet), 5.77 (1H, doublet), 5.50 - 5.20  (2H, multiplet), 4.55 (2H,
      multiplet), 4.10 - 3.20 (7H, multiplet);
PAR  TLC [methylene chloride-methanol (19:1)] Rf. = 0.26.
PA1  b.
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-cyclop
     entyl-.omega.-trinor-prosta-trans-2,trans-13-dienoic acid
PAR  1.50 g. (2.6 mmole) of the ethyl ester prepared as described in Example 11
      gave 1.09 g. (76.5%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3400, 2920, 2830, 1700, 1642, 1120,
      1020 and 977 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.90 (1H, doublet-triplet), 6.00
      (2H, singlet), 5.76 (1H, doublet), 5.50 - 5.20 (2H, multiplet), 4.60 (2H,
      multiplet), 4.10 - 3.20 (7H, multiplet), 0.87 (3H, doublet);
PAR  TLC [methylene chloride-methanol (19:1)] Rf. = 0.27.
PA1  c.
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-15-methyl-prosta
     -trans-2,trans-13-dienoic acid
PAR  1.46 g. (2.6 mmole) of the ethyl ester prepared as described in Example 12
      gave 1.07 g. (77.1%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3400, 2920, 2820, 1698, 1642, 1130,
      1020 and 975 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.92 (1H, doublet-triplet), 6.13
      (2H, singlet), 5.77 (1H, doublet), 5.60 - 5.20 (2H, multiplet, 4.60
      (2H,multiplet),4.10-3.30 (6H, multiplet);
PAR  TLC [methylene chloride-methanol (19:1)] Rf. = 0.29.
PA1  d.
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-15,16-dimethyl-p
     rosta-trans-2,trans-13-dienoic acid
PAR  1.50 g. (2.6 mmole) of the ethyl ester prepared as described in Example 13
      gave 1.08 g. (75.7%) of the title compound:
PAR  IR absorption spectrum (liquid film): 3400, 2920, 2840, 1700, 1640, 1130,
      1020 and 980 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.92 (1H, doublet-triplet), 6.00
      (2H, singlet), 5.76 (1H, doublet), 5.70 - 5.30 (2H, multiplet), 4.63 (2H,
      multiplet), 4.10 - 3.30 (6H, multiplet);
PAR  TLC [methylene chloride-methanol (19:1)] Rf. = 0.30
PAC  EXAMPLE 16
PAC  Synthesis of 16-phenyl-.omega.-trinor-trans-.DELTA..sup.2
      -PGF.sub.1.sub..alpha.
PAR  1.06 g. (1.9 mmole) of the carboxylic acid prepared as described in Example
      14 was dissolved in 125 ml. of a mixture of N hydrochloric
      acid-tetrahydrofuran (1:1), and the solution stirred at room temperature
      for 1 hour. The reaction mixture was poured into 300 ml. of ice-water,
      extracted with ethyl acetate, and the organic layer was washed with water,
      dried and concentrated under reduced pressure. The residue was purified by
      silica gel column chromatography using ethyl acetate-cyclohexane (5:1) as
      eluent to yield 575 mg. (78%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3330, 1698, 1640, 980 and 680
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 7.25 (5H, multiplet), 6.96 (1H,
      doublet-triplet), 5.81 (1H, doublet), 5.50 (2H, multiplet), 5.00 (4H,
      singlet), 4.20 - 3.80 (3H, multiplet), 2.75 (1H, multiplet), 1.21 (3H,
      doublet);
PAR  TLC [chloroform-tetrahydrofuran-acetic acid (10:2:1)] Rf. = 0.20.
PAC  EXAMPLE 17
PAR  Using the procedure described in Example 16, the following compounds were
      0btained:
PA1  a. 16-cyclohexyl-.omega.-trinor-trans-.DELTA..sup.2 -PGF.sub.1.sub..alpha.
PAR  1.11 g. (1.9 mmole) of the carboxylic acid prepared as described in Example
      15(a) gave 575 mg. (76.8%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3330, 1700, 1642, 960 and 902
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.95 (1H, doublet-triplet), 5.80
      (1H, doublet), 5.41 (2H, multiplet), 4.85 (4H, singlet), 4.20 - 3.86 (3H,
      multiplet), 0.77 (3H, doublet); TLC [chloroform-tetrahydrofuran-acetic
      acid (10:2:1)] Rf. = 0.20.
PA1  b. 16-cyclopentyl-.omega.-trinor-trans-.DELTA..sup.2 -PGF.sub.1.sub..alpha.
PAR  1.04 g. (1.9 mmole) of the carboxylic acid prepared as described in Example
      15(b) gave 560 mg. (77.5%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3330, 1700, 1642 and 970
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.92 (1H, doublet-triplet), 5.80
      (1H, doublet), 5.40 (2H, multiplet), 4.80 (4H, singlet), 4.20 - 3.85 (3H,
      multiplet), 0.87 (3H, doublet);
PAR  TLC [chloroform-tetrahydrofuran-acetic acid (10:2:1)] Rf. 0.12.
PA1  c. 15-methyl-trans-.DELTA..sup.2 -PGF.sub.1.sub..alpha.
PAR  1.04 g. (1.95 mmole) of the carboxylic acid prepared as described in
      Example 15(c) gave 550 mg. (77.3%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3330, 1697, 1642 and 960
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.95 (1H, doublet-triplet), 5.80
      (1H, doublet), 5.60 - 5.20 (2H, multiplet), 4.80 (4H, singlet), 4.06 (2H,
      multiplet);
PAR  TLC [chloroform-tetrahydrofuran-acetic acid (10:2:1)] Rf. = 0.21.
PA1  d. 15,16-dimethyl-trans-.DELTA..sup.2 -PGF.sub.1.sub..alpha.
PAR  1.04 g. (1.9 mmole) of the carboxylic acid prepared as described in Example
      15(d) gave 570 mg. (78.9%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3340, 1698, 1643 and 980
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.95 (1H, doublet-triplet), 5.80
      (1H, doublet), 5.62 - 5.30 (2H, multiplet), 4.72 (4H, singlet), 4.05 (2H,
      multiplet);
PAR  TLC [chloroform-tetrahydrofuran-acetic acid (10:2:1)] Rf. = 0.22.
PAC  EXAMPLE 18
PAC  Synthesis of 16-phenyl-.omega.-trinor-trans-.DELTA..sup.2 -PGE.sub.1
PAR  834 mg. (1.5 mmole) of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-phenyl
     -.omega.-trinor-prosta-trans-2,trans-13-dienoic acid (prepared as described
      in Example 14) were dissolved in diethyl ether, the solution was cooled in
      an ice-bath, and a solution of 5 g. of manganese sulphate, 1.03 g. of
      chromium trioxide, 1.15 g. of sulphuric acid and 23.9 ml. of water, was
      added; the reaction mixture was stirred at 0.degree. - 5.degree.C., for 2
      hours. The reaction mixture was extracted with diethyl ether and the
      ethereal layer separated. The aqueous layer was saturated with sodium
      sulphate and extracted again with diethyl ether.
PAR  The combined extracts were washed with water, dried and concentrated under
      reduced pressure. The residue was purified by silica gel column
      chromatography using ethanol-benzene (6:94) as eluent to obtain 732 mg.
      (88%) of
      9-oxo-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-phenyl-.omega.
      -trinor-prosta-trans-2,trans-13-dienoic acid.
PAR  720 mg. (1.3 mmole) of the compound thus obtained were dissolved in a mixed
      solvent containing 11.8 ml. of acetic acid, 7.1 ml. of water and 1.42 ml.
      of tetrahydrofuran and stirred at 40.degree.C. for 2 hours. The solution
      was added to 60 ml. of ice-water, the mixture extracted with ethyl
      acetate, and the combined extracts were washed with water, dried and
      concentrated under reduced pressure.
PAR  The residue was purified by silica gel column chromatography using
      cyclohexane-ethyl acetate (1:1) as eluent to yield 304 mg. (60%) of the
      title compound.
PAR  IR absorption spectrum (liquid film): 3400, 1737, 1700, 1655, 980 and 690
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 7.20 (5H, multiplet), 6.92 (1H,
      doublet-triplet), 5.78 (1H, doublet), 5.60 (2H, multiplet), 4.80 (3H,
      singlet), 4.15 - 3.85 (2H, multiplet), 1.16 (3H, doublet);
PAR  TLC [chloroform-tetrahydrofuran-acetic acid (10:2:1)] Rf. = 0.27.
PAC  EXAMPLE 19
PAR  Using the procedure described in Example 18, the following compounds were
      obtained:
PA1  a. 16-cyclohexyl-.omega.-trinor-trans-.DELTA..sup.2 -PGE.sub.1
PAR  843 mg. (1.5 mmole) of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-cycloh
     exyl-.omega.-trinor-prosta-trans-2,trans-13-dienoic acid prepared as
      described in Example 15(a) gave 310 mg. (52.6%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3400, 1739, 1702, 1650, 980 and 902
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.90 (1H, doublet-triplet), 5.79
      (1H, doublet), 5.61 (2H, multiplet), 5.12 (3H, singlet), 4.09 (2H,
      multiplet), 2.76 (1H, doublet-doublet), 0.78 (3H, doublet);
PAR  TLC [chloroform-tetrahydrofuran-acetic acid (10:2:1)] Rf. = 0.31.
PA1  b. 16-cyclopentyl-.omega.-trinor-trans-.DELTA..sup.2 -PGE.sub.1
PAR  822 mg. (1.5 mmole) of
      9.alpha.-hydroxy-11.alpha.,15.alpha.-bis(2-tetrahydropyranyloxy)-16-cyclop
     entyl-.omega.-trinor-prosta-trans-2,trans-13-dienoic  acid prepared as
      described in Example 15(b) gave 296 mg. (52.2%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3400, 1739, 1702, 1650 and 978
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.90 (1H, doublet-triplet), 5.76
      (1H, doublet), 5.61 (2H, multiplet), 5.00 (3H, singlet), 4.08 (2H,
      multiplet), 2.76 (1H, doublet-doublet), 0.88 (3H, doublet);
PAR  TLC [chloroform-tetrahydrofuran-acetic acid (10:2:1)] Rf. = 0.19.
PA1  c. 15-methyl-trans-.DELTA..sup.2 -PGE.sub.1
PAR  798 mg. (1.5 mmole) of
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-15-methyl-prosta
     -trans-2,trans-13-dienoic acid prepared as described in Example 15(c) gave
      297 mg. (53.0%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3400, 1738, 1702, 1655 and 979
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.92 (1H, doublet-triplet), 5.86 -
      5.30 (3H, multiplet), 4.90 (3H, singlet), 4.09 (1H, multiplet), 2.74 (1H,
      doublet-doublet);
PAR  TLC [chloroform-tetrahydrofuran-acetic acid (10:2:1)] Rf. = 0.28.
PA1  d. 15,16-dimethyl-trans-.DELTA..sup.2 -PGE.sub.1
PAR  822 mg. (1.5 mmole) of
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-15,16-dimethyl-p
     rosta-trans-2,trans-13-dienoic acid prepared as described in Example 15(d)
      gave 296 mg. (52.1%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3400, 1738, 1700, 1655 and 980
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.92 (1H, doublet-triplet), 5.86 -
      5.33 (3H, multiplet), 4.86 (3H, singlet), 4.08 (1H, multiplet), 2.73 (1H,
      doublet-doublet);
PAR  TLC [chloroform-tetrahydrofuran-acetic acid (10:2:1)] Rf. = 0.29.
PAC  EXAMPLE 20
PAC  Synthesis of 16-phenyl-.omega.-trinor-trans-.DELTA..sup.2 -PGA.sub.1
PAR  193 mg. (0.5 mmole) of 16-phenyl-.omega.-trinor-trans-.DELTA..sup.2
      -PGE.sub.1 (prepared as described in Example 18) were dissolved in 15 ml.
      of 90% acetic acid and stirred at 57.degree. - 60.degree.C., for 17 hours.
      The reaction mixture was concentrated under reduced pressure, the residue
      dissolved in diethyl ether, washed with water, dried and concentrated
      under reduced pressure.
PAR  The residue was purified by silica gel column chromatography using
      cyclohexane-ethyl acetate (4:1) as eluent to yield 116 mg. (63%) of the
      title compound.
PAR  IR absorption spectrum (liquid film): 3360, 3030, 2920, 1700 - 1680, 1590,
      980 and 690 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 7.46 (1H, doublet-doublet), 7.28
      (5H, multiplet), 7.04 (1H, doublet-triplet), 6.42 (2H, singlet), 6.17 (1H,
      doublet-doublet), 5.82 (1H, doublet), 5.63 (2H, multiplet), 4.16 (1H,
      multiplet), 3.25 (1H, multiplet), 1.24 (3H, doublet);
PAR  TLC [chloroform-tetrahydrofuran-acetic acid (10:2:1)] Rf. = 0.72.
PAC  EXAMPLE 21
PAR  Using the procedure described in Example 20, the following compounds were
      obtained:
PA1  a. 16-cyclohexyl-.omega.-trinor-trans-.DELTA..sup.2 -PGA.sub.1
PAR  196 mg. (0.5 mmole) of 16-cyclohexyl-.omega.-trinor-trans-.DELTA..sup.2
      -PGE.sub.1 prepared as described in Example 19(a) gave 119 mg. (63.7%) of
      the title compound.
PAR  IR absorption spectrum (liquid film): 3370, 2900, 2840, 1700 - 1680, 1590,
      975 and 902 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 7.52 (1H, doublet-doublet), 7.04
      (1H, doublet-triplet), 6.50 (2H, singlet), 6.20 (1H, doublet-doublet),
      5.82 (1H, doublet), 5.62 (2H, multiplet), 4.10 (1H, multiplet), 3.28 (1H,
      multiplet), 0.77 (3H, doublet);
PAR  TLC [chloroform-tetrahydrofuran-acetic acid (10:2:1)] Rf. = 0.80.
PA1  b. 16-cyclopentyl-.omega.-trinor-trans-.DELTA..sup.2 -PGA.sub.1
PAR  189 mg. (0.5 mmole) of 16-cyclopentyl-.omega.-trinor-trans-.DELTA..sup.2
      -PGE.sub.1 prepared as described in Example 19(b) gave 113 mg. (62.8%) of
      the title compound.
PAR  IR absorption spectrum (liquid film): 3370, 2920, 2850, 1700 - 1680, 1590
      and 978 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 7.51 (1H, doublet-doublet), 7.04
      (1H, doublet-triplet), 6.55 (2H, singlet), 6.20 (1H, doublet-doublet),
      5.83 (1H, doublet), 5.61 (2H, multiplet), 4.11 (1H, multiplet), 3.27 (1H,
      multiplet), 0.87 (3H, doublet).
PAR  TLC [chloroform-tetrahydrofuran-acetic acid (10:2:1)] Rf. = 0.64.
PA1  c. 15-methyl-trans-.DELTA..sup.2 -PGA.sub.1
PAR  180 mg. (0.5 mmole) of 15-methyl-trans-.DELTA..sup.2 -PGE.sub.1 prepared as
      described in Example 19(c) gave 109 mg. (63.7%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3370, 2920, 2840, 1700 - 1680, 1590
      and 978 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 7.50 (1H, doublet-doublet), 7.03
      (1H, doublet-triplet), 6.90 (2H, singlet), 6.16 (1H, doublet-doublet),
      5.90 - 5.40 (3H, multiplet), 3.22 (1H, multiplet);
PAR  TLC [chloroform-tetrahydrofuran-acetic acid (10:2:1)] Rf. = 0.73.
PA1  d. 15,16-dimethyl-trans-.DELTA..sup.2 -PGA.sub.1
PAR  189 mg. (0.5 mmole) of 15,16-dimethyl-trans-.DELTA..sup.2 -PGE.sub.1
      prepared as described in Example 19(d) gave 110 mg. (61.2%) of the title
      compound.
PAR  IR absorption spectrum (liquid film): 3370, 2930, 2845, 1700 - 1680, 1590
      and 980 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 7.50 (1H, doublet-doublet), 7.03
      (1H, doublet-triplet), 6.95 (2H, singlet), 6.16 (1H, doublet-doublet),
      5.90 - 5.40 (3H, multiplet), 3.25 (1H, multiplet);
PAR  TLC [chloroform-tetrahydrofuran-acetic acid (10:2:1)] Rf. = 0.74.
PAC  REFERENCE EXAMPLE 18
PAC  Synthesis of dimethyl 2-oxo-4-ethylheptyl-phosphonate
PAR  120 g. of methyldimethyl phosphonate were dissolved in 800 ml. of anhydrous
      tetrahydrofuran and the solution cooled to -78.degree.C. A solution of
      butyl lithium in diethyl ether, obtained from 200 g. of butyl bromide, 22
      g. of lithium and 800 ml. of diethyl ether, was added at -45 to
      -50.degree.C., and then a solution of 76 g. of sec-butyl-3-ethylhexanoate
      in 120 ml. of tetrahydrofuran was added at -60.degree.C., and the reaction
      mixture stirred at this temperature for 2 hours and at room temperature
      for a further 3 hours. The reaction mixture was neutralised with acetic
      acid and concentrated under reduced pressure. The residue was dissolved in
      water, extracted with diethyl ether, and the ethereal layer was washed,
      dried and concentrated. The product thus obtained was distilled under
      reduced pressure to yield 68.4 g. of the title compound as a colourless
      oil, b.p. 115.degree. to 124.5.degree.C./0.4 to 0.5 mm.Hg.
PAR  IR absorption spectrum (liquid film): 2950, 2860, 1715, 1460, 1260, 1190,
      1040 and 820 cm.sup.-.sup.1.
PAC  REFERENCE EXAMPLE 19
PAC  Synthesis of
      2-oxa-3-oxa-6-syn-(3-oxo-5-ethyl-oct-trans-1-enyl)-7-anti-acetoxy-cis-bicy
     clo[3,3,0]-octane
PAR  3.7 g. of sodium hydride (content 63.9%) were suspended in 700 ml. of
      anhydrous tetrahydrofuran and to this mixture a solution of 25 g. of
      dimethyl 2-oxo-4-ethylheptyl-phosphonate (prepared as described in
      Reference Example 18) in 100 ml. of tetrahydrofuran was added. During the
      addition hydrogen was vigorously evolved and the mixture became a clear
      yellow solution. A solution of 21 g. of
      2-oxa-3-oxo-6-syn-formyl-7-anti-acetoxy-cis-bicyclo[3,3,0]octane (prepared
      as described in J. Amer. Chem. Soc. 92, 397 (1970) in 50 ml. of
      tetrahydrofuran was added and the reaction mixture stirred at room
      temperature for one hour; 7 g. of acetic acid were added to stop the
      reaction. The resulting precipitate was filtered off and the filtrate was
      concentrated under reduced pressure. The residue was purified by column
      chromatography on silica gel using ethyl acetate - benzene (1:7) as eluent
      to obtain 21.5 g. (64%) of the title compound as a light yellow oil.
PAR  IR absorption spectrum (liquid film): 2950, 2850, 1775, 1740, 1690, 1660,
      1625, 1455, 1370, 1240, 1170, 1070 and 980 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.78 (1H, quartet), 6.23 (1H,
      doublet), 5.25 - 4.86 (2H, multiplet), 2.04 (3H, singlet) and 0.9 (6H,
      triplet);
PAR  TLC [benzene - methanol - diethyl ether (5:1:1)] Rf.=0.71.
PAC  REFERENCE EXAMPLE 20
PAC  Synthesis of
      2-oxa-3-oxo-6-syn-(3-hydroxy-5-ethyl-oct-trans-1-enyl)-7-anti-acetoxy-cis-
     bicyclo[3,3,0]-octane
PAR  38.5 g. of
      2-oxa-3-oxo-6-syn-(3-oxo-5-ethyl-oct-trans-1-enyl)-7-anti-acetoxy-cis-bicy
     clo[3,3,0]-octane (prepared as described in Reference Example 19) were
      dissolved in 370 ml. of methanol, and to this solution were added 13 g. of
      sodium borohydride after cooling to -30.degree. to -40.degree.C. The
      reaction mixture was stirred for 15 minutes, neutralised with acetic acid
      and concentrated under reduced pressure. The residue was dissolved in
      ethyl acetate, washed with a saturated solution of sodium bicarbonate and
      brine, dried and concentrated under reduced pressure to obtain 38.6 g.
      (99.7%) of the title compound as a light yellow oil.
PAR  IR absorption spectrum (liquid film): 3460, 2960 - 2870, 1770, 1740, 1460,
      1420, 1375, 1240, 1180, 1075, 1060 and 975 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 5.55 (2H, multiplet), 5.02 - 4.6
      (3H, multiplet), 4.15 - 3.75 (3H, multiplet), 1.92 (3H, singlet) and 1.0 -
      0.8 (6H, triplet);
PAR  TLC ]methylene chloride - methanol (20:1)]Rf. = 0.39.
PAC  REFERENCE EXAMPLE 21
PAC  Synthesis of
      2-oxa-3-hydroxy-6-syn-(3-2'-tetrahydropyranyloxy-5-ethyl-oct-trans-1-enyl)
     -7-anti-(2-tetrahydropyranyloxy)-cis-bicyclo-[3,3,0]-octane
PAR  11.5 g. of
      2-oxa-3-oxo-6-syn-(3-hydroxy-5-ethyl-oct-trans-1-enyl)-7-anti-acetoxy-cis-
     bicyclo-[3,3,0]-octane (prepared as described in Reference Example 20) were
      stirred with an equimolar amount of potassium carbonate in absolute
      methanol at 25.degree.C., for 30 minutes to obtain 10 g. (99%) of the diol
      as a light yellow oil. TLC [methylene chloride - methanol (20:1)] Rf. =
      0.24.
PAR  The diol obtained (9.6 g.) was dissolved in 100 ml. of methylene chloride,
      100 mg. of p-toluene sulphonic acid and 11 ml. of dihydropyran were added
      and the solution stirred at room temperature for 15 minutes to obtain 15.6
      g. (100%) of the bis-tetrahydropyranyl ether as a light yellow oil.
PAR  TLC [methylene chloride - methanol (20:1)] Rf. = 0.79.
PAR  The bis-tetrahydropyranyl ether (15.2 g.) was dissolved in 400 ml. of
      toluene, cooled to -60.degree.C., and two equivalents of
      diisobutylaluminium hydride in toluene were added with stirring and the
      stirring continued for 30 minutes to obtain 15.3 g. (100%) of the title
      compound as a light yellow oil.
PAR  IR absorption spectrum (liquid film): 3430, 2950, 2870, 1670, 1450, 1380,
      1360, 1260, 1200, 1190, 1130, 1080, 1020, 980, 920, 875 and 820
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 5.7 - 5.15 (2H, multiplet), 4.85 -
      4.25 (3H, multiplet), 4.2 - 3.15 (8H, multiplet) and 1.0 - 0.8 (6H,
      triplet);
PAR  TLC [methylene chloride - methanol (20:1) Rf. = 0.39.
PAC  REFERENCE EXAMPLE 22
PAC  Synthesis of
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-17-ethyl-.alpha.
     -dinor-prost-trans-13-enoic acid.
PAR  Proceeding as described in Reference Example 8 using 53 g. (0.127 mole) of
      2-carboxyethyltriphenylphosphonium bromide and 20.4 g. of
      2-oxa-3-hydroxy-6-syn-(3-2'-tetrahydropyranyloxy-5-ethyl-oct-trans-1-enyl)
     -7-anti-(2-tetrahydropyranyloxy)-cis-bicyclo[3,3,0]-octane (prepared as
      described in Reference Example 21), there were obtained 13.0 g. (57%) of
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-17-ethyl-.alpha.
     -dinor-prosta-cis-5, trans-13-dienoic acid as a light yellow oil.
PAR  IR absorption spectrum (liquid film): 3430, 2940, 1710, 1450, 1380, 1245,
      1135, 1025, 980 and 870 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 7.00 (2H, singlet), 5.67 - 5.20
      (4H, multiplet) and 4.65 (2H, multiplet).
PAR  Proceeding as described in Reference Example 8 the resulting compound was
      hydrogenated using as catalyst 5% palladium on charcoal to obtain 9.75 g.
      (75%) of the title compound.
PAC  REFERENCE EXAMPLE 23
PAC  Synthesis of methyl
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-17-ethyl-.alpha.
     -dinor-prost-trans-13-enoate
PAR  Proceeding as described in Reference Example 9 using 9.45 g. of
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-17-ethyl-.alpha.
     -dinor-prost-trans-13-enoic acid (prepared as described in Reference
      Example 22), 8.2 g. of the title compound were obtained as a colourless
      oil.
PAR  IR absorption spectrum (liquid film): 3450, 2930, 1740, 1445, 1025 and 680
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 5.65 - 5.26 (2H, multiplet), 4.70
      (2H, multiplet), 3.62 (3H, singlet and 4.24 - 3.2 (7H, multiplet);
PAR  TLC [methylene chloride - methanol (19:1)] Rf. = 0.64.
PAC  REFERENCE EXAMPLE 24
PAC  Synthesis of
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-17-ethyl-.alpha.
     -dinor-prost-trans-13-enaldehyde
PAR  Proceeding as described in Reference Example 10 using 7.76 g. of methyl
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-17-ethyl-.alpha.
     -dinor-prost-trans-13-enoate (prepared as described in Reference Example
      23), 6.12 g. (97%) of the title compound were obtained.
PAR  TLC [cyclohexane - ethyl acetate (1:1)]Rf. = 0.54.
PAC  EXAMPLE 22
PAC  Synthesis of ethyl
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-17-ethyl-prosta-
     trans-2,trans-13-dienoate
PAR  To a mixture of 4.71 g. (content 63.9%; 37.5 mmole) of sodium hydride and
      150 ml. of tetrahydrofuran, 8.43 g. (37.5 mmole) of
      triethylphosphonoacetate was added dropwise keeping the temperature below
      30.degree.C., and the reaction mixture was stirred at 25.degree.C., for
      about 30 minutes until the evolution of hydrogen ceased.
PAR  A solution of 5.46 g. (10.74 mmole) of the aldehyde, prepared as described
      in Reference Example 24, in 180 ml. of tetrahydrofuran was added to the
      reaction mixture and stirred at 25.degree.C., for 45 minutes. The solution
      was adjusted to pH 7 with acetic acid, diluted with water and extracted
      with diethyl ether. The ethereal layer was washed with water, dried and
      concentrated. The residue was purified by column chromatography on silica
      gel using ethyl acetate - cyclohexane (1:3) as eluent to yield 4.52 g.
      (73%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3450, 2950, 1720, 1650, 1025
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.87 (1H, doublet-triplet), 5.68
      (1H, doublet), 5.71 - 5.27 (2H, multiplet, 4.63 (2H, multiplet, 4.09 (2H,
      quartet) and 4.10 - 3.30 (7H, multiplet);
PAR  TLC [cyclohexane - ethyl acetate (1:1)] Rf. = 0.68.
PAC  EXAMPLE 23
PAC  Synthesis of
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-17-ethyl-prosta-
     trans-2,trans-13-dienoic acid
PAR  4.50 g. of the ethyl ester prepared as described in Example 22 were
      dissolved in 45 ml. of tetrahydrofuran; an aqueous solution of 4.27 g. of
      potassium hydroxide was added and the mixture stirred at 25.degree.C., for
      2 hours.
PAR  The reaction mixture was diluted with 150 ml. of water, acidified to pH 5
      with oxalic acid, 150 ml. of water added and the solution extracted four
      times with 250 ml. of ethyl acetate. The organic layer was washed with
      water, dried and concentrated under reduced pressure. The residue was
      purified by column chromatography on silica gel using benzene - ethyl
      acetate (3:1) as eluent to yield 3.13 g. (73%) of the title compound.
PAR  IR absorption spectrum (liquid film): 3400, 2940, 2840, 1700, 1640, 1120,
      1020 and 980 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 6.90 (1H, doublet-triplet), 6.25
      (2H, singlet), 5.75 (1H, doublet), 5.54 - 5.20 (2H, multiplet), 4.62 (2H,
      multiplet), 4.12 - 3.20 (7H, multiplet);
PAR  TLC [methylene chloride - methanol (19:1)] Rf. = 0.26.
PAC  EXAMPLE 24
PAC  Synthesis of 17-ethyl-trans-.DELTA..sup.2 -PGF.sub.1.sub..alpha.  and
      17-ethyl-trans-.DELTA..sup.2 -15-epi-PGF.sub.1.sub..alpha.
PAR  1.06 g. of the bis-tetrahydropyranyl ether prepared as described in Example
      23 were dissolved in 120 ml. of a mixture of N hydrochloric acid and
      tetrahydrofuran (1:1) and the solution stirred at room temperature for one
      hour. The reaction mixture was poured into 300 ml. of ice-water, extracted
      with ethyl acetate, and the organic layer was washed with water, dried and
      concentrated under reduced pressure. The residue was separated by column
      chromatography on silica gel using ethyl acetate - cyclohexane (5:1) as
      eluent to yield 245 mg. of 17-ethyl-trans-.DELTA..sup.2
      -PGF.sub.1.sub..alpha.  and 232 mg. of 17-ethyl-trans-.DELTA..sup.2
      -15-epi-PGF.sub.1.sub..alpha.  (total yield 66%).
PAR  IR absorption spectrum (liquid film) each of them: 3350, 1700, 1640 and 965
      cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3) and each of them: .delta. = 6.90 (1H,
      doublet-triplet), 5.78 (1H, doublet), 5.62 - 5.22 (2H multiplet), 4.90
      (4H, singlet) and 4.05 (3H, multiplet);
PAR  TLC [chloroform- tetrahydrofuran - acetic acid (10:2:1)]
      17-ethyl-trans-.DELTA..sup.2 -PGF.sub.1.sub..alpha. : Rf. = 0.21;
      17-ethyl-trans-.DELTA..sup.2 -15-epi-PGF.sub.1.sub..alpha. : Rf. = 0.24.
PAC  EXAMPLE 25
PAC  Synthesis of 17-ethyl-trans-.DELTA..sup.2 -PGE.sub.1 and
      17-ethyl-trans-.DELTA..sup.2 -15-epi-PGE.sub.1
PAR  Proceeding as described in Example 6 using 2.11 g. of
      9.alpha.-hydroxy-11.alpha.,15-bis(2-tetrahydropyranyloxy)-17-ethyl-prosta-
     trans-2,trans-13-dienoic acid (prepared as described in Example 23) and
      with separation of the product by column chromatography on silica gel as
      described in Example 24, 350 mg. of 17-ethyl-trans-.DELTA..sup.2
      -PGE.sub.1 and 337 mg. of 17-ethyl-trans-.DELTA..sup.2 -15-epi-PGE.sub.1
      (total yield: 47%) were obtained.
PAR  IR absorption spectrum (liquid film) each of them: 3400, 2700 - 2300, 1705,
      1645, 1450, 1380, 1240, 1080 and 980 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3) each of them: .delta. = 6.96 (1H,
      doublet-triplet), 5.84 (1H, doublet), 5.68 - 5.30 (5H, multiplet), 4.23 -
      3.81 (2H, multiplet) and 2.75 (1H, doublet-doublet);
PAR  TLC [chloroform - tetrahydrofuran - acetic acid (10:2:1)]
      17-ethyl-trans-.DELTA..sup.2 -PGE.sub.1 : Rf. = 0.27
      17-ethyl-trans-.DELTA..sup.2 -15-epi-PGE.sub.1 : Rf. = 0.29.
PAC  EXAMPLE 26
PAC  Synthesis of 17-ethyl-trans-.DELTA..sup.2 -PGA.sub.1
PAR  Proceeding as described in Example 7 using 350 mg. of
      17-ethyl-trans-.DELTA..sup.2 -PGE.sub.1, (prepared as described in Example
      25), 210 mg. of 17ethyl-trans-.DELTA..sup.2 -PGA.sub.1 were obtained.
PAR  IR absorption spectrum (liquid film): 3400, 2950 - 2300, 1710, 1660, 1595,
      1460 and 980 cm.sup.-.sup.1 ;
PAR  NMR spectrum (in CDCl.sub.3): .delta. = 7.48 (1H, doublet-doublet), 7.00
      (1H, doublet-triplet), 6.18 (1H, doublet-doublet), 5.87 - 5.43 (5H,
      multiplet) and 3.98 (1H, multiplet);
PAR  TLC [chloroform -tetrahydrofuran - acetic acid (10:2:1)] Rf. = 0.68.
PAR  In the foregoing Examples and compounds mentioned in the accompanying
      claims where the configuration of a radical or group is unspecified, it is
      to be understood that in the case of tetrahydropyranyloxy groups the
      configuration is .alpha. or .beta. or a mixture of .alpha.- and .beta.-
      configurations, or in the case of alkyl radicals or phenyl or cycloalkyl
      radicals the configuration is R or S or a mixture of R- and S-
      configurations.
PAR  The present invention includes within its scope pharmaceutical compositions
      which comprise at least one new therapeutically useful prostaglandin
      compound according to the present invention, together with a
      pharmaceutical carrier or coating. In clinical practice the new compounds
      of the present invention will normally be administered orally, rectally or
      parenterally.
PAR  Solid compositions for oral administration include compressed tablets,
      pills, dispersible powders, and granules. In such solid compositions one
      or more of the active compounds is, or are, admixed with at least one
      inert diluent such as calcium carbonate, potato starch, alginic acid, or
      lactose. The compositions may also comprise, as is normal practice,
      additional substances other than inert diluents, e.g. lubricating agents,
      such as magnesium stearate. Liquid compositions for oral administration
      include pharmaceutically-acceptable emulsions, solutions, suspensions,
      syrups and elixirs containing inert diluents commonly used in the art,
      such as water and liquid paraffin. Besides inert diluents such
      compositions may also comprise adjuvants, such as wetting and suspending
      agents, and sweetening, flavouring, perfuming and preserving agents. The
      compositions according to the invention, for oral administration, also
      include capsules of absorbable material such as gelatin containing one or
      more of the active substances with or without the addition of diluents or
      excipients.
PAR  Solid compositions for vaginal administration include pessaries formulated
      in manner known per se and containing one or more of the active compounds.
PAR  Solid compositions for rectal administration include suppositories
      formulated in manner known per se and containing one or more of the active
      compounds.
PAR  Preparations according to the invention for parenteral administration
      include sterile aqueous or non-aqueous solutions, suspensions, or
      emulsions. Examples of non-aqueous solvents or suspending media are
      propylene glycol, polyethylene glycol, vegetable oils such as olive oil,
      and injectable organic esters such as ethyl oleate. These compositions may
      also include adjuvants such as preserving, wetting, emulsifying and
      dispersing agents. They may be sterilised, for example, by filtration
      through a bacteria-retaining filter, by incorporation of sterilising
      agents in the compositions or by irradiation. They may also be
      manufactured in the form of sterile solid compositions, which can be
      dissolved in sterile water or some other sterile injectable medium
      immediately before use.
PAR  The percentage of active ingredient in the compositions of the invention
      may be varied, it being necessary that it should constitute a proportion
      such that a suitable dosage for the therapeutic effect desired shall be
      obtained. Obviously several unit dosage forms may be administered at about
      the same time. In general, the preparations should normally contain at
      least 0.025% by weight of active substance when required for
      administration by injection; for oral administration the preparations will
      normally contain at least 0.1% by weight of active substance. The dose
      employed depends upon the desired therapeutic effect, the route of
      administration and the duration of the treatment.
PAR  In the adult, the doses are generally between 0.01 and 5 mg/kg. body weight
      by oral administration in the treatment of hypertension, between 0.5 and
      100 .mu.g./kg. body weight by oral administration in the treatment of
      gastric ulceration, between 0.1 and 50 .mu.g./kg. body weight by aerosol
      administration in the treatment of astham, between 0.01 and 5 mg./kg. body
      weight by oral administration in the treatment of disorders of the
      peripheral circulation and between 0.01 and 5 mg./kg. body weight by oral
      administration in the prevention and treatment of cerebral thrombosis and
      myocardial infarction.
PAR  Prostaglandin compounds according to the present invention may be
      administered orally as bronchodilators by any method known per se for
      administration by inhalation of drugs which are not themselves gaseous
      under normal conditions of administration. Thus, a solution of the active
      ingredient in a suitable pharmaceutically-acceptable solvent, for example
      water, can be nebulized by a mechanical nebulizer, for example a Wright
      Nebulizer, to give an aerosol of finely-divided liquid particles suitable
      for inhalation. Advantageously, the solution to be nebulized is diluted,
      and aqueous solutions containing from 0.001 to 5 mg., and preferably 0.01
      to 0.5 mg., of active ingredient per ml. of solution are particularly
      suitable. The solution may contain stabilizing agents such as sodium
      bisulphite and buffering agents to give it an isotonic character, e.g.
      sodium chloride, sodium citrate and citric acid.
PAR  The active ingredients may also be administered orally by inhalation in the
      form of aerosols generated from self-propelling pharmaceutical
      compositions. Compositions suitable for this purpose may be obtained by
      dissolving or suspending in finely-divided form, preferably micronized to
      an average particle size of less than 5 microns, the active ingredients in
      pharmaceutically-acceptable solvents, e.g. ethanol, which are co-solvents
      assisting in dissolving the active ingredients in the volatile liquid
      propellants hereinafter described, or pharmaceutically-acceptable
      suspending or dispersing agents, for example aliphatic alcohols such as
      oleyl alcohol, and incorporating the solutions or suspensions obtained
      with pharmaceutically-acceptable volatile liquid propellants, in
      conventional pressurized packs which may be made of any suitable material,
      e.g. metal, plastics or glass, adequate to withstand the pressures
      generated by the volatile propellant in the pack. Pressurized
      pharmaceutically-acceptable gases, such as nitrogen, may also be used as
      propellants. The pressurized pack is preferably fitted with a metered
      valve which disperses a controlled quantity of the self-propelling aerosol
      composition as a single dose.
PAR  Suitable volatile liquid propellants are known in the art and include
      fluorochlorinated alkanes containing from one to four, and preferably one
      or two, carbon atoms, for example dichlorodifluoromethane,
      dichlorotetrafluoroethane, trichloromonofluoromethane,
      dichloromonofluoromethane and monochlorotrifluoromethane. Preferably, the
      vapour pressure of the volatile liquid propellant is between about 25 and
      65 pounds, and more especially between about 30 and 55 pounds, per square
      inch gauge at 21.degree.C. As is well-known in the art, volatile liquid
      propellants of different vapour pressures may be mixed in varying
      proportions to give a propellant having a vapour pressure appropriate to
      the production of a satisfactory aerosol and suitable for the chosen
      container. For example dichlorodifluoromethane (vapour pressure 85 pounds
      per square inch gauge at 21.degree.C.) and dichlorotetrafluoroethane
      (vapour pressure 28 pounds per square inch gauge at 21.degree.C.) may be
      mixed in varying proportions to give propellants having vapour pressures
      intermediate between those of two constituents, e.g. a mixture of
      dichlorodifluoromethane and dichlorotetrafluoroethane in the proportions
      38:62 respectively by weight has a vapour pressure of 53 pounds per square
      inch gauge at 21.degree.C.
PAR  The self-propelling pharmaceutical compositions may be prepared by
      dissolving the required quantity of active ingredient in the co-solvent or
      combining the required quantity of active ingredient with a measured
      quantity of suspending or dispersing agent. A measured quantity of this
      composition is then placed in an open container which is to be used as the
      pressurized pack. The container and its contents are then cooled below the
      boiling temperature of the volatile propellant to be used. The required
      quantity of liquid propellant, cooled below its boiling temperature, is
      then added and the contents of the container mixed. The container is then
      sealed with the required valve fitting, without allowing the temperature
      to rise above the boiling temperature of the propellant. The temperature
      of the sealed container is then allowed to rise to ambient with shaking to
      ensure complete homogeneity of the contents to give a pressurized pack
      suitable for generating aerosols for inhalation. Alternatively, the
      co-solvent solution of the active ingredient or combination of active
      ingredient and suspending or dispersing agent is placed in the open
      container, the container sealed with a valve, and the liquid propellant
      introduced under pressure.
PAR  Means for producing self-propelling compositions for generating aerosols
      for the administration of medicaments are, for example, described in
      detail in U.S. Pat. Nos. 2,868,691 and 3.095,355.
PAR  Preferably, the self-propelling pharmaceutical compositions according to
      the present invention contain from 0.001 to 5 mg., and more particularly
      0.01 to 0.5 mg., of active ingredient per ml. of solution or suspension.
      It is important that the pH of solutions and suspensions used, according
      to the present invention, to generate aerosols should be kept within the
      range 3.degree. to 8.degree. and preferable that they should be stored at
      or below 4.degree.C., to avoid pharmacological deactivation of the active
      ingredient.
PAR  In carrying out the present invention, the means of producing an aerosol
      for inhalation should be selected in accordance with the physico-chemical
      properties of the active ingredient.
PAR  By the term "pharmaceutically-acceptable" as applied in this specification
      to solvents, suspending or dispersing agents, propellants and gases is
      meant solvents, suspending or dispersing agents, propellants and gases
      which are non-toxic when used in aerosols suitable for inhalation therapy.
PAR  It is highly desirable that the aerosols should have a particle size less
      than about 10 microns and preferably less than 5 microns, for example
      between 0.5 and 3 microns, to ensure effective distribution to very narrow
      bronchioles. Preferably, administration is be means of devices enabling
      controlled quantities of the active ingredients to be administered, for
      example by means of the metered valves hereinbefore mentioned.
PAR  The following Examples illustrates pharmaceutical compositions according to
      the invention.
PAC  EXAMPLE 27
PAR  16(R)-methyl-trans-.DELTA..sup.2 PGE.sub.1 (500 .mu.g.) was dissolved in
      ethanol (1 ml.) and the solution obtained was added to an aqueous solution
      (12 ml.) containing sodium carbonate (50 mg.). Aqueous sodium chloride
      solution (0.9 w/v, 2 ml.) was then added to give a final volume of 15 ml.
      The solution was then sterilized by passage through a bacteria-retaining
      filter and placed in 1.5 ml. portions in 5 ml. ampoules, to give 50 .mu.g.
      of 16(R)-methyl-trans-.DELTA..sup.2 -PGE.sub.1 (in the form of its sodium
      salt) per ampoule. The contents of the ampoules were freeze-dried and the
      ampoules sealed. The contents of an ampoule in a suitable volume, e.g. 2
      ml., of sterile water of physiological saline gave a solution ready for
      administration by injection.
PAC  EXAMPLE 28
PAR  16(R)-methyl-trans-.DELTA..sup.2 -PGE.sub.1 (20 mg.) was dissolved in
      ethanol (10 ml.), mixed with mannitol (18.5 g.), sieved through a 30-mesh
      sieve, dried at 30.degree.C. for 90 minutes and again sieved through a
      30-mesh sieve. Aerosil (microfine silica; 200 mg.) was added and the
      powder obtained was machine-filled into one hundred No. 2 hard gelatin
      capsules to give capsules each containing 200 .mu.g. of
      16(R)-methyl-trans-.DELTA..sup.2 -PGE.sub.1, which after swallowing of the
      capsule is released into the stomach.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC24##
      in which X is --CH.sub.2 CH.sub.2 -- or trans --CH=CH--, R.sub.1 is a
      branched-chain alkyl radical of 1 to 10 carbon atoms or a straight- or
      branched-chain alkyl radical of 1 to 6 carbon atoms substituted by phenyl
      or cycloalkyl of 5 to 7 carbon atoms and R.sub.2 is hydrogen or a
      straight- or branched-chain alkyl radical of 1 to 4 carbon atoms, and in
      which   indicates attachment of the hydroxyl radical to the carbon atom in
      alpha or beta configuration, and the corresponding cyclodextrin
      clathrates, alkyl esters and non-toxic salts thereof.
NUM  2.
PAR  2. A compound according to claim 1 which is trans-.DELTA..sup.2
      -dihydro-PGE.sub.1.
NUM  3.
PAR  3. A compound according to claim 1 which is
      16(R)-methyl-trans-.DELTA..sup.2 -PGE.sub.1.
NUM  4.
PAR  4. A compound according to claim 1 which is 17-methyl-trans-.DELTA..sup.2
      -PGE.sub.1.
NUM  5.
PAR  5. A compound according to claim 1 which is
      16-phenyl-.omega.-trinor-trans-.DELTA..sup.2 -PGE.sub.1.
NUM  6.
PAR  6. A compound according to claim 1 which is
      16-cyclohexyl-.omega.-trinor-trans-.DELTA..sup.2 -PGE.sub.1.
NUM  7.
PAR  7. A compound according to claim 1 which is
      16-cyclopentyl-.omega.-trinor-trans-.DELTA..sup.2 -PGE.sub.1.
NUM  8.
PAR  8. A compound according to claim 1 which is
      15,16-dimethyl-trans-.DELTA..sup.2 -PGE.sub.1.
NUM  9.
PAR  9. A compound according to claim 1 which is 17-ethyl-trans-.DELTA..sup.2
      -PGE.sub.1.
NUM  10.
PAR  10. A compound according to claim 1 which is 17-ethyl-trans-.DELTA..sup.2
      -15-epi-PGE.sub.1.
NUM  11.
PAR  11. A compound which is 15-methyl-trans-.DELTA..sup.2 -PGE.sub.1.
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ABST
PAL  10.alpha.-Hydroxy-11-desoxy-prostaglandin analogs of the PGE.sub.1 and
      PGE.sub.2 and PGF.sub.1.sub..alpha.  and PGF.sub.2.sub..alpha.  series,
      the 11-dehydro derivatives thereof as well as the 9,10-ketals in the PGF
      series, and methods of preparing same,
      9-keto-10.alpha.,15.alpha.-dihydroxyprosta-13-trans-enoic or
      5-cis,13-trans-dienoic acid,
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-11,13-trans-dienoic or
      5-cis, 11,13-trans-trienoic acid and
      9.alpha.,10.alpha.-isopropyli-denedioxy-15.alpha.-hydroxyprosta-13-trans-e
     noic or 5-cis,13-trans-dienoic acid are representative of the class. Also
      included are the corresponding pharmaceutically acceptable, non-toxic
      esters, ethers and salts. These compounds possess prostaglandin-like
      activity and thus are useful in the treatment of mammals, where
      prostaglandins are indicated.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 204,772
      filed Dec. 3, 1971 now abandoned.
BSUM
PAR  The present invention relates to certain novel prostaglandin derivatives,
      to a process for the production thereof and to certain novel intermediates
      obtained by this process.
PAR  In a further aspect, the present invention relates to the novel
      10.alpha.-hydroxy-11-desoxy prostaglandin derivatives of the PGE.sub.1,
      PGE.sub.2, PGF.sub.1.sub..alpha. and PGF.sub.2.sub..alpha. series, the
      corresponding 9,10-ketals in the PGF series, as well as the 11-dehydro
      derivatives thereof, and the corresponding pharmaceutically acceptable,
      non-toxic esters, ethers and salts.
PAR  Prostaglandins are members of a new hormonal system with a remarkable range
      of biological and pharmaceutical properties. These compounds belong to a
      group of chemically related 20-carbon chain hydroxy fatty acids containing
      a five membered ring in the structure and different degrees of
      unsaturation, a number of which have been reported in the literature. For
      a review on prostaglandins and the definition of primary prostaglandins,
      see for example S. Bergstroms, Recent Progress in Hormone Research, 22,
      pp. 153-175 (1966) and Science, 157, page 382 (1967) by the same author.
PAR  Prostaglandins are widely distributed in mammalian tissues and have been
      isolated from natural sources in very small amounts. In addition, a number
      of the natural occurring prostaglandins have been prepared by chemical
      synthesis; note for example, J. Am. Chem. Soc., 91, page 5675 (1969); J.
      Am. Chem. Soc., 92, page 2586 (1970) and J. Am Chem. Soc., 93, pages
      1489-1493 (1971) and references cited therein, W. P. Schneider et al., J.
      Am. Chem. Soc., 90, page 5895 (1968); U. Axen et al., Chem. Commun., page
      303 (1969) and W. P. Schneider, Chem. Commun., page 304 (1969).
PAR  Because of the remarkable range of biological and pharmacological
      properties exhibited by this family of compounds, a great deal of interest
      has focused upon such compounds, and the preparation of analogs of such
      compounds; accordingly, we have discovered processes and intermediates for
      preparing modified prostaglandins and derivatives thereof.
PAR  The novel prostaglandin derivatives of the present invention can be
      represented by the following formulas:
      ##SPC1##
PAL  wherein each of R.sup.1, R.sup.2 and R.sup.3 represent hydroxy or a
      conventionally hydrolyzable ester or ether thereof; R.sup.1 and R.sup.3
      taken together represent the group
      ##EQU1##
      in which each of P and Q is a lower alkyl group or a lower aryl group, or
      taken together with the carbon atom to which they are attached represent a
      cyclohexanonide group; R.sup.4 represents hydrogen, a lower alkyl group or
      the pharamaceutically acceptable non-toxic salts of compounds in which
      R.sup.4 is hydrogen, Z represents a carbon-carbon double bond or a
      saturated linkage; and Z' represents a cis carbon-carbon double bond or a
      saturated linkage.
PAR  The dotted lines shown in the above formulas and in the formulas below
      indicate that the substituents are in .alpha. configuration, i.e. below
      the plane of the cyclopentane ring.
PAR  The double bonds in the compounds of the present invention have the same
      configuration as in natural prostaglandins of the PGE.sub.1, PGE.sub.2,
      PGF.sub.1.sub..alpha. or PGF.sub.2.sub..alpha. series, i.e. the double
      bond at C-5,6 is in cis configuration and the double bond at C-13,14 is in
      trans configuration.
PAR  These novel compounds possess asymmetric centers and thus can be produced
      as racemic mixtures. The racemic mixtures can be resolved if desired, at
      appropriate stages by methods known to the skilled in the art, to obtain
      the respective individual (d) and (1) isomers. It is to be understood that
      the individual optical isomers as well as mixtures of such isomers are
      encompassed within the scope of the present invention.
PAR  As used herein above and below, the following terms have the following
      meanings unless expressly stated to the contrary. The term "lower alkyl"
      refers to a lower alkyl group containing one to six carbon atoms and
      includes straight and branched chain groups and cyclic alkyl groups, for
      example, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
      t-butyl, n-pentyl, isopentyl, sec-pentyl, t-pentyl, cyclopropyl,
      cyclobutyl, cyclopentyl and the like.
PAR  The term "lower aryl" refers to aromatic groups of from 6 to 8 carbon atoms
      inclusive, e.g. phenyl and benzyl.
PAR  The term "conventionally hydrolyzable esters or ethers", are used herein,
      refers to those physiologically acceptable hydrolyzable ester and ether
      groups employed in the pharmaceutical art which do not significantly
      adversely affect the pharmaceutical properties of the parent compound. The
      conventionally hydrolyzable esters are derived from hydrocarbon carboxylic
      acids. The term "hydrocarbon carboxylic acid" defines both substituted and
      unsubstituted hydrocarbon carboxylic acids. These acids can be completed
      saturated or possess varying degrees of unsaturation (including aromatic),
      can be of straight chain, branched chain, or cyclic structure, and
      preferably contain from 1 to 12 carbon atoms. In addition, they can be
      substituted by functional groups, for example, hydroxy, alkoxy containing
      up to 6 carbon atoms, acyloxy containing up to 12 carbon atoms, nitro,
      amino, halogeno, and the like, attached to the hydrocarbon backbone chain.
      Typical conventional hydrolyzable esters thus included within the scope of
      the term and the instant invention are acetate, propionate, butyrate,
      valerate, caproate, enanthate, caprylate, perlargonate, acrylate,
      undecenoate, phenoxyacetate, benzoate, phenylacetate, diphenylacetate,
      diethylacelate, trimethylacetate, t-butylacetate, trimethylhexanoate,
      methylneopentylacetate, cyclohexylacetate, cyclopentylpropionate,
      adamantoate, glycolate, methoxyacetate, hemisuccinate, hemiadipate,
      hemi.beta.,.beta.-dimethylglutarate, acetoxyacetate,
      2-chloro-4-nitro-benzoate, aminoacetate, diethylaminoacetate,
      piperidinoacetate, .beta.-chloropropionate, trichloroacetate,
      .beta.-chlorobutyrate, bicyclo-[2.2.2]-octane-1-carboxylate,
      4-methylbutylo-[2.2.2]-oct-2-ene-1-carboxylate, and the like. The
      preferred conventional hydrolyzable ester is acetate.
PAR  "Conventional hydrolyzable ethers" include the methyl, ethyl, cyclopentyl,
      tetrahydrofuran-2-yl, tetrahydropyran-2-yl, and
      4-methoxytetrahydropyran-4-yl ethers.
PAR  The addition salts are derived from pharmaceutically acceptable basic
      salts, including metal salts such as sodium, potassium, calcium,
      magnesium, aluminum and the like, as well as organic amine salts such as
      ammonium, triethylamine, 2-dimethylamino ethanol, 2-diethylamino ethanol,
      lysine, arginine, caffeine, procaine, N-ethylpiperidine, hydrabamine and
      the like. The term pharmaceutically acceptable refers to salts which do
      not significantly adversely affect the properties of the parent compound.
PAR  The novel prostaglandin derivatives of the PGE.sub.2 and
      PGF.sub.2.sub..alpha. series of the invention can be obtained by the
      following schematically illustrated process sequence:
      ##SPC2##
PAL  wherein Ac is acetyl or other conventional hydrolyzable acyl group; R.sup.5
      represents methyl or benzyl or equivalent group; R.sup.6 represents
      hydrogen or acetyl; Z, P and Q have the above indicated meaning; and THP
      represents tetrahydropyran-2'-yl.
PAR  The wavy lines ( ) indicate the .alpha. or .beta. configuration, or
      mixtures thereof.
PAR  In practicing the process illustrated above, the starting compounds of
      formula I, namely
      (2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'.beta.-benzyloxymethylc
     yclopent-1'.alpha.-yl)-acetic acid 1,2'-lactone or
      (2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'.beta.-methoxymethylcyc
     lopent-1'.alpha.-yl)-acetic acid 1,2'-lactone are cleaved under the
      appropriate conditions, to yield the 5'.beta.-hydroxymethyl compound of
      formula II.
PAR  Compound I (R.sup.5 = benzyl) can be cleaved by hydrogenolysis in the
      presence of a metal catalyst of group VIII of the Periodic Table, such as
      palladium, platinum or nickel, and preferably in the presence of a
      catalytic amount of perchloric acid, to produce the hydroxymethyl compound
      of formula II. This hydrogenolysis is preferably conducted in a suitable
      inert organic solvent such as dimethoxyethane, acetone, ethyl acetate,
      methanol, and the like conveniently at about room temperature and
      atmospheric pressure or higher, until the absorption of hydrogen ceases.
      In the preferred embodiments the hydrogenolysis is effected using
      palladium charcoal as catalyst and dimethoxyethane as solvent.
PAR  Compound I (R.sup.5 = methyl) can be converted into the hydroxymethyl
      compound of formula II by cleavage with boron tribromide in methylene
      chloride, at temperatures of about between -78.degree. to 0.degree.C, for
      a period of time of about 1 hour. The product is isolated from the
      reaction mixture by destruction of the excess boron tribromide followed by
      neutralization with base and extraction with an adequate organic solvent
      immiscible with water, e.g. methylene chloride or ethyl acetate; the
      product can be further purified by chromatography.
PAR  The foregoing hydroxymethyl compound (II) can then be oxidized (step 2a) to
      the corresponding formyl derivative, the compound of formula III. Suitable
      oxidants are, for example, chromium trioxide-pyridine complex, chromium
      trioxide-dipyridine complex (Collins' reagent) or dicyclohexylcarbodiimide
      or diisopropylcarbodiimide in dimethylsulfoxide (Moffatt's reagent); best
      results are obtained using chromium trioxidedipyridine complex, prepared
      as described by J. C. Collins et al., in Tetrahedron Letters, 3363 (1968).
      Isolation of the aldehyde compound can be accomplished by conventional
      procedures, however, acid or alkaline conditions should be avoided. This
      aldehyde compound is unstable in air and therefore it is recommended to
      perform the next step of the process in the crude compound.
PAR  When the oxidation of the hydroxymethyl compound (II) is conducted in the
      presence of an acid or base (step 2b) or when an acid or base is added
      during the isolation procedure, dehydroacetoxylation occurs to yield the
      unsaturated aldehyde of formula IV.
PAR  The compounds of formula V can be prepared (step 3b) by hydrogenating the
      unsaturated aldehyde (IV) in the presence of a catalyst such as a
      palladium-charcoal catalyst, in a suitable inert organic solvent, e.g.
      using ethyl acetate or dimethoxyethane as solvent. This reaction is
      believed to occur via the corresponding saturated monoacetoxy aldehyde
      having the aldehyde group in .alpha. configuration, which then
      spontaneously isomerizes into compound V (the compound with the more
      stable configuration).
PAR  Step 3a can be effected by reacting the crude diacetoxy aldehyde of formula
      III with the sodium anion of dimethyl 2-oxoheptylphosphonate in
      dimethoxyethane yielding a mixture of the trans enone and dienone lactones
      of formulas VI and VII, respectively, which can be separated by
      conventional techniques. This transformation involves a modified Wittig
      reaction. Procedures for the Wittig reaction are well known in the art,
      see for example, S. Trippet et al., Adv. in Organic Chemistry, Vol. 1, pp.
      83-102, S. Trippet, Quarterly Reviews, Vol. 17, pp. 400-440. The sodium
      anion of dimethyl 2-oxoheptylphosphonate can be prepared in accordance
      with the method described by E. J. Corey et. al., J. Am. Chem. Soc., 88,
      5654 (1966). The reaction is conducted under an inert atmosphere, i.e
      under nitrogen or argon atmosphere, at temperatures between 0.degree. and
      40.degree.C, preferably at room temperature or below, using at least one
      molar equivalent of the reagent per mol of aldehyde, and preferably 1.2 to
      2 moles. This reaction is carried out for a period of about from 1 to 4
      hours, depending on the temperature and concentration of the reaction
      mixture. In the preferred conditions, the reaction is conducted at room
      temperature for two hours or less, as longer reaction times give rise to
      more elimination products. The reaction product can be recovered from the
      reaction mixture by neutralization of the excess base with acetic acid to
      pH 7, followed by evaporation of the solvent under high vacuum, at low
      temperature, or by adding water and extracting the reaction product with
      an adequate solvent immiscible with water, e.g. methylene chloride,
      diethyl ether and the like, followed by evaporation of the solvent.
      Compounds VI and VII can be separated by conventional techniques, such as
      chromatography on silica gel or thin-layer chromatography.
PAR  In step 4b the above-described alkylation reaction is performed in the same
      manner using the saturated aldehyde of formula V yielding the enone
      lactone of formula VIII.
PAR  The dienone lactone of formula VII and the enone lactone of formula VIII
      can be conveniently selectively reduced (steps 4a and 4b, respectively)
      with a solution of zinc borohydride in an ether solvent such as
      dimethoxyethane, to yield a mixture of the 15.alpha.-hydroxy lactones and
      their 15.beta. epimers (R and S isomers, ratio ca 1:1) compounds of
      formula IX (R.sup.6 = acetyl, Z = single or double bond). The reaction is
      typically conducted at room temperature or below for about from 15 minutes
      to several hours. The zinc borohydride reagent solution can be prepared
      from freshly fused zinc chloride and sodium borohydride in
      dimethoxyethane. Typically an excess of the reagent is used for this
      reduction.
PAR  The epimeric 15.alpha. and 15.beta. hydroxy compounds can be separated by
      conventional chromatography on silica gel or by thin-layer chromatography.
      In addition, the 15.beta.-epimer byproduct can be converted into the
      starting compounds of formulas VII or VIII by well known methods for the
      obtention of .alpha.,.beta.-unsaturated ketones from allylic alcohols such
      as, for example, by reaction with manganese dioxide in methylene chloride
      or chloroform or with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in
      dioxane.
PAR  Alternatively, this reduction can be carried out via treatment with a
      borohydride ion (conveniently prepared by reaction of a trialkylborane
      derived from either racemic or (+)-limonene, hexylborane and t-butyl
      lithium, in the presence of hexamethylphosphoramide at about -130.degree.
      to -100.degree.C, and preferably -120.degree.C). In this case the
      15.alpha.-alcohol predominates, obtaining only small amounts of the
      15.beta.-epimer.
PAR  The 15.alpha.-hydroxy compounds of formula IX (R.sup.6 = acetyl) can then
      be saponified under alkaline conditions using an alkali metal hydroxide or
      carbonate in a lower aliphatic alcohol, to produce the corresponding free
      compound (IX, R.sup.6 = hydrogen). Preferably, this hydrolysis step is
      conducted using anhydrous potassium carbonate and conducting the reaction
      at room temperature or below, for about 30 minutes to 2 hours.
PAR  The 10.alpha.,15.alpha.-dihydroxy compounds can be etherified (step 5) with
      dihydropyran in methylene chloride, in the presence of catalytic amounts
      of an acid catalyst, e.g. p-toluenesulfonic acid, under anhydrous
      conditions, to produce the bistetrahydropyranyloxy derivatives of formula
      X. The reaction is typically conducted at room temperature for about 15
      minutes using about 3 molar equivalents of dihydropyran in an inert
      organic solvent, e.g. methylene chloride. A larger excess of dihydropyran,
      or longer reaction periods are undesirable as they produce polymerization
      of this reagent.
PAR  The product can be conveniently isolated by adding a few drops of pyridine
      to the product reaction mixture followed by conventional extraction and
      evaporation of the organic extract, at low temperature.
PAR  In step 6, the bistetrahydropyranyloxy-lactones of formula X are reduced to
      the corresponding isomeric lactols of formula XI. This can be conveniently
      effected via treatment with 1.1 to 3 molar equivalents of
      diisobutylaluminum hydride in a suitable organic solvent. The treatment is
      typically conducted at about from -30.degree.  to -70.degree.C, preferably
      at about -60.degree.C, for a period of about from 10 to 30 minutes,
      preferably using about 2 molar equivalents of diisobutylaluminum hydride
      per mole equivalent of the compound of formula X. Suitable organic
      solvents for this reaction are the aromatic hydrocarbons such as toluene
      or xylene.
PAR  The product can be isolated from the reaction mixture by conventional
      separation procedures and can be used for the next step without separation
      of the isomers.
PAR  Step 7 can be conveniently effected by condensation of the crude lactols of
      formula XI with a Wittig reagent derived form
      5-triphenylphosphoniopentanoic acid and sodium methylsulfinyl carbanion in
      dimethylsulfoxide solution. This condensation yields the corresponding
      compounds of formula XII, namely
      9.alpha.-hydroxy-10.alpha.,15.alpha.-bistetrahydropyranyloxyprosta-5-cis,1
     1,13-trans-trienoic acid (10,15-bistetrahydropyranylether of
      10.alpha.-hydroxy-11-desoxy-11-dehydro-PGF.sub.2.sub..alpha.), (XII, Z =
      double bond) or
      9.alpha.-hydroxy-10.alpha.,15.alpha.-bistetrahydropyranyloxyprosta-5-cis,
      13-trans-dienoic acid (10,15-bistetrahydropyranylether of
      10.alpha.-hydroxy-11-desoxy-PGF.sub.2.sub..alpha.), (XII, Z = saturated
      linkage).
PAR  This reaction is typically conducted at about room temperature for about
      from 2 to 24 hours under anhydrous conditions. Conveniently the reaction
      is followed by thin-layer chromatography and discontinued when
      substantially completed. This reaction is preferably carried out under an
      inert atmosphere, i.e. under argon or nitrogen atmosphere. The initial
      product is obtained as the sodium salt soluble in water. The free acid can
      be liberated by acidification with oxalic acid or another weak acid to pH
      2, followed by conventional extraction and evaporation. The prostaglandin
      derivative is further purified by thin-layer chromatography.
PAR  The 5-triphenyphosphoniopentanoic acid can be prepared as described by R.
      Greenwald et al., in J. Org. Chem., 28, 1128 (1963), from 5-bromopentanoic
      acid and triphenylphosphine in acetonitrile. The sodium methylsulfinyl
      carbanion is obtained from sodium hydride and dimethylsulfoxide, stirring
      the mixture at about 75.degree.C until the evolution of gas ceases.
      Generally, it is recommended to prepare these reagents just prior to the
      reaction with the lactols of formula XI.
PAR  Typically a molar excess of reagents is used relative to the lactol
      starting material (formula XI). Preferably the
      triphenylphosphoniopentanoic acid is used in amounts varying from about 2
      to 5.0 moles per mole of starting lactol (formula XI) while the amounts of
      sodium methylsulfinyl carbanion vary between about 2 to about 10 moles.
      Best results are obtained using 2.5 molar equivalents of the acid reagent
      and 5 molar equivalents of the anion per mole of lactol (formula XI).
PAR  The tetrahydropyranyloxy functions in compounds of formula XII can be
      hydrolyzed (step 8a) under mild acidic conditions, e.g. using a weak acid
      such as acetic acid, oxalic acid, tartaric acid and the like in the
      presence of water, to produce the free hydroxy compounds of formula XIII,
      i.e. 10.alpha.-hydroxy-11-desoxy-11-dehydro-PGF.sub.2.sub..alpha., (XIII,
      Z = double bond) or 10.alpha.-hydroxy-11 -desoxy-PGF.sub.2.sub..alpha.
      (XIII, Z = saturated linkage). The bistetrahydropyranyloxy compound is
      preferably dissolved in an inert organic solvent miscible with water, e.g.
      tetrahydrofuran, dioxane and like. This hydrolysis is preferably conducted
      using aqueous acetic acid, at a temperature comprised between 0.degree.
      and 50.degree.C for about from 4 to 10 hours, depending upon the
      temperature used. The preferred concentration of aqueous acetic acid is
      65:35, however, other concentrations are also practical.
PAR  Step 8b can be conveniently effected by the oxidation of the compounds of
      formula XII with Jones' reagent (J. Chem. Soc., page 2631 (1970)).
      Moffatt's reagent (J. Am. Chem. Soc., Vol. 87, page 5670 (1965)) or with
      aqueous chromic acid in diethyl ether (H. C. Brown et al., J.O.C., 36, 387
      (1971)). The 9-keto-products of formula XIV, namely
      9-keto-10.alpha.,15.alpha.-bistetrahydropyranyloxyprosta-5-cis,11,13-trans
     -trienoic acid (XIV, Z = double bond) or
      9-keto-10.alpha.,15.alpha.-bistetrahydropyranyloxyprosta-5-cis,13-trans-di
     enoic acid (XIV, Z = saturated linkage) can be hydrolyzed (step 9b) via
      treatment mild acidic conditions as described herein before, to afford
      respectively 10.alpha.-hydroxy-11-desoxy-11-dehydro-PGE.sub.2 (XV, Z
      =double bond) or 10.alpha.-hydroxy-11-desoxy PGE.sub.2. (XV, Z = saturated
      linkage).
PAR  Step 9a can be conveniently effected by condensing the
      10.alpha.-hydroxy-11-desoxy-PGF.sub.2.sub..alpha. or the 11-dehydro
      derivative, compounds of formula XV with a ketone in the presence of an
      acid catalyst, preferably using p-toluenesulfonic acid as catalyst
      produces the corresponding ketal of formula XVI. In this reaction the
      ketone used can serve as both reagent and solvent, or alternatively the
      reaction can be carried out in the presence of a cosolvent. Examples of
      suitable ketones used are acetone, methylethyl ketone, diethyl ketone,
      acetophenone, cyclohexanone and the like. The reaction is preferably
      conducted in the presence of an organic solvent inert to the reaction,
      such as tetrahydrofuran, dioxane or 2,2-dimethoxypropane, at room
      temperature for about from 1 to 5 hours. The ketal is isolated by adding a
      few drops of pyridine to the reaction mixture, followed by evaporation to
      dryness and purification by conventional techniques.
PAR  The PGE.sub.1 and PGF.sub.1.sub..alpha. series of compounds of formula A
      and B, of the invention, can be conveniently prepared by selectively
      reducing the C-5(6)-cis-olefin bond of the corresponding PGE.sub.2 or
      PGF.sub.2 series of derivatives of formulas A and B, of the invention,
      according to the same procedure as described by Koch et al. in the Journal
      of Labelled Compounds, Vol. VI, No. 4, page 395 (October-December, 1970)
      with respect to the reduction of PGE.sub.2 prostaglandins to PGE.sub.1
      prostaglandins.
PAR  The hydroxyl groups in the novel prostaglandin derivatives of formulas XII,
      XIII, XV and XVI can be esterified or etherified in a conventional manner
      to produce mono-, di-, or triesters or mono-, di-, or triethers, depending
      upon the particular prostaglandin derivative. For example, esterification
      can be accomplished by reaction of the hydroxylated compound with a
      carboxylic acid anhydride or chloride of less than 12 carbon atoms in
      pyridine solution.
PAR  Etherification can also be carried out by conventional techniques. Thus,
      reaction with dihydropyran, dihydrofuran or 4-methoxy-5,6-dihydro-2H-pyran
      in an inert solvent such as benzene or methylene chloride and in the
      presence of an acid catalyst produces the tetrahydropyran-2'-yloxy,
      tetrahydrofuran-2'-yloxy or 4'-methoxy-tetrahydropyran-4'-yloxy
      derivatives, respectively. Methyl, ethyl and cyclopentyl ethers, for
      example, are prepared upon reaction of the hydroxylated compound with
      sodium hydride and methyl iodide; ethyl iodide and cyclopentyl bromide,
      respectively.
PAR  Although the esterification or etherification reactions are usually
      effected using an excess of the esterifying or etherifying agents, it is
      preferable to use at least one molar equivalent of said reagents per
      hydroxyl group present in the starting compound.
PAR  The salt derivatives of the prostadienoic and prostatrienoic acids of the
      present invention can be prepared by treating the corresponding free acids
      with about one molar equivalent of a pharmaceutically acceptable base.
      Representative pharmaceutically acceptable bases are sodium hydroxide,
      potassium hydroxide, ammonium hydroxide, calcium hydroxide,
      trimethylamine, triethylamine, tripropylamine, .beta.-(dimethylamino)
      ethanol, .beta.-(diethylamino) ethanol, arginine, lysine, caffeine,
      procaine and the like. The reaction is conducted in an aqueous solution,
      alone or in combination with an inert water miscible organic solvent, at a
      temperature of from about 0.degree.  to about 30.degree.C, preferably at
      room temperature. Typical inert, water miscible organic solvents include
      methanol, ethanol, isopropanol, butanol, dioxane and tetrahydrofuran. When
      divalent metal salts are prepared, such as the calcium salts or magnesium
      salts, the free acid starting material is treated with at least one half
      molar equivalent of the pharmaceutically acceptable base.
PAR  The alkyl esters can be obtained by treatment of the free acid with an
      excess of a diazoalkane such as diazomethane, diazoethane or diazopropane
      in ether or methylene chloride solution, in a conventional manner.
PAR  In conducting the aforedescribed processes, it is generally preferred to
      separate or isolate the respective products of each reaction step prior to
      their use as starting materials in subsequent steps. Illustrative
      non-limiting separation and isolation procedures can be had by reference
      to the appropriate Examples set forth herein below. Also where pure
      optical isomer products are desired, such products can be obtained by the
      use of pure optical isomer starting materials or by resolution of the
      racemic product (or starting materials) according to conventional
      procedures such as, for example, described by Corey et al., J. Am. Chem.
      Soc., 92, 397 (1970).
PAR  Also although the above processes, for purposes of simplicity have been
      described with respect to tetrahydropyranyl and acetate protecting groups,
      other conventional suitable ether and ester protecting groups could, of
      course, also be used.
PAR  The compounds of formula I used as starting materials in the above
      described process are prepared in accordance with the methods described,
      for example, by E. J. Corey et al., in J. Am. Chem. Soc., 91, 5675 (1969);
      J. Am. Chem. Soc., 92, 1397 (1970); J. Am. Chem. Soc., 93, pages 1489,
      1490 and 1491 (1971) and references cited therein, followed by
      deiodination with silver acetate, as described in copending application
      Serial No. 204,681 filed December 3, 1971 and conventional esterification,
      as illustrated by the following sequence of reactions:
      ##SPC3##
PAL  wherein R.sup.5 and R.sup.6 have the above indicated meaning; and M
      represents sodium or thallium.
PAR  Briefly, this method comprises the reaction of cyclopentadienylsodium or
      cyclopentadienylthallium (1), obtained by reaction of cyclopentadiene with
      sodium hydride or aqueous thallous sulfate in the presence of potassium
      hydroxide (E. J. Corey et al., J. Am. Chem. Soc., 93, page 1489 (1971),
      with a slight excess of chloromethyl methylether or chloromethylbenzyl
      ether in tetrahydrofuran at approximately -55.degree.C, to yield
      respectively the 5-methoxymethyl-1,3-cyclopentadiene 2, (R.sup.5 = methyl)
      or 5-benzyloxymethyl-1,3-cyclopentadiene 2 (R.sup.5 = benzyl) which are
      subjected to the Diels Alder reaction with an excess (about five molar
      equivalents) of 2-chloro-acrylonitrile in the presence of cupric
      fluoroborate as catalyst to yield a mixture of the endo-exo cyano nitriles
      of formulas (3) and (4) (R.sup.5 = methyl or benzyl, respectively). This
      mixture of stereoisomeric nitriles is treated with potassium hydroxide in
      dimethylsulfoxide to yield the anti-bicyclic ketones of formula (5), i.e.
      7-syn-methoxymethyl-2-norbornen-5-one (R.sup.5 = methyl) or
      7-syn-benzyloxymethyl-2-norbornen-5-one (R.sup.5 = benzyl), respectively,
      which upon reaction with a slight molar excess of m-chloro-perbenzoic acid
      in methylene chloride in the presence of sodium bicarbonate result in
      selective Bayer-Villiger oxidation to form the corresponding lactone (6),
      namely 2-oxa-3-oxo-.DELTA..sup.5 -8-syn-methoxymethylbicyclo (3.2.1)
      -octane (R.sup.5  = methyl) and 2-oxa-3-oxo-.DELTA..sup.5
      -8-syn-benzyloxymethylbicyclo (3.2.1)-octane (R.sup.5 = benzyl).
      Saponification of the foregoing lactones of formula (6) with 2.5
      equivalents of sodium hydroxide in aqueous methanol, followed by
      neutralization with carbon dioxide and treatment with 2.5 equivalents of
      aqueous potassium triiodide solution at 0.degree. to 5.degree.C produce
      the respective hydroxy-iodolactones of formula (7), namely
      (2'.alpha.,4'.alpha.-dihydroxy-3'.beta.-iodo-5'.beta.-methoxymethylcyclope
     nt-1'.alpha.-yl)-acetic acid 1,2'-lactone (R.sup.5 = methyl, R.sup.6 = H)
      and
      (2'.alpha.,4'.alpha.-dihydroxy-3'.beta.-iodo-5'.beta.-benzyloxymethylcyclo
     pent-1'.alpha.-yl)-acetic acid 1,2'-lactone (R.sup.5 = benzyl, R.sup.6 =
      H), which are esterified with acetic anhydride in pyridine, under
      conventional conditions to yield the corresponding acetoxy compounds (7,
      R.sup.6 = acetyl). Upon reaction of the iodo lactones with 1 to 4 molar
      equivalents of silver acetate in aqueous acetic acid, at reflux
      temperature for about 2 hours, there is obtained a mixture of
      hydroxyacetates (8 and 8A) which is converted into the fully esterified
      compound by conventional treatment with acetic anhydride in pyridine
      solution, thus obtaining the desired
      (2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'.beta.-methoxymethylcyc
     lopent-1'.alpha.-yl)-acetic acid 1,2'-lactone or
      (2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'.beta.-benzyloxymethylc
     yclopent-1'.alpha.-yl)-acetic acid 1,2'-lactone, the compounds of formula
      I.
PAR  The compounds, esters and salts of the invention exhibit prostaglandin-like
      biological activities and thus are useful in the treatment of mammals
      where the use of prostaglandins are indicated. The compounds, esters and
      salts of the invention are bronchodilators and thus are useful in treating
      mammals for bronchial spasm or wherever strong bronchodilators are
      indicated. These compounds are also useful in controlling or palliating
      hypertension in mammals and further exhibit central nervous system
      depressant activity in mammals, and are useful as sedatives. In addition,
      the compounds are useful for inducing labor, in pregnancy, and for
      inducing menses to correct or reduce menstrual abnormalities.
PAR  The compounds and/or salts, of the invention, can be administered in a wide
      variety of dosage forms, either alone or in combination with other
      pharmaceutically compatible medicaments, in the form of pharmaceutical
      compositions suited for oral or parenteral administration or inhalation in
      the case of bronchodilators. The compounds are typically administered as
      pharmaceutical compositions consisting essentially of the compounds and/or
      salts, of the invention, and a pharmaceutical carrier. The pharmaceutical
      carrier can be either a solid material, liquid or aerosol, in which the
      compound and/or salt is dissolved, dispersed or suspended, and can
      optionally contain small amounts of preservatives and/or pH-buffering
      agents. Suitable preservatives which can be used include, for example,
      benzyl alcohol and the like. Suitable buffering agents include, for
      example, sodium acetate aand pharmaceutical phosphate salts and the like.
PAR  The liquid compositions can, for example, be in the form of solutions,
      emulsions, suspensions, syrups, or elixirs. The solid compositions can
      take the form of tablets, powders, capsules, pills or the like, preferably
      in unit dosage forms for simple administration or precise dosages.
      Suitable solid carriers include, for example, pharmaceutical grades of
      starch, lactose, sodium saccharin, talcum, sodium bisulfite and the like.
PAR  For inhalation administration, the compounds and/or salts can, for example,
      be administered as an aerosol comprising the compounds or salts in an
      inert propellant together with a cosolvent (e.g. ethanol) together with
      optional preservatives and buffering agents. Additional general
      information concerning the inhalation administration of aerosols can be
      had by reference to U.S. Pat. Nos. 2,868,691 and 3,095,355.
PAR  The compounds of this invention are typically administered in dosages of
      about from 0.1 to 10 mg. per kg. of body weight. The precise effective
      dosage will, of course, vary depending upon the mode of administration,
      condition being treated and host.
DETD
PAR  The following Preparations and Examples illustrate the invention, but are
      not intended to limit its scope. Also unless expressly stated to the
      contrary, racemic mixtures are used as starting materials, and
      correspondingly, racemic mixtures are obtained as products. The
      abbreviation t.l.c refers to thin-layer chromatography and all mixture
      ratios used with regard to liquids refer to volume ratios. Also, where
      necessary, preparations and examples are repeated to provide sufficient
      starting material for subsequent examples.
PAC  PREPARATION 1
PAR  A. To a stirred solution of 125 g. of thallium sulfate and 50 g. of
      potassium hydroxide in 750 ml. of water are added, under an atmosphere of
      argon, 43 ml. of freshly distilled cycyclopentadiene and the mixture is
      vigorously stirred for ten minutes; the yellow precipitate formed is
      filtered off, washed with ice water, methanol and ether, to yield 132 g.
      of cyclopentadienylthallium.
PAR  B. A mixture of 216.28 g. of benzyl alcohol, 61.44 g. of paraformaldehyde,
      481.6 g. of anhydrous magnesium sulfate and 1200 ml. of methylene chloride
      is cooled to a temperature of between -50.degree. to -55.degree.C in a dry
      ice-acetonitrile bath, and the stirred cold solution is saturated with
      anhydrous hydrogen chloride gas. The reaction mixture is kept at
      -50.degree. to -55.degree.C for 10 minutes further, and then excess of
      hydrogen chloride is eliminated by passing a stream of nitrogen during 30
      minutes. The reaction mixture is filtered and the solid material washed
      well with pentane, and the combined filtrates are evaporated to dryness at
      a temperature below 30.degree.C, to produce an oil which is distilled
      under reduced pressure to yield chloromethyl benzyl ether.
PAR  C. A suspension of 132 g. of cyclopentadienyl thallium in 200 ml. of
      anhydrous ether is cooled to -20.degree.C in a dry ice-carbon
      tetrachloride bath. To the cooled mixture are added under stirring and
      under an argon atmosphere, in a 15 minute period, 90 g. of chloromethyl
      benzyl ether. The reaction mixture is stirred for 31/2 hours at
      -20.degree.C, it is then filtered in a filtration flask previously cooled
      to -78.degree.C and the solid precipitate washed with cold pentane
      (-78.degree.C).
PAR  The filtered solution is immediately added to a mixture of 216 g. of
      anhydrous .sub..alpha.-chloroacrylonitrile and 30 g. of anhydrous cupric
      fluoroborate, previously cooled to -78.degree.C. The reaction mixture is
      evaporated to half its original volume at a temperature not higher than
      0.degree.C, and the concentrate is stirred at 0.degree.C for 48 hours. The
      reaction mixture is then poured into 200 ml. of saturated sodium chloride
      solution and extracted three times with ether. The combined extracts are
      washed with saturated sodium bicarbonate solution (2 .times. 200 ml.), and
      saturated sodium chloride solution (2 .times. 200 ml.), dried over
      magnesium sulfate and evaporated to dryness under reduced pressure. The
      resulting residue is purified by filtration through 100 g. of silica gel
      using benzene as eluant, thus obtaining the pure
      2-chloro-2-cyano-.DELTA..sup.5
      -7-syn-benzyloxymethylbicyclo-(2.2.1)-heptane.
PAC  PREPARATION 2
PAR  To a well-stirred slurry of 74.1 g. of cyclopentadienylthallium in 100 ml.
      of anhydrous ether cooled to -20.degree. to -22.degree.C (internal
      temperature) in a dry ice-carbon tetrachloride bath under an argon
      atmosphere, are added dropwise, in a 15 minute period, 20.13 g. of
      chloromethyl methyl ether and the slurry is stirred at -20.degree. to
      -22.degree.C for 7 hours. The reaction mixture is then filtered into a
      precooled (-70.degree.C, dry ice-acetone) flask and the residue of
      thallium chloride washed with three 100 ml. portions of cold
      (-70.degree.C) ether. The combined filtrate is added dropwise from a
      dropping funnel with a dry-ice jacket to a suspension of 29.65 g. of
      cupric tetrafluoroborate in 87.5 g. of anhydrous
      .alpha.-chloroacrylonitrile maintained at 0.degree.C. When the addition is
      complete, the mixture is stirred at 0.degree.C in the dark for 18 hours.
      One hundred milliliters of saturated sodium chloride solution are then
      added and the reaction mixture extracted with ether. The ether extracts
      are successively washed with saturated sodium bicarbonate (2 .times. 100
      ml.) and sodium chloride (2 .times. 100 ml.), and dried over magnesium
      sulfate. Evaporation of the solvent under reduced pressure at room
      temperature gives 2-chloro-2-cyano-.DELTA..sup.5
      -7-syn-methoxymethylbicyclo-(2.2.1)-heptane as a clear pale yellow oil.
PAC  PREPARATION 3
PAR  To a stirred solution of 100 g. of 2-chloro-2-cyano-.DELTA..sup.5
      -7-syn-benzyloxymethylbicyclo-(2.2.1)-heptane in 386 ml. of
      dimethylsulfoxide is added dropwise, in a 15 minute period and under an
      argon atmosphere, a hot solution of 105.2 g. of potassium hydroxide in
      52.6 ml. of water. The reaction mixture is stirred for 28 hours at room
      temperature, diluted to twice its volume with ice water and extracted
      several times with ether. The combined organic extract is washed twice
      with saturated sodium carbonate solution, dried over magnesium sulfate and
      evaporated to dryness. The residue is purified by distillation under high
      vacuum (0.6 mm.) to yield 7-syn-benzyloxymethyl-2-norbornen-5-one,
      homogeneous on t.l.c.
PAR  By the same procedure but using 2-chloro-2-cyano-.DELTA..sup.5
      -7-syn-methoxymethylbicyclo-(2.2.1)-heptane in lieu of
      2-chloro-2-cyano-.DELTA..sup.5
      -7-syn-benzyloxymethylbicyclo-(2.2.1)-heptane there is obtained
      7-syn-methoxymethyl-2-norbornen-5-one.
PAC  PREPARATION 4
PAR  To a suspension of 55 g. of m-chloroperbenzoic acid and 43.5 g. of sodium
      bicarbonate in 570 ml. of anhydrous methylene chloride are added 57 g. of
      7-syn-benzyloxymethyl-2-norbornen-5-one, in a 15 minute period and under
      stirring, maintaining to temperature at about 25.degree.C. The reaction
      mixture is stirred for three hours further, and diluted with methylene
      chloride. The resulting mixture is vigorously stirred with 470 ml. of
      saturated aqueous sodium sulfite solution, the organic layer is separated
      and washed with saturated sodium sulfite solution. The aqueous phase is
      extracted with methylene chloride and the combined organic methylene
      chloride extracts are dried over magnesium sulfate and evaporated to
      dryness under reduced pressure, thus yielding 2-oxa-3-oxo-.DELTA..sup.5
      -8-syn-benzyloxymethylbicycl-3.2.1)-octane as a homogeneous oil.
PAR  By the same procedure but using 7-syn-methoxymethyl-2-norbornen-5-one in
      place of 7-syn-benzyloxymethyl-2-norbornen5-one there is obtained
      -2-oxa-3-oxo-.DELTA..sup.5 -8-syn-methoxymethylbicyclo-(3.2.1)-octane.
PAC  PREPARATION 5
PAR  To a solution of 60 g. of 2-oxa-3-oxo-.DELTA..sup.5
      -8-syn-benzyloxymethylbicyclo-(3.2.1)-octane in 70 ml. of methanol is
      added, at 0.degree.C, a solution of 30 g. of sodium hydroxide in 247 ml.
      of water, and the resulting mixture is stirred at room temperature for 3
      hours. The methanol is then evaporated under vacuo at a temperature below
      30.degree.C, cooled to 0.degree.C and extracted with ether to eliminate
      the unsaponifiable products. The aqueous phase is neutralized with carbon
      dioxide and immediately treated with solution of 188.1 g. of iodine and
      369 g. of potassium iodide in 275 ml. of water. The reaction mixture is
      stirred for 48 hours at 0.degree.C and diluted with sodium sulfite
      solution until complete decoloration. It is then saturated with sodium
      potassium tartrate and extracted with methylene chloride. The organic
      extracts are dried over magnesium sulfate and evaporated to dryness under
      reduced pressure. The oily residue is crystallized from ether-methylene
      chloride, to yield the pure
      (2'.alpha.,4'.alpha.-dihydroxy-3'.beta.-iodo-5'.beta.-benzyloxymethylcyclo
     pent-1'.alpha.-yl)-acetic acid 1,2'-lactone.
PAR  By the same procedure, 2-oxa-3-oxo-.DELTA..sup.5
      -8-syn-methoxymethylbicyclo-(3.2.1)-octane is converted into
      (2'.alpha.,4'.alpha.-dihydroxy-3'.beta.-iodo-5'.beta.-methoxymethylcyclope
     nt-1'.alpha.-yl)-acetic acid 1,2'-lactone.
PAC  PREPARATION 6
PAR  A mixture of 2.5 g. of
      (2'.alpha.,4'.alpha.-dihydroxy-3'.beta.-iodo-5'.beta.-benzyloxymethylcyclo
     pent-1'.alpha.-yl)-acetic acid 1,2'-lactone, 2.5 ml. of pyridine and 5 ml.
      of acetic anhydride is kept at room temperature for 30 minutes. The
      solvents are then evaporated under reduced pressure, and the residue
      crystallized from ether, to yield
      (2'.alpha.-hydroxy-4'.alpha.-acetoxy-3'.beta.-iodo-5'.beta.-benzyloxymethy
     lcyclopent-1'.alpha.-yl)-acetic acid 1,2'-lactone.
PAR  In a similar manner
      (2'.alpha.,4'.alpha.-dihydroxy-3'.beta.-iodo-5'.beta.-methoxymethylcyclope
     nt-1'.alpha.-yl)-acetic acid 1,2'-lactone is converted into the
      corresponding 4'-acetoxy derivative.
PAC  PREPARATION 7
PAR  To a solution of 2 g. of
      (2'.alpha.-hydroxy-4'.alpha.-acetoxy-3'.beta.-iodo-5'.beta.-benzyloxymethy
     lcyclopent-1'.alpha.-yl)-acetic acid 1,2'-lactone in 20 ml. of acetic acid
      are added 1.4 ml. of water and 2 g. of silver acetate, and the mixture is
      refluxed for 2 hours. The silver iodide is separated by filtration and
      washed several times with ethyl acetate. The combined organic filtrates
      are evaporated to dryness under reduced pressure, the residue is diluted
      with ethyl acetate and the insoluble material filtered off. Upon
      evaporation of the filtrate under vacuo there is produced a mixture of
      (2'.alpha.,3'.alpha.-dihydroxy-4'.alpha.-acetoxy-5'.beta.-benzyloxymethylc
     yclopent-1'.alpha.-yl)-acetic acid 1,2'-lactone and
      (2'.alpha.,4'.alpha.-dihydroxy-3'.alpha.-acetoxy-5'.beta.-benzyloxymethylc
     yclopent-1'.alpha.yl)-acetic acid 1,2'-lactone as an oil, which is
      converted into (2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'
      .beta.-benzyloxymethylcyclopent-1'.alpha.-yl)-acetic acid 1,2'-lactone by
      esterification with acetic anhydride in pyridine in accordance with the
      method of Preparation 6.
PAR  In a similar manner but using
      (2'.alpha.-hydroxy-4'.alpha.-acetoxy-3'.beta.-iodo-5'.beta.-methoxymethylc
     yclopent-1'.alpha.-yl)-acetic acid 1,2'-lactone as starting material there
      is obtained
      (2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'.beta.-methoxymethylcyc
     lopent-1'.alpha.-yl)-acetic acid 1,2'-lactone.
PAC  EXAMPLE 1
PAR  A. To a prehydrogenated suspension of 1 g. of 10% palladium charcoal
      catalyst in 50 ml. of dimethoxyethane are added 5 g. of
      (2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'.beta.-benzyloxymethylc
     yclopent-1'.alpha.-yl)-acetic acid 1,2'-lactone and 1.25 ml. of perchloric
      acid, and the mixture is stirred under hydrogen atmosphere until the
      absorption of hydrogen ceases. The catalyst is then separated by
      filtration and washed with ether, and the combined orgainc filtrates are
      evaporated to dryness under reduced pressure, to yield
      (2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'.beta.-hydroxymethylcyc
     lopent-1'.alpha.-yl)-acetic acid 1,2'-lactone which is purified by
      thin-layer chromatography using methylene chloride-ethyl acetate (9:1) as
      eluant.
PAR  B. A stirred solution of 15 g. of
      (2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'.beta.-methoxymethylcyc
     lopent-1'.alpha.-yl)-acetic acid 1,2'-lactone in 190 ml. of anhydrous
      methylene chloride is cooled to -78.degree.C in a dry ice-acetone bath and
      treated with 25 ml. of boron tribromide. The stirred mixture is allowed to
      warm rapidly to 0.degree.C and kept at this temperature for 50 minutes. To
      the resultant solution are then added 270 ml. of ether to decompose excess
      boron tribromide maintaining the reaction mixture at 0.degree.C. It is
      then poured into a vigorously stirred slurry of 95 g. of sodium
      bicarbonate in 500 ml. of a saturated solution of sodium potassium
      tartrate; the organic layer is separated and the aqueous phase extracted
      with methylene chloride. The combined organic extracts are dried over
      magnesium sulfate and evaporated to dryness under reduced pressure, to
      afford
      (2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'.beta.-hydroxymethylcyc
     lopent-1'.alpha.-yl)-acetic acid 1,2' -lactone, identical to the obtained
      in part A.
PAC  EXAMPLE 2
PAR  A. Preparation of chromium trioxide-dipyridine complex.  To 600 ml. of
      anhydrous pyridine are added under stirring at a temperature of between
      10.degree. and 15.degree.C and in a 15 minute period, 80 g. of chromium
      trioxide, which has been previously dried at 110.degree.C for 48 hours.
      The reaction mixture is stirred for 30 minutes further and rapidly
      filtered in the absence of moisture. The solid is washed with anhydrous
      pentane, dried and stored in a desiccator.
PAR  B. To a suspension of 20 g. of diatomaceous earth (dried for 24 hours at
      105.degree.C) and 11.8 g. of the chromium trioxidedipyridine complex in
      120 ml. of anhydrous methylene chloride, cooled to -5.degree.C are added
      under stirring 1.3 g. of
      (2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'.beta.-hydroxymethylcyc
     lopent-1'.alpha.-yl)-acetic acid 1,2'-lactone and the mixture is stirred
      for 10 minutes further, maintaining the temperature between -5.degree. and
      0.degree.C; 40 g. of sodium bisulfite monohydrate are then added and the
      mixture is stirred for an additional 10 minute period, filtered through
      magnesium sulfate an the solids washed with methylene chloride, receiving
      the filtrate in a flask cooled to -60.degree.C in a dry ice-acetone bath.
      The combined filtrates are evaporated to dryness under reduced pressure,
      at a temperature below 0.degree.C, obtaining
      (2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'.beta.-formylcyclopent-
     1'.alpha.-yl)-acetic acid 1,2'-lactone as a homogeneous oil.
PAC  EXAMPLE 3
PAR  A. Preparation of dimethyl 2-oxoheptylphosphonate. A solution of 100 g. of
      dimethyl methylphosphonate in 670 ml. of anhydrous tetrahydrofuran is
      cooled to -78.degree.C under an argon atmosphere. To the cold solution are
      added dropwise under stirring and under argon atmosphere, 495 ml. of a
      0.1M solution of n-butyllithium in tetrahydrofuran, maintaining the
      temperature at -70.degree.C. When the addition is complete, the reaction
      mixture is maintained under the same conditions for ten additional
      minutes, a solution of 58 ml. of methyl caproate dissolved in 187 ml. of
      tetrahydrofuran is then carefully added, maintaining the temperature at
      -78.degree.C. The reaction mixture is stirred at -78.degree.C for 2 hours,
      followed by stirring for 4 hours at room temperature. The excess base is
      neutralized with acetic acid and the solvent is evaporated under high
      vacuo. The residue is dissolved in ether-water (1:1, 950 ml. each), the
      ethereal phase is separated, washed with water and dried over magnesium
      sulfate. The ether is evaporated and the residue is purified by vacuum
      distillation, thus obtaining the pure dimethyl 2-oxoheptylphosphonate.
PAR  B. To a suspension of 101 mg. of sodium hydride (previously washed with
      pentane, under argon) in 30 ml. of dimethoxyethane, freshly distilled from
      lithium aluminum hydride, is added, under stirring and under an atmosphere
      of argon, a solution of 410 mg. of dimethyl 2-oxoheptylphosphonate in 5
      ml. of anhydrous dimethoxyethane. The reaction mixture is stirred for 30
      minutes at room temperature an 500 mg. of
      (2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'.beta.-formylcyclopent-
     1'.alpha.-yl)-acetic acid 1,2'-lactone dissolved in 10 ml. of
      dimethoxyethane are added. The reaction mixture is stirred at room
      temperature for 2 hours further, it is then carefully neutralized with
      acetic acid (to pH 7 ) and evaporated to dryness under reduced pressure at
      a temperature below 30.degree.C. The solid residue is purified by
      chromatography on alkaline alumina, using chloroform-acetone (90:10) as
      eluant, to obtain
      [2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'.beta.-(3"-oxo-oct-1"(t
     )-en-1" -yl)-cyclopent-1'.alpha.-yl]-acetic acid 1,2'-lactone,
      [2'.alpha.-hydroxy-3'.alpha.-acetoxy-5'.beta.-(3"-oxo-oct-1"(t)-en-1"-yl)-
     cyclopent-4'-en-1'.alpha.-yl]-acetic acid 1,2'-lactone, and a small amount
      of dimethyl 2-oxoheptylphosphonate.
PAC  EXAMPLE 4
PAR  To a stirred solution of 1 g. of
      [2'.alpha.-hydroxy-3'.alpha.-acetoxy-5'.beta.-(3"-oxo-oct-1"(t)-en-1"-yl)-
     cyclopent-4'-en-1'.alpha.-yl]-acetic acid 1,2'-lactone in 10 ml. of
      dimethoxyethane, freshly distilled from lithium aluminum hydride are added
      5 ml. of zinc borohydride reagent in anhydrous dimethoxyethane. The
      reaction mixture is stirred for an additional hour at room temperature,
      and treated with a saturated solution of sodium bitartrate until the
      evoluation of gas ceases. It is then diluted with methylene chloride,
      dried over magnesium sulfate and evaporated to dryness under vacuo at a
      temperature below 30.degree.C, to yield
      [2'.alpha.-hydroxy-3'.alpha.-acetoxy-5'.beta.-(3".alpha.-hydroxyoct-1"(t)-
     en-1"-yl)-cyclopent-4'-en-1'.alpha.-yl]-acetic acid 1,2'-lactone in mixture
      with the 3".alpha.-hydroxy isomer.
PAR  This oily mixture is separated into the individual isomers by thin-layer
      chromatography using a mixture of methylene chloride-acetone (75:25) as
      eluant.
PAR  The zinc borohydride reagent is prepared from 0.025 mol of fused zinc
      chloride, 0.050 mol of sodium borohydride in 50 ml. of dimethoxyethane,
      stirring the mixture for 16 hours and filtering the insoluble material
      under argon atmosphere.
PAC  EXAMPLE 5
PAR  A solution of 2.8 g. of
      [2'.alpha.-hydroxy-3'.alpha.-acetoxy-5'.beta.-(3".alpha.-hydroxyoct-1"(t)-
     en-1"-yl)-cyclopent-4'-en-1'.alpha.-yl]-acetic acid 1,2'-lactone in 45 ml.
      of methanol is treated with 1.255 g. of anhydrous potassium carbonate, and
      the reaction mixture stirred for 1 hour at room temperature. It is then
      cooled to 0.degree.C and neutralized with 10% aqueous hydrochloric acid,
      until a pH of 2 to 3 is obtained. Ethyl acetate is added and the organic
      solution washed with water to neutral, dried over magnesium sulfate and
      evaporated to dryness under vacuo, to yield 500 mg. of
      [2'.alpha.,3'.alpha.-dihydroxy-5'.beta.-(3".alpha.-hydroxyoct-1"(t)-en-1"-
     yl)-cyclopent-4'-en-1'.alpha.-yl]-acetic acid 1,2'-lactone which can be
      purified by thin-layer chromatography.
PAC  EXAMPLE 6
PAR  To a solution of 1.4 g. of
      [2'.alpha.-hydroxy-3'.alpha.-acetoxy-5'.beta.-(3".beta.-hydroxyoct-1"(t)-e
     n-1"-yl)-cyclopent-4'-en-1'.alpha.-yl]-acetic acid 1,2'-lactone in 85 ml.
      of anhydrous tetrahydrofuran are added 3.2 g. of manganese dioxide, and
      the reaction mixture is stirred for 30 minutes at room temperature; 3.2 g.
      portions of manganese dioxide are added at 30 minute intervals, repeating
      this operation for seven times. The manganese dioxide is separated by
      filtration, washing carefully this solid material with hot acetone. The
      combined organic filtrates are evaporated to dryness under reduced
      pressure, and the residue is purified by thin-layer chromatography
      obtaining the pure
      (2'.alpha.-hydroxy-3'.alpha.-acetoxy-5'.beta.-(3"-oxo-oct-1"(t)-en-1"-yl)-
     cyclopent-4'-en-1'.alpha.-yl)-acetic acid 1,2'-lactone, identical to the
      product obtained in Example 3.
PAC  EXAMPLE 7
PAR  To a solution of 2 g. of
      [2'.alpha.,3'.alpha.-dihydroxy-5'.beta.-(3".alpha.-hydroxyoct-1"(t)-en-1"-
     yl)-cyclopent-4'-en-1'.alpha.-yl]-acetic acid 1,2'-lactone in 20 ml. of
      methylene chloride are added 20 mg. of p-toluenesulfonic acid and 2 ml. of
      freshly distilled dihydropyran. The reaction mixture is stirred for 15
      minutes, at room temperature, a few drops of pyridine are added and
      diluted with ether. The ethereal solution is washed with 100 ml. of 50%
      aqueous sodium chloride solution and then with saturated sodium chloride
      solution. The organic phase is separated, dried over magnesium sulfate and
      evaporated to dryness under reduced pressure, at approximately 0.degree.C.
      The oily residue is purified by thin-layer chromatography using
      chloroform-methanol 9:1 as eluant, to produce the pure
      [2'.alpha.-hydroxy-3'.alpha.-tetrahydropyranyloxy-5'.beta.-(3".alpha.-tetr
     ahydropyranyloxyoct-1"(t)-en-1"-yl)-cyclopent-4'-en-1'.alpha.-yl]-acetic
      acid 1,2'-lactone.
PAC  EXAMPLE 8
PAR  One gram of
      [2'.alpha.-hydroxy-3'.alpha.-tetrahydropyranyloxy-5'.beta.-(3".alpha.-tetr
     ahydropyranyloxyoct-1"(t)-en-1"-yl)-cyclopent-4'-en1'.alpha.-yl]-acetic
      acid 1,2'-lactone, is dissolved in 20 ml. of anhydrous toluene. The
      solution is cooled to -60.degree.C and to the cold solution is added a
      solution of 650 mg. of diisobutylaluminum hydride in 2.7 ml. of anhydrous
      toluene, stirring the reaction mixture for 15 minutes at -60.degree.C. It
      is then diluted with methanol until the evolution of gas ceases, the
      mixture is stirred for 15 minutes further at room temperature and diluted
      with ether. The organic phase is then separated, washed with saturated
      sodium chloride solution, dried over magnesium sulfate and evaporated to
      dryness at about 0.degree.C to produce
      [2'.alpha.-hydroxy-3'.alpha.-tetrahydropyranyloxy-
      5'.beta.-(3".alpha.-tetrahydropyranyloxyoct-1"(t)-en-1"-yl)-cyclopent-4'-e
     n-1'.alpha.-yl]-acetaldehyde 1,2'-hemiacetal.
PAC  EXAMPLE 9
PAR  A stirred suspension of 440 mg. of sodium hydride in 5 ml. of anhydrous
      dimethylsulfoxide is heated to 80.degree.C for 1/2 hour under an argon
      atmosphere. 1.4 Ml. of resulting solution are added to a solution of 380
      mg. of dried 5-triphenylphosphoniopentanoic acid bromide in 0.8 ml. of
      anhydrous dimethylsulfoxide, under an argon atmosphere and under stirring.
      The reaction mixture is stirred for 5 minutes, 150 mg. of
      [2'.alpha.-hydroxy-3'.alpha.-tetrahydropyranyloxy-5'.beta.-(3".alpha.-tetr
     ahydropyranyloxyoct-1"(t)-en-1"-yl)-cyclopent-4'-en-1'.alpha.-yl]-acetaldeh
     yde 1,2'-hemiacetal dissolved in 1 ml. of dimethylsulfoxide is added, and
      the reaction mixture is stirred at room temperature for 18 hours. The
      solvent is then evaporated under reduced pressure at a temperature below
      35.degree.C and the residue is dissolved in 10 ml. of water. The neutral
      products are extracted with ethyl acetate:ether (1:1) (4 .times. 4 ml.).
      The aqeuous phase is acidified with saturated aqueous oxalic acid solution
      to pH 2, and extracted several times with a mixture of pentane:diethyl
      ether (1:1). The combined organic extracts are washed with saturated
      sodium chloride solution, dried over magnesium sulfate and evaporated to
      dryness at a temperature not higher than 20.degree.C. Purification of the
      residue by t.l.c. using chloroform:methanol (9:1) as eluant, affords the
      pure 9.alpha. -hydroxy-10.alpha.,
      15.alpha.-bistetrahydropyranyloxyprosta-5-cis,11,13-trans-trienoic acid.
PAR  The 5-triphenylphosphoniopentanoic acid bromide used as reagent is prepared
      by reflux of a mixutre of 9.5 g. of 5-bromopentanoic acid, 14.4 g. of
      triphenylphosphine and 100 ml. of acetonitrile for about 70 hours. The
      insoluble material is separated by filtration and the filtrate is
      concentrated to a small volume. The product is crystallized by addition of
      ether, and is further purified by two subsequent recrystallizations from
      acetonitrile-ether.
PAC  EXAMPLE 10
PAR  A mixture of 173 mg. of
      9.alpha.-hydroxy-10.alpha.,15.alpha.-bistetrahydropyranyloxyprosta-5-cis,1
     1,13-trans-trienoic acid, 0.45 ml. of tetrahydrofuran and 4.5 ml. of 65%
      aqueous acetic acid is stirred at 40.degree.C for 4 hours, cooled to
      0.degree.C and evaporated to dryness under reduced pressure; the oily
      residue is purified by t.l.c. using chloroform:methanol (9:1) as eluant,
      thus yielding the pure
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-5-cis,11,13-trans-trienoic
      acid (10.alpha.-hydroxy-11-desoxy-11-dehydro-PGF.sub.2.sub..alpha.).
PAR  In another experiment the reaction mixture is kept at room temperature for
      18 hours, obtaining the same results.
PAC  EXAMPLE 11
PAR  To a solution of 100 mg. of
      9.alpha.-hydroxy-10.alpha.,15.alpha.-bistetrahydropyranyloxyprosta-5-cis,1
     1,13-trans-trienoic acid in 10 ml. of methanol is added a solution of 50
      mg. of oxalic acid in 1 ml. of water, and the reaction mixture is
      maintained at room temperature for 1 hour. It is then diluted with water
      and extracted with methylene chloride. The organic extract is washed with
      sodium chloride solution, dried over magnesium sulfate and evaporated to
      dryness under reduced pressure. The oily residue is purified by t.l.c.
      using chloroform:methanol (9:1) as eluant, thus yielding the pure
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-5-cis,11,13-trans-trienoic
      acid, identical to the obtained in the foregoing Example.
PAC  EXAMPLE 12
PAR  A solution of 100 mg. of
      9.alpha.-hydroxy-10.alpha.,15.alpha.-bistetrahydropyranyloxyprosta-5-cis,1
     1,13-trans-trienoic acid in 4 ml. of purified acetone is cooled to
      -10.degree.C and treated under an atmosphere of nitrogen and with
      stirring, with 0.15 ml. of an 8N solution of chromic acid (prepared by
      mixing 26 g. of chromium trioxide with 23 ml. of concentrated sulfuric
      acid and diluting with water to 100 ml.). The reaction mixture is stirred
      for 30 minutes further at -10.degree.C, 0.15 ml. of isopropanol are then
      added to destroy the excess reagent, and the mixture diluted with ethyl
      acetate. The solution is immediately washed three times with sodium
      chloride solution, dried over magnesium sulfate and evaporated to dryness
      under reduced pressure, to give
      9-keto-10.alpha.,15.alpha.-bistetrahydropyranyloxyprosta-5-cis,11,13-trans
     -trienoic acid, which is purified by t.l.c. using chloroform-methanol (9:1)
      as eluant.
PAR  Upon cleavage of the tetrahydropyranyloxy moiety with acetic acid-water
      (65:35), in accordance with the method of Example 10 there is obtained
      9-keto-10.alpha.,15.alpha.-dihydroxyprosta5-cis,11,13-trans-trienoic acid
      (10.alpha.-hydroxy-11-desoxy-11-dehydro-PGE.sub.2).
PAC  EXAMPLE 13
PAR  To a suspension of 50 g. of diatomaceous earth (dried for 24 hours at
      105.degree.C) and 45.2 g. of chromium trioxide-dipyridine complex in 500
      ml. of anhydrous methylene chloride, cooled to 0.degree. to 2.degree.C are
      added, under stirring, 5 g. of
      (2'.alpha.-hydroxy-3'.alpha.,4'.alpha.-diacetoxy-5'.beta.-hydroxymethylcyc
     lopent-1'.alpha.-yl)-acetic acid 1,2'-lactone dissolved in 500 ml. of
      methylene chloride and the mixture is stirred for ten minutes further,
      maintaining the temperature at about 0.degree.C; 90 g. of sodium bisulfate
      are then added and the mixture is stirred for an additional 10 minute
      period, the solids are separated by filtration and washed well with ethyl
      acetate. To the combined filtrates are added 5 g. of sodium carbonate, and
      the mixture is stirred for 15 minutes, the solid material is filtered off
      and washed well with ethyl acetate, the combined filtrates are washed with
      water, dried over magnesium sulfate and evaporated to dryness in vacuo, at
      about 0.degree.C to yield
      2'.alpha.-hydroxy-3'.alpha.-acetoxy-5'.beta.-formylcyclopent-4'-en-1'.alph
     a.-yl)-acetic acid 1,2'-lactone as a homogeneous oil.
PAC  EXAMPLE 14
PAR  To a prehydrogenated suspension of 300 mg. of 5% palladium charcoal
      catalyst in 20 ml. of dimethoxyethane is added a solution of 500 mg. of
      (2'.alpha.-hdyroxy-3'.alpha.-acetoxy-5'.beta.-formylcyclopent-4'en-1'.alph
     a.-yl)-acetic acid 1,2'-lactone, in 40 ml. of dimethoxyethane, and the
      mixture is stirred under hydrogen atmosphere until the absorption of
      hydrogen ceases. The catalyst is then separated by filtration and washed
      well with ethyl acetate. The combine organic filtrates are evaporated to
      dryness, to yield
      (2'.alpha.-hydroxy-3'.alpha.-acetoxy-5'.beta.-formylcylopent-1'.alpha.-yl)
     -acetic acid 1,2'-lactone, which can be purified by thin-layer
      chromatography using benzene-dioxane 90:10 as gradient.
PAC  EXAMPLE 15
PAR  To a suspension of 0.476 g. of sodium hydride (previously washed with
      pentane, under argon) in 112 ml. of dimethoxyethane freshly distilled from
      lithium aluminum hydride is added, under stirring and under an atmosphere
      of argon, a solution of 3.5 g. of dimethyl 2-oxoheptyl phosphonate,
      prepared as described in Example 3, in 41 ml. of anhydrous
      dimethoxyethane. The reaction mixture is stirred for 30 minutes at room
      temperature and 1.4 g. of
      (2'.alpha.-hydroxy-3'.alpha.-acetoxy-5'.beta.-formylcyclopent-1'.alpha.-yl
     )-acetic acid 1,2'-lactone dissolved in 40 ml. of dimethoxyethane are
      added. The reaction mixture is stirred at room temperature for 2 hours
      further, it is then carefully neutralized with acetic acid (to pH 7) and
      evaporated to dryness under reduced pressure at a temperature below
      30.degree.C. The residue is dissolved in methylene chloride and filtered
      through Celite, diatomaceous earth. The filtrate is evaporated to dryness
      under reduced pressure, and the residue purified by chromatography using
      an 80 .times. 20 cm silica plate and a methylene chloride-ethyl acetate
      (80:20) mixture as eluant, to obtain
      [2'.alpha.-hydroxy-3'.alpha.-acetoxy-5'.beta.-(3"-oxo-oct-1"(t)-en-1"-yl)-
     cyclopent-1'.alpha.-yl]-acetic acid 1,2'-lactone, in pure form. EXAMPLE 16
PAR  To a stirred solution of 330 mg. of
      [2'.alpha.-hydroxy-3'.alpha.-acetoxy-5'.beta.-(3"-oxo-oct-1"(t)-en-1"-yl)-
     cyclopent-1'.alpha.-yl]-acetic acid 1,2'-lactone in 3 ml. of
      dimethoxyethane freshly distilled from lithium aluminum hydride are added
      0.6 ml. of freshly prepared zinc borohydride reagent, prepared as
      described in Example 4, in anhydrous dimethoxyethane. The reaction mixture
      is stirred for 90 minutes at room temperature, and treated with a
      saturated solution of sodium potassium tartrate until the evolution of gas
      ceases. It is then diluted with methylene chloride, dried over magnesium
      sulfate and evaporated to dryness under vacuo at a temperature below
      30.degree.C, to yield
      [2'.alpha.-hydroxy-3'.alpha.-acetoxy-5'.beta.-(3".alpha.-hydroxyoct-1"(t)-
     en-1"-yl)-cyclopent-1'.alpha.-yl]-acetic acid 1,2'-lactone in mixture with
      the 3".beta.-hydroxy isomer.
PAR  This oily mixture is separated into the individual isomers by t.l.c. using
      a mixture of methylene chloride-ether (70:30) as eluant.
PAC  EXAMPLE 17
PAR  A solution of 260 mg. of [2'.alpha.-hydroxy-3'.alpha.-acetoxy-5'.beta.
      -(3".alpha.-hydroxyoct-1"(t)-en-1"-yl)-cyclopent-1'.alpha.-yl]-acetic acid
      1,2'-lactone in 3.4 ml. of methanol is treated with 117 mg. of anhydrous
      potassium carbonate, and the reaction mixture stirred for 1 hour at room
      temperature. It is then cooled to 0.degree.C and neutralized with 10%
      aqueous hydrochloric acid, until a pH of 2 to 3 is obtained. Ethyl acetate
      is added and the organic solution washed with saturated sodium potassium
      tartrate solution, dried over magnesium sulfate and evaporated to dryness
      under vacuo, to yield
      [2'.alpha.,3'.alpha.-dihydroxy-5'.beta.-(3".alpha.-hydroxyoct-1"(t)-en-1"-
     yl)-cyclopent-1'.alpha.-yl]-acetic acid 1,2'-lactone.
PAC  EXAMPLE 18
PAR  To a solution of 1.65 g. of
      [2'.alpha.,3'.alpha.-dihydroxy-5'.beta.-(3".alpha.-hydroxyoct-1"(t)-en-1"-
     yl)-cyclopent-1'.alpha.-yl]-acetic acid 1,2'-lactone in 16.5 ml. of
      methylene chloride are added 16.5 mg. of p-toluenesulfonic acid, and
      moisture is eliminated by azeo-tropic distillation with
      tetrahydrofuran-toluene (three times). The mixture is cooled to room
      temperature and treated with 1.65 ml. of freshly distilled dihydropyran.
      The reaction mixture is stirred for 15 minutes, at room temperature, a few
      drops of pyridine are added and diluted with ether. The ethereal solution
      is washed with 100 ml. of 50% aqueous sodium chloride solution and then
      with saturated sodium chloride solution. The organic phase is separated,
      dried over magnesium sulfate and evaporated to dryness under reduced
      pressure, at approximately 0.degree.C. The oily residue is purified by
      t.l.c. using chloroform-methanol 9:1 as eluant, to produce the pure
      [2'.alpha.-hydroxy-3'.alpha.-tetrahydropyranyloxy-5'.beta.-(3".alpha.-tetr
     ahydropyranyloxyoct-1"(t)-en-1"-yl)-cyclopent-1'.alpha.-yl]-acetic acid
      1,2'-lactone.
PAC  EXAMPLE 19
PAR  A solution of 384 mg. of
      [2'.alpha.-hydroxy-3'.alpha.-tetrahydropyranyloxy-5'.beta.-(3".alpha.-tetr
     ahydropyranyloxyoct-1"(t)-en-1"-yl)-cyclopent-1'.alpha.-yl]-acetic acid
      1,2'-lactone dissolved in 7.7 ml. of anhydrous toluene is cooled to
      -60.degree.C and to the cold solution is added dropwise a solution of 250
      mg. of diisobutylaluminum hydride in 1.25 ml. of anhydrous toluene,
      stirring the reaction mixture for 30 minutes at -60.degree.C. It is then
      diluted with methanol until the evolution of gas ceases. The mixture is
      stirred for 15 minutes further at room temperature and diluted with ether.
      The organic phase is then separated, washed with saturated sodium chloride
      solution, dried over magnesium sulfate and evaporated to dryness at about
      0.degree.C to produce
      [2'.alpha.-hydroxy-3'.alpha.-tetrahydropyranyloxy-5'.beta.-(3".alpha.-tetr
     ahydropyranyloxyoct-1"(t)-en-1"-yl)-cyclopent-1'.alpha.-yl]-acetaldehyde
      1,2'-hemiacetal.
PAC  EXAMPLE 20
PAR  A stirred suspension of 440 mg. of sodium hydride (previously washed with
      hexane distilled from phosphorous pentoxide) in 5 ml. of anhydrous
      dimethylsulfoxide is heated to 80.degree.C for 1/2 hour under an argon
      atmosphere; 0.324 ml. of the resulting solution are added to a solution of
      151 mg. of dried 5-triphenylphosphoniopentanoic acid bromide in 0.4 ml. of
      anhydrous dimethylsulfoxide, under an argon atmosphere and under stirring.
      The reaction mixture is stirred for five minutes, 60 mg. of
      [2'.alpha.-hydroxy-3'.alpha.-tetrahydropyranyloxy-5'.beta.-(3".alpha.-tetr
     ahydropyranyloxyoct-1"(t)-en-1"-yl)-cyclopent-1'.alpha.-yl]-acetaldehyde
      1,2'-hemiacetal dissolved in 0.5 ml. of dimethylsulfoxide is added, and
      the reaction mixture is stirred at room temperature for 18 hours. The
      solvent is then evaporated under reduced pressure at a temperature below
      35.degree.C and the residue is dissolved in 10 ml. of water. The neutral
      products are extracted with ethyl acetate:ether (1:1) (4 .times. 4 ml.).
      The aqueous phase is acidified with saturated aqueous oxalic acid solution
      to pH 2, and extracted several times with a mixture of pentane:ether
      (1:1). The combined organic extracts are washed with saturated sodium
      chloride solution, dried over magnesium sulfate and evaporated to dryness
      at a temperature not higher than 20.degree.C. Purification of the residue
      by t.l.c. using chloroform:methanol 9:1 as eluant, affords the pure
      9.alpha.-hydroxy-10.alpha.,15.alpha.-bistetrahydropyranyloxyprosta-5-cis,1
     3-trans-dienoic acid.
PAR  A mixture of 70 mg. of
      9.alpha.-hydroxy-10.alpha.,15.alpha.-bistetrahydropyranyloxyprosta-5-cis,1
     3-trans-dienoic acid and 1.8 ml. of 65% aqeuous acetic acid is stirred at
      40.degree.C for 4 hours, cooled to 0.degree.C and evaporated to dryness
      under reduced pressure; the oily residue is purified by t.l.c. using
      chloroform:methanol (9:1) as eluant, thus yielding the pure
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-5-cis,13-trans-dienoic acid.
PAC  EXAMPLE 21
PAR  A solution of 40 mg. of
      9.alpha.-hydroxy-10.alpha.,15.alpha.-bistetrahydropyranyloxyprosta-5-cis,1
     3-trans-dienoic acid in 1 ml. of purified acetone is cooled to -10.degree.C
      and treated under an atmosphere of nitrogen and with stirring, with 0.1
      ml. of an 8N solution of chromic acid (prepared by mixing 26 g. of
      chromium trioxide with 23 ml. of concentrated sulfuric acid and diluting
      with water to 100 ml.). The reaction mixture is stirred for 1 hour further
      at -10.degree.C, 0.1 ml. of isopropanol is then added to destroy the
      excess reagent, and the mixture diluted with 6 ml. of ethyl acetate. The
      solution is immediately washed three times with sodium chloride solution,
      dried over magnesium sulfate and evaporated to dryness under reduced
      pressure, to give
      9-keto-10.alpha.,15.alpha.-bistetrahydropyranyloxyprosta-5-cis,13-trans-di
     enoic acid, which is purified by t.l.c. using chloroform-methanol (9:1) as
      eluant.
PAR  Upon cleavage of the tetrahydropyranyloxy moiety with acetic acid-water
      (65:35), in accordance with the method of Example 10, there is obtained
      9-keto-10.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-dienoic acid.
PAC  EXAMPLE 22
PAR  Fifteen milligrams of
      9-keto-10.alpha.,15.alpha.-dihyroxyprosta-5-cis,13-trans-dienoic acid is
      dissolved in a mixture of 2 ml. of benzene and 3 ml. of acetone containing
      5 mg. of freshly prepared tris-(triphenylphosphine)chlororhodium, at room
      temperature. The resulting mixture is stirred in a hydrogen atmosphere and
      aliquots are removed at periodic intervals. The aliquots are esterified
      with diazomethane and analyzed by gas liquid chromatography to determine
      whether hydrogenation has been completed. When the hydrogenation is
      determined to be essentially complete (ca. 6 hours) the reaction mixture
      is applied to 20% wt. silver nitrate impregnated silica gel (G)
      preparative plates developing with chloroform:methanol:acetic acid:water
      in a 95:71:1:0.6 parts by volume ratio. The zone corresponding to the
      9-keto-10.alpha.,11.alpha.-dihydroxyprost-13-trans-enoic acid is eluted
      with a 90:10 by vol., ratio mixture of chloroform and methanol yielding
      pure 9-keto-10.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic acid.
PAR  Similarly by following the same procedure but respectively using the
      corresponding 5-cis olefin prostaglandin derivative as starting materials,
      the following compounds are respectively prepared:
PA1  9.alpha.,10.alpha.,15.alpha.-trihydroxyprost-13-trans-enoic acid;
PA1  9-keto-10.alpha.,15.alpha.-dihydroxyprosta-11,13-trans-dienoic acid; and
PA1  9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-11,13-trans-dienoic acid.
PAC  EXAMPLE 23
PAR  To a solution of 100 mg. of
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-5-cis,11,13-trans-trienoic
      acid in 5 ml. of ether is added 1 ml. of an ethereal solution of
      diazomethane, and the reaction mixture is maintained at room temperature
      for 10 minutes. The solvents and excess reagent are eliminated by vacuum
      distillation and the residue is purified by t.l.c. to afford
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-5-cis,11,13-trans-trienoic
      acid methyl ester.
PAR  In a similar manner but using diazoethane in place of diazomethane, the
      ethyl ester of
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta5-cis,11,13-trans-trienoic
      acid is obtained.
PAR  Likewise
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-5-cis,13-trans-dienoic acid,
      9-keto-10.alpha.,15.alpha.-dihydroxyprosta-5-cis,11,13-trans-trienoic acid
      and 9-keto-10.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-dienoic acid
      are converted into the corresponding methyl and ethyl esters.
PAR  Similarly the corresponding methyl and ethyl esters of the products of
      Example 22 are respectively prepared.
PAC  EXAMPLE 24
PAR  A mixture of 100 mg. of
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-5-cis,11,13-trans-trienoic
      acid, 0.4 ml. of pyridine and 0.8 ml. of acetic anhydride is kept at room
      temperature for 1 hour. The reaction mixture is then evaporated to dryness
      under reduced pressure and the residue is dissolved in ethyl acetate, 50
      mg. of sodium bisulfate are added and the solution is filtered through
      diatomaceous earth. The filtrate is evaporated to dryness to yield
      9.alpha.,10.alpha.,15.alpha.-triacetoxyprosta-5-cis,11,13-trans-trienoic
      acid.
PAR  By the same process but using propionic, caproic and cyclopentylpropionic
      anhydrides as esterifying agents there are respectively obtained the
      9.alpha.,10.alpha.,15.alpha.-tripropionoxy-,
      9.alpha.,10.alpha.15.alpha.-tricaproxy- and
      9.alpha.,10.alpha.,15.alpha.-tricyclopentylpropionoxy-derivatives of
      prosta-5-cis,11,13-trans-trienoic acid.
PAR  In a similar manner,
      9-keto-10.alpha.,15.alpha.-dihydroxyprosta-5-cis,11,13-trans-trienoic acid
      and 9-keto-10.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-dienoic acid
      and the products of Example 22 are respectively converted into the
      corresponding diacetates, dipropionates, dicaproates and
      dicyclopentylpropionates.
PAC  EXAMPLE 25
PAR  To a solution of 100 mg. of
      9-keto-10.alpha.,15.alpha.-dihydroxyprosta-5-cis,11,13-trans-trienoic acid
      in 10 ml. of methanol is added 3 ml. of a 0.1N solution of sodium
      hydroxide, and the mixture is stirred at room temperature for 1 hour. It
      is then evaporated to dryness under reduced pressure, to give the sodium
      salt of
      9-keto-10.alpha.,15.alpha.-dihydroxyprosta-5-cis,11,13-trans-trienoic
      acid.
PAR  By employing 1.1 molar equivalents of potassium hydroxide (in the form of a
      0.1N solution) in place of sodium hydroxide in the above procedure, the
      potassium salt of
      9-keto-10.alpha.,15.alpha.-dihydroxyprosta-5-cis,11,13-trans-trienoic acid
      is obtained.
PAR  Similarly, the sodium and potassium salts of the other prostanoic acid
      derivatives obtained in the previous Examples are produced.
PAC  EXAMPLE 26
PAR  To a solution of 100 mg. of
      9-keto-10.alpha.,15.alpha.-dihydroxyprosta-5-cis,11,13-trans-trienoic acid
      in 10 ml. of methanol is added a mixture of 3 ml. of concentrated ammonium
      hydroxide solution and 5 ml. of methanol. The resulting mixture is stirred
      for 2 hours at room temperature and then evaporated to dryness, to yield
      the ammonium salt of
      9-keto-10.alpha.,15.alpha.-dihydroxyprosta-5-cis,11,13-trans-trienoic
      acid.
PAR  By employing dimethylamine, diethylamine or dipropylamine in place of
      ammonium hydroxide in the above process, the corresponding salts of
      9-keto-10.alpha.,15.alpha.-dihydroxyprosta-5-cis,11,13-trans-trienoic acid
      are obtained.
PAR  In a similar manner, the ammonia, dimethylamine, diethylamine and
      dipropylamine salts of
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-5-cis,11,13 -trans-trienoic
      acid, 9-keto-10.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-dienoic
      acid,; 9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-5cis,13-trans-dienoic
      acid and the products of Example 22 are respectively prepared.
PAC  EXAMPLE 27
PAR  To a solution of 400 mg. of
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-5-cis,11,13-trans-trienoic
      acid in 5 ml. of anhydrous acetone and 2 ml. of 2,2-dimethoxypropane are
      added 5 mg. of p-toluenesulfonic acid, and the reaction mixture is kept at
      room temperature for 2.5 hours. A few drops of pyridine are then added,
      and the solvents eliminated under reduced pressure. The residue is
      purified by t.l.c., to yield
      9.alpha.,10.alpha.-isopropylidenedioxy-15.alpha.-hydroxyprosta-5-cis,11,13
     -trans-trienoic acid.
PAR  In a similar manner but using methyl ethyl ketone, cyclohexanone or
      acetophenone in place of acetone, there are obtained
      9.alpha.,10.alpha.-isobutylidenedioxy-15.alpha.-hydroxyprosta-5-cis,11,13-
     trans-trienoic acid, the 9,10-cyclohexanonide of
      9.alpha.,10.alpha.,15.alpha. -trihydroxyprosta-5-cis,11,13-trans-trienoic
      acid and the 9,10-acetophenonide of
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-5-cis,11,13-trans-trienoic
      acid, respectively.
PAR  Likewise, starting from
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-5-cis,13-trans-dienoic acid
      there are produced:
PA1  9.alpha.,10.alpha.-isopropylidenedioxy-15.alpha.-hydroxyprosta-5-cis,13-tra
     ns-dienoic acid;
PA1  9.alpha.,10.alpha.-isobutylidenedioxy-15.alpha.-hydroxyprosta-5-cis,13-tran
     s-dienoic acid;
PA1  9,10-cyclohexanonide of
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-5-cis,13-trans-dienoic acid;
      and
PA1  9,10-acetophenonide of
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-5-cis,13-trans-dienoic acid.
PAR  Similarly by following the same procedure but respectively using the
      corresponding products of Example 22 as starting materials, the following
      compounds are respectively prepared:
PA1  9.alpha.,10.alpha.-isopropylidenedioxy-15.alpha.-hydroxyprosta-11,13-transd
     ienoic acid;
PA1  9.alpha.,10.alpha.-isobutylidenedioxy-15.alpha.-hydroxyprosta-11,13-transdi
     enoic acid;
PA1  9.alpha.,10.alpha.-isopropylidenedioxy-15.alpha.-hydroxyprosta-13-transenoi
     c acid;
PA1  9.alpha.,10.alpha.-isobutylidenedioxy-15.alpha.-hydroxyprost-13-transenoic
      acid;
PA1  and the 9,10-cyclohexanonides and 9,10-acetophenonides of
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprosta-11,13-trans-dienoic acid and
      9.alpha.,10.alpha.,15.alpha.-trihydroxyprost-13-trans-enoic acid
      respectively.
PAR  Obviously many modifications and variations of the invention, described
      herein above and below in the Claims, can be made without departing from
      the essence and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group of those represented by the formula:
      ##SPC4##
PAL  wherein R.sup.1 and R.sup.2 are independently selected from the group of
      hydroxy, hydrocarbon carboxylic containing from one to 12 carbon atoms or
      the group consisting of methoxy, ethoxy, cycopentyloxy,
      tetrahydrofuran-2-yloxy, tetrahydropyran-2-yloxy and
      4-methoxytetrahydropyran-4-yloxy;
PA1  R.sup.4 is hydrogen or lower alkyl;
PA1  Z is a carbon-carbon double bond; and
PA1  Z' is a cis-olefin double bond or a saturated linkage; and pharmaceutically
      acceptable salts where R.sup.4 is hydrogen.
NUM  2.
PAR  2. The compound of claim 1 wherein said compound is selected from the group
      of 9-keto-10.alpha.,15.alpha.-dihydroxyprosta-5-cis,11,13-trans-trienoic
      acid and pharmaceutically acceptable salts thereof.
NUM  3.
PAR  3. The compound of claim 1 wherein said compound is selected from the group
      of 9-keto-10.alpha.,15.alpha.-dihydroxyprosta-11,13-trans-dienoic acid and
      pharmaceutically acceptable salts thereof.
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ABST
PAL  Hydroxy aromatics are aminated to form the corresponding aromatic amine by
      reaction at 200.degree.-400.degree.C with ammonia in the presence of a
      cyclohexanone and water in contact with a hydrogen transfer catalyst. For
      example, 2,6-dimethylphenol reacts with ammonia in the presence of
      cyclohexanone, water and a supported palladium catalyst to form
      2,6-dimethylaniline.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 123,428,
      filed Mar. 11, 1971 now abandoned.
BSUM
PAC  BACKGROUND
PAR  Aromatic amines such as aniline are useful in a variety of applications,
      such as in the preparation of dyes, herbicides and as antiknock agents for
      spark-ignited gasoline powered internal combustion engines. In the past,
      they have been prepared by reducing nitro aromatics, such as nitrobenzene.
      This is a very useful method of preparation, but depends upon the ready
      availability of the proper nitro aromatic which, in some cases, is not
      available. Another method is described by Van Verth et al, U.S. Pat. No.
      3,219,702, wherein a cyclohexanone is reacted with an ammonia compound in
      the presence of a hydrogen acceptor (e.g., a nitrobenzene) and a
      dehydrogenation catalyst. Since the main reactant in this process is a
      cyclohexanone, its utility depends upon the availability of the
      appropriate cyclohexanone.
PAR  In Wilder et al, U.S. Pat. No. 3,219,704, a similar process is described
      which differs in the omission of the hydrogen acceptor and the requirement
      of an amount of the cyclohexanone at least equivalent to the amount of
      ammonia compound present.
PAR  Another process is described in Barker, U.S. Pat. No. 3,272,865, which
      involves the reaction of a hydroxybenzene with ammonia or amine in contact
      with a silica-alumina, titania-alumina, zirconia-alumina, phosphoric acid
      or tungsten oxide catalyst. This process is quite similar to that
      described by Neuroessen, in U.S. Pat. No. 1,935,209, and by Lowy et al, in
      U.S. Pat. No. 1,449,423.
PAR  In Barker, U.S. Pat. No. 3,442,950, another process is described involving
      the reaction of a cyclohexanol with an aminating agent in the presence of
      a catalyst. If cyclohexanone is present in the cyclohexanol, hydrogen must
      be added in an amount at least sufficient on a molar basis to convert the
      cyclohexanone to cyclohexanol.
PAR  Other processes for making aromatic amines are taught by Ballard, U.S. Pat.
      No. 2,413,598; Vogt, U.S. Pat. No. 2,013,873; Groggins, "Unit Processes in
      Organic Synthesis," 5th Edition; and Houben-Weyl, "Methoden der Organische
      Chemie," Vol. 11/1, pages 117-122.
PAC  SUMMARY
PAR  The present process comprises a process for converting hydroxy-substituted
      aromatic compounds to the corresponding aromatic amine by reacting the
      aromatic hydroxy compound with ammonia in the presence of a catalytic
      amount of a cyclohexanone and in contact with a hydrogen transfer
      catalyst, most preferably palladium. A major advantage of the present
      process is that it allows the preparation of aromatic amines from readily
      available inexpensive hydroxy aromatics, such as the preparation of
      aniline from phenol, 2,6-dimethylaniline from 2,6-dimethylphenol, and
      naphthyl amines from naphthols.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A preferred embodiment of this invention is a process for converting
      hydroxy-substituted aromatics to the corresponding amino-substituted
      aromatics, said process comprising reacting a hydroxy-substituted aromatic
      with ammonia in the presence of a hydrogen transfer catalyst at a
      temperature of from about 200.degree.-400.degree.C.
PAR  Since the reaction of certain hydroxy aromatic starting materials with
      ammonia in the presence of other catalyst systems to form aromatic amines
      is known, the present invention can be viewed as an improvement in this
      process wherein the catalyst employed is a hydrogen transfer catalyst,
      such as palladium in combination with a cyclohexanone co-catalyst.
PAR  The process of this invention is generally applicable to a broad range of
      hydroxy aromatics. By "hydroxy aromatic" is meant a compound containing at
      least one benzene ring to which at least one hydroxy group is bonded.
      These include the simple hydroxy aromatics in which the aromatic portion
      of the compound contains only six-membered carbocyclic rings, such as
      benzene, naphthalene, anthracene, and the like, which are referred to
      herein collectively as phenols. It also includes complex hydroxy aromatics
      in which a heterocyclic ring is fused to a hydroxy-substituted benzene
      ring represented by benzofuran, indole, and the like, which are referred
      to herein collectively as heterocyclic phenols. Since the only reaction
      site involves the hydroxyl group bonded to a benzene ring, the rest of the
      hydroxy aromatic can be anything as long as it does not contain
      substituents which would interfere with the course of the reaction, for
      example, by reacting with the aminating agent. The aryl portion of the
      molecule may be a mono-, di- or tri-nuclear radical, or for that matter,
      can contain even more aryl groups. As stated above, the aryl portion of
      the hydroxy aromatic may also be fused to other cyclic systems including
      heterocyclic systems, such as those containing cyclo oxygen, nitrogen and
      sulfur rings. For example, the hydroxy aromatic can be any of the isomeric
      hydroxy-substituted derivatives of benzene, naphthalene, anthracene,
      phenanthrene, indene, isoindene, benzofuran, isobenzofuran, thionaphthene,
      indole, isoindole, indolenine, 2-isobenzazole, 1,2-benzodiazole,
      1,3-benzodiazole, indiazene, 1,3-benzisodiazole, 1,2,3-benzotriazole,
      benzisoxazole, benzoxadiazole, 1,2-benzopyran, 1,4-benzopyran, quinoline,
      isoquinoline, 1,3-benzodiazine, 1,2-benzisoxazine, acenaphthene, fluorene,
      dibenzopyrrole, xanthene, thianthrene, phenothiazine, phenoxazine,
      naphthacene, chrysene, pyrene, triphenylene, and the like, wherein the
      hydroxyl group is bonded to a nuclear carbon atom. Representative examples
      of these are: naphthol-1, 1-hydroxy anthracene, 2-hydroxy phenanthrene,
      7-hydroxy indene, 6-hydroxy isoindene, 7-hydroxy benzofuran, 6-hydroxy
      isobenzofuran, 4-hydroxy thionaphthene, 7-hydroxy indole, 5-hydroxy
      isoindole, 4-hydroxy isoindolenine, 7-hydroxy-2-isobenzoxazole,
      4-hydroxy-1,2-benzodiazole, 7-hydroxy-1,3-benzodiazole, 7-hydroxy
      indiazene, 4-hydroxy-1,3-benzisodiazole, 4-hydroxy-1,2,3-benzotriazole,
      4-hydroxy benzisoxazole, 7-hydroxybenzoxadiazole,
      8-hydroxy-1,2-benzopyran, 5-hydroxy-1,4-benzopyran, 8-hydroxy quinoline,
      5-hydroxy isoquinoline, 7-hydroxy-1,3-benzodiazine,
      5-hydroxy-1,2-benzisoxazine, 4-hydroxy acenaphthene, 1-hydroxy fluorene,
      4-hydroxy dibenzopyrrole, 1-hydroxy xanthene, 1-hydroxy thianthrene,
      4-hydroxy phenoxazine, 1-hydroxy naphthacene, 1-hydroxy chrysene,
      2-hydroxy pyrene, 2-hydroxy triphenylene, and the like.
PAR  The process is also applicable to aryl hydroxy compounds having more than
      one hydroxyl radical bonded to a nuclear aromatic carbon atom. For
      example, the process can be applied to such polyhydroxy aromatics as
      hydroquinones, resorcinols, catechols, 1,3-dihydroxy naphthalenes,
      pyrogallols, phloroglucinols, and the like.
PAR  Substituents other than hydroxyl groups may be present in the aromatic
      compounds as long as they do not interfere with the course of the
      reaction. That is to say, the other substituents should be relatively
      inert to ammonia and hydrogen and should not act to poison the hydrogen
      transfer catalyst. For example, any of the previously-listed aromatics may
      be substituted in a variety of positions with alkyl radicals, aralkyl
      radicals, cycloalkyl radicals, chlorine, bromine, iodine, fluorine, and
      the like. A few representative examples of these using the simpler
      aromatic structure are p-chlorophenol, 2,6-dimethyl-4-chlorophenol,
      .beta.-bromo-.alpha.-naphthol, .beta.-chloro-7-hydroxy-coumarone,
      2-acetoxy-7-hydroxy-indolenine, 3-n-dodecyl-7-hydroxy-benzisoxazole,
      8-hydroxy-1,2-benzopyran, 7-sec-octadecyl-8-hydroxy-isocoumarin, and the
      like.
PAR  Of the above hydroxy aromatics, the preferred starting materials are those
      in which the aromatic portion is a hydrocarbon containing at least one
      benzene ring to which at least one hydroxy group is bonded.
PAR  The reaction proceeds very well when the hydroxy aromatic is a mononuclear
      phenol sometimes called hdyroxy-substituted benzene. As previously, these
      phenol-type materials can be substituted with other groups as long as they
      do not interfere with the course of the reaction. A preferred class of
      such hydroxy-substituted benzenes are those having the formula:
      ##SPC1##
PAL  wherein n is an integer from 0-3, m is an integer from 1-3, and R is
      selected from the group consisting of aliphatic alkyl radicals containing
      from 1-50 carbon atoms, aralkyl radicals containing from 7-20 carbon atoms
      and cycloalkyl radicals containing from 6-20 carbon atoms. Some examples
      of these are: phenol, catechol, resorcinol, pyrogallol, phluoroglucinol,
      hydroquinone, 3,5-di-tert-butylphenol, 2,6-di-tert-butylhydroquinone,
      3-methylcatechol, p-cresol, m-cresol, p-pentacontyl phenol, 2,4-didodecyl
      phenol, p-cyclohexyl phenol, 3-cyclooctyl phenol,
      p-(4-sec-dodecylcyclohexyl)phenol, 2,4,6-trimethyl phluoroglucinol,
      m-sec-eicosyl phenol, p-(4-tert-tridecylbenzyl)phenol,
      4-(3,5-di-sec-heptylcyclohexyl)phenol, and 2-sec-pentacontyl hydroquinone.
      Of the above, the preferred reactants are the mononuclear
      alkyl-substituted phenols.
PAR  The advantages of the process over the prior art methods display themselves
      to a greater extent when the hydroxy-substituted benzene is a mononuclear
      phenol in which at least one nuclear position ortho to the phenolic
      hydroxyl group is substituted with a radical selected from the group
      consisting of alkyl radicals containing from 1-50 carbon atoms,
      mononuclear aryl radicals containing from 6-20 carbon atoms, cycloalkyl
      radicals containing from 6-20 carbon atoms and primary and secondary
      aralkyl radicals containing from 7-20 carbon atoms. These are phenols
      having the formula:
      ##SPC2##
PAL  wherein p is an integer from 0-2, R.sub.2 is selected from the group
      consisting of alkyl radicals containing from 1-50 carbon atoms, aralkyl
      radicals containing from 7-20 carbon atoms, mononuclear aryl radicals
      containing from 6-20 carbon atoms and cycloalkyl radicals containing from
      6-20 carbon atoms, and R.sub.3 is selected from the group consisting of
      alkyl radicals containing from 1-50 carbon atoms, aralkyl radicals
      containing from 7-20 carbon atoms, mononuclear aryl radicals containing
      from 6-20 carbon atoms, and cycloalkyl radicals containing from 6-20
      carbon atoms. Some examples of these phenolic starting materials are:
PA1  o-sec-butylphenol,
PA1  2,5-dimethylphenol,
PA1  o-tert-butylphenol,
PA1  o-tert-amyl-p-cresol,
PA1  o-sec-pentacontylphenol,
PA1  o-ethylphenol,
PA1  2,4,6-tri-sec-butylphenol,
PA1  2,4-dimethylphenol,
PA1  4-(.alpha.,.alpha.-dimethylbenzyl)-o-cresol,
PA1  2-(.alpha.-methylbenzyl)phenol,
PA1  2-cyclohexyl-p-cresol,
PA1  2-cyclooctyl-p-cresol,
PA1  2-(3,5-di-tert-butyl-cyclohexyl)-4-sec-eicosylphenol,
PA1  2-sec-pentacontylphenol,
PA1  2-(.alpha.-methyl-4-dodecylbenzyl)phenol,
PA1  2-phenylphenol,
PA1  2-(4-tetradecylphenyl)phenol,
PA1  2-(3,5-di-sec-heptylphenyl)phenol,
PA1  2-triacontylphenol,
PA1  2-isopropylphenol,
PA1  2,4-di-sec-dodecylphenol, and
PA1  2-(.alpha.-methyl-4-sec-amylbenzyl)phenol.
PAR  An especially valuable feature of this invention is its ability to replace
      an aromatic hydroxyl radical with an amine radical when both positions on
      the aromatic nucleus ortho to the hydroxyl group are substituted. This
      cannot be readily done using prior art methods. When the aromatic hydroxy
      compound is a mononuclear phenol the phenolic reactant used in this
      embodiment of the invention has the formula:
      ##SPC3##
PAL  wherein q is 0 or 1, and R.sub.4 and R.sub.5 are selected from the same
      group as R.sub.2 in Formula II, and R.sub.6 is selected from the same
      group as R.sub.3 in Formula II. Some examples of these phenols are:
PA1  2-methyl-6-tert-butylphenol,
PA1  2,6-dimethylphenol,
PA1  2,4,6-trimethylphenol,
PA1  2,6-di-sec-butylphenol,
PA1  2,6-di-sec-butyl-p-cresol,
PA1  2,6-di-tert-butylphenol,
PA1  2,4-dimethyl-6-sec-butylphenol,
PA1  2,6-diisopropylphenol,
PA1  2,6-di-sec-octylphenol,
PA1  2,6-di(.alpha.-methylbenzyl)phenol,
PA1  6-(.alpha.-methylbenzyl)-o-cresol,
PA1  2,4-di-methyl-6-(2,3-benzobenzyl)phenol,
PA1  2-(3-tert-butyl-5-isopropylbenzyl)phenol,
PA1  2-cyclooctyl-6-ethylphenol,
PA1  2,6-dibornylphenol,
PA1  2,6-dicyclohexylphenol,
PA1  2-methyl-6-(.alpha.,.alpha.-dimethylbenzyl)phenol,
PA1  6-sec-pentacontyl-o-cresol,
PA1  2,4-dimethyl-6-docosylphenol,
PA1  6-phenol-o-cresol,
PA1  2,4-dimethyl-6-(4-tetradecylphenyl)phenol,
PA1  2-ethyl-6-(3,5-diheptylphenyl)-p-cresol, and the like.
PAR  The amount of ammonia added is not critical. On a mole basis it may be less
      than the hydroxy aromatic or it may be an excess of the hydroxy aromatic.
      This does not affect the operability of the process but only the
      optimization of yield. In general, it is preferred to use a molar excess
      of ammonia. A useful range based on hydroxy aromatic is from about 0.5-50
      moles of ammonia per mole of hydroxy aromatic. A preferred range is from
      1-10 moles of ammonia per mole of hydroxy aromatic.
PAR  It is essential that the reaction mixture contain a catalytic amount of a
      cyclohexanone. Without this the reaction does not proceed to give the
      herein-described results. Although extremely small amounts will cause the
      reaction to proceed, it has been found that, in general, the reaction
      proceeds at a satisfactory rate when the initial mixture prior to adding
      ammonia contains at least about 0.05 mole of a cyclohexanone per mole of
      hydroxy aromatic. There is no critical upper limit, but for economic
      reasons, a most useful range is from about 0.1 to about 0.5 mole of
      cyclohexanone per mole of hydroxy aromatic. This is because only very
      small amounts, if any, of the cyclohexanone catalyst component are
      converted to the aromatic amine product.
PAR  When ammonia is added to the reaction mixture containing the
      hydrogen-transfer catalyst and the cyclohexanone co-catalyst and the
      mixture heated a number of complex reactions ensue, the nature of which is
      not completely understood. It is known from analysis of the reaction
      mixture that a number of materials referred to collectively as "reduced
      products" are formed. By "reduced products" is meant the group of
      compounds which contain a saturated cyclohexyl ring and correspond in
      structure to the cyclohexanone co-catalyst. These include the
      corresponding derivatives of cyclohexanol and cyclohexyl amine. The
      cyclohexanone is the major constituent of these reduced products and, for
      that reason, they are collectively referred to herein as cyclohexanones,
      but it should be understood that this term as used herein includes the
      other reduced products which exist in equilibrium with cyclohexanone under
      the actual reaction conditions. The nature of this equilibrium and the
      reduced products will be discussed in more detail later.
PAR  The cyclohexanone used as the co-catalyst can be any compound containing a
      saturated six-membered cycloaliphatic ketone in its structure. The
      cyclohexanone co-catalyst can correspond in structure with the
      cyclohexanone which would form by partial reduction of the hydroxy
      aromatic compound or it can be an entirely different cyclohexanone.
      Although not bound by any theory as to how the process operates, it is
      believed that the cyclohexanone co-catalyst functions by forming an imine
      derivative with the aminating agent which then transfers hydrogen to the
      hydroxy aromatic, forming an aromatic amine and regenerating cyclohexanone
      co-catalyst, thus making the reaction self-propagating. Hence, no matter
      what cyclohexanone compound is added initially to start the reaction, the
      cyclohexanone present after the reaction is under way will correspond in
      structure to that of the partially reduced hydroxy aromatic compound. This
      series of reactions can be illustrated by the following equations in which
      phenol represents the hydroxy aromatic.
      ##SPC4##
PAL  The result of the above is that the cyclohexanone consumed in reaction (1)
      is regenerated by reaction (2), and the cyclohexylimine formed in reaction
      (1) is consumed in reaction (2). The net result is represented by reaction
      (3): the hydroxy aromatic group attached to the aromatic group is replaced
      with an amine group. Whatever the mechanism, the results are that only a
      catalytic amount of the cyclohexanone is required to initiate the reaction
      and the hydroxy aromatic is aminated by the ammonia.
PAR  As discussed above, both cyclohexanols and cyclohexyl amines have been
      found in the reduced products present during the reaction. It is believed
      that the above is still a good overall representation of how the process
      converts the hydroxy aromatic to the corresponding aromatic amine and that
      the other identified reduced products, such as cyclohexanols and
      cyclohexyl amines, are in redox equilibrium with the cyclohexanone
      co-catalyst due to the presence of the hydrogen transfer catalyst.
      However, the successful practice of the novel process described herein
      does not require an understanding of its exact mechanism.
PAR  Van Verth et al, U.S. Pat. No. 3,219,702, and Wilder et al, U.S. Pat. No.
      3,219,704, disclose a process for making aromatic amines by reacting a
      cyclohexanone with ammonia using a palladium catalyst. Although this
      reaction may proceed to some small extent during operation of the present
      process, it represents, at most, but a minor side reaction. In the present
      process the aromatic amine is formed from the hydroxy aromatic. The
      following examples demonstrate this most conclusively.
PAC  EXAMPLE 1
PAR  This example shows that the amount of reduced products remains
      substantially the same as the reaction proceeds and that the phenol is
      converted to an aniline.
PAR  In an autoclave was placed 164 grams of 2-methyl-6-tert-butylphenol, 176
      grams of 29% aqueous ammonia and 9.5 grams of 5% palladium on charcoal.
      This was pressurized to 500 psig with hydrogen and heated to 200.degree.C
      and then pressurized to 1000 psig with hydrogen. After a pressure drop of
      920 psig, due to reduction of a portion of the
      2-methyl-6-tert-butylphenol, the autoclave was cooled to room temperature
      and vented. It was again sealed and heated to 250.degree.C and stirred at
      this temperature for 15 hours. Samples were periodically withdrawn and
      analyzed to follow the course of the reaction. The results are shown in
      the following table.
     Reaction % Reduced                                                        

     time.sup.1                                                                

              Products.sup.2,3                                                 

                           % Phenol.sup.2                                      

                                       % Aniline.sup.2                         

     ______________________________________                                    

     start    20.2         72.2         1.9                                    

     2 hrs    29.0         37.5        26.6                                    

     6.2 hrs  25.4         20.0        43.8                                    

     8.5 hrs  23.4         15.5        49.3                                    

     15 hrs   19.0         15.7        52.4                                    

     ______________________________________                                    

      .sup.1 From the time the autoclave was heated to 250.degree.C.           

      .sup.2 As the 2-methyl-6-tert-butyl derivative.                          

      .sup.3 Mainly 2-methyl-6-tert-butylcyclohexanone plus lesser amounts of  

      the corresponding cyclohexanol and cyclohexylamine.                      

PAR  The above results show that the net result of the reaction is the
      consumption of the phenolic starting material and the production of the
      aromatic amine product. The amount of cyclohexanone (i.e., "reduced
      products") stays about the same during the reaction, which serves to
      support the above postulated mechanism and clearly distinguishes the
      present process from that described by Van Verth et al or Wilder et al.
PAR  As stated previously, the cyclohexanone co-catalyst component is essential
      to the process. This is shown in the following examples.
PAC  EXAMPLE 2
PAC  Reaction with Cyclohexanone Co-Catalyst
PAR  In the autoclave used in Example 1 was placed 164 grams of
      2-methyl-6-tert-butylphenol and 9.6 grams of 5% palladium on charcoal.
      This was partially hydrogenated at 193.degree.C and 500 psig hydrogen to
      form the reduced products containing the cyclohexanone co-catalyst. Then
      188 grams of 27% aqueous ammonia was added and the amination reaction
      carried out at 250.degree.C for 8 hours 10 minutes. The organic phase of
      the mixture was analyzed following the hydrogenation and again at the end
      of the reaction period. The results were as follows.
TBL  ______________________________________                                    

                      After          End of                                    

     Component       Hydrogenation   Reaction                                  

     ______________________________________                                    

     reduced products                                                          

                     25.22%          19.21%                                    

     2-methyl-6-tert-                                                          

      butylphenol    70.52%          12.15%                                    

     2-methyl-6-tert-                                                          

      butylaniline    0%             59.31%                                    

     ______________________________________                                    

PAC  EXAMPLE 3
PAC  Reaction without Cyclohexanone Co-Catalyst
PAR  This reaction was carried out as in Example 2 but without the initial
      hydrogenation to form the reduced products.
PAR  In an autoclave was placed 164 grams of 2-methyl-6-tert-butylphenol, 176
      grams of 29% aqueous ammonia and 9.5 grams of 5% palladium on charcoal.
      The autoclave was flushed with nitrogen, sealed, and heated to
      250.degree.C and stirred at that temperature for 8 hours. The composition
      of the organic phase before and after the 8 hour reaction period was as
      follows.
TBL  ______________________________________                                    

                     Before   End of                                           

                     Reaction Reaction                                         

     ______________________________________                                    

     2-methyl-6-tert                                                           

      butylphenol      100%       94.4%                                        

     2-methyl-6-tert-                                                          

     butylcyclohexanone                                                        

                       0%         0%                                           

     2-methyl-6-tert-                                                          

      butylaniline     0%         0%                                           

     ______________________________________                                    

PAR  The small loss of 2-methyl-6-tert-butylphenol in Example 3 was probably due
      to slight thermal dealkylation. By comparing Example 2 with Example 3 it
      is apparent that the cyclohexanone co-catalyst is a critical component of
      the process which enables it to aminate the hydroxy aromatic.
PAC  EXAMPLE 4
PAR  This example shows the necessity of having a phenol present to be aminated
      and that without the phenol only very small amounts of aromatic amine are
      formed.
PAR  In an autoclave was placed 164.3 grams of 2-methyl-6-tert-butylphenol and
      9.6 grams of 5% palladium on charcoal. This was pressurized to 1,470 psig
      with hydrogen and heated to 150.degree.C. Pressure dropped to zero and the
      autoclave was repressurized to 1195 psig with hydrogen. After 70 minutes
      of hydrogenation the autoclave was cooled and vented. Its contents
      analyzed by VPC as 98.2% 2-methyl-6-tert-butyl cyclohexanone plus four
      unidentified components in small amount. There was no measurable
      2-methyl-6-tert-butylphenol.
PAR  To the above was added 188 grams of 29% aqueous ammonia and the vessel
      sealed and heated to 250.degree.C and held at that temperature for 8
      hours. The autoclave was then cooled and the reaction mixture analyzed by
      VPC as follows:
TBL  2-methyl-6-tert-butyl cyclohexanone                                       

                                 62.1%                                         

     2-methyl-6-tert-butyl cyclohexylamine                                     

                                 20.9%                                         

     2-methyl-6-tert-butyl aniline                                             

                                 12.5%                                         

     1-methyl-3-tert-butyl benzene                                             

                                 1.5%                                          

     2-methyl-6-tert-butylphenol 1.5%                                          

PAL  Comparing these results with Example 2 clearly shows the criticality of
      having both the phenol and the cyclohexanone co-catalyst present in order
      to have the reaction proceed as described.
PAR  As stated above, any cyclohexanone can be used to initiate the reaction.
      Cyclohexanones corresponding in structure to the partially reduced hydroxy
      aromatic are preferred. For example, the cyclohexanone of partially
      reduced phenol is the compound cyclohexanone. Likewise, the partially
      reduced alkylated hydroxybenzenes are the alkylated cyclohexanones. The
      following examples serve to illustrate what is meant by the cyclohexanone
      corresponding in structure to the partially reduced hydroxy aromatics.
TBL  ______________________________________                                    

                     Cyclohexanone Corresponding in                            

                     Structure to Partially Reduced                            

     Hydroxy Aromatic                                                          

                     Hydroxy Aromatics                                         

     ______________________________________                                    

     2,6-dimethylphenol                                                        

                     2,6-dimethylcyclohexanone                                 

     o-cresol        2-methylcyclohexanone                                     

     2-methyl-6-tert-butyl-                                                    

                     2-methyl-6-tert-butyl-                                    

      phenol           cyclohexanone                                           

     2.6-diisopropylphenol                                                     

                     2,6-diisopropylcyclohexanone                              

     2,4-dimethylphenol                                                        

                     2,4-dimethylcyclohexanone                                 

     2,4,6-trimethylphenol                                                     

                     2,4,6-trimethylcyclohexanone                              

     2,6-diisopropylphenol                                                     

                     2,6-diisopropylcyclohexanone                              

     2,6-di-sec-butylphenol                                                    

                     2,6-di-sec-butylcyclohexanone                             

     o-sec-butylphenol                                                         

                     2-sec-butylcyclohexanone                                  

     .alpha.-naphthol                                                          

                     2,3-benzocyclohexanone                                    

     ______________________________________                                    

PAR  The cyclohexanone co-catalyst need not be added as such at the start of the
      process but can be formed in situ by adding a small amount of a reducing
      agent. Hence, a highly preferred embodiment of the invention is a process
      for converting hydroxy-substituted aromatics to amino-substituted
      aromatics, said process comprising reacting a hydroxy-substituted aromatic
      with ammonia in the presence of a catalytic amount of a cyclohexanone
      formed in situ by adding an amount of a reducing agent sufficient to
      reduce a small amount of said hydroxy-substituted aromatic to said
      catalytic amount of a cyclohexanone, in contact with a hydrogen transfer
      catalyst at a temperature of from about 200.degree.-400.degree.C.
PAR  The reducing agent employed can be any of those known to be capable of
      reducing a hydroxy aromatic to the corresponding cyclohexanone. One such
      group of useful reducing agents is the hydroaromatics. These are compounds
      containing a 6-membered cycloaliphatic structure which can lose hydrogen
      and form an aromatic compound (Fieser and Fieser, Advanced Organic Chem.,
      p. 645, Reinhold Publishing Co., N.Y., 1961). Some typical examples of
      these are: decalin, tetralin, cyclohexane, cyclohexanol, and the like.
      Other organic reducing agents such as hydroquinone, catechol, and the
      like, can also be used. Compounds that form hydrogen in contact with water
      are also useful. These include sodium aluminum hydride, sodium
      borohydride, calcium hydride, lithium aluminum hydride, and the like.
PAR  As mentioned earlier, both cyclohexanols and cyclohexyl amines have been
      identified in the reduced products. These components in the presence of a
      phenol and a hydrogen transfer catalyst can form the cyclohexanone
      co-catalyst. Accordingly, either cyclohexanols or cyclohexyl amines can be
      added to the phenol starting material to form the required cyclohexanone
      co-catalyst.
PAR  The most preferred reducing agent is hydrogen. Thus, the reaction can be
      initiated by adding a small amount of hydrogen to the reaction mixture
      sufficient to reduce some of the hydroxy aromatic to form at least a
      catalytic amount of the cyclohexanone as previously described. Once the
      cyclohexanone catalyst has formed no additional reducing agent is
      required. The amount of hydrogen added should be at least enough to form
      0.05 mole of a cyclohexanone per mole of hydroxy aromatic. An excess is
      generally employed because it does not all react. The formation of the
      cyclohexanone catalyst can be readily accomplished by adding the hydroxy
      aromatic and hydrogen transfer catalyst to a reaction vessel and then
      pressurizing the vessel with about 10-500 psig of hydrogen and heating the
      mixture to about 200.degree.C until sufficient hydrogen has been reacted
      to form the catalyst. Following this, water and ammonia can be added and
      the process completed. This is referred to as the two-stage process. If
      desired, the water and ammonia can be added prior to the reduction. A very
      facile method of carrying out the process is to place the hydroxy
      aromatic, aqueous ammonia and hydrogen transfer catalyst in the reaction
      vessel and then pressurize the vessel with hydrogen while stirring at
      reaction temperature.
PAR  The hydrogen transfer catalyst can be any of the well-known
      hydrogenation-dehydrogenation catalysts, although they all do not give
      equivalent results. Some examples are platinum, palladium, copper
      chromite, chromium oxide, and the like. Preferably, the catalysts are
      supported on a suitable support such as alumina, silica, silica-alumina,
      magnesia, zirconia, titania, charcoal, and the like. Examples include
      alumina-chromia, magnesia-chromia, alumina-molybdena, alumina-vanadia,
      alumina-vanadia-zinc oxide, alumina-urania, alumina-tungstate,
      alumina-palladium, alumina-copper-palladium, and the like.
PAR  Preferably, the catalyst is a Group VIII metal-containing catalyst such as
      nickel, palladium, platinum, cobalt, rhodium, iridium, ruthenium, osmium,
      and mixtures thereof.
PAR  The most preferred catalyst is palladium on a suitable support such as
      charcoal. Palladium has been found to give vastly superior results. The
      amount of catalyst need only be sufficient to catalyze hydrogen exchange
      during the reaction. Good results are obtained using from about 1 to 10
      parts by weight of hydrogen transfer catalyst (excluding support) per
      1,000 parts of reaction mixture.
PAR  It has been found that the initial reduction to form the cyclohexanone
      co-catalyst does not proceed at a reasonable rate if the reaction mixture
      contains ammonia unless water is also present in the mixture. A useful
      range of water is from about 25 to 500 parts by weight per 1,000 parts of
      reaction mixture. The water can be separately added or it can be added
      together with the aminating agent forming an aqueous aminating solution.
PAR  Although a solvent is not required in the process, the use of a solvent is
      not detrimental. Preferred solvents are liquid hydrocarbons boiling in the
      range of from about 50.degree.-200.degree.C. Useful examples include
      hexane, heptane, octane, nonane, decane, benzene, toluene, xylene, and the
      like.
PAR  The reaction proceeds at elevated temperatures of from about
      175.degree.-500.degree.C. A preferred operating temperature is from about
      200.degree.-400.degree.C.
PAR  The process can be carried out as a batch or continuous operation. In a
      batch operation the hydroxy aromatic, cyclohexanone catalyst, ammonia,
      water and hydrogen transfer catalyst can be merely mixed together and
      heated in a sealed vessel to reaction temperature. This is referred to as
      the one-stage process. Amination is usually optimum in 4-12 hours.
      Optionally, the hydroxy aromatic, cyclohexanone catalyst, water and
      hydrogen transfer catalyst can be mixed in a closed vessel, heated to
      reaction temperature and then ammonia added over an extended period of
      time. In still another mode of operation the hydroxy aromatic, hydrogen
      transfer catalyst and water can be placed in a reaction vessel together
      with a small amount of a reducing agent such as tetralin. This mixture is
      then heated, causing the formation of a catalytic amount of the
      cyclohexanone catalyst corresponding in structure to the hydroxy aromatic,
      following which the ammonia is added and the reaction completed.
PAR  A simple method of carrying out the process is to merely place the hydroxy
      aromatic, hydrogen transfer catalyst, aqueous ammonia and hydrogen in a
      pressure reaction vessel and heat to reaction temperature while stirring.
PAR  In the continuous method the hydroxy aromatic, cyclohexanone, water and
      ammonia are passed through a fixed bed hydrogen transfer catalyst
      maintained at reaction temperature at a space velocity such that the
      residence time is sufficient to provide a good conversion to aromatic
      amine. In one version of the continuous process a mixture of hydroxy
      aromatic, ammonia, water and hydrogen is passed through the fixed bed
      catalyst which causes the cyclohexanone catalyst to form in situ, which in
      turn catalyzes the amination reaction on the aromatic hydroxy compound.
PAR  In another variation of the above-mentioned in situ catalyst formation
      method the hydroxy aromatic and hydrogen transfer catalyst are placed in a
      sealed reaction vessel which is then pressurized with from about 10-500
      psig with hydrogen and heated until a catalytic amount of a cyclohexanone
      forms. Following this, the water and ammonia are added and the reaction
      completed. This is the two-stage process previously referred to. The
      partial hydrogenation of the hydroxy aromatic to form reduced products
      containing the cyclohexanone co-catalyst is conducted prior to adding the
      ammonia. At this stage the reduced products have been found to contain a
      large amount of cyclohexanone and the remainder mainly the corresponding
      cyclohexanol in equilibrium with it. This avoids any deactivating effect
      the ammonia might have on the hydrogen transfer catalyst. According to
      this most preferred method the hydroxy aromatic and a supported palladium
      hydrogen transfer catalyst are first charged to the reaction vessel. The
      reaction rate is dependent upon the amount of catalyst used. Good results
      are obtained using from about 0.001 to about 0.01 mole of palladium per
      mole of hydroxy aromatic. Charcoal is an excellent support for the
      palladium. Catalyst loadings of 1-10 per cent palladium are very
      effective. The reaction vessel is then sealed, flushed with nitrogen, and
      then pressurized with hydrogen to effect partial reduction. The hydrogen
      pressure used is not critical so long as it suffices to cause
      hydrogenation. Pressures of about 10-500 psig are useful.
PAR  Reaction rate in the subsequent amination stage is dependent upon the
      amount of cyclohexanone co-catalyst formed in the first stage. Since the
      cyclohexanone itself is a catalyst and is not converted in any substantial
      amount to the desired aromatic amine (cf. Examples 1-4), it is
      counter-productive to use too much cyclohexanone co-catalyst. An economic
      balance should be reached between reaction rate and amount of product
      produced. Thus, the amount of hydrogen used in the first stage should be
      that amount which will form the optimum amount of cyclohexanone
      co-catalyst. As mentioned earlier, a useful range is about 0.05 to about
      0.5 mole of the particular cyclohexanone per mole of hydroxy aromatic
      remaining in the hydrogenated mixture. Since two moles of hydrogen are
      required to reduce one mole of hydroxy aromatic to the corresponding
      cyclohexanone, this requires in the range of 0.1 to 1.0 mole of hydrogen
      per mole of cyclohexanone co-catalyst to be produced.
PAR  Hydrogenation is then carried out at a temperature which is adequate to
      promote the reduction. This will vary somewhat with the amount of
      palladium catalyst and its activity. The hydrogenation generally initiates
      at temperatures below about 100.degree.C, but if it does not, the mixture
      can be merely heated further under hydrogen pressure until hydrogen uptake
      occurs. It is seldom necessary to heat over about 200.degree.C.
PAR  After the hydrogenation has progressed to the desired degree the reaction
      mixture which now contains the desired amount of a cyclohexanone as a
      major constituent of the reduced products formed in the hydrogenation is
      cooled and residual hydrogen vented. At this time, the second stage of the
      reaction is conducted. This is the amination stage. Ammonia is added to
      the reaction vessel in the amounts previously described. In this two-stage
      embodiment a most preferred amount of ammonia is about 1-4 moles per mole
      of hydroxy aromatic originally charged to the reaction vessel prior to
      reduction. Thus, a typical reactor content at the start of the amination
      stage would be about 0.8 mole of hydroxy aromatic, 0.2 mole of the
      corresponding reduced products (mainly a cyclohexanone), 0.005 mole of
      palladium on a charcoal support, and about 1-4 moles of ammonia.
PAR  The amination reaction will proceed without adding water, so the use of
      water is not critical. However, the reaction rate is increased by
      including water in the system. Improved results are obtained when the
      system includes about 0.5-10 moles of water per mole of initial hydroxy
      aromatic. A preferred range is about 1-4 moles of water per mole of
      initial hydroxy aromatic. A facile method of carrying out the process is
      to add the water and ammonia together as an aqueous ammonia solution. This
      makes the handling of ammonia much easier. By adjusting the ammonia
      concentration the proper amount of ammonia and water can be added
      concurrently.
PAR  The reaction rate is temperature dependent. As mentioned earlier, a
      preferred operating range for the amination is about
      200.degree.-400.degree.C. Excellent results are obtained at about
      225.degree.-275.degree.C. If the hydroxy aromatic starting material
      contains tert-alkyl substituents the temperature should not be increased
      above about 275.degree.C for any extended period or dealkylation will
      occur.
PAR  As discussed above, the reaction rate is dependent upon a number of
      variables, so there is no fixed time in which the amination should be
      conducted. Although the amination is usually optimized in about 4-12
      hours, it has been found that under the most preferred conditions the
      optimum yield can be obtained in only 1-2 hours.
PAR  Product is generally recovered by distillation. Unreacted ammonia, reduced
      products and hydroxy aromatic can be recycled. The following examples
      serve to illustrate the manner in which the process may be conducted. All
      parts are by weight unless otherwise stated.
PAC  EXAMPLE 5
PAR  In a pressure reaction vessel was placed 0.55 mole parts of
      2-methyl-6-tert-butylphenol, 0.55 mole parts of
      2-methyl-6-tert-butylcyclohexanone, 0.0045 mole parts of palladium (5
      weight per cent on charcoal support) and 3 mole parts of ammonia. The
      vessel was sealed and, while stirring, heated to 250.degree.C. (Water was
      not added in this example because the initial reaction of ammonia with
      cyclohexanone produced 0.55 mole part of water.) The mixture was stirred
      at this temperature for 3 hours and then cooled and distilled, giving a
      46.8 per cent conversion to 2-methyl-6-tert-butyl aniline. The yield of
      2-methyl-6-tert-butyl aniline based on consumed phenol was about 98 per
      cent.
PAC  EXAMPLE 6
PAR  In a pressure reaction vessel was placed one mole part of
      2-methyl-6-tert-butylphenol and 0.0047 mole part of palladium (5 weight
      per cent on charcoal support). The vessel was pressurized with hydrogen to
      300 psig and stirred at 200.degree.C for 3.5 hours. (Total pressure drop
      2,150 psi.) Then, 3 mole parts of ammonia were added and the vessel sealed
      and stirred at 250.degree.C for 25 hours. Following this, 6 additional
      mole parts of ammonia were added and the reaction continued for 5 hours at
      265.degree.C. Conversion of 2-methyl-6-tert-butylphenol to
      2-methyl-6-tert-butyl aniline was 34 per cent. Calculated yield of 2
      -methyl-6-tert-butyl aniline was about 98 per cent.
PAC  EXAMPLE 7
PAR  In a pressure reaction vessel was placed one mole part of
      2-methyl-6-tert-butylphenol and 0.0045 mole part of palladium (5 weight
      per cent palladium on charcoal). Then, 3 mole parts of ammonia were added
      as 29 per cent aqueous ammonium hydroxide. The vessel was sealed and
      pressurized with hydrogen to 1,000 psig and heated to 200.degree.C.
      Hydrogenation was continued until a total pressure drop of 820 psi was
      obtained. A sample was withdrawn and analyzed by gas chromatography at
      this point and found to be 72 per cent 2-methyl-6-tert-butylphenol and 20
      per cent 2-methyl-6-tert-butyl cyclohexanone. The sealed vessel was then
      heated to 250.degree.C and stirred at this temperature for 15 hours. The
      vessel was cooled and the contents distilled to give a 52.4 per cent
      conversion and 95.8 per cent yield of 2-methyl-6-tert-butyl aniline.
PAC  EXAMPLE 8
PAR  The procedure of Example 7 was repeated except the ammonium hydroxide was
      not added until after the hydrogenation. Instead, 50 parts of water were
      added prior to hydrogenation and the pressure drop was 400 psi. Conversion
      to 2-methyl-6-tert-butyl aniline was 54 per cent and yield was 98.7 per
      cent based on 2-methyl-6-tert-butylphenol.
PAC  EXAMPLE 9
PAR  In a pressure reaction vessel was placed 1.5 mole part of
      2-methyl-6-tert-butylphenol and 0.0067 mole part of palladium (5 weight
      per cent palladium on charcoal). The vessel was pressurized to 180 psig
      with hydrogen and heated to 200.degree.C over a 15 minute period. It was
      then cooled and 3.36 mole parts of ammonia (as 29 per cent aqueous
      ammonium hydroxide) were added. Gas chromatographic analysis of the
      mixture at this time showed it to contain 15.1 weight per cent
      2-methyl-6-tert-butyl cyclohexanone, 80.4 weight per cent
      2-methyl-6-tert-butylphenol and 0.5 weight per cent 2-methyl-6-tert-butyl
      aniline. The vessel was sealed and stirred at 250.degree.C. After 5 hours
      the vessel contents analyzed 10.5 weight per cent 2-methyl-6-tert-butyl
      cyclohexanone, 38 weight per cent 2-methyl-6-tert-butylphenol and 46.6
      weight per cent 2-methyl-6-tert-butyl aniline. These results show that
      very little change in the cyclohexanone content of the reaction mixture
      has occured. This demonstrates that the 2-methyl-6-tert-butyl aniline is
      being formed at the expense of 2-methyl-6-tert-butylphenol and that the
      2-methyl-6-tert-butyl cylcohexanone serves a catalytic function.
PAC  EXAMPLE 10
PAR  In a pressure reaction vessel was placed 122 parts of 2,6-dimethylphenol,
      176 parts of concentrated ammonium hydroxide and 9.5 parts of 5 per cent
      palladium on charcoal. The vessel was flushed with nitrogen, sealed and
      pressurized to 100 psig with hydrogen. It was then heated to 250.degree.C
      while stirring and maintained at that temperature for 12 hours. The
      reaction mixture was cooled, diluted with benzene and filtered. Product
      was recovered by distillation. The conversion of the 2,6-dimethylphenol to
      2,6-dimethylaniline was 78.6 per cent. After credit for recovered
      2,6-dimethylphenol starting material, the actual yield was about 99 per
      cent.
PAC  EXAMPLE 11
PAR  In a pressure reaction vessel place one mole part of 2,6-dimethylphenol,
      0.1 mole part of 2,6-dimethyl cyclohexanone, 0.007 mole part of platinum
      (0.1 weight per cent on silica-alumina support) and 3 mole parts of
      ammonia (as 29 per cent aqueous ammonium hydroxide). Seal the vessel and
      heat to 300.degree.C and stir at this temperature for 4 hours. Cool and
      filter off the catalyst for recycle. Distill the filtrate to obtain the
      product 2,6-dimethyl aniline in good yield.
PAR  The above example can also be carried out using a solvent such as toluene.
PAC  EXAMPLE 12
PAR  In a pressure reaction vessel place one mole part of 2-naphthol, 0.05 mole
      part of cyclohexanone, 0.005 mole part of palladium (0.05 weight per cent
      on kielsguhr support) and 2 mole parts of aqueous ammonia. Seal the vessel
      and heat to 300.degree.C. Stir at 300.degree.-325.degree.C for 8 hours and
      then cool and filter. Distill the filtrate to recover as the main product
      .beta.-naphthyl amine.
PAC  EXAMPLE 13
PAR  In a pressure reaction vessel place one mole part of
      2,4-di-tert-butylphenol, 0.2 mole part of tetralin and 0.007 mole part of
      palladium (5 weight per cent on charcoal support). Heat to 200.degree.C
      and stir for one hour at that temperature. Cool and add 5 mole parts of
      ammonia (as 29 per cent aqueous ammonium hydroxide). Seal and heat to
      275.degree.C and stir at that temperature for 24 hours. Cool and filter to
      remove the palladium catalyst. Recover the product 2,4-di-tert-butyl
      aniline by distillation.
PAC  EXAMPLE 14
PAR  In a pressure reaction vessel place one mole part of o-cresol, 0.1 mole
      part of 1-methyl cyclohexanone, 0.007 mole part of palladium (5 weight per
      cent on charcoal support), and 2 mole parts of ammonium hydroxide. Seal
      the vessel and heat to 275.degree.C and stir at this temperature for 8
      hours. Cool, filter and distill to recover the product 2-methyl aniline.
PAR  The procedure of Example 9 is repeated in each of the following examples by
      replacing the 2-methyl-6-tert-butylphenol used in Example 9 with an equal
      mole amount of the designated hydroxy aromatics as follows.
TBL  __________________________________________________________________________

     EX-                                                                       

     AMPLE                                                                     

          HYDROXY AROMATIC                                                     

                         AROMATIC AMINE PRODUCT                                

     __________________________________________________________________________

     15.  .beta.-naphthol                                                      

                         .beta.-naphthyl amine                                 

     16.  p-cresol       p-methyl aniline                                      

     17.  p-pentacontyl phenol                                                 

                         p-pentacontyl aniline                                 

     18.  o-(.alpha.-methylbenzyl)phenol                                       

                         o-(.alpha.-methylbenzyl) aniline                      

     19.  2,6-dicyclohexylphenol                                               

                         2,6-dicyclohexyl aniline                              

     20.  2,4,6-tri-tert-butyl-                                                

                         2,4,6-tri-tert-butyl aniline                          

          phenol                                                               

     21.  7-hydroxy indene                                                     

                         7-amino indene                                        

     22.  4,6-dibromo-7-hydroxy                                                

                         4,6-dibromo-7-amino indene                            

          indene                                                               

     23.  4-hydroxy benzofuran                                                 

                         4-amino benzofuran                                    

     24.  2-cyclooctyl-p-cresol                                                

                         2-cyclooctyl-4-methyl aniline                         

     25.  p-phenylphenol p-phenyl aniline                                      

     26.  p-(3,5-di-sec-heptyl-                                                

                         p-(3,5-di-sec-heptylphenol)-                          

          phenyl)phenol  aniline                                               

     27.  o-(1-methylcyclohexyl)-                                              

                         o-(1-methylcyclohexyl)aniline                         

          phenol                                                               

     28.  2-sec-butyl-4,6-dinitro-                                             

                         2-sec-butyl-4,6-dinitro aniline                       

          phenol                                                               

     29.  2,6-di-sec-butylphenol                                               

                         2,6-di-sec-butyl aniline                              

     30.  2,6-diisopropylphenol                                                

                         2,6-diisopropyl aniline                               

     31.  7-hydroxy indole                                                     

                         7-amino indole                                        

     32.  7-hydroxy-4-nitro-                                                   

                         7-amino-4-nitro-isobenzofuran                         

          isobenzofuran                                                        

     33.  4-hydroxy-7-acetoxy                                                  

                         4-amino-7-acetoxy indolenine                          

          indolenine                                                           

     34.  7-hydroxy-4-methoxy-                                                 

                         7-amino-4-methoxy-isothio-                            

          isothionaphthene                                                     

                         naphthene                                             

     35.  4-hydroxy-benzoisoxazole                                             

                         4-amino-benzoisoxazole                                

     36.  7-hydroxy-4-iodo-                                                    

                         7-amino-4-iodo-benzoisoxazole                         

          benzoisoxazole                                                       

     37.  6-hydroxy coumarin                                                   

                         6-amino coumarin                                      

     38.  6-hydroxy-8-fluoro-                                                  

                         6-amino-8-flouorocoumarin                             

          coumarin                                                             

     39.  2-methyl-.alpha.-naphthol                                            

                         2-methyl-.alpha.-naphthyl amine                       

     40.  2-(.alpha.,.alpha.-dimethylbenzyl-                                   

                         2-(.alpha.,.alpha.-dimethylbenzyl)-.alpha.-           

          .alpha.-naphthol                                                     

                         naphthyl amine                                        

     41.  6,8-dichloro-.beta.-naphthol                                         

                         6,8-dichloro-.beta.-naphthyl amine                    

     42.  2,4-dinitro-.alpha.-naphthol                                         

                         2,4-dinitro-.alpha.-naphthyl amine                    

     43.  6-hydroxy quinoline                                                  

                         6-amino quinoline                                     

     44.  4-hydroxy acenaphthene                                               

                         4-amino acenaphthene                                  

     45.  4-hydroxy-7-methyl-                                                  

                         4-amino-7-methyl acenaphthene                         

          acenaphthene                                                         

     46.  4-hydroxy-6,8-dinitro-                                               

                         4-amino-6,8-dinitro acenaph-                          

          acenaphthene   thene                                                 

     47.  4-hydroxy-6,8-dibromo-                                               

                         4-amino-6,8-dibromo acenaph-                          

          acenaphthene   thene                                                 

     48.  1-hydroxy fluorene                                                   

                         1-amino fluorene                                      

     49.  1-hydroxy-2,4-di-sec-                                                

                         1-amino-2,4-di-sec-amyl-                              

          amyl fluorene  fluorene                                              

     50.  2-hydroxy-6,8-difluoro                                               

                         2-amino-6,8-difluoro fluorene                         

          fluorene                                                             

     51.  1-hydroxy-dibenzo-                                                   

                         1-amino-dibenzopyrrol                                 

          pyrrol                                                               

     52.  1-hydroxy-2-ethyl-di-                                                

                         1-amino-2-ethyl-dibenzopyrrol                         

          benzopyrrol                                                          

     53.  1-hydroxy-2,4-diiso-                                                 

                         1-amino-2,4-diisopropyl di-                           

          propyl-dibenzopyrrol                                                 

                         benzopyrrol                                           

     54.  .alpha.-hydroxy anthracene                                           

                         .alpha.-amino anthracene                              

     55.  .alpha.-hydroxy-2-phenyl                                             

                         .alpha.-amino-2-phenyl anthracene                     

          anthracene                                                           

     56.  .alpha.-hydroxy-2-(2,4-di-                                           

                         .alpha.-amino-2-(2,4-di-sec-heptyl-                   

          sec-heptylphenyl)-                                                   

                         phenyl)anthracene                                     

     57.  .beta.-hydroxy anthracene                                            

                         .beta.-amino anthracene                               

     58.  9-hydroxy anthracene                                                 

                         9-amino anthracene                                    

     59.  .alpha.-hydroxy-5-dodecyl                                            

                         .alpha.-amino-5-dodecyl anthracene                    

          anthracene                                                           

     60.  .alpha.-hydroxy-5-triacontyl                                         

                         .alpha.-amino-5-triacontyl anthracene                 

          anthracene                                                           

     61.  .alpha.-hydroxy-8-pentacontyl                                        

                         .alpha.-amino-8-pentacontyl anthracene                

          anthracene                                                           

     62.  .alpha.-hydroxy-2,4-dinitro                                          

                         .alpha.-amino-2,4-dinitro anthracene                  

          anthracene                                                           

     63.  .alpha.-hydroxy-2,4-dichloro                                         

                         .alpha.-amino-2,4-dichloro anthracene                 

          anthracene                                                           

     64.  3-hydroxy phenanthrene                                               

                         3-amino phenanthrene                                  

     65.  3-hydroxy-2-ethoxy                                                   

                         3-amino-2-ethoxy phenanthrene                         

          phenanthrene                                                         

     66.  3-hydroxy-7-chloro                                                   

                         3-amino-7-chloro phenanthrene                         

          phenanthrene                                                         

     67.  3-hydroxy-8-methyl                                                   

                         3-amino-8-methyl phenanthrene                         

          phenanthrene                                                         

     68.  3-hydroxy-5-nitro                                                    

                         3-amino-5-nitro phenanthrene                          

          phenanthrene                                                         

     69.  2-hydroxy-8-(.alpha.-methyl-                                         

                         2-amino-8-(.alpha.-methylbenzyl)-                     

          benzyl)phenanthrene                                                  

                         phenanthrene                                          

     70.  8-hydroxy phenanthrene                                               

                         8-amino phenanthrene                                  

     71.  8-hydroxy-cyclopentane                                               

                         8-amino-cyclopentano phenan-                          

          phenanthrene   threne                                                

     72.  1-hydroxy xanthene                                                   

                         1-amino xanthene                                      

     73.  1-hydroxy phenazine                                                  

                         1-amino phenazine                                     

     74.  3-ethyl-4,5,7-trihydroxy                                             

                         3-ethyl-4,5,7-triamino coumarin                       

          coumarin                                                             

     75.  3-n-propyl-4,7,8-tri-                                                

                         3-n-propyl-4,7,8-triamino                             

          hydroxy coumarin                                                     

                         coumarin                                              

     76.  3-n-butyl-4,5,7-tri-                                                 

                         3-n-butyl-4,5,7-triamino                              

          hydroxy coumarin                                                     

                         coumarin                                              

     77.  3-n-butyl-4,7,8-tri-                                                 

                         3-n-butyl-4,7,8-triamino                              

          hydroxy coumarin                                                     

                         coumarin                                              

     78.  3-phenyl-4,7,8-tri-                                                  

                         3-phenyl-4,7,8-triamino                               

          hydroxy coumarin                                                     

                         coumarin                                              

     79.  3-(1-naphthylmethyl)-                                                

                         3-(1-naphthylmethyl)-4,5,7-                           

          4,5,7-trihydroxy                                                     

                         triamino coumarin                                     

          coumarin                                                             

     80.  3-(1-naphthylmethyl)-                                                

                         3-(1-naphthylmethyl)-4,7,8-                           

          4,7,8-trihydroxy                                                     

                         triamino coumarin                                     

          coumarin                                                             

     81.  3-[2(.beta.-pyridyl)ethyl]-                                          

                         3-[2(.beta.-pyridyl)ethyl]-4,5,7-                     

          4,5,7-trihydroxy                                                     

                         triamino coumarin                                     

          coumarin                                                             

     82.  4,4'-methylenebis(2,6-                                               

                         4,4'-methylenebis(2,6-dimethyl                        

          dimethylphenol)                                                      

                         aniline)                                              

     83.  4,4'-bis(2,6-dimethyl-                                               

                         4,4'-bis(2,6-dimethyl aniline)                        

          phenol                                                               

     __________________________________________________________________________

PAR  Other polyhydroxy aromatics can be used in the process such as
      hydroquinones, 2,6-di-tert-butyl-hydroquinones, pyrogallol,
      phloroglucinol, and the like.
PAR  According to another preferred embodiment of the invention the
      cyclohexanone used as a co-catalyst is obtained by recycling a
      distillation fraction from a prior process carried out in accordance with
      the described procedure. The distillation fraction which is recycled is
      the fraction which contains the reduced products of the hydroxy aromatic
      starting material. A large amount of these reduced products is the
      cyclohexanone which corresponds to the reduced hydroxy aromatic initially
      charged. Cyclohexanols and cyclohexyl amines are also included in the
      reduced product fraction in which the cyclohexyl portion corresponds in
      structure to the cyclohexyl portion of the cyclohexanone. For example, in
      the case where the initial hydroxy aromatic is 2,6-dimethyl phenol the
      reduced fraction recovered for recycle will usually contain about 20-50
      weight per cent of 2,6-dimethylcyclohexanone, about 5-15 weight per cent
      of 2,6-dimethylcyclohexanol and about 30-60 weight per cent of
      2,6-dimethylcyclohexyl amine. Under the described reaction conditions the
      cyclohexanol is believed to enter into a redox reaction with the phenol
      starting material to form additional cyclohexanone so in the described
      reaction system it is the equivalent of a cyclohexanone. Likewise, the
      cyclohexyl amine can enter into a redox reaction to form aromatic amine,
      or hydrolyze to form cyclohexanol. The reduced products containing the
      cyclohexanone, cyclohexanol and cyclohexyl amine or their derivatives
      corresponding to the starting hydroxy aromatic can be removed for recycle
      as a single distillation fraction. This fraction constitutes most of the
      material which distills at a boiling point lower than the hydroxy aromatic
      starting material and aromatic amine product.
PAR  This embodiment of employing a reduced products fraction as the co-catalyst
      in a subsequent operation is possible because very little of the
      cyclohexanone is consumed during the process. This permits its recovery,
      thus conserving phenol values.
PAR  The reduced fraction is readily obtained for recycle during product
      recovery. For example, after first filtering off the metal-containing
      hydrogen transfer catalysts (e.g., palladium), the liquid reaction product
      is subjected to distillation to recover the desired aromatic amine
      product. During this distillation the reduced product is isolated for
      recycle as the distillation fraction which boils below the hydroxy
      aromatic starting material and aromatic amine. Good results are obtained
      by adding about 0.05-0.5 mole parts of the reduced fraction to one mole
      part of hydroxy aromatic containing palladium catalyst and then reacting
      the mixture with ammonia. This preferred embodiment of the invention is
      illustrated by the following examples.
PAC  EXAMPLE 84
PAR  In a 600 ml autoclave was placed 140.4 grams of 2,6-dimethylphenol and 11
      grams of 5% palladium on charcoal. The autoclave was sealed and
      pressurized to 400 psig with hydrogen and heated. At about 90.degree.C,
      pressure drop started. Heating was continued to 180.degree.C and the
      reaction then cooled and vented. About 16% of the phenol starting material
      was reduced to reduced products, mainly 2,6-dimethyl cyclohexanone. Then
      135 grams of 29% aqueous ammonia was added. The autoclave was flushed with
      hydrogen, sealed, and heated to 250.degree.C. It was stirred at this
      temperature for 4 hours and then cooled and filtered. Then 6.75 grams of
      NaCl was added to the filtrate to aid in separation of the aqueous phase
      which was removed. Gas chromatographic analysis of the organic phase of
      the reaction mixture showed it to contain:
TBL  2,6-dimethyl aniline   73.66%                                             

     2,6-dimethylphenol     7.73%                                              

     reduced products.sup.1 14.25%                                             

     m-xylene               4.37%                                              

      .sup.1 Mainly 2,6-dimethylcyclohexanone plus lesser amounts of           

      2,6-dimethylcyclohexanol and 2,6-dimethylcyclohexyl amine.               

PAR  This mixture was distilled at atmospheric pressure to recover:
TBL  reduced products     b.p. 165-175.degree.C                                

     2,6-dimethylphenol   b.p. 211-213.degree.C                                

     2,6-dimethylaniline  b.p. 215-217.degree.C                                

PAC  EXAMPLE 85
PAR  This experiment utilizes recycled reduced product as the co-catalyst.
PAR  To the autoclave used in Example 84 was charged 120 grams
      2,6-dimethylphenol, 20 grams of reduced products obtained as described in
      Example 84, 135 grams of 29% aqueous ammonia and 11 grams of 5% palladium
      on charcoal. The autoclave was flushed with hydrogen, sealed, and heated
      to 250.degree.C. After stirring 4 hours at this temperature it was cooled
      and vented. It was filtered and the aqueous phase removed as in Example
      84, and the organic phase analyzed by VPC to contain:
TBL  2,6-dimethyl aniline  66.32%                                              

     2,6-dimethylphenol    17.18%                                              

     reduced products      12.63%                                              

     m-xylene              3.87%                                               

PAR  The above example illustrates how a recycled distillation fraction
      containing the reduced products can function very nicely as the
      cyclohexanone co-catalyst.
PAR  It is sometimes beneficial to combine use of recycled reduced products and
      hydrogenation to make up for any loss in reduced products during recycle.
      The following example illustrates this.
PAC  EXAMPLE 86
PAR  In a 600 ml autoclave was placed 126.4 grams of 2,6-dimethylphenol, 14
      grams of reduced products obtained as in Example 84, and 11 grams of 5%
      palladium on charcoal. The vessel was flushed with hydrogen and
      pressurized with hydrogen to 130 psig (0.17 mole hydrogen required). The
      autoclave was heated to 175.degree.C and then cooled and vented. Then 135
      grams of 29% aqueous ammonia was added. The autoclave was sealed and
      heated to 250.degree.C and stirred at this temperature for 4 hours,
      following which it was cooled. The contents were filtered to remove
      palladium catalyst and the aqueous phase removed from the filtrate. The
      organic phase analyzed by VPC as follows:
TBL  2,6-dimethyl aniline  72.34%                                              

     2,6-dimethylphenol    7.23%                                               

     reduced products      13.23%                                              

     m-xylene              7.17%                                               

PAR  A further advantage of the two-stage process utilizing at least some
      hydrogenation is that it permits recycle of the palladium catalyst with
      little loss in activity. When palladium catalyst is recycled and employed
      in a one-stage process (i.e., the process in which the hydroxy aromatic
      and aqueous ammonia are both charged at the start of the reaction)
      considerable loss in activity is observed. However, in the two-stage
      process in which the hydroxy aromatic containing the recycled catalyst is
      hydrogenated prior to adding ammonia there is little loss in catalyst
      activity. This is shown in the following examples.
PAC  EXAMPLE 87
PAR  In the autoclave used in the previous example was placed 126.4 grams of
      2,6-dimethylphenol, 14 grams of reduced product and 12.2 grams of recycled
      charcoal-supported palladium catalyst from Example 86, which had been
      washed with acetone and dried. The vessel was pressurized to 130 psig with
      hydrogen (0.17 mole) and heated to 210.degree.C. Hydrogen uptake started
      at about 150.degree.C. The autoclave was cooled, vented, and then 135
      grams of 29% aqueous ammonia added. It was then sealed and heated to
      250.degree.C and stirred at this temperature for 4 hours. Tha autoclave
      was again cooled and the contents filtered to remove catalyst. The aqueous
      phase was separated and the organic phase analyzed by VPC as follows:
TBL  2,6-dimethyl aniline  70.48%                                              

     2,6-dimethylphenol    10.56%                                              

     reduced products      14.27%                                              

     m-xylene              4.67%                                               

PAR  As the above results, show, the palladium catalyst can be recycled
      following the two-stage method with but little loss in activity.
PAR  Reduced fractions obtained from other amination reactions carried out in
      accordance with the present process can also be recycled to a subsequent
      run as the cyclohexanone co-catalyst. For example, when the starting
      hydroxy aromatic is 2-methyl-6-tert-butylphenol the reduced fraction
      available for recycle consists mainly of a mixture of
      2-methyl-6-tert-butylcyclohexanone, 2-methyl-6-tert-butylcyclohexanol and
      2-methyl-6-tert-butylcyclohexyl amine. With 2,4,6-trimethylphenol the
      reduced fraction consists mainly of 2,4,6-trimethylcyclohexanone,
      2,4,6-trimethylcyclohexanol and 2,4,6-trimethylcyclohexyl amine. With
      2-methyl-6-tert-(.alpha.,.alpha. -dimethylbenzyl)phenol the reduced
      fraction is mainly 2-methyl-6-(.alpha.,.alpha.
      -dimethylbenzyl)cyclohexanone,
      2-methyl-6-(.alpha.,.alpha.-dimethylbenzyl)cyclohexanol and
      2-methyl-6-(.alpha.,.alpha.-dimethylbenzyl)cyclohexyl amine. All of these
      reduced fractions can be recycled to subsequent runs as the cyclohexanone
      co-catalyst. It is readily seen that the reduced fractions consist mainly
      of the cyclohexyl ketone, alcohol and amine corresponding in structure to
      the starting hydroxy aromatic, but having the phenolic benzene ring
      reduced to a cyclohexane ring.
PAR  The amines made by this process are useful for a variety of purposes. They
      are intermediates for antioxidants, antiozonants, dyes, herbicides and
      insecticides.
PAR  The lower molecular weight gasoline-soluble aniline derivatives are useful
      antiknock agents for spark-ignited internal combustion engines (Ind. Eng.
      Chem., 47, page 2141, 1955). For example, 2,4-dimethyl aniline made from
      2,4-dimethylphenol and ammonia is also a very effective antiknock agent.
      In this use, they are added to a liquid hydrocarbon fuel of the gasoline
      boiling range in an antiknock amount, generally from 0.25 to 1 per cent.
PAR  In U.S. Pat. No. 3,322,810 is described certain 2,6-dialkyl isothiocyanates
      which are useful as pesticides. The isothiocyanates are made by reacting
      carbon disulfide with a 2,6-dialkyl aniline. These anilines are readily
      made by the present process. For example, 2,6-dimethyl aniline is made in
      good yield from the corresponding 2,6-dimethylphenol, as shown in Example
      11.
PAR  The compounds made by this invention are also intermediates in the
      manufacture of polyurethanes. These polymers are made by reacting aromatic
      diisocyanates with polyhydroxy compounds. The diisocyanates are in turn
      made by the reaction of diamino aromatics with phosgene. The present
      invention provides a good process for the preparation of the diamino
      aromatic from the corresponding dihydroxy aromatic. For example,
      4,4'-diisocyanato-3,3',5,5'-tetramethyl diphenylmethane is readily made by
      either (1) reacting 4,4'-dihydroxy-3,3',5,5'-tetramethyl diphenylmethane
      with ammonia at 200.degree.-400.degree.C, or (2) reacting
      2,6-dimethylphenol with ammonia to form 2,6-dimethyl aniline and
      subsequently coupling this aniline at the 4 position through a methylene
      bridge by reaction with formaldehyde.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for converting a hydroxy aromatic starting material to the
      corresponding aromatic amine, said process comprising reacting said
      hydroxy aromatic with ammonia in the presence of a catalyst at a
      temperature of about 200.degree.-400.degree.C, the improvement wherein
      said catalyst is a Group VIII metal catalyst in combination with from
      about 0.05 to about 0.5 moles of a saturated cyclohexanone co-catalyst per
      mole of said hydroxy aromatic.
NUM  2.
PAR  2. An improved process of claim 1 wherein said catalyst is palladium
      supported on a catalyst support.
NUM  3.
PAR  3. An improved process of claim 2 wherein said hydroxy aromatic is an
      alkyl-substituted mononuclear phenol.
NUM  4.
PAR  4. An improved process of claim 3 wherein said alkyl-substituted
      mononuclear phenol is an ortho-alkyl-substituted phenol.
NUM  5.
PAR  5. An improved process of claim 4 wherein said ortho-alkyl-substituted
      phenol is a 2,6-dialkylphenol.
NUM  6.
PAR  6. An improved process of claim 5 wherein said 2,6-dialkylphenol is
      2,6-dimethylphenol.
NUM  7.
PAR  7. An improved process of claim 6 wherein said cyclohexanone is
      2,6-dimethyl cyclohexanone.
NUM  8.
PAR  8. An improved process of claim 5 wherein said 2,6-dialkylphenol is a
      2-methyl-6-tert-alkylphenol.
NUM  9.
PAR  9. An improved process of claim 8 wherein said 2-methyl-6-tert-alkylphenol
      is 2-methyl-6-tert-butylphenol.
NUM  10.
PAR  10. An improved process of claim 9 wherein said cyclohexanone is
      2-methyl-6-tert-butyl-cyclohexanone.
NUM  11.
PAR  11. An improved process of claim 5 wherein said 2,6-dialkylphenol is a
      2,6-di-tert-alkylphenol.
NUM  12.
PAR  12. An improved process of claim 11 wherein said 2,6-di-tert-alkylphenol is
      2,6-di-tert-butylphenol.
NUM  13.
PAR  13. An improved process of claim 2 wherein said cyclohexanone co-catalyst
      is the reduced product of said hydroxy aromatic formed by reducing a
      portion of said hydroxy aromatic with hydrogen.
NUM  14.
PAR  14. An improved process of claim 13 wherein said reduced product of said
      hydroxy aromatic is formed in a first stage by reacting said hydroxy
      aromatic containing said palladium catalyst with hydrogen and thereafter,
      in a second stage, adding said ammonia and reacting at
      200.degree.-400.degree.C.
NUM  15.
PAR  15. An improved process of claim 14 wherein said hydroxy aromatic is
      2,6-dimethylphenol.
NUM  16.
PAR  16. An improved process of claim 14 wherein said hydroxy aromatic is
      2-methyl-6-tert-butylphenol.
NUM  17.
PAR  17. An improved process of claim 2 wherein said cyclohexanone co-catalyst
      is a distillation fraction from a prior process carried out in accordance
      with claim 2, said distillation fraction consisting essentially of said
      cyclohexanone and a cyclohexanol and a cyclohexyl amine wherein the
      cyclohexyl portion of said cyclohexanol and said cyclohexyl amine
      corresponds to the cyclohexyl portion of said cyclohexanone.
NUM  18.
PAR  18. An improved process of claim 17 adapted for making 2,6-dimethylaniline,
      said process comprising adding a palladium catalyst and said distillation
      fraction consisting essentially of 2,6-dimethylcyclohexanone,
      2,6-dimethylcyclohexanol and 2,6-dimethylcyclohexylamine to
      2,6-dimethylphenol and reacting this mixture with aqueous ammonia at a
      temperature of about 200.degree.-400.degree.C, said distillation fraction
      being a distillation fraction obtained from a previous reaction of
      2,6-dimethylphenol with ammonia in contact with a palladium catalyst and
      2,6-dimethylcyclohexanone co-catalyst.
NUM  19.
PAR  19. An improved process of claim 17 adapted for making
      2-methyl-6-tert-butylaniline, said process comprising adding a palladium
      catalyst and said distillation fraction consisting essentially of
      2-methyl-6-tert-butylcyclohexanone, 2-methyl-6-tert-butylcyclohexanol and
      2-methyl-6-tert-butylcyclohexylamine to 2-methyl-6-tert-butylphenol and
      reacting this mixture with aqueous ammonia at a temperature of about
      200.degree.-275.degree.C, said distillation fraction being a distillation
      fraction obtained from a previous reaction of 2-methyl-6-tert-butylphenol
      with ammonia in contact with a palladium catalyst and
      2-methyl-6-tert-butylcyclohexanone co-catalyst.
NUM  20.
PAR  20. A process for making 2,6-dimethylaniline, said process comprising
      adding a palladium catalyst to 2,6-dimethylphenol, hydrogenating said
      2,6-dimethylphenol with about 0.1-1.0 moles of hydrogen per mole of
      2,6-dimethylphenol to reduce a portion of said 2,6-dimethylphenol, adding
      about 1-4 moles of ammonia per mole of initial 2,6-dimethylphenol, heating
      the mixture in a sealed vessel at 200.degree.-400.degree.C to convert said
      2,6-dimethylphenol to 2,6-dimethylaniline, and recovering said
      2,6-dimethylaniline.
NUM  21.
PAR  21. A process for making 2,6-dimethylaniline, said process comprising
      adding a palladium catalyst to 2,6-dimethylphenol, adding as a co-catalyst
      a distillation fraction of reduced products consisting essentially of a
      mixture of 2,6-dimethylcyclohexanone, 2,6-dimethylcyclohexanol and
      2,6-dimethylcyclohexylamine, said distillation fraction being obtained
      from a previous reaction carried out in the same manner, adding about 1-4
      moles of ammonia per mole of said 2,6-dimethylphenol, heating the mixture
      in a sealed vessel at 200.degree.-400.degree.C to convert said
      2,6-dimethylphenol to 2,6-dimethylaniline, distilling the resultant
      mixture to obtain distillation fractions of reduced products and
      2,6-dimethylaniline product, said reduced products having a boiling point
      below 2,6-dimethylphenol and 2,6-dimethylaniline and consisting
      essentially of a mixture of 2,6-dimethylcyclohexanone,
      2,6-dimethylcyclohexanol and 2,6-dimethylcyclohexylamine and recycling
      said reduced products as the co-catalyst in a subsequent reaction carried
      out in the same manner.
NUM  22.
PAR  22. A process of claim 21 wherein hydrogen is reacted with the initial
      mixture of 2,6-dimethylphenol, palladium catalyst and reduced products
      co-catalyst in an amount sufficient to adjust the total amount of reduced
      products to about 0.05-0.5 moles per mole of 2,6-dimethylphenol.
NUM  23.
PAR  23. A process for making 2-methyl-6-tert-butylaniline, said process
      comprising adding a palladium catalyst to 2-methyl-6-tert-butylphenol,
      hydrogenating said 2-methyl-6-tert-butylphenol with about 0.1-1 moles of
      hydrogen per mole of 2-methyl-6-tert-butylphenol to reduce a portion of
      said 2-methyl-6-tert-butylphenol, adding about 1-4 moles of ammonia per
      mole of initial 2-methyl-6-tert-butylphenol and heating the mixture in a
      sealed vessel at 200.degree.-275.degree.C to convert said
      2-methyl-6-tert-butylphenol to 2-methyl-6-tert-butylaniline and recovering
      said 2-methyl-6-tert-butylaniline.
NUM  24.
PAR  24. A process for making 2-methyl-6-tert-butylaniline, said process
      comprising adding a palladium catalyst to 2-methyl-6-tert-butylphenol,
      adding as a co-catalyst a distillation fraction of reduced products
      consisting essentially of a mixture of 2-methyl-6-tert-butylcyclohexanone,
      2-methyl-6-tert-butylcyclohexanol and
      2-methyl-6-tert-butylcyclohexylamine, said distillation fraction being
      obtained from a previous reaction carried out in the same manner, adding
      about 1-4 moles of ammonia per mole of said 2-methyl-6-tert-butylphenol,
      heating the mixture in a sealed vessel at 200.degree.-275.degree.C to
      convert said 2-methyl-6-tert-butylphenol to 2-methyl-6-tert-butylaniline,
      distilling the resultant mixture to obtain distillation fractions of
      reduced products and 2-methyl-6-tert-butylaniline product, said reduced
      products having a boiling point below 2-methyl-6-tert-butylphenol and
      2-methyl-6-tert-butylaniline and consisting essentially of a mixture of
      2-methyl-6-tert-butylcyclohexanone, 2-methyl-6-tert-butylcyclohexanol and
      2-methyl-6-tert-butylcyclohexylamine and recycling said reduced products
      as the co-catalyst in a subsequent reaction carried out in the same
      manner.
NUM  25.
PAR  25. A process of claim 24 wherein hydrogen is reacted with the initial
      mixture of 2-methyl-6-tert-butylphenol, palladium catalyst and reduced
      products co-catalyst in an amount sufficient to adjust the total amount of
      reduced products to about 0.05-0.5 moles per mole of
      2-methyl-6-tert-butylphenol.
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PAL  Derivatives of 11-deoxy-PGE.sub.1 and 11-deoxy-PGE.sub.2 are prepared.
      These new compounds not heretofore found in nature possess various
      pharmacological activities, one of which is bronchodilation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prostaglandins are a group of hormone-like substances which may be
      viewed as derivatives of prostanoic acid. Several prostaglandins are found
      widely distributed in mammalian tissue and have been isolated from this
      source. These prostaglandins have been shown to possess a variety of
      biological properties such as broncho-dilation and the ability to reduce
      gastric secretion.
PAR  The present invention concerns PGE.sub.1 and PGE.sub.2 derivatives in which
      the 11-position (using the prostanoic acid numbering system) is a
      methylene group, i.e. the 11-hydroxyl group normally present in PGE.sub.1
      and PGE.sub.2 has been removed and is replaced with hydrogen. The
      preparation of the parent molecules of this series, 11-deoxy-PGE.sub.1 and
      11-deoxy-PGE.sub.2, is reported in J. Org. Chem. 38, 951 (1973).
PAC  SUMMARY OF THE INVENTION
PAR  The invention sought to be patented in a first composition aspect resides
      in the concept of a chemical compound of the structure
      ##SPC1##
PAL  Wherein R is hydrogen or alkyl of from 1 to 6 carbon atoms.
PAR  The tangible embodiments of the first composition aspect of the invention
      possess the inherent general physical properties of being clear to yellow
      oils, are substantially insoluble in water and are generally soluble in
      organic solvents such as ethyl acetate and ether. Examination of compounds
      produced according to the hereinafter described process reveals, upon
      infrared, nuclear magnetic resonance, and mass spectrographic analysis,
      spectral data supporting the molecular structures herein set forth. The
      aforementioned physical characteristics, taken together with the nature of
      the starting materials, and the mode of synthesis, confirm the structure
      of the compositions sought to be patented.
PAR  The tangible embodiments of the first composition aspect of the invention
      possess the inherent applied use characteristic of exerting hypotensive
      effects upon administration to warm-blooded animals. These effects are
      evidenced by pharmacological evaluation according to standard test
      procedures.
PAR  The invention sought to be patented in a second composition aspect resides
      in the concept of a chemical compound of the structure
      ##SPC2##
PAL  Wherein R is H or alkyl of from 1 to 6 carbon atoms.
PAR  The tangible embodiments of the second composition aspect of the invention
      possess the inherent general physical properties of being either
      crystalline solids or clear to yellow oils, are substantially insoluble in
      water and are generally soluble in polar solvents such as ethyl acetate
      and ether. Examination of compounds produced according to the hereinafter
      described process reveals, upon infrared, nuclear magnetic resonance, and
      mass spectrographic analysis, spectral data supporting the molecular
      structures herein set forth. The aforementioned physical characteristics,
      taken together with the nature of the starting materials, and the mode of
      synthesis, confirm the structure of the compositions sought to be
      patented.
PAR  The tangible embodiments of the second composition aspect of the invention
      possess the inherent applied use characteristic of exerting
      bronchodilating effects upon administration to warm-blooded animals as
      evidenced by pharmacological evaluation according to standard test
      procedures.
PAR  The invention sought to be patented in a third composition aspect resides
      in the concept of a chemical compound of the structure
      ##SPC3##
PAL  wherein
PA1  i. X is a single bond; or
PA1  ii. X is a cis double bond, and R is hydrogen or alkyl of from 1 to 6
      carbon atoms.
PAR  The tangible embodiments of the third composition aspect of the invention
      possess the inherent general physical properties of being clear to yellow
      oils, are substantially insoluble in water and are generally soluble in
      polar solvents such as ethyl acetate and ether. Examination of compounds
      produced according to the hereinafter described process reveals, upon
      infrared, nuclear magnetic resonance, and mass spectrographic analysis,
      spectral data supporting the molecular structures herein set forth. The
      aforementioned physical characteristics, taken together with the nature of
      the starting materials, and the mode of synthesis, confirm the structure
      of the compositions sought to be patented.
PAR  The tangible embodiments of the third composition aspect of the invention
      possess the inherent applied use characteristic of being intermediates in
      the synthesis of the embodiments of the fourth composition aspect of the
      invention, and, in addition, when X is a cis double bond, are useful as
      intermediates in the synthesis of the embodiments of the fifth composition
      aspect of the invention.
PAR  The invention sought to be patented in a fourth composition aspect resides
      in the concept of a chemical compound of the structure
      ##SPC4##
PAL  wherein
PA1  i. X is a single bond; or
PA1  ii. X is a cis double bond, and R is hydrogen or alkyl of from 1 to 6
      carbon atoms.
PAR  The tangible embodiments of the fourth composition aspect of the invention
      possess the inherent general physical properties of being either
      crystalline solids or clear to yellow oils, are substantially insoluble in
      water and are generally soluble in polar solvents such as ethyl acetate
      and ether. Examination of compounds produced according to the hereinafter
      described process reveals, upon infrared, nuclear magnetic resonance, and
      mass spectrographic analysis, spectral data supporting the molecular
      structures herein set forth. The aforementioned physical characteristics,
      taken together with the nature of the starting materials, and the mode of
      synthesis, confirm the structure of the compositions sought to be
      patented.
PAR  The tangible embodiments of the fourth composition aspect of the invention
      possess the inherent applied use characteristic of exerting
      bronchodilating and hypotensive effects upon administration to
      warm-blooded animals as evidenced by pharmacological evaluation according
      to standard test procedures, and, in addition, when X is a cis double
      bond, are useful as intermediates in the synthesis of the embodiments of
      the fifth composition aspect of the invention.
PAR  The invention sought to be patented in a fifth composition aspect resides
      in the concept of a chemical compound of the structure
      ##SPC5##
PAL  wherein R is hydrogen or alkyl of from 1 to 6 carbon atoms.
PAR  The tangible embodiments of the fifth composition aspect of the invention
      possess the inherent general physical properties of being either
      crystalline solids or clear to yellow oils, are substantially insoluble in
      water and are generally soluble in polar solvents such as ethyl acetate
      and ether. Examination of compounds produced according to the hereinafter
      described process reveals, upon infra-red, nuclear magnetic resonance, and
      mass spectrographic analysis, spectral data supporting the molecular
      structures herein set forth. The aforementioned physical characteristics,
      taken together with the nature of the starting materials, and the mode of
      synthesis, confirm the structure of the compositions sought to be
      patented.
PAR  The tangible embodiments of the fifth composition aspect of the invention
      possess the inherent applied use characteristic of exerting hypotensive
      effects upon administration to warm-blooded animals as evidenced by
      pharmacological evaluation according to standard test procedures.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In describing the synthesis of the compositions of the invention, reference
      will be made to FIG. 1, wherein is illustrated the preparation of specific
      embodiments of the invention, and wherein the formulae representing the
      various aspects of the invention are assigned Roman numerals for purposes
      of identification. Additionally, in order to designate the stereochemistry
      of various substituents on the prostaglandin skeleton, different types of
      lines are utilized when representing the bonds of said substituents. Thus,
      with reference to the plane of paper, when a dashed line (----) is used,
      the substituent will be understood to be in the .alpha. (down)
      configuration; and when a heavy line ( ) is used, the substituent will be
      understood to be in the .beta. (up) configuration. For purposes of
      convenience, the formulae in FIG. 1 are all free carboxylic acids;
      however, it will be obvious to those skilled in the art that these free
      acids may readily be esterified as for example with diazomethane, or with
      an alkanol and the proper catalyst. These esters are considered to be full
      equivalents to the free acids for the purposes of the invention. Finally,
      the use of specific embodiments in FIG. 1 to illustrate the invention is
      merely descriptive and is not intended to delimit the scope of the
      invention.
PAR  The starting materials for the synthesis of the compounds of the invention
      are 11-deoxy-PGE.sub.1 (5,6-dihydro-I) and 11-deoxy-PGE.sub.2 (I) which
      may be prepared synthetically as described, for example, in J. Org. Chem.,
      38, 951 (1973). Referring now to FIG. 1, 11-deoxy-PGE.sub.2 (I) may first
      be reacted with the Wittig reagent derived from
      methoxymethyl-triphenylphosphonium chloride producing the vinyl ether II.
      This Wittig reaction has been found to proceed efficiently using sodium
      hydride-dimethylsulfoxide (Dimsylsodium, see, for example, Fieser and
      Fieser, Reagents for Organic Synthesis, Vol. I, Pg. 310, John Wiley and
      Sons, Inc., New York, 1967) as the base-solvent reagents. The vinyl ether
      function of II may next be hydrolyzed, with, for example, hydrochloric
      acid in tetrahydrofuran, producing the aldehyde III. Finally, reduction of
      the aldehyde function of III, with, for example, sodium borohydride in
      methanol, produces the primary alcohol IV.
PAR  Alternatively, the compound I may be reacted with the Wittig reagent
      derived from methyl-triphenylphosphonium bromide producing the methylene
      compound V. This Wittig reaction has been found to proceed efficiently
      using Dimsylsodium in dimethylsulfoxide as the base-solvent reagents.
PAR  Alternatively, if 11-deoxy-PGE.sub.1 (5,6-dihydro-I) is used as starting
      material in the reaction sequence described above, the 5,6-dihydro analogs
      of II, III and V will be produced.
PAR  Various compounds of the invention bear carboxyl groups and can be readily
      converted to their respective alkali metal salts or a salt of a
      pharmacologically acceptable cation derived from ammonia or a basic amine.
      All such salts are full equivalents of the subject matter particularly
      claimed.
PAR  In using the compounds of the invention to produce bronchodilating effects
      in warm-blooded animals, they may be administered in a variety of dosage
      forms: oral, injectable, and aerosol inhalation. Aerosol inhalation is a
      preferred method because of its rapid onset of action, great potency, and
      specificity of action. The particular dosage to obtain the bronchodilating
      effect will vary with the particular compound employed, the particular
      animal involved, and the degree of bronchodilation desired. In the guinea
      pig, by aerosol inhalation, the dose to produce bronchodilation is from
      about 0.15 micrograms to about 100 micrograms, and preferably from about
      0.15 to about 50 micrograms. The bronchodilation produced upon aerosol
      inhalation can be observed by the method of Rosenthale et al., J.
      Pharmacol. Exp. Ther., 178, 541 (1971).
PAR  Using this procedure, the following results were obtained.
TBL  __________________________________________________________________________

                               Percent inhibition of                           

                               the bronchoconstricting                         

                               effects of a standard                           

      Compound          Dose (.mu.g)                                           

                               dose of acetylcholine                           

     __________________________________________________________________________

     7-(2.beta.-[(3S)-3-hydroxy-trans-1-                                       

                        1.5    46                                              

     octenyl]-5-methylene-1.alpha.-cyclo-                                      

     pentyl)-cis-5-heptenoic acid                                              

     7-(5.beta.-formyl-2.beta.-[(3S)-3-hydroxy-                                

                        1.5    55                                              

     trans-1-octenyl]-1.alpha.-cyclopentyl)-                                   

     cis-5-heptenoic acid                                                      

     5.beta.-formyl-2.beta.-([3S]-3-hydroxy-                                   

                        0.15   36                                              

     trans-1-octenyl-1.alpha.-cyclopentane                                     

     heptanoic acid                                                            

     __________________________________________________________________________

PAR  In the use of the compounds of the invention to produce hypotensive effects
      in warm-blooded animals, administration by the injectable route is
      preferred, preferably the intravenous route.
PAR  Thus in the anesthetized dog by the intravenous route the dose to produce
      hypotension is from about 1 .mu.g/kg. to about 200 .mu.g/kg. and
      preferably from about 10 .mu.g/kg. to about 100 .mu.g/kg.
PAR  Using this procedure the following results were obtained.
TBL  __________________________________________________________________________

     Compound            Dose (.mu.g/kg.)                                      

                                  .DELTA.b.p. (mm. Hg)                         

     2.beta.-([3S]-3-hydroxy-trans-1-octenyl)-                                 

                         100      -32                                          

     5-methylene-1.alpha.-cyclopentaneheptanoic                                

     acid                                                                      

     7-(5.beta.-formyl-2.beta.-[(3S)-3-hydroxy-                                

                          10      -17                                          

     trans-1-octenyl]-1.alpha.-cyclopentyl)-                                   

     cis-5-heptenoic acid                                                      

     7-(5.beta.-hydroxymethyl-2.beta.-[(3S)-3-                                 

                         100      -27                                          

     hydroxy-trans-1-octenyl]-1.alpha.-cyclo-                                  

     pentyl)-cis-5-heptenoic acid                                              

     5.beta.-formyl-2.beta.-([3S]-3-hydroxy-trans-                             

                         100      -27                                          

     1-octenyl)-1.alpha.-cyclopentane heptanoic                                

     acid                                                                      

     __________________________________________________________________________

DETD
PAR  The following examples further illustrate the best mode contemplated by the
      inventor for the practice of the invention.
PAC  EXAMPLE 1
PAC  7-[2.beta.-((3S)-3-Hydroxy-Trans-1-Octenyl)-5-Methoxymethylene-1.alpha.-Cyc
     lopentyl]-Cis-5-Heptenoic Acid (II)
PAR  Wash 1.44 g. of 50% sodium hydride-oil dispersion with pentane, decant and
      treat the sodium hydride with 30 ml. of dimethyl sulfoxide at
      75.degree.-80.degree. for 3/4 hr. under nitrogen. Cool to 25.degree. and
      add a solution of 10.26 g. of methoxymethyl-triphenyl-phosphonium chloride
      in 60 ml. of dimethyl sulfoxide. After stirring for 10 minutes at
      25.degree., add a solution of 1.0 g. of
      7-[2.beta.-((3S)-3-hydroxy-trans-1-octenyl)-5-oxo-1.alpha.-cyclopentyl]-ci
     s-5-heptenoic acid in 30 ml. of dimethyl sulfoxide and stir at 25.degree.
      for 2.5 hours under nitrogen. Dilute the reaction mixture with water,
      acidify with acetic acid and extract with ether. After washing and drying,
      evaporate the ether extract and chromatograph the residue on silica with
      20% ethyl acetate in hexane to obtain 0.65 g. of
      7-[2.beta.-((3S)-3-hydroxy-trans-1-octenyl)-5-methoxymethylene-1.alpha.-cy
     clopentyl]-cis-5-heptenoic acid as an oil, .lambda..sub.max.sup.film 3.0
      (shoulder), 3.45, 5.85, 8.2, 8.9, 10.3 .mu.. NMR: .delta. 6.62(s, 2, OH),
      5.9 (m, 1, CH--OMe), 5.48 (m, 4, olefinic H), 4.08 (m, 1, 15-H), 3.55 (m,
      3, OCH.sub.3) ppm. Mass spectrum: M.sup.+-H.sub.2 O at m/e 346.
PAC  EXAMPLE 2
PAC  2.beta.-[(3S)-3-Hydroxy-Trans-1-Octenyl]-5-Methoxymethylene-1.alpha.-Cyclop
     entane Heptanoic Acid (5,6-Dihydro-II)
PAR  Wash 3.45 g. of 50% sodium hydride-oil dispersion twice with pentane,
      decant and treat the sodium hydride with 70 ml. of dimethyl sulfoxide at
      75.degree.-80.degree. for 1.5 hr. under nitrogen. Cool to 25.degree. and
      add a solution of 24.6 g. of methoxymethyl-triphenyl phosphonium chloride
      in 150 ml. of dimethyl sulfoxide. After stirring for 10 minutes at
      25.degree., add a solution of 2.4 g. of
      2.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-5-oxo-1.alpha.-cyclopentane
      heptanoic acid in 70 ml. of dimethyl sulfoxide and stir at 25.degree. for
      2 hours under nitrogen. Dilute the reaction mixture with water, acidify
      with acetic acid and extract with ether. After washing and drying,
      evaporate the ether extract and chromatograph the residue on silica with
      20% ethyl acetate in hexane to obtain 2.0 g. of
      2.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-5-methoxymethylene-1.alpha.-cyclo
     pentane heptanoic acid as an oil, .lambda..sub.max.sup.film 3.0 (shoulder),
      3.45, 5.8, 8.15, 8.9, 10.3 .mu.. NMR: .delta. 5.85 (m, 1, CH--OMe),  5.65
      (m, 2, 13 and 14-H), 4.1 (m, 1, 15-H), 3.6 (m, 3, OCH.sub.3) ppm. Mass
      spectrum: M.sup.+ at m/e 366.
PAC  EXAMPLE 3
PAC  7-[5.beta.-Formyl-2.beta.-((3S)-3-Hydroxy-Trans-1-Octenyl)-1.alpha.-Cyclope
     ntyl]-Cis-5-Heptenoic Acid (III)
PAR  Treat an ice-cold solution of 0.508 g. of
      7-[2.beta.-((3S)-3-hydroxy-trans-1-octenyl)-5-methoxy
      methylene-1.alpha.-cyclopentyl]-cis-5-heptenoic acid in 25 ml. of
      tetrahydrofuran with 1.0 ml. of hydrochloric acid and stir at 0.degree.
      for 40 minutes under nitrogen. Dilute the reaction mixture with ether and,
      after washing and drying, evaporate the solvent and chromatograph the
      residue on silica with 20% ethyl acetate in hexane to obtain 0.176 g. of
      7-[5.beta.-formyl-2.beta.-((3S)-3-hydroxy-trans-1-octenyl)-1.alpha.-cyclop
     entyl]-cis-5-heptenoic acid as an oil, .lambda..sub.max.sup.film 3.0
      (shoulder), 3.45, 5.8, 10.3 .mu.. NMR: .delta. 9.68 (d, 1, J=3, CHO), 6.9
      (s, 2, OH), 5.5 (m, 4, olefinic), 4.12 (m, 1, 15-H) ppm. Mass spectrum:
      M.sup.+-H.sub.2 O at m/e 332.
PAC  EXAMPLE 4
PAC  5.beta.-Formyl-2.beta.-[(3S)-3-Hydroxy-Trans-1-Octenyl]-1.alpha.-Cyclopenta
     ne Heptanoic Acid (5,6 -Dihydro-III)
PAR  An ice-cooled solution of 1.9 g. of
      2.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-5-methoxymethylene-1.alpha.-cyclo
     pentaneheptanoic acid in 100 ml. of tetrahydrofuran was treated with 4 ml.
      of hydrochloric acid and the mixture stirred at 0.degree. for 1 hour under
      nitrogen. The mixture was diluted with ether, washed, dried, evaporated
      and the residue chromatographed on silica with 25% ethyl acetate in hexane
      to obtain 1.434 g. of
      5.beta.-formyl-2.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-1.alpha.-cyclopent
     ane heptanoic acid as an oil, .lambda..sub.max.sup.film 3.0 (shoulder),
      3.4, 5,75, 6.8, 10.3 .mu.. NMR: .delta. 9.7 (d, 1, J=3, CHO), 6.4 (s, 2,
      OH), 5.55 (m, 2, 13 and 14-H), 4.1 (m, 1, 15-H) ppm. Mass spectrum:
      M.sup.+-H.sub.2 O at m/e 334.
PAC  EXAMPLE 5
PAC  7-[5.beta.-Hydroxymethyl-2.beta.-((3S)-
      3-Hydroxy-Trans-1-Octenyl)-1.alpha.-Cyclopentyl]-Cis-5-Heptenoic Acid (IV)
PAR  Treat an ice-cooled solution of 0.9 g. of
      7-[5.beta.-formyl-2.beta.-((3S)-3-hydroxy-trans-1-octenyl)-1.alpha.-cyclop
     entyl]-cis-5-heptenoic acid in 70 ml. of methanol with an ice-cold solution
      of 2.7 g. of sodium borohydride in 150 ml. of methanol in portions over 5
      minutes and stir at 0.degree. for 15 minutes and at 25.degree. for 0.5
      hours. Concentrate the reaction mixture under vacuum at 40.degree., dilute
      the residue with water and extract with ether. After washing and drying,
      evaporate the ether extract and chromatograph the residue on silica with
      50% ethyl acetate in hexane to obtain 0.57 g. of
      7-[5.beta.-hydroxymethyl-2.beta.-((3-S)
      3-hydroxy-trans-1-octenyl)-1.alpha.-cyclopentyl]-cis-5-heptenoic acid as
      an oil, .lambda..sub.max.sup.film 3.0, 3.4, 5.8, 8.1, 9.6, 10.3 .mu.. NMR:
      .delta. 5.52 (m, 4, olefinic), 4.12 (m, 1, 15-H), 3.55 (m, 2, CH.sub.2 O)
      ppm. Mass spectrum: M.sup.+ at m/e 334.
PAC  EXAMPLE 6
PAC  7-[2.beta.-((3S)-3-Hydroxy-Trans-1-Octenyl)-5-Methylene-1.alpha.-Cyclopenty
     l]-Cis-5-Heptenoic Acid (V)
PAR  Wash 0.72 g. of 50% sodium hydride-oil dispersion with pentane, decant and
      treat the sodium hydride with 15 ml. of dimethyl sulfoxide at
      70.degree.-80.degree. for 0.5 hours under nitrogen. Cool the reaction
      mixture to 25.degree. and add a solution of 5.355 g. of methyl-triphenyl
      phosphonium bromide in 35 ml. of dimethyl sulfoxide. After stirring for 10
      minutes at 25.degree., add a solution of 0.5 g. of
      7-[2.beta.-((3S)-3-hydroxy-trans-1-octenyl)-5-oxo-1.alpha.-cyclopentyl]-ci
     s-5-heptenoic acid in 10 ml. of dimethyl sulfoxide and stir at 25.degree.
      for 1.5 hours under nitrogen. Dilute the reaction mixture with water,
      acidify with acetic acid and extract with ether. After washing and drying,
      evaporate the ether extract and chromatograph the residue on silica with
      20% ethyl acetate in hexane to obtain 0.336 g. of
      7-[2.beta.-((3S)-3-hydroxy-trans-1-octenyl)-5-methylene-1.alpha.-cyclopent
     yl]-cis- 5-heptenoic acid as an oil, .lambda..sub.max.sup.film 3.0
      (shoulder), 3.4, 5.8, 8.0, 10.25, 11.3 .mu.. NMR: .delta. 6.72 (s, 2, OH),
      5.65, (m, 2, 13 and 14-H), 4.95 (m, 2, methylene), 4.15 (m, 1, 15-H) ppm.
      Mass spectrum: M.sup.+ at m/e 334, M.sup.+-H.sub.2 O at m/e 316.2398
      (theory 316.2401).
PAC  EXAMPLE 7
PAC  2.beta.-[(3S)-3-Hydroxy-Trans-1-Octenyl]-5-Methylene-1.alpha.-Cyclopentaneh
     eptanoic Acid (5,6-Dihydro-V)
PAR  Sodium hydride-oil dispersion (1.12 g.) was washed with pentane and treated
      with 25 ml. of dimethylsulfoxide at 70.degree.-80.degree. for 0.75 hours
      under nitrogen. The solution was cooled, treated with 8.55 g. of
      methyl-triphenylphosphonium bromide in 50 ml. of dimethylsulfoxide and
      stirred at 25.degree. for 10 minutes under nitrogen. A solution of 0.8 g.
      of
      2.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-5-oxo-1.alpha.-cyclopentaneheptan
     oic acid in 20 ml. of dimethylsulfoxide was added and the mixture stirred
      at 25.degree. for 3 hours. The reaction mixture was diluted with water,
      acidified with acetic acid and extracted with ether. After washing and
      drying, the extract was evaporated and the residue chromatographed on
      silica with 20% ethyl acetatehexane to obtain 0.625 g. of
      2.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-5-methylene-1.alpha.-cyclopentane
     heptanoic acid as an oil (solidified on standing),
      .lambda..sub.max.sup.film 3.0 (shoulder), 3.4, 5.85, 10.35, 11.4 .mu..
      NMR: .delta. 6.32 (s, 2, OH), 5.58 (m, 2, 13 and 14-H), 4.88 m,  2,
      methylene H), 4.10 (m, 1, 15-H) ppm. Mass spectrum: M.sup.+ at m/e
      336.2699 (theory 336.2663).
CLMS
STM  The subject matter which the applicants regard as their invention is
      particularly pointed out and distinctly claimed as follows:
NUM  1.
PAR  1. A chemical compound of the structure:
      ##SPC6##
PAL  wherein
PA1  i. X is a single bond; or
PA1  ii. X is a cis double bond,
PAL  and R is hydrogen or alkyl of from 1 to 6 carbon atoms.
NUM  2.
PAR  2. The compound of claim 1 wherein X is a single bond and R is hydrogen.
NUM  3.
PAR  3. The compound of claim 1 wherein X is a cis double bond and R is
      hydrogen.
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PAL  The production of dichlorobenzoic acids by reaction of the diazonium
      compound of a dichloroaminobenzoic acid with an aqueous alcohol solution
      of specific concentration. The compounds which can be prepared according
      to the process of the invention are valuable starting materials for the
      production of pharmaceutical substances, dyes and pesticides.
BSUM
PAR  The invention relates to a process for the production of dichlorobenzoic
      acids by reaction of the diazonium compound of a dichloroaminobenzoic acid
      with an aqueous alcohol solution of a specified concentration.
PAR  It is known from Houben-Weyl, "Methoden der organischen Chemie", volume
      10/3, pages 116 et seq., that aromatic diazonium salts can be converted by
      heating in alcohols into the corresponding aromatic hydrocarbons; it is
      recommended that the diazonium salt solutions used should be as
      concentrated as possible and that the amount of alcohol should be from
      five to ten times the volume thereof. The alcohol is thus converted into
      the corresponding aldehyde and the content of aldehyde thus increased
      prevents reuse of the unreacted portion of the alcohol. Depending on the
      constitution of the diazonium salt it is necessary to use anhydrous
      alcohol or an 80% by weight aqueous ethanol solution may be used. Organic
      Reactions, volume II, page 274 (Wiley, N.Y.) similarly teaches that
      although it is not essential for the reaction to be carried out in the
      absence of water the amount of water should not be more than about 5 to
      10%.
PAR  In addition to the hydrocarbons there are also formed as byproducts the
      phenol ethers coresponding to the alcohol used (Houben-Weyl, loc.cit.,
      page 124), particularly in alcohol diluted with water. The yield and
      purity of the end products are usually unsatisfactory, especially when the
      process is carried out on an industrial scale. Thus for example a yield of
      46% of end product is given for 2,4-dichloroaniline as the starting amine
      and of 53% for anthranilic acid (Houben-Weyl, loc.cit., page 125). An
      article in Angewandte Chemie, volume 70 (1958), page 211, discloses that
      ethers such as dioxane have to be used instead of alcohols to avoid the
      formation of byproducts and the improve the yield of end product.
      Similarly the diazonium salt itself may be separated and reacted with the
      alcohol instead of the aqueous diazotization solution being reacted
      therewith (Saunders, "The Aromatic diazo compounds" (E. Arnold & Co.,
      London 1949), page 271). All these methods are unsatisfactory on an
      industrial scale as regards economy and simplicity of operation with the
      highest possible yield of end product.
PAR  The synthesis of 3,5-dichlorobenzoic acid from 2-amino-3,5-dichlorobenzoic
      acid by reduction of the corresponding diazonium salt with hypophosphorous
      acid is described in J. Org. Chem., volume 17, page 367 (1952). The
      reaction is exothermic and proceeds violently and has to be carried out
      with a large excess of hypophosphorus acid at a very low temperature. This
      process is also not satisfactory as a reaction which is simple and
      reliable in operation or uses readily available substances, which is
      interesting on an industrial scale and which gives a high yield of end
      product.
PAR  The object of this invention is a new process for the production of
      dichlorobenzoic acids in a simpler and more economical way in better
      yields and higher purity.
PAR  We have now found that the production of a dichlorobenzoic acid of the
      formula (I):
      ##SPC1##
PAL  by reaction of an aromatic diazonium salt with an alcohol at elevated
      temperature is carried out more advantageously by reacting a diazonium
      salt of a dichloroaminobenzoic acid of the formula (II):
      ##SPC2##
PAL  in which X is the anion of an acid, with a saturated aliphatic or
      araliphatic alcohol in an amount of from 1 to 10 moles per mole of
      starting material (II) in the presence of water in an amount of at least
      100% by weight based on the alcohol.
PAR  When the diazonium chloride of 3,5-dichloroanthranilic acid and ethanol are
      used the reaction may be represented by the following equation:
      ##SPC3##
PAR  As compared with the prior art the process according to the invention gives
      dichlorobenzoic acids in better yields and purity, particularly on an
      industrial scale, in a simpler and more economical way. The formation of
      ethers or resinous byproducts is not observable to any significant extent.
      All these advantageous results are suprising in view of the teaching of
      the abovementioned publications that the exchange of the diazonium group
      should be carried out in the absence of water or in the least possible
      amount of water.
PAR  The diazonium compounds (II) are reacted with the alcohol in an amount of
      from 1 to 10 and preferably 1 to 3 moles of alcohol per mole of starting
      material (II). The alcohols may be monoalcohols or polyalcohols. Preferred
      alcohols are those of the formula (III):
EQU  ROH                                                        (III)
PAL  in which R is alkyl of 1 to 5 carbon atoms or aralkyl of 7 to 12 carbon
      atoms or the radical HO--R.sup.1 -- in which R.sup.1 is an aliphatic
      radical and particularly alkylene of 2 to 4 carbon atoms or the radical
      R.sup.2 O--(R.sup.1 O).sub.n --R.sup.1 -- in which the individual radicals
      R.sup.1 may be identical or different and have the abovementioned general
      and preferred meanings of R.sup.1 and R.sup.2 is hydrogen or an aliphatic
      radical and particularly alkyl of one to four carbon atoms and n is one of
      the integers 4, 3 or 2 or particularly 1. The said radicals may also be
      substituted by groups which are inert under the reaction conditions, for
      example alkyl or alkoxy in each case of one to three carbon atoms.
PAR  Examples of alcohols (III) are methanol, ethanol, n-propanol, isopropanol,
      n-butanol- butanol-2, ethylene glycol, diethylene glycol, methylethylene
      glycol, benzyl alcohol, n-pentanol, phenylethanol, p-methylbenzyl alcohol,
      p-ethoxybenzyl alcohol, 1,3-propylene glycol, 1,4-butanediol,
      1,2-propylene glycol, triethylene glycol, diethylene glycol mono-n-butyl
      ether or mixtures of the same.
PAR  The diazonium compounds may contain the diazonium group and/or the two
      chlorine atoms on any of the positions of the nucleus; the preferred
      starting material (II) is the diazonium salt of
      2-amino-3,5-dichlorobenzoic acid and consequently the preferred end
      product (I) is 3,5-dichlorobenzoic acid. In the preferred starting
      materials (II) the X may be the anion of an organic or preferably an
      inorganic acid, for example a hydrogen sulfate, sulfate, nitrate or
      particularly a chloride. Examples of suitable diazonium compounds are:
PAR  1,3-dichloro-6-carboxybenzene-2-diazonium chloride, sulfate or hydrogen
      sulfate, the corresponding diazonium salts of 2-amino-4,6-dichlorobenzoic
      acid, 2-amino-3,6-dichlorobenzoic acid, 3-amino-2,6-dichlorobenzoic acid,
      4-amino-3,5-dichlorobenzoic acid or 4-amino-2,6-dichlorobenzoic acid.
PAR  The reaction is carried out as a rule at a temperature of 40.degree. C up
      to the boiling temperature of the mixture, conveniently from 50.degree. to
      200.degree.C and preferably from 50.degree. to 100.degree.C at atmospheric
      or superatmospheric pressure, continuously or batchwise. The reaction is
      carried out in the presence of water in an amount of at least 100%,
      advantageously from 100 to 6000% and preferably from 2000 to 4000% by
      weight based on alcohol. It is possible although not necessary to allow
      the reaction mixture to react in the presence of metals, oxides or metal
      salts, for example copper powder, copper(I) oxide, copper(II) sulfate or a
      zinc salt such as zinc chloride or with simultaneous exposure to
      ultraviolet light.
PAR  The reaction may be carried out as follows:
PAR  The amine corresponding to the starting material (II) is diazotized by a
      conventional method, for example according to one of the methods described
      in Ullmanns Encyklopadie der technischen Chemie, volume 5, pages 791 et
      seq. It is preferred to diazotize the amine in aqueous mineral acid
      solution with an aqueous solution of sodium nitrite at a temperature of
      from 0.degree. to 18.degree.C for 15 to 70 minutes. The amount of water is
      conveniently determined by the production of the diazonium salt. Any
      nitrite remaining in the mixture is then destroyed by a conventional
      method, for example by adding urea. The diazotization solution thus
      obtained is then united at the said reaction temperature with the alcohol
      (III), if desired mixed with water and the abovementioned additive and it
      is convenient to allow the aqueous diazonium salt solution or diazonium
      salt suspension to flow into a preheated mixture of alcohol (III) and
      water or to allow the mixture of aqueous diazonium salt solution or
      diazonium salt suspension and alcohol to flow into preheated water. The
      reaction mixture is allowed to remain for 15 minutes to 2 hours at the
      reaction temperature while mixing well, the temperature being raised if
      desired towards the end of the reaction, after which the end product is
      isolated by a conventional method, for example by filtration.
PAR  The compounds which can be prepared according to the process of the
      invention are valuable starting materials for the production of
      pharmaceutical preparations, dyes and pest control agents. The
      abovementioned publications, British patent specification No. 819,127,
      U.S. Pat. No. 3,553,274 and Ullmanns Encyklopadie der technischen Chemie,
      volume 4, page 287, may be referred to concerning the use of the said
      compounds.
DETD
PAR  The following Examples illustrate the invention. The parts specified in the
      Examples are by weight.
PAC  EXAMPLE 1
PAR  206 parts of 2-amino-3,5-dichlorobenzoic acid is introduced into 1000 parts
      of water, then 180 parts of 50% by weight caustic soda solution and 70
      parts of sodium nitrite are added and the mixture is allowed to flow while
      cooling into a mixture of 200 parts of water and 600 parts of concentrated
      hydrochloric acid (25% by weight strength). The mixture is stirred for
      another hour, 20 parts of urea is added and the whole is allowed to flow
      at 65.degree.C with vigorous evolution of nitrogen into a mixture of 70
      parts of methanol, 400 parts of water and 3 parts of copper(II) sulfate.
      The mixture is stirred for another 25 minutes, cooled to ambient
      temperature and suction filtered. 183 parts (96% of theory) of
      3,5-dichlorobenzoic acid is obtained having a melting point of 179.degree.
      to 181.degree.C.
PAC  EXAMPLE 2
PAR  A solution of the diazonium prepared as described in Example 1 from 206
      parts of 3,5-dichloroanthranilic acid is allowed to flow into a mixture of
      90 parts of isopropanol, 400 parts of water and 3 parts of copper powder
      at 70.degree.C. The mixture is stirred for another hour, cooled, suction
      filtered and the filter cake is dried. The yield is 186 parts (97% of
      theory) of 3,5-dichlorobenzoic acid. Melting point: 178.degree. to
      180.degree.C.
PAC  EXAMPLE 3
PAR  The reaction described in Example 2 is carried out with 90 parts of
      n-propanol. 172 parts (90% of theory) of 3,5-dichlorobenzoic acid is
      obtained having a melting point of 176.degree. to 178.degree.C.
PAC  EXAMPLE 4
PAR  144 parts of 50% by weight caustic soda solution and 80 parts of ethanol
      are added to a mixture of 165 parts of 3,5-dichloroanthranilic acid and
      1400 parts of water. 56 parts of sodium nitrite is added to the clear
      solution and the mixture is cooled to 10.degree. to 15.degree.C.
      Diazotization is carried out by slowly adding 400 parts of concentrated
      hydrochloric acid. The mixture is stirred for another hour, 16 parts of
      urea and 2 parts of copper(II) sulfate are added and the mixture is
      allowed to flow within 15 minutes into 200 parts of water at 70.degree.C.
      Thirty minutes later the whole is cooled to ambient temperature and the
      end product is isolated by suction filtration. The yield is 148 parts (97%
      of theory) of 3,5-dichlorobenzoic acid having a melting point of
      178.degree. to 180.degree.C.
PAC  EXAMPLE 5
PAR  200 parts of ethanol is slowly added to a solution, heated to 70.degree.C,
      of the diazonium salt prepared as described in Example 1 from 412 parts of
      3,5-dichloroanthranilic acid; elimination of nitrogen immediately takes
      place with evolution of heat. The mixture is stirred for another 15
      minutes and 350 parts (92% of theory) of 3,5-dichlorobenzoic acid having a
      melting point of 176.degree. to 178.degree.C is isolated as described in
      Example 1.
PAC  EXAMPLE 6
PAR  The reaction as described in Example 1 is carried out with 60 parts of
      glycol in 350 parts of water. 174 parts (91% of theory) of
      3,5-dichlorobenzoic acid is obtained having a melting point of 179.degree.
      to 181.degree.C.
PAC  EXAMPLE 7
PAR  The reaction mixture prepared as described in Example 1 from 206 parts of
      3,5-dichloroanthranilic acid is allowed to flow into a mixture of 100
      parts of methyl glycol, 400 parts of water and 2 parts of copper(II)
      sulfate at 60.degree. to 70.degree.C. As described in Example 1, 170 parts
      (89% of theory) of 3,5-dichlorobenzoic acid having a melting point of
      178.degree. to 179.degree.C is obtained.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of a dichlorobenzoic acid of the formula
      ##SPC4##
PAL  which comprises:
PA1  reacting at an elevated temperature the diazonium salt of a
      dichloroaminobenzoic acid of the formula
      ##SPC5##
PAL  in which X is the anion of an acid, with a saturated aliphatic or
      araliphatic alcohol in an amount of from 1 mole to 10 moles per mole of
      starting material (II) in the presence of water in an amount of at least
      100% by weight based on the alcohol.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the reaction is carried out with
      from 1 mole to 3 moles of alcohol per mole of starting material (II).
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the reaction is carried out with
      a hydrogen sulfate, sulfate, nitrate or chloride of the diazonium compound
      of 2-amino-3,5-dichlorobenzoic acid, 2-amino-4,6-dichlorobenzoic acid,
      2-amino-3,6-dichlorobenzoic acid, 3-amino-2,6-dichlorobenzoic acid,
      4-amino-3,5-dichlorobenzoic acid, 4-amino-2,6-dichlorobenzoic acid, or
      3-amino-2,4-dichlorobenzoic acid.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the reaction is carried out at a
      temperature of from 40.degree.C to the boiling temperature of the mixture.
NUM  5.
PAR  5. A process as claimed in claim 1 carried out at a temperature of from
      50.degree. to 200.degree.C.
NUM  6.
PAR  6. A process as claimed in claim 1 carried out at a temperature of from
      50.degree. to 100.degree.C.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein the reaction is carried out in
      the presence of water in an amount of from 100 to 6000% by weight based on
      alcohol.
NUM  8.
PAR  8. A process as claimed in claimed 1 wherein the reaction is carried out in
      the presence of from 2000 to 4000% by weight of water based on alcohol.
NUM  9.
PAR  9. A process as claimed in claim 1 wherein the alcohol has the formula ROH
      in which:
PA1  R is alkyl of 1 to 5 carbon atoms or aralkyl of 7 to 12 carbon atoms or one
      of the radicals HO--R.sup.1 -- or R.sup.2 O--(R.sup.1 O).sub.n --R.sup.1
      -- wherein each R.sup.1 is alkylene of 2 to 4 carbon atoms,
PA1  R.sup.2 is hydrogen or alkyl of one to four carbon atoms and
PA1  n is 1, 2, 3 or 4.
NUM  10.
PAR  10. A process as claimed in claim 9 wherein the reaction is carried out at
      a temperature of from 40.degree.C. to the boiling temperature of the
      mixture.
NUM  11.
PAR  11. A process as claimed in claim 9 wherein the reaction is carried out in
      the presence of water in an amount of from 100 to 6000% by weight based on
      the alcohol.
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ABST
PAL  The present invention relates to pharmacologically valuable new
      benzophenone derivatives having a pronounced sedative action on the
      central nervous system and some of which also possess muscle-relaxing and
      aggression-inhibiting properties. These new derivatives have the
      structural formula
      ##SPC1##
PAL  And their acid addition salts, in which
PA1  R.sub.1 and R.sub.2 are substituents selected from the group consisting of
      hydrogen, saturated and unsaturated alkyl groups having 1-4 carbon atoms;
PA1  R.sub.3 is a substituent selected from the group consisting of --Cn,
      --CONH.sub.2, --COOCH.sub.3, --COOC.sub.2 H.sub.5, --COOH, and --COOMe,
      where Me is a metallic cation; n is an integer selected from 1 and 2; and
      m is an integer selected from 1,2, and 3, and wherein the rings A and B
      may be substituted, ring A being substituted preferably with a halogen
      such as chlorine or with nitro, trifluoromethyl, methyl, methoxy or
      methylmercapto, preferably in the 5 position, and ring B being preferably
      substituted in the 2' position with chlorine or fluorine. The radicals
      R.sub.1 and R.sub.2 preferably signify hydrogen or a methyl group, or a
      n-butyl group in the case of Ring B.
PARN
PAR  The present application is a division of our U.S. Ser. No. 358,455, filed
      May 8, 1973, now U.S. Pat. No. 3,888,899.
PAR  The invention relates to pharmacologically valuable new benzophenone
      derivatives of the general formula I
      ##SPC2##
PAL  and their acid addition salts, in which
PA1  R.sub.1 and R.sub.2 signify hydrogen or a saturated or unsaturated alkyl
      radical with 1 to 4 carbon atoms,
PA1  R.sub.3 signifies a --CN, --CONH.sub.2, --COOCH.sub.3, --COOC.sub.2
      H.sub.5, --COOH or --COOMe group, Me signifying a metal cation,
PA1  n is 1 or 2,
PA1  m is 1, 2 or 3,
PA1  And the rings A and B may be substituted.
PAR  Preferred substituents for the ring A are halogen, especially chlorine,
      nitro, trifluoromethyl, methyl, methoxy or methylmercapto, and
      substitution is preferably in the 5 position, and preferred substituents
      for the ring B are fluorine or chlorine, substitution preferably being at
      the 2' position. The radicals R.sub.1 and R.sub.2 preferably signify
      hydrogen or a methyl group, or an n-butyl group in the case of R.sub.2.
PAR  The metal cation Me is preferably a pharmacologically acceptable metal
      cation, for example the sodium, potassium, ammonium or calcium.
PAR  The invention also extends to processes for the production of compounds of
      the general formula I.
PAR  Compounds of the general formula I may be produced by reacting a
      benzophenone derivative of the general formula II
      ##SPC3##
PAL  with a compound of the general formula III
EQU  Y -- C.sub.m H.sub.2m -- R.sub.3                           III
PAL  one of X and Y signifying the radical R.sub.2 --NH-- and the other
      signifying a halogen atom, preferably a bromine or chlorine atom, so as to
      form a compound of the general formula I with the elimination of H--Hal,
      R.sub.1, R.sub.2, R.sub.3, n and m being as defined above and the rings A
      and B being optionally substituted as discussed above. The hydrogen halide
      which is eliminated is advantageously bound by the addition of an
      acid-binding agent. Suitable acid-binding agents are a molar excess of the
      amine used in the reaction or, for example, triethylamine,
      dimethylaniline, potassium or sodium carbonate or sodium bicarbonate. The
      amine can also be employed in the form of an acid addition salt, in which
      case it is then necessary in order to liberate the amine to use a further
      mode of the acid binding agent. The reaction is carried out in a suitable
      solvent, preferably at an elevated temperature, typically the reflux
      temperature of the solvent used. Examples of suitable solvents are ethers,
      for example dioxane, hydrocarbons, for example benzene, toluene or xylene
      and ketones, for example acetone or methylisobutylketone. It may be
      advantageous to carry out the reaction under an inert atmosphere, for
      example under nitrogen.
PAR  Starting compounds of the general formula II, in which X signifies a
      halogen atom, can easily be produced from aminobenzophenones of the
      general formula IV
      ##SPC4##
PAL  by reaction with a halogenacyl halide of the general formula V
      ##EQU1##
PAR  The initial compounds of the general formula II, in which X signifies the
      radical R.sub.2 -- NH-- , can be obtained by reacting a compound of the
      general formula IIa
      ##SPC5##
PAL  with an amine of the general formula VI
EQU  R.sub.2 -- NH.sub.2
PAR  The reaction is preferably carried out at a temperature between 5.degree.
      and 50.degree. with a reaction time of from a few hours up to several
      days, advantageously in a suitable solvent.
PAR  Those compounds of the general formula I, in which m signifies 2 or 3 and
      R.sub.1, R.sub.2, R.sub.3 and n are as defined above, may be produced by
      an addition reaction between a benzophenone derivative of the general
      formula II, in which X signifies R.sub.2 -- NH --, and a compound
      containing an aliphatic double bond and of the general formula VII
EQU  C.sub.m H.sub.2m.sub.-1 -- R.sub.3                         VII
PAL  in which m means the number 2 or 3. The reaction is preferably carried out
      in a suitable solvent at room temperature or elevated temperature.
      Examples of suitable solvents are alcohols, ethers, ketones, hydrocarbons
      and acid amides.
PAR  Those compounds of the general formula I in which R.sub.3 is CN and is in
      the .alpha. position in relation to the amino group of the side chain can
      also be prepared by reacting a compound of the general formula II, in
      which X signifies the radical R.sub.2 -- NH --, with am aldehyde or ketone
      of the general formula VIII
EQU  C.sub.m H.sub.2m O                                         VIII
PAL  and hydrocyanic acid or an alkali metal cyanide, preferably potassium
      cyanide. It is normally advantageous first to add the aldehyde or ketone
      of general formula VIII to an aqueous sodium bisulphite solution as in a
      Knoevenagel-Bucherer reaction, then to introduce the compound of general
      formula II, and finally a concentrated aqueous solution of alkali cyanide.
      The reaction is carried out at room temperature or slightly elevated
      temperature.
PAR  Compounds according to the invention in which R.sub.3 signifies a
      carbmethoxy or carbethoxy group can be converted by saponification into
      compounds according to the invention in which R.sub.3 is --COOH or by
      ammonolysis into compounds according to the invention in which R.sub.3 is
      --CONH.sub.2.
PAR  Compounds according to the invention in which R.sub.3 is --COOH may be used
      to prepare the corresponding salts --COOMe.
PAR  Normally compounds according to the invention are oily substances which
      provide crystalline acid addition salts.
PAR  The compounds of the general formula I and their pharmaceutically
      acceptable salts are characterised by valuable pharmacological properties,
      especially a pronounced sedative action on the central nervous system.
      Some of these compounds also possess muscle-relaxing and
      aggression-inhibiting properties. The compounds of the general formula I
      and their pharmaceutically acceptable salts are therefore valuable
      pharmaceutical products which can be used as medicaments in the form of
      pharmaceutical preparations. The pharmaceutical preparations can be put
      up, for example, as tablets, suppositories, capsules, emulsions or
      suspensions in a known manner by the use of pharmaceutically acceptable
      diluents or carriers which do not react with the compounds. As diluents or
      carriers it is possible to use any substance which is suitable for the
      purpose in mind, for example talcum, starch, vegetable oils or petroleum
      jellies. If desired the pharmaceutical preparations may also contain other
      therapeutically active substances.
PAR  The pharmacological investigation of the sedative action on the central
      nervous system was carried out using the climbing tests on albino mice
      described by P. K. KNEIP: Arch. int. pharmacodyn 126, 238 (1960) and R.
      DOMENJOZ and W. THEOBALD: Arch. int. pharmacodyn 120, 450 (1959).
PAR  In the table which follows, the results of the pharmacological
      investigations carried out are summarised. In the last table under the
      heading "Sedative action %" there is given the percentage of the
      experimental animals which no longer take up the normally readily assumed
      climbing work.
TBL                    LD.sub.50                                               

                                Dose                                           

     Compound          g/kg     mg/kg                                          

                                     Sedative                                  

                       (mouse)  p.o. action%                                   

     __________________________________________________________________________

     2-(5-Cyano-N,4-dimethyl-                                                  

                       0.315 i.p.                                              

                                8    50                                        

     3-aza-pentanamido)-5-                                                     

     chlor-benzophenone                                                        

     2-(5-Cyano-3-aza-hexan-                                                   

                       0.6   i.p.                                              

                                8    50                                        

     amido)-5-chlor-benzophenone                                               

     2-(5-Cyano-N,3-dimethyl-                                                  

                       1.1   p.o.                                              

                                10   60                                        

     3-aza-hexanamido)-5-nitro-                                                

     benzophenone      0.48  i.p.                                              

     2-(5-Cyano-N,4-dimethyl-3-                                                

                       0.32  i.p.                                              

                                8    70                                        

     aza-pentanamido)-benzophenone                                             

     2-(5-Cyano-3-allyl-3-aza-                                                 

                       0.63  i.p.                                              

                                8    60                                        

     pentanamido)-2'-5-dichlor-                                                

     benzophenone                                                              

     2-(5-Cyano-N-methyl-3-n-                                                  

                       0.36  i.p.                                              

                                8    80                                        

     butyl-3-aza-pentanamido)-                                                 

     5-chlor-benzophenone                                                      

     2-(5-Cyano-N-methyl-3-n-butyl-3-                                          

                                8    50                                        

     aza-pentanamido)-5-nitro-                                                 

     benzophenone      0.68  i.p.                                              

     2-(5-Cyano-N,4-dimethyl-                                                  

                       0.25  i.p.                                              

                                8    60                                        

     3-aza-pentanamido)-5-                                                     

     methoxy-benzophenone                                                      

     2-(5-Cyano-N,4-dimethyl-                                                  

                       0.3   i.p.                                              

                                8    70                                        

     3-aza-pentanamido)-5-methyl-                                              

     benzophenone                                                              

     2-(4-Cyano-N-methyl-3-aza-                                                

                       0.17  i.p.                                              

                                8    60                                        

     butanamido)-5-chlor-benzo-                                                

     phenone                                                                   

     2-(5-Cyano-N,3-dimethyl-3-aza-                                            

                                8    50                                        

     pentanamido)-5-chlor-                                                     

                       0.24  i.p.                                              

     benzophenone                                                              

     2-(5-Cyano-N,3,4-trimethyl-                                               

                       0.32  i.p.                                              

                                9    50                                        

     3-aza-pentanamido)-5-                                                     

     chlor-benzophenone                                                        

     2-(5-Cyano-N,3-dimethyl-3-                                                

                       &gt;1.0  p.o.                                              

                                10   50                                        

     aza-pentanamido)-5-nitro-                                                 

     benzophenone                                                              

     2-(5-Cyano-4-methyl-3-aza-                                                

                       &gt;1.0  p.o.                                              

                                10   50                                        

     pentanamido)-benzophenone                                                 

     2-(6-Cyano-3-methyl-3-aza- 8    60                                        

     hexanamido)-5-chlor-benzo-                                                

     phenone                                                                   

     2-(5-Cyano-N-methyl-3-aza- 8    50                                        

     pentanamido)-5-methoxy-ben-                                               

     zophenone                                                                 

     2-(5-Cyano-N-methyl-3-aza- 8    50                                        

     pentanamido)-5-methyl-benzo-                                              

     phenone                                                                   

     2-(5-ethoxycarbonyl-N-methyl                                              

                       0.4   i.p.                                              

                                8    60                                        

     3-aza-pentanamido)-5-tri-                                                 

     fluormethyl-benzophenone                                                  

     2-(5-Carboxy-3-methyl-3-aza-                                              

                       0.45  i.p.                                              

                                8    90                                        

     pentanamido)-5-chlor-benzo-                                               

     phenone                                                                   

     2-(6-ethoxycarbonyl-N-methyl                                              

                       0.65  i.p.                                              

                                8    60                                        

     3-aza-hexanamido)-5-nitro-                                                

     benzophenone                                                              

     2-(4-Methoxycarbonyl-N-me-                                                

                       0.95  p.o.                                              

                                10   50                                        

     thyl-3-aza-butanamido)-5-                                                 

     chlor-benzophenone                                                        

     2-(6-ethoxycarbonyl-3-aza- 8    50                                        

     hexanamido)-5-nitro-benzo-                                                

     phenone                                                                   

     2-(5-ethoxycarbonyl-3-aza  8    70                                        

     pentanamido)-2',5-dichlor-                                                

     benzophenone                                                              

     2-(5-ethoxycarbonyl-N-methyl                                              

                                8    60                                        

     3-aza-pentanamido)-5-me-                                                  

     thylmerkapto-benzophenone                                                 

     2-(5-ethoxycarbonyl-N-methyl                                              

                                8    50                                        

     3-aza-pentanamido)-5-methyl                                               

     benzophenone                                                              

     Comparative preparation                                                   

     Meprobamate       0.62  i.p.                                              

                                70   50                                        

     __________________________________________________________________________

DETD
PAR  In the following examples the temperatures are given in .degree.C. The
      abbreviation "Z" in the statements of the melting points means
      decomposition. The sorbent used for the thin layer chromatograms was
      silica gel HF 254 + 366 (Type 60) according to Stahl. The proportions
      given in the case of the eluents are proportions by volume.
PAC  EXAMPLE 1
PAR  9.8 g of 3-methylamino-2-methylpropionitrile were dissolved in 100 mls. of
      anhydrous dioxane. A weak stream of nitrogen was passed into this solution
      and it was heated to boiling under reflux. A solution of 16.1 g of
      2-(2-chloro-N-methyl-acetamido)-5-chlorobenzophenone, dissolved in 150
      mls. of anhydrous dioxane, was then added drop by drop whilst stirring,
      and the reaction mixture was heated under reflux for 4 hours. After
      cooling, the precipitated 3-methylamino-2-methylpropionitrile
      hydrochloride was filtered off under suction and the filtrate was
      concentrated in vacuo. The oily residue (20.0g) was dissolved in 300 mls.
      of absolute diethyl ether, filtered and the monohydrochloride of
      2-(5-cyano-N,3-dimethyl-3-aza-hexanamido)-5-chlorobenzophenone was
      precipitated with dry hydrogen chloride. The yield was 18.8g,
      corresponding to 89% of theory. The product had a melting point of
      113.degree.-115.degree. and was analytically pure without
      re-crystallisation. A thin-layer chromatogram of a sample of the product
      showed an absence of the starting compound and the RF value of the product
      was 0.85 in methanol.
PAC  EXAMPLE 2
PAR  3.4 g of 2-(methylamino-acetamido)-5-chlorobenzophenone hydrochloride, 0.75
      g of chloracetonitrile and 2.0 g of triethylamine were heated with
      agitation under reflux for 8 hours in 100 mls. of absolute toluene. The
      triethylamine hydrochloride with was precipitated when the reaction
      mixture was cooled overnight was filtered off, and the filtrate was washed
      using 100 mls. of water each time, dried over potassium carbonate,
      filtered and concentrated in vacuo. The 3.5 g of oily base obtained were
      dissolved in 120 mls. of anhydrous ether, filtered and
      2-(4-cyano-3-methyl-3-aza-butyramido)-5-chlorobenzophenone hydrochloride
      with a melting point of 152.degree.-154.degree. was obtained in a yield of
      3.2 g, corresponding to 84.5% of theory, by passing in dry hydrogen
      chloride. In a thin layer chromatogram the RF value in 2:8
      cyclohexane/ethyl acetate as flow medium was 0.9.
PAC  EXAMPLE 3
PAR  3.3 g of 2-(2-Chloro-N-methyl-acetamido)-5-nitrobenzophenone, 1.2 g of
      3-amino-butyronitrile hydrochloride and 2.0 g of triethylamine were heated
      in 100 mls. of anhydrous benzene for 4 hours while stirring and boiling
      under reflux. After cooling to room temperature the precipitated
      triethylamine hydrochloride was filtered off under suction and the
      filtrate was shaken three times with 100 mls. of water each time in a
      separating funnel, dried over potassium carbonate, filtered and
      concentrated in vacuo.
PAR  3.3 g of oily base obtained were dissolved in 150 mls. of anhydrous diethyl
      ether, the solution was filtered, and the monohydrochloride of
      2-(5-cyano-N,4-dimethyl-3-aza-pentanamido)-5-nitro-benzophenone was
      obtained by passing dry hydrogen chloride into the solution. The yield was
      2.9 g corresponding to 70% of theory, the melting point was
      129.degree.-131.degree., and the RF value in methanol as flow medium was
      0.75.
PAR  By methods similar to those described in Examples 1, 2 and 3, the compounds
      set out in the following Table I were also synthesised:
TBL                                    TABLE I                                 

     __________________________________________________________________________

            R.sub.1                                                            

                   C.sub.n H.sub.2n                                            

                            R.sub.2                                            

                                   C.sub.m H.sub.2m                            

                                          R.sub.4                              

                                             R.sub.5                           

                                               Melting point                   

                                               of the hydro-                   

                                               chloride                        

     __________________________________________________________________________

     1   CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH.sub.2 --CH.sub.2 --                      

                                         Cl  H 144-146.degree.                 

     2   CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH.sub.2 --CH--                             

                                         Cl  H 145-147.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     3   CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH--CH.sub.2 --                             

                                         Cl  H 131-133.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     4   CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH.sub.2 --                                 

                                         Cl  H 147-149.degree.                 

     5   H       --CH.sub.2 --                                                 

                         H       --CH.sub.2 --CH--                             

                                         Cl  H 183-185.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     6   H       --CH.sub.2 --                                                 

                         H       --CH--CH.sub.2 --                             

                                         Cl  H 175-177.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     7   CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         CH.sub.3                                              

                                 --CH.sub.2 --CH.sub.2 --                      

                                         Cl  H 184-186.degree.                 

     8   H       --CH.sub.2 --                                                 

                         H       --CH.sub.2 --CH.sub.2 --                      

                                         Cl  H 146-148.degree.                 

     9   H       --CH.sub.2 --                                                 

                         CH.sub.3                                              

                                 --CH.sub.2 --CH--                             

                                         Cl  H 136-138.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     10  H       --CH.sub.2 --                                                 

                         CH.sub.3                                              

                                 --CH.sub.2 --CH.sub.2 --                      

                                         Cl  H 165-167.degree.                 

     11  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         CH.sub.3                                              

                                 --CH--CH.sub.2 --                             

                                         Cl  H 140-142.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     12  CH.sub.3                                                              

                 --CH.sub.2 --CH.sub.2 --                                      

                         H       --CH--CH.sub.2 --                             

                                         Cl  H 153-155.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     13  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH.sub.2 --CH.sub.2 --                      

                                         NO.sub.2                              

                                             H 119-121.degree.                 

     14  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         CH.sub.3                                              

                                 --CH--CH.sub.2 --                             

                                         NO.sub.2                              

                                             H 103-105.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     15  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         CH.sub.3                                              

                                 --CH.sub.2 --CH.sub.2 --                      

                                         NO.sub.2                              

                                             H  80-82.degree.                  

     16  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         CH.sub.2 --CH=CH.sub.2                                

                                 --CH.sub.2 --CH.sub.2 --                      

                                         Cl  H 121-123.degree.                 

     17  CH.sub.3                                                              

                 CH.sub.3                                                      

                         H       --CH--CH.sub.2 --                             

                                         Cl  H 126-128.degree.                 

                 .vertline.      .vertline.                                    

                                 CH.sub.3                                      

     18  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         CH.sub.3                                              

                                 --CH.sub.2 --CH--                             

                                         NO.sub.2                              

                                             H  94-96.degree.                  

                                 .vertline.                                    

                                 CH.sub.3                                      

     19  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH.sub.2 --                                 

                                         NO.sub.2                              

                                             H 143-145.degree.                 

     20  H       --CH.sub.2 --                                                 

                         H       --CH--CH.sub.2 --                             

                                         NO.sub.2                              

                                             H 200-202.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     21  CH.sub.3                                                              

                 --CH.sub.2 --CH.sub.2 --                                      

                         CH.sub.3                                              

                                 --CH.sub.2 --CH.sub.2 --                      

                                         Cl  H 149-152.degree.                 

     22  H       --CH.sub.2 --                                                 

                         H       --CH.sub.2 --CH.sub.2 --                      

                                         NO.sub.2                              

                                             H 179-181.degree.                 

     23  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH--CH.sub.2 --                             

                                         CF.sub.3                              

                                             H 113-115.degree.                 

                                 .vertline.                                    

                         CH.sub.3                                              

     24  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH.sub.2 --CH.sub.2 --                      

                                         CF.sub.3                              

                                             H 137-139.degree.                 

     25  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         CH.sub.3                                              

                                 --CH--CH.sub.2 --                             

                                         CF.sub.3                              

                                             H 145-148.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     26  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH.sub.2 --CH--                             

                                         CF.sub.3                              

                                             H 129-131.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     27  H       --CH.sub.2 --                                                 

                         H       --CH--CH.sub.2 --                             

                                         H   H 132-134.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     28  H       --CH.sub.2 --                                                 

                         H       --CH.sub.2 --CH.sub.2 --                      

                                         CF.sub.3                              

                                             H 143-146.degree.                 

     29  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         C.sub.2 H.sub.5                                       

                                 --CH--CH.sub.2 --                             

                                         NO.sub.2                              

                                             H 106-109.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     30  H       --CH.sub.2 --                                                 

                         H       --CH--CH.sub.2 --                             

                                         Cl  Cl                                

                                               193-195.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     31  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         C.sub.2 H.sub.5                                       

                                 --CH.sub.2 --CH.sub.2 --                      

                                         Cl  H 128-130.degree.                 

     32  CH.sub.3                                                              

                 --CH.sub.2 --CH.sub.2 --                                      

                         H       --CH--CH.sub.2 --                             

                                         NO.sub.2                              

                                             H 174- 176.degree.                

                                 .vertline.                                    

                                 CH.sub.3                                      

     33  CH.sub.3                                                              

                 --CH.sub.2 --CH.sub.2 --                                      

                         CH.sub.3                                              

                                 --CH.sub.2 --CH.sub.2 --                      

                                         NO.sub.2                              

                                             H 177-179.degree.                 

     34  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H.sub.2 C--CH=CH.sub.2                                

                                 --CH.sub.2 --CH.sub.2 --                      

                                         NO.sub.2                              

                                             H 139-141.degree.                 

     35  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H.sub.2 C--CH=CH.sub.2                                

                                 --CH.sub.2 --CH.sub.2 --                      

                                         CF.sub.3                              

                                             H  94-96.degree. (Z)              

     36  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H.sub.2 C--CH=CH.sub.2                                

                                 --CH--CH.sub.2 --                             

                                         Cl  H 109-111.degree. (Z)             

                                 .vertline.                                    

                                 CH.sub.3                                      

     37  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H.sub.2 C--CH=CH.sub.2                                

                                 --CH--CH.sub.2 --                             

                                         NO.sub.2                              

                                             H 102-104.degree. (Z)             

                                 .vertline.                                    

                                 CH.sub.3                                      

     38  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH--CH.sub.2 --                             

                                         H   H 126- 128.degree.                

                                 .vertline.                                    

                                 CH.sub.3                                      

                 CH.sub.3                                                      

                 .vertline.                                                    

     39  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         CH.sub.3                                              

                                 --CH.sub.2 --CH.sub.2 --                      

                                         Cl  H 151-155.degree.                 

     40  CH.sub.3                                                              

                 CH.sub.3                                                      

                         CH.sub.3                                              

                                 --CH.sub.2 --CH.sub.2 --                      

                                         NO.sub.2                              

                                             H  97-100.degree.                 

                 .vertline.                                                    

                 --CH.sub.2 --                                                 

     41  H       --CH.sub.2 --                                                 

                         H       --CH.sub.2 --CH.sub.2 --                      

                                         Cl  Cl                                

                                               142-144.degree.                 

     42  H       --CH.sub.2 --                                                 

                         H.sub.2 C--CH=CH.sub.2                                

                                 --CH.sub.2 --CH.sub.2 --                      

                                         Cl  Cl                                

                                               128-130.degree.                 

     43  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         CH.sub.3                                              

                                 --CH.sub.2 --CH.sub.2 --CH.sub.2 --           

                                         Cl  H 143-145.degree.                 

     44  H       --CH.sub.2 --                                                 

                         CH.sub.3                                              

                                 --CH.sub.2 --CH.sub.2 --CH.sub.2 --           

                                         Cl  H 164-167.degree. (Z)             

     45  H.sub.2 C--CH=CH.sub.2                                                

                 --CH.sub.2 --                                                 

                         H       --CH--CH.sub.2 --                             

                                         Cl  H 125-127.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     46  H.sub.2 C--CH=CH.sub.2                                                

                 --CH.sub.2 --                                                 

                         H.sub.2 C--CH=CH.sub.2                                

                                 --CH.sub.2 --CH.sub.2 --                      

                                         Cl  H 128-130.degree.                 

     47  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         n--C.sub.4 H.sub.9                                    

                                 --CH.sub.2 --CH.sub.2 --                      

                                         Cl  H 139-141.degree.                 

     48  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         n--C.sub.4 H.sub.9                                    

                                 --CH.sub.2 --CH.sub.2 --                      

                                         NO.sub.2                              

                                             H 127-129.degree.                 

     49  n--C.sub.4 H.sub.9                                                    

                 --CH.sub.2 --                                                 

                         H       --CH--CH.sub.2 --                             

                                         Cl  H 177-179.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     50  n--C.sub.4 H.sub.9                                                    

                 --CH.sub.2 --                                                 

                         H       --CH.sub.2 --CH.sub.2 --                      

                                         Cl  H 163-165.degree. (Z)             

     51  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH--CH.sub.2 --                             

                                         OCH.sub.3                             

                                             H 136-138.degree.                 

                                 .vertline.                                    

                                 CH.sub. 3                                     

     52  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH.sub.2 --CH.sub.2 --                      

                                         OCH.sub.3                             

                                             H 154-156.degree.                 

     53  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --HC--CH.sub.2 --                             

                                         SCH.sub.3                             

                                             H 134-136.degree.                 

                                 .vertline.                                    

                                 H.sub.3 C                                     

     54  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH.sub.2 --CH.sub.2 --                      

                                         SCH.sub.3                             

                                             H 145 - 147.degree. (Z)           

     55  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH.sub.2 --CH.sub.2 --                      

                                         CH.sub.3                              

                                             H 152-154.degree. (Z)             

     56  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         H       --CH--CH.sub.2 --                             

                                         CH.sub.3                              

                                             H 143-145.degree.                 

                                 .vertline.                                    

                                 CH.sub.3                                      

     57  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         C.sub.2 H.sub.5                                       

                                 --HC--CH.sub.2 --                             

                                         NO.sub.2                              

                                             H 123-125.degree.                 

                                 .vertline.                                    

                                 H.sub.3 C                                     

     58  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         CH.sub.3                                              

                                 --HC--CH.sub.2 --                             

                                         Cl  Cl                                

                                               152-155.degree. (Z)             

                                 .vertline.                                    

                                 H.sub.3 C                                     

     59  CH.sub.3                                                              

                 --CH.sub.2 --                                                 

                         CH.sub.3                                              

                                 --HC--CH.sub.2 --                             

                                         Cl  F 128-131.degree.                 

                                 .vertline.                                    

                                 H.sub.3 C                                     

     60  C.sub.4 H.sub.9                                                       

                 --CH.sub.2 --                                                 

                         n--C.sub.4 H.sub.9                                    

                                 --CH.sub.2 --CH.sub.2 --                      

                                         Cl  H 119-121.degree.                 

     61  H       --CH.sub.2 --                                                 

                         n--C.sub.4 H.sub.9                                    

                                 --CH.sub.2 --CH.sub.2 --                      

                                         Cl  Cl                                

                                                98-100.degree.                 

     __________________________________________________________________________

PAR  The production of starting compounds of the general formula II, in which X
      is chlorine or bromine, for use in the foregoing examples is exemplified
      by the production, described below, of the
      2-(N-methyl-N-.beta.-chloro-propionylamino)-5-chloro-benzophenone used as
      starting compound for example in the production of
      2-(6-cyano-N,5-dimethyl-4-aza-hexanamido)-5-chloro-benzophenone and
      2-(6-cyano-N,4-dimethyl-4-aza-hexanamido)-5-chloro-benzophenone which
      appear in the table above, when they are produced according to the method
      of Example 1.
PAR  14.0 g of .beta.-chloropropionyl chloride were rapidly added drop by drop
      to a solution of 24.6 g of 2-methylamino-5-chloro-benzophenone in 300 mls.
      of anhydrous toluene, the temperature rising from 18.degree. to
      25.degree.C. The reaction mixture was then maintained for 4 hours at an
      internal temperature of 80.degree.C, and then heated for a further 2
      hours, with stirring, under reflux. After cooling it is filtered and
      unreacted .beta.-chloropropionyl chloride was drawn off under vacuum at
      approximately 0.1 mm Hg using a water bath rising to a final temperature
      of 90.degree.C. The oily residue was allowed to stand for 3 days in a
      refrigerator where it crystallised. The crystals were rubbed up with
      petrol ether and dried in vacuo.
PAR  Yield: 29.8 g of
      2-(N-methyl-N-.beta.-chloro-propionylamino)-5-chloro-benzophenone (89% of
      theory) with a melting point of 73.degree.- 75.degree..
PAC  EXAMPLE 4
PAR  13.0 g of 2-(chloraceto-methylamido)-5-chlorobenzophenone, 5.0 g of methyl
      aminoacetate hydrochloride and 8.0 g of triethylamine were heated under
      reflux in 250 mls. of absolute toluene for 6 hours whilst stirring. The
      precipitated triethylamine hydrochloride was filtered off under suction
      after cooling, the filtrate being shaken three times, with 250 mls. of
      water each time, in a separating funnel, and the organic phase was dried
      over potassium carbonate, filtered and concentrated in vacuo. The oily
      residue was dissolved in 300 mls. of absolute ether, filtered and
      converted into 9.5 g of
      2-(4-carbmethoxy-N-methyl-3-aza-butyramido)-5-chlorobenzophenone
      hydrochloride with a melting point of 116.degree.-118.degree.,
      corresponding to 58% of theory, by passing in dry hydrogen chloride gas.
      The RF value in a thin layer chromatogram with 1:1 cyclohexane/ethyl
      acetate as flow medium was 0.95.
PAC  EXAMPLE 5
PAR  A mixture of 3.4 g of 2-(methylamino-acetamido)-5-chlorobenzo-phenone
      hydrochloride, 1.7 g of ethyl bromacetate and 2.0 g of triethylamine was
      heated to boiling in 100 mls. of absolute toluene for 8 hours whilst
      stirring. The triethylamine hydrochloride which was precipitated
      quantitatively was filtered off under suction, the filtrate was shaken
      three times with 100 mls. of water each time and dried over potassium
      carbonate. 3.2 g of oily crude base were obtained which, dissolved in 50
      mls. of anhydrous ether, were converted into
      2-(4-carbethoxy-3-methyl-3-aza-butyramido)-5-chlorobenzophenone
      hydrochloride by passing in dry hydrogen chloride. The yield amounted to
      3.5 g corresponding to 82% theory. The melting point was
      177.degree.-179.degree. and the RF value in the thin layer chromatogram
      was 0.7 in 1:1 cyclohexane/ethyl acetate as flow medium.
PAC  EXAMPLE 6
PAR  1.7 g of 2-(methylamino-acetamido)-5-chlorobenzophenone hydrochloride, 0.85
      g of ethyl bromacetate and 0.7 g of anhydrous potassium carbonate were
      heated for 20 hours under a reflux in 100 mls. of anhydrous acetone whilst
      stirring. After cooling, the inorganic salt was filtered off under suction
      concentrated in vacuo, and the oily residue was dried in vacuo. The yield
      of oily crude base was 1.4 g. It was dissolved in 30 mls. of absolute
      dioxane, the solution was filtered and diluted with 30 mls. absolute
      ether, 1.3 g of
      2-(4-carbethoxy-3-methyl-3-aza-butyramido)-5-chlorobenzophenone
      hydrochloride with a melting point of 178.degree.-180.degree. being
      obtained by passing in dry hydrogen chloride. The product was identical
      with that obtained in Example 5.
PAC  EXAMPLE 7
PAR  A mixture of 2.2 g of 2-(methylamino-acetamido)-5-chloro-benzophenone
      hydrochloride, 1.2 g of chloracetamide and 2.0 g of triethylamine was
      heated for 8 hours under a reflux in 100 mls. of anhydrous xylene. The
      triethylamine hydrochloride which was precipitated quantitatively was
      filtered off under suction after cooling and the filtrate was shaken three
      times with 100 mls. of water each time, the organic phase being dried over
      anhydrous potassium carbonate, filtered and concentrated in vacuo. The
      oily crude base obtained as a residue (2.2g) was dissolved in 100 mls. of
      anhydrous diethylether and the solution was filtered. By passing dry
      hydrogen chloride into the solution 2.0 g of
      2-(4-amidocarbonyl-3-methyl-3-aza-butyramido)-5-chlorobenzophenone
      hydrochloride (74% of theory) were obtained with a melting point of
      163.degree. - 165.degree. (decomposes).
PAR  This product could also be obtained by dissolving 4.0 g of
      2-(4-ethoxy-carbonyl-3-methyl-3-aza-butyramido)-5-chlorobenzophenone
      hydrochloride in 80 mls. of anhydrous ethyl alcohol and whilst stirring at
      60.degree. to 70.degree. introducing into the solution for 8 hours a
      stream of ammonia gas, the reaction mixture being allowed to stand further
      overnight in a closed vessel and then further processed by filtering off
      precipitated ammonium chloride and concentrating in vacuo. By proceeding
      as described in the paragraph above,
      2-(4-amidocarbonyl-3-methyl-3-aza-butanamido)-5-chloro-benzophenone
      hydrochloride was obtained. Yield: 2.5 g (68% of theory). The product
      possessed a melting point of 162.degree. - 165.degree. (decomposes).
PAC  EXAMPLE 8
PAR  4.6 g of 2-(methylamino-acetamido)-5-chlorobenzophenone hydrochloride were
      heated in 100 mls. of dry xylene with 3 g of triethylamine and 1.9 g of
      chloracetic acid for 8 hours under reflux whilst stirring. After cooling,
      the precipitated triethylamine hydrochloride was filtered off and the
      filtrate was shaken 3 times with 100 mls. of water each time. After drying
      over potassium carbonate and filtering, it was concentrated in vacuo, the
      oily crude base obtained being dissolved in 100 mls. of dry ether and
      filtered again. By passing in dry hydrogen chloride gas, filtering under
      suction and drying in a vacuum desiccator, 2.8 g (71% of theory) of
      2-(4-carboxy-3-methyl-3-aza-butyramido)-5-chlorobenzophenone hydrochloride
      were obtained with a melting point of 162.degree.-164.degree..
PAR  By process similar to those described Examples 4 to 8, the compounds
      described in the following Table II were also produced:
      ##SPC6##
TBL                                    TABLE II                                

     __________________________________________________________________________

     R.sub.1 C.sub.n H.sub.2n                                                  

                  R.sub.2                                                      

                     R.sub.3                                                   

                            C.sub.m H.sub.2m                                   

                                       R.sub.4                                 

                                           R.sub.5                             

                                              Melting                          

                                              point of                         

                                              hydro-                           

                                              chloride                         

     __________________________________________________________________________

     H       --CH.sub.2 --                                                     

                  H  CO--CH.sub.3                                              

                            --CH.sub.2 --                                      

                                       Cl  H  128-130.degree.                  

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --H.sub.2 C--CH.sub.2 --                           

                                       Cl  H  111-113.degree.                  

     H       --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --H.sub.2 C--CH.sub.2 --                           

                                       Cl  H  105-107.degree.                  

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OCH.sub.3                                             

                            --CH.sub.2 --                                      

                                       NO.sub.2                                

                                           H  142-144.degree.                  

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --                           

                                       CF.sub.3                                

                                           H  137-139.degree.                  

     H       --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 -- CH.sub.2 --                          

                                       Cl  Cl 129-131.degree.                  

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --                           

                                       NO.sub.2                                

                                           H  127-129.degree.                  

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --CH.sub.2 --                

                                       Cl  H  136-138.degree.                  

     H       --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --CH.sub.2 --                

                                       NO.sub.2                                

                                           H  157-159.degree.                  

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --CH.sub.2 --                

                                       NO.sub.2                                

                                           H  155-157.degree.                  

     CH.sub.2 --CH=CH.sub.2                                                    

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --                           

                                       Cl  H  116-118.degree.                  

     H       --CH.sub.2 --                                                     

                  CH.sub.3                                                     

                     COOH   --CH.sub.2 --CH.sub.2 --                           

                                       Cl  H  154-157.degree.                  

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --                           

                                       OCH.sub.3                               

                                           H  143-145.degree.                  

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --                           

                                       SCH.sub.3                               

                                           H  143-145.degree.                  

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --                           

                                       CH.sub.3                                

                                           H  108-111.degree.                  

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --CH.sub.2 --                

                                       OCH.sub.3                               

                                           H  84-86.degree.                    

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --CH.sub.2 --                

                                       CH.sub.3                                

                                           H  106-108.degree.                  

     __________________________________________________________________________

PAC  EXAMPLE 9
PAR  3.0 g of 2-(methylamino-acetamido)-5-chloro-benzophenone were dissolved in
      30 mls. of anhydrous alcohol and then mixed with 2.0 g of freshly
      distilled acrylonitrile. The mixture was stirred for 2 hours at room
      temperature and then heated under reflux for a further 8 hours. After
      being allowed to stand overnight at room temperature a further 2.0 g of
      freshly distilled acrylonitrile was added and the mixture heated under
      reflux with stirring for a further 4 hours. At this point a sample showed
      in a thin-layer chromatogram a uniform point which differed from that of
      the initial product. The turbid solution was filtered and concentrated in
      vacuo (approx. 0.1 mm Hg), 3.0 g of a colourless oil being obtained. This
      residue was dissolved in anhydrous diethyl ether. After passing dry
      hydrogen chloride into this solution 3.6 g of
      2-(5-cyano-3-methyl-3-aza-pentanamido)-5-chloro-benzophenone hydrochloride
      were obtained, corresponding to 92% of theory. The product had a melting
      point of 166.degree.-168.degree.. The RF value in a thin-layer
      chromatogram in methanol as flow medium was 0.85.
PAR  The RF value and the melting point were identical with those of the product
      which was obtained from 2-(chloracetamido)-5-chlorobenzophenone and
      .beta.-methylamino-propionitrile using a method similar to that of Example
      1 (cf. 10th example in table in Example 3).
PAR  In an analogous manner, starting from
      2-methylaminoacetamido)-5-chloro-benzophenone and ethyl acrylate,
      2-(5-ethoxycarbonyl-3-methyl-3-aza-pentanamido)-5-chlorobenzophenone
      hydrochloride is obtained with a melting point of 129.degree.-131.degree.,
      and starting from 2-(methylamino-acetamido)-5-chlorobenzophenone and
      acrylamide,
      2-(5-amidocarbonyl-3-methyl-3-aza-pentanamido)-5-chloro-benzophenone
      hydrochloride is obtained with a melting point of 158.degree.-160.degree..
PAR  The 2-(methylamino-acetamido)-5-chloro-benzophenone required as starting
      compound was produced as follows:
PAR  A solution of 24.5 g of 2-(chloracetamido)-5-chlorobenzophenone in 400 mls.
      of anhydrous dioxane was mixed with 150 mls. of a 15% solution of
      methylamine in methyl alcohol and was then allowed to stand at room
      temperature overnight in a closed vessel. The reaction mixture was then
      filtered and the filtrate is concentrated in vacuo at a waterbath
      temperature of 25.degree., the residue being shaken with 630 mls. of
      diethyl ether and 700 mls. of 0.3N hydrochloric acid. The ether layer was
      shaken out once again with 250 mls. of 0.3N hydrochloric acid and the
      combined hydrochloric acid extracts were rendered alkaline with
      concentrated aqueous ammonia whilst cooling thoroughly, and were then
      extracted with methylene chloride; the methylene chloride phase was dried
      over potassium carbonate. After drying the methylene chloride solution was
      filtered and concentrated in vacuum. The oily crude base obtained as a
      residue, after drying, was dissolved in 100 mls. of anhydrous diethyl
      ether, filtered and converted by the introduction of dry hydrogen chloride
      into 23.8 g of  2-(methylamino-acetamido)-5-chlorobenzophenone
      hydrochloride (88% of theory), melting point 199.degree.-201.degree..
PAC  EXAMPLE 10
PAR  2.1 g of sodium bisulphite were dissolved in 15 mls. of water and mixed
      drop by drop at 15.degree.-20.degree.C with 1.8 g of 40% formaldehyde
      solution, the stirring being continued for 30 minutes and then 3.0 g of
      2-(methylamino-acetamido)-5-chlorobenzophenone were added to the reaction
      mixture. Then whilst stirring a solution of 1.3 g of potassium cyanide in
      3 mls. of water was added drop by drop and the mixture stirred for 3 hours
      at 40.degree.C. After being allowed to stand overnight at room
      temperature, the semi-solid reaction product was filtered off under
      suction, shaken up several times with water, and dried in a vacuum
      desiccator. From a solution of 2.4 g of the crude base in 100 mls. of
      anhydrous diethyl ether, 2.8 g of
      2-(4-cyano-3-methyl-3-aza-butanamido)-5-chloro-benzophenone hydrochloride
      (74% of theory) with a melting point of 153.degree.-155.degree. were
      obtained by passing in dry hydrogen chloride.
PAR  The melting point and the RF value in a thin-layer chromatogram (0.9)
      correspond with those of the product obtained in Example 2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Benzophenone derivative having the structural formula
      ##SPC7##
PAL  and the acid addition salts thereof, wherein
PA1  R.sub.1 and R.sub.2 are substituents selected from the group consisting of
      hydrogen, saturated and unsaturated alkyl groups having 1 - 4 carbon
      atoms;
PA1  R.sub.3 is a substituent selected from the group consisting of --COOH and
      --COOMe, Me signifying a pharmacologically acceptable metallic cation;
PA1  n is an integer selected from 1 and 2; and
PA1  m is an integer selected from 1, 2 and 3, and wherein the ring A may be
      substituted with a substituent selected from the group consisting of
      halogen, nitro, trifluoromethyl, methyl, methoxy and methylmercapto and
      the ring B may be substituted with a substituent selected from the group
      consisting of fluorine and chlorine.
NUM  2.
PAR  2. Benzophenone derivative according to claim 1, wherein the ring A is
      substituted at the 5-position and the ring B is substituted at the 2'
      position.
NUM  3.
PAR  3. Benzophenone derivative according to claim 1, wherein R.sub.1 is a
      substituent selected from the group consisting of hydrogen and methyl and
      R.sub.2 is a substituent selected from the group consisting of hydrogen,
      methyl and butyl.
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ABST
PAL  Novel butyric acid derivatives of the formula
      ##SPC1##
PAL  Wherein X, X.sub.1, X.sub.2 and X.sub.3 are individually selected from the
      group consisting of hydrogen, halogen, lower alkyl of 1 to 5 carbon atoms,
      lower alkoxy of 1 to 5 carbon atoms, lower alkylthio of 1 to 5 carbon
      atoms, trifluoromethoxy, trifluoromethylthio, trifluoromethyl, OH and
      dilower alkylamino of 1 to 5 carbon atoms for each alkyl, R is selected
      from the group consisting of hydrogen, lower alkyl of 1 to 5 carbon atoms,
      o-carboxyphenyl, 2,3-dihydroxypropyl and -CH.sub.2 -CH - CH.sub.2
      ##EQU1##
      wherein P and Q are individually lower alkyl of 1 to 5 carbon atoms, Z and
      X.sub.4 are individually selected from the group consisting of hydrogen
      and lower alkyl of 1 to 5 carbon atoms and Y is selected from the group
      consisting of hydrogen and --OH and the dotted line indicates the optional
      presence of a double bond when Y is hydrogen and when R is hydrogen or
      o-carboxyphenyl, the salts thereof with a non-toxic pharmaceutically
      acceptable mineral or organic base, which compounds have anti-inflammatory
      and analgesic activity and are substantially devoid of ulcerigenic
      activity and their preparation and novel intermediates formed therein.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide the novel butyric acid
      derivatives of formula I and their salts with a non-toxic,
      pharmaceutically acceptable base where appropriate.
PAR  It is a further object of the invention to provide a novel process for the
      preparation of the butyric acid derivatives of formula I and to provide
      novel intermediates produced therein.
PAR  It is another object of the invention to provide novel analgesic and
      anti-inflammatory compositions.
PAR  It is an additional object of the invention to provide a novel method of
      relieving pain and inflammation in warm-blooded animals.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAC  THE INVENTION
PAR  The novel butyric acid derivatives of the invention are selected from
      compounds of the formula
      ##SPC2##
PAL  Wherein X, X.sub.1, X.sub.2 and X.sub.3 are individually selected from the
      group consisting of hydrogen, halogen, lower alkyl of 1 to 5 carbon atoms,
      lower alkoxy of 1 to 5 carbon atoms, lower alkylthio of 1 to 5 carbon
      atoms, trifluoromethoxy, trifluoromethylthio, trifluoromethyl, OH and
      dilower alkylamino of 1 to 5 carbon atoms for each alkyl, R is selected
      from the group consisting of hydrogen, lower alkyl of 1 to 5 carbon atoms,
      O-carboxyphenyl, 2,3-dihydroxypropyl and
      ##EQU2##
      wherein P and Q are individually lower alkyl of 1 to 5 carbon atoms, Z and
      X.sub.4 are individually selected from the group consisting of hydrogen
      and lower alkyl of 1 to 5 carbon atoms and Y is selected from the group
      consisting of hydrogen and --OH and the dotted line indicates the optional
      presence of a double bond when Y is hydrogen and when R is hydrogen or
      o-carboxyphenyl, the salts thereof with a non-toxic, pharmaceutically
      acceptable mineral or organic base.
PAR  In the compounds of the formula, X, X.sub.1, and X.sub.2 and X.sub.3 can be
      in any possible position on the benzene rings and when they are halogen,
      they are preferably fluorine or chlorine and when they are alkyl, alkoxy
      or alkylthio, they are preferably methyl, ethyl, n-propyl, methoxy,
      ethoxy, methylthio or ethylthio. When there is a double bond present in
      the butyric acid chain, the compounds of formula I may be cis isomers or
      trans isomers.
PAR  Examples of non-toxic, pharmaceutically acceptable salts when R is hydrogen
      or o-carboxyphenyl are alkali metal salts such as sodium, potassium or
      lithium, alkaline earth metal salts such as calcium, ammonium or amine
      salts such as triethylamine.
PAR  Among the preferred compounds of formula I are those having a formula
      selected from the group consisting of
      ##SPC3##
PAL  wherein X and X.sub.2 are individually selected from the group consisting
      of hydrogen, halogen, alkyl of 1 to 5 carbon atoms, alkoxy of 1 to 5
      carbon atoms, alkylthio of 1 to 5 carbon atoms, trifluoromethyl,
      trifluoromethoxy and trifluoromethylthio, R is selected from the group
      consisting of hydrogen, alkyl of 1 to 5 carbon atoms, 2, 3-dihydroxypropyl
      and
      ##EQU3##
      wherein P and Q are individually alkyl of 1 to 5 carbon atoms and X.sub.4
      and Z have the above definitions and the non-toxic, pharmaceutically
      acceptable salts thereof where R is hydrogen,
      ##SPC4##
PAL  wherein X, X.sub.2, X.sub.4, Y, Z and R have the above definitions with the
      dotted line representing, when Y is hydrogen, a double bond in either
      .alpha..beta. or .beta..gamma. to the carboxylic group and the non-toxic,
      pharmaceutically acceptable salts thereof when R is hydrogen, and
      ##SPC5##
PAL  wherein X, X.sub.2 and R have the above definitions and the non-toxic,
      pharmaceutically acceptable salts thereof when R is hydrogen.
PAR  The most preferred compounds of formula I are
      4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyric acid and
      4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-2-butenoic acid.
PAR  The novel process of the invention depends upon the nature of the
      particular substituents. The process for the preparation of compounds of
      formula Ia comprises reacting a m-benzoylphenyl-propionic acid of the
      formula
      ##SPC6##
PAL  wherein X, X.sub.2 and Z have the definition as in formula Ia with a
      chlorinating agent to form the corresponding acid chloride of the formula
      ##SPC7##
PAL  reacting the latter with a diazoalkane of the formula X.sub.4 --CHN.sub.2
      wherein X.sub.4 has the above definition to obtain a diazoketone of the
      formula
      ##SPC8##
PAL  reacting the latter with a compound of the formula R.sub.1 OH wherein
      R.sub.1 is selected from the group consisting of hydrogen, alkyl of 1 to 5
      carbon atoms and
      ##EQU4##
      and P and Q have the above definitions to obtain a compound of the formula
      ##SPC9##
PAL  which can be saponified to the free acid or into an ester by
      transesterification or esterification or into a salt and when R.sub.1 is
      ##EQU5##
      can be subjected to acid hydrolysis to obtain the corresponding
      2,3-dihydroxypropyl ester.
PAR  In a preferred embodiment of the process, the chlorination agent is thionyl
      chloride, oxalyl chloride, phosphorus trichloride and phosphorus
      pentachloride and the rearrangement of the diazoketone of formula IV is
      effected preferably in the presence of a metal catalyst such as a silver
      base catalyst, i.e. silver oxide or silver benzoate or simply by heating.
PAR  The starting material of formula II can be prepared by methods analogous to
      those described in French BSM patent No. 8440 M. To obtain a compound of
      formula II in which Z is hydrogen, an alkyl malonate is reacted with a
      3-bromomethyl-benzophenone and the corresponding malonic acid derivative
      is subjected to acid hydrolysis and a decarboxylation. To obtain a
      compound of formula II in which Z is alkyl, the desired
      m-benzoylphenyl-acetonitrile is reacted with an alkylating agent to obtain
      the corresponding m-benzoyl-.alpha.-alkyl-phenyl-acetonitrile and the
      latter is subjected to acid hydrolysis to form the
      m-benzoyl-.alpha.-alkylphenylacetic acid and the latter is homologated by
      the Arndt-Eistert method to form the corresponding
      m-benzoylphenyl-propionic acid.
PAR  The m-benzoyl-phenyl-acetic acids can also be prepared and the
      .alpha.-alkyl derivatives thereof by the methods described in French Pat.
      No. 1,516,775 and Belgian Pat. No. 718,466. The esters of m-benzoyl-phenyl
      acetic acids can be .alpha.-alkylated by reaction with an alkaline agent
      and then alkyl iodide. The m-benzoyl-phenyl-acetic acid can be homolgated
      such as by the Arndt-Eistert method to form the corresponding
      m-benzoyl-phenyl-propionic acids of formula II. Another method of
      obtaining compounds of formula II with alkyl substituents on the benzene
      ring is illustrated in Example IV.
PAR  The process for the preparation of compounds of formula Ib comprises
      reacting an m-benzoyl-phenyl-acetic acid of the formula
      ##SPC10##
PAL  wherein X, X.sub.2 and Z are defined as in formula Ib with a chlorinating
      agent to form the corresponding acid chloride, reacting the latter with a
      diazoalkane of the formula X.sub.4 --CHN.sub.2 wherein X.sub.4 has the
      above definition to form a diazo-ketone of the formula
      ##SPC11##
PAL  reacting the latter with an anhydrous hydrogen halide to form a
      halomethylketone of the formula
      ##SPC12##
PAL  wherein Hal is a halogen, treating the latter with a reducing agent to form
      a diol of the formula
      ##SPC13##
PAL  reacting the latter with an alkali metal cyanide to form a nitrile of the
      formula
      ##SPC14##
PAL  reacting the latter with a selective oxidizing agent to obtain a compound
      of the formula
      ##SPC15##
PAL  reacting the latter with a compound of the formula R.sub.2 OH wherein
      R.sub.2 is selected from the group consisting of hydrogen and alkyl of 1
      to 5 carbon atoms to form a compound of the formula
      ##SPC16##
PAL  which, if desired, when R.sub.2 is alkyl of 1 to 5 carbon atoms, is
      subjected to the action of a dehydrating agent to form a compound of the
      formula
      ##SPC17##
      with the double bond .alpha..beta. or .beta..gamma. to the carboxylic
      group, separating if necessary the unsaturated .alpha..beta. and
      .beta..gamma. isomers and subjecting if desired the product of formula Ib'
      and Ib" to a saponification or transesterification when R.sub.2 is alkyl
      of 1 to 5 carbon atoms or a salification or esterification when R.sub.2 is
      hydrogen and then when R.sub.2 is 2,3-(P,Q-methylenedioxy)-propyl, the
      product can be subjected to acid hydrolysis to form the corresponding
      2,3-dihydroxypropyl derivative. The compounds of formula Ib when having a
      double bond can be trans or cis isomeric form.
PAR  In preferred embodiments of the process, the chlorination agent may be
      thionyl chloride, oxalyl chloride, phosphorus trichloride or phosphorus
      pentachloride; the reducing agent is an aluminum alcoholate, notably
      aluminum isopropylate or aluminum tert.-butylate; the selective oxidizing
      agent is manganese dioxide, silver silicate and preferably chromic
      anhydride; and the dehydrating agent is p-toluene sulfonic acid and
      preferably phosphoric acid anhydride and may be operated by heating in
      xylene. The dehydrated products generally occur as a mixture of
      .alpha..beta. and .beta..gamma. isomers which can be separated by known
      physical methods.
PAR  The process for preparation of compounds of formula Ic comprises reacting a
      compound of the formula
      ##SPC18##
PAL  with an alkyl acetylacetate of the formula
      ##EQU6##
      wherein R.sub.3 is alkyl of 1 to 5 carbon atoms to form a compound of the
      formula
      ##SPC19##
PAL  subjecting the latter to hydrolysis and decarboxylation in an acid media to
      obtain a compound of the formula
      ##SPC20##
PAL  and reacting the latter with sulfur and a primary or secondary amine and
      hydrolyzing the product to obtain a compound of formula Ic wherein R is
      hydrogen. The said acid can then be salified or esterified and then
      eventually transesterified to obtain the 2,3-(P,Q-methylenedioxy)-propyl
      ester which may be acid hydrolyzed to obtain the corresponding
      2,3-dihydroxypropyl ester.
PAR  In a preferred mode of the process, the hydrolysis and decarboxylation
      reaction is effected by heating in the presence of an aqueous acid such as
      hydrochloric acid, sulfuric acid, acetic acid or a mixture of said acids
      and the amine used for reaction with sulfur is preferably morpholine.
PAR  The bromomethyl compounds of formula XII may be prepared by analogous
      methods to those described in French Pat. No. 1,546,478 and Belgian Pat.
      No. 718,466.
PAR  The novel intermediates of the invention are compounds having a formula
      selected from the group consisting of
      ##SPC21##
PAL  wherein X, X.sub.2 and Z have the above definitions and when A.sub.2 is
      CH.sub.2 --Hal, Hal is a halogen A and A.sub.1 are identical and are
      selected from the group consisting of =O and
      ##EQU7##
      and when A.sub.2 is CH.sub.2 CN, A.sub.1 is
      ##EQU8##
      and A is selected from the group consisting of
      ##EQU9##
      and =O and
      ##SPC22##
PAL  wherein X and X.sub.2 have the above definition and D is selected from the
      group consisting of H and --COOAlk wherein Alk is alkyl of 1 to 5 carbon
      atoms.
PAR  In a variation of the process to produce the compounds of formula I wherein
      X, X.sub.1, X.sub.2 and X.sub.3 have the above definition and X.sub.4, Y,
      Z and R are hydrogen and a double bond optionally exists .alpha..beta. to
      the carboxylic group and the salts thereof comprises reacting a compound
      of the formula
      ##SPC23##
PAL  wherein the X's have the above definition with alkali metal nitrite such as
      sodium nitrite in the presence of a mineral acid such as hydrochloric acid
      to form the corresponding diazonium salt thereof, reacting the latter with
      1,3-butadiene to obtain a 1-chloro-butene-2 of the formula:
      ##SPC24##
PAL  reacting the latter with an alkali metal acetate in the presence of acetic
      acid to obtain the corresponding 1-acetoxybutene-2 compound which is
      saponified with an alkali metal hydroxide to form the corresponding
      1-hydroxy-butene-2-compound and either subjecting the latter to hydrogen
      in the presence of a metallic catalyst to form the corresponding
      1-hydroxy-butane compound which can be oxidized with an oxidizing agent to
      form the corresponding butyric acid compound which can be salified or
      oxidizing the latter with an oxidizing agent to obtain the corresponding
      2-butenoic acid which may be salified if desired.
PAR  This modified process can be used to prepare
      4-(3'-p-trifluoromethoxybenzoyl-2'-methyl-phenyl)-butyric acid,
      4-(3'-p-fluorobenzoyl-2'-methyl-phenyl)-butyric acid and
      4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-2-butenoic acid.
PAR  Another modification of the process comprises reacting 3-bromo-1-propene
      with methyl 2-hydroxybenzoate to obtain methyl
      2'-(3-oxy-1-propene)-benzoate, hydrolyzing the latter to form the free
      acid, reacting the latter with a chlorinating agent such as thionyl
      chloride to form the corresponding acid chloride, condensing the latter
      with cadmium chlorophenyl to form
      3-(2'-p-chlorobenzoyl-phenyl)oxy-1-propene, heating the latter to form
      3-(3'-p-chlorobenzoyl-2'-hydroxy-phenyl)-1-propene, reacting the latter
      with an oxidizing agent to form
      2-(3'-p-chlorobenzoyl-2'-hydroxyphenyl)-1-oxo-ethane, condensing the
      latter with malonic acid, decarboxylating the resulting dicarboxylic acid
      to form 4-(3'-p-chlorobenzoyl-2'-hydroxy-phenyl)-2-butenoic acid and
      hydrogenating the latter in the presence of palladium to obtain
      4-(3'-p-chlorobenzoyl-2'-hydroxyphenyl)-butyric acid and finally with an
      oxidizing agent to form
      4-(3'-p-chlorobenzoyl-2',5'-dihydroxy-phenyl)-butyric acid.
PAR  4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyric acid may be reacted either
      with an alkoxylation agent such as a methoxylation agent to form
      4-(3'-p-alkoxybenzoyl-2'-methylphenyl)-butyric acid or with a dialkylamine
      such as dimethylamine to obtain
      4-(3'-p-dialkylaminobenzoyl-2'-methyl-phenyl)-butyric acid. The
      4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyric acid may also be reacted
      with a chlorinating agent such as thionyl chloride to form the
      corresponding acid chloride and the latter may be reacted with salicylic
      acid to form o-carboxyphenyl
      4-(3'-p-chlorobenzoyl-2'-methylphenyl)-butyric acid ester.
PAR  4-(m-benzoyl-phenyl)-2-methyl-butyric acid may be reacted with first
      bromine in the presence of phosphorus bromide and then with methanol to
      obtain methyl 4-(m-benzoylphenyl)-2-methyl-2-bromo-butanoate, subjecting
      the latter to dehydrobromination to form methyl
      4-(m-benzoyl-phenyl)-2-methyl-2-butenoate which is subjected to acid
      hydrolysis to form 4-(m-benzoyl-phenyl)-2-methyl-2-butenoic acid.
      4-(m-benzoyl-phenyl)-4-methyl-3-butenoic acid may be hydrogenated in the
      presence of a metallic catalyst to form 4-(m-benzoyl-phenyl)-4-methyl
      -butyric acid.
PAR  The novel anti-inflammatory and analgesic compositions of the invention
      which are substantially devoid of ulcerigenic effect are comprised of an
      effective amount of at least one compound of formula I or its non-toxic,
      pharmaceutically acceptable salts where appropriate, and a pharmaceutical
      carrier. The compositions may be in the form of injectable solutions or
      suspensions in ampoules or multiple dose flacons or in the form of
      tablets, coated tablets, capsules, syrups, suppositories or pomades
      prepared in the usual manner.
PAR  The compositions are useful for the treatment of rheumatic affections,
      arthrosis, lombalgies, sciatics, neuralgial, myalgies or toothaches.
PAR  The novel method of the invention for the treatment of pain and
      inflammation in warm-blooded animals comprises administering to
      warm-blooded animals an effective amount of at least one compound of
      formula I or its non-toxic, pharmaceutically acceptable salts when R is
      hydrogen or o-caraboxyphenyl. The said compounds may be administered
      parenterally, orally, rectally or locally by topical application on skin
      or mucosa. The usual daily dose is 2 to 20 mg/kg depending upon the
      specific product and the method of administration.
DETD
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it is to be understood that the
      invention is not intended to be limited to the specific embodiments.
PAC  EXAMPLE I
PAC  4-(m-benzoyl-phenyl)-butyric acid
PAL  Step a: ethyl m-benzoyl benzyl malonate
PAR  A mixture of 32 g of 3-methyl-benzophenone (process of Ador et al.,
      Berichte, Vol. 12, p. 2299), 96 ml of carbon tetrachloride, 26 g of
      N-bromosuccinimide and 100mg of benzoyl peroxide was refluxed for 1 hour
      and after the addition of another 100mg of benzoyl peroxide, the mixture
      was refluxed for 1 hour. Another 100 mg of benzoyl peroxide were added and
      reflux was maintained for 11/2 hours. Another 100 mg of benzoyl peroxide
      were added and reflux was maintained with stirring for 11/2 hours. The
      mixture was cooled, filtered and the filtrate was distilled to dryness
      under reduced pressure to obtain 46 g of 3-bromo-methyl-benzophenone which
      was used as is for the next step.
PAR  3.84 g of sodium were dissolved with stirring into 100 ml of ethanol and
      after the addition of 25 ml of ethyl malonate, the mixture was heated to
      reflux. 46 g of 3-bromomethyl-benzophenone in 46 ml of ethanol were then
      progressively added thereto and the mixture was then refluxed for 3 hours
      and concentrated under reduced pressure. 100 ml of water were added
      thereto and the mixture was extracted with methylene chloride. The organic
      phase was washed with water and distilled under reduced pressure. The
      liquid residue was purified by distillation to obtain 16.5 g of ethyl
      m-benzoyl-benzylmalonate in the form of a colorless liquid having a
      boiling point of 216.degree.-218.degree.C at 0.7 mm Hg. The product was
      soluble in alcohol, chlorinated solvents and benzene and insoluble in
      water.
PAR  Analysis: C.sub.12 H.sub.22 O.sub.5 ; molecular weight = 354.41.
      Calculated: %C 71.17; %H 6.26. Found: 71.5; 6.2.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of C=O at 1730 and 1745.sup.cm.sup.-1 and of conjugated ketone at
      1661.sup.cm.sup.-1.
PAL  Step b: 3-(m-benzoyl-phenyl)-propionate acid
PAR  A solution of 16 g of ethyl m-benzoyl-benzyl-malonate, 160 ml of 57%
      hydroiodic acid and 320 ml of acetic acid was refluxed for 2 hours and
      then the acetic acid and hydroiodic acid were distilled off. The residue
      was taken up in water and the aqueous phase was extracted with ethyl
      acetate. The organic phase was washed with an aqueous sodium chloride
      solution, dried over magnesium sulfate and distilled to dryness under
      reduced pressure. The residue was dissolved in a minimum of ether and the
      solution was filtered through a column of magnesium silicate and eluted
      with ether. The eluant was distilled to dryness under reduced pressure and
      the raw product was redissolved in 200 ml of ether. The solution was
      filtered and after the addition of 4.5 ml of cyclohexylamine, the mixture
      was iced for 30 minutes and was vacuum filtered. The precipitate was
      washed with water and dried to obtain 13 g of the cyclohexylamine salt of
      3-(m-benzoyl-phenyl)propionic acid melting at 140.degree.C.
PAR  The said salt was purified by dissolution in 5 volumes of hot methanol,
      adding 10 volumes of ethyl acetate, filtering and concentration to 5
      volumes while adding ethyl acetate to replace methanol. After icing for 1
      hour, the mixture was vacuum filtered and the precipitate was washed with
      water and dried to obtain 11 g of pure cyclohexylamine salt with an
      unchanged melting point. The said cyclohexylamine salt was suspended in
      ethyl acetate and after acidification of the mixture by addition of 20 ml
      of 2N hydrochloric acid, the mixture was decanted. The organic phase was
      washed with water, reextracted with ethyl acetate, dried over magnesium
      sulfate and distilled to dryness under reduced pressure. The residue was
      taken up in a minimum of ether and the solution was passed through
      magnesium silicate. The solution was filtered, concentrated to 2 volumes
      and after the addition of 4 volumes of pentane, the mixture was
      concentrated while adding pentane until 30 ml of distillate were obtained.
      Crystallization was started and after icing for 1 hour, the reaction
      mixture was vacuum filtered. The recovered precipitate was washed with
      pentane and dried to obtain 5.8 g of 3-(m-benzoyl-phenyl)-propionic acid
      melting at 70.degree.C. The product occurred in the form of colorless
      solid soluble in chlorinated solvents, alcohols, ethyl acetate, benzene
      and ether and insoluble in water.
PAR  Analysis: C.sub.16 H.sub.14 O.sub.3 ; molecular weight = 254.27.
      Calculated; %C 75.57; %H 5.55. Found: 75.7; 5.8.
PAR  I.R. Spectrum:
PA1  Presence of acid carbonyl at 1712.sup.cm.sup.-1 and conjugated ketone at
      1660.sup.cm.sup.-1.
PAL  Step c: 3-(m-benzoyl-phenyl)-propionyl chloride
PAR  A mixture of 18.15 g of 3-(m-benzoyl-phenyl)-propionic acid and 25 ml of
      thionyl chloride was refluxed for 11/2 hours and excess thionyl chloride
      was removed under reduced pressure to obtain
      3-(m-benzoyl-phenyl)-propionyl chloride which was used as is for the next
      step.
PAL  Step d: 3-(4'-diazo-3'-oxo-butyl)-benzophenone
PAR  A solution of the acid chloride of Step C in 200 ml of methylene chloride
      was cooled to 0.degree.C and then 400 ml of methylene chloride containing
      29.5 g/liter of diazomethane was added thereto at a temperature not
      greater than 3.degree.C. The mixture was allowed to return to room
      temperature and was stirred overnight. The methylene chloride was
      distilled off and the mixture was evaporated to dryness to obtain
      3-(4'-diazo-3'-oxobutyl)-benzophenone.
PAL  Step e: 4-(m-benzoyl-phenyl)-butyric acid
PAR  A suspension of 24.43 g of silver oxide, 59.37 g of sodium carbonate and
      39.01 g of sodium thiosulfate in 270 ml of water was heated to 60.degree.C
      and the diazoketone of Step D in 126 ml of dioxane was added thereto. The
      reaction mixture was refluxed for 11/2 hours and was then cooled and
      filtered. The separated aqueous phase was adjusted to a pH of 1 by
      addition of 60 ml of nitric acid and was extracted with ether. The ether
      phase was dried over magnesium sulfate and evaporated to dryness under
      reduced pressure. The residue was purified by crystallization from
      isopropyl ether to obtain 6.7 g of 4-(m-benzoyl-phenyl)-butyric acid
      melting at 71.degree.C. The product was soluble in chloroform, methylene
      chloride, methanol and dilute alkalis and insoluble in water.
PAR  Analysis: C.sub.17 H.sub.16 O.sub.3 ; molecular weight = 268.31.
      Calculated: %C 76.10; %H 6.01. Found: 75.9; 5.9.
PAR  RMN Spectrum (CCl.sub.4):
PA1  Aromatic protons --435 to 470 Hz; hydroxyl of carboxyl --599 Hz;  hydrogens
      of aliphatic chain -- C.alpha. --127, 129 and 139 Hz;  C.beta.-- 108, 115,
      123 and 129 Hz; C.gamma. --154, 161 and 163 Hz.
PAC  EXAMPLE II
PAC  2,3-isopropylidenedioxypropyl 4-(m-benzoyl-phenyl)-butyrate
PAL  Step a: 3-(4'-diazo-3'-oxo-butyl)-benzophenone
PAR  A mixture of 10 g of 3-(m-benzoyl-phenyl)-propionic acid and 50 ml of
      oxalyl chloride was stirred for 4 hours at room temperature and the excess
      oxalyl chloride was removed under reduced pressure. The resulting oil was
      taken up twice in 50 ml of benzene and evaporated to dryness under reduced
      pressure to obtain 10.7 g of 3-(m-benzoyl-phenyl)-propionyl chloride
      identical to Example I.
PAR  A solution of the said acid chloride in 50 ml of anhydrous methylene
      chloride was added with stirring in 1 hour at 0.degree.C to 550 ml of
      methylene chloride solution containing 8.2 g/liter of diazomethane and
      after standing overnight, the mixture was allowed to return to
      20.degree.C. The mixture was evaporated to dryness under reduced pressure
      to obtain 11.25 g of 3-(4'-diazo-3'-oxo-butyl)-benzophenone identical to
      that of Example I.
PAL  Step b: 2,3-isopropylidenedioxypropyl 4-(m-benzoyl-phenyl)-butyrate
PAR  A solution of 1 g of silver benzoate in 12.5 ml of triethylamine was added
      dropwise with stirring to a solution of 11.25 g of the diazoketone of Step
      A in 80 ml of redistilled and anhydrous
      2,2-dimethyl-4-hydroxymethyl-1,3-dioxolane and stirring was continued
      until nitrogen evolution ceased. Another few drops of the said solution
      were added until there was no nitrogen evolution and then a pinch of
      silver benzoate was added to verify that the reaction was complete. The
      reaction mixture was poured with stirring into 300 ml of water and the
      mixture was filtered to remove silver salts. The insolubles were washed 4
      times with 100 ml of isopropyl ether that was utilized to wash the aqueous
      phase. The obtained organic phase was washed 4 times with 100 ml of water,
      dried over sodium sulfate, decolorized with activated carbon, filtered and
      evaporated to dryness under reduced pressure to obtain 13.05 g of a yellow
      oil. The oil was purified by chromatography over silica gel and elution
      with methylene chloride containing 0.1% of triethylamine to obtain 8.18 g
      2,3-isopropylidenedioxypropyl 4-(m-benzoyl-phenyl)-butyrate in the form of
      a yellow oil.
PAR  Microanalysis (effected after the product was dried at 150.degree.C)
      C.sub.23 H.sub.26 O.sub.5 ; molecular weight = 382.44.   Calculated: %C
      72.23; %H 6.85.   Found: 72.0; 6.9.
PAR  I.R. Spectrum:
PA1  In accordance with the structure, presence of a peak corresponding to ester
      function at 1739.sup.cm.sup.-1.
PAC  EXAMPLE III
PAC  2,3-dihydroxypropyl 4-(m-benzoyl-phenyl)-butyrate
PAR  A mixture of 8.18 g of the ester prepared in Example II, 41 ml of
      methoxyethanol and 13 g of crystalline boric acid was heated to
      100.degree.C with stirring and was stirred for 3 hours at the said
      temperature and then was iced. The white precipitate formed was eliminated
      and the mixture was filtered. The filtrate was added to 400 ml of water
      with stirring and the mixture was washed with ether. The organic phase was
      washed with 40 ml of a saturated aqueous sodium bicarbonate solution and
      then was diluted with 400 ml of methylene chloride. The mixture was dried
      over sodium sulfate, decolorized with activated charcoal, filtered and
      evaporated to dryness under reduced pressure to obtain 7.5 g of a yellow
      oil. The oil was purified by chromatography over silica gel and elution
      with ethyl acetate to obtain 5.56 g of 2,3-dihydroxypropyl
      4-(m-benzoyl-phenyl)-butyrate in the form of a colorless oil.
PAR  Analayis: C.sub.20 H.sub.22 O.sub.5 ; molecular weight = 342.38.
      Calculated: %C 70.16; %H 6.48.   Found: 70.1; 6.7.
PAR  I.R. Spectrum:
PA1  In accordance with the structure, presence of a peak corresponding to a
      free hydroxy at 3601.sup.cm.sup.-1.  Carbonyl: conjugated ketone at 1660
      and 1651.sup.cm.sup.-1 and ester at 1733.sup.cm.sup.-1.  Aromatic ring at
      1601 -- 1584 -- 1481.sup.cm.sup.-1.
PAC  EXAMPLE IV
PAC  2,3-isopropylidenedioxypropyl
      4-(3'-p-chlorobenzoyl-2'-methylphenyl)-butyrate
PAL  Step a: 2-methyl-3-nitro-4'-chloro-benzophenone
PAR  100 g of 2-methyl-3-nitro-benzoic acid and 500 ml of thionyl chloride were
      refluxed for 15 hours and the mixture was then evaporated to dryness under
      reduced pressure to obtain 110 g of 2-methyl-3-nitro-benzoyl chloride
      which was used as in the synthesis.
PAR  A mixture of 30 g of magnesium and 450 ml of ether was refluxed and then a
      solution of 191 g of p-chlorobromobenzene in 600 ml of ether was slowly
      added and reflux was continued for 11/2 hours after the addition. The
      mixture was cooled to 20.degree.C to obtain an ether solution of 0.7N
      p-chlorophenyl magnesium bromide. After cooling 800 ml of the solution to
      10.degree.C, 55.7 g of cadmium chloride were added thereto and the ether
      was distilled off while adding benzene as a replacement. After obtaining 1
      l of distillate, it was cooled to 8.degree.C and a solution of 110 g of
      2-methyl-3-nitro-benzoyl chloride in 550 ml of benzene was added thereto.
      The mixture stood for 18 hours and was then added to a mixture of 3,650 ml
      of ice-water and 134 ml of hydrochloric acid. The mixture was filtered and
      the benzene phase was decanted. The aqueous phase was extracted with
      benzene and the combined benzene phases were washed with N hydrochloric
      acid, with water, with saturated aqueous sodium bicarbonate and finally
      with water. The organic phase was dried over sodium sulfate and evaporated
      to dryness under reduced pressure to obtain 147.3 g of
      2-methyl-3-nitro-4'-chloro-benzophenone which was used as is in the next
      step.
PAR  For analysis, 13 g of the product were chromatographed over silica gel and
      eluted with methylene chloride and evaporation of the eluant gave 8.13 g
      of pure product in the form of a chestnut oil soluble in methylene
      chloride and ether and insoluble in water.
PAR  Analysis: C.sub.14 H.sub.10 ClNO.sub.3 ; molecular weight = 275.69.
      Calculated: %C 60.99; %H 3.65; %Cl 12.86; %N 5.08.   Found: 60.0; 4.0;
      11.4; 5.2.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of conjugated ketone, aromatic and NO.sub.2.
PAL  Step b: 2-methyl-3-amino-4'-chloro-benzophenone
PAR  A mixture of 3,750 ml of hydrochloric acid, 134 g of
      2-methyl-3-nitro-4'-chloro-benzophenone and 536 g of stannous chloride was
      heated at 62.degree.C for 6 hours and was then cooled to 5.degree.C and
      held therefor 1 hour. The mixture was vacuum filtered and the precipitate
      was washed with hydrochloric acid and dried under reduced pressure. The
      residue was stirred for 2 hours at room temperature with 1,300 ml of
      water, 1,000 ml of 2N sodium hydroxide and 230 ml of ether and the mixture
      was then extracted with methylene chloride. The organic phase was washed
      with water, dried over sodium sulfate and evaporated to dryness under
      reduced pressure to obtain 68.7 g of
      2-methyl-3-amino-4'-chloro-benzophenone melting at 65.degree.C which was
      used as is for the next step.
PAR  For analysis, 4.4 g of the raw product were chromatographed over silica gel
      with elution with a 90:10 methylene chloride-ether mixture and evaporation
      of the eluant gave 4 g of the product melting at 68.degree.C. The product
      occurred in the form of beige crystal soluble in methylene chloride and
      methanol and insoluble in water.
PAR  Analysis: C.sub.14 H.sub.12 ClNO; molecular weight = 245.70.   Calculated:
      %C 68.44; %H 4.92; %Cl 14.43.   Found: 68.4; 5.0; 14.7.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of conjugated ketone at 1660.sup.cm.sup.-1, of aromatic and
      NH.sub.2 at 1617 and 1582.sup.cm.sup.-1 and of NH.sub.2.
PAL  Step c: 3-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-2-chloro-propionic acid
PAR  A suspension of 67.5 g of 2-methyl-3-amino-4'-chlorobenzophenone in 250 ml
      of water had added thereto 88 ml of hydrochloric acid and the mixture was
      stirred for 20 minutes at 25.degree. to 28.degree.C and was then cooled to
      5.degree.C. A solution of 20.4 g of sodium nitrite in 40 ml of water was
      added thereto and the mixture was stirred for 30 minutes at 5.degree.C and
      was then vacuum filtered to obtain a solution of
      2-methyl-4'-chlorobenzophenone-3-diazonium chloride.
PAR  The said solution was then added to a mixture of 340 ml of acetone, 5.4 g
      of cuprous chloride and 54 ml of acrylic acid heated to 46.degree.C and
      the mixture was stirred for 30 minutes. After the evolution of 5 liters of
      nitrogen, the temperature was returned to 20.degree.C and 3,000 ml of
      methylene chloride was added thereto. The organic phase was washed with
      water, dried over sodium sulfate and evaporated to dryness under reduced
      pressure. The residue was dissolved in 800 ml of an aqueous saturated
      sodium bicarbonate solution and the solution was stirred for 10 minutes,
      was treated with activated carbon, stirred for another 10 minutes and was
      vacuum filtered. The pH of the solution was adjusted 1 to 2 by addition of
      80 ml of hydrochloric acid with stirring at room temperature and the
      mixture was extracted with methylene chloride. The organic phase was
      washed with water, dried over sodium sulfate and evaporated to dryness
      under reduced pressure to obtain 69 g of
      3-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-2-chloropropionic acid which was
      used as is for the next step.
PAR  For analysis, 6.7 g of the raw product was chromatographed over silica gel
      with a 49-49-2 mixture of benzeneethyl acetate - methanol as eluant which
      was evaporated to obtain 2.17 g of the said product in the form of a
      chestnut amorphous product soluble in methylene chloride.
PAR  Analysis: C.sub.17 H.sub.14 Cl.sub.2 O.sub.3 ; molecular weight = 337.21.
      Calculated: %C 60.55; %H 4.18; %Cl 21.03.   Found: 60.6-60.5; 4.4-4.3;
      21.3-20.8.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of acid at 1725.sup.cm.sup.-1, conjugated ketone at
      1662.sup.cm.sup.-1 and of aromatic.
PAL  Step d: 3-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-propionic acid
PAR  A mixture of 59 g of
      3-(3'-p-chlorobenzoyl-2'-methyl1-phenyl)-2-chloropropionic acid, 472 ml of
      acetic acid and 118 ml of water was heated to 75.degree.C and after the
      addition of 23.6 g of zinc, the mixture was held at 75.degree.C for 21/2
      hours and returned to 20.degree.C. The mixture was vacuum filtered and the
      reaction mixture was taken up in water and was extracted with methylene
      chloride. The organic phase was dried over sodium sulfate and was
      evaporated to dryness under reduced pressure. The residue was
      chromatographed over silica gel and was eluted with a 75-25 methylene
      chloride-ether mixture. Evaporation of the eluant gave 3 g of residue
      which was empasted with 6 ml of isopropyl ether and vacuum filtered. The
      residue was washed with isopropyl ether and dried under reduced pressure
      to obtain 1 g of 3-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-propionic acid
      melting at 144.degree.-148.degree.C which was used as is for the next
      step.
PAR  For analysis, the product was crystallized from isopropyl ether to obtain
      570 mg of product in the form of colorless crystals melting at
      148.degree.C. The product was soluble in chloroform and insoluble in
      water.
PAR  Analysis: C.sub.17 H.sub.15 ClO.sub.3 ; molecular weight = 302.77.
      Calculated: %C 67.44; %H 4.99; %Cl 11.71.   Found: 67.7; 4.9; 11.4.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of conjugated ketone at 1666.sup.cm.sup.-1, aromatic at
      1587.sup.cm.sup.-1, of carbonyl at 1703.sup.cm.sup.-1 and of acid OH at
      3494.sup.cm.sup.-1.
PAL  Step e: 3-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-propionyl chloride
PAR  830 mg of 3-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-propionic acid and 4.2 ml
      of thionyl chloride were refluxed for 3 hours and then excess thionyl
      chloride was distilled off and the last traces were removed by entrainment
      with benzene to obtain 876 mg of
      3-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-propionyl chloride which was used
      as is for the next step.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of C=O at 1795.sup.cm.sup.-1 and 1663.sup.cm.sup.-1 and aromatic.
      STEP F: 2,3-isopropylidenedioxypropyl
      4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyrate
PAR  33 ml of a methylene chloride solution titrating 11 g/liter of diazomethane
      were added to a solution of 876 mg of
      3-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-propionyl chloride in 5 ml of
      methylene chloride at 5.degree.C and the solution was allowed to stand for
      18 hours at room temperature and was then evaporated to dryness under
      reduced pressure to obtain 975 mg of
      3-(4"-diazo-3"-oxo-butyl)-2-methyl-4'-chloro-benzophenone.
PAR  I.R. Spectrum (Chloroform):
PA1  Presence of CH=N.sup.+=N.sup.- at 2105.sup.cm.sup.-1 of C=O at 1666 and
      1661.sup.cm.sup.-1, of conjugated ketone at 1643.sup.cm.sup.-1 and of
      aromatic at 1587.sup.cm.sup.-1.
PAR  A solution of 0.60 g of silver benzoate in 7.5 ml of triethylamine was
      slowly added to a solution of 920 mg of the said diazoketone in 13 ml of
      2,2-dimethyl-4-hydroxymethyl-1,3-dioxolane and the mixture was stirred for
      15 minutes at room temperature. After evolution of 50 ml of nitrogen, the
      reaction mixture was poured into water and was extracted with isopropyl
      ether. The organic phase was washed with water, dried over sodium sulfate
      and evaporated to dryness under reduced pressure. The residue was
      chromatrographed over silica gel and eluted with a 95:5 methylene
      chloride-ether mixture. Evaporation of the eluant yielded 525 mg of
      2,3-isopropylidenedioxy-propyl
      4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyrate in the form of brown
      amorphous solid soluble in chloroform and insoluble in water.
PAR  Analysis: C.sub.24 H.sub.27 ClO.sub.5 ; molecular weight = 430.93.
      Calculated: %C 66.88; %H 6.32; %Cl 8.23.   Found: 66.8; 6.3; 7.9. I.R.
      Spectrum (chloroform):
PA1  Presence of ester carbonyl at 1736.sup.cm.sup.-1, of conjugated ketone at
      1669.sup.cm.sup.-1, of aromatic at 1590.sup.cm.sup.-1 and of
      ##EQU10##
PAC  EXAMPLE V
PAR  A mixture of 6 g of 2,3-isopropylidenedioxypropyl
      4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyrate (Example IV), 60 ml of
      ethanol, 6 ml of water and 2.3 ml of 12.5N potassium hydroxide was
      refluxed for 2 hours and the methanol was removed at 50.degree.C at a
      pressure of 20 mm Hg. The residue was dissolved in 60 ml of water and the
      solution was treated with activated carbon and filtered. The pH of the
      filtrate was adjusted to 1-2 by addition of 25 ml of 2N hydrochloric acid
      and after stirring for 1 hour at 15.degree.C, the mixture was vacuum
      filtered. The precipitate was washed with water and dried under reduced
      pressure to obtain 3.7 g of
      4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyric acid melting at
      124.degree.C. The product occurred in the form of colorless crystals
      soluble in ethanol, slightly soluble in isopropyl ether and insoluble in
      water.
PAR  Analysis: C.sub.18 H.sub.17 ClO.sub.3 ; molecular weight = 316.79.
      Calculated: %C 68.25; %H 5.41; %Cl 11.19.   Found: 67.9; 5.4; 11.3.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of acid dimer carbonyl at 1711.sup.cm.sup.-1, of conjugated ketone
      at 1668.sup.cm.sup.-1 and aromatic at 1588.sup.cm.sup.-1.
PAC  EXAMPLE VI
PAR  A mixture of 320 mg of 2,3-isopropylidenedioxypropyl
      4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyrate (Example IV), 1.5 ml of
      methoxy ethanol and 450 mg of boric acid was heated at 100.degree.C for 1
      hour 15 minutes and after cooling to 20.degree.C, the mixture was vacuum
      filtered and the filter was washed with isopropyl ether. The filtrate was
      added to 10 ml of isopropyl ether and the organic phase was washed with a
      saturated aqueous solution of sodium bicarbonate and then with water until
      the fresh waters were neutral. The solution was dried over sodium sulfate
      and evaporated to dryness and the residue was dissolved in 10 ml of
      methylene chloride. The solution was filtered and evaporated to dryness to
      obtain 150 mg of 2,3-dihydroxypropyl
      4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyrate in the form of a clear
      yellow amorphous product soluble in chloroform and insoluble in water.
PAR  Analysis: C.sub.21 H.sub.23 ClO.sub.5 ; molecular weight = 390.87.
      Calculated: %C 64.53; %H 5.93; %Cl 9.07.   Found: 64.5; 6.2; 9.3.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of C=O at 1733 and 1669.sup.cm.sup.-1, of aromatic at 1590 and
      1486.sup.cm.sup.-1, of OH at 3 580.sup.cm.sup.-1 and of associated OH at
      3450.sup.cm.sup.-1.
PAC  EXAMPLE VII
PAR  17.5 g of 89% potassium methylate were added under an inert atmosphere to a
      suspension of 7.5 g of 4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyric
      acid (Example V) in 75 ml of methanol and was then heated at
      120.degree.-130.degree.C for 17 hours under pressure. After cooling to
      room temperature, the mixture was rinsed with water and the methanol was
      eliminated under reduced pressure. The residue was dissolved in water,
      treated hot with activated carbon, iced and filtered. The filtrate was
      acidified to a pH of 1 with hydrochloric acid and the precipitate formed
      was recovered by filtration, was washed with water until the wash water
      was neutral and dried. The residue was crystallized from isopropyl ether
      to obtain 5.35 g of 4-(3'-p-methoxybenzoyl-2'-methyl-phenyl)-butyric acid
      in the form of colorless crystals melting at 100.degree. and then
      115.degree.C.
PAR  Analysis: C.sub.19 H.sub.20 O.sub.4 ; molecular weight= 312.35.
      Calculated: %C 73.06; %H 6.45; %OCH.sub.3 9.93.   Found: 73.1; 6.4; 10.0.
PAC  EXAMPLE VIII
PAR  STEP A: 4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyric acid chloride.
PAR  A mixture of 8 g of 4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyric acid
      (Example V) and 80 ml of thionyl chloride was refluxed for 45 minutes and
      after removal of excess thionyl chloride under reduced pressure, 60 ml of
      benzene were added thereto. The traces of thionyl chloride were removed by
      entrainment with benzene. This operation was repeated 3 times. The residue
      was taken up in tetra-hydrofuran to obtain a solution of
      4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyric acid chloride which was
      used as is for the next step.
PAL  Step b: o-carboxy phenyl 4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyrate
PAR  The acid chloride solution from Step A was added with stirring over 40
      minutes to a solution of 3.68 g of salicylic acid and 5.36 g of
      triethylamine in 80 ml of tetrahydrofuran and the mixture was stirred
      overnight at room temperature. The triethylamine hydrochloride precipitate
      was removed by filtration and the filtrate was evaporated under reduced
      pressure. The residue was taken up in water and the solution was extracted
      with ether. The aqueous phase cooled to 8.degree.C, was acidified by
      addition of N hydrochloric acid to a pH of 1 and the precipitate formed
      was extracted with ether (extraction having an insoluble A). The ether
      phase was washed with water, was dried over magnesium sulfate and
      evaporated to dryness under reduced pressure. The residue was crystallized
      from toluene to obtain 0.6 g of
      o-carboxyphenyl-4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyrate melting
      at 165.degree.C. Insoluble A was taken up in chloroform and the organic
      phase was washed with water, dried over magnesium sulfate and evaporated
      to dryness under reduced pressure. The residue was cristallized from
      toluene to obtain 1.5 g of the desired product for a total yield of 2.1 g
      in the form of colorless crystals melting at 165.degree.C.
PAR  Analysis: C.sub.25 H.sub.21 Cl0.sub.5 ; molecular weight = 436.87.
      Calculated: %C 68.72; %H 4.84; %Cl 8.12. Found: 68.7; 5.0; 8.2.
PAC  EXAMPLE IX
PAL  Step a: 3-(4'-diazo-3'-oxo-pentyl)-benzophenone
PAR  Using the procedure of Step A of Example II, 22.98 g of
      3-(m-benzoyl-phenyl)-propionic acid and 115 ml of oxalyl chloride were
      reacted to obtain 24.59 g of 3-(m-benzoyl phenyl)-propionyl chloride. A
      solution of the said acid chloride in 50 ml of anhydrous ether was added
      with stirring at 25.degree.C in 45 minutes to 1,460 ml an ether solution
      of 10.5 g/liter of diazomethane and the mixture was stirred at 25.degree.C
      for 16 hours and then evaporated to dryness under reduced pressure to
      obtain 29 g of raw product which was purified by chromatography over
      silica with a 95-5 methylene chloride-ethyl acetate eluant which was
      evaporated to dryness to obtain 19 g of
      3-(4'-diazo-3'-oxo-pentyl)-benzophenone.
PAL  Step b: 2,3-isopropylidenedioxypropyl
      4-(m-benzoyl-phenyl)-2-methyl-butyrate
PAR  A solution of 19 g of the diazoketone from Step A in 190 ml of redistilled
      2,2-dimethyl-4-hydroxymethyl-1,3-dioxolane was heated with stirring at
      170.degree.C on a metallic bath and after the evolution of gas ceased, the
      mixture was cooled to 20.degree.C and poured with agitation into 1 liter
      of water. The mixture was extracted 3 times with 250 ml of isopropyl ether
      and the organic phase was washed 3 times with 150 ml of water, dried over
      sodium sulfate, decolorized with activated carbon, filtered and evaporated
      to dryness under reduced pressure to obtain 25.4 g of an orange oil. The
      oil was purified by chromatography over silica and elution with methylene
      chloride. Evaporation of the eluant to dryness gave 9.07 g of
      2,3-isopropylidenedioxypropyl 4-(m-benzoyl-phenyl)-2-methyl-butyrate in
      the form of a yellow oil.
PAR  Analysis: C.sub.24 H.sub.28 O.sub.5 ; molecular weight = 396.46.
      Calculated: %C 72.7; %H 7.12. Found: 72.9; 6.8.
PAR  I.R. Spectrum: in accordance with the structure
PA1  Presence of bands in the aromatic region at 1591 and 1582.sup.cm.sup.-1,
      conjugated carbonyl at 1650.sup.cm.sup.-1, ester carbonyl at
      1733.sup.cm.sup.-1 presence of ketal.
PAR  RMN Spectrum: Signals corresponding to aromatic protons between 430 and 470
      Hz, methylene .alpha.-to aromatic ring: signals at 154, 161, 169 Hz CH --
      .alpha.-- to CO signals between 130 and 170 Hz. Methyl .alpha. to
      carboxyl: signal at 69 and 75.5 Hz.
      ##EQU11##
      signal at 80.5 to 84.5 Hz. CH.sub.2 --CH--CH.sub.2 signal of 210 to 260
      Hz.
PAC  EXAMPLE X
PAR  A mixture of 3.22 g of 2,3-isopropylidenedioxypropyl
      4-(m-benzoyl-phenyl)-2-methyl-butyrate (Step B of Example IX), 16 ml of
      methoxyethanol and 4.95 g of crystalline boric acid was heated with
      stirring to 100.degree.C and held with stirring at 100.degree.C for 2
      hours. After cooling to 5.degree.C, the insolubles were removed by
      filtration and the filter was washed with ether. The filtrate was added
      with stirring to a 160 ml of water at 20.degree.C and the oil formed was
      extracted 3 times with 30 ml of ether. The ether solution was washed with
      30 ml of an aqueous saturated sodium chloride solution and the organic
      phase was diluted with 100 ml of methylene chloride, dried over sodium
      sulfate, decolorized with activated carbon, filtered and evaporated to
      dryness under reduced pressure to obtain 2.79 g of 2,3-dihydroxypropyl
      4-(m-benzoyl-phenyl)-2-methyl-butyrate in the form of an orange oil.
PAR  Analysis: C.sub.21 H.sub.24 O.sub.5 ; molecular weight = 356.40.
      Calculated: %C 70.76; %H 6.79. Found: 70.5; 6.7.
PAR  I.R. Spectrum: in accordance with structure
PA1  Ester function: peak at 1733.sup.cm.sup.-1
PA1  Conjugated ketone: band at 1661 and 1653.sup.cm.sup.-1
PA1  Bands in aromatic region at 1601 and 1584.sup.cm.sup.-1, hydroxyl band at
      3601 and 3494.sup.cm.sup.-1.
PAC  EXAMPLE XI
PAR  A mixture of 4.39 g of 2,3-isopropylidenedioxypropyl
      4-(m-benzoyl-phenyl)-2-methyl-butyrate (Step B of Example IX), 44 ml of
      ethanol, 4.4 ml of water and 1.75 ml of concentrated potassium hydroxide
      aqueous solution was stirred at reflux for 1 hour and then was evaporated
      to dryness under reduced pressure. The residue was dissolved in 50 ml of
      water and the solution was treated with activated carbon, filtered, and
      acidified with agitation at 20.degree.C to a pH of 1 by addition of 18 ml
      of 2N hydrochloric acid. The oil formed was extracted 3 times with 20 ml
      of methylene chloride and the methylene chloride phase was washed twice
      with 20 ml of water until just neutral. The solution was dried over sodium
      sulfate, decolorized with activated carbon, filtered and evaporated to
      dryness under reduced pressure to obtain 3.02 g of an orange oil. The oil
      was purified by chromatography over silica with elution with 80-20-0.3
      mixture of methylene chloride-acetone-acetic acid and after treatment with
      activated carbon, filtration and evaporation to dryness, 2.37 g of
      4-(m-benzoyl-phenyl)-2-methyl-butyric acid were obtained as an orange oil.
PAR  Analysis: C.sub.18 H.sub.28 O.sub.3 ; molecular weight = 282.32.
      Calculated: %C 76.57; %H 6.43. Found: 76.3; 6.4.
PAR  I.R. Spectrum:
PA1  Presence of acid at 1743 and 1710.sup.cm.sup.-1, free hydroxyl peak at
      3488.sup.cm.sup.-1 and associated hydroxy; conjugated ketone peak at
      1660.sup.cm.sup.-1 ; and bands at aromatic region at 1600 and
      1582.sup.cm.sup.-1.
PAR  RMN Spectrum
PA1  Ch.sub.3 --ch-- signal at 70 and 76.5 Hz.
PA1  Methylene central in a chain: signals at 90 to 130 Hz.
PA1  Methylene .alpha. to phenyl and CH; signal at 130 to 185 Hz.
PA1  Aromatic protons: signal at 440 to 475 Hz.
PA1  Mobile hydrogen at 570 Hz.
PAC  EXAMPLE XII
PAL  Step a: methyl 4-(m-benzoyl-phenyl)-2-methyl-2-bromo-butanoate
PAR  0.2 ml of bromine was added in 10 minutes at room temperature to a
      suspension of 500 mg of 4-(m-benzoyl-phenyl)-2-methyl-butyric acid and
      0.17 ml of phosphorus bromide and the mixture was heated at 52.degree.C
      for 18 hours and was then cooled to 20.degree.C. 0.8 ml of methanol were
      added thereto over 15 minutes and the mixture was refluxed for 10 minutes
      and cooled to room temperature. A solution of 32 mg of sodium sulfite in
      2.4 ml of water was added to the reaction mixture which was then extracted
      with methylene chloride. The organic phase was washed with water until the
      wash water was neutral, dried over sodium sulfate, treated with activated
      carbon, filtered and evaporated to dryness under reduced pressure. The
      residue was chromatographed over silica gel and eluted with 50-50
      methylene chloride-hexane mixture to obtain 326 mg of methyl
      4-(m-benzoyl-phenyl)-2-methyl-2-bromo-butanoate in the form of an oil.
PAR  Analysis: C.sub.19 H.sub.19 BrO.sub.3 ; molecular weight = 375.27.
      Calculated: %C 60.81; %H 5.10; %Br 21.30. Found: 60.6; 5.1; 21.6.
PAL  Step b: methyl 4-(m-benzoyl-phenyl)-2-methyl-2-butenoate
PAR  A mixture of 1.46 g of methyl
      4-(m-benzoyl-phenyl)-2-methyl-2-bromo-butanoate and 7.3 ml of quinoline
      was heated at 160.degree.C for 3 hours and after cooling to room
      temperature, 73 ml of 2N hydrochloric acid were added thereto. The mixture
      was extrated with methylene chloride and the organic phase was washed with
      2N hydrochloric acid, with aqueous saturated sodium bicarbonate solution
      and then with water. The solution was dried over sodium sulfate, treated
      with activated carbon, filtered and evaporated to dryness under reduced
      pressure. The residue was chromatographed over magnesium silicate and
      eluted with methylene chloride to obtain 615 mg of methyl
      4-(m-benzoylphenyl)-2-methyl-2-butenoate in the form of an oil.
PAR  Analysis: C.sub.19 H.sub.18 O.sub.3 ; molecular weight = 294.33.
      Calculated: %C 77.53; %H 6.16. Found: 77.6; 6.2.
PAL  Step c: 4-(m-benzoyl-phenyl)-2-methyl-2-butenoic acid
PAR  A mixture of 615 mg of methyl 4-(m-benzoyl-phenyl)-2-methyl-2-butenoate,
      6.2 ml of ethanol, 0.6 ml of water and 0.4 ml of a concentrated aqueous
      solution of potassium hydroxide was refluxed for 1 hour and then was
      evaporated to dryness under reduced pressure. The residue was taken up in
      water and the solution was treated with activated carbon, filtered and
      acidified to a pH of 1 with 2N hydrochloric acid. The solution was
      extracted with methylene chloride and the organic phase with washed with
      water, dried over sodium sulfate, treated with activated carbon, filtered
      and evaporated to dryness under reduced pressure. The residue was
      chromatographed over silica gel with 90-10 ether-methylene chloride eluant
      to obtain 287 mg of 4-(m-benzoyl-phenyl)-2-methyl-2-butenoic acid in the
      form of an oil.
PAR  Analysis: C.sub.18 H.sub.16 O.sub.3 ; molecular weight = 280.31.
      Calculated: %C 77.12; %H 5.75. Found: 77.2; 5.7.
PAC  EXAMPLE XIII
PAL  Step a: ethyl 3-(p-chlorobenzoyl)-benzyl malonate
PAR  A solution of 28 g of ethyl malonate in 28 ml of dimethylformamide was
      added to a suspension of 8.4 g of sodium hydride in 260 ml of
      dimethylformamide at a temperature of 10.degree. to 15.degree.C and the
      temperature was allowed to return to room temperature. After evolution of
      3.9 liters of hydrogen, the resulting solution was poured into a
      suspension of 52.5 g of 3-bromomethyl-4'-chlorobenzophenone (French BSM
      No. 8440 M) in 400 ml of dimethylformamide at 24.degree.C. The mixture was
      stirred for 2 hours and was then evaporated to dryness under reduced
      pressure. The residue was taken up in 500 ml of water and 75 ml of
      isopropyl ether and the organic phase was decanted. The aqueous phase was
      extracted with isopropyl ether and the combined organic phases were dried
      over sodium sulfate, treated with activated carbon, filtered and
      evaporated to dryness under reduced pressure. The residue was dissolved in
      63 ml of isopropyl ether with agitation, was iced and crystallization was
      started. After being iced overnight, the mixture was vacuum filtered and
      the precipitate was washed with isopropyl ether. The mother liquors were
      evaporated to dryness to obtain 48.7 g of ethyl 3-(p-chlorobenzoyl)-benzyl
      malonate which was used as is for the next step.
PAR  For analysis, 795 mg of the raw product were chromatographed over silica
      gel with elution with a 96-4 benzene-ethyl acetate mixture which after
      evaporation gave 450 mg of pure product.
PAR  Analysis: C.sub.21 H.sub.21 Cl0.sub.5 ; - molecular weight = 388.85.
      Calculated: %C 64.87; %H 5.44; %Cl 9.12. Found: 65.1-65.1; 5.3-5.2;
      10.1-10.2.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of conjugated ketone at 1661.sup.cm.sup.-1, of carbonyl at 1729
      and 1745.sup.cm.sup.-1 and of aromatic.
PAL  Step b: 3-(3'-p-chlorobenzoyl-phenyl)-propionic acid
PAR  A solution of 15.2 g of ethyl 3-(p-chlorobenzoyl)-benzyl malonate in 50 ml
      of acetic acid was added to a solution of 50 ml of sulfuric acid and 50 ml
      of water and the mixture was refluxed under a nitrogen atmosphere for 20
      hours and then cooled to room temperature. The mixture was poured into
      water and then extracted with methylene chloride. The organic phase was
      extracted with N sodium hydroxide and the alkaline phase was treated with
      activated carbon, filtered and acidified by addition at 10.degree.C with
      stirring of 270 ml of N hydrochloric acid. The mixture was vacuum filtered
      and the precipitate was washed with water and dried under reduced pressure
      to obtain 3.11 g of 3-(3'-p-chlorobenzoyl-phenyl)-propionic acid which was
      used as is for the next step.
PAR  For analysis, 5 g of the raw product were dissolved in 15 ml of refluxing
      acetone and the solution was filtered hot and then was iced for 30 minutes
      and was vacuum filtered. The precipitate was washed with water and dried
      under reduced pressure to obtain 3.2 g of the pure product melting at
      140.degree.C. The product occurred in the form of a colorless solid
      soluble in chloroform and methylene chloride and insoluble in water.
PAR  Analysis: C.sub.16 H.sub.13 Cl0.sub.3 ; molecular weight = 288.74.
      Calculated: %C 66.56; %H 4.54; %Cl 12.28. Found: 66.4; 4.6; 12.5.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of dimeric acid carbonyl at 1712.sup.cm.sup.-1, of ketone at
      1661.sup.cm.sup.-1 and of aromatic at 1601, 1586 and 1484.sup.cm.sup.-1.
PAL  Step c:3-(4"-diazo-3"-oxo-butyl)-4'-chloro-benzophenone
PAR  6.96 g of 3-(3'-p-chlorobenzoyl-phenyl)-propionic acid and 70 ml of thionyl
      chloride were refluxed for 3 hours and then evaporated to dryness. The
      residue was taken up in 100 ml of benzene and evaporated to dryness to
      obtain 8.7 g of 3-(3'-p-chlorobenzoyl-phenyl)-propionyl chloride which was
      used as is.
PAR  190 ml of a methylene chloride solution of 13.25 g/liter of diazomethane
      was added to a solution of 8.7 g of the said acid chloride in 50 ml of
      methylene chloride cooled to 10.degree.C and the mixture was stirred
      overnight at room temperature and then evaporated to dryness to obtain 8 g
      of 3-(4"-diazo-3"-oxo-butyl)-4'-chloro-benzophenone which was used as is
      for the next step.
PAL  Step d: 2,3-isopropylidenedioxypropyl 4-(3'-p-chlorobenzoyl
      phenyl)-butyrate
PAR  7 ml of a solution of 1 g of silver benzoate in 12.6 ml of triethylamine
      were added dropwise with stirring at room temperature to a solution of 8 g
      of the said diazoketone in 50 ml of
      2,2-dimethyl-4-hydroxymethyl-1,3-dioxolane and after the evolution of 460
      ml of nitrogen, the mixture was poured into water and filtered. The
      aqueous phase was extracted with isopropyl ether and the organic phase was
      washed with water, dried over sodium sulfate, treated with activated
      carbon, filtered and evaporated to dryness. The residue was
      chromatographed over magnesium silicate and was eluted with a 50-50
      petroleum ether-ether mixture which upon evaporation of the eluant gave 5
      g of 2,3-isopropylidenedioxypropyl 4-(3'-p-chlorobenzoyl-phenyl)-butyrate.
PAR  For analysis, the residue was dissolved in 40 ml of isopropyl ether and the
      solution was treated with activated carbon, filtered and evaporated to
      dryness to obtain 3.78 g of pure product in the form of a yellow oil
      soluble in chloroform and methylene chloride and insoluble in water.
PAR  Analysis: C.sub.23 H.sub.25 Cl0.sub.5 ; molecular weight = 416.90.
      Calculated: %C 66.26; %H 6.05; %Cl 8.50. Found: 66.1; 5.9; 9.1-9.1.
PAC  EXAMPLE XIV
PAR  2.4 g of 2,3-isopropylidenedioxypropyl
      4-(3'-p-chlorobenzoyl-phenyl)-butyrate (Example XIII), 12 ml of
      methoxyethanol and 3.5 g of boric acid was heated at 100.degree.C for 23
      hours and the mixture was then iced and filtered. The filtrate was added
      to water with agitation and was extracted with ether. The ether phase was
      washed with an aqueous saturated sodium chloride solution and then 40 ml
      of methylene chloride were added thereto. The organic phase was dried over
      sodium sulfate, treated with activated carbon, filtered and evaporated to
      dryness under reduced pressure. The residue was chromatographed over
      magnesium silicate and eluted with ether. The eluate was evaporated to
      dryness and the residue was dissolved in 20 ml of methylene chloride. The
      solution was filtered and evaporated to dryness to obtain 1.1 g of
      2,3-dihydroxypropyl 4-(3'-p-chlorobenzoyl-phenyl)-butyrate in the form of
      a yellow oil soluble in chloroform, acetone and ether and insoluble in
      water.
PAR  Analysis: C.sub.20 H.sub.21 Cl0.sub.5 ; molecular weight= 376.84.
      Calculated: %C 63.74; %H 5.62; %Cl 9.41. Found: 63.9; 5.8; 9.8.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of ester carbonyl at 1729.sup.cm.sup.-1, of conjugated ketone at
      1658.sup.cm.sup.-1, of aromatic at 1582.sup.cm.sup.-1 and of OH
PAC  EXAMPLE XV
PAR  A mixture of 3.9 g of 2,3-isopropylidenedioxypropyl
      4-(3'-p-chlorobenzoyl-phenyl)-butyrate, 39 ml of ethanol, 3.9 ml of water
      and 1.5 ml of 12.5N potassium hydroxide was refluxed for 11/2 hours and
      then was evaporated to dryness. The residue was dissolved in 30 ml of
      water and the solution was treated with activated carbon and filtered. The
      filtrate was acidified by addition of 12 ml of 2N hydrochloric acid with
      agitation and the mixture was vacuum filtered. The precipitate was washed
      with water until the wash water was neutral and dried under reduced
      pressure. The residue was dissolved in 30 ml of a saturated aqueous sodium
      bicarbonate solution and the solution was treated with activated carbon,
      filtered and acidified by addition of 20 ml of 2N hydrochloric acid. The
      mixture was vacuum filtered and the precipitate was washed with water
      until the wash water was neutral and dried under reduced pressure. The
      residue was empasted with stirring with 10 ml of isopropyl ether and the
      mixture stood for 1 hour. The residue was washed with isopropyl ether and
      dried under reduced pressure. The residue was chromatographed over silica
      gel and eluted with a 50-50 chloroform-acetone mixture which was
      evaporated under reduced pressure to obtain 1.3 g of
      4-(3'-p-chlorobenzoyl-phenyl)-butyric acid melting at 94.degree.C. The
      product occurred in the form of a colorless solid soluble in benzene,
      chloroform and acetone and insoluble in water.
PAR  Analysis: C.sub.17 H.sub.15 Cl0.sub.3 ; molecular weight = 302.77.
      Calculated: %C 67.44; %H 4.99; %Cl 11.71. Found: 67.6; 5.1; 11.8.
PAR  I.R. Spectrum(chloroform):
PA1  Presence of acid: dimeric carbonyl at 1709.sup.cm.sup.-1, of conjugated
      ketone at 1659.sup.cm.sup.-1, and of aromatic at 1600, 1586, 1568 and
      1479.sup.cm.sup.-1.
PAC  EXAMPLE XVI
PAL  Step a: 3-(3'-chloro-2'-oxo-propyl)-benzophenone
PAR  20 g of m-benzoyl-phenyl acetic acid (prepared by process of French Pat.
      No. 1,546,478) and 100 ml of thionyl chloride were refluxed for 3 hours
      and then evaporated to dryness. Excess thionyl chloride was removed by
      entrainment with benzene to obtain 21.47 g of m-benzoyl-phenyl-acetic acid
      chloride.
PAR  A solution of 21.74 g of the said acid chloride in 40 ml of methylene
      chloride was added to 570 ml of a solution of methylene chloride titrating
      18.7 g/liter of diazomethane at 5.degree.C and the mixture was stirred
      overnight to obtain a methylene chloride solution of
      3-(3'-diazo-2'-oxo-propyl)benzophenone. A current of hydrochloric gas was
      passed through the said solution for 2 hours at room temperature and the
      methylene chloride solution was washed with water, then with an aqueous
      saturated sodium bicarbonate solution and finally water. The said solution
      was dried over sodium sulfate, treated with activated carbon, filtered and
      evaporated to dryness. The residue was dissolved in 50 ml of methylene
      chloride and the solution was passed through a magnesium silicate column
      and evaporated to dryness. The residue was empasted with 20 ml of
      isopropyl ether for 10 minutes and was vacuum filtered, washed with
      isopropyl ether and dried under reduced pressure to obtain 17.31 g of
      3-(3'-chloro-2'-oxo-propyl)-benzophenone which was used as is for the next
      step.
PAR  For analysis, 840 mg of the residue were chromatographed over silica gel
      and were eluted with a 25-75 ethyl ether-petroleum ether mixture which was
      evaporated to dryness. The residue was empasted with isopropyl ether and
      dried under reduced pressure to obtain 630 mg of pure product melting at
      64.degree.C. The product was in the form of a colorless solid soluble in
      chloroform and insoluble in water.
PA1  Analysis: C.sub.16 H.sub.13 Cl0.sub.2 ; molecular weight = 272.74.
      Calculated: %C 70.46; %H 4.81; %Cl 13.00. Found: 70.3; 4.8; 13.0.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of CO at 1733.sup.cm.sup.-1 and of CO and aromatic at 1661, 1601,
      1588 and 1582.sup.cm.sup.-1.
PAL  Step b: 3-(3'-chloro-2'-hydroxypropyl)-benzhydrol
PAR  A solution of 11.23 g of 3'(3'-chloro-2'-oxo-propyl) -benzophenone in 112
      ml of isopropanol was added to 50 ml of isopropanol and 17 g of aluminum
      isopropylate heated to 50.degree.C and the mixture was refluxed for 2
      hours while slowly distilling isopropanol and the acetone formed while
      keeping the volume constant by adding 30 ml of isopropanol. The mixture
      was concentrated to 50 ml and after returning to room temperature, the
      mixture was added with stirring to a mixture of ice-water-hydrochloride
      acide. The mixture was extracted with methylene chloride and the organic
      phase was washed with water, dried over sodium sulfate, treated with
      activated carbon, filtered and evaporated to dryness to obtain 11.97 g of
      3-(3'-chloro-2'-hydroxypropyl)-benzhydrol which was used as is for the
      next step.
PAR  For analysis, 1 g of the residue was chromatographed over magnesium
      silicate and was eluted with methylene chloride which was evaporated to
      obtain 242 mg of pure product melting at 65.degree.C. The product was a
      colorless solid soluble in chloroform.
PAR  Analysis: C.sub.16 H.sub.17 Cl0.sub.2 ; molecular weight = 276.77.
      Calculated: %C 69.44; %H 6.19; %Cl 12.81. Found: 69.3; 6.3; 13.0.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of OH at 3588.sup.cm.sup.-1 and aromatic.
PAL  Step c: 3-(3'-cyano-2'-hydroxypropyl)-benzhydrol
PAR  A mixture of 11.97 g of 3-(3'-chloro-2'-hydroxypropyl)-benzhydrol, 120 ml
      of ethanol, 2.4 ml of water and 2.66 g of potassium cyanide was refluxed
      for 3 hours and then evaporated to dryness. The residue was taken up in
      200 ml of methylene chloride and the organic phase was washed with water,
      dried over sodium sulfate, treated with activated carbon, filtered and
      evaporated to dryness. The residue was chromatographed over silica and was
      eluted with a 75-25 methylene chloride-ethyl acetate mixture which was
      evaporated to obtain 7.8 g of 3-(3'-cyano-2'-hydroxypropyl)-benzhydrol in
      the form of an orange amorphous solid soluble in chloroform and insoluble
      in water.
PAR  Analysis: C.sub.17 H.sub.17 NO.sub.2 ; molecular weight = 267.31.
      Calculated: %C 76.38; %H 6.41; %N 5.24. Found: 76.2; 6.3; 4.9.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of C.tbd.N, free and associated OH and aromatic.
PAL  Step d: 3-(3'-cyano-2'-hydroxypropyl)-benzophenone
PAR  7.35 ml of a sulfochromic mixture titrating 26.5 g of chromic anhydride per
      100 ml was added with stirring at 0.degree.C to 7.8 g of
      3-(3'-cyano-2'-hydroxypropyl)-benzhydrol in 78 ml of acetone and the
      mixture was allowed to stand at 0.degree.C for 5 minutes and was then
      poured into water with stirring. The mixture was extracted with methylene
      chloride and the organic phase was washed with water, dried over sodium
      sulfate, treated with activated carbon, filtered and evaporated to dryness
      to obtain 7.4 g of 3-(3'-cyano-2'-hydroxypropyl)-benzophenone which was
      used as is for the next step.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of cyano at 2252.sup.cm.sup.-1, of OH at 3601.sup.cm.sup.-1, of CO
      at 1660.sup.cm.sup.-1 and of aromatic at 1600, 1584 and
      1482.sup.cm.sup.-1.
PAL  Step e: ethyl 4-(m-benzoyl-phenyl)-3-hydroxy-butyrate
PAR  A current of hydrochloric acid gas was passed through a solution of 7.4 g
      of 3-(3'-cyano-2'-hydroxypropyl)-benzophenone in 74 ml of ethanol for 1
      hour at room temperature and the mixture was refluxed for 1 hour and then
      the ethanol was removed at 50.degree.C. The residue was taken up in 200 ml
      of methylene chloride and the organic phase was washed with water, then an
      aqueous sodium bicarbonate solution and finally with water. The solution
      was dried over sodium sulfate, treated with activated carbon, filtered and
      evaporated to dryness to obtain 7.62 g of ethyl
      4(-m-benzoyl-phenyl)-3-hydroxy-butyrate.
PAR  For analysis, the residue was chromatographed over silica and was eluted
      with a 95-5 mixture of methylene chloride-acetone which was evaporated to
      obtain 5.5 g of pure product in the form a yellow amorphous solid soluble
      in chloroform and ethanol and insoluble in water.
PAR  Analysis: C.sub.19 H.sub.20 O.sub.4 ; molecular weight = 312.35.
      Calculated: %C 73.06; %H 6.45. Found: 72.8; 6.3.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of aromatic at 1600, 1582 and 1477.sup.cm.sup.-1, of ester CO at
      1721.sup.cm.sup.-1, of conjugated ketone at 1660 and 1652.sup.cm.sup.-1
      and of complex OH at 3590.sup.cm.sup.-1. Absence of C.tbd.N.
PAC  EXAMPLE XVII
PAR  2.7 ml of water and 1.4 ml of 12.5N potassium hydroxide were added to a
      solution of 2.7 g of ethyl 4-(m-benzoylphenyl)-3-hydroxy-butyrate  in 27ml
      of ethanol and the mixture was refluxed for 11/2 hours and then evaporated
      to dryness. The residue was taken up in 27 ml of water and the solution
      was treated with activated carbon, filtered and acidified to a pH of 1 by
      adding 10 ml of 2N hydrochloric acid with stirring at 10.degree.C. The
      mixture was extracted with methylene chloride and the organic phase was
      washed with water, dried over sodium sulfate, treated with activated
      carbon, filtered and evaporated to dryness to obtain 2.36 g of
      4-(m-benzoyl-phenyl)-3-hydroxy-butyric acid in the form of a colorless
      amorphous solid soluble in chloroform and insoluble in water.
PAR  Analysis: C.sub.17 H.sub.16 O.sub.4 ; molecular weight = 284.30.
      Calculated: %C 71.82; %H 5.67. Found: 71.6; 5.8.
PAR  I.R. Spectrum (chloroform):
PA1  Presence of OH at 2589.sup.cm.sup.-1, of acid at 1710.sup.cm.sup.-1, of
      conjugated ketone at 1658.sup.cm.sup.-1 and of aromatic at 1601 and
      1582.sup.cm.sup.-1.
PAC  EXAMPLE XVIII
PAR  315 mg of phosphoric anhydride were added to a solution of 1.12 g of ethyl
      4-(m-benzoyl-phenyl)-3-hydroxy-butyrate in 20 ml of xylene and the mixture
      was refluxed for 2 hours and then cooled to room temperature. The organic
      phase was washed with water, then with an aqueous saturated sodium
      bicarbonate solution and then water, dried over sodium sulfate, treated
      with activated carbon, filtered and evaporated to dryness under reduced
      pressure. The residue was chromatographed over silica gel and was eluted
      with methylene chloride which was evaporated to dryness to obtain ethyl
      4-(m-benzoyl-phenyl)-3-butenoate whose ultraviolet spectrum was in accord
      with the structure.
PAR  A mixture of 275 mg of ethyl 4-(m-benzoyl)phenyl)- 3-butenoate, 2.75 ml of
      ethanol, 0.275 ml of water and 0.08 ml of 12.5N potassium hydroxide was
      refluxed for 30 minutes and then was evaporated to dryness. The residue
      was dissolved in 10 ml of water and the solution was treated with
      activated carbon, and filtered. 3 ml of N hydrochloric acid were added
      thereto and the mixture was extracted with methylene chloride. The organic
      phase was washed with water, dried over sodium sulfate, treated with
      activated carbon, filtered and evaporated to dryness under reduced
      pressure to obtain 166 mg of 4-(m-benzoyl-phenyl)-3-butenoic acid in the
      form of a yellow oil soluble in chloroform and ethanol and insoluble in
      water.
PAR  Analysis: C.sub.17 H.sub.14 O.sub.3 ; molecular weight = 266.28.
      Calculated: %C 76.67; %H 5.30. Found: 76.4; 5.6.
PAC  EXAMPLE XIX
PAL  Step a: 2-(m-benzoyl-phenyl)-propionic acid
PAR  1300 ml of a methylene chloride solution titrating 12.5 g/liter of
      diazomethane was added progressively at 10.degree.-15.degree.C to a
      solution of 50 g of m-benzoyl-phenyl acetic acid in 500 ml of methylene
      chloride and after stirring for 15 minutes, excess diazomethane was
      destroyed by the addition of acetic acid. The organic solution was washed
      with an aqueous saturated sodium bicarbonate solution and then with water
      and evaporated to dryness under reduced pressure to obtain 52.5 g of
      methyl m-benzoyl-phenyl-acetate which was used as is for the
      .alpha.-alkylation step.
PAR  138 ml of a solution of 1.55N butyl lithium in hexane was introduced over
      20 minutes at -40.degree.C to a mixture of 775 ml of tetrahydrofuran, 775
      ml of hexamethyl phosphortriamide and 21.5 ml of diethylamine and after
      stirring for 20 minutes, a solution of 52.5 g of the above ester in 470 ml
      of tetrahydrofuran was added over 20 minutes. Then, 38 ml of methyl iodide
      were added thereto and the mixture was stirred for 30 minutes at about
      -40.degree.C and then was progressively returned to 20.degree.C. The
      reaction mixture was poured into 3 liters of water-ice mixture and was
      stirred and extracted with isopropyl ether. The extracts were washed with
      water and evaporated to dryness under reduced pressure to obtain methyl
      2-(m-benzoyl-phenyl)-propionate which was used as is for the
      saponification.
PAR  A mixture of 57 g of the said methyl ester, 570 ml of ethanol, 57 ml of
      water and 29.5 ml of 14N potassium hydroxide was refluxed for 1 hour and
      the ethanol was distilled under reduced pressure. The residue was
      dissolved in 600 ml of water and the solution was acidified to a pH of 1
      by addition of concentrated hydrochloric acid. The mixture was extracted
      with methylene chloride and the extracts were washed with water and
      evaporated to dryness under reduced pressure. The residue was crystallized
      from isopropyl ether to obtain 31.2 g of 2-(m-benzoyl-phenyl)-propionic
      acid melting at 82.degree.-83.degree.C.
PAR  Analysis: C.sub.16 H.sub.14 O.sub.3 ; molecular weight = 254.27.
      Calculated: %C 75.57; %H 5.55. Found: 75.3; 5.7.
PAR  The IR and RMN spectra were in accord with the structure.
PAL  Step b: 3-(1'-methyl-2'-oxo-3'-chloropropyl)-benzophenone
PAR  Using the procedure of Step A of Example XVI,
      2-(m-benzoyl-phenyl)-propionic acid was converted into its acid chloride,
      then 3-(1'-methyl-2'-oxo-3'-diazopropyl)-benzophenone and finally
      3-(1'-methyl-2'-oxo-3'-chloropropyl)-benzophenone which was purified by
      chromatography over silica gel and was eluted with methylene chloride to
      obtain the product melting at 60.degree.C.
PAR  Microanalysis: C.sub.17 H.sub.15 ClO.sub.2 ; molecular weight = 286.76.
      Calculated: %C 71.20; %H 5.27; %Cl 12.36. Found: 71.5; 5.6; 12.4.
PAL  Step c: 3-(1'-methyl-2'-hydroxy-3'-chloropropyl)-benzhydrol
PAR  Using the procedure of Step B of Example XVI,
      3-(1'-methyl-2'-oxo-3'-chloropropyl)-benzophenone was reacted to form
      3-(1'-methyl-2'-hydroxy-3'-chloropropyl)-benzhydrol which was used as is
      for the next step. For analysis, a portion of the raw product was
      chromatographed over silica gel to obtain an oil soluble in methylene
      chloride, chloroform and alcohols.
PAR  Analysis: C.sub.17 H.sub.19 ClO.sub.2 ; molecular weight = 290.78.
      Calculated: %C 70.22; %H 6.58; %Cl 12.19. Found: 70.1; 6.6; 12.1.
PAL  Step d:
PAR  using the procedure of Step C of Example XVI,
      3-(1'-methyl-2'-hydroxy-3-chloropropyl)-benzhydrol was reacted to form
      3-(1'-methyl-2'-hydroxy-3'-cyanopropyl)-benzhydrol.
PAR  Analysis: C.sub.18 H.sub.19 NO.sub.2 ; molecular weight = 281.35.
      Calculated: %C 76.84; %H 6.81; %N 4.98. Found: 76.7; 6.8; 4.6.
PAL  Step e:
PAR  using the procedure of step D of Example XVI,
      3-(1'-methyl-2'-hydroxy-3'-cyanopropyl)-benzhydrol was reacted to form
      3-(1'-methyl-2'-hydroxy-3'-cyanopropyl)-benzophenone melting at
      130.degree.C.
PAR  Analysis: C.sub.18 H.sub.17 NO.sub.2 ; molecular weight = 279.34.
      Calculated: %C 77.39; %H 6.13; %N 5.01. Found: 77.5; 6.3; 5.2.
PAL  Step f:
PAR  using the process of Step E of Example XVI,
      3-(1'-methyl-2'-hydroxy-3'-cyanopropyl)-benzophenone was reacted to form
      ethyl 4-(m-benzoyl-phenyl)-3-hydroxy-4-methyl-butyrate in the form of an
      oil soluble in chloroform, methylene chloride and alcohols.
PAR  Analysis: C.sub.20 H.sub.22 O.sub.4 ; molecular weight = 326.39.
      Calculated: %C 73.60; %H 6.79. Found: 73.8; 7.0.
PAR  I.R. Spectrum (chloroform):
PA1  Ester carbonyl at 1725.sup.cm.sup.-1, conjugated ketone at
      1661.sup.cm.sup.-1, and aromatic at 1601, 1573 and 1473.sup.cm.sup.- 1.
      Absence of C.tbd.N
PAC  EXAMPLE XX
PAR  A mixture of 818 mg of ethyl
      4-(m-benzoyl-phenyl)-3-hydroxy-4-methyl-butyrate, 8 ml of ethanol, 0.8 ml
      of water and 0.2 ml of 14N potassium hydroxide was refluxed for 11/2 hours
      and then was evaporated to dryness under reduced pressure. The residue was
      taken up in 20 ml of water and the solution was acidified to a pH of 1 by
      progressive addition of a 1N hydrochloric acid solution and was then
      extracted with methylene chloride. The organic phase was washed with water
      and evaporated to dryness under reduced pressure to obtain
      4-(m-benzoyl-phenyl)-3-hydroxy-4-methyl-butyric acid in the form of a
      product soluble in alcohols, methylene chloride and chloroform.
PAR  Analysis: C.sub.18 H.sub.18 O.sub.4 ; molecular weight = 298.34.
      Calculated: %C 72.46; %H 6.08. Found: 72.3; 6.0.
PAR  I.R. Spectrum (chloroform):
PA1  Acid carbonyl at 1718.sup.cm.sup.-1, acid OH at 3494.sup.cm.sup.-1, OH at
      3575.sup.cm.sup.-1 aromatic at 1601, 1582 and 1482.sup.cm.sup.-1 and CO at
      1658.sup.cm.sup.-1.
PAC  EXAMPLE XXI
PAL  Step a: 3-(2'-ethoxy carbonyl-3'-oxo-butyl)-benzophenone
PAR  Dry sodium ethylate prepared from 2.51 g of sodium was added to 125 ml of
      anhydrous benzene and 13.5 ml of ethyl acetylacetate at 20.degree.C and
      after heating at 100.degree.C for 15 minutes, 27.5 g of
      3-bromomethyl-benzophenone were added all at once. The reaction mixture
      was refluxed for 3 hours and after cooling to 20.degree.C, the benzene
      solution was washed twice with 25 ml of 2N hydrochloric acid and then with
      water until the wash water was neutral. The solution was dried over sodium
      sulfate and evaporated to dryness under reduced pressure to obtain 33.8 g
      of raw product which was chromatographed over silica gel and was eluted
      with a 50-50 mixture of ether-petroleum ether (B.P. of
      40.degree.-60.degree.C) to obtain 15.3 g of
      3-(2'-oxo-3'-ethoxycarbonyl-butyl)-benzophenone in the form of a marron
      resin which was used as is for the next step.
PAL  Step b: 3-(3'-oxo-butyl)-benzophenone
PAR  A mixture of 14.2 g of 3-(2'-oxo-3'-ethoxycarbonyl-butyl)-benzophenone and
      142 ml of 6N hydrochloric acid was refluxed with stirring of 17 hours and
      after cooling to 20.degree.C, the mixture was diluted with 140 ml of water
      and extracted 3 times with 50 ml of methylene chloride. The organic phase
      was washed with 50 ml of an aqueous saturated sodium bicarbonate solution
      and twice with 50 ml of water, dried over sodium sulfate and evaporated to
      dryness under reduced pressure to obtain 10.76 g of
      3-(3'-oxo-butyl)-benzophenone which was utilized as is for the next step.
PAL  Step c: 4-(m-benzoyl-phenyl)-butyric acid
PAR  A mixture of 3.15 g of product of Step B, 400 mg of sulfur, 2.5 ml of
      morpholine and 50 mg of p-toluene sulfonic acid was refluxed for 3 hours
      and after cooling to room temperature, a mixture of 75 ml of acetic acid,
      25 ml of sulfuric acid and 15 ml of water was added thereto. The mixture
      was refluxed for 15 hours, cooled to 20.degree.C and added to water. The
      mixture was extracted with methylene chloride and the extracts were
      evaporated to dryness. The residue was purified by crystallization from
      isopropyl ether to obtain 4-(m-benzoyl-phenyl)-butyric acid, identical to
      the product of Example I.
PAC  EXAMPLE XXII
PAR  A solution of 6.2 g of ethyl
      4-(m-benzoyl-phenyl)-4-methyl-3-hydroxy-butyrate (by process of Step E of
      Example XIX) in 60 ml of pyridine was heated at 100.degree.C for 3 hours
      in the presence of 5 ml of phosphorus oxychloride and was then poured into
      a mixture of 200 g of ice and 65 ml of concentrated hydrochloric acid. The
      mixture was extracted with ether and the ether phase was washed with
      water, then with an aqueous saturated sodium bicarbonate solution and then
      water until the wash water was neutral. The solution was dried over sodium
      sulfate, treated with activated carbon, filtered and evaporated to dryness
      under reduced pressure to obtain 5.35 g of ethyl
      4-(m-benzoyl-phenyl)-4-methyl-3-butenoate.
PAR  A mixture of 5.35 g of the said ester in 50 ml of methanol and 20 ml of 2N
      sodium hydroxide were refluxed for 2 hours and then the methanol was
      distilled off. The mixture was added to water, treated with activated
      carbon and filtered. The filtrate was acidified with 3 ml of concentrated
      hydrochloric acid and was extracted with ether. The ether extract was
      washed with water until the wash water was neutral, dried over sodium
      sulfate and evaporated to dryness under reduced pressure to obtain 4.31 g
      of 4-(m-benzoyl-phenyl)-4-methyl-3-butenoic acid.
PAC  EXAMPLE XXIII
PAR  Hydrogen was bubbled through a mixture of 2.2 g of
      4-(m-benzoyl-phenyl)-4-methyl-3-butenoic acid and 22 ml of ethanol in the
      presence of 2.2 g of Raney nickel and after filtering, the mixture was
      evaporated to dryness under reduced pressure. The residue was taken up in
      ether and the solution was extracted with dilute sodium hydroxide. The
      aqueous phase was treated with hydrochloric acid and was extracted with
      ether. The ether phase was washed with water, dried over sodium sulfate,
      treated with activated carbon, filtered and evaporated to dryness under
      reduced pressure to obtain 1.96 g of 4-(m-benzoyl-phenyl)-4-methyl-butyric
      acid in the form of an amorphous product.
PAC  EXAMPLE XXIV
PAL  Step a: 2-methyl-3-nitro-4'-fluorobenzophenone
PAR  150 g of aluminum chloride were added over 30 minutes at 40.degree.C under
      an argon atmosphere to a suspension of 107.8g of 2-methyl-3-nitro-benzoyl
      chloride (Step A - EXample IV) in 450 ml of fluorobenzene and the mixture
      was held at this temperature for 41 hours. After icing, the mixture was
      added to 1 liter of ice water and 250 ml of concentrated hydrochloric acid
      and after stirring for 30 minutes, the mixture was extracted with
      methylene chloride. The extract was washed with water, then with N sodium
      hydroxide and then with water until the wash water was neutral. The
      solution was dried over magnesium sulfate, treated with activated carbon,
      filtered and evaporated to dryness under reduced pressure to obtain 115.7
      g of 2-methyl-3-nitro-4'-fluorobenzophenone in the form of white crystals.
      For analysis, a sample of the product was crystallized from n-pentane and
      had a melting point of 64.degree.C.
PAR  Analysis: C.sub.14 H.sub.10 FNO.sub.3 ; molecular weight = 259.64.
      Calculated: %C 64.86; %H 3.89; %F 7.33; %N 5.40. Found: 65.0; 3.8; 7.4;
      5.6.
PAL  Step b: 2-methyl-3-amino-4'-fluorobenzophenone-hydrochloride
PAR  38 ml of hydrochloric acid, 23 g of activated carbon and 12 ml of a
      solution of 20% palladium chloride in water were added to a solution of
      114.7 g of 2-methyl-3-nitro-4'-fluorobenzophenone in 1 liter of ethanol
      and then a current of hydrogen was passed therethrough for 3 hours. The
      reaction mixture was filtered and the filter was rinsed with ethanol. The
      filtrate was concentrated until crystallization began and was iced and
      then vacuum filtered. The precipitate was empasted with ethanol and dried
      under reduced pressure to obtain 59.5 g of
      2-methyl-3-amino-4'-fluorobenzophenone in the form of white crystals
      melting at 170.degree.C. Evaporation of the mother liquor and treatment
      with isopropyl ether gave another 50.5 g of product for a total of 110 g.
      For analysis, a sample of the product was crystallized from an aqueous
      solutio of 5% hydrochloric acid and melted at 170.degree.C.
PAR  Analysis: C.sub.14 H.sub.13 ClFNO; molecular weight = 265.72. Calculated:
      %C 63.28; %H 4.93; %Cl 13.34; %F 7.15; %N 5.27. Found: 63.6; 5.1, 13.3;
      7.0; 5.3.
PAL  Step c: 1-chloro-4-(3'-p-fluorobenzoyl-2'-methyl-phenyl)-butene-2
PAR  30 ml of hydrochloric acid were added at 5.degree.C to a suspension of
      26.57 g of 2-methyl-3-amino-4'-fluorobenzophenone hydrochloride in 250 ml
      of water and then 7.5 g of sodium nitrite were added thereto with stirring
      to obtain a solution of 2-methyl-4'-fluorobenzophenone-3-diazonium
      chloride.
PAR  A solution of 60 g of sodium acetate, 5 g of cuprous chloride in 25 ml of
      water and 150 ml of acetone was cooled to -10.degree.C and then 140 ml of
      1,3-butadiene followed by the above solution of the diazonium chloride
      were added thereto. The temperature was returned to room temperature and
      the pH of the mixture was adjusted to 4 by addition of sodium acetate. The
      mixture was extracted with ether and the ether phase was washed with
      water, then with N sodium hydroxide and with water until the wash water
      was neutral. The ether phase was dried over magnesium sulfate, treated
      with activated carbon, filtered and evaporated to dryness by distillation
      under reduced pressure. The residue was chromatographed over silica gel
      and was eluted with methylene chloride which was evaporated to obtain
      13.70 g of 1-chloro-4-(3'-p-fluorobenzoyl-2'-methyl-phenyl)-butene-2. The
      product was crystallized from refluxing pentane for analysis and melted at
      67.degree.C.
PAR  Analysis: C.sub.18 H.sub.16 ClFO; molecular weight = 302.78. Calculated: %C
      71.40; %H 5.33; %Cl 11.71; %F 6.28. Found: 71.2; 5.3; 11.8; 6.3.
PAL  Step d: 1-acetoxy-4-(3'-p-fluorobenzoyl-2'-methyl-phenyl)-butene-2
PAR  A solution of 6 g of 1-chloro-4-(3'-p-fluorobenzoyl-
      2'-methyl-phenyl)-butene-2 and 6 g of potassium acetate in 60 ml of acetic
      acid was refluxed for 23 hours, and after cooling to room temperature, the
      mixture was added to water and extracted with ether. The ether extract was
      washed with water, with an aqueous saturated sodium bicarbonate solution
      and then with water until the wash water was neutral. The ether phase was
      dried over magnesium sulfate, treated with activated carbon, filtered and
      evaporated to dryness by distillation under reduced pressure. The residue
      was chromatographed over silica gel and was eluted with methylene chloride
      which was evaporated to obtain 5.96 g of
      1-acetoxy-4-(3'-p-fluorobenzoyl-2'-methyl-phenyl)-butene-2 in the form of
      a yellow oil.
PAR  Analysis: C.sub.20 H.sub.19 FO.sub.3 ; molecular weight = 326.37.
      Calculated: %C 73.60; %H 5.87; %F 5.82. Found: 73.6; 5.9; 5.9.
PAL  Step e: 1-hydroxy-4-(3'-p-fluorobenzoyl-2'-methyl-phenyl) butene-2
PAR  A solution of 6.01 g of
      1-acetoxy-4-(3'-p-fluorobenzoyl-2'-methyl-phenyl)-butene-2 in 30 ml of
      methanol and 30 ml of 2N sodium hydroxide was heated at 60.degree.C for 1
      hour and after eliminating the methanol by distillation, the mixture was
      extracted with ether. The ether phase was washed with water until the wash
      water was neutral, dried over magnesium sulfate, treated with activated
      carbon, filtered and evaporated to dryness under reduced pressure, to
      obtain 5.15 g of
      1-hydroxy-4-(3'-p-fluorobenzoyl-2'-methyl-phenyl)-butene-2 in the form of
      a yellow oil.
PAR  Analysis: C.sub.18 H.sub.17 FO.sub.2 ; molecular weight = 284.33.
      Calculated: %C 76.04; %H 6.03; %F 6.68. Found: 76.2; 6.3; 6.5.
PAL  Step f: 4-(3'-p-fluorobenzoyl-2'-methyl-phenyl)-butanol
PAR  A current of hydrogen was bubbled for 2 hours through a solution of 4.97 g
      of 1-hydroxy-4-(3'-p-fluorobenzoyl-2'-methyl-phenyl)-butene-2 in 50 ml of
      methanol containing 5 g of Raney nickel and the mixture was then filtered.
      The filtrate was evaporated to dryness under reduced pressure and the
      residue was taken up in methylene chloride. The organic solution was dried
      over magnesium sulfate, treated with activated carbon and evaporated to
      dryness by distillation under reduced pressure. The residue was
      chromatographed over silica gel and was eluted with an 8-2 methylene
      chloride acetone mixture to obtain 4.2 g of
      4-(3'-p-fluorobenzoyl-2'-methyl-phenyl)-butanol in the form of a colorless
      oil.
PAR  Analysis: C.sub.18 H.sub.19 FO.sub.2 ; molecular weight = 286.35.
      Calculated: %C 75.50; %H 6.69; %F 6.63. Found: 75.3; 6.8; 5.7.
PAL  Step g: 4-(3'-p-fluorobenzoyl-2'-methyl-phenyl)-butyric acid
PAR  14 ml of a sulfochromic mixture titrating 26.5 g of chromic anhydride per
      100 ml were added over 25 minutes at 10.degree.C to a solution of 3.47 g
      of 4-(3'-p-fluorobenzoyl-2'-methyl-phenyl)-butanol in 35 ml of acetone and
      after returning the mixture to room temperature, the mixture was stirred
      overnight. The mixture was poured into ice water and vacuum filtered, was
      washed with water until the wash water was neutral and the precipitate
      recovered was dried over phosphoric acid and crystallized from cycloxane
      to obtain 3.02 g of 4-(3'-p-fluorobenzoyl-2'-methyl-phenyl)-butyric acid
      in the form of colorless crystals melting at 94.degree.C.
PAR  Analysis: C.sub.18 H.sub.17 FO.sub.3 ; molecular weight = 300.33.
      Caculated: %C 71.99; %H 5.70; %F 6.33. Found: 72.1; 5.9; 6.0.
PAC  EXAMPLE XXV
PAR  Using the process of Step C of Example XXIV,
      2-methyl-3-amino-4'-chlorobenzophenone (Step B of Example IV) was reacted
      to successively obtain 2-methyl-4'-chlorobenzophenone-3-diazonium chloride
      and then 1-chloro-4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butene-2.
PAR  The latter product was reacted by the process of Step D of Example XXIV to
      obtain 1-acetoxy-4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butene-2 which
      was treated by the process of Step E of Example XXIV to obtain
      1-hydroxy-4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butene-2.
PAR  The latter product was oxidized with chromic anhydride to obtain
      4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butene-2-oic acid in the form of
      colorless crystals melting at 136.degree.C.
PAR  Analysis: C.sub.18 H.sub.15 ClO.sub.3 ; molecular weight = 314.77.
      Calculated: %C 68.69; %H 4.80; %Cl 11.26. Found: 68.7; 4.9; 11.5.
PAC  EXAMPLE XXVI
PAL  Step a: 2-methoxy-3-methyl-4'-chlorobenzophenone
PAR  A solution of 195.9 g of 2-hydroxy-3-methyl-4'-chlorobenzophenone [Huston
      et al., JACS, Vol. 73, (1951), p. 2483] in 1 liter of dimethylformamide
      was added with stirring to a suspension of 40.8 g of sodium hydride in 200
      ml of dimethylformamide and the mixture was stirred for 1 hour with
      cooling in an ice-water bath. Then a solution of 170.4 g of methyl iodide
      in 800 ml of dimethylformamide was added thereto over 40 minutes and the
      mixture was then stirred for 16 hours in the ice-water bath. The mixture
      was filtered to remove insolubles and the filtrate was treated with
      activated carbon, filtered and was evaporated to dryness under reduced
      pressure. The residue was taken up in 1 liter of ether and 200 ml of water
      and the aqueous phase was reextracted with ether. The combined ether
      phases were washed with water, dried over magnesium sulfate, treated with
      activated carbon, filtered and evaporated to dryness. The residue was
      chromatographed over silica and was eluted with methylene chloride to
      obtain 171 g of 2-methoxy-3-methyl-4'-chlorobenzophenone in the form of
      colorless crystals melting at 43.degree.C.
PAR  Analysis: C.sub.15 H.sub.13 ClO.sub.2 ; molecular weight = 260.72.
      Calculated: %C 69.10; %H 5.03; %Cl 13.60. Found: 69.1; 5.1; 13.8.
PAL  Step b: 2-methoxy-3-bromomethyl-4'-chlorobenzophenone
PAR  A mixture of 1.78 g of N-bromo-succinimide and 10 mg of benzoyl peroxide
      was added to a suspension of 2.6 g of
      2-methoxy-3-methyl-4'-chlorobenzophenone in 15 ml of carbon tetrachloride
      and the solution was refluxed for 4 hours. The insolubles were removed by
      filtration and the filtrate was evaporated to dryness to obtain 3.32 g of
      2-methoxy-3-bromomethyl-4'-chlorobenzophenone in the form of a clear
      yellow oil.
PAR  Analysis: C.sub.15 H.sub.12 BrClO.sub.2 ; molecular weight = 339.62.
      Calculated: %C 53.05; %H 3.56; %Br 23.53; %Cl 10.44. Found: 52.9; 3.6;
      23.7; 10.2.
PAL  Step c: ethyl 2-methoxy-3-(p-chlorobenzoyl)-benzyl malonate
PAR  A solution of 108.4 g of ethyl malonate in 450 ml of dimethylformamide was
      added at 10.degree.C to a suspension of 32.6 g of sodium hydride in 300 ml
      of dimethylformamide and the solution was held at 10.degree.C until gas
      evolution ceased. Then, a solution of 202.1 g of
      2-methoxy-3-bromomethyl-4'-chlorobenzophenone in 800 ml of
      dimethylformamide was slowly added thereto and after standing overnight at
      room temperature, the solution was treated with activated carbon, filtered
      and evaporated to dryness under reduced pressure. The residue was taken up
      in ether and then water. The aqueous phase was extracted with ether and
      the combined ether phases were washed with water, dried over magnesium
      sulfate, treated with activated carbon, filtered and evaporated to dryness
      under reduced pressure to obtain 237.6 g of ethyl
      2-methoxy-3-(p-chlorobenzoyl)-benzyl-malonate in the form of an oil.
PAR  Analysis: C.sub.22 H.sub.23 ClO.sub.6 ; molecular weight = 418.88.
      Calculated: %C 63.08; %H 5.53; %Cl 8.46. Found: 62.9; 5.5; 8.7.
PAL  Step d: 2-methoxy-3-(p-chlorobenzoyl)-benzyl-malonic acid
PAR  A solution of 86.4 g of sodium hydroxide in 180 ml of water was added with
      stirring to a suspension of 226.6 g of ethyl
      2-methoxy-3-(p-chlorobenzoyl)-benzyl-malonate in 2.8 liters of methanol
      and the mixture was refluxed for 3 hours and then was cooled to room
      temperature. The mixture was filtered and the precipitate recovered was
      washed with methanol, then with ether and dried. The residue was dissolved
      in 800 ml of water and the solution was washed with ether and acidified to
      a pH of 1 by addition of 0.5N hydrochloric acid. The acid precipitate
      formed was extracted with ether and the combined organic phases were
      washed with water, dried over magnesium sulfate, treated with activated
      carbon, filtered and evaporated to dryness under reduced pressure. The
      residue was crystallized from benzene to obtain 96.2 g of
      2-methoxy-3-(p-chlorobenzoyl)-benzyl-malonic acid in the form of colorless
      crystals which melted at 142.degree.C after crystallization from benzene.
PAR  Analysis: C.sub.18 H.sub.15 Cl0.sub.6 ; molecular weight = 362.77.
      Calculated: %C 59.60; %H 4.16; %Cl 9.77. Found: 59.7; 4.2; 9.8.
PAL  Step e: 3-(3'-p-chlorobenzoyl-2'-methoxy-phenyl)-propionic acid
PAR  96.2 g of 2-methoxy-3-(p-chlorobenzoyl)-benzylmalonic acid were heated at
      170.degree.-195.degree.C under an argon atmosphere and after the evolution
      of carbon dioxide gas, the mixture was cooled and added to 1 liter of
      ether. The acid mixture was extracted several times with 600 ml of a
      solution of 10% potassium carbonate and 150 ml of water. The combined
      aqueous phases were acidified with concentrated hydrochloric acid and the
      acid precipitate formed was extracted with ether. The combined ether
      phases were washed with water, dried over magnesium sulfate and evaporated
      to dryness under reduced pressure. The residue was crystallized from
      cyclohexane to obtain 56.8 g of
      3-(3'-p-chlorobenzoyl-2'-methoxy-phenyl)-propionic acid in the form of
      colorless crystals.
PAR  Analysis: C.sub.17 H.sub.15 ClO.sub.4 ; molecular weight = 318.77.
      Calculated: %C 64.06; %H 4.74; %Cl 11.12. Found: 64.0; 4.7; 11.1.
PAL  Step f: 3-(3'-p-chlorobenzoyl-2'-methoxy-phenyl)-propionyl chloride
PAR  A solution of 5.1 g of 3-(3'-p-chlorobenzoyl-2'-methoxy-phenyl)-propionic
      acid in 25 ml of thionyl chloride was refluxed for 21/2 hours and the
      excess thionyl chloride was distilled off. The residue was taken up in
      benzene and was evaporated to dryness to obtain 5.6 g of
      3-(3'-p-chlorobenzoyl-2'-methoxy-phenyl)-propionyl chloride which was used
      as is for the next step.
PAL  Step g: 2-methoxy-3-(4"-diazo-3"-oxo-butyl)-4'-chlorobenzophenone
PAR  112 ml of methylene chloride titrating 15.1 g/l liter of diazomethane were
      added to a solution of 5.6 g of the acid chloride from Step F in 40 ml of
      methylene chloride cooled to 0.degree.C and the mixture was stirred
      overnight at room temperature then evaporated to dryness to obtain 6.1 g
      of 2-methoxy-3-(4"-diazo-3"-oxo-butyl)-4'-chlorobenzophenone which was
      used as is for the next step.
PAL  Step h: 2,3-isopropylidenedioxypropyl
      4-(3'-p-chlorobenzoyl-2'-methoxy-phenyl)-butyrate
PAR  2.5 ml of a solution of 1 g of silver benzoate in 12.5 ml of triethylamine
      were added dropwise with stirring to a solution of 6.1 g of the product of
      Step G in 35 ml of 2,2-dimethyl-4-hydroxy methyl-1,3-dioxolane at room
      temperature and after the evolution of nitrogen ceased, the reaction
      mixture was poured into water and extracted with ether. The combined
      organic phases were washed with water and evaporated to dryness by
      distillation of ether. The residue was chromatographed over silica gel and
      was eluted with a 7-3 mixture of benzene-ethyl acetate to obtain 4.25 g of
      2,3-isopropylidenedioxypropyl
      4-(3'-p-chlorobenzoyl-2'-methoxy-phenyl)-butyrate in the form of a
      colorless oil.
PAR  Analysis: C.sub.24 H.sub.27 ClO.sub.6 ; molecular weight = 446.905.
      Calculated: %C 64.49; %H 6.09; %Cl 7.93. Found: 64.7; 5.9; 8.2.
PAC  EXAMPLE XXVII
PAR  A mixture of 4.46 g of 2,3-isopropylidenedioxypropyl
      4-(3'-p-chlorobenzoyl-2'-methoxy-phenyl)-butyrate (Example XXVI), 6.18 g
      of boric acid and 25 ml of methoxy ethanol was heated at 100.degree.C for
      2 hours and after cooling, the mixture was poured into water and extracted
      with ether. The combined ether phases were washed with water, dried over
      magnesium sulfate, treated with activated carbon, filtered and evaporated
      to dryness under reduced pressure. The residue was chromatographed over
      silica gel and was eluted with a 1-1 methylene chloride - acetone mixture
      to obtain 3.65 g of 2,3-dihydroxypropyl
      4-(3'-p-chlorobenzoyl-2'-methoxy-phenyl)-butyrate in the form of a yellow
      oil.
PAR  Analysis: C.sub.21 H.sub.23 ClO.sub.6 ; molecular weight = 406.87.
      Calculated: %C 61.99; %H 5.70; %Cl 8.71. Found: 61.8; 6.0; 8.5.
PAC  EXAMPLE XXVIII
PAR  2,3-ispropylidenedioxypropyl
      4-(3'-p-chlorobenzoyl-2'-methoxy-phenyl)-butyrate (Example XXVI) was
      saponified to obtain 4-(3'-p-chlorobenzoyl-2'-methoxy-phenyl)-butyric
      acid.
PAC  PHARMACOLOGICAL STUDY
PAL  A. anti-inflamatory Activity
PAR  The test used was that of Branceni, et al., slightly modified [Arch. Int.
      Pharmacodyn, Vol. 152 (1954), p. 15] and consisted of administering to
      rats weighing about 150 g a single injection of 1 mg of naphthoyheparamine
      (N.H.A.) into the plantain aponeurosus of the rear paw, the said injection
      provoking the formation of inflammatory edema. The products to be tested
      were orally administered in aqueous solution or suspension one hour before
      the irritant injection. The inflammation was measured by plethysmometry
      with an electric plethysmometer with the volume of the paw being measured
      immediately before and 2 hours after the irritant injection. The increase
      in paw volume between the two measurements represents the degree of
      inflammation and the average degree in each group of animals is expressed
      in absolute values and a percentage of the control animals.
PAR  Under these conditions, the standard active dose more accurately calculated
      for a product is the DA.sub.40, the dose that diminishes the degree of
      inflammation by 40% of that of the controls. The products were
      administered at different doses and the results are reported in the
      following Tables.
TBL  __________________________________________________________________________

     Products      Lots                                                        

                       Dose                        DA.sub.40                   

                       Administered                                            

                              Increase of paw volume                           

                                          % of Protection                      

                                                   in                          

                       in mg/kg                                                

                              in 2 hours           mg/kg                       

     __________________________________________________________________________

     4-(m-benzoyl-phenyl)-                                                     

                  Controls                                                     

                       0      17.1        --                                   

     butyric acid                                                              

                  Product                                                      

                       50     4.6         73                                   

                  Controls                                                     

                       0      18.6        --       5                           

                  Product                                                      

                       5      11.4        39                                   

                       10     5.8         69                                   

     2,3-isopropylidene-                                                       

                  Controls                                                     

                       0      28.6        --                                   

     dioxypropyl 4-(3'-p-                                                      

     chlorobenzoyl-2'-                                                         

                  Product                                                      

                       1      20.1        30                                   

     methyl-phenyl-buty-                                                       

     rate         Controls                                                     

                       0      32.1        --       2.5                         

                  Product                                                      

                       0.5    24.8        23                                   

                       2      25.3        22                                   

                  Controls                                                     

                       0      21.3        --                                   

                  Product                                                      

                       4      11.0        48                                   

                       8      7.1         67                                   

     2,3-isopropylidene-                                                       

                  Controls                                                     

                       0      31.3        --                                   

     dioxypropyl 4-(3'-p-                                                      

     chlorobenzoyl-phenyl)                                                     

                  Product                                                      

                       5      11.6        63                                   

     butyrate                                                                  

                  Controls                                                     

                       0      22.3        --       3                           

                  Product                                                      

                       1      16.6        26                                   

                       2.5    14.8        34                                   

     2,3-dihydroxypropyl                                                       

                  Controls                                                     

                       0      32.1        --                                   

     4-(3'-p-chlorobenzoyl                                                     

     2'-methyl-phenyl)-                                                        

                  Product                                                      

                       5      22.8        29                                   

     butyrate                                                                  

                  Controls                                                     

                       0      24.3        --                                   

                  Product                                                      

                       10     11.4        53                                   

                       20     9.9         59       5                           

                  Controls                                                     

                       0      26.6        --                                   

                  Product                                                      

                       2.5    15.8        41                                   

                  Controls                                                     

                       0      26.8        --                                   

                  Product                                                      

                       2.5    20.6        23                                   

                       5      14.3        46                                   

     2,3-dihydroxypropyl                                                       

                  Controls                                                     

                       0      17.6        --                                   

     4-(m-benzoyl-phenyl)                                                      

     butyrate     Product                                                      

                       5      10.9        38                                   

                  Controls                                                     

                       0      24.5        --       8                           

                  Product                                                      

                       2.5    19.5        20                                   

                       10     15.1        38                                   

                  Controls                                                     

                       0      13.6        --                                   

                  Products                                                     

                       25     5.4         61                                   

     2,3-dihydroxypropyl                                                       

                  Controls                                                     

                       0      24.0        --                                   

     4-(3'-p-chlorobenzoyl)                                                    

     phenyl)-butyrate                                                          

                  Product                                                      

                       5      19.3        20                                   

                  Controls                                                     

                       0      22.1        --       9                           

                  Product                                                      

                       10     12.0        46                                   

     4-(m-benzoyl-phenyl)-                                                     

                  Controls                                                     

                       0      27.0        --                                   

     3-hydroxy-butyric acid                                                    

                  Product                                                      

                       10     18.1        33                                   

                  Controls                                                     

                       0      13.6        --       17                          

                  Product                                                      

                       25     8.4         39                                   

     Ethyl 4-(m-benzoyl-                                                       

                  Controls                                                     

                       0      20.8        --                                   

     phenyl)-3-hydroxy-                                                        

     butyrate     Product                                                      

                       10     15.3        26                                   

                  Controls                                                     

                       0      13.6        --       15                          

                  Product                                                      

                       25     5.8         58                                   

                       50     4.4         65                                   

     2,3-isopropylidene-                                                       

                  Controls                                                     

                       0      27.0        --                                   

     dioxypropyl 4-(m-                                                         

     benzoyl-phenyl)-                                                          

                  Product                                                      

                       10     23.4        13                                   

     butyrate     Controls                                                     

                       0      13.6        --       15                          

                  Product                                                      

                       25     5.1         62                                   

                       50     2.5         82                                   

     4-(m-benzoyl-phenyl)                                                      

                  Controls                                                     

                       0      17.3        --                                   

     2-methyl-butyric acid                                                     

                  Product                                                      

                       10     14.8        15                                   

                  Controls                                                     

                       0      21.5        --       35                          

                  Product                                                      

                       50     11.0        49                                   

                       100    9.5         56                                   

     4-(3'-p-chlorobenzoyl                                                     

                  Controls                                                     

                       0      24.3        --                                   

     2'-methyl-phenyl)-                                                        

     butyric acid Product                                                      

                       10     22.0        9                                    

                       20     12.1        50                                   

                  Controls                                                     

                       0      29.1        --       19                          

                  Product                                                      

                       5      26.3        10                                   

                       10     21.8        25                                   

     4-(3'-p-chlorobenzoyl                                                     

                  Controls                                                     

                       0      22.4        --                                   

     phenyl)-butyric acid                                                      

                  Product                                                      

                       10     19.9        11                                   

                  Controls                                                     

                       0      30.3        --       25                          

                  Product                                                      

                       20     18.6        39                                   

                  Controls                                                     

                       0      20.6        --                                   

                  Product                                                      

                       50     11.5        44                                   

     2,3-isopropylidene-                                                       

                  Controls                                                     

                       0      22.0        --                                   

     dioxypropyl 4-(m-ben-                                                     

     zoyl-phenyl)-2-methyl-                                                    

                  Product                                                      

                       10     16.6        25                                   

     butyrate                                                                  

                  Controls                                                     

                       0      17.3        --       30                          

                  Product                                                      

                       20     14.6        16                                   

     2,3-isopropylidene-                                                       

                  Controls                                                     

                       0      21.6        --                                   

     dioxypropyl 4-(m-ben-                                                     

     zoyl-phenyl)-2-methyl-                                                    

                  Product                                                      

                       50     10.4        52                                   

     butyrate                                                                  

     2,3-dihydroxypropyl                                                       

                  Controls                                                     

                       0      22.0        --                                   

     4-(m-benzoyl-phenyl)                                                      

     2-methyl-butyrate                                                         

                  Product                                                      

                       10     16.0        27       40                          

                  Controls                                                     

                       0      17.3        --                                   

                  Product                                                      

                       20     11.8        32       40                          

                  Controls                                                     

                       0      23.9        --                                   

                  Product                                                      

                       40     13.9        42                                   

                       50     12.6        47                                   

     __________________________________________________________________________

PAL  B. analgesic Effect
PAR  The test used was based on the fact noted by R. Koster et al. (Fed. Proc.,
      (1959) Vol. 18, p. 412) wherein the intraperitoneal injection of acetic
      acid causes in mice characteristic repeated stretching and twisting
      movements which can persist for more than 6 hours. Analgesics prevent or
      surpress this syndrome which, therefore, can be considered as
      externalization of a diffuse abdominal pain.
PAR  A solution of 0.6% acetic acid in water containing 10% arabic gum was used
      and the dose which release the syndrome under these conditions was 0.01
      cc/gm, that is 60 mg/kg of acetic acid. The test compounds were
      administered orally 1/2 hour before the intraperitoneal injection of
      acetic acid, the mice having fasted since the night before the experiment.
      For each dose and for each control, which are obligatory for each test, a
      group of 5 animals was used. For each mouse, the stretchings were observed
      and counted and then added for the group of 5 during a period of 15
      minutes starting immediately after the injection of acetic acid.
PAR  The following Table summarizes the results.
TBL  __________________________________________________________________________

     Products     % of Protection        DA.sub.50                             

     Doses administered                                                        

                  2  5  10 20 50  100                                          

                                      200                                      

                                         mg/kg                                 

     in mg/kg                                                                  

     __________________________________________________________________________

     4-(m-benzoyl-phenyl)                                                      

                     45 60 51 77         10                                    

     butyric acid                                                              

     2,3-isopropylidene-                 10                                    

     dioxypropyl 4-(3'-p-                to                                    

     chlorobenzoyl-2'-                                                         

                     32 53 53 64         20                                    

     methyl-phenyl)-buty-                                                      

     rate                                                                      

     2,3-isopropylidene-                                                       

     dioxypropyl 4-(3'-p-                                                      

                     23 27 62 72         15                                    

     chlorobenzoyl-phenyl                                                      

     butyrate                                                                  

     2,3-dihydroxypropyl                                                       

     4-(3'-p-chlorobenzoyl-                                                    

                     32 62 62 70         10                                    

     2'-methyl-phenyl)-                                                        

     butyrate                                                                  

     2,3-dihydroxypropyl                                                       

     4-(m-benzoyl-phenyl)-                                                     

                  28 21 51 42 61 78      10                                    

     butyrate                                                                  

     2,3-dihydroxypropyl                                                       

     4-(3'-p-chloro- 24 42 41 63         30                                    

     benzoyl-phenyl)-                                                          

     butyrate                                                                  

     4-(m-benzoyl-phenyl)                                                      

     3-hydroxy-butyric                                                         

                  5  60 58 80 95         5                                     

     acid                                                                      

     ethyl 4-(m-benzoyl-                                                       

     phenyl)-3-hydroxy-                                                        

                  4  44 42 66 90         15                                    

     butyrate                                                                  

     2,3-isopropylidene-                                                       

     dioxypropyl 4-(m-     37 44 76      50                                    

     benzoyl-phenyl)-                                                          

     butyrate                                                                  

     4-(m-benzoyl-phenyl)                                                      

     2-methyl-butyric acid 31 45 50  87  100                                   

     4-(3'-p-chloroben-                                                        

     zoyl-2'-methyl-phenyl                                                     

                        33 57 82         20                                    

     butyric acid                                                              

     4-(3'-p-chlorobene-                                                       

     zoyl-phenyl)-butyric  17 53 68  76  50                                    

     acid                                                                      

     2,3-isopropylidene-                 20                                    

     dioxypropyl 4-(m-benz-                                                    

                           50 44 70      to                                    

     oyl-phenyl)-2-methyl-               50                                    

     butyrate                                                                  

     2,3-dihydroxypropyl                                                       

     4-(m-benzoyl-phenyl      28 26  45  200                                   

     2-methyl-butyrate                                                         

     __________________________________________________________________________

PAL  C. ulcerigenic Activity
PAR  The ulcerigenic activity was determined by a test inspired by Boissier et
      al. [Ther., Vol. 22 (1967), p. 157]. Female rats weighing between 120 and
      140 g were starved for the 24 hours before the start of the test and the
      test products were administered orally in an aqueous suspension of 0.4 ml
      per 100 g of animal weight and at varying dosages. The animals were
      sacrified 7 hours after the treatment or 31 hours after the beginning of
      starvation and the stomachs were removed. The importance of ulcerous
      lesions was evaluated for each stomach taking into account the number and
      sizes. The results are summarized in the following Table.
TBL  ______________________________________                                    

                          Average Ulcerigenic                                  

     Products             dose in mg/kg                                        

     ______________________________________                                    

     4-(m-benzoyl-phenyl)butyric acid                                          

                          &gt;300                                                 

     2,3-isopropylidenedioxypropyl                                             

     4-(3'-p-chlorobenzoyl-2'-methyl-                                          

     phenyl)-butyrate     &gt;300                                                 

     2,3-isopropylidenedioxypropyl                                             

     4-(3'-p-chlorobenzoyl-phenyl)-                                            

     butyrate             &gt;300                                                 

     2,3-dihydroxypropyl 4-(3'-p-                                              

     chlorobenzoyl-2'-methyl-phenyl)-                                          

     butyrate              300                                                 

     2,3-dihydroxypropyl 4-(m-benzoyl-                                         

     phenyl)-butyrate      300                                                 

     2,3-dihydroxypropyl 4-(3'-p-                                              

     chlorobenzoyl-phenyl)-butyrate                                            

                          &gt;100                                                 

     4-(m-benzoyl-phenyl)-3-hydroxy-                                           

     butyric acid          300                                                 

     Ethyl 4-(m-benzoyl-phenyl)-                                               

     3-hydroxy-butyrate   &gt;300                                                 

     2,3-isopropylidenedioxypropyl                                             

     4-(m-benzoyl-phenyl)-butyrate                                             

                          &gt;300                                                 

     4-(3'-p-chlorobenzoyl-2'-                                                 

     methyl-phenyl)-butyric acid                                               

                          &gt;300                                                 

     4-(3'-p-chlorobenzoyl-phenyl)                                             

     butyric acid         &gt;50                                                  

     ______________________________________                                    

PAR  Various modifications of the products and methods of the invention may be
      made without departing from the spirit or scope thereof and it is to be
      understood that the invention is to be limited only as defined in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from the group consisting of butyric acid
      derivatives of the formula
      ##SPC25##
PAL  wherein X, X.sub.1, X.sub.2 and X.sub.3 are individually selected from the
      group consisting of hydrogen, halogen, lower alkyl of 1 to 5 carbon atoms,
      lower alkoxy of 1 to 5 carbon atoms, lower alkylthio of 1 to 5 carbon
      atoms, trifluoromethoxy, trifluoromethylthio, trifluoromethyl, OH and
      dilower alkylamino of 1 to 5 carbon atoms for each alkyl, R is selected
      from the group consisting of hydrogen, lower alkyl of 1 to 5 carbon atoms,
      o-carboxyphenyl, 2,3-dihydroxypropyl and
      ##EQU12##
      wherein P and Q are individually lower alkyl of 1 to 5 carbon atoms, Z and
      X.sub.4 are individually selected from the group consisting of hydrogen
      and lower alkyl of 1 to 5 carbon atoms and Y is selected from the group
      consisting of hydrogen and -- OH and the dotted line indicates the
      optional presence of a double bond when Y is hydrogen and when R is
      hydrogen or o-carboxyphenyl, the salts thereof with a non-toxic,
      pharmaceutically acceptable mineral or organic base.
NUM  2.
PAR  2. A compound of claim 1 wherein X.sub.1 and X.sub.3 are hydrogen, X and
      X.sub.2 are individually selected from the group consisting of hydrogen,
      halogen, lower alkyl of 1 to 5 carbon atoms, lower alkoxy of 1 to 5 carbon
      atoms, lower alkylthio of 1 to 5 carbon atoms, trifluoromethoxy,
      trifluoromethylthio, trifluoromethyl, R is selected from the group
      consisting of hydrogen, alkyl of 1 to 5 carbon atoms, 2,3-dihydroxypropyl
      and
      ##EQU13##
      wherein P and Q are individually alkyl of 1 to 5 carbon atoms, and
      X.sub.4, Z and Y have the definition of claim 1.
NUM  3.
PAR  3. A compound of claim 2 having the formula
      ##SPC26##
PAL  wherein X, X.sub.2, X.sub.4, Z and R have the definition of claim 2 and
      salts thereof where R is hydrogen.
NUM  4.
PAR  4. A compound of claim 2 having the formula
      ##SPC27##
PAL  wherein X, X.sub.2, X.sub.4, Y, Z and R have the definition of claim 2 and
      the dotted line indicates the optional presence of a double bond, when Y
      is hydrogen, in either .alpha..beta. or .beta..gamma. to the carboxylic
      group and salts thereof where R is hydrogen.
NUM  5.
PAR  5. A compound of claim 2 having the formula
      ##SPC28##
PAL  wherein X, X.sub.2 and R have the definition of claim 2 and salts thereof
      where R is hydrogen.
NUM  6.
PAR  6. A compound of claim 1 which is
      4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-butyric acid.
NUM  7.
PAR  7. A compound of claim 1 which is
      4-(3'-p-chlorobenzoyl-2'-methyl-phenyl)-2-butenoic acid.
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ISD  19760106
NCL  7
ECL  1
EXA  Thaxton; L. A.
EXP  Weinberger; Lorraine A.
INVT
NAM  Chang; Charles H.
CTY  Loudonville
STA  NY
INVT
NAM  Randall; David I.
CTY  Easton
STA  PA
ASSG
NAM  GAF Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  260518A
XCL   71114
EDF  2
ICL  C07C10168
FSC  260
FSS  518 A
UREF
PNO  3158646
ISD  19641100
NAM  Dorfman et al.
OCL  260518A
LREP
FR2  Kehm; Walter C.
ABST
PAL  Method of preparing 5-halo-2,3-phenylenediamine-1-carboxylic acids having
      the following formula:
      ##SPC1##
PAL  Wherein X is Cl, Br or F by reacting a 2,5-dihalo-3-nitrobenzoic acid with
      ammonium hydroxide to yield 5-halo-3-nitro anthranilic acid followed by a
      reduction of the resultant product. The
      5-halo-2,3-phenylenediamine-1-carboxylic acids are useful as herbicides
      and as intermediates for use in the preparation of dyestuffs, photographic
      developers, pharmaceuticals, antioxidants and the like.
BSUM
PAR  This invention relates to a method of preparing
      5-halo-2,3-phenylenediamine-1-carboxylic acid. It has already been
      proposed (Helv. Chim. Acta 40, 369) that 2,3-phenylenediamine carboxylic
      acid be prepared by hydrogenation of 2 amino-4-chloro-3-nitrobenzoic acid
      according to the following reaction scheme:
      ##SPC2##
PAR  In accordance with the invention the process for preparing
      5-halo-2,3-phenylenediamine-1-carboxylic acid having the following
      formula:
      ##SPC3##
PAL  Wherein X is either chlorine, bromine or fluorine, are prepared by the
      reaction of a 2,5-dihalo-3-nitrobenzoic acid such as, for example,
      2,5,dichloro,2,5dibromo- or 2,5-difluoro-3-nitrobenzoic acid with
      concentrated ammonium hydroxide in an autoclave at a temperature of about
      125.degree.-140.degree.C to yield 5-halo-3-nitro anthranilic acid followed
      by reduction of the resultant product to yield 5-halo-3-amino anthranilic
      acid. The reaction in accordance with the invention takes place according
      to the following reaction scheme:
      ##SPC4##
PAR  As is clear from the above, the process of the invention differs from the
      process set out above as the state of the art, in that in accordance with
      the invention, the ammonia preferentially replaces the Cl while in the
      reference, it replaces NO.sub.2. Further, in accordance with the
      invention, the reduction reduces the nitro group leaving the chlorine atom
      intact while in the reference the reduction also eliminates the chlorine
      atom.
PAR  The compounds of the invention can be used directly as herbicides or can be
      used as intermediates for the preparation of dyestuffs, photographic
      developers, pharmaceuticals and the like. Thus, for example, the
      5-halo-3-amino anthranilic acid can be reacted with either oxalic acid in
      the presence of hydrochloric acid or reacted with ethyl oxalate to convert
      the starting material into the
      2,3-dihydroxy-7-haloquinoxaline-5-carboxylic acid. The latter is then
      reacted with a mixture of phosphorus pentachloride and phosphorus
      oxytrichloride or a mixture of phosphorus pentabromide and phosphorus
      oxytribromide under reflux to yield the haloquinoxaline carboxylic acid
      derivatives useful as herbicidal materials.
PAR  Alternatively, the compounds of the invention can be used as an
      intermediate in the production of reactive dyes as follows:
      ##SPC5##
PAR  This is then reacted with an amine-containing dyestuff to produce a
      reactive dye.
DETD
PAR  The following examples are given for further illustrating the invention,
      but are nowise to be construed as limiting the scope thereof.
PAC  EXAMPLE 1
PAR  A mixture of 150 g. of 2,5-dichloro-3-nitrobenzoic acid and 350 ml. of
      concentrated NH.sub.4 OH was heated in an autoclave at 130.degree.C for 3
      hours. The resulting mixture was acidified with 250 ml. concentrated HCl,
      filtered, washed with water and dried. There were thereby obtained 132 g.
      of 2-amino-5-chloro-3-nitrobenzoic acid also known as
      5-chloro-3-nitroanthranilic acid having a melting point of
      248.degree.-250.degree.C.
PAC  EXAMPLE 2
PAR  32.5 g. (0.15 mole) 2-amino-5-chloro-3-nitrobenzoic acid, prepared as set
      out in Example 1, were dissolved in sodium hydroxide solution, stirred
      with 1 g. Raney nickel for 10 minutes and filtered. The filtrate which was
      then recovered was acidified with glacial acetic acid to provide a pH of
      6-7. 2 g. PtO (Adam's catalyst) were introduced into the filtrate and
      hydrogen gas passed in under a pressure of 45 psi gauge at 45.degree.C for
      6 hours. The bright yellow color of the filtrate disappeared during the
      subsequent reaction. The reaction mixture was then filtered to separate
      off the catalyst, acidified with glacial acetic acid to a pH of 6-7 and
      again filtered. This filtrate was extracted three times using 200 ml.
      portions of ether for each extraction and the ether extracts combined and
      evaporated. 24 g. of a dark, solid material (5-chloro-2,3-phenylenediamine
      carboxylic acid) were thereby obtained having a melting point of
      207.degree.-208.degree.C.
PAC  EXAMPLE 3
PAR  A mixture of 47.2 g. (0.2 mole) 2,5-dichloro-3-nitrobenzoic acid, 50 ml.
      ammonium hydroxide and 100 ml. water was heated in a closed system using a
      water bath at 90.degree.C for 12 hours. The yellow liquid reaction product
      was acidified with 50 ml. concentrated hydrochloric acid, filtered and
      washed with water. The paste consisting of the mono nitro intermediate
      which was thereby obtained was used directly for reduction to the
      corresponding amino compound.
PAR  The mono nitro intermediate was added in two portions to 69 g. (0.3 mole)
      of SnCl.sub.2. 2H.sub.2 O in 100 ml. concentrated hydrochloric acid at
      90.degree.-100.degree.C. The resulting reaction mixture was stirred for
      one half hour at 95.degree.C, cooled to 10.degree.C and then filtered. The
      recovered material was washed with 15 ml. benzene yielding 68 g. of wet
      cake containing the reaction product in the form of dihydrochloride. The
      5-chloro-2,3-phenylenediamine carboxylic acid dihydrochloride was dried,
      dissolved in water, the solution made akaline with ammonium hydroxide,
      extracted with ether and the ether evaporated to produce a dark product
      having a melting point of 207.degree.-208.degree.C.
PAC  EXAMPLE 4
PAR  58.6 g. (0.2 mole) 2,5-dibromo-3-nitrobenzoic acid, 50 ml. ammonium
      hydroxide and 100 ml. water were heated together in a closed system over a
      water bath at 90.degree.C for 12 hours. The reaction product thereby
      obtained was further worked up and hydrogenated according to the method of
      Example 3 to yield 5-bromo-2,3-phenylenediamine carboxylic acid in the
      form of a dark colored product.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing 5-halo-2,3-diamino benzoic acids having the
      formula:
      ##SPC6##
PAL  wherein X is a member selected from the group consisting of chlorine,
      bromine and fluorine which comprises the high temperature reaction of
      2,5-dihalo-3-nitrobenzoic acid with ammonium hydroxide at a temperature of
      125.degree. and 140.degree.C. to produce 5-halo-3-nitroanthranilic acid
      and reducing said 5-halo-3-nitroanthranilic acid to 5-halo-2,3-diamino
NUM  2.
PAR  2. Method according to claim 1 which comprises reacting said nitrobenzoic
      acid with ammonium hydroxide in an autoclave at a temperature of
NUM  3.
PAR  3. Method according to claim 1 which comprises reducing said
      5-halo-3-nitroanthranilic acid by treatment with stannous chloride and
NUM  4.
PAR  4. Method according to claim 1 which comprises reducing said
      5-halo-3-nitrobenzoic acid by treatment with hydrogen in the presence of
NUM  5.
PAR  5. A 5-halo-2,3-phenylenediamine-1-carboxylic acid having the formula:
      ##SPC7##
PAL  wherein X is a member selected from the group consisting of chlorine,
NUM  6.
PAR  6. Compound according to claim 5 designated 5-chloro-2,3-phenylenediamine
NUM  7.
PAR  7. Compound according to claim 5 designated 5-bromo-2,3-phenylenediamine
      benzoic acid.
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ABST
PAL  Addition of non-transitional bismuth ion to oxidation catalysis provided by
      heavy, transition metal-bromine ion combination containing both cobalt and
      manganese ions uniquely increases catalytic activity of said combination
      for converting ortho substituted methyl groups to corresponding carboxylic
      acid groups on benzene nucleus by a factor much greater than by the
      addition of equivalent amount of such high catalytically active heavy,
      transition metal as cobalt and manganese. Such greater catalytic activity
      is manifested by longer sustained initial rapid rate of oxygen consumption
      and higher o-dicarboxybenzene yield.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The possibility of using liquid phase instead of vapor phase oxidation for
      the preparation of benzene carboxylic acids was first indicated by the
      disclosure in U.S. Pat. No. 2,245,528 of the catalysis provided by
      transitional or variable valence metals, especially cobalt, in a liquid
      phase of saturated lower aliphatic acid at temperatures from 100.degree.
      to 320.degree.C. and pressures to maintain the liquid phase of the
      aliphatic acid. Such catalysis, according to said patent, was
      advantageously promoted by the use of a ketone such as methylethyl ketone
      or aldehyde such as acetaldehyde. Unfortunately such aldehyde or ketone
      promoted variable valence metal catalysis was useful only for converting
      mono-, di- or tri-methylbenzenes to their respective benzene
      monocarboxylic acids: benzoic, toluic and dimethyl benzoic acids. Two
      separate, later and somewhat parallel lower temperature
      (80.degree.-100.degree.C.) modifications of the aldehyde or ketone
      promoted cobalt catalysis in liquid phase of acetic acid did provide
      commercially feasible conversion of xylenes to phthalic acids, especially
      p-xylene to terephthalic acid but only at the expense of using rather high
      concentrations of cobalt and molar, with respect to p-xylene, quantities
      of acetaldehyde or methylethyl ketone promoter which were oxidized to
      acetic acid.
PAR  The disadvantages of using high concentrations of cobalt promoted with
      large quantities of aldehyde or ketone were overcome, and at the same time
      a greater choice of variable valence metal oxidation catalyst was made
      available and a wider choice of alkyl-substituted benzene starting
      materials for benzene di-, tri- and higher carboxylic acids was provided
      by the discovery of the unique promotional effect on said variable valence
      metal by bromine ion, provided per se or formed in situ with or without
      acidic reaction medium provided by C.sub.1 -C.sub.8 monocarboxylic acids
      having no hydrogens on a tertiary carbon such as benzoic acid and the
      saturated aliphatic monocarboxylic acids, preferably acetic acid. Such
      bromine-variable valent metal catalysis, first disclosed in U.S. Pat. No.
      2,833,816 also provided, under liquid phase conditions over the
      temperature range of 120.degree.-275.degree.C., a substantially higher
      rate of oxidation (e.g., reaction duration of 2 hours or less for
      conversion of xylenes to high yields of phthalic acids) of alkyl side
      chains on the benzene ring to nuclear-substituted carboxylic acid groups
      and was not limited to such oxidative conversion of methyl side chains but
      rather also applied to much longer side chains. Also the unique effect of
      bromine ion was not limited to cobalt as variable valence metal but
      applied in general to polyvalent metals which have atomic weights in the
      range between 50 and 200. Such unique effect of bromine was most
      promounced when used in combination with cobalt, manganese, cerium (the
      metals of known highest oxidation potential) and with combinations of two
      or more of those polyvalent metals. Combinations of cobalt and manganese
      became preferred for commercial use. However, said patent also indicated
      that bromine had some unique effect on metals normally considered as
      having valencies which are non-variable. For example, use of
      bromine-bismuth catalysis caused selective oxidation of the
      isopropyl-substituent of p-cymene to the exclusion of oxidation of the
      methyl-substituent to yield p-toluic acid.
PAR  The bromine-polyvalent metal catalysis in acetic acid solvent has been in
      commercial use in many countries for the manufacture of terephthalic acid
      from p-xylene for more than 14 years and has progressed to the point of
      producing a crude terephthalic acid product of 99.5-99.6 weight percent
      purity in yields of 94-96 percent of theory in reaction durations of 40-60
      minutes. But, in the absence of acetic acid solvent, best yield of a
      single phthalic acid (e.g., terephthalic acid) on a once through basis of
      the xylene amounted, according to U.S. Pat. No. 2,833,816 to about 20
      weight (12.8 mole) percent. Most development attention to achieve such
      high commercial yields and quality has been given to the catalysis
      afforded by combinations of bromine with mixtures of cobalt and manganese
      as polyvalent metal components of the catalysis. However, no attention has
      been given to the effect on such otherwise highly effective catalysis by
      metals whose valencies, in general, have been considered to be
      non-variable in spite of earlier indications that bromine, unique of the
      promoters, tended to promote them from no activity to some activity as
      oxidation catalysts.
PAC  INVENTION SUMMARY
PAR  For liquid phase oxidation of di- and trimethylbenzenes having ortho methyl
      groups with molecular oxygen it has been discovered that bismuth is unique
      among the Group VA metals for substantially enhancing the activity of the
      bromine-manganese-cobalt system of catalysis. There are two aspects of the
      enhancement by bismuth. The first is an increase in activity of Mn-Co-Br
      system of catalysis by a factor much greater than would be expected by
      increase of amounts of either Mn and/or Co equivalent to the amount of
      bismuth employed. The second is manifested by the longer sustained initial
      rapid rate of oxygen consumption when bismuth is a member of the systems
      of catalysis than when the catalysis systems comprise Mn-Co-Br.
PAR  Such functions of bismuth are indeed unobvious when the character and
      nature of it are considered and compared to Mn and/or Co which have been
      known for some time to have the highest oxidation potential of the
      transition metals characterized in U.S. Pat. No. 2,425,528 as oxidation
      catalysts. Bismuth is not generally considered to be a transition metal in
      a redox system as are Co, Mn and other of such heavy metal oxidation
      catalysts because of its non-variable valence state in oxidation systems.
PAR  It is appreciated that combinations of cobalt with Group IIIA or Group IVA
      metals (also Bi) without alkyl side chain oxidation initiators or
      promoters are taught in U.S. Pat. No. 3,299,125 as beneficial systems of
      catalysis for the liquid phase oxidation of alkyl-substituted aromatic
      hydrocarbon containing 2 or more alkyl groups which are not nuclear
      substituted on carbons in ortho positions with respect to each alkyl
      group. Thus the Co-Bi system of catalysis is taught as ineffective for di-
      and trialkylbenzenes such as o-xylene or pseudocumene
      (1,2,4-trimethylbenzene).
PAR  It is further appreciated that U.S. Pat. No. 3,562,318 teaches for liquid
      phase oxidation of alkyl-substituted aromatic compounds in the presence of
      aldehyde or ketone side chain oxidation initiators or promoters the
      beneficial effect of cobalt in combination with one or more metals of the
      group consisting of Al, Zr, La, Nd, Zn, B or Mg.
PAR  Canadian Pat. No. 829,343 further adds for the ketone or aldehyde side
      chain oxidation initiation or promotion of liquid phase oxidation of
      alkyl-substituted aromatic hydrocarbons, the beneficial effect of
      cobalt-niobium system of catalysis.
PAR  According to each of the foregoing prior teachings, very high levels of
      cobalt concentrations are required in the liquid phase containing acetic
      acid as reaction solvent. But, even then, the oxidation rates are
      inordinately slow and make the disclosed combinations of systems of
      catalysis commercially unattractive. Such systems of catalysis are even
      more unattractive commercially when compared against the most widely used,
      on a world-wide basis, commercial catalysis which uses relatively low
      concentrations of components of the Co-Br and Mo-Co-Br systems of
      catalysis resulting in tere- or isophthalic acid yields 92-95 mole percent
      of a purity of 99-99.5% from oxidations conducted on a continuous basis
      with xylene residence time in the range of 40-50 minutes.
PAR  In such continuous operations the catalysis components are used in the
      range of 1.0 to 2.0 milligram atoms of total metal (i.e., total of Co or
      Mn or Co and Mn as the metals although charged as metal salts) and 1.0 to
      2.0 milligram atoms of bromine (calculated as the element although charged
      as a bromine-containing compound) per gram-mole of p- or m-xylene. The
      oxidation of di- and trimethyl substituted benzenes having two nuclear
      substituted methyl groups (i.e., o-xylene and pseudocumene) require
      slightly higher total concentrations of the metals Co and Mn and higher
      concentrations of bromine. Thus for o-xylene oxidation the total
      concentration of metals (Co, Mn or Co-Mn) are 2.0 to 4.0 milligram atoms
      and the bromine concentrations are also 2.0 to 4.0 milligram atoms per
      gram-mole of o-xylene. For pseudocumene oxidation the total metals (Co, Mn
      and Co-Mn) concentration is 2.25-5.0 milligram atoms and bromine
      concentration is 4.5-10.0 milligram atoms per gram mole of pseudocumene.
PAC  SPECIFIC EMBODIMENTS
PAR  For the present invention oxidation of o-xylene or pseudocumene the ratio
      of bismuth to total conventional metal oxidation catalysts (Mn-Co) is in
      the range of respective metals (i.e., Bi: total conventional metals) of
      0.1-1.0:1.0 on a milligram-atom basis. The ratio of total metals, Bi plus
      conventional oxidation metals to bromine, is in the range of 0.5 to
      3.0:1.0 on the milligram atom basis. As will be hereinafter demonstrated,
      to obtain the unique effects of bismuth the conventional metal oxidation
      catalyst must contain both cobalt and manganese.
PAR  Bismuth can be added to the reaction in any form soluble in o-xylene being
      oxidized or in acetic acid when it is being used as reaction solvent. For
      example, bismuth octanoate or naphthanate can be used with manganese and
      cobalt octanoates or naphthanics for oxidation of o-xylene in the absence
      of reaction solvent and each of Bi, Mn and Co can be conveniently used as
      their acetates when o-xylene is oxidized in the presence of acetic acid
      solvent.
PAR  The source of molecular oxygen for the Bi enhanced oxidation of this
      invention can vary in O.sub.2 content from that of air to oxygen gas. Air
      is the preferred source of molecular oxygen for oxidations conducted at
      temperatures at 150.degree. and above up to 275.degree.C. For oxidations
      conducted with molecular oxygen the preferred temperatures are in the
      range of 130.degree. to 200.degree.C. The minimum pressure for such
      oxidations is that pressure which will maintain a substantial liquid phase
      70-80%, of the reaction medium either neat o-xylene or o-xylene and 70-80%
      of the acetic acid. The acetic acid solvent, when used, can amount to 1-10
      parts on weight basis per part of o-xylene. The o-xylene and/or acetic
      acid not in the liquid phase because of vaporization by heat of reaction
      is advantageously condensed and the condensate returned to the oxidation
      as a known means for removing heat and thereby temperature controlling the
      exothermic oxidation reaction. Such vaporization of o-xylene reactant
      and/or acetic acid solvent is also accompanied by vaporization of lower
      boiling by-product water. When it is desired to take advantage of the
      known benefits of control of water concentration in oxidation, condensed
      water is separated from the condensate before its return to the oxidation
      reaction by any one of the well known means for accomplishing such
      separation of water. For example, by phase separation of liquid water from
      o-xylene condensate or by distillative separation of water from acetic
      acid.
PAR  The benefits to be derived from the use of bismuth according to the present
      invention are indicated by results shown with respect to the following
      illustrative and comparative oxidations using o-xylene as reactant and
      acetic acid as reaction solvent.
PAR  In the examples to follow all oxidations are conducted at a gauge pressure
      of 300 pounds per square inch (psig) and at oxidation initiation
      temperature of 350.degree.F. using a weight ratio of acetic acid to xylene
      of 3:1 and using air as the source of molecular oxygen. The oxidation
      reactor used in an unstirred titanium tubular reactor having an internal
      diameter of 1.0 inch and a height of 36 inches of which the upper portion
      is a water cooled condensation zone. Following the condensation system,
      there are means for venting the exhaust gaseous mixture (nitrogen, unused
      or excess oxygen, oxides of carbon, water vapor, and vapor of uncondensed
      acetic acid) and analytical means for determining the oxygen, carbon
      dioxide and carbon monoxide contents of exhaust sample on acetic acid-free
      dry basis. The exhaust sample flows through a super-cooled (e.g., dry
      ice-acetone cooled) trap before analysis for O.sub.2, CO.sub.2 and CO. The
      reactor is charged with 50 grams xylene, thus 150 grams acetic acid for
      said 3:1 solvent to o-xylene weight ratio. The oxidation of o-xylene is
      conducted batchwise by charging all of the catalyst components, o-xylene
      and acetic acid to the reactor. The reactor is sealed. The pressure
      control valve is set at 300 psig (valve is in exhaust vent line). The
      reactor is pressured to 300 psig with nitrogen and then heated to
      350.degree.F. Thereafter pressurized air is introduced into the liquid
      phase in the reactor. Cooling water at 50.degree.F. is introduced into the
      jacket of the condenser section. Each oxidation is terminated as close to
      10% oxygen by volume as is feasible to do. It will be understood that the
      oxygen content in the exhaust gas (dry and free of acetic acid) can
      rapidly increase when oxidation ceases. The attempted termination of
      oxidation at 10% oxygen (about half-way to oxygen content of air) is for
      the purpose of determining the effect of bismuth during the most rapid
      oxygen consumption by the methyl-substituted benzene reactant because
      thereafter, even though oxygen concentration is maintained at a
      substantially constant concentration in the liquid phase, oxygen
      consumption naturally diminishes directly with disappearance of oxidizable
      substituents on the benzene ring and catalytic effect becomes more
      difficult to evaluate.
PAR  After termination of the oxidations, the total reactor effluents (hereafter
      "TRE") are drained and collected. The reactor for the o-xylene oxidations
      is washed with acetic acid and each wash is combined with its respective
      TRE. The resulting TRE products are submitted for polarographic, neutrals
      and aromatic acid analysis.
PAR  Product yields are calculated (and hereafter reported) in mole percent of
      product per mole xylene charged.
PAR  Other pertinent details of the illustrative oxidations and the results so
      produced are presented hereafter in Tables I-IV. Bismuth tribromide is
      used as the source of both bismuth and bromine in the systems of catalysis
      Bi-Mn-Br, Bi-Co-Br, Bi-Co-Mn-Br, and Bi-Br. However other sources of
      bismuth and bromine can be used, for example bismuth triacetate and
      ammonium bromide, hydrogen bromide, sodium bromide, elemental bromine,
      benzyl bromide, tetrabromoethane, and others within the teachings of U.S.
      Pat. No. 2,833,816. Cobalt and manganese are used as their acetate
      tetrahydrates and, when no Bi is present, the bromine source is
      tetrabromoethane. For the present inventive catalysis system Bi-Co-Mn-Br,
      the metal sources can be any form of the metal which dissolves in acetic
      acid solvent and need not be only the acetate or bromide salts of the
      respective metals. Also the source of bromine can be those bromine
      compounds other than bromide salts of the metals in said system.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     BISMUTH EFFECT ON ORTHO-XYLENE OXIDATION                                  

     Example              A     B     C     D    1     2      E                

     __________________________________________________________________________

       mg atom Bi/gm mole o-xylene                                             

                          0     1.5   1.5   3.0  1.0   1.0    0                

       mg atom Co/gm mole o-xylene                                             

                          6.3   0     1.5   0    1.0   1.0    1.0              

       mg atom Mn/gm mole o-xylene                                             

                          2.7   1.5   0     0    1.0   1.0    1.0              

       mg atom Br/gm mole o-xylene                                             

                          9.5   4.5   4.5   9.0  3.0   3.0    2.0              

       Total mg atom metals/mg atom Br                                         

                          0.95  0.67  0.67  0.33 1.0   1.0    1.0              

     Conditions:                                                               

       Average temperature, .degree.F.                                         

                          406   409   410   414  412   412    411              

       Oxidation time, minutes                                                 

                          37    16    16    13   46    36     24               

       Final % O.sub.2 in vent                                                 

                          10.0  10.9  10.1  19.1 18.6  10.1   10               

     Results:                                                                  

       O.sub.2 uptake, liters                                                  

                          38.2  13.5  13.0  0    37.1  30.8   21.8             

       Liter CO.sub.2 /liter O.sub.2                                           

                          0.140 0.073 0.174 0    0.073 0.119  0.100            

     Molar yields, %                                                           

       o-Phthalic acid    78.3  NA.sup.(4)                                     

                                      NA.sup.(4)                               

                                            None 79.3         15.0             

       2-Carboxybenzaldehyde                                                   

                          0.8   "     "     "    0.6          7.2              

       o-Toluic acid      0.4   "     "     "    0.6          35.1             

       Phthalide          0.4   "     "     "    1.0          9.8              

       Total intermediates.sup.(1)                                             

                          3.0   "     "     "    3.0          63.6             

       C-7 Aromatics.sup.(2)                                                   

                          0.5   "     "     "    1.5          0.7              

       C-9 Aromatics.sup.(3)                                                   

                          0.3   "     "     "    0.2          1.5              

     __________________________________________________________________________

      .sup.(1) Sum of o-xylene, o-tolualdehyde, o-phthalaldehyde, o-methylbenzy

      alcohol, o-toluic acid and 2-carboxybenzaldehyde.                        

      .sup.(2) Sum of benzaldehyde and benzoic acid.                           

      .sup.(3) Sum of methyl dibasic acids, trimellitic acid and trimesic acid.

      .sup.(4) NA-- Not Analyzed.                                              

PAR  From the data in TABLE I it will be noted from Example D that the system
      Bi-Br does not provide effective catalysis for oxidation. To achieve
      substantially the same o-phthalic acid yield and total oxygen uptake as in
      illustrative Example 1 which uses Bi-Co-Mn-Br as catalysis system, the
      system Co-Mn-Br must have 5.3 mgatom Co and 1.7 mgatom Mn per gram mole
      o-xylene to replace 1.0 mgatom of Bi even though Co and Mn are known to be
      highly effective oxidation catalysts and are capable of having two
      different oxidation states in a redox system. It is indeed surprising that
      1.0 gmatom Bi per gram mole of o-xylene appears to be equivalent to a
      total of 7 gmatoms of Co and Mn per gram mole o-xylene when Bi in solution
      forms only covalent compounds and has only a single oxidation state and
      thus is considered to be a non-varient valent metal. The use of Bi in the
      system Bi-Mn-Br or Bi-Co-Br does not (compare Examples B and C with
      illustrative Example 1) manifest such surprising effect.
PAR  Data for illustrative Example 2 (oxidation terminated at 36 minutes at 10.1
      vol. % O.sub.2 in vent) is given to show that a substantial portion of
      molecular oxygen for completion of the oxidation (see illustrative Example
      1) taken up in the 36 minutes thus illustrating the other unique effect of
      Bi to sustain oxygen uptake. Comparative Example E is given to demonstrate
      the Co-Mn-Br system containing the same concentration of said components
      on o-xylene as in Example 1. The results of Example E compared to results
      of Example 1 demonstrates again the unique effect of only a small amount
      of Bi.
PAR  The same surprisingly unique effect of Bi in the catalysis system
      Bi-Co-Mn-Br is not manifest in the oxidation of xylenes having no
      orthomethyl groups as m- and p-xylene. This can be illustrated by the
      three oxidations of p-xylene shown in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     EFFECT OF BISMUTH ON PARA-XYLENE OXIDATION                                

     Example           F     G     H                                           

     __________________________________________________________________________

     mgatom Bi/gm mole p-xylene                                                

                       0     0.10  0.25                                        

     mgatom Co/gm mole p-xylene                                                

                       0.25  0.25  0.25                                        

     mgatom Mn/gm mole p-xylene                                                

                       0.75  0.75  0.75                                        

     mgatom Br/gm mole p-xylene                                                

                       1.0   1.10  1.25                                        

     Total mgatoms metal/mgatom Br                                             

                       1.0   1.0   1.0                                         

     Conditions:                                                               

     Average temperature, .degree.F.                                           

                       412   408   407                                         

     Oxidation time, minutes                                                   

                       100   114   106                                         

     Final O.sub.2 % in vent                                                   

                       18.0  18.0  18.0                                        

     Molar Yields, %                                                           

     Terephthalic acid 96.3  96.4  33.0                                        

     p-Toluic acid     1.0   1.0   45.9                                        

     4-Carboxybenzaldehyde                                                     

                       1.3   1.4   11.3                                        

     Total intermediates                                                       

                       2.4   2.4   57.9                                        

     C-7 Aromatics     0.6   0.9   2.3                                         

     C-9 Aromatics     0.5   0.2   6.6                                         

     Optical Density of Product:                                               

       at 340 nm       2.26  3.04  3.68                                        

       at 400 nm       0.16  0.24  0.29                                        

     __________________________________________________________________________

PAR  From the foregoing data the use of the system Bi-Co-Mn-Br (Example G) as
      compared to the system Co-Mn-Br (Example F) shows Bi to have no adverse
      effect at Bi/Co of 1:4 except to produce a product of slightly higher
      color as indicated by the optical density values. However at higher Bi/Co
      ratio of 1.0:1.0 the system Bi-Co-Mn-Br had a rather adverse effect on the
      oxidation by lowering terephthalic acid product yield to about one-third
      of that obtained in the absence of Bi and produced a more colored product.
CLMS
NUM  1.
PAR  1. A method of preparing o-phthalic acid or trimellitic acid by oxidizing
      o-xylene or pseudocumene with molecular oxygen at a temperature in the
      range of 130.degree. to 275.degree.C in the presence of acetic acid under
      a pressure to maintain acetic acid in the liquid phase at such
      temperature, the improvement comprising the use of catalysis provided by
      the components consisting essentially of bismuth, bromine and the variable
      valence metals cobalt and manganese wherein said variable valence metals
      are present in the amounts of from 2 to 5 milligram atoms and bromine is
      present in amounts of from 2 to 10 milligram atoms, each on a per gram
      mole of o-xylene or pseudocumene basis and the ratio of bismuth to said
NUM  2.
PAR  2. The method of claim 1 for the preparation of o-phthalic acid by the
      oxidation of o-xylene with air in the presence of liquid acetic acid
      solution of the components of catalysis wherein for each gram mole of
      o-xylene there is present 1.0 milligram atom of each of Bi, Co and Mn.
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ABST
PAL  Inordinately slow crystallization at rate controlled evaporative cooling of
      terephthalic acid from liquid phase aqueous solutions also containing from
      500 to 6,000 ppm p-toluic acid based on dissolved terephthalic acid at
      temperatures in the range of 400.degree. to 550.degree.F. can be overcome
      by more rapid continuous flash evaporation of solvent in two or more
      stirred crystallization zones to obtain a terephthalic acid product having
      150 ppm or less p-toluic acid. Such product is readily separated from
      mother liquor by continuous centrifuge.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Commercial crude terephthalic acid contains on a weight basis from 800 to
      7,000 parts per million (ppm) 4-carboxybenzaldehyde 200 to 1,500 ppm
      p-toluic acid as the main impurities and some crude terephthalic acid also
      contain lesser amounts, 200- 20 ppm range, of yellow colored aromatic
      compounds having the structures of benzil, fluorenone or anthraquinone
      which are characteristically yellow compounds as impurities resulting from
      coupling side reactions occurring during the oxidation of p-xylene.
PAR  U.S. Pat. No. 3,584,039 issued to Delbert H. Meyer teaches a feasible,
      commercially useful method for purification of such commercially available
      crude terephthalic acid products by treating liquid phase solutions
      thereof in water at temperatures of 200.degree.-374.degree. C. with
      hydrogen in the presence of a solid hydrogenation catalyst (e.g., metallic
      palladium on carbon support) and crystallizing terephthalic acid from
      catalyst-free liquid phase solutions at temperatures in the range of
      50.degree. to 150.degree. C. The catalytic hydrogen treatment converts
      4-carboxybenzaldehyde to p-toluic acid and decolorizes the terephthalic
      acid.
PAR  British Pat. No. 1,152,575 is directed to the development of the Meyer
      Patent method for its commercial application by providing improved modes
      of conduct for the entire process from the step of dissolving crude
      terephthalic acid through the step of crystallizing terephthalic acid from
      the hydrogen treated aqueous solution. With respect to said
      crystallization, said British patent teaches the use of solvent
      evaporation to effect the cooling necessary to precipitate crystalline
      terephthalic acid but cautions that conduct of such evaporative cooling
      should avoid shock cooling of the solution as would occur by instantaneous
      flash evaporation of solvent because such shock cooling coprecipitates
      dissolved impurities which contaminate terephthalic acid product. To
      prevent the contaminating effect of such shock cooling, the British patent
      teaches that the evaporative cooling should be controlled by evaporation
      against equilibrium back pressure, for example, by throttling of steam
      vapor exhaust at the equilibrium pressure. This is in effect a controlled
      rate evaporative cooling.
PAR  Crystallization by controlled rate evaporative cooling is, according to the
      above British patent, applied to continuous crystallization conducted in
      three series connected stages under the conditions described to effect in
      3.4 hours a 302.degree. F. temperature drop from 530.degree. F. initial
      solution temperature to the third stage temperature of 228.degree. F. This
      mode of conducting said crystallization provided an average cooling rate
      of 1.48.degree. F. per minute was not only inordinately slow but, when
      applied to aqueous solutions of terephthalic acid of 2,400 ppm p-toluic
      acid content, also provided a terephthalic acid product containing 1,200
      ppm p-toluic acid. Such product would not be acceptable for direct
      reaction with ethylene glycol for polyester fiber manufacture.
PAR  U.S. Pat. No. 3,452,088 repeats the caution against shock cooling and
      teaches a further improvement for the continuous controlled rate
      evaporative cooling technique as applied to crystallizing terephthalic
      acid from aqueous solutions also containing dissolved p-toluic acid. The
      improvement consists of limiting the final crystallization temperature
      and/or crystalline product separation temperature to the temperature range
      of 250.degree. to 300.degree. F. to prevent p-toluic acid contamination of
      crystallizing terephthalic acid. By using such final crystallization
      and/or product separation temperatures of 250.degree. to 300.degree. F.
      terephthalic acid could be and was commercially obtained with 150 ppm and
      less p-toluic acid from feed solutions containing 6,000 to 500 ppm
      p-toluic acid at a somewhat faster cooling rate of 3.degree.-4.degree. F.
      per minute. But such faster controlled rate evaporation process does not
      provide a useful basis for devising still faster continuous flash
      evaporative crystallization to overcome the p-toluic acid contamination
      problem mentioned in both the British and U.S. patents.
PAR  Crystallization by flash evaporation of solvent has, in general, been long
      known and used to take advantage of the substantially instantaneous
      decrease in both temperature and pressure and attendant substantially
      instantaneous evaporation of solvent as the hot solution of solute is
      introduced into the crystallization vessel operated at a lower temperature
      and pressure. Advantageously, the rapidly vaporized portion of the liquid
      solvent flashed to the vapor phase permits rapid removal of solvent vapor.
      Both crystallization and crystal growth occur rapidly with the cooling and
      concentrating caused by flashing the solution to the lower temperature.
      Growth of crystals is substantially entirely the lower temperature and is
      independent of residence time. Crystal size in a crystallization vessel
      where solvent is flash evaporated can, as is well known, be enhanced by
      circulation of slurry of crystals throughout the lower portion of the
      crystallization vessel. For example, one means for accomplishing such
      circulation in a stirred crystallization zone is to withdraw a portion of
      the slurry from near its upper level and introduce, e.g., by pumping, the
      withdrawn slurry up through the bottom of the stirred slurry.
PAR  However, use of flash solvent evaporation induced crystallization of
      terephthalic acid (TA) from aqueous solution also containing dissolved
      p-toluic acid in amounts of 500 to 6,000 ppm based on TA can, without
      proper conduct thereof, bring into play the p-toluic acid contamination
      phenomenon alluded to in the British patent and more generally described
      in the later U.S. patent. Such contamination phenomenon is somewhat
      anomalous because, in spite of the fact that there is retained more than
      enough solvent water to prevent saturation or supersaturation with respect
      to p-toluic acid, p-toluic acid nevertheless comes out of solution. Said
      later U.S. patent suggests that the contamination phenomenon is in some
      way dependent on the rate of crystallization and the final temperature of
      crystallization and product separation and not solely on p-toluic acid
      concentration in the solution.
PAR  From plots of TA saturation and supersaturation (TA concentrations vs.
      temperature) and the guidance provided by teachings in the aforementioned
      related British and United States patents, one might devise a continuous
      TA crystallization process having a number of crystallization stages in
      series with each stage operated at a temperature lower than the preceding
      stage and, for smooth operation approximating batchwise crystallization,
      having a temperature profile substantially following the TA saturation
      plot. Such a devised continuous crystallization process would have at
      least about 40 rate dependent crystallization stages. However, because of
      the number of stages and their time consuming operation, such a continuous
      crystallization would not be economically attractive or feasible for
      commercial application.
PAC  SUMMARY OF INVENTION
PAR  A process of producing terephthalic acid having 150 ppm or less p-toluic
      acid content by weight (i.e., fiber-grade quality TA) has been discovered
      which is applicable to aqueous solutions of TA having 500-6,000 ppm by
      weight of p-toluic acid and advantageously makes use of substantially
      instantaneous crystallization of incremental proportions of dissolved TA
      in a small number, at least two, series connected stirred crystallization
      zones. Such continuous crystallization can be successfully applied to
      aqueous solutions substantially saturated with TA at temperatures in the
      range of 400.degree. to 500.degree. F., provided that at least the zones
      operated at temperatures of 360.degree.-320.degree. F. and below, and
      preferably all the zones are so operated to crystallize decreasing
      proportions of originally dissolved TA. The success of the present
      inventive process, as will hereinafter be demonstrated, is indeed
      surprising in view of the aforementioned prior teaching that flash
      evaporation of solvent to effect TA crystallization from aqueous solution
      also containing dissolved p-toluic acid will only lead to TA excessively
      contaminated with p-toluic acid.
PAR  The choice of the real and effective number of series connected stirred
      crystallization zones using flash evaporation of water is associated with
      the concentration of p-toluic acid based on TA and not on the p-toluic
      acid concentration in the solution fed to any one zone and, since
      crystallization of each incremental amount of TA is substantially
      instantaneous, not on any rate dependent technique for effecting TA
      crystallization. For such initially dissolved TA having 500-6,000 ppm of
      p-toluic acid by weight based on TA, the number of such flash evaporations
      of solvent in series, in general, will not exceed a total of eight stirred
      crystallization zones. For example, two such zones are adequate for
      500-1,000 ppm p-toluic acid, three such zones are adequate for 500-3,000
      ppm p-toluic acid, four such zones are adequate for 1,500-4,000 ppm
      p-toluic acid, and five to eight zones are adequate for 2,000-6,000 ppm
      p-toluic acid based on TA initially in solution. However, those number of
      zones associated with p-toluic acid concentrations on TA are not the only
      number which can be successfully used for, as will be hereafter
      demonstrated, fiber-grade quality TA (i.e., not more than about 150 ppm
      p-toluic acid) can be recovered using 3-6 stirred crystallization zones
      when the p-toluic acid content on TA is 1,500 to 6,000 ppm. For said
      1,500-6,000 ppm p-toluic acid content TA, it is preferred to use 3-6 zones
      of solvent flash evaporation. It is also preferred, from the standpoint of
      capital investment cost for commercial operation of the present inventive
      continuous process, to use 2-6 zones of flash solvent evaporation for
      initial p-toluic acid concentrations on TA in the range of 500-6,000 ppm
      by weight.
PAR  For the conduct of each of the 2-8, preferably 3-6 zones of flash solvent
      evaporation, each incremental amount of original water evaporated is not
      returned to any stage of the process. Selection of the operating
      temperature for each flash solvent evaporation in the series of 2-8,
      preferably 3-6, stirred crystallization zones can be judiciously made from
      a plot of TA saturation concentration against temperature so that the
      temperature profile of the entire process reasonably follows said plot.
      The illustrative examples hereinafter presented will provide a number of
      such temperature profiles which can be followed to obtain the same results
      indicated or which can serve as guidance for selecting different
      temperature profiles for operating with solutions having concentrations of
      p-toluic acid differing from those illustrated but within the range of
      500-6,000 ppm by weight on TA.
PAR  The present inventive continuous TA crystallization process, surprisingly
      successful in its application of the concept of flash solvent evaporation,
      also is based on the discovery that contamination of final TA product by
      rejection of p-toluic acid from solution not saturated therewith is,
      however, a temperature-dependent phenomenon rather than a cooling-rate
      dependent phenomenon. The application of such discovery of
      temperature-dependent phenomenon to the present inventive process does not
      mean that selection of a temperature profile for operation of such process
      is limited by a critical single final crystallization temperature above
      which no p-toluic acid will be rejected from a solution not saturated with
      p-toluic acid and thus limit the flexability of operation of the present
      inventive continuous process. As demonstrated later in an illustrative
      example, some p-toluic acid is rejected from solution with each
      incremental amount of TA crystallized. But even this does not impose a
      substantial limitation on the flexability of the present inventive
      process.
PAR  Rather substantial flexability of operation of the present inventive
      process is possible with respect to the initial aqueous solution feed
      contents of not only dissolved TA and its p-toluic acid content within the
      range of 500-6,000 ppm by weight, but also with respect to selection of a
      number of stirred crystallization zones and even the final quality of TA
      product. The temperature-dependent p-toluic acid rejection becomes of
      importance after a temperature in the range of 360.degree.-320.degree. F.
      has been reached. The increments of originally dissolved TA crystallized
      in each such zone can be substantial until said 360.degree.-320.degree. F.
      temperature is reached and thereafter each crystallized increment of
      originally dissolved TA should be decreasingly smaller. But each of such
      smaller increment is not restricted to a critically limiting single
      fraction of originally dissolved TA. Even with respect to such
      temperature-dependent phenomenon and need to diminish the increments of TA
      crystallized below said 360.degree.-320.degree. F. temperature range,
      which range indicates flexibility rather than inflexibility of operation,
      the illustrative modes of operation of the present inventive process will
      provide guidance for selecting the number of crystallization zones as well
      as the increment of TA to be crystallized in each such zone operated below
      said temperature range.
PAR  In general, the key factor to selecting the temperature profile for the
      crystallization zones from 360.degree.-320.degree. F. and below involves
      the selection of each zone temperature so that each increment of TA
      crystallized in each stage is progressively smaller than the increment of
      the preceding zone. This will not only minimize the proportion of TA
      crystallized below the 340.degree.-320.degree. F. range but also minimize
      p-toluic acid contamination.
PAR  The following three operations demonstrate that, with respect to the use of
      flash evaporation of solvent and attendant substantially instantaneous
      precipitation of TA crystals, the concept of control of final temperature
      of crystallization and product separation at 250.degree.-300.degree. C. or
      the concept of TA rate controlled crystallization are not applicable with
      respect to limiting p-toluic acid contamination of recovered TA product.
DETD
PAC  COMPARATIVE EXAMPLE 1
PAR  An aqueous solution containing 20 weight percent TA (25 pounds TA per 100
      pounds of water) and 2,500 ppm p-toluic acid based on TA at a temperature
      of 515.degree. F. and 800 pounds per square inch absolute (psia) pressure
      is used as feed into a stirred crystallization zone operated at a
      temperature of 300.degree. F. and 67 psia. Such solution is charged
      continuously to said zone through a flow control valve immediately
      adjacent to the inlet port of the crystallizer. The steam generated by the
      flash evaporation of water from 515.degree. to 300.degree. F. is withdrawn
      from the crystallizer, condensed and discarded. The resulting suspension
      of TA crystals is centrifuged at a temperature of 300.degree. F. and a
      pressure of 67 psia. The recovered solid crystalline TA is dried. The dry
      TA product obtained by such operation will be found to contain about 1,200
      ppm by weight of p-toluic acid.
PAC  COMPARATIVE EXAMPLE 2
PAR  The above process is repeated except the p-toluic acid content of dissolved
      TA is 500 ppm by weight. The recovered dry TA product produced by such
      operation will be found to contain about 250 ppm of p-toluic acid by
      weight.
PAC  COMPARATIVE EXAMPLE 3
PAR  TA containing 2,500 ppm of p-toluic acid is dissolved in water at
      530.degree. F. and 858 psia to provide a solution containing 25 pounds TA
      for each 100 pounds of water. Four stirred crystallization zones each are
      connected in series for continuous flow operation. A temperature profile
      is selected so that substantially equal increments of originally dissolved
      TA are crystallized in each such zone. The respective operating
      temperatures and pressures are: 502.degree. F. and 674.7 psia; 485.degree.
      F. and 580.7 psia; 457.degree. F. and 447.2 psia; and 300.degree. F. and
      67 psia. The solution is charged at the rate to provide 100 pounds TA per
      hour to the first zone. The amounts of water vapor generated from each
      zone in pounds per hour are respectively: 31.48; 19.36; 23.1; and 70.73.
      The respective amounts of TA crystallized on an hourly basis are: 28.37;
      25.03; 23.17; and 22.85. The suspension from the fourth zone flows at an
      hourly rate of 355. 6 pounds per hour and contains 99.6 pounds suspended
      solids and 256.1 pounds aqueous mother liquor. Said suspension is
      centifuged at a temperature of 300.degree. F. and 67 psia. The recovered
      and dried TA produced by such operation will be found to contain about 420
      ppm of p-toluic acid.
PAR  The above operation had an adequate number of crystallization zones, as
      later illustrative Examples 1 and 3 demonstrate, a final crystallization
      and separation temperature meeting the prior art requirements and a
      temperature profile logically acceptable from the prior art rate dependent
      phenomenon. But the final TA product is of unacceptable quality (well
      above the maximum of 150 ppm of p-toluic acid) because the TA increment
      crystallized at 300.degree. F. was too large.
PAR  The foregoing three operations are, of course, outside the scope of the
      present invention.
PAR  The aqueous solution fed to the first of the 2-8, preferably 3-6, flash
      solvent evaporation zones of the present inventive process wherein
      attendant TA crystallization is substantially instantaneous can be
      solutions substantially saturated with TA at temperatures in the range of
      400.degree. to 550.degree. F. which correspond to TA saturation
      concentrations on a weight basis of 2 to 50 parts TA per 100 parts of
      water. The p-toluic acid content of such dissolved TA is in the range of
      500-6,000 ppm also on a weight basis. For material handling economics, it
      is preferred to use as feed solutions to the first zone those solutions
      which contain 10-30 parts TA per 100 parts of water. The corresponding TA
      saturation temperatures are in the range of 468.degree. to 522.degree. F.
      However, to prevent premature TA crystallization during transfer to said
      first zone (i.e., from the catalytic hydrogenation purification of first
      stage), it is preferred that such feed solutions containing 10-30 parts TA
      per 100 parts water be at a temperature of at least about 10.degree. to
      20.degree. F. (5.degree. to 10.degree. C.) above the corresponding
      saturation temperatures and preferably at a temperature in the range of
      482.degree. to 536.degree. F.
PAR  The present inventive continuous TA crystallization process has another
      feature unique in view of prior art teachings. Said unique feature is that
      the crystalline TA magma produced can be readily recovered by continuous
      centrifuging in spite of prior teachings that instantaneous
      crystallization of TA from solution produces a crystalline magma
      containing sufficient small crystals to plug the centrifuge cake and make
      solid-liquid separation by continuous centrifuging not feasible as a
      commercial operation.
PAR  The following examples illustrate useful modes of conduct for the present
      inventive process using feeds of different TA concentrations, dissolved TA
      of different p-toluic acid content within the range of 500-6,000 ppm,
      different number of solvent flash evaporation - TA crystallization stirred
      zones within the 2-8 zone range, and different temperatures for final TA
      crystallization even down to 212.degree. F. In all the illustrative
      examples the feed solution is charged to the first of such solvent flash
      evaporation, stirred TA crystallization zones at a flow rate to provide
      thereto of 100 pounds TA per hour. The TA is recovered by continuous
      centrifuging, is washed with fresh water to remove adhering mother liquor
      and is then dried. Water washing of wet TA centrifuge product reduces the
      p-toluic acid content of such TA product only by the amount of p-toluic
      acid remaining as solute in the adhering small amount of mother liquor.
PAR  In each of the following three examples, the feed solutions to the first
      crystallization zone contain 20 weight percent TA (25 pounds per 100
      pounds of water) of 2,500 ppm p-toluic acid content. Such feed solution is
      at a temperature of 515.degree. F. (5.degree. F. above saturation
      temperature) and a pressure of 800 psia to keep the water in the liquid
      phase. The number of flash solvent evaporation stages are 3, 5 and 6.
PAC  EXAMPLES 1 to 3
PAR  For the 3, 5 and 6 multi-zone continuous flash evaporation,
      crystallizations, the above-described feed solution is continuously
      charged to the first stirred zone. The magma (crystals plus solution)
      produced in each stirred zone is charged sequentially to each of the
      following stirred zones. The magma produced in the last zone is charged
      continuously to the centrifuge. In all three operations the last stirred
      zone and the centrifuge are operated at the temperature of 300.degree. F.
      and pressure of 67 psia. The temperature (T, .degree.F.) and pressure (P,
      psia) for each crystallization step and the centrifuge for conduct of the
      3, 5 and 6 series connected stirred zone operations are indicated in TABLE
      I. The p-toluic acid content of dried centrifuge cake (ppm on TA) from
      such processes will not exceed the values shown in TABLE I.
TBL                TABLE I                                                     

     ______________________________________                                    

     CONTINUOUS FLASH SOLVENT EVAPORATION,                                     

     TA CRYSTALLIZATION                                                        

     Aqueous Feed Solution: 20 wt. % TA                                        

     with 2500 ppm p-Toluic Acid                                               

     at 515.degree.F. and 800 psia                                             

     Stirred Zone                                                              

                 Example 1  Example 2  Example 3                               

     ______________________________________                                    

     First: T, .degree.F.                                                      

                 420        460        460                                     

     P, psia     300        460        460                                     

     Second: T, .degree.F.                                                     

                 350        410        420                                     

     P, psia     130        270        300                                     

     Third: T, .degree.F.                                                      

                 300        370        390                                     

     P, psia     67         170        215                                     

     Fourth: T, .degree.F.                                                     

                 Not        330        350                                     

     P, psia     Used       100        130                                     

     Fifth: T, .degree.F.                                                      

                 Not        300        330                                     

     P, psia     Used       67         100                                     

     Sixth: T, .degree.F.                                                      

                 Not        Not        300                                     

     P, psia     Used       Used       67                                      

     Centrifuge:                                                               

     T, .degree.F.                                                             

                 300        300        300                                     

     P, psia     67         67         67                                      

     Cake p-Toluic                                                             

     Acid        85 ppm     50 ppm     44 ppm                                  

     ______________________________________                                    

PAC  EXAMPLES 4-6
PAR  The process of Examples 1-3 is repeated using the feed solutions, number of
      stirred zones, temperatures and pressures shown in TABLE II below.
TBL                TABLE II                                                    

     ______________________________________                                    

     CONTINUOUS FLASH SOLVENT EVAPORATION,                                     

     TA CRYSTALLIZATION -                                                      

       Feed Solution: Example 4  Example 5                                     

                                          Example 6                            

     ______________________________________                                    

     TA, wt.%     20         20         20                                     

     p-Toluic acid ppm                                                         

                  2,500      2,500      2,000                                  

     T, .degree.F.                                                             

                  515        530        515                                    

     P, psia      800        857        800                                    

     Stirred Zone                                                              

     First: T, .degree.F.                                                      

                  460        443        400                                    

         P, psia  460        389.5      220                                    

     Second: T, .degree.F.                                                     

                  380        371        300                                    

         P, psia  195        175        67                                     

     Third: T, .degree.F.                                                      

                  330        300        Not                                    

         P, psia  100        67         Used                                   

     Fourth: T, .degree.F.                                                     

                  290        Not        Not                                    

       P, psia               Used       Used                                   

     Fifth: T, .degree.F.                                                      

                  260        Not        Not                                    

        P, psia              Used       Used                                   

     Sixth: T, .degree.F.                                                      

                  212        Not        Not                                    

         P, psia  14.7       Used       Used                                   

     Centrifuge:                                                               

         T, .degree.F.                                                         

                  212        300        300                                    

         P, psia  14.7       67         67                                     

     Cake p-Toluic Acid                                                        

                  150        87         150                                    

     ______________________________________                                    

PAR  It will be noted that in Example 5, the temperature differences between
      feed and first zone and between subsequent zones are substantially equal.
      Such operation still produces decreasing incremental amounts of
      crystallized TA which are 83.4; 13.7; and 2.45% of initially dissolved TA,
      respectively, in zones 1, 2 and 3.
PAR  In Example 7, which follows, the feed solution contains 20 weight percent
      TA of 1610 ppm p-toluic acid content and has a temperature of 530.degree.
      F. and a pressure of 859 psia to maintain water in the liquid phase. Said
      solution is continuously fed at a rate to provide 100 pounds TA per hour
      to the first of six flash solvent evaporation stirred TA crystallization
      zones in series operated as before described. In this example, the
      conditions of operation for each of the six zones, the percent of original
      TA crystallized in each zone on an hourly basis, the temperature and
      pressure of solid-liquid separation in the centrifuge, the percent of
      original TA recovered, and the p-toluic acid content in ppm of recovered
      and dried (unwashed) TA product are listed in TABLE III. This example
      differs in mode of conduct from all the other examples in that
      substantially equal amounts of TA are cryatallized in zones 1 and 2 and
      the total TA crystallized thereby represents 93 weight percent of the TA
      in the feed solution.
TBL                TABLE III                                                   

     ______________________________________                                    

     Example 7                                                                 

     Feed Solution: 18 wt.% TA of 1610 ppm Content p-Toluic Acid               

     Temperature 530.degree. F.                                                

     Pressure 860 psia                                                         

               Temperature            %TA                                      

     Stirred Zone                                                              

               .degree.F. Pressure psia                                        

                                      Crystallized                             

     ______________________________________                                    

     1         485        580.7       45.83                                    

     2         400        246.2       47.20                                    

     3         330        102.9       5.63                                     

     4         275        45.4        0.97                                     

     5         250        29.8        0.16                                     

     6         215        15.6        0.12                                     

     Centrifuge                                                                

               215        15.6        99.91                                    

     ______________________________________                                    

      p-toluic acid content of recovered TA product: 102 ppm                   

PAL  The dry TA product resulting from operation according to Example 7 is
      unique with respect to its particle size distribution characteristics.
      Such product has a rather broad particle size distribution over the range
      of 0 to 450 microns, a large proportion of the particles are of about 250
      microns in size and there are two particle size peaks in the particle size
      distribution. Such particle size distribution is characteristic of a
      bi-modal distribution and not of a normal distribution of particles from
      the ordinary crystallization. Thus, the technique of Example 7  provides a
      route to a unique crystalline fiber-grade quality TA. Such unique bi-modal
      crystalline products can be obtained by crystallizing 75-95% of total TA
      in substantially equal proportions in the first two of 3-6 series
      connected stirred zones according to the present process.
PAR  The following examples comprise illustrative Examples 8 and 9 and
      comparative Example 4 which is similar to Example 8 but omits its
      crystallization zone operated at 330.degree. F. and crystallizes at
      275.degree. F. the proportion of original TA equal to the sum of such
      proportions crystallized in Example 8 in its 330.degree. F. and
      275.degree. F. zones. These three examples illustrate the proper and
      improper crystallization of diminishing proportions of originally
      dissolved TA from the 360.degree.-320.degree. F. range to lower
      temperatures with respect to p-toluic acid contamination of final TA
      product.
PAR  The feed solutions to each of illustrative Examples 8 and 9 and comparative
      Example 4 are at a temperature of 530.degree. F. and pressure of 859 psia
      to maintain water in the liquid phase and contain 18 weight percent of TA
      having 2,000 ppm content of p-toluic acid. Such solutions are fed to the
      first of the series connected crystallization zones at a rate to provide
      100 pounds TA per hour to the first zone. The temperature and pressure
      conditions of operation of the zones and centrifuge, the weight percent
      proportion of TA crystallized in each zone and the total percent TA
      crystallized, and the p-toluic acid content of recovered TA product are
      all given in TABLE IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

     CONTINUOUS SOLVENT EVAPORATION,                                           

     TA CRYSTALLIZATION                                                        

                             Comparative                                       

     Feed Solution                                                             

                  Example 8  Example 4  Example 9                              

     ______________________________________                                    

         TA, wt.% 18         18         18                                     

         T, .degree.F.                                                         

                  530        530        530                                    

         P, psia  859        859        859                                    

     Stirred Zone                                                              

     First: T, .degree.F.                                                      

                  485        485        400                                    

         P, psia  580        580        246.2                                  

     Crystallized TA,                                                          

     wt.%         45.83      45.83      93.03                                  

     Second: T, .degree.F.                                                     

                  400        400        330                                    

         P, psia  246.2      246.2      102.9                                  

     Crystallized TA,                                                          

     wt.%         47.20      47.20      5.63                                   

     Third: T, .degree.F.                                                      

                  330        275        275                                    

         P, psia  102.9      45.4       45.4                                   

     Crystallized TA,                                                          

     wt.%         5.63       6.61       0.97                                   

     Fourth: T, .degree.F.                                                     

                  275        250        250                                    

         P, psia  45.4       29.8       29.8                                   

     Crystallized TA,                                                          

     wt.%         0.97       0.16       0.16                                   

     Fifth: T, .degree.F.                                                      

                  250        212        212                                    

         P, psia  29.8       14.7       14.7                                   

     Crystallized TA,                                                          

     wt.%         0.16       0.12       0.12                                   

     Sixth: T, .degree.F.                                                      

                  212        Not        Not                                    

         P, psia  14.7       Used       Used                                   

     Crystallized TA,                                                          

     wt.%         0.12                                                         

     Centrifuge:                                                               

         T, .degree.F.                                                         

                  212        212        212                                    

         P, psia  14.7       14.7       14.7                                   

     Recovered Ta,                                                             

     wt.%         99.91      99.91      99.91                                  

     Cake p-Toluic Acid                                                        

                  133 ppm    274 ppm    153 ppm                                

     ______________________________________                                    

PAR  With respect to the TA product from Example 9, a simple wash of the
      centrifuge cake with fresh water at a temperature of
      200.degree.-205.degree. F. will lower the p-toluic acid content of the
      washed and dried product to less than 150 ppm. However, such washing of
      the product of Comparative Example 4 will not provide a washed, dried
      product of less than 150 ppm content of a p-toluic acid. Sampling and
      analyzing the TA product after the third crystallization zone of
      Comparative Example 4 will show that TA product to have over 200 ppm
      p-toluic acid. Hence, operation according to Comparative Example 4 is to
      be avoided.
PAR  In the following Examples 10, 11 and 12, the feed solutions contain 20
      weight percent TA of varying p-toluic acid content, have the same
      temperature of 530.degree. F. and pressure of 857 psia to maintain water
      in the liquid phase, and are fed at a rate to provide 100 pounds TA per
      hour to the first zone. The pertinent data for these crystallizations are
      given in TABLE V.
TBL                TABLE V                                                     

     ______________________________________                                    

     CONTINUOUS SOLVENT EVAPORATION,                                           

     TA CRYSTALLIZATION                                                        

     Feed Solution                                                             

                 Example 10 Example 11 Example 12                              

     ______________________________________                                    

     TA, Wt.%    20         20         20                                      

     P-Toluic Acid                                                             

                 4,000      6,000      600                                     

     Content                                                                   

         T, .degree.F.                                                         

                 530        530        530                                     

         P, psia 857        857        857                                     

     Stirred Zone                                                              

     First: T, .degree.F.                                                      

                 440        440        420                                     

         P, psia 378        378        307                                     

     Crystallized TA,                                                          

     wt.%        84.45      84.45      90.36                                   

     Second: T, .degree.F.                                                     

                 380        380        340                                     

         P, psia 195        195        118                                     

     Crystallized TA,                                                          

     wt.%        11.81      11.81      8.18                                    

     Third: T, .degree.F.                                                      

                 340        340        270                                     

         P, psia 118        118        42                                      

     Crystallized TA,                                                          

     wt.%        2.28       2.28       1.18                                    

     Fourth: T, .degree.F.                                                     

                 310        310        212                                     

         P, psia 78         78         14.7                                    

     Crystallized TA,                                                          

     wt.%        0.74       0.74       0.21                                    

     Fifth: T, .degree.F.                                                      

                 285        285        Not                                     

         P, psia 53         53         Used                                    

     Crystallized TA,                                                          

     wt.%        0.32       0.32                                               

     Centrifuge:                                                               

         T, .degree.F.                                                         

                 285        285        212                                     

         P, psia 53         53         14.7                                    

     Recovered TA,                                                             

     wt.%        99.6       99.6       99.93                                   

     Cake p-toluic acid                                                        

                 98.7       148.1      62.9                                    

     ______________________________________                                    

PAC  EXAMPLE 13
PAR  This illustration of the present inventive continuous TA crystallization
      charges the aqueous solution to the first crystallization zone of eight
      stirred zones at a rate to provide 100 pounds TA per hour. The feed
      solution is at a temperature of 530.degree. F. and a pressure of 858 psia
      to maintain water as liquid phase and contains 20 weight percent of TA
      with a 2,500 ppm content of p-toluic acid. A total of 169.6 pounds of
      water are flash evaporated. The conditions of operation of each stirred
      zone, the cumulative percent TA crystallized and the p-toluic acid content
      thereof are given in the following table.
TBL                                    TABLE VI                                

     __________________________________________________________________________

     Stirred                                                                   

           Temperature                                                         

                  Pressure                                                     

                       Cumulative %                                            

                                 p-Toluic Acid                                 

     Zone  .degree.F.                                                          

                  psia Crystallized TA                                         

                                 Content                                       

     __________________________________________________________________________

     1     460    460  74.79      7                                            

     2     410    275  92.40     13                                            

     3     360    153  97.67     26                                            

     4     320     90  99.09     41                                            

     5     280     49  99.64     65                                            

     6     250     30  99.82     90                                            

     7     230     21  99.89     109                                           

     8     212    14.7 99.93     131                                           

     Centrifuge                                                                

           212    14.7 99.93     131                                           

     __________________________________________________________________________

PAR  The final TA product recovered meets the p-toluic acid maximum content of
      not exceeding 150 ppm. However, TA product could have been recovered from
      the magma resulting from the first six crystallization stages without any
      substantial yield loss with a p-toluic acid content of about 89 ppm which
      is comparable to the 87 ppm p-toluic acid content of TA product from
      Example 5. It will also be noted that the TA product of Example 13,
      because of the temperature profile for TA increments crystallized below
      the 360.degree.-320.degree. F. range as compared against the same profile
      of Example 4, resulted in a higher quality TA (131 v. 150 ppm p-toluic
      acid) than recovered from the process of Example 4.
CLMS
NUM  1.
PAR  1. For the recovery of crystalline terephthalic acid product having a
      maximum p-toluic acid content not exceeding 150 ppm from a liquid aqueous
      solution substantially saturated with terephthalic acid containing
      500-6,000 ppm of p-toluic acid at a temperature in the range of
      400.degree. to 550.degree. F., the improved process comprising
      continuously charging such aqueous solution to the first of two or more
      series connected flash solvent evaporation and stirred crystallization
      zones each operated at a successively lower temperature wherein at least
      the zones operated at a temperature within and below the range of
      360.degree.-320.degree. F. crystallize decreasing proportions of
      originally dissolved terephthalic acid, the flash evaporated solvent is
      removed from each zone and the temperature of recovery of terephthalic
NUM  2.
PAR  2. The process of claim 1 wherein the number of series connected zones is
NUM  3.
PAR  3. The process of claim 1 wherein the number of series connected zones is
      in the range of from 3 to 6 for initial liquid aqueous solutions of
NUM  4.
PAR  4. The process of claim 3 wherein a total of 75-95% of originally dissolved
      terephthalic acid is crystallized in substantially equal proportions in
      the first two zones at a temperature above the range of
      360.degree.-320.degree. F. and thereafter the remaining 5-25% proportion
      of originally dissolved terephthalic acid is crystallized in decreasing
NUM  5.
PAR  5. The process of claim 3 wherein the incremental proportions of
      terephthalic acid crystallized decrease from the first to the last zone.
NUM  6.
PAR  6. The process of claim 5 wherein a substantially equal temperature
      difference between the temperature of the feed and first zone and between
NUM  7.
PAR  7. The process of claim 5 wherein the number of zones is in the range of
NUM  8.
PAR  8. The process of claim 5 wherein the number of zones is in the range of
      from 4 to 8 and the temperature of the last zone is in the range of
      212.degree. to 285.degree. F.
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PAL  A method for producing mixtures containing greater than 50% cis
      2-methyl-3-pentenoic acid comprising first reacting methyl acetylene with
      a methyl magnesium halide to form a methylacetylene magnesium halide
      Grignard reagent; then reacting the methyl acetylene magnesium halide
      Grignard reagent with acetaldehyde to form a 3-pentyn-2-ol magnesium
      halide salt; then hydrolyzing the magnesium halide salt to form
      3-pentyn-2-ol; then halogenating the 3-pentyn-2-ol to form a
      4-halo-2-pentyne; then reacting magnesium with the 4-halo-2-pentyne to
      produce a 4-magnesium halo-2-pentyne Grignard reagent; then reacting the
      4-magnesium halo-2-pentyne Grignard reagent with carbon dioxide to form a
      magnesium halo-carboxylate salt mixture of compounds having the
      structures:
      ##EQU1##
       (wherein X is halogen); then hydrolyzing the magnesium halo-carboxylate
      salt mixture to form a mixture of carboxylic acids having the structures:
      ##EQU2##
      then hydrogenating the aforementioned mixture of carboxylic acids to form
      a mixture containing 80% cis-2-methyl-3-pentenoic acid and 20% of
      2-methyl-2-pentenoic acid.
PARN
     This application is a continuation-in-part of application for U.S. Letters
      Pat. Ser. No. 408,854 filed on Oct. 23, 1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to isomeric mixtures containing greater than
      50% cis-2-methyl-3-pentenoic acid produced by, interalia, a novel process
      and novel compositions using such mixtures of cis and trans isomers of
      2-methyl-3-pentenoic acid to alter the flavor and/or aroma of consumable
      materials.
PAR  There has been considerable work performed related to substances which can
      be used to impart (or enhance) flavors to (or in) various consumable
      materials. These substances are used to diminish the use of natural
      materials, some of which may be in short supply and to provide more
      uniform properties in the finished product. Sweet, fruity, strawberry,
      winey-cognac, butter-like, rum-like, and butterscotch aromas as well as
      sweet, strawberry, nutty-coconut, fatty, butter-like, rum-like and
      butterscotch-like tastes are particularly desirable for many uses in
      foodstuff flavors. Green, sweet, sharp strawberry notes are desirable in
      perfume compositions. Notes having turkish-like characteristics as well as
      aromatic, sweet, bitter, woody and smokey notes are desirable in tobacco
      flavoring compositions.
PAR  U.S. Pat. No. 3,499,769 issued on Mar. 10, 1970 discloses processes for
      imparting a fresh fruity flavor (particularly strawberry flavor) to foods
      by adding a small amount of 2-methyl-2-pentenoic acid to the foodstuff. In
      U.S. Pat. No. 3,499,769 it is emphasized that the basic nuance imparted by
      2-methyl-2-pentenoic acid is a "berry" flavor. Quite unexpectedly, the
      novel isomeric mixture of the instant invention has properties different
      in kind from the 2-methyl-2-pentenoic acid of U.S. Pat. No. 3,499,769
      which is only fruity and strawberry-like and does not have the sweet,
      fruity, butter-like, rum-like and butterscotch aroma and taste qualities
      of the isomeric mixture of the instant invention. Other isomeric mixtures
      of 2-methyl-3-pentenoic acid are shown to be prepared by Boorman and
      Linstead, J.Chem.Soc. 1935, 258-67 (abstracted by Chem. Abstracts, Vol.
      29, pages 2912 (7/8). 2-Ethyl-3-pentenoic acid is shown to be prepared by
      Fichter and Obladen, Berichte, 42, 4703-7 by distillation of alpha-ethyl
      gamma methyl paraconic acid which, in turn, is formed by reduction using a
      sodium-mercury amalgam of ethyl-alpha-ethyl aceto-succinate. The
      above-disclosed processes produce isomer mixtures which are considered to
      be different in kind insofar as their organoleptic properties are
      concerned from the isomer mixtures produced by the process of the instant
      invention.
PAR  Ethyl-2-methyl-3-pentenoate (95% 3:1 trans:cis isomer and 5%
      ethyl-2-methyl-2-pentenoate) has been offered as a development chemical by
      Toray Industries, Inc. of 2, Nihonbashi-Muromachi 2-chome, Chuo-Ku, Tokyo,
      Japan.
PAR  McGreer, et al, Can. J. Chem., 41, 726,31 (1963) discloses the production
      of various alkyl esters of pentenoic and butenoic acids by means of
      pyrolysis of 3,5-dimethyl-3-carbomethoxy .DELTA..sup.1 -pyrazoline. Thus,
      on page 728 of the McGreer article, products having the following
      structures are shown to be produced:
      ##SPC1##
PAR  Tsuji, et al, J.Am.Chem.Soc., 86, (20) 4350-3 (1964) discloses the
      production of alkyl alkenoates by means of reaction of carbon monoxide,
      alkenyl halides and alkanols with use of palladium chloride as a catalyst.
      Other methods for the synthesis of alkyl alkenoates are set forth in the
      following references:
PA1  i. French Pat. No. 1,389,856, issued Feb. 19, 1965;
PA1  ii. Brewis and Hughes, Chem. Communications, (8), 157-8 (1965);
PA1  iii. Bordenca and Marsico, Tetrahedron Letters (16), 1541-3 (1967); and
PA1  iv. Hosaka and Tsuji, Tetrahedron, 27, (16) 3821-9 (1971).
PAL  None of the above references sets forth a process for preparing the cis
      isomer of an alkyl pentenoic acid or mixtures containing more than 50% cis
      isomer.
PAR  Felkin, et al., Ann.Chem. (Paris) 6 (1), 17-26 (1971) discloses processes
      for producing "high cis" and "high trans" 2-methyl-3-pentenoic acid and
      methyl-2-methyl-3-pentenoate mixtures, according to the following reaction
      sequences:
      ##SPC2##
PAL  A process for preparing the "high cis" acid mixture is set forth in Felkin,
      et al, Chemical Communications, No. 802, pages 75 and 76 (Dec. 29, 1965).
PAC  THE INVENTION
PAR  It has now been discovered that solid and liquid foodstuff and flavoring
      compositions having sweet, fruity, strawberry, winey-cognac, butter-like,
      rum-like, butterscotch-like aromas and sweet, strawberry, nutty-coconut,
      fatty, butter-like, rum-like and butterscotch-like taste notes; and novel
      perfume compositions having green, sweet, sharp strawberry notes; as well
      as tobacco flavoring compositions capable of imparting a turkish-like
      character to tobacco and having aromatic, sweet, bitter, woody and smokey
      notes may be provided by the utilization of isomer mixtures containing
      more than 50% cis-2-methyl-3-pentenoic acid (hereinafter termed "high
      cis-2-methyl-3-pentenoic acid" produced either (i) according to a process
      involving the steps of first preparing a 2-halo-3-pentene; then admixing
      said 2-halo-3-pentene with magnesium to form a 2-magnesium halo-3-pentene;
      then reacting said 2-magnesium halo-3-pentene with carbon dioxide to form
      a magnesium halo salt of 2-methyl-3-pentenoic acid and finally hydrolyzing
      the said salt in the presence of acid to form a novel isomer mixture
      containing a ratio of 60% cis-2-methyl-3-pentenoic acid and 40%
      trans-2-methyl-3 -pentenoic acid or (ii) according to a process involving
      first reacting methyl acetylene with a methyl magnesium halide to form a
      methylacetylene magnesium halide Grignard reagent; then reacting the
      methyl acetylene magnesium halide Grignard reagent with acetaldehyde to
      form a 3-pentyn-2-ol magnesium halide salt; then hydrolyzing the magnesium
      halide salt to form 3-pentyne-2-ol; then halogenating the 3-pentyne-2-ol
      to form a 4-halo-2-pentyne; then reacting magnesium with the
      4-halo-2-pentyne to produce a 4-magnesium halo-2-pentyne Grignard reagent;
      then reacting the 4-magnesium-halo-2-pentyne Grignard reagent with carbon
      dioxide to form a magnesium halo-carboxylate salt mixture of compounds
      having the structures:
      ##EQU3##
      (wherein X is halogen); then hydrolyzing the magnesium halo-carboxylate
      salt mixture to form a mixture of carboxylic acids having the structures:
      ##EQU4##
      then hydrogenating the aforementioned mixture of carboxylic acids to form
      a mixture containing 80% cis-2-methyl-3-pentenoic acid and 20%
      2-methyl-2-pentenoic acid.
PAR  The "high cis" 2-methyl-3-pentenoic acid of our invention is intended to
      include singly and in admixture the two stereoisomers of
      2-methyl-3-pentenoic acid having the structures:
      ##EQU5##
PAR  Thus, the "high cis" 2-methyl-3-pentenoic acid of our invention is capable
      of supplying and/or potentiating certain flavor and aroma notes usually
      lacking in many fruit flavors as well as turkish tobacco flavors
      heretofore provided. Furthermore, the 2-methyl-3-pentenoic acid isomer
      mixture of our invention is capable of supplying certain fragrance notes
      usually lacking in many perfumery materials, for example, strawberry
      fragrances.
PAR  One process, set forth in the prior art, for producing a high cis
      2-methyl-3-pentenoic acid isomer mixture involves the steps of:
PA1  a. First preparing a 2-halo-3-pentene by intimately admixing hydrogen
      bromide with 1,3-pentadiene at a temperature of from -20.degree. up to
      +30.degree.C, preferably, from 0.degree. up to 10.degree.C and at a
      pressure, preferably, of atmospheric pressure. The 1,3-pentadiene
      (otherwise known as "piperylene" preferably has a purity of 90% but 50%
      piperylene may also be used. The 2-halo-3-pentene thus produced may be
      used in its crude form without further purification in subsequent
      reactions;
PA1  b. The 2-halo-3-pentene is then reacted with magnesium to form a Grignard
      reagent, otherwise known as 2-magnesium halo-3-pentene. The reaction with
      the magnesium is carried out preferably in the presence of
      tetrahydrofuran, however, other solvents such as diethyl ether may also be
      used. The mole ratio of magnesium to halo-pentene is preferably from 1 up
      to 10 moles of magnesium per mole of halo-pentene. More preferably, from 3
      up to 5 moles of magnesium per mole of halo-pentene.  The temperature of
      reaction is from 10.degree. up to 50.degree.C; preferably from 10.degree.
      up to 20.degree.C. Temperatures lower than 10.degree.C gives rise to a
      reaction rate which is too slow to be economical. Temperatures higher than
      50.degree.C give rise to side reactions causing an undue lowering of yield
      of product;
PA1  c. The Grignard reagent produced in step (b) is then reacted with carbon
      dioxide (preferably in the form of crushed dry ice). The reaction with
      carbon dioxide may also be carried out by bubbling carbon dioxide into the
      Grignard reagent at atmospheric pressure at a temperature of between
      -20.degree. up to +40.degree.C, preferably from 0.degree. to 20.degree.C
      or reacting the Grignard reagent with gaseous carbon dioxide at higher
      pressures of from 10 up to 100 pounds per square inch absolute at
      temperatures up to 50.degree.C. When the reaction takes place with crushed
      dry ice, the temperature is the temperature of crushed dry ice. The
      carbonation forms magnesium halo salt of 2-methyl-3-pentenoic acid having
      the structure:
      ##EQU6##
       wherein X is halogen selected from the group consisting of chlorine and
      bromine;
PA1  d. The last step in this process of the prior art involves the hydrolysis
      of the magnesium halo salt of 2-methyl-3-pentenoic acid in acid at a pH of
      from 2 up to 3. The preferred acid is a mineral acid such as hydrochloric
      acid or sulfuric acid.
PAL  A second process (which is novel) for producing another of the isomer
      mixtures containing a high proportion of cis-2-methyl-3-pentenoic acid, to
      wit approximately 80% cis-2-methyl-3-pentenoic acid and 20%
      2-methyl-2-pentenoic acid involves the steps of:
PA1  a. First preparing a methyl acetylene magnesium halide Grignard reagent by
      admixing, a methyl magnesium halide (the chloride, bromide or iodide) with
      a slight molar excess of methyl acetylene (preferably as "Mapp Gas", a
      commercial mixture of methyl acetylene and allene) at a temperature in the
      range of 40.degree.-60.degree.C (preferably 40.degree.-50.degree.C) in an
      inert solvent such as tetrahydrofuran or diethyl ether. Preferably, the
      reaction time range is from 4-12 hours;
PA1  b. Preparing 3-pentyne-2-ol by first admixing the methyl magnesium halide
      reaction product preferably in its original reaction solvent with a slight
      molar excess of acetaldehyde to form a magnesium halo salt of
      3-pentyne-2-ol, at a temperature in the range of 20.degree.-30.degree.C
      and then hydrolyzing the said magnesium halo salt of 3-pentyne-2-ol,
      preferably with a cold concentrated mineral acid such as concentrated
      hydrochloric acid in ice, and purifying the resulting 3-pentyne-2-ol using
      standard physical separation techniques, e.g., extraction and
      distillation;
PA1  c. Preparing a 4-halo-2-pentyne (e.g., 4-chloro-2-pentyne or
      4-bromo-2-pentyne) by means of halogenating the 3-pentyne- 2-ol with a
      slight molar excess halogenating agent, e.g., phosphorous trichloride,
      phosphorous tribromide, and SOCl.sub.2, at temperatures in the range of
      20.degree.-80.degree.C, depending upon the halogenation reagent used. The
      preferred halogenating reagent is PCl.sub.3 using a temperature range of
      20.degree.-25.degree.C;
PA1  d. Preparing a 4-magnesium-halo-2-pentyne Grignard reagent by reaction of
      the 4-halo-2-pentyne with magnesium in a solvent, for example,
      tetrahydrofuran or diethyl ether at a temperature in the range of
      25.degree.-50.degree.C, depending upon the solvent used;
PA1  e. Preparing a magnesium halo carboxylate salt mixture of compounds having
      the structures:
      ##EQU7##
       (wherein X is halogen, e.g., chloro or bromo) by intimately admixing
      carbon dioxide (either in the gas phase, or as a solid in the form of
      powdered dry ice). The reaction with carbon dioxide may be carried out by
      bubbling carbon dioxide into the Grignard reagent at atmospheric pressure
      at a temperature of between -20.degree. up to +40.degree.C, preferably,
      from 0.degree. to 20.degree.C or reacting the Grignard reagent with
      gaseous carbon dioxide at higher pressures of from 10 up to 1000 pounds
      per square inch absolute at temperatures up to 50.degree.C. When the
      reaction takes place with crushed dry ice, the temperature is the
      temperature of crushed dry ice.
PA1  f. Hydrolyzing the resulting magnesium halocarboxylate salt mixture with
      aqueous mineral acid (e.g., hydrochloric acid) at a temperature in the
      range of 20.degree.-30.degree.C to produce a crude mixture of:
PA2  i. 2-methyl-3-pentynoic acid; and
PA2  ii. 2-methyl-2,3-pentadienoic acid in a (i):(ii) ratio of 3:1;
PA1  g. Preparing a mixture containing about 80% cis-2-methyl-3-pentenoic acid
      and 20% 2-methyl-2-pentenoic acid by hydrogenating the mixed acid product
      of step (f) supra in the presence of a palladium/CaSO.sub.4 catalyst
      containing 3% Pd preferably at a pressure in the range of 20-200 psig;
      preferably in a lower alkanol solvent such as methanol or ethanol at
      temperatures in the range of 20.degree.-40.degree.C, preferably
      20.degree.-25.degree.C. The preferred weight percent range of catalyst is
      from 0.1 up to 1%. The resulting acid reaction product may then be
      purified using standard physical separation techniques, e.g., extraction
      and distillation.
PAR  When the 2-methyl-3-pentenoic acid isomer mixture of our invention is used
      as a food flavor adjuvant, the nature of the co-ingredients included with
      the said 2-methyl-3-pentenoic acid isomer mixture in formulating the
      product composition will also serve to alter the organoleptic
      characteristics of the ultimate foodstuff treated therewith. As used
      herein, in regard to flavors the term "alter" in its various forms means
      "supplying or imparting flavor character or note to otherwise bland,
      relatively tasteless substances or augmenting the existing flavor
      characteristic where a natural flavor is deficient in some regard or
      supplementing the existing flavor impression to modify its quality,
      character or taste". As used herein the term "foodstuff" includes both
      solids and liquids ingestible materials which usually do, but need not,
      have nutritional value. Thus, foodstuffs include soups, convenience foods,
      beverages, dairy products, candies, vegetables, cereals, soft drinks,
      snacks and the like.
PAR  Substances suitable for use herein as co-ingredients or flavoring adjuvants
      are well known in the art for such use being extensively described in the
      relevant literature. Apart from the requirement that any such material be
      "ingestibly" acceptable and thus non-toxic or otherwise non-deleterious
      nothing particularly critical resides in selection thereof. Accordingly,
      such materials which may in general be characterized as flavoring
      adjuvants or vehicles comprise broadly stabilizers, thickeners, surface
      active agents, conditioners, other flavorants and flavor intensifiers.
PAR  Stabilizer compounds include preservatives, e.g., sodium chloride;
      antioxidants, e.g., calcium and sodium ascorbate, ascorbic acid, butylated
      hydroxyanisole (mixture of 2 and 3 tertiary-butyl-4-hydroxyanisole),
      butylated hydroxy toluene (2,6-di-tertiarybutyl-4-methyl phenol), propyl
      gallate and the like and sequestrants, e.g., citric acid.
PAR  Thickener compounds include carriers, binders, protective colloids,
      suspending agents, emulsifiers and the like, e.g., agaragar, carrageenan;
      cellulose and cellulose derivatives such as carboxymethyl cellulose and
      methyl cellulose; natural and synthetic gums such as gum arabic, gum
      tragacanth; gelatin, proteinaceous materials; lipids; carbohydrates;
      starches pectins, and emulsifiers, e.g., mono-and diglycerides of fatty
      acids, skim milk powder, hexoses, pentoses, disaccharides, e.g., sucrose
      corn syrup and the like.
PAR  Surface active agents include emulsifying agents, e.g., fatty acids such as
      capric acid, caprylic acid, palmitic acid, myristic acid and the like,
      mono-and diglycerides of fatty acids, lecithin, defoaming and
      flavor-dispersing agents such as sorbitan monostearate, potassium
      stearate, hydrogenated tallow alcohol and the like.
PAR  Conditioners include compounds such as bleaching and maturing agents, e.g.,
      benzoyl peroxide, calcium peroxide, hydrogen peroxide and the like; starch
      modifiers such as peracetic acid, sodium chlorite, sodium hypochlorite,
      propylene oxide, succinic anhydride and the like, buffers and neutralizing
      agents, e.g., sodium acetate, ammonium bicarbonate, ammonium phosphate,
      citric acid, lactic acid, vinegar and the like; colorants, e.g., carminic
      acid, cochineal, turmeric and curcuma and the like; firming agents such as
      aluminum sodium sulfate, calcium chloride and calcium gluconate;
      texturizers, anti-caking agents, e.g., aluminum calcium sulfate and
      tribasic calcium phosphate; enzymes; yeast foods, e.g., calcium lactate
      and calcium sulfate; nutrient supplements, e.g., iron salts such as ferric
      phosphate, ferrous gluconate and the like, riboflavin, vitamins, zinc
      sources such as zinc chloride, zinc sulfate and the like.
PAR  Other flavorants and flavor intensifiers include organic acids, e.g.,
      acetic acid, formic acid, 2 -hexenoic acid, benzoic acid, n-butyric acid,
      caproic acid, caprylic acid, cinnamic acid, isobutyric acid, isovaleric
      acid, alpha-methyl-butyric acid, propionic acid, valeric acid,
      2-methyl-2-pentenoic acid, and 2-methyl-3-pentenoic acid; ketones and
      aldehydes, e.g., acetaldehyde, acetophenone, acetone, acetyl methyl
      carbinol, acrolein, n-butanal, crotonal, diacetyl, beta,
      beta-dimethyl-acrolein, n-hexanal, 2-hexenal, cis-3-hexenal, 2-heptanal,
      4-(p-hydroxyphenyl)-2-butanone, alpha-ionone, beta-ionone,
      methyl-3-butanone, 2-pentanone, 2-pentenal and propanal; alcohols, such as
      1-butanal, benzyl alcohol, 1-borneol, trans-2-buten-1-ol, ethanol,
      geraniol, 1-hexanal, 2-heptanol, trans-2-hexenol-1, cis-3-hexen-1-ol,
      3-methyl-3-buten-1-ol, 1-pentenol, 1-penten-3-ol,
      p-hydroxyphenyl-2-ethanol, isoamyl alcohol, isofenchyl alcohol,
      phenyl-2-ethanol, alpha-terpineol, cis-terpineol hydrate; esters, such as
      butyl acetate, ethyl acetate, ethyl acetoacetate, ethyl benzoate, ethyl
      butyrate, ethyl caproate, ethyl cinnamate, ethyl crotonate, ethyl formate,
      ethyl isobutyrate, ethyl isovalerate, ethyl alpha-methylbutyrate, ethyl
      propionate, ethyl salicylate, trans-2-hexenyl acetate, hexyl acetate,
      2-hexenyl butyrate, hexyl butyrate, isoamyl acetate, isopropyl butyrate,
      methyl acetate, methyl butyrate, methyl capronate, methyl isobutyrate,
      alphamethylbutyrate, propyl acetate, amyl acetate, amyl butyrate, benzyl
      salicylate, dimethyl anthranilate, ethyl methylphenylglycidate, ethyl
      succinate, isobutyl cinnamate and terpenyl acetate; essential oils, such
      as jasmine absolute, rose absolute, orris absolute, lemon essential oil,
      bulgarian rose, yara yara, natural raspberry oil and vanilla; lactones;
      sulfides, e.g., methyl sulfide and other materials such as maltol, acetoin
      and acetals (e.g., 1,1-diethoxyethane, 1,1-dimethoxyethane and
      dimethoxymethane.
PAR  The specific flavoring adjuvant selected for use may be either solid or
      liquid depending upon the desired physical form of the ultimate product,
      i.e., foodstuff, whether simulated or natural, and should, in any event,
      be capable of providing an environment in which the high cis
      2-methyl-3-pentenoic acid can be dispersed or admixed to provide a
      homogeneous medium. In addition, selection of one or more flavoring
      adjuvants, as well as the quantities thereof, will depend upon the precise
      organoleptic character desired in the finished product. Thus, in the case
      of flavoring compositions, ingredient selection will vary in accordance
      with the foodstuff to which the flavor and aroma are to be imparted. In
      contradistinction, in the preparation of solid products, e.g., simulated
      foodstuffs, ingredients capable of providing normally solid compositions
      should be selected such as various cellulose derivatives.
PAR  As will be appreciated by those skilled in the art, the amount of high
      cis-2-methyl-3-pentenoic acid employed in a particular instance can vary
      over a relatively wide range whereby to its desired organoleptic effects
      having reference to the nature of the product are achieved. All parts and
      percentages given herein are by weight unless otherwise specified. Thus,
      correspondingly greater amounts would be necessary in those instances
      wherein the ultimate food composition to be flavored is relatively bland
      to the taste, whereas relatively minor quantities may suffice for purposes
      of enhancing the composition merely deficient in natural flavor or aroma.
      Thus, the primary requirement is that the amount selected to be effective,
      i.e., sufficient to alter the organoleptic characteristics of the parent
      composition, whether foodstuff per se or flavoring composition. Thus, the
      use of insufficient quantities of high cis-2-methyl-3-pentenoic acid will,
      of course, substantially vitiate any possibility of obtaining the desired
      results while excess quantities prove needlessly costly and in extreme
      cases, may disrupt the flavor-aroma balance, thus proving self-defeating.
      Accordingly, the terminology "effective amount" and "sufficient amount" is
      to be accorded a significance in the context of the present invention
      consistent with the obtention of desired flavoring effects.
PAR  Thus, and with respect to ultimate food compositions, it is found that
      quantities of high cis-2-methyl-3-pentenoic acid ranging from a small but
      effective amount, e.g., 0.01 parts per million up to about 50 parts per
      million by weight based on total composition are suitable. Concentrations
      in excess of the maximum quantity stated are not normally recommended
      since they fail to prove commensurate enhancement of organoleptic
      properties. In those instances wherein the high cis-2-methyl-3-pentenoic
      acid is added to the foodstuff as an integral component of a flavoring
      composition, it is of course essential that the total quantity of
      flavoring composition employed be sufficient to yield an effective high
      cis-2-methyl-3-pentenoic acid concentration in the foodstuff product.
PAR  Food flavoring compositions prepared in accordance with the present
      invention preferably contain the high cis-2-methyl-3-pentenoic acid in
      concentrations ranging from about 0.015 up to about 10% by weight based on
      the total weight of said flavoring composition.
PAR  The compositions described herein can be prepared according to conventional
      techniques well known as typified by cake batters and vegetable juices can
      be formulated by merely admixing the involved ingredients within the
      proportions stated in a suitable blender to obtain the desired
      consistency, homogeneity of dispersion, etc. Alternatively, flavoring
      compositions in the form of pariculate solids can be conveniently prepared
      by mixing the high cis-2-methyl-3-pentenoic acid with for example gum
      arabic, gum tragacanth, carrageenan and the like, and thereafter
      spray-drying the resultant mixture whereby to obtain the particular solid
      product. Pre-prepared flavor mixes in powder form, e.g., a vanilla powder
      mix or a walnut flavored powder mix are obtained by mixing the dried solid
      components, e.g., starch, sugar, and the like and high
      cis-2-methyl-3-pentenoic acid in a dry blender until the requisite degree
      of uniformity is achieved.
PAR  It is presently preferred to combine with the 2-methyl-3-pentenoic acid
      isomer mixture the following adjuvants:
PA1  Geraniol
PA1  Ethyl methyl phenyl glycidate
PA1  Vanillin
PA1  Ethyl pelargonate
PA1  Isoamyl acetate
PA1  Ethyl butyrate
PA1  Naphthyl ethyl ether
PA1  Ethyl acetate
PA1  Isoamyl butyrate
PA1  2-Methyl-2-pentenoic acid
PA1  Elemecine (4-allyl-1,2,6-trimethoxy benzene)
PA1  Isoelemecine (4-propenyl-1,2,6-trimethoxy benzene)
PAR  The high cis-2-methyl-3-pentenoic acid can also be used to improve and
      augment the organoleptic properties of tobacco and tobacco products. Thus,
      the said high cis-2-methyl-3-pentenoic acid will impart a sweet, more
      natural rum character to tobacco when used at levels of from 100 parts per
      million up to 500 parts per million based on the dry weight of the
      tobacco. "Tobacco" as used herein includes natural tobaccos such as
      burley, turkish tobacco, Maryland tobacco, tobacco-like products such as
      reconstituted tobacco of homogenized tobacco and tobacco substitutes
      intended to replace natural tobacco such as various vegetable leaves, for
      example, lettuce, cabbage leaves and the like.
PAR  The high cis-2-methyl-3-pentenoic acid and an auxiliary perfume ingredient,
      including, for example, alcohols, aldehydes, nitriles, esters, cyclic
      esters and natural essential oils, may be admixed so that the combined
      odors of the individual components produce a pleasant and desired
      fragrance, particularly and preferably in strawberry fragrances. Such
      perfume compositions usually contain (a) the main note or the "bouquet" or
      foundation stone of the composition; (b) modifiers which round off and
      accompany the main note; (c) fixatives which include odorous substances
      which lend a particular note to the perfume throughout all stages of
      evaporation and substances which retard evaporation; and (d) topnotes
      which are usually low boiling fresh smelling materials.
PAR  In perfume compositions, the individual components will contribute its
      particular olfactory characteristics, but the over-all effect of the
      perfume composition will be the sum of the effects of each of the
      ingredients. Thus, the high cis-2-methyl-3-pentenoic acid isomer mixture
      can be used to alter the aroma characteristics of a perfume composition,
      for example, by utilizing or moderating the olfactory reaction contributed
      by another ingredient in the composition.
PAR  The amount of high cis-2-methyl-3-pentenoic acid of our invention which
      will be effective in perfume compositions depends on many factors,
      including the other ingredients, their amounts and the effects which are
      desired. It has been found that perfume compositions containing as little
      as 0.3% of high cis-2-methyl-3-pentenoic acid or even less (e.g., 0.05%)
      can be used to impart a scent odor to soaps, cosmetics or other products.
      The amount employed can range up to 5% of the fragrance components and
      will depend on considerations of cost, nature of the end product, the
      effect desired on the finished product and the particular fragrance
      sought.
PAR  The high cis-2-methyl-3-pentenoic acid is useful in perfume compositions as
      an olfactory component in detergents and soaps, space odorants and
      deodorants, perfumes, colognes, toilet water, bath preparations, such as
      bath oils, and bath solids; hair preparations, such as lacquers,
      brilliantines, pomades and shampoo; cosmetic preparations, such as creams,
      deodorants, hand lotions, and sun screens; powders, such as talcs, dusting
      powders, face powders and the like. When used as an olfactory component of
      a perfumed article, as little as 100 parts per million of high
      cis-2-methyl-3-pentenoic acid will suffice to impart a sweet, green, sharp
      strawberry character which is one of the key odor characteristics of
      strawberry perfume formulations. Generally, no more than 0.8% of high
      cis-2-methyl-3-pentenoic acid based on the ultimate end product is
      required in the perfume composition.
PAR  In addition, the perfume composition or fragrance composition of our
      invention can contain a vehicle, or carrier for the high
      cis-2-methyl-3-pentenoic acid. The vehicle can be a liquid such as an
      alcohol, a non-toxic alcohol, a non-toxic glycol, or the like. The carrier
      can also be an absorbent solid, such as a gum (e.g., gum arabic) or
      components for encapsulating the composition (such as gelatin).
PAR  It will thus be apparent that high cis-2-methyl-3-pentenoic acid can be
      utilized to alter the sensory properties, particularly organoleptic
      properties, such as flavor and/or fragrance of a wide variety of
      consumable materials.
DETD
PAR  The following examples are given to illustrate embodiments of the invention
      as it is presently preferred to practice it. It will be understood that
      these examples are illustrative, and the invention is not to be considered
      as restricted thereto except as indicated in the appended claims.
PAC  EXAMPLE I
PAC  Preparation of an Approximately 60:40 Cis:trans Mixture 2-methyl-3pentenoic
      acid
PAL  A. preparation of 4-chloro-2-pentene
PAR  into a 3 liter flask equipped with stirrer, thermometer, reflux condenser,
      subsurface addition tube and inlet and outlet bubblers and cooling bath,
      1000 gms. (14.8 moles) of 97.7% pure piperylene is charged. The piperylene
      is cooled to 10.degree.C and the reaction vessel is purged with dry
      nitrogen. While passing in hydrogen chloride, the reaction mass is stirred
      vigorously and the reaction mass temperature is maintained at
      10.degree.-15.degree.C with external cooling. The hydrogen chloride is
      added over a period of 7 hours. The reaction mass is then purged with
      nitrogen at room temperature for a period of 10-20 minutes to remove any
      excess hydrogen chloride. The crude product may then be used further
      without purification for the preparation of the 2-methyl-3-pentenoic acid
      isomer mixture. The amount of crude product obtained is 1,435 gms.
PAL  B. preparation of 2-methyl-3-pentenoic acid isomer mixture
PAR  into a 12 liter reaction vessel equipped with stirrer, thermometer, reflux
      condenser, dropping funnel, two bubblers, heating mantle and cooling bath,
      thoroughly purged with nitrogen, the following materials are charged:
      Magnesium Turnings 600 gms. Tetrahydrofuran 3 liters
PAL  The magnesium-tetrahydrofuran mixture is heated to 50.degree.C at which
      time 70 ml of a solution (produced by admixing 750 gms of
      4-chloro-2-pentene produced in step (A) with 2 liters of tetrahydrofuran)
      is added to the magnesium-tetrahydrofuran mixture in the 12-liter reaction
      vessel with stirring. The reaction mass temperature increased indicating
      the initiation of a Grignard reaction. With stirring, the remainder of the
      4-chloro-2-pentene-tetrahydrofuran solution is added over a period of 5
      hours. During the first 30 minutes of the addition, the reaction mass is
      slowly cooled to 25.degree.-30.degree.C and after that time the reaction
      mass is maintained at 25.degree.-30.degree.C throughout the remainder of
      the addition. The reaction mass is then stirred for 1 hour at
      25.degree.-30.degree.C.
PAR  7.2 Kilograms of finely crushed dry ice is added into a 22 liter reaction
      flask equipped with an air driven motor stirrer, addition tube and an
      inlet and outlet bubblers. The Grignard reagent produced in the 12 liter
      reaction vessel is siphoned onto the dry ice in the 22 liter flask thus
      leaving the excess magnesium turnings in the 12 liter flask. A nitrogen
      stream is used to prevent premature reaction of carbon dioxide at the
      inlet tube. The dry ice-Grignard reagent mixture is then stirred slowly
      until the excess carbon dioxide has evaporated. The time of stirring is 8
      hours. 2.5 Liters of water is then added to dissolve the magnesium salt
      and tetrahydrofuran is recovered by distillation at atmospheric pressure
      to pot temperature of 80.degree.C. 1.25 Liters of toluene is then added to
      the reaction mass followed by 750 ml of concentrated hydrochloride acid
      over a period of 30 minutes maintaining the temperature of the reaction
      mass between 30.degree.-40.degree.C. The reaction mass is then stirred for
      another 30 minutes without further heating or cooling. The organic layer
      is removed and the aqueous layer is extracted with 1.25 liters of toluene
      after which time the two organic layers are combined. The organic solution
      is then stripped of solvent and the crude 2-methyl-3-pentenoic acid is
      rushed over to a pot temperature of 180.degree.C at 2 mm Hg. using a 2
      liter still with a 2 inch splash column. The rushed over
      2-methyl-3-pentenoic acid is then fractionated at 3 mm Hg. pressure and a
      vapor temperature of 62.degree.-63.degree.C on a 11/2 inch .times. 18 inch
      Goodloe packed column after adding 40 gms. of Primol and 1 gm of Ionol.
      NMR, IR and Raman spectral analyses indicate that the material produced is
      a 60:60 cis: trans mixture of isomers of 2-methyl-3-pentenoic acid
      (weight: 38 gms.).
TBL  ______________________________________                                    

     NMR Analysis (CDCl.sub.3):                                                

     Signal          Interpretation                                            

     ______________________________________                                    

     1.24      (d, 3H)   --CH--CH.sub.3                                        

     1.69      (d, 3H)   =CH--CH.sub.3                                         

     (3.10)              .vertline.                                            

                                   (Shows cis:trans                            

               (m, 1H)   --CH      ratio of 3:2)                               

     (3.50)              .vertline.                                            

     5.52 ppm  (m, 2H)   --CH=CH--                                             

     ______________________________________                                    

      NOTE: Signal at 3.50 ppm attributed to "cis" isomer, and 3.10 ppm        

      attributed to "trans" isomer.?                                           

PAC  EXAMPLE II
PAR  The following concentrate is prepared:
     Ingredient               Percent                                          

     ______________________________________                                    

     Geraniol                 1.00                                             

     Ethyl methyl phenyl glycidate                                             

                              3.33                                             

     High cis-2-methyl-3-pentenoic acid                                        

                              4.77                                             

     (prepared according to the process                                        

     of Example I)                                                             

     Vanillin                 5.66                                             

     Ethyl pelargonate        13.06                                            

     Isoamyl acetate          14.00                                            

     Ethyl butyrate           58.18                                            

     ______________________________________                                    

PAC  EXAMPLE III
PAR  Another concentrate is prepared as follows:
TBL  Ingredient               Percent                                          

     ______________________________________                                    

     Naphthyl ethyl ether     0.96                                             

     Vanillin                 2.66                                             

     Ethyl methyl phenyl glycidate                                             

                              2.88                                             

     High cis-2-methyl-3-pentenoic acid                                        

                              4.90                                             

     (prepared according to the process                                        

     of Example I)                                                             

     Ethyl acetate            9.58                                             

     Isoamyl acetate          12.25                                            

     Ethyl butyrate           26.20                                            

     Isoamyl butyrate         40.57                                            

     ______________________________________                                    

PAC  EXAMPLE IV
PAR  The concentrate prepared in Example II is dissolved in 4 volumes of
      propylene glycol and the mixture is added to a hard candy melt at the rate
      of 1.5 oz of the concentrate solution per 100 lbs. of melt. After the
      finished candy has been produced, it is found to have an excellent
      strawberry flavor. When the candy is compared with candy made under the
      same conditions, but without the 2-methyl-3-pentenoic acid prepared
      according to the process of Example I in the concentrate, it is found to
      have an inferior strawberry flavor.
PAC  EXAMPLE V
PAR  The propylene glycol solution of the concentrate as prepared in Example IV
      is added to a simple syrup at the rate of one-eighth oz. per gallon of
      syrup. The syrup is acidified by the addition of 1.5 oz. of 50% aqueous
      citric acid solution to each gallon of syrup. A carbonated beverage is
      prepared by admixing one oz. of the flavored, acidified syrup with 5 oz.
      of carbonated water. The beverage so prepared has an excellent fresh
      strawberry flavor, and is found to be markedly superior to a beverage
      prepared in the same manner but without the high cis-2-methyl-3-pentenoic
      acid prepared according to the process of Example I.
PAC  EXAMPLE VI
PAR  The flavor concentrate prepared in Example III is admixed with gum arabic
      and in the proportion of 7 lbs. of concentrate to 28 lbs. of gum arabic in
      65 lbs. of water, and the aqueous mixture is spray-dried. The flavor
      concentrate-carrier combination so obtained is then added to a gelatin
      dessert mix in the ratio of 1 oz. of spray-dried material to 100 lbs. of
      dessert mix powder. The gelatin dessert produced from the mix has an
      excellent strawberry flavor and is markedly superior to a gelatin dessert
      prepared in the same manner without the 2-methyl-3-pentenoic acid prepared
      according to the process of Example I in the concentrate.
PAC  EXAMPLE VII
PAC  Strawberry Fragrance
PAR  The following mixture is prepared:
TBL  Ingredient             Parts by Weight                                    

     ______________________________________                                    

     Ethyl aceto acetate    3                                                  

     Ethyl laurate          10                                                 

     Cinnamyl isobutyrate   3                                                  

     Cinnamyl isovalerate   5                                                  

     Diacetyl               2                                                  

     Heliotropyl acetate    20                                                 

     Peach aldehyde coeur   100                                                

     Ethyl butyrate         200                                                

     Ethyl isovalerate      20                                                 

     Ethyl heptoate         1                                                  

     Dulcinyl               5                                                  

     para-Hydroxy phenyl butanone                                              

                            2                                                  

     Ethyl acetate          1                                                  

     Beta Ionone            10                                                 

     Palatone               2                                                  

     Ethyl vanillin         1                                                  

     Hexadecanal            150                                                

     High cis-2-methyl-3-pentenoic acid                                        

                            5                                                  

     (prepared according to the process                                        

     of Example I)                                                             

     ______________________________________                                    

PAL  The high cis-2-methyl-3-pentenoic acid prepared according to the process of
      Example I imparts a definite green, sweet, sharp strawberry note to this
      strawberry fragrance.
PAC  EXAMPLE VIII
PAC  Tobacco Formulation
PAR  A tobacco mixture is produced by admixing the following materials:
TBL  Ingredient          Parts by Weight                                       

     ______________________________________                                    

     Bright              40.1                                                  

     Burley              24.9                                                  

     Maryland            1.1                                                   

     Turkish             11.6                                                  

     Stem (flue-cured)   14.2                                                  

     Glycerine           2.8                                                   

     Water               5.3                                                   

     ______________________________________                                    

PAL  Cigarettes are prepared from this tobacco.
PAR  The following flavor formulation is prepared:
TBL  Ingredient         Parts by Weight                                        

     ______________________________________                                    

     Ethyl butyrate     .05                                                    

     Ethyl valerate     .05                                                    

     Maltol             2.00                                                   

     Cocoa extract      26.00                                                  

     Coffee extract     10.00                                                  

     Ethyl alcohol      20.00                                                  

     Water              41.90                                                  

     ______________________________________                                    

PAL  The above-stated tobacco flavor formulation is applied at the rate of 0.5%
      to all of the cigarettes produced using the above tobacco formulation.
      Half of the cigarettes are then treated with 5 and 10 ppm of
      2-methyl-3-pentenoic acid produced according to the process of Example I.
      The control cigarettes not containing the 2-methyl-3-pentenoic acid
      produced according to the process of Example I and the experimental
      cigarettes which contain the 2-methyl-3-pentenoic acid produced according
      to the process of Example I are evaluated by paired comparison and the
      results are as follows:
PAR  The experimental cigarettes are found to be, on smoking, more aromatic, and
      richer in aroma, i.e., having a well pronounced, pleasant, full aroma.
PAR  In the smoke, the experimental cigarettes are found to be more aromatic,
      sweeter, more bitter, less harsh in the mouth and throat and slightly
      woody and smokey. All cigarettes are evaluated for smoke flavor with a 20
      mm cellulose acetate filter.
PAR  The high cis-2-methyl-3-pentenoic acid produced according to the process of
      Example I enhances the tobacco-like taste and aroma of the blended
      cigarette and gives the cigarette a turkish-like character.
PAC  EXAMPLE IX
PAC  Preparation of Soap Composition
PAR  One hundred grams of soap chips are mixed with one gram of the perfume
      composition of Example VII until a substantially homogeneous composition
      is obtained. The perfumed soap composition manifests an excellent
      strawberry character with a green, sweet nuance.
PAC  EXAMPLE X
PAC  Preparation of a Detergent Composition
PAR  A total of 100 g of a detergent powder is mixed with 0.15 g of the perfume
      composition of Example VII until a substantially homogeneous composition
      is obtained. This composition has an excellent strawberry fragrance.
PAC  EXAMPLE XI
PAC  Preparation of a Cosmetic Powder Composition
PAR  A cosmetic powder is prepared by mixing in a ball mill, 100 g of talcum
      powder with 0.25 g of 2-methyl-3-pentenoic acid 3:2 cis:trans isomer
      mixture prepared according to Example I. It has an excellent sweet, green,
      strawberry aroma.
PAC  EXAMPLE XII
PAC  Perfumed Liquid Detergent
PAR  Concentrated liquid detergents with a fruity, chamomile odor are prepared
      containing 0.10%, 0.15% and 0.20% of high cis-2-methyl-3-pentenoic acid
      prepared according to Example I. They are prepared by adding and
      homogeneously mixing the appropriate quantity of high
      cis-2-methyl-3-pentenoic acid in the liquid detergent. The detergents all
      possess a sweet, green strawberry fragrances, the intensity increasing
      with greater concentration of high cis-2-methyl-3-pentenoic acid.
PAC  EXAMPLE XIII
PAC  Preparation of a Cologne and Handkerchief Perfume
PAR  High cis-2-methyl-3-pentenoic acid prepared according to the process of
      Example I is incorporated in a cologne at a concentration of 2.5% in 85%
      aqueous ethanol; and into a handkerchief perfume at a concentration of 20%
      (in 95% aqueous ethanol). A distinct and definite sweet, green, strawberry
      fragrance is imparted to the cologne and to the handkerchief perfume.
PAC  EXAMPLE XIV
PAC  Preparation of a Cologne and Handkerchief Perfume
PAR  The composition of Example VII is incorporated in a cologne at a
      concentration of 2.5% in 85% aqueous ethanol; and into a handkerchief
      perfume at a concentration of 20% (in 95% aqueous ethanol). The use of the
      high cis-2-methyl-3-pentenoic acid in the composition of Example VII
      affords a distinct and definite strong strawberry aroma with a sweet,
      green note to the handkerchief perfume and cologne.
PAC  EXAMPLE XV
PAC  Preparation of Soap Composition
PAR  One hundred grams of soap chips are mixed with one gram of 3:2 cis:trans
      2-methyl-3-pentenoic acid until a substantially homogeneous composition is
      obtained. The perfumed soap composition manifests an excellent strawberry
      aroma with a sweet, green note.
PAC  EXAMPLE XVI
PAC  Preparation of a Detergent Composition
PAR  A total of 100 g of a detergent powder is mixed with 0.15 g of the isomer
      mixture of 3:2 cis:trans-2-methyl-3-pentenoic acid of Example I until a
      substantially homogeneous composition is obtained. This composition has an
      excellent strawberry aroma with a sweet, green note.
PAC  EXAMPLE XVII
PAC  Preparation of a Cosmetic Powder Composition
PAR  A cosmetic powder is prepared by mixing in a ball mill 100 g of talcum
      powder with 0.25 g of 2-methyl-3-pentenoic acid 3:2 cis:trans isomer
      mixture prepared according to Example I. It has an excellent sweet, green,
      strawberry character.
PAC  EXAMPLE XVIII
PAC  Preparation of Mixture Containing 80% Cis-2-methyl-3-pentenoic Acid and 20%
      2-Methyl-2-pentenoic acid
PAL  A. preparation of 3-pentyn-2-OL
PAR  Equipment: 5 liter reaction flask
PAR  Material:
TBL  Methyl magnesium chloride                                                 

                             3 liters                                          

     (3 molar in tetrahydrofuran)                                              

     Mapp gas (Mixture of methyl                                               

                             600 g                                             

     acetylene and allene)                                                     

     Acetaldehyde (6 molar)  264 g                                             

PAR  Procedure: Mapp gas is passed through a sodium hydroxide drying tube into
      the methyl magnesium chloride solution at 40.degree.- 50.degree.C. The
      operation takes 5 hours to completion. The mixture is heated to
      50.degree.C for an additional 2 hours before cooling. To the cold solution
      is added 264 g of acetaldehyde at 20.degree.- 30.degree.C over 2 hours
      with cooling. The mixture is then stirred for 1 hour at 25.degree.C and is
      then decomposed with 800 ml of concentrated hydrochloric acid and 5 kg of
      ice. The resulting lower layer is extracted with one liter of benzene. The
      combined organic liquids are washed with two 200 ml portions of 20%
      aqueous NaCl and distilled at atmospheric pressure to a pot temperature of
      92.degree.C and then rushed over under vacuum. The rushed over material is
      then topped at 45-50 mm Hg. pressure to a pot temperature of 72.degree.C
      (weight of product: 92 grams). After the topping, this material is used to
      prepare 4-chloro-2-pentyne in part B, infra, without further purification.
PAL  B. preparation of 4-chloro-2-pentyne
PAR  Equipment: 250 ml reaction flask
PAR  Material:
TBL  3-Pentyn-2-ol        84 g (Ex part A)                                     

     Phosphorous trichloride                                                   

                          69 g                                                 

PAR  Procedure: The phosphorus trichloride is added at 20.degree.-25.degree.C
      with cooling to the 3-pentyn-2-ol prepared in part A, supra. The mixture
      is stirred for 12 hours at 20.degree.-25.degree.C and then heated to
      72.degree.C for 5 hours. IR analysis indicates that the reaction is
      complete. The material is then rushed over under vacuum to give
      4-chloro-2-pentyne for the Grignard reaction exemplified in part C, infra.
      The yield is nearly quantitative.
PAL  C. preparation of 2-methyl-3-pentynoic acid
PAR  equipment: 1 liter reaction flask
PAR  Material:
TBL  4-Chloro-2-pentyne      46 g                                              

     Magnesium chips         60 g                                              

     Tetrahydrofuran (dry)   500 ml                                            

PAR  Procedure: 4-Chloro-2-pentyne is dissolved in 200 ml of tetrahydrofuran and
      added over 41/2 hours (after starting the reaction with iodine crystals)
      to the magnesium chips in 300 ml of tetrahydrofuran. The reaction
      temperature rises to 44.degree.-50.degree.C in the initiation period and
      is maintained at 28.degree.-30.degree.C with external cooling. The
      reaction mixture is allowed to stir for an additional hour after all of
      the 4-chloro-2-pentyne is added. The resulting Grignard reagent is poured
      onto 620 g of dry ice (powdered) with stirring. After the CO.sub.2
      evaporates, 300 ml of water is added and the solution is extracted with
      three 200 ml portions of toluene. The toluene extracts are discarded. The
      aqueous solution is cooled and acidified with 50 ml of concentrated
      hydrochloric acid; then extracted with two 200 ml portions of toluene. The
      toluene extract, after washing with three 50 ml portions of 20% NaCl
      solution is stripped of solvent and rushed over to give 22 g of crude
      acids. The crude product is then fractionated in a semi-micro still to
      give 6.2 g of an acid mixture which contains a 3:1 mixture of
      2-methyl-3-pentynoic acid and 2-methyl-2,3-pentadienoic acid.
PAL  D. hydrogenation reaction
PAR  equipment: Parr Shaker
PAR  Material:
TBL  Mixture of 2-methyl-3-  4 g                                               

     pentynoic acid and 2-                                                     

     methyl-2,3-pentadienoic                                                   

     acid                                                                      

     Methanol (absolute)     50 ml                                             

     3% Pd/CaSO.sub.4        0.1 g                                             

PAR  Procedure: The 2-methyl-3-pentynoic acid and 2-methyl-2,3-pentadienoic acid
      mixture produced in part C, supra, is hydrogenated at room temperature in
      methanol in the presence of Pd/CaSO.sub.4 catalyst at a hydrogen pressure
      of 44.5 psig. The reaction is complete in 5 minutes. After removal of the
      methanol, the residue oil is analyzed by GLC which shows one peak.
      However, NMR analysis shows two products confirmed to be
      cis-2-methyl-3-pentenoic acid and 2-methyl-2-pentenoic acid. (A 4:1
      mixture).
PAC  EXAMPLE XIX
PAC  Flavor Formulation Containing Mixture of 80%
      Cis-ethyl-2-methyl-3-pentenoate and 20% Ethyl-2-methyl-2-pentenoate
PAR  The following basic strawberry formulation is prepared:
TBL  Ingredient             Parts by Weight                                    

     ______________________________________                                    

     Parahydroxy benzyl acetone                                                

                            0.2                                                

     Vanillin               1.5                                                

     Maltol                 2.0                                                

     Ethyl-3-methyl-3-phenyl glycidate                                         

                            1.5                                                

     Benzyl acetate         2.0                                                

     Ethyl butyrate         1.0                                                

     Methyl cinnamate       0.5                                                

     Methyl anthranilate    0.5                                                

     Alpha-ionone           0.1                                                

     Gamma undecalactone    0.2                                                

     Diacetyl               0.2                                                

     Anethole               0.1                                                

     Cis-3-hexenol          1.7                                                

     95% aqueous ethanol    38.5                                               

     Propylene glycol       50.0                                               

                            100.0                                              

     ______________________________________                                    

PAR  To a portion of the foregoing formulation, 0.2% by weight of a mixture of
      80% cis-2-methyl-3-pentenoic acid and 20% 2-methyl-2-pentenoic acid
      prepared according to the process of Example XVIII is added. The
      formulation with the high cis-2-methyl-3-pentenoic acid is compared to the
      same formulation without said high cis-2-methyl-3-pentenoic acid.
PAR  Both flavors are evaluated in a milk beverage sweetened with 10% sugar at
      the rate of 100 ppm. Both beverages are tasted by an expert panel. The
      beverage containing the strawberry formulation with the addition of the
      mixture containing 80% cis-2-methyl-3-pentenoic acid is unanimously
      preferred as having a more natural like, strawberry aroma, a sweeter, more
      green, more pleasant strawberry taste and a sweet, strawberry after-taste.
PAC  EXAMPLE XX
PAC  Tobacco Flavor Formulation and Tobacco
PAR  A tobacco mixture is produced by admixing the following materials:
TBL  Ingredient          Parts by Weight                                       

     ______________________________________                                    

     Bright              40.1                                                  

     Burley              24.9                                                  

     Maryland            1.1                                                   

     Turkish             11.6                                                  

     Stem (flue-cured)   14.2                                                  

     Glycerine           2.8                                                   

     Water               5.3                                                   

     ______________________________________                                    

PAL  Cigarettes are prepared from this tobacco.
PAR  The following flavor formulation is prepared:
TBL  Ingredient            Parts by Weight                                     

     ______________________________________                                    

     Ethyl butyrate        .05                                                 

     Ethyl valerate        .05                                                 

     Maltol                2.00                                                

     Cocoa extract         26.00                                               

     Coffee extract        10.00                                               

     Ethyl alcohol (95% aqueous)                                               

                           20.00                                               

     Water                 41.90                                               

     ______________________________________                                    

PAR  The above-stated tobacco flavor formulation is applied at the rate of 0.1%
      to all of the cigarettes produced using the above tobacco formulation.
      Half of the cigarettes are then treated with 100 or 200 ppm of the mixture
      containing 805 cis-2-methyl-3-pentenoic acid and 20%
      ethyl-2-methyl-2-pentenoic acid produced according to the process of
      Example XVIII.
PAR  The control cigarettes not containing the mixture having 80%
      cis-2-methyl-3-pentenoic acid produced according to the process of Example
      XVIII and the experimental cigarettes which do contain the mixture having
      80% cis-2-methyl-3-pentenoic acid produced according to the process of
      Example XVIII are evaluated by paired comparison, and the results are as
      follows:
PAR  In aroma, the cigarettes containing the mixture having 80%
      cis-2-methyl-3-pentenoic acid have been found to be more aromatic.
PAR  In smoke flavor, the cigarettes containing the mixture having 80%
      cis-2-methyl-3-pentenoic acid are more aromatic, more sweet, more bitter,
      slightly less harsh in the mouth and throat and leave a slight, sweet
      chemical mouth-coating effect similar to Turkish tobacco.
PAR  In summary, the mixture having 80% cis-2-methyl-3-pentenoic acid enhances
      the tobacco-like taste and aroma of a blended cigarette and imparts to
      that cigarette a Turkish-like character in smoke flavor.
PAC  EXAMPLE XXI
PAC  Strawberry Fragrance
PAR  The following mixture is prepared:
TBL  Ingredient             Parts by Weight                                    

     ______________________________________                                    

     Ethyl acetoacetate     3                                                  

     Ethyl laurate          10                                                 

     Cinnamyl isobutyrate   3                                                  

     Cinnamyl isovalerate   5                                                  

     Diacetyl               2                                                  

     Heliotropyl acetate    20                                                 

     Peach aldehyde coeur   100                                                

     Ethyl butyrate         200                                                

     Ethyl isovalerate      20                                                 

     Ethyl heptanoate       1                                                  

     Dulcinyl               5                                                  

     2(para-hydroxyphenyl)-3-butanone                                          

                            2                                                  

     Ethyl acetate          1                                                  

     Beta-ionone            10                                                 

     Palatone               2                                                  

     Ethyl vanillin         1                                                  

     Ethyl-3-methyl-3-phenyl glycidate                                         

                            150                                                

     Mixture containing 80% cis-2-methyl-                                      

                            5                                                  

     3-pentenoic acid (prepared according                                      

     to the process of Example XVIII)                                          

     ______________________________________                                    

PAR  The mixture containing 80% cis-2-methyl-3-pentenoic acid prepared according
      to the process of Example XVIII imparts a green, sweet, fresh strawberry
      note to this strawberry fragrance.
PAC  EXAMPLE XXII
PAC  Preparation of Soap Composition
PAR  One hundred grams of soap chips are mixed with one gram of the perfume
      composition of Example XXI until a substantially homogeneous composition
      is obtained. The perfumed soap composition manifests an excellent
      strawberry character with a sweet, green nuance.
PAC  EXAMPLE XXIII
PAC  Preparation of a Detergent Composition
PAR  A total of 100 g of a detergent powder is mixed with 0.15 g of the perfume
      composition of Example XXI until a substantially homogeneous composition
      is obtained. This composition has an excellent strawberry fragrance.
PAC  EXAMPLE XXIV
PAC  Preparation of a Cosmetic Powder Composition
PAR  A cosmetic powder is prepared by mixing in a ball mill 100 g of talcum
      powder with 0.25 g of the mixture containing 80% cis-2-methyl-3-pentenoic
      acid prepared according to Example XVIII. It has an excellent sweet,
      green, strawberry aroma.
PAC  EXAMPLE XXV
PAC  Perfumed Liquid Detergent
PAR  Concentrated liquid detergents with a fruity, chamomile odor are prepared
      containing 0.10%, 0.15% and 0.20% of the mixture having 80%
      cis-2-methyl-3-pentenoic acid prepared according to Example XVIII. They
      are prepared by adding and homogeneously mixing the appropriate quantity
      of mixture containing 80% cis-2-methyl-3-pentenoic acid in the liquid
      detergent. The detergents all possess a sweet, green, strawberry
      fragrance, the intensity increasing with greater concentrations of mixing
      containing 80% cis-2-methyl-3-pentenoic acid.
PAC  EXAMPLE XXVI
PAC  Preparation of a Cologne and Handkerchief Perfume
PAR  The composition of Example XXI is incorporated in a cologne at a
      concentration of 2.5% in 85% aqueos ethanol; and into a handkerchief
      perfume at a concentration of 20% (in 95% aqueous ethanol). The use of the
      mixture containing 80% cis-2-methyl-3-pentenoic acid in the composition of
      Example XXI affords a distinct and definite strong strawberry aroma with a
      sweet, green note to the handkerchief perfume and cologne.
PAC  EXAMPLE XXVII
PAC  Preparation of Soap Composition
PAR  One hundred grams of soap chips are mixed with one gram of mixture
      containing 80% cis-2-methyl-3-pentenoic acid of Example XVIII until a
      substantially homogeneous composition is obtained. The perfumed soap
      composition manifests an excellent strawberry aroma with a sweet, green
      note.
PAC  EXAMPLE XXVIII
PAC  Preparation of a Detergent Composition
PAR  A total of 100 g of a detergent powder is mixed with 0.15 g of the mixture
      containing 80% cis-2-methyl-3-pentenoic acid of Example XVIII until a
      substantially homogeneous composition is obtained. This composition has an
      excellent strawberry aroma with a sweet, green note.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a mixture containing 80%
      cis-2-methyl-3-pentenoic acid and 20% 2-methyl-2-pentenoic acid comprising
      the steps of:
PA1  a. reacting in the presence of a non-reactive solvent at a temperature in
      the range of 40.degree.-60.degree.C methyl acetylene with a methyl
      magnesium halide to form a methyl acetylene magnesium halide Grignard
      reagent;
PA1  b. reacting in the presence of a non-reactive solvent at a temperature in
      the range of 20.degree.-30.degree.C the methyl acetylene magnesium halide
      Grignard reagent with acetaldehyde to form a 3-pentyn-2-ol magnesium
      halide salt;
PA1  c. hydrolyzing said 3-pentyn-2-ol magnesium halide salt with concentrated
      mineral acid to form 3-pentyn-2-ol;
PA1  b. reacting in the presence of a non-reactive solvent at a temperature in
      the range of 20.degree.-30.degree.C the methyl acetylene magnesium halide
      Grignard reagent with acetaldehyde to form a 3-pentyn-2-ol magnesium
      halide salt;
PA1  e. reacting in the presence of a non-reactive solvent at a temperature in
      the range of 25.degree.-50.degree.C said 4-halo-2-pentyne with magnesium
      to form a 4-magnesium halo-2-pentyne Grignard reagent;
PA1  f. reacting said 4-magnesium halo-2-pentyne Grignard reagent with CO.sub.2
      to form a magnesium halo carboxylate salt mixture;
PA1  g. hydrolyzing said magnesium halo carboxylate salt mixture with aqueous
      mineral acid at a temperature in the range of 20.degree.-30.degree.C to
      form a mixture of 2-methyl-3-pentenoic acid and 2-methyl-2,3-pentadienoic
      acid; and
PA1  h. reacting in the presence of a non-reactive solvent said mixture of
      2-methyl-3-pentynoic acid and 2-methyl-2,3-pentadienoic acid with
      hydrogen; the reaction taking place at a pressure of 20.degree.-200 psig
      and a temperature in the range of 20.degree.-40.degree.C in the presence
      of a Pd/CaSO.sub.4 catalyst to form a mixture containing 80%
      cis-2-methyl-3-pentenoic acid and 20% 2-methyl-2-pentenoic acid.
PATN
WKU  039313077
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APN  420574&
APT  1
ART  127
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TTL  Process for the stabilization of methionine
ISD  19760106
NCL  9
ECL  1
EXP  Raymond; Richard L.
INVT
NAM  Eikelmann; Gerd
CTY  Grossauheim
CNT  DT
INVT
NAM  Fahnenstich; Rudolf
CTY  Mombris
CNT  DT
INVT
NAM  Lussling; Theodor
CTY  Grossauheim
CNT  DT
INVT
NAM  Mannsfeld; Sven-Peter
CTY  Steinbach
CNT  DT
INVT
NAM  Pohl; Gerhard
CTY  Grossauheim
CNT  DT
INVT
NAM  Tanner; Herbert
CTY  Grossauheim
CNT  DT
INVT
NAM  Wagner; Hans
CTY  Constance
CNT  DT
ASSG
NAM  Deutsche Gold- und Silber-Scheideanstalt vormals Roessler
CNT  DT
COD  03
PRIR
CNT  DT
APD  19721202
APN  2259159
CLAS
OCL  260534S
EDF  2
ICL  C07C149247
FSC  260
FSS  534 S
UREF
PNO  2432429
ISD  19471200
NAM  Lecky
OCL  260534S
OREF
PAL  Chemical Abstracts, Vol. 55, 4504h, (1961).
PAL  Greenstein and Winitz, Chemistry of the Amino Acids, Vol. 3, pp. 2137-2139,
      (1961).
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  Methionine is stabilized by adjusting the pH to the range from 3 to &lt;5. The
      source of the hydantoin is preferably
      5-(beta-methylmercaptoethyl)-hydantoin.
BSUM
PAR  The invention is directed to a process for the production of storage stable
      methionine.
PAR  Methionine is generally produced by hydrolysis of the corresponding
      aminonitrile (alpha amino gamma methylmercapto butyronitrile) or hydantoin
      (5-beta-methylmercaptoethyl) hydantoin. The hydrolysis is carried out in
      acid or alkaline medium. The methionine is separated from the solutions
      resulting from the hydrolysis by neutralization of the solutions to a pH
      value near the isoelectric point of pH 5.6. According to the type of
      process and the neutralization agent the pH is from 5 to 6 (Kirkpatrick
      U.S. Pat. No. 2,443,391) from 5 to 8 (German Pat. No. 891,259 and the
      corresponding White U.S. Pat. No. 2,557,920) or a pH of 7.2 to 7.8 (German
      Pat. No. 1,906,405 and corresponding British Pat. No. 1,296,347. The
      entire disclosures of U.S. Pat. No. 2,443,391, U.S. Pat. No. 2,557,920,
      German Pat. No. 1,906,405 and British Pat. No. 1,296,347 are hereby
      incorporated by reference.
PAR  The resulting methionine in the separation from the solution is
      contaminated by inorganic salts and byproducts occurring in the
      hydrolysis. Because of these impurities the methionine is impaired in its
      storagability, even if there is a relatively small content of impurities.
      It has an unpleasant odor, discolors after some time, becomes lumpy, can
      no longer be sprinkled or poured freely and for most purposes is only
      still of limited utility.
PAR  The impurities are only insufficiently removed from the methionine by
      customary purification processes such as washing and recrystallization.
      Processes which treat the reaction mixture resulting from the hydrolysis
      by extraction with alcohol) Kralovec U.S. Pat. No. 2,504,425) with acid
      cation exchange resins, e.g. a sulfonated styrene-ethyl vinyl
      benzene-divinyl benzene copolymer, (White U.S. Pat. No. 2,700,054) or
      which subject the reaction mixture to dialysis (German Auslegeschrift
      1,543,845) before the methionine is separated from the reaction mixture in
      the customary manner effect perhaps the elimination of certain individual
      impurities. These processes are, moreover, expensive.
PAR  It has now been found that there can be obtained a storage stable
      methionine if the pH of the methionine is adjusted to the range of between
      3 and less then 5 in the presence of water. By the use of this process
      methionine which is contaminated with by-products occurring in the
      hydrolysis and by the inorganic salts formed in the separation from
      solution can be rendered unlimitedly storage stable. It is unnecessary to
      completely purify the methionine from these contaminations.
PAR  To carry out the process of the invention the methionine, e.g. containing
      the contaminants mentioned above, is adjusted to a pH of between 3 and
      less then 5, especially a pH from 3.0 to 4.9, preferably a pH of 4.3 to
      4.8. The necessary amount of acid is added to the methionine to accomplish
      this. There can be used any acid which supplies the required pH and is
      inert to methionine. These include especially mineral acids such as
      hydrochloric acid, sulfuric acid, phosphoric acid, and hydrobromic acid.
      Instead of acids there can also be added acid salts of the acids as for
      example alkali hydrogen sulfates, e.g. sodium hydrogen sulfate and
      potassium hydrogen sulfate, etc. The preferred acidic material used is
      sulfuric acid, phosphoric acid, sodium hydrogen sulfate and sodium
      dihydrogen phosphate.
PAR  According to the process of the invention, there can be stabilized
      methionine which is present as a dry material, for example as a commercial
      product, as a wet material or as a paste or as a solution. In the case
      where it is present as a dry material, water is added in a given case by
      use of an aqueous acid.
PAR  The process of the invention is especially suitable for the stabilization
      of methionine which has been produced in the usual way by hydrolysis of
      the hydantoin (5(.beta.-methylmercaptoethyl)-hydantoin) in alkaline
      medium, e.g., aqueous potassium carbonate, potassium bicarbonate, sodium
      carbonate, sodium bicarbonate, sodium hydroxide and potassium hydroxide,
      and has been separated by neutralization of the reaction mixture with
      acid, e.g. carbon dioxide, acetic acid, formic acid, propionic acid,
      hydrochloric acid, sulfuric acid. Such a methionine generally contains
      impurities in an amount of up to 2%. The impurities are chiefly the
      byproducts occurring in the hydrolysis and the inorganic salts formed in
      the separation of the methionine from the solution. The process of the
      invention is especially suited for the stabilization of methionine
      produced for example by the process of German Pat. No. 1,906,405 or
      corresponding British Pat. No. 1,296,347 by hydrolysis of
      5(.beta.-methylmercaptoethyl) hydantoin in an alkali carbonate, e.g.,
      sodium carbonate or potassium carbonate, containing aqueous medium and
      recovered by neutralization of the reaction mixture by means of carbon
      dioxide. Thus it is suitable to stabilize methionine produced in each of
      examples 1, 2, 3, 4 and 5 of German Pat. No. 1,906,405 and British Pat.
      No. 1,296,347.
PAR  It is advantageous generally to stabilize the wet methionine as it is
      separated out of the reaction mixture resulting from the hydrolysis of the
      hydantoin. The methionine is freed as much as possible from adhering
      mother liquor suitably by filtration with suction and if necessary one or
      more washings with water, and then adjusted to the desired pH by spraying
      with the acid. It is advantageous to use dilute aqueous acids, for example
      sulfuric acid as a 1 to 20% solution and to thoroughly intimately mix the
      methionine with the acid during addition of the acid, for example, using a
      mixing drum.
PAR  The process of the invention can also be used to purify methionine prepared
      by the hydrolysis of alpha amino gamma methylmercaptobutyronitrile, for
      example as produced in example 1 of Kirkpatrick U.S. Pat. No. 2,443,391 or
      in Kralovec U.S. Pat. No. 2,504,425 examples 1, 2, 3, and 4. The entire
      disclosure of Kralovec is hereby incorporated by reference.
PAR  Unless otherwise indicated, all parts and percentages are by weight.
DETD
PAC  EXAMPLE 1
PAR  There was employed a commercially available methionine containing 99.1%
      methionine. The pH of the methionine, measured on a 2 gram sample in 50 ml
      of water was 5.8. 500 grams of the methionine in a mixture was sprayed
      with 125 ml of water and 2.5 ml of 5% sulfuric acid. The methionine was
      then dried at 70.degree.C. It had a pH of 3.9 as measured on a 2 gram
      sample in 50 ml of water. After storage for 5 months at 30.degree.C, it
      had an unchanged normal odor, light color and good pourability. A portion
      of the commercial material which was not treated with acid after the same
      period of storage had a strong odor and a changed color.
PAC  EXAMPLE 2
PAR  There was produced methionine by the hydrolysis with potassium carbonate of
      the corresponding hydantoin, specifically
      5-(beta-methylmercaptoethyl)-hydantoin, precipitated by saturation of the
      reaction mixture with carbon dioxide, filtering and washing with water,
      e.g. note German Pat. No. 1,906,405 and British Pat. No. 1,296,347. The
      wet methionine recovered had 24% of adhering water and had a methionine
      content of 99.3% based on the dry material. The pH value measured on a 2
      gram sample of the dry material in 50 ml of water was 7.8. 500 grams of
      the wet methionine were mixed with 29 ml of 5% sulfuric acid. The
      methionine was then dried at 70.degree.C. A 2 gram sample in 50 ml of
      water had a pH of 4.7. After storing for 5 months at 30.degree.C it had a
      normal odor, light color and a good pourability. A portion of the wet
      methionine was not treated with acid but dried directly at 70.degree.C.
      After the same period of storing this portion had a strong odor, changed
      color and poor pourability.
PAR  Specifically, the process of the present invention can be carried out in
      the manner described in example 2 by mixing the wet methionine in each of
      the following examples A-E with sufficient sulfuric acid to impart a pH of
      4.7 to a 2 gram sample of the methionine (after drying) in 50 ml of water.
PAC  EXAMPLE A
PAR  314 g. of an aqueous solution containing 86 g. of
      5-(.beta.-methylmercaptoethyl)-hydantoin are added to a recycled mother
      liquor containing 327 g. of water, 60 g. of potassium carbonate, 27 g. of
      potassium hydrogen carbonate, 20 g. of methionine and 0.2 g. of
      5-(.beta.-methylmercaptoethyl)-hydantoin.
PAR  The mixture is heated to 170.degree.C in an autoclave equipped with
      stirring mechanism and held at this temperature for 40 minutes. The
      pressure is 7 atms. During this period a total of 212 g. of vapors
      consisting of steam, ammonia and carbon dioxide, is removed and collected.
      The reaction is over when no more ammonia passes over.
PAR  After venting and cooling at 100.degree.C, the reaction solution has 0.2 g.
      of active carbon added to it and after further cooling to 15.degree.C is
      filtered. Methionine is precipitated from the filtrate by introducing
      carbon dioxide in a first stage at normal pressure and in a second stage
      under an excess pressure of 3 atms. The solution absorbs 40 g. of carbon
      dioxide. The pH-value falls from 11.5 to 7.5. The methionine precipitated
      is filtered off and washed with 100 g. of water. 73 G. of methionine are
      obtained, corresponding to a yield of 99%, based on the hydantoin used.
      The methionine contains 0.5% of potassium hydrogen carbonate as impurity.
PAC  EXAMPLE B
PAR  285 Ml of an aqueous solution containing 81 g. of
      5-(.beta.-methylmercaptoethyl)-hydrantoin are added to 1200 ml of an
      aqueous solution containing 110 g. of potassium carbonate and 50 g. of
      methionine in solution. The mixture is heated for 4 hours at 135.degree.
      to 140.degree.C under a pressure of from 2 to 3 atms., while 150 to 170 ml
      per hour of ammonia solution distill over together with carbon dioxide.
PAR  To precipitate methionine, the procedure described in Example A is adopted.
      The pH-value is lowered from 11.6 to 7.6 by introducing carbon dioxide
      into the solution.
PAR  69 G. of methionine obtained, corresponding to a yield of 99.5%, based on
      the hydantoin used. The methionine is 99.4% pure and has a melting point
      of from 272.degree. to 273.degree.C.
PAC  EXAMPLE C
PAR  The procedure is as in Example B except that the 1200 ml of starting
      solution contain 220 g. of potassium hydrogen carbonate and 55 g. of
      methionine. The reaction is carried out over a period of 3.5 hours at
      140.degree. to 145.degree. C and at 4.5 to 5.5 atms. The yield and purity
      of the methionine obtained are the same as in Example B.
PAC  EXAMPLE D
PAR  1620 G. of 5-(.beta.-methylmercaptoethyl)-hydantoin in 5 liters of water
      are added to 30 litres of an aqueous solution containing 1600 g. of sodium
      methioninate and 2360 g. of sodium hydrogen carbonate. The solution is
      heated for 4 hours to 145.degree.-150.degree.C. The pressure is between
      4.5 and 5 atms. at the beginning of the reaction and between 1 and 1.5
      atms. at the end of the reaction. 3 to 3.2 liters per hour of aqueous
      ammonia solution are run off together with carbon dioxide.
PAR  After cooling to 15.degree.C, the reaction solution is diluted with water
      to 25 liters. Methionine is precipitated by introducing carbon dioxide.
      The pH-value of the solution falls from 11.2 to 7.4 and, following the
      introduction of carbon dioxide at 3 atms. to 7.3.
PAC  EXAMPLE E
PAR  A solution of 100 g. of potassium hydrogen carbonate, 28 kg. of methionine
      and 41 kg. of 5-(.beta.-methylmercaptoethyl)-hydantoin in 400 liters of
      water is fed hourly by means of a metering pump into a continuous-cycle
      pressure apparatus consisting of three pressure-tight rotary evaporators
      arranged one behind the other.
PAR  The solution is continuously prepared from recycled mother liquor by adding
      a 30% solution of 5-(.beta.-methylmercaptoethyl)-hydantoin in water. An
      average residence time of 2 to 2.5 hours at 155.degree. to 160.degree.C
      and an average residence time of 15 to 20 minutes at 175.degree. to
      180.degree.C is required to obtain a quantitative reaction.
PAR  To remove the ammonia and carbon dioxide formed, 70 to 100 kg/hour of steam
      at 160.degree. or 180.degree.C are passed through the reaction mixture. In
      other respects, the procedure is substantially the same as in Example A.
PAR  34.8 kg of methionine per hour are obtained, corresponding to a yield of
      99.1%, based on the hydantoin used.
PAR  Substantially the same result is obtained by passing nitrogen instead of
      steam through in order to remove the ammonia and carbon dioxide.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for stabilizing methionine containing contaminants occurring
      in its production, said methionine being in the wet condition and having a
      pH of at least 5 comprising adjusting the pH of the methionine to 3.0 to
      4.9 and drying the thus pH adjusted methionine to recover storage stable
      dry methionine which upon dissoltion in water gives a pH of 3.0 to 4.9.
NUM  2.
PAR  2. A process according to claim 1 wherein the pH is adjusted by addition of
      an acid supplying material which is inert to methionine.
NUM  3.
PAR  3. A process of preparing storage stable methionine according to claim 2
      wherein the methionine is prepared by the alkaline hydrolysis of (1) alpha
      amino gamma methylmercapto butyronitrile or (2)
      5-(beta-methylmercaptoethyl) hydantoin, and containing residual impurities
      from said hydrolysis.
NUM  4.
PAR  4. A process according to claim 3 wherein the alkaline hydrolysis product
      is neutralized and then is acidified to a pH of 3 to 4.9 in the presence
      of water.
NUM  5.
PAR  5. A process according to claim 4 wherein the compound hydrolyzed is
      5-(beta-methylmercaptoethyl) hydantoin.
NUM  6.
PAR  6. A process according to claim 5 wherein the hydrolysis had been carried
      out in an aqueous alkali carbonate medium.
NUM  7.
PAR  7. A process according to claim 5 wherein the alkali carbonate is sodium
      carbonate or potassium carbonate and the neutralization of the reaction
      mixture is carried out with carbon dioxide.
NUM  8.
PAR  8. A process according to claim 7 wherein the pH of the methionine is
      adjusted to 4.3-4.8.
NUM  9.
PAR  9. A process according to claim 8 wherein the pH is adjusted to 4.3 to 4.8
      with sulfuric acid or sodium bisulfate.
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ABST
PAL  Lysine dihydrochloride solution, formed by the hydrolysis of
      .alpha.-amino-.epsilon.-caprolactam, is converted to crystalline lysine
      monohydrochloride by neutralization with
      .alpha.-amino-.epsilon.-caprolactam or a transition metal complex thereof
      and crystallization from the solution with an organic solvent. After
      removal of the precipitated lysine monohydrochloride, the remaining
      solution is fractionated and that fraction consisting essentially of the
      by-product of the neutralization may be recycled to ensure recovery of
      substantially all the desired product and utilization of all processing
      agents.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 368,007, filed June 7, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method for converting L-lysine.sup..
      2HCl to L-lysine.sup.. HCl.
PAR  L-lysine is one of the nutritionally essential amino acids. Its widespread
      use as a dietary supplement has unfortunately been inhibited by the
      difficulty of synthetically producing it economically and efficiently.
PAR  It is known to produce lysine by hydrolysis of certain precursors with
      hydrochloric acid. It has been found that in order to obtain a good rate
      of hydrolysis, it is necessary to use at least 2 mols HCl per mol
      precursor. As a result, the lysine produced is present in the reaction
      mixture as a dihydrochloride salt, rather than as the desired
      monohydrochloride salt.
PAR  A variety of methods have been suggested for removal of the extra HCl. In
      accordance with one method, as disclosed in U.S. Pat. No. 2,876,218,
      lysine dihydrochloride is first isolated by hydrolyzing
      .alpha.-amino-.epsilon.-caprolactam and subjecting the hydrolysis mixture,
      which contains lysine dihydrochloride and hydrochloric acid, to a vacuum
      distillation, and subsequently the lysine dihydrochloride is converted to
      lysine monohydrochloride by use of pyridine in an alcoholic medium. A
      similar method of conversion is disclosed in U.S. Pat. No. 2,564,649. In
      the latter case the lysine precursor is 5 (.alpha.-aminobutyl) hydrantoin
      hydrochloride. The recovery of the alcohol and pyridine used as well as of
      the hydrochloric acid split from the lysine dihydrochloride requires a
      number of costly operations. This process suffers from the decided
      disadvantage that the separation steps, noted above, are expensive and
      time-consuming and the process, therefore, is hardly usable for the
      industrial-scale preparation of lysine monohydrochloride from
      .alpha.-amino-.epsilon.-caprolactam. Additionally, the pyridine weak base
      hydrochloride is formed as a byproduct and must also be removed.
PAR  U.S. Pat. No. 2,579,283 teaches the production of lysine by hydrolysis of a
      polymeric hydantoin followed by the conversion of lysine dihydrochloride
      to lysine monohydrochloride by passing an aqueous solution of the
      dihydrochloride over an anion exchange resin. The resin is then
      regenerated to yield a chloride solution; however, there is no way to
      recover the processing agents, e.g. ammonium hydroxide, sodium hydroxide
      or other bases, which were employed to regenerate the resin. When it
      became known to use L-aminocaprolactam as a satisfactory lysine precursor,
      the use of an ion exchange resin was expanded in U.S. Pat. No. 3,576,859
      to include the recovery and reutilization of the processing agents. In
      this patent, the lysine dihydrochloride, produced from the hydrolysis of
      .alpha.-amino-.epsilon.-caprolactam, is passed through an anion exchanger
      to remove HCl. Then, the HCl bound to the resin is removed by formation of
      a salt with additional .alpha.-amino-.epsilon.-caprolactam and the salt is
      then reused in the hydrolysis step. However, both of these patents have
      the disadvantage of necessitating bulky, costly and time-consuming anion
      exchange resin equipment. Moreover, the lysine monohydrochloride thus
      formed is obtained as a relatively dilute aqueous solution which must be
      further processed to recover the lysine monohydrochloride in the desired
      form.
PAR  Additionally, all these methods require that the lysine precursor be
      completely hydrolyzed to lysine-2HCl to prevent the occurrence of any
      yield loss and/or product contamination during the subsequent conversion
      steps and/or recycling operations. Since the hydrolysis proceeds at an
      exponentially decreasing rate, the necessity for hydrolysis of the last
      5-10 percent of the lysine precursor renders the operation more difficult
      and time-consuming.
PAR  Not withstanding the various prior methods, the method of the present
      invention affords a definitely advantageous alternative by producing an
      economical, efficient and relatively fast method of converting lysine
      dihydrochloride to lysine monohydrochloride.
PAR  The method of the present invention is also advantageous in that it
      produces lysine monohydrochloride in a system which does not require
      complete hydrolysis of the lysine precursor.
PAR  Moreover, the present invention provides a method for the conversion of
      lysine dihydrochloride to lysine monohydrochloride in which a lysine
      precursor is used as the neutralizing agent thereby ensuring the complete
      utilization of all the processing materials.
PAC  SUMMARY OF THE INVENTION
PAR  I have found that lysine dihydrochloride (L-Ly.sup.. 2HCl), particularly an
      aqueous solution of lysine dihydrochloride which has been produced by the
      hydrolysis of .alpha. -amino-.epsilon.-caprolactam (ACL) with more than 2
      mols hydrochloric acid per mol .alpha.-amino-.epsilon.-caprolactam
      precursor, can be converted to crystalline lysine monohydrochloride
      (L-Ly.sup.. HCl) by neutralization of the solution with
      .alpha.-amino-.epsilon.-caprolactam or a transition metal complex thereof
      and crystallization of lysine monohydrochloride from the solution by
      addition of an organic solvent. After removal of the precipitated
      crystalline lysine monohydrochloride the remaining solution containing the
      neutralization by-products may be utilized in one of the following ways:
PAR  a. If the neutralization is carried out using L-ACL, the solution is
      fractionated, the organic solvent recycled to the neutralization and the
      fractionation residue containing primarily L-ACL.sup.. HCl is recycled to
      the hydrolysis step without further isolation.
PAR  b. If the neutralization is carried out using other than the optically pure
      L enantiomer, e.g. a racemic modification of D, L-ACL or D-ACL, the
      solution is fractionated to separate the organic solvent which is recycled
      to the neutralization and a portion of the water, the fractionation
      residue is filtered to remove the precipitated crystalline D,L-ACL.sup..
      HCl or D-ACL.sup.. HCl which is recycled to a resolution operation and the
      filtrate is recycled to the neutralization step.
PAR  c. If the neutralization is carried out using L-ACL-transition metal
      complex or an optically impure L-ACL-transition metal complex, the
      solution remaining after removal of the precipitated lysine
      monohydrochloride is dried, and the organic solvent recycled. The
      remaining crystalline residue is then extracted with an alcohol to
      separate the crystalline L-ACL.sup.. HCl from the alcohol solution
      containing the transition metal salt; the extraction residue containing
      primarily crystalline L-ACL.sup.. HCl is recycled to the hydrolysis step
      and the alcohol extract containing primarily the transition metal salt and
      any D,L-ACL.sup.. HCl, if present, is recycled to a resolution operation.
PAR  The neutralization-crystallization process of the present invention is
      preferably carried out by adding the aqueous lysine dihydrochloride
      solution to a solution of .alpha.-amino-.epsilon.-caprolactam in an
      organic solvent. Lysine monohydrochloride crystallizes out and is removed.
      The .alpha.-amino-.epsilon.-caprolactam hydrochloride solution is first
      fractionated to recover the organic solvent and then either recycled to
      the hydrolysis step or .alpha.-amino-.epsilon.-caprolactam hydrochloride
      is crystallized out and recycled to a resolution process.
PAR  In accordance with the invention, the lysine dihydrochloride solution is
      preferably subjected to a distillation step prior to neutralization with
      .alpha.-amino-.epsilon.-caprolactam or transition metal complex thereof.
      The purpose of the distillation is to remove the excess free HC1 which was
      utilized in the hydrolysis step. This distillation step also results in
      the conversion of a small amount of the dihydrochloride to the
      monohydrochloride. If the distillation step is not employed, the excess
      free HC1 may be removed at other stages during the conversion process
      using other conventional techniques such as ion-exchange resins, etc.
      However, for the purpose of simplicity, economics and ease of operation,
      the distillation prior to neutralization-crystallization is most
      satisfactory.
PAR  The primary advantage of the present conversion technique is that it allows
      full utilization of all the processing agents employed. Thus, relatively
      pure lysine monhydrochloride is precipitated in crystalline form out of
      the system and the remaining aqueous-organic solution is easily
      fractionated to separate out the organic solvent which is recycled to the
      crystallization step. Then, the remaining aqueous solution containing
      primarily .alpha.-amino-.epsilon.-caprolactam monohydrochloride is either
      recycled to the hydrolysis or neutralization step or recovered for use as
      feed in a subsequent resolution operation.
PAR  Another advantage of the present invention is that since the
      .alpha.-amino-.epsilon.-caprolactam is utilized in both the hydrolysis and
      the neutralization steps, it is possible to carry out the hydrolysis step
      to only partial conversion, e.g. until at least about 80% of the precursor
      is converted to lysine-dihydrochloride and allow the remaining unconverted
      .alpha.-amino-.epsilon.-caprolactam to be recycled.
PAR  Thus, in accordance with the method of the present invention, I have found
      a way of utilizing the lysine precursor to act downstream as the
      neutralizing agent without the use of resins or other complicated means to
      separate the processing agents from the lysine-producing system.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The three figures represent flowsheets showing various preferred
      embodiments of the continuous operation of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A basic hydrolysis operation is employed with all the various embodiments
      of the present invention. Referring to any of FIGS. 1, 2, and 3, the
      L-.alpha.-amino-.epsilon.-caprolactam is hydrolyzed (10) in an aqueous
      solution with more than 2 mols HCl (11) per mol of lactam at any
      convenient temperature. I have found that the reaction proceeds well under
      pressure of about 5 to 100 psig. If desired, the hydrolysis may also be
      carried out at atmospheric pressures under reflux conditions. In either
      case, the temperature should be from the boiling point of the solution to
      around 160.degree., preferably about 140.degree.. The reaction is allowed
      to proceed until at least about 80 percent of the lactam has been
      hydrolyzed (12) as determined by thin layer chromatography and/or
      measurement of the specific optical rotation.
PAR  The hydrochloric acid in the hydrolysis mixture which is not bound to the
      lysine can be removed in a variety of ways. U.S. Pat. No. 3,576,859
      teaches the removal by distillation (13) at 95.degree.-120.degree.C. The
      reference further teaches that sufficient hydrochloric acid (14) can be
      removed so that the hydrolysis mixture (15) which is to be converted to
      L-lysine.sup.. HCl will contain at least some lysine monohydrochloride,
      preferably about 0.05-0.3 mol (monohydrochloride per mol dihydrochloride)
      in addition to the lysine dihydrochloride. This is effected by
      continuously replacing with water (16) at least part of the aqueous HC1
      which is removed during distillation.
PAR  The novel neutralization procedure used in the present invention may employ
      .alpha.-amino-.epsilon.-caprolactam as either of its enantiomers or in its
      impure racemic form which will comprise a mixture of both the D and L
      enantiomers and which for convenience will henceforth be referred to as
      D,L-ACL with the understanding that this does not necessarily imply a
      50--50 mixture of the D and L enantiomers, with the subsequent recovery
      steps dependent upon just which form is used, as will be described below
      with respect to each optical form.
PAR  It is obvious that in accordance with any of the following descriptions, a
      one- or two-step neutralization crystallization operation can be employed;
      however, the one-step process which involves the addition of the
      neutralizing agent in a solution of the organic solvent is preferred since
      it is more economical to operate. Thus, each of the flowcharts will be
      described using the one-step neutralization crystallization.
PAR  The flowchart in FIG. 1 shows the use of L-ACL as the neutralizing agent.
      According to this procedure, the neutralization-crystallization (17) step
      is carried out using a solution of L-.alpha.-amino-.epsilon.-caprolactam
      (18) in an organic solvent (22). The solvent should be miscible with water
      to at least about 30 percent by volume. The solvent should preferably have
      a boiling point lower than water or be capable of forming an azeotrope
      with water. The preferred solvent would be alcoholic in nature but certain
      ether media such as glyme could also be employed. For reasons of economy
      and availability, the C.sub.1 to C.sub.3 alcohols, such as methanol,
      ethanol, n-propanol and isopropanol, or mixtures thereof, are preferred.
      However, other organic solvents may be employed, such as linear and cyclic
      ethers and polyethers, such as alkyl and cycloalkyl mono- and diethers of
      2 to 12 carbon atoms, such as 1,2-dimethoxyethane (i.e., glyme),
      1,4-dioxane, tetrahydrofuran, and the like, as well as amides of C.sub.1
      to C.sub.3 carboxylic acids, such as dimethylformamide, as well as
      mixtures of these solvents. Sufficient solution should be utilized to
      provide at least a molar equivalent of lactam per mol lysine
      dihydrochloride. The reaction is carried out under any convenient
      temperature and pressure conditions. The preferred temperature range is
      from about 20.degree.-75.degree.C. Lower temperatures could be utilized
      but no advantage would ensue. At temperatures of about 60.degree.C., more
      concentrated volumes may be used to give higher rates of crystallization.
PAR  After crystallization, the L-lysine.sup.. HCl.sup.. 2H.sub.2 O (19) is
      purified by washing with fresh aqueous-organic solvent, dried and
      recovered as L-lysine HCl (20). The remaining solution containing
      L-.alpha.-amino-.epsilon.-caprolactam HCl and some L-lysine.sup.. HCl (21)
      is subjected to fractionation (25), as by distillation, and the organic
      solvent (22) recycled back to the crystallization step (17). A small
      amount of water (23) is recovered and may be recycled to effect partial
      removal of HCl in the first distillation (13) and the remaining aqueous
      mixture of L-.alpha.-amino-.epsilon.-caprolactam HCl (24) and L-lysine-HCl
      recycled to hydrolysis (10) where addition of HC1 will result in
      conversion to L-lysine dihydrochloride (12).
PAR  In accordance with the procedure of FIG. 2, lysine dihydrochloride is
      neutralized to the monohydrochloric using A-ACL or the D, L-racemic
      modification of the ACL as previously described. The ACL used herein
      could, of course, be in the L form but in that case it would be more
      economical to use the procedure described in accordance with FIG. 1. The
      D-ACL or D,L-ACL may be employed in this embodiment since the ACL
      introduced as neutralizing agent is not recycled immediately to the
      hydrolysis but instead, is recovered as D-ACL.sup.. HCl or D,L-ACL.sup..
      HCl. This procedure is particularly advantageous in combination with a
      resolution process utilizing D,L-ACL.sup.. HCl as the resolving species.
      This combination saves one mol of HC1 which would be used to prepare
      D,L-ACL.sup.. HCl from D,L-ACL.
PAR  Referring to FIG. 2, ACL (27) is added to the neutralization reactor (28)
      together with a recycle solution (29) containing the organic solvent and
      aqueous solution of L-lysine.sup.. HCl and ACL.sup.. HCl. The bulk of the
      neutralized L-lysine.sup.. HCl crystallizes out as L-lysine HCl.sup..
      2H.sub.2 O (29) which may optionally be dried (30) and recovered as
      L.sup.. lysine.sup.. HCl (31). The mother liquor (32) is subjected to
      distillation (33) where the organic solvent (34) is distilled off and
      recycled to the neutralization/crystallization reactor (28). The same
      organic solvents referred to above may be used. Some water is also
      distilled off at this time (35). Most of the ACL.sup.. HCl (36) separates
      out as crystalline product and is filtered while the mother liquor (29) is
      recycled to the neutralization reactor (28). This recycling ensures full
      recovery of both L-lysine HCl and ACL.sup.. HCl. For optimum economy in
      operation, the crystalline ACL.sup.. HCl produced herein is resolved using
      the methods known in resolution procedures.
PAR  FIG. 3 represents an alternative embodiment of the present invention in
      which the L-ACL used as the neutralizing agent is present in the form of a
      transition metal complex chloride salt. Examples of such chlorides are
      complexes with transition metal ions, such as Ni.sup.+.sup.2,
      Co.sup.+.sup.2, Cu.sup.+.sup.2, Fe.sup.+.sup.2, Fe.sup.+.sup.3,
      Fe.sup.+.sup.3 and Zn.sup.+.sup.2. Preferred are the NiCl.sub.2 and
      CoCl.sub.2 complexes. This embodiment is particularly advantageous when
      used with the resolution procedure described in U.S. application Ser. No.
      301,409, filed Oct. 27, 1972, now U.S. Pat. 3,824,231 issued July 16,
      1974, which is incorporated herein by reference, since the neutralization
      by-products, i.e., NiCl.sub.2, H.sub.2 O, DL-ACL.sup.. HCl and alcohol are
      the starting materials required for the resolution procedure described
      therein. Moreover, the L-ACL metal salt may be optically impure and may
      contain up to about 10 % D-ACL when used as neutralizing agent since any
      D,L-ACL produced from the impurities is withdrawn from the system and the
      remaining L-ACL is upgraded by extraction with methanol. Thus, any L-ACL
      which is recycled to the hydrolysis operation is optically pure. It is, of
      course, understood that the ACL metal salt could also be used in the form
      of its D-enantiomer if this is the desired form for recovery.
PAR  Referring to FIG. 3, the distillation bottoms (15) containing L-Ly.sup..
      2HCl, some L-Ly.sup.. HCl, H.sub.2 O and possibly some L-ACL.sup.. HCl are
      fed into the neutralization reactor (40) together with an alcoholic
      solution containing an alcohol of 1 to 3 carbon atoms. (here represented
      as MeOH) of optically impure (L-ACL).sub.3 NiCl.sub.2 (41). After
      filtration, the bulk of the L-lysine.sup.. HCl is separated as crystals of
      L-Ly.sup.. HCl.sup.. 2H.sub.2 O (42) which contain trace amounts of
      NiCl.sub.2 which can be easily removed by treatment, as for example, with
      a chelating resin. The filtrate (43) is dried (44) using 2 spray-drier,
      film evaporator, drum-drier, etc. and the water and methanol either
      recovered (45) or recycled (46) to the neutralization operation (40). The
      dry residue (47) consisting of optically impure L-ACL.sup.. HCl, some
      L-Ly.sup.. HCl and NiCl.sub.2 hydrate is extracted (48) with methanol (49)
      or other lower alcohol. The extract (50) containing NiCl.sub.2.sup..
      H.sub.2 O, DL-ACL.sup.. HCl and traces of L-Ly.sup.. HCl is then recycled
      to the resolution operation. The solid residue (51) containing optically
      pure L-ACL.sup.. HCl, small amounts of L-Ly.sup.. HCl, and traces of
      NiCl.sub.2 is then recycled to the hydrolysis operation (10).
PAR  The following examples are for the purposes of illustration and the scope
      of the invention is not meant to be limited thereto. For the purposes of
      the following examples, the term L-ACL is used to represent
      L-.alpha.-amino-.epsilon.-caprolactam.
PAC  EXAMPLE I
PAC  Hydrolysis
PAR  L-ACL.sup.. HCl, 197 g (1.2 mol) and 6N hydrochloric acid, 400 ml (2.4 mol)
      were placed in a 1 l. autoclave and heated at 142.degree.C. for 80
      minutes. At the end of the period all L-ACL.sup.. HCl had been converted
      to L-lysine.sup.. 2HCl. No racemization took place.
PAC  Distillation 1
PAR  The reaction mixture was subjected to distillation at atmospheric pressure.
      During distillation, the amount of water that distilled off together with
      HC1 was partly replaced by periodic additions of fresh water. 51.2 grams
      (1.4 mol) HCl distilled. This HCl was then recycled to the hydrolysis
      step.
PAC  Neutralization-crystallization
PAR  The residue contained 219 g (1 mol) L-lysine.sup.. 2HCl, 36.5 g (0.2 mol)
      L-lysine.sup.. HCl and 360 ml. water. To this was added a solution of
      L-ACL, 128 g (1 mol) in 1000 ml. methanol. Crystals of L-lysine.sup..
      HCl.sup.. 2H.sub.2 O started forming immediately. The crystallization was
      completed after 30 minutes at room temperature, the crystals were filtered
      and washed with MeOH:H.sub.2 O (4:1) and dried at 120.degree.C. The yield
      of L-lysine.sup.. HCl was 182.5 g (1 mol).
PAC  Distillation 2
PAR  The combined mother liquors and wash liquors were fractionated. Almost pure
      MeOh, 1000 ml., was obtained. The residue contained 164.5 g (1 mol)
      L-ACL-HCl and 36.5 g (0.2 mol) L-lysine-HCl in water. This solution, after
      adequate concentration, was treated as described in the above hydrolysis
      step, with HCl in an autoclave to produce more L-lysine.sup.. 2HCl.
PAC  EXAMPLE II
PAR  L-ACL.sup.. HCl, 197 g (1.2 mol) was refluxed with 400 ml. 6N hydrochloric
      acid (2.4 mol). After 2 hours, 96 percent of the L-ACL.sup.. HCl had been
      converted to L-lysine.sup.. 2HCl. Subsequent distillation of HCl as in
      Example I followed by neutralization with 123 g (0.96 mol) of L.sup.. ACL
      in 1000 ml. methanol and subsequent filtration and drying of the crystals
      at 120.degree.C. yielded 177 g (0.97 mol) L-lysine.sup.. HCl. The mother
      liquor contained 167 g (1.01 mol) L-ACL.sup.. HCl and 32.9 g (0.18 mol)
      L-lysine.sup.. HCl. This solution, afer distillation of methanol and some
      water, could be refluxed with HCl as described above to produce more
      L-lysine.sup.. 2HCl.
PAC  EXAMPLE III
PAR  A two-step crystallization procedure is described in the following example.
      Crystalline L-ACL, 128 g (1 mol) was added to a solution of 219 g (1 mol)
      of L-lysine.sup.. 2HCl in 350 ml. water. The temperature rose to
      approximately 50.degree.C. as L-ACL dissolved. On cooling to room
      temperature, crystals of L-ACL.sup.. HCl formed. The crystals were
      filtered after 15 minutes at 25.degree.C. and washed with a little cold
      water and dried. Yield of L-ACL.sup.. HCl was 69 g (0.42 mol). At the same
      time about 3 g L-Ly.sup.. HCl crystallized out. The combined crop could be
      recrystallized from water to yield pure L-ACL.sup.. HCl. Alternately, it
      could be hydrolyzed with HCl to produce more L-lysine.sup.. 2HCl. Ethanol,
      1000 ml., was added to the combined liquor. On standing for 30 minutes at
      room temperature, filtering and drying, 165 g (0.90 mol) L-Lysine.sup..
      HCl crystals were obtained and collected by filtration. The mother liquors
      contained 15.3 g (0.084 mol) L-lysine.sup.. HCl and 95 g (0.58 mol)
      L-ACL.sup.. HCl. After distilling off the ethanol and some water, these
      liquors could be hydrolyzed with HCl to produce more L-lysine.sup.. 2HCl.
PAC  EXAMPLE IV
PAR  This example shows the use of a racemic mixture of D,L-ACL in the method of
      the present invention to produce L.sup.. Ly.sup.. HCl.
PAR  The procedure of Example I was repeated using 1 mol (128 g) D,L-ACL in the
      neutralization step. L-lysine.sup.. HCl, 1 mol (182.5g) was obtained upon
      filtration and drying. Distillation of the resulting filtrate yielded
      164.5 g (1 mol) D,L-ACL.sup.. HCl and 36.5 g (0.2 mol) L.sup.. lysine HCl
      in about 100 ml. of water. After cooling, filtering and washing with cold
      water, 110 g. crystalline D,L-ACL.sup.. HCl were recovered. The mother
      liquor containing the balance of the L-lysine HCl and D,L-ACL.sup.. HCl,
      was recycled to the neutralization step.
PAC  EXAMPLE V
PAR  In order to show that the D-enantiomer of ACL can be used in the present
      invention, the procedure of Example IV was repeated using 1 mol of D-ACL
      as the neutralizing agent. 120 Grams of crystalline D-ACL.sup.. HCl were
      recovered as well as 182.5 g L-lysine HCl.
PAC  EXAMPLE VI
PAR  The use of the L-ACL transition metal complex as neutralizing agent is
      shown in this example. L-ACL.sup.. HCl, 165 g (1 mol) was heated in an
      autoclave at 141.degree.C. with 2 mols of 4N hydrochloric acid (500 ml. ).
      After 15 minutes, 91 percent of L-ACL.sup.. HCl had been converted to
      L-Lysine-2.sup.. HCl. The reaction mixture was subjected to distillation
      in order to eliminate excess HCl. The residue, containing 199 g (0.91 mol)
      L-Lysine HCl and 14.8 g (0.09 mol) L-ACL.sup.. HCl in about 330 ml. water,
      was mixed with 1000 ml. of a deep blue methanol solution of 156 g (0.303
      mol) (L-ACL).sub.3 NiCl.sub.2 of optical purity 95 percent. The color
      changed to pale green and the temperature of the mixture rose
      spontaneously to about 40.degree.C. After cooling to room temperature and
      standing for about 15 minutes, the mixture was filtered and the crystals
      of L-Lysine-HCl.sup.. 2H.sub.2 O were washed with a little methanol and
      dried at 120.degree.C. The resulting L-Lysine HCl weighed 126 g (0.69
      mol). This represents 76 percent recovery of the L-Lysine produced in the
      hydrolysis. The combined liquor was subjected to spray-drying. The dry
      residue which contained 2 to 5 percent water was treated for 30 minutes
      with 560 ml. of refluxing methanol. After cooling to room temperature, the
      mixture was filtered and the crystals were washed with a little methanol
      and dried at 120.degree.C. The dried crystals weighed 189.3 g and were
      composed of 151 g (0.92 mol) L-ACL.sup.. HCl of 100 percent optical purity
      and 38.3 g (0.21 mol) L-Lysine.sup. . HCl These crystals could be recycled
      to the hydrolysis reactor. The mother liquor contained 13.1 g (0.08 mol)
      L-ACL.sup.. HCl of low optical purity, 39 g (0.302 mol) NiCl.sub.2 and
      small amounts of L-Lysine.sup.. HCl. This solution could be recycled to
      form fresh (D,L-ACL).sub.3 NiCl.sub. 2 which would then be resolved to
      (L-ACL).sub.3 NiCl.sub.2 and recycled.
PAC  EXAMPLE VII
PAR  The procedure of Example VI is repeated using (L-ACL).sub.3 CoCl.sub.2 as
      the neutralizing agent. Similar high recovery of L-lysine.sup.. HCl,
      L-ACL.sup.. HCl and CoCl.sub.2 are obtained.
PAR  It is to be understood that variations and modifications of the present
      invention may be made without departing from the scope of the invention.
      It is also to be understood that the scope of the invention is not to be
      interpreted as limited to the specific embodiment disclosed herein, but
      only in accordance with the appended claims when read in light of the
      foregoing disclosure.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method for converting an aqueous solution of lysine dihydrochloride
      to crystalline lysine monohydrochloride wherein the lysine dihydrochloride
      is produced from the hydrolysis of .alpha.-amino-.epsilon.-caprolactam, or
      .alpha.-amino-.epsilon.-caprolactam hydrochloride with more than two mols
      of hydrochloric acid per mol of .alpha.-amino-.epsilon.-caprolactam, the
      improvement comprising the steps of:
PA1  a. neutralizing said solution with .alpha.-amino-.epsilon.-caprolactam or a
      transition metal complex chloride salt thereof;
PA1  b. crystallizing lysine monohydrochloride from said solution by addition of
      an organic solvent; and
PA1  c. removing the precipitated crystalline lysine monohydrochloride.
NUM  2.
PAR  2. The method of claim 1 wherein the lysine dihydrochloride solution is
      subjected to a distillation step prior to neutralization to remove excess
      HCl.
NUM  3.
PAR  3. The method of claim 1 wherein the lysine dihydrochloride solution
      contains up to about 20 percent unhydrolyzed
      .alpha.-amino-.epsilon.-caprolactam or .alpha.-amino-.epsilon.-caprolactam
      hydrochloride.
NUM  4.
PAR  4. The method of claim 1 wherein said organic solvent is chosen from the
      group consisting of an alcohol or ether.
NUM  5.
PAR  5. The method of claim 4 wherein said organic solvent is chosen from the
      group consisting of methanol, ethanol, n-propanol, isopropanol, or
      mixtures thereof.
NUM  6.
PAR  6. The method of claim 1 wherein the lysine dihydrochloride is neutralized
      in a solution consisting essentially of
      .alpha.-amino-.epsilon.-caprolactam which has been first dissolved in an
      organic solvent.
NUM  7.
PAR  7. The method of claim 1 wherein the neutralization agent is
      L-.alpha.-amino-.epsilon.-caprolactam and further comprising the steps of:
PA1  a. fractionating the solution remaining after removal of the precipitated
      lysine monohydrochloride to separate the organic solvent from a solution
      containing L-.alpha.-amino-.epsilon.-caprolactam hydrochloride;
PA1  b. recycling the organic solvent to the neutralization operation; and
PA1  c. recycling the fractionation residue containing primarily
      L-.alpha.-amino-.epsilon.-caprolactam hydrochloride to the hydrolysis
      step.
NUM  8.
PAR  8. The method of claim 1 wherein the neutralization agent is
      D,L-.alpha.-amino-.epsilon.-caprolactam or
      D-.alpha.-amino-.epsilon.-caprolactam and further comprising the steps of:
PA1  a. fractionating the solution remaining after removal of the precipitated
      lysine monohydrochloride to separate the organic solvent and a portion of
      the water from the remaining solution;
PA1  b. recycling the organic solvent to the neutralization operation;
PA1  c. filtering to remove the precipitated crystalline
      D,L-.alpha.-amino-.epsilon.-caprolactam hydrochloride or
      D-.alpha.-amino-.epsilon.-caprolactam hydrochloride for recycle to a
      resolution operation; and
PA1  d. recycling the filtrate to the neutralization step.
NUM  9.
PAR  9. The method of claim 1 wherein the neutralization agent is an
      L-.alpha.-amino-.epsilon.-caprolactam - transition metal complex chloride
      salt and further comprising the steps of:
PA1  a. drying the solution remaining after removal of the precipitated lysine
      monohydrochloride to separate the organic solvent and to remove the water
      from the crystalline residue;
PA1  b. recycling the organic solvent;
PA1  c. extracting the crystalline residue with an alcohol to separate the
      crystalline L-.alpha.-amino-.epsilon.-caprolactam hydrochloride from the
      alcohol solution containing the transition metal salt;
PA1  d. recycling the extraction residue containing primarily crystalline
      L-.alpha.-amino-.epsilon.-caprolactam hydrochloride to the hydrolysis
      step; and
PA1  e. recycling the alcohol extract containing primarily transition metal salt
      in the alcohol solution to resolution.
NUM  10.
PAR  10. The method of claim 9 wherein the L-.alpha.-amino-.epsilon.-caprolactam
      transition metal salt is optically impure and wherein
      D,L-.alpha.-amino-.epsilon.-caprolactam hydrochloride produced as a
      byproduct remains dissolved in the alcoholic solution.
NUM  11.
PAR  11. The method of claim 1 wherein step (a) comprises neutralizing said
      solution with the nickel chloride complex of
      .alpha.-amino-.epsilon.-caprolactam.
NUM  12.
PAR  12. The method of claim 1 wherein said transition metal complex chloride
      salt is employed as a neutralization agent.
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ABST
PAL  A process for the preparation of a mixture of carbon tetrachloride and
      phosgene in the absence of a catalyst from
PA1  A. oxygen-containing carbon-hydrogen compounds or
PA1  B. oxygen-containing carbon-hydrogen compounds, carbon monoxide, carbon
      dioxide, or water, in admixture with aromatic, chlorinated aromatic,
      chlorinated aliphatic, or chlorinated cyclo-aliphatic hydrocarbons,
PAL  With chlorine at an elevated temperature and pressure.
BSUM
PAR  The present invention relates to a process for the preparation of carbon
      tetrachloride and phosgene.
PAR  It has been proposed to prepare carbon tetrachloride by way of pressure
      chlorolysis of benzene or chlorinated aromatic or chlorinated aliphatic
      hydrocarbons. If suitable operating conditions are applied, carbon
      tetrachloride is practically the only product that is formed, while the
      hexachlorobenzene, which is also formed in a small amount, has to be
      considered an intermediate product, as it may be recirculated and
      converted into carbon tetrachloride.
PAR  The present invention provides a process for the preparation of a mixture
      of carbon tetrachloride and phosgene in the absence of catalysts, which
      comprises reacting
PA1  A. oxygen-containing carbon-hydrogen compounds or
PA1  B. oxygen-containing carbon-hydrogen compounds, carbon monoxide, carbon
      dioxide, or water, in admixture with aromatic, chlorinated aromatic,
      chlorinated aliphatic or chlorinated cyclo-aliphatic hydrocarbons,
PAL  With chlorine at a temperature in the range of from 400.degree. to
      800.degree. C and a pressure of between 50 and 800 atmospheres gage.
PAR  In the process of the invention it was a surprising fact, which could not
      have been foreseen, that carbon monixide, carbon dioxide, water or
      oxygen-containing carbon-hydrogen compounds are converted into phosgene
      practically quantitatively, in such a way that one oxygen atom corresponds
      to one molecule of phosgene. The formation of phosgene on the basis of
      carbon dioxide and/or water, with formation of carbon tetrachloride at the
      same time, has not been described so far.
PAR  The process of the invention has the advantage that phosgene as well as
      carbon tetrachloride can be produced from such inexpensive components as
      carbon monoxide, carbon dioxide, mixtures thereof, and, in particular,
      from water. For example, exhaust gases containing CO and CO.sub.2, which
      may, possibly, also contain water as a result of a process of combustion,
      may be used in order to produce phosgene in addition to carbon
      tetrachloride. As the amount of phosgene is directly proportional to the
      amount of oxygen, it can easily be controlled by adding the desired
      amounts of carbon monoxide, carbon dioxide or water to the process of
      chlorination. As a result, the production of carbon tetrachloride can be
      varied and thus becomes more economical.
PAR  The process of the invention also has the advantage that mixtures of
      oxygen-containing carbon-hydrogen compounds of any origin may be used.
      Even mixtures containing a great number of compounds practically lead only
      to the two final products of carbon tetrachloride and phosgene. This is
      why a complicated separation of the individual components is not
      necessary. It is a fact of particular significance of the process
      according to the invention that use may be made of by-products, residues,
      waste material, rejections and similar material obtained from chemical
      fabrication processes, as far as they have the required composition. The
      process of the invention thus ensures a complete utilization of waste
      material that is mostly causing trouble, while at the same time producing
      carbon tetrachloride and phosgene which are very important in large-scale
      industry.
PAR  As one molecule of phosgene is formed per atom of oxygen, and carbon
      tetrachloride is to be obtained at the same time, the oxygen-containing
      carbon-hydrogen compounds used -- if they are used as the only starting
      material -- must have at least one more carbon atom than oxygen atoms in
      the molecule, i.e. the number of carbon atoms must at least equal the
      number of oxygen atoms plus one. However, if a mixture of
      oxygen-containing carbon-hydrogen compounds and aromatic, chlorinated
      aromatic, chlorinated aliphatic, or chlorinated cyclo-aliphatic
      hydrocarbons is used, the latter may be considered the starting material
      for carbon tetrachloride; in this case it is possible to use also those
      compounds as oxygen-containing carbon-hydrogen compounds that have only
      one carbon atom per oxygen atom, for example, methanol, ethylene glycol,
      formaldehyde, formaldehyde polymers and acetic acid.
PAR  The oxygen-containing carbon-hydrogen compounds may also be completely or
      partially substituted by chlorine; there are suitable, for example,
      alcohols, such as methanol, ethanol or chlorinated ethanols, ethylene
      glycol, propanol or chlorinated propanols, for example, 1-chlorpropanol-2,
      butanols or butanol residues obtained, for example, from oxo-syntheses,
      phenol or phenol-containing substances, quinones, such as anthraquinone,
      aldehydes, for example, formaldehyde or formaldehyde polymers,
      acetaldehyde or chloracetaldehyde or condensed acetaldehydes, ketones,
      such as acetone or chlorine-containing ketones, acids, acid esters, acid
      anhydrides, ketene and diketene residues, ethers or chlorine-containing
      ethers, for example, dichlorisopropyl ether or chlorinated diphenyl
      ethers, epoxides, such as epichlorhydrin residues or ethylene oxide
      polymers, oxygen-containing heterocycles, such as furane, furane resins,
      furfural and cumarone resins.
PAR  As hydrocarbons there may be used, for example, benzene, toluene, xylene,
      naphthalene, anthracene, diphenyl, chlorinated aromatic compounds, such as
      chlorbenzene, dichlorbenzene, polychlorbenzene, mono- and
      polychlornaphthalene, mono- and polychlordiphenyls, chlorinated aliphatic
      compounds, such as chloroform, methyl chloride, vinyl chloride, polyvinyl
      chloride, dichlorethane, hexachlorethane, dichlorpropane,
      polychlorpropane, completely or partially chlorinated long-chain aliphatic
      and cyclo-aliphatic hydrocarbons, such as hexachlorcyclohexane or
      pentachlorcyclopentane.
PAR  Both the carbon-hydrogen compounds not containing oxygen and those which
      contain oxygen may be mixed within their groups, as well as with each
      other, in any ratio. An admixture of carbon or small amounts of inorganic
      foreign substances do not adversely affect the reaction process.
PAR  The reaction of the carbon and oxygen-containing reactants with chlorine is
      effected at an elevated temperature and an elevated pressure. The reaction
      takes place via several steps of chlorination which require different
      temperatures, so that in most cases there has to be effected a more or
      less strong initial chlorination in one or several preliminary reaction
      phases at temperatures in the range of from about 0.degree. to 500.degree.
      C. Such preliminary reaction phases, which normally take place already at
      a temperature of less than 250.degree. C, are particularly desirable in
      the case of slightly or non-chlorinated starting products, since otherwise
      there can be a coking of the products and thus a choking of the reactor,
      owing to a chlorine action that is too strong. The actual chlorolytic
      splitting-up of the C--C bond which leads to the formation of the final
      products of carbon tetrachloride and phosgene is only brought about at a
      temperature of more than 400.degree. C with a reaction rate that can be
      utilized technically. Preference is given to a temperature in the range of
      from 500.degree. to 700.degree. C. In order to carry out the reaction, a
      reactor is therefore required which contains, in its inlet section, a
      preliminary reaction zone having a temperature of up to 400.degree. C, and
      in its main section a reaction zone having a temperature in the range of
      from 400.degree. to 800.degree. C. In many cases it is advantageous to
      keep a liquid sump within the preliminary reaction zone, which sump mainly
      consists of molten hexachlorbenzene and/or hexachlorethane, into which the
      reactants are pumped.
PAR  The pressure within the reactor is kept between 50 and 800 atmospheres
      gage, a pressure of between 80 and 300 atmospheres gage being preferred.
      The pressure in the preliminary reaction phase shall be the same or,
      optionally, slightly less than the one specified above. The pressure is
      built up by pumping in the reaction components which are mostly present in
      the form of liquids. Chlorine, too, is preferably pumped into the reactor
      in a liquid state. The pressure within the reactor is kept at the desired
      level by means of a pressure-relieving valve. Within the main reaction
      zone of the reactor, the reaction components are in supercritical
      condition, i.e. they are present in the gaseous phase. An exception is
      presented by hexachlorbenzene, the vapor pressure of which being so small
      that it may be present in the form of a finely distributed mist in some
      parts of the reactor.
PAR  Chlorine is preferably used in an excess amount. The amount shall be in the
      range of between 125 and 400  % of the one which is theoretically required
      for the complete conversion of the hydrocarbons into carbon tetrachloride.
      Preference is given to an excess of chlorine of between 50 and 100 %,
      calculated on the theory.
PAR  A long reaction tube has proven suitable as a constructional design for the
      reactor. In its inlet section, following the dosing-in of the reaction
      components, it is kept at low temperature, serving as preliminary reaction
      zone, and in its second section it is used as main reaction zone at a
      temperature of between 400.degree. and 800.degree. C. However, the reactor
      may also be designed in a different way. Nickel has proven suitable for
      the lining of the reactor. In this case it is necessary that all reaction
      components used have only a very low content of sulfur (&lt; 200 ppm).
PAR  The chlorination reaction is exothermic. The degree of the nascent heat
      depends upon the amount of chlorine bound already in the starting
      material. This is why in most cases an external heating is not necessary
      after the reaction has started.
PAR  The chlorination device may be operated either discontinuously or
      continuously, the latter being the preferred variant of the process.
PAR  The gases leaving the reactor, i.e. excess chlorine, hydrogen chloride,
      carbon tetrachloride and phosgene, may be separated and purified in known
      manner, for example, by distillation.
PAR  The excess chlorine is advantageously recirculated. The hexachlorbenzene
      and/or hexachlorethane being formed as byproducts in most cases may also
      be recirculated and converted completely into carbon tetrachloride. In the
      case of a continuous operation in a cycle, hexachlorbenzene and/or
      hexachlorethane may be considered only an intermediate product which does
      not appear in the final balance.
PAR  It becomes evident from the above-mentioned facts that the amount of the
      phosgene formed in the process depends directly upon the amount of the
      oxygen-containing carbon-hydrogen compound used. The amount of phosgene
      can be controlled by the additional pumping-in of oxygen-containing
      compounds. Thus, if a residue product is used, for example, alcohols,
      ketones, aldehydes, ethers, acids, or esters may be added in determined
      doses, if a greater yield of phosgene is to be obtained.
PAR  The introduction by doses of carbon monoxide and/or carbon dioxide and/or
      water into the reactor may be effected either in admixture with the
      hydrocarbons or in admixture with chlorine. If a separate dosed
      introduction of the oxygen-containing components into the reactor is
      chosen, a pumping of the substances in the form of a liquid, close to the
      inlets of the other components, is preferred. The components may be
      present in any mixing ratio.
PAR  In order to avoid corrosion, it is recommended to heat water by way of a
      preliminary heater, after it has been brought to the reactor pressure in
      its liquid form by pumping. The water then enters the reactor in the form
      of high-pressure steam.
DETD
PAR  The following Examples serve to illustrate the invention.
PAC  EXAMPLE 1
PAR  For the reaction there was used a vertical reaction tube made of stainless
      steel for a nominal pressure of 1.600 atmospheres gage, which had a nickel
      lining. Its length was 3.300 mm, the outer diameter was 89 mm, and the
      inner diameter was 40 mm. By way of a different heating, the reaction tube
      was divided into a preliminary and a main reaction zone. The lower
      electric jacket heating, which surrounded the reaction tube at a length of
      1.100 mm, was heated at a maximum of 250.degree. C. The temperature was
      measured by means of an inner thermo-electric couple. This section
      comprising 1.4 liters represented the preliminary reaction zone. The upper
      electric jacket heating was adjusted in such a way that the inner
      temperature of the reactor, which was measured by means of a movable
      thermoelectric couple, was in the range of from 400.degree. to
      800.degree.C. This section, which comprised 2.7 liters, represented the
      main reaction zone. The space-time yield was calculated on this volume.
      The reaction components of chlorine and the  compounds were introduced by
      pumping, in the form of liquids, at the lower end of the reactor at room
      temperature by means of a plunger pump. The reaction mixture was drawn off
      at the top of the reactor and was cooled to about 250.degree. C in a
      cooler having a nickel lining. At the end of the cooler there was the
      pressure-relieving valve, by which means the desired pressure was kept
      inside the reactor. The gases relieved from pressure were at first cooled
      by way of a pressureless preseparator, which was represented by an empty
      vessel having a capacity of about 10 liters without any special cooling.
      In this vessel practically all of the hexachlorbenzene and/or
      hexachlorethane were separated. The reaction gas was then cooled to about
      -75.degree. C by means of a coil type refrigerator, in which process
      carbon tetrachloride and chlorine condensed. The uncondensed hydrogen
      chloride was measured by means of a gas meter and was analyzed in order to
      detect any chlorine which had possibly been entrained.
PA0  138 g of ethanol and
PA0  2.3 kg of chlorine (= 80 % excess)
PAL  were introduced per hour by pumping into the apparatus described above at a
      temperature of 100.degree. C inside the preliminary reaction zone and a
      temperature of 560.degree. C inside the main reaction zone, and at a
      pressure of 180 atmospheres gage.
PAR  The following reaction products were obtained per hour:
     443 g of carbon tetrachloride                                             

                        (= 96 % of the theory)                                 

     290 g of phosgene  (= 98 % of the theory)                                 

      25 g of hexachlorethane                                                  

                        (= 3.5 % of the theory)                                

     655 g of hydrogen chloride                                                

                        (= 100 % of the theory).                               

PAR  The yield figures in the above and the following Examples were always
      calculated on the amount of the product that could be figured out
      theoretically, using the starting material as a reference.
PAC  EXAMPLE 2
PA0  176 g of acetaldehyde (or an acetaldehyde residue obtained from a
      distillation process) and
PA0  3 kg of chlorine (= 110 % excess)
PAL  were pumped per hour into the same apparatus as has been described in
      Example 1, at a temperature of the preliminary reaction zone of
      100.degree. C and a temperature of the main reaction zone of 500.degree.
      C, and at a pressure of 240 atmospheres gage.
PAR  The following reaction products were obtained per hour:
TBL  597 g of carbon tetrachloride                                             

                        (= 97 % of the theory)                                 

     390 g of phosgene  (= 98.5 % of the theory)                               

      21 g of hexachlorethane                                                  

                        (= 2.2 % of the theory)                                

     580 g of hydrogen chloride.                                               

PAR  The hexachlorethane obtained was pumped back into the reactor, in the form
      of a solution of about 50 % strength in carbon tetrachloride, after the
      other reaction products had been distilled off. The excess chlorine, which
      was separated from the other reaction products in an amount of about 1.6
      kg per hour, was also pumped back into the reactor.
PAC  EXAMPLE 3
PA0  203 g of acetone and
PA0  3.2 kg of chlorine (= 70 % excess)
PAL  were pumped per hour into the same apparatus as has been described in
      Example 1, at a temperature of the preliminary reaction zone of
      150.degree. C and a temperature of the main reaction zone of 660.degree.
      C, and at a pressure of 80 atmospheres gage.
PAR  The following reaction products were obtained per hour:
     994 g of carbon tetrachloride                                             

                        (= 92 % of the theory)                                 

     335 g of phosgene  (= 90.5 % of the theory)                               

      51 g of hexachlorethane                                                  

                        (=  6.1 % of the theory)                               

     760 g of hydrogen chloride.                                               

PAC  EXAMPLE 4
PA0  440 g of acetic acid ethyl ester and
PA0  5.6 kg of chlorine (= 57 % excess)
PAL  were pumped per hour into the same apparatus as has been described in
      Example 1, at a temperature of the preliminary reaction zone of
      100.degree. C and a temperature of the main reaction zone of 550.degree.
      C, and at a pressure of 400 atmospheres gage.
PAR  The reaction was effected in accordance with the equation:
EQU  CH.sub.3 --COO--C.sub.2 H.sub.5 + 10 Cl.sub.2 .fwdarw. 2 CCl.sub.4 + 2
      COCl.sub.2 + 8 HCl.
PAR  The following reaction products were obtained per hour:
     1495 g of carbon tetrachloride                                            

                        (= 97 % of the theory)                                 

      960 g of phosgene (= 97 % of the theory)                                 

      20 g of hexachlorethane                                                  

                        (=  1.7 % of the theory)                               

      14 g of hexachlorobenzene                                                

                        (=  1 % of the theory)                                 

     1450 g of hydrogen chloride.                                              

PAR  In the case of continuous operation, the hexachlorethane and
      hexachlorobenzene, as well as the excess chlorine, were recirculated.
PAC  EXAMPLE 5
PA0  684 g of .beta. ,.beta.'-dichloro-diisopropyl ether and
PA0  8.2 kg of chlorine (= 81 % excess)
PAL  were pumped per hour into the same apparatus as has been described in
      Example 1, at a temperature of the preliminary reaction zone of
      180.degree. C and a temperature of the main reaction zone of 600.degree.
      C, and at a pressure of 100 atmospheres gage.
PAR  The following reaction products were obtained per hour:
     2960 g of carbon tetrachloride                                            

                        (= 96 % of the theory)                                 

      385 g of phosgene (= 97.5 % of the theory)                               

      28 g of hexachlorethane                                                  

                        (=  3 % of the theory)                                 

     1700 g of hydrogen chloride.                                              

PAC  EXAMPLE 6
PAR  A fabrication residue obtained from the preparation of propylene oxide
      according to the chlorhydrin process, which was composed of:
PA1  1130 g of 1,2-dichloropropane
PA1  252 g of .beta. ,.beta.'-dichloro-diisopropyl ether
PA1  76 g of epichlorhydrin
PA1  31 g of 2-methyl-pentene-2-al-1
PA1  25 g of 1,2,3-trichloropropane
PA1  14 g of 1-chloropropanol-2
PAL  was pumped per hour, together with 10.5 kg of chlorine (= 67.5 % excess),
      into the same apparatus as has been described in Example 1, at a
      temperature of preliminary reaction zone of 200.degree. C and a
      temperature of the main reaction zone of 600.degree. C, and at a pressure
      of 80 atmospheres gage.
PAR  The following reaction products were obtained per hour:
     6260 g of carbon tetrachloride                                            

                        (= 91.4 % of the theory)                               

      270 g of phosgene (= 100 % of the theory)                                

      20 g of hexachlorobenzene                                                

                        (=  0.4 % of the theory)                               

      23 g of hexachlorethane                                                  

                        (=  1.2 % of the theory)                               

     3100 g of hydrogen chloride.                                              

PAR  After having been separated, the excess chlorine, the hexachlorobenzene and
      hexachlorethane were pumped back into the reactor and were recirculated.
PAC  EXAMPLE 7
PAR  A mixture consisting of:
PA0  280 g of phenol
PA0  710 g of monochlorobenzene
PA0  210 g of dichlorobenzene (isomer mixture) and
PA0  17.4 kg of chlorine (= 64 % excess)
PAL  was pumped per hour into the same apparatus as has been described in
      Example 1, at a temperature of the preliminary reaction zone of
      200.degree. C and a temperature of the main reaction zone of 600.degree.
      C, and at a pressure of 300 atmospheres gage.
PAR  The following reaction products were obtained per hour:
     9100 g of carbon tetrachloride                                            

                        (= 96.5 % of the theory)                               

      290 g of phosgene (= 99 % of the theory)                                 

      60 g of hexachlorobenzene                                                

                        (=  2 % of the theory)                                 

     2000 g of hydrogen chloride.                                              

PAR  After having been distilled off from carbon tetrachloride, phosgene and
      hydrogen chloride, the excess chlorine and the hexachlorobenzene formed
      were recirculated into the reactor.
PAC  EXAMPLE 8
PAR  A residue mixture obtained from the oxo-synthesis consisting of about 60 %
      of butanol-2 and 30 % of butanol-1 and approximately 10 % of unknown
      oxygen-containing compounds, altogether 170 g,
PAL  was pumped per hour, together with
PA0  390 g of benzene and
PA0  13.0 kg of chlorine (= 94 % excess),
PAL  into the same apparatus as has been described in Example 1, at a
      temperature of the preliminary reaction zone of 250.degree. C and a
      temperature of the main reaction zone of 660.degree. C, and at a pressure
      of 80 atmospheres gage.
PAR  The following reaction products were obtained per hour:
     5250 g of carbon tetrachloride                                            

                        (=  97.8 % of the theory)                              

      160 g of phosgene (= 100 % of the theory)                                

      22 g of hexachlorobenzene                                                

                        (=  1.2 % of the theory)                               

      13 g of hexachlorethane                                                  

                        (=  0.9 % of the theory)                               

     1650 g of hydrogen chloride.                                              

PAC  EXAMPLE 9
PAR  A mixture which had been preheated to about 150.degree. C and which
      consisted of
PA0  160 g of cyclohexanol
PA0  45 g of cyclohexanone
PA0  620 g of hexachloro-cyclohexane (isomer mixture, from which the
      .gamma.-form had been largely removed) and
PA0  7.6 kg of chlorine (= 79 % excess)
PAL  was pumped per hour into the same apparatus as has been described in
      Example 1, without any heating of the preliminary reaction zone, at a
      temperature of the main reaction zone of 650.degree. C, and at a pressure
      of 240 atmospheres gage.
PAR  The following reaction products were obtained per hour:
     3410 g of carbon tetrachloride                                            

                        (= 95.5 % of the theory)                               

      201 g of phosgene (= 97.5 % of the theory)                               

      23 g of hexachlorobenzene                                                

                        (=  1.9 % of the theory)                               

     1200 g of hydrogen chloride.                                              

PAC  EXAMPLE 10
PAR  1000 g of a fabrication residue obtained from the preparation of vinyl
      chloride being composed of
PA1  9.0 % by weight of benzene
PA1  2.1 % by weight of chloral
PA1  3.5 % by weight of dichloro-dimethylether
PA1  29.7 % by weight of dichlorobutene
PA1  19.5 % by weight of 1,2-dichlorethane
PA1  7.6 % by weight of chlorobenzene
PA1  6.9 % by weight of tetrachlorethylene
PA1  6.1 % by weight of chloroprene
PA1  2.2 % by weight of chloroprene, dimeric
PA1  5.8 % by weight od dichloropropene
PA1  4.6 % by weight of trichlorethane
PA1  3.0 % by weight of chloroxylene and
PA1  12.0 kg of chlorine (= 113 % excess)
PAL  were pumped per hour into the same apparatus as has been described in
      Example 1, at a temperature of the preliminary reaction zone of
      100.degree. C and a temperature of the main reaction zone of 600.degree.
      C, and at a pressure of 80 atmospheres gage.
PAR  The following reaction products were obtained per hour:
     4920 g of carbon tetrachloride                                            

                        (= 95.12 % of the theory)                              

      40 g of phosgene  (= 90 % of the theory)                                 

      31 g of hexachlorobenzene                                                

                        (=  2.2 % of the theory)                               

     1400 g of hydrogen chloride.                                              

PAC  EXAMPLE 11
PAR  0.88 g of dioxane and 10.0 g of liquid chlorine (= 40 % excess of chlorine)
      were mixed within a nickel tube that could be tightly closed. The nickel
      tube had an empty volume of 90 milliliters. It was brought, inside a
      protecting tube, into an electrical furnace having a temperature of
      300.degree. C, was then heated to a temperature of 550.degree. C within 20
      minutes and was kept at that temperature for 10 minutes. The tube was then
      removed from the furnace, was allowed to cool at room temperature and was
      opened at one end, after the other end had been cooled. In this process
      mainly hydrogen chloride escaped. The contents of the tube was taken up in
      pure monochlorobenzene and was analyzed by means of gaschromatography.
PA0  2.65 g of carbon tetrachloride and
PA0  1.32 g of phosgene were obtained.
PAR  If the reaction was carried out according to the reaction equation
EQU  C.sub.4 H.sub.8 O.sub.2 + 10 Cl.sub.2  .fwdarw. 2 CCl.sub.4  + 2 COCl.sub.2
      + 8 HCl,
PAL  the yield of carbon tetrachloride was 86 % of the theory and the yield of
      phosgene was 71 % of the theory. The small yields would have been higher,
      if part of the products had not been lost by way of entrainment by the
      evaporated hydrogen chloride. Hexachlorethane or hexachlorobenzene were
      not found.
PAC  EXAMPLE 12
PAR  Use was made of the apparatus as has been described in Example 1, however,
      the upper electric jacket heating was adjusted in such a way that the
      inner temperature of the reactor was 600.degree. C. In the condensation
      product, chlorine and hydrogen chloride were determined titrimetrically,
      while phosgene was determined by gaschromatography.
PA0  500 g of benzene having a water content of 0.05 % (that is 0.25 g of
      H.sub.2 O) and
PA0  11 kg of chlorine having a water content of
PA0  32 ppm (that is 0.35 g of H.sub.2 O)
PAL  were pumped per hour into the above-mentioned apparatus at a pressure of
      300 atmospheres gage.
PAR  The excess of chlorine was 60 % of the theory.
PAR  The following reaction products were obtained per hour:
     5650 g of carbon tetrachloride                                            

                        (=  95.3 % of the theory)                              

       3.3 g of phosgene                                                       

                        (= 100 % of the theory)                                

      75 g of hexachlorobenzene                                                

                        (=  4.1 % of the theory)                               

     1370 g of hydrogen chloride                                               

                        (=  98 % of the theory)                                

PAR  The yield figures in the above and the following Examples were always
      calculated on the amount of the product that could be figured out
      theoretically, using the starting components of benzene and water as a
      reference.
PAR  The space-time yield was 2090 g of carbon tetrachloride per liter of
      reaction zone per hour. The hexachlorobenzene was pumped back into the
      reactor in the form of a solution of about 50 % strength in carbon
      tetrachloride, after the other reaction products and the excess chlorine
      had been distilled off. The carbon tetrachloride, phosgene and hydrogen
      chloride were separated from chlorine by distillation, and the excess
      chlorine was recirculated into the reactor in an amount of about 4.2 kg
      per hour.
PAC  EXAMPLE 13
PA0  500 g of benzene having a water content of 0.05 %
PA0  200 g of water which was preheated to 230.degree. C by means of a
      preheating device after pumping, and which was introduced in doses close
      to the feed pipe for benzene, and
PA0  12 kg of chlorine having a water content of 32 ppm
PAL  were pumped per hour into the same apparatus as has been described in
      Example 1, at a temperature of the preliminary reaction zone of
      230.degree.C and a temperature of the main reaction zone of 660.degree. C,
      and at a pressure of 240 atmospheres gage.
PAR  The excess of chlorine was 82 % of the theory.
PAR  The following reaction products were obtained per hour:
TBL  3980 g of carbon tetrachloride                                            

                        (= 94.5 % of the theory)                               

     1100 g of phosgene (= 99.5 % of the theory)                               

      90 g of hexachlorobenzene                                                

                        (=  4.9 % of the theory)                               

     2200 g of hydrogen chloride                                               

                        (= 99  % of the theory).                               

PAR  The calculation of the yield of carbon tetrachloride was based on the fact
      that a stoichiometrical proportion of the carbon atoms of benzene was used
      for the formation of phosgene.
PAR  The space-time yields were 1475 g/l.h for carbon tetrachloride, and 408
      g/l.h for phosgene.
PAR  After all the reaction products had been separted, the excess chlorine was
      pumped back into the reactor.
PAC  EXAMPLE 14
PA0  800 g of monochlorobenzene
PA0  200 g of water and
PA0  12.5 kg of chlorine
PAL  were pumped per hour into the reactor, under the same conditions as have
      been specified in Example 13.
PAR  The excess of chlorine was 76 % of the theory.
PAR  The following reaction products were obtained per hour:
TBL  4700 g of carbon tetrachloride                                            

                        (= 97 % of the theory)                                 

     1080 g of phosgene (= 98 % of the theory)                                 

      42 g of hexachlorobenzene                                                

                        (= 2.1 % of the theory)                                

     2000 g of hydrogen chloride                                               

                        (= 95 % of the theory)                                 

PAC  EXAMPLE 15
PAR  2000 g of a mixture consisting of
PA0  60 % of hexachlorethane
PA0  30 % of trichlorethylene
PA0  10 % of tetrachlorethylene,
PA0  together with 200 g of water preheated to 230.degree. C and
PA0  6 kg of chlorine (= 94 % excess)
PAL  were pumped per hour into the reactor, under the same conditions as have
      been specified in Example 13, however, at a temperature of the main
      reaction zone of 550.degree. C.
PAR  The following reaction products were obtained per hour:
TBL  1580 g of carbon tetrachloride                                            

                        (= 97.5 % of the theory)                               

     1090 g of phosgene (= 89  % of the theory)                                

      11 g of hexachlorethane                                                  

                        (=  0.9 % of the theory)                               

      10 g of hexachlorobenzene                                                

                        (=  1.0 % of the theory)                               

      960 g of hydrogen chloride                                               

                        (= 98.5 % of the theory).                              

PAC  EXAMPLE 16
PA0  500 g of benzene having a water content of 0.05 %
PA0  200 g of liquid carbon dioxide from a pressure bottle (the introduction in
      doses was effected very close to the feed pipe for benzene) and
PA0  11 kg of chlorine (water content: 32 ppm)
PAL  were pumped per hour into the same apparatus as has been described in
      Example 1, at a temperature of the preliminary reaction zone of
      200.degree. C and a temperature of the main reaction zone of 600.degree.
      C, and at a pressure of 240 atmospheres gage.
PAR  The excess of chlorine was 65 % of the theory.
PAR  The following reaction products were obtained per hour:
TBL  4850 g of carbon tetrachloride                                            

                        (= 93.1 % of the theory)                               

      900 g of phosgene (= 100  % of the theory)                               

      110 g of hexachlorobenzene                                               

                        (=  6.0 % of the theory)                               

     1350 g of hydrogen chloride                                               

                        (= 96.5 % of the theory).                              

PAR  The excess chlorine was recirculated.
PAC  EXAMPLE 17
PA0  500 g of benzene (water content: 0.05 %)
PA0  200 g of carbon monoxide which had been condensed by cooling with liquid
      air, and which had then been pumped into the reactor in a liquid state by
      means of a plunger pump, close to the feed pipe for benzene, and
PA0  11 kg of chlorine (water content: 32 ppm)
PAL  were pumped per hour into the same apparatus as has been described in
      Example 1, at a temperature of the preliminary reaction zone of
      100.degree. C and a temperature of the main reaction zone of 600.degree.
      C, and at a pressure of 100 atmospheres gage.
PAR  The excess of chlorine was 49 %.
PAR  The following reaction products were obtained per hour:
TBL  5550 g of carbon tetrachloride                                            

                        (= 93.6 % of the theory)                               

      700 g of phosgene (= 98.7 % of the theory)                               

      120 g of hexachlorobenzene                                               

                        (=  6.6 % of the theory)                               

     1360 g of hydrogen chloride                                               

                        (= 97  % of the theory).                               

PAR  No carbon monoxide was found in the exhaust gas. The excess chlorine was
      recirculated.
PAR  The space-time yield was 2060 g of carbon tetrachloride per liter per hour,
      and 260 g of phosgene per liter per hour.
PAC  EXAMPLE 18
PAR  A mixture consisting of:
PA0  300 g of benzene (water contet: 0.05 %)
PA0  200 g of monochlorobenzene
PA0  100 g of o-dichlorobenzene and
PA0  12 kg of chlorine (water content: 32 ppm)
PAL  was pumped per hour into the same apparatus as has been described in
      Example 1, at a temperature of the preliminary reaction zone of
      250.degree. C and a temperature of the main reaction zone of 600.degree.
      C, and at a pressure of 80 atmospheres gage.
PAR  The escess of chlorine was 54 % of the theory.
PAR  When after about 3 hours the reactor had reached the thermal balance, a
      preheated combustion gas which had been compressed to 80 atmospheres gage
      was additionally introduced in doses at the lower end of the reactor, next
      to the feed pipe for chlorine, the gas being present in an amount of
PA0  250 standard liters per hour comprising
PAR  40 % by volume of carbon monoxide
PAR  50 % by volume of carbon dioxide and
PAR  10 % by volume of water.
PAR  The following reaction products were obtained per hour:
TBL      4620 g of carbon tetrachloride                                        

                          (= 96 % of the theory)                               

         1610 g of phosgene                                                    

                          (= 97 % of the theory)                               

          56 g of hexachlorobenzene                                            

                          (=  2.8 % of the theory)                             

     about                                                                     

         1350 g of hydrogen chloride                                           

                          (about 100 % of the theory).                         

PAR  The excess of chlorine was recirculated, after the reaction products had
      been separated.
PAC  EXAMPLE 19
PAR  1000 g of a mixture heated to 160.degree.-170.degree. C, thus melted and
      composed of:
PA0  8 % of water
PA0  1 % of benzene
PA0  0.4 % of higher chlorinated benzenes
PA0  76 % of alpha-hexachloro-cyclohexane
PA0  12 % of beta-hexachloro-cyclohexane
PA0  1 % of gamma-hexachloro-cyclohexane
PA0  0.8 % of delta-hexachloro-cyclohexane
PA0  0.8 % of epsilon-hexachloro-cyclohexane and
PA0  6.5 kg of chlorine
PAL  were pumped per hour into the same apparatus as has been described in
      Example 1, at a temperature of the preliminary reaction zone of
      250.degree. C and a temperature of the main reaction zone of 660.degree.
      C, and at a pressure of 80 atmospheres gage.
PAR  The excess of chlorine was 103 % of the theory.
PAR  The following reaction products were obtained per hour:
TBL      2520 g of carbon tetrachloride                                        

                          (= 95.2 % of the theory)                             

          246 g of phosgene                                                    

                          (= 56 % of the theory)                               

          34 g of hexachlorobenzene                                            

                          (=  3.5 % of the theory)                             

     about                                                                     

         900 g of hydrogen chloride                                            

                          (about 100 % of the theory).                         

PAR  The reduced yield of phosgene was probably to be attributed to the fact
      that a dehydration to some extent of the product had been taking place,
      while the hexachloro-cyclohexane-isomer mixture was heated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a mixture of carbon tetrachloride and
      phosgene in the absence of catalysts, which comprises reacting
PA1  a. oxygen-containing carbon-hydrogen compounds, in which the number of
      carbon atoms exceeds the number of oxygen atoms by at least one, or
PA1  b. a compound selected from the group consisting of oxygen-containing
      carbon-hydrogen compounds, carbon monoxide, carbon dioxide, water, and
      mixtures thereof, in admixture with a compound selected from the group
      consisting of benzene, toluene, naphthalene, anthracene, diphenyl,
      chlorinated compounds thereof, methyl chloride, chloroform, chlorinated
      alkanes and alkenes of at least two carbon atoms, chlorinated
      cycloalkanes, and mixtures thereof, with chlorine at a temperature of up
      to 400.degree.C. in a preliminary reaction zone and continuing the
      reaction in a main reaction zone at a temperature in the range of from
      400.degree. to 800.degree.C. and a pressure of between 50 and 800
      atmospheres gage.
NUM  2.
PAR  2. A process as claimed in claim 1, which comprises using simultaneously
      carbon monoxide, carbon dioxide and water.
NUM  3.
PAR  3. A process for the preparation of a mixture of carbon tetrachloride and
      phosgene in the absence of a catalyst, which comprises reacting an
      oxygen-containing carbon-hydrogen compound, in which the number of carbon
      atoms exceeds the number of oxygen atoms by at least one, with chlorine at
      a temperature of up to 400.degree.C. in a preliminary reaction zone and
      continuing the reaction in a main reaction zone at a temperature in the
      range of from 400.degree. to 800.degree.C. and a pressure of between 50
      and 800 atmospheres gage.
NUM  4.
PAR  4. A process as claimed in claim 3, wherein the temperature is in the range
      of from 500.degree. to 700.degree.C.
NUM  5.
PAR  5. A process as claimed in claim 3, wherein the pressure is in the range of
      from 80 to 300 atmospheres gage.
NUM  6.
PAR  6. A process as claimed in claim 3, which comprises introducing the
      chlorine into the reactor in a liquid form.
NUM  7.
PAR  7. A process as claimed in claim 3, which comprises using the chlorine in
      an excess amount of from 50 to 100 %, calculated on the theory.
NUM  8.
PAR  8. A process as claimed in claim 7, which comprises recirculating the
      chlorine.
NUM  9.
PAR  9. A process as defined in claim 3 in which the oxygen-containing
      carbon-hydrogen compound is an alcohol, aldehyde, ketone, acid, acid
      ester, acid anhydride, ether, phenol, quinone, epoxide, oxygen-containing
      hetero-cycle, or oxygen-containing polymer.
NUM  10.
PAR  10. A process as defined in claim 3 in which the oxygen-containing
      carbon-hydrogen compound is ethanol.
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ABST
PAL  The subject of the invention is a process for the manufacture of
      water-soluble condensation products of hydroxymethyl-phosphonium compounds
      and dicyandiamide, characterised in that (a) 1 mol of a
      tetrakis-(hydroxymethyl)phosphonium compound is condensed with (b) 0.02 to
      0.2 mol, preferably 0.05 to 0.15 mol, of an optionally methylolated
      dicyandiamide at 40.degree. to 120.degree.C, optionally in the presence of
      formaldehyde or a formaldehyde-donating agent, and an inert organic
      solvent, and optionally subsequently further condensed at temperature of
      100.degree. to 150.degree.C, and if appropriate free hydroxyl groups are
      at least partially etherified with at least one alkanol with 1 to 4 carbon
      atoms and if appropriate the salts of the condensation products are
      converted into the corresponding hydroxides.
PAL  The condensation products are used for flameproofing organic fibre
      material, especially textiles.
BSUM
PAR  The subject of the invention is a process for the manufacture of
      water-soluble condensation products of hydroxymethyl-phosphonium compounds
      and dicyandiamide, characterised in that (a) 1 mol of a
      tetrakis-(hydroxymethyl)-phosphonium compound is condensed with (b) 0.02
      to 0.2 mol, preferably 0.05 to 0.15 mol, of an optionally methylolated
      dicyandiamide at 40.degree. to 120.degree.C, optionally in the presence of
      formaldehyde or a formaldehyde-donating agent, and an inert organic
      solvent, and optionally subsequently further condensed at temperatures of
      100.degree. to 150.degree.C, and if appropriate free hydroxyl groups are
      at least partially etherified with at least one alkanol with 1 to 4 carbon
      atoms and if appropriate the salts of the condensation products are
      converted into the corresponding hydroxides.
PAR  The condensation is preferably carried out at 70.degree. to 110.degree.C in
      an inert organic solvent or solvent mixture. For this, aromatic
      hydrocarbons are above all suitable, such as, for example, toluene, o-, m-
      or p-xylene or a mixture thereof, or xylene-toluene, xylene-benzene or
      xylene-decahydronaphthalene mixtures. Preferably, the further condensation
      which may follow is carried out at 125.degree. to 140.degree.C or
      especially about 135.degree.C, that is to say the boiling point of the
      solvent or solvent mixture.
PAR  At the same time it is however also possible to carry out the condensation
      in the absence of an inert organic solvent, for example if condensation
      product already manufactured is used as the solvent or if condensation is
      carried out in the melt.
PAR  An appropriate procedure is to heat the
      tetrakis-(hydroxymethyl)-phosphonium compound, which as a rule is present
      as an aqueous solution, to the boil together with the component b),
      optionally in a solvent, and to distil off the water.
PAR  Possible tetrakis-(hydroxymethyl)-phosphonium compounds are above all salts
      and the hydroxide.
PAR  Suitable tetrakis-(hydroxymethyl)-phosphonium salts are, for example, the
      formate, acetate, phosphate or sulphate and the halides, such as, for
      example, the bromide or especially the chloride.
      Tetrakis-(hydroxymethyl)-phosphonium chloride is hereafter referred to as
      THPC.
PAR  Where tetrakis-(hydroxymethyl)-phosphonium hydroxide (THPOH) is used as the
      starting product, it is appropriately prepared beforehand from a
      corresponding salt, for example THPC, by neutralisation in aqueous
      solution with a base, for example sodium hydroxide, and subsequent
      dehydration.
PAR  Dicyandiamide can be used as such or in the methylolated form.
      Dicyandiamide itself is preferred. The formaldehyde which is optionally
      used conjointly is preferably present as an aqueous solution. The
      outstanding formaldehyde-donating agent is paraformaldehyde.
PAR  The etherification, which may have to be carried out, of the condensation
      product which still contains free hydroxyl groups is effected with, for
      example, n-butanol, n-propanol, ethanol or especially methanol. The
      reaction is preferably carried out in an acid medium.
PAR  The acid catalysts optionally used conjointly in the condensation are
      preferably salts which have an acid action (Lewis acids), such as
      magnesium chloride, iron-III chloride, zinc nitrate or boron
      trifluoride/diethyl ether. The conjoint use of these catalysts is
      especially advisable in the condensation of THPOH.
PAR  After completion of the condensation and optional etherification, the salts
      of the condensation products can also be completely or partially converted
      into their corresponding hydroxides, which is as a rule effected by adding
      strong bases such as alkali metal hydroxides or alkaline earth metal
      hydroxides, for example sodium hydroxide, potassium hydroxide or calcium
      hydroxide, or also sodium carbonate. The amount of base is appropriately
      so chosen that the pH value of the reaction mixture is about 5 to 8.
      Appropriately, this conversion is carried out in the bath used for
      application.
PAR  At times, the end products show an unpleasant odour caused by volatile, low
      molecular trivalent phosphorus compounds, for example phosphines, such as
      trihydroxymethylphosphine. This odour can be eliminated by an oxidative
      after-treatment of the condensation product, for example by passing air or
      oxygen into the reaction mixture or by adding oxidising agents such as
      hydrogen peroxide or potassium persulphate.
PAR  The condensation products are used for flameproofing organic fibre
      material, especially textiles. For this, an appropriate procedure is to
      apply to these materials an aqueous preparation which contains at least
      (1) a condensation product of the indicated type and (2) a polyfunctional
      compound which differs from the condensation products according to (1),
      and to finish the materials treated in this way by the thermofixing, moist
      batch, wet batch or ammonia fixing process. The thermofixing process is
      preferred.
PAR  The component (2) is preferably a polyfunctional epoxide or above all a
      polyfunctional nitrogen compound. Possible epoxides are above all epoxides
      which are liquid at room temperature and have at least two epoxide groups,
      which are preferably derived from polyhydric phenols. Polyfunctional
      nitrogen compounds are, for example, polyalkylenepolyamines or especially
      compounds which form aminoplasts, or aminoplast precondensates.
PAR  By compounds which form aminoplasts there are understood nitrogen compounds
      which can be methylolated and by aminoplast precondensates there are
      understood addition products of formaldehyde to nitrogen compounds which
      can be methylolated. As compounds which form aminoplasts or as nitrogen
      compounds which can be methylolated, there may be mentioned:
PAR  1,3,5-aminotriazines such as N-substituted melamines, for example
      N-butylmelamine, N-trihalogenomethylmelamines, triazones and ammeline,
      guanamines, for example benzoguanamines and acetoguanamines, or also
      diguanamines.
PAR  Further possibilities are: cyanamide, acrylamide, alkylurea or arylurea and
      alkylthioureas or arylthioureas, alkyleneureas or alkylenediureas, for
      example, urea, thiourea, urones, ethyleneurea, propyleneurea,
      acetylenediurea or especially 4,5-dihydroxyimidazolidine-2 and derivatives
      thereof, for example 4,5-dihydroxyimidazolidine-2 substituted in the
      4-position, at the hydroxyl group, by the radical --CH.sub.2 CH.sub.2
      CO--NH--CH.sub.2 OH. The methylol compounds of a urea, of an ethyleneurea
      or, especially, of melamine are preferentially used. Valuable products are
      in general given by products which are as highly methylolated as possible
      but in particular also by products with low methylolation such as
      etherified or non-etherified methylolmelamines, for example
      dimethylolmelamine or trimethylolmelamine or mixtures thereof. Suitable
      aminoplast precondensates are both predominantly monomolecular aminoplasts
      and also more highly precondensed aminoplasts.
PAR  The ethers of these aminoplast precondensates can also be used together
      with the reaction products. For example, the ethers of alkanols such as
      methanol, ethanol, n-propanol isopropanol, n-butanol or pentanols are
      advantageous. It is, however, desirable that these aminoplast
      precondensates should be water-soluble, such as, for example,
      pentamethylolmelaminedimethyl-ether or trimethylolmelamine-dimethyl-ether.
PAR  The organic fibre materials which are to be provided with a flameproof
      finish are, for example, wood, paper, furs, hides or preferably textiles.
      In particular, fibre materials of polyamides, cellulose,
      cellulose-polyester or polyester are flameproofed, fabrics of wool or
      polyester or mixed fabrics of polyester and cellulose, wherein the ratio
      of the polyester constituent to the cellulose constituent is 1:4 to 2:1.
      It is thus possible to use, for example, so-called 20/80, 26/74, 50/50 or
      67/33 polyester and cellulose mixed fabrics.
PAR  The cellulose or cellulose constituent of the fibre material originates,
      for example, from linen, cotton, rayon or staple viscose. In addition to
      polyester-cellulose fibre mixtures, fibre mixtures of cellulose with
      natural or synthetic polyamides can also be used. Above all, wool fibre
      materials can be flameproofed well with the condensation products.
PAR  The aqueous preparations for flameproofing the organic fibre materials as a
      rule contain 200 to 600 g/l, preferably 350 to 450 g/l, of the component
      (1) and 20 to 200 g/l, preferably 40 to 120 g/l, of the component (2). The
      preparations in most cases have an acid to neutral or weakly alkaline pH
      value.
PAR  The preparations for flameproofing can optionally contain yet further
      additives. To achieve a greater deposit of substance on fabrics it is
      advantageous, for example, to add 0.1 to 0.5%o of a high molecular
      polyethylene glycol. Furthermore, the customary plasticisers can be added
      to the preparations, for example an aqueous polyethylene emulsion.
PAR  To improve the mechanical strengths of the fibres it is also possible to
      add to the preparations suitable copolymers, for example copolymers of
      N-methylolacrylamide or cationic copolymers. Advantageous compositions for
      this purpose are, for example, aqueous emulsions of copolymers of (a) 0.25
      to 10% of an alkaline earth metal salt of an .alpha.,.beta.-ethylenically
      unsaturated monocarboxylic acid, (b) 0.25 to 30% of a N-methylolamide or
      N-methylolamide-ether of an .alpha.,.beta.-ethylenically unsaturated
      monocarboxylic or dicarboxylic acid and (c) 99.5 to 60% of at least one
      other copolymerisable compound. These copolymers and their manufacture are
      known. The tear strength and abrasion resistance of the treated fibre
      material can be favourably influenced by the conjoint use of such a
      copolymer.
PAR  If a polymer of the indicated type is also added to the preparation, it is
      advantageously added in small amounts, for example 1 to 10% relative to
      the amount of the condensation product. The same is true of any
      plasticiser which may be added, where the appropriate amounts can again be
      1 to 10%.
PAR  It is also possible to add curing catalysts, such as, for example, ammonium
      chloride, ammonium dihydrogen orthophosphate, phosphoric acid, magnesium
      chloride or zinc nitrate, but is in most cases not necessary.
PAR  The pH value of the preparations is as a rule 2 to 7.5, preferably 4 to 7,
      and is adjusted in the usual manner by adding bases or acids.
PAR  It can also be advantageous to add buffer substances, for example
      NaHCO.sub.3, disodium and trisodium phosphate or triethanolamine.
PAR  To improve the durability of the flameproof finishes and to achieve a soft
      handle it can be advantageous to add, to the aqueous preparations,
      halogenated paraffins in combination with a polyvinyl halide compound or
      silicone oil emulsions.
PAR  The preparations are now applied to the fibre materials, which can be done
      in a manner which is in itself known. Preferably, piece goods are used,
      and are impregnated on a padder which is fed with the preparation at room
      temperature.
PAR  In the preferred thermofixing process, the fibre material impregnated in
      this way must now be dried and subjected to a heat treatment. Drying is
      appropriately carried out at temperatures of up to 100.degree.C.
      Thereafter the material is subjected to a heat treatment at temperatures
      above 100.degree.C, for example 100.degree. to 200.degree.C, preferably
      120.degree. to 180.degree.C, the duration of which can be the shorter the
      higher is the temperature. This duration of heating is, for example, 30
      seconds to 10 minutes.
PAR  It is, however, also possible to use the so-called moist fixing process or
      wet fixing process or the ammonia fixing process.
PAR  If the moist fixing process is used, the fabric is first dried to a
      residual moisture of about 5 to 20% and is thereafter stored for 12 to 48
      hours at about 40.degree. to 60.degree.C, rinsed; washed and dried. In the
      wet fixing process a similar procedure is followed, except that the
      completely wet fibre material is stored. In the ammonia fixing process,
      the treated fibre material is gas-treated whilst still moist and is
      subsequently dried.
PAR  A rinse with an acid-binding agent, preferably with aqueous sodium
      carbonate solution, can be appropriate in the case of a strongly acid
      reaction medium.
PAR  In the examples which follow, the percentages and parts are percentages by
      weight and parts by weight, respectively. The relationship of parts by
      volume to parts by weight is as of ml to g.
PAC  EXAMPLE 1
PAR  244 parts of a 78% strength aqueous THPC solution (1 mol of THPC), 10.5
      parts of dicyandiamide (0.125 mol) and 200 parts of xylene isomer mixture
      are heated to the boil, with rapid stirring, in a stirred vessel of 500
      parts by volume capacity which is equipped with a water separator and
      thermometer. The azeotropic removal of the water from the aqueous THPC
      solution and of the water formed by condensation (a total of 79 parts of
      water) commences at a boiling point of 102.degree.C. After removal of this
      amount of water, the boiling point rises up to 130.degree.C without,
      however, further water being formed. The mixture is cooled to 90.degree.C,
      the product is dissolved by adding 200 parts of water and the xylene is
      largely siphoned off. The aqueous solution is completely evaporated in
      vacuo at 70.degree.C.
PAR  166 parts of a yellow, viscous condensation product, which forms a gel, but
      does not give a precipitate, with ammonia in aqueous solution, are
      obtained.
PAR  The infrared spectrum of the product shows the following bands:
TBL  Broad      band at   3,240 cm.sup.-.sup.1                                 

                                      strong                                   

                approx.                                                        

     Sharp      "         2,910  "    weak                                     

     Broad shoulder                                                            

                "         2,850 "     medium                                   

     Broad shoulder                                                            

                "         2,640 "     medium                                   

     Broad shoulder                                                            

                "         2,350 "     weak                                     

     Sharp      "         2,070 "     weak                                     

     Broad      "         1,615 "     medium-strong                            

     Broad      "         1,410 "     medium                                   

     Sharp      "         1,295 "     weak-medium                              

     Broad shoulder                                                            

                "         1,200 "     weak-medium                              

     Broad      "         1,150 "     weak-medium                              

     Sharp      "         1,095 "     weak                                     

     Sharp      "         1,040 "     medium                                   

     Sharp shoulder                                                            

                "          920 "      medium                                   

     Broad shoulder                                                            

                "          880 "      weak                                     

PAC  EXAMPLE 2
PAR  244 parts of a 78% strength aqueous solution of THPC (1 mol) and 10.5 parts
      of dicyandiamide (0.125 mol) are treated for 2 hours at 100.degree. to
      110.degree.C internal temperature in a stirred vessel of 500 parts by
      volume capacity which is equipped with a thermometer and reflux condenser.
      Thereafter the water is removed in vacuo at 60.degree.C.
PAR  190 parts of a yellowish, viscous condensation product which contains 15.5%
      of P and 3.4% of N are obtained.
PAR  The infrared spectrum of the product shows the following bands:
TBL  Broad      band at   3,200 cm.sup.-.sup.1                                 

                                      strong                                   

                approx.                                                        

     Sharp      "         2,920 "     weak                                     

     Broad shoulder                                                            

                "         2,850 "     medium-strong                            

     Broad shoulder                                                            

                "         2,620 "     medium                                   

     Broad shoulder                                                            

                "         2,350 "     weak                                     

     Sharp      "         2,070 "     weak                                     

     Broad shoulder                                                            

                "         1,710 "     medium-strong                            

     Broad      "         1,630 "     medium                                   

     Broad      "         1,530 "     weak                                     

     Broad      "         1,410 "     medium                                   

     Sharp      "         1,300 "     weak                                     

     Broad      "         1,180 "     weak-medium                              

     Broad      "         1,160 "     weak-medium                              

     Sharp      "         1,040 "     strong                                   

     Broad      "          920 "      medium-strong                            

     Broad      "          880 "      medium                                   

PAC  EXAMPLE 3
PAR  The procedure described in Example 1 is followed, but 12.6 parts of
      dicyandiamide (0.15 mol) are used.
PAR  160.5 parts of a yellowish, highly viscous condensation product are
      obtained and are diluted with water to 80% active substance content, in
      order to facilitate handling.
PAR  The infrared spectrum of the product shows the following bands:
TBL  Broad      band at   3,200 cm.sup.-.sup.1                                 

                                      strong                                   

                approx.                                                        

     Sharp      "         2,920 "     weak                                     

     Broad shoulder                                                            

                "         2,850 "     medium                                   

     Broad shoulder                                                            

                "         2,640 "     medium                                   

     Broad shoulder                                                            

                "         2,480 "     weak-medium                              

     Broad shoulder                                                            

                "         2,350 "     weak                                     

     Broad      "         2,070 "     weak                                     

     Broad      "         1,620 "     medium                                   

     Broad shoulder                                                            

                "         1,470 "     weak-medium                              

     Broad      "         1,410 "     medium                                   

     Sharp      "         1,300 "     medium                                   

     Broad      "         1,160 "     medium                                   

     Sharp      "         1,040 "     strong                                   

     Sharp shoulder                                                            

                "          920 "      medium                                   

     Broad shoulder                                                            

                "          895 "      medium                                   

PAC  EXAMPLE 4
PAR  The procedure described in Example 1 is followed but 8.4 parts of
      dicyandiamide (0.1 mol) are used.
PAR  157 parts of a yellowish, highly viscous condensation product are obtained
      and are diluted with water to 80% active substance content in order to
      facilitate handling.
PAR  The infrared spectrum of the product shows the following bands:
TBL  Broad      band at   3,200 cm.sup.-.sup.1                                 

                                      strong                                   

                approx.                                                        

     Sharp      "         2,920 "     weak                                     

     Broad shoulder                                                            

                "         2,850 "     medium                                   

     Broad shoulder                                                            

                "         2,640 "     medium                                   

     Broad shoulder                                                            

                "         2,350 "     weak                                     

     Broad      "         2,080 "     weak                                     

     Broad      "         1,630 "     medium                                   

     Broad      "         1,415 "     medium                                   

     Sharp      "         1,300 "     weak-medium                              

     Broad      "         1,165 "     medium                                   

     Sharp      "         1,100 "     weak-medium                              

     Sharp      "         1,045 "     strong                                   

     Sharp shoulder                                                            

                "          920 "      medium                                   

     Broad shoulder                                                            

                "          900 "      medium                                   

PAC  EXAMPLE 5
PAR  244 parts of a 78% strength aqueous solution of THPC (1 mol) are
      neutralised to a pH value of 7.2 with 58 parts of 30% strength aqueous
      sodium hydroxide solution in a stirred vessel of 500 parts by volume
      capacity which is equipped with a thermometer and reflux condenser, and
      thereafter 10.5 parts (0.125 mol) of dicyandiamide are added. The mixture
      is then condensed for 2 hours at 100.degree. to 110.degree.C internal
      temperature. Thereafter the water is removed in vacuo at 60.degree.C, the
      residue is dissolved in 80 parts of methanol and insoluble NaCl is
      separated off. After removing the methanol in vacuo at 50.degree.C, 162
      parts of a condensation product, which is a highly viscous paste, are
      obtained.
PAR  The infrared spectrum of the product shows the following bands:
TBL  Broad      band at   3,200 cm.sup.-.sup.1                                 

                                      strong                                   

                approx.                                                        

     Sharp      "         2,910 "     weak                                     

     Broad shoulder                                                            

                "         2,850 "     medium                                   

     Broad shoulder                                                            

                "         2,640 "     medium                                   

     Sharp      "         2,070 "     weak                                     

     Broad      "         1,640 "     medium                                   

     Broad      "         1,415 "     medium                                   

     Sharp      "         1,295 "     weak                                     

     Broad      "         1,145 "     weak                                     

     Sharp      "         1,040 "     strong                                   

     Sharp shoulder                                                            

                "          920 "      medium                                   

     Broad shoulder                                                            

                "          880 "      medium                                   

PAC  EXAMPLE 6
PAR  488 parts of a 78% strength aqueous THPC solution (2 mols), 16.8 parts of
      dicyandiamide (0.4 mol) and 400 parts of xylene isomer mixture are heated
      to the boil, with rapid stirring, in a stirred vessel of 1,000 parts by
      volume capacity which is equipped with a water separator and thermometer.
      The azeotropic removal of the water from the aqueous THPC solution and of
      the water formed by condensation (a total of 162 parts of water) commences
      at a boiling point of 102.degree.C. After removal of this amount of water,
      the boiling point reaches 132.degree.C without, however, further water
      being formed. The mixture is cooled to 90.degree.C, the product is
      dissolved by adding 400 parts of water and the xylene is largely siphoned
      off. The aqueous solution is completely evaporated in vacuo at
      70.degree.C.
PAR  330 parts of a yellow, viscous condensation product are obtained.
PAR  The infrared spectrum of this product shows the following bands:
TBL  Broad      band at   3,200 cm.sup.-.sup.1                                 

                                      strong                                   

                approx.                                                        

     Sharp      "         2,920 "     weak                                     

     Broad shoulder                                                            

                "         2,850 "     weak-medium                              

     Broad shoulder                                                            

                "         2,650 "     weak-medium                              

     Broad shoulder                                                            

                "         2,480 "     weak                                     

     Broad shoulder                                                            

                "         2,360 "     weak                                     

     Sharp      "         2,070 "     weak                                     

     Broad      "         1,630 "     medium-strong                            

     Broad      "         1,410 "     weak-medium                              

     Sharp      "         1,295 "     weak                                     

     Broad shoulder                                                            

                "         1,205 "     weak                                     

     Broad      "         1,150 "     weak                                     

     Broad      "         1,090 "     weak                                     

     Sharp      "         1,040 "     weak-medium                              

     Broad      "          895 "      weak-medium                              

PAC  EXAMPLE 7
PAR  190.5 parts (1 mol) of crystalline anhydrous THPC and 1.7 parts (0.02 mol)
      of dicyandiamide are condensed for 2 hours in the melt, at
      105.degree.-110.degree.C internal temperature, in a stirred vessel of 500
      parts by volume capacity which is equipped with a reflux condenser and
      thermometer. After cooling, 190 parts of colourless waxy condensation
      product are obtained.
PAR  The infrared spectrum of this product shows the following bands:
TBL  Broad      band at   3,240 cm.sup.-.sup.1                                 

                                      strong                                   

                approx.                                                        

     Sharp      "         2,920 "     weak                                     

     Broad shoulder                                                            

                "         2,850 "     medium                                   

     Broad shoulder                                                            

                "         2,630 "     medium                                   

     Sharp      "         2,080 "     weak                                     

     Broad      "         1,660 "     medium                                   

     Broad      "         1,440 "     medium                                   

     Sharp      "         1,300 "     weak                                     

     Sharp      "         1,260 "     weak                                     

     Sharp      "         1,040 "     strong                                   

     Sharp shoulder                                                            

                "          920 "      medium                                   

     Broad shoulder                                                            

                "          880 "      medium                                   

PAC  EXAMPLE 8
PAR  175 parts of the condensation product manufactured according to Example 7
      are dissolved in 100 parts of methanol in the same apparatus, 0.1 part of
      38% strength aqueous hydrochloric acid is added and the mixture is
      etherified for 30 minutes at the reflux temperature
      (64.degree.-65.degree.C). It is then cooled to 50.degree.C and the excess
      methanol is removed in vacuo, whilst stirring, until constant weight is
      reached.
PAR  178 parts of a yellowish product, which partially crystallises, are
      obtained.
PAR  The infrared spectrum of this product shows the following bands:
TBL  Broad      band at   3,240 cm.sup.-.sup.1                                 

                                      strong                                   

                approx.                                                        

     Sharp      "         2,910 "     weak                                     

     Broad shoulder                                                            

                "         2,820 "     medium                                   

     Broad shoulder                                                            

                "         2,610 "     medium                                   

     Broad shoulder                                                            

                "         2,360 "     weak-medium                              

     Sharp      "         2,070 "     medium                                   

     Broad      "         1,630 "     medium-strong                            

     Broad      "         1,410 "     medium                                   

     Sharp      "         1,295 "     weak                                     

     Broad      "         1,195 "     weak                                     

     Broad      "         1,040 "     medium-strong                            

     Sharp shoulder                                                            

                "          920 "      medium                                   

     Broad shoulder                                                            

                "          880 "      weak-medium                              

PAC  EXAMPLE 9
PAR  The procedure described in Example 2 is followed, but 11.4 parts (0.1 mol)
      of monomethyloldicyandiamide are used instead of the dicyandiamide.
PAR  194 parts of a crystalline white condensation product containing 15.9% of P
      are obtained.
PAR  The infrared spectrum of this product shows the following bands:
TBL  Broad      band at   3,240 cm.sup.-.sup.1                                 

                                      strong                                   

                approx.                                                        

     Sharp      "         2,910 "     weak                                     

     Broad shoulder                                                            

                "         2,850 "     medium-strong                            

     Broad      "         2,610 "     medium                                   

     Broad shoulder                                                            

                "         2,470 "     weak                                     

     Broad shoulder                                                            

                "         2,350 "     weak                                     

     Sharp      "         2,070 "     weak                                     

     Broad      "         1,630 "     strong-medium                            

     Broad      "         1,410 "     medium                                   

     Sharp      "         1,295 "     weak                                     

     Broad shoulder                                                            

                "         1,185 "     weak                                     

     Sharp shoulder                                                            

                "         1,160 "     weak                                     

     Sharp shoulder                                                            

                "         1,110 "     weak                                     

     Sharp      "         1,040 "     strong                                   

     Sharp shoulder                                                            

                "          920 "      medium                                   

     Broad shoulder                                                            

                "          880 "      weak-medium                              

PAC  EXAMPLE 10
PAR  244 parts (1 mol) of a 78% strength aqueous solution of THPC, 8.4 parts
      (0.1 mol) of dicyandiamide and 8.5 parts of formaldehyde (aqueous, 35.4%
      strength) are reacted with one another in accordance with Example 2.
PAR  194 parts of a viscous syrup are obtained.
PAR  The infrared spectrum of this product shows the following bands:
TBL  Broad      band at   3,240 cm.sup.-.sup.1                                 

                                      strong                                   

                approx.                                                        

     Sharp      "         2,920 "     weak                                     

     Broad shoulder                                                            

                "         2,850 "     medium                                   

     Broad shoulder                                                            

                "         2,620 "     medium                                   

     Broad shoulder                                                            

                "         2,470 "     weak                                     

     Broad shoulder                                                            

                "         2,350 "     weak                                     

     Sharp      "         2,070 "     weak-medium                              

     Broad      "         1,630 "     strong-medium                            

     Broad      "         1,410 "     medium                                   

     Sharp      "         1,295 "     weak                                     

     Broad      "         1,190 "     weak                                     

     Broad      "         1,160 "     weak                                     

     Broad      "         1,040 "     medium-strong                            

     Sharp      "          915 "      medium                                   

     Broad      "          880 "      weak-medium                              

PAC  EXAMPLE 11
PAR  Mixed fabrics of polyester/cotton (PES/CO), (67/33) or (50/50), are padded
      with the liquors according to Table 1 below, dried at 80 to 100.degree.C
      and subsequently cured for 5 minutes at 150.degree.C.
PAR  The fabric is then washed for 5 minutes at 60.degree.C in a liquor which
      per litre contains 5 ml of hydrogen peroxide (35% strength), 3 g of
      aqueous sodium hydroxide solution (30% strength) and 1 g of a 25% strength
      aqueous solution of a condensation product of 1 mol of p-tert.-nonylphenol
      and 9 mols of ethylene oxide. Thereafter the fabric is rinsed and dried.
PAR  The degree of fixing indicates the amount of product present on the fibre
      after rinsing (relative to the amount originally taken up).
PAR  The fabrics are tnen washed up to 40 times for 45 minutes at 60.degree.C in
      a domestic washing machine, using a liquor which contains 4 g/l of a
      domestic detergent (SNV 198,861 wash).
PAR  The individual fabric samples are then tested for their flameproof
      character (DIN 53,906 vertical test; ignition time 6 seconds).
PAR  The results are summarised in Table 1 below.
TBL                                    Table 1                                 

     __________________________________________________________________________

                        Treated with liquor                                    

     Constituents, g/l  A       B         C   D                                

     __________________________________________________________________________

     Product according to Example 1                                            

                        550   --          --  --                               

     Product according to Example 2                                            

                        --    550         --  --                               

     Product according to Example 3                                            

                        --    --          485 --                               

     Product according to Example 4                                            

                        --    --          --  485                              

     Dimethylolmelamine 96.5  96.5        96.5                                 

                                              96.5                             

     pH value of the liquor                                                    

                        5.5   5.5         5.5 5.5                              

      (adjusted with NaOH)                                                     

     Liquor uptake (%)   75    75         75  75                               

     Degree of fixing (%), PES/CO 50/50                                        

                        --     63         --  --                               

      PES/CO 67/33       78    67         75  76                               

     __________________________________________________________________________

     Flameproof character                                                      

                        PES/CO 67/33                                           

                                PES/CO                                         

                                     PES/CO                                    

                                          PES/CO                               

                                              PES/CO                           

                                50/50                                          

                                     67/33                                     

                                          67/33                                

                                              67/33                            

     __________________________________________________________________________

     Tear length (cm)                                                          

     After rinsing      12.5    8.5  12   8.5 10                               

     After 20 washes (60.degree.C)                                             

                        11      8    10   5.5 8                                

     After 40 washes (60.degree.C)                                             

                        10.5    9    --   10  --                               

     __________________________________________________________________________

PAC  EXAMPLE 12
PAR  Fabrics of polyester/cotton (PES/CO), 67:33 and 50:50, wool (W) and cotton
      (CO) are padded with the liquors of Table 2 below, and then treated as
      follows:
PAR  a.  By the thermofixing process, as indicated in Example 9, with subsequent
      washing at 60.degree.C as indicated in Example 9.
PAR  b. Partly by the moist fixing or moist batch process: After padding store
      at 10% residual moisture content for 24 hours at 50.degree.C, subsequently
      rinse with cold water, wash for 5 minutes in a bath which contains 4 g/l
      of calcium carbonate and 1 g/l of a condensation product of 1 mol of
      p-tert.nonylphenol and 4 mols of ethylene oxide, then rinse and dry.
PAR  c. Partly by the wet fixing or wet batch process: After padding store wet
      for 24 hours at 50.degree.C and subsequently rinse and wash as under b).
PAR  The fabrics are then washed up to 20 times, as indicated in Example 11, at
      40.degree. (W), 60.degree.C (PES/CO) and at the boil (CO), and thereafter
      tested for their flameproof character according to DIN 53,906 (ignition
      time 6 seconds). Untreated fabrics burn away.
PAR  The results are summarised in Table 2 below.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Constituents of the liquor, g/l                                           

                         Treated with                                          

     Fabric              CO   PES/CO                                           

                                   PES/CO 50:50                                

                                             Wool                              

                              67/33                                            

     Fixing                                                                    

     process             a)   a)   a)   b)   a)  b)   c)                       

     No.                 I    II   II   III  IV  IV   IV                       

     __________________________________________________________________________

     Product according to Example 5                                            

                         183  425  425  425  350 350  350                      

     Di-Trimethylolmelamine                                                    

                         96.5 103  103  103  84.5                              

                                                 84.5 84.5                     

     Product .sup.+.sup.)                                                      

                         --   --   --   2    2   2    2                        

     Silicone oil emulsion (40% strength)                                      

                         35   35   35   35   35  35   35                       

     pH value of the liquor                                                    

                         5.5  5.5  5.5  4.5  5.5 4.5  4.5                      

     Liquor uptake, %    80   70   70   70   80  80   80                       

     g of phosphorus/kg of fabric                                              

                         28   57   57   57   54  54   54                       

     g of nitrogen/kg of fabric                                                

                         32   30   30   30   28  28   28                       

     Flameproof character: Burning time (seconds) / Tear length (cm)           

     After rinsing        0/10                                                 

                              0/7  0/7.5                                       

                                        0/8  0/7  0/9 0/5                      

     After 1 wash        0/8  0/7  0/6  0/7.5                                  

                                             0/4 0/6  0/3                      

     After 5 washes      0/7.5                                                 

                              0/8.5                                            

                                   0.8  0/7.5                                  

                                             0/7 0/4  0/3                      

     After 20 washes     0/8   0/10                                            

                                   0/7   0/10                                  

                                             0/6 0/8.5                         

                                                      0/6                      

     __________________________________________________________________________

      .sup.+.sup.) Condensation product of 1 mol of p-nonylphenol and 9 mols of

      ethylene oxide.                                                          

PAC  EXAMPLE 13
PAR  A polyester fabric is padded with an aqueous liquor which contains 420 g/
      of the product according to Example 5, 120 g/l of di-trimethylolmelamine
      and 35 g/l of a silicone oil emulsion (40% strength) and has a pH value of
      5.5 or 4.5. The liquor uptake is 80%. The amounts used are so chosen that
      the liquors contain 64 g of phosphorus and 32 g of nitrogen per kg of
      fabric.
PAR  The impregnations are fixed according to methods (a) and (b) of Example 12,
      rinsed and subjected to one wash according to SNV 198,861, as described in
      Example 11.
PAR  Thereafter the test specimens are tested for their flameproof character
      according to DIN 53,906. Untreated fabrics burn away.
PAR  The results are summarised in Table 3 below.
TBL                Table 3                                                     

     ______________________________________                                    

     Flameproof character: Burning time (seconds) /                            

     tear length (cm)                                                          

     ______________________________________                                    

             Thermofixing process                                              

                           Moist fixing process                                

     ______________________________________                                    

     After rinsing                                                             

               4 / 14           4 / 14                                         

     After 1 wash                                                              

               6 / 12          13 / 14                                         

     ______________________________________                                    

PAC  EXAMPLE 14
PAR  Mixed fabrics of polyester-cotton (PES/CO), 50:50 and 67:33, are padded
      with the liquors according to Table 4 below, dried for 30 minutes at up to
      about 80.degree.C and subsequently cured for 5 minutes at 150.degree.C.
      The phosphorus content and the nitrogen content are 57 g and 30 g
      respectively, per kg of fabric.
PAR  The fabric is then washed for 5 minutes at 60.degree.C in a liquor, rinsed
      and dried as indicated in Example 11.
PAR  The fabrics are then washed up to 20 times for 45 minutes at 60.degree.C in
      a domestic washing machine, as indicated in Example 11.
PAR  The individual fabric samples are then tested for their flameproof
      character (DIN 53,906 vertical test; ignition time 6 seconds).
PAR  The results are summarised in Table 4 below.
TBL                                    Table 4                                 

     __________________________________________________________________________

                     Fabric treated with liquor                                

                     PES/CO 67/33    PES/CO 50/50                              

     Constituents, g/l                                                         

                     I   II  III IV  I   II  III IV                            

     __________________________________________________________________________

     Product according to:                                                     

     Example 6        450             450                                      

     Example 8           510             510                                   

     Example 9               510             510                               

     Example 10                  510             510                           

     Di-Trimethylolmelamine                                                    

                      103    103 103  103    103 103                           

     Trimethylolmelamine-dimethyl-                                             

     ether (75% strength)                                                      

                         153             153                                   

     Silicone oil emulsion                                                     

     (40% strength)  35   35  35  35 35   35  35  35                           

     pH value of the liquor                                                    

                     7 .sup.+                                                  

                         5.5 4.5 5.5 7 .sup.+                                  

                                         5.5 4.5 5.5                           

     Degree of fixing, %                                                       

                     79   57  65  63 66   58  68  61                           

     Flameproof character: Burning time (seconds) / Tear length                

     __________________________________________________________________________

     (cm)                                                                      

     After rinsing                                                             

               0/8.5 0/11                                                      

                         0/7.5                                                 

                              0/11   0/8                                       

                                        0/7 0/7  0/9                           

     After 1 wash                                                              

               0/7   0/8 0/10 0/7.5 0/5 0/6 0/5  0/6.5                         

     After 5 washes                                                            

               0/6.5 0/10                                                      

                         0/5  0/6.5 0/5 0/13                                   

                                            0/5  0/8                           

     After 20 washes                                                           

               0/8   0/11                                                      

                         0/10 0/10  0/6 0/9 0/10 0/10                          

     __________________________________________________________________________

      .sup.+The salts of the condensation products have been converted into    

      their corresponding hydroxides by adjusting the pH value of the liquor to

      7 by means of sodium hydroxide.                                          

PAC  EXAMPLE 15
PAR  Mixed fabrics of polyester-cotton PES/CO (50/50 and 67/33) are padded with
      the liquor according to Table 5 below and finished according to the
      ammonia fixing process.
PAR  In this process, the padded fabric is dried incompletely (about 10 to 20%
      residual moisture content) at up to 80.degree.C and is then gassed for 10
      minutes with ammonia. Thereafter it is treated with a liquor which
      contains 300 ml of a 24% strength aqueous ammonia solution per litre,
      using a liquor ratio of 1:30. It is then washed, unrinsed, at 40.degree.C
      in a bath which contains 5 g/l of soap and 6 ml/l of H.sub.2 O.sub.2 (35%
      strength), and then rinsed and dried.
PAR  The fabrics are then washed up to 20 times for 45 minutes at 60.degree.C in
      a domestic washing machine, in a liquor which contains 4 g/l of a domestic
      detergent (SNV 198,861 wash). The individual fabric samples are then
      tested for their flameproof character (DIN 53,906 vertical test; ignition
      time 6 seconds).
PAR  The results are summarised in Table 5 below.
TBL                Table 5                                                     

     ______________________________________                                    

     Constituents               Liquor                                         

     ______________________________________                                    

     Product according to Example 9                                            

                                515                                            

     Di-Trimethylolmelamine     103                                            

     Silicone oil emulsion      35                                             

     pH value                   4.5                                            

     g of phosphorus/kg of fabric                                              

                                57                                             

     g of nitrogen/kg of fabric 30                                             

     ______________________________________                                    

     Test of flameproof character:                                             

                       Burning time (seconds) /                                

                       Tear length (cm)                                        

     ______________________________________                                    

                    PES/CO 50:50   PES/CO 67:33                                

     ______________________________________                                    

     After rinsing  0/9.5           0/9.5                                      

     After 1 wash   0/8.5          0/10.5                                      

     After 5 washes 0/8.5          0/11                                        

     After 20 washes                                                           

                    0/8.5          0/11                                        

     Untreated fabric burns away.                                              

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A water-soluble condensation product from
      tetrakis-(hydroxymethyl)-phosphonium compound and dicyandiamide, produced
      by the process, comprising condensing a
      tetrakis-(hydroxymethyl)-phosphonium salt or
      tetrakis(hydroxymethyl)-phosphonium hydroxide with dicyandiamide or
      methylolated dicyandiamide, at a molar ratio of 1:0.02 to 0.2, at
      40.degree. to 120.degree.C in the presence of an inert organic solvent or
      aqueous medium or in the melt, to give the condensation product, while
      simultaneously removing by distillation from the reaction mixture any
      water present or formed during the condensation.
NUM  2.
PAR  2. A product of claim 1, wherein further condensation occurs as the
      reaction temperature is elevated to 100.degree. to 150.degree.C after
      removal of the water.
NUM  3.
PAR  3. A product of claim 1, wherein the resulting product is further treated
      with an alkanol of 1 to 4 carbon atoms in an acid medium to effect partial
      or complete etherification.
NUM  4.
PAR  4. A product of claim 1, wherein reaction mixture further includes
      formaldehyde or paraformaldehyde.
NUM  5.
PAR  5. A product of claim 1, wherein the tetrakis-(hydroxymethyl)-phosphonium
      compound is treated with dicyandiamide.
NUM  6.
PAR  6. A product of claim 1, wherein the inert organic solvent is an aromatic
      hydrocarbon solvent.
NUM  7.
PAR  7. A product of claim 1, wherein the molar ratio is 1:0.05 to 0.15.
NUM  8.
PAR  8. A product of claim 1, wherein the tetrakis-(hydroxymethyl)-phosphonium
      salt is a tetrakis(hydroxymethyl)-phosphonium halide.
NUM  9.
PAR  9. A product of claim 8, wherein the tetrakis-(hydroxymethyl)-phosphonium
      halide is tetrakis(hydroxymethyl)-phosphonium chloride.
PATN
WKU  039313115
SRC  5
APN  3344959
APT  1
ART  126
APD  19730221
TTL  N,N,N-trisubstituted N-halogenomethylurea and thiourea compounds and
      process for their preparation
ISD  19760106
NCL  7
ECL  1
EXA  Breitenstein; G.
EXP  Thomas, Jr.; James O.
INVT
NAM  Thomas; Rudolf
CTY  Wuppertal
CNT  DT
INVT
NAM  Kramer; Wolfgang
CTY  Wuppertal
CNT  DT
INVT
NAM  Eue; Ludwig
CTY  Cologne
CNT  DT
INVT
NAM  Metzger; Carl
CTY  Wuppertal
CNT  DT
INVT
NAM  Jager; Gerhard
CTY  Wuppertal
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CTY  Leverkusen
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720304
APN  2210603
CLAS
OCL  260552
XCL  2602471
XCL  2602472
XCL  26029385
XCL  26029386
XCL  260453R
XCL  260552R
XCL  260553R
XCL    8 88
EDF  2
ICL  C07C12719
ICL  C07C15702
FSC  260
FSS  553 A;453 R;553 R;552 R
UREF
PNO  3505454
ISD  19700400
NAM  Krenzer
OCL  424272
LREP
FRM  Burgess, Dinklage & Sprung
ABST
PAL  Novel N,N',N'-trisubstituted N-halogenomethylurea compounds of the formula:
      ##EQU1##
      in which R.sup.1 is alkyl, cycloalkyl, cycloalkenyl, bicycloalkyl,
      bicycloalkenyl, aryl or aralkyl (each of which may be optionally
      substituted),
PA1  R.sup.2 is alkyl, alkenyl, alkynyl or alkoxy (each of which may be
      optionally substituted), or halogenoalkyl or cycloalkyl,
PA1  R.sup.3 is alkyl (which may be optionally halogen-substituted), alkenyl or
      alkynyl, or
PA1  R.sup.2 and R.sup.3 jointly represent an alkylene bridge which, can be
      interrupted by one or more hetero-atoms, such as S or O, or by the NH
      group, and which forms a heterocyclic ring with the adjoining nitrogen
      atom,
PA1  X is oxygen or sulfur, and
PA1  Y is chlorine or bromine.
PAL  Are prepared by reacting a N,N',N'-trisubstituted urea or thiourea of the
      general formula:
      ##EQU2##
      in which R.sup.1, R.sup.2, R.sup.3 and X have the above-mentioned
      meanings, is reacted, per mole thereof, with at least 1 mole of
      formaldehyde (which may be formed in situ from a formaldehyde-releasing
      substance) and a halogenating agent at a temperature of from -10.degree.
      to +150.degree.C, optionally in the presence of a diluent and, as a
      catalyst, a proton-releasing compound (for example a hydrogen halide) or a
      Lewis acid.
BSUM
PAR  The present invention relates to certain new N,N',N'-trisubstituted
      N-halogenomethylurea and thiourea compounds. These compounds can be used
      as intermediate for the production of plant-protection agents and of
      textile auxiliaries, especially hydrotropic substances. In different
      aspect, the invention relates to a process for the preparation of such
      compounds.
PAR  It is known that N-halogenoethylureas can be manufactured by reaction of
      the corresponding N-hydroxyethylureas with thionyl halides (see U.S. Pat.
      No. 2,985,663); furthermore it is known that bis-N-halogenoethylureas can
      be obtained in the same manner from bis-N-hydroxymethylureas or from
      bis-N-hydroxy-ethylureas, respectively (see Melliand, Textilberichte,
      Heidelberg Vol. 43, Issue 4, 1962, page 382 and J. Medical Chem. Vol. 9,
      Issue 6, 1966, pages 892-911). These prior-art processes are represented
      by equations (a) and (b).
      ##EQU3##
      IN WHICH R.sub.1 = optionally substituted aryl;
PA1  R.sub.2 = h or alkyl
      ##EQU4##
      in which R.sub.3 = H or NO.
PAR  This reaction has hitherto not been described for the case of
      N,N',N'-trisubstituted N-hydroxymethylureas.
PAR  The present invention provides N,N',N'-trisubstituted N-halogenomethylureas
      and thioureas of the general formula
      ##EQU5##
      in which R.sup.1 is alkyl, cycloalkyl, cycloalkenyl, bicycloalkyl,
      bicycloalkenyl, aryl or aralkyl (each of which may be optionally
      substituted),
PA1  R.sup.2 is alkyl, alkenyl, alkynyl or alkoxy (each of which may be
      optionally substituted), or halogenoalkyl or cycloalkyl,
PA1  R.sup.3 is alkyl (which may be optionally halogen-substituted), alkenyl or
      alkynyl, or
PA1  R.sup.2 and R.sup.3 jointly represent an alkylene bridge which, can be
      interrupted by one or more hetero-atoms, such as S or O, or by the NH
      group, and which forms a heterocyclic ring with the adjoining nitrogen
      atom,
PA1  X is oxygen or sulfur, and
PA1  Y is chlorine or bromine.
PAR  Generally, R.sup.1 contains not more than 14 carbon atoms;
PAL  R.sup.2 not more than 9, and R.sup.3 not more than 6 carbon atoms.
PAR  Preferably, R.sup.1 is straight-chain or branched alkyl of from 1 to 12
      carbon atoms, especially of from 1 to 6 carbon atoms (which alkyl
      radicals, especially those with 2 to 6 carbon atoms, can be substituted,
      preferably by halogen, for example fluorine, chlorine or bromine, or by
      alkyl of from 1 to 3 carbon atoms), cycloalkyl and cycloalkenyl, each of
      from 5 to 8 ring carbon atoms, and bicycloalkyl and bicycloalkenyl, each
      with 7 to 10 carbon atoms, (the cycloalkyl, cycloalkenyl, bicycloalkyl and
      bicycloalkenyl radicals being optionally substituted by alakyl of from 1
      to 4 carbon atoms, especially methyl, halogen, especially chlorine,
      haloalkyl of from 1 or 2 carbon atoms and 1 to 5 halogen atoms, especially
      chlorine or fluorine, or nitro), optionally substituted aryl of from 6 to
      10 carbon atoms, especially phenyl, and aralkyl of from 1 or 2 carbon
      atoms in the alkylene moiety and 6 to 10 carbon atoms in the aryl moiety,
      especially benzyl, (preferred substituents for the aryl and aralkyl
      radicals being halogen, especially fluorine, chlorine and bromine,
      straight-chain or branched alkyl of from 1 to 4 carbon atoms,
      halogenalkoxy of from 1 to 4 carbon atoms, alkoxy of from 1 to 4 carbon
      atoms, alkylthio of from 1 to 4 carbon atoms, especially trifluoromethoxy,
      halogenoalkyl and halogenoalkylthio each of from 1 or 2 carbon atoms and 2
      to 5 halogen atoms, especially trifluoromethyl and
      chlorodifluoromethylthio, dialkylaminosulfonyl of from 1 or 2 carbon atoms
      in each alkyl group, alkylthioalkyl of from 1 or 2 carbon atoms in the
      alkylthio moiety and 1 to 4 carbon atoms in the alkylene moiety, aryloxy
      of from 6 to 10 carbon atoms (optionally substituted by chlorine and
      nitro).
PAR  R.sup.2 is preferably straight-chain or branched alkyl of from 1 to 4
      carbon atoms, alkenyl of from 2 to 6 carbon atoms, alkynyl of from 3 to 6
      carbon atoms and alkoxy of from 1 to 4 carbon atoms, each of which may be
      optionally substituted (preferred substituents being alkyl of from 1 to 3
      carbon atoms and halogenalkyl of from 1 or 2 carbon atoms and 1 to 3
      halogen atoms, especially chlorine or bromine), halogenoalkyl of from 1 to
      3 carbon atoms and 1 to 5 halogen atoms, especially chlorine or bromine,
      and cycloalkyl of from 3 to 6 carbon atoms.
PAR  R.sup.3 is preferably straight-chain or branched alkyl of from 1 to 4
      carbon atoms, which can be substituted by halogen, straight-chain or
      branched alkenyl of from 2 to 6 carbon atoms and alkynyl of from 3 to 6
      carbon atoms, halogenoalkyl of from 1 to 3 carbon atoms and 1 to 5 halogen
      atoms, especially chlorine and bromine.
PAR  R.sup.2 and R.sup.3 can jointly form a straight-chain or branched methylene
      bridge of from 3 to 8 members, which can be interrupted by one or more
      hetero-atoms, such as O or S, or by an NH group, and which forms a
      heterocyclic ring with the adjoining nitrogen atom.
PAR  Furthermore, the present invention provides a process for the production of
      a compound of the formula (I) in which an N,N',N'-trisubstituted urea or
      thiourea of the general formula
      ##EQU6##
      in which
PAR  R.sup.1, R.sup.2, R.sup.3 and X have the above-mentioned meanings, is
      reacted, per mole thereof, with at least 1 mole of formaldehyde (which may
      be formed in situ from a formaldehyde-releasing substance) and a
      halogenating agent at a temperature of from -10.degree. to +150.degree.C,
      optionally in the presence of a diluent and, as a catalyst, a
      proton-releasing compound (for example a hydrogen halide) or a Lewis acid.
PAR  It is distinctly surprising that monohalogenomethyl derivatives of
      N,N',N'-trisubstituted ureas are obtained in the process of the invention,
      since it would have been expected, from the state of the art, that these
      would be unstable like the corresponding methylol compounds (see Melliand,
      Textilberichte, Vol 43, Issue 4, page 381, 1962) and would decompose into
      the starting materials. Instead, the products of the process, which are in
      general colorless oils and in a few cases low-melting crystalline
      compounds, are entirely stable on storage in the absence of moisture.
PAR  The process according to the invention exhibits a number of advantages.
      Thus, the production of monohydroxymethyl derivatives, which would have
      been expected as an intermediate step according to the state of the art,
      is eliminated. A particularly important fact is that in this way the
      reactive chloromethyl group can be introduced in an elegant manner without
      side-reactions occuring at other substitutents of the urea.
PAR  If 1-(3,4-dichlorophenyl)-3,3-dimethyl-urea, formaldehyde and thionyl
      chloride are used as starting materials, the course of the reaction can be
      represented by the following equation:
      ##EQU7##
PAR  The following may be mentioned as examples of the N,N',N-trisubstituted
      ureas which can be used according to the invention:
PAR  1-propyl-3,3-dimethylurea, 1-butyl-3,3-dimethylurea,
      1-[2-methyl-1-propene]-3,3-dimethylurea, 1-cyclooctyl-3,3-dimethylurea,
      1-cyclooctyl-3-methyl-3-methoxy-urea,
      1-bicycloheptyl-3-methyl-3-methoxy-urea,
      1-[bicycloheptyl)-methyl]-3,3-dimethylurea, 1-[(3a, 4, 5, 6, 7,
      7a-hexahydro)- 4,7-methanoindan-5-yl]-3,3-dimethylurea, 1-[(3a, 4, 5, 6,
      7, 7a-hexahydro)-4,7-methano-indan-2-yl]-3,3-dimethylurea, 1-[( 3a, 4, 5,
      6, 7, 7a-hexahydro)-4,7-methano-indan-1-yl]-3,3-dimethylurea,
      1-(5-nitro-3-methyl-norbornyl-2)-3,3-dimethylurea,
      1-bicyclo-(3,3,0)octyl-3,3-dimethylurea,
      1-(3,4-dichlorophenyl)-3-dimethyl-3-(1'-methyl-prop-2-ynyl)-urea,
      1-(3,4-dichlorophenyl)-3-piperidinourea,
      1-(3-chloro-benzyl)-3,3-dimethylurea,
      1-(3,4-dichloro-benzyl)-3,3-dimethylurea, 1-phenyl-3,3-dimethylurea,
      1-(4-chlorophenyl)-3-methyl-3-methoxy-urea,
      1-(3,4-dichlorophenyl)-3,3-dimethylurea,
      1-(3,4-dichlorophenyl)-3-methyl-3-methoxy-urea,
      1-(3,4-dichlorophenyl)-3-butyl-3 -methyl-urea,
      1-(3,4-dichlorophenyl)-3-methyl-3-propyn-(2)-yl-urea,
      1-(3,4-dichlorophenyl)-3-morpholino-urea,
      1-(4-methylphenyl)-3,3-dimethylurea,
      1-(3-trifluoromethylphenyl)-3,3-dimethylurea,
      1-(4-trifluoromethylphenyl)-3,3-dimethylurea,
      1-(3-chloro-4-trifluoromethylphenyl)-3,3-dimethylurea,
      1-(4-chloro-3-trifluoromethylphenyl)-3,3-dimethylurea,
      1-(3-chloro-4-difluorochloromethylmercaptophenyl)-3,3-dimethylurea,
      1-(3-chloro-4-methylphenyl)-3,3-dimethylurea,
      1-(4-chloro-3-nitrophenyl)-3,3-dimethylurea,
      1-(4-chloro-3-methylthiophenyl)-3,3-dimethylurea,
      1-(4-ethoxyphenyl)-3,3-dimethylurea, 1-(4-butoxyphenyl)-3,3-dimethylurea,
      1-(3-chloro-4-methoxyphenyl)-3,3-dimethylurea,
      1-(4,4'-chlorophenoxyphenyl)-3,3-dimethylurea,
      1-(3-chloro-4-methylthiomethyl-phenyl)-3,3-dimethylurea,
      1-(4-dimethylaminosulphonylphenyl)-3,3-dimethylurea,
      1-(phenyl)-3,3-dimethylurea, 1-(4-bromophenyl)-3-methoxy-3-methyl-urea,
      1-(3-methylphenyl)-3,3-dimethylthiourea,
      1-(4-chlorophenyl)-3,3-dimethylthiourea,
      1-(3,4-dichlorophenyl)-3,3-dimethylthiourea and
      1-(3-chloro-4-bromophenyl)-3-methoxy-3-methylurea.
PAR  The ureas and thioureas used as starting substances are in most cases
      known; those which have not yet been described in the literature can be
      prepared according to known processes (see Angewandte Chemie 75 (1963),
      pages 851-854).
PAR  The other starting materials, namely formaldehyde or formaldehyde-releasing
      substances, such as formalin, trioxane and paraformaldehyde, are also
      known.
PAR  As diluents for the reaction according to the invention, all inert organic
      solvents are suitable, especially hydrocarbons such as petroleum ether,
      ligroin and toluene, halogenated hydrocarbons such as chlorobenzene,
      1,2-dichlorobenzene, 1,2-dichloroethane, methylene chloride and
      chloroform, nitrated hydrocarbons such as nitrobenzene and nitromethane,
      and ethers such as diethyl ether.
PAR  Possible halogenating agents are organic or inorganic acid halides, but
      preferably oxalyl chloride, acetyl chloride, acetyl bromide, phthaloyl
      chloride, thionyl chloride, thionyl bromide, phosphorus trichloride,
      phosphorus tribromide, phosphorus oxychloride, phosphorus pentachloride or
      phosphorus pentabromide is used. It is, however, also possible to use
      organic compounds which possess activated halogen atoms, for example,
      .alpha.,.alpha. dichloromethyl-methyl-ether, as the halogenating agents.
      The use of the above-mentioned inorganic acid halides phosphorus
      trichloride, phosphorus tribromide and thionyl chloride is particularly
      advantageous.
PAR  Proton-releasing compounds or Lewis acids are preferably employed as
      catalysts. As examples there may be mentioned: hydrogen chloride, hydrogen
      bromide, iron(III) chloride and zinc(II) chloride. In some cases it is
      advantageous to use a combination of the catalysts mentioned.
PAR  The reaction temperatures can be varied over a fairly wide range. In
      general, the reaction is carried out at from -10.degree. to +150.degree.C,
      preferably from +10.degree. to +60.degree.C.
PAR  The pressure can also be varied over a fairly wide range. In general,
      normal pressure is used but it is also possible to employ excess pressures
      of about 1.1 atmospheres to about 5 atmospheres.
PAR  In carrying out the process according to the invention, 1 to 1.5 moles of
      formaldehyde (as such or produced from a formaldehyde-releasing
      substance), 1 to 1.5 moles of halogenating agent and 0.1 to 5 moles of
      catalyst (if used) are usually employed per 1 mole of starting material of
      the formula (II). Exceeding the stoichiometric ratios by more than this
      does not result in any significant improvement in yield.
PAR  To isolate the compounds of the formula (I), the solvent is distilled off
      in vacuo with exclusion of moisture. Any excess of formaldehyde is already
      removed during the reaction by a corresponding excess of halogenating
      agent, since the reaction of these two components results in gaseous
      products, such as hydrogen chloride and sulfur dioxide, which escape, and
      also methylene chloride, which can be distilled off. The residue is
      treated with carbon tetrachloride if appropriate and the solvent is
      distilled off. In general an oily residue is obtained, in a few cases a
      low melting crystalline precipitate results. This is purified by
      recrystallization if desired.
PAR  The process according to the invention permits the preparation of
      previously unknown N-halogenomethylureas and thioureas which are capable
      of numerous further reactions and which can therefore inter alia be
      employed as intermediate products for the manufacture of plant-protection
      agents. The new N-halogenomethylureas and thioureas can furthermore, after
      reaction with ethylene glycol, be employed as auxiliaries for dyeing
      processes (hydrotropic substances) (see Example 34) and are therefore of
      great importance for the preparation of textile auxiliaries.
PAR  The process according to the invention is illustrated by the following
      examples:
DETD
PAC  EXAMPLES 1
PAC  Preparation of 1-chloromethyl-1-phenyl-3,3-dimethylurea
      ##EQU8##
PAR  164 g (1 mole) of 1-phenyl-3,3-dimethylurea and 45 g (1.5 moles) of
      paraformaldehyde were suspended in 1,500 ml of anhydrous benzene. This
      suspension was saturated with dry hydrogen chloride gas by passing in the
      latter at a temperature of 10.degree. to 15.degree.C. Thereafter 179 g
      (1.5 moles) of thionyl chloride were slowly added dropwise at a
      temperature of 15.degree. to 20.degree.C whilst stirring and cooling with
      ice.
PAR  After stirring overnight at room temperature, the solvent is distilled off
      in vacuo at 40.degree.C bath temperature, whilst excluding moisture. The
      residue was treated with 100 ml of carbon tetrachloride, the mixture was
      filtered and the filtrate was distilled off in vacuo. The resulting oil
      was dried in a high vacuum.
PAR  212.5 g of 1-chloromethyl-1-phenyl-3,3-dimethylurea were obtained in
      quantitative yield. The compound was best characterized by its proton
      resonance spectrum (PMR): the chemical displacement .delta. of the
      CH.sub.2 group
      ##EQU9##
      newly formed in the reaction according to the invention, measured at 60
      MHz in carbon tetrachloride as the solvent and against tetramethylsilane
      (TMS) (.delta.= 0 ppm) as the internal standard was 5.58 ppm.
PAR  The compounds listed in Table 1, below were prepared in a manner analogous
      to that described in Example 1; they are again best characterized by the
      chemical displacement (".delta. -value" in ppm) of the newly formed
      CH.sub.2 protons as a physio-chemical characteristic value.
      ##EQU10##
PAC  EXAMPLE 34
PAC  Preparation of 1-.beta.-hydroxy-ethoxymethyl-1-phenyl-3,3-dimethylurea
      ##EQU11##
PAR  212 g (1 mole) of 1-chloromethyl-1-phenyl-3,3-dimethylurea were dissolved
      in 100 ml of anhydrous ethyl acetate and 63 g (1.0 mole) of ethylen glycol
      and 60 g (1.0 mole) of triethylamine were added dropwise whilst cooling
      with ice. After stirring for 2 hours at 10.degree. to 15.degree.C, the
      triethylamine hydrochloride used was filtered off and the solvent was
      distilled off. 238 g of
      1-.beta.-hydroxyethoxymethyl-1-phenyl-3,3-dimethylurea were obtained as an
      oil, in quantitative yield.
PAR  1-.beta.-Hydroxy-ethoxymethyl-1-phenyl-3,3-dimethylurea can be used, for
      example, in the following padding liquor mixture:
PA1  20 - 40 g of pigment dyestuff paste, 10-20% strength
PA1  50 g of tragacanth, 6% strength
PA1  30 g of 1-.beta.-hydroxyethoxymethyl-1-phenyl-3,3-dimethylurea
PA1  10 g of ammonia, 25% strength
PA1  8 g of ammonium thiocyanate
PA1  100 g of Buna emulsion
PA1  782-762 g of water
PA1  1,000 g Total
PAR  It will be understood that the specification and examples are illustrative
      but not limitative of the present invention and that other embodiments
      within the spirit and scope of the invention will suggest themselves to
      those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. N,N',N'-trisubstituted N-halogenomethylurea compound of the formula
      ##EQU12##
      in which X is oxygen or sulfur
PA1  R.sup.1 is phenyl, unsubstituted or substituted with chlorine, bromine,
      trifluoromethyl, trifluoromethoxy, nitro, methyl, ethyl, methoxy,
      methylthio, ethoxy or chlorophenoxy,
PA1  R.sup.2 and R.sup.3 are selected from the group of methyl,
PA1  butyl, allyl,
      ##EQU13##
      and chloroethyl, and Y is chlorine.
NUM  2.
PAR  2. Compound as claimed in claim 1 wherein R.sup.1 is 4-chlorophenyl or
      3,4-dichlorophenyl, R.sup.2 and R.sup.3 are methyl, X is sulfur and Y is
      chlorine.
NUM  3.
PAR  3. Compound as claimed in claim 1 wherein R.sup.1 is 4-chlorophenyl or
      3,4-dichlorophenyl, R.sup.2 is methoxy, R.sup.3 is methyl, X is oxygen,
      and Y is chlorine.
NUM  4.
PAR  4. Compound as claimed in claim 1 designated
      1-chloromethyl-1-phenyl-3,3-dimethylurea.
NUM  5.
PAR  5. Compound as claimed in claim 1 designated
      1-chloromethyl-1-(3,4-dichlorophenyl)-3-methoxy-3-methylurea.
NUM  6.
PAR  6. Compound as claimed in claim 1 designated
      1-chloromethyl-(4-chlorophenyl)-3,3-dimethylurea.
NUM  7.
PAR  7. Compound as claimed in claim 1 designated
      1-chloromethyl-1-(3,4-dichlorophenyl)-3,3-dimethylurea.
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ABST
PAL  Novel N-(Difluoromethylmercaptophenyl) urea compounds of the formula
      ##SPC1##
PAL  In which
PA1  X.sub.1 and X.sub.2 individually are difluorochloromethylmercapto, chlorine
      or hydrogen, provided that at least one of X.sub.1 or X.sub.2 is
      difluorochloromethylmercapto;
PA1  R.sub.1 is hydrogen, alkyl of from 1 to 4 carbon atoms, or alkenyl of from
      2 to 4 carbon atoms; and
PA1  R.sub.2 is alkyl of from 1 to 4 carbon atoms or alkenyl of from 2 to 4
      carbon atoms;
PAL  Are outstandingly effective as herbicides, particularly as selective
      herbicides.
PARN
PAR  This is a continuation of application Ser. No. 87,589, filed Nov. 6, 1970,
      now abandoned.
BSUM
PAR  The present invention relates to certain new N-arylurea compounds, to
      herbicidal compositions containing them, and to their use as herbicides.
PAR  It is known that certain N-aryl-N-alkylurea compounds can be used as
      herbicides. Furthermore, it is known from Belgian Patent Specification
      719,350 that a specific compound of this class, viz.,
      N-(4-trifluoromethylmercaptophenyl)-N', N'-dimethylurea, can be used as a
      selective herbicide.
PAR  It has now been surprisingly found that the active compounds according to
      the present invention exhibit a higher degree of herbicidal activity,
      which at the same time is more sharply selective with respect to
      agricultural cultivated plants, that the known compound,
      trifluoromethylmercaptophenylurea.
PAR  The compounds of this invention are N-arylurea compounds of the general
      formula
      ##SPC2##
PAL  In which
PA1  X.sub.1 and X.sub.2 individually are difluorochloromethylmercapto, chlorine
      or hydrogen, provided that at least one of X.sub.1 or
PA1  X.sub.2 is difluorochloromethylmercapto;
PA1  R.sub.1 is hydrogen, alkyl of from 1 to 4 carbon atoms, or alkenyl of from
      2 to 4 carbon atoms; and
PA1  R.sub.2 is alkyl of from 1 to 4 carbon atoms or alkenyl of from 2 to 4
      carbon atoms.
PAR  The compounds responding to the above formula (I) have been found to
      exhibit strong herbicidal effectiveness, together with marked selectivity;
      i.e. non-damage to crops.
PAR  The present invention also provides a process for the production of the
      ureas of the formula (1) in which an isocyanate of the formula
      ##SPC3##
PAL  In which
PA1  X.sub.1 and X.sub.2 have the meanings stated above,
PAL  Is reacted with an amine of the formula
      ##EQU1##
      in which R.sub.1 and R.sub.2 have the meanings stated above,
PAL  In the presence of a diluent (which term herein includes a solvent).
PAR  The reaction course when 4-difluorochloromethylmercaptophenylisocyanate and
      dimethylamine are used can be represented by the following equation:
      ##SPC4##
PAR  As further examples of isocyantes, there are mentioned:
      3-chloro-4-difluorochloromethylmercapto-phenyl-isocyanate,
      3-difluorochloromethylmercapto-phenyl-isocyanate and
      3-difluorochloromethylmercapto-4-chloro-phenyl-isocyanate.
PAR  Suitable amines are, for example, methylamine, dimethylamine,
      methylethylamine, allylamine, butylamine, methylbutylamine and
      diallylamine.
PAR  As the diluent, water or any inert organic solvent is suitable. The
      preferred solvents include ethers, such as dioxane; hydrocarbons, such as
      benzene; chlorinated hydrocarbons, such as chlorobenzene; and ketones such
      as acetone.
PAR  The reaction temperatures can be varied within a fairly wide range; in
      general, the work is carried out at 10.degree.-80.degree.C, preferably at
      20.degree.-50.degree.C.
PAR  When carrying out the process, approximately equimolar amounts of
      isocyanate and amine are preferably used, but an excess of amine is not
      detrimental. Working up takes place in the usual manner.
PAR  The active compounds according to the invention exhibit strong herbicidal
      properties. They can be used for the destruction of weeds. For purposes of
      this specification the term "weeds" is used in the widest sense, i.e. to
      embrace all plants which grow in cultivations or in other places where
      they are not desired. Whether the active compounds according to the
      invention act as total or selective herbicides depends essentially on the
      amount applied and on other conditions of application.
PAR  The substances according to the invention can be used e.g. in the case of
      the following plants: dicotyledons, such as mustard (Sinapis), cress
      (Lepidium), cleaver (Galium), common chick-weed (Stellaris), mayweed
      (Matricaria), smallflower Galinsoga (Galinsoga), fathen (Chenopodium),
      stinging nettle (Urtica), groundsel (Senecio), cotton (Gossypium), beets
      (Beta), carrots (Daucus), beans (Phaseolus), potatoes (Solanum), coffee
      (Coffea); monocotyledons, such as timothy (Phleum), bluegrass (Poa),
      fescue (Festuca), goosegrass (Eleusine), foxtail (Setaria), ryegrass
      (Lolium), cheat (Bromus), barnyard grass (Echinochloa), maize (Zea), rice
      (Oryza), oata (Avena), barley (Hordeum), wheat (Triticum), millet
      (Panicum), and sugar cane (Saccharum).
PAR  The active compounds according to the invention are particularly well
      suited for selective weed control in oats, wheat, maize, rice and cotton.
PAR  The active compounds according to the present invention can be converted
      into the usual formulations, such as solutions, emulsions, suspensions,
      powders, pastes and granulates. These may be produced in known manner, for
      example by mixing the active compounds with extenders, that is, liquid of
      solid diluents or carriers, optionally with the use of surface-active
      agents, that is emulsifying agents and/or dispersing agents. In the case
      of the use of water as an extender, organic solvents can, for example,
      also be used as auxiliary solvents. As liquid diluents or carriers, there
      are preferably used aromatic hydrocarbons, such as xylenes or benzene,
      chlorinated aromatic hydrocarbons, such as chlorobenzenes, paraffins, such
      as mineral oil fractions, alcohols, such as methanol or butanol or
      strongly polar solvents, such as dimethyl formamide or dimethyl
      sulphoxide, as well as water. As solid diluents or carriers, there are
      preferably used ground natural minerals, such as kaolins, clays, talc or
      chalk, or ground synthetic minerals, such as highly-dispersed silicic acid
      or silicates.
PAR  Preferred examples of emulsifying agents include non-ionic and anionic
      emulsifiers, such as polyoxyethylene-fatty acid esters,
      polyoxyethylene-fatty alcohol ethers, for example alkylarylpolyglycol
      ethers, alkyl sulphonates and aryl sulphnonates; and preferred examples of
      dispersing agents include lignin, sulphite waste liquors and methyl
      cellulose.
PAR  The active compounds according to the invention may be present in the
      formulations in admixture with other active compounds.
PAR  The formulations contain, in general, from 0.1 to 95, preferably from 0.5
      to 90, percent by weight of active compound.
PAR  The active compounds may be applied as such or in the form of their
      formulations or of the application forms prepared therefrom, such as
      ready-to-use solutions, emulsions, suspensions, powders, pastes and
      granulates. Application may take place in any usual manner, for example by
      spraying, atomising, watering, dusting or scattering.
PAR  The active compounds can be applied according to the pre-emergence process
      and, with particularly good results, according to the post-emergence
      process.
PAR  The amount of active compound applied per unit area varies, according to
      the purpose of application and the nature of application. In general, from
      0.5 to 20 kg of active compound per hectare, preferably 1 to 8 kg per
      hectare, are applied.
PAR  The active compounds according to the invention also possess insecticidal,
      acaricidal and fungicidal effectiveness, particularly against mould fungi;
      they also act against bacteria and yeasts.
PAR  The present invention in another aspects, also provides a herbicidal
      composition containing as active ingredient a urea of the present
      invention in admixture with a solid diluent or carrier or in admixture
      with a liquid diluent or carrier containing a surface-active agent.
      Furthermore, the invention provides a method of combating weeds which
      comprises applying to the weeds or a weed habitat a urea of the present
      invention alone or in the form of a composition containg as active
      ingredient a urea of the present invention in admixture with a solid or
      liquid diluent or carrier.
DETD
PAR  The effectiveness of the compounds of the invention is illustrated in and
      by the following Examples, wherein the following test compounds,
      illustrative of the invention, were used:
TBL  Test Compound No.                                                         

                Chemical Name  Structure                                       

     __________________________________________________________________________

                               O                                               

                               .parallel.                                      

     Compound 1 N-(4-difluorochloromethyl-                                     

                               F.sub.2 ClCS----NH--C--N(CH.sub.3).sub.2        

                mercaptophenyl)-N',N'-di-                                      

                methylurea                                                     

     Compound 2 N-(3-difluorochloromethyl-                                     

                               F.sub.2 ClCSO                                   

                mercaptophenyl)-N',N'-di-                                      

                               .parallel.                                      

                methylurea     --NH--C--N(CH.sub.3).sub.2                      

                               O                                               

                               .parallel.                                      

     Compound 3 N-(3-chloro-4-difluoro-                                        

                               F.sub.2 ClCS----NH--C--N(CH.sub.3).sub.2        

                chloromethylmercaptophenyl)-                                   

                N',N'-dimethylurea                                             

     __________________________________________________________________________

PAC  EXAMPLE A
PAR  Pre-emergence test
PA0  Solvent: 5 parts by weight acetone
PA0  Emulsifier: 1 part by weight alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      active compound was mixed with the stated amount of solvent, the stated
      amount of emulsifier was added and the concentrate was then diluted with
      water to the desired concentration.
PAR  Seeds of the test plants were sown in normal soil and, after 24 hours,
      watered with the preparation of the active compound. It was expedient to
      keep constant the amount of water per unit area. The concentration of the
      active compound in the preparation was of no importance, only the amount
      of active compound applied per unit area being decisive. After three
      weeks, the degree of damage to the test plants was determined and
      characterized by the values 0-5, which have the following meaning:
TBL  0        no effect                                                        

     1        slight damage or delay in growth                                 

     2        marked damage or inhibition of growth                            

     3        heavy damage and only deficient                                  

              development or only 50% emerged                                  

     4        plants partially destroyed after                                 

              germination or only 25% emerged                                  

     5        plants completely dead or not emerged.                           

PAR  The active compounds, the amounts applied and the results obtained can be
      seen from the following Table:
TBL                                    Table A                                 

     __________________________________________________________________________

     Pre-emergence test                                                        

     Active compound   Amount of active                                        

                                Echino-                                        

                                     Cheno-                                    

                                         Sina-                                 

                                             Stella-                           

                                                  Oats                         

                                                     Cotton                    

                                                         Wheat                 

                                                             Maize             

                       compound applied                                        

                                chloa                                          

                                     podium                                    

                                         pis ria                               

                       kg/hectare                                              

     __________________________________________________________________________

     .parallel.        5        4    5   5   5    0  0   0   1-2               

     F.sub.3 CS----NH--C--N(CH.sub.3).sub.2                                    

                       2.5      3    3   3   5    0  0   0   1                 

                       1.25     2    2-3 2   5    0  0   0   0                 

     (known)                                                                   

     F.sub.3 CS                                                                

     O                                                                         

     .parallel.        5        5    5   5   5    4  0   1   2                 

     --NH--C--N(CH.sub.3).sub.2                                                

                       2.5      5    5   4   5    3  0   0   1                 

                       1.25     4    4   3   5    1  0   0   0                 

     (known)                                                                   

                       5        5    5   5   5    2  1   1   0                 

     Compound 1        2.5      4    5   4   5    1  0   0   0                 

                       1.25     3    5   3   5    0  0   0   0                 

                       5        5    5   5   5    2  1   1   0                 

     Compound 2        2.5      4-5  5   4   5    1  0   0   0                 

                       1.25     4    4-5 3   5    0  0   0   0                 

                       5        4-5  5   5   5    1  1   0   0                 

     Compound 3        2.5      3-4  5   5   5    0  0   0   0                 

                       1.25     3    5   4   5    0  0   0   0                 

     __________________________________________________________________________

PAC  EXAMPLE B
PAR  Post-emergence test
PA0  Solvent: 5 parts by weight acetone
PA0  Emulsifier: 1 part by weight alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      active compound was mixed with the stated amount of solvent, the stated
      amount of emulsifier was added and the concentrate was then diluted with
      water to the desired concentration.
PAR  Test plants which had a height of about 5-15 cm. were sprayed with the
      preparation of active compound so that the amounts of active compound per
      unit area which was stated in the Table were applied. Depending on the
      concentration of the spray liquor, the amount of water applied lies
      between 1000 and 2000 l/ hectare. After 3 weeks, the degree of damage to
      the plants was determined and characterized by the values 0-5, which have
      the following meanings:
TBL  0          no effect                                                      

     1          a few slightly burnt spots                                     

     2          marked damage to leaves                                        

     3          some leaves and parts of stalks                                

                partially dead                                                 

      4.        plant partially destroyed                                      

     5          plant completely dead.                                         

PAR  The active compounds, the amounts applied and the results can be seen from
      the following Table:
TBL                                    Table B                                 

     __________________________________________________________________________

     Post-emergence test                                                       

     Active compound   Amount of active                                        

                                Echino-                                        

                                     Cheno-                                    

                                         Sina-                                 

                                            Stella-                            

                                                Urtica                         

                                                    Cotton                     

                                                        Wheat                  

                       compound applied                                        

                                chloa                                          

                                     podium                                    

                                         pis                                   

                                            ria                                

                       kg/hectare                                              

     __________________________________________________________________________

     .parallel.        2        5    5   5  5   5   2   0                      

     F.sub.3 CS----NH--C--N(CH.sub.3).sub.2                                    

                       1        5    5   5  5   5   2   0                      

     (known)           0.5      3-4  5   4-5                                   

                                            5   5   1   0                      

     O                                                                         

     .parallel.        2        5    5   5  5   5   4-5 5                      

     F.sub.3 CS----NH--C--N(CH.sub.3).sub.2                                    

                       1        5    5   5  5   5   3   4                      

     (known)           0.5      4-5  5   5  5   5   2   3-4                    

                       2        5    5   5  5   5   2   2                      

     Compound 1        1        5    5   5  5   5   1   1                      

                       0.5      5    5   5  5   5   0   0                      

                       2        5    5   5  5   5   2   2                      

     Compound 2        1        5    4- 5                                      

                                         5  5   5   1   0                      

                       0.5      5    4   5  4-5 5   0   0                      

                       2        5    5   5  5   5   2   5                      

     Compound 3        1        5    5   5  5   5   0   4-5                    

                       0.5      5    5   5  5   5   0   4                      

     __________________________________________________________________________

PAR  The process of the invention is illustrated in and by the following
      Examples.
PAC  EXAMPLE 1
PAR  Preparation of Compound 3
PAR  10 g 3-chloro-4-difluorochloromethylmercaptophenylisocyanate was added
      dropwise to 50 ml of a 20 percent -- strength aqueous dimethylamine
      solution. The temperature was kept below 35.degree.C by external cooling.
      The crystalline product was filtered off with section, and 11 g
      N-(3-chloro-4-difluoromethylmercaptophenyl)-N', N'-dimethylurea of m.p.
      112.degree.C were obtained.
PAR  The 3-chloro-4-difluorochloromethylmercaptophenyl-isocyanate was obtained
      by fluorination of 770 g
      3-chloro-4-trichloromethylmercaptophenylisocyanate (b.p.
      144.degree.-147.degree.C/0.8 mmHg, n.sub.D.sup.20 1.6287) with 650 ml of
      anhydrous hydrofluoric acid at 0.degree.-20.degree.C. After distillation,
      there were obtained 502 g of the desired isocyanate of b.p.
      139.degree.C/14 mmHg, n.sub.D.sup.20 1.5650.
PAR  In a manner analogous to that described above, there were obtained from
      this isocyanate the following ureas:
      ##EQU2##
PAC  EXAMPLE 2
PAR  Preparation of Compound 1
PAR  12 g 4-difluorochloromethylmercaptophenylisocyanate (b.p.
      118.degree.-120.degree.C/16 mmHg, n.sub.D.sup.20 1.5459) were dissolved in
      50 ml acetone and added dropwise at room temperature to 50 ml of a 20
      percent -- strength aqueous dimethylamine solution, the temperature rose
      to about 30.degree.C. The reaction product precipitated. Suction
      filtration was effected in the cold and 12 g
      N-(4-difluorochloromethylmercaptophenyl)-N', N'-dimethylurea of m.p.
      142.degree.-145.degree.C were obtained.
PAC  EXAMPLE 3
PAR  Preparation of Compound 2
PAR  10.5 g 3-difluorochloromethylmercaptophenylisocyanate (b.p. 118.degree.C/16
      mm Hg, n.sub.D.sup.20 1.5402) were added dropwise to 6 ml of a 50 percent
      -- strength aqueous dimethylamine solution which was diluted with 50 ml
      acetone; stirring was effected for a time and the reaction product was
      precipitated with water. 12 g N-(3-difluorochloromethylmercaptophenyl)-N',
      N'-dimethylurea of m.p. 114.degree.C were obtained.
PAR  It will be understood that the foregoing specification and examples are
      illustrative but not limitative of the present invention inasmuch as other
      embodiments within the spirit and scope of the invention will suggest
      themselves to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. N-arylurea compound of the formula
      ##SPC5##
PAL  in which
PA1  X.sub.1 and X.sub.2 are difluorochloromethylmercapto, chlorine or hydrogen
      with the proviso that one and only one of X.sub.1 and X.sub.2 is
      difluorochloromethylmercapto;
PA1  R.sub.1 is hydrogen, alkyl of from 1 to 4 carbon atoms; and
PA1  R.sub.2 is alkyl of from 1 to 4 carbon atoms.
NUM  2.
PAR  2. Compound as claimed in claim 1 wherein X.sub.1 is
      difluorochloromethylmercapto.
NUM  3.
PAR  3. Compound as claimed in claim 1 wherein X.sub.2 is
      difluorochloromethylmercapto.
NUM  4.
PAR  4. Compound as claimed in claim 1 wherein one of X.sub.1 and X.sub.2 is
      hydrogen.
NUM  5.
PAR  5. Compound as claimed in claim 1 wherein one of X.sub.1 and X.sub.2 is
      chlorine.
NUM  6.
PAR  6. Compound as claimed in claim 1 designated as
      N-(4-difluorochloromethylmercaptophenyl)-N', N'-dimethylurea.
NUM  7.
PAR  7. Compound as claimed in claim 1 designated as
      N-(3-difluorochloromethylmercaptophenyl)-N', N'-dimethylurea.
NUM  8.
PAR  8. Compound as claimed in claim 1 designated as
      N-(3-chloro-4-difluorochloromethylmercaptophenyl)-N', N'-dimethylurea.
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ABST
PAL  Schiff's base dichloroacetamides having the formula
      ##EQU1##
      in which R.sub.1 is selected from the group consisting of alkenyl, alkyl,
      alkynyl and alkoxyalkyl; and R.sub.2 is selected from the group consisting
      of alkenyl-1, lower alkylimino, cyclohexenyl-1 and lower alkyl substituted
      cyclohexenyl-1. The compounds of this invention are useful as herbicidal
      antidotes.
PARN
PAR  This is a division of application Ser. No. 272,271, filed July 17, 1972,
      now U.S. Pat. No. 3,867,444.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to certain novel Schiff's base dichloroacetamides
      which are useful as herbicidal antidotes. The compounds of the present
      invention are new compositions of matter and correspond to the general
      formula
      ##EQU2##
      in which R.sub.1 is selected from the group consisting of alkyl having
      from 1 to 6 carbon atoms, inclusive, alkenyl having from 3 to 6 carbon
      atoms, inclusive, alkynyl having from 3 to 6 carbon atoms, inclusive, and
      alkoxyalkyl having a total of from 2 to 8 carbon atoms, inclusive; and
      R.sub.2 is selected from the group consisting of alkenyl-1 having from 3
      to 6 carbon atoms, inclusive, alkylimino having from 1 to 6 carbon atoms,
      inclusive, cyclohexenyl-1, and lower alkyl substituted cyclohexenyl-1
      wherein said lower alkyl has from 1 to 4 carbon atoms, inclusive.
PAR  In the above description, the following preferred embodiments are intended
      for the various substituent groups: alkyl preferably includes those
      members having from 1 to 6 carbon atoms in both straight chain and
      branched chain configurations, for example, methyl, ethyl, n-propyl,
      isopropyl, n-butyl, sec.-butyl, 1,1-dimethylbutyl, n-hexyl and the like;
      alkenyl preferably includes those members in both straight chain and
      branched chain configurations having at least one double bond and from 3
      to 6 carbon atoms, inclusive; alkynyl preferably includes those members in
      both straight chain and branched chain configurations having at least one
      triple bond and from 3 to 6 carbon atoms, inclusive; lower alkyl
      preferably includes those members having from 1 to 4 carbon atoms,
      inclusive, in both straight chain and branched chain configurations for
      example, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec.-butyl and the
      like.
PAR  The compounds of the present invention are prepared by several different
      methods, depending upon the nature of the starting materials and the
      products desired. The non-hydrazide compositions are prepared by the
      displacement and rearrangement reaction between an appropriate Schiff's
      base and an acid chloride, dichloroacetyl chloride. The Schiff's base is
      the product of a primary amine with a carbonyl-containing compound, such
      as ketone or aldehyde. The hydrazide-containing compositions are prepared
      by the reaction between an acid chloride, dichloroacetyl chloride and an
      alkyl hydrazone. The reactions proceed readily in the liquid phase. The
      employment of a solvent is useful, although unnecessary. Such solvents as
      diethyl ether and the like, facilitate processing of the reaction product.
      The reactions are carried out at temperatures which permit operation in
      the liquid phase. The preferable temperatures are between about room
      temperature and reflux temperature of the solvent, if a solvent is
      employed. In each instance after the reaction is complete, the recovery of
      the product is carried out by normal work-up procedures such as
      crystallization, sublimation or distillation.
PAR  The compounds of the present invention and their preparation are more
      particularly illustrated by the following examples. Following the examples
      is a table of compounds which are prepared according to the procedures
      described herein.
DETD
PAC  EXAMPLE I
PAC  Preparation of N-allyl N-(1-hexenyl)-dichloroacetamide.
PAR  Preparation of Intermediate: N-cyclohexylidene allyl-amine. Cyclohexanone
      (52 ml.) was added over a period of about 20 minutes to a stirred and
      cooled solution of allylamine (38 ml., 0.50 mole) in 100 ml. diethyl
      ether. The reaction mixture was stirred for about 20 minutes at room
      temperature. Potassium hydroxide pellets (17 g.) were added to the mixture
      and then heated to reflux (45.degree.C.) with stirring for about 30
      minutes. The resulting layers were separated and the organic layer was
      dried over sodium carbonate. The organic solvent was evaporated in vacuo.
      There was obtained 55 g. of the intermediate, an oil.
PAR  Dichloroacetyl chloride (4.8 ml., 0.05 mole) was added to a solution of
      N-cyclohexylidene allylamine (0.6 g.) in 100 ml. of diethyl ether and 7.0
      ml. triethylamine. During the addition, the reaction mixture was cooled.
      After standing for about 16 to 18 hours, the reaction mixture was washed
      with two 100 ml. portions of water. Magnesium sulfate was added during the
      last wash to aid phase separation. The resulting organic solution was
      dried over magnesium sulfate. Upon evaporation in vacuo of the organic
      solvent, there was obtained 12.4 g. of the title compound, an oil,
      n.sub.D.sup.30 =  1.5093.
PAC  EXAMPLE II
PAC  Preparation of N-t-butyl N-(1-butenyl)-dichloroacetamide.
PAR  In a similar procedure as Example I, 6.6 g. (0.052 mole)
      N-butylidene-t-butylamine was reacted with 4.8 ml. (0.05 mole)
      dichloroacetyl chloride in 100 ml. diethyl ether and 7.2 ml.
      triethylamine. There was obtained 9.3 g. of the title compound, an oil,
      n.sub.D.sup.30 =  1.4858.
PAC  EXAMPLE III
PAC  Preparation of N-ethyl N-(3-pent-3-enyl)-dichloroacetamide.
PAR  In a similar procedure as Example I, 5.9 g. (0.052 mole) N-3-pentylidene
      ethylamine was reacted with 4.8 ml. (0.05 mole) dichloroacetyl chloride in
      100 ml. diethyl ether and 7.2 ml. triethylamine. There was obtained 7.7 g.
      of the title compound, an oil, n.sub.D.sup.30 =  1.4826.
PAC  EXAMPLE IV
PAC  Preparation of Acetone N-methyl dichloroacethydrazide.
PAR  Preparation of Intermediate: Acetone N-methyl hydrazide. Acetone (72 ml.)
      was added to a stirred and cooled solution of methyl hydrazine (46 g.,
      1.00 mole) in 100 ml. benzene and 1 ml. glacial acetic acid. After the
      addition was complete, the solution was heated to reflux and 21 ml. of
      aqueous solution was removed as benzene-water azeotripe. The reaction
      solution was cooled and filtered through a bed of sodium carbonate and
      concentrated by removal of solvent in vacuo. There was obtained a yield of
      80 g. of the title intermediate, an oil. The structure was confirmed by
      nuclear magnetic resonance, which also indicated about 21 mole per cent
      benzene also present.
PAR  To prepare the title compound, 4.8 ml. (0.05 mole) dichloroacetyl chloride
      was added to a solution of acetone N-methyl hydrazide (5.5 g., 0.05 mole)
      in 100 ml. diethyl ether and 7.2 ml. triethylamine. The reaction mixture
      was stirred and cooled during the addition. After standing for about one
      hour the reaction mixture was washed with two 100 ml. portions of water
      and dried over magnesium sulfate. The solvent was evaporated in vacuo to
      yield 5.0 g. of the title compound, an oil, n.sub.D.sup.30 =  1.5046.
PAR  Other compounds were prepared in analogous reactions employing the
      appropriate starting materials as outlined above. The following is a table
      of Compounds representative of those embodied by the present invention.
      Compound numbers have been assigned to them and are used for
      identification throughout the balance of the specification.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                   OR.sub.2                                                    

                   .parallel.                                                  

                   HCCl.sub.2 --C--N.angle.                                    

                   R.sub.1                                                     

     COMPOUND                                                                  

     NUMBER  R.sub.1    R.sub.2    n.sub.D.sup.30                              

     __________________________________________________________________________

     1      CH.sub.2 CH=CH.sub.2   1.5093                                      

     2      C(CH.sub.3).sub.3                                                  

                        --CH=CHCH.sub.2 CH.sub.3                               

                                   1.4858                                      

     3      C(CH.sub.3).sub.2 C.tbd.CH                                         

                        --CH=CHCH.sub.2 CH.sub.3                               

                                   semi-solid                                  

     4      C.sub.2 H.sub.5                                                    

                        --C(C.sub.2 H.sub.5)=CHCH.sub.3                        

                                   1.4826                                      

     5      CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.3                                

                        --CH=CHCH.sub.2 CH.sub.3                               

                                   1.4930                                      

     6      CH.sub.2 CH.sub.2 CH.sub.3                                         

                                   1.5152                                      

     7      CH.sub.2 CH.sub.2 CH.sub.3                                         

                        --C(CH.sub.3)=CHCH.sub.2 CH.sub.3                      

                                   1.5046                                      

     8      CH.sub.3    --N=C(CH.sub.3).sub.2                                  

                                   1.5046                                      

     9      CH.sub.2 CH.sub.2 OCH.sub.3                                        

                                   1.4620                                      

      10    CH.sub.2 CH.sub.2 CH.sub.2 OCH(CH.sub.3).sub.2                     

                                   1.5000                                      

     __________________________________________________________________________

PAR  The compounds of this invention have been found to be active as effective
      protectants or antidotes against injury by thiocarbamate herbicides to
      various beneficial plants, especially corn.
PAR  Among the many herbicidal compounds commercially available, the
      thiocarbamate herbicides alone or mixed with other herbicides such as
      triazines have reached a relatively high degree of commercial success.
      These herbicides are immediately toxic to a large number of weed pests,
      both broadleaf and grasses, at different concentrations varying with the
      resistance of the weeds to be controlled. Some examples of these compounds
      are described and claimed in U.S. Pat. Nos. 2,913,327, 3,037,853,
      3,175,897, 3,185,720 and 3,198,786.
PAR  It has been found in practice that the use of the thiocarbamate-type
      herbicides, when employed as an herbicide in corn fields, sometimes causes
      serious injury to the corn plants. Various unfavorable effects can be
      noted. For example, when used in the recommended amounts in the soil to
      control many broadleaf and grass weeds, serious malformation and stunting
      of the corn plants result. This abnormal growth in the corn plants is
      undesirable and results in loss of crop yield.
PAR  It is clear that the classes of herbicidal agents described and illustrated
      herein are characterized as effective herbicides exhibiting such activity.
      The degree of this herbicidal activity varies among specific compounds and
      among combinations of specific compounds within the classes. Similarly,
      the degree of activity to some extent varies among the species of plants
      to which a specific herbicidal compound or combination may be applied.
      Thus, selection of a specific herbicidal compound or combination to
      control undesirable plant species readily may be made. Within the present
      invention the prevention of injury to a desired crop species in the
      presence of a specific compound or combination may be achieved. The
      beneficial plant species which can be protected by this method is not
      intended to be limited by the specific crops employed in the examples.
PAR  The herbicidal compounds employed in the method of this invention are
      active herbicides of a general type. That is, the members of the classes
      are herbicidally effective against a wide range of plant species with no
      discrimination between desirable and undesirable species. The method of
      controlling vegetation comprises applying an herbicidally effective amount
      of the herein described herbicidal compounds to the area or plant locus
      where control is desired.
PAR  An herbicide is used herein means a compound which controls or modifies the
      growth of vegetation or plants. Such controlling or modifying effects
      include all deviations from natural development; for example, killing,
      retardation, defoliation, desiccation, regulation, stunting, tillering,
      stimulation, dwarfing and the like. By "plants", it is meant germinant
      seeds, emerging seedlings, and established vegetation, including the roots
      and above-ground portions.
PAR  The herbicidal active compositions and utility of this invention comprising
      thiocarbamates in combination with antidote compounds described
      hereinabove were tested in the following manner.
PAC  Corn Seed Treatment
PAR  Flats were filed with Felton loamy sand soil. Soil incorporated herbicides
      were applied at this time. The soil from each flat was placed into a
      five-gallon cement mixer where the soil was mixed as the herbicides were
      applied using a predetermined amount of a stock solution containing 936
      mg. of 75.5% active ingredient to 100 ml. of water. One ml. of stock
      solution was applied to the soil in a volumetric pipet for each pound of
      herbicide desired. One ml. of stock solution contains 7 mg. of herbicide
      which equals one pound per acre when applied to the soil in the flats.
      After the herbicide incorporation, the soil was placed back into the
      flats.
PAR  Flats of herbicide-treated and untreated soil were then ready to be
      planted. A pint sample of soil was removed from each flat and placed next
      to each flat for later use in covering up the seeds. The soil was leveled
      and rows one-half inch deep were made for planting seeds. Alternating rows
      of treated and untreated crop seeds were sown. In each test, six PAG 344T
      field corn seeds were planted in each row. Rows were approximately 11/2
      inches apart in the flat. Seeds were treated by placing 50 mg. of the
      antidote compound with 10 grams of corn seed in a suitable container and
      shaking them until the seeds were uniformly covered with the compound.
      Antidote compounds also were applied as liquid slurries and powders or
      dusts. In some cases, acetone was used to dissolve powdered or solid
      compounds so they could be more effectively applied to the seeds.
PAR  After the flats were seeded, they were covered wtih the one pint of soil
      which had been removed just prior to planting. Flats were placed on
      greenhouse benches where temperatures ranged from 70.degree.-90.degree.C.
      Flats were watered by sprinkling as needed to assure good plant growth.
      Per cent control ratings were taken two to four weeks after the treatments
      were applied.
PAR  In each test, the herbicide was applied alone, in combination with the seed
      protectant, and the seed protectant is applied alone to check for
      phytotoxicity. Untreated seeds were planted in adjacent rows to test for
      lateral displacement through the soil of the candidate compounds and
      possible beneficial effect. The degree of the effect was noted by
      compraison with the control. The results of these tests are tabulated in
      Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     Per Cent Injury to Corn from EPTC*                                        

                 Seed    Per Cent Injury (4 wks)                               

     COMPOUND  EPTC    Treatment Treated Untreated                             

     NUMBER    lb/A    % w/w     Seed    Seed                                  

     ______________________________________                                    

     1         6       0.5        0       60.sup.MF                            

     2         6       0.5        30.sub.ME.sup.ST                             

                                          70**                                 

     3         6       0.5        10.sup.ST                                    

                                         60                                    

     4         6       0.5        10.sup.ST                                    

                                         65                                    

     5         6       0.5        0      45                                    

     6         6       0.5       10      65                                    

     7         6       0.5       30       75**                                 

     8         6       0.5        0      45                                    

     9         6       0.5       70      80                                    

     Control:  6       --        --      80                                    

     ______________________________________                                    

        MF = Malformation                                                      

        ST = Stunting                                                          

      *EPTC = S-ethyl-dipropylthiocarbamate                                    

       10 ** = Rating - 2 weeks                                                

PAC  Multicrop Antidote Incorporation Screen
PAR  Plastic flats measuring 6 .times. 9.5 .times. 3 inches were filled with 7
      lb. of Felton loamy sand soil. EPTC was incorporated at 5 lb/A, while a
      constant rate of 5 lb/A of the additive was used. EPTC and the herbicide
      additive were applied separately by pipetting measured amounts of the
      appropriate stock solutions into the soil during incorporation in a 5
      gallon rotary cement mixer. Stock solution for EPTC was prepared as
      follows: 6700 mg. of EPTC 6E (75.5%) was diluted with 500 ml. of deionized
      water so that 2 ml. equals 5 lb/A/plastic flat.
PAR  Additive stock solutions were prepared by diluting 102 mg. of technical
      material with 10 ml. of acetone 1% Tween 20 so that 2 ml. equals 5
      lb/A/plastic flat.
PAR  After the soil was treated with both herbicide and additive the soil was
      transferred from the mixer back into the plastic flat where it was then
      prepared for seeding. The initial step in preparation was to remove a one
      pint sample of soil from each flat to be retained and used to cover the
      seeds after planting. The soil was then leveled and rows one-quarter inch
      deep were made in each flat. Flats treated with 5 lb/A of EPTC were seeded
      to DeKalb XL-44 corn (Zea maize), US H9 sugarbeets (Beta vulgare), small
      seeded gray striped sunflower (Helianthus annus), Acala cotton (Gossypium
      hirsutum), Brag soybeans (Glycine max) and oilseed rape (Brassica napus).
      Seeds were then covered with the pint soil sample removed prior to
      seeding. The flats were then placed on greenhouse benches where
      temperatures were maintained between 70.degree.-90.degree.F. The soil was
      watered by sprinkling to assure good plant growth.
PAR  Injury ratings were taken 2 and 4 weeks after the treatments were applied.
      Soil treated with EPTC alone at 1/2 or 5 lb/A was included to provide a
      basis for determining the amount of injury reduction provided by the
      herbicide antidotes.
PAR  With Compound No. 10, after 2 weeks a difference in the amount of injury
      was observed with the sunflower plants. Whereas all other crops exhibited
      substantially the same amount of injury as those planted in EPTC treated
      soil, the sunflower plants in this test were substantially uninjured.
      After 4 weeks, the sunflower plants remained normal. After 4 weeks, the
      corn plants were able to recover such that only about 60% injury was
      observed. The remaining crops at 4 weeks continued to show substantially
      identical injury as plants in the EPTC treated flats.
PAR  The antidote compounds of the present invention can be used in any
      convenient form. Thus, the antidote compounds can be made into
      emulsifiable liquids, emulsifiable concentrates, liquid, wettable powder,
      powders, granular or any other convenient form. In its preferred form, the
      antidote compounds are admixed with the thiocarbamates and incorporated
      into the soil prior to or after planting the seed. It is to be understood,
      however, that the thiocarbamate herbicide can be incorporated into the
      soil and thereafter the antidote compound can be incorporated into the
      soil. Moreover, the seed can be treated with the antidote compound and
      planted into the soil which has been treated with herbicides or untreated
      with the herbicide and subsequently treated with the herbicide. The
      addition of the antidote compound does not affect the herbicidal activity
      of the carbamate compounds.
PAR  The amount of the antidote composition present can range between about 0.01
      to about 15 parts by weight per each part by weight of thiocarbamate
      herbicide. The exact amount of antidote compound will usually be
      determined on economic ratios for the most effective amount usable.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the formula
      ##EQU3##
      in which R.sub.1 is selected from the group consisting of alkyl having
      from 1 to 6 carbon atoms, inclusive, alkenyl having from 3 to 6 carbon
      atoms, inclusive, alkynyl having from 3 to 6 carbon stoms, inclusive, and
      alkoxyalkyl having a total of from 2 to 8 carbon atoms, inclusive; and
      R.sub.2 is alkylimino having from 1 to 6 carbon atoms, inclusive.
NUM  2.
PAR  2. A compound according to claim 1 in which R.sub.1 is alkyl and R.sub.2 is
      alkylimino.
NUM  3.
PAR  3. A compound according to claim 2 in which R.sub.1 is methyl and R.sub.2
      is 2-isopropylimino.
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ABST
PAL  The present invention relates to pharmacologically valuable new
      benzophenone derivatives having a pronounced sedative action on the
      central nervous system and some of which also possess muscle-relaxing and
      aggression-inhibiting properties. These new derivatives have the
      structural formula
      ##EQU1##
      and their acid addition salts, in which R.sub.1 and R.sub.2 are
      substituents selected from the group consisting of hydrogen, saturated and
      unsaturated alkyl groups having 1-4 carbon atoms; R.sub.3 is a substituent
      selected from the group consisting of --CN, --CONH.sub.2, --COOCH.sub.3,
      --COOC.sub.2 H.sub.5, --COOH, and --COOMe, where Me is a metallic cation;
      n is an integer selected from 1 and 2; and m is an integer selected from
      1,2, and 3, and wherein the rings A and B may be substituted, ring A being
      substituted preferably with a halogen such as chlorine or with nitro,
      trifluoromethyl, methyl, methoxy or methylmercapto, preferably in the 5
      position, and ring B being preferably substituted in the 2' position with
      chlorine or fluorine. The radicals R.sub.1 and R.sub.2 preferably signify
      hydrogen or a methyl group, or a n-butyl group in the case of Ring B.
PARN
PAR  The present application is a division of our U.S. Ser. No. 358,455, filed
      May 8, 1973.
BSUM
PAR  The invention relates to pharmacologically valuable new benzophenone
      derivatives of the general formula I
      ##EQU2##
      and their acid addition salts, in which
PAR  R.sub.1 and R.sub.2 signify hydrogen or a saturated or unsaturated alkyl
      radical with 1 to 4 carbon atoms,
PA1  R.sub.3 signifies a --CN, --CONH.sub.2, --COOCH.sub.3, --COOC.sub.2
      H.sub.5, --COOH or --COOMe group, Me signifying a metal cation,
PA1  n is 1 or 2,
PA1  m is 1, 2 or 3,
PAL  And the rings A and B may be substituted.
PAR  Preferred substituents for the ring A are halogen, especially chlorine,
      nitro, trifluoromethyl, methyl, methoxy or methylmercapto, and
      substitution is preferably in the 5 position, and preferred substituents
      for the ring B are fluorine or chlorine, substitution preferably being at
      the 2' position. The radicals R.sub.1 and R.sub.2 preferably signify
      hydrogen or a methyl group, or an n-butyl group in the case of R.sub.2.
PAR  The metal cation Me is preferably a pharmacologically acceptable metal
      cation, for example the sodium, potassium, ammonium or calcium.
PAR  The invention also extends to processes for the production of compounds of
      the general formula I.
PAR  Compounds of the general formula I may be produced by reacting a
      benzophenone derivative of the general formula II
      ##EQU3##
      with a compound of the general formula III
EQU  Y -- C.sub.m H.sub.2m -- R.sub.3                           III
PAL  one of X and Y signifying the radical R.sub.2 --NH-- and the other
      signifying a halogen atom, preferably a bromine or chlorine atom, so as to
      form a compound of the general formula I with the elimination of H--Hal,
      R.sub.1, R.sub.2, R.sub.3, n and m being as defined above and the rings A
      and B being optionally substituted as discussed above. The hydrogen halide
      which is eliminated is advantageously bound by the addition of an
      acid-binding agent. Suitable acid-binding agents are a molar excess of the
      amine used in the reaction or, for example, triethylamine,
      dimethylaniline, potassium or sodium carbonate or sodium bicarbonate. The
      amine can also be employed in the form of an acid addition salt, in which
      case it is then necessary in order to liberate the amine to use a further
      mole of the acid binding agent. The reaction is carried out in a suitable
      solvent, preferably at an elevated temperature, typically the reflux
      temperature of the solvent used. Examples of suitable solvents are ethers,
      for example dioxane, hydrocarbons, for example benzene, toluene or xylene
      and ketones, for example acetone or methylisobutylketone. It may be
      advantageous to carry out the reaction under an inert atmosphere, for
      example under nitrogen.
PAR  Starting compounds of the general formula II, in which X signifies a
      halogen atom, can easily be produced from aminobenzophenones of the
      general formula IV
      ##EQU4##
      by reaction with a halogenacyl halide of the general formula V
      ##EQU5##
PAR  The initial compounds of the general formula II, in which X signifies the
      radical R.sub.2 -- NH --, can be obtained by reacting a compound of the
      general formula IIa
      ##EQU6##
      with an amine of the general formula VI
EQU  R.sub.2 -- NH.sub.2
PAR  The reaction is preferably carried out at a temperature between 5.degree.
      and 50.degree. with a reaction time of from a few hours up to several
      days, advantageously in a suitable solvent.
PAR  Those compounds of the general formula I, in which m signifies 2 or 3 and
      R.sub.1, R.sub.2, R.sub.3 and n are as defined above, may be produced by
      an addition reaction between a benzophenone derivative of the general
      formula II, in which X signifies R.sub.2 -- NH --, and a compound
      containing an aliphatic double bond and of the general formula VII
EQU  C.sub.m H.sub.2m.sub.-1 -- R.sub.3                         VII
PAL  in which m means the number 2 or 3. The reaction is preferably carried out
      in a suitable solvent at room temperature or elevated temperature.
      Examples of suitable solvents are alcohols, ethers, ketones, hydrocarbons
      and acid amides.
PAR  Those compounds of the general formula I in which R.sub.3 is CN and is in
      the .alpha. position in relation to the amino group of the side chain can
      also be prepared by reacting a compound of the general formula II, in
      which X signifies the radical R.sub.2 -- NH --, with am aldehyde or ketone
      of the general formula VIII
EQU  C.sub.m H.sub.2m O                                         VIII
PAL  and hydrocyanic acid or an alkali metal cyanide, preferably potassium
      cyanide. It is normally advantageous first to add the aldehyde or ketone
      of general formula VIII to an aqueous sodium bisulphite solution as in a
      Knoevenagel-Bucherer reaction, then to introduce the compound of general
      formula II, and finally a concentrated aqueous solution of alkali cyanide.
      The reaction is carried out at room temperature or slightly elevated
      temperature.
PAR  Compounds according to the invention in which R.sub.3 signifies a
      carbmethoxy or carbethoxy group can be converted by saponification into
      compounds according to the invention in which R.sub.3 is --COOH or by
      ammonolysis into compounds according to the invention in which R.sub.3 is
      --CONH.sub.2.
PAR  Compounds according to the invention in which R.sub.3 is --COOH may be used
      to prepare the corresponding salts --COOMe.
PAR  Normally compounds according to the invention are oily substances which
      provide crystalline acid addition salts.
PAR  The compounds of the general formula I and their pharmaceutically
      acceptable salts are characterised by valuable pharmacological properties,
      especially a pronounced sedative action on the central nervous system.
      Some of these compounds also possess muscle-relaxing and
      aggression-inhibiting properties. The compounds of the general formula I
      and their pharmaceutically acceptable salts are therefore valuable
      pharmaceutical products which can be used as medicaments in the form of
      pharmaceutical preparations. The pharmaceutical preparations can be put
      up, for example, as tablets, suppositories, capsules, emulsions or
      suspensions in a known manner by the use of pharmaceutically acceptable
      diluents or carriers which do not react with the compounds. As diluents or
      carriers it is possible to use any substance which is suitable for the
      purpose in mind, for example talcum, starch, vegetable oils or petroleum
      jellies. If desired the pharmaceutical preparations may also contain other
      therapeutically active substances.
PAR  The pharmacological investigation of the sedative action on the central
      nervous system was carried out using the climbing tests on albino mice
      described by P. K. KNEIP: Arch. int. pharmacodyn 126, 238 (1960) and R.
      DOMENJOZ and W. THEOBALD: Arch. int. pharmacodyn 120, 450 (1959).
PAR  In the table which follows, the results of the pharmacological
      investigations carried out are summarised. In the last table under the
      heading "Sedative action %" there is given the percentage of the
      experimental animals which no longer take up the normally readily assumed
      climbing work.
TBL  __________________________________________________________________________

                       LD.sub.50                                               

                               Dose                                            

     Compound          g/kg    mg/kg                                           

                                   Sedative                                    

                       (mouse) p.o.                                            

                                   action  %                                   

     __________________________________________________________________________

     2-(5-Cyano-N,4-dimethyl-                                                  

                       0.315                                                   

                            i.p.                                               

                               8   50                                          

     3-aza-pentanamido)-5-                                                     

     chlor-benzophenone                                                        

     2-(5-Cyano-3-aza-hexan-                                                   

                       0.6  i.p.                                               

                               8   50                                          

     amid0)-5-chlor-benzophenone                                               

     2-(5-Cyano-N,3-dimethyl-                                                  

                       1.1  p.o.                                               

                               10  60                                          

     3-aza-hexanamido)-5-nitro-                                                

     benzophenone      0,48 i.p.                                               

     2-(5-Cyano-N,4-dimethyl-3-                                                

                       0.32 i.p.                                               

                               8   70                                          

     aza-pentanamido)-benzophenone                                             

     2-(5-Cyano-3-allyl-3-aza-                                                 

                       0.63 i.p.                                               

                               8   60                                          

     pentanamido)-2'-5-dichlor-                                                

     benzophenone                                                              

     2-(5-Cyano-N-methyl-3-n-                                                  

                       0.36 i.p.                                               

                               8   80                                          

     butyl-3-aza-pentanamido)-                                                 

     5-chlor-benzophenone                                                      

     2-(5-Cyano-N-methyl-3-n-butyl-3-                                          

                               8   50                                          

     aza-pentanamido)-5-nitro-                                                 

     benzophenone      0.68 i.p.                                               

     2-(5-Cyano-N,4-dimethyl-                                                  

                       0.25 i.p.                                               

                               8   60                                          

     3-aza-pentanamido)-5-                                                     

     methoxy-benzophenone                                                      

     2-(5-Cyano-N,4-dimethyl-                                                  

                       0.3  i.p.                                               

                               8   70                                          

     5-aza-pentanamido)-5-methyl-                                              

     benzophenone                                                              

     2-(4-Cyano-N-methyl-3-aza-                                                

                       0.17 i.p.                                               

                               8   60                                          

     butanamido)-5-chlor-benzo-                                                

     phenone                                                                   

     2-(5-Cyano-N,3-dimethyl-3-aza-                                            

                               8   50                                          

     pentanamido)-5-chlor-                                                     

                       0.24 i.p.                                               

     benzophenone                                                              

     2-(5-Cyano-N,3,4-trimethyl-                                               

                       0.32 i.p.                                               

                               9   50                                          

     3-aza-pentanamido)-5-                                                     

     chlor-benzophenone                                                        

     2-(5-Cyano-N,3-dimethyl-3-                                                

                       &gt;1.0 p.o.                                               

                               10  50                                          

     aza-pentanamido)-5-nitro-                                                 

     benzophenone                                                              

     2-(5-Cyano-4-methyl-3-aza-                                                

                       &gt;1.0 p.o.                                               

                               10  50                                          

     pentanamido)-benzophenone                                                 

     2-(6-Cyano-3-methyl-3-aza-                                                

                               8   60                                          

     hexanamido)-5-chlor-benzo-                                                

     phenone                                                                   

     2-(5-Cyano-N-methyl-3-aza-                                                

                               8   50                                          

     pentanamido)-5-methoxy-ben-                                               

     zophenone                                                                 

     2-(5-Cyano-N-methyl-3-aza-                                                

                               8   50                                          

     pentanamido)-5-methyl-benzo-                                              

     phenone                                                                   

     2-(5-ethoxycarbonyl-N-methyl                                              

                       0.4  i.p.                                               

                               8   60                                          

     3-aza-pentanamido)-5-tri-                                                 

     fluormethyl-benzophenone                                                  

     2-(5-Carboxy-3-methyl-3-aza-                                              

                       0.45 i.p.                                               

                               8   90                                          

     pentanamido)-5-chlor-benzo-                                               

     phenone                                                                   

     2-(6-ethoxycarbonyl-N-methyl                                              

                       0.65 i.p.                                               

                               8   60                                          

     3-aza-hexanamido)-5-nitro-                                                

     benzophenone                                                              

     2-(4-Methoxycarbonyl-N-me-                                                

                       0.95 p.o.                                               

                               10  50                                          

     thyl-3-aza-butanamido)-5-                                                 

     chlor-benzophenone                                                        

     2-(6-ethoxycarbonyl-3-aza-                                                

                               8   50                                          

     hexanamido)-5-nitro-benzo-                                                

     phenone                                                                   

     2-(5-ethoxycarbonyl-3-aza-                                                

                               8   70                                          

     pentanamido)-2',5-dichlor-                                                

     benzophenone                                                              

     2-(5-ethoxycarbonyl-N-methyl                                              

                               8   60                                          

     3-aza-pentanamido)-5-me-                                                  

     thylmerkapto-benzophenone                                                 

     2-(5-ethoxycarbonyl-N-methyl                                              

                               8   50                                          

     3-aza-pentanamido)-5-methyl                                               

     benzophenone                                                              

     Comparative preparation                                                   

     Meprobamate       0.62 i.p.                                               

                               70  50                                          

     __________________________________________________________________________

PAR  In the following examples the temperatures are given in .degree.C. The
      abbreviation "Z" in the statements of the melting points means
      decomposition. The sorbent used for the thin layer chromatograms was
      silica gel HF 254 + 366 (Type 60) according to Stahl. The proportions
      given in the case of the eluents are proportions by volume.
DETD
PAC  EXAMPLE 1
PAR  9.8 g of 3-methylamino-2-methylpropionitrile were dissolved in 100 mls. of
      anhydrous dioxane. A weak stream of nitrogen was passed into this solution
      and it was heated to boiling under reflux. A solution of 16.1 g of
      2-(2-chloro-N-methyl-acetamido)-5-chlorobenzophenone, dissolved in 150
      mls. of anhydrous dioxane, was then added drop by drop whilst stirring,
      and the reaction mixture was heated under reflux for 4 hours. After
      cooling, the precipitated 3-methylamino-2-methylpropionitrile
      hydrochloride was filtered off under suction and the filtrate was
      concentrated in vacuo. The oily residue (20.0g) was dissolved in 300 mls.
      of absolute diethyl ether, filtered and the monohydrochloride of
      2-(5-cyano-N,3-dimethyl-3-aza-hexanamido)-5-chlorobenzophenone was
      precipitated with dry hydrogen chloride. The yield was 18.8g,
      corresponding to 89% of theory. The product had a melting point of
      113.degree.-115.degree. and was analytically pure without
      re-crystallisation. A thin-layer chromatogram of a sample of the product
      showed an absence of the starting compound and the RF value of the product
      was 0.85 in methanol.
PAC  EXAMPLE 2
PAR  3.4 g of 2-(methylamino-acetamido)-5-chlorobenzophenone hydrochloride, 0.75
      g of chloracetonitrile and 2.0 g of triethylamine were heated with
      agitation under reflux for 8 hours in 100 mls. of absolute toluene. The
      triethylamine hydrochloride with was precipitated when the reaction
      mixture was cooled overnight was filtered off, and the filtrate was washed
      using 100 mls. of water each time, dried over potassium carbonate,
      filtered and concentrated in vacuo. The 3.5 g of oily base obtained were
      dissolved in 120 mls. of anhydrous ether, filtered and
      2-(4-cyano-3-methyl-3-aza-butyramido)-5-chlorobenzophenone hydrochloride
      with a melting point of 152.degree.-154.degree. was obtained in a yield of
      3.2 g, corresponding to 84.5% of theory, by passing in dry hydrogen
      chloride. In a thin layer chromatogram the RF value in 2:8
      cyclohexane/ethyl acetate as flow medium was 0.9.
PAC  EXAMPLE 3
PAR  3.3 g of 2-(2-Chloro-N-methyl-acetamido)-5-nitrobenzophenone, 1.2 g of
      3-amino-butyronitrile hydrochloride and 2.0 g of triethylamine were heated
      in 100 mls. of anhydrous benzene for 4 hours while stirring and boiling
      under reflux. After cooling to room temperature the precipitated
      triethylamine hydrochloride was filtered off under suction and the
      filtrate was shaken three times with 100 mls. of water each time in a
      separating funnel, dried over potassium carbonate, filtered and
      concentrated in vacuo.
PAR  3.3 g of oily base obtained were dissolved in 150 mls. of anhydrous diethyl
      ether, the solution was filtered, and the monohydrochloride of
      2-(5-cyano-N,4-dimethyl-3-aza-pentanamido)-5-nitro-benzophenone was
      obtained by passing dry hydrogen chloride into the solution. The yield was
      2.9 g corresponding to 70% of theory, the melting point was
      129.degree.-131.degree., and the RF value in methanol as flow medium was
      0.75.
PAR  By methods similar to those described in Examples 1, 2 and 3, the compounds
      set out in the following Table I were also synthesised:
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                R.sub.1 R.sub.2                                

                                .vertline..vertline.                           

                                N--CO--C.sub.n H.sub.2n --N--C.sub.m H.sub.2m  

                                --CN                                           

     R.sub.1    C.sub.n H.sub.2n                                               

                        R.sub.2 C.sub.m H.sub.2m                               

                                           R.sub.4                             

                                               R.sub.5                         

                                                 Melting point                 

                                                 of the hydro-                 

                                                 chloride                      

     __________________________________________________________________________

     1  CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH.sub.2 --CH.sub.2 --                       

                                           C1  H 144 - 146.degree.             

     2  CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH.sub.2 --CH--                              

                                           Cl  H 145 - 147.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     3  CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH--CH.sub.2 --                              

                                           Cl  H 131 - 133.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     4  CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH.sub.2 --                                  

                                           Cl  H 147 - 149.degree.             

     5  H       --CH.sub.2 --                                                  

                        H       --CH.sub.2 --CH--                              

                                           Cl  H 183 - 185.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     6  H       --CH.sub.2 --                                                  

                        H       --CH--CH.sub.2 --                              

                                           Cl  H 175 - 177.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     7  CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        CH.sub.3                                               

                                --CH.sub.2 --CH.sub.2 --                       

                                           Cl  H 184 - 186.degree.             

     8  H       --CH.sub.2 --                                                  

                        H       --CH.sub.2 --CH.sub.2 --                       

                                           Cl  H 146 - 148.degree.             

     9  H       --CH.sub.2 --                                                  

                        CH.sub.3                                               

                                --CH.sub.2 --CH--                              

                                           Cl  H 136 - 138.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     10 H       --CH.sub.2 --                                                  

                        CH.sub.3                                               

                                --CH.sub.2 --CH.sub.2 --                       

                                           Cl  H 165 - 167.degree.             

     11 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        CH.sub.3                                               

                                --CH--CH.sub.2 --                              

                                           Cl  H 140 - 142.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     12 CH.sub.3                                                               

                --CH.sub.2 --CH.sub.2 --                                       

                        H       --CH--CH.sub.2 --                              

                                           Cl  H 153 - 155.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     13 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH.sub.2 --CH.sub.2 --                       

                                           NO.sub.2                            

                                               H 119 - 121.degree.             

     14 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        CH.sub.3                                               

                                --CH--CH.sub.2 --                              

                                           NO.sub.2                            

                                               H 103 - 105.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     15 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        CH.sub.3                                               

                                --CH.sub.2 --CH.sub.2 --                       

                                           NO.sub.2                            

                                               H  80 - 82.degree.              

     16 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        CH.sub.2 --CH=CH.sub.2                                 

                                --CH.sub.2 --CH.sub.2 --                       

                                           Cl  H 121 - 123.degree.             

     17 CH.sub.3                                                               

                CH.sub.3                                                       

                        H       --CH--CH.sub.2 --                              

                                           Cl  H 126 - 128.degree.             

                .vertline.      .vertline.                                     

                --CH--          CH.sub.3                                       

     18 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        CH.sub.3                                               

                                --CH.sub.2 --CH--                              

                                           NO.sub.2                            

                                               H  94 - 96.degree.              

                                .vertline.                                     

                                CH.sub.3                                       

     19 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH.sub.2 --                                  

                                           NO.sub.2                            

                                               H 143 - 145.degree.             

     20 H       --CH.sub.2 --                                                  

                        H       --CH--CH.sub.2 --                              

                                           NO.sub.2                            

                                               H 200 - 202.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     21 CH.sub.3                                                               

                --CH.sub.2 --CH.sub.2 --                                       

                        CH.sub.3                                               

                                --CH.sub.2 --CH.sub.2 --                       

                                           Cl  H 149 - 152.degree.             

     22 H       --CH.sub.2 --                                                  

                        H       --CH.sub.2 --CH.sub.2 --                       

                                           NO.sub.2                            

                                               H 179 - 181.degree.             

     23 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH--CH.sub.2 --                              

                                           CF.sub.3                            

                                               H 113 - 115.degree.             

                                .vertline.                                     

                                CH.sub. 3                                      

     24 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH.sub.2 --CH.sub.2 --                       

                                           CF.sub.3                            

                                               H 137 - 139.degree.             

     25 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        CH.sub.3                                               

                                --CH--CH.sub.2 --                              

                                           CF.sub.3                            

                                               H 145 - 148.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     26 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH.sub.2 --CH--                              

                                           CF.sub.3                            

                                               H 129 -  131.degree.            

                                .vertline.                                     

                                CH.sub.3                                       

     27 H       --CH.sub.2 --                                                  

                        H       --CH--CH.sub.2 --                              

                                           H   H 132 - 134.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     28 H       --CH.sub.2 --                                                  

                        H       --CH.sub.2 --CH.sub.2 --                       

                                           CF.sub.3                            

                                               H 143 - 146.degree.             

     29 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        C.sub.2 H.sub.5                                        

                                --CH--CH.sub.2 --                              

                                           NO.sub.2                            

                                               H 106 - 109.degree.             

                                .vertline.                                     

                                CH.sub. 3                                      

     30 H       --CH.sub.2 --                                                  

                        H       --CH--CH.sub.2 --                              

                                           Cl  Cl                              

                                                 193 - 195.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     31 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        C.sub.2 H.sub.5                                        

                                --CH.sub.2 --CH.sub.2 --                       

                                           Cl  H 128 - 130.degree.             

     32 CH.sub.3                                                               

                --CH.sub.2 --CH.sub.2 --                                       

                        H       --CH--CH.sub.2 --                              

                                           NO.sub.2                            

                                               H 174 - 176.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     33 CH.sub.3                                                               

                --CH.sub.2 --CH.sub.2 --                                       

                        CH.sub.3                                               

                                --CH.sub.2 --CH.sub.2 --                       

                                           NO.sub.2                            

                                               H 177 - 179.degree.             

     34 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H.sub.2 C--CH=CH.sub.2                                 

                                --CH.sub.2 --CH.sub.2 --                       

                                           NO.sub.2                            

                                               H 139 - 141.degree.             

     35 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H.sub.2 C--CH=CH.sub.2                                 

                                --CH.sub.2 --CH.sub.2 --                       

                                           CF.sub.3                            

                                               H  94 - 96.degree.(Z)           

     36 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H.sub.2 C--CH=CH.sub.2                                 

                                --CH--CH.sub.2 --                              

                                           Cl  H 109 - 111.degree.(Z)          

                                .vertline.                                     

                                CH.sub.3                                       

     37 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H.sub.2 C--CH=CH.sub.2                                 

                                --CH--CH.sub.2 --                              

                                           NO.sub.2                            

                                               H 102 - 104.degree.(Z)          

                                .vertline.                                     

                                CH.sub.3                                       

     38 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH--CH.sub.2 --                              

                                           H   H 126 - 128.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     39 CH.sub.3                                                               

                CH.sub.3                                                       

                        CH.sub.3                                               

                                --CH.sub.2 --CH.sub.2 --                       

                                           Cl  H 151 - 153.degree.             

                .vertline.                                                     

                --CH.sub.2 --                                                  

     40 CH.sub.3                                                               

                CH.sub.3                                                       

                        CH.sub.3                                               

                                --CH.sub.2 --CH.sub.2 --                       

                                           NO.sub.2                            

                                               H  97 - 100.degree.             

                .vertline.                                                     

                --CH.sub.2 --                                                  

     41 H       --CH.sub.2 --                                                  

                        H       --CH.sub.2 --CH.sub.2 --                       

                                           Cl  Cl                              

                                                 142 - 144.degree.             

     42 H       --CH.sub.2 --                                                  

                        H.sub.2 C--CH=CH.sub.2                                 

                                --CH.sub.2 --CH.sub.2 --                       

                                           Cl  Cl                              

                                                 128 - 130.degree.             

     43 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        CH.sub.3                                               

                                --CH.sub.2 --CH.sub.2 --CH.sub.2 --            

                                           Cl  H 143 - 145.degree.             

     44 H       --CH.sub.2 --                                                  

                        CH.sub.3                                               

                                --CH.sub.2 --CH.sub.2 --CH.sub.2 --            

                                           Cl  H 164 - 167.degree.(Z)          

     45 H.sub.2 C--CH=CH.sub.2                                                 

                --CH.sub.2 --                                                  

                        H       --CH--CH.sub.2 --                              

                                           Cl  H 125 - 127.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     46 H.sub.2 C--CH=CH.sub.2                                                 

                --CH.sub.2 --                                                  

                        H.sub.2 C--CH=CH.sub.2                                 

                                --CH.sub.2 --CH.sub.2 --                       

                                           Cl  H 128 -130.degree.              

     47 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        n--C.sub.4 H.sub.9                                     

                                --CH.sub.2 --CH.sub.2 --                       

                                           Cl  H 139 - 141.degree.             

     48 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        n--C.sub.4 H.sub.9                                     

                                --CH.sub.2 --CH.sub.2 --                       

                                           NO.sub.2                            

                                               H 127 - 129.degree.             

     49 n--C.sub.4 H.sub.9                                                     

                --CH.sub.2 --                                                  

                        H       --CH--CH.sub.2 --                              

                                           Cl  H 177 - 179.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     50 n--C.sub.4 H.sub.9                                                     

                --CH.sub.2 --                                                  

                        H       --CH.sub.2 --CH.sub.2 --                       

                                           Cl  H 163 - 165.degree.(Z)          

     51 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH--CH.sub.2 --                              

                                           OCH.sub.3                           

                                               H 136 - 138.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     52 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH.sub.2 --CH.sub.2 --                       

                                           OCH.sub.3                           

                                               H 154 - 156.degree.             

     53 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --HC--CH.sub.2 --                              

                                           SCH.sub.3                           

                                               H 134 - 136.degree.             

                                .vertline.                                     

                                H.sub.3 C                                      

     54 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH.sub.2 --CH.sub.2 --                       

                                           SCH.sub.3                           

                                               H 145 - 147.degree.(Z)          

     55 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH.sub.2 --CH.sub.2 --                       

                                           CH.sub.3                            

                                               H 152 - 154.degree.(Z)          

     56 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        H       --CH--CH.sub.2 --                              

                                           CH.sub.3                            

                                               H 143 - 145.degree.             

                                .vertline.                                     

                                CH.sub.3                                       

     57 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        C.sub.2 H.sub.5                                        

                                --HC--CH.sub.2 --                              

                                           NO.sub.2                            

                                               H 123 - 125.degree.             

                                .vertline.                                     

                                H.sub.3 C                                      

     58 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        CH.sub.3                                               

                                --HC--CH.sub.2 --                              

                                           Cl  Cl                              

                                                 152 - 155.degree.(Z)          

                                .vertline.                                     

                                H.sub.3 C                                      

     59 CH.sub.3                                                               

                --CH.sub.2 --                                                  

                        CH.sub.3                                               

                                --HC--CH.sub.2 --                              

                                           Cl  F 128 - 131.degree.             

                                .vertline.                                     

                                H.sub.3 C                                      

     60 n--C.sub.4 H.sub.9                                                     

                --CH.sub.2 --                                                  

                        n--C.sub.4 H.sub.9                                     

                                --CH.sub.2 --CH.sub.2 --                       

                                           Cl  H 119 - 121.degree.             

     61 H       --CH.sub.2 --                                                  

                        n--C.sub.4 H.sub.9                                     

                                --CH.sub.2 --CH.sub.2 --                       

                                           Cl  Cl                              

                                                  98 - 100.degree.             

     __________________________________________________________________________

PAR  The production of starting compounds of the general formula II, in which X
      is chlorine or bromine, for use in the foregoing examples is exemplified
      by the production, described below, of the
      2-(N-methyl-N-.beta.-chloro-propionylamino)-5-chloro-benzophenone used as
      starting compound for example in the production of
      2-(6-cyano-N,5-dimethyl-4-aza-hexanamido)-5-chloro-benzophenone and
      2-(6-cyano-N,4-dimethyl-4-aza-hexanamido)-5-chloro-benzophenone which
      appear in the table above, when they are produced according to the method
      of Example 1.
PAR  14.0 g of .beta.-chloropropionyl chloride were rapidly added drop by drop
      to a solution of 24.6 g of 2-methylamino-5-chloro-benzophenone in 300 mls.
      of anhydrous toluene, the temperature rising from 18.degree. to
      25.degree.C. The reaction mixture was then maintained for 4 hours at an
      internal temperature of 80.degree.C, and then heated for a further 2
      hours, with stirring, under reflux. After cooling it is filtered and
      unreacted .beta.-chloropropionyl chloride was drawn off under vacuum at
      approximately 0.1 mm Hg using a water bath rising to a final temperature
      of 90.degree.C. The oily residue was allowed to stand for 3 days in a
      refrigerator where it crystallised. The crystals were rubbed up with
      petrol ether and dried in vacuo.
PAR  Yield: 29.8 g of
      2-(N-methyl-N-.beta.-chloro-propionylamino)-5-chloro-benzophenone (89% of
      theory) with a melting point of 73.degree.- 75.degree..
PAC  EXAMPLE 4
PAR  13.0 g of 2-(chloraceto-methylamido)-5-chlorobenzophenone, 5.0 g of methyl
      aminoacetate hydrochloride and 8.0 g of triethylamine were heated under
      reflux in 250 mls. of absolute toluene for 6 hours whilst stirring. The
      precipitated triethylamine hydrochloride was filtered off under suction
      after cooling, the filtrate being shaken three times, with 250 mls. of
      water each time, in a separating funnel, and the organic phase was dried
      over potassium carbonate, filtered and concentrated in vacuo. The oily
      residue was dissolved in 300 mls. of absolute ether, filtered and
      converted into 9.5 g of
      2-(4-carbmethoxy-N-methyl-3-aza-butyramido)-5-chlorobenzophenone
      hydrochloride with a melting point of 116.degree.-118.degree.,
      corresponding to 58% of theory, by passing in dry hydrogen chloride gas.
      The RF value in a thin layer chromatogram with 1:1 cyclohexane/ethyl
      acetate as flow medium was 0.95.
PAC  EXAMPLE 5
PAR  A mixture of 3.4 g of 2-(methylamino-acetamido)-5-chlorobenzo-phenone
      hydrochloride, 1.7 g of ethyl bromacetate and 2.0 g of triethylamine was
      heated to boiling in 100 mls. of absolute toluene for 8 hours whilst
      stirring. The triethylamine hydrochloride which was precipitated
      quantitatively was filtered off under suction, the filtrate was shaken
      three times with 100 mls. of water each time and dried over potassium
      carbonate. 3.2 g of oily crude base were obtained which, dissolved in 50
      mls. of anhydrous ether, were converted into
      2-(4-carbethoxy-3-methyl-3-aza-butyramido)-5-chlorobenzophenone
      hydrochloride by passing in dry hydrogen chloride. The yield amounted to
      3.5 g corresponding to 82% theory. The melting point was
      177.degree.-179.degree. and the RF value in the thin layer chromatogram
      was 0.7 in 1:1 cyclohexane/ethyl acetate as flow medium.
PAC  EXAMPLE 6
PAR  1.7 g of 2-(methylamino-acetamido)-5-chlorobenzophenone hydrochloride, 0.85
      g of ethyl bromacetate and 0.7 g of anhydrous potassium carbonate were
      heated for 20 hours under a reflux in 100 mls. of anhydrous acetone whilst
      stirring. After cooling, the inorganic salt was filtered off under suction
      concentrated in vacuo, and the oily residue was dried in vacuo. The yield
      of oily crude base was 1.4 g. It was dissolved in 30 mls. of absolute
      dioxane, the solution was filtered and diluted with 30 mls. absolute
      ether, 1.3 g of
      2-(4-carbethoxy-3-methyl-3-aza-butyramido)-5-chlorobenzophenone
      hydrochloride with a melting point of 178.degree.-180.degree. being
      obtained by passing in dry hydrogen chloride. The product was identical
      with that obtained in Example 5.
PAC  EXAMPLE 7
PAR  A mixture of 2.2 g of 2-(methylamino-acetamido)-5-chloro-benzophenone
      hydrochloride, 1.2 g of chloracetamide and 2.0 g of triethylamine was
      heated for 8 hours under a reflux in 100 mls. of anhydrous xylene. The
      triethylamine hydrochloride which was precipitated quantitatively was
      filtered off under suction after cooling and the filtrate was shaken three
      times with 100 mls. of water each time, the organic phase being dried over
      anhydrous potassium carbonate, filtered and concentrated in vacuo. The
      oily crude base obtained as a residue (2.2g) was dissolved in 100 mls. of
      anhydrous diethylether and the solution was filtered. By passing dry
      hydrogen chloride into the solution 2.0 g of
      2-(4-amidocarbonyl-3-methyl-3-aza-butyramido)-5-chlorobenzophenone
      hydrochloride (74% of theory) were obtained with a melting point of
      163.degree. -165.degree. (decomposes).
PAR  This product could also be obtained by dissolving 4.0 g of
      2-(4-ethoxy-carbonyl-3-methyl-3-aza-butyramido)-5-chlorobenzophenone
      hydrochloride in 80 mls. of anhydrous ethyl alcohol and whilst stirring at
      60.degree. to 70.degree. introducing into the solution for 8 hours a
      stream of ammonia gas, the reaction mixture being allowed to stand further
      overnight in a closed vessel and then further processed by filtering off
      precipitated ammonium chloride and concentrating in vacuo. By proceeding
      as described in the paragraph above,
      2-(4-amidocarbonyl-3-methyl-3-aza-butanamido)-5-chloro-benzophenone
      hydrochloride was obtained. Yield: 2.5 g (68% of theory). The product
      possessed a melting point of 162.degree. - 165.degree. (decomposes).
PAC  EXAMPLE 8
PAR  4.6 g of 2-(methylamino-acetamido)-5-chlorobenzophenone hydrochloride were
      heated in 100 mls. of dry xylene with 3 g of triethylamine and 1.9 g of
      chloracetic acid for 8 hours under reflux whilst stirring. After cooling,
      the precipitated triethylamine hydrochloride was filtered off and the
      filtrate was shaken 3 times with 100 mls. of water each time. After drying
      over potassium carbonate and filtering, it was concentrated in vacuo, the
      oily crude base obtained being dissolved in 100 mls. of dry ether and
      filtered again. By passing in dry hydrogen chloride gas, filtering under
      suction and drying in a vacuum desiccator, 2.8 g (71% of theory) of
      2-(4-carboxy-3-methyl-3-aza-butyramido)-5-chlorobenzophenone hydrochloride
      were obtained with a melting point of 162.degree.-164.degree..
PAR  By process similar to those described Examples 4 to 8, the compounds
      described in the following Table II were also produced:
      ##EQU7##
TBL                                    TABLE II                                

     __________________________________________________________________________

     R.sub.1 C.sub.n H.sub.2n                                                  

                  R.sub.2                                                      

                     R.sub.3                                                   

                            C.sub.m H.sub.2m                                   

                                       R.sub.4                                 

                                           R.sub.5                             

                                             Melting                           

                                             point of                          

                                             hydro-                            

                                             chloride                          

     __________________________________________________________________________

     H       --CH.sub.2 --                                                     

                  H  CO--CH.sub.3                                              

                            --CH.sub.2 --                                      

                                       Cl  H 128 - 130.degree.                 

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --H.sub.2 C--CH.sub.2 --                           

                                       Cl  H 111 - 113.degree.                 

     H       --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --H.sub.2 C--CH.sub.2 --                           

                                       Cl  H 105 - 107.degree.                 

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OCH.sub. 3                                            

                            --CH.sub.2 --                                      

                                       NO.sub.2                                

                                           H 142 - 144.degree.                 

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --                           

                                       CF.sub.3                                

                                           H 137 - 139.degree.                 

     H       --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --                           

                                       Cl  Cl                                  

                                             129 - 131.degree.                 

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --                           

                                       NO.sub.2                                

                                           H 127 - 129.degree.                 

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --CH.sub.2 --                

                                       Cl  H 136 - 138.degree.                 

     H       --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --CH.sub.2 --                

                                       NO.sub.2                                

                                           H 157 - 159.degree.                 

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --CH.sub.2 --                

                                       NO.sub.2                                

                                           H 155 - 157.degree.                 

     CH.sub.2 --CH=CH.sub.2                                                    

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --                           

                                       Cl  H 116 - 118.degree.                 

     H       --CH.sub.2 --                                                     

                  CH.sub.3                                                     

                     COOH   --CH.sub.2 --CH.sub.2 --                           

                                       Cl  H 154 - 157.degree.                 

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --                           

                                       OCH.sub.3                               

                                           H 143 - 145.degree.                 

     CH.sub. 3                                                                 

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --                           

                                       SCH.sub.3                               

                                           H 143 - 145.degree.                 

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --                           

                                       CH.sub.3                                

                                           H 108 - 111.degree.                 

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --CH.sub.2 --                

                                       OCH.sub.3                               

                                           H  84 - 86.degree.                  

     CH.sub.3                                                                  

             --CH.sub.2 --                                                     

                  H  CO--OC.sub.2 H.sub.5                                      

                            --CH.sub.2 --CH.sub.2 --CH.sub.2 --                

                                       CH.sub.3                                

                                           H 106 - 108.degree.                 

     __________________________________________________________________________

PAC  EXAMPLE 9
PAR  3.0 g of 2-(methylamino-acetamido)-5-chloro-benzophenone were dissolved in
      30 mls. of anhydrous alcohol and then mixed with 2.0 g of freshly
      distilled acrylonitrile. The mixture was stirred for 2 hours at room
      temperature and then heated under reflux for a further 8 hours. After
      being allowed to stand overnight at room temperature a further 2.0 g of
      freshly distilled acrylonitrile was added and the mixture heated under
      reflux with stirring for a further 4 hours. At this point a sample showed
      in a thin-layer chromatogram a uniform point which differed from that of
      the initial product. The turbid solution was filtered and concentrated in
      vacuo (approx. 0.1 mm Hg), 3.0 g of a colourless oil being obtained. This
      residue was dissolved in anhydrous diethyl ether. After passing dry
      hydrogen chloride into this solution 3.6 g of
      2-(5-cyano-3-methyl-3-aza-pentanamido)-5-chloro-benzophenone hydrochloride
      were obtained, corresponding to 92% of theory. The product had a melting
      point of 166.degree.-168.degree.. The RF value in a thin-layer
      chromatogram in methanol as flow medium was 0.85.
PAR  The RF value and the melting point were identical with those of the product
      which was obtained from 2-(chloracetamido)-5-chlorobenzophenone and
      .beta.-methylamino-propionitrile using a method similar to that of Example
      1 (cf. 10th example in table in Example 3).
PAR  In an analogous manner, starting from
      2-methylaminoacetamido)-5-chloro-benzophenone and ethyl acrylate,
      2-(5-ethoxycarbonyl-3-methyl-3-aza-pentanamido)-5-chlorobenzophenone
      hydrochloride is obtained with a melting point of 129.degree.-131.degree.,
      and starting from 2-(methylamino-acetamido)-5-chlorobenzophenone and
      acrylamide,
      2-(5-amidocarbonyl-3-methyl-3-aza-pentanamido)-5-chloro-benzophenone
      hydrochloride is obtained with a melting point of 158.degree.-160.degree..
PAR  The 2-(methylamino-acetamido)-5-chloro-benzophenone required as starting
      compound was produced as follows:
PAR  A solution of 24.5 g of 2-(chloracetamido)-5-chlorobenzophenone in 400 mls.
      of anhydrous dioxane was mixed with 150 mls. of a 15% solution of
      methylamine in methyl alcohol and was then allowed to stand at room
      temperature overnight in a closed vessel. The reaction mixture was then
      filtered and the filtrate is concentrated in vacuo at a waterbath
      temperature of 25.degree., the residue being shaken with 630 mls. of
      diethyl ether and 700 mls. of 0.3N hydrochloric acid. The ether layer was
      shaken out once again with 250 mls. of 0.3N hydrochloric acid and the
      combined hydrochloric acid extracts were rendered alkaline with
      concentrated aqueous ammonia whilst cooling thoroughly, and were then
      extracted with methylene chloride; the methylene chloride phase was dried
      over potassium carbonate. After drying the methylene chloride solution was
      filtered and concentrated in vacuum. The oily crude base obtained as a
      residue, after drying, was dissolved in 100 mls. of anhydrous diethyl
      ether, filtered and converted by the introduction of dry hydrogen chloride
      into 23.8 g of  2-(methylamino-acetamido)-5-chlorobenzophenone
      hydrochloride (88% of theory), melting point 199.degree.-201.degree..
PAC  EXAMPLE 10
PAR  2.1 g of sodium bisulphite were dissolved in 15 mls. of water and mixed
      drop by drop at 15.degree.-20.degree.C with 1.8 g of 40% formaldehyde
      solution, the stirring being continued for 30 minutes and then 3.0 g of
      2-(methylamino-acetamido)-5-chlorobenzophenone were added to the reaction
      mixture. Then whilst stirring a solution of 1.3 g of potassium cyanide in
      3 mls. of water was added drop by drop and the mixture stirred for 3 hours
      at 40.degree.C. After being allowed to stand overnight at room
      temperature, the semi-solid reaction product was filtered off under
      suction, shaken up several times with water, and dried in a vacuum
      desiccator. From a solution of 2.4 g of the crude base in 100 mls. of
      anhydrous diethyl ether, 2.8 g of
      2-(4-cyano-3-methyl-3-aza-butanamido)-5-chloro-benzophenone hydrochloride
      (74% of theory) with a melting point of 153.degree.-155.degree. were
      obtained by passing in dry hydrogen chloride.
PAR  The melting point and the RF value in a thin-layer chromatogram (0.9)
      correspond with those of the product obtained in Example 2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Benzophenone derivative having the structural formula
      ##EQU8##
      and the acid addition salts thereof, wherein R.sub.1 and R.sub.2 are
      substituents selected from the group consisting of hydrogen, saturated and
      unsaturated alkyl groups having 1 - 4 carbon atoms; R.sub.3 is
      --CONH.sub.2 ; n is an integer selected from 1 and 2; and m is an integer
      selected from 1, 2 and 3, and wherein the ring A is substituted at the
      5-position with a substituent selected from the group consisting of
      halogen, nitro, trifluoromethyl, methyl, methoxy and methylmercapto and
      the ring B is substituted at the 2' position with a substituent selected
      from the group consisting of fluorine and chlorine.
NUM  2.
PAR  2. Benzophenone derivative according to claim 1, wherein R.sub.1 is a
      substituent selected from the group consisting of hydrogen and methyl and
      R.sub.2 is a substituent selected from the group consisting of hydrogen,
      methyl and butyl.
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ABST
PAL  An alicyclic amino compound of the general formula:
      ##SPC1##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are each hydrogen or
      alkyl having 1 to 6 carbon atoms; X is each hydrogen, alkyl having 1 to 6
      carbon atoms or aminomethyl; n is an integer of 1 or 2, and their
      production. The subject compound is useful as a cationic surfactant,
      complexing agent and intermediate.
BSUM
PAR  The present invention relates to novel alicyclic amino compounds and their
      production.
PAR  As already known, a higher fatty amine, which is obtained by cycanation and
      then reduction of a higher fatty acid is generally used as a raw material
      for a cationic surface active agent. However, a higher fatty acid is
      naturally utilized for food and it is not desirable to utilize same for
      industrial purposes considering the unfavorable food situation in the
      world. Further, a higher fatty amine does not have a sufficient affinity
      with other materials when used as a cationic surface active agent.
      Besides, an aminomethyl derivative of natural rosin which is an alicyclic
      carboxylic acid is also utilized as a cationic surface active agent and is
      superior to the said higher fatty amine in various properties and
      characteristics. However rosin is also naturally occuring and its supply
      is not stable.
PAR  A main object of the present invention is to provide a novel alicyclic
      amino compound having properties and characteristics required for a
      cationic surface active agent and being superior to those of a higher
      fatty amine.
PAR  Another object of the present invention is to provide a process for
      manufacturing the smae from abundant but unutilized materials such as
      thermal cracking products of petroleum naphtha or coal (e.g.
      dicyclopentadiene (DCPD) or its analogous compound).
PAR  These and other advantages and objects of the present invention will be
      apparent from the following description.
PAR  The alicyclic amino compound of the present invention has the following
      chemical structure:
      ##SPC2##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are each hydrogen or
      alkyl having 1 to 6 carbon atoms; X is hydrogen, alkyl having 1 to 6
      carbon atoms or aminomethyl; n is an integer of 1 or 2.
PAR  The alicyclic amino compound [I] of the present invention is obtained by
      hydrogenating the following alicyclic cyano compound of the general
      formula:
      ##SPC3##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and n are each as
      defined above; X' is hydrogen, alkyl having 1 to 6 carbon atoms,
      aminomethyl or cyano.
PAR  The starting compound [II] is already known and the ring skeleton can be
      further illustrated as follows.
PAR  N = 1
      ##SPC4##
PAR  N = 2
      ##SPC5##
PAR  The starting compound [II] corresponding to the ring skeleton of [II-1] and
      [II-2] can be prepared by reacting one mole of .alpha., .beta.-unsaturated
      cyano compound such as acrylonitrile, methacrylonitrile, maleonitrile,
      etc. with two or three moles of cyclopentadiene (CPD) or its alkyl
      substituted derivative(alkyl CPD), though DCPD is industrially applied in
      place of CPD. For example, when a mixture of acrylonitrile and DCPD is
      heated at 170.degree.-200.degree.C, a first step addition reaction
      proceeds rapidly to form 5-cyanobicyclo[2,2,1]heptene-2(i.e.
      2-cyanonorbornene) which is an equimolar adduct of acrylonitrile and CPD,
      and the adduct is further reacted with CPD that is present in the reaction
      system to prepare
      1,2,3,4,4a,5,8,8a-octahydro-2-cyano-1,4-methano-5,8-methanonaphthalene
      corresponding to the bing skeketon of [II-1] and the compound [II-1] is
      further reacted with CPD that is present in the reaction system to prepare
      1,2,3,4,4a,5, 5a, 6,9, 9a, 10,
      10a-dodecahydro-2-cyano-1,4-methano-5,10-methano-6,9-methanoanthracene
      corresponding to the ring skeleton of [II-2].
PAR  As apparent from the above description, the starting compound [II] is
      prepared as a mixed state of the compound [II-1] and [II-2]. These
      compounds can be subjected to hydrogenation of the present invention
      without any obstruction and they are useful for a cationic surface active
      agent even as a mixed state. While, if each isolated object compound [I]
      is desirable, they may be separated by fractional distillation employing
      the difference of boiling point before or after hydrogenation of the
      present invention. However, the starting compounds [II] wherein n is 2
      especially X' is cyano are difficult to purify since they have a higher
      boiling point. Accordingly, they may be obtained as residue after
      fractional distillation. Therefore, the balance of hydrophobic and
      hydrophilic (HLB) can be easily controlled in the present invention by
      adjusting the number distribution of n in the starting compound [II].
PAR  It is further apparent from the above description that higher adducts of
      .alpha., .beta.-unsaturated nitrile and CPD may be produced as by-products
      and the compound contaminated with higher adducts may also be utilized for
      a cationic surface active agent. However, if it is desirable to obtain the
      starting compound [II] in high yield, it is recommended to conduct the
      addition reaction at 180.degree.-200.degree.C and to complete the reaction
      within 4-8 hours.
PAR  The hydrogenation reaction of the present invention can be properly
      selected from various well known processes that are commonly applied for
      the reduction of cyano group and olefinic group. Cyano group(s) of the
      starting compound [II] are easily converted to aminomethyl group(s) by
      hydrogenation. A double bond between carbon-carbon atoms is simultaneously
      hydrogenated according to the hydrogenation condition, since the olefinic
      group is reactive to the conventional hydrogenation reaction.
PAR  Suitable hydrogenation reactions include, for example, catalytic reduction;
      electrolytic reduction; hydrogenation reaction in the presence of metalic
      sodium and an organic solvent such as ethanol, benzene, toluene, etc.;
      hydrogenation reaction with sodium hydroxide in the presence of nickel,
      sodium hypophosphite and hydrated ethanol; hydrogenation reaction with
      lithium aluminium hydride or sodium boron hydride; hydrogenation reaction
      in the presence of chromium acetate, and the like.
PAR  Among the above mentioned hydrogenation reactions, the catalytic reduction
      is most preferably applied to the starting compound [II] in the present
      invention. Therefore, the catalytic reduction is further disclosed in
      detail as follows. The said reduction can be carried out in the liquid
      phase or gaseous phase under an atmospheric pressure or an elevated
      pressure. Catalysts utilized herein include various well know reductive
      catalysts such as heavy metal e.g. platinium, palladium, nickel, cobalt,
      cupper, iron, etc.; an activated variety of said heavy metal e.g.
      Raney-nickel, Raney-cobalt, Raney-iron, Urusibara-nickel,
      Urusibara-coblat, etc.; the said heavy metal on carrier e.g.
      palladium-carbon, nickel-diatomite, etc., and the like.
PAR  Suitable solvents utilizable for the catalytic reduction include, for
      example, an alcoholic solvent e.g. methanol, ethanol, propanol, etc.;
      other unreductive organic solvent e.g. cyclohexane, tetrahydrofuran, etc.
      and the like. The catalytic reduction can be further carried out in the
      molten state without solvent. The reaction temperature and pressure can be
      properly decided according to the utilized reduction catalyst. For
      example, in the case of nickel-diatomite or Raney-nickel, the
      hydrogenation reaction was carried out by heating at
      140.degree.-180.degree.C for one to eight hours under the pressure between
      10-200 Kg/cm.sup.2 with hydrogen gas. According to catalytic reduction,
      double bond is hydrogenated as well as cyano group.
PAR  While, it is well known that the secondary amine may be simultaneously
      produced as a by-product in the hydrogenation reaction of cyano group.
      Therefore, it is recommended to conduct the reaction in the presence of
      ammonia to avoid side reaction. Otherwise, it is also recommendable to
      conduct the reaction with the specific catalyst such as Raney-nickel or
      Raney-cobalt and with the basic promoter such as sodium acetate in the
      presence of acetic anhydride, or to complete the reaction at an earlier
      stage.
PAR  An alicyclic amino compound [I] of the present invention is manufactured
      from abundunt but unutilized materials such as thermal cracking products
      of petroleum naphtha or coal (e.g. DCPD or its analogous compound) and is
      a liquid or resinous material.
PAR  The said compound has superior affinity with other chemical materials in
      comparison with various higher fatty amines. Further, the said compound is
      not absorbed in the bodies of a human, a cattle and fish, and is not
      stimulant for their skin. Furthermore, the said compound is non-volatile.
      Therefore, an alicyclic amino compound (I) is manageable and utilizable as
      a cationic surface active agent for several uses as described below.
PAR  A. An acid salt of an organic acid or a mineral acid such as acetic acid,
      hydrochloric acid, etc.
PAR  The salt is so-called a cationic soap and is utilizable as an emulsifying
      agent of an emulsion added to a latex, a printing ink, a pigment, etc.; a
      floatation agent; a sizing agent; an emulsifying agent in emulsion
      polymerization and the like.
PAR  The said cationic soap has an exellent wettability and an affinity with
      various chemical materials as well as a satisfactory emulsifying effect
      and a washing effect.
PAR  Therefore, the cationic soap exhibits superior properties and
      characteristics to a fatty amine cationic soap. While, HLB of the cationic
      soap can be adjusted to the most suitable value as mentioned above.
      Accordingly, the said soap is utilizable as an emulsifying agent in
      emulsion polymerization.
PAR  B. A complex with pentachlorophenol, copper acetate or sodium disulfide,
      etc.
PAR  The complex is utilizable as an antifungal agent and an insecticide in
      several kinds of detergent and the like.
PAR  The antifungal effect of the complex is superior to that of the general
      fatty amine. The detergent can be safely used without any harm for a human
      and a food.
PAR  C. A quaternary ammonium salt of aralkyl chloride, alkyl chloride or
      alkylene oxide such as benzylchloride, propylchloride, ethylene oxide,
      propylene oxide, etc.
PAR  The quaternary ammonium salt is utilizable as an insecticide in several
      kinds of detergents.
PAR  D. An aminoalkyl derivative such as an aminopropyl derivative which is
      obtained by cyanoethylation of aminoalkyl group in the alicyclic amino
      compound (I) and then by reduction to change the cyanoethylaminoethyl
      group to an aminopropylaminomethyl group.
PAR  The aminoalkyl derivative is utilizable as an emulsifying agent for an
      asphalt emulsion; an anti-stripping agent; anti-corrosive agent and the
      like.
PAR  The aminoalkyl drivative is stable and when it is utilized as an
      emulsifying agent of an emulsion, emulstion, pavement works are easily
      performed with good results and the adhesive property between asphalt and
      aggregate is quite satisfactory. The aminoalkyl derivative is further
      utilizable as an anti-corrosive agent which has a good affinity with the
      material to be protected. Accordingly, it is expected to exhibit a strong
      anti-corrosive effect over a long period.
PAR  E. A polyethylene glycolate derivative which is obtained by reacting the
      alicyclic amino compound (I) with polyalkylene oxide such as polyethylene
      oxide, polypropylene oxide, etc.
PAR  The polyethylene glycolate derivative is utilizable as an anti-corrosive
      agent, an anti-static agent, a detergent, a lubricant, a dying assistant
      and the like.
PAR  When the polyethylene glycolate derivative is used as an anti-corrosive
      agent, it exhibits an exellent absorption ability on a metal surface and
      an exellent affinity with another anti-corrosive agent used therewith.
DETD
PAR  Examples of the present invention are given below for a better undrstanding
      of the present invention, in which all percentages and parts are by
      weight.
PAC  EXAMPLE 1
PAR  In an autoclave were charged 530 g of acrylonitrile and 1320 g of DCPD, the
      resultant mixture was heated at 180.degree.-200.degree.C for 6 hours with
      stirring. After the reaction was over, the reaction mixture was subjected
      to distillation to remove the low boiling point distillate at 180.degree.C
      under an atmospheric pressure and the residue was further subjected to
      distillation. Five hundred and thirty grams of the first distillate were
      obtained up to 130.degree.C/6mmHg, and then 840 g of the second distillate
      was obtained between the temperature of 131.degree.C/6mmHg and
      150.degree.C/5mmHg and further 200 g of the third distillate was obtained
      between the temperature of 151.degree.C/5mmHg and 180.degree.C/1mmHg. The
      first distillate was a colorless and transparent liquid having a molecular
      weight of 120. The results of elementary analysis and infra-red absorption
      (IR) spectrum shown that the first distillate was
      5-cyanobicyclo[2,2,1]heptene-2. The second distillate was a colorless and
      transparent liquid having a molecular weight of 185. The liquid
      crystallized on standing. The result of IR spectrum shown that the crystal
      was 1,2,3,4,4a, 5,8,8a-octahydro2-cyano-1,4-methano-5,8-methanonaphthalene
      having a melting point of 60.degree.C. The third distillate was
      crystallized immediately after distillation. The resulting white crystals
      had a molecular weight of 250 and a melting point of 160.degree.C. The
      result of IR spectrum shown that the crystal was 1,2,3,4,4a, 5,5a, 6,9,9a,
      10, 10a-dodecahydro2-cyano-1,4-methano-5,10-methano-6,9-methanoanthracene.
PAR  Thus obtained crystals were respectively hydrogenated to obtain the
      corresponding aminomethyl derivative as follows.
PAR  In an autoclave were charged 100 g of each cyano compound, 100 g of
      methanol and 2 g of Raney-nickel catalyst. After the air in the autoclave
      was displaced with hydrogen gas, 40 g of liquid ammonia was charged and
      then the resultant mixture was heated at 160.degree.C for 4 hours with
      stirring under the pressure of 200kg/cm.sup.2 with hydrogen gas. After the
      reaction was over, the catalyst was filtered off and methanol was
      distilled off to obtain each 99 g of the corresponding aminomethyl
      derivative. The aminomethyl derivative obtained from the second distillate
      was a yellowish liquid and had a molecular weight of 190 and a primary
      amine value of 275(the theoretical value: 294). The results of IR spectrum
      shown that the said liquid was a
      perhydro-2-aminomethyl-1,4-methano-5,8-methanonaphthalene. The amino
      compound obtained from the third distillate was a yellowish and balsamic
      material, and had a molecular weight of 255 and a primary amine value of
      210 (the theoretical value: 218). The results of IR spectrum shown that
      the said balsamic material was a
      perhydro-2-aminomethyl-1,4-methano-5,10-methano-6,9-methanoanthracene.
PAC  EXAMPLE 2
PAR  Five hundred grams of DCPD were added dropwise over 5 hours into 1,190 g of
      5-cyanobicyclo[2,2,1]heptene-2 which was heated at 170.degree.C with
      stirring. The reaction mixture was distilled to remove low boiling point
      materials up to 130.degree.C/60mmHg, whereby 340 g of a pale yellowish
      liquid was obtained as a residue. The said liquid had a number average
      molecular weight of 200 and the results of chromatography and
      spectroanalysis showed that it was a mixture of about 95% of 1,2,3,4,4a,
      5,8,8a-octahydro-2-cyano-1,4-methano-5,8-methanonaphthalene, about 5% of
      1,2,3,4,4a,5,5a,6,9,9`,
      10,10a-dodecahydro-2-cyano-1,4--methano-5,10-mehtano-6,9-methanoanthracene
      and a small amount of higher polymerized compounds.
PAR  In an autoclave were charged 100 g of thus obtained cyano compound and 2 g
      of Raney-nickel catalyst. After the air in the autoclave was displaced
      with hydrogen gas, 40 g of liquid ammonia was charged, and the resultant
      mixture was heated at 150.degree.-160.degree.C for 4 hours with stirring
      under the pressure of 200Kg/cm.sup.2 with hydrogen gas. After the reaction
      was over, the catalyst was filtered off to obtain 100 g of the
      corresponding amino compound being a yellowish liquid. The said amino
      compound had a number average molecular weight of 205, a primary amine
      value of 276. The resulting compound was a mixture of
      perhydro-2-aminomethyl-1,4-methano-5,8-methanonaphthalene and
      perhydro-2-aminomethyl-1,4-methano-5,10-methano-6,9-methanoanthracene.
PAC  EXAMPLE 3
PAR  5,6-Dicyanobicyclo[2,2,1]heptene-2 and DCPD were reacted in the same way in
      Example 2 excepting the reaction temperature (190.degree.C) to prepared
      1,2,3,4,4a,5,6,9,9a,10,10a-dodecahydro-2,3-dicyano-1,4-methano-5,10-methan
     o-6,9-methanonaphthalene as a main component. Thus obtained dicyano
      compound was hydrogenated in the same way as in Example 2 to obtain
      perhydro-2,3-diaminomethyl-1,4-methano-5,10-methano-6,9-methanoanthracene.
PAR  Each amino compound obtained in Example 1 to 3 was examined as follows.
PAC  EXAMPLE 4
PAR  Each amino compound (3.5 parts), carnauba wax (35 parts) and 10% aqueous
      solution of acetic acid (7 parts) were added to water (54.5 parts) to
      prepare an emulsion respectively. Thus obtained emulsion exhibited a
      sufficient affinity with a printing ink, a floatation agent and a pigment.
      Further, the said emulsion exhibited a sufficient effect in emulsion
      polymerization for production of styrene polymer as follows.
PAR  The emulsifying agent (2.5 parts), which was prepared by dispersing each
      amino compound obtained in Example 1 to 3 into 10% aqueous solution of
      acetic acid, was added to a polymerization reaction system including the
      mixture of styrene (100 parts), pure water (200 parts),
      azobisisobutylonitrile (0.1 part) and ferrous sulfate (0.05 parts). Then,
      polymerization reaction was carried out at 60.degree.C. Each amino
      compound obtained in example 1 to 3 could give a stable emulsion as well
      as rosin amine.
PAR  The second distillate obtained in Example 1 shown about 85-90% of
      polymerization degree after 1.5 hours.
PAC  EXAMPLE 5
PAR  Each amino compound obtained in Example 1 to 6 was reacted with
      pentachlorophenol to give the corresponding complex. The antifungal effect
      of the complex was examined respectively. Each complex (2%) was added to
      an oil paint, and kept in a humid place for one year to observe an
      occurrence of mold. Every oil paint which contained the said antifungal
      agent was not mildewed, though an oil paint without the antifungal agent
      became mildewed after 6 months, and an oil paint to which a beef tallow
      amine was added became mildewed after one year.
PAR  The second distillate obtained in Example 1 and the amino compound obtained
      in Example 3 were not mildewed in the relative humidity of 97%.
PAC  EXAMPLE 6
PAR  An acetic acid salt(2%) of each of the amino compounds obtained in Examples
      1 to 3 was respectively added to a pulp slurry, then a calcium carbonate
      paper was prepared in the conventional method. An aqueous ink did not blot
      on the said paper.
PAC  EXAMPLE 7
PAR  Each of the amino compounds obtained in Examples 1 to 3, Rosin
      amine-D(Hercules Inc. in U.S.A.) adn beef tallow amine were reacted with
      ethylene oxide in the conventional method to obtain the corresponding
      polyethylene glycolate.
PAR  A steel plate was treated with thus obtained polyethylene glycolate to
      prevent corrosion. The steel plate was examined for the degree of
      corrosion by 2%, 6% and 12% of hydrochloric acid aqueous solutions at
      70.degree.C. The thickness of the corroded steel during one hour was shown
      in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Concn. of hydrochloric    (unit: .mu.)                                    

     acid aqueous solution                                                     

                       2%       6%       12%                                   

     ______________________________________                                    

     Amino compound                                                            

     Example 1(1st distillate)                                                 

                       0.49     0.88     1.22                                  

     Example 1(2nd distillate)                                                 

                       0.08     0.12     0.28                                  

     Example 2         0.41     0.76     1.36                                  

     Example 3         0.69     1.11     1.39                                  

     Rosin amine-D     0.10     0.15     0.30                                  

     Beef tallow amine 0.66     0.90     1.42                                  

     Nothing           13.5     19.9     27.0                                  

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  To 225 g of the amino compound (a number average molecular weight: 255a
      primary amine value: 210) obtained from the second distillate in Example
      1, 159 g of acrylonitrile and 0.3 g of sodium hydroxide were added, and
      then the resultant mixture was heated at 70.degree.-75.degree.C for 3
      hours with stirring. After the reaction was over, the reaction mixture was
      heated under reduced pressure to remove the unreacted acrylonitrile,
      whereby 293 g of the corresponding cyanoethylamino compound were obtained
      as a yellowish balsamic material. In an autoclave were charged 193 g of
      thus obtained cyanoethyl compound and 6g of Raney-nickel. After the air in
      the autoclave was displaced with hydrogen gas, 80 g of liquid ammonia was
      charged in the autoclave, and then the resultant mixture was heated at
      130.degree.C for 4 hours under the pressure of 60Kg/cm.sup.2 with hydrogen
      gas. Thereafter, the hydrogen gas and ammonia gas were discharged, and the
      catalyst in the reaction mixture was filtered off under heating and
      pressure to obtain 286 g of a yellowish and viscous liquid. The liqued was
      a
      perhydro-2-aminopropylaminomethyl-1,4-methano-5,10-methano-6,9-methanoanth
     racene (abbreviated as a diamine hereinafter) having a total amino value of
      342 and a partial amino value of 169.
PAR  Then, the diamine was examined as an emulsifying agent for an asphalt
      emulsion and as an antistripping agent for an asphalt and an aggregate.
      For the sake of contrast, a stearylpropylenediamine and
      dihydroabietylpropylenediamine obtained from each stearylamine and rosin
      amine in the same method as described above, were respectively examined.
PAR  A hundred grams of straight asphalt(paraffine base: Fuji Kosan Co., Ltd. in
      Japan, penetration was 80-100) and 0.3 g of the said diamine were mixed
      and heated at 120.degree.C. The resultant mixture was kept for 5, 10 and
      24 hours at 180.degree.C. Five grams of the treated asphalt were added to
      100 g of broken stones (all of them pass through a standard 3/4 inch
      screen and not more than 5% will pass through a 1/4 inch screen, collected
      in Takarazuka city, Japan) which was dried over at 130.degree.C for 3
      hours after washing. The resultant mixture was mixed at 130.degree.C for 3
      minutes with a bamboo spatula in a 200 ml stainless beaker, whreby the
      surface of the stone was coated with the asphalt. After cooling on a glass
      plate, the coated stone was dipped in hot water of 80.degree.C for 30
      minutes to strip the asphalt from the surface of the stone. The stripping
      rate(%) was shown in Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

                     Stripping rate(%)                                         

     ______________________________________                                    

     Heat treating time                                                        

                     0      5      10   24   (hours)                           

     (at 180.degree.C)                                                         

     Mixed diamine of                                                          

     the present invention                                                     

                     0      0      11   22                                     

     Stearylpropylene-                                                         

     diamine         0      0      14   24                                     

     Dihydroabietylpropylene-                                                  

     diamine         0      0      12   23                                     

     Nothing         60     70     80   85                                     

     ______________________________________                                    

PAR  One gram of the said each diamine was added to 150 g of water, and
      hydrochloric acid was added to adjust pH to 2.0. The diamine was dissolved
      in water. Further, 0.3 g of calcium chloride was dissolved in the solution
      to prepare an emulsifying agent solution. The solution was maintained at
      60.degree.C in a 500 ml stainless flask. In the flask, 183 g of molten
      straight asphalt at 120.degree.-130.degree.C (paraffin base: Fuji Kosan
      Co., Ltd. Japan, penetration was 150-200) was charged and the mixed
      material was emulsified by a homogenizer to obtain the asphalt emulsion.
      Storage stability for asphalt emulsion was examined according to the
      methods authorized as JIS-K-2208(Japanese Industrial Standard) as follows.
PAR  The asphalt emulsion was maintained at room temperature for 5 days in a 250
      ml measuring cylinder. Thereafter, each 50 g of the emulsion was
      respectively picked out from upper layer and lower layer. The difference
      of non-volatile component percentage between the each layer was considered
      as a measure of storage stability as shown as in Table 5.
TBL                Table 3                                                     

     ______________________________________                                    

     Emulsifing agent                                                          

                   Storage stability                                           

                                 Englar viscosity                              

     ______________________________________                                    

     Mixed diamine of the                                                      

     present invention                                                         

                   2.4           3.9                                           

     Stearylpropylene-                                                         

     diamine       2.4           3.6                                           

     Dihydroabietyl-                                                           

     propylenediamine                                                          

                   2.6           3.7                                           

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An alicyclic amino compound of the general formula:
      ##SPC6##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are each hydrogen or
      alkyl having 1 to 6 carbon atoms; X is hydrogen, alkyl having 1 to 6
      carbon atoms or aminomethyl; n is an integer of 1 or 2.
NUM  2.
PAR  2. The alicyclic amino compound claimed in claim 1 wherein R.sub.1 R.sub.2,
      R.sub.3, R.sub.4, R.sub.5 and X are each hydrogen; n is 1.
NUM  3.
PAR  3. The alicyclic amino compound claimed in claim 1 wherein R.sub.1,
      R.sub.2, R.sub.3, R.sub.4, R.sub.5 and X are eacy hydrogen; n is 2.
NUM  4.
PAR  4. The alicyclic amino compound claimed in claim 1 wherein R.sub.1,
      R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are each hydrogen; X is aminomethyl;
      n is 2.
NUM  5.
PAR  5. A process for producing an alicyclic amino compound of the general
      formula:
      ##SPC7##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are each hydrogen or
      alkyl having 1 to 6 carbon atoms; X is hydrogen, alkyl having 1 to 6
      carbon atoms or aminomethyl; n is an integer of 1 or 2, which comprises
      hydrogenating an alicyclic cyano compound of the general formula:
      ##SPC8##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and n are each as
      defined above; X' is each hydrogen, alkyl having 1 to 6 carbon atoms,
      aminomethyl or cyano.
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ABST
PAL  O-Methyl-isourea hydrogen sulfate is prepared from cyanamide, methanol, and
      sulfuric acid in a yield of better than 90% when crystalline cyanamide is
      added to a mixture of sulfuric acid and methanol containing 50 - 150 parts
      by weight methanol per part sulfuric acid and holding the resulting
      composition at -10.degree. to 20.degree.C. The recovered O-methyl-isourea
      hydrogen sulfate is further converted to O-methyl-isourea sulfate with
      yields greatly exceeding 50%, and even 80%, by holding a mixture of
      approximately equimolar amounts of cyanamide and of the hydrogen sulfate
      in a liquid medium essentially consisting of methanol at 5.degree. to
      40.degree.C until the O-methyl-isourea sulfate is formed and can be
      recovered.
BSUM
PAR  This invention relates to O-alkyl urea derivatives, and particularly to a
      method of preparing the hydrogen sulfate and the neutral sulfate of
      O-methyl-isourea.
PAR  The mineral acid salts of O-methyl-isourea are important intermediates in
      the synthesis of guanidine derivatives. The seed disinfectant
      1,17-diguanidino-9-azaheptadecane sesquisulfate is typical of such
      guanidine derivatives (see British Pat. No. 1,294,443). Others include
      1,8-didiguanidino-octane and 1,10-diguanidino-decane (German published
      patent application 22 19 461, Reisbrand). O-Methyl-isourea sulfate was
      prepared heretofore from cyanamide, methanol, and sulfuric acid (J. Bello,
      Biochimica et Biophysica Acta 18, 448; C.A. 1956, 9297a) in yields of less
      than 50%, based on the cyanamide employed. Further applications find
      O-methyl-isourea-salts as methylating agents. O-methyl-isourea-sulfate
      reacts, for instance, with potassium iodide and with thiourea to the
      corresponding methylated products with surprisingly high yields.
PAR  An important object of the invention is the provision of a method which
      permits O-methyl-isourea sulfate to be prepared from cyanamide at much
      better yields than were available heretofore.
PAR  It has now been found that O-methyl-isourea hydrogen sulfate is readily
      prepared from cyanamide in yields of better than 90% when the cyanamide is
      added in crystalline form to a liquid mixture of concentrated sulfuric
      acid and methanol in a weight ratio of 50 to 150 parts methanol per 100
      parts sulfuric acid, and the resulting composition is held at -10.degree.
      to 20.degree.C until the O-methyl-isourea hydrogen sulfate is formed. The
      latter then is reacted with an approximately equimolar amount of cyanamide
      in a liquid medium essentially consisting of methanol at 5.degree.
      -40.degree.C until the desired product is formed.
PAR  It is essential to good yields at favorable cost that the reaction mixtures
      not contain ingredients which later need to be removed by relatively
      complex steps in order to recover the desired products, and that diluents
      other than methanol be avoided throughout. Yet, it is necessary to hold
      the temperature of the reaction mixtures within the limits indicated
      above, and the requirements for close temperature control and highly
      concentrated reaction mixtures are generally contradictory and not readily
      met on an industrial scale.
PAR  It has been found that the reaction between cyanamide, methanol, and
      sulfuric acid to O-methyl-isourea hydrogen sulfate according to the
      equation
      ##EQU1##
      can be controlled readily and proceeds to very high yields of
      O-methyl-isourea hydrogen sulfate if the sulfuric acid and methanol are
      mixed first in a weight ratio of 50 to 150 parts methanol per 100 parts
      sulfuric acid, and the cyanamide is added to the liquid so obtained in
      crystalline form, the resulting composition being held at -10.degree. to
      20.degree.C. It should contain a small excess of sulfuric acid over the
      cyanamide so that the mole ratio of cyanamide to sulfuric acid is
      preferably held between 1 : 1.05 and 1 : 1.4.
PAR  The reaction of cyanamide with the sulfuric acid and methanol is very rapid
      and exothermic. It is readily controlled by adding the cyanamide last to
      the other ingredients, and by using cyanamide in solid, particulate form.
      Agitation and external cooling in a conventional manner are adequate under
      these conditions to maintain the necessary temperature range in which
      secondary reactions and decomposition of the cyanamide are practically
      completely suppressed. Mixing of methanol and sulfuric acid, the term
      being employed to refer to the commercially available concentrated acid
      containing only minimal amounts of water, also liberates heat, and the use
      of a jacketed mixing vessel equipped with a stirrer is necessary unless
      better equipment is available. It is preferred to circulate methanol
      continuously between a mixing vessel and a heat exchanger, to add the
      sulfuric acid gradually to the contents of the mixing vessel, and to cool
      the mixture in the heat exchanger with refrigerated brine or another
      refrigerant.
PAR  For best results, the completed mixture of cyanamide, methanol, and
      sulfuric acid is held at temperatures as close to -10.degree.C as the
      available cooling equipment permits to avoid side reactions. Highest
      yields are obtained under industrial conditions by stirring the mixture
      for two hours at -10.degree.  to 0.degree.C after all ingredients are
      combined, and the generally preferred operating range of -10.degree. to
      10.degree.C requires reaction times of four hours to 30 minutes, the time
      and temperature being inversely related, as is usual.
PAR  It is essential to the economic success of the process that the initial
      reaction mixture consist of nothing significant but cyanamide, methanol,
      and sulfuric acid. The impurities usually present in technical,
      crystalline cyanamide and the minute amounts of water present in
      concentrated sulfuric acid and technically anhydrous methanol do not
      significantly reduce the yield, but greater amounts of water decompose
      cyanamide in a known manner and correspondingly reduce the yield. The
      methanol and other ingredients of the reaction mixture remaining after
      recovery of the O-methyl-isourea hydrogen sulfate are readily recycled,
      and such recycling is facilitated by the absence of inert organic
      solvents.
PAR  O-Methyl-isourea hydrogen sulfate is soluble in methanol. Yet, it is
      recovered in solid form by precipitation from the concentrated reaction
      mixture, and the residual dissolved product is not lost when the liquid
      remainder of the reaction mixture is recycled and replenished to the
      desired ratio of the reactants of 37 to 47 parts by weight cyanamide and
      75 to 100 parts methanol per 100 parts sulfuric acid, based on anhydrous
      H.sub.2 SO.sub.4.
PAR  The slurry of crystalline O-methyl-isourea hydrogen sulfate in a liquid
      medium which results from the reaction is of surprisingly low viscosity
      and readily pumped through a heat exchanger to maintain its low
      temperature. It also yields the heat of reaction in a jacketed vessel
      equipped with a stirrer. The mother liquor may be recycled repeatedly
      before accumulated impurities and products of secondary reactions make it
      desirable to discard the filtrate or supernatant separated from the
      harvested crystals of O-methyl-isourea hydrogen sulfate. No recovery of
      methanol by distillation is necessary except from the ultimately discarded
      liquor.
PAR  The recycling method is readily performed in continuous apparatus. The
      product obtained in a very high yield is practically pure and ready for
      further reaction with cyanamide to neutral sulfate without further
      purification. The unavoidable losses of methanol by evaporation and
      leakage are insignificant because recovery of the solvent by distillation
      is not normally required.
PAR  O-Methyl-isourea sulfate is prepared from the hydrogen sulfate by reaction
      with cyanamide and methanol according to the equation
      ##EQU2##
      The reactants are converted to the desired neutral sulfate by holding a
      mixture of substantially equimolar amounts of the cyanamide and of the
      O-methyl-isourea hydrogen sulfate in a liquid medium essentially
      consisting of the methanol at a temperature of 5.degree. to 40.degree.C
      until the O-methyl-isourea sulfate is formed and can be recovered.
      Depending on the temperature chosen, maximum conversion may require 40 to
      4 hours. At 30.degree. to 40.degree.C, the reaction period is 4 to 6
      hours. The sequence in which the reaction partners are combined may affect
      the reaction period and the optimum reaction temperature. If cyanamide in
      solid form is added gradually to a solution of O-methyl-isourea hydrogen
      sulfate in methanol while the mixture is being stirred and cooled
      externally with cold water, excellent yields are achieved by stirring 20
      hours at 18.degree.C, the reaction time being increased at lower
      temperatures, reduced at higher ones.
PAR  A small excess of cyanamide over the O-methyl-isourea hydrogen sulfate
      initially present is often desirable. The methanol in the reaction mixture
      should amount to 40 to 100 parts by weight per 100 parts O-methyl-isourea
      hydrogen sulfate so that the mole ratio of cyanamide, O-methyl-isourea
      hydrogen sulfate, and methanol in the starting mixture is approximately 1
      : 1 : 2-5. Adding a small amount sulfuric acid to the reaction mixture
      (0.05 to 0.1 mole per mole cyanamide) generally improves the yield of
      O-methyl-isourea sulfate.
PAR  The O-methyl-isourea sulfate generally precipitates from the liquid
      remainder of the reaction mixture in solid form. When this remainder is
      replenished to the desired mole ratio of the starting ingredients, an
      additional batch of O-methyl-isourea sulfate is obtained, and this
      recycling process may be repeated often enough to raise the yield to 80%
      or more, based on the O-methyl-isourea hydrogen sulfate consumed. Again,
      as described above with the synthesis of O-methyl-isourea hydrogen
      sulfate, the absence of inert organic solvents is important for the
      economic success of the process, and the relatively small amount of
      methanol in contact with the other reactants throughout the process of the
      invention makes it unnecessary to distill the solvent from the liquor from
      which the O-methyl-isourea sulfate was precipitated.
PAR  Because of the high concentration of cyanamide, sulfuric acid,
      O-methyl-isourea hydrogen sulfate in the several reaction mixtures of this
      invention, the apparatus required for a predetermined output is very
      compact, and floor space in production areas is used efficiently.
DETD
PAR  The following Examples are further illustrative of this invention. All
      parts and percentage values are by weight unless stated otherwise, and all
      temperatures are in degrees centigrade.
PAC  EXAMPLE 1
PAR  920 g 96% Sulfuric acid was added to 760 g methanol with stirring and
      external cooling of the mixing vessel at such a rate that the temperature
      of the solution did not exceed 5.degree.C. Thereafter, the same
      temperature was maintained while 353 g crystalline 98% cyanamide was added
      with vigorous stirring. When all reactants were combined, stirring was
      continued for two hours at -10.degree. to 0.degree.C. The colorless,
      crystalline O-methyl-isourea hydrogen sulfate formed was filtered off with
      suction and dried in a vacuum at 40.degree. to 50.degree.C. It weighed
      1187 g (84% yield).
PAR  The filtrate, weighing 609 g, was mixed with 300 g methanol and 875 g 96%
      sulfuric acid with stirring and cooling to a temperature not exceeding
      5.degree.C, and 353 g 98% crystalline cyanamide was stirred in at that
      temperature. Stirring was then continued for two hours at -10.degree. to
      0.degree.C. The crystalline reaction product, when dried at 40.degree. to
      50.degree.C in a vacuum, weighed 1354 g (96% yield).
PAR  The filtrate from the second batch of crystals was mixed with methanol,
      sulfuric acid, and cyanamide as described above to produce a third batch
      of O-methyl-isourea hydrogen sulfate, and the procedure was repeated twice
      more to produce a total of 6,588 g O-methyl-isourea hydrogen sulfate (93%
      yield). The mixed product had a melting point of 109.degree. to
      112.degree.C and had a nitrogen content of 16.06% compared with a value of
      16.27% calculated for C.sub.2 H.sub.8 N.sub.2 O.sub.5 S.
PAR  The use of 98% sulfuric acid instead of 96% sulfuric acid in the above
      mentioned example increased the yield by about 4 to 5%.
PAC  EXAMPLE 2
PAR  A solution of 915 g 96% sulfuric acid in 760 g methanol was prepared as in
      Example 1 and mixed with 353 g 98% cyanamide at 5.degree.C, whereupon
      stirring was continued for three hours at -10.degree. to 0.degree.C. The
      reaction mixture than had an approximate viscosity of 450 centipoises at
      5.degree.C, as determined by means of a Brookfield viscosimeter. The solid
      O-methyl-isourea hydrogen sulfate was filtered off with suction, and the
      filtrate weighed 585 g. The wet solids on the filter were washed with 330
      g methanol, and the separately collected washing liquor weighed 520 g. The
      crystalline material was dried in a vacuum at 45.degree. to 50.degree.C
      and weighed 969 g.
PAR  The filtrate and washing liquor were diluted with 150 g methanol and
      further combined with 353 g 98% cyanamide and 875 g 96% sulfuric acid in a
      manner obvious from the preceeding paragraph. After three hours of
      stirring at -10.degree. to 0.degree.C, the viscosity of the reaction
      mixture was about 300 centipoises at 5.degree.C. It was worked up as above
      to recover 1193 g O-methyl-isourea hydrogen sulfate separately from 952 g
      filtrate and 484 g washing liquor.
PAR  The procedure described above was repeated several times in an identical
      manner except for a reduction of the methanol diluent to 30 g in
      subsequent cycles.
PAR  The total amount of colorless, crystalline O-methyl-isourea hydrogen
      sulfate recovered in five consecutive batches was 6,036 g (85.3% yield
      based on the cyanamide used). The product melted at 115.degree. to
      118.degree.C and was found to contain 16.12% nitrogen.
PAC  EXAMPLE 3
PAR  To 172.2 g O-Methyl-isourea hydrogen sulfate (99% pure) mixed with 128 g
      methanol, 42.5 g 98% cyanamide was gradually admixed by stirring while the
      mixture was cooled externally with water of 11.degree.C. After the
      ingredients had been combined, stirring was continued 30 minutes with
      water cooling and thereafter 20 hours at 20.degree.C. The colorless,
      crystalline reaction product was filtered off with suction and dried in a
      vacuum at 40.degree. to 50.degree.C. The recovered crude O-methyl-isourea
      sulfate weighed 169 g (69.3% yield based on the original O-methyl-isourea
      hydrogen sulfate) and melted at 159.degree. to 164.degree.C. It contained
      22.75% nitrogen, the exact amount calculated for C.sub.4 H.sub.12 N.sub.4
      O.sub.2.H.sub.2 SO.sub.4.
PAR  When 20 hours stirring at 20.degree.C in the above procedure was replaced
      by 5 hours of stirring at 30.degree. to 35.degree.C, the colorless,
      crystalline product weighed 166 g (68.1% yield), melted at 158.degree. to
      162.degree.C, and contained 22.68% nitrogen.
PAR  The yield was improved to 73.0% (178 g) when 5 g 98% sulfuric acid was
      combined with the methanol solution prior to the 20 hours stirring period,
      and if water cooling was continued during the stirring. The product so
      obtained melted at 158.degree. to 160.degree.C and contained 22.50%
      nitrogen.
PAC  EXAMPLE 4
PAR  42.5 g 98% Cyanamide was added with stirring to a mixture of 172.2 g
      O-methyl-isourea hydrogen sulfate (99%) and 128 g methanol while the
      temperature was kept at 15.degree. to 20.degree.C. Stirring was continued
      at the same temperature for 18 hours after all ingredients had been
      combined. The colorless, crystalline O-methyl-isourea sulfate was
      recovered, and dried in a vacuum at 40.degree.C. It weighed 168 g (68.9%
      yield), and 146 g filtrate was collected.
PAR  The filtrate was combined with 42.5 g 98% cyanamide, 40 g methanol, and
      172.2 g O-methyl-isourea hydrogen sulfate (99%) and reacted as above,
      whereby a second batch of 204 g O-methyl-isourea sulfate (83.7% yield) was
      obtained. The mother liquor from the second batch was further processed in
      the same manner as the filtrate from the first batch, and a third mother
      liquor was used for producing a fourth batch of the desired product. The
      yield increased with each repetition of the processing cycle to reach
      91.5% in the fourth batch.
PAR  The total amount of O-methyl-isourea sulfate was 801 g (82.1% yield), and
      the colorless crystals melted at 152.degree. to 156.degree.C. They
      contained 22.70% nitrogen.
PAC  EXAMPLE 5
PAR  600 g O-Methyl-isourea hydrogen sulfate (99%) and 445 g methanol were mixed
      with stirring and external cooling with 150 g 98% solid, particulate
      cyanamide at a rate to hold the temperature at 8.degree. to 10.degree.C,
      and stirring thereafter was continued at the same temperature for 40
      hours. The reaction mixture was cooled to -10.degree.C and centrifuged.
      The recovered colorless, crystalline material was dried at 40.degree.C and
      weighed 682 g (81.2% yield). It was identified as O-methyl-isourea sulfate
      by its melting point of 155.degree. to 160.degree.C and its nitrogen
      content of 22.90%.
PAR  While the O-methyl-isourea hydrogen sulfate employed in Examples 3 to 5 was
      the dried product prepared by one of the methods of Examples 1 and 2, it
      is not normally necessary to dry or even to wash the crystalline
      O-methyl-isourea hydrogen sulfate precipitated from the reaction
      compositions of Examples 1  and 2 before further processing it to
      O-methyl-isourea sulfate in the steps exemplified by Examples 3 to 5. It
      is desirable, however, that the crude product recovered in Examples 1 and
      2 by filtering or centrifuging be separated from the bulk of the liquid
      remainder of the reaction composition. For producing purest
      O-methyl-isourea sulfate, it is preferred that the O-methyl-isourea
      hydrogen sulfate be separated from substantially the entire liquid
      remainder of the reaction composition before being used for making the
      neutral sulfate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing O-methyl-isourea sulfate of the formula
      ##EQU3##
      which comprises holding a mixture of substantially equimolar amounts of
      cyanamide and O-methyl-isourea hydrogen sulfate of the formula
      ##EQU4##
      in a liquid medium essentially consisting of methanol at a temperature of
      5.degree. to 40.degree.C for a period sufficient for forming said
      O-methyl-isourea sulfate, and recovering the formed O-methyl-isourea
      sulfate from said medium.
NUM  2.
PAR  2. A method as set forth in claim 1, wherein said period extends for 4 to
      40 hours.
NUM  3.
PAR  3. A method as set forth in claim 2, wherein the amount of said methanol in
      said medium is 2 to 5 moles of methanol per mole of said cyanamide.
NUM  4.
PAR  4. A method as set forth in claim 1, wherein said medium further includes
      sulfuric acid in an amount of 0.01 to 0.1 mole per mole of said cyanamide.
NUM  5.
PAR  5. A method as set forth in claim 1, wherein said temperature is 30.degree.
      to 40.degree.C, and said period is 4 to 6 hours.
NUM  6.
PAR  6. A method as set forth in claim 1, wherein said mixture is held at said
      temperature in said medium until said O-methyl-isourea sulfate is formed
      in an amount exceeding 50 mole percent of said O-methyl-isourea hydrogen
      sulfate.
NUM  7.
PAR  7. A method as set forth in claim 1, wherein said O-methyl-isourea hydrogen
      sulfate, prior to said holding of said mixture, is prepared by mixing
      concentrated sulfuric acid with methanol in a weight ratio of 50 to 150
      parts methanol to 100 parts sulfuric acid, and further with crystalline
      cyanamide, and holding the resulting composition at -10.degree. to
      20.degree.C until said O-methyl-isourea hydrogen sulfate is formed.
NUM  8.
PAR  8. A method as set forth in claim 7, wherein the weight of said crystalline
      cyanamide is 37 to 47 parts per 100 parts of said sulfuric acid, on an
      anhydrous basis, the weight of said methanol being 75 to 100 parts, said
      methanol and sulfuric acid being mixed, and said cyanamide being added to
      the mixed sulfuric acid and methanol.
NUM  9.
PAR  9. A method as set forth in claim 7, wherein said formed O-methyl-isourea
      hydrogen sulfate is separated from substantially the entire remainder of
      said composition prior to said holding of said mixture.
NUM  10.
PAR  10. A method as set forth in claim 9, wherein said remainder is replenished
      with at least one member of the group consisting of cyanamide, sulfuric
      acid, and methanol until the replenished composition contains, per 100
      parts of said sulfuric acid on an anhydrous basis, 37 to 47 parts of said
      cyanamide and 75 to 100 parts of said methanol.
NUM  11.
PAR  11. A method of preparing O-methyl-isourea hydrogen sulfate which comprises
      mixing concentrated sulfuric acid and methanol in a weight ratio of 50 to
      150 parts methanol to 100 parts sulfuric acid, adding crystalline
      cyanamide to the liquid so obtained, holding the resulting composition at
      -10.degree. to 20.degree.C until said O-methyl-isourea hydrogen sulfate is
      formed, and separating the formed O-methyl-isourea hydrogen sulfate from
      the bulk of the remainder of said composition.
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ABST
PAL  N-trifluoromethyl-N-(trihalomethylthio)-amino-benzo-imide chlorides of the
      formula
      ##SPC1##
PAL  In which
PA1  X, x' and X" each independently is fluorine, chlorine or bromine,
PA1  R is hydrogen, halogen, nitro, trifluoromethyl, or alkyl or alkoxy each
      with up to 3 carbon atoms, and
PA1  R' is alkyl with up to 16 carbon atoms, cycloalkyl with up to 7 carbon
      atoms, aralkyl with a total of up to 8 carbon atoms, or aryl with up to 10
      carbon atoms,
PAL  Which possess fungicidal properties, and processes for their preparation
      from the corresponding benzoic acid amides by reaction with a
      chlorine-transfer agent.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular new N-trifluoromethyl-N-(trihalomethylthio)-amino-benzo-imide
      chlorides, which possess fungicidal properties, active compositions in the
      form of mixtures of such compounds with solid and liquid dispersible
      carrier vehicles, and methods for producing such compounds and for using
      such compounds in a new way especially for combating pests, e.g. fungi,
      with other and further objects becoming apparent from a study of the
      within specification and accompanying examples.
PAR  It has been disclosed in Houben-Weyl, "Methoden der organischen Chemie"
      ("Methods of Organic Chemistry"), 4th edition, volume VIII, page 674,
      Georg Thieme Verlag, Stuttgart (1952), that imide-chlorides can be
      obtained from te corresponding carboxylic acid amides by means of thionyl
      chloride. However, such reactions have not yet been disclosed for
      compounds which contain a sulfenamide group.
PAR  The present invention provides, as new compounds, the substituted
      aminobenzimide-chlorides of the general formula.
      ##SPC2##
PAL  In which
PA1  X, x' and X" each independently is fluorine, chlorine or bromine,
PA1  R is hydrogen, halogen, nitro, trifluoromethyl, or alkyl or alkoxy each
      with up to 3 carbon atoms, and
PA1  R' is alkyl with up to 16 carbons atoms, cycloalkyl with up to 7 carbon
      atoms, aralkyl with a total of up to 8 carbon atoms, or aryl with up to 10
      carbon atoms.
PAR  Preferably, X, X' and X" each independently is fluorine or chlorine; R is
      hydrogen, methyl, methoxy, trifluoromethyl, chlorine or nitro; and R' is
      alkyl with up to 12 carbon atoms, cycloalkyl with 5 or 6 carbon atoms,
      benzyl or phenyl.
PAR  The compounds of this invention have been found to display fungicidal
      properties.
PAR  The present invention also provides a process for the preparation of a
      compound of the formula (I), in which a substituted aminobenzamide of the
      general formula
      ##SPC3##
PAL  In which
PA1  X, x', x", r and R' have the above-mentioned meanings,
PAL  Is reacted with a suitable chlorine-transfer agent is solution.
PAR  It is distinctly surprising that the reaction according to the present
      invention takes place in the manner indicated since it is known that under
      mild conditions sulfenamides are split with hydrogen chloride to give
      sulfenic acid chlorides (see Chem. Berichte 57, 755 (1924).
PAR  If 3-[N-trifluoromethyl-N-(fluorodichloromethyl-thio)-amino]-benzoic acid
      isopropylamide and phosphorus pentachloride are used as the starting
      compounds, the course of the reaction in the process according to the
      invention can be illustrated by the following equation:
      ##SPC4##
PAR  Some compounds of the formula (II) are disclosed in German specification
      DOS Nos. 1,543,615 and 2,064,596. The compounds that have not yet been
      disclosed in the literature can easily be prepared from primary amines and
      the corresponding aminobenzoyl fluorides as described in German patent
      specification No. 1,293,754 (corresponding to U.S. Pat. No. 3,547,992) the
      disclosure of which is incorporated herein by reference; the reaction can
      advantageously be carried out in benzene or toluene as the solvent, at a
      temperature of from 20.degree. to 50.degree.C.
PAR  Suitable chlorine-transfer agents which can be used in the preparative
      process according to the invention are phosphorus pentachloride, thionyl
      chloride and phosgene.
PAR  Diluents which can be used are all organic solvents which are inert to
      chlorine, for example methylene chloride, chloroform or chlorobenzene.
      Preferred inorganic solvents are excess thionyl chloride and also
      phosphorus trichloride and phosphorus oxychloride.
PAR  The reaction temperatures can be varied over a fairly wide range. In
      general, the reaction is carried out at about 0.degree. to 150.degree.C,
      preferably about 10.degree. to 100.degree.C.
PAR  In carrying out the process according to the invention, preferably 1 mole
      of phosphorus pentachloride is employed per mole of substituted
      aminobenzamide of the formula (II). On the other hand, if thionyl chloride
      is used, this chlorine-transfer agent is preferably employed in excess
      and, as mentioned above, can also be employed as the solvent at the same
      time. The working-up of the reaction mixtures can be effected by stripping
      off the solvent under reduced pressure and distilling the crude product,
      preferably under a pressure of less than 1 mm Hg.
PAR  The new substituted aminobenzimide-chlorides of the formula (I) can be used
      as intermediates for further organic syntheses and also as
      plant-protection agents, especially as fungicides.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e. diluents, carriers or extenders of the type
      usable in conventional pesticide formulations or compositions, e.g.
      conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g. conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g. benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g.. petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g. glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g. dimethyl formamide, et.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.
      acetone, methyl ethyl ketone methyl isobutyl ketone, cyclohexanone, etc.),
      and/or water; as well as inert dispersible finely divided solid carriers,
      such as ground natural minerals (e.g. kaolins, clays, alumina, silica,
      chalk, i.e. calcium carbonate, talc, attapulgite, montmorillonite,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g. alkali silicates, etc.); whereas the
      followiong may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      albumin hydrolyzates, etc., and especially alkyl arylpolyglycol ethers,
      magnesium stearate, sodium oleate, etc.); and/or dispersing agents, such
      as lignin, sulfite waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other fungicides, or insecticides,
      acaricides, bactericides, rodenticides, nematocides, herbicides,
      fertilizers, growth-regulating agents, etc., if desired, or in the form of
      particular dosage preparations for specific application made therefrom,
      such as solutions, emulsions, suspensions, powders, pastes, and granules
      which are thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably
      0.5-90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001- 10%, preferably 0.01-1%, by weight of the mixture.
      Thus, the present invention contemplates over-all compositions which
      comprise mixtures of a conventional dispersible carrier vehicle such as
      (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g. a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001-95%, and preferably 0.01-95%, by weight of the
      mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      15 to 1,000 g/hectare, preferably 40 to 600 g/hectare, are sufficient. In
      this process it is possible to use highly concentrated liquid compositions
      with said liquid carrier vehicles containing from about 20 to about 95% by
      weight of the active compound or even the 100% active substance alone,
      e.g. about 20-100% by weight of the active compound.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. fungi, which comprises
      applying to at least one or correspondingly (a) such fungi, and (b) the
      corresponding habitat thereof, i.e. the locus to be protected, a
      correspondingly combative or toxic amount, i.e. a fungicidally effective
      amount, of the particular active compound of the invention alone or
      together with a carrier vehicle as noted above. The instant formulations
      or compositions are applied in the usual manner, for instance by spraying,
      atomizing, vaporizing, scattering, dusting, watering, squirting,
      sprinkling, pouring, fumigating, dry dressing, moist dressing, wet
      dressing, slurry dressing, encrusting, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
DETD
PAR  The activity of the new compounds of the present invention is illustrated,
      without limitation, by the following examples:
PAC  Example 1
PAC  Mycelium growth test
PAL  Nutrient medium used:
TBL  20      parts by weight of agar-agar                                      

     200     parts by weight of potato decoction                               

     5       parts by weight of malt                                           

     15      parts by weight of dextrose                                       

     5       parts by weight of peptone                                        

     2       parts by weight disodium hydrogen phosphate                       

     0.3     part by weight of calcium nitrate                                 

PAL  Proportion of solvent mixture to nutrient medium:
TBL  2       parts by weight of solvent mixture                                

     100     parts by weight of agar nutrient medium                           

             Composition of the solvent mixture:                               

     0.19    part by weight of dimethylformamide                               

     0.01    part by weight of alkylaryl polyglycol ether                      

             emulsifier                                                        

     1.80    parts by weight of water                                          

     2       parts by weight of solvent mixture                                

PAR  The amount of active compound required for the desired concentration of
      active compound in the nutrient medium was mixed with the stated amount of
      the solvent mixture. The concentrate was thoroughly mixed, in the stated
      proportions, with the liquid nutrient medium which had been cooled to
      42.degree.C, and the mixture was poured into Petri dishes of 9 cm
      diameter. Control plates to which the preparation had not been admixed
      were also set up.
PAR  When the nutrient medium had cooled and solidified, the plates were
      inoculated with the species of fungi stated in the table and were
      incubated at about 21.degree.C.
PAR  Evaluation was carried out after 4-10 days, dependent upon the speed of
      growth of the fungi. When evaluation was carried out the radial growth of
      the mycelium on the treated nutrient medium was compared with the growth
      on the control nutrient medium. In the evaluation of the fungus growth,
      the following characteristic values were used:
PA1  1: no fungus growth
PA1  up to 3: very strong inhibition of growth
PA1  up to 5: medium inhibition of growth
PA1  up to 7: slight inhibition of growth
PA1  9: growth equal to that of untreated control.
PAR  The active compounds, the concentrations of the active compound and the
      results can be seen from the table which follows:
TBL                Table 1                                                     

     ______________________________________                                    

     Mycelium growth test                                                      

     Fungi and bacteria                                                        

     Active compounds                                                          

                            Concentration of                                   

                            active compound                                    

                            ppm         10                                     

     ______________________________________                                    

                            Fusarium    1                                      

                            culmorum                                           

                            Sclerotinia                                        

                            sclerotiorum                                       

                                        1                                      

                            Fusarium                                           

                            nivale      2                                      

                            Colletotrichum                                     

                            coffeanum   1                                      

                            Rhizoctonia                                        

                            solani      1                                      

                            Pythium                                            

                            ultimum     1                                      

                            Cochliobolus                                       

                            miyabeanus  2                                      

                            Botrytis                                           

                            cinerea     1                                      

                            Verticillium                                       

                            alboatrum   3                                      

                            Piricularia                                        

                            oryzae      1                                      

                            Phialophora                                        

                            cinerescens 1                                      

                            Helminthosporium                                   

                            gramineum   1                                      

                            Mycosphaerella                                     

                            musicola    1                                      

                            Phytophthora                                       

                            cactorum    1                                      

                            Venturia                                           

                            inaequalis  1                                      

                            Pellicularia                                       

                            sasakii     1                                      

                            Xanthomonas                                        

                            oryzae      5                                      

     ______________________________________                                    

PAC  EXAMPLE 2
PAC  Piricularia test: liquid preparation of active compound
PA1  Solvent: 1.9 parts by weight of DMF
PA1  Dispersing agent: 0.1 part by weight of alkylaryl polyglycol ether
PA1  Water: 98 parts by weight of water
PAR  The amount of active compound required for the desired concentration of
      active compound in the spray liquor was mixed with the stated amount of
      the solvent and of the dispersing agent, and the concentrate was diluted
      with the stated amount of water.
PAR  30 rice plants about 14 days old were sprayed with the spray liquor until
      dripping wet. The plants remained in a greenhouse at temperatures of
      22.degree. to 24.degree.C and a relative atmospheric humidity of about 70%
      until they were dry. They were then inoculated with an aqueous suspension
      of 100,000 to 200,000 spores/ml of Piricularia oryzae and placed in a
      chamber at 24.degree.-26.degree.C and 100% relative atmospheric humidity.
PAR  5 days after inoculation, the infection of all the leaves present at the
      time of inoculation was determined as a percentage of the untreated but
      also inoculated control plants. 0% means no infection; 100% means that the
      infection was exactly as great as in the case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results can be seen from the following table:
TBL                                    Table 2                                 

     __________________________________________________________________________

     Piricularia test/liquid preparation of active                             

     compound                                                                  

     Active compound       Infection in % of the in-                           

                           fection of the untreated                            

                           control at an active com-                           

                           pound concentration (by                             

                           wt) of                                              

                           0.025%                                              

     __________________________________________________________________________

                           0                                                   

     __________________________________________________________________________

PAR  The synthesis of the new compounds of this invention is illustrated in and
      by the following preparative Examples:
PAC  EXAMPLE 3
      ##SPC5##
PAC  Method (a)
PAR  57 g (0.15 mole) of
      3-[N-trifluoromethyl-N-(fluorodichloromethylthio)-amino]-benzoic acid
      isopropylamide were dissolved in 250 ml of chlorobenzene and 31.5 g (0.15
      mole) of phosphorus pentachloride were added. In the course thereof, the
      temperature rose from 23.degree. to 33.degree.C and a clear solution was
      formed. The solution was gradually heated to 120.degree.C, in the course
      of which a vigorous stream of hydrogen chloride was evolved. After
      completion of the evolution of gas, the phosphorus oxychloride formed and
      the chlorobenzene were distilled off in vacuo and the residue was
      distilled. This gave 58 g of
      3-[N-trifluoromethyl-N-(fluorodichloromethylthio)-amino]-benzo-isopropylim
     ide chloride of boiling point 123.degree.-125.degree.C/0.3 mmHg; the
      product had a refractive index n.sub.D.sup.20 of 1.5132. The yield was 96%
      of theory.
PAC  Method (b)
PAR  234 g of 3-[N-trifluoromethyl-N-(fluorodichloromethylthio)-amino]-benzoic
      acid isopropylamide were dissolved in 250 ml of thionyl chloride. On
      heating the solution, sulfur dioxide and hydrogen chloride were evolved
      continuously. After about 2 hours, an internal temperature of 85.degree.C
      had been reached. After a further hour, the excess thionyl chloride was
      distilled off and 244 g of the above benzimidechloride, of boiling point
      110.degree.C/0.2 mmHg and refractive index n.sub.D.sup.20 of 1.5136, were
      obtained (which represented an almost quantitative yield).
PAR  The following compounds could be prepared analogously:
     Compound No.                                                              

             Formula                      Physical properties                  

     __________________________________________________________________________

     2                                    Boiling point 115-118.degree.C/0.6   

                                          mmHg                                 

                                          n.sub.D.sup.20 = 1.5661              

     3                                    Boiling point 140.degree.C/0.2 mmHg  

                                          n.sub.D.sup.20 = 1.5744              

     4                                    n.sub.D.sup.20 = 1.5032              

     5                                    Boiling point 172-175.degree.C/0.3   

                                          mmHg                                 

                                          n.sub.D.sup.20 = 1.5572              

     6                                    Boiling point 73-76.degree.C/0.2     

                                          mmHg                                 

                                          n.sub.D.sup.20 = 1.5248              

     __________________________________________________________________________

PAR  Other compounds which can be similarly prepared include:
PA1  2-chloro-4-[N-trifluoromethyl-N-(trifluoromethylthio)-amino]-benzo-cyclohex
     ylimide chloride,
PA1  3-nitro-5-[N-trifluoromethyl-N-(trichloromethylthio)-amino]-benzo-p-chloro-
     benzylimide chloride,
PA1  2-[N-trifluoromethyl-N-(chlorodifluoromethylthio)-amino]-4-trifluoromethyl-
     benzonaphthylimide chloride,
PA1  2-ethyl-6-[N-trifluoromethyl-N-(trifluoromethylthio)-amino]-benzo-cyclopent
     ylimide chloride,
PA1  2-methoxy-4-[N-trifluoromethyl-N-(trichloromethylthio)-amino]-benzo-ethylim
     ide chloride,
PAL  and the like.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A substituted aminobenzimide-chloride of the formula
      ##SPC6##
PAL  in which
PA1  X, x' and X" each independently is fluorine, chlorine or bromine,
PA1  R is hydrogen, halogen, nitro, trifluoromethyl, or alkyl or alkoxy each
      with up to 3 carbon atoms, and
PA1  R' is alkyl with up to 16 carbon atoms, cycloalkyl with up to 7 carbon
      atoms, aralkyl with a total of up to 8 carbon atoms, or aryl with up to 10
      carbon atoms.
NUM  2.
PAR  2. A compound according to claim 1, in which X, X' and X" each
      independently is fluorine or chlorine; R is hydrogen, methyl, methoxy,
      trifluoromethyl, chlorine or nitro; and R' is alkyl with up to 12 carbon
      atoms, cycloalkyl with 5 or 6 carbon atoms, benzyl or phenyl.
NUM  3.
PAR  3. A compound according to claim 1, wherein such compound is
      3-[N-trifluoromethyl-N-(fluorodichloromethylthio)-amino]-benzo-isopropylim
     ide chloride of the formula
      ##SPC7##
NUM  4.
PAR  4. A compound according to claim 1, wherein such compound is
      4-[N-trifluoromethyl-N-(fluorodichloromethylthio)-amino]-benzoisopropylimi
     de chloride of the formula
      ##SPC8##
NUM  5.
PAR  5. A compound according to claim 1, wherein such compound is
      2-[N-trifluoromethyl-N-(fluorodichloromethylthio)-amino]-benzo-methylimide
      chloride of the formula
      ##SPC9##
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ABST
PAL  Certain new ar or ar' (alkylthio) benzoyl chloride phenylhydrazones have
      been found to be anthelmintics and active against arthropod pests. The
      benzoyl ring and the phenylhydrazone ring can be otherwise substituted
      with, for example, halogen atoms, nitro groups, .alpha.-fluoroalkyl
      groups, other alkylthio groups, and alkyl groups. The new compounds are
      prepared by reacting an ar or ar' (alkylthio) benzoic acid
      2-phenylhydrazide with phosphorus pentachloride to obtain an ar or ar'
      (alkylthio) benzoyl chloride (dichlorophosphinyl)phenylhydrazone that is
      reacted with phenol to produce the desired ar or ar' (alkylthio) benzoyl
      chloride phenylhydrazones. Certain of the compounds can be prepared by
      direct halogenation of (alkylthio)benzaldehyde phenylhydrazone or an
      (alkylthio)benzoyl chloride phenylhydrazone. Methods of anti-arthropodal
      use and novel formulations for use are also described.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of my co-pending application Ser. No. 54,
      622, filed on July 13, 1970.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention pertains to new chemical compounds, a new method for killing
      and controlling arthropod pests, and new formulations for suppressing the
      same. The invention is more particularly directed to new ar or ar'
      (alkylthio) benzoyl chloride phenylhydrazones, new ar or ar' (alkylthio)
      benzoic acid 2-phenylhydrazide starting compounds, a new method for
      killing and controlling arthropod pests with the new ar or ar' (alkylthio)
      benzoyl chloride phenylhydrazones, and new pest formulations containing
      the same.
PAR  The new ar or ar' (alkylthio) benzoyl chloride phenylhydrazones of this
      invention have the general structural formula:
      ##SPC1##
PAL  Wherein "alkyl" is of from 1 to 6 carbon atoms, inclusive; X is halogen
      (i.e., bromine, chlorine, fluorine, and iodine), alkyl of from 1 to 6
      carbon atoms, inclusive, alkylthio of from 1 to 6 carbon atoms, inclusive,
      .alpha.-F.sub.n alkyl of from 1 to 3 carbon atoms, inclusive, wherein n is
      the integer 2 or 3, and nitro; Y is alkyl of from 1 to 6 carbon atoms,
      inclusive, halogen, alkylthio of from 1 to 6 carbon atoms, inclusive,
      .alpha.-F.sub.n alkyl of from 1 to 3 carbon atoms, inclusive, and nitro;
      n" is one except when Y is alkylthio, when it can be zero; n' is an
      integer 0 to 3, inclusive; and m is an integer from 0 to 3, inclusive, the
      sum of n'+n"+m being not more than 6, the sum of carbon atoms in the alkyl
      substituents being not more than 15, there being no more than one nitro
      group in the molecule, and no more than two .alpha.-F.sub.n alkyl groups
      on any benzene ring or three total.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The new ar or ar' (alkylthio) benzoyl chloride phenylhydrazones of this
      invention are readily prepared by reacting a selected new ar or ar'
      (alkylthio) benzoic acid 2-phenylhydrazide starting compound with
      phosphorus pentachloride, reacting the resulting, corresponding new ar or
      ar' (alkylthio) benzoyl chloride (dichlorophosphinyl)phenylhydrazone with
      phenol, and recovering the desired new ar or ar' (alkylthio) benzoyl
      chloride phenylhydrazone. The process can be represented as follows:
      ##SPC2##
PAR  Step 1. of the foregoing process proceeds when a new ar or ar' (alkylthio)
      benzoic acid 2-phenylhydrazide starting compound (compounds of Formula II,
      above) and the phosphorus pentachloride are mixed in the presence of a
      reaction medium at a temperature in the range of about 10.degree.C. up to
      about the boiling point of the reaction medium. Higher and lower
      temperatures can be used, however. The reaction rate will be decreased at
      low temperatures, and a pressure vessel would be needed to effect reaction
      temperatures above the boiling point at atmospheric pressure. In
      accordance with a preferred embodiment, the initial reaction mixture is
      heated.
PAR  Appropriate reaction media include, for example, the chlorinated
      hydrocarbon solvents, aliphatic or aromatic hydrocarbon solvents, and
      ethers. Representative specific ones are carbon tetrachloride (preferred),
      methylene chloride, chloroform, 1,2-dichloroethylene, benzene, toluene,
      technical hexane, diethyl ether, and dioxane.
PAR  The process can be practiced without isolating the new ar or ar'
      (alkylthio) benzoyl chloride (dichlorophosphinyl)phenylhydrazone
      intermediate when three equivalents or more of phenol are added to the
      initial reaction mixture after it has been cooled to about 0.degree. to
      25.degree.C. The phenol reacts with the new ar or ar' (alkylthio) benzoyl
      chloride (dichlorophosphinyl)phenylhydrazone intermediate to produce
      triphenyl phosphate, and the desired new ar or ar' (alkylthio) benzoyl
      chloride phenylhydrazone is then recovered and purified by conventional
      methods. The solvent medium is removed by evaporation, and the desired
      procuct is recovered, e.g., by filtration from the residual triphenyl
      phosphate or by chromatographic techinques. The compound is purified by
      recrystallization.
PAR  The new ar or ar' (alkylthio) benzoic acid 2-phenylhydrazide starting
      compounds of Formula II can be readily prepared by known methods.
      According to one method an (alkylthio) benzoyl chloride is reacted with a
      phenylhydrazine as described by J. Hausknecht, Chem. Ber. 22, p. 324
      (1889), and E. Bamberger and W. Pemsel, Chem. Ber. 36, p. 359 (1903).
      Another method is described in U.S. Pat. No. 2,912,461, issued Nov. 10,
      1959, that utilizes a benzoate ester and a phenylhydrazine. Still another
      method described by W. Autenrieth and G. Thomae, Chem. Ber. 57, p. 423
      (1924) reacts a benzoic acid anhydride with a phenylhydrazine to produce
      the corresponding benzoic acid 2-phenylhydrazide. The Examples hereinafter
      illustrate conventional methods for making (alkylthio) benzoic acid
      2-phenylhydrazide and benzoic acid 2-(alkylthiophenyl)hydrazide
      intermediates for starting compounds. The various (alkylthio) benzoyl
      chloride (substituted-phenyl)hydrazine and [(alkylthio)phenyl]hydrazine
      starting compunds are prepared according to conventional methods.
PAR  The new anti-arthropodal ar or ar' (alkylthio) benzoyl chloride
      phenylhydrazones of this invention (compounds according to Formula I) can
      also be prepared by chlorinating an ar or ar' (alkylthio) benzaldehyde
      phenylhydrazone. Chlorination of an ar or ar' (alkylthio)benzaldehyde
      phenylhydrazone can be accomplished as described by J. E. Humphries, H.
      Humble and R. Evans, J. Chem. Soc. 127, p. 1304 (1925). But this
      chlorination is of limited usefulness when the starting ar or ar'
      (alkylthio)benzaldehyde phenylhydrazone has unsubstituted active sites
      that will yield to chlorination at positions on the phenylhydrazone
      portion that are desired to remain unsubstituted in a particular instance.
      Direct chlorination of an (alkylthio)benzaldehyde phenylhydrazone is an
      effective way of producing (alkylthio)benzoyl chloride
      (2,4,6-trichlorophenyl)hydrazone.
PAR  Still another method described by L. A. Jones, C. K. Hancock, and R. B.
      Seligman, J. Org. Chem. 26, p. 228 (1961) can be used. The described
      method utilized .alpha...alpha.,.alpha.-trichlorotoluene and
      2,4-dinitrophenylhydrazine to produce benzoyl chloride
      2,4-dinitrophenylhydrazone. The new compounds of this invention can be
      prepared in the same manner.
PAC  EXAMPLE 1
PAC  Preparation of p-(Methylthio)benzoyl Chloride Phenylhydrazone
PAL  Part A -- p-(Methylthio)benzoic Acid 2-phenylhydrazide
PAR  A mixture consisting of 21.88 g. (0.130 mole) p-(methylthio)benzoic acid
      and 25 ml. thionyl chloride was heated at the reflux temperature until
      evolution of gas ceased and a clear solution was obtained. After removing
      the excess thionyl chloride on a rotary evaporator and then under
      substantially complete vacuum, the solid residue that remained was
      dissolved in 35 ml. dioxane. The dioxane solution was mixed with a
      solution consisting of 14.06 g. (0.130 mole) phenylhydrazine in 100 ml.
      pyridine initially at 5.degree. to 10.degree.C. Inadvertently, about
      one-third of the acid chloride was added rapidly and the mixture was
      heated to 31.degree.C. by the exothermic reaction. The reaction mixture
      was set aside at 25.degree.C. with continuous stirring for three days. It
      was then poured into 1.5 l. water in order to precipitate the desired
      p-(methylthio)benzoic acid 2-phenylhydrazide. The precipitate was
      collected on a filter, washed with water, washed with 1N hydrochloride
      acid, and finally washed with water. The washed filter cake was then
      recrystallized from 3A alcohol to give 23.2 g. (69% yield) of
      p-(methylthio)benzoic acid 2-phenylhydrazide having a melting point at
      165.5.degree. to 167.5.degree.C. Recrystallization from 250 ml. ethyl
      acetate gave the compound melting at 167.degree. to 168.degree.C. (shrinks
      at 162.degree.C.) Two further recrystallizations from ethyl acetate gave
      the compound melting at 167.degree. to 168.5.degree.C. with shrinkage at
      161.5.degree.C.
PAR  Analysis: Calc'd. for C.sub.14 H.sub.14 N.sub.2 OS: C, 65.09; H, 5.46; N,
      10.84; S, 12.41. Found: C, 64.80; H, 5.57; N, 10.80; S, 12.34.
PAL  Part B -- p-(Methylthio)benzoyl Chloride Phenylhydrazone
PAR  A mixture consisting of 14.2 g. (0.068 mole) phosphorus pentachloride, 100
      ml. carbon tetrachloride, and 16.78 g. (0.065 mole) p-(methylthio)benzoic
      acid 2-phenylhydrazide (prepared in Part A above) was reacted at
      25.degree.C. until evolution of gas ceased. The reaction mixture was then
      heated to the reflux temperature and a clear solution resulted. The
      solution was chilled in ice and a suspension of 20.7 g. (0.22 mole) phenol
      in 50 ml. carbon tetrachloride was added. After removing the carbon
      tetrachloride by evaporation on a rotary evaporator at 31.degree.C. the
      resulting suspension of product in triphenylphosphate was filtered. The
      filter cake was washed with technical hexane ((Skellysolve B, a mixture of
      isomeric hexanes having a boiling range between 146.degree. and
      156.degree. Fahrenheit), and then was washed with diethyl ether.
      Crystallization from 75 ml. ethyl acetate gave 8.10 g. (44.9% yield) of
      p-(methylthio)-benzoyl chloride phenylhydrazone having a melting point of
      138.5.degree. to 142.5.degree.C. Recrystallization from a mixture of ethyl
      acetate and the Skellysolve B gave the compound with the same melting
      point.
PAR  Analysis: Calc'd. for C.sub.14 H.sub.13 ClN.sub.2 S: C, 60.75; H, 4.73; Cl,
      12.81; N, 10.12; S, 11.59. Found: C, 60.41; H, 4.76; Cl, 12.75; N, 10.02;
      S, 11.51.
PAC  EXAMPLE 2
PAC  Preparation of Benzoyl Chloride [p-Methylthio)phenyl]hydrazone
PAL  Part A -- Benzoic Acid 2-[p-(Methylthio)phenyl]hydrazide
PAR  After dispersing and suspending 19.15 g. (0.100 mole)
      [p-(methylthio)phenyl]hydrazine hydrochloride in 500 ml. benzene, 10.1 g.
      (0.100 mole) triethylamine was added. The resulting suspension was stirred
      for two hrs. at 25.degree.C. After adding 22.6 g. (0.100 mole) benzoic
      anhydride, the reaction mixture was heated at the reflux temperature for 4
      hrs. The benzene was then removed by evaporation, and the residue thus
      obtained was washed once with water, twice with aqueous sodium
      bicarbonate, and finally with water. The washed residue was recrystallized
      once from 3A alcohol and once from a mixture of cyclohexane and ethyl
      acetate to give 15.0 g. (57.9% yield) of benzoic acid
      2-[p-(methylthio)phenyl]hydrazide having a melting point at 139.degree. to
      140.degree.C.
PAR  Analysis: Calc'd. for C.sub.14 H.sub.14 N.sub.2 OS: C, 65.08; H, 5.46; N,
      10.85. Found: C, 65.01; H, 5.70; N, 10.59.
PAL  Part B -- Benzoyl Chloride [p-(Methylthio)phenyl]hydrazone
PAR  A mixture consisting of 7.9 g. (0.038 mole) phosphorus pentachloride, 100
      ml. carbon tetrachloride, and 9.05 g. (0.035 mole) benzoic acid
      2-[p-(methylthio)phenyl]hydrazide (prepared in Part A above) was heated at
      the reflux temperature until evolution of gas ceased. The reaction mixture
      was chilled in ice, and a suspension of 11.3 g. (0.12 mole) phenol in 50
      ml. carbon tetrachloride was added. After removing the carbon
      tetrachloride by evaporation under reduced pressure, the resulting
      triphenylphosphate solution of the desired product was poured through a
      column of silica gel. The column was eluted with a mixture of 1 part
      benzene and 1 part Skellysolve B. After removing the solvents from the
      eluate by evaporation under reduced pressure, the residue was
      recrystallized two times from cyclohexane to give benzoyl chloride
      [p-(methylthio)phenyl]hydrazone having a melting point at 94.degree. to
      95.degree.C.
PAR  Analysis: Calc'd. for C.sub.14 H.sub.13 ClN.sub.2 S: C, 60.75; H, 4.73; Cl,
      12.81; N, 10.12; S. 11.59. Found: C, 60.77; H, 5.00; Cl, 13.08; N, 10.07;
      S, 11.37.
PAC  EXAMPLE 3
PAC  Preparation of o-(Methylthio)-chlorobenzoyl Chloride Phenylhydrazone
PAL  Part A -- o-(Methylthio)benzoic Acid 2-Phenylhydrazide
PAR  To a solution consisting of 23.2 g. (0.214 mole) phenylhydrazine and 150
      ml. pyridine was added a chilled solution consisting of 40.0 g. (0.214
      mole) o-(methylthio)-benzoyl chloride and 200 ml. dioxane. This reaction
      mixture was set aside at 25.degree. for 2 days. It was then poured into
      2.5 l. water in order to precipitate the desired product. The precipitate
      was collected on a filter and washed with water, with 1N aqueous
      hydrochloric acid, and finally with water. The washed filter cake was
      recrystallized from 3A alcohol to give 36.8 g. (66.5% yield) of
      o-(methylthio)benzoic acid 2-phenylhydrazide having a melting point at
      127.degree. to 128.degree.C.
PAR  Analysis: Calc'd. for C.sub.14 H.sub.14 N.sub.2 OS: N, 10.84; S, 12.41.
      Found: N, 10.75; S, 11.98.
PAL  Part B -- o-(Methylthio)-chlorobenzoyl Chloride Phenylhydrazone
PAR  A mixture consisting of 21.9 g. (0.105 mole) phosphorus pentachloride, 150
      ml. of carbon tetrachloride, and 25.83 g. (0.100 mole)
      o-(methylthio)benzoic acid 2-phenylhydrazide (prepared in Part A above)
      was heated at the reflux temperature until evolution of hydrogen chloride
      ceased. The reaction mixture was chilled in an ice-bath, and a suspension
      of 31.5 g. (0.335 mole) phenol in 50 ml. carbon tetrachloride was added.
      After removing the carbon tetrachloride by evaporation under reduced
      pressure, the resulting triphenylphosphate solution of the desired product
      was poured through a column of silica gel. Elution was effected with a
      mixture consisting of 1 part benzene and 1 part Skellysolve B. After
      removing the solvents from the eluate by evaporation under reduced
      pressure, 2.0 g. of residue was obtained. Recrystallization from petroleum
      ether gave an o-(methylthio)-chlorobenzoyl chloride phenylhydrazone having
      a melting point at 65.degree. to 66.5.degree.C.
PAR  Analysis: Calc'd. for C.sub.14 H.sub.12 Cl.sub.2 N.sub.2 S: C, 54.02; H,
      3.89; Cl, 22.78; N, 9.00; S, 10.30. Found: C, 54.09; H, 3.76; Cl, 22.77;
      N, 9.02; S, 10.34.
PAC  EXAMPLE 4
PAC  Preparation of p-(Methylthio)benzoyl Chloride (2,4-Dibromophenyl)hydrazone
PAR  To an ice-cold solution of 5.0 g. (0.018 mole) p-(methylthio)benzoyl
      chloride phenylhydrazone in 200 ml. carbon tetrachloride is added 7.2 g.
      (0.045 mole) bromine dissolved in 25 ml. carbon tetrachloride. The
      solution is heated at the reflux temperature for 4hrs., and then the
      carbon tetrachloride is removed by evaporation under reduced pressure. The
      residue thus obtained is recrystallized to give the desired
      p-(methylthio)benzoyl chloride (2,4-dibromophenyl)hydrazone
PAC  EXAMPLE 5
PAR  Following the procedure of Example 1, Part A, but substituting
PA0  3-fluoro-4-(methylthio)benzoic acid,
PA0  m-(methylthio)benzoic acid,
PA0  p-(ethylthio)benzoic acid,
PA0  p-(isopropylthio)benzoic acid,
PA0  p-(n-hexylthio)benzoic acid,
PA0  2,6-dichloro-4-(methylthio)benzoic acid,
PA0  3-iodo-4-(methylthio)benzoic acid,
PA0  2-bromo-4-(methylthio)benzoic acid,
PA0  2-bromo-5-chloro-4-(methylthio)benzoic acid,
PA0  2-methyl-4-(methylthio)benzoic acid,
PA0  3-ethyl-5-(ethylthio)benzoic acid,
PA0  3-(n-hexyl)-4-(methylthio)benzoic acid,
PA0  3-isopropyl-5-(methylthio)benzoic acid,
PA0  2-chloro-4-methyl-5-(methylthio)benzoic acid,
PA0  2,6-dibromo-3-ethyl-5-(methylthio)benzoic acid,
PA0  3-(methylthio)-4-nitrobenzoic acid,
PA0  3-(methylthio)-5-trifluoromethyl benzoic acid,
PA0  2-(.alpha.,.alpha.-difluoroethyl)-4-(methylthio)benzonic acid,
PA0  3,5-di(methylthio)benzoic acid,
PA0  2,3,5-tri(methylthio)benzoic acid,
PA0  3-bromo-2-nitro-5-(methylthio)benzoic acid, and
PA0  2-chloro-5-(n-hexylthio)benzoic acid for p-(methylthio)-benzoic acid there
      is prepared
PA0  3-fluoro-4-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  m-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  p-(ethylthio)benzoic acid 2-phenylhydrazide,
PA0  p-(isopropylthio)benzoic acid 2-phenylhydrazide,
PA0  p-(n-hexylthio)benzoic acid 2-phenylhydrazide,
PA0  2,6-dichloro-4-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  3-iodo-4-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  2-bromo-4-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  2-bromo-5-chloro-4-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  2-methyl-4-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  3-ethyl-5-(ethylthio)benzoic acid 2-phenylhydrazide,
PA0  3-(n-hexyl)-4-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  3-isopropyl-5-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  2-chloro-4-methyl-5-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  2,6-dibromo-3-ethyl-5-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  3-(methylthio)-4-nitrobenzoic acid 2-phenylhydrazide,
PA0  3-(methylthio)-5-trifluoromethylbenzoic acid 2-phenylhydrazide,
PA0  2-(.alpha.,.alpha.-difluoroethyl)-4-(methylthio)benzoic acid
      2-phenylhydrazide,
PA0  3,5-di(methylthio)benzoic acid 2-phenylhydrazide,
PA0  2,3,5-tri(methylthio)benzoic acid 2-phenylhydrazide,
PA0  3-bromo-2-nitro-5-(methylthio)benzoic acid 2-phenylhydrazide, and
PA0  2-chloro-5-(n-hexylthio)benzoic acid 2-phenylhydrazide, respectively.
PAC  EXAMPLE 6
PAR  Following the procedure of Example 2, Part A, but substituting
PA0  [3-bromo-5-(methylthio)phenyl]hydrazine,
PA0  [3-chloro-5-(methylthio)phenyl]hydrazine,
PA0  [4-ethyl-2-(methylthio)phenyl]hydrazine,
PA0  [2,6-diiodo-4-(methylthio)phenyl]hydrazine,
PA0  [3,5-di(methylthio)phenyl]hydrazine,
PA0  [p-(n-hexylthio)phenyl]hydrazine, for [p-(methylthio)-phenyl]hydrazine and
PA0  p-(methylthio)benzoic anhydride and (p-bromophenyl)-hydrazine,
PA0  m-(methylthio)benzoic anhydride and (p-chlorophenyl)-hydrazine,
PA0  m-(methylthio)benzoic anhydride and (p-nitrophenyl)-hydrazine,
PA0  m-(methylthio)benzoic anhydride and (2,4-diiodophenyl)-hydrazine,
PA0  m-(methylthio)benzoic anhydride and (p-ethylphenyl)-hydrazine,
PA0  m-(methylthio)benzoic anhydride and (m-isopropylphenyl)-hydrazine,
PA0  m-(methylthio)benzoic anhydride and [m-(n-hexyl)phenyl]-hydrazine,
PA0  m-(methylthio)benzoic anhydride and [p-(trifluoromethyl)-phenyl]hydrazine,
PA0  m-(methylthio)benzoic anhydride and (2-chloro-4-nitrophenyl)hydrazine,
PA0  m-(methylthio)benzoic anhydride and (3-methyl-4-nitrophenyl)hydrazine,
PA0  m-(methylthio)benzoic anhydride and
      [3-methyl-5-(trifluoromethyl)phenyl]hydrazine,
PA0  m-(methylthio)benzoic anhydride and [p-(methylthio)-phenyl]hydrazine,
PA0  m-(methylthio)benzoic anhydride and
      [3-(methylthio)-5-(trifluoromethyl)phenyl]hydrazine,
PA0  m-(methylthio)benzoic anhydride and (p-fluorophenyl)-hydrazine and
PA0  3-(methylthio)-5-(n-hexyl)benzoic anhydride and
      [3,5-di-n-butyl-4-(methylthio)phenyl[hydrazine, for the benzoic anhydride
      and [p-(methylthio)phenyl]hydrazine, respectively, there is prepared
PA0  benzoic acid 2-[3-bromo-5-(methylthio)phenyl]hydrazide,
PA0  benzoic acid 2-[3-chloro-5-(metylthio)phenyl]hydrazide,
PA0  benzoic acid 2-[4-ethyl-2-(methylthio)phenyl]hydrazide,
PA0  benzoic acid 2-[2,6-diiodo-4-(methylthio)phenyl]hydrazide,
PA0  benzoic acid 2-[3,5-di(methylthio)phenyl]hydrazide,
PA0  benzoic acid 2-[p-(n-hexylthio)phenyl]hydrazide,
PA0  p-(methylthio)benzoic acid 2-(p-bromophenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-(p-chlorophenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-(p-nitrophenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-(2,4-diiodophenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-(p-ethylphenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-(m-isopropylphenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-[m-(n-hexyl)phenyl]hydrazide,
PA0  m-(methylthio)benzoic acid 2-[p-(trifluoromethyl)phenyl]hydrazide,
PA0  m-(methylthio)benzoic acid 2-(2-chloro-4-nitrophenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-(3-methyl-4-nitrophenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-[3-methyl-5-(trifluoromethyl)phenyl]hydrazide,
PA0  m-(methylthio)benzoic acid 2-[p-(methylthio)phenyl]hydrazide,
PA0  m-(methylthio)benzoic acid
      2-[3-(methylthio)-5-(trifluoromethyl)phenyl]hydrazide,
PA0  m-(methylthio)benzoic acid 2-(p-fluorophenyl)hydrazide, and
PA0  3-(methylthio)-5-(n-hexyl)benzoic acid
      2-[3,5-di-n-butyl-4-(methylthio)phenyl]hydrazide, respectively.
PAC  EXAMPLE 7
PAR  Following the procedure of Example 1, Part B, but substituting
PA0  3-fluoro-4-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  m-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  p-(ethylthio)benzoic acid 2-phenylhydrazide,
PA0  p-(isopropylthio)benzoic acid 2-phenylhydrazide,
PA0  p-(n-hexylthio)benzoic acid 2-phenylhydrazide,
PA0  2,6-dichloro-4-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  3-iodo-4-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  2-bromo-4-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  2-bromo-5-chloro-4-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  2-methyl-4-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  3-ethyl-5-(ethylthio)benzoic acid 2-phenylhydrazide,
PA0  3-(n-hexyl)-4-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  3-isopropyl-5-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  2-chloro-4-methyl-5-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  2,6-dibromo-3-ethyl-5-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  3-(methylthio)-4-nitrobenzoic acid 2-phenylhydrazide,
PA0  3-(methylthio)-5-trifluoromethylbenzoic acid 2-phenylhydrazide,
PA0  2-(.alpha.,.alpha.-difluoroethyl)-4-(methylthio)benzoic acid
      2-phenylhydrazide,
PA0  3,5-di(methylthio)benzoic acid 2-phenylhydrazide,
PA0  2,3,5-tri(methylthio)benzoic acid 2-phenylhydrazide,
PA0  3-bromo-2-nitro-5-(methylthio)benzoic acid 2-phenylhydrazide,
PA0  2-chloro-5-(n-hexylthio)benzoic acid 2-phenylhydrazide,
PA0  benzoic acid 2-[3-bromo-5-(methylthio)phenyl]hydrazide,
PA0  benzoic acid 2-[3-chloro-5-(methylthio)phenyl]hydrazide,
PA0  benzoic acid 2-[4-ethyl-2-(methylthio)phenyl]hydrazide,
PA0  benzoic acid 2-[2,6-diiodo-4-(methylthio)phenyl]hydrazide,
PA0  benzoic acid 2-[3,5-di(methylthio)phenyl]hydrazide,
PA0  benzoic acid 2-[p-(n-hexylthio)phenyl]hydrazide,
PA0  p-(methylthio)benzoic acid 2-(p-bromophenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-(p-chlorophenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-(p-nitrophenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-(2,4-diiodophenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-(p-ethylphenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-(m-isopropylphenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-[m-(n-hexyl)phenyl]hydrazide,
PA0  m-(methylthio)benzoic acid 2-[p-(trifluoromethyl)phenyl]hydrazide,
PA0  m-(methylthio)benzoic acid 2-(2-chloro-4-nitrophenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-(3-methyl-4-nitrophenyl)hydrazide,
PA0  m-(methylthio)benzoic acid 2-[3-methyl-5-(trifluoromethyl)phenyl]hydrazide,
PA0  m-(methylthio)benzoic acid [p-(methylthio)phenyl]hydrazide,
PA0  m-(methylthio)benzoic acid
      2-[3-(methylthio)-5-(trifluoromethyl)phenyl]hydrazide,
PA0  m-(methylthio)benzoic acid 2-(p-fluorophenyl)hydrazide, and
PA0  3-methylthio)-5-(n-hexyl)benzoic acid
      2-[3,5-di-n-butyl-4-(methylthio)phenyl]hydrazide for p-(methylthio)benzoic
      acid 2-phenylhydrazide, there are prepared
PA0  3-fluoro-4-(methylthio)benzoyl chloride phenylhydrazone,
PA0  m-(methylthio)benzoyl chloride phenylhydrazone,
PA0  p-(ethylthio)benzoyl chloride phenylhydrazone,
PA0  p-(isopropylthio)benzoyl chloride phenylhydrazone,
PA0  p-(n-hexylthio)benzoyl chloride phenylhydrazone,
PA0  2,6-dichloro-4-(methylthio)benzoyl chloride phenylhydrazone,
PA0  3-iodo-4-(methylthio)benzoyl chloride phenylhydrazone,
PA0  2-bromo-4-(methylthio)benzoyl chloride phenylhydrazone,
PA0  2-bromo-5-chloro-4-(methylthio)benzoyl chloride phenylhydrazone,
PA0  2-methyl-4-(methylthio)benzoyl chloride phenylhydrazone,
PA0  3-ethyl-5-(ethylthio)benzoyl chloride phenylhydrazone,
PA0  3-(n-hexyl)-4-(methylthio)benzoyl chloride phenylhydrazone,
PA0  3-isopropyl-5-(methylthio)benzoyl chloride phenylhydrazone,
PA0  2-chloro-4-methyl-5-(methylthio)benzoyl chloride phenylhydrazone,
PA0  2,6-dibromo-3-ethyl-5-(methylthio)benzoyl chloride phenylhydrazone,
PA0  3-(methylthio)-4-nitrobenzoyl chloride phenylhydrazone,
PA0  3-(methylthio)-5-trifluoromethylbenzoyl chloride phenylhydrazone,
PA0  2-(.alpha.,.alpha.-difluoroethyl)-4-(methylthio)benzoyl chloride
      phenylhydrazone,
PA0  3,5-di(methylthio)benzoyl chloride phenylhydrazone,
PA0  2,3,5-tri(methylthio)benzoyl chloride phenylhydrazone,
PA0  3-bromo-2-nitro-5-(methylthio)benzoyl chloride phenylhydrazone,
PA0  2-chloro-5-(n-hexylthio)benzoyl chloride phenylhydrazone,
PA0  benzoyl chloride 2-[3-bromo-5-(methylthio)phenyl]-hydrazone,
PA0  benzoyl chloride 2-[3-chloro-5-(methylthio)phenyl]-hydrazone,
PA0  benzoyl chloride 2-[4-ethyl-2-(methylthio)phenyl]-hydrazone,
PA0  benzoyl chloride 2-[2,6-diiodo-4-(methylthio)phenyl]-hydrazone,
PA0  benzoyl chloride 2-[3,5-di)methylthio)phenyl]hydrazone,
PA0  benzoyl chloride 2-[p-(n-hexylthio)phenyl]hydrazone,
PA0  p-(methylthio)benzoyl chloride (p-bromophenyl)hydrazone,
PA0  m-(methylthio)benzoyl chloride (p-chlorophenyl)hydrazone,
PA0  m-(methylthio)benzoyl chloride (p-nitrophenyl)hydrazone,
PA0  m-(methylthio)benzoyl chloride (2,4-diiodophenyl)hydrazone,
PA0  m-(methylthio)benzoyl chloride (p-ethylphenyl)hydrazone,
PA0  m-(methylthio)benzoyl chloride (m-isopropylphenyl)-hydrazone,
PA0  m-(methylthio)benzoyl chloride [m-(n-hexyl)phenyl]-hydrazone,
PA0  m-(methylthio)benzoyl chloride [p-(trifluoromethyl)-phenyl]hydrazone,
PA0  m-(methylthio)benzoyl chloride (2-chloro-4-nitrophenyl)-hydrazone,
PA0  m-(methylthio)benzoyl chloride (3-methyl-4-nitrophenyl)-hydrazone,
PA0  m-(methylthio)benzoyl chloride
      [3-methyl-5-(trifluoromethyl)phenyl]hydrazone,
PA0  m-(methylthio)benzoyl chloride [p-(methylthio)phenyl]-hydrazone,
PA0  m-(methylthio)benzoyl chloride
      [3-(methylthio)-5-(trifluoromethyl)phenyl]hydrazone,
PA0  m-(methylthio)benzoyl chloride (p-fluorophenyl)hydrazone, and
PA0  3-(methylthio)-5-(n-hexyl)benzoyl chloride
      [3,5-di-n-butyl-4-(methylthio)phenyl]hydrazone, respectively.
PAR  In the Formulas I and II, above, the substituent group ".alpha.-F.sub.n
      alkyl" is an alkyl group of from 1 to 3 carbon atoms, inclusive, having
      the .alpha.-carbon substituted with fluorine atoms. More particularly the
      substituent group is trifluoromethyl .alpha.,.alpha.-difluoroethyl, and
      .alpha.,.alpha.-difluoropropyl. Similarly "alkylthio" means methylthio,
      ethylthio, isopropylthio, hexylthio, and the like.
PAR  The new arthropocidal ar or ar' (alkylthio)benzoyl chloride
      phenylhydrazones of Formula 1 can be used as the pure compounds, such as
      those described in the Examples, as technical grade compounds from
      commercial production, or as mixtures of individual pure compounds; but
      for practical reasons, the compounds are preferably formulated with a
      diluent carrier with or without adjuvants for use against arthropod pests.
      There are many different kinds of diluent carriers suitable for the method
      and formulation embodiments of this invention. Dispersible carriers are
      commonly used in the art. Such carriers may or may not include adjuvants
      such as wetting agents, emulsifying agents, stickers, and other components
      that indirectly promote efficacy.
PAR  For example, pesticidal formulations useful against arthropod pests which
      become epidemic can be formulated as dusts, wettable powders, emulsifiable
      concentrates, aqueous dispersions, solutions, and flowable creams for
      application to a situs, animals, and foliage, seeds or other parts of
      plants. Granular formulations can be prepared and applied to soil or on
      surfaces. Moreover, the new ar or ar' (alkylthio)benzoyl chloride
      phenylhydrazones of the invention can be the sole active agent in a
      formulation or other insecticidal, miticidal, fungicidal, virucidal, or
      bactericidal components may be included.
PAR  The new ar or ar' (alkylthio)benzoyl chloride phenylhydrazones can be
      readily formulated as dusts by grinding a mixture of the compound and a
      pulverulent carrier in the presence of each other. Grinding is
      conveniently accomplished in a ball mill, a hammermill, or by air-blast
      micronization. A suitable ultimate particle size is less than 60 microns.
      Preferably, a 95% of the particles are less than 50 microns, and about 75%
      are 5 to 20 microns. Dusts of that degree of comminution are conveniently
      free-flowing and can be applied to animals, inanimate matter, fruit trees,
      crop plants, and soil so as to effect thorough distribution and coverage.
      Dusts are particularly adapted for effectively controlling insects and
      mites over wide areas when applied by airplane. They are also indicated
      for application to the undersides of plant foliage and to the skin of
      poultry and hairy animals.
PAR  Representative suitable pulverulent carriers include the natural clays such
      as China, Georgia, Barden, attapulgus, kaolin, and bentonite clays;
      minerals in their natural forms as they are obtained from the earth such
      as talc, pyrophyllite, quartz, diatomaceous earth, fuller's earth, chalk,
      sulfur, silica and silicates; chemically modified minerals such as washed
      bentonite, and colloidal silica; and organic flours such as wood, walnut
      shell, soybean, cottonseed, and tobacco flours, and free-flowing,
      hydrophobic starches.
PAR  Dusts can also be prepared by dissolving an ar or ar' (alkylthio) benzoyl
      chloride phenylhydrazone in a volatile solvent such as methylene chloride,
      mixing the solution with a pulverulent carrier and evaporating the
      solvent.
PAR  The proportions of pulverulent carrier and ar or ar' (alkylthio) benzoyl
      chloride phenylhydrazone can vary over a wide range depending upon the
      arthropod pests to be controlled and the conditions of treatment. In
      general, dust formulations can contain up to about 90% (on a weight basis)
      of the active ingredient. Dusts having as little as 0.001% of the active
      ingredient can be used, but a generally preferred proportion is from about
      0.50% to about 20% of active ingredient.
PAR  The dispersible powder formulations of this invention are prepared by
      incorporating a surfactant in a dust formulation prepared as described
      above. When about 0.1% to about 12% of a surfactant is incorporated in a
      dust, the dispersible powder thus obtained is particularly adapted for
      further admixture with water for spraying on inanimate matter and
      products, fruit trees, field crops, soil, and livestock. The dispersible
      powders can be admixed with water to obtain any desired concentration of
      active ingredient, and the mixture can be applied in amounts sufficient to
      obtain predetermined rates of application and uniform distribution. With
      this flexibility in mind, the dispersible powders of the invention can
      conveniently comprise preferably about 10% to about 80% of active
      ingredient.
PAR  Representative surfactants useful for preparing dispersible powder
      formulations of this invention include alkyl sulfates and sulfonates,
      alkyl aryl sulfonates, sulfosuccinate esters, polyoxyethylene sulfates,
      polyoxyethylenesorbitan monolaurate, alkyl aryl polyether sulfates, alkyl
      aryl polyether alcohols, alkyl naphthalene sulfonates, alkyl quaternary
      ammonium salts, sulfated fatty acids and esters, sulfated fatty acid
      amides, glycerol mannitan laurate, polyalkylether condensates of fatty
      acids, lignin sulfonates, and the like. The preferred class of surfactants
      includes blends of sulfonated oils and polyalcohol carboxylic acid esters
      (Emcol H-77), blends of polyoxyethylene ethers and oil-soluble sulfonates
      (Emcol H-400), blends of alkyl aryl sulfonates and alkylphenoxy polyethoxy
      ethanols (Tritons X-151, X-161, X-171), e.g., about equal parts of sodium
      kerylbenzene sulfonate and isooctylphenoxy polyethoxy ethanol containing
      about 12 ethoxy groups, and blends of calcium alkyl aryl sulfonates and
      polyethoxylated vegetable oils (Agrimul N.sub.4 S). It will be understood,
      of course, that the sulfate and sulfonate surfactants suggested above will
      preferably be used in the form of their soluble salts, for example, their
      sodium salts. All of these surfactants are capable of reducing the surface
      tension of water to less than about 40 dynes per centimeter in
      concentrations of about 1% or less. The dispersible powder formulations
      can be prepared with a mixture of surfactants of the types indicated if
      desired.
PAR  A suitable dispersible powder formulation is obtained by blending and
      milling 327 lbs. of Georgia Clay, 4.5 lbs. of isooctylphenoxy polyethoxy
      ethanol (Triton X-100) as a wetting agent, 9 lbs. of a polymerized sodium
      salt of substituted benzoid long-chain sulfonic acid (Daxad 27) as a
      dispersing agent, and 113 lbs. of the active ingredient. The resulting
      formulation has the following percentage composition (parts herein are by
      weight unless otherwise specified).
TBL  ______________________________________                                    

     Active ingredient        25%                                              

     Isooctylphenoxy polyethoxy                                                

     ethanol                   1%                                              

     Polymerized sodium salt of                                                

     substituted benzoid long-                                                 

     chain sulfonic acid       2%                                              

     Georgia Clay             72%                                              

     ______________________________________                                    

PAR  This formulation, when dispersed in water at the rate of 10 lbs. per 100
      gals., gives a spray formulation containing about 0.3% (3000 ppm) active
      ingredient which can be applied to insects, spiders, ticks, or mites,
      plants or other arthropod habitats, or to their foods for control of
      various arthropod pests.
PAR  If desired, dispersants such as methyl cellulose, polyvinyl alcohol, sodium
      ligninsulfonates, and the like can be included in the dispersible powder
      formulations of this invention. Adhesive or sticking agents such as
      vegetable oils, naturally occurring gums, casein, and others can also be
      included. Corrosion inhibitors such as epichlorohydrin and anti-foaming
      agents such as stearic acid can also be included.
PAR  The new anti-arthropodal ar or ar' (alkylthio) benzoyl chloride
      phenylhydrazones of this invention can be applied to insects, spiders,
      ticks, mites, objects, or situs in aqueous sprays without a solid carrier.
      Since, however, the compounds themselves are relatively insoluble in water
      they are preferably dissolved in a suitable inert organic solvent carrier.
      Advantageously, the solvent carrier is immiscible with water so that an
      emulsion of the solvent carrier in water can be prepared. If, for example,
      a water-miscible solvent carrier such as ethanol is used the solvent
      carrier will dissolve in the water and any excess ar or ar' (alkylthio)
      benzoyl chloride phenylhydrazone will be thrown out of solution. In an
      oil-in-water emulsion, the solvent phase is dispersed in the water phase
      and the dispersed phase contains the active ingredient. In this way,
      uniform distribution of a water insoluble active ingredient is achieved in
      an aqueous spray. A solvent carrier in which ar or ar' (alkylthio) benzoyl
      chloride phenylhydrazones are highly soluble is desirable so that
      relatively high concentrations of active ingredient can be obtained.
      Sometimes, one or more solvent carriers with or without a cosolvent can be
      used in order to obtain concentrated solutions of the active ingredient,
      the main consideration being to employ a water-immiscible solvent for the
      active ingredient that will hold the compound in solution over the range
      of concentrations useful for applying to insects and mites.
PAR  The emulsifiable concentrates of the invention are prepared, therefore, by
      dissolving the active ingredient and a surfactant in a substantially
      water-immiscible solvent carrier (i.e., a solvent carrier which is soluble
      in water to the extent of less than 2.5% by volume at temperatures of the
      order of 20.degree. to 30.degree.C.), for example, cyclohexanone, methyl
      propyl ketone, summer oils, ethylene dichloride, aromatic hydrocarbons
      such as benzene, toluene, and xylene, and high-boiling petroleum
      hydrocarbons such as kerosene, diesel oil, and the like. If desired, a
      cosolvent such as methyl ethyl ketone, acetone, isopropanol, and the like
      can be included with the solvent carrier in order to enhance the
      solubility of the active ingredient. Aqueous emulsions are then prepared
      by mixing with water to give any desired concentration of active
      ingredient. The surfactants which can be employed in the aqueous emulsions
      of the invention are those types noted above. Mixtures of surfactants can
      be employed, if desired.
PAR  Advantageously, the concentration of active ingredient in the emulsifiable
      concentrates can range from about 5% to about 50% by weight, preferably
      from about 10% to about 40%. A concentrate comprising 20% (by weight) of
      the compound dissolved in a water-immiscible solvent of the kind noted
      above can be admixed with an aqueous medium in the proportions of 13 ml.
      of concentrate with 1 gal. of medium to give a mixture containing 700
      parts of active ingredient per million parts of liquid carrier. Similarly,
      1 qt. of a 20% concentrate mixed with 40 gals. of water provides about
      1200 ppm (parts per million) of active ingredient. In the same manner,
      more concentrated solutions of active ingredient can be prepared.
PAR  The concentrate formulations of the invention which are intended for use in
      the form of aqueous dispersions of emulsions can also comprise a
      humectant, that is to say, an agent which will delay the drying of the
      composition in contact with material to which it has been applied.
      Suitable humectants include glycerol, diethylene glycol, solubilized
      lignins, such as calcium ligninsulfonate, and the like.
PAR  The granular formulations of this invention are convenient for application
      to soil when persistence is desired. Granulars are readily applied
      broadcast or by localized, e.g., in-the-row applications. The individual
      granules may be any desired size from 10 to 60 mesh, advantageously 20 to
      40 mesh. Granulars are prepared by dissolving the active compound in a
      solvent such as methylene chloride, xylene, or acetone and applying the
      solution to a quantity of a granulated absorbent carrier. Representative
      granulated absorbent carriers include ground corn cobs, ground walnut
      shells, ground peanut hulls, and the like. If desired, the impregnated
      granulated absorbent carrier can be coated with a coating that will
      preserve the integrity of the granular until it is applied to an object or
      situs favorable for release of the active ingredient.
PAR  The rates of application to insects, spiders, ticks, mites, objects, or
      situs will depend upon the species of arthropod to be controlled, the
      presence or absence of desirable living organisms, temperature conditions
      of treatment, and the method and efficiency of application. In general,
      arthropocidal activity is obtained when the compounds are applied at
      concentrations of about 10 to about 6000 ppm, preferably at concentrations
      of about 30 to about 4000 ppm.
PAR  The formulations containing new ar or ar' (alkylthio) benzoyl chloride
      phenylhydrazones according to the invention, can be applied to insects,
      mites, ticks, spiders, objects or situs by conventional methods. For
      example, an area of soil, a building, or plants can be treated by spraying
      wettable powder suspensions, emulsions, or solutions from power sprayers
      or from hand-operated knapsack sprayers. Dips can be used for livestock.
      Dusts can be applied by power dusters, or by hand-operated dusters. Creams
      and ointment formulations can be applied to skin or objects for prolonged
      protection from insects, spiders, ticks, or mites.
PAR  The active compounds of the invention can also be formulated in relatively
      dilute proportions in a dispersible insecticide carrier for household
      applications. Thus, the active compounds can be formulated in dusts having
      from about 0.1% to 5.0% active ingredient with a dusting powder as
      hereinbefore described, and in solutions containing from about 0.01% to
      about 5.0% active ingredient with deodorized kerosene for aerosol
      applications.
PAR  It will of course be appreciated that the conditions encountered when
      applying the method and formulations of this invention to actual practice
      can vary widely. Included among the variables that may be encountered are
      the degree of infestation by pests, the particular pest to be controlled,
      the particular situs being treated, the age or degree of development of
      animals or plants, the prevailing weather conditions, such as temperature,
      relative humidity, rainfall, dews, and so forth.
PAR  The compounds of Formula 1 are effective pesticides that can be used to
      control invertebrate pests in agriculture, in industry, and around the
      home. The compounds have been found to be active against invertebrate
      animals of the Phylum Arthropoda, illustratively Class Insecta, for
      example, order Coleoptera, more specifically, the cotton boll weevil
      (Anthonomus grandis Boheman), the confused flour beetle (Tribolium
      confusum Jacquelin de Val), and the Mexican bean beetle (Epilachna
      varivestis Mulsant), order Diptera, more specifically, the housefly (Musca
      domestica Linnaeus), order Orthoptera, more specifically, the house
      cricket (Acheta domesticus Linnaeus), and the German cockroach (Blatella
      germanica Linnaeus), and order Lepidoptera, more specifically, the
      Southern armyworm (Prodenia eridania Cramer), and Class Arachnida, for
      example, order Acarina, more specifically, the two-spotted spider mite
      (Tetranychus urticae Koch).
PAR  Efficacy against invertebrate pests has been demonstrated at concentrations
      of 1000, 500, 100, 50, and even 10 ppm depending upon the specific insect
      or mite used. Some invertebrate animal pests will be more sensitive to the
      compounds than others, and others might be quite resistant. In general,
      the compounds of Formula 1 are used at concentrations ranging from about
      30 to about 6000 ppm.
PAR  Compounds of the invention have also shown activity against parasitic
      worms, e.g., Nematospiroides dubius and Syphacia obvelata. The compound
      p-(methylthio)benzoyl chloride phenylhydrazone is particularly effective
      therefor.
CLMS
STM  I claim:
NUM  1.
PAR  1. The new chemical compounds ar or ar' (alkylthio) benzoyl chloride
      phenylhydrazones having the structural formula:
      ##SPC3##
PAL  wherein "alkyl" is of from 1 to 6 carbon atoms, inclusive, X is halogen,
      alkyl of from 1 to 6 carbon atoms, inclusive, alkylthio of from 1 to 6
      carbon atoms, inclusive, .alpha.-F.sub.n alkyl of from 1 to 3 carbon
      atoms, inclusive, wherein n is the integer 2 or 3, and nitro; Y is alkyl
      of from 1 to 6 carbon atoms, inclusive, halogen, alkylthio of from 1 to 6
      carbon atoms, inclusive, .alpha.-F.sub.n alkyl of from 1 to 3 carbon
      atoms, inclusive, and nitro; n' is an integer 0 to 3, inclusive; n" is 1
      except when Y is alkylthio, when it can be zero; m is an integer from 0 to
      3, inclusive, the sum of n' +n" +m being not more than 6, the sum of
      carbon atoms in the alkyl substituents being not more than 15, there being
      no more than one nitro group in the molecule, and no more than two
      .alpha.-F.sub.n alkyl groups on any benzene ring or three total.
NUM  2.
PAR  2. New chemical compounds according to claim 1 wherein n" is one and the
      "S-alkyl" group is in the para position.
NUM  3.
PAR  3. New chemical compounds according to claim 2, wherein n' is zero.
NUM  4.
PAR  4. New chemical compounds according to claim 3 wherein m is zero.
NUM  5.
PAR  5. The new chemical compound according to claim 4, p-(methylthio)benzoyl
      chloride phenylhydrazone.
NUM  6.
PAR  6. New chemical compounds according to claim 2 wherein the "S-alkyl" group
      is methylthio.
NUM  7.
PAR  7. New chemical compounds according to claim 6 wherein n' is zero.
NUM  8.
PAR  8. New chemical compounds according to claim 1 wherein Y is alkylthio and
      n" is zero.
NUM  9.
PAR  9. New chemical compounds according to claim 8 wherein alkylthio is
      methylthio.
NUM  10.
PAR  10. The new chemical compound according to claim 9 benzoyl chloride
      [p-(methylthio)phenyl]hydrazone.
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ABST
PAL  Microbiocidal quaternary ammonium polymers which are made by condensing a
      difunctional tertiary amine with an excess of 1,4-dihalo-2-butene, then
      after removing the unreacted 1,4-dihalo-2-butene, adding to the reaction
      product a calculated quantity of monofunctional tertiary amine for the
      purpose of forming a linear polymer whose termini at both ends are
      quaternary ammonium moieties.
BSUM
PAR  This invention relates to a new class of microbiocidal agents. More
      particularly, this invention relates to linear quaternary ammonium
      polymers in which the quaternary ammonium moieties are part of the linear
      polymeric chain rather than appendages to, or part of, branches on the
      linear chain. Even more particularly, this invention relates to such
      linear polymeric quaternary chains in which the chains terminate in
      quaternary ammonium moieties, thereby making further chain propagation
      impossible. Such polymers may, therefore, be called "capped" polymers.
PAR  The products of this invention can be made by a two step reaction. In the
      first step, a difunctional tertiary amine is condensed with slightly more
      than the molar equivalent of a 1,4-dihalo-2-butene, after which the
      unreacted dihalo compound is removed, and the reaction is completed in a
      second step by adding a calculated quantity of monofunctional tertiary
      amine. A slight excess of the dihalo compound is required in the first
      step.
PAR  If the difunctional amine is represented by N(R') (R") ZN (R') (R") and the
      1,4-dihalo-2-butene by X--CH.sub.2 --CH=CH--CH.sub.2 --X, where X is a
      halogen, then when the 1,4-dihalo-2-butene is not in excess, the first
      step of the reaction may be represented by the chemical equation:
      ##EQU1##
      where X is a halogen such as chlorine or bromine, where n is an integer
      from about 2 to about 30; where R' and R" may be either (1) a primary or
      secondary alkyl radical having from 1 to 20 carbon atoms, (2) hydroxy or
      dihydroxy derivatives of R' and R", (3) benzyl, or (4) benzyl containing
      at least one alkyl group bonded to the benzene ring but where the sum of
      the carbon atoms on all such alkyl groups is less than 7; where Z consists
      of from one to three aliphatic divalent radicals, each of which has 2 to
      10 carbon atoms, each aliphatic radical containing 0 to 2 double bonds and
      0 to 2 hydroxy substituents; where the group (R') (R") N, taken together,
      may be N-piperidino, N-pyrolidino, N-morpholino or N-homopiperidino; and
      where the group (R') (R")--N--Z--N--(R')(R"), taken together, may be N,
      N'-di-lower alkyl piperazine or 1,4 diazabicyclo ( 2.2.2) octane.
PAR  However, in the presence of a relatively small excess of
      1,4-dihalo-2-butene, the terminal atoms of the linear polymeric product of
      the first step are halogen atoms, the product being:
      ##EQU2##
      where the symbols have the same value or meaning as above.
PAR  Since these linear polymeric chains contain active halogen termini, the
      chains can be made to propogate if more difunctional tertiary amine is
      added to the reaction container already holding an excess of
      1,4-dihalo-2-butene. However, if the unreacted dichloro compound is
      extracted and a monofunctional tertiary amine is added to the reaction
      container after the excess dichloro compound is removed, then it reacts
      with the two terminal halogen atoms of the linear chain to form two
      terminal quaternary moieties.
PAR  This latter reaction constitutes the second step of the process of the
      present invention, and may be represented as follows:
      ##EQU3##
      where R'", R.sup.IV and R.sup.V may be either (1) primary or secondary
      alkyl containing from 1 to 20 carbon atoms, or (2) hydroxyethyl; where the
      group (R'")(R.sup.IV) (R.sup.V)N taken together may be either N-lower
      alkylpyrolidino, N-lower alkyl piperidino or N-lower alkyl homopiperidino;
      and where the other symbols have the same value or meaning as described
      previously.
DETD
PAR  The following examples are illustrative of the present invention:
PAC  EXAMPLE 1
PAR  To 42.6 grams of 1,4-bis(dimethylamino)-2-butene (0.3 mole) dissolved in
      100 ml. of water, there was added dropwise 50.0 grams of
      1,4-dichloro-2-butene (0.4 mole) with constant stirring. The rate of
      addition was maintained at a rate to keep the exothermic reaction at a
      temperature of 60.degree.C to 70.degree.C. When addition was complete, the
      reaction mixture was heated on a steam bath at about 90.degree.C to
      95.degree.C for more than two hours. Then it was cooled to 20.degree.C and
      extracted with three 100 ml. portions of ethyl ether to remove the
      unreacted 1,4-dichloro-2-butene, and the residue warmed in vacuo to remove
      ether from the layer containing the polyquaternary.
PAR  The polyquaternary aqueous layer was analyzed for total chlorine, and also
      for ionic chloride. The difference represented the quantity of terminal
      chlorine atoms on the polymeric chains.
PAR  The calculations showed that the equivalent of 0.03 moles of chlorine
      terminal atoms remained in the polyquaternary chains. Therefore, 4.75
      grams of octyl dimethyl amine (0.03 mole) was added to the aqueous layer,
      and the mixture heated on a steam bath for two more hours at about
      90.degree.C to 95.degree.C. The reaction mixture was analyzed for total
      polymer quaternary content, and the concentration was adjusted to 50%
      active polyquaternary.
PAR  The experiment was repeated using petroleum ether instead of ethyl ether to
      extract the excess dichloro compound. The similar results indicated that
      any inactive organic solvent may be used to extract the unreacted
      1,4-dichloro-2-butene.
PAC  EXAMPLE 2
PAR  In addition to the compound of Example 1, the following "capped" polymers
      were made by substituting other tertiary amines for octyl dimethyl amine,
      using the procedure of Example 1. They were as follows:
PAR  a. the polymeric quaternary formed by the reaction of
      1,4-bis(dimethylamino)-2-butene and 1,4-dichloro-2-butene, capped by decyl
      dimethyl amine
PAR  b. the polymeric quaternary formed by the reaction of
      1,4-bis-(dimethylamino)-2-butene and 1,4-dichloro-2-butene capped by
      dodecyl dimethyl amine.
PAR  c. the polymeric product formed by the reaction of
      1,4-bis-(dimethylamino)-2-butene and 1,4-dichloro-2-butene, capped by
      tetradecyl dimethyl amine
PAR  d. the polymeric product formed by the reaction of
      1,4-bis-(dimethylamino)-2-butene and 1,4-dichloro-2-butene capped by
      hexadecyl dimethyl amine
PAC  EXAMPLE 3
PAR  The following tertiary amines were also used to cap the polymeric
      quaternary of 1,4-bis-(dimethylamino)-2-butene and 1,4-dichloro-2-butene,
      using the procedure shown in example 1:
PAR  (a) Propyl dimethyl amine, (b) butyl dimethyl amine, (c) pentyl dimethyl
      amine, (d) hexyl dimethyl amine, (e) dibutyl methyl amine, (f) didecyl
      methyl amine, and (g) di-octyl methyl amine.
PAR  Microbiocidal evaluations were made as follows:
PAC  EXAMPLE 4
PAR  Each potential microbiocidal capped quaternary ammonium polymer to be
      tested was dissolved in distilled water to the test concentration, and was
      added aseptically to previously sterilized cotton-stoppered 125 ml.
      Erlenmeyer flasks.
PAR  One set of flasks containing the potential microbiocide at concentrations
      of 25 ppm, 50 ppm, 75 ppm, 100 ppm, 150 ppm, 200 ppm, 250 ppm, and 300 ppm
      was inoculated by introducing into each flask 0.5 ml. of a 1/10 nutrient
      broth dilution of a 24 hour nutrient broth culture of Aerobacter
      aerogenes. Another set of test flasks containing the potential
      microbiocide at similar concentrations was inoculated by introducing into
      each flask 0.5 ml. of a 1/10 nutrient broth culture of Pseudomonas
      aeruginosa.
PAR  At intervals of 30, 60 and 180 minutes following inoculation, a 1 ml.
      aliquot was withdrawn from each flask and added to 9 ml. of sterile
      azolectin/"Tween 80" neutralizer from which tenfold serial dilutions were
      prepared in the sterile neutralizer solution.
PAR  Agar plates were prepared from 1 .times. 10.sup.-.sup.2 and 1 .times.
      10.sup.-.sup.3 dilutions.
PAR  Simultaneously with each set of test flasks, a control of sterile distilled
      water was similarly inoculated, and aliquots were taken at the same time
      intevals and plated at 1 .times. 10.sup.4, 1 .times. 10.sup.5, and 1
      .times. 10.sup.6 dilutions.
PAR  A comparison of the surviving organisms for various test concentrations of
      the test material at different time intervals was made and tabulated.
PAR  The results were as follows:
TBL                                    Table 1                                 

     __________________________________________________________________________

     Number of survivors of A. Aerogenes following exposure                    

     to various capped polyquaternaries at different concentrations            

     for varying periods of time.                                              

     Compound   Concentration                                                  

                        No. of Surviving Organisms/ml.times.10.sup.2           

                in ppm  After                                                  

                            30 Min.                                            

                                  60 Min.                                      

                                        180 Min.                               

     __________________________________________________________________________

     Example 1  50          45   10    0                                       

                75          24   4     0                                       

     Example 2 (a)                                                             

                50          72   9     0                                       

                75          46   6     0                                       

     Example 2 (b)                                                             

                50          24   6     0                                       

                75          12   5     0                                       

     Example 2 (c)                                                             

                50          37   14    0                                       

                75          28   10    0                                       

     Example 2 (d)                                                             

                50          56   29    0                                       

                75          24   13    0                                       

     Untreated Control      45,000                                             

                                 55,000                                        

                                       111,000                                 

     __________________________________________________________________________

TBL                                    Table 2                                 

     __________________________________________________________________________

     Number of survivors of P. aeruginosa following exposure                   

     to various capped polyquaternaries at different concentrations for        

     varying periods of time.                                                  

     Compound   Concentration                                                  

                        No. of Surviving Organisms/ml .times.                  

                in ppm  After                                                  

                            30 Min.                                            

                                  60 Min.                                      

                                        180 Min.                               

     __________________________________________________________________________

     Example 1  50       940     466   0                                       

                75      480      275   0                                       

                100     84       26    0                                       

     Example 2 (a)                                                             

                50      750      205   0                                       

                75      230      140   0                                       

                100     105      44    0                                       

     Example 2 (b)                                                             

                50      695      137   0                                       

                75      192      59    0                                       

                100     82       30    0                                       

     Example 2 (c)                                                             

                50      746      150   0                                       

                75      412      81    0                                       

                100     65       17    0                                       

     Example 2 (d)                                                             

                50      746      176   0                                       

                75      390      89    0                                       

                100     74       26    0                                       

     Untreated Control  40,000   65,000                                        

                                       90,000                                  

     __________________________________________________________________________

PAR  The results of these tests show that the "capped" polyquaternary ammonium
      products are very effective microbiocides in concentrations at least as
      low as 50 ppm.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. The compound
      ##EQU4##
      wherein R' and R" are selected from the group consisting of (a) primary or
      secondary alkyls having 1 to 20 carbon atoms, (b) hydroxy or dihydroxy
      derivatives of R' and R", (c) benzyl, and (d) benzyl having at least one
      alkyl group bonded to the benzene ring, with the total sum of alkyl carbon
      atoms attached to the benzene ring being less than 7; wherein R'",
      R.sup.IV and R.sup.V are selected from the group consisting of (a) primary
      or secondary alkyls having 1 to 20 carbon atoms and (b) hydroxyalkyl;
      wherein Z consists of 1 to 3 aliphatic divalent radicals, each of which
      has 2 to 10 carbon atoms with each aliphatic radical having 0 to 2 double
      bonds and 0 to 2 hydroxy substituents; wherein X is selected from the
      group consisting of chlorine and bromine; and wherein n is an integer of
      about 2 to about 30.
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ABST
PAL  A process for the production of aromatic polyamines comprising condensing
      primary or secondary aromatic amines with formaldehyde or a formaldehyde
      precursor in the presence of an acid catalyst and liberating the
      polyamines on completion of condensation by the addition of a basically
      reacting reagent, wherein a mixture containing amine, catalyst, aldehyde,
      precondensates formed therefrom, and water, issuing from a mixer at a
      maximum temperature of about 40.degree.C., is separated into
PA1  A. a side stream in which the heat liberated from the reacting mixture is
      dissipated in a heat exchanger following dilution of the total quantity of
      mixture of amine and catalyst, cooled to below about 40.degree.C.,
      required for the reaction and the mixture thus obtained is reintroduced at
      a temperature of at most about 40.degree.C. into the mixer where
      formaldehyde is added, and
PA1  B. a main stream which is pumped, through a reaction zone kept at a maximum
      of about 40.degree.C., into one or more heated residence reactors arranged
      in series in which the condensation reaction is completed at from about
      80.degree.C. to about 200.degree.C.
BSUM
PAR  This invention relates to a process for the continuous production of
      aromatic polyamines by condensing aromatic amines with formaldehyde in the
      presence of an acidic catalyst.
PAR  Aromatic polyamines or mixtures of aromatic polyamines corresponding to the
      formula:
      ##SPC1##
PAL  Wherein
PA1  n is 0 or a positive integer and
PA1  R.sub.1 and R.sub.2 are hydrogen, halogen or alkyl
PAL  Which, following phosgenation to the corresponding isocyanates, can be
      foamed with suitable polyols.
PAR  It is known that aromatic polyamines of the above type can be produced by
      batch condensation by introducing an aldehyde into an amine/acid mixture,
      subsequently completing the reaction at boiling temperature and then
      liberating the resulting polyamines by the addition of alkali, see for
      example, German patent specification No. 1,138,177. However, processes of
      this kind have the usual disadvantages of batch processes, such as
      inconsistent product quality, and unsatisfactory economy attributable to
      poor volume/time yields and plant unreliability, especially as regards the
      shut-off systems.
PAR  It is also known that aromatic polyamines can be continuously produced in
      special mixer units which, through high turbulence, guarantee rapid
      homogenization of the mixture of amine/catalyst with aldehyde, see for
      example, British patent specification No. 1,183,153. The disadvantage of
      this process is the deposition of polymeric precondensates in the heat
      exchangers whose efficiency is reduced as a result. Effective cooling of
      the mixture, which undergoes a rapid increase in temperature due to the
      highly exothermic reaction, is however necessary, in order to avoid the
      formation of undesirable secondary products consisting predominantly of
      polymeric secondary amines with a fibrous or reticular molecular structure
      (molecular weight in excess of 1,000). The intensive cooling required
      brings the associated disadvantage that intensive cooling promotes the
      aforementioned deposits in the reactor system, resulting in blockages.
PAR  Finally, it is known that fully reacted aldehyde/amine/catalyst mixtures
      can be recycled into the mixture of starting components at the beginning
      of the process, and passed again through the entire section of the plant
      in which the condensation reaction takes place, resulting in the formation
      of polyamine mixtures which are distinguished by their high solubility in
      organic solvents, see for example, German Offenlegungsschrift No.
      1,959,168. Processes of this kind have the disadvantage that the products
      formed have a higher viscosity than those formed without recycling of the
      product, because some of the higher amines formed react with more aldehyde
      and monomeric amine to form polyamines having secondary amino groups,
      which can no longer be completely rearranged into primary amines.
      Unfortunately, amines of this kind when reacted with phosgene yield
      carbamic acid chlorides which corrode the phosgenation plants and, when
      foamed with polyols, produce foams having poor dimensional stability,
      especially in the cold.
PAR  It is therefore an object of this invention to provide a process for
      producing aromatic polyamines devoid of the foregoing disadvantages. It is
      another object of this invention to provide a process for producing
      aromatic polyamines by condensing a primary or secondary aromatic amine
      with formaldehyde or a formaldehyde precursor. A further object of this
      invention is to provide apparatus for the continuous production of
      aromatic polyamines. An additional object of this invention is to provide
      polyurethane foams using as the isocyanate precursor the phosgenation
      product of the aromatic polyamines prepared by the process of the
      invention.
PAR  The foregoing objects and others which will become apparent from the
      following description and the accompanying drawing, which schematically
      illustrates the process and apparatus of the invention are accomplished in
      accordance with the invention, generally speaking, by allowing the
      vigorous evolution of heat accompanying the reaction of aldehyde and
      catalyst/amine mixture to proceed simultaneously in spatially separate
      apparatus sections which are arranged in such a way that, in a cyclic
      system, a reaction mixture of low aldehyde content initially gives off the
      heat liberated in a heat exchanger, thereafter is condensed with the rest
      of the aldehyde until the ideal quantity is obtained, followed by the
      further evolution of heat, and finally, after the reaction has been
      continued in a heated residence vessel, the reaction mixture is worked up
      under alkaline conditions by methods well known to the art.
PAR  Accordingly, the present invention relates to a process for the production
      of aromatic polyamines comprising condensing a primary and/or secondary
      aromatic amine with formaldehyde in the presence of a suitable acid
      catalyst and liberating the resulting polyamines on completion of
      condensation by the addition of a basically reacting reagent,
      distinguished by the fact that the mixture containing amine, catalyst,
      aldehyde and precondensates formed therefrom, as well as water, issuing
      from a mixer at a maximum temperature of about 40.degree.C., is divided
      into
PAR  a. a side stream in which the heat liberated from the reacting mixture is
      dissipated in a heat exchanger following dilution with the total quantity
      of the mixture of amine and catalyst, cooled to below 40.degree.C.,
      required for the reaction, and the mixture thus obtained is re-introduced
      at a maximum temperature of 40.degree.C. into the mixer where the
      optionally cooled aldehyde is added, and
PAR  b. a main stream which is pumped, if desired, through a reaction zone kept
      at a maximum temperature of 40.degree.C., into one or more heated
      residence reactors arranged in series in which the condensation reaction
      is completed at a temperature of from 80.degree. to 200.degree.C.
PAR  In the process according to the invention, the aromatic amine and the
      formaldehyde or formaldehyde-donor are used in quantities corresponding to
      a molar ratio of from about 10 : 1 to about 1 : 1, preferably from about 4
      : 1 to about 2 : 1 based on monomeric formaldehyde. Acidic compounds
      preferably mineral acids, most preferably hydrochloric acid, are used as
      catalysts in the process according to the invention. In the process
      according to the invention, the molar ratio of amine to catalyst is from
      about 6 : 1 to about 1 : 1, preferably from about 3 : 1 to about 1 : 1.
PAR  Examples of aromatic amines suitable for use in the process according to
      the invention include aniline; o-, m-, and p-chloroaniline; o-, m-, and
      p-bromoaniline; o-, m-, and p-anisidine; o-, m-, and p-phenetidine; o-,
      m-, and p-toluidine; o-, m-, and p-ethylaniline; o-, m-, and
      p-isopropylaniline; o-, m-, and p-xylidines; a- and b-naphthylamine; o-,
      m-, and p-benzylaniline; o-, m-, and p-cyclohexylaniline; 2,4- and
      2,6-diaminotoluene; o-, m-, and p-diaminobenzene; mixtures of the
      aforementioned amines; and mixtures of the aforementioned amines with
      their aldehyde condensation products. Aniline is preferably used.
PAR  In addition to these primary amines, it is also possible to use
      N-monosubstituted aryl amines, for example, N-(C.sub.1 -C.sub.4
      -alkyl)-substituted derivatives of the aforementioned primary aromatic
      amines, in the process according to the invention. Whereas primary
      polyphenyl polymethylene polyamines, which can be converted with phosgene
      into the corresponding polyisocyanates, are obtained when primary amines
      are used in the process according to the invention, corresponding
      N-substituted polyphenyl polymethylene polyamines, which are used inter
      alia for the production of ureas by reaction with isocyanates, are
      obtained when N-monosubstituted aromatic amines are used.
PAR  Finally, mixtures of primary and secondary aromatic amines can also be used
      in the process according to the invention, in which case the corresponding
      polyamines containing primary and secondary amino groups are obtained.
      Thus, for example, when a mixture of N-methylaniline and o-toluidine is
      used, a diamine of the following formula
      ##SPC2##
PAL  is formed in admixture with isomers, higher homologues and corresponding
      symmetrical compounds.
PAR  In addition to formaldehyde, preferably in aqueous or aqueous-alcoholic
      solution, it is also possible to use formaldehyde donors, such as
      methylal, in the process according to the invention.
PAR  As already explained, hydrochloric acid is preferably used as catalyst in
      the process according to the invention. Other acid compounds are also
      suitable, such as, for example, sulphuric acid, hydrobromic acid, gaseous
      hydrogen chloride, acetic acid, phosphorus oxychloride and the like.
DETD
PAR  With reference to the schematic diagram, the apparatus required for
      carrying out the process according to the invention comprises two supply
      vessels 1 and 2 for aromatic amine and catalyst, from which pipes lead to
      a common delivery pump 3 followed by a first condenser 4 from which a pipe
      6 leads, optionally through another pump 5, through a mixing point A to a
      second condenser 7 whose output end is connected through another pump 8 to
      a mixer 9 which is in turn connected to a supply vessel 10 for
      formaldehyde. The output end of the mixer 9 is connected through the pump
      11 to junction B which leads, on the one hand, through a pipe 12 to the
      mixing point A, and on the other hand through a pipe to a residence zone
      13 and thence to reactors 14 and 15. Between the pump 8 and the mixer 9
      there is a junction C from which a pipe leads via inlet D to two reactors
      (not shown) similar to 14 and 15.
PAR  The invention provides apparatus for carrying out the process according to
      the invention, which comprises separate supply vessels 1 and 2 for
      aromatic amine and catalyst from which pipes lead to a common delivery
      pump 3 followed by two condensers 4 and 7 arranged in series, a pipe 6
      leading from the second condenser 7 to a mixer 9 which is connected to a
      supply vessel 10 for formaldehyde and whose output end is connected to a
      residence pipe opening into a reactor 13 distinguished by the fact that a
      return pipe 12 branches off between 9 and the residence zone 13, leading
      into the feed pipe 6 to the second condenser 7.
PAR  In the practical application of the process according to the invention, the
      temperature of the mixture of amine and catalyst leaving the condenser 4
      is from about 5.degree. to about 40.degree.C., preferably from about
      10.degree. to about 25.degree.C. After it has been combined with the side
      stream, the mixture flows through the condenser 7, leaving it at a
      temperature of from about 0.degree. to about 40.degree.C., preferably from
      about 10.degree. to about 25.degree.C. After the formaldehyde has been
      introduced into the mixer 9, the mixture is divided at junction B into a
      side stream delivered to the mixing point A and a main stream leading to
      the two reactors 14 and 15 via the residence zone 13. The quantitative
      ratio between side stream and main stream is from about 5 : 1 to about 1 :
      3. The maximum temperature prevailing in the residence zone 13 is about
      40.degree.C. The temperature prevailing in the reactors 14 and 15 is from
      about 80.degree. to about  200.degree.C., preferably from about 95.degree.
      to about 105.degree.C.
PAR  The process according to the invention offers a convenient means of
      simultaneously producing two amine mixtures having differing viscosities.
      If a component stream is removed from the side stream between the
      condenser 7 and the mixer 9, more particularly between the pump 8 and the
      mixer 9 at junction C, and allowed to react to completion in heatable
      reactors similar to 14 and 15, after passage through a residence zone
      similar to 13, an amine mixture containing a large proportion of binuclear
      amines is obtained after working up under alkaline conditions due to the
      higher amine/formaldehyde ratio of the reaction mixture removed at C. In
      order to displace the isomer distribution in favour of
      4,4'-diaminodiarylmethanes when aromatic monoamines are used, it is also
      of advantage additionally to feed in acidic catalyst at junction D in
      order to reduce the proportion of 2,4'-diaminodiarylmethanes.
PAR  The reaction product leaving the reactors 14 and 15 contains the end
      products partly in the form of their ammonium salts so that, for
      purification, the end products have to be subsequently subjected to
      working up under alkaline conditions in the customary manner.
PAR  To produce high-grade products, especially polyamines which can be reacted
      with phosgene to form the corresponding polyisocyanates without any
      residue formation, the temperature profile in particular is of crucial
      importance in the process according to the invention, in addition to an
      inert gas atmosphere (the apparatus components are preferably sealed off
      from the atmosphere and are under inert gas), and adequate turbulence of
      the reaction mixture, which can be adjusted with sufficiently high rates
      of products flow in the turbular reactor system or by means of a jet
      mixer. It has been found that a temperature of about 40.degree.C. should
      not be exceeded in the pre-reaction section, i.e., before entry into the
      reactor 14. If temperatures higher than this are allowed in the
      pre-reaction section, deposits are formed on the walls of the reactor and
      phosgenation of the polyamine mixture is made difficult by resin-like
      deposits. At temperatures below 40.degree.C. in the pre-reaction zone, the
      plant remains free from polymeric deposits and the polyamine mixture can
      be reacted with phosgene by known methods in the absence of any residue
      formation. Providing this critical temperature is observed, the reaction
      mixture flowing into the reactor 14 consists merely of the starting
      components and, predominantly, of N-substituted precondensates, while
      formation of the end products through reaction of the N-substituted
      precondensates by rearrangement into the corresponding nuclear-substituted
      end products, optionally accompanied by reaction with any excess of the
      starting amine, takes place solely in the reactor section 14 and 15. It
      has proved to be of advantage to heat the mixture leaving the pre-reaction
      zone immediately to about 80.degree.C. or more on entry into the reactor
      14 without any transition zone.
PAR  The process according to the invention affords the particular advantage
      that, because of the dilution effect due to recycling the side stream, the
      reaction mixture remains thinly liquid throughout. For this reason, the
      product can be cooled as required without causing any deposits on the
      heat-exchanger surfaces because it is impossible for a thixotropic phase
      to occur during the reaction in contrast to the continuous processes of
      the prior art. The heat exchanger 7 remains free from deposits even after
      a prolonged service period of several months.
PAR  By virtue of the principle according to the invention of recycling the side
      stream into the cooled amine/catalyst mixture and dissipating heat through
      the heat exchanger 7, and by suitably selecting the ratio of side stream
      to main stream, the reaction mixture does not exceed the critical
      temperature of about 40.degree.C. anywhere before entering the reactors,
      for an average residence time of from about 30 seconds to about 15
      minutes.
PAR  As already explained, it is possible by virtue of the process according to
      the invention to produce polyamines which are eminently suitable for the
      production of the corresponding polyisocyanates by simply phosgenating the
      polyamines in manners well known to the art.
PAR  Thus, the invention also relates to the use of the primary aromatic
      polyamines obtainable by the process according to the invention as a
      starting component in the production of polyisocyanates by the wellknown
      amine phosgenation process.
PAR  The invention is illustrated by the following Examples in which all parts
      and percentages are by weight unless otherwise indicated.
PAC  EXAMPLES
PAC  Example 1
PAR  A continuous stream of about 2 parts by volume of aniline from vessel 1 and
      1 part by volume of about 30% aqueous hydrochloric acid from vessel 2
      (molar ratio of aniline to hydrochloric acid about 2.32 : 1), is adjusted
      to about 15.degree.C. in condenser 4 and introduced at point A into the
      loop (cyclic system). About 1 part by volume of formalin, in the form of
      about 30% aqueous solution, is introduced from the vessel 10 through the
      mixer 9 functioning on the principle of the water-jet pump (molar ratio of
      aniline to fromaldehyde, about 2 : 1). At junction B the product stream is
      divided into two equal parts, one half flowing through the reaction zone
      13 to the reactors 14 and 15, while the other half is diluted at point A
      with freshly arriving aniline/aniline hydrochloride and, after passing
      through the condenser 7 re-enters the mixer. The temperatures are adjusted
      as follows: The aniline hydrochloride and formalin are adjusted to about
      15.degree.C. and the condenser 7 is operated in such a way that the
      temperature of the reacting mixture does not exceed about 25.degree.C. at
      any point around the loop. At the end of zone 13, before entry into the
      reactor 14, the mixture has a temperature of about 40.degree.C. After an
      average residence time of about 1 hour in the reactors 14 and 15 heated to
      from about 100.degree. to about 120.degree.C. (the conventional kettle
      reactors can be used as the reactors), the mixture is made alkaline with
      about 0.65 parts by volume of about 50% aqueous sodium hydroxide solution
      at a temperature of about 110.degree.C., separated off from the
      aqueous/alkaline salt solution, and distilled in a column evaporator in
      vacuo at a temperature of from about 100.degree. to about 230.degree.C.
      until it is free from water and aniline. The polyamine mixture thus
      prepared has the following characteristics:
     Diphenyl methylene diamine content                                        

                                 62%                                           

     Triphenyl dimethylene triamine content                                    

                                 24%                                           

     Tetraphenyl trimethylene tetramine content                                

                                 10%                                           

     Pentaphenyl tetramethylene pentamine content                              

                                  5%                                           

     Viscosity at 80.degree.C.   63 cP                                         

     Yield, based on aniline used                                              

                                 89%                                           

PAC  Example 2
PAR  The procedure as in Example 1 is followed except that the temperature in
      the loop between junction A and condenser 7 is allowed to rise to about
      40.degree.C., followed by cooling again at 7 to such an extent that the
      temperature at junction B is about 20.degree.C. The polyamine mixture
      obtained has the following characteristics:
TBL  Diphenyl methylene diamine content                                        

                                 64%                                           

     Triphenyl dimethylene triamine content                                    

                                 24%                                           

     Tetraphenyl trimethylene tetramine content                                

                                  9%                                           

     Pentaphenyl tetramethylene pentamine content                              

                                  4%                                           

     Viscosity at 80.degree.C.   61 cP                                         

     Yield, based on aniline used                                              

                                 86%                                           

PAC  Example 3
PAR  The procedure is as in Example 2, except that the product stream is divided
      at junction B in such proportions that about 2 parts by volume flow
      through the loop while about 1 part by volume flows through zone 13. The
      polyamine mixture thus prepared has the following characteristics:
TBL  Diphenyl methylene diamine content                                        

                                 60%                                           

     Triphenyl dimethylene triamine content                                    

                                 25%                                           

     Tetraphenyl trimethylene tetramine content                                

                                 10%                                           

     Pentaphenyl tetramethylene pentamine content                              

                                  5%                                           

     Viscosity at 80.degree.C.   66 cP                                         

     Yield, based on aniline used                                              

                                 85%                                           

PAC  Example 4
PAR  The procedure is as in Example 2, except that instead of aniline the same
      volume of a mixture of about 90% of aniline and about 10% of 4,4'-diamino
      diphenyl methane is used as the amine. The polyamine mixture thus prepared
      has the following characteristics:
TBL  Diphenyl methylene diamine content                                        

                                 59%                                           

     Triphenyl dimethylene triamine content                                    

                                 25%                                           

     Tetraphenyl trimethylene tetramine content                                

                                 10%                                           

     Pentaphenyl tetramethylene pentamine content                              

                                  6%                                           

     Viscosity at 80.degree.C.   72 cP                                         

     Yield, based on the amine mixture used                                    

                                 93%                                           

PAC  Example 5
PAR  The procedure is as in Example 2, except that a mixture of about 10 parts
      by volume of aniline and about 5 parts by volume of about 30% hydrochloric
      acid is fed in at point A, while about 2 parts by volume of about 30%
      aqueous formalin solution is introduced into the mixer 9. The stream is
      divided at junction B in such proportions that about 5 parts by volume
      flow into the loop and about 3 parts by volume into the zone 13, while at
      junction C it is divided in a ratio of about 4 : 1, the larger component
      being delivered to mixer 9 while the smaller component is further treated
      in exactly the same way as the product flowing from B into the zone 13.
      The end product obtained from junction (B) has characteristics identical
      to those obtained in Example 2. The product branched off at C yields a
      polyamine mixture having the following characteristics:
TBL  Diphenyl methylene diamine content                                        

                                 84%                                           

     Triphenyl dimethylene triamine content                                    

                                 12%                                           

     Tetraphenyl trimethylene tetramine content                                

                                  2%                                           

     Pentaphenyl tetramethylene pentamine content                              

                                  1%                                           

     Viscosity at 80.degree.C.   26 cP                                         

PAR  The total yield amounts to about 71%, based on the aniline used. The yield
      of low-viscosity product, based on aniline, amounts to about 48%, while
      the yield of higher-viscosity product amounts to about 86%, and the ratio
      of the corresponding product quantities amounts to about 1 : 2.7.
PAC  Example 6
PAR  The procedure is as in Example 2, except that instead of aniline the same
      volume of o-toluidine is used as the amine. The polyamine mixture thus
      prepared has the following characteristics:
TBL  Di-(o-toluidyl)-methane content                                           

                               63%                                             

     Triamine content          20%                                             

     Tetramine content          5%                                             

     Yield, based on the o-toluidine used                                      

                               98%                                             

PAC  Example 7
PAR  The procedure is as in Example 2, except that a mixture of equal parts by
      volume of aniline and o-toluidine is used as the amine. The polyamine
      mixture thus prepared has the following characteristics:
TBL  Diamino diphenyl methane content                                          

                                18%                                            

     Di-o-toluidyl methane content                                             

                                19%                                            

     Aminophenyl-o-toluidyl methane content                                    

                                37%                                            

     Triamine content           23%                                            

     Tetramine content           2%                                            

     Yield, based on the amine mixture used                                    

                                97%                                            

PAC  Example 8
PAR  The procedure is as in Example 2, except that N-methylaniline is used
      instead of aniline. The polyamine mixture obtained has the following
      characteristics:
TBL  N,N'-dimethylamino diphenyl methane content                               

                                 54%                                           

     Triamine content            25%                                           

     Tetramine content           10%                                           

     Viscosity at 80.degree.C.   98 cP                                         

     Yield, based on the N-methylaniline used                                  

                                 95%                                           

PAC  Example 9
PAR  The procedure is as in Example 2, except that a mixture of equal parts of
      N-methyl and N-ethyl aniline is used instead of aniline. The polyamine
      mixture obtained has the following characteristics:
TBL  N,N'-dimethylamino diphenyl methane content                               

                                11%                                            

     N,N'-diethylamino diphenyl methane content                                

                                14%                                            

     N-methyl-N'-ethyl-diamino diphenyl methane                                

      content                   26%                                            

     Triamine content           32%                                            

     Tetramine content          15%                                            

     Viscosity at 80.degree.C.  133 cP                                         

     Yield, based on the amine mixture used                                    

                                90%                                            

PAC  Example 10
PAR  The procedure is as in Example 2, except that an equivalent volume of a
      mixture of equal parts by volume of o-toluidine and N-methylaniline is
      used instead of aniline. The polyamine mixture obtained has the following
      characteristics:
TBL  Diamine content           60%                                             

     Triamine content          19%                                             

     Tetramine content          7%                                             

     Viscosity at 80.degree.C. 97 cP                                           

     Yield, based on the amine mixture used                                    

                               96%                                             

PAC  Example 11
PAR  A solution of about 200 parts of the polyamine obtained in accordance with
      Example 1, in 1,300 parts by volume of chlorobenzene is allowed to flow,
      with cooling and stirring into a solution, cooled to about -10.degree.C.,
      of about 320 parts of phosgene in about 1,200 parts by volume of
      chlorobenzene. The rate of flow of the addition is adjusted in such a way
      that a temperature of about 30.degree.C. is not exceeded. Finally, the
      mixture is slowly heated to about 100.degree.C. while more gaseous
      phosgene is introduced, and the temperature of 100.degree.C. is maintained
      for about 2 hours. The phosgene is removed by applying a water-jet vacuum,
      after which the solvent is distilled off in vacuo, leaving behind about
      240 parts of a polyisocyanate mixture eminently suitable for the
      production of polyurethanes. Its content of binuclear, trinuclear,
      tetranuclear and pentanuclear components corresponds to that of the
      polyamine mixture used.
PAR  Although the invention is described in considerable detail in the foregoing
      Examples, it is to be understood that the Examples are intended solely for
      purposes of illustration and that many variations may be made by one
      skilled in the art without departing from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the production of an aromatic polyamine comprising
      condensing a primary or secondary aromatic amine with formaldehyde or a
      formaldehyde precursor in the presence of an acid catalyst and liberating
      the polyamine upon completion of condensation by the addition of a
      basically reacting reagent, wherein a first mixture of the total
      quantities of the amine and the catalyst required for the reaction is
      formed and cooled to below about 40.degree.C. and wherein a second mixture
      containing amine, catalyst, aldehyde, precondensates formed therefrom, and
      water, issues from a mixer at a maximum temperature of about 40.degree.C.,
      the improvement which comprises separating said second mixture into
PA1  a. a side stream which is admixed with the first mixture to form a reacting
      mixture liberating heat, which heat is dissipated in a heat exchanger, and
      introducing the reacting mixture at a temperature of at most about
      40.degree.C. into the mixer into which the formaldehyde or formaldehyde
      precursor is added, and
PA1  b. a main stream which is passed through a reaction zone, maintained at a
      maximum temperature of about 40.degree.C., and into a heated residence
      reactor maintained at a temperature from about 80.degree.C. to about
      200.degree.C., wherein the condensation reaction is completed.
NUM  2.
PAR  2. The process of claim 1, wherein the ratio of side stream to a main
      stream is from about 5 : 1 to about 1 : 3.
NUM  3.
PAR  3. The process of claim 1, wherein a second side stream is removed from the
      system immediately before the mixer, and is reacted, in heated residence
      reactors to form a polyamine with a binuclear polyamine content of more
      than 70% by weight.
NUM  4.
PAR  4. The process of claim 1 wherein aniline, o-toluidine, N-methylaniline,
      N-ethylaniline or a mixture thereof, is used as the aromatic amine.
NUM  5.
PAR  5. The process of claim 1, wherein hydrochloric acid is used as the
      catalyst.
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ABST
PAL  Preparation and isolation in substance of ortho-aminothiphenols by the
      reduction of ortho-chloronitrobenzenes with hydrogensulfides or sulfides,
      subsequent neutralization in the presence of sulfites, hydrogensulfites or
      disulfites, separation and following purification of the crude products.
      The ortho-aminothiophenols are obtained in very good yields and with a
      high degree of purity. Oxydation to the disulfide compound is avoided by
      the processes of the invention.
PARN
     This application is a continuation of application Ser. No. 258,312 filed
      May 31, 1972 and now abandoned.
BSUM
PAR  The present invention relates to a process for the preparation of
      o-aminothiophenols.
PAR  O-aminothiophenol compounds are important intermediates for the preparation
      of dyestuffs, pharmaceutics and herbicides, known in the art.
PAR  The most simple way of preparing these compounds is the reaction of
      o-chloronitrobenzene with sodium hydrogensulfide (NaHS) or sodium sulfide
      (Na.sub.2 S) in an alkaline, aqueous medium at temperatures above
      80.degree.C to yield o-aminothiophenol as described in J. Chem. Soc. 127,
      442). In this process, the first reaction step is the exchange of chlorine
      against the hydrogen-sulfide group which is followed by the reduction of
      the nitro group. The by-product thereby obtained is o-chloroaniline in an
      amount of up to 10%. The o-aminothiophenol in alkaline solution can be
      further reacted in this medium by various methods, for example, with
      carbon disulfide under the formation of 2-mercapto-benzthiazole. The free
      o-aminothiophenol, however, cannot be isolated by simple neutralization of
      the alkaline solution. Even when excluding the oxygen of the air,
      quantitative oxidation occurs to yield 2,2'-diaminodiphenyl disulfide.
PAR  In contradistinction thereto, p-aminothiophenol can be obtained by heating
      p-chloronitrobenzene with sodium sulfide (Na.sub.2 S . 9 H.sub.2 O) under
      reflux, extracting with ether a small amount of oil which was formed while
      cooling, acidifying the aqueous solution with acetic acid after saturation
      with sodium chloride and extracting the freed oil also with ether.
PAR  After distillation, p-aminothiophenol is obtained in a yield of 69% of the
      theoretical amount. When applying this operation method for the
      preparation of o-aminothiophenol, a yield of 5% in theory is obtained at
      maximum, while the compound obtained in this process is almost exclusively
      2,2'-diamino-diphenyl-disulfide. Correspondingly, also substituted
      orthoaminothiophenols are obtained in a very small yield, when they are
      prepared according to this known process. Thus,
      4-chloro-2-amino-thiophenol can only be isolated in a yield of 8% of the
      theory highest; even the reduction of 4-chloro-3-nitrotoluene only
      results, after neutralization of the reaction mixture, in a quantitative
      oxidation of the intermediarily formed 4-methylamino-thiophenol.
PAR  It was therefore surprising, that o-aminothiophenol compounds could be
      prepared directly from o-chloronitrobenzenes by the action of
      hydrogensulfides or sulfides when isolating the free o-aminothiophenols
      from the alkaline solutions by neutralization with a mineral acid in the
      presence of about 1.5 to about 2.5 moles of a water-soluble sulfite or of
      about 0.75 to about 1.25 moles of a water-soluble disulfite per mole of
      chloronitro compound at a temperature within the range of from about
      0.degree.C to about 30.degree.C and at a pH ranging from about 5 to about
      7.
PAR  The reactions are advantageously carried out in such a manner that the
      ortho-compound is introduced together with water into the stirring
      apparatus while working under a protective inert gas, preferably under
      nitrogen atmosphere, and the water-soluble sulfide or hydrogensulfide,
      preferably solutions of sodium hydrogensulfide or sodium sulfide, are
      added to the mixture in usual manner at temperatures within the range of
      from 80.degree.C to 95.degree.C within a period of from 4 to 6 hours.
PAR  After having obtained the corresponding salt of the o-aminothiophenol
      compound the chloroaniline compound formed as by-product in the reaction
      is eliminated from the alkaline solution by steam distillation. To avoid
      the oxidation to the disulfide in the following neutralization,
      water-soluble sulfites or disulfites, especially alkali sulfites, above
      all sodium sulfite, are added to the aqueous alkaline aminothiophenolate
      solution, advantageously at room temperature (20.degree.C). Generally, a
      water-soluble hydrogensulfite may also be used, in which case the pH value
      has to be adjusted correspondingly. The sodium sulfite is added in an
      amount of from about 1.5 to about 2.5 moles, preferably of about 1.6
      moles, calculated on the chloronitro compound. An excess of sulfides or
      hydrogen sulfides does not hamper the oxidation. The use of other
      reduction agents, such as hydrogen or zinc dust, does not lead to
      satisfactory results.
PAR  The neutralization of the aminothiophenolate solution may be carried out in
      the presence of a solvent, such as benzene, toluene, ethyl benzene or
      xylenes, or also in the absence of such a solvent.
PAR  The neutralization is carried out at a temperature within the range of from
      about 0.degree.C to about 30.degree.C, advantageously of from 5.degree.C
      to 15.degree.C. The acid is added just so rapidly that no local
      overheating can occur. Suitable neutralization agents are mineral acids,
      preferably sulfuric acid, phosphoric acid and hydrohalous acids,
      especially hydrochloric acid. The pH is adjusted at about 5 to about 7,
      advantageously at 6.
PAR  After having completed the neutralization, the organic phase is separated,
      the mother liquor may be stirred once with solvent, and the reaction
      product is isolated by distillation in vacuo. Aminothiophenols which
      decompose during the distillation are dissolved, after the isolation from
      the mother liquor, again as salts, preferably as sodium salts, and are
      thus freed from sulfur and disulfide impurities.
PAR  Suitable starting materials are o-chloronitrobenzenes which may carry 1 or
      2 substituents, such as alkyl groups, preferably methyl, ethyl, propyl or
      halogen atoms. O-chloronitrobenzene and 2,5-dichloronitrobenzene are
      preferably used as starting materials.
PAR  The technical progress of the invention is that o-aminothiophenols are
      obtained in pure state in a satisfactory amount by preparing them in a
      one-stage process starting from o-chloronitrobenzenes. The so far known
      methods of preparing ortho-aminothiophenols with following isolation in a
      satisfactory yield which are time-consuming, difficult and costly, are
      decisively improved by the process of the invention or can even be done
      without.
DETD
PAR  The following Examples illustrate the invention, the parts and percentages
      being by weight.
PAC  EXAMPLE 1
PAR  473 Parts of o-chloronitrobenzene and 300 parts of water were introduced
      into a stirring apparatus. The mixture was heated at 80.degree. to
      85.degree.C while stirring and at that temperature, within 3 hours under
      nitrogen atmosphere, 723 parts of an aqueous 36% sodium hydrogensulfide
      solution and, subsequently, within 1 hour, again 723 parts of this 36%
      sodium hydrogensulfide solution were added dropwise to that mixture. The
      nitrogen atmosphere was maintained to protect the following reaction
      steps. To complete the reaction, stirring was continued for 3 hours at a
      temperature of from 80.degree.C to 85.degree.C. Then, o-chloraniline
      formed as by-product was separated by steam distillation. After cooling to
      room temperature (from 20.degree.C to 30.degree.C)1210 parts of sodium
      sulfite (Na.sub.2 SO.sub.3.7H.sub.2 O) and 346 parts of xylene were added
      successively and the pH was adjusted at 6 with 560 parts of 30%
      hydrochloric acid at from 8.degree.C to 10.degree.C within 3 hours while
      stirring. After precipitation and separation of the organic phase, the
      aqueous mother liquor was stirred once with 174 parts of xylene. The
      o-aminothiophenol was isolated from the organic phase by distillation in
      vacuo.
PA1  Yield: 71% in theory, calculated on o-chloronitrobenzene.
PA1  Boiling point: 112.degree.C under 10 mm mercury;
PA1  Refraction index n.sub.20.sup.D =  1.17;
PAR  Diazo value: 99.7%.
PAC  EXAMPLE 2
PAR  473 Parts of o-chloronitrobenzene and 300 parts of water were reacted at
      from 80.degree.C to 85.degree.C within 7 hours under nitrogen atmosphere
      with 2,420 parts of an aqueous 30% sodium sulfide solution (Na.sub.2 S)
      while stirring. Then, the o-chloroaniline formed as by-product was
      separated by steam distillation in the same manner as described in Example
      1. After cooling to 20.degree.C. 456 parts of sodium pyrosulfite (Na.sub.2
      S.sub.2 O.sub.5) and 346 parts of xylene were added and the pH was
      adjusted at 6 with 210 parts of 30% hydrochloric acid at a temperature of
      from 8.degree.C to 10.degree.C within 2 hours while stirring. The
      o-aminothiophenol was isolated in the same manner as described in Example
      1.
PA1  Yield: 70% in theory, calculated on o-chloronitrobenzene.
PA1  Boiling point: 112.degree.C under 10 mm mercury.
PA1  Refraction index n.sub.20.sup.D =  1.17.
PAR  Equally good yields were obtained when extracting the o-aminothiophenol
      with benzene or xylene instead of toluene.
PAC  EXAMPLE 3
PAR  384 Parts of 2,5-dichloronitrobenzene and 200 parts of water were
      introduced into a stirring apparatus and reacted with 1,000 parts of 36%
      sodium hydrogensulfide solution in the same manner as described in Example
      1. Then, the 2,5-dichloroaniline obtained as by-product was separated by
      steam distillation. After cooling to 20.degree.C 806 parts of sodium
      sulfite (Na.sub.2 SO.sub.3 . 7 H.sub.2 O) were added and the pH was
      adjusted at 6 with 374 parts of 30% hydrochloric acid at a temperature
      within the range of from +10.degree.C to 12.degree.C within 2 to 3 hours
      while stirring. The precipitated solid reaction product was
      suction-filtered, dissolved in 1,000 parts of a 8% sodium hydroxide
      solution at 50.degree. to 60.degree.C to separate the sulfur and the
      disulfide; the solution was suction-filtered from the undissolved moiety
      and 4-chloro-2-aminothiophenol was precipitated from the filtrate at room
      temperature (20.degree. C) with 242 parts of 30% hydrochloric acid.
PA1  Yield: 59% in theory, calculated on 2,5-dichloronitrobenzene.
PA1  Melting point: 44.degree.C;
PA1  Diazo value: 99.6%.
PAC  EXAMPLE 4
PAR  514 Parts of 4-chloro-3-nitro-toluene and 300 parts of water were reacted
      in the same manner as described in Example 1 at from 90.degree. to
      95.degree.C with 1446 parts of a 36% aqueous sodium hydrogen sulfide
      solution while stirring. Then, the 4-chloro-3-amino-toluene which had
      formed as by-product was eliminated by steam distillation. After cooling
      to 20.degree. - 30.degree.C, 1,210 parts of sodium sulfite (Na.sub.2
      SO.sub.3 . 7 H.sub.2 O) and 430 parts of xylene were successively added
      and the pH was adjusted at 6 at a temperature within the range of from
      10.degree. to 12.degree.C within from 2 to 3 hours with 565 parts of a 30%
      hydrochloric acid while stirring. For better separation of the phases, the
      mixture was heated at 25.degree.C and the mother liquor was stirred with
      174 parts of xylene. The 4-methyl-2-amino-thiophenol was isolated from the
      organic phase by vacuum distillation.
PA1  Yield: 60% of the theoretical amount, calculated on
      4-chloro-3-nitrotoluene:
PA1  Solidification point: 46.degree.C;
PA1  Boiling point: 122.degree.C, under a pressure of 10 mm mercury.
PAC  Comparison Example
PAR  When applying the mentioned process of the preparation of
      p-amino-thiophenol (cf. J. Am. Chem. Soc. 71, 1747) to the preparation of
      4-methyl-2-amino-thiophenol, quantitative oxidation occurs during the
      neutralization to yield 2,2'-diamino-4,4' -dimethyldiphenyldisulfide.
PAC  EXAMPLE 5
PAR  576 Parts of 2,5-dichloro-nitrobenzene and 300 parts of water were placed
      in a stirring apparatus and reacted in the same manner as described in
      Example 1 with 1,446 parts of a 36% sodium hydrogen sulfide solution at a
      temperature within the range of from 80.degree. to 85.degree.C. Then, the
      2,5-dichloroaniline formed as by-product was separated by steam
      distillation. After cooling to 20.degree.C 1,210 parts of sodium sulfite
      and 430 parts of xylene were successively added and the pH was adjusted at
      6 at a temperature within the range of from 8.degree. to 12.degree.C
      during 3 to 4 hours with 550 parts of 30% hydrochloric acid while
      stirring. After precipitation and separation of the organic phase, the
      aqueous phase was stirred once with 174 parts of xylene.
      4-Chloro-2-amino-thiophenol was isolated from the organic phase, combined
      by vacuum distillation.
PA1  yield: 58% of the theoretical amount, calculated on
      2,5-dichloronitrobenzene;
PA1  Sodification point: 45.degree.C;
PA1  Boiling point: 127.degree.C under a pressure of 10 mm mercury.
PAC  Comparison Example
PAR  When applying the known operation method used for the preparation of
      p-amino-thiophenol, the yield of 4-chloro-2-aminothiophenol was only 8% of
      the theoretical amount at maximum. In this case too, the corresponding
      disulfide was formed almost exclusively.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the preparation of an o-aminothiophenol compound from
      o-chloro-nitrobenzene-compounds by the action of water-soluble
      hydrogen-sulfides or sulfides, the improvement comprising isolating the
      free aninothiophenol from the alkaline solution by neutralization with
      mineral acid in the presence of from 1.5 to 2.5 moles of a water-soluble
      sulfite or of from 0.75 to 1.25 moles of a water-soluble disulfite per
      mole of o-chloronitrobenzene compound at a temperature within the range of
      from about 0.degree.C to about 30.degree.C and at a pH ranging from 5 to
      7.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein sodium sulfite is used as
      water-soluble sulfite.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein about 1.6 moles of sodium
      sulfite are used per mole of chloronitrobenzene.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein the neutralization is carried
      out at a temperature within the range of from 5.degree.C to 15.degree.C.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein the pH is adjusted at 6 during
      neutralization.
NUM  6.
PAR  6. A process as claimed in claim 1, wherein the reaction is carried out in
      an atmosphere of inert gas.
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ABST
PAL  2-Lower alkyl-cyclopentan-1,3-diones are prepared in high yield by
      cyclization of gamma-ketoesters in the presence of a colloidal suspension
      of an alkali metal primary lower alcoholate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  2-Lower alkyl-cyclopentan-1,3-diones are important intermediates for the
      total synthesis of steroids. A number of syntheses of this important class
      of intermediates have been reported, including syntheses which involve the
      cyclization of gamma-ketoesters in the presence of base. In particular,
      U.S. Pat. No. 3,349,130 to Bucourt, et al., teaches such cyclization in
      the presence of alkali metal tertiary alcoholates. French Pat. No.
      1,564,830 to Watson, et al. teaches such cyclizations in the presence of
      sodium hydride.
PAR  Since alkali metal tertiary alcoholates and sodium hydride are relatively
      expensive and somewhat difficult to prepare in large quantities and are
      thus not practical for a large-scale commercial cyclization process, it
      would be desirable to have a cyclization method which would afford high
      yields of product and which would utilize relatively inexpensive and easy
      to prepare cyclization agents.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention involves the cyclization of gamma-ketoesters to
      afford 2-lower alkyl-cyclopentan-1,3-diones. In particular, the present
      invention relates to the preparation of lower alkyl cyclopentan-1,3-diones
      of the formula
      ##SPC1##
PAL  Wherein R.sub.1 is lower alkyl by cyclization of gamma-ketoesters of the
      formula
      ##SPC2##
PAL  Wherein R.sub.1 and R.sub.2 are each lower alkyl. The term "lower alkyl" as
      used herein refers to a monovalent, saturated straight chain substituent
      consisting solely of carbon and hydrogen of up to 8 carbon atoms. Examples
      of lower alkyl groups are methyl, ethyl, n-propyl, n-butyl, n-hexyl,
      n-octyl, and so forth.
PAR  As can be seen from the above formulae, the cyclized products have a lower
      alkyl group (R.sub.1) in the 2-position. Preferred products are
      2-methyl-cyclopentan-1,3-dione and 2-ethyl-cyclopentan-1,3-dione.
PAR  The starting materials for the present invention are gamma-ketoesters, and
      the term "lower alkyl" for the substituent R.sub.2 has the same
      significance as presented above for the substituent R.sub.1. Examples of
      lower alkyl esters which may be utilized for the practice of the present
      invention are methyl esters, ethyl esters, n-propylesters, and so forth.
      Particularly preferred esters are methyl esters and ethyl esters.
PAR  In accordance with the present invention, the conversion of a
      gamma-ketoester of formula II to a 2-alkyl-cyclopentan-1,3-dione of
      formula I is carried out by heating the starting material in the presence
      of a colloidal suspension of an alkali metal primary lower alcoholate in
      an inert organic solvent medium.
PAR  Alkali metal primary lower alkyl alcoholates that may be utilized for the
      practice of the present invention include sodium alkyl alcoholates,
      potassium alkyl alcoholates and lithium alkyl alcoholates. Particular
      primary lower alky alcoholates which may be mentioned are methoxides,
      ethoxides, n-propoxides, and so forth. Preferred primary lower alkyl
      alcoholates are those derived from methanol and ethanol, that is,
      methoxides and ethoxides. Sodium methoxide and sodium ethoxide are
      particularly preferred and sodium methoxide is especially preferred.
PAR  It has been found that the unexpected results achieved by the present
      invention occur when utilizing a primary lower alkyl alcoholate as a
      colloidal suspension in an inert organic solvent medium. If the base is
      utilized in a different form, e.g., as a solid or a solution, inferior
      results are obtained.
PAR  Thus, for example, the addition of a commercially prepared (solid) sodium
      methoxide to a refluxing xylene solution of a gamma-ketoester affords
      significantly lower yields of cyclized material as compared with the use
      of a colloidal suspension of sodium methoxide, as described hereinafter.
PAR  A colloidal suspension of the alcoholate may be prepared by methods known
      per se for producing colloidal suspensions of materials of this type in
      organic media. A preferred method for preparing a colloidal suspension is
      by addition of a concentrated solution of the alcoholate in its
      corresponding alcohol (e.g., sodium methoxide in methanol) to refluxing or
      near refluxing solvent medium. In this manner, the lower boiling alcohol
      is readily distilled from the reaction mixture, usually as an azeotrope,
      leaving the alcoholate behind as a colloidal suspension.
PAR  As solvent media which may be mentioned for the practice of the present
      invention, there are hydrocarbons and substituted hydrocarbons. Examples
      of hydrocarbons are aliphatic hydrocarbons, e.g., heptane, octane,
      ligroine, etc. and benzene hdyrocarbons, e.g., benzene, toluene, xylene,
      etc. Examples of substituted hydrocarbons are chlorobenzene, bromobenzene,
      nitrobenzene and the like. A particularly preferred solvent for the
      present cyclization is xylene.
PAR  It has been found that especially favorable results may be obtained by the
      addition of small amounts of polar aprotic cosolvents to the reaction
      medium. Among the cosolvents which may be mentioned are dimethylformamide
      (DMF), dimethylsulfoxide (DMSO) and hexamethylphosphorictriamide (HMPT). A
      particularly preferred cosolvent is DMSO. The amount of cosolvent which
      may be added, to produce especially favorable results, is in the range of
      0.1 to 2.0 equivalents relative to the gamma-ketoester being cyclized. An
      especially preferred range is from about 0.2 to about 0.5 equivalents.
PAR  The quantity of alkali metal primary alkyl alcoholate which may be utilized
      for the present cyclization may be in the range of from about 1 to about 5
      equivalents relative to the gamma-ketoester being cyclized. An especially
      preferred range is from about 1 to about 2.5 equivalents.
PAR  The cyclization reaction is carried out at an elevated temperature in the
      range of from about 80.degree. to about 250.degree.C. It is preferred to
      carry out the cyclization at about the boiling point of the reaction
      medium. Thus, for a preferred solvent such as xylene, the reaction
      temperature would be in the range of from about 130.degree. to about
      140.degree.C. The carrying out of the reaction at about the boiling point
      of the reaction medium affords several advantages, one of them being the
      formation and distillation of an azeotrope of the hydrocarbon solvent with
      the alcohol of reaction, as well as that added for the introduction of the
      alcoholate, thus allowing for the removal of substantially all alcohol
      from the reaction mixture.
PAR  The process of the present invention is further illustrated by the
      following specific examples. It is to be understood that these examples
      are illustrative only of the invention and are not to be construed as
      limitative thereof in any manner.
PAC  EXAMPLE 1
PAC  Preparation of 2-methylcyclopentan-1,3-dione -- Typical procedure
PAR  A 3 l. three-necked flask, equipped with a dropping funnel, a mechanical
      stirrer and a distillation head with thermometer and efficient Liebig
      condenser was charged with 1.4 l of xylene (b.p. 138.degree.-141.degree.).
      The xylene was stirred and heated to boiling, while 179 g of a 24% (wt/wt)
      sodium methoxide solution in methyl alcohol (43 g = 0.80 moles
      NaOCH.sub.3) was added over 20 min. (the sodium methoxide solution was
      prepared by dissolving 23 g sodium in 203 g methyl alcohol). During this
      period, 450 ml of solvent was distilled off. After the addition was
      complete, 300 ml of xylene was added and the distillation was continued
      until the vapor temperature reached 138.degree.. This resulted in the
      collection of an additional 250 ml of distillate. Then, 18 ml of dimethyl
      sulfoxide (Fisher) was added to the white suspension. A dropping funnel
      containing 100 g (0.633 moles) of 4-oxohexanoic acid ethyl ester in 200 ml
      of xylene was attached to the reaction flask; this solution was added to
      the vigorously stirred sodium methoxide suspension over 25 min. while 900
      ml of solvent was distilled off continuously keeping the vapor temperature
      at 134.degree.-137.degree.. The orange-colored mixture was stirred and
      heated for further 5 min. and then allowed to cool to room temperature.
      Water was added, the mixture was acidified and the product was filtered,
      washed, dried and recrystallized from water to afford 50.6 g (71%) of
      2-methyl-cyclopentan-1,3-dione, m.p. (uncorr.): 210.degree.-211.degree.C.
PAR  The results in the following table were obtained by repeating the procedure
      of Example 1 on a 5 g scale, varying the quantity of base, the solvent
      and, in some cases, adding a cosolvent. The results indicate the effect of
      these variations. The overall lower yields, as compared with that in
      Example 1, are due to the smaller scale of the experiment. Yields
      comparable to that in Example 1 can be obtained by conducting the
      cyclization on a larger scale.
TBL  __________________________________________________________________________

     Base (equivalent)                                                         

                 Solvent                                                       

                      Cosolvent (equivalent)                                   

                                  Yield                                        

     __________________________________________________________________________

     NaOC.sub.2 H.sub.5                                                        

           2     xylene           31%                                          

                                  UV-assay.sup.a                               

     NaOCH.sub.3                                                               

           2     xylene           48%                                          

                                  recryst.                                     

     NaOCH.sub.3                                                               

           1     xylene           43%                                          

                                  UV-assay.sup.a                               

     NaOCH.sub.3                                                               

           1     xylene                                                        

                      DMSO  0.4   52%                                          

                                  UV-assay.sup.a                               

     NaOCH.sub.3                                                               

           1     xylene                                                        

                      HMPT  0.2   53%                                          

                                  UV-assay.sup.a                               

     NaOCH.sub.3                                                               

           1     toluene                                                       

                      DMSO  0.4   40%                                          

                                  recryst.                                     

     NaOCH.sub.3                                                               

           1     ligroine                                                      

                      DMSO  0.4   28%                                          

                 90/120           crude                                        

     __________________________________________________________________________

      .sup.a UV-assay: crude yield .times. .epsilon..sub.254                   

      (crude)/.epsilon..sub.254 (pure)                                         

PAC  EXAMPLE 2
PAC  Preparation of 2-ethylcyclopentan-1,3-dione
PAR  A 1 l. three-necked flask, equipped with a dropping funnel, mechanical
      stirrer and a distillation head with thermometer and Liebig condenser was
      charged with 515 ml of xylene (b.p. 138.degree.-140.degree.), stirred and
      heated to boiling. 65.9 g of a 24% (wt/wt) sodium methoxide solution
      (prepared as in Example 1) in methyl alcohol (15.8 g = 0.293 moles) was
      added over 10 min., distilling off continuously the methyl alcohol. 300 ml
      of additional xylene were added and distillation was continued until the
      vapor temperature reached 135.degree.. After the addition of 6.6 ml of
      dimethylsulfoxide, a solution of 40 g (0.232 moles) of 4-oxoheptanoic acid
      ethyl ester in 80 ml of xylene was added over 25 min. to the vigorously
      stirred sodium methoxide suspension while keeping the vapor temperature at
      ca. 135.degree.C by continuous distillation of xylene. The orange-colored
      mixture was stirred and heated for an additional 5 min. and then allowed
      to cool to room temperature. Water was added, the mixture was acidified
      and the product filtered, washed, dried and recrystallized from water to
      afford 13.45 g (46%) of 2-ethyl-cyclopentan-1,3-dione, m.p. (uncorr.):
      171.degree.-172.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of 2-methylcyclopentan-1,3-dione using commercial sodium
      methoxide
PAR  A 250 ml three-necked flask, equipped with dropping funnel, mechanical
      stirrer and distilling head with condenser was charged with 3.4 g (63
      mmoles) of sodium methoxide (Harshaw Chemical Co.) and 150 ml of xylene.
      The mixture was heated to boiling and a solution of 5 g (32 mmoles) of
      4-oxohexanoic acid ethylester in 10 ml of xylene was added dropwise over a
      period of 10 min., while xylene was continuously distilled off keeping the
      vapor temperature at 135.degree.. After the addition was complete, heating
      was continued for 1 hr. and the distilled solvent replaced from time to
      time by an equal amount of xylene. The reaction mixture was next cooled in
      an ice bath. Water was added and the mixture was acidified, the product
      filtered, washed and dried to afford 910 mg of slightly yellow crystals,
      m.p. 206.degree.-210.degree.. Crude yield: 25.7%; UV purity: 87%;
      corrected yield: 22.4%.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of a compound of the formula
      ##SPC3##
PAL  wherein R.sub.1 is lower alkyl, which comprises treating a compound of the
      formula
      ##SPC4##
PAL  wherein R.sub.1 and R.sub.2 are each lower alkyl, with a colloidal
      suspension of an alkali metal primary lower alkyl alcoholate in an inert
      organic solvent medium, at an elevated temperature.
NUM  2.
PAR  2. The process of claim 1 wherein the alkali metal primary lower alcoholate
      is sodium methoxide.
NUM  3.
PAR  3. The process of claim 1 wherein R.sub.1 is methyl, that is, the compound
      of formula I is 2-methyl-cyclopentan-1,3-dione.
NUM  4.
PAR  4. The process of claim 1 wherein R.sub.1 is ethyl, that is, the compound
      of formula I is 2-ethyl-cyclopentan-1,3-dione.
NUM  5.
PAR  5. The process of claim 1 wherein the inert organic solvent medium is
      selected from the group consisting of aliphatic hydrocarbons, benzene
      hydrocarbons and substituted benzene hydrocarbons.
NUM  6.
PAR  6. The process of claim 5 wherein the solvent is xylene.
NUM  7.
PAR  7. The process of claim 1 wherein the colloidal suspension of alkali metal
      primary lower alcoholate is prepared by addition of a concentrated
      solution of said alcoholate in its correspondong alcohol to the solvent
      medium at about reflux.
NUM  8.
PAR  8. The process of claim 1 wherein the solvent medium contains between about
      0.1 and 2.0 equivalents of a polar aprotic cosolvent, relative to the
      compound of formula II.
NUM  9.
PAR  9. The process of claim 8 wherein between about 0.2 and 0.5 equivalents of
      cosolvent are utilized.
NUM  10.
PAR  10. The process of claim 8 wherein the polar aprotic cosolvent is
      dimethylsulfoxide.
NUM  11.
PAR  11. The process of claim 1 wherein between about 1 and 5.0 equivalents of
      alkali metal primary lower alcoholate are utilized.
NUM  12.
PAR  12. The process of claim 11 wherein between about 1 and 2.5 equivalents of
      alkali metal primary lower alkyl alcoholate are utilized.
NUM  13.
PAR  13. The process of claim 1 wherein the temperature is between about
      80.degree. and 250.degree.C.
NUM  14.
PAR  14. The process of claim 13 wherein the reaction temperature is at about
      the reflux point of the solvent medium.
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ABST
PAL  New heterocyclic derivatives containing nitrogen useful for perfumery and
      the flavour industry and use of same as perfuming and/or flavouring
      ingredients in the manufacture of perfumes and perfumed products and/or in
      the preparation of artificial flavours for foodstuffs, beverages, animal
      feeds, pharmaceutical preparations and tobacco products.
PAL  Process for preparing the said heterocyclic derivatives which are equally
      useful as starting materials for preparing known fragrance compounds.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new nitrogen heterocyclic derivatives having the
      formula
      ##SPC1##
PAL  Wherein:
PA1  The ring contains one endocyclic double bond in position 1, 2, 3 or 4, or
      an exocyclic double bond in position 2, or two conjugated double bonds in
      positions 1 and 3, the double bonds being represented by the dotted lines;
      and
PA1  Each of the symbols R.sup.1, R.sup.2, R.sup.3, R.sup.4 and R.sup.5
      represents either a lower alkyl containing from 1 to 6 carbon atoms, or a
      hydrogen atom.
PAR  The present invention relates further to a process for preparing the
      compounds of formula I, as well as to the use of same as perfuming and
      flavouring ingredients in accordance with a compounding technique
      conventional in the art.
PAR  The present invention relates further to new .beta.-amino-ketones of
      formula
      ##SPC2##
PAL  Wherein:
PAR  N= ZERO OR 1;
PA1  The side-chain attached at position 1 of the ring contains one double bond
      (when n = zero) or one single bond (when n = 1) in position 2';
PA1  The ring contains one or two double bonds as aforesaid; and
PA1  The symbols R.sup.1, R.sup.2, R.sup.3, R.sup.4 and R.sup.5 have the same
      meaning as that indicated for formula I.
PAC  BACKGROUND OF THE INVENTION
PAR  The compounds of formula I belong to a new class of chemical compounds
      which have the characteristic structure of 1,2-oxazole or isoxazole
      ##SPC3##
PAR  The synthesis of isoxazolic derivatives was thoroughly studied in the past
      and several methods for preparing the said compounds are known and
      described in the scientific literature [cf. e.g.: Ber., 28,2540 (1895);
      idem. 36, 3665 (1903); Compt. rend., 137, 795 (1903); J. Am. Chem. Soc.,
      49, 2078 (1927); Gazz. Chim. Ital., 70, 676 (1940); idem, 72, 99 (1942);
      idem, 76, 148 (1946)]. The methods described in the aforementioned
      references can be distinguished depending on whether they relate to:
      syntheses achieved by
PA1  1. reacting 1,3-dicarbonyl compounds with hydroxylamine in accordance with
      the following scheme:
      ##SPC4##
PA1  2. reacting .alpha.-acetylenic ketones or aldehydes with hydroxylamine in
      accordance with the following scheme:
      ##SPC5##
PA1  3. reacting halogenated .alpha., .beta.-ethylenic ketones or aldehydes with
      hydroxylamine according to
      ##SPC6##
PAL  Or
PA1  4. reacting .alpha.,.beta.-unsaturated ketones with hydroxylamine
      ##SPC7##
PAR  In accordance with this latter method an intermediate isoxazoline is
      obtained which, when subjected to an oxidation, e.g. by means of chromic
      acid, can be converted into the corresponding isoxazole derivative. This
      latter synthesis has however the disadvantage of yielding several
      by-products depending on the acidity of the reaction medium, the
      respective proportions of the reagents used and the nature of the
      substituents.
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  We have now unexpectedly found that by reacting a compound of formula
      ##SPC8##
PAL  wherein the dotted lines as well as the symbols R.sup.1, R.sup.2, R.sup.3,
      R.sup.4 and R.sup.5 have the same meaning as aforeindicated, with a
      halogen, e.g. iodine or bromine, or with a donor of positive halogen, e.g.
      N-bromosuccinimide, preferably in a neutral or alkaline medium, isoxazoles
      having formula I are obtained.
PAR  The process of the invention has the advantage, as compared with the known
      process described in particular sub 4 above, of directly yielding an
      isoxazole without forming the intermediate isoxazoline. Thus, one
      operational step is omitted and thereby the necessity of proceeding to an
      oxidation which, in many cases, cannot be performed (e.g. when a molecule
      possesses further oxidizable groups), is avoided.
PAR  Nitrogen derivatives II, used as starting materials in the process of the
      invention, can be prepared by reacting .alpha.,.beta.-unsaturated ketones
      of formula
      ##SPC9##
PAL  (wherein the substituents R.sup.1, R.sup.2, R.sup.3, R.sup.4 and R.sup.5
      and the dotted lines are defined as aforesaid) with hydroxylamine,
      generally in the form of its hydrochloride, according to the conventional
      techniques (cf. in this respect: L.F. Fieser and M. Fieser, Organic
      Chemistry, Reinhold Publ. Corp., New York, (1956), p. 211 ff.)
PAR  The ketones of formula III represent a class of derivatives which are
      better known under the name of ionones and whose preparation has been
      thoroughly studied and described, viz. in Helv. Chim. Acta, 30, 2213
      (1947); idem, 30,2216 (1947); Fortschritte der Chemie organischer
      Naturstoffe, VIII, 146 (1951); J. Chem. Soc., 1074 (1951); J. Org. Chem.,
      32, 180 (1967). Some of the said compounds of formula III are commercially
      available.
PAR  The formation of isoxazoles I according to the invention is preferably
      effected by means of iodine. This latter is maintained, at least
      partially, in solution in an aqueous medium by the addition of an alakli
      metal iodide, e.g. potassium iodide.
PAR  The cyclization reaction is preferably performed in an aqueous medium in
      the presence of an inert organic solvent such as an alcohol, e.g.
      methanol, ethanol, n-propanol or isopropanol, or in the presence of an
      ether, e.g. ethyl ether, dioxan, tetrahydrofuran, monoglyme or diglyme.
      Methyl alcohol or tetrahydrofuran are preferred.
PAR  The said cyclization may occur in a wide temperature range. The formation
      of the desired isoxazole was observed at temperatures from 25.degree. to
      50.degree.C. However, it is preferred to operate at temperatures higher
      than those aforeindicated. Indeed, it has been found that the best yields
      of final product were obtained when the cyclization was effected at the
      boiling temperature of the chosen solvent or at a temperature in the
      vicinity thereof. Of course, higher temperatures can also be used, in
      particular when the operation is carried out at a pressure exceeding the
      atmospheric pressure.
PAR  The reaction time can also vary within a wide range. Thus, if the reaction
      is carried out at a temperature from about 60.degree. to about
      80.degree.C, good yields of final product are obtained within a reaction
      time comprised between about 1 hour and about 24 hours. Generally 21/2
      hours are sufficient for the complete conversion of compounds II into
      their cyclic derivatives. As mentioned above, the reaction is preferably
      carried out in a neutral or alkaline medium. pH values comprised between
      about 7 and about 12 can be conveniently used. In order to attain and to
      maintain in the course of the reaction this preferred acidity a buffer can
      be used, e.g. a boric or phosphoric salt of an alkali metal, e.g. sodium
      tetraborate, or sodium or potassium mono- or dihydrogenophosphate, or
      sodium hydrogenocarbonate. For reasons of economy the last mentioned
      buffer reagent is preferred.
PAR  When iodine is used as the cyclizing agent, the reaction is preferably
      carried out in the absence of light; however, this condition is not
      essential.
PAR  According to another process of the present invention, isoxazoles I are
      prepared by cyclizing the epoxidized derivatives on the side chain of
      compounds II. More particularly, by cyclizing a compound of formula
      ##SPC10##
PAL  containing an exocyclic or endocyclic double bond in position 2 of the ring
      in the presence of a dehydrating agent, which is preferably acid, the
      corresponding isoxazoles are obtained in a very good yield.
PAR  The compounds of formula VII can be readily obtained from the corresponding
      .alpha., .beta.-epoxidized ketones by reacting these latter with
      hydroxylamine in accordance with the conventional techniques (cf. e.g. :
      L. F. Fieser and M. Fieser, Organic Chemistry, Reinhold Publ. Co., New
      York (1956), p. 211 and ff).
PAR  The .alpha., .beta.-epoxidized ketones used as starting materials in the
      aforesaid process can be prepared according to the method described, e.g.,
      in Helv. Chim. Acta, 53, 531 (1970).
PAR  Preferred acidic dehydrating agents include strong organic and mineral
      acids, such as p-toluenesulphonic acid, sulphuric acid or hydrochloric
      acid.
PAR  The cyclization of epoxy-oximes VII can be carried out by dissolving the
      starting material in an inert solvent. Suitable solvents include aromatic
      hydrocarbons, e.g. benzene or toluene, or cycloaliphatic hydrocarbon, e.g.
      cyclohexane. The temperature used can vary widely, but the cyclization is
      generally performed at a temperature from about 20.degree.C to the boiling
      temperature of the solvent chosen, preferably from about 60.degree. to
      about 90.degree.C.
PAR  Although the intramolecular reaction between an oxime group -NOH and an
      epoxy center is known and described [cf. particularly: Ber., 49, 2782
      (1916)], the above described process provides a new and economic solution
      of the specific problem brought about by the synthesis of isoxazoles I.
PAR  Apart from being useful in their own right by virtue of their valuable
      organoleptic properties, the compounds of formula I are also useful as
      intermediates in the preparation of compounds of formula
      ##SPC11##
PAL  (wherein the symbols R.sup.1, R.sup.2, R.sup.3, R.sup.4 and R.sup.5 and the
      dotted lines have the meaning already given), which are very useful as
      odoriferous or flavouring ingredients [cf. in this respect e.g.: French
      Pat. No. 1,591,031; Swiss Pat. Nos. 513,094, 513,096, 513,097; Helv. Chim.
      Acta, 53, 541 (1970)].
PAR  The compounds of formula I which contain an endocyclic double bond in
      position 2 of the ring can be converted into their corresponding
      derivatives containing a double bond in position 1 of the ring by means of
      a basic or acid agent.
PAR  The present invention relates further to a new process for the preparation
      of compounds of formula IV, which process comprises reducing a compound of
      formula I, and subsequently removing an ammonia molecule of the resulting
      .beta.-amino-ketone of formula
      ##SPC12##
PAL  (wherein the symbols R.sup.1, R.sup.2, R.sup.3, R.sup.4 and R.sup.5, and
      the dotted lines have the meaning already given).
PAR  The above mentioned process can be illustrated by the following reaction
      scheme:
      ##SPC13##
PAR  The reduction of compounds I can be effected by means of a metal such as an
      alkali metal, e.g. lithium, sodium or potassium, or an alkaline earth
      metal, e.g. calcium, in solution. The solutions are preferably prepared in
      liquid ammonia in the presence of a proton donating agent according to
      known techniques [A. J. Birch, Quart. Rev. (London), 4, 69 (1950) H. O.
      House, Modern Synthetic Reactions, W. A. Benjamin Inc. (1965), New York,
      p. 50 and ff.].
PAR  According to a modification of the aforedescribed process, the compounds of
      formula V can also be prepared by reducing the isoxazolium salts of
      formula
      ##SPC14##
PAL  wherein R represents a lower alkyl, e.g. methyl or ethyl, and X.sup.-
      represents an anion, e.g. I.sup.-, Br.sup.-, Cl.sup.-, BF.sub.4 .sup.-, or
      ClO.sub.4 .sup.-, according to the same conditions as those described
      above for the reduction of compounds I. The compounds of formula Ib can be
      obtained by quaternization of the osixazoles I by means of the usual
      techniques, e.g. by treatment with an alkyl halide. Typically, the
      isoxazolium iodides are prepared by heating compounds I in the presence of
      equivalent amounts or an excess of methyl iodide. When carrying out the
      quaternization there was also observed a partial isomerization of the
      cyclic double bond of the cyclohex-2-ene derivatives into their
      cyclohex-1-ene derivatives. This isomerization can be represented as
      follows
      ##SPC15##
PAR  The removal of ammonia from the obtained .beta.-aminoketone can take place
      by means of a mineral or organic acid or even more simply by the action of
      heat. Thus, good yields of final product are obtained by the use of
      p-toluene-sulphonic acid or by heating the .beta.-amino-ketone at a
      temperature from about 80.degree. to about 250.degree.C. In order to
      facilitate the removal of ammonia, a slow stream of inert gas, e.g. argon,
      can be bubbled through the reaction medium subjected to heating.
PAR  Another modification of the process of the present invention consists in
      reducing compounds of formula I by means of a catalytic hydrogenation so
      as to provide an imino-ketone which by subsequent reduction, yields an
      amino derivative of formula V.
PAR  The reduction can be performed by means of the techniques described above
      for the reduction of compounds I; typically, by the so-called
      "Birch"-method [cf.: cited references].
PAR  The variant referred to may be illustrated by the following reaction
      scheme:
      ##SPC16##
PAR  The obtained imino-ketones VIa, b can also be reduced by means of sodium
      cyanohydroborate (NaBH.sub.3 CN) according to the method described in J.
      Am. Chem. Soc., 93, 2897 (1971).
PAR  Owing to the combined action of the two processes of the invention it is
      thus possible to convert a compound having an ionone structure III into
      its derivative of formula IV. This conversion can be considered as a
      transposition of the carbonyl group in the side chain and may be
      illustrated schematically as follows:
      ##SPC17##
PAR  The said conversion represents a hitherto unknown and technically original
      solution of the problem brought up by the synthesis of unsaturated cyclic
      ketones IV. Most of these compounds, and various processes for their
      preparation have been described in the past. The synthetic methods used
      heretofore for the preparation of such compounds include:
PA1  a. partial hydrogenation of the corresponding acetylenic derivatives [Swiss
      Pat. No. 498,795];
PA1  b. direct condensation of ann organo-metallic propene derivative with a
      cyclogeranoyl derivative [Swiss Pat. No. 503,684];
PA1  c. cyclization of a "pseudo-ketone" by means of an acidic cyclization agent
      [Swiss Pat. No. 503,685];
PA1  d. dehydrogenation of a cyclohexenic ketone to obtain the corresponding
      cyclohexadienic derivative [Swiss Pat. No. 505,733].
PAR  The present invention provides a new process for preparing the ketones of
      formula IV, having the advantages of affording better yields and using
      more readily accessible starting materials than the earlier processes.
PAR  Typical examples of the compounds belonging to one of the aforecited
      formulae include:
PA1  3-Methyl-5-[2,6,6-trimethyl-cyclohex-2-en-1-yl]-isoxazole,
PA1  3-Methyl-5-[2,6,6-trimethyl-cyclohex-1-en-1-yl]-isoxazole,
PA1  3-Methyl-5-[2-methylene-6,6-dimethyl-cyclohex-1-yl]-isoxazole,
PA1  3-Methyl-5-[2,6,6-trimethyl-cyclohexa-1,3-dien-1-yl]-isoxazole,
PA1  3-Methyl-5-[2,5,6,6-tetramethyl-cyclohex-2-en-1-yl]isoxazole,
PA1  3,4-Dimethyl-5-[2,6,6-trimethyl-cyclohex-2-en-1-yl]-isoxazole,
PA1  2,6,6-Trimethyl-1-[3-amino-but-2-enoyl]-cyclohex-2-ene,
PA1  2,6,6-Trimethyl-1-[3-amino-but-2-enoyl]-cyclohex-1-ene,
PA1  2-Methylene-6,6-dimethyl-1-[3-amino-but-2-enoyl]-cyclohexane.
PAR  The compounds of formula I possess interesting organoleptic properties and
      impart to the substances to which they are added fruity and sweet notes
      reminiscent of the fragrance of certain tobaccos. They are used in
      particular for modifying, reinforcing or improving the olfactive
      properties of perfume compositions and as odoriferous ingredients in
      diluted or concentrated perfumes and in perfumed products.
PAR  The concentration at which isoxazoles I are used in order to produce an
      interesting effect vary widely.
PAR  In perfume compositions, e.g., interesting effects can be achieved by the
      presence of the new compounds in concentrations of 0.5 to 1% of the total
      weight of the perfumed composition. Depending on the organoleptic result
      which is to be achieved, these concentrations can be as high as 10 - 15%
      or even higher.
PAR  If the compounds of formula I are used for modifying, improving or
      reinforcing the organoleptic properties of foodstuffs, animal feeds,
      beverages or tobacco, they can be used at proportions of from about 10 to
      100 ppm, based on the product to be flavoured.
PAR  In all cases, the ranges mentioned above may be increased beyond the
      indicated values.
DETD
PAR  The invention is illustrated by the following examples, in which all
      temperatures are expressed in degrees centigrade.
PAC  EXAMPLE 1
PAC  3-Methyl-5-[2,6,6-trimethyl-cyclohex-2-en-1-yl]-isoxazole
PAR  A solution of 88.9 g of sodium hydrogenocarbonate in 750 ml of water was
      added, while stirring, to a solution of 530 g .alpha.-ionone oxime (0.260
      mole) in 750 ml of tetrahydrofuran.
PAR  The process was then carried on in the absence of light, and a solution of
      148.6 g of potassium iodide and 69.2 g of iodine (0.270 mole) in 500 ml of
      water was added. After refluxing for 7 hours, the solution was allowed to
      stand overnight. After dilution with 500 ml of a concentrated solution of
      sodium bisulphite in water, the reaction mixture was extracted with ether
      (750 ml) and the combined organic extracts were dried over anhydrous
      sodium sulphate and concentrated under reduced pressure. Distillation of
      the thus obtained residue yielded 28.75 g of isoxazole with a yield of
      54%. B.p. 69.degree.-70.degree./0.04 Torr.
PA1  Ir (chcl.sub.3) : 2960, 1595, 1445, 1415 cm.sup..sup.-1
PA1  Nmr (cdcl.sub.3) : 0.73 (3H, s); 0.99 (3H, s); 1.55 (3H, m); 2.22 (3H, s);
      2.92 (1H, broad band, s); 5.49 (1H, m); 5.68 (1H, s); 1.2-2.2 (4H,
      multiplet) .delta. ppm UV (95% ethanol) : nm max 218 (.epsilon. 9750).
PA1  Ms (70 eV) : M.sup.+ = 205.
PAR  The .alpha.-ionone oxime used as starting material for the preparation of
      the isoxazole according to the method described above, can be prepared as
      follows:
PAR  77 g of hydroxylamine hydrochloride and 125 g of anhydrous sodium acetate
      in 200 ml of water were added to a solution of 200 g of .alpha.-ionone in
      500 ml of ethanol. The reaction was slightly exothermic and the
      temperature rose to about 35.degree.. After stirring of the reaction
      mixture for 15 minutes, the volatile portions were distilled off under
      reduced pressure. The residual aqueous solution was then diluted with 200
      ml of water and extracted with two fractions of 150 ml each of
      petroleum-ether (b.p. 80.degree.-100.degree.). The combined organic
      extracts were washed with water and a 10% diluted solution of sodium
      hydrogenocarbonate until neutrality. The evaporation of the volatile
      portions resulted in a residue constituted by the desired oxime (210 g).
      An analytical sample was prepared by purification by means of thin layer
      chromatography.
PAC  EXAMPLE 2
PAC  2,6,6-Trimethyl-1-[but-2-enoyl]-cyclohex-2-ene
PAR  a. 4.10 g (0.020 mole) of
      3-methyl-5-[2,6,6-trimethyl-cyclohex-2-en-1-yl]-isoxazole were dissolved
      in 5 ml of anhydrous ethanol and the solution was added to 0.173 g of a
      mixture of 83.6% of platinum oxide in 30 ml of ethanol, the said mixture
      having previously been subjected to a hydrogenation. The solution was then
      subjected to a hydrogenation at room temperature and at atmospheric
      pressure and, after absorption of one equivalent of hydrogen, filtered
      through a "Celite" carrier. After having been concentrated under reduced
      pressure the residual solution was subjected to chromatography on a
      magnesium silicate column by elution with a mixture of chloroform/hexane
      (25/75) to yield 3.73 g (yield: 90%) of
      2,6,6-trimethyl-1-[3-amino-but-2-enoyl]-cyclohex-2-ene.
PA1  Ir (chcl.sub.3) : 3485, 2950, 1615, 1590, 1520 cm.sup..sup.-1
PA1  Nmr (cdcl.sub.3) : 0.89 (6H, s); 1.58 (3H, m); 1.90 (3H, s); 2.38 (1H,
      broad band, s); 5.06 (1H, broad band, s); 5.50 (1H, m); 1.2 - 2.3 (4H,
      multiplets) .delta. ppm
PA1  Uv (95% ethanol) : nm max 301 (.epsilon. 18,400)
PA1  Ms (70 eV) : M.sup.+ = 207.
PAR  To a mixture of liquid ammonia (500 ml), anhydrous tetrahydrofuran (100
      ml), tert-butanol (14 ml) and 2.004 g (9.68 moles) of
      2,6,6-trimethyl-1-[3-amino-but-3-enoyl]-cyclohex-2-ene, kept under
      stirring, sodium metal was added until the solution had a steady blue
      colour. The reaction mixture was stirred for 15 more minutes and solid
      ammonium chloride was then added thereto until complete discolouration.
      The ammonia was removed under a stream of argon. 25 ml of ether followed
      by 75 ml of a concentrated aqueous solution of ammonium chloride were
      added to the reaction mixture, and the whole was extracted with two
      fractions of 200 ml of ether and 100 ml of chloroform, respectively. The
      combined organic extracts were dried and concentrated under reduced
      pressure to yield 2 g of a product which, after having been refluxed in 40
      ml of toluene, gave a solution which was subjected to fractional
      distillation and yielded 1.45 g of
      2,6,6-trimethyl-1-[but-2-enoyl]-cyclohex-2-ene. The analytical data of the
      obtained product were identical with those of a pure sample prepared by
      one of the known methods.
PAR  b. To a mixture of liquid ammonia (500 ml), tetrahydrofuran (100 ml),
      tert-butanol (14 ml) and
      3-methyl-5-[2,6,6-trimethyl-cyclohex-2-en-1-yl]-isoxazole (10.11 g; 49.3
      millimoles), kept under stirring, there was added sodium metal until the
      solution acquired a steady blue colour. The reaction mixture was stirred
      for 15 more minutes and solid ammonium chloride was then added thereto
      until complete discolouration. The ammonia was then removed under a stream
      of argon. After having added 100 ml of ether and 500 ml of a concentrated
      ammonium chloride solution in water, the mixture was extracted with two
      fractions of 500 ml of ether and 250 ml of chloroform, respectively. The
      combined organic extracts were dried over anhydrous sodium sulphate,
      concentrated under reduced pressure and the thus obtained residue was
      dissolved in 400 ml of toluene. The said solution was then run down
      through a Pyrex glass column (13 mm .times. 150 mm) filled with glass
      helices previously washed with sulphuric acid and water (3/32 in), heated
      to 225.degree..
PAR  During the pyrolysis a slow stream of argon was circulated through the
      system and the product formed was collected in a container cooled by means
      of dry ice. A concentration under reduced pressure followed by a
      fractional distillation yielded ca. 8.0 g of
      2,6,6-trimethyl-1-[but-2-enoyl]-cyclohex-2-ene (yield 82%). A further
      purification was carried out by chromatography on a column of magnesium
      silicate (250 g) by elution with a mixture of chloroform/hexane (25/75)
      followed by evaporation of the volatile portions and fractional
      distillation of the obtained residue. 2.88 g of pure ketone product were
      thus prepared, b.p. 55.degree.-56.degree./0.04 Torr. The analytical data
      of the obtained product was identical with those of a pure sample prepared
      by one of the known methods (Swiss Pat. No. 503,685).
PAC  EXAMPLE 3
PAC  3-Methyl-5-[2,6,6-trimethyl-cyclohex-1-en-1-yl]-isoxazole
PAR  A solution of sodium hydrogenocarbonate (136 g) in 1300 ml of water was
      added, while stirring, to a solution of .beta.-ionone oxime (85 g; 0.410
      mole) in 1500 ml of tetrahydrofuran.
PAR  The process was then carried on in the absence of light, and a solution of
      potassium iodide (235 g; 1.41 moles) and iodine (109 g; 0.43 mole) in 1000
      ml of water was added. After having been refluxed for 4 hours, the
      solution was allowed to stand overnight. After dilution with 1500 ml of a
      concentrated solution of sodium bisulphite in water the reaction mixture
      was extracted with ether (3 litres) and the combined organic extracts were
      dried over anhydrous sodium sulphate and concentrated under reduced
      pressure. The fractional distillation of the thus obtained residue yielded
      77.2 g of isoxazole (yield 91%), b.p. 70.degree.-71.degree./0.03 Torr.
PA1  Ir (chcl.sub.3) : 2930, 1655, 1585, 1410 cm.sup.-.sup.1
PA1  Nmr (cdcl.sub.3) : 1.00 (6H, s); 1.50 (3H, s); 2.27 (3H, s); 5.86 (1H, s);
      1.5 - 2.2 (6H, multiplets) .delta. ppm
PA1  Uv (95% ethanol): nm max 209, 224
PA1  Ms (70 eV) : M.sup.+ = 205.
PAR  The .beta.-ionone oxime used as starting material for the preparation of
      the isoxazole according to the method described above, can be prepared as
      follows:
PAR  77 g of hydroxylamine hydrochloride and 125 g of anhydrous sodium acetate
      in 200 ml of water were added to a solution of 200 g of .beta.-ionone in
      500 ml of ethanol. The reaction was slightly exothermic and the
      temperature rose to about 35.degree.. The reaction mixture was stirred for
      15 more minutes and the volatile portions were distilled off under reduced
      pressure. The residual aqueous solution was then diluted with 200 ml of
      water and extracted with two fractions of 150 ml each of petroleum-ether
      (b.p. 80.degree.-100.degree.). The combined organic extracts were washed
      with water and a 10% diluted solution of sodium hydrogenocarbonate until
      neutrality. The evaporation of the volatile portions resulted in a residue
      constituted by the desired oxime (210 g). An analytical sample was
      prepared by purification by means of thin layer chromatography. The
      obtained product had a b.p. of 90.degree./0.001 Torr.
PAC  EXAMPLE 4
PAC  2,6,6-Trimethyl-1-[but-2-enoyl]-cyclohex-1-ene
PAR  a. 30.75 g (0.15 mole) of
      3-methyl-5-[2,6,6-trimethyl-cyclohex-1-en-1-yl]-isoxazole were dissolved
      in 50 ml of dry ethanol and the solution was added to 1.396 g of a mixture
      of 82.9% of platinum oxide in 600 ml of ethanol, the said mixture having
      previously been subjected to a hydrogenation. The alcoholic solution was
      then subjected to a hydrogenation at ordinary temperature and pressure
      and, after absorption of one equivalent of hydrogen, was filtered through
      a "Celite" carrier. After having been concentrated under reduced pressure,
      the residual mixture was recrystallized from hexene containing traces of
      ethanol to yield 30.91 g (yield 100%) of
      2,6,6-trimethyl-1-[3-amino-but-2-enoyl]-cyclohex-1-ene which exists in two
      interconvertible crystalline structures: m.p. 124.5.degree.-125.0.degree.
      and 135.degree.-136.degree..
PA1  Ir (chcl.sub.3) : 3490, 1610, 1510 cm.sup.-.sup.1
PA1  Nmr (cdcl.sub.3) : 1.09 (6H, s); 1.56 (3H, s); 1.92 (3H, s); 5.00 (1H,
      broad band, s); 1.4 -2.1 (6H, multiplets) .delta. ppm
PA1  Uv (95% ethanol): nm max 303 (.epsilon. 20,100)
PA1  Ms (70 eV) : M.sup.+ = 207.
PAR  To a mixture of liquid ammonia (250 ml), anhydrous tetrahydrofuran (15 ml),
      tert-butanol (0.358 g) and 1.002 g (4.84 millimoles) of
      2,6,6-trimethyl-1-[3-amino-but-3-enoyl]-cyclohex-1-ene, kept under
      stirring, there was added sodium metal until the solution acquired a
      steady blue colour. The reaction mixture was stirred for 15 more minutes
      and solid ammonium chloride was added thereto until complete
      discolouration and the ammonia was then evaporated under a stream of
      argon. After having added to the mixture 25 ml of ether and 75 ml of a
      concentrated ammonium chloride solution in water, the mixture was
      extracted with two fractions of 200 ml of ether and 100 ml of chloroform,
      respectively. The combined organic extracts were dried over anhydrous
      sodium sulphate, concentrated under reduced pressure and the thus obtained
      residue (1.038 g) was dissolved in 10 ml of toluene. The said solution was
      then refluxed overnight, then concentrated under reduced pressure. The
      thus obtained residue was subjected to a fractional distillation to yield
      0.177 g of 2,6,6-trimethyl-1-[but-2-enoyl]-cyclohex-1-ene. The analytical
      data of the obtained product were identical with those of a pure sample
      prepared by one of the known methods (cf. Swiss Pat. No. 505,773).
PAR  b. To a mixture of liquid ammonia (500 ml), tetrahydrofuran (30 ml),
      tert-butanol (2.796 g) and
      3-methyl-5-[2,6,6-trimethyl-cyclohex-1-en-1-yl]-isoxazole (2.593 g; 12.65
      millimoles), kept under stirring, there was added sodium metal until the
      solution acquired a steady blue colour. The reaction mixture was stirred
      for 15 more minutes, solid ammonium chloride was added thereto until
      complete discolouration, and the ammonia was then evaporated under a
      stream of argon. After having added 50 ml of ether and 300 ml of a
      concentrated ammonium chloride solution in water, the mixture was
      extracted with two fractions of 300 ml of ether and 150 ml of chloroform,
      respectively. The combined organic extracts were dried over magnesium
      sulphate, concentrated under reduced pressure and dissolved in 50 ml of
      toluene containing traces of p-toluene-sulphonic acid. The thus obtained
      mixture was refluxed for 24 hours, concentrated in vacuo and then
      distilled to yield 2.074 g (yield 84%) of
      2,6,6-trimethyl-1-[but-2-enoyl]-cyclohex-1-ene; b.p. 55.degree./0.04 Torr.
      The analytical data of the obtained product were identical with those of a
      pure sample prepared by one of the known methods.
PAC  EXAMPLE 5
PAC  3,4-Dimethyl-5-[2,6,6-trimethyl-cyclohex-2-en-1-yl]-isoxazole
PAR  A solution of sodium hydrogenocarbonate (4.50 g) in 25 ml of water was
      added, while stirring, to a solution of .alpha.-isomethyl ionone oxime
      (2.42 g; 0.011 mole) in 30 ml of tetrahydrofuran.
PAR  The process was then carried on in the absence of light, and a solution of
      potassium iodide (5.80 g) and iodine (2.84 g; 0.011 mole) in 15 ml of
      water was added. After having been refluxed for 18 hours, the reaction
      mixture was poured into a concentrated solution of sodium bisulphite (130
      ml), extracted with ether (150 ml), and the organic extracts were dried
      over sodium sulphate and concentrated under reduced pressure. The
      fractional distillation of the obtained residue yielded 1.380 g of the
      desired isoxazole (yield 57%): b.p. 72.degree.-74.degree./0.04 Torr.
PA1  Ir (chcl.sub.3) : 2910, 1620, 1440, 1414 cm.sup.-.sup.1
PA1  Nmr (cdcl.sub.3) : 0.72 (3H, s); 1.00 (3H, s); 1.50 (3H, m); 1.90 (3H, s);
      2.14 (3H, s); 2.96 (1H, broad band, s); 5.63 (1H, m); 1.2 - 2.2 (4H,
      multiplets) .delta. ppm
PA1  Uv (95% ethanol): nm max 225 (.epsilon. 8150)
PA1  Ms (70 eV) : M.sup.+ = 219.
PAR  The .alpha.-isomethyl ionone oxime, used as starting material for the
      preparation of the isoxazole according to the method described above, can
      be prepared as follows:
PAR  16 g of hydroxylamine hydrochloride in 60 ml of water were added to a
      solution of .alpha.-isomethyl ionone (41.2 g; 0.200 mole) in ethanol, kept
      under vigorous stirring. 22 g of sodium hydrogenocarbonate were then added
      to the said solution in small portions and the thus obtained mixture was
      refluxed for 24 hours. After cooling, the said mixture was poured into 250
      ml of water, extracted with ether (750 ml) and with methylene chloride
      (130 ml). The combined organic extracts were dried over magnesium sulphate
      and concentrated under reduced pressure to give 43.6 g of the desired
      oxime. There were obtained 41.1 g of .alpha.-isomethyl ionone oxime (yield
      93%): b.p. 110.degree.-112.degree./0.05 Torr, by fractional distillation.
PA1  Ir(chcl.sub.3) : 3560, 3250, 2900, 1630 cm.sup.-.sup.1
PA1  Nmr (cdcl.sub.3) : 0.79 (3H, s); 0.92 (3H, s); 1.53 (3H, m); 1.94 (3H,
      broad band, s); 2.06 (3H, s); 2.66 (1H, d,
PA1  J = 10 cps); 5.41 (1H, m); 5.69 (1H, d of q,
PA1  J = 10, 0.5 cps); 9.85 (1H, broad band); 1.2 - 2.2 (4H, multiplets) .delta.
      ppm
PA1  Uv (95% ethanol) : nm max 236 (.epsilon. 22,800)
PA1  Ms (70 eV) : M.sup.+ = 221.
PAC  EXAMPLE 6
PAC  2,6,6-Trimethyl-1-[2-methyl-but-2-enoyl]-cyclohex-2-ene
PAR  To a mixture of liquid ammonia (500 ml), tetrahydrofuran (160 ml),
      tert-butanol (18.5 ml) and
      3,4-dimethyl-5-[2,6,6-trimethyl-cyclohex-2-en-1-yl]-isoxazole (14.25 g;
      0.065 mole), kept under stirring, sodium metal was added until the
      solution had acquired a steady blue colour. The reaction mixture was
      further stirred for 20 minutes and solid ammonium chloride was added
      thereto until complete discolouration, whereupon the ammonia was removed
      under a stream of argon. After having added 50 ml of ether and 500 ml of a
      concentrated solution of ammonium chloride in water the mixture was
      extracted with two fractions of 1500 ml of ether and 100 ml of chloroform,
      respectively. The combined organic extracts were dried over anhydrous
      sodium sulphate, concentrated under reduced pressure and the thus obtained
      residue was dissolved in 350 ml of toluene. The solution in toluene was
      poured through a Pyrex glass column (13 mm .times. 150 mm), filled with
      glass helices previously washed with sulphuric acid and water (3/32 in),
      heated to 225.degree.-250.degree..
PAR  During the pyrolysis a slow stream of argon was circulated through the
      apparatus and the product formed was collected in a container cooled by
      means of dry ice. Concentration under reduced pressure and fractional
      distillation yielded 7.917 g of
      2,6,6-trimethyl-1-[2-methyl-but-2-enoyl]-cyclohex-2-ene (yield 59%): b.p.
      70.degree.-71.degree./0.05 Torr.
PA1  Ir (chcl.sub.3) : 2920, 1655, 1640 cm.sup.-.sup.1
PA1  Nmr (cdcl.sub.3) : 0.80 (3H, s); 0.97 (3H, s); 1.56 (3H, m); 1.86 (3H,
      broad band, s); 2.00 (3H, m); 3.54 (1H, broad band, s); 5.63 (1H, m); 6.85
      (1H, q, J = 6.5 cps); 1.2 - 2.2 (4H, multiplets) .delta. ppm
PA1  Uv (95% ethanol): nm max 233 (.epsilon. 12,600)
PA1  Ms (70 eV) : M.sup.+ = 206.
PAC  EXAMPLE 7
PAC  3-Methyl-5-[2-methylene-6,6-dimethyl-cyclohexyl]-isoxazole
PAR  A solution of sodium hydrogenocarbonate (13.6 g in 230 ml of water was
      added to a solution of .gamma.-ionone oxime (8.5 g) in 150 ml of
      tetrahydrofuran.
PAR  The process was then carried on as indicated in Example 1 by adding to the
      above mentioned solution a solution of potassium iodide (23.5 g) and
      iodine (10.9 g), whereupon the solution was refluxed for 4 hours. After
      cooling, the solution was extracted with petroleum-ether. After the usual
      treatment of drying and evaporation of the volatile portions the combined
      organic extracts yielded 8.4 g of crude product which, by fractional
      distillation, gave 6.0 g of the desired isoxazole in the form of a
      yellowish oil. B.p. 130.degree./0.001 Torr. The analysis carried out by
      means of a sample obtained by vapour phase chromatography ("Carbowax"
      column, 3 m, 180.degree.) showed that the obtained product was constituted
      by two substances in a ratio by weight of 80:20, the main product being
      the desired isoxazole. n.sub.D = 1.5025; d.sub.4.sup.20 = 1.005.
PA1  Ir : 3080, 1640, 1590, 890 cm.sup.-.sup.1
PA1  Nmr : 0.92 (6h, 2s); 2.21 (3H, s); 3.3 (1H, s); 4.58 and 4.76 (2H, 2m);
      5.75 (1H, s) .delta. ppm
PA1  Ms : m.sup.+ = 205 (23); m/e: 190 (13); 177 (25); 162 (8); 149 (10); 137
      (100); 122 (10); 108 (15); 97 (13); 82 (15); 69 (63); 55 (13); 41 (50); 27
      (38).
PAR  The .gamma.-ionone oxime, used as starting material in the above mentioned
      preparation, can be prepared as follows:
PAR  A solution of 30 g of .gamma.-ionone in 75 ml of ethanol was added to a
      solution of hydroxylamine hydrochloride (12 g) and sodium acetate (21.6 g)
      in 30 ml of water. The addition was completed within 5 minutes. The
      reaction was slightly exothermic, the reaction mixture was stirred for 30
      minutes, then it was concentrated under reduced pressure. Thereafter 30 ml
      of water and 30 ml of ether were added to the said mixture, and it was
      extracted with petroleum-ether. After drying and concentration, the
      combined organic extracts yielded a thick oil (31.2 g). An aliquot was
      distilled in a small distillation tube at a temperature of 180.degree. and
      a pressure of 0.001 Torr. There was thus obtained a pure product which, as
      shown by vapour phase chromatography, constituted a mixture of the desired
      compound in the form of the two syn- and antiisomers in a ratio of 20:80.
      n.sub.D = 1.5294; d.sub.4.sup.20 = 0.970.
PA1  Ir : 3250, 1640, 980, 888 cm.sup.-.sup.1
PA1  Nmr : 0.85 and 0.92 (6H, 25); 2.01 (3H, s); 4.54 and 4.72 (2H, 2m); 6.1
      (2H, d, J = 5 cps) .delta. ppm
PA1  Ms : m.sup.+ = 207 (0.1); m/e: 191 (1); 176 (3); 159 (2); 148 (1); 136 (3);
      123 (4); 107 (3); 91 (2); 81 (3); 69 (3); 58 (20); 43 (100); 27 (38).
PAC  EXAMPLE 8
PAC  2-Methylene-6,6-dimethyl-1-[but-2-enoyl]-cyclohexane
PAR  a. 4.1 g of 3-methyl-5-[2-methylene-6,6-dimethyl-cyclohexyl]-isoxazole in
      10 ml of anhydrous ethanol were subjected to a hydrogenation in the
      presence of a small amount of Raney nickel and of KOH. After absorption of
      440 ml of hydrogen (corresponding to about 90% of the theoretical amount)
      the solution was filtered, washed until neutrality and concentrated to
      yield an oily residue (4 g). By separation by means of vapour phase
      chromatography ("Carbowax" column, 1.5 m) there was obtained in a yield of
      80% 2-methylene-6,6-dimethyl-1-[3-amino-but-2-enoyl]-cyclohexane. n.sub.D
      = 1.5448; d.sup.20 = 1.009.
PA1  Ir : 3400, 1620, 888 cm.sup.-.sup.1
PA1  Ms : m.sup.+ = 207 (3); m/e: 163 (1); 150 (1); 136 (2); 123 (2); 109 (3);
      93 (3); 84 (100); 69 (8); 55 (3); 41 (9); 29 (2).
PAR  To a mixture of liquid ammonia (about 200 ml), tert-butanol (2.8 g) and 2.1
      g of 2-methylene-6,6-dimethyl-1-[3-amino-but-2-enoyl]-cyclohexane there
      were added 1.5 g of sodium metal. The solution showed a steady blue
      colour. The reaction mixture was stirred for 15 more minutes and the
      procedure of Example 2 repeated. By extraction with chloroform and
      concentration of the organic extracts there was obtained a residue which,
      after extraction by means of a mixture of ether and chloroform in a ratio
      by weight of 2:1 followed by the usual treatments of drying and
      evaporation, yielded 3 g of an oily product consisting of
      2-methylene-6,6-dimethyl-1-[3-amino-butanoyl]-cyclohexane.
PA1  Ir : 3200, 1710, 1635, 890 cm.sup.-.sup.1
PA1  Nmr : 0.86 and 0.96 (6H, 2s); 1.12 (3H, d, J = 6 cps); 2.95 (1H, s); 4.7
      and 4.8 (2H, 2m) .delta. ppm
PA1  Ms : m.sup.+ = 209 (0.2); m/e: 192 (8); 177 (7); 166 (3); 149 (7); 137
      (12); 123 (20); 109 (37); 93 (15); 81 (30); 69 (90); 57 (35); 41 (58); 27
      (15).
PAR  By following the above indicated procedure it is possible to prepare also
      the desired amino derivative by direct reduction of
      3-methyl-5-[2-methylene-6,6-dimethyl-cyclohexyl]-isoxazole by means of
      sodium metal.
PAR  b. 1 g of 2-methylene-6,6-dimethyl-1-[3-amino-butanoyl]-cyclohexane in 25
      ml of toluene was refluxed for 3 hours in the presence of a catalytic
      amount of p-toluene-sulphonic acid. The obtained solution was wahsed with
      a 10% solution of sodium hydrogenocarbonate in water until neutrality,
      then dried and concentrated. 0.6 g of
      2-methylene-6,6-dimethyl-1-[but-2-enoyl]-cyclohexane was thus obtained.
      The analytical data were in agreement with those of a pure sample prepared
      by one of the known methods.
PAC  EXAMPLE 9
PAR  A basic perfume composition was prepared by admixing the following
      ingredients (parts by weight):
TBL  Menthol                  10                                               

     Eugenol                  50                                               

     Coumarin                 20                                               

     10 % Muskone *           20                                               

     Phenylethyl alcohol      120                                              

     Lavender                 210                                              

     Pimento oil              40                                               

     Cinnamon oil             5                                                

     Synthetic bergamot       270                                              

     10 % Cyclopentadecanone *                                                 

                              30                                               

     Methyl dihydrojasmonate  20                                               

     Oak moss absolute        15                                               

     Benzyl salicylate        20                                               

     Isobutyl salicylate      30                                               

     Geranium Bourbon oil     70                                               

     Musk ketone              20                                               

     Total                    950                                              

      * in 95 % ethanol                                                        

PAR  By adding to 9.5 parts of the above indicated composition 0.5 parts of
      3-methyl-5-[2,6,6-trimethyl-cyclo-hex-2-en-1-yl]-isoxazole, a composition
      having a particularly harmonious note of oriental tobacco is obtained.
      Analogous effects were observed by the addition to the basic composition
      of 3-methyl-5-[2,6,6-trimethyl-cyclohex-1-en-1-yl]-isoxazole or
      3-methyl-5-[2-methylene-6,6-dimethyl-cyclohexyl]-isoxazole. A particularly
      interesting effect was observed when using
      3,4-dimethyl-5-[2,6,6-trimethyl-cyclohex-2-en-1-yl]-isoxazole, as the
      tobacco note was particularly powerful in this case.
PAC  EXAMPLE 10
PAC  Preparation of a flavouring composition of the "Tutti-Frutti' type
PAR  A flavouring composition of the "Tutti-Frutti" type was prepared by
      admixing the following ingredients (parts by weight):
TBL  Vanillin              20                                                  

     Allyl caproate        10                                                  

     Citral                20                                                  

     Amyl butyrate         35                                                  

     Orange oil            45                                                  

     Ethyl butyrate        75                                                  

     Ethyl acetate         185                                                 

     Amyl acetate          185                                                 

     Lemon oil             400                                                 

     Total                 975                                                 

PAR  25 g of 3-methyl-5-[2,6,6-trimethyl-cyclohex-2-en-1-yl]-isoxazole were
      added to 975 g of the above mixture referred to as "Test" composition. A
      "Check" composition was prepared by the addition of 25 g of lemon oil to
      975 g of the above mixture.
PAR  The "Test" and the "Check" compositions were added to the foodstuffs
      described below at the indicated concentrations (per 100 kg of product to
      be flavoured):
TBL         Cake         20 g                                                  

            Custard      5 - 10 g                                              

            Caramel      15 - 20 g                                             

PAR  Caramel: 100 ml of sugar syrup (obtained by dissolving 1 kg of sucrose in
      600 ml of water) and 20 g of glucose were mixed and slowly heated to
      145.degree.. The flavour was added to the mass and the mixture was allowed
      to cool and to harden.
PAR  Custard: 60 g of sucrose and 3 g of pectin were added, with stirring, to
      500 ml of warm milk. The mixture was heated to the boil for a few seconds
      and the flavour was added, whereupon the whole mixture was cooled.
PAR  Cake: the following ingredients were mixed: 100 g of vegetable margarine,
      1.5 g of NaCl, 100 g of sucrose, 2 eggs and 100 g of flour. The flavour
      was added to the above mass and the whole was heated to 180.degree. for 40
      minutes. Samples of the finished foodstuff were tasted by a group of
      experts who had to express their opinion as to the taste of the samples
      submitted to them. All the members of the group declared without
      hesitation that the "Test" samples had a more marked fruity note than that
      of the "Check" samples.
PAC  EXAMPLE 11
PAC  3-Methyl-5-[2,6,6-trimethyl-cyclohex-1-en-1-yl]-N-methyl-isoxazolium iodide
PAR  5.0 ml of methyl iodide and 0.270 g (1.31 mole) of
      3-methyl-6-[2,6,6-trimethyl-cyclohex-1-en-1-yl]-isoxazole, which can be
      prepared according to the procedure indicated in Example 3, were heated
      overnight in a sealed tube to about 100.degree.. After cooling and
      evaporation of the excess methyl iodide there was obtained a crystalline
      product which after recrystallization from a mixture of chloroform/carbon
      tetrachloride and acetone yielded 0.230 g (yield 50%) of the desired
      isoxazolium salt. M.p. 208.degree.-209.degree..
PA1  Ir (chcl.sub.3) : 1595, 1520 cm.sup.-.sup.1
PA1  Nmr (cdcl.sub.3) : 1.07 (6H, s); 1.4 - 2.3 (6H; multiplets); 1.73 (3H, s);
      3.03 (3H, s); 4.54 (3H, s); 6.89 (1H, s) .delta. ppm
PA1  Uv max (95% ethanol) : 221 (.epsilon. = 21,500); 275 (.epsilon. = 4,860) nm
PAR  When 3-methyl-5-[2,6,6-trimethyl-cyclohex-2-en-1-yl]-isoxazole, which can
      be prepared according to the process described in Example 1, is subjected
      to the same treatment, the same isoxazolium salt as that obtained from the
      cyclohex-1-ene derivative is obtained with a yield of 41%.
PAC  EXAMPLE 12
PAC  3-Methyl-5-[2,6,6-trimethyl-cyclohex-2-en-1-yl]-isoxazole
PAR  54 g of 4-[2,6,6-trimethyl-cyclohex-2-en-1-yl]-3,4-epoxy-2-butanone-oxime,
      which can be prepared as indicated above, in 500 ml of benzene were
      refluxed in the presence of 2 g of p-toluenesulphonic acid for about 4
      hours. The water formed in the course of the reaction was removed as it
      formed by azeotropic distillation.
PAR  The reaction mixture was then washed with an NaHCO.sub.3 solution until it
      was neutral, dried over anhydrous Na.sub.2 SO.sub.4 and distilled. There
      were thus obtained 35 g (71%) of a product, b.p.
      73.degree.-74.degree./0.01 Torr. The analytical data were identical with
      those indicated in Example 1.
PAR  The butanone-oxime used as starting product in the above process can be
      prepared as follows:
PAR  50 g of .alpha.,.beta.-epoxy-.alpha.-ionone [which can be synthesized
      according to the method indicated in Helv. Chim. Acta, 53, 531 (1970)] in
      140 ml of ethanol were slowly added to a solution of sodium acetate (35 g)
      in 50 ml of warm water and 20 g of hydroxylamine hydrochloride.
PAR  The reaction mixture was stirred overnight, the volatile portions were
      removed under reduced pressure and the thus obtained residue diluted with
      100 ml of water. Extraction with petroleum-ether, separation, washing,
      drying and concentration of the organic extracts yielded 53.6 g of a
      viscous oil which, after distillation, gave a product of b.p.
      120.degree.-130.degree./0.1 Torr;
PA1  n.sub.D = 1.5101; d.sup.20 = 1.012.
PA1  Ir : 3250 cm.sup.-.sup.1
PA1  Nmr : 0.94 and 1.1 (6H, 2s); 1.68 (3H, s); 1.7 (3H, s); 2.75 and 3.32 (2H);
      5.45 (1H, m) .delta. ppm
PA1  Ms : m.sup.+ = 223 (0.1); m/e: 205 (8); 192 (2); 177 (2); 149 (34); 137
      (34); 123 (83); 109 (46); 93 (34); 81 (80); 67 (36); 55 (34); 43 (100); 27
      (40).
PAC  EXAMPLE 13
PAC  3-Methyl-5-[2-methylene-6,6-dimethyl-1-cyclohexyl]-isoxazole
PAR  2.1 g of
      threo-4-[2-methylene-6,6-dimethyl-1-cyclohexyl]-3,4-epoxy-2-butanone-oxime
      which can be prepared from epoxy-.gamma.-ionone [Helv. Chim. Acta, 54,
      1805 (1971)] were treated as indicated in Example 12. There were thus
      obtained 1.4 g of the desired isoxazole. B.p. 70.degree.-73.degree./0.01
      Torr. The analytical data were identical with those shown by a pure sample
      prepared according to the process indicated in Example 7.
PAR  By treating the erythro-drivative according to the conditions indicated
      above the desired isoxazole is also obtained.
PAR  The threo- and erythro-butanone-oximes used as starting materials in the
      above process can be prepared as follows:
PAR  2 g of epoxy-.gamma.-ionone (threo; n.sub.D = 1.4890; d.sup.20 = 0.9972)
      prepared as indicated in Helv. Chim. Acta, 54, 1805 (1971) were converted
      into the corresponding oxime according to the method given in Example 12
      by treatment with 0.8 g of hydroxylamine hydrochloride and 1.6 g of sodium
      acetate in 2 ml of water and 5 ml of ethanol.
PAR  In the same manner the conversion of the erythroepoxy-.gamma.-ionone (m.p.
      43.degree.) was effected to obtain the corresponding butanone-oxime.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing compounds of formula
      ##SPC18##
PAL  wherein the ring contains one endocyclic double bond in position 1, 2, 3 or
      4, or an exocyclic double bond in position 2, or two conjugated double
      bonds in position 1 and 3, the double bonds being represented by dotted
      lines; and each of the symbols R.sup.1, R.sup.2, R.sup.3, R.sup.4 and
      R.sup.5 represents either a hydrogen atom or a lower alkyl radical having
      1 to 6 carbon atoms; which comprises:
PA1  a. reducing a compound having the formula
      ##SPC19##
PAL  wherein the dotted lines and the symbols R.sup.1, R.sup.2, R.sup.3, R.sup.4
      and R.sup.5 are as described above, by means of an alkali metal or an
      alkaline earth metal in solution of liquid ammonia and in the presence of
      tert-butanol as a proton donor to yield a .beta.-amino-ketone compound
      having the formula
      ##SPC20##
PAL  wherein the dotted lines of the ring and the symbols R.sup.1, R.sup.2,
      R.sup.3, R.sup.4 and R.sup.5 are as described above; and
PA1  b. subsequently removing an ammonia molecule from the said
      .beta.-amino-ketone compound by addition of a mineral acid or
      p-toluene-sulphonic or by heating.
NUM  2.
PAR  2. A process for preparing compounds of formula
      ##SPC21##
PAL  wherein the ring contains one endocyclic double bond in position 1, 2, 3 or
      4, or an exocyclic double bond in position 2, or two conjugated double
      bonds in position 1 and 3, the double bonds being represented by dotted
      lines; and each of the symbols R.sup.1, R.sup.2, R.sup.3, R.sup.4 and
      R.sup.5 represents either a hydrogen atom or a lower alkyl radical having
      1 to 6 carbon atoms; which comprises
PA1  a. reducing a compound having the formula
      ##SPC22##
PAL  wherein the dotted lines and the symbols R.sup.1, R.sup.2, R.sup.3, R.sup.4
      and R.sup.5 are as described above, by means of catalytic hydrogenation to
      yield a .beta.-imino-ketone equilibrium reaction mixture of
      ##SPC23##
PAL  wherein the dotted lines and the symbols R.sup.1, R.sup.2, R.sup.3, R.sup.4
      and R.sup.5 are as described above; and
PA1  b. subsequently further adding to the reaction mixture of a. a reducing
      agent selected from the group of
PAR  1. an alkali metal or alkaline earth metal in solution of liquid ammonia
      and in the presence of tert-butanol as a proton donor; and
PA2  2. sodium cyanohydroborate to yield a .beta.-amino ketone compound having
      the formula
      ##SPC24##
PAL  wherein the dotted lines and the symbols R.sup.1, R.sup.2, R.sup.3, R.sup.4
      and R.sup.5 are as described above; and
PA1  c. subsequently removing an ammonia molecule from the said
      .beta.-amino-ketone compound by addition of a mineral acid or
      p-toluene-sulphonic acid or by heating.
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ABST
PAL  Compounds of the formula
      ##EQU1##
      WHEREIN R is a hydrocarbyl radical selected from the group consisting of
      alkyl, aralkyl and cycloalkyl having from 3 to 12 carbon atoms and n is an
      integer from 1 to 9 are prepared by reacting a 1,1-bis (hydrocarbyl
      peroxy) cycloalkane with cycloaliphatic ketones in the presence of a
      molybdenum containing catalyst. The 1,1-bis (hydrocarbyl peroxy)
      cycloalkane can be prepared in situ from an organic hydroperoxide and a
      cycloalkanone. The compounds have utility as solvents and certain specific
      members of the class have utility as intermediates to adipic acid by
      further oxidation or as an intermediate to 2-t-butoxyphenol by known
      dehydrogenation methods.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of U.S. Pat. application Ser.
      No. 126,869, filed Mar. 22, 1971 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates of 2-hydrocarbyl ethers of cycloaliphatic ketone
      compounds and methods for preparing said compounds.
PAR  2. Description of the Prior Art
PAR  U.S. patent application Ser. No. 16,564, filed Mar. 4, 1970, taught the
      reaction of an organic hydroperoxide and a ketone to produce diperoxide
      compounds of the formula
      ##EQU2##
      wherein R.sub.1, R.sub.2, and R.sub.3 are independently selected
      saturated, substituted or unsubstituted organic radicals containing from 1
      to 16 carbon atoms and wherein R.sub.2 and R.sub.3 can be joined in an
      alicyclic radical by the reaction of an organic hydroperoxide of the
      formula R.sub.1 --O--O--H and a ketone of the formula
      ##EQU3##
      in the presence of molybdenum or vanadium.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered that 2-hydrocarbyloxy cycloalkanones can be prepared by
      reacting 1,1-bis (hydrocarbylperoxy) cycloalkanes with cycloalkanone in
      the presence of a molybdenum catalyst.
PAR  The 1,1-bis (hydrocarbylperoxy) cycloalkane can be produced in situ by the
      reaction of hydrocarbyl-hydroperoxide and cycloaliphatic ketones, the
      overall reaction being to react excess cycloaliphatic ketone with
      hydrocarbyl-hydroperoxide in the presence of a molybdenum catalyst to
      produce novel 2-hydrocarbyloxy cycloalkanones.
PAC  DETAILED DESCRIPTION OF THE INVENTION AND DESCRIPTION OF THE PREFERRED
      EMBODIMENTS
PAR  More particularly, the compounds of our invention have the structural
      formula
      ##EQU4##
      WHEREIN R is a hydrocarbyl radical, preferably selected from the group
      consisting of alkyl, aralkyl, and cycloalkyl having from 3 to 12 carbon
      atoms, and n is an integer from 1 to 9. The 1,1-bis (hydrocarbylperoxy)
      cycloalkane starting materials are known compounds and are produced by
      prior art methods or by reacting two moles of a hydrocarbyl hydroperoxide
      with one mole of cycloalkanone in the presence of molybdenum as shown in
      U.S. Ser. No. 16,564, supra.
PAR  Alternatively, the 1,1-bis (hydrocarbylperoxy) cycloalkane may be produced
      in situ by reacting hydrocarbyl hydroperoxide with excess cycloalkanone in
      the presence of molybdenum catalyst producing the 1,1-bis
      (hydrocarbylperoxy) cycloalkane which reacts in the same reaction medium
      with the excess cycloalkanone to form the novel compounds of this
      invention.
PAR  Suitable cycloalkanones are those having from 4 to 12 carbon atoms and are
      preferably unsubstituted, for example, cyclobutanone, cyclopentanone,
      cyclohexanone, cycloheptanone, cyclooctanone, cyclononanone,
      cyclodecanone, cycloundecanone, and cyclododecanone.
PAR  Suitable hydrocarbyl hydroperoxides are those having from 3 to 12 carbon
      atoms and preferably alkylhydroperoxide, cycloalkylhydroperoxide or
      aralkylhydroperoxide. Exemplary hydroperoxides are isopropylhydroperoxide,
      t-butylhydroperoxide, t-amylhydroperoxide, cumene hydroperoxide,
      cyclohexylhydroperoxide, tetralylhydroperoxide, and ethylbenzene
      hydroperoxide. The molar ratio of cycloalkanone to 1,1-bis
      (hydrocarbylperoxy) cycloalkane is from about 1:1 to about 10:1. When the
      1,1-bis (hydrocarbylperoxy) cycloalkane is produced in situ it is required
      that there be an excess of cycloalkanone to drive the reaction to
      completion.
PAR  The reactant may be combined in any order of addition and reaction times
      are from a few minutes to a few hours depending upon temperature and other
      reaction conditions. The 2-hydrocarbyloxy cycloalkanone products may be
      recovered by any conventional method, for example, by distillation of the
      reaction product under reduced pressure. Among the products produced
      according to this invention are 2-isopropoxycyclohexanone,
      2-t-butoxycyclobutanone, 2-t-butoxycyclopentanone,
      2-t-butoxycyclohexanone, 2-t-butoxycycloheptanone,
      2-t-butoxycyclooctanone, 2-t-butoxycyclononanone, 2-t-butoxycyclodecanone,
      2-t-butoxycycloundecanone, 2-t-butoxycyclododecanone; the 2-t-amyl ethers
      of cyclobutanone, cyclopentanone, cyclohexanone, cycloheptanone,
      cyclooctanone, cyclononanone, cyclodecanone, cycloundecanone, and
      cyclododecanone; the 2-cumyl ethers of cyclobutanone through
      cyclododecanone; the 2-cyclohexyl ether of cyclobutanone through
      cyclododecanone; the 2-tetralylether of cyclobutanone through
      cyclododecanone; and the 2-ethylbenzene ethers of cyclobutanone through
      cyclododecanone.
PAR  Any suitable source of molybdenum catalyst can be used. Molybdenum is
      preferably present in a range of from about 100 ppm to about 1 wt. % of
      the reaction mixture and most preferably from 300 to 5,000 ppm. Both
      metallic molybdenum and compounds of molybdenum may be used. Molybdenum
      compounds include the oxides, for example, molybdenum dioxide, molybdenum
      sesquioxide, molybdenum trioxide, molybdenum pentoxide, the chlorides and
      oxychlorides, for example, molybdenum pentachloride, molybdenum fluoride,
      and in particular the acids and the corresponding salts wherein the
      molybdenum is contained in the anionic portion of the molecule. Molybdic
      acid, and its corresponding salts, the molybdates, are particularly useful
      as catalyst components. In addition to these simple compounds the high
      molecular weight complex heteropoly acids and salts are particularly
      useful and combinations of the simple salts with the heteropoly salts have
      been found useful. Illustrative soluble forms of the catalytic materials
      are the naphthenates, stearates, octoates, carbonyls and the like. Various
      chelates and enol salts, such, for examples, as acetylacetonates may also
      be used. Specific and preferred catalytic compounds of this type for use
      in the invention are molybdenum naphthenates and molybdenum carbonyls such
      as molybdenum hexacarbonyl.
PAR  The use of inert solvents is optional in the process of this invention.
DETD
PAR  The following examples are presented to illustrate the process of the
      invention but are not to be construed as limiting.
PAC  EXAMPLE I
PAR  A mixture of 50 grams of cyclohexanone, 10 grams t-butylhydroperoxide, and
      0.5 gram of a molybdenum naphthenate solution containing 5 wt. %
      molybdenum was stirred at room temperature for one hour. Titration
      indicated that 54% of the t-butylhydroperoxide had reacted at this point
      and glpc analysis indicated that 1,1-bis (t-butylperoxy) cyclohexane was
      formed. An additional 0.5 grams of 5 wt. % molybdenum naphthenate and 2
      grams of cyclohexanone was added and stirring was continued for an
      additional hour and thereafter heated to 80.degree. to 85.degree.C. for
      three hours. The 1,1-bis (t-butylperoxy) cyclohexane was almost completely
      converted to 2-t-butoxycyclohexanone.
PAC  EXAMPLE II
PAR  In a like manner, other hydrocarbyl hydroperoxides may be substituted for
      t-butylhydroperoxide and other cycloalkanones may be substituted for
      cyclohexanone to produce the desired 2-hydrocarbyloxy cycloalkanone.
PAR  The 2-hydrocarbyloxy cycloalkanones prepared according to the invention may
      be used as solvents and certain members of the class may be converted to
      adipic acid by further oxidation. Furthermore, 2-t-butoxyphenol may be
      prepared by catalytic dehydrogenation (known methods) of
      2-t-butoxycyclohexanone. Thereafter, 2-t-butoxyphenol may be condensed
      with formaldehyde to form nuclear-substituted phenol-aldehyde resins
      useful as adhesives. In addition, 2-hydrocarbyloxy cycloalkanones may be
      used a organic solvents in insecticide formulations, particularly for
      organic insecticides; for instance, any of the 2-hydrocarbyloxy
      cycloalkanones may be used as a solvent for
      dichloro-diphenyl-trichloromethane (DDT). 2-isopropoxycyclohexanone is
      useful as an intermediate for making pesticides wherein it is
      catalytically dehydrogenated to 2-isopropoxyphenol and reacted with methyl
      isocyanate to yield 2-isopropoxyphenyl-N-methylcarbamate. Specific
      preparative steps are described in U.S. Pat. No. 3,111,539 and Netherlands
      Patent Publication 71-17520.
PAR  While the invention has been described in considerable detail, it will be
      appreciated by those skilled in the art that various modifications and
      alterations may be made without departing from the spirit and the scope of
      the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing 2-hydrocarbyloxy cycloalkanones comprising
      reacting a 1,1-bis (hydrocarbylperoxy) cycloalkane with cycloalkanone in
      the presence of a molybdenum containing catalyst selected from the group
      consisting of metallic molybdenum and compounds of molybdenum at a
      reaction temperature of from about 20.degree.C. to about 150.degree.C.;
      the molar ratio of cycloalkanone to 1,1-bis (hydrocarbylperoxy)
      cycloalkane being from about 1:1 to about 10:1.
NUM  2.
PAR  2. The process of claim 1 wherein the catalyst is present in a range of
      from about 0.01 wt. % to 2 wt. % of the total weight of the starting
      materials.
NUM  3.
PAR  3. The process of claim 2 wherein the catalyst is molybdenum naphthenate.
NUM  4.
PAR  4. The process of claim 2 wherein pressures are from about atmospheric to
      about 100 atmospheres.
NUM  5.
PAR  5. The process of claim 1 whrein said cycloalkanone is cyclohexanone.
NUM  6.
PAR  6. A process for preparing 2-t-butoxycyclohexanone comprising reacting at a
      temperature of from about 20.degree.C. to about 150.degree.C. (a)
      cyclohexanone with (b) 1,1-bis (t-butylperoxy) cyclohexane in the presence
      of a molybdenum containing catalyst wherein the molar ratio of (a) to (b)
      is from about 1:1 to about 10:1.
NUM  7.
PAR  7. The process of claim 6 wherein said catalyst is molybdenum naphthenate.
NUM  8.
PAR  8. The process of claim 6 wherein the reaction is carried out in the
      presence of an inert solvent.
NUM  9.
PAR  9. A process for preparing 2-isopropoxycyclohexanone comprising reacting at
      a temperature of from about 20.degree.C. to about 150.degree.C. (a)
      cyclohexanone with (b) 1,1-bis (isopropylperoxy) cyclohexane in the
      presence of a molybdenum containing catalyst wherein the molar ratio of
      (a) to (b) is from about 1:1 to about 10:1.
NUM  10.
PAR  10. The process of claim 1 wherein said compound of molybdenum is selected
      from the group consisting of molybdenum oxides, molybdenum chlorides,
      molybdenum fluoride, molybdic acid, molybdic acid salts, molybdenum
      naphthenates, molybdenum stearates, molybdenum octoates, molybdenum
      carbonyls, and molybdenum acetylacetonates.
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ABST
PAL  Two new organic compounds are disclosed, perfluorocyclohexane-1,4-dione and
      perfluorocyclohexene-1,4-dione, which are obtained concurrently or
      alternatively by reacting fluoranil with substantially pure anhydrous
      cobalt trifluoride. These compounds are clear, colorless liquids which are
      useful as monomers in the synthesis of thermally stable elastomeric
      polymers. Also disclosed is the dihydrate of said
      perfluorocyclohexane-1,4-dione, namely,
      octafluoro-1,1,4,4-cyclohexanetetraol. Another aspect of this invention is
      a series of polyethers formed by reacting said
      perfluorocyclohexane-1,4-dione with cesium fluoride and a cyclic or
      noncyclic aliphatic perhaloalkene having from 2 to 12 carbon atoms and a
      fluorine atom on at least each of the carbon atoms connected by the double
      bond, said polymer having as a repeating unit
      ##SPC1##
PAL  Wherein
PA1  R is a divalent radical selected from the group consisting of
      ##EQU1##
      WHEREIN X is a halogen selected from the group consisting of fluorine,
      chlorine, bromine, iodine, or any stable combination thereof within the
      same molecule;
PA1  n is an integer of from 1 to 4;
PA1  y is an integer of from 0 to 10; and
PA1  Z is an integer of from 0 to (10-y).
PAL  When of sufficiently high molecular weight or when lightly cross-linked,
      these polymers are elastomers having high thermal stability.
GOVT
PAC  NOTICE OF GOVERNMENTAL INTEREST
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder, with the Department of the Navy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Rausch et al. in J. Org. Chem. 28, 494 (1963) teach use of cobalt
      trifluoride to achieve the addition of fluorine to double bonds in
      noncyclic aliphatic compounds. However, few examples of perfluorinated
      diketones are reported, and prior to the invention disclosed herein, it is
      believed that no cyclic perfluorinated ketones were known in which the
      ketone functions were not vicinal.
PAC  SUMMARY OF THE INVENTION
PAR  Each of perfluorocyclohexane-1,4-dione,
      ##SPC2##
PAL  And perfluorocyclohexene-1,4-dione,
      ##SPC3##
PAL  Are recovered from the reaction product of
      2,3,5,6-tetrafluoro-benzoquinone, commonly known as fluoranil, with
      substantially pure anhydrous cobalt trifluoride. These new compounds are
      both clear, colorless liquids useful as intermediates in the preparation
      of polymers which are in the nature of mixed perfluorinated polyethers.
PAR  In a further aspect of this invention, perfluorocyclohexane-1,4-dione is
      treated with cesium fluoride in a nonpolar, water miscible aprotic solvent
      medium to which is added a perhaloalkene having from 2 to 12 carbon atoms
      and a fluorine atom on at least each of the carbon atoms connected by the
      double bond. When the reaction is substantially complete, conventional
      techniques are employed to recover various components from the reaction
      mixture, including a polymer having as a repeating unit
      ##SPC4##
PAL  Wherein R is a divalent radical selected from the group consisting of
      ##EQU2##
      wherein X is halogen selected from the group consisting of fluorine,
      chlorine, bromine, iodine, or any stable combination thereof within the
      same molecule;
PA1  n is an integer of from 1 to 4;
PA1  y is an integer of from 0 to 10; and
PA1  z is an integer of from 0 to (10-y).
PAL  These clear, colorless oils can be subjected to cross-linking in a manner
      conventional to fluoroolefins to form elastomers having outstanding
      chemical and thermal stability useful as sealants, gaskets, flexible
      coatings, and the like.
PAR  Finally, by treating at least the solid phase of the polymer reaction
      medium with water after the reaction is substantially complete and
      following said water treatment step with an extraction step,
      octafluoro-1,1,4,4,-cyclohexanetetraol is recovered. This white solid has
      a melting point of 175.degree.-176.degree. C. and has utility as a flame
      retardant and as an intermediate to the formation of
      perfluorocyclohexane-1,4-dione on dehydration.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a reproduction of a spectrophotometer recording showing the
      absorption of light in the infrared region of the spectrum by the compound
      prepared as described in Examples I-VI and identified as
      perfluorocyclohexane-1,4-dione.
PAR  FIG. 2 is a similarly reproduced recording showing the absorption of light
      in the infrared region of the spectrum by the compound prepared as
      described in Examples I-VI and identified as
      perfluorocyclohexene-1,4-dione.
PAR  FIG. 3 is another reproduced recording showing the absorption of light in
      the infrared region of the spectrum by the polymer prepared as described
      in Examples VII and VIII.
PAR  FIG. 4 is still another reproduced recording showing the absorption of
      light in the infrared region of the spectrum by the compound prepared as
      described in Example IX and identified as
      octafluoro-1,1,4,4-cyclohexanetetraol.
DETD
PAC  FURTHER DESCRIPTION OF THE INVENTION
PAC  A. Preparation of Perfluorocyclohexane-1,4-dione and
      Perfluorocyclohexene-1,4-dione:
PAR  Each of the above-named compounds was prepared from (1) fluoranil, which
      had been freshly recrystallized from carbon tetrachloride to assure high
      purity, and (2) substantially pure anhydrous cobalt trifluoride. The
      purity of the starting materials, particularly the cobalt trifluoride, is
      critical in order to avoid contamination of the desired cyclic end
      products with ring scission products. It has been found advantageous to
      further dry even so-called pure cobalt trifluoride available commercially
      and to agitate the freshly dried product in the presence of chlorine
      trifluoride at about 305.degree. C. to about 310.degree. C. prior to
      reaction with the fluoranil.
PAR  In theory, four moles of cobalt trifluoride are required to react with one
      mole of fluoranil to form one mole of perfluorocyclohexane-1,4-dione. To
      obtain maximum yield of the completely fluorinated compound, however, it
      is preferred to react the CoF.sub.3 and the fluoranil in a mole ratio of
      from about 6:1 to about 20:1. Appreciable recovery of both the saturated
      and mono-unsaturated ring compounds is realized, i.e., each compound is
      recoverable in greater than what might be considered "trace" yields, where
      a starting molar ratio of from about 8:1 to about 20:1 is employed. Where
      a molar ratio of cobalt trifluoride to fluoranil of about 5:1 to about 8:1
      is employed, recovery of the mono-unsaturated ring compound is to be
      expected over the saturated compound.
PAR  In practicing this invention, a quantity of freshly dried cobalt
      trifluoride is placed in a suitable reaction vessel while maintaining
      therein an inert atmosphere such as nitrogen. While continuing to maintain
      the inert atmosphere, a preselected quantity of fluoranil and a
      solubilizing amount of a halocarbon solvent are added to the reaction
      vessel and the vessel is then closed.
PAR  Exemplary of the halocarbon solvent suitable for use herein are CFCl.sub.3,
      CF.sub.2 Cl.sub.2, CF.sub.3 Cl, CCl.sub.2 FCClF.sub.2 and the like; thus,
      fluorocarbon products currently sold under the Freon brand name are
      acceptable, as are many other commercially available products such as the
      3M Company's FC-75 brand cyclic perfluorinated ether. Generally, however,
      the more highly fluorinated compounds are preferably for use herein, since
      it has been found that when CFCl.sub.3 is employed as a solvent, for
      example, one of the chlorine atoms tends to be replaced by a fluorine
      atom, and the displaced chlorine atom in turn reacts with the
      perfluorocyclohexene-1,4-dione to form a small amount of
      ##SPC5##
PAR  The contents of the charged reaction vessel are agitated while at a
      temperature of from about 70.degree. C. to about 130.degree. C. for from
      about 6 hours at the higher temperatures to up to about 96 hours at the
      lower temperatures. While this temperature range is operable, in most
      instances it is preferred to operate at from about 95.degree. C. to about
      115.degree. C., since the higher the reaction temperature, the greater the
      risk of degradation of the basic molecular structure. Temperatures below
      about 95.degree. C. prolong the reaction time. Within the preferred
      temperature range, the reaction equilibrium is usually substantially
      reached after from about 12 to about 36 hours and often after from about
      18 to about 24 hours.
PAR  When the reaction is substantially complete, the reaction medium is cooled
      to room temperature, i.e., about 20.degree. C., and evacuated, i.e.,
      vaporized at pressures on the order of about 1 .mu. Hg through a series of
      cold traps to separate the various components of the medium. While no
      effort has been made to determine with precision the temperatures at which
      the desired products may be recovered at such a pressure, as a
      generalization, perfluorocyclohexene-1,4-dione, can be collected in a trap
      maintained at about -20.degree. C., and perfluorocyclohexane-1,4-dione is
      recoverable in a trap maintained at about -50.degree. C. It has been found
      convenient to use two-stage trap separation processes, such as those
      hereinafter more fully described in Examples I and II. Those skilled in
      the art are readily capable of choosing a cold trap separation process
      which will suit their needs based on the teachings herein.
PAR  The examples which follow further illustrate the present invention and the
      manner in which it can be practiced; these examples and those set forth
      later in the specification should be construed merely as being
      representative and not as limitations on the overall scope of the
      invention.
PAC  EXAMPLE I
PAR  Under a nitrogen atmosphere, a 90 milliliter volume corrosion resistant
      metal cylinder was charged in the order named with approximately 27.6
      grams (0.238 mole) of freshly regenerated anhydrous cobalt trifluoride,
      approximately 3.6 grams (0.02 mole) of fluoranil recrystallized from
      carbon tetrachloride, and approximately 20 milliliters of Freon 12 brand
      difluorodichloromethane. The cylinder was closed and placed in a furnace
      maintained at about 97.degree.-98.degree. C. wherein it was rotated for
      approximately 22 hours. Upon cooling to room temperature, the reaction
      mixture of the cylinder was evacuated through a series of three cold traps
      under a pressure of on the order of 1 .mu. Hg. In the first trap,
      maintained at about -78.degree. C., perfluorocyclohexane-1,4-dione and a
      small amount of an unidentified acid fluoride were collected. Small
      amounts of the same materials were collected in a second trap which was
      also maintained at about -78.degree. C. In the third trap, maintained at
      about -196.degree. C., traces of each of chlorine, carbonyl fluoride
      (COF.sub.2), and trifluorochloromethane were found along with most of the
      difluorodichloromethane used as a solvent. The contents of the two
      -78.degree. C. traps, totalling 3.5 grams, were passed through a second
      series of traps maintained at -50.degree. C., -78.degree. C., and
      -196.degree. C. The -50.degree. C. trap collected 2.1 grams of a clear,
      colorless liquid which subsequently was determined by mass, NMR, and
      infrared spectroscopy to be perfluorocyclohexane-1,4-dione; the
      -78.degree. C. trap collected 1.1 grams of a mixture of the diketone and
      the unidentified acid fluoride; and the -196.degree. C. trap contained a
      material consisting solely of about 0.3 grams of the unidentified acid
      fluoride.
PAC  EXAMPLE II
PAR  Following substantially the same initial procedures as described in Example
      I, 11.0 grams (0.0949 mole) of regenerated anhydrous cobalt trifluoride,
      3.2 grams (0.0178 mole) of recrystallized fluoranil, and 10 ml. of Freon
      11 brand of fluorotrichloromethane were maintained with agitation at about
      110.degree.-111.degree. C. for about 18 hours. Under vacuum, the cooled
      reaction medium was passed through a series of cold traps maintained at
      -45.degree. C., -78.degree. C., and -196.degree. C., respectively. The
      contents of the first two traps were thereafter passed through a second
      series of traps maintained at -20.degree. C., and at -78.degree. C., from
      which were recovered 1.8 grams and 1.3 grams, respectively, of clear,
      colorless liquid. After further purification by passage through a 1/4 inch
      .times. 20 foot ethylenepropylene wax gas chromatographic column, each of
      the two liquids was subsequently analyzed using mass, NMR, and infrared
      spectroscopy. The liquid recovered in the -20.degree. C. trap was
      identified as perfluorohexene-1,4-dione, and that recovered in the
      -78.degree. C. trap was identified as perfluorohexane-1,4-dione.
PAC  EXAMPLES III - VI
PAR  In basically similar procedures using slightly different quantities of
      starting materials, reaction temperatures, and reaction times, the results
      tabulated in Table I were obtained.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Starting Materials and Reaction Conditions                                

                                  Products Obtained                            

     Ex.                                                                       

         Quantity                                                              

                Quantity                                                       

                      Solvent                                                  

                          Temp.                                                

                              Time                    Acid                     

                                                          COF.sub.2            

                                                              Recovered        

     No.                                                                       

         Fluoranil                                                             

                 CoF.sub.3                                                     

                          .degree.C.                                           

                              Hours                   Fluo-   Fluoranil        

        Grams(moles)                                                           

               Grams(moles)                           ride                     

                                  Grams     Grams                              

     __________________________________________________________________________

     III                                                                       

        0.8 (.0044)                                                            

               11.3 (0.096)                                                    

                      CF.sub.3 Cl                                              

                           75 72  --        0.15      --  --  *                

     IV 2.0 (0.0111)                                                           

                9.3 (0.0802)                                                   

                      Freon                                                    

                           95 96  *         0.6       --  --  1.3              

                       113                                                     

     V  2.9 (0.0161)                                                           

               16.2 (0.14)                                                     

                      CFCl.sub.3                                               

                          110 66  2.3       --         0.7                     

                                                          *   *                

     VI 2.5 (0.0139)                                                           

               14.8 (0.127)                                                    

                      CFCl.sub.3                                               

                          111 21  1.8       --        .about.1.3               

                                                          *   --               

     __________________________________________________________________________

      * Trace or somewhat larger quantities.                                   

PAR  Boiling points at atmospheric pressure have been estimated from vapor
      pressure measurements to be about 110.degree. C. for
      perfluorohexane-1,4-dione and about 140.degree. C. for
      perfluorohexene-1,4-dione. Infrared spectra for these two compounds are
      shown in FIG. 1 and FIG. 2, respectively. Perfluorocyclohexane-1,4-dione
      having a formula weight of 256.053 grams per mole exhibited mass spectral
      peaks as follows:
TBL  m/e             Fragment                                                  

     ______________________________________                                    

     256             Molecular ion (M.sup.+)                                   

     109             (CF--CF.sub.2 --CO).sup.+                                 

     100             (CF.sub.2 CF.sub.2).sup.+                                 

      31             (CF).sup.+                                                

     ______________________________________                                    

PAL  Similarly, the following mass spectral peaks were observed for
      perfluorocyclohexene-1,4-dione, which has a formula weight of 218.056
      grams per mole:
TBL  m/e             Fragment                                                  

     ______________________________________                                    

     218             Molecular ion (M.sup.+)                                   

     168             (CF.sub.2 COCF=CF--CO).sup.+                              

     109             (CF--CF.sub.2 --CO).sup.+                                 

     ______________________________________                                    

PAR  The nuclear or fluorine magnetic resonance (NMR) spectrum of fluorine for
      each compound was recorded at 56.4 megacycles in the customary manner
      using fluorotrichloromethane as an internal standard. Principal
      characteristic absorption peaks occurred at the following frequencies,
      expressed in .delta. units: perfluorocyclohexane-1,4-dione, 125.5;
      perfluorocyclohexene-1,4-dione, 131.0 and 126.1.
PAC  B. Preparation of Polymers from Perfluorocyclohexane-1,4-dione
PAR  To prepare copolymers having as a repeating unit
      ##SPC6##
PAL  wherein R is a divalent radical selected from the group consisting of
      ##EQU3##
      wherein X is halogen selected from the group consisting of fluorine,
      chlorine, bromine, iodine, or a stable combination thereof within the same
      molecule;
PA1  n is an integer of from 1 to 4;
PA1  y is an integer of from 0 to 10; and
PA1  z is an integer of from 0 to (10-y), the following procedure is generally
      followed:
PAR  Under a dry inert atmosphere, e.g., nitrogen, a preselected amount of
      anhydrous cesium fluoride, which serves as polymerization reaction
      promoter, is placed in a suitable reaction vessel, preferably one
      constructed from glass. To this is added a solubilizing amount of an
      anhydrous, water miscible, nonpolar, aprotic solvent, for example, dioxane
      or tetrahydrofuran, or, more preferred, a polyglycol ether such as any of
      diethylene glycol dimethyl ether, diethylene glycol diethyl ether, or
      triethylene glycol dimethyl ether and the like. As an indication of what
      is meant by "solubilizing amount" in this context, in the uusual practice
      of this invention, from about 2 milliliters to about 10 milliliters, and
      preferably from about 2.5 milliliters to about 4 milliliters, of solvent
      is employed per gram of cesium fluoride. Sufficient
      perfluorocyclohexane-1,4-dione is added to the reaction vessel under a
      partial vacuum to provide a diketone:cesium fluoride molar ratio of about
      1:2, although the ratio may be increased slightly to obtain shorter
      reaction times, or, decreased to obtain higher polymers in longer reaction
      times.
PAR  The diketone, cesium fluoride, and solvent are agitated at ambient
      temperature until a uniform, finely dispersed slurry is formed, usually
      within from about 2 to about 12 hours, although it is not detrimental to
      agitate the mixture for longer periods if more convenient, e.g.,
      overnight. The slurry is cooled with, for example, liquid nitrogen, and
      under a vacuum a perhaloalkene is added, said alkene having from 2 to 12
      carbon atoms and a fluorine atom on at least each of the two carbon atoms
      connected by the double bond. The perhalo-substituted alkene may be either
      cyclic or noncyclic. When a cyclic alkene is selected, R in the above
      formula will correspond to the first member of the Markush grouping;
      conversely, noncyclic aliphatic alkenes result in an R group corresponding
      to the second member of the Markush group. The remaining halogen
      substituents may be fluorine, chlorine, bromine, iodine, or a combination
      thereof, but perfluoroalkenes are preferred. Examples of suitable
      compounds include hexafluorocyclobutene, tetrafluoroethylene,
      decafluorocyclohexene, 3,3,3-trichloro-1,1,2-trifluoropropene, and the
      like. The perhaloalkene is usually employed in a molar quantity
      approximately equal to or slightly in excess of that of the
      perfluorohexene-1,4-dione. Thus, an approximate cesium
      fluoride:perfluorohexane-1,4-dione:perhaloalkene molar ratio which is
      generally suitable is 2:1:1.
PAR  The reaction medium thus obtained is again permitted to attain an ambient
      temperature, and agitation is resumed until reaction equilibrium has been
      reached. As the reaction proceeds to completion, a gradual decrease in the
      pressure within the reaction vessel can be observed; when the reaction is
      substantially complete, usually after from about 36 to about 60 hours, a
      relatively constant pressure will be evidenced within the vessel. Under
      reaction conditions as described above it is believed polymers are
      obtained, depending on promoter concentration and reaction time which
      contain an average number of repeating units in the range of about 4 to 8.
      On reducing the proportions of cesium fluoride promoter utilized and
      undertaking somewhat longer reaction times higher molecular weight
      polymers containing, predominantly, a number of repeating units up to 50
      units is produced. With even less promoter and rather long reaction times
      employed, polymers with about 1000 or more repeating units are obtained.
      The polymer may be recovered by conventional methods of separation. Two
      such methods are illustrated in the examples which follow.
PAC  EXAMPLE VII
PAR  In a dry box having an anhydrous nitrogen atmosphere, 3.5 grams (0.023
      mole) of anhydrous cesium fluoride and 10 milliliters of diethylene glycol
      dimethyl ether (diglyme) were charged to a glass reaction vessel, and 2.8
      grams (0.0109 mole) of perfluorocyclohexane-1,4-dione were transferred
      into the reactor under a vacuum. The reaction medium was agitated for 16
      hours using a conventional magnetic stirring bar and external motorized
      drive means, after which time a finely dispersed thick slurry had formed.
      Through a vacuum manifold, 2.0 grams (0.0123 mole) of
      hexafluorocyclobutene were added to the reaction medium which had been
      cooled to roughly -196.degree. C. The reaction vessel was warmed to room
      temperature, and agitated for an additional 50 hours, after which time the
      volatile materials were removed under reduced pressure. It was
      subsequently learned that the only volatile material recovered in this
      step was unreacted hexafluorocyclobutene. The remaining contents of the
      reaction vessel were heated to 60.degree. C. and subjected to a vacuum on
      the order of 1 micron Hg, whereupon the remaining liquid contents of the
      vessel were removed and collected in a -196.degree. C. cold trap, leaving
      a solid residue of about 2.5 grams in the reaction vessel. When the
      contents of the trap were warmed to room temperature, two liquid layers
      were observed and were separated. The bottom layer weighing 0.7 gram was
      subsequently identified by NMR and infrared spectroscopy as having the
      following repeating unit:
      ##SPC7##
PAL  The spectroscopic analyses also indicated terminal perfluorocyclobutenyl
      moities. A small amount of the polymer was additionally recovered by
      diluting with water the upper layer, which was substantially comprised of
      diglyme, and following this with a solvent extraction step using methylene
      chloride.
PAC  EXAMPLE VIII
PAR  Using procedures similar to those described in the foregoing Example to
      charge the glass reaction vessel, 1.42 grams (0.00936 mole) of cesium
      fluoride, 5 milliliters of anhydrous diglyme, and 1.2 grams (0.00468 mole)
      of perfluorocyclohexane-1,4-dione were admixed for about 3 hours at room
      temperature to form a finely dispersed mixture. After connecting the
      reaction vessel to a vacuum line and cooling it with liquid nitrogen, 0.77
      gram (0.00468 mole) of hexafluorocyclobutene was added thereto. The
      reaction mixture was then agitated at an ambient temperature for 41 hours.
      Volatile components were removed on a vacuum line, and thereafter the
      reactor was opened and 20 milliliters of Freon 113 brand of
      trichlorotrifluoroethane were added thereto. The resulting mixture was
      agitated and filtered to remove solid by-products. After the solvent was
      removed, 0.4 g. of a viscous, amber colored liquid remained. This liquid
      was washed twice with water and distilled under a high vacuum to yield a
      viscous, clear, colorless oil which was subsequently identified by NMR and
      infrared spectroscopy to contain the following as a repeating unit
      ##SPC8##
PAR  The polymers prepared as described in Examples VII and VIII had a boiling
      point of 50.degree. C. at a pressure of 1 .mu.Hg. The infrared spectra is
      shown in FIG. 3. Characteristic peaks were observed in the fluorine
      resonance spectrum (56.4 MHz) at 108, 113, 117, 120, 121 to 133
      (multiplet), 139, and 140, expressed as .delta. units relative to
      CFCl.sub.3.
PAR  On repeating substantially the processes described in Examples VII and VIII
      but using, respectively, octafluorobut-1-ene, tetrafluoroethylene,
      decafluorocyclohexene, or 3,3,3-trichloro-1,1,2-trifluoropropene, or
      perfluoroheptene-1 in place of hexafluorocyclobutene, polymers having the
      following repeating units are obtained, respectively, in similar amount:
      ##SPC9##
PAC  C. Preparation of Octafluoro-1,1,4,4-cyclohexanetetraol
PAR  The above named stable dihydrate of perfluorocyclohexane-1,4-dione is
      recovered from the reaction medium obtained in the hereinbefore described
      polymer preparation by treating the completed reaction medium with a
      solubilizing amount of water and recovering the compound from the water
      using conventional solvent extraction techniques.
PAR  One specific approach which may be taken in practicing the above-described
      method is to admix the entire completed reaction medium with water. Two
      layers are formed, the heavier oil layer comprising the polymer and the
      lighter aqueous layer comprising an aqueous solution of
      octafluoro-1,1,4,4-cyclohexanetetraol and cesium fluoride. Extraction of
      the aqueous layer with any common substantially water immiscible solvent
      such as ethyl ether, methylene chloride, carbon tetrachloride and the
      like, followed by evaporation of the solvent, yields a white crystalline
      solid which has been identified as octafluoro-1,1,4,4-cyclohexanetetraol.
PAR  Alternatively, the dihydrate compound may be recovered from the reaction
      mixture by treating only the solid components of said mixture with water
      and recovering the dissolved compound from the aqueous solution using
      conventional solvent extraction techniques as hereinbefore described. A
      specific instance in which this latter approach was used is described in
      the following example.
PAC  EXAMPLE IX
PAR  Reference is made to Example VII wherein removal of the liquid products of
      the reaction by heating under a partial vacuum was described, said step
      leaving a solid residue of about 2.5 grams. This residue was treated with
      200 milliliters of water, and the resulting aqueous solution extracted
      with four 25 milliliter aliquots of ethyl ether. The ethyl ether was
      removed by evaporation, leaving 1.5 grams of a white crystalline solid.
      The solid was purified readily by sublimation at about 110.degree. C. and
      a pressure of 15 mm Hg. The compound melted at 175.degree.-176.degree. C.
      in a closed capillary, and was identified as octafluoro-1,1,4,4
      -cyclohexanetetraol, having a molecular weight of 292.08 grams per mole.
      The infrared spectrum of this compound made in Nujol mull is shown in FIG.
      4.
CLMS
STM  What is claimed is:
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PAR  1. Perfluorocyclohexene-1,4-dione.
NUM  2.
PAR  2. A compound useful in the synthesis of thermally stable elastomeric
      polymers, said compound being characterized by the following properties:
PA1  a. boiling point of about 140.degree. C. at atmospheric pressure;
PA1  b. molecular weight of 218.056 grams per mole;
PA1  c. characteristic absorption in the infrared region of the spectrum
      substantially corresponding to that shown in FIG. 2;
PA1  d. a fluorine resonance spectrum at 56.4 MHz with principal characteristic
      absorption peaks at 131.0 and 126.1, expressed in .delta. units relative
      to CFCl.sub.3 ; and
PA1  e. a mass spectrum having an M.sup.+ peak at 218 m/e units, and further
      characteristic peaks at 168, and 109 m/e units.
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ABST
PAL  New cycloaliphatic unsaturated ketones and their use as perfuming and
      odour-modifying agents in the manufacture of perfumes and perfumed
      products, and as flavouring and taste-modifying agents in the preparation
      of foodstuffs in general and imitation flavours for foodstuffs, beverages,
      animal feeds, pharmaceutical preparations and tobacco products.
PAL  Methods for the preparation of said cycloaliphatic unsaturated ketones.
PARN
PAR  This application is a continuation of application Ser. No. 35,594, filed
      May 7, 1970, which in turn is a continuation-in-part of application Ser.
      No. 774,179, filed Nov. 7, 1968, both now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a new class of cycloaliphatic unsaturated ketones
      having the formula
      ##SPC1##
PAL  Containing one double bond in position 2'- or 3'- of the acyl side chain
      and either one double bond in position 1- or 2- (as shown in the above
      formula, the double bond in the 2 position can be either in the ring or
      the side chain) or two conjugated double bonds in positions 1- and 2- of
      the ring, the double bonds being represented by dotted lines, and wherein
      n is zero or 1, R.sup.1, R.sup.2 and R.sup.3 represent hydrogen or one of
      them a lower alkyl radical, such as methyl or ethyl, and the others
      hydrogen and R.sup.4, R.sup.5, R.sup.6 and R.sup.7 represent hydrogen or
      one of them a lower alkyl radical, such as methyl or ethyl, and the others
      hydrogen.
PAR  The invention also relates to methods for the preparation of compounds I,
      of some of the intermediates used in their preparation and some of their
      derivatives and to the use of said compounds as perfuming and
      odourmodifying agents in the manufacture of perfumes and perfumed
      products, and as flavouring and taste-modifying agents in the manufacture
      of artificial flavours for foodstuffs, beverages, animal feeds,
      pharmaceuticals and tobacco.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The compounds of the invention have particularly interesting and valuable
      organoleptic properties and, consequently, they are useful as fragrances
      in the perfume industry, as ingredients for the preparation of artificial
      flavours and as flavour additives in foodstuffs, animal feeds, beverages,
      pharmaceutical preparations and tobacco products.
PAR  The term "foodstuff" is used in this specification in its broadest sense
      and is meant to include also products such as coffee, tea and cocoa. In
      particular, the new ketones and some of their intermediates can be used as
      odoriferous ingredients in concentrated or diluted perfumes and in
      perfumed products such as soaps, detergents, cosmetic products, waxes and
      any other products which may be perfumed to make them commercially more
      attractive.
PAR  Furthermore, the new compounds are very useful as ingredients in the
      preparation of artificial essential oils such as jasmin oil, geranium
      Bourbon oil, rose oil and others.
PAR  The compounds of the invention increase the power and the diffusion ability
      of perfume compositions and impart to them a natural richness.
PAR  The compounds of the invention possess also very interesting flavouring
      properties. Depending on the nature of the products to which they are
      added, they will develop fruity, herb-like, winy, woody, floral or waxy
      flavour notes or any combinations of these flavour notes. In some
      instances they will impart to products a red berrylike flavour and can be
      used for improving the taste and aroma of artificial strawberry,
      cranberry, cherry or redcurrant flavour compositions and the like.
      Surprisingly, the new ketones can even be used for enhancing the taste and
      flavour of such products as honey and red wines.
PAR  The proportions in which the new compounds can be used to produce desirable
      odoriferous effects vary within wide limits. In the preparation of perfume
      compositions, for instance, interesting effects can be obtained with
      proportions as low as about 100 ppm to about 5 % of the total weight of a
      perfume composition. Depending on the odoriferous effects wanted, the
      proportions of the ketones can be increased to about 10 % or even more.
PAR  When the new ketones are used as flavouring agents or additives for
      modifying the organoleptic properties of foodstuffs, animal feeds,
      beverages, pharmaceutical preparations and tobacco products, the new
      compounds can be used in proportions which, again, vary within wide
      limits.
PAR  Interesting flavouring effects, for instance, can be achieved by using the
      compounds of the invention in proportions from 0.1 to 10 ppm based on the
      weight of the products to be flavoured. However, these proportions can be
      increased beyond 10 ppm up to about 100 ppm in order to achieve special
      flavouring effects. In the preparation of flavouring compositions by
      admixing the new compounds to other aromatics, the said compounds can be
      used, for example, in proportions of about 0.1 % to about 15 % of the
      total weight of the flavouring composition. In many cases average
      proportions of about 1 to 10 % by weight will give the desired results.
PAR  It is to be understood that the proportions given above are in no way
      absolute values and that higher or lower concentrations of the new
      compounds may be used depending on the specific odoriferous or flavouring
      effects to be developed.
PAR  According to the invention, the methods of preparation of the compounds of
      formula I are either of general nature or of more specific type.
PAR  According to the invention, a general method for the preparation of
      compounds of formula
      ##SPC2##
      containing either one double bond in position 1- or 2- or two conjugated
      double bonds in positions 1- and 3- of the ring, the double bonds being
      represented by dotted lines, and wherein R.sup.1, R.sup.2 and R.sup.3
      represent hydrogen or one of them a lower alkyl radical, such as methyl or
      ethyl, and the others hydrogen, and R.sup.4, R.sup.5, R.sup.6 and R.sup.7
      represent hydrogen or one of them a lower alkyl radical, for example
      methyl or ethyl, and the others hydrogen, comprises acylating
      organo-metallic propene derivatives having the formula
      ##EQU1##
      wherein the symbols R.sup.1, R.sup.2 and R.sup.3 have the same meaning as
      above and ME represents a metallic function such as Li, Zn, Cd and
      Mg-halogen, with cyclogeranoyl or safranyl derivatives having the formula
      ##SPC3##
PA1  .alpha. .tbd. endocyclic double bond in position 2-
PA1  .beta. .tbd. endocyclic double bond in position 1-
PA1  .gamma. .tbd. exocyclic double bond in position 2-
PAL  wherein the dotted lines and the symbols R.sup.4, R.sup.5, R.sup.6 and
      R.sup.7 have the same meaning as above and wherein the symbol X represents
      a leaving group such as halogen, O-alkyl, O-aryl, O-CO-aryl, O-CO-alkyl.
PAR  A preferred mode of operation consists in using, as cyclogeranoyl
      derivatives, geranoyl halogenides such as, for instance, chlorides,
      bromides or iodides or geraniate derivatives such as methyl, ethyl or
      lithium geraniate. The cyclogeranoyl and safranyl derivatives used in the
      above mentioned process can be synthesized according to different methods,
      some of which are described hereinafter. For instance,
PAR  1. The cyclogeranoyl derivatives of structure .alpha.- and .beta.- can be
      synthesized from the corresponding cyclogeranic acids by usual methods.
      The cyclogeranic acids may be obtained from the corresponding citral
      derivatives according to known methods [cf.: Gildemeister & Hoffmann, Die
      Aetherischen Oele, III d, pp. 137-138, Akademie-Verlag, Berlin (1966)].
      The process for the preparation of the cyclogeranoyl derivatives of
      structure .alpha.- and .beta.- can be illustrated by the following scheme
      A wherein the dotted lines and the symbols R have the same meaning as
      above.
      ##SPC4##
PAR  2. The cyclogeranoyl derivatives of structure .alpha.-, .beta.- can also be
      obtained by cyclisation of the corresponding citral derivatives [e.g. cf.:
      Bedoukian, Perfumery and Flavoring Synthetics, Elsevier, New York (1967)],
      whereas the cyclogeranoyl derivatives of structure .gamma.- are obtained
      by isomerization of .beta.-cyclocitrals. The aldehydic group of
      cyclocitrals is oxidised to --COOH and finally this latter is transformed
      into --COX by the usual means. Scheme B illustrates this process. The
      dotted lines and the symbols R have the same meaning as above.
      ##SPC5##
PAR  3. The cyclogeranoyl derivatives of structure .gamma.-, where X = O-alkyl,
      can be prepared according to Helv. Chim. Acta 41, 1359 (1958) from an
      .alpha.-alkoxycarbonyl derivative of cyclohexanone. By condensation of
      these derivatives with an ethyl haloacetate in the presence of zinc a
      diester is obtained which, after dehydration, partial saponification and
      monodecarboxylation, gives the desired .gamma.-compounds. This process is
      illustrated in Scheme C hereinafter. The dotted lines and the symbols R
      have the same meaning as above.
      ##SPC6##
PAL  The .alpha.-alkoxycarbonyl derivatives of cyclohexanone may be obtained
      according to Helv. Chim. Acta 35, 1753 (1952) from methylheptenone.
PAR  4. The safranyl derivatives used in the process of the present invention
      can be obtained simply by dehydrogenating the corresponding
      .beta.-cyclogeranoyl derivatives as follows. The substituents R have the
      same meaning as above.
      ##SPC7##
PAL  The dehydrogenation may be carried out in the same way as that described
      for one of the process of the invention which consists in converting
      compound I.alpha. and I.beta. into I.delta.. This process will be
      described hereafter ( see p. 23 ).
PAR  According to the invention, a method for the preparation of ketones of
      formula
      ##SPC8##
PAL  containing one double bond in position 2'- or 3'- of the acyl side-chain
      and one double bond in position 1- (structure .beta.-) or 2- (structure
      .alpha.-, endocyclic double bond; structure .gamma.-, exocyclic double
      bond) of the cycle, the double bonds being represented by dotted lines,
      and wherein n is zero or 1, R.sup.1, R.sup.2 and R.sup.3 represent
      hydrogen or one of them a lower alkyl radical such as methyl or ethyl, and
      the others hydrogen, and R.sup.4, R.sup.5, R.sup.6 and R.sup.7 represent
      hydrogen or one of them a lower alkyl radical, such as methyl or ethyl,
      and the others hydrogen, comprises oxidising an alcohol of formula
      ##SPC9##
PAL  wherein the dotted lines and the symbols R have the same meaning as those
      of formula I. Silver carbonate in presence of diatomaceous earth,
      oxygen-containing derivatives of a transition element such as chromium,
      manganese or nickel, pure or atmospheric gaseous oxygen in presence of
      activators, such as, for example free radicals initiators, can be used as
      oxidising agents. Chromium trioxide and manganese dioxide are preferably
      used [see for example, J. Org. Chem. 26, 4814 (1961)]. MnO.sub.2 is a
      cheap oxidising agent which can be used at room temperature in an inert
      solvent such as pentane and hexane.
PAR  When it is used to convert V to I, the geometric isomerism of the material
      being oxidised (cis- or trans-alcohols V or mixture thereof) remains
      practically unchanged. When CrO.sub.3 is used, preferably in the presence
      of an organic base such as pyridine, the ketone resulting from either the
      cis- or the trans-alcohols V has the geometry trans-. The starting
      compounds V which possess interesting organoleptic properties and,
      consequently, can be advantageously used in the perfume industry, can be
      prepared according to usual methods by the addition to .alpha.-, .beta.-
      or .gamma.-cyclocitrals of an organo-metallic derivative having the
      formula
      ##EQU2##
      containing one double bond in position 1'- or 2'-, the double bond being
      represented by the dotted lines, and wherein ME represents a metallic
      function such as, for instance, Li or BrMg, R.sup.1, R.sup.2 and R.sup.3
      have the same meaning as above and n is zero or 1, and subsequent
      hydrolysis of the addition product.
PAR  The above process is illustrated by scheme E herebelow, wherein the dotted
      lines and the symbols R have the same meaning as above.
      ##SPC10##
PAL  The .alpha.-, .beta.- and .gamma.-cyclocitrals can be prepared from citral
      derivatives as indicated in scheme B (see above) and schemes F and G will
      illustrate a few examples of reactions for the preparation of such
      starting citral derivatives. In these schemes the symbols R have the same
      meaning as indicated above, ME represents a metallic function and a
      indicates an addition reaction of an organo-metallic reactant on a ketone
      [see for example, D. J. Cram and G. S. Hammond, Organic Chemistry,
      McGraw-Hill, New York (1959) p. 294]
      ##SPC11##
PAC  Scheme C:
PAR  b: Carrol reaction [see for example J. Chem. Soc. pp. 704, 1266 (1940); p.
      507 (1941)]
PAR  c: Reactions for the conversion of methylheptenones to the corresponding
      citrals [see for example Bedoukian, Perfumery and Flavoring Synthetics,
      Elsevier, New York (1967), p. 102-103]
      ##SPC12##
      ##SPC13##
PAL  wherein the symbol R.sup.2 represents hydrogen, R.sup.1 and R.sup.3
      represent hydrogen or one of them a lower alkyl radical, such as methyl or
      ethyl, and the other hydrogen, and R.sup.4, R.sup.5, R.sup.6 and R.sup.7
      have the same meaning as above, can be prepared by isomerisation and
      simultaneous reduction of an epoxide having the formula
      ##SPC14##
PAL  wherein the R's have the same meaning as above [see Tetrahedron 19, 1091
      (1963) and J. Org. Chem. 26, 3615 (1961)].
PAR  According to the invention, the ketones of formula I .alpha.- and I
      .beta.-, wherein the double bond of the acyl side-chain is in position
      2'-, are prepared by cyclising, by means of an acidic cyclising agent, a
      "pseudo"-ketone of formula
      ##SPC15##
PAL  wherein the R's ahave the same meaning as in formula I. The cyclisation can
      be carried out under the same conditions used for cyclising the 1,5-dieno
      compounds, for example for cyclising citral to cyclocitral or geranic acid
      to cyclogeranic acid [see for example, P. Z. Bedoukian, Perfumery and
      Flavoring Synthetics, Elseyier, New York (1967)].
PAR  When cyclising agents such as proton acids are used to effect the
      cyclisation the resulting ketone I possesses generally the structure
      -.beta., that is to say with the double bond in the ring conjugated with
      the CO-group (position 1- of the ring). When cyclising agents such as
      Lewis acids are used in the cyclisation, for instance boron
      trifluoroetherate or SnCl.sub.4, the resulting ketone I possesses
      generally the structure .alpha.-, that is to say with the double bond in
      position 2- of the ring. The cyclisation is preferably carried out by
      means of SnCl.sub.4 in an inert solvent such as benzene or toluene.
PAR  In the above mentioned process, the starting "pseudo"-ketones, which are
      new odoriferous compounds and can be advantageously used in the perfume
      industry, can be easily obtained by reacting a citral derivative (see
      scheme G) with an organo-metallic derivative of propene (see formula III
      above), under conditions analogous to those described for the preparation
      of alcohols V, and subsequent oxidation of the resulting alcohol with am
      oxidising agent. Said oxidation can be carried out by means of the same
      oxidising agents and under reaction conditions analogous to those used for
      the oxidation of the alcohols having formula V.
PAR  The pseudo-ketones VI can also be prepared from methylheptenone derivatives
      (cf. scheme G) according to the process shown in scheme H hereinbelow
      wherein the symbols R have the same meaning as above.
      ##SPC16##
PAR  According to the invention a method for the preparation of compounds having
      the formula
      ##SPC17##
PAL  containing one double bond in position 1- or 2- of the cycle, the double
      bonds being represented by dotted lines, wherein R.sup.1, R.sup.2, and
      R.sup.3 represent hydrogen or R.sup.1 a lower alkyl radical, such as
      methyl or ethyl, and the others hydrogen, and R.sup.4, R.sup.5, R.sup.6
      and R.sup.7 represent hydrogen or one of them a lower alkyl radical, such
      as methyl or ethyl, and the others hydrogen, comprises partially
      hydrogenating the triple bond of an acetylenic ketone having the formula
      ##SPC18##
PAL  wherein the dotted lines and the symbols R have the same meaning as in
      formula I. The partial hydrogenation can be performed in the presence of a
      Lindlar type catalyst (deactivated Pd/C catalyst, see Helv. Chim. Acta 35,
      446 (1952) according to usual methods. The ketones I .alpha.-a and I
      .beta.-a resulting from the above partial hydrogenation have the
      configuration cis-. The corresponding transisomers are prepared according
      to the invention by isomerisation with an acid in an inert solvent. Acids
      which can be used for carrying out the above isomerisation comprise proton
      acids, such as those ordinarily used to produce enolisation of ketones,
      for instance p-toluenesulfonic acid, hydrochloric acid and trifluoracetic
      acid. Lewis acids, such as for instance boron trifluoride or iodine, can
      also be used. The isomerisation is best carried out in an inert solvent
      such as an aromatic hydrocarbon, for example benzene or toluene, an
      aliphatic or cycloaliphatic hydrocarbon, e.g. heptane or cyclohexane, or
      an ether, e.g. monoglyme, diglyme or dioxan. The temperature at which the
      isomerisation can be carried out is not critical. For instance, the
      isomerisation can be carried out by mixing the substance to be isomerised
      together with the solvent and a catalytic amount of the acidic isomerising
      agent and allowing the mixture to stand at room temperature for several
      hours, e.g. 12 hours. At lower temperature the reaction time may increase
      considerably. At temperatures higher than the room temperature the
      reaction time may be shortened. However, above 100.degree. C unwanted side
      reactions may occur and it is preferable to carry out the isomerisation
      below 100.degree. C.
PAR  The acetylenic ketones VII which are used as starting materials in the
      above process are themselves odoriferous new compounds which can be used
      in the perfume industry. They possess valuable floral fragrances. They can
      be prepared by a method which comprises reacting .alpha.- or
      .beta.-cyclocitrals with organo-metallic derivatives of propyne,
      subsequently hydrolysing the reaction products to acetylenic alcohols and
      oxidising the latter to the ketones VII.
PAR  This method can be illustrated by scheme I underneath.
      ##SPC19##
PAR  In scheme I the dotted lines and the symbols R have the same meaning as
      above. The symbol ME represents a metal function such as those commonly
      found in organo-metallic compounds, for instance alkali metals, mercury,
      zinc, cadmium and magnesium. In cases where ME represents a divalent
      metal, i.e. for instance Mg, the second valence bond can be linked to a
      negative substituent such as for instance Br, Cl or I. For the oxidation
      of the acetylenic alcohols to ketones VII, the same oxidising agents used
      for the oxidation of alcohols V to ketones I can be used under similar
      conditions. Good results are obtained by carrying out the oxidation with
      MnO.sub.2 in a cheap inert solvent such as hexane, cyclohexane or
      petroleum ether.
PAR  The acetylenic ketones of formula VII can also be prepared by the direct
      acylation, according to usual procedures, of organo-metallic propyne
      derivatives of formula
EQU  ME-C.tbd.C-CH.sub.2 R.sup.1
PAL  wherein ME represents a metallic function such as for instance Li, Na or K
      with cyclogeranoyl derivatives having the formula IV .alpha.- or IV
      .beta.- (see scheme A above).
PAR  According to the invention, a method for the preparation of compounds
      having the formula
      ##SPC20##
PAL  containing one double bond in position 1- or 2- of the ring, the double
      bond being represented by dotted lines, wherein R.sup.1, R.sup.2 and
      R.sup.3 represent hydrogen or one of them a lower alkyl radical, such as
      methyl or ethyl, and the others hydrogen, and R.sup.4, R.sup.5, R.sup.6
      and R.sup.7 represent hydrogen or one of them a lower alkyl radical, such
      as methyl or ethyl, and the others hydrogen, comprises isomerising
      compounds having the formula
      ##SPC21##
PAL  wherein the dotted lines and the symbols R have the same meaning as above,
      by means of an acidic or basic isomerising agent or by means of heat. As
      acidic isomerising agent a strong mineral or organic acid, such as for
      instance sulphuric acid, phosphoric acid, gaseous hydrochloric acid,
      perchloric acid, p-toluenesulfonic acid and trifluoracetic acid can be
      used. p-Toluensulfonic acid is preferably used. The isomerisation by means
      of an acidic isomerising agent can be carried out in an organic solvent.
      For instance, most of the commonly used organic solvents such as aliphatic
      cycloaliphatic hydrocarbons, aromatic hydrocarbons, chlorinated
      hydrocarbons or esters and ethers can be conveniently used. Benzene is
      preferably used.
PAR  As basic isomerising agent an alkali, an alkali-buffer or an organic base
      can be used.
PAR  According to the invention a method for the preparation of compounds having
      the formula
      ##SPC22##
PAL  containing one double bond in position 2'- or 3'- of the acyl side-chain,
      the double bond being represented by dotted lines, wherein n is zero or 1,
      R.sup.1, R.sup.2 and R.sup.3 represent hydrogen or one of them a lower
      alkyl radical, such as methyl or ethyl, and the others hydrogen, and
      R.sup.4, R.sup.5, R.sup.6 and R.sup.7 represent hydrogen or one of them a
      lower alkyl radical, such as methyl or ethyl, and the others hydrogen,
      comprises dehydrogenating the compounds of formula
      ##SPC23##
PAL  wherein the dotted lines and the symbols R have the same meaning as above.
PAR  The dehydrogenation can be carried out by halogenating the cyclohexenic
      ring in the allylic position and subsequently dehydrohalogenating the
      product of halogenation. As halogenating agents, commonly known
      halogenating reactants of the allylic position such as for instance,
      haloamides, for example N-bromosuccinimide, N-bromoacetamide,
      N-dimethyldibromohydantoin and their chlorinated analogues can be used.
PAR  According to the usual procedure, N-bromosuccinimide is preferably used
      [see Chem. Rev. 63, 21 (1963)].
PAR  The halogenation in the allylic position can be carried out in an inert
      solvent at a mild temperature. For instance, a chlorinated solvent such as
      CCl.sub.4, CHCl.sub.3, CH.sub.2 Cl.sub.2, dichloroethane,
      tetrachloroethane and trichloroethylene or a mixture of said solvents and
      temperature between about 20.degree. and 100.degree. can be considered as
      convenient. It is possible to operate at higher temperatures, but the
      course of the reaction becomes difficult to follow. Preferably, the
      allylic halogenation is carried out in a mixture of CCl.sub.4 and CH.sub.2
      Cl.sub.2 or CHCL.sub.3 at a temperature comprised between 40.degree. and
      70.degree. C.
PAR  The presence in the reaction mixture of an initiator such as
      .alpha.-.alpha.' -azo-bis-isobutyronitrile or benzoyl peroxide or the use
      of actinic radiations is advantageous. In such case in fact, the initial
      reaction temperature can be appreciably lower than in the absence of such
      an initiator; an easier control of the course of the reaction is thus
      possible.
PAR  The dehydrohalogenation of the resulting halogenated product of the above
      reaction can be carried out without isolation and/or previous purification
      of said halogenated product and can be promoted by organic bases such as
      for instance tertiary amines. As tertiary amines piperidine, morpholine,
      tributylamine, diethylaniline and dimethylaniline can be used. Preferably,
      diethylaniline is used owing to its low volatility but other tertiary
      amines can be equally effective.
PAR  The temperature of the dehydrohalogenation is comprised between 100.degree.
      and 150.degree. C. However, it is possible to operate at temperatures
      below or above these limits but at temperatures below 100.degree. C the
      reaction time may become longer, whereas at temperatures above 150.degree.
      C the product may undergo a partial decomposition.
PAR  According to the invention a method for the preparation of compounds having
      the formula
      ##SPC24##
PAL  wherein R.sup.1, R.sup.2 and R.sup.3 represent hydrogen or one of them a
      lower alkyl radical, such as methyl or ethyl, and the others hydrogen and
      R.sup.4, R.sup.5, R.sup.6 and R.sup.7 represent hydrogen or one of them a
      lower alkyl radical, such as methyl or ethyl, and the others hydrogen,
      comprises treating with an acidic agent an epoxy-compound of formula
      ##SPC25##
PAL  containing one double bond in position 2'-or 3'-of the acyl side-chain, the
      double bond being represented by dotted lines, wherein n is zero or 1, and
      wherein the oxygen atom of the epoxide cycle is bound to the positions 1-
      and 2- or 2- and 3- of the cycle and the symbols R have the same meaning
      as above.
PAR  As acidic agents, mineral or organic acids such as, for instance,
      hydrochloric acid, phosphoric acid, sulphuric acid, p-toluensulfonic acid
      and trifluoracetic acid or acidic diatomaceous earth can be used. The
      reaction can be carried out in an organic solvent such as for example
      benzene, toluene, tetrahydrofuran, dioxan or ethyl acetate at a
      temperature comprised between about 20.degree. and about 100.degree. C.
      Preferably, phosphoric acid in dioxan or tetrahydrofuran is used and the
      reaction is carried out at the boiling temperature of said solvents.
PAR  The above reaction proceeds through the formation of an hydroxy
      intermediate of formula
      ##SPC26##
PAL  containing one double bond in position 2'- or 3'- of the acyl side-chain
      wherein the symbols R have the same meaning as above, and wherein the OH-
      radical is bound to position 1-, 2- or 3- of the cycle. Compounds IX, such
      as 2,6,6-trimethyl-1-hydroxy-1-crotoncyl-2cyclohexene, are new and possess
      very interesting organoleptic properties and are useful in the flavour and
      perfume industry.
PAR  According to another method of the invention, compounds of formula
      I.delta.-a are prepared by oxidising, by means of one or more than one
      oxidising agent, a compound of formula
      ##SPC27##
      containing one double bond in position 2'- or 3'- of the acyl side-chain
      and one double bond in position 1- or 2- of the cycle, the double bonds
      being represented by dotted lines, wherein n is zero or 1 and wherein the
      symbols R have the same meaning as in formula I.delta.-a.
PAR  As oxidising agent, an oxygen containing derivative of an alkali metals,
      such as potassium chromate or bichromate, or of a transition element, such
      as chrome, manganese or nickel, can be used. The oxidation is preferably
      carried out by CrO.sub.3 in a mineral or organic acid.
PAR  The oxidation of compounds Vii to ketones I.delta.-a can also be carried
      out by the successive use of at least two different oxidising agents such
      as, for instance, a peracid and CrO.sub.3. According to a preferred mode
      of operation, a peracid in a buffered hydrophobic solvent and an acid
      aqueous solution of CrO.sub.3 are added successively to the alcohol Vii at
      room temperature. In this process a peracid such peracetic acid, performic
      acid, perbenzoic acid, perphthalic acid or m-chloroperbenzoic acid in a
      solvent such as, for instance, chloroform, methylene chloride, benzene or
      trichloroethylene in the presence of a buffer such as an alkali acetate,
      can be used. Preferably, CrO.sub.3 is then used in an aqueous solution
      acidified with H.sub.2 SO.sub.4.
PAR  The above method can be summarised by scheme J hereinafter.
      ##SPC28##
PAL  In the above scheme J the dotted lines, the index n and the symbols R have
      the same meaning as in formula VIIIi(see above).
PAR  According to the above described process, the epoxy intermediates are not
      isolated; however, when required these epoxides, which are new odoriferous
      products and can be advantageously used in the perfume and flavour
      industry, are prepared according to the invention by epoxidising a
      compound of formula
      ##SPC29##
PAL  wherein the dotted lines, the index n and the symbols R have the same
      meaning as above and X represents an oxygen or hydrogen and an --OH group.
      As epoxidising agents the same peracids described above for the oxidation
      of V ii can be used. The reaction can be carried out in an analogous way.
PAR  The epoxy-ketones VIII i are obtained according to the invention by
      oxidation of compound VIII ii.
PAR  As oxidising agents, the reactants commonly known to oxidise a secondary
      hydroxylic function to a ketonic function such as oxygen-containing
      derivatives of silver or of a transition element such as chrome manganese
      or nickel, can be conveniently used.
PAR  An alkali bichromate in acidic solution is preferably used.
PAR  The compounds of general formula I possess in their side-chain a cis- or
      trans- configuration. Some of the methods of the invention give generally
      mixtures in which the respective amounts of the two isomers vary within
      broad limits. As a general rule, for economic reasons the mixtures
      obtained by one of the above process are used in the perfume industry
      without further purification or separation. However, if necessary the two
      isomeric forms can be separated by the usual methods, for instance, by
      column or vapour phase chromatography. Moreover, cis-isomers isomerise to
      the corresponding trans-isomers in the presence of acids. By actinic
      radiations an equilibrium is established between the two forms, in other
      words, by irradiating one or the other of the two isomers, a mixture, in
      which the amount ratio of the two isomers is constant, will be formed.
      Such ratio will not change even if the radiation time is protracted.
PAR  It has been found that bicyclic compounds of formula
      ##SPC30##
PAL  containing either a six-membered saturated carbon cycle or an hexenic ring
      wherein the double bond is in position 2-, the double bond being
      represented by the dotted line, and wherein the symbols R.sup.1 and
      R.sup.2 represent hydrogen or one of them a lower alkyl radical, such as
      methyl or ethyl, and the other hydrogen, and R.sup.3, R.sup.4, R.sup.5 and
      R.sup.6 represent hydrogen or one of them a lower alkyl radical, such as
      methyl or ethyl, and the others hydrogen, and of formula
      ##SPC31##
PAL  wherein the symbols R have the same meaning as above, possess very valuable
      organoleptic properties and can be conveniently used in the perfume and
      flavour industry.
PAR  According to a method of the invention, compounds Xi are obtained by
      cyclising by means of an acidic or basic agents a compound of formula
      ##SPC32##
      containing one double bond in position 2'- or 3'- of the acyl side-chain
      and containing either one double bond in position 1- or two conjugated
      double bonds in positions 1- and 3- of the ring, the double bonds being
      represented by the dotted lines, and wherein the index n is zero or 1 and
      the symbols R have the same meaning as in formula Xi.
PAR  The cyclisation can be carried out by using as acidic agent either a
      mineral or organic protonic acid, such as hydrochloric acid, phosphoric
      acid, sulphuric acid, acidic diatomaceous earth, p-toluenesulfonic acid or
      trifluoracetic acid, or Lewis acids, such as BF.sub.3, AlCl.sub.3,
      SnCl.sub.4 or iodine. It is possible to cyclise the compounds of formula
      XI to compounds X i by dissolving the compounds to be cyclised in the
      presence of the acidic agent in an inert organic solvent. Most of the
      solvents commonly used, such as aliphatic cycloaliphatic or aromatic
      hydrocarbons or esters and ethers can be conveniently used. Preferably,
      acidic diatomaceous earth in dioxan or tetrahydrofuran is used.
PAR  As basic agents strong inorganic bases, such as hydroxy-derivatives of
      alkali metals, for example lithium, sodium or potassium hydroxides, or
      organic bases, such as primary, secondary or tertiary amines, for example
      diethylamine, triethylamine, n-propylamine, di-n-propylamine,
      tri-n-propylamine, n-butylamine, aniline, methylaniline, dimethylaniline,
      trimethylamine or diethylamine, can be used. In addition, said cyclisation
      can be carried out by means of usual nucleophilic reagents such as, for
      example, I.sup.-, SO.sub.3.sup.- or S.sub.2 O.sub.3 .sup.=.
PAR  The bicyclic ketone of formula
      ##SPC33##
PAL  is also prepared by oxidising the corresponding carbinol having the formula
      ##SPC34##
PAL  Compound XV can be converted to Xa by means of the oxidising agents
      commonly used for oxidising a secondary alcohol in a ketone such as, for
      example, oxygen-containing derivatives of a transition metal such as
      chrome, manganese or nickel.
PAR  The starting carbinol which is a new compound can be obtained by
      isomerisation and simultaneous reduction of the epoxide XVI a
      ##SPC35##
PAL  according to a procedure analogous to that followed for converting XVI into
      V .gamma.-a [see above, cf. Tetrahedron 19, 1091 (1963) and J. Org. Chem.
      26, 3615 (1961)].
PAR  According to another method of the invention, compounds of formula XII are
      prepared by cyclising by means of an acidic or basic agent compounds
      having the formula
      ##SPC36##
PAL  containing one double bond in position 2'- or 3'- of the acyl side-chain,
      the double bond being represented by a dotted line, and wherein the
      symbols R have the same meaning as in formula XII and the index n is zero
      or 1.
PAR  The above cyclisation can be carried out by using the same type of acidic
      or basic reagents as those mentioned for converting compounds XI to their
      corresponding bicyclic derivatives Xi. Preferably, there is used, as
      cyclising agent, BF.sub.3 in an inert organic solvent such as, for
      example, benzene, toluene or ether, or a mixture thereof.
PAR  The present invention describes also a method for the preparation of cyclic
      ketones of formula XIV which comprises cyclising by means of heat
      compounds of formula
      ##SPC37##
PAL  wherein the symbols R have the same meaning as in formula XIV.
PAR  The reaction can be carried out in inert organic solvents such as, for
      example, those already mentioned for the cyclisation of compounds XI or
      XIII. The temperature to which said cyclisation can occur is not critical.
      It is preferable to operate at a temperature comprised between 100.degree.
      and 160.degree.. At lower temperatures the reaction time can be
      considerably longer. At temperatures higher than those indicated the
      reaction time can be shorter; however, at these temperatures fragmentation
      reactions can occur.
PAR  Specific examples of compounds comprised by the various structural formulae
      shown hereinbefore include
PA1  2,4,6,6-tetramethyl-1-trans-crotonoyl-1-cyclohexene,
PA1  2,4,6,6-tetramethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene,
PA1  2,4,6,6-tetramethyl-1-trans-crotonoyl-1,3-cyclohexadiene,
PA1  2,5,6,6-tetramethyl-1-trans-crotonoyl-1-cyclohexene,
PA1  2,5,6,6-tetramethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene,
PA1  2,5,6,6-tetramethyl-1-trans-crotonoyl-1,3-cyclohexadiene,
PA1  2,5,6,6-tetramethyl-1-[3-methyl-2-butenoyl]-1-cyclohexene,
PA1  2,6,6-trimethyl-1-[1-hydroxy-3-methyl-2-butenyl]-1-cyclohexene,
PA1  2,6,6-trimethyl-1-[3-methyl-2-butenoyl]-1-cyclohexene,
PA1  2,6,6-trimethyl-1-[3-methyl-2-butenoyl]-1,3,-cyclohexadiene,
PA1  2,3,6,6-tetramethyl-1-crotonoyl-2-cyclohexene,
PA1  2,3,6,6-tetramethyl-1-[1-hydroxy-2-butenyl]-2-cyclohexene,
PA1  2,6,6-trimethyl-1-vinylacetate-1-cyclohexene,
PA1  2,6,6-trimethyl-1-[3-methyl-3-butenoyl]-1-cyclohexene,
PA1  2,6,6-trimethyl-1-[2-pentenoyl]-2-cyclohexene,
PA1  7,11-dimethyl-5-oxo-3,6,10-dodecatriene,
PA1  2,6,6-trimethyl-1-[2-methylcrotonoyl]-2-cyclohexene,
PA1  2,6,6-trimethyl-1-[3-methylcrotonoyl]-2-cyclohexene,
PA1  2,6,6-trimethyl-1-crotonoyl-1,2-epoxycyclohexane,
PA1  2,6,6-trimethyl-1-vinylacetyl-1,2-epoxycyclohexane,
PA1  2,6,6-trimethyl-1-[1-hydroxy-3-butenyl]-1-cyclohexene,
PA1  2,6,6-trimethyl-1-[1-hydroxy-3-butenyl]-1,2-epoxycyclohexane,
PA1  2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-1,2-epoxycyclohexane,
PA1  2,6,6-trimethyl-1-[1-hydroxy-3-butenyl]-2-cyclohexene,
PA1  2,6,6-trimethyl-1-vinylacetyl-2-cyclohexene,
PA1  2,6,6-trimethyl-1-hydroxy-1-crotonoyl-2-cyclohexene,
PA1  1,5,5,8,9-pentamethylbicyclo[4.3.0]non-8-en-7-one,
PA1  1,4,5,5,8,9-hexamethylbicyclo[4.3.0]non-8-en-7-one,
PA1  4,4,8-trimethyl-9-methylene-bicyclo[3.3.1]nonan-6-one,
PA1  1,5,5,9-tetramethylbicyclo[4.3.0]nona-2,8-dien-7-one,
PA1  1,5,5,9-tetramethylbicyclo[4.3.0]non-8-en-7-ol,
PA1  1,5,5,9-tetramethylbicyclo[4.3.0]non-8-en-7-one,
PA1  6,6-dimethyl-2-methylene-1-crotonoylcyclohexane,
PA1  2,6,6-trimethyl-1-[1-hydroxy-2-butynyl]-1-cyclohexene,
PA1  2,6,6-trimethyl-1-[1-hydroxy-2-butynyl]-2-cyclohexene, cis- and
      trans-2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene,
PA1  2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-2-cyclohexene,
PA1  6,10-dimethyl-4-oxo-2,5,9-undecatriene,
PA1  cis- and trans-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene,
PA1  cis- and trans-2,6,6-trimethyl-1-crotonoyl-2-cyclohexene,
PA1  trans-2,6,6-trimethyl-1-crotonoyl-1,3-cyclohexadiene,
PA1  2,6,6-trimethyl-1-tetrolyl-1-cyclohexene and
PA1  2,6,6-trimethyl-1-tetrolyl-2-cyclohexene.
PA1  cis- and
      trans-2,3,6,6-tetramethyl-1-[2-methyl-2-butenoyl]-1,3-cyclohexadiene,
PA1  2,3,6,6-tetramethyl-1-[3-methyl-2-butenoyl]-1,3-cyclohexadiene
PA1  cis- and trans-2,3,6,6-tetramethyl-1-[2-pentenoyl]-1,3-cyclohexadiene,
PA1  cis- and trans-2,3,6,6-tetramethyl-1-crotonoyl-1,3-cyclohexadiene,
PA1  cis- and
      trans-2,4,6,6-tetramethyl-1-[2-methyl-2-butenoyl]-1,3-cyclohexadiene,
PA1  2,4,6,6-tetramethyl-1-[3-methyl-2-butenoyl]-1,3-cyclohexadiene,
PA1  cis-2,4,6,6-tetramethyl-1-crotonoyl-1,3-cyclohexadiene,
PA1  cis- and trans-2,4,6,6-tetramethyl-1-[2-pentenoyl]-1,3-cyclohexadiene,
PA1  cis- and
      trans-2,5,6,6-tetramethyl-1-[2-methyl-2-butenoyl]-1,3-cyclohexadiene
PA1  2,5,6,6-tetramethyl-1-[3-methyl-2-butenoyl]-1,3-cyclohexadiene,
PA1  cis- and trans-2,5,6,6-tetramethyl-1-[2-pentenoyl]-1,3-cyclohexadiene,
PA1  cis-2,5,6,6-tetramethyl-1-crotonoyl-1,3-cyclohexadiene,
PA1  cis- and
      trans-2,6-dimethyl-6-ethyl-1-[2-methyl-2-butenoyl]-1,3-cyclohexadiene,
PA1  2,6-dimethyl-6-ethyl-1-[3-methyl-2-butenoyl]-1,3-cyclohexadiene
PA1  cis- and trans-2,6-dimethyl-6-ethyl-1-[2-pentenoyl]-1,3-cyclohexadiene,
PA1  cis- and trans-2,6-dimethyl-6-ethyl-1-crotonoyl-1,3-cyclohexadiene
PA1  cis- and trans-2,6,6-trimethyl-1-[2-methyl-2-butenoyl]-1,3-cyclohexadiene,
PA1  cis- and trans-2,6,6-trimethyl-1-[2-pentenoyl]-1,3-cyclohexadiene,
PA1  cis- and trans-2,3,6,6-tetramethyl-1-[2-methyl-2-butenoyl]-2-cyclohexene,
PA1  2,3,6,6-tetramethyl-1-[3-methyl-2-butenoyl]-2-cyclohexene,
PA1  cis- and trans-2,3,6,6-tetramethyl-1-[2-pentenoyl]-2-cyclohexene,
PA1  cis- and trans-2,4,6,6-tetramethyl-1-[2-methyl-2-butenoyl]-2-cyclohexene,
PA1  2,4,6,6-tetramethyl-1-[3-methyl-2-butenoyl]-2-cyclohexene,
PA1  cis- and trans-2,4,6,6-tetramethyl-1-[2-pentenoyl]-2-cyclohexene
PA1  cis- and trans-2,4,6,6-tetramethyl-1-crotonoyl-2-cyclohexene,
PA1  cis- and trans-2,5,6,6-tetramethyl-1-[2-methyl-2-butenoyl]-2-cyclohexene,
PA1  2,5,6,6-tetramethyl-1-[3-methyl-2-butenoyl]-2-cyclohexene,
PA1  cis- and trans-2,5,6,6-tetramethyl-1-1-[2-pentenoyl]-2-cyclohexene,
PA1  cis- and trans-2,5,6,6-tetramethyl-1-crotonoyl-2-cyclohexene,
PA1  cis- and trans-2,6-dimethyl-6-ethyl-1-[2-methyl-2-butenoyl]-2-cyclohexene,
PA1  2,6-dimethyl-6-ethyl-1-[3-methyl-2-butenoyl]-2-cyclohexene,
PA1  cis- and trans-2,6-dimethyl-6-ethyl-1-[2-pentenoyl]-2-cyclohexene,
PA1  cis- and trans-2,6-dimethyl-6-ethyl-1-crotonoyl-2-cyclohexene,
PA1  cis- and trans-2,3,6,6-tetramethyl-1-[2-methyl-2-butenoyl]-1-cyclohexene,
PA1  2,3,6,6-tetramethyl-1-[3-methyl-2-butenoyl]-1-cyclohexene,
PA1  cis- and trans-2,3,6,6-tetramethyl-1-[2-pentenoyl]-1-cyclohexene,
PA1  cis- and trans-2,3,6,6-tetramethyl-1-crotonoyl-1-cyclohexene,
PA1  cis- and trans-2,4,6,6-tetramethyl-1-[2-methyl-2-butenoyl]-1-cyclohexene,
PA1  2,4,6,6-tetramethyl-1-[3-methyl-2-butenoyl]-1-cyclohexene,
PA1  cis- and trans-2,4,6,6-tetramethyl-1-[2-pentenoyl]-1-cyclohexene,
PA1  cis- and trans-2,5,6,6-tetramethyl-1-[2-methyl-2-butenoyl]-1-cyclohexene,
PA1  cis- and trans-2,5,6,6-tetramethyl-1-[2-pentenoyl]-1-cyclohexene
PA1  cis-2,5,6,6-tetramethyl-1-crotonoyl-1-cyclohexene,
PA1  cis- and trans-2,6-dimethyl-6-ethyl-1-[2-methyl-2-butenoyl]-1-cyclohexene,
PA1  2,6-dimethyl-6-ethyl-1-[3-methyl-2-butenoyl]-1-cyclohexene,
PA1  cis- and trans-2,6-dimethyl-6-ethyl-1-[2-pentenoyl]-1-cyclohexene,
PA1  cis- and trans-2,6,6-trimethyl-1-[2-methyl-2-butenoyl]-1-cyclohexene,
PA1  cis- and trans-2,6,6-trimethyl-1-[2-pentenoyl]-1-cyclohexene,
PA1  cis- and
      trans-3,6,6-trimethyl-2-methylene-1-[3-methyl-2-butenoyl]-cyclohexane,
PA1  cis- and trans-3,6,6-trimethyl-2-methylene-1-[2-pentenoyl]-cyclohexane,
PA1  cis- and trans-3,6,6-trimethyl-2-methylene-1-crotonoylcyclohexane,
PA1  cis- and
      trans-4,6,6-trimethyl-2-methylene-1-[2-methyl-2-butenoyl]-cyclohexane,
PA1  4,6,6-trimethyl-2-methylene-1-[3-methyl-2-butenoyl]-cyclohexane,
PA1  cis- and trans-4,6,6-trimethyl-2-methylene-1-[2-pentenoyl]-cyclohexane,
PA1  cis- and trans-4,6,6-trimethyl-2-methylene-1-crotonoylcyclohexane,
PA1  cis- and
      trans-5,6,6-trimethyl-2-methylene-1-[2-methyl-2-butenoyl]-cyclohexane,
PA1  5,6,6-trimethyl-2-methylene-1-[3-methyl-2-butenoyl]-cyclohexane,
PA1  cis- and trans-5,6,6-trimethyl-2-methylene-1-[2-pentenoyl]-cyclohexane,
PA1  cis- and trans-5,6,6-trimethyl-2-methylene-1-crotonoylcyclohexane,
PA1  cis- and
      trans-6-ethyl-6-methyl-2-methylene-1-[2-methyl-2-butenoyl]-cyclohexane,
PA1  6-ethyl-6-methyl-2-methylene-1-[3-methyl-2-butenoyl]-cyclohexane,
PA1  cis- and trans-6-ethyl-6-methyl-2-methylene-1-[2-pentenoyl]-cyclohexane,
PA1  cis- and trans-6-ethyl-6-methyl-2-methylene-1-crotonoylcyclohexane,
PA1  cis- and
      trans-6,6-dimethyl-2-methylene-1-[2-methyl-2-butenoyl]-cyclohexane,
PA1  6,6-dimethyl-2-methylene-1-[3-methyl-2-butenoyl]-cyclohexane,
PA1  cis- and trans-6,6-dimethyl-2-methylene-1-[2-pentenoyl]-cyclohexane,
PA1  2,6,6-trimethyl-1-[3-methyl-3-butenoyl]-2-cyclohexene and
PA1  cis- and trans-2,6-dimethyl-6-ethyl-1-crotonoyl-1-cyclohexene.
PAR  The invention will be illustrated in a more detailed manner by the
      following Examples. In said Examples temperatures are given in degrees
      centigrade.
DETD
PAC  EXAMPLE 1
PAC  2,4,6,6-Tetramethyl-1-trans-crotonoyl-1-cyclohexene
PAR  A mixture of 10 g. of
      2,4,6,6-tetramethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene, prepared
      according to paragraph (f) hereinafter, 100 g. of activated MnO.sub.2 and
      300 ml. of pentane was stirred at 20.degree. in an atmosphere of argon
      during 45 h. After filtration the solid was washed with pentane and the
      clear filtrate was brought to dryness. The residue obtained from the above
      operation was dissolved in 100 ml. of dry benzene, added of 160 mg. of
      p-toluensulfonic acid and allowed to react at room temperature in argon
      atmosphere during 16 h. By extracting with ether in the presence of
      NaHCO.sub.3 (5 % solution) and collecting the organic layers, 7.96 g. (80
      %) of 2,4,6,6-tetramethyl-1-trans-crotonoyl-1-cyclohexene were obtained
      after distillation in vacuo. B. p. 60-2.degree./0.001 Torr.
PAR  Purification by column chromatography (H.sub.2 SiO.sub.3, benzene) gave a
      pure sample; the analytical data were as follows: d.sub.4.sup.20 = 0.9223;
      n.sub.D.sup.20 = 1.4919; I.R.:.nu.=970 (--CH=CH-- trans), 1615, 1645, 1670
      cm.sup..sup.-1 (C=C, C=O); Mass spectrum: M.sup.+ = 206; NMR.: 0.80-1.05
      (6 H, m, 2 CH.sub.3 --), 1.09 (3 H, s, CH.sub.3 --C--),
PAL  1.48 (3 h, s, CH.sub.3 --C=),
PAL  1.88 (3 h, d.d., J = 6.5 and ca. 1 cps, --CH=CH--CH.sub.3), 1.2-2.2 (5 H,
      m), 6.00 (1 H, d. q., J = 16 and ca. 1 cps, --CO--CH=CH--CH.sub.3), 6.63
      (1 H, d. q., J = 16 and 6.5 cps, --CO--CH=CH--CH.sub.3), UV.:
      .lambda..sub.max = 225 m.eta.(.epsilon..sup.EtOH = 12,390)
PAR  C.sub.14 H.sub.22 O Cal'ed C 81.50 H 10.75 %: Found C 81.49 H 10.89.
PAR  2,4,6,6-Tetramethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene used as starting
      material in the above preparation can be obtained as follows:
PAC  a. 4-Methyl-3-penten-2-ol
PAR  according to Helv. Chim. Acta 30, 2216 (1947).
PAR  Mesityl oxide (245 g. dissolved in 1200 ml. of dry ether was added at
      reflux temperature to a mixture of LiAlH.sub.4 (30 g.) in 200 ml. of the
      same solvent (1 h.). The mixture was allowed to react at 20.degree. during
      2 h. and after decomposition of the excess of LiAlH.sub.4 by means of wet
      ether, it was added to a solution of 200 g. of NH.sub.4 Cl in 1 l. of
      water.
PAR  After extraction with ether, the usual treatments gave 221 g. (88 %) of
      4-methyl-3-penten-2-ol; B.p. 47.degree.-50.degree./11 Torr. The product
      thus obtained was wet and it was conveniently dried by treatment with
      anhydrous K.sub.2 CO.sub.3 in pet.-ether (30.degree.-50.degree.).
PAR  d.sub.4.sup.20 = 0.8421; n.sub.D.sup.20 = 1.4388; IR.: .nu. = 1050 (C--O),
      1670 (C=C), 3350 cm.sup..sup.-1 (OH); MS.: M.sup.+ = 100; NMR.: 1.11 (3 H,
      d, J = 6 cps), 1.64 (6 H, m), 4.04 (1 H, s), 4.15-4.65 (1 H, m), 5.10 (1
      H, d, J = ca. 8 cps). .delta. ppm. C.sub.6 H.sub.12 O Cal'ed: C 71.95; H
      12.08 %; Found: C 71.83; H 12,19.
PAC  b. 4-Bromo-2-methyl-2-pentene
PAR  according to Helv. Chim. Acta 30, 2216 (1947).
PAR  4-Methyl-3-penten-2-ol (220 g.) in 250 ml. of pet.-ether
      (30.degree.-50.degree.) and dry pyridine (41 g.) was added to a solution
      of freshly distilled PBr.sub.3 (233 g.) and 10 drops of dry pyridine at
      -20.degree. (1 h.). The reaction mixture was directly distilled and 274 g.
      (76 %) of 4-bromo-2-methyl-2-pentene were obtained. Owing to its
      instability, the product must be employed without too long storage.
PAC  c. 4,6-Dimethyl-5-heptene-2-one
PAR  according to Helv. Chim. Acta 30, 2216 (1947).
PAR  The bromide (274 g.), obtained according to paragraph (b) hereinabove, was
      added at a temperature comprised between -5.degree. and -10.degree. to
      acetylacetate (obtained from 40.7 g. of sodium and 230 g. of ethyl
      acetylacetate) in 670 ml. of anhydrous ethanol. The reaction mixture was
      allowed to react during 2 days at 20.degree. and, after the usual
      treatments of extraction and drying, 252 g. of the ketoester intermediate
      were obtained. This substance was dissolved in 928 ml. of ethanol, added
      to a solution of Ba(OH).sub.2 . 8 H.sub.2 O (444 g in 3280 ml. of water),
      and kept to reflux during 2 h.
PAR  The precipitate which was formed during the above operation was dissolved
      with 10 % HCl, extracted with ether and subjected to the usual treatments.
PAR  142 g. (85 %) of product having B.p. 53.degree.-7.degree./10 Torr were
      obtained. 70 % of this product was constituted by
      4,6-dimethyl-5-hepten-2-one and 30 % by the allylic isomer.
PAR  The separation by means of preparative v.p.c. gave the two products which
      showed the following analytical data:
PAC  4,6-dimethyl-5-hepten-2-one
PAR  IR.: .nu. 830, 1360 (CH.sub.3 CO), 1710 cm.sup..sup.-1 (CO); MS.: M.sup.+ =
      140; NMR.: 0.89 (3 H, d, J = 6.5 cps), 1.62 (6 H, s), 2.00 (3 H, s), 2.22
      (2 H, d, J = 7 cps.), 2.5-3.2 (1 H, m), 4.83 (1 H, d, J = 8 cps) .delta.
      ppm.
PAC  4,4-dimethyl-5-hepten-2-one
PAR  MS.: M.sup.+ = 140 NMR.: 1.07 (6 H, s), 1.63 (3 H, d, J = 4.5 cps), 1.99 (3
      H, s), 2.28 (2 H, s), 5.40 (2 H, m) .delta. ppm.
PAR  The mixture of these two isomers can be used as such in the following step.
      It must be noted that the rearranged structure will be eliminated during
      the successive cyclisation reaction (see paragraph e).
PAC  d. 2,4,6-Trimethyl-2,6-octadienal
PAR  according to Tetrahedron Suppl. No. 8, Part I, 347 (1966).
PAR  Diisopropylamine (44.8 g.) in 100 ml. dry ether was added in an atmosphere
      of argon to a solution of butyllithium (14 % in hexane) in 200 ml. of dry
      ether and the mixture was then allowed to react at 20.degree. during 2 h.
PAR  55 g. of ethylidencyclohexylamine were then added to the above mixture at
      0.degree., followed by the addition at -70.degree. of 70 g. of the ketones
      obtained according to paragraph c) above. The reaction mixture was left at
      -70.degree. during 11/2 h., then at 20.degree. during one night. After
      addition of 800 ml. of 20 % acetic acid at 0.degree., stirring during 3 h.
      at 20.degree. in an atmosphere of argon and extraction followed by the
      usual treatments, three fractions were obtained.
PA1  Fraction I: B.p. 30.degree.-52.degree./0.01 Torr; 4.6 g.
PA1  Fraction II: B.p. 52.degree.-70.degree./0.05 Torr; 44.6 g. (53 %)
PA1  Fraction III: B.p. 70.degree.-80.degree./0.01 Torr; 5.1 g.
PA1  Residue 17 g.
PAR  Fraction II was redistilled and analysed by NMR. It was constituted by a
      mixture (ca. 3:2) of two isomeric aldehydes:
      2,4,6-trimethyl-2,6-octadienal and 4,4,6-trimethyl-2,6-octadienal. This
      mixture was used for the next step.
PAC  e. 4-Methyl-.beta.-cyclocitral
PAR  A mixture of the two isomeric aldehydes obtained according to paragraph d)
      (36.5 g.), aniline (21.4 g.) and anhydrous sodium sulphate (20 g.) in 55
      ml. of ether was left at 20.degree. under stirring during one night. After
      having filtered, washed and concentrated to the initial volume the
      solution was poured with vigorous stirring into 221 ml. of conc. H.sub.2
      SO.sub.4 and 22.1 g. of ice. The temperature was kept between -20.degree.
      and -25.degree. during 1 h., and the mixture was then added to 300 g. of
      ice and immediately distilled by means of steam distillation. The
      distillate was saturated with NaCl, extracted with ether and treated as
      usual. 36 g. of a mixture of crude .alpha.- and .beta.- cyclocitral were
      thus obtained. The subsequent isomerisation was carried out at -10.degree.
      in 120 ml. of a 8.5 % ethanolic KOH solution (80 % ethanol). The mixture
      was allowed to react during 3 h. in an atmosphere of argon, diluted then
      with pet.-ether (30.degree. - 50.degree.), poured into 400 ml. of a NaCl
      saturated aqueous solution and finally extracted with pet.-ether. By
      distillation 4 -methyl-.beta.-cyclocitral was obtained:
PA1  Fraction I: B.p. 30.degree.-73.degree./10 Torr; 1.4 g.
PA1  Fraction II: B.p. 90.degree.-95.degree./10 Torr; 18.6 g. (51 %)
PA1  Residue 6 g.
PAR  d.sub.4.sup.20 = 0.9564; n.sub.D.sup.20 = 1.4847; IR: .nu. = 1610, 1670,
      1720 (C=C; C=O), 2760, 2820 cm.sup..sup.-1 (CHO); MS: M.sup.+ = 166; NMR:
      0.92 (3 H, d, J = ca. 4 cps), 1.13 (6 H, s), 2.05 (3 H, s), 1.0-2.30 (5 H,
      m), 10.22 (1 H, s) .delta. ppm; UV: .lambda..sub.max.sup.EtOH = 248 m.eta.
      (.epsilon. = 9416) C.sub.11 H.sub.18 O Cal.ed C 79.46; H 10.92 %; Found C
      79.39; H 10.86.
PAC  f. 2,4,6,6-Tetramethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene
PAR  A solution of 16.4 g. of 4-methyl-.beta.-cyclocitral obtained according to
      paragraph e) in 20 ml. dry ether was added (35 min.) at -20.degree. to a
      solution of propenyl lithium. This latter solution was freshly prepared by
      adding at -10.degree.  a solution of 9.7 g. of 1-chloropropene in 80 ml.
      of dry ether to 1.85g. of granulated lithium containing 1 % of sodium.
      After being left 3 h. at 20.degree. this lithium salt solution was ready
      for the addition of citral as described above.
PAR  After complete addition, the reaction was allowed to react at
      -15/-20.degree. during 5 h., left at 20.degree. during one night and
      poured then into 60 g. of NH.sub.4 Cl in water/ice. The reaction mixture
      was then extracted with ether and the ethereal combined extracts were
      concentrated at 40.degree.-50.degree. in vacuo, the product is
      thermolabile.
PA1  Fraction I: B.p. 30.degree.-55.degree./0.001 Torr, 0.5 g.
PA1  Fraction II: B.p. 55.degree.-8.degree./0.001 Torr, 18.6 g. (90 %)
PAR  Fraction II represents
      2,4,6,6-tetramethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene in a cis- and
      trans- mixture.
PAR  d.sub.4.sup.20 = 0.9300; n.sub.D.sup.20 = 1.4933; IR: .nu. = 970
      (-CH=CH-trans), 1030 (CO), 1645 (C=C), 3400 cm.sup..sup.-1 (OH); MS:
      M.sup.+ = 208; NMR: 0.8-1.2 (9 H, m), 1.5-1.8 (6 H, m), 1.0-2.3 (5 H, m),
      2.4 (1 H, s, wide band), 4.65 (1 H, m), 5.55 (2 H, m) .delta. ppm;
      C.sub.14 H.sub.24 O Cal.ed C 80.71; H 11.61 %; Found C 80.71; H 11.48 %.
PAC  EXAMPLE 2
PAC  2,4,6,6-Tetramethyl-1-trans-crotonoyl-1,3-cyclohexadiene
PAR  2,4,6,6-Tetramethyl-1-trans-crotonoyl-1-cyclohexene (4.86 g.) obtained
      according to Example 1, was stirred at 50.degree. with N-bromosuccinimide
      (5.85 g.), bis-azo-isobutyronitrile (0.6 mg.), 40 ml. of CH.sub.2 Cl.sub.2
      and 40 ml. of CCl.sub.4 in a moisture-free vessel. After 50 min. the
      solution became clear due to the solution of NBS and succinimide
      precipitated. The mixture was stirred 5 min. more at 50.degree. then,
      after cooling at 20.degree., diethylamine (10.6 g.) was added to it with
      stirring. After addition of 100 ml. of pet.-ether (30.degree.-50.degree.),
      homogenization and filtration, the filtrate gave by evaporation (at
      40.degree. under vacuum) and subsequent heating at 135.degree.-145.degree.
      during one hour, 3.60 g. (75 %) of a mixture 45:55 of the initial ketone
      and the final product. These two compounds were separated by v.p.c.
      (Carbowax 15 %, 200.degree., 2.5 m.).
PAR  2,4,6,6-Tetramethyl-trans-1-crotonoyl-1,3-cyclohexadiene can also be
      separated by column chromatography (40 parts by weight SiO.sub.2 in the
      presence of benzene).
PAR  d.sub.4.sup.20 = 0.9431, n.sub.D.sup.20 = 1.5115, IR: .nu. = 970
      (-CH=CH-trans), 1620-1670 cm.sup..sup.-1 (C=C, C=O); MS: M.sup.+ =204;
      NMR: 1.00 (6 H, s), 1.60 (3 H, s), 1.89 (3 H, d.d., J = 6.5 and ca. 1
      cps), 1.80 (3 H, s), ca. 1.7-1.9 (2 H, m), 5.52 (1 H, s wide), 6.05 (1 H,
      d, q., J = 16 and ca. 1 cps), 6.72 (1 H, d. q., J = 16 and 6.5 cps)
      .delta. ppm; UV: .lambda..sub.max.sup.EtOH = 227 m.eta. (.epsilon. =
      15,090); C.sub.14 H.sub.20 O Cal.ed C 82.30; H 9.87 %; Found C 82.43; H
      10.09.
PAC  EXAMPLE 3
PAC  2,5,6,6-Tetramethyl-1-trans-crotonoyl-1-cyclohexene
PAR  A mixture of 8.0 g. of
      2,5,6,6-tetramethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene, prepared
      according to paragraph e) hereinafter, 80 g. of activated MnO.sub.2 and
      250 ml of pentane was stirred at 20.degree. in an atmosphere of argon
      during 21 h. After filtration the solid was thoroughly washed with pentane
      and the clear filtrate was brought to dryness. The residue thus obtained
      (8 g.), which was constituted by 81 % of the desired ketone, 16 % of its
      cis-isomer and 3 % impurity (v.p.c. Carbowax 15 %, 200.degree., 2.5 m.),
      was dissolved in 80 ml. of dry benzene, added of 160 mg. of
      p-toluensulfonic acid and allowed to react at room temperature in an
      atmosphere of argon during 16 h. By extracting with ether in the presence
      of NaHCO.sub.3 (5 % solution) and collecting the organic layers, 6.83 g.
      (86 %) of 2,5,6,6-tetramethyl-1-trans-crotonoyl-1-cyclohexene were
      obtained by vacuum distillation, B.p. 64.degree.-7.degree./0.001 Torr.
PAR  d.sub.4.sup.20 = 0.9426; n.sub.D.sup.20 = 1.5016; IR: .nu. = 970, 1615,
      1640, 1670 cm.sup..sup.-1 ; MS: M.sup.+ = 206; NMR: 0.8-1.0 (9 H, m); 1.47
      (3 H, s); 1.87 (3 H, d.d., J = 6.5 and ca. 1 cps); 6.58 (1 H, d.q., J = 16
      and 6.5 cps) .delta. ppm; UV: .lambda..sub.max.sup.EtOH = 227 m.eta.
      (.epsilon. = 11,545); C.sub.14 H.sub.22 O Cal.ed C 81.50; H 10.75 %; Found
      C 81.27; H 10.46 %.
PAR  2,5,6,6-Tetramethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene used as starting
      material in the above preparation can be obtained as follows:
PAC  a. 1-Bromo-2,3-dimethyl-2-butene
PAR  according to Helv. Chim. Acta 23, 964 (1940).
PAR  Hydrobromic acid (600 g., 30 % in acetic acid) was added under stirring to
      dimethylbutadiene (200 g.) at a temperature comprised between -25.degree.
      and -15.degree. during 1.5 h. After having been left 2 days at room
      temperature, the mixture was poured into ice-water and extracted with
      ether. The organic layer after the usual treatments gave two fractions:
PA1  Fraction I: B.p. 30.degree.-40.degree./10 Torr, 60 g.
PA1  Fraction II: B.p. 42.degree.-4.degree./10 Torr, 261 g. (72 %) of the
      desired product.
PA1  Residue, 50 g.
PAC  b. 5,6-Dimethyl-5-hepten-2-one
PAR  according to Helv. Chim. Acta 23, 964 (1940).
PAR  The bromide (261 g.), obtained according to paragraph (a) hereinabove, was
      added at 6.degree.-10.degree. to acetyl acetate (obtained from 38.8 g. of
      sodium and 219 g. of ethylacetacetate) in 600 ml of anhydrous ethanol. The
      reaction mixture was allowed to react during one night at 20.degree. and
      at reflux during 1.5 h. After dilution with 5-fold its volume of water and
      the usual treatments of extraction and drying, 263 g. (77 %) of the
      ketoester intermediate were obtained. The distillation gave also a
      fraction with B.p. 30.degree.-42.degree./0.001 Torr, 35 g., and a residue
      of 0.5 g.
PAR  The ketoester was dissolved in 960 ml. of ethanol, added to a solution of
      Ba(OH).sub.2.8H.sub.2 O (460 g. in 3400 ml. of water) and kept boiling
      during 22 h.
PAR  The precipitate which was formed during the above operation was dissolved
      with 10 % HCl, extracted with ether and subjected to the usual treatments.
PAR  144 g. (83 %) of a product having B.p. 70.degree.-1.degree./10 Torr were
      obtained. Together with this product a fraction having B.p. 69.degree./10
      Torr and a residue of 3.0 g. were obtained.
PAR  5,6-Dimethyl-5-hepten-2-one shows the following analytical constants:
PAR  d.sub.4.sup.20 = 0.8661; n.sub.D.sup.20 = 1.4500; IR: .nu. = 1350, 1710
      cm.sup.-.sup.1 ; MS: M.sup.+ =140; NMR: 1.63 (9 H, s); 2.07 (3 H, s); 2.30
      (4 H, m) .delta. ppm;
PAR  C.sub.9 H.sub.16 O Calc.ed C77.09; H 11.50 % Found C 77.11; H 11.69 %.
PAC  c. 3,6,7-Trimethyl-2,6-octadienal
PAR  according to Tetrahedron Suppl. No. 8, Part I, 347 (1966)
PAR  Methyl iodide (79.8 g.) in 250 ml. of dry ether was added at -15.degree.,
      to a suspension of lithium (7.77 g) and 150 ml. of dry ether and the
      mixture was then allowed to react at 20.degree. during 24 h.
PAR  Diisopropylamine (55.7 g.) in 100 ml. dry ether was added to the above
      mixture and left to react at 20.degree. during 2 h.
PAR  68.7 g. of ethylidencyclohexylamine [see Bull. Soc. Chim. France 1947, 715]
      were added, followed by the addition at -70.degree. of 70 g. of
      dimethylheptenone.
PAR  After the same treatment described in Example 1, paragraph d, 2 fractions
      were obtained:
PA1  Fraction I: B.p. 30.degree.-53.degree.10.001  Torr; 4.5 g.
PA1  Fraction II: B.p. 53.degree.65.degree.-69.degree./0.001 Torr; 46.1 g. (55
      %)
PA1  Residue 28; g.
PAR  Fraction II is a mixture ca. 1:2 of cis- and
      trans-3,6,7,-trimethyl-2,6-octadienal which can be separated by v.p.c.
      (Carbowax, 15 %, 200.degree., 2.5 m.).
PAR  The mixture showed the following data:
PAR  d.sub.4.sup.20 = 0.8912; n.sub.D.sup.20 = 1.4919; IR: .nu. = 1630, 1660,
      1715 C=C, C=O), 2730, 2860 cm.sup.-.sup.1 (CHO); MS M.sup.+= 166; NMR 1.62
      (9 H, s), 1.8-2.7 (7 H, complex band), 5.67 (1 H, d, J = 7.5 cps), 10.05
      (1 H, almost t, J = 7.5 cps, due to mixing of two (d) .delta. ppm;
      C.sub.11 H.sub.18 O Calc.ed C 79.46; H 10.92 %; Found C 79.21; H 10.80.
PAC  d. 5-Methyl-.beta.-cyclocitral
PAR  A mixture of the two isomeric aldehydes obtained according to paragraph c)
      (38 g.), aniline (22.3 g.) and anhydrous sodium sulphate (20 g.) in 23 ml.
      of ether was treated as described in Example 1, paragraph e), using 230
      ml. of conc. H.sub.2 SO.sub.4 and 23 g. of ice.
PAR  After steam distillation, saturation with NaCl and extraation 32 g. (84 %)
      of a 2:3 mixture of 5-methyl-.alpha.-and 5 -methyl-.beta.-cyclocitrals
      were obtained. The subsequent isomerisation was carried out at -10.degree.
      in 120 ml. of a 8.5 % ethanolic KOH solution (80 % ethanol). By the
      treatment described in Example 2, e) 27.6 g. (86 %) of a product with B.p.
      48.degree.-54.degree./0.001 Torr were obtained. This product consists of
      3-4 % of the .alpha.- and 96-7% of the .beta.-isomer.
PAR  d.sub.4.sup.20 = 0.9528; n.sub.D.sup.20 = 1.4990; IR: .nu. = 1610, 1670,
      1710, 2760, 2860 cm.sup.-.sup.1 ; MS: M.sup.+= 166; NMR 0.89 (3 H, m);
      1.03 (3 H, s); 1.18 (3 H, s); 2.08 (3 H, s); 1.2-2.4 (5 H, m); 10.27 (1 H,
      s) .delta.ppm; UV: .lambda..sub.max.sup.EtOH = 248 m.eta.(.epsilon. =
      10,546); C.sub.11 H.sub.18 O Calc.ed C 79.46; H 10.92 %; Found C 79.43; H
      10.80 %.
PAC  e. 2,5,6,6-Tetramethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene
PAR  A solution of 16.6 g. of 5-methyl-.beta.-cyclocitral obtained according to
      paragraph d) hereabove in 20 ml. dry ether was added (35 min.) at
      -20.degree. to a solution of propenyl lithium. This solution was freshly
      prepared according to Example 1, paragraph (f). The same treatment gave by
      distillation three fractions:
PA1  Fraction I; B.p. 40.degree.-56.degree./0.001 Torr, 1.5 g.
PA1  Fraction II: B.p. 57.degree.-62.degree./0.001 Torr, 1.3 g.
PA1  Fraction III: B.p. 64.degree.-7.degree./0.001 Torr, 9.9 g. (47.5 %) of the
      desired product.
PAR  d.sub.4.sup.20 = 0.9656; n.sub.D.sup.20 = 1.5055; IR: .nu. = 970, 1670,
      3400 cm.sup.-.sup.1; MS: M.sup.+ = 208; NMR: 0.8-0.9 (3 H, m); 0.95 (6 H,
      s); 1.0-2.2 (12 H, m); 4.80 (1 H, s); 5.70 (2 H, m) .xi. ppm; C.sub.14
      H.sub.24 O Calc.ed C 80.71; H 11.61 %; Found C 80.83; H 11.54 %.
PAC  EXAMPLE 4
PAC  2,5,6,6-Tetramethyl-1-trans-crotonoyl-1,3-cyclohexadiene
PAR  2,5,6,6-Tetramethyl-1-trans-crotonoyl-1-cyclohexene (4.86 g.), obtained
      according to Example 3, was allowed to react, according to the same
      procedure described in Example 2 for the preparation of the corresponding
      2,4,6,6-tetramethyl derivative with N-bromosuccinimide (5.85 g.)
      bis-azo-isobutyronitrile (0.6 mg.), 40 ml. of CH.sub.2 Cl.sub.2 and 40 ml.
      of CCl.sub.4. By the usual treatment 3.71 g. (77 %) of a product at B.p.
      75.degree./0.001 Torr were obtained.
PAR  d.sub.4.sup.20 = 0.9863; n.sub.D.sup.20 = 1.5139; IR: .nu. = 970, 1610,
      1630, 1670 cm.sup.-.sup.1 ; MS: M.sup.+ = 204; NMR: 0.89 (3H, s); 1.02 (3
      H, s); 0.97 (3 H, d, J = ca. 8 cps); 1.58 (3 H, s); 1.88 (3 H, d. d., J =
      6.5 and ca. 1 cps); 1.8-2.3 (1 H, m); 5.60 (2 H, m); 6.0 (1 H, d.q., J =
      16 and ca. 1 cps); 6.70 (1 H, d.q., J = 16 and 6.5 cps) .epsilon. ppm; UV:
      .lambda..sub.max.sup.EtOH = 228 m.eta. (.epsilon. = 11,640).
PAC  EXAMPLE 5
PAC  2,5,6,6-Tetramethyl-1-[3-methyl-2butenoyl]-1-cyclohexene
PAR  5-methyl-.beta.-cyclocitral (11.0 g.) [cf. Example 3, paragraph d)] in 30
      ml. THF was added at -10.degree. to a Grignard solution obtained from 2.4
      g. of magnesium and 13.5 g. of 1-bromo-2-methyl-propene in 30 ml. of dry
      tetrahydrofurane.
PAR  The reaction mixture was allowed to react during 2 h. at -5-0.degree. and
      brought then at room temperature during one night.
PAR  The usual treatment with NH.sub.4 Cl at 0.degree. and extraction gave:
PA1  Fraction I: B.p. 40.degree./0.001 Torr; 1.3 g.
PA1  Fraction II: B.p. 70-2.degree./0.001 Torr; 8.7 g. (59 %) of the desired
      product.
PA1  Residue: 4 g.
PAR  IR: .nu. = 1020, 3400 cm.sup.-.sup.1 ; MS: M.sup.+ = 222; NMR: 0.65-1.10 (9
      H, m); 1.6-2.0 (9 H); 2.45 (1 H, s); 1.0-2.2 (5 H, m); 4.9 (1 H; almost d,
      J = ca. 8 cps); 5.50 (1 H, almost d, J = ca. 8 cps) .delta. ppm.
PAR  The alcohol obtained above (6.4 g.) with MnO.sub.2 (64 g.) in 190 ml. of
      pentane was left at 20.degree. during 42 h. in an atmosphere of argon. The
      usual treatment [cf. Example 1] gave 5.3 g. of crude product. Two column
      chromatography runs, on 40 parts by weight of H.sub.2 SiO.sub.3 and 24
      parts by weight of H.sub.2 SiO.sub.3 respectively, enabled to obtain pure
      2,5,6,6-tetramethyl-1-[3-methyl-2-butenoyl] -1-cyclohexene.
PAR  B.p. 80.degree./0.001 Torr; d.sub.4.sup.20  = 0.9353; n.sub.D.sup.20  =
      1.5040; IR: .nu. = 1605, 1665 cm.sup.-.sup.1 MS: M.sup.+ = 220; NMR:
      0.80-1.10 (9 H, m); 1.53 (3 H, s); 2.14 (3 H, s); 1.39 (3H,s), 1.3-2.3 (5
      H, m); 6.06 (1 H, s) .delta. ppm; UV: .lambda..sub.max.sup.EtOH = 244
      m.eta.(.epsilon. = 13,510); C.sub.15 H.sub.24 O Calc.ed C 81.76; H 10.98
      %; Found: C 81.47; H 10.87.
PAC  EXAMPLE 6
PAC  2,6,6-Trimethyl-1-[1-hydroxy-3-methyl-2-butenyl]-1-cyclohexene
PAR  A solution of 1-chloro-2-methyl-propene (47.5 g.) in 50 ml. of dry ether
      was added at -10.degree. (1/2 h) to a suspension of granulated lithium
      (7.6 g., containing 1 % of sodium, in 50 ml. of dry ether) in an argon
      atmosphere.
PAR  The reaction mixture was allowed to react at room temperature during 3 h.,
      then .beta.-cyclocitral (63 g.) was added to it at -15.degree.. After 5
      more hours at that temperature the mixture was kept overnight at
      20.degree., poured into a ice-cold aqueous solution of NH.sub.4 Cl and
      finally extracted with ether.
PAR  After evaporation of the ether in vacuo at a temperature below
      40.degree.-50.degree. (the product is thermolabile), 76 g. of crude
      alcohol were obtained. By carefufl distillation in the presence of traces
      of Na.sub.2 CO.sub.3 two fractions were obtained:
PA1  Fraction I; B.p. 47.degree.-55.degree./0.001 Torr, 16.1 g.
PA1  Fraction II: B.p. 55.degree.-60.degree./0.001 Torr, 21.4 g. (24.8 %) of the
      desired product.
PAR  Fraction II solidified by cooling and was recrystallised with pet.-ether
      (30.degree.-50.degree.) at -10.degree..
PAR  M.p. 55.degree.-56.5.degree.; MS: M.sup.+ = 208; IR: 1020, 1650, 3400-3600
      cm.sup.-.sup.1; NMR: 0.87 (3 H, s), 1.13 (3 H, s), 1.70-1.80 (9 H, m),
      1.20 - 2.30 (6 H, m), 3.27 (1 H, s), 4.85 (1 H, d, J = 8cps), 5.46 (1 H,
      almost d, J = 8 cps) .delta. ppm. C.sub.14 H.sub.24 O Calc.ed C 80.71; H
      11.61 %; Found C 80.65; H 11.54 %.
PAC  EXAMPLE 7
PAC  2,6,6-Trimethyl-1-[3-methyl-2-butenoyl]-1-cyclohexene
PAR  2,6,6-Trimethyl-1[1-hydroxy-3-methyl-2-butenyl]-1-cyclohexene, prepared
      according to Example 6, (1.0 g.) with activated MnO.sub.2 (10 g.) in 30
      ml. of pentane was mixed at room temperature during 63 h. after filtration
      and distillation 630 mg. (63 %) of the desired ketone, B.p.
      67.degree./0.001 Torr, were obtained.
PAR  d.sub.4.sup.20 = 0.9310; n.sub.D.sup.20 = 1.5029; IR: .nu.= 1605, 1665
      cm.sup.-.sup.1. MS: M.sup.+ = 206; NMR: 1.04 (6 H, s), 1.55 (3 H, s), 1.89
      (3 H, d, J = ca. 1 cps), 2.15 (3 H, s), 1.20-2.20 (6 H, m), 6.09 (1 H, s)
      .delta. ppm; UV: .lambda..sub.max.sup.EtOH = 244 m.eta. (.epsilon. =
      12,840); C.sub.14 H.sub.22 O Calc.ed C  81.50; H 10.75 %; Found C 81.27; H
      10.77.
PAC  EXAMPLE 8
PAC  2,6,6-Trimethyl-1-[3-methyl-2-butenoyl]-1,3-cyclohexadiene
PAR  Under anhydrous conditions
      2,6,6-trimethyl-1-[3-methyl-2-butenoyl]-1-cyclohexene (2.1 g.) was heated
      to 45.degree.-50.degree. in the presence of N-bromosuccinimide (2.18 g.)
      in 20.4 ml. of CH.sub.2 Cl.sub.2 and 20.4 ml. of CCl.sub.4. The reaction
      mixture was allowed to react until complete precipitation of succinimide
      (1 h.).
PAR  Diethylamine (3.46 ml.) was added to the above mixture at 20.degree.
      followed by 51 ml. of pet.-ether (30.degree.-50.degree.). After filtration
      and evaporation (40.degree.) of the clear filtrate, the residual product
      was heated at 130.degree.-150.degree. in an atmosphere of argon during 1
      h., and, after cooling, poured into, an excess of 10 % HCl in the presence
      of pet.-ether and finally extracted with more pet.-ether.
PAR  1.38 g. (66 %) of a product with B.p. 70.degree./0.001 Torr were obtained.
      This fraction was constituted by a 1:1 mixture of starting material and
      final product. Column chromatography (silicic ac. in the presence of
      benzene) gave a pure product:
PAR  d.sub.4.sup.20 = 0.9566; n.sub.D.sup.20 = 1.5169; IR: .nu. = 1602, 1660
      cm.sup.-.sup.1 ; MS: M.sup.+ = 204; NMR: 1.03 (6 H, s), 1.67 (3 H, s),
      1.85 (3 H, d, J = ca. 1 cps), 2.02 (2 H, s), 6.01 (1 H, s), .delta. ppm;
      .lambda..sub.max.sup.EtOH = 246 m.eta. (.epsilon. = 12,490); 309 m.eta.
      (.epsilon. = 2980). C.sub.14 H.sub.20 O Calc.ed C 82.30; H 9.87 %; Found:
      C 82.15; H 10.12.
PAC  EXAMPLE 9
PAC  2,3,6,6-Tetramethyl-1-crotonoyl-2-cyclohexene
PAR  2,3,6,6-Tetramethyl -1-[1-hydroxy-2-butenyl]-2-cyclohexene (8.4 g.),
      obtained according to paragraph (.epsilon.) of this Example, was oxidised
      and isomerised according to the same procedure described in Example 1.
PAR  The product obtained after purification by means of column chromatography
      (silicic acid, benzene) was constituted by 1.31 g. (15.7 %) of the desired
      ketone.
PAR  d.sub.4.sup.20 = 0.9330; n.sub.D.sup.20 = 1.4976; IR: .nu. = 970, 1620-1680
      cm.sup.-.sup.1 ; MS: M.sup.+ = 206; NMR: 0.80 (3 H, s), 0.90 (3 H, s),
      1.50 (3 H, s), 1.55 -2.40 (10 H, complex band), 2.82 (1 H, s), 6.19 (1 H,
      d.q., J = 16 and ca. 1 cps), 6.80 (1 H, d.q., J = 16  and 6.5 cps),
      .delta. ppm; UV: .lambda..sub.max.sup.EtOH = 227 m.eta. (.epsilon. =
      10,810); C.sub.14 H.sub.22 O Calc.ed C 81.50; H 10.75 %; Found C 81.81; H
      11.00.
PAR  The carbinol used as starting material in the above preparation can be
      prepared as follows:
PAC  1-Bromo-3-methyl-butene
PAR  according to Helv. Chim. Acta 5, 750 (1922)
PAR  A 30 % solution of hydrobromic acid (815 g.) in acetic acid were added (1.5
      h.) ar -20.degree. to 200 g. of isoprene and the resulting mixture was
      kept 3 days at 0.degree., poured into 4 l. of cold water, decanted, dried
      over CaCl.sub.2 and distilled to give the desired bromide. B.p.
      24-8.degree./10 Torr, 312 g. (71 %).
PAC  3,6-Dimethyl-5-hepten-2-one
PAR  according to Helv. Chim. Acta 30, 2213 (1947).
PAR  According to a procedure analogous to that described in paragraph c) of
      Example 1, the bromide obtained above (312 g.) was added at a temperature
      comprised between -5.degree. and -10.degree. to acetylacetate (obtained
      from 38.5 g. of sodium and 250 g. of ethyl .alpha.-Methyl acetylacetate)
      in 940 ml. of ethanol. The reaction mixture was allowed to react during 2
      days at 20.degree. and, after the usual treatments of extraction and
      drying (cf. Example 1, paragraph c) two fractions were obtained:
PA1  Fraction I: B.p. 41-65.degree./0.001 Torr, 168 g.
PA1  Fraction II: B.p. 65-70.degree./0.001 Torr, 219 g. (61 %) of the ketoester
      intermediate.
PA1  Residue: 17 g.
PAR  160 g. of the product of fraction II were brought to the boil with
      Ba(OH).sub.2 .8 H.sub.2 O (307 g.) in 2130 ml. of water and 665 ml. of
      ethanol during 22 h. After the same treatment as in paragraph (c) of
      Example 1, two fractions were obtained:
PA1  Fraction I: B.p. 30.degree.-55.degree./8 Torr, 2.3 g.
PA1  Fraction II: B.p. 55.degree.-8.degree./8 Torr, 79.6 g. (75 %) of the
      desired 3,6-dimethyl-5-hepten-2-one:
PAR  d.sub.4.sup.20 = 0.8495; n.sub.D.sup.20 = 1.4414; IR: .nu. = 1350, 1710
      cm.sup.-.sup.1; MS: M.sup.+ = 140; NMR: 1.00 (3 H, d, J = 6.5 cps); 1.58
      (3 H, s); 1.66 (3 H, s); 2.03 (3 H, s); 1.7-2.7 (3 H, m); 5.00 (1 H, t, J
      = 7 cps) .delta. ppm; C.sub.9 H.sub.16 O Calc.ed C 77.09; H 11.50 %; Found
      C  76.81; H 11.40.
PAC  c. 3,4,7-Trimethyl-2,6-octadienal
PAR  according to Tetrahedron Suppl. No. 8, Part 1, 347 (1966).
PAR  Diisopropylamine (56.1 g.) in 100 ml. dry ether were added under argon to a
      solution of butyl-lithium (275 g. of a 14 % solution in hexane) in 200 ml.
      of dry ether and the mixture was then allowed to react at 20.degree.
      during 2 h.
PAR  68.7 g. of ethylidencyclohexylamine were added to 70 g. of the ketone
      obtained according to paragraph (b) of this Example [cf. Example 1,
      paragraph d)]. The distillation gave:
PA1  Fraction I: B.p. 30.degree.-52.degree./0.001 Torr, 0.8 g.
PA1  Fraction II: B.p. 52.degree.-62.degree./0.001 Torr, 57 g. (68 %) of the
      desired product.
PA1  Residue: 22 g.
PAR  d.sub.4.sup.20 = 0.8883; n.sub.D.sup.20 = 1.4866; IR: .nu. 1620, 1670, 1710
      cm.sup.-.sup.1 ; MS: M.sup.+ = 166;  NMR: 1.06 (3 H, d, J = 6 cps); 1.57
      (3 H, s); 1.65 (3 H, s); 2.08 (3 H, s); 1.8-2.5 (3 H, m); 4.95 (1 H, t, J
      = ca. 7 cps); 5.68 (1 H, d, J = 7.5 cps); 9.79 (1 H, d, J = 7.5 cps)
      .delta. ppm; UV: .lambda..sub.max.sup.EtOH = 241 m.eta. (.epsilon. =
      14,250); C.sub.11 H.sub.18 O Calc.ed C 79.46 ; H 10.92 %; Found C 78.41 ;
      H 10.89.
PAC  d. 3-Methyl-.alpha.-cyclocitral
PAR  The usual cyclisation procedure (cf. Example 1, paragraph e) gave 36 g. of
      3-methyl-.alpha.-cyclocitral from 46.6 g. of
      3,4,7-trimethyl-2,6-octadienal. The obtained .alpha.-cyclocitral contained
      12 % of the .beta.-isomer:
PA1  Fraction I: B.p. 70.degree.-8.degree./8 Torr, 4 g.
PA1  Fraction II: B.p. 81.degree.-3.5.degree./8 Torr, 20.6 g.
PA1  Fraction III: B.p. 84.degree./8 Torr, 1.4 g.
PA1  Residue: 7 g.
PAR  Reaction II (yield 44 %) contains 91 % of 3-methyl-.alpha.-cyclocitral, 7 %
      of the corresponding .beta.-isomer and 2 % of unknown impurity.
PAR  d.sub.4.sup.20 = 0.9256; n.sub.D.sup.20 = 1.4805 IR: .nu. = 1670, 1710,
      2710, 2860 cm.sup.-.sup.1. MS: M.sup.+ = 166; NMR: 0.87 (3 H, s); 0.95 (3
      H, s); 1.52 (3 H, s); 1.68 (3 H, s); 1.0-2.4 (5 H, m); 9.28 (1 H, d, J = 5
      cps) .delta. ppm. .lambda..sub.max.sup.EtOH = 238 m.eta. (.epsilon. =
      2850); C.sub.11 H.sub.18 O Calc.ed C 79.46; H 10.92 %; Found C 79.41; H
      10.91.
PAC  2,3,6,6-Tetramethyl-1-[1-hydroxy-2-butenyl]-2-cyclohexene
PAR  3-Methyl-.alpha.-cyclocitral (20.5 g.), lithium (2.29 g.) and
      1-chloropropene (11.9 g.) were allowed to react in 125 ml. of dry ether
      according to the same procedure described in paragraph f of Example 1. The
      distillation gave:
PA1  Fraction I: B.p. 30.degree.-50.degree./0.001 Torr; 1.0 g.
PA1  Fraction II: B.p. 56.degree.-9.degree./0.001 Torr; 16.8 g. (65 %) of the
      desired carbinol.
PA1  Residue: 4 g.
PAR  The product of fraction II was used directly for the preparation of the
      corresponding ketone.
PAC  EXAMPLE 10
PAC  2,6,6-Trimethyl-1-crotonyl-1-cyclohexene
PAR  2,6,6-Trimethyl-1-vinylacetyl-1-cyclohexane (10 g.) was heated at
      80.degree. during 30 minutes with p-toluensulfonic acid (0.2 g.) and
      benzene (100 ml.) After cooling, the solution was neutralised with a
      concentrated aqueous solution of Na.sub.2 CO.sub.3, washed with water,
      dried and distilled according to the usual procedure.
      Trans-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene, B.p.
      84.degree.-5.degree./0.001 Torr; d.sub.4.sup.20 = 0.9374; n.sub.D.sup.20 =
      1.4989.
PAR  2,6,6-Trimethyl-1-vinylacetyl-1-cyclohexene, used as starting material in
      the above preparation, was prepared as described in Example 11.
PAC  EXAMPLE 11
PAC  2,6,6-Trimethyl-1-vinylacetyl-1-cyclohexene and
      2,6,6-trimethyl-1-[3-methyl-3-butenoyl]-1-cyclohexene (cf. J. Am. Chem.
      Soc., 75, 422 (1953)).
PAR  At 0.degree. and with vigorous stirring pure chromic anhydride (41 g.) was
      added portion-wise to 450 ml. of dry pyridine. To this solution
      2,6,6-trimethyl-1-[1-hydroxy-3-butenyl] -1-cyclohexene (44.5 g.) in 80 ml.
      pyridine was then added dropwise at 0.degree.. The reaction mixture was
      kept at this temperature during 30 minutes and allowed then to stand at
      20.degree.  for 10 hours.
PAR  The solution was poured into 1 l. of water and extracted with ether. The
      combined extracts were washed with a 10 % aqueous HCl solution,
      neutralised with a 5 % aqueous solution of Na.sub.2 CO.sub.3 and finally
      washed with water. After the usual treatments followed by distillation,
      2,6,6-trimethyl-1-vinylacetyl-1-cyclohexane (60 % yield) was obtained.
      n.sub.D.sup.20 = 1.4897; d.sub.4.sup.20 = 0.9361.
PAR  By replacing hereabove
      2,6,6-trimethyl-1-[1-hydroxy-3-butenyl]-1-cyclohexene with
      2,6,6-trimethyl-1-[1-hydroxy-3-methyl-3-butenyl]-1-cyclohexene
      (n.sub.D.sup.20 = 1.4939; d.sub.4.sup.20 = 0.9270),
      2,6,6-trimethyl-1-[3-methyl-3-butenoyl]-1-cyclohexene was obtained;
      n.sub.D.sup.20 = 1.4862; d.sub.4.sup.20 = 0.9307.
PAR  The hydroxylic compounds used as starting material in the above described
      preparation, have been prepared according to the usual conditions by a
      Grignard reaction between .beta.-cyclocitral and allyl bromides or between
      .beta.-cyclocitral and methallyl chloride.
PAR  In a typical experiment 10.7 g. of Mg turnings and 5 g. of allyl bromide
      were allowed to react in 70 ml. of dry ether. The reaction was exothermic
      and the temperature of the reaction mixture increased up to the boiling
      point of the solvent. To this solution allyl bromide (46 g.) and
      .beta.-cyclocitral (61 g.) in 160 ml. of ether were added with vigorous
      stirring at such a rate as to maintain the ether at the boiling
      temperature. The reaction mixture was then kept at reflux during 6 hours
      and after cooling it was poured into a ice-cold concentrated aqueous
      solution of NH.sub.4 Cl. The ethereal layer after the usual treatments
      gave 2,6,6-trimethyl-1-[1-hydroxy-3-butenyl]-1-cyclohexene (44.5 g.; 57 %
      yield): B.p. 60.degree.-2.degree./0.001 Torr; n.sub.D.sup.20 = 1.4964;
      d.sub.4.sup.20 = 0.9398; NMR spectrum (CCl.sub.4): 0.98 (3 H, s); 1.10 (3
      H, s); 1.82 (3 H, s); 1.20-2.80 (9 H, m); 4.22 (1 H, m); 5.04 (2 H, d, J =
      15 cps); 5.88 (1 H, m) .delta. ppm.
PAR  By replacing in the above described preparation, allyl bromide with an
      equivalent of methallyl chloride, the corresponding carbinol was obtained
      with similar yields.
PAC  EXAMPLE 12
PAC  Trans-2,6,6-trimethyl-1-crotonyl-cyclohexene
PAR  17.6 g. of activated magnesium chips were suspended in 210 ml. of absolute
      tetrahydrofuran under nitrogen. Then a solution of 87.4 g. of
      1-bromopropene in 50 ml. of absolute tetrahydrofuran was added dropwise at
      such a rate that the temperature was maintained between 40.degree. and
      45.degree..
PAR  When the addition of the bromine derivative was completed, the mixture was
      refluxed for 45 minutes; then cooled to -10.degree., at which temperature
      110 g. of .beta.-cyclocitral dissolved in 410 ml. of tetrahydrofuran were
      introduced dropwise within 45 minutes. Stirring was continued for 1 hour
      at -5.degree., then overnight at room temperature under nitrogen. The
      reaction mixture was poured into a suspension of 0.5 kg. of crushed ice in
      1.5 l. of a saturated ammonium chloride solution. It was extracted 3 times
      with ether, the extracts were combined and washed 3 times with water and
      then with a concentrated NaCl solution. After drying over anhydrous
      Na.sub.2 SO.sub.4 the volatile portions were evaporated and the residue
      distilled. There were thus obtained 91 g. (65.2 %) of
      cis-2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene. B.p.
      64.degree.-68.degree./0.01 Torr. By replacing in the above procedure the
      .beta.-cyclocitral by its analogue .alpha.,
      cis-2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]2-cyclohexene was obtained.
      1700 ml. of absolute pyridine were cooled to 0.degree.-5.degree. and 154
      g. of CrO.sub.3 were added portionwise within 30 minutes while stirring
      vigorously. Stirring was continued for 10 minutes at 5.degree. and then 95
      g. of cis-2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene dissolved
      in 300 ml. of pyridine were added dropwise within 20 minutes, while
      maintaining the temperature below 10.degree.. When the addition was
      completed stirring was continued for 20 minutes, then the mixture was
      allowed to stand for 15 hours at room temperature. The reaction mixture
      was diluted with 5 1.of water and extracted with 6 portions of 800 ml. of
      ether each. The extracts were combined and successively washed with: 4
      portions of water, 8 portions of 10 % HCl at 0.degree., 3 portions of
      water, 2 portions of 5 % Na.sub.2 CO.sub.3, 2 portions of water. Moreover,
      each washing portion was extracted with ether before being discarded, and
      the extract was added to the main extract after washing. The ethereal
      solution was dried over anhydrous Na.sub.2 SO.sub.4, concentrated in vacuo
      and the residue distilled. There were thus obtained 57 g. of a liquid
      fraction, b.p. 75.degree.-85.degree./0.001 Torr, which fraction was
      redistilled by means of a spinning band column and yielded 24 g. (25.5 %)
      of pure trans-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene.
PAR  Analysis: Calc. for C.sub.13 H.sub.20 O C 81.2 % H 10.48 % Found C 81.06
      H10.42; d.sub.4.sup.20 = 0.9378 n.sub.D.sup.20 = 1.4989; IR spectrum:
      1675, 1640, 1618, 972 cm.sup.-.sup.1 ; NMR spectrum: .delta. = 0.98 ppm,
      (6 H, s); 1.48 ppm (3 H, s); 1.89 ppm, (3 H, d of d, J = 6.5 cps and 1.2
      cps); 1.2-2.1 ppm, (6 H, complex band); 6.0 ppm, (1 H, d of q, J = 15 cps
      and 6.5 cps). Mass spectrum: m/e = 177, 69, 123, 192.
PAR  By replacing in the above procedure
      cis-2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene by
      cis-2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-2-cyclohexene,
      trans-2,6,6-trimethyl-1-crotonoyl-2-cyclohexene was obtained which had the
      following characteristics:
PAR  NMR spectrum: .delta. = 0.83 ppm, (3 H, s); 0.92 ppm, (3 H, s); 1.55 ppm,
      (3 H, s broad); 1.89 ppm, (d of d, J = 6.5 and 1.1 cps); 1.0-2.3 ppm (4 H,
      complex band); 2.77 ppm, (1 H, s broad); 5.52 ppm, (1 H, s broad); 6.18
      ppm, (1 H, d of q, J = 16 cps and 1.1 cps); 6.77 ppm, (1 H, d of q, J = 16
      cps and 6.5 cps).
PAC  EXAMPLE 13
PAC  Cis-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene
PAR  To 80 ml. of pentane were added 15 g. of active MnO.sub.2 and 1.6 g. of
      2,6,6-trimethyl-1-[1-hydroxy-2-butenyl ]-1-cyclohexene prepared according
      to Example 12. The mixture was stirred for 5 days at room temperature and
      then filtered. The precipitate was rinsed several times with pentane and
      the rinsing fractions were added to the mother liquor. After concentration
      in vacuo, the residue was distilled to obtain 1.1 g. (68.6 %) of
      cis-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene, b.p.
      82.degree.-85.degree./0.001 Torr. The analysis of the product yielded
      similar results as those obtained for Example 12. The constants were the
      following:
PAR  IR spectrum: 1665, 1640, 1605 cm.sup.-.sup.1. Mass spectrum: m/e 177, 192,
      123, 69. NMR spectrum: .delta. = 1.03 ppm, (6 H, s); 1.55 ppm, (3 H, s);
      2.1 ppm, (3 H, d, J = 5.5 cps); 1.2-2.1 ppm, (6 H, complex band); 6.08
      ppm, (2 H, complex band).
PAR  By replacing above 2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene by
      2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-2-cyclohexene,
      cis-2,6,6-trimethyl-1-crotonoyl-2-cyclohexene was obtained.
PAC  EXAMPLE 14
PAC  Trans-2,6,6-trimethyl-1-crotonoyl-1,3-cyclohexadiene
PAR  The following mixture was stirred for 24 hours at room temperature: 1 g. of
      trans-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene, 0.55 g. of NaHCO.sub.3,
      0.44 g. of CaO and 1.17 g. of N-bromosuccinimide in 7 ml. of CCl.sub.4.
PAR  1.7 ml. of diethylaniline was added, the mixture was diluted with 2 volumes
      of petroleum ether (b.p. 30.degree.-50.degree.), filtered and the volatile
      portions were eliminated in vacuo (temperature &lt; 50.degree.). Then it was
      heated for 2 hours on the water-bath under nitrogen, whereupon it was
      allowed to cool. 0.57 ml. of pyridine were added and it was heated for 1
      hour on the water-bath. It was cooled to 0.degree. and diluted with a cold
      10 % HCl solution until a distinctly acid mixture was obtained. It was
      extracted with 2 portions of petroleum ether (b.p. 30.degree.-50.degree.)
      and the extracts were washed in the following manner: 10 % HCl (at
      0.degree.), 5 % NaHCO.sub.3, water. After drying over anhydrous Na.sub.2
      SO.sub.4 it was concentrated and the residue distilled under a high
      vacuum. There was thus obtained 0.31 g. (31.3 %) of
      trans-2,6,6-trimethyl-1-crotonoyl-1,3-cyclohexadiene. The analytical
      sample, purified by preparative gas chromatography had the following
      physical constants:
PAR  IR spectrum: 1670, 1635, 1610, 970 cm.sup..sup.-1. Mass spectrum: m/e:
      69-121, 105, 41, 190. NMR spectrum: .delta. = 1.01 ppm, (6 H, s); 1.62
      ppm, (3 H, s); 1.93 ppm, (3 H, d of d, J = 6.5 cps and 1.5 cps); 2.07 ppm,
      (2 H, d, J = 2.3 cps); 5.77 ppm, (2 H, t, J = 2.3 cps); 6.06 ppm, (1 H, d
      of q, J = 16 cps and 1.5 cps); 6.75 ppm, (1H, d of q, J = 16 cps and 6.5
      cps).
PAC  EXAMPLE 15
PAC  Trans-2,6,6-trimethyl-1-crotonoyl-2-cyclohexene
PAR  A solution containing 2.8 g. of epoxy-.alpha.-ionone (Helv. Chim. Acta 29,
      1829 (1946) in 15 ml. of absolute methanol was cooled and 2.5 g. of
      hydrazine hydrate were added under nitrogen with stirring, followed by 0.3
      g. of acetic acid. The temperature was maintained between 10 and
      20.degree. and an evolution of nitrogen was observed. When the evolution
      of nitrogen was finished, the solution was diluted with water, neutralised
      and extracted by the usual means. After drying and evaporation of the
      volatile portions the extract yielded 2.4 g. of an oily liquid which was
      subjected to a fractional distillation. The second fraction of the
      distillation contained a 1:1 mixture of cis- and
      trans-2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-2-cyclohexene. 100 mg. of
      this distillate were dissolved in 15 ml. of acetone and this mixture was
      stirred for 60 hours at room temperature with 2 g. of MnO.sub.2. The
      mixture was filtered and the precipitate rinsed twice with ether. After
      concentration of the solution and the rinsing fractions in vacuo a mixture
      of cis- and trans-2,6,6-trimethyl-1-crotonoyl-2-cyclohexene was obtained
      which was purified by preparative gas chromatography. The two isomeric
      ketones were thus separated and the constants thereof were identical to
      those described in Examples 20 hereinafter and 12 respectively.
PAC  EXAMPLE 16
PAC  2,6,6-Trimethyl-1-crotonoyl-1-cyclohexene
PAR  a. 426 g. of 2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene prepared
      according to the method described in paragraph b herebelow were mixed with
      3.9 kg. of MnO.sub.2 in 8 liter of petroleum-ether (b.p. 30.degree.-
      50.degree.). The mixture was stirred for 21/2 days at room temperature.
      The solvent was removed under vacuum and the crude
      2,6,6-trimethyl-1-crotonoyl-1-cyclohexene (358 g.) which was left as the
      residue of evaporation was used without further purification. The crude
      ketone which was mainly the cis-isomer, according to the vapour phase
      chromatographic analysis was isomerised to the trans-ketone by means of
      p-toluensulfonic acid according to the process described in Example 19
      hereinafter. After isomerisation the resulting trans-ketone was purified
      by fractional distillation, b.p. 84.degree.-85.degree./0.001 Torr.
PAR  The carbinol used as starting material in the preparation described above
      can be prepared as follows:
PAC  b. 2,6,6-Trimethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene
PAR  In an atmosphere of nitrogen, a solution of 280 g. of 1-bromopropene in 430
      ml. of tetrahydrofuran was added dropwise at 63.degree.-65.degree. into a
      suspension of 53.3 g. of magnesium turnings in 660 ml. of tetrahydrofuran.
      During the addition the reflux condenser fitting the reaction vessel was
      cooled to -40.degree. to -50.degree. in order to prevent escaping of the
      vapours of unreacted 1-bromopropene. The mixture was stirred for an
      additional 21/2 hours at 60.degree.-62.degree. after which it was cooled
      to 0.degree.. A solution of 278 g. of .beta.-cyclocitral in 350 ml. of
      tetrahydrofuran was then added dropwise between 0.degree. and 7.degree..
      The mixture was allowed to stand overnight then it was poured onto a
      mixture of ice and saturated aqueous NH.sub.4 Cl solution. The organic
      layer was removed and the aqueous phase extracted with petroleum-ether
      (b.p. 30.degree.-50.degree.). The combined extracts were washed as usual,
      dried and then evaporated under vacuum. The residue gave 350 g. of crude
      2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene which was used
      without further purification.
PAC  EXAMPLE 17
PAC  2,6,6-Trimethyl-1-crotonoyl-1,3-cyclohexadiene
PAR  The following ingredients were stirred at 51.degree.-53.degree. under an
      atmosphere of nitrogen: 2,6,6-trimethyl-1-crotonoyl-1-cyclohexene prepared
      according to Example 16 (50 g.), N-bromosuccinimide (60.5 g.), CCl.sub.4
      (400 ml.), CH.sub.2 Cl.sub.2 (200 ml.) and
      .alpha.,.alpha.'-azo-bis-isobutyronitrile (0.2 g.). The mixture turned
      progressively red and started abruptly to boil violently. The heat source
      was removed and the reaction rate was controlled by means of a cooling
      bath. After about 10 minutes the reaction mixture became colourless. It
      was cooled to 20.degree. and 89.5 g. of diethylamine and 800 ml. of
      petroleum-ether (b.p. 30.degree.-50.degree.) were added to it. Succinimide
      was filtered off, volatile solvents were removed under vacuum and the
      residue was heated to 135.degree.-140.degree. for 21/2 hours. After
      cooling, the mixture was stirred vigorously with 500 ml. of ice-cold 10 %
      HCl. The mixture was extracted with petroleum ether and the extract was
      washed with 5 % HCl, concentrated aqueous NaHCO.sub.3 and finally with
      water. After drying over Na.sub.2 SO.sub.4 the extract was distilled to
      give 37 g. (75 %) of pure 2,6,6-trimethyl-1-crotonoyl-1,3-cyclohexadiene
      b.p. 46.degree./0.001 Torr.
PAC  EXAMPLE 18
PAC  Cis-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene
PAR  a. A solution of 2,6,6-trimethyl-1-tetrolyl-1-cyclohexene prepared
      according to the description of paragraph c) herebelow (5 g.) in 50 ml. of
      petroleum-ether (b.p. 30.degree.-50.degree.) and 2 g. of Lindlar catalyst
      (deactivated Pd/C catalyst) prepared according to Helv. Chim. Acta 35, 446
      (1952) were placed in an apparatus for catalytic hydrogenations. The above
      mixture was hydrogenated at room temperature until 1 equivalent of
      hydrogen had been used. The solution was filtered and the solvent removed
      in vacuo. Distillation of the residue gave 4.3 g. of
      cis-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene, b.p.
      82.degree.-85.degree./0.001 Torr the constants of which were the same as
      those described in Example 13.
PAR  The acetylenic ketone used as starting material in the above preparation
      was prepared as follows:
PAC  b. 2,6,6-Trimethyl-1-[1-hydroxy-2-butynyl]-1-cyclohexene
PAR  Under an atmosphere of nitrogen 56 mMole of methyllithium in about 30 ml.
      of ether were added to 100 ml. of dioxane. The mixture was stirred
      vigorously and, between 0.degree. and 10.degree., 2.47 g. (61.6 mMole) of
      propyne were added to it. The vapours of the propyne which did not
      immediately react were condensed in a condenser cooled with liquid
      nitrogen. The unreacted propyne was thus continuously returned to the
      reaction vessel. When all propyne had reacted (approx. 30-60 minutes) a
      solution of 7.6 g. (50 mMole) of .beta.-cyclocitral in 10 ml. of ether was
      added dropwise at room temperature. After stirring for an additional 10-12
      hours the mixture was poured onto ice, neutralised with NH.sub.4 Cl and
      extracted with petroleum-ether. The extract was washed and dried by usual
      means, then it was concentrated under reduced pressure. Distillation of
      the residue gave 6.6 g. of
      2,6,6-trimethyl-1-[1-hydroxy-2-butynyl]-1-cyclohexene, b.p.
      95.degree.-97.degree./0.7 Torr, as a colourless viscous oil.
PAC  c. Oxidation 2,6,6-trimethyl-1-[1-hydroxy-2-butynyl-]-1-cyclohexene
PAR  A mixture of 1.277 g. (66.3 mMole) of the acetylenic carbonyl compound
      prepared according to the description of paragraph b above, 12 g. of
      activated MnO.sub.2 and 100 ml. of petroleum-ether (30.degree.-40.degree.)
      were stirred for 15 minutes at room temperature. The solid was removed by
      filtration and the liquid was dried over molecular sieves then it was
      concentrated and distilled under reduced pressure. 1.02 g. (81 %) of
      2,6,6-trimethyl-1-tetrolyl-1-cyclohexene were thus obtained, the
      analytical measurements thereof gave the following results: n.sub.D.sup.20
      = 1.5107; d.sub.4.sup.20 = 0.957. IR spectrum (liquid phase): 2210
      (.nu..sub.C .tbd.C), 1640 (.nu..sub.C.sub.=O) cm.sup..sup.-1. NMR spectrum
      (CCl.sub.4): 1.08 (3 H, s), 1.68 (3 H, s), 2.02 (3H, s) ppm (.delta.).
      Mass spectrum: 190 (28), 175 (100), 67 (63), 123 (37), 41 (25), 81 (24),
      135  (22), 28 (21), 91 (20), 147 (20).
PAC  EXAMPLE 19
PAC  Trans-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene
PAR  Under an atmosphere of nitrogen, a solution containing 1.16 g. of
      cis-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene prepared according to
      Example 18, 12 ml. of dry benzene and 0.023 g. of p-toluensulfonic acid
      were stirred 48 hours at room temperature. The solution was diluted with
      ether, neutralised and washed as usual. The volatile components were
      removed in vacuo and distillation gave a 90 % yield of
      trans-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene, b.p.
      78.degree.-80.degree./0.001 Torr, the constants of which were found
      identical with those of the compound described in Example 12.
PAC  EXAMPLE 20
PAC  Cis-2,6,6-trimethyl-1-crotonoyl-2-cyclohexene
PAR  a. 2,6,6-Trimethyl-1-tetrolyl-2-cyclohexene obtained according to the
      description of paragraph c) herebelow was hydrogenated according to the
      method described in Example 18, paragraph a). Thus,
      cis-2,6,6-trimethyl-1-crotonoyl-2-cyclohexene was obtained in 85-90 %
      yield. The spectral characteristics were as follows: NMR spectrum
      (CCl.sub.4): 0.85 (3 H, s), 0.96 (3 H, s), 1.62 (3 H, s broad), 2.12 (3 H,
      d, J = 5.5 cps), 1.0 - 2.3 (4 H, complex band), 2.95 (1 H, s broad), 5.49
      (1 H, s broad), 6.25 (2 H, complex band) ppm (.delta.).
PAR  The acetylenic ketone used as starting material in the above preparation
      can be prepared as follows:
PAC  b. 2,6,6-Trimethyl-1-[1-hydroxy-2-butynyl]-2-cyclohexene
PAR  Following the procedure described in Example 18 3 g. of .alpha.-cyclocitral
      were reacted with propyne to give 2.0 g. (79 %) of
      2,6,6-trimethyl-1-[1-hydroxy-2-butynyl]-2-cyclohexene, b.p. 85.degree.-
      87.degree./0.8 Torr. IR spectrum (liquid phase): 3460 (.nu..sub.OH), 2200
      (.nu..sub.C.tbd.C), 1660 (.nu..sub.C.sub.=C) cm.sup..sup.-1. NMR spectrum
      (CDCl.sub.3): 0.88 (3 H, s), 1.05 (3 H, s), 1.84 (3 H, m), 1.97 (3 H, s),
      5.76 (1 H, m) ppm (.delta.).
PAC  c. Oxidation of 2,6,6-trimethyl-1-[1-hydroxy-2-butynyl]-2-cyclohexene
PAR  The acetylenic carbinol which was obtained as described above under
      paragraph b) was oxidised as described for its isomer in Example 18,
      paragraph c. Thus, 1.38 g. of carbinol gave 0.9 g. (66 %) of
      2,6,6-trimethyl-1-tetrolyl-2-cyclohexene, b.p. 100.degree.-105.degree./0.7
      Torr. NMR spectrum (CCl.sub.4): 0.96 (6 H, d badly resolved), 1.52 (3 H,
      m), 2.0 (3 H, s), 5.57 (1 H, m), 2.66 (1 H, m) ppm (.delta.).
PAC  EXAMPLE 21
PAC  2,6,6-Trimethyl-1-crotonoyl-2-cyclohexene
PAR  Under an atmosphere of nitrogen, 0.5 Mole of lithium .alpha.-cyclogeraniate
      and 6.9 g. (1 Mole) of lithium cut into small pieces were suspended in 1
      liter of ether. At room temperature a solution of 0.5 Mole of
      1-bromopropene in 250 ml. of ether was added dropwise. Stirring was
      continued for 24 hours then the whole mixture was poured into an excess of
      an ice-cold saturated solution of NH.sub.4 Cl and stirred vigorously. The
      organic layer was separated and treated as usual. Distillation of the
      residue resulting from the removal of the volatile components gave a 36 %
      yield of 2,6,6-trimethyl-1-crotonoyl-2-cyclohexene.
PAC  EXAMPLE 22
PAC  Trans-2,6,6-trimethyl-1-crotonoyl-2-cyclohexene
PAR  a. A mixture of 10 g. of 6,10-dimethyl-4-oxo-2,5,9-undecatrien prepared
      according to the method of paragraph c herebelow, 100 ml. of benzene and 1
      g. of boron trifluoride etherate was heated to the reflux until the vapour
      phase chromatographic analysis of a sample showed that practically all the
      starting material had disappeared. The solution was cooled and stirred
      with ice-water. The organic layer was removed and treated as usual.
      Distillation of the residue of evaporation gave a 50 % yield of
      trans-2,6,6-trimethyl-1-crotonoyl-2-cyclohexene of about 60 % purity as
      shown by the vapour phase chromatographic analysis.
PAR  The ketone used as starting material in the above preparation can be
      prepared as follows:
PAC  b. 6,10-Dimethyl-4-hydroxy-2,5,9-undecatriene
PAR  12 g. of magnesium turnings were suspended under nitrogen in 250 ml. of dry
      tetrahydrofuran. Between 60.degree. and 65.degree., 60 g. of
      1-bromopropene dissolved in 50 ml. of tetrahydrofuran were added dropwise.
      During the addition, to prevent escaping of 1-bromopropene, the reflux
      condenser fitted on the reaction flask was cooled to
      -40.degree./-50.degree.. When all Mg had reacted, the mixture was cooled
      to 20.degree. and 76 g. of citral was added dropwise with cooling. After
      standing overnight, the mixture was poured into 1.5 liter of concentrated
      aqueous NH.sub.4 Cl at 0.degree.. The mixture was extracted 3 times with
      ether and the combined ether extracts treated as usual. After
      distillation, 6,10-dimethyl-4-hydroxy-2,5,9-undecatriene, b.p.
      70.degree./0.1 Torr was obtained as a liquid with following constants:
      n.sub.D.sup.20 = 1.4950; d.sub.4.sup.20 = 0.9145.
PAC  c. 6,10-Dimethyl-4-oxo-2,5,9-undecatriene
PAR  60 g. of the alcohol prepared according to paragraph b above, 700 g. of
      MnO.sub.2 and 1800 ml. of CH.sub.2 Cl.sub.2 were stirred for 2 days at
      20.degree.-25.degree.. After filtration and evaporation, the distillation
      of the residue gave 49 g. of crude ketone, b.p. 70.degree.-75.degree./0.1
      Torr, which was purified by vapour phase chromatography using a 20 M
      Carbowax column and helium carrier at 140 .degree.. n.sub.D.sup.20 =
      1.5041; d.sub.4.sup.20 = 0.8958.
PAC  EXAMPLE 23
PAC  Cis-2,6,6-trimethyl-1-crotonoyl-1,3-cyclohexadiene
PAR  Safranal, prepared according to Compt. rend. 262, 1725 (1966), was reacted
      with propyne to give
      2,6,6-trimethyl-1-[1-hydroxy-2-butynyl]-1,3-cyclohexadiene, following the
      procedure outlined in Example 18, paragraph b, for the reaction of citral
      with propyne. The above carbinol was oxidised with MnO.sub.2 to
      2,6,6-trimethyl-1-tetrolyl-1,3-cyclohexadiene, following the procedure
      described in Example 18, paragraph c), for the oxidation of the dihydro
      analogue. The above acetylenic ketone was then partially reduced to the
      title compound following the method described in Example 18, paragraph a).
      Cis-2,6,6-trimethyl-1-crotonoyl-1,3-cyclohexadiene gave the following NMR
      data (CCl.sub.4): 1.06 (6 H, s), 1.69 (3 H, s), 2.09 (2 H, d, J = 2.3
      cps), 2.14 (3 H, d, J = 5.5 cps), 5.81 (2 H, t + s, J = 2.3 cps), 6.2 (2
      H, complex band) ppm (.delta.).
PAC  EXAMPLE 24
PAC  2,6,6-Trimethyl-1-[2-pentencyl]-2-cyclohexene
PAR  a. 7,11-Dimethyl-5-oxo-3,6,10-dodecatriene (75 g.), containing a small
      amount of 7,11-dimethyl-5-oxo-3,6,10-dodecatriene and
      11-methyl-7-methylene-5-oxo-3,10-dodecadiene, was added dropwise at
      0.degree.-5.degree. under nitrogen to a vigorously stirred solution of tin
      chloride (30 g.) in 350 ml. of dry benzene.
PAR  The reaction mixture kept at 30.degree.-35.degree. was stirred until the
      analysis by vapour phase chromatography revealed complete disappearance of
      starting trienes (2-3 h.). It was then poured into crusched ice, extracted
      with ether and the extracts were combined and washed with water until they
      were neutral to litmus. After drying, the volatile portions were
      evaporated and the residue (72 g.) distilled. 22.6 g. (30 % yield) of
      trans-2,6,6-trimethyl-1-[2-pentenoyl]-2-cyclohexene, B.p.
      75.degree.-7.degree./0.1 Torr, were thus obtained. n.sub.D.sup.20 =
      1.4925; d.sub.4.sup.20 = 0.9281.
PAR  7,11-Dimethyl-5-oxo-3,6,10-dodecatriene used as starting material was
      prepared as follows:
PAR  b. Dehydrolinalool (456 g.; 3 Mole) was added at 20.degree. to a freshly
      prepared solution of KOH (220 g.; 3.9 Mole), K.sub.2 CO.sub.3 (30 g.) and
      Cu.sub.2 Cl.sub.2 (20 g.) in 1500 ml. of methanol. To this solution
      3-chloro-1-butene (352 g.; 3.9 Mole) was then added dropwise with vigorous
      stirring while the temperature was kept below 50.degree.. Stirring was
      continued for 3 h. and the residue obtained by evaporating the methanol
      under reduced pressure was thoroughly mixed with 1 l. of water. This
      mixture was extracted with ether and after the usual treatments gave by
      distillation, together with 44 g. of dehydrolinalool, 530 g. of a 85:15
      mixture of 7,11-dimethyl-2,10-dodecadiene-5-yn-7-ol (A) and
      3,6,10-trimethyl-1,9-undecadiene-4-yn-6-ol (B). These two alcohols were
      separated by distillation using a spinning band column, and showed the
      following analytical constants: Compound A (400 g.): B.p.
      84.degree.-5.degree./0.1 Torr; n.sub.D.sup.20 = 1.4824; d.sub.4.sup.20 =
      0.8872. IR spectrum: 3380, 2235 and 960 cm.sup..sup.-1. Compound B (80
      g.): B.p. 80.degree./0.1 Torr: n.sub.D.sup.20 = 1.4789; d.sub.4.sup.20 =
      0.8944. IR spectrum: 3380, 2235, 1640 and 915 cm.sup..sup.-1.
PAR  c. 400 g. of compound A prepared according to paragraph b) were heated
      during 3 h. at 130.degree. in the presence of 700 g. of acetic anhydride
      and 60 g. of sodium acetate. The excess of anhydride was then distilled
      off at 50.degree. under reduced pressure and the residue was treated with
      water.
PAR  This mixture was extracted with petrol-ether, washed with a solution of
      sodium carbonate and after the usual treatments gave by distillation 414
      g. (90 % yield) of the acetate of alcohol A which showed the following
      analytical constants: B.p. 88.degree.-90.degree.10.1 Torr; n.sub.D.sup.20
      = 1.4732; d.sub.4.sup.20 = 0.9122. IR spectrum: 2240, 1740 and 965
      cm.sup..sup.-1.
PAR  d. 248 g. of the acetate prepared according to paragraph c were heated at
      90.degree. during 5 h. in the presence of 500 ml. of acetic acid and 10 g.
      of copper acetate. By means of vapour phase chromatography it was shown
      that the starting acetate had completely reacted. The mixture was
      concentrated in vacuum and the residue was treated with 300 ml. of water.
      After extraction with petrol-ether and the usual treatments, 190 g. of a
      mixture consisting of 7,11-dimethyl-5-oxo-3,6,10-dodecatriene and two
      isomeric ketones, 7,11-dimethyl-5-oxo-3,7,10-dodecatriene and
      11-methyl-7-methylene-5-oxo-3,10-dodecadiene, were obtained.
PAR  Such a mixture, used directly for the cyclisation process described in
      paragraph a), had the following analytical constants: B.p.
      88.degree.-97.degree./0.1 Torr; n.sub.D.sup.20 = 1.4932; d.sub.4.sup.20 =
      0.8919.
PAC  EXAMPLE 25
PAC  2,6,6-Trimethyl-1-[2-methylcrotonoyl]-2-cyclohexene
PAR  a. 3,6,10-trimethyl-4-oxo-2,5,9-undecatriene (25 g.), containing a small
      amount of isomeric ketones 3,6,10-trimethyl-4-oxo-2,6,9-undecatriene and
      3,10-dimethyl-6-methylene-4-oxo-2,9-undecadiene, was subjected to
      cyclisation according to the same procedure described in paragraph a of
      Example 24, in the presence of 50 ml. of dry benzene and 10 g. of
      SnCl.sub.4. By distillation of 22 g. of crude product, 12.8 g. of an oily
      substance were obtained. A purification by means of vapour phase
      chromatography gave 8.8 g. of
      2,6,6-trimethyl-1-[2-methylcrotonoyl]-2-cyclohexene, the analytical
      constants of which are: B.p. 70.degree.-1.degree./0.1 Torr; n.sub.D.sup.20
      = 1.4818; d.sub.4.sup.20 = 0.9249. IR spectrum: 1720, 1630, 825, 810
      cm.sup..sup.-1.
PAR  The mixture of the ketones used as starting materials in the above
      preparation was obtained as follows: b. The alcohol B (50 g.), obtained
      according to the procedure described in paragraph b) of Example 24 was
      acetylated by means of acetic anhydride (84 g.) in the presence of sodium
      acetate (8 g.) as described in paragraph c) of Example 24. 54 g. (90 %
      yield) of the acetate of 3,6,10-trimethyl-1,9-undecadiene-4-yn-6-yl were
      thus obtained. IR spectrum: 2245, 1745, 1640 and 915 cm.sup..sup.-1.
PAR  c. 37 g. of the acetate prepared according to the method described above
      were heated at 90.degree. during 5 h. in the presence of 75 ml. of acetic
      acid and 1.5 g. of copper acetate.
PAR  26 g. (85 % yield) of 3,6,10-trimethyl-4-oxo-2,5,9-undecatriene together
      with two other isomeric ketones, were thus obtained. This mixture was
      directly used for the cyclisation reaction according to paragraph a.
PAR  The mixture had the following analytical constants: B.p.
      75.degree.-7.degree./0.1 Torr; n.sub.D.sup.20 = 1.4889; d.sub.4.sup.20 =
      0.8890.
PAC  EXAMPLE 26
PAC  2,6,6-Trimethyl-1-[3-methylcrotonoyl]-2-cyclohexene
PAR  a. 2,6,10-trimethyl-4-oxo-2,5,9-undecatriene (20 g.) was cyclised according
      to the procedure described in paragraph a of Example 24 in the presence of
      7 g. of SnCl.sub.4 in 100 ml. of dry benzene. During the addition of the
      ketone, the temperature was kept below 150.degree. then it was decreased
      at 40.degree. while the stirring was continued for 4 hours. According to
      the usual procedure, 6.8 g. (34 % yield) of pure product were obtained.
PAR  B.p. 67.degree.-8.degree./0.1 Torr; n.sub.D.sup.20 = 1.4818; d.sub.4.sup.20
      = 0.9249. IR spectrum: 1670, 1615, 826 and 805 cm.sup..sup.-1.
PAR  The starting material accompanied by the isomeric ketones
      2,6,10-trimethyl-4-oxo-2,6,9-undecatriene and
      2,10-dimethyl-6-methylene-4-oxo-2,9-undecadiene was obtained according to:
PAR  b. Methallyl chloride (100 g.) was added portion-wise under nitrogen to a
      solution of KOH (60 g.), K.sub.2 CO.sub.3 (10 g.) and Cu.sub.2 Cl.sub.2 (7
      g.) in 500 ml. of methanol. During the addition, the temperature was kept
      at ca. 40.degree.. The stirring was maintained for 3 more hours then,
      after evaporation of the volatile components, the residue was treated with
      500 ml. of water and 300 ml. of petrol-ether. The extracts were purified
      and treated according to paragraph b of Example 24.
PAR  152 g. (90 % yield) of 2,6,10-trimethyl-2,10-undecadiene-7-yn-6-ol together
      with 35 g. of dehydrolinalool were obtained. B.p. 70.degree.-2.degree./0.1
      Torr; n.sub.D.sup.20 = 1.4818, d.sub.4.sup.20 = 0.8941. IR spectrum: 3350,
      2245, 1650 and 890 cm.sup..sup.-1.
PAR  c. 103 g. of the alcohol prepared according to paragraph b) were acetylated
      with 200 g. of acetic anhydride and 20 g. of sodium acetate according to
      the procedure described in paragraph c of Example 24. 112 g. (90 % yield)
      of the corresponding acetate were thus obtained. B.p. 80.degree./0.01
      Torr; n.sub.D.sup.20 = 1.4709; d.sub.4.sup.20 = 0.9173. IR spectrum: 2245,
      1740, 1645, 890 cm.sup..sup.-1.
PAR  d. 248 g. of the acetate prepared according to paragraph c) were isomerised
      by acetic acid (400 ml.) and copper acetate (15 g.). 187 g. of a mixture
      containing 2,6,10-trimethyl-4-oxo-2,5,9-undecatriene and two other
      isomeric ketones were obtained according to the same procedure described
      in paragraph d of Example 24.
PAR  B.p. 90.degree.-7.degree./0.1 Torr; n.sub.D.sup.20 = 1.5075; d.sub.4.sup.20
      = 0.8915.
PAC  EXAMPLE 27
PAC  Trans-2,6,6-trimethyl-1-crotonoyl-1,3-cyclohexadiene
PAR  A mixture of cis- and
      trans-2,6,6-trimethyl-1-crotonoyl-1,2-epoxycyclohexane (10 g.) obtained
      according to Example 28 and 2 g. of acid diatomaceous earth in 50 ml. of
      dioxan was kept under nitrogen at 100.degree.-105.degree. until complete
      transformation of the starting epoxides into
      2,6,6-trimethyl-1-crotonoyl-1,3-cyclohexadiene. The course of the reaction
      was followed by sample analysis at set time intervals, by means of vapour
      phase chromatography. After filtration the filtrate was distilled to give
      8.0 g. of product B.p. 60.degree.-85.degree./0.5 Torr, the spectrometric
      analysis of which revealed a content of 7.5 g. (82 %) of
      2,6,6-trimethyl-1-crotonoyl-1,3-cyclohexadiene.
PAR  IR: 1670, 1635,1610, 970 cm.sup..sup.-1. NMR: 1.01 (6 H, s); 1.62 (3 H, s);
      1.93 (3 H, d.d., J = 6.5 and 1.5 cps); 2.07 (2 H, d, J = 2.3 cps); 5.77 (2
       H, t, J = 2.3 cps); 6.06 (1 H, d.q., J = 16 and 1.5 cps); 6.75 (1 H, d.q.
      J = 16 and 6.5 cps) .delta.ppm. MS: m/e 69-121,105, 41, 190.
PAR  The reaction above proceeds through the formation of an hydroxy
      intermediate, 2,6,6-trimethyl-1-hydroxy-1-crotonoyl-2-cyclohexene, which
      was isolated by v.p.c. and showed the following analytical data:
PAR  IR: 3090, 1675, 1620, 970 cm.sup..sup.-1. NMR: 0.72 (3 H, s); 0.97 (3 H,
      s); 1.45 (3 H, m); 1.92 (d, J = 7.5 cps), 4.07 (1 H, m); 5.7 (1 H, m);
      6.35-7.2 (2 H, m) .delta. ppm. MS: M.sup.+ = 208 (0.1); m/e = 190 (0.1);
      175 (0.1); 165 (0.1); 152 (0.1); 139 (49); 121 (3); 109 (2); 95 (33); 82
      (3); 69 (28); 55 (7); 43 (100); 27 (5).
PAC  EXAMPLE 28
PAC  Cis- and trans-2,6,6-trimethyl-1-crotonoyl-1,2-epoxycyclohexane
PAR  2,6,6-Trimethyl-1-vinylacetyl-1,2-epoxycyclohexane (10 g., 95 % pure) and 1
      g. of sodium acetate in 50 ml. of dioxan were heated at 100.degree. until
      complete transformation of the starting epoxyde into
      2,6,6-trimethyl-1-crotonoyl-1,2-epoxycyclohexane, the course of the
      reaction being followed by v.p.c. (Carbowax or Silicone, 180.degree., 3
      m). Two hours are usually required for such a reaction.
PAR  After cooling and filtration, the distillation of the mixture gave 9.8 g.
      of a mixture of the cis- (90 %) and trans- (10 %) isomers.
PAR  V.p.c. enabled the separation of the two isomeric compounds:
PAR  trans-2,6,6-trimethyl-1-crotonoyl-1,2-epoxycyclohexane B.p. 80.degree./0.5
      Torr; n.sub.D.sup.20 = 1.4861; d.sub.4.sup.20 = 0.9849. C.sub.13 H.sub.20
      O.sub.2 Calc.ed C 74.96; H 9.68, %; Found: C75.02;H 9.64.IR:1700-1620, 968
      cm.sup..sup.-1. NMR: 1.0 and 1.06 (6 H, 2 s); 1.08 (3 H, s); 1.92 (3 H, d,
      J = 7cps); 6.1-7.2 (2 H, m) .delta. ppm. MS: M.sup.+ = 208 (0.1); m/e =
      193 (0.1); 180 (0.1); 165 (0.1); 151 (5); 139 (12); 125 (14); 111 (64); 95
      (5); 82 (12); 69 (100); 55 (80); 41 (62); 29 (8).
PAR  Cis-2,6,6-trimethyl-1-crotonoyl-1,2-epoxycyclohexane B.p. 79.degree./0.5
      Torr; n.sub.D.sup.20 = 1.4803; d.sub.4.sup.20 = 0.9833. C.sub.13 H.sub.20
      O.sub.2 Calc.ed C 74.96; H 9.68 %; Found C 75.11; H 9.60. IR: 1680, 1615,
      748 cm.sup..sup.-1. NMR: 1.00 and 1.07 (6 H, 2 s); 1.1 (3 H, s); 2.12 (3
      H, d, J = 7 cps); 6.0-6.57 (2 H, m) .delta. ppm. MS: M.sup.+ = 208 (0.1);
      m/e: 193 (1); 175 (0.1); 165 (0.1); 151 (15); 135 (2); 123 (9); 111 (6);
      95 (4); 81 (2); 69 (100); 55 (18); 41 (26); 29 (3).
PAC  EXAMPLE 29
PAC  2,6,6-Trimethyl-1-vinylacetyl-1,2-epoxycyclohexane
PAR  A solution of 2,6,6-trimethyl-1-[1-hydroxy-3-butenyl]-1,2-epoxycyclohexane
      (178.5 g.), obtained according to Example 30, in 265 ml. of toluene was
      added dropwise with vigorous stirring to a solution of Na.sub.2 Cr.sub.2
      O.sub.7 (620 g.) in 500 ml. of conc. H.sub.2 SO.sub.4 and 1220 ml. of
      water at 0.degree.-5.degree.. At the same temperature the mixture was kept
      during 3 h., extracted with ether to give, after the usual treatments,
      114.7 g. (67 %) of crude product which after distillation, b.p.
      78.degree./  0.4 Torr, gave 100 g. (59 %) of an oil. The v.p.c. analysis
      showed that this oil had a 95 % content of
      2,6,6-trimethyl-1-vinylacetyl-1,2-epoxycyclohexane, n.sub.D.sup.20 D =
      1.4721; d.sub.4.sup.20 = 0.9781.
PAR  C.sub.13 H.sub.20 O.sub.2 Calc.ed C 74.96; H 9.68 %;  Found C 74.66; H
      9.72.  IR: 3080, 1820, 1700, 1640, 915, 910 cm.sup.-.sup.1.  NMR: 1.02 and
      1.05 (6 H, 2 s); 1.1 (3 H, s); 3.2 (2 H, m); 4.8-6.2 (3 H) .delta. ppm.
      MS: M.sup.+ = 208 (0.1); m/e: 193 (1); 177 (1); 165 (0.1); 151 (15); 135
      (2); 123 (8); 111 (4); 95 (3); 81 (2); 69 (100); 55 (18); 41 (29).
PAC  EXAMPLE 30
PAC  2,6,6-Trimethyl-1-[1-hydroxy-3-butenyl]-1,2-epoxycyclohexane
PAR  A mixture of 40 % peracetic acid (105 g.) and anhydrous sodium acetate (3.0
      g.) was added at 25.degree. with stirring to a suspension of
      2,6,6-trimethyl-1-[1-hydroxy-3-butenyl]-1-cyclohexene (97 g.) and anhyd.
      sodium acetate (60 g.) in 175 ml. of CH.sub.2 Cl.sub.2 (1.5 h.). Stirring
      was continued for one night and 500 ml. of water were then added to the
      reaction mixture. The organic layer was separated and, after the usual
      treatments, distilled to give 98 g. (83 %) of two diastereoisomers of the
      epoxy product.
PAR  V.p.c. enabled the separation of the two isomers (Carbowax, 170.degree., 3
      m)
PAR  Peak 1: (80 %), b.p. 88-9.degree./0.5 Torr; n.sub.D.sup.20 = 1.4790;
      d.sub.4.sup.20 = 0.9772  IR: 3540, 1820, 1640, 990, 900 cm.sup.-.sup.1
      NMR: 1.0 and 1.03 (6 H, 2 s); 1.42 (3 H, s); 2.52 (1 H, m); 3.92 (1 H, t);
      4.7-6.4 (3 H) .delta. ppm. MS: M.sup.+ = 210 (0.1); m/e: 192 (0.1); 177
      (0.1); 169 (2); 149 (5); 140 (3); 125 (22); 109 (28); 95 (12); 83 (23); 69
      (46); 55 (36); 43 (100); 27 (12).
PAR  Peak 2: (20 %), b.p. 93-4.degree./0.5 Torr; n.sub.D.sup.20 = 1.4839;
      d.sub.4.sup.20 = 0.9945.  IR: 3095, 3060, 1635, 990, 910 cm.sup.-.sup.1.
      NMR: 1.00 and 1.16 (6 H, 2 s); 1.33 (3 H, s); 3.92 (1 H, m); 4.68-6.2 (3
      H) .delta. ppm.  MS: M.sup.+ = 210 (0.1); m/e: 192 (0.1); 177 (0.1); 169
      (2); 149 (5); 140 (2); 119 (59); 109 (34); 95 (13); 83 (25); 69 (47); 55
      (42); 43 (100); 27 (13).
PAR  2,6,6-Trimethyl-1-[1-hydroxy-3-butenyl]-1-cyclohexene used as starting
      material in the above preparation, can be obtained as follows:
PAC  2,6,6-Trimethyl-1-[1-hydroxy-3-butenyl]-1-cyclohexene
PAR  5 g. of allyl chloride were added under nitrogen to a suspension of
      magnesium (28.8 g.) in 50 ml. dry ether. According to the procedure
      commonly used for carryinng out a Grignard reaction, allyl chloride (85
      g.) and .beta.-cyclocitral (152 g.) in 350 ml. of dry ether were added at
      such a rate as to maintain the solvent at constant reflux.
PAR  At this temperature the mixture was stirred for 3 more hours and poured
      then into an NH.sub.4 Cl aqueous solution.
PAR  The ethereal extracts gave by distillation, 178.1 g. (90 %) of the
      hydroxy-compound (97 % pure). B.p. 50.degree./0.01 Torr, n.sub.D.sup.20 =
      1.4958; d.sub.4.sup.20 32  0.9390.
PAC  EXAMPLE 31
PAC  Trans-2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-1,2-epoxycyclohexane
PAR  21 g. of 40 % peracetic acid and 0.6 g. of sodium acetate were added under
      nitrogen to a suspension of
      2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-1-cyclohexene (19.4 g.) and 12 g.
      of sodium acetate in 35 ml. of CH.sub.2 Cl.sub.2 at 20.degree.. The
      reaction mixture was left 2 more hours with stirring and it was then
      poured into 250 ml. of water.
PAR  The organic layer gave by distillation 19.5 g. (93 %) of epoxy product.
PAR  B.p. 84.degree./0.1 Torr; n.sub.D.sup.20 = 1.4814; d.sub.4.sup.20 = 0.9933.
       C.sub.13 H.sub.22 O.sub.2 Calc.ed C 74.24; H 10.54 %;  Found C 73.67; H
      10.40.  IR: 3090, 960 cm.sup.-.sup.1.  NMR: 1.02 (6 H, s); 2.74 (1 H, m);
      4.38 (1 H, m); 5.55 (2 H, m) .delta. ppm.  MS: M.sup.+ = 210 (0.1); m/e:
      192 (0.1); 177 (0.1); 168 (1); 149 (10); 140 (39); 125 (93); 109 (16); 95
      (14); 84 (24); 69 (49); 55 (50); 43 (10); 29 (14).
PAC  EXAMPLE 32
PAC  Trans-2,6,6-trimethyl-1-crotonoyl-1,2-epoxycyclohexane
PAR  A solution of
      trans-2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-1,2-epoxycyclohexane in 20
      ml. of toluene was added at 0-5.degree. with vigorous stirring to a
      solution of Na.sub.2 Cr.sub.2 O.sub.7 (31 g.) in 25 g. of conc. H.sub.2
      SO.sub.4 and 60 ml. of water. The mixture was kept at 0.degree.-5.degree.
      during 3 h., then at room temperature during one night. After addition of
      250 ml. of water, the mixture was extracted with 100 ml. of pet.-ether and
      the extracts evaporated. Distillation of the obtained residue gave a
      colourless oil (5.2 g.) and 6.1 g. of residue.
PAR  The v.p.c. analysis showed that the oil had a 4.5 g. (35%) content of
      trans-2,6,6-trimethyl-1-crotonoyl-1,2-epoxycyclohexane.
PAC  EXAMPLE 33
PAC  Trans-2,6,6-trimethyl-1-crotonoyl-1,2-epoxycyclohexane
PAR  Trans-2,6,6-trimethyl-1-[1-hydroxy-2-butenyl]-1,2-epoxycyclohexane (2.1 g.)
      and 20 g. of MnO.sub.2 (freshly activated by heating it at
      100.degree.-105.degree. during 1 h.) in 50 ml. of pet.-ether were mixed
      and allowed to react at room temperature. The course of the reaction was
      followed by v.p.c analysis of sample aliquots. After ca. 12 h., 70 % of
      the starting alcohol was oxidised into the corresponding ketone.
PAR   After filtration, a novel portion of MnO.sub.2 (10 g.) was added and the
      same operation was started again until obtainment of 90 % of the desired
      ketone. By distillation 1.9 g. of product were obtained:
PA1  1.2 g. (60 %) of trans-2,6,6-trimethyl-1-crotonoyl-1,2-epoxycyclohexane
PA1  0.15 g . (8 %) of starting material
PA1  0.55 g. of by-products.
PAC  EXAMPLE 34
PAC  2,6,6-Trimethyl-1-[1-hydroxy-3-butenyl]-2-cyclohexene
PAR  Allyl chloride (5 ml.) was added under nitrogen to a suspension of
      magensium (28.8 g.) in 300 ml. of dry ether. According to the usual
      procedure of a Grignard reaction, allyl chloride (85 g.) and
      .alpha.-cyclocitral (152 g.) in 100 ml. of dry ether were added at such a
      rate as to maintain the solvent at reflux. At this temperature, the
      mixture was left during 3 h. and poured then into an NH.sub.4 Cl aqueous
      solution.
PAR  The ethereal layer gave by evaporation and subsequent distillation 182 g.
      (95 %) of a mixture of the two diastereoisomers of the hydroxy compound:
      V.p.c. (Carbowax, 170.degree., 3 m) enabled the separation of the two
      isomers:
PAR  Peak 1: ca. 70 %; b.p. 62.degree./0.1 Torr, n.sup.20.sub.D = 1.4878;
      d.sup.20.sub.4 = 0.9276.
PAR  C.sub.13 Hh.sub.22 O Calc.ed C 80.35; H 11.44 %;
PAR  Found C 79.87; H 11.26.
PAR  IR: 3400, 3060, 1820, 1635, 988, 910 cm.sup.-.sup.1.
PAR  NMR: 0.85 and 0.98 (6 H, 2 s); 1.75 (3 H, s); 3.75 (1 H, t); 5.6 (1 H, m);
      4.88-6.0 (3 H) .delta. ppm.
PAR  The mass spectrum was practically identical to that of the product
      corresponding to peak 2.
PAR  Peak 2: ca. 30 %; b.p. 62.degree./0,1 Torr; n.sup.20.sub.D = 1.4922;
      d.sup.20.sub.4 = 0.9319.
PAR  C.sub.13 H.sub.22 O Calc.ed C 80.35; H 11.44 %;
PAR  Found C 79.91; H 11.19 %
PAR  IR: 3420, 3070, 1815, 1630, 985, 910 cm.sup.-.sup.1.
PAR  NMR: 0.91 and 1.05 (6 H, 2 s); 1.78 (3 H, m); 4.82 (m);
PAR  5.45 (1 H, m); 4.86-6.2 (3 H) .delta. ppm.
PAR  MS: M.sup.+ = 194 (0.1); m/e: 176 (0.1); 161 (0.1); 153 (2); 135 (2); 124
      (64); 109 (100); 95 (13); 81 (27.5); 68 (31); 55 (10); 41 (30); 27 (8).
PAC  EXAMPLE 35
PAC  2,6,6-Trimethyl-1-vinylacetyl-2-cyclohexene
PAR  A solution of 2,6,6-trimethyl-1-[1-hydroxy-3-butenyl]-2-cyclohexene (191.4
      g.), prepared according to Example 34, in 310 ml. of toluene was added
      dropwise with vigorous stirring at 0.degree.-5.degree. to a solution of
      Na.sub.2 Cr.sub.2 O.sub.7. 2 H.sub.2 O (365 g.) in 300 g. of conc. H.sub.2
      SO.sub.4 and 1800 ml. of water (1.5 h.).
PAR  The reaction mixture was left at room temperature during 10 h. and, after
      separation of the organic phase, 300 ml. of pet.-ether were added to it.
PAR  The combined organic extracts gave after the usual treatments and
      distillation 170 g. of a product b.p. 50.degree.-3.degree./0.1 Torr, which
      had a 90 % content of 2,6,6-trimethyl-1-vinylacetyl-2-cyclohexene. Yield
      ca. 80 %.
PAR  As sample purified by v.p.c. showed the following analytical data:
PAR  B.p. 53.degree./0.1 Torr; n.sup.20.sub.D = 1.4830; d.sup.20.sub.4 = 0.9371.
PAR  C.sub.13 H.sub.20 O Calc.ed C 81.20; H 10.48 %;
PAR  Found C 80.21; H 10.43.
PAR  IR: 3080, 1820, 1710, 1640, 990, 900, 808 cm.sup.-.sup.1.
PAR  NMR: 0.88 and 0.93 (6 H, 2 s); 1,58 (3 H, s); 3.17 and 3.27 (2 H, 2 m);
      5.55 (1 H, m); 4.85-6.3 (3 H) .delta. ppm.
PAR  MS: M.sup.+ = 192 (5); m/e: 177 (0.1); 166 (0.1); 151 (12); 135 (1); 123
      (100); 107 (6); 95 (10); 81 (80); 69 (60); 55 (10); 41 (44); 27 (5).
PAC  EXAMPLE 36 tCl Trans-2,6,6-trimethyl-1-crotonoyl-2-cyclohexene
PAR  2,6,6-Trimethyl-1-vinylacetyl-2-cyclohexene (170 g.), obtained according to
      Example 35, was heated during 1 h. with ca. 1 ml. of conc. HCl in 500 ml.
      of tetrahydrofuran. The solution was concentrated in vacuo to a volume of
      ca. 300 ml., then 300 ml. of pet.-ether and 300 ml. of a diluted
      NaHCO.sub.3 solution were added to it.
PAR  The organic phase gave, after the usual treatments, 168 g. of a product,
      b.p. 52.degree.-55.degree./0.1 Torr, which had a 92 % content of
      trans-2,6,6-trimethyl-1-crotonoyl-2-cyclohexene.
PAR  NMR: 0.85 and 0.96 (6 H, 2 s); 1.62 (3 H, s); 2.12 (3 H, d, J = 5.5 cps);
      1.0-2.3 (4 H, complex band); 2.95 (1 H, s); 5.49 (1 H, s); 6.25 (2 H,
      complex band) .delta. ppm.
PAC  EXAMPLE 37
PAC  2,6,6-Trimethyl-1-hydroxy-1-crotonoyl-2-cyclohexene
PAR  A mixture of the cis- and trans-isomers of
      2,6,6-trimethyl-1-crotonoyl-1,2-epoxycyclohexane (10 g.) [cf. Example 32 ]
      and 2 g. of acid diatomaceous earth in 50 ml. of dioxan was heated under
      nitrogen at 100.degree.-105.degree..
PAR  The course of the reaction was followed by v.p.c. analysis of sample
      aliquots taken at set time intervals. After filtration and purification,
      the product had the following analytical data:
PAR  n.sup.20.sub.D = 1.5049; d.sup.20.sub.4 = 1.018
PAR  C.sub.13 H.sub.20 O.sub.2 Calc.ed C 74.96; H 9.68 %;
PAR  Found C 74.68; H 9.69 %.
PAR  IR: 3090, 1675, 1620, 970 cm.sup.-.sup.1.
PAR  NMR: 0.72 and 0.97 (6 H, 2 s); 1.45 (3 H, m); 1.92 (d, J = 7.5 cps), 4.07
      (1 H, m); 5.7 (1 H, m); 6.35-7.2
PAR  (2 H, m) .delta. ppm.
PAR  MS: M.sup.+ = 208 (0.1), m/e: 190 (0.1); 175 (0.1); 165 (0.1); 152 (0.1);
      139 (49); 121 (3); 109 (2); 95 (33); 82 (3); 69 (28); 55 (7); 43 (100); 27
      (5).
PAC  EXAMPLE 38
PAC  Aromatization of corn-syrup
PAR  A base composition of corn-syrup was aromatized by the addition of
      2,6,6-trimethyl-1-hydroxy-1-crotonoyl-2-cyclohexene, as unique ingredient,
      in the proportion of 0.03 g. of a 1 % solution in 95 % alcohol for 100 ml.
      of base syrup.
PAR  The syrup thus obtained, contrary to the base syrup which had a bland
      taste, possesses a taste of honey and a light flavour note which reminds
      of roasted hazelnuts.
PAC  EXAMPLE 39
PAC  Aromatization of black-tea
PAR  A test solution of black tea was obtained by brewing during 5 minutes 6 g.
      of bland taste black-tea leaves of commercial quality in 600 ml. of
      boiling water. When to 100 ml. of this solution 0.05 g. of a 1 % solution
      of 2,6,6-trimethyl-1-crotonoyl-2,3-epoxycyclohexane in 95 % alcohol were
      added, a solution with a more herb-like note which distinctly reminded of
      camomile was obtained.
PAC  EXAMPLE 40
PAC  Perfume composition of Chypre type
PAR  A perfume composition of Chypre type was obtained by admixing the following
      ingredients (parts by weight):
TBL  Bergamot                    21                                            

     Portugal                    0.5                                           

     Synthetic Neroli            1                                             

     Synthetic rose              9                                             

     Synthetic Jasmine           9                                             

     Ylang extra                 6                                             

     Methylionone                6                                             

     Hydroxycitronellal          6                                             

     Oriental santal             3                                             

     Patchouli                   1.5                                           

     Vetyveryl acetate           4.5                                           

     Natural degreased civet 10 % sol. *                                       

                                 3                                             

     Ciste labdanum absolute 10 % sol. *                                       

                                 2                                             

     Musk ketone                 4                                             

     1,1-Dimethyl-6-tert.butyl-4-acetyl-indane                                 

                                 0.5                                           

     Coumarin                    3                                             

     Trichloromethylphenylcarbinyl acetate                                     

                                 1.5                                           

     Tarragon 10 % sol. *        3                                             

     Oak moss absolute 50 % sol. *                                             

                                 6                                             

     Benjoin resin 10 % sol. *   1.5                                           

     Styrax cinnamic alcohol     1.5                                           

     Jasmine absolute            1.5                                           

     Rose absolute               1                                             

     Cyclopentadecanolide 10 % sol. *                                          

                                 2                                             

     Methylnonylacetic aldehyde  1.5                                           

      *in diethylphthalate                                                     

PAR  By adding to 99.5 g. of this mixture 0.5 g. (as a 10 % solution in
      diethylphthalate) of cis- or
      trans-2,6,6-trimethyl-1-crotonoyl-1,2-epoxycyclohexane the composition
      obtained was more powerful than the basic composition and had improved
      diffusion as well as very natural richness.
PAC  EXAMPLE 41
PAC  Perfume composition of the chypre type
PAR  A chypre type composition was prepared by mixing the following ingredients
      (parts by weight):
TBL  Bergamot                    21                                            

     Portugal                    0.5                                           

     Synthetic Neroli            1                                             

     Synthetic Rose              9                                             

     Synthetic Jasmine           9                                             

     Ylang extra                 6                                             

     Methylionone                6                                             

     Hydroxycitronellal          6                                             

     Oriental santal             3                                             

     Patchouli                   1.5                                           

     Vetiveryl acetate           4.5                                           

     Natural degreased civet 10 % sol. *                                       

                                 3                                             

     Ciste labdanum absolute 10 % sol. *                                       

                                 2                                             

     Musk ketone                 4                                             

     1,1-Dimethyl-6-tert.butyl-4 acetyl indane                                 

                                 0.5                                           

     Coumarin                    3                                             

     Trichloromethylphenylcarbinyl acetate                                     

                                 1.5                                           

     Tarragon 10 % sol. *        3                                             

     Oak moss absolute 50 % sol. *                                             

                                 6                                             

     Benjoin resin 10 % sol. *   1.5                                           

     Styrax cinnamic alcohol     1.5                                           

     Jasmine absolute            1.5                                           

     Rose absolute               1                                             

     Cyclopentadecanolide 10 % sol.                                            

                                 2                                             

     Methylnonylacetic aldehyde  1.5                                           

      *in diethyl phthalate                                                    

PAR  By adding to 99.5 g. of this mixture 0.5 g. ** of trans- or
      cis-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene the composition obtained was
      more powerful than the basic composition and had an improved diffusion as
      well as a very natural richness.
FNT  (** as a 10 % solution in diethyl phthalate)
PAC  EXAMPLE 42
PAC  Perfume composition of the floral type
PAR  A floral type composition was prepared by mixing the following ingredients
      (parts by weight):
TBL  Decanal 10 % sol. *         1                                             

     Undecanal 10 % sol. *       2                                             

     Lauric aldehyde 10 % sol. * 1                                             

     Methylnonylacetic aldehyde 10 % sol. *                                    

                                 0.5                                           

     Synthetic lily-of-the-valley                                              

                                 16.5                                          

     Synthetic lilac             3                                             

     Synthetic rose              7                                             

     Synthetic jasmine           12                                            

     Bergamot                    6                                             

     Tarragon 10 % sol. *        3                                             

     Ylang extra                 9                                             

     Synthetic carnation         6                                             

     Methylionone                6                                             

     Vetiveryl acetate           4                                             

     Santalol                    2                                             

     Decoloured oak moss absolute 10 % sol. *                                  

                                 3                                             

     Natural degreased civet 10 % sol. *                                       

                                 3                                             

     Lily absolute 1 % sol. *    2                                             

     Orange blossom absolute 10 % sol. *                                       

                                 2                                             

     Jasmine absolute            2                                             

     Rose absolute               1                                             

     Musk ketone                 4                                             

     Trichloromethylphenylcarbinyl acetate                                     

                                 2                                             

     Colourless Tolu resin absolute 10 % sol.                                  

                                 1.5                                           

      *in diethyl phthalate                                                    

PAR  By adding to 99.5 g. of this mixture 0.5 g. ** of trans- or
      cis-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene the composition obtained was
      more powerful than the basic composition and had an improved diffusion as
      well as a very natural richness.
FNT  ** (as a 10 % solution in diethyl phthalate)
PAC  EXAMPLE 43
PAC  Perfume composition of the floral type
PAR  A floral type composition was prepared by mixing the following ingredients
      (parts by weight):
TBL  Rhodinol                    24                                            

     l-Citronellol               21                                            

     Chemically pure geraniol    12                                            

     Phenylethyl alcohol         24                                            

     Linalool                    2.5                                           

     Farnesol                    2                                             

     Eugenol                     0.5                                           

     Methyleugenol               2                                             

     Neryl isobutyrate           0.5                                           

     Phenylethyl phenylacetate   0.5                                           

     Geranyl acetate             1                                             

     Guaiol acetate              0.5                                           

     Citral 10 % sol. *          2.5                                           

     Nonanol 10 % sol. *         0.5                                           

     Nonanal 10 % sol. *         0.5                                           

     Decanal 1 % sol. *          2                                             

     Undecanal 10 % sol. *       0.5                                           

     Deterpenated geranium oil   1.5                                           

     Phenylethylsalicylate       0.5                                           

      *in diethyl phthalate                                                    

PAR  By adding to 98.5 g. of this mixture 1.5 g. of trans- or
      cis-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene the composition obtained was
      more powerful than the basic composition and had an improved diffusion as
      well as a very natural richness.
PAC  EXAMPLE 44
PAC  Perfume composition of the floral type
PAR  A floral type composition was prepared by mixing the following ingredients
      (parts by weight):
TBL  Rhodinol                    24                                            

     l-Citronellol               21                                            

     Chemically pure geraniol    12                                            

     Phenylethyl alcohol         24                                            

     Linalool                    2.5                                           

     Farnesol                    2                                             

     Eugenol                     0.5                                           

     Methyleugenol               2                                             

     Neryl isobutyrate           0.5                                           

     Phenylethyl phenylacetate   0.5                                           

     Geranyl acetate             1                                             

     Guaiol acetate              0.5                                           

     Citral 10 % sol. *          2.5                                           

     Nonanol 10 % sol. *         0.5                                           

     Nonanal 10 % sol. *         0.5                                           

     Decanal 1 % sol. *          2                                             

     Undecanal 10 % sol. *       0.5                                           

     Deterpenated geranium oil   1.5                                           

     Phenylethyl salicylate      0.5                                           

      *in diethyl phthalate                                                    

PAR  By adding to 98.5 g. of this mixture 1.5 g. of
      trans-2,6,6-trimethyl-1-crotonoyl-1,3-cyclohexadiene ** the composition
      obtained was more powerful than the basic composition and had an improved
      diffusion as well as a very natural richness.
FNT  ** (as a 10 % solution in diethyl phthalate)
PAC  EXAMPLE 45
PAC  Perfume composition of the floral type
PAR  A floral type composition was prepared by mixing together the following
      ingredients (parts by weight):
TBL  Nonanal at 1 % *           5                                              

     Dodecanal at 10 % *        5                                              

     Undecanal at 10 % *        20                                             

     Oil of Coriander           20                                             

     Neroli bigarade            5                                              

     Styrax                     40                                             

     l-Citronellol              50                                             

     Phenylethyl alcohol        100                                            

     Phenylacetaldehyde at 10 % *                                              

                                10                                             

     Eugenol                    30                                             

     Ylang                      80                                             

     Artificial jasmine         60                                             

     .alpha.-Amyl-cinnamaldehyde                                               

                                40                                             

     Hydroxycitronnellal        85                                             

     Santal oriental            70                                             

     Vetiveryl acetate          100                                            

     Vetiverol                  10                                             

     Purified Civet at 10 % *   30                                             

     Musk ambrette              20                                             

     Musk ketone                30                                             

     Coumarin                   50                                             

     Pentadecanolide at 10 % *  20                                             

     Bergamot                   100                                            

     Total                      980                                            

      *in diethyl phthalate                                                    

PAR  By adding to 980 g. of the above mixture 20 g. of
      trans-2,6,6-trimethyl-1-crotonoyl-1,3-cyclohexadiene**, the composition
      obtained had an improved floral note, a natural richness, more body and a
      better diffusion than the base composition.
FNT  ** (as a 10 % solution in diethyl phthalate)
PAC  EXAMPLE 46
PAC  Preparation of a "Tutti-Frutti" flavouring composition
PAR  A Tutti-Frutti flavouring composition was prepared by mixing together the
      following ingredients (parts by weight):
TBL  Vanillin                   20                                             

     Allyl caproate             10                                             

     Citral                     20                                             

     Amyl butyrate              35                                             

     Orange oil                 45                                             

     Ethyl butyrate             75                                             

     Ethyl acetate              185                                            

     Amyl acetate               185                                            

     Lemon oil                  415                                            

     Total                      990                                            

PAR  Trans-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene (10 g.) was added to 990 g.
      of the above mixture which was then called "test" composition. A "control"
      composition was prepared by adding 10 g. of additional lemon oil to 990 g.
      of the above mixture.
PAR  The test and control compositions were added to the food products described
      hereinafter in the proportions shown for 100 kg. of material to be
      flavoured.
TBL  ______________________________________                                    

     Cake                20 g.                                                 

     Pudding             5 - 10 g.                                             

     Cooked sugar        15 - 20 g.                                            

     ______________________________________                                    

PAC  Cooked sugar:
PAR  100 ml. of sugar syrup (prepared by dissolving 1 kg. of sucrose in 600 ml.
      of water) and 20 g. of glucose were mixed together and slowly heated to
      145.degree.. The flavour was added and the mass was allowed to cool and
      harden.
PAC  Pudding:
PAR  to 500 ml. of warmed milk were added with stirring a mixture of 60 g. of
      sucrose and 3 g. of pectin. The mixture was boiled for a few seconds and
      the flavour was added. The mixture was allowed to cool.
PAC  Cake:
PAR  the following ingredients were mixed together: 100 g. of vegetable
      margarine, 1.5 g. of sodium chloride, 100 g. of sucrose, 2 eggs and 100 g.
      of flour. The flavour was added and the mass was cooked for 40 minutes at
      180.degree. .
PAR  The finished foodstuff samples were tested by a panel of trained persons
      who had to express their views about the flavour of the samples. All
      members of the panel declared with no hesitation that the "test" samples
      had a more "round" taste than the "control" and at the same time a red
      berry character.
PAR   When in the above example, 2,6,6-trimethyl-1-crotonoyl-1-cyclohexene was
      replaced by 2,6,6-trimethyl-1-crotonoyl-1,3-cyclohexadiene, the test
      samples obtained therefrom were judged to have also a rounder taste than
      the control with however a more flowery and less fruity character than the
      test samples containing 2,6,6-trimethyl-1-crotonoyl-1-cyclohexene.
PAC  EXAMPLE 47
PAC  Preparation of a flavour composition for monastery type liquor
PAR  A flavouring composition for monastery type liquors was prepared by mixing
      together the following ingredients (parts by weight):
     Oil of Neroli              5                                              

     Oil of Clove               20                                             

     Oil of Cardamone           25                                             

     Oil of nutmeg              25                                             

     Oil of cinnamon            25                                             

     Lemon oil                  35                                             

     Oil of sweet orange        65                                             

     Angelica seed oil          75                                             

     Peppermint oil             75                                             

     Oil of bitter orange       200                                            

     Angelica root oil          445                                            

     Total                      995                                            

PAR  Trans-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene (5 g.) was added to 995 g.
      of the above mixture which was then called the test composition. A control
      composition resulted from the addition of 5 g. of Angelica root oil to 995
      g. of the above mixture.
PAR  A liquor base was prepared by mixing the following ingredients:
TBL  Alcohol 64 o.p. (96 %)                                                    

                        325     ml.                                            

     wine alcohol (74 %)                                                       

                        100     ml.                                            

     sugar syrup (65 %) 10      ml.                                            

     water              565     ml.                                            

     Total              1000    ml.                                            

PAR  The liquor base was flavoured by adding to 100 kg. thereof 10 g. of the
      flavouring compositions. The finished liquor samples were tested by a
      panel of tasters in the same manner as described in Example 46. All
      members of the panel declared with no hesitation that the test sample had
      a rounder taste than the control and at the same time a red berry
      character.
PAR  When in the above example, 2,6,6-trimethyl-1-crotonoyl-1-cyclohexene was
      replaced by 2,6,6-trimethyl-1-crotonoyl-1,3-cyclohexadiene, similar
      results were experienced. However, the test samples were also judged to
      have a more flowery and less fruity character than those containing
      2,6,6-trimethyl-1-crotonoyl-1-cyclohexene.
PAC  EXAMPLE 48
PAC  Flavouring of foodstuffs and beverages
PAR  Trans-2,6,6-trimethyl-1-crotonoyl-1-cyclohexene was used as sole ingredient
      to flavour the following edible goods at the doses indicated (parts by
      weight):
PA1  a. Red wine, 0.2 - 1 ppm
PA1  b. Raspberry syrup, 0.3 - 0.6 ppm (based on diluted syrup)
PA1  c. Honey, 05 - 1 ppm
PAR  In cases a, b and c the bouquet of the goods was markedly improved. In a)
      the fruity side was also improved and in c) the flowery note was
      furthermore enhanced. In b) a cooked fruit note was noticed.
PAC  EXAMPLE 49
PAC  1,5,5,8,9-Pentamethylbicyclo[4.3.0]non-8-en-7-one
PAR  A solution of 2,6,6-trimethyl-1-[2-methylcrotonoyl]-1-cyclohexene (1.0 g.)
      in 10 ml. of dioxan was heated at 100.degree. under nitrogen with acidic
      diatomaceous earth (0.2 g.) until complete conversion of the starting
      material into the bicyclic ketone. The course of the reaction was followed
      by v.p.c. analysis of sample aliquots taken at set time intervals. Three
      hours were usually required for such a reaction.
PAR  After filtration over diatomaceous earth and evaporation of the clear
      filtrate, a residue was obtained which, by fractional distillation, gave
      1,5,5,8,9-pentamethylbicyclo[4.3.0]non-8-en-7-one in 84 % yield.
PAR  n.sub.D.sup.20 = 1.5020; d.sub.4.sup.20 = 0.9688
PAR  MS: M.sup.+ = 206 (20); IR: 1655 and 1690 cm.sup.-.sup.1.
PAR  NMR: 0.82 and 1.18 (6 H, 2 s); 1.18 (3 H, s); 1.91 (3 H, s); 1.54 (3 H, s)
      .delta. ppm.
PAC  EXAMPLE 50
PAC  1,4,5,5,8,9-Hexamethylbicyclo[4.3.0]non-8-en-7-one
PAR  According to the same procedure described in Example 49, a solution of
      2,4,6,6-tetramethyl-1-[2-methyl-crotonoyl]-1-cyclohexene (1.0 g.) in 10
      ml. of dioxan was heated at 100.degree. under nitrogen with acidic
      diatomaceous earth (0.2 g.).
PAR  Fractional distillation gave the desired bicyclic ketone in 65 % yield.
PAR  n.sub.D.sup.20 = 1.5042; d.sub.4.sup.20 = 0.9766.
PAR  IR: 1625 and 1690 cm.sup.-.sup.1.
PAC  EXAMPLE 51
PAC  1,5,5,9-Tetramethylbicyclo[4.3.0]nona-2,8-dien-7-one
PAR  A solution of 2,6,6-trimethyl-1-crotonoyl-1,3-cyclohexadiene (1.0 g.) in 10
      ml. of dioxan was heated under the same conditions as described in Example
      49 with acidic diatomaceous earth (0.2 g.).
PAR  The usual treatment and distillation yielded the desired bicyclic ketone.
PAR  Yield ca. 80 %; n.sub.D.sup.20 = 1.5080; d.sub.4.sup.20 = 0.9895.
PAR  MS: M.sup.+ = 190.
PAR  IR: 1620 and 1680 cm.sup.-.sup.1.
PAR  NMR: 0.84 and 1.13 (6 H, 2 s); 2.08 (3 H, m); 5.61 (1 H, m); 5.72 (2 H, m)
      .delta. ppm.
PAC  EXAMPLE 52
PAC  4,4,8-Trimethyl-9-methylene-bicyclo[3.3.1]nonan-6-one
PAR  A solution of 2,6,6-trimethyl-1-crotonoyl-2-cyclohexene (1.0 g.) in a
      mixture of benzene and ether (10 ml.) was heated at ca. 80.degree. in the
      presence of a catalytic amount of a saturated solution of BF.sub.3 in
      ether. The course of the reaction was followed by v.p.c. analysis. Three
      hours were usually necessary for converting the starting material into the
      bicyclic compound.
PAR  The usual treatment followed by fractional distillation gave the desired
      ketone in 88 % yield.
PAR  n.sub.D.sup.20 = 1.4955; d.sub.4.sup.20 = 0.9642.
PAR  MS: M.sup.+ = 192 (60); IR: 1650 and 1700 cm.sup.-.sup.1.
PAR  NMR: 1.02 (3 H, d, J = 7 cps); 0.84 and 0.99 (6 H, 2 s); 4.58 and 4.78 (2
      H, 2 m) .delta. ppm.
PAC  EXAMPLE 53
PAC  Preparation of a "Tutti-Frutti" flavouring composition
PAR  A Tutti-Frutti flavouring composition was prepared by admixing the
      following ingredients (parts by weight):
TBL  Vanillin                   20                                             

     Allyl caproate             10                                             

     Citral                     20                                             

     Amyl butyrate              35                                             

     Orange oil                 45                                             

     Ethyl butyrate             75                                             

     Ethyl acetate              185                                            

     Amyl acetate               185                                            

     Lemon oil                  400                                            

     Total                      975                                            

PAR  1,5,5,9-Tetramethylbicyclo[4.3.0]nona-2,8-dien-7-one (25 g.) was added to
      975 g. of the above mixture which was then called test composition. A
      control composition was prepared by adding 25 g. of additional lemon oil
      to 975 g. of the above mixture.
PAR  The test and control compositions were added to the food products described
      hereinafter in the proportions shown for 100 kg. of material to be
      flavoured.
TBL  ______________________________________                                    

     Cake                20 g.                                                 

     Pudding             5 - 10 g.                                             

     Cooked sugar        15 - 20 g.                                            

     ______________________________________                                    

PAC  Cooked sugar:
PAR  100 ml. of sugar syrup (prepared by dissolving 1 kg. of sucrose in 600 ml.
      of water) and 20 g. of glucose were mixed together and slowly heated to
      145.degree.. The flavour was added and the mass was allowed to cool and
      harden.
PAC  Pudding:
PAR  to 500 ml. of warmed milk were added with stirring a mixture of 60 g. of
      sucrose and 3 g. of pectin. The mixture was boiled for a few seconds and
      the flavour was added. The mixture was allowed to cool.
PAC  Cake:
PAR  the following ingredients were mixed together: 100 g. of vegetable
      margarine, 1.5 g. of NaCl, 100 g. of sucrose, 2 eggs and 100 g. of flour.
      The flavour was added and the mass was cooked for 40 minutes at
      180.degree.. The finished foodstuff samples were tested by a panel of
      trained persons who had to express their views about the flavour of the
      samples. All members of the panel declared with no hesitation that the
      test samples had a more distinguished fruity- and woody-note than the
      control samples and at the same time a red berry character.
PAC  EXAMPLE 54
PAC  6,6 -Dimethyl-2-methylene-1-crotonoylcyclohexane and
      1,5,5,9-tetramethylbicyclo[4.3.0]non-8-en-7-one.
PAR  H.sub.2 O.sub.2 (30 %, 120 ml.) and 6N NaOH (30 ml.) were added to a
      solution of .gamma.-ionone (50 g.) in 3 l. of MeOH. To the reaction
      mixture, stirred at room temperature for 24 h., 50 ml. of H.sub.2 O.sub.2
      (30 %) were added and the stirring was continued for 24 h. more. The
      addition of hydrogen peroxide was repeated and after a total of 3
      consecutive days the solution was concentrated in vacuo and the residue
      distilled.
PAR  The fractional distillation yielded 46 g. of a 55:45 mixture of 2 isomeric
      epoxides of .gamma.-ionone (epoxides A and B) which could be separated by
      means of a spinning-band-column distillation or v.p.c. (Carbowax 20 M).
PAR  Epoxide A, b.p. 88.degree.-9.degree./0.1 Torr; n.sub.D.sup.20 = 1.4890;
PAR  Epoxide B, b.p. 90.degree.-1.degree./0.1 Torr; m.p. 43.degree.-4.degree..
PAR  Epoxide A (5 g.) in 5 ml. of MeOH were added dropwise at 0.degree. under
      nitrogen to a solution of 10 ml. of pure hydrazine hydrate in 5 ml. of
      MeOH (1.5 h.). After 2 hours stirring, the mixture underwent the usual
      treatments and gave by distillation (36 % yield): cis-(isomer 8 %)
      6,6-dimethyl-1-[1-hydroxy-2-butenyl]-2-methylene cyclohexane, the
      trans-derivative of the same alcohol (isomer A, 7 %) and
      1,5,5,9-tetramethylbicyclo[4.3.0]non-8-en-7-ol (isomer A, 80 %). These
      compounds have been separated by preparative v.p.c.
PAR  In the above procedure, by substituting epoxide A with epoxide B,
      6,6,-dimethyl-1[1-hydroxy-2-butenyl]-2-methylencyclohexane, cis-, (isomer
      B, 36 %) the transderivative of the same alcohol (isomer B, 58 %) and
      1,5,5,9-tetramethylbicyclo[4.3.0]non-8-en-7-ol (isomer B, 2 %) were
      obtained.
PAR  The mixture of 6,6-dimethyl-1-[1-hydroxy-2-butenyl]-2-methylencyclohexane,
      form cis-, isomers A and B, and trans-, isomers A and B, was oxidised by
      means of chromic anhydride in the presence of pyridine [cf. J. Am. Chem.
      Soc. 75, 422 (1953)]. A mixture of the cis- and trans-isomers of
      6,6-dimethyl-2-methylene-1-crotonoyl cyclohexane were thus obtained in 70
      % yield. The two products were separated by preparative v.p.c.
PAR  Isomer cis- (more volatile): n.sub.D.sup.20 = 1.4892; d.sub.4.sup.20 =
      0.9342.
PAR  Isomer trans-: n.sub.D.sup.20 = 1.4939; d.sub.4.sup.20 = 0.9335
PAR  According to the same procedure, a mixture of the two isomers of the
      bicyclic carbinol was oxidised and yielded
      1,5,5,9-tetramethylbicyclo[4.3.0]non-8-en-7-one. n.sub.D.sup.20 = 1.5028;
      d.sub.4.sup.20 = 0.9874.
PAR  The mixture of the 6 hydroxylic derivatives obtained by simultaneous
      isomerization of the 2 epoxides (isomers A and B) could be oxidised
      according to the same procedure as used for the separated compounds. The
      oxidised derivatives were obtained in a comparable yield and were
      separated by means of preparative v.p.c.
PAC  EXAMPLE 55
PAC  Preparation of a "Tutti-Frutti" flavouring composition
PAR  A Tutti-Frutti flavouring composition was prepared by admixing the
      following ingredients (parts by weight):
     Vanillin                   20                                             

     Allyl caproate             10                                             

     Citral                     20                                             

     Amyl butyrate              35                                             

     Orange oil                 45                                             

     Ethyl butyrate             75                                             

     Ethyl acetate              185                                            

     Amyl acetate               185                                            

     Lemon oil                  400                                            

     Total                      975                                            

PAR  1,5,5,9-Tetramethylbicyclo[4.3.0]non-8-en-7-one (25 g.) was added to 975 g.
      of the above mixture which was then called test composition. A control
      composition was prepared by adding 25 g. of additional lemon oil to 975 g.
      of the above mixture.
PAR  The test and control compositions were added to the food products described
      hereinafter in the proportions shown for 100 kg. of material to be
      flavoured.
TBL  ______________________________________                                    

     Cake                20 g.                                                 

     Pudding             5 - 10 g.                                             

     Cooked sugar        15 - 20 g.                                            

     ______________________________________                                    

PAC  Cooked sugar:
PAR  100 ml. of sugar syrup (prepared by dissolving 1 kg. of sucrose in 600 ml.
      of water) and 20 g. of glucose were mixed together and slowly heated to
      145.degree.. The flavour was added and the mass was allowed to cool and
      harden.
PAC  Pudding:
PAR  to 500 ml. of warmed milk were added with stirring a mixture of 60 g. of
      sucrose and 3 g. of pectin. The mixture was boiled for a few seconds and
      the flavour was added. The mixture was allowed to cool.
PAC  Cake:
PAR  the following ingredients were mixed together: 100 g. of vegetable
      margarine, 1.5 g. of NaCl, 100 g. of sucrose, 2 eggs and 100 g. of flour.
      The flavour was added and the mass was cooked for 40 minutes at
      180.degree..
PAR  The finished foodstuff samples were tested by a panel of trained persons
      who had to express their views about the flavour of the samples. All
      members of the panel declared with no hesitation that the test samples had
      a more distinguished fruity- and flowery-note than the control samples and
      at the same time rounder character.
PAC  EXAMPLE 56
PAC  Perfume composition of the chypre type
PAR  A chypre type composition was prepared by mixing the following ingredients
      (parts by weight):
TBL  Bergamot                    21                                            

     Portugal                    0.5                                           

     Synthetic Neroli            1                                             

     Synthetic Rose              9                                             

     Synthetic Jasmine           9                                             

     Ylang extra                 6                                             

     Methylionone                6                                             

     Hydroxycitronellal          6                                             

     Oriental santal             3                                             

     Patchouli                   1.5                                           

     Vetiveryl acetate           4.5                                           

     Natural degreased civet 10 % sol. *                                       

                                 3                                             

     Ciste labdanum absolute 10 % sol. *                                       

                                 2                                             

     Musk ketone                 4                                             

     1,1-Dimethyl-6- tert. butyl-4-acetyl-indane                               

                                 0.5                                           

     Coumarin                    3                                             

     Trichloromethylphenylcarbinyl acetate                                     

                                 1.5                                           

     Tarragon 10 % sol. *        3                                             

     Oak moss absolute 50 % sol. *                                             

                                 6                                             

     Benjoin resin 10 % sol. *   1.5                                           

     Styrax cinnamic alcohol     1.5                                           

     Jasmine absolute            1.5                                           

     Rose absolute               1                                             

     Cyclopentadecanolide 10 % sol.                                            

                                 2                                             

     Methylnonylacetic aldehyde  1.5                                           

      *in diethyl phthalate                                                    

PAR  By adding to 99.5 g. of this mixture 0.5 g. ** of
      trans-2,4,6,6-tetramethyl-1-crotonoyl1-cyclohexene the composition
      obtained was more powerful than the basic composition and had an improved
      diffusion as well as a very natural richness.
FNT  (** as a 10 % solution in diethyl phthalate)
PAC  EXAMPLE 57
PAC  Perfume composition of the floral type
PAR  A floral type composition was prepared by mixing the following ingredients
      (parts by weight):
TBL  Decanol 10 % sol. *         1                                             

     Undecanal 10 % sol. *       2                                             

     Lauric aldehyde 10 % sol. * 1                                             

     Methylnonylacetic aldehyde 10 % sol. *                                    

                                 0.5                                           

     Synthetic lily-of-the-valley                                              

                                 16.5                                          

     Synthetic lilac             3                                             

     Synthetic rose              7                                             

     Synthetic jasmine           12                                            

     Bergamot                    6                                             

     Tarragon 10 % sol. *        3                                             

     Ylang extra                 9                                             

     Synthetic carnation         6                                             

     Methylionone                6                                             

     Vetiveryl acetate           4                                             

     Santalol                    2                                             

     Decoloured oak moss absolute 10 % sol. *                                  

                                 3                                             

     Natural degreased civet 10 % sol. *                                       

                                 3                                             

     Lily absolute 1 % sol. *    2                                             

     Orange blossom absolute 10 % sol. *                                       

                                 2                                             

     Jasmine absolute            2                                             

     Rose absolute               1                                             

     Musk ketone                 4                                             

     Trichloromethylphenylcarbinyl acetate                                     

                                 2                                             

     Colourless Tolu resin absolute 10 % sol.                                  

                                 1.5                                           

      *in diethyl phthalate                                                    

PAR  By adding to 99.5 g. of this mixture 0.5 g. ** of
      2,6,6-trimethyl-1-vinylacetyl-1-cyclohexene the composition obtained was
      more powerful than the basic composition and had an improved diffusion as
      well as a very natural richness.
FNT  ** (as a 10 % solution in diethyl phthalate)
PAC  EXAMPLE 58
PAC  Perfume composition of the floral type
PAR  A floral type composition was prepared by mixing the following ingredients
      (parts by weight):
TBL  Rhodinol                    24                                            

     l-Citronellol               21                                            

     Chemically pure geraniol    12                                            

     Phenylethyl alcohol         24                                            

     Linalool                    2.5                                           

     Farnesol                    2                                             

     Eugenol                     0.5                                           

     Methyleugenol               2                                             

     Neryl isobutyrate           0.5                                           

     Phenylethyl phenylacetate   0.5                                           

     Geranyl acetate             1                                             

     Guaiol acetate              0.5                                           

     Citral 10 % sol. *          2.5                                           

     Nonanol 10 % sol. *         0.5                                           

     Nonanal 10 % sol. *         0.5                                           

     Decanal 1 % sol. *          2                                             

     Undecanal 10 % sol. *       0.5                                           

     Deterpenated geranium oil   1.5                                           

     Phenylethylsalicylate       0.5                                           

      *in diethyl phthalate                                                    

PAR  By adding to 98.5 g. of this mixture 1.5 g. of
      2,6,6-trimethyl-1-hydroxy-1-crotonoyl-2-cyclohexene the composition
      obtained was more powerful than the basic composition and had an improved
      diffusion as well as a very natural richness.
PAC  EXAMPLE 59
PAC  Preparation of a flavour composition for monastery type liquor
PAR  A flavouring composition for monastery type liquors was prepared by mixing
      together the following ingredients (parts by weight):
TBL  Oil of Neroli              5                                              

     Oil of Clove               20                                             

     Oil of Cardamone           25                                             

     Oil of nutmeg              25                                             

     Oil of cinnamon            25                                             

     Lemon oil                  35                                             

     Oil of sweet orange        65                                             

     Angelica seed oil          75                                             

     Peppermint oil             75                                             

     Oil of bitter orange       200                                            

     Angelica root oil          445                                            

     Total                      995                                            

PAR  2,4,6,6-Tetramethyl-1-trans-crotonoyl-1-cyclohexene (5 g.) was added to
      99.5 g. of the above mixture which was then called the test composition. A
      control composition resulted from the addition of 5 g. of Angelica root
      oil to 99.5 g. of the above mixture.
PAR  A liquor base was prepared by mixing the following ingredients:
TBL  Alcohol 64 o.p. (96 %)                                                    

                        325     ml.                                            

     wine alcohol (74 %)                                                       

                        100     ml.                                            

     sugar syrup (65 %) 10      ml.                                            

     water              565     ml.                                            

     Total              1000    ml.                                            

PAR  The liquor base was flavoured by adding to 100 kg. thereof 10 g. of the
      flavouring compositions. The finished liquor samples were tasted by a
      panel of tasters in the same manner as described in Example 46. All
      members of the panel declared with no hesitation that the test sample had
      a rounder taste than the control and at the same time a red berry
      character.
PAR  When in the above example,
      2,4,6,6-tetramethyl-1-transcrotonoyl-1-cyclohexene was replaced by
      2,4,6,6-tetramethyl-1-trans-crotonoyl-1,3-cyclohexadiene similar results
      were experienced. However, the test samples were also judged to have a
      more flowery and less fruity character than those containing
      2,4,6,6-tetramethyl-1-trans-crotonoyl-1-cyclohexene.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition of matter consisting essentially of a compound having the
      formula
      ##SPC38##
PAL  containing a double bond in the position 2' - or 3' - of the acyl side
      chain, the double bonds being represented by dotted lines, and wherein n
      is zero or 1, R.sup.1, R.sup.2, and R.sup.3 represent hydrogen or one of
      them a lower alkyl radical, and R.sup.4, and R.sup.5, R.sup.6, and R.sup.7
NUM  2.
PAR  2. Compounds according to claim 1 wherein R.sup.5, R.sup.6 and R.sup.7
NUM  3.
NUM  4.
PAR  4. Compounds according to claim 1 wherein R.sup.4, R.sup.6 and R.sup.7
NUM  5.
NUM  6.
PAR  6. Compounds according to claim 1 wherein R.sup.4, R.sup.5 and R.sup.7
NUM  7.
NUM  8.
PAR  8. Compounds according to claim 1 wherein R.sup.4, R.sup.5 and R.sup.6
NUM  9.
NUM  10.
PAR  10. Compounds according to claim 1 wherein R.sup.4, R.sup.5, R.sup.6 and
      R.sup.7 represent hydrogen.
PATN
WKU  039313271
SRC  5
APN  5292298
APT  1
ART  126
APD  19741203
TTL  Process for the preparation of a diketone derivative
ISD  19760106
NCL  9
ECL  1
EXP  Morgenstern; Norman
INVT
NAM  Strickler; Hugo
CTY  Dardagny,Ge
CNT  CH
INVT
NAM  Becker; Joseph J.
CTY  Geneva
CNT  CH
INVT
NAM  Ohloff; Gunther
CTY  Bernex,Ge
CNT  CH
ASSG
NAM  Firmenich SA
CTY  Geneva
CNT  CH
COD  03
PRIR
CNT  CH
APD  19731207
APN  17173/73
CLAS
OCL  260586P
XCL  260586R
EDF  2
ICL  C07C 4500
FSC  260
FSS  586 R;586 P
UREF
PNO  2819298
ISD  19580100
NAM  Isler et al.
OCL  260586P
UREF
PNO  2917539
ISD  19591200
NAM  Isler et al.
OCL  260586P
UREF
PNO  3070629
ISD  19621200
NAM  Ohloff et al.
OCL  260586P
UREF
PNO  3404185
ISD  19681000
NAM  Thomas et al.
OCL  260586P
OREF
PAL  Ter-Sarkisyan et al., "Chem. Ab.," Vol. 68, 104589u, (1968).
PAL  Garbisch, "J.A.C.S.," Vol. 85, pp. 1696-1697, (1963).
LREP
FRM  Pennie & Edmonds
ABST
PAL  Process for the preparation of a diketone derivative useful as perfuming
      and taste-modifying agent as well as intermediate for the preparation of
      compounds having utility in the pharmaceutical and dye-stuff industry.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to the preparation of an alicyclic diketone having
      the formula
      ##SPC1##
PAL  Which compound is defined as being the
      2,2,6-trimethylcyclohex-5-en-1,4-dione (hereinafter referred to as
      oxophorone).
PAR  More specifically, this invention relates to a process for the preparation
      of said diketone, which process comprises oxidizing, in the gas phase,
      3,3,5-trimethyl-cyclohex-5-en-1-one in the presence of an oxygen
      containing derivative of vanadium by means of oxygen or an oxygen
      containing gas mixture.
PAC  BACKGROUND OF THE INVENTION
PAR  2,2,6-Trimethyl-cyclohex-5-en-1,4-dione and homologues thereof, are useful
      as starting materials in the synthesis of certain carotenoids (see e.g. O.
      Isler "Carotenoids" Birkhauser Verlag, Basel, 1971, page 130) and are also
      useful in the fields of flavouring and perfumery (see e.g. U.S. Pat. No.
      3,380,456). Several methods are known for the synthesis of such compounds,
      usually starting from isophorone, i.e.
      3,3,5-trimethyl-cyclohex-5-en-1-one, which is commercially available at a
      low price and in practically unlimited quantities. One such method,
      described in Tetrahedron Suppl., 8, 1-7 (1966), Helv.Chim.Acta, 39, 2041
      (1956) and U.S. Pat. No. 2,917,539, is summarized in the following
      reaction scheme:
      ##SPC2##
PAR  However, this synthetic route suffers from the disadvantages of producing
      low yields of the desired diketone, of comprising several successive
      reaction steps, and of requiring the use of relatively expensive reagents,
      so that it is unsuitable for use on an industrial scale.
PAR  In order to provide an industrially more advantageous synthetic route, we
      have attempted to prepare 2,2,6-trimethyl-cyclohex-5-en-1,4-dione by
      oxidizing 4-bromo-3,3,5-trimethyl-cyclohex-2-en-1-one with nitropropane or
      with a tertiary amine oxide such as trimethylamine oxide. However, instead
      of the desired diketone, this reaction yielded,
      2,4,4-trimethyl-cyclohex-5-en-6-ol-1-one, i.e. the compound of formula
      ##SPC3##
PAL  (see German Offenlegungschrift No. 2,202,066).
PAR  The known method for the direct oxidation of an allylic methylene group to
      give the corresponding carbonyl derivative, by means of actinic
      irradiation in an aqueous medium in the presence of N-bromosuccinimide
      (see e.g. Chem. Comm., 1969, 1220), proved unsuccessful when applied to
      isophorone. Other known oxidation methods were also unsuccessful,
      including those described in J. Am. Chem. Soc. 79, 6308 (1957),
      J.Am.Chem.Soc. 83, 2952, (1961), J. Org. Chem. 33, 3566, (1968),
      Tetrahedron Letters 1972, 1823, and Liebigs Ann.Chem. 627, 237, (1959):
      all of these methods either did not produce any appreciable amount of the
      desired ketone, or gave yields too poor for practical utility.
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  It has now surprisingly been found that good yields of oxophorone can be
      obtained by direct oxidation, in the gas phase, of isophorone by means of
      oxygen or an oxygen containing gas mixture, in the presence of an oxygen
      containing derivative of vanadium.
PAR  The oxidation is performed by pure oxygen or by a mixture comprising oxygen
      together with an inert gas, e.g. nitrogen, helium or argon. For all
      practical purposes however, air or an oxygen enriched air, more
      preferentially a nitrogen-oxygen mixture containing 20 to 95 percent (v/v)
      oxygen, are used. The best results were achieved by using an oxygen
      enriched air whose oxygen content is of about 90 percent (v/v).
PAR  The oxidation can be carried out at barometric pressure and at a
      temperature of from about 180.degree. to 400.degree.C. The lower limit
      indicated above depends on the volatility of starting isophorone at normal
      conditions. Therefore, whenever the oxidation is effected at a pressure
      lower than the barometric pressure, this value may be decreased
      proportionally.
PAR  It has been observed that whenever pure oxygen was used as oxidizing gas it
      was convenient to operate at a temperature lying in the vicinity of the
      above given lower limit. On the contrary, when mixtures comprising oxygen
      and nitrogen were used, suitable reaction temperatures were of from about
      180.degree. to 400.degree.C, preferably of from 200.degree. to
      250.degree.C, more preferably of 220.degree.-240.degree.C. At temperature
      higher than 400.degree.C, the main oxidation product was accompanied by a
      certain amount of by-products of different and unidentified nature.
PAR  The oxidation is effected in the presence of an oxygen containing
      derivative of vanadium. Though, vanadium pentoxide was used as base
      material for the preparation of the said catalyst, it could not be
      established with certainty whether such an oxide did not undergo some
      preliminary transformations in the course of its manufacture. It is not
      unreasonable in fact to assume that the acting oxidation catalyst is
      constituted by a mixture of vanadium.sup.IV, vanadium.sub.V and
      vanadium.sup.VI oxides (V.sub.2 O.sub.4, V.sub.2 O.sub.5 and VO.sub.3),
      wherein V.sub.2 O.sub.5 is the main component. Owing to this uncertainty,
      in so far as structure is concerned, the content of vanadium oxide will be
      here expressed in percent by weight of V.sub.2 O.sub.5 based on the total
      weight of the oxidation catalyst. The content thus defined represents the
      proportion of V.sub.2 O.sub.5 initially employed for the catalyst
      manufacture. Typically, suitable catalysts comprise of from about 5 to 25
      percent of vanadium oxide. A catalyst containing about 15 percent of
      vanadium oxide is preferred.
PAR  The oxidation catalysts are used on an inert mineral support, such as e.g.
      porous silica. This latter can be under the form of powdery pumice-stone
      or of diatomaceous earth, e.g.. The best results were achieved by
      preliminary impregnating said solid support with an alcali metal
      phosphate. Lithium phosphate (Li.sub.3 PO.sub.4) was preferred. It was
      employed at a concentration of from about 0.1 to 3 percent, preferably at
      about 1 percent by weight based on the total weight of the chosen support.
PAR  According to a preferred embodiment of the process of this invention, the
      catalyst is preliminarily subjected to an activation by heating it under a
      stream of air or, preferably, oxygen. Such an operation is performed at a
      temperature of from about 200.degree. to 400.degree.C, preferably at about
      350.degree.C.
PAR  In accordance with another preferred embodiment of the invention, the
      oxidation of isophorone is effected by means of a 90 percent (v/v) oxygen
      containing mixture of nitrogen and oxygen, at barometric pressure and at a
      temperature of from 220.degree.  to 240.degree.C in the presence of
      vanadium pentoxide deposited at about 15 percent by weight on porous
      silica preliminarily impregnated with 1 percent lithium phosphate.
PAR  The following compounds were thus isolated at the end of the reaction:
      ##SPC4##
PAR  Each of the above compounds can be isolated from the others by means of
      conventional techniques, e.g. by fractional distillation by means of
      highly efficient separating columns or by vapour phase chromatography.
PAR  Compound (III) is a new compound and owing to its structure it represents a
      useful intermediate for the preparation of compounds interesting for the
      perfumery and the flavour industry.
PAR  The process of this invention provides a simple and economical route to
      oxophorone by making use, as starting materials and reagents, of readily
      available cheap compounds. The apparatus employed for carrying out the
      said process is rather simple and consists in a steel column of various
      lengths and sections. Said column is filled with the chosen catalyst and
      set to a preselected temperature by means of an external thermostatic
      heating device. Once the desired reaction conditions are reached, vapours
      of isophorone are let through the column by introducing them at one of its
      ends, either continuously or intermittently, together with the oxidizing
      gas mixture. This latter can be preliminarily heated at the required
      temperature before introduction.
PAR  It is likely that the oxidation reaction which characterizes the process of
      the present invention can be applied also to the oxidation of alkyl
      substituted derivatives of isophorone of formula
      ##SPC5##
      and homologue of 2,2,6-trimethyl-cyclohex-5-en-1-one of formula
      ##SPC6##
PAL  wherein one of symbols R.sup.1, R.sup.2 and R.sup.3 represents an alkyl
      radical or a hydrogen atom, and the others hydrogen or alkyl radicals,
      respectively, and wherein each of symbols R.sup.4 and R.sup.5 represent a
      lower alkyl, to give the corresponding dioxo derivatives.
PAR  The following example illustrates the invention in a more detailed manner;
      the temperatures are given in degrees centigrade and the abbreviations
      have the meaning common in the art.
DETD
PAC   EXAMPLE
PAC  A Catalyst manufacture
PAR  A clear solution was prepared by dissolving 100 g of V.sub.2 O.sub.5 in 4 l
      of warm 30 percent aqueous solution of ammonia, whereupon there were added
      570 g of powdery pumice-stone (average section: 2-3 mm) preliminarily
      impregnated with lithium phosphate (Li.sub.3 PO.sub.4) at a concentration
      of 1 percent by weight based on the total weight of the treated
      pumice-stone. The mass thus obtained was finally dried by evaporation
      under reduced pressure: 40.degree.-50.degree./15 Torr. The yellow powdery
      mass resulting from the above treatment was then introduced into a
      stainless steel column of 2 m length and 18 mm section and heated therein
      as follows:
PA1  24 h at 250.degree.
PA1  24 h at 300.degree. and
PA1  24 h at 350.degree..
PAR  While heating, a stream of air at a constant flow of 4 l /h cm.sup.2 was
      passed through the column.
PAC  B. Isophorone oxidation
PAR  The column filled with the above prepared catalyst was set in a
      thermostatic oven and kept therein at 230.degree., while a stream of
      oxygen enriched air (90:10 v/v) preheated at 80.degree. was passed through
      the column. The gas flow was 20 l /h cm.sup.2 . 3 g of isophorone were
      then let into one end of the column by successively injecting 0.5 g
      aliquotes every ten minutes. The reaction mixture was collected in a
      cooled trap (0.degree.) at the other end of column. A vpc analysis
      (CARBOWAX 20 M column; 3 m; 160.degree.) indicated that said mixture
      comprised:
PA1  a. ca. 4 percent of a mixture of .beta.- and .gamma.-phorone;
PA1  b. 39 percent of isophorone;
PA1  c. 29 percent of oxophorone (A);
PA1  d. 26 percent of 5,5-dimethyl-3-formyl-cyclohex-2-en-1-one (B), and
PA1  e. ca. 3 percent of unidentified products.
PAR  Compounds A and B were isolated in their pure form from the obtained
      mixture by means of preparative vpc and showed the following analytical
      data:
PAR  A. B.p. 95.degree.-6.degree./12 Torr; n.sup.20.sub. D = 1.4880
PAR  The IR and NMR spectra were identical to those of a pure sample prepared in
      accordance with Helv.Chim. Acta 39, 2041 (1956)
PAR  B. d.sup.20.sub. 4 = 1.044; n.sup.20.sub. D = 1.4944 IR: 3330, 2940, 1765,
      1690, 1110, 908cm.sup.-.sup.1 ;  NMR: 1.08 (6H, s), 2.34 (4H,d,J = 2Hz);
      6.46 (1H, t, J = 2Hz); 9.70 (1H, s) .delta. ppm;  MS: M.sup.+ = 152; m/e:
      137, 124, 109, 96, 81, 68, 53.
CLMS
NUM  1.
PAR  1. Process for the preparation of 2,2,6-trimethyl-cyclohex-5-en-1,4-dione,
      which comprises oxidizing, in the gas phase,
      3,3,5-trimethyl-cyclohex-5-en-1-one in the presence of vanadium oxide or a
      mixture of vanadium oxides deposited on an inert solid support by means of
NUM  2.
PAR  2. Process according to claim 1, wherein the oxidation is performed by
      means of an oxygen containing gas mixture comprising of from about 20 to
NUM  3.
PAR  3. Process according to claim 2, wherein the oxygen containing gas mixture
NUM  4.
PAR  4. Process according to claim 1, wherein the oxidation is effected at
      barometric pressure and at a temperature of from about 180.degree. to
NUM  5.
PAR  5. Process according to claim 4, wherein the oxidation is effected at a
NUM  6.
PAR  6. Process according to claim 1, wherein the inert solid support is porous
NUM  7.
PAR  7. Process according to claim 1, wherein the oxidation is performed in the
      presence of vanadium oxide, or a mixture of vanadium oxides, deposited at
      a concentration of from about 5 to 25 percent by weight of V.sub.2 O.sub.5
      on porous silica containing of from about 0.1 to 3 percent by weight of an
NUM  8.
PAR  8. Process according to claim 7, wherein the concentration of vanadium
      oxide, or mixture of vanadium oxides, is of about 15 percent by weight of
      V.sub.2 O.sub.5 deposited on porous silica containing about 1 percent by
NUM  9.
PAR  9. Process according to claim 1, wherein the vanadium oxide catalyst is
      preliminarily activated by heating under a stream of air at a temperature
      of from about 200.degree. to 400.degree.C.
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PAL  Benzobicycloalkane amines, their pharmacologically acceptable addition
      salts, intermediates therefore the processes for their preparation and
      use. The compounds of the invention exert analgesic and anti-inflammatory
      activity.
PARN
PAC  CROSS-REFERENCE TO COPENDING APPLICATION
PAR  This application is a divisional of copending application Ser. No. 262,849,
      now U.S. Pat. No. 3,836,670 filed June 14, 1972, which is a
      continuation-in-part of application Ser. No. 200,517, filed Nov. 19, 1971,
      now abandoned, which is a continuation-in-part of application Ser. No.
      94,983, filed Dec. 3, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compositions of matter classified in the art of
      chemistry as amine derivatives of 5,8-methano-benzocyclohexane,
      5,8-methano-benzocycloheptane, 5,9-methano-benzocycloheptane,
      5,9-methano-benzocyclooctane, 5,10-methano-benzocyclooctane,
      5,10-methanobenzocyclononane, 5,11-methano-benzocyclononane,
      5,11-methanobenzocyclodecane, 5,12-methanobenzocyclodecane, or
      5,12-methanobenzocycloundecane, and the non-toxic acid addition salts
      thereof, which in standard pharmacological tests in animals exhibit
      analgesic and antiinflammatory activity, and to processes for making and
      using such compositions.
PAC  SUMMARY OF THE INVENTION
PAR  The invention sought to be patented in a principal composition of matter
      aspect resides in the concept of a chemical compound having the structure
      represented by Formula I:
      ##SPC1##
PAL  wherein R is hydrogen, lower alkyl, lower alkyloxy, hydroxy, acyloxy,
      phen(lower)alkyloxy, halogen, or trifluoromethyl; R.sup.1 is lower alkyl,
      lower alkenyl, or phen(lower)alkyl; R.sup.2 is hydrogen, lower alkyl, or
      phen(lower)alkyl; R.sup.3 is hydrogen, lower alkyl, phen(lower)alkyl,
      lower alkenyl, or alkynyl; and n is an integer from 2 to 6; and the
      pharmaceutically non-toxic addition salts thereof.
PAR  The tangible embodiments of the composition aspect of the invention possess
      the inherent general physical properties in the acid salt form of being
      high melting, white crystalline solids, substantially soluble in water and
      polar organic solvents such as lower aliphatic alcohols and the like.
      Examination of compounds produced according to the hereinafter described
      process reveals upon infrared and nuclear magnetic resonance spectroscopic
      analysis, infrared and nuclear magnetic resonance spectral data confirming
      the molecular structure hereinbefore set forth. The aforementioned
      physical characteristics taken together with the microanalytical data, the
      nature of the starting materials and the mode of synthesis positively
      confirm the structures of the compositions sought to be patented.
PAR  The tangible embodiments of the principal composition aspect of the
      invention possess the inherent applied use characteristics of exerting an
      analgesic effect in animals as evidenced by standard pharmacological
      tests. The analgesic activity of the compositions can be demonstrated by
      following a modification of the test procedure described by D'Amour and
      Smith in Journal of Pharmacology 72:74 (1941), an accepted test for
      analgesic agents. In this test rats are administered the compound orally,
      intraperitoneally or intramuscularly and the time required for response to
      a pain stimulus caused by a high intensity beam of light shining on the
      tail measured. The compounds of the invention exhibit analgesic activity
      in rats at a dose of from 3.15 mg. to 125 mg. per kilogram of body weight
      orally and intraperitoneally, and from 0.16 to 10.0 mg. per kilogram of
      body weight intramuscularly.
PAR  The invention sought to be patented in a principal process aspect is
      described as residing in the concept of a sequence of reactions including:
      introducing by alkylation in the presence of a strong base into the 1
      position of a 2-tetralone, which is 1-alkyl, 1-alkenyl, or
      1-phen(lower)alkyl substituted, an .omega.-lower alkyl sulfonyl-,
      .omega.-phenylsulfonyl-, or .omega.-tetrahydropyranyloxy-alkyl
      substituent; if present, hydrolyzing the tetrahydropyranyloxy group and
      converting the resulting alcohol into a suitable leaving group; treating
      the .omega.-halo, .omega.-lower alkyl sulfonyl-, or .omega.-phen-sulfonyl
      compound with strong base to effect ring closure; then either reacting the
      tricyclic ketone directly with ammonia or an amine at elevated temperature
      with removal of water, and reducing the intermediate imine to produce an
      amine embodiment of the principal composition aspect; or reacting with
      hydroxylamine under basic conditions to form an oxime which is reduced to
      form a primary amine embodiment of the principal compositions aspect.
PAR  The invention sought to be patented in a subgeneric composition aspect is
      described as residing in the concept of a chemical compound of Formula I
      wherein n is 4, or 5.
PAR  The tangible embodiments of said subgeneric composition aspect possess the
      inherent applied use characteristic of exerting analgesic effects in
      warm-blooded animals as evidenced by pharmacological evaluation by
      standard test procedures.
PAR  The invention sought to be patented in a second subgeneric composition
      aspect is described as residing in the concept of a chemical compound of
      Formula I wherein n is 2 or 3.
PAR  The tangible embodiments of said subgeneric composition aspect possess the
      use characteristic of exerting analgesic effects in warm-blooded animals
      and in addition possess the use characteristic of exerting
      anti-inflammatory effects in animals as evidenced by standard
      pharmacologic tests. The anti-inflammatory activity of the composition can
      be demonstrated by following a test procedure described by Winter et al.
      in Proceedings of the Society of Experimental Biology and Medicine:
      111:554 (1962) and by Buttle et al. in Nature 179: 629, (1957), a
      generally accepted test for anti-inflammatory agents. In this test the
      compound is administered orally as a solution or suspension in distilled
      water to a group of 6 rats. After one hour edema in the paw of the rats is
      elicited by injection into the paw of a 1 percent solution of carrageenin.
      Paw volume is measured immediately and after 3 hours. The ability of the
      compounds to reduce the volume of the edema so produced when compared to a
      like number of control animals is a measure of anti-inflammatory activity.
      The compounds of the invention exhibit anti-inflammatory activity in rats
      at a dose of from 50 mg. to 100 mg. per kilogram of body weight.
PAR  The invention sought to be patented in a second principle composition
      aspect resides in the concept of a chemical compound having the structure
      represented by Formula Ia:
      ##SPC2##
PAL  wherein R is as defined hereinabove; R.sup.1 is lower alkyl, or
      pheny(lower)alkyl; R.sup.4 is lower alkyl; R.sup.5 is lower alkyl and n is
      an integer from 2 to 6; and the pharmaceutically non-toxic addition salts
      thereof.
PAR  The tangible embodiments of said second principle composition aspect of the
      invention possess the inherent general physical properties in the acid
      salt form of being high melting, white crystalline solids, substantially
      insoluble in water and polar organic solvents and the like. Examination of
      compounds produced according to the hereinafter described process reveals
      upon infrared and nuclear magnetic resonance spectroscopic analysis,
      infrared and nuclear magnetic resonance spectral data confirming the
      molecular structure hereinbefore set forth. The aforementioned physical
      characteristics taken together with the microanalytical data, the nature
      of the starting materials and the mode of synthesis positively confirm the
      structures of the compositions sought to be patented.
PAR  The tangible embodiments of said second principle composition aspect of the
      invention possess the inherent applied use characteristics of exerting an
      analgesic effect in warm-blooded animals as evidenced by standard
      pharmacological tests.
PAR  The invention sought to be patented in its third composition of matter
      aspect resides in the concept of a chemical compound having the structure
      represented by Formula II:
      ##SPC3##
PAL  wherein R, R.sup.1, and n are as hereinbefore described.
PAR  The tangible embodiments of the third composition aspect of the invention
      possess the inherent general physical characteristics of being insoluble
      in water but soluble at elevated temperatures in polar organic solvents
      such as lower aliphatic alcohols and the like.
PAR  Examination of the compounds produced according to the hereinafter
      described process reveals upon infrared and nuclear magnetic resonance
      spectroscopic analysis infrared and nuclear magnetic resonance spectral
      data confirming the molecular structure hereinbefore set forth. The
      physical characteristics taken together with the nature of the starting
      materials and the mode of synthesis positively confirm the structure of
      the compositions sought to be patented.
PAR  The tangible embodiments of the third composition aspect of the invention
      possess the inherent applied use characteristic of being intermediates in
      the production of the amines of Formula I.
PAR  The invention sought to be patented in a fourth composition of matter
      aspect resides in the concept of a chemical compound having the structure
      represented by Formula III:
      ##SPC4##
PAL  wherein R, R.sup.1 and n are as hereinbefore described.
PAR  The tangible embodiments of the fourth composition of matter aspect of the
      invention possess the inherent general physical characteristic of being
      high boiling liquids which are substantially insoluble in water but
      soluble in common organic solvents such as di(lower)alkyl ethers,
      di(lower)alkyl ketones, lower aliphatic alcohols, chloroform, and the
      like. Examination of compounds produced according to the hereinafter
      described process reveals upon infrared and nuclear magnetic resonance
      spectroscopic analysis, infrared and nuclear magnetic resonance spectral
      data confirming the molecular structure hereinbefore set forth. The
      physical characteristics taken together with the nature of the starting
      materials and the mode of synthesis positively confirm the structure of
      the compositions to be patented.
PAR  The tangible embodiments of the fourth composition aspect of the invention
      possess the inherent applied use characteristics of being intermediates
      for the preparation of the amines of Formula I.
PAR  The invention sought to be patented in a fifth composition of matter aspect
      resides in the concept of a chemical compound having the structure
      represented by Formula IV:
      ##SPC5##
      wherein R, R.sup.1 and n are as hereinbefore described, with the proviso
      that R is not hydroxyl and Y represents a bromine, chlorine, lower alkyl
      sulfonyl, phensulfonyl or tetrahydropyranyloxy radical.
PAR  The tangible embodiments of the fifth composition of matter aspect of the
      invention possess the inherent general physical characteristics of being
      high boiling liquids which are substantially insoluble in water but
      soluble in common organic solvents such as di(lower)alkyl ethers,
      di(lower)alkyl ketones, lower aliphatic alcohols, chloroform and the like.
      Examination of compounds produced according to the hereinafter described
      process reveals upon infrared and nuclear magnetic resonance
      spectrographic analysis infrared and nuclear magnetic resonance spectral
      data confirming the molecular structure hereinbefore set forth. The
      physical characteristics taken together with the nature of the starting
      materials and the mode of synthesis positively confirm the structure of
      the compositions to be patented.
PAR  The tangible embodiments of the fifth composition aspect of the invention
      possess the inherent applied use characteristic of being intermediates in
      the production of the amines of Formula I.
PAR  The invention sought to be patented in a sixth composition of matter aspect
      resides in the concept of a chemical compound having the structure
      represented by Formula V:
      ##SPC6##
      wherein R, R.sup.1, R.sup.2 and n are as hereinbefore described.
PAR  The tangible embodiments of the sixth composition of matter aspect of the
      invention possess the inherent general physical characteristics in the
      acid salt form of being high melting, white crystalline solids,
      substantially soluble in water and polar organic solvents such as lower
      aliphatic alcohols and the like. Examination of compounds produced
      according to the hereinafter described process reveals, upon infrared and
      nuclear magnetic resonance spectrocopic analysis, infrared and nuclear
      magnetic resonance spectral data confirming the molecular structure
      hereinbefore set forth. The aforementioned physical characteristics taken
      together with the nature of the starting materials and the mode of
      synthesis positively confirm the structures of the compositions sought to
      be patented.
PAR  The tangible embodiments of the sixth composition aspect of the invention
      possess the inherent applied use characteristics of being intermediates in
      the production of the amines of Formula I.
PAR  The invention sought to be patented in a seventh composition of matter
      aspect resides in the concept of a chemical compound having the structure
      represented by Formula XVI:
      ##SPC7##
      wherein X is:
      ##EQU1##
      R.sup.6 is lower alkyl, or phen(lower)alkyl, and when X is
      ##EQU2##
      lower alkenyl or hydroxy methyl; and R, R.sup.2, R.sup.3, R.sup.4, R.sup.5
      and n are as defined hereinabove, and the pharmaceutically non-toxic
      addition salts thereof.
PAR  The tangible embodiments of said seventh composition of matter aspect of
      the invention possess the inherent general physical properties in the acid
      salt form of being high melting white crystalline solids, substantially
      soluble in water and polar organic solvents such as lower aliphatic
      alcohols and the like. Examination of compounds produced according to the
      hereinafter described process reveals upon infrared and nuclear magnetic
      resonance spectroscopic analysis, infrared and nuclear magnetic resonance
      spectral data confirming the molecular structure hereinbefore set forth.
      The aforementioned physical characteristics taken together with the
      microanalytical data, the nature of the starting materials and the mode of
      synthesis positively confirm the structures of the compositions sought to
      be patented.
PAR  The tangible embodiments of the seventh composition aspect of the invention
      possess the inherent applied use characteristics of exerting an analgesic
      effect in warm-blooded animals as evidenced by standard pharmacological
      tests.
PAR  The invention sought to be patented in an eighth composition of matter
      aspect resides in the concept of a chemical compound having the structure
      represented by Formula XVII:
      ##SPC8##
PAL  wherein R.sup.7 is hydroxy, alkoxy, or when R.sup.8 is not alkoxy carbonyl,
      R.sup.2 ; R.sup.8 is R.sup.6 or alkoxy carbonyl; and R, R.sup.2, R.sup.6,
      and n are as defined hereinabove.
PAR  The tangible embodiments of said eighth composition of the invention
      possess the inherent general physical characteristics of being insoluble
      in water but soluble at elevated temperatures in polar organic solvents
      such as lower aliphatic alcohols and the like.
PAR  Examination of the compounds produced according to the hereinafter
      described process reveals upon infrared and nuclear magnetic resonance
      spectroscopic analysis infrared and nuclear magnetic resonance spectral
      data confirming the molecular structure hereinbefore set forth. The
      physical characteristics taken together with the nature of the starting
      materials and the mode of synthesis positively confirm the structure of
      the compositions sought to be patented.
PAR  The tangible embodiments of the eighth composition aspect of the invention
      possess the inherent applied use characteristic of being intermediates in
      the production of the amines of Formula XVI.
PAR  The invention sought to be patented in a ninth composition aspect of the
      invention resides in the concept of a chemical compound having the
      structure represented by Formula XVIII:
      ##SPC9##
PAL  wherein R, R.sup.8 and n are as hereinbefore described.
PAR  The tangible embodiments of the ninth composition of matter aspect of the
      invention possess the inherent general physical characteristics of being
      high boiling liquids which are substantially insoluble in water but
      soluble in common organic solvents such as di(lower)alkyl ethers,
      di(lower)alkyl ketones, lower aliphatic alcohols, chloroform, and the
      like. Examination of compounds produced according to the hereinafter
      described process reveals upon infrared and nuclear magnetic resonance
      spectroscopic analysis, infrared and nuclear magnetic resonance spectral
      data confirming the molecular structure hereinbefore set forth. The
      physical characteristics taken together with the nature of the starting
      materials and the mode of synthesis positively confirm the structure of
      the compositions to be patented.
PAR  The tangible embodiments of the ninth composition aspect of the invention
      possess the inherent applied use characteristics of being intermediates
      for the preparation of the amines of Formula XVI.
PAR  The invention sought to be patented in a tenth composition of matter aspect
      resides in the concept of a chemical compound having the structure
      represented by Formula XIX:
      ##SPC10##
PAL  wherein R, R.sup.8, Y and n are as hereinbefore described, with the proviso
      that R is not hydroxyl.
PAR  The tangible embodiments of the tenth composition of matter aspect of the
      invention possess the inherent general physical characteristics of being
      high boiling liquids which are substantially insoluble in water but
      soluble in common organic solvents such as di(lower)alkyl ethers,
      di(lower)alkyl ketones, lower aliphatic alocohols, chloroform and the
      like. Examination of compounds produced according to the hereinafter
      described process reveals upon infrared and nuclear magnetic resonance
      spectrographic analysis infrared and nuclear magnetic resonance spectral
      data confirming the molecular structure hereinbefore set forth. The
      physical characteristics taken together with the nature of the starting
      materials and the mode of synthesis positively confirm the structure of
      the compositions to be patented.
PAR  The tangible embodiments of the tenth composition aspect of the invention
      possess the inherent applied use characteristic of being intermediates in
      the production of the amines of Formula XVI.
PAR  The invention sought to be patented in a second process aspect is described
      as residing in the concept of a process for inducing analgesia in
      warm-blooded animals by administering to warm-blooded animals, a
      pharmaceutically effective dose of a compound of Formula I, Formula Ia, or
      formula XVI.
PAR  As used herein the term "lower alkyl" means a saturated hydrocarbon
      radical, including the straight and branched radicals having from 1 to 4
      carbon atoms, among which are for the purposes of illustration, but
      without limiting the generality of the foregoing, methyl, ethyl, n-propyl,
      n-butyl, and i-butyl. The term "lower alkenyl" means an unsaturated
      hydrocarbon radical, including straight and branched radicals, having from
      3 to 5 carbon atoms, among which are for the purposes of illustration but
      without limiting the generality of the foregoing, allyl, 2-butenyl,
      3-methyl-2-butenyl, 2-methyl-2-butenyl, and 2-pentyl. The term "lower
      alkynyl" means an unsaturated hydrocarbon radical, containing a triple
      bond, including straight and branched radicals, having from 3 to 6 carbon
      atoms, among which are for the purposes of illustration, but without
      limiting the generality of the foregoing 3-propynyl, 2-butynyl,
      1-butyn-3-yl, and 3-methyl-1-butyn-4-yl. The term "phen(lower)alkyl" means
      a lower alkyl radical as defined hereinabove substituted in a terminal
      position by a phenyl or a phenyl radical substituted by lower alkyl or
      lower alkyloxy, among which are for the purposes of illustration but
      without limiting the generality of the foregoing benzyl, phenethyl, o, m,
      or p-anisyl, p or m-cumenyl, veratryl, o, m, or p-xylyl. The term
      "phensulfonyl" means a phenyl or substituted phenyl sulfonic acid radical
      among which are, for the purposes of illustration, but without limiting
      the generality of the foregoing, phenyl sulfonyl, or p-toluene sulfonyl.
      The term "acyloxy" means either an aliphatic or aromatic carboxylic acid
      radical; if aliphatic, it may contain from 2 to 7 carbon atoms either
      straight chain, branched or concatenated to form a carbocyclic ring, among
      which are for the purposes of illustration but without limiting the
      generality of the foregoing acetic, propionic, butyric, i-butyric,
      cyclohexanecarboxylic, cyclopentanecarboxylic; if aromatic, it may contain
      an unsubstituted aromatic nucleus or the aromatic nucleus ring substituted
      by lower alkyl, among which are for the purposes of illustration but
      without limiting the generality of the foregoing, benzoic, o, m, or
      p-toluic, p or m-ethylbenzoic.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In describing the processes for the preparation of the specific embodiments
      of the invention, reference will be made to FIG. A wherein the compounds
      are assigned Roman numerals for identification schematically, and wherein
      is illustrated schematically the reaction sequence for preparing specific
      primary amine embodiments of Formula I, namely
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine (XI),
      12-amino-6,7,8,9,10,11-hexahydro-5-methyl-5,10-methano-5H-benzocyclononen-
     3-ol (XIV), and
      12-amino-6,7,8,9,10,11-hexahydro-5-methyl-5,10-methano-5H-benzocyclononen-
     3-ol, acetate (XV); specific secondary amine embodiments of Formula I,
      namely
      N-allyl-6,7,8,9,10,11,-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzoc
     yclononen-12-amine (X) and
      N,5-dimethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclon
     onen-12-amine (Xa); specific tertiary amine embodiments of Formula I,
      namely N-allyl-N,5-dimethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,1
     0-methano-5H-benzocyclononen-12-amine (XIII); a specific embodiment of
      Formula II, namely
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime (IX); a specific embodiment of Formula III, namely
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one (VIII); and a specific embodiment of Formula IV, namely
      1-(4-chlorobutyl)-1-methyl-7-methoxy-2-tetralone (VII).
PAR  Referring now to FIG. A, the starting materials for the invention, 1-alkyl,
      1-alkenyl, or 1-phen(lower)alkyl-2-tetralones, may be prepared from
      commercially available 2-tetralones, by a well-known alkylation reaction
      as typically described by Stork and Schulenberg in the Journal of the
      American Chemical Society, 84, 284 (1962). The tetralones are treated with
      pyrrolidine in an inert solvent such as benzene, and then reacted with the
      appropriate lower alkyl, lower alkenyl, or phen(lower)alkyl halide in an
      inert solvent, such as benzene or dioxane, at elevated temperatures,
      conveniently the reflux temperature of the solvent employed. They may also
      be prepared from a suitable commercially available 1-tetralone which may
      be treated as described by Howell and Taylor in the Journal of the
      Chemical Society, 1958, 1249 with a Grignard reagent, prepared from the
      appropriate lower alkyl, lower alkenyl, or phen(lower)alkyl halide, and
      the resulting 1-substituted dihydro-naphthalene oxidized with peracid.
PAR  Syntheses of non-commercially available tetralones are readily available in
      the literature, e.g. the synthesis of .alpha.-tetralone is described in
      Organic Synthesis, Collective Volume IV, page 898; the synthesis of
      .beta.-tetralone is described in the same work on page 903; and a general
      synthesis of .beta.-tetralones is described in Nagata et al. Netherlands
      Patent 67,09534, Jan. 10, 1968.
PAR  The first step in preparing the aforementioned embodiments is the
      portionwise addition, in the cold, of a strong base, such as a suspension
      of sodium hydride in benzene, to a stirred solution of
      1-methyl-7-methoxy-2-tetralone (VI) and 1-bromo-4-chloro-butane, in
      dimethyl formamide, followed by a period of stirring at room temperature,
      to produce compound VII. Compound VII is converted to the bridged
      tetralone VIII by treatment with a strong base, preferably sodium hydride,
      in an inert solvent, preferably dimethyl formamide. The bridged tetralone
      VIII so produced is then used as an intermediate either for the production
      of the oxime IX or if desired for the production of the secondary amine
      Xa.
PAR  In order to prepare the oxime IX the bridged tetralone VIII is treated with
      hydroxylamine under basic conditions. The oxime IX may be isolated by
      conventional means and is used as an intermediate for the production of
      the primary amine XI. To prepare the amine XI the oxime IX is treated
      either with hydrogen in the presence of a catalyst, preferably Raney
      nickel, and ammonium hydroxide, at moderate pressure, preferably 40-50
      psi; the hydride reducing agents, for example lithium aluminum hydride;
      diborane at elevated temperature; or an alkali metal, preferably sodium in
      an alkanol, for example ethanol or isopropanol. When using catalytic
      reduction the reaction proceeds stepwise and the corresponding imine of
      Formula V may be isolated as an intermediate, and then may be reduced to
      the desired primary amine. The amine XI is isolated by conventional means.
      To prepare the amine Xa, the bridged tetralone VIII is treated with an
      excess of methyl amine. The substitution is carried out with removal of
      water, conveniently in the presence of calcium oxide, at an elevated
      temperature, preferably 180.degree.-190.degree. C. When the amine has a
      boiling point below the desired temperature the reaction is conveneiently
      carried out in a sealed pressure vessel. The intermediate imine so
      produced may be reduced as obtained directly from the substitution
      reaction. The The amine Xa is produced by treating this imine with either
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PAL  hydrogen in the presence of a catalyst, preferably platinum oxide, at
      moderate pressure, preferably 40-50 psi; the hydride reducing agents, for
      example lithium aluminum hydride or sodium borohydride; diborane at
      elevated temperature, or an alkali metal, preferably sodium, in an
      alkanol, for example ethanol or isopropanol. The primary amine XI may also
      be converted to the secondary amine X by substitution reactions well-known
      in the art of organic chemistry. A convenient method is to treat with one
      mole equivalent of allyl bromide. The substitution is carried out in the
      presence of an organic acid acceptor, preferably di-isopropyl ethyl amine,
      in an organic solvent at a temperature of from about 60.degree. C. to
      140.degree. C. Benzene and xylene are particularly useful solvents but it
      will be apparent to an organic chemist that any solvent can be used which
      will not interfere with the course of the reaction. For convenience the
      reflux temperature of the solvent selected can be employed. The secondary
      amine X is isolated by conventional methods.
PAR  If desired the secondary amine X can be methylated to give the N-methyl
      tertiary amine XII. A preferred method for the methylation reaction is to
      first carbethoxylate the secondary amine by treatment with ethyl
      chloroformate in an unreactive organic solvent, such as methylene chloride
      or chloroform. For best results, a weak inorganic base, such as sodium
      bicarbonate or potassium carbonate, is added to the reaction mixture. The
      temperature of the carbethoxylation reaction is not critical and, for
      convenience, room temperature is used. It will be obvious to one skilled
      in organic chemistry that for the purposes of this reaction other halo
      formate esters would be equivalent to ethyl chloroformate. The
      carbethoxylated amine is then reacted with a reducing agent, preferably
      lithium aluminum hydride, in an inert solvent, preferably ether or
      tetrahydrofuran, to afford the N-methyl tertiary amine XII which is
      isolated by standard procedures.
PAR  A preferred method of preparation of the tertiary amine XIII is to first
      acylate the secondary amine X with acetyl chloride in a basic organic
      solvent, preferably pyridine, at an elevated temperature, conveniently the
      reflux temperature of the solvent selected. The acylated amine is then
      reacted with a reducing agent, preferably lithium aluminum hydride, in an
      inert solvent preferably ether or tetrahydrofuran, to afford the tertiary
      amine XIII which is isolated by standard techniques.
PAR  The primary amine XI which bears a lower alkyloxy substituent can be
      hydrolyzed to the phenolic compound XIV. A particularly useful method is
      to treat the primary amine with 48 percent aqueous hydrobromic acid at
      elevated temperature, conveniently reflux temperature. The crystalline
      product is isolated by standard techniques. It will be obvious to one
      skilled in the art of organic chemistry that the hydrolysis reaction may
      be performed on the bridged tetralone VIII and that the phenolic compound
      so formed would then be the full equivalent of all other compounds not
      bearing such a substituent in all subsequent reactions.
PAR  The phenolic amine XIV may be acetylated to produce the acetyl derivative
      XV. A skilled organic chemist will recognize that in order to acetylate
      the phenolic function a primary or secondary amine must first be reacted
      with a suitable protecting group. Carbobenzoxy chloride is particularly
      convenient for this purpose. The protected derivative is then treated with
      acetic anhydride and the protecting group removed, conveniently, in the
      case of the carbobenzoxy group by hydrogenolysis. It will be obvious to a
      skilled organic chemist that any desired acylation reagent may be
      substituted for the acetic anhydride. The acylation reaction may also be
      accomplished by exposure of the phenolic amine, suitably distributed on an
      inert carrier, conveniently potassium bromide powder, to a suitably
      volatile acylating agent, in the vapor state, at temperatures moderately
      higher than room temperature, conveniently 40.degree.-70.degree. C.
PAR  While the processes of the invention have been specifically described with
      reference to the drawing which illustrates their application to
      1-methyl-7-methoxy-2-tetralone it will be readily apparent to one skilled
      in the art of organic chemistry that the processes will be equally
      applicable to tetralones bearing, in the 1 and 7 positions, other
      substituents contemplated within the scope of the invention. Similarly it
      will be obvious to vary the chain length of the polymethylene compound in
      order to produce the variously sized ring systems encompassed by the
      invention. A skilled chemist will readily recognize that, in addition to
      the .alpha.,.omega.-dihalopolymethylene, any polymethylene compound of the
      desired chain length, which bears, as substituents in the terminal
      positions, suitable leaving groups, such as (lower)alkylsulfonyl or
      phensulfonyl, or one such leaving group and a group, such as
      tetrahydropyranyloxy which may be readily converted to a leaving group,
      may be utilized in the initial cycloalkylation process. The substitution
      of other strong bases, such as alkali metal alkoxides, in suitable
      solvents, for the illustrated sodium hydride will also be apparent to one
      skilled in the art. It will be obvious to one skilled in the art that, if
      the .alpha.,.omega.-disubstituted polymethylene does not bear a
      tetrahydropyranyl substituent, the complete cycloalkylation may be
      performed without isolation of the intermediate, compound VII. One skilled
      in the art will recognize that it is possible to substitute anhydrous
      ammonia for methyl amine in the imination of compound VIII and that
      reduction will then give compound XI. The substitution of other lower
      alkyl, and phen(lower)alkyl amines, for methylamine, to give secondary
      amines analogous to compound Xa will similarly be apparent to one skilled
      in the art. Other lower alkyl halides, lower alkenyl halides,
      phen(lower)alkyl halides, or lower alkynyl halides may be substituted for
      allyl bromide in the treatment of compound XI to obtain the secondary
      amines encompassed by the invention. Similarly other lower alkanoyl, lower
      alkenoyl, phen(lower)alkanoyl or lower alkynyl halides may be used in the
      preparation of the tertiary amine embodiments of the invention.
PAR  The amine oxides of Formula Ia are prepared by oxidation, conveniently with
      an organic peracid, of the di(lower)alkyl tertiary amine embodiments of
      Formula I.
PAR  One knowledgeable in the art of organic chemistry will recognize that
      1-alkyl-substituted 2-indanones and 2-benzsuberones can be cycloalkylated
      in a fashion similar to that described for the cycloalkylation of 1-alkyl
      substituted 2-tetralones. The compounds so formed can then be further
      treated by the processes described hereinabove to produce derivatives
      which are the full equivalents of the compounds of Formula I described
      herein.
PAR  The substituted tetralones described hereinabove and their equivalent
      indanone and benzsuberone analogues may be substituted at various other
      positions on the aromatic ring with such radicals as lower alkyl, lower
      alkyloxy, halo and trifluoromethyl and these may be employed as starting
      materials in the initial cycloalkylation reactions and such compounds can
      then be treated by the processes described hereinabove, to produce amino
      derivatives bearing these variously located substituents.
PAR  Preparation of the indanones of Formula XVI may also be accomplished by
      cyclization of appropriate known o-phenylene diacetic acid diesters to
      produce 1-alkoxycarbonyl-2-indanones. Alkylation to produce the 1-alkoxy
      carbonyl-indanones of Formula XIX may be accomplished by standard
      alkylation techniques. Alternatively the keto group of the alkoxy
      carbonylindanone may be treated with a suitable ketone protecting reagent,
      such as ethylene glycol, a lower alkyl, lower alkenyl, or phen(lower)alkyl
      group may be introduced into the 1-position by standard alkylation
      techniques, the protective group removed from the ketone, the ester
      function hydrolyzed, and the carbonyl group eliminated by decarboxylation.
      The resulting lower alkyl, lower alkenyl, or phen(lower)alkyl-2-indanone
      may then be treated similarly to the corresponding tetralones to produce
      the lower alkyl, lower alkenyl or phen(lower)-alkyl indanones of Formula
      XIX. Cycloalkylation to the benzobicyclic system of Formula XVIII may be
      accomplished as described for the corresponding tetralones of Formula IX.
      Preparation of the imino derivatives of the benzobicyclic ketones derived
      from the above described indanones may be accomplished in a fashion
      similar to that described for the preparation of the imino derivatives of
      the benzobicyclic ketones derived from tetralones. A skilled organic
      chemist will of course recognize that the alkoxy carbonyl substituted
      benzobicyclic ketones may be converted to oximino derivatives but that
      treatment with ammonia or primary amine will result in side reactions with
      the alkoxy carbonyl group.
PAR  The skilled organic chemist will of course not use catalytic reduction
      methods involving the use of ammonia or primary amines.
PAR  The alkoxy carbonyl benzobicyclic ketone may, if desired, be treated with a
      suitable ketone protecting reagent, such as ethylene glycol, the alkoxy
      carbonyl group may then be reduced to a hydroxy methyl group, and the keto
      group regenerated. This compound may then be converted into the hydroxy
      methyl imino compounds of Formula XVII by the above described methods.
PAR  Reduction of the oximes of imines of Formula XVII to the amines of Formula
      XVI may be accomplished by the same reduction methods as used to prepare
      the amines of Formula I. Those embodiments of Formula XVII containing an
      alkoxycarbonyl will, of course, simultaneously be converted to the
      embodiments of Formula XVI which have a hydroxy(lower)alkyl substituent.
      If desired the hydroxyl group may be removed by standard means, such as
      tosylation and reduction with lithium aluminum hydride. Ordinarily this
      process will result in an N-tosyl amine from which the free amine may be
      recovered by hydrolysis. The variously other substituted amines of Formula
      XVI may be prepared from appropriate primary or secondary amines or
      embodiments of Formula XVI by processes similar to those described for the
      preparation of the variously substituted amines of Formula I.
PAR  It will be obvious to one skilled in the art of chemistry that the
      benzobicyclic ketones of Formula III and Formula XVIII will be produced as
      racemic mixtures, and that reduction of either oximes of Formula II and
      Formula XVII or imines of Formula V and Formula XVII will yield the amines
      of Formula I and Formula XVI as diasteromers. The separation of the
      diastereomeric pairs and their resolution into enantiomers, if desired,
      may be accomplished by well-known procedures. The diastereomers,
      enantiomers and mixtures thereof are all included within the scope of this
      invention.
PAR  It is convenient in the present application to distinguish pairs of
      diastereomers by specifying the orientation of the amino group. A number
      of conventional systems of nomenclature for specifying the orientation are
      suitable, and selection of a particular system is a matter of convenience.
      Because of its greater specificity and more general applicability, a
      system enabling specification of the relative orientation of all
      substituents on the tetralin ring system has been adopted for use in this
      application. In this system the tetralin ring is projected on a plane.
      Those substituents extending below the plane are designated .alpha., and
      those extending above the plane are designated .beta..
PAR  In the process for the use of the amines of Formula I and Formula XVI or
      pharmaceutical acceptable salts thereof, they may, if desired, be
      formulated with pharmaceutically acceptable carriers in accordance with
      methods well-known in the art.
PAR  It will be obvious to those skilled in the art that N-oxides of the dialkyl
      substituted tertiary amines of Formula XVI may be prepared in a fashion
      similar to that described for the preparation of the N-oxides of Formula
      Ia. These N-oxides are the full equivalents of those embodiments of the
      invention specifically described.
PAR  An alternate synthesis of the amines of Formula I and Formula XVI is
      through the preparation of a compound of the formula:
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PAL  wherein R, R.sup.1, and n are as defined hereinabove; and m is 0 or 1, as
      described by Wiesner, Chau and Demerson in Tetrahedron Letters, 1965, page
      2,893, followed by either dehydration and hydrogenation of the resulting
      double bond, or tosylation and cleavage of the tosyl group. This route is
      the preferred method of synthesis for those embodiments wherein n is 2 or
      6.
PAR  The tangible embodiments of the principal composition aspect have been
      found to possess the additional applied use characteristic of exerting
      morphine antagonism effects in animals when tested in standard
      pharmacological evaluation procedures. The morphine antagonism effects can
      be demonstrated by administering the compound to morphine addicted
      monkeys. A morphine antagonist precipitates morphine withdrawl symptoms.
      The morphine antagonism effect can also be demonstrated by dosing groups
      of three male Charles River rats subcutaneously with morphine at 75 mg/Kg
      of base. The degree of narcosis induced by the morphine is measured at 15
      and 30 minutes after injection. Criteria are loss of righting reflex, tail
      and body rigidity and respiratory depression. Test compounds are
      administered intramuscularly, 40 minutes after the morphine. The degree of
      antagonism is measured at 20 minute intervals for 2 hours. Nalorphine, at
      2 mg/kg, serves as a positive control while one group of morphinized rats
      in each determination receives no antagonist and serves as negative
      controls. Reversal of the loss of righting reflex constitutes a positive
      response.
PAR  The following examples illustrate the best mode contemplated by the
      inventors for preparing the compositions of the invention.
DETD
PAC  EXAMPLE I
PAC  1-(4-Chlorobutyl)-1-Methyl-7-Methoxy-2-Tetralone
PAR  1-Methyl-7-methoxy-2-tetralone (57 g.), tetramethylene chlorobromide (200
      g.) and dimethyl formamide (250 ml.) are introduced into a two liter
      reaction vessel which is fitted with a condenser and drying tube, a
      mechanical stirrer, a nitrogen inlet, a thermometer, and a soft rubber
      stopper. After this solution is cooled to 10.degree. C. a suspension of
      sodium hydride (approximately 8 g. freed of mineral oil by washing with
      benzene) in benzene (100 ml.) is added slowly in 10 ml. portions, through
      the rubber stopper with the aid of a syringe. The temperature is
      maintained between 12.degree. and 20.degree. for the 1.5 hour addition
      period. The reaction is then allowed to warm to room temperature, stirred
      for 3 1/2 hours, and poured into ice water (1.5 l.). The layers are
      separated, the aqueous phase extracted with ether, the combined organic
      phases washed with saturated saline, dried over sodium sulfate and the
      organic solvents removed under reduced pressure. Distillation of the
      residue yields the title product (62.5 g.) b.p. 155.degree.-185.degree. C.
      (approximately 0.3 mm.). I. R. Analysis: 5,85, 7.95 .mu..
PAC  EXAMPLE II
PAC  1-(3-Bromopropyl)-1-Methyl-2-Tetralone
PAR  Sodium hydride (0.75 g.) washed free of mineral oil is added in small
      portions, over a period of 45 minutes, to a well stirred solution of
      1-methyl-2-tetralone (4.8 g.) and 1,3-dibromopropane (24 g.) in benzene
      (100 ml.) while maintaining the temperature at 25.degree. C. The mixture
      is stirred at room temperature for 1 hour and heated at reflux for 2
      hours. When cool 2 drops of acetic acid are added and the mixture
      clarified by filtration through diatomaceous earth. Concentration of the
      filtrate and distillation of the resulting residue gives the title product
      (4.5 g.) b.p. 130.degree.-135.degree. C. (0.1 mm.);
      2,4-dinitrophenylhydrazone m.p. 146-148.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.20 H.sub.21 N.sub.4 O.sub.4 Br                        

     Calculated:   C, 52.07; H, 4.59; N, 12.14; Br, 17.32                      

     Found:        C, 51.87; H, 4.64; N, 11.97; Br, 17.12.                     

     ______________________________________                                    

PAC  EXAMPLE III
PAC  1-(3-Bromopropyl)-1-Methyl-7-Methoxy-2-Tetralone
PAR  Using a procedure analogous to that described in Example II for the
      preparation of 1-(3-bromopropyl-1-methyl)-2-tetralone there is obtained
      from 1-methyl-7-methoxy-2-tetralone (11.4 g.) and 1,3-dibromopropane (24
      ml.), 6.7 g. of the title product, b.p. 135.degree.-145.degree. C. (1
      mm.). I. R. Analysis: 5.8, 8.0 .mu..
PAC  EXAMPLE IV
PAC  1-(5-Bromopentyl)-1-Methyl-2-Tetralone
PAR  Using a procedure analogous to that described in Example I for the
      preparation of 1-(4-chlorobutyl)-1-methyl-7-methoxy-2-tetralone there is
      obtained from 1-methyl-2-tetralone (20.0 g., 0.125 mole),
      1,5-dibromopentane (115.0 g., 0.5 mole), and sodium hydride (6.06 g.,
      0.1375 mole of a 54.5 percent dispersion in mineral oil) in
      dimethylformamide (100 ml.), 19.8 g. (54 percent) of the title product
      b.p. 155.degree.-175.degree. C. (0.3 mm.). I. R. Analysis: 3.45, 5.85
      .mu..
PAC  EXAMPLE V
PAC  1-(5-Bromopentyl)-1-Methyl-7-Methoxy-2-Tetralone
PAR  Using a procedure analogous to that described in Example I for the
      preparation of 1-(4-chlorobutyl)-1-methyl-7-methoxy-2-tetralone there is
      obtained from 1-methyl-7-methoxy-2-tetralone (150.0 g., 0.788 mole),
      1,5-dibromopentane (707 g., 3.06 mole), and sodium hydride (37.1 g., 0.842
      mole of a 54.5 percent dispersion in mineral oil) in dimethylformamide
      (600 ml.). 182 g. (68.1 percent of the title product b.p.
      185.degree.-198.degree. C. (1.0 mm.). I. R. Analysis: 3.5, 5.80, 7.9 .mu..
PAC  EXAMPLE VI
PAC  1-(4-Chlorobutyl)-1-Ethyl-7-Methoxy-2-Tetralone
PAR  A. Using a procedure analogous to that described in Example I for the
      preparation of 1-(4-chlorobutyl)-1-methyl-7-methoxy-2-tetralone there is
      obtained from 35 g. of 1-ethyl-7-methoxy-2-tetralone; 37.4 g. of the title
      product b.p. 160.degree.-173.degree. C. (0.4 mm.). I. R. Analysis: 5.83,
      8.0 .mu..
PAR  B. Clean sodium pellets (2.3 g.) are dissolved, while stirring magnetically
      under N.sub.2, in absolute ethanol (50 ml.). After cooling to
      20.degree.-25.degree. C. 1-ethyl-7-methoxy-2-tetralone (20.5 g.) in dry
      ethanol (50 ml.) is added over a period of 30 minutes. After stirring 30
      minutes this solution is added dropwise to a stirred solution of
      1,4-dibromobutane (44.0 g.) in dry ethanol (60 ml.) while maintaining the
      temperature at 10.degree.-15.degree. C. After stirring four hours at this
      temperature the reaction is allowed to warm to 20.degree.-25.degree. C.
      while continuing to stir an additional 12 hours. After chilling below room
      temperature precipitated solids are removed by filtration with aid of
      diatomaceous earth. Concentration of the filtrate under reduced pressure,
      partitioning the residue so obtained between ether and water, washing the
      ether layer with saline, drying, concentrating under reduced pressure and
      distilling under vacuum gives the title product (16 g.) b.p.
      165.degree.-175.degree.(0.2 mm.).
PAC  EXAMPLE VII
PAC  1-(4-Chlorobutyl)-1-Methyl-5-Methoxy-2-Tetralone
PAR  Using a procedure analogous to that described in Example I for the
      preparation of 1-(4-chlorobutyl)-1-methyl-7-methoxy-2-tetralone there is
      obtained from 1-methyl-5-methoxy-2-tetralone (45 g.), 40.5 g. of the title
      product, b.p. 150.degree.-160.degree. C. (0.15 mm.). I. R. Analysis: 5.82,
      7.9 .mu..
PAC  EXAMPLE VIII
PAC  1-(4-Chlorobutyl)-1-Methyl-6-Methoxy-2-Tetralone
PAR  Using a procedure analogous to that described in Example I for the
      preparation of 1-(4-chlorobutyl)-1-methyl-7-methoxy-2-tetralone there is
      obtained from 1-methyl-6-methoxy-2-tetralone (36 g.) and tetramethylene
      chlorobromide (140 g.), 30.5 g. of the title product, b.p.
      165.degree.-175.degree. C. (0.4 mm.). I. R. Analysis: 5.85, 8.0 .mu..
PAC  EXAMPLE IX
PAR  To prepare: 1-benzyl-1-(4-chlorobutyl)-2-tetralone react
      1-benzyl-2-tetralone with 1-bromo-4-chlorobutane as taught in Example I.
PAR  To prepare: 1-benzyl-1-(4-chlorobutyl)-7-methoxy-2-tetralone react
      1-benzyl-7-methoxy-2-tetralone with 1-bromo-4-chlorobutane as taught in
      Example I.
PAC  EXAMPLE X
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-5-Methyl-5,10-Methano-5H-Benzocyclononen-
     12-One
PAR  To a two liter reaction vessel, fitted with a mechanical stirred, a
      dropping funnel, a condenser and drying tube, a thermometer, a nitrogen
      inlet and a soft rubber stopper is introduced sodium hydride (13 g., 0.27
      mole of 50 percent dispersion in mineral oil) which is then washed with
      benzene to remove the mineral oil. Dimethylformamide (750 ml.) is then
      added and 1-(4-chlorobutyl)-1-methyl-7-methoxy-2-tetralone (62.5 g., 0.22
      mole in dimethyl formamide (150 ml.) is added dropwise, while stirring
      vigorously and maintaining the temperature between 30.degree. and
      35.degree. C. The reaction is stirred and heated to 80.degree. to
      85.degree. C. for 2.5 hours, stirred at room temperature overnight and
      poured into ice water (2.0 liter). After acidification with hydrochloride
      acid (concentrated) the oil which separates is extracted into ether. The
      extract is washed with saturated saline and dried over sodium sulfate. The
      solvent is removed under reduced pressure and the residue distilled to
      give the title product (32.5 g.), b.p. 130.degree. to 135.degree. C. (0.25
      mm.). I. R. Analysis: 5.8, 8.0 .mu..
PAC  EXAMPLE XI
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-5-Methyl-5,9-Methano-Benzocycloocten-11-On
PAR  Using a procedure analogous to that described in Example X for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocycloocten
     -12-one there is obtained from
      1-(3-bromopropyl)-1-methyl-7-methoxy-2-tetralone in 74 percent yield the
      title product, b.p. 118.degree. to 121.degree. C. (0.05 mm.). A sample is
      converted to the semicarbazone, m.p. 223.degree. to 225.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.21 N.sub.5 O.sub.2                           

     Calculated:   C, 66.87; H, 7.37; N, 14.62                                 

     Found:        C, 66.73; H, 7.51; N, 14.74.                                

     ______________________________________                                    

PAC  EXAMPLE XII
PAC  5,6,7,8,9,10-Hexahydro-5-Methyl-5,9-Methanobenzocycloocten-11-One
PAR  Using a procedure analogous to that described in Example X for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one there is obtained from 1-(3-bromopropyl)-1-methyl-2-tetralone (4.0
      g.) treated with sodium hydride (1 g.); 1.4 g. of the title product, b.p.
      122.degree. to 130.degree. C. (0.1 mm.). A sample is converted to the
      semicarbazone and crystallized from acetonitrile, m.p. 250.degree. to
      251.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.15 H.sub.19 N.sub.3 O                                 

     Calculated:   C, 70.00; H, 7.44; N, 16.33                                 

     Found:        C, 70.30; H, 7.39; N, 16.48.                                

     ______________________________________                                    

PAC  EXAMPLE XIII
PAC  5-Methyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methano-Benzocyclodecen-13-One
PAR  Using a procedure analogous to that described in Example X for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one there is prepared from 1-methyl-1-(5-bromopentyl)-2-tetralone (19.8
      g., 0.0675 mole) and sodium hydride (3.57 g., 0.081 mole, of a 54.5
      percent dispersion in mineral oil) in dimethylformamide (250 ml.); 6.2 g.
      (40.4 percent) of the title product, b.p. 126.degree. to 135.degree. C.
      (0.3 mm.). I. R. Analysis: 3.45, 5.9 .mu..
PAC  EXAMPLE XIV
PAC  5-Methyl-3-Methoxy-5,6,7,8,9,10,11,12-Octahydro-5,11-Methano-Benzocyclodece
     n-13-One
PAR  A. Using a procedure analogous to that described in Example X for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one there is obtained from
      1-methyl-1-(5-bromopentyl)-7-methoxy-2-tetralone (90.0 g., 0.264 mole),
      and sodium hydride (12.87 g., 0.292 mole, of 54.5 percent dispersion in
      mineral oil) in dimethylformamide (750 ml.); 42.7 g. (62.4 percent) of the
      title product, b.p. 150.degree. to 175.degree. C. (0.5 mm.). I. R.
      Analysis: 3.0, 3.4, 5.9, 8.01 .mu..
PAR  B. Oil-free sodium hydride (5.28 g.) in benzene (50 ml.) is added to a
      stirred mixture of 1,5-dibromopentane (184 g.) and
      1-methyl-7-methoxy-2-tetralone (32 g.) in dry benzene (300 ml.). Stirring
      is continued for 12 hours at 25.degree. and at reflux for an additional 15
      hours. The mixture is cooled, sodium hydride (5.8 g.) in 50 ml. benzene
      added, stirring continued at 25.degree. for 10 hours, and at reflux for 12
      additional hours. After cooling excess base is neutralized with
      concentrated hydrochloric acid and the inorganic solids which precipitate
      are removed by filtration. Washing and filtrate with saline, drying over
      sodium sulfate, concentrating and vacuum distilling gives an oil (21 g.),
      b.p. 160.degree.-190.degree. C. (0.5 mm.) containing 6.5 g. (27 percent)
      of the title product by vapor phase chromatographed (3 percent OVI, C200-
      225- 250).
PAC  EXAMPLE XV
PAC  6,7,8,9,10,11-Hexahydro-2-Methoxy-5-Methyl-5,10-Methano-5H-Benzocyclononen-
     12-One
PAR  Using a procedure analogous to that described in Example X for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, there is obtained from 30.5 g. of
      1-(4-chlorobutyl)-1-methyl-6-methoxy-2-tetralone 15 g. of the title
      product, b.p. 140.degree. to 145.degree. C. (0.5 mm.). I. R. Analysis:
      5.82, 8.05 .mu..
PAC  EXAMPLE XVI
PAC  6,7,8,9,10,11-Hexahydro-1-Methoxy-5-Methyl-5,10-Methano-5H-Benzocyclononen-
     12-One
PAR  Using a procedure analogous to that described in Example X for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, there is obtained from 40.5 g. of
      1-(4-chlorobutyl)-1-methyl-5-methoxy-2-tetralone, 21.5 g. of the title
      product, b.p. 130.degree. to 135.degree. C. (0.3 mm.). I. R. Analysis:
      5.78, 7.9 .mu..
PAC  EXAMPLE XVII
PAC  5-Ethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-5,10-Methano-5H-Benzocyclononen-1
     2-One
PAR  Using a procedure analogous to that described in Example X for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one there is obtained from 37.4 g. of
      1-(4-chlorobutyl)-1-ethyl-7-methoxy-2-tetralone, 22.2 g. of the title
      product, b.p. 138.degree. to 142.degree. C. (0.35 mm.). I. R. Analysis:
      5.85, 8.0 .mu..
PAC  EXAMPLE XVIII
PAR  To prepare:
      6,7,8,9,10,11-hexahydro-5-benzyl-5,10-methano-5H-benzocyclononen-12-one,
      treat 1-benzyl-1-(4-chlorobutyl)-2-tetralone with sodium hydride as taught
      in Example X.
PAR  To prepare:
      5-benzyl-3-methoxy-6,7,8,9,10,11-hexahydro-5,10-methanol-5H-benzocyclonone
     n-12-one, treat 1-benzyl-1-(4-chlorobutyl)-7-methoxy-2-tetralone with
      sodium hydride as taught in Example X.
PAC  EXAMPLE XIX
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-5-Methyl-5,10-Methano-5H-Benzocyclononen-
     12-One, Oxime
PAR  A. 6,7,8,9,10,11-Hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-12-one
      (0.2 g.), hydroxylamine hydrochloride (0.5 g.) 5 percent sodium hydroxide
      (6 ml.) and ethanol (2 ml.) are heated at reflux for 4 hours. The reaction
      is cooled and diluted with water. The supernatant is decanted from the oil
      which separates. The oil is washed several times with water and is then
      treated with 2-propanol from which the title product crystallizes, m.p.
      174.degree. to 176.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.21 NO.sub.2                                  

     Calculated:   C, 74.1; H, 8.16; N, 5.40                                   

     Found:        C, 74.38; H, 8.10; N, 4.98.                                 

     ______________________________________                                    

PAL  I. r. analysis: 3.2, 6.2, 8.1 .mu..
PAR  B. Hydroxylamine hydrochloride (14 g., 0.2 mole) in methanol (250 ml.) is
      mixed with sodium acetate (165 g., 0.2 mole) in methanol (200 ml.). After
      standing one hour the solution is filtered and to it is added
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one (10 g., 0.04 mole). The solution is heated under reflux 5 hours,
      concentrated in volume to approximately 200 ml. Cooling, filtration,
      washing with methanol and drying gives the title product (8.0), m.p.
      174.degree. to 176.degree. C.
PAR  C.
      6,7,8,9,10,11-Hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one (20.0 g., 0.082 mole), and hydroxylamine hydrochloride (28.5 g.,
      0.410 mole) in pyridine (150 ml.) are stirred at reflux for 24 hours. The
      mixture is cooled and concentrated. The residue is extracted with ether
      (750 ml.) in several portions and the extracts are successively washed
      with water, dilute hydrochloric acid, water and saline solution, then
      dried over anhydrous magnesium sulfate, the solvent removed in vacuo and
      the residue crystallized from boiling isopropanol to give the title
      product (6.0 g.), m.p. 167.degree. to 171.degree. C. A second crop was
      obtained, 1.08 g. Total yield is 33 percent.
PAC  EXAMPLE XX
PAC  5-Methyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methano-Benzocyclodecen-13-One,
      Oxime
PAR  Using a procedure analogous to that described in Example XIX, Method C, for
      the preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime there is obtained from
      5-methyl-5,6,7,8,9,10,11,12-octahydro-5,11-methano-benzocyclodecen-13-one
      (3.9 g., 0.0171 mole) and hydroxylamine hydrochloride (8.55 g., 0.123
      moles) in pyridine (20 ml.), after recrystallization from ispropanol, 1.27
      g. of the title product, m.p. 122.degree.-127.degree.. I. R. Analysis:
      31.5, 3.45, 6.1 .mu..
PAC  EXAMPLE XXI
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-5-Methyl-5,9-Methano-Benzocycloocten-11-On
     e, Oxime
PAR  By a procedure analogous to that described in Example XIX, Method A, for
      the preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime there is obtained from
      5,6,7,8,9,10-hexahydro-3-methoxy-5-methyl-5,9-methanobenzocycloocten-11-on
     e (0.5 g.) and hydroxylamine hydrochloride (6.5 g.), 3.9 g. of product
      after trituration with hexane, m.p. 138.degree.-142.degree. C.
      Recrystallization from isopropanol-water gives the title product, m.p.
      146.degree.-148.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.15 H.sub.19 NO.sub.2                                  

     Calculated:   C, 73.44; H, 7.81; N, 5.71                                  

     Found:        C, 73.11; H, 8.03; N, 5.61.                                 

     ______________________________________                                    

PAC  EXAMPLE XXII
PAC  5-Methyl-3-Methoxy-5,6,7,8,9,10,11,12-Octahydro-5,11-Methano-Benzocyclodece
     n-13-One, Oxime
PAR  Using a procedure analogous to that described in Example XIX, Method C for
      the preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime there is obtained from
      5-methyl-5,6,7,8,9,10,11-octahydro-5,11-methano-benzocyclodecen-13-one
      (42.6 g., 0.165 mole), and hydroxylamine hydrochloride (57.3 g., 0.824
      mole) in pyridine (300 ml.); 18.9 g. (42%) of the title product, m.p.
      152.degree.- 158.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.13 N.sub.2 O.sub.2                           

     Calculated:   C, 74.69; H, 8.48; N, 4.12                                  

     Found:        C, 75.25; H, 8.64; N, 4.72.                                 

     ______________________________________                                    

PAC  EXAMPLE XXIII
PAC  6,7,8,9,10-Hexahydro-2-Methoxy-5-Methyl-5,10-Methano-5H-Benzocyclononen-12-
     One, Oxime
PAR  Using a procedure analogous to that described in Example XIX, Method B, for
      the preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime there is obtained from 11.5 g. of
      6,7,8,9,10,11-hexahydro-2-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one (5.0 g.) of the title product, m.p. 130.degree.-135.degree. C. I.
      R. Analysis: 3.1; 6.0 .mu..
PAC  EXAMPLE XXIV
PAC  6,7,8,9,10,11-Hexahydro-1-Methoxy-5-Methyl-5,10-Methano-5H-Benzocyclononen-
     12-One, Oxime
PAR  Using a procedure analogous to that described in Example XIX, Method B, for
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime there is obtained from 21.5 g. of
      6,7,8,9,10,11-hexahydro-1-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, 10.9 g. of the title product, m.p. 154.degree.-160.degree. C. I.
      R. Analysis: 3.1- 3.2; 6.0 .mu..
PAC  EXAMPLE XXV
PAC  5-Ethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-5,10-Methano-5H-Benzocyclononen-1
     2-One, Oxime
PAR  Using a procedure analogous to that described in Example XIX, Method C, for
      the preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime there is obtained from
      5-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-one (3.5 g.) and 20 ml. of hydroxylamine hydrochloride (3.5 g.) of the
      title product as a brown oil which crystallizes on standing. I. R.
      Analysis: 3.2; 6.0 .mu..
PAR  Crystallization of the crude solid from ethanol water gives the title
      product, m.p. 114.degree.-116.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.23 NO.sub.2                                  

     Calculated:   C, 74.69; H, 8.48; N, 5.12                                  

     Found:        C, 75.20; H, 8.93; N, 4.84                                  

     ______________________________________                                    

PAC  EXAMPLE XXVI
PAR  To prepare:
      6,7,8,9,10,11-hexahydro-5-benzyl-5,10-methano-5H-benzocyclononen-12-one,
      oxime treat
      6,7,8,9,10,11-hexahydro-5-benzyl-5,10-methano-5H-benzocyclononen-12-one
      with hydroxylamine hydrochloride as taught in Example XIX, Method C.
PAR  To prepare:
      5-benzyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen
     -12-one, oxime treat
      5-benzyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen
     -12-one with hydroxylamine hydrochloride as taught in Example XIX, Method
      C.
PAC  EXAMPLE XXVII
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-5-Methyl-5,10-Methano-5H-Benzocyclononen-
     12-Amine
PAR  A.
      6,7,8,9,10,11-Hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime (15 g. 0.058 m.) Raney nickel (3 tsps.) ethanol (100 ml.)
      and concentrated ammonium hydroxide (50 ml.) are shaken with hydrogen at
      45 psi and 45.degree. C. The catalyst is removed by filtration and the
      filtrate concentrated to remove solvent. The residue is distilled under
      reduced pressure to afford the title product (11 g.), b.p.
      140.degree.-142.degree. C. (0.2 mm.) HCl salt, m.p.
      298.degree.-299.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.24 ClNO                                      

     Calculated:   C, 68.21; H, 8.58; N, 4.96                                  

     Found:        C, 67.96; H, 8.63; N, 4.92.                                 

     ______________________________________                                    

PAR  B. Undistilled
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine (31 g.) in dry ether (200 ml.) is treated with dry hydrogen
      chloride in ether until the solution is acidic. The precipitated salt is
      collected, washed with ether and dried to afford a product (32 g.), m.p.
      257.degree.-267.degree. C.
PAR  This product is dissolved in water (1,000 ml.) and methanol (180 ml.).
      Addition of concentrated hydrochloric acid (2 ml.), concentration at
      atmospheric pressure to 500 ml., collection of the precipitate obtained on
      cooling, followed by washing and drying gives a product (20.0 g.), m.p.
      302.degree.-305.degree. C. On the basis of infrared and nuclear magnetic
      resonance spectra this product is assigned the structure
      6,7,8,9,10,11-hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-benzocyc
     lononen-12.beta.-amine, hydrochloride.
PAR  Concentration of the mother liquors obtained after isolation of the
      .beta.-amine product gives a product (2 g.), m.p. 262.degree.-273.degree.
      C. Further concentration to about 65 ml. clarifying and chilling gives
      crystals (5.9 g.), m.p. 231.degree.-236.degree. C. which are collected
      with the aid of additional cold water (50 ml.). Recrystallization is
      accomplished by dissolving in acetone-methanol (2:1), concentrating to
      one-half volume then making up to the original volume with acetone.
      Repetition of the concentration-dilution process three additional times
      followed by chilling gives a product (4.5 g.), m.p.
      237.degree.-240.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.24 ClNO                                      

     Calculated:   C, 68.21; H, 8.58; N, 4.96; Cl, 12.54                       

     Found:        C, 68.40; H, 8.72; N, 5.02; Cl, 12.04.                      

     ______________________________________                                    

PAR  On the basis of infrared and nuclear magnetic resonance spectra this
      product is assigned the structure
      6,7,8,9,10,11-hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-benzocyc
     lononen-12.alpha.-amine, hydrochloride.
PAC  EXAMPLE XXVIII
PAC  6,7,8,9,10,11-Hexahydro-2-Methoxy-5.alpha.-Methyl-5,10-Methano-5H-Benzocycl
     ononen-12.beta.-Amine
PAR  Using a procedure analogous to that described in Example XXVIIA for
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine, there is obtained from 5.0 g. of
      6,7,8,9,10,11-hexahydro-2-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime 2.8 g. of the title product as its hydrochloride, m.p.
      284.degree.-287.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.24 NOCl                                      

     Calculated:   C, 68.21; H, 8.58; N, 4.96                                  

     Found:        C, 68.09; H, 8.85; N, 4.96.                                 

     ______________________________________                                    

PAC  EXAMPLE XXIX
PAC  6,7,8,9,10,11-Hexahydro-1-Methoxy-5.alpha.-Methyl-5,10-Methano-5H-Benzocycl
     ononen-12.beta.-Amine
PAR  Using a procedure analogous to that described in Example XXVIIA for
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine there is obtained from 10.5 g. of
      6,7,8,9,10,11-hexahydro-1-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime 7.4 g. of the title product as the hydrochloride, m.p.
      308.degree.-309.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.24 NOCl                                      

     Calculated:   C, 68.21; H, 8.58; N, 4.96                                  

     Found:        C, 68.12; H, 8.60; N, 4.84.                                 

     ______________________________________                                    

PAC  EXAMPLE XXX
PAC  5.alpha.-Methyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methano-Benzocyclodecen-1
     3.beta.-Amine
PAR  5-Methyl-5,6,7,8,9,10,11,12-octahydro-5,11-methano-5H-benzocyclodecen-13-on
     e, oxime (2.5 g.), Raney nickel (2 g.), ammonium hydroxide (4 ml.) and
      ethanol (50 ml.) are shaken with hydrogen at 45 psi. After hydrogen uptake
      ceases (approximately 7 pounds versus 14 pounds theory) the solution is
      removed from the apparatus, filtered, and concentrated. The residue (pink
      oil) is combined with fresh Raney nickel, ammonium hydroxide, and ethanol
      and hydrogenated at 50 psi and 50.degree.-60.degree.C. When completed the
      solution is worked up as above. The residue, a colorless oil, is converted
      to the hydrochloride salt, filtered, washed, and dried. The salt is
      recrystallized from water to give the title compound, as the
      hydrochloride, 1.15 g., m.p. &gt;335.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.24 ClN                                       

     Calculated:   C, 72.29; H, 9.10; N, 5.27                                  

     Found:        C, 72.12; H, 9.45; N, 5.28.                                 

     ______________________________________                                    

PAC  EXAMPLE XXXI
PAC  6,7,8,9,10,11-Hexahydro-5.alpha.-Methyl-5,10-Methano-5H-Benzocyclononen-12.
     beta.-Amine
PAR  6,7,8,9,10,11-Hexahydro-5-methyl-5,10-methano-5H-benzocyclononen-12-one,
      oxime (2.5 g.), Raney nickel catalyst (6 g.) in 25 ml. of concentrated
      ammonium hydroxide and 50 ml. of ethanol are shaken with hydrogen at 50
      psi and 45.degree.C. After hydrogen uptake stops the catalyst is filtered
      off, the filtrate concentrated, and the residue converted to the
      hydrochloride salt (2.8 g.); recrystallization from water gives the title
      product as its hydrochloride, m.p. &gt;315.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.15 N.sub.22 ClN                                       

     Calculated:   C, 71.62; H, 8.81; N, 5.53                                  

     Found:        C, 71.62; H, 8.81; N, 5.86.                                 

     ______________________________________                                    

PAC  EXAMPLE XXXII
PAC  5-Ethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-5,10-Methano-5H-Benzocyclononen-1
     2-Imine
PAR  Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine there is obtained from 3.5 g. of
      5-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-one, oxime 1.6 g. of the title product, b.p. 150.degree.-160.degree. C.
      (0.5 mm.). I.R. Analysis: 6.1 .mu.. Addition of ethereal hydrogen chloride
      to the title product in ether gives the hydrochloride salt, m.p.
      252.degree.-255.degree. C. (dec).
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.24 NOCl                                      

     Calculated:   C, 69.48; H, 8.23; N, 4.77                                  

     Found:        C, 69.25; H, 8.28; H, 4.72.                                 

     ______________________________________                                    

PAC  EXAMPLE XXXIII
PAC  5-Ethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-5,10-Methano-5H-Benzocyclononen-1
     2-Amine
PAR  A. Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine there is obtained from
      5-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-imine (4.0 g.) approximately 3.5 g. of title product which is converted
      to its solid hydrochloride salt, m.p. 226.degree.-231.degree. C.
PAR  On the basis of infrared and nuclear magnetic resonance spectra this
      product is assigned the structure 5.alpha.-ethyl-6,7,8,9,10,11
      -hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-12.beta.-amine,
      hydrochloride.
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.26 NOCl                                      

     Calculated:   C, 69.01; H, 8.86; N, 4.73                                  

     Found:        C, 68.76; H, 8.94; N, 4.72.                                 

     ______________________________________                                    

PAR  B. Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine, from
      5-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-one, oxime there is obtained distilled title product which is shown by
      gas chromatography-mass spectra data to be approximately a 8 to 1 mixture
      of epimeric amines. Dissolving 70 g. of this mixture in 1100 ml. of dilute
      aqueous hydrochloric acid, filtering the solution through diatomaceous
      earth and allowing it to stand 1 day at room temperature and for 2 days at
      10.degree. gives 64 g. of the hydrogen chloride, hydrate salt of
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocycl
     ononen-12.beta.-amine with m.p. 253.degree.-256.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.25 NO . NCl . H.sub.2 O                      

     Calculated:   C, 65.05; H, 8.99; N, 4.46                                  

     Found:        C, 65.26; H, 9.01; N, 4.50.                                 

     ______________________________________                                    

PAR  C. The filtrate recovered from B above is made basic with aqueous sodium
      hydroxide, extracted with ether and the ether extracts dried and
      concentrated to an oil. This oil is chromatographed on 300 g. of silica
      gel. Elution with a solution of 3 parts benzene, 1 part chloroform gives
      3.0 g. of pure 5.alpha.-ethyl-
      6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-12.alpha
     .-amine. Conversion of the amine to its hydrogen chloride salt in ether
      gives a crystalline salt with m.p. 182.degree.-185.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.26 NOCl                                      

     Calculated:   C, 69.01; H, 8.86; N, 4.73                                  

     Found:        C, 68.73; H, 8.91; N, 4.75                                  

     ______________________________________                                    

PAC  EXAMPLE XXXIV
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-5-Methyl-5,9-Methano-Benzocycloocten-11-Am
     ine
PAR  A. Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine there is obtained from
      5,6,7,8,9,10-hexahydro-3-methoxy-5-methyl-5,9-methano-benzocycloocten-11-o
     ne, oxime (4.2 g.), 2.7 g. of the title compound, b.p.
      125.degree.-129.degree. C. (0.1 mm.).
PAR  A sample is converted to the hydrochloride salt which crystallizes from
      ethanol:ether, m.p. 262.degree.-264.degree.C.
TBL  ______________________________________                                    

     Analysis for: C.sub.15 H.sub.22 ClNO                                      

     Calculated:   C, 67.27; H, 8.28; N, 5.23                                  

     Found:        C, 67.16; H, 8.48; H, 5.14.                                 

     ______________________________________                                    

PAR  B. Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine, from
      5,6,7,8,9,10-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclooctene
     -11-one, oxime, there is obtained distilled title product which is shown by
      gas chromatography, mass spectral data to be a 3 to 2 mixture of amino
      epimers. By repeated recrystallization of hydrogen chloride salt of 27 g.
      of the epimeric amine mixture from ethanol-ether, there is obtained 16.3
      g. of product, m.p. 270.degree.-272.degree., which is assigned the
      structure
      5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methano-benzocyclooct
     en-11.alpha.-amine, hydrochloride.
TBL  ______________________________________                                    

     Analysis for: C.sub.15 H.sub.22 NOCl                                      

     Calculated:   C, 67.27; H, 8.28; N, 5.23                                  

     Found:        C, 67.17; H, 8.48; N, 5.14.                                 

     ______________________________________                                    

PAR  C. Concentration of the combined mother liquors from B gives a residue
      which is crystallized from acetonitrile and then repetitively
      recrystallized from ethanol ether to give a product, m.p.
      300.degree.-302.degree., which is assigned the structure
      5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methano-benzocyclooct
     en-11.beta.-amine, hydrochloride.
TBL  ______________________________________                                    

     Analysis for: C.sub.15 H.sub.22 NOCl                                      

     Calculated:   C, 67.27; H, 8.28; N, 5.23                                  

     Found:        C, 67.14; H, 8.24; N, 5.24.                                 

     ______________________________________                                    

PAC  EXAMPLE XXXV
PAC  3-Methoxy-5.alpha.-Methyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methano-Benzocy
     clodecen-13.beta.-Amine
PAR  Using a procedure analogous to that described in Example XXX for the
      preparation of
      5-methyl-5,6,7,8,9,10,11,12-octahydro-5,11-methano-benzocyclodecen-13-amin
     e there is obtained from
      3-methoxy-5-methyl-5,6,7,8,9,10,11,12-octahydro-5,11-methanobenzocyclodece
     n-13-one, oxime (18.5 g.) Raney nickel (3 tablespoons), 100 ml. of ethanol
      and 50 ml. of concentrated ammonium hydroxide; after distillation 11.1 g.
      [b.p. 140-145.degree.C. (1.2 mm.)] of the title product which is converted
      to the hydrochloride salt which recrystallizes from water, m.p.
      311.degree.-312.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.26 ClNO                                      

     Calculated:   C, 69.13; H, 8.86; N, 4.73                                  

     Found:        C, 69.17; H, 9.16; N, 4.70.                                 

     ______________________________________                                    

PAC  EXAMPLE XXXVI
PAR  To prepare:
      6,7,8,9,10,11-hexahydro-5-benzyl-5,10-methano-5H-benzocyclononen-12-amine
      (hydrochloride salts, m.p. 154.degree.-158.degree. C. reduce
      6,7,8,9,10,11-hexahydro-5-benzyl-5,10-methano-5H-benzocyclononen-12-one,
      oxime as taught in Example XXVII.
PAR  To prepare:
      5-benzyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen
     -12-amine (hydrochloride salt, m.p. 152.degree.-156.degree. C.) reduce
      5-benzyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10
      -methano-5H-benzocyclononen-12-one, oxime as taught in Example XXVII.
PAC  EXAMPLE XXXVII
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-N,5.alpha.-Dimethyl-5,10-Methano-5H-Benzo
     cyclononen-12.beta.-Amine
PAR  6,7,8,9,10,11-Hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-benzocycl
     ononen-12.alpha.-amine, hydrochloride (2.5 g.), saturated aqueous sodium
      bicarbonate (50 ml.), methylene chloride (50 ml.) and ethylchloroformate
      (3 ml.) are stirred, at room temperature, for 4 hours. The organic layer
      is separated, washed successively with aqueous sodium carbonate, hydrogen
      chloride and sodium chloride, dried and concentrated to give 2.6 g. of
      oil. This oil is added to a mixture of 1 g. of lithium aluminum hydride in
      tetrahydrofuran and the resulting mixture is refluxed overnight. Two ml.
      of water is added and the mixture is filtered. Concentration of the
      filtrate gives 2.1 g. of oil which is converted to 1.8 g. of hydrogen
      chloride salt with m.p. 249.degree.-250.degree. after recrystallization
      from ethanol-ether.
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.26 NOCl                                      

     Calculated:   C, 69.01; H, 8.86; N, 4.73                                  

     Found:        C, 68.53; H, 9.08; N, 5.13.                                 

     ______________________________________                                    

PAC  EXAMPLE XXXVIII
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-N,N,5.alpha.-Trimethyl-5,10-Methano-5H-Be
     nzocyclononen-12.alpha.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-di-methyl-5,10-methano-5H-ben
     zocyclononen-12.alpha.-amine, from 1.2 g. of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine there is obtained 0.90 g. of the hydrogen
      chloride salt of the title product with m.p. 200.degree.-202.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.18 H.sub.28 NOCl                                      

     Calculated:   C, 69.76; H, 9.11; N, 4.52                                  

     Found:        C, 69.28; H, 9.12; N, 4.69.                                 

     ______________________________________                                    

PAC  EXAMPLE XXXIX
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-N,N,5.alpha.-Trimethyl-5,10-Methano-5H-Be
     nzocyclononen-12.beta.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine, from 1.2 g. of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine there is obtained 1.0 g. of the hydrogen
      chloride salt of the title product with m.p. 207.degree.-209.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.18 H.sub.28 NOCl . 1/4 H O                            

     Calculated:   C, 68.79; H, 9.14; N, 4.46                                  

     Found:        C, 68.83; H, 9.36; N, 4.69.                                 

     ______________________________________                                    

PAC  EXAMPLE XL
PAC  5.alpha.-Ethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-N-Methyl-5,10-Methano-5H-B
     enzocyclononen-12.beta.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine, from 8.0 g. of
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocycl
     ononen-12.beta. -amine there is obtained 5.5 g. of the hydrogen chloride
      salt of the title product with m.p. 282-284.degree. dec. on
      recrystallization from ethanol-ether.
TBL  ______________________________________                                    

     Analysis for: C.sub.18 H.sub.28 NOCl                                      

     Calculated:   C, 69.76; H, 9.11; N, 4.52                                  

     Found:        C, 69.29; H, 9.22; N, 4.61.                                 

     ______________________________________                                    

PAC  EXAMPLE XLI
PAC  5.alpha.-Ethyl-6,7,8,9,10,11-Hexahydro-N,N-Dimethyl-3-Methoxy-5,10-Methano-
     5H-Benzocyclononen-12.beta.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine, from 4.0 g. of
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-N-methyl-5,10-methano-5H-
     benzocyclononen-12.beta.-amine there is obtained 2.65 g. of the hydrogen
      chloride salt of the title product with m.p. 162.degree.-165.degree. on
      recrystallization from ethanol-ether.
TBL  ______________________________________                                    

     Analysis for: C.sub.19 H.sub.30 NOCl                                      

     Calculated:   C, 70.56; H, 9.34; N, 4.33                                  

     Found:        C, 70.14; H, 9.30; N, 4.30.                                 

     ______________________________________                                    

PAC  EXAMPLE XLII
PAC  3-Methoxy-N,5.alpha.-Dimethyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methanobenz
     ocyclodecen-13.beta.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine, from 8.0 g. of
      3-methoxy-5.alpha.-methyl-5,6,7,8,9,10,11,12-octahydro-5,11-methanobenzocy
     clodecen-13.beta.-amine there is obtained 5.5 g. of the hydrogen chloride
      salt of the title product with m.p. 303.degree.-305.degree. dec. on
      recrystallization from ethanol-ether.
TBL  ______________________________________                                    

     Analysis for: C.sub.18 H.sub.28 NOCl                                      

     Calculated:   C, 69.76; H, 9.11; N, 4.52                                  

     Found:        C, 69.27; H, 8.99; N, 4.66.                                 

     ______________________________________                                    

PAL  Nmr analysis: N-CH.sub.3 signal at .alpha. = 2.48 ppm (free base).
PAC  EXAMPLE XLIII
PAC  3-Methoxy-N,N,5.alpha.-Trimethyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methanob
     enzocyclodecen-13.beta.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine, from 4.0 g. of
      3-methoxy-N,5.alpha.-dimethyl-5,6,7,8,9,10,11,12-octahydro-methanobenzocyc
     lodecen-13.beta.-amine there is obtained 2.0 g. of the hydrogen chloride
      salt of the title product with m.p. 195-198.degree. on recrystallization
      from ethanol ether.
TBL  ______________________________________                                    

     Analysis for: C.sub.19 H.sub.30 NOCl . H.sub.2 O                          

     Calculated:   C, 66.74; H, 9.43; N, 4.10                                  

     Found:        C, 66.61; H, 9.39; N, 3.96.                                 

     ______________________________________                                    

PAC  EXAMPLE XLIV
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-N,5.alpha.
      -Dimethyl-5,9-Methanobenzocycloocten-11.beta.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononene-12.alpha.-amine, from 1.5 g. of
      5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methano-benzocyclooct
     ene-11.beta.-amine there is obtained 1.2 g. of the hydrogen chloride salt
      of the title product with m.p. 266.degree.-267.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.24 NOCl                                      

     Calculated:   C, 68.19; H, 8.58; N, 4.97                                  

     Found:        C, 67.88; H, 8.88; N, 4.80.                                 

     ______________________________________                                    

PAC  EXAMPLE XLV
PAC  5.alpha.-Ethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-N-Methyl-5,10-Methano-5H-B
     enzocyclononen-12.alpha.-Amine
PAR  In a manner analogous to that described in Example XXXIX for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.beta.-amine, from 1.2 g. of
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocycl
     ononen- 12.alpha.-amine there is obtained 0.90 g. of the hydrogen chloride
      salt of the title product with m.p. 284-285.degree. dec. on
      recrystallization from ethanol-ether.
TBL  ______________________________________                                    

     Analysis for: C.sub.18 H.sub.28 NOCl . 1/4 H.sub.2 O                      

     Calculated:   C, 68.77; H, 9.14; N, 4.46                                  

     Found:        C, 68.69; H, 9.19; N, 4.42.                                 

     ______________________________________                                    

PAC  EXAMPLE XLVI
PAC  N-Allyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-5.alpha.-Methyl-5,10-Methano-5H-B
     enzocyclononen-12.beta.-Amine
PAR  6,7,8,9,10,11-Hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-benzocycl
     ononen-12.beta.-amine (1.7 g.), allylbromide (0.85 g.), diisopropyl ethyl
      amine (1.3 g.) and benzene (10 ml.) are heated at reflux for 3 hours. The
      mixture is cooled, diluted with ether and filtered. The solvents are
      removed under reduced pressure and the residue distilled to give the title
      product (1.3 g.), b.p. 144.degree.-146.degree. C. (0.2 mm.). The distilled
      product is taken up in ether and treated with a slight excess of hydrogen
      chloride in ether to give the hydrochloride addition salt of the title
      product (1.3 g.), m.p. 200-202.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.19 H.sub.28 ClNO                                      

     Calculated:   C, 70.95; H, 8.74; N, 4.35                                  

     Found:        C, 70.50; H, 8.77; N, 4.46.                                 

     ______________________________________                                    

PAC  EXAMPLE XLVII
PAC  N-Allyl-5,6,7,8,9,10-Hexahydro-3-Methoxy-5.alpha.-Methyl-5,9-Methanobenzocy
     clooctene-11.alpha.-Amine
PAR  Using a procedure analogous to that described in Example XXXVI for the
      preparation of
      N-allyl-6,7,8,9,10,11-hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-
     benzocyclononen-12.beta.-amine there is obtained from
      5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methano-benzocyclooct
     en-11-amine (1.4 g.), 1.3 g. of the title product, b.p.
      148.degree.-153.degree. C. (0.3 mm.). A sample is converted to the
      hydrochloride.
TBL  ______________________________________                                    

     Analysis for: C.sub.18 H.sub.26 ClNO                                      

     Calculated:   C, 70.22; H, 8.51; N, 4.55                                  

     Found:        C, 69.74; H, 8.73; N, 4.47.                                 

     ______________________________________                                    

PAC  EXAMPLE XLVIII
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-5.alpha.-Methyl-N-Phenethyl-5,10-Methano-
     5H-Benzocyclononen-12.beta.-Amine
PAR  A mixture of
      6,7,8,9,10,11-hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-benzocyc
     lononen-12.beta.-amine (2.4 g.), phenethyl bromide (3 g.), and diisopropyl
      ethylamine (1.3 g.) in xylene (20 ml.) is heated at reflux for 18 hours.
      After cooling ether is added (100 ml.) and the solid material is filtered
      off and washed with ether. The combined filtrate is extracted with dilute
      hydrochloric acid. The solid residue is dissolved in warm water, and added
      to the acid extract. The solution is basified with 10 percent sodium
      hydroxide and the oily layer which separates is taken into ether. After
      removal of the solvent the residue is distilled and the fraction boiling
      at 190.degree.-198.degree. (0.2 mm.) is collected. This is converted to
      the hydrochloride salt in ether which is recrystallized from i-propanol to
      give the title product as its hydrochloride salt, m.p.
      243.degree.-245.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.24 H.sub.32 ClNO                                      

     Calculated:   C, 74.80; H, 8.36; N, 3.63                                  

     Found:        C, 74.55; H, 8.74; N, 3.55.                                 

     ______________________________________                                    

PAC  EXAMPLE XLIX
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-5.alpha.-Methyl-N-(3-Methyl-2-Butenyl)-5,
     10-Methano-5H-Benzocyclononen-12.beta.-Amine
PAR  6,7,8,9,10,11-Hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen-
     12-amine (4.5 g.), 3,3-dimethylallylbromide (4.5 g.), diisopropyl
      ethylamine (5.75 g.) and xylene (60 ml.) are heated at reflux for 4 hours.
      The mixture is cooled, diluted with ether and filtered. The solvent is
      removed under vacuum and the residue is distilled to give the title
      product (1.2 g.), b.p. 166.degree.-170.degree. C. (0.2 mm.). A sample is
      converted to the hydrochloride and recrystallized from ethanol, m.p.
      295.degree.-298.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.26 ClNO                                      

     Calculated:   C, 69.01; H, 8.86; N, 4.73                                  

     Found:        C, 68.90; H, 8.92; N, 4.83.                                 

     ______________________________________                                    

PAC  EXAMPLE L
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-5.alpha.-Methyl-N-(3-Methyl-2-Butenyl)-5,9
     -Methano-Benzocycloocten-11.alpha.-Amine
PAR  5,6,7,8,9,10-Hexahydro-3-methoxy-5.alpha.-methyl-5,9-methanobenzocycloocten
     -11.alpha.-amine (1.4 g.), diisopropylethylamine (1.3 g.), and
      1-chloro-3-methyl-2-butene (0.7 g.) are refluxed 7 hours in xylene. The
      reaction is cooled to room temperature, filtered and the filtrate
      extracted with 2N hydrochloric acid. The aqueous extract is basified and
      extracted with ether. The ether extract is then washed with water, dried
      over sodium sulfate, concentrated in vacuo, and the residue distilled
      under reduced pressure to give the title product (1.5 g.), b.p.
      150.degree.-155.degree. C. (0.5 mm.). Treatment of the product in ether
      with hydrogen chloride gives the hydrochloride, m.p.
      166.degree.-169.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.20 H.sub.30 ClNO                                      

     Calculated:   C, 71.51; H, 9.00; H, 4.17                                  

     Found:        C, 71.58; H, 9.09; H, 4.20.                                 

     ______________________________________                                    

PAC  EXAMPLE LI
PAC  12.beta.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Methyl-5,10-Methano-5H-Benz
     ocyclononen-3-Ol
PAR  A solution of
      6,7,8,9,10,11-hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-benzocyc
     lononen-12.beta.-amine (1.19 g.) in 48 percent hydrobromic acid (15 ml.) is
      refluxed 30 minutes under nitrogen. The mixture is cooled, diluted with
      water (50 ml.), filtered and evaporated to dryness under reduced pressure.
      The residue is dissolved in ethanol (50 ml.) and again taken to dryness.
      Redissolving in ethanol (25 ml.), addition of ether (50 ml.), and standing
      in the cold gives crystals which are recrystallized from i-propanol to
      give the hydrobromide salt of the title product as the i-propanolate (0.72
      g.), m.p. 246.degree.-248.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.18 H.sub.30 BrNO.sub.2                                

     Calculated:   C, 58.10; H, 8.07; N, 3.76                                  

     Found:        C, 57.52; H, 8.71; N, 3.69.                                 

     ______________________________________                                    

PAC  EXAMPLE LII
PAC  12.beta.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Methyl-5,10-Methano-5H-Benz
     ocyclononen-2-Ol
PAR  Using a procedure analogous to that described in Example LI for the
      preparation of
      12.beta.-amino-6,7,8,9,10,11-hexahydro-5.alpha.-methyl-5,10-methano-5H-ben
     zocyclononen-3-ol there is obtained from approximately 1.2 g. of
      6,7,8,9,10,11-hexahydro-2-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine, 1.2 g. of the hydrogen bromide salt of the title product, m.p.
      299.degree.-303.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.15 H.sub.22 BrNO                                      

     Calculated:   C, 57.69; H, 7.10; N, 4.49                                  

     Found:        C, 57.53; H, 7.13; N, 4.44                                  

     ______________________________________                                    

PAC  EXAMPLE LIII
PAC  13.beta.-Amino-5.alpha.-Methyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methano-Be
     nzocyclodecen-3-Ol
PAR  3-Methoxy-5.alpha.-methyl-5,6,7,8,9,10,11,12-octahydro-5,11-methano-benzocy
     clodecen-13.beta.-amine (3 g.) is refluxed in 60 ml. 48 percent aqueous
      hydrobromic acid for 1 hour. The mixture is poured into ice (100 g.) and
      stirred. The precipitate is then filtered off, washed with cold water,
      then with ether and dried. Recrystallization from water (after treating
      with activated charcoal) gives the title product, 1.85 g., m.p.
      269.degree.-270.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.24 BrNO . 1/2H.sub.2 O                       

     Calculated:   C, 57.18; H, 7.52; N, 3.97                                  

     Found:        C, 57.22; H, 7.61; N, 4.14                                  

     ______________________________________                                    

PAC  EXAMPLE LIV
PAC  12.beta.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Methyl-5,10-Methano-5H-Benz
     ocyclononen-1-Ol
PAR  Using a procedure analogous to that described in Example LI for the
      preparation of
      12.beta.-amino-6,7,8,9,10,11-hexahydro-5.alpha.-methyl-5,10-methano-5H-ben
     zocyclononen-3-ol, there is obtained from approximately 1.6 g. of
      6,7,8,9,10,11-hexahydro-1-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine, 1.75 g. of the hydrogen bromide salt of the title product, m.p.
      245.degree.-250.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.15 H.sub.22 BrNO                                      

     Calculated:   C, 57.69; H, 7.10; N, 4.49                                  

     Found:        C, 57.40; H, 7.02; N, 4.47.                                 

     ______________________________________                                    

PAC  EXAMPLE LV
PAC  12.beta.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Ethyl-5,10-Methano-5H-Benzo
     cyclononen-3-Ol
PAR  A mixture of
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-5,10-methano-3-methoxy-5H-benzocycl
     ononen-12.beta.-amine (2.0 g.) and 75 ml. of 48 percent hydrobromic acid is
      refluxed for 1/2 hour, then concentrated to a viscous oil. The oil is
      dissolved in water and treated with concentrated aqueous ammonia.
      Filtration gives 1.7 g. of a crude product, m.p. 170.degree.-191.degree.
      C. Recrystallization from ethyl acetate gives the title product, m.p.
      202.degree.-204.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.23 NO                                        

     Calculated:   C, 78.32; H, 9.45; N, 5.71                                  

     Found:        C, 77.93; H, 9.68; N, 5.88.                                 

     ______________________________________                                    

PAC  EXAMPLE LVI
PAC  11.alpha.-(Dimethylamino)-5,6,7,8,9,10-Hexahydro-5.alpha.-Methyl-5,9-Methan
     o-Benzocycloocten-3-Ol
PAR  5,6,7,8,9,10-Hexahydro-3-methoxy-N,N,5.alpha.-trimethyl-5,9-methano-benzocy
     cloocten-11.alpha.-amine (1.2 g.) is refluxed for 1 hour under a dry
      nitrogen atmosphere in 13 ml. of aqueous 48 percent hydrobromic acid.
      Concentration of the solution affords a residue which on recrystallization
      from ethanol-ether gives the title product as its hydrobromic acid salt,
      m.p. 268.degree.-271.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.24 NOBr                                      

     Calculated:   C, 58.89; N, 7.41; N, 4.29                                  

     Found:        C, 58.80; N, 7.52; N, 4.22.                                 

     ______________________________________                                    

PAC  EXAMPLE LVII
PAC  11.alpha.-Amino-5,6,7,8,9,10-Hexahydro-5.alpha.-Methyl-5,9-Methanobenzocycl
     oocten-3-Ol
PAR  In a manner analogous to that described in Example LI for the preparation
      of 12.beta.-amino-6,7,8,9,10,11-hexahydro-5.alpha.-methyl-5,10-methano-5H-
     benzocyclononen-3-ol, from 2.0 g. of
      5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methanobenzocycloocte
     ne-11.alpha.-amine there is obtained 2.3 g. of the hydrogen bromide,
      ethanolate salt of the title product with m.p. 277.degree.-280.degree. on
      recrystallization from ethanol-ether.
TBL  ______________________________________                                    

     Analysis for: C.sub.14 H.sub.20 NOBr . 1/2 C.sub.2 H.sub.5 OH             

     Calculated:   C, 56.07; H, 7.22; H, 4.36                                  

     Found:        C, 55.86; H, 7.37; N, 4.10.                                 

     ______________________________________                                    

PAC  EXAMPLE LVIII
PAC  11.beta.-Amino-5,6,7,8,9,10-Hexahydro-5.alpha.-Methyl-5,9-Methanobenzocyclo
     octen-3-Ol
PAR  In a manner analogous to that described in Example LI for the preparation
      of 12.beta.-amino-6,7,8,9,10,11-hexahydro-5.alpha.-methyl-5,10-methano-5H-
     benzocyclononen-3-ol, from 1.25 g. of
      5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methanobenzocycloocte
     ne-11.beta.-amine there is obtained 1.05 g. of the hydrogen bromide salt of
      the title product with m.p. 305.degree.-310.degree. dec. on
      recrystallization from ethanolether.
TBL  ______________________________________                                    

     Analysis for: C.sub.14 H.sub.20 NOBr                                      

     Calculated:   C, 56.38; H, 6.76; N, 4.70                                  

     Found:        C, 56.01; H, 6.79; N, 4.63.                                 

     ______________________________________                                    

PAC  EXAMPLE LIX
PAC  12.alpha.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Methyl-5,10-Methano-5H-Ben
     zocyclononen-3-Ol
PAR  In a manner analogous to that described in Example LI for the preparation
      of 12.beta.-amino-6,7,8,9,10,11-hexahydro-5.alpha.-methyl-5,10-methano-5H-
     benzocyclononen-3-ol, from 1.2 g. of
      6,7,8,9,10,11-hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-benzocyc
     lononen-12.alpha.-amine there is obtained 1.1 g. of the hydrogen bromide
      salt of the title compound with m.p. 130.degree.-134.degree. on
      recrystallization from acetonitrile.
TBL  ______________________________________                                    

     Analysis for: C.sub.15 H.sub.21 NO . HBr . 1/4 CH.sub.3 CN                

     Calculated:   C, 57.72; H, 7.11; N, 5.43                                  

     Found:        C, 57.47; H, 7.00; N, 5.57.                                 

     ______________________________________                                    

PAC  EXAMPLE LX
PAC  12.alpha.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Ethyl-5,10-Methano-5H-Benz
     ocyclononen-3-Ol
PAR  In a manner analogous to that described in Example LI for the preparation
      of 12.beta.-amino-6,7,8,9,10,11-hexahydro-5.alpha.-methyl-5,10-methano-5H-
     benzocyclononen-3-ol, from 1.0 g. of
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocycl
     ononen-12.alpha.-amine, there is obtained 0.72 g. of the hydrogen bromide
      salt of the title product m.p. 266.degree.-270.degree. on
      recrystallization from ethanol-ether.
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.24 NOBr                                      

     Calculated:   C, 58.89; H, 7.41; N, 4.29                                  

     Found:        C, 58.50; H, 7.47; N, 4.10                                  

     ______________________________________                                    

PAC  EXAMPLE LXI
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-N,5.alpha.-Dimethyl-5,10-Methano-5H-Benzo
     cyclononen-12.beta.-Amine
PAR  6,7,8,9,10,11-Hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen-
     12-one (3g.), calcium oxide (2 g.), and liquid methyl amine (10 ml.) are
      heated in a sealed vessel at 180.degree.-190.degree. C. for 18 hours.
      After cooling the mixture is diluted with ether and filtered to separate
      the hydrated calcium oxide. The filtrate is concentrated to an oil which
      is taken up in ethanol and shaken with hydrogen at 45 psi in the presence
      of platinum dioxide catalyst. The catalyst is removed by filtration,
      rinsed thoroughly with ethanol and combined filtrate is concentrated in
      vacuo. The residue was distilled under reduced pressure to give the title
      product (1.8 g.), b.p. 138.degree.-144.degree. C. (0.2 mm.). For
      analytical purposes a sample is converted to the hydrochloride which
      crystallizes from ethanol, m.p. 295.degree.-298.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.22 ClNO                                      

     Calculated:   C, 69.01; H, 8.86; N, 4.73                                  

     Found:        C, 68.90; H, 8.92; H, 4.83.                                 

     ______________________________________                                    

PAC  EXAMPLE LXII
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-5.alpha.-Methyl-N-Phenethyl-5,9-Methano-Be
     nzocycloocten-11.alpha.-Amine
PAR  Using a procedure analogous to that described in Example LXI for the
      preparation of
      N,5.alpha.-dimethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benz
     ocyclononen-12.beta.-amine there is obtained from
      5,6,7,8,9,10-hexahydro-3-methoxy-5-methyl-5,9-methanobenzocycloocten-11-on
     e (2.3 g.) 1.80 g. of the title product, b.p. 170.degree.-200.degree. C.
      (0.5 mm.). A sample is converted to the hydrochloride salt.
TBL  ______________________________________                                    

     Analysis for: C.sub.23 H.sub.30 ClNO                                      

     Calculated:   C, 74.27; H, 8.12; N, 3.77                                  

     Found:        C, 74.23; H, 8.29; N, 3.59.                                 

     ______________________________________                                    

PAC  EXAMPLE LXIII
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-N,5.alpha.-Dimethyl-5,9-Methano-Benzocyclo
     octen-11.alpha.-Amine
PAR  Using a procedure analogous to that described in Example LXI for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.beta.-amine there is obtained from
      5,6,7,8,9,10-hexahydro-3-methoxy-5-methyl-5,9-methano-benzocycloocten-11-o
     ne (9.5 g.), 5.4 g. of the title product as the hydrochloride salt, m.p.
      232.degree.-236.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.24 ClNO                                      

     Calculated:   C, 68.19; H, 8.58; N, 4.97                                  

     Found:        C, 67.83; H, 8.45; N, 4.91.                                 

     ______________________________________                                    

PAC  EXAMPLE LXIV
PAC  N-Allyl-N,5.alpha.-Dimethyl-5,6,7,8,9,10-Hexahydro-3-Methoxy-5,9-Methano-Be
     nzocycloocten-11.alpha.-Amine
PAR  N-Allyl-5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methano-benzoc
     ycloocten-11.alpha.-amine (3 g.), ethyl-chloroformate (3 ml.), saturated
      aqueous sodium bicarbonate (50 ml.) and methylene chloride (25 ml.) are
      stirred vigorously overnight at room temperature. The layers are then
      separated, the methylene chloride washed with 2N hydrochloric acid, dried
      over potassium carbonate and concentrated in vacuo. The residue obtained
      (3.3 g.) is dissolved in tetrahydrofuran (100 ml.), stirred and refluxed
      under nitrogen with lithium aluminum hydride (1 g.) for 20 hours. The
      mixture is cooled, water (1.5 ml.) added to destroy excess hydride, and
      aluminum salts removed by filtration. The filtrate is dried and
      concentrated in vacuo and the residue distilled to give the title product
      (1.4 g.), b.p. 130.degree.-135.degree. C. (0.5 mm.). A portion is
      dissolved in ether, treated with hydrogen chloride, the crystals recovered
      by filtration and recrystallized from ethyl acetate to give a
      hydrochloride salt, m.p. 164.degree.-166.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.19 H.sub.28 ClNO                                      

     Calculated:   C, 70.89; H, 8.77; N, 4.35                                  

     Found:        C, 71.06; H, 9.07; N, 4.53.                                 

     ______________________________________                                    

PAC  EXAMPLE LXV
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-N,N,5-Trimethyl-5,9-Methano-Benzocycloocte
     n-11-Amine
PAR  Using a procedure analogous to that described in Example LXIV for the
      preparation of
      N-allyl-N,5-dimethyl-5,6,7,8,9,10-hexahydro-3-methoxy-5,9-methano-benzocyc
     loocten-11-amine there is obtained from
      N,5-dimethyl-5,6,7,8,9,10-hexahydro-3-methoxy-5,9-methano-benzocycloocten-
     11-amine (11.1 g.), 8.1 g. of the title product, b.p.
      125.degree.-230.degree. C. (0.3 mm.). The product in solution in ether is
      converted by treatment with hydrogen chloride to a crystalline
      hydrochloride salt. Recrystallization from ethanol-ether gives a product,
      A, m.p. 180.degree.-190.degree. which is recrystallized from ethanol-ether
      to give a product having needle-shaped crystals, m.p.
      225.degree.-226.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.26 ClNO                                      

     Calculated:   C, 69.01; H, 8.86; N, 4.74                                  

     Found:        C, 68.89; H, 8.92; N, 4.70.                                 

     ______________________________________                                    

PAR  On the basis of infrared and nuclear magnetic resonance spectra this
      product is assigned the structure
      5,6,7,8,9,10-hexahydro-3-methoxy-N,N,5.alpha.-trimethyl-5,9-methano-benzoc
     yclooctane-11.beta.-amine, hydrochloride.
PAR  From the mother liquors remaining after crystallization of product A, after
      concentration, is obtained a second product, m.p. 218.degree.-223.degree.
      C., recrystallization from ethanol-ether gives a product having hexagonal
      crystals, m.p. 221.degree.-223.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.26 ClNO                                      

     Calculated:   C, 69.01; H, 8.86; N, 4.74                                  

     Found:        C, 68.89; H, 8.64; N, 4.74.                                 

     ______________________________________                                    

PAR  On the basis of infrared and nuclear magnetic resonance spectra this
      product is assigned the structure
      5,6,7,8,9,10-hexahydro-3-methoxy-N,N,5.alpha.-trimethyl-5,9-methano-benzoc
     yclooctane-11.alpha.-amine, hydrochloride.
PAC  EXAMPLE LXVI
PAC  N,5.alpha.-Dimethyl-N-Phenethyl-5,6,7,8,9,10-Hexahydro-3-Methoxy-5,9-Methan
     o-Benzocycloocten-11.alpha.-Amine
PAR  Using a procedure analogous to that described in Example LXIV for the
      preparation of
      N-allyl-N,5-dimethyl-5,6,7,8,9,10-hexahydro-3-methoxy-5,9-methano-benzocyc
     loocten-11-amine there is obtained from
      5,6,7,8,9,10-hexahydro-3-methoxy-5-methyl-N-phenethyl-5,9-methano-benzocyc
     loocten-11-amine (3.8 g.) 3.1 g. of the title product, b.p.
      185.degree.-190.degree. C. (0.3 mm.). Treatment of a portion of the
      product in acetone with one equivalent of fumaric acid gives the fumarate
      salt which is recrystallized from acetone as a hydrate, m.p.
      149.degree.-151.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.28 H.sub.35 NO.sub.5 . 1/4H.sub.2 O                   

     Calculated:   C, 71.53; H, 7.61; N, 2.98                                  

     Found:        C, 71.58; H, 7.73; N, 2.98.                                 

     ______________________________________                                    

PAC  EXAMPLE LXVII
PAC  N,5.alpha.-Dimethyl-5,6,7,8,9,10-Hexahydro-3-Methoxy-N-(
     3-Methyl-2-Butenyl)-5,9-Methano-Benzocycloocten-11.alpha.-Amine
PAR  Using a procedure analogous to that described in Example LXIV for the
      preparation of
      N-allyl-N,5-dimethyl-5,6,7,8,9,10-hexahydro-3-methoxy-5,9-methanobenzocycl
     oocten-11-amine, there is obtained from
      5,6,7,8,9,10-hexahydro-3-methoxy-5-methyl-N-(3-methyl-2-butenyl)-5,9-metha
     no-benzocycloocten-11-amine (3.6 g.) 2.6 g. of the title product, b.p.
      150.degree.-155.degree. C. (0.4 mm.). Treatment of a portion of the
      product in acetone with fumaric acid gives the crystalline fumaric acid
      salt as a hydrate, m.p. 136.degree.-138.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.25 H.sub.35 NO.sub.5 . 1/4H.sub.2 O                   

     Calculated:   C, 69.19; H, 8.24; N, 3.22                                  

     Found:        C, 69.20; H, 8.11; N, 3.32.                                 

     ______________________________________                                    

PAC  EXAMPLE LXVIII
PAC  N,5.alpha.-Dimethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-N-(3-Methyl-2-Butenyl
     )-5,10-Methano-5H-Benzocyclonen-12.beta.-Amine
PAR  6,7,8,9,10,11-Hexahydro-3-methoxy-5-methyl-N-(3-methyl-2-butenyl)-5,10-meth
     ano-5H-benzocyclononen-12-amine (3.5 g.), ethyl chloroformate (6 g.),
      saturated aqueous sodium bicarbonate (100 ml.) and methylenedichloride (50
      ml.) are stirred vigorously at room temperature for 24 hours. The layers
      are then separated and the organic layer is washed with 2N hydrochloric
      acid, dried over potassium carbonate and concentrated in vacuo. The
      residue (3 g.) is dissolved in tetrahydrofuran (50 ml.) and added to a
      suspension of lithium aluminum hydride in tetrahydrofuran (50 ml.) stirred
      and heated to reflux for 18 hours. After cooling, water (4.5 ml.) is added
      and the reaction mixture is stirred 30 minutes and filtered. The filtrate
      is dried over anhydrous sodium sulfate and concentrated. The residue (2
      g.) is treated with fumaric acid in acetone to give the fumarate salt of
      the title product as the hemihydrate (1.8 g.), m.p.
      108.degree.-110.degree. C.
TBL  ______________________________________                                    

     Analysis for: C.sub.26 H.sub.37 NO.sub.2 . 1/2H.sub.2 O                   

     Calculated:   C, 69.02; H, 8.47; N, 3.08                                  

     Found:        C, 68.82; H, 8.54; N, 2.94.                                 

     ______________________________________                                    

PAC  EXAMPLE LXIX
PAC  12.beta.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Methyl-5,10-Methano-5H-Benz
     ocyclononen-3-Ol, Acetate
PAR  A. A mixture of
      12-amino-6,7,8,9,10,11-hexahydro-5-methyl-5,10-methano-5H-benzocyclononen-
     3-ol (15.0 g.), carbobenzyloxy chloride (11.6 g.) and 100 ml. of saturated
      aqueous sodium bicarbonate are stirred for 30 minutes. Methylene chloride
      (100 ml.) is added and the mixture stirred for 1 hour. The organic layer
      is separated, dried and concentrated. The residue is triturated with ethyl
      acetate and pentane, then filtered to give 24 g. of crude product.
      Recrystallization from ethyl acetate-cyclohexane gives 18.3 g. of
      carbobenzyloxylated amine with m.p. 103.degree.-110.degree..
PAR  B. A solution of the carbobenzyloxylated amine (5.0 g.) of part A above,
      acetic anhydride (10 ml.) and pyridine (50 ml.) is allowed to stand
      overnight. The solution is diluted with water and extracted with ether.
      The ether extracts are washed with 2 percent aqueous hydrochloric acid,
      dried and concentrated to give 5.1 g. of o-acetylated product shown to be
      pure by thin layer chromatography.
PAR  C. A solution of the o-acetyl product of part B above (2.5 g.) and hydrogen
      chloride gas (0.75 g.) in tetrahydrofuran (50 ml.) is hydrogenated in a
      Parr apparatus over 250 mg. of 10 percent palladium on carbon under 40
      lbs. of hydrogen pressure for 90 minutes. The catalyst is filtered and
      concentration of the filtrate gives 2.2 g. of title product as a viscous
      glass. Crystallization of the glassy product from tetrahydrofuran-ether
      gives crystalline
      12.beta.-amino-6,7,8,9,10,11-hexahydro-5.alpha.-methyl-5,10-methano-5H-ben
     zocyclononen-3-ol, acetate, hydrochloride with m.p. 268.degree. dec.
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.24 NO.sub.2 Cl                               

     Calculated:   C, 65.90; H, 7.81; N, 4.52                                  

     Found:        C, 65.68; H, 7.82; H, 4.48.                                 

     ______________________________________                                    

PAC  EXAMPLE LXX
PAC  12.beta.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Methyl-5,10-Methano-5H-Benz
     ocyclononen-3-Ol, Cyclopropane Carboxylate
PAR  A. A solution of 2.0 g. of the carbobenzyloxylated amine, described in
      Example LXIX part A, and 2.0 ml. of cyclopropane carboxoyl chloride in 10
      ml. of pyridine is allowed to stand overnight. The solution is diluted
      with water and extracted with ether. The ether extracts are washed with 2
      percent aqueous hydrochloric acid, dried and concentrated to an oil. The
      oil is chromatographed on 70 g. of activity III Woelm alumina. Elution
      with ether gives 1.5 g. of oil which is crystallized from ethyl acetate
      hexane to give 1.2 g. of O-cyclopropane carboxylate derivative with m.p.
      104.degree.-109.degree..
PAR  B. In a manner analogous to that described in Example LXIX, part C, for the
      preparation of
      12-amino-6,7,8,9,10,11-hexahydro-5-methyl-5,10-methano-5H-benzocyclononen-
     3-ol, acetate, from 1.0 g. of the O-cyclopropane carboxylate derivative of
      part A of above there is obtained 0.45 g. of the hydrogen chloride salt of
      the title product with m.p. 255.degree.-57.degree. dec. on crystallization
      from tetrahydro furan-ether.
TBL  ______________________________________                                    

     Analysis for: C.sub.19 H.sub.26 NO.sub.2 Cl . 1/4H.sub.2 O                

     Calculated:   C, 67.04; H, 7.85; N, 4.12                                  

     Found:        C, 66.79; H, 7.68; N, 4.14.                                 

     ______________________________________                                    

PAC  EXAMPLE LXXI
PAC  Resolution of
      5.alpha.-Ethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-5,10-Methano-5H-Benzocycl
     ononen-12.beta.-Amine
PAR  A solution of
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocycl
     ononen-12.beta.-amine (64.6 g., 0.249 mole) in 300 ml. of methanol is added
      to a solution of 41.5 g. (0.275 mole) of l-tartaric acid in 1400 ml. of
      methanol. The resulting solution is warmed, filtered and diluted to 2000
      ml. and allowed to stand for 3 days. Filtration then gives 36.1 g. of salt
      with m.p. 200.degree.-203.degree. dec. and [.alpha.].sub.D = - 27.degree.
      (1 percent in dimethyl formamide). Recrystallization of the salt from
      methanol gives 29.1 g. with m.p. 212.degree.-214.degree. and
      [.alpha.].sub.D = - 32.8.degree.. This salt is converted to the free base
      by treating it with aqueous sodium hydroxide extracting the aqueous
      mixture with ether and drying the ether extracts over anhydroux magnesium
      sulfate. On removal of the drying agent and the ether solvent 17.6 g. of
      resolved base is obtained. This is converted to its hydrogen chloride,
      hydrate salt which has a m.p. 115.degree.-119.degree. dec. and
      [.alpha.].sub.D = - 44.1.degree. (2 percent in methanol).
PAR  To obtain the opposite rotating isomer, the mother liquors from the first
      crystallizations of above are concentrated, the residue treated with
      aqueous sodium hydroxide and extracted with ether. On drying the ether
      extracts over anhydrous magnesium sulfate and concentrating the extracts,
      41.5 g. of base is obtained. This is dissolved in 500 ml. of methanol and
      the solution is added to a solution of 26.4 g. of d-tartaric acid in 1000
      ml. of methanol. This solution is diluted to 1600 ml. and allowed to stand
      for 5 days. Filtration gives 36.7 g. of salt with m.p.
      205.degree.-209.degree. dec. and [.alpha.].sub.D = + 30.3.degree. (1
      percent in dimethylformamide). Recrystallization of this salt from
      methanol gives 30.0 g. of salt with m.p. 209.degree.-211.degree. dec. and
      [.alpha.].sub.D = + 31.9.degree.. Conversion of this salt to free base by
      the same procedure as for the minus rotating isomer described above gives
      16.8 g. of base. This is converted to its hydrogen chloride hydrate salt
      which has m.p. 115.degree.-119.degree. dec. and [.alpha.].sub.D = +
      44.5.degree. (2 percent in methanol).
PAC  EXAMPLE LXXII
PAC  Preparation of Plus and Minus Rotating Isomers of
      12.beta.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Ethyl-5,10-Methano-5H-Benz
     ocyclononen-3-Ol
PAR  A. A mixture of optically pure minus rotating
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocycl
     ononen-12.beta.-amine (9.5 g.) and 80 ml. of 48 percent aqueous hydrobromic
      acid are heated at the reflux temperature under a dry nitrogen atmosphere
      for 30 minutes. The resulting solution is concentrated to 40 ml., diluted
      to 150 ml. with water and basified with concentrated aqueous ammonia.
      After allowing to stand 1 hour, the mixture is filtered to give 8.9 g. of
      product with m.p. 185.degree.-191.degree.. Recrystallization of the
      product from ethyl acetate gives 7.5 g. with m.p. 194.degree.-196.degree.
      and [.alpha.].sub.D = - 51.3.degree. (2 percent in methanol).
PAR  B. When optically pure plus rotating
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocycl
     ononen-12.beta.-amine (9.3 g.) is treated with aqueous 48% hydrobromic acid
      as in A, there is obtained 9.3 g. of crude product with m.p. 178.degree.-
      190.degree.. Recrystallization of this from ethyl acetate gives 7.0 g. of
      product with m.p. 194.degree.- 196.degree. and [.alpha.].sub.D = +
      52.0.degree. (2 percent in methanol).
PAC  EXAMPLE LXXIII
PAR  When the following compounds are administered to rats by the routes
      indicated, for evaluation of analgesic potential by the procedure
      described hereinabove, they exhibit the effective dose-50 values
      tabulated.
TBL                    Mode of                                                 

                              Effective dose-50                                

      Compound       Administration                                            

                              (mg/kg body weight)                              

     __________________________________________________________________________

     6,7,8,9,10,11-hexahydro-3-                                                

                     intraperitoneal                                           

                              25                                               

     methoxy-5.alpha.-methyl-5,10-                                             

                     oral     30                                               

     methano-5H-benzocyclononen-                                               

     12.beta.-amine                                                            

     12.beta.-amino-6,7,8,9,10,11-                                             

                     intraperitoneal                                           

                              7.5                                              

     hexahydro-5.alpha.-methyl-5,10-                                           

                     intramuscular                                             

                              1.8                                              

     methano-5H-benzocyclononen-                                               

                     oral     23                                               

     3-ol                                                                      

     5.alpha.-ethyl-6,7,8,9,10,11-                                             

                     intraperitoneal                                           

                              3.5                                              

     hexahydro-3-methoxy-5,10-                                                 

                     intramuscular                                             

                              13.5                                             

     methano-3H-benzocyclononen-                                               

                     oral     11                                               

     12.beta.-amine                                                            

     12.beta.-amino-6,7,8,9,10,11-                                             

                     intraperitoneal                                           

                              3.5                                              

     hexahydro-5.alpha.-ethyl-5,10-                                            

                     intramuscular                                             

                              0.25                                             

     methano-5H-benzocyclonen-                                                 

                     oral     12                                               

     3-ol                                                                      

     3-methoxy-5.alpha.-methyl-5,6,7,                                          

                     intraperitoneal                                           

                              4.5                                              

     8,9,10,11,12-octahydro-5,11-                                              

                     intramuscular                                             

                              15                                               

     methano-benzocyclodecen-13.beta.-                                         

                     oral     9                                                

     amine                                                                     

     13.beta.-amino-5.alpha.-methyl-5,6,7,8,                                   

                     intraperitoneal                                           

                              1.1                                              

     9,10,11,12-octahydro-5,11-                                                

                     intramuscular                                             

                              0.47                                             

     methano-benzocyclodecen-3-ol                                              

                     oral     9                                                

     (-)-13.beta.-amino-5,6,7,8,9,10,                                          

                     intraperitoneal                                           

                              0.78                                             

     11,12-octahydro-5.alpha.-methyl-5,                                        

                     intramuscular                                             

                              0.09                                             

     11-methano-benzocyclodecen-                                               

                     oral     2.0                                              

     3-ol                                                                      

     __________________________________________________________________________

PAC  EXAMPLE LXXIV
PAC  1-Ethoxycarbonyl-2-Indanone
PAR  To a stirred mixture of sodium hydride (126 g. of a 57 percent suspension
      in nujol), 2000 ml. of benzene and 2 ml. of ethanol heated at its reflux
      temperature under dry nitrogen is added dropwise the diethyl ester of
      o-phenylene-diacetic acid (335.6 g.) in 700 ml. of benzene. The mixture is
      refluxed 1.5 hours, poured into water and extracted with ether. The ether
      extracts are dried and concentrated to give an oil which is crystallized
      from ethanolwater to give 220 g. of the title product with m.p.
      58.degree.-61.degree..
PAC  EXAMPLE LXXV
PAC  1-(3-Bromopropyl)-1-Ethoxycarbonyl-2-Indanone
PAR  To a stirred solution of 1,3-dibromopropane (175 ml.) and ethanol (250 mm.)
      is added dropwise a solution of 1-ethoxy-carbonyl-2-indanone (51 g.) and
      sodium hydroxide (10 g.) in 500 ml. of ethanol and 200 ml. of water. The
      solution is refluxed for 5 hours and cooled. The bottom layer is separated
      and the upper layer is diluted with water and extracted with two 100 ml.
      portions of carbon tetrachloride. The combined lower layers were washed
      with 5 percent aqueous sodium hydroxide and water then concentrated and
      distilled to give, after a small forecut, the title product (40.3 g.) with
      b.p. 155.degree.-165.degree. at 0.5 mm.
PAC  EXAMPLE LXXVI
PAC  1-Ethoxycarbonyl-1,3-Propano-2-Indanone
PAR  To a stirred mixture of benzene (400 ml.) and sodium hydride (5.3 g. of a
      57 percent suspension in nujol), which is free of nujol, is added
      dropwise, under dry nitrogen,
      1-(3-bromopropyl)-1-ethoxycarbonyl-2-indanone (39.3 g.) in 100 ml. of
      benzene. The mixture is stirred at room temperature for 18 hours. Water is
      added and the organic layer is separated, washed with aqueous sodium
      chloride, dried, concentrated and distilled to give after a small forecut,
      20.5 g. of the title product with b.p. 130.degree.-145.degree. at 0.5 mm.
PAC  EXAMPLE LXXVII
PAC  1-Ethoxycarbonyl-1,3-Propano-2-Indanone, Oxime
PAR  A mixture of hydroxylamine hydrochloride (2.1 g.), sodium acetate (2.5 g.),
      water (10 ml.), ethanol (40 ml.) and
      1-ethoxycarbonyl-1,3-propano-2-indanone (2.5 g.) is heated quickly to its
      reflux temperature and kept at reflux for 5 minutes. The mixture is
      diluted with water and extracted with ether. The ether extracts are dried
      and concentrated to give an oil. Chromatography of the oil on activity III
      alumina gives, with elution with benzene, 2.0 g. of oil which, when
      triturated with ethyl-acetate-heptane and filtered, gives 1.20 g. of the
      title product with m.p. 118.degree.-119.degree..
PAC  EXAMPLE LXXVIII
PAC  10-Amino-6,7,8,9-Tetrahydro-5,9-Methano-5H-Benzocycloheptene-5-Methanol
PAR  A mixture of 1-ethoxycarbonyl-1,3-propano-2-indanone oxime (1.9 g.) and
      lithium aluminum hydride (1.6 g.) and 100 ml. of tetrahydrofuran is heated
      at its reflux temperature under dry nitrogen for 40 hours and allowed to
      stand for 3 days at room temperature. A few ml. of concentrated aqueous
      ammonia is added and after 15 minutes stirring the mixture is filtered.
      The filter cake is washed twice with isopropanol containing a little
      ammonia. The combined filtrates are concentrated to give 1.6 g. of oil
      which when treated with hydrogen chloride in ether and ethanol gives 1.2
      g. of crystalline hydrochloride salt of the title product with m.p
      217.degree.-220.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.13 H.sub.18 NOCl                                      

     Calculated:   C, 65.12; H, 7.57; N, 5.84                                  

     Found:        C, 64.99; H, 7.80; N, 5.73.                                 

     ______________________________________                                    

PAC  EXAMPLE LXXIX
PAC  5-Methyl-6,7,8,9-Tetrahydro-5,9-Methano-5H-Benzocycloheptene-10-Amine
PAR  To a cold (5.degree.) mixture of pyridine (50 ml.) and
      10-amino-6,7,8,9-tetrahydro-5,9-methano-5H-benzocycloheptane-5-methanol,
      hydrochloride (5.1 g.) is added, in portions, 8.0 g. of o-toluene-sulfonyl
      chloride in 20 ml. of pyridine. After keeping on ice for 3 hours, 8.0 g.
      of p-toluenesulfonyl chloride in 20 ml. of pyridine is again added. The
      resulting solution is allowed to stand overnight then is poured into ice
      water and extracted with ether. The ether extracts are washed with dilute
      hydrochloric acid, dried and concentrated to give 11 g. of crude product.
      Trituration of the crude product with ether and recrystallization from
      ethyl acetateheptane gives 8.1 g. of product (A) with m.p.
      157.degree.-159.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.27 H.sub.29 NO.sub.5 S.sub.2                          

     Calculated:   C, 63.39; H, 5.71; N, 2.74                                  

     Found:        C, 63.33; H, 5.82; N, 2.43.                                 

     ______________________________________                                    

PAR  A mixture of the ditosylate (A) (4.0 g.), lithium aluminum hydride (1.5 g.)
      and tetrahydrofuran is allowed to stir at room temperature for 1 hour
      under nitrogen then is refluxed overnight. Four ml. of water is added and
      the mixture is filtered. The collected solid is treated with dilute
      hydrochloric acid and extracted with ether. The ether extracts are
      combined with the filtrate of above and concentrated to give an oily solid
      (3.4 g.). Crystallization of the solid from ethanol-water gives 1.4 g. of
      product (B) with m.p. 173.degree.-175.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.20 H.sub.25 NO.sub.2 S                                

     Calculated:   C, 70.36; H, 6.79; N, 4.10                                  

     Found:        C, 70.29; H, 6.65; N, 4.39.                                 

     ______________________________________                                    

PAR  Sodium metal (2.8 g.) is dissolved in a solution of napthalene (15.4 g.)
      and dimethoxyethane (130 ml.) under a nitrogen atmosphere with stirring.
      After 1.5 hours, product (B) (4.6 g.), in 45 ml. of dimethoxyethane, is
      added and the mixture is stirred for 2 hours. Water (1 ml.) is added and
      the mixture concentrated. The residue is dissolved in ether-water and the
      ether separated. The ether layer is extracted with dilute hydrochloric
      acid. The acid layer is basified with concentrated sodium hydroxide and
      extracted with ether and dried. Addition of ethereal hydrogen chloride
      gives 2.3 g. of the hydrogen chloride salt of the title product with m.p.
      225.degree.-227.degree. which is collected by filtration.
TBL  ______________________________________                                    

     Analysis for: C.sub.13 H.sub.18 NCl . 1/4 H.sub.2 O                       

     Calculated:   C, 68.41; H, 8.16; N, 6.14                                  

     Found:        C, 68.62; H, 8.10; N, 5.92.                                 

     ______________________________________                                    

PAC  EXAMPLE LXXX
PAC  Resolution of
      5,6,7,8,9,10,11,12-Octahydro-3-Methoxy-5.alpha.-Methyl-5,11-Methanobenzocy
     clodecen-13.beta.-Amine
PAL  Part A
PAR  A solution of racemic
      5,6,7,8,9,10,11,12-octahydro-3-methoxy-5.alpha.-methyl-5,11-methanobenzocy
     clodecen-13.beta.-amine (83 g.) in 200 ml. of methanol is added to a
      solution of d-tartaric acid (57 g.) in 500 ml. of methanol. The solution
      is diluted to 1 liter and allowed to stand for 2 days. Filtration gives
      83.5 g. of salt with m.p. 200.degree.-208.degree. dec. Three
      recrystallizations of this salt from methanol give 21 g. of optically pure
      tartrate salt with m.p. 213.degree.-215.degree.. This is converted to
      optically pure base by treatment of the salt with dilute sodium hydroxide
      and extraction with ether. Exactly 1/2 of the dried ether extracts (225
      ml.) are treated with 15 ml. of ethanol and acidified with ethereal
      hydrogen chloride. Filtration gives 5.8 g. of the hydrochloride salt of
      the plus rotating enantiomorph with m.p. 234.degree.-237.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.26 NOCl [.alpha.].sub.D.sup.25               

                   = +46.degree..                                              

     Calculated:   C, 69.01; H, 8.86; N, 4.73                                  

     Found:        C, 68.90; H, 9.10; N, 4.42.                                 

     ______________________________________                                    

PAL  Part B
PAR  The mother liquors of the tartrate crystallization of above are
      concentrated and the residue is converted to base by treatment with dilute
      aqueous sodium hydroxide and extraction with ether. Removal of the ether
      gives 58 g. of base which is dissolved in methanol and treated with 38 g.
      of 1-tartaric acid in methanol. The final solution has a volume of 800 ml.
      Filtration after 4 days of standing gives 41.3 g. of tartrate salt with
      m.p. 204.degree.-209.degree. dec. Two recrystallizations of this salt give
      optically pure tartrate salt with m.p. 216.degree.-218.degree.. Conversion
      to optically pure base and subquently hydrogen chloride salt as in part A
      yields 6.0 g. of hydrochloride salt of the minus rotating enantiomorph
      with m.p. 234.degree.-237.degree. and [.alpha.].sub.D.sup.25 =
      -46.0.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.17 H.sub.26 NOCl                                      

     Calculated:   C, 69.01; H, 8.86; N, 4.73                                  

     Found:        C, 68.63; H, 9.10; N, 4.35.                                 

     ______________________________________                                    

PAC  EXAMPLE LXXXI
PAC  (+)-13.beta.-Amino-5,6,7,8,9,10,11,12-Octahydro-5.alpha.-Methyl-5,11-Methan
     obenzocyclodecen-3-01
PAR  The second half of the ethereal solution of optically pure plus rotating
      base described in Example LXXX, Part A is concentrated to give 6.5 g. of
      base. This is treated with 100 ml. of 48 percent aqueous hydrogen bromide
      and heated at reflux under dry nitrogen for 1/2 hour then concentrated.
      The residual oil is crystallized from water to give 5.4 g. of hydrogen
      bromide salt of the title product with m.p. 268.degree.-272.degree. and
      [.alpha.].sub.D.sup.25 = +41.4.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.24 NOBr . 1/4 H.sub.2 O                      

     Calculated:   C, 58.09; H, 7.46; N, 4.23                                  

     Found:        C, 58.20; H, 7.61; N, 4.23.                                 

     ______________________________________                                    

PAC  (-)-13.beta.-Amino-5,6,7,8,9,10,11,12-Octahydro-5.alpha.-Methyl-5,11-Methan
     obenzocyclodecen-3-01
PAR  In the same manner as described for the preparation of the plus rotating
      isomer, from the ethereal solution of minus rotating base described in
      Example LXXX, Part B there is obtained 5.5 g. of hydrogen bromide salt of
      the title product with m.p. 269.degree.-271.degree. and
      [.alpha.].sub.D.sup.25 = -41.7.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.24 NOBr . 1/4 H.sub.2 O                      

     Calculated:   C, 58.09; H, 7.46; N, 4.23                                  

     Found:        C, 58.47; H, 7.41; N, 4.26.                                 

     ______________________________________                                    

PAC  EXAMPLE LXXXII
PAC  13.beta.-(Dimethylamino)-5,6,7,8,9,10,11,12-Octahydro-5.alpha.-Methyl-5,11-
     Methanobenzocyclodecen-3-01
PAR  A solution of
      5,6,7,8,9,10,11,12-octahydro-3-methoxy-N,N,5.alpha.-trimethyl-5,11-methano
     benzocyclodecen-13.beta.-amine, hydrochloride (5.0 g.) in 80 ml. of 48
      percent hydrobromic acid is heated at reflux under dry nitrogen for 20
      minutes then concentrated. The residue is crystallized from ethanol-ether
      to give 4.4 g. of the hydrobromide salt of the title product m.p.
      243.degree.-245.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.18 H.sub.28 NOBr                                      

     Calculated:   C, 61.01; H, 7.96; N, 3.95                                  

     Found:        C, 61.06; H, 8.10; N, 3.85.                                 

     ______________________________________                                    

PAC  EXAMPLE LXXXIII
PAC  5,6,7,8,9,10,11,12-Octahydro-3-Methoxy-N,N,5.alpha.-Trimethyl-5,11-Methanob
     enzocyclodecen-13.beta.-Amine N-Oxide
PAR  To a cold (0.degree.) solution of
      5,6,7,8,9,10,11,12-octahydro-3-methoxy-N,N,5.alpha.-trimethyl-5,11-methano
     benzocyclodecen-13.beta.-amine (1.5 g.) in 20 ml. of dry tetrahydrofuran is
      added 1.0 g. of meta chloroperbenzoic acid in 10 ml. of tetrahydrofuran.
      The solution is stirred at 0.degree. to 10.degree. for 30 minutes. Two ml.
      of a saturated solution of hydrogen chloride in ethanol is added. After
      crystallization occurs, 30 ml. of ether is added and the mixture is
      filtered to give 1.7 g. of the hydrogen chloride salt of the title product
      with m.p. 170.degree.-173.degree. dec.
TBL  ______________________________________                                    

     Analysis for: C.sub.19 H.sub.30 NO.sub.2 Cl                               

     Calculated:   C, 67.13; H, 8.90; N, 4.13                                  

     Found:        C, 66.61; H, 9.04; N, 3.98.                                 

     ______________________________________                                    

PAC  EXAMPLE LXXXIV
PAC  6,7,8,9-Tetrahydro-N,5-Dimethyl-5,9-Methano-5H-Benzocyclohepten-10 -Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine from 1.1 g. of
      6,7,8,9-tetrahydro-5-methyl-5,9-methano-5H-benzocyclohepten-10-amine there
      is obtained 0.90 g. of the hydrogen chloride salt of the title product
      with m.p. 289.degree.-290.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.14 H.sub.20 NCl                                       

     Calculated:   C, 70.72; H, 8.48; N, 5.89                                  

     Found:        C, 70.40; H, 8.59; N, 5.93.                                 

     ______________________________________                                    

PAC  EXAMPLE LXXXV
PAC  1-(4-Bromobutyl)-1-Ethoxycarbonyl-2-Indanone
PAR  In a manner analogous to that described in Example LXXV for the preparation
      of 1-(3-bromopropyl)-1-ethoxycarbonyl-2-indanone, from 51 g. of
      1-ethoxy-carbonyl-2-indanone there is obtained 41 g. of the title product
      with b.p. 170 at 0.4 mm.
PAC  EXAMPLE LXXXVI
PAC  1-Ethoxycarbonyl-1,3-Butano-2-Indanone
PAR  In a manner analogous to that described in Example LXXVI for the
      preparation of 1-ethoxycarbonyl-1,3-propano-2-indanone, from 45 g. of
      1-(4-bromo)-1-ethoxycarbonyl-2-indanone there is obtained 14.5 g. of the
      title product with b.p. 140.degree. at 0.4 mm.
PAC  EXAMPLE LXXXVII
PAC  1-Ethoxycarbonyl-1,3-Butano-2-Indanone, Oxime
PAR  In a manner analogous to that described in Example LXXVII for the
      preparation of 1-ethoxycarbonyl-1,3-propano-2-indanone, oxime, from 11 g.
      of 1-ethoxy-carbonyl-1,3-butano-2-indanone there is obtained 5.5 g. of the
      title product with m.p. 122.degree.-4.degree..
PAC  EXAMPLE LXXXVIII
PAC  11-Amino-5,6,7,8,9,10-5,10-Methano-Benzocyclooctene-5-Methanol
PAR  In a manner analogous to that described in Example LXXXVII for the
      preparation of
      10-amino-6,7,8,9-tetrahydro-5,9-methano-5H-benzocycloheptene-5-methanol,
      from 6.6 g. of 1-ethoxycarbonyl-1,3-butano-2-indanone, oxime there is
      obtained 4.1 g. of the title product as the hydrogen chloride salt with
      m.p. 197.degree.-200.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.14 H.sub.20 NOCl                                      

     Calculated:   C, 66.26; H, 7.94; N, 5.52                                  

     Found:        C, 66.40; H, 8.13; N, 5.80.                                 

     ______________________________________                                    

PAC  EXAMPLE LXXXIX
PAC  5,6,7,8,9,10-Hexahydro-11-Methylamino-5,10-Methanobenzocyclooctene-5-Methan
     ol
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine, from 3.0 g. of
      11-amino-5,6,7,8,10-5,10-methano-benzocyclooctene-5-methanol there is
      obtained 1.9 g. of the title product as the hydrogen chloride salt with
      m.p. 275.degree.-276.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.1 5H.sub.22 NOCl                                      

     Calculated:   C, 67.27; H, 8.28; N, 5.23                                  

     Found:        C, 67.38; H, 8.46; N, 5.19.                                 

     ______________________________________                                    

PAC  EXAMPLE XC
PAC  11-Dimethylamino-5,6,7,8,9,10-Hexahydro-5,10-Methanobenzocyclooctene-5-Meth
     anol
PAR  In a manner analogous to that described in Example LXIV for the preparation
      of 5,6,7,8,9,10-hexahydro-3-methoxy-N,5.alpha.-dimethyl-
      5,9-methanobenzocyclooctene-11.beta.-amine, from 1.3 g. of
      5,6,7,8,9,10-hexahydro-11-methylamine-5,10-methanobenzocyclooctene-5-metha
     nol 1.25 g. of the title product as the hydrogen chloride salt, m.p.
      243.degree.-4.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.16 H.sub.24 NOCl                                      

     Calculated:   C, 68.19; H, 8.58; N, 4.97                                  

     Found:        C, 67.97; H, 8.67; N, 4.50.                                 

     ______________________________________                                    

PAC  EXAMPLE XCI
PAR  To prepare: 1-(5-bromopentyl)-6,7-dimethoxy-1-methyl-2-tetralone react
      6,7-dimethoxy-1-methyl-2-tetralone with 1,5-dibromopentane as taught in
      Example I.
PAR  To prepare: 1-allyl-1(4-chlorobutyl)-7-methoxy-2-tetralone react
      1-allyl-7-methoxy-2-tetralone with 1-bromo-4-chlorobutane as taught in
      Example I.
PAR  To prepare: 7-fluoro-1-(5-bromopentyl)-1-methyl-2-tetralone react
      7-fluoro-1-methyl-2-tetralone with 1,5-dibromopentane as taught in Example
      I.
PAC  EXAMPLE XCII
PAR  To prepare:
      5,6,7,8,9,10,11,12-octahydro-2,3-dimethoxy-5-methyl-5,11-methanobenzocyclo
     decen-13-one treat 1-(5-bromopentyl)-6,7-dimethoxy-1-methyl-2-tetralone
      with sodium hydride as taught in Example X.
PAR  To prepare:
      5-allyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-one treat 1-allyl-1-(4-chlorobutyl)-7-methoxy-2-tetralone with sodium
      hydride as taught in Example X.
PAR  To prepare:
      3-fluoro-5,6,7,8,9,10,11,12-octahydro-5-methyl-5,11-methanobenzocyclodecen
     -13-one treat 7-fluoro-1-(5-bromopentyl)-1-methyl-2-tetralone with sodium
      hydride as taught in Example X.
PAC  EXAMPLE XCII
PAR  To prepare:
      5,6,7,8,9,10,11,12-octahydro-2,3-dimethoxy-5-methyl-5,11-methanobenzocyclo
     decen-13-one, oxime treat
      5,6,7,8,9,10,11,12-octahydro-2,3-dimethoxy-5-methyl-5,11-methanobenzocyclo
     decen-13-one with hydroxyl amine hydrochloride as taught in Example XIX,
      method C.
PAR  To prepare:
      5-allyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-one, oxime treat
      5-allyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-one with hydroxyl amine hydrochloride as taught in Example XIX, method
      C.
PAR  To prepare:
      3-fluoro-5,6,7,8,9,10,11,12-octahydro-5-methyl-5,11-methanobenzocyclodecen
     -13-one, oxime treat
      3-fluoro-5,6,7,8,9,10,11,12-octahydro-5-methyl-5,11-methanobenzocyclodecen
     -13-one with hydroxyl amine hydrochloride as taught in Example XIX, method
      C.
PAC  EXAMPLE XCIV
PAC  5,6,7,8,9,10,11,12-Octahydro-2,3-Dimethoxy-5-Methyl-5,11-Methano-Benzocyclo
     decen-13-Amine
PAR  Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine from 5.2 g. of
      5,6,7,8,9,10,11,12-octahydro-2,3-dimethoxy-5-methyl-5,11-methano-benzocycl
     odecen-13-one, oxime there is obtained 4.17 g. of the title product which
      is converted to the hydrogen chloride addition salt m.p.
      281.degree.-283.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.18 H.sub.28 O.sub.2 NCl                               

     Calculated:   C, 66.40; H, 8.67; N, 4.30                                  

     Found:        C, 66.27; H, 8.81; N, 4.23.                                 

     ______________________________________                                    

PAC  EXAMPLE XCV
PAC  5-Allyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-5,10-Methano-5H-Benzocyclononen-1
     2-Amine
PAR  Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine, from 13.3 g. of
      5-allyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-one, oxime there is obtained 6.3 g. of the title product which is
      converted to the fumaric acid addition salt m.p. 219.degree.-220.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.19 H.sub.29 NO.sub.5                                  

     Calculated:   C, 68.19; H, 7.54; N, 3.62                                  

     Found:        C, 68.42; H, 7.78; N, 3.99.                                 

     ______________________________________                                    

PAC  EXAMPLE XCVI
PAC  3-Fluoro-5,6,7,8,9,10,11,12-Octahydro-5.alpha.-Methyl-
      5,11-Methanobenzocyclodecen-13.beta.-Amine
PAR  Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine, from 14.1 g. of
      3-fluoro-5,6,7,8,9,10,11,12-octahydro-5-methyl-5,11-methanobenzocyclodecen
     -13-one, oxime there is obtained 10.5 g. of the title product which is
      converted to the fumaric acid addition salt (8 g.) of the title product
      m.p. 218.degree.-220.degree..
TBL  ______________________________________                                    

     Analysis for: C.sub.20 H.sub.20 FNO.sub.4                                 

     Calculated:   C, 66.10; H, 7.21; N, 3.85                                  

     Found:        C, 65.80; H, 7.26; N, 3.58.                                 

     ______________________________________                                    

PAC  EXAMPLE XCVII
PAC  3-Methoxy-5.alpha.-Methyl-Methyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methanob
     enzocyclodecen-13.alpha.-Amine
PAR  From the mother liquors remaining after the isolation of the product of
      Example XXXV, 3-methoxy-5.alpha.-methyl-
      5,6,7,8,9,10,11,12-octahydro-5,11-methano-benzocyclodecen-13.beta.-amine,
      there is obtained by following a procedure analogous to that described in
      Example XXXIV part C for the isolation of
      5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-
      5,9-methano-benzocycloocten-11.beta.-amine, hydrochloride, the title
      product, m.p. 207.degree.-208.degree..
PAC  EXAMPLE XCVIII
PAC  3-Methoxy-N,5.alpha.-Dimethyl-
      5,6,7,8,9,10,11,12-Octahydro-5,11-Methanobenzocyclodecen-13.alpha.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of 6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-
      5,10-methano-5H-benzocyclononen-12.alpha.-amine there is obtained from
      3-methoxy-5.alpha.-methyl-
      5,6,7,8,9,10,11,12-octahydro-5,11-methanobenzocyclodecen-13.alpha.-amine
      the title product with an NMR Analysis having an N-CH.sub.3 signal at
      .delta. = 2.48 ppm. (free base).
CLMS
STM  The subject matter which the applicants regard as their invention is
      particularly pointed out and distinctly claimed as follows:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC13##
      wherein R is lower alkyloxy or hydroxy; R.sup.1 is lower alkyl and n is an
      integer from 3 to 5.
NUM  2.
PAR  2. A compound as defined in claim 1 wherein n is 3.
NUM  3.
PAR  3. A compound as defined in claim 1 wherein n is 4.
NUM  4.
PAR  4. A compound as defined in claim 1 wherein n is 5.
NUM  5.
PAR  5. A compound as defined in claim 2 which is
      5,6,7,8,9,10-hexahydro-3-methoxy-5-methyl-5,9-methano-benzocycloocten-11-o
     ne.
NUM  6.
PAR  6. A compound as defined in claim 3 which is
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one.
NUM  7.
PAR  7. A compound as defined in claim 3 which is
      5-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-one.
NUM  8.
PAR  8. A compound as defined in claim 4 which is
      5-methyl-3-methoxy-5,6,7,8,9,10,11,12-octahydro-5,11-methano-benzocyclodec
     en-13-one.
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ABST
PAL  Condensation products of aldehydes and fluoraliphatic phenols are
      substantive to wool, synthetic polyamides, leather and skin, the
      compositions preferably being extended with a suitable pharmaceutical
      medium. The condensation products are useful for the preparation of
      compositions that render such materials oil and water repellent.
PARN
PAR  This is a division of application Ser. No. 85,278 filed Oct. 29, 1970, now
      U.S. Pat. No. 3,832,409.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improved compositions and methods that
      render the skin repellent to oil and water and more particularly to
      certain novel compositions adapted to topical application to provide the
      skin with protection which is not readily removed by mild abrasion or hot
      detergent solutions.
PAR  It has long been known that the skin can be protected by the application of
      lotions, creams, and various other emollient compositions. These
      preparations are intended to exert a beautifying, softening and
      lubricating effect on the skin and may even contain medicinal ingredients.
      Other compositions have been described which will prevent absorption of
      harmful or cosmetically undesirable substances. However, the preparations
      heretofore known for the purpose described, while effective to some
      degree, have all suffered from certain disadvantages. Mere emollients fail
      to protect the skin from exposure to injurious materials and only serve as
      palliative remedies afterwards. Barrier creams have been useful for
      certain specific conditions, but heretofore have failed to have broad
      general applicability. Furthermore, in maintaining personal hygiene, for
      example, by washing the hands, these compositions of the prior art are
      largely removed and repeated applications of the compositions are
      necessary. Obviously, the benefits obtained from these applications are
      not lasting since the protection is readily removed.
PAR  To provide skin protective compositions that resist removal from the skin
      by washing, particular ingredients have been incorporated into various
      compositions. For example, U.S. Pat. No. 2,727,846 teaches the
      incorporation of siloxanes into skin protective compositions. Such
      compositions, however, are easily transferred from the hands by touch or
      slight abrasion with other materials. This is a serious drawback in that
      even traces of such substances may bring about contamination of any
      surface touched. It is well known that the presence of even traces of
      silicones interfere with the action of adhesives, paints, and protective
      coatings. Furthermore, to be effective on the skin, a coating of a
      siloxane must be applied which is virtually continuous. Such a coating
      adversely impairs access of air and transpiration of moisture which is
      needed for the well-being of the skin.
PAR  To overcome the disadvantages of siloxane-containing skin protective
      compositions, it is proposed in U.S. Pat. No. 3,100,180 that the siloxane
      be replaced by a minor amount of a fluorocarbon elastomer. In U.S. Pat.
      No. 3,470,292, it is proposed that the disadvantage of siloxane in skin
      protective compositions be overcome by incorporating a phosphatide such as
      lecithin, kephalin, and sphingomyelin. At present there is no known
      effective composition which adequately protects the skin from water and
      oil known to applicants.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a method for
      protecting the skin against injurious and undesirable materials such as
      hydrous and oily materials. More particularly, there is provided
      compositions for the prevention of "dish-pan hands" that is caused by
      repeated immersion of the hands in hot water containing soap or
      detergents. Still more particularly, skin protective compositions are
      provided which are substantive to human and animal skin and that, by
      reason of this substantivity, afford long lasting protection of the skin
      to water and oil. The skin protection compositions of the present
      invention are adapted to topical application, are resistant to abrasion,
      and may include medicaments.
PAR  In accordance with the present invention, the skin is made both oleophobic
      and also resistant to aqueous materials, including acids and bases and
      also protected from irritating and otherwise undesirable substances, by
      applying thereto compositions comprising certain aldehyde condensation
      products of certain fluoroaliphatic phenols in suitable pharmaceutical
      media as hereinafter defined. The compositions of the invention provide a
      long-lasting, indiscernible coating on the skin which is substantively
      bound to the skin and is not readily washed or abraded from the skin as
      are other topical protective preparations described heretofore. Although
      extremely effective in its protective action, the coating apparently does
      not affect the transpiration of the skin. The term, "substantive" as used
      herein, means that the material has a high degree of tenacity for the skin
      and is essentially nonremovable by normal procedures. It is believed,
      though applicants do not intend to be bound thereby, that the compositions
      of the present invention are actually chemically bound to the skin at
      least to some extent.
PAR  Broadly speaking, compositions useful for the purpose of the invention are
      provided by incorporating a minor amount of aldehyde condensation product
      of a fluoroaliphatic phenol into a major amount of an aqueous
      pharmaceutically acceptable extending medium of the aqueous emulsion type
      which may also contain a thixotropic bodying agent or thickening agent.
      Preferably there is employed from about 0.3 to about 20 percent by weight
      of the condensation product. The term "pharmaceutical extending medium" as
      used herein includes such preparations as the bases for lotions, creams,
      ointments, and the like water-based preparations for topical applications,
      which are sufficiently bodied so that the resultant composition is not
      watery or thin, but without limiting the viscosity or composition solely
      to a single type of preparation. For the purpose of the invention, the
      viscosity of the products described and claimed herein is required to be
      less than 1,000 centipoises when stirred at about 60 r.p.m. and may range
      upwardly to 1,000-5,000 centipoises, when determined using a Brookfield
      viscometer at about 25.degree. C. The physical appearance of such
      preparations for topical application may range from that of a lotion
      through that of a flowable jelly, i.e., fairly stiff but flowable under
      mechanical force.
PAR  The aldehyde condensation products of certain fluoroaliphatic phenols that
      are disclosed herein are the significant and critical ingredient of the
      compositions of this invention. These condensation products are formed by
      the catalyzed reaction of an aldehyde with certain fluoroaliphatic
      phenols. The substantivity of these condensation products to human and
      animal skin and to other proteinaceous surfaces is believed to be obtained
      by reason of the phenolic hydroxyl group present in the condensation
      product. The oil and water repellent character is obtained by reason of
      the fluoroaliphatic group. Compounds possessing fluoroaliphatic groups
      have the greatest amount of substantivity if they possess at least two
      phenolic hydroxyl groups on separate aromatic rings. Aromatic compounds
      containing a fluoroaliphatic group and one or two hydroxyl groups on the
      same aromatic ring do not possess sufficient substantivity to provide
      detergent resistance to the compound.
PAR  The aldehyde condensation products of fluoroaliphatic phenols that are
      preferred for the compositions of this invention are the acid catalyzed
      reaction products of the aldehyde and certain fluoroaliphatic phenols.
PAR  For purposes of this invention, an aldehyde is an organic compound having
      the formula
EQU  RCHO
PAL  wherein R is hydrogen or an organic radical having not more than seven
      carbon atoms, and which may be substituted by methyl, methoxy, ethyl, or
      ethoxy groups. More preferably, R is a lower alkyl group of the class
      C.sub.n H.sub.2n.sub.+1, where n is an integer of from 1 to 4. The
      aldehyde may be introduced into the reaction mixture either as a monomeric
      material or as the equivalent polymeric material which is convertible
      under condensation conditions to monomeric aldehyde. Suitable aldehydes
      (and materials capable of forming aldehydes) include
PA1  acetaldehyde
PA1  benzaldehyde
PA1  butyraldehyde
PA1  furfuraldehyde
PA1  glutaraldehyde
PA1  glyoxal
PA1  paraformaldehyde
PA1  paraldehyde
PA1  propionaldehyde
PA1  tetrahydrofurfuraldehyde
PA1  trioxane
PA1  isobutyraldehyde
PAL  The preferred aldehyde is formaldehyde.
PAR  For purposes of this invention, a fluoroaliphatic phenol is a compound that
      may be represented by the general formula
EQU  (H).sub.l A(OH).sub.m [(Q).sub.t (R.sub.f).sub.p ].sub.r
PAL  in which l, m, p, and r are each integers of 1 or 2; t is 0 or 1; H is
      hydrogen atom that is sufficiently reactive to undergo a catalyzed
      condensation reaction with an aldehyde; A is an aryl nucleus of about 6 to
      15 carbon atoms; OH is a phenolic hydroxyl group; R.sub.f is a monovalent
      fluorinated saturated non-aromatic aliphatic radical and Q is a divalent
      group linking A to R.sub.f.
PAR  Examples of A include aromatic nuclei such as benzene, naphthalene,
      diphenyl and diphenylmethane and their alkyl, aryl, alkoxy, aryloxy, and
      halo derivatives.
PAR  Examples of Q include the following and combinations thereof:
PA1  alkylene --(C.sub.n H.sub.2n)-
PA1  alkenylene --(C.sub.n H.sub.2n-2 )--
PA1  haloalkylene --(C.sub.n H.sub.2n-1 Cl)--
PA1  sulfonate --OSO.sub.2 --
PA1  sulfonamide --NR--SO.sub.2 --
PA1  carbonyl --CO--
PA1  carbonamide --NR--CO--
PA1  oxaalkylene --C.sub.n H.sub.2n OC.sub.n H.sub.2n --
PAR  In the above examples n is an integer from 1 to 15 and designates the
      number of carbon atoms in the alkylene or haloalkylene radical joining the
      R.sub.f group to the aryl group.
PAR  The fluoroaliphatic radical (R.sub.f) is a monovalent fluorinated saturated
      non-aromatic aliphatic radical having at least 3 carbon atoms in the
      skeletal chain. This chain may be straight, branched or cyclic, and may be
      interrupted by divalent oxygen atoms or trivalent nitrogen atoms bonded
      only to carbon atoms. Preferably the chain does not contain more than one
      nitrogen atom or one oxygen atom for every two carbon atoms in the
      skeletal chain. A perfluoroalkyl radical is preferred, but an occasional
      hydrogen or chlorine atom may be present as substituents in the
      fluorinated aliphatic radical provided that not more than one such
      non-fluorine substituent is present in such radical for every two carbon
      atoms, and that such radical contains a terminal perfluoroalkyl group.
      "Terminal" in this connection refers to the position in the skeletal chain
      of the radical which is furthest removed from the group. Preferably, such
      a radical contains not more than a total of 20 carbon atoms whether r is 1
      or 2 since such a large radical results in inefficient use of the fluorine
      content.
PAR  Examples of fluoroaliphatic phenols suitable for the preparation of the
      aldehyde condensation products of the present invention are shown in Table
      I below.
      ##SPC1##
PAR  The examples of phenols shown in Table I that may be employed to produce
      the aldehyde condensation products of this invention are prepared by the
      reaction of a perfluoroalkyl sulfonyl fluoride, chloride or bromide with a
      suitable phenol having its hydroxyl(s) protected by acetylation or another
      method. The preparation of the perfluoroalkyl sulfonyl halides have been
      described in Brice et al., U.S. Pat. No. 2,732,398. The hydroxy aryl
      sulfonates shown in Table I may be prepared in accordance with the
      procedure given in Hansen, U.S. Pat. No. 3,346,612. The carbonyl compounds
      of Table I may be prepared by Friedel-Crafts reaction of perfluoroalkyl
      carbonyl chlorides, Ahlbrecht and Husted, U.S. Pat. No. 2,617,817 and
      phenols in a manner similar to that given in Beilstein, Organische Chemie,
      Vol. VIII, p. 102 (1925). The perfluoroalkyl sulfonamides may be prepared
      by the reaction of the perfluoroalkyl sulfonyl chloride or bromide with
      corresponding aminophenol in accordance with procedures given in Brice and
      Trott, U.S. Pat. No. 2,732,398.
PAR  The phenols of Table I where t is 0 in the general formula of
      fluoroaliphatic phenols as heretofore described may be prepared according
      to the process given in Mattson, U.S. Pat. No. 3,326,928.
PAR  The pharmaceutical extending medium in the preferred embodiment of the
      present invention, consists essentially of an aqueous base which may
      contain thixotropic bodying agents or thickeners. In addition to water,
      the aqueous base may comprise alcohol or other solvents in amounts up to a
      few percent, usually not more than about 10 percent by volume. The
      preferred bodying agent for the oil and water repellent composition of the
      invention is cetyl alcohol.
PAR  The pharmaceutical extending medium consists of all the various ingredients
      and adjuvants employed as a base except for the formaldehyde condensation
      product of certain perfluoroalkyl phenols which are added as an alcoholic
      solution or aqueous dispersion.
PAR  Illustrative of the types of materials which can be incorporated optionally
      in desired amounts for particular purposes are humectants, therapeutic
      ingredients, perfumes and colorants.
PAR  The catalysts which may be used in the present invention are acid or base
      catalysts. Strong acids, such as sulfonic acids (sulfuric acid) or weak
      acids such as halogenated aliphatic acids (acetic acid) may be used to
      prepare novalaks. Preferred acids are trichloroacetic and para-toluene
      sulfonic acids. Of the many alkaline catalysts which may be used to
      prepare resoles, sodium hydroxide is preferred. Other catalysts include
      bases such as the hydroxide oxides and carbonates of lithium, sodium,
      potassium, cesium, magnesium, calcium, strontium, and barium and zinc
      oxide. Still other catalysts include ammonia, trimethyl amine,
      triethyanolamine, and pyridine. The resins obtained from the base
      catalyzed condensations are called resoles.
PAR  As with most phenol aldehyde condensation reactions the character of the
      product obtained is very dependent on component reactivity, concentration
      and reaction conditions. It is thus difficult to control the reaction in
      small scale preparations. In general, the effectiveness of acid catalysts
      decreases as follows: hydrochloric, nitric, sulfuric, trichloroacetic,
      oxalic, phosphoric, dichloroacetic, chloroacetic, formic, lactic, and
      acetic. Also, the more reactive the phenol and aldehyde, the higher the
      molecular weight and hardness of the novolak obtained.
PAR  For the purposes of this invention, desirable condensation products are
      prepared using mole ratios of fluoroaliphatic phenol to aldehyde of from
      1.1:0.3 to 1.0:3.5 or more. The preferred fluoroaliphatic phenol to
      aldehyde ratios are 1.0:0.6 to 1.0:1.3. Reaction temperatures that may be
      used are from about 40.degree. C. to about 150.degree. C. or higher and
      the preferred reaction temperatures are from about 80.degree. C. to about
      110.degree. C.
PAR  Desirable condensation products that possess oleophobic and hydrophobic
      properties are obtained when the perfluoroalkyl group of the phenol
      contains at least 3 carbon atoms up to more than 20 or more carbon atoms.
      The preferred perfluoroalkyl groups are those containing from about 6 to
      about 10 carbon atoms.
PAR  The lower molecular weight condensation products, in general, are soft
      waxes having a buttery consistency. The novolaks prepared from
      2-(2'-chloro-3'-perfluorooctyl)-n-propyl phenol and formaldehyde having an
      average molecular weight of about 800 to about 1500 are soft probably
      because they are not a precise reaction product but are mixtures of
      reaction products includng unreacted phenol, phenol reacted with one or
      more aldehyde molecules, 2 phenol moieties reacted with one or more
      aldehydes, etc. It is these products that possess the greatest amount of
      substantivity to skin, leather, wool and polyamide surfaces. The higher
      molecular weight condensation products; i.e., those with molecular weights
      over about 1500, are hard, waxy solids and are useful in the preparation
      of oil and water repellent waxes and polishes. Other uses include coatings
      and molded products that have water and oil repellency and "easy release"
      surfaces. Both the lower and higher molecular weight condensation products
      are useful as a prepolymer to be extended with epoxy groups containing
      compounds and resins.
PAR  The molecular weight range of the soft waxy novolaks will, of course, vary
      depending upon the nature of the fluoroaliphatic phenol, the aldehyde, the
      catalyst, the reaction temperature and the like. The use of a strong
      catalyst reduces the time and temperature required to prepare the product
      and visa versa.
PAR  The method for preparing the novel condensation products of the present
      invention comprises, generally, the steps of reacting a fluoroaliphatic
      phenol having the formula
PAC  (H).sub.l A(OH).sub.m [(Q).sub.t (R.sub.f).sub.p ].sub.r
PAL  as defined above with an aldehyde having the formula
PAC  RCHO
PAL  as defined above in the presence of a condensation catalyst at a
      temperature of from about 1/2 to 8 hours at a temperature of from about
      50.degree. to 150.degree. C.
PAR  The present invention will be more clearly understood with reference to the
      following non-limiting examples wherein all parts are by weight unless
      otherwise specified.
DETD
PAC  EXAMPLE 1
PAR  Preparation of 2-(2'-chloro-3'-perfluorooctyl)-n-propyl phenol
PAR  A 2-liter 3-neck flask equipped with a mechanical stirrer, a sparger tube
      and means for absorbing sulfur dioxide, and means for heating the flask,
      was charged with 225.6 grams of 2-allylphenyl acetate (1.45 moles) and
      heated to 120.degree. C. When the temperature reached 120.degree. C.,
      there was added 0.2 grams of benzoyl peroxide and, over a period of 2
      hours, 755 grams (1.45 moles) of perfluorooctane sulfonyl chloride (b.p.
      194.degree. C.; n.sub.D.sup.25 1.3200) was added while maintaining the
      temperature at 120.degree. to 140.degree. C. To maintain a concentration
      of free radicals in the reaction mixture, there was added periodically
      during the two hours small portions of additional benzoyl peroxide (a
      total of 1.0 grams including the initial 0.2 grams were added). The
      mixture was heated at 120.degree. an additional 30 minutes after the
      addition was complete. Then, without cooling, the flask was rigged for
      vacuum distillation. Vacuum was applied cautiously to avoid foaming and
      the mixture distilled. There was obtained 729.2 grams of
      2-(2'-chloro-3'-perfluorooctyl-n-propyl) phenyl acetate (79.7 percent
      conversion) b.p. 140.degree. C./0.40 mm. and unreacted o-allylphenyl
      acetate. This compound is the precursor for the corresponding phenol.
PAR  Into a 10-liter flask equipped with a 2-foot diltillation column and
      fractionation take-off head and means for heating the flask was placed
      729.2 grams (1.16 moles) of 2-(2'-chloro-3'-perfluorooctyl)-n-propyl
      phenyl acetate, 7 liters of absolute alcohol and 1.0 gram of p-toluene
      sulfonic acid. The mixture was heated to reflux and over a period of 8
      hours after which 4 liters of ethanol were removed by distillation. Of
      samples taken from the flask during this time, there was an indication of
      a continued decrease in acetate group contant as determined by infrared
      analysis. Distillation was continued to remove the remaining ethanol. The
      residue in the flask was purified by absorption on silica gel and elution
      with an 80:20 benzene:hexane solution. After removal of the solvent by
      distillation, taking care not to overheat the product, 637.9 grams of
      2-(2'-chloro-3'-perfluorooctyl)-n-propyl phenol was obtained (99.5% of the
      theoretical amount). Melting point 69.degree.-73.degree. C. Analysis:
      Calculated for C.sub.17 H.sub.10 ClF.sub.17 O; C, 34.7 percent; H, 1.7
      percent; 1, 0.7 percent; F, 54.9 percent. Found; C, 34.6 percent; H, O; 1,
      1.79 percent; F, 54.8 percent. The above reactions are believed to be
      properly represented as follows:
      ##SPC2##
PAC  EXAMPLE 2
PAR  By performing the procedures of Example 1, using in place of 2-allylphenyl
      acetate an isomeric mixture of 3- and 5-chloro-2-allyl phenyl acetates,
      the isomeric mixture of 3- and
      5-chloro-2-(2'-chloro-3'-perfluorooctyl)-n-propyl phenyl acetate (b.p.
      153.degree. C./0.6 mm.) was prepared from which the isomeric mixture of 3-
      and 5-chloro-2-(2'-chloro-3'-perfluorooctyl)-n-propyl phenols (yellow
      wax-like material) may be prepared. Analysis: Calculated for C.sub.17
      H.sub.9 Cl.sub.2 F.sub.17 O; C, 32.8 percent; H, 1.4 percent; F, 51.8
      percent. Found; C, 33.2 percent; H, 1.6 percent; F, 51.8 percent.
PAC  EXAMPLE 3
PAR  When an isomeric mixture of 3- and 5-methyl-2-allyl phenyl acetates is
      carried through according to the procedures set out in Example 1 in place
      of 2-allylphenyl acetate, the isomeric mixture of 3- and
      5-methyl-2-(2'-chloro-3'-perfluorooctyl)-n-propyl phenyl acetate was
      prepared (b.p. 150.degree. C./0.40 mm.) from which the isomeric mixture of
      3- and 5-methyl-2-(2'-chloro-3'-perfluorooctyl)-n-propyl phenols (wax-like
      material) was prepared. Analysis: Calculated for C.sub.18 H.sub.12
      ClF.sub.17 O; C, 35.8 percent; H, 2.0 percent; F, 53.7 percent; Found; C,
      35.8 percent; H, 2.1 percent; F, 53.8 percent.
PAC  EXAMPLE 4
PAR  Additional .cndot.-perfluoroalkyl-propyl phenyl acetate and the phenols may
      be prepared therefrom, are given in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

                         Corresponding                                         

     .omega.-Perfluoroalkyl-Propyl Acetate                                     

                       .omega.-Perfluoroalkyl-Propyl Phenol                    

     __________________________________________________________________________

     4-chloro-2-(2'-chloro-3'-per-                                             

                       4-chloro-2-(2'-chloro-3'-per-                           

     fluorooctyl)-n-propyl phenyl                                              

                       fluorooctyl)-n-propyl phenol                            

     acetate (b.p. 150.degree.C/0.15 mm)                                       

                       (m.p. 88-93.degree. C.)                                 

     3,4,6-trichloro-2-(2'-chloro-                                             

                       3,4,6-trichloro-2-(2'-chloro-                           

     3'-perfluoro-octyl)-n-propyl                                              

                       3'-perfluorooctyl)-n-propyl                             

     phenyl acetate (b.p. 147.degree.C/                                        

                       phenyl (m.p. 84-88.degree. C.)                          

     0.07 mm)                                                                  

     2,6-dichloro-2-(2'-chloro-3'-                                             

                       2,6-dichloro-2-(2'-chloro-                              

     perfluorooctyl)-n-propyl phenyl                                           

                       3'-perfluorooctyl)-n-propyl                             

     acetate (b.p. 160.degree.C/0.05 mm)                                       

                       phenol (m.p. 88-89.degree. C.)                          

     Isomeric mixture of 2,4- and                                              

                       Isomeric mixture of 2,4- and                            

     2,6-diacetoxy-1-(2'-chloro-                                               

                       2,6-dihydroxy-1-(2'-chloro-                             

     3'-perfluorooctyl)-n-propyl                                               

                       3'-perfluorooctyl-n-propyl                              

     benzene (b.p. 170.degree.C/0.1 mm)                                        

                       benzene                                                 

     __________________________________________________________________________

PAR  The W-perfluoroalkyl-propyl acetates of Table II were prepared from
      4-chloro-2-allyl-phenyl acetate, 3,4,6-trichloro-2-allyl-phenyl acetate,
      2,6-dichloro-2-allyl acetate, and an isomeric mixture of 2,4- and
      2,6-diacetoxy-allyl-phenyl acetate respectively.
PAC  EXAMPLE 5
PAR  Table III gives the structure of yet other alkenylphenyl acetates that may
      be used to prepare additional W-perfluoroalkyl-phenols of this invention.
      These compounds also may be prepared by following the processes of Example
      1 using appropriate properties of W-perfluoro-alkyl sulfonyl halide and
      alkenyl phenyl acetate.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Alkenyl           Perfluoroalkyl                                          

                               .omega.-Perfluoroalkyl                          

     Phenyl Acetate    Sulfonyl Halide                                         

                               Alkyl Phenol                                    

     __________________________________________________________________________

                       C.sub.4 F.sub.9 SO.sub.2 Cl                             

                       C.sub.6 F.sub.13 SO.sub.2 Cl                            

                       C.sub.8 F.sub.17 SO.sub.2 Cl                            

                       C.sub.12 F.sub.25 SO.sub.2 Cl                           

                       C.sub.20 F.sub.41 SO.sub.2 Cl                           

                       C.sub.8 F.sub.17 SO.sub.2 Cl                            

                       C.sub.8 F.sub.17 SO.sub.2 Cl                            

                       C.sub.8 F.sub.17 SO.sub.2 Cl                            

                       C.sub.8 F.sub.17 SO.sub.2 Cl                            

                       C.sub.8 F.sub.17 SO.sub.2 Cl                            

                       C.sub.12 H.sub.25 SO.sub.2 Cl                           

                       C.sub.12 F.sub.25 SO.sub.2 Cl                           

                       C.sub.8 F.sub.17 SO.sub.2 Cl                            

                       C.sub.8 F.sub.17 SO.sub.2 Cl                            

                       C.sub.8 F.sub.17 SO.sub.2 Cl                            

                       C.sub.6 F.sub.13 SO.sub.2 Cl                            

                       C.sub.4 F.sub.9 SO.sub.2 Cl                             

     __________________________________________________________________________

PAR  The alkenyl-phenyl acetates of Table III and those used in Examples 1 and 2
      are prepared from the alkenyl-phenyl ethers which in turn are prepared
      from the phenols and alkenyl bromides. These reactions are well known
      procedures. See: J. Am. Chem. Soc., 72, 839-41 (1950): J. Org. Chem. 19,
      726-32 (1956); J. Chem. Soc., Japan 57, 599-602 (1956).
PAR  For certain applications of the novel phenols of the present invention, it
      is desirable that there be no chlorine in the alkyl side chain of the
      .omega.-perfluoroalkyl chloroalkyl phenol. The chlorine is readily removed
      by dehydrogenation with a base such as for example, sodium hydroxide, to
      form a .omega.-perfluoroalkyl alkenyl phenol and this compound can be
      hydrogenated to give the corresponding .omega.-perfluoroalkyl alkyl
      phenol. Also, .omega.-perfluoroalkyl alkyl phenols may be prepared by
      performing the dehydrochlorination and hydrogenation as in Example 6.
PAC  EXAMPLE 6
PAR  An electrically heated rocking autoclave of 250 ml. capacity was charged
      with 30 grams of 4-methyl-2-(2'-chloro-3'-perfluorooctyl)-n-propyl phenol
      (0.05 moles), 8.0 grams of potassium hydroxide, 10 ml. of water, 60 ml. of
      absolute alcohol and 6.0 grams of Raney nickel catalyst. Hydrogen was
      introduced at 3,000 p.s.a. pressure and the autoclave was rocked for 4
      hours while heating at 150.degree. C. At the end of 4 hours the autoclave
      was cooled to about 50.degree. C., flushed with nitrogen and opened. The
      contents were removed and cautiously filtered hot (avoiding spontaneous
      ignition of the catalyst by keeping it wet at all times), and the catalyst
      was washed with several 50 ml. portions of hot ethanol. The combined
      filtrate and washings were stirred into about 250 ml. of water and
      acidified with dilute hydrochloric acid. The oily layer was separated and
      purified by absorption on silica gel in a column and elution with a
      benzene/hexane solvent. After vacuum distillation of the solvent there was
      obtained about 28 grams of 4-methyl-2-(3'-perfluorooctyl)-n-propyl phenol.
PAR  In like manner other .omega.-perfluoroalkyl-alkyl phenols may be prepared
      from the corresponding .omega.-perfluoroalkylchloroalkyl-alkyl phenols,
      including those given in Table III.
PAR  The aldehyde condensation products of this invention may be prepared by the
      reaction of the perfluoroalkyl phenols disclosed above with aldehydes by
      well known procedures and in accordance with the following examples.
PAC  EXAMPLE 7
PAR  Into a 500-ml. 3-neck resin flask equipped with mechanical stirrer, reflux
      column and thermometer, was placed 100 ml. toluene, 294.3 grams (0.50
      moles.) of 2-(2'-chloro-3'-perfluorooctyl)-n-propyl phenol, 15.0 grams
      (0.50 moles) of paraformaldehyde and 30 grams of trichloroacetic acid. The
      mixture was stirred and heated at 80.degree. to 85.degree. C. for 3 hours
      and then at reflux (110.degree. C.) for an additional 2 hours. The
      solution was cooled to about 50.degree. C., 40 ml. of conc. aqueous
      ammonia was added, and heat applied to reflux the mixture for an
      additional hour. The reaction mixture was cooled, washed several times
      with an equal volume of water, and the solvent removed by vacuum
      distillation taking care to avoid foaming as the material becomes
      concentrated.
PAR  The condensation product, a novolak, as made in the quantity of this
      example has a molecular weight by vapor phase osmometry of 1000.+-.100. It
      is a light yellow soft butterlike wax useful for the preparation of
      compositions having value in the treatment of skin and render it repellent
      to oil and water.
PAC  EXAMPLE 8
PAR  Example 7 was repeated with the exception that 0.05 grams of
      p-toluenesulfonic acid was used as the condensation catalyst in place of
      30 grams of trichloroacetic acid. A novolak was obtained that had a
      molecular weight by vapor phase osmometry of 1650. It was a tan-colored
      hard wax.
PAC  EXAMPLE 9
PAR  Into a 500 ml. 3-neck resin flask equipped with a mechanical stirrer,
      reflux condenser and thermometer were placed 294.3 grams (0.50 moles) of
      2-(2 -chloro, 3'-perfluorooctyl)-n-propyl phenol and 55 grams of
      formaldehyde (30 percent solution) (0.55 moles). The mixture was stirred
      and heated to 60.degree. C. and made alkaline to phenolphthalein by
      dropwise addition of 20 percent sodium hydroxide in water. The mixture was
      then heated to 90.degree. C. and stirred at this temperature for 4 hours.
      After this time, the mixture was cooled to 60.degree. C. and acidified
      (pH: 6.0) with dilute phosphoric acid. The layers were allowed to separate
      and the yellow viscous lower layer removed from the flask. After drying in
      vacuum, a waxy yellow resin was obtained. This material is a resol and
      useful in further condensations to useful polymeric material. It is also
      useful for the preparation of protective compositions for the treatment of
      skin and leather.
PAC  EXAMPLE 10
PAR  Table IV presents the repellency and substantive properties of a number of
      fluoroaliphatic phenols and condensation products. It may be observed
      that, in general, monophenols and compounds with more than one OH per
      carbocyclic ring exhibit only fair oil and detergent repellency on pigskin
      and are of less substantivity, i.e., little oil and detergent repellency
      remains after a detergent wash. Fluoroaliphatic phenol aldehyde
      condensation products having an average molecular weight of about 900 to
      about 1,600 show good oil and water repellency on pigskin which is very
      similar to human skin and has the same properties for purposes of testing
      repellency. They also are substantive to the pigskin as is indicated by
      the fact that pigskins treated with these condensation products maintain
      their repellency after a 1-hour wash in a hot detergent solution.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Properties of Fluoroaliphatic Phenols and Condensation Products           

                                       Formaldehyde  Repellency.sup.g          

     Fluoroaliphatic                   (Condensation                           

                                               Molecular                       

     Phenol                            Catalyst)                               

                                               Weight.sup.b                    

                                                     Water                     

                                                         Oil Substantivity.sup.

                                                             h                 

     __________________________________________________________________________

     1.                                None.sup.a                              

                                               590   Fair                      

                                                         None                  

                                                             None              

     2.                                None.sup.a                              

                                               603   Fair                      

                                                         None                  

                                                             None              

     3.                                None.sup.a                              

                                               624   Fair                      

                                                         None                  

                                                             None              

     4.                                None.sup.a                              

                                               693   Fair                      

                                                         None                  

                                                             None              

     5.                                None.sup.a                              

                                               606   Fair                      

                                                         Fair                  

                                                             None              

     6.                                None.sup.a                              

                                               622   Fair                      

                                                         Fair                  

                                                             None              

     7.                                None.sup.a                              

                                               630   None                      

                                                         Good                  

                                                             None              

     8.                                None.sup.2                              

                                               624   Fair                      

                                                         None                  

                                                             None              

     9.                                                                        

       --CH.sub.2 CHCl--CH.sub.2                                               

       .vertline.                              300.sup.f                       

                                                     Fair                      

                                                         None                  

                                                             None              

       C.sub.8 F.sub.17 +  novolac of                                          

     10.                               CH.sub.2 O.sup.c                        

                                               1100  Good                      

                                                         Good                  

                                                             Good              

     11.                               CH.sub.2 O.sup.d                        

                                               1650  Good                      

                                                         Good                  

                                                             Poor              

     12.                               CH.sub.2 O.sup.d                        

                                               790   Good                      

                                                         Good                  

                                                             Good              

     13.                               CH.sub.2 O.sup.c                        

                                               2500  Good                      

                                                         Good                  

                                                             Poor              

     14.                               CH.sub.2 O.sup.c                        

                                               980   Good                      

                                                         Good                  

                                                             Fair              

     15.                               CH.sub.2 O.sup.c                        

                                               1150  Good                      

                                                         Good                  

                                                             Fair              

     16.                                       1218  Good                      

                                                         Good                  

                                                             Good              

     17.                               CH.sub.2 O.sup.d                        

                                               &gt;3000 Fair                      

                                                         Fair                  

                                                             Poor              

     __________________________________________________________________________

      .sup.a Test on the phenol before reaction with aldehyde.                 

      .sup.b Molecular weight determined by vapor phase osmometry.             

      .sup.c Condensation catalyst is trichloroacetic acid.                    

      .sup.d Condensation catalyst is p-toluenesulfonic acid.                  

      .sup.e Test on the dihydroxy-diphenyl methane.                           

      .sup.f Molecular weight of the non-perfluorinated novolac.               

      .sup.g After application of an 8% solution to raw pigskin that had been  

      extracted with tetrahydrofurane, dried, and rehydrated to a flexible     

      condition.                                                               

      .sup.h Repellency of treated pigskin after it has been given a 1-hour was

      with a 0.5% aqueous solution of sodium dodecylbenzene sulfonate at       

      40.degree. C.                                                            

PAR  If the perfluorooctyl group of the compounds and products of Table IV are
      replaced by other perfluoro groups including perfluorobutyl,
      perfluoroamyl, perfluorohexyl, perfluorododecyl, perfluoroodecyl, and
      other perfluoroalkyl groups, corresponding compounds and products are
      obtained that have properties similar to those listed in Table IV.
PAR  If the formaldehyde used in the condensation products of Table IV is
      replaced by other aldehydes including acetaldehyde, benzaldehyde,
      butyraldehyde, furfuraldehyde, glutaraldehyde, glyoxal, paraldehyde,
      propionaldehyde, tetrahydrofurfuraldehyde, and other aldehydes desirable
      condensation products are also obtained that have properties similar to
      those listed in Table IV.
PAR  The following example demonstrates a preferred application of the
      condensation products of this invention in a composition that provides
      effective protection of the skin against aqueous and oily material that
      otherwise might injure the skin.
PAC  EXAMPLE 11
PAR  To prepare a perfumed protective handcream, an aqueous solution of 82.35
      parts of water, 0.3 parts of ammonium lauryl sulfate, and 0.15 parts of
      Tegosept M (methyl ester of p-hydroxybenzoic acid, a water soluble
      bactericide) was heated to 50.degree. C. and added to a high shear mixer
      (Homomixer). An oil phase solution of 3.0 parts of cetyl alcohol, 4.0
      parts of the novolak of 2-(2'-chloro-3'-perfluorooctyl)-n-propyl phenol
      (prepared as described in Example 7), 0.10 parts of Tegosept P (propyl
      ester of p-hydroxybenzoic acid, an oil soluble bactericide) and 0.004
      parts of propyl gallate (antioxidant) was also heated to 50.degree. C. was
      slowly added to the aqueous mixture, the entire mixture was thoroughly
      mixed and while mixing, cooled to 32.degree. C., then 0.10 parts of
      perfume "Flueroma Fragrance No. 9006" available from U.O.P. Fragrances
      Division of Universal Oil Products, Inc., New York, was added. After the
      creamy emulsion is cooled to below about 30.degree. C. while mixing, it is
      discharged from the mixer.
PAR  The emulsion was then rubbed onto the hands in the usual manner and was
      found to be protective against water, oil and detergents.
PAR  Handcreams with similar desirable properties may be prepared by using in
      accordance with Example 11 from 0.5 to 4 parts of cetyl alcohol per 100
      parts of handcream. Less cetyl alcohol than 0.5 parts gives thin unstable
      emulsions and more than 4 parts of cetyl alcohol reduces the oil
      repellency of the handcream. Likewise, the preferred concentration of
      perfume or fragrance depends on the type of fragrance used. In general, a
      useful concentration is from about 0.05 parts up to 0.15 parts per 100
      parts of handcream. Less than 0.05 parts of fragrance is ineffective and
      more than 0.15 may reduce the oil repellency of the handcream. Also,
      handcreams with desirable properties may be prepared by using in
      accordance with Example 4 from 0.2 to about 0.4 parts of ammonium lauryl
      sulfate.
PAR  The cream of Example 11 was the result of the study of many formulations to
      find composites that do not have components that interfere with the
      substantivity of condensation products of the invention. In general,
      inorganic thickeners, fugitive surfactants, fluorochemical surfactants,
      fatty acids, most common surfactants and most fatty alcohols are to be
      avoided because rather large quantities of these materials are required to
      achieve emulsion stability. At the high concentration of these materials
      required the substantivity and repellency of the condensation products of
      this invention are reduced.
PAC  EXAMPLE 12
PAR  A protective lotion was prepared by dissolving 0.004 parts of propyl
      gallate, 4 parts of the novolak of
      2-(2'-chloro-3'-perfluorooctyl)-n-propyl phenol (prepared as in Example 1)
      and 0.1 part of perfume in 96 parts of denatured ethyl alcohol. The
      resulting lotion provided protection of the hands against hot soapy water.
      When applied to the hands and other parts of the body, the cream provided
      protection against aqueous and oily solutions. In place of denatured ethyl
      alcohol, isopropanol or a Freon or a mixture of one or mre Freons having a
      boiling point of about 70.degree. F. to about 150.degree. F. may be used.
      If the lotion is to be used to treat leather, textiles, or synthetic
      materials, then other solvents may be used including diethyl ether,
      acetone, methyl ethyl ketone, amyl acetate, benzene, chlorinated
      hydrocarbons and the like.
PAC  EXAMPLE 13
PAR  The repellency and substantive properties of the protective compositions of
      this invention were determined by photographically measuring droplet
      contact angles over a five minute period. Pigskin or callus tissue was
      treated with the test formulation as prepared in Example 11, permitted to
      dry after which a droplet of soap solution (0.5 percent sodium lauryl
      sulfonate in deionized water) or oil (75 percent mineral oil of 310 to 320
      Saybolt-seconds in heptane) was placed on the surface from a syringe.
      Pictures taken level with the treated surface at times of 0, 15, 30, 60
      and 300  seconds were used to determine the wetting rates of these
      potential irritants. Initial contact angle as well as rate of change of
      contact angles were used to compare repellencies of formulations.
      Substantivity is measured by determining the contact angle of the mineral
      oil-heptane mixture on the treated callus tissue or pigskin after it is
      subjected to a 40 minute wash with a 0.5 percent solution of sodium lauryl
      sulfonate at 45.degree. C., rinsed with warm water and dried.
PAR  It may be seen by inspection of Table V that the creams and lotions made
      using novolaks of 2-2(2'-chloro-3-perfluorooctyl)-n-propyl phenol exhibit
      oil and soap repellency and that this condensation product is substantive
      to callus tissue. These results are indicated by the high contact angle of
      drops of oil on treated callus tissue after it has been washed in hot
      detergent solution. Creams and lotions made with other novolaks and
      aldehyde condensation products having an average molecular weight of from
      about 900 to about 1600 in accordance with the teaching of this invention
      are repellent to aqueous and oily substances and are substantive to skin
      and proteinaceous materials.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     Repellency Tests on Callus Tissue                                         

     Droplet Contact Angle                                                     

     Before Detergent Wash           After Detergent Wash                      

     Elapsed        Preparation of                                             

                            Preparation of  Preparation of                     

                                                    Preparation of             

     Time Untreated Example 11                                                 

                            Example 12                                         

                                     Untreated                                 

                                            Example 11                         

                                                    Example 12                 

     Seconds                                                                   

          Oil  Soap Oil Soap                                                   

                            Oil Soap Oil    Oil     Oil                        

     __________________________________________________________________________

      2   28.degree.                                                           

               76.degree.                                                      

                    89.degree.                                                 

                        97.degree.                                             

                            84.degree.                                         

                                101.degree.                                    

                                     &lt;10.degree.                               

                                            78.degree.                         

                                                    75.degree.                 

     15   20.degree.                                                           

               51.degree.                                                      

                    82.degree.                                                 

                        96.degree.                                             

                            82.degree.                                         

                                99.degree.                                     

                                     Wets   74.degree.                         

                                                    72.degree.                 

     30   15.degree.                                                           

               43.degree.                                                      

                    80.degree.                                                 

                        93.degree.                                             

                            78.degree.                                         

                                96.degree.                                     

                                     out    70.degree.                         

                                                    68.degree.                 

     60   &lt;10.degree.                                                          

               27.degree.                                                      

                    78.degree.                                                 

                        93.degree.                                             

                            76.degree.                                         

                                95.degree.                                     

                                     almost 63.degree.                         

                                                    64.degree.                 

     300  &lt;10.degree.                                                          

               &lt;10.degree.                                                     

                    76.degree.                                                 

                        72.degree.                                             

                            75.degree.                                         

                                84.degree.                                     

                                     immediately                               

                                            47.degree.                         

                                                    52.degree.                 

     __________________________________________________________________________

PAC  EXAMPLE 14
PAR  An aerosol spray embodying the composition of the invention is prepared by
      charging a 6 ounce aerosol can with 90 grams of a 4 percent solution of
      the novolak of 2-(2'-chloro-3'-perfluorooctyl)-n-propyl phenol (prepared
      as in Example 7) in ethanol and 90 grams of a 40:60 mixture of Freon 11
      and Freon 12. To disperse the protective composition, the aerosol can is
      equipped with a "Precision" valve and dip tube. When sprayed on the hands
      or other parts of the body, a pleasant emollient character is noted and
      the hands and body are afforded protection against oil and aqueous based
      irritants, acid and basic solutions even after the hands and body are
      washed in water or detergent solutions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A condensation polymer having an average molecular weight of about 800
      to about 1500 of the condensation catalyst catalyzed reaction of a phenol
      of the formula
      ##EQU1##
      wherein l, m and r are 1 or 2, t is 1; H is a hydrogen atom sufficiently
      reactive to undergo a catalyzed condensation reaction with an aldehyde; A
      is an aryl nucleus containing from 6 to 15 carbon atoms; OH is a phenolic
      hydroxyl group; R.sub.f is a monovalent fluorinated saturated aliphatic
      radical containing from 3 to 20 carbon atoms and Q is selected from the
      class consisting of carbonyl and carbonamide and a saturated aliphatic
      aldehyde containing not more than 7 carbon atoms in addition to the
      aldehyde carbon atom or benzaldehyde.
NUM  2.
PAR  2. A condensation polymer having an average molecular weight of about 900
      to about 2500 of the condensation catalyst catalyzed reaction of a phenol
      of the formula
      ##EQU2##
      wherein l, m and r are 1 or 2, t is 1; H is a hydrogen atom sufficiently
      reactive to undergo a catalyzed condensation reaction with an aldehyde; A
      is an aryl nucleus containing from 6 to 15 carbon atoms; OH is a phenolic
      hydroxyl group; R.sub.f is a monovalent fluorinated saturated aliphatic
      radical containing from 3 to 20 carbon atoms and Q is selected from the
      class consisting of carbonyl and carbonamide and a saturated aliphatic
      aldehyde containing not more than 7 carbon atoms in addition to the
      aldehyde carbon atom or benzaldehyde.
NUM  3.
PAR  3. A polymer according to claim 1 wherein the aldehyde is formaldehyde.
NUM  4.
PAR  4. A polymer according to claim 3 wherein the phenol is
      ##SPC3##
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ABST
PAL  A liquid phase co-oxidation process for the production of a benzaldehyde
      compound having the following structural formula:
      ##SPC1##
PAL  Wherein R is selected from the group of radicals consisting of hydrogen,
      halogen, methyl, and methoxy comprising admixing a toluene compound having
      the following structural formula:
      ##SPC2##
PAL  Wherein R is as defined above with an aliphatic saturated aldehyde having 2
      to 7 carbon atoms wherein the molar ratio of toluene compound to aldehyde
      is preferably about 1 to about 25 mols of toluene compound per mol of
      aldehyde and an oxygen containing gas consisting of carbon, hydrogen, and
      oxygen atoms and the temperature is in the range of about 50.degree. to
      about 250.degree.C.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a process for the production of benzaldehyde and
      derivatives thereof and, more particularly, to a liquid phase process for
      the production of such benzaldehydes by the indirect oxidation of toluene
      or various substituted toluenes.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Benzaldehyde and its derivatives are well known in the chemical industry,
      many being in the category of expensive chemicals. Benzaldehyde,
      particularly, is useful in organic synthesis especially of dyes and
      intermediates; as a solvent for various oils, resins, and cellulose
      ethers, and for cellulose acetate and nitrate; in flavoring compounds,
      perfumes, and soaps; in photographic and baking chemicals; and in
      medicine. Several of the substituted benzaldehydes have similar utility
      especially in dye synthesis, e.g., 2,6-dichlorobenzaldehyde.
PAR  Many processes for the preparation of benzaldehyde have been proposed over
      the years, the most important of which utilize toluene as a starting
      material. One method follows the procedure of sidechain chlorination,
      fractionation, and hydrolysis of the benzal chloride formed thereby;
      another method involves the partial oxidation of toluene with manganese
      dioxide in a sulfuric acid solution followed by steam distillation; and
      one more involves the vapor-phase air oxidation of toluene in the presence
      of a vanadium pentoxide catalyst. These and other prior art processes
      have, unfortunately, been marked by one or more of the following
      disadvantages: low efficiencies, low conversions, poor selectivity, slow
      reaction rates, impurities or instability in the final product,
      commercially unattractive by-products, or the need, in some cases, for
      expensive initial reactants.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention, therefore, is to provide a highly selective
      process for the production of benzaldehyde and various of its derivatives
      from the corresponding toluene compound, which raises efficiencies and
      conversions, increases reaction rates, reduces impurity levels, provides
      stable products, and uses inexpensive initial reactants.
PAR  Other objects and advantages will become apparent hereinafter.
PAR  According to the present invention, a highly selective liquid phase
      co-oxidation process for the production of a benzaldehyde compound having
      the following structural formula:
      ##SPC3##
PAL  Wherein R is selected from the group of radicals consisting of hydrogen,
      halogen, methyl, and methoxy has been discovered, which effectively
      overcomes the aforementioned disadvantages, comprising admixing a toluene
      compound having the following structural formula:
      ##SPC4##
PAL  wherein R is as defined above with an aliphatic saturated aldehyde having 2
      to 7 carbon atoms wherein the molar ratio of toluene compound to aldehyde
      is about 0.1 to about 250 mols of toluene compound per mol of aldehyde
      consisting of carbon, hydrogen, and oxygen atoms and an oxygen containing
      gas and the temperature is in the range of about 50.degree. to about
      250.degree.C.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The process can be carried out be feeding a mixture of toluene or its
      derivative and an aldehyde into a reaction vessel. The reaction vessel can
      be glass, glass-lined or made of aluminum or titanium. A glass-lined
      polytetrafluoroethylene coated stainless steel autoclave can be used or
      even better from a commercial point of view, it is found that unlined type
      316 stainless steel (as defined by the American Iron and Steel Institute)
      can be used effectively. A tubular or backmixed reactor made of similar
      materials can also be used together with multipoint injection to maintain
      a particular ratio of reactants.
PAR  Some form of agitation is preferred to avoid a static system and can be
      accomplished by using a mechanically stirred autoclave, a multipoint
      injection system, or a loop reactor wherein the reactants are force
      circulated through the system. Sparging can also be used. In subject
      process, it is found that increased rates of reaction are obtained by good
      gas-liquid contact throughout and that this contact is provided by
      agitation. The homogeneity of the liquid reactants, provided by the
      agitation, is also advantageous. In this regard, the type of reactor which
      is most preferred herein is a back mixed reactor since it is effective in
      maintaining optimum steady state reactio of reactants in a continuous
      operation.
PAR  Toluene and the derivatives which are useful in this process can be defined
      by the following structural formula:
      ##SPC5##
PAL  wherein R can be selected from the group of radicals consisting of
      hydrogen, halogen (chlorine, bromine, iodine, and fluorine), methyl, and
      methoxy. Examples of these compounds, in addition to toluene, are ortho-,
      meta-, and para-xylene, ortho-, meta-, and para-chlorotoluene,
      2,6-dichlorotoluene, paramethoxytoluene, and ortho-bromotoluene. For the
      sake of brevity, this group of compounds may hereinafter be referred to as
      the "toluene compound."
PAR  The aldehyde is preferably acetaldehyde but can be any aliphatic saturated
      aldehyde which contains only carbon, hydrogen, and oxygen. It can be
      straight chain or branched and can have from two to seven carbon atoms.
      Examples of saturated aldehydes of this type are propionaldehyde,
      n-butyraldehyde, isobutyraldehyde, n-valeraldehyde, isovaleraldehyde,
      n-caproaldehyde, n-heptaldehyde, and trimethylacetaldehyde.
PAR  The molar ratio of toluene compound to aldehyde introduced into the
      reaction mixture is critical and must be in the range of about 0.1 mol to
      about 250 mols of toluene compound to one mol of aldehyde. The preferred
      range is about 1 mol to about 25 mols of toluene compound per mol of
      aldehyde.
PAR  The reaction can be carried out at temperatures ranging from about
      50.degree.C. to about 250.degree.C. The preferred temperature range is
      about 80.degree.C. to about 180.degree.C. The temperature is also
      critical. OF
PAR  The pressure under which the reaction vessel is maintained, however, is not
      critical and there is no upper limit except the practical limitation in
      cost and size of the reactor. Pressures of atmospheric to about 100
      atmospheres are adequate to maintain a substantial portion of the toluene
      compound in the liquid phase depending on the temperature at which the
      reaction is run and the boiling point of the particular toluene compound.
      Pressures between about 10 atmospheres and about 30 atmospheres are
      generally used, however.
PAR  The temperature, pressure, and feed determine how much of the toluene
      compound is in the liquid phase, which is only important in the following
      respect since excess toluene compound can easily be recycled. There is
      nothing objectionable about the presence of a vapor phase, but it should
      be noted that to achieve the desired results the prescribed ratios have to
      be correct in the liquid phase where the reaction is taking place.
PAR  The atmosphere in the reaction vessel prior to the introduction of oxygen
      can be comprised of nitrogen or other inert gas, if desired.
PAR  An oxygen containing gas wherein the balance of the components of the gas
      are inert to the reaction such as a mixture of nitrogen and oxygen, air,
      or oxygen itself is then introduced into the reaction vessel. Generally,
      the oxygen is introduced under partial pressures such as about 50 to 350
      psi. The pressure is not critical. Pressure loss due to consumption of
      oxygen is adjusted to a constant pressure by the addition of more oxygen.
      The amount of oxygen used can be based on the aldehyde with which it
      directly reacts. Advantageous molar ratios of O.sub.2 to aldehyde are
      about 1:1 or less and preferably about 1:2 or less with an optimum of
      about 1:4. A molar ratio of 1:20 or less is unproductive, however, and a
      molar excess of O.sub.2, while operative, is a waste of oxygen, reduces
      efficiency and is hazardous. In terms of oxygen partial pressures, very
      low pressures can be used and the better the method of oxygen transfer,
      the lower the partial pressure. Agitation is the key to good oxygen
      transfer and can be provided as mentioned above. High partial pressures
      can also be used, if desired.
PAR  This process can be run in a batchwise, semi-continuous or continuous
      operation, the latter being preferred. The order of introduction of the
      reactants is determined by the operator based on what is most practical
      under prevalent conditions and is not of a critical nature.
PAR  Catalysts and initiators are not necessary to the reaction, but can be
      present. A particular and preferred feature of this invention involves the
      use of a catalyst and will be described below.
PAR  The benzaldehyde product which is formed has the following structural
      formula:
      ##SPC6##
PAL  wherein R is the same as defined above for the toluene compound. This
      product may be referred to herein as the "benzaldehyde compound."
PAR  A feature of this invention is the formation of a benzyl alcohol
      by-product. Benzyl alcohol is an extremely valuable industrial product and
      although it is not formed in as high a proportion as benzaldehyde, its
      formation is, nevertheless, so desirable that selectivities in the
      examples are based on the combined selectivity to benzaldehyde and benzyl
      alcohol.
PAR  Another by-product of subject process is the carboxylic acid which
      corresponds to the aldehyde reactant, e.g., where acetaldehyde is reacted,
      acetic acid is formed and where butyraldehyde is reacted, butyric acid is
      formed. It will be noted that this by-product is formed in larger molar
      quantities than the desired products. Since these carboxylic acids are
      useful, their formation is not detrimental to the process. From a
      commercial point of view, however, they are not nearly as valuable as,
      e.g, benzaldehyde and benzyl alcohol. Therefore, optimization of subject
      process also entails, e.g., low acetic acid: benzaldehyde-benzyl alcohol
      molar ratios.
PAR  Other by-products formed in small quantities and, in some cases, not at all
      are methanol or the corresponding alkanols and benzoic acid or its
      corresponding derivatives. Water is also generally formed in minor
      amounts.
PAR  As noted above, a feature of this invention involves the use of a catalyst.
      In the course of experimentation, it was found that all of the
      above-mentioned disadvantages of the prior art processes could be
      substantially overcome by the process described heretofore except for that
      of low conversion of toluene. While some improvement in the conversion of
      toluene was achieved, any attempt at substantial improvement by varying
      process conditions was met with a corresponding decrease in selectivity. A
      careful study of this phenomenon led to the discovery that the source of
      the problem was the presence of a small quantity (no more than about 500
      parts per million based on the weight of the toluene compound) of a
      phenol, which evidently is formed during the process. Phenol and related
      compounds are, of course, known oxidation inhibitors. In fact,
      benzaldehyde is often treated with hydroquinone to prevent its
      autoxidation to benzoic acid while in storage. It was then found that the
      solution to the problem of low conversion was accomplished by introducing
      small amounts of transition metal catalysts into the reaction mixture. The
      minimum amount of catalyst that can be used is about 10 parts by weight of
      catalyst per million parts by weight of toluene compound. There is no
      upper limit except the limit of practicality in view of the high cost of
      the catalyst. The amount of catalyst used is preferably in the range of
      about 20 to about 100 parts by weight per million parts by weight of
      toluene compound. The catalyst can be any one of the transition metals
      selected from Groups I B to VII B, inclusive, and VIII of the Periodic
      Table in a free state, or in compound or complex form. The compound or
      complex can be inorganic or organic, the latter being preferred.
PAR  Preferred metals are cobalt, manganese, and chromium.
PAR  Examples of useful catalysts which are inorganic compounds or complexes
      are: cobalt chloride, cobalt sulfate, manganese chloride, manganese
      sulfate, chromium chloride, chromium sulfate, and iron chloride.
PAR  Examples of useful catalysts which are organic compounds or complexes are:
      cobalt naphthenate, cobalt (II) acetylacetonate, cobalt acetate, manganese
      (II) acetylacetonate, manganese naphthenate, and manganese acetate.
PAR  It is found that the use of these catalysts in the process overcomes the
      inhibition of reaction rates by phenols and a marked increase in the
      conversion of toluene is achieved thereby.
PAR  Recovery, separation and analysis of products and unreacted materials are
      accomplished by conventional means.
PAR  The percent selectivity to benzaldehyde and benzyl alcohol is calculated as
      follows:
      ##EQU1##
PAR  The following examples illustrate the invention. Parts are by weight.
PAR  Note: In the examples dealing with acetaldehyde, chlorobenzene is used as
      an internal standard, and in examples dealing with butyraldehyde,
      1,2,4-trichlorobenzene is used as an internal standard. Internal standards
      are commonly used in laboratory experiments where analysis is to be
      accomplished by gas phase chromotography as is the case in the following
      examples. By definition these internal standards must be non-reactive and
      non-volatile so as not to interfere with the results of the experiment.
      Any organic chemical which meets the definition can be used. The internal
      standards serve as a gauge for measuring quantities of components,
      reactants or products.
PAC  EXAMPLES 1 to 19
PAR  These examples are a series of batch reactions. The reactants, i.e.,
      toluene and aldehyde, are introduced into a glass-lined stainless steel
      autoclave (examples 1 to 16) or an all glass reactor (examples 17 to 19).
      Oxygen and nitrogen or just oxygen are fed into the reactor. Reactants,
      conditions and results are set forth in Table I.
TBL                                    Table I                                 

     __________________________________________________________________________

                                Toluene                                        

                                      Aldehyde       Reaction                  

          Name of Temp.                                                        

                      Toluene                                                  

                           Aldehyde                                            

                                (parts by                                      

                                      (parts by                                

                                            Oxygen                             

                                                Nitrogen                       

                                                     time                      

     Example                                                                   

          aldehyde                                                             

                  (.degree.C)                                                  

                      (mols)                                                   

                           (mols)                                              

                                weight)                                        

                                      weight)                                  

                                            (psi)                              

                                                (psi)                          

                                                     (minutes)                 

     __________________________________________________________________________

      1   acetaldehyde                                                         

                  100 2.175                                                    

                           0.5  200   22    50  350   5                        

      2   acetaldehyde                                                         

                  100 2.175                                                    

                           0.5  200   22    50  350  30                        

      3   acetaldehyde                                                         

                  100 2.175                                                    

                           0.5  200   22    50  350   330                      

      4   acetaldehyde                                                         

                  100 2.175                                                    

                           0.1  200   4.4   50  350  30                        

      5   acetaldehyde                                                         

                  100 2.175                                                    

                           0.1  200   4.4   50  350  40                        

      6   acetaldehyde                                                         

                  120 2.175                                                    

                           0.1  200   4.4   50  350  10                        

      7   acetaldehyde                                                         

                  120 2.175                                                    

                           0.1  200   4.4   50  350  20                        

      8   acetaldehyde                                                         

                  120 2.175                                                    

                           0.1  200   4.4   50  350  30                        

      9   acetaldehyde                                                         

                  120 2.175                                                    

                           0.1  200   4.4   50  350  40                        

     10   acetaldehyde                                                         

                  140 2.175                                                    

                           0.1  200   4.4   50  350   5                        

     11   acetaldehyde                                                         

                  140 2.175                                                    

                           0.1  200   4.4   50  350  10                        

     12   acetaldehyde                                                         

                  160 2.175                                                    

                           0.1  200   4.4   50  350   5                        

     13   acetaldehyde                                                         

                  160 2.175                                                    

                           0.1  200   4.4   50  350  10                        

     14   acetaldehyde                                                         

                  160 2.175                                                    

                           0.1  200   4.4   50  350  20                        

     15   acetaldehyde                                                         

                  160 2.175                                                    

                           0.1  200   4.4   50  350  30                        

     16   acetaldehyde                                                         

                  160 2.175                                                    

                           0.1  200   4.4   50  350  40                        

     17   butyraldehyde                                                        

                  100 1.0  0.1   92   7.2    14.3                              

                                                --   45                        

     18   butraldehyde                                                         

                  100 1.0  0.1   92   7.2    14.3                              

                                                --   240                       

     19   butraldehyde                                                         

                  100 1.0  0.1   92   7.2    14.3                              

                                                --   320                       

                             Products          Selectivity to                  

                              Benzyl  Benzoic  benzaldehyde +                  

                  benzaldehyde                                                 

                             alcohol  acid     benzyl alcohol                  

     Example      (mols)      (mols)  (mols)   (mol percent)                   

     __________________________________________________________________________

      1           0.022      0.004    0.003    87.9                            

      2           0.030      0.004    0.012    73.3                            

      3           0.030      0.003    0.012    72.5                            

      4           0.005      0        0        100                             

      5           0.007      0        0        100                             

      6           0.012      0        0        100                             

      7           0.014      trace    0.001    94                              

      8           0.015      trace    0.001    94                              

      9           0.015      trace    0.001    94                              

     10           0.012      0.002    0        100                             

     11           0.013      0.002    0.001    97                              

     12           0.015      0.005    0.001    96                              

     13           0.016      0.008    0.001    96                              

     14           0.015      0.008    0.002    92                              

     15           0.019      0.009    0.004    86                              

     16           0.019      0.008    0.004    86                              

     17           0.002      0.001    0        100                             

     18           0.004      0.001    0        100                             

     19           0.004      0.001    0        100                             

     __________________________________________________________________________

PAC  EXAMPLE 20
PAR  This example demonstrates a semicontinuous reaction in all glass reactor.
      All conditions are kept constant except for the butyraldehyde feed.
PAR  92 parts by weight of toluene (1mol) are introduced into the all glass
      reactor. The temperature is maintained at 100.degree.C. Sufficient oxygen
      is introduced and added during the course of the reaction to maintain an
      oxygen pressure of 14.3 psi in the reactor. 38.8 parts by weight of
      butyraldehyde (0.54 mol) are added to the reactor, 10 parts initially and
      the balance is pumped in, in roughly about equal portions by volume, every
      half hour over 614 minutes during the run.
PAR  The results are in millimols, except as otherwise specified, as follows:
TBL  reaction time                                                             

     (minutes)  87      159      221   296    614                              

     ______________________________________                                    

     benzaldehyde                                                              

               3.0      4.0      4.4   5.8    9.7                              

     benzyl alcohol                                                            

               1.2      1.9      1.9   1.7    4.0                              

     benzoic acid                                                              

               0.0      0.0      0.0   0.2    3.7                              

     selectivity to                                                            

     benzaldehyde +                                                            

     benzyl alcohol                                                            

     (mol percent)                                                             

               100      100      100   97     79                               

     toluene                                                                   

     conversion                                                                

     (weight per-                                                              

     cent)     .44      .62      .65   .80    1.9                              

     ______________________________________                                    

PAC  EXAMPLE 21
PAR  This example demonstrates a semi-continuous reaction in a glass-lined
      stainless steel reactor. All conditions are kept constant except for the
      butyraldehyde feed.
PAR  200 parts by weight of toluene (2.18 mols) are introduced into the reactor.
      The temperature is maintained at 100.degree.C. Sufficient oxygen is
      introduced and added during the course of the reaction to maintain an
      oxygen partial pressure of 50 psi. Sufficient nitrogen is introduced and
      added during the course of the reaction to maintain a nitrogen partial
      pressure of 150 psi. 2 parts by weight of butyraldehyde are introduced
      into the reactor initially. 24.5 parts by weight of butyraldehyde are fed
      by pump in about equal portions by volume each minute thereafter for
      twenty minutes (total aldehyde: 0.37 mol).
PAR  The results are in millimols, except as otherwise specified, as follows:
TBL  reaction time                                                             

     (minutes)   5         10        15     20                                 

     ______________________________________                                    

     benzaldehyde                                                              

                 15.1      15.1      20.0   20.3                               

     benzyl alcohol                                                            

                 5.3       6.2       4.8    4.8                                

     benzoic acid                                                              

                 4.4       6.9       11.0   17.2                               

     selectivity to                                                            

     benzaldehyde +                                                            

     benzyl alcohol                                                            

     (mol percent)                                                             

                 83        76        69     59                                 

     toluene conversion                                                        

     (weight percent)                                                          

                 1.2       1.3       1.7    2.0                                

     ______________________________________                                    

PAC  EXAMPLE 22
PAR  Example 21 is repeated except that 4 parts by weight of butyraldehyde are
      introduced initially and an additional 81.7 parts by weight are introduced
      in about equal portions by volume each minute for 50 minutes (total
      aldehyde: 1.19 mol).
PAR  The results are in millimols, except as otherwise specified, as follows:
TBL  reaction time                                                             

     (minutes)   10      15      20     30    50                               

     ______________________________________                                    

     benzaldehyde                                                              

                 21.0    25.3    25.2   31.0  27.5                             

     benzyl alcohol                                                            

                 4.3     3.3     4.2    5.4   8.9                              

     benzoic acid                                                              

                 8.8     10.2    18.7   24.0  31.0                             

     selectivity to                                                            

     benzaldehyde +                                                            

     benzyl alcohol                                                            

     (mol percent)                                                             

                 74      74      61     61    54                               

     toluene conversion                                                        

                 1.6     1.8     2.3    2.9   3.2                              

     (weight percent)                                                          

     ______________________________________                                    

PAC  EXAMPLE 23
PAR  Example 22 is repeated except that the additional parts by weight of
      butyraldehyde are changed to 49 parts by weight, which are introduced in
      about equal portions by volume each minute for 30 minutes, and the oxygen
      partial pressure is changed to 350 psi and the nitrogen partial pressure
      is changed to 50 psi (total aldehyde: 0.74 mol).
PAR  The results are in millimols, except as otherwise specified, as follows:
TBL  reaction time                                                             

     (minutes)   5       10      15     20    30                               

     ______________________________________                                    

     benzaldehyde                                                              

                 14.5    22.1    25.7   31.5  28.4                             

     benzyl alcohol                                                            

                 1.9     1.3     2.6    3.6   5.9                              

     benzoic acid                                                              

                 2.0     12.3    19.8   30.4  55.8                             

     selectivity to                                                            

     benzaldehyde +                                                            

     benzyl alcohol                                                            

     (mol percent)                                                             

                 88      65      59     54    38                               

     toluene conversion                                                        

     (weight percent)                                                          

                 0.9     1.7     2.3    3.1   4.3                              

     ______________________________________                                    

PAC  EXAMPLE 24
PAR  Example 23 is repeated except that the temperature is raised to
      120.degree.C.; the additional parts by weight of butyraldehyde are changed
      to 73.5 parts by weight, which are introduced in about equal portions by
      volume each minute for 45 minutes; and the oxygen partial pressure is 150
      psi and, after 30 minutes, is increased to 240 psi (total aldehyde: 1.08
      mol)
PAR  Results in millimols, except as otherwise specified, are as follows:
TBL  reaction time                                                             

     (minutes)   10      15      20     30    45                               

     ______________________________________                                    

     benzaldehyde                                                              

                 21.3    21.4    21.0   19.5  29.7                             

     benzyl alcohol                                                            

                 11.5    10.9    8.8    10.5  17.7                             

     benzoic acid                                                              

                 14.3    8.2     11.0   13.1  31.8                             

     selectivity to                                                            

     benzaldehyde +                                                            

     benzyl alcohol                                                            

     (mol percent)                                                             

                 70      80      73     70    60                               

     toluene conversion                                                        

     (weight percent)                                                          

                 2.3     1.9     1.9    2.0   3.7                              

     ______________________________________                                    

PAC  EXAMPLE 25
PAR  Example 23 is repeated except that the temperature is raised to
      140.degree.C.
PAR  Results in millimols, except as otherwise specified, as follows:
TBL  reaction time                                                             

     (minutes)   5       10      15     20    30                               

     ______________________________________                                    

     benzaldehyde                                                              

                 20.7    28.0    30.6   32.0  38.9                             

     benzyl alcohol                                                            

                 3.1     3.5     3.8    8.4   12.8                             

     benzoic acid                                                              

                 6.9     15.6    17.9   38.9  74.7                             

     selectivity to                                                            

     benzaldehyde +                                                            

     benzyl alcohol:                                                           

     (mol percent)                                                             

                 78      67      66     51    41                               

     toluene conversion                                                        

     (weight percent)                                                          

                 1.5     2.2     2.5    3.8   6.0                              

     ______________________________________                                    

PAC  EXAMPLE 26
PAR  Example 22 is repeated except that 2.5 parts by weight of butyraldehyde are
      introduced initially and an additional 24.5 parts by weight are introduced
      in about equal portions by volume each minute for sixty minutes (total
      aldehyde: 0.38 mol).
PAR  Results in millimols, except as otherwise specified as follows:
TBL  reaction time                                                             

     (minutes)      30        45         60                                    

     ______________________________________                                    

     benzaldehyde   21.1      26.4       28.4                                  

     benzyl alcohol 7.3       8.6        11.5                                  

     benzoic acid   85.1      87.6       113.8                                 

     selectivity to                                                            

     benzaldehyde +                                                            

     benzyl alcohol                                                            

     (mol percent)  25        28.5       26                                    

     toluene conversion                                                        

     (weight percent)                                                          

                    5.3       5.8        7.3                                   

     ______________________________________                                    

PAC  EXAMPLE 27
PAR  Example 22 is repeated except that the additional amount of butyraldehyde
      is 147 parts by weight introduced in about equal portions by volume each
      minute for 90 minutes; and the temperature is changed to 70.degree.C.
      (total aldehyde: 2.10 mols).
PAR  Results are set forth in millimols, except as otherwise specified, as
      follows:
TBL  reaction time                                                             

     (minutes)     10          60         90                                   

     ______________________________________                                    

     benzaldehyde  3.40        22.2       26.9                                 

     benzyl alcohol                                                            

                   0.40        4.3        4.9                                  

     benzoic acid  0.0         20.9       18.1                                 

     selectivity to                                                            

     benzaldehyde +                                                            

     benzyl alcohol                                                            

     (mol percent) 100         56         64                                   

     toluene conversion                                                        

     (weight percent)                                                          

                   0.2         2.3        2.3                                  

     ______________________________________                                    

PAC  EXAMPLE 28
PAR  Example 26 is repeated except that 2 parts by weight of butyraldehyde are
      introduced initially and an additional 25.5 parts by weight are introduced
      in about equal portions by volume each minute for 12 minutes; and 0.004
      part by weight of cobalt (II) acetylacetonate is introduced initially into
      the reaction mixture (total aldehyde: 0.38 mol).
PAR  Results are in millimols, except as otherwise specified, as follows:
TBL  reaction time                                                             

     (minutes)    3        6        9      12                                  

     ______________________________________                                    

     benzaldehyde 12.2     18.0     21.9   26.2                                

     benzyl alcohol                                                            

                  4.11     5.7      6.1    7.3                                 

     benzoic acid 0.4      7.1      12.4   23.3                                

     toluene conversion                                                        

      (weight percent)                                                         

                  0.8      1.4      1.9    2.6                                 

     selectivity to                                                            

      benzaldehyde +                                                           

      benzyl alcohol                                                           

      (mol percent)                                                            

                  96.9     76.9     69.3   60.0                                

     ______________________________________                                    

PAC  EXAMPLE 29
PAR  Example 28 is repeated except that the temperature is changed to
      120.degree.C.; the additional butyraldehyde is in an amount of 49 parts by
      weight introduced in about equal portions by volume each minute for 30
      minutes; and the partial pressure of nitrogen is 300 psi and that of
      oxygen is 100 psi. (total aldehyde: 0.71 mol)
PAR  Results are set forth in millimols, except as otherwise specified, as
      follows:
TBL  reaction time                                                             

     (minutes)    6        9        12     30                                  

     ______________________________________                                    

     benzaldehyde 16.2     25.9     30.3   34.8                                

     benzyl alcohol                                                            

                  7.0      8.7      10.6   16.3                                

     benzoic acid 3.7      21.2     34.8   59.3                                

     toluene conversion                                                        

      (weight percent)                                                         

                  1.2      2.6      3.5    5.1                                 

     selectivity to                                                            

      benzaldehyde +                                                           

      benzyl alcohol                                                           

      (mol percent)                                                            

                  86.2     62.0     54.0   46.3                                

     ______________________________________                                    

PAC  EXAMPLE 30
PAR  Example 29 is repeated except that the initial amount of butyraldehyde is 4
      parts by weight and the additional butyraldehyde is introduced in an
      amount of 73.5 parts by weight in equal portions by volume each minute for
      45 minutes; the partial pressure of nitrogen is 150 psi and the partial
      pressure of oxygen is 50 psi; and the amount of cobalt (II)
      acetylacetonate is 0.002 part by weight (total aldehyde: 1.08 mol).
PAR  Results are in millimols, except as otherwise specified, as follows:
TBL  reaction time                                                             

     (minutes)    10       20       30     45                                  

     ______________________________________                                    

     benzaldehyde 26.1     26.9     30.1   27.7                                

     benzyl alcohol                                                            

                  8.4      13.0     16.2   18.1                                

     benzoic acid 38.7     67.4     71.3   75.2                                

     toluene conversion                                                        

      (weight percent)                                                         

                  3.4      4.9      5.4    5.6                                 

     selectivity to                                                            

      benzaldehyde +                                                           

      benzyl alcohol                                                           

      (mol percent)                                                            

                  47       37.2     39.3   37.9                                

     ______________________________________                                    

PAC  EXAMPLE 31
PAR  Example 28 is repeated except that the temperature is changed to
      140.degree.C.; the initial amount of butyraldehyde is 6 parts by weight
      and an additional 53 parts by weight are intorduced in about equal
      portions by volume each minute for 25 minutes; and the partial pressure of
      nitrogen is 300 psi and that of oxygen is 100 psi (total aldehyde: 0.82
      mol).
PAR  Results are in millimols, except as otherwise specified, as follows:
TBL  reaction time                                                             

     (minutes)   3       6       9     12    25                                

     ______________________________________                                    

     benzaldehyde                                                              

                 19.1    33.6    42.1  49.9  48.8                              

     benzyl alcohol                                                            

                 7.9     13.4    16.6  13.1  14.5                              

     benzoic acid                                                              

                 4.3     27.1    61.9  92.7  142.5                             

     toluene conversion                                                        

      (weight percent)                                                         

                 1.4     3.4     5.5   7.2   9.5                               

     selectivity to                                                            

      benzaldehyde +                                                           

      benzyl alcohol                                                           

      (mol percent)                                                            

                 86.3    63.4    48.6  40.5  30.8                              

     ______________________________________                                    

PAC  EXAMPLE 32
PAR  Example 31 is repeated except that the temperature is changed to
      160.degree.C.; and the initial amount of butyraldehyde is 12 parts by
      weight and an additional 68 parts by weight are introduced in about equal
      portions by volume each minute for 32 minutes (total aldehyde: 1.11 mol).
PAR  Results are in millimols, except as otherwise specified, as follows:
TBL  reaction time                                                             

     (minutes)   3      9       12    22     32                                

     ______________________________________                                    

     benzaldehyde                                                              

                 23.7   36.5    41.6  44.2   44.9                              

     benzyl alcohol                                                            

                 13.9   25.7    19.8  26.3   17.8                              

     benzoic acid                                                              

                 20.4   75.4    91.9  117.5  149.2                             

     toluene conversion                                                        

      (weight percent)                                                         

                  2.7   6.3     7.1   8.6    9.7                               

     selectivity to                                                            

      benzaldehyde +                                                           

      benzyl alcohol                                                           

      (mol percent)                                                            

                 64.8   45.2    40.1  37.5   29.6                              

     ______________________________________                                    

PAC  EXAMPLE 33
PAR  Example 32 is repeated except that the initial amount of butyraldehyde is
      24 parts by weight and an additional 42.5 parts by weight are introduced
      in about equal portions by volume each minute for twenty minutes; and the
      partial pressures of both nitrogen and oxygen are 200 psi (total aldehyde:
      0.92 mol).
PAR  Results are in millimols, except as otherwise specified, as follows:
TBL  reaction time                                                             

     (minutes)   2      4       6    8     10   20                             

     ______________________________________                                    

     benzaldehyde                                                              

                 32.5   47.1    53.6 52.9  58.9  59.6                          

     benzyl alcohol                                                            

                 27.3   26.7    25.6 29.9  29.7  37.7                          

     benzoic acid                                                              

                 25.6   34.9    61.8 79.7  88.1 163.7                          

     toluene conversion                                                        

      (weight percent)                                                         

                  3.9   5.0      6.5 7.5    8.1  12.0                          

     selectivity to                                                            

      benzaldehyde +                                                           

      benzyl alcohol                                                           

      (mol percent)                                                            

                 70.0   68.0    56.2 51.0  50.1  37.3                          

     ______________________________________                                    

PAC  EXAMPLE 34
PAR  Example 33 is repeated except that the initial amount of butyraldehyde is
      30 parts by weight (total aldehyde: 1.01 mol).
PAR  Results are in millimols, except as otherwise specified, as follows:
TBL  reaction time                                                             

     (minutes)   2      4      6     8    10   20                              

     ______________________________________                                    

     benzaldehyde                                                              

                 36.2   41.2   47.2  46.9 45.6 64.0                            

     benzyl alcohol                                                            

                 29.9   30.2   30.9  28.3 29.8 34.5                            

     benzoic acid                                                              

                 16.5   31.3   48.0  71.1 83.9 130.6                           

     toluene conver-                                                           

      sion                                                                     

      (weight percent)                                                         

                  3.8    4.7   5.8    6.7  7.3 10.5                            

     selectivity to                                                            

      benzaldehyde +                                                           

      benzyl alcohol                                                           

      (mol percent)                                                            

                 80.0   69.5   61.9  51.4 47.3 43                              

     ______________________________________                                    

PAR  The Periodic Table referred to above appears in the Handbook of Chemistry
      and Physics, 46th edition, published by the Chemical Rubber Co. (1965-66)
      inside back cover.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid phase process for the production of benzaldehyde consisting
      essentially of admixing in the presence of a chromium, cobalt, iron or
      manganese containing catalyst, toluene with an aliphatic saturated
      aldehyde consisting of carbon, hydrogen, and oxygen atoms and having 2 to
      7 carbon atoms and a molecular oxygen containing gas wherein the molar
      ratio of toluene to aldehyde is about 0.1 to about 250 mols of toluene per
      mol of aldehyde, the molar ratio of oxygen to aldehyde is about 1:1 to
      greater than 1:20, and the temperature is in the range of about
      50.degree.C to about 250.degree.C.
NUM  2.
PAR  2. The process defined in claim 1 wherein the molar ratio of toluene to
      aldehyde is about 1 to about 25 mols of toluene per mol of aldehyde and
      the molar ratio of oxygen to aldehyde is about 1:1 to about 1:4.
NUM  3.
PAR  3. The process defined in claim 2 wherein the temperature is in the range
      of about 80.degree. to about 180.degree.C.
NUM  4.
PAR  4. The process defined in claim 3 wherein the aldehyde is acetaldehyde or
      butyraldehyde.
NUM  5.
PAR  5. The process defined in claim 1 wherein the said catalyst is introduced
      into the admixture in an amount in the range of about 20 to about 100
      parts by weight per million parts by weight of toluene.
NUM  6.
PAR  6. The process defined in claim 5 wherein the said catalyst is selected
      from the group consisting of free metals, inorganic compounds or
      complexes, and organometallic compounds or complexes.
NUM  7.
PAR  7. The process defined in claim 6 wherein the molar ratio of toluene to
      aldehyde is about 1 to about 25 mols of toluene per mol of aldehyde and
      the molar ratio of oxygen to aldehyde is about 1:1 to about 1:4.
NUM  8.
PAR  8. The process defined in claim 7 wherein the temperature is in the range
      of about 80.degree. to about 180.degree.C.
NUM  9.
PAR  9. The process defined in claim 8 wherein the aldehyde is acetaldehyde or
      butyraldehyde.
NUM  10.
PAR  10. The process defined in claim 8 wherein the catalyst is an
      organo-metallic compound having a metallic moiety of chromium, cobalt,
      iron or manganese.
NUM  11.
PAR  11. The process defined in claim 10 wherein the organic moiety is
      acetylacetonate or napthenate.
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ABST
PAL  An .alpha.-formyl sulfide is prepared by a process which comprises reacting
      in an aqueous medium an .alpha.-haloaldehyde of the formula
      ##EQU1##
      wherein R' and R" independently are hydrogen, hydrocarbon radicals of 1 to
      18 carbon atoms selected from the group consisting of alkyl, cycloalkyl,
      alkenyl, cycloalkenyl and aryl, or substituted hydrocarbon radicals of the
      above group, and X is a halogen selected from the group consisting of
      chlorine, bromine, and iodine, with a thiol salt of the formula R"'SM,
      wherein R"' is a hydrocarbon radical of 1 to 18 carbon atoms selected from
      the group consisting of alkyl, cycloalkyl, alkenyl, cycloalkenyl and aryl
      or a substituted hydrocarbon radical of the above group; and M is an
      alkali or alkaline earth metal, thereby forming an .alpha.-formyl sulfide
      of the formula
      ##EQU2##
      Also, 2-hydrocarbylthioaldoximes are prepared by oximating the above
      .alpha.-sulfides by reaction with a source of hydroxylamine. Additionally,
      2-hydrocarbylthioaldoximes are prepared by a process which comprises
      halogenating an aldehyde having the formula
      ##EQU3##
      wherein R' and R" are defined as above, to form an .alpha.-haloaldehyde of
      the formula
      ##EQU4##
      wherein X is defined as above, reacting in an aqueous medium the
      .alpha.-haloaldehyde with a thiol salt of the formula R"'SM, wherein R"'
      and M are defined as above, to form an .alpha.-formyl sulfide of the
      formula
      ##EQU5##
      and oximating the .alpha.-formyl sulfide to form a
      2-hydrocarbylthioaldoxime of the formula
      ##EQU6##
PARN
PAR  This is a continuation, of Application Ser. No. 327,979, filed Jan. 30,
      1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PA1  1. field of the Invention
PAR  This invention relates to a process for preparing .alpha.-formyl sulfides
      and 2-hydrocarbylthioaldoximes therefrom.
PA1  2. Description of the Prior Art
PAR  A process for the preparation of 2-hydrocarbylthioaldoxime compounds has
      been suggested by U.S. Pat. No. 3,217,036 (issued 1965 to Payne). An
      example of such compounds is 2-methyl-2-methylthiopropionaldoxime, which
      is useful as a nematocide as well as for preparing
      2-methyl-2-methylthiopropionaldehyde-N-methylcarbamoyloxime which is
      useful as a pesticide. It is suggested in the said United States patent to
      prepare the 2-methylthioaldoxime by reacting in an organic solvent
      methylmercaptan in the presence of a base with the azodioxy-coupled dimer
      of 1-nitroso-2-chloro-2-methylpropane. The dimer may be prepared by the
      reaction of isobutylene with nitrosyl chloride or the combination of
      sodium nitrite and hydrochloric acid.
PAR  The process of Payne has its drawbacks in that the dimer is unstable
      (explosive) at elevated temperatures and the reported yields have been
      relatively low.
PAR  It has also been suggested by Kirrmann et al., (Chemical Abstracts
      61:8180a) to react in anhydrous ether certain .alpha.-chloroaldehydes,
      including .alpha.-chloroisobutyraldehyde, with sodium thiomethylate to
      give .alpha.-(methylthio)aldehyde, but in yields in the range of 55 to
      80%. Besides the low yields, the necessity for carrying out the reaction
      in anhydrous ether requires a costly purification or wastage of the
      solvent.
PAR  It has been additionally suggested in U.S. Pat. No. 3,419,617 (issued 1968
      to Doss) to form .alpha.-formyl sulfides by reacting .alpha.-haloaldehydes
      with a thiol in the presence of pyridine and derivatives thereof. The
      suggested process also has its drawbacks as pyridine and its derivatives
      are normally too impure following reaction to recycle, thereby increasing
      processing costs. Doss discloses that the desired reaction does not occur
      in the presence of water.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of this invention, an .alpha.-formyl
      sulfide is prepared by a process which comprises reacting in an aqueous
      medium and .alpha.-haloaldehyde of the formula
      ##EQU7##
      wherein R' and R" independently are hydrogen, hydrocarbon radicals of 1 to
      18 carbon atoms selected from the group consisting of alkyl, cycloalkyl,
      alkenyl, cycloalkenyl and aryl or substituted hydrocarbon radicals of the
      above group, and X is a halogen selected from the group consisting of
      chlorine, bromine and iodine, with a thiol salt of the formula R"'SM,
      wherein R"' is a hydrocarbon radical of 1 to 18 carbon atoms selected from
      the group consisting of alkyl, cycloalkyl, alkenyl, cycloalkenyl and aryl
      or a substituted hydrocarbon radical of the above group; and M is an
      alkali or alkaline earth metal, thereby forming an .alpha.-formyl sulfide
      of the formula
      ##EQU8##
PAR  When R' and R" is a substituted hydrocarbon radical of the above defined
      group, the substituted moiety may be selected from the group consisting of
      alkyl of 1 to 18 carbon atoms, aryl of 6 to 18 carbon atoms, halogen,
      cyano, sulfo, mercapto, alkylthio of 1 to 6 carbon atoms, hydroxy, alkoxy
      of 1 to 6 carbon atoms, dialkoxy phosphino in which each alkoxy group
      contains 1 to 6 carbon atoms, dialkyl phosphonoxy in which each alkyl
      group contains 1 to 6 carbon atoms, carboxy, alkoxy carbonyl in which the
      alkoxy group contains 1 to 6 carbon atoms, nitro and combinations thereof.
      When R'" is a substituted hydrocarbon radical of the above defined group,
      the substituted moiety may be selected from the group consisting of alkyl
      of 1 to 18 carbon atoms, aryl of 6 to 18 carbon atoms, halogen, cyano,
      alkylthio of 1 to 6 carbon atoms, amino, alkylamino and dialkylamino of 1
      to 6 carbon atoms in each alkyl group, amido, sulfo, sulfonamido, hydroxy,
      alkoxy of 1 to 6 carbon atoms, dialkoxy phosphino in which each alkoxy
      group contains 1 to 6 carbon atoms, dialkyl phosphonoxy in which each
      alkyl group contains 1 to 6 carbon atoms, carboxy, alkoxy carbonyl in
      which the alkoxy group contains 1 to 6 carbon atoms, nitro and
      combinations thereof.
PAR  In accordance with another embodiment of this invention,
      2-hydrocarbylthioaldoximes are prepared by oximating the above
      .alpha.-formyl sulfides.
PAR  In accordance with a further embodiment of this invention,
      2-hydrocarbylthioaldoximes are prepared by a process which comprises
      halogenating with a halogen selected from the group consisting of
      chlorine, bromine and iodine, an aldehyde having the formula
      ##EQU9##
      wherein R' and R" are as defined as above, thereby forming an
      .alpha.-haloaldehyde of the formula
      ##EQU10##
      wherein X is defined as above, reacting in an aqueous medium the
      .alpha.-haloaldehyde with a thiol salt of the formula R'"SM, wherein R'"
      and M are defined as above, thereby forming an .alpha.-formyl sulfide of
      the formula
      ##EQU11##
      and oximating the .alpha.-formyl sulfide, thereby forming a
      2-hydrocarbylthioaldoxime of the formula
DETD
PAC  Description of the Preferred Embodiment
PAR  In accordance with one preferred embodiment of this invention, an
      .alpha.-formyl sulfide is prepared by reacting in an aqueous medium an
      .alpha.-haloaldehyde of the formula
      ##EQU13##
      wherein R', R" and X are defined as above, with a thiol salt of the
      formula R'"SM, wherein R'" and M are defined as above. The reaction may be
      represented as follows:
      ##EQU14##
      By carrying out the reaction in an aqueous medium, it has been found that
      it is possible to obtain yields of the .alpha.-formyl sulfide on the order
      of about 85 to 100 percent of the theoretical yield. Such result is
      surprising since it has been previously reported by Kirrmann et al. that
      such reaction under anhydrous conditions provides yields only in the order
      of 55 to 80% and by Doss that a similar reaction between an
      .alpha.-haloaldehyde and a thiol does not occur in the presence of water.
      By utilizing an aqueous reaction medium, the reaction proceeds more
      economically since solvent recovery operations can be eliminated.
PAR  Any .alpha.-haloaldehyde satisfying the above formula can be employed in
      the reaction of this invention. Preferably, R' and R" are hydrogen or
      hydrocarbon radicals, as defined previously, of 1 to 6 carbon atoms, more
      preferably, R' and R" are hydrogen or alkyl of 1 to 4 carbon atoms.
      Examples of such .alpha.-haloaldehydes are chloroacetaldehyde,
      bromoacetaldehyde, 2-chloropropionaldehyde, 2-chloroisobutyraldehyde,
      2-bromoisobutyraldehyde, 2-chloro-2-methylbutyraldehyde,
      2-iodo-n-pentanal, 2-(m-cyanophenyl)-2-chloropropionaldehyde,
      2-cyclohexyl-2-chlorohexanal, 2-(2'-cyclohexenyl)-2-bromopropionaldehyde,
      cyclohexylbromoacetaldehyde, 2-allyl-2-bromopropionaldehyde,
      2-(2'-cyanoethyl)-2-bromopropionaldehyde,
      2-methylthiomethyl-2-chlorobutyraldehyde,
      2-(p-methylsulfonamido)-2-bromopropionaldehyde,
      2-(3'-nitropropyl)-2-cyclohexyl-2-chloroacetaldehyde,
      2-(2'-carbomethoxyethyl)-2-isopropyl-2-iodoacetaldehyde,
      2-(2'-diethoxyphosphinoethyl)-2-chlorobutyraldehyde,
      2-(p-carboxyphenyl)methyl-2-chloropropionaldehyde,
      2-(o-sulfophenyl)-2-bromopentanal,
      2-(2'-dimethylphosphonoxyethyl)-2-chloropropionaldehyde,
      2-(m-nitrophenyl)-2-chloroacetaldehyde, and the like. A preferred class of
      compounds are .alpha.-haloaldehydes of the above formula wherein R' and R"
       are the same or different alkyl radicals of 1 to 4 carbon atoms, such as
      2-chloroisobutyraldehyde, 2-bromoisobutyraldehyde, etc.
PAR  The above .alpha.-haloaldehydes can be prepared by conventional methods.
      For example, 2-chloroisobutyraldehyde may be prepared by the reaction of
      chlorine and isobutyraldehyde. Such reaction is preferably carried out
      under reflux conditions by admitting chlorine gas and liquid
      isobutyraldehyde into a reactor with the gas preferably admitted above the
      surface of the isobutyraldehyde. Alternately, other conventional methods
      may be utilized for the chlorination or other halogenation reaction. It
      has been found that chlorination of isobutyraldehyde under reflux
      conditions minimizes the formation of oligomers of
      .alpha.-chloroisobutyraldehyde, which oligomers generally should be
      avoided as is further explained below. Reaction temperatures of between
      about 50.degree. to 120.degree.C. may be utilized in the preparation of
      .alpha.-chloroisobutyraldehyde with the preferred temperature being in the
      range of about 65.degree. to 90.degree.C. Stoichiometric amounts of
      reactants are preferably employed, although it may be desired to use an
      excess of the aldehyde in some instances. Large excess amounts of chlorine
      should be avoided in order to minimize formation of dichloro and other
      multi-chloro substituted aldehydes, which, of course, reduce the yield of
      the mono-chloro aldehydes.
PAR  As indicated above, the formation of oligomers of
      .alpha.-chloroisobutyraldehyde can be minimized by reacting chlorine gas
      and isobutyraldehyde under reflux conditions. Such oligomers, which are
      predominantly the trimer, have been produced by previously suggested
      methods of chlorinating with chlorine gas in the neat at other than reflux
      temperatures or in the presence of aqueous hydrochloric acid. Also, other
      undesirable products may be formed, such as isobutyric acid when the
      reaction is carried out in water. Furthermore, it is preferred to minimize
      the presence of such oligomers in order to increase the yield of the
      corresponding oxime produced from the .alpha.-formyl sulfide.
PAR  In order to avoid oligomer formation subsequent to the formation of the
      monomeric .alpha.-chloroisobutyraldehyde, freshly prepared
      .alpha.-chloroisobutyraldehyde may be directly distilled into a reaction
      vessel for reaction with the thiol salt, or, alternatively, the
      .alpha.-chloroisobutyraldehyde may be maintained at elevated temperatures
      (e.g. about 40.degree. to 90.degree.C., preferably 50.degree. to
      65.degree.C.) before it is reacted with the thiol salt.
PAR  Generally, any thiol salt satisfying the formula R'"SM, as defined above,
      can be employed in this invention. As described above, M is an alkali or
      alkaline earth metal, such as sodium, lithium, potassium, calcium, barium,
      and the like. Examples of such thiol salts are the sodium and other alkali
      and alkaline earth metal salts of methanethiol, ethanethiol,
      2-butanethiol, isobutanethiol, 1-dodecanethiol, benzenethiol,
      p-toluenethiol, 2-cyanoethanethiol, 2-hydroxyethanethiol,
      p-chlorobenzenethiol, 2-propene-1-thiol, cyclohexanethiol,
      3-methoxypropanethiol, 2-cyclohexenethiol, p-dimethylaminobenzenethiol,
      2-(dimethylphosphonoxy)ethanethiol, 3-amidopropane-1-thiol,
      p-nitrobenzenethiol, m-sulfobenzenethiol, 2(2'-hydroxyethoxy)ethanethiol,
      p-(dimethylphosphonoxy)benzenethiol, 4-aminobutane-1-thiol, and the like.
PAR  The above thiol salts can be prepared by any conventional method. Sodium
      thiomethylate may be prepared, for example, by the reaction of
      methylmercaptan with sodium hydroxide by bubbling methylmercaptan into an
      aqueous solution of sodium hydroxide, preferably containing 20 to 25
      percent by weight solute. Concentrations above 25 percent should be
      avoided as they tend to form precipitates whereas concentrations below 20
      percent are too dilute for practical purposes. However, concentrations
      outside of the preferred ranges can also be used, if desired.
PAR  As discussed below, a preferred .alpha.-formyl sulfide is
      2-methyl-2-methylthiopropionaldehyde which can be formed by the reaction
      of 2-chloroisobutyraldehyde and sodium thiomethylate. Such reaction is
      preferably conducted under basic conditions to neutralize any hydrochloric
      acid present along with the aldehyde; this can be provided by utilizing
      excess sodium hydroxide (for example, about 1 to 10 mol percent excess) in
      the preparation of the sodium thiomethylate employed in the reaction.
PAR  Preferably, the reaction between the .alpha.-haloaldehyde and the thiol
      salt is carried out with stoichiometric amounts of reactants, although
      excess amounts of either reactant, for example, up to 50 mol percent, or
      more, can be utilized, if desired. As previously mentioned, the reaction
      is conducted in an aqueous medium. Preferably, the aqueous medium is
      provided by utilizing the thiol salt in the form of an aqueous solution
      preferably containing 2 to 70 percent, more preferably 20 to 50 percent by
      weight solute. The reaction temperature depends on the nature of the
      reactants but is usually carried out at a temperature in the range of
      about -20.degree. to 90.degree.C., preferably 0.degree. to 50.degree.C.,
      and more preferably 20.degree. to 35.degree.C. The reaction time depends
      upon the reactivity of the reactants and the temperature employed and can
      vary, for example, from about 1 minute to about 24 hours. The thus formed
      .alpha.-formyl sulfide can be separated from the reaction mixture by any
      conventional separation technique such as layer separation, solvent
      extraction, centrifugation, filtration and the like.
PAR  Examples of .alpha.-formyl sulfides that can be prepared in accordance with
      the process of this invention are methylthioacetaldehyde,
      ethylthioacetaldehyde, 2-methyl-2-methylthiopropionaldehyde,
      2-ethylthiopropionaldehyde, 2-isobutylthiopropionaldehyde,
      2-methyl-2-phenylthiopropionaldehyde,
      2-methyl-2-benzylthio-n-butyraldehyde,
      2-methyl-2-(2'-cyanoethylthio)-propionaldehyde,
      2-cyclohexylthiopropionaldehyde, 2-(p-chlorophenyl)-thio-n-pentanal,
      2-(m-cyanophenyl)-2-ethylthiopropionaldehyde,
      2-cyclohexyl-2-methylthiohexanal,
      2-methyl-2-(3'-methoxypropylthio)-butyraldehyde,
      2-methyl-2-(2'-hydroxyethylthio)-butyraldehyde,
      2-(2'-cyanoethyl)-2-(p-dimethylaminophenylthio)-propionaldehyde,
      2-isopropyl-2-(2'-carbomethoxyethyl)-2-(4"-aminobutylthio)acetaldehyde,
      2-methylthiomethyl-2-(p-nitrophenylthio)-butyraldehyde,
      2-methyl-2-(2'-dimethylphosphonoxyethylthio)-propionaldehyde,
      2-(p-carboxyphenyl)methyl-2-(2'-cyclohexenyl)thiopropionaldehyde,
      2-methyl-2-allylthiopropionaldehyde, 2-(m-sulfophenylthio)-butyraldehyde,
      2-(2'-hydroxyethoxy)ethylthiopropionaldehyde,
      2-(3'-amidopropyl)thiopropionaldehyde,
      2-methyl-2-(p-dimethylphosphonoxyphenyl)thiopropionaldehyde,
      2-cyclohexyl-2-(4'-aminobutyl)thioacetaldehyde, and the like. A preferred
      .alpha.-formyl sulfide is 2-methyl-2-methylthiopropionaldehyde.
PAR  When preparing some of the above .alpha.-formyl sulfides, it is preferred
      to carry out the reaction under basic conditions to neutralize any excess
      acid which may be present in the haloaldehyde in order to suppress
      undesired side reactions. Basic conditions above a pH of 7.5 are preferred
      in such cases and more preferably a pH in the range of 12.0 to 13.8 is
      utilized.
PAR  The .alpha.-formyl sulfides prepared in accordance with this invention may
      be converted to the corresponding 2-hydrocarbylthioaldoxime by any
      conventional oximation reaction. Preferably, the .alpha.-formyl sulfide is
      reacted with hydroxylamine or a hydroxylamine-yielding compound. For
      example, the reaction product 2-methyl-2-methylthiopropionaldehyde may be
      oximated by contact with hydroxylamine or a hydroxylamine-yielding
      compound, preferably at a pH of about 3.5 to 8 and at a temperature of
      about 50.degree.C. to 100.degree.C. More preferably, the pH is in the
      range of 5 to 6 and the temperature is in the range of 75.degree. to
      85.degree.C. Since hydroxylamine is an unstable compound, the oximation
      reaction preferably utilizes a hydroxylamine-yielding compound.
PAR  As hydroxylamine-yielding compounds there may be employed hydroxylamine
      salts or mixtures thereof, such as hydroxylamine sulfate, hydroxylamine
      bisulfate, hydroxylamine hydrochloride, hydroxylamine phosphate, etc., and
      the oximes, i.e., compounds of the formula
      ##EQU15##
      wherein each of R.sup.1 and R.sup.2 independently represents hydrogen or
      an alkyl group of 1 to 6 carbon atoms or R.sup.1 and R.sup.2 together
      represent a cyclohexyl group. Examples of such oximes include acetoxime,
      cyclohexanone oxime, acetaldehyde oxime, methylethylketoxime, etc.
PAR  It is particularly preferred to utilize an aqueous solution containing
      hydroxylamine sulfate; this solution may also contain ammonium sulfate and
      sulfuric acid. With respect to reactant proportions, it is again preferred
      to utilize approximately stoichiometric proportions, although up to about
      50 mol percent excess or higher of either reactant can be used. The oxime
      reaction product can be separated from the reaction mixture by any
      conventional separation technique such as layer separation, solvent
      extraction, centrifugation, filtration, steam distillation and the like.
PAR  The oximation reaction with hydroxylamine can be represented by the
      equation
      ##EQU16##
      wherein R', R" and R'" are as defined above.
PAR  In another embodiment of this invention 2-hydrocarbylthioaldoximes of the
      formula
      ##EQU17##
      wherein R', R" and R'" are as defined above, are prepared from aldehydes
      having the formula
      ##EQU18##
      by a process which comprises halogenating the aldehyde with chlorine,
      bromine or iodine, preferably under reflux conditions, thereby forming an
      .alpha.-haloaldehyde, reacting in an aqueous medium the resultant
      .alpha.-haloaldehyde with a thiol salt of the formula R'"SM, as defined
      above, thereby forming an .alpha.-formyl sulfide and oximating the thus
      formed .alpha.-formyl sulfide.
PAR  It has been surprisingly found that the above process provides good overall
      yields of the 2-hydrocarbylthioaldoxime, for example, in the range of
      about 50 to 90%. In contrast thereto, when the aldehydes are first
      oximated and then chlorinated or chlorinated and then oximated prior to
      thiohydrocarbylation, the desired 2-hydrocarbylthioaldoximes are either
      not produced or are produced in very low yields. For example, a
      halogenation reaction following oximation of the aldehyde results in
      substitution of the halogen atom on the alpha carbon of the oxime, rather
      than on the 2 carbon as desired. Similarly, if the aldehyde is first
      halogenated and then is reacted with hydroxylamine, hydrolysis occurs on
      the alpha carbon of the aldehyde and the oxime is not produced.
PAR  In preparing 2-hydrocarbylthioaldoximes from aldehydes as described above,
      any aldehyde satisfying the formula
      ##EQU19##
      wherein R' and R" are as defined previously, can be utilized as the
      starting material. Exemplary aldehydes are the non-halogenated aldehydes
      corresponding to the .alpha.-haloaldehydes previously described.
      Halogenation of the aldehyde is preferably carried out by reacting the
      halogen with the aldehyde under reflux conditions in order to maximize
      yields by minimizing oligomer formation. Preferably stoichiometric amounts
      of reactants are utilized, although excess amounts, for example up to 50
      mol percent or more, of reactants may be employed. However, large excess
      amounts of the halogen should be avoided to prevent multi-halogenation.
      Reaction temperatures in the range of -20.degree. to 180.degree.C., more
      preferably 0.degree. to 120.degree.C., may be employed. The
      .alpha.-haloaldehyde product can be recovered by any conventional method,
      preferably by distillation.
PAR  As previously described with respect to chlorination of isobutyraldehyde,
      it is preferred to distill the resultant .alpha.-haloaldehyde directly
      into a reaction vessel for reaction with the thiol salt or alternatively
      to store the .alpha.-haloaldehyde at an elevated temperature in order to
      minimize oligomer formation. The reaction between the .alpha.-haloaldehyde
      and the thiol salt is carried out as previously described, as is the
      oximation of the .alpha.-formyl sulfide to yield the desired
      2-hydrocarbylthioaldoximes.
PAR  The .alpha.-formyl sulfides prepared by the process of this invention have
      utility as intermediates in forming pharmaceutical agents and agricultural
      chemicals, such as insecticides, fungicides, herbicides, etc. The
      corresponding aldoximes, in particular,
      2-methyl-2-methylthiopropionaldehyde, are useful as nematocides. The
      2-methyl-2-methylthiopropionaldehyde is useful as an intermediate in the
      preparation of 2-methyl-2-methylthiopropionaldehyde-N-methylcarbamoyloxime
      which is useful as a pesticide.
PAR  The following examples illustrate preferred embodiments of this invention.
PAC  EXAMPLE 1
PAC  Preparation of 2-Methyl-2-Methylthiopropionaldehyde
PAR  To 108 grams (1.5 mols) of isobutyraldehyde heated to reflux (65.degree.C.)
      was added chlorine gas at the rate of 160 ml. per minute. The gas was
      admitted into the vapor phase above the liquid surface of the
      isobutyraldehyde. Addition of 1.5 mols of chlorine was completed (as
      judged by disappearance of isobutyraldehyde by gas chromatography) in
      3-1/2 hours, during which time reflux was maintained by gradually raising
      the pot temperature to 90.degree.C. The hydrogen chloride by-product was
      absorbed in cold water. A yield of 67 percent of
      .alpha.-chloroisobutyraldehyde was obtained.
PAR  Methylmercaptan gas was dissolved in 190 grams of a 22 percent aqueous
      solution of sodium hydroxide at 25.degree.-30.degree.C. until saturated.
      The solution was then mixed with an additional 10 grams of the 22 percent
      aqueous sodium hydroxide solution to furnish 250 grams of aqueous sodium
      thiomethylate solution (1.01 mols).
PAR  The chlorinated isobutyraldehyde was distilled (pot temperature
      90.degree.-140.degree.C.) directly into the sodium thiomethylate solution
      which was kept stirred and cooled below 30.degree.C. with ice and water.
      After distillation of the chloroaldehyde was completed, a colorless
      organic layer of 122 grams of 2-methyl-2-methylthiopropionaldehyde (98.5
      percent purity by gas chromatography) was separated from the top.
      Redistillation at atmospheric pressure (b.p. 140.degree.-141.degree.C.)
      furnished 120 grams of the pure aldehyde. A yield of 99.5 percent of
      2-methyl-2-methylthiopropionaldehyde was obtained. The overall yield for
      both steps (preparation of the chloroaldehyde and thioaldehyde) was 66.7
      percent.
PAC  EXAMPLE 2
PAC  Preparation of 2-Methyl-2-Methylthiopropionaldoxime
PAR  The total yield of the 2-methyl-2-methylthiopropionaldehyde (120 grams)
      obtained by Example 1 was mixed with 735 grams of 22.8 percent aqueous
      solution of hydroxylamine sulfate (1.01 mols), which also contained
      sulfuric acid and ammonium sulfate. Ammonia gas was introduced until the
      pH increased to 5.5. After heating with stirring for 1-1/2 hours at
      80.degree.C., and subsequent cooling, a colorless oily top layer of 133.5
      grams of 2-methyl-2-methylthiopropionaldoxime (99 percent purity by gas
      chromatography) was isolated. The yield was 99.0 percent of theoretical.
PAC  EXAMPLE 3
PAR  Following the procedure of Example 1,
      2-(m-cyanophenyl)-2-ethylthiopropionaldehyde is prepared by reacting
      2-(m-cyanophenyl)-2-chloropropionaldehyde with an aqueous solution of the
      sodium salt of ethanethiol. Similar yields are obtained.
PAC  EXAMPLE 4
PAR  Following the procedure of Example 1, 2-isobutylthiopropionaldehyde is
      prepared by reacting 2-bromopropionaldehyde with an aqueous solution of
      the sodium salt of isobutanethiol. Similar yields are obtained.
PAC  EXAMPLE 5
PAR  Following the procedure of Example 1,
      2-methyl-2-(3'-methoxypropylthio)-butyraldehyde is prepared by reacting
      2-chloro-2-methylbutyraldehyde with an aqueous solution of the sodium salt
      of 3-methoxypropane thiol. Similar yields are obtained. Following the
      procedure of Example 2, the resultant thioaldehyde is reacted with an
      aqueous solution of hydroxylaminesulfate. Similar yields of the
      corresponding oxime is obtained.
PAR  It is to be understood that variations and modifications of the present
      invention may be made without departing from the scope of the invention.
      It is also to be understood that the scope of the invention is not to be
      interpreted as limited to the specific embodiment disclosed herein, but
      only in accordance with the appended claims when read in light of the
      foregoing disclosure.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing an .alpha.-formyl sulfide comprising
PA1  a. reacting under reflux conditions a halogen selected from the group
      consisting of chlorine, bromine and iodine with an aldehyde of the formula
      ##EQU20##
      wherein R' and R" independently are hydrogen, hydrocarbon radicals of 1 to
      18 carbon atoms selected from the group consisting of alkyl, cycloalkyl,
      alkenyl, cycloalkenyl and aryl or substituted hydrocarbon radicals of the
      above group wherein the substituted moieties are selected from the group
      consisting of alkyl of 1 to 18 carbon atoms, aryl of 6 to 18 carbon atoms,
      halogen, cyano, sulfo, mercapto, alkylthio of 1 to 6 carbon atoms,
      hydroxy, alkoxy of 1 to 6 carbon atoms, dialkoxy phosphino in which each
      alkoxy group contains 1 to 6 carbon atoms, dialkyl phosphonoxy in which
      each alkyl group contains 1 to 6 carbon atoms, carboxy, alkoxy carbonyl in
      which the alkoxy group contains 1 to 6 carbon atoms, nitro and
      combinations thereof, to thereby form an .alpha.-haloaldehyde of the
      formula
      ##EQU21##
      wherein X is chlorine, bromine or iodine, and b. reacting in an aqueous
      medium under basic conditions and at a temperature in the range of about
      -20 to about 90.degree.C the thus formed .alpha.-haloaldehyde with a thiol
      salt of the formula R'"SM, wherein R'" is a hydrocarbon radical of 1 to 18
      carbon atoms selected from the group consisting of alkyl, cycloalkyl,
      alkenyl, cycloalkenyl and aryl or a substituted hydrocarbon radical of the
      above group wherein the substituted moiety is selected from the group
      consisting of alkyl of 1 to 18 carbon atoms, aryl of 6 to 18 carbon atoms,
      halogen, cyano, alkylthio of 1 to 6 carbon atoms, amido, sulfo,
      sulfonamido, hydroxy, alkoxy of 1 to 6 carbon atoms, dialkoxy phosphino in
      which each alkoxy group contains 1 to 6 carbon atoms, dialkyl phosphonoxy
      in which each alkyl group contains 1 to 6 carbon atoms, carboxy, alkoxy
      carbonyl in which the alkoxy group contains 1 to 6 carbon atoms, nitro and
      combinations thereof, and M is an alkali or alkaline earth metal, thereby
      forming an .alpha.-formyl sulfide of the formula
      ##EQU22##
NUM  2.
PAR  2. The process of claim 1 wherein said .alpha.-haloaldehyde formed in step
      (a) is either directly charged into a reaction vessel wherein step (b) is
      carried out or is maintained at elevated temperatures prior to step (b) in
      order to minimize formation of oligomers of said .alpha.-haloaldehyde.
NUM  3.
PAR  3. The process of claim 2 wherein said halogen is chlorine.
NUM  4.
PAR  4. The process of claim 3 wherein said aldehyde is isobutyraldehyde and
      wherein the .alpha.-chloroisobutyraldehyde formed in step (a) is either
      directly charged into a reaction vessel wherein step (b) is carried out or
      is maintained at a temperature in the range of about 40.degree. to
      90.degree.C prior to step (b).
NUM  5.
PAR  5. The process of claim 4 wherein step (a) is conducted at a temperature
      between about 50.degree. to 120.degree.C.
NUM  6.
PAR  6. The process of claim 4 wherein said thiol salt is sodium thiomethylate
      and said .alpha.-formyl sulfide is 2-methyl-2-methylpropionaldehyde.
NUM  7.
PAR  7. The process of claim 6 wherein step (b) is carried out at a pH of 12.0
      to 13.8.
NUM  8.
PAR  8. The process of claim 3 wherein said aldehyde is isobutyraldehyde.
NUM  9.
PAR  9. The process of claim 8 wherein step (a) is conducted at a temperature
      between about 50.degree. to 120.degree.C.
NUM  10.
PAR  10. The process of claim 1 wherein the hydrocarbon radicals representing R'
      and R" are alkyl radicals of 1 to 4 carbon atoms.
NUM  11.
PAR  11. The process of claim 1 including the step of oximating said
      .alpha.-formyl sulfide to form a 2-hydrocarbylthioaldoxime of the formula
      ##EQU23##
NUM  12.
PAR  12. The process of claim 6 including oximating the resultant
      2-methyl-2-methylthiopropionaldehyde to form
      2-methyl-2-methylthiopropionaldoxime.
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ABST
PAL  In hydroformylation reactions at temperatures in the range
      100.degree.-225.degree.C. the destructive dissociation of cobalt carbonyl
      complex compounds to cobalt metal and residue is inhibited by the presence
      of minor amounts of 2,2'-bipyridine, alkyl-substituted 2,2'-bipyridines,
      N-alkyl-substituted alkylene diamines and mixtures of these compounds.
PARN
PAR  This is a continuation of application Ser. No. 878,599, filed Nov. 20,
      1969, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to improved hydroformylations of unsaturated organic
      compounds in which the reaction is catalyzed by a cobalt carbonyl complex
      compound. More particularly, it relates to a method for the stabilization
      of cobalt carbonyl complex compounds in a hydroformylation reaction system
      effected by the action of a small amount of a diamine inhibitor. Still
      more particularly, this invention relates to the use of particular diamine
      compounds as catalyst stabilizers in the production of alcohols and/or
      aldehydes from olefinically unsaturated organic compounds by the cobalt
      carbonyl catalyzed addition reaction of carbon monoxide and hydrogen to
      the carbon-to-carbon linkage(s) of these unsaturated compounds.
PAC  BACKGROUND OF INVENTION
PAR  Cobalt carbonyl compounds including dicobalt octacarbonyl, cobalt
      hydrocarbonyl etc. as such or in modified forms are known for their use as
      catalysts for a variety of reactions relating to olefinic unsaturated
      organic compounds including the hydroformylation (oxonation) of olefins,
      isomerization of olefins, carbonylation of amines and aromatic nitriles,
      hydrosilation of olefins and the like. These catalyst complexes are
      subject to serious limitations in that unless carbon monoxide pressures in
      excess of cobalt carbonyl complex equilibrium values are maintained in
      their presence, a destructive dissociation into cobalt metal and residue
      occurs under hydroformylation conditions. Catalytic acitivity is thus lost
      and cobalt metal is plated-out on reactor walls and associated transfer
      piping. From time to time the accumulated metal must be removed by a
      suitable means, usually by the use of aqueous nitric acid or a similar
      undesirably corrosive and inconvenient agent.
PAR  The suggestion has been made in the art (see, for example, Belgian Patent
      No. 700,691) that polyamines and related dibasic aromatic compounds are
      useful in hydroformylation reactions for the stabilization of cobalt
      carbonyl catalysts provided at least 0.5 mol of the stabilizer be employed
      for each mol of cobalt in the catalyst. Such relatively large amounts of
      the nitrogen compounds in general appear to be required for effective
      stabilization but such use is disadvantageous for many reasons, including
      cost, side reactions involving the aldehyde and amine functionalities,
      i.e., condensations which produce byproduct and the like; as well as the
      need for the use of more severe reaction conditions (higher temperatures
      and pressures in particular) in order to force the desired reaction to
      proceed.
PAR  It has now been found that the contacting of a cobalt carbonyl complex
      catalyst with substantially less than the stoichiometric amount, in fact a
      minor amount, of a bipyridine compound and/or of an N-alkyl
      alkylenediamine and mixtures thereof, effectively inhibits the destructive
      dissociation of the catalyst to cobalt metal and/or inhibits the
      plating-out of cobalt metal on the interior surfaces of a hydroformylation
      reactor at a temperature in the range from about 100.degree.C. to
      225.degree.C. An amount of the stabilizer in the range 0.001 to 0.45,
      preferably 0.1 to 0.25, mol per mol of cobalt in the catalyst inhibits
      destructive dissociation of the catalyst and the plating-out of cobalt
      metal on the interior reactor surfaces. Surprisingly, the presence of
      these inhibitors permits the employment of carbon monoxide pressures well
      below conventional equilibrium pressures for cobalt carbonyl complex
      compositions. A yet further advantage of the present process is found in
      the fact that with the substantial reduction in carbon monoxide pressures
      made possible by the instant stabilizers, both hydroformylation and
      hydrogenation can be carried out in a single reactor and/or with but a
      single catalyst system. Compounds suitable for use in the present
      invention are 2,2'-bipyridines of the formula
      ##SPC1##
PAL  in which R and R' are the same or different alkyl groups having a carbon
      atom content less than 25, x and x' are the same or different and are 0 or
      1, and the alkyl groups may be located at any position except at the
      1,2,1' and 2' positions; N-alkyl substituted alkylene diamines of the
      formula
      ##EQU1##
      in which the .theta. are the same or different and are hydrogen or alkyl
      groups having a carbon atom content less than 25. At least one of the
      groups .theta. must be an alkyl group. The sum of the subscripts a and b
      must be 1 or 2 and a may be 0, 1 or 2 and b may be 0 or 1, and in which Y
      is an alkyl group having a carbon atom content less than 25; and mixtures
      of the foregoing compounds. Preferred alkylene diamine-type inhibitors are
      of the formula
      ##EQU2##
      in which c is 2 or 3 and .theta. is an alkyl group having a carbon atom
      content in the range from 10 to 25.
PAR  In a preferred embodiment a straight chain alphaolefin hydrocarbon feed,
      for example 1-dodecene, carbon monoxide, hydrogen, cobalt octacarbonyl and
      2,2'-bipyridine are charged to a pressure reactor maintained at about
      190.degree.C. Based upon the olefin feed about 0.2 weight per cent of the
      catalyst (calculated as cobalt metal) and about 0.1 mol of the bipyridine
      per mol of the cobalt are used. The total pressure in the reaction system
      is maintained in the range 1000-2200 psig with the mol ratio of hydrogen
      to carbon monoxide being about 2 to 1, respectively. After about 120
      minutes at pressure and temperature the conversion of the olefin feed is
      essentially complete and the product is mainly alkanol. Little or none of
      the cobalt carbonyl complex catalyst is converted to metal in the course
      of the reaction. What metallic solid as may be formed is present in the
      form of a loose powder rather than as a metal plate adhering to the
      reactor surfaces.
PAR  Hydroformylation reactions may be illustrated by the general equation:
      ##EQU3##
      wherein the unsatisfied valence bonds are attachments to the atoms or
      radicals necessary to complete the olefinic compound. Substantial partial
      pressures of carbon monoxide and hydrogen are required for the reaction to
      proceed with suitable relative proportions of hydrogen to carbon monoxide
      being in the range 0.5-10 to 1 respectively, and preferably 1-3 to 1.
      Normally in the absence of a suitable catalyst stabilization means,
      satisfactory total pressures (carbon monoxide plus hydrogen) are in the
      range 700 to 10,000 psig with corresponding temperatures being in the
      range 140.degree. to 250.degree.C. The present stabilizers permit
      satisfactory operation at system pressures in the range from about 50 psig
      to up to about 4000-5000 psig with the corresponding temperatures being
      about 75.degree. to 225.degree.C., preferably 125.degree. to 200.degree.C.
PAR  By a hydroformylation reactor, as used herein, is meant pressure reactors,
      autoclaves and the like, as known in the art.
PAR  In the absence of a suitable stabilization means cobalt carbonyl complex
      compounds equilibrate into a system which contains many members, including
      dicobalt octacarbonyl, cobalt hydrocarbonyl, the salt Co[Co(CO).sub.4
      ].sub.2, etc. Any and all of these complex compounds are either useful
      hydroformylation catalysts per se or are catalyst precursors. Cobalt metal
      may also be a member of the above noted equilibrium set. However, in
      hydroformylation reactions for all practical purposes the formation of
      cobalt metal is an irreversible reaction and one to be avoided. Usually it
      is more convenient to prepare the catalyst in situ by the reaction of
      cobalt oxide, a cobalt salt or soap with hydrogen and carbon monoxide in
      the vessel contemplated for use in a hydroformylation reaction.
PAR  The medium for the in situ preparation in general comprises a liquid
      reactant, for example an unsaturated organic compound or an olefinic
      hydrocarbon, from a reaction system for which the cobalt carbonyl complex
      is to serve as a catalyst. Inert liquid media or diluents such as
      saturated hydrocarbons, aromatic hydrocarbons, alcohols, high-boiling
      reaction by-products, etc. as known in the art may also be employed.
PAR  In general, best results in terms of stabilization effects obtain when the
      stabilizers of the present invention are present initially, although good
      results are also experienced from a subsequent addition. Other stabilizers
      such as organophosphine compounds are known in the art. However, in the
      use of these materials substantially stoichiometric amounts and more of
      these compounds are required. Phosphines in general are toxic and costly,
      a factor which seriously limits their utility. Preferably one or more of
      the subject compounds are the sole stabilization means other than carbon
      monoxide in the reaction system.
PAR  In the active form, the stabilized cobalt carbonyl catalyst will contain
      most of the cobalt component in a reduced valence state, usually zero or
      possibly even a -1 valence.
PAR  As used herein, the term "complex compound" relates to combinations of two
      or more atoms, ions, or molecules which arise as a result of the formation
      of a bond(s) by the sharing of a pair(s) of electrons originally
      associated with only one of the components, and the complex possesses
      identifiable physical or chemical characteristics of a distinct species.
PAR  The relative amount of the stabilizer which should be employed varies,
      depending upon the particular reaction conditions being employed. At the
      lower reaction temperatures relatively smaller amounts are satisfactory.
      Similarly, for a given reaction temperature as the carbon monoxide partial
      pressure is increased, relatively smaller amounts of the bipyridine agent
      are required for satisfactory stabilization. In general, the amount of the
      agent used will be in the range from about 0.001 to 0.45 mol per mol of
      cobalt in the reaction system. Usually better results obtain when the
      ratio is substantially less than stoichiometric, i.e., in the range from
      about 0.1-0.25 to 1 respectively.
PAR  The amount of catalyst desirably employed in the present process
      corresponds to prior art requirements. Usually catalyst concentrations,
      based upon the olefinically unsaturated feed (weight percentages) and
      calculated as cobalt metal in the range 0.05 to 5.0 weight percent are
      satisfactory. Preferred amounts are in the range 0.1 to 0.5.
PAR  Olefinically unsaturated organic compounds as known in thy hydroformylation
      (oxo) art are, in general, satisfactory feeds for use in the present
      invention. Preferred feeds are monoolefinic hydrocarbons. Of these, linear
      olefins of the C.sub.3 to C.sub.20 range, propylene oligomers and the
      like, are the most desirable feeds. Where branched chain olefins are used
      for the production of oxo-alcohols, it is often more advantageous to
      effect the carbon monoxide-hydrogen addition to the olefinic double bond
      at about 140.degree.-170.degree.C. and to subsequently heat the reaction
      mixture to a higher temperature (180.degree.-210.degree.C.) where the
      reduction of the aldehyde group proceeds more favorably.
PAR  Representative olefinic hydrocarbons suitable for use herein include
      ethene, propene, 1-hexene, cyclohexene, betapinene, alpha-pinene,
      2-heptene, 3-ethylpentene-1, 2-methylpentene-2, cyclopentene,
      di-isobutylene, propylene trimer, codimer heptenes, vinylcyclohexene,
      cyclododecene, 3-eicosene, 1-dodecene and the like olefinic hydrocarbons.
PAR  The 2,2'-bipyridine and N-alkyl alkylenediamines formulated above are in
      general contemplated for use as catalyst stabilizers in the process of the
      present invention. The alkylenediamines are preferred for reasons of cost
      and availability.
PAR  Representative bipyridine stabilizer compounds useful in the practice of
      the invention include 2,2'-bipyridine, 4,4'-dimethyl-2,2'-bipyridine,
      3,4'-, 5,5'-, and 6,6'-dimethyl-2,2'-bipyridine,
      4,4'-di-n-eicosyl-2,2'-bipyridine, 4-(2-octyl)-2,2'-bipyridine,
      5,5'-di-t-butyl-2,2'-bipyridine, 6-s-butyl-2,2'-bipyridine,
      5,6'-di-n-undecyl-2,2'-bipyridine, and the like alkyl-2,2'-bipyridines.
      (See, for example, British Patent No. 955,951 which discloses a convenient
      process for the preparation of alkyl-2,2'-bipyridines.)
PAR  Representative N-alkyl alkylenediamines useful in the practice of this
      invention include
PA1  N-octadecyl-propane-1,3-diamine,
PA1  N-eicosyl-ethylenediamine,
PA1  N-octadecyl-isobutylenediamine,
PA1  N,n'-dioctadecyl-ethylenediamine,
PA1  N,n,n'-triundecyl-propane-1,3-diamine,
PA1  N,n'-diisopropylethylenediamine,
PA1  N-nonylpropane-1,3-diamine,
PA1  N-decylpropane-1,2-diamine,
PA1  N-hexadecylhexadecane-1,2-diamine,
PA1  N-pentacosanyl-propane-1,3-diamine,
PA1  N-tricosanyl-ethylenediamine,
PA1  N-methyl-N-octadecylethylenediamine,
PA1  N-methyl-N-pentacosanyl-propane-1,3-diamine,
PA1  N-methyl-N-tetradecyl-propane-1,3-diamine,
PA1  N-methyl-N-pentadecyl-propane-1,3-diamine,
PA1  N-methyl-N-hexadecyl-propane-1,3-diamine,
PA1  N-ethyl-N-heptadecyl-propane-1,3-diamine,
PA1  N-ethyl-N-octadecyl-propane-1,3-diamine,
PA1  N-methyl-N-nonadecyl-propane-1,3-diamine,
PA1  N-methyl-N-octadecyl-propane-1,2-diamine,
PA1  N-octadecyl-pentacontane-1,2-diamine,
PA1  N-octadecyl-pentadecane-1,3-diamine, and
PA1  N-octadecyl-2-octylpropane-1,3-diamine.
DETD
PAC  COBALT CARBONYL STABILITY TEST
PAR  The stabilizing action of the inhibitors of the present invention upon
      complex cobalt carbonyl compounds is shown by means of a suitable test.
      The relative stabilizing action is shown by comparative examples
      subjecting them to a standard set of conditions with and without the added
      ligand. These conditions include:
TBL  Temperature, .degree.C.                                                   

                   190                                                         

     Time, hrs.     6                                                          

     Solvent       Mixed alcohol-alkane.sup.(1)                                

     H.sub.2 :CO mol ratio                                                     

                   2:1                                                         

     Pressure, psig                                                            

                   1600-1800                                                   

      .sup.(1) All runs with 0.236 grams of cobalt as octanoate in 50 g        

      n-heptane and 50 g C.sub.12 -C.sub.15 oxo alcohol.                       

PAR  The test is carried out in a stainless steel rocking autoclave having a
      glass liner. Under these conditions cobalt salts such as cobalt
      2-ethylhexanoate are rapidly converted to complex cobalt carbonyls.
      Therefore, as a matter of convenience, the salt rather than the carbonyl
      compound is charged to the autoclave. After the 6 hours at temperature
      with agitation, the autoclave and contents is cooled to room temperature
      and vented. The solution is then filtered and analyzed for cobalt carbonyl
      by infrared absorption at 2041 cm.sup.-.sup.1. Metallic solid if present
      and its form is noted. In the absence of stabilizers and under the
      foregoing conditions all of the cobalt carbonyl is converted to a cobalt
      metal plate which is found adhering to the walls of the glass liner and
      autoclave. In the presence of an effective stabilizer, little or no metal
      plating-out occurs, or but small amounts of filterable metal powder are
      formed. With stabilizers of intermediate effectiveness, little or no metal
      is found in the liner; but metal is found outside the liner, either
      deposited on the external liner wall or the autoclave wall, or loosely
      lodged between the liner and the autoclave wall. Decompositions outside
      the liner appear to be due to the higher temperatures which exist at the
      autoclave wall because of the proximity of the heating element and the low
      level of the stabilizer. The stabilizer inhibits decomposition of the
      cobalt carbonyl in the solution inside the liner, but does not prevent
      some diffusion through the vent holes in the liner into the void between
      the liner and the autoclave inner wall. In Table I below is listed a
      number of representative test results.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     AMINE STABILIZERS FOR HYDROFORMYLATION SYSTEMS                            

     Stabilizer                                  Cobalt as                     

                                                Co.sub.2 (CO).sub.8,           

                          Wt. % of.sup.(1)                                     

                                  Moles Per                                    

                                          Pressure                             

                                                % of                           

     No. Type             Solution                                             

                                  Mole Co.                                     

                                           Psig Cobalt Fed                     

                                                        Observations           

     __________________________________________________________________________

     1   None             --      --      1650   0      Metal plate on liner   

                                                        walls.                 

     2   Pyridine         0.16    0.50    1700.sup.(2)                         

                                                 0      Metal plate on liner   

                                                        walls.                 

     3   2,2'-Bipyridine  0.033   0.05    1675  69      Trace of red solid.    

     4   N-Octadecylpropane-1,3-diamine                                        

                          0.35    0.25    1800  69      Trace of metal out-    

                                                        side liner.            

     5   Ethylene diamine 0.045   0.19    1750  Trace   Metal plating inside   

                                                        and out of liner.      

     6   1,3-Propanediamine                                                    

                          0.075   0.25    1800  Trace   Metal plate in liner.  

     7   Diethylenetriamine                                                    

                          .about.0.06                                          

                                  0.14    1730  Trace   Metal plate in and     

                                                        out of                 

     __________________________________________________________________________

                                                        liner.                 

      .sup.(1) All runs with 0.236 grams of cobalt as octanoate in 50 g        

      n-heptane + 50 g C.sub.12 -C.sub.15 oxo alcohol.                         

      .sup.(2) 1.3/1, H.sub.2 :CO                                              

PAR  The above comparative examples demonstrate that 2,2'-bipyridines and
      N-alkyl substituted alkylenediamines are effective cobalt carbonyl complex
      compound stabilizers.
PAC  EXAMPLES 8-10
PAR  Advantages of the instant process are illustrated by comparative examples
      in which C.sub.13 -C.sub.14 alpha-olefin feeds are converted to oxo
      alcohols in a cobalt carbonyl catalyst hydroformylation using commercial
      catalyst requirements, e.g., 0.2-0.5 weight per cent of cobalt based upon
      olefin and other conditions, as noted in Table II below.
TBL                                    TABLE II                                

     __________________________________________________________________________

     HYDROFORMYLATION TYPE                                                     

                     CONVENTIONAL  STABILIZED CATALYST.sup.(1)                 

     __________________________________________________________________________

     EXAMPLE         8      9      10                                          

     HYDROFORMYLATION CONDITIONS                                               

     TEMP., .degree.C.                                                         

                     175    200    150,     190.sup.(2)                        

     PRESSURE, PSIG  3500   4400   2000,   2250                                

      CARBON MONOXIDE                                                          

                     1550   3000   670,     750                                

      HYDROGEN       1850   1400   1330,   1500                                

     TIME, MIN.      --     180    150,     90                                 

     HYDROGENATION CONDITIONS                                                  

                            NOT NEEDED                                         

                                   NOT NEEDED                                  

     TEMP., .degree.C.                                                         

                     140    --                                                 

     PRESSURE, PSIG  1400   --                                                 

     YIELDS, WT % OF FEED OLEFIN                                               

     ALCOHOL         82     85     83                                          

     PARAFFIN        8      12     4                                           

     THICK OIL       16     10     19                                          

     __________________________________________________________________________

      .sup.(1) 2,2'-bipyridine stabilizer, 0.25 mol per mol of cobalt.         

      .sup.(2) Reaction in two stages carried out in same reactor.             

PAR  From a comparison of Examples 8, 9 and 10 above, it is evident that
      hydroformylation reactions can be run under substantially lower pressures
      and in a single reactor when carried out in the presence of the catalyst
      stabilizers disclosed herein. The N-alkyl-alkylene-diamine stabilizers
      disclosed herein also effectively stabilize cobalt carbonyl complex
      compounds in hydroformylation reaction systems.
PAC  EXAMPLE 11
PAR  Using the same olefin feed and relative proportions of catalyst to olefin,
      Example 10 was repeated except that:
PA0  1. 1.5 mol of the bipyridine inhibitor per mol of cobalt; and
PA0  2. the conditions:
TBL  Temperature, .degree.C.  190                                              

     Pressure, psig          2200                                              

     H.sub.2 :CO, mol ratio   2:1                                              

PAL  were employed. After a reaction period of 600 minutes the resulting product
      was as follows:
TBL                Wt. % of Olefin Feed.sup.(1)                                

     Alcohol       5                                                           

     Aldehyde      57                                                          

     Hydrocarbon   34.sup.(2)                                                  

     Thick Oil     12.sup.(3)                                                  

      .sup.(1) Analyses by gas chromatography using appropriate standards.     

      .sup.(2) Mainly olefin.                                                  

      .sup.(3) By difference.                                                  

PAR  From a comparison of Examples 10 and 11, it is seen that the presence of a
      substantial amount of a diamine-stabilizer in a hydroformylation reaction
      system markedly reduces the reaction rate, (i.e., 240 minutes reaction
      time for Example 10 versus 600 minutes for Example 11) and interferes
      greatly with alcohol formation (i.e., 83 weight per cent yield for Example
      10 versus 5 weight per cent yield for Example 11).
CLMS
STM  I claim:
NUM  1.
PAR  1. In the cobalt carbonyl complex compound catalyzed reaction of a
      hydroformylatable monoolefinic hydrocarbon with carbon monoxide and
      hydrogen in a hydroformylation reactor, wherein during the course of said
      reaction cobalt metal resulting from destructive dissociation of said
      cobalt compound plates-out on the interior surfaces of said reactor, the
      improvement which consists essentially of carrying out the reaction at a
      temperature in the range from 100.degree. to 225.degree.C., with the
      reactants in contact with a cobalt carbonyl complex compound stabilizer
      consisting of a diamine of the formula
      ##EQU4##
      wherein said .theta. are the same or different and are selected from the
      group consisting of hydrogen and alkyl groups having a carbon atom content
      less than 25; wherein at least one of the .theta. is an alkyl group having
      a carbon atom content in the range from about 10 to 25; wherein Y is an
      alkyl group having a carbon atom content less than 25; and wherein a is 0,
      1, or 2 and b is 0 or 1 with the sum of a + b being 1 or 2; and wherein
      for each mol of cobalt in the catalyst an amount of the stabilizer in the
      range from 0.001 to 0.45 mol is present in the reactor and wherein the
      cobalt catalyst is free of phosphine compounds.
NUM  2.
PAR  2. The hydroformylation as in claim 1 further characterized in that the
      amount of the stabilizer is in the range from about 0.1 to 0.25 mol.
NUM  3.
PAR  3. The hydroformylation as in claim 1 further characterized in that the
      reaction is effected using two temperature stages, the first of which is
      in the range from about 140.degree. to 170.degree.C., and the second of
      which is in the range from about 180.degree. to 210.degree.C.
NUM  4.
PAR  4. The hydroformylation as in claim 1 further characterized in that the
      stabilizer is of the formula
      ##EQU5##
      wherein .theta. is an alkyl group having a carbon atom content in the
      range from about 10 to 25 and c is 2 or 3.
NUM  5.
PAR  5. The hydroformylation as in claim 1 further characterized in that the
      hydrocarbon is a linear mono-olefinic hydrocarbon having a carbon atom
      content in the range from about 3 to 20.
NUM  6.
PAR  6. In the cobalt carbonyl complex compound catalyzed reaction of a
      hydroformylatable 1-alkene hydrocarbon with carbon monoxide and hydrogen
      in a hydroformylation reactor, wherein during the course of said reaction
      cobalt metal resulting from destructive dissociation of said cobalt
      compound plates-out on the interior surfaces of said reactor, the
      improvement which consists essentially of carrying out the reaction at a
      temperature of about 190.degree.C. with the reactants in contact with a
      cobalt carbonyl complex compound stabilizer consisting of
      N-octadecyl-propane-1,3-diamine, wherein for each mol of cobalt in the
      catalyst an amount of the stabilizer in the range from about 0.1 to 0.25
      mol is present in the reactor and wherein the cobalt catalyst is free of
      phosphine compounds.
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ABST
PAL  Production of halogen-containing tertiary phosphine oxides of the general
      formula I
      ##EQU1##
      in which the substituents R.sub.1, R.sub.2 and R.sub.3, being identical or
      different, stand for an alkyl, alkenyl, aryl or aralkyl radical, at least
      one of those radicals containing at least one aliphatically combined
      halogen atom. The compounds are made by reacting one or more compounds of
      the general formula II
      ##EQU2##
      in which R.sub.4, R.sub.5 and R.sub.6, being identical or different, stand
      for an alkyl, alkenyl, aryl or aralkyl radical, at least one of those
      R.sub.4, R.sub.5 and R.sub.6 radicals containing an aliphatically combined
      hydroxyl group, with at least equivalent proportions, based on the number
      of hydroxyl groups, of gaseous hydrogen halide with agitation, if desired,
      at temperatures within the range about 100.degree. and 300.degree.C;
      freeing the reaction mixture, during the reaction or after termination
      thereof, from water originating from the reaction; and separating from the
      resulting reaction mixture the halogen-containing tertiary phosphine oxide
      by distillation or crystallization.
BSUM
PAR  It has already been described (cf. K.A. PETROV, Z. H. Obshck, Khim. 35,
      2062 (1965)) that dibutyl-hydroxymethylphosphine oxide can be reacted with
      thionyl chloride in accordance with the following reaction equation
EQU  (C.sub.4 H.sub.9).sub.2 P(O)CH.sub.2 OH+SOCl.sub.2 .fwdarw.(C.sub.4
      H.sub.9).sub.2 P(O)CH.sub.2 Cl+SO.sub.2 +HCl
PAL  So as to obtain dibutyl-chloromethyl-phosphine oxide in a yield of 63.8 %.
      In this reaction, it is necessary, per mol of phosphine oxide, to use one
      mol of sulfur dioxide and one mol of hydrogen chloride, which is
      disadvantageous as the latter two compounds are corrosive agents which
      have to be neutralized or disposed of.
PAR  A further process has been reported in German published Specification
      "Offenlegungsschrift" No. 2,060,217, wherein
      dialkyl-hydroxyalkyl-phosphine oxides are reacted with phosgene in
      accordance with the following reaction equation
      ##EQU3##
      to produce the corresponding dialkyl-chloroalkyl-phosphine oxides.
PAR  Disadvantageous phenomena of this process reside in the use of very toxic
      phosgene and in the formation, per mol of phosphine oxide, of 1 mole of
      hydrogen chloride which has to be neutralized, expelled or disposed of.
PAR  The present invention now provides a process which is free from the
      disadvantageous phenomena referred to hereinabove.
PAR  The process of the present invention for making halogen-containing tertiary
      phosphine oxides of the general formula I
      ##EQU4##
      in which each of the substituents R.sub.1, R.sub.2 and R.sub.3, being
      identical or different, stands for an alkyl, alkenyl, aryl or aralkyl
      radical, at least one of those radicals containing at least one
      aliphatically combined halogen atom, comprises reacting one or more
      compounds of the general formula II
      ##EQU5##
      in which R.sub.4, R.sub.5 and R.sub.6, being identical or different, each
      stand for an alkyl, alkenyl, aryl or aralkyl radical, at least one of
      those R.sub.4, R.sub.5 and R.sub.6 radicals containing an aliphatically
      combined hydroxyl group, with at least equivalent proportions, based on
      the number of hydroxyl groups, of gaseous hydrogen halide with agitation,
      if desired, at temperatures within the range about 100.degree. and
      300.degree.C; freeing the reaction mixture, during the reaction or after
      termination thereof, from water originating from the reaction; and
      separating from the resulting reaction mixture the halogen-containing
      tertiary phosphine oxide by distillation or crystallization.
PAR  A preferred feature of the present process comprises making phosphine oxide
      derivatives of the general formula I, in which each of the substituents
      R.sub.1, R.sub.2, R.sub.3, being identical or different, stands for an
      alkyl, halogenoalkyl, alkenyl, halogenoalkenyl radical having at most 18
      carbon atoms, a phenyl, benzyl or mono, di- or tris(halogenoalkyl)-phenyl
      radical, the halogenoalkyl substituent of the phenyl radical having at
      most about 6 carbon atoms. The aliphatic halogen may be selected from
      chlorine or bromine, for example.
PAR  The starting materials containing hydroxyl groups are accordingly
      halogenated in accordance with the present invention with the preferred
      use of hydrogen chloride or hydrogen bromide. More preferably halogenated
      are those compounds of general formula II, in which the substituents
      R.sub.4, R.sub.5, R.sub.6, being identical or different, stand for an
      alkyl, hydroxyalkyl, alkenyl, hydroxyalkenyl radical (having at most 18
      carbon atoms) or phenyl, benzyl or mono-, di or tris(hydroxyalkyl)-phenyl
      radical, the hydroxyalkyl substituent of the phenyl radical having at most
      about 6 carbon atoms.
PAR  A further preferred feature of the process of the present invention
      comprises effecting the halogenation at temperatures within the range
      130.degree. and 250.degree.C, at atmospheric pressure or under pressures
      up to about 20 atmospheres gauge. The reaction can be effected in the melt
      or in the presence of an inert solvent forming an azeotrope with water,
      such as xylene, p-chlorotoluene, trimethylbenzene, tetramethylbenzene,
      tetralin, decalin, decane or dodecane.
PAR  The final product is obtained in good yields by the use of between about 1
      and 6 mols of hydrogen halide, per hydroxyl group in the starting
      material. Reaction water, which is liberated during the reaction, should
      conveniently be removed at the same rate as it is being formed. This can
      be done by continuous evaporation in those cases in which the reaction is
      effected in the melt and at atmospheric pressure. If the halogenation is
      effected in the presence of a solvent, it is good practice to remove the
      reaction water by distillation in the form of a solvent/water azeotrope.
      Hydrogen halide in excess, if any, can be stripped off after termination
      of the reaction, for example by flowing an inert gas through the reaction
      mixture.
PAR  In the present process, the phosphorus-containing alcohols have been found
      to react quantitatively with hydrogen halide. This is an unexpected result
      in view of WEYGAND-HILGETAG, Organisch-Chemische Experimentierkunst,
      Johann Amborsius Barth-Verlag, Leipzig, 3rd edition, 1964, page 299. It is
      reported therein that the reaction of aliphatic alcohols with hydrogen
      halide fails to be quantitative and that halide/alcohol mixtures are
      normally produced, which are commonly not separable into their components.
PAR  A further unexpected result resides in the fact that hydrogen halide is
      completely absorbed by the phosphorus-containing alcohol in the absence of
      any solvent at temperatures considerably higher than the melting point of
      the starting compounds.
PAR  It is possible for the process of this invention to be carried out at
      temperatures at which the phosphorus compounds having the hydroxyl groups
      therein already commence decomposition, in the absence of hydrogen halide.
      The present process should therefore be carried out with particular
      advantage in the melt and at atmospheric pressure.
PAR  The starting compounds of general formula II above are known or can be made
      by known methods, e.g., by the oxidation of suitable phosphines or by the
      additive combination of formaldehyde or unsaturated compounds with
      suitable phosphine oxides.
PAR  If carried out at atmospheric pressure, the present process can be effected
      in a heatable reactor provided with a thermometer, a hydrogen halide inlet
      opening into the reactor down to its bottom and, preferably, with an
      agitator. The reactor is connected to a heatable column and a condenser
      downstream thereof, for deaeration. The reaction should preferably be
      effected at temperatures within the range 130.degree. and 250.degree.C.
      The reaction temperature to be selected depends on the thermal stability
      of the resulting halogenated phosphine oxide, as, e.g.,
      halogenoalkyl-phosphine oxides having more than one carbon atom in the
      alkyl chain may tend to separate hydrogen halide at high temperatures with
      the resultant formation of the corresponding olefin.
PAR  The reaction of the present invention entails, per mol of hydroxyalkyl
      group being present in the phosphine oxide used, the formation of 1 mol of
      water, which is continually evaporated from the reaction mixture. In those
      cases in which the reaction is carried out in the presence of a solvent,
      the water is di-stilled off in the form of a solvent/water-azeotrope. It
      is therefore good practice to effect the present process at temperatures
      higher than 100.degree.C. The column mounted above the reactor should
      conveniently be operated at temperatures within the range 110.degree. and
      160.degree.C, this making it possible for the evaporating water or for the
      evaporating water/solvent-azeotrope to be maintained in vapor form, and
      for the reaction product evaporating from the reactor to be condensed and
      recycled thereinto.
PAR  The process of the present invention can more particularly be effected in
      the following manner, for example: A tertiary phosphine oxide containing
      hydroxyalkyl groups is placed in the reactor, heated therein to
      temperatures above its melting point, unless it is in the form of a melt,
      and thereafter heated, with agitation, to reaction temperature. During the
      initial heating period, hydrogen halide should preferably be introduced
      into the starting material so as to have an acid medium in the reaction
      mixture and to avoid decomposition of the starting material at higher
      temperature. Once the desirable reaction temperature has been reached,
      hydrogen halide is supplied per unit time in quantities which are
      completely absorbed by the reaction mixture. This is controlled by means
      of an off-gas meter, e.g., a bubble counter or rotameter, arranged
      downstream of the condenser. At the same time, the resulting reaction
      water, which is initially substantially free from hydrogen halide, is
      continually distilled off and collected downstream of the condenser. The
      high reaction velocity permits the supply per hour of a multiple of
      equivalents of hydrogen halide per equivalent of tertiary phosphine oxide
      containing hydroxyalkyl groups. Towards the end of the reaction, where the
      conversion is high, the quantity of hydrogen halide supplied per unit time
      at the onset of the reaction ceases to become completely absorbed. This is
      indicated by the passage of gas through the off-gas meter. If the
      conversion fails to be complete at that moment, it is necessary for the
      supply of hydrogen halide per unit time to be so reduced that the off-gas
      meter indicates slight gas flow. The reaction is terminated and an aqueous
      hydrohalic acid solution is obtained downstream of the condenser. As a
      result of this, only a slight overall excess of hydrogen halide, outside
      the ratio of hydrogen halide per hydroxyalkyl group of a tertiary
      phosphine oxide, is required to be used in the process of the present
      invention. In those cases in which a plurality of reactors in cascade
      arrangement are used, it is possible for unreacted hydrogen halide to be
      introduced together with fresh hydrogen halide into the next following
      reactor for further reaction therein.
PAR  A considerable advantage of the present process resides in the substitution
      of hydrogen halide for the very toxic thionyl chloride or phosgene
      compounds, particularly as 1 mol of hydrogen halide, which has to be
      disposed of, is set free per mol of each of these two latter compounds.
PAR  After termination of the reaction, it is possible for the reaction product
      having minor amounts of hydrogen halide dissolved or absorbed therein to
      be freed therefrom by stripping with an inert gas, e.g., nitrogen or
      carbon dioxide at temperatures within the range 100.degree. and
      250.degree.C, or to be neutralized by treating the melt with an alkali
      metal or alkaline earth metal carbonate, e.g., Na.sub.2 CO.sub.3, K.sub.2
      CO.sub.3 or CaCO.sub.3. In this latter case, precipitated alkali metal or
      alkaline earth metal halide is filtered off and water originating from the
      neutralization is removed under vacuum. The resulting crude reaction
      product containing phosphine oxide can be purified by distillation under
      vacuum, recrystallization or in another manner.
PAR  The tertiary phosphine oxides produced in accordance with this invention
      are valuable intermediates which are able to transfer their
      water-solubilizing or interfacial or superfacial properties to products
      made therefrom. They can more particularly be used for making
      water-soluble pharmaceutical preparations.
DETD
PAC  EXAMPLE 1
PAR  A 4 l round flask placed in an oil bath and provided with a gas inlet
      opening thereinto down to its bottom, an agitator and a thermometer was
      fed with 3025 g or 28 mols of hydroxymethyl-dimethyl-phosphine oxide --
      briefly termed hereinafter HM-DMPO -- which was rapidly heated therein to
      190.degree.C. At 110.degree.C, gaseous hydrogen chloride was introduced in
      the quantity necessary to ensure complete absorption by the melt. It was
      found that the quantity of hydrogen chloride to be introduced increased
      considerably with an increasing temperature as indicated on the rotameter
      at various temperatures:
TBL  Temp. in reaction                                                         

                    HCl-absorption indicated by                                

     mixture in .degree.C                                                      

                    rotameter                                                  

                    1/h (standard conditions)                                  

     ______________________________________                                    

     110            125                                                        

     140            157                                                        

     180            750                                                        

     190            1350                                                       

     ______________________________________                                    

PAR  Water originating from the reaction was expelled via a packed column heated
      to 120.degree.C and condensed in a cooler. The quantity of hydrogen
      chloride supplied was completely absorbed over a period of 40 minutes at
      190.degree.C. After that period, the off-gas was found to contain hydrogen
      chloride and an aqueous hydrochloric acid was obtained downstream of the
      cooler.
PAR  A sample of reaction mixture was taken and tested as to its composition
      using a Bruker HX-spectrometer, at 90 megahertz. The peaks showed a proton
      ratio of --CH.sub.2 Cl : --CH.sub.2 OH of 2.025 : 1. This corresponded to
      a conversion rate of 67 %.
PAR  This was the moment where the quantity of hydrogen chloride to be supplied
      per hour was reduced down to 60-80 liters (standard conditions). After a
      further 2.5 hours at 190.degree.C, the reaction was complete. A specimen
      was subjected to H-NMR spectroscopy, which indicated complete
      transformation of HM-DMPO to chloromethyl-dimethyl phosphine oxide.
PAC  EXAMPLE 2
PAR  3025 g (28 mols) of molten HM--DMPO was placed in the apparatus described
      in Example 1 and heated therein within 30 minutes from 120.degree. to
      235.degree.C. During the initial heating period, hydrogen chloride was
      supplied at a rate of 60 l/h so as to provide for an acid medium and to
      avoid decomposition of HM-DMPO at high temperatures. Once the reaction
      mixture was at 235.degree.C, hydrogen chloride was introduced thereinto
      over a period of 20 minutes at a velocity of 2500 l/h (standard
      conditions) which was substantially completely absorbed therein. Reaction
      water was found to distil off rapidly and simultaneously. After 20
      minutes, the off-gas was found to contain hydrogen chloride. A sample of
      the reaction mixture was subjected to H-NMR-spectroscopy which indicated
      complete conversion of HM-DMPO to chloromethyldimethyl phosphine oxide.
PAR  The reaction product still contained 6.4 weight% of hydrogen chloride.
      Nitrogen was passed therethrough over a period of 4 hours at 220.degree.C,
      whereby the hydrogen chloride concentration was reduced down to 3.1
      weight%, and residual water was expelled. Altogether 599 g of an aqueous
      condensate was obtained. It contained 22.0 weight% of HCl.
PAR  To remove residual hydrogen chloride from the reaction product, the latter
      was mixed at temperatures within the range 100.degree. and 110.degree.C
      with an equivalent amount of Na.sub.2 CO.sub.3, and precipitated NaCl was
      filtered off while hot. Following this, the water of neutralization was
      expelled under water jet vacuum and the residue was distilled at
      132.degree.C under 17 mm Hg. 3 328 g of colorless, crystalline
      chloromethyl-dimethyl phosphine oxide (ClM-DMPO) was obtained. The salt
      residue filtered off was treated with methylene chloride, the solvent was
      expelled and a further 112 g of ClM-DMPO was obtained.
PAR  Chloromethyl-dimethyl phosphine oxide was obtained in a total yield of 3
      440 g corresponding to a 97 % yield. The product melted at 66.degree.C and
      had a bp.sub.17 of 132.degree.C.
PAC  EXAMPLE 3
PAR  A jacketed tube in upright position having a distilling column with a
      descending cooler mounted thereon was supplied with 166 g (1 mol) of
      2-dimethylphosphinoxido-methyl-propane diol-1,3 of the formula
      (CH.sub.3).sub.2 P(O)CH.sub. 2 CH(CH.sub.2 OH).sub.2, which was heated to
      140.degree.C. Gaseous hydrogen chloride was introduced from below through
      a glass frit at a rate of 80 g (2.2 mols) per hour. This corresponded to
      the supply of 53 l of HCl/hour at 25.degree.C. Over a period of 1 hour,
      the hydrogen chloride was substantially completely absorbed by the
      reaction mixture, while the water set free was distilled off, almost
      completely free from hydrogen chloride. After that time, both the offgas
      and the condensate obtained downstream of the cooler had hydrogen chloride
      therein.
PAR  The reaction was complete after 3.5 hours. H-NMR spectroscopy indicated
      conversion of 54 weight% after 1 hour, of 92 weight% after 2 hours, and of
      100 weight% after 3.5 hours of the diol compound used to
      2-dimethylphosphinoxidomethyl-1,3-dichloropropane of the formula
      (CH.sub.3).sub.2 P(O)CH.sub.2 CH(CH.sub.2 Cl).sub.2.
PAC  EXAMPLE 4
PAR  166 g (1 mol) of 2-dimethylphosphinoxidomethylpropane diol-1,3 was reacted
      with hydrogen chloride in the manner described in Example 3, but at
      200.degree.C. After 2 hours, the diol compound was found to have been
      completely transformed. H-NMR-spectroscopy indicated the formation of 77
      mol% of 2-dimethylphosphinoxidomethyl-1,3-dichloropropane,
      (CH.sub.3).sub.2 P(O)CH.sub.2 CH(CH.sub.2 Cl).sub.2 and 23 mol% of
      2-dimethylphosphinoxidomethyl-3-chloropropene-1, (CH.sub.3).sub.2
      P(O)CH.sub.2 C(CH.sub.2 Cl)=CH.sub.2.
PAC  EXAMPLE 5
PAR  155 g (1.14 mols) of dimethyl-3-hydroxypropyl-phosphine oxide was reacted
      with hydrogen chloride in the apparatus described in Example 3. The melt
      was heated to 160.degree.C and 80 g (2.2 mols) of gaseous hydrogen
      chloride was introduced per hour thereinto. This corresponded to the
      supply of 53 l of HCl per hour at 25.degree.C. Within the first 30
      minutes, the reaction heat established a temperature within the range
      170.degree. and 180.degree.C, in the reaction mixture. Over a period of 50
      minutes, the hydrogen chloride was completely absorbed by the reaction
      mixture, while the water set free was distilled off simultaneously.
      Samples were taken during the reaction and subjected to H-NMR-spectroscopy
      which indicated conversion of 87.5 weight% after 50 minutes, of 96 weight%
      after 170 minutes and of 98 weight% after 230 minutes, of the starting
      material to dimethyl-3-chloropropyl-phosphine oxide (CH.sub.3).sub.2
      P(O)CH.sub.2 CH.sub.2 CH.sub.2 Cl.
PAC  EXAMPLE 6
PAR  1000 g of dimethyl-hydroxymethyl phosphine oxide was placed in an acidproof
      4 l autoclave provided with a stirrer and melted therein at a temperature
      within the range 100.degree. and 120.degree.C. The temperature was
      increased to 160.degree.C and hydrogen chloride was introduced until a
      pressure of 4 atmospheres gauge was found to have been established in the
      autoclave. After a few minutes, the pressure decreased and was then kept
      constant by the introduction of a further 100 g of hydrogen chloride.
      After a further 3 hours, a further 100 g of hydrogen chloride were
      introduced whereby the pressure increased up to 8 atmospheres gauge. Under
      that pressure and at a temperature of 160.degree.C, the reaction mixture
      was stirred for a further 1 hour, cooled with pressure relief and
      distilled under a vacuum of 12 mm Hg. Dimethyl-chloromethyl-phosphine
      oxide (bp.sub.12 =  116.degree.-120.degree.C) was obtained in a yield of
      946 g or 81 % of the theoretical.
PAC  EXAMPLE  7
PAR  A solution of 108 g of dimethyl-hydroxymethyl-phosphine oxide in 300 cc of
      xylene was reflux boiled and hydrogen chloride was introduced into the
      solution. After about 18 hours, 18 cc of a water/solvent-azeotrope was
      separated from the reaction mixture, which was distilled under a vacuum of
      15 mm Hg. Dimethyl-chlormethylphosphine oxide (bp.sub.15 =
      128.degree.-130.degree.C) was obtained in a yield of 100 g or 79.5 % of
      the theoretical.
PAR  If p-chlorotoluene is used as the solvent, it is possible for the reaction
      period to be shortened to about 8 hours.
PAC  EXAMPLE 8
PAR  Hydrogen chloride was introduced over a period of 14 hours into a
      suspension of 31 g of dihydroxymethyl-methyl-phosphine oxide (having a
      purity of 93 %) in 100 cc of xylene. The suspension had a temperature of
      140.degree.C. 9 cc of reaction water was formed which was removed
      distillatively as a xylene/water-azeotrope, from the reaction mixture.
      After the reaction was complete, the solvent was distilled off under water
      jet vacuum and the residue was subjected to fractional distillation under
      vacuum. Dichloromethyl-methyl-phosphine oxide (bp.sub.0.3 =  122.degree.C)
      was obtained in a yield of 30.5 g or 81.5 % of the theoretical.
PAC  EXAMPLE 9
PAR  Hydrogen chloride was introduced over a period of 6 hours at 140.degree.C
      into a solution of 23 g of dipropyl-hydroxymethyl-phosphine oxide in 100
      cc of xylene and the resulting reaction water was removed distillatively
      as a xylene/water azeotrope, from the reaction mixture. After termination
      of the reaction, the reaction mixture was distilled under water jet vacuum
      and chloromethyl-diisopropyl-phosphine oxide (bp.sub.11 =
      145.degree.-147.degree.C) was obtained in a yield of 20.5 g or 80 % of the
      theoretical.
PAC  EXAMPLE 10
PAR  140 g (1 mol) of tris-hydroxymethyl-phosphine oxide was placed in a 250 cc
      round flask provided with a gas inlet, melted therein at
      50.degree.-60.degree.C and heated to 160.degree.C while HCl gas was
      introduced thereinto in a quantity of 20 l/h (standard conditions). The
      resulting reaction water was expelled through a tube heated to
      113.degree.C and condensed in a cooler. After 10 hours, condensate ceased
      to be formed. The reaction was interrupted and the reaction mixture was
      cooled. 192 g of a colorless crude product and 85 g of condensate
      containing 40 weight% of HCl were obtained.
PAR  After recrystallization from carbon tetrachloride, colorless
      tris-chloromethyl-phosphine oxide melting between 97.degree. and
      100.degree.C was obtained in a yield of 155 g or 79.2 %.
PAC  EXAMPLE 11
PAR  The procedure was the same as that described in Example 6 save that the
      crude product (194 g) was purified by subjecting it to distillation under
      vacuum. 154 g of tris-chloromethyl-phosphine oxide (fp = 96.degree. -
      98.degree.C) distilled over under a pressure of 0.01 mm Hg at temperatures
      within the range 125.degree. and 126.degree.C. The product was free from
      hydrogen chloride but contained 0.04 val/100 g of an unidentified acid.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for making halogen-containing tertiary phosphine oxides of the
      general formula I
      ##EQU6##
      in which the substituents R.sub.1 and R.sub.2 being methyl, propyl or
      chloromethyl and R.sub.3 stands for chloromethyl-, chloropropyl or
      ##EQU7##
      which comprises reacting a compound of the general formula II
      ##EQU8##
      in which R.sub.4 and R.sub.5 stand for methy, propyl or hydroxymethyl and
      R.sub.6 being hydroxymethyl, hydroxypropyl or
      ##EQU9##
      with at least equivalent proportions, based on the number of hydroxyl
      groups, of gaseous hydrogen chloride at temperatures within the range
      about 100.degree. and 300.degree.C; freeing the reaction mixture, during
      the reaction or after termination thereof, from water originating from the
      reaction; and separating from the resulting reaction mixture the
      halogen-containing tertiary phosphine oxide by distillation or
      crystallization.
NUM  2.
PAR  2. The process as claimed in claim 1, wherein the reaction is effected at
      temperatures within the range 130.degree. and 250.degree.C.
NUM  3.
PAR  3. The process as claimed in claim 1, wherein the reaction is effected at
      atmospheric pressure or under overpressure up to about 20 atmospheres
      gauge.
NUM  4.
PAR  4. The process as claimed in claim 1, wherein the reaction is effected in
      the melt or in the presence of an inert solvent forming an azeotrope with
      water.
NUM  5.
PAR  5. The process as claimed in claim 4, wherein the solvent is selected from
      xylene, p-chlorotoluene, trimethylbenzene, tetramethylbenzene, tetralin,
      decalin, decane or dodecane.
NUM  6.
PAR  6. The process as claimed in claim 1, wherein about 1 to 6 mols of hydrogen
      chloride are used per hydroxyl group in the starting material.
NUM  7.
PAR  7. The process as claimed in claim 1, wherein the reaction is effected in
      the melt and resulting reaction water is continually removed at
      atmospheric pressure, from the reaction mixture.
NUM  8.
PAR  8. The process as claimed in claim 1, wherein the reaction is effected in
      the presence of a solvent and the resulting reaction water is continually
      removed in the form of a solvent/water-azeotrope, from the reaction
      mixture.
NUM  9.
PAR  9. The process as claimed in claim 1, wherein hydrogen chloride in excess
      is stripped off by flowing an inert gas through the reaction mixture,
      after termination of the reaction.
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PAL  Lubricant compositions are provided comprising a substituted indan having
      the structure:
      ##SPC1##
PAL  In which R is at least one member of the group consisting of hydrogen,
      alkyl, phenyl, carboxy alkyl, carboxy phenyl, phenoxy and their
      thiosubstituted derivatives. The method for the preparation of these
      substituted indans is also provided.
PARN
PAC  CROSS-REFERENCE TO RALATED APPLICATIONS
PAR  This is a division of application Ser. No. 125,853, filed Mar. 18, 1971,
      now U.S. Pat. No. 3,792,096, which in turn, is a division of application
      Ser No. 836,161 filed June 24, 1969, now U.S. Pat. No. 3,640,870.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to lubricant compositions, and, in one of its
      aspects, relates more particularly to lubricant compositions which are
      thermally and oxidatively stable and exhibit reduced tendency to
      deterioration. Still more particularly, in this aspect, the invention
      relates to such lubricant compositions as lubricant oils and greases, and
      also to other forms of organic media, in which these lubricants can be
      employed as blending stocks to modify their properties, for example such
      organic media as automatic transmission fluids, hydraulic fluids,
      heat-exchange fluids, and the like, in which the aforementioned stability
      against thermal and oxidative deterioration is an important requisite.
PAR   2.Description of the Prior Art
PAR  The importance of maintaining thermal and oxidative stability in lubricant
      compositions, for example in such representative areas as hydrocarbon
      lubricant oils and greases, or in any of the other aforementioned areas,
      is well known. Prior to the present invention, various lubricants or
      lubricant additives have been suggested for such purposee but have not
      been found to provide the desired degree of improvement. In some aspects
      either, or both, oxidative stability and thermal stability have not been
      significantly improved in the aforementioned compositions. In other
      instances, lubricants or lubricant additives employed for such purpose
      have proved to be costly, far outweighing the degree of improvement
      obtained.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, as more fully hereinafter
      described, improved lubricants are provided which are thermally and
      oxidatively stable having the structure:
      ##SPC2##
PAL  In which R is at least one member of the group consisting of hydrogen,
      alkyl, phenyl, carboxy alkyl, carboxy phenyl, phenoxy and their
      thiosubstituted derivatives.
PAR  These substituted indans, as more fully hereinafter described, have been
      found to be markedly effective not only in possessing thermal and
      oxidative stability as lubricants, per se, but also in imparting, as a
      blending stock, thermal and oxidative stability to lubricant compositions
      in the form of lubricant oils, greases and any of the aforementioned
      organic media such as automatic transmission fluids, hydraulic fluids,
      heat-exchange fluids and the like.
PAR  The organic compositions, of more specific importance, which are improved
      by blending with the substituted indans of the present invention may
      include mineral oils and synthetic oils of lubricating viscosities. Of
      particular significance is the improvement of petroleum distillate
      lubricating oils having boiling points as high as 650.degree.F. or above
      and also mixtures of such oils. It should be noted, in this respect, that
      the term "distillate oils" is not intended to be restricted to
      straight-run distillate fractions. These distillate oils can be
      straight-run distillate oils, catalytically or thermally cracked
      (including hydrocracked) distillate oils, or mixtures of straight-run
      distillate oils, naphthas and the like, with cracked distillate stocks and
      may be of varying viscosities and pour points. Moreover, such oils can be
      treated in accordance with well-known commercial methods, such as acid or
      caustic treatment, hydrogenation, solvent-refining, clay treatment and the
      like.
PAR  As previously indicated, the aforementioned substituted indans may also be
      incorporated, as blending agents in lubricant vehicles of grease
      compositions. Such greases, may comprise a combination of a wide variety
      of lubricating vehicles and thickening or gelling agents. Thus, greases in
      which the aforementioned substituted indans are particularly effective as
      vehicle blending agents may comprise any of the conventional hydrocarbon
      oils of lubricating viscosity, as the oil vehicle, and may include mineral
      oils or mineral oils in combination with synthetic lubricating oils,
      aliphatic phosphates, esters and di-dester, silicates, siloxanes and
      oxalkyl ethers and esters. Mineral lubricating oils, preferably employed
      as the lubricating vehicle, may be of any suitable lubricating viscosity
      range from about 45 SSU at 100.degree.F. to about 6,000 SSU at
      100.degree.F., and, preferably, from about 50 to about 250 SSU at
      210.degree.F. These oils may have viscosity indexes varying from below 0
      to about 100 or higher. Viscosity indexes from about 70 to about 95 are
      preferred. The average molecular weights of these oils may range from
      about 250 to about 800. The lubricating oil is employed in the grease
      composition in an amount sufficient to constitute the balance of the total
      grease composition, after accounting for the desired quantity of the
      thickening agent, and other additive components to be included in the
      grease formulation.
PAR  As previously indicated, the oil vehicles employed in the novel grease
      formulations of the present invention, in which the aforementioned
      substituted indans are incorporated as blending agents, may comprise
      mineral oils or combinations of mineral oils with synthetic oils of
      lubricating viscosity. When high temperature stability is not a
      requirement of the finished grease, mineral oils having a viscosity of at
      least 40 SSU at 100.degree.F., and particularly those falling within the
      range from about 60 SSU to about 6,000 SSU at 100.degree.F. may be
      employed. In instances, where synthetic vehicles are employed in addition
      to mineral oils, as the lubricating vehicle, various compounds of this
      type may be successfully utilized. Typical synthetic vehicles include:
      polypropylene, polypropylene glycol, trimethylol propane esters, neopentyl
      and pentaerythritol esters, di-(2-ethyl hexyl) sebacate, di-(2-ethyl
      hexyl) adipate, di-butyl phthalate, fluorocarbons, silicate esters,
      silanes, esters of phosphorus-containing acids, liquid ureas, ferrocene
      derivatives, hydrogenated mineeral oils, chain-type polyphenyls, siloxanes
      and silicones (poly-siloxanes), alkyl-substituted diphenyl ethers typified
      by a butyl-substituted bis (p-phenoxy phenyl) ether, phenoxy phenyl
      ethers, etc.
PAR  The lubricating vehicles of the aforementioned improved greases of the
      present invention containing the above-described substituted indans as
      blending agents, are combined with a grease-forming quantity of a
      thickening agent. For this purpose, a wide variety of materials may be
      employed. These thickening or gelling agents may include any of the
      conventional metal salts or soaps, which are dispersed in the lubricating
      vehicle in grease-forming quantities, in such degree as to impart to the
      resulting grease composition, the desired consistency. Other thickening
      agents that may be employed in the grease formation may comprise the
      non-soap thickeners, such as surface-modified clays and silicas, aryl
      ureas, calcium complexes and similar materials. In general, grease
      thickeners may be employed which do not melt and dissolve when used at the
      required temperature within a particular environment; however, in all
      other respects, any material which are normally employed for thickening or
      gelling hydrocarbon fluids for forming greases, can be used in preparing
      the aforementioned improved greases in accordance with the present
      invention.
PAR  The substituted indans of the present invention may be prepared, in
      general, by subjecting a mixture of an isopropyl aromatic compound and a
      halogen to a temperature sufficiently high to effect halogenation of the
      isopropyl group. Thereafter the halogenated isopropyl aromatic compound
      thus produced is subjected to elevated temperature, in the presence of an
      acidic catalyst, to an extent at which the halogenated isopropyl aromatic
      compound is converted to its corresponding substituted indan. In a
      preferred embodiment, the aforementioned halogenation is carried out at
      about room temperature, or below, but not lower than about 0.degree.C. A
      preferred halogenation temperature range is from about 0.degree.C. to
      about 10.degree.C.
PAR  As previously indicated, the halogenated isopropyl aromatic compound is
      subjected to an elevated temperature at which this compound is converted
      to its corresponding substituted indan. In a preferred embodiment the
      halogenated isopropyl aromatic compound is subjected to an elevated
      temperature within the range from above the halogenation temperature
      employed, but not higher than the boiling point of the halogenated
      isopropyl aromatic compound. Preferably the halogenated isopropyl aromatic
      compound, for most purposes, is subjected to a temperature from about
      100.degree.C. to about 200.degree.C. at which the corresponding
      substituted indan is produced.
PAR  As hereinbefore indicated, the halogenated isopropyl aromatic compound is
      subjected to elevated temperature, in the presence of an acidic catalyst,
      for conversion to the corresponding substituted indan. For this purpose
      any acidic material that has a ionization constant greater than about 1
      .times. 10.sup..sup.-5, may be employed, and, exemplary thereof, are
      catalysts comprising a crystalline alumino-silicate zeolite catalyst in an
      amorphous silica-alumina matrix; sulfuric acid, trichloroacetic acid;
      monochloroacetic acid on the aforementioned alumino-silicate zeolite
      catalyst, phospheric acid, nitric acid and other organic and inorganic
      acids having the aforementioned ionization constant.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The following examples will serve to illustrate the novel substituted
      indans of the present invention, the method for their preparation and
      their utility in organic lubricating media.
PAC   EXAMPLE 1
PAC  Dimers of Monoisopropylbiphenyl
PAR  To a stirred pot containing 392 grams (2.0 moles) of monoisopropylbiphenyl
      and 1176 grams (15.1 moles) of benzene at a temperature between about
      0.degree.C. and about 10.degree.C. was added dropwise 324 grams (2.03
      moles) of bromine. A light source, comprising a 100 watt clear light bulb,
      was placed alongside the pot. After 10 hours, HBr evolution ceased,
      indicating completion of the reaction. The benzene was distilled off at
      reduced pressure leaving a quantitative yield of 551 grams of product.
      Upon analysis it was found that the molecular weight of the product was
      275 (275 calculated) and the bromine content was 27.6% (29.1% calculated).
PAR  The dimerization was performed, employing 280 grams (1.0 mole of the
      above-described brominated product with 2.8 grams (1% by weight) of a
      crushed crystalline aluminosilicate zeolite catalyst in an amorphous
      silica-alumina matrix at 150.degree.C. in a stirred flask for a period of
      40 hours. The reaction was considered complete when successive samples
      showed no change by gas chromatographic analysis. The product (209.2
      grams) was filtered in order to remove the catalyst and was dissolved in
      benzene. After washing the benzene solution to neutrality with water, the
      benzene was removed and the product was fractionally distilled under
      reduced pressure. Gas chromatography showed the product mixture to
      comprise 25%, by weight, of monoisopropylbiphenyl, 55-60% of the four
      expected isomeric dimers and 15-20% of polymer. Four isomeric dimers were
      the result of a di-isomeric monoisopropylbiphenyl charge stock. The
      chemical and physical properties obtained are hereinafter disclosed in
      Table I. The substituted indan, thus produced, can be depicted as having
      the structure:
      ##SPC3##
PAC  EXAMPLE 2
PAC  Codimers of Monoisopropylbiphenyl and Alpha-methyl Styrene
PAR  280 grams (1.0 mole) of the brominated monoisopropylbiphenyl from Example 1
      was reacted with 118 grams (1.0 mole) of alpha-methyl styrene in the
      presence of 8.0 grams (2% by weight) of the acidic clay catalyst of
      Example 1 at a temperature of about 150.degree.C. in a stirred flask.
      After 47 hours, 331.8 grams (312 grams calculated) of the resulting
      product was recovered, in the manner described in Example 1. Gas
      chromatography showed unreacted monoisopropylbiphenyl (approximately 15%
      by weight), alpha-methyl styrene (approximately 24% by weight), the four
      expected codimers (approximately 37% by weight), and the four expected
      dimers of monoisopropylbiphenyl (approximately 24% by weight). The product
      mixture was then fractionally distilled at reduced pressure. The chemical
      and physical properties obtained are hereinafter disclosed in Table I. The
      substituted indan thus produced can be depicted as having the structure:
      ##SPC4##
PAC  EXAMPLE 3
PAC  Dimers of Cumylphenylether (Phenoxy-cumene)
PAR  212 grams (1.0 mole) of cumylphenylether in 590 grams (7.6 moles) of
      benzene was brominated with 160 grams (1.0 mole) of bromine in the manner
      described in Example 1. The brominated product, following benzene removal,
      amounted to 308 grams (291 calculated) and had a molecular weight of 296
      (291 calculated) and a bromine content of 26.2% (27.5% calculated).
      Dimerization of this material was carried out employing 154 grams (0.53
      mole) of the brominated material and 4.6 grams (3%) of the acidic clay
      catalyst of Example 1 at a temperature of about 150.degree.C. for a period
      of 16 hours. The resulting product was filtered and washed to neutrality.
      Gas chromatography showed the resulting product mixture to comprise
      approximately 49.0% cumylphenylether, 7.7% of a side product, 6.3% of the
      four expected dimers and 37.0% of polymer. Analysis of the side product
      (comprising approximately six components) showed an average molecular
      weight of 293 and a bromine content of 21.1%. The chemical and physical
      properties of the substituted indan product are hereinafter disclosed in
      Table I. The substituted indan thus produced can be depicted as having the
      structure:
      ##SPC5##
PAC  EXAMPLE 4
PAC    Monophenoxy-1,1,3-Trimethyl-3-Phenyl Indans
PAR  By following the procedure and the conditions of Example 3, 0.5 mole of
      cumylphenylether and 0.5 mole of cumene are brominated with 1.0 mole of
      bromine. The resulting product is found to comprise a mixture of
      1,1,3-trimethyl-3-(phenoxy)phenyl indan and phenoxy-1,1,3-trimethyl-
      3-phenyl indan. The chemical and physical properties of these compounds
      are hereinafter disclosed in Table I. The substituted indans thus produced
      can be depicted as having the following structures:
      ##SPC6##
PAC  EXAMPLE 5
PAC  Codimer of Thiophenoxycumene and Cumene
PAR  A codimer of thiophenoxycumene and cumene can be prepared by substituting
      the same molar quantities fo thiophenoxycumene in place of cumylphenyl
      ether in Example 4 to produce a compound having the following properties:
TBL                Calculated                                                  

                            Found                                              

     ______________________________________                                    

     Molecular Weight                                                          

                     344        344                                            

     Carbon %        83.72      82.11                                          

     Hydrogen %      6.98       6.76                                           

     Oxygen %        0          0.56                                           

     Sulfur %        9.30       9.80                                           

     ______________________________________                                    

PAL  The chemical and physical properties are hereinafter disclosed in Table I.
      The substituted indan thus produced can be depicted as having the
      structure:
      ##SPC7##
TBL                                    TABLE I                                 

     __________________________________________________________________________

                        Example 1                                              

                               Example 2                                       

                                      Example 3                                

                                             Example 4                         

                                                    Example 5                  

     __________________________________________________________________________

     Molecular Weight   388    312    420    328    344                        

     Bromine Content %  0.42   1.19   (0.19) (0.15) 0)                         

     Chlorine Content % 0      0      0      0      0)      Sulfur             

     Bromine Number     0      0.6    0      0      0)      9.2%               

     TAN                0      0      0      0      0)                         

     Flash, .degree.F.  515    435    490    425    460                        

     Fire, .degree.F.   580    510    585    465    515                        

     Pour, .degree.F.   +120   +65    +60    +45    +45                        

     KV 100.degree.F.   Solid  3806   19571  400.9  468.9                      

     KV 210.degree.F.   130    14.68  28.66  9.10   9.86                       

     KV 400.degree.F.          1.55          1.40                              

     AIT, .degree.F.    830    810    875    870    830                        

     Thermal Stability                                                         

                % Loss  0.007  0.003  0.086  0.010  0.13                       

     785.degree.F., 90 min.                                                    

                KV 100.degree.F.                                               

                               4020                 454.3                      

                KV 210.degree.F.                                               

                        131.5  14.94  28.40  8.40   9.79                       

                TAN     0      0.08   0.31   0.49   0.04                       

     Ox./Corr. 450.degree.F.                                                   

                .DELTA.KV % 100.degree.F.    18.3   Crystallized               

                .DELTA.KV % 210.degree.F.                                      

                        2900   184    4.3    6.0    in pure form               

                TAN     2.1    3.7    0.22   0.44   after several              

                Sludge  0      Trace  0      0      days.                      

     Corrosion  Al                    0      0                                 

     mg/cm.sup.2                                                               

                Ag      +0.2   -1.0   -0.1   -0.1                              

                Cu      -0.3   -4.1   -0.2   -0.4                              

                Mg      Trace  Trace  -0.5   0                                 

                Steel   -0.1   -5.1   0      0                                 

                Ti                    0                                        

                Bronze                0                                        

     Ox.Corr. 450.degree.F.                                                    

                .DELTA.KV % 100.degree.F.    20.7                              

     No Metals  .DELTA.KV % 210.degree.F.                                      

                               79.0          6.1                               

                TAN     3.3    7.7           0.51                              

                Sludge  0      0             0                                 

     __________________________________________________________________________

PAR  From the foregoing data and examples, it will be apparent that the novel
      substituted indans of the present invention possess chemical and physical
      characteristics which make them particularly adaptable for use as
      lubricants, per se, or as blending materials having a wide variety of
      lubricant compositions for imparting thermal and oxidative stability.
      Although the present invention has been described herein by means of
      certain specific embodiments and illustrate examples, it is not intended
      that the scope thereof be limited in any way, and is capable of various
      modifications and adaptations, as those skilled in the art will readily
      appreciate.
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STM  We claim:
NUM  1.
PAR  1. A substituted indan having the structure:
      ##SPC8##
NUM  2.
PAR  2. A process for producing the indan of claim 1 which comprises subjecting
      a mixture of a thiophenoxycumene compound and a halogen to a temperature
      from about 0.degree.C to about 20.degree.C to effect halogenation of the
      isopropyl group of said cumene compound; and thereafter subjecting the
      halogenated cumene compound thus produced to a temperature from about
      100.degree.C to about 200.degree.C in the presence of an acidic catalyst
      having an ionization contant greater than about 1 .times. 10.sup..sup.-5
      to an extent at which the aformentioned compound is converted to its
      corresponding indan.
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ABST
PAL  A process is provided for the formation of 4,4'-monothiodiphenolic
      compounds, in high yields, and in a selective manner, through the use of a
      novel reaction system. More specifically, a nonsterically hindered phenol
      and sulfur dichloride are reacted in the presence of initiation promoter
      and solvent portions, respectively, to produce the above
      4,4'-monothiodiphenolic product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Reactions of phenolic compounds and sulfur halides, in general, to form a
      broad spectrum of the reaction products too numerous to mention, are
      well-known in the prior art. Many of these prior art reactions provide for
      the formation of a mixture of reaction products. However, others require
      the reaction of specific phenols and sulfur halides while maintaining a
      myriad of reaction conditions, to form specific thiophenolic materials.
      More specifically, the product recovered on contacting a phenol and sulfur
      dichloride generally contains a combination of mono- and poly- sulfides,
      chlorinated phenols, sulfonium compounds, polymeric materials, and the
      like. However, if a specific 4,4'-monothiodiphenolic compound, such as
      4,4'-thiodiphenol, were the desired product, any other materials present
      would be considered by-products and would require separation from the
      total material produced and recovered. Recovery is a particularly acute
      problem in the case of the polysulfide by-products since they are formed
      as part of the solid, crystalline product phase along with the desired
      4,4'-monothiodiphenolic product. Thus, when polysulfides are present,
      further recovery steps are necessary to separate the respective solid
      phases. Unlike their monothiophenolic counterparts, polysulfides contain
      relatively weak sulfur-to-sulfur bonds. Therefore, on polymerization of
      these polysulfides, the resultant polymeric product will be relatively
      weak because of this defective bonding characteristic.
PAR  The yield of specific monothiodiphenols formed by the direct contact of a
      phenolic compound and a sulfur halide, according to the prior art
      processes, in cases where the formation of specific materials is desired,
      is relatively poor. And, in addition to the aforementioned drawbacks,
      known processes teach that relatively long contact times are generally
      required for specific product formation, in relatively poor yields.
      Furthermore, due to the relatively long contact times exhibited by the
      prior art processes, difficulties will result in conducting a continuous
      reaction, in an efficient manner, to selectively form high yields of
      specific 4,4'-monothiodiphenols. Moreover, the economic feasibility of
      such a process is highly questionable.
PAR  Many of the aforementioned phenolic reactions have been employed in
      preparing either stabilizers or antioxidants. For example, U.S. Pat. No.
      1,849,489 to Howland describes the formation of a class of chemical
      compounds "adapted to retard deterioration of rubber." These compounds
      include sulfides of phenol. An example of this reaction is shown on page
      2, beginning on line 55, wherein a relatively high concentration of
      phenols is reacted with a sulfur chloride compound in a chloroform
      solvent. A low yield of phenol sulfides was seemingly formed after a
      2-hour reaction period. Furthermore, any combination of sulfides,
      polysulfides or isomers thereof provides an acceptable reaction product
      for use therein. A high specific product yield is not required in the
      above formation process.
PAR  Another process which describes the production of sulfur-containing phenols
      useful as antioxidants is found in U.S. Pat. No. 3,678,115 to Fujisawa et
      al. In this case, the production of a sulfur-containing
      sterically-hindered phenol, i.e., 4,4'-thiobis(2,6-di-t-butyl phenol) is
      disclosed. The formation of the above sterically-hindered phenolic product
      is conducted according to an entirely different reaction system than is
      provided for its nonhindered counterpart. The Fujisawa process, for
      instance, includes reacting a high concentration (greater than 25% by
      weight) of 2,6-di-t-butyl phenol (a hindered phenolic reactant) employing
      either sulfur chloride or sulfur dichloride, and requiring, in the sulfur
      dichloride reaction, a reaction period of greater than about 24 hours. The
      use of relatively high concentrations of phenol causes additional problems
      in mass transport of the product mixture formed, thereby further
      increasing the total reaction time and, in case of reaction of a phenol
      and sulfur dichloride, promotes the formation of a noncrystalline phase in
      the reaction system which is detrimental to the facilitation of high
      yields of the desired product. Example 1 of Fujisawa indicates that the
      4,4'-thiobis(2,6-di-t-butyl phenol) was present in only a 23% yield after
      an initial 18-hour reaction period, 53% of the total product formed being
      polysulfides. Thereafter, in order to provide a higher yield of the
      monothiophenolic product, the polythiobisphenols present in the mixture
      were further reacted for about 14 hours with a strong base in order to
      cleave the sulfur bridges to form of mercapto compound which, in turn,
      recombines with the unreacted phenolic reactant to form additional amounts
      of the desired 4,4'-thiobis product.
PAR  U.S. Pat. No. 2,139,766 to Mikeska et al. provides for the formation of a
      dialkyl diphenol thio ether compound by the relatively limited reaction of
      a high concentration of phenol with sulfur dichloride in a carbon
      disulfide solvent. The product, which is then added to a mineral
      lubricating oil, acts as an antioxidant. As previously discussed with
      respect to the above cited patents, when the end use of a thiodiphenolic
      product is as an antioxidant, selectivity in forming a high yield
      monothiodiphenolic product, having a minimum amount of by-products, is not
      required.
PAR  In another prior art method (see U.S. Pat. No. 3,296,310 to Gilbert), the
      process for producing thiobis phenols is conducted by reacting elemental
      sulfur with the phenol in the presence of a halogen. The process is
      claimed by the inventor as an improvement over methods which employ the
      reaction of phenol with sulfur halide, such as sulfur chloride or sulfur
      dichloride. In this latter case, the halogen employed as a catalyst is
      either iodine or bromine, not chlorine. Selectivity, yield and reactor
      time problems previously expressed are again present in the Gilbert
      process. In fact, many of the aforementioned problems are further
      magnified since a mixture of thiobis phenols are formed in which the
      sulfur atoms are attached to the phenol in either the ortho- or para-
      positions, as opposed to selectively providing a predominant attachment in
      only the para- position.
PAR  U.S. Pat. No. 2,425,824 to Peters et al. provides a process in which sulfur
      halides are reacted with a high concentration of a phenolic compound, in a
      mole ratio of from about 1.25 to 1.75:2.0, and preferably 1.5:2.0. Poor
      selectivity and yield are evident on examining the product material. The
      products formed are continuously discharged from the reactor. The use of
      sulfur monochloride, sulfur dichloride, or mixtures thereof, respectively,
      as the reactant herein, is shown to be equivalent. As described in column
      3, beginning at line 2, "the important point of the process is to at all
      points maintain the desired narrow limits of ratios of the reactants . . .
      " Therefore, one would conclude that only by employing the above specified
      reactant ratio could a continuous phenolic-sulfur chloride reaction
      process be maintained.
PAR  U.S. Pat. No. 3,057,926 to Coffield relates to the production of an
      antioxidant wherein a substituted phenol is reacted with either sulfur
      monochloride or sulfur dichloride to produce a substituted thio bis phenol
      compound having one or more sulfur atoms attached to the respective rings.
      Stoichiometric amounts, 2:1 mole ratios of phenol per mole of sulfur
      halide, and high concentrations of phenol are employed in the Coffield
      process. The previously enumerated problems associated with selectivity,
      yield, reaction time, and high concentration are once more present herein.
      In addition, the patent does not distinguish between the use of the
      respective sulfur halides as reactants. Finally, complicated and arduous
      addition techniques are provided in the examples of Coffield in order to
      produce, as in Example 2, a thio bis phenolic product.
PAR  Finally, U.S. Pat. No. 3,390,190 to Curtis et al. provides a process for
      purifying a conventionally produced thiophenolic product prepared by the
      reaction of phenol and sulfur dichloride in toluene. The final product is
      obtained by refluxing the initial crude reaction mixture, separating a tar
      phase, and purifying the crude product so obtained by dissolving it in an
      alkaline solution of a weak, inorganic base, such as sodium carbonate.
      Curtis provides a 4,4'-dihydroxy diphenyl sulfide material produced, as
      illustrated in Example 1, in a 55.2% yield based on theory. Furthermore,
      after purification thereof, the actual yield based on starting materials
      of the final purified product is about 47%, due to losses in product
      incurred during the above purification. And, even after performing these
      elaborate purification steps, which require a substantial period of time
      to complete, the amount of polysulfides present in the final 4,4'-isomeric
      product recovered (see Tables III-IV) is still 2.4 -3.5% by weight.
PAC  SUMMARY OF THE INVENTION
PAR  In contradistinction to prior art processes, the subject process, which
      includes the reaction of a phenolic compound and sulfur dichloride,
      provides for the selective formation of high yields of the 4,4'-monoisomer
      of various thiodiphenolic compounds, while producing only a minimum amount
      of undesirable by-products, i.e., polysulfides,
      non-para-sulfur-substituted thiodiphenols, chlorinated phenols, sulfonium
      compounds, and polymeric materials. Since the removal of polysulfides from
      the recovered product is particularly troublesome, the formation of a
      minimum amount thereof is desirable. Preferably, the amount of
      polysulfides present in the product recovered is less than 1%, and more
      preferably less than 0.5% by weight, based on the total weight of product
      material recovered. The selectively-produced 4,4'-monothiodiphenol is
      recovered, on substantial completion of the phenolic compound-sulfur
      dichloride reaction step, without requiring any additional reaction steps,
      in hereinafter defined yields of at least about 70% by weight, and
      preferably at least about 80% by weight. In determining the product
      conversion, the amount of phenolic compound actually consumed or used is
      derived by subtracting the amount of recovered, unreacted phenolic
      compound (since an excess of phenol is employed) from the total amount of
      phenol charged to the system. The selectivity, i.e., the weight percentage
      of 4,4'-mono-isomer present in the reaction product, is at least about 80%
      by weight, based on the total weight of recovered material, and preferably
      at least about 90% by weight.
PAR  The process of the present invention is characterized by a novel reaction
      system. The presence of this reaction system at the outset of the reaction
      is necessary for selective formation of high yields of the above described
      4,4'-monothiodiphenolic product. More specifically, this novel reaction
      system is comprised of a reactant portion including the hereafter
      described phenolic compound and sulfur dichloride, an initiation promoter
      portion including crystals of the desired 4,4'-monothiodiphenolic product
      and a catalytic amount of anhydrous hydrogen chloride and, finally, a
      solvent portion, as later defined.
PAR  The subject selective reaction process provides for the reaction of a
      sterically nonhindered phenolic compound and sulfur dichloride in the
      presence of the above initiation promoter and solvent portions,
      respectively. In addition, by preferably providing a relatively low
      concentration of the subject phenolic compound, it has been discovered
      that the yield and selectivity of the reaction are unexpectedly increased
      while the amount of polysulfides in the recovered product is decreased.
      Under preferred conditions, such as when the product formed by the
      reaction system of the present invention is continuously produced and
      recovered, a substantial reduction in contact time, i.e., the time
      required to produce the thiodiphenolic material after the reaction system
      is formed, is provided. More specifically, contact times of not more than
      about 0.5 hour, and preferably not more than about 0.25 hour, are provided
      for formation of the requisite 4,4'-isomer.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The phenolic compounds, as defined for purposes of this invention, which
      are included in the reactant portion of the reaction system, may comprise
      any compound having a hydroxyl group substituted on a benzene ring, which
      will effectively direct the para- substitution, with respect to the
      pendant hydroxy group, of a single sulfur atom, to the selective formation
      of a 4,4'-monothiodiphenolic compound. For example, if phenol, the most
      preferred compound herein, were employed as the phenolic compound in the
      reaction system of the present invention, the predominant reaction would
      provide for a single sulfur atom to be selectively substituted on a phenol
      ring in the 4-position, a second phenol group then being attached at its
      4-position to the pendant sulfur of the above formed phenol monosulfide
      intermediate, the resulting product being 4,4'-thiodiphenol (hereinafter
      TDP).
PAR  Various unsubstituted and mono- or di-substituted phenolic compounds can be
      employed in the reactant portion of this invention provided that the
      latter compounds are mono- or di-substituted in only the ortho- (2- or
      2,6-) position, and, additionally, are not sterically hindered.
      Preferably, the mono- or di-ortho-substituted phenolic compounds employed
      in the present invention are characterized by the fact that the pendant
      groups substituted on the phenol ring include lower alkyl groups having
      from 1 to 3 carbon atoms, the total number of carbon atoms present in the
      alkyl groups of the substituted phenolic compound being from 1 to 5. More
      preferably, examples of the nonsterically hindered ortho- , mono-, and
      di-substituted phenolic compounds contemplated herein include phenol,
      o-cresol, 2,6-xylenol, and the like.
PAR  The second component of the subject reactant portion is sulfur dichloride.
      The dichloride, and not the monochloride, is sepcifically required for
      purposes of forming the subject compounds. It is preferred that the sulfur
      dichloride employed have a purity greater than about 98% by weight.
PAR  It is required in the high yield, selective process for preparing
      4,4'-monothiodiphenolic compounds that the reaction of the above defined
      phenolic compounds and sulfur dichloride be conducted in the presence of
      an initiation promoter. The initiation promoter is comprised of two
      components. The first of these components is a crystalline additive of the
      particular 4,4'-monothiodiphenolic product to be formed. The second
      component is a catalytic amount of anhydrous hydrogen chloride. Both of
      these components must be present in the reaction system in order for the
      selective process of this invention to proceed. For example, in the case
      of the formation of the previously identified TDP compound, TDP crystals
      are provided. The actual amount of monothiodiphenol crystals present is
      dependent on the solvent, the reaction temperature, and the concentration
      and nature of phenol compound employed. Preferably, the product crystals
      are present in an amount sufficient for saturation of the reaction system,
      and more preferably, an amount in excess of that required for saturation.
PAR  It is also necessary that a catalytic amount of anhydrous hydrogen chloride
      be present in the initiation portion to provide efficient promotion of the
      selective reaction process. Preferably, the reaction system is saturated
      with the anhydrous hydrogen chloride in order to promote maximum
      selectivity and yield. The actual amount of hydrogen chloride needed for
      saturation is dependent on the solvent employed, the reaction temperature,
      the concentration of phenol, and the reaction pressure.
PAR  The subject reaction is conducted in the presence of a solvent portion
      which is substantially nonreactive with respect to the reactant,
      initiation promoter, and product phases, respectively, but is capable of
      at least partially dissolving the initiation and product portions, while
      substantially dissolving the reactant portion. A more accurate
      characterization of the suitability of a given reaction medium is the
      "solubility parameter" (.delta..sub.s) of the solvent. A detailed
      description of solubility parameters can be found in an article entitled
      "Solubility Parameters for Film Formers", by H. Burrell, which appeared in
      the Official Digest, October 1955, on pages 726-758. Another article
      entitled "New Values of the Solubility Parameters from Vapor Pressure
      Data", by H. L. Hoy, in the Journal of Paint Technology, Volume 42, No.
      541, February 1970, pages 76-118, updates the Burrell work. In general, a
      solvent is employed which is a saturated compound having a solubility
      parameter as shown in Table 7, page 742, of the Burrell article, and pages
      91-102 of the Hoy article, of at least 7.0 (Cal/cc).sup.1/2 and up to
      about 9.0 (Cal/cc).sup.1/2, and preferably at least about 7.5
      (Cal/cc).sup.1/2 and up to about 8.5 (Cal/cc).sup.1/2. In addition, the
      above preferred solvents exhibit, as explained in the above Burrell
      article, a low degree of hydrogen bonding. More preferably, compounds such
      as cycloaliphatics, aliphatics, halogenated aliphatics, substituted or
      unsubstituted, and mixtures thereof, are employed as solvents herein. More
      specifically, compounds such as cyclohexane, methylcyclopentane,
      methylcyclohexane, hexane, and heptane, are the solvents most preferred
      for use in the process of the invention herein.
PAR  The reaction system of the present invention can be formed by various
      techniques which provide for high dispersion, good dilution, and intimate
      mixing of the respective components. However, the preferred method of
      preparing the subject 4,4'-thiodiphenolic compound of this invention
      includes directly admixing the respective reactants, initiation promoter,
      and solvent portions together, one with the other, to produce the reaction
      system of this invention. Thereafter, the phenolic compound and sulfur
      dichloride can be reacted, continuously or batch-wise, in the presence of
      the above initiation promoter and solvent portions, to selectively produce
      high yields of thiodiphenolic compounds having a relatively small amount
      of by-products, especially polysulfides. In any case, once the reaction
      system is established, high yields of the 4,4'-isomer can be selectively
      and expeditiously produced.
PAR  Although the novel process of this invention may be conducted quite readily
      in a batch or semi-batch system, it is a preferred embodiment of this
      novel process that the reaction herein be selectively conducted by
      continuously adding the reactant portion to the reaction system while, at
      the same time, continuously drawing off the subject product formed. Thus,
      as previously indicated, the contact time of the subject reaction can be
      substantially reduced.
PAR  In order to specifically effectuate a preferred reaction environment,
      certain select conditions are established. For instance, it has been
      discovered that if a low concentration of phenol is provided in the
      reaction system, the reaction selectivity will favor crystalline
      formation, and not, as in the prior art processes, the formation of
      undesirable, noncrystalline by-products. Therefore, it is preferred that a
      concentration of phenolic compound in the reaction system be maintained at
      least at about 0.5 weight percent, based on the total weight of the
      reaction system, and up to about an amount of phenolic material which
      would result in the formation of a substantial amount of noncrystalline
      by-products, the actual concentration of phenolic reaction product being
      dependent on the solvent employed and the reaction temperature. More
      preferably, a concentration of at least about 1% by weight and up to about
      20% by weight of the subject phenolic compound is employed herein.
PAR  It is a further preferable embodiment of this invention that the amount of
      phenol with respect to sulfur dichloride be maintained at a sufficiently
      high level. For example, the stoichiometric mole ratio of phenol to sulfur
      dichloride is 2:1. Unfortunately, when the above mole ratio of reactants
      is employed in the present system, the reaction selectivity will result in
      higher by-product formation. Preferably, therefore, the mole ratio of
      phenolic compounds to sulfur dichloride in the reactant portion of the
      reaction system is maintained in at least a minimum ratio of 3:1, and more
      advantageously, a mole ratio of at least 4:1, up to a ratio of about 10:1,
      can be employed herein.
PAR  The pressure in the reactor during the selective reaction of the present
      invention, based on economic considerations, is generally maintained at an
      atmospheric level. However, superatmospheric pressure may be employed up
      to about 500 psig. In this latter case, a faster reaction rate is
      generally provided.
PAR  The reaction temperature employed depends on the concentration and the
      nature of the phenolic compound as well as the reaction solvent employed.
      For optimum results, the reaction temperature is greater than the freezing
      point of the respective phenolic compound reaction solvent, and less than
      the temperature at which a substantial amount of undesirable,
      noncrystalline by-product will be produced. For example, if cyclohexane
      were the solvent in a phenol-sulfur dichloride reaction system, the
      preferred temperature range would be from about 20.degree. C. to
      30.degree. C.
PAR  A sufficient degree of agitation should be provided so that the reactant
      and initiation promoter portions are thoroughly dispersed in the solvent
      portion. More specifically, mixing intensity must be maintained to insure
      that sufficient interfacial contact between the respective portions is
      maintained.
DETD
PAR  The following are illustrative examples showing the typical results
      obtained by the process of the present invention:
PAC  EXAMPLE 1
PAR  This example illustrates the continuous process of the subject invention.
PAR  A reaction vessel for continuously producing 4,4'-thiodiphenolic compounds
      was constructed from a 12-inch long section of 6-inch (i.d.) glass pipe
      mounted vertically and closed at its respective ends by a pair of flat
      plates. The vessel was equipped with baffles, a thermocouple, cooling
      coils, and a stirrer with a 3-inch pitched blade stirrer. The upper plate
      was fitted with two inlet tubes for introducing the respective reactant
      solutions, and an outlet tube for removing excess gaseous hydrogen
      chloride. The bottom plate was fitted with an overflow tube for removal of
      the reaction product formed. The overflow tube was designed to permit
      variation in the depth of the reaction system. Solutions of the phenolic
      compound and sulfur dichloride reactants were individually prepared before
      use and stored separately. The solutions were then delivered to the
      reaction vessel at suitable rates employing adjustable metering pumps. The
      combination of concentration of reagents and individual pumping rates
      permitted various ratios of reactants to be selected, and the pumping
      rates in conjunction with the height of the overflow outlet tube in the
      reactor permitted variation of the contact times of the respective
      reactants. A continuous run was made in which a solution of phenol in
      cyclohexane was prepared by dissolving 454 g of phenol (4.83 moles) in
      sufficient cyclohexane to form a total of 1 gallon of the above solution
      by volume. The phenol solution was then saturated with anhydrous hydrogen
      chloride gas. The reactant solution contained 14.7% by weight phenol and
      0.22% by weight hydrogen chloride. A second reactant solution was prepared
      by dissolving 124.5 g of sulfur dichloride in sufficient cyclohexane to
      make a solution totaling about 1 gallon by volume. This solution contained
      4.15% sulfur dichloride by weight. The two reactant solutions were stored
      in separate containers. The containers were connected through separate,
      adjustable, metering pumps to the inlet tubes in the reactor top.
PAR  The reaction was commenced by running cool water through the cooling coils,
      starting the stirrer, injecting a slow stream of nitrogen into and through
      the reactor, placing in the reactor about one liter of the above
      phenol-cyclohexane solution, and then adding to the solution
      4,4'-thiodiphenol crystals in an amount in excess of that which is
      required for saturation.
PAR  The metering pumps were started and each was adjusted to deliver 50 ml per
      minute of the respective phenol and sulfur dichloride solutions. Under
      these conditions of concentration and pumping rate, the phenol was
      delivered at twice the stoichiometric requirement of the sulfur dichloride
      (at about a molar ratio of 4:1). The stirrer was maintained at about 1200
      to 1400 revolutions per minute and the water flow was regulated to control
      the reaction slurry temperature at about 25.degree. C. to 28.degree. C.
      With the overflow outlet tube adjusted to three inches above the reactor
      vessel bottom plate, the retained volume of the slurry in the reactor
      during agitation was 700 to 800 ml. At a total pumping rate of about 100
      ml per minute, this provided a contact time of about 0.01 to 0.13 hour.
PAR  Once about one gallon of 4,4'-thiodiphenol product had passed through the
      reactor, the reaction system was essentially at "steady state". The TDP
      product slurry was collected and filtered, and the accrued product was
      extracted with fresh, hot cyclohexane. The dried product was a colorless
      microcrystalline solid, which weighed about 118 g and represented about
      91% of the expected theoretical conversion to 4,4'-thiodiphenol. Moreover,
      the 4,4'-monothiodiphenol selectivity was derived by determining the
      percent by weight of 4,4'-isomer in the total crude product. More
      specifically, gas-liquid chromatographic analysis (GLC) of subject product
      was performed using a Hewlett-Packard Model No. 5750 chromatograph
      equipped with a thermal conductivity detector. The conditions employed in
      the above analysis were as follows:
PA1  1. Column -- 10 feet, 10% SE 30 on high performance Chromosorb W (AW-DMSC)
PA1  2. carrier Gas -- helium at 30 cc per minute
PA1  3. Detector -- thermo conductivity -- 175 milliamps
PA1  4. Inlet and Detector Temperature -- 270.degree. C.
PA1  5. sample Size -- 10 microliters of ether solution thereof containing about
      16 g of product per liter
PA1  6. Procedure -- sample was injected into a preheated column (100.degree.
      C.), the temperature being retained at that level for six minutes. The
      temperature in the column was then raised, at the rate of 20.degree. C.
      per minute, to 250.degree. C. and maintained at that temperature for a
      period of about 11 minutes. The chromatographic data was then read and
      interpretted.
PAR  The selectivity of the above TDP material was 97%.
PAR  The conversion to 4,4'-monothiodiphenol product, based on the amount of
      consumed phenolic compound, was calculated as follows:
      ##EQU1##
PAR  The actual yield of 4,4'-monothiodiphenolic material produced by the
      subject formation process is calculated by multiplying "conversion" times
      "selectivity". For example, in the above case the yield was about 88.3%.
PAR  As previously described, polysulfides present in the solid final product
      are difficult to remove. Therefore, the smaller the amount of polysulfide
      present, the better the quality of the final product recovered.
      Polarographic analysis is used to determine the polysulfide contents of
      the material formed by the subject process. A Heath polarograph MOdel EUA
      19-2 and XY Recorder HP Model 2V-2 were employed to conduct the above
      polarographic study. The average polysulfide content of the material
      produced during the course of the above run was about 0.4%.
PAR  The above results clearly demonstrate a direct, continuous process for
      selectively producing the subject 4,4'-monothiophenols in high yields,
      with a minimum amount of by-products, the requisite reaction system being
      employed to facilitate the process of the present invention. In addition,
      contact time is significantly reduced.
PAC  EXAMPLE 2
PAR  The example illustrates the batch process of the subject invention.
PAR  A solution of 79 g of phenol (0.84 mole) in 800 cc of cyclohexane was added
      to a 3-liter flask. The solution was saturated with anhydrous hydrogen
      chloride and a small amount of 4,4'-thiodiphenol crystals added, thus
      forming the requisite reaction system. A solution of 21.6 g (0.21 mole) of
      sulfur dichloride in 862 cc of cyclohexane was then added to the flask,
      with stirring, and the subject reaction begun. The temperature in the
      reaction vessel was maintained at about 25.degree. C. The reaction was
      continued for about an hour. The entire reaction mixture was recovered and
      extracted with caustic, the caustic solution acidified, and the
      precipitated phenols extracted with ether. The material was then extracted
      with ether. The remaining 4,4'-thiodiphenol product had about a 90%
      selectivity, about an 87.3% yield, and contained about 0.1% polysulfides.
PAR  The above data clearly demonstrates that when a batch process is run
      according to the present invention, the subject reaction system again
      being employed, high yields, and selectivity, and a low polysulfide
      content will result.
PAC  EXAMPLE 3
PAR  This example illustrates the effect of employing sterically hindered and
      sterically nonhindered phenol to produce 4,4'-thiodiphenol materials.
PAR  In an attempt to prepare 4,4'-thiobis(2,6-di-tert-butyl phenol), 41.3 g
      (0.2 mole) of 2,6-di-tert-butylphenol was dissolved in 400 ml of heptane
      in a 1-liter round-bottom flask equipped with a stirrer, a condenser and
      drying tube. A sulfur dichloride solution was prepared by dissolving 6.4
      cc (0.1 mole) of freshly distilled sulfur dichloride in 40 ml of heptane
      which was, in turn, added to the flask at room temperature with stirring.
      No reaction was noted after 1 hour at room temperature. The mixture was
      then heated to about 80.degree.-90.degree. C. for 1 hour. No reaction was
      observed.
PAR  Another run was made in an Erlenmyer flask, with the same amounts of the
      above phenolic compound and sulfur dichloride, but with only 80 ml of
      heptane. No reaction was apparent after the passage of about 11/2 hours.
      Accordingly, the mixture was warmed to between about 50.degree.-54.degree.
      C. for half an hour. No hydrogen chloride gas was given off. A small
      amount of ferric chloride catalyst was added at room temperature. The
      temperature of the reaction was then again raised to about 53.degree. C.
      for a period of about an hour and the mixture allowed to cool overnight.
      Some hydrogen chloride gas was evolved during heating and the color of the
      mixture turned much darker. After overnight cooling, the reaction was
      analyzed by gas chromatography. Analysis thereof indicated that most of
      the starting material had not been reacted. Another run was made using the
      same amounts of reactants while employing a total of 25 ml of petroleum
      ether as a solvent. One-half of the sulfur dichloride solution was added
      to the phenol solution at 16.degree.-18.degree. C. in about half an hour.
      This mixture was then refluxed at about 56.degree. to 57.degree. C. for
      half an hour, and then cooled to about 16.degree. C. to 18.degree. C. The
      remaining sulfur dichloride was added in about half an hour and the
      mixture again refluxed. Hydrogen chloride gas was driven off slowly during
      refluxing. The reaction mixture was further refluxed overnight and then
      analyzed by gas chromatograph. Analysis again showed that a considerable
      amount of starting material was still present in the reaction mixture.
PAR  The procedure employed in Example 2 was used, whereby 90.5 g (0.84 mole) of
      o-cresol in 783 cc of cyclohexane was combined with 21.6 g (0.21 mole) of
      sulfur dichloride in 861 cc of cyclohexane. 4,4'-thiobis(o-cresol)
      crystals and a catalytic amount of hydrogen chloride were added as before.
      The 4,4'-monothiodiphenol-containing product formed, after extraction, was
      analyzed by gas chromatograph and found to have a selectivity of 93%, and
      a yield of 74.5%.
PAR  In a similar manner, 102 g (0.8 mole) of 2,6-xylenol in 778 cc of
      cyclohexane was combined with 21.6 g (0.21 mole) of sulfur dichloride in
      862 cc of cyclohexane. Analysis of the resultant product shows a yield of
      about 95% and a selectivity of about 95% 4,4'-isomer.
PAR  The above results clearly demonstrate that sterically hindered phenols do
      not react with sulfur dichloride in a similar manner to sterically
      nonhindered phenols employed according to the process of the present
      invention, this being true even when a Lewis acid is employed along with
      the above sterically hindered phenols for purposes of initiating the
      reaction thereof.
PAC  EXAMPLE 4
PAR  This example illustrates the effect upon the formation of polysulfide
      by-products by varying the mole ratio of phenol to sulfur dichloride
      (stoichiometric ratio = 2:1).
PAR  A continuous reaction system, similar to that provided in Example 1, was
      employed varying the mole ratio of phenol with respect to sulfur
      dichloride, the results obtained being as follows:
     Phenol: Sulfur Dichloride                                                 

     (Mole Ratio)      Percent Polysulfide Formed                              

     ______________________________________                                    

     2.7                   2.4                                                 

     3.0                   0.8                                                 

     3.3                   0.3 to 0.6                                          

     4.0                   0.2 to 0.4                                          

     ______________________________________                                    

PAR  By polarographic analysis, an average of 2.4% polysulfide by-products were
      found to be contained in the accrued TDP product prepared by employing a
      2.7:1 mole ratio of phenol to sulfur dichloride. In contradistinction,
      when accrued products are prepared from 3.0:1, 3.3:1, or 4.0:1 ratios of
      phenol to sulfur dichloride, less than about 1% by weight polysulfide
      by-products were present in the recovered material.
PAC  EXAMPLE 5
PAR  The following table illustrates the effect on selectivity and yield of
      various saturated solvents employed within the scope of the present
      invention, each solvent having a different solubility parameter.
TBL                    Hydrogen                                                

                 Solubility                                                    

                       Bonding                                                 

                            Percent                                            

                                   Percent                                     

     Solvent     Parameter                                                     

                       Energy                                                  

                            Selectivity                                        

                                   Yield                                       

     __________________________________________________________________________

     n-Pentane   7.0   Low  94     71.5                                        

     n-Heptane   7.4   Low  92     79.1                                        

     Methylcyclohexane                                                         

                 7.8   Low  90     81.9                                        

     Methylcyclopentane                                                        

                 7.9   Low  90     81.9                                        

     Cyclohexane 8.2   Low  90     87.2                                        

     Butyl Chloride                                                            

                 8.3   Low  84     82.5                                        

     Carbon Tetrachloride                                                      

                 8.6   Low  85     76.0                                        

     __________________________________________________________________________

PAR  The above results clearly indicate that high yields and selectivity will
      result when the requisite solvent is employed within the scope of the
      subject invention.
PAC  EXAMPLE 6
PAR  The optimum temperature range for a given reaction within the scope of the
      present invention was analyzed by monitoring the reaction of phenol and
      sulfur dichloride. Reaction was continuously run in a similar manner to
      the reaction outlined in Example 1, varying only the reaction temperature
      over a period of time. The results based on the percent polysulfide
      generated at a given temperature are as follows:
TBL  Temperature in       Percent                                              

     Degree Centigrade   Polysulfide                                           

     ______________________________________                                    

     10                  2.4                                                   

     26                  0.2 to 0.5                                            

     38                  2.3                                                   

     44                  4.3                                                   

     ______________________________________                                    

PAR  When the temperature is maintained at about 26.degree. C., the product
      exhibited a polysulfide content, determined by polarographic analysis, of
      about 0.2% to 0.5% by weight based on the total yield of material
      produced. However, when the temperature was dropped to 10.degree. C., a
      2.4% yield of polysulfides was produced due to the separation of phenols
      at that temperature, which resulted in a lower molar ratio of phenol to
      sulfur dichloride actually present in the subject reaction system.
      Moreover, when the temperature was raised to 38.degree. C. and 44.degree.
      C., respectively, polysulfide yields of 2.3%, respectively, were observed.
PAR  The above results indicate that the amount of polysulfide by-products will
      be significantly reduced in the above described reaction of phenol and
      sulfur dichloride under the above reaction conditions.
PAR  The terms and expressions which have been employed in the foregoing
      abstract and specification are used therein as terms of description and
      not of limitation, and there is no intention in the use of such terms and
      expressions of excluding equivalents of the features shown and described
      or portions thereof, it being recognized that the scope of the invention
      is defined and limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for selectively producing 4,4'-monothiodiphenol compounds in
      high yields, which comprises:
PA1  a. forming a reaction system having a reactant portion including either one
      of an unsubstituted and sterically nonhindered ortho-substituted phenolic
      compound and sulfur dichloride, an initiation promoter portion including a
      crystalline additive of said 4,4'-monothiodiphenolic product compound, and
      a catalytic amount of anhydrous hydrogen chloride, and a solvent portion
      including a substantially saturated compound having a solubility parameter
      of at least about 7.0 (Cal/cc).sup.1/2 up to 9.0 (Cal/cc).sup.1/2 and a
      low degree of hydrogen bonding;
PA1  b. reacting said phenolic compound and sulfur dichloride, in the presence
      of said initiation promoter and solvent portions, respectively at a
      temperature greater than the freezing point of the phenolic compound and
      solvent portion, and less than the temperature at which a substantial
      amount of undesirable, noncrystalline by-product will be produced, to
      produce said 4,4'-monothiodiphenolic, selective, high yield product; and
PA1  c. recovering said 4,4'-monothiodiphenolic product from said reaction
      system.
NUM  2.
PAR  2. The selective 4,4'-monothiodiphenol formation process of claim 1 further
      characterized in that said product is recovered in high yields, on
      substantial completion of said phenolic compound-sulfur dichloride
      reaction step, without requiring any additional reaction steps.
NUM  3.
PAR  3. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the reaction system contains a minimum amount of undesirable
      by-products, including polysulfides, non-para- substituted thiodiphenolic
      compounds, chlorinated phenolic products, sulfonium compounds and
      polymeric materials.
NUM  4.
PAR  4. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the selectivity of said product formed is at least about 80% by
      weight, based on the total weight of recovered material.
NUM  5.
PAR  5. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the yield of said product formed is at least about 70% by weight.
NUM  6.
PAR  6. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the selectivity of said product formed is at least about 90% by
      weight, based on the total weight of recovered material.
NUM  7.
PAR  7. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the yield of said product formed is at least about 80% by weight.
NUM  8.
PAR  8. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the amount of polysulfides present in the product recovered is
      less than about 1.0% by weight, based on the total weight of recovered
      material.
NUM  9.
PAR  9. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the amount of polysulfides present in the product recovered is
      less than about 0.5% by weight, based on the total weight of recovered
      material.
NUM  10.
PAR  10. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein said substituted phenolic compound is further characterized in
      that the pendant groups substituted in the ortho- position on said
      phenolic ring include lower alkyl groups having from 1 to 3 carbon atoms,
      the total number of said carbon atoms present in said alkyl groups of the
      substituted phenolic compound being from 1 to 5.
NUM  11.
PAR  11. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the phenolic compound is selected from the group consisting of
      phenol, o-cresol, and 2,6-xylenol.
NUM  12.
PAR  12. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the phenolic compound is phenol, and the high yield
      4,4'-monothiodiphenolic product selectively formed is 4,4'-thiodiphenol.
NUM  13.
PAR  13. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the solvent portion of said reaction system has a solubility
      parameter of at least about 7.5 and up to about 8.5 (Cal/cc).sup.1/2 .
NUM  14.
PAR  14. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the solvent portion employed is a compound selected from the group
      consisting of substituted or unsubstituted cycloaliphatics, aliphatics,
      halogenated aliphatics, and mixtures thereof.
NUM  15.
PAR  15. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the solvent portion employed is a compound selected from the group
      consisting of hexane, heptane, cyclohexane, methylcyclopentane,
      methylcyclohexane, and mixtures thereof.
NUM  16.
PAR  16. The process of claim 1, wherein the selective thiodiphenol formation
      process is carried out in a continuous manner.
NUM  17.
PAR  17. The continuous selective 4,4'-monothiodiphenol formation process of
      claim 16 further characterized in that the contact time for completion of
      the above formation process is not more than about 0.5 hour.
NUM  18.
PAR  18. The continuous process of claim 17, wherein said contact time is not
      more than about 0.25 hour.
NUM  19.
PAR  19. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein said reaction system is formed by admixing the respective
      reactant, initiation promoter, and solvent portions together, one with the
      other.
NUM  20.
PAR  20. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the 4,4'-monothiodiphenol crystals are present in the initiation
      promoter portion in an amount sufficient for saturation of said reaction
      system.
NUM  21.
PAR  21. The selective formation process of claim 20, wherein an excess amount
      of said crystals are present in said reaction system.
NUM  22.
PAR  22. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein hydrogen chloride is present in the initiation promoter portion in
      an amount sufficient to saturate the reaction system.
NUM  23.
PAR  23. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the molar ratio of phenolic compound to sulfur dichloride in the
      reactant portion of the reaction system is at least a minimum of about
      3:1, up to a ratio of about 10:1.
NUM  24.
PAR  24. The selective formation process of claim 23, wherein the minimum ratio
      is at least about 4:1.
NUM  25.
PAR  25. The selective 4,4'-monothiodiphenol formation process of claim 1,
      wherein the concentration of said phenolic compound in said reaction
      system is greater than about 0.5% by weight, based on the weight of
      solvent, and less than an amount which would cause the formation of
      undesirable, noncrystalline by-products.
NUM  26.
PAR  26. The selective thiodiphenolic formation process of claim 1, wherein the
      concentration of the phenolic compound in the reactant system is at least
      about 1% and up to about 20% by weight, based on the total weight of the
      reaction system.
NUM  27.
PAR  27. The selective thiodiphenolic formation process of claim 1, wherein the
      reaction temperature is greater than the freezing point of the reaction
      solvent and less than a temperature at which a substantial amount of
      undesirable noncrystalline by-product will be produced.
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PAL  Production of oxyalkylated acetylenic alcohols by reaction of acetylenic
      alcohols with alkylene oxides in the presence of phosphines, polar aprotic
      solvents or thioethers.
BSUM
PAR  The present invention relates to a novel process for the production of
      mono-oxyalkylated .alpha.-hydroxy acetylenic compounds by reaction of
      .alpha.-hydroxy acetylenic compounds with alkylene oxide in an acid-free
      and alkali-free medium.
PAR  Monooxyethylated acetylenic alcohols are important industrial chemicals
      which can be converted by various routes into important auxiliaries which
      are useful for example in the textile and paper industries. A particularly
      important use for these compounds is in the electroplating industry where
      they find use as brightener additives, particularly in nickel-plating.
PAR  Oxyalkylated acetylenic alcohols have hitherto been produced in alkaline
      medium, i.e. the reaction has been base-catalyzed. U.S. Pat. Nos.
      3,366,557 and 3,293,191 disclose, for example, the production of
      monooxyethylated butynediols by reaction of butynediol with ethylene oxide
      and alkali metal or alkaline earth metal hydroxides or organic amines as
      catalysts. The compounds required for the purposes mentioned above,
      particularly for use in the electroplating field, all have to fulfill high
      requirements on their purity and their chemical uniformity, and these
      requirements cannot be completely achieved by the known production
      methods. The basic catalysts according to the literature references
      mentioned above tended in particular to lead to a higher degree of
      oxyalkylation and, above all, to catalyze the back-reaction, i.e.
      substantial quantities of unconverted acetylenic alcohol or higher
      oxyalkylated material were to be found in the end product. However,
      unconverted acetylenic alcohol frequently leads to explosions under the
      reaction conditions, which means that the operation is not without risk.
      Moreover, the use of the specified amines as basic catalysts, which was
      hoped to lead to a smoother reaction, does not have the hoped-for result
      because higher temperatures are required in order that the catalysts can
      develop their full activity. The raising of the temperature however leads
      to the formation of by-products and to an increasing likelihood that the
      triple bond will give rise to explosive decomposition.
PAR  It is an object of the present invention to overcome these disadvantages
      and to achieve a selective reaction. It is a particular object to provide
      a catalyst which guarantees a maximum yield for a minimum amount charged
      and which, above all, does not catalyze the back reaction under the
      reaction conditions.
PAR  Finally, it is a further object that the monooxyethylated acetylenic
      alcohols produced should meet the special requirements of purity laid down
      in the electroplating industry.
PAR  These objects are achieved in a process for the production of
      .alpha.-hydroxy acetylenic compounds oxyalkylated at the alcoholic hydroxy
      groups by reaction of one mole of acetylenic alcohol with from 1 to 3
      moles of alkylene oxide per hydroxy group, wherein the reaction is carried
      out in the presence of organic derivatives of phosphine, in the presence
      of thioethers or in the presence of polar aprotic organic solvents.
PAR  The starting materials for the compounds produced in accordance with the
      process of the invention are .alpha.-hydroxy acetylenic compounds having
      the general formula I
EQU  A -- C .tbd. C -- B
PAL  in which A is hydrogen or B and B is
      ##EQU1##
      in which R.sup.1 is hydrogen or lower alkyl generally of 1 to 4 carbon
      atoms.
PAR  Preferred compounds of the formula I for use in the invention are, for
      example, butyne-2-diol-1,4, propargyl alcohol, butyne-1-ol-3,
      hexyne-1-ol-3 and hexyne-3-diol-2,5. Butyne-2-diol-1,4 and propargyl
      alcohol are particularly preferred.
PAR  The alkylene oxides required as the other starting material for the process
      have the general formula II
      ##EQU2##
      in which R.sup.2 is hydrogen or lower alkyl of 1 to 4 carbon atoms,
      preferably hydrogen or methyl. Ethylene oxide is preferred for industrial
      purposes.
PAR  The acetylenic alcohols are desirably purified before the reaction. This
      can for example be done in a simple manner by distillation under reduced
      pressure.
PAR  Organic derivatives of phosphine for use in the process of the invention
      are compounds of the general formula III
EQU  P(R.sup.3).sub.3
PAL  in which R.sup.3 is alkyl of 1 to 5 carbon atoms, for example methyl,
      ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl or amyl, or aryl, e.g.
      unsubstituted or substituted phenyl. Suitable substituents for the phenyl
      are chlorine, bromine, iodine, amino and nitro and alkyl of 1 to 4 carbon
      atoms. Tributylphosphine and above all triphenyl phosphine are
      particularly preferred for use in the invention.
PAR  It is admittedly known, for example from German Specification No.
      1,543,884, that acidic carbon atoms, for example of carboxylic and
      phenolic hydroxy groups, can be oxyethylated in the presence of
      triphenylphosphine, but it has not been previously recognized that the
      much more inert alcoholic hydroxy groups of .alpha.-hydroxy acetylenic
      compounds can be oxyethylated in the same way.
PAR  Thioethers suitable for use in the process of the invention have the
      general formula IV
EQU  R.sup.4 -- S -- R.sup.5
PAL  in which R.sup.4 and R.sup.5 are the same or different and are alkyl of 1
      to 4 carbon atoms optionally substituted by hydroxy. Preferably R.sup.4
      and R.sup.5 are the same and are methyl, ethyl, n-propyl, iso-propyl,
      n-butyl, iso-butyl or amyl, optionally substituted by a single hydroxy.
      .beta.-bis-hydroxyethyl sulfide (thiodiglycol) is particularly preferred
      for use in the invention.
PAR  It is admittedly known from German Specification No. 1,248,660 that acidic
      carbon atoms, for example of carboxylic or phenolic hydroxy groups, can be
      oxyalkylated in the presence of thioethers, but it has not been previously
      recognized that the far more inert alcoholic hydroxy groups such as those
      of acetylenic alcohols, can be oxyethylated in the same way.
PAR  Polar aprotic organic solvents suitable for use in the process of the
      invention are those materials which, like the proton-liberating solvents
      water and liquid ammonia, have a strong dipole moment. Accordingly,
      substances such as dimethyl sulfoxide, dimethylformamide,
      hexamethylphosphoric acid triamide and n-methylpyrrolidone are suitable
      for use in the invention.
PAR  Substances such as hexamethyl phosphoric acid triamide, dimethyl sulfoxide
      and dimethylformamide are particularly preferred. It is admittedly known
      from German Specification No. 1,257,776 that strongly acidic hydrogen
      atoms such as those in carboxylic or phenolic hydroxy groups can be
      oxyethylated in the presence of aprotic solvents. However, it has not yet
      been recognized that less reactive acidic hydrogen atoms such as those of
      acetylenic alochols can be oxyethylated in this way.
PAR  The reaction is a simple one and can be carried out by placing the
      acetylenic alcohol in a pressure vessel, for example an autoclave, and
      introducing the phosphine or the thioether advantageously in a
      concentration of from 0.1 to 10%, preferably 0.5 to 3%, based on the
      weight of the acetylenic alcohol. Thereafter, from 1 to 3,preferably from
      1 to 1.1, mole of alkylene oxide per equivalent of hydroxy group is forced
      into the reaction vessel and allowed to react for about 10 to 16 hours at
      50.degree. to 150.degree.C, an internal pressure of from 1 to 20
      atmospheres gauge being reached.
PAR  When using an aprotic solvent the reaction also is a simple one and can be
      carried out by placing the acetylenic alcohol and the aprotic organic
      solvent in a pressure vessel, for example an autoclave, in relative
      proportions such that the acetylenic alcohol is dissolved in the organic
      solvent. Desirably, from 10 to 100 parts of the polar solvent are used per
      100 parts of acetylenic alcohol. In principle, the solvents can also be
      used in the same way as described above for the phosphines and thioethers,
      i.e. the acetylenic alcohol can be introduced without solvent and can be
      provided with from 0.1 to 10%, preferably from 0.5 to 3%, by weight, with
      reference to the acetylenic alcohol, of the aprotic solvent. Catalytic
      quantities are also sufficient in this case.
PAR  In principle, the reaction can also be carried out, particularly when
      phosphines or thioethers are used, in solvents which are inert under the
      reaction conditions. Suitable solvents are, for example, aromatic
      hydrocarbons such as benzene, which may optionally be substituted, as well
      as conventional paraffinic hydrocarbons of the benzine fraction.
PAR  The products produced in accordance with the invention are very pure and
      can be used for all purposes. They are particularly important for use in
      the electroplating field where they are employed principally as brightener
      additives in nickel baths.
DETD
PAR  The following Examples illustrate the invention without limiting it in any
      way. The parts referred to are parts by weight.
PAC  EXAMPLE 1
PAR  860 parts of butynediol (10 moles) and 8.6 parts of triphenyl phosphine
      were introduced into a 3-liter stainless steel autoclave. After the
      autoclave had been closed it was flushed several times with nitrogen and
      902 parts of ehtylene oxide (20.5 moles) were charged over about 12 hours
      at 55 to 58.degree.C, so that an internal pressure of 3 to 4 atmospheres
      gauge was reached. The reaction was allowed to continue until the pressure
      ceased to fall. After pressure had been released 1748 parts of the
      bis-hydroxyethyl ether of butynediol having a value on the iodine color
      scale less than 10 and a refractive index n.sub.D.sup.20 = 1.4852 were
      obtained. The content of free butynediol was less than 0.1%.
PAC  EXAMPLE 2
PAR  560 parts of propargyl alcohol (10 moles) and 5.6 parts of triphenyl
      phosphine were reacted in a 2-liter alloy steel autoclave with 451 parts
      of ethylene oxide (10.25 moles) at 80.degree. to 85.degree.C as described
      in Example 1. 1002 parts of crude ethylene glycol monopropargyl ether were
      obtained. 944 parts of pure compound of b.p. 78.degree.C (14 mm) and
      n.sub.D.sup.20 = 1.4502 were recovered from this material by distillation.
PAC  EXAMPLE 3
PAR  560 parts of propargyl alcohol (10 moles) and 5.6 parts of triphenyl
      phosphine were reacted at 95.degree. to 100.degree.C as described in
      Example 1 with 609 parts of propylene oxide (10.5 moles). 1161 parts of
      crude propylene glycol monopropargyl ether were obtained, and, after
      distillation, 1098 parts of pure ether of b.p. 74.degree.C (15 mm) and
      n.sub.D.sup.20 = 1.4449 were recovered.
PAC  EXAMPLE 4
PAR  860 parts butynediol (10 moles) and 8.6 parts of thiodiglycol were
      introduced into a 3-liter stainless steel autoclave. After the autoclave
      had been closed it was flushed several times with nitrogen and 902 parts
      of ethylene oxide (20.5 moles) were charged over about 12 hours at
      55.degree. to 58.degree.C, so that an internal pressure of 3 to 4
      atmospheres gauge was reached. The reaction was allowed to continue until
      the pressure ceased to fall. After pressure had been released 1745 parts
      of the bis-hydroxyethyl ether of butynediol having a value on the iodine
      color scale less than 10 and a refractive index n.sub.D.sup.20 = 1.4849
      were obtained. The content of free butynediol was less than 0.1%.
PAC  EXAMPLE 5
PAR  560 parts of propargyl alcohol (10 moles) and 5.6 parts of ethyl
      thioethanol were reacted in a 2-liter alloy steel autoclave with 451 parts
      of ethylene oxide (10.25 moles) at 80.degree. to 85.degree.C as described
      in Example 1. 998 parts of crude ethylene glycol monopropargyl ether were
      obtained. 939 parts of pure compound of b.p. 78.degree.C (14 mm) and
      n.sub.D.sup.20 = 1.4502 were recovered from this material by distillation.
PAC  EXAMPLE 6
PAR  560 parts of propargyl alcohol (10 moles) and 5.6 parts of thiodiglycol
      were reacted at 95.degree. to 100.degree.C as described in Example 1 with
      609 parts of propylene oxide (10.5 moles). 1155 parts of crude propylene
      glycol monopropargyl ether were obtained and, after distillation, 1094
      parts of pure ether of b.p. 74.degree.C (15 mm) and n.sub.D.sup.20 =
      1.4449 were recovered.
PAC  EXAMPLE 7
PAR  860 parts butynediol (10 moles) and 8.6 parts of hexamethyl phosphoric acid
      triamide were introduced into a 3-liter stainless steel autoclave. After
      the autoclave had been closed it was flushed several times with nitrogen
      and 902 parts of ethylene oxide (20.5 moles) were charged over about 12
      hours at 55.degree. to 58.degree.C, so that an internal pressure of 3 to 4
      atmospheres gauge was reached. The reaction was allowed to continue until
      the pressure ceased to fall. After pressure had been released 1744 parts
      of the bis-hydroxyethyl ether of butynediol having a value on the iodine
      color scale less than 10 and a refractive index n.sub.D.sup.20 = 1.4850
      were obtained. The content of free butynediol was less than 0.1%.
PAC  EXAMPLE 8
PAR  560 parts of propargyl alcohol (10 moles) and 5.6 parts of dimethyl
      sulfoxide were reacted in a 2-liter alloy steel autoclave with 451 parts
      of ethylene oxide (10.25 moles) at 80.degree. to 85.degree.C as described
      in Example 1. 995 parts of crude ethylene glycol monopropargyl ether were
      obtained. 932 parts of pure compound of b.p. 78.degree.C (14 mm) and
      n.sub.D.sup.20 = 1.4502 were recovered from this material by distillation.
PAC  EXAMPLE 9
PAR  560 parts of propargyl alcohol (10 moles) and 5.6 parts of dimethyl
      formamide were reacted at 95.degree. to 100.degree.C as described in
      Example 1 with 609 parts of propylene oxide (10.5 moles). 1150 parts of
      crude propylene glycol monopropargyl ether were obtained and, after
      distillation, 1088 parts of pure ether of b.p. 74.degree.C (15 mm) and
      n.sub.D.sup.20 = 1.4449 were recovered.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for the production of an .alpha.-hydroxy acetylenic
      compound of the formula
EQU  A-C.tbd.C-B                                                I
PAL  in which A is hydrogen or B, and B is
      ##EQU3##
      R.sup.1 being hydrogen or alkyl of 1 to 4 carbon atoms, oxyalkylated at
      the hydroxy groups with 1 to 3 moles per hydroxy group of an alkylene
      oxide having the formula
      ##EQU4##
      in which R.sup.2 is hydrogen or alkyl of 1 to 4 carbon atoms, the
      improvement which comprises carrying out the reaction in the presence of
      0.1 to 10%, based on the weight of the acetylenic compound, of an organic
      phosphine derivative of the formula
EQU  P(R.sup.3).sub.3                                           III
PAL  in which R.sup.3 is alkyl of 1 to 5 carbon atoms, phenyl, chlorophenyl,
      bromophenyl, iodophenyl, phenylsubstituted by alkyl of 1 to 4 carbon
      atoms, nitrophenyl or aminophenyl, in a pressure vessel for about 10 to 16
      hours at 50.degree. to 150.degree.C. under a pressure of from 1 to 20
      atmospheres gauge.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the acetylenic compound is
      selected from the group consisting of butyne-2-diol-1,4 propargyl alcohol,
      butyne-1-ol-3, hexyne-1-ol-3 and hexyne-3-diol-2,5.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the alkylene oxide is ethylene
      oxide.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein the organic derivative of
      phosphine is selected from the group consisting of tributyl phosphine and
      triphenyl phosphine.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the acetylenic hydroxy compound
      is oxyalkylated with 1 to 1.1 mole of alkylene oxide per hydroxy group.
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ABST
PAL  Novel polyacetal compounds which are useful as surfactants are prepared by
      a transacetalization reaction. Polyoxyalkylene polymers are acetal
      terminated by reaction with alkyl vinyl ether compounds. These blocks are
      then subjected to a transacetalization reaction resulting in polyacetal
      compounds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to novel polyacetal compounds which are
      useful as surfactants. More specifically, individual blocks of polymers
      and copolymers of alkylene oxides are reacted with various vinyl ether
      compounds forming acetal terminated blocks. These blocks are then
      subjected to a transacetalization reaction which results in a coupling of
      the individual blocks through acetal linkages into multi-block copolymers.
PAR  2. Prior Art
PAR  Surface active non-ionic acetals of monoethers of mono and polyalkylene
      glycols are known in the art. As taught in U.S. Pat. No. 3,244,753 these
      products which are produced by reacting monoethers of polyalkylene glycols
      with vinyl ethers in the presence of an acid catalyst are stable to
      degradation and discoloration in aqueous alkali. This patent covers a
      process for capping polyalkylene glycols by reaction with vinyl ethers. It
      does not teach the coupling of hydrophobic and hydrophilic blocks through
      an acetal interchange.
PAR  U.S. Pat. No. 2,905,719 teaches the preparation of surfactants by reacting
      vinyl ethers containing 8 to 18 carbon atoms with ethoxylated alcohols.
      There is no teaching of linking polyoxyethylene and polyoxypropylene
      groups by using low molecular weight vinyl ethers. Neither is there a
      teaching of an acetal interchange reaction.
PAR  None of the prior art teaches the preparation of the particular surface
      active compounds of this invention nor of the process employed for the
      preparation of these compounds.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that a new class of surfactants may be prepared
      from polyacetal compounds by a process whereby polyoxyethylene and
      polyoxypropylene polymers are acetal terminated by reaction with a lower
      alkyl vinyl ether in the presence of an acid catalyst. The acetal
      terminated polymers are than coupled by a transacetalization reaction. The
      transacetalization reaction, an acetal interchange, is accomplished by
      distilling off alkyl acetal at reduced pressure at temperatures up to
      150.degree.C. The distillation results in a removal of part of the lower
      alkyl acetal, and a coupling of the polyoxyethylene and polyoxopropylene
      groups through acetal linkages.
PAR  This coupling process is continued until a product having the desired
      molecular weight is obtained. The various polyoxyalkylene groups can be
      pre-reacted to form blocks of varying structure and molecular weight. For
      example, it is possible to link several polyoxypropylene groups of about
      400 molecular weight through acetal linkages. Another block of
      polyoxyethylene groups of about 400 molecular weight may be linked through
      acetal linkages. These two acetal terminated blocks may then be linked
      together to form any desired hydrophilic and hydrophobic ratio. It is
      generally well known that polyoxyalkylene polymer molecular weights below
      900 exhibit poor detergency properties as taught by U.S. Pat. No.
      2,674,619. Thus, it is surprising that these short polyoxyalkylene groups
      coupled through acetal linkages display such high surface activity. It is
      further surprising that random block copolymers having hydrophilic and
      hydrophobic blocks display surface activity.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with this invention, polyoxyalkylene polymers are acetal
      terminated by reaction with lower alkyl vinyl ethers at a temperature
      range of from about 20.degree.C. to about 80.degree.C. preferably from
      about 20.degree.C. to about 60.degree.C. in the presence of an acidic
      catalyst. This is exemplified by the following equation:
      ##EQU1##
      wherein R is an alkyl radical containing 1 to 4 carbon atoms, n is 2 or 3
      and a is a number from 2 to 30.
PAR  Examples of acidic catalysts are hydrochloric acid, sulfuric acid,
      trifluoroacetic acid, p-toluene sulfonic acid and methane sulfonic acid.
      Methane sulfonic acid is preferred since it is liquid, highly active in
      trace quantities and results in little or no color change of the
      surfactant. The amount of catalyst employed may vary from 0.01 to about 1
      weight percent based on the total weight of reactants. The amount of acid
      is not critical, however, it is necessary that the acetal and
      transacetalization reaction occur at an acid pH. This may range from about
      2 to about 6.5, preferably from about 3 to about 6. In the event that the
      polyoxyalkylene polymers contain unneutralized alkaline catalyst,
      sufficient acid must be added to neutralize that catalyst and to lower the
      pH of the reaction mixture below a value of 6.
PAR  The acetal terminated polymers are then coupled by a transacetalization
      reaction at a temperature range of about 20.degree.C. to about
      150.degree.C. at a pressure range of about 760 mm to about 1 mm. After the
      terminal hydroxyl groups have been reacted with an alkyl vinyl ether to
      form acetal end groups, the equilibrium is shifted by distilling off alkyl
      acetals at elevated temperatures and reduced pressures. This results in a
      coupling of oxyalkylene units through acetal groups. This is exemplified
      by the following equation which illustrates the transacetalization step:
      ##EQU2##
      wherein R is an alkyl radical containing 1 to 4 carbon atoms, n is 2 or 3
      and a is a number from 2 to 30.
PAR  This transacetalization is continued to produce multi-block copolymers.
PAR  The polyoxyalkylene polymers are prepared by reacting the alkylene oxide
      with a base compound containing a plurality of active hydrogen atoms. The
      base compounds preferably have molecular weights of less than 100.
PAR  The term active hydrogen atom is well known to those skilled in the art. It
      is sufficiently labile to react with ethylene, propylene or butylene oxide
      and it reacts with methyl magnesium iodide, liberating methane according
      to the classical Zerewitinoff reaction. The active hydrogen atoms are
      normally activated by either being members of a functional group such as a
      hydroxyl group, a phenol group, a carboxylic acid group, a basic nitrogen
      group such as an amine group, a hydrazine group, an imine group or an
      amide group. Active hydrogen atoms may also be activated by proximity to
      carbonyl groups such as acetoacetic ester. Examples of active hydrogen
      compounds which may be used as base compounds include ethylene glycol,
      diethylene glycol, propylene glycol, dipropylene glycol, butylene glycol,
      amylene glycol, hexylene glycol, heptylene glycol and octylene glycol.
PAR  The alkylene oxides which may be employed are ethylene oxide as a source of
      the hydrophile and propylene and butylene oxides as a source of the
      hydrophobes. Those preferred are ethylene oxide and propylene oxide.
PAR  The individual polyoxyalkylene polymers and copolymers employed in this
      invention may have a molecular weight from 200 to 2000 preferably from 200
      to 1000.
PAR  The polyoxyalkylene polymers and copolymers employed in this invention are
      generally prepared by carrying out the condensation reaction of the
      alkylene oxides with the base compound in the presence of an alkaline
      catalyst in a manner well known to those skilled in the art. Catalysts
      which may be employed include sodium hydroxide, potassium hydroxide,
      sodium ethylate, sodium methylate, potassium acetate, sodium acetate,
      trimethylamine and triethylamine. Any other types of catalysts commonly
      used for alkylene oxide condensation reactions may also be employed. After
      the condensation reaction is completed, the catalyst may be removed from
      the reaction mixture by any known procedure, such as neutralization and
      filtration, or ion exchange. The condensation is preferably carried out at
      elevated temperatures and pressures. These condensation products are then
      subjected to the acetal coupling reactions to form the products of this
      invention.
PAR  The alkyl vinyl ethers which are preferably employed have the general
      formula
EQU  R--O--CH=CH.sub.2
PAL  where R may be methyl, ethyl, propyl or butyl. It is contemplated that
      other vinyl ether compounds may also be employed if the resulting acetal
      compound may be readily removed by distillation and a transacetalization
      reaction accomplished.
PAR  The product of this invention can be exemplified by the following formula:
      ##EQU3##
      where R is an alkyl radical containing 1 to 4 carbon atoms, Y is the
      residue of an organic compound containing therein two terminal hydroxyl
      groups,
PAL  M is a hydrophilic chain of units selected from the group consisting of
      oxyethylene and oxyethylene-oxypropylene units wherein the oxyethylene
      content of said hydrophilic chain is from about 75 to 100 weight percent
      and the oxypropylene content is from 0 to about 25 weight percent, the
      total number of oxyethylene and oxypropylene units in M being from about 4
      to about 30,
PAL  N is a hydrophobic chain of units selected from the group consisting of
      oxypropylene units and oxyethylene-oxypropylene units wherein the
      oxypropylene content is from about 75 to 100 weight percent and the
      oxyethylene content is from 0 to about 25 weight percent,
PAL  the total number of oxyethylene and oxypropylene groups in N being from
      about 4 to about 20, and wherein groups
      ##EQU4##
      and
      ##EQU5##
      may be linked either in a random or an ordered manner, and a and b are
      numbers from 2 to 20 in a ratio between 1:9 to 9:1.
PAR  It is to be understood that the above formula as used in the specification
      and claims is a generalized formula and does not represent only a single
      block of acetal capped polyoxypropylene groups and a single block of
      acetal capped polyoxyethylene groups but on the contrary, the surfactants
      of this invention may be either of a random block variety or an ordered
      block type which may have considerably more than two blocks.
PAR  Random block surfactants are generally prepared by reacting for example a
      mixture of polypropylene glycol and polyethylene glycol with ethyl vinyl
      ether in the presence of an acid catalyst. This reaction is continued
      until all the hydroxyl groups of the glycols have been completely
      terminated with acetal groups. The reaction is carried out at a
      temperature preferably in the range of about 20.degree.C. to about
      60.degree.C. The mixture is then evacuated to a pressure preferably below
      about 10 mm and acetal is removed over a 4 hour period while the
      temperature is gradually raised to from about 80.degree.C. to about
      100.degree.C. This transacetalization reaction results in a coupling of
      the various blocks through acetal linkages to form the desired structures.
PAR  The time required for the acetal terminating reaction and for the
      transacetalization reaction is generally not a critical factor but will
      vary with the concentration of reactants and the reaction temperatures.
      Thus, the time can vary from about 15 minutes to about 10 hours in each
      step. From an economic point of view, however, it is impractical to
      continue the reaction for more than 10 hours. Generally, the reactions are
      completed within 5 hours.
PAR  Optionally, the random block surfactants may be prepared by forming the
      acetal terminated block of polyoxypropylene and polyoxyethylene units
      individually and then blending them together to undergo the
      transacetalization reaction.
PAR  Ordered block surfactants are prepared by reacting a polypropylene glycol
      and a polyethylene glycol individually with ethyl vinyl ether to form the
      terminal acetal groups. The individual acetal capped blocks are subjected
      to a transacetalization reaction at less than 10 mm pressure and at
      temperatures between 60.degree. and 150.degree.C. This results in creating
      polyacetal blocks of the individual polyglycols. Subsequently, these
      blocks are blended together in the amounts required to achieve the desired
      balance of hydrophilic and hydrophobic units. The blend is then subjected
      to a transacetalization reaction to link the hydrophilic and hydrophobic
      groups forming the desired product. The transacetalization reaction is
      effected by heating the blend at a temperature of about 80.degree.C. to
      about 120.degree.C. preferably at a pressure of less than 10 mm and
      removing enough acetal to achieve the desired molecular weight. Thus, it
      is possible to form a surfactant composed of low molecular weight
      hydrophilic and hydrophobic units coupled through acetal groups as shown
      by the following formula:
EQU  R--O--Q--E--Q--E--Q--P--Q--E--Q--E--Q--R where R is a lower alkyl group
      containing from 1 to 4 carbon atoms,
      ##EQU6##
      group, E is a polyoxyethylene radical (C.sub.2 H.sub.4 O).sub.n of about
      200 to about 2000 molecular weight,
PAL  P is a polyoxypropylene radical (C.sub.3 H.sub.6 O).sub.n of about 200 to
      about 2000 molecular weight and n has a value from about 4 to 50. Since
      the hydrophobic and hydrophilic blocks are pre-prepared, the possibilities
      for varying the structure, by selection of the composition and molecular
      weight of the block, are quite extensive. Examples of other structures
      which may be formed are:
EQU  R--O--Q--E--Q--P--Q--E--Q--P--Q--E--Q--R
PAL  and
EQU  R--O--Q--P--Q--P--Q--E--Q--E--Q--P--Q--P--Q--R
PAL  wherein R, E, P, and Q are as described above.
PAR  This unique structure of the acetal linked multiblock copolymers results in
      surfactants which are useful for a number of applications. They may be
      used as biodegradable or quasi-biodegradable surfactants. These molecules
      fragment into individual polyoxyalkylene glycols either biologically or
      hydrolytically under slightly acidic conditions. If the polyoxyalkylene
      glycols have a molecular weight below 1000, they have little effect on
      foaming and surface tension. These surfactants can be used in applications
      requiring good alkali stability. They are useful as antifoaming agents and
      as surfactants where very low foam is required. They may be used as
      surfactants or lubricants in textile applications in which removal of the
      surfactants or lubricant is required before subsequent processing steps
      are carried out. Removal can be readily accomplished by passing the
      textile material through a slightly acidic treating bath.
PAR  The following examples illustrate the invention. All parts are by weight
      unless otherwise stated.
DETD
PAC  EXAMPLE 1
PAR  Surfactant having hydrophobic center groups and hydrophilic end groups.
PAR  A. Preparation of Polypropylene Glycol Diacetal
PAR  A clean, dry, 2 liter reaction flask equipped with a stirrer, thermometer,
      reflux condenser and addition funnel was charged with 1502 grams of a
      polypropylene glycol, molecular weight 425, and 0.2 ml. of methane
      sulfonic acid. Ethylvinylether, (EVE) 476 grams, was added with stirring
      over an 85-minute period. The initial temperature of 27.degree.C. rose to
      36.degree. during the first 20 minutes of the EVE addition. A temperature
      of 35.degree.-37.degree.C. was maintained over the remainder of the
      addition period. Stirring was allowed to continue until the reactor
      temperature dropped to 28.degree.C.
PAR  B. Preparation of Polyethylene Glycol Diacetal
PAR  A clean, dry, 2 liter reaction flask equipped with a stirrer, thermometer,
      reflux condenser, addition funnel and vacuum pump was charged with 1200
      grams of polyethylene glycol, molecular weight 400, and stripped at about
      100.degree.C. and 2 mm pressure to remove moisture. After cooling to room
      temperature 0.2 ml of methane sulfonic acid was added. Ethylvinylether was
      then added at a temperature range of 27.degree.-37.degree.C. in 1.3 hours.
      The reaction mass was stirred for an additional hour to insure a complete
      reaction.
PAR  C. Coupling of the Polypropylene Glycol Diacetal
PAR  The product of A (588 grams) was charged into a 2 liter flask equipped with
      a stirrer, thermometer, a dry ice cooled condenser, receiver, and a vacuum
      pump. The entire system was evacuated to a pressure of about 3 mm and
      acetal was distilled off while the temperature was increased from
      28.degree. to 80.degree.C. The reaction was then discontinued by cooling
      the reaction mass to 35.degree.C. and releasing the vacuum. The weight of
      product obtained was 492 grams. The amount of acetal removed corresponded
      to a linking of three polypropylene glycol units.
PAR  D. Preparation of the Polyacetal Copolymer
PAR  Polyethylene glycol diacetal (372g) obtained from (B) above was added to
      the 492 grams of product obtained in (C) above. The system was evacuated
      to 3 mm pressure and acetal was removed over a period of 1.5 hours while
      the temperature was gradually raised to 83.degree.C. The flask was then
      allowed to cool to room temperature and the vacuum was released. The
      weight of product obtained was 776 grams. The amount of acetal removed
      corresponds to a joining of the block of two polyethylene glycol units to
      the block of three polypropylene glycol units to form an ordered block
      copolymer.
PAC  EXAMPLE 2
PAR  Copolymer Surfactant -- Random Distribution of Hydrophilic and Hydrophobic
      Units.
PAR  A. Preparation of a Polypropylene Polyethylene Glycol Diacetal Mixture
PAR  A 2 liter reaction flask equipped with a stirrer, thermometer, reflux
      condenser, an addition funnel and a vacuum pump was charged with 480 grams
      polypropylene glycol, molecular weight 400, and 320 grams polyethylene
      glycol, molecular weight 400. The mixture was heated to 110.degree.C. at
      about 2 mm pressure to remove moisture. After cooling to 30.degree.C.
      approximately 0.06 ml of methane sulfonic acid was added. Ethylvinylether,
      317 grams, was added with stirring over a period of 1 hour at a
      temperature of about 35.degree.C. The stirring was continued for about 1
      hour after the addition was completed. The system was then evacuated to a
      pressure of about 2 mm and acetal was distilled off over a period of 4.5
      hours while the temperature was gradually raised from about 33.degree. to
      about 78.degree.C. The reaction was then discontinued by cooling the
      reaction mass to room temperature and releasing the vacuum. The weight of
      product obtained was 892.5 grams. The amount of acetal removed corresponds
      to a random block copolymer containing three polypropylene glycol units
      and two polyethylene glycol units.
PAC  EXAMPLE 3
PAR  Random Copolymer Surfactant
PAR  A. Preparation of Polypropylene Glycol Diacetal
PAR  A clean, dry, 3 liter reaction flask equipped with a stirrer, thermometer,
      reflux condenser and addition funnel was charged with 1975 grams of
      polypropylene glycol, molecular weight 790 and 0.3 grams of methane
      sulfonic acid. Ethylvinylether (EVE), 379 grams, was added with stirring
      over a period of 1.3 hours at a temperature range of
      35.degree.-40.degree.C. Stirring was continued for an additional 3.2
      hours.
PAR  B. Preparation of Polyethylene Glycol Diacetal
PAR  A clean, dry, 3 liter flask equipped with a stirrer, thermometer, reflux
      condenser, addition funnel and vacuum pump charged with 1800 grams of
      polyethylene glycol, molecular weight 600, was stripped at about
      100.degree.C. and 2 mm pressure to remove moisture. After cooling to room
      temperature and releasing the vacuum, 0.4 grams of methane sulfonic acid
      was added. Ethylvinylether, 498 grams, was added over a period of 1 hour
      at a temperature range of 40.degree.-48.degree.C. The reaction mixture was
      then stirred for an additional 4 hours to ensure a complete reaction.
PAR  C. Preparation of the Polyacetal Copolymer
PAR  A clean, dry, 2 liter flask equipped with stirrer, thermometer, reflux
      condenser, addition funnel and vacuum pump was charged with 300 grams of
      the diacetal of A and 300 grams of the diacetal of B above. The system was
      evacuated to a pressure of 2 mm and acetal was distilled off over a period
      of 6 hours while the temperature was gradually raised from about
      24.degree.C. to about 90.degree.C. The yield of product obtained was 541
      grams. The amount of acetal removed corresponds to a random block
      copolymer containing about five coupled polyethylene and polypropylene
      glycol units. This indicates an approximate molecular weight of about
      3700.
PAC  EXAMPLE 4
PAR  ordered Block Copolymer - Hydrophobic Block
PAR  Terminated
PAR  A. Preparation of Polyethylene Glycol Polyacetal
PAR  A clean, dry, 2 liter reaction flask equipped with a stirrer, thermometer,
      reflux condenser, addition funnel and vacuum pump was charged with 589
      grams of polyethylene glycol, molecular weight 400, and 0.2 grams of
      methane sulfonic acid. Ethylvinylether, 238 grams, was then added at a
      temperature range of 27.degree. to 35.degree.C. over a 1 hour period. The
      reaction mass was stirred for an additional 40 minutes. Infra-red analysis
      indicated that all hydroxyl groups had reacted. The system was then
      evacuated to 25 mm pressure and acetal was removed over a period of 125
      minutes at a temperature of 108.degree.C. The amount of acetal removed
      corresponded to a linking of six polyethylene glycol units. The weight of
      product was 645 grams.
PAR  B. Preparation of Polypropylene Glycol Diacetal
PAR  A clean, dry, 2 liter reaction flask equipped with a stirrer, thermometer,
      reflux condenser, addition funnel and vacuum pump was charged with 651
      grams of polypropylene glycol, molecular weight 425, and 0.6 grams of
      methane sulfonic acid. Ethylvinylether, 238 grams, was then added at a
      temperature range of 30.degree.to 35.degree.C. over a 1 hour period. The
      reaction mass was stirred for an additional 30 minutes. The weight of
      product obtained was 878.5 grams.
PAR  C. Preparation of the Polyacetal Copolymer
PAR  A clean, dry, 2 liter flask equipped with a stirrer, thermometer, reflux
      condenser, addition funnel and vacuum pump was charged with 468 grams of
      the product produced in A above and 400 grams of the product produced in B
      above. The pressure was reduced to about 5 mm and acetal was distilled off
      for a period of 1 hour while the temperature was gradually increased to
      131.5.degree.C. The amount of acetal removed corresponded to a product
      having a center block structure comprised of six acetal coupled
      polyethylene glycol units, terminated with an average of two acetal
      coupled polypropylene glycol units at each end. The weight of product
      obtained was 954 grams.
PAC  EXAMPLE 5
PAR  Preparation of a Random Copolymer
PAR  A clean, dry, 2 liter flask was charged with 612 grams of polypropylene
      glycol, molecular weight 1000, and 575 grams of polyethylene glycol,
      molecular weight 1500. This mixture was then stripped at 110.degree.C. at
      3 mm pressure to remove any moisture present. The temperature was then
      lowered to about 50.degree.C. and 0.5 grams of methane sulfonic acid was
      added. Ethylvinylether, 159 grams, was added over a 1 hour period at a
      temperature range of 52.5.degree. to 54.degree.C. The reaction mass was
      then stirred for an additional 30 minutes. The system was then evacuated
      to 10 mm pressure and acetal was removed over a period of 120 minutes at a
      temperature range of 50.degree. to 108.degree.C. The weight of product
      obtained was 1237.5 grams.
PAR  The products of this invention generally exhibit a surface tension at
      25.degree.C. of less than 40 dynes/cm.sup.2. They are very low foaming
      products and have good alkali stability.
PAR  The Table illustrates the excellent wetting action of the surfactants
      prepared in accordance with Examples 1-4. It also illustrates the low
      foaming properties of these products.
TBL                                    TABLE                                   

     __________________________________________________________________________

     Surfactant Properties                                                     

     Example          1    2    3    4                                         

     __________________________________________________________________________

     Cloud Point, 1% Solution, .degree.C.                                      

                      9    10   52   11                                        

     Surface Tension, 1% Solution,                                             

     25.degree.C., dynes/cm.sup.2                                              

                      35.4 36.4 35.6 39.9                                      

     Draves Sink time, 3g Hook,                                                

     0.1% Solution, 25.degree.C., sec.                                         

                      38   45   42   54                                        

     Dynamic Foam* 400 ml/min.                                                 

              at 77.degree.F.                                                  

                      55/10                                                    

                           50/5 170/70                                         

                                     45/2                                      

              at 120.degree.F.                                                 

                      10/0 0/0  120/20                                         

                                     0/0                                       

     __________________________________________________________________________

      *The procedure and apparatus used for the dynamic foam measurements may b

      found in "Soap & Chemical Specialties" 37, 55, April 1961.               

CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A surfactant having the formula
      ##EQU7##
      wherein R is an alkyl radical containing 1 to 4 carbon atoms, Y is the
      residue of an organic compound selected from the group consisting of
      ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol,
      butylene glycol, amylene glycol, hexylene glycol, heptylene glycol and
      octylene glycol, minus the terminal hydrogens,
PA1  M is a hydrophilic chain of units selected from the group consisting of
      oxyethylene and oxyethylene-oxypropylene units wherein the oxyethylene
      content of said hydrophilic chain is from about 75 to 100 weight percent
      and the oxypropylene content is from 0 to about 25 weight percent, the
      total number of oxyethylene and oxypropylene units in M being from about 4
      to about 30,
PA1  N is a hydrophobic chain of units selected from the group consisting of
      oxypropylene units and oxyethylene-oxypropylene units wherein the
      oxypropylene content is from about 75 to 100 weight percent and the
      oxyethylene content is from 0 to about 25 weight percent,
PA1  the total number of oxyethylene and oxypropylene groups in N being from
      about 4 to about 20,
PA1  wherein groups
      ##EQU8##
      and
      ##EQU9##
      may be linked either in a random or an ordered manner, and a and b are
      numbers from 2 to 20 in a ratio between 1:9 to 9:1.
NUM  2.
PAR  2. The surfactant of claim 1 wherein the alkyl radical R is ethyl.
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ABST
PAL  A method for the production of hydroxyalkyl glycol ethers comprises
      reacting non-terminal epoxides with ethylene glycol in the presence of an
      alkoxylation catalyst and saturated hydrocarbons, in particular, saturated
      aliphatic hydrocarbons, as solvents.
BSUM
PAC  THE PRIOR ART
PAR  The reaction of non-terminal epoxides with ethylene glycol in the presence
      of a borontrifluoride-etherate catalyst is known. The reaction is
      expressed by the following equation:
      ##EQU1##
      This known process has been found to be unsatisfactory in several
      respects. Thus, besides the formation of the desired hydroxyalkyl ether,
      undesirable by products are also found, whose formation may be expressed
      by the following reaction:
      ##EQU2##
PAR  Due to this side reaction, the yield of the desired hydroxyalkylglycol
      ether product may be considerably reduced. Moreover the recovery of the
      reaction product is quite expensive, since the hydroxyalkylglycol ether
      product formed is contaminated by major amounts of ethylene glycol. Also
      the recovery, recycle and reuse of the catalyst partly involves
      considerable difficulties.
PAR  It has been tried in the past to suppress the formation of the by-products
      by conducting the reaction in the presence of excess ethylene glycol.
      However a satisfactory solution to the overall problem was not attained
      thereby; and it was still necessary to find a useful process for the
      production of hydroxyalkylglycol ethers from longer-chain epoxides.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a method for the
      production of hydroxyalkyl glycol ethers by reaction of non-terminal
      epoxides with ethylene glycol in the presence of an alkoxylation catalyst
      and saturated hydrocarbons, in particular, saturated aliphatic
      hydrocarbons, as solvents.
PAR  It is another object of the present invention to provide an improvement in
      the method for the production of hydroxyalkylglycol ethers of the formula
      ##EQU3##
      wherein R.sub.1 and R.sub.2 are each alkyl having 2 to 22 carbon atoms,
      with the proviso that the sum of R.sub.1 plus R.sub.2 is from 6 to 26
      carbon atoms, comprising reacting a vicinal non-terminal epoxide of the
      formula
      ##EQU4##
      wherein R.sub.1 and R.sub.2 have the above-defined meanings with ethylene
      glycol in the presence of a catalytic amount of an alkoxylation catalyst;
      wherein the improvement comprises conducting said reaction in the presence
      of a solvent consisting essentially of a saturated hydrocarbon having 4 to
      24 carbon atoms.
PAR  These and other objects of the present invention will become apparent as
      the description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention concerns an improved method for the production of
      hydroxyalkyl glycol ethers by reaction of non-terminal epoxides with
      ethylene glycol in the presence of an alkoxylation catalyst and saturated
      hydrocarbons, in particular, saturated aliphatic hydrocarbons, as
      solvents.
PAR  Generally speaking it has now been found that the difficulties in the
      production of hydroxyalkylglycol ethers by reaction of non-terminal
      epoxides with ethylene glycol in the presence of alkoxylation catalysts
      can be largely eliminated by reacting non-terminal epoxides of the formula
      ##EQU5##
      in which R.sub.1 and R.sub.2 are each alkyl having 2 to 22 carbon atoms
      with the sum of R.sub.1 plus R.sub.2 ranging from 6 to 26 carbon atoms, in
      the presence of a saturated hydrocarbon having 4 to 24 carbon atoms, in
      particular a saturated aliphatic hydrocarbon, as solvent, to form
      hydroxyalkylglycol ethers of the formula
      ##EQU6##
      in which R.sub.1 and R.sub.2, as well as the sum of R.sub.1 plus R.sub.2
      have the above defined meaning.
PAR  More particularly the present invention is directed to an improvement in
      the method for the production of hydroxyalkylglycol ethers of the formula
      ##EQU7##
      wherein R.sub.1 and R.sub.2 are each alkyl having 2 to 22 carbon atoms,
      with the proviso that the sum of R.sub.1 plus R.sub.2 is from 6 to 12
      carbon atoms, comprising reacting a vicinal non-terminal epoxide of the
      formula
      ##EQU8##
      wherein R.sub.1 and R.sub.2 have the above-defined meanings with ethylene
      glycol preferably in excess, in the presence of a catalytic amount of an
      alkoxylation catalyst; wherein the improvement comprises conducting said
      reaction in the presence of a solvent consisting essentially of a
      saturated hydrocarbon having 4 to 24 carbon atoms.
PAR  The non-terminal epoxides serving as starting material are vicinal epoxides
      which can be produced by generally known methods of epoxidation of olefins
      with a non-terminal double bond with percarboxylic acids, hydroperoxides
      or oxygen in the presence of heavy metal catalysts. If the olefins to be
      used for the production of the epoxides are obtained, for example, by
      dehydrochlorination of chloroparaffins, the olefins are produced with the
      double bond being distributed statistically over the chain.
PAR  The vicinal non-terminal epoxides according to the invention have from 8 to
      28 carbon atoms, preferably having from 10 to 14 carbon atoms, with 12
      carbon atoms especially preferable. Examples of non-terminal epoxides that
      may be used are 3,4 -epoxy-octane, 2,3 -epoxy-decane, 3,4 -epoxy-dodecane,
      6,7 -epoxy-dodecane, 4,5 -epoxy-tetradecane, 2,3 -epoxy-pentadecane 6,7
      -epoxy-octadecane, 8,9 -epoxy-eicosane, 10,11 -epoxy-tetracosane, 2,3
      -epoxy-octacosane and mixtures thereof as well as mixtures of isomers of
      these compounds having the epoxy-configuration distributed statistically
      along the chain.
PAR  Examples of alkoxylation catalysts that may be used are the acid catalysts
      known for the alkoxylation of substances having alcoholic hydroxyl groups,
      such as Lewis acids, boron trifluoride adducts, tertiary oxonium salts and
      compounds with stable carbonium ions. An example of such boron trifluoride
      adduct alkoxylation catalysts is boron trifluoride etherate.
PAR  The tertiary oxonium salts are compounds derived from aliphatic or cyclic
      ethers and compounds containing carbonyl groups of the formulas
      ##EQU9##
      wherein Y represents an oxygen atom or a C=O group;
PA1  X represents an unpolarizable or only slightly polarizable halogeno-complex
      anion, for example, ClO.sub. 4 .sup.-, BF.sub.4 .sup.-, FeCl.sub.4
      .sup.-AlCl.sub. 4 .sup.-, SbCl.sub. 6 .sup.-. SnCl.sub. 6.sup.2 .sup.-;
PA1  R.sub.3 represents a lower aliphatic radical having from 1 to 4 carbon
      atoms, or phenyl;
PA1  R.sub.4 and R.sub.5 are alkyl radicals containing from 1 to 24 carbon
      atoms, aromatic, alicyclic or heterocyclic ring systems having from 3 to
      14 ring atoms;
PA1  R.sub.4 and R.sub.5 can also be combined into one ring having from 4 to 14
      ring atoms;
PA1  R.sub.6 and R.sub.7 are alkyl radicals containing from 1 to 24 carbon
      atoms, aromatic, alicyclic or heterocyclic ring systems having from 5 to
      20 ring atoms.
PAR  The alkyl radicals described can be saturated or unsaturated, straight or
      branched, substituted, interrupted by hetero atoms, for example, halogen,
      ether groups or by cyclic groups, or bonded on Y through hetero atoms. The
      alicyclic or heterocyclic ring systems can be saturated or unsaturated. In
      the case that R.sub.4 and R.sub.5 are combined into one ring, this ring
      can, if so desired, contain hetero atoms and it can also be saturated or
      unsaturated. All of the ring systems mentioned can contain substituents.
PAR  Among the preferred tertiary oxonium salts are compounds of the formula
      selected from the group consisting of
      ##EQU10##
      wherein X represents a halogen complex anion selected from the group
      consisting of BF.sub.4 .sup.-, FeCl.sub. 4 .sup.-, AlCl.sub. 4 .sup.-,
      ClO.sub. 4 .sup.-, SbCl.sub. 6 .sup.- and SnCl.sub. 6 .sup.=;
PA1  R.sub.3 represents a member selected from the group consisting of alkyl
      having from 1 to 4 carbon atoms, alkoxy having from 1 to 4 carbon atoms,
      haloalkyl having from 1 to 4 carbon atoms and phenyl;
PA1  R.sub.4 and R.sub.5 are members selected from the group consisting of alkyl
      having 1 to 24 carbon atoms, alkoxy having 1 to 4 carbon atoms, haloalkyl
      having 1 to 4 carbon atoms, phenyl, phenylvinyl and, when taken together,
      alkylene having 3 to 14 carbon atoms, oxaalkylene having 2 to 13 carbon
      atoms, thiaalkylene having 2 to 13 carbon atoms, azaalkylene having 2 to
      13 carbon atoms, alkenylene having 3 to 14 carbon atoms, alkadienylene
      having 4 to 14 carbon atoms and benzobutadienylene;
PA1  R.sub.6 and R.sub.7 are members selected from the group consisting of alkyl
      having 1 to 24 carbon atoms, haloalkyl having 1 to 8 carbon atoms,
      phenylalkyl having from 7 to 10 carbon atoms, alkoxyalkyl having from 2 to
      24 carbon atoms and cycloalkylalkyl having from 6 to 10 carbon atoms.
PAR  Among the tertiary oxonium salts used in the process of the invention, the
      following can be mentioned as examples:
PA1  trimethyloxonium fluoborate,
PA1  triethyloxonium fluoborate,
PA1  triethyloxonium hexachloroantimonate,
PA1  1-ethyl-1-oxa-cyclopentanium hexachloroantimonate,
PA1  tributyloxonium hexachloroantimonate,
PA1  1-(4-chlorobutyl)-1-oxa-cyclopentanium hexachloroantimonate,
PA1  trimethyloxonium tetrachloroferrate,
PA1  trimethyloxonium tetrachloroaluminate,
PA1  triethyloxonium tetrachloroaluminate,
PA1  bis-(trimethyloxonium)-hexachlorostannate,
PA1  triphenyloxonium fluoborate,
PA1  0-ethylcamphoroxonium fluoborate,
PA1  2-ethoxy-1-oxa-cyclopent-1-enium fluoborate,
PA1  0-ethyldibenzalacetonium tetrachloroaluminate,
PA1  triethylcarbonate-acidium fluoborate,
PA1  0-ethyldimethyldormimidium fluoborate,
PA1  2-ethoxy-1-thiacyclopent-1-enium fluoborate,
PA1  1-methyl-2-ethoxy-1-aza-cyclopent-1-enium fluoborate,
PA1  2,3 -benzo-6-ethoxypyrylium fluoborate,
PA1  2-methyl-1,3 -dioxolenium fluoborate,
PA1  2-phenyl-1,3 -dioxolenium hexachloroantimonate, and
PA1  2-ethoxy-1-oxa-cyclotridec-1-enium fluoborate.
PAR  Of particular advantage is the employment of tertiary oxonium salts wherein
      Y of the above formula represents the C=O group, and wherein R.sub.3,
      R.sub.4, R.sub.5 and X have the previous meaning, for example:
PA1  0-ethylcamphoroxonium fluoborate
PA1  2-ethoxy-1-oxa-cyclopent-1-enium fluoborate
PA1  0-ethyl-dibenzalacetonium tetrachloroaluminate and the like.
PAR  In addition, compounds of the formula
      ##EQU11##
      wherein R.sub.6 and R.sub.7 are alkyl residues containing 1 to 5 carbon
      atoms are particularly advantageous oxyalkylation catalysts, for example,
      dimethoxycarbonium tetrafluoroborate, diethoxycarbonium tetrafluoroborate,
      methoxyethoxycarbonium tetrafluoroborate, dibutoxycarbonium
      hexachloroantimonate, di-isopentyloxycarbonium hexachloroantimonate. (The
      nomenclature used does not describe the oxonium character of the compounds
      evident from the above formula, but is customary in the literature [see
      "Angewandte Chemie", 1966, 78, p. 714]. For a description of the oxonium
      structure, the catalysts might be called "dialkylformate-acidium salts"
      according to the suggestion in Houben-Weyl "Methoden der Organischen
      Chemie", Vol. 6/3, p. 330.)
PAR  Further examples of compounds with stable carbonium ions include those in
      which the carbonium salts contain as a counter-anion, particularly anions
      which are slightly polarizable or nonpolarizable, such as ClO.sub. 4
      .sup.-, BF.sub.4 .sup.-, AlCl.sub. 4 .sup.-, FeCl.sub. 4 .sup.-, SbCl.sub.
      6 .sup.-, SnCl.sub. 6.sup.2.sup.-. The carbonium ion can, for example, be
      triphenyl methyl, tris-p-biphenylyl-methyl, 1,4
      -bis-(diphenylmethyl)-benzene, diphenylmethyl-, benzyl-, xanthhydryl,
      diphenylpolyenyls, phenalenyl, cycloheptatrienyl (tropylium),
      benzotropylium, ditropylium, azulenium, heptalenium,
      triphenylcyclopropenylium, penta-phenylcyclopentadienyl, cyclopentenyl,
      heptamethylcyclohexadienyl, pentachlor-alkyl, or tricyclopropyl-methyl.
PAR  The preparation of the tertiary oxonium salts can be carried out according
      to methods known from the literature (see Houben-Weyl, "Methoden der
      Organischen Chemie", Vol. 6/3, 4th Edition).
PAR  Saturated tertiary oxonium salts, wherein Y of the above formula represents
      an oxygen atom, are obtained, for example, by the action of metallic and
      non-metallic halide etherates on epoxides; by the addition of alkyl
      halides to metallic and non-metallic halide etherates; by alkylation of
      ethers with halogen alkyls and silver tetrafluoborate, as well as by the
      effect of aliphatic diazo compounds on primary and secondary oxonium
      salts. The unsaturated tertiary oxonium salts, wherein Y of the above
      formula represents a C=O group, are essentially prepared by alkylation of
      carbonyl compounds with trialkyl oxonium salts or alkyl halide/silver
      tetrafluoborate mixtures and by action of borontrifluoride or antimony
      pentachloride on acetals and ortho acid esters. The tertiary oxonium salts
      designated as carbonium salts are essentially prepared by reacting
      corresponding orthoformic acid esters with metallic and non-metallic
      halides which are capable of forming non-polarizable or only slightly
      polarizable halogen complex anions, for example, BF.sub.3, AlCl.sub. 3,
      FeCl.sub. 3, SbCl.sub. 5 or SnCl.sub. 4.
PAR  The catalysts utilized according to the process of the invention may be
      utilized singly or in admixture with each other. They are usually added to
      the reaction mixture containing the epoxy compound in amounts of 0.05 to
      5%, preferably of 0.1 to 1.5% by weight, based on the amount of the epoxy
      compound used.
PAR  The saturated hydrocarbons to be used as solvent according to the invention
      may be aliphatic hydrocarbons having 4 to 24 carbon atoms as well as a
      cycloaliphatic hydrocarbons having from 4 to 24 carbon atoms. Preferred
      are the aliphatic hydrocarbons having 4 to 24 carbon atoms, and especially
      preferred are those having 5 to 16 carbon atoms. Because of the relative
      ease in distilling, preference is given to the lower boiling point
      solvents. Examples of suitable solvents include cycloaliphatics, such as
      cycloalkane having 4 to 24 carbon atoms, preferably cycloalkane having 5
      to 16 carbon atoms, for example, cyclohexane, cyclopentane and/or
      decahydronaphthalene; and aliphatics such as alkane having 4 to 24 carbon
      atoms, preferably alkane having 5 to 16 carbon atoms which may be
      straight-chain as well as branched-chain, for example, pentane, hexane,
      heptane, octane, nonane, decane, undecane, dodecane, tridecane,
      pentadecane and hexadecane as well as mixture thereof. Preferred for the
      solvent is alkane having 5 to 8 carbon atoms, such as pentane, hexane,
      heptane, octane and the mixtures thereof, especially preferred is pentane.
PAR  This use of saturated, in particular aliphatic hydrocarbons, as solvents in
      the method according to the invention for the production of
      hydroxyalkylglycol ethers from non-terminal vicinal epoxides offers
      various advantages. The yields of hydroxyalkylgylcol ethers is much higher
      than when operating without solvent, as the formation of by-products is
      greatly suppressed. The recovery of the reaction products is simplified to
      a substantial degree, since two layers, or phases, of essentially
      homogeneous composition are formed when operating by the method according
      to the invention. The upper layer consists of the hydroxyalkylglycol ether
      and the saturated hydrocarbon serving as solvent along with small
      quantities of ethylene glycol and by-products, while the lower phase is
      composed of the ethylene glycol and the catalyst dissolved therein. This
      greatly facilitates the recovery, recycle and reuse of the catalyst, as
      the latter is dissolved in the ethylene glycol phase without secondary
      impurities and hence can be used again and again. The reaction product
      obtained from the upper phase after distillation of the solvent can be
      used directly without further separation for various industrial
      applications due to the small percentage of by-products, but on the other
      hand, purification by distillation is possible without difficulties. In
      view of their low boiling points and the easy distilling connected
      therewith, the hydrocarbons, pentane, hexane, heptane and octane as well
      as their mixtures, prove particularly suitable.
PAR  For a starting material of epoxide paraffin hydrocarbon mixtures, as they
      are necessarily formed, for example, upon epoxidation of dehydration or
      dehydrochlorination olefins, the paraffin hydrocarbon may serve as solvent
      if it fulfills the conditions for the method of the invention. After
      reaction of the epoxide with ethylene glycol and separation of the
      ethyleneglycol-catalyst phase, the paraffin hydrocarbon can easily be
      separated from the formed hydroxyalkylglycol ether by distillation.
      Thereby a separation of the original olefin paraffin hydrocarbon mixture
      has been carried out simultaneously with the production of the
      hydroxyalkylglycol ethers.
PAR  The hydroxyalkylglycol ethers produced by the method of the invention can
      be further processed using known methods, for example, ethoxylation,
      propoxylation, sulfation, and if so desired by sulfation of the
      intermediate products obtained by ethoxylation or propoxylation, to form
      high-grade surface-active compounds. The surface-active compounds obtained
      in this manner can be utilized in a variety of fields of application such
      as manufacture of cleaning agents, cosmetics, metal treatment and metal
      cleaning.
DETD
PAR  The following examples are merely illustrative of the present invention
      without being deemed limitative in any manner thereof.
PAC  EXAMPLE 1
PAR  92 gm (0.5 mol) of epoxy-dodecane having a statistically distributed epoxy
      group were added dropwise during the course of half an hour at 40.degree.C
      into a mixture of 155 gm of ethylene glycol (2.5 mol), 2 ml of boron
      trifluoride etherate, and 300 gm of pentane and the reaction mixture was
      then stirred for 6 hours at the same temperature. Thereafter, the two
      layers obtained were separated in a separating funnel with the upper layer
      being worked up by distillation. The results are reported in Table I.
PAC  EXAMPLE 2
PAR  155 gm of ethylene glycol (2.5 mol), 92 gm of epoxy-dodecane (0.5 mol) and
      400 gm of tetradecane were charged, and then 2 ml of boron trifluoride
      etherate were added. The reaction and working up of the reaction mixture
      was carried out using a procedure analogous to that described in Example 1
      and produced the results reported in Table I.
PAC  EXAMPLE 3 (COMPARATIVE)
PAR  Example 2 was repeated except that the solvent was omitted. The results are
      reported in Table I. Table I. Reaction of epoxy-dodecane having
      statistically distributed epoxide groups with ethylene glycol
TBL            Yield of                                                        

               hydroxyalkylglycol                                              

                             Gm of     Gm of                                   

               ether         by-products in the                                

                                       ethylene glycol in the                  

     Example   in gm % of theory                                               

                             hydroxyalkylglycol                                

                                       hydroxyalkylglycol                      

     No.                     ether layer                                       

                                       layer                                   

     __________________________________________________________________________

     1 (Invention)                                                             

               110.5 90*     8      18                                         

     2 (Invention)                                                             

               106   86*     8      14                                         

     3 (Comparative)                                                           

               87    71*     22     64                                         

     __________________________________________________________________________

       *based upon the epoxy-dodecane used.                                    

PAR  The results of Table I indicate that the yield of hydroxyalkylglycol ether
      in Example 1 (The Invention) is 90/71 times the yield in Example 3
      (Comparative) and that the yield in Example 2 (The Invention) is 86/71
      times the yield in Example 3 (Comparative). The by-product in the
      hydroxyalkylglycol ether layer in Examples 1 and 2 (The Invention) were 8
      gm in each case, while in Example 3 (Comparative) the by-products were 22
      gm, or 2.75 times the amount according to the invention. The ethylene
      glycol in the hydroxyalkylglycol ether layer in Example 1 was 18 gm and in
      Example 2 was 14 gm, for an average of 16 gm, while the amount of ethylene
      glycol in Example 3 was 64 gm or 4 times the average amount according to
      the invention.
PAC  EXAMPLES 4 TO 8
PAR  Example 4 was carried out analogously to Example 1. The mixture of
      ethyleneglycol and boron trifluoride etherate obtained in this experiment
      and separated as the lower layer, was recycled and used again as the
      catalyst phase in the next example. Analogously in each of Examples 5 to
      8, the mixture of ethylene glycol and boron trifluoride etherate of the
      respective preceding experiment was used as catalyst. The reaction was
      carried out in each example for 6 hours at 40.degree.C. The results of
      Example 4 to 8 are reported in Table II. TABLE II. Reaction of
      epoxy-dodecane having statistically distributed epoxide groups with
      ethylene glycol in the presence of pentane as solvent with recycling of
      the ethyleneglycol boron trifluoride etherate layer as catalyst.
TBL            Yield of                                                        

               hydroxyalkylglycol                                              

                             Gm of     Gm of                                   

               ether         by-products in the                                

                                       ethylene glycol in the                  

     Example   in gm % of theory                                               

                             hydroxyalkylglycol                                

                                       hydroxyalkylglycol                      

     No.                     ether layer                                       

                                       layer                                   

     __________________________________________________________________________

     4         108   88*     10        15                                      

     5         106   86*     9         25                                      

     6         114   93*     8         22                                      

     7         104.5 85*     9         19                                      

     8         108   88*     14        16                                      

     __________________________________________________________________________

       *based upon the epoxy-dodecane used.                                    

PAR  No further experiments with the same catalyst layer were carried out, even
      though no loss of activity in the catalyst was observed after the five
      consecutive reaction runs made as can be seen from the high yields of
      desired product and low amounts of by-product.
PAR  Although the present invention has been disclosed in connection with a few
      preferred embodiments thereof, variations and modifications may be
      resorted to by those skilled in the art without departing from the
      principles of the new invention. All of these variations and modifications
      are considered to be within the true spirit and scope of the present
      invention as disclosed in the foregoing description and defined by the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the method for the production of hydroxyalkylglycol ethers of the
      formula
      ##EQU12##
      wherein R.sub.1 and R.sub.2 are each alkyl having 2 to 22 carbon atoms,
      with the proviso that the sum of R.sub.1 plus R.sub.2 is from 6 to 26
      carbon atoms, comprising reacting a vicinal non-terminal epoxide of the
      formula
      ##EQU13##
      wherein R.sub.1 and R.sub.2 have the above-defined meanings with ethylene
      glycol in the presence of a catalytic amount of an acid alkoxylation
      catalyst; wherein the improvement comprises conducting said reaction in
      the presence of at least one solvent consisting essentially of at least
      one saturated hydrocarbon having 4 to 24 carbon atoms.
NUM  2.
PAR  2. The method of claim 1, in which said solvent is selected from the group
      consisting of alkane having 4 to 24 carbon atoms and mixtures thereof and
      cycloalkane having 4 to 24 carbon atoms and mixtures thereof.
NUM  3.
PAR  3. The method of claim 1, in which said solvent is selected from the group
      consisting of alkane having 5 to 16 carbon atoms, and mixtures thereof and
      cycloalkane having 5 to 16 carbon atoms and mixtures thereof.
NUM  4.
PAR  4. The method of claim 1, in which said solvent is selected from the group
      consisting of cyclohexane, cyclopentane, decahydronaphthalene and mixtures
      thereof and pentane, hexane, heptane, octane, nonane, decane, undecane,
      dodecane, tridecane, pentadecane, hexadecane, and mixtures thereof.
NUM  5.
PAR  5. The method of claim 1, in which said solvent is selected from the group
      consisting of pentane, hexane, heptane, octane and the mixtures thereof.
NUM  6.
PAR  6. The method of claim 1, in which said solvent is alkane having 5 to 8
      carbon atoms.
NUM  7.
PAR  7. The method of claim 1, in which said solvent is pentane.
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LREP
FRM  Brooks Haidt Haffner & Delahunty
ABST
PAL  The mineral acid catalyst is removed from the products of cumene
      hydroperoxide cleavage by contact with an aqueous solution of an inorganic
      salt and an excess of an alkali metal hydroxide or phenate in a first
      zone. Suitably the aqueous solution contains sodium sulphate and sodium
      hydroxide or phenate. The aqueous layer is removed and the organic layer
      contacted in a second zone with an aqueous solution comprising an
      inorganic salt and sufficient weak acid to decompose any phenate carried
      over from the first zone. Suitable weak acids are oxalic and citric acids
      but the preferred acid is carbonic acid formed `in situ` by passing
      carbondioxide into the aqueous inorganic salt solution.
BSUM
PAR  The present invention relates generally to a process for the production of
      phenol by the oxidation of cumene and mineral acid-catalysed cleavage of
      cumene hydroperoxide. In particular it relates to the removal and
      neutralisation of mineral acid catalyst and by-product organic acids from
      the cleavage products.
PAR  The production of phenol by the oxidation of cumene followed by the mineral
      acid-catalysed cleavage of cumene hydroperoxide is well-known. The
      cleavage product contains phenol and acetone as the principal products
      together with varying amounts of side-products in the form of tars and
      organic substances such as organic acids. Before the products can be
      recovered it is necessary to remove and neutralise the mineral acid
      catalyst and preferably the organic acids in the cleavage products since
      the presence of the acids in the subsequent distillation interferes with
      the efficient recovery of the products and by-products of the reaction in
      addition to causing corrosion of the distillation equipment. Hithertofore
      this has been achieved, for example, by treating the cleavage products
      with an aqueous solution of an inorganic salt to extract the acids and
      promote phase separation and an aqueous solution of an alkali metal
      hydroxide or phenate to neutralise the acids. Incomplete removal of the
      salts at this stage or the formation of an excess of alkali metal phenate
      results in their passing in the organic phase, either in solution or
      suspension, to the separation and purification stages where their presence
      leads to fouling of distillation column reboilers and product yield loss.
      A particularly damaging salt in this respect in sodium phenate which may
      be introduced in order to neutralise both the mineral acid catalyst and
      the organic acid by-products, thereby liberating phenol, or may be formed
      by the reaction of excess caustic soda, added as a neutralising agent, and
      phenol under alkaline conditions. The salts concentrate in the tar
      residues removed from various points in the process and eventually appear
      as ash when the tars are burned. High inorganic ash contents render the
      residual tar unsuitable for use as fuel oil to conventional boilers. In
      the past the tendency has been to attempt to maintain the pH slightly
      below 7.0 during the catalyst removal and neutralisation step in order to
      prevent alkali metal phenate being carried over to the subsequent washing
      step. In practice however difficulties are experienced during commercial
      operation in maintaining the pH slightly below 7.0 resulting in the
      aforementioned disadvantages. Moreover even if the pH is successfully
      maintained below 7.0 it is sometimes found that chemical losses, e.g. loss
      of methylstyrene, occur under acid conditions.
PAR  The present invention substantially overcomes the aforementioned
      disadvantages of the prior art by providing a process whereby the mineral
      acid catalyst and at least part of the organic acid by-products are
      removed and neutralised in such a manner that the cleavage products are
      not contaminated with undesirable quantities of inorganic or organic
      salts.
PAR  Accordingly the present invention is a process for the removal and
      neutralisation of mineral acid catalyst and organic acid by-products from
      the products of cumene hydroperoxide cleavage which process comprises
      contacting the products of the mineral acid catalysed cleavage of cumene
      hydroperoxide in a first zone with an aqueous solution comprising an
      inorganic salt and an excess of an alkali metal hydroxide or alkali metal
      phenate over the stoichiometric quantity required for neutralisation of
      the mineral acid catalyst and organic acid by-products whereby the acids
      are extracted from the organic phase into the aqueous phase and
      neutralised therein, separating the aqueous phase containing neutralised
      acids therefrom, further contacting the organic phase in a second zone
      with an aqueous solution comprising an inorganic salt and an acid in an
      amount sufficient to decompose alkali metal phenate carried over from the
      first zone and thereafter separating the aqueous phase therefrom.
PAR  The inorganic salt used in the first and second zones may be any
      water-soluble salt. Suitable salts include alkali metal sulphates such as
      sodium and potassium sulphate; ammonium sulphate; the alkali metal
      chlorides such as sodium and potassium chloride; ammonium chloride; and
      the alkali metal and ammonium phosphates and nitrates. However it is
      preferred to use a salt in which the anion corresponds to the anion of the
      mineral acid catalyst used in the cleavage reaction and the cation
      corresponds to the cation of the alkali metal compound used for
      neutralisation of the acid. Thus when sulphuric acid is the mineral acid
      and sodium hydroxide or sodium phenate the alkali metal hydroxide or
      phenate the preferred inorganic salt is sodium sulphate. In general
      concentrations of from about 0.5 up to about 50% by weight can be employed
      depending on the particular salt and temperature in use. With sodium
      sulphate for example a concentration between about 0.5 and 30% by weight
      and preferably of about 15 to 25% by weight at about 40.degree. to
      45.degree.C is suitable for the removal of sulphuric acid.
PAR  The alkali metal hydroxide added to the first zone to neutralise the
      mineral acid catalyst and the organic acid by-products is preferably
      sodium hydroxide. Alternatively sodium phenate may be added to the first
      zone. The sodium phenate may be that sodium phenate resulting from the
      extraction of phenol from acetophenone at a later stage in the
      phenol-from-cumene-hydroperoxide process. Aqueous alkali metal hydroxide
      or phenate solution may be added to the first zone separately or combined
      with aqueous inorganic salt solution. It is preferred to combine the two
      solutions.
PAR  The amount of alkali metal hydroxide or alkali metal phenate added to the
      first zone must be greater than the stoichiometric quantity required to
      neutralise the mineral acid catalyst and the organic acid by-products but
      is preferably only sufficient to maintain the pH in the range 7 to 9.
PAR  The extraction and neutralisation of the acids in the first zone may be
      effected at any temperature up to about 50.degree.C, though in general
      temperatures of about 35.degree. to 45.degree.C are preferred. The upper
      restriction on the temperature range is imposed by the desirability of
      avoiding plant corrosion and of avoiding precipitation of salt.
PAR  In addition to removing mineral acid catalyst in the first zone the
      treatment with an aqueous solution comprising an inorganic salt and excess
      of alkali metal hydroxide or alkali metal phenate also removes at least
      part of the organic acids present in the cleavage products, in the form of
      their alkali metal salts.
PAR  The acid contacted with the organic phase in the second zone is preferably
      a weak acid. By weak acid within the context of the present application is
      meant an acid of insufficient strength to cause corrosion of the plant and
      one which does not contaminate the organic phase with by-products.
      Suitable acids include oxalic acid and citric acid. The preferred acid is
      carbonic acid which may be formed `in situ` by feeding carbon dioxide to
      the second zone in the presence of an aqueous solution of an inorganic
      salt in an amount sufficient to decompose the alkali metal phenate carried
      over in the organic phase from the first zone.
PAR  The aqueous solution of the inorganic salt used in the second zone may
      suitably be the aqueous phase separated from the first zone. It is
      preferred however to remove a part of the separated aqueous phase in a
      bleed stream in order to remove some of the sodium salts of organic acids
      from the system.
PAR  Contact of the aqueous solution with the organic phase in the second zone
      is suitably effected at ambient temperature but may be effected at any
      temperature in the range 10.degree. to about 60.degree.C., the temperature
      limits being dictated by the desirability of avoiding salt precipitation.
DETD
PAR  The following Example illustrates the process of the invention:
PAC  EXAMPLE
PAR  The products of the mineral acid catalysed cleavage of cumene hydroperoxide
      were treated in a first zone with a 20% by weight aqueous solution of
      sodium sulphate and sufficient aqueous sodium hydroxide solution to
      completely neutralise the sulphuric acid catalyst and organic acid
      by-products in the cleavage product and make the pH of the aqueous
      solution in the first zone in the range 7 to 8. The aqueous phase was
      separated and the organic phase free from acid, sampled for ash content
      before being passed to a second zone where it was washed with further
      aqueous sodium sulphate solution with simultaneous passage of an excess of
      carbon dioxide through the second zone. The aqueous phase was separated
      and the organic phase free from sulphuric acid, organic acids and sodium
      phenate tested for ash content prior to further processing. The results of
      the ash content analyses for varying concentrations of aqueous sodium
      sulphate solutions used in the second zone are shown in the Table.
TBL  __________________________________________________________________________

     Concentration of Na.sub.2 SO.sub.4                                        

     solution in 2nd zone                                                      

                   Dissolved ash before                                        

                              Dissolved ash after                              

     % by weight   2nd wash (ppm)*                                             

                              2nd wash (ppm)*                                  

     __________________________________________________________________________

     0             emulsified                                                  

     5             850        60                                               

     20            850        10                                               

     20            320        25                                               

     __________________________________________________________________________

      *Ash contents were determined by ignition.                               

PAR  The results show that mineral acid catalyst and by-product organic acids
      are removed from the cumene hydroperoxide cleavage products by the process
      of the invention without contaminating the cleavage product with
      substantial quantities of residual salts.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the removal and neutralization of mineral acid catalyst
      and organic acid by-products from the reaction mixture resulting from
      mineral acid catalyzed cumene hydroperoxide cleavage which process
      comprises contacting at a temperature below about 50.degree.C. said
      reaction mixture in a first zone with an aqueous solution comprising an
      acidic or neutral inorganic salt and an excess of alkaline alkali metal
      hydroxide or phenate sufficient to neutralize said mineral acid and
      organic acid by-products and to maintain the pH of the aqueous phase
      between 7 and 9 whereby said acids are extracted from the organic phase
      into the aqueous phase and neutralized therein, separating said aqueous
      phase containing the neutralized acids therefrom, then contacting at a
      temperature of from about 10.degree.-60.degree.C. said organic phase in a
      second zone with an aqueous solution comprising an acidic or neutral
      inorganic salt and a weak acid selected from the group consisting of
      carbonic acid, citric acid and oxalic acid in an amount sufficient to
      decompose alkali metal phenate carried over from the first zone, and
      thereafter separating the aqueous phase therefrom.
NUM  2.
PAR  2. A process according to claim 1 wherein the acid is carbonic acid formed
      `in situ` by feeding carbon dioxide to the second zone in the presence of
      an aqueous solution of an inorganic salt.
NUM  3.
PAR  3. A process according to claim 1 wherein the inorganic salt is selected
      from alkali metal sulphates, ammonium sulphate, alkali metal chlorides,
      ammonium chloride, alkali metal phosphates, ammonium phosphate, alkali
      metal nitrates and ammonium nitrate.
NUM  4.
PAR  4. A process according to claim 3 wherein the concentration of the
      inorganic salt is in the range 0.5 to 50%.
NUM  5.
PAR  5. A process according to claim 1 wherein the inorganic salt used in the
      first and second zones in a salt in which the anion corresponds to the
      anion of the mineral acid catalyst used in the cleavage reaction and the
      cation corresponds to the cation of the alkaline alkali metal compound
      used for neutralisation of the acids.
NUM  6.
PAR  6. A process according to claim 5 wherein the inorganic salt is sodium
      sulphate when sulphuric acid is the mineral acid catalyst and the alkaline
      alkali metal compound used for neutralisation of the acids is selected
      from sodium hydroxide or sodium phenate.
NUM  7.
PAR  7. A process according to claim 6 wherein the concentration of sodium
      sulphate in the aqueous solution is in the range 0.5 to 30% by weight at a
      temperature in the range 40.degree. to 45.degree.C.
NUM  8.
PAR  8. A process according to claim 1 wherein the alkaline alkali metal
      compound used for neutralisation of the acids is selected from sodium
      hydroxide and sodium phenate.
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PAL  Kosuwa et al., "J. Organic Chem." Vol. 28: pp. 630-633.
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LREP
FRM  Woodhams, Blanchard and Flynn
ABST
PAL  Nuclear chlorination of aromatic compounds having an electron donating
      group is effected by contacting said aromatic compound with copper (II)
      chloride in an aqeuous hydrochloric acid solution and adding chlorine to
      the reaction system to maintain the mole ratio of (a) copper (I) chloride
      to (b) the sum of copper (I) chloride plus copper (II) chloride at more
      than 0.005/l but less than about 0.3/l.
PARN
PAR  This is a division of application Ser. No. 378,217, filed July 11, 1973,
      now U.S. Pat. No. 3,916,014.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to nuclear chlorination of aromatic compounds having
      an electron donating group, particularly phenols and aromatic amines.
PAR  2. Description of the Prior Art
PAR  The nuclear chlorination of aromatic compounds having an electron donating
      group is known. For example, the chlorination of phenols by cupric
      chloride in hot aqueous hydrochloric acid is disclosed in Japanese Pat.
      publication No. Sho 45-40882 (40882/70), dated Dec. 22, 1970. The process
      disclosed in this publication is advantageous in comparison with prior
      processes because the ratio of the desired para-substituted product to the
      ortho-substituted product is increased and less severe reaction conditions
      are required.
PAR  Additional descriptions of this process and related processes are set forth
      in (1) H. P. Crocker and R. Walser, J. Chem. Soc. (c), 1970, 1982-1986,
      (2) H. P. Crocker and R. Walser, Chem. and Ind., 1969, 1141-1142, and (c)
      German Offen. Nos. 1800676, 1926852 and 2014773.
PAR  In the process of the above-referenced Japanese patent publication, for
      economic reasons, after the chlorination reaction is completed, the
      solution of copper chlorides dissolved in aqueous hydrochloric acid
      solution (hereinafter referred to as the "working solution") is separated
      from the organic products. The working solution is then oxidized with a
      molecular oxygen-containing gas and hydrogen chloride gas to convert the
      cuprous chloride therein to cupric chloride and the working solution is
      then recycled for use in the next chlorination reaction. This is a
      batchwise recycling method. It is also proposed to carry out a continuous
      method in which the chlorination of the aromatic compound and the
      oxidation of cuprous chloride to cupric chloride are carried
      simultaneously by introducing hydrogen chloride gas and molecular
      oxygen-containing gas into the chlorination reaction solution.
PAR  There are some disadvantages in the above-mentioned processes. In the case
      of the above-mentioned batchwise recycling method, the concentration of
      cupric chloride in the chlorination reaction solution is reduced as the
      chlorination reaction progresses and the rate of the chlorination reaction
      falls remarkably. To keep the conversion of phenols at about 80-90%, it is
      necessary to chlorinate for a long time or to use a large excess of cupric
      chloride, such as 3-5 times the theoretical amount. It is evident that
      such a method has numerous disadvantages, including increased cost of
      equipment because of the additional reaction vessel required for
      regenerating the working solution, increased cost of catalyst, reduction
      of the manufacturing capacity because of the additional regeneration
      process, and the cost of expensive reaction and regeneration materials.
PAR  In the case of the continuous method, some advantages are achieved such as
      lowering of the catalyst cost, shortening of the reaction time because of
      a higher reaction rate and obtaining a good conversion with less cupric
      chloride than is the case with the recycle method. But the continuous
      method does not avoid other disadvantages such as increased cost of
      equipment and the use of expensive materials, and the need for expensive
      safety precautions because of the use of oxygen gas and hydrogen chloride
      gas. In this continuous system, if the concentration of hydrogen chloride
      is reduced, there is an increase of unwanted by-products and a reduction
      of the yield of the desired product, so that the introduction of hydrogen
      chloride gas is indispensable. Also, air cannot be used, in practice, as
      an oxygen source because much hydrogen chloride accompanies the unreacted
      gas (waste gas), and the concentration of hydrogen chloride in the
      chlorination reaction liquid decreases. The equipment and cost of
      recovering hydrogen chloride from the unreacted gas are substantial items
      of expense. It is necessary, therefore, to use oxygen gas for practical
      industrial operation of the process in order to reduce the volume of the
      unreacted gas.
PAR  In this prior art, the reaction of aniline is illustrated by the following
      reaction equations.
EQU  (C.sub.6 H.sub.5 NH.sub.2.HCl).sub.2.CuCl.sub.2 + 4CuCl.sub.2
      .fwdarw.(ClC.sub.6 H.sub.4 NH.sub.2.HCl).sub.2.CuCl.sub.2 + 2HCl +
      2Cu.sub.2 Cl.sub.2                                        ( 1)
EQU  2Cu.sub.2 Cl.sub.2 + 4HCl + O.sub.2 .fwdarw. 4CuCl.sub.2 + 2H.sub.2 O (2)
PAL  Therefore, it is required to use 1 mole of hydrogen chloride gas per one
      mole of aniline. An additional quantity of hydrogen chloride gas is needed
      to maintain the required concentration of hydrogen chloride in the water
      which is formed in the reaction. Furthermore, the chlorinated aniline is
      separated from the reaction system as the complex of cupric chloride and
      chlorinated aniline hydrochloride. Therefore, it is necessary to use more
      than 2 moles of hydrogen chloride gas per 1 mole of aniline.
PAR  Furthermore, in the prior art, the overall reaction rate is not
      sufficiently fast. The oxidation step of cuprous chloride to cupric
      chloride is the overall rate determining step, because of the very small
      solubility of oxygen gas in the reaction solution.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered an economical chlorination process capable of reducing
      the above-mentioned disadvantages. Our process has high selectivity for
      the para-chloro-substitution product, and gives a high yield. In our
      process the chlorination of the aromatic compound and the oxidation of
      cuprous chloride to cupric chloride are effected at the same time by
      introducing chlorine gas into the reaction solution containing cupric
      chloride, hydrogen chloride and the aromatic compound. It is not required
      to use other oxidizing agents, such as oxygen gas.
PAR  It is an object of this invention economically to produce chlorinated
      aromatic compounds which have electron donating group, such as chlorinated
      aromatic amines and chlorinated phenols, with higher selectivity to
      para-chloro-substitution products and a faster reaction rate.
PAR  The process of the present invention for preparing a chlorinated aromatic
      compound consists essentially of reacting (1) an aromatic compound having
      an electron donating group, preferably an aromatic compound selected from
      the group consisting of aromatic amines and phenols, (2) aqueous
      hydrochloric acid (hydrogen chloride) and (3) cupric chloride, with the
      addition of (4) chlorine gas to the reaction mixture.
PAR  Preferably the rate of addition of chlorine gas is controlled to keep the
      mole ratio of (a) cuprous chloride to (b) the sum of cuprous chloride and
      cupric chloride, at more than 0.005, more preferably at 0.02 to 0.15.
PAR  The aromatic amines used as starting materials for preparing the desired
      chlorinated aromatic amine final products in the present invention have
      the formula (I):
EQU  ArNR.sup.1 R.sup.2                                         (i)
PAL  wherein R.sup.1 and R.sup.2 represent members selected from the group
      consisting of hydrogen, alkyl having 1 to 12 carbon atoms and aralkyl
      group having 7 to 12 carbon atoms, and R.sup.1 and R.sup.2 can be the same
      or different; Ar represents a member selected from the group consisting of
      phenyl and naphthyl, which can be unsubstituted or substituted by hydroxy,
      alkoxy having 1 to 6 carbon atoms, halogen, or --NR.sup.1 R.sup.2 group
      (wherein R.sup.1 and R.sup.2 are as defined above), provided that Ar has
      at least one substitutable hydrogen at the 2, 4 or 6 positions relative to
      the --NR.sup.1 R.sup.2 group.
PAR  Preferred aromatic amines of the formula (I) are aniline, N-methyl aniline,
      N,N-dimethyl aniline, o-, m- or p-anisidine, o-, m- or p-phenetidine, o-,
      m or p-chloro aniline, o-phenylene diamine, .alpha.- or
      .beta.-naphthylamine, o-, m- or p-toluidine, o-, m- or p-xylidine, p-ethyl
      aniline, o-tertiary butyl aniline and 2,6-di-tertiary butyl aniline.
      Especially preferred aromatic amines of the formula (I) are the aromatic
      amines whose hydrochlorides are separable as a precipitate from reaction
      mixture, for example, o-toluidine, because the reaction product can be
      separated easily, and the filtrate can be used for the next chlorinating
      reaction with addition of more o-toluidine starting material.
PAR  The phenols used as starting materials for preparing the desired
      chlorinated phenol final products in present invention have the formula
      (II):
      ##SPC1##
PAL  wherein R.sup.3 represents a member selected from the group consisting of
      (a) hydrogen, (b) hydroxy, (c) halogen, (d) alkyl group having 1 to 4
      carbon atoms which is either unsubstituted or substituted on the 1 to 5
      positions of the alkyl group by aryl, hydroxy aryl, mono-halogenated
      hydroxy aryl, hydroxyl, carboxyl or their functional derivatives, and (e)
      aryl which is either unsubstituted or substituted by halogen, and/or alkyl
      group having 1 to 3 carbon atoms; R.sup.4 and R.sup.5, which can be the
      same or different, represent a member selected from the group consisting
      of (a) hydrogen, (b) alkyl having 1 to 4 carbon atoms which is either
      unsubstituted or substituted on the 1 to 5 positions of the alkyl group by
      aryl, hydroxy aryl, mono-halogenated hydroxyl aryl, hydroxyl, carboxyl, or
      their functional derivatives, but when R.sup.5 is hydrogen, R.sup.3 and
      R.sup.4 can both be halogen atoms; and the phenol of formula (II) has at
      least one substitutable hydrogen atom on the 2, 4 or 6 positions relative
      to the hydroxyl group of the phenol.
PAR  Preferred phenols of the formula (II) are phenol, o- or p-phenyl phenol,
      o-chloro phenol, m-cresol, thymol, resorcinol, m-xylenol, p-chloro phenol
      and o-cresol.
PAR  The chlorination reaction temperature can vary depending on the particular
      aromatic compound used as starting material, but generally a temperature
      of 70.degree. to 150.degree.C, preferably 80.degree. to 110.degree.C, is
      employed for aromatic amines, and a temperature of 85.degree. to
      130.degree.C is employed for phenols.
PAR  It is preferred to use a high concentration of hydrogen chloride in the
      reaction mixture. In general the HCl concentration is 5 to 12 N,
      preferably 7 to 10 N, for aromatic amines, and generally the concentration
      is more than 2 N, preferably more than 3 N, for phenols.
PAR  The mole ratio of cupric chloride plus cuprous chloride to aromatic
      starting material is not critical, but this ratio preferably is in the
      range of 0.5 to 5:1 because the reaction is very slow and it is difficult
      to control the chlorine gas feed rate when this ratio is too small.
PAR  Metal chlorides, in addition to cupric chloride, for example, LiCl, NaCl,
      MgCl.sub.2, CaCl.sub.2, CdCl.sub.2, AlCl.sub.3 and FeCl.sub.3, can be
      present in the reaction mixture of the present invention, and some of them
      have an effect as an accelerator of the reaction.
PAR  The reaction can be carried out at atmospheric pressure or at a pressure of
      1 to 2 kg/cm.sup.2 (gauge pressure).
PAR  Cupric chloride employed in the process of the present invention is made
      present in the reaction system by adding thereto anhydrous cupric
      chloride, cupric chloride dihydrate, or a material which is converted to
      cupric chloride in hot aqueous hydrochloric acid, for example, cupric
      oxide, cupric sulfate, or cupric acetate or a material which is converted
      to cupric chloride by chlorine in the reaction solution, for example,
      cuprous oxide, cuprous chloride, or cuprous acetate.
PAR  The mole ratio of (a) cuprous chloride to (b) the sum of cuprous chloride
      and cupric chloride preferably is more than 0.005/1 and, more preferably
      is more than 0.02/1. The latter ratio of more than 0.02/1 is employed to
      inhibit formation of tar and to permit substantial tolerance in the amount
      of chlorine introduced. But when a large amount of copper chlorides are
      present in reaction solution, that is, when the ratio of (b) the sum of
      cupric chloride and cuprous chloride to (c) the aromatic compounds is very
      large, the mole ratio of (a) cuprous chloride to (b) the sum of cuprous
      chloride and cupric chloride can be kept at about 0.005/1.
PAR  Furthermore, the mole ratio of (a) cuprous chloride to (b) the sum of
      cuprous chloride and cupric chloride can be maintained as high as 0.2 to
      0.3, but the reaction rate is reduced in this range. Therefore, it is
      preferred to maintain the mole ratio of (a)/(b) at about
      ##EQU1##
PAR  While a constant reaction rate can be obtained by maintaining constant the
      mole ratio of (a) cuprous chloride to (b) the sum of cuprous chloride and
      cupric chloride, the present invention comprehends introducing chlorine
      intermittently, and allowing said mole ratio of (a)/(b) to vary within the
      stated limits.
PAR  Generally, in the chlorination of aromatic compounds having electron
      donating group in aqueous hydrochloric acid, the ratio of para-chloro
      substituted product to ortho-chloro substituted product is 1-2/l. The
      chlorination process cannot avoid the formation of considerable amounts of
      tar and high-boiling materials (dichloro substituted or trichloro
      substituted materials).
PAR  But, surprisingly, under the specially controlled conditions of the present
      invention, the ratio of para-chloro substituted product to ortho product
      is very high as is shown in the following examples, and very small amounts
      of higher chlorinated products and tar are obtained.
PAR  The specially controlled conditions leading to this advantageous result are
      obtained by introducing a suitable amount of chlorine gas into the
      reaction mixture to maintain the mole ratio of (a) cuprous chloride to (b)
      the sum of cuprous chloride plus cupric chloride at more than 0.005/1.0,
      more preferably at more than 0.02/1.0.
PAR  Under such condition, the chlorine taken in the reaction solution is
      immediately preferentially consumed for effecting an oxidation reaction of
      cuprous chloride to cupric chloride, and the chlorination of the aromatic
      compound is effected essentially by the cupric chloride and the chlorine
      gas does not substantially react directly with the aromatic starting
      material. Therefore the ratio of para-chloro substituted product is very
      high, and the formation of higher chlorinated products and tar is
      minimized.
PAR  In case there is supplied an excess amount of chlorine gas, i.e., more than
      that required to maintain the mole ratio of (a)/(b) in the above-stated
      range, the selectivity to the para product is reduced, and the formation
      of tar increases.
PAR  The method of introducing chlorine gas into reaction solution can be
      selected suitably from known methods, for example, bubbling pure or highly
      concentrated chlorine gas into the reaction solution by means of a gas
      introducing pipe or gas sparger.
PAR  Preferred methods of introducing chlorine gas into reaction solution are as
      follows; the first method is to introduce chlorine gas into the gas phase
      of the reaction vessel so that the chlorine gas is taken into the reaction
      solution from the surface of the reaction solution; the second method is
      to introduce chlorine gas into the gas phase of the reaction vessel and
      the reaction solution is continuously recycled and gushed into the gas
      phase and chlorine gas is thereby taken into the reaction solution; the
      third method is to mix the chlorine gas outside the reaction vessel with
      the gases removed from the gas phase of the reaction vessel (preferably,
      this gas is an inert gas such as nitrogen gas) and then bubbling this gas
      mixture into the reaction solution with a gas introducing pipe.
PAR  The amount of chlorine gas introduced into the reaction solution is
      controlled easily as follows: in the case of the first method, by
      controlling the speed of stirring of the reaction solution, the chlorine
      partial pressure and the configuration of the baffle; in case of the
      second method, by controlling the chlorine partial pressure, the amount of
      recycled liquid and the style of the gushing method; in case of the third
      method, by controlling the chlorine partial pressure, the amount of
      recycled gas, the speed of stirring and the type of bubbling method
      employed for bubbling the gas into the reaction solution.
PAR  The method of introducing chlorine to the reaction solution is not
      critical, and for example, besides the above-mentioned preferred methods,
      chlorine can be introduced into the reaction solution as an aqueous
      chlorine solution or liquefied chlorine can be bubbled into the solution.
PAR  The method of the present invention is distinguished from the prior art
      methods because no additional oxidizing agent, such as oxygen gas, needs
      to be added as is done in the above-mentioned batchwise reaction and
      continuous reaction. However, the effectiveness of the reaction is not
      harmed by the presence of a minor amount of oxygen gas in the reaction
      system.
PAR  The reaction of the present invention is shown by the combination of the
      following reaction equations in case of 2-methyl aniline.
      ##SPC2##
EQU  Cl.sub.2 + H.sub.2 O .fwdarw. HClO + HCl                   (6)
EQU  HClO + HCl +  CU.sub.2 Cl.sub.2 .fwdarw.  2CUCl.sub.2 + H.sub.2 O (7)
PAR  Therefore, the net reaction is indicated as the following equations as sum
      of the equations (4), (5), (6) and (7),
      ##SPC3##
PAL  and cupric chloride may be considered to be a chemical catalyst.
PAR  The basic mode of the industrial practice of the present invention, in the
      case of the starting material 2-methyl aniline as a preferred example, is
      as follows:
PA0  4-chloro-2-methyl aniline hydrochloride which is produced as an end product
      by the process of the present invention, precipitates in the reaction
      solution, and is filtered off at hot temperature. It is then washed with
      aqueous hydrochloric acid to remove the copper chlorides. The filtrate
      mixed with the washings is mixed with fresh 2-methyl aniline to form a
      reaction solution. Then chlorine is introduced to the reaction solution,
      and the chlorination reaction is carried out. Or alternatively,
      hydrochloric acid and a part of the water can be distilled from the
      mixture of the filtrate and the washings, and then to this distillate
      2-methyl aniline is added, and then this mixture is mixed with the
      reaction solution (i.e., the residue of the distilled mixture of the
      washings and the filtrate), and chlorination is then carried out. In
      either case, theoretically, hydrochloric acid gas need not be supplied to
      the reaction solution, although in practice make-up hydrochloric acid will
      normally be required.
PAR  Although the conversion of starting aromatic material to the chlorinated
      end product can be kept at a low level, so that the withdrawn unreacted
      aromatic starting material can be recycled as a part of the raw starting
      material of the next reaction, normally the conversion of the starting
      material is easily maintained at a high level such as 80 to 90%. It is not
      preferred to achieve conversions of 98 to 99%, because of the
      possibilities of forming higher chlorinated materials and tar. The process
      of the invention can be carried as a batchwise process, a semi-continuous
      process or a continuous process.
PAR  The present invention provides an improved process for the chlorination of
      aromatic compounds, which process has economical and industrial advantages
      and achieves higher selectivity of the desired para-substituted product.
PAR  In particular, the present invention provides an improved process of
      chlorinating aromatic compound, which process has many advantages compared
      with the above-mentioned prior art processes in which chlorination of the
      aromatic compound and oxidation of the cuprous chloride with oxygen and
      hydrochloric acid gas are carried out separately. The reaction time is
      shortened because of the very high reaction rate, the total manufacturing
      time is shortened, the reaction process is simpler, a high reaction rate
      is achieved more rapidly, the catalyst cost is lower or a larger
      production capacity is obtained because the amount of cupric chloride
      employed can be reduced to less than the theoretical amount (2 mole per 1
      mole of aromatic compound), and there is higher selectivity to the desired
      para-substituted product.
PAR  Similarly, the present invention provides an improved process of
      chlorination having many advantages compared with the above-mentioned
      prior art process comprising chlorination of aromatic compound and
      oxidation of cuprous chloride with oxygen and hydrochloric acid gas
      simultaneously, such as the use of lower price raw material (i.e.,
      chlorine gas) as compared with anhydrous hydrochloric acid gas and oxygen,
      easier control of the by-products because the concentration of
      hydrochloric acid increases as the reaction progresses, and the shortening
      of the reaction time because of the very high reaction rate.
DETD
PAR  The invention is further described in the following illustrative examples,
      which are not limiting.
PAC  EXAMPLE 1
PAR  Into a 500 ml flask, equipped with a thermometer, a stirrer and a gas inlet
      tube, were added 200 ml of 7 N-hydrochloric acid solution, 0.28 moles of
      copper (II) chloride dihydrate, 0.03 moles of copper (I) chloride and 0.2
      moles of 2-methylaniline hydrochloride. After replacing the air in the
      vapor space of the flask with nitrogen gas, the stirred mixture was heated
      to 90.degree.C, then the flask was closed and chlorine gas was introduced
      into the closed vapor space of the flask at a rate of 0.0146 moles/hr for
      13 hours, while the speed of the stirrer was kept at 180-200 r.p.m.
PAR  During the reaction, samples of the reaction mixture were withdrawn
      periodically and the amount of copper (I) chloride based on the sum of
      copper (I) chloride and copper (II) chloride was measured iodometrically.
      The results are shown in the following table.
TBL  ______________________________________                                    

     Reaction time (hrs.)                                                      

                   3        6        9      13                                 

     ______________________________________                                    

     Amount of copper (I)                                                      

                   9.5      8.9      8.3    8.0                                

     chloride (mole %)                                                         

     ______________________________________                                    

PAR  The resulting mixture was cooled to 40.degree.C and 0.25 moles of sodium
      sulfite was added with mixing. Then the mixture was neutralized with an
      excess of ammonia solution. The oil liberated was collected and the
      aqueous layer was extracted with chloroform. The extract together with the
      collected oil, were dehydrated and on distillation under reduced pressure
      gave an oil (27.5 g) and tar (0.05 g). The composition of this oil is
      shown below (by gas chromatography):
TBL  2-methylaniline           3.79%                                           

     6-chloro-2-methylaniline  0.06%                                           

     4-chloro-2-methylaniline  95.05%                                          

     4,6-dichloro-2-methylaniline                                              

                               0.10%                                           

PAC  EXAMPLE 2
PAR  The apparatus described in Example 1 was used. A mixture of N,N-dimethyl
      aniline (0.2 moles) and 223 g of 22.9 wt. % hydrochloric acid solution was
      poured into the flask, and to this solution, 0.28 moles of copper (II)
      chloride dihydrate and 0.03 moles of copper (I) chloride were added. The
      reaction was carried out at 90.degree.C with stirring, while introducing
      chlorine gas into the closed vapor space of the flask at 0.018 moles/hr
      for 10 hours. The amount of copper (I) chloride was controlled to be
      between 2.7 mole % and 4.1 mole % throughout the reaction. The reaction
      mixture was treated in the same fashion as in Example 1, and 28.2 g of the
      distilled oil was obtained. This oil had the following composition (by gas
      chromatography).
TBL  ______________________________________                                    

     N,N-dimethyl aniline         8.92%                                        

     6-chloro-N,N-dimethyl aniline                                             

                                  0.01%                                        

     4-chloro-N,N-dimethyl aniline                                             

                                  90.79%                                       

     4,6-dichloro-N,N-dimethyl aniline                                         

                                  0.28%                                        

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  Into a flask as described in Example 1, 223 g of 22.9 wt. % hydrochloric
      acid solution, 0.36 moles of copper (II) chloride, 0.04 moles of copper
      (I) chloride and 0.2 moles of aniline hydrochloride were introduced. With
      stirring, the reaction was carried out at 98.degree.-100.degree.C for 15
      hours, while chlorine gas was introduced into the vapor space of the flask
      at 0.0126 moles/hr.
PAR  The amount of copper (I) chloride was controlled between 5.9 mole % and 8.3
      mole % throughout the reaction. The reaction mixture was treated in the
      same fashion as Example 1, and 25.1 g of distilled oil was collected. This
      oil had the following composition by gas chromatography.
TBL  ______________________________________                                    

     Aniline                  3.71%                                            

     2-chloro aniline         0.05%                                            

     4-chloro aniline         95.84%                                           

     2,4-dichloro aniline     0.04%                                            

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  A mixture of 223 g of 22.9 wt. % hydrochloric acid solution, 0.28 moles of
      copper (II) chloride dihydrate, 0.03 moles of copper (I) chloride and 0.2
      moles of p-anisidine were placed in a flask as described in Example 1.
      With stirring at 180-200 r.p.m., the reaction was carried out at
      90.degree.-95.degree.C, for 9 hours, while chlorine gas was introduced
      into the closed vapor space of the flask at 0.02 moles/hr.
PAR  The amount of copper (I) chloride was controlled between 9.7 and 8.6 mole %
      throughout the reaction. By following the procedure of Example 1, the
      distilled products were found to contain p-anisidine (9.07%),
      2-chloro-p-anisidine (90.97%) and trace amount of dichloro-p-anisidine.
      The yield of 2-chloro-p-anisidine was 98.2% based on the reacted
      p-anisidine.
PAC  EXAMPLE 5
PAR  Into a flask as described in Example 1, 223 g of 22.9 wt. % hydrochloric
      acid solution, 0.28 moles of copper (II) chloride dihydrate, 0.02 moles of
      copper (I) chloride and 0.2 moles of .alpha.-naphthylamine hydrochloride
      were introduced. With stirring at 180-200 r.p.m., the reaction was carried
      out at 95.degree.C for 6 hours, while chlorine gas was introduced into the
      closed vapor space of the flask at 0.06 moles/hr.
PAR  The amount of copper (I) chloride was maintained between 6.7 and 5.1 mole
      %.
PAR  The stirred mixture was cooled and the solid was filtered off. The solid
      was suspended in water, then stirred with sodium sulfite and an excess of
      ammonia solution. The liberated base was collected and distilled under
      reduced pressure.
PAR  The distilled oil (36 g) had the following composition by gas
      chromatography.
TBL  ______________________________________                                    

     .alpha.-naphthylamine      9.7%                                           

     2,4-dichloro-.alpha.-naphthylamine                                        

                                86.0%                                          

     4-chloro-.alpha.-naphthylamine                                            

                                4.3%                                           

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  Into a 2 liter flask, equipped with a thermometer, a stirrer, a gas-inlet
      tube and reflux condenser, 1000 ml of 7 N-hydrochloric acid solution, 1.8
      moles of copper (II) chloride dihydrate, 0.2 moles of copper (I) chloride
      and 1 mole of 2-methylaniline hydrochloride were introduced. After
      replacing the air in the vapor space of the flask with nitrogen gas, at
      90.degree.C, the gases in the space of the flask were started to recycle
      from the condenser to the reaction mixture through the gas-inlet tube, by
      using a gas circulating pump. The reaction was carried out at 90.degree.C
      for 8 hours with stirring at 180-200 r.p.m., while the volume of the
      circulating gas was kept at 15 l/hr. and chlorine gas was introduced into
      the delivery tube of the pump at 0.12 moles/hr. The amount of copper (I)
      chloride was between 9.0 and 5.2 mole % throughout the reaction.
PAR  The solid 4-chloro-2-methylaniline hydrochloride was filtered off while the
      mixture was still hot, and washed with a small amount of 7 N-hydrochloric
      acid solution.
PAR  The solid was suspended in 350 g of water, and to this stirred suspension
      sodium sulfite was added. After confirming that there were no copper (II)
      ions in this suspension, the resulting mixture were neutralized with an
      excess of gaseous ammonia.
PAR  The liberated oil was extracted with chloroform, dried and distilled under
      reduced pressure. A crude 4-chloro-2-methylaniline oil (120.5 g) and tar
      (0.5 g) were obtained. This oil had the following composition by gas
      chromatography.
TBL  ______________________________________                                    

     2-methylaniline            2.5%                                           

     6-chloro-2-methylaniline   0.04%                                          

     4-chloro-2-methylaniline   97.20%                                         

     4,6-dichloro-2-methylaniline                                              

                                0.26%                                          

     ______________________________________                                    

PAR  Further, into the filtrate and washings, were added 0.9 moles of
      2-methylaniline hydrochloride and an amount of copper (II) chloride
      dihydrate which corresponded to the amount of copper lost in the
      filtration process. By using this solution, the second reaction (repeated
      reaction) was carried out for 8 hours under the same conditions as
      described above. The amount of copper (I) chloride was between 7.5 and 5.2
      mole %.
PAR  By following the same procedure of this example, distilled oil (130.1 g)
      and tar (0.47 g) were obtained. The composition of the oil is as follows.
TBL  ______________________________________                                    

     2-methylaniline            1.77%                                          

     6-chloro-2-methylaniline   0.03%                                          

     4-chloro-2-methylaniline   98.10%                                         

     4,6-dichloro-2-methylaniline                                              

                                0.10%                                          

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  Into a 2 liter flask equipped with a thermometer, a stirrer, a gas
      introducing tube and a reflux condenser, 1000 ml of 7 N-hydrochloric acid
      solution, 1.8 moles of copper (II) chloride dihydrate, 0.2 moles of copper
      (I) chloride and one mole of 2-methylaniline hydrochloride were added.
      With stirring at 180-200 r.p.m., the reaction was carried out at
      90.degree.C for 9 hours, while chlorine gas was passed into the reaction
      mixture at the rate of 0.1 moles/hr.
PAR  The waste gas from the condenser was washed with dilute caustic soda
      solution. The amount of copper (I) chloride was between 6.3 and 4.7 mole %
      throughout the reaction. By following the same procedure as Example 4,
      4-chloro-2-methylaniline hydrochloride was separated, neutralized,
      extracted dried and distilled under reduced pressure, a crude distilled
      oil (118.7 g) and tar (1.4 g) were obtained.
PAR  The composition of this oil is as follows.
TBL  ______________________________________                                    

     2-methylaniline           3.6%                                            

     6-chloro-2-methylaniline  0.03%                                           

     4-chloro-2-methylaniline  96.08%                                          

     4,6-dichloro-2-methylaniline                                              

                               0.29%                                           

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  Into a 500 ml flask equipped with a thermometer, a stirrer and a gas-inlet
      tube, 200 ml of 6.5 N-hydrochloric acid solution, 0.28 moles of copper
      (II) chloride, 0.03 moles of copper (I) chloride and 0.2 moles of phenol
      were added. After replacing the air in the vapor space of the flask with
      nitrogen gas, the reaction was carried out at 95.degree.C for 13 hours
      with stirring at 180-200 r.p.m., while chlorine gas was introduced into
      the closed vapor space of the flask at 0.014 moles/hr.
PAR  During the reaction, samples of the reaction mixture were withdrawn
      periodically and the amount of copper (I) chloride based on the sum of
      copper (I) chloride and copper (II) chloride was measured iodometrically.
      The results are shown in the following table.
TBL  ______________________________________                                    

     Reaction time (hrs)                                                       

                   3        6        9      13                                 

     ______________________________________                                    

     Amount of copper (I)                                                      

                   9.2      8.5      7.9    7.5                                

     chloride (mole %)                                                         

     ______________________________________                                    

PAR  The resulting mixture was cooled and organic materials were extracted with
      benzene. The extract was dried and distilled under reduced pressure.
      Distilled oil (24 g) was obtained and this had the following composition
      by gas chromatography.
TBL  ______________________________________                                    

     phenol                   7.2%                                             

     o-chlorophenol           7.6%                                             

     p-chlorophenol           81.1%                                            

     2,4-dichlorophenol       4.1%                                             

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  Into a flask as described in Example 8, 200 ml of 6.5 N-hydrochloric acid
      solution, 0.28 moles of copper (II) chloride, 0.03 moles of copper (I)
      chloride and 0.2 moles of m-xylenol were added. With stirring, the
      reaction was carried out at 95.degree.C for 13 hours, while chlorine gas
      was introduced into the closed vapor space of the flask at 0.014 moles/hr.
      The ratio of copper (I) chloride was controlled between 8.6 and 7.2 mole %
      throughout the reaction. By following the same procedure as Example 8,
      distilled oil (28.2 g) was obtained and it had the following composition
      by gas chromatography.
TBL  ______________________________________                                    

     m-xylenol                3.7%                                             

     o-chloro-m-xylenol       6.5%                                             

     p-chloro-m-xylenol       88.5%                                            

     2,4-dichloro-m-xylenol   1.3%                                             

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  The apparatus as described in Example 8 was used. Into the flask, 200 ml of
      6N-hydrochloric acid solution, 0.29 moles of copper (II) chloride
      dihydrate, 0.02 moles of copper (I) chloride and 0.2 moles of
      o-chlorophenol were added. With stirring, the reaction was carried out at
      95.degree.-98.degree.C for 11 hours, while chlorine gas was introduced
      into the closed vapor space of the flask at 0.014 moles/hr.
PAR  The amount of copper (I) chloride was controlled between 6.3 and 4.6 mole %
      throughout the reaction.
PAR  By following the same procedure as described in Example 8, the distilled
      oil was found to contain o-chlorophenol (25.2%), 2,4-dichlorophenol (70.8
      %), 2,6dichlorophenol (3.1%) and 2,4,6-trichlorophenol (0.9%).
PAR  The yield of 2,4-dichlorophenol was 94.7% based on the reacted
      o-chlorophenol.
PAC  EXAMPLE 11
PAR  Into a flask as described in Example 8, 200 ml of 6 N-hydrochloric acid
      solution, 0.5 moles of copper (II) chloride dihydrate, 0.02 moles of
      copper (I) chloride and 0.2 moles of o-cresol were added. With stirring at
      180.degree.-200 r.p.m., the reaction was carried out at
      95.degree.-98.degree.C for 9 hours, while chlorine gas was introduced into
      the closed vapor space of the flask at 0.02 moles/hr. The amount of copper
      (I) chloride was controlled between 3.9 and 2.3 mole %. By following the
      procedure of Example 8, the distilled oil was found to contain o-cresol
      (8.8%), p-chloro-o-cresol (87.4%), o-chloro-o-cresol (3.8%) and trace of
      dichloro-o-cresol by gas chromatography.
PAR  The yield of p-chloro-o-cresol was 94.9% based on the reacted o-cresol.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A process for the nuclear mono chlorination of a phenol of the formula
      ##SPC4##
PAL  wherein R.sup.3 is hydrogen; hydroxy; halogen; alkyl having one to 4 carbon
      atoms; alkyl having 1 to 4 carbon atoms substituted by aryl, hydroxy aryl,
      mono-halogenated hydroxy aryl, hydroxyl, or carboxyl; aryl; or aryl
      substituted by halogen, alkyl having 1 to 3 carbon atoms or halogen and
      said latter alkyl; R.sup.4 and R.sup.5, which are the same or different,
      are hydrogen; alkyl having 1 to 4 carbon atoms; alkyl having one to 4
      carbon atoms substituted by aryl, hydroxy aryl, mono-halogenated hydroxy
      aryl, hydroxyl or carboxyl; provided that when R.sup.5 is hydrogen,
      R.sup.3 and R.sup.4 can both be halogen, provided further that said phenol
      has at least one replaceable hydrogen on the 2, 4 or 6 positions relative
      to the phenolic hydroxyl, which comprises: contacting in the liquid phase,
      reactants consisting essentially of
PA1  A. said phenol
PA1  B. from 0.5 to 5.0 moles of copper (I) chloride plus copper (II) chloride,
      per mole of said phenol, and
PA1  C. an aqueous solution of hydrochloric acid providing a concentration of
      hydrochloric acid in the reaction system of more than 2N,
PAL  at a temperature in the range of 85.degree. to 130.degree.C, at a pressure
      in the range of from atmospheric to about 2 kg/cm.sup.2 gauge, and adding
      to the reaction system chlorine gas to convert copper (I) chloride to
      copper (II) chloride, the chlorine gas being supplied at a rate effective
      to maintain the mole ratio of (a) copper (I) chloride/(b) copper (I)
      chloride plus copper (II) chloride, in the range of from 0.005/1 to
      0.15/1, throughout the reaction to obtain a reaction product comprised
      predominantly of said phenol monochlorinated by replacement of one of said
      replaceable hydrogens by chlorine.
NUM  2.
PAR  2. A process according to claim 1, in which the phenol is selected from the
      group consisting of phenol, m-xylenol, o-chloro phenol and o-cresol.
NUM  3.
PAR  3. A process according to claim 1, in which the rate of addition of
      chlorine to the reaction system is controlled to maintain the mole ratio
      of (a) copper (I) chloride/(b) copper (I) chloride plus copper (II)
      chloride in the range of from 0.02/1.0 to 0.15/1.0 during the reaction.
NUM  4.
PAR  4. A process according to claim 1, in which the phenol is selected from the
      group consisting of phenol, o-phenyl phenol, p-phenyl phenol, o-chloro
      phenol, m-cresol, thymol, resorcinol, m-xylenol, p-chloro phenol and
      o-cresol.
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ABST
PAL  Free flowing particulate pentachlorophenol having little or no tendency to
      bloom is obtained by incorporating about 0.5-10 percent by weight of
      benzyl alcohol. Prills made from molten pentachlorophenol containing the
      benzyl alcohol are a preferred form.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of treating pentachlorophenol to reduce
      its tendency to bloom or sublime and to the treated pentachlorophenol
      thereby obtained.
PAR  Pentachlorophenol is a well known fungicide and preservative which is
      widely used to preserve wood, particularly that which is exposed to the
      soil or other sources of moisture. Pentachlorophenol is sold in bulk as a
      granular solid, either flakes or prills. The solid material, particularly
      when freshly prepared, has a strong tendency to bloom or sublime whereby
      very fine crystals form on the surface. This coating of crystals is easily
      dislodged during handling and opening a container can release a cloud of
      dust which is intensely irritating to eyes, nose, and throat.
PAR  Pentachlorophenol has been treated in a number of ways to avoid this
      problem. The granular material has been tumbled in hot air to make a
      product having a smooth surface and less tendency to bloom (Canadian Pat.
      No. 749,423). It has been treated with diethanolamine or triethanolamine
      to reduce dusting and residual acid (U.S. Pat. No. 3,646,225). Oil
      treatments have long been used for dusty solids and pentachlorophenol has
      been given a dual treatment with oil and a glycol to reduce dusting (U.S.
      Pat. No. 3,692,561). All of these treatments are effective to some degree,
      but most have economic or other disadvantages. The effect of some is of
      short duration and blooming may start a few days or weeks after the
      treatment. Hot air treatment may increase the formation of insoluble
      sludges upon dissolving the treated pentachlorophenol in a solvent to
      treat wood. Oil tends to darken the treated pentachlorophenol and it may
      cause staining or deterioration of the container.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that blooming of solid pentachlorophenol is
      substantially reduced or eliminated by incorporating in the
      pentachlorophenol about 0.5-10 percent by weight of benzyl alcohol. The
      treatment is effective in any solid form of pentachlorophenol whether
      flakes or prills and the granular material remains essentially unchanged
      in appearance and free flowing even after prolonged storage.
PAC  DETAILED DESCRIPTION
PAR  The benzyl alcohol can be applied to particulate pentachlorophenol as a
      coating by spraying the liquid alcohol or a solution of the alcohol in a
      volatile solvent over the solid material. Solid beads or prills can also
      be tumbled in the presence of the liquid alcohol or solution of the
      alcohol to obtain the same result. Alternatively, the benzyl alcohol can
      be added to molten pentachlorophenol to form a uniform mixture prior to a
      flaking or prilling operation. Essentially equivalent results are obtained
      by all of these methods, but the latter method generally gives more
      uniform results and is preferred. Preferred concentrations are in the
      range of 1-5 percent. Less than 0.5 percent provides insufficient coating
      of the pentachlorophenol and some blooming may result while more than ten
      percent of benzyl alcohol tends to make the treated material slightly
      sticky so that it may cake during storage.
PAR  This invention provides a simple and effective procedure using a single
      inert additive in relatively small amount to eliminate or substantially
      reduce blooming of pentachlorophenol without significantly altering the
      appearance and other characteristics of the solid material. The treated
      solid is more easily handled, it can be stored for extensive periods
      without any substantial change, it remains completely free flowing, and
      its fungicidal and preservative efficiency is essentially undiluted.
DETD
PAC  EXAMPLES 1-3
PAR  Benzyl alcohol was added to pentachlorophenol in different concentrations
      and by different methods to obtain free flowing, nonblooming products. In
      one experiment, 5 percent by weight benzyl alcohol was added to molten
      pentachlorophenol and the liquid mixture was then converted into beads
      about 1-1.5 mm. in diameter by a standard prilling procedure. Two samples
      of untreated pentachlorophenol prills were uniformly wet with chloroform
      solutions of benzyl alcohol and the chloroform was evaporated off to make
      prills containing 8 and 10 percent benzyl alcohol respectively. These
      three samples were stored at room temperature in closed containers for 6
      months. All remained free flowing and showed no signs of blooming.
      Untreated prills under the same conditions developed a considerable
      surface growth of fine needle-like crystals.
CLMS
STM  We claim:
NUM  1.
PAR  1. Substantially free flowing, non-blooming pentachlorophenol having
      admixed therewith about 0.5-10% by weight of benzyl alcohol.
NUM  2.
PAR  2. The composition of claim 1 wherein about 1-5 percent of benzyl alcohol
      is present.
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ABST
PAL  A process for the recovery of glycols such as ethylene glycol, propylene
      glycols, and butylene glycols from an aqueous solution containing a
      glycol, a dissolved alkali metal borate and osmium compounds comprising
      coprecipitating the borate and reduced osmium compound from the aqueous
      solution with water soluble organic solvents, separating the precipitated
      borate and osmium compound from the solution and recovering the glycol
      from the remaining water/solvent/glycol solution. The aqueous solutions
      are derived from the aqueous phase oxidation of an olefin with molecular
      oxygen in the presence of an octavalent osmium and a borate to prepare the
      corresponding glycol.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a co-pending application of Harold Shalit, Ser. No. 449,889, filed Mar.
      11, 1974, entitled OSMIUM CATALYZED OXIDATION OF OLEFINIC COMPOUNDS, there
      is disclosed a process for the aqueous phase oxidation of C.sub.2 to
      C.sub.4 monoolefins to their corresponding glycols with molecular oxygen
      in the presence of a dissolved octavalent osmium catalyst wherein
      essentially water soluble borates, particularly the alkali metal borates,
      are added to the reaction solution to increase the rate of the oxidation
      reaction and permit higher glycol concentrations to be obtained.
PAR  The present invention is directed to a simple and effective method for
      recovering glycols from an aqueous solution containing a glycol, a
      dissolved borate and osmium compounds derived, for example, from the
      process disclosed in the described co-pending application and in addition
      to recovery of the osmium which is an expensive component of the oxidation
      reaction.
PAR  Attempts were made to recover the glycol and the osmium and borate
      compounds from the aqueous glycol solution containing the glycol, borate
      (in the form of borax) and osmium compounds by distillation and steam
      distillation as well as by solvent extraction, for example, with aniline,
      carbon tetrachloride, ethyl ether, kerosine, chlorobenzene and
      fluorobenzene. However, such method did not prove successful.
PAR  A number of prior art processes have been proposed for the recovery,
      separation and purification of glycols from crude aqueous solutions of the
      glycol or mixtures of glycols which crude mixtures may also contain
      impurities and/or by products resulting from the manner by which the
      glycols are produced. such prior art processes generally encompass
      particular methods of distillation, extraction or absorption and
      desorption to recover the desired glycol or glycols and include the
      removal of salts from polyhydric alcohol solutions by the use of ion
      exchange resins which process is expensive.
PAR  U.S. Pat. No. 2,916,525 discloses a method for the absorption of polyhydric
      alcohols including ethylene glycol and propylene glycol from an aqueous
      solution by ion exchangers, activated charcoal and kieselguhr which have
      been treated with a complex-forming substance including borax and
      thereafter desorbing the alcohols with lower aliphatic monohydric alcohols
      and their acetic acid esters.
PAR  U.S. Pat. No. 3,098,880 discloses a method of recovering C.sub.10 and
      C.sub.12 straight chain glycols from isomeric mixtures containing same by
      selective solvent extraction with aliphatic, saturated ketones such as
      acetone and methyl ethyl ketone to precipitate out the straight chain
      glycol.
PAR  U.S. Pat. No. 3,483,264 discloses a process for the purification of
      polyhydric alcohols by adding cyclohexylamine to a concentrated solution
      to form a two-phase system, distilling the resulting mixture to remove the
      azeotropic mixture of water and cyclohexylamine and thereby causing
      inorganic salts and ash impurities to precipitate. The cyclohhexylamine
      acts to extract the polyhydric alcohol from solution.
PAR  Many important commercial applications have been developed for the C.sub.2
      to C.sub.4 glycols, for example, the glycols are useful in the preparation
      of medicines, essential oils, alkyd resins, cosmetics and as solvents for
      food colors and flavoring agents. Thus for many uses it is desirable to
      obtain a relatively pure material.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a process for the recovery of glycols from an
      aqueous solution containing the glycol, a water soluble borate compound
      and osmium compounds by adding to the aqueous solution a water soluble
      organic solvent or mixtures of water soluble organic solvents to
      precipitate out the borate and reduced osmium compound from the aqueous
      solution in order to recover a relatively pure glycol and the valuable
      osmium.
PAR  In the aforementioned application of Harold Shalit glycols are produced by
      the aqueous phase oxidation of an olefin with molecular oxygen in the
      presence of catalytic amounts of dissolved octavalent osmium catalyst and
      a water soluble borate. Dissolved water soluble osmium catalyst and
      soluble borate remain as impurities in the final glycol product. In
      addition, the osmium compounds which may have been reduced to an insoluble
      Os.sup..sup.+4 valence state during the oxidation process will remain in
      the aqueous glycol solution as a fine suspension or colloid and cannot
      simply be removed by filtration.
PAR  It is an object of this invention therefore to provide a process for the
      recovery and purification of glycols from aqueous solutions containing
      borate and osmium compounds as impurities.
PAR  It is another object of this invention to utilize water soluble solvents or
      mixtures of water soluble solvents to co-precipitate borate and osmium
      impurities from aqueous glycol solutions.
PAR  It is a further object of this invention to recover the contained osmium
      values from aqueous glycol solutions produced by osmium catalyzed
      oxidation of an olefin in the presence of a borate.
PAR  These and other objects and advantages of this invention will become
      apparent from the description of the invention which follows and from the
      claims.
PAC  DESCRIPTION OF THE INVENTION
PAR  In order to carry out the process of this invention a glycol having from 2
      to 4 carbon atoms in the molecule is produced by the aqueous phase
      oxidation of a C.sub.2 to C.sub.4 olefin employing molecular oxygen in the
      presence of catalytic amounts of osmium, preferably, in the form of
      dissolved octavalent osmium compounds wherein borates are added to the
      solution to increase the rate of reaction and permit a higher final glycol
      concentration to be obtained than is obtained in the absence of the added
      borate.
PAR  To place this invention in its proper context, the overall oxidation
      reactiion indicated above as is set forth in co-pending application of
      Harold Shalit, Ser. No. 449,889, filed Mar. 11, 1974, involving the
      oxidation of an olefin in the presence of a borate and osmium catalyst
      will also be described and the inter-relation between the oxidation
      reaction and the process of this invention will be pointed out.
PAR  When olefins are caused to react with oxygen in the presence of catalytic
      amounts of octavalent osmium dissolved in water at a pH of 9 to 11 and at
      temperatures of 80.degree.C. or above, they form glycols rather
      selectively, but the rate of reaction is relatively slow and decreases
      rapidly with time; thus, in a few hours, the reaction is essentially over
      and the final glycol concentration in solution is relatively low. This is
      a decided disadvantage since the most expensive component in the system is
      osmium, and the slower the reaction rate and the lower the final glycol
      concentration, the greater the amount of osmium that is required to be
      cycled in the system. Consequently, both osmium inventory as well as
      make-up are markedly influenced by the reaction rate and final glycol
      concentration, and therefore, these factors also decidedly influence the
      economics of the process.
PAR  The reason or reasons for the decreasing rate and low final glycol
      concentration is not known, but it is hypothesized that a complex is
      formed between the glycol produced and the reduced (hexavalent) osmium,
      which complex is relatively stable to oxidation. Since the oxidation of
      the olefin depends upon the octavalent osmium, as this ion becomes
      depleted and, because of the hypothesized stable hexavalent osmium-glycol
      complex, is not re-formed, the reaction slows and effectively stops at a
      relatively low glycol yield. This effect is particularly troublesome
      since, even at low yields, the glycol is present in a very large molar
      excess over the osmium, so that the tendency is for the hypothesized
      Os.sup..sup.+6 -glycol complex to be further stabilized. If borates, in
      particular the alkali metal borates, are added to the reaction solution,
      the rate of reaction is materially increased and a considerably higher
      final glycol concentration is obtained. The reasons for these improvements
      likwise are not known. It is relatively certain, however, that there is no
      formation of perborates since sodium perborate fails to reoxidize
      Os.sup..sup.+6 to Os.sup..sup.+8 and in fact decomposes rapidly in the
      presence of osmium even at low temperatures, i.e. 40.degree.C. and below,
      well below reaction temperatures.
PAR  The olefinic compounds which can be converted to their corresponding
      glycols and recovered by the method of this invention includes those
      having from two to four carbon atoms in the molecule, e.g. ethylene,
      propylene, allyl alcohol (to glycerol), and the butylenes, in particular,
      isobutylene.
PAR  The osmium catalyst is preferably in a water soluble form and is
      octavalent. These octavalent osmium catalysts are well known in the art,
      and are conveniently prepared by reacting osmium tetroxide (OsO.sub.4)
      with a small excess of a base such as sodium hydroxide in aqueous solution
      to produce the active "osmate", i.e. the octavalent osmium salt or salts.
      Other bases can also be used since the particular "osmate" is not
      critical. The concentration of osmium in the aqueous solution can vary
      widely, ranging from 1 part per million to 1 per cent or more. However, as
      has been pointed out, osmium is a costly material, and accordingly, high
      concentrations are preferably avoided since they do not give the
      improvement in results commensurate with their cost. A preferred range of
      osmium is from 50 ppm to 1000 ppm in the aqueous phase by weight.
PAR  The ratio of oxygen to olefinic compound must be outside the explosive
      limits. If oxygen is in excess, the ratio should be 98 weight per cent
      oxygen or more and 2 per cent or less of the olefinic compound. At the
      other end of the range, wherein the olefinic compound is in large excess,
      the oxygen concentration of the oxidizing gas should be limited to 10
      volume per cent oxygen and 90 volume per cent nitrogen (or similar inert
      gas) irrespective of the amount of olefinic compound. When oxygen is in
      excess, olefinic compound can be added during the reaction as the reaction
      proceeds. On the other hand, where the olefinic compound is in excess,
      oxygen can be added during the reaction as the oxygen is consumed. The
      reaction can be carried out from pressures ranging from 1 atmosphere to
      10,000 psig; however, pressures ranging from about 800 psig to 1200 psig
      are convenient.
PAR  The reaction temperatures ranging from 60.degree. to 200.degree.C. are
      operable. However, a preferred range is from 80.degree. to 120.degree.C.
      since above about 120.degree.C. selectivity for the production of the
      glycol decreases.
PAR  It has been found that higher oxygen partial pressures give somewhat higher
      reaction rates but not significantly higher yields, and likewise, reaction
      rates increase with temperature, but as has been pointed out, at
      temperatures above about 120.degree.C. the increase in rate is offset by a
      loss in selectivity for glycol production. The pH of the aqueous solution
      can vary from 7 to 14, preferably from 7.5 to 13.5, and most preferably
      from 8 to 11. This can be adjusted by using a buffer solution or by the
      use of a combination of boric acid and sodium hydroxide in various
      proportions. The borate complex resulting is a function of the pH of the
      solution. Other borates can, of course, be employed, for example, the
      potassium borates, lithium borate and the like. It is necessary that the
      compounds be sufficiently water soluble to provide an effective
      concentration in the aqueous phase. Some borates such as the calcium
      compounds are relatively only slightly soluble and therefore are not
      preferred. The perborates are very unstable in the presence of the osmate
      catalyst and decompose to give the borate with the evolution of the peroxy
      oxygen. Thus there is no advantage in employing such compounds. It is most
      preferable to employ borax itself, i.e. Na.sub.2 B.sub.4 O.sub.7.
      10H.sub.2 O, since this gives a soution having a pH of about 9.3 which is
      almost in the middle of the preferred range and is the most common and
      least expensive borate compound. The amount of borate, for example borax,
      can range from 1 up to 50 per cent but is preferably from 10 to 40 per
      cent by weight of the aqueous solution. It has been found that molten
      borax alone can be used since it provides sufficient water from the
      molecules of water of hydration to give an aqueous phase. The amount of
      aqueous solution or aqueous phase need only be sufficient to provide the
      necessary hydroxyls in the reaction. It is preferred, however, to provide
      sufficient aqueous phase such that by agitation an efficient contacting of
      the liquid and gaseous phases is achieved.
PAR  The following shows the production of the corresponding glycol from
      ethylene, propylene and isobutylene by the oxidation process described
      above which glycols may be recovered and purified by the process of the
      present invention. The osmium catalyst compound and added borate utilized
      in the oxidation process remain in the final aqueous glycol product along
      with minor amounts of other by-products such as sodium acetate and
      aldehydes.
PAR  The reactions were carried out with the olefinic compound and oxygen in a
      stirred titanium autoclave, 300 cc capacity, at below the lower explosive
      limit, i.e., 98+per cent molecular oxygen and about 1.1 per cent by weight
      olefin. The total pressure in the bomb was 900 psig, the olefin was added
      in increments as it was reacted as shown by pressure decrease. The
      additional increments were added in such a manner that the explosive
      concentration was not exceeded. In each reaction there was used 150 cc of
      an aqueous solution of octavalent osmium catalyst prepared from a small
      molar excess of sodium hydroxide and osmium tetroxide, such that the
      solution contained by analysis 710 ppm by weight of osmium.
TBL  __________________________________________________________________________

     The following reactions were carried out in the manner described          

     giving the results shown below.                                           

     Olefin          Ethylene                                                  

                           Propylene                                           

                                 Isobutylene                                   

     Borax, Wt. %    25    25    25                                            

     Temperature, .degree.C.                                                   

                     100   100   100                                           

     Time, hours     3     3.5   5                                             

     Glycol yield, grams                                                       

                     6.9   8.2   43.6                                          

     Hydroxyisobutyric acid, grams                                             

                     0     0     10.1                                          

     Rate, grams glycol/hour                                                   

                     2.30  2.34  8.74                                          

     __________________________________________________________________________

PAR  In accordance with the present invention, a crude aqueous glycol solution,
      as, for example, the aqueous glycol solution obtained by the above
      described processes, and comprising glycol, water, a borate and osmium
      compound, is subjected to a treatment with a suitable water soluble
      organic solvent to co-precipitate the borate and reduced osmium compounds
      from the solution; the borate and osmium compound are separated from the
      solution by any suitable means such as by filtering or centrifuging
      leaving a mixture of essentially water, glycol and solvent. The water and
      solvent may be separated from the mixture by any appropriate means, such
      as by distilling off the water and solvent and the remaining essentially
      pure glycol recovered. By precipitating and removing the borate from the
      solution the equilibrium reaction in accordance with the following:
      ##EQU1##
      shifts to the left freeing the glycol from the borate ester and thus
      remains in the aqueous solution. The glycol separation and the recovery
      can be carried out batchwise or continuously in conjunction with the
      oxidation reaction. Thus, the reduced water insoluble tetravalent osmium
      salt (Os.sup..sup.+4) precipitated with the borate is recovered and may be
      reoxidized to the water soluble octavalent (Os.sup..sup.+8) form and
      recycled together with the recovered borate for further use in the
      oxidation reaction to prepare the glycol. The solvent utilized to
      co-precipitate the borate and osmium may be recovered for reuse, for
      example, during the distillation step to separate and recover the glycol.
PAR  In the osmium catalyzed oxidation process to produce the corresponding
      glycol such as propylene to propylene glycol, there is produced minor
      amounts of acetic acid as a by-product which in the presence of an added
      alkali metal borate such as borax, form, for example, the metal salt of
      acetic acid, sodium acetate. It has been found that by the process of the
      present invention the borate and osmium compound co-precipitate leaving
      the sodium acetate in the remaining glycol-water-solvent solution. Thus,
      the sodium acetate can be recovered as a crystalline residue upon
      distillation of the solution for the final recovery of the glycol.
PAR  An essential feature of this invention is the co-precipitation of the
      osmium compound, which must be in a reduced Os.sup..sup.+4 state, and the
      borate. The product crude aqueous glycol solution prepared by the osmium
      tetroxide catalyzed oxidation of an olefin may contain osmium compounds in
      the soluble octavalent (OsO.sub.4), soluble reduced hexavalent (OsO.sub.3)
      and insoluble tetravalent (OsO.sub.2) state. The concentration of osmium
      in the aqueous glycol solution will depend on the amount of the octavalent
      osmium catalyst used in the aqueous phase oxidation reaction to produce
      the corresponding glycol. Thus, the amount of osmium in the aqueous glycol
      solution can vary widely, and can range from 1 part per million to 1 per
      cent or more. Since osmium is a costly material the amount used in the
      oxidation reaction and therefore the amount of osmium in the final aqueous
      glycol solution will generally range from 50 to 1000 ppm by weight.
PAR  If the soluble osmium compounds are not reduced to an insoluble
      Os.sup..sup.+4 valency they will remain in solution. As noted hereinabove
      the reduced Os.sup..sup.+4 valence osmium will remain in the aqueous
      glycol solution as a fine suspension or colloid and alone cannot be
      adequately removed by filtration. Involved and complicated process steps
      would be necessary for such removal. However, in the present process the
      reduced osmium compound are co-precipitated with the borate and thus are
      in a filterable form and readily recoverable.
PAR  It is known that OsO.sub.2 is insoluble in water and can be oxidized to its
      higher soluble oxidation state by hydrogen peroxide and many other
      oxidizing agents. It has been found according to the present invention
      that the soluble Os.sup..sup.+8 and Os.sup..sup.+6 valence osmium
      compounds can be reduced in the presence of an aqueous solution of glycol
      such as propylene glycol to the insoluble Os.sup..sup.+4 valence state by
      heating the solution at reflux temperatures of from 90.degree. to
      100.degree.C. The osmium must be in the aqueous glycol solution in order
      to effectively reduce the osmium to the Os.sup..sup.+4 valence state by
      heating. It has also been found that the addition of hydrogen or sodium
      borohydride to the heated glycol solution at reflux temperatures greatly
      aids in the further reduction of the Os.sup..sup.+8 to Os.sup..sup.+4 to
      give higher recovery of the osmium compound when co-precipitated with the
      borate upon the addition of the water soluble organic solvent.
PAR  The amount of water soluble borate in the aqueous glycol solution will
      depend on the amount of borate added to the oxidation reaction solution.
      Thus, the amount of borate in the aqueous glycol solution, for example
      borax, can range from 1 up to 50 per cent but will generally be from 10 to
      40 per cent by weight of the aqueous glycol solution.
PAR  The water soluble organic solvents which can be used in the process of this
      invention for the co-precipitation of the borate and osmium compound from
      the aqueous glycol solution permitting recovery of an essentially pure
      glycol are preferably the lower boiling water soluble organic solvents.
PAR  Solvents having boiling points close to the boiling point of the C.sub.2 to
      C.sub.4 glycol being recovered are to be avoided due to the attendant
      problem of separating the glycol from the final glycol-water-solvent
      mixture. The C.sub.2 to C.sub.4 glycols recovered by the process of this
      invention have boiling points in the range of 188.degree. to 206.degree.C.
      with glycerol boiling at 290.degree.C.
PAR  Thus, the glycols, which in certain processes are utilized as solvents,
      cannot be used in the present process. In addition, the glycols facilitate
      the formation of the borate ester which are soluble in water and are not
      precipitated. The addition of a glycol will shift the equilibrium
      reaction, noted hereinabove, to the right and the borate along with the
      osmium cannot be precipitated.
PAR  Solvents which may form a complex with the borate compound such as amine
      solvents are also to be avoided. Amines are known to be a poison for
      osmium catalyzed oxidation reactions and therefore the borate-osmium
      precipitate containing even very minor amounts of amine could not be
      recovered and recycled to the oxidation reaction without extensive
      purification. Amines also react with borates to form amides which may also
      be soluble in the solution and may not be precipitated.
PAR  Water soluble organic solvents having boiling points well above the boiling
      point of the glycol being recovered are suitable for use in this process.
      Bis[ 2-(2-methoxyethoxy)-ethyl] ether suitable for use in the present
      invention has a reported b.p. of 275.8.degree.C.
PAR  Suitable water soluble organic solvents for use in accordance with the
      present invention include ketones, such as acetone; monohydric alcohols,
      such as methanol, ethanol, t-butanol, isopropanol and n-propanol,
      aliphatic ethers, such as methyl ether ether and
      bis[2-(2-methoxyethoxy)ethyl] ether; cyclic ethers such as dioxane and
      tetrahydrofuran and alkyl nitriles, such as acetonitrile and
      propionitrile. For economic reasons acetone is the preferred solvent. The
      solvents alone or a mixture of the solvents may be used. Partially water
      soluble organic solvents such as methyl ethyl ketone (37 per cent
      solubility in 100 parts water) may also be used in admixture with other
      water soluble organic solvents so long as the solvent mixture is
      infinitely water soluble. Thus, for example, it has been determined that a
      mixture of acetone and methyl ethyl ketone can be used if the acetone is
      in the range of from 50 weight per cent to 90 weight per cent of the
      amount of the two solvents.
PAR  Generally 20 per cent and up to 100 per cent by volume of the water soluble
      organic solvent based on the volume of aqueous glycol solution is added to
      the crude aqueous glycol solution to precipitate the borate and osmium
      compounds. Larger amounts of solvent may be employed, for example, greater
      than 100 per cent by volume based on the volume of the aqueous glycol
      solution but is avoided since there is no apparent improvement in results,
      and accordingly, the addition of excess solvent would only necessitate the
      burdensome recovery of a large volume of solvent during the final
      distillation of water and solvent to recover the essentially pure glycol.
PAR  The water soluble solvents are generally added to the crude aqueous glycol
      solution at room temperature although slightly lower or higher
      temperatures of the glycol solution can be tolerated. At higher
      temperatures the boiling point of the solvent used is such that there is
      no loss of solvent by vaporization at the higher temperatures.
PAR  Although the process of the present invention will be directed to the
      treatment and recovery of propylene glycol from a crude aqueous propylene
      glycol solution containing a borax and osmium compound, it is not intended
      that the process be limited to such glycol solution and those skilled in
      the art will recognize that the present process is broadly applicable to
      the treatment and recovery of other crude glycols such as ethylene glycol,
      butylene glycols, etc. having 2 to 4 carbon atoms which have been prepared
      by the osmium catalytic oxidation of an olefin in the presence of a borate
      as described hereinabove.
DETD
PAR  The following Examples are provided to illustrate the recovery of a glycol
      in accordance with the principles of this invention but are not to be
      construed as limiting the invention in anyway except as indicated by the
      appended claims.
PAC  EXAMPLE I
PAR  A number of runs were made using various water soluble organic solvents to
      precipitate borax from a prepared solution of propylene glycol, borax and
      water. The solution was heated in a round bottom flask equipped with a
      water condenser and magnetic stirrer at 90.degree.C. for 30 minutes. After
      this period the borax had completely dissolved in the solution which was
      poured into an Erlenmeyer flask. 100 ml of water soluble organic solvent
      was added to the solution at room temperature and left overnight. Large
      crystals precipitated out from the solutions and were filtered and washed
      with a small amount of acetone. The crystals melted between
      77.degree.-79.degree.C. (melting point of Na.sub.2 B.sub.4 O.sub.7.
      10H.sub.2 O is 75.degree.C.). In each run essentially 100 per cent of the
      charged propylene glycol remained in the water-solvent-glycol solution.
      The results are shown in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Precipitation of Borax                                                    

     Charge: 15 g. propylene glycol, 25 g. purified borax and 85 g. H.sub.2 O  

     Run No.                                                                   

           Org. Solvent (ml.)                                                  

                           Precipitant, g.                                     

                                    % Recovery of Borax                        

     __________________________________________________________________________

     1     Acetone, 100    21.7     86.8                                       

     2     Acetone, 50 + MEK, 50                                               

                           21.8     87.2                                       

     3     Tertiary butyl alcohol, 100                                         

                           21.1     84.4                                       

     4     Tertiary butyl alcohol, 100                                         

                           19.9     79.6.sup.(1)                               

     5     Tetrahydrofuran, 100                                                

                           21.5     86.0                                       

     6     Dioxane, 100    13.5.sup.(2)                                        

                                    54.0                                       

     7     Bis[2-(2 methoxy-                                                   

           ethoxy)-ethyl]ether, 100                                            

                           19.0.sup.(2)                                        

                                    76.0                                       

     8     Acetone, 100    22.6     90.4.sup.(3)                               

     9     Acetone, 10 ml  22.6     90.1.sup.(4)                               

     __________________________________________________________________________

      .sup.(1) 10 g propylene glycol, 25 g of borax and 90 g H.sub.2 O were use

      in the charge.                                                           

      .sup.(2) M.P.: &gt; 130.degree.C. (due possibly to borate having less than 1

      mols of H.sub.2 O.?                                                      

      .sup.(3) This experiment was carried out first using no organic solvent. 

      No precipitant was observed after the charge solution was left at room   

      temperature overnight. Acetone (100 ml) was then added into this solution

      and immediately, crystalline borax starts to precipitate out.            

      .sup.(4) 5 g propylene glycol, 25 g of borax and 40 g H.sub.2 O were used

      in the charge. This run indicates that a concentrated solution requires  

      less solvent to precipitate the borax.                                   

PAC  EXAMPLE II
PAR  A run was made according to the procedures of Example I except that the
      prepared solution charged consisted of 15 gms. propylene glycol, 25 gms.
      purified borax and 40 gms. of water. 20 ml. of acetone was used to
      precipitate out the borax and the solution filtered. The separation of the
      borax and propylene glycol was almost complete. 98 per cent of the charged
      borax was accounted for in the precipitant (24.4 g.) and 97 per cent of
      the charged proylene glycol remained in the final solution and is
      recovered by distilling off the acetone and water.
PAC  EXAMPLE III
PAR  A number of runs were made using 20 ml acetone as the solvent to
      co-precipitate borax and reduced Os.sup.+.sup.4 osmium compound from a
      prepared solution of propylene glycol, borax, water and an osmium
      tetroxide (OsO.sub.4) solution containing 855 parts per million osmium.
      The solutions were heated at 90.degree.C., the reflux temperature of the
      solution, to reduce the soluble osmium compound to an Os.sup.+.sup.4
      valence insoluble state, cooled to room temperature and the acetone added.
      The co-precipitated borax and osmium were separated by filtration. In run
      number 1, 87.8 per cent of the osmium co-precipitated out with the borax
      with 12.2 per cent of the osmium remaining in the solution due to
      incomplete reduction. The addition of hydrogen (Run No. 2) and sodium
      borohydride (Run No. 3) to the solution during heating at reflux further
      reduced the soluble osmium to the insoluble Os.sup.+.sup.4 valence state
      and gave higher recovery of the osmium. In each run essentially 100 per
      cent of the charged propylene glycol remained in the water-solvent-glycol
      solution and was recovered by distilling off the acetone and water.
PAR  The results are shown in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Precipitation of Borax and Osmium                                         

     Charge: 15 g PG, 25 g purified borax and 40 ml H.sub.2 O/Os solution, 855 

     ppm Os                                                                    

                                 (1)       % of the charged                    

     Run No.                                                                   

           Conditions    Precipitant, g                                        

                                 Filtrate, g, (Os)                             

                                           Os in Precipitant                   

     __________________________________________________________________________

     1     Heated at 90.degree.C.                                              

           for 11/2  hours                                                     

                         22.9    52.2 (80 ppm)                                 

                                           87.8                                

     2     Heated at 90.degree.C.                                              

           for 2 hours with                                                    

           H.sub.2 bubbling into                                               

           the solution  21.7    62.6 (53 ppm)                                 

                                           90.3                                

     3     Heated at 90.degree.C. for                                          

           10 min. Into this                                                   

           solution, 0.5 g of                                                  

           NaBH.sub.4 was added and the                                        

           solution was heated for                                             

           additional 10 min.                                                  

                         24.4    48.8 (53 ppm)                                 

                                           92.4                                

     __________________________________________________________________________

      (1) 20 ml of acetone were used to precipitate the borax and the Os.      

PAC  EXAMPLE IV
PAR  A run was made according to the procedures of Example I except that the
      prepared solution charged consisted of 15 grams propylene glycol, 25 grams
      purified borax, 45 grams of water and 1 gram of sodium acetate. 20 ml. of
      acetone was used to preciptitate out the borax (22.6 gram precipitant with
      90.6 per cent borax recovery) and the solution filtered. NMR analysis
      showed that 90 per cent of the charged sodium acetate remined in the
      water-solvent-glycol solution and was recovered as a crystalline residue
      by distillation of the solution to recover the glycol.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the recovery of glycols or glycerol having from 2 to 4
      carbon atoms in the molecule from an aqueous solution containing said
      glycol or glycerol, a dissolved borate and osmium compounds derived from
      the aqueous phase oxidation of a C.sub.2 -C.sub.4 olefinic compound
      selected from the group consisting of ethylene, propylene, allyl alcohol
      and butylene with molecular oxygen in the presence of an octavalent osmium
      catalyst and an alkali metal borate which comprises the steps of:
PA1  adding to the aqueous solution at least one water soluble organic solvent
      selected from the group consisting of lower alkanones, lower alkanols,
      lower alkyl ethers and cyclic ethers containing only carbon, hydrogen and
      oxygen, and lower alkyl nitriles to co-precipitate borate and reduced
      osmium compounds from said solution;
PA1  separating the precipitated borate and osmium compounds from said solution
      to form a water-solvent-glycol mixture containing a minor amount of an
      alkali metal acetate; and
PA1  distilling said mixture to separate water and solvent and recovering the
      desired glycol or glycerol.
NUM  2.
PAR  2. A process according to claim 1 wherein the solvent is a mixture of water
      soluble organic solvents.
NUM  3.
PAR  3. A process according to claim 2 wherein one of the solvents is acetone
      and the other solvent is methyl ethyl ketone and the acetone ranges from
      50 weight per cent to 90 weight per cent of the amount of the two
      solvents.
NUM  4.
PAR  4. A process according to claim 1 wherein said precipitated borate and
      osmium compounds are separated by filtration or centrifugation to form a
      water-solvent-glycol mixture containing a minor amount of an alkali metal
      acetate.
NUM  5.
PAR  5. A process according to claim 1 wherein the borate is borax having the
      molecular formula Na.sub.2 B.sub.4 O.sub.7. 10H.sub.2 O.
NUM  6.
PAR  6. A process according to claim 1 wherein soluble osmium compound contained
      in the aqueous solution is reduced to a water insoluble Os.sup.+.sup.4
      tetravalent state prior to coprecipitation with the borate.
NUM  7.
PAR  7. A process according to claim 6 wherein the aqueous solution is heated at
      reflux temperature to reduce soluble osmium compound to a water insoluble
      Os.sup.+.sup.4 tetravalent state.
NUM  8.
PAR  8. A process according to claim 2 wherein hydrogen is bubbled into the
      heated aqueous solution to aid in the reduction of the soluble osmium
      compound to said water insoluble state.
NUM  9.
PAR  9. A process according to claim 7 wherein sodium borohydride is added to
      the heated aqueous solution to aid in the reduction of the soluble osmium
      compound to said water insoluble state.
NUM  10.
PAR  10. A process according to claim 1 wherein the aqueous solution contains
      propylene glycol, dissolved borax and a reduced osmium compound and
      acetone is added to said aqueous solution to co-precipitate said borate
      and osmium compounds from said solution.
NUM  11.
PAR  11. A process according to claim 1 wherein following the distilling to
      separate water and solvent, the solution of glycol or glycerol is
      distilled for final recovery of glycol or glycerol.
NUM  12.
PAR  12. A method according to claim 1 wherein the alkali metal borate is
      selected from the group consisting of sodium, potassium and lithium
      borates.
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ABST
PAL  Cyclo-olefins are converted in high yield to the corresponding
      chloro-nitroso dimers by dissolving the cyclo-olefin in liquid SO.sub.2
      and contacting with NOCl while maintaining a substantially oxygen-free
      environment. Even higher yields are attained by controlling the gradual
      addition of the NOCl and by using a molar ratio of NOCl to cyclo-olefin of
      less than about 0.92:1.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  This invention relates to an improvement in a method for converting
      cyclo-olefins to nitrosochlorides, particularly for converting
      cyclo-olefins to the corresponding chloronitrosodimers using sulfur
      dioxide as solvent. These dimers are useful as monomer precursors for
      polyamides or in a variety of other applications. In particular, the
      2-chloro-1-nitrosocyclohexane dimer is a valuable intermediate in the
      synthetic production of lysine.
PAR  II. Description of the Prior Art
PAR  The reaction of nitrosyl chloride with olefins has been studied intensively
      and has played a major role in the structure determination and
      identification of terpenes. Depending on experimental conditions and
      olefin structures, the reaction leads to 2-chloro-1-nitrosoalkane dimers,
      chloro-oximes, chloronitro compounds, dichloro compounds, dichloronitroso
      compounds and nitro-nitroso compounds.
PAR  More specifically, the dimer derived from cyclohexene,
      2-chloro-1-nitroso-cyclohexane dimer (CNCD), was first reported by Bayer
      in 1894. In 1948, R. K. Allison disclosed in U.S. Pat. No. 2,485,180 a
      significant improvement in the synthesis of CNCD and terpene derived
      dimers by using liquid SO.sub.2 as the reaction solvent at preferred
      temperatures between -40.degree. and -60.degree.C. By using molar ratios
      of NOCl to olefin within the ranges of 0.892 to 1.2, relatively low yields
      (i.e. less than 75%) of dimer, were obtained with the reported poorest
      yields at molar ratios less than 1.0, and with the remainder of the
      reaction mixture consisting essentially of undesired addition by-products.
PAR  Experimental evidence in the literature indicates that the chloro-nitroso
      dimer obtained from liquid SO.sub.2 solvent is the result of a trans
      addition of NOCl to the double bond and the structure has accordingly been
      assigned trans -2,2'-dichlorotrans-azodioxycyclohexane. Further evidence
      indicates that the Cl--NO interaction is strong in the diaxial form and
      dipole repulsion equally strong in the equatorial form so as to imply the
      presence of the following three conformers:
      ##SPC1##
PAR  Allison's work has been repeated or modified by Ohno et al. as shown in
      Tetrahedron, Letters 43, 4047-4052, 1965 and by Yoshida in Tetrahedron,
      Letters 32, 2763-2766, 1965 wherein dimer yields remain substantially low,
      i.e. in the range of 60-80 mole percent.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the procedures of the present invention, we have
      provided a method for the conversion of cyclic olefins to the
      corresponding nitrosochloride dimers in heretofore unachieved yields of up
      to 90 mole percent or greater. These yields have been achieved by
      operating in the absence of oxygen, either in its free form or as
      peroxidic compounds. In addition to maintaining a substantially
      oxygen-free environment, we have found that preferred operating conditions
      also include use of a NOCl/cyclo-olefin ratio of less than 0.95/1 and a
      gradual addition of the nitrosating agent to the reaction mixture so as to
      prevent the build up of excess unreacted NOCl in the system.
PAR  We have discovered that by maintaining a substantially oxygen-free
      environment throughout the reaction, the formation of any polysulfone
      oligomers resulting from the free radical copolymerization of SO.sub.2 and
      the cyclo-olefin is suppressed. For the purposes of this invention, the
      term "substantially oxygen-free environment" is meant to include the
      absence of oxygen both as elemental oxygen in the reaction environment and
      in the form of any peroxidic compounds in the reactant materials. Thus, a
      substantially oxygen-free environment can be attained by careful
      purification of the cyclo-olefin and NOCl starting material to remove any
      peroxides and by exclusion of air during the reaction. We have further
      found that when formation of the sulfur dioxide-cyclo-olefin polysulfone
      adduct is suppressed, the ratio of NOCl/cyclo-olefin is lowered to about
      0.49-0.92 and the reaction temperature raised without affecting high dimer
      yields thereby affording substantially greater economy in processing.
PAR  Thus, according to this invention, definite and unobvious advantages are
      derived because by-product formation resulting during the addition of NOCl
      to cyclo-olefins is substantially reduced and the yield of dimer product
      correspondingly increased.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  This invention is directed generally to the nitroso-chlorination of a
      single cyclo-olefin or admixtures thereof particularly to the
      nitrosochlorination of cycloalkenes and terpene-derived cyclo-olefins,
      e.g. cyclohexene, cycloheptene, cyclooctene, methyl cyclohexene,
      8,9-dihydrolimonene, d-or l-limonene dipentine, .alpha.-or .beta.-pinene,
      or the like. It is advisable that the cyclo-olefin have but one double
      bond, although cyclo-olefins with a multiplicity of double bonds such as
      cyclopentadiene may also be used as starting material in accordance with
      the invention.
PAR  Oxygen may be removed from the cyclo-olefin system using any conventional
      methods, preferably by purging the reaction mixture with nitrogen prior to
      introduction of NOCl. It is also desirable to treat the cyclo-olefin by
      washing with a basic reducing medium and distilling under oxygen-free
      conditions, as for example distilling over metallic sodium under a
      nitrogen atmosphere. The peroxides may also be readily removed from the
      NOCl material by passing through an absorbent medium and purging with
      N.sub.2 prior to introduction into the reaction mixture.
PAR  Although relatively high yields are obtainable by merely operating in a
      substantially oxygen and peroxide free environment, we have further found
      that even higher yields are obtained by carefully controlling the addition
      of the NOCl reactant to avoid build up of excess unreacted NOCl in the
      system and by maintaining the rate of conversion of the cyclo-olefin to
      less than 100%.
PAR  The gradual, controlled addition of NOCl is most readily accomplished by
      utilizing gaseous NOCl or mixtures of gaseous nitrous oxide and chlorine
      which are fed on a demand basis from a separate vessel into the reaction
      medium containing the SO.sub.2 and cyclo-olefin or by maintaining an
      atmosphere of NOCl above the surface of the stirred reaction mixture. In
      general, we have found that the amount of unreacted NOCl in the reaction
      mixture at any one time should comprise less than about 5% relative to the
      total amount of NOCl used in the reaction. Addition methods which employ
      the bubbling of NOCl through the reaction mixture or the use of liquid
      NOCl are not preferred since these methods result in a high local
      concentration of unreacted NOCl.
PAR  If the presence of unreacted NOCl is to be avoided, it is obvious that the
      molar equivalent of NOCl present should be less than the molar equivalent
      of the cyclo-olefin present so that the conversion of the cyclo-olefin is
      less than 100%, preferably, less than about 92%. In particular, we have
      found that the use of molar ratios of NOCl to cyclo-olefin in the range of
      about 0.49:1 to 0.92:1 give superior yields. The presence of excess
      cyclo-olefin thus ensures that the desired chloronitroso product does not
      react in a consecutive reaction with NOCl and produce undesired
      by-products. The unreacted excess cyclo-olefin may be readily recycled
      together with the solvent.
PAR  By utilizing the novel procedure of the present invention, we have been
      able to obtain the desired yields at reaction temperatures as high as
      -10.degree. to -40.degree.C., a considerable improvement over previous
      methods which had preferred operating temperatures of -40.degree. to
      -60.degree.C. The desired temperatures may be obtained by using SO.sub.2
      as an internal refrigerant and refluxing the liquid solvent under reduced
      pressure. In such a system, although the heat of reaction between the
      cyclo-olefin and NOCl is substantial, it is dissipated as the latent heat
      of vaporization of the SO.sub.2. Refrigeration is applied herein only at
      the surface of the reflux condenser and the condensed SO.sub.2 is allowed
      to return to the reaction mixture.
PAR  Recovery of the nitrosochloride dimer after completion of the reaction is
      most conveniently carried out by diluting with a solvent such as diethyl
      cellosolve and flash evaporating to remove the SO.sub.2 and any excess
      cyclo-olefin. It is preferred that this flash evaporation be done at low
      temperatures (i.e. less than about 50.degree.C.) so as to minimize
      dissociation and isomerization of the dimer to 2-chloro-oxime. The slurry
      of the chloro-nitroso dimer crystals is cooled and filtered or centrifuged
      and washed with the same solvent. The combined liquors are sent to a
      column where solvent and traces of cyclo-olefin are removed and recycled
      to the reactor. After elimination of by-products, the chloro-nitroso dimer
      can be further purified by recrystallization (e.g. from hexane) or it may
      be further processed, as by reaction with ammonia as required for the
      desired end-product.
DETD
PAR  The invention will be further illustrated by the following examples.
PAC  EXAMPLE 1 (COMPARATIVE)
PAR  This example is presented to show the yield of chloronitroso dimer obtained
      using the method currently employed in the art.
PAR  84g. (1.02 mol) cyclohexene (99 mol % purity) were charged into a one
      liter, three neck flask equipped with a magnetic stirrer, thermometer, dry
      ice condenser and nitrogen by-pass. 350ml. liquid SO.sub.2 were then
      condensed directly into the flask and 50ml. NOCl (1.08 mol) distilled in
      over a period of 20 minutes with the reaction mixture maintained at
      -45.degree.C. The reaction mixture was stirred for an additional 25
      minutes at -50.degree.C., then 250ml. methanol were added and the liquid
      SO.sub.2 allowed to distill off at about 25.degree.C. The resulting
      mixture was crystallized and gave a yield of 73mol % 2-chloro 1-nitroso
      cyclohexane dimer.
PAC  EXAMPLE 2
PAR  An air-tight reactor was used consisting of a 500ml. four neck, round
      bottom flask provided with mechanical stirrer, dry-ice condenser attached
      to a nitrogen by-pass and bubbler, a thermometer and a gas inlet tube. The
      reactor was flushed with N.sub.2 for one-half hour, then the gas inlet
      stopcock was closed and the atmosphere of nitrogen maintained by the
      nitrogen by-pass above the dry-ice condenser. The reactor was then cooled
      in dry ice, the condenser charged with dry ice-acetone mixture and 250ml.
      liquid SO.sub.2 were condensed into the reactor through the dry-ice
      condenser, after which 70.63g. cyclohexene (0.8599 mol), which had
      previously been washed with 10% aqueous NaOH and distilled over metallic
      Na under a nitrogen atmosphere, were added.
PAR  A second round bottom flask of 125ml. capacity, with ball and socket joint
      surmounting a Teflon stopcock through which a nitrogen by-pass was
      maintained was cooled. Then 38.47g. NOCl (0.587 mol) was passed through a
      trap containing NaNO.sub.2, then moist KCl and finally CaCl.sub.2 and into
      the second flask.
PAR  The NOCl flask was then attached to the delivery system of the first
      reactor using air-tight connections. The gaseous NOCl was added over a
      period of 1.28 hr. while the reaction temperature was maintained at
      -40.degree.C. using a cooling bath. After delivery of the NOCl, the
      reaction temperature and stirring were maintained for an additional 15
      minutes. Then, 100ml. hexane was added and the slurry evaporated at
      reduced pressure in a flash evaporator. The residue was treated with
      500ml. hexane and the solvent again distilled off at reduced pressure to
      ensure elimination of traces of SO.sub.2. The solids were then triturated
      with 500ml. hexane, the slurry cooled to -30.degree.C. and filtered on a
      precooled filter. The filter cake was washed with 100ml. of precooled
      hexane, dried in vacuum and weighed. The filtrate was concentrated and
      deposited some additional impure CNCD on standing. This was filtered off
      and the final filtrate was evaporated in a vacuum leaving a greenblue oil.
      The resulting yield was 80.23g. representing 89.4 mol% recovery based on
      the total cyclohexene reacted.
PAR  In order to determine the purity of this product, the methanol insoluble
      materials or polysulfones were isolated by boiling a portion of the crude
      crystals with methanol for 10 min. and filtering hot. The resulting
      residue showed only 1.6% methanol insolubles based on the total
      cyclohexene reacted.
PAC  EXAMPLE 3
PAR  This example is presented to show that even relatively low
      NOCl/cyclo-olefin ratios can produce high yields of exceptionally pure
      chloro-nitroso dimer when the reaction conditions of the present example
      are maintained.
PAR  The procedure of Example 2 was repeated using amounts of NOCl and
      cyclohexene sufficient to give a molar ratio of 0.49. The reaction
      temperature was maintained at -40.degree.C. for the 1.65 hours during
      which the NOCl was added and the reaction occurred. A yield of 85.8%
      2-chloro-1-nitroso cyclohexene dimer was obtained. When analyzed for
      polysulfones, only 3.5% methanol insoluble material was recovered.
PAC  EXAMPLE 4 (COMPARATIVE)
PAR  This example is presented to show the criticality of operating in an
      oxygen-free environment in order to suppress formation of undesired
      polysulfone by-products. The procedure of Example 3 was repeated using an
      NOCl/cyclo-olefin ratio of 0.49 and temperature of -40.degree.C. but no
      attempt was made to prevent admission of oxygen and oxygen was admitted to
      the reaction during the gradual addition of the NOCl. This procedure gave
      a yield of 93.5% crude product but upon analysis, undesired
      methanol-insoluble polysulfone by-products were found to represent 14% of
      this crude product, thus substantially reducing the effective yield of the
      desired 2-chloro-1-nitroso cyclohexane dimer.
PAC  EXAMPLE 5-7
PAR  The procedure of Example 2 was repeated varying the molar ratio and
      temperature conditions employed. The results are shown in Table I together
      with those obtained in Examples 1-4.
TBL  __________________________________________________________________________

                                          YIELD OF                             

                                          MeOH                                 

                        TOTAL                                                  

                             C.sub.6 H.sub.10                                  

                                    YIELD INSOLUBLES                           

            NOCl/C.sub.6 H.sub.10                                              

                   TEMP.                                                       

                        TIME CONVERSION                                        

                                    BASED ON                                   

                                          BASED ON                             

     EXAMPLE                                                                   

            MOL/MOL                                                            

                   .degree.C.                                                  

                        HOURS                                                  

                             MOL.%  C.sub.6 H.sub.10                           

                                          C.sub.6 H.sub.10                     

     __________________________________________________________________________

     comparative)                                                              

            1.06   -45  0.75 95     73    --                                   

     2      0.68   -40  1.63 69.4   89.4  1.6                                  

     3      0.49   -40  1.65 51.8   85.8  3.5                                  

     4                                                                         

     comparative)                                                              

            0.49   -40  1.65 49.3   93.5  14.0                                 

     5      0.81   -40  2.25 81     88.3  0                                    

     6      0.59   -40  1.75 63.2   84.6  7.2                                  

     7      0.67   -30  1.75 67     89.6  0                                    

     __________________________________________________________________________

PAC  EXAMPLE 8
PAR  The procedure of Example 2 can be carried out using the cyclo-olefins
      listed in Table II instead of cyclohexene thereby producing the
      corresponding chloronitroso products.
PAC  Table II
PA1  Cyclo-olefin
PA1  Cyclo-octene
PA1  Cycloheptene
PA1  d-limonene
PA1  1-methyl cyclohexene
PA1  cyclopentadiene
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for the nitrosochlorination of cyclo-olefins wherein a
      cyclo-olefin is dissolved in liquid sulfur dioxide and contacted with NOCl
      at a reaction temperature below -10.degree.C, the improvement which
      comprises maintaining a substantially oxygen-free environment throughout
      the reaction by excluding air and peroxides and thereafter separating the
      resulting nitrosochloride.
NUM  2.
PAR  2. The process of claim 1 wherein the reaction mixture is purged with
      nitrogen prior to introduction of the NOCl.
NUM  3.
PAR  3. The process of claim 1 wherein the molar ratio of NOCl to cyclo-olefin
      is in the range of about 0.49:1 to 0.92:1.
NUM  4.
PAR  4. The process of claim 1 wherein the NOCl is added gradually to the
      mixture to prevent build up of free NOCl in the mixture.
NUM  5.
PAR  5. The process of claim 1 wherein the temperature is maintained at about
      -10.degree. to -40.degree.C.
NUM  6.
PAR  6. The process of claim 1 wherein the cyclo-olefin is cyclohexene.
PATN
WKU  039313441
SRC  5
APN  5365732
APT  1
ART  116
APD  19741226
TTL  Bromofluorocyclopropanes
ISD  19760106
NCL  1
ECL  1
EXP  Horwitz; D.
INVT
NAM  Billings; Charles Alden
CTY  Concord
STA  MA
INVT
NAM  O'Neill; Gerald Joseph
CTY  Arlington
STA  MA
INVT
NAM  Simons; Charles William
CTY  Bedford
STA  MA
INVT
NAM  Holdsworth; Robert S.
CTY  Arlington
STA  MA
ASSG
NAM  W. R. Grace & Co.
CTY  Cambridge
STA  MA
COD  02
RLAP
COD  72
APN  499761
APD  19740822
PSC  04
CLAS
OCL  260648F
XCL  424352
EDF  2
ICL  C07C 2304
FSC  260
FSS  648 F
UREF
PNO  3865950
ISD  19750200
NAM  O'Neill et al.
OCL  260648F
OREF
PAL  Seyferth et al., Chem. Abstracts 78, 159781n, (1973).
PAL  Chem. Abstracts, Vol. 78, Chemical Substance Index, 1368 CS Rt. Hand Column
      (1973).
LREP
FR2  McMillan; Armand
FR2  Parker; C. E.
ABST
PAL  The following newly synthesized bromofluoromethylcyclopropanes have been
      found to possess utility as general inhalation anesthetics:
      1-bromo-1,2-difluoro-2-methylcyclopropane and
      1-bromo-1-fluoro-2-methylcyclopropane.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 499,761
      filed on Aug. 22, 1974.
BSUM
PAC  THE PRIOR ART
PAR  Although a certain number of halogenated hydrocarbon compounds, including
      some bromocyclopropanes and methylcyclopropanes, have joined the ranks of
      useful anesthetics in the recent past, little has been added to the
      understanding of the mode of action of chemicals in this physiological
      role, so that the relationships of the structural differences between
      fairly similar compounds with either their deleterious, inert or
      therapeutic properties remain substantially unidentified. At this stage in
      the art, therefore, the discovery of additional substances possessing a
      desirable combination of physical, chemical and physiological properties
      for anesthetic purposes still lies beyond the scope of routine expertise.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that two newly synthesized
      bromofluoromethylcyclopropanes possess high potency as general anesthetics
      when administered in inhalation-anesthetic-susceptible organisms. They
      are: 1-bromo-1,2-difluoro-2-methylcyclopropane and
      1-bromo-1-fluoro-2-methylcyclopropane.
PAC  DETAILED DESCRIPTION
PAR  The compounds which constitute the basis of this invention may be prepared
      by any of several methods depending on the availability of starting
      materials and on the yield considered acceptable under the circumstances.
      These methods ultimately involve a catalyzed cyclization reaction between
      a suitable halocarbene (:CZY) and an appropriate olefinic compound:
      ##EQU1##
      The halocarbene can be generated by the decomposition of the appropriate
      phenyl (trihalomethyl) mercury compound, according to the method of D.
      Seyferth et al. [J. Am. Chem. Soc. 87, 4259-70 (1965)]. However, the
      actual method employed in the present instance, as described in the
      following examples, is an adaptation of a known procedure for the general
      synthesis of gem-dihalocyclopropanes [Synthesis 2, 112 (1973)].
PAR  The methylbromocyclopropanes of the invention were prepared by the
      cyclization of the carbene :CFBr with an appropriate olefin. The carbene
      was prepared in concentrated sodium hydroxide solution from
      dibromofluoromethane with the assistance of an ionic salt such as
      triethylbenzlammonium bromide. The reactions involved are:
EQU  R.sub.4 N.sup.+X.sup.- + OH.sup.-.fwdarw. R.sub.4 N.sup.+O.sup.-H +
      X.sup.-(1)
EQU  CHFBr.sub.2 + R.sub.4 N.sup.+O.sup.-H.revreaction. CF.sup.-BR.sub.2 R.sub.4
      N.sup.+ + H.sub.2 O                                       (2)
EQU  CFBr.sub.2 R.sub.4 N.sup.+.fwdarw. :CFBr + R.sub.4 N.sup.+BR.sup.-(3)
PAL  The quaternary ammonium hydroxide formed (1), being insoluble in the
      reaction mixture, migrates to the boundary between the aqueous and the
      organic phases where it reacts with the trihalomethane to yield the
      quaternary ammonium derivative of the trihalomethyl anion (2). After
      diffusion into the organic phase, the derivative is transformed (3) into
      the carbene :CFBr and the catalyst halide. The carbene then reacts with
      the olefin to yield a cyclopropane. The olefins used and the products
      obtained are listed in Table I.
DETD
PAC  EXAMPLE 1
PAR  1-Bromo-1,2-difluoro-2-methylcyclopropane can be prepared as follows: 50%
      aqueous sodium hydroxide, 125 ml, is placed in a 300 ml stainless steel
      autoclave with triethylbenzylammonium bromide, 1.0 g,
      dibromofluoromethane, 0.60 mole, and 2-fluoropropene, 0.70 mole. The
      contents of the autoclave are stirred at ambient temperature until all the
      halogenated methane has been consumed, in this case a period of about 24
      hours. The reaction mixture is then vacuum distilled to collect the
      organic phase and the distillate is further refined by redistillation
      after separation of entrained water. Clear colorless liquid
      1-bromo-1,2-difluoro-2-methylcyclopropane is obtained, as identified by
      specific gravity and boiling point (Table 2), in a yield of 35%, based on
      the methane.
PAC  EXAMPLE 2
PAR  1-Bromo-1-fluoro-2-methylcyclopropane can be prepared in the manner of
      Example 1 , except that propylene is used instead of its 2-fluoro analog.
      A yield of 29% was obtained, based on the methane.
PAR  The olefinic starting material and the product obtained in this and the
      other example are listed in the following table.
TBL                TABLE 1                                                     

     ______________________________________                                    

     PREPARATION OF METHYLBROMOFLUOROCYCLOPROPANES                             

     Ex.   Olefin       Product                                                

                                 Spec.   Boiling                               

                  Yield*                                                       

                        Mol. Wt. Gravity Point                                 

     ______________________________________                                    

     1     2-Fluoropropene                                                     

                        1-Br-1,2-diF-2-methylcyclopropane                      

                  34%   171.00   1.568.sup.20                                  

                                         90.degree.                            

     2     Propylene    1-Br-1-F-2-methylcyclopropane                          

                  29%   153.01   1.458.sup.20                                  

                                         85.degree.                            

     ______________________________________                                    

      *These yields are calculated on dibromofluoromethane basis.              

PAR  The cyclopropanes shown in Table 1 are clear liquids at room temperature.
      They can be stored in containers of the type commonly used for
      conventional anesthetics of comparable boiling point, e.g. halothane, and
      they can be administered by means of apparatus or machines designed to
      vaporize liquid anesthetics and mix them with air, oxygen or other gaseous
      combinations in proportions capable of supporting respiration.
PAC  EXAMPLES 3 and 4
PAR  The physiological effects of the cyclopropanes prepared in the preceding
      examples were demonstrated as follows, using a standard test for
      evaluation of inhalation anesthetics similar to that described in Robbins
      [J. Pharmacology and Experimental Therapeutics 86, 197 (1946)].
PAR  Mice were exposed to the anesthetic for a period of 10 minutes in a
      rotating drum. Observations were then made of the pinch reflex, the
      corneal reflex and the return of the righting reflex. At least four graded
      doses were employed to determine the minimum concentration required to
      anesthetize 50% of the mice used (AC.sub.50) and the minimum concentration
      required to kill 50% of the mice (LC.sub.50). The anesthetic index (AI)
      was then calculated from these minimum concentrations. The results of
      these tests are summarized in the following table.
TBL                TABLE 2                                                     

     ______________________________________                                    

     ANESTHETIC PROPERTIES OF METHYLBROMOFLUOROCYCLOPROPANES                   

     Ex.   Cyclopropane    AC.sub.50                                           

                                   LC.sub.50                                   

                                         AI                                    

                     (%) volume)                                               

                               (LC.sub.50 /AC.sub.50)                          

     ______________________________________                                    

     3     1-Br-1,2-diF-2-methyl                                               

                           0.5%    5%    10                                    

     4     1-Br-1-F-2-methyl                                                   

                           &lt; 2%     4-6%*                                      

                                         &gt;2                                    

     ______________________________________                                    

      *When two figures are given, the actual value lies between them.         

PAR  As these results indicate, two new effective anesthetic agents have been
      contributed to the art. It is contemplated that they may be used in
      admixture with pharmaceutically acceptable diluents and stabilizers such
      as thymol, or in combination with one or more of the known inhalation
      anesthetics, e.g. nitrous oxide, ether, halothane, chloroform,
      methoxyflurane and the like. Other variations can be carried out in either
      preparation or the administration of the compounds to accomodate factors
      such as, for instance, economic considerations, level and duration of
      anesthesia desired and subject treated. Such variations fall within the
      scope of the present invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. 1-Bromo-1,2-difluoro-2-methylcyclopropane.
PATN
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TTL  Hydrogenation and hydrodealkylation process
ISD  19760106
NCL  14
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NAM  Pfefferle
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NAM  Merrill et al.
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UREF
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NAM  Smirnov et al.
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UREF
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UREF
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UREF
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LREP
FRM  Holman & Stern
ABST
PAL  Hydrogenation and hydrodealkylation catalysts of aromatic hydrocarbons
      comprising a palladium alloy with molybdenum, containing from 0.1 to 30
      percent by weight of molybdenum.
PAL  The catalyst can be manufactured in the form of powders, blacks, membranes,
      foils or tubes and employed in the processes of hydrogenation and
      hydrodealkylation of aromatic hydrocarbons carried out either separately
      or simultaneously.
PARN
PAR  This is a division of our copending application Ser. No. 92,195 filed Nov.
      23, 1970 now U.S. Pat. No. 3,799,889 granted Nov. 26, 1974.
BSUM
PAR  The present invention relates to the production of catalysts, and more
      particularly concerns catalysts for the hydrogenation and the
      hydrodealkylation of aromatic hydrocarbons. The invention may be applied
      in the production of monomers for the preparation of synthetic materials
      and other semi-products.
PAR  Catalysts industrially used for processing hydrocarbons are in the form of
      powders, blacks and granules and usually consist of two or more substances
      or are applied on a support, such as nickel, or platinum on aluminum
      oxide.
PAR  Such catalysts cannot be used as membrane catalysts, i.e. selectively
      permeable to hydrogen but which do not permit the carrying out of
      hydrogenation and hydrodealkylation processes simultaneously without
      mixing the starting materials. These processes are more effectively
      carried out with catalysts in the form of partitions selectively permeable
      only to hydrogen, so that on one side of the partition the process of
      splitting off of hydrogen will take place, and on the other, the process
      for the addition of hydrogen that has penetrated through the partition.
      Palladium alloys containing at least one other element from group VIII of
      the Periodic Table and also including copper, silver, gold and boron were
      suggested for such a partition (See French Pat. Nos. 1,579,529 and
      1,586,678 and also British Pat. Nos. 1,199,683 and 1,234,855), in "a
      membrane catalyst".
PAR  The employment of the above-mentioned catalysts showed that they are of
      sufficient activity and selectivity.
PAR  It is an object of this invention to widen the variety of palladium
      catalysts available to be employed as a partition permselective to
      hydrogen and therefore to extend the application of such catalysts. A
      further object is to improve the heat-resistance of membrane catalysts.
PAR  This said and other objects of the invention are achieved by employing
      catalysts comprising an alloy of palladium with molybdenum. According to
      the invention the palladium alloy contains from 0.1 to 30 weight percent
      of molybdenum. More specific compositions are alloys containing from 2 to
      15 weight percent of molybdenum.
PAR  The said catalysts can be employed as usual in the form of powders, blacks
      or gauzes and also as partitions, for example as membranes, films, foils
      and tubes permselective to hydrogen, for carrying out the hydrogenation,
      and hydrodealkylation processes.
PAR  The introduction of molybdenum into the alloy improves the heat-resistance
      of the catalyst, which is important in the heat-treatment when
      regenerating the catalyst.
PAR  Pure hydrocarbons or hydrocarbons diluted with a flow of nitrogen, argon or
      other gases that do not inhibit the applied catalyst may be used in the
      catalytic converting process.
DETD
PAR  Several examples are presented herein below for a better understanding of
      the invention. In all the examples the flow rate of the vaporised starting
      materials was 1.8 liter/hour. The analysis of the reaction products was
      carried out on a chromatograph.
PAC  EXAMPLE 1
PAC  Hydrogenation of Benzene
PAR  Hydrogenation of benzene to cyclohexane was carried out within a
      temperature range of from 190.degree.-280.degree.C in a hydrogen flow on a
      foil comprising a palladium alloy containing 2 weight percent of
      molybdenum. The weight of catalyst was 3.38 g. The apparent contact area
      is 66.8 cm.sup.2. The cyclohexane yields according to temperature are
      presented in Table I.
TBL  Temperature (.degree.C)                                                   

                     Cyclohexane, mole %                                       

     ______________________________________                                    

     190             6.18                                                      

     208             7.65                                                      

     225             10.1                                                      

     245             12.8                                                      

     280             6.3                                                       

     ______________________________________                                    

PAC  EXAMPLE 2
PAC  Hydrogenation of Benzene
PAR  Hydrogenation of benzene to cyclohexane was carried out within a
      temperature range of from 95.degree.-220.degree.C in a hydrogen flow on a
      foil comprising a palladium alloy containing 15 weight percent of
      molybdenum. The weight of the catalyst was 7.05 g, and the apparent
      contact area was 62 cm.sup.2. The cyclohexane yields according to
      temperature are presented in Table II.
TBL  Temperature (.degree.C)                                                   

                     Cyclohexane, mole %                                       

     ______________________________________                                    

      97             26.6                                                      

     140             30.9                                                      

     155             42.9                                                      

     163             49.7                                                      

     170             50.7                                                      

     177             53.4                                                      

     185             62.3                                                      

     200             72.0                                                      

     210             84.1                                                      

     220             71.0                                                      

     ______________________________________                                    

PAC  EXAMPLE 3
PAC  Hydrodealkylation of Toluene
PAR  Hydrodealkylation of toluene to benzene was carried out within a
      temperature range of from 480.degree.-610.degree.C on a foil comprising a
      palladium alloy containing 2 weight percent of molybdenum. The weight of
      the catalyst was 3.38 g, and apparent contact area, 66.8 cm.sup.2.
PAR  The benzene yields according to temperature are presented in Table III.
TBL  Temperature (.degree.C)                                                   

                      Benzene, mole %                                          

     ______________________________________                                    

     480              5.0                                                      

     500              8.8                                                      

     517              12.5                                                     

     527              13.3                                                     

     547              21.3                                                     

     586              16.2                                                     

     ______________________________________                                    

PAC  EXAMPLE 4
PAC  Hydrodealkylation of Toluene
PAR  Hydrodealkylation of toluene to benzene was carried out on the
      air-activated catalyst used in Example 3, comprising a palladium alloy
      containing 2 weight percent of molybdenum. The activation consisted in
      passing air through the reactor heated to 750.degree.C for 1 hour at a
      flow rate of 2 liter/hour. The catalyst after being blown through with air
      was treated for 2 hours at 500.degree.C with hydrogen fed at a flow rate
      of 1.8 liter/hour. The reaction was run at a temperature range of from
      445.degree.-590.degree.C. The benzene yields according to temperature are
      presented in Table IV.
TBL  Temperature (.degree.C)                                                   

                      Benzene, mole %                                          

     ______________________________________                                    

     445              5.0                                                      

     485              16.1                                                     

     497              17.0                                                     

     537              24.5                                                     

     585              21.2                                                     

     590              15.8                                                     

     ______________________________________                                    

PAR  Comparison between the data of Table 3 and 4 shows that the described
      activation of the palladium-molybdenum catalyst doubles the benzene yield
      from toluene at a temperature of 500.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for the hydrogenation of aromatic hydrocarbons the
      improvement comprising reacting said hydrocarbons under hydrogenation
      conditions including a temperature of 100.degree. to 300.degree.C over a
      catalyst comprising a palladium-molybdenum alloy with a molybdenum content
      in the alloy of 0.1 to 30% by weight, said catalyst being in the form of
      granules, powder, or gauze, or membranes, films, foils or tubes
      selectively permeable only to hydrogen.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein said catalyst has a molybdenum
      content of 2 to 15% by weight.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein said catalyst has a palladium
      content of 98% by weight and a molybdenum content of 2% by weight.
NUM  4.
PAR  4. A method as claimed in claim 1 wherein said catalyst has a palladium
      content of 85% by weight and a molybdenum content of 15% by weight.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein said hydrocarbons are fed
      together with hydrogen into a reactor with said catalyst.
NUM  6.
PAR  6. A method as claimed in claim 1 wherein said hydrocarbons are fed in an
      inert gas flow into a reactor and hydrogen is fed by diffusion through
      said catalyst in the form of membranes, films, foils, or tubes.
NUM  7.
PAR  7. A method as claimed in claim 2 wherein said hydrocarbon is benzene.
NUM  8.
PAR  8. In a method for the hydrodealkylation of aromatic hydrocarbons, the
      improvement comprising reacting said hydrocarbons under hydrodealkylation
      conditions including a temperature of 400.degree. to 650.degree.C over a
      catalyst comprising a palladium-molybdenum alloy having a molybdenum
      content of 0.1 to 30% by weight in the form of granules, powder, or gauze
      or membranes, films, foils, or tubes that are selectively permeable only
      to hydrogen.
NUM  9.
PAR  9. A method as claimed in claim 8 wherein said catalyst has a molybdenum
      content of 2 to 15% by weight.
NUM  10.
PAR  10. A method as claimed in claim 8 wherein said catalyst has a palladium
      content of 98% by weight and a molybdenum content of 2% by weight.
NUM  11.
PAR  11. A method as claimed in claim 8 wherein said catalyst has a palladium
      content of 85% by weight and a molybdenum content of 15% by weight.
NUM  12.
PAR  12. A method as claimed in claim 8 wherein said aromatic hydrocarbons are
      fed together with hydrogen into a reactor with said catalyst.
NUM  13.
PAR  13. A method as claimed in claim 8 wherein said hydrocarbons are fed in an
      inert gas flow and hydrogen is fed by diffusion through said catalyst in
      the form of membranes, tubes, foils, or films.
NUM  14.
PAR  14. A method as claimed in claim 9 wherein said hydrocarbon is toluene.
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ABST
PAL  A polymerizable diene polymer is prepared by reacting a polymerizable
      unsaturated carboxylic acid, anhydride, ester or acid halide with a
      polyhydroxydiene polymer having terminal and pendant hydroxy groups
      obtained from the reaction of one mole of a living polymer having a
      molecular weight of 500 to 10,000 which is prepared by reacting a
      conjugated diolefin or a mixture of said conjugated diolefin and a vinyl
      compound having the formula: CH.sub.2 = CR.sub.1 R.sub.2 wherein R.sub.1
      represents a hydrogen atom or an alkyl group and R.sub.2 represents an
      aryl group or a pyridyl group in the presence of sodium or lithium metal
      or an organo sodium or lithium compound with 0.5 mole to 2.0 moles of
      epichlorohydrin, epibromohydrin, epifluorohydrin, chlorobutylene oxide or
      bromobutylene oxide.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 276,788,
      filed July 31, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a process for producing a reactive liquid
      conjugated diene polymer. More particularly, the invention relates to a
      process for preparing a polymerizable diene polymer from a conjugated
      diene polymer.
PAR  2. Description of the Prior Art
PAR  Various processes for producing conjugated diene polymers containing
      reactive groups such as epoxy, hydroxyl, etc., are well-known to those
      skilled in the art. For instance, processes such as the reaction between a
      large excess of epichlorohydrin and a living polymer such as
      polybutadiene, and the reaction of a polyepoxide such as limonene
      diepoxide with living polybutadiene are well-known. However, deficiencies
      are inherent in the products of both reactions. The polymers prepared by
      the former process have reactive groups only at the terminal of the
      polymer, which results in a polymer difficult to cure. The polymers
      prepared by the latter process can be cured, but the cured polymers are
      much too brittle. Therefore, these products have not been of much
      commercial value.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a process for
      producing a conjugated diene polymer containing pendant reactive moieties
      such as an hydroxyl group, a carboxyl group or a polymerizable unsaturated
      bond in the polymer chain.
PAR  It is another object of this invention to provide a process for producing a
      liquid conjugated diene polymer which is easily processed.
PAR  Yet another object of this invention is to provide a process for producing
      a polymerizable diene polymer which is easily cured from a liquid
      conjugated diene polymer to form various products from rubber-like
      elastomers to hard resins by treating the reactive group in the chain with
      a compatible curing agent.
PAR  Still another object of this invention is to provide a process for
      preparing a conjugated diene polymer useful in various applications such
      as electric insulators, sealers, shock absorbers, etc.
PAR  Briefly, these objects and other objects of the invention as hereinafter
      will become more readily apparent can be attained by a process for
      preparing a polymerizable diene polymer by reacting a polymerizable
      unsaturated carboxylic acid, anhydride, ester or acid halide with a
      polyhydroxydiene polymer having terminal and pendant hydroxy groups
      obtained from the reaction of one mole of a living polymer having a
      molecular weight of 500 to 10,000 which is prepared by reacting a
      conjugated diolefin or a mixture of said conjugated diolefin and a vinyl
      compounds having the formula: CH.sub.2 = CR.sub.1 R.sub.2 wherein R.sub.1
      represents a hydrogen atom or an alkyl group and R.sub.2 represents an
      aryl group or a pyridyl group in the presence of sodium or lithium metal
      or an organo sodium or lithium compound with 0.5 mole to 2.0 moles of
      epichlorohydrin epibromohydrin, epifluorohydrin, chlorobutylene oxide or
      bromobutylene oxide.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The living polymers used as the starting material in this invention are
      liquid polymers having an alkali metal at both ends of the polymer. The
      polymers are prepared by reacting an alkali metal or an organo-alkali
      metal compound with a conjugated diolefin or a mixture of a conjugated
      diolefin and a vinyl compound and range in molecular weight from 500 to
      10,000, and especially from 1,000 to 5,000. In order to prepare cured
      polymeric products having excellent low temperature characteristics, it is
      preferable to have a greater content of conjugated diolefin or diene units
      in the living conjugated diene polymer than vinyl units, and especially
      preferable to have 30 percent more diene units than vinyl units. The
      conjugated dienes, which are used as the monomer starting material of the
      liquid living polymer, can be butadiene-1,3; 2-methylbutadiene-1,3;
      pentadiene-1,3; 2,3-dimethylbutadiene-1,3; 1-phenylbutadiene-1,3; etc.
PAR  Vinyl compounds having the formula: CH.sub.2 = CR.sub.1 R.sub.2 used in
      conjunction with a conjugated diene can be vinyl aromatic compounds such
      as styrene, .alpha.-methylstyrene, tert-butylstyrene, paramethoxystyrene
      and vinyltoluene; and vinyl pyridines such as 2-vinylpyridine and
      4-vinylpyridine. The amount of the vinyl compound employed is dependent
      upon the physical characteristics desired in the cured product polymers
      and is usually less than 75 weight percent, preferably less than 50 weight
      percent and especially less than 25 weight percent based on the total
      monomer content of the product polymers.
PAR  The alkali metal used as the initiator in the process can be lithium,
      sodium, potassium, rubidium, cesium, etc. The organoalkali metal compounds
      used as the initiator can be an alkali metal complex of naphthalene,
      anthracene and biphenyl; a complex of dienes, such as the dimer, trimer
      and tetramer lithium complex of butadiene and isoprene; a complex of
      styrene and a dialkali metal hydrocarbon compound such as 1,4-dialkali
      metal butane; 1,5-dialkali metal pentane; 1,10-dialkali metal decane,
      1,2-dialkali metal-1,2-diphenylethane, 1,4-dialkali
      metal-1,1,4,4-tetraphenylbutane. When a liquid living conjugated diene
      polymer having a high content of diene units is desired, lithium metal or
      organolithium compounds such as the dimeric lithium complexes of butadiene
      or isoprene are preferably used.
PAR  The alkali metal complexes of conjugated dienes can be prepared by the
      following process. An alkali metal is reacted with a polycyclic aromatic
      compound at -20.degree..about.30.degree.C, preferably
      0.degree.-25.degree.C, in a diluent to form an alkali metal complex of the
      polycyclic aromatic compound. The polycyclic aromatic compound can be
      naphthalene, biphenyl, phenanthrene, anthracene, etc., and is usually
      employed in the diluent at concentrations ranging from 200 to 500 millimol
      per litre. The polycyclic aromatic compound-alkali metal adduct is
      filtered to remove unreacted alkali metal, and then is reacted with any
      one of said conjugated dienes. It is necessary to conduct the reaction at
      temperatures lower than 0.degree.C to prevent the formation of higher
      polymerization products of the conjugated diene. Preferably, the reaction
      is conducted at temperatures lower than -20.degree.C and as low as
      -78.degree.C. Suitable diluents include aprotonic Lewis bases such as
      aliphatic ethers, alicyclic ethers, aliphatic polyethers, aromatic ring
      containing ethers and tertiary amines. Specific examples include dimethyl
      ether, methylethyl ether, diethyl ether, diisopropyl ether,
      tetrahydrofuran, dioxane, diethyleneglycol dimethyl ether, ethyleneglycol
      dimethyl ether, anisole, ethylphenyl ether, trimethylamine, triethylamine,
      dimethylaniline, etc. Economic advantages are realized when the diluents
      are mixed with a hydrocarbon such as hexane, heptane, benzene, toluene,
      xylene, cyclohexane, methylcyclohexane, etc.
PAR  Using the aforementioned process, an initiator solution can be prepared
      containing a dialkali metal complex of an oligomer which is principally a
      dimer of a conjugated diene. In the preparation of a liquid living polymer
      using the above initiator, the polymerization is enhanced by the addition
      of a hydrocarbon solvent such as hexane, heptane, benzene, toluene,
      xylene, cyclohexane, methylcyclohexane, etc. Preferably, the hydrocarbon
      solvent contains a Lewis base in order to more uniformly react them. These
      Lewis bases can be oxygen containing Lewis bases such as dimethyl ether,
      diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane,
      diethyleneglycol dimethyl ether, ethyleneglycol dimethyl ether, anisole
      and ethylphenyl ether; and nitrogen containing Lewis bases such as
      triethylamine, trimethylamine and dimethylaniline. However, the addition
      of a Lewis base to the solvent mixture causes a decrease in the content of
      diene units in the polymeric product. When a living polymer containing a
      high content of diene units is desired, the amount of Lewis base added to
      the reaction solution should be minimized.
PAR  The essential feature of this invention is the reaction of specific amounts
      of a haloalkyleneoxide with the liquid living polymers previously
      described. The haloalkyleneoxide compounds have the formula:
      ##EQU1##
      wherein X represents a halogen atom and m represents an integer greater
      than or equal to one. Suitable compounds include epichlorohydrin,
      epibromohydrin, epifluorohydrin, chlorobutylene oxide, bromobutylene
      oxide, etc. Preferably epichlorohydrin is employed. The amount of
      haloalkyleneoxide used in the reaction usually ranges from 0.5 mole to 2
      moles and is preferably used in quantities from 0.6 to 1.7 moles per mole
      of liquid living polymer. When more than 2 moles of the haloalkyleneoxide
      is used per mole of liquid living polymer, the resulting polymer has
      haloalkyleneoxide units bonded at both ends of the polymer. These polymers
      are difficult to cure. When less than 0.5 mole of the haloalkyleneoxide
      units is used per mole of liquid living polymer, the number of
      haloalkyleneoxide units bonded to the liquid living polymer is less than
      one. The resulting polymers are also difficult to cure. However, when the
      amount of haloalkyleneoxide employed is within the indicated preferred
      range, polymers are obtained wherein several molecules of the living
      polymers are bonded through a haloalkyleneoxide unit to each other. When
      haloalkyleneoxide units are bonded to the living polymer, the epoxide ring
      of the haloalkyleneoxide is opened and the resulting oxide associates with
      the alkali metal cation present in the living polymer to form a functional
      group abbreviated as --OM, wherein M represents an alkali metal.
      Therefore, the molecular weight and the number of --OM groups in the
      product polymer is controlled by maintaining the amount of
      haloalkyleneoxide units added within the preferred range. The reaction of
      the liquid living polymer with the haloalkyleneoxide is conducted at
      -50.degree..about.100.degree.C, preferably 0.degree.-80.degree.C, in the
      same solvent used in the reaction for the polymerization of the living
      polymer. A satsifactory, purified, reactive conjugated diene polymer can
      be obtained by precipitating the polymer in the presence of an antioxidant
      such as di-tert-butyl-p-cresol in accordance with conventional methods.
PAR  The reactive conjugated diene polymer consists of modified
      haloalkyleneoxide units having pendant reactive --OM groups bonded to them
      between the living polymer units. Since the final product polymer is in a
      liquid form similar to the living polymer, processing of the polymers is
      made easier. The product polymer can have --OH groups at the ends of the
      polymer as well as at points within the chain. Discrimination between
      these two types of --OM groups is accomplished by referring to the
      internal groups as pendant --OM groups.
PAR  The pendant --OM groups of the conjugated diene polymer can be modified by
      treating the polymer with a protonic acid to convert it to its polyhydroxy
      form. The conversion is accomplished by neutralizing the --OM groups with
      a protonic acid at temperatures lower than 100.degree.C, expecially
      between 0.degree.-25.degree.C. Suitable protonic acids include inorganic
      acids such as hydrochloric acid, sulfuric acid, phosphoric acid, and
      organic acids such as acetic acid. The protonic acid is used as an aqueous
      solution or as a solution of a lower aliphatic alcohol or a mixture
      thereof. Gaseous acids can also be conveniently used.
PAR  The conjugated diene polymer of the invention is referred to as a
      "polyhydroxydiene polymer." The liquid polyhydroxydiene polymer of this
      invention can be reacted with an unsaturated mono-or poly-carboxylic acid
      containing a reactive double bond to introduce a polymerizable double bond
      in the polymer chain. Suitable unsaturated carboxylic acids containing a
      polymerizable double bond include acrylic acid, methacrylic acid, cinnamic
      acid, maleic acid, fumaric acid, itaconic acid, 2-chloropropenic acid,
      chlorofumaric acid, bromofumaric acid, chloromaleic acid, bromomaleic
      acid, and the like. Other forms of the unsaturated carboxylic acid
      suitable for use include acid anhydrides; esters of alcohols such as
      methanol, ethanol, allyl alcohol, benzyl alcohol, butanol, 2-cyanoethanol,
      2-ethylhexanol, phenol, cyclohexanol, isobutanol, propanol, amyl alcohol
      and the like or acid halides wherein the halides are chloride, bromide and
      iodide. The reaction of a polyhydroxydiene polymer with an unsaturated
      polycarboxylic acid can be conducted at temperatures ranging from
      0.degree. to 100.degree.C, preferably from 30.degree. to 80 .degree. C in
      the same solvent used for the synthesis of the living polymer component of
      the polyhydroxydiene polymer. A one mole quantity of the unsaturated
      carboxylic acid is reacted per mole of --OM or --OH group in the
      polyhydroxydiene polymer. In the reaction, a radical polymerization
      inhibitor such as hydroquinone, benzoquinone, 2,6-dichlorobenzoquinone,
      2,5-dinitrobenzoquinone, trinitrobenzene, dinitrobenzene,
      2,6-ditert-butyl-p-cresol, etc. is added in quantities ranging from 0.01
      to 2.0 percent by weight based on the polyhydroxydiene polymer. A product
      polymer is obtained containing a polymerizable unsaturated bond when the
      resulting reaction mixture is washed with water and the solvent is
      removed. The polymer can be purified by reprecipitation from a
      toluene-methanol solution in the presence of a radical polymerization
      inhibitor. An infrared spectrum of the product polymer indicates the
      presence of ester linkages in the polymer. This observation substantiates
      the reaction between the unsaturated carboxylic acid and the --OM or --OH
      groups of the polyhydroxydiene polymer.
PAR  As an example, the polymer prepared by reacting a polyhydroxydiene polymer
      with acrylic chloride would seem to have the following ester groups at
      points within the polymer chain:
      ##EQU2##
      The conjugated diene polymer containing many polymerizable double bonds
      (hereinafter referred to as a polymerizable diene polymer) is also a
      liquid, and can be easily cured by adding a radical polymerization
      initiator, if needed, with the curing agent. Suitable radical
      polymerization initiators include organic peroxides such as dicumyl
      peroxide, 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane,
      tert-butyl-cumylperoxide, di-tert-butyl-peroxide, cyclohexanone peroxide,
      methylethylketone peroxide, acetyl peroxide, succinic peroxide, propionyl
      peroxide, lauroyl peroxide; azo compounds such as
      azobis(isobutyronitrile), azobismethylvaleronitrile, azobiscyclohexane
      carbonitrile. When an organic peroxide is used, a heavy metal compound
      which acts as an accelerator is added. The organic peroxides can also act
      as redox initiators by combining them with suitable reducing agents.
      Suitable curing agents for the polymerizable diene polymers include vinyl
      compounds such as styrene, 4-tert-butylstyrene, chlorostyrene,
      divinylbenzene, methylmethacrylate, ethylmethacrylate, propylmethacrylate,
      butylmethacrylate, octylmethacrylate, methylacrylate, ethylacrylate,
      propylacrylate, butylacrylate, octylacrylate, ethyleneglycoldiacrylate,
      diethyleneglycoldiacrylate, ethyleneglycoldimethacrylate,
      diethyleneglycoldimethacrylate, and polyallyl compounds such as
      diallylphthalate, triallylisocyanurate, diallyl ether, etc. The amount of
      the curing agent used ranges from 0 to 200 percent by weight, preferably
      from 50 to 100 percent by weight, based on the amount of polymerizable
      diene polymer. Curing can be conducted by admixing the polymerizable diene
      polymer with a polymerization initiator if needed, together with a curing
      agent, fillers, additives, etc. The polymer is shaped by casting,
      injection molding or transfer molding. Because the polymerizable diene
      polymer is a liquid, cured products can easily be obtained by simple
      procedures. Curing temperatures range from 0.degree. to 250.degree.C,
      usually from 0.degree. to 200.degree.C. Careful measures must be taken to
      exclude oxygen while curing the polymer since oxygen inhibits curing of
      the polymer. When the amount of the curing agent added to the polymer is
      relatively small, the resulting cured product is a strong rubber-like
      elastomer having sufficient elasticity even at low temperatures. If the
      amount of vinyl monomer incorporated in the polymerizable diene polymer is
      high, the resulting cured product is a hard resin possessing a high impact
      strength.
PAR  In summary, the polyhydroxydiene polymers of this invention are liquid
      polymers containing a certain number of original living polymer units
      throughout which are dispersed hydrocarbon units having pendant --OH
      groups attracted to them. The number of --OH groups and the molecular
      weight of the polymer can be controlled by carefully selecting the amount
      of haloalkyleneoxide to be reacted with the living polymer. The
      polyhydroxydiene polymer can be reacted with an unsaturated mono- or
      poly-carboxylic acid containing a polymerizable double bond to form a
      liquid polymerizable diene polymer. Various articles ranging from
      rubber-like elastomers to hard resins can be produced when the liquid
      polymerizable diene polymer is cured with an appropriate curing agent.
      Because the polyhydroxydiene polymers and the polymerizable diene polymers
      are liquids, handling of these polymers in subsequent processes is easy.
      For example, the polymerizable diene polymers can be easily cured while
      processing by pour molding, injection molding or transfer molding
      techniques even on a large scale. The rubber-like elastomers of this
      invention possess excellent physical characteristics such as high tensile
      strengths and good elongation properties which are the same or superior to
      those of the natural rubbers and synthetic rubbers.
PAR  Having now generally described the invention, a further understanding can
      be attained by reference to certain specific Examples which are provided
      herein for purposes of illustration only and are not intended to be
      limiting in any manner unless otherwise specified.
PAR  The molecular weight of each living polymer prepared in the process of
      preparing the polyhydroxydiene polymers of the present invention was
      simply determined from the ratio of the amount of olefin monomer(s) (molar
      amounts) used to prepare the living polymer to 0.5 times the molar amount
      of alkali metal or organo alkali metal catalyst used to prepare the living
      polymer. The data obtained by this method gave the number average
      molecular weights of the living polymers which were in close agreement
      with the average molecular weights of the living polymers. This method is
      described by M. Szwarc et al in J. Am. Chem. Soc. 79, 2026 (1957). The
      expression used to determine the average molecular weight of the living
      polymers is as follows:
DETD
PAC  EXAMPLE 1
PAR  A 0.26 g-atom quantity of lithium metal was reacted with 0.02 mole of
      purified naphthalene in 100 millilitres of diethyl ether under a purified
      argon atmosphere. A 0.2 mole quantity of isoprene was added to the reagent
      and was reacted at -25.degree.C. After completion of the reaction,
      unreacted lithium metal was filtered. A 10 millimole quantity of the 0.5 N
      dilithium initiator reagent was added to a flask followed by a small
      amount of butadiene while under an argon atmosphere to uniformly
      polymerize it. After the butadiene was polymerized, the diethyl ether was
      removed under a reduced pressure. To the flask was added 500 millilitres
      of cyclohexane and 50 g of butadiene, and the butadiene was polymerized.
      After the polymerization, 15 millilitres of tetrahydrofuran and 0.6
      millilitres of epichlorohydrin (0.8 moles per mole of the living polymer)
      were added and maintained at room temperature overnight while stirring.
      The resulting white, milk-colored, gel-like reaction product was
      decomposed by treatment with methanol-hydrochloric acid and isolated by
      conventional procedures. An analysis of the infrared spectrum confirmed
      that the polymer containined hydroxyl groups and that the micro-structure
      contained about 60 percent diene units. The inherent viscosity
      (25.degree.C in toluene) of the resulting polymer was 0.37 dl/g. This data
      indicates that the molecular weight of the polymer treated with
      epichlorohydrin was three times that of the living polymer which was not
      treated with epichlorohydrin. This fact shows that the resulting polymer
      contained two moles of hydroxyl groups per mole of polymer.
PAC  EXAMPLE 2
PAR  A living polybutadiene was prepared by polymerizing 50 g of butadiene in
      the presence of 20 millimoles of the dilithium initiator prepared as in
      Example 1. The living polybutadiene was reacted with 1.56 millilitres of
      epichlorohydrin (1 mole per mole of living polymer). An analysis of the
      infrared spectrum confirmed that the resulting polymer contained hydroxyl
      groups and that the micro-structure contained about 50 percent diene
      units. The inherent viscosity of the resulting polymer was 0.34 dl/g and
      the molecular weight of the polymer treated with epichlorohydrin was five
      times that of the living polymer. This fact shows that the resulting
      polymer contained six moles of hydroxyl groups per mole of polymer.
PAC  EXAMPLE 3
PAR  The living polymer prepared by the process of Example 2 was reacted with
      1.88 millilitres of epichlorohydrin (1.2 moles per mole of living polymer)
      as revealed in Example 1. An analysis of the infrared spectrum confirmed
      that the resulting polymer contained hydroxyl groups and that the
      micro-structure contained about 50 percent diene units. The inherent
      viscosity of the resulting polymer was 0.30 dl/g. The molecular weight of
      the polymer treated with epichlorohydrin was three times that of the
      untreated living polymer. This fact shows that the resulting polymer
      contained four moles of hydroxyl groups per mole of polymer.
PAC  EXAMPLE 4
PAR  An 8 g amount of sodium metal was reacted with 0.1 mole of purified
      naphthalene in 100 millilitres of tetrahydrofuran under a purified argon
      atmosphere. After the reaction, the unreacted sodium metal was filtered to
      obtain a 1.0 N sodium initiator solution. To a flask containing an argon
      atmosphere was added 40 millimoles of the initiator solution and 50 g of
      butadiene. After polymerization of the butadiene, 1.8 millilitres of
      epichlorohydrin (1.2 moles per mole of living polymer) was reacted with
      the polymer as revealed in Example 1. Analysis of the infrared spectrum
      confirmed that the resulting polymer contained hydroxyl groups and that
      the micro-structure contained about 100 percent vinyl units. The inherent
      viscosity of the resulting polymer was 0.33 dl/g. The molecular weight of
      the polymer treated with epichlorohydrin was four times that of the
      untreated living polymer. This fact shows that the resulting polymer
      contained five moles of hydroxyl groups per mole of polymer.
PAC  EXAMPLE 5
PAR  A 50 g quantity of butadiene was polymerized in the presence of 20
      millimoles of a dilithium initiator prepared by reacting a small amount of
      naphthalene, lithium metal and isoprene in diethyl ether. The resulting
      living polybutadiene had a molecular weight of 2500, and was reacted with
      30 millimoles of epichlorohydrin (1.5 moles per mole of living polymer)
      for 10 hours. An 80 millimole quantity of maleic anhydride in
      tetrahydrofuran was admixed with it and the mixture was reacted first at
      room temperature for 1 hour and then reacted at 70.degree.C for 3 hours.
      The reaction mixture was stabilized by adding di-tert-butyl-p-cresol, and
      was isolated by conventional procedures. The resulting polymer had a
      number average molecular weight of 6000, contained 45 percent diene units
      and had a second transition temperature of 70.degree.C. The yield of the
      product was 45 g. Analysis of the infrared spectrum of the polymer
      confirmed the presence of ester groups. A polymerizable polymer
      composition was formed by mixing 9.0 g of the polymer and 1.0 gram of
      styrene. A 0.2 g quantity of benzoyl peroxide was added to the composition
      and the mixture was cured at 100.degree.C for 2 hours. The resulting solid
      elastomer had a tensile strength of 110 kg/cm.sup.2, a yield point in its
      elongation of 350% and a hardness of 50 (Japan Ind. Standard).
PAC  REFERENCE 1
PAR  A 9.0 g quantity of polybutadiene untreated with epichlorohydrin and having
      a low molecular weight was prepared in methanol, as shown in Example 14.
      The living polymer was admixed with 1.0 g of styrene. To this composition
      was added 0.2 g of benzoyl peroxide and the mixture was cured at
      100.degree.C for 2 hours. However, only a semi-solid adhesive product was
      obtained.
PAR  The same process was repeated, except that 7.0 g of polybutadiene and 3.0 g
      of styrene were used. The resulting adhesive cured product had a tensile
      strength of 9 kg/cm.sup.2 and a yield point in its elongation of 100
      percent.
PAC  EXAMPLE 6
PAR  A polymer similar to the one prepared in Example 5 was prepared except that
      80 millimoles of methylmethacrylate were employed instead of 80 millimoles
      of maleic anhydride. A composition was prepared using this polymer, and it
      was cured by the process shown in Example 5. The resulting solid elastomer
      had a tensile strength of 60 kg/cm.sup.2, a yield point in its elongation
      of 350 percent, and a hardness of 45.
PAC  EXAMPLE 7
PAR  In 100 millilitres of tetrahydrofuran, 0.1 mole of naphthalene was reacted
      with 8 g of sodium metal. The excess sodium metal was filtered to prepare
      a 1.0N sodium initiator solution. A 50 g quantity of butadiene was
      polymerized in the presence of 40 millimoles of the initiator to yield a
      product having a molecular weight of 2500. The living polymer was reacted
      first with 1.8 millilitres of epichlorohydrin (1.15 moles per mole of
      living polymer) and then reacted with 80 millimoles of maleic anhydride in
      tetrahydrofuran. The reaction product was isolated by conventional
      procedures to yield a polymer having a molecular weight of 5000. Analysis
      of the infrared spectrum of the polymer confirmed the presence of ester
      groups. An 8.0 quantity of the polymer was admixed with 2.0 g of styrene
      to form a curable polymer composition. A 0.1 g quantity of benzoyl
      peroxide was added to the composition and the mixture was cured at
      90.degree.C for 3 hours. The resulting solid elastomer had a tensile
      strength of 92 kg/cm.sup.2 and a yield point in its elongation of 250
      percent.
PAC  EXAMPLE 8
PAR  The living polybutadiene polymer having a molecular weight of 2500 prepared
      as shown in Example 5 was reacted with 30 millimoles of epichlorohydrin
      (1.5 moles per mole of living polymer) at room temperature for 15 hours.
      This product was then reacted with acrylic chloride, and the resulting
      product was purified by conventional procedures. The resulting polymer had
      a molecular weight of 5500, 57 percent diene units and a glass transition
      temperature of -70.degree.C. Analysis of the infrared spectrum of the
      polymer confirmed the presence of ester groups. An 8.0 g quantity of the
      polymer was admixed with 2.0 g of styrene to form a curable polymer
      composition. To the composition was added 0.1 g of benzoyl peroxide and
      the mixture was cured at 90.degree.C for 3 hours. The resulting solid
      elastomer had a tensile strength of 60 kg/cm.sup.2 and a yield point in
      its elongation of 310 percent.
PAC  EXAMPLE 20
PAR  The curable polymer composition of Example 5 was admixed with 0.5 g of
      cobalt naphthenate and methylethylketone peroxide. The mixture was cured
      at 20.degree.C for 24 hours. The resulting elastomer had a tensile
      strength of 65 kg/cm.sup.2, a yield point in its elongation of 400
      percent, and a hardness of 55. It also had no adhesive properties.
PAC  EXAMPLE 21
PAR  A 25 g quantity of butadiene was polymerized in the presence of 10
      millimoles of the dilithium initiator prepared as shown in Example 5. The
      resulting living polybutadiene polymer had a molecular weight of 2500 and
      was reacted with 15 millimoles of epichlorohydrin (1.5 moles per mole of
      living polymer) as shown in Example 5. A 40 millimole quantity of acrylic
      chloride was reacted with the living polymer. A 25 g yield of this polymer
      was obtained which had a molecular weight of 5200. An infrared absorption
      spectrum of the product confirmed the presence of an ester.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein. ACCORDINGLY,
CLMS
STM  What is claimed as new and intended to be covered by letters patent is:
NUM  1.
PAR  1. A process for preparing a liquid polymerizable diene polymer, which
      comprises:
PA1  reacting a liquid polymerizable unsaturated carboxylic acid, anhydride,
      ester or acid halide with a liquid polydroxydiene polymer having terminal
      and pendant hydroxy groups obtained from the reaction of one mole of a
      living polymer having a molecular weight of 500 to 10,000 which is
      prepared by reacting a conjugated diolefin or a mixture of said conjugated
      diolefin and a vinyl compound having the formula: CH.sub.2 =CR.sub.1
      R.sub.2, wherein R.sub.1 represents a hydrogen atom or an alkyl group and
      R.sub.2 represents an aryl group or a pyridyl group in the presence of
      sodium or lithium metal or an organo sodium or lithium compound with 0.5
      mole to 2.0 moles of epichlorohydrin, epibromohydrin, epifluorohydrin,
      chlorobutylene oxide or bromobutylene oxide.
NUM  2.
PAR  2. The process of claim 1, which further comprises admixing the
      polymerizable diene polymer with a polymerizable vinyl monomer.
NUM  3.
PAR  3. The process of claim 2, wherein said polymerizable diene polymer is used
      with 0 to 200 percent by weight of said polymerizable vinyl monomer based
      on the amount of polymerizable diene polymer at 0.degree. to 250.degree.C.
NUM  4.
PAR  4. The process of claim 2, wherein said polymerizable vinyl monomer is
      styrene, 4-t-butylstyrene, chlorostyrene, divinylbenzene,
      methylmethacrylate, ethylmethacrylate, propylmethacrylate,
      butylmethacrylate, octylmethacrylate, methylacrylate, ethylacrylate,
      propylacrylate, butylacrylate, octylacrylate, ethyleneglycoldiacrylate,
      diethyleneglycoldiacrylate, ethyleneglycol dimethacrylate,
      diethyleneglycol dimethacrylate, diallylphthalate, triallylisocyanurate or
      diallyl ether.
NUM  5.
PAR  5. The process of claim 1, which further comprises curing the polymerizable
      diene polymer with a radical polymerizing initiator.
NUM  6.
PAR  6. The process of claim 5, wherein said radical polymerization initiator is
      dicumyl peroxide, 2,5-dimethyl-2,5-di(t-butylperoxy)benzene,
      t-butylcumylperoxide, di-t-butylperoxide, cyclohexanone peroxide,
      methylethylketone peroxide, acetyl peroxide, succinic peroxide, propionyl
      peroxide, lauroyl peroxide, azobis(isobutyronitrile),
      azobismethylvaleronitrile or azobiscyclohexane carbonitrile.
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ABST
PAL  2,4- AND 2,6-Dinitrotoluenes are separated from mixtures thereof with small
     mounts of isomeric dinitrotoluene impurities by suspending the mixture in
      an aqueous solution containing a small amount of an alkali metal
      disulfide. The isomeric dinitrotoluene impurities are thereby converted to
      products soluble in the aqueous solution from which the 2,4- and
      2,6-dinitrotoluenes can be recovered in excellent yield.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Dinitrotoluene (DNT) is conventionally manufactured by nitrating toluene
      with a mixture of nitric and sulfuric acids. The crude dinitrotoluene thus
      obtained contains the desired 2,4- and 2,6-dinitrotoluene isomers along
      with small amounts, usually less than 5%, of isomeric dinitrotoluene
      impurities, notably the 2,3-, 2,5- and 3,4-dinitrotoluene isomers
      (so-called "meta" isomers). Dinitrotoluene is particularly valuable as an
      intermediate in the preparation of toluene diisocyanates employed in the
      manufacture of polyurethane foams and elastomers. In the preparation of
      products of this type, it is highly important to exclude the so-called
      "meta" isomers, since they contribute to the production of off-color,
      yellow polyurethane products. Dinitrotoluene is also valuable as an
      intermediate in the manufacture of 2,4,6-trinitroluene (TNT) employed as
      an explosive for military use. The TNT obtained by nitration of crude
      dinitrotoluene contains the desired 2,4,6-TNT isomer together with the
      undesired 2,4,5-, 2,3,4, and 2,3,6-TNT isomers, which result from the
      nitration of the aforesaid "meta" isomers present in crude dinitrotoluene.
      At present TNT is purified by treatment with a hot solution of sodium
      sulfite (sellite) solution, which removes the undesired TNT isomers but
      results in a very concentrated and intensely reddish colored solution,
      whose disposal is costly and contributes to a serious pollution of streams
      into which it is discharged.
PAR  It is thus evident that the elimination of the so-called "meta" isomers in
      crude dinitrotoluene is highly desirable, since it would permit the
      production of superior polyurethane products and allow the manufacture of
      pure 2,4,6-TNT, thereby eliminating the need for sellite purification and
      attendant purification problems.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a process
      for the purification of crude dinitrotoluene. It is a further object of
      the invention to provide a process for separating 2,4- and
      2,6-dinitrotoluenes from isomeric dinitrotoluene impurities with little
      loss of said 2,4- and 2,6-isomers. Other objects will become apparent from
      the following description of the invention.
PAR  In accordance with the process of the present invention 2,4- and
      2,6-dinitrotoluenes are separated from mixtures thereof with small amounts
      of isomeric dinitrotoluene impurities by treatment of such mixtures with
      an aqueous solution containing a small amount of an alkali metal
      disulfide. The process of the present invention is advantageous in that it
      permits the purification of crude dinitrotoluene with the use of much
      smaller proportions of alkali metal disulfide and at lower temperatures
      than when sodium sulfite is employed according to the sellite purification
      process.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The process of the present invention comprises mixing the impure
      dinitrotoluene with an aqueous solution containing a small amount of
      sodium or other alkali metal disulfide, preferably at temperatures between
      about 70.degree. and 100.degree.C., and then separating the purified DNT
      product from said aqueous treatment liquor. The present purification
      process is based on the discovery that the  aqueous alkali metal disulfide
      reacts more rapidly with the so-called "meta" DNT isomers than with the
      desired 2,4- and 2,6-DNT isomers. It is believed that the "meta" DNT
      isomers undergo a nucleophilic reaction with the aqueous alkali metal
      disulfide, whereby the nitrogroups are displaced to form disulfide
      linkages. In the present process these "meta" isomers are converted to
      products, which are soluble in the aqueous treatment liquor and hence can
      be separated from the insoluble 2,4- and 2,6-DNT isomers.
PAR  The amount of alkali metal disulfide employed in the present process is
      sufficient to convert the aforesaid "meta" isomeric impurities to soluble
      products but insufficient to convert a substantial amount of the desired
      2,4- and 2,6-DNT isomers. As illustrated in the example below, an amount
      of about 0.2 mol of aqueous alkali metal disulfide per mol of 2,4- and
      2,6-DNT containing about 2 percent of "meta" isomeric impurities is
      sufficient to completely remove such "meta" isomers and permit a 96
      percent recovery of pure  2,4- and 2,6-DNT isomers. When substantially
      larger proportions of alkali metal disulfide are employed, the undesired
      "meta" isomers are also completely removed but a lower yield of the 2,4-
      and 2,6-DNT isomers is obtained due to the reduction thereof apparently to
      nitrotoluidines. Such toluidines can build up and separate out and thereby
      contaminate the resulting 2,4- and 2,6-DNT product. However, such
      toluidines, if present, can be readily removed by extraction with aqueous
      hydrochloric or sulfuric acid; and they are automatically removed in the
      acid liquors when such purified DNT products containing toluidine
      impurities are nitrated to TNT in conventional manner. Since the alkali
      metal disulfide reacts more rapidly with the "meta" isomers than with the
      2,4- and 2,6-DNT isomers, the degree of conversion and loss of the latter
      desired isomers can be controlled to some extent under such conditions by
      limiting the time of contact with the aqueous disulfide solution. When the
      impure dinitrotoluene contains larger proportions, e.g. 5 percent of said
      "meta" isomers, the amount of alkali metal disulfide can be
      correspondingly increased, e.g. to about 0.5 mol per mol of impure
      dinitrotoluene, to achieve complete removal of the "meta" isomers with
      little loss of the desired 2,4- and 2,6-DNT isomers. Obviously, if the
      ratio of alkali metal disulfide to impure dinitrotoluene or the contact
      time is excessively reduced, the removal of the undesired "meta" isomers
      will be less complete.
PAR  The aqueous alkali metal disulfide solution employed in the present process
      is preferably maintained at a pH of between about 9 and 11 by addition of
      a suitable base, e.g. sodium carbonate.
PAR  The present process is preferably carried out at temperatures between about
      70.degree.C. and about 100.degree.C., since under these conditions the
      purification reaction is rapid and the dinitrotoluene is present as a
      liquid, which promotes intimate contact between the alkali metal disulfide
      liquor and the impure dinitrotoluene. The use of lower temperatures, e.g.
      room temperature, is also within the scope of the present invention but is
      less preferred, since the rate of purification is rather slow unless the
      dinitrotoluene is comminuted to a fine particle size. Temperatures above
      100.degree.C., are operative but less preferred, since they tend to
      produce lower yields of purified 2,4- and 2,6-DNT product.
PAR  The following example illustrates a specific embodiment of the method of
      carrying out the process of the present invention.
PAR  120 grams of crude dinitrotoluene were slurried with a solution of 12 grams
      of anhydrous sodium carbonate in 1 liter of distilled water at
      75.degree.C. To the slurry thus obtained was added with agitation a
      solution of sodium disulfide, obtained by dissolving 0.12 mol of powdered
      sulfur in 200 ml of water containing 0.12 mol of dissolved sodium sulfide
      (NA.sub.2 S.9H.sub.2 0). Five minutes after the addition was complete all
      of the 2,3- and 2,5-dinitrotoluene isomers had disappeared and 95 percent
      of the 3,4-isomer had been eliminated. Twenty minutes after the addition
      only the 2,4- and 2,6-dinitrotoluene isomers were present. The reaction
      mixture ws then cooled by addition of ice thereto and the solidified 2,4-
      and 2,6-dinitrotoluenes thus obtained were separated by filtration and
      dried. The purified 2,4- and 2,6-DNT mixture thus obtained weighed 115
      grams, corresponding to a 96 percent yield based on the crude DNT starting
      material. Nitration of the product thus obtained with mixed nitric and
      sulfuric acids in conventional manner yielded pure 2,4,6-TNT directly.
PAR  The following table shows the progress of the reaction for removal of the
      isomeric dinitrotoluene impurities according to the foregoing example.
TBL  __________________________________________________________________________

     Molar ratio of DNT:Na.sub.2 S.sub.2 = 5.5:1                               

     Weight ratio of DNT:Na.sub.2 S.sub.2 solution = 1:10                      

     Concentration of Na.sub.2 S.sub.2 = 0.10 molar                            

     Temperature = 75.degree.C.                                                

     Reaction Time                                                             

     (minutes) =    0     1     2     5     10    15    20                     

     __________________________________________________________________________

     Analysis*:                                                                

              2,4-DNT                                                          

                    83.62%                                                     

                          80.98%                                               

                                80.95%                                         

                                      81.22%                                   

                                            78.49%                             

                                                  79.54%                       

                                                        80.48%                 

              2,6-DNT                                                          

                    14.44 17.98 18.33 18.72 21.48 20.45 19.52                  

              3.4-DNT                                                          

                    1.25  0.65  0.39  0.06  0.02  0.01  0.00                   

              2,3-DNT                                                          

                    0.55  0.38  0.32  0.00  0.00  0.00  0.00                   

              2,5-DNT                                                          

                    0.12  0.00  0.00  0.00  0.00  0.00  0.00                   

     __________________________________________________________________________

      *The analyses were performed by gas-chromatography as follows:           

PAR  An aliquot of the reaction mixture was removed and extracted with CH.sub.2
      Cl.sub.2 (methylene chloride). The CH.sub.2 Cl.sub.2 solution was washed
      successively with conc. H.sub.2 SO.sub.4 to remove any toluidines present,
      and then with water to remove adhering acid. The washed CH.sub.2 Cl.sub.2
      solution was analyzed for DNT isomers by gas chromatography, wherein the
      isomers were separated isothermally using a 5' column glass U tube of 1/4
      I.D. containing 5% Carbowax 20M on 60/80 mesh Chromosorb W (AW) at
      150.degree.C. under atmospheric pressure. The order of elution was (from
      first to last) 2,6-DNT; 2,5-DNT; 2,4-DNT; 2,3-DNT; and 3,4-DNT. (Carbowax)
      20M is a polyethyleneglycol having a molecular weight of 20,000,
      manufactured by the Union Carbide Corporation. Chromosorb W (AW) is an
      acid washed diatomaceous earth manufactured by the Johns-Manville
      Corporation).
PAR  While the example illustrates the purification of crude dinitrotoluene with
      aqueous sodium disulfide, other alkali metal disulfides, e.g. potassium
      disulfide, can be similarly employed with analogous results in the process
      of the present invention. The foregoing disclosure is merely illustrative
      of the principles of this invention and are not to be interpreted in a
      limiting sense. We wish it to be understood that we do not desire to be
      limited to the exact details of construction shown and described, because
      obvious modifications will occur to a person skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for separating 2,4- and 2,6-dinitrotoluenes from isomeric
      dinitrotoluene impurities, which comprises suspending a mixture of 2,4-
      and 2,6-dinitrotoluenes containing a small amount of isomeric
      dinitrotoluene impurities, in an aqueous solution containing a small
      amount of an alkali metal disulfide which is sufficient to convert said
      isomeric dinitrotoluene impurities to water-soluble reaction products but
      insufficient to convert a substantial amount of said 2,4- and
      2,6-dinitrotoluene isomers, and separating the insoluble 2,4- and
      2,6-dinitrotoluenes from said aqueous mixture containing the water soluble
      reaction products of said isomeric dinitrotoluene impurities.
NUM  2.
PAR  2. The process of claim 1, wherein the alkali metal disulfide is sodium
      disulfide.
NUM  3.
PAR  3. The process of claim 2, wherein the mixture of 2,4- and
      2,6-dinitrotoluenes contains less than 5 percent of isomeric
      dinitrotoluene impurities.
NUM  4.
PAR  4. The process of claim 3, wherein the amount of sodium disulfide is not
      more than about 0.5 mol per mol of said mixture of 2,4- and
      2,6-dinitrotoluenes.
NUM  5.
PAR  5. The process of claim 3, wherein the aqueous slurry is maintained at a
      temperature above the melting point of the 2,4- and 2,6-dinitrotoluenes
      during the conversion step.
NUM  6.
PAR  6. The process of claim 5, wherein the aqueous slurry is maintained at a
      temperature between about 70.degree. and about 100.degree.C. during the
      conversion step and thereafter cooled to solidify the 2,4- and
      2,6-dinitrotoluenes prior to separation thereof from said slurry.
NUM  7.
PAR  7. The process of claim 6, wherein the mixture of 2,4- and
      2,6-dinitrotoluenes contains about 2 percent of isomeric dinitrotoluene
      impurities and the amount of sodium disulfide is between about 0.1 and
      about 0.3 mol per mol of said mixture of 2,4- and 2,6-dinitrotoluenes.
NUM  8.
PAR  8. The process of claim 7, wherein the aqueous solution has a pH between
      about 9 and about 11.
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ABST
PAL  A process for preparing dimethyl naphthalenes, which comprises heating a
      compound, such as methyl-4-(p-tolyl) butane, methyl-4-(p-tolyl)butene or
      methyl-4-(p-tolyl)butadiene, in the presence of a
      cyclization-dehydrogenation catalyst.
BSUM
PAR  This invention relates to a process for preparing dimethyl napthalenes of
      high purity in a high yield by a one-step reaction starting from a
      compound of the formula (I)
      ##SPC1##
PAL  wherein R is a member selected from the group consisting of alkyl, alkylene
      and alkadiene groups each containing 5 carbon atoms and one pendant methyl
      group.
PAR  The dimethyl naphthalenes are suitable as starting materials for
      naphthalenedicarboxylic acids which are useful for producing polyesters
      having good crystallinity.
PAR  It has previously been known [J. Catalysis 3, 129 (1964)]that an
      alkylbenzene, for example propylbenzene, can by cyclized as shown in the
      following scheme by a dehydrocyclization reaction using a platinum
      supported alimina catalyst.
      ##SPC2##
PAR  This type of reaction is distinguished from the aromatization in the
      present invention in that the resultant ring is a saturated ring.
PAR  Such a type of reaction for producing dimethyl naphthalenes has been known,
      for example, from Japanese Laid-Open Publication No. 31962/72 laid open on
      Nov. 14, 1972 which discloses that dimethyl tetralin (or dimethyl
      tetrahydronaphthalene) of the formula
      ##SPC3##
PAL  Is prepared by dehydrocyclization of tolyl pentene or tolyl pentadiene of
      the forula
      ##SPC4##
PAL  Wherein the methyl group is at the 1- or 2-position of the benzene ring,
      using a solid acid catalyst sych as a solid phosphoric acid catalyst, a
      solid sulfuric acid catalyst, a silica-alumina catalyst or a zeolite
      catalyst; or from Japanese Laid-Open Publication No. 14154/72 laid open on
      Aug. 4, 1972 which discloses that 2,6-dimethyl naphthalene is prepared by
      dehydrogenation of the dimethyl tetralin obtained as above under
      conditions such as to induce both aromatization and isomerization.
PAR  It has been found that a catalyst (to be termed a
      "cyclization-dehydrogenation catalyst" in the sense that it can induce
      both cyclization and aromatization at the same time) exists which can give
      1,6-, 2,6- or 2,7-dimethyl naphthalene at a good selectivity from the
      compound of formula (I) without relying on a two-step reaction comprising
      the formation of a saturated ring by dehydrocyclization and the
      aromatization of the saturated ring by dehydrogenation; and that the use
      of this special type of catalyst can produce the desired dimethyl
      naphthalene of high purity in a high yield directly from the compound of
      formula (I).
PAR  Accordingly, an object of this invention is to provide a process for
      preparing dimethyl naphthalenes, especially 1,6-, 2,6-, or 2,7-dimethyl
      naphthalene, of high purity in a high yield and at a good selectivity by a
      shortened reaction process.
PAR  Other objects and advantages of this invention will become more apparent
      from the following description.
PAR  The compound of the formula (I) used in the process of this invention is a
      known compound, and can be prepared, for example, by the following
      reactions.
      ##SPC5##
PAR  Preferably, the compound of the formula (I) is prepared by an addition
      between p-xylene and butene (butene-1, butene-2) or butadiene, as shown by
      the reactions (1) and (10 ) cited above.
PAR  It is known that when an olefin is added to an alkyl-substituted aromatic
      compound, the side chain of the compound is alkylated using a basic
      catalyst. For example, processes are known in which ethylene is added to
      o, m, or p-xylene, toluene or ethylbenzene using sodium-anthracene as a
      catalyst, or in which propylene, 1-butene, isobutene or 1-octene is added
      to toluene using sodium-anthracene or potassium as a catalyst and
      o-chlorotoluene as a promoter (J. A. C. S. Vol. 77, pages 554 to 559, and
      J. A. C. S. Vol. 78, pages 4316-4322).
PAR  However, there has been no literature reference which discloses the
      production of a side-chain alkylated product by the addition of butene and
      butadiene to p-xylene.
PAR  An alkali metal compound can be utilized as a catalyst for use in the
      addition-reaction between p-xylene and butene or butadiene. Suitable
      alkali metal compounds are, for example, C.sub.1 -C.sub.6 alkyl compounds
      of alkali metals such as butyl lithium, butyl potassium, amyl sodium, or
      hexyl sodium; and C.sub.6 -C.sub.8 aryl compounds of alkali metals such as
      phenyl potassium, phenyl sodium or phenyl lithium. Especially preferably,
      the use of a catalyst prepared by supporting an alkali metal such as
      sodium or potassium on a carrier can lead to a remarkable improvement of
      the reactivity between p-xylene and 1-butene and/or 2-butene, and of the
      selectivity of the reaction product, i.e., 3-methyl-4-(p-tolyl) butane.
PAR  Preferred alkali metals used as a catalyst component for the addition
      reaction are, for example, lithium, sodium, potassium, and rubidium, the
      last three being especially preferred. The carrier used for preparing the
      catalyst should be those having a relatively high surface area and a
      relatively low acidity. Those having a surface area of at least 2 m.sup.2
      /g and an acidity of at most pKa +1.5 are preferred. Specific examples of
      the carrier are graphite, magnesia, alumina, soda lime, potassium iodide,
      potassium carbonate, calcium carbonate and calcium sulfate. The graphite,
      alumina, soda lime and potassium carbonate are preferred. From the
      view-point of the active lifetime of the catalyst, the carrier is
      preferably in the finely divided form rather than in the form of coarse
      particles.
PAR  A suitable method for supporting the alkali metal on the carrier comprises
      adding the alkali metal in small portions with stirring at 200.degree. to
      250.degree.C. in an atmosphere of an inert gas such as nitrogen, to a
      carrier calcined for several hours at a temperature of as high as several
      hundred degrees centigrade in an atmosphere of an inert gas such as
      nitrogen, and heating the mixture at this temperature with stirring for
      several minutes to several hours.
PAR  The addition reaction between p-xylene and butene and/or butadiene is
      generally effected by a method comprising mixing p-xylene with a catalyst,
      aging the mixture, bringing the aged mixture into contact with butene
      and/or butadiene, and heating them. It should be noted however that the
      invention is not limited to this specific method, but any other available
      methods can be used.
PAR  The aging of the mixture of the catalyst and p-xylene is carried out while
      the mixture is being thoroughly stirred in an atmosphere of an inert gas
      such as nitrogen or argon. The temperature at this time may be room
      temperature or higher. Then, the reaction product containing the catalyst
      is cooled, brought into contact with the butene and/or butadiene, and then
      heated to a temperature of 1/8.degree. to 200.degree.C. This results in
      the side-chain alkylation of butene and/or butadiene to p-xylene.
PAR  A diluent may be used for this addition reaction, and a saturated aliphatic
      hydrocarbon such as decane or dodecane is used as the diluent.
PAR  When a carrier-supported alkali metal is used as the catalyst in this
      addition reaction, the conversion and selectivity of the starting compound
      of the formula (I) become higher than in the case of using a carrier-free
      catalyst. Thus, the addition reaction can be performed under relatively
      mild conditions, and this makes it easy to separate the by-products or
      purify the compound of formula (I).
PAR  By the above process, methyl-4-(p-tolyl) butane, methyl-4-(p-tolyl) butene,
      or methyl-4-(p-tolyl)butadiene of the formula (I) can be obtained.
PAR  According to the process of this invention, the compound of formula (I)
      having one pendant methyl group is heated in the presence of the
      cyclization-dehydrogenation catalyst to perform both cyclization and
      aromatization concurrently. According to the position of the side-chain,
      the compound is converted to 1,6-, 2,6-, or 2,7-dimethyl naphthalene, as
      shown by the following formula in which the unsaturated bond and hydrogen
      atoms corresponding to R in formula (I) are omitted.
      ##SPC6##
PAR  Of the compounds having the formula (I), methyl-4-(p-tolyl) butene and
      methyl-4-(p-tolyl) butadiene having a double bond at the butane skeleton
      are desirable starting materials since they give rise to a remarkable
      increase in conversion and yield. The double bond in the
      methyl-4-(p-tolyl) butene may be located at any desired position. However,
      when a methyl tolyl butane having a butane skeleton at a position other
      than the terminal positions, such as methyl-3-(p-tolyl) butane or a methyl
      tolyl butane having a m-tolyl or o-tolyl group instead of the p-tolyl
      group is used as a starting material, isomers other than the desired 1,6-,
      2,6- and 2,7-dimethyl naphthalenes are produced in large quantities, and
      it is impossible to produce 1,6-, 2,6- or 2,7-dimethyl naphthalene
      selectively. Accordingly, the starting material used in this invention is
      a compound of the following formula (I)
      ##SPC7##
PAL  wherein R is a member selected from the group consisting of alkyl, alkylene
      and alkadiene groups each containing 5 carbon atoms and one pendant methyl
      group, in which the p-tolyl group is substituted at the terminal position
      of the butane skeleton.
PAR  In the process of this invention, the reaction is preferably carried out by
      the vapor-phase catalytic reaction procedure. The reaction temperature is
      preferably about 200 to about 700.degree.C., more preferably about
      300.degree. to about 600.degree.C. Contact for about 0.1 second to about
      15 seconds, preferably about 0.1 second to about 10 seconds, more
      preferably about 3 seconds is sufficient to about 8 seconds. The catalyst
      layer in the vapor-phase catalytic reaction may either be of a fixed-bed
      type or a fluidized-bed type. In the performance of the vapor phase
      catalytic reaction, the compound of formula (I) is vaporized by an
      evaporator through or not through a pre-heater, and fed into the catalyst
      layer where it is brought into contact with the catalyst layer. At this
      time, a suitable diluent or carrier gas can be utilized. Such a gas may be
      an inert gas such as nitrogen gas, argon gas or steam, and also an
      aromatic hydrocarbon such as benzene or toluene, an alicyclic hydrocarbon
      such as cyclohexane, and an aliphatic hydrocarbon such as heptane or
      hexane in vapor form.
PAR  Specific examples of the cyclization-dehydrogenation catalyst suitable for
      use in the process of this invention are oxides of chromium, rhenium or a
      mixture of these. The catalyst can be used as supported on a suitable
      solid carrier. Examples of such a carrier are silica, alumina, magnesia,
      boria, thoria, titania, and mixtures of at least two of these with one
      another. Furthermore, an oxide of a metal selected from the group
      consisting of alkali metals and alkaline earth metals can be used as a
      promoter together with the catalyst. Specific examples of the promoter are
      oxides of metals selected from the group consisting of lithium, sodium,
      potassium, cesium, magnesium, calcium, stronitium, barium, and mixtures of
      at least two of these with one another.
PAR  In the present invention, the amount of the catalyst used is not
      particularly limited, but can be varied over a wide range. Usually, the
      amount of the catalyst is at least 0.001 mol, such as 0.001 mol to 1 mol,
      preferably about 0.005 to about 0.5 mol, per mol of the compound of the
      formula (I). The amount of the promotor to be used is preferably about 0.1
      to about 20% by weight based on the weight of the catalyst. If the
      selectivity to 2,6-dimethyl naphthalene is of special concern, the
      promotor is used preferably in an amount of about 1 to about 8% by weight.
      The amount of the carrier is not restricted in particular, but preferably,
      it is used in an amount such that the amount of the chromium and/or
      rhenium oxide used as a catalyst is about 0.5 to about 10% by weight
      calculated as metal based on the weight of the solid carrier.
PAR  In the commercial performance of the process of this invention, the use of
      a carrier is preferred. The use of a promotor is beneficial in that it
      leads to a further increase in the selectivity of forming the desired
      dimethyl naphthalene, and serves to inhibit the formation of by-products
      such as dimethyl naphthalene isomers other than 1,6-, 2,6-, and
      2,7-dimethyl naphthalenes to a greater extent.
PAR  The catalyst supported on a carrier together, if desired, with a promoter
      can be prepared by various known methods, such as a method wherein the
      carrier is impregnated with a chromium and/or rhenium compound by a
      suitable means, followed by drying and calcining; a method wherein the
      carrier and the above compound are co-gelled, dried and calcined; a
      precipitation method; a method in which a chromium and/or rhenium compound
      is supported on the carrier by sublimation, followed by pyrolysis; a
      method in which a solution prepared by adding water to a water-soluble
      compound of chromium or rhenium is added to a solid carrier to impregnate
      the solution therein and they are heated and calcined by passing clean
      air; a method wherein a solid carrier such as .gamma.-alumina is well
      shaken in an excess of an acid containing chromium or rhenium, allowed to
      stand, and after removal of the liquid, dried and reduced with hydrogen; a
      method wherein a solid catalyst is immersed in a solution of a chromium or
      rhenium compound, dried, calcined, and reduced; a method wherein gels are
      prepared separately from a carrier-forming compound such as aluminum
      nitrate and a catalyst-forming compound such as chromium nitrate, and then
      mixed with each other; a method wherein a mixed solution of a
      carrier-forming compound such as aluminum nitrate and a catalyst-forming
      compound such as chromium nitrate is poured into aqueous ammonia while
      maintaining the pH at not less than 8 and the product coprecipitated is
      dried and then calcined; a method wherein a solid carrier is immersed in
      an aqueous solution of a chromium or rhenium compound, dried, and then
      calcinated; a method wherein aluminum hydroxide is dissolved in an aqueous
      solution of sodium hydroxide, the solution is neutralized with nitric acid
      to a pH of 5.5 to 6.5, and the resultant precipitate is washed, after
      which potassium hydroxide, a small amount of nitric acid and a chromium or
      rhenium compound are added to the resultant gel, and they are kneaded,
      molded, and calcined; a method wherein small amounts of water, ammonium
      nitrate and a chromium or rhenium compound are added to aluminum
      hydroxide, and the resulting mixture is heat-treated, calcined, cooled,
      molded, and calcined in a stream of air; a method which comprises
      immersing a chromia-alumina catalyst in an aqueous solution of sodium
      hydroxide, and drying it, and preferably in a hydrogen atmosphere; a
      method which comprises immersing alumina calcined for long periods of time
      at a temperature of at least 700.degree.C., in an aqueous solution of a
      hydroxide, halide, nitrate, sulfate or acetate of an alkali metal or
      alkaline earth metal for more than 20 hours, withdrawing it from the
      aqueous solution, drying and calcining the alumina for about 3 hours at a
      temperature of about 500.degree.C. in air, thereby to form modified
      alumina having supported thereon the alkali metal or alkaline earth metal,
      then immersing the modified alumina in a solution of ammonium perrhenate
      in water or a perrhenic acid solution obtained by dissolving metallic
      rhenium in nitric acid or aqua regia having oxidizability, withdrawing the
      alumina from the solution, drying it, and then calcining it in nitrogen at
      a temperature of about 500.degree. to 800.degree.C.; a method similar to
      the above method except that calcination is carried out in an atmosphere
      of a reducing gas such as hydrogen or H.sub.2 S instead of the nitrogen;
      or a method wherein the above modified alumina is finely divided, and
      ammonium perrhenate is sublimed and supported on the alumina, followed by
      pyrolysis.
PAR  The following Examples illustrate the present invention in greater detail.
DETD
PAC  REFERENTIAL EXAMPLE 1
PAR  .gamma.-Alumina having a particle size of 150 to 200 mesh was calcined in
      nitrogen at 500.degree. to 600.degree.C. for 2.5 hours, and placed in a
      stirrer-equipped catalyst preparing device purged with argon. The device
      was heated to 200.degree. to 250.degree.C., and with stirring, a potassium
      was added in small portions. After adding all of the potassium, stirring
      was continued for about 1 hour at 200.degree. to 250.degree.C. to form a
      catalyst in which 5% by weight of potassium was supported on
      .gamma.-alumina.
PAR  9.3 g. of this catalyst was taken into an ampoule purged with argon, and
      161 mmols of p-xylene treated with sodium was added. The mixture was
      stirred at room temperature for some time, and aged. The aged mixture was
      replaced in a 100 cc rotary-stirring-type stainless steel autoclave purged
      with argon, and cooled with dry ice-methanol. 1-Butene and/or 2-butene
      treated with a molecular sieve was introduced in the amounts shown in
      Table 1. The autoclave was heated at 150.degree.C. for the periods of time
      shown in Table 1, and cooled to room temperature to expel the unreacted
      1-butene and/or 2-butene. A sample was taken from the residual liquid, and
      the composition of the reaction product was analyzed by
      gas-chromatography, and the selectivity (%) of 3-methyl-4-(p-tolyl) butane
      and the conversion (%) based on p-xylene were calculated. The results are
      shown in the following table.
TBL                Table 1                                                     

     ______________________________________                                    

     Butenes  Reaction time Conversion Selectivity                             

     (mmols)  (hours)       (%)        (%)                                     

     ______________________________________                                    

     1-butene 17.0          23.0       87.4                                    

     (160)                                                                     

     2-butene 3.0           12.2       87.1                                    

     (155)                                                                     

     1-butene                                                                  

     (100)                                                                     

     2-butene 4.5           15.2       88.3                                    

     (50)                                                                      

     ______________________________________                                    

PAC  REFERENTIAL EXAMPLE 2
PAR  To 162 mmols of p-xylene were added 7 mmols of n-butyl lithium and 9 mmols
      of N,N,N',N'-tetramethylethylenediamine, and the mixture was stirred at
      room temperature for 2 hours, whereupon it turned brilliant orange. The
      resulting product was placed in an autoclave, and at the same time, 143
      mmols of 1-butene was introduced into it. When they were reacted at
      80.degree. to 100.degree.C. at an initial pressure of 15 Kg/cm.sup.2, the
      pressure of the inside of the autoclave decreased gradually. After
      reacting for 5 hours, 3-methyl-4-(p-tolyl) butane was obtained in a
      selectivity of about 90%. This compound was distilled under reduced
      pressure to purity it. The resulting product was used in the following
      Examples.
PAC  REFERENTIAL EXAMPLE 3
PAR  0.05 Mol of p-methyl benzyl chloride and 0.05 mol of sec.-butyl chloride
      were dissolved in 100 ml. of toluene. The solution obtained was added
      dropwise to a toluene solution containing 0.1 mol of potassium metal with
      thorough stirring while obtaining the temperature of the solution at
      20.degree. to 30.degree.C. After the addition, the temperature of the
      solution was raised to 50.degree.C. with thorough stirring to complete the
      reaction. After the reaction, the product became black violet, and a white
      powder was precipitated. The resultant product containing the unreacted
      matter and by-products was distilled to afford 3-methyl-4-(p-tolyl)
      butane. The resulting product was used in the following Examples.
PAC  REFERENTIAL EXAMPLE 4
PAR  A Grignard reagent of the formula
      ##SPC8##
PAL  was obtained from 0.77 mol of metallic magnesium and 0.59 mol of p-methyl
      benzyl chloride. To this was added 0.6 mol of an ether solution of methyl
      ethyl ketone. After thorough reaction, a large excess of water was added
      to hydrolyze the reaction product. The resulting
      3-methyl-4-(p-tolyl)-3-butanol was passed through a reaction tube packed
      with active alumina at 200.degree. to 300.degree.C. to afford the desired
      3-methyl-4-(p-tolyl) butene almost quantitatively.
PAC  REFERENTIAL EXAMPLE 5
PAR  .gamma.-Alumina was calcined in an atmosphere of nitrogen at 500.degree.C.
      for about 5 hours, and transferred to a stirrer-equipped catalyst
      preparing device purged with argon. It was heated to 200.degree. to
      250.degree.C., and with thorough stirring, metallic potassium was poured
      in small portions and dispersed and supported on the alumina. There was
      thus obtained a catalyst composed of .gamma.-alumina on which 5% by weight
      of potassium was carried.
PAR  7 g of this catalyst was packed into a quartz reaction tube having an
      inside diameter of 15 mm in a current of argon. The reaction temperature
      was maintained at 170.degree.C., and a gaseous mixture consisting of
      p-xylene, butadiene, n-heptane as a diluent, and nitrogen gas in a molar
      ratio of 1:5:10:5 was passed through the catalyst layer. The contact time
      of p-xylene was 24 seconds. The conversion of p-xylene was 43%, and the
      intended 3-methyl-4-(p-tolyl) butene was obtained in a yield of 8%.
PAC  EXAMPLE 1
PAR  Active alumina was immersed for one day in a stoichiometric amount of an
      aqueous solution of chromium nitrate, dried, and calcined in an atmosphere
      of nitrogen for 5 hours at 700.degree.C. to form a chromia-alumina
      catalyst. 10 cc of this catalyst was packed into a quartz tube having an
      inside diameter of 15 mm, and maintained at 500.degree.C. A gaseous
      mixture of 3-methyl-4-(p-tolyl) butane, benzene and nitrogen gas in a
      molar ratio of 1:3:8 was passed through this catalyst layer at normal
      atmospheric pressure. The contact time was 6 seconds. The composition of
      the catalyst, the conversion of 3-methyl-4-(p-tolyl) butane, the
      selectivity of the dimethyl naphthalene mixture and the proportions of the
      isomers of dimethyl naphthalane are shown in Table 2.
PAC  EXAMPLE 2
PAR  The chromia-alumina catalyst used in Example 1 was further immersed in an
      aqueous solution of sodium hydroxide, dried, and then calcined in an
      atmosphere of nitrogen at 700.degree.C. for 5 hours to prepare a modified
      chromia-alumina catalyst. Using this catalyst, the cyclization
      dehydrogenation of 3-methyl-4-(p-tolyl) butane was performed in quite the
      same way as in Example 1.
PAR  The composition of the catalyst, the conversion of 3-methyl-4-(p-tolyl)
      butane, the selectivity of the dimethyl naphthalene mixture and the
      proportions of the isomers of dimethyl naphthalene are shown in Table 2.
PAC  EXAMPLE 3
PAR  The procedure of Example 2 was repeated except that the amount of sodium to
      be included in the catalyst was increased, the secondary calcination was
      performed in an atmosphere of hydrogen at 600.degree.C. for 3 hours to
      cyclodehydrogenate 3-methyl-4-(p-tolyl) butane. The composition of the
      catalyst, the conversion of 3-methyl-4-(p-tolyl) butane, the selectivity
      of the dimethyl naphthalene mixture and the proportions of the isomers of
      dimethyl naphthalene are shown in Table 2.
PAC  EXAMPLE 4
PAR  Active alumina immersed in an aqueous solution of chromium nitrate was
      calcined, then immersed in an aqueous solution of lithium hydroxide, and
      calcined in an atmosphere of hydrogen at 600.degree.C. for 3 hours to form
      a modified chromia-alumina catalyst. Using this catalyst, the
      cyclization-dehydrogenation of 3-methyl-4-(p-tolyl) butane was carried out
      in quite the same way as in Example 1. The composition of the catalyst,
      the conversion of 3-methyl-4-(p-tolyl) butane, the selectivity of the
      dimethyl naphthalene mixture and the proportions of the isomers of
      dimethyl naphthalene are shown in Table 2.
PAC  EXAMPLE 5
PAR  Active alumina was immersed for one day in a stoichiometric amount of an
      aqueous solution of chromium nitrate, withdrawn, dried, and calcined in an
      atmosphere of nitrogen at 700.degree.C. for 5 hours to form a
      chromia-alumina catalyst. This catalyst was further immersed in an aqueous
      solution of potassium hydroxide, withdrawn, dried, and calcined in an
      atmosphere of hydrogen at 600.degree.C. for 3 hours to form a modified
      chromia-alumina catalyst.
PAR  Using this catalyst, the cyclization-dehydrogenation of
      3-methyl-4-(p-tolyl) butane was carried out in quite the same way as in
      Example 1. The composition of the catalyst, the conversion of
      3-methyl-4-(p-tolyl) butane, the selectivity of the dimethyl naphthalene
      mixture and the proportions of the isomers of the dimethyl naphthanlene
      are shown in Table 2.
PAC  EXAMPLE 6
PAR  20 g of reagent-grade chromium nitrate [Cr(NO.sub.3).sub.3.9H.sub.2 0] and
      375 g of aluminum nitrate [Al(NO.sub.3).sub.3.9H.sub.2 O] were dissolved
      in 500 ml. of pure water. On the other hand, 150 g. of sodium carbonate
      (Na.sub.2 CO.sub.3) was dissolved in 500 ml. of pure water. This solution
      was mixed with the first-prepared mixed aqueous solution of chromium
      nitrate and aluminum nitrate with thorough stirring at about 70.degree.C.
      The resulting gel was thoroughly washed with water, and dried at
      80.degree.C. for 30 hours. It was further calcined in a stream of air at
      700.degree.C. for 5 hours to form a chromia-alumina catalyst which
      contained chromium in an amount of 6.7% by weight as Cr.sub.2 O.sub.3.
PAR  The catalyst obtained was immersed in about 200 ml. of an aqueous solution
      containing 10 g. of calcium nitrare [Ca(No.sub.3).sub.2.4H.sub.2 O], and
      after one day, dried and again calcined in air at 700.degree.C. for 3
      hours.
PAR  Using the catalyst so prepared, the cyclization-dehydrogenation of
      3-methyl-4-(p-tolyl) butane was performed in the same way as in Example 1.
      The results are shown in Table 2.
PAC  EXAMPLE 7
PAR  Commercially available granular silica gel was immersed for one day in a
      calculated amount of an aqueous solution of chromium nitrate, dried, and
      calcined in an atmosphere of nitrogen at 700.degree.C. for 5 hours. The
      catalyst consisted of 4.0% by weight of chromia and 96.0% by weight of
      silica.
PAR  Using this catalyst, the cyclization-dehydrogenation of
      3-methyl-4-(p-tolyl) butane was performed in the same way as in Example 1.
      The results are shown in Table 2.
PAC  EXAMPLE 8
PAR  Silica-alumina containing 25% of alumina was immersed for about 50 hours in
      a 8% by weight aqueous solution of potassium hydroxide, and then calcined
      at 700.degree.C. for 3hours. The resulting potassium-poisoned
      silica-alumina contained 2.3% by weight of potassium as K.sub.2 O.
      Chromium oxide was carried on it in the same way as in Example 1. The
      resulting catalyst consisting of 6.2% by weight of Cr.sub.2 O.sub.3, 2.1%
      by weight of K.sub.2 O, 21.0% by weight of Al.sub.2 O.sub.3, and 70.7% by
      weight of SiO.sub.2.
PAR  Using this catalyst, the cyclization-dehydration of 3-methyl-4-(p-tolyl)
      butane was performed in the same way as in Example 1. The results are
      shown in Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Examples            1    2    3    4    5    6    7    8                  

     __________________________________________________________________________

     Composition of                                                            

               Chromia   3.4  6.1  5.8  6.1  5.8  6.5  4.0  6.2                

     the cyclization-                                                          

               Alumina   96.6 93.0 90.2 92.1 90.7 91.5 0    21.0               

     dehydrogenation                                                           

     catalyst (wt %)                                                           

               Silica    0    0    0    0    0    0    96.0 70.7               

               Alkali or alkaline                                              

                              Na*  Na*  Li*  K*   Ca*       K*                 

               earth metal oxide                                               

                         0    0.9  4.0  1.8  3.5  2.0  0    2.1                

     __________________________________________________________________________

     Conversion (%)      36.7 34.5 42.4 51.7 45.3 43.2 30.7 35.7               

     __________________________________________________________________________

     Selectivity (%) of dimethyl naphthylene                                   

                         24.9 33.2 61.1 56.8 57.2 63.2 20.6 30.6               

     __________________________________________________________________________

     Proportions of the isomers of dimethyl naphthalene (%)                    

     2,6-dimethyl naphthalene                                                  

                         70.7 87.5 94.3 90.9 90.7 94.0 63.6 96.2               

     2,7-dimethyl naphthalene                                                  

                         12.5 6.8  4.1  5.0  5.0  4.1       3.1                

     1,6-dimethyl naphthalene                                                  

                         2.5  1.8  0.4  0.6  1.9  0.5       0.6                

     1,4-dimethyl naphthalene                                                  

                         0.7  0.5  0.1  trace     0.6  36.4 trace              

     2,3-dimethyl naphthalene                                                  

                         7.9  1.1  0.5  1.4  2.4  0.3       trace              

     Others              5.7  2.3  0.7  2.1       0.5       0.1                

     __________________________________________________________________________

      *Na, Li, K, and Ca respectively show an oxide of sodium an oxide of      

      lithium, an oxide of potassium, and an oxide of calcium.                 

PAC  EXAMPLE 9
PAR  Using the catalyst obtained in Example 3, a mixture of 80% of
      2-methyl-4-(p-tolyl)-2-butene and 20% of 2-methyl-4-(p-tolyl)-3-butene was
      cyclodehydrogenated in the same way as in Example 1. The results are shown
      in Table 3.
PAC  EXAMPLE 10
PAR  Using the catalyst obtained in Example 3, 3-methyl-4-(p-tolyl)-2-butene was
      cyclodehydrogenated in the same way as in Example 1. The results are shown
      in Table 3.
PAC  EXAMPLE 11
PAR  Using the catalyst obtained in Example 3, a mixture consisting of 25% of
      3-methyl-4-(p-tolyl)-2-butene and 75% of 3-methyl-4-(p-tolyl)-3-butene was
      cyclohydrogenated. The results are shown in Table 3.
PAC  EXAMPLE 12
PAR  Using the catalyst obtained in Example 3, a mixture consisting of 30% of
      4-methyl-(p-tolyl)-2-butene and 70% of 4-methyl-4-(p-tolyl)-3-butene was
      cyclodehydrogenated in the same way as in Example 1. The results are shown
      in Table 3.
PAC  EXAMPLE 13
PAR  Using the catalyst obtained in Example 3, 3-methyl-4-(p-tolyl) butadiene
      was cyclodehydrogenated in the same way as in Example 1 except that the
      heating temperature was changed to 370.degree.C. The results are shown in
      Table 3.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Examples        9      10     11     12     13                            

     __________________________________________________________________________

                     2-methyl-4-                                               

                            3-methyl-                                          

                                   3-methyl-                                   

                                          4-methyl-                            

                                                 3-methyl-                     

                     (p-tolyl)-2-                                              

                            4-(p-tolyl)-                                       

                                   4-(p-tolyl)                                 

                                          4-(p-tolyl)-                         

                                                 4-(p-tolyl)                   

                     butene and                                                

                            2-butene                                           

     2-butene-       2-butene and                                              

     butudiene                                                                 

     Materials       2-methyl-4-   3-methyl-                                   

                                          4-methyl-                            

                     (p-tolyl)-    4-(p-tolyl)                                 

                                          4-(p-tolyl)-                         

                     3-butene                                                  

     3-butene        3-butene                                                  

     __________________________________________________________________________

     Conversion (%)  91.2   90.2   89.5   85.4   72.0                          

     __________________________________________________________________________

     Selectivity of dimethyl                                                   

     naphthalene (%) 78.4   79.0   78.5   76.8   35.2                          

     __________________________________________________________________________

     Proportions of the isomers of dimethyl                                    

     naphthalene (%)                                                           

     2,6-dimethyl naphthalene                                                  

                     4.3    95.0   94.3   3.8    96.0                          

     2,7-dimethyl naphthalene                                                  

                     93.7   3.8    4.1    2.5    3.1                           

     1,6-dimethyl naphthalene                                                  

                     1.0    0.2    0.4    91.8   0.6                           

     1,4-dimethyl naphthalene                                                  

                     trace  0.4    0.8    0.5    trace                         

     2,3-dimethyl naphthalene                                                  

                     trace  0.4    0.5    0.3    trace                         

     Others          1.0    0.2    trace  1.1    0.3                           

     __________________________________________________________________________

PAC  EXAMPLES 14 and 15
PAR  Commercially available active alumina was immersed for about 20 hours in a
      stoichiometric amount of an aqueous solution of potassium nitrate or
      calcium nitrate, withdrawn, dried, and calcined in air of 700.degree.C.
      for 5 hours to form a potassium or calcium-supported alumina catalyst. The
      catalyst was further immersed in an aqueous solution of ammonium
      perrhenate, allowed to stand for 20 hours, withdrawn, dried, and dried,
      and calcined in an atmosphere of nitrogen at 700.degree.C. for 3 hours,
      followed by further calcination of the calcined product in an atmosphere
      of hydrogen for about 1 hour.
PAR  The resulting catalyst in an amount of 10 cc was packed into a quartz tube
      having an inside diameter of 15 mm, and heated at 500.degree.C. A gaseous
      mixture of 3-methyl-4-(p-tolyl) butane, benzene and nitrogen gas in a
      molar ratio of 1:3:8 was passed through this catalyst layer at normal
      atmospheric pressure. The contact time was 6.0 seconds.
PAR  The composition of the catalyst, the conversion of 3-methyl-4-(p-tolyl)
      butane, the selectivity of the dimethyl naphthalene mixture and the
      proportions of the isomers of the dimethyl naphthalene mixture are shown
      in Table 4.
PAC  EXAMPLE 16
PAR  Alumina having supported thereon potassium oxide and rhenium oxide which
      was prepared in the same way as in Example 14 was further immersed for
      several hours in an aqueous solution of chromium nitrate, dried, and
      calcined in an atmosphere of nitrogen at 700.degree.C. for 3 hours. The
      composition of the resulting catalyst is shown in Table 4.
PAR  This catalyst in an amount of 10 cc was packed into a quartz tube being an
      inside diameter of 15 mm, and held at 500.degree.C. Hydrogen gas was
      passed through the tube for one hour, and then in the same way as in
      Example 1, 3-methyl-4-(p-tolyl) butane was vaporized and passed through
      the tube.
PAR  The composition of the catalyst, the conversion of 3-methyl-4-(p-tolyl)
      butane, the selectivity of the dimethyl naphthalene mixture, and the
      proportions of the isomers in the dimethyl naphthalene mixture are shown
      in Table 4.
PAC  EXAMPLE 17
PAR  Alumina as a carrier was pulverized to a particle size of not more than 100
      mesh, and calcined at 700.degree.C. While being sealed with a nitrogen gas
      the alumina was introduced into a glass filter connected to a flask
      containing commercially available rhenium heptoxide Re.sub.2 O.sub.7.
      After reducing the pressure of the inside of the flask to below 10 mmHg,
      the flask was externally heated, and maintained at about 350.degree.C. to
      sublime the rhenium heptoxide and cause it to adsorb to the alumina at the
      upper part of the filter.
PAR  Using the catalyst so prepared, 3-methyl-4-(p-tolyl) butane was
      cyclohydrogenated under the same conditions as in Example 16. The results
      are shown in Table 4.
PAC  EXAMPLE 18
PAR  Silica-alumina containing 25% of alumina was immersed for about 50 hours in
      a 5% by weight aqueous solution of sodium hydroxide, and calcined at
      700.degree.C. for 3 hours. Rhenium oxide was supported on the resulting
      sodium-poisoned silica-alumina by the method shown in Example 17.
PAR  Using this catalyst, 3-methyl-4-(p-tolyl) butane was cyclodehydrogenated
      under the same conditions as in Example 16. The results are shown in Table
      4.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Examples                    14   15   16   17   18                        

     __________________________________________________________________________

              Rhenium oxide      3.4  3.0  4.6  2.5  3.2                       

              Alumina            93.2 88.1 88.6 97.5 22.5                      

     Composition                                                               

     of the                                                                    

     catalyst (wt %)                                                           

              Silica             0    0    0    0    72.6                      

              Alkali or alkaline earth metal oxide                             

                                 K*   Ca*  K*        Na*                       

                                 3.4  8.9  3.4  0    1.7                       

              Chromia            0    0    3.4  0    0                         

     __________________________________________________________________________

     Conversion (%)              38.5 26.8 43.8 64.2 37.3                      

     __________________________________________________________________________

     Selectivity of dimethyl naphthalene (%)                                   

                                 68.6 79.2 67.3 43.5 64.5                      

     __________________________________________________________________________

     Proportions of the isomers of dimethyl naphthalene (%)                    

     2,6-dimethyl naphthalene    94.4 94.0 95.0 82.2 87.3                      

     2,7-dimethyl naphthalene    4.0  3.3  2.2  8.7  6.5                       

     1,6-dimethyl naphthalene    0.4  0.8  0.4  1.0  0.8                       

     1,4-dimethyl naphthalene    trace                                         

                                      trace                                    

                                           trace                               

                                                1.3  0.7                       

     2,3-dimethyl naphthalene    trace                                         

                                      trace                                    

                                           trace                               

                                                2.5  0.3                       

     Others                      1.2  2.0  2.5  4.3  4.4                       

     __________________________________________________________________________

      *K, Ca and Na respectively mean an oxide of potassium, an oxide of calciu

      and an oxide of sodium                                                   

PAC  EXAMPLE 19
PAR  Using the catalyst contained in Example 14, 2-methyl-4-(p-tolyl)-2-butene
      was cyclodehydrogenated under the same conditions as in Example 14. The
      results are shown in Table 5.
PAC  EXAMPLE 20
PAR  Using the catalyst obtained in Example 14, a mixture consisting of 25% of
      3-methyl-4-(p-tolyl)-2-butene and 75% of 3-methyl-4-(p-tolyl)-3-butene was
      cyclodehydrogenated in the same way as in Example 14. The results are
      shown in Table 5.
PAC  EXAMPLE 21
PAR  Using the catalyst obtained in Example 14, 3-methyl-4-(p-tolyl) butadiene
      was cyclodehydrogenated under the same conditions as in Example 14 except
      that the reaction temperature was changed to 370.degree.C. The results are
      shown in Table 5.
TBL                                    Table 5                                 

     __________________________________________________________________________

     Example              19     20            21                              

     __________________________________________________________________________

                          2-methyl-                                            

                                 3-methyl-4-(p-tolyl)-2-                       

                                               3-methyl-                       

                          4-(p-tolyl)                                          

                                 butene and 3-methyl-4-                        

                                               4-(p-tolyl)                     

     Materials                                                                 

     2-butene             (p-tolyl)-3-butene                                   

                                 butadiene                                     

     __________________________________________________________________________

     Conversion (%)       91.0   72.0          57.0                            

     __________________________________________________________________________

     Selectivity of dimethyl naphthalene (%)                                   

                          80.0   83.5          42.2                            

     __________________________________________________________________________

     Proportions of the isomers of                                             

     dimethyl naphthalene (%)                                                  

     2,6-dimethyl naphthalene                                                  

                          4.2    94.0          96.0                            

     2,7-dimethyl naphthalene                                                  

                          94.5   4.0           2.5                             

     1,6-dimethyl naphthalene                                                  

                          0.5    0.5           0.5                             

     1,4-dimethyl naphthalene                                                  

                          0.6    0.7           0.5                             

     2,3-dimethyl naphthalene                                                  

                          trace  0.4           trace                           

     Others               0.2    0.3           0.3                             

     __________________________________________________________________________

PAC  EXAMPLE 22
PAR  3-Methyl-4-(p-tolyl) butane was cyclodehydrogenated under the same
      conditions as in Example 1 expect that toluene was used as a diluent
      instead of the benzene. The results are shown in Table 6.
PAC  EXAMPLE 23
PAR  3-Methyl-4-(p-tolyl) butane was cyclodehydrogenated under the same
      conditions as in Example 14 except that steam was used as a diluent
      instead of the nitrogen. The results are shown in Table 6.
PAC  EXAMPLE 24
PAR  5.4 g of commercially vailable ammonium perrhenate (NH.sub.4 ReO.sub.4) and
      40 g of chromium nitrate [Cr(NO.sub.3).sub.3.9H.sub.2 O] were pulverized
      and mixed in a mortar, and kneaded with a very small amount of water to
      form a paste-like mixture. The mixture was calcined in air at
      450.degree.C. for 2 hours. The catalyst so prepared consisted of 30% by
      weight of Re.sub.2 O.sub.7 and 70% by weight of CR.sub.2 O.sub.3.
PAR  7 g of this catalyst was packed in a reaction tube, and
      3-methyl-4-(p-tolyl) butane was cyclodehydrogenated under the same
      conditions as in Example 3 except that the reaction temperature was
      changed to 400.degree.C. The results are shown in Table 6.
TBL                Table 6                                                     

     ______________________________________                                    

                     Example                                                   

                            Example  Example                                   

                     22     23       24                                        

     ______________________________________                                    

     Conversion (%)    36.0     52.7     8.0                                   

     Selectivity of dimethyl                                                   

     naphthalene (%)   26.2     36.0     72.0                                  

     Proportions of the isomers of                                             

     dimethyl naphthalene (%)                                                  

      2,6-dimethyl naphthalene                                                 

                       70.5     96.0     96.2                                  

      2,7-dimethyl naphthalene                                                 

                       12.5     3.3      3.1                                   

      1,6-dimethyl naphthalene                                                 

                       2.6      0.4      0.6                                   

      1,4-dimethyl naphthalene                                                 

                       0.8      trace    trace                                 

      2,3-dimethyl naphthalene                                                 

                       5.0      trace    trace                                 

      Others           8.6      0.2      0.1                                   

     ______________________________________                                    

PAC  COMPARATIVE EXAMPLE 1
PAR  Example 1 was repeated except that a solid phosphoric acid catalyst
      consisting of 70% of o-phosphoric acid, 20% of diatomaceous earth and 10%
      of graphite was used, and the reaction temperature was changed to
      350.degree.C. The conversion of the starting 3-methyl-4-(p-tolyl) butane
      was 45%, and the resulting product consisted of 71% of dimethyl indane,
      24% of 2,6-dimethyl tetralin and 3% of dimethyl naphthalene. Of the
      dimethyl naphthalenes obtained, 2,6-dimethyl naphthalene accounted for
      70%.
PAC  COMPARATIVE EXAMPLE 2
PAR  Example 1 was repeated except that a Pt-C catalyst containing 0.05 by
      weight of platinum was used and the reaction temperature was changed to
      500.degree.C. The conversion of the starting 3-methyl-4-(p-tolyl) butane
      was 72%. The product consisted of 64% of toluene and xylene resulting from
      the dealkylation of the starting material, 23% of dimethyl indane, 5% of
      dimethyl naphthalene, and 8% of other matters. Of the dimethyl
      naphthalenes obtained, 2,6-dimethyl naphthalene accounted for 48%.
PAC  COMPARATIVE EXAMPLE 3
PAR  Example 1 was repeated except that a silica-alumina catalyst containing 25%
      of alumina same as used in Example 8 was used and the reaction temperature
      was changed to 500.degree.C. The conversion of the 3-methyl-4-(p-tolyl)
      butane was 95%. The resulting product consisted of 90% of toluene and
      xylene resulting from the dealkylation of the starting material, 5% of
      dimethyl indane, 3 % of dimethyl naphthalene, and 2% of other matters. Of
      the dimethyl naphthalenes obtained, 2,6-dimethyl naphthalene obtained
      accounted for 44%.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing dimethyl naphthalenes selected from at least one
      of 1,6-, 2,6-, or 2,7-dimethyl naphthalene which comprises
PA1  heating a compound (I) selected from the group consisting of
      methyl-4-(p-tolyl)butane, methyl-4-(p-tolyl) butene and
      methyl-4-(p-tolyl)butadiene wherein the p-tolyl is attached at the
      terminal position of the butane, butene or butadiene skeleton,
PA1  in the vapor phase at a temperature of about 200.degree.C to about
      700.degree.C for a contact time of about 0.1 to about 15 seconds,
PA1  in the presence of the cyclization-dehydrogenation catalyst selected from
      the group consisting of (a) an oxide of rhenium and (b) a mixture of (a)
      with an oxide of chromium.
NUM  2.
PAR  2. The process of claim 1 wherein the amount of the catalyst is about 0.001
      mol to about 1 mol per mol of the compound (I).
NUM  3.
PAR  3. The process of claim 1 wherein the catalyst is supported on a solid
      carrier and further contains an oxide of a metal selected from the group
      consisting of alkali metals and alkaline earth metals.
NUM  4.
PAR  4. The process of claim 3 wherein the amount of said alkali or alkaline
      earth metal oxide is 0.1 to 20% by weight based on the weight of the
      catalyst.
NUM  5.
PAR  5. The process of claim 3 wherein the amount of said metal oxide is 0.5 to
      10% by weight calculated as metal based on the weight of the solid
      carrier.
NUM  6.
PAR  6. The process of claim 1 wherein the compound (I) is a compound obtained
      by the addition reaction of p-xylene with a compound selected from the
      group consisting of butene and butadiene.
NUM  7.
PAR  7. The process of claim 1 wherein said dimethyl naphthalene is selected
      from at least one of 2,6- or 2,7-dimethyl naphthalene and said compound
      (I) is selected from the group consisting of 2-methyl-4-(p-tolyl)butane
      and 3-methyl-4-(p-tolyl)butane.
NUM  8.
PAR  8. The process of claim 7 wherein the amount of said catalyst is about
      0.001 mol to about 1 mol per mole of the compound (I).
NUM  9.
PAR  9. The process of claim 7 wherein said catalyst further contains an oxide
      of a metal selected from the group consisting of alkali metals and
      alkaline earth metals.
NUM  10.
PAR  10. The process of claim 9 wherein the amount of said alkalo alkali
      alkaline earth metal oxide is 0.1 to 20% by weight based on the weight of
      the catalyst.
NUM  11.
PAR  11. The process of claim 9 wherein the amount of said metal oxide is 0.5 to
      10% by weight calculated as metal based on the weight of the solid
      carrier.
NUM  12.
PAR  12. The process of claim 1 wherein said catalyst is an oxide of rhenium.
NUM  13.
PAR  13. The process of claim 7 wherein said catalyst is an oxide of rhenium.
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ABST
PAL  A process is described for the production of aromatics boiling in the
      gasoline boiling range from methanol carried out in two stages wherein a
      heat dissipating diluent is employed in the second stage during contact
      with a crystalline zeolite catalyst selective for the purpose and the
      first stage exothermic temperature rise is catalytically restricted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The exothermic conversion of the lower alcohols such as methanol to its
      corresponding ether has been known to take place in the presence of
      certain catalysts such as gamma alumina.
PAR  Copending application Ser. No. 387,223 filed Aug. 9, 1973 (now U.S. Pat.
      No. 3,984,107), discloses the conversion of alcohols to a reaction product
      containing water and highly aromatic, gasoline boiling range hydrocarbons
      by contact with a crystalline zeolite having a silica to alumina ratio of
      at least about 12 and a constraint index of about 1 to 12.
PAR  Other copending applications of interest include Ser. No. 387,222 filed
      Aug. 9, 1973 (now U.S. Pat. No. 3,984,106); Ser. No. 358,192 filed May 7,
      1973 (now abandoned) and Ser. No. 130,442 filed Apr. 11, 1971 (now
      abandoned). U.S. Pat. Nos. 3,702,886 issued Nov. 14, 1972 and 3,709,979
      issued Jan. 9, 1973 are also of interest.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to the method and system for converting methanol to
      gasoline boiling components. More particularly, the present invention
      relates to the sequential restructuring of methanol through a plurality of
      catalyst contact zones temperature restrained in response to catalyst
      activity and selectivity. The invention relates to accomplishing the
      sequential restructuring of vaporized methanol first to ether and then to
      aromatics and isoparaffins boiling in the gasoline boiling range. In
      another aspect, the present invention relates to the method and
      combination of processing steps for catalytically restricting the
      conversion of methanol and the exothermic temperature rise encountered in
      the restructuring operation to formed ether as well as formed isoparaffin
      and aromatic components during contact with catalyst compositions suitable
      for such conversion.
PAR  In the operation contemplated by the present invention, the large amount of
      heat released during the conversion of methanol to gasoline boiling
      components is controlled in a sequentially arranged fixed catalyst bed
      system. The methanol feed is vaporized and converted initially to a
      mixture of dimethyl ether, methanol and water by contact with a suitable
      mass of catalyst, such as, gamma alumina wherein the reaction heat
      generated amounts to within the range of about 15 to 20% of the total heat
      release for the complete conversion of the methanol charge to gasoline
      boiling components. This initial reaction heat so generated is released
      essentially under self-limiting conditions since the reaction step is
      catalytically limited. The initial conversion of the methanol feed with
      the alumina catalyst acts to further heat the reactant by the partial
      conversion reaction heat and bring the resultant reactant stream to a
      temperature sufficiently high to initiate the subsequent conversion
      thereof to gasoline boiling range aromatics upon contact with a ZSM-5 type
      crystalline zeolite. In this combination of operating restraints it has
      been found desirable to dilute the effluent from the gamma alumina
      conversion step with a light hydrocarbon gas comprising C.sub.5 and lower
      boiling hydrocarbons which are used primarily as a heat sink and carrier
      to remove the remaining generated exothermic heat during the crystalline
      zeolite contact step. Water may also be used for this purpose but the use
      of additional amounts of water is considered a less desirable diluent
      material for reasons herein expressed. In the combination operation above
      described, the maximum temperature variation or increment in the
      crystalline catalyst system will be maintained within carefully controlled
      limits thereby enhancing the combination to which the present invention is
      directed.
PAR  The conversion of methanol to gasoline boiling components is a highly
      exothermic reaction releasing approximately 750 BTU of heat per pound of
      methanol. This amount of heat release will result in an adiabatic
      temperature increase of about 1200.degree.F. for pure methanol feed. In an
      adiabatic catalyst bed reactor, this large temperature increase will
      result in high catalyst aging rates, and possibly cause thermal damage to
      the catalyst. Furthermore, such high temperatures could cause an
      undesirable product distribution to be obtained. Therefore, it is critical
      to the conversion of methanol to useful products to provide sufficient
      heat removing or dissipating facilities particularly during initial
      contact with the crystalline zeolite conversion catalyst so that the
      maximum temperature encountered in any portion of the zeolite catalyst
      conversion step is below an upper predetermined limit.
PAR  It is clear from the above brief discussion that a combination of at least
      two separate reaction temperature control mechanisms are relied upon and
      used in the combination of this invention. These temperature control
      mechanisms include a selective self-limiting catalyst relied upon to
      promote the conversion of methanol to dimethyl ether and thus partially
      heat the reactant to an elevated temperature suitable for the further
      conversion of a reactant product thereof with a ZSM-5 type crystalline
      zeolite to components boiling in the gasoline boiling range. The other
      temperature control mechanism particularly employed is directed to using a
      heat dissipating gasiform material in combination with the reactant charge
      passed to the crystalline zeolite conversion step. Thus, the present
      invention relies upon the use of light hydrocarbon gases, C.sub.5 and
      lower boiling material alone or in combination with the water product of
      the initial conversion step to dilute the ether product effluent before
      contacting the ZSM-5 zeolite catalyst. By using a proper dilution ratio,
      the exothermic temperature rise in the ZSM-5 catalyst system is readily
      controlled within desired practical limits. The light hydrocarbon gases
      thus employed are easily separated from the higher boiling gasoline
      boiling components and can be recycled to the reactor inlet as diluent as
      provided above. In the event that water is used alone as a diluent it may
      be separated in a low pressure separator downstream of the reactor and
      recycled as herein discussed.
PAR  The catalyst systems contemplated in the combination process of the present
      invention are selected from catalyst compositions particularly promoting
      the sequence of conversion steps herein defined. Thus it is proposed to
      use in the initial methanol conversion step, a selective catalyst
      composition which will restrict the conversion of methanol to an ether and
      thus its exothermic temperature rise. Preferably the catalyst should
      release only a portion of the total exothermic heat resulting from the
      conversion of methanol to gasoline boiling components. A catalyst suitable
      for this purpose in the ether forming step is gamma alumina. The
      crystalline zeolite conversion catalyst relied upon to convert the
      dimethyl ether product formed from the methanol charge and any unconverted
      methanol in the ether containing effluent is preferably a ZSM-5
      crystalline zeolite material. However, other crystalline zeolites
      providing activity-selectivity characteristics similar to ZSM-5
      crystalline zeolite such as ZSM-5 type materials comprising ZSM-11,
      ZSM-12, ZSM-21 and TEA mordenite may be employed.
PAR  The conversion of the methanol charge to an ether rich effluent or
      equilibrium mixture comprising methanol and water will be accomplished at
      a pressure within the range of 15 to 175 psig. A low pressure operation is
      desirable since the formation of undesirable high molecular weight
      aromatic compounds such as durene can be minimized. Therefore it is
      preferred that the catalyst employed in the initial ether forming reaction
      zone be arranged to provide a low pressure drop system. A reactant radial
      flow fixed bed catalyst arrangement is one arrangement suitable for this
      purpose. In such a system, the methanol inlet temperature is preferably
      about 400.degree.F. and may be within the range of 400.degree.F. to about
      600.degree.F. The methanol is charged to the system at a rate of 10 or
      lower space velocity (LHSV) based on pure liquid methanol. Conversion of
      the methanol charge to an ether rich effluent will release sufficient heat
      to raise the temperature of the effluent to within the range of
      600.degree. to 800.degree.F. The ether rich effluent is mixed with a
      diluent material as defined above and preferably C.sub.5 and lighter
      hydrocarbons in an amount sufficient to act as the heat carrier and
      provide a mixture at a temperature of about 600.degree.F. which is a
      desired inlet temperature for completing the conversion of the ether rich
      effluent as well as unconverted methanol by contact with the crystalline
      zeolite ZSM-5 catalyst. The crystalline zeolite conversion operation is
      maintained at a pressure within the range of 15 to 170 psig and preferably
      at a pressure sufficiently below the upstream alumina catalyst reactor
      pressure to permit the cascade of product effluent without intermediate
      compression. A space velocity of 1 based on pure methanol and 1
      atmospheric partial pressure is preferred in the crystalline zeolite
      conversion step. FIGS. I-III show the estimated adiabatic temperature rise
      in the ZSM-5 catalyst conversion step for pure methanol and crude methanol
      containing 12 and 16 weight percent water as feed to the alumina
      conversion step. A reasonable temperature increase across the ZSM-5
      reactor is estimated to be in the range of 150.degree.F. to about
      250.degree.F. Therefore the dilution ratio required using light
      hydrocarbon gas, C.sub.5 and lighter, will be selected from within the
      range of about 1.0 to 5 based on pure methanol feed and less than about 3
      based on crude methanol feed containing about 16 weight percent of water.
      In an operation using steam as the diluent, the estimated dilution ratio
      will be about 8.0 for pure methanol and about 6.5 for crude methanol feed.
      Crude methanol contains from about 10 to about 20 percent water.
PAR  The fixed catalyst bed processing combination of this invention offers
      several significant advantages for the conversion of methanol to gasoline
      boiling components. For example, a relatively inexpensive catalyst is
      initially employed to dissipate a substantial portion of the potential
      exothermic heat to be generated in the conversion operation; the
      combination operation significantly reduces the temperature control
      problems of such a conversion; the reaction streams are essentially once
      through plug flow type operations controlled to restrict the formation of
      undesired heavy aromatics such as durene; and high quality gasoline
      boiling components are formed within the operating restraints of the
      combination. Maintaining a relatively low reactant partial pressure in the
      ZSM-5 conversion stage will tend to reduce the formation of undesired
      heavy aromatics; the use of light hydrocarbons as heat carrying and
      dissipating diluent will extend the useful life of the ZSM-5 catalyst; and
      negligible loss through attrition of the more expensive ZSM-5 catalyst
      will be minimized by the fixed catalyst bed system used in the combination
      operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. I is a plot of the estimated temperature rise data for the ZSM-5
      catalyst reactor based on processing crude methanol containing 12 weight
      percent water combined with different diluents.
PAR  FIG. II is a plot of the estimated temperature rise data for the ZSM-5
      catalyst reactor based on processing pure methanol admixed with different
      diluents.
PAR  FIG. III is a plot of the estimated temperature rise data for the ZSM-5
      catalyst reactor based on processing methanol containing 16 weight percent
      water combined with different diluents.
PAR  FIG. IV is a schematic process flow arrangement for converting methanol in
      two separate sequentially arranged fixed catalyst beds with diluent
      injection between catalyst beds.
DETD
PAC  DISCUSSION OF SPECIFIC EMBODIMENTS
PAR  FIG. I is a plot of the estimated data directed to showing the adiabatic
      temperature rise to be encountered in a reactor containing a bed of ZSM-5
      crystalline zeolite when processing the equilibrium mixture of dimethyl
      ether, water and methanol obtained from crude methanol feed containing 12
      weight percent of water in the presence of different diluent materials. It
      will be observed from the data of FIG. I that the higher the molecular
      weight of the hydrocarbon diluents the more effective is the heat
      dissipating effect and the ratio of hydrocarbon diluent to feed can be
      reduced as the molecular weight of the hydrocarbon diluent is increased.
PAR  FIG. II similar to FIG. I is a plot of the estimated data directed to
      showing the adiabatic temperature increase expected based on processing
      the equilibrium mixture from pure methanol over a bed of ZSM-5 catalyst in
      the presence of different diluent materials. The equilibrium mixture will
      contain methanol, dimethyl ether (DME) and water. From this plot of data
      it will be observed that the same trend occurs with different diluent
      materials as expressed above with respect to FIG. I. That is, the
      hydrocarbon materials comprising C.sub.1 to C.sub.4 hydrocarbons are more
      effective as diluents than water and the higher the molecular weight of
      the hydrocarbon diluent the more effective it is as a heat carrier or heat
      dissipating material.
PAR  FIG. III similarly to the above Figures, is a plot of the estimated data
      directed to showing the effect of different diluents on processing the
      equilibrium mixture obtained from a crude methanol containing 16 weight
      percent water. Similar trends are found in the data of FIG. III discussed
      with respect to FIGS. I and II.
PAR  Referring now to the process flow arrangement of FIG. IV, crude methanol in
      a liquid phase condition is charged to the process by conduit 2
      communicating with pump 4. The methanol is compressed to about 160 psig in
      pump 4 and then passed by conduit 6 to heat exchanger 8 wherein the
      temperature of the liquid methanol is raised to about 400.degree.F. The
      thus preheated methanol is vaporized in indirect heat exchanger 8 before
      it is passed by conduit 10 to the inlet of the dimethyl ether forming
      catalytic reactor 12. In catalyst containing reactor 12, a fixed bed of
      gamma alumina catalyst is maintained as a fixed bed of catalyst through
      which the methanol reactant passes downwardly through or as an annular bed
      of catalyst for radial flow of reactant material therethrough. A single
      down-flow fixed catalyst bed or a plurality of separate fixed down-flow
      catalyst bed are arranged for converting the methanol feed under
      restricted temperature conditions as herein described to essentially an
      equilibrium product comprising methanol, dimethyl ether and water existing
      at a temperature of about 600.degree.F. due to the exothermic temperature
      rise catalytically generated in the operation. The equilibrium product
      thus obtained may be construed as an ether rich product which is then
      passed by conduit 14 to a second reactor stage 16 housing one or more
      separate and sequentially arranged beds of a ZSM-5 type of crystalline
      zeolite. For the purpose of this specific discussion, the crystalline
      zeolite employed in the second reactor stage is a HZSM-5 crystalline
      zeolite.
PAR  In the combination operation herein described it is preferred to employ a
      low pressure drop catalyst system in reactor 16 and this may be
      accomplished by providing an annular bed catalyst for radial reactant flow
      therethrough or a plurality of relatively shallow sequentially arranged
      beds of catalyst may be employed for accomplishing the purpose desired. A
      diluent material introduced by conduit 18 is combined with the ether rich
      effluent obtained as hereinbefore discussed before contact of the mixture
      is made with the HZSM-5 crystalline zeolite catalyst under heat generating
      or exothermic reaction conditions controlled to restrict the temperature
      increase between the reactor inlet and reactor outlet not to exceed about
      200.degree.F. and preferably not to exceed about 300.degree.F. The
      conversion of the ether rich effluent by the HZSM-5 catalyst is highly
      exothermic as discussed above and controlled within desired limits by use
      of the heat dissipating diluent material described above. During this
      highly exothermic operation the ether rich effluent or equilibrium mixture
      comprising dimethyl ether, methanol and water is controlled to effect the
      conversion thereof to gasoline boiling range components comprising
      aromatic and isoparaffins. The aromatic components comprising benzene,
      toluene and xylene are preferred components over the higher boiling durene
      aromatic material and every effort is made through temperature restraint,
      reactant partial pressure, space velocity and reactant plug flow operation
      to promote this end.
PAR  The product effluent of the HZSM-5 reaction zone 16 is passed through one
      or more cooling steps to reduce the temperature to a desired low
      temperature. In the specific arrangement of the figure the effluent is
      passed by conduit 20 to heat exchanger 22 wherein the effluent temperature
      is reduced to about 470.degree.F. by indirect heat exchange with diluent
      material removed therefrom by conduit 18. The diluent will be at a
      temperature of about 600.degree.F. The partially cooled effluent is
      removed from heat exchanger 22 and passed by conduit 24 to heat exchanger
      26 wherein a further cooling of the effluent to about 440.degree.F. is
      accomplished. The effluent is removed from heat exchanger 26 by conduit 28
      for passage to another heat exchanger, in this instance heat exchanger 8
      used for preheating the methanol charged to reactor 12. In the arrangement
      of the drawing the cooled effluent is then passed by conduit 30 to heat
      exchanger 32 wherein it is again passed in indirect heat exchange with
      diluent material recycled to the operation whereby the effluent
      temperature is reduced to about 180.degree.F. before passing through
      additional stages of cooling provided by air cooler 34 and heat exchanger
      36. Of course many other heat exchange arrangements may be provided for
      reducing the reactor effluent temperature from about 800.degree.F. to
      about 100.degree.F. before passage by conduit 38 to a low pressure
      separator 40. Low pressure separator 40 is maintained at a temperature of
      about 100.degree.F. and a pressure of about 120 psig. In the low pressure
      separator a rough cut is made between gasiform diluent materials, desired
      aromatic and isoparaffin product and water. Water is withdrawn by conduit
      42 and may be recycled as diluent if desired after suitable temperature
      adjustment. A gasiform product material lower boiling than desired
      gasoline boiling range constituents is withdrawn by conduit 44 and passed
      to a compressor 46. A plurality of parallel arranged gas compressors may
      be used for this purpose. The gasiform material is compressed by
      compressor 46 to a pressure of about 165 psig before it is passed by
      conduit 48 to a knock out drum 50 wherein a further separation is made
      between hydrocarbon diluent material for recyclization to reactor 16,
      water withdrawn by conduit 52 and gasoline boiling components recovered by
      conduit 54. The recovered material in conduit 54 is combined with gasoline
      boiling components recovered from separator 40 by conduit 56 and passed to
      a high pressure separator not shown. Gasiform hydrocarbon diluent material
      separated in drum 56 is passed by conduit 58 to heat exchanger 32 and then
      by conduit 60 to heat exchanger 22 so as to raise its temperature from
      about 100.degree.F. to about 600.degree.F. before admixture with the
      equilibrium effluent in conduit 14. It is to be understood that any number
      of different heat exchange arrangements may be relied upon to heat and
      cool primary stream above discussed without departing from the spirit and
      scope of the present invention.
PAR  Having thus generally described the present invention and discussed
      specific embodiments in support thereof, it is to be understood that no
      undue restrictions are to be imposed by reason thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an exothermic conversion process relied upon for producing gasoline
      boiling range components from a methanol rich feed which comprises:
PA1  passing preheated methanol feed in contact with a catalyst and under
      conditions selective for restricting the conversion of methanol to a
      product comprising dimethyl ether,
PA1  combining a light hydrocarbon gasiform diluent with said product comprising
      dimethyl ether in an amount which will dissipate exothermic heat released
      upon subsequent contact with a ZSM-5 type crystalline zeolite conversion
      catalyst and
PA1  contacting said ether comprising product and said light hydrocarbon diluent
      with a ZSM-5 type crystalline zeolite under conditions selective for
      converting said ether to products boiling in the gasoline boiling range.
NUM  2.
PAR  2. The process of claim 1 wherein a sequence of fixed catalyst beds is
      relied upon to effect said conversions and the temperature of the effluent
      obtained from said first bed of catalyst is essentially catalyst limited.
NUM  3.
PAR  3. The process of claim 1 wherein the product comprising dimethyl ether is
      in equilibrium with methanol and water and the total equilibrium mixture
      is passed with said diluent to said second stage of catalyst contact.
NUM  4.
PAR  4. The process of claim 1 wherein a gamma alumina is relied upon to produce
      said product comprising dimethyl ether and a ZSM-5 type crystalline
      zeolite is employed to form gasoline boiling range components comprising
      aromatics and iso-paraffins.
NUM  5.
PAR  5. The process of claim 1 wherein the ether comprising product is adjusted
      to a temperature of about 600.degree.F. before contacting the crystalline
      zeolite catalyst.
NUM  6.
PAR  6. The process of claim 1 wherein the hydrocarbon diluent comprises C.sub.5
      and lower boiling hydrocarbons.
NUM  7.
PAR  7. The process of claim 1 wherein the crystalline zeolite is ZSM-5.
NUM  8.
PAR  8. The process of claim 1 wherein sufficient diluent is employed to
      restrict the temperature of the effluent from the crystalline zeolite
      contact step not to exceed about 850.degree.F.
NUM  9.
PAR  9. The process of claim 1 wherein the methanol charge contains up to about
      16 weight percent water.
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ABST
PAL  In a process for producing alkylaromatics by halogenating a paraffin and
      reacting the halogenated paraffin with an aromatic hydrocarbon, the rate
      of halogenation is improved by treating the n-paraffin to selectively
      remove oxygen-containing hydrocarbonaceous compounds from the n-paraffin
      with a sorbent selective for such oxygen-containing compounds, and
      subsequently halogenating the treated n-parffin. The improvement is
      particularly useful in producing alkylaromatic hydrocarbons from
      monocyclic aromatic compounds and n-paraffins.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a division of my copending application Ser. No.
      265,092, filed on June 21, 1972, now U.S. Pat. No. 3,848,006, Nov. 12,
      1974, which is, in turn, a continuation-in-part of my copending
      application Ser. No. 803,057, filed on Feb. 27, 1969, now abandoned, the
      teachings of both of which are incorporated herein by specific reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the mono-chlorination or monobromination of a
      C.sub.9 -C.sub.18 n-paraffin to produce an alkylating agent. In one
      aspect, this invention relates to a process for producing an
      alkyl-aromatic by monohalogenating a C.sub.9 -C.sub.18 n-paraffin and
      alkylating an aromatic with the monohalogenated n-paraffin to provide an
      alkylaromatic intermediate in detergent alkylate production. More
      specifically, this invention relates to the removal of oxygen-containing
      hydrocarbonaceous compounds formed by the oxidation of a C.sub.9 -C.sub.18
      n-paraffin, which oxygen-containing compounds, when present in admixture
      with the n-paraffin, inhibit the rate of halogenation of the paraffin.
      This invention further relates to an improved process for producing an
      alkylaromatic product from a C.sub.9 -C.sub.18 normal paraffin and a
      monocyclic aromatic.
PAR  Processes for the production of straight chain alkylaromatics have gained
      considerable importance in the past few years as a result of the demand
      for control of water pollution. The relevant alkylaromatics are those
      having an aromatic nucleus bonded at various positions on a linear alkyl
      chain to a C.sub.9 -C.sub.18 linear alkyl group. When such alkylaromatics
      are converted to detergents through sulfonation, neutralization, etc., the
      resulting detergent is more bio-degradable than a detergent of the same
      chemical composition in which the alkyl chain is highly branched, e.g.,
      detergents prepared from propylene tetramer.
PAR  A preferred method for preparing the bio-degradable detergents includes
      mono-chlorinating or mono-brominating a C.sub.9 -C.sub.18 n-paraffin to
      form the corresponding mono-halogenated paraffin. The mono-halogenated
      paraffin is employed as an alkylating agent and is reacted with a
      monocyclic aromatic, typically benzene, to form the desired biodegradable
      detergent alkylate precursor.
PAR  In mono-halogenating paraffins for use in preparing alkylaromatics, thermal
      halogenation is preferred over halogenation processes utilizing a
      catalytic agent. Halogenation processes in which a catalyst is employed
      typically produce di- or polyhalogenated paraffins in excessive quantities
      and also produce olefins, which are highly undesirable in a
      mono-halogenation operation. Thermal halogenation has been found to
      provide a more selective and easily controllable method of halogenation,
      giving a higher yield of the desired mono-halogenated paraffins, while
      producing fewer undesirable side products. Thermal halogenation is also
      generally preferred because the thermal route obviates the difficulties
      and expense inherent in handling a catalyst. For example, the presence of
      water, aromatics and other contaminants is known to have a deleterious
      effect on halogenation catalysts, and therefore halogenation processes
      using such catalysts must make provisions for removal of such
      contaminants. This leads to further complication and expense.
PAR  One of the continuing goals in the halogenation art is to increase the rate
      of halogenation while maintaining the selectivity of the process for
      producing mono-halogenated paraffins, in contrast to di- and
      polyhalogenated paraffins or olefins. This is particularly true where the
      halogen employed is bromine. Bromine is known to react slowly with
      n-paraffins as compared to chlorine, for example. In many cases, however,
      bromine is preferred over chlorine as a halogenation agent, since the
      hydrogen bromide formed in the halogenation reaction is more easily
      converted to molecular bromine than is hydrogen chlorine converted to
      molecular chlorine. Since molecular bromine and chlorine are the
      halogenation agents normally used in such a halogenation process, it is
      preferred to use bromine rather than chlorine so that recycle of the
      halogen is facilitated. Prior art recognition that n-paraffins are
      relatively difficult to halogenate has led to the use of halogenation
      processes to selectively halogenate and separate isoparaffins from
      n-paraffins.
PAR  I have made the surprising discovery that when the paraffin employed in
      thermal halogenation contains oxygen-substituted hydrocarbonaceous
      compounds, such as those formed by air oxidation of a normal paraffin, the
      oxygen-containing compounds act as inhibitors in the halogenation
      reaction, even when present in small amounts. The resulting slower rate of
      reaction necessitates the use of a larger reactor, longer reaction time,
      etc., and thereby results in undesirable additions to the expense and
      complication of the operation of a halogenation process.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a method for
      improving the rate of halogenation of a C.sub.9 -C.sub.18 n-paraffin. A
      further object of this invention is to provide an efficient process for
      the production of alkylaromatics suitable for use in production of
      bio-degradable detergents using an n-paraffin reactant and an aromatic
      reactant.
PAR  In an embodiment, the present invention relates to an improved process for
      the halogenation of a feed stock containing a C.sub.9 -C.sub.18 n-paraffin
      by reaction with chlorine or bromine, wherein oxygen-containing
      hydrocarbonaceous compounds are present in said feed stock in
      concentrations sufficient to inhibit the rate of halogenation of said
      n-paraffin, the improvement which comprises contacting said feed stock,
      prior to said halogenation, with a sorbent capable of selectively removing
      said oxygen-containing compounds from said feed stock, under separation
      conditions sufficient to remove at least a portion of said
      oxygen-containing compounds from said feed stock, whereby the rate of
      halogenation of said n-paraffin is increased.
PAR  In another embodiment, the present invention relates to an improved process
      for producing an alkylaromatic product from an alkylatable monocyclic
      aromatic compound and a feed stock containing a C.sub.9 -C.sub.18
      n-paraffin by halogenating said n-paraffin with chlorine or bromine to
      provide an alkyl mono-halide alkylating agent and alkylating said aromatic
      with said alkylating agent to provide said alkyl-aromatic product, wherein
      oxygen-containing hydrocarbonaceous compounds are present in said feed
      stock at concentrations sufficient to inhibit the rate of halogenation of
      said n-paraffin, the improvement which comprises contacting said feed
      stock, prior to said halogenation, with a sorbent capable of selectively
      removing said oxygen-containing compound, under separation conditions
      sufficient to remove at least a portion of said oxygen-containing
      compounds from said feed stock, whereby the rate of halogenation of said
      n-paraffin is increased.
PAR  Through the use of the improvement of the present invention, the rate of
      halogenation of a C.sub.9 -C.sub.18 n-paraffin having oxygen-containing
      hydrocarbonaceous impurities therein is greatly increased by the removal
      of these oxygen-containing impurities. A more efficient process for the
      production of an alkylaromatic detergent precursor through
      mono-halogenation of a C.sub.9 -C.sub.18 normal paraffin and alkylation of
      a monocyclic aromatic with the resulting mono-halogenated paraffin is
      thereby provided.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The C.sub.9 -C.sub.18 normal paraffins utilized in the improved process of
      this invention include n-nonane, n-decane, n-octadecane, etc., and
      mixtures thereof. Such normal paraffins may be obtained from any suitable
      source including an appropriate fraction of a straight-run petroleum
      distillate, such as the kerosene fraction. The normal paraffins may also
      be obtained as a product of the Fisher-Tropsch reaction, a process by
      which paraffinic hydrocarbons in the C.sub.9 -C.sub.18 range are formed by
      the reaction of hydrogen with carbon monoxide. Similarly, the hydrogenated
      products of ethylene polymerization and hydrogenated fatty acids, which,
      upon complete hydrogenation, produce paraffinic hydrocarbons have a
      straight chain configuration, may be employed. Although any suitable
      source may be used to supply the feed stock containing the C.sub.9
      -C.sub.18 normal paraffins utilized in the present process, the preferred
      source of the normal paraffin feed stock is a petroleum distillate
      fraction boiling in the range from about 170.degree. C. to about
      300.degree. C., which contains the desired C.sub.9 -C.sub.18 normal
      paraffins.
PAR  Most of the sources of the feed stock described above also contain a
      significant amount of branched chain C.sub.9 -C.sub.18 isomers in
      admixture with the normal paraffins. These branched isomers must be
      separated from the feed stock if the n-paraffins are to be utilized as
      reactants in the preparation of linear alkylbenzenes. The normal paraffins
      may be separated from the branched isomers by any of the procedures known
      in the art, the exact method of separation of the normal
      paraffin-containing feed stock not being critical to the present
      invention. Such processes may include, for example, the use of molecular
      sieve sorbents or adduction with clathrate-forming compounds such as urea.
PAR  A preferred method of separation is by the use of molecular sieve sorbents.
      The preferred molecular sieves of this type are characterized by their
      chemical compositions as a dehydrated metal aluminosilicates having a
      zeolite crystal structure and containing pore openings about 5 Angstroms
      in cross-sectional diameter which are of sufficient size to permit the
      entry of normal paraffinic compounds but are not of sufficient size to
      permit the entry of branched chain or cyclic compounds in the same boiling
      range. The use of such molecular sieves to separate normal hydrocarbons is
      well known. For example, a process for the separation of normal
      hydrocarbons using molecular sieves which can be employed to provide a
      suitable feed stock may be found in U.S. Pat. No. 2,920,037. Another
      suitable method for separating the normal paraffins may be found in U.S.
      Pat. No. 2,957,927. The concept of the use of moving inlets and outlets to
      simulate countercurrent flow of the molecular sieves and using zeolites is
      also well known. An example of a suitable process using such an operation
      is disclosed in U.S. Pat. No. 2,985,589. These processes include the use
      of a hydrocarbonaceous desorbent which is generally outside the molecular
      weight and boiling range of the feed stock to be separated. Critical
      factors in such separation operations are the rate of sorption of the
      selectively sorbed molecules and the selectivity of the molecular sieve
      sorbent for the selectively sorbed molecules. If the rate of sorption is
      slow, or if the selectivity of the sorbent for the preferentially adsorbed
      molecules is low, the overall amount of extraction of the desired
      n-paraffins will be low. When the feed stock to be separated is a heavier
      feed stock, for example, in the kerosene boiling range such as the feed
      stock of the present process, the rate of sorption may indicate that the
      use of operations which are described in U.S. Pat. No. 3,306,848 would
      also be beneficial.
PAR  Irrespective of the method used to provide the feed stock containing the
      C.sub.9 -C.sub.18 n-paraffin, according to the process of the present
      invention, the C.sub.9 -C.sub.18 n-paraffins in the feed stock are
      mono-halogenated with bromine or chlorine to provide mono-halogenated
      paraffins. Various methods for effecting the mono-halogenation are known
      in the art, including catalytic and non-catalytic methods. In general,
      catalytic halogenation is more suitable for producing di- and
      poly-halogenated paraffins, while non-catalytic or thermal halogenation is
      more suitable for producing mono-halogenated paraffins. In general,
      mono-halogenation is effected by contacting the feed stock containing
      C.sub.9 -C.sub.18 n-paraffins with molecular chlorine or bromine at a
      halogen/paraffin mole ratio of about 0.05 to about 0.5. The
      mono-halogenation step may be performed in a vapor phase operation or a
      liquid phase operation. Radiation, trace amounts of iodine, or other known
      catalysts may be employed if desired. Such catalysts and their use in
      conventional mono-halogenation operations are known in the prior art. The
      feed stock may contain a single suitable n-paraffin, e.g., n-dodecane, or
      may suitably contain a mixture of two or more C.sub.9 -C.sub.18
      n-paraffins. A preferred method for undertaking the halogenation step is
      by reacting the paraffin in the liquid phase and molecular halogen at a
      temperature of about 50.degree. C. to about 400.degree. C., preferably
      from about 75.degree. C. to about 250.degree. C. The mono-halogenation may
      be performed in a batch-type operation or in a continuous operation. In
      general, any conventional method suitable for providing a mono-halogenated
      C.sub.9 -C.sub.18 n-paraffin from a C.sub.9 -C.sub.18 n-paraffin feed
      stock and a molecular halogen consisting of bromine or chlorine may be
      employed in the present process.
PAR  In accordance with the improved process of the present invention, I have
      found that when certain oxygen-containing hydrocarbonaceous compounds are
      present in the n-paraffin feed stock to be utilized in a halogenation
      operation, these oxygen-containing compounds severely inhibit the rate of
      reaction between the halogen and paraffin to form the desired halogenated
      n-paraffin. It is known that aromatic hydrocarbons, when present in the
      n-paraffin feed stock, may adversely effect the halogenation operation by
      reacting with the relatively expensive halogen, thus requiring an
      undesirably large halogen supply. It has also been found previously that
      water may adversely effect the operation of some halogenation catalysts,
      thereby reducing the rate of halogenation in an operation employing such
      catalysts. However, it has not heretofore been determined that the
      presence of oxygen-containing hydrocarbonaceous compounds in the
      n-paraffin feed stock has a severe adverse effect on the rate of
      halogenation, and, in particular, this adverse effect is evidenced in a
      conventional thermal mono-halogenation operation. I have found that this
      inhibition of the rate of halogenation is dependent on the concentration
      of the undesirable oxygen-containing hydrocarbonaceous compounds in the
      n-paraffin feed stock and is not substantially effected by the presence or
      absence of small, conventional amounts of aromatic hydrocarbons or water
      in the feed stock. The undesirable oxygen-containing hydrocarbonaceous
      compounds particularly include, but are not limited to, those compounds
      formed by reaction of a C.sub.9 -C.sub.18 n-paraffin with oxygen. For
      example, I have found that C.sub.9 -C.sub.18 n-paraffin feed stocks,
      initially free from oxygen-containing hydrocarbonaceous compounds, when
      exposed to air for any substantial period, will react to form C.sub.9
      -C.sub.18 oxygen-containing compounds in concentrations which are
      relatively small but are sufficient to severely inhibit the rate of
      reaction in a halogenation operation. The undesirable oxygen-containing
      compounds comprise carbonyl- and hydroxyl-containing hydrocarbonaceous
      compounds. The undesirable effect of these compounds is evident when their
      concentration in the n-paraffin feed stock is as low as 0.01 wt. %, or
      less, even trace amounts causing some impairment. The inhibitory effect is
      very strong when the oxygen-containing compounds are present at
      concentrations of about 0.05 wt. percent or greater.
PAR  It will be apparent to those skilled in the art that limitations as to the
      effective concentration of undesirable oxygen-containing hydrocarbonaceous
      compounds in a C.sub.9 -C.sub.18 n-paraffin feed stock are not essential
      to an understanding of the operation and utility of the present invention.
      The present invention concerns an improvement in a process for
      halogenating a C.sub.9 -C.sub.18 n-paraffin feed stock. Conventionally,
      such a feed stock contains minor amounts of various contaminants such as
      aromatics, water, etc. Since a conventional feed stock will generally have
      been exposed to air one or more times for possibly substantial periods, in
      conventional operations, before being used in a halogenation operation, it
      will generally be the case in such a conventional operation that small
      amounts, e.g., 0.01 to 0.1 wt. % of the oxygen-containing
      hydrocarbonaceous impurities, sufficient to adversely effect halogenation,
      will be present in a conventional feed stock. Thus, the present invention
      is primarily directed to embodiments wherein a conventional n-paraffin
      feed stock, containing small amounts of such impurities, is treated to
      remove the impurities. The present invention is not limited to such
      embodiments, however, and can, if desired, be employed to treat C.sub.9
      -C.sub.18 n-paraffin feed stocks containing any amount of the undesirable
      compounds. Similarly, it will be apparent that the improved process of the
      present invention can be applied in the halogenation of other hydrocarbon
      feed stocks besides the preferred C.sub.9 -C.sub.18  n-paraffin feed stock
      if such is found desirable. The use of such other feed stocks or the use
      of feed stocks in which oxygen-containing hydrocarbonaceous compounds are
      present in concentrations outside the range from about 0.001 to 1.0 wt. %,
      for example, may not necessarily lead to results equivalent to the results
      obtained using the preferred feed stocks.
PAR  The undesirable oxygen-containing compounds are removed from the n-paraffin
      feed stock prior to the halogenation step by contacting the feed stock
      with a sorbent which selectively removes the impurities from the feed
      stock without otherwise modifying the n-paraffin. The useful sorbents are,
      therefore, those which are substantially inert toward C.sub.9 -C.sub.18
      n-paraffins at the temperatures and contact times necessary to effect
      removal of the oxygen-containing compounds. At the same time, a useful
      sorbent must be capable of selectively absorbing or adsorbing the
      impurities without absorbing or adsorbing any substantial amount of the
      n-paraffins. A suitable liquid sorbent must be substantially immiscible
      with the feed stock to prevent separation problems. I have found that some
      mineral acid, including particularly sulfuric acid and phosphoric acid,
      are suitable for use as a sorbent in the separation step. These preferred
      acids are preferably used in concentrations of about 80 wt. % or more and
      preferably contain less than about 20 wt. % water. Acids such as nitric
      acid which may react with hydrocarbons to a substantial extent should not
      be employed. Other acids which are not suitable, either because they are
      miscible with the n-paraffins to too great an extent or because they
      cannot selectively remove the impurities, include, for example, carboxylic
      acids and the hydrogen halides.
PAR  When a liquid sorbent is employed, the sorbent and feed stock are contacted
      at a sorbent/feed stock volume ratio of about 0.01:1 to about 2:1.
      Preferably, the sorbent and feed stock are thoroughly admixed, e.g., by
      agitation, stirring, etc., in order to insure effective contact between
      the sorbent phase and the hydrocarbon phase, which aids in the removal of
      the oxygen-containing compounds from the feed stock. When using the
      preferred liquid sorbents, sulfuric acid and phosphoric acid, suitable
      contact times are in the range from about one minute to about twenty-four
      hours or more. Generally, when these preferred sorbents are employed, a
      shorter contact time will be required when a higher sorbent/feed stock
      volume ratio is used. Similarly, when the sulfuric acid or phosphoric acid
      is more concentrated, e.g., 90 wt. % acid, as contrasted with a weaker 80
      wt. % acid, a shorter contact time and/or lower sorbent/feed stock volume
      ratio is used, with good results in separating the impurities. The sorbent
      and feed stock can be contacted in a batch operation wherein the desired
      volumes of sorbent and feed stock are placed in an appropriate vessel,
      contacted for a time sufficient to remove the impurities from the feed
      stock, preferably with agitation, stirring, etc., and/or heating, and the
      feed stock is subsequently separated from the sorbent and passed to the
      halogenation step. Similarly, the sorbent may be contacted with the feed
      stock in a continuous type operation through either co-current or
      countercurrent contact.
PAR  As will be obvious to those skilled in the art, when the preferred liquid
      sorbents, i.e., sulfuric acid and phosphoric acid, are employed, it may be
      desirable to treat the feed stock after the separation step, e.g., by
      washing with water and/or an aqueous alkaline solution. Such a procedure
      is not essential to the present process, but may be desirable to avoid
      acid contamination of the feed stock. Means and methods for performing
      such a washing or neutralization operation are well known to those skilled
      in the art.
PAR  When a solid sorbent is employed, the sorbent and feed stock are contacted
      at a liquid hourly space velocity (defined as the volume of feed stock
      contacted with the sorbent per hour per volume of sorbent) of about 0.1
      per hour to about 10.0 per hour or more. The sorbent may be employed as a
      fixed bed in a suitable vessel and the feed stock continuously passed into
      the vessel, contacted with the sorbent, withdrawn, and passed to the
      halogenation operation. A batch operation may also be employed, wherein a
      quantity of sorbent and feed stock are placed in a vessel, contacted for a
      predetermined period, preferably with agitation or stirring, and then
      separated. Other suitable methods of employing a solid sorbent include
      co-current and countercurrent contact between the sorbent and feed stock
      on a continuous basis. The preferred method of performing the separation
      step using a solid sorbent is by employing the sorbent as a fixed bed and
      continuously passing the feed stock over the bed. The preferred solid
      sorbents are dehydrated silica gel and activated alumina. Other suitable
      solid sorbents, which may not give results equivalent to those found using
      the preferred solid sorbents, include activated charcoal, zeolites, clay,
      etc. The sorbent may be used as a solid mass, but is preferably in the
      form of small diameter pellets or spheres. Also included as a suitable
      solid sorbent is a sulphonic ion-exchange resin.
PAR  Irrespective of the particular method used to effect the removal of the
      undesirable oxygen-containing hydrocarbonaceous compounds from the C.sub.9
      -C.sub.18 n-paraffin feed stock, the feed stock is subsequently
      halogenated as described above and passed to the alkylation step. In the
      alkylation step, the mono-halogenated n-paraffin is alkylated with a
      monocyclic aromatic compound to yield a linear alkylaromatic compound
      suitable for use in preparing a bio-degradable detergent. The monocyclic
      aromatic compounds which are to be alkylated with the olefin-acting
      mono-halogenated paraffin to yield the linear alkylaromatic include
      benzene, toluene, xylene, ethylbenzene, diethylbenzene, and phenol. The
      alkylation reaction is effected in the presence of a suitable catalyst.
      Such catalysts, suitable for use in the alkylation step of the present
      process, include acid-acting compounds which catalyze the alkyl transfer
      reaction. Such compounds include certain mineral acids such as sulfuric
      acid preferably containing less than 10% water, hydrofluoric acid of at
      least 80% concentration and containing preferably less than 10 wt. %
      water, liquefied anhydrous hydrogen fluoride, anhydrous aluminum chloride
      or aluminum bromide, boron trifluoride, preferably utilized in admixture
      with hydrogen fluoride, and other similar acid-acting catalysts,
      particularly of the Friedel-Crafts class of metal halides.
PAR  The preferred Friedel-Crafts catalyst for use in alkylation of the
      mono-halogenated paraffin with the suitable monocyclic aromatics is
      aluminum chloride. The aluminum chloride catalyst is used in a
      concentration of about 1 wt. % to about 20 wt. % of the amount of
      mono-halogenated paraffin present during the alkylation operation. The
      catalyst may be utilized directly as a salt or may be employed as an acid
      sludge obtained from previous alkylation operations. Preferred alkylation
      conditions include temperatures from about 30.degree. C. to about
      90.degree. C. A molar excess of the monocyclic aromatic is normally
      utilized in the alkylation operation to avoid the formation of
      di-alkylbenzenes. The molar excess of aromatic may vary from about 2:1 up
      to about 20:1, with a ratio of about 3:1 to about 10:1 being preferred.
      Reaction times employed are from about 10 minutes up to about 100 minutes.
      As is well known in the art, the exact reaction time employed,
      concentration of the catalyst, etc., are interdependent and reference may
      be made to the prior art for teachings as to specific processing details.
PAR  Upon completion of the alkylation reaction, the hydrocarbons are preferably
      washed with an aqueous caustic solution such as 10% sodium hydroxide in
      water, and unreacted monocyclic aromatic, unconverted paraffin, and
      product linear alkylate are recovered and separated by means well known to
      the art such as, for example, fractional distillation. Preferably, the
      unreacted monocyclic aromatic compounds and the unconverted C.sub.9
      -C.sub.18 n-paraffins are recycled to the particular steps in the process
      in which they are employed in order to obtain the maximum utilization of
      these reactants in the process. The C.sub.9 -C.sub.18 n-paraffins recycled
      to the halogenation step can be contacted with the same type of sorbent
      utilized in treating the fresh paraffin feed stock before passing the feed
      stock to the halogenation step. The recycled normal paraffins may be
      combined with fresh feed stock of C.sub.9 -C.sub.18 n-paraffins or may be
      treated separately and later combined with the treated fresh feed stocks
      and passed to the halogenation operation. Treatment of the recycle
      paraffins can serve several purposes. It removes any undesirable
      oxygen-containing compounds formed by oxidation of the C.sub.9 -C.sub.18
      n-paraffins which may have been formed during the halogenation and
      alkylation operation and which will inhibit the halogenation reaction.
      Treatment of the recycle paraffins will also remove trace amounts of
      aromatics present in the paraffin stream and not removed by separation
      operations such as fractional distillation. The aromatics, if present in
      the halogenation reaction, will result in excessive consumption of the
      halogen.
PAR  The following examples are presented in order to illustrate the utility of
      the present invention and to illustrate some of the preferred embodiments
      of the improved process of the present invention. The scope of the
      invention is not limited to the examples presented, and no limitations as
      to the scope and possible embodiments of the present process are to be
      implied therefrom.
DETD
PAC  EXAMPLE I
PAR  A supply of n-dodecane feed stock was obtained and analyzed. It was found
      to have the following composition:
TBL  Component             Wt. %                                               

     ______________________________________                                    

     n-dodecane            95.75                                               

     n-undecane            0.8                                                 

     n-tridecane           0.09                                                

     n-decane              trace                                               

     isoparaffins          2.60                                                

     aromatics             0.65                                                

     --OH                  0.01                                                

     C=O                   0.05                                                

     ______________________________________                                    

PAR  A portion of the n-dodecane feed stock was mixed with a portion of 96 wt. %
      sulfuric acid at a 5:1 hydrocarbon to acid volume ratio in an alkylation
      flask. The mixture was stirred vigorously and maintained at a temperature
      of 90.degree.-110.degree. C. for 2 hours. The mixture was then cooled and
      allowed to separate into a hydrocarbon layer and an acid layer. The
      hydrocarbon layer was recovered and washed with a volume of water equal to
      about 20 vol. % of the hydrocarbons. The washing procedure was repeated
      with a 10 mole % NaOH solution and again with water. The hydrocarbon was
      then dried using Na.sub.2 SO.sub.4 and stored under a nitrogen atmosphere.
      This treated hydrocarbon was analyzed and found to have the following
      composition:
TBL  Component             Wt. %                                               

     ______________________________________                                    

     n-dodecane            95.84                                               

     n-undecane            0.81                                                

     n-tridecane           0.09                                                

     n-decane              trace                                               

     isoparaffins          2.60                                                

     aromatics             0.65                                                

     --OH                  none                                                

     C=O                   none                                                

     water                 100 ppm                                             

     ______________________________________                                    

PAR  85.1 grams of the treated hydrocarbon was used in a bromination procedure
      as follows: The hydrocarbon was placed in an alkylation flask fitted with
      a stirrer and heated to 66.degree. C. 0.05 mole of reagent grade bromine
      was pipetted rapidly into the flask with stirring and the flask stoppered
      immediately. Samples were withdrawn periodically and reaction quenched by
      immersion in an ice-salt bath at -10.degree. C. to -15.degree. C. The
      samples were brought to room temperature and an aliquot portion was
      pipetted into an iodine flask containing 50 cc. of deionized water and 5
      cc. of 1.0M KI solution. The iodine was then titrated with 0.1N Na.sub.2
      S.sub.2 O.sub.3 with soluble starch indicator to determine the bromine
      content. The reaction rate between the hydrocarbon and bromine in the
      alkylation flask was determined and assigned the arbitrary comparitive
      value of 30.
PAC  EXAMPLE II
PAR  The rate of bromination of the untreated n-dodecane feed stock was compared
      to the rate of bromination of the same feed stock after treatment in
      accordance with the present invention as described in Example I. This was
      done as follows: 85.1 grams of the untreated n-dodecane feed stock having
      the composition stated in Example I was employed in the exact same
      bromination procedure as used in Example I. The reaction rate of the
      untreated n-dodecane feed stock was found to have a value of 1 as compared
      to the value of 30 for the reaction rate of the sorbent-treated
      hydrocarbon in Example I.
PAC  EXAMPLE III
PAR  A second supply of n-dodecane was obtained and analyzed to determine its
      composition, which was found to be as follows:
TBL  Component             Wt. %                                               

     ______________________________________                                    

     n-dodecane            99.8                                                

     isoparaffins          trace                                               

     other n-paraffins     trace                                               

     aromatics             0.008                                               

     --OH                  0.05                                                

     C=O                   0.05                                                

     ______________________________________                                    

PAL  A portion of this feed stock was employed in the new bromination procedure
      in order to determine the effect of aromatics on the rate of bromination.
      85.1 grams of this n-dodecane feed stock containing 0.008 wt. % aromatics
      was employed in the exact same bromination procedure as used in Example I.
      The bromination rate of this feed stock was found to have a value of 1
      relative to the value of 30 for the sorbent-treated hydrocarbon in Example
      I.
PAC  EXAMPLE IV
PAR  In order to determine the effect of the water concentration on the rate of
      bromination of the normal paraffin, the following procedure was employed.
      A portion of the untreated n-dodecane feed stock as described in Example I
      was distilled over sodium metal in order to remove all the water. The
      distilled material was analyzed and found to have the following
      composition:
TBL  Component             Wt. %                                               

     ______________________________________                                    

     n-dodecane            95.75                                               

     n-undecane            0.8                                                 

     n-tridecane           0.09                                                

     n-decane              trace                                               

     isoparaffins          2.6                                                 

     aromatics             0.65                                                

     --OH                  none                                                

     C=O                   0.10                                                

     water                 none                                                

     ______________________________________                                    

PAR  85.1 grams of the distilled hydrocarbons, containing no detectable water,
      was employed in the exact same bromination procedure as used in Example I.
      The bromination rate of this water-free n-paraffin feed stock was found to
      have a value of 1 relative to the value of 30 for the sorbent-treated
      hydrocarbon brominated in Example I. It was, thus, clearly demonstrated
      that the water content had no effect whatsoever on the rate of
      bromination.
PAC  EXAMPLE V
PAR  In order to demonstrate the effectiveness of a solid sorbent in the present
      improved bromination process, the following procedure was employed: A
      portion of the untreated n-dodecane feed stock used in Example I and
      having the composition shown therein was obtained and passed through a
      column of dehydrated silica gel at a space velocity (defined as volume of
      feed stock passed per hour per volume of silica gel) of about 4 per hour.
      The silica gel-treated feed stock was stored under nitrogen and a portion
      was removed and analyzed. The composition was found to be as follows:
TBL  Component             Wt. %                                               

     ______________________________________                                    

     n-dodecane            96.45                                               

     n-undecane            0.8                                                 

     n-tridecane           0.1                                                 

     n-decane              trace                                               

     isoparaffins           2.64                                               

     aromatics             trace                                               

     -OH                   none                                                

     C=O                   trace                                               

     ______________________________________                                    

PAL  Subsequently, 85.1 grams of the gel-treated feed stock was employed in the
      exact same bromination procedure as used in Example I. The bromination
      rate was found to have a value of 13 as compared to the value of 30 for
      the sulfuric acid-treated feed stock and the value of 1 for the untreated
      feed stock.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a process for producing a linear alkylaromatic product from a C.sub.9
      -C.sub.18 n-paraffin-containing feed stock and a monocyclic aromatic
      hydrocarbon by (i) contacting said C.sub.9 -C.sub.18 n-paraffin-containing
      feed stock with chlorine or bromine in a halogenation step to form a
      monohalogenated n-paraffin alkylating agent, and (ii) reacting said
      aromatic hydrocarbon with said alkylating agent in an alkylation step,
      utilizing an alkylation catalyst, to provide said linear alkylaromatic
      product, wherein oxygen-containing hydrocarbonaceous compounds are present
      in said feed stock in concentrations sufficient to inhibit the rate of
      halogenation of said n-paraffin in said halogenation step, the improvement
      which comprises contacting said feed stock, prior to said halogenation
      step, with a sorbent selected from the group consisting of dehydrated
      silica gel, activated alumina, activated charcoal, zeolites, clay and
      sulphonic ion-exchange resin under separation conditions, including a
      contact time of about 0.1 to about 120 minutes and a temperature of about
      0.degree. C. to about 200.degree. C., sufficient to remove at least a
      portion of said oxygen-containing compounds from said feed stock, whereby
      the rate of halogenation of said n-paraffin is increased.
NUM  2.
PAR  2. The improvement of claim 1 wherein said sorbent is dehydrated silica
      gel.
NUM  3.
PAR  3. The improvement of claim 1 wherein said sorbent is activated alumina.
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ABST
PAL  Catalysts comprising ferrites of iron modified with oxides of cerium, zinc,
      manganese and lead and ferrites of barium modified with oxides of zinc,
      manganese and lead and a process of oxidative dehydrogenation of organic
      compounds in the presence of these catalysts compositions and cocatalyst
      such as chlorine.
PARN
PAC  CROSS REFERENCE
PAR  This application is a division of Ser. No. 400,755 filed Sept. 26, 1973,
      U.S. Pat. No. 3,852,370 which was a continuation in part of Ser. No.
      249,963 filed May 3, 1972, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This application relates to the oxidative dehydrogenation of organic
      compounds in the presence of oxygen, halogen and a particular catalyst.
      The catalyst of this invention comprises those selected from the group
      consisting of iron ferrite which has been modified by the addition thereto
      of a metal oxide comprising the oxides of cerium, zinc, manganese and lead
      and barium ferrite which has been modified by the addition thereto of a
      metal oxide comprising the oxides of zinc, manganese and lead.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,303,234 discloses the oxidative dehydrogenation of organic
      compounds with a catalyst comprising barium ferrite. The oxidative
      dehydrogenation of organic compounds with catalyst comprising ferrites is
      also disclosed in U.S. Pat. Nos. 3,270,080; 3,284,536; 3,303,235;
      3,303,236; 3,303,238; 3,308,182; 3,324,195; 3,334,152; 3,342,890;
      3,420,911; 3,420,912; 3,428,703 and 3,440,229.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to improved catalyst compositions and a process for
      oxidative dehydrogenation of organic compounds using the improved
      catalyst. The improved catalyst compositions comprise ferrites of iron
      having combined therewith as a catalyst modifier a metal oxide selected
      from the group consisting of CeO.sub.2, ZnO, MnO.sub.2 and PbO or mixtures
      of these oxides and ferrites of barium having combined therewith as a
      catalyst modifier a metal oxide selected from the group consisting of ZnO,
      MnO.sub.2 and PbO or mixtures of these oxides. This invention also relates
      to a process where these improved catalyst compositions are used in an
      oxidative dehydrogenation process where oxyge, an organic compound and a
      halogen are fed to a reactor containing the improved catalyst
      compositions.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  According to this invention an improved catalyst and a process utilizing
      the improved catalyst are provided for the dehydrogenation of aliphatic
      organic compounds to obtain corresponding unsaturated derivatives thereof.
      One of the primary objectives in catalyst development is to produce more
      active catalysts which retain a high degree of selectivity of the products
      desired. Such catalysts generally provide improved processes resulting in
      higher yields of the desired product.
PAR  The catalyst of the present invention comprise iron ferrite in which there
      has been incorporated a promoting amount of a metal oxide selected from
      the group consisting of CeO.sub.2, ZnO, MnO.sub.2, PbO and mixtures
      thereof, and barium ferrite in which there has been incorporated a
      promoting amount of a metal oxide selected from the group consisting of
      ZnO, MnO.sub.2, PbO and mixtures thereof. The improved process of the
      present invention comprises feeding oxygen or an oxygen containing gas, a
      halogen and the organic compound to be dehydrogenated to a reactor
      containing the iron ferrite or barium ferrite which has been modified as
      specified above by the addition of a promoting amount of an oxide of the
      metals, cerium, zinc, manganese and lead. The iron ferrite and barium are
      known commercial products in the improved catalyst of the present
      invention, the iron ferrite or barium ferrite component will form a major
      proportion of the catalyst composition with the metal oxide promoter being
      present in a minor proportion. Thus, the catalyst composition of the
      present invention can contain up to 45 percent by weight cerium oxide,
      zinc oxide, manganese oxide, lead oxide, or mixtures thereof with the
      remainder being essentially iron ferrite, barium ferrite or mixtures
      thereof. Generally, it has been found preferable to incorporate from 0.35
      to 1.3 moles of the metal oxide modifier per mole of iron oxide or barium
      oxide in the catalyst composition.
PAR  The organic compounds to be dehydrogenated according to the process of this
      invention are hydrocarbons of 4 to 7 carbon atoms and preferably
      hydrocarbons selected from the group consisting of saturated hydrocarbons,
      cycloaliphatics, monoolefins, diolefins and mixtures thereof of 4 to 5 or
      6 carbon atoms having a straight chain of at least 4 carbon atoms.
      Examples of preferred feed materials are butene-1, cis-butene-2,
      trans-butene-2, 2-methyl butene-1, 2-methyl butene-2, 3-methyl butene-1,
      n-butane butadiene-1,3, methyl butane, cyclohexane, cyclohexene, 2-methyl
      pentene-1, 2-methyl pentene-2 and mixtures thereof. For example, n-butane
      may be converted to a mixture of butene-1 and butene-2 or may be converted
      to a mixture of butene-1, butene-2 and/or butadiene-1,3. A mixture of
      n-butane and butene-2 may be converted to butadiene-1,3 or to a mixture of
      butadiene-1,3 together with some butene-2 and butene-1. Vinylacetylene may
      be present as a product, particularly when butadiene-1,3 is used as a
      feedstock. Thus, the process of this invention is useful in converting
      hydrocarbons to less saturated hydrocarbons of the same number of carbon
      atoms. The major proportion of the hydrocarbons converted will be to less
      saturated hydrocarbons of the same number of carbon atoms. Particularly,
      the preferred products are butadiene-1,3 and isoprene. Useful feeds may be
      mixed hydrocarbon streams such as refinery streams, or the olefin
      containing hydrocarbon mixture obtained as the product from the
      dehydrogenation of hydrocarbons. In the production of gasoline from higher
      hydrocarbons either thermal or catalytic cracking a hydrocarbon stream
      containing predominantly hydrocarbons of four carbon atoms may be produced
      and comprise a mixture of butenes together with butadiene, butane,
      isobutane, isobutylene and other ingredients in minor amounts. These and
      other refinery by-products which contain normal, ethylenically unsaturated
      hydrocarbons are useful as starting materials for the present process.
      Although various mixtures of hydrocarbons are useful, the preferred
      hydrocarbon feed contains at least 50 weight percent of a hydrocarbon
      selected from the group consisting of butene-1, butene-2, n-butane,
      butadiene-1,3, 2-methyl butene-1, 2-methyl butene-2, 2-methyl butene-3 and
      mixtures thereof, and more preferably contains at least 70 weight percent,
      of one or more of these hydrocarbons (with both of these percentages being
      based on the total weight of the organic composition of the feed to the
      reactor). Any remainder may be, for example, essentially aliphatic
      hydrocarbons. This invention is particularly useful to provide a process
      whereby the major product of the hydrocarbon converted is a dehydrogenated
      hydrocarbon product having the same number of carbon atoms as the
      hydrocarbon fed.
PAR  Diluents such as nitrogen, helium, or other gases which are not
      dehydrogenated or which are dehydrogenated only to a limited extent may be
      used in the process of the present invention. Mixtures of diluents may
      also be employed.
PAR  The halogen fed to the dehydrogenation zone may be either elemental halogen
      or any compound of halogen which would liberate under the conditions of
      reaction. Suitable sources of halogens are such as hydrogen iodide,
      hydrogen bromide. and hydrogen chloride; aliphatic halides such as ethyl
      iodide, methyl bromide, 1,2-dibromo ethane, ethyl bromide, amyl bromide
      and allyl bromide; cyclo-aliphatic halides such as cyclohexylbromide;
      aromatic halides such as benzyl bromide; halohydrins such as ethylene
      bromohydrin; halogen substituted aliphatic acids such as bromoacetic acid;
      ammonium iodide; ammonium bromide; ammonium chloride; organic amine halide
      salts such a methyl amine hydrobromide; and the like. Mixtures of various
      sources of halogens may be used. The preferred sources of halogen are
      iodine, bromine and chlorine and compounds thereof such a hydrogen
      bromine, hydrogen iodide, hydrogen chloride, ammonium bromide, ammonium
      iodide, ammonium chloride, alkyl halides of 1 to 6 carbon atoms and
      mixtures thereof with the chloride compounds being particularly preferred,
      with excellent results being obtained from the use of chlorine or hydrogen
      chloride. When terms such as halogen liberating materials or halogen
      materials are used in the specification and claims, this includes any
      source of halogen such as elemental halogen, hydrogen halides or ammonium
      halides. The amount of halogen calculated as elemental halogen, may be as
      little as about 0.0001 or less mole of halogen per mole of the hydrocarbon
      compound to be dehydrogenated to as much as 0.2 or 0.5 moles of halogen
      per mole of hydrocarbon compound to be dehydrogenated. The preferred range
      is from 0.0001 to 0.09 moles of halogen per mole of hydrocarbon to be
      dehydrogenated.
PAR  Oxygen will be present in the reaction zone in an amount within the range
      of 0.2 to 2.5 moles of oxygen per mole of hydrocarbon to be
      dehydrogenated. Generally, better results may be obtained if the oxygen
      concentration is maintained between about 0.25 and about 1.6 moles of
      oxygen per mole of hydrogen to be dehydrogenated, such as between 0.35 and
      1.3 moles of oxygen per mole of hydrocarbon to be dehydrogenated. The
      oxygen may be fed to the reactor as pure oxygen, as air, as
      oxygen-enriched air, oxygen mixed with diluents, etc. Based on the total
      gaseous mixture entering the reactor, the oxygen normally will be present
      in an amount from about 0.5 to 25 volume percent of the total gaseous
      mixture, and more usually will be present in an amount from about 1 to 50
      volume percent of the total. The total amount of oxygen utilized may be
      introduced into the gaseous mixture entering the catalytic zone or it can
      be added in increments, such as different sections of the reactor. The
      above described proportions of oxygen employed are based on the total
      amount of oxygen used. The oxygen may be added directly to the reactor or
      it may be premixed, for example, with a diluent or steam.
PAR  The temperature for the dehydrogenation reaction will be greater than
      400.degree. C, and the maximum temperature in the reactor may be about
      750.degree. C or perhaps higher under certain circumstances. Excellent
      results are obtained within the range of about 500.degree.C to
      600.degree.C. The temperatures are measured at the maximum temperature in
      the reactor.
PAR  The dehydrogenation reaction may be carried out at atmospheric pressure,
      super-atmospheric pressure or at sub-atmospheric pressure. The total
      pressure of the system will normally be about or in excess of atmospheric
      pressure although sub-atmospheric pressure may also desirably be used.
      Generally, the total pressure will be between about 4 psia and about 100
      or 125 psia. Preferably the total pressure will be less than about 75 psia
      and excellent results will be otained at about atmospheric pressure.
PAR  Conveniently, the oxygen may be added as air with any nitrogen or other gas
      acting as a diluent for the system. Mixtures of diluents may be employed.
      Volatile compounds which are not dehydrogenated or which are
      dehydrogenated only to a limited extent may be present as a diluent.
PAR  The reaction mixture may contain a quantity of steam. The range generally
      being between about 2 to 40 moles of steam per mole of hydrocarbon to be
      dehydrogenated if steam is employed. The functions of the steam are
      several fold, as described in the patent references mentioned
      hereinbefore. However, the steam does act as a diluent. Diluents generally
      may be used in the same quantities specified for the steam. Excellent
      results are obtained when the gaseous composition fed to the reactor
      consists essentially of hydrocarbons, inert diluents and oxygen as the
      sole oxidizing agent.
PAR  The gaseous reactants may be conducted through the reaction chamber at a
      fairly wide range of flow rates. The optimum flow rate will be dependent
      upon such variables as the temperature of reaction, pressure, particle
      size and whether a fluid bed or a fixed bed reactor is utilized. Desirable
      flow rates may be established by one skilled in the art. Generally, the
      flow rates will be within the range of about 0.10 to 25 liqiud volumes of
      the hydrocarbon to be dehydrogenated per volume of reactor containing
      catalyst per hour (referred to as LHSV), wherein the volumes of
      hydrocarbon are calculated at standard conditions of 25.degree. C and 760
      millimeters of mercury. Usually, the LHSV will be between 0.15 and about 5
      or 10. For calculation, the volume of reactor containing catalyst is that
      volume of reactor space excluding the volume displaced by the catalyst for
      example if a reactor has a particular volume of cubic feet of weight
      space, when that void space is filled with catalyst particles the original
      void space is the volume of reactor containing catalyst for the purpose of
      calculating the flow rate. The gaseous hourly space flow velocity (GHSV)
      is the volume of the hydrocarbon to be dehydrogenated in the form of vapor
      calculated under standard conditions of 25.degree. C and 760 millimeters
      of mercury per volume of reactor space containing catalyst per hour.
      Generally, the GHSV will be between about 25 and 6400, and excellent
      results have been obtained between about 38 and 3800. Suitable contact
      times are, for example, from about 0.001 or higher to about 5 or 10
      seconds with particularly good results being obtained between 0.01 and 3
      seconds. The contact time is the calculated dwell time of the reaction
      mixture in the reaction zone, assuming the moles of product mixture are
      equivalent to the moles of feed mixture. For the purpose of calculation of
      residence times, the reaction zone is the portion of the reactor
      containing catalyst.
PAR  As mentioned hereinbefore, the catalyst composition of the present
      invention comprises iron ferrite or barium ferrite combined together with
      the specified metal oxide selected from the group consisting of CeO.sub.2,
      ZnO, MnO.sub.2, PbO and mixtures thereof. Based on the total active
      catalyst components, the metal oxide will be present in a range of 0.3 to
      1.3 moles to mole of the ferrite component. The catalyst composition can
      also include inert binding agents and fillers, but these will not
      ordinarily exceed about 50 percent or 60 percent by weight of the
      catalytic composition including active catalyst components and inert
      binding agents or fillers. The catalyst will be by definition present in a
      catalytic amount. The amount of catalyst ordinarily will be greater than
      ten square feed of catalyst surface per cubic foot of reaction zone
      containing catalyst. The term catalyst is meant to mean total active
      catalyst components and does not include inert binding agents or fillers.
      Of course, the amount of catalyst may be much greater, particularly when
      irregular surface catalyst are used. When the catalyst is in the form of
      particles, either supported or unsupported, the amount of catalyst surface
      may be expressed in terms of the surface area per unit weight of any
      particular volume of catalyst particles. The ratio of catalyst surface to
      weight will be dependent upon several factors, including the particle size
      distribution, apparent bulk density of the particles, the carrier etc.
      Typical values for the surfaced to weight ratio are such as about one-half
      to 200 square meters per gram although higher and lower values may be
      used.
PAR  The dehydrogenation reactor may be of the fixed bed of fluid bed type.
      Conventional reactors for the production of unsaturated hydrocarbons are
      satisfactory. Excellent results have been obtained by packing the reactor
      with catalyst particles as the method of introducing the catalytic
      surface. The catalytic surface may be introduced as such or it may be
      deposited on a carrier by methods known in the art such as by preparing an
      aqueous solution or dispersion of a catalytic material and mixing the
      carrier with the solution or dispersion until the active ingredients are
      coated on the carrier. If a carrier is utilized, very useful carriers are
      silicon carbide, pumice and like. When carriers are used, the amount of
      catalyst on the carrier will generally be between about 5 to 75 weight
      percent of the total weight of active catalytic material plus carrier.
      Another method for introducing the required surface is to utilize as a
      reactor a small diameter tube wherein the tube wall is catalytic or is
      coated with catalytic material. Other methods may be utilized to introduce
      the catalytic surface such as by the use of rods, wires, mesh, or shreds
      and the like of catalytic material.
PAR  In the following examples will be found specific embodiments of the
      invention and details employed in the practice of the invention. Percent
      conversion refers to the moles of hydrocarbon consumed per 100 moles of
      hydrocarbon fed to the reactor, percent selectivity refers to the moles of
      product formed per 100 moles of hydrocarbon consumed, and percent yield
      refers to the moles of product formed per 100 moles of hydrocarbon fed.
      All other percentages are be weight unless expressed otherwise.
DETD
PAC  EXAMPLES 1-5
PAR  Barium ferrite (Columbian Carbon Company EG No. 4) was used as the catalyst
      in Example 1. In Examples 2 - 5 the oxides of zinc, manganese and lead
      were incorporated with the barium ferrite catalyst respectively in the
      amounts shown in Table I. The barium ferrite or barium ferrite containing
      the metal oxide was coated on 4 to 8 mesh alumina pellets in an amount of
      roughly 30 percent of weight of the barium ferrite or barium ferrite
      incorporating the metal oxide based on the total weight. In each of the
      Examples 1-5, n-butane was dehydrogenated at atmospheric pressure in a
      Vycor glass reactor containing therein a 50 cc. catalyst bed supported on
      a 1-inch deep layer of Rashig rings. The reactants, n-butane, oxygen,
      nitrogen and chlorine were introduced into the top of the glass reactor,
      and the effluent gases were withdrawn from the bottom of the reactor.
      Samples of the effluent gases were analyzed in a vapor chromatograph.
PAR  The mixture of n-butane, oxygen, nitrogen and chlorine was fed to the
      reactor in an amount of 1.3 moles of oxygen, 0.3 moles of chlorine and 15
      moles of nitrogen per mole of n-butane. The LHSV was 0.25 and the maximum
      temperature in the reactor was 580.degree. C. The results obtained in
      Examples 1- are shown in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                             Percent                                           

                                  Percent                                      

                                        Total                                  

                       Percent                                                 

                             Yield of                                          

                                  Yield of                                     

                                        Percent                                

     Example                                                                   

          Catalyst                                                             

                Promoter                                                       

                       Conversion                                              

                             Butenes                                           

                                  Butadiene                                    

                                        Yield                                  

     __________________________________________________________________________

     1    BaFe.sub.2 O.sub.4                                                   

                None   73    32   19    51                                     

     2    BaFe.sub.2 O.sub.4                                                   

                ZnO*   74    30   24    54                                     

     3    BaFe.sub.2 O.sub.4                                                   

                MnO.sub.2 *                                                    

                       86    22   28    50                                     

     4    BaFe.sub.2 O.sub.4                                                   

                PbO*   80    27   26    53                                     

     5    BaFe.sub.2 O.sub.4                                                   

                PbO/ZnO**                                                      

                       73    34   24    58                                     

     __________________________________________________________________________

       *Present in amount of 25 weight percent based on total weight of        

      BaFe.sub.2 O.sub.4 and promoter.                                         

      **Mixture of 15 weight percent PbO, 10 weight percent ZnO with mixture   

      present in amount of 25 weight percent based on total Ba ferrite and oxid

      modifier.                                                                

PAR  In Examples 2-5, the yield of butadiene was dramatically increased over the
      yield of butadiene for the control Example 1. In Examples 2, 4 and 5 the
      total yield of butenes and butadiene were increased in comparison to the
      total yield of the control Example 1.
PAC  EXAMPLES 6 - 8
PAR  The procedures of Examples 1 - 5 were repeated with the exception that iron
      ferrite, Fe.sub.3 O.sub.4 was used in Example 6 as the catalyst and
      Fe.sub.3 O.sub.4 containing CeO was used in Example 7, Fe.sub.3 O.sub.4
      containing PbO and ZnO was used in Example 8. Otherwise, the conditions
      and process steps were identical to those of Examples 1 - 5. The results
      obtained from Examples 6 - 8 are shown in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

                             Percent                                           

                                  Percent                                      

                                        Total                                  

                       Percent                                                 

                             Yield of                                          

                                  Yield of                                     

                                        Percent                                

     Example                                                                   

          Catalyst                                                             

                Promoter                                                       

                       Conversion                                              

                             Butenes                                           

                                  Butadiene                                    

                                        Yield                                  

     __________________________________________________________________________

     6    Fe.sub.3 O.sub.4                                                     

                None   82    28   28    56                                     

     7    Fe.sub.3 O.sub.4                                                     

                CeO*   83    31   32    63                                     

     8    Fe.sub.3 O.sub.4                                                     

                PbO/ZnO**                                                      

                       78    28   35    63                                     

     __________________________________________________________________________

      *Present in amount of 25 weight percent based on total weight of Fe      

      ferrite and modifier.                                                    

      **Mixture of 15 weight percent PbO and 10 weight percent ZnO with the    

      mixture being present in amount of 25 weight percent based on total weigh

      of Fe ferrite and the mixture of PbO and ZnO.                            

PAR  Examples 7 and 8 showed increased yields of butadiene as well as total
      yields of butenes and butadiene in comparison to the control Example 6.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A process for the oxidative dehydrogenation of hydrocarbons having 4 to
      7 carbon atoms having a stright chain of at least 4 carbon atoms to
      produce less saturated hydrocarbons of the same number of carbon atoms
      which comprises contacting, at a temperature of greater than
      400.degree.C., said hydrocarbon, a halogen or halogen compound which would
      liberate halogen said halogen being iodine, bromine or chlorine under the
      conditions of reaction and from 0.2 to 2.5 moles of oxygen per mole of
      said hydrocarbon with a catalyst for the dehydrogenation consisting
      essentially of iron ferrite and 0.35 to 1.3 moles of a metal oxide
      modifier which is a mixture of ZnO and PbO per mole of iron oxide.
NUM  2.
PAR  2. A process according to claim 1 wherein the hydrocarbon is selected from
      the group consisting of n-butane, n-butene and mixtures thereof.
NUM  3.
PAR  3. A process according to claim 2 wherein the temperature is from
      500.degree.C to 600.degree.C.
NUM  4.
PAR  4. A process according to claim 1 wherein said hydrocarbon is selected from
      the group consisting of saturated hydrocarbons, monoolefins, diolefins,
      and mixtures thereof.
NUM  5.
PAR  5. A process according to claim 4 wherein the hydrocarbon is selected from
      the group consisting of butene-1, cis-butene-2, trans-butene-2, pentene-1,
      cis-pentene-2, trans-pentene-2, 2-methyl butene-1, 2-methyl butene-2,
      3-methyl butene-1, 2-methyl pentene-1, 2-methyl pentene-2, 2-methyl
      pentene-3 and mixtures thereof.
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ABST
PAL  The normal paraffin feed stream to an integrated paraffin isomerization-HF
      acid-catalyzed alkylation process is treated for the removal of catalyst
      deactivating sulfur and nitrogen compounds and water by contacting the
      feed stream with liquid hydrofluoric acid. The treated feed stream is
      separated from the acid by gravity settling, charged to an alkylate
      fractionator, and passed through the isomerization process to form an
      isomerate which is returned to the alkylate fractionator and becomes a
      feed stream to the alkylation zone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to the treatment of a hydrocarbon stream by
      contacting it with hydrofluoric acid. It is specifically directed to a
      normal paraffin isomerization process wherein the feed stream is contacted
      with liquid hydrofluoric acid to thereby remove isomerization catalyst
      deactivating substances from the feed stream. The invention also relates
      to an integrated HF alkylation-isomerization process wherein the isomerate
      produced in the isomerization zone is fractionated in the isostripper and
      then reacted with a mono-olefin.
PAR  2. Description of the Prior Art
PAR  As indicated by U.S. Pat. Nos. 3,283,021 (Cl. 260-666) and 3,649,704, the
      isomerization of normal paraffins is well known in the art. The alkylation
      of isoparaffins with mono-olefins is also well established as shown by
      U.S. Pat. Nos. 3,249,650 (Cl. 260-683.48) and 3,729,526.
PAR  The problems of isomerization catalyst deactivation caused by impurities in
      the feed stream is recognized in U.S. Pat. No. 3,506,733 (Cl. 260-683.68),
      which presents a two-step feed treatment process consisting of passage
      through a drying agent followed by passage through a bed of molecular
      sieves. In U.S. Pat. No. 3,760,029, it is disclosed that dimethylsulfide
      is especially harmful in butane or pentane isomerization. In U.S. Pat. No.
      3,729,666 (Cl. 208-278), it is taught that the concentration of nitrogen-
      and sulfur-containing compounds in a refinery product stream may be
      reduced by emulsifying the refinery product with spent alkylation acid,
      mixing spent cracking catalyst with the emulsion and then separating the
      hydrocarbon and acid phases by settling.
PAR  Mercaptans, one form of isomerization catalyst deactivating substance, are
      sometimes removed by caustic extraction and catalytically promoted
      oxidation. This is accomplished through the use of catalysts composed of
      iron group metal chelates in an alkaline environment to promote the
      oxidation of mercaptans into disulfides which are then decanted. A
      suitable process is described further in U.S. Pat. Nos. 2,988,500 and
      3,260,665 (Cl. 208-206).
PAC  SUMMARY OF THE INVENTION
PAR  Catalyst deactivating substances are removed from the paraffinic feed
      stream to an isomerization zone by contacting the feed stream with liquid
      hydrofluoric acid. This feed treatment step and the isomerization process
      are integrated with a hydrofluoric acid-catalyzed alkylation process to
      obtain the benefits of using a common acid regenerator and utilizing the
      isostripper and fluoride removal systems already present on combined
      isomerization-alkylation processes.
PAR  The invention may be characterized as a process for removing catalyst
      deactivating substances from a liquid phase hydrocarbon feed stream of a
      hydrocarbon conversion process which comprises the steps of: intimately
      contacting a liquid phase hydrocarbon feed stream with liquid hydrofluoric
      acid; separating the hydrocarbon feed stream from the liquid hydrofluoric
      acid in a settling zone; removing the hydrocarbon feed stream from the
      settling zone and passing the hydrocarbon feed stream into a fractionation
      zone in which a second process stream is fractionated; and removing the
      hydrocarbon feed stream from the fractionation zone and passing the
      hydrocarbon feed stream through a fluoride removal zone which comprises an
      alumina treating zone and a caustic contacting zone.
DETD
PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing presents one method in which the invention may be utilized in
      conjunction with an integrated normal paraffin isomerization and
      isoparaffin alkylation process having a common fractionation zone. A feed
      stream to the isomerization process comprising liquid normal butane enters
      through line 1. It joins a stream of liquid hydrofluoric acid from line 3
      and passes into line 32. The feed stream and the acid are intimately
      contacted in this line by passage through at least one mixing orifice 2.
      The resulting mixture is then passed into a separation zone comprising a
      settler 4 wherein the acid and hydrocarbon feed stream form two separate
      phases. The denser acid phase is removed from the bottom of the settler
      through line 5 and is mixed with a second stream of hydrofluoric acid
      entering through line 6 before passage into pump 7. The acid is
      pressurized in the pump and passed through line 8 to line 3 for
      recirculation through the mixing orifice and settling tank. A slip stream
      of the pressurized acid is removed through line 9 and passed into an acid
      regeneration zone 31, which is normally a purification column wherein the
      hydrofluoric acid is stripped from acid-soluble oils which have built up
      in the acid by means of a vaporous hydrocarbon such as butane.
PAR  This intimate contacting of the normal butane feed stream with the
      concentrated hydrofluoric acid results in the removal of substances which
      are detrimental to the activity of the isomerization catalyst in the
      reaction zone of isomerization zone 18. These substances are transferred
      to the acid and are removed from the process in the acid regeneration
      zone. The treated feed stream, which still contains some dissolved
      hydrofluoric acid, is removed from the settler through line 10 and passed
      into an isostripper 11. The isostripper functions in part as an acid
      removal zone to remove hydrofluoric acid and fluorides from the feed
      stream before it is charged to the isomerization zone. The feed stream is
      stripped of hydrofluoric acid in the isostripper and removed as a side-cut
      through line 12. The feed stream is then passed through an alumina treater
      13, withdrawn through line 14 and passed into a caustic contacting zone
      16. These two units remove any remaining fluorides from the feed stream.
      The feed stream to the isomerization process is then removed through line
      17 and passed into the isomerization zone 18. The isomerization zone may
      contain other feed treatment steps, such as drying zones to remove water
      formed by the reaction of fluoride compounds with the alumina. Passage
      through this isomerization zone results in the production of an isomerate
      stream containing approximately 50% isoparaffins which is removed through
      line 19 and returned to the isostripper 11.
PAR  The isostripper is operated under conditions of temperature and pressure
      which result in the production of a vaporous mixture of isobutane, propane
      and hydrofluoric acid which is removed through line 20 and passed into a
      depropanizer 21. The lower boiling propane and hydrofluoric acid are
      removed as an overhead stream through line 23. This overhead stream is
      normally further separated to produce a liquid acid stream which is
      returned to the isoparaffin alkylation zone 25. Isobutane is removed from
      the bottom of depropanizer 21 through line 24 and passed into a
      hydrofluoric acid-catalyzed alkylation zone 25. In this zone, the
      isobutane is alkylated with a mono-olefin which enters through line 26 to
      form a variety of high octane branched chain paraffins referred to as
      alkylate. The alkylate and excess isobutane leave the alkylation zone 25
      through line 27, preferably as the effluent from a settling zone, and
      enter the isostripper 11. Hydrofluoric acid and the excess isobutane are
      vaporized and removed from the isostripper through line 20, and the
      alkylate descends to the bottom of the isostripper 11 and is removed as
      the alkylation process product stream through line 28. A slip stream of
      the acid is removed from a settler in the alkylation zone through line 6
      and passed into line 5. The acid removed from the butane treating loop in
      line 9 is purified in the acid-regeneration zone 31 and passed into the
      alkylation zone 25 via line 30. Alternative fractionation methods may be
      used including those in which the isoparaffins are removed from an
      isostripper as a side-cut.
PAC  DETAILED DESCRIPTION
PAR  The isomerization of normal paraffins is of great importance in the
      petrochemical and petroleum refining industries. One of the clearest
      indications of this is the widespread practice of isomerizing normal
      butane to isobutane for utilization in acid-catalyzed alkylation processes
      which produce high octane gasoline blending components. The optimum
      production capacity and return on invested capital is achieved when these
      processes are run on a continuous basis. It is therefore desired to
      maintain the activity of the isomerization catalyst at an acceptable level
      for as long as possible. As is known in the art, particular isomerization
      catalysts are adversely effected by water and by certain sulfur- or
      nitrogen-containing compounds which enter the process as impurities in the
      feed stream. It is therefore an objective of my invention to provide a
      process for treating the hydrocarbon feed stream of an isomerization
      process to remove catalyst deactivating substances. One method of removing
      undesired compounds is to pass the feed stream through beds of molecular
      sieves which selectively adsorb the undesired compounds. This method
      requires the regeneration of the molecular sieves or other adsorbent media
      used and therefore requires the switching of the feed stream and
      regeneration fluids between various lines and vessels. It is therefore a
      further objective of my invention to provide a simple and effective
      continuous process for the removal of undesired catalyst deactivating
      substances from the feed stream to an isomerization process. In
      particular, it is an objective of my invention to provide a method of
      treating the hydrocarbon feed stream to a normal paraffin isomerization
      process which is integrated with a hydrofluoric acid-catalyzed isoparaffin
      alkylation process.
PAR  The heart of an isomerization process is the passage of the feed stream
      through a reactor maintained at isomerization promoting conditions
      including the presence of an isomerization promoting catalyst. This is
      normally a relatively low pressure operation performed in the range of
      from 50 to 600 psig. and at an elevated temperature as required by the
      activity of the catalyst. A typical isomerization process includes the
      passage of hydrogen through the reaction zone to maintain vapor phase
      conditions and suppress coke deposition on the catalyst. The effluent from
      the reaction zone is normally separated into a hydrogen-rich recycle gas
      stream which is returned to the isomerization reactor and an
      isomerate-containing liquid stream which is fractionated for the
      production of a high purity isomerate product stream. In the integrated
      process shown in the drawing, the isomerate-containing liquid stream is
      fractionated in the isostripper. It is also a common practice to recycle
      an unisomerized portion of the feed stream back to the reaction. The
      operation of such processes is well known to those skilled in the art as
      is demonstrated by U.S. Pats. Nos. 2,938,936 and 3,283,021. In accordance
      with this teaching, the term "isomerization zone" is intended to
      characterize a hydrocarbon conversion zone in which a normal paraffin feed
      stream is passed through a reactor containing an isomerization catalyst
      and maintained at isomerization conditions to thereby perform a conversion
      of normal paraffins to isoparaffins.
PAR  The preferred isomerization promoting catalyst for use in the isomerization
      zone comprises a platinum group component and a halogen component
      supported by an inorganic oxide carrier. In general, the carrier material
      is a porous, high surface area material which is relatively refractory to
      the conditions utilized in the isomerization process. The carrier material
      may be selected from silica, alumina, titanium dioxide, chromium, or
      mixtures of these oxides; various naturally occurring refractory oxides in
      different degrees of purity, such as bauxite and beninite clay; or a
      diatomaceous earth such as kieselguhr. Of the above-mentioned oxides,
      alumina is preferred and particularly preferred is a synthetically
      prepared substantially anhydrous gamma-alumina with a high degree of
      purity.
PAR  The preferred platinum group component is platinum, palladium or a mixture
      of platinum and palladium. This however is not intended to exclude the
      other platinum group metals such as rhodium, ruthenium, osmium and
      iridium. A platinum group component may exist within the final catalytic
      composite as an oxide, a sulfide or a halide, etc., or as an elemental
      metal. On a weight basis, the platinum group component will comprise only
      a minor fraction of the total catalytic material. The preferred catalyst
      will therefore contain less than about 2.0 wt.% of the platinum group
      component, with the preferred concentration being from about 0.05 to about
      1.0 wt.%. The method by which the platinum group component is made part of
      the catalytic composite is not controlling. It may therefore be added by
      co-precipitation or cogellation with the preferred carrier material or by
      ion-exchange or impregnation on pre-existing carrier material. The
      preferred method of preparing the catalyst impregnates the carrier
      material by contacting it with an aqueous solution of a water-soluble,
      decomposable compound of a platinum group metal. This may be performed by
      dipping the carrier material in a solution of chloroplatinic acid,
      ammonium chloroplatinate, bromoplatinic acid, or platinumdichloride. The
      utilization of a platinum chloride compound is preferred since it
      facilitates the incorporation of both the platinum component and at least
      a minor quantity of the halogen component in a single step.
PAR  There are also numerous ways in which to add the halogen component to the
      isomerization catalyst. The halogen component may be composited with the
      carrier material during the impregnation of the carrier material with the
      platinum group component by the utilization of a mixture of chloroplatinic
      acid and hydrogen chloride. Alternatively, the alumina hydrosol which is
      typically utilized to form the preferred alumina carrier material may
      contain at least a portion of the halogen. The halogen may also be added
      by contacting a calcined carrier material with an aqueous solution of an
      acid such as hydrogen chloride, hydrogen fluoride, or hydrogen bromide,
      etc. The halogen component may be selected from chlorine, fluorine,
      iodine, bromine or mixtures thereof with chlorine and fluorine being
      particularly preferred. The halogen component is normally referred to as a
      combined halogen and is typically present in an amount of from 0.01 to
      about 5.0 wt.% based on the dried support material.
PAR  A particularly preferred method for the production of an isomerization
      catalyst is presented in U.S. Pat. No. 2,999,074. The carrier material and
      the platinum group component are composited and the resulting material is
      mildly calcined. This calcination is normally carried out under carefully
      controlled conditions to remove physically adsorbed solvents such as water
      but to retain some chemically combined hydroxyl groups on the surface of
      the catalyst. Temperatures ranging from 350.degree.C. to about
      700.degree.C. are usually satisfactory. The calcined composite is then
      reacted with a metal halide of the Friedel-Crafts type. Suitable metal
      halides include aluminum chloride, aluminum bromide, ferric chloride and
      zinc chloride, etc. Of these, aluminum chloride is particularly preferred.
PAR  Recently developed isomerization catalysts are of a bi-metallic or
      tri-metallic nature. An example of this is the catalytic composite
      comprising a platinum group component, a germanium component, and a
      Friedel-Crafts metal halide component shown in U.S. Pat. No. 3,649,704.In
      U.S. Pat. No. 3,652,697, there is disclosed a trimetallic catalyst
      comprising a platinum group component, a germanium component, a rhenium
      component and a Friedel-Crafts metal halide component.
PAR  In the subject process, the hydrocarbon feed stream to a normal paraffin
      isomerization zone, which may contain both normal and isoparaffins, is
      treated for the removal of substances detrimental to the activity of the
      isomerization catalyst by intimately contacting the liquid phase feed
      stream with liquid hydrofluoric acid. This intimate contacting may be
      performed through the use of one or more or mixing orifices such as
      depicted in the drawing. Alternatively, the hydrocarbon feed stream may be
      sprayed into a mass of liquid hydrofluoric acid. It is preferred that the
      hydrofluoric acid be of high purity. That is to say, the acid should be at
      least 80% pure by weight. The acid should also be relatively dry, and the
      total water content must be kept under 5% and preferably under one percent
      to limit the corrosiveness of the acid and thereby permit the use of low
      cost carbon steel in the acid handling system.
PAR  After the acid and normal paraffin feed stream are intimately contacted,
      they are passed into a separation zone. Due to the ease of this
      separation, a gravity settling tank is sufficient to effect the formation
      of the acid phase which is recirculated and a hydrocarbon phase which
      still contains some dissolved acid. The hydrocarbon residence time at the
      point of intimate contacting with the acid may be short since the removal
      of the catalyst deactivating substances is relatively instantaneous.
      However, a substantial residence time of from 10 to 15 minutes is desired
      in the gravity settler to ensure an adequate separation of the hydrocarbon
      phase from the acid phase. The separation zone will be operated under
      conditions which maintain both the acid and the normal paraffin stream as
      a liquid. The temperature in the settler will be determined by the
      temperature of incoming normal paraffin stream and the ambient temperature
      surrounding the settler. When the invention is utilized in conjunction
      with an integrated process such as depicted in the drawing, the pressure
      in the settling tank will be substantially the same as the pressure in the
      isostripper but increased slightly by the pressure drop through the
      connecting lines.
PAR  It is preferred to maintain a ratio of one volume of acid per volume of
      hydrocarbon at the point of contacting. This ratio may vary from 0.5:1 to
      2:1. The feed stream contains dissolved acid after it is removed from the
      settler. This is removed by passing the feed stream into a fractionation
      unit which is operated to strip the acid from the feed stream. This acid
      removal zone is preferably the isostripper.
PAR  Due to the accumulation of materials formed from the catalyst deactivating
      substances in the hydrocarbon feed stream, such as heavy sulfur-oil
      complexes and polymerization products, it is necessary to pull a slip
      stream of the hydrofluoric acid from the hydrocarbon treating zone for
      regeneratin. This regeneration or purification of hydrofluoric acid by
      hydrocarbon removal is well known in the art. Systems for this purpose are
      employed for the regeneration of the hydrofluoric acid used as a catalyst
      in alkylation processes. An example of this is shown in U.S. Pat. NO.
      3,721,720 which gives specific details of one such operation. In general,
      the acid to be regenerated is passed into a stripping column wherein the
      acid is stripped from the hydrocarbon contaminants by mens of a vaporous
      hydrocarbon such as butane. The term "hydrofluoric acid regeneration zone"
      is therefore intended to mean a distillation apparatus and related
      equipment which functions to separate high molecular weight hydrocarbons
      from the hydrofluoric acid fed to the zone by distillation and thereby
      produce a purified and concentrated hydrofluoric acid stream as its
      product. One advantage of the treating method of this invention when used
      in conjunction with an integrated isomerization-alkylation process is the
      ability to utilize the acid regeneration zone necessary for operation of
      the alkylation zone to regenerate the acid used to treat the normal
      paraffin feed stream. As shown in the drawing, acid can be withdrawn from
      the emulsion mixer-settler of the alkylation zone and used as the
      hydrofluoric acid intimately mixed with the normal paraffin feed stream. A
      detailed presentation of the integration of an acid regeneration zone with
      an alkylation process is given in U.S. Pat. No. 3,249,650. It is also
      known that the acid can be advantageously regenerated in the isostripper.
PAR  The invention is generally applicable to any isomerization process wherein
      a non-olefinic hydrocarbon feed stream contains catalyst deactivating
      substances which may be removed by contacting the feed stream with
      concentrated hydrofluoric acid. Only non-olefinic feed streams are
      suitable since the polymerization of an olefinic feed stream would be
      catalyzed by the acid. However, this is not meant to exclude the injection
      of olefinic material into the acid as part of a start-up procedure when it
      is desired to dilute fresh acid with polymeric materials. The catalyst
      deactivating substances removed by the acid will normally be sulfur and
      nitrogen containing compounds. The acid contacting step adds fluoride
      compounds which are also detrimental to the preferred chlorine promoted
      isomerization catalyst. It is therefore necessary to insert a fluoride
      removal zone between the fractionation zone and the isomerization zone.
      This fluoride removal zone will normally comprise a defluorination alumina
      treater and a caustic contacting means.
PAR  The invention provides a continuous method which makes it unnecessary to
      change the flow of the feed stream between used and regenerated adsorption
      zones, to regenerate these zones or replace adsorbent. The invention may
      be characterized as a process for isomerizing normal paraffins which
      comprises the steps of: intimately contacting a liquid feed stream which
      comprises normal paraffins with liquid hydrofluoric acid; separating the
      feed stream from the liquid hydrofluoric acid in a gravity settler;
      passing the feed stream into a hydrofluoric acid removal zone comprising a
      fractionation zone; passing the feed stream into a fluoride removal zone
      which comprises a caustic contacting zone; and, passing the feed stream
      into an isomerization zone containing a solid isomerization promoting
      catalyst and operated under conditions of temperature and pressure which
      promote isomerization of at least a portion of the feed stream. By this
      process, there is effected the removal by the hydrofluoric acid of
      substances in the feed stream which are detrimental to the activity of the
      isomerization promoting catalyst and the separation of hydrofluoric acid
      and fluoride compounds from the feed stream.
PAR  My invention is also specifically applicable to an integrated process for
      the alkylation of isoparaffins with low-boiling mono-olefins having from
      two to about five carbon atoms per molecule, such as ethylene, propylene.
      Saturated branched chain isoparaffins having from 4 to about 7 carbons
      atoms per molecule, such as isobutane or isopentane, are formed in the
      isomerization zone. The alkylation in this integrated process is promoted
      through the presence of concentrated liquid phase hydrofluoric acid within
      the alkylation reaction zone. Alkylation conditions in general include a
      pressure sufficient to maintain the hydrocarbons and the acid in a liquid
      phase, with a general pressure range being from about 20 psig. to about
      500 psig., and with a more preferred range being from 100 psig. to about
      250 psig. It is particularly preferred that the pressure of the alkylation
      zone be approximately 150 psig. and essentially "float" on the pressure
      maintained within the isostripper. Although the alkylation reaction may be
      performed at temperatures from below 0.degree.F. to about 200.degree.F.,
      it is preferred to operate the commercially prevalent isoparaffin-olefin
      alkylation process in the range of from about 50.degree.F. to about
      120.degree.F., with 90.degree.F. being a representative and particularly
      preferred operating temperature.
PAR  Typical operating conditions in the alkylation zone also include a high
      molar ratio of the isoparaffinic material to the olefinic material in
      order to produce a high quality alkylate by encouraging monoalkylation
      instead of polymerization. A broad range of the ratios used is from about
      6 to about 20 with a preferred operating range being from 10 to 14, and
      with a particularly preferred isoparaffin to olefin ratio being 12:1. A
      second ratio which varies in competing alkylation processes is the volume
      ratio of the acid to hydrocarbon in the total emulsion formed, that is,
      the ratio in the material charged to the mixing zone or reaction point of
      the alkylation process. This ratio may vary widely from a high or about
      10:1 to a low of about 0.5:1, but it is preferred that the alkylation zone
      is operated with an acid to hydrocarbon ratio of about 1.5:1.
PAR  There are a great number of olefin-isoparaffin alkylation processes known
      to those skilled in the art. The great majority of these processes will
      operate within the range of alkylation conditions set out above. They
      would however have substantial differences in equipment and flow paths
      used in performing the alkylation. These variations are attempts to obtain
      optimum quality alkylate by varying the method of contacting the
      mono-olefin with the isoparaffin. Since this reaction occurs very rapidly,
      and also because hydrofluoric acid will catalyze the polymerization of the
      mono-olefin, the standard alkylation methods consist of either first
      admixing acid-free streams of olefin and isoparaffin to form a reactant
      mixture which is then admixed with the hydrofluoric acid, or an acid-free
      olefin stream is mixed with an acid-containing isoparaffin stream. In
      either case, a large number of venturies or mixing nozzles are normally
      utilized to quickly disperse the olefin-containing stream into the
      acid-containing stream.
PAR  The resulting alkylation reaction is very exothermic and it is therefore
      necessary to provide means to remove the heat of reaction. This is
      normally done either by providing indirect heat-exchange means within the
      reacting mixture or by cooling one of the reactant streams, normally the
      acid stream, prior to passing it to the reaction zone. Mixing the acid and
      hydrocarbon feed stream results in the formation of an emulsion, and it is
      preferred that this emulsion be maintained by the continued agitation of
      the emulsion since this results in the removal of fluorides from the
      alkylate and the improvement of the octane number of the resulting
      alkylate. The maintenance of the emulsion is normally effected by its
      passage through a mixer or soak zone comprising a vessel having a number
      of internal obstructions which produce substantial turbulence as the
      emulsion passes through them. The emulsion is then typically fed into some
      type of settling vessel wherein a gravity separation of the emulsion is
      performed. The acid phase is removed for recirculation, and the
      recirculated acid may be cooled to remove the heat of reaction. The
      hydrocarbon phase removed from the mixer settler is passed into the
      isostripper. This hydrocarbon phase will comprise mainly alkylate and the
      excess isoparaffin which was fed to the alkylation zone.
PAR  The separation of the alkylate from the excess reactants, and the
      separation of the iso- and normal butane streams is performed in a
      fractionator normally referred to as an isostripper. The design and
      operation of these fractionators is well known to those skilled in the
      art. A specific example of the operation of an isostripper is presented in
      the example below. Other methods of operating isostrippers are also
      common. The invention is not limited to the use of a single fractionator
      in the fractionation zone. Instead, the fractionation zone used to perform
      the various separations set out above may consist of two or more separate
      fractionating columns. This is in addition to the optional depropanizer
      which is shown in the drawing. In one alternative configuration, the
      fractionation zone may consist of two fractionating columns, with the feed
      stream, the alkylate containing effluent stream from the alkylation zone
      and the isomerization zone effluent stream all being fed to the first
      fractionating column. A bottoms stream comprising the alkylate formed in
      the alkylation zone, the normal paraffins from the feed stream and a
      portion of the isomerization zone effluent are then withdrawn from the
      first fractionating column and fed to a second fractionating column
      wherein the alkylate and normal paraffins are separated. The feed stream
      to the isomerization zone is removed as the overhead product stream of the
      second fractionating column.
PAR  The isomerization zone itself may contain one or more fractionating columns
      for the separation of the isomerization reactor effluent. For instance,
      this effluent may be fractionated to provide a relatively pure
      isomerization zone product and to allow the immediate recycle of the
      unisomerized normal paraffins to the isomerization reactor. A
      fractionating column may also be used in the isomerization zone to
      stabilize the effluent of the isomerization reactor, that is to remove
      low-boiling hydrocarbons, such as propane, before charging the effluent of
      the isomerization zone to the fractionation zone.
PAR  In the example given below, it is indicated that at least a portion of the
      isomerization zone effluent is combined with the feed stream which has
      passed through the hydrofluoric acid treating zone before it is injected
      into the fractionation zone. This is done to increase the isoparaffin
      content of the streams fed into the isostripper so that the optimum feed
      point of these streams is above the withdrawal point of the normal butane
      side cut. In this way, all the hydrofluoric acid-containing stream enters
      the isostripper above the tray at which the normal butane side cut is
      taken, and there are provided a sufficient number of fractionation stages
      to effect the removal of a substantial portion of the hydrofluoric acid
      from the normal paraffin phase charged thereto. The exact proportion of
      this mixing of the isomerization zone effluent stream with the acid
      treating zone effluent stream will depend on the relative ratio of
      isobutane and normal butane in the feed stream to the process.
PAR  In accordance with the terminology defined above, my invention may be
      described as a process for the hydrofluoric acid-catalyzed alkylation of
      isoparaffins with mono-olefins, which process comprises the steps of:
      intimately contacting a feed stream comprising liquid phase normal
      paraffins with liquid hydrofluoric acid; separating the feed stream from
      the liquid hydrofluoric acid in a settling zone; passing the feed stream
      into a fractionation zone operated under conditions which promote the
      removal of dissolved hydrofluoric acid from the feed stream; withdrawing
      the feed stream from the fractionation zone and passing the feed stream
      through a fluoride removal zone; passing the feed stream into an
      isomerization zone containing a solid isomerization catalyst and operated
      under conditions of temperature and pressure which promote the
      isomerization of the feed stream to effect the production of an
      isomerization zone effluent stream comprising isoparaffins; passing at
      least a portion of the isomerization zone effluent stream into the
      fractionation zone; withdrawing an isoparaffin-rich stream from the
      fractionation zone and passing at least a portion of the isoparaffin-rich
      stream into a hydrofluoric acid-catalyzed alkylation zone wherein
      isoparaffins contained in the isoparaffin-rich stream are reacted with
      mono-olefins to form an alkylate; passing the alkylate into the
      fractionation zone in admixture with isoparaffins; and, withdrawing a high
      purity alkylate stream from said fractionation zone as the product stream
      of the process.
PAC  EXAMPLE
PAR  This example is intended to provide a better understanding of the operation
      of the preferred embodiment as depicted in the drawing. In general, a
      normal butane stream is intimately contacted with hydrofluoric acid and
      then separated into a hydrofluoric acid phase and a normal butane phase
      containing dissolved hydrofluoric acid which is charged into the
      isostripper 11. A substantial portion of the hydrofluoric acid is removed
      by a stripping action in the isostripper and a butane-rich stream is
      recovered as a sidecut in line 12, treated to remove residual hydrofluoric
      acid and fluorides and then passed into isomerization zone 18. The
      isomerization zone effluent stream is returned to the isostripper and
      fractionated to produce an isobutane-rich stream which is removed by line
      20. Propane, lighter hydrocarbons and hydrofluoric acid vapors are removed
      from this stream and the remaining portion is fed to the hydrofluoric
      acid-catalyzed alkylation zone 25. A portion of the isobutane is therein
      alkylated with propylene or a butylene to form an alkylate. This alkylate
      is removed from the settling section of the alkylation zone and passed
      into the isostripper. A high purity alkylate stream is recovered from the
      isostripper as a bottoms product and unreacted isoparaffin is recirculated
      to the alkylation zone.
PAR  As a specific example, a 19,808 lb./hr. stream, comprising 95.2 moles per
      hour of isobutane and 234.6 moles per hour of n-butane, derived from the
      gas concentration unit of a fluidized catalytic cracking process is fed
      into the overhead receiver of a distillation drying column having about
      thirty trays. Any water separating out as a separate phase is decanted
      from the overhead receiver and the remaining butanes are charged to the
      top of the drying column. A stream of dry butanes is removed from the
      bottom of the column, cooled by heat exchange and mixed with liquid
      hydrofluoric acid previously used in the alkylation zone to form a mixture
      which is about 50% butane and 50% acid. This mixture is then passed
      through five mixing orifices each having a 5 psig. pressure drop to
      provide intimate contacting. The mixture is then discharged into a
      horizontal gravity settler 4, and it divides into an acid phase and a
      hydrocarbon phase containing some hydrofluoric acid. The acid phase is
      decanted and recirculated with a slip stream being removed for
      regeneration and recycling to the alkylation zone. The settler is operated
      at ambient temperatures and a pressure of about 160 psig.
PAR  The butane hydrocarbon phase is removed from the gravity settler and mixed
      with a 28,482 lb./hr. isobutane-rich stream derived from the isomerization
      zone. This stream contains 276.2 moles/hr. of isobutane and 207.4
      moles/hr. of normal butane. The resulting mixture is divided into two
      fractions which are charged to the 25th and 45th trays of the isostripper.
      The upper fraction is fed to the isostripper at about 175.degree.F. and
      the lower fraction at 180.degree.F. The isostripper is operated at a
      pressure of about 150 psig. The overhead product of the isostripper
      consists of about 381,951 lbs./hr. of isobutane and lighter hydrocarbons.
      About 5,436 lbs./hr. of propane are removed from the isostripper overhead
      product in the depropanizer 21. The remaining portion of the isostripper
      overhead is then passed into the hydrofluoric acid-catalyzed alkylation
      zone 25.
PAR  The alkylation zone is of the water cooled type and utilizes recirculation
      of the settled acid. It is designed to operate at about 95.degree.F. with
      an acid to hydrocarbon volume ratio of about 1.5:1 and an isobutane to
      olefin mole ratio of about 12:1. The mono-olefins utilized in the
      alkylation zone are contained in a 35,320 lb./hr. stream derived from the
      gas concentration unit of a fluidized catalytic cracking process. It is
      composed of 220.2 moles/hr. of propylene, 227.2 moles/hr. of butenes,
      120.9 moles/hr. of isobutane, 97.9 moles/hr. of propane and 33.8 moles/hr.
      of normal butane. The alkylate formed in this zone, the excess isobutane
      and the other remaining hydrocarbons are substantially separated from the
      acid-catalyst in a settler and returned to the isostripper at the top tray
      at about 150.degree. F. This stream is about 411,782 lbs./hr., and there
      is in addition about 4,160 lbs./hr. of acid dissolved in the hydrocarbon
      stream.
PAR  The normal butane-rich charge stream to the isomerization zone is removed
      from the isostripper as a side-cut taken at about the 69th tray. This
      stream contains about 475.3 moles/hr. of normal butane, 25.0 moles/hr. of
      isobutane and 2.5 moles/hr. of isopentane for a combined flow of 29,258
      lbs. of hydrocarbons per hour. This material is heated to a temperature of
      about 450.degree.F. and passed downflow through an alumina treater at a
      pressure of about 105 psig. Two "swing" treaters are used to remove
      fluorides from this butane-rich stream. The effluent of the alumina
      treaters is then cooled to about 100.degree.F. and passed downflow through
      a KOH contactor at about 90 psig. to ensure complete removal of all
      fluorides. The isomerization zone is operated under conditions which
      include a reactor inlet temperature of from 300.degree.F. to 400.degree.F.
      depending on the age of the catalyst and conversion desired. The
      isomerization reactor is operated at about 450 psig. with the LHSV through
      the reactor being about 4.0 and a hydrogen to hydrocarbon ratio in the
      reactor of about 0.5:1.0. An isomerization catalyst made in accordance
      with the teachings of U.S. Pat. No. 2,999,074 is utilized. About 442
      lbs./hr. of make-up gas, mainly hydrogen, is fed to the isomerization zone
      from a reforming zone. The effluent of the isomerization zone reactor is
      separated to produce a bottoms stream of 28,482 lbs./hr., which, as
      previously mentioned, is mixed with the acid treated butane feed stream
      and fed to the isostripper.
PAR  The product of the process is 48,863 lbs./hr. stream of a two pound Reid
      vapor pressure alkylate having an average molecular weight of 106.6 and
      which is removed from the isostripper as a bottoms stream. Included in the
      product stream are 430.5 moles/hr. of C.sub.6 plus alkylate 18.4 moles/hr.
      of isopentane, 4.7 moles/hr. of normal pentane and 4.6 moles/hr. of normal
      butane. About 1750 lbs./hr. of acid is removed from the alkylation zone
      for regeneration. The regeneration is performed by stripping the acid from
      about 50 lbs./hr. of tar-like impurities with 3,248 lbs./hr. of
      superheated isobutane charged to the regnerator at 450.degree.F. and 160
      psig. The overhead vapors of the regenerators are condensed and returned
      to the process.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for the isomerization of a liquid normal paraffin feed stream
      containing water, sulfur and nitrogen contaminants which are detrimental
      to solid isomerization catalyst, which process comprises the steps of:
PA1  a. contacting said liquid feed stream with liquid hydrofluoric acid to
      remove aforesaid detrimental contaminants therefrom;
PA1  b. separating the treated feed stream of step (a) from
      contaminant-containing liquid hydrofluoric acid;
PA1  c. stripping the treated feed stream of step (b) in a fractionation zone to
      remove hydrogen fluoride therefrom;
PA1  d. treating the stripped feed stream of step (c) for the removal of any
      remaining fluorides therefrom;
PA1  e. contacting the thus purified feed stream of step (d) with solid
      isomerization catalyst at isomerization conditions;
PA1  f. introducing the isomerization effluent of step (e) to said fractionation
      zone of step (c) for fractionation therein together with said treated feed
      stream; and
PA1  g. withdrawing isoparaffin product from said fractionation zone.
NUM  2.
PAR  2. The process of claim 1 further characterized in that the fluoride
      removal in step (d) is effected by successive contact of said stripped
      feed stream with alumina and caustic.
NUM  3.
PAR  3. The process of claim 1 further characterized in that the feed stream and
      the liquid hydrofluoric acid are intimately contacted by their
      simultaneous passage through a mixing orifice.
NUM  4.
PAR  4. The process of claim 1 further characterized in that the feed stream and
      the liquid hydrofluoric acid are intimately contacted by spraying a fine
      dispersion of the feed stream into a quantity of the acid.
NUM  5.
PAR  5. A process for the isomerization and subsequent alkylation of a liquid
      normal paraffin feed stream containing water, sulfur and nitrogen
      contaminants which are detrimental to solid isomerization catalyst, which
      process comprises the steps of:
PA1  a. contacting said liquid feed stream with liquid hydrofluoric acid to
      remove aforesaid detrimental contaminants therefrom;
PA1  b. separating the treated feed stream of step (a) from
      contaminant-containing liquid hydrofluoric acid;
PA1  c. stripping the treated feed stream of step (b) in a fractionation zone to
      remove hydrogen fluoride therefrom;
PA1  d. treating the stripped feed stream of step (c) for the removal of any
      remaining fluorides therefrom;
PA1  e. contacting the thus purified feed stream of step (d) with solid
      isomerization catalyst at isomerization conditions;
PA1  f. introducing the isomerization effluent of step (e) to said fractionation
      zone of step (e) for fractionation therein together with said treated feed
      stream;
PA1  g. stripping isoparaffin from said fractionation zone and reacting the same
      with mono-olefin in contact with hydrofluoric acid catalyst at alkylation
      conditions;
PA1  h. supplying resultant hydrocarbon phase separated from step (g) containing
      alkylate in admixture with unreacted isoparaffin to said fractionation
      zone; and
PA1  i. removing a high purity alkylate product from the lower portion of said
      fractionation zone.
NUM  6.
PAR  6. The process of claim 5 further characterized in that said fractionation
      zone comprises an isostripper used in a process for the hydrofluoric
      acid-catalyzed alkylation of isoparaffins.
NUM  7.
PAR  7. The process of claim 5, further characterized in that the feed stream to
      step (a) comprises normal paraffins having from 4 to 7 carbon atoms per
      molecule.
NUM  8.
PAR  8. The process of claim 7 further characterized in that the mono-olefin
      contains from 2 to 5 carbon atoms per molecule.
NUM  9.
PAR  9. The process of claim 5 further characterized in that hydrofluoric acid
      which has been contacted with the feed stream in step (a) hydrofluoric
      acid which has been used as catalyst in the alkylation of step (g) are
      regenerated and the regenerated acid is recycled to the alkylation of step
      (g).
NUM  10.
PAR  10. The process of claim 8 further characterized in that hydrofluoric acid
      withdrawn from the alkylation of step (g) is used as the hydrofluoric acid
      contacted with the feed stream in step (a).
NUM  11.
PAR  11. The process of claim 5 further characterized in that hydrofluoric acid
      catalyst is supplied from alkylation step (g) to step (a).
NUM  12.
PAR  12. The process of claim 8 further characterized in that at least a portion
      of the isomerization effluent of step (a) is combined with the feed stream
      of step (b) prior to passage of said feed stream into the fractionation
      zone in step (c).
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ABST
PAL  This invention relates to a polymerizable cycloacetal resinous composition,
      characterized by reacting 1 equivalent of diallylidenepentaerythritol (I)
      with 0.8 - 2.0 equivalents of polyhydric alcohol-unsaturated
      monocarboxylic acid ester mono-ol (II) having both a hydroxyl group and a
      polymerizable or copolymerizable unsaturated bond in the same molecule,
      with or without a solvent, in the presence of a polymerization inhibitor
      and addition reaction catalyst.
PARN
PAR  This is a Division, of application Ser. No. 407,626, filed Oct. 18, 1973.
BSUM
PAR  This invention relates to a polymerizable cycloacetal resinous composition
      prepared by reacting unsaturated cycloacetal compound with unsaturated
      alcohol having both a polymerizable or copolymerizable unsaturated bond
      and hydroxyl group in the same molecule.
PAR  Cycloacetal compound prepared by the condensation of a polyhydric alcohol
      such as pentaerythritol and sorbitol with unsaturated aldehyde such as
      crotonaldehyde and acrolein is well known as a spiroacetal resin. Among
      them, diallylidenepentaerythritol prepared by the condensation of
      pentaerythritol with acrolein and triallylidenesorbitol prepared by the
      condensation of sorbitol with acrolein are valuable since a double bond in
      their structure has special reactivity, and it is well known that they
      react with active hydrogens of polycarboxylic acids, polyhydric alcohols,
      polythiols or phenols to produce thermoplastic or thermosetting resins.
PAR  However, these double bonds are not always satisfactory in radical
      polymerizability, and the reactivity with the hydrogen of an active amine
      is not satisfactory. Consequently, this lessens their utility.
PAR  We have studied the various properties of these cycloacetal groups, and
      found that they can be modified to have satisfactory radical
      polymerizability without damaging their essential features. We noticed
      that these double bonds react well with alcoholic hydroxyl groups without
      coloration, and that unsaturated bonds in acrylyl or methacrylyl groups
      polymerize or copolymerize well with the same kinds or different kinds of
      polymerizable monomers. This was proven by the fact that the reaction of
      the above cycloacetal compound with a glycol unsaturated monocarboxylic
      acid ester e.g. hydroxylethylmethacrylate which is a monomer having both a
      hydroxyl group and unsaturated bond in the same molecule,
      trimethylolpropane-dimethacrylate or glycerinedimethacrylate, provides an
      addition monomer which comprises substantially both of the above
      compounds. In the above reaction, addition reaction is completed without
      producing substitution reaction products and any other by-products, and
      accordingly the reaction can easily be carried out in a simple and
      inexpensive apparatus. A novel polymerizable cycloacetal addition product
      prepared by reacting diallylidenepentaerythritol with
      hydroxylethylmethacrylate in accordance with the present invention is
      represented by the following chemical formula.
      ##EQU1##
PAR  Further, a novel polymerizable cycloacetal addition product prepared by
      reacting diallylidenepentaerythritol with trimethylolpropanedimethacrylate
      is represented by the following chemical formula.
      ##EQU2##
PAR  In addition to diallylidenepentaerithritol, the other examples of
      polycycloacetal compound (I) which can be used in the present invention
      include polycrotonaldehyde acetal, polyacrolein acetal and the like, and
      they are synthesized by the method disclosed in Schulz, "Agnew. Chem."
      (vol. 62, No. 5, pp. 105-118, 1950). However, polyacrolein acetal is
      preferable in order to obtain a desired product having a light color by
      reacting with a polymerizable alcohol source as disclosed below.
PAR  Examples of glycol unsaturated monocarboxylic acid monoesters or polyhydric
      alcohol unsaturated monocarboxylic acid ester mono-ol (II) which react
      with polycycloacetal compound (I) include hydroxylethyl (or propyl)
      methacrylate, hydroxylethyl (or propyl) acrylate, hydroxylethyl (or
      propyl) crotonate, trimethylolpropanedimethacrylate,
      trimethylolpropanediacrylate, trimethylolethanedimethacrylate,
      trimethylolethanediacrylate, glycerinedimethacrylate and the like. They
      must have at least one alcoholic hydroxyl group and at least one
      unsaturated bond such as methacrylyl, acrylyl and crotonyl groups. Taking
      radical polymerizability and curing properties into consideration, a
      compound having a methacryly group is generally preferable. However, when
      a soft curing product is desired or a reactivity with active amine
      hydrogen is desired, a compound having an acrylyl group is convenient.
PAR  According to the present invention, a novel cycloacetal resinous
      composition is prepared by reacting polycycloacetal compound (I) with a
      glycol unsaturated monocarboxylic acid monoester or polyhydric alcohol
      unsaturated monocarboxylic acid ester mono-ol (II) in an equivalent ratio
      of an acetal group (I) to (II) e.g., 1 to 0.8 - 2. 1 - 1.5 equivalents of
      (II) is sufficient for this reaction, but it is generally convenient to
      use an excess of (II) in order to improve the rate of this addition
      reaction. After the reaction is completed, the excess amount of component
      (II) may be removed, but the removement of the excess amount of component
      (II) depends on the use of the reaction product and is not always
      necessary. The rate of the reaction between the two components (I) and
      (II) is preferably more than 80%. If the reaction rate is below this
      value, the curing of the product sometimes is poor. Therefore, for general
      purpose, the component (II) should be used in an equivalent or excess
      amount to complete the reaction. The reaction between the two components
      (I) and (II) smoothly takes place without using solvent, and accordingly
      it is economically advantageous to run the reaction without using a
      solvent. However, it may be convenient to perform the reaction in the
      presence of solvent for a paint and to use the reaction product as a paint
      as is. During the reaction between components (I) and (II), there is a
      possibility that a gelation may take place. Thus, it is preferable to
      perform the reaction in an atmosphere of inert gas than in the air.
      However, such a gelation can be prevented if a polymerization inhibitor
      such as hydroquinone, benzoquinone or the like is used. The inhibitor is
      used in an amount of 0.001 - 0.1 weight part per 100 weight parts of the
      total reactants. In order to accelerate the reaction, a small amount of
      acidic catalyst is required, and a suitable acidic catalyst employed for
      this purpose includes para-toluene sulfonic acid, diethylsulfuric acid,
      ethylsulfonic acid, BF.sub.3 -ether complex and the like. Among these
      catalysts, paratoluene sulfonic acid is inexpensive and satisfactory. The
      amount of the catalyst used is 0.1 - 1.0 weight part per 100 weight parts
      of the total reactants. If the amount of the catalyst used is less than
      the above value, the reaction takes much longer and this is economically
      undesirable. On the other hand, if the amount of the catalyst is more than
      the above value, there is a possibility that coloration or side reactions
      take place. From this point of view, a generally preferable amount of
      catalyst is 0.2 - 0.4 weight part. The reaction temperature may be
      selected from within the range of 50.degree. to 120.degree.C, but the
      preferable reaction temperature range is from 60.degree. to 100.degree.C
      for the purpose of preventing coloration or unfavorable side-reaction. In
      order to obtain a reaction yield of more than 80% at 80.degree.C, the
      reaction takes 12 to 15 hours.
PAR  The reaction product obtained by the present invention, for example
      cycloacetaletherpoly(meth)acrylate is very useful as a starting material
      for synthetic resin or modifier. The viscosity of the reaction product of
      this invention is generally several poises (1 to 10 poises) at room
      temperature without being diluted with other polymerizable monomers, and
      the reaction product contains polyfunctional monomers as a main component.
      Moreover, this reaction product is easily polymerized and cured by the
      action of a commonly available radical generator such as benzoylperoxide
      and the like. This is a significant property since commonly available
      polyesters must be diluted with polymerizable monomers such as styrene in
      order to a viscosity of approximately several poises. The same situation
      applies to epoxy-acrylics. Consequently, the shrinkage ratio of curing of
      commonly available starting materials is larger than that of the reaction
      product of this invention. This property makes the product of this
      invention useful as a starting material for FRP (fiber glass reinforced
      plastics), adhesives, casting materials, paints and the like. Moreover,
      the resinous product of this invention has excellent weather resistance
      and chemical resistance due to the acetal structure contained therein.
      Further, any kind of polymerizable monomers such as acrylic type monomers
      as well as styrene type monomers can be used as a diluent, and the cured
      product of this invention retains exellent tenacity, weather resistance
      and chemical resistance regardless of such diluent. Thus, the product of
      this invention having the above-mentioned various excellent properties may
      be used as a modifier for commonly available unsaturated polyester resins
      or epoxyacrylic type resins, and may be used for producing paints and
      adhesives by dissolving optional polymers. Also, the
      cycloacetalethermethacrylate of this invention may be used as an anaerobic
      one-package type adhesive in the same manner as
      polyethyleneglycoldimethacrylate, and the former is superior in weather
      resistance, thermal resistance and chemical resistance than the latter.
      The product of this invention may also be used as a polymerization
      plasticizer for vinyl chloride in the same manner as
      polyethyleneglycoldimethacrylate, and it was proven that the former is
      superior in weather resistance and compatibility to the latter. Thus, the
      product of this invention has various uses since it has a cycloacetal
      structure and low viscosity suitable for polymerization.
PAR  This invention is illustrated by the following examples, but is not
      restricted thereto.
DETD
PAC  EXAMPLE 1
PAR  260 weight parts of hydroxylethylmethacrylate (made by Mitsubishi Rayon
      Co.), 212 weight part of diallylidenepentaerythritol (made by Daicel Co.),
      1.5 weight parts of para-toluenesulfonic acid and 0.25 weight part of
      hydroquinone were placed in a one liter-three necked flask equipped with a
      condenser, stirrer, thermometer and inlet tube for nitrogen. The mixture
      in the flask was stirred in the atmosphere of nitrogen, and reacted at a
      temperature of 80.degree.  - 85.degree. C for 10 hours. It was proven by
      infrared ray absorption spectrum determination that more than 80% of the
      reactants were reacted to produce a light yellowish resin having a low
      viscosity of 1.6 - 1.7 poises at 27.degree.C. The reaction product had the
      following chemical formula:
      ##EQU3##
      The thus obtained reaction product was easily cured in the presence of
      benzoylperoxide and dimethylaniline to form a transparent product having
      tenacity.
PAR  Both the reaction product diluted with 40% of styrene and the reaction
      product diluted with 40% of methylmethacrylate were also easily cured in
      the presence of benzoylperoxide and dimethylaniline to form a transparent
      hard product.
PAC  EXAMPLE 2
PAR  235 weight parts of hydroxylethylacrylate (made in Nagase Sangyo Co.), 200
      weight parts of diallylidenepentaerythritol (made by Daicel Co.), 1.2
      weight parts of para-toluenesulfonic acid and 0.2 weight part of
      hydroquinone were placed in the same type of flask as used in Example 1,
      and reacted at a temperature of 90.degree. 92.degree. C for 12 hours. It
      was proven by infrared ray absorption spectrum determination that 85% of
      the reactants were reacted. The thus obtained resin had a very light color
      and low viscosity (2.0 poises at 25.degree.C), and the reaction product
      diluted with styrene or methylmethacrylate was cured in the presence of
      benzoyl peroxide to form a soft cured product.
PAC  EXAMPLE 3
PAR  400 weight parts of hydroxylethylacrylate, 212 weight parts of
      diallylidenepentaerythritol, 0.15 weight part of para-toluenesulfonic acid
      and 0.3 weight part of benzoquinone were placed in the same type of flask
      as used in Example 1, and reacted at 90.degree. C for 15 hours. The thus
      obtained resinous composition had a viscosity of 1.2 poises at
      25.degree.C. After the reaction, the reaction mixture was neutralized with
      KOH-methanol solution, and to the reaction product were added 2 weight %
      of cumenehydroperoxide, 600 ppm of 1,4-benzoquinone and 0.2 weight % of
      dimethylaniline, thereby producing an anaerobic resinous composition
      having satisfactory preservability.
PAC  EXAMPLE 4
PAR  212 weight parts of diallylidenepentaerythritol, 560 weight parts of
      trimethylolpropanedimethacrylate composition, 2.5 weight parts of
      para-toluenesulfonic acid and 0.5 weight part of hydroquinone were placed
      in the same type of flask as used in Example 1, and reacted in the
      atmosphere of nitrogen at 80.degree.C for 15 hours. It was proven by
      infrared ray absorption spectrum determination that approximately 90% of
      the reactants were reacted, and the thus obtained resin had a low
      viscosity (2.5 poises at 25.degree.C). This resin was cured in the
      presence of benzoyl peroxide and dimethylaniline to form a transparent
      product having an excellent thermal resistance. This resin diluted with
      60% of styrene or 20% of methylmethacrylate was cured in the same manner.
PAR  The following Examples 5 to 8 illustrate that a polymerizable cycloacetal
      compound of this invention may be used in connection with other
      unsaturated polyesters and thermoplastic resins. In these examples, there
      was used a cycloacetal compound prepared in Example 1 having the following
      chemical formula,
      ##EQU4##
      Suitably, the other cycloacetal compounds may also be used.
PAC  EXAMPLE 5
PAR  Preparation of Unsaturated Polyester (A)
PAR  Unsaturated polyester (A) was prepared by dissolving unsaturated alkyd of
      an acid value of 33.4 comprising 10.5 moles of propyleneglycol, 5 moles of
      maleic anhydride and 5 moles of phthalic anhydride, in 35% of styrene
      containing 0.02% of hydroquinone.
PAR  The polymerizable cycloacetal compound of this invention was mixed with the
      above prepared unsaturated polyester (A) in an optional ratio. To 100
      weight parts of this mixture were added 1.5 weight parts of
      methylethylketoneperoxide and 0.8 weight part of cobalt naphthenate (6%
      Co), and the resultant composition was coated by a knife coater on a steel
      plate as used for testing a paint so as to make a thickness of a coated
      film 0.2 mm. As seen from Table 1, the copolymerizable cycloacetal
      compound of this invention proved to be very useful as a curing
      accelerator or a modifier for improving a surface drying property of the
      unsaturated polyester (A).
TBL                                    Table 1                                 

     __________________________________________________________________________

                             gelling time                                      

                                      drying                                   

     Composition of resin                                                      

                     pot life at                                               

                             of coated film                                    

                                      time   Swoad hardness                    

                     25.degree.C (min.)                                        

                             at 25.degree.C (min.)                             

                                      (min.) after 48 hours                    

     __________________________________________________________________________

     unsaturated polyester (A)                                                 

                     18      60       not dried                                

                                             unmeasurable                      

                                      and remain-                              

                                      ed sticky                                

     unsaturated polyester (A)80%                                              

                     14      27       45     16                                

     polymerizable cycloacetal                                                 

     compound 20%                                                              

     unsaturated polyester (A)60%                                              

                     13      23       39     27                                

     polymerizable cycloacetal                                                 

     compound 40%                                                              

     unsaturated polyester (A)40%                                              

                     11      19       30     38                                

     polymerizable cycloacetal                                                 

     compound 60%                                                              

     styrene 10%     28      37       50     53                                

     polymerizable cycloacetal                                                 

     compound 90%                                                              

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  Polymethylmethacrylate for an acrylic lacquer having a molecular weight of
      about 25,000 was dissolved in styrene to form a solution having 30% of
      solid content.
PAR  The above prepared styrene solution was mixed with 100 weight parts of the
      polymerizable cycloacetal compound of this invention in various ratios,
      and the resultant composition was tested in respect of an adhesive
      strength (shear strength) between steel plates as well as film formability
      of paint coating. As seen from Tables 2 and 3, the compositions of this
      invention was proved to be excellent as adhesives or paints.
TBL                                    Table 2                                 

     __________________________________________________________________________

            Composition of resin                                               

                                adhesive strength after 48 hours               

                                (kg/cm.sup.2)                                  

     __________________________________________________________________________

     polymerizable cycloacetal compound                                        

                       100 wt parts                                            

     benzoyl peroxide  1   wt parts                                            

                                116 - 130                                      

     dimethyl aniline  0.1 wt parts                                            

     polymerizable cycloacetal compound                                        

                       100 wt parts                                            

     styrene solution of polymethyl-                                           

     methacrylate      10  wt parts                                            

                                150 - 163                                      

     bynzoyl peroxide  1.1 wt parts                                            

     dimethyl aniline  0.1 wt parts                                            

     polymerizable cycloacetal compound                                        

                       100 wt parts                                            

     styrene solution of polymethyl-                                           

     methacrylate      20  wt parts                                            

                                161 - 184                                      

     benzoyl peroxide  1.2 wt parts                                            

     dimethylaniline   0.1 wt parts                                            

     polymerizable cycloacetal compound                                        

                       100 wt parts                                            

     styrene solution of polymethyl-                                           

     methacrylate      30  wt parts                                            

                                204 - 247                                      

     benzoyl peroxide  1.3 wt parts                                            

     dimethyl aniline  0.1 wt parts                                            

     __________________________________________________________________________

TBL                                    Table 3                                 

     __________________________________________________________________________

            Composition of resin                                               

                                state of                                       

                                       Sword hardness                          

                                film surface                                   

                                       after 48 hours                          

     __________________________________________________________________________

     polymerizable cycloacetal compound                                        

                       90  wt parts                                            

                                partly 53                                      

     styrene           10  wt parts                                            

                                orange-                                        

     methylethyl ketone peroxide                                               

                       1.5 wt parts                                            

                                peel like                                      

     cobalt naphthenate (6% Co)                                                

                       0.8 wt parts                                            

                                lusterless                                     

                                surface                                        

     polymerizable cycloacetal compound                                        

                       90  wt parts                                            

                                smooth and                                     

                                       49                                      

     styrene           10  wt parts                                            

                                lustrous                                       

     styrene solution of polymethyl-                                           

                                surface                                        

     methacrylate      10  wt parts                                            

     methylethyl ketone peroxide                                               

                       1.5 wt parts                                            

     cobalt naphthenate                                                        

                       0.8 wt parts                                            

     polymerizable cycloacetal compound                                        

                       90  wt parts                                            

                                smooth and                                     

                                       55                                      

     styrene           10  wt parts                                            

                                lustrous                                       

     styrene solution of polymethyl-                                           

                                surface                                        

     methacrylate      20  wt parts                                            

     methylethyl ketone peroxide                                               

                       1.5 wt parts                                            

     cobalt naphthenate                                                        

                       0.8 wt parts                                            

     __________________________________________________________________________

PAR  The polymerizable cycloacetal compound of this invention may be used in
      connection with the other thermoplastic polymers such as vinyl copolymer,
      polystyrene, polyvinylmethylether and the like in the same manner as used
      in the preceding example.
PAC  EXAMPLE 7
PAR  1 weight part of benzoin methylether was dissolved in 100 weight parts of
      the polymerizable cycloacetal compound of this invention, and to the
      resultant mixture was added 10 weight parts of 30% styrene solution of
      polyvinyl acetate. The resultant composition was coated by a knife coater
      on a steel plate as used in Example 5 so as to make a thickness of a
      coated film 0.2 mm. This coated film was placed under a mercury lamp
      positioned at 10 cm apart from the coated film. The film was cured by 1 -
      2 seconds' exposure to ultraviolet rays, and the pencil hardness of the
      cured surface reached 4 H after 5 seconds' exposure. Thus, resinous
      composition of this invention proved to be useful for a paint to be cured
      by ultraviolet rays.
PAC  EXAMPLE 8
PAR  90 weight parts of the polymerizable cycloacetal compound of this invention
      and 10 weight parts of styrene were mixed, and coated on a steel plate as
      used in Example 5 so as to make the thickness of a coated film 0.1 mm. The
      coated film was cured at a dosage of 3 mega-rad by a van de Graaff type
      electron beam radiation apparatus to form a cured film having a pencil
      hardness of 3 - 4 H. 100 weight parts of the polymerizable cycloacetal
      compound of this invention, 3 weight parts of phthalocyanine green, 20
      weight parts of talc, 5 weight parts of titanium white and 20 weight parts
      of styrene were mixed by a roller, and the mixture was coated on a steel
      plate in the same manner as above. The coated film was cured by
      irradiating with an electron beam dosage of 3 mega-rads to form a colored
      cured film having a pencil hardness of 4 H.
PAC  EXAMPLE 9
PAR  Preparation of vinylester
PAR  Epoxy resin "Epikote 834" having an epoxy equivalent of 260 (made by Shell
      Co., Ltd.) 520 weight parts, acrylic acid 140 weight parts, hydroquinone
      (polymerization inhibitor) 0.14 weight part and diethylamine hydrochloric
      acid salt 2.5 weight parts were reacted at 125.degree.C for 180  minutes
      to produce a vinyl ester resin having an acid value of 6.0.
PAR  The thus obtained vinyl ester resin was mixed with polymerizable
      cycloacetal compound as prepared in Example 2 in a weight ratio of vinyl
      ester 60 to cycloacetal compound 40, and the resultant mixture was coated
      on a steel plate to form a film having a thickness of 0.1 mm. The coated
      film was cured by irradiating with an electron beam dosage of 3 megarad to
      form a cured film having a pencil hardness of 4 H, and the adhesion to the
      steel plate was excellent.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A polymerizable cycloacetal resinous composition, which comprises
PA1  A. a resin prepared by reacting 1 equivalent of diallylidenepentaerythritol
      (I) with 0.8 - 2.0 equivalents of polyhydric alcohol unsaturated
      monocarboxylic acid ester mono-ol (II) having both a hydroxyl group and a
      polymerizable or copolymerizable unsaturated bond in the same molecule,
      with or without the presence of a solvent, in the presence of
      polymerization inhibitor and addition reaction catalyst
PA1  B. an unsaturated polyester of a polycarboxylic acid or epoxyacrylate resin
      prepared from an epoxy resin and an unsaturated monocarboxylic acid and in
      the presence or absence of
PA1  C. vinyl monomers.
NUM  2.
PAR  2. A polymerizable cycloacetal resinous composition according to claim 1,
      said polyhydric alcohol unsaturated monocarboxylic acid ester mono-ol (II)
      is hydroxylethyl (or propyl) methacrylate, hydroxylethyl (or
      propyl)acrylate, hydroxylethyl (or propyl) crotonate,
      trimethylolpropanedimethacrylate, trimethylolpropane-diacrylate,
      trimethylolethanedimethacrylate, trimethylolethanediacrylate or
      glycerinedimethacrylate.
NUM  3.
PAR  3. A polymerizable cycloacetal resinous composition according to claim 1
      which is curable by ultraviolet rays.
NUM  4.
PAR  4. A polymerizable cycloacetal resinous composition according to claim 1
      which is curable by electron beams.
NUM  5.
PAR  5. A polymerizable cycloacetal resinous composition according to claim 1
      wherein the unsaturated polyester of a polycarboxylic acid is an alkyd
      resin is produced by reacting 10.5 moles of propylene glycol, 5 moles of
      maleic anhydride and 5 moles of phthalic anhydride in 35% of styrene
      containing 0.02% hydroquinone.
NUM  6.
PAR  6. A process according to claim 1 wherein the epoxy-acrylate resin is
      produced by reacting 520 weight parts of an epoxy resin having an epoxy
      equivalent of 260, 140 weight parts of acrylic acid, 0.14 weight parts
      hydroquinone and 2.5 weight parts of diethyleneamine hydrochloride.
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ABST
PAL  A functionally terminated polybutadiene polymer is reacted with an epoxide
      to produce an epoxide terminated polybutadiene. A crosslinking agent and a
      peroxide free radical initiator are mixed with the epoxy terminated
      polybutadiene, and upon reaction, a thermoset resin is produced having
      advanced chemical, electrical, and thermomechanical properties.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder, (or grant), with the Department of the
      Air Force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Advanced composite materials have been developed to where production
      engineering now is being phased into a heretofore purely developmental
      engineering effort. This integration of engineering efforts is exposing
      new needs for improvements in advanced composite materials. Now emphasis
      is being placed on the economic efficiencies of the processes used for
      manufacturing composites and, as these materials are being incorporated
      into hardware structural designs, new processes are being sought. Two
      major deficiencies have become apparent with regard to the
      state-of-the-art high performance epoxy resin systems. The first problem
      is the high amount of resin flow during molding which can be as much as 50
      percent of the original resin content. High resin flow may be attributed
      to the fact that some epoxy resins are liquid and inherently possess a
      high resin flow during molding, while other epoxy resins which require a
      solvent, retain the solvent during manufacture of the resinous article.
      Sometimes, during processing, the resin flow is deliberately employed to
      wash out the retained solvent and other gaseous matter.
PAR  The second major deficiency with respect to epoxy resins is the requirement
      for use of autoclaves to provide the essential pressure necessary for the
      consolidation of complex parts. This requirement for pressure greatly
      limits the number of vendors capable of handling the high performance
      materials.
PAR  Polybutadiene resins, on the other hand, have been of considerable interest
      for many years because of their excellent chemical stability and good
      physical properties.
PAR  U.S. Pat. No. 2,586,594 taught a tough, chemically stable resin coating
      could be applied to a substrate by the application of the liquid
      polybutadiene and the subsequent peroxide cure. While this system offered
      the benefit of good physical and chemical properties, the liquid
      polybutadiene require specialized and skillful handling techniques.
      Further development improved this system, but the handling and workability
      problems were never completely overcome. More recently, U.S. Pat. No.
      3,431,235 offered a solution to the problems of workability and handling
      by the formation of an intermediate elastomeric material which may be
      handled and worked without special equipment and requirements. Thus, the
      polymer compounder who is equipped to handle viscous and tacky material,
      formulates a resin composition according to the fabricators'
      specifications and cures the material to an intermediate elastomeric
      stage. The fabricator then produces the final product without the
      necessity of special equipment to handle viscous, tacky polymeric
      materials. While U.S. Pat. No. 3,431,235 taught the solution to many of
      the problems associated with thermoset polydiene resins, when chain
      extended with high molecular weight epoxy resins, the nonpolar
      polybutadiene resins, upon curing, had the inherent problem of exuding the
      uncured polar epoxy resins. This produced a tacky nonhomogeneous polymer
      having unusable properties.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention modifies epoxy resin with polybutadienes to provide
      the capability of producing high performance composites comparable to
      present state of the art epoxides but using vacuum bagging processing
      technology. This is achieved by reacting a functionally terminated
      polydiene, such as dicarboxy-1,2-polybutadiene with diepoxide to produce a
      diepoxide terminated polydiene prepolymer. The epoxy terminated polydiene
      is mixed with maleimide crosslinking agent and a peroxide free radical
      initiator which, upon reaction produces a viscous resin material having
      the peroxide homogeneously dispersed therethrough substantially unreacted.
      By raising the temperature of the resin the peroxide is activated
      producing a hard thermoset resin. Furthermore, the resin can be
      polymerized and crosslinked in situ to the cured state by one heating
      step. The polybutadiene polymer used in the production of the
      thermosetting resin of this invention should have a predominant amount of
      the olefinic unsaturation comprising the 1,2- or pendant vinyl group
      configuration and preferably the olefinic unsaturation should comprise at
      least 80 percent of the pendant vinyl groups or the 1,2-configuration of
      1,2-polybutadiene. While the molecular weights of these materials do not
      present a critical consideration, it is preferred that the molecular
      weight of the terminated polydiene range from approximately 500 to 5,000,
      however, with proper process adjustments higher molecular weights may be
      used.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  To prepare the epoxide terminated polydiene adduct, a ratio of one
      equivalent weight of the functionally terminated 1,2-polybutadiene is
      reacted with two moles of a diepoxide at moderate temperatures. Although
      the polydiene and the diepoxide will react slowly at room temperature,
      temperatures of approximately 100.degree.F to 200.degree.F reduce the
      viscosity of the reactants and expedite the mixing and reaction of the
      polybutadiene with the epoxy.
PAR  Examples of diepoxide end-capping agents in which the unmodified epoxide
      groups are functionally active and suitable for the present invention are:
PAC  TABLE I
PA1  epoxy novalacs
PA1  bis-epoxydicyclopentyl ether of ethylene glycol
PA1  epichlorohydrin/bis phenol A-type
PA1  1-epoxyethyl-3,4-epoxycyclohexane
PA1  dicyclopentadiene dioxide
PA1  limonene dioxide
PA1  bis (2,3-epoxypropoxy) benzene
PA1  vinylcyclohexane dioxide
PA1  3,4-epoxy-6-methylcyclohexylmethyl-3,4-epoxy-6-methylcyclohexanecarboxylate
PA1  zeaxanthin diepoxide
PA1  9,10 -epoxy-12-hydroxyoctadecanoic acid triester of glycerol
PAL  Generally, any aromatic or aliphatic epoxide will be suitable, for example,
      any alkylene epoxide, cycloalkylene epoxide, alkoxyarylene epoxide,
      arylene epoxide, alkycycloalkylene epoxide, cycloalkene epoxide, or
      alkenecycloalkylene epoxide. Polymers made with aromatic epoxy end-caps
      generally exhibit better thermal stability than polymers made with
      aliphatic epoxy end-caps. In addition, the epoxy resin must be at least
      difunctional and, preferably, have a molecular weight above 500 to 700.
      The epoxy should be above 500 to 700 molecular weight so that reasonable
      high performance properties will be imparted to the final product. Lower
      molecular weights can be used, but the product properties tend to be
      closer to the polybutadiene characteristics. The epoxy resin must be at
      least difunctional so that a functionally reactive end-capped
      polybutadiene molecular is produced. Upon final cure of the epoxy
      end-capped polybutadiene molecule, the epoxy groups react with one another
      to produce a linear chain or block polymer.
PAR  End-capping is accomplished by mixing the ingredients under relatively
      moderate conditions. The end-capping can occur at room temperature,
      however, the time required for the step is materially reduced by
      increasing the temperature to a range of approximately 125.degree.F to
      250.degree.F. The reaction may be further accelerated by the inclusion of
      catalysts or epoxy accelerators. Examples of a few of the suitable
      catalysts or accelerators is as follows:
PAC  TABLE II
PA1  tertiary aliphatic amines
PA1  Bf.sub.3 -etherate
PA1  sodamide
PA1  zinc oxide
PA1  alkaline earth oxides
PA1  alkaline earth hydroxides
PA1  stannic chloride
PA1  sulfuric acid
PA1  diethyl zinc - water
PA1  trialkyl aluminum - chelating agent
PA1  ferrictrialkoxide
PA1  strontium amide
PA1  strontium alkoxide
PA1  calcium amide
PA1  calcium alkoxide
PAL  Other general and stereospecific polymerization catalysts may be determined
      by referring to a standard text relating to epoxide polymerization.
PAR  The peroxide free radical initiator is incorporated into the end-capped
      prepolymer in either of the two ways previously described. In the method
      which forms the epoxy end-capped polymer for later fabrication, the
      peroxide, along with the maleimide is homogeneously dispersed throughout
      the mixture substantially unreacted. The amount of peroxide employed is
      generally in the range of between approximately 0.5 to 10 percent by
      weight of the polymer, however, these amounts are not too critical,
      inasmuch as amounts of peroxide above 10 percent will be operative,
      however, such large amounts of peroxide are undesirable from an economic
      standpoint. Amounts of peroxide below 0.5 percent will effect a reaction,
      however, the reaction is usually sluggish and sometimes the product does
      not have the optimum properties attainable. Other factors dependent upon
      the amount of peroxide used may be the particular peroxide compound used,
      the polydiene, and the other reactants present. Approximately 2 to 5
      percent by weight of the polymer are the amounts generally preferred for
      the peroxide. Thus, when the peroxide is heated in the range of
      approximately 300.degree. to 425.degree.F, the peroxide is activated, and
      the polymer is cured to a very hard thermoset resin having improved
      processability. Organic peroxide free radical initiators suitable for use
      in this process may be selected from the following:
PAC  TABLE III
PA1  di-t-butyl peroxide
PA1  2,5-dimethyl-2,5-bis(tertiary butylperoxy) hexane
PA1  n-butyl-4,4-bis(tertiary butylperoxy) valerate
PA1  2,5-dimethyl,2-5-bis(tertiary butylperoxy)hexane-3
PA1  tertiary-butyl perbenzoate
PA1  dicumyl peroxide
PA1  methyl ethyl ketone peroxide
PA1  cumene hydroperoxide
PA1  di-n-methyl-t-butyl percarbamate
PA1  lauroyl peroxide
PA1  acetyl peroxide
PA1  decanoyl peroxide
PA1  t-butyl peracetate
PA1  t-butyl peroxyisobutyrate
PAR  A cross-linking agent selected from aromatic bis(maleimides), such as
      methylene dianiline maleimide, thiodianiline maleimide, and oxydianiline
      maleimide is added either to the initial reactant mix or to the epoxy
      capped polybutadiene. When the maleimide is added to the initial reactant
      mix, the mixture is polymerized in situ. When the maleimide is added to
      the epoxy capped polybutadiene, the mixture can be cooled and stored for
      moderate periods prior to subsequent manufacturing. From 0.1 to 0.8 moles
      of the maleimides per mole of polybutadiene can be added to the
      composition, and it is hypothesized that the cross-linking occurs between
      the maleimide end-caps and the pendant vinly groups on the polybutadiene.
      Thus, there will be some interdependency between the moles of maleimide
      used and the molecular weight and vinyl content of the polybutadiene. That
      is, polybutadiene having 90 percent 1,2- configuration can accept more
      maleimide than 60 percent 1,2-polybutadiene. Also, polybutadiene having a
      molecular weight of 1,000 can accept less maleimide than polybutadiene
      having a molecular weight of 2,000.
PAR  In another method, one equivalent weight of terminally difunctional
      1,2-polybutadienediol may be reacted in a temperature range of between
      75.degree.F to 200.degree.F with two equivalents of an organic anhydride
      to produce a polycarboxylic acid adduct which is subsequently end-capped
      with the epoxy resin. In this reaction, it is desirable to employ a
      equivalent amount of the dianhydride to alcohol substituents for the
      formation of the polycarboxylic acid adduct, however, an amount of
      anhydride in excess of equivalence may be used when adducts having reduced
      viscosities are sought.
PAR  Typical organic anhydrides which may be reacted with the
      dihydroxy-1,2-polybudadiene include:
PAC  TABLE IV
PA1  trimellitic anhydride
PA1  hexahydrophthalic anhydride
PA1  nadic anhydride
PA1  methyl nadic anhydride
PA1  oxalic anhydride
PA1  malonic anhydride
PA1  azelaic anhydride
PA1  adipic anhydride
PA1  phthalic anhydride
PA1  pimelic anhydride
PA1  tetrahydrophthalic anhydride
PA1  chlorendic anhydride
PA1  maleic anhydride
PA1  succinic anhydride
PA1  suberic anhydride
PA1  sebacic anhydride
PA1  glutaric anhydride
PAR  Typical dianhydrides which are suitable for use are:
PAC  TABLE V
PA1  3,3'4,4'-benzophenone tetracarboxylic dianhydride
PA1  polyazelaic polyanhydride
PA1  pyromellitic dianhydride
PA1  pyromellitic dianhydride-glycol adducts
PA1  1,2,3,4-cyclopentanetetracarboxylic dianhydride
PAR  Acid adduct formation in the present invention is important for the purpose
      of increasing versatility in the polybutadiene. By end-capping the
      polybutadiene with an anhydride, such as trimellitic anhydride, the
      functionality of the polybutadiene may be easily changed from 2 to 4.
      Another advantage of the end-cap acid adduct is that the acid strength may
      be changed according to the type of anhydride used. Thus, rather than
      being limited to an aliphatic carboxylic group as when dicarboxylic
      1,2-polybutadiene is used, the polybutadiene may be end-capped with an
      aromatic carboxylic acid group displaying different acid strengths. The
      advantage lies in the fact that increased acid strengths will cause the
      polymerization reaction to occur more rapidly which will reduce processing
      time.
PAR  Polymerization occurs when the reaction of a ratio of one equivalent weight
      of the carboxylic acid end-capped polymer occurs with one equivalent
      weight of an epoxy resin, and the maleimide cross-links between the chains
      by reaction with the pendant vinyl groups on the 1,2-polybutadiene. The
      process steps may be performed in either of two sequences. By one method,
      the 1,2-polybutadiene, an epoxy resin, and an epoxy accelerator, if
      desired, is reacted in solution to a predetermined end point. A solution
      of maleimide and organic peroxide is mixed homogeneously into the epoxy
      end-capped polybutadiene solution and cooled. The solution is kept cool
      until readied for fabrication processing. By the second method, the entire
      group of reactants, via polybutadiene resin, epoxy resin, epoxy
      accelerator, maleimide, and organic peroxide, are mixed together in
      solution which is applied then to the article being fabricated and are
      polymerized in situ.
PAR  The polymerization reaction occurs in a temperature range of between
      280.degree.F and 400.degree.F. At these temperatures the reaction is
      complete in between 10 minutes and 2 hours.
PAR  Reinforced composites can be made by impregnating fibers of boron, high
      modulus organic polymers, graphite, or glass first with solutions of the
      resin mixture, sometimes referred to as varnish. Next the impregnated
      fibers are dried to yield a prepreg having between 35 and 40 percent by
      weight solids. These prepregs are stacked then in a vacuum bag mold and
      cured at about 175.degree.C for an hour to yield a very strong composite
      having a low void content between the sheets, usually 1 percent by volume
      or less.
PAR  The following examples are presented to illustrate the various features of
      the invetnion, and are not intended to be limiting:
DETD
PAC  EXAMPLE I
PAC  Acid End-Capped Hydroxy Terminated Polybutadiene
PAR  Approximately 89.1 grams of 1,2-polybutadienediol and approximately 10.0
      grams of tetrahydrophthalic anhydride were combined in a 500 ml kettle
      fitted with a mechanical stirrer, a thermometer, a heating mantle, and a
      nitrogen inlet. The pot was heated to 120.degree.C under nitrogen and
      stirred rapidly for one and a half hours under a nitrogen blanket. The
      finished mixture was degassed and cooled, then approximately 4.0 grams of
      dicumyl peroxide was added to the resin kettle at 60.degree.C and stirred
      for five minutes followed by addition of approximately 1.2 grams of
      triethylenediamine and an additional stirring for five minutes. Finally,
      approximately 5.0 grams of alicyclic diepoxy carboxylate (CY-179, CIBA
      Industries) was added to the mixture and stirred for thirty minutes. The
      resin kettle contents were degassed, cast into a crystallizing dish coated
      with mold release, and covered with aluminum foil. The sample was then
      placed in an oven which was programmed as follows:
     TEMPERATURE (.degree.C)                                                   

                          TIME (HOURS)                                         

     ______________________________________                                    

      90                  16                                                   

     120                   6                                                   

     130                  16                                                   

     140                   6                                                   

     170                  16                                                   

     ______________________________________                                    

PAR  The casing obtained after curing possessed the following properties:
TBL   PROPERTY             TEST DATA                                           

     ______________________________________                                    

     Tensile Strength, psi, ASTM D638                                          

                           7,300                                               

     Elongation, %, ASTM D638                                                  

                           4.0                                                 

     Compressive Strength, psi, ASTM D695                                      

                           29,500                                              

     Compressive Modulus, psi, ASTM D695                                       

                           250,000                                             

     Deflection, %         18.00                                               

     Specific Gravity      1.07                                                

     Shrinkage on Curing, %                                                    

                           3.80                                                

     Barcol Hardness       38.00                                               

     ______________________________________                                    

PAC  EXAMPLE II
PAC  Cross-linked Polybutadiene Using Epoxy Cresol Novalac
PAR  Approximately 100.0 grams of dicarboxy terminated 1,2-polybutadiene having
      an 85 to 90 percent 1,2-microstructure and a molecular weight of 1,000 and
      596 grams of acetone were placed in a 1,000 ml kettle fitted with a
      mechanical stirrer, a thermometer, a heating mantle, and a nitrogen inlet.
      Approximately 137.0 grams of epoxy cresol novalac having a functionality
      of 5.1 was placed in the kettle at room temperature and stirred for thirty
      minutes. Next, 2,6 grams of benzyldimethyl amine was added to the kettle
      and stirred for five minutes, followed by the addition of 15.0 grams of
      bis(maleimide) of methylenedianiline with stirring for an additional five
      minutes. Finally, 8.3 grams of dicumyl peroxide was added to the kettle at
      room temperature and stirred for five minutes.
PAR  Prepreg tapes were prepared by drum winding Hercules Type A-S continuous
      graphite fiber at eight tows per inch through a resin bath containing the
      above resin formulation. After removal from the drum, the impregnated
      materials were dried in an air circulating oven at 65.degree.C for 30
      minutes which was raised to 93.degree.C for an additional 30 minutes. The
      volatiles content of the prepreg was determined to be 1.8 percent by
      weight.
PAR  Composites were fabricated from the resultant prepreg by a vacuum bag
      molding process using a heat-up rate of 3.degree.C to 4.degree.C per
      minute to a cure temperature of 117.degree.C and a cure time of 60
      minutes. After cure, the composites were cooled to ambient conditions
      under vacuum bag pressure and postcured 16 hours at 204.degree.C in an air
      circulating oven.
PAR  The physical and mechanical properties were determined to be as follows:
TBL  Flexural Strength, Newtons/meter.sup.2                                    

     (N/m.sup.2) .times. 10.sup.8                                              

      at  20.degree.C        12.55                                             

      at 120.degree.C        8.47                                              

      at 175.degree.C        5.57                                              

     Flexural Modulus, N/m.sup.2 .times. 10.sup.10                             

      at  20.degree.C        10.33                                             

      at 120.degree.C        9.09                                              

      at 175.degree.C        8.54                                              

     Shear Strength, N/m.sup.2 .times. 10.sup.7                                

      at  20.degree.C        8/26                                              

      at 120.degree.C        5.38                                              

      at 175.degree.C        3.52                                              

     Density, gm/cc          1.50                                              

     Resin content, 5 by wt. 35.70                                             

     Void content, % by vol. &gt;1.00                                             

     Fiber content, % by vol.                                                  

                             55.00                                             

PAC  EXAMPLE III
PAC  Cross-linked Polybutadiene Using Phenolic Novalac Epoxide
PAR  Approximately 100.0 grams of dicarboxy terminated 1,2-polybutadiene having
      an 85 to 90 percent 1,2-microstructure and a molecular weight of 1,000 and
      596 grams of acetone were placed in a 1,000 ml kettle outfitted as in
      EXample II above. Approximately 45.3 grams of phenolic novalac epoxide
      having a functionality of 2.1 was placed in the kettle at room temperature
      and stirred for 30 minutes. Next, 1.7 grams of benzyldimethylamine was
      added to the kettle and stirred for 5 minutes, followed by the addition of
      20.0 grams of bis(maleimide) of methylenedianiline with stirring for an
      additional fifteen minutes. Finally, 5.5 grams of dicumyl peroxide was
      added to the kettle at room temperature and stirred for 5 minutes.
PAR  Prepreg tapes were prepared as described in Example II above, except the
      volatiles content of the dried prepreg comprised 0.8 percent by weight,
      37.0 percent by weight wet resin solids, and 36.8 percent by weight dry
      resin solids.
PAR  Composites using the above disclosed resin was fabricated as set forth in
      Example II above. The physical and mechanical properties were determined
      to be as follows:
TBL  Flexural Strength, N/m.sup.2 .times. 10.sup.8                             

      at  20.degree.C         11.25                                            

      at 120.degree.C         6.03                                             

      at 175.degree.C         3.96                                             

     Flexural Modulus, N/m.sup.2 .times. 10.sup.10                             

      at  20.degree.C         9.03                                             

      at 120.degree.C         9.08                                             

      at 175.degree.C         8.48                                             

     Shear Strength, N/m.sup.2 .times.10.sup.7                                 

      at  20.degree.C         8.34                                             

      at 120.degree.C         4.41                                             

      at 175.degree.C         2.89                                             

     Density, gm/cc           1.49                                             

     Resin content, % by wt.  38.60                                            

     Void content, % by vol.  &gt;1.00                                            

     Fiber content, % by vol. 52.00                                            

PAC  EXAMPLE IV
PAC  Cross-linked Polybutadiene-Epoxy Using Less Cross-linking Agent
PAR  Approximately 100.0 grams of dicarboxy terminated 1,2-polybutadiene having
      85 to 90 percent of 1,2-microstructure and a molecular weight of 1,000 and
      596 grams of acetone were placed in a 1,000 ml kettle outfitted as in
      Example II. Approximately 117.2 grams of epoxy cresol novalac having a
      functionality of 4.8 was placed in the kettle at room temperature and
      stirred for 30 minutes. Next, 2.2 grams of benzyldimethylamine was added
      to the kettle and stirred for five minutes, followed by the addition of
      10.0 grams of bis(4-maleimidephenyl)methane with stirring for an
      additional 15 mintues. Finally, 7.2 grams of dicumyl peroxide was added to
      the kettle at room temperature and stirred for 5 minutes.
PAR  Prepreg tapes were prepared as described in Example II above, except the
      volatiles content of the dried prepreg comprised 2.3 percent by weight,
      39.0 percent by weight wet resin solids, and 36.0 percent by weight dry
      resin solids.
PAR  Composites using the above disclosed resin was fabricated as set forth in
      Example II above, however, in addition to postcuring at 204.degree.C,
      postcuring was conducted at 246.degree.C also. The physical and mechanical
      properties were determined to be as follows:
TBL  Flexural Strength, N/m.sup.2 .times. 10.sup.8                             

                          204.degree.C                                         

                                   246.degree.C                                

     ______________________________________                                    

      at  20.degree.C     13.22    13.62                                       

      at 175.degree.C     5.02     5.80                                        

     Flexural Modulus, N/m.sup.2 .times. 10.sup.10                             

      at  20.degree.C     10.68    11.04                                       

      at 175.degree.C     8.69     8.89                                        

     Shear Strength, N/m.sup.2 .times. 10.sup.7                                

      at  20.degree.C     9.92     8.33                                        

      at 175.degree.C     3.52     3.17                                        

     Density, gm/cc       1.52     1.55                                        

     Resin content, % by wt.                                                   

                          30.50    32.00                                       

     Void content, % by vol.                                                   

                          1.30     1.00                                        

     Fiber content, % by vol.                                                  

                          60.00    60.00                                       

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A hard thermoset resin which is a reaction product of the ratio of:
PA1  1. one mole of 1,2-polybutadiene having at least two carboxyl terminal
      groups;
PA1  2. two moles of an epoxide selected from the group consisting of alkylene
      epoxide, cycloalkylene epoxide, alkoxyarylene epoxide, arylene epoxide,
      alkyl cycloalkylene epoxide, cycloalkene epoxide, and
      alkylenecycloalkylene epoxide;
PA1  3. 0.1 to 0.8 moles of an aromatic amine maleimide per mole of
      1,2-polybutadiene; and
PA1  4. a peroxide free radical initiator.
NUM  2.
PAR  2. A hard thermoset resin according to claim 1 wherein:
PA1  said maleimide is selected from the group consisting of methylene dianiline
      maleimide, thiodianiline, meta-phenylene diamine maleimide, maleimide, and
      oxydianiline maleimide.
NUM  3.
PAR  3. A thermosetting polymer comprising a reaction product of the ratio of:
PA1  1. one mole of 1,2-polybutadiene having at least two carboxyl terminal
      groups;
PA1  2. two moles of an expoxide selected from the group consisting of alkylene
      epoxide, cycloalkylene epoxide, alkoxyarylene epoxide, arylene epoxide,
      alkyl cycloalkylene epoxide, cycloalkene epoxide, and
      alkylenecycloalkylene epoxide;
PA1  3. 0.1 to 0.8 moles of an aromatic amine maleimide per mole of
      1,2-polybutadiene; and
PA1  4. a peroxide free radical initiator homogeneously dispersed throughout the
      reaction product.
NUM  4.
PAR  4. A thermosetting polymer according to claim 3 wherein:
PA1  said epoxide is selected from the group consisting of alkylene epoxide,
      cycloalkylene epoxide, alkoxyarylene alkylcycloalkylene arylene epoxide,
      alkycycloalkylene epoxide, cycloalkene epoxide, and alkenecycloalkylene
      epoxide.
NUM  5.
PAR  5. A thermosetting polymer according to claim 3 wherein:
PA1  said maleimide is selected from the group consisting of  methylene
      dianiline maleimide, thiodianiline maleimide, meta-phenylene diamine
      maleimide, and oxydianiline maleimide.
NUM  6.
PAR  6. A method of producing a hard thermoset polybutadiene-epoxy resin
      comprising:
PA1  A. reacting by ratio (1) one mole of 1,2-polybutadiene having at least two
      carboxyl terminal groups with (2) two moles of an epoxide to form an epoxy
      end-capped polybutadiene;  B. mixing the epoxy end-capped polybutadiene
      terminated adduct with (3) a peroxide free radical initiator and (4) 0.1
      to 0.8 moles of an aromatic amine maleimide per mole of 1,2-polybutadiene;
      and  C. curing the mixture to a hard thermoset resin.
NUM  7.
PAR  7. A method according to claim 6 wherein:
PA1  said epoxide is selected from the group consisting of alkylene epoxide,
      cycloalkylene epoxide, alkoxyarylene epoxide, arylene epoxide,
      alkylcycloalkylene epoxide, cycloalkene epoxide, and alkenecycloalkylene
      epoxide.
NUM  8.
PAR  8. A method according to claim 6 wherein:
PA1  said maleimide is selected from the group consisting of methylene dianiline
      maleimide, thiodianiline maleimide, and oxydianiline maleimide.
NUM  9.
PAR  9. A method according to claim 6 wherein:
PA1  the two dicarboxyl terminated groups are formed by the reaction of one
      equivalent of dihydroxy-1,2-polybutadiene with one equivalent of an acid
      anhydride and is selected from the group consisting of trimellitic
      anhydride; tetrahydrophthalic anhydride; hexahydrophthalic anhydride;
      tetrachlorophthalic anhydride, tetrabromophthalic anhydride; chlorendic
      anhydride; nadic anhydride; maleic anhydride; oxalic anhydride; succinic
      anhydride; malonic anhydride; suberic anhydride; azelaic anhydride;
      sebacic anhydride; adipic anhydride; glutaric anhydride; pimelic
      anhydride; phthalic anhydride; 3,4',4,4'-benzophenone tetracarboxylic
      dianhydride; polyazelaic polyanhydride, pyromellitic dianhydride;
      1,2,3,4,-cyclopentane tetracarboxylic dianhydride; and endo-cis bicyclo
      (2.2.1)-5-heptene-2,3-dicarboxylic dianhydride.
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ABST
PAL  A method of initiating polymerization reactions by the silyl-ethers of the
      tetraaryl-1.2-glycols.
PARN
PAR  This application is a continuation-in-part of our application Ser. No.
      315,329, filed Dec. 15, 1972, now abandoned.
BSUM
PAR  This invention relates to free radical polymerization.
PAR  The invention especially relates to the use of silyl-ethers of the
      tetraaryl-1,2-glycols as initiators for polymerization reactions which are
      to be initiated by radicals.
PAR  It is known from German Auslegeschrift (German Published Specification)
      1,216,877 and German Pat. Specification 1,219,224 to use as polymerization
      catalysts tetraaryl-glycols of which the hydroxyl groups can be
      etherified.
PAR  Substances polymerizable by radicals and containing these catalysts are
      distinguished by the fact that they can be stored for a practically
      unlimited period at room temperature and by the fact that the course of
      their curing can be controlled easily and reliably by controlling the
      temperature. A further advantage of these catalysts is that in contrast to
      the known peroxide catalysts their handling presents no hazard whatsoever.
PAR  A disadvantage of these catalysts is their relatively low reactivity. Thus,
      complete curing is not achievable within a reasonable time at below
      80.degree.C and is only achievable at temperatures of between 80.degree.
      and 140.degree.C if relatively high concentrations (equal to or greater
      than 2%) of the catalysts are employed. Even then, however, many hours are
      still required for complete curing of the moldings. This is a major
      disadvantage since the moving belt technique, which at the present time is
      customary in the plastics industry, demands rapid curing times.
PAR  Furthermore, the use of catalysts in high concentrations must be rejected
      not only for economic reasons; they frequently noticeably impair the
      properties of the cured products.
PAR  It has now been found that silyl-ethers of the tetraaryl-1,2-glycols are
      more reactive than the above mentioned compounds by a factor of about 50.
PAR  Accordingly, one subject of the present invention is a method of starting
      radical-initiated polymerization reactions by the use of silyl-ethers of
      the tetraaryl-1,2-glycols. The invention also provides polymerizable
      substances or mixtures of substances which contain the above mentioned
      silyl-ethers.
PAR  Suitable silyl-ethers of the tetraaryl-1,2-glycols are compounds of the
      general formula
      ##EQU1##
      in which A, B, D and E denote substituted or unsubstituted phenyl or
      unsubstituted 2-naphthyl radicals, and
PA1  X and Y denote trialkyl- or triaryl-siloxy radicals.
PAR  The phenyl radicals A, B, D and E may have between 6 and 18 carbon atoms
      and may be substituted in 2-, 3-, 4-, 5- and/or 6-position by alkyl or
      alkoxy radicals with up to 4 carbon atoms, by chlorine or bromine or in
      3-, 4- and/or 5-position by phenyl radicals; moreover A and B respectively
      D and E may form together with the corresponding carbon atom of the
      general formula the fluorenyliden radical; the alkyl radicals of the
      siloxy radicals are e.g. C.sub.1 -C.sub.4 -alkyl radicals like methyl,
      ethyl, propyl, butyl, isopropyl, sec.-butyl, isobutyl or tert.-butyl; the
      aryl radicals of the siloxy radicals are e.g. unsubstituted phenyl
      radicals or methyl- or methoxy-substituted phenyl radicals, such as toluyl
      or methoxyphenyl radicals. It is understood, of course, that a
      di-fluorenyl is a special tetra-aryl ethane.
PAR  The silyl compounds to be employed according to the invention are effective
      above 50.degree.C; even at relatively low temperatures e.g. below
      100.degree.C, 0.05 to 0.2% by weight of these compounds, based on the
      weight of the polymerizable substance, suffices completely to cure the
      substance to be polymerized, or the mixture of substances to be
      polymerized, in a short time.
PAR  The silyl-ether compounds can be manufactured in a simple known manner by
      reacting benzophenone or its appropriate derivatives, in tetrahydrofurane,
      with magnesium and, for example, trimethylchlorosilane, in the presence of
      hexamethylphosphoric acid triamide.
PAR  The following compounds may be mentioned as examples:
TBL  R.sup.1  R.sup.2                                                          

                   R.sup.3                                                     

                        R.sup.4                                                

                              Melting point (.degree.C)                        

     __________________________________________________________________________

     H        H    H    --CH.sub.3                                             

                              112                                              

     CH.sub.3 H    H    --CH.sub.3                                             

                               86                                              

     CH.sub.3 CH.sub.3                                                         

                   H    --CH.sub.3                                             

                              106                                              

     CH.sub.3 CH.sub.3                                                         

                   CH.sub.3                                                    

                        --CH.sub.3                                             

                              liquid                                           

     C.sub.2 H.sub.5                                                           

              H    H    --CH.sub.3                                             

                               76                                              

     C.sub.2 H.sub.5                                                           

              C.sub.2 H.sub.5                                                  

                   H    --CH.sub.3                                             

                              103                                              

     O--CH.sub.3                                                               

              H    H    --CH.sub.3                                             

                              liquid                                           

     Cl       H    H    --CH.sub.3                                             

                              117                                              

     __________________________________________________________________________

PAR  The radical formation is initiated by heating the compounds in
      polymerizable systems to above 50.degree.C. The curing can then take place
      in one step but can, if desired, also take place in several steps by
      suitably controlling the temperature. (Compare British Patent
      Specification 1,041,614.)
PAR  Polymerizable substances, the curing of which may be performed according to
      the invention, include practically all compounds which contain one or more
      polymerizable double bonds in the molecule, for example mono- and
      conjugated diolefins such as ethylene, propylene, butadiene, isoprene,
      chloroprene; vinyl-substituted benzenes and derivatives thereof, such as
      styrene, .alpha.-methylstyrene, halogenated styrenes, divinyl benzene,
      vinyltoluene, N-vinyl heterocycles such as N-vinyl pyrrolidone, N-vinyl
      carbazol, vinyl pyridine; .alpha.,.beta.-olefinically unsaturated
      carboxylic acids and their derivatives, such as acrylic and methacrylic
      acid or esters or amides, such as methacrylic acid methyl ester, ethylene
      glycol bis-methacrylate, (meth) acrylic acid esters of epoxy resins,
      acrylonitrile, methacrylonitrile; vinyl esters such as vinyl acetate,
      vinyl benzoate, adipic acid divinyl ester; vinyl ketones such as
      vinylmethylketone, isopropenylmethylketone; vinyl or vinylidene halides
      such as vinyl and vinylidene chloride; allyl esters such as allyl acetate,
      diallyl phthalate, allyl acrylate, triallyl cyanurate, triallyl phosphate,
      diallyl isophthalate; diallyl carbonate; di(allylphenyl) carbonates;
      di(vinylphenyl) carbonates; polyol polyacrylates and -methacrylates;
      N.N'-methylene-bis-acrylamide and -methacrylamide; the silyl ethers
      according to the invention are not only suitable for homopolymerization
      reactions, but also for the copolymerization including e.g. the common
      polymerization of ethylene and carbon monoxide or of ethylene and maleic
      acid dimethylester as well as for the telomerization, e.g. between
      ethylene and acetic aldehyde, between ethylene and benzaldehyde, including
      the 1:1-addition of the formed radicals to unsaturated compounds such as
      maleic acid esters.
PAR  Molding and coating compositions of unsaturated polyesters and
      copolymerizable monomers are particularly susceptible to curing according
      to the invention.
PAR  By unsaturated polyesters there are understood the customary condensation
      products of dihydric alcohols and .alpha.,.beta.-unsaturated dicarboxylic
      acids containing, if appropriate, a radical with an allyl ether structure
      which condensation products optionally contain further mono-, di- or
      poly-functional alcohols or carboxylic acids, which can be free of
      olefinic double bonds.
PAR  Suitable copolymerizable monomeric compounds are also the unsaturated
      compounds customary in polyester technology, which possess vinyl groups
      optionally substituted in the .alpha.-position or allyl groups optionally
      substituted in the .beta.-position, such as, for example, styrene,
      vinyltoluene, divinylbenzene, vinyl acetate, acrylic acid and its esters,
      acrylonitrile, methacrylic acid and its corresponding derivatives as well
      as allyl esters, such as allyl acetate, allyl acrylate, phthalic acid
      diallyl ester, trially phosphate and triallyl cyanurate.
PAR  It is possible to use a simple color reaction for testing the temperature
      at which the beginning dissociation of the particular catalyst becomes
      noticeable, and hence its optimum working range. This is because the
      radicals produced during the thermal decomposition possess the capacity of
      disolorising quinonoid dyestuffs, so that the start of radical formation
      can be determined. To carry out this text, the quinonoid dyestuff is
      dissolved in an oxygen-free solvent, such as glycol or xylene, and a small
      amount of the compound is added. The discoloration temperature is the
      temperature at which a noticeable dissociation commences.
PAR  In the Examples which follow the parts and percentages mentioned are parts
      and percentages by weight, unless otherwise stated.
DETD
PAC  Example 1
PAR  An unsaturated polyester resin, manufactured from 72 parts of o-phthalic
      anhydride, 98 parts of maleic anhydride and 114 parts of 1,2-propylene
      glycol at 200.degree.C, was dissolved in styrene to give a 66% strength
      solution and stabilized with 0.01 part of hydroquinone. 0.05 part of
      tetra-(4-tolyl)-1,2-bis-(trimethylisiloxy)-ethane was added and the
      mixture was heated to 60.degree.C in as short a time as possible. After
      this temperature had been reached, the resin was gelled in 3 minutes and
      30 seconds. It was completely cured after about 6 minutes.
PAC  Example 2
PAR  An unsaturated polyester resin, as described in Example 1, was treated with
      0.05% of diphenyl-di-(4-tolyl)-1,2-bis-(trimethylsiloxy)-ethane. It was
      again heated to 60.degree.C as rapidly as possible, whereupon the resin
      started to gel after 3 minutes and 15 seconds and had cured completely
      after 5 minutes.
PAC  Example 3 (for comparison)
PAR  Example 1 was repeated, but instead of 0.05 part of
      tetra-(4-tolyl)-1,2-bis-(trimethylsiloxy)-ethane, 0.05 part of
      tetraphenyl-ethylene glycol was incorporated. On warming to 60.degree. and
      up to 120.degree.C inclusive, no polymerization was observable. Only on
      addition of 0.5 part of the initiator was polymerization observed at
      100.degree.C, but this did not give a fully cured product in 60 minutes.
PAC  Example 4 (for comparison)
PAR  A polyester moulding composition manufactured according to Example 1 was
      mixed with 0.05 part of tetraphenylethylene glycol dimethyl ether. On
      warming to 60.degree.C, no gelling occured. Only on addition of more than
      0.8 part of the initiator was gelling observable.
PAC  Example 5
PAR  An oxygen-free solution of the methylene blue in glycol was warmed, with
      addition of the compound, shown in the following table, to be tested. The
      solution in each case underwent discoloration at the temperature
      indicated.
TBL  ______________________________________                                    

                             Discoloration                                     

     Substance               temperature (.degree.C)                           

     ______________________________________                                    

     Benzpinacol             135                                               

     Tetraphenyl-1,2-bis-(trimethylsiloxy)-ethane                              

                             70                                                

     Tetra-4-tolyl-1,2-bis-(trimethylsiloxy)-ethane                            

                             65                                                

     Bis-(4-tolyl)-bisphenyl-1,2-bis-(trimethylsiloxy)-                        

                             65                                                

     ethane                                                                    

     ______________________________________                                    

PAC  Example 6
PAR  100 g of methyl methacrylate, which was shaken with dilute sodium hydroxide
      solution and distilled under reduced pressure in order to obtain it
      inhibitor-free, was treated with 0.05% of
      bis-fluorenyl-1,2-bis-(trimethylsiloxy)-ethane and heated to refluxing.
      After 15 minutes, the viscosity began to rise markedly. The solution
      subsequently gelled. The reaction mixture was heated under reflux for 1
      hour, the polymer was dissolved in dichloromethane and precipitated by
      adding a portion of methanol.
PAC  Example 7 (for comparison)
PAR  Example 6 was repeated, but instead of 0.05% of
      bis-fluorenyl-1.2-bis-(trimethylsiloxy)-ethane 0.05% of benzpinacol were
      employed. After 8 hours, no gelling had occured.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of polymerizing a substance containing polymerizable
      carbon-carbon double bonds which comprises polymerizing the substance in
      the presence of a trialkyl or triaryl silyl-ether of a
      tetraaryl-1,2-glycol.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the silyl-ether is of the formula
      ##EQU2##
      in which A, B, D and E are each a member selected from the group
      consisting of an unsubstituted 2-naphthyl radical, an unsubstituted phenyl
      radical, a phenyl radical substituted in at least one of the 2-, 3-, 4-,
      5- and 6-positions by chlorine or bromine, a phenyl radical having 6-18
      carbon atoms substituted in at least one of the 2-, 3-, 4-, 5- and
      6-positions by alkyl having up to 4 carbon atoms, a phenyl radical having
      6-18 carbon atoms substituted in at least one of the 2-, 3-, 4-, 5- and
      6-positions by alkoxy having up to 4 carbon atoms, a phenyl radical with
      12 to 18 carbon atoms substituted in at least one of the 3-, 4- and
      5-positions by phenyl, in which A and B and D and E may form together with
      the carbon atom to which they are attached the fluorenylidene radical, and
      in which X and Y are trialkyl-siloxy or triaryl-siloxy radicals.
NUM  3.
PAR  3. A method as claimed in claim 2 wherein the silylether is of the formula
      ##SPC1##
PAL  in which R.sup.1 is hydrogen, methyl, ethyl or methoxy; R.sup.2 is
      hydrogen, methyl or ethyl; R.sup.3 is hydrogen or methyl and R.sup.4 is
      methyl.
NUM  4.
PAR  4. A method as claimed in claim 1 wherein the polymerization is conducted
      at a temperature above 50.degree.C.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the silyl-ether is present in an
      amount of 0.05 to 0.2% by weight, based on the weight of the polymerizable
      substance.
NUM  6.
PAR  6. A method as claimed in claim 1 wherein the polymerizable substance is a
      member selected from the group consisting of a monoolefin, a conjugated
      diolefin, a vinyl-substituted benzene or a derivative thereof, a N-vinyl
      heterocycle, an .alpha.,.beta.-olefinically unsaturated carboxylic acid or
      an ester, amide or nitrile thereof, a vinyl ester, a vinyl ketone, an
      allyl ester, a di(allylphenyl) carbonate, a vinyl halide, a vinylidene
      halide, a di(vinylphenyl) carbonate, a polyol acrylate, a polyol
      methacrylate, a N,N'-methylene-bis-acrylamide and a
      N,N'-methylene-bis-methylacrylamide.
NUM  7.
PAR  7. A method as claimed in claim 1 wherein the polymerizable substance is a
      mixture of an unsaturated polyester of a dihydric alcohol and an
      .alpha.,.beta.-unsaturated dicarboxylic acid and a copolymerizable
      ethylenically unsaturated monomer.
NUM  8.
PAR  8. A method as claimed in claim 7 wherein the silyl-ether is
      tetra-(4-tolyl)-1,2-bis-(trimethylsiloxy)-ethane.
NUM  9.
PAR  9. A method as claimed in claim 1 wherein the polymerizable substance is
      methyl methacrylate and the silyl-ether is
      bis-fluorenyl-1,2-bis-(trimethylsiloxy)-ethane.
NUM  10.
PAR  10. A polymerizable mixture comprising a substance containing polymerizable
      carbon-carbon bonds and a silyl-ether of a tetraaryl-1,2-glycol.
NUM  11.
PAR  11. A mixture as claimed in claim 10 wherein the silyl-ether is of the
      formula
      ##EQU3##
      in which A, B, D and E are each a member selected from the group
      consisting of an unsubstituted 2-naphthyl radical, an unsubstituted phenyl
      radical, a phenyl radical substituted in at least one of the 2-, 3-, 4-,
      5- and 6-positions by chlorine or bromine, a phenyl radical having 6-18
      carbon atoms substituted in at least one of the 2-, 3-, 4-, 5- and
      6-positions by alkyl having up to 4 carbon atoms, a phenyl radical having
      6-18 carbon atoms substituted in at least one of the 2-, 3-, 4-, 5- and
      6-positions by alkoxy having up to 4 carbon atoms, a phenyl radical with
      12 to 18 carbon atoms substituted in at least one of the 3-, 4- and
      5-positions by phenyl, in which A and B and D and E may form together with
      the carbon atom to which they are attached the fluorenylidene radical, and
      in which X and Y are trialkyl-siloxy or triaryl-siloxy radicals.
NUM  12.
PAR  12. A mixture as claimed in claim 11 wherein the silyl-ether is of the
      formula
      ##SPC2##
PAL  in which R.sup.1 is hydrogen, methyl, ethyl or methoxy; R.sup.2 is
      hydrogen, methyl or ethyl; R.sup.3 is hydrogen or methyl and R.sup.4 is
      methyl.
NUM  13.
PAR  13. A mixture as claimed in claim 11 wherein the silyl-ether is present in
      an amount of 0.05 to 0.08% by weight, based on the weight of the
      polymerizable substance.
NUM  14.
PAR  14. A mixture as claimed in claim 11 wherein the polymerizable substance is
      a member selected from the group consisting of a mono-olefin, a conjugated
      diolefin, a vinyl-substituted benzene or a derivative thereof, a N-vinyl
      heterocycle, an .alpha.,.beta.-olefinically unsaturated carboxylic acid or
      an ester, amide or nitrile thereof, a vinyl ester, a vinyl ketone, an
      allyl ester, a di(allylphenyl) carbonate, a vinyl halide, a vinylidene
      halide, a di(vinylphenyl) carbonate, a polyolacrylate, a polyol
      methacrylate, a N,N'-methylene-bis-acrylamide and a
      N,N'-methylene-bis-methacrylamide.
NUM  15.
PAR  15. A mixture as claimed in claim 11 wherein the polymerizable substance is
      a mixture of an unsaturated polyester of a dihydric alcohol and
      .alpha.,.beta.-unsaturated dicarboxylic acid and a copolymerizable
      ethylenically unsaturated monomer.
NUM  16.
PAR  16. A mixture as claimed in claim 15 wherein the silyl-ether is
      tetra-(4-tolyl)-1,2-bis-(trimethylsiloxy)-ethane or
      diphenyl-di-(4-tolyl)-1,2-bis-(trimethylsiloxy)-ethane.
NUM  17.
PAR  17. A mixture as claimed in claim 15 in the form of a molding or coating
      composition.
NUM  18.
PAR  18. A mixture as claimed in claim 10 comprising methyl methacrylate and
      bis-fluorenyl-1,2-bis-(trimethylsiloxy)-ethane.
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ABST
PAL  This invention relates to a continuous process for the production of ABS
      type polyblends comprising the polymeriztion of a monomer composition
      comprising monoalkenyl aromatic and alkenyl nitrile monomers in a single
      reaction zone forming a matrix copolymer dissolved in said monomers as a
      liquid phase; removing said liquid phase from said reaction zone and
      dispersing a first and second grafted diene rubber in said liquid phase
      followed by separating said matrix copolymer and said grafted diene
      rubbers from said liquid phase forming an ABS polyblend having a bimodal
      rubber particle size distribution and a matrix copolymer having a uniform
      monomer composition and molecular weight.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known, polyblends of rubber with styrene/acrylonitrile polymers
      have significant advantages in providing compositions of desirable
      resistance to impact for many applications. Various processes have been
      suggested or utilized for the manufacture of such polyblends including
      emulsion, suspension and mass polymerization techniques, and combinations
      thereof. Although graft blends of a monoalkenyl aromatic and ethylenically
      unsaturated nitrile monomers and rubber prepared in mass exhibit desirable
      properties, this technique has had large scale commercial limitations upon
      the maximum degree of conversion of monomers to polymer which can be
      effected because of the high viscosities and accompanying power and
      equipment requirements, which are encountered when the reactions are
      carried beyond a fairly low degree of conversion after phase inversion
      takes place. As a result, techniques have been adopted wherein the initial
      polymerization is carried out in mass to a point of conversion at which
      the viscosity levels are still of practical magnitudes, after which the
      resulting prepolymerization syrup is suspended in water or other inert
      liquid and polymerization of the monomers carried to substantial
      completion.
PAR  N. E. Aubrey in U.S. Pat. No. 3,509,237 discloses a mass/suspension method
      of polymerization styrene/acrylonitrile having diene rubbers dissolved
      therein with the rubber being grafted, inverted and dispersed as rubber
      particles under agitation. After phase inversion, the viscous mixture is
      suspended in water and polymerization is completed producing a polyblend
      in the form of beads.
PAR  Such mass/suspension processes are used commercially, however, present the
      economic problems of batch operations requiring long cycles at relatively
      low temperatures to control the heat of polymerization. Continuous mass
      polymerization processes have great economic advantages if they can be run
      at higher temperatures and higher rates with the necessary control of the
      great heats of polymerization. In the case of polyblends, the dispersed
      rubber phase must be formed and stabilized as to its morphology bringing
      it through the continuous polymerization of the rigid matrix polymer phase
      so that the physical properties of the polyblend meet exacting property
      specifications.
PAR  N. E. Aubrey in U.S. Pat. No. 3,509,237 further discloses a process for
      preparing styrene/acrylonitrile/rubber polyblends having a first and
      second grafted rubber phase wherein the first grafted rubber has a large
      particle size and the second grafted rubber has a smaller particle size.
      Such polyblends have superior properties if the smaller particle size
      rubber phase constitutes the largest proportion of the total rubber phase.
      A process for making such polyblends is disclosed wherein the two grafted
      rubber polyblends are prepared in batch processes separately and
      thereafter melt blended mechanically to form a polyblend having a first
      and second grafted rubber phase.
PAR  Kydonieus et. al. discloses in U.S. Pat. No. 3,511,895 a continuous mass
      polymerization process for styrene-acrylonitrile monomer having a rubber
      dissolved therein wherein the polymerization is carried out continuously
      through three zones of polymerization for heat control. A diluent solvent
      is also used to reduce viscosities for mixing and pumping ease along with
      polymerization and heat control. Such processes require physically
      separated reactors providing different reacting conditions for each step
      of polymerization involving costly multiple reactors and auxiliary
      equipment. The ABS polyblend produced by the process has only a monomodal
      size distribution for the dispersed rubber particles which does not
      provide an optimum balance of toughness and gloss.
PAR  Heretofore, in the art of manufacturing ABS polyblends having matrix phase
      copolymers of monoalkenyl aromatic compounds and lower alkenyl nitrile
      compounds utilizing continuous mass polymerization, there has been a
      problem in controlling and achieving heat removal, particularly at higher
      rates of conversion and higher conversion levels. The problem arises
      because at high conversions conductive and convective heat transfer rates
      decline and become insufficient at high conversion rates to achieve
      uniformity of temperatures and conversion throughout a polymerizing mass
      which is constituted of monomers and polymers (and, possibly, other
      materials). If the heat transfer rate is not adequate, the conversion rate
      varies locally in the reaction mass, and consequently, the molecular
      weight distribution as well as the monomer composition changes in the
      matrix copolymer being formed. Consequently, in continuous mass
      polymerization processes known to the prior art, there has tended to be a
      practical upper limitation both on the percent conversion and on the rate
      of conversion achievable.
PAR  In such prior art processes, it has been conventional heretofore, in order
      to maintain, generally, uniformity of temperature, conversion and
      composition, to use a diluent. Diluents, however, suffer from the
      disadvantage that they must usually be removed from the polymerized
      product before such product is suitable for most end use purposes. Another
      disadvantage is that diluents tend to reduce the rate of polymerization
      (or polyrate), although, with a copolymer type such as
      styrene/acrylonitrile, theoretical maximum polyrates in mass
      polymerization are characteristically not achieved because of inherent
      heat transfer and mixing limitations in known equipment. From an
      efficiency standpoint, diluents can be regarded as materials which reduce
      the capacity of polymerization equipment in mass polymerization processes.
PAR  The present process overcomes the above problem of the prior art processes
      by providing a process for the continuous polymerization of ABS polyblends
      in a single reaction zone with excellent heat and compositional control
      providing uniform products of great commercial utility. A monoalkenyl
      aromatic and alkenyl nitrile monomer composition is continuously
      polymerized under steady state conditions. Vapor removal cooling and
      uniform mixing in said single reaction zone insures uniform temperatures
      and composition throughout the polymerizing liquid phase.
PAR  By the present invention for the continuous polymerization of ABS
      polyblends it is possible to achieve simultaneously (1) high rates of
      monomer to copolymer conversion, (2) a high total conversion of monomers
      to copolymer, and (3) a high uniformity of composition in the polymerizing
      mass of monomers, and copolymer, compared to the known prior art
      continuous polymerization processes for producing ABS polyblends having
      matrix copolymers of monoalkenyl aromatic and alkenyl nitrile monomers and
      containing dispersed crosslinked grafted rubbers. As a result, the
      polyblend matrix copolymers produced by the process of the present
      invention characteristically have a substantially constant molecular
      weight distribution and a substantially constant monomer composition.
      While ABS polyblends having matrix copolymers of monoalkenyl aromatic
      compounds and lower alkenyl nitrile compounds with such narrow
      distribution characteristics have been produced by batch processes, it is
      believed that such polyblends have never heretofore been produced or
      producable under steady state conditions using continuous mass
      polymerization at the conversion levels and rates of conversion achievable
      by utilizing the principles and practice of the present invention.
      Diluents may be utilized, but generally are not necessary or desirable in
      practicing the basic principles of the present invention.
PAR  In the practice of the process the present invention, it is possible to
      employ reflux condensation to control temperature and pressure in the
      reaction zone at substantially constant values. Indeed, substantially
      isothermal conditions prevail throughout the reaction zone. So far as can
      be determined from the prior art, it has never heretofore been possible to
      employ reflux condensation (or, broadly, vapor removal) in a continuous
      mass polymerization process for the manufacture of ABS polyblends having
      matrix copolymers of monoalkenyl aromatic compounds and alkenyl nitrile
      compounds without adversely broadening either or both the molecular weight
      distribution and the monomer composition in the resulting ABS polyblend
      product. Such a broadening of distributions is undesirable, generally
      speaking, because it reduces physical strength characteristics, increases
      the haze and the yellowness in the ABS polyblend, and thereby narrows the
      range of utilities for which the product copolymer is suitable. By the
      practice of the present invention, however, reflux condensation is used to
      make ABS polyblends having matrix copolymers having narrow compositional
      distributions.
PAR  In the practice of the process of the present invention, mixing conditions
      in the reaction zone are employed which maintain the polymerizing liquid
      phase of such zone during continuous mass polymerization in a
      substantially homogeneous condition at all times, independent of viscosity
      of the liquid phase of the reaction system in the reaction zone. Such
      homogeneity has been exceedingly difficult to attain in the prior art
      because of the characteristically high viscosities associated with high
      conversion rates and high conversion levels in polymerizing monoalkenyl
      aromatic compounds and lower alkenyl nitrile compounds. Even relatively
      small variations in compositional homogeneity of materials in the reaction
      zone have been found to adversely affect desired narrow molecular weight
      distribution and composition distribution in the resulting copolymer
      product. To gain such compositional homogeneity, in accordance with the
      practice of the present invention, it has been found preferable to employ
      a particular type of mixing action, as more particularly hereinafter
      explained and described. While especially useful with high viscosity
      reaction systems, this mixing action is suitable generally for the
      practice of the present invention over wide viscosity ranges.
PAR  It is an object of the present invention to provide a continuous mass
      polymerization process for producing ABS polyblends having matrix
      copolymers of at least one monoalkenyl aromatic compound and at least one
      alkenyl nitrile compound and having contained therein dispersed first and
      second grafted diene rubbers.
PAR  It is an object of the present invention to provide a process for producing
      ABS polyblends having matrix copolymers of monoalkenyl aromatic compounds
      and alkenyl nitrile compounds which have a substantially constant
      molecular weight distribution and a substantially constant monomer
      composition.
PAR  It is an object of the present invention to produce ABS polyblends wherein
      the matrix copolymers are polymerized at high monomer to polymer
      conversion rates and at high conversion levels.
PAR  It is an object of the present invention to produce ABS polyblends
      polymerized in a single reaction zone with continuous mass polymerization
      conditions using a substantially uniform composition distribution
      throughout the reacting mass of monomers and polymers.
PAR  It is an object of the present invention to produce ABS polyblends using
      vapor removal to remove heat of reaction and regulate temperature of such
      reacting mass.
PAR  It is an object of the present invention to utilize a combination of
      continuous reflux condensation and uniform, complete, continuous mixing in
      the continuous mass polymerization of ABS polyblends.
PAR  It is an object of the present invention to maintain substantially
      isothermal conditions in the reaction zone of the continuous mass
      polymerization process for ABS.
PAR  It is an object of the present invention to provide a process whereby one
      can easily and effectively manufacture ABS polyblends having azeotropic or
      non-azeotropic monoalkenyl aromatic alkenyl nitrile monomer compositions.
PAR  It is an objective of this invention to provide a process to prepare ABS
      polyblends of monoalkenyl aromatic and monoalkenyl nitrile copolymers as
      the rigid matrix phase having dispersed therein first and second grafted
      diene rubber particles having a bimodal particle size distribution.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the above and related objectives and advantages
      may be readily attained in the present invention:
PAR  A continuous process for the preparation of an ABS type polyblend, the
      steps comprising:
PA1  A. continuously charging a monomer composition comprising at least one
      alkenyl nitrile monomer of the formula:
      ##EQU1##
      wherein R is selected from the group consisting of hydrogen and alkyl
      radicals containing from 1 through 4 carbon atoms each, and at least one
      monoalkenyl aromatic monomer of the formula:
      ##EQU2##
      wherein: Ar is selected from the group consisting of a phenyl radical, an
      alkaryl radical of 6 through 9 carbon atoms, a monochlorophenyl radical, a
      dichlorophenyl radical, a monobromophenyl radical, and a dibromophenyl
      radical, and X is selected from the group consisting of hydrogen and alkyl
      radical containing less than three carbon atoms to a reaction zone,
PA1  B. continuously maintaining in said reaction zone a reaction system
      comprising a liquid phase of said monomers with a vapor phase of said
      monomers generally thereabove,
PA2  1. said liquid phase filling said reaction zone to an extent of from about
      10 to 95 percent by volume and comprising said monomer composition,
PA2  2. said vapor phase filling the balance up to 100 percent by volume of said
      reaction zone, the exact composition of said vapor phase being in
      substantial equilibrium with the exact composition of said liquid phase,
PA1  C. continuously subjecting said reaction system in said reaction zone to
      mixing action sufficient to maintain a substantially uniform composition
      distribution throughout said liquid phase in said reaction zone,
PA1  D. continuously polymerizing said monomers at a temperature from
      100.degree. to 180.degree.C. and a pressure of from about 5 to 150 psia
      forming a matrix copolymer dissolved in said liquid phase,
PA1  E. continuously removing said vapor phase from said reaction zone at a rate
      sufficient to maintain, in combination with any heat of reaction being
      absorbed in said reaction zone by said charging of monomers and with any
      heat of reaction being removed from said reaction zone through the
      peripheral boundaries thereof, in said reaction zone a substantially
      constant temperature and a corresponding substantially constant pressure
      within the respective temperature and pressure ranges above specified,
PA1  F. continuously removing said liquid phase from said reaction zone at a
      rate sufficient to maintain the above specified volume of said liquid
      phase,
PA1  G. continuously dispersing uniformly a first and second grafted diene
      rubber into said liquid phase so as to provide from about 1 to 40% by
      weight of said first and second grafted rubbers in said liquid phase,
PA1  H. continuously separating said matrix copolymer and said first and second
      grafted rubbers from said liquid phase removed in step (G) as an ABS
      polyblend,
PA1  I. said charging additionally being conducted:
PA2  1. at a rate substantially equal  to the total rate at which monomers are
      polymerized in said reaction zone, and removed from said reaction zone,
      and
PA2  2. in a ratio of total alkenyl nitrile  monomers to total monoalkenyl
      aromatic monomers such that both a substantially constant said monomer
      composition is effectively maintained in said liquid phase in said
      reaction zone and in said matrix copolymer formed from said monomer
      composition,
PA1  J. the interrelationship between said charging, said liquid phase removal,
      and said substantially constant temperature and corresponding
      substantially constant pressure in said reaction zone being such that:
PA2  a. the weight percentage of said matrix copolymer in said liquid phase in
      said reaction zone is maintained at a substantially predetermined constant
      value,
PA2  b. the rate at which said matrix copolymer is formed from said monomer
      composition in said reaction zone ranges from about 0.05 to 2.0 pounds of
      said matrix copolymer produced per pound of said liquid phase per hour,
PA1  K. the interrelationship in said reaction zone between said mixing action
      and said vapor phase removal being such that said reaction system is
      maintained under substantially isothermal conditions,
PA1  L. the interrelationship between said charging, said vapor phase removal,
      and said reaction zone being such that:
PA2  1. at least about 10 percent of the heat of reaction is removed from said
      reaction zone by said vapor phase removal,
PA2  2. up to about 90 percent of the heat of reaction is absorbed by said
      charging, and
PA2  3. up to about 50 percent of the heat of reaction is removed through the
      peripheral boundaries of said reaction zone through heat transfer.
PAC  DETAILED DESCRIPTION
PAR  Said monomer composition is continuously charged to a reaction zone and a
      reaction system is continuously maintained in said reaction zone
      comprising a liquid phase with a vapor phase generally thereabove. Such
      liquid phase generally fills said reaction zone to an extent of from about
      10 to 95 percent by volume and comprises said monomer composition as a
      solvent. Such vapor phase generally fills the balance up to 100 percent by
      volume of said reaction zone and comprises said monomer composition, the
      exact composition of said vapor phase being in substantially equilibrium
      with the exact composition of said liquid phase. Said reaction system in
      said reaction zone is continuously subjected to mixing action sufficient
      to maintain a substantially uniform composition distribution throughout
      said liquid phase in said reaction zone. One such suitable reaction system
      is described in the copending application of G. A. Latinen, U.S. Pat. Ser.
      No. 256,660 filed May 25, 1972.
PAR  In the present process the monomer composition is continuously polymerized
      at a temperature of from about 100.degree. to 180.degree.C. and a pressure
      of from about 5 to 150 psia forming a matrix copolymer of said monomers
      dissolved in said liquid phase while continuously dispersing uniformly a
      first and second grafted diene rubber into said liquid phase in step (G)
      so as to provide from about 1 to 40% by weight of said first and second
      grafted rubbers in said liquid phase. The matrix copolymer formed is
      characterized by having a weight average molecular weight ranging from
      20,000 to 1,000,000, a dispersion index of from about 2.0 to 3.5, a
      substantially constant molecular weight distribution and a substantially
      constant monomer composition.
PAR  Said vapor phase is continuously removed from said reaction zone. This
      vapor is removed at a rate sufficient, in combination with any heat of
      reaction being absorbed in said reaction zone by said charging of said
      monomer composition, and in combination with any heat of reaction being
      removed from said reaction zone through peripheral boundaries or walls
      thereof, to maintain in said reaction zone a substantially constant
      temperature and a corresponding substantially constant pressure within the
      respective temperature and pressure ranges above specified.
PAR  Additionally, from said reaction zone, one continuously removes said liquid
      phase from said reaction zone at a rate sufficient to maintain the above
      specified volume of said liquid phase therein.
PAR  The said charging is conducted at a rate substantially equal to the total
      rate at which monomers are polymerized in said reaction zone and removed
      from said reaction zone. Additionally, said charging is conducted so that
      the ratio of total alkenyl nitrile compounds to total monoalkenyl aromatic
      compounds is such that both a substantially constant said monomer
      composition is effectively maintained in said liquid phase in said
      reaction zone and the matrix copolymer formed from said monomer
      composition is dissolved in said liquid phase.
PAR  Various of the above steps are interrelated. Thus, the interrelationship
      between said charging, said polymerizing, said liquid phase removal, and
      said substantially constant temperature and corresponding substantially
      constant pressure in said reaction zone is such that:
PAR  a. the weight percentage of said matrix copolymer in said liquid phase in
      said reaction zone is maintained at a substantially constant value which
      is sufficient to make the viscosity of said liquid phase be below about
      1,000,000 centipoises measured at said constant temperature in said
      reaction zone and at 10 reciprocal seconds shear rate (herein simply
      "sec..sup.-.sup.1 "), and
PAR  b. the rate at which said matrix copolymer is formed from said monomer
      composition in said reaction zone ranges from about 0.05 to 2.0
      (preferably 0.1 to 1.0) pounds of said matrix copolymer produced per pound
      of said liquid phase per hour, though larger or smaller rates are
      sometimes advantageous. The interrelationship in said reaction zone
      between said mixing action and said vapor phase removal is such that said
      reaction system is maintained under substantially isothermal conditions.
PAR  Further, the interrelationship between said charging, said vapor phase
      removal, and said reaction zone being such that:
PA1  1. at least about 10 percent of the heat of reaction is removed from said
      reaction zone by said vapor phase removal,
PA1  2. up to about 90 percent of the heat of reaction is absorbed by said
      charging, and
PA1  3. up to about 50 percent of the heat of reaction is removed through the
      peripheral boundaries of said reaction zone through heat transfer.
PAR  The limits on the respective quantities of heat of reaction removed by one
      of these three techniques are variable over wide ranges, depending upon
      individual circumstances, especially type size of equipment as those
      skilled in the art will appreciate. Usually and typically, not more than
      about 200 percent of the heat of reaction is removed through vapor phase
      removal (for example, by reflux condensation), not less than about 5
      percent is removed through charging absorption, and not more than about 25
      percent is removed through charging absorption, and not more than about 25
      percent is removed through heat transfer through reaction zone peripheral
      boundaries. In one preferred mode of operating at steady state conditions,
      the heat of reaction removed through vapor phase removal ranges from about
      25 to 45 percent, the heat of reaction removed through absorption by
      charging ranges from about 55 to 75 percent, and the heat of reaction
      removed through reaction zone peripheral boundaries (e.g. a reactor wall)
      ranges from about -10 to +10 percent. Percentages over 100 percent
      indicate heat being removed at a greater rate than being generated:
      percentages under 0 (negative values) indicate heat input, as by heat
      transfer.
PAR  By the practice of the process, heat of reaction removal is so efficient
      through vapor phase removal that it is sometimes convenient and desirable
      to operate by having peripheral boundaries of the reaction zone at a
      somewhat higher temperature than the interior thereof, since such a heat
      input drives vapor phase removal in the direction of superior temperature
      control of the reaction zone interior. In one more preferred mode of
      operating, about one-third of the heat of reaction is removed through
      vapor phase removal and the remaining two-thirds approximately is removed
      through charging absorption with substantially none being removed through
      the peripheral boundaries of the reaction zone.
PAR  In preferred modes of practicing this invention, the vapor phase removed as
      above indicated is condensed and returned to the reaction zone (as by a
      reflux condensation) so as to constitute thereby a portion of the monomer
      composition charged to this zone. Preferably, the charging is accomplished
      by spraying, as in an atomized form, the monomer composition into the
      reaction zone.
PAR  Preferably, the process is practiced so that, as under virtual steady state
      conditions, the weight percentage of matrix copolymer formed in the liquid
      phase in the reaction zone is at least about 35. More preferably, this
      weight percentage of matrix copolymer formed ranges from about 50 to 80
      with conversion rates of at least about 0.5 lbs. of matrix copolymer/lb.
      liquid phase/hr. Preferably, the process is so practiced that the
      viscosity of such liquid phase ranges from about 50,000 to 150,000
      centipoises at the constant temperature of the reaction zone and at 10
      sec..sup.-.sup.1.
PAC  THE MONOMER COMPOSITION
PAR  The monomer formulation comprises, at least principally, a
      monoalkenylaromatic monomer and a ethylenically unsaturated nitrile
      monomer. The monoalkenylaromatic monomer comprises at least one monomer of
      the formula:
      ##EQU3##
      where Ar is selected from the group consisting of phenyl, halophenyl,
      alkylphenyl and alkylhalophenyl and mixtures thereof and X is selected
      from the group consisting of hydrogen and an alkyl radical of less than
      three carbon atoms.
PAR  Exemplary of the monomers that can be employed in the present process are
      styrene; alpha-alkyl monovinylidene monoaromatic compounds, e.g.
      alpha-methylstyrene, alpha-ethylstyrene, alpha-methylvinyltoluene, etc.;
      ring-substituted alkyl styrenes, e.g. vinyl toluene, o-ethylstyrene,
      p-ethylstyrene, 2,4-dimethylstyrene, etc.; ring-substituted halostyrenes,
      e.g. o-chlorostyrene, p-chlorostyrene, o-bromostyrene,
      2,4-dichlorostyrene, etc.; ring-alkyl, ring-halo-substituted styrenes,
      e.g. 2-chloro-4-methylstyrene 2,6-dichloro-4-methylstyrene, etc. If so
      desired, mixtures of such monovinylidene aromatic monomers may be
      employed.
PAR  Exemplary of the unsaturated nitriles which may be used in the
      interpolymers are acrylonitrile, methacrylonitrile, ethacrylonitrile, and
      mixtures thereof.
PAR  Exemplary of the monomers which may be interpolymerized with the
      monoalkenylaromatic monomers and unsaturated nitriles are conjugated 1,3
      dienes, e.g. butadiene, isoprene, etc.; alpha-or beta-unsaturated
      mono-basic acids and derivatives thereof, e.g. acrylic acid, methyl
      acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate,
      methacrylic acid and the corresponding esters thereof, acrylamide,
      methacrylamide; vinyl halides such as vinyl chloride, vinyl bromide, etc.;
      vinylidene chloride, vinylidene bromide, etc.; vinyl esters such as vinyl
      acetate, vinyl propionate, etc.; dialkyl maleates or fumarates such as
      dimethyl maleate, diethyl maleate, dibutyl maleate, the corresponding
      fumarates, etc. As is known in the art, the amount of these comonomers
      which may be included in the interpolymer will vary as the result of
      various factors.
PAR  In addition, the monomer formulation at the time of polymerization may
      include a preformed polymer or a partially polymerized material such as a
      partially polymerized monoalkenylaromatic hydrocarbon or interpolymer
      thereof.
PAR  The polymerizable monomer mixtures contain at least 20 percent by weight of
      the monoalkenylaromatic monomer and preferable at least 50 percent by
      weight thereof. They also contain at least 5 percent by weight of the
      unsaturated nitrile and preferably at least 10 percent by weight thereof.
      From the standpoint of highly advantageous commercial practice, the
      monomer formulations contain 20 to 95 percent, and preferably 60 to 85
      percent, by weight of the vinylidene aromatic hydrocarbon and 80 to 5
      percent, and preferably 40 to 15 percent, by weight of the unsaturated
      nitrile.
PAR  A convenient and even preferred mode of operation is to continuously
      charge, as with monomer composition, a chain transfer agent to the
      reaction zone. Such agents and their use are well known to those skilled
      in the art and include mercaptans, dimercaptides, organic thio acids,
      terpene derivatives and terpinic materials, hydrocarbon liquids,
      halogenated hydrocarbons, and the like, of which a preferred such agent is
      terpinolene. A suitable continuous charging rate falls in the range of
      from about 0.01 to 2 weight percent based on total monomer composition
      charged.
PAR  A conventional solvent liquid can be continuously charged into the reaction
      zone. Such is convenient when slight chain transfer action is desired, as
      may be observed, for example, with ethyl benzene in making copolymers
      having a low (less than 50 weight percent) alkenyl nitrile compound
      content. A polar solvent, such as methyl ethyl ketone, is conveniently
      used making copolymers having a low monoalkenyl aromatic compound content.
      Any suitable solvent liquid known to the art may be used but is not
      preferred, since such must usually be removed after polymerization. A
      convenient charging rate falls in the range of from about 0.01 to 15
      weight percent based on total monomer composition charged chosen so as to
      keep the quantity of solvent liquid in the reaction zone at a
      substantially constant value or level.
PAR  A part of the monomer composition charged to the reaction zone can be a
      copolymerizable monomer, such as an acrylate, a methacrylate, a maleate, a
      fumarate, a vinyl ether, and the like. A monomer composition can contain
      up to about 25 weight percent based on total monomer composition charged
      of such an added monomer to form by definition of the present invention
      the matrix copolymer of copolymerizable monomers. Optionally, sometimes
      one may desire to have present in a reaction zone other non-monomeric
      non-participating (as respects the process of the present invention)
      additives, such as lubricants, stabilizers, antioxidants, colorants, dyes,
      plasticizers, fungicides, insecticides, brighteners, fillers, modifiers,
      extenders, and the like. While up to 15 to 20 or even more percent of a
      polyblend product can contain such additive(s), it is preferred to have
      the liquid phase withdrawn from the reaction zone contain less than about
      5 weight percent (total weight basis) thereof comprise such, in the
      interest maximizing process efficiency.
PAR  Optionally, as a part of the monomer composition can be a polymerization
      initiator. A suitable continuous charging rate ranges from about 0.005 to
      1 weight percent based on total monomer composition charged. Such agents
      and their use are well known to those skilled in the art and include
      organic peroxides, hydroperoxides, organic azo nitriles, persulfates,
      percarbonates, perborates, silane peroxides, and the like, of which a
      preferred initiator is ditertiary butyl peroxide.
PAR  Styrene/acrylonitrile matrix copolymer polyblends are one type of preferred
      polyblends for manufacture by the present process, especially those matrix
      copolymers which comprise from about 5 to 85 weight percent acrylonitrile
      and from about 15 to 95 weight percent styrene. Styrene/methacrylonitrile
      matrix copolymer polyblends are another type of polyblends suitable for
      manufacture by the present process, especially those matrix copolymers
      comprising from about 60 to 95 weight percent methacrylonitrile and from
      about 5 to 40 weight percent styrene. Still another type of matrix
      copolymer polyblends suitable for manufacture by the present process
      contains styrene, acrylonitrile and methacrylonitrile, for example, from
      about 5 to 40 weight percent styrene, from about 40 to 70 weight percent
      acrylonitrile, and from about 5 to 30 weight methacrylonitrile. Those
      skilled in the art will appreciate readily that more than one alkenyl
      nitrile compound and more than one monoalkenyl produced by the present
      invention are separated from unreacted monomer composition on an
      industrial scale using at least one stage of wiped film devolatilization
      as disclosed in U.S. Pat. No. 3,797,550.
PAR  Preferably, the present invention is practiced using a mixer reactor of the
      type shown in FIG. 1 which, among other things, produces a type of mixing
      action which is more fully hereinafter described. It is preferred to use
      mixing conditions in a reaction zone which generate and maintain
      substantially laminar flow in the liquid phase.
PAR  Monomer compositions utilized in a reaction zone boil in the range of from
      about 75.degree. to 200.degree.C. at 760 mm Hg., and preferably in the
      range of from about 75.degree. to 170.degree.C. Individual monomers may be
      charged to a reaction zone individually or in admixture with other
      materials charged to a reaction zone.
DRWD
PAC  DRAWINGS
PAR  The present invention is better illustrated by reference to the attached
      drawings wherein:
PAR  FIG. 1 is a diagrammatic side elevational view of a horizontal continuously
      stirred mixer/reactor of the type suitable for use in the practice of the
      present invention;
PAR  FIG. 2 is a flow diagram of an apparatus assembly incorporating a
      mixer/reactor of FIG. 1 and suitable for the practice of the process of
      the present invention;
PAR  FIG. 3 is a plot showing the relationship between alkenyl nitrile monomer
      and polymer composition for a typical matrix copolymer
      (styrene/acrylonitrile) made in accordance with the process of the present
      invention; and
PAR  FIG. 4 is a plot showing the relationship between conversion in a
      continuous mass polymerization of comonomers such as styrene and
      acrylonitrile, and the monomer/polymer separation load for a typical
      polymer (styrene/acrylonitrile) matrix copolymer product produced by such
      continuous mass polymerization.
DETD
PAR  Referring to FIG. 1, there is seen an embodiment of mixer/reactor assembly
      of the type disclosed in U.S. Pat. No. 3,751,010 of George A. Latinen,
      here designated in its entirety by the numeral 10, generally formed of
      steel or the like, which may be employed in the practice of the present
      invention. Mixer/reactor 10 is seen to comprise a vessel assembly 11
      having an impeller assembly 12. Impeller 12 extends through vessel 11 on a
      shaft 13. Where it passes through vessel 11, shaft 13 is sealed by seals
      50 (paired). Shaft 13 is journaled for rotational movements by a pair of
      bearing assemblies 15.
PAR  A motor 16 is connected by a belt 17 over sheaves 18 and 19 to a
      transmission or reducer 20. Transmission 20 has a drive shaft 21 which
      interconnects with shaft 13 through a coupling 22. The mixer/reactor
      assembly 10 is supported by a frame 23.
PAR  Vessel 11 has an inner wall 26 and spaced therefrom, an outer wall 27, with
      the space therebetween serving for circulation therethrough of a heating
      or cooling fluid, as through input conduits 28 and output conduits 29
      (only one each shown). Material for reacting may be fed into vessel 11
      through conduits 30, 31 and/or 32 continuously, and material in vessel 11
      may be removed therefrom through conduits 33 and/or 34 in conventional
      ways as those skilled in the art will appreciate. For example, if
      mixer/reactor 10 is to be used as a reactor for continuous mass
      polymerization of a monomer mixture such as sytrene and acrylonitrile,
      conduit 31 may be connected to a reflux condenser assembly (not shown);
      the monomer mixture is continuously sprayed into vessel 11 through a
      conduit 30 and mass polymerized in a partially fluid filled vessel 11.
PAR  The impeller assembly 12 includes a shaft extending substantially along
      said longitudinal axis. The impeller or paddle assembly 12 has at least
      one pair of opposed blade members 44 and 45. Each member 44 and 45 is
      affixed to said shaft 13 and is generally equally circumferentially spaced
      one member from another. Each blade member 44 and 45 in the embodiment
      shown generally radially extends from said shaft to near engagement with
      interior wall surfaces of vessel 11 and axially extends at least about one
      half the length of the chamber in vessel 11 from one end thereof and has
      at least one discontinuity, therein 42 and 43, respectively in the
      remaining half thereof. The paddle assembly 12 is adapted to impart to a
      fluid of relatively high viscosity filling said chamber to an extent of
      from about 10 to 90 percent by volume during rotational movements of said
      shaft at angular velocities below the level of turbulent flow in said
      fluid simultaneously a combination of three types of mixing:
PA1  a. cyclical vertical displacement of said fluid in said chamber at a cycle
      rate ranging from about 1/2 to 60 times per minute,
PA1  b. rolling action in said fluid in a peripherally located, generally
      horizontally extending region in said chamber which moves normally to the
      horizontal with a shear rate of at least about 5 sec..sup.-.sup.1 between
      said blade members and said chamber, and
PA1  c. horizontal displacement in said chamber in said fluid at an equivalent
      cycle rate of from about 1/10 to 30 times the total volume of said fluid
      in said chamber.
PAR  One type involves cyclical vertical displacement in said zone such that, at
      a cycle rate in the range from about 1/2 to 60 times per minute,
PA1  a. first, said liquid phase is subjected to a vertical lifting force
      greater than that exerted downwardly thereon by gravity, and at least
      sufficient to move vertically at least about 10 percent of the total
      volume of said fluid from a gravitationally lower region to a
      gravitationally higher region in said zone, and
PA1  b. secondly, such so displaced liquid phase is subjected to a gravitational
      falling force by effective removal of said lifting force therefrom, the
      total gravitational falling force applied thereon being at least
      sufficient to return substantially all of such so displaced liquid phase
      to said gravitationally lower region before said cycle is repeated on such
      so displaced liquid.
PAR  A second type involves rolling action in a generally peripherally located
      and generally horizontally extending region in said zone, such region
      extending circumferentially about the entire internal periphery of said
      zone, and such region being continuously moving in a direction which is
      generally normal to the horizontal. This rolling action is produced by a
      similarly so moving band of pressure located adjacent to, but following
      behind such region, said band of pressure exerting a force on said liquid
      phase in said region at least sufficient to cause movement of a portion of
      said liquid phase in said region along a roughly cross-sectionally
      circular path normally away from the adjacent internal periphery of said
      zone adjacent to said band of pressure towards the interior of said zone a
      distance which is generally less than the maximum distance across said
      zone at a given peripheral position and then back towards said integral
      periphery forwardly of said band of pressure before moving towards said
      band of pressure. A shear rate between said internal periphery and said
      zone of pressure is maintained at least about 5 sec..sup.-.sup.1.
PAR  The third type involves horizontal displacement in said zone in a
      longitudinal circulartory manner at a cycle rate such that the actual
      volume of said liquid phase moved from one end region of said treating
      zone to the opposite end region thereof and back within one minute is
      equivalent to from about 1/10 to 30 times the total volume of said liquid
      phase in said zone. Such equivalent volume and the horizontal circulation
      rate for such liquid phase so moved are, respectively, approximately
      proportional to said cyclical vertical displacement cycle rate in any
      given instance. Substantially, the total volume of said liquid phase in
      said zone is continuously maintained under laminar flow conditions during
      all three types of mixing.
PAR  Preferably, mixer/reactor 10 utilizes a vessel 11 having defined therein a
      chamber which is cylindrical. Preferably, this chamber has dimensions such
      that the ratio of the axial length of said chamber along longitudinal axis
      to the maximum chamber diameter ranges from about 0.5 to 3.5. Preferably,
      the apparatus had paddle blades which are either radially curved or are
      flattened. Alternatively, the apparatus has paddle blades which are
      helically curved about the shaft.
PAR  A mixer/reactor 10 is adapted to achieve and maintain substantial
      homogeneity and uniformity in a liquid agitated by paddle assembly 12 and
      is preferred for use in the practice of the present invention, though
      those skilled in the art will appreciate that any convenient means may be
      employed which will provide process conditions as taught and utilized
      herein for the practice of the present invention.
PAR  In the preferred practice of the present invention, a mixer/reactor 10 is
      equipped with a reflux condenser means and control means. The reflux
      condenser means is conventional, and thus may comprise a shell and tube
      assembly, which assembly is interconnected with conduit 31 in housing 11.
      Means for cooling heat exchange surface portions of such condenser
      assembly cause, during operation, vapors removed through conduit 31 to be
      condensed. Virtually, any conventional reflux condenser may be used here,
      as those skilled in the art will appreciate. The control means is seen to
      regulate the quantity of vapor withdrawn from a mixer/reactor 10 into the
      condenser. The control means typically includes: (1) condition sensing
      means for sensing temperature and/or pressure in said housing and for
      generating a signal output representative thereof, (2) variable valve
      means adapted to regulate the flow of vapor from said chamber into said
      condenser, and (3) control means responsive to said signal output adapted
      to operate said variable valve means. Conventional control elements well
      known to those skilled in the art may be used.
PAR  Turning to FIG. 2, there is seen a simplified flow diagram illustrating one
      form of polymerization equipment suitable for use in the practice of the
      polymerization process of the present invention, and in addition
      illustrating one method of subsequently processing a polymer/monomer
      mixture having a first and second rubber dispersed therein wherein an ABS
      polyblend is produced in accordance with such polymerization process and
      wherein unreacted monomer is separated from the polyblend product. In FIG.
      2, a mixer/reactor of the type shown in FIG. 1 is designated R. Charged to
      mixer/reactor R on a continuous and controlled basis are: (1) at least one
      monoalkenyl aromatic compound as through a line 1; (2) at least one lower
      alkenyl nitrile compound as through a line 2; (3) optionally, a chain
      transfer agent as through a line 3. Optionally, some other monomer may be
      charged to mixer/reactor R as through a line 4, and/or a diluent,
      initiator, etc. may be charged to mixer/reactor R as through a line 5.
PAR  Mixer/reactor R is connected to a reflux condenser CR by means of a pipe
      21p. Condensate from condenser CR passes into a receiver 22p through a
      pipe 23p. The level of condensate in receiver 22p is conventionally
      controlled or controllable by a conventional level controller (not shown)
      so that the fluid level in receiver 22p is maintained at a predetermined
      level by recycling condensate from receiver 22p to mixer/reactor R through
      line (pipe) 25. In line 25 is functionally mounted a pump 26p whose
      operation is controlled by the level controller.
PAR  The amount of vapor removed from mixer/reactor R is controlled or
      controllable by a conventional pressure controller (not shown). Thus, for
      example, this pressure controller can receive an electric signal output
      from a pressure transducer (not shown) whose sensing element is
      functionally connected with the vapor space of receiver 22p. This pressure
      controller operates to control the rate of vapor removal through a valve
      or valves (not shown) from mixer/reactor R through line 21p.
      Alternatively, the amount of vapor removed from mixer/reactor R is
      controlled or controllable by a conventional temperature controller (not
      shown). Thus, for example, a thermocouple (not shown) located functionally
      in the mixer/reactor R can feed its signal output to the temperature
      controller to control the rate of vapor removal through a valve or valves
      (not shown) from mixer/reactor R through line 21p.
PAR  A solution of matrix copolymer and monomer is continuously and controllably
      withdrawn from the mixer/reactor R through line 29p, as by a pump 30p. The
      flow rate in line 29p is typically either held constant or controlled in a
      fashion to maintain the stream in line 56 at a substantially constant flow
      rate.
PAR  A dispersion of said first and second grafted rubbers in said monomers are
      fed as through line 6 and uniformly dispersed in the solution of matrix
      copolymer and monomer (liquid phase) withdrawn through line 29p by pump
      30p. In the present invention, the first and second grafted rubbers
      dispersed in said monomers can be dispersed uniformly in step (G) into the
      liquid phase by conventional methods such as (1) continuously
      proportionate pumping into the transfer line 31p; (2) dispersing
      continuously in-line through an in-line mixing means such as Kenics Pipe
      Mixers (Kenics Co., Danvers, Mass.) or the well known Manton Gaulin high
      shear pump for in-line pipe mixing and pumping, or (3) dispersing
      continuously in-line through a separate mixing vessel feeding directly
      into the separation or devolatilization step (H) carried out in D.sub.1
      and D.sub.2 of FIG. 2.
PAR  The mixture of matrix copolymer, first and second grafted rubbers and
      monomer is then typically processed to separate out the ABS polyblend. For
      example, in FIG. 2, this mixture is fed to a devolatilizer D.sub.1 (with
      typically at least 90 weight percent of the monomer removed therefrom)
      leaves devolatilizer D.sub.1 through pipe 35 and is delivered to a second
      devolatilizer D.sub.2. Melt from devolatilizer D.sub.2 (which consists of
      substantially pure matrix copolymer and dispersed first and second grafted
      rubbers typically containing less than about 0.5 weight percent monomer)
      is fed through a pipe 35 to a conventional pelletizer apparatus (not
      shown). Monomer vapor removed from the ABS polyblend in devolatilizer
      D.sub.1 is conducted through line 37 to a condenser C.sub.1 and, hence,
      through a pipe 38 to a receiver 39. From receiver 39, the condensate is
      conducted through a line 56 by pump 41 back to the reactor R. Similarly,
      monomer vapor removed from the ABS polyblend in devolatilizer D.sub.2 is
      conducted through line 47 to a condenser C.sub.2 and, hence, through a
      pipe 48 to a receiver 49. From receiver 49, the condensate is either
      conducted through a line 50p by a pump 51 back to the receiver 39 (and,
      hence, to the reactor R) or conducted out of the process through a line
      40. Condenser C.sub.2 may be refrigeratively cooled. Preferred
      devolatilizers are of the wiped film type. Sometimes a single
      devolatilizer is sufficient. Conventional equipment may be used here.
PAR  The dotted line 52 circumscribes the ABS polyblend/monomer recovery system
      described in FIG. 2. Those skilled in the art will appreciate that any
      conventional separation means may be used to effectuate such a separation
      of product polymer produced by the process of the present invention from
      unreacted monomer. Instead of separating monomer from the ABS polyblend
      after the reaction product leaves mixer/reactor R, one may convert all or
      part of the remaining monomer to matrix copolymer, as in a second or
      subsequent reaction zone (not shown in FIG. 2), for example.
PAR  For test or analysis purposes, one can use an appropriately sized test
      bomb. Typically, such a bomb is conveniently evacuated, interconnected
      with a process line (here, for example, liquid line 29p), filled with
      process liquid phase to a desired extent, sealed, removed, quenched, and
      the bomb contents analyzed. Subsequent processing of product from
      mixer/reactor R forms no integral feature of the present invention, as
      those skilled in the art will appreciate.
PAR  FIG. 3 serves to illustrate a major advantage of the present invention. In
      this Figure, coordinate I designates weight percent acrylonitrile in
      monomers polymerizing, while coordinate II designates weight percent
      acrylonitrile in instantaneously forming matrix copolymer. The 45.degree.
      dotted line 110 represents (for illustrative and comparative purposes) a
      hypothetical matrix copolymer of a comonomer system wherein the
      composition of the instantaneously forming matrix copolymer is always the
      same as that of the reacting monomers, while the solid line curve 112
      designates the actual composition of a styrene/acrylonitrile copolymer
      formed in the presence of various indicated relative percentages of
      acrylonitrile for a given monomer composition. Except for the point 111,
      which is known to those skilled in the art as the monomer/copolymer
      azeotrope, curve 112, the instantaneous monomer and copolymer compositions
      are not the same, which is typical for alkenyl nitrile/monoalkenyl
      aromatic monomer copolymers. While the character of curve 112 generally
      illustrates a wide variety of polymerization conditions, point 111
      describes a matrix copolymer composed of approximately 25 weight percent
      acrylonitrile and 75 weight percent styrene. The exact azeotrope
      composition at point 111 is somewhat dependent upon exact reaction
      conditions employed during mass polymerization, a situation which those
      skilled in the art will appreciate true for many copolymers. Here, when
      the concentration of acrylonitrile in the monomer composition is below
      that existing at point 111, the respective compositions of the reacting
      monomer mixture and of the resultant instantaneously formed copolymer
      product both tend to go down in acrylonitrile content as conversion
      increases in a closed system but at different relative rates. On the other
      hand, when the amount of acrylonitrile present in a monomer composition is
      greater than that existing at point 111, the weight percentage of
      acrylonitrile in monomer composition as well as that incorporated into the
      resulting instantaneously formed matrix copolymer product both tend to
      rise as polymerization proceeds but at different respective relative
      rates. As a consequence, except at point 111, when one desires to select
      and maintain a particular styrene/acrylonitrile monomer composition in
      which the amount of acrylonitrile present is greater or less than the
      amount of acrylonitrile desired to be present in the product copolymer,
      the amount in any given instance being as taught, for example, by FIG. 3,
      one must continuously feed into, and mix into, the polymerizing mass fresh
      monomers at controlled ratios (of one monomer to the other) and rates. In
      other words, the composition of the monomer composition of the
      polymerizing mass must be carefully regulated in order to produce a matrix
      copolymer product having a narrow composition distribution. Maintenance of
      constant composition aids in controlling molecular weight distribution
      (which is primarily dependent upon temperature and chain transfer agent
      concentration, and, to a lesser extent, upon conversion.) The process of
      the present invention thus enables one to prepare non-azeotrope matrix
      copolymers of alkenyl nitrile monomers and monoalkenyl aromatic monomers
      having narrow and substantially constant molecular weight distribution and
      narrow and substantially constant composition distributions at high
      conversion and rates of conversion.
PAR  It is a characteristic of styrene/acrylonitrile type matrix copolymers
      that, if the acrylontrile content of one styrene/acrylonitrile type
      copolymer product varies by more than a few percentage points (say, for
      example, about 5 percent) in acrylonitrile content from a second
      styrene/acrylonitrile type copolymer, and the first such copolymer is
      admixed with the second such copolymer, there is produced a product
      composition which has poorer physical strength characteristics, than does
      a single copolymer similarly extruded which has substantially uniform
      composition and an acrylonitrile content midway between that of said first
      and said second such copolymers forming such mixture. It is possible that
      if one so mixes together such a first with such a second
      styrene/acrylonitrile copolymer, there characteristically results an
      increase in the yellowness of the resulting composition as compared with
      the yellowness of such a single copolymer similarly mixed (particularly
      such a single copolymer made at relatively low polymerization
      temperature.) Such characteristics serve to illustrate the importance of
      producing uniform matrix copolymer products of the type characteristically
      produced by the practice of the present invention.
PAR  In general, as those skilled in the art appreciate, the higher the
      acrylonitrile content of a particular styrene/acrylonitrile matrix
      copolymer, the greater the yellowness associated therewith. In fact, as
      those skilled in the art appreciate, because of this yellowness effect, it
      is typical and customary in the art at the present time to produce
      styrene/acrylonitrile type matrix copolymers having an acrylonitrile
      content generally less than about 50 percent to avoid yellowness,
      particularly for use in those applications where color is considered
      critical, and to avoid the loss of certain other physical and optical
      quantities, so that, even though such high acrylonitrile containing matrix
      copolymers may be produced by the practice of the present invention,
      market demand for such in the past has usually been relatively low.
      Furthermore, depending somewhat upon the particular reaction conditions
      chosen, when one chooses to practice the present invention using monomer
      compositions containing high (for example, over about 65 weight percent
      typically) acrylonitrile, there is a tendency for the matrix copolymer to
      precipitate out of the solution of liquid monomers in the reaction zone.
      This is considered presently to be an undesirable situation since such can
      result in deposition of matrix copolymer product on the interior walls and
      surfaces of the reaction zone (the reactor and the agitator therein.)
      Hence, in the absence of a diluent, it is now generally preferred to
      practice this invention so as to produce a copolymer which contains less
      than about 50 weight percent acrylonitrile.
PAR  When, however, one desires to produce by the practice of the present
      invention a matrix copolymer product containing methacrylonitrile, it will
      be appreciated even in the absence of a diluent that the relative weight
      percentage of methacrylonitrile in the matrix copolymer can be appreciably
      greater than about 50 weight percent without objectionable yellowness,
      haze, or loss of physical properties (compared to, for example, such a
      copolymer containing less than about 50 weight percent methacrylonitrile.)
      Depending on the choice of process conditions selected for a particular
      situation (from among those conditions generally specifically taught
      herein) the loss of solubility of matrix copolymer product in liquid
      monomer composition in the reaction zone for increasing alkenyl nitrile
      copolymer contents can be minimized to the point where such does not
      adversely affect practice of the present process, particularly for
      relatively short continuous runs. Sometimes a combination of
      methacrylonitrile and acrylonitrile can be used advantageously in the
      monomer composition in practicing the present invention to produce the
      matrix copolymers with monoalkenyl aromatic compounds. The principles of
      the present invention are advantageous to practice when it is desired to
      produce such a matrix copolymer product having a substantially uniform
      content and distribution of alkenyl nitrile in order to obtain a maximum
      of clarity and a minimum of yellow color, and to produce such a matrix
      copolymer product at a high level of conversion and conversion rate.
PAR  Continuous mass polymerization processes for making matrix copolymers of
      monoalkenyl aromatic monomers and lower alkenyl nitrile monomers having
      rubbers dispersed therein have generally heretofore been operated at
      conversion levels of less than about 25 to 35 percent (more or less)
      because of the difficulties of (a) uniformly removing heat from the
      reaction mass, (b) achieving substantially uniform mixing of monomers with
      matrix copolymer and dispersed rubber continuously and independently of
      how the monomer and rubber are introduced into the system or the ABS
      polyblend is removed therefrom, and (c) controlling the temperature (and,
      hence, pressure) of the reaction system in the polymerization zone at
      precise (substantially isothermal) values. However, at low levels of
      conversion (e.g. below 35 percent), it is necessary to remove from the
      mixture of the ABS polyblend product and unreacted monomers significant
      amounts of monomer in order to separate out a relatively pure product
      thermoplast, which, in turn, necessitates not only consumption of large
      amounts of energy but also the utilization of large (and costly) pieces of
      equipment to achieve the desired end of monomer removal from the ABS
      polyblend product.
PAR  The undesirablility of low conversion levels is illustrated by FIG. 4. In
      this Figure, coordinate I designates the weight percent of
      styrene/acrylonitrile matrix copolymer in a total reactor effluent fluid,
      while coordinate II designates the weight (herein pounds) of monomer which
      must be removed (or reacted) per pound of product copolymer produced,
      based on total reactor effluent fluid. For example, at a conversion level
      of about 10 percent, one must remove about nine pounds of monomer per
      pound of copolymer produced, whereas at a level of conversion of about 50
      percent, one must remove only about one pound of monomer for each pound of
      polymer produced. At higher conversion levels, the amount of monomers
      removed per pound of matrix copolymer produced is seen to be even less.
      Higher conversion levels greatly reduces the overall costs of removing
      monomer from polymer product. Such desirably higher conversion levels are
      readily and conveniently achieved by the practice of the present
      invention.
PAR  As those skilled in the art of chemical engineering will appreciate, reflux
      condensation can be used to control heat evolved from many exothermic
      reaction. However, in the case of a continuous mass polymerization in a
      reaction zone wherein the polymerizing mass of high viscosity fluid
      comprising monoalkenyl aromatic monomer, lower alkenyl nitrile monomer and
      a matrix copolymer formed therefrom, the mass heretofore has generally not
      been uniformly completely, and continuously mixed. Consequently, reflux
      condensation cannot be used to achieve uniform and constant temperature
      regulation and control throughout such polymerizing mass, particularly at
      higher rates of conversion and higher conversion levels where viscosities
      are greatest. When such reacting mass is less than so completely mixed,
      reflux concentration does not then produce uniform heat removal or
      temperature control in such mass because of the existing inherent monomer
      compositional variations throughout such mass. Uniform, complete,
      continuous mixing of such mass has been found to eliminate such
      compositional variations. When reflux condensation is used to control
      temperature of such a so-mixed mass, surprisingly and unexpectedly very
      exact and precise regulation and control of the temperature (and pressure)
      of such mass becomes possible. So far as is now known, no one has
      heretofore used such a combination of uniform, complete, and continuous
      mixing with reflux condensation (or, broadly, vapor removal) to achieve
      continuous mass polymerization of monoalkenyl aromatic monomers and lower
      alkenyl monomers have first and second grafted rubbers dispersed therein
      to form ABS polyblends.
PAC  THE DIENE RUBBER
PAR  The preferred rubbers are diene rubbers, including mixtures of diene
      rubbers, i.e. any rubbery polymer (a rubbery polymer having a second order
      transition temperature not higher than 0.degree. centigrade, preferably
      not higher than -20.degree. centigrade, as determined by ASTM Test
      D-746-52T) of one or more of the conjugated, 1,3-dienes, e.g. butadiene,
      isoprene, 2-chloro-1,3 butadiene, 1 chloro-1,3 butadiene, piperylene, etc.
      Such rubbers include copolymers and block copolymers of conjugated
      1,3-dienes with up to an equal amount by weight of one or more
      copolymerizable monoethylenically unsaturated monomers, such as
      monovinylidene aromatic hydrocarbons (e.g. styrene; an aralkylstyrene,
      such as the o-, m- and p-methylstyrenes, 2,4-dimethylstyrene, the
      arethylstyrenes, p-tert-butylstyrene, etc.; an alphamethylstyrene,
      alphaethylstyrene, alpha-methyl-p-methyl styrene, etc.; vinyl naphthalene,
      etc.); arhalo monovinylidene aromatic hydrocarbons (e.g. the o-, m- and
      p-chorostyrene, 2,4-dibromostyrene, 2-methyl - 4 -chlorostyrene, etc.);
      acrylonitrile; methacrylonitrile; alkyl acrylates (e.g. methyl acrylate,
      butyl acrylate, 2-ethylhexyl acrylate, etc.), the corresponding alkyl
      methacrylates; acrylamides (e.g. acrylamide, methacrylamide,
      N-butylacrylamide, etc.); unsaturated ketones (e.g. vinyl methyl ketone,
      methyl isopropenyl ketone, etc.); alpha-olefins (e.g. ethylene, propylene,
      etc.); pyridines; vinyl esters (e.g. vinyl acetate, vinyl stearate, etc.);
      vinyl and vinylidene halides (e.g. the vinyl and vinylidene chlorides and
      vinylidene chlorides and bromides, etc.); and the like.
PAR  A preferred group of rubbers are the stereospecific polybutadiene rubbers
      formed by the polymerization of 1,3 butadiene. These rubbers have a
      cis-isomer content of about 30-98% and a trans-isomer content of about
      70-2% and generally contain at least about 85% of polybutadiene formed by
      1,4 addition with no more than about 15% by 1,2 addition. Mooney
      viscosities of the rubber (ML-4, 212.degree.F.) can range from about 20 to
      70 with a second order transition temperature of from about -50.degree.C.
      to -105.degree.C. as determined by ASTM test D-746-52T.
PAR  The diene rubber used in preparing the first grafted diene rubber is a
      diene rubber of the type described above. The sterospecific polybutadiene
      rubbers are the most preferred to optimum physical properties of the
      polyblend.
PAR  The diene rubbers used in the second grafted rubber is of the type
      described above. A preferred group of rubbers are those consisting
      essentially of 75 to 100 percent by weight of butadiene and/or isoprene
      and up to 25 percent by weight of a monomer selected from the group
      consisting of monovinylidene aromatic hydrocarbons (e.g. styrene) and
      unsaturated nitriles (e.g. acrylonitrile), or mixtures thereof.
      Particularly advantageous substrates are butadiene homopolymer or an
      interpolymer of 90 to 95 percent by weight butadiene and 5 to 10 percent
      by weight of acrylonitrile or styrene. The diene rubber may contain up to
      about 2 percent of a crosslinking agent based on the weight of the rubber
      monomer or monomers. The cross-linking agent can be any of the agents
      conventionally employed for cross-linking diene rubbers, e.g.
      divinylbenzene, diallyl maleate, diallyl fumarate, diallyl adipate, allyl
      acrylate, allyl methacrylate, diacrylates and dimethacrylates of
      polyhydric alcohols, e.g. ethylene glycol dimethacrylate, etc.
PAC  THE FIRST GRAFTED DIENE RUBBER
PAR  The first grafted diene rubber can be prepared as disclosed in U.S. Pat.
      3,509,237 to N. E. Aubrey, col. 6, lines 11-75 and col. 7, lines 1-10. The
      soluble diene rubber is grafted with monoalkenyl aromatic and alkenyl
      nitrile monomers using a monomer composition that has about the same
      monomer composition as the matrix phase, e.g. if the matrix composition
      has a styrene/acrylonitrile monomer ratio of 75/25 then the grafting
      monomer composition has about the same ratio of 75/25 to insure the
      compatibility of the first grafted diene rubber with the matrix phase in
      the ABS polyblend. The monomers form copolymers having the same
      composition as the matrix copolymer and are grafted as superstrate
      copolymers on the rubber substrate. During the mass polymerization step
      the grafted rubber molecules form a separate phase and are dispersed under
      agitation as grafted rubber particles having occluded copolymer within the
      particle as well as grafted on the surface interface to aid in its
      dispersion in the matrix copolymer phase.
PAR  Although the amount of polymeric superstrate grafted onto the rubber
      substrate may vary from as little as 10.0 parts by weight to 100.0 parts
      of substrate to as much as 250.0 per 100.0 parts and even higher, the
      preferred graft copolymers will generally have a superstrate to substrate
      ratio of about 20 to 200:100 and most desirably about 30 to 150:100. With
      graft ratios about 30 to 150:100 a highly desirable degree of improvement
      in various properties generally is obtained.
PAR  During the forming and dispersion of the rubber as grafted rubber particles
      some of the monomer is occluded within the particle which later
      polymerizes within the particle to form occluded copolymer having the same
      composition as the matrix and graft copolymer. The total amount of
      occluded and grafted copolymer present in the first grafted rubber
      particles can be from about 1 to 5 parts for each part of said diene
      rubber.
PAR  The rubber phase is dispersed by agitation and the agitation must be
      sufficient and of high enough shear to disperse and size the rubber
      particles uniformly throughout the monomerpolymer phase. The intensity of
      the stirring will vary with the size and geometry of the initial reactor,
      however, simple experimentation with a given stirred reactor will
      establish the sufficient amount of stirring needed to insure the
      homogeneous dispersion of the rubber particles throughout the
      monomer-polymer phase. The particle size of the rubber can be varied from
      a weight average particle diameter of from about 0.7 to 10 microns
      preferably from 0.7 to 5 microns to provide a balance between the impact
      strength and the gloss of the rubber reinforced polyblend. Higher stirring
      rates and shearing agitation can lower the size of the dispersed rubber
      particle, hence, must be controlled to provide sufficient stirring to size
      the particles to the predetermined size needed and insure homogeneous
      dispersion.
PAR  The dispersed rubber phase increases the toughness of the ABS type
      polymeric polyblend as measured by its Izod impact strength by Test ASTM
      D-256-56. It has been found that the impact strength of polyblends
      increase with the weight percent rubber dispersed in the polyblend as used
      in the present invention. The impact strength is also determined by the
      size of the dispersed rubber particles, with the larger particles of the
      first grafted rubber providing high impact strength when used in the range
      of 0.7 to 10 microns measured as a weight average particle size diameter
      with a photosedimentometer by the published procedure of Graves, M. J. et.
      al, "Size Analysis of Subsieve Powders Using a Centrifugal
      Photosedimentometer," British Chemical Engineering 9:742-744 (1964). A
      Model 3000  Particle Size Analyzer from Martin Sweets Co., 3131 West
      Market Street, Louisville, Ky. was used.
PAR  The weight average diameter of the rubber particles also effects gloss with
      smaller particles giving high gloss and the larger particles giving low
      gloss to the fabricated polyblend article such as a molding or sheet
      product. One must balance impact strength and gloss requirements in
      selecting an optimum rubber particle size. The range of 0.7 to 10 microns
      can be used for the first grafted rubber larger particles with the range
      of 0.7 to 5 microns being preferred and 0.8 to 3 microns being most
      preferred for optimum impact strength and gloss.
PAR  The mass/suspension polymerization process polymerizes monoalkenyl aromatic
      and alkenyl nitrile monomers having a diene rubber dissolved therein to
      form a first grafted diene rubber grafted and dispersed in copolymers of
      said monomer to form a composite polymer known as a graft copolymer. The
      graft copolymer of mass/suspension polymerization is recovered from the
      final suspension as a bead. The graft copolymer ordinarily comprises from
      about 0.1 to 15% by weight of diene rubber substrate dispersed in the form
      of discrete grafted diene particles defined as the first grafted diene
      rubber particles of the present invention. The beads are readily dissolved
      in said monomer composition with the first grafted diene rubber being
      dispersed as rubber particles in the monomer composition. The graft
      copolymer of the first grated diene rubber can be dispersed in said
      monomer composition in amounts ranging from about 1 to 50% by weight of
      the solution formed with said monomers. The proportions of monoalkenyl
      aromatic monomer to alkenyl nitrile can be varied from 90/10 to 10/90
      respectively. Preferably, the monomer composition comprises at least about
      50% of the alkenyl nitrile monomer and preferably at least about 75% of
      the monomer composition is comprised of monoalkenyl aromatic and alkenyl
      nitrile monomers. The first grafted diene rubber is dispersed in step (G)
      as contained in a dispersion comprising said monomer composition having
      dispersed therein from about 0.1 to 15% by weight said first grafted diene
      rubber. The dispersion is proportionally fed by pumping orgravimetrically
      so as to provide the ABS polyblend with a predetermined weight percent of
      the first grafted rubber. The soluble copolymers of the graft copolymer
      enters the polyblend as a matrix copolymer having about the same monomer
      composition as the matrix copolymer being formed in step (D).
PAR  In addition to the first grafted rubber large particles a second grafted
      rubber comprising small grafted rubber particles is used in the polyblend
      to provide a higher level of rubber for toughness. Being smaller in size
      they do not lower gloss when used in larger weight percentages in the
      polyblend. The second grafted rubber small particles in the polyblend can
      range from 0.01 to 0.50 microns in diameter on a weight average basis as
      determined by the photosedimentometer test described for the large rubber
      particles. Preferably, the range is 0.05 to 0.40, and most preferably from
      0.1 to 0.3 microns in diameter on a weight average basis. The larger first
      grafted rubber particles and the smaller second grafted rubber particles
      are added in step (E) to give a bimodal distribution of large and small
      providing a good balance of impact strength and gloss for the ABS
      polyblend. The optimum bimodal distribution is to have from about 50 to
      97% by weight of the total rubber phase as small second grafted diene
      rubber particles and the remainder up to 100% being the larger first
      grafted rubber particles.
PAC  THE SECOND GRAFTED DIENE RUBBER
PAR  Emulsion polymerization is preferred over mass or suspension polymerization
      for polymerizing rubber monomers for the second grafted diene rubber since
      such will provide a small particle size distribution which is preferred
      for use in the present invention. Furthermore, emulsion polymerization of
      rubber monomers produces a latex which is useful as a base or starting
      point for subsequent emulsion polymerization and grafting of the monomers
      onto the preformed rubber in the preparation of the second grafted diene
      rubber wherein the rubber forms a substrate and the grafted monomers a
      superstrate.
PAR  The second grafted rubber may be prepared by polymerizing superstrate
      monomers in the presence of the preformed rubber substrate, generally in
      accordance with conventional emulsion grafted polymerization techniques.
      The preferred processes use an emulsion technique to obtain the particle
      size of not more than about 0.5 microns for the graft copolymer which is
      preferred for use in the practice of the present invention. In such graft
      polymerization, a preformed rubber substrate generally is dissolved or
      dispersed in the monomers, and this admixture is polymerized to combine
      chemically or graft a portion of the superstrate monomers upon the rubber
      substrate. Depending upon the ratio of monomers to rubber substrate and
      polymerization conditions, it is possible to regulate both the desired
      degree of grafting of the superstrate monomers onto the rubber substrate
      and the polymerization of ungrafted copolymer. The ratio of monomers to
      rubber charged to the graft polymerization reaction zone in a primary
      determinant of the superstrate:substrate ratio of the resultant graft
      copolymer, although conditions of polymerization, rubber chemistry and
      particle size, rates of monomer addition, chain transfer agents, etc., may
      also exert an effect.
PAR  A polymerization catalyst is generally included and the amount used is
      generally within the range of from about 0.001 to 3.0 weight percent, and
      preferably from about 0.005 to 0.5 weight percent of the total
      polymerizable material, the exact amount depending upon the monomers and
      the desired polymerization cycle.
PAR  As is well known, it is often desirable to incorporate molecular weight
      regulators such as mercaptans, halides and terpenes in relatively small
      percentages by weight, on the order of from about 0.01 to 2.5 percent by
      weight of the polymerizable material. In addition, it may be desirable to
      include relatively small amounts of antioxidants or stabilizers, such as
      the conventional alkylated phenols and the like, although these may be
      added during or after polymerization.
PAR  In the emulsion polymerization grafting process, the monomers and rubber
      substrate are emulsified in water by use of suitable emulsifying agents,
      such as fatty acid soaps, alkali metal or ammonium soaps of high molecular
      weight, alkali or alkaryl sulfates and sulfonates, mineral acid salts of
      long chain aliphatic amines, etc. Emulsifying agents which have proven
      particularly advantageous are ammonium oleate, sodium palmitate, sodium
      stearate, and other sodium soaps. Generally, the emulsifying agent is
      provided in amounts of from about 0.1 to 15 parts by weight per 100 parts
      by weight of the monomers, and water is provided in an amount of from
      about 1 to 4 parts per part of monomers, and even in larger ratios where
      greater dilution is desirable, all as those skilled in the art appreciate.
PAR  If desired, an aqueous latex formed in the emulsion polymerization of the
      rubber substrate may provide the aqueous medium onto which the monomers
      are grafted, with or without the addition of further emulsifying agents,
      water, and the like. However, the rubber may be dissolved in the monomers,
      and the mixture emulsified, or a latex thereof may be separately prepared.
      Various water soluble free radical polymerization initiators are
      conventionally used for emulsion polymerization of the rubber monomer,
      including conventional peroxy-and azo-catalysts, and the resulting latex
      may be used as the aqueous medium in which the graft copolymer monomers
      are admixed. In this manner, the catalyst for the rubber polymerization
      may function in whole or part as the catalyst for the graft
      polymerization. However, additional catalysts may be added at the time of
      graft polymerization.
PAR  Typical emulsion polymerization conditions involve temperatures in the
      range of from about 20.degree.to 200.degree.C. with agitation, and
      preferably an inert atmosphere. Pressures of from about 1 to 100 pounds
      per square inch may be employed, and monomers and/or additional catalysts
      may be added incrementally or continuously over a portion of the reaction
      cycle. Polymerization is preferably continued until substantially all,
      that is more than 90 percent, of the monomers have polymerized. The
      remaining monomers and other volatile components are then distilled away
      from the latex, preferably, which is then ready for further treatment.
PAR  Particle size of the emulsion latex graft particles may be varied by
      seeding, emulsifying agent concentration, agitation, rubber size variation
      through agglomeration prior to grafting, coagulation techniques, etc.
      Preferred agglomeration procedures are provided by Dalton's U.S. Pat. No.
      3,558,541 and U.S. Pat. No. 3,551,370.
PAR  The particle size of the rubber has an effect upon the optimum grafting
      level for a graft copolymer. For example, a given weight percentage of
      smaller size rubber particles will provide considerably higher surface
      area for grafting than the equivalent weight of a larger size rubber
      particle. Accordingly, the density of grafting can be varied depending
      upon the size of the rubber particle. Generally, smaller graft polymer
      particles will tolerate a higher superstrate/substrate ratio than larger
      size particles.
PAR  Although the amount of polymeric superstrate grafted onto the rubber
      substrate may vary from as little as 10.0 parts by weight to 100.0 parts
      of substrate to as much as 250.0 per 100.0 parts and even higher, the
      preferred graft copolymers will generally have a superstrate to substrate
      ratio of about 20 to 200:100 and most desirably about 30 to 150:100. With
      graft ratios about 30 to 150:100; a highly desirable degree of improvement
      in various properties generally is obtained.
PAR  A certain amount of free copolymer is formed with the second grafted rubber
      to produce a composite polymer known as a graft copolymer. As in the case
      of the first grafted diene rubber the copolymer grafted and formed with
      the grafted rubber should have about the same monomer composition as the
      matrix phase to insure the compatibility of the grafted copolymer, with
      the matrix copolymer formed during the polymerization step (D). A suitable
      emulsion polymerization process that can be used for preparing grafted
      diene rubbers having varying amounts of superstrate copolymer to substrate
      diene rubber is disclosed in U.S. Pat. No. 3,509,238 to Aubrey et. al. The
      second grafted diene rubber copolymers preferably comprise from about 10
      to 90% by weight of diene rubber, most preferably from about 40 to 80% by
      weight of diene rubber.
PAR  The first and second grafted diene rubbers are dispersed in step (G). The
      combined first and second grafted diene rubbers dispersed and present in
      the liquid phase is preferably from about 1-40% by weight and most
      preferably from about 5-30% by weight based on the liquid phase. The
      liquid phase is devolatilized to provide an ABS polyblend comprising about
      2 to 80% by weight of said first and second grafted diene rubbers
      providing the ABS polyblend with a combined rubber substrate of said first
      and second grafted diene rubbers of from about 1 to 40% by weight and
      preferably from about 5 to 30% by weight based on the polyblend wherein
      said second grafted rubber comprises about 50 to 97% of the total weight
      of said first and second grafted rubbers.
PAR  The particle size of the second grafted diene rubber has a significant
      effect upon the gloss and physical properties of the product produced by
      the processes of this invention. Typically, the particle size of the
      second grafted diene rubber used in the practice of the present invention
      may be varied from a weight average particle size of about 0.01 microns to
      as large as about 0.5 microns, and preferably from about 0.05 to 0.40
      microns, depending upon the ultimate properties desired for a given
      product. A most preferred rubber graft copolymer for use in the practice
      of this invention are graft copolymers having a weight average particle
      size of from about 0.1 to 0.3 microns for the second grafted rubber.
PAR  For emulsion polymerization processes, the rubber desirably has a
      significant degree of crosslinking. With respect to the graft copolymers,
      at least some degree of crosslinking is inherent during the graft
      polymerization process, and this desirably may be augmented through the
      addition of crosslinking agents or control of the polymerization
      conditions.
PAC  DEWATERING OF THE SECOND GRAFTED RUBBER LATEX
PAR  The latex containing the second grafted diene rubber can be coagulated,
      filtering off the rubber, followed by washing and drying to a crumb by
      conventional rubber latex dewatering methods. The crumb is then dispersed
      in the liquid phase in step (G). The crumb is a loose agglomerate of
      crosslinked and grafted particles that are readily dispersed as discrete
      particles in the monomer phase of the liquid phase. Such crumb can be
      dispersed in said monomers composition separately up to about 40% by
      weight based on said monomers to form a slurry with the monomers that can
      be fed to the liquid phase readily by pumping. Preferably, the slurry
      monomer composition used comprises at least about 50% by weight of alkenyl
      nitrile monomers in combination with the monovinyl aromatic monomers. In
      the operation of the process the evaporated monomers from the reactor can
      be condensed, cooled and used as the slurry monomers keeping the material
      balance of the process in balance. If the monomers removed from the
      reactor for evaporative cooling are not sufficient in amounts or
      proportions of a particular monomer then the feed monomer charged in step
      (A) can be adjusted to balance monomer proportions by the amounts charged
      in step (A) or those slurry monomers charged with the second grafted diene
      rubber. For example, the monomers removed from the reactor can have a
      styrene/acrylonitrile monomer ratio of 30/70 which is an operable ratio
      for the monomers used in slurrying the second grafted diene rubber. The
      charged monomer composition is adjusted for this rich acrylonitrile
      proportion by adjusting and reducing the acrylonitrile proportion added to
      maintain monomer proportions in the reactor at a predetermined ratio
      desired to produce a matrix copolymer of a predetermined composition, e.g.
      70/30 styrene acrylonitrile.
PAR  The conventional method of coagulating, filtering, washing and drying
      requires a multistate process with costly equipment and operations. A
      preferred method of dewatering is described herewith. The graft rubber
      copolymer latex containing the second grafted rubber is mixed with a mixed
      monomer and solvent extractant for the polymers. The mixing may be
      accomplished in any form and order of addition so long as the extractant
      and latex are thoroughly interdispersed. Preferably, such mixing should be
      accomplished at relatively low shear rates. The monomer and solvent
      mixture comprises at least one monoalkenyl aromatic or ethylenically
      unsaturated nitrile monomer and at least one saturated, i.e. no
      unsaturated carbon atoms, solvent for the
      monoalkenylaromatic/ethylenically unsaturated nitrile graft copolymer
      superstrate and ungrafted copolymer. The mixed extractant contains at
      least about 5 percent by weight of such saturated solvent based on the
      total weight of such solvent plus monomers. Furthermore, to insure good
      water separation the monomer-solvent mixture can contain not more than 50
      percent by weight of the monoalkenylaromatic monomer such as styrene. The
      extractant nitrile-monomer-solvent mixture is used in an amount of from 20
      to 200 parts of saturated solvent plus monomer per hundred parts of latex
      solids by weight. Hence, if a monoalkenylaromatic monomer such as styrene
      is present the total monomer-solvent mixture added to and mixed with the
      graft rubber latex can range from 20 to 400 parts per hundred parts of
      latex solids by weight.
PAR  The monoethylenically unsaturated monomers useful in the monomer-solvent
      mixture are of the two general classes described above. When a typical ABS
      resin wherein the matrix resin is comprised of an acrylonitrile-styrene
      copolymer is desired then the most preferred monomers in the mixture are
      styrene and acrylonitrile. However, other monoalkenylaromatic monomers can
      be used in whole or in part in place of styrene, such as alphamethyl
      styrene, alpha-ethyl styrene, vinyl naphthalene and the like. Likewise,
      other monomers can be used in whole or in part in place of acrylonitrile,
      such as methacrylonitrile, 2-butenenitrile, 3-butenenitrile and the like.
      These monomers if employed, in the monomer-solvent mixture will be present
      in the matrix resin as comonomers in the matrix copolymer. Since ABS
      resins are overwhelmingly composed of acrylonitrile-styrene copolymer
      matrices these monomers are the preferred ones of choice for use in the
      monomer-solvent mixture for extracting the graft rubber latices, and in
      this specification the present invention will be described in terms of
      styrene and acrylonitrile monomers. It is to be understood, however, that
      the above monomers can also be used if desired.
PAR  The saturated solvent used in the monomer-solvent mixture can be any such
      saturated solvent boiling between about 25.degree. and 250.degree.C. at
      atmospheric pressure and preferably between about 35.degree. and
      180.degree.C. at atmospheric pressure and preferably between about
      35.degree. and 180.degree.C. which is a solvent for the graft rubber
      copolymer superstrate. Preferably, such a solvent is both a good solvent
      for the styrene/acrylonitrile copolymer superstrate while at the same time
      a relatively poor solvent or non-solvent for the alkadiene rubber
      substrate. Saturated solvents for the graft copolymer superstrate meeting
      the above criteria include nitriles such as acetonitrile, propionitrile,
      butyronitrile, methoxy propionitrile, benzonitrile, isobutyronitrile,
      acetone, cyanohydrin and the like, ketones such as acetone, methyl ethyl
      ketone, methyl propyl ketone, methyl isobutylketone, cyclohexanone and the
      like, lower carboxylic esters such as methyl acetate, ethyl acetate, butyl
      acetate, Cellosolve acetate, and the like, formamides and acetamides such
      as dimethylformamide, diethylformamide, dimethylacetamide, and the like.
      The preferred saturated solvents are those selected from the nitriles and
      ketones detailed above, which represent the best balance of solvent and
      non-solvent properties respectively for the copolymer superstrate and
      alkadiene rubber substrate.
PAR  Dewatering is obtained when the monomer-solvent mixture contains at least 5
      percent by weight of said mixture of at least one of the saturated SAN
      copolymer solvents. Preferably, such monomer-solvent mixture will contain
      from about 10 to about 40 percent by weight of such solvent. Most
      preferably, the solvent can range from about 20 to about 35 percent by
      weight.
PAR  Generally, when a considerable portion of the most preferred monomers are
      present in the monomer-solvent mixture used, the graft rubber particle in
      the latex will be coagulated immediately or upon thorough mixing of the
      latex with the monomersolvent mixture. However, it is usually preferred to
      speed up and insure completeness of such coagulation of the latex. This
      can be accomplished by gentle heating of the latex and monomersolvent
      mixture or preferably by the addition thereto of known latex coagulants.
      Such coagulants found suitable include acids such as formic acid, acetic
      acid, propionic acid, acrylic and methacrylic acid, sulfuric acid and
      hydrochloric acid, salts such as aluminum sulfate, aluminum nitrate,
      sodium chloride, calcium nitrate, magnesium sulfate, lead nitrate and lead
      acetate, and polyelectrolytes such as polyethylene oxide of high molecular
      weight, polyacrylic acid, polyacrylates and a polymethacrylates,
      polymethylene glycols of high molecular weight such as polyethylene glycol
      3,000 and the like as well as alginates and other natural polymers known
      as latex coagulants. The most preferred are those coagulants which are
      most completely removed upon separation and removal of the water from the
      latex.
PAR  The mixing of the monomer-solvent mixture and the graft rubber latex
      generally results in a rapid extraction of the graft rubber particles into
      the monomer-solvent mixture and an accompanying separation of the major
      proportion of the water present in the latex or added with any coagulant
      used. The use of a coagulant aids in achieving the most complete
      separation of this water into a separate phase. The graph rubber copolymer
      particles as well as any ungrafted SAN copolymer present in the latex is
      rapidly taken up into the monomer-solvent mixture phase wherein the graft
      rubber particles are present as a dispersion. In order to achieve rapid
      formation of the dispersed graft rubber in monomer-solvent mixture phase,
      an amount of monomer-mixture of from about 30 to 400 parts of
      monomer-solvent mixture per 100 parts of latex solids, or from 30 to 200
      parts of the total of alkenenitrile monomer-saturated solvent mixture per
      100 parts of latex solids, is used. Preferably, an amount of such
      monomer-solvent mixture from 50 to 300 parts when styrene is present, on
      from 50 to 150 parts of the acrylonitrile-saturated solvent mixture, per
      100 parts of latex solids is employed. The mixing and extraction is
      generally carried out at ambient temperature, but can be conducted at from
      about 0.degree. to about 80.degree.C.
PAR  After the extraction of the graft rubber and SAN copolymer present into the
      monomer-solvent organic phases and formation of a separate water phase
      this latter water phase is separated from the organic phase. This
      separation or dewatering step can be carried out by any convenient means
      including centrifuging, decanting, filtering, or the like. Preferably, for
      use in a continuous process the water separation is carried out by a
      mechanical means which exerts pressure on the pasty or semi-solid organic
      phase so as to separate the water most efficiently and completely. One
      such suitable means is the screw separator disclosed in the copending
      application of R. D. Holstead and C. E. Wyman, U.S. Pat. Ser. No. 323,470
      filed Jan. 15, 1973. Other mechanical means of exerting pressure upon the
      pasty organic and water mass may also be employed to remove the separate
      water phase from the organic phase. Generally, by such means one is able
      to separate and remove from 60 to 90 percent of the water present in the
      latex mixed with the monomer-solvent mixture. The most complete removal of
      such water at this stage is desirable in order to decrease the amount
      which must be removed in later stages of the process such as
      polymerization or devolatilization.
PAR  The organic phase which results from the extraction of graft rubber
      copolymer and separation of the free water phase comprises a dispersion of
      graft rubber copolymer particles in the monomer-solvent mixture. The
      organic dispersion is in the form of a paste or semi-solid. It may also be
      described as pseudo-plastic. The organic phase resulting from the mixing
      and extracting step outlined above and comprising a dispersion of graft
      rubber particles in the mixture of monomer-solvent comprises, on a 100
      weight percent basis, from about 30 to 70 weight percent of graft rubber
      copolymer, from about 0.1 to 20 weight percent of uncombined or ungrafted
      second copolymer of monovinylidene aromatic monomer and alkenylnitrile
      formed during the emulsion polymerization, from about 10 to 70 weight
      percent of the mixture of ethylenically unsaturated monomer and saturated
      solvent for the styrene/acrylonitrile superstrate and second copolymer and
      from about 0 to 40 weight percent of water. A distinct advantage of the
      dewatering described resides in the ability to control and predetermine
      the range of viscosity of such organic dispersion paste at a desired level
      by selection of specific saturated organic solvents and amounts thereof to
      be used in the monomer-solvent mixture. In general, it has been found
      desirable to produce an organic dispersion having a viscosity ranging from
      about 3,000 to 100,000 cps. For optimum dewatering in the screw separator
      described the dispersion desirably has a viscosity of 50,000 to 80,000
      cps. Preferably, for further transfer and treatment such dispersion will
      have a viscosity of from about 15,000 to 50,000 cps which can be realized
      by addition of monomers and/or solvent to the dewatered dispersion as
      detailed below. An organic dispersion having a viscosity within the above
      range is easily and efficiently transferred by pumping with none of the
      attendant disadvantages of a very high viscosity material.
PAR  In the present invention, one prefers to disperse the organic dispersion
      containing the second grafted rubber continuously into the liquid phase in
      step (G). This can be accomplished by conventional pumping of the
      dispersion directly into the liquid phase.
PAC  GRAFTED RUBBER ANALYSIS
PAR  The first grafted rubbers can be analyzed for graft and occlusions along
      with swelling index by the well known gel tests. The first grafted rubber
      interpolymer is dispersed in tetrahydrofuran (1g/10 ml) which dissolves
      the copolymer leaving the dispersed rubber as a gel phase. The rubber
      phase is separated from the dispersion by centrifuge as a gel and dried in
      a vacuum oven at 50.degree.C. for 12 hours and weighed as a dry gel.
      ##EQU4##
PAR  The swelling index of the rubber graft particles is determined by taking
      the dry gel above and dispersing it in tetrahydrofuran for 12 hours. The
      gel is separated by centrifuge and the supernatant toluene drained free.
      The wet gel is weighed and then dried in a vacuum oven for 12 hours at
      50.degree.C. and weighed.
      ##EQU5##
PAR  The swelling index of the first grafted rubber can range from 2 to 50
      preferably from 5 to 20.
PAR  The second grafted rubber can be analyzed according to the disclosed
      procedures. However, the second grafted rubber does not have an occluded
      phase in the rubber particle as does the first grafted rubber, hence the
      analysis only determined the percent of grafted copolymer on the rubber.
      The swelling index of the second grafted diene rubber can range from 2 to
      20, preferably 2 to 10.
PAR  The following examples are set forth to illustrate more clearly the
      principles and practice of this invention to one skilled in the art. They
      are not intended to be restrictive but merely illustrative of the
      invention herein described.
PAC  EMBODIMENTS
PAR  In the following examples the reaction zone is produced by using a mixer
      reactor of the type shown in FIG. 1. The mixer/reactor is not limited to
      this particular mixer and those skilled in the art recognize that
      variations of this type of mixer may be used if the particular type of
      mixing disclosed is provided.
PAC  EXAMPLE 1
PAC  The First Grafted Diene Rubber Preparation
PAR  Fourteen parts of a soluble butadien rubber were dissolved in 26.0 parts of
      acrylonitrile and 60.0 parts styrene. There were added thereto 0.07 part
      of a mixture of tertbutyl peracetate, 0.05 part di-tert-butyl peroxide and
      stabilizers. The mixture was heated to 100.degree. centigrade with
      stirring. Terpinolene was added as a chain transfer agent over a period of
      approximately 5 hours in an amount of about 0.1 part per hour for
      approximately 5 hours, at the end of which time an additional 0.4 part was
      added.
PAR  At 30.0 percent conversion of the monomers, the partially polymerized syrup
      was dispersed in 120.0 parts water to which was added 2.0 parts styrene
      and, as a suspending agent, 0.3 part of an interpolymer of 95.5 mol
      percent of acrylic acid and 4.5 mol percent of 2-ethylhexyl acrylate which
      has a specific viscosity of about 4.0 as determined in a 1.0 percent
      solution in water at 25.degree. centigrade. The resulting suspension was
      stirred and heated to polymerize the remaining monomer, cooled,
      centrifuged, washed and dried to recover the graft copolymer in the form
      of small spherical beads. The amount of graft and occluded copolymer in
      the rubber particles was found to be about 1.3 parts to 1.0 part of rubber
      and the particle size of the rubber was analyzed as a weight average
      particle size of about 1.2 microns. The graft copolymer formed had a
      rubber content of about 14% by weight. The swelling index of the rubber
      particles was about 10.
PAR  About 14.3 parts by weight of graft copolymer containing 14% by weight
      rubber dissolved in 14.3 parts by weight of the monomer composition having
      a ratio of styrene/acrylonitrile (S/AN) of 70/30 to provide a first
      grafted diene rubber dispersed in said monomer composition. The rubber
      moiety of the first grafted diene rubber is 7% by weight of said
      dispersion and is a feed stock for the first grafted diene rubber to be
      fed in step (G).
PAC  EXAMPLE 2
PAC  The Second Grafted Diene Rubber Preparation
PAC  Part A -- Rubber Crumb
PAR  A 97/3 butadiene/acrylonitrile rubber latex having a rubber particle size
      of 0.20 microns is emulsion graft polymerized at 80.degree.C. with 40
      parts of a 75/25 styrene/acrylonitrile monomer mixture per 100 parts of
      rubber. After the reaction has reached about 96 conversion, a grafted
      rubber latex of 35% solids, 23.5% rubber by weight is obtained. The latex
      is coagulated using a 10% magnesium sulfate solution and the coagulant,
      washed and dried as grafted rubber crumb containing about 67% by weight
      rubber and 33% by weight SAN. The grafted rubber has about 30 parts by
      weight of graft per 100 parts of rubber, hence the rubber crumb is about
      67% rubber, 20% grafted SAN and 13% free SAN.
PAC  Part B -- Dewatering Procedure
PAR  The grafted rubber latex of Part A having 35% solids and 23.5% rubber is
      dewatered wherein 40 parts of the latex together with 2.2 parts of a 13.6%
      aqueous aluminum sulfate coagulant solution, 15.6 parts of acetonitrile
      and 9.4 parts of styrene monomer are charged to an agitated tank and
      stirred for 2-3 minutes. The solids are coagulated entering the organic
      phase rising to the surface and separating from the water phase. The bulk
      of the water phase is drained away giving an organic phase dispersion
      comprising:
TBL                    Weight                                                  

            Parts      Percent                                                 

     ______________________________________                                    

     Solids   14.0     parts   36.0   (rubber and SAN)                         

     Acetonitrile                                                              

              8.6      parts   22.0                                            

     Styrene  9.4      parts   24.2                                            

     Water    6.9      parts   17.8                                            

     Total    38.9     lbs.    100.0                                           

     ______________________________________                                    

PAR  The 36 weight percent of solids provides 24 weight percent rubber and 12
      weight percent SAN to the organic dispersion.
PAC  Part C -- Rubber Paste Dispersion
PAR  The grafted rubber latex of Part A was metered to a mechanical screw
      device, for separating an organic paste phase from the water phase, along
      with a coagulant solution, butyronitrile solvent and styrene and
      acrylonitrile monomers at the rate shown below. The device employed was
      the screw separator disclosed and illustrated in copending application,
      U.S. Pat. Ser. No. 323,470 of Holstead and Wyman.
TBL  ______________________________________                                    

             lbs./hr.                                                          

     ______________________________________                                    

     Latex     18.0                                                            

     Butyronitrile                                                             

               1.8         25% (solvent/monomer mix)                           

     Styrene   2.7        37.5% (solvent/monomer mix)                          

     Acrylonitrile                                                             

               2.7        37.5% (solvent/monomer mix)                          

     4% Al.sub.2 (SO.sub.3)                                                    

               3.0                                                             

     Solution                                                                  

     ______________________________________                                    

PAR  After separation of the water phase by the screw separator the organic
      paste dispersion delivered 4.12 lbs./hour of rubber and had the following
      composition in lbs./hour.
TBL  ______________________________________                                    

                            Weight                                             

                lbs./hr.    Percent                                            

     ______________________________________                                    

     Solids       5.58          41.0                                           

     Water        1.83          13.2                                           

     Butyronitrile                                                             

                  1.60          11.4                                           

     Styrene      2.7           19.4                                           

     Acrylonitrile                                                             

                  2.1           15.0                                           

     Total        13.81         100.0                                          

     ______________________________________                                    

PAR  Rubber content was 4.12 lbs./hr. or about 30% of the organic paste
      dispersion.
PAC  EXAMPLE 3
PAR  Continuously charged with the aid of pumps at a temperature of about
      60.degree.F. into the upper half of the space of the reaction zone is a
      liquid monomer stream comprising on a 100 weight percent basis about 70.9
      weight percent styrene at a feed rate of 156 pounds per hour and about
      29.1 weight percent acrylonitrile at a feed rate of about 64 pounds per
      hour.
PAR  The reaction zone is maintained at about a 65 percent volumetric fillage
      level based on a substantially non-expanded liquid phase with a vapor
      phase thereabove composed of unreacted monomers. Paddle assembly is
      rotated on a horizontal axis at about 12 rpm which produces mixing action
      which maintains in the liquid phase a substantially uniform composition
      distribution.
PAR  After start up is completed and substantially steady state operating
      conditions are reached, the temperature in the reaction zone is maintained
      at about 280.degree.F. with the pressure therein being about 35 psia. The
      jacket about the reaction zone is fluid filled and the fluid therein is
      maintained by heat exchange circulation at about 180.degree.F.
PAR  A vaporized monomer composition at steady state conditions is continuously
      withdrawn at a total rate of about 20 pounds per hour from the vapor phase
      of the reaction zone at a rate sufficient to maintain the temperature in
      the reaction zone under substantially isothermal conditions at about
      280.degree.F. (as indicated above). The so-withdrawn monomer composition
      is collected and condensed but not returned to the reaction zone. Analysis
      of the condensate shows it to comprise about 30 weight percent styrene and
      about 70 weight percent acrylonitrile. The composition of the vapor phase
      is found to be in substantial equilibrium with the composition of the
      liquid phase.
PAR  After steady state operating conditions are reached about 28.6 lbs./hr. of
      first grafted rubber copolymer dispersion of Example 1 is pumped
      continuously into the liquid phase removed from the reaction zone as shown
      in FIG. 2 and dispersed. Said dispersion being about 7% rubber supplies
      about 2 lbs./hr. of rubber moiety to the liquid phase. Said rubber having
      about 2.6 lbs. of grafted and occluded SAN copolymer. The dispersion also
      supplies about 9.7 lbs./hr. of SAN copolymer to the liquid phase.
PAR  Simultaneously, about 60 lbs./hr. of the second grafted rubber organic
      paste dispersion of Example 2, Part C is continuously pumped into and
      dispersed in the liquid phase removed from the reaction zone as shown in
      FIG. 2. Said organic paste dispersion being about 30% rubber supplies
      about 18 lbs./hr. of rubber moiety to the liquid phase along with about
      5.4 lbs./hr. of grafted SAN. The ratio of the second grafted rubber to
      first grafted rubber being 18 to 2 or 90 to 10 having 90 parts of small
      rubber particles to 10 parts of large rubber particles.
PAR  The liquid phase is continuously removed at steady state conditions from
      the bottom, central region of the reaction zone with the aid of a pump at
      a rate of about 200 pounds per hour which is sufficient to maintain the
      above-specified volume of fluid in the reaction zone. The liquid phase is
      pumped in-line to a Manton-Gaulin high shear pipe-line pump mixer along
      with the first and second grafted rubber dispersions. The pump is
      operating under 6000 psi insuring good mixing and transfer to the
      devolatilizers.
PAR  The liquid phase now containing the matrix copolymer and dispersed rubbers
      is passed continuously through two successive stages of wiped film
      devolatilization to remove the unreacted monomers and extruded into
      pellets of ABS polyblend. Physical tests on the ABS polyblend show the
      polyblend to have high gloss and toughness along with high elongation to
      fail and modulus providing an ABS polyblend of great utility. The ABS
      polyblend was analyzed and found to have about 13% by weight of first and
      second grafted rubber having a bimodal rubber size distribution of 90%
      small and 10% large particles; about 10% by weight graft polymer and about
      77% by weight of SAN matrix graft copolymer. The SAN matrix copolymer
      comprises about 75% by weight of styrene and about 25% by weight of
      acrylonitrile and has an average weight average molecular weight of about
      360,000 having a dispersion index of about 2.9. The SAN matrix copolymer
      has a substantially constant molecular weight distribution and monomer
      composition and is pale yellow in color.
PAR  The liquid phase removed from the reaction zone was found by analysis to
      contain substantially and completely dissolved about 54.5% by weight based
      on total liquid phase of the styrene/acrylonitrile matrix copolymer SAN
      with the balance up to 100% by weight comprising a mixture of unreacted
      styrene and acrylonitrile. The reaction zone thus is operating at about
      55% conversion of monomers under steady state conditions and the rate at
      which the matrix copolymer was formed is at about 0.46 lbs. of matrix
      copolymer per pound of liquid phase per hour.
PAR  A steady state condition about 11.8% of the heat of reaction is removed
      from the reaction zone by the removal of the vapor from the vapor phase,
      about 61.4% of the heat of reaction is absorbed by the monomer being
      charged, and about 26.8% of the heat of reaction is removed by heat
      exchange through the wall of the reaction zone. The viscosity of the
      liquid phase is estimated to be about 45,000 centipoises at 280.degree.F.
      (130.degree.C.) and at 10 sec..sup.-.sup.1.
PAC  EXAMPLE 4
PAC  Vapor Cooling and Removal
PAR  The equipment utilized in Example 1 is used again except that the operating
      scheme is altered. Here, about 132.75 pounds per hour of styrene, about
      80.75 pounds per hour of acrylonitrile, and about 0.184 pounds per hour of
      terpinolene are charged to the reaction zone.
PAR  The reaction zone is maintained at about a 65 percent volumetric fillage
      level based on a substantially non-expanded liquid phase with a vapor
      phase thereabove composed of unreacted monomers. The paddle assembly is
      rotated therein at about 12 rpm which produces mixing action which
      maintains in the liquid phase a substantially uniform composition
      distribution.
PAR  After start up is completed and substantially steady state operating
      conditions are reached, the temperature in the reaction zone is maintained
      at about 320.degree.F. with the pressure therein being about 52 psia. The
      jacket about the reaction zone is fluid filled, and the fluid therein is
      maintained by heat exchange circulation at about 320.degree.F.
      (Optionally, no fluid need be circulated in the jacket.)
PAR  After steady state operating conditions are reached at about 65% conversion
      on monomer providing about 100 lbs./hr. of matrix copolymer dissolved in
      the liquid phase, the first and second grafted rubbers were added as in
      Example 3 providing 2 lbs./hr. of the first grafted rubber moiety and 18
      lbs./hr. of the second grafted moiety in the liquid phase providing 20
      lbs./hr. of rubber along with 100 lbs./hr. of matrix copolymer in the
      liquid phase forming an ABS polyblend having about 20% rubber on
      devolatilization.
PAR  At steady state, vapor is removed at a rate of about 60 pounds per hour
      which comprises about 30 weight percent styrene and about 70 weight
      percent acrylonitrile. The composition of the vapor phase is found to be
      in substantial equilibrium with the composition of the liquid phase.
PAR  The liquid phase removed contains substantially completely dissolved
      therein about 65.4 weight percent styrene/acrylonitrile copolymer, with
      the balance up to 100 weight percent thereof comprising a mixture of
      unreacted styrene and unreacted acrylonitrile monomers. The copolymer
      comprises about 75 weight percent styrene and about 25 weight percent
      acrylonitrile and has a weight average molecular weight of about 235,000,
      a dispersion index of about 2.7. This copolymer has a substantially
      uniform molecular weight distribution and a substantially uniform
      composition distribution. This copolymer is substantially without haze and
      is pale yellow in appearance.
PAR  The unreacted monomer composition comprises about 75 weight percent styrene
      and about 25 weight percent acrylonitrile. The rate of liquid phase
      removal from the reaction zone is about 153 pounds per hour. The viscosity
      of the liquid phase is estimated to be about 25,000 centipoises at
      320.degree.F. and at 10 sec..sup.-.sup.1. The rate at which this copolymer
      is formed from the monomer composition is about 0.55 pounds of copolymer
      per pound of liquid phase per hour.
PAR  At steady state conditions, about 28.3 percent of the heat of reaction is
      removed from the reaction zone by the removal of the vapor from the vapor
      phase, about 70.7 percent of the heat of reaction is absorbed by the
      monomer being charged, and about 1 percent of the heat of reaction is
      removed by heat exchange through the wall of the reaction zone.
PAR  The ABS polyblend obtained from the devolatilized liquid phase was tested
      and found to have excellent gloss and toughness along with impact
      strength, modulus and elongation at fail showing great utility as an ABS
      polyblend.
PAC  EXAMPLE 5
PAC  Vapor Cooling and Recycle
PAR  Continuously charged with the aid of pumps at a temperature of about
      60.degree.F. by spraying into the upper, central region of the reaction
      zone are styrene at the rate of about 114.75 pounds/hour, acrylonitrile at
      the rate of about 38.25 pounds/hour, and terpinolene at the rate of about
      0.184 pounds/hour. Conditions like those of Example 2 are used.
PAR  A vaporized monomer composition at steady state conditions is continuously
      withdrawn from the vapor phase of the reaction zone at a rate sufficient
      to maintain the temperature in the reaction zone under substantially
      isothermal conditions at about 320.degree.F. (as indicated above.) The
      so-withdrawn monomer composition is collected and condensed and is
      returned to the reaction zone. The so-condensed vapor is collected and
      subcooled to about 60.degree.F. before being returned to the reaction zone
      at a rate substantially equal to the vapor removal rate of about 60 pounds
      per hour. Analysis of the condensate shows it to comprise about 60 pounds
      per hour. Analysis of the condensate shows it to comprise about 30 weight
      percent styrene and about 70 weight percent acrylonitrile. The composition
      of the vapor phase is found to be in substantial equilibrium with the
      composition of the liquid phase.
PAR  After steady state operating conditions were reached at about 65%
      conversion of monomers as in Example 2, the first and second rubbers were
      dispersed in the same amounts as in Example 3 giving the same rubber
      concentration in the devolatilized ABS polyblend product providing a
      bimodal particle size distribution and excellent physical properties.
PAR  Continuously removed at steady state conditions from the bottom, central
      region of the reaction zone with the aid of a pump at a rate sufficient to
      maintain the above-specified volume of fluid in the reaction zone is the
      liquid phase which is found by analysis to contain substantially
      completely dissolved therein about 65.4 weight percent based on total
      liquid phase of a styrene/acrylonitrile copolymer with the balance up to
      100 weight percent thereof comprising unreacted styrene and unreacted
      acrylonitrile monomers. The copolymer comprises about 75 weight percent
      styrene and about 25 weight percent acrylonitrile and has a weight average
      molecular weight of about 235,000, a dispersion index of about 2.7, a
      substantially constant molecular weight distribution, and a substantially
      constant composition distribution. This copolymer is substantially without
      haze snd is pale yellow in appearance. The unreacted monomer composition
      comprises about 75 weight percent styrene and about 25 weight percent
      acrylonitrile. The rate of liquid phase removal from the reaction zone is
      about 153 pounds per hour. The viscosity of the liquid phase is estimated
      to be about 25,000 centipoises at 320.degree.F. and at 10 sec..sup.-
      .sup.1. The rate at which this copolymer is formed from the monomer
      composition is about 0.55 pounds of copolymer per pound of liquid phase
      per hour.
PAR  At steady state conditions, about 28.3 percent of the heat of reaction is
      removed from the reaction zone by the removal of the vapor from the vapor
      phase, about 70.7 percent of the heat of reaction is absorbed by the
      monomer being charged, and about 1 percent of the heat of reaction is
      removed by heat exchange through the wall of the reaction zone.
PAC  EXAMPLE 6
PAC  Reflux Cooling
PAR  The procedures of Example 3 were repeated except here the vapor is removed
      from the reaction zone and returned thereto after condensation but without
      subcooling using a "knock-back"type reflux condenser. The heat balance in
      the reaction zone being shifted with (1) vapor removal, (2) materials
      charged and (3) the jacket removing 48.6%, 48.0% and 3.4% respectively as
      compared to Example 5 at 28.3%, 70.7% and 1% respectively showing a shift
      of heat load to vapor removal from materials charged.
PAC  EXAMPLE 7
PAC  Molecular Weight Control
PAR  Example 4 was substantially repeated except that the terpinolene molecular
      weight modifier was increased from 0.184 lbs./hr. to 1.498 lbs./hr. The
      matrix copolymer was found to have a weight average molecular weight of
      about 140,000 compared to 235,000 in Example 4. The dispersion index was
      2.6 showing a narrow molecular weight distribution for the matrix
      copolymer of the ABS polyblend. It is evident that the weight average
      molecular weight of the matrix copolymer can be varied readily and over a
      wide range within the process limits yet the molecular weight distribution
      or dispersion index can be controlled in a narrow range giving ABS
      polyblends with predetermined molecular weights having great utility.
PAC  EXAMPLE 8
PAC  Rubber Particle Size Variations
PAR  Example 2 was repeated using a rubber having a weight average particle size
      diameter of about 0.31 microns giving a second grafted diene rubber having
      a weight average particle size diameter of about 0.31 microns. Example 3
      was repeated using the second grafted rubber having a weight particle size
      of 0.31. Analysis of the ABS polyblend showed the polyblend to have higher
      toughness but lower gloss than that of Example 3 consistent with a larger
      rubber particle size for both the first and second grafted rubbers. It is
      evident that the rubber particle size may be varied within the limits of
      the process providing ABS polyblends of high utility having a
      predetermined bimodal rubber particle size.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A continuous mass polymerization process for the preparation of an ABS
      type polyblend, the steps comprising:
PA1  A. continuously charging a monomer composition comprising at least one
      alkenyl nitrile monomer of the formula:
      ##EQU6##
      wherein R is selected from the group consisting of hydrogen and alkyl
      radicals containing from 1 through 4 carbon atoms each and at least one
      monoalkenyl aromatic monomer of the formula:
      ##EQU7##
      wherein: Ar is selected from the group consisting of a phenyl radical, an
      alkaryl radical of 6 through 9 carbon atoms, a monochlorophenyl radical, a
      dichlorophenyl radical, a monobromophenyl radical, and a dibromophenyl
      radical, and
PA2  X is selected from the group consisting of hydrogen and an alkyl radical
      containing less than three carbon atoms to a reaction zone,
PA1  B. continuously maintaining in said reaction zone a reaction system
      comprising a liquid phase of said monomers with a vapor phase of said
      monomers generally thereabove,
PAR  1. said liquid phase filling said reaction zone to an extent of from about
      10 to 95 percent by volume and comprising said monomer composition,
PA2  2. said vapor phase filling the balance up to 100 percent by volume of said
      reaction zone, the exact composition of said vapor phase being in
      substantial equilibrium with the exact composition of said liquid phase,
PA1  C. continuously subjecting said reaction system in said reaction zone to
      mixing action sufficient to maintain a substantially uniform composition
      distribution throughout said liquid phase in said reaction zone,
PA1  D. continuously mass polymerizing said monomers at a temperature from
      100.degree. to 180.degree.C. and a pressure of from about 5 to 150 psia
      forming a matrix copolymer dissolved in said liquid phase,
PA1  E. continuously removing said vapor phase from said reaction zone at a rate
      sufficient to maintain, in combination with any heat of reaction being
      absorbed in said reaction zone by said charging of monomers and with any
      heat of reaction being removed from said reaction zone through the
      peripheral boundaries thereof, in said reaction zone a substantially
      constant temperature and a corresponding substantially constant pressure
      within the respective temperature and pressure ranges above specified,
PA1  F. continuously removing said liquid phase from said reaction zone at a
      rate sufficient to maintain the above specified volume of said liquid
      phase, followed by
PA1  G. continuously dispersing uniformly a first and second grafted diene
      rubber into said liquid phase so as to provide from about 1 to 40% by
      weight of said first and second grafted rubbers in said liquid phase, said
      first grafted diene rubber being dispersed as rubber particles having a
      weight average particle size of about 0.7 to 10 microns, a swelling index
      of at least about 5 and having present occluded and grafted copolymer in
      an amount of from about 1 to 5 parts per part of rubber, said second
      grafted diene rubber being dispersed as rubber particles having a weight
      average particle size of about 0.1 to 0.5 microns, a swelling index of at
      least about 2 and being grafted with about 0.4 to 2.5 parts of copolymer
      per part of rubber, said second grafted rubber comprising from about 70 to
      97% of the total weight of said first and second grafted diene rubbers
      dispersed providing a bimodal particle size distribution of said first and
      second grafted rubber particles in said liquid phase,
PA1  H. continuously separating said matrix copolymer and said first and second
      grafted rubbers from said liquid phase removed in step (G) as an ABS
      polyblend,
PA1  I. said charging additionally being conducted:
PAR  1. at a rate substantially equal to the total rate at which monomers are
      polymerized in said reaction zone, and removed from said reaction zone,
      and
PA2  2. in a ratio of total alkenyl nitrile monomers such that both a
      substantially constant said monomer composition is effectively maintained
      in said liquid phase in said reaction zone and in said matrix copolymer
      formed from said monomer composition,
PA1  J. the interrelationship between said charging, said liquid phase removal,
      and said substantially constant temperature and corresponding
      substantially constant pressure in said reaction zone being such that:
PA2  a. the weight percentage of said matrix copolymer in said liquid phase in
      said reaction zone is maintained at a substantially predetermined constant
      value,
PA2  b. the rate at which said matrix copolymer is formed from said monomer
      composition in said reaction zone ranges from about 0.05 to 2.0 pounds of
      said matrix copolymer produced per pound of said liquid phase per hour,
PA1  K. the interrelationship in said reaction zone between said mixing action
      and said vapor phase removal being such that said reaction system is
      maintained under substantially isothermal conditions,
PA1  L. the interrelationship between said charging, said vapor phase removal,
      and said reaction zone being such that:
PA2  1. at least about 10 percent of the heat of reaction is removed from said
      reaction zone by said vapor phase removal,
PA2  2. up to about 90 percent of the heat of reaction is absorbed by said
      charging, and
PA2  3. up to about 50 percent of the heat of reaction is removed through the
      peripheral boundaries of said reaction zone through heat transfer.
NUM  2.
PAR  2. The process of claim 1, wherein said vapor phase so removed is condensed
      and returned to said reaction zone as a portion of monomers so charged
      thereto.
NUM  3.
PAR  3. The process of claim 1, wherein the weight percentage of said matrix
      copolymer in said liquid phase is at least about 35.
NUM  4.
PAR  4. The process of claim 1, wherein the weight percentage of said matrix
      copolymer in said liquid phase ranges from about 35 to 80.
NUM  5.
PAR  5. The process of claim 4, wherein the rate of conversion of monomers to
      matrix copolymer ranges from about 0.1 to 1.0 pounds of matrix copolymer
      produced per pound of said liquid phase per hour.
NUM  6.
PAR  6. The process of claim 1, wherein the viscosity of said liquid phase
      ranges from about 50,000 to 250,000 centipoises at said constant
      temperature and at 10 sec..sup.- .sup.1 shear rate.
NUM  7.
PAR  7. The process of claim 1, wherein additionally from about 0.01 to 2 weight
      percent of a chain transfer agent, based on total monomer composition
      charged, is continuously charged to said reaction zone.
NUM  8.
PAR  8. The process of claim 7, wherein said chain transfer agent is
      terpinolene.
NUM  9.
PAR  9. The process of claim 1, wherein additionally from about 0.01 to 15
      weight percent based on total monomer composition charged of a solvent
      liquid is charged to said reaction zone at a rate sufficient to keep the
      quantity of said solvent liquid in said reaction zone at a substantially
      constant value.
NUM  10.
PAR  10. The process of claim 9, wherein said solvent liquid is ethyl benzene
      and the copolymer product contains less than about 50 weight percent
      alkenyl nitrile compound.
NUM  11.
PAR  11. The process of claim 9, wherein said solvent liquid is methyl ethyl
      ketone and the matrix copolymer product contains less than about 50 weight
      percent monoalkenyl aromatic compound.
NUM  12.
PAR  12. The process of claim 1, wherein the relationship between said charging,
      said vapor phase removal and said reaction zone being such that:
PA1  1. from about 25 to 85 percent of the heat of reaction is removed from said
      reaction zone by said vapor phase removal,
PA1  2. from about 15 to 75 percent of the heat of reaction is absorbed by said
      charging, and
PA1  3. from about minus 10 to 10 percent of the heat of reaction is removed
      through the peripheral boundaries of said reaction zone through heat
      transfer.
NUM  13.
PAR  13. The process of claim 12, wherein the relationship between said charging
      and said vapor phase removal is such that about one-third of the heat of
      reaction is removed by said vapor phase removal and about the remaining
      two-thirds of said heat of reaction is removed by said charging.
NUM  14.
PAR  14. The process of claim 1, wherein additionally from about 0.005 to 1
      weight percent of a polymerization initiator, based on total monomer
      composition charged, is continuously charged to said reaction zone.
NUM  15.
PAR  15. The process of claim 14, wherein said initiator is ditertiary butyl
      peroxide.
NUM  16.
PAR  16. The process of claim 1, wherein the ABS polyblend produced comprises a
      matrix copolymer of styrene and acrylonitrile monomers and a first and
      second grafted diene rubber grafted with styrene and acrylonitrile.
NUM  17.
PAR  17. The process of claim 16, wherein said matrix copolymer comprises on a
      100 weight percent basis from about 5 to 85 weight percent acrylonitrile
      and, correspondingly, from about 15 to 95 weight percent styrene.
NUM  18.
PAR  18. The process of claim 1, wherein the ABS polyblend produced comprises a
      matrix copolymer of styrene and methacrylonitrile monomers and first and
      second grafted diene rubber grafted with styrene and methacrylonitrile.
NUM  19.
PAR  19. The process of claim 18, wherein said matrix copolymer comprises on a
      100 weight percent basis from about 60 to 95 weight percent
      methacrylonitrile, and correspondingly, from about 5 to 40 weight percent
      styrene.
NUM  20.
PAR  20. The process of claim 1, wherein the matrix copolymer produced comprises
      a copolymer of from about 5 to 40 weight percent styrene, from about 40 to
      70 weight percent acrylonitrile, and from about 5 to 30 weight percent
      methacrylonitrile on a 100 total weight percent basis.
NUM  21.
PAR  21. The process of claim 1, wherein the ABS polyblend produced is separated
      from said liquid phase using at least one stage of wiped film
      devolatilization in step (H).
NUM  22.
PAR  22. The process of claim 1, wherein said mixing action is produced by
      subjecting said liquid phase in said reaction zone simultaneously to a
      combination of:
PA1  1. cyclical vertical displacement in said zone such that at a cycle rate in
      the range from about 1/2 to 60 times per minute.
PA2  a. first, said liquid phase is subjected to a vertical lifting force
      greater than that exerted downwardly thereon by gravity, and at least
      sufficient to move vertically at least about 10 percent of the total
      volume of said fluid from a gravitationally lower region to a
      gravitationally higher region in said zone, and
PA2  b. secondly, such so displaced liquid phase is subjected to a gravitational
      falling force by effective removal of said lifting force therefrom, the
      total gravitational falling force applied thereon being at least
      sufficient to return substantially all of such so displaced liquid phase
      to said gravitationally lower region before said cycle is repeated on such
      so displaced liquid,
PA1  2. rolling action in a generally peripherally located and generally
      horizontally extending region in said zone, said region extending
      circumferentially about the eentire internal periphery of said zone, said
      region being continuously moving in a direction which is generally normal
      to the horizontal, said rolling action being produced by a similarly so
      moving band of pressure located adjacent to, but following behind, said
      region, said band of pressure exerting a force on said liquid phase in
      said region at least sufficient to cause movement of a portion of said
      liquid phase in said region along a roughly cross-sectionally circular
      path normally away from the adjacent internal periphery of said zone
      adjacent to said band of pressure towards the interior of said zone a
      distance which is generally less than the maximum distance across said
      zone at a given peripheral position and then back towards said internal
      periphery forwardly of said band of pressure before moving towards said
      band of pressure, there being a shear rate between said internal periphery
      and said zone of pressure of at least about 5 sec..sup.- .sup.1,
PA1  3. horizontal displacement in said zone in a longitudinal circulatory
      manner at a cycle rate such that the actual volume at said liquid phase
      moved from one end region of said treating zone to the opposite end region
      thereof and back within one minute is equivalent to from about 1/10 to 30
      times the total volume of said liquid phase in said zone, such equivalent
      volume and the horizontal circulation rate for such liquid phase so moved,
      respectively, being approximately proportional to said cyclical vertical
      displacement cycle rate in any given instance, while continuously
      maintaining substantially the total volume of said liquid phase in said
      zone under laminar flow conditions.
NUM  23.
PAR  23. A process of claim 1, wherein said frist grafted diene rubber is
      dispersed in said liquid phase as crosslinked rubber particles having an
      average particle size of 0.8 to 10 microns, a swelling index of at least 5
      and having present occluded and grafted copolymer in an amount of about 1
      to 5 parts per each part of rubber, said second grafted diene rubber being
      dispersed as crosslinked rubber particles having an average particle size
      of 0.01 to 0.5 microns, a swelling index of at least 2 and being grafted
      with about 0.1 to 2.5 parts of said copolymer per 1 part of rubber, said
      first and second grafted rubbers being present in said liquid phase in an
      amount of from about 1 to 40 weight percent wherein said second grafted
      rubber comprises about 50 to 97% of the total weight of said first and
      second grafted rubbers.
NUM  24.
PAR  24. A process of claim 1, wherein said diene rubber of said first and
      second grafted diene rubber is butadiene, butadiene-styrene,
      butadiene-acrylonitrile, butadiene-styrene-acrylonitrile, chloroprene,
      chloroprene-butadiene, chloroprenestyrene, chloroprene-acrylonitrile,
      chloroprene-styrene-acrylonitrile and mixtures thereof.
NUM  25.
PAR  25. A process of claim 1, wherein the diene rubber of said first and second
      grafted rubber contains at least 50% by weight of a conjugated 1,3
      butadiene monomer moiety.
NUM  26.
PAR  26. A process of claim 1, wherein said soluble diene rubber of said first
      grafted rubber is polybutadiene having a cis isomer content of about 30 to
      98% and a Tg range of from about -50.degree. to -105.degree.C.
NUM  27.
PAR  27. A process of claim 1, wherein the first grafted rubber dispersed in
      step (G) is contained as a dispersion in said monomer composition, being
      present in an amount of from about 0.1 to 15% by weight of said monomer
      composition.
NUM  28.
PAR  28. A process of claim 1, wherein the second grafted rubber dispersed in
      step (E) is contained as a dispersion in said monoalkenyl nitrile monomer,
      being present in an amount of from about 1 to 70% by weight of said
      monoalkenyl nitrile monomer.
NUM  29.
PAR  29. A process of claim 1, wherein the first grafted rubber has occluded and
      grafted copolymers of substantially the same monomer composition as the
      matrix copolymer of the ABS polyblend and the second grafted rubber has
      grafted copolymer of substantially the same monomer composition as the
      matrix copolymer of the ABS polyblend.
NUM  30.
PAR  30. A process of claim 1, wherein the second grafted diene rubber dispersed
      in step (G) is contained in a monomersolvent mixture comprising on an 100
      weight percent basis, from about 30-60 weight percent of said second
      grafted diene rubber, about 0.1 to 20 weight percent of a copolymer of
      said monomers, about 20 to 70 weight percent of said monomers and a
      saturated solvent and from about 0 to 40 weight percent of water.
NUM  31.
PAR  31. A process of claim 1, wherein separation step (H) produces an ABS
      polyblend comprising about 2 to 80% by weight of said first and second
      grafted diene rubber wherein said second grafted diene rubber comprises
      about 70 to 97% of the total weight of said first and second grafted diene
      rubbers, the remainder up to 100% by weight comprising matrix copolymers
      of said monomers, said first and second grafted diene rubbers being
      dispersed in said ABS polyblend as rubber particles having a bimodal
      particle size distribution wherein said first grafted diene rubber
      particles being crosslinked, having an average particle size of about 0.7
      to 10 microns, a swelling index of at least about 5 and having present
      occluded and grafted copolymer in an amount of about 1 to 5 parts per each
      part of rubber, said second diene rubber particles being crosslinked,
      having an average particle size of about 0.1 to 0.5 microns, a swelling
      index of at least 2 and being grafted with about 0.1 to 2.5 parts of
      copolymer per each part of rubber.
NUM  32.
PAR  32. A process of claim 1, wherein said monoalkenyl aromatic monomer and
      said alkenyl nitrile monomer comprise at least about 75% by weight of said
      monomer composition.
NUM  33.
PAR  33. A process of claim 1, wherein said monomer composition comprises from
      about 1 to 99% by weight of an alkenyl nitrile monomer and from about 1 to
      99% by weight of a monoalkenyl aromatic monomer.
NUM  34.
PAR  34. A process of claim 1, wherein said monoalkenyl aromatic monomer is
      styrene.
NUM  35.
PAR  35. A process of claim 1, wherein said alkenyl aromatic monomer is
      acrylonitrile.
NUM  36.
PAR  36. A process of claim 1, wherein said monoalkenyl aromatic monomer is
      styrene, and said alkenyl nitrile monomer is acrylonitrile.
NUM  37.
PAR  37. A process of claim 1, wherein said monoalkenyl aromatic monomer is
      alpha-methylstyrene.
NUM  38.
PAR  38. A process of claim 1, wherein said alkenyl nitrile monomer is
      methacrylonitrile.
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ABST
PAL  A process for the modification of unsaturated polyolefin rubbers by
      reaction with other polymers amenable to the metathesis reaction, in the
      liquid phase, preferably in solution, in the presence of a metathesis
      catalyst system comprising (a) a soluble compound of a metal of the
      Subgroups V through VII of the periodic table, and (b) a soluble alkyl or
      hydride of a metal of Main groups I through III of the periodic table, as
      well as optionally activators, characterized by the metallic components of
      the catalyst system each being dispersed, preferably dissolved, separately
      in partial streams wherein the reaction components are contained, and
      these partial streams are intermixed intensively.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for the modification of unsaturated
      polyolefin rubbers by grafting with other polymers lending themselves to
      the metathesis reaction, in the liquid phase, preferably in solution, in
      the presence of a Ziegler-Natta catalyst system comprising (a) a soluble
      compound of a metal of Subgroups V through VII of the periodic table, and
      (b) a soluble alkyl or hydride of a metal of Main groups I through III of
      the periodic table, and optionally catalyst activators, as well as to an
      apparatus for conducting this process.
PAR  As is known, the aforementioned mixed catalysts are capable of polymerizing
      cyclic olefins having at least one unsubstituted ring double bond, with
      ring opening (German Published Application No. 1,299,868; and German
      Unexamined Published Application No. 1,570,940). Such mixed catalysts can
      effect the disproportionation of open-chain olefins (German Unexamined
      Published Application No. 1,618,466).
PAR  The same catalysts which promote the ring-opening polymerization of
      cycloolefins are also known to be effective in the olefin metathesis
      reactions wherein acyclic internal olefins undergo a structural
      rearrangement, e.g., 2 R.sub.1 --CH=CH--R.sub.2 .fwdarw. R.sub.1
      CH=CHR.sub.1, + R.sub.2 CH=CHR.sub.2 as described, inter alia, by Calderon
      et al., Tetrahedron Letters 1967; 3327, J. Am. Chem. Soc. 90; 4132 (1968)
      and in C & E News 45 (41); 51 ff. (1969).
PAR  It is also known from German Pat. No. 1,929,140 and German Unexamined
      Published Applications 2,058,183 and 2,016,471 to use these mixed
      catalysts in producing copolymers from polyolefinically unsaturated
      hydrocarbon polymers and either cyclic or acyclic olefinically unsaturated
      hydrocarbon monomers.
PAR  Furthermore, it is known from German Unexamined Published Application No.
      1,954,092 to produce graft polymers with the aid of these mixed catalysts
      by reacting cyclopentene with polybutadienes of various microstructures or
      with butadiene-styrene block polymers.
PAR  Finally, German Unexamined Published Application No. 2,058,198 describes
      reactions using these mixed catalysts of cycloolefins or polyalkenamers
      with polyolefinically unsaturated hydrocarbon polymers, inter alia also of
      EPDM rubber with 1,4-polybutadiene.
PAR  Such grafting of longer or shorter unsaturated polydiene side chains onto
      an EPDM rubber backbone is a useful procedure for solving many of the
      problems caused by the ternary component, i.e., the diene. The presence of
      a ternary or diene monomer is required in preparing ethylene-propylene
      copolymers suitable for elastomer use to give curing rates comparable to
      those of SBR. A variety of such diene monomers are used for this purpose,
      principally ethylidine norbornene and 1,4-hexadiene. While EPDM elastomers
      have many desirable properties, the high cost of the ternary monomer has
      greatly limited their present potential fields of application. The ternary
      component must meet several practical requirements which can be fulfilled
      simultaneously only with great difficulties. Principally, the ternary
      component should not be impracticably expensive, must copolymerize well
      with ethylene and propylene, and must impart to the terpolymer the ability
      to rapidly vulcanize to shaped articles having satisfactory properties
      suitable for the intended end use in practical applications.
PAR  In practice, one is forced to compromise the above criteria in selecting
      the ternary component. For example, inexpensive dicyclopentadiene can be
      satisfactorily polymerized, but yields terpolymers which are only
      gradually vulcanized. On the other hand, when using the likewise
      inexpensive cis,cis-1,5-cyclooctadiene, rapidly vulcanizing terpolymers
      are produced, but the ternary monomer must be used in large excess due to
      its poor ability to copolymerize, and the large unreacted proportion must
      then be recovered and processed from the polymerization system.
      5-Ethylidene-norbornene has favorable characteristics with regard to both
      copolymerization and vulcanization, but is presently available only at a
      relatively high price.
PAR  A substantial advance in the art would be achieved by making it possible to
      employ an inexpensive, readily polymerizable ternary comonomer, the
      remaining double bond of which would be easily vulcanizable. A substantial
      improvement in the previously inadequate covulcanizability of EPDM rubbers
      with conventional polydiene rubbers would result from a successful
      grafting of more strongly unsaturated diene rubber chains onto EPDM
      rubbers. This property plays an important part in such fields of use where
      the excellent ozone resistance of the EPDM rubbers is exploited in order
      to protect polydiene rubbers to be joined therewith from disadvantageous
      atmospheric influences, e.g., in sidewalls for automobile tires and cover
      strips therefor.
PAR  However, the direct joining of shaped objects made of EPDM rubbers with
      shaped objects made of polydiene rubbers fails due to both the deficient
      building tack of the former and the mutual physical incompatability of the
      two compositions. When attempting to improve adhesion by the physical
      admixture of polydiene rubber with the EPDM mass, the physical
      incompatibility of the two compositions prevents the formation of genuine
      homogeneous mixtures. Furthermore, the great difference in the double bond
      content of the two types of rubber has the effect in conventional sulfur
      vulcanization, that the EPDM portion of the mixture is normally
      undervulcanized (i.e., has too low a crosslinking density) if the
      polydiene proportion of the mixture is in the correct vulcanization
      condition, whereas the polydiene portion of the mixture is overvulcanized
      if the EPDM proportion is in the correct vulcanization condition. Such
      rubber mixtures do not yield the arithmetic mean of the practical-use
      properties of the individual components after vulcanization, but rather
      exhibit pronounced minima.
PAR  A detailed discussion of these problems is set forth in the literature
      article by G. Kerrutt, H. Blumel, and H. Weber entitled "Natural and
      Synthetic Rubber" in Plastics 22: 413-418 (1969). It can be seen
      therefrom, inter alia, that the mechanical strength of such compositions
      has a minimally tolerable value only at a ratio of about 75 parts by
      weight of polydiene rubber to 25 parts by weight of EPDM rubber. However,
      this proportion of EPDM rubber is too low to still impart the desired high
      ozone resistance to the mixture.
PAR  Accordingly, there is an urgent technical need for an unsaturated
      polyolefin rubber which is physically compatible with polydiene rubbers
      and which can be well covulcanized therewith. In such a case, the
      practical-use properties of the vulcanized mixtures would not show any
      pronounced minima, but would follow the law of mixtures in the first
      approximation, i.e., the nearly ideal addition of the properties of
      several components in a mixture.
PAR  During the linking between different types of unsaturated polymers by
      so-called "cross methathesis" reactions, side reactions occur which
      strongly reduce the utility of the copolymers so obtained. For example,
      EPDM rubber tends strongly toward gelling in the presence of the
      above-defined catalysts; German Unexamined Published Application No.
      2,058,198 describes, in Example 2, the reaction product obtained from the
      cross metathesis of EPDM and 1,4-polybutadiene as a "flabby gel" which
      must first be rendered soluble again by mechanical breakdown, e.g.,
      grinding or pulverizing. An additional disadvantage is that
      1,4-polybutadiene suffers strong degradation in the presence of these
      catalysts as can be seen from the examples of German Unexamined Published
      Application No. 2,016,840. Thus, in the final analysis, copolymers having
      a property spectrum suitable for such practical uses cannot be obtained in
      accordance with the indicated present state of the art.
PAR  These undesired side reactions occur to an increasing extent with
      lengthening reaction periods, so that they can only be prevented by
      correspondingly short reaction times, if no further measures are taken.
      Due to the viscosity of the polymer solutions and the agitating and mixing
      problems connected therewith, it is difficult to realize such
      correspondingly brief reaction times, even on an experimental scale.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide a
      process for simultaneously covulcanizing a rubber composition comprising
      both an unsaturated polyolefin rubber and a polydiene or polyalkenamer
      rubber.
PAR  Another object of this invention is to provide a covulcanized rubber
      composition comprising both an unsaturated polyolefin rubber and a
      polydiene or polyalkenamer rubber wherein each rubber component is
      correctly vulcanized.
PAR  A further object of this invention is to provide a process for chemically
      joining shaped objects of an unsaturated polyolefin rubber with shaped
      objects of polydiene rubber by cross metathesis wherein undesirable side
      reactions are greatly reduced or eliminated.
PAR  An additional object of this invention is to provide unsaturated polyolefin
      rubbers having double bonds which are not themselves readily vulcanizable
      but which are latently so.
PAR  Yet another object of this invention is to provide an unsaturated
      polyolefin rubber having improved covulcanizability and physical
      compatibility with polydiene and polyalkenamer rubbers.
PAR  A still further object of this invention is to provide an apparatus
      suitable for conducting the metathesis reaction between an unsaturated
      polyolefin rubber and a polydiene or polyalkenamer rubber.
PAR  A more particular object of this invention is to provide compositions
      comprising an EPDM rubber and a polybutadiene or polyalkenamer rubber
      having the above properties.
PAR  Upon further study of the specification and appended claims, further
      objects and advantages of this invention will become apparent to those
      skilled in the art.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the above and other objects are attained in one aspect of the
      present invention by providing a process for grafting a polydiene or a
      polyalkenamer onto an unsaturated polyolefin rubber backbone, which
      comprises: (a) dispersing in a first liquid stream a catalytically
      effective amount of a first organic solvent-soluble Ziegler-Natta catalyst
      component containing a metal of Subgroups V thru VII of the periodic
      table; (b) dispersing in a second liquid stream separate from said first
      stream a catalytically effective amount of a second organic
      solvent-soluble Ziegler-Natta catalyst componet containing an alkyl or a
      hydride of a metal from Main groups I thru III of the periodic table; (c)
      dispersing, separately or as a mixture, into one or both of said first and
      second streams or into at least one further liquid stream (i) a polydiene
      or a polyalkenamer having at least one metathesisable double bond per
      molecule; and (ii) an unsaturated polyolefin rubber comprising a
      metathesisable copolymer of two or more .alpha.-olefins with an
      unconjugated diolefin; and (d) intensively intermixing said streams under
      metathesis reaction conditions to form in situ a catalytic amount of a
      complete Ziegler-Natta catalyst system and to graft said polydiene or
      polyalkenamer onto said polyolefin rubber, thereby reducing side reactions
      between the catalyst components and the polymer components of said streams
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects will become more fully apparent to those
      skilled in the art to which this invention pertains from the following
      Detailed Discussion, taken in conjunction with the annexed drawing, which
      schematically represents one apparatus suitable and presently preferred
      for conducting the process of this invention.
DETD
PAC  DETAILED DISCUSSION
PAR  It has now been found that the above and other objects of this invention
      are surprisingly attained with the aid of inexpensive, readily
      polymerizable termonomers, the double bonds of which, following
      polymerization, are not per se easily vulcanizable. In accordance with
      this invention, it has been found that these double bonds can be rendered
      easily vulcanizable by a subsequent metathesis reaction which can be
      effected simultaneously with the grafting of a polydiene or polyalkenamer
      onto the unsaturated polyolefin rubber backbone.
PAR  The present invention provides a process for the modification of
      unsaturated polyolefin rubbers by reaction with other polymers amenable to
      the metathesis reaction, in the liquid phase, preferably in solution, in
      the presence of a catalyst system comprising (a) a soluble compound of a
      metal of the Subgroups V through VII of the periodic table, and (b) a
      soluble alkyl or hydride of a metal of Main groups I through III of the
      periodic table, as well as optionally activators. The process is
      characterized in that the metallic components of the catalyst system are
      each dispersed, preferably dissolved, separately in partial streams
      wherein the reaction components are contained, and these partial streams
      are intermixed intensively.
PAR  Suitable unsaturated polyolefin rubbers to be modified are copolymers of
      two or more .alpha.-olefins, one of which is preferably ethylene, with one
      or more unconjugated diolefins or polyunsaturated olefins, produced with
      the aid of so-called Ziegler-Natta catalysts. Generally, the copolymerized
      .alpha.-olefins are those of 3-10, preferably 3-6 carbon atoms. Suitable
      such .alpha.-olefins include but are not limited to butene-1,
      4-methyl-1-pentene, 1-pentene, 1-octene, 5-methyl-1-nonene, 1-decene, and
      5,6,6-trimethyl-1-heptene. Especially preferred is propylene.
PAR  Suitable unconjugated diolefins or multiple olefins are straight-chain or
      cyclic hyrocarbons, which include but are not limited to:
PAR  a. unconjugated aliphatic dienes and trienes, e.g., 1,4-pentadiene,
      1,4-hexadiene, 1,5-hexadiene, n-1,4,9-decatriene, etc.;
PAR  b. unconjugated monocyclic dienes, e.g. cis,cis-1,5-cyclooctadiene,
      3-viny-1-cyclooctene, etc.;
PAR  c. unconjugated bi- and polycyclic dienes and polyenes, e.g.,
      dicyclopentadiene, polycyclopentenyls, norbornadiene,
      cyclopentenylmethylnorbornene, butenylnorbornene, vinylnorbornene,
      tricyclotridecatriene (Diels-Alder adduct from 1,5-cyclooctadiene, etc.
PAR  Preferably usable are those EPDM rubbers (i.e., elastomeric copolymers of
      ethylene, propylene, and one or more unconjugated diolefins or multiple
      olefins) wherein the double bonds remaining in the polymer from the
      polymerized ternary monomer or diene component are at least partially
      unsubstituted and contained either in an open chain with 2-20  carbon
      atoms, in a ring with 4, 5, 7, or more carbon atoms, or in a stressed
      bicyclic ring system which comprises an unsaturated six carbon atom ring.
PAR  Unsuitable for the process of this invention are those EPDM rubbers, the
      double bonds of which are substituted or are in an unstressed six-membered
      ring, e.g., those wherein the diene component comprises exclusively
      ethylidenenorbornene, cyclohexenylnorbornene, isopropylidenenorbornene,
      vinylmethylene hydrindene, 4-methyl-1,4-hexadiene, 4-vinyl-1-cyclohexene,
      or other compounds of a similar structure.
PAR  The ethylene/propylene proportion of the EPDM rubbers is uncritical for
      their suitability as a basic graft component, as long as rubber is
      sufficiently soluble in the chosen polymerization reaction media.
      Ordinarily the weight ratio of ethylene to propylene in the copolymer is
      about 20 : 80 - 80 : 20, preferably 35 : 65 - 65 : 35. The diene content
      of the EPDM copolymers can fluctuate between 3 and 20% by weight of the
      total copolymer.
PAR  Especially preferred in the process of this invention are EPDM rubbers
      containing dicyclopentadiene and/or 1,4-hexadiene as the ternary
      component.
PAR  Polymers accessible to the metathesis reaction which can be used in this
      invention include but are not limited to homo and/or copolymers of
      butadiene, e.g., cis-1,4-polybutadiene, styrene-butadiene copolymers, and
      copolymers of butadiene with other mono- and/or diolefins, e.g., ethylene,
      propylene, butene-1, styrene, isoprene, etc., obtained by various known
      polymerization methods.
PAR  In this connection, more than 80%, preferably more than 90% of the
      butadiene in the homopolymers and/or of the butadiene proportion in the
      copolymers must be present as 1,4-linkages. If the butadiene proportion in
      the aforementioned homo- and/or copolymers of butadiene in the form of
      1,2- or vinyl linkages amounts to or exceeds 20%, undesired cross-linking
      reactions occur during the reaction. Preferably, a polybutadiene is
      employed in the process of this invention wherein more than 75%,
      especially more than 90%, of the double bonds are present as cis-1,4.
      These polybutadienes are produced in a known manner, e.g., with
      Ziegler-Natta catalysts from alkylaluminum halides in combination with
      cobalt compounds and/or nickel compounds. Catalysts suitable for the
      production of low-molecular weight liquid 1,4-cis-polybutadienes include
      but are not limited to catalysts of alkylaluminum sesquichlorides and
      nickel compounds soluble in the diluent.
PAR  Instead of the polybutadiene, it is also possible to use, for the grafting
      of the EPDM rubber, polymers obtained by the ring-opening polymerization
      of cycloolefins with 4, 5, 7, or more ring carbon atoms, i.e., the
      so-called polyalkenamers. Suitable such polyalkenamers include but are not
      limited to polybutenamer (from cyclobutene, 1,5-cyclooctadiene, or
      1,4,9-cyclododecatriene), polypentanamer (from cyclooctene), polynonenamer
      (from cyclononene), polydecenamer (from cyclodecene), polyundecenamer
      (from cycloundecene), polydodecanamer (from cyclododecene) and
      polytridecenamer (from cyclotridecene). Preferred polyalkenamers are
      polypentenamer, polyoctenamer, and polydodecenamer. Polymers of di- and
      triolefins, e.g., norbornene, dihydrocyclopentadiene, can also be utilized
      for the process of this invention.
PAR  Also usable for the reaction of this invention are partially hydrogenated
      or otherwise substituted derivatives of the aforementioned polymers,
      insofar as the substitution is inert, i.e., has not resulted in the
      introduction of functional groups inactivating the catalyst or otherwise
      interfering with polymerization. Obviously, copolymers of two or more of
      the above monomers are likewise suitable for this reaction. The only
      prerequisite is that at least one double bond per molecule of the
      higher-unsaturated grafting polymers is unsubstituted, and that this
      double bond is not present in an unstressed six-membered ring. The
      molecular weights (arithmetic means) of the higher-unsaturated grafting
      polymers to be grafted onto a backbone can vary, e.g., between about 300
      and 500,000. Molecular weights of between 500 and 300,000 are preferred.
PAR  In the process of this invention, the starting components can be reacted
      with one another in any desired quantitative ratio. In general, mixtures
      containing 5-98% by weight, preferably 10-90% by weight, of unsaturated
      polyolefin rubbers are used in the reaction.
PAR  The reaction can be conducted in all inert solvents suitable for
      polymerization with Ziegler-Natta catalysts, i.e., those solvents which do
      not adversely effect the catalysts or the course of the reaction, e.g.,
      aliphatic, alicyclic, aromatic and halogenated hydrocarbons. Suitable such
      solvents include but are not limited to one or more of alkanes, e.g.
      pentane, hexane, heptane, n- and isooctane, isononane (hydrogenated
      trimeric propene), n-decane, isododecane (hydrogenated tetrameric
      propene); cycloalkenamers, e.g. cyclopentane, methylcyclopentane,
      cyclohexane and the substitution products thereof, methylcyclohexane,
      ethylcyclohexane, isopropylcyclohexane, cyclooctane; naphthalenes, e.g.
      tetrahydronaphthalene and decahydronaphthalene; hydrogenated terpenes,
      e.g. pinane and camphane; aromatic hydrocarbons, e.g. benzene, toluene,
      o-, m-, p-xylene, ethylbenzene, o-, m-, p-diethylbenzene, n-propylbenzene,
      isopropylbenzene, and other mono- or polyalkylbenzenes; and halogenated
      alkyl or aryl hydrocarbons, e.g. methylene chloride, chloroform, carbon
      tetrachloride, 1,2-dichloroethylene, trichloroethylene,
      tetrachloroethylene, chlorobenzene, o-dichlorobenzene, trichlorobenzene
      (mixture of isomers), bromobenzene, fluorobenzene and 1,2-dichloroethane.
PAR  As is known, it is essential that the solvents, by suitable purification,
      be maximally free of water and other H-acidic compounds, as well as of
      compounds having electron donor functions (Lewis bases). Except for very
      small quantities which are optionally added to achieve certain effects,
      such impurities generally impair the activity of the catalyst.
PAR  It is furthermore known that conjugated diolefins, such as butadiene, have
      a very adverse effect on the catalyst. Therefore, when carrying out the
      process of this invention, these compounds are extensively removed, e.g.,
      by means of vacuum degasification when the procedure followed does not
      involve the dissolution of a finished, monomer-free homo- or copolymer of
      butadiene in a separate step, but rather the direct use of a solution
      stemming from the production of the copolymer for the manufacture of the
      grafted products.
PAR  The polymers to be reacted also should have, insofar as possible, no
      conjugated double bonds. Very minor contents are tolerable, equivalent at
      most to the catalyst concentration on a molar basis. Flawless conductance
      of the process of this invention presupposes, as in all other reactions in
      the presence of Ziegler-Natta catalysts, that the reaction take place
      under maximum exclusion of atmospheric oxygen, i.e., in sealed reactors
      under a protective fluid atmosphere. In principle, all those gases are
      suitable as the protective gas which do not inactivate the catalysts,
      e.g., the noble gases, paraffinic hydrocarbons and cycloparaffinic
      hydrocarbons having 1-4 carbon atoms and the chlorinated and fluorinated
      derivatives thereof, insofar as they are in the gaseous phase under the
      polymerization conditions employed. In practice, extremely pure nitrogen
      or argon will be utilized almost exclusively.
PAR  In accordance with the invention, the metal-containing components of the
      catalyst system are dispersed, preferably dissolved prior to the beginning
      of the reaction respectively separately in partial streams, and these
      partial streams are intensively intermixed prior to the metathesis
      reaction proper. In this process, various methods can be followed. Thus,
      it is possible to dissolve each metal-containing component of the catalyst
      system separately in partial streams of one and the same mixture of the
      polymer solutions. This mode of operation is advantageous especially if
      the quantities of the polymers to be reacted differ greatly, since the
      mixture ratio can in this way be more readily maintained at a constant
      value. It is possible to dissolve one of the metallic components of the
      catalyst system in the solution of the rubber and the other metallic
      component of the catalyst system in the solution of the polymer amenable
      to the metathesis reaction. It is also feasible to dissolve one of the
      metallic components of the catalyst system in the solution of a polymer
      and the other metallic component of the catalyst system in the mixture of
      the polymer solutions. Finally, one of the metallic components of the
      catalyst system can be dissolved in the mixture of the polymer solutions
      and the other metalcontaining component of the catalyst system dissolved
      in the pure solvent and/or solvent mixture.
PAR  In any event, care must be taken that the metal-containing components of
      the catalyst system are intimately mixed with the remaining reactants
      before being subjected to the reaction proper. Only in this way is it
      possible to avoid maximally high local catalyst concentrations and thereby
      achieve the objects of the present invention.
PAR  A special embodiment of the invention is the continuous conductance of the
      reaction with short reaction times, e.g., on the order of 0.1 second to 30
      minutes, preferably 0.5 second to 10 minutes.
PAR  An intensive intermixing of the partial streams is necessary for the
      successful accomplishment of the reaction according to the present
      invention. This can be achieved, for example, by allowing the reaction to
      proceed in a flow pipe containing mechanically movable or also fixed
      installations promoting the mixing action, thus representing a so-called
      "in-line" mixer. Especially advantageous is the use of a "static mixer,"
      commercially available, described in U.S. Pat. No. 3,286,992, the contents
      of which are incorporated by reference herein. However, other thorough
      mixing devices suitable for high-viscosity fluids which can be operated in
      a continuous manner are also basically usable.
PAR  In this connection, it is not absolutely necessary to conduct the reaction
      of this invention in a single passage through the mixing device. Rather,
      the given reaction time can be extended, either by recycling a portion of
      the reaction mixture or by effecting a subsequent agitation in a normal
      agitator-equipped vessel, up to a desired time value. This value depends
      on various parameters of the reaction system, examples being the type and
      concentration of the catalyst and of the polymers to be reacted, the
      temperature, and the desired degree of grafting. Accordingly, the data
      given herein regarding reaction times are to be considered merely as
      typical, rather than limiting. The optimum reaction time can be readily
      determined by those skilled in the art for each particular case.
PAR  The metathesis reaction in the process of the present invention is
      conducted at temperatures of between -50.degree. C. and +80.degree. C. The
      reaction temperature is limited in the upper direction by the thermal
      stability of the catalyst and in the lower direction by an impractically
      reduced reaction velocity. Advantageously, temperatures of between
      -30.degree. and +50.degree. C. are utilized, but preferably a range of
      between 0.degree. and +30.degree. C. is employed, which can be easily
      realized.
PAR  As is known, metathetical catalysts are mixed catalysts containing
      compounds of metals of the Subgroups V through VII of the periodic table,
      predominantly those of niobium, tantalum, molybdenum, tungsten, and
      rhenium, as well as compounds of metals of Main groups I through III of
      the periodic table, preferably their alkyls or hydrides, optionally with
      additional ligands, e.g., halogen, alkoxyl, or carboxylate, or, in place
      thereof, Lewis acids. Reference is made to the Periodic Table published in
      H. Remy, "Lehrbuch der Anorg. Chemie," Band I, Anhang (1965) and to the
      discussion of metathesis catalysts in William B. Hughes, Organometal.
      Chem. Syn. 1 (1972) 341 - 74 the contents of which are incorporated by
      reference herein. The metathetical catalysts can conventionally contain
      one or more activating additives, e.g., alcohols, epoxides,
      hydroperoxides, vinyl and allyl ethers and esters, vinyl halides and
      aromatic nitro compounds.
PAR  The customary fillers can be incorporated into the products produced
      according to this invention, and the products of this invention can be
      admixed to conventional rubber mixtures, both by means of processing
      customarily used in the rubber industry. Normally, the mixing step can be
      executed without a separate operating step, simultaneously with the
      incorporation of fillers during the course of the production of the basic
      mixture, by means of a rolling mill or an internal mixer. In this
      connection, it is possible to employ without exception inert fillers,
      e.g., asbestos, dolomite, aluminum oxide or silicate, barium sulfate,
      calcium silicate or carbonate, magnesium oxide or silicate, alumina,
      titanium dioxide and clays; active reinforcing agents, such as carbon
      black; moderately active fillers, e.g., finely divided silicas; and
      plasticizers. In order to prepare special vulcanized products, it is
      furthermore possible to utilize the conventional auxiliary agents, such as
      antiaging substances and cross-linking agents.
PAR  The unsaturated polyolefin rubbers which, produced in accordance with the
      process of this invention, are practically gel-free, can be vulcanized by
      means of conventional methods, wherein rapid vulcanization is attained due
      to the modification of the polymers. Furthermore, this modification
      results in a higher compatibility and good covulcanization with polydiene
      rubbers. Of particular importance is the fact that no special operations
      are required to effect the cross-linking reaction in presses, autoclaves,
      etc.
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitative of
      the remainder of the disclosure in any way whatsoever.
PAC  EXAMPLE 1 AND COMPARATIVE EXPERIMENTS A AND B
PAR  Referring briefly to the drawing, an apparatus is illustrated for
      conducting the process of this invention on a laboratory scale. The
      apparatus comprises two agitator-equipped vessels 10,10' each having a
      capacity of 3 liters and provided with agitators 12,12' and means for the
      introduction 14,14' and removal 16,16' of an inert gas (argon); these
      vessels are connected with the mixing pipe 22 via discharge pipes 18,18'
      and gear pumps 20,20'. Downstream of the gear pumps, discharge pipes 18
      and 18' are branched off-stream to pressure gauges 24,24' and pressure
      relief safety valves 26,26', and also branched onstream to mixer feed
      lines 28,28' and recycle lines 30,30' which latter return to the vessels
      10,10'. Flow regulating means such as ballcocks 32,32', 34,34' and 36,36'
      are interposed in the discharge pipes, mixer feed lines and recycle lines
      respectively to facilitate accurate metering into the mixing pipe of
      solutions having varied viscosities and pressures. The mixing pipe
      employed was a "Static Mixer" according to U.S. Pat. No. 3,286,992, having
      a diameter of 19 mm. and a length of  50 cm., with 21 mixing elements
      installed therein. The lower end of the mixing pipe terminates in a
      4-liter three-necked flask (not shown), the central neck of which is
      provided with an agitator and the third neck of which carried a dropping
      funnel in addition to a supply inlet for the inert gas. In the
      agitator-equipped vessel 10, 70 g. of cis-1,4-polybutadiene ("BUNA" CB
      10), dissolved in 1400 ml. of absolute benzene, was mixed under agitation
      with 0.879 millimole of tungsten hexachloride and 0.439 millimole of
      ethanol. In the second agitator-equipped vessel 10', 70 g. of
      ethylene-propylene-dicyclopentadiene rubber with 44% by weight of
      propylene units and 7 double bonds per 1000 carbon atoms, likewise
      dissolved in 1400 ml. of absolute benzene, was combined with 0.439
      millimole of ethanol and 8.79 millimoles of ethylaluminum dichloride. Both
      polymer solutions were then forced through the Static Mixer by means of
      the gear pumps, which required in total 20 minutes. From this throughflow
      time and the content of the mixing pipe during operation, an effective
      residence time of 43 seconds is derived.
PAR  Immediately after passage through the mixing pipe, the reaction was
      interrupted by adding a solution of 5 g. of potassium hydroxide and 2 g.
      of 2,6-di--tert.-butyl-p-cresol ("IONOL") to the vigorously agitated
      content of the associated three-necked flask.
PAR  The polymer was worked up by stirring the solution into 13 1. of methanol,
      extracting the thus-precipitated polymer for 2 hours with 4 1. of methanol
      in order to remove residual catalyst components, and drying in a vacuum
      drying chamber at 40.degree. C.
PAR  In Comparative Experiment A, the two polymer solutions were mixed in the
      apparatus without adding the catalyst, so that no graft polymerization
      reaction could take place, thus merely resulting in an intimate mixture of
      the polymers.
PAR  A further batch, Comparative Experiment B, differed from Example 1 insofar
      as the polymer solutions to which the catalyst components has been added
      were not passed through the mixing pipe, but rather were pumped directly
      into a three-necked flask and, after an agitation period of 2 minutes,
      were inactivated by adding the decomposing solution. A strong increase in
      viscosity resulting in the formation of a jelly-like mass was observed.
PAR  Table 1 indicates the results of these three experiments.
TBL                TABLE 1                                                     

     ______________________________________                                    

                 Example Comparative Experiment                                

                 1       A          B                                          

     ______________________________________                                    

     Isolated polymer (g.)                                                     

                   129.2     132.0      137.8                                  

     Reduced specific                                                          

     viscosity (dl./g.)*                                                       

                   2.6       2.1        1.6                                    

     Gel proportion (%)*                                                       

                   2         2          40                                     

     ______________________________________                                    

      *determined in toluene at 25.degree. C.                                  

PAR  The reduced specific viscosity of the starting polymers was 2.7 dl./g. for
      the cis-1,4-polybutadiene, and 1.7 dl./g. for the EPDM rubber. Both
      contained less than 2% gel.
PAR  It can be seen from Table 1 that conducting the grafting reaction in
      accordance with the present invention, in contrast to Comparative
      Experiment B, yields practically gel-free products which hardly differ
      from the mixture of the two polymers (Comparative Experiment A) with
      respect to gel content. As contrasted to Comparative Experiment B wherein
      the soluble proportions have suffered a marked degradation (as can be seen
      from the reduction in the RSV as compared to the polymer mixture from 2.1
      dl./g. to 1.6 dl./g), an equally marked increase in the RSV has taken
      place, which indicates good success of the grafting reaction, since the
      molecular weight of the polymer is increased by grafting.
PAR  Additional proof for the fact that a polybutadiene-modified EPDM rubber has
      been produced in Example 1, rather than having a side-by-side existence of
      the two unreacted components (which could be supposed due to the short
      reaction time) stems from examination of the vulcanization behavior of the
      samples. The methodology of such examinations is described in greater
      detail in the above-mentioned work by G. Kerrutt, H. Blumel, and H, Weber,
      "Natural and Synthetic Rubber" Plastics 22; 413-418 (1969), the contents
      of which are incorporated by reference herein. At this point, it need only
      be noted that the samples were vulcanized with a unit recipe (100 parts by
      weight of polymer, 5 parts by weight of zinc oxide, 1.5 parts by weight of
      sulfur, and 1.5 parts by weight of tetramethylthiuram disulfide) at eight
      different heating times between 5 and 120 minutes at 160.degree. C., and
      were thereafter subjected to equilibrium swelling in p-xylene (48 hours at
      23.degree. C.). This procedure yields three important indications:
PAR  1. The reciprocal equilibrium swelling 1/Q as a measure of the
      cross-linking density of the vulcanized product, wherein Q is the weight
      ratio of the swelling agent absorbed by the polymer to the cross-linked
      polymer (i.e., to the insoluble proportion of the vulcanized product);
PAR  2. the t.sub.90 value, i.e., the time at which 90% of the maximum
      cross-linking density has been reached;
PAR  3. the proportions of the vulcanized product soluble in the swelling agent,
      which is a reliable measure for the completeness of the cross-linking
      reaction.
PAR  The product from Comparative Experiment B was not included in these
      investigations, since a highly gelled polymer is of no interest from the
      viewpoint of practical use and processing technology.
PAR  Table 2 contains the results of these vulcanization studies for the polymer
      according to Example 1, the polymer mixture according to Comparative
      Example A, and the pure aforementioned cis-1,4-polybutadiene ("BUNA" CB
      10) and EPDM components.
TBL                TABLE 2                                                     

     ______________________________________                                    

                                       Soluble                                 

     Sample         1/Q     t.sub.90 (min.)                                    

                                       Proportions                             

                                       (% by Wt.)                              

     ______________________________________                                    

     Polymer of Example 1                                                      

                    0.22    &lt;5         2.8                                     

     Mixture of Comparative                                                    

     Experiment A   0.18    &lt;5         49                                      

     cis-1,4-Polybutadiene                                                     

                    0.29    &lt;5         1.5                                     

     EPDM           0.36     30        4                                       

     ______________________________________                                    

PAR  It can be seen that the EPDM rubber modified in accordance with the process
      of this invention is not only practically gel free, as already seen from
      Table 1, but can also be cross-linked very rapidly to a low solubility
      vulcanizate. In contrast thereto, one-half of the vulcanized product from
      Comparative Experiment A is dissolved in the swelling agent, corresponding
      exactly to the amount of EPDM rubber existing in the mixture, which rubber
      thus was not at all included in the vulcanization.
PAC  EXAMPLE 2
PAR  Both storage tanks of the apparatus described in Example 1 were charged
      with equal parts of a solution of 180 g. of the EPDM rubber described and
      employed in Example 1 and 36 g. of cis-1,4-polybutadiene ("BUNA" CB 10) in
      5.2 l. of absolute benzene. The content of vessel 1 was mixed under
      agitation with 2.61 millimoles of ethanol and 2.61 millimoles of tungsten
      hexachloride, and that of vessel 2 with 2.61 millimoles of ethanol and
      2.61 millimoles of ethylaluminum dichloride. The solutions were pumped at
      the same rate through the mixing pipe; the residence time was 1.1 seconds.
      Thereafter, the mixture was further stirred for 5 minutes in the
      associated 6-liter agitator-equipped flask, before the catalyst
      deactivator solution was added. The mixture was then worked up as
      described in Example 1.
PAR  177.5 g. of a colorless copolymer was obtained having an RSV of 1.9 dl./g.
      (measured in a 0.2% solution in toluene at 25.degree. C.), which was 96%
      by weight soluble in toluene at 25.degree. C., i.e., contained 4% gel.
PAR  The test vulcanization with swelling measurements resulted in a t.sub.90
      value of 10 minutes, a reciprocal swelling of 0.30, and 3.3% by weight
      soluble vulcanizate.
PAR  This example demonstrates the subdivision of a solution containing both
      polymer components proposed for more extreme quantitative ratios of the
      two components. Separate mixing of the solution with each catalyst
      component and the subsequent combination of the two solutions in the
      mixing pipe likewise result in products having excellent vulcanization
      behavior.
PAC  EXAMPLE 3
PAR  In the manner described in Example 2, 170 g. of the EPDM rubber described
      in Example 1 and used in Examples 1 and 2 and 8.5 g. of polybutadiene oil
      with an arithmetic mean molecular weight of 1600 ("Polyoel" Huels 110;
      double bond distribution: about 80% cis-, 19% trans-, and 1% vinyl-double
      bonds) as a solution in 3.5 l. of absolute benzene was distributed between
      the two storage tanks; mixed with 2.23 millimoles of ethanol and 2.23
      millimoles of tungsten hexachloride, and 2.23 millimoles of ethanol and
      22.3 millimoles of ethylaluminum dichloride, respectively; and pumped at a
      residence time of 2.6 seconds through the mixing pipe, after which a post
      reaction time of 30 minutes followed.
PAR  After the working-up operation, 165 g. of a colorless polymer was isolated
      having an RSV of 2.5 dl./g. and a gel content of 3%. The t.sub.90 value of
      the product amounted to 16 minutes during the homovulcanization; the
      reciprocal equilibrium swelling was 0.37.
PAR  A blend of this product and equal parts by weight of pure
      cis-1,4-polybutadiene ("BUNA" CB 10) yielded, in the vulcanization and
      swelling tests, a t.sub.90 value of 2 minutes, a reciprocal equilibrium
      swelling of 0.23 with only 8% by weight of proportions soluble in
      p-xylene. These amounted, as indicated in Table 1, to 49% by weight in
      case of a blend of polybutadiene and unmodified EPDM.
PAR  Therefore, it can be seen that modification of EPDM rubber according to the
      present invention leads to a product having a very good covulcanization
      behavior with respect to a polydiene rubber.
PAC  EXAMPLE 4
PAR  120 g. of the EPDM rubber described in Example 1 and used in Examples 1-3
      and 120 g. of cis-1,4-polybutadiene ("BUNA" CB 10) were dissolved in 4.8
      l. of absolute benzene; distributed in equal portions between the two
      storage tanks; mixed in the latter with 0.25 mmole of ethanol and 0.5
      mmole of tungsten hexachloride, or 0.25 mmole of ethanol and 3 mmoles of
      ethyl-aluminum dichloride, respectively; and pumped through the mixing
      pipe with a residence time of 2.1 seconds. As in Example 1, the reaction
      was then immediately stopped by adding the stabilizer-containing catalyst
      decomposition solution. After the working-up step, 255 g. of a copolymer
      was obtained having a reduced specific viscosity of 2.3 dl./g., which was
      93% by weight soluble in toluene at 25.degree. C.
PAR  Vulcanization yielded at t.sub.90 value of less than 5 minutes, a
      reciprocal equilibrium swelling of 0.24, and 3.7% by weight of the
      components soluble in p-xylene.
PAR  It can be seen from this example that the residence time of 2.1 seconds,
      which is extremely low for polymer reactions, results in products which
      can be cross-linked rapidly and completely.
PAC  EXAMPLE 5
PAR  286 g. of the EPDM rubber described in Example 1 and used in Examples 1-4
      and 14.3 g. of a polyoctenamer having an RSV of 0.48 dl./g. and 62%
      trans-, as well as 38% cis-double bonds, were dissolved in 5.7 l. of
      absolute benzene; respectively one-half of this mixture was introduced
      into each of the two storage tanks and mixed therein with 0.3 mmole of
      ethanol and 0.6 mmole of tungsten hexachloride, and with 0.3 mmole of
      ethanol and 3.6 mmoles of ethylaluminum dichloride, respectively. The
      modification reaction was conducted as in Example 3 with a residence time
      of 1 second in the static mixer and a post reaction time of 30 minutes.
PAR  After the working-up operation, 280 g. of a graft product was obtained
      having an RSV of 1.9 dl./g., of which 93% by weight was soluble in toluene
      at 25.degree. C. The homovulcanization thereof results in a t.sub.90 value
      of 17 minutes with a reciprocal equilibrium swelling of 0.39 and 4% by
      weight of components soluble in p-xylene at 25.degree. C. During
      covulcanization of a blend of equal parts by weight of this product with
      the cis-1,4-polybutadiene utilized in Examples 1 and 2, a t.sub.90 value
      of 4 minutes was obtained, with a reciprocal equilibrium swelling of 0.25,
      and with 5% by weight of components soluble in p-xylene at 25.degree. C.,
      representing very satisfactory covulcanization characteristics.
PAC  EXAMPLE 6 AND COMPARATIVE EXPERIMENTS C AND D
PAR  Both storage tanks of the apparatus set forth in Example 1 were charged
      with equal parts of a solution of 100 g. of an
      ethylene-propylene-trans-1,4-hexadiene rubber with 47% by weight of
      propylene units, 6.5 double bonds per 1000 carbon atoms, and a Mooney
      viscosity of ML.sub.4 = 84, and 100 g. of cis-1,4-polybutadiene ("BUNA" CB
      10) in 4 l. of absolute benzene. The contents of tank 10 were mixed under
      agitation with 1.6 mmoles of ethanol and 1.6 mmoles of tungsten
      hexachloride and the contents of tank 10' with 1.6 mmoles of ethanol and
      6.4 mmoles of ethylaluminum dichloride. The solutions were pumped through
      the mixing pipe at the same rate, the residence time being 2 seconds.
      Thereafter, the mixture was further agitated in the associated 6-liter
      agitator flask for 10 minutes, before the catalyst decomposition solution
      was added thereto. The reaction mixture was subsequently worked up as
      described in Example 1.
PAR  In Comparative Experiment C, the same two polymer solutions were mixed in
      the apparatus without the addition of a catalyst, so that no graft
      reaction could take place, the product being merely an intimate mixture of
      the polymers.
PAR  A third batch, Comparative Experiment D, differed from Example 6 insofar as
      the polymer solutions provided with the catalyst components were not
      conducted through the mixing pipe, but rather were pumped directly into a
      three-necked flask and were inactivated after 2 minutes of agitation by
      adding the catalyst decomposition solution. In this process, a strong
      increase in viscosity was observed, forming a jelly-like mass. Table 3
      indicates the results of these experiments.
TBL                TABLE 3                                                     

     ______________________________________                                    

                 Example Comparative Experiment                                

                 6       C          D                                          

     ______________________________________                                    

     Isolated polymer (g.)                                                     

                   180.4     186.5      185.0                                  

     Reduced specific                                                          

     viscosity (dl./g.)*                                                       

                   2.4       2.2        1.7                                    

     Gel proportion (%)*                                                       

                   2         2          47                                     

     ______________________________________                                    

      *determined in toluene at 25.degree. C.                                  

PAR  The reduced specific viscosity of the starting polymers was 2.7 dl./g. for
      cis-1,4-polybutadiene and 1.9 dl./g. for the EPDM rubber. Both contained
      less than 2% gel.
PAR  It can be seen from Table 3 that conducting the grafting reaction in
      accordance with this invention results in practically gel-free products,
      contrary to Comparative Experiment D, which products hardly differ in this
      respect from the mixture of the two polymers in Comparative Experiment C.
      In contrast to Comparative Experiment D, a rise in RSV has likewise taken
      place herein, which is evidence of a successful grafting reaction.
PAR  The data obtained in a test vulcanization with a unit recipe according to
      Example 1 for the polymer of Example 6, the polymer mixture of Comparative
      Example C, and the pure components cis-1,4-polybutadiene and EPDM, are
      compiled in Table 4.
TBL                TABLE 4                                                     

     ______________________________________                                    

                                       Soluble                                 

     Sample        1/Q     t.sub.90 (min.)                                     

                                       Proportions                             

                                       (% by Wt.)                              

     ______________________________________                                    

     Polymer of Example 6                                                      

                   0.25    &lt;5          3.4                                     

     Mixture according to                                                      

     Comparative Experi-                                                       

     ment C        0.19    &lt;5          47.5                                    

     cis-1,4-Polybuta-                                                         

     diene         0.29    &lt;5          1.5                                     

     EPDM          0.38     21         3.5                                     

     ______________________________________                                    

PAR  It will be seen that the EPDM rubber modified according to the process of
      this invention can be vulcanized very rapidly to yield very minor soluble
      proportions. In contrast thereto, almost half of the vulcanizate from
      Comparative Experiment C is dissolved in the swelling agent, corresponding
      exactly to the quantity of the EPDM rubber present in the mixture.
PAC  EXAMPLE 7
PAR  In the manner described in Example 2, 200 g. of the EPDM rubber described
      and employed in Example 6 and 10 g. of the polybutadiene oil described and
      used in Example 3, each as a solution in 4 l. of absolute benzene, were
      distributed between the two storage tanks; mixed with 1.25 mmoles of
      ethanol and 2.5 mmoles of tungsten hexachloride, and 1.25 mmoles of
      ethanol and 15 mmoles of ethylaluminum dichloride, respectively; and
      pumped through the mixing pipe with a residence time of 3.5 seconds. There
      followed a post reaction of 15 minutes. After the mixture was worked up,
      185 g. of a colorless polymer was isolated, having an RSV of 2.3 dl./g.
      and a gel content of 4%. The t.sub.90 value of the product was 12 minutes
      in the homovulcanization and the reciprocal equilibrium swelling was 0.34.
PAR  A blend of this product and equal parts by weight of pure
      cis-1,4-polybutadiene ("BUNA" CB 10) yielded, during the vulcanization and
      swelling tests, a t.sub.90 value of less than 5 minutes, a reciprocal
      equilibrium swelling of 0.22, with 5.4% by weight of components soluble in
      p-xylene at 25.degree. C. This proves the existence of a good
      covulcanization behavior.
PAR  The preceding examples can be repeated with similar success by subtituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for grafting a polydiene or a polyalkenamer onto an
      unsaturated polyolefin rubber backbone, which comprises:
PA1  a. dispersing in a first liquid stream a catalytically effective amount of
      a first organic solvent-soluble Ziegler-Natta metathesis catalyst
      component containing a metal of Subgroups V thru VII of the periodic
      table;
PA1  b. dispersing in a second liquid stream separate from said first liquid
      stream a catalytically effective amount of a second organic
      solvent-soluble Ziegler-Natta metathesis catalyst component containing an
      alkyl or a hydride of a metal from Main groups I thru III of the periodic
      table;
PA1  c. dispersing, separately or as a mixture, into one or both of said first
      and second liquid streams or into at least one further liquid stream (i) a
      polydiene or a polyalkenamer having at least one metathesisable double
      bond per molecule and (ii) an unsaturated polyolefin rubber comprising a
      metathesisable copolymer of two or more .alpha.-olefins with an
      unconjugated diolefin; and
PA1  d. intensively intermixing said liquid streams under metathesis reaction
      condictions to form in situ a catalytic amount of a complete Ziegler-Natta
      metathesis catalyst system and to metathetically graft said polydiene or
      polyalkenamer onto said polyolefin rubber, thereby reducing side reactions
      between the catalyst components and the polymer components of said
      streams; and
PA1  e. recovering the resultant graft copolymer characterized by an increased
      reduced specific viscosity as compared to the starting polymer and a low
      gel content.
NUM  2.
PAR  2. A process according to claim 1, wherein the reaction is conducted
      continuously.
NUM  3.
PAR  3. A process according to claim 1, wherein the first and second
      metal-containing catalyst components are dissolved in separate identical
      partial streams each containing both said unsaturated polyolefin rubber
      and said polydiene or polyalkenamer.
NUM  4.
PAR  4. A process according to claim 1, wherein one of the metal-containing
      components of the catalyst system is dissolved in a solution of the
      unsaturated polyolefin rubber, and the other metal-containing component of
      the catalyst system is dissolved in a solution of the polydiene or
      polyalkenamer.
NUM  5.
PAR  5. A process according to claim 1, wherein one of the metal-containing
      components of the catalyst system is dissolved in a solution of a single
      polymer, and the other metal-containing component of the catalyst system
      is dissolved in a mixture of said polymer reactants.
NUM  6.
PAR  6. A process according to claim 1, wherein one of the metal-containing
      components of the catalyst system is dissolved in a partial stream
      containing a solution mixture of said polymer reactants and the other
      metal-containing component of the catalyst system is dissolved in a
      solvent stream.
NUM  7.
PAR  7. A process according to claim 1, further comprising admixing a
      Ziegler-Natta catalyst activator with one or more partial streams.
NUM  8.
PAR  8. A process according to claim 1, wherein the unsaturated polyolefin
      rubber is an ethylene-propylene-unconjugated diene rubber.
NUM  9.
PAR  9. A process according to claim 8, wherein the double bonds of the rubber
      are at least partially unsubstituted and are present either in an open
      chain or in a ring system which can be polymerized under ring opening.
NUM  10.
PAR  10. A process according to claim 9, wherein the diene component of the
      rubber is dicyclopentadiene.
NUM  11.
PAR  11. A process according to claim 9, wherein the diene component of the
      rubber is 1,4-hexadiene.
NUM  12.
PAR  12. A process according to claim 1, wherein the polymer amenable to the
      metathesis reaction is a polyalkenamer.
NUM  13.
PAR  13. A process according to claim 12, wherein the polyalkenamer is a polymer
      or oligomer of butadiene.
NUM  14.
PAR  14. A process according to claim 13, wherein at least 90% of the double
      bonds of the butadiene are present as 1,4-vinylene groups.
NUM  15.
PAR  15. A process according to claim 13, wherein more than 75% of the double
      bonds of the polybutadiene are present as cis-1,4 groups.
NUM  16.
PAR  16. A process according to claim 12, wherein the polyalkenamer is
      polypentenamer.
NUM  17.
PAR  17. A process according to claim 12, wherein the polyalkenamer is
      polyoctenamer.
NUM  18.
PAR  18. A process according to claim 12, wherein the polyalkenamer is
      polydodecenamer.
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ABST
PAL  Compounds of the formula
      ##EQU1##
      in which R is lower alkyl; R.sub.1 is lower alkyl or lower alkoxy; X is
      thio or sulfonyl; R.sub.2 is alkyl, benzothiazolo, benzyl, naphthyl,
      benzodiazolo-1,3, thiazolo, phenyl or substituted phenyl wherein said
      substituents are chloro, bromo, methyl or methoxy and the use of these
      compounds as insecticides.
BSUM
PAR  This invention relates to certain novel phosphorus-containing chemical
      compounds and their use as insecticides. More particularly, the compounds
      of this invention are certain substituted thio and sulfonyl
      glyoxylnitrileoxime phosphates and phosphonates. The compounds find
      utility as insecticides.
PAR  The compounds of this invention that are useful as insecticides are those
      having the formula
      ##EQU2##
      in which R is lower alkyl having 1 to 4 carbon atoms, inclusive; R.sub.1
      is selected from the group consisting of lower alkyl having 1 to 4 carbon
      atoms, inclusive, and lower alkoxy having 1 to 4 carbon atoms, inclusive;
      X is selected from the group consisting of thio and sulfonyl; R.sub.2 is
      selected from the group consisting of alkyl having 1 to 6 carbon atoms,
      inclusive, benzothiazolo, benzyl, naphtyl, benzodiazolo-1,3, thiazolo,
      phenyl or substituted phenyl wherein said substituents are selected from
      the group consisting of chloro, bromo, methyl and methoxy.
PAR  Representative of R and R.sub.1 as lower alkyl having 1 to 4 carbon atoms,
      inclusive, are straight and branched chain members, such as, methyl,
      ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tertiary-butyl; for R.sub.2
      as alkyl having 1 to 6 carbon atoms, inclusive, methyl, ethyl, n-propyl,
      isopropyl, n-butyl, isobutyl, tertiary-butyl, n-pentyl, isopentyl,
      n-hexyl, isohexyl and the like.
PAR  The compounds having the formula
      ##EQU3##
      in which R, R.sub.1 and R.sub.2 are as defined above, can be conveniently
      prepared by the following reactions:
EQU  1. R.sub.2 SH + ClCH.sub.2 CN.sup.base R.sub.2 SCH.sub.2 CN + HCl
      ##EQU4##
PAR  The compounds having the formula
      ##EQU5##
      in which R, R.sub.1 and R.sub.2 are as defined above can be conveniently
      prepared by the following reactions:
      ##EQU6##
PAR  The compounds of the instant invention can be prepared by the reactions
      depicted in the above equations. Selection of time, temperature and
      solvents can be made within wide limitations. Once the equations and
      reactants are known, the specific procedures can be varied and modified to
      accommodate and facilitate the reactions. The intermediate from equation
      (1), i.e., the acetonitrile, can be isolated or reacted in the same or
      different solvent, or the reaction can be carried through to completion
      without isolation.
PAR  To facilitate reactions (1) andn (4), a non-reactive acid acceptor is used
      as a catalyst. In the following examples, specific materials are used as
      the base, however, other non-reactive acid acceptors would be acceptable.
PAR  Reactions (2) and (5) represent the reaction of the corresponding
      acetonitrile with an alkyl nitrile in the presence of a strong base, such
      as sodium methoxide or potassium t-butoxide to produce the sodium salt of
      an alkyl thio, or sulfonyl. Reactions (3) and (6) represent the reaction
      of the sodium salt with an appropriate substituted phosphoro or phosphono
      thiochloridate. Reactions (3) and (6) are preferably carried out in the
      presence of an inert solvent such as ethanol, tetrahydrofuran, benzene,
      acetone and the like.
PAR  The compounds of the present invention and their preparation are more
      particularly illustrated by the following examples. Following the examples
      is a table of compounds which are prepared according to the procedures
      described herein.
DETD
PAC  EXAMPLE I
PAC  Preparation of Intermediate A
PAR  2-Cyanomethylthiobenzothiazole.
PAR  In a 1 liter flask were combined 33.4 g. (0.2 mole) of
      2-mercaptobenzothiazole and 22.4 g. (0.2 mole) of potassium t-butoxide
      with 300 ml. of tetrahydrofuran. The reaction mass was stirred at room
      temperature for 15 minutes. Chloroacetonitrile, 16 g. (0.2 mole) was added
      and the resulting mixture was stirred at room temperature for 1 hour. The
      mixture was then poured into 400 ml. of benzene and was washed with three
      250 ml. portions of water. The benzene phase was dried with anhydrous
      magnesium sulfate. The solvent was evaporated. There was obtained a yield
      of 37.2 g. of the title compound, m.p. 75.degree.-77.degree.C.
PAC  Preparation of Intermediate B
PAR  Benzothiazolo-2-mercaptoglyoxylonitrileoxime sodium salt.
PAR  In a 500 ml. flask was combined 20.6 g. (0.1 mole) of 2-cyano
      methylthioibenzothiazole, 11.7 g. (0.1 mole) of iso-amylnitrite, 100 ml.
      of methanol, and 100 ml. of tetrahydrofuran. The mixture was stirred at
      room temperature until a clear solution was obtained and then cooled to
      10.degree.C. with an ice bath. A 25% sodium methoxide solution in
      methanol, 21.6 g. (0.1 mole), was added at such a rate that the
      temperature did not exceed 10.degree.C. After the addition was complete,
      the reaction mass was stirred at room temperature for 1 hour. The reaction
      mass was stripped of all volatiles under a vacuum. The solid residue was
      titurated with two 200 ml. portions of diethylether and dried. There was
      obtained a yield of 16.6 g. of the title compound, m.p. 200.degree.C. dec.
PAC  Preparation of
      Benzothiazolo-2-mercaptoglyoxylonitrileoxime-0,0-diethylphosphorothioate.
PAR  In a 250 ml. flask were combined 7.3 g. (0.03 mole) of
      benzothiazolo-2-mercaptoglyoxylonitrileoxime sodium salt, 5.6 g. (0.03
      mole) of diethylphosphorothio chloridate and 150 ml. of tetrahydrofuran.
      The reaction mass was stirred and heated under reflux for 1 hour, then
      cooled and poured into 300 ml. of benzene. The benzene mixture was washed
      with three 200 ml. portions of water, dried with anhydrous magnesium
      sulfate and treated with activated carbon. The solvent was evaporated in
      vacuo. There was obtained a yield of 4.3 g. of the title compound,
      n.sub.D.sup.30 = 1.5800.
PAC  EXAMPLE II
PAC  Preparation of Intermediate C
PAR  Methylthioacetonitrile.
PAR  In a 500 ml. flask were combined 50.5 g. (0.5 mole) of triethylamine and
      300 ml. of benzene. As the solution was stirred and cooled externally to
      10.degree.C. with an ice bath, 30 g. (0.625 mole) of methyl mercaptan gas
      was introduced. The gas inlet tube was replaced with a dropping funnel,
      and 37.8 g. (0.5 mole) of chloroacetonitrile was added over a period of 15
      minutes. After the addition was complete, the reaction mass was stirred at
      40.degree.C. for 1 hour. The mixture was then washed in turn with 250 ml.
      of dilute hydrochloric acid and two 200 ml. portions of water. The benzene
      phase was dried with anhydrous magnesium sulfate and the solvent
      evaporated. There was obtained a yield of 33.4 g. of the title compound
      n.sub.D.sup.30 =  1.5002.
PAC  Preparation of Intermediate D
PAR  Methylthioglyoxylonitrileoxime sodium salt.
PAR  In a 500 ml. flask was combined 33.4 g. (0.384 mole) of
      methylthioacetonitrile, 46.8 g. (0.4 mole) of iso-amylnitrite, 150 ml. of
      methanol, and 150 ml. of tetrahydrofuran. The mixture was stirred at room
      temperature until a clear solution was obtained and then cooled to
      10.degree.C. with an ice bath. 86.5 g. (0.4 mole) of a 25% sodium
      methoxide solution in methanol was added at such a rate that the
      temperature did not exceed 10.degree.C. After the addition was complete,
      the reaction mass was stirred at room temperature for 1 hour. The reaction
      mass was then stripped of all volatiles. The solid residue was titurated
      with two 200 ml. portions of diethyl ether and dried. There was obtained a
      yield of 51.8 g. of the title compound, hygroscopic, white solid.
PAC  Preparation of Methylthioglyoxylonitrileoxime-0,0-diethyl phosphorothioate
PAR  In the same manner as Example I, 6.9 g. (0.05 mole) of
      methylthioglyoxylonitrileoxime sodium salt, 94 g. (0.05 mole) of
      diethylphosphorothio chloridate and 200 ml. of ethanol were combined to
      yield 10.0 g. of the title compound, n.sub.D.sup.30 = 1.4932.
PAC  EXAMPLE III
PAC  Preparation of Methylthioglyoxylonitrileoxime-0,0-dimethylphosphorothioate
PAR  In the same manner as Example I, 6.9 g. (0.05 mole) of
      methylthioglyoxylonitrileoxime sodium salt, 8.09 g. (0.05 mole) of
      dimethylphosphorothio dichloridate, and 250 ml. of methanol were combined
      to yield 7.8 g. of the title compound, n.sub.D.sup.30 = 1.5050.
PAC  EXAMPLE IV
PAC  Preparation of Intermediate E
PAR  Phenylsulfonylacetonitrile.
PAR  Benzene sulfinic acid sodium salt, 49.2 g. (0.3 mole) was combined with 400
      ml. of dimethyl formamide in a 1 liter flask. The mixture was stirred at
      40.degree.C. Chloroacetonitrile, 22.5 g. (0.3 mole) was added over a
      period of 5 minutes. The resulting mixture was stirred and heated at
      40.degree.-45.degree.C. for 2 hours. The reaction mass was then poured
      into 600 ml. of water, and the solid insoluble product was collected by
      suction filtration and dried. There was obtained a yield of 29.8 g. of the
      title compound, m.p. 111.degree.-112.degree.C.
PAC  Preparation of Intermediate F
PAR  Phenylsulfonylglyoxylonitrileoxime sodium salt.
PAR  In the same manner as Example I, Intermediate B, 29.8 g. (0.065 mole) of
      phenylsulfonylacetonitrile, 19.9 g. (0.17 mole) of iso-amylnitrile, and
      36.7 g. (0.17 mole) of 25% sodium methoxide solution in methanol were
      combined in 300 ml. of tetrahydrofuran to yield 37.3 g. of the title
      compound, m.p. 240.degree.C. dec.
PAC  Preparation of Phenylsulfonylglyoxylonitrileoxime-0,0-diethyl
      phosphorothioate.
PAR  In the same manner as Example I, 4.8 g. (0.02 mole) of
      phenylsulfonylglyoxylonitrileoxime sodium salt and 3.7 g. (0.02 mole) of
      diethylphosphorothiochloridate were combined in 200 ml. of ethanol to
      yield 6.6 g. of the title compound, n.sub.D.sup.30 = 1.5134.
PAR  The following is a table of certain selected compounds that can be prepared
      according to the procedures described herein. Compound numbers are
      assigned to each compound and are used throughout the remainder of the
      application.
TBL                TABLE I                                                     

     ______________________________________                                    

              S                                                                

              RO.parallel.                                                     

              .angle.P--ON=C--X--R.sub.2                                       

              R.sub.1 .vertline.                                               

              CN                                                               

     COMPOUND                               n.sub.D.sup.30 or                  

     NUMBER  R       R.sub.1 X     R.sub.2  m.p. .degree.C.                    

     ______________________________________                                    

     1       Et      OEt     S              1.5800                             

     2       Me      OMe     S              1.5980                             

     3       Et      OEt     S              1.5417                             

     4       Me      OMe     S              1.5706                             

     5       Et      OEt     S     CH.sub.3 1.4932                             

     6       Me      OMe     S     CH.sub.3 1.5050                             

     7       Me      OMe     S     tert.--C.sub.4 H.sub.9                      

                                            1.4920                             

     8       Et      OEt     S     tert.--C.sub.4 H.sub.9                      

                                            1.4940                             

     9       Et      OEt     SO.sub.2       1.5134                             

     10      Me      OMe     SO.sub.2       1.5205                             

     11      Et      OEt     S              Dark oil                           

     12      Et      OEt     SO.sub.2       1.5215                             

     13      Me      OMe     SO.sub.2       1.5457                             

     14      Et      OEt     S              1.4898                             

     15      Me      OMe     S              1.5087                             

     16      Et      Et      S              1.4930                             

     17      Et      OEt     S     i--C.sub.5 H.sub.11                         

                                            1.4918                             

     18      Me      OMe     S     i--C.sub.5 H.sub.11                         

                                            1.4963                             

     19      Et      Et      S     i--C.sub.5 H.sub.11                         

                                            1.5060                             

     20      Et      OEt     S     i--C.sub.4 H.sub.9                          

                                            1.4828                             

     21      Me      OMe     S     i--C.sub.4 H.sub.9                          

                                            1.4958                             

     22      Et      Et      S     i--C.sub.4 H.sub.9                          

                                            1.4973                             

     23      Et      OEt     S     Et       1.4983                             

     24      Me      OMe     S     Et       1.5041                             

     25      Et      Et      S     Et       1.5198                             

     26      Et      OEt     S     i--C.sub.3 H.sub.7                          

                                            1.4930                             

     27      Me      OMe     S     i--C.sub.3 H.sub.7                          

                                            1.5029                             

     28      Et      Et      S     i--C.sub.3 H.sub.7                          

                                            1.5065                             

     29      Et      OEt     SO.sub.2       1.5360                             

     30      Me      OMe     SO.sub.2       1.5500                             

     31      Et      OEt     S              1.5390                             

     32      Me      OMe     S              1.5570                             

     33      Et      Et      S              1.5530                             

     34      Et      OEt     SO.sub.2       1.5465                             

     35      Me      OMe     SO.sub.2       1.5342                             

     36      Et      Et      SO.sub.2       1.5623                             

     37      Et      OEt     SO.sub.2       1.5201                             

     38      Et      Et      SO.sub.2       1.5462                             

     ______________________________________                                    

PAC  INSECTICIDAL EVALUATION TESTS
PAR  The term "insect" is used herein in its broad common usage to include
      spiders, mites, ticks and like pests which are not in the strict
      biological sense classified as insects. The term insect is used to refer
      not only to those small invertebrate animals belonging moistly to the
      class Insecta, comprising six-legged usually winged forms, as beetles,
      bugs, bees, flies, and so forth, but also to other allied classes of
      arthropods whose members are wingless and usually have more than six legs,
      as spiders, mites, ticks, centipedes, and wood lice.
PAR  The following insect species were used in evaluation tests for insecticidal
      activity:
PA1  1. Housefly (HF) -- Musca domestica (Linn.)
PA1  2. Lygus Bug (LB) -- Lygus hesperus (Knight)
PA1  3. German Cockroach (GR) -- Blatella germanica (Linn.)
PA1  4. Bean Aphid (BA) -- Aphis fabae (Scop.)
PA1  5. Beet Armyworm (BAW) -- Spodoptera exigua (Hubner)
PA1  6. Mosquito (MOS) -- Culex pipiens quinquefasciates
PAR  The housefly (HF) was used in the following film residue, evaluation tests
      of selected compounds as insecticides by the following procedure. A stock
      solution containing 100 .mu.g/ml. of the toxicant in an appropriate
      solvent was prepared. Aliquots of this solution were combined with 1
      milliliter of an acetonepeanut oil solution in a glass petri dish and
      allowed to dry. The aliquots were there to achieve desired toxicant
      concentration ranging from 100 .mu.g/per petri dish to that at which 50%
      mortality was attained. The petri dishes were placed in a circular
      cardboard cage, closed on the bottom with cellophane and covered on top
      with cloth netting. Twenty-five female houseflies, 3 to 5 days old, were
      introduced into the cage and the per cent mortality was recorded after 48
      hours. The LD-50 values are expressed in terms of .mu.g per 25 female
      flies. The results of this insecticidal evaluation test are given in Table
      II under HF.
PAR  In the insecticidal test employing German Cockroach, 10 one-month-old
      nymphs are placed into a circular cardboard cage sealed on one end with
      cellophane and covered by cloth netting on the other. Aliquots of the
      toxicant, dissolved in an appropriate solvent, are diluted in water to
      which has been added 0.0002% of a conventional wetting agent such as
      polyoxyethylene sorbitan monolaurate ether of alkylated phenols blended
      with organic sulfonate (Sponto 221). Test concentrations range from 0.1%
      to that at which 50% mortality is obtained. Each of these aqueous
      suspensions are sprayed onto the insects, through the cloth netting, by
      means of a hand spray gun. Percent mortality is recorded after 72 hours
      and the LD-50 values are expressed as percent of toxicant in the aqueous
      spray. These values are reported under the Column GR in Table II.
PAR  In the insecticidal test employing Beet Armyworm, test solutions were
      prepared in the same manner and at the same concentrations as those used
      for German Cockroach test. Sections of Romaine lettuce (Latuca sativa)
      were utilized as the host plant. The lettuce leaves were immersed in the
      test solution for 10-15 seconds and placed on a wire screen to dry. The
      dried leaf was placed on a moistened piece of filter paper in a petri dish
      and infested with five third-instar larvae. Mortality of the larvae was
      recorded after 72 hours. The LD-50 values are expressed as per cent active
      ingredient in the aqueous suspensions. These values are reported under
      Column BAW in Table II.
PAR  In the Lygus Bug test, 10 to 25 two-week old nymphs of lygus bug were
      placed in separate circular cardboard cages sealed on one end with
      cellophane and covered by a cloth netting on the other. Aliquots of the
      toxicants, dissolved in an appropriate solvent, were diluted in water
      containing 0.002% of a wetting agent, Sponto 221 (polyoxyether of
      alkylated phenols blended with organic sulfonates). Test concentrations
      ranged from 0.05% downward to that at which 50% mortality was obtained.
      Each of the aqueous suspensions of the candidate compounds were sprayed
      onto the insect through the cloth netting by means of a hand spray gun.
      Per cent mortality in each case recorded after 24 and 72 hours counts were
      made to determine living and dead insects. The LD-50 values expressed as
      per cent of toxicant in the aqueous spray were calculated and recorded.
      These values are reported under the Column LB in Table II.
PAR  The insect species black bean aphid (BA) Aphis fabae (Scop.) was also
      employed in the test for insecticidal activity. Young nasturtium
      (Tropaeolum sp.) plants, approximately 2 to 3 inches tall, were used as
      the host plants for the bean aphid. The host plant was infested with
      approximately 50-75 of the aphids. The test chemical was dissolved in
      acetone, added to water which contained a small amount of Sponto 221, an
      emulsifying agent. The solution was applied as a spray to the infested
      plants. Concentrations ranged from 0.05 percent downward until an LD-50
      value was achieved. These results are given in Table II under the Column
      BA.
PAC  MOSQUITO BIOASSAY
PAR  One hundred milliliters of an aqueous solution of the candidate compound,
      at an initial concentration of 0.5 p.p.m., are placed in a 6 ounce wax
      paper cup. Ten late third or early fourth instar larvae of the mosquito
      Culex pipiens quinquefasciates are placed in each cup and the cups are
      stored at 70.degree.F. for 3 days. At the end of this time, mortality
      counts are made. Compounds which are active at 0.5 p.p.m. are retested at
      progressively lower concentrations until an LD.sub.50 value is determined.
      These results are given in Table II under the Column MOS.
TBL                                    TABLE II                                

     __________________________________________________________________________

     (LD-50 VALUES)                                                            

     INSECTICIDE TESTS                                                         

     COMPOUND                                                                  

           HF    GR    LB    BA    BAW   MOS                                   

     NUMBER                                                                    

           .mu.g/25.degree.+                                                   

                 %     %     %     %     ppm.                                  

     __________________________________________________________________________

     1     15    .05   .001  .003  .03   .08                                   

     2     &gt;100  --    --    &gt;.05  --    --                                    

     3     &gt;100  --    --    &gt;.05  --    --                                    

     4     &gt;100  --    --    &gt;.05  --    --                                    

     5     30    .08   .005  .01   .03   .08                                   

     6     15    &gt;.1   .005  .01   .03   .3                                    

     7      100  &gt;.1   .03   &gt;.05  .1    &gt;.5                                   

     8     30    .03   .001  .003  .003  .03                                   

     9     30    .1    .03   .03   --    .5                                    

     10    40    &gt;.1   .03   .05   --    &gt;.5                                   

     11    7     .03   .008  .008  .03   .03                                   

     12    5     .03   .003  .003  .05   .3                                    

     13    30    &gt;.1   .01   .03   --    .5                                    

     14    30    .03   .008  .03   --    &gt;.5                                   

     15    30    &gt;.1   .05   &gt;.05  --    &gt;.5                                   

     16    30    .03   .003  .005  --    &gt;.5                                   

     17    45    .1    .03   .03   --    .05                                   

     18    80    .1    .05   .003  --    .08                                   

     19    30    .03   .008  .003  --    .08                                   

     20    30    .05   .008  .003  --    .03                                   

     21    30    .05   .005  .005  --    .03                                   

     22    30    .08   .008  .01   .08   .5                                    

     23    30    .03   .008  .005  .01   .03                                   

     24    30    .1    .005  .008  --    .3                                    

     25    9     .03   .005  .003  .03   .03                                   

     26    40    .05   .03   .03   .03   --                                    

     27    50    &gt;.1   .005  .03   --    .03                                   

     28    10    .03   .005  .008  .03   .03                                   

     29    30    .03   .005  .03   .08   .3                                    

     30    30    &gt;.1   .03   .03   &gt;.1   &gt;.5                                   

     31    30    .1    &gt;.05  .003  .01   .03                                   

     32    50    &gt;.1   .05   .005  &gt;.1   .03                                   

     33    30    .008  .01   .003  .01   .03                                   

     34    30    .05   .03   .03   &gt;.1   &gt;.5                                   

     35    10    &gt;.1   &gt;.05  &gt;.05  &gt;.1   &gt;.5                                   

     36    30    .1    .01   .03   &gt;.1   &gt;.5                                   

     37    50    &gt;.1   .03   .03   &gt;.1   &gt;.5                                   

     38    40    &gt;.1   .03   .03   &gt;.1   &gt;.5                                   

     __________________________________________________________________________

      --indicates not tested.                                                  

PAR  As those in the art are well aware, various techniques are available for
      incorporating the active component or toxicant in suitable pesticidal
      compositions. Thus, the pesticidal compositions can be conveniently
      prepared in the form of liquids or solids, the latter preferably as
      homogeneous free-flowing dusts commonly formulated by admixing the active
      component with finely divided solids or carriers as exemplified by talc,
      natural clays, diatomaceous earth, various flours such as walnut shell,
      wheat, soya bean, cottonseed and so forth.
PAR  Liquid compositions are also useful and normally comprise a dispersion of
      the toxicant in a liquid media although it may be convenient to dissolve
      the toxicant directly in a solvent such as kerosene, fuel oil, xylene,
      alkylated naphthalenes or the like and use such organic solutions
      directly. However, the more common procedures is to employ dispersions of
      the toxicant in an aqueous medium and such compositions may be produced by
      forming a concentrated solution of the toxicant in a suitable organic
      solvent followed by dispersion in water, usually with the aid of surface
      active agents. The latter, which may be anionic, cationic or nonionic
      types, are exemplified by sodium stearate, potassium oleate and other
      alkaline metal soaps and detergents such as sodium lauryl sulfate, sodium
      naphthalene sulfonate, sodium alkyl naphthalene sulfonate, methyl
      cellulose, fatty alcohol ethers, polyglycol fatty acid esters, and other
      polyoxyethylene surface active agents. The proportion of these agents
      commonly comprises 1-15% by weight of the pesticidal compositions although
      the proportion is not critical and may be varied to suit any particular
      situation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##EQU7##
      in which R is lower alkyl having 1 to 4 carbon atoms, inclusive; R.sub.1
      is selected from the group consisting of lower alkyl having 1 to 4 carbon
      atoms, inclusive, and lower alkoxy having 1 to 4 carbon atoms, inclusive;
      X is selected from the group consisting of thio and sulfonyl; R.sub.2 is
      selected from the group consisting of benzyl, naphthyl, phenyl or
      substituted phenyl wherein said substituents are selected from the group
      consisting of chloro, bromo, methyl and methoxy.
NUM  2.
PAR  2. The compound according to claim 1 in which R is lower alkyl, R.sub.1 is
      lower alkoxy, X is thio and R.sub.2 is p-chlorophenyl.
NUM  3.
PAR  3. The compound according to claim 2 in which R is ethyl and R.sub.1 is
      ethoxy.
NUM  4.
PAR  4. The compound according to claim 1 in which R is lower alkyl, R.sub.1 is
      lower alkoxy, X is thio and R.sub.2 is phenyl.
NUM  5.
PAR  5. The compound according to claim 4 in which R is methyl and R.sub.1 is
      methoxy.
NUM  6.
PAR  6. The compound according to claim 1 in which R is lower alkyl, R.sub.1 is
      lower alkoxy, X is sulfonyl and R.sub.2 is phenyl.
NUM  7.
PAR  7. The compound according to claim 6 in which R is ethyl and R.sub.1 is
      ethoxy.
NUM  8.
PAR  8. The compound according to claim 6 in which R is methyl and R.sub.1 is
      methoxy.
NUM  9.
PAR  9. The compound according to claim 1 in which R is lower alkyl, R.sub.1 is
      alkoxy, X is sulfonyl and R.sub.2 is p-methylphenyl.
NUM  10.
PAR  10. The compound according to claim 9 in which R is ethyl and R.sub.1 is
      ethoxy.
NUM  11.
PAR  11. The compound according to claim 9 in which R is methyl and R.sub.1 is
      methoxy.
NUM  12.
PAR  12. The compound according to claim 1 in which R is lower alkyl, R.sub.1 is
      lower alkoxy, X is sulfonyl and R.sub.2 is p-bromophenyl.
NUM  13.
PAR  13. The compound according to claim 12 in which R is ethyl and R.sub.1 is
      ethoxy.
NUM  14.
PAR  14. The compound according to claim 12 in which R is methyl and R.sub.1 is
      methoxy.
NUM  15.
PAR  15. The compound according to claim 1 in which R is lower alkyl, R.sub.1 is
      lower alkoxy, X is thio and R.sub.2 is benzyl.
NUM  16.
PAR  16. The compound according to claim 15 in which R is ethyl and R.sub.1 is
      ethoxy.
NUM  17.
PAR  17. The compound according to claim 15 in which R is methyl and R.sub.1 is
      methoxy.
NUM  18.
PAR  18. The compound according to claim 1 in which R is lower alkyl, R.sub.1 is
      lower alkyl, X is thio and R.sub.2 is benzyl.
NUM  19.
PAR  19. The compound according to claim 18 in which R is ethyl and R.sub.1 is
      ethyl.
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ABST
PAL  O-(4-iodophenyl) (thiono) phosphoric (phosphonic) acid esters and ester
      amides of the formula
      ##SPC1##
PAL  In which
PA1  R is an alkoxy, monoalkylamino or dialkylamino radical with 1-6 carbon
      atoms per alkyl group,
PA1  R' is a phenyl radical, an alkyl radical with 1-6 carbon atoms, a
      monoalkylamino or dialkylamino radical with 1-6 carbon atoms per alkyl
      group, or an alkoxy radical with 3-6 carbon atoms, and
PA1  X is oxygen or sulfur,
PAL  Which possess insecticidal and acaricidal properties.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular new O-(4-iodophenyl) (thiono) phosphoric (phosphonic) acid
      esters and ester amides, i.e. 4-iodophenol esters of phosphoric acid
      esters or phosphoric acid ester mono-amides or diamides, 4-iodophenol
      esters of O-alkyl-alkane- or -benzene-phoshonic acid esters or of
      N-alkyl-alkane- or -benzene-phosphonic acid amides, and their thiono
      analogues, which posses insecticdal or acaricidal properties, active
      compositions in the form of mixtures of such compounds with solid and
      liquid dispersible carrier vehicles, and methods for producing such
      compounds and for using such compounds in a new way especially for
      combating pests, e.g. insects and acarids, with other and further objects
      becoming apparent from a study of the within specification and
      accompanying examples.
PAR  It is known that O,O-diethyl-O-(4-iodophenyl)-thionophosphoric acid ester
      (Compound A) possesses insecticidal properties; furthermore
      O,O-diethyl-O-(p-iodophenyl)-phosphoric acid ester (Compound B) has also
      been described in the literature (see N. N. Melnikov, Z.obsh.Khim.
      (Journal of General Chemistry (U.S.S.R.)) 23, 1357-1364 (1953); C. van
      Hooidonk et al., Rec. Trav. Chim. Pays-Bas 86 (5), 449-457 (1967)).
PAR  The present invention provides, as new compounds, the
      idophenyl(thiono-)phosphoric(phosphonic) acid esters, ester amides and
      ester diamides of the general formula
      ##SPC2##
PAL  In which:
PA1  R is an alkoxy, monoalkylamino or dialkylamino radical with 1-6 carbon
      atoms per alkyl group,
PA1  R' is a phenyl radical, an alkyl radical with 1-6 carbon atoms, a
      monoalkylamino or dialkylamino radical with 1-6 carbon atoms per alkyl
      group, or an alkoxy radical with 3-6 carbon atoms, and
PA1  X is oxygen or sulfur.
PAR  Surprisingly, the iodophenyl(thiono-)phosphoric(phosphonic) acid esters,
      ester amides and ester diamides according to the invention show, besides a
      good acaricidal activity, a considerably higher insecticidal, especially
      soil-insecticidal activity than prior-art compounds of analogous
      structures and similar directions of activity. The compounds according to
      the present invention have given especially good results in the control of
      pests harmful to health and pests of stored products, and ectoparasites.
      The compounds according to the invention therefore represent a genuine
      enrichment of the art.
PAR  Moreover, the compounds according to the invention contribute to the
      reduction of the great requirement for new active compounds in the field
      of pesticides. This requirement originates in that ever higher demands are
      being made of the commercially available agents, especially in view of
      questions of environment protection, such as low toxicity to warm-blooded
      animals and low phytotoxicity, rapid degradation in and on the plant with
      small minimum intervals to be observed between spraying with pesticide and
      harvesting, and effectiveness against resistant pests.
PAR  In formula (I) R is preferably a straight or branched lower alkoxy radical
      with 1-4 carbon atoms or a mono-lower alkylamino or di-lower alkylamino
      radical with 1-3 carbon atoms per alkyl group; R' is preferably a phenyl,
      methyl, ethyl, n-propoxy or isopropoxy radical or a mono-lower alkylamino
      or di-lower alkylamino radical with 1-3 carbon atoms per alkyl residue.
PAR  The present invention also provides a process for the preparation of an
      iodophenyl(thiono-)phosphoric(phosphonic) acid ester, ester amide or ester
      diamide of the formula (I), in which 4-iodophenol, which has the formula
      ##SPC3##
PAL  is reacted, as such in the presence of an acid-binding agent or in the form
      of an alkali metal salt or alkaline earth metal salt thereof, with a
      (thiono-)phosphoric(phosphonic) acid ester halide, ester amide halide or
      diamide halide of the general formula
      ##EQU1##
      in which:
PAR  R, R' and X have the meanings stated above, and Hal is halogen, preferably
      chlorine.
PAR  If O-ethylethanephosphonic acid ester chloride and 4-iodophenol are used as
      the starting materials, the reaction course can be represented by the
      following formula scheme:
      ##SPC4##
PAR  As examples of the (thiono-)phosphoric(phosphonic) acid ester halides,
      ester amide halides and diamide halides of the formula (II) there may be
      mentioned: O,O-dipropyl-, O,O-di-isopropyl- and
      O-propyl-O-butyl-phosphoric acid ester chlorides and their thiono
      analogues; O-methyl-, O-ethyl-, O-propyl-, O-isopropyl-, O-n-butyl-,
      O-isobutyl-, O-sec.-butyl-, O-tert.-butyl-methane-(or ethane- or benzene-)
      phosphonic acid ester chlorides and the corresponding thiono analogues;
      O-methyl-, O-ethyl-, O-n-propyl-, O-isopropyl-, O-n-butyl-, O-isobutyl-,
      O-sec.-butyl- and O-tert.-butyl-N-methyl- (or N-ethyl-, N-n-propyl- or
      N-isopropyl-) phosphoric acid ester amide chlorides and the corresponding
      N,N-dialkylamino compounds and the thiono analogues; N-methyl-, N-ethyl-,
      N-n-propyl-, N-isopropyl-methane- (or ethane- or benzene-) phosphonic acid
      amide chlorides, the corresponding dialkylamino and thiono compounds;
      N,N'-dimethyl-, N,N'-diethyl-, N,N'-di-n-propyl- and
      N,N'-di-isopropyl-phosphoric acid diamide chlorides and the corresponding
      N,N,N',N'-tetraalkyl and thiono compounds.
PAR  The (thiono)phosphoric(phosphonic) acid ester halides, ester amide halides
      and diamide halides used as starting materials are described in the
      literature and can also be prepared on an industrial scale. Iodophenol is
      likewise readily accessible according to known processes, for example by
      diazotization of p-aminophenol and reaction with potassium iodide.
PAR  The preparative process is preferably carried out with the use of a
      suitable solvent or diluent. As such, practically all inert organic
      solvents are suitable, especially aliphatic and aromatic optionally
      chlorinated hydrocarbons, such as benzene, toluene, xylene, benzine,
      methylene chloride, chloroform, carbon tetrachloride or chlorobenzene;
      ethers, such as diethyl ether, dibutyl ether or dioxane; ketones, for
      example acetone, methyl ethyl ketone, methyl isopropyl ketone or methyl
      isobutyl ketone; and nitriles, such as acetonitrile or propionitrile.
PAR  As acid-binding agents all customary acid-acceptors can be used.
      Particularly good results have been obtained with alkali metal carbonates
      and alcoholates, such as sodium or potassium carbonate, methylate or
      ethylate; however, aliphatic, aromatic or heterocyclic amines, for example
      triethylamine, dimethylamine, dimethylaniline, dimethylbenzylamine or
      pyridine can be used.
PAR  The reaction temperatures can be varied within a fairly wide range. In
      general, the reaction is effected at about 10.degree. to 100.degree.C,
      preferably at about 65.degree. to 80.degree.C. The reaction is preferably
      carried out under normal pressure.
PAR  For the carrying out of the process, the starting materials are preferably
      used in equimolar amounts, with the use of one of the aforesaid solvents,
      in the presence of an acid acceptor. An excess of one or other reactant
      brings no substantial advantages. In most cases, the procedure followed
      when carrying out the process is that the iodophenol in one of the
      solvents stated above is heated for a short time at an elevated
      temperature together with the acid acceptor, and the phosphoric acid
      derivative is then added dropwise, with stirring. After one to several
      hours' stirring, the reaction mixture is taken up in an organic solvent,
      for example benzene, the soluble constituents are washed out, the organic
      phase is dried and the solvent is removed by distillation under reduced
      pressure.
PAR  The compounds according to the invention are obtained in most cases in the
      form of colorless to slightly yellow-colored oils, some of which cannot be
      distilled without decomposition but can, by so-called "slight
      distillation", that is by longer heating to a moderately elevated
      temperature under reduced pressure, be freed from the last volatile
      components and in this way be purified. For the characterization of such
      products the refractive index is suitable; the compounds obtained in
      crystalline form may be characterized by their melting points.
PAR  As already mentioned, the iodophenyl(thiono-)phosphoric-(phosphonic) acid
      esters, ester amides and ester diamides of this invention are
      distinguished by an outstanding insecticidal and acaricidal effectiveness
      against crop pests, pests harmful to health and pests of stored products,
      as well as ectoparasites. They possess a good activity both against
      sucking and biting insects and mites (Acarina). At the same time, they
      exhibit a low phytotoxicity.
PAR  For these reasons, the compounds according to the invention may be used
      with success as pesticides in crop protection and the protection of stored
      products, as well as in the hygiene field.
PAR  To the sucking insects there belong, in the main, aphids (Aphididae) such
      as the green peach aphid (Myzus persicae), the bean aphid (Doralis fabae),
      the bird cherry aphid (Rhopalosiphum padi), the pea aphid (Macrosiphum
      pisi) and the potato aphid (Macrosiphum solanifolii), the current gall
      aphid (Cryptomyzus korschelti), the rosy apple aphid (Sappaphis mali), the
      mealy plum aphid (Hyalopterus arundinis) and the cherry black-fly (Myzus
      cerasi); in addition, scales and mealybugs (Coccina), for example the
      oleander scale (Aspidiotus hederae) and the soft scale (Lecanium
      hesperidum) as well as the grape mealybug (Pseudococcus maritimus); thrips
      (Thysanoptera), such as Hercinothrips femoralis, and bugs, for example the
      beet bug (Piesma quadrata), the red cotton bug (Dysdercus intermedius),
      the bed bug (Cimex lectularius), the assassin bug (Rhodnius prolixus) and
      Chagas' bug (Triatoma infestans) and, further, cicadas, such as Euscelis
      bilobatus and Nephotettix bipunctatus.
PAR  In the case of the biting insects, above all there should be mentioned
      butterfly caterpillars (Lepidoptera) such as the diamond-back moth
      (Plutella maculipennis), the gypsy moth (Lymantria dispar), the brown-tail
      moth (Euproctis chrysorrhoea) and tent caterpillar (Malacosoma neustria);
      further, the cabbage moth (Mamestra brassicae) and the cutworm (Agrotis
      segetum), the large white butterfly (Pieris brassicae), the small winter
      moth (Cheimatobia brumata), the green oak tortrix moth (Tortrix viridana),
      the fall armyworm (Laphygma frugiperda) and cotton worm (Prodenia litura),
      the ermine moth (Hyponomeuta padella), the Mediterranean flour moth
      (Ephestia kuehniella) and the greater wax moth (Galleria mellonella).
PAR  Also to be classed with the biting insects are beetles (Coleoptera), for
      example the granary weevil (Sitophilus granarius = Calandra granaria), the
      Colorado beetle (Leptinotarsa decemlineata), the dock beetle (Gastrophysa
      viridula), the mustard beetle (Phaedon cochleariae), the blossom beetle
      (Meligethes aeneus), the raspberry beetle (Byturus tomentosus), the bean
      weevil (Bruchidius = Acanthoscelides obtectus), the leather beetle
      (Dermestes frischi), the khapra beetle (Trogoderma granarium), the flour
      beetle (Tribolium castaneum), the northern corn billbug (Calandra or
      Sitophilus zeamais), the drugstore beetle (Stegobium paniceum), the yellow
      mealworm (Tenebrio molitor) and the saw-toothed grain beetle (Oryzaephilus
      surinamensis), and also species living in the soil, for example wireworms
      (Agriotes spec.) and larvae of the cockchafer (Melolontha melolontha);
      cockroaches, such as the German cockroach (Blattella germanica), American
      cockroach (Periplaneta americana), Madeira cockroach (Leucophaea or
      Rhyparobia maderae), oriental cockroach (Blatta orientalis), the giant
      cockroach (Blaberus giganteus) and the black giant cockroach (Blaberus
      fuscus) as well as Henschoutedenia flexivitta; further, Orthoptera, for
      example the house cricket (Acheta domesticus); termites such as the
      eastern subterranean termite (Reticultitermes flavipes) and Hymenoptera
      such as ants, for example the garden ant (Lasius niger).
PAR  The Diptera comprise essentially the flies, such as the vinegar fly
      (Drosophila melanogaster), the Mediterranean fruit fly (Ceratitis
      capitata), the house fly (Musca domestica), the little house fly (Fannia
      canicularis), the black blow fly (Phormia regina) and bluebottle fly
      (Calliphora erythrocephala) as well as the stable fly (Stomoxys
      calcitrans), further, gnats, for example mosquitoes such as the yellow
      fever mosquito (Aedes aegypti), the northern house mosquito (Culex
      pipiens) and the malaria mosquito (Anopheles stephensi).
PAR  With the mites (Acarina) there are classed, in particular, the spider mites
      (Tetranychidae) such as the two-spotted spider mite (Tetranychus urticae)
      and the European red mite (Paratetranychus pilosus = Panonychus ulmi),
      gall mites, for example the black currant gall mite (Eriophyes ribis) and
      tarsonemids, for example the broad mite (Hemitarsonemus latus) and the
      cyclamen mite (Tarsonemus pallidus); finally, ticks, such as the relapsing
      fever tick (Ornithodorus moubata).
PAR  When applied against pests harmful to health and pests of stored products,
      particularly flies and mosquitoes, the compounds of this invention are
      also distinguished by an outstanding residual activity on wood and clay,
      as well as a good stability to alkali or limed substrates.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e. diluents, carriers or extenders of the type
      usable in conventional pesticide formulations or compositions, e.g.
      conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g. conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g. benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g. petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g. glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g. dimethyl formamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.
      acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone,
      etc.), and/or water; as well as inert dispersible finely divided solid
      carriers, such as ground natural minerals (e.g. kaolins, clays, alumina,
      silica, chalk, i.e. calcium carbonate, talc, attapulgite, montmorillonite,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g. alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryls sulfonates,
      albumin hydrolyzates, etc., and especially alkyl arylpolyglycol ethers,
      magnesium stearate, sodium oleate, etc.); and/or dispersing agents, such
      as lignin, sulfite waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other insecticides and acaricides, or
      rodenticides, fungicides, bactericides, nematocides, herbicides,
      fertilizers, growth-regulating agents, etc., if desired, or in the form of
      particular dosage preparations for specific application made therefrom,
      such as solutions, emulsions, suspensions, powders, pastes, and granules
      which are thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably
      0.5-90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001-10%, preferably 0.01-1%, by weight of the mixture.
      Thus, the present invention contemplates over-all compositions which
      comprises mixtures of a conventional dispersible carrier vehicle such as
      (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g. a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001-95%, and preferably 0.01-95%, by weight of the
      mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      15 to 1000 g/hectare, preferably 40 to 600 g/hectare, are sufficient. In
      this process it is possible to use highly concentrated liquid compositions
      with said liquid carrier vehicles containing from about 20 to about 95% by
      weight of the active compound or even the 100% active substance alone,
      e.g. about 20-100% by weight of the active compound.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. insects and acarids, which
      comprises applying to at least one of correspondingly (a) such insects,
      (b) such acarids, and (c) the corresponding habitat thereof, i.e. the
      locus to be protected, a correspondingly combative or toxic amount, i.e.
      an insecticidally or acaricidally effective amount, of the particular
      active compound of the invention alone or together with a carrier vehicle
      as noted above. The instant formulations or compositions are applied in
      the usual manner, for instance by spraying, atomizing, vaporizing,
      scattering, dusting, watering, squirting, sprinkling, pouring, fumigating,
      and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
PAR  The synthesis, unexpected superiority and outstanding activity of the
      particular new compounds of the present invention are illustrated, without
      limitation, by the following examples:
DETD
PAC  EXAMPLE 1
PA1  Critical concentration test / soil insects
PA1  Test insect: cabbage root fly maggots (Phorbia brassicae)
PA1  Solvent: 3 parts by weight acetone
PA1  Emulsifier: 1 part by weight alkylarylpolyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      active compound is mixed with the stated amount of solvent, the stated
      amount of emulsifier is added and the concentrate is diluted with water to
      the desired concentration. The preparation of active compound is
      intimately mixed with soil. The concentration of the active compound in
      the preparation is of practically no importance; only the amount by weight
      of active compound per unit volume of soil, which is given in p.p.m. (for
      example mg/l) is decisive. The soil is filled into pots and the pots are
      left to stand at room temperature. After 24 hours, the test insects are
      put into the treated soil, and after a further 48 hours the degree of
      effectiveness of the active compound is determined as a percentage by
      counting the dead and living test insects. The degree of destruction is
      100% when all the test insects have been killed; it is 0% when exactly as
      many test insects are alive as in the case of the control.
PAR  The active compounds, the amounts applied and the results can be seen from
      the following Table 1:
TBL                                    Table 1                                 

     __________________________________________________________________________

     (Test with Phorbia brassicae maggots in the soil)                         

     Active compound         Degree of destruction in % with a                 

                             concentration of active compound                  

                             of                                                

                             20  10  5   1.5 1.25                              

                                                 0.625 ppm                     

     __________________________________________________________________________

                             100 100 100 100 100 50                            

                             100 100 100  95  50                               

                             100 100  80  50                                   

                             100 100  50                                       

                             100 100 100 50                                    

                             50  0                                             

                             0                                                 

     __________________________________________________________________________

PAC  EXAMPLE 2
PAC  Drosophila test
PA1  Solvent: 3 parts by weight alkylarylpolyglycol ether
PA1  Emulsifier: 1 part by weight acetone
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      the active compound is mixed with the stated amount of solvent containing
      the stated amount of emulsifier, and the concentrate is diluted with water
      to the desired concentration.
PAR  1 ml of the preparation of the active compound is applied with a pipette to
      a filter paper disc of 7 cm diameter. The wet disc is placed in a glass
      vessel containing 50 vinegar flies (Drosophila melanogaster) and covered
      with a glass plate.
PAR  After the specified periods of time, the destruction is determined as a
      percentage: 100% means that all the flies are killed; 0% means that none
      of the flies are killed.
PAR  The active compounds, their concentrations, the evaluation times and the
      degree of destruction can be seen from the following Table 2:
TBL                                    Table 2                                 

     __________________________________________________________________________

     (Drosophila Test)                                                         

             Active compound Concentration of                                  

                                       Degree of des-                          

                             active compound                                   

                                       truction in %                           

                             in % by weight                                    

                                       after 1 day                             

     __________________________________________________________________________

                                 0.1      20                                   

                                 0.01     0                                    

                                 0.1     100                                   

                                 0.01    100                                   

                                 0.001    99                                   

                                 0.1     100                                   

                                 0.01    100                                   

                                 0.001    99                                   

                                 0.1     100                                   

                                 0.01    100                                   

                                 0.001    55                                   

                                 0.1     100                                   

     0.01                        100                                           

     0.001                        60                                           

                                 0.1     100                                   

                                 0.01     90                                   

     __________________________________________________________________________

PAC  EXAMPLE 3
PA1  Myzus test (contact action)
PA1  Solvent: 3 parts by weight acetone
PA1  Emulsifier: 1 part by weight alkylarylpolyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      the active compound is mixed with the stated amount of solvent containing
      the stated amount of emulsifier and the concentrate is diluted with water
      to the desired concentration.
PAR  Cabbage plants (Brassica oleracea) that have been heavily infested with
      peach aphids (Myzus persicae) are sprayed with the preparation of the
      active compound until dripping wet.
PAR  After the specified periods of time, the degree of destruction is
      determined as a percentage: 100% means that all the aphids are killed
      whereas 0% means that none of the aphids are killed.
PAR  The active compounds, the concentrations of the active compounds, the
      evaluation times and the results can be seen from the following Table 3:
TBL                                    Table 3                                 

     __________________________________________________________________________

     Myzus test                                                                

             Active Compound                                                   

                            Concentration of                                   

                                      Degree of                                

                            active compound                                    

                                      destruction                              

                            in % by weight                                     

                                      in % after 1                             

                                      day                                      

     __________________________________________________________________________

                               0.1        50                                   

                               0.01       0                                    

                               0.1        0                                    

                               0.1       100                                   

                               0.01      100                                   

     __________________________________________________________________________

PAC  EXAMPLE 4
PA1  Tetranychus test (resistant)
PA1  Solvent: 3 parts by weight acetone
PA1  Emulsifier: 1 part by weight alkylarylpolyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      the active compound is mixed with the stated amount of solvent containing
      the stated amount of emulsifier and the concentrate so obtained is diluted
      with water to the desired concentration.
PAR  Bean plants (Phaseolus vulgaris) that have a height of approximately 10-30
      cm are sprayed with the preparation of the active compound until dripping
      wet. These bean plants are heavily infested with the two-spoted spider
      mite (Tetranychus urticae) in all stages of development.
PAR  After the specified periods of time, the effectiveness of the preparation
      of active compound is determined by counting the dead mites. The degree of
      destruction thus obtained is expressed as a percentage: 100% means that
      all the spider mites are killed whereas 0% means that none of the spider
      mites are killed.
PAR  The active compounds, the concentrations of the active compounds, the
      evaluation times and the results can be seen from the following Table 4:
TBL                                    Table 4                                 

     __________________________________________________________________________

     (Tetranychus test/resistant)                                              

             Active compound Concentration of                                  

                                       Degree of                               

                             active compound                                   

                                       destruction                             

                             in % by weight                                    

                                       in % after 2                            

                                       days                                    

     __________________________________________________________________________

                                 0.1       0                                   

                                 0.1       0                                   

                                 0.1       80                                  

                                 0.1      100                                  

                                 0.1       90                                  

     __________________________________________________________________________

PAC  EXAMPLE 5
PA1  Test with parasitizing fly larvae
PA1  Solvent; 35 parts by weight ethyleneglycolmonomethyl ether
PA1  Emulsifier: 35 parts by weight nonylphenolpolyglycol ether
PAR  To produce a suitable preparation of active compound, 30 parts by weight of
      the active compound concerned are mixed with the stated amount of solvent
      which contains the proportion stated above of emulsifier, and the
      concentrate so obtained is diluted with water to the desired
      concentration.
PAR  About 20 fly larvae (Lucilia cuprina) are put into a test-tube which
      contains about 2 ml of horse musculature. 0.5 ml of the preparation of
      active compund is applied to this horseflesh. After 24 hours, the degree
      of destruction is determined as a percentage: 100% means that all, and 0%
      that none, of the larvae have been killed.
PAR  The active compounds investigated, the concentrations tested and the
      findings obtained can be seen from the following Table 5:
TBL                                    Table 5                                 

     __________________________________________________________________________

     (Test with parasitizing fly larvae)                                       

             Active compound Concentration of                                  

                                       Degree of                               

                             active compound in                                

                                       destruction                             

                             ppm (by weight)                                   

                                       in %                                    

     __________________________________________________________________________

                                 100      100                                  

                                  30      100                                  

                                  10      100                                  

                                  3       100                                  

                                  1        0                                   

                                 100      100                                  

                                  30      100                                  

                                  10      &lt;50                                  

                                  3       &lt;50                                  

                                  1        0                                   

                                 100      100                                  

                                  30      100                                  

                                  10      100                                  

                                  3       &lt;50                                  

                                  1        0                                   

     __________________________________________________________________________

PAR  The process of this invention is illustrated by the following preparative
      Examples.
PAC  EXAMPLE 6
PAR  a. The 4-iodophenol to be used as a starting material can be prepared, for
      example, as follows:
      ##SPC5##
PAR  To 109 g (1 mole) of 4-aminophenol in 500 ml of water there are added 500 g
      of ice; first 65 ml of concentrated sulfuric acid and then, at 0.degree.C,
      a solution of 72 g of sodium nitrite in 150 ml of water are added dropwise
      to the reaction mixture. After addition of the total amount of the
      nitrite, the mixture is stirred for a further 20 minutes at 0.degree.C and
      a further 20 ml of concentrated sulfuric acid are then added. This mixture
      is added dropwise to a solution of 200 g of potassium iodide in 200 ml of
      water. 1 g of copper powder is added, and the mixture is slowly heated to
      75.degree. to 80.degree.C; nitrogen escapes. Subsequently, the reaction
      mixture is extracted three times with, in each case, 200 ml of chloroform.
      The combined chloroform extracts are washed with a 10%-strength aqueous
      solution of sodiuim thiosulfate, the solvent is evaporated, and the
      residue is distilled. After recrystallization from ligroin, 158 g (72% of
      theory) of 4-iodophenol of melting point 93.degree. to 94.degree.C are
      obtained.
      ##SPC6##
PAR  66 g (0.3 mole) of 4-iodophenol are boiled for 30 minutes with 42 g of
      potassium carbonate in 400 ml of acetonitrile. 51.8 g (0.3 mole) of
      O-isopropylmethanethionophosphonic acid ester chloride are subsequently
      added dropwise to the mixture, which is then heated for a further 2 hours
      under reflux; the reaction mixture is then taken up in 400 ml benzene, and
      the soluble components are washed out with water, a 1N solution of sodium
      hydroxide and again with water. The organic phase is dried over sodium
      sulfate, and the solvent is distilled off under reduced pressure. The
      O-isopropyl-O-(4-iodophenyl)-methanethionophosphonic acid ester remains
      behind in 78% yield in the form of an oil with a refractive index
      n.sub.D.sup.26 of 1.5820.
PAR  Analogously, the following compounds can be prepared:
      ##SPC7##
TBL                               Yield Physical constants                     

     Compound                                                                  

            X      R        R'    (% of (refractive index,                     

                                  theory)                                      

                                        melting point)                         

     ______________________________________                                    

     2      O     iC.sub.3 H.sub.7 O                                           

                           iC.sub.3 H.sub.7                                    

                                  87    n.sub.D.sup.26 = 1.5198                

     3.     S     iC.sub.3 H.sub.7 O                                           

                           iC.sub.3 H.sub.7                                    

                                  77    m.p. 39.degree.C                       

     4      S     CH.sub.3 C.sub.2 H.sub.5 O                                   

                                  68    n.sub.D.sup.26 = 1.5863                

     5.     S     C.sub.2 H.sub.5                                              

                           C.sub.2 H.sub.5 O                                   

                                  78    n.sub.D.sup.24 = 1.5862                

     6.     S     C.sub.2 H.sub.5                                              

                           iC.sub.3 H.sub.7 O                                  

                                  87    n.sub.D.sup.26 = 1.5700                

     7.     S     C.sub.6 H.sub.5                                              

                           C.sub.2 H.sub.5 O                                   

                                  73    n.sub.D.sup.26 = 1.6158                

     8.     S     C.sub.2 H.sub.5 O                                            

                           iC.sub.3 H.sub.7 NH                                 

                                  58    n.sub.D.sup.26 = 1.5630                

     9.     O     (CH.sub.3).sub.2 N                                           

                           (CH.sub.3).sub.2 N                                  

                                  71    m.p. 67.degree.C                       

     10.    S     (CH.sub.3).sub.2 N                                           

                           (CH.sub.3).sub.2 N                                  

                                  58    m.p. 91.degree.C                       

     ______________________________________                                    

PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An iodo-phenyl-thiono-phosphoric (phosphonic) acid ester or ester amide
      selected from the group consisting of
PA1  O-isopropyl-O-(4-iodophenyl)-methanethionophosphonic acid ester,
PA1  O-isopropyl-O-(4-iodophenyl)-ethanethionophosphonic acid ester, or
PA1  O-ethyl-N-isopropyl-thionophosphoric acid ester amide.
NUM  2.
PAR  2. The compound according to claim 1 wherein such compound is
      O-isopropyl-O-(4-iodophenyl)-methanothionophosphonic acid ester of the
      formula
      ##SPC8##
NUM  3.
PAR  3. The compound according to claim 1 wherein such compound is
      O-isopropyl-O-(4-iodophenyl)-ethanethionophosphonic acid ester of the
      formula
      ##SPC9##
NUM  4.
PAR  4. The compound according to claim 1 wherein such compound is
      O-ethyl-N-isopropyl-thionophosphoric acid ester amide of the formula
      ##SPC10##
PATN
WKU  039313603
SRC  5
APN  5357691
APT  1
ART  127
APD  19741223
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ABST
PAL  A method for decolorizing and stabilizing alkylphenyl esters of phosphoric
      acid which comprises contacting the esters with an effective amount of a
      soluble nitrilotriacetate salt for a sufficient length of time to
      decolorize and stabilize the esters against subsequent color formation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the decolorization and stabilization of
      alkylphenyl esters of phosphoric acid. The production of low color and
      color stable phosphate esters from alkylphenol precursors has been a long
      recognized problem. In the conventional production of phosphate esters
      from alkylphenols, undesirable color formation frequently occurs. Color
      can decrease the phosphate ester's value as a commercial product.
PAR  Alkylphenyl esters of phosphoric acid find extensive use as plasticizers
      for nitrocellulose and polyvinyl chloride (PVC) compositions. In addition,
      they also serve as additives for gasoline, functional fluids, oils, and
      are useful as flame retardants in plastics, and the like.
PAR  The preparation of alkylphenyl esters of phosphoric acid is generally
      accomplished by the addition of phosphorus oxychloride, (POC1.sub.3) to
      selected phenols, such as cresols, xylenols, and the like, and gradually
      heating the resulting reaction mixture to about 180.degree.C. The reaction
      is accelerated by the presence of a Friedel-Crafts catalyst such as
      sluminum aluminum (A1C1.sub.3). In conventional processing, the reaction
      product is vacuum distilled to remove unreacted phenols as an initial
      fraction, and the alkylphenyl phosphate ester as a product fraction,
      leaving high boiling point materials and the catalyst in the residue. The
      distilled product fraction is then washed thoroughly with sodium hydroxide
      solution to remove free phenol and acidic materials, followed by water
      washing. The product fraction is then generally treated with activated
      carbon to remove color causing impurities.
PAR  This process, which works very well with esters produced from conventional
      by-product alkylphenols, produces unsatisfactory material when applied to
      mixed alkylphenols produced by the alkylation of phenol with olefins. It
      is found that the products discolor upon exposure to air, exposure to
      heat, or storage in the dark. The discoloration has been attributed to the
      presence of di(o-alkyl)phenols in the alkylated phenol. Steric hindrance
      caused by the double ortho substitution in 2,6-dialkylphenols and in
      2,4,6-trialkylphenols renders the phenols unresponsive to washing with
      sodium hydroxide solution, so that they are not removed by the caustic
      wash.
PAR  These so-called "hindered phenols," can oxidize in the presence of air to
      form highly colored quinones, which are the source of undesirable
      discoloration in the product. These quinones can bleach somewhat in the
      light, however, color will reappear upon storage in the dark. The color
      can intensify when the ester is mixed or milled with polyvinyl chloride
      (PVC) under the influence of air and heat.
PAR  Thus, for example, in the case of 2,6-diisopropylphenol, the corresponding
      diphenoquinone or benzoquinone is highly colored. Esters made from
      mixtures of alkylated phenols which contain di-orthoalkylphenols such as
      2,6-diisopropylphenol can be too highly colored for many uses,
      particularly for use as plasticizers. High color phosphate esters have
      limited utility for plasticizer use and are less marketable.
PAR  Color formation in phosphate esters is discussed in U.S. Pat. No.
      3,681,482, which correlates the degree of color formation in phosphate
      esters to the degree of alkyl substitution of the aryl ring. Accordingly,
      tris(methylphenyl) phosphate will produce less color than tris
      (dimethylphenyl) phosphate. This may be explained by the fact that the
      tris (methylphenyl) phosphate has only one methyl group substituted on the
      aryl ring, whereas tris (dimethylphenyl) phosphate has two methyl groups
      substituted on the aryl ring and, therefore, has more color.
PAR  A number of proposals have been made for methods to overcome the problem of
      undesirable color formation. For example, U.S. Pat. No. 1,958,210
      discloses the use of activated carbon to decolorize and remove oxidizable
      impurities from phosphate esters. This approach is unsatisfactory because
      activated carbon is not an effective decolorizing agent for alkylphenyl
      phosphate esters. In certain instances, for example, in the decolorization
      of isopropylphenyl diphenyl phosphate ester, the use of activated carbon
      may increase color formation.
PAR  U.S. Pat. No. 2,113,951 discloses a method wherein an alkylphenol such as
      cresylic acid is distilled in the presence of a mineral acid such as
      sulfuric, hydrochloric or phosphoric acid, to purify it. The purified
      cresylic acid is then employed in the manufacture of tricresyl phosphate
      esters which are supposed to be more stable to the action of heat and
      light than the corresponding ester made from alkylphenols distilled in the
      absence of an inorganic acid. The disadvantage of this process is that the
      phenolic residues oxidize to colored quinones, and must be thoroughly
      distilled in order to remove them and avoid further color formation.
PAR  Another method for reducing color is proposed in U.S. Pat. No. 3,681,482
      wherein sodium borohydride is used to permanently bleach and color
      stabilize tris (alkylphenyl) phosphate esters containing
      2,6-diisopropylphenol and the corresponding diphenoquinone. The sodium
      borohydride reduces the diphenoquinone to the colorless
      2,6-diisopropylphenol which, however, remains in the product and is a
      potential source of discoloration if the product is exposed to oxidizing
      conditions. Sodium borohydride treatment is also expensive in cost of
      materials and time, as several hours to overnight treating times are
      necessary.
PAR  Thus, it can be seen that the methods proposed in the prior art, are not
      commercially effective for removing color from alkylphenol esters of
      phosphoric acid, or do not improve the PVC mill stability when these
      esters are used as PVC plasticizers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a method for removing color from
      alkylphenyl esters of phosphoric acid which also improves the mill
      stability of these esters when they are used as plastizers for PVC has now
      been discovered.
PAR  The method comprises contacting the alkylphenol phosphate esters with an
      effective amount of a water soluble nitrilotriacetate salt solution for a
      time sufficient to reduce the color to the desired level. The phosphate
      ester is decolorized and stabilized against subsequent color formation.
      This treatment produces a low color, stable phosphate ester. The preferred
      soluble nitrilotriacetate salts used in this invention are the alkali
      metal nitrilotriacetates which include sodium, lithium, potassium,
      ammonium and the like, with the more preferred alkali metal salt being
      sodium nitrilotriacetate.
PAR  The soluble alkali metal nitrilotriacetate is generally employed in an
      aqueous solution.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION AND THE PREFERRED EMBODIMENTS
PAR  Permanent removal of color from colored phosphate esters according to the
      method of this invention is achieved by contacting the phosphate ester
      with an effective amount of a water soluble nitrilotriacetate salt
      solution for a time sufficient to decolorize the phosphate ester to the
      desired level, and stabilize it against subsequent color formation.
PAR  This invention is applicable to all phosphate esters which are made from
      alkylated phenol mixtures which contain hindered phenols, e.g., phenols
      containing alkyl groups on both positions ortho to the hydroxyl group. The
      esters may contain 0.5 to 3 alkylaryl groups and 0 to 2.5 phenyl groups.
      Preferably, the triaryl phosphate esters treated by the process of this
      invention are a mixture of esters containing 1 to 2 alkaryl groups. The
      esters correspond to the general formula:
      ##EQU1##
      where R is alkylaryl and R.sub.1 and R.sub.2 may be alkyl, alkaryl,
      aralkyl, or aryl, and wherein the alkyl groups can contain from 1-20
      carbon atoms, more preferably from 1 to 12 carbon atoms. Some triphenyl
      phosphate may also be present.
PAR  The alkylated phenols which contain hindered phenols are usually made by
      alkylating phenol with C.sub.1 -C.sub.12 unsaturated hydrocarbons such as
      ethylene, propylene, isobutylene and its isomers, amylene and its isomers,
      tripropylene, tetrapropylene, decene, dodecene, diisobutylene and the
      like.
PAR  Typical examples of alkyl radicals are as follows: methyl, ethyl, normal
      propyl, isopropyl, normal butyl, isobutyl, secondary butyl, tertiary
      butyl, normal amyl, isoamyl, 2-methylbutyl, 2,2-dimethyl propyl, 1-methyl
      butyl, diethylmethyl, 1,2-dimethyl propyl, tertiary amyl, normal hexyl,
      1-methylamyl, 1-ethyl butyl, 1,2,2-trimethyl propyl, 3,3-dimethyl butyl,
      1,1,2-trimethyl propyl, 2-methyl amyl, 1,1-dimethyl butyl, 1-ethyl
      2-methyl propyl, 1,3-dimethyl butyl, isohexyl, 3-methylamyl, 1,2-dimethyl
      butyl, 1-methyl 1ethyl propyl, 2ethyl, normal heptyl, 1,1,2,3-tetramethyl
      propyl, 1,2-dimethyl 1-ethyl propyl, 1,1,2-trimethyl butyl, 1-isopropyl
      2-methyl propyl, 1-methyl 2-ethyl butyl, 1,1-diethyl propyl, 2-methyl
      hexyl, 1,1-dimethyl amyl, 1-isopropyl butyl, 1-ethyl 3-methyl butyl,
      1,4-dimethyl amyl, isoheptyl, 1-methyl 1-ethyl butyl, 1-ethyl 2-methyl
      butyl, 1-methyl hexyl, 1-1-propyl butyl, normal octyl, 1-methyl heptyl,
      1,1-diethyl 2-methyl propyl, 1,1,3,3-tetramethyl butyl, 1,1-diethyl butyl,
      1,1-dimethyl hexyl, 1-methyl 1-ethyl amyl, 1-methyl 1-propyl butyl,
      2-ethyl hexyl, 6-methyl heptyl, normal nonyl, 1-methyl octyl, 1-ethyl
      heptyl, 1,1-dimethyl heptyl, 1-ethyl 1-propyl butyl, 1,1-diethyl 3-methyl
      butyl, diisobutyl methyl 3,5,5-trimethyl hexyl, 3,51dimethyl heptyl,
      normal decyl, 1-propyl heptyl, 1,1-diethyl hexyl, 1,1-dipropyl butyl,
      2-isopropyl 5-methyl hexyl and C.sub.11 -C.sub.20 alkyl groups.
PAR  Also included are aralkyl groups, e.g., benzyl, alpha- or beta-phenylethyl,
      alpha, alpha dimethylbenzyl and the like. Also included are cyclohexyl,
      cycloheptyl, cyclododecyl, and the like.
PAR  Typical examples of aryl and alkaryl radicals are phenyl, cresyl, xylyl,
      alkoxylated phenyl, isopropylphenyl, butylphenyl, alpha-alkylbenzylphenyl
      and alpha, alpha- dialkylbenzylphenyl, e.g., alpha-methylbenzylphenyl,
      alpha, alpha dimethylbenzyl phenyl, tert-nonylphenyl amylphenyl,
      tert-butylphenyl, isooctylphenyl, dodecylphenyl, tertiary octylphenyl and
      the like.
PAR  The invention is hereinafter exemplified by first showing the preparation
      of an ester via the alkylation of phenol with an olefin, followed by
      addition of POCL.sub.3. These alkylated phenols produce esters which are
      similar to those produced with conventional by-product coal tar cresylic
      acids or methylphenols.
PAR  The esters are generally made by reacting an alkylphenol with POCL.sub.3 in
      the presence of a Friedel-Crafts catalyst at an elevated temperature,
      typically about 180.degree.C., until the reaction is complete, as noted by
      the cessation of HCL evolution. The reaction mixture is then heated to
      distill excess phenols overhead. The temperature and/or vacuum is then
      increased and the phosphate ester product is distilled leaving the
      catalyst and a small amount of high boiling distillation residue.
PAR  Conventionally, the ester product is washed with aqueous alkali to remove
      free phenols which are generally present in the range of about a few
      tenths of a percent. The washed product is separated from the water and
      generally treated with activated carbon and a filter aid, such as
      diatomaceous earth, and filtered. However, product discoloration caused by
      hindered phenols in the presence of air and heat can ensue, rendering the
      product unsuitable for use in applications where lack of color is
      important.
PAR  In accordance with this invention, the phosphate ester product is treated
      for color removal and color stabilization by contacting the finished
      product alkylphenol phosphate ester with an effective amount of a soluble
      nitrilotriacetate salt solution until the color is adequately reduced. The
      soluble nitrilotriacetate salts encompassed by the process of the present
      invention include the alkali metal salts such as sodium, lithium,
      potassium, ammonium, and mixtures thereof. Sodium nitrilotriacetate is
      especially preferred.
PAR  Treatment times will vary, generally from about 5 minutes to about 24
      hours, depending upon the amount of phosphate ester treated, the amount
      and concentration of soluble nitrilotriacetate salt in solution, the
      temperature, agitation, and the like. Preferably, the phosphate esters are
      washed for about 1 hour to about 5 hours at a temperature of about
      20.degree.C. to about 100.degree.C. More preferably, the washing treatment
      is carried out at temperatures of about 45.degree.C. to about 70.degree.C.
PAR  The amount of alkali metal nitrilotriacetate in solution can vary in amount
      from about 0.01% to about 20% by weight of the phosphate ester treated.
      Larger amounts of the nitrilotriacetate salt can be employed, but no
      advantage is accrued thereby. It is preferred to use an amount ranging
      from about 0.5% to about 10% by weight of the phosphate ester. The
      particular amount of soluble nitrilotriacetate salt employed in any given
      instance will to some extent be influenced by a number of factors, which
      include the amount of color present, the extent of color improvement
      desired, the particular phosphate ester treated, treatment time, and the
      like.
PAR  The method of this invention is generally conducted under atmospheric
      pressure. However, higher or lower pressures may be used. It may also be
      conducted under an inert atmosphere, such as nitrogen which serves to
      repress re-oxidation.
PAR  The soluble nitrilotriacetate salts are preferably employed in aqueous
      solutions. The method of this invention may be carried out batch-wise or
      in a continuous manner.
PAR  One particular advantage of the instant invention is that after treatment
      of the phosphate ester with the soluble nitrilotriacetate salt solution,
      no additional steps or special treatment other than an optional washing
      step, phase separation and drying are necessary. Trace residual
      nitrilotriacetate salt if present, does not appear to have an adverse
      effect on the commercial properties of the phosphate esters, however the
      optional final water wash is employed primarily to remove soluble organic
      material prior to drying.
PAR  The following examples are illustrative of the methods disclosed above, and
      are provided without any intention that the invention be limited thereto.
      In the examples and throughout the specification, all parts and
      percentages are by weight, unless otherwise noted.
PAC  EXAMPLE 1
PAC  Preparation of Isopropylphenyl Diphenyl Phosphate Ester
PAR  1,86 moles of phenol, 1.50 moles of an isopropylphenol mixture containing
      mono- and diisopropyl phenols, and 1.12 moles of phosphorus oxychloride
      were placed in a 1 liter reactor and stirred at a moderate rate at room
      temperature. Nitrogen gas was bubbled slowly through the liquid and
      anhydrous magnesium chloride catalyst was added to the stirred contents.
      The charge was then heated, while slowly being stirred, from a temperature
      of 38.degree.C. to 180.degree.C. over a period of four hours. The
      temperature was maintained at 180.degree.C. for approximately five hours
      or until the evolution of hydrogen chloride ceased.
PAR  The crude isopropylphenyl diphenyl phosphate product weighing 423 grams was
      then transferred to a 1/2 liter distillation flask and vacuum distilled
      through a 6 .times. 1 inches column packed with 1/4 inch glass spheres.
      The distilled isopropylphenyl diphenyl phosphate ester product weighing
      366 grams was then introduced into a 2 liter reactor and washed for 1 hour
      at 65.degree.C. with 300 milliliters of a 1% sodium hydroxide solution.
      The caustic wash was repeated two additional times with fresh caustic
      solution.
PAR  The isopropylphenyl diphenyl phosphate ester was then separated from the
      caustic solution and washed twice with 300 milliliters of water at
      65.degree.C. for one hour. The water phase after the second wash was
      neutral to pH paper. The washed ester is separated from the final wash
      water and dried at 100.degree.C. under a vacuum of 1.0 millimeters Hq
      (5-10 millimeters Hg at 100.degree.C. is also satisfactory), until no more
      water distills over. The dried ester is filtered to give 351 grams of
      finished ester product.
PAC  EXAMPLE2
PAC  Post Treatment of Finished Isopropylphenyl Diphenyl Phosphate Ester
PAR  An 800 gram sample of an isopropylphenyl diphenyl phosphate ester having a
      Saybolt Universal Viscosity of 220 seconds prepared in a manner similar to
      that of Example 1 and having an APHA color value of 150 (American Public
      Health Association platinum-cobalt Scale for designating color) was
      treated in the following manner:
PAR  3 Grams of sodium nitrilotriacetate (SNTA) dissolved in 40 millimeters of
      water were added to the finished phosphate ester. The mixture was stirred
      for a period of 5 hours at a temperature of 55.degree.C. The ester was
      then washed twice with equal volumes of water to remove SNTA and soluble
      organics. The ester was then stripped of residual moisture by drying at
      80.degree.C. under a vacuum of 2 millimeters mercury absolute, to provide
      a product with an APHA color value of 25-50.
PAR  The SNTA treated ester was tested for PVC mill stability (which determines
      the effect of mill conditions on the darkening properties of a vinyl
      formulation incorporating the phosphate ester as a plasticizer). The
      SNTA-treated ester passed the test. In a comparison test where the
      phosphate ester was not treated with an SNTA wash, but was washed only
      with dilute sodium hydroxide and then water, the phosphate ester failed
      the PVC mill stability test.
PAR  Storage tests were also performed on the SNTA treated ester. A portion of
      the ester which was contacted with NTA was placed in a dark closet for 10
      days with no change in color.
PAC  EXAMPLE 3
PAC  Post Treatment of Another Finished Isopropylphenyl Diphenyl Phosphate Ester
PAR  250 grams of an isopropylphenyl diphenyl phosphate ester prepared in a
      manner similar to that of Example 1 and having a Saybolt Universal
      Viscosity of 220 seconds and an APHA color value of 500 were added to 500
      grams of a 3 weight percent sodium nitrilotriacetate solution. The mixture
      was stirred for a period of 5 hours at a temperature of 65.degree.C. When
      stirring was completed, the ester was washed twice with equal volumes of
      water and dried at 80.degree.C. under a vacuum of about 5 millimeters
      mercury absolute, to provide an ester with an APHA color value of 75.
PAR  Spectral analysis for metal contamination showed that the ester samples
      before and after the SNTA treatment contained similar concentrations of
      metal contaminants. The analysis indicated that the color improvement was
      due to an effect other than chelation.
TBL  ______________________________________                                    

     METAL CONCENTRATION (PARTS PER MILLION)                                   

                   BEFORE     AFTER                                            

     METALS        TREATMENT  TREATMENT                                        

     FOUND         WITH SNTA  WITH SNTA                                        

     ______________________________________                                    

     Aluminum       1-10       1-10                                            

     Iron           10-100     10-100                                          

     Magnesium      1-10       1-10                                            

     Manganese      1-10       1-10                                            

     Silicon        10-100     10-100                                          

     Sodium         1-10       1-10                                            

     APHA Color    500         75                                              

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing alkylphenyl esters of phosphoric acid which
      comprises the alkylation of phenol with an olefin followed by the addition
      of POCL.sub.3 in the presence of a Friedel-Crafts catalyst at an elevated
      temperature, the improvement which comprises contacting said esters with
      an effective amount of a solution of a soluble alkali metal
      nitrilotriacetate salt for a period of time sufficient to reduce the color
      to the desired level whereby said esters are decolorized and stabilized
      against subsequent color formation.
NUM  2.
PAR  2. The method of claim 1 wherein said alkylphenyl esters correspond to the
      formula:
      ##EQU2##
      wherein R is alkaryl and R.sub.1 and R.sub.2 are selected from the group
      consisting of alkyl, aralkyl, alkaryl and aryl, and wherein the alkyl
      groups contain from 1 to about 20 carbon atoms.
NUM  3.
PAR  3. The method of claim 2 wherein said alkyl groups contain from 1 to about
      12 carbon atoms.
NUM  4.
PAR  4. The method of claim 1 wherein the alkylphenyl esters contain unreacted
      phenols.
NUM  5.
PAR  5. The method of claim 1 wherein said alkali metal nitrilotriacetate is
      sodium nitrilatriacetate.
NUM  6.
PAR  6. The method of claim 1 wherein said decolorizing and stabilizing is
      conducted under an inert atmosphere.
NUM  7.
PAR  7. The method of claim 6 wherein said inert atmosphere comprises nitrogen.
NUM  8.
PAR  8. The method of claim 1 wherein said nitriloacetate salt is employed in an
      aqueous solution.
NUM  9.
PAR  9. The method of claim 1 wherein the alkyl phenyl ester of phosphoric acid
      is an isopropylphenyl phenyl phosphate.
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ABST
PAL  A method for decolorizing and stabilizing alkylphenyl esters of phosphoric
      acid which comprises contacting the esters with an effective amount of a
      sodium salt selected from the group consisting of sodium dithionite and
      sodium formaldehyde sulfoxylate for a sufficient length of time to
      decolorize and stabilize the esters against subsequent color formation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the decolorization and stabilization of
      alkylphenyl esters of phosphoric acid. The production of low color and
      color stable phosphate esters from alkylphenol precursors has been a long
      recognized problem. In the conventional production of phosphate esters
      from alkylphenols, undesirable color formation frequently occurs. Color
      can decrease the phosphate ester's value as a commercial product.
PAR  Alkylphenyl esters of phosphoric acid find extensive use as plasticizers
      for nitrocellulose and polyvinyl chloride (PVC) compositions. In addition,
      they also serve as additives for gasoline, functional fluids, oils, and
      are useful as flame retardants in plastics, and the like.
PAR  The preparation of alkylphenyl esters of phosphoric acid is generally
      accomplished by the addition of phosphorus oxychloride, (POCL.sub.3) to
      selected phenols, such as cresols, xylenols, and the like, and gradually
      heating the resulting reaction mixture to about 180.degree.C. The reaction
      is accelerated by the presence of a Friedel-Crafts catalyst such as
      aluminum chloride, (AlCl.sub.3). In conventional processing, the reaction
      product is vacuum distilled to remove unreacted phenols as an initial
      fraction, and the alkylphenyl phosphate ester as a product fraction,
      leaving high boiling point materials and the catalyst in the residue. The
      distilled product fraction is then washed thoroughly with sodium hydroxide
      solution to remove free phenol and acidic materials, followed by water
      washing. The product fraction is then generally treated with activated
      carbon to remove color causing impurities.
PAR  This process, which works very well with esters produced from conventional
      by-product alkylphenols, produces unsatisfactory material when applied to
      mixed alkylphenols produced by the alkylation of phenol with olefins. It
      is found that the products discolor upon exposure to air, exposure to
      heat, or storage in the dark. The discoloration has been attributed to the
      presence of di(o-alkyl) phenols in the alkylated phenol. Steric hindrance
      caused by the double ortho substitution in 2,6-dialkylphenols and in
      2,4,6-trialkylphenols renders the phenols unresponsive to washing with
      sodium hydroxide solution, so that they are not removed by the caustic
      wash.
PAR  These so-called "hindered phenols," can oxidize in the presence of air to
      form highly colored quinones, which are the source of undesirable
      discoloration in the product. These quinones can bleach somewhat in the
      light, however, color will reappear upon storage in the dark. The color
      can intensify when the ester is mixed or milled with polyvinyl chloride
      (PVC) under the influence of air and heat.
PAR  Thus, for example, in the case of 2,6-diisopropylphenol, the corresponding
      diphenoquinone or benzoquinone is highly colored. Esters made from
      mixtures of alkylated phenols which contain di-orthoalkylphenols such as
      2,6-diisopropylphenol can be too highly colored for many uses,
      particularly for use as plasticizers. High color phosphate esters have
      limited utility for plasticizer use and are less marketable.
PAR  Color formation in phosphate esters is discussed in U.S. Pat. No.
      3,681,482, which correlates the degree of color formation in phosphate
      esters to the degree of alkyl substitution of the aryl ring. Accordingly,
      tris(methylphenyl) phosphate will produce less color than
      tris(dimethylphenyl) phosphate. This may be explained by the fact that the
      tris(methylphenyl) phosphate has only one methyl group substituted on the
      aryl ring, whereas tris(dimethylphenyl) phosphate has two methyl groups
      substituted on the aryl ring and, therefore, has more color.
PAR  A number of proposals have been made for methods to overcome the problem of
      undesirable color formation. For example, U.S. Pat. No. 1,958,210
      discloses the use of activated carbon to decolorize and remove oxidizable
      impurities from phosphate esters. This approach is unsatisfactory because
      activated carbon is not an effective decolorizing agent for alkylphenyl
      phosphate esters. In certain instances, for example, in the decolorization
      of isopropylphenyl diphenyl phosphate ester, the use of activated carbon
      may increase color formation.
PAR  U.S. Pat. No. 2,113,951 discloses a method wherein an alkylphenol such as
      cresylic acid is distilled in the presence of a mineral acid such as
      sulfuric, hydrochloric or phosphoric acid, to purify it. The purified
      cresylic acid is then employed in the manufacture of tricresyl phosphate
      esters which are supposed to be more stable to the action of heat and
      light than the corresponding ester made from alkylphenols distilled in the
      absence of an inorganic acid. The disadvantage of this process is that the
      phenolic residues oxidize to colored quinones, and must be thoroughly
      distilled in order to remove them and avoid further color formation.
PAR  Another method for reducing color is proposed in U.S. Pat. No. 3,681,482
      wherein sodium borohydride is used to permanently bleach and color
      stabilize tris(alkylphenyl)phosphate esters containing
      2,6-diisopropylphenol and the corresponding diphenoquinone. The sodium
      borohydride reduces the diphenoquinone to the colorless
      2,6-diisopropylphenol which, however, remains in the product and is a
      potential source of discoloration if the product is exposed to oxidizing
      conditions. Sodium borohydride treatment is also expensive in cost of
      materials and time, as several hours to overnight treating times are
      necessary.
PAR  Thus, it can be seen that the methods proposed in the prior art, are not
      commercially effective for removing color from alkylphenol esters of
      phosphoric acid, or do not improve the PVC mill stability when these
      esters are used as PVC plasticizers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a method for removing color from
      alkylphenyl esters of phosphoric acid which also improves the mill
      stability of these esters when they are used as plasticizers for PVC has
      now been discovered.
PAR  The method comprises contacting the alkylphenol phosphate esters with an
      effective amount of a sodium salt selected from the group consisting of
      sodium dithionite and sodium formaldehyde sulfoxylate. The phosphate ester
      is decolorized and stabilized against subsequent formation. This treatment
      produces a low color, stable phosphate ester and can be conducted during
      the sodium hydroxide wash of the phosphate ester product, or as a separate
      treatment after the sodium hydroxide washing step. The preferred alkali
      metal salts encompassed in this invention include sodium dithionite
      (Na.sub.2 S.sub.2 O.sub.4) and sodium formaldehyde sulfoxylate (HOCH.sub.2
      SO.sub.3 Na). The equivalent potassium salts also function. These salts
      are generally employed in an aqueous solution.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION AND THE PREFERRED EMBODIMENTS
PAR  Permanent removal of color from colored phosphate esters according to the
      method of this invention is achieved by contacting the phosphate ester
      with an effective amount of a sodium salt selected from the group
      consisting of sodium dithionite and sodium formaldehyde sulfoxylate in
      aqueous solutions for a time sufficient to decolorize the phosphate ester
      to the desired level, and stabilize it against subsequent color formation.
      This contacting is accomplished during the caustic washing or subsequent
      water washing of the phosphate ester.
PAR  This invention is applicable to all phosphate esters which are made from
      alkylated phenol mixtures which contain hindered phenols, e.g., phenols
      containing alkyl groups on both positions ortho to the hydroxyl group. The
      esters may contain 0.5 to 3 alkylaryl groups and 0 to 2.5 phenyl groups.
      Preferably, the triaryl phosphate esters treated by the process of this
      invention are a mixture of esters containing 1 to 2 alkaryl groups. The
      esters correspond to the general formula:
      ##EQU1##
      where R is alkaryl and R.sub.1 and R.sub.2 may be alkyl, alkaryl, aralkyl
      or aryl, and wherein the alkyl groups can contain from 1 to 20 carbon
      atoms and more preferably, from 1 to 12 carbon atoms. Some
      triphenylphosphate may also be present.
PAR  The alkylated phenols which contain hindered phenols are usually made by
      alkylating phenol with C.sub.2 -C.sub.12 unsaturated hydrocarbons such as
      ethylene, propylene, isobutylene and its isomers, amylene and its isomers,
      tripropylene, tetrapropylene, decene, dodecene, diisobutylene and the
      like.
PAR  Typical examples of alkyl radicals are as follows:
PAR  methyl, ethyl, normal propyl, isopropyl, normal butyl, isobutyl, secondary
      butyl, tertiary butyl, normal amyl, isoamyl, 2-methylbutyl, 2,2-dimethyl
      propyl, 1-methyl butyl, diethylmethyl, 1,2-dimethyl propyl, tertiary amyl,
      normal hexyl, 1-methylamyl, 1-ethyl butyl, 1,2,2-trimethyl propyl,
      3,3-dimethyl butyl, 1,1,2-trimethyl propyl, 2-methyl amyl, 1,1-dimethyl
      butyl, 1-ethyl 2-methyl propyl, 1,3-dimethyl butyl, isohexyl,
      3-methylamyl, 1,2-dimethyl butyl, 1-methyl 1-ethyl propyl, 2-ethyl normal
      heptyl, 1,1,2,3-tetramethyl propyl, 1,2-dimethyl 1-ethyl propyl,
      1,1,2-trimethyl butyl, 1-isopropyl 2-methyl propyl, 1-methyl 2-ethyl
      butyl, 1,1-diethyl propyl, 2-methyl hexyl, 1,1-dimethyl amyl, 1-isopropyl
      butyl, 1-ethyl 3-methyl butyl, 1,4-dimethyl amyl, isoheptyl, 1-methyl
      1-ethyl butyl, 1-ethyl 2-methyl butyl, 1-methyl hexyl, 1-propyl butyl,
      normal octyl, 1-methyl heptyl, 1,1-diethyl 2-methyl propyl,
      1,1,3,3-tetramethyl butyl, 1,1-diethyl butyl, 1,1-dimethyl hexyl, 1
      -methyl 1-ethyl amyl, 1-methyl 1-propyl butyl, 2-ethyl hexyl, 6-methyl
      heptyl normal nonyl, 1-methyl octyl, 1-ethyl heptyl, 1,1-dimethyl heptyl,
      1-ethyl 1-propyl butyl, 1,1-diethyl 3-methyl butyl, diisobutyl methyl,
      3,5,5-trimethyl hexyl, 3,5-dimethyl heptyl, normal decyl, 1-propyl heptyl,
      1,1-diethyl hexyl, 1,1-dipropyl butyl, 2-isopropyl 5-methyl hexyl and
      C.sub.11 -C.sub.20 alkyl groups.
PAR  Also included are aralkyl groups, e.g., benzyl, alpha- or beta-phenyl
      ethyl, alpha,alpha dimethyl benzyl and the like. Also included are
      cyclohexyl, cycloheptyl, cyclododecyl and the like.
PAR  Typical examples of aryl and alkaryl radicals are phenyl, cresyl, xylyl,
      alkoxylated phenyl, isopropylphenyl, butylphenyl, alpha-alkylbenzylphenyl
      and alpha,alpha-dialkylbenzylphenyl, e.g., alpha-methylbenzylphenyl,
      alpha,alpha dimethylbenzylphenyl, tert-nonylphenyl, amylphenyl,
      tert-butylphenyl, isooctylphenyl, dodecylphenyl, tertiary octylphenyl and
      the like.
PAR  The invention is hereinafter exemplified by first showing the preparation
      of an ester via the alkylation of phenol with an olefin, followed by
      addition of POCl.sub.3. These alkylated phenols produce esters which are
      similar to those produced with conventional by-product coal tar cresylic
      acids or methylphenols.
PAR  The esters are generally made by reacting an alkylphenol with POCl.sub.3 in
      the presence of a Friedel-Crafts catalyst at an elevated temperature,
      typically about 180.degree.C., until the reaction is complete, as noted by
      the cessation of HCl evolution. The reaction mixture is then heated to
      distill excess phenols overhead. The temperature and/or vacuum is then
      increased and the phosphate ester product is distilled leaving the
      catalyst and a small amount of high boiling distillation residue.
PAR  Conventionally, the ester product is washed with aqueous alkali to remove
      free phenols which are generally present in the range of about a few
      tenths of a percent. The washed product is separated from the water and
      generally treated with activated carbon and a filter aid, such as
      diatomaceous earth, and filtered. However, product discoloration caused by
      hindered phenols in the presence of air and heat can ensue, rendering the
      product unsuitable for use in applications where lack of color is
      important.
PAR  In accordance with this invention, the phosphate ester is treated for color
      removal and color stabilization by contacting the alkylphenyl phosphate
      ester with an effective amount of an alkali metal salt of a reduced form
      of sulfur until the color is adequately reduced. The contacting treatment
      may be conducted during the sodium hydroxide wash of the phosphate ester
      product, or as a separate treatment of the finished product. The sodium
      salts encompassed by the process of the present invention include sodium
      dithionite and sodium formaldehyde sulfoxylate and mixtures thereof. The
      equivalent soluble salts of other cations also function. Included are
      potassium, lithium, ammonium, calcium, and mixtures thereof.
PAR  Treatment times will vary, generally from about 5 minutes to about 24
      hours, depending upon the amount of phosphate ester treated, the amount
      and concentration of the sodium salt in solution, the temperature,
      agitation, and the like. Preferably, the phosphate esters are washed for
      about 10 minutes to about 5 hours at a temperature of about 20.degree.C.
      to about 100.degree.C. More preferably, the washing treatment is carried
      out at temperatures of about 25.degree.C. to about 70.degree.C. for about
      20 to about 120 minutes.
PAR  The amount of water soluble salt in solution can vary in amount from about
      0.1% to about 10% by weight of the phosphate ester treated. Larger amounts
      of the water soluble salt can be employed, but no advantage is accrued
      thereby. It is preferred to use an amount ranging from about 0.5% to about
      5% by weight of the phosphate ester with about 1% to about 3% being
      particularly preferred. The particular amount of water soluble salt
      employed in any given instance will to some extent be influenced by a
      number of factors which include the amount of color present, the extent of
      color improvement desired, the particular phosphate ester treated,
      treatment time, and the like.
PAR  The method of this invention is generally conducted under atmospheric
      pressure. However, higher or lower pressures may be used. It may also be
      conducted under an inert atmosphere, such as nitrogen which serves to
      repress re-oxidation.
PAR  The water soluble salts of this invention are preferably employed in
      aqueous solutions. The method of this invention may be carried out
      batch-wise or in a continuous manner.
PAR  One particular advantage of the instant invention is that after treatment
      of the phosphate ester with the soluble salt solution, no additional steps
      or special treatment other than an optional water washing step, phase
      separation and drying are necessary. Trace residual water soluble salts of
      a reduced form of sulfur if present, appear not to have an adverse effect
      on the commercial properties of the phosphate esters depending upon the
      particular salt involved. However, an optional final water wash can be
      employed primarily to remove soluble inorganic materials prior to drying.
PAR  The following examples are illustrative of the methods disclosed above, and
      are provided without any intention that the invention be limited thereto.
      In the examples and throughout the specificaton, all parts and percentages
      are by weight, unless otherwise noted.
PAC  EXAMPLE 1
PAC  Preparation of Isopropylphenyl Diphenyl Phosphate Ester
PAR  1.86 Moles of phenol, 1.50 moles of an isopropylphenol mixture containing
      mono- and diisopropyl phenols, and 1.12 moles of phosphorus oxychloride
      were placed in a 1 liter reactor and stirred at a moderate rate at room
      temperature. Nitrogen gas was bubbled slowly through the liquid and
      anhydrous magnesium chloride catalyst was added to the stirred contents.
      The charge was then heated, while slowly being stirred, from a temperature
      of 38.degree.C. to 180.degree.C. over a period of four hours. The
      temperature was maintained at 180.degree.C. for approximately five hours
      or until the evolution of hydrogen chloride ceased.
PAR  The crude isopropylphenyl diphenyl phosphate product weighing 423 grams was
      then transferred to a 1/2 liter distillation flask and vacuum distilled
      through a 6 .times. 1 inches column packed with 1/4 inch glass spheres.
      The distilled isopropylphenyl diphenyl phosphate ester product weighing
      366 grams was then introduced into a 2 liter reactor and washed for one
      hour at 65.degree.C. with 300 milliliters of a 1% sodium hydroxide
      solution. The caustic wash was repeated two additional times with fresh
      caustic solution.
PAR  The isopropylphenyl diphenyl phosphate ester was then separated from the
      caustic solution and washed twice with 300 milliliters of water at
      65.degree.C. for one hour. The water phase after the second wash was
      neutral to pH paper. The washed ester is separated from the final wash
      water and dried at 100.degree.C. under a vacuum of 1.0 millimeters Hg
      (5-10 millimeters Hg at 100.degree.C. is also satisfactory), until no more
      water distills over. The dried ester is filtered to give 351 grams of
      finished ester product.
PAC  EXAMPLE 2
PAC  Treatment of Distilled Unwashed Isopropylphenyl Diphenyl Phosphate Ester
PAR  200 gram samples of an isopropylphenyl diphenyl phosphate ester having a
      Saybolt Universal Viscosity of 220 seconds prepared in a manner similar to
      that of Example 1 and having an APHA color value of 75 (American Public
      Health Associaton Platinum-Cobalt Scale for designating color) were each
      treated for 5 hrs. at 65.degree.C. with 200 ml. of a 1% NaOH solution
      containing two grams of one of the reagents listed in the table below. The
      caustic solution was separated and the ester was washed two times with an
      equal volume of water. The residual water was removed by vacuum stripping
      at 80.degree.C/2.0 mm. to give an ester with an improved color. The colors
      achieved are given in the table below for each reagent tried.
TBL                       APHA Color Treated                                   

     Reagent              Ester                                                

     ______________________________________                                    

     Sodium dithionite    25-50                                                

     Sodium formaldehyde sulfoxylate                                           

                          25-50                                                

     Control (no reagent)  75                                                  

     Caustic, Air (no reagent added)                                           

                          150                                                  

     ______________________________________                                    

PAR  The sodium salt treated ester samples were tested for PVC mill stability
      (which determines the effect of mill conditions on the darkening
      properties of a vinyl plastic film formulation incorporating the phosphate
      ester as a plasticizer). Where the sodium salt ester was untreated, but
      was washed only with dilute sodium hydroxide and then water, the phosphate
      ester failed the PVC mill stability test.
PAR  Storage tests were also performed on the sodium salt treated esters. A
      portion of each ester contacted with a sodium salt of a reduced form of
      sulfur was placed in a dark closet for 10 days with no change in color.
PAC  EXAMPLE 3
PAC  Post Treatment of Another Finished Isopropylphenyl Diphenyl Phosphate Ester
PAR  Two 200 gram samples of a finished isopropylphenyl diphenyl phosphate ester
      prepared in a manner similar to that of Example 1 and having a Saybolt
      Universal Viscosity of 220 seconds and an APHA color value of 150, were
      treated with 3 grams of each reagent listed in the table below, dissolved
      in 40 ml. water at 65.degree.C. for a 5 hour period. Each ester was then
      washed two times with an equal volume of water and stripped of residual
      moisture at 80.degree.C/2.0 mm. vacuum to give a treated ester having a
      lower APHA color value.
TBL  ______________________________________                                    

                         APHA Color                                            

     Reagent             Treated Ester                                         

     ______________________________________                                    

     Na.sub.2 S.sub.2 O.sub.4                                                  

                         50                                                    

     NaHSO.sub.3 .sup.. CH.sub.2 O .sup.. 2H.sub.2 O                           

                         50                                                    

     ______________________________________                                    

PAR  The treated samples passed the test for PVC mill stability and when placed
      in a dark closet for 10 days exhibited no change in color.
PAC  EXAMPLE 4
PAC  Illustrative Embodiment
PAR  When separate samples of isopropylphenyl phenyl phosphate are treated with
      1% by weight of sodium dithionite and sodium formaldehyde sulfoxylate in
      accordance with the procedure of Example 2, improved APHA color values
      will result. In addition, the treated samples will pass the test for PVC
      mill stability, and when placed in a dark closet for 10 days will not
      change color.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing alkylphenyl esters of phosphoric acid which
      comprises the alkylation of phenol with an olefin followed by the addition
      of POCl.sub.3 in the presence of a Friedel-Crafts catalyst at an elevated
      temperature the improvement which comprises contacting said esters with an
      effective amount of a water-soluble salt of a dithionite or formaldehyde
      sulfoxylate selected from the group consisting of sodium, potassium,
      lithium, ammonium, calcium, and mixtures thereof, for a period of time
      sufficient to reduce the color to the desired level whereby said esters
      are decolorized and stabilized against subsequent color formation.
NUM  2.
PAR  2. The method of claim 1 wherein said alkylphenyl esters correspond to the
      formula:
      ##EQU2##
      wherein R is alkaryl and R.sub.1 and R.sub.2 are selected from the group
      consisting of alkyl, aralkyl, alkaryl and aryl, and wherein the alkyl
      groups contain from 1 to 20 carbon atoms.
NUM  3.
PAR  3. The method of claim 2 wherein said alkyl groups contain from 1 to 12
      carbon atoms.
NUM  4.
PAR  4. The method of claim 1 wherein the alkylphenyl esters contain unreacted
      phenols.
NUM  5.
PAR  5. The method of claim 1 wherein said water soluble salt is selected from
      the group consisting of sodium, potassium and mixtures thereof.
NUM  6.
PAR  6. The method of claim 5 wherein said water soluble salt is selected from
      the group consisting of sodium dithionite, sodium formaldehyde
      sulfoxylate, and mixtures thereof.
NUM  7.
PAR  7. The method of claim 5 wherein said water soluble salt is selected from
      the group consisting of potassium, dithionite, potassium formaldehyde
      sulfoxylate, and mixtures thereof.
NUM  8.
PAR  8. The method of claim 5 wherein said alkali metal salt is employed in an
      aqueous solution.
NUM  9.
PAR  9. The method of claim 1 wherein the alkyl phenyl ester of phosphoric acid
      is an isopropylphenyl phenyl phosphate.
NUM  10.
PAR  10. The method of claim 1 wherein said decolorizing and stabilizing is
      conducted under an inert atmosphere.
NUM  11.
PAR  11. The method of claim 10 wherein said inert atmosphere comprises
      nitrogen.
NUM  12.
PAR  12. The method of claim 1 wherein said decolorizing and stabilizing is
      accomplished in a dilute sodium hydroxide solution.
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PAL  A method for decolorizing and stabilizing alkylphenyl esters of phosphoric
      acid which comprises contacting the esters with an effective amount of an
      oxidizable nitrogenous compound for a sufficient length of time to
      decolorize and stabilize the esters against subsequent color formation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the decolorization and stabilization of
      alkylphenyl esters of phosphoric acid. The production of low color and
      color stable phosphate esters from alkylphenol precursors has been a long
      recognized problem. In the conventional production of phosphate esters
      from alkylphenols, undesirable color formation frequently occurs. Color
      can decrease the phosphate ester's value as a commercial product.
PAR  Alkylphenyl esters of phosphoric acid find extensive use as plasticizers
      for nitrocellulose and polyvinyl chloride (PVC) compositions. In addition,
      they also serve as additives for gasoline, functional fluids, oils, and
      are useful as flame retardants in plastics, and the like.
PAR  The preparation of alkylphenyl esters of phosphoric acid is generally
      accomplished by the addition of phosphorous oxychloride, (POCl.sub.3) to
      selected phenols, such as cresols, xylenols, and the like, and gradually
      heating the resulting reaction mixture to about 180.degree.C. The reaction
      is accelerated by the presence of a Friedel-Crafts catalyst such as
      aluminum chloride, (AlCl.sub.3). In conventional processing, the reaction
      product is vacuum distilled to remove unreacted phenols as an initial
      fraction, and the alkylphenyl phosphate ester as a product fraction,
      leaving high boiling point materials and the catalyst in the residue. The
      distilled product fraction is then washed thoroughly with sodium hydroxide
      solution to remove free phenol and acidic materials, followed by water
      washing. The product fraction is then generally treated with activated
      carbon to remove color causing impurities.
PAR  This process, which works very well with esters produced from conventional
      by-product alkylphenols, produces unsatisfactory material when applied to
      mixed alkylphenols produced by the alkylation of phenol with olefins. It
      is found that the products discolor upon exposure to air, exposure to
      heat, or storage in the dark. The discoloration has been attributed to the
      presence of di(o-alkyl) phenols in the alkylated phenol. Steric hindrance
      caused by the double ortho substitution in 2,6-dialkylphenols and in
      2,4,6-trialkylphenols renders the phenols unresponsive to washing with
      sodium hydroxide solution, so that they are not removed by the caustic
      wash.
PAR  These so-called "hindered phenols," can oxidize in the presence of air to
      form highly colored quinones, which are the source of undesirable
      discoloration in the product. These quinones can bleach somewhat in the
      light, however, color will reappear upon storage in the dark. The color
      can intensify when the ester is mixed or milled with polyvinyl chloride
      (PVC) under the influence of air and heat.
PAR  Thus, for example, in the case of 2,6-diisopropylphenol, the corresponding
      diphenoquinone or benzoquinone is highly colored. Esters made from
      mixtures of alkylated phenols which contain di-orthoalkylphenols such as
      2,6-diisopropylphenol can be too highly colored for many uses,
      particularly for use as plasticizers. High color phosphate esters have
      limited utility for plasticizer use and are less marketable.
PAR  Color formation in phosphate esters is discussed in U.S. Pat. No.
      3,681,482, which correlates the degree of color formation in phosphate
      esters to the degree of alkyl substitution of the aryl ring. Accordingly,
      tris(methylphenyl) phosphate will produce less color than
      tris(dimethylphenyl) phosphate. This may be explained by the fact that the
      tris(methylphenyl) phosphate has only one methyl group substituted on the
      aryl ring, whereas tris(dimethylphenyl) phosphate has two methyl groups
      substituted on the aryl ring and, therefore, has more color.
PAR  A number of proposals have been made for methods to overcome the problem of
      undesirable color formation. For example, U.S. Pat. No. 1,958,210
      discloses the use of activated carbon to decolorize and remove oxidizable
      impurities from phosphate esters. This approach is unsatisfactory because
      activated carbon is not an effective decolorizing agent for alkylphenyl
      phosphate esters. In certain instances, for example, in the decolorization
      of isopropylphenyl diphenyl phosphate ester, the use of activated carbon
      may increase color formation.
PAR  U.S. Pat. No. 2,113,951 discloses a method wherein an alkylphenol such as
      cresylic acid is distilled in the presence of a mineral acid such as
      sulfuric, hydrochloric or phosphoric acid, to purify it. The purified
      cresylic acid is then employed in the manufacture of tricresyl phosphate
      esters which are supposed to be more stable to the action of heat and
      light than the corresponding ester made from alkylphenols distilled in the
      absence of an inorganic acid. The disadvantage of this process is that the
      phenolic residues oxidize to colored quinones, and must be thoroughly
      distilled in order to remove them and avoid further color formation.
PAR  Another method for reducing color is proposed in U.S. Pat. No. 3,681,482
      wherein sodium borohydride is used to permanently bleach and color
      stabilize tris(alkylphenyl) phosphate esters containing
      2,6-diisopropylphenol and the corresponding diphenoquinone. The sodium
      borohydride reduces the diphenoquinone to the colorless
      2,6-diisopropylphenol which, however, remains in the product and is a
      potential source of discoloration if the product is exposed to oxidizing
      conditions. Sodium borohydride treatment is also expensive in cost of
      materials and time, as several hours to overnight treating times are
      necessary.
PAR  Thus, it can be seen that the methods proposed in the prior art, are not
      commercially effective for removing color from alkylphenol esters of
      phosphoric acid, or do not improve the PVC mill stability when these
      esters are used as PVC plasticizers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a method for removing color from
      alkylphenyl esters of phosphoric acid which also improves the mill
      stability of these esters when they are used as plastizers for PVC has now
      been discovered.
PAR  The method comprises contacting the phosphate esters with an effective
      amount of an oxidizable nitrogenous compound for a time sufficient to
      reduce the color to the desired level. The phosphate ester is decolorized
      and stabilized against subsequent color formation. This treatment produces
      a low color, stable phosphate ester and can be conducted during the sodium
      hydroxide wash of the phosphate ester product fraction, or as a separate
      treatment after the sodium hydroxide washing step. The preferred
      oxidizable nitrogenous compounds used in this invention include hydrazine
      and semicarbazide.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION AND THE PREFERRED EMBODIMENTS
PAR  Permanent removal of color from colored phosphate esters according to the
      method of this invention is achieved by contacting the phosphate ester
      with an effective amount of a oxidizable nitrogenous compound in solution
      for a time sufficient to decolorize the phosphate ester to the desired
      level, and stabilize it against subsequent color formation.
PAR  This invention is applicable to all phosphate esters which are made from
      alkylated phenol mixtures which contain hindered phenols, e.g., phenols
      containing alkyl groups on both positions ortho to the hydroxyl group. The
      esters may contain 0.5 to 3 alkylaryl groups and 0 to 2.5 phenyl groups.
      Preferably, the triaryl phosphate esters treated by the process of this
      invention are a mixture of esters containing 1 to 2 alkaryl groups. The
      esters correspond to the general formula:
      ##EQU1##
      where R is alkylaryl and R.sub.1 and R.sub.2 may be alkyl, alkaryl,
      aralkyl or aryl, and wherein the alkyl groups can contain from 1 to 20
      carbon atoms, more preferably from 1 to 12 carbon atoms. Some
      triphenylphosphate may also be present.
PAR  The alkylated phenols which contain hindered phenols are usually made by
      alkylating phenol with C.sub.2 -C.sub.12 unsaturated hydrocarbons such as
      ethylene, propylene, isobutylene and its isomers, amylene and its isomers,
      tripropylene, tetrapropylene, decene, dodecene, diisobutylene and the
      like.
PAR  Typical examples of alkyl radicals are as follows: methyl, ethyl, normal
      propyl, isopropyl, normal butyl, isobutyl, secondary butyl, tertiary
      butyl, normal amyl, isoamyl, 2-methylbutyl, 2,2-dimethyl propyl, 1-methyl
      butyl, diethylmethyl, 1,2-dimethyl propyl, tertiary amyl, normal hexyl,
      1-methylamyl, 1-ethyl butyl, 1,2,2-trimethyl propyl, 3,3-dimethyl butyl,
      1,1,2-trimethyl propyl, 2-methyl amyl, 1,1-dimethyl butyl, 1-ethyl
      2-methyl propyl, 1,3-dimethyl butyl, isohexyl, 3-methylamyl, 1,2-dimethyl
      butyl, 1-methyl 1-ethyl propyl, 2-ethyl, normal heptyl,
      1,1,2,3-tetramethyl propyl, 1,2-dimethyl 1-ethyl propyl, 1,1,2-trimethyl
      butyl, 1-isopropyl 2-methyl propyl, 1-methyl 2-ethyl butyl, 1,1-diethyl
      propyl, 2-methyl hexyl, 1,1-dimethyl amyl, 1-isopropyl butyl, 1-ethyl
      3-methyl butyl, 1,4-dimethyl amyl, isoheptyl, 1-methyl 1-ethyl butyl,
      1-ethyl 2-methyl butyl, 1-methyl hexyl, 1,1-propyl butyl, normal octyl,
      1-methyl heptyl, 1,1-diethyl 2-methyl propyl, 1,1,3,3-tetramethyl butyl,
      1,1 -diethyl butyl, 1,1-dimethyl hexyl, 1-methyl 1-ethyl amyl, 1-methyl
      1-propyl butyl, 2-ethyl hexyl, 6-methyl heptyl, normal nonyl, 1-methyl
      octyl, 1-ethyl heptyl, 1,1-dimethyl heptyl, 1-ethyl 1-propyl butyl,
      1,1-diethyl 3-methyl butyl, diisobutyl methyl 3,5,5-trimethyl hexyl,
      3,4-dimethyl heptyl, normal decyl, 1-propyl heptyl, 1,1-diethyl hexyl,
      1,1-dipropyl butyl, 2-isopropyl 5-methyl hexyl and C.sub.11 -C.sub.20
      alkyl groups. Also included are aralkyl groups, e.g., benzyl, alpha- or
      beta-phenylethyl alpha, alpha dimethylbenzyl and the like. Also included
      are cyclohexyl, cycloheptyl, cyclododecyl, and the like.
PAR  Typical examples of aryl and alkaryl radicals are phenyl, cresyl, xylyl,
      alkoxylated phenyl, isopropylphenyl, butylphenyl, alpha-alkylbenzylphenyl
      and alpha, alpha-dialkylbenzylphenyl, e.g., alpha-methylbenzylphenyl,
      alpha, alpha dimethylbenzyl phenyl, tert-nonylphenyl amylphenyl,
      tert-butylphenyl isooctylphenyl, dodecylphenyl, tertiary octylphenyl and
      the like.
PAR  The invention is hereinafter exemplified by first showing the preparation
      of an ester via the alkylation of phenol with an olefin, followed by
      addition of POCl.sub.3. These alkylated phenols produce esters which are
      similar to those produced with conventional by-product coal tar cresylic
      acids or methylphenols.
PAR  The esters are generally made by reacting an alkylphenol with POCl.sub.3 in
      the presence of a Friedel-Crafts catalyst at an elevated temperature,
      typically about 180.degree.C., until the reaction is complete, as noted by
      the cessation of HCl evolution. The reaction mixture is then heated to
      distill excess phenols overhead. The temperature and/or vacuum is then
      increased and the phosphate ester product is distilled leaving the
      catalyst and a small amount of high boiling distillation residue.
PAR  Conventionally, the ester product is washed with aqueous alkali to remove
      free phenols which are generally present in the range of about a few
      tenths of a percent. The washed product is separated from the water and
      generally treated with activated carbon and a filter aid, such as
      diatomaceous earth, and filtered. However, product discoloration caused by
      hindered phenols in the presence of air and heat can ensue, rendering the
      product unsuitable for use in applications where lack of color is
      important.
PAR  In accordance with this invention, the phosphate ester is treated for color
      removal and color stabilization by contacting the alkylphenyl phosphate
      ester with an effective amount of an oxidizable nitrogenous compound until
      the color is adequately reduced. The contacting treatment can be conducted
      during the sodium hydroxide wash of the phosphate ester product, or as a
      separate treatment of the finished product. The oxidizable nitrogenous
      compounds encompassed by the process of the present invention include
      hydrazine and semicarbazide.
PAR  Treatment times will vary, generally from about 5 minutes to about 24
      hours, depending upon the amount of phosphate ester treated, the amount
      and concentration of the oxidizable nitrogenous compound in solution, the
      temperature, agitation, and the like. Preferably, the phosphate esters are
      washed for about 1 hour to about 5 hours at a temperature of about
      20.degree.C. to about 100.degree.C. More preferably, the washing treatment
      is carried out at temperatures of about 45.degree.C. to about 70.degree.C.
PAR  The amount of oxidizable nitrogenous compound in solution may vary in
      amounts from about 0.1% to about 10% by weight of the phosphate ester
      treated. Larger amounts of the oxidizable nitrogenous compound can be
      employed but no particular advantage is accrued thereby. It is preferred
      to use an amount ranging from about 0.5% to about 5.0% by weight of the
      phosphate ester. The particular amount of oxidizable nitrogenous compound
      employed in any given instance will to some extent be influenced by a
      number of factors which include the amount of color present, the extent of
      color improvement desired, the particular phosphate ester treated,
      treatment time, and the like.
PAR  The method of this invention is generally conducted under atmospheric
      pressure. However, higher or lower pressures may be used. It may also be
      conducted under an inert atmosphere, such as nitrogen which serves to
      repress re-oxidation.
PAR  The oxidizable nitrogenous compounds are preferably employed in aqueous
      solutions. The method of this invention may be carried out batch-wise or
      in a continuous manner.
PAR  One particular advantage of the instant invention is that after treatment
      of the phosphate ester with the oxidizable nitrogenous compound, no
      additional steps or special treatment other than an optional washing step,
      phase separation and drying are necessary. Trace residual nitrogenous
      compounds if present, do not appear to have an adverse effect on the
      commercial properties of the phosphate esters, however, the optional final
      water wash is employed primarily to remove soluble organic material prior
      to drying.
PAR  The following examples are illustrative of the methods disclosed above, and
      are provided without any intention that the invention be limited thereto.
      In the examples and throughout the specification, all parts and
      percentages are by weight, unless otherwise noted.
PAC  EXAMPLE 1
PAC  Preparation of Isopropylphenyl Diphenyl Phosphate Ester
PAR  1.86 moles of phenol, 1.50 moles of an isopropylphenol mixture containing
      mono- and diisopropyl phenols, and 1.12 moles of phosphorous oxychloride
      were placed in a 1 liter reactor and stirred at a moderate rate at room
      temperature. Nitrogen gas was bubbled slowly through the liquid and
      anhydrous magnesium chloride catalyst was added to the stirred contents.
      The charge was then heated, while slowly being stirred, from a temperature
      of 38.degree.C. to 180.degree.C. over a period of four hours. The
      temperature was maintained at 180.degree.C. for approximately 5 hours or
      until the evolution of hydrogen chloride ceased.
PAR  The crude isopropylphenyl diphenyl phosphate product weighing 423 grams was
      then transferred to a 1/2 liter distillation flask and vacuum distilled
      through a 6 .times. 1 inches column packed with 1/4 inch glass spheres.
      The distilled isopropylphenyl diphenyl phosphate ester product weighing
      366 grams was then introduced into a 2 liter reactor and washed for one
      hour at 65.degree.C. with 300 milliliters of a 1% sodium hydroxide
      solution. The caustic wash was repeated two additional times with fresh
      caustic solution.
PAR  The isopropylphenyl diphenyl phosphate ester was then separated from the
      caustic solution and washed twice with 300 milliliters of water at
      65.degree.C. for 1 hour. The water phase after the second wash was neutral
      to pH paper. The washed ester is separated from the final wash water and
      dried at 100.degree.C. under a vacuum of 1.0 millimeters Hg (5-10
      millimeters Hg at 100.degree.C. is also satisfactory), until no more water
      distills over. The dried ester is filtered to give 351 grams of finished
      ester product.
PAC  EXAMPLE 2
PAR  A 200 gram commercial sample of a distilled and unwashed isopropylphenyl
      diphenyl phosphate ester having a Saybolt Universal Viscosity of 220
      seconds prepared in a manner similar to that of Example 1 and having an
      APHA color value of 75 (American Public Health Association Platinum-Cobalt
      Scale for Designating Color) was treated for 5 hours at 65.degree.C. with
      2 grams of a 64 wt. % hydrazine solution in water and 300 ml. of a 1%
      caustic solution (NaOH). The treated ester was then washed two times with
      an equal volume of water. Residual moisture was removed by heating to
      80.degree.C./2.0 mm. vacuum to give a finished ester having an APHA color
      value of 25-50.
PAR  The treated sample was placed in the dark for one month and did not darken
      upon standing.
PAC  EXAMPLE 3
PAR  A 200 gm. commercial sample of a distilled and unwashed synthetic
      isopropylphenyl diphenyl phosphate ester, prepared in a manner similar to
      Example 2, with 75 APHA color value was treated for 5 hours at
      65.degree.C. with 200 ml. of a 1% NaOH solution containing 2 gms. of
      semicarbazide
      ##EQU2##
      The ester was then washed two times with an equal volume of water and
      dried at 80.degree.C./2.00 mm. vacuum to give a finished phosphate ester
      with a 50 APHA color value.
PAR  The treated sample was placed in the dark for one month and did not darken
      upon standing.
PAC  EXAMPLE 4
PAR  A 200 gram commercial sample of a 220 SUS finished isopropylphenyl diphenyl
      phosphate ester with a 150 APHA color value prepared in a manner similar
      to Example 1 was treated at room temperature with 3.1 gms. of a 64 wt. %
      hydrazine solution. The yellow color disappeared within 2-3 minutes upon
      mixing at 25.degree.C. The treated ester was washed two times with an
      equal volume of water and dried at 80.degree.C./2.00 mm. vacuum to give a
      finished ester having an APHA color value of 50.
PAC  EXAMPLE 5
PAR  A 200 gram commercial sample of a finished isopropylphenyl diphenyl
      phosphate ester with a 150 APHA color value prepared in a manner similar
      to Example 1 was treated for five hours at 65.degree.C. with a solution of
      3 grams of semicarbazide dissolved in 40 ml. H.sub.2 O. The organic phase
      was phase separated. The ester phase was washed one time with 100 ml.
      water and dried at 60.degree.C./5 mm. vacuum to give a finished ester
      having a 50 APHA color value.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing alkylphenyl esters of phosphoric acid which
      comprises the alkylation of phenol with an olefin followed by the addition
      of POCl.sub.3 in the presence of a Friedel-Crafts catalyst at an elevated
      temperature, the improvement which comprises contacting said esters with
      an effective amount of an oxidizable nitrogenous compound selected from
      the group consisting of hydrazine, semicarbazide, and mixtures thereof,
      for a period of time sufficient to reduce the color to the desired level
      whereby said esters are decolorized and stabilized against subsequent
      color formation.
NUM  2.
PAR  2. The method of claim 1 wherein said alkylphenyl esters correspond to the
      formula:
      ##EQU3##
      wherein R is alkaryl and R.sub.1 and R.sub.2 are selected from the group
      consisting of alkyl, aralkyl, alkaryl and aryl, and wherein the alkyl
      groups contain from 1 to about 20 carbon atoms.
NUM  3.
PAR  3. The method of claim 2 wherein said alkyl groups contain from 1 to about
      12 carbon atoms.
NUM  4.
PAR  4. The method of claim 3 wherein the alkylphenyl esters contain unreacted
      phenols.
NUM  5.
PAR  5. The method of claim 1 wherein said oxidizable nitrogenous compound is
      hydrazine.
NUM  6.
PAR  6. The method of claim 3 wherein said alkylphenol ester of phosphoric acid
      is an isopropylphenyl phenyl phosphate.
NUM  7.
PAR  7. The method of claim 1 wherein said decolorizing and stabilizing is
      conducted under an inert atmosphere.
NUM  8.
PAR  8. The method of claim 7 wherein said inert atmosphere comprises nitrogen.
NUM  9.
PAR  9. The method of claim 1 wherein said oxidizable nitrogenous compound is
      employed in an aqueous solution.
NUM  10.
PAR  10. The method of claim 1 wherein said oxidizable nitrogenous compound is
      semicarbazide.
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ABST
PAL  A method for decolorizing and stabilizing alkylphenyl esters of phosphoric
      acid which comprises contacting the esters with an effective amount of a
      triorganoaluminum or organoaluminum hydride for a sufficient length of
      time to decolorize and stabilize the esters against subsequent color
      formation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the decolorization and stabilization of
      alkylphenyl esters of phosphoric acid. The production of low color and
      color stable phosphate esters from alkylphenol precursors has been a long
      recognized problem. In the conventional production of phosphate esters
      from alkylphenols, undesirable color formation frequently occurs. Color
      can decrease the phosphate ester's value as a commercial product.
PAR  Alkylphenyl esters of phosphoric acid find extensive use as plasticizers
      for nitrocellulose and polyvinyl chloride (PVC) compositions. In addition,
      they also serve as additives for gasoline, functional fluids, oils, and
      are useful as flame retardants in plastics, and the like.
PAR  The preparation of alkylphenyl esters of phosphoric acid is generally
      accomplished by the addition of phosphorus oxychloride, (POCl.sub.3) to
      selected phenols, such as cresols, xylenols, and the like, and gradually
      heating the resulting reaction mixture to about 180.degree.C. The reaction
      is accelerated by the presence of a Friedel-Crafts catalyst such as
      aluminum chloride, (AlCl.sub.3). In conventional processing, the reaction
      product is vacuum distilled to remove unreacted phenols as an initial
      fraction, and the alkylphenyl phosphate ester as a product fraction,
      leaving high boiling point materials and the catalyst in the residue. The
      distilled product fraction is then washed thoroughly with sodium hydroxide
      solution to remove free phenol and acidic materials, followed by water
      washing. The product fraction is then generally treated with activated
      carbon to remove color causing impurities.
PAR  This process, which works very well with esters produced from conventional
      by-product alkylphenols, produces unsatisfactory material when applied to
      mixed alkylphenols produced by the alkylation of phenol with olefins. It
      is found that the products discolor upon exposure to air, exposure to
      heat, or storage in the dark. The discoloration has been attributed to the
      presence of di(o-alkyl) phenols in the alkylated phenol. Steric hindrance
      caused by the double ortho substitution in 2,6-dialkylphenols and in
      2,4,6-trialkylphenols renders the phenols unresponsive to washing with
      sodium hydroxide solution, so that they are not removed by the caustic
      wash.
PAR  These so-called "hindered phenols," can oxidize in the presence of air to
      form highly colored quinones, which are the source of undesirable
      discoloration in the product. These quinones can bleach somewhat in the
      light, however, color will reappear upon storage in the dark. The color
      can intensify when the ester is mixed or milled with polyvinyl chloride
      (PVC) under the influence of air and heat.
PAR  Thus, for example, in the case of 2,6-diisopropylphenol, the corresponding
      diphenoquinone or benzoquinone is highly colored. Esters made from
      mixtures of alkylated phenols which contain di-orthoalkylphenols such as
      2,6-diisopropylphenol can be too highly colored for many uses,
      particularly for use as plasticizers. High color phosphate esters have
      limited utility for plasticizer use and are less marketable.
PAR  Color formation in phosphate esters is discussed in U.S. Pat. No.
      3,681,482, which correlates the degree of color formation in phosphate
      esters to the degree of alkyl substitution of the aryl ring. Accordingly,
      tris(methylphenyl) phosphate will produce less color than
      tris(dimethylphenyl) phosphate. This may be explained by the fact that the
      tris(methylphenyl) phosphate has only one methyl group substituted on the
      aryl ring, whereas tris(dimethylphenyl) phosphate has two methyl groups
      substituted on the aryl ring and, therefore, has more color.
PAR  A number of proposals have been made for methods to overcome the problem of
      undesirable color formation. For example, U.S. Pat. No. 1,958,210
      discloses the use of activated carbon to decolorize and remove oxidizable
      impurities from phosphate esters. This approach is unsatisfactory because
      activated carbon is not an effective decolorizing agent for alkylphenyl
      phosphate esters. In certain instances, for example, in the decolorization
      of isopropylphenyl diphenyl phosphate ester, the use of activated carbon
      may increase color formation.
PAR  U.S. Pat. No. 2,113,951 discloses a method wherein an alkylphenol such as
      cresylic acid is distilled in the presence of a mineral acid such as
      sulfuric, hydrochloric or phosphoric acid, to purify it. The purified
      cresylic acid is then employed in the manufacture of tricresyl phosphate
      esters which are supposed to be more stable to the action of heat and
      light than the corresponding ester made from alkylphenols distilled in the
      absence of an inorganic acid. The disadvantage of this process is that the
      phenolic residues oxidize to colored quinones, and must be thoroughly
      distilled in order to remove them and avoid further color formation.
PAR  Another method for reducing color is proposed in U.S. Pat. No. 3,681,482
      wherein sodium borohydride is used to permanently bleach and color
      stabilize tris(alkylphenyl) phosphate esters containing
      2,6-diisopropylphenol and the corresponding diphenoquinone. The sodium
      borohydride reduces the diphenoquinone to the colorless
      2,6-diisopropylphenol which, however, remains in the product and is a
      potential source of discoloration if the product is exposed to oxidizing
      conditions. Sodium borohydride treatment is also expensive in cost of
      materials and time, as several hours to overnight treating times are
      necessary.
PAR  Thus, it can be seen that the methods proposed in the prior art, are not
      commercially effective for removing color from alkylphenol esters of
      phosphoric acid, or do not improve the PVC mill stability when these
      esters are used as PVC plasticizers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a method for removing color from
      alkylphenyl esters of phosphoric acid which also improves the mill
      stability of these esters when they are used as plasticizers for PVC has
      now been discovered.
PAR  The method comprises contacting alkylphenyl phosphate esters with an
      effective amount of a triorganoaluminum or organoaluminum hydride, neat or
      preferably in a suitable mineral oil or hydrocarbon solvent for a time
      sufficient to reduce the color to the desired level. The phosphate ester
      is decolorized and stabilized against subsequent color formation. This
      treatment produces a low color, stable phosphate ester. The
      triorganoaluminum or organoaluminum hydride may be added neat or
      preferably in solution.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION AND THE PREFERRED EMBODIMENTS
PAR  Permanent removal of color from colored phosphate esters according to the
      method of this invention is achieved by contacting the phosphate ester
      with an effective amount of a triorganoaluminum or organoaluminum hydride,
      added neat, or preferably in solution for a time sufficient to decolorize
      the phosphate ester to the desired level, and stabilize it against
      subsequent color formation. Suitable solvents are pentane, hexane,
      heptane, octane, decane, isooctane, dodecane, xylene, tetralin,
      cyclododecane, mineral oils, octylbenzene, white oils, kerosenes, and the
      like.
PAR  This invention is applicable to all phosphate esters which are made from
      alkylated phenol mixtures which contain hindered phenols, e.g., phenols
      containing alkyl groups on both positions ortho to the hydroxyl group. The
      esters may contain 0.5 to 3 alkylarly groups and 0 to 2.5 phenyl groups.
      Preferably, the triaryl phosphate esters treated by the process of this
      invention are a mixture of esters containing 1 to 2 alkaryl groups. The
      esters correspond to the general formula:
      ##EQU1##
      where R is alkylaryl and R.sub.1 and R.sub.2 may be alkyl, alkaryl,
      aralkyl or aryl, and wherein the alkyl groups can contain from 1 to 20
      carbon atoms, more preferably from 1 to 12 carbon atoms. Some
      triphenylphosphate may also be present.
PAR  The alkylated phenols which contain hindered phenols are usually made by
      alkylating phenol with C.sub.2 -C.sub.12 unsaturated hydrocarbons such as
      ethylene, propylene, isobutylene and its isomers, amylene and its isomers,
      tripropylene, tetrapropylene, decene, dodecene, diisobutylene and the
      like.
PAR  Typical examples of alkyl radicals are as follows: methyl, ethyl, normal
      propyl, isopropyl, normal butyl, isobutyl, secondary butyl, tertiary
      butyl, normal amyl, isoamyl, 2-methylbutyl, 2,2-dimethylpropyl, 1-methyl
      butyl, diethylmethyl, 1,2-dimethyl propyl, tertiary amyl, normal hexyl,
      1-methylamyl, 1-ethyl butyl, 1,2,2-trimethyl propyl, 3,3-dimethyl butyl,
      1,1,2-trimethyl propyl, 2-methyl amyl, 1,1-dimethyl butyl, 1-ethyl
      2-methyl propyl, 1,3-dimethyl butyl, isohexyl, 3-methylamyl, 1,2-dimethyl
      butyl, 1-methyl 1-ethyl propyl, 2-ethyl, normal heptyl,
      1,1,2,3-tetramethyl propyl, 1,2-dimethyl 1-ethyl propyl, 1,1,2-trimethyl
      butyl, 1-isopropyl 2-methyl propyl, 1-methyl 2-ethyl butyl, 1,1-diethyl
      propyl, 2-methyl hexyl, 1,1-dimethyl amyl, 1-isopropyl butyl, 1-ethyl
      3-methyl butyl, 1,4-dimethyl amyl, isoheptyl, 1-methyl 1-ethyl butyl,
      1-ethyl 2-methyl butyl, 1-methyl hexyl, 1-1-propyl butyl, normal octyl,
      1-methyl heptyl, 1,1-diethyl 2-methyl propyl, 1,1,3,3-tetramethyl butyl,
      1,1-diethyl butyl, 1,1-dimethyl hexyl, 1-methyl 1-ethyl amyl, 1-methyl
      1-propyl butyl, 2-ethyl hexyl, 6-methyl heptyl normal nonyl, 1-methyl
      octyl, 1-ethyl heptyl, 1,1-dimethyl heptyl, 1-ethyl 1-propyl butyl,
      1,1-diethyl 3-methyl butyl, diisobutyl methyl 3,5,5-trimethyl hexyl,
      3,5-dimethyl heptyl, normal decyl, 1-propyl heptyl, 1,1-diethyl hexyl,
      1,1-dipropyl butyl, 2-isopropyl 5-methyl hexyl and C.sub.11 -C.sub.20
      alkyl groups.
PAR  Also included are aralkyl groups, e.g., benzyl, alpha- or beta-phenylethyl,
      alpha,alpha dimethylbenzyl and the like. Also included are cyclohexyl,
      cycloheptyl, cyclododecyl, and the like.
PAR  Typical examples of aryl and alkaryl radicals are phenyl, cresyl, xylyl,
      alkoxylated phenyl, isopropylphenyl, butylphenyl, alpha-alkylbenzylphenyl
      and alpha, alpha-dialkylbenzylphenyl, e.g., alpha-methylbenzylphenyl,
      alpha, alpha dimethylbenzylphenyl, tert-nonylphenyl amylphenyl,
      tert-butylphenyl, isooctylphenyl, dodecylphenyl, tertiary octylphenyl and
      the like.
PAR  The invention is hereinafter exemplified by first showing the preparation
      of an ester via the alkylation of phenol with an olefin, followed by
      addition of POCl.sub.3. These alkylated phenols produce esters which are
      similar to those produced with conventional by-product coal tar cresylic
      acids of methylphenols.
PAR  The esters are generally made by reacting an alkylphenol with POCl.sub.3 in
      the presence of a Friedel-Crafts catalyst at an elevated temperature,
      typically about 180.degree.C., until the reaction is complete, as noted by
      the cessation of HCl evolution. The reaction mixture is then heated to
      distill excess phenols overhead. The temperature and/or vacuum is then
      increased and the phosphate ester product is distilled leaving the
      catalyst and a small amount of high boiling distillation residue.
PAR  Conventionally, the ester product is washed with aqueous alkali to remove
      free phenols which are generally present in the range of about a few
      tenths of a percent. The washed product is separated from the water and
      generally treated with activated carbon and a filter aid, such as
      diatomaceous earth, and filtered. However, product discoloration caused by
      hindered phenols in the presence of air and heat can ensue, rendering the
      product unsuitable for use in applications where lack of color is
      important.
PAR  In accordance with this invention, the phosphate ester is treated for color
      removal and color stabilization by contacting the alkylphenyl phosphate
      ester with an effective amount of a triorganoaluminum or organoaluminum
      hydride for a sufficient length of time until the color is adequately
      reduced. The contacting treatment is preferably conducted during the final
      treatment of the finished product, at a temperature of about 10.degree.C.
      to about 100.degree.C. and preferably at about 20.degree.C. to
      70.degree.C. for a period of about 5 to about 300 minutes, and preferably
      about 15 to about 90 minutes. The solvent can be removed in a conventional
      manner, such as by distillation or vacuum stripping.
PAR  The triorganoaluminum and organoaluminum hydrides used in this invention
      have the general formula:
EQU  R'.sub.n AlH.sub.m
PAL  wherein R' is a radical selected from the group consisting of alkyl,
      cycloalkyl, aryl, alkaryl, or aralkyl and contains from 1 to 20 carbon
      atoms, preferably 1-12 carbon atoms and n varies from 1 to 3, and m varies
      from 0 to 2. Typical examples of the above radicals are as have been
      hereinbefore exemplified.
PAR  Treatment times will vary, generally from about 5 minutes to about 24
      hours, depending upon the amount of phosphate ester treated, the amount
      and concentration of aluminum compound in solution, the temperature,
      agitation, and the like. Preferably, the phosphate esters are washed for
      about 1 hour to about 5 hours at a temperature of about 20.degree.C. to
      about 100.degree.C. More preferably, the washing treatment is carried out
      at temperatures of about 45.degree.C. to about 70.degree.C.
PAR  The amount of triorganoaluminum or organoaluminum hydride may vary in
      amount from about 0.01% to about 10% by weight of the phosphate ester
      treated. Larger amounts of the triorganoaluminum or organoaluminum hydride
      can be employed, but no advantage is accrued thereby. It is preferred to
      use an amount ranging from about 0.05% to about 5% by weight of the
      phosphate ester. The particular amount of organoaluminum compound employed
      in any given instance will to some extent be influenced by a number of
      factors, which include the amount of color present, the extent of color
      improvement desired, the particular phosphate ester treated, treatment
      time, and the like.
PAR  The method of this invention is generally conducted under atmospheric
      pressure. However, higher or lower pressures may be used. It may also be
      conducted under an inert atmosphere, such as nitrogen which serves to
      repress re-oxidation.
PAR  The triorganoaluminum and organoaluminum hydrides of the present invention
      may be added neat, or preferably in solution. The method of this invention
      may be carried out batch-wise or in a continuous manner.
PAR  One particular advantage of the instant invention is that after treatment
      of the phosphate ester with the organoaluminum compound, no additional
      steps or special treatment other than a conventional stripping or
      distillation step to remove the solvent, is necessary. Trace residual
      organoaluminum compounds if present, do not appear to have an adverse
      effect on the commercial properties of the phosphate esters.
PAR  The following examples are illustrative of the methods disclosed above, and
      are provided without any intention that the invention be limited thereto.
      In the examples and throughout the specification, all parts and
      percentages are by weight, unless otherwise noted.
PAC  EXAMPLE 1
PAC  Preparation of Isopropylphenyl Diphenyl Phosphate Ester
PAR  1.86 Moles of phenol, 1.50 moles of an isopropylphenol mixture containing
      mono- and diisopropyl phenols, and 1.12 moles of phosphorus oxychloride
      were placed in a 1 liter reactor and stirred at a moderate rate at room
      temperature. Nitrogen gas was bubbled slowly through the liquid and
      anhydrous magnesium chloride catalyst was added to the stirred contents.
      The charge was then heated, while slowly being stirred, from a temperature
      of 38.degree.C. to 180.degree.C. over a period of 4 hours. The temperature
      was maintained at 180.degree.C. for approximately 5 hours or until the
      evolution of hydrogen chloride ceased.
PAR  The crude isopropylphenyl diphenyl phosphate product weighing 423 grams was
      then transferred to a 1/2 liter distillation flask and vacuum distilled
      through a 6 .times. 1 inches column packed with 1/4 inch glass spheres.
      The distilled isopropylphenyl diphenyl phosphate ester product weighing
      366 grams was then introduced into a 2 liter reactor and washed for one
      hour at 65.degree.C. with 300 milliliters of a 1% sodium hydroxide
      solution. The caustic wash was repeated two additional times with fresh
      caustic solution.
PAR  The isopropylphenyl diphenyl phosphate ester was then separated from the
      caustic solution and washed twice with 300 milliliters of water at
      65.degree.C. for 1 hour. The water phase after the second wash was neutral
      to pH paper. The washed ester is separated from the final wash water and
      dried at 100.degree.C. under a vacuum of 1.0 millimeters Hg (5-10
      millimeters Hg at 100.degree.C. is also satisfactory), until no more water
      distills over. The dried ester is filtered to give 351 grams of finished
      ester product.
PAC  EXAMPLE 2
PAR  A 200 gram sample of a commercial finished isopropylphenyl diphenyl
      phosphate ester having a Saybolt Universal Viscosity of 150 seconds and
      prepared in a manner similar to that of Example 1 and having an APHA color
      value of 400 (American Public Health Association, Platinum-cobalt Scale
      for Designating Color) was contacted with 1 milliliter of a 25% solution
      of diisobutyl aluminum hydride in hexane. The solution was stirred at room
      temperature, and the APHA color value measured from various samples in
      accordance with the time as indicated in the Table below.
TBL                TABLE                                                       

     ______________________________________                                    

     Time in Minutes    APHA Color Value                                       

     ______________________________________                                    

     0                    400                                                  

     60                    75 to 100                                           

     110                   50 to 75                                            

     ______________________________________                                    

PAR  The solution was then stripped of solvent under vacuum at 80.degree.C/1.0
      millimeters of Hg. The final APHA color value measured 50. The phosphate
      ester displayed excellent color stability when tested for PVC mill
      stability (which determines the effect of mill conditions on the darkening
      properties of a vinyl formulation incorporating the phosphate ester as a
      plasticizer). The untreated phosphate ester failed this PVC mill stability
      test. Storage tests were also performed over a two month period wherein
      the treated phosphate ester was placed in a dark area for two months with
      no change in color. It was also stable to a current of air flowing through
      it for 1 hour at 100.degree.C.
PAC  EXAMPLE 3
PAR  A 200 gram sample of a commercial finished isopropylphenyl phenyl phosphate
      ester having a Saybolt Universal Viscosity of 220 seconds, prepared in the
      manner similar to that of Example 1, and having an APHA color value of 150
      was contacted with 2 milliliters of a 25% diisobutyl aluminum hydride
      solution in hexane. The solution was stirred at 25.degree.C. for 2 hours
      during which time the color decreased to an APHA value of 25 to 50. The
      solution was washed with 200 milliliters of a 0.5% HCl solution and two
      times with 200 milliliters of water. Upon phase separation, the product
      layer containing the phosphate ester was vacuum dried at 75.degree.C./5
      millimeters Hg to give a final APHA color value of 25 to 50. The treated
      ester passed the PVC mill stability test; untreated ester failed the test.
PAC  EXAMPLE 4
PAR  A 200 gram sample of a commercial finished isopropylphenyl diphenyl
      phosphate ester having a Saybolt Viscosity of 150 seconds prepared in a
      manner similar to that of Example 1 and having a APHA color value of 400
      was treated by contacting with one milliliter of a 25% solution of
      triisobutyl aluminum in PRIMOL-355, a highly refined white mineral oil
      made by Exxon under nitrogen. After 4 hours of mixing at 25.degree.C., the
      treated ester had and APHA color value of 75. The finished ester displayed
      an unusually marked color stability in the PVC mill stability test.
PAC  EXAMPLE 5
PAR  Similar results were obtained when a triethyl aluminum solution was
      substituted for the triisobutyl aluminum solution in Example 4.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing alkylphenyl esters of phosphoric acid which
      comprises the alkylation of phenol with an olefin followed by the addition
      of POCl.sub.3 in the presence of a Friedel-Crafts catalyst at an elevated
      temperature, the improvement which comprises contacting said esters with
      an effective amount of an organoaluminum compound in accordance with the
      formula:
EQU  R'.sub.n AlH.sub.m
PAL  wherein R' is a radical selected from the group consisting of alkyl,
      cycloalkyl, aryl, alkaryl or aralkyl and contains up to 20 carbon atoms;
      and n varies from 1-3, and m varies from 0-2; for a period of time
      sufficient to reduce the color to the desired level whereby said esters
      are decolorized and stabilized against subsequent color formation.
NUM  2.
PAR  2. The method of claim 1 wherein said alkylphenyl esters correspond to the
      formula:
      ##EQU2##
      wherein R is alkaryl and R.sub.1 and R.sub.2 are selected from the group
      consisting of alkyl, aralkyl, alkaryl and aryl, and wherein the alkyl
      groups contain from 1 to about 20 carbon atoms.
NUM  3.
PAR  3. The method of claim 2 wherein the alkyl groups contain from 1 to about
      12 carbon atoms.
NUM  4.
PAR  4. The method of claim 1 wherein the alkylphenyl esters contain unreacted
      phenols.
NUM  5.
PAR  5. The method of claim 1 wherein said organoaluminum compound is selected
      from the group consisting of triorganoaluminums, organoaluminum hydrides,
      and mixtures thereof.
NUM  6.
PAR  6. The method of claim 5 wherein said organoaluminum consists of a
      triorganoaluminum.
NUM  7.
PAR  7. The method of claim 6 wherein said triorganoaluminum compound consists
      of triisobutyl aluminum or triethyl aluminum.
NUM  8.
PAR  8. The method of claim 5 wherein said organoaluminum consists of an
      organoaluminum hydride.
NUM  9.
PAR  9. The method of claim 8 wherein said organoaluminum hydride consists of
      diisobutyl aluminum hydride.
NUM  10.
PAR  10. The method of claim 1 wherein said decolorizing and stabilizing is
      conducted under an inert atmosphere.
NUM  11.
PAR  11. The method of claim 5 wherein said inert atmosphere comprises nitrogen.
NUM  12.
PAR  12. The method of claim 1 wherein said organoaluminum compound is employed
      in solution.
NUM  13.
PAR  13. The method of claim 1 wherein the alkylphenyl ester of phosphoric acid
      is an isopropylphenyl phenyl phosphate.
NUM  14.
PAR  14. The method of claim 12 wherein solvent is removed after the treatment
      of completed.
NUM  15.
PAR  15. The method of claim 1 wherein residual aluminum compounds after
      treatment are removed by washing with dilute acid.
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ABST
PAL  A method for decolorizing and stabilizing alkylphenyl esters of phosphoric
      acid which comprises contacting the esters with an effective amount of a
      phosphite ester for a sufficient length of time to decolorize and
      stabilize the esters against subsequent color formation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the decolorization and stabilization of
      alkylphenyl esters of phosphoric acid. The production of low color and
      color stable phosphate esters from alkylphenol precursors has been a long
      recognized problem. In the conventional production of phosphate esters
      from alkylphenols, undesirable color formation frequently occurs. Color
      can decrease the phosphate ester's value as a commercial product.
PAR  Alkylphenyl esters of phosphoric acid find extensive use as plasticizers
      for nitrocellulose and polyvinyl chloride (PVC) compositions. In addition,
      they also serve as additives for gasoline, functional fluids, oils, and
      are useful as flame retardants in plastics, and the like.
PAR  The preparation of alkylphenyl esters of phosphoric acid is generally
      accomplished by the addition of phosphorus oxychloride, (POCl.sub.3) to
      selected phenols, such as cresols, xylenols, and the like, and gradually
      heating the resulting reaction mixture to about 180.degree.C. The reaction
      is accelerated by the presence of a Friedel-Crafts catalyst such as
      aluminum chloride, (AlCl.sub.3). In conventional processing, the reaction
      product is vacuum distilled to remove unreacted phenols as an initial
      fraction, and the alkylphenyl phosphate ester as a product fraction,
      leaving high boiling point materials and the catalyst in the residue. The
      distilled product fraction is then washed thoroughly with sodium hydroxide
      solution to remove the free phenol and acidic materials, followed by water
      washing. The product fraction is then generally treated with activated
      carbon to remove color causing impurities.
PAR  This process, which works very well with esters produced from conventional
      by-product alkylphenols, produces unsatisfactory material when applied to
      mixed alkylphenols produced by the alkylation of phenol with olefins. It
      is found that the products discolor upon exposure to air, exposure to
      heat, or storage in the dark. The discoloration has been attributed to the
      presence of di(o-alkyl) phenols in the alkylated phenol. Steric hindrance
      caused by the double ortho substitution in 2,6-dialkylphenols and in
      2,4,6-trialkylphenols renders the phenols unresponsive to washing with
      sodium hydroxide solution, so that they are not removed by the caustic
      wash.
PAR  These so called "hindered phenols," can oxidize in the presence of air to
      form highly colored quinones, which are the source of undesirable
      discoloration in the product. These quinones can bleach somewhat in the
      light, however, color will reappear upon storage in the dark. The color
      can intensify when the ester is mixed or milled with polyvinyl chloride
      (PVC) under the influence of air and heat.
PAR  Thus, for example, in the case of 2,6-diisopropylphenol, the corresponding
      diphenoquinone or benzoquinone is highly colored. Esters made from
      mixtures of alkylated phenols which contain di-orthoalkylphenols such as
      2,6-diisopropylphenol can be too highly colored for many uses,
      particularly for use as plasticizers. High color phosphate esters have
      limited utility for plasticizer use and are less marketable.
PAR  Color formation in phosphate esters is discussed in U.S. Pat. No.
      3,681,482, which correlates the degree of color formation in phosphate
      esters to the degree of alkyl substitution of the aryl ring. Accordingly,
      tris(methylphenyl) phosphate will produce less color than
      tris(dimethylphenyl) phosphate. This may be explained by the fact that the
      tris(methylphenyl) phosphate has only one methyl group substituted on the
      aryl ring, whereas tris(dimethylphenyl) phosphate has two methyl groups
      substituted on the aryl ring and, therefore, has more color.
PAR  A number of proposals have been made for methods to overcome the problem of
      undesirable color formation. For example, U.S. Pat. No. 1,958,210
      discloses the use of activated carbon to decolorize and remove oxidizable
      impurities from phosphate esters. In certain instances, for example, in
      the decolorization of isopropylphenyl diphenyl phosphate ester, the use of
      activated carbon may increase color formation.
PAR  U.S. Pat. No. 2,113,951 discloses a method wherein an alkylphenol such as
      cresylic acid is distilled in the presence of a mineral acid such as
      sulfuric, hydrochloric or phosphoric acid, to purify it. The purified
      cresylic acid is then employed in the manufacture of tricresyl phosphate
      esters which are supposed to be more stable to the action of heat and
      light than the corresponding ester made from alkylphenols distilled in the
      absence of an inorganic acid. The disadvantage of this process is that the
      phenolic residues oxidize to colored quinones, and must be thoroughly
      distilled in order to remove them and avoid further color formation.
PAR  Another method for reducing color is proposed in U.S. Pat. No. 3,681,492
      wherein sodium borohydride is used to permanently bleach and color
      stabilizie tris(alkylphenyl) phosphate esters containing
      2,6-diisopropylphenol and the corresponding diphenoquinone. The sodium
      borohydride reduces the diphenoquinone to the colorless
      2,6-diisopropylphenol which, however, remains in the product and is a
      potential source of discoloration if the product is exposed to oxidizing
      conditions. Sodium borohydride treatment is also expensive in cost of
      materials and time, as several hours to overnight treating times are
      necessary.
PAR  Thus, it can be seen that the methods proposed in the prior art, are not
      commercially effective for removing color from alkylphenol esters of
      phosphoric acid, or do not improve the PVC mill stability when these
      esters are used as PVC plasticizers.
PAC  SUMMARY OF INVENTION
PAR  In accordance with the present invention, a method for removing color from
      alkylphenol esters of phosphoric acid which also improves the mill
      stability of these esters when they are used as plasticizers for PVC has
      now been discovered.
PAR  The method comprises contacting the alkylphenyl phosphate esters with an
      effective amount of a phosphite ester for a time sufficient to reduce the
      color to the desired level. The phosphate ester is decolorized and
      stabilized against subsequent color formation. This treatment produces a
      low color, stable phosphate ester and may be conducted during the sodium
      hydroxide wash of the phosphate ester product. The phosphite esters are
      generally employed in a dilute caustic solution.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION AND THE PREFERRED EMBODIMENTS
PAR  Permanent removal of color from colored phosphate esters according to the
      method of this invention is achieved by contacting the phosphate ester
      with an effective amount of a phosphite ester with a dilute caustic
      solution for a time sufficient to decolorize the phosphate ester to the
      desired level, and stabilize it against subsequent color formation.
PAR  This invention is applicable to all phosphate esters which are made from
      alkylated phenol mixtures which contain hindered phenols, e.g., phenols
      containing alkyl groups on both positions ortho to the hydroxyl group. The
      esters may contain 0.5 to 3 alkylaryl groups and 0 to 2.5 phenyl groups.
      Preferably, the triaryl phosphate esters treated by the process of this
      invention are a mixture of esters containing 1 to 2 alkaryl groups. The
      esters correspond to the general formula:
      ##EQU1##
      where R is alkylaryl and R.sub.1 and R.sub.2 may be alkyl, alkaryl,
      aralkyl or aryl, and wherein the alkyl groups can contain from 1 to 20
      carbon atoms, more preferably from 1 to 12 carbon atoms. Some
      triphenylphosphate may also be present.
PAR  The alkylated phenols which contain hindered phenols are usually made by
      alkylating phenol with C.sub.2 -C.sub.12 unsaturated hydrocarbons such as
      ethylene, propylene, isobutylene and its isomers, amylene and its isomers,
      tripropylene, tetrapropylene, decene, dodecene, diisobutylene and the
      like.
PAR  Typical examples of alkyl radicals are as follows: methyl, ethyl, normal
      propyl, isopropyl, normal butyl, isobutyl, secondary butyl, tertiary
      butyl, normal amyl, isoamyl, 2-methylbutyl, 2,2-dimethyl propyl, 1-methyl
      butyl, diethylmethyl, 1,2-dimethyl propyl, tertiary amyl, normal hexyl,
      1-methylamyl, 1-ethyl butyl, 1,2,2-trimethyl propyl, 3,3-dimethyl butyl,
      1,1,2-trimethyl propyl, 2-methyl amyl, 1,1-dimethyl butyl, 1-ethyl
      2-methyl propyl, 1,3-dimethyl butyl, isohexyl, 3-methylamyl, 1,2-dimethyl
      butyl, 1-methyl 1-ethyl propyl, 2-ethyl, normal heptyl,
      1,1,2,3-tetramethyl propyl, 1,2-dimethyl 1-ethyl propyl, 1,1,2-trimethyl
      butyl, 1-isopropyl 2-methyl propyl, 1-methyl 2-ethyl butyl, 1,1-diethyl
      propyl, 2-methyl hexyl, 1,1-dimethyl amyl, 1-isopropyl butyl, 1-ethyl
      3-methyl butyl, 1,4-dimethyl amyl, isoheptyl, 1-methyl 1-ethyl butyl,
      1-ethyl 2-methyl butyl, 1-methyl hexyl, 1-propyl butyl, normal octyl,
      1-methyl heptyl, 1,1-diethyl 2-methyl propyl, 1,1,3,3-tetramethyl butyl,
      1,1-diethyl butyl, 1,1-dimethyl hexyl, 1-methyl 1-ethyl amyl, 1-methyl
      1-propyl butyl, 2-ethyl hexyl, 6-methyl heptyl normal nonyl, 1-methyl
      octyl, 1-ethyl heptyl, 1,1-dimethyl heptyl, 1-ethyl 1-propyl butyl,
      1,1-diethyl 3-methyl butyl, diisobutyl methyl, 3,5,5-trimethyl hexyl,
      3,5-dimethyl heptyl, normal decyl, 1-propyl heptyl, 1,1-diethyl hexyl,
      1,1-dipropyl butyl, 2-isopropyl 5-methyl hexyl and C.sub.11 -C.sub.20
      alkyl groups.
PAR  Also included are aralkyl groups, e.g., benzyl, alpha- or beta-phenylethyl,
      alpha,alpha dimethylbenzyl and the like. Also included are cyclohexyl,
      cycloheptyl, cyclododecyl and the like.
PAR  Typical examples of aryl and alkaryl radicals are phenyl, cresyl, xylyl,
      alkoxylated phenyl, isopropylphenyl, butylphenyl, alpha alkylbenzylphenyl
      and alpha,alpha-dialkylbenzylphenyl, e.g., alpha-methylbenzylphenyl,
      alpha,alpha-dimethylbenzylphenyl, tert-nonylphenyl, amylphenyl,
      tert-butylphenyl, isooctylphenyl, dodecylphenyl, tertiary octylphenyl and
      the like.
PAR  The invention is hereinafter exemplified by first showing the preparation
      of an ester via the alkylation of phenol with an olefin, followed by
      addition of POCl.sub.3. These alkylated phenols produce esters which are
      similar to those produced with conventional by-product coal tar cresylic
      acids or methylphenols.
PAR  The esters are generally made by reacting an alkylphenol with POCl.sub.3 in
      the presence of a Friedel-Crafts catalyst at an elevated temperature,
      typically about 180.degree.C., until the reaction is complete, as noted by
      the cessation of HCl evolution. The reaction mixture is then heated to
      distill excess phenols overhead. The temperature and/or vacuum is then
      increased and the phosphate ester product is distilled leaving the
      catalyst and a small amount of high boiling distillation residue.
PAR  Conventionally, the ester product is washed with aqueous alkali to remove
      free phenols which are generally present in the range of about a few
      tenths of a percent. The washed product is separated from the water and
      heated, generally under vacuum and then treated with activated carbon and
      a filter aid, such as diatomaceous earth, and filtered. However, product
      discoloration caused by hindered phenols in the presence of air and heat
      can occur, especially during the caustic wash and/or during the drying
      step, rendering the product unsuitable for use in applications where lack
      of color is important.
PAR  In accordance with this invention, the phosphate ester is treated for color
      removal and color stabilization by contacting the alkylphenyl phosphate
      ester with an effective amount of a phosphite ester for a sufficient
      length of time until the color is adequately reduced. The contacting
      treatment is preferably conducted during the sodium hydroxide wash of the
      phosphate ester product.
PAR  The phosphite esters used in this invention correspond to the general
      formula
      ##EQU2##
      wherein R.sub.3, R.sub.4, and R.sub.5, are radicals, each independently
      selected from the group consisting of alkyl, cycloalkyl, aryl, alkaryl or
      aralkyl, wherein the alkyl groups contain from 1 to about 20 carbon atoms,
      more preferably from 1 to 12 carbon atoms. Furthermore, at least one
      radical from the group R.sub.3, R.sub.4, or R.sub.5 is aryl or alkaryl.
      Typical examples of the above radicals are as have been hereinbefore
      exemplified.
PAR  The triaryl phosphite esters are preferred. Trialkyl phosphites lend to
      odorous products and/or less effective treatment. Especially preferred are
      the tris(alkylaryl) phosphite esters.
PAR  Treatment times will vary, generally from about 5 minutes to about 24
      hours, depending upon the amount of phosphate ester treated, the amount
      and concentration of phosphite ester in solution, the temperature,
      agitation, and the like. Preferably, the phosphate esters are washed for
      about 1 hour to about 5 hours at a temperature of about 20.degree.C. to
      about 100.degree.. More preferably, the washing treatment is carried out
      at temperatures of about 45.degree.C. to about 70.degree.C.
PAR  The phosphite esters are generally employed in a dilute caustic solution.
      The amount of phosphite ester can vary from about 0.1% to about 10% by
      weight of the phosphate ester treated. Larger amounts of the phosphite
      ester can be employed, but no advantage is accrued thereby. It is
      preferred to use an amount ranging from about 0.5% to about 5% by weight
      of the phosphate ester treated. However, it is particularly preferred to
      employ phosphite ester in an amount ranging from about 1% to about 3% by
      weight of the phosphate ester treated.
PAR  The particular amount of phosphite ester employed in any given instance
      will to some extent be influenced by a number of factors, which include
      the amount of color present, the amount of color improvement desired, the
      particular phosphate ester treated, treatment time and the like.
PAR  The amount of caustic solution used is about 5-200 volume percent of the
      phosphate ester treated, and preferably about 25-150 volume percent.
PAR  The caustic solution used may contain from about 0.1% to about 5% sodium
      hydroxide, potassium hydroxide and the like, preferably about 0.5% to
      about 3%. The washing is carried out at temperatures ranging from about
      10.degree.-85.degree.C., preferably about 20.degree.-70.degree.C., for
      about 10-200 minutes, preferably about 20-120 minutes. The
      caustic-phosphite ester wash is followed by water washing until subsequent
      water washes are neutral.
PAR  The phosphate ester is preferably distilled before washing.
PAR  The method of this invention is generally conducted under atmospheric
      pressure. However, higher or lower pressures may be used. It may also be
      conducted under an inert atmosphere, such as nitrogen which serves to
      repress re-oxidation.
PAR  The method of this invention may be carried out batchwise or in a
      continuous manner. One particular advantage of the instant invention is
      that after treatment of the phosphate ester with the phosphite ester
      solution, no additional steps or special treatment other than an optional
      washing step, phase separation and drying are necessary. Residual
      phosphite esters do not appear to have an adverse effect on the commercial
      properties of the phosphate esters.
PAR  In general, the process consists of:
PA1  1. Phosphorylation
PA1  2. Distillation of the product;
PA1  3. Sampling of an initial fraction which contains the bulk portion of
      unreacted free phenols, which can be discarded or recycled back to the
      phosphorylation step;
PA1  4. Washing the distilled phosphate ester with a caustic solution containing
      the triaryl phosphite (which may not be fully dissolved). This is an
      aqueous solution;
PA1  5. Water washing until the final water wash is essentially neutral;
PA1  6. Washing with dilute phosphoric acid (optional);
PA1  7. Washing with water (optional);
PA1  8. Drying the phosphate ester.
PAR  The following examples are illustrative of the methods disclosed above, and
      are provided without any intention that the invention be limited thereto.
      In the examples and throughout the specification, all parts and
      percentages are by weight, unless otherwise noted.
PAC  EXAMPLE I
PAC  Preparation of Isopropylphenyl Diphenyl Phosphate Ester
PAR  1.86 moles of phenol, 1.50 moles of an isopropylphenol mixture containing
      mono- and diisopropyl phenols, and 1.12 moles of phosphorus oxychloride
      were placed in a 1 liter reactor and stirred at a moderate rate at room
      temperature. Nitrogen gas was bubbled slowly through the liquid and
      anhydrous magnesium chloride catalyst was added to the stirred contents.
      The charge was then heated, while slowly being stirred, from a temperature
      of 38.degree. to 180.degree.C. over a period of 4 hours. The temperature
      was maintained at 180.degree.C. for approximately 5 hours or until the
      evolution of hydrogen chloride ceased.
PAR  The crude isopropylphenyl diphenyl phosphate product weighing 423 grams was
      then transferred to a 1/2 liter distillation flask and vacuum distilled
      through a 6 .times. 1 inches column packed with 1/4 inch glass spheres.
      The distilled isopropylphenyl diphenyl phosphate ester product weighing
      366 grams was then introduced into a 2 liter reactor and washed for 1 hour
      at 65.degree.C. with 300 milliliters of a 1% sodium hydroxide solution.
      The caustic wash was repeated two additional times with fresh caustic
      solution.
PAR  The isopropylphenyl diphenyl phosphate ester was then separated from the
      caustic solution and washed twice with 300 milliliters of water at
      65.degree.C. for 1 hour. The water phase after the second wash was neutral
      to pH paper. The washed ester was separated from the final wash water and
      dried at 100.degree.C. under a vacuum of 1.0 millimeters Hg (5-10
      millimeters Hg at 100.degree.C. is also satisfactory), until no more water
      distilled over. The dried ester was filtered to give 351 grams of finished
      ester product.
PAC  EXAMPLE 2
PAR  A 200 gram commercial sample of an isopropylphenyl diphenyl phosphate ester
      having a Saybolt Universal Viscosity of 150 seconds prepared in a manner
      similar to that of Example 1 and having an APHA color value of 400
      (American Public Health Association platinum-cobalt Scale for designating
      color) was treated under nitrogen with 2 wt. % of
      tris(nonylphenyl)phosphite in 200 ml. of a 1% NaOH solution with mixing
      for 1 hour at 65.degree.C and phase separated. The oil layer was then
      washed two times with 200 ml. of H.sub.2 O at 65.degree.C for one-half
      hour. The ester was dried under vacuum at 70.degree.C/5 mm Hg. to give a
      finished phosphate ester having a final APHA color value of 75.
PAR  The phosphite treated ester sample was tested for PVC mill stability (which
      determines the effect of mill conditions on the darkening properties of a
      vinyl formulation incorporating the phosphate ester as a plasticizer). The
      phosphite treated ester passed the test. In a comparison test where the
      phosphate ester was washed only with dilute sodium hydroxide and then
      water, i.e., no phosphite ester present, the phosphate ester failed the
      PVC mill stability test and was darker in color (500 APHA).
PAR  Storage tests were also performed on the phosphite treated ester, which was
      placed in a dark closet for 10 days with no change in color.
PAC  EXAMPLE 3
PAR  200 grams of an unwashed distillate, 150 SUS, 25 APHA was treated with 2
      grams of triphenylphosphite and 200 ml. of a 1% NaOH solution. The charge
      was mixed for 1 hour at 65.degree.C. It was then washed twice with 100 ml.
      of water at 65.degree.C. The oil phase was dried via a wiped film
      evaporator at 120.degree.C/10mm. vacuum to give a finished ester having a
      25 APHA. The ester did not darken upon being stored in the dark for 10
      days. It passed the PVC mill stability test. Without the phosphite present
      the color was much darker (&gt; 100 APHA) and the ester failed the PVC mill
      stability test.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing alkylphenyl esters of phosphoric acid which
      comprises the alkylation of phenol with an olefin followed by the addition
      of POCl.sub.3 in the presence of a Friedel-Crafts catalyst at an elevated
      temperature, the improvement which comprises contacting said esters with
      an effective amount of a phosphite ester corresponding to the formula:
      ##EQU3##
      wherein R.sub.3, R.sub.4 and R.sub.5 are radicals, each independently
      selected from the group consisting of alkyl, cycloalkyl, phenyl,
      alkylphenyl and phenylalkyl, wherein the alkyl groups contain from 1 to
      about 20 carbon atoms, and wherein at least one radical from the group
      R.sub.3, R.sub.4 and R.sub.5 is phenyl or alkylphenyl; for a period of
      time sufficient to reduce the color to the desired level whereby said
      esters are decolorized and stabilized against subsequent color formation.
NUM  2.
PAR  2. The method of claim 1 wherein said alkylphenyl esters correspond to the
      formula:
      ##EQU4##
      wherein R is alkaryl and R.sub.1 and R.sub.2 are selected from the group
      consisting of alkyl, aralkyl, alkaryl and aryl, and wherein the alkyl
      groups contain from 1 to about 20 carbon atoms.
NUM  3.
PAR  3. The method of claim 1 wherein said alkyl groups contain from 1 to about
      12 carbon atoms.
NUM  4.
PAR  4. The method of claim 1 wherein the alkylphenyl esters contain unreacted
      phenols.
NUM  5.
PAR  5. The method of claim 1 wherein said phosphite ester is a triphenyl
      phosphite.
NUM  6.
PAR  6. The method of claim 1 wherein said phosphite ester is a
      tris(alkylphenyl) phosphite.
NUM  7.
PAR  7. The method of claim 1 wherein said alkylphenyl ester of phosphoric acid
      is an isopropylphenyl phosphate.
NUM  8.
PAR  8. The method of claim 1 wherein the alkylphenyl ester of phosphoric acid
      is an isopropylphenyl phenyl phosphate.
NUM  9.
PAR  9. The method of claim 1 wherein said decolorizing and stabilizing is
      conducted under an inert atmosphere.
NUM  10.
PAR  10. The method of claim 9 wherein said inert atmosphere comprises nitrogen.
NUM  11.
PAR  11. The method of claim 1 wherein said phosphite ester is employed in an
      alkaline solution.
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ABST
PAL  A method for decolorizing and stabilizing alkylphenyl esters of phosphoric
      acid which comprises contacting the esters with an effective amount of a
      water soluble salt of a reduced form of sulfur for a sufficient length of
      time to decolorize and stabilize the esters against subsequent color
      formation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the decolorization and stabilization of
      alkylphenyl esters of phosphoric acid. The production of low color and
      color stable phosphate esters from alkylphenol precursors has been a long
      recognized problem. In the conventional production of phosphate esters
      from alkylphenols, undesirable color formation frequently occurs. Color
      can decrease the phosphate ester's value as a commercial product.
PAR  Alkylphenyl esters of phosphoric acid find extensive use as plasticizers
      for nitrocellulose and polyvinyl chloride (PVC) compositions. In addition,
      they also serve as additives for gasoline, functional fluids, oils, and
      are useful as flame retardants in plastics, and the like.
PAR  The preparation of alkylphenyl esters of phosphoric acid is generally
      accomplished by the addition of phosphorus oxychloride, (POCl.sub.3) to
      selected phenols, such as cresols, xylenols, and the like, and gradually
      heating the resulting reaction mixture to about 180.degree.C. The reaction
      is accelerated by the presence of a Friedel-Crafts catalyst such as
      aluminum chloride, (AlCl.sub.3). In conventional processing, the reaction
      product is vacuum distilled to remove unreacted phenols as an initial
      fraction, and the alkylphenyl phosphate ester as a product fraction,
      leaving high boiling point materials and the catalyst in the residue. The
      distilled product fraction is then washed thoroughly with sodium hydroxide
      solution to remove free phenol and acidic materials, followed by water
      washing. The product fraction is then generally treated with activated
      carbon to remove color causing impurities
PAR  This process, which works very well with esters produced from conventional
      by-product alkylphenols, produces unsatisfactory material when applied to
      mixed alkylphenols produced by the alkylation of phenol with olefins. It
      is found that the products discolor upon exposure to air, exposure to
      heat, or storage in the dark. The discoloration has been attributed to the
      presence of di (o-alkyl) phenols in the alkylated phenol. Steric hindrance
      caused by the double ortho substitution in 2,6-dialkylphenols and in
      2,4,6-trialkylphenols renders the phenols unresponsive to washing with
      sodium hydroxide solution, so that they are not removed by the caustic
      wash.
PAR  These so-called "hindered phenols," can oxidize in the presence of air to
      form highly colored quinones, which are the source of undesirable
      discoloration in the product. These quinones can bleach somewhat in the
      light, however, color will reappear upon storage in the dark. The color
      can intensify when the ester is mixed or milled with polyvinyl chloride
      (PVC) under the influence of air and heat.
PAR  Thus, for example, in the case of 2,6-diisopropylphenol, the corresponding
      diphenoquinone or benzoquinone is highly colored. Esters made from
      mixtures of alkylated phenols which contain di-orthoalkylphenols such as
      2,6-diisopropylphenol can be too highly colored for many uses,
      particularly for use as plasticizers. High color phosphate esters have
      limited utility for plasticizer use and are less marketable.
PAR  Color formation in phosphate esters is discussed in U.S. Pat. No.
      3,681,482, which correlates the degree of color formation in phosphate
      esters to the degree of alkyl substitution of the aryl ring. Accordingly,
      tris(methylphenyl) phosphate will produce less color than
      tris(dimethylphenyl) phosphate. This may be explained by the fact that the
      tris(methylphenyl) phosphate has only one methyl group substituted on the
      aryl ring, whereas tris(dimethylphenyl) phosphate has two methyl groups
      substituted on the aryl ring and, therefore, has more color.
PAR  A number of proposals have been made for methods to overcome the problem of
      undesirable color formation. For example, U.S. Pat. No. 1,958,210
      discloses the use of activated carbon to decolorize and remove oxidizable
      impurities from phosphate esters. This approach is unsatisfactory because
      activated carbon is not an effective decolorizing agent for alkylphenyl
      phosphate esters. In ceratin instances, for example, in the decolorization
      of isopropylphenyl diphenyl phosphate ester, the use of activated carbon
      may increase color formation.
PAR  U.S. Pat. No. 2,113,951 discloses a method wherein an alkylphenol such as
      cresylic acid is distilled in the presence of a mineral acid such as
      sulfuric, hydrochloric or phosphoric acid, to purify it. The purified
      cresylic acid is then employed in the manufacture of tricresyl phosphate
      esters which are supposed to be more stable to the action of heat and
      light than the corresponding ester made from alkylphenols distilled in the
      absence of an inorganic acid. The disadvantage of this process is that the
      phenolic residues oxidize to colored quinones, and must be thoroughly
      distilled in order to remove them and avoid further color formation.
PAR  Another method for reducing color is proposed in U.S. Pat. No. 3,681,482
      wherein sodium borohydride is used to permanently bleach and color
      stabilize tris(alkylphenyl phosphate esters containing
      2,6-diisopropylphenol and the corresponding diphenoquinone. The sodium
      borohydride reduces the diphenoquinone to the colorless
      2,6-diisopropylphenol which, however, remains in the product and is a
      potential source of discoloration if the product is exposed to oxidizing
      conditions. Sodium borohydride treatment is also expensive in cost of
      materials and time, as several hours to overnight treating times are
      necessary.
PAR  Thus, it can be seen that the methods proposed in the prior art, are not
      commercially effective for removing color from alkylphenol esters of
      phosphoric acid, or do not improve the PVC mill stability when these
      esters are used as PVC plasticizers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a method for removing color from
      alkylphenyl esters of phosphoric acid which also improves the mill
      stability of these esters when they are used as plasticizers for PVC has
      now been discovered.
PAR  The method comprises contacting the alkylphenyl phosphate esters with an
      effective amount of a water soluble salt of a reduced form of sulfur in an
      aqueous solution for a time sufficient to reduce the color to the desired
      level. The phosphate ester is decolorized and stabilized against
      subsequent formation. This treatment produces a low color, stable
      phosphate ester and can be conducted during the sodium hydroxide wash of
      the phosphate ester product, or as a separate treatment after the sodium
      hydroxide washing step. The preferred water soluble salts encompassed in
      this invention include sodium thiosulfate (Na.sub.2 S.sub.2 O.sub.3),
      sodium sulfite (Na.sub.2 SO.sub.3), sodium bisulfite (NaHSO.sub.3), and
      mixtures thereof. The equivalent water soluble salts of other cations also
      function. The water soluble salts of a reduced form of sulfur are
      generally employed in an aqueous solution.
PAC  Detailed Description of the Invention and the Preferred Embodiments
PAR  Permanent removal of color from colored phosphate esters according to the
      method of this invention is achieved by contacting the phosphate ester
      with an effective amount of a water soluble salt of a reduced form of
      sulfur in aqueous solution for a time sufficient to decolorize the
      phosphate ester to the desired level, and stabilize it against subsequent
      color formation. This contacting is accomplished during the caustic
      washing or subsequent water washing of the phosphate ester.
PAR  This invention is applicable to all phosphate esters which are made from
      alkylated phenol mixtures which contain hindered phenols, e.g., phenols
      containing alkyl groups on both positions ortho to the hydroxyl group. The
      esters may contain 0.5 to 3 alkylaryl groups and 0 to 2.5 phenyl groups.
      Preferably, the triaryl phosphate esters treated by the process of this
      invention are a mixture of esters containing 1 to 2 alkaryl groups. The
      esters correspond to the general formula:
      ##EQU1##
      where R is alkaryl and R.sub.1 and R.sub.2 may be alkyl, alkaryl, aralkyl
      or aryl, and wherein the alkyl groups can contain from 1 to 20 carbon
      atoms and more preferably, from 1 to 12 carbon atoms. Some
      triphenylphosphate may also be present.
PAR  The alkylated phenols which contain hindered phenols are usually made by
      alkylating phenol with C.sub.2- C.sub.12 unsaturated hydrocarbons such as
      ethylene, propylene, isobutylene and its isomers, amylene and its isomers,
      tripropylene, tetrapropylene, decene, dodecene, diisobutylene and the
      like.
PAR  Typical examples of alkyl radicals are as follows: methyl, ethyl, normal
      propyl, isopropyl, normal-butyl, isobutyl, secondary-butyl,
      tertiary-butyl, normal-amyl, isoamyl, 2-methyl-butyl, 2,2-dimethyl-propyl,
      1-methyl-butyl, diethylmethyl, 1,2-dimethyl-propyl, tertiary-amyl,
      normal-hexyl, 1-methylamyl, 1-ethyl-butyl, 1,2,2-trimethyl-propyl,
      3,3-dimethyl-butyl, 1,1,2-trimethyl-propyl, 2-methyl-amyl,
      1,1-dimethyl-butyl, 1-ethyl-2-methyl-propyl, 1,3-dimethyl-butyl, isohexyl,
      3-methylamyl, 1,2-dimethyl-butyl, 1-methyl-1-ethyl propyl,
      2-ethyl-normalheptyl, 1,1,2,3-tetramethyl-propyl,
      1,2-dimethyl-1-ethyl-propyl, 1,1,2-trimethyl-butyl,
      1-isopropyl-2-methyl-propyl, 1-methyl-2ethyl butyl, 1,1-diethyl-propyl,
      2-methyl-hexyl, 1,1-dimethyl-amyl, 1-isopropyl-butyl, 1-ethyl-3-methyl
      butyl, 1,4-dimethyl-amyl, isoheptyl, 1-methyl-1-ethyl butyl,
      1-ethyl-2-methyl-butyl, 1-methyl-hexyl, 1-propyl-butyl, normal-octyl,
      1-methyl-heptyl, 1,1-diethyl-2-methyl propyl, 1,1,3,3-tetramethyl-butyl,
      1,1-diethyl-butyl, 1,1-dimethyl-hexyl, 1-methyl-1-ethyl amyl, 1-methyl
      1-propyl butyl, 2-ethyl-hexyl, 6-methyl-heptyl, normal-nonyl,
      1-methyl-octyl, 1-ethyl-heptyl, 1,1-dimethylheptyl, 1-ethyl-1-propyl
      butyl, 1,1-diethyl-3-methyl butyl, diisobutyl-methyl,
      3,5,5-trimethyl-hexyl, 3,5-dimethyl-heptyl, normal-decyl, 1-propyl-heptyl,
      1,1-diethyl-hexyl, 1,1-dipropylbutyl, 2-isopropyl-5-methyl hexyl and
      C.sub.11 -C.sub.20 alkyl groups.
PAR  Also included are aralkyl groups, e.g., benzyl, alpha- or beta-phenylethyl,
      alpha,alpha dimethylbenzyl and the like. Also included are cyclohexyl,
      cycloheptyl, cyclododecyl and the like.
PAR  Typical examples of aryl and alkaryl radicals are phenyl, cresyl, xylyl,
      alkoxylated phenyl, isopropylphenyl, butylphenyl, alpha-alkylbenzylphenyl
      and alpha,alpha-dialkylbenzylphenyl, e.g., alpha-methylbenzylphenyl,
      alpha,alpha dimethylbenzylphenyl, tert-nonylphenyl, amylphenyl,
      tert-butylphenyl, isooctylphenyl, dodecylphenyl, teritiary octylphenyl and
      the like.
PAR  The invention is hereinafter exemplified by first showing the preparation
      of an ester via the alkylation of phenol with an olefin, followed by
      addition of POCl.sub.3. These alkylated phenols produce esters which are
      similar to those produced with conventional by-product coal tar cresylic
      acids or methylphenols.
PAR  The esters are generally made by reacting an alkylphenol with POCl.sub.3 in
      the presence of a Friedel-Crafts catalyst at an elevated temperature,
      typically about 180.degree.C., until the reaction is complete, as noted by
      the cessation of HCl evolution. The reaction mixture is then heated to
      distill excess phenols overhead. The temperature and/or vacuum is then
      increased and the phosphate ester product is distilled leaving the
      catalyst and a small amount of high boiling distillation residue.
PAR  Conventionally, the ester product is washed with aqueous alkali to remove
      free phenols which are generally present in the range of about a few
      tenths of a percent. The washed product ia separated from the water and
      generally treated with activated carbon and a filter aid, such as
      diatomaceous earth, and filtered. However, product discoloration caused by
      hindered phenols in the presence of air and heat can ensue, rendering the
      product unsuitable for use in applications where lack of color is
      important.
PAR  In accordance with this invention, the phosphate ester is treated for color
      removal and color stabilization by contacting the alkylphenyl phosphate
      ester with an effective amount of a water soluble salt of a reduced form
      of sulfur until the color is adequately reduced. The contacting treatment
      can be conducted during the sodium hydroxide wash of the phosphate ester
      product, or as a separate treatment of the finished product. The sodium
      salts encompassed by the process of the present invention include sodium
      thiosulfate (Na.sub.2 S.sub.2 O.sub.3), sodium sulfite (Na.sub.2
      SO.sub.3), sodium bisulfite (NaHSO.sub.3), and mixtures thereof. The
      equivalent soluble salts of other cations also function. Included are
      potassium, lithium, ammonium, calcium and mixtures thereof.
PAR  Treatment times will vary, generally from about 5 minutes to about 24
      hours, depending upon the amount of phosphate ester treated, the amount
      and concentration of the sodium salt in solution, the temperature,
      agitation, and the like. Preferably, the phosphate esters are washed for
      about 10 minutes to about 5 hours at a temperature of about 20.degree.C.
      to about 100.degree.C. More preferably, the washing treatment is carried
      out at temperatures of about 25.degree.C. to about 70.degree.C. for about
      20 to about 120 minutes.
PAR  The concentration of water soluble salt of a reduced form of sulfur in
      solution can vary in amount from about 0.1% to about 25% by weight of the
      phosphate ester treated. Larger amounts of the water soluble salt can be
      employed, but no advantage is accrued thereby. It is preferred to use an
      amount ranging from about 0.5% to about 5% by weight of the phosphate
      ester with about 1% to about 3% being particularly preferred. The
      particular amount of water soluble salt employed in any given instance
      will to some extent be influenced by a number of factors which include the
      amount of color present, the extent of color improvement desired, the
      particular phosphate ester treated, treatment time, and the like.
PAR  The method of this invention is generally conducted under atmospheric
      pressure. However, higher or lower pressures may be used. It may also be
      conducted under an inert atmosphere, such as nitrogen which serves to
      repress re-oxidation.
PAR  The alkali metal salts of a reduced form of sulfur are preferably employed
      in aqueous solutions. The method of this invention may be carried out
      batch-wise or in a continuous manner.
PAR  One particular advantage of the instant invention is that after treatment
      of the phosphate ester with the sodium salt solution, no additional steps
      or special treatment other than an optional water washing step, phase
      separation and drying are necessary. Trace residual alkali metal salts of
      a reduced form of sufur if present, appear not to have an adverse effect
      on the commercial properties of the phosphate esters depending upon the
      particular salt involved. However, an optional final water wash can be
      employed primarily to remove soluble inorganic materials prior to drying.
DETD
PAR  The following examples are illustrative of the methods disclosed above, and
      are provided without any intention that the invention be limited thereto.
      In the examples and throughout the specification, all parts and
      percentages are by weight, unless otherwise noted.
PAC  EXAMPLE 1
PAC  Preparation of Isopropylphenyl Diphenyl Phosphate Ester
PAR  1.86 moles of phenol, 1.50 moles of an isopropylphenol mixture containing
      mono- and diisopropyl phenols, and 1.12 moles of phosphorus oxychloride
      were placed in a 1 liter reactor and stirred at a moderate rate at room
      temperature. Nitrogen gas was bubbled slowly through the liquid and
      anhydrous magnesium chloride catalyst was added to the stirred contents.
      The charge was then heated, while slowly being stirred, from a temperature
      of 38.degree.C. to 180.degree.C. over a period of four hours. The
      temperature was maintained at 180.degree.C. for approximately five hours
      or until the evolution of hydrogen chloride ceased.
PAR  The crude isopropylphenyl diphenyl phosphate product weighing 423 grams was
      then transferred to a 1/2 liter distillation flask and vacuum distilled
      through a 6 .times.  1 inch column packed with 1/4 inch glass spheres. The
      distilled isopropylphenyl diphenyl phosphate ester product weighing 366
      grams was then introduced into a 2 liter reactor and washed for one hour
      at 65.degree.C. with 300 milliliters of a 1% sodium hydroxide solution.
      The caustic wash was repeated two additional times with fresh caustic
      solution.
PAR  The isopropylphenyl dephenyl phosphate ester was then separated from the
      caustic solution and washed twice with 300 milliliters of water at
      65.degree.C. for one hour. The water phase after the second wash was
      neutral to pH paper. The washed ester is separated from the final wash
      water and dried at 100.degree.C. under a vacuum of 1.0 millimeters Hg
      (5-10 millimeters Hg at 100.degree.C. is also satisfactory), until no more
      water distilled over. The dried ester is filtered to give 351 grams of
      finished ester product.
PAC  EXAMPLE 2
PAC  Treatmeent of Distilled Unwashed Isopropylphenyl Diphenyl Phosphate Ester
PAR  Two 200 gram samples of an isopropylphenyl diphenyl phosphate ester having
      a Saybolt Universal Viscosity of 220 seconds prepared in a manner similar
      to that of Example 1 and having an APHA color value of 75 (American Public
      Health Association Platinum-Cobalt Scale for designating color) were each
      treated under nitrogen for 5 hrs. at 65.degree.C. with 200 ml. of a 1%
      NaOH solution containing two grams of one of the reagents listed in the
      table below. The caustic solution was separated and the ester was washed
      two times with an equal volume of water. The residual water was removed by
      vacuum stripping at 80.degree.C/2.0 mm. to give an ester with an improved
      color. The colors achieved are given in the table below for each reagent
      tried.
TBL  ______________________________________                                    

                           APHA Color                                          

     Reagent               Treated Ester                                       

     ______________________________________                                    

     Sodium Thiosulfate        50                                              

     Sodium Bisulfite          50                                              

     Control (no reagent)      75                                              

     Caustic-Air Wash (no reagent)                                             

                              150                                              

     ______________________________________                                    

PAR  The sodium salt treated ester samples were treated for PVC mill stability
      (which determines the effect of 60 minutes of milling, at temperatures of
      about 300.degree.-350.degree.F., on the darkening properties of a vinyl
      plastic film formulation incorporating the phosphate ester as a
      plasticizer). The sodium salt treated esters passed the test. In a
      comparison test where the phosphate ester was washed only with dilute
      sodium hydroxide and then water, the phosphate ester failed the PVC mill
      stability test.
PAR  Storage tests were also performed on the sodium salt treated esters. A
      portion of each ester contacted with a sodium salt of a reduced form of
      sulfur was placed in a dark closet for 10 days with no change in color.
PAC  EXAMPLE 3
PAC  Post Treatment of Another Finished Isopropylphenyl Diphenyl Phosphate Ester
PAR  Two 200 gram samples of a finished isopropylphenyl diphenyl phosphate ester
      prepared in a manner similar to that of Example 1 and having a Saybolt
      Universal Viscosity of 220 seconds and an APHA color value of 150, were
      treated with 3 grams of each reagent listed in the table below, dissolved
      in 40 ml. water at 65.degree.C. for a 5 hr. period. Each ester was then
      washed two times with an equal volume of water, and stripped of residual
      moisture at 80.degree.C/2.0 mm. Vacuum to give a treated ester having a
      lower APHA color value.
TBL  ______________________________________                                    

                       APHA Color                                              

     Reagent           Treated Ester                                           

     ______________________________________                                    

     Na.sub.2 S.sub.2 O.sub.3                                                  

                         25-50                                                 

     NaHSO.sub.3          50                                                   

     ______________________________________                                    

PAR  The treated samples passed the test for PVC mill stability and when placed
      in a dark closet for 10 days exhibited no change in color. The untreated
      finished ester failed the PVC mill stability test.
PAC  EXAMPLE 4
PAC  Illustrative Embodiment
PAR  When separate samples of isopropylphenyl phenyl phosphate are treated with
      1% by weight of potassium thiosulfate, ammonium sulfite, calcium bisulfite
      and potassium bisulfite in accordance with the procedure of Example 2,
      improved APHA color values will result. In addition, the treated samples
      will pass the test for PVC mill stability, and when placed in a dark
      closet for 10 days will not change color.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing alkylphenyl esters of phosphoric acid which
      comprises the alkylation of phenol with an olefin followed by the addition
      of POCl.sub.3 in the presence of a Friedel-Crafts catalyst at an elevated
      temperature, the improvement which comprises contacting said esters with
      an effective amount of a water-soluble salt of a reduced form of sulfur
      wherein the cation is selected from the group consisting of sodium,
      potassium, ammonium, calcium, and mixtures thereof; and wherein the anion
      is selected from the group consisting of thiosulfate, sulfite, bisulfite,
      and mixtures thereof; for a period of time sufficient to reduce the color
      to the desired level whereby said esters are decolorized and stabilized
      against subsequent color formation.
NUM  2.
PAR  2. The method of claim 1 wherein said alkylphenyl esters correspond to the
      formula:
      ##EQU2##
      wherein R is alkaryl and R.sub.1 and R.sub.2 are selected from the group
      consisting of alkyl, aralkyl, alkaryl and aryl, and wherein the alkyl
      groups contain from 1 to 20 carbon atoms.
NUM  3.
PAR  3. The method of claim 2 wherein said alkyl groups contain from 1 to 12
      carbon atoms.
NUM  4.
PAR  4. The method of claim 1 wherein the alkylphenyl esters contain unreacted
      phenols.
NUM  5.
PAR  5. The method of claim 1 wherein said water soluble salt of a reduced form
      of sulfur comprises a sodium salt selected from the group consisting of
      sodium thiosulfate, sodium sulfite, sodium bisulfite, and mixtures
      thereof.
NUM  6.
PAR  6. The method of claim 1 wherein said water soluble salt of a reduced form
      of sulfur comprises a potassium salt selected from the group consisting of
      potassium thiosulfate, potassium sulfite, postassium bisulfite, and
      mixtures thereof.
NUM  7.
PAR  7. The method of claim 1 wherein said water soluble salt of a reduced form
      of sulfur is employed in an aqueous solution.
NUM  8.
PAR  8. The method of claim 1 wherein the alkylphenyl ester of phosphoric acid
      is an isopropylphenyl phenyl phosphate.
NUM  9.
PAR  9. The method of claim 1 wherein said decolorizing and stabilizing is
      conducted under an inert atmosphere.
NUM  10.
PAR  10. The method of claim 9 wherein said inert atmosphere comprises nitrogen.
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ABST
PAL  A method for decolorizing and stabilizing alkylphenyl esters of phosphoric
      acid which comprises the in situ addition of an effective amount of
      PCl.sub.3 to the POCL.sub.3 reacted with an alkyl phenol so as to produce
      a decolorized and stabilized phosphate ester.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the decolorization and stabilization of
      alkylphenyl esters of phosphoric acid. The production of low color and
      color stable phosphate esters from alkylphenol precursors has been a long
      recognized problem. In the conventional production of phosphate esters
      from alkylphenols, undesirable color formation frequently occur. Color can
      decrease the phosphate ester's value as a commercial product.
PAR  Alkylphenyl esters of phosphoric acid find extensive use as plasticizers
      for nitrocellulose and polyvinyl chloride (PVC) compositions. In addition,
      they also serve as additives for gasoline, functional fluids, oils, and
      are useful as flame retardants in plastics, and the like.
PAR  The preparation of alkylphenyl esters of phosphoric acid is generally
      accomplished by the addition of phosphorus oxychloride, (POCl.sub.3) to
      selected phenols, such as cresols, xylenols, and the like, and gradually
      heating the resulting reaction mixture to about 180.degree.C. The reaction
      is accelerated by the presence of a Friedel-Crafts catalyst such as
      aluminum chloride, (AlCl.sub.3). In conventional processing, the reaction
      product is vacuum distilled to remove unreacted phenols as an initial
      fraction, and the alkyl-phenyl phosphate ester as a product fraction,
      leaving high boiling point materials and the catalyst in the residue. The
      distilled product fraction is then washed thoroughly with sodium hydroxide
      solution to remove free phenol and acidic materials, followed by water
      washing. The product fraction is then generally treated with activated
      carbon to remove color causing impurities.
PAR  This process, which works very well with esters produced from conventional
      by-product alkylphenols, produces unsatisfactory material when applied to
      mixed alkylphenols produced by the alkylation of phenol with olefins. It
      is found that the products discolor upon exposure to air, exposure to
      heat, or storage in the dark. The discoloration has been attributed to the
      presence of di(o-alkyl) phenols in the alkylated phenol. Steric hindrance
      caused by the double ortho substitution in 2,6 dialkylphenols and in
      2,4,6-trialkylphenols renders the phenols unresponsive to washing with
      sodium hydroxide solution, so that they are not removed by the caustic
      wash.
PAR  These so-called "hindered phenols," can oxidize in the presence of air to
      form highly colored quinones, which are the source of undesirable
      discoloration in the product. These quinones can bleach somewhat in the
      light, however, color will reappear upon storage in the dark. The color
      can intensify when the ester is mixed or milled with polyvinyl chloride
      (PVC) under the influence of air and heat.
PAR  Thus, for example, in the case of 2,6-diisopropylphenol, the corresponding
      diphenoquinone or benzoquinone is highly colored. Esters made from
      mixtures of alkylated phenols which contain di-orthoalkylphenols such as
      2,6-diisopropylphenol can be too highly colored for many uses,
      particularly for use as plasticizers. High color phosphate esters have
      limited utility for plasticizer use and are less marketable.
PAR  Color formation in phosphate esters is discussed in U.S. Pat. No.
      3,681,482, which correlates the degree of color formation in phosphate
      esters to the degree of alkyl substitution of the aryl ring. Accordingly,
      tris(methylphenyl) phosphate will produce less color than
      tris(dimethylphenyl) phosphate. This may be explained by the fact that the
      tris(methylphenyl) phosphate has only one methyl group substituted on the
      aryl ring, whereas tris(dimethylphenyl) phosphate has two methyl groups
      substituted on the aryl ring and, therefore, has more color.
PAR  A number of proposals have been made for methods to overcome the problem of
      undesirable color formation. For example, U.S. Pat. No. 1,958,210
      discloses the use of activated carbon to decolorize and remove oxidizable
      impurities from phosphate esters. This approach is unsatisfactory because
      activated carbon is not an effective decolorizing agent for alkylphenyl
      phosphate esters. In certain instances, for example, in the decolorization
      of isopropylphenyl diphenyl phosphate ester, the use of activated carbon
      may increase color formation.
PAR  U.S. Pat. No. 2,113,951 discloses a method wherein an alkylphenol such as
      cresylic acid is distilled in the presence of a mineral acid such as
      sulfuric, hydrochloric or phosphoric acid, to purify it. The purified
      cresylic acid is then employed in the manufacture of tricresyl phosphate
      esters which are supposed to be more stable to the action of heat and
      light than the corresponding ester made from alkylphenols distilled in the
      absence of an inorganic acid. The disadvantage of this process is that the
      phenolic residues oxidize to colored quinones, and must be thoroughly
      distilled in order to remove them and avoid further color formation.
PAR  Another method for reducing color is proposed in U.S. Pat. NO. 3,68l,482
      wherein sodium borohydride is used to permanently bleach and color
      stabilize tris(alkylphenyl) phosphate esters containing
      2,6-diisopropylphenol and the corresponding diphenoquinone. The sodium
      borohydride reduces the diphenoquinone to The colorless
      2,6-diisopropylphenol which, however, remains in the product and is a
      potential source of discoloration if the product is exposed to oxidizing
      conditions. Sodium borohydride treatment is also expensive in cost of
      materials and time, as several hours to overnight treating times are
      necessary.
PAR  Thus, it can be seen that the methods proposed in the prior art, are not
      commercially effective for removing color from alkylphenol esters of
      phosphoric acid, or do not improve the PVC mill stability when these
      esters are used as PVC plasticizers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a method for removing color from
      alkylphenyl esters of phosphoric acid which also improves the mill
      stability of these esters when they are used as plasticizers for PVC has
      now been discovered.
PAR  The method comprises the use of small amounts of PCl.sub.3 in the
      POCl.sub.3 used in the phosphorylation of alkaryl phenols. The phosphate
      esters prepared in this manner are decolorized and stabilized against
      subsequent color formation. This method produces a low color, stable
      phosphate ester.
PAC  DETAILED DESCRIPTION OF THE INVENTION AND THE PREFERRED EMBODIMENTS
PAR  Permanent removal of color from colored phosphate esters according to the
      method of this invention is achieved by the in situ addition of an
      effective amount of PCl.sub.3 to the POCl.sub.3 used in the
      phosphorylation of alkylated phenol mixtures. It has been found that the
      addition of the PCl.sub.3 to the POCl.sub.3 used in the phosphorylation
      reaction produces a decolorized phosphate ester which is stabilized
      against subsequent color formation.
PAR  This invention is applicable to all phosphate esters which are made from
      alkylated phenol mixtures which contain hindered phenols, e.g., phenols
      containing alkyl groups on both positions ortho to the hydroxyl group. The
      esters may contain 0.5 to 3 alkylaryl groups and 0 to 2.5 phenyl groups.
      Preferably, the triaryl phosphate esters treated by the process of this
      invention are a mixture of esters containing 1 to 2 alkaryl groups. The
      esters correspond to the general formula:
      ##EQU1##
      Where R is alkaryl and R.sub.1 and R.sub.2 may be alkyl, alkaryl, aralkyl
      or aryl, and wherein the alkyl groups can contain from 1 to 20 carbon
      atoms and more preferably, from 1 to 12 carbon atoms. Som
      triphenylphosphate may also be present.
PAR  The alkylated phenols which contain hindered phenols are usually made by
      alkylating phenol with C.sub.2 -C.sub.r2 unsaturated hydrocarbons such as
      ethylene, propylene, isobutylene and its isomers, amylene and its isomers,
      tripropylene, tetrapropylene, decene, dodecene, diisobutylene and the
      like.
PAR  Typical examples of alkyl radicals are as follows: methyl, ethyl, normal
      propyl, isopropyl, normal butyl, isobutyl, secondary butyl, tertiary
      butyl, normal amyl, isoamyl, 2-methylbutyl, 2,2-dimethyl propyl, 1-methyl
      butyl, diethylmethyl, 1,2-dimethyl propyl, tertiary amyl, normal hexyl,
      1-methylamyl, 1-ethyl butyl, 1,2,2,-trimethyl propyl, 3,3-dimethyl butyl,
      1,1,2-trimethyl propyl, 2-methyl amyl, 1,1-dimethyl butyl, 1-ethyl
      2-methyl propyl, 1,3-dimethyl butyl, isohexyl, 3-methylamyl, 1,2-dimethyl
      butyl, 1-methyl 1-ethyl propyl, 2-ethyl normal heptyl, 1,1,2,3-tetramethyl
      propyl, 1,2-dimethyl 1-ethyl propyl, 1,1,2-trimethyl butyl, 1-isopropyl
      2-methyl propyl, 1-methyl 2-ethyl butyl, 1,1-diethyl propyl, 2-methyl
      hexyl, 1,1-dimethyl amyl, 1-isopropyl butyl, 1-ethyl 3-methyl butyl,
      1,4-dimethyl amyl, isoheptyl, 1-methyl 1-ethyl butyl, 1-ethyl 2-methyl
      butyl, 1-methyl hexyl, 1-propyl butyl, normal octyl, 1-methyl heptyl,
      1,1-diethyl 2-methyl propyl, 1,1,3,3-tetramethyl butyl, 1,1-diethyl butyl,
      1,1-dimethyl hexyl, -methyl 1-ethyl amyl, 1-methyl 1-propyl butyl, 2-ethyl
      nexyl, 6-methyl heptyl, normal nonyl, 1-methyl octyl, 1-ethyl heptyl,
      1,1-dimethyl heptyl, 1-ethyl 1-propyl butyl, 1,1-diethyl 3-methyl butyl,
      diisobutyl methyl, 3,5,5-trimethyl hexyl, 3,5-dimethyl heptyl, normal
      decyl, 1-propyl heptyl, 1,1-diethyl hexyl, 1,1-dipropyl butyl, 2isopropyl
      5-methyl hexyl and C.sub.11-C.sub.20 alkyl groups.
PAR  Also included are aralkyl groups, e.g., benyzyl, alpha-or beta-phenylethyl,
      alpha,alpha dimethylbenzyl and the like. Also included are cyclohexyl,
      cycloheptyl, cyclododecyl and the like. Typical examples of aryl and
      alkaryl radicals are phenyl, cresyl, xylyl, alkoxylated phenyl,
      isopropylphenyl, butylphenyl, alpha-alkylbenzylphenyl and alpha,
      alpha-dialkylbenzylphenyl, e.g., alpha-methylbenzylphenyl, alpha, alpha
      dimethylbenzyl phenyl, tert-nonylphenyl, amylphenyl, tert-butylphenyl,
      isooctylphenyl, dodecylphenyl, tertiary octylphenyl and the like.
PAR  The invention is hereinafter exemplified by first showing the preparation
      of an ester via the alkylation of phenol with an olefin, followed by
      addition of POCl.sub.3. These alkylated phenols produce esters which are
      similar to those produced with conventional by-product coal tar cresylic
      acids or methylphenols.
PAR  The esters are generally made by reacting an alkylphenol with POCl.sub.3 in
      the presence of a Friedel-Crafts catalyst at an elevated temperataure,
      typically about 180.degree.C., until the reaction is complete, as noted by
      the cessation of HCl evolution. The reaction mixture is then heated to
      distill excess phenols overhead. The temperature and/or vacuum is then
      increased and the phosphate ester product is distilled leaving the
      catalyst and a small amount of high boiling distillation residue.
PAR  Conventionally, the ester product is washed with aqueous alkali to remove
      free phenols which are generally present in the range of about a few
      tenths of a percent. The washed product is separated from the water and
      generally treated with activated carbon and a filter aid, such as
      diatomaceous earth, and filtered. However, product discoloration caused by
      hindered phenols in the presence of air and heat can ensue, rendering the
      product unsuitable for use in the applications where lack of color is
      important.
PAR  In accordance with this invention an effective amount of PCl.sub.3 is
      contacted with the POCl.sub.3 at ambient temperature. The mixture is then
      contacted with isopropyl phenol at ambient temperature. A catalyst, such
      as, AlCl.sub.3 is then added, and the charge is heated gradually from
      about 80.degree.C. to 180.degree.C. for several hours.
PAR  The amount of PCL.sub.3 may vary in amount from about 0.1% to about 10% by
      weight of POCl.sub.3 . Larger quantities of the PCl.sub.3 can be employed,
      but no advantage is accrued thereby. It is preferred to use an amount
      ranging from about 0.5% to about 8% by weight of the POCl.sub.3, with
      about 2% to about 6% being particularly preferred. The particular amount
      of PCl.sub.3 employed in any given instance will to some extent be
      influenced by a number of factors which include the extent of color
      improvement desired, particular phosphate ester produced, treatment time,
      and the like.
PAR  The method of this invention is generally conducted under atmospheric
      pressure. However, higher or lower pressures may be used. It may also be
      conducted under an inert atmosphere, such as nitrogen which serves to
      repress re-oxidation. The method of this invention may be carried out
      batch wise or in a continuous manner.
PAR  One particular advantage of the invention is that the production of
      decolorized and stabilized phosphate esters is accomplished without the
      necessity of additional steps or special treatment.
DETD
PAR  The following examples are illustrative of the method disclosed above, and
      provided without any intention that the invention be limited thereto. In
      the examples and throughout the specification, all parts and percentages
      are by weight, unless otherwise noted.
PAC  EXAMPLE I
PAR  A mixture of 7 grams of PCl.sub.3 (0.05 mole) and 167.8 grams of POCl.sub.3
      (1.09 mole) was added to 276 grams (2.0 mole) of isopropyl phenol and
      129.6 grams of phenol (1.38 mole) containing 1 gram of anhydrous magnesium
      chloride catalyst. The charge was placed under a slight nitrogen bleed
      system and heated from 80.degree.C. to 180.degree.C. for several hours
      until the evolution of HCl stopped. Weight of the crude ester was 450
      grams.
PAR  The ester was vacuum distilled through a 6 .times. 1 column packed with
      glass spheres to give 405 grams of distillate with a boiling pt. of
      198.degree.-245.degree.C/23 mm Hg, and 36 grams of a low boiling fraction
      having a boiling point of 95.degree.-150.degree.C./24 mm Hg.
PAR  The distillate was caustic washed at 70.degree.C. using a low 1.0% caustic
      solution. It was then water washed at 70.degree.C until a neutral PH of 7
      was reached. The washed ester was dried by vacuum stripping at
      80.degree.C/5 mm Hg. to give a product having the following properties:
TBL            Acid Number = 0.10                                              

               n.sub.D.sup.25 = 1.5493                                         

               d.sub.25 = 1.13                                                 

               SUS/100 F. = 125                                                

               APHA color value = 25                                           

               P.sup.+.sup.3 = 0.304%                                          

PAR  The ester was placed in the dark for one week, during which the APHA color
      value remained at 25.
PAC  EXAMPLE II
PAR  The run of Example I was repeated using the same concentration of reagents
      to give a finished ester having the following properties:
TBL             Acid No. = 0.10                                                

                n.sub.D.sup.25 = 1.5490                                        

                d.sub.25 = 1.14                                                

                APHA = 25                                                      

                p.sup..sup.+3 = 0.33%                                          

PAR  The ester remained color stable after one week in the dark.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing alkylphenyl esters of phosphoric acid which
      comprises the alkylation of phenol with an olefin followed by the addition
      of POCl.sub.3 in the presence of a Friedel-Crafts catalyst at an elevated
      temperature, the improvement which comprises the in situ contacting of an
      effective amount of PCl.sub.3 with the alkylation mixture, to produce an
      ester which is decolorized and stabilized against subsequent color
      formation.
NUM  2.
PAR  2. The method of claim 1 wherein said alkylphenyl esters correspond to the
      formula:
      ##EQU2##
      where R is alkaryl and R.sub.1 and R.sub.2 are selected from the group
      consisting of alkyl, aralkyl, alkaryl and aryl, and wherein the alkyl
      groups contain from 1 to about 20 carbon atoms.
NUM  3.
PAR  3. The method of claim 2 wherein the alkyl groups contain from 1 to about
      12 carbon atoms.
NUM  4.
PAR  4. The method of claim 1 wherein the alkylphenyl esters contain unreacted
      phenols.
NUM  5.
PAR  5. The method of claim 1 wherein the alkyl phenyl ester of phosphoric acid
      is an ispropyl phenyl phenylphosphate.
NUM  6.
PAR  6. The method of claim 1 wherein the PCl.sub.3 contacting is conducted
      under an inert atmosphere.
NUM  7.
PAR  7. The method of claim 6 wherein said inert atmosphere comprises nitrogen.
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ABST
PAL  A method for decolorizing and stabilizing alkylphenyl esters of phosphoric
      acid which comprises contacting the esters with an effective amount of a
      stannous fatty acid salt for a sufficient length of time to decolorize and
      stabilize the esters against subsequent color formation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the decolorization and stabilization of
      alkylphenyl esters of phosphoric acid. The production of low color and
      color stable phosphate esters from alkylphenol precursors has been a long
      recognized problem. In the conventional production of phosphate esters
      from alkylphenols, undesirable color formation frequently occurs. Color
      can decrease the phosphate ester's value as a commercial product.
PAR  Alkylphenyl esters of phosphoric acid find extensive use as plasticizers
      for nitrocellulose and polyvinyl chloride (PVC) compositions. In addition,
      they also serve as additives for gasoline, functional fluids, oils, and
      are useful as flame retardants in plastics, and the like.
PAR  The preparation of alkylphenyl esters of phosphoric acid is generally
      accomplished by the addition of phosphorus oxychloride, (POCl.sub.3) to
      selected phenols, such as cresols, xylenols, and the like, and gradually
      heating the resulting reaction mixture to about 180.degree.C. The reaction
      is accelerated by the presence of a Friedel-Crafts catalyst such as
      aluminum chloride, (AlCl.sub.3). In conventional processing, the reaction
      product is vacuum distilled to remove unreacted phenols as an initial
      fraction, and the alkylphenyl phosphate ester as a product fraction,
      leaving high boiling point materials and the catalyst in the residue. The
      distilled product fraction is then washed thoroughly with sodium hydroxide
      solution to remove free phenol and acidic materials, followed by water
      washing. The product fraction is then generally treated with activated
      carbon to remove color causing impurities.
PAR  This process, which works very well with esters produced from conventional
      by-product alkylphenols, produces unsatisfactory material when applied to
      mixed alkylphenols produced by the alkylation of phenol with olefins. It
      is found that the products discolor upon exposure to air, exposure to
      heat, or storage in the dark. The discoloration has been attributed to the
      presence of di(o-alkyl) phenols in the alkylated phenol. Steric hindrance
      caused by the trouble ortho substitution in 2,6-dialkylphenols and in
      2,4,6-trialkylphenols renders the phenols unresponsive to washing with
      sodium hydroxide solution, so that they are not removed by the caustic
      wash.
PAR  These so-called "hindered phenols," can oxidize in the presence of air to
      form highly colored quinones, which are the source of undesirable
      discoloration in the product. These quinones can bleach somewhat in the
      light, however, color will reappear upon storage in the dark. The color
      can intensify when the ester is mixed or milled with polyvinyl chloride
      (PVC) under the influence of air and heat.
PAR  Thus, for example, in the case of 2,6-diisopropylphenol, the corresponding
      diphenoquinone or benzoquinone is highly colored. Esters made from
      mixtures of alkylated phenols which contain di-orthoalkylphenols such as
      2,6-diisopropylphenol can be too highly colored for many uses,
      particularly for use as plasticizers. High color phosphate esters have
      limited utility for plasticizer use and are less marketable.
PAR  Color formation in phosphate esters is discussed in U.S. Pat. No.
      3,681,482, which correlates the degree of color formation in phosphate
      esters to the degree of alkyl substitution of the aryl ring. Accordingly,
      tris(methylphenyl) phosphate will produce less color than
      tris(dimethylphenyl) phosphate. This may be explained by the fact that the
      tris(methylphenyl) phosphate has only one methyl group substituted on the
      aryl ring, whereas tris(dimethylphenyl) phosphate has two methyl groups
      substituted on the aryl ring and, therefore, has more color.
PAR  A number of proposals have been made for methods to overcome the problem of
      undesirable color formation. For example, U.S. Pat. No. 1,958,210
      discloses the use of activated carbon to decolorize and remove oxidizable
      impurities from phosphate esters. This approach is unsatisfactory because
      activated carbon is not an effective decolorizing agent for alkylphenyl
      phosphate esters. In certain instances, for example, in the decolorization
      of isopropylphenyl diphenyl phosphate ester, the use of activated carbon
      may increase color formation.
PAR  U.S. Pat. No. 2,113,951 discloses a method wherein an alkylphenol such as
      cresylic acid is distilled in the presence of a mineral acid such as
      sulfuric, hydrochloric or phosphoric acid, to purify it. The purified
      cresylic acid is then employed in the manufacture of tricresyl phosphate
      esters which are supposed to be more stable to the action of heat and
      light than the corresponding ester made from alkylphenols distilled in the
      absence of an inorganic acid. The disadvantage of this process is that the
      phenolic residues oxidize to colored quinones, and must be thoroughly
      distilled in order to remove them and avoid further color formation.
PAR  Another method for reducing color is proposed in U.S. Pat. No. 3,681,482
      wherein sodium borohydride is used to permanently bleach and color
      stabilize tris(alkylphenyl) phosphate esters containing
      2,6-diisopropylphenol and the corresponding diphenoquinone. The sodium
      borohydride reduces the diphenoquinone to the colorless
      2,6-diisopropylphenol which, however, remains in the product and is a
      potential source of discoloration if the product is exposed to oxidizing
      conditions. Sodium borohydride treatment is also expensive in cost of
      materials and time, as several hours to overnight treating times are
      necessary.
PAR  Thus, it can be seen that the methods proposed in the prior art, are not
      commercially effective for removing color from alkylphenol esters of
      phosphoric acid, or do not improve the PVC mill stability when these
      esters are used as PVC plasticizers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a method for removing color from
      alkylphenyl esters of phosphoric acid which also improves the mill
      stability of these esters when they are used as plasticizers for PVC has
      now been discovered.
PAR  The method comprises contacting the alkylphenol phosphate esters with an
      effective amount of a stannous fatty acid salt for a time sufficient to
      reduce the color to the desired level. The phosphate ester is decolorized
      and stabilized against subsequent color formation. This treatment produces
      a low color, stable phosphate ester and can be conducted during the sodium
      hydroxide wash of the phosphate ester product fraction, or as a separate
      treatment after the sodium hydroxide washing step. The preferred stannous
      fatty acid salt used in this invention is stannous octoate. The stannous
      fatty acid salts are generally employed neat or in an aqueous solution.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION AND THE PREFERRED EMBODIMENTS
PAR  Permanent removal of color from colored phosphate esters according to the
      method of this invention is achieved by contacting the phosphate ester
      with an effective amount of a stannous fatty acid salt, neat or in an
      aqueous solution, for a time sufficient to decolorize the phosphate ester
      to the desired level, and stabilize it against subsequent color formation.
PAR  This invention is applicable to all phosphate esters which are made from
      alkylated phenol mixtures which contain hindered phenols, e.g., phenols
      containing alkyl groups on both positions ortho to the hydroxyl group. The
      esters may contain 0.5 to 3 alkylaryl groups and 0 to 2.5 phenyl groups.
      Preferably, the triaryl phosphate esters treated by the process of this
      invention are a mixture of esters containing 1 to 2 alkaryl groups. The
      esters correspond to the general formula:
      ##EQU1##
      where R is alkylaryl and R.sub.1 and R.sub.2 may be alkyl, alkaryl,
      aralkyl or aryl, and wherein the aryl groups can contain from 1 to 20
      carbon atoms, more preferably from 1 to 12 carbon atoms. Some
      triphenylphosphate may also be present.
PAR  The alkylated phenols which contain hindered phenols are usually made by
      alkylating phenol with C.sub.2 -C.sub.12 unsaturated hydrocarbons such as
      ethylene, propylene, isobutylene and its isomers, amylene and its isomers,
      tripropylene, tetrapropylene, decene, dodecene, diisobutylene and the
      like.
PAR  Typical examples of alkyl radicals are as follows: methyl, ethyl, normal
      propyl, isopropyl, normal butyl, isobutyl, secondary butyl, tertiary
      butyl, normal amyl, isoamyl, 2-methylbutyl, 2,2-dimethyl propyl, 1-methyl
      butyl, diethylmethyl, 1,2-dimethyl propyl, tertiary amyl, normal hexyl,
      1-methylamyl, 1-ethyl butyl, 1,2,2-trimethyl propyl, 3,3-dimethyl butyl,
      1,1,2-trimethyl propyl, 2-methyl amyl, 1,1-dimethyl butyl, 1-ethyl
      2-methyl propyl, 1,3-dimethyl butyl, isohexyl, 3-methylamyl, 1,2-dimethyl
      butyl, 1-methyl 1-ethyl propyl, 2-ethyl, normal heptyl,
      1,1,2,3-tetramethyl propyl, 1,2-dimethyl 1-ethyl propyl, 1,1,2-trimethyl
      butyl, 1-isopropyl 2-methyl propyl, 1-methyl 2-ethyl butyl, 1,1-diethyl
      propyl, 2-methyl hexyl, 1,1-dimethyl amyl, 1-isopropyl butyl, 1-ethyl
      3-methyl butyl, 1,4-dimethyl amyl, isoheptyl, 1-methyl 1-ethyl butyl,
      1-ethyl 2-methyl butyl, 1-methyl hexyl, 1-1-propyl butyl, normal octyl,
      1-methyl heptyl, 1,1-diethyl 2-methyl propyl, 1,1,3,3-tetramethyl butyl,
      1,1 -diethyl butyl, 1,1-dimethyl hexyl, 1-methyl 1-ethyl amyl, 1-methyl
      1-propyl butyl, 2-ethyl hexyl, 6-methyl heptyl normal nonyl, 1-methyl
      octyl, 1-ethyl heptyl, 1,1-dimethyl heptyl, 1-ethyl 1-propyl butyl,
      1,1-diethyl 3-methyl butyl, diisobutyl methyl 3,5,5-trimethyl hexyl,
      3,5-dimethyl heptyl, normal decyl, 1-propyl heptyl, 1,1-diethyl hexyl,
      1,1-dipropyl butyl, 2-isopropyl 5-methyl hexyl and C.sub.11 -C.sub.20
      alkyl groups.
PAR  Also included are aralkyl groups, e.g., benzyl, alpha- or beta-phenylethyl,
      alpha,alpha dimethylbenzyl and the like. Also included are cyclohexyl,
      cycloheptyl, cyclododecyl, and the like.
PAR  Typical examples of aryl and alkaryl radicals are phenyl, cresyl, xylyl,
      alkoxylated phenyl, isopropylphenyl, butylphenyl, alpha-alkylbenzylphenyl
      and alpha,alpha-dialkylbenzylphenyl, e.g., alpha-methylbenzylphenyl,
      alpha, alpha dimethylbenzyl phenyl, tert-nonylphenyl amylphenyl,
      tert-butylphenyl, isooctylphenyl, dodecylphenyl, tertiary octylphenyl and
      the like.
PAR  The invention is hereinafter exemplified by first showing the preparation
      of an ester via the alkylation of phenol with an olefin, followed by
      addition of POCl.sub.3. These alkylated phenols produce esters which are
      similar to those produced with conventional coal tar or petroleum refining
      by-product cresylic acids or methylphenols.
PAR  The esters are generally made by reacting an alkylphenol with POCl.sub.3 in
      the presence of a Friedel-Crafts catalyst at an elevated temperature,
      typically about 180.degree.C., until the reaction is complete, as noted by
      the cessation of HCl evolution. The reaction mixture is then heated to
      distill excess phenols overhead. The temperature and/or vacuum is then
      increased and the phosphate ester product is distilled leaving the
      catalyst and a small amount of high boiling distillation residue.
PAR  Conventionally, the ester product is washed with aqueous alkali to remove
      free phenols which are generally present in the range of about a few
      tenths of a percent. The washed product is separated from the water and
      generally treated with activated carbon and/or a filter aid, such as
      diatomaceous earth, and filtered. However, product discoloration caused by
      hindered phenols in the presence of air and heat can ensue, rendering the
      product unsuitable for use in applications where lack of color is
      important.
PAR  In accordance with this invention, the phosphate ester is treated for color
      removal and color stabilization by contacting the alkylphenyl phosphate
      ester with an effective amount of a stannous fatty acid salt until the
      color is adequately reduced. The contacting treatment can be conducted
      during the sodium hydroxide wash of the phosphate ester product, or as a
      separate treatment of the finished product. The preferred stannous fatty
      acid salt encompassed by the process of the present invention is stannous
      octoate.
PAR  Treatment times will vary, generally from about 5 minutes to about 24
      hours, depending upon the amount of phosphate ester treated, the amount
      and concentration of the sodium salt in solution, the temperature,
      agitation, and the like. Preferably, the phosphate esters are washed for
      about 1 hour to about 5 hours at a temperature of about 20.degree.C. to
      about 100.degree.C. More preferably, the washing treatment is carried out
      at temperatures of about 45.degree.C. to about 70.degree.C. for 1 hour.
PAR  The amount of stannous fatty acid salt in solution can vary in amount from
      about 0.1 to about 10% by weight of the phosphate ester treated. Larger
      amounts of the stannous fatty acid salts can be employed, however, no
      advantage is accrued thereby. It is preferred to use an amount ranging
      from about 0.10 to about 5% by weight of the phosphate ester. The
      particular amount of stannous fatty acid salt employed in any given
      instance will to some extent be influenced by a number of factors which
      include the amount of color present, the extent of color improvement
      desired, the particular phosphate ester treated, treatment time, and the
      like.
PAR  The method of this invention is generally conducted under atmospheric
      pressure. However, higher or lower pressures may be used. It may also be
      conducted under an inert atmosphere, such as nitrogen which serves to
      repress re-oxidation.
PAR  The stannous fatty acid salts are preferably employed neat or in aqueous
      solutions. The method of this invention may be carried out batch-wise or
      in a continuous manner.
PAR  One particular advantage of the instant invention is that after caustic
      treatment of the phosphate ester containing the stannous fatty acid salt
      solution, no additional steps or special treatment other than an optional
      washing step, phase separation and drying are necessary. It has been noted
      that when moisture is present in the finished acid, there is an increase
      in the acidity due to hydrolysis of the stannous fatty acid salt.
PAR  The following examples are illustrative of the methods disclosed above, and
      are provided without any intention that the invention be limited thereto.
      In the examples and throughout the specification, all parts and
      percentages are by weight, unless otherwise noted.
PAC  EXAMPLE 1
PAC  Preparation of Isopropylphenyl Diphenyl Phosphate Ester
PAR  1.86 moles of phenol, 1.50 moles of an isopropylphenol mixture containing
      mono- and diisopropyl phenols, and 1.12 moles of phosphorus oxychloride
      were placed in a 1 liter reactor and stirred at a moderate rate at room
      temperature. Nitrogen gas was bubbled slowly through the liquid and
      anhydrous magnesium chloride catalyst was added to the stirred contents.
      The charge was then heated, while slowly being stirred, from a temperature
      of 38.degree.C. to 180.degree.C. over a period of 4 hours. The temperature
      was maintained at 180.degree.C. for approximately 5 hours or until the
      evolution of hydrogen chloride ceased.
PAR  The crude isopropylphenyl diphenyl phosphate product weighing 423 grams was
      then transferred to a 1/2 liter distillation flask and vacuum distilled
      through a 6 .times. 1 inch column packed with 1/4 inch glass spheres. The
      distilled isopropylphenyl diphenyl phosphate ester product weighing 366
      grams was then introduced into a 2 liter reactor and washed for one hour
      at 65.degree.C. with 300 milliliters of a 1% sodium hydroxide solution.
      The caustic wash was repeated two additional times with fresh caustic
      solution.
PAR  The isopropylphenyl diphenyl phosphate ester was then separated from the
      caustic solution and washed twice with 300 milliliters of water at
      65.degree.C. for 1 hour. The water phase after the second wash was neutral
      to pH paper. The washed ester is separated from the final wash water and
      dried at 100.degree.C. under a vacuum of 1.0 millimeters Hg (5-10
      millimeters Hg at 100.degree.C. is also satisfactory), until no more water
      distills over. The dried ester is filtered to give 351 grams of finished
      ester product.
PAC  EXAMPLE 2
PAC  Post-treatment of Finished Isopropylphenyl Diphenyl Phosphate Ester
PAR  A 200 gram sample of a distilled, unwashed isopropylphenyl diphenyl
      phosphate ester having a Saybolt Universal Viscostiy of 150 seconds
      prepared in a manner similar to the of Example 1 and having an APHA color
      value of 400 (American Public Health Association Platinum-cobalt Scale for
      Designating Color) was treated with 0.25 wt. % stannous octate. The color
      changed slowly. Heat was applied for 2 hours at 65.degree.C. during which
      the ester changed to a light yellow color. 200 ml. of a 1% NaOH solution
      was added to the treated ester and the mixture was heated for 1 hr. at
      65.degree.C. The oil phase was then washed twice with 200 ml. H.sub.2 O at
      65.degree.C. per hour to give a finished ester having a 150 APHA color
      value.
PAR  The stannous octoate treated ester was tested for PVC mill stability (which
      determines the effect of mill conditions on the darkening properties of a
      vinyl formulation incorporating the phosphate ester as a plasticizer). The
      stannous octoate treated ester passed the test. In a comparison test where
      the phosphate ester was not treated with a stannous octoate wash but was
      washed only with dilute sodium hydroxide and then water, the phosphate
      ester failed the PVC mill stability test.
PAR  Storage tests were also performed on the stannous octoate treated ester. A
      portion of the ester which was contacted with stannous octoate was placed
      in a dark closet for 2 weeks with no change in color.
PAC  EXAMPLE 3
PAR  A 200 gram sample of commercial distilled, unwashed isopropylphenyl
      diphenyl phosphate ester having a Saybolt Universal viscosity of 150
      seconds and an APHA color value of 400 was treated with 0.50 weight
      percent of stannous octoate at room temperature for a 15-30 minute period.
      200 ml. of a 1% sodium hydroxide solution was then added followed by
      heating and mixing for 1 hour at 65.degree.C. The oil phase containing the
      isopropylphenyl diphenyl phosphate ester was then washed 2 times with 200
      ml. of water and a half hour per wash at 65.degree.C. The ester was dried
      under vacuum at 75.degree.C/5 mm. Hg. to give a finished ester having an
      APHA color value of 75. The ester also passed the PVC mill stability test.
      The ester did not darken when placed in a dark closet for a 2 week period.
PAC  EXAMPLE 4
PAR  A 200 gram sample of a commercial unwashed distillate of isopropylphenyl
      diphenyl phosphate having a Saybolt Universal viscosity of 150 seconds and
      an APHA color value of 400 prepared in the manner similar to that of
      Example 1 was treated with a solution of 200 ml. of a 1% sodium hydroxide
      solution containing 1 gram of stannous octoate. The mixture was heated for
      1 hour at 65.degree.C. and then washed 2 times with 200 mm. of water at
      65.degree.C. for a half hour. The ester was dried and showed an APHA color
      value of 75. The ester did not darken upon being stored in darkness. It
      also passed the critical PVC mill stability test.
PAC  EXAMPLE 5
PAR  A 200 gram sample of a commercial finished isopropylphenyl diphenyl
      phosphate ester having a Saybolt Universal viscosity of 150 seconds and an
      APHA color value of 400 was treated at room temperature with 0.50 wt. % of
      stannous octoate. The treated ester was placed in a closed cabinet. After
      24 hours the sample was removed and its color value measured 75 APHA.
PAC  EXAMPLE 6
PAR  A 200 gram sample of a commercial finished isopropylphenyl diphenyl
      phosphate ester having a Saybolt Universal viscosity of 150 and an APHA
      color value of 400 was treated at room temperature with 0.25 wt. % of
      stannous octoate and then placed in a dark cabinet. After 48 hours the
      sample was removed and its APHA color value measured 75.
PAC  EXAMPLE 7
PAR  A 200 gram sample of a commercial finished isopropylphenyl diphenyl
      phosphate ester having a Saybolt Universal viscosity of 150 seconds and an
      APHA color value of 400 was treated at room temperature with 0.12 weight %
      of stannous octoate and gave a 75-100 APHA color value after 48 hours in
      the dark. The ester passed the critical PVC mill stability test.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing alkylphenyl esters of phosphoric acid which
      comprises the alkylation of phenol with an olefin followed by the addition
      of POCl.sub.3 in the presence of a Friedel-Crafts catalyst at an elevated
      temperature, the improvement which comprises contacting said esters with
      an effective amount of a stannous fatty acid salt consisting essentially
      of stannous octoate for a period of time sufficient to reduce color to the
      desired level whereby said esters are decolorized and stabilized against
      subsequent color formation.
NUM  2.
PAR  2. The method of claim 1 wherein said alkylphenyl esters correspond to the
      formula:
      ##EQU2##
      wherein R is alkaryl and R.sub.1 and R.sub.2 are selected from the group
      consisting of alkyl, aralkyl, alkaryl and aryl, and wherein the alkyl
      groups contain from 1 to about 20 carbon atoms.
NUM  3.
PAR  3. The method of claim 2 wherein said alkyl groups contain from 1 to about
      12 carbon atoms.
NUM  4.
PAR  4. The method of claim 1 wherein the alkylphenyl esters contain unreacted
      phenols.
NUM  5.
PAR  5. The method of claim 1 wherein said alkylphenyl esters of phosphoric acid
      are isopropylphenyl phenyl phosphates.
NUM  6.
PAR  6. The method of claim 1 wherein said decolorizing and stabilizing is
      conducted under an inert atmosphere.
NUM  7.
PAR  7. The method of claim 6 wherein said inert atmosphere comprises nitrogen.
NUM  8.
PAR  8. The method of claim 1 wherein said stannous fatty acid salt is employed
      neat or in an aqueous solution.
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ABST
PAL  A variable area venturi type carburetor has a movable wall that varies the
      venturi area. A fuel flow metering valve moves with the wall and has a
      flow splitter land straddled by a fuel inlet port to proportion flow of
      fuel under pressure to opposite sides of the land, part of the flow
      supplying fuel tubes to discharge fuel adjacent the venturi throat, with
      the remaining proportion of fuel being returned to the pump, the
      proportions varying as a function of the position of the splitter land and
      the shape of the inlet port traversed by the splitter land.
BSUM
PAR  This invention relates in general to a motor vehicle type carburetor. More
      particularly, it relates to a carburetor of the variable area venturi
      type, and specifically to a fuel flow metering valve construction.
PAR  Variable area venturi type carburetors are known in which at least one wall
      is movable to vary the area and thereby change airflow capacity. In some
      cases, a fuel metering rod may be attached to the movable wall for
      cooperation with a fuel metering orifice to vary the orifice size and
      thereby fuel flow as the wall moves. The metering rod usually has a
      designed taper for providing a desired schedule of flow with changes in
      engine speed and load. However, the construction of such a metering rod is
      expensive because of the close tolerances required, and provides a flow
      pattern that follows generally along a parabolic curve.
PAR  This invention relates to a fuel flow proportioning valve construction that
      can be tailored to flow linearly or along curves other than parabolic. It
      relates to a valve construction that allows a constant volume fuel flow,
      and one that is movable with the movable wall of the venturi to always
      automatically deliver fuel in the correct proportions as a function of the
      position of the venturi wall.
PAR  It is a primary object of the invention, therefore, to provide a fuel flow
      proportioning valve construction for a variable area venturi type
      carburetor that will automatically meter fuel flow in the correct
      proportion as a function of the movement of the venturi wall.
PAR  It is another object of the invention to provide a valve construction of
      the type described above in which the valve moves with the venturi wall
      and meters by means of a movable fuel splitter member moving across a slot
      through which the fuel is delivered to the carburetor.
DRWD
PAR  Other objects, features and advantages of the invention will become more
      apparent upon reference to the succeeding detailed description thereof,
      and to the drawings illustrating the preferred embodiment thereof,
      wherein:
PAR  FIG. 1 is a side elevational view, with parts broken away and in section,
      of a variable area venturi type carburetor embodying the invention;
PAR  FIGS. 2 and 3 are cross-sectional views taken on planes indicated by and
      viewed in the direction of the arrows 2--2 and 3--3, respectively, of FIG.
      1;
PAR  FIG. 4 is a cross-sectional view taken on a plane indicated by and viewed
      in the direction of the arrows 4--4 of FIG. 5; and,
PAR  FIG. 5 is a cross-sectional view taken on a plane indicated by and viewed
      in the direction of the arrows 5--5 of FIG. 4.
DETD
PAR  FIGS. 1, 4 and 5 show a variable area venturi type carburetor of the
      downdraft type. In this particular case, the carburetor has a pair of
      identical rectangularly shaped induction passages 12. The passages are
      formed by three stationary walls 14, 16 and 18 (FIG. 3), a movable end
      wall 20, and a stationary central partition 22. The partition divides the
      main opening into two bores 24 and 26 comparable to the known 2V downdraft
      type carburetor.
PAR  As seen in FIG. 4, the end walls 14 and 20 are rounded at the air inlet
      ends 28, with the main portion of the walls being essentially parallel to
      each other to define a constant area cross section in this plane. As seen
      in FIG. 5, side walls 16 and 18 each are formed in the shape of one-half
      of a venturi for cooperation with the matingly formed portions of the
      central partition 22. Each bore comprises an inlet section 30 converging
      towards a most constricted area or throat section 32 that joins with the
      diverging section 34. Thus, air inducted through the passages will
      increase in velocity up to a maximum at throat section 32 for fuel
      atomization purposes, and then be reduced in the diffuser section to a
      subsonic level for pressure recovery purposes, in a known manner.
PAR  As seen in FIG. 4, end wall 20 has a body portion 36 to which are secured
      as by a press fit a pair of guide rods or dowels 38. The latter are
      axially slidably mounted in a pair of bushings 40 secured within a
      stationary back plate 42. End vacuum covers or caps 44 are secured over
      the dowels to the back plate 42 with a sealing gasket 46 between to
      prevent leakage of vacuum.
PAR  End wall 20 is adapted to be actuated by a central piston member 50. The
      latter is located against a shoulder in a recess 52 in the end wall by a
      snap ring 54. A piston rod 56 extends slidably through a wiper type seal
      58 secured in the back plate 42 by a retaining ring 59. The retaining ring
      59 also serves as a seat for a return spring 60 that urges wall 20 towards
      the closed venturi or engine idle speed position. The rod 56 is adapted to
      be actuated by means to be described.
PAR  The upper portion of end wall 20 is provided with a pair of channels 61
      each of which slidably receives the end of a stationary fuel bar 62. The
      fuel bars are telescoped more and more as the end wall 20 moves from the
      extreme open venturi position shown towards a smaller venturi area
      position. The remote end of each channel 61 is connected by an air bleed
      passage 64 to the atmosphere, to minimize leakage of fuel from the
      induction passages.
PAR  Each of the fuel bars 62 consists of a hollow tube with the lowermost
      portion having along its length a series of equally, axially spaced holes
      66 for the discharge of fuel in a free manner from the interior of the
      tube. The fuel is discharged against the angled upper faces 68 of a pair
      of spreader bars 70 that cause the mixture to be spread across the passage
      throat. The end of each tube adjacent wall 20 is closed, as shown, with
      the opposite end connected to a fuel supply chamber 72. The chamber 72
      receives fuel from a plenum 74 that is connected to a fuel pump through
      the fuel flow metering valve construction of the invention.
PAR  More particularly, as seen in FIG. 3, plenum 74 is connected by a passage
      76 to a fuel discharge port 80. Port 80, as seen also in FIG. 1, opens
      through the wall of a stationary sleeve-type valve body 82. The valve body
      has a second fuel discharge port 84, and a large flat fuel inlet port 86.
      The latter is provided by the removal of a circular segment from the
      sleeve type valve body, resulting in a port that is rectangular in cross
      section. The inlet port is connected directly at all times to a fuel pump
      delivery passage 88, seen also in FIG. 2.
PAR  The passage 88 is adapted to receive fluid from a pump having a capacity at
      all times in excess of the requirements of the carburetor. Accordingly, as
      seen in FIG. 2, the second discharge port 84 is connected to a pump return
      passage 90 that bypasses fuel back to the pump inlet, in a manner not
      shown.
PAR  Slidably movable within valve body sleeve 82 is a fuel flow proportioning
      valve 92. The latter is of the spool type having a pair of opposite end
      lands 94 and 96 and a central fuel splitter land 98. The lands are
      interconnected by neck portions 100 and 102 of reduced diameter. The neck
      portions each define a fuel annulus or chamber 104, 106 on opposite sides
      of land 98, which is straddled by inlet port 86. It will be clear,
      therefore, that the constant volume of fuel flowing through inlet 86 will
      be split or divided by the land 98 to flow a portion into port 80 and the
      remainder into port 84, the quantity varying as a function of the position
      of the spool valve land 98.
PAR  The left-hand end of the spool valve, as viewed in FIGS. 1 and 3 has a stem
      portion provided with a groove 108 in which is mounted a wiper seal 110.
      This end of the valve is exposed freely to air through a cover member 112
      so as not to compress air against the end of the valve. The opposite valve
      land 96 cooperates with another wiper seal 114 located in a groove in the
      valve body 82, as shown.
PAR  The right-hand end of valve 92 has a threaded hole 116 in which is screwed
      the end 118 of an actuator 120. The latter is pivotally connected to a
      movable actuating lever 122. The lever has a slotted type adjustable pivot
      124 at its upper end and is pivotally connected at its lower end at 126 to
      an actuating rod 128. Rod 128 in turn is formed integral with a boss 130
      keyed to piston rod 56 as shown in FIG. 4. Boss 130 is provided with an
      adjustably mounted bolt 132 that determines the idle speed position of the
      movable venturi wall 20, in a manner to be described. Rod 128 also has a
      linkage connection 134 to the vehicle accelerator pedal, not shown, for
      actuation in a known manner by depression or release by the driver.
PAR  In operation, the return spring 60 normally biases the venturi end wall 20
      to the engine idle speed position providing the minimum area venturi, as
      determined by the location of stop bolt 132. Referring to FIG. 4, it will
      be seen that movement of wall 20 to the left will progressively cover the
      fuel bar outlets until only a small number of holes 66 will remain open in
      the idle speed position. These holes are chosen to be of a size as to not
      restrict the flow or in any way meter flow of fuel. During engine
      operation, the fuel pump will deliver fuel to valve inlet 88 completely
      filling the same. With the splitter land 98 in the essentially wide open
      throttle position shown in FIG. 1, for example, the larger portion of fuel
      will flow into chamber 104 and discharge through outlet 80 to the fuel bar
      chamber 72. At this point, the fuel will be evenly divided between the two
      fuel bars 62 and an equal amount of fuel will be discharged into each
      venturi 12. The remaining volume of fuel in inlet 86 passing into fuel
      chamber 106 will discharge through outlet 84 (FIG. 2) back to the inlet of
      the fuel pump.
PAR  As the vehicle operator releases the vehicle accelerator pedal, the piston
      rod 56 will be moved in a leftward direction by spring 60, as viewed in
      FIGS. 1 and 4, simultaneously moving the venturi end wall 20 to make
      smaller the venturi area. This pivots actuating lever 122 clockwise to
      push metering valve 92 to the left. This moves splitter land 98
      proportionately to the left to decrease the volume of fuel passing through
      port 80 to the fuel bars 62, while proportionately increasing the volume
      of flow to chamber 106 and to the bypass duct 84. Thus, depending upon the
      position of the vehicle accelerator pedal, the metering valve 92 will be
      moved to the left or right, as the case may be, to decrease or increase
      the fuel flow to the fuel bars 62. The simultaneous movement of the
      venturi wall covers or uncovers more of the fuel discharge ports 66 of the
      fuel bars 62 to control the discharge into the venturi passages. Fuel
      leakage from the fuel bars out of the venturi passages is prevented in
      this case by the bleed of air into the channel 61 towards the venturi.
PAR  While the invention has been shown and described in its preferred
      embodiment, it will be clear to those skilled in the arts to which it
      pertains that many changes and modifications may be made thereto without
      departing from the scope of the invention. For example, while inlet port
      86 is in this instance rectangular, and thus provides a linear flow rate
      with change in positions of the splitter land 98, the shape could easily
      be changed to say, for example, to triangular, to vary the flow rate to
      something other than linear, while still maintaining a nearly constant
      volume of flow because of the valve splitter construction.
CLMS
STM  We claim:
NUM  1.
PAR  1. A carburetor having an air/fuel mixture passage defined in part by a
      variable area venturi having a movable wall to vary the area, a source of
      fuel under pressure, a fuel supply port connected to the source, a fuel
      conduit having a portion extending across the venturi adjacent the throat
      section thereof for cooperation with the movable wall and having a number
      of axially spaced fuel discharge ports uncovered progressively upon
      movement of the wall to enlarge the venturi, and a fuel flow spool type
      metering valve operably associated with the supply port and movable with
      the wall and constructed to meter fuel flow to the conduit as a function
      of the position of the valve and the wall, the construction including a
      hollow valve body sleeve having a circular segment removed to define a
      flat fuel inlet slot of predetermined axial and lateral extent
      communicating with the supply port, the valve being slidably movable
      within the sleeve and having a central land straddled by the inlet slot,
      the sleeve having a pair of fuel outlet ports one on each side of and
      spaced from the slot whereby fuel flow from the supply port through the
      slot is split by the land in direct proportion to the position of the land
      from a central null position to flow fuel in the proportioned amounts to
      each outlet, and means connecting one outlet to the source, and the other
      outlet to the fuel conduit, the supply port being maintained filled with
      fuel at all times to fill the inlet port to provide a predetermined
      schedule of fuel flow volume to opposite sides of the land as a function
      of the shape of the inlet port as it is traversed by the land.
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ABST
PAL  A downdraft type carburetor having a conventional idle speed air/fuel
      mixture channel has an air/fuel mixing chamber that mixes the idle channel
      air/fuel mixture with idle bypass air from the main induction passage, the
      mixing chamber being connected to discharge into the induction passage
      below the throttle valve through a nozzle containing an orifice sized with
      respect to a larger orifice in the air bypass passage to provide a
      pressure differential creating sonic flow, the nozzle extending so that
      the sonic flow is followed by a shock wave, the turbulence created
      atomizing the fuel.
BSUM
PAR  This invention relates to a carburetor and in particular to the idle speed
      air/fuel supply system of a carburetor.
PAR  Co-pending application Ser. No. 259,418, "Air Valve Carburetor", filed June
      5, 1972, in the name of Victor L. Hailstone et al, now abandoned and U.S.
      Pat. No. 3,829,069, "Air Valve Carburetor with Engine Starting Fuel
      Enrichment Means," Victor L. Hailstone et al, and with this case having a
      common assignee, describe and claim a carburetor designed to achieve sonic
      air flow velocity during idle speed operation. Flow at sonic velocity
      creates turbulence by the lesser dense air particles bombarding the fuel
      particles at sonic velocities, and shock waves which are effective for
      atomizing the fuel and producing good mixing between fuel and air by the
      air molecules suddenly being decelerated while the heavier fuel particles
      continue to bombard the air molecules in their paths.
PAR  According to the present invention a carburetor has the following features:
PAR  A. A CARBURETOR BODY HAS AN INDUCTION PASSAGE OPEN TO ATMOSPHERIC PRESSURE
      AT ONE END AND ADAPTED TO BE CONNECTED TO AN ENGINE INTAKE MANIFOLD AT THE
      OPPOSITE END;
PAR  B. A THROTTLE VALVE IN THE INDUCTION PASSAGE HAS AN ENGINE IDLE SPEED
      POSITION IN WHICH IT SUBSTANTIALLY CLOSES THE INDUCTION PASSAGE;
PAR  C. AN IDLE SPEED AIR-BY-PASS CHANNEL EXTENDS FROM A LOCATION UPSTREAM OF
      THE THROTTLE TO A MIXING CHAMBER;
PAR  D. FUEL OR FUEL/AIR MIXTURE IS DISCHARGED INTO THE MIXING CHAMBER FROM A
      CONVENTIONAL IDLE SPEED FUEL/AIR MIXTURE CHANNEL;
PAR  E. AN IDLE SPEED DISCHARGE PASSAGE CONNECTS THE MIXING CHAMBER TO THE
      INDUCTION PASSAGE DOWNSTREAM OF THE THROTTLE VALVE;
PAR  F. A RESTRICTION IN THE IDLE SPEED AIR BY-PASS CHANNEL IS SUFFICIENTLY
      LARGE RELATIVE TO AN ORIFICE IN THE IDLE SPEED DISCHARGE PASSAGE TO INSURE
      THAT DURING IDLE OPERATION THE RATIO OF PRESSURE IN THE BY-PASS CHANNEL TO
      MANIFOLD PRESSURE IS SUFFICIENTLY HIGH TO CREATE FLOW AT SONIC VELOCITY
      THROUGH THE IDLE DISCHARGE ORIFICE.
PAR  The throttle valve is substantially closed at idle so that substantially
      all the idle fuel/air mixture passes through the sonic flow region in the
      idle discharge passage. The carburetor will function correctly if the
      throttle valve is completely closed at idle, but in practice it is not
      possible to avoid some leakage around the throttle valve and the throttle
      valve may be just clear of the walls of the induction passage to avoid
      jamming of the throttle valve.
PAR  It is an object of the invention, therefore, to provide a carburetor with
      an idle speed fuel/air mixture channel that contains a device in the
      discharge end effecting sonic velocity to the discharge and subsequent
      shock waves to atomize the fuel and improve emissions.
PAR  Other objects, features and advantages of the invention will become more
      apparent upon reference to the succeeding detailed description thereof,
      and to the drawing illustrating the preferred embodiment thereof.
DRWD
PAR  The invention will now be described with reference to the drawing in which
      the single FIGURE is a simplified axial cross-section of a single venturi
      downdraft carburetor embodying the invention.
DETD
PAR  The invention concerns the idle system of a fixed area jet type of
      carburetor. In the interests of clarity, only the elements essential to an
      understanding of the idle system are shown in the drawing.
PAR  A carburetor body 10 has an induction passage 11 with a fixed area venturi
      section 12. The upper end of the induction passage is open to the
      atmosphere through an air cleaner, not shown. The lower end of the
      induction passage is connected to the induction manifold (also not shown)
      of an internal combustion engine.
PAR  A throttle valve 13 is pivotally mounted on the body 10 within the
      induction passage 11 downstream of the venturi section 12.
PAR  An idle air by-pass channel 14 has an inlet 17 to the induction passage
      between the venturi section and the throttle valve and extends from one
      side of the carburetor to a mixing chamber 15 at the opposite side through
      a semi-circular passage 16.
PAR  An idle discharge nozzle 18 projects into the induction passage below the
      throttle valve 13 and connects the mixing chamber 15 to the induction
      passage. An idle discharge orifice 19 is disposed in the mixing chamber
      end of the idle discharge nozzle.
PAR  A fuel/air mixture enters the mixing chamber 15 through a restriction 20
      controlled by an adjustable needle 21. The fuel/air mixture is supplied to
      the restriction 20 along an idle mixture channel 22 which communicates
      with the induction passage upstream of the venturi through an air passage
      23 and with the carburetor fuel bowl (not shown) through a fuel passage
      26.
PAR  The air passage 23 has a restrictor 25 and the fuel passage 24 has a
      restrictor 25.
PAR  Transfer ports 27 are connected with the idle mixture channel 22 and open
      into the induction passage adjacent to the throttle valve in the idle
      position. These parts are traversed by the blade of the throttle valve as
      it is moved off idle to decrease the air in the idle mixture and to
      provide an enriched fuel/air mixture appropriate to off-idle conditions.
PAR  The throttle valve 13 is substantially closed during idle operations so
      that substantially all the idle mixture flows through the idle discharge
      nozzle 18. A calibrated restrictor 28 in the idle air by-pass channel 14
      ensures that at idle a predetermined depression is maintained in the
      mixing chamber 15, in order to provide a metering vacuum to the idle
      passage 22. This predetermined depression is such that the pressure drop
      along the idle discharge nozzle 18 is sufficient to produce flow at sonic
      velocity through the idle discharge orifice 19. The theoretical condition
      for flow at sonic velocity with dry air is:
      ##EQU1##
      But in practice we have found that because an air/fuel mixture rather than
      dry air passes through the idle discharge orifice, flow at sonic velocity
      may occur when the pressure difference is somewhat less than would be
      necessary to meet this condition.
PAR  In order to achieve this condition it is necessary that the idle discharge
      orifice 19 is substantially smaller than the idle/air by-pass restriction
      28.
PAR  The idle mixture restriction 20 is sufficiently small compared to the idle
      air by-pass restriction 28 that adjustment of the idle mixture needle 21
      does not disturb the conditions for sonic flow through the idle discharge
      orifice 19.
PAR  In idle operation, fuel from the passage 24 is mixed with air from the air
      passage 23 in channel 22 and mixes with air from the transfer ports 27. A
      metered fuel/air mixture then passes through the idle mixture restriction
      20 into the mixing chamber 15 where it is diluted by the air flowing
      through the by-pass channel 16 to substantially the air-fuel ratio
      required for idle operation. The idle mixture then passes at sonic
      velocity through the idle discharge restriction 19. The turbulence thus
      created aids atomization of the fuel and insures good mixing of the fuel
      and air. Further fuel atomization and mixing occurs as the mixture passes
      downstream of the orifice 19 in the idle discharge nozzle 18 because sonic
      shock waves created at the idle discharge orifice are propagated along the
      idle discharge nozzle.
PAR  Since the throttle valve is substantially closed there is only marginal
      dilution of the idle mixture in the induction passage. The idle mixture is
      sufficiently well mixed in the carburetor described that it is possible to
      use substantially leaner idle mixtures without detriment to the smooth
      running of the engine and thereby reduce emissions of carbon monoxide and
      hydrocarbons when the engine is idling. We have found that atomization of
      the fuel is so complete that a cold engine will idle without fuel
      enrichment.
CLMS
STM  We claim:
NUM  1.
PAR  1. A carburetor idle speed fuel atomizer comprising, in combination, an
      engine carburetor having an induction passage open to atmospheric pressure
      at one end and adapted to be connected to an engine intake manifold at the
      opposite end so as to be subject to engine vacuum varying in level from
      ambient atmospheric pressure at engine shutdown to a maximum
      subatmospheric pressure level during engine deceleration operating
      conditions, a throttle valve rotatably mounted across said passage and
      movable from an engine idle speed position essentially closing the
      induction passage to a wide open throttle position, and return, for
      controlling flow through the passage, the carburetor including an idle
      speed air and fuel supply system including a fuel/air mixture passage
      containing fuel and air connected to the induction passage around the
      throttle valve and having a discharge end connected to the induction
      passage below the closed throttle position so as to provide an idle
      air/fuel mixture during engine running operation even though the throttle
      valve is in a closed position, the fuel/air mixture passage having idle
      transfer ports connecting the latter passage to the induction passage
      adjacent the edge of the throttle valve when in an idle speed position for
      the subjection of the fuel/air mixture passage to the pressure of the
      induction passage above and below the throttle valve, the idle speed
      system including a mixing chamber connected at one end to the discharge
      end of the fuel/air mixture passage and at its other end to the induction
      passage, the idle speed system also including an additional air passage
      connected at one end to the induction passage above the throttle valve and
      connected at its other end to the mixing chamber to dilute the idle speed
      fuel/air mixture to the desired fuel/air ratio for idling purposes, the
      atomizer comprising an elongated tube projecting into the induction
      passage and having a nozzle in the other end of the mixing chamber and
      having an air/fuel flow opening of a size in proportion to the level of
      manifold vacuum acting thereon to provide sonic velocity to the flow
      therethrough to atomize the fuel particles in the flow, the additional air
      passage having a flow restriction therein sufficient to create a pressure
      depression in the idle speed mixing chamber upon operation of the engine
      to effect induction of the air and fuel into the mixing chamber from the
      idle speed fuel/air mixture passage, the nozzle cross-sectional area being
      smaller than that of the flow restriction to provide the pressure
      differential across the nozzle sufficient to provide the sonic flow.
NUM  2.
PAR  2. An atomizer as in claim 1, including an adjustable needle valve between
      the end of the fuel/air mixture passage and mixture chamber to variably
      control the flow area for the flow of fuel/air mixture to the chamber.
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ABST
PAL  Cascade Aeration mixing guns for oxygenating sewage are known in the art
      but cannot be properly scaled up, or paralleled in one unit. A double
      cascaded unit which incorporates integral baffles is shown so that
      capacity can be greatly increased, while maintaining efficiency.
PAR  This invention relates to aerators of the double funnel cascade type, as
      described in Canadian Pat. No. 937, 610 issued on Dec. 4, 1973 in the name
      of Jan W. Romanowski.
PAR  To reduce capital costs in any installation it is generally desirable to
      increase the size and reduce the numbers of aerators. Unfortunately the
      size of the aerator - the 12 inch diameter tube - of the above mentioned
      patent represents a good typical compromise of maximum aeration capacity
      and maximum aeration efficiency, on oxygen transfer. These quantities are
      to some extent interdependent, and tests show that both depend upon the
      depth of submersion. The abbreviated table below is an extract based on
      test results for such a 12 inch diameter unit.
TBL  ______________________________________                                    

     Values of Liquid Depth                                                    

                    10'      12'    16'    20'                                 

     ______________________________________                                    

             12     1.52     1.76   2.98   2.57                                

     Free    16     1.94     2.23   2.78   3.29                                

     Air                                                                       

     Flow    20     2.33     2.69   3.33   3.94                                

     SCFM                                                                      

             24     2.47     2.85   3.54   4.19                                

             28     2.55     2.94   3.65   4.31                                

     ______________________________________                                    

PAL  Figures in the table are oxygen transfer rates in lbs. per hour.
PAR  Attempts to increase the throughput by scaling up the unit are very
      unsatisfactory. Superficially, to double the capacity would seem,
      erroneously, merely to require doubling all areas - a size increase from
      12 diameter to 18 inches ought to give ample margin. In practice this does
      not happen and the momentum of the increased air jet is such that proper
      mixing does not take place; doubling the depth helps somewhat, but the
      efficiency is still low; moreover, as increased excavation is expensive,
      doubling depth is a theoretical laboratory type suggestion rather than a
      practical expedient. Attempts at making twin parallel cascade funnels
      within a single tube gives disappointing results also.
PAR  Accordingly, this invention comprises an assembly adapted to aerate sewage
      comprising: oxygen-containing gas supply means having two delivery
      orifices to form two streams of gas; two first funnels converging
      downstream and secured downstream from and cooperating with said orifices
      so that oxygen-containing gas issuing from the orifice can entrain liquid
      and become mixed therewith; two second funnels converging downstream and
      spaced downstream from the first funnels; baffle means in the flow path
      between the exit from the first funnels and to the second funnels; means
      securing the first funnels, the baffle means and the second funnel
      together so that the mixture of oxygen-containing gas and sewage streaming
      from the exit of the first funnels impinges on the baffle means before
      entering the second funnels.
PAR  The invention will best be understood by reference to the drawings which
      illustrate by way of example a unit incorporating the invention.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a perspective view of a double cascade aerator unit;
PAR  FIGS. 2a and 2b illustrate a comparison flow pattern as between an aerator
      of FIG. 1 and a twin cascade aerator which might be considered as a
      logical extension of prior art;
PAR  FIG. 3 illustrates graphically the relative oxygen transfer efficiencies
      for these two types of aerators.
DETD
PAR  As can be seen from FIG. 1 the aerator unit 10 comprises an outer tube 12.
      Two orifices 14, 16, in feed pipe 18 which is connected to an oxygen or
      compressed air supply (not shown) form upward air jets. These jets are
      directed into upwardly convergent first funnels 20, 22 and entrain streams
      of liquid 24, 26. After emerging from funnels 20, 22 the streams of gas
      liquid mixture induce further liquid streams 28, 30 and are dispersed in
      them. The second funnels 32, 34 are orthogonally arranged with respect to
      funnels 20, 22 and are joined together by skirts 36, 38 so that the
      streams of sewage and oxygen-containing gas leaving the first funnels 20,
      22 impinge on these skirts and are directed into funnels 32, 34.
      Thereafter, the streams 40, 42 leaving funnels 32, 34 induce further
      streams of liquid 44, 46 in the tube 12. This tube has an exit portion 50
      and a support portion 52 to provide convenient mounting for all four
      funnels with cutouts 54, 56, 58, 60 to allow access of sewage to the
      interior.
PAR  The advantages of impinging the streams leaving first funnels 20, 22 on
      skirts 36, 38 instead of directing them within second funnels 32, 34 will
      be understood more clearly by referring to FIGS. 2a which shows
      measurements of liquid velocity in feet per second at various points
      across the profile for the type of aerator shown in FIG. 1, and 2b which
      shows similar measurements for a unit modified so that funnels 20, 32 are
      coaxial, as are funnels 22 and 34.
PAR  These measurements were taken with a 4 foot long, 18 inch diameter tube
      immersed in liquid of a depth of 8 feet, 4 inches, measurements being
      taken at a section about three quarters of the way up the tube; i.e. in
      the exit portion. The liquid was water from Montreal city supply but with
      the oxygen content reduced by adding 11.5 milligrams of sodium sulphite
      (Na.sub.2 SO.sub.3) per milligram of dissolved oxygen as supplied. The
      velocity profiles shown were measured by a velometer, air supply being 20
      cubic feet per minute.
PAR  It can be seen that the flow pattern in FIG. 2a occurs in two maxima
      corresponding to the center of the second funnel, and that flow in the
      center is over half the maximum. However, when the two funnels are coaxial
      it will be seen that the maxima occur at the edges between the exit from
      the second funnels and the tube, and flow at the center is lower, both
      relatively and absolutely. It is deduced that the high speed core effect
      mentioned in Canadian Pat. No. 937,610 is to some extent present but the
      cores appear, due to the eccenticity of two orifices, to be stable and to
      cling to the tube at adjacent the axis.
PAR  This tentative explanation is in the nature of a visualization of the
      observed facts and the embodiment described is not bound by the accuracy,
      or inadequacy, of the explanation. However, what will be understood is
      that while the axes of the two sets of funnels need not be orthogonal
      there must be some type of a baffle to prevent through flow between the
      first and second funnels of each set. It will also be understood, in the
      light of the above-mentioned patent that dimensions are not critical in
      the embodiment of FIG. 1, the first funnels tapering from 6 inches
      diameter at 21/2 inches from the lower rim to 3 inches diameter at 11
      inches therefrom, at the outlet on a 9 inch pitch circle. The second
      funnels are really the bifurcated continuation of an inner taper, which
      starts 141/2 inches above the lower rim from a baffle directly above the
      first funnels at a height of 19 inches above the base. The second funnel
      outlets are 251/2 inches above the lower rim and are 6 inches diameter on
      a 9 inch pitch circle. The whole unit is preferably made from polyester
      reinforced with glass fiber fabric. The unit used in FIG. 2b was, of
      course, dimensionally similar to those given above except that the second
      two funnels were rotated through 90.degree. about the central axis of the
      unit so that both pairs were coaxial.
PAR  The results indicated by profile flow were cross-checked by actual
      measurements of dissolved oxygen at a point about 8 feet away from the
      aerator which was at the center of a 10 foot by 261/2 foot basin
      containing 60,000 litres as shown at FIG. 3. The ordinate shows a
      non-dimensional oxygen absorption rate plotted logarithmically against a
      linear abscissa of time in minutes. The non-dimensional ordinate is
      derived from measured values according to the formula Cs/Cs - C.sub.L
PAL  where Cs is the saturation of oxygen and C.sub.L is the concentration
      measured at a given time. The value of dissolved oxygen of the samples was
      determined by a Beckman pH-meter furnished with an enlarged scale, a gold
      cathode and silver anode; and the readings thus obtained were
      cross-checked by chemical titration of the dissolved oxygen.
PAR  It will be understood that the test figures shown are for comparison as
      between the twin unit with and without the intercascade baffle. The twin
      unit design throughput is about 40 scfm free air flow although it will
      maintain acceptable oxygen transfer efficiency when overloaded to as high
      as 70 scfm, just as the single (12 inch diameter) unit has a design
      throughput of 20 scfm, but may be used as high as 30 scfm. These figures
      are given for a typical lagoon depth of 15 feet, and little relative
      difference will be found for greater or less depths.
PAR  At low air flow rates the new twin unit does not quite achieve the oxygen
      transfer of the single unit but it will be clear from an inspection of the
      table given above that increasing the air flow rate by 4 scfm would
      transfer little more oxygen except in deep pools. However, the table below
      for the 18 inch diameter unit shows that the transfer rate declines only
      little for higher throughputs and that it is almost as efficient as two 12
      inch diameter single units.
TBL  ______________________________________                                    

     Values of Liquid Depth                                                    

                      10'      12'    16'    20'                               

     ______________________________________                                    

             20.0     2.15     2.48   3.07   3.63                              

     Free    40.0     3.90     4.50   5.58   6.60                              

     Air                                                                       

     Flow    50.0     4.78     5.51   6.83   8.09                              

     SCFM                                                                      

             68.8     5.43     6.27   7.75   9.17                              

     ______________________________________                                    

PAR  While there has been shown and described what is at present considered the
      preferred embodiment of the invention,  it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention as defined by the appended
      claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An assembly adapted to aerate sewage comprising:
PA1  oxygen-containing gas supply means having two delivery orifices to form two
      streams of gas;
PA1  two first funnels converging downstream and secured downstream from and
      cooperating with said orifices so that oxygen-containing gas issuing from
      the orifice can entrain liquid and become mixed therewith;
PA1  two second funnels converging downstream and spaced downstream from the
      first funnels;
PA1  baffle means in the flow path between the exit from the first funnels and
      the entry to the second funnels; and
PA1  means securing the first funnels, the baffle means and the second funnels
      together so that the mixture of oxygen-containing gas and sewage streaming
      from the exit of the first funnels impinges on the baffle means before
      entering the second funnels.
NUM  2.
PAR  2. An assembly as claimed in claim 1 wherein the baffle means comprises
PA1  a skirt joining the two second funnels together.
NUM  3.
PAR  3. An assembly as claimed in claim 1 wherein said securing means comprises
      a tube extending both upstream and downstream from said second funnels,
      said tube having cutouts both upstream and downstream of the inlet to the
      two second funnels, whereby the upstream openings allow access of unmixed
      liquid sewage to the inlet of the two second funnels, together with the
      mixture issuing from the two first funnels, and the downstream openings
      allow access of further unmixed sewage whereby the downstream extending
      portion forms an exit tube in which further mixing occurs.
NUM  4.
PAR  4. An assembly as claimed in claim 3 wherein the tube has a minimum
      diameter of at least 18 inches.
NUM  5.
PAR  5. An assembly as claimed in claim 2 wherein each of the two second funnels
      are asymmetrically flared at the upstream end so as to blend into the
      skirts and form a circular section therewith.
PATN
WKU  039313719
SRC  5
APN  4908317
APT  1
ART  177
APD  19740722
TTL  Attemperator
ISD  19760106
NCL  10
ECL  1
EXA  Clements; Gregory N.
EXP  Miles; Tim R.
NDR  1
NFG  3
INVT
NAM  Maurer; Erich
CTY  Oberhausen
CNT  DT
INVT
NAM  Fangrat; Herbert
CTY  Bottrop
CNT  DT
ASSG
NAM  Babcock & Wilcox Limited
CTY  London
CNT  EN
COD  03
PRIR
CNT  DT
APD  19730725
APN  2337738
CLAS
OCL  261116
XCL  122487
XCL  261DIG10
XCL  261DIG13
XCL  261130
ICL  F22g  512
FSC  261
FSS  DIG. 76;116;76;78 A;DIG. 13;DIG. 10
FSC  122
FSS  487;459
FSC   55
FSS  237;238;257
UREF
PNO  2523126
ISD  19500900
NAM  Long
OCL  261 78A
UREF
PNO  2642150
ISD  19530600
NAM  Dautrebande
OCL  261 76
UREF
PNO  2990031
ISD  19610600
NAM  Michael
OCL  261116
UREF
PNO  3121127
ISD  19640200
NAM  Hedin
OCL  261116
UREF
PNO  3177634
ISD  19650400
NAM  Latham
OCL  261116
UREF
PNO  3219483
ISD  19651100
NAM  Goos
OCL  261DIG.10
UREF
PNO  3318589
ISD  19670500
NAM  Herp
OCL  122487
UREF
PNO  3559627
ISD  19710200
NAM  Rawdon, Jr.
OCL  122487
UREF
PNO  3646728
ISD  19720300
NAM  Holler
OCL   55257
UREF
PNO  3732851
ISD  19730500
NAM  Self
OCL  122487
FREF
PNO  1,013,660
ISD  19620000
CNT  DT
OCL  261116
FREF
PNO  1,421,337
ISD  19560000
CNT  DT
OCL  261116
LREP
FR2  Maguire; J.
FR2  Edwards; R. J.
ABST
PAL  An upright type spray attemperator for regulating the temperature of
      upwardly flowing superheated vapor and comprising a vessel fitted with an
      inner sleeve having a side outlet at the upper end thereof and containing
      a deflector adjacent the outlet to collect and return water droplets for
      further heating and wherein the outlet is formed of perforations sized to
      reduce the pressure of the steam passing therethrough so as induce
      flashing of any entrained water droplets and insure their complete
      vaporization.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to apparatus for controlling superheated
      vapor temperature by direct contact desuperheating and more particularly
      to upright type attemperators which spray a cooling liquid into the vapor
      stream.
PAR  The known attemperators of the type under consideration have encountered
      difficulties in achieving complete vaporization of the liquid spray within
      the attemperator during conditions of low spray input. These difficulties
      arise from the fact that atomization of the liquid is less than optimum at
      low flows causing the spray being injected in the vapor stream to include
      relatively large drops of liquid which often do not reach saturation
      temperature before leaving the attemperator. Efforts to overcome these
      difficulties have included provisions for draining accumulated liquid from
      the attemperator containment vessel and for increasing the pressure drop
      across the attemperator so as to induce flashing of the liquid. Both of
      these approaches have undesirable effects, the former results in heat loss
      whereas the latter creates excessive pressure drop at high load.
PAR  The prior art is exemplified by German Pat. No. 1,012,308 which discloses
      an upright type attemperator whose containment vessel includes a sleeve
      concentric with the vessel and spaced therefrom to form an annular
      passageway therebetween. During operation of this referenced attemperator,
      the liquid drops which do not reach saturation are collected in the
      annular passageway and drained therefrom with concomitant heat loss.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided an attemperator
      comprising an upright vessel and a thermal sleeve disposed within the
      vessel. The inlets to the vessel and sleeve are subjacent to the outlets
      to accommodate an upward flow of vapor through the sleeve. A plurality of
      circumferentially spaced nozzles extend into the lower portion of the
      attemperator and are positioned to spray the cooling liquid upwardly into
      the vapor stream. The nozzles terminate close to the inner periphery of
      the sleeve thereby keeping the center free of vortices so as to facilitate
      the upward transport and heating of the liquid droplets and, if need be,
      to keep the larger drops in suspension within the vapor stream until they
      reach saturation temperature.
PAR  An upwardly divergent frusto-conical member forms the inlet to the sleeve
      and provides a barrier which acts to prevent the larger liquid drops from
      falling out of the sleeve.
PAR  The thermal sleeve includes an upper and a lower segment with the former
      having a smaller cross-sectional area so as to form a relatively large
      annular space between it and the vessel wherein any remaining liquid drops
      will be vaporized. The two segments are preferably connected by a
      frusto-conical transition piece.
PAR  A deflecting member forms an impact zone at the top of the sleeve and is
      conically shaped to promote an even distribution of steam at the sleeve
      outlet. The deflector base has a greater cross-sectional area than the
      upper end of the sleeve and is positioned so as to provide a closure
      thereof. Ring shaped drip ledges are provided to collect the liquid
      droplets and shed them toward the center of the sleeve in a direction
      counter to that of the vapor flow. The drip ledges are spaced along the
      longitudinal extent of the conical part the deflector.
PAR  The sleeve outlet is formed by a plurality of axially and circumferentially
      spaced perforations in the upper segment. The holes are sized to achieve
      sufficient vapor pressure drop therethrough to insure complete
      vaporization of the liquid droplets.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional elevation view of the attemperator embodying the
      invention and includes a schematic representation of the heat exchange
      surface associated with the invention.
PAR  FIG. 2 is a sectional plan view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a detail view of the deflector embodied in the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  In the illustrated embodiment, the vapor is steam and the attemperating
      liquid is water. It should be understood, however, that the invention may
      be applied equally to other fluids.
PAR  Referring to FIGS. 1, 2, and 3 there is illustrated an upright type spray
      attemperator disposed between a primary and secondary superheater 1 and 2,
      and flow connected therewith to effectuate control of the steam
      temperature leaving the secondary superheater 2. The attemperator includes
      a cylindrical pressure vessel 3 closed at both ends and having an inlet
      nozzle 4 extending through a lower wall portion thereof for admitting
      steam from the primary superheater 1. An outlet 5 extends through an upper
      wall portion of vessel 3 for discharging the attemperated steam to the
      secondary superheater 2.
PAR  An elongated thermal sleeve 8 is secured and centered in spaced relation to
      the vessel 3 so as to allow a small amount of steam to pass through the
      annulus. The sleeve 8 includes a lower and an upper segment 9 and 10 with
      the latter having a smaller cross-sectional area so as to form a
      relatively large annular space between it and the vessel 3. The lower and
      upper segments are weldably inter-connected through a frusto-conical
      transition member 11. The upper segment 10 is provided with vertically and
      circumferentially spaced rows of perforations 12 extending normal to the
      longitudinal axis of the sleeve 8 and defining the outlet thereof. The top
      of sleeve 8 is fitted with a circular flange which fixedly supports the
      base of a conically shaped deflector 13 with the base forming a closure
      over the top of sleeve 8. The deflector cone extends downwardly into the
      upper segment 10 and terminates at a level intermediate of the top and
      bottom rows of perforations 12. A plurality of drip ledges 15 are spaced
      along the longitudinal extent of the deflector cone and project outwardly
      thereof, these are preferably formed with a bevelled end face. The bottom
      of sleeve 8 is open and is fitted with a frusto-conical member 14
      divergent in the direction of steam flow and defining the inlet thereto.
      Three coplanar and circumferentially equispaced water spray nozzles 7
      extend through the vessel and sleeve walls in a direction normal to the
      longitudinal axis of the attemperator and terminate at points adjacent to
      the sleeve inner periphery. The nozzle discharge orifices are positioned
      to spray the water into the vapor stream along a generally upward
      direction.
PAR  The cross-sectional flow area of the sleeve 8 and the perforations 12 are
      sized so as to obtain the required minimum pressure drop across the
      perforations 12 resulting in flashing of the water droplets exiting
      therefrom.
PAR  During operation of the vapor generator (not shown), steam is superheated
      by serially passing it through the primary and secondary superheaters 1
      and 2. The temperature of the steam leaving the secondary superheater 2 is
      being maintained at a predetermined value by regulating the quantity of
      water being sprayed into the steam as it flows through the attemperator
      interposed between the primary and secondary superheaters. A steam
      temperature monitoring device (not shown) is located within the secondary
      superheater outlet header 16 and is equipped in a manner well known in the
      art to transmit a representative signal to a regulator 17 which actuates
      the control valves 6 thereby regulating the quantity of water being
      sprayed into the steam flowing through the attemperator.
PAR  In accordance with the invention, the steam being discharged from the
      superheater 1 enters the attemperator vessel 3 through a nozzle 4
      whereupon it changes direction and flows upwardly as it enters the thermal
      sleeve inlet 14. The steam passing through the lower segment 9 is cooled
      by the water injected through the nozzles 7. The relatively small amount
      of steam which by-passes the sleeve 8 and flows upwardly through the
      annular space formed between the vessel and sleeve walls creates a
      protective thermal layer eliminating any abrupt temperature gradients to
      the heavy vessel wall. The water supplied to the nozzles 7 is at a
      pressure greater than that of the steam flowing through the sleeve segment
      9 and is injected thereinto in the form of an upwardly directed spray
      distributed so as to substantially cover the radial cross-section of
      sleeve 8.
PAR  At high spray flows, atomization of the cooling water is optimized and the
      spray droplets are of such minute size as to easily reach saturation
      temperature during the upward travel through sleeve 8. The resultant
      pressure drop across the perforations 12 cause the saturated droplets to
      flash and completely evaporate as they leave the upper sleeve segment 10.
PAR  At low spray flows, atomization of the cooling water is less than optimum
      and the spray may contain droplets which are sufficiently large so as not
      to reach saturation temperature during the upward travel through sleeve 8.
      These larger water droplets impinge on the deflector cone 13 and are
      collected along the ledges 15 to be gravitated back into the sleeve 8 and
      become reentrained in the steam and be further heated thereby. As the
      droplets reach saturation temperature they are carried through the
      perforations 12 where the resultant pressure drop causes them to flash and
      become fully vaporized before exiting from the attemperator.
PAR  The novel features incorporated in the present invention, including the
      conical deflector, the steam flow directional change at the sleeve outlet
      and the enlarged annular space between the sleeve and vessel outlets,
      achieve substantially complete vaporization of the spray water while
      maintaining reasonable pressure drop throughout the operating range of the
      vapor generator.
PAR  While in accordance with the provisions of the statutes there is
      illustrated and described herein a specific embodiment of the invention,
      those skilled in the art will understand that changes may be made in the
      form of the invention covered by the claims, and that certain features of
      the invention may sometimes be used to advantage without a corresponding
      use of the other features.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An attemperator comprising an upright vessel, a sleeve disposed within
      the vessel in spaced relation therewith, and respective inlet and outlet
      means provided for said vessel and sleeve to accommodate the flow of vapor
      therethrough, said inlet means being subjacent to the outlet means, the
      sleeve including a perforated upper segment defining the outlet therefrom,
      a fixed cone-shaped deflector extending into at least a portion of the
      perforated segment and forming a closure over the top of said sleeve, and
      a lower segment of said vessel and sleeve being formed with a plurality of
      spaced openings fitted with fixed nozzle means for upwardly injecting a
      cooling fluid within the sleeve for mixing with the vapor to regulate the
      temperature thereof.
NUM  2.
PAR  2. The attemperator according to claim 1 wherein the horizontal
      cross-sectional area of the upper segment is smaller than that of said
      lower segment.
NUM  3.
PAR  3. The attemperator according to claim 2 wherein said upper and lower
      segments are joined by a frusto-conical transition member.
NUM  4.
PAR  4. The attemperator according to claim 1 wherein the sleeve inlet means
      includes a frusto-conical member divergent in the direction of vapor flow.
NUM  5.
PAR  5. The attemperator according to claim 1 wherein said nozzle means are
      provided with upwardly oriented discharge orifices disposed adjacent the
      sleeve inner periphery.
NUM  6.
PAR  6. The attemperator according to claim 1 wherein the vessel outlet is
      subjacent to said sleeve outlet.
NUM  7.
PAR  7. The attemperator according to claim 1 including plate means forming a
      plurality of axially spaced annular drip ledges fixedly connected to said
      deflector.
NUM  8.
PAR  8. The attemperator according to claim 1 including plate means forming at
      least one drip ledge projecting outwardly from said deflector.
NUM  9.
PAR  9. The attemperator according to claim 8 wherein said ledge is of annular
      configuration and forms an upright skirt surrounding an intermediate
      portion of said deflector.
NUM  10.
PAR  10. The attemperator according to claim 9 wherein said ledge is formed with
      bevelled end faces.
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ABST
PAL  A carburettor comprises an idling circuit having an idling duct delivering
      a fuel air mixture into the intake conduit and an air duct. The air duct
      has a restricted passage provided with an adjusting screw. The idling duct
      is connected to a second passage of the air duct whose section is manually
      adjustable by the adjusting screw simultaneously with the first passage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to internal combustion engine carburettors, more
      particularly to carburettors which comprise, for feeding the engine at
      idling speed, a first duct (called hereinafter an idling duct) which is
      connected to a source of fuel and to atmosphere via respective calibrated
      orifices, and which has downstream a third calibrated orifice which is
      adjustable in cross-section, and a second duct (called hereinafter an air
      duct) which is connected upstream to atmosphere via a passage having means
      for controlling its section, the two ducts being connected downstream to
      that zone of the carburettor intake conduit which is disposed downstream
      of the main throttle member of the intake conduit, so that the
      underpressure present in that zone when the throttling member is in the
      idling speed position causes a rich mixture of fuel and air to flow along
      the idling duct, and air for diluting the mixture before it is admitted to
      the engine to flow along the air duct.
PAR  A carburettor of that type is disclosed in British Pat. No. 1 217 948
      assigned to the assignee of the present invention. In that carburettor,
      the air duct is connected to a point of the idling speed duct located
      between the air intake of such duct and the passage of adjustable section,
      so that any variation in the air flow in such air duct is accompanied by a
      variation in the same direction of the fuel flow rate of the idling duct.
PAR  That prior art arrangement is intended to maintain a substantially constant
      richness of the mixture supplied to the engine at idling speed when the
      air flow in the air duct is varied by adjusting the section control means.
      It gives satisfactory results as long as the variation in air flow in the
      air duct is low enough; on the other hand, the mixture supplied to the
      engine has a tendency to be too lean for a low air flow and too rich for a
      high air flow in the air duct when the range of variation is considerable.
      In the case of engines with a large cylinder volume, the range of
      variation in the air flow to be provided is relatively low and enables a
      substantially constant richness to be maintained for all idling speeds,
      from the fast idling speed to be provided for a brand new engine to the
      normal idling speed of a run-in engine. On the other hand, for engines
      having a small cylinder volume (particularly below 1000 cm.sup.3), the air
      flow during idling is much higher when the engine is brand new than when
      the engine has been run-in, and there is a modification in richness.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide carburettors in which the
      richness of the mixture supplied to the engine remains substantially
      constant for an increased range of variation in the air flow used for
      controlling the idling speed.
PAR  For that purpose, the air duct is so connected to the idling duct that the
      latter discharges into a second passage of the air duct whose
      cross-section can be modified by adjusting means at the same time as the
      first passage, the second passage being disposed upstream of the first
      passage in the air duct. The adjusting means and passages are given a
      shape and arrangement such that the second passage always offers to the
      air flow a larger flow section than that of the first passage.
PAR  Other objects and features of the invention will more clearly appear from
      the following description of an inverted carburettor forming a particular
      embodiment of the invention, given by way of non-limitative example.
DRWD
PAC  SHORT DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic vertical section of the carburettor; and
PAR  FIG. 2 is a graph illustrating the operation of the carburettor illustrated
      in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the carburettor comprises an idling duct 1 and an air
      duct 8. The inlet of the idling duct 1 is connected to a fuel source 2
      (such as a constant level float chamber) and to atmosphere via respective
      calibrated orifices 3 and 4 and its outlet is provided with a third
      calibrated orifice 5 whose cross-section is manually adjustable for
      example with a screw 6 which can be locked by a nut 7. The air duct 8 has
      an inlet connected to atmosphere via a first passage 9 having means for
      adjusting its cross-section (such as a screw 10 which can be retained in
      position by a spring 11 or the like).
PAR  In the embodiment illustrated in FIG. 1, the first passage 9 is formed as a
      throttled zone between the screw 10 and the edge of a shoulder limiting a
      widened portion of the duct 8 and located just downstream of the screw 10
      in the duct 8. Ducts 1 and 8 open downstream into that zone of the intake
      conduit 12 of the carburettor which is downstream of an operator
      actuatable throttle valve 13.
PAR  The intake conduit 12 has in its general air intake 14 an air filter (not
      shown). In the embodiment illustrated in FIG. 1 the air duct is connected
      to a zone of the intake 14 located downstream of the air filter, via a
      calibrated orifice 15a. In other embodiments, the air duct 8 can be
      connected to an orifice 15b disposed immediately downstream of venturi 21,
      upstream of the throttling member 13 (this arrangement being shown by
      chain lines in FIG. 1). When the air duct is fed by an orifice disposed at
      15a, it receives atmospheric air which is substantially at atmospheric
      pressure; on the other hand, when it is fed by an orifice disposed at 15b,
      such pressure is reduced by  the venturi when the air flow in the intake
      conduit 12 is considerable.
PAR  In addition to the orifice 5, the duct 1 can be connected to the conduit 12
      by at least one conventional transfer orifice 16 so disposed as to pass
      from upstream to downstream of the throttle member 13 when the latter is
      moved from its closure position shown in FIG. 1. The orifice or orifices
      16 are intended to maintain a correct air-fuel mixture as the throttle
      member 13 opens.
PAR  Although it is not required for understanding the invention, FIG. 1 also
      shows part of the supply circuit for on-load operation of the engine. The
      circuit comprises a fuel jetting system 20 discharging into the venturi 21
      of the conduit 12 and which is fed with a primary mixture of air and fuel
      by an emulsion tube 22. The latter is immersed in a well 23 which receives
      fuel from the chamber 2 via a calibrated orifice 24 and air via another
      orifice (not shown). The fuel for the idling circuit can be taken from the
      well 23 - i.e. downstream of the calibrated orifice 24 -, via a duct 25
      provided with the calibrated orifice 3.
PAR  For idling speed operation, the throttle member 13 is retained in a minimum
      opening position determined by a stop screw 17 co-operating with a lever
      18 securely connected to the member 13 by the axle 19.
PAR  In conventional carburettors, the air for diluting the rich idling speed
      mixture fed through the duct 1 flows through the annular clearance left
      free between the wall of the conduit 12 and the lateral edge of the
      throttle member 13 whose degree of opening is determined by the screw 17.
      In the carburettor of the present invention, the cross-sectional area of
      this annular passage may be considerably reduced so that the greater part
      of the diluting air for idling is fed via the duct 8.
PAR  The air duct 8 opens via an orifice 8a into that zone of the intake conduit
      12 which is downstream of the throttle member 13. The air duct 8 also
      delivers air to a zone of the idling duct located upstream of the
      calibrated orifice 4 thereof via a passage of adjustable cross-section. To
      that end the idling speed duct 1 comprises beyond the orifice 4 an
      extension 26 which opens via an orifice 27 into a second passage 28
      bounded, in the embodiment illustrated in FIG. 1, by a wall 29 of the
      widened zone of the duct 8 and by the end face of the screw 10. The
      position of the screw 10, the shape and size of the widened portion are
      such that the sections of the two passages vary in the same direction when
      the screw is actuated, the passage 28 however always remaining wider than
      the passage 9.
PAR  The carburettor operates and is adjusted as follows. After adjusting the
      idling conditions of the carburettor (generally in the factory workshop)
      to obtain a mixture of predetermined richness, the screw 17 is locked,
      thus determining the minimum opening of the throttle member 13. The screw
      10 is approximately adjusted for obtaining the idling speed air flow at a
      value corresponding to the particular engine which is to be equipped with
      the carburettor. The screw 6 is adjusted and locked in a position which
      determines a section of the orifice 5 corresponding to a rate of carbon
      monoxide in the exhaust gases which is within acceptable limits, the screw
      10 having been pre-adjusted.
PAR  Now, the adjustment of the screw 10 may be trimmed for modifying the air
      flow sucked in by the engine at idling speed and, for instance, increasing
      it if, with a brand new engine, the internal resistances of the engine are
      such that the idling speed designed for run-in engine is too slow: in that
      case, the screw 10 is loosened to increase the air flow through the air
      duct 8.
PAR  To illustrate the results obtained by the invention, FIG. 2 shows two
      curves A, B showing the variation in richness b of the fuel-air mixture
      fed to the engine (in kg of fuel per kg of air, for instance) plotted
      against the air flow a introduced into the engine (in kg of air per hour,
      for instance). The dotted curve A shows the variation when the duct 26
      discharges into a passage of invariable section of the duct 8, upstream of
      the passage 9 of adjustable section as in prior art arrangements: after a
      range in which the richness is almost constant, the mixture becomes too
      lean and then of excessive richness. On the other hand, when the duct 26
      discharges into passage 28 via an orifice 27 which confronts the end face
      of the screw 10 projecting into the duct 8, a substantially horizontal
      curve is obtained (curve B) over a range three to four times more
      extensive than in the preceding case. This advantage may be attributed to
      the fact that since the orifice 27 is level with the passage 28, the
      underpressure at the orifice 27 varies substantially in direct proportion
      with the air flow passing through the duct 8 whereas, if the orifice 27
      discharges upstream of the passage 9, the underpressure of such orifice 27
      varies in proportion with the square of the air flow in the duct 8.
PAR  The arrangement according to the invention therefore very simply allows the
      excess richness found for high air flows to be eliminated and a richness
      to be obtained which is substantially constant over a large variation of
      the idling speed air flow corresponding, for instance, to the range 800 -
      1800 t/min, instead of 800 - 1100 t/min.
PAR  Also, by suitable selection of the calibrating orifices 3, 4, the richness
      could be caused to increase or decrease slightly in dependence on the air
      flow, if required.
PAR  The proportional relationship between the air flow and the underpressure
      would disappear if the flow in the passage 28 became sonic. This risk is
      obviated if the passage 9 is given a cross-section such that, whatever the
      position of the screw 10 may be, the cross-section is smaller than that of
      the passage 28, since it is the passage 9 which exerts the essential
      limiting action on the air flow through the passage 9.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a carburettor for an internal combustion engine having an intake
      conduit and an operator operable throttle member in said conduit, an
      idling circuit comprising: an idling duct connected to a source of fuel
      and to a source of atmospheric air via respective calibrated orifices and
      formed with an adjustable orifice located downstream of said calibrated
      orifices on the path of air and fuel; an air duct having an inlet
      connected to receive atmospheric air and formed with a first passage
      having means for adjusting its cross-section, both said ducts having
      respective outlets opening into a zone of said intake conduit which is
      located downstream of the throttle member for the underpressure prevailing
      in that zone when the throttle member is in an idling position to draw a
      rich mixture of fuel and air via the idling speed duct and dilution air
      via the air duct, wherein the idling duct is connected to a second passage
      of the air duct whose section is adjustable by said adjusting means
      simultaneously with the first passage, said second passage being located
      upstream of the first passage in the direction of flow of air in said air
      duct.
NUM  2.
PAR  2. A carburettor as set forth in claim 1, wherein said adjusting means and
      passages are constructed for the cross-section of said second passage to
      be greater than the cross-section of the first passage whatever the
      position of the adjusting means.
NUM  3.
PAR  3. A carburettor as set forth in claim 2, wherein the air duct has an inlet
      connected to a section of the carburettor air intake which is located
      downstream of an inlet air filter and upstream of said throttling member.
NUM  4.
PAR  4. A carburettor as set forth in claim 2, wherein the air duct has an inlet
      connected to the section of the intake conduit which is located downstream
      of a venturi thereof and upstream of said throttling member.
NUM  5.
PAR  5. A carburettor as set forth in claim 2, wherein said first passage is
      limited by said adjusting means and by a shoulder in the wall of said air
      duct which limits an enlarged portion thereof.
NUM  6.
PAR  6. A carburettor as set forth in claim 5, wherein said idling duct opens
      into said air duct through an orifice in the wall of the enlarged portion
      thereof which confronts an end portion of said adjusting means.
NUM  7.
PAR  7. A carburettor according to claim 6, wherein said adjusting means
      comprises a screw projecting by an adjustable extent into said enlarged
      portion toward said orifice.
NUM  8.
PAR  8. A carburettor according to claim 7, wherein said screw is provided with
      a braking spring.
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ABST
PAL  Polymeric replica molds formed from certain specific polymeric compositions
      are disclosed. The polymeric compositions impart properties to the replica
      molds which allow the casting of high-quality plastic optical components
      such as ophthalmic lenses.
PAL  Among the polymeric compositions which have been found useful are: (1)
      cross-linked polymethyl methacrylate; (2) a copolymer of 99-20 parts
      methyl methacrylate and 1-80 parts acrylonitrile, preferably but not
      necessarily cross-linked; (3) cross-linked polystyrene; (4) a cross-linked
      copolymer of 90-10 parts styrene and 10-90 parts acrylonitrile; and, (5) a
      cross-linked copolymer of 90-10 parts styrene and 10-90 parts methyl
      methacrylate.
PAL  Replication processes including the steps of forming the polymeric replica
      molds described herein and subsequently using them in the casting of
      plastic lenses from materials such as polymerized allyl diglycol carbonate
      are also disclosed.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a division, of application Ser. No. 210,519, filed Dec. 21, 1971,
      now U.S. Pat. No. 3,830,460 which in turn, is a continuation-in-part of
      application Ser. No. 841,758, filed July 15, 1969, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to the casting of plastic optical
      components, and more particularly to replication processes for casting
      plastic lenses using replica molds formed from polymeric compositions
      which impart properties to the replica molds necessary to cast
      high-quality ophthalmic lenses.
PAR  2. Description of the Prior Art
PAR  Replication molding techniques are well known. In such a technique, a
      replica mold having a surface which is a negative copy of a surface of the
      final product is first prepared from a master mold. The final product is
      then molded against the negative surface of the replica mold, thus
      reproducing the surface configuration of the master mold.
PAR  Attempts have been made to manufacture plastic optical elements,
      particularly plastic ophthalmic lenses, by replication techniques, but
      satisfactory results have not heretofore been obtained. Exemplary of such
      attempts are the processes taught in U.S. Pat. Nos. 3,422,168 and
      3,423,488, both to G. H. Bowser. These patents teach a replication process
      in which plastic lenses are cast from replica molds formed from materials
      such as low molecular weight, non-emulsifiable polyethylene resins. It has
      been found, however, that plastic lenses cast using Bowser type
      polyethylene replica molds invariably contain certain defects including
      minute surface imperfections which cannot be eliminated from the
      polyethylene replica mold surfaces. Some of these surface imperfections
      include scratch-like markings, surface blemishes, graying, orange peel,
      etc. Additionally, Bowser-type polyethylene replica molds have high
      degrees of flexibility, and because of this, distortion of the plastic
      lens occurs during cure which makes it impossible to reproduce consistent
      lens powers from one casting to the next with the accuracy required by
      ophthalmic standards. Lens distortion is a particular problem when
      polyethylene replica molds are used to cast high power lenses, but even
      plano (zero power) lenses cannot be cast to any degree of repeatable
      accuracy with these materials.
PAR  The criticality of the polymeric compositions used to form replica molds
      has been confirmed by many unsuccessful attempts to obtain accurate
      replications of glass surfaces using a multitude of commercially available
      resins to form the replica molds. It has been found that the great
      majority of these resins do not work satisfactorily for one reason or
      another. Some resins tried unsuccessfully include polymers of allyl
      methacrylate, styrene triallyl cyanurate, diethylene glycol
      dimethacrylate, triethylene glycol dimethacrylate, and even polymerized
      allyl diglycol carbonate itself as a replica mold material.
PAR  It is believed that there are many reasons why most polymeric compositions
      tried do not yield satisfactory results in replication processes such as
      those described herein. For example, low-melting polyethylenes, such as
      those taught by Bowser, appear to form microscopic defects in the mold
      surfaces which reproduce in the final plastic lenses. Also, these
      materials are not believed to be sufficiently rigid and stiff to prevent
      distortion of the curing plastic lens. On the other hand, materials such
      as linear polymethyl methacrylate produce replica molds whose surfaces are
      solvent attacked by one of the materials primarily used in forming plastic
      lenses, i.e. allyl diglycol carbonate resin (sold commercially by
      Pittsburgh Plate Glass Co. under the registered trademark CR-39). A
      solvent attack of this nature produces a matte finish on the final plastic
      lens making it unsatisfactory.
PAR  Another property which makes some polymeric materials unacceptable is their
      release characteristics from the plastic lens being molded. Examples of
      materials which do not have satisfactory release characteristics from
      cured CR-39 include such resins as linear polystyrene, polyester, alkyd
      and epoxy.
PAR  Despite the fact that the attempts to date have been unsuccessful in
      arriving at a replication process using polymeric replica molds which
      produces high-quality optical components and which is commercially
      feasible, there is a tremendous amount of research continuing in this area
      for such a process. The many great advantages costwise and otherwise which
      would flow from such a successful process are well documented in the
      literature in general and in particular in the above-mentioned Bowser
      patents.
PAC  SUMMARY OF AN EMBODIMENT OF THE INVENTION
PAR  This invention relates to the use of a limited number of polymeric
      compositions to form replica molds useful in replication molding of
      plastic optical components. The new polymeric compositions are those which
      provide the replica molds with characteristics necessary to produce
      high-quality plastic optical components from CR-39 and other plastics.
      These characteristics include: (a) good releasability from a master mold
      surface which is usually, but not necessarily, formed from glass or metal;
      (b) balanced adhesion to the plastic optical element during and after its
      cure; (c) resistance to solvent attack by the plastic optical element
      during its cure; (d) thermal stability at the molding temperature; and,
      (e) the capability of forming optical quality mold surfaces which are
      reproducible in the molded plastic optical element.
PAR  As mentioned above, it has been found that most common polymeric
      compositions do not provide replica molds having these properties. Five
      polymeric compositions which have been found to provide the desired
      characteristics include: (1) polymethyl methacrylate cross-linked with
      minor amounts of a cross-linking agent; (2) a copolymer of 99-20 parts
      methyl methacrylate and 1-80 parts of acrylonitrile wherein the copolymer
      is linear or preferably cross-linked with a minor amount of a
      cross-linking agent; (3) polystyrene cross-linked with a minor amount of a
      cross-linking agent; (4) a copolymer of 90-10 parts styrene and 10-90
      parts of acrylonitrile wherein the copolymer is cross-linked with a minor
      amount of a cross-linking agent; and, (5) a copolymer of 90-10 parts
      styrene and 10-90 parts methyl methacrylate cross-linked with a minor
      amount of a cross-linking agent.
PAR  It should be noted that it is not possible to specify broad classes of
      polymers by their chemical characteristics with any degree of assuredness
      that all species in the broad class will form suitable replica molds.
      Therefore, the description herein, in contrast to much of the prior art,
      will not attempt to describe the polymeric compositions found suitable by
      using such labels as "thermosetting," "thermoplastic," "linear,"
      "cross-linked," "homopolymers," "copolymers," etc. It will be seen that
      various polymeric compositions have been found suitable which fit into all
      of these classes. On the other hand, it has been found that the polymeric
      compositions must have certain characteristics during and after cure of
      the plastic lens being molded, and it is possible to define suitable
      polymers in terms of these characteristics.
PAR  Replication molding techniques for producing plastic optical elements from
      CR-39 and other plastic resins can be used with the new replica molds. A
      replica mold with a surface configuration negative to that of the final
      element is formed from polymeric compositions such as those described
      above. The plastic resin is then molded against the polymeric replica
      mold, and after cure the plastic optical element is released from the
      replica mold. This procedure can be repeated using the same replica mold
      so that a plurality of lenses can be made from one replica mold.
PAR  The polymeric replica molds and replication processes described herein have
      many advantages over those previously known. For example, the replica
      molds described herein can be repeatedly used to produce many plastic
      lenses if care is taken to keep them clean. This was not true of many of
      the prior art replica molds such as those taught in the Bowser patents
      since lowmelting polyethylenes melted and tended to fuse together during
      casting of the final plastic lens. The concomitant economic advantages are
      clear.
PAR  The most important advantage, however, is the quality of the plastic
      optical elements that can be cast using the replica molds and replication
      processes described herein. The quality is so high, in fact, that the
      plastic lenses produced are suitable for use in ophthalmic applications.
      These lenses have less defects in their surfaces than prior art lenses on
      both a macroscopic and microscopic level. Furthermore, the lenses produced
      are substantially free from distortion, and plastic lenses of even high
      powers are consistently reproducible.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustratess a vertical section cut through a casting assembly
      including a glass master lens surface and a plastic resin from which a
      replica mold having a concave surface can be formed;
PAR  FIG. 2 illustrates a casting assembly within a pressure chamber wherein the
      casting assembly is suitable for forming a convex replica mold from a
      concave glass master lens;
PAR  FIG. 3 illustrates the casting of a plastic lens between two replica molds.
PAR  FIGS. 4a through 4e show shearing interferograms of plastic lenses produced
      according to the prior art.
PAR  FIGS. 5a through 5e show shearing interferograms of plastic lenses produced
      as described herein.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the replication of plastic lenses, the replica mold surface is formed
      against a master mold surface. Usually the master mold is formed from
      glass or metal, but other materials could be used as well. Therefore, an
      important characteristic which the polymeric compositions used must impart
      to the replica molds is releasability from a master mold surface after the
      replica mold composition has cured. Polymeric compositions which do not
      have good releasability from the master mold surface are not suitable for
      replica molds.
PAR  The polymeric compositions used to form the replica molds must also exhibit
      balanced adhesion to the plastic optical element during its cure. Since
      some plastics, such as CR-39, shrink during their cure, the replica mold
      must exhibit sufficient adhesion to follow the shrinkage of the plastic
      lens during cure. Otherwise, the replica mold will become separated from
      the plastic lens prior to the completion of cure which results in lens
      distortion. On the other hand, after curing is completed, the replica mold
      must release from the plastic lens without causing surface defects in the
      lens. Balanced adhesion can be obtained by matching the polymeric
      composition of the replica mold to the particular plastic from which the
      lens is being formed. Those skilled in the art will know suitable
      materials or be able to match materials using only routine
      experimentation.
PAR  Another characteristic which the polymeric composition must impart to the
      replica mold is resistance to solvent attack by the plastic composition
      from which the lens is being formed. It is important in this regard to
      recognize that both the lens monomer and polymer must not attack the
      replica mold. If either does, surface imperfections will be caused in the
      mold surface which carry through to the final lens surfaces. Resistance to
      solvent attack is something that can be routinely checked in the various
      handbooks available to those skilled in the art or can be determined by no
      more than routine experimentation.
PAR  Thermal stability at the molding temperature for the plastic optical
      element is another requirement for the polymeric compositions. With some
      plastic compositions, such as CR-39, there is some leeway in the curing
      temperatures. For example, it has been found that CR-39 can be cured at
      50.degree.C. in 3 days, whereas cycles reaching higher temperatures, such
      as 115.degree.C., can shorten the cure cycle to less than 1 day. In
      general, it is an advantage to have the replica molds thermally stable at
      higher temperatures so that the cure cycle can be shortened. The polymeric
      compositions should, therefore, be thermally stable at 50.degree.C., and
      preferably 115.degree.C.
PAR  To prevent distortion of the plastic element during cure, it has been found
      that the polymeric composition forming the replica mold must have a
      moderate to high degree of rigidity, or stiffness. Although, as pointed
      out above, the material must have the capability to follow the element's
      shrinkage during cure, it has been found that highly flexible materials,
      such as the low molecular weight polyethylenes described in Bowser, result
      in intolerable amounts of lens distortion. Sufficient mold rigidity and
      stiffness can be obtained by making the molds sufficiently thick and from
      plastic compositions having a flexural modulus above about 2 .times.
      10.sup.5 psi, and preferably above about 3.5 .times. 10.sup.5 psi. For
      this invention, a material's flexural modulus can be determined by
      A.S.T.M. test D790. Values for the flexural modulus of various polymeric
      materials are given in most plastic handbooks including Modern Plastics
      Encyclopedia, 1970-71, vol. 47, No. 10A, October, 1970.
PAR  Replica molds for producing plastic ophthalmic lenses according to this
      invention usually have a thickness ranging between 3 and 25 millimeters.
      The most preferred thicknesses are 6-15 millimeters. Thinner polymeric
      compositions can be used if they are suitably backed by a rigid member.
PAR  It has been found that polymeric compositions which provide replica molds
      with the above-mentioned characteristics are indeed unique. As pointed out
      above, many polymeric compositions have been found to be unsuccessful
      because they did not provide one or more of the above characteristics. On
      the other hand, five polymeric compositions, representative of those which
      do provide the required characteristics, are now presented.
PAR  The first of these materials is polymethyl methacrylate cross-linked with a
      minor amount of a cross-linking agent. Preferably, the polymethyl
      methacrylate is cross-linked with from about 5 to about 30% of a
      cross-linking agent.
PAR  Another material found to produce suitable replica molds is a copolymer
      formed from 99-20 parts of methyl methacrylate and 1-80 parts of
      acrylonitrile. It is not necessary to cross-link this copolymer, although
      minor amounts of a cross-linking agent are preferable. In a more preferred
      embodiment, this copolymer contains 65-25 parts methyl methacrylate and
      35-75 parts acrylonitrile, and the copolymer is cross-linked with about
      5-30% of a cross-linking agent. It has been found that an outstanding
      replica mold can be produced from a 30/70 copolymer of methyl
      methacrylate/acrylonitrile cross-linked about 2 to 15%, which is the most
      preferred embodiment.
PAR  A further polymeric composition suitable for replica molds is styrene
      cross-linked with minor amounts of a cross-linking agent. In a more
      preferred case, the polystyrene is cross-linked with from 1 to 20% of a
      cross-linking agent.
PAR  Another suitable polymeric composition is a copolymer formed from 90-10
      parts of styrene and 10-90 parts of acrylonitrile, with the copolymer
      being cross-linked with minor amounts of a cross-linking agent. In a more
      preferred embodiment, this copolymer comprises 80-60 parts of styrene and
      20-40 parts of acrylonitrile, cross-linked with 5-20% of a cross-linking
      agent.
PAR  A further suitable polymeric composition is a copolymer formed from 90-10
      parts styrene and 10-90 parts methyl methacrylate cross-linked with 5-30%
      of a cross-linking agent. In a more preferred embodiment, this copolymer
      is comprised of 80-30 parts styrene and 20-70 parts methyl methacrylate
      with about 10-20% cross-linking agent. The most preferred copolymer
      comprises about 50 parts of both styrene and methyl methacrylate with
      about 10% cross-linking agent.
PAR  Although most of the polymers recited above would be generally categorized
      as vinyl or acrylic polymers, it is important to recognize that many other
      types of polymers will produce polymeric compositions providing replica
      molds with the necessary characteristics. As can also be seen, some of the
      materials have been found to require cross-linking while others do not.
      The critical distinction between polymeric compositions suitable for
      producing replica molds as described herein and those of the prior art is
      that the newly described polymeric compositions will produce a replica
      mold having the characteristics specified above. The polymeric
      compositions heretofore used for ophthalmic replica molds do not have
      these characteristics, and because of that they have not resulted in
      replication processes which produce high-quality optical elements on a
      commercial basis.
PAR  Some of the preferred polymeric compositions set out above are
      cross-linked. Suitable cross-linking agents are those monomers which
      possess a functionality exceeding two, i.e. polyfunctional. Those skilled
      in the art will known many suitable cross-linking agents. The preferred
      cross-linking agents are glycol dimethacrylates which can be produced by
      esterifying methacrylic acid with a glycol containing from 2 to 4 carbon
      atoms or with a polyglycol having from 4 to 8 carbon atoms. Such glycols
      include diethylene glycol, triethylene glycol, tetraethylene glycol,
      dipropylene glycol and the like as well as ethylene glycol and propylene
      glycol. These materials are hereinafter described simply as glycol
      dimethacrylates.
PAR  Another preferred cross-linking agent is divinylbenzene. Divinylbenzene is
      obtainable commercially as a 55% solution, with the major impurities being
      believed to be ethyl vinyl benzene, diethylbenzene and a variety of
      non-volatile components. This mix can be used as received, or it can be
      purified by fractionation to give divinylbenzene of better than 95%
      purity. The purified divinylbenzene is preferred.
PAR  Additional cross-linking agents which are suitable include allyl
      methacrylate, diethylene glycol dimethacrylate, triethylene glycol
      dimethacrylate, tetraethylene glycol dimethacrylate, triethylol propane
      trimethacrylate, glyceryl trimethacrylate, pentaerythritol
      tetramethacrylate and the corresponding acrylates. Others include triallyl
      cyanurate, diallyl phthalate, diallyl adipate, diallyl succinate, diallyl
      maleate, diallyl fumarate, and diallyl diglycolate.
PAR  In this description, the amount of cross-linking agent used is specified in
      terms of weight percent of the polymer or copolymer.
PAR  Replication processes for producing high-quality plastic optical elements
      using the hereindescribed replica molds are carried out as follows. In the
      first step, a replica mold is formed which has a surface configuration
      negative to a predetermined surface configuration for the plastic optical
      element. The replica mold is formed from a plastic composition such as
      those described above by casting against the master mold's positive
      surface. After a replica mold has been formed, a suitable plastic, such as
      CR-39, is then molded against the replica mold surface configuration.
      After cure, the plastic optical element is released from the replica mold.
PAR  It is possible to cast the polymeric compositions against the master molds
      described herein at atmospheric pressure. In most cases, however, it is
      preferred to use a positive pressure to hold the replica molds against the
      masters. This is particularly true where curved surfaces or surfaces
      having discontinuities are to be reproduced. Pressure sufficient to
      compensate for shrinkage of the resin during casting is preferably used,
      and in most cases pressures in the order of 50 lbs. per square inch gage
      or higher produce the best results.
PAR  To a limited extent, the molds can be case between two rigid surfaces,
      provided they are allowed to come together by means of a peripheral
      flexible gasket. Much better results are usually obtainable, however, when
      the replica mold is cast between a rigid surface which carries the
      curvature of the ophthalmic lens or other optical surface to be
      reproduced, and a flexible member capable of accomodating the
      polymerization shrinkage of the resin. Such a member may be made of any
      material having the necessary flexibility and mechanical strength. One
      very suitable member comprises a sheet of aluminum foil from about 0.003
      inches to 0.040 inches thick. Such a foil can be formed to any desired
      shape by spinning, stamping or other conventional means.
PAR  Most plastic lenses to date have been manufactured from CR-39 (polymerized
      allyl diglycol carbonate). It should be clear, however, that while the
      plastic lenses produced as described herein are preferably CR-39, many
      other plastics can also be used. Some examples of other materials include
      unsaturated alcohol esters of simple polybasic acids such as diallyl
      phthalate, diallyl maleate, diallyl fumarate, diallyl succinate, diallyl
      carbonate, diallyl crotonate, diallyl diglycolate, and any other of the
      many resins that will copolymerize with CR-39 resin, such as dimethallyl
      phthalate, vinyl acetate, and methyl methacrylate. Other suitable plastic
      compositions include those known as TEMA resins which are produced by
      American Cyanamid and are usually substantially water-insoluble,
      non-gelled, unsaturated polyester resin compositions such as those
      described in U.S. Pat. Nos. 3,265,763; 3,364,291 and 3,457,104, the
      teachings of which are hereby incorporated by reference. Other resins
      having the required optical and molding properties could, of course, be
      used.
PAR  The replication processes will now be described in detail by reference to
      the Figures.
PAR  In FIG. 1, a glass master lens 1, having a convex surface 2 to be
      reproduced, is mounted in a holder 3 having a shoulder 4. A cup-shaped
      flexible member 5, which can be spun aluminum, has a central web 6
      terminating in a side wall 7 and an outer flange 8 adapted to make a
      sliding fit with the shoulder 4. The flange 8 preferably has a lateral
      surface 9 adapted to engage the surface 10 of a clamping ring 11. Lateral
      surface 9 and flange 8 can be painted with a vinyl plastisol which is
      subsequently primed and baked on to insure a tight seal.
PAR  An annular plate 15 engages holder 3 above shoulder 4 and the assembly is
      clamped together by bolts 16 and 17 having ends 18 and 19 adapted for
      threaded engagement with nuts 13 on the opposite sides of the ring 11.
      Preferably these bolts pass through openings 20 in the plate 15. When the
      bolts 16 and 17 are tightened, a positive pressure of 50-100 lbs. per
      square inch or more can be applied to the casting after the surface 10 has
      engaged the lateral surface 9 of the membrane 5.
PAR  In the apparatus of FIG. 2, a glass master lens 25 is mounted in a holder
      26 having a shoulder 27. The lens is shown as having a concave surface 28
      to be reproduced, although it should be evident that the convex surface 29
      could be substituted simply by reversing the position of the lens on
      shoulder 27, as shown in FIG. 1. The outer edge of the lens is preferably
      covered with a fillet 26a of sealing cement to make a liquid-tight joint.
PAR  A flexible, aluminum foil member 30 is formed having a central web 31
      terminating in a side wall 32 and an outer flange 33 adapted to make a
      sliding fit with the shoulder 27. Member 30 and lens holder 26 are
      received in rings 34 and 35, which are clamped together by bolts 36.
PAR  Polymerization shrinkage of the plastic composition being molded is
      accommodated by the movement of the flexible member, and thus large
      curvatures and sharp surfaces discontinuities can be reproduced
      accurately.
PAR  In order to apply positive pressure to the casting, the entire mold is
      enclosed within an outer pressure-resistant casing 40 adapted with a
      closely fitting lid 41 affixed by clamps, bolts or other securing means
      that are not shown. An opening 42 is provided to permit the application of
      pneumatic or hydrostatic pressure to the flexible member 30 and through
      flexure of this member to the plastic composition during the curing
      thereof. When both positive pressure and a flexible member are used in
      this manner, one in conjunction with the other, it is possible to cast
      highly complex shapes and extreme curvatures and discontinuities in the
      mold surfaces and the like from any of the resins described above. If
      desired, a second opening 43 may be provided in the side wall of the
      casing 40 to permit continuous flow of the pressurizing fluids.
PAR  Castings are carried out in this equipment by placing a predetermined
      quantity of one of the above-described polymeric compositions in an
      essentially monomeric or partially polymerized but still liquid condition
      into the cavity 12 of flexible member 5 in FIG. 1, or into the mold cavity
      45 of FIG. 2. The cavity is closed and the temperature is controlled by
      the medium circulating in casing 40 until polymerization is complete.
      Curing catalysts such as azo bis-isobutyrlonitrile, peroxides,
      percarbonates and the like may be included in the manner customary in
      molding resins of this type. Polymerization is generally carried out at
      temperatures within the range of about 40.degree.C. to about 95.degree.C.
      or slightly higher and for times that will depend on the thickness of the
      casting and other related factors. Suitable curing times are usually
      within the range of about 1 to 6 hours but may be as high as up to 35-40
      hours with unusually thick castings.
PAR  It is an advantage in the embodiment of FIG. 2 that both heat and pressure
      may be applied through the same medium. Thus, water or air heated to the
      desired curing temperature and under suitable pressure, preferably about
      50 to 100 pounds per square inch, may be introduced through the inlet
      opening 42 and applied to the member 30 and transmitted by its flexure to
      the plastic resin in cavity 45. Thus, the flexible member 30 serves three
      purposes: (1) it acts as a mold cavity wall; (2) it serves to accomodate
      lens shrinkage; and (3) it serves as a good conductor of heat to the
      curing lens.
PAR  Continuous positively controlled temperature regulation can be obtained by
      maintaining a flow of such fluids through inlet opening 42 and the outlet
      opening 43, and the curing cycle can be greatly shortened by circulating a
      temperature controlled fluid in this manner. This will permit a more rapid
      transfer of heat out of the casting for those polymeric compositions
      exhibiting exotherms as they polymerize.
PAR  The replica molds prepared in this manner are used to cast plastic resins,
      such as CR-39, into optical components and particularly ophthalmic lenses.
      A representative assembly illustrating their use for this purpose is shown
      in FIG. 3. Castings 12 and 45 are the castings indicated by the same
      reference numerals in FIGS. 1 and 2, respectively. These are accommodated
      in opposition by an annular spacing gasket 46. A measured quantity of the
      plastic resin mix, such as CR-39 monomer, is introduced into the space 47
      between castings 12 and 45 together with one of the catalysts described in
      U.S. Pat. No. 2,384,115, if desired. The casting assembly is held together
      by clamps. Ring 46 is preferably made of a flexible material such as
      plasticized vinyl resin or polyethylene-polyisobutylene. The assembly is
      then heated to curing temperatures, preferably within the range of about
      40.degree.C. to 90.degree.C., until the plastic resin has polymerized to
      the desired extent. After cooling, the plastic lens is released from
      between the replica molds.
PAR  In the description above, the term "plastic optical element" has been used.
      While in most cases, it is used in connection with plastic ophthalmic
      lenses, it should be understood that the term is intended to mean any type
      of plastic element which has an optical quality surface thereon which
      includes lenses other than ophthalmic lens, mirrors, etc., and even
      includes plastic molds for forming optical components.
PAR  The following examples illustrate the remarkable improvement which can be
      achieved using polymeric replica molds and processes as described herein
      instead of those described in the prior art. All parts and percentages are
      by weight unless otherwise specified.
PAC  EXAMPLE I
PAC  Prior Art Replication Process
PAR  The materials and procedure of Example I, U.S. Pat. No. 3,422,168, were
      followed with minor differences as noted to produce plastic lenses by the
      most well known prior art technique.
PAR  Two ground and polished glass lenses having a convex surface of six
      diopters and a concave surface of six diopters and having a diameter of 66
      millimeters were used as the master lenses. The resin selected to
      constitute the finished plastic lens was allyl diglycol carbonate (CR-39).
      A catalyst and drying agent were added, and the resin was filtered and
      subsequently stored under refrigeration as described in the second
      paragraph of Example I, U.S. Pat. No. 3,422,168.
PAR  The master glass lenses were mounted in aluminum mounting rings complete
      with rubber gaskets and bolted covers through which pressure could be
      introduced. In one case, the convex side of one lens formed the bottom of
      a cavity in the aluminum mounting ring; in the other, the concave side of
      the lens formed the bottom of a similar cavity. The cavities in the
      mounting rings were filled with a low-melting polyethylene resin
      ("Epolene" C-15 was used since "Epolene" C-12 is no longer commercially
      available) which had been heated to 257.degree.F. The resin was poured
      along the edge of the mounting ring so as not to pour it directly onto the
      master glass lenses.
PAR  The rubber gaskets were inserted and the covers for the mounting rings
      bolted down. The assemblies were allowed to air cool to 130.degree.F., and
      the covers and gaskets were removed. The convex and concave replica molds
      formed were simply pryed from the aluminum mounting rings.
PAR  The two replica molds were then used to mold CR-39 lenses. The previously
      prepared and refrigerated CR-39 resin was poured directly into the
      depression of the concave mold and the convex portion was then inserted.
      The replica molds filled with CR-39 resin were passed through the
      following curing cycle in an air circulating oven to cure the CR-39.
TBL  ______________________________________                                    

     Time (hrs:min)       Temp. .degree.F.                                     

     ______________________________________                                    

     0:00                 115                                                  

     1:00                 118                                                  

     2:00                 122                                                  

     3:00                 126                                                  

     4:00                 129                                                  

     5:00                 145                                                  

     5:30                 151                                                  

     5:45                 154                                                  

     5:55                 159                                                  

     6:10                 165                                                  

     6:30                 176                                                  

     7:30                 End of cycle                                         

     ______________________________________                                    

PAL  The replica molds were separated by hand and the finished CR-39 lens was
      removed.
PAR  Five CR-39 lenses were produced following the above-described procedures.
      These lenses had surface imperfections such as pin pricks, scratch-like
      markings or surface blemishes which were visible to the eye; also, some
      matching imperfections could be seen in the replica mold surfaces.
      Additionally, it could be observed that the lenses were all badly
      distorted.
PAR  To further evaluate the lenses, a telescope test was used to determine
      their refractive power and definition. For plano lenses, the test
      conditions are referred to as USA Standard Z87.1--1968, published by the
      Industrial Safety Equipment Association, Inc., as approved Sept. 18, 1968
      by the USA Standards Institute. These methods are equivalent to the
      National Bureau of Standards methods which are as follows:
PAC  Refractive Power
PAR  The lenses may be tested for refractive power with an eight-power telescope
      which has an effective aperture of 0.75 inch and is focused at a distance
      of 35 feet on an illuminated test chart. The resolving-power chart pattern
      20 of National Bureau of Standards circulus C533 may be used. The lens to
      be tested shall be placed in front of the telescope objective which is
      then brought to the sharpest possible focus. The pattern marked 20 should
      be clearly resolved with the target placed at a distance of 35 feet from
      telescope objective used for testing lenses. The telescope is calibrated
      by successively locating the position of best focus with first a standard
      lens of plus 1/16 diopter in front of the objective and then with a
      standard lens of minus 1/16 diopter in front of the objective. These
      positions are marked by scratches on the draw tube or by other suitable
      index marks. The lens is to be held in front of the calibrated telescope
      and if the position of the best focus falls outside the index marks, the
      refractive power is in excess of 1/16 diopter.
PAC  Definition
PAR  The lenses may be tested for definition with an eight-power telescope which
      has an effective aperture of 0.75 inch and is focused at a distance of 35
      feet on an illuminated test chart. As a test chart the resolving-power
      chart pattern 20 of National Bureau of Standards Circular C533 may be
      used. The lens to be tested shall be placed in front of the telescope
      objective, which in turn is then brought to the sharpest possible focus.
      The pattern marked 20 should be clearly resolved with the target placed at
      a distance of 35 feet from the telescope objective used for testing
      lenses.
PAR  All five lenses produced by following the procedures of this Example using
      low-melting polyethylene replica molds failed the above-described
      telescope test.
PAR  Shearing interferograms of five lenses produced by this method were taken
      in transmission. A lateral shearing interferometer was used which was set
      up as follows. The lens being tested was placed in a diverging beam of
      light such that the light leaving the lens was essentially collimated. The
      collimated beam was incident on a plane parallel plate of glass. Part of
      the collimated beam was reflected from the front surface of the glass, and
      part of it was reflected from the back surface. The two reflected beams
      were displaced laterally (sheared) a distance S. If the beam leaving the
      lens was not perfectly collimated, interference fringes appeared in the
      common area of the two reflected beams. The spacing of these fringes has
      been shown to be inversely proportional to the relative local power of the
      lens. A more detailed explanation of this shearing interferometric
      technique for testing ophthalmic lenses is presented in: Murty, M. V. R.
      K.; Applied Optics; Apr., 1964; page 531.
PAR  The interferograms are presented in FIG. 4. They are a graphical
      representation of surface power variation and defects in the tested
      lenses. Perfectly vertical and equally spaced interference lines represent
      the most uniform power distribution over the lens surfaces.
PAR  As can be seen from the shearing interferograms of FIG. 4, both the power
      variation and surface smoothness of the five lenses was poor. The power
      variation in lenses 4a and 4e were particularly objectionable and were
      easily discerned with the unaided eye. Other particularly objectionable
      features were the high frequency fringes or local defects noticed in
      lenses 4b and 4e. These local defects were replicas of pits and dents in
      the low density polyethylene molds.
PAR  The same five lenses were also viewed under an 80X microscope. All had
      well-defined areas containing a high density of very fine parallel
      scratches approximately 0.01 inches long. These areas were easily seen
      when the lenses were examined under a bright light. The low density
      polyethylene molds used to make these lenses possessed corresponding
      scratch containing areas.
PAC  EXAMPLE II
PAC  Replication Process Using Replica Molds Formed from Polymeric Compositions
      as Described Herein
PAR  The glass master was the same as in Example I. A master was used in an
      apparatus as shown in FIG. 1 to produce a replica mold having a concave
      surface; another master was used in an apparatus of FIG. 2 to produce a
      replica mold having a convex surface.
PAR  The replica molds were formed from cross-linked polystyrene. The liquid
      resin cast against the glass masters contained:
TBL  styrene monomer            90 parts                                       

     ethylene glycol dimethacrylate                                            

                                10 parts                                       

     isopropyl percarbonate     0.05%                                          

     benzoyl peroxide           0.05%                                          

     t-butyl perbenzoate        0.05%                                          

     cobalt octoate (12% solution in dibutyl                                   

                                0.02%                                          

     phthalate)                                                                

     Zelec UN (a mold-releasing agent believed to                              

                                0.05%                                          

     be a lauroyl phosphate sold by DuPont).                                   

PAL  The percents given are weight percents based on the copolymer.
PAR  Curing of the styrene resin was done in an autoclave as illustrated in FIG.
      2 under a positive pressure of 60 psi maintained by circulating water. The
      water temperature was held at 60.degree.C. for 4 hours, then raised to
      115.degree.C. for 2 hours and finally allowed to cool to 70.degree.C.
PAR  After curing, the pressure was released and the mold was opened. The
      aluminum foil was peeled off and the plastic replica molds separated
      easily from the glass master. Each replica mold was 9 millimeters in
      thickness.
PAR  CR-39 resin, prepared and refrigerated as in Example I, was introduced into
      the cavity formed when the replica molds were fitted together. The cure
      cycle of Example I was also used for the CR-39 resin. After cure the CR-39
      lenses were easily released from the cross-linked polystyrene replica
      molds.
PAR  Five plastic lenses produced according to this Example were examined. These
      plastic lenses had dramatically fewer imperfections visible to the eye and
      much less distortion. They were used in the telescope test and all passed.
PAR  Shearing interferograms were taken of five lenses produced following the
      procedure of this Example. The results are presented in FIG. 5.
PAR  As can be seen, the power variation and surface smoothness are vastly
      improved over those qualities in the lenses produced in Example I.
PAR  Additionally, the areas containing a high density of very fine parallel
      scratches seen under an 80X microscope with the lenses of Example I are
      not present on the lenses produced according to Example II.
PAR  From the tests performed, it can be seen that the lenses produced by
      Example II are significantly improved over the lenses produced by the
      procedure of Example I. The lenses produced in Example II are suitable for
      ophthalmic uses, whereas the lenses produced in Example I are not.
PAR  Reference is made to my commonly assigned copending applications, Ser. No.
      210,488, filed Dec. 21, 1971, now U.S. Pat. No. 3,806,079, and Ser. No.
      210,518, filed Dec. 21, 1971, the teachings of which are hereby
      incorporated by reference.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a plastic optical element having a predetermined
      surface configuration comprising:
PA1  a. forming a replica mold having a surface configuration negative to said
      element's predetermined surface configuration, said negative surface
      configuration being formed from a polymeric composition which has a
      flexural modulus above about 2 .times. 10.sup.5 psi so that the mold will
      resist distortion of the plastic optical element during cure thereof, said
      polymeric composition also being one which: (1) is releasable from a
      master mold surface; (2) has balanced adhesion to said plastic optical
      element during cure thereof; (3) is resistant to solvent attack by said
      plastic optical element during cure thereof; (4) is thermally stable at
      the molding temperature for said plastic optical element; and (5) is
      capable of forming an optical quality surface on the plastic optical
      element;
PA1  b. molding said plastic optical element against said replica mold surface
      configuration; and,
PA1  c. releasing said optical element after cure thereof from said replica
      mold.
NUM  2.
PAR  2. A process of claim 1 wherein said polymeric composition is releasable
      from a glass master mold surface.
NUM  3.
PAR  3. A process of claim 2 wherein said plastic optical element comprises an
      ophthalmic lens.
NUM  4.
PAR  4. A process of claim 3 wherein said ophthalmic lens is formed from
      polymerized allyl diglycol carbonate.
NUM  5.
PAR  5. A process of claim 4 wherein the molding of said plastic optical element
      is conducted at a positive pressure of from about 50 to about 100 psi.
NUM  6.
PAR  6. A process of claim 5 wherein the molding of said plastic optical element
      is conducted at a temperature of from about 40.degree.C. to about
      95.degree.C.
NUM  7.
PAR  7. A process of claim 6 wherein a flexible member is used to absorb
      polymerization shrinkage during molding of said plastic replica mold.
NUM  8.
PAR  8. A process of claim 7 wherein said polymeric composition comprises a
      member selected from the group consisting of:
PA1  a. polymethyl methacrylate cross-linked with a minor amount of a
      cross-linking agent;
PA1  b. a copolymer formed from about 99 to about 20 parts of methyl
      methacrylate and from about 1 to about 80 parts of acrylonitrile, said
      copolymer being cross-linked with from 0 to a minor amount of a
      cross-linking agent;
PA1  c. polystyrene cross-linked with a minor amount of a cross-linking agent;
PA1  d. a copolymer formed from about 90 to 10 parts of styrene and from about
      10 to about 90 parts of acrylonitrile, said copolymer being cross-linked
      with a minor amount of a cross-linking agent; and,
PA1  e. a copolymer formed from about 90 to about 10 parts of styrene and from
      about 10 to about 90 parts of methyl methacrylate, said copolymer being
      cross-linked with a minor amount of a cross-linking agent.
NUM  9.
PAR  9. A process of claim 7 wherein said polymeric composition comprises
      polystyrene cross-linked with from about 1 to about 20% of a cross-linking
      agent.
NUM  10.
PAR  10. A process of claim 9 wherein said cross-linking agent comprises glycol
      dimethacrylate.
NUM  11.
PAR  11. A process of claim 7 wherein said polymeric composition is a copolymer
      comprising from about 65 parts to about 25 parts of methyl methacrylate
      and from about 35 parts to about 75 parts of acrylonitrile, said copolymer
      being cross-linked with from about 5% to about 30% of a cross-linking
      agent.
NUM  12.
PAR  12. A process of claim 7 wherein said polymeric composition is a copolymer
      comprising about 30 parts of methyl methacrylate and about 70 parts of
      acrylonitrile, said copolymer being cross-linked with from about 5 to
      about 30% of glycol dimethacrylate.
NUM  13.
PAR  13. A process for forming a plurality of ophthalmic lenses having a
      predetermined surface configuration from polymerized allyl diglycol
      carbonate comprising:
PA1  a. forming a glass master mold having a surface configuration corresponding
      to said predetermined surface configuration;
PA1  b. casting a copolymer comprising from about 65 to about 25 parts of methyl
      methacrylate and from about 35 to about 75 parts of acrylonitrile, said
      copolymer being cross-linked with from about 5% to about 30% of a
      cross-linking agent, against said master mold to form a replica mold
      having a surface configuration negative to that of said master mold;
PA1  c. casting allyl diglycol carbonate against said replica mold at a
      temperature of from about 40.degree.C. to about 95.degree.C. and a
      pressure of from about 50 to about 100 psi to form an ophthalmic lens;
PA1  d. releasing said ophthalmic lens from said replica mold; and,
PA1  e. repeating steps c and d.
NUM  14.
PAR  14. In a replication process for producing ophthalmic lenses wherein a
      replica mold is formed by casting a polymeric resin against a glass master
      and subsequently casting an ophthalmic resin against said replica mold to
      produce ophthalmic lenses:
PA1  the improvement comprising selecting a polymeric resin which has a flexural
      modulus above about 2 .times. 10.sup.5 psi so that the mold will resist
      distortion of the ophthalmic lens during cure thereof and which has a
      composition of:
PA2  a. polymethyl methacralate cross-linked with from about 5 to about 30% of a
      cross-linking agent; or,
PA2  b. a copolymer formed from about 65 to about 25 parts methyl methacralate,
      from about 35 to about 75 parts acrylonitrile, and from about 5 to about
      30% of a cross-linking agent; or,
PA2  c. polystyrene cross-linked with from about 1 to about 20% of a
      cross-linking agent; or,
PA2  d. a copolymer of from about 80 to about 60 parts of styrene, from about 20
      to about 40 parts of acrylonitrile, and from about 5 to about 20% of a
      cross-linking agent; or,
PA2  e. a copolymer of from about 80 to about 30 parts of styrene, from about 20
      to about 70 parts of methyl methacralate and from about 10 to about 20% of
      a cross-linking agent.
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ABST
PAL  The fuel block contains an energizing metallic powder, each particle of
       wh is surface coated with discrete particles of a polyfluoroethylene
      compound, preferably polytetrafluoroethylene, capable of reacting with the
      associated metal particle at a temperature below the combustion
      temperature of the block. The fuel block may be formed from hybrid
      propergols.
BSUM
PAR  The invention relates to methods for the manufacture of fuel blocks of
      which the combustion performances are improved due to the fact that the
      said blocks contain (or even are essentially constituted by) light metal
      powders of high combustion temperature, such blocks being able to contain
      part at least of the oxidant, or assimilated component, necessary for
      their combustion (case of powders), or, on the contrary, have essentially
      a reducing character requiring for the combustion, the placing in the
      presence of the fuel block with another oxidising component or assimilated
      in the fluid phase, capable of reacting with the said fuel block under the
      conditions of use, which is the case of the hybrid propergols (said
      propergols causing the intervention of a component in the solid fuel phase
      and a component in the liquid oxidant phase) and, especially, hypergolic
      hybrid propergols, this latter category of hybrid propergols being
      characterised by the fact that the reaction between the two components
      (solid and fluid) of the propergol is initiated spontaneously through the
      fact alone of their co-introduction under the conditions of use.
PAR  The invention relate also to fuel blocks manufactured by such methods.
PAR  The invention relates more particularly, because it is in this case that
      its application seems to be most advantageous, but not exclusively, among
      these methods of manufacturing fuel blocks and among the corresponding
      fuel blocks, to those relating to fuel blocks for apparatuses for
      generating hot gases, especially for powder or hybrid rocket engines.
PAR  To simplify the description, whilst avoiding any ambiguity in the
      following, it will be convenient from this point to denote by the
      expression: "energising light metals" the metals or assimilated elements
      (with the exception of carbon of course) of the groups IA, IIA, IIIA and
      IVA of periods 2 and 3, and of groups IA and IIA of period 4, of the
      Mendelejeff table, that is to say lithium (Li), beryllium (Be), sodium
      (Na), magnesium (Mg), potassium (K), calcium (Ca), boron (B), aluminum
      (Al) and silicon (Si).
PAR  It is known that the incorporation, in a fuel block, especially in a block
      of an organic fuel burning with an oxidant), of a powder of an energising
      light metal, causes an improvement in the performances of combustion, the
      proportion by weight of this powder in the fuel having an optimal value
      which is a function, particularly, of the thermal characteristics of the
      energising light metal concerned.
PAR  It is easily understood that, to obtain the best performances of combustion
      with a fuel block containing, in an optimal proportion, a powder of an
      energising light metal, relative to which the base constituent of the
      block plays the role of binder, it is of prime importance that the
      particles of this powder burn completely (by reaction with the oxidant at
      the time when the said particles are liberated from their fuel binder)
      during the very brief time (of the order of 10.sup..sup.-3 second), during
      which the above-said particles thus denuded still remain in the combustion
      chamber.
PAR  Among the causes capable of retarding combustion of the metallic particles
      incorporated in the organic fuel binder, there may be mentioned,
      particulary:
PAR  the relatively low temperature of the immediate surrounding medium,
      generally reducing;
PAR  the presence of a film of residue of binder capable of persisting at the
      surface of the particles for a certain time;
PAR  and the possible existence of a layer of oxide on the abovesaid particles
      on their incorporation in the organic fuel binder.
PAR  It will be seen, under these conditions, that it is advantageous to have
      means enabling the temperature of the metallic particles to be raised and
      to free them of the whole skin (or residue of binder or of oxide) forming
      an obstacle to the reaction of combustion of the abovesaid particles with
      the oxidant phase provided.
PAR  It is a particular object of the invention to provide such means and,
      consequently, to improve also the yield of combustion of the fuel blocks
      containing, even essentially constituted by, at least one energising light
      metal powder.
PAR  The method according to the invention provides for including in the fuel
      block, especially in a block based on an organic compound solid at ambient
      temperature and capable of burning by reaction with an oxidant (or
      assimilated component, such as a fluorine compound) a powder of at least
      one energising light metal, and it is characterised in that each particle
      of the said powder is coated superficially with a substance based on a
      halogenated compound of carbon (preferably a fluorine compound), capable,
      at a temperature distinctly below the combustion temperature of the fuel
      blocks in the oxidant provided, of reacting with the constituent metal or
      the particles (directly or by liberation of the halogen contained in this
      constituent) by an exothermic primary reaction having the effect, not only
      of raising the temperature of the abovesaid particles, but also of
      increasing the speef of vaporisation of the superficial residues possibly
      also contaminating the metallic particles, and of dissociating the
      possible skin of oxide previously formed on these particles, these three
      effects combining to reduce the time of initiation of the combustion
      reaction between the metallic particles and the principal oxidant, hence
      to improve the yield of combustion all things being otherwise equal.
PAR  In other words, the limited primary reaction intervening between the
      metallic particles and the coating substance ensures simultaneously a
      preheating of the said particles, hence a cleaning of their surface, this
      preheating and this cleaning accelerating the initiation of the reaction
      of the main combustion and improving the yield of the said combustion.
      However, to avoid the coating substance constituting a heat screen
      retarding the initiation of the reaction of the said substance with the
      metal of the particle, it is advantageous to observe certain precautions
      relating, especially, to  the proportion of coating substance with respect
      to the mass of metallic particles, which proportion is, preferably, such
      that the characteristic ratio .phi. between the constituent metal of the
      particles of metallic powder and halogen introduced by the above-said
      coating substance, satisfies the double inequality 30 &lt; .phi. &gt; 80, the
      optimal value appearing in the neighbourhood of 40,  and the structure of
      the layer of coating substance, which structure is, preferably, of
      "discrete" conformation, that is to say having, not the form of a
      continuous coating, but the form of a discontinuous network of spherules
      introduced in the form of a suspension of powder of the coating substance
      in a liquid.
PAR  The term "characteristic ratio" is well known in the art and is disclosed,
      for example, in "Rocket Propulsion" by Marcel Barrere, et al, chapter 3,
      published by Elsevier Publishing Company in 1960 and indexed in the
      Library of Congress under Catalog Card Number 59-8941. It should be
      understood to mean the stoichiometric equivalence ratio of fuel to
      oxidizer in the ultimately formed fuel block. It is this sense that the
      numerical value for the "mixture ratio" in each of the subsequent examples
      is used.
PAR  As regards then the powder of energising metal thus coated, its proportion
      by weight in the fuel block is, preferably, comprised between 20 and 40%
      and, preferably, about 30%, when the abovesaid fuel block is based on an
      organic compound solid at ambient temperature.
PAR  However, as already contemplated previously, the energising metal powder
      can constitute the essential material of the block in a propergol then
      preferably using water as oxidant, in which case the coating substance of
      the grains of metallic powder facilitates the agglomeration of the said
      grains on the manufacture of the block.
PAR  As for the granulometry of the abovesaid energising metallic powder, it is
      preferably selected so that the dimensions of the particles of powder
      (spherical or laminar) are comprised between 3 and 40 microns.
PAR  Taking into account this preferred granulometry of the energising metallic
      powder, and when the coating substance used is in the form of a suspension
      of spherules, the diameter of these spherules is preferably, comprised
      between 0.1 and 0.5 micron and, preferably, in the neighbourhood of 0.3
      micron.
PAR  As regards then the method of incorporation in the organic fuel compound,
      which has to play the role of the basic constituent of the fuel block, of
      the energising light powder previously coated with the carbons halogenised
      substance, it is effected, preferably, at a temperature at which the
      abovesaid organic compound is liquefied, the abovesaid substance then
      being mixed with this compound in the form of a liquid phase.
PAR  Among the energising light metals mentioned, the most advantageous appear
      to be aluminum and beryllium of which the oxides are only eliminated at
      very high temperature, whilst their halides (formed on the reaction of the
      particles of these metals with the coating substance), especially their
      fluorides, are eliminated by sublimation at much lower temperatures.
PAR  Thus, at atmospheric pressure,
PAR  aluminum oxide (Al.sub.2 O.sub.3) is eliminated by fusion only at
      2980.degree.C, whilst aluminum fluoride sublimes from 1291.degree.C,
PAR  and beryllium oxide (BeO) is eliminated by fusion only at 2530.degree.C,
      whilst beryllium fluoride sublimes at 800.degree.C.
PAR  When the fuel block is based on a solid organic compound, the said compound
      is preferably an amine compound in the case of fuel blocks which have to
      come into action in a hybrid propergol, this amine compound being,
      preferably also, metatoluene diamine, associated with a support which is a
      polyamide (especially "Nylon") plasticised with cyclohexyl phthalate, this
      composition being called hereafter (NMTD).
PAR  In this case, that is to say in the case of a fuel block based on NMTD, the
      metallic particles are, preferably, coated by a substance belonging to a
      group of polyfluorethylenes, especially by polytetrafluorethylene
PAR  (hereafter called PTFE), C.sub.2 F.sub.4, which exists in commerce in the
      form of stable aqueous suspensions of colloidal spheres of PTFE, of a
      granulometry of the order of 0.1 to 0.4 micron, the commercial designation
      of this product being "SOREFLON 60", type 1 or type 3.
PAR  Deposition of the spheres of PTFE on the metallic particles can be
      effected,
PAR  either directly on the said base particles before their incorporation in
      the amine compound,
PAR  or in the midst of the said compound itself after incorporation of the
      metallic particles, the suspension of PTFE being miscible with a liquefied
      NMTD.
PAR  From the operational point of view, the procedure is advantageously as
      follows:
PAR  the amine compound is liquefied with stirring; the metallic powder, after
      having been mixed intimately with the coating substance, is introduced
      into the liquefied amine compound; the heating is carried on to a
      temperature ensuring elimination of water and precipitation of granules of
      the coating substance on the metallic particles; after which the mixture
      is poured into a mould and cooled until complete solidification.
DETD
PAR  To illustrate the preceding description, there will now be given three
      series of examples relating to fuel blocks for hybrid propergol, the
      chemical composition of the fuel block (and that of the corresponding
      oxidant) varying from one series of examples to the other.
PAC  FIRST SERIES OF EXAMPLES
PAR  For this first series of examples, the fuel block is based on NMTD 96/2/2
      (96% of metatoluene diamine, 2% of polyamide and 2% of butyl phthalate)
      and it is enriched by aluminum powder, the oxidant contemplated being
      nitric acid (HNO.sub.3).
PAR  The examples of this first series have the following operational
      characteristics:
PAR  a. NMTD 96/2/2 is brought to a temperature of 140.degree.C with stirring
      until complete fusion;
PAR  b. during this time, the aluminum powder is mixed intimately with "SOREFLON
      60" type 3, possibly with addition of water to obtain a slightly liquid
      paste, the relative proportions of the aluminum powder and of the SOREFLON
      60  depending on the characteristic ratio of mixture desired;
PAR  c. the mixture prepared at the stage b is added gradually to the molten
      NMTD prepared in stage a and brought to a temperature of 105.degree.C,
      water then being eliminated by boiling whilst the PTFE precipitates on the
      grains of aluminum;
PAR  d. the temperature of the product obtained is allowed to rise to
      105.degree.C, after which molding follows and cooling of the block.
PAR  Taking into account these data common to the examples of this series, the
      following are the particular data relating respectively to each of the
      said examples.
PAC  Example 1
PAR  Aluminum is spherical grains of an average granulometry of 5 microns: 28.25
      %, PTFE: 1.75 %, NMTD: 70%.
PAR  The mixture ratio of .phi. of the block obtained is 45 and its combustion
      yield 96%.
PAC  Example 2
PAR  This example differs mainly from the preceding one in the proportions of
      aluminum and of PTFE which are respectively of 28.1 % and of 1.9 %.
PAR  The mixture ratio .phi. of the block obtained is 40 and its combustion
      yield 98.5 %.
PAC  Example 3
PAR  This example differs from the preceding ones in the proportions of aluminum
      and of PTFE which are respectively 28.4 % and 1.60%.
PAR  The mixture ration .phi. of the block obtained is 50 and its combustion
      yield 92%.
PAC  Example 4
PAR  Aluminum in flakes of 14 microns on the average: 28.1 %, PTFE: 1.9%, NMTD:
      70%.
PAR  The mixture ratio of .phi. of the block obtained is 40 and its combustion
      yield 99%.
PAC  Example 5
PAR  This example differs from the preceding example in the average dimension of
      aluminum flakes (44 microns) and in the proportions of aluminum and of
      PTFE which are respectively 28.7% and 1.3%.
PAR  The mixture ratio of .phi. of the block obtained is 60 and its combustion
      yield 98%.
PAC  SECOND SERIES OF EXAMPLES
PAR  For this second series of examples, the fuel block is based on
      polybutadiene and it is enriched by aluminum powder, the oxidant envisaged
      being hydrogen peroxide (H.sub.2 O.sub.2) concentrated to the maximum of
      98%.
PAR  The examples of this second series have the following common operational
      characteristics.
PAR  The technique of preparation differs from that described in the first
      series of examples, due to the fact that water cannot be eliminated in the
      midst of the fuel itself by reason of its insolubility and of the
      relatively low temperature appropriate for the cross-linking of the
      polybutadiene.
PAR  The aluminum coated with PTFE is prepared separately by mixing intimately
      aluminum powder and SOREFLON 60 type 3 with the addition, if necessary, of
      water which is then eliminated by evaporation at low temperature, possibly
      in vacuum.
PAR  The aluminum powder coated with PTFE is then dispersed mechanically and
      introduced, in suitable proportion for the obtaining of the characteristic
      mixture ratio desired .phi., in polybutadiene supplemented by
      cross-linking.
PAR  The mixture thus obtained is finally run into the mould and polymerised at
      a suitable temperature.
PAC  Example 6
PAR  The aluminum powder used is a powder with spherical grains of an average
      granulometry of 5 microns and the relative proportions of the constituents
      are 28.1% for aluminum, 1.6% for PTFE and 70.3% for polybutadiene.
PAR  The mixture ration .phi. of the block obtained is 40 and its combustion
      yield 98%.
PAC  Example 7
PAR  The aluminum powder used is a powder in flakes of 14 microns on the average
      and the relative proportions of the constituents are 28.1% for aluminum,
      1.9% for PTFE and 70% for the polybutadiene.
PAR  The mixture ratio .phi. of the block obtained is 40 and its combustion
      yield 99%.
PAC  THIRD SERIES OF EXAMPLES
PAR  This third series of examples relates to the particular case where the fuel
      block is essentially constituted of energising light metal powder, in this
      instance, aluminum powder, the oxidant being water which, at high
      temperature, reacts in exothermic manner with the aluminum to give alumina
      and hydrogen by a process of continuous combustion.
PAR  The technique of preparing the aluminum powder coated with PTFE is the same
      as in the second series of examples but the proportions of aluminum and of
      PTFE are selected in a range corresponding to mixture ratios .phi. much
      lower (average value of .phi. of the order of 10 in this range).
PAR  The coated aluminum prepared as in the case of the second series of
      examples is then compressed to obtain fuel blocks whose cohesion is
      improved by the presence of the film of PTFE coating each grain of
      aluminum powder, such blocks being especially suitable for submarine
      propellants equipped with a suitable initiating device enabling the
      necessary temperature to be obtained for the combustion of the aluminum in
      the presence of water.
PAC  Example 8
PAR  The aluminum powder used is a spherical grain powder of average
      granulometry of 5 microns coated with PTFE in the following proportion:
      aluminum 78.26%, PTFE 21.74%.
PAR  The block is obtained by compression at 250 kg/mc.sup.2.
PAR  The mixture ratio .phi. of the said block is 10 and its combustion yield
      70%.
PAC  Example 9
PAR  The powder used is an alloy of aluminum (70%) and of magnesium (30%) with
      spherical grains of an average granulometry of 44 microns.
PAR  This alloy powder is coated with PTFE in the following proportion: alloy
      powder 77.07%, PTFE 22.93%.
PAR  The block is obtained by compression at 700 kg/cm.sup.2.
PAR  The mixture ratio .phi. of the said block is 10 and its combustion yield
      78%.
PAC  FOURTH SERIES OF EXAMPLES
PAR  These examples relate to fuel blocks for hybrid propellents enriched by
      beryllium powder.
PAC  Example 10
PAR  There is used as metallic powder a beryllium powder with spherical grains
      of 30 microns.
PAR  As in the first series of examples, the fuel block is based on NMTD and the
      techniques of coating and of incorporation of the metallic powder are the
      same.
PAR  The oxidant contemplated is nitric acid or nitrogen peroxide or a mixture
      of these two products.
PAR  The relative proportions of the constituents are the following:
     Beryllium            27.45%                                               

     PTFE                  2.55%                                               

     NMTD 96/2/2          70%                                                  

PAR  The mixture ratio .phi. of the block obtained is 60.
PAC  Example 11
PAR  There is used as metallic powder a beryllium powder with spherical grains
      of 20 microns. The fuel block is, as in the second series of examples,
      based on polybutadiene and the techniques of coating and of incorporation
      of the metallic powder are the same. The oxidant envisaged is 98% hydrogen
      peroxide. The relative proportions of the constituents are the following:
TBL  Beryllium            32%                                                  

     PTFE                  3%                                                  

     Polybutadiene        65%                                                  

PAR  The mixture ratio .phi. of the block obtained is 60 and the combustion
      yield greater than 90%.
PAC  FIFTH SERIES OF EXAMPLES
PAR  There will now be given two examples of compostions of fuel blocks
      containing the necessary oxidant for their combustion (powders). The
      coating and incorporation of the metallic powder in the binder are
      effected in the same way as in the second series of examples.
PAC  Example 12
TBL  Ammonium perchlorate 60%                                                  

     Binder (polyurethane)                                                     

                          20%                                                  

     Aluminum powder (grains of                                                

     5 microns)           18.83%                                               

     PTFE                  1.17%                                               

PAR  The mixture ratio .phi. is 60.
PAC  Example 13
TBL  Ammonium perchlorate 70%                                                  

     Binder (polybutadiene)                                                    

                          15%                                                  

     Beryllium powder (grains of                                               

     20 microns)          13.5%                                                

     PTFE                  1.5%                                                

PAR  The mixture ratio .phi. is 50.
PAR  As is self-evident and as emerges already besides from the preceding
      description, the invention is in no way limited to those of its methods of
      application nor to those of its methods of production of its various
      parts, which have been more particularly indicated; it embraces, on the
      contrary, all variations.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for the manufacture of a fuel block containing a powder of
      at least one energizing light metal selected from the group consisting of
      lithium, beryllium, sodium, magnesium, potassium, boron, aluminum and
      silicon, the steps of applying to the surface of each particle of said
      metallic powder a discontinuous coating comprised of discrete particles of
      a polyfluoroethylene compound, preparing a liquified mixture containing
      said coated metallic powder particles and an organic fuel compound which
      is normally solid at ambient temperature, and forming a dried fuel block
      from said mixture, said coated metallic powder particles comprising from
      20 to 40% of the total weight of said dried fuel block.
NUM  2.
PAR  2. The method of claim 1 in which said coated metallic powder comprises
      about 30% of the total weight of said dried fuel block.
NUM  3.
PAR  3. Method according to claim 1, wherein the energising light metal powder
      previously coated with the coating substance is incorporated in the
      organic fuel compound at a temperature at which said compound is
      liquefied.
NUM  4.
PAR  4. Method according to claim 1, wherein the organic fuel compound is an
      amine compound.
NUM  5.
PAR  5. Method according to claim 4, wherein said amine compound is metatoluene
      diamine associated with a plasticised polyamide.
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ABST
PAL  Small particles of metal, such as those used in making powder metal
      compacts, are produced by feeding the end of a metal wire or rod against
      the edge of a rotating disc and causing a direct electrical current to
      flow through the wire and disc. This melts the end of the wire and also
      creates a magnetic field about the wire. The rotation of the disc breaks
      the electrical contact and forms an arc which causes additional melting of
      the wire. Contact between the wire and disc takes place within a second
      electromagnetic field. Continuously advancing the end of the wire causes
      the intermittent making and breaking of electrical contact. The
      interaction of the two magnetic fields causes the molten particles to be
      removed from the area of contact. Means are provided for cooling and
      collecting the metal particles and for preventing the accumulation of
      solidified metal particles on the electromagnet or the rotating disc.
      Vacuum conditions may be used, thus producing a powder of high purity.
PARN
PAR  This is a division of application Ser. No. 344,040 filed Mar. 22, 1973, now
      U.S. Pat. No. 3,830,603.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved method for the production of metal
      powder from solid material such as metal wire of rod.
PAR  Fine metal powders is being used increasingly in the manufacture of parts
      by powder metallurgical techniques. Many methods of making metal powders
      have been proposed. These include the atomization of molten metal by gas
      jets (Helin et al., U.S. Pat. No. 3,428,718) or by high pressure water
      (Huseby, Pat. No. 3,325,277); spraying molten metal into a vacuum to form
      discrete particles (Wentzell, Pat. No. 3,510,546); the vaporization of
      metal in a vacuum followed by condensation (Allen et al. Pat. No.
      3,049,421); the fusion of metal by an electric arc followed by the
      formation of condensed droplets which may be forced out of the arc zone
      either by means of a gas stream (Lezberg et al. Pat. No. 2,795,819,
      Schoop, Pat. No. 1,133,508) or by centrifugal force either alone (Chisholm
      et al., Pat. No. 3,021,562, McMillan, Pat. No. 2,897,539) or coupled with
      the influence of the magnetic repulsion inherent in the arc (Bridger, Pat.
      No. 1,887,577); forming a molten surface on a metal rod and agitating the
      molten metal at ultrasonic frequency generated either by an ultrasonic
      transducer or by use of a high frequency electric current coupled with a
      strong direct current magnetic field (Newberry, Pat. No. 3,275,787).
PAR  In addition it is known to form glass beads by passing an electric current
      through a stream of molten glass to cause an arc and subjecting the stream
      in the area of the arc to the action of the magnetic field of an
      electromagnet (Guyer et al., Pat. No. 3,313,608). In this latter method
      the interaction of the magnetic field produced by the electrical current
      in the current-carrying glass and the magnetic field caused by the
      electromagnet causes an intermittent making and breaking of the arc which
      in turn agitates the stream and causes the formation of glass beads.
PAR  In several of these prior art devices the process is carried on either in
      the presence of an inert gas (Lezberg et al., Pat. No. 2,795,819, Chisholm
      et al., Pat. No. 3,021,562, Newberry, Pat No. 3,275,787) or in a vacuum
      (Wertzell, Pat. No. 3,510,546, Allen et al., Pat. No. 3,049,421, McMillan,
      Pat. No. 2,897,539).
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to produce fine metal powder from a
      wire or rod by forming particles of molten metal in an electric arc and
      removing the formed particles by the interaction of two magnetic fields
      operating at right angles to one another. The operation may take place in
      a vacuum chamber thus eliminating the chance of contamination by, for
      example, the formation of oxides.
PAR  By the use of conventional wire feeding apparatus a wire or rod with the
      chemical analysis desired in the final powder product is brought into
      contact with a disc which is rotating in a strong magnetic field produced
      by an electromagnet. The wire and disc are attached to a source of direct
      current and sufficient voltage is impressed across them to cause
      electrical current to flow through the circuit to produce the required
      heat at the point of contact between the wire and disc to rapidly melt the
      metal. The flow of current through the wire produces a magnetic field
      around the Wire. This field interacts with the magnetic field produced by
      the electromagnet to force the metal particles away from the point of
      contact between the wire and the rotating disc. The cooled and solidified
      particles are thereafter collected.
PAR  Means are provided for cooling the apparatus and for avoiding the tendency
      of the powder particles to agglomerate between the pole pieces of the
      electromagnet. In addition, means are provided to remove any build up of
      powder particles which may form on the rotating disc.
PAR  A more complete understanding of our invention may be gained from the
      following description and from the annexed drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a front elevational view of apparatus, partly in
      section, embodying features of this invention.
PAR  FIG. 2 is a vertical section taken generally along the line 2--2 of FIG. 1,
      with water cooling pipes and electrical connections omitted.
PAR  FIG. 3 is a horizontal section taken generally along the line 3--3 of FIG.
      1.
PAR  FIG. 4 is a perspective view of the electromagnet and water-cooled copper
      terminals utilized in the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, a deeply grooved disc 10 is placed in the gap 12
      of electromagnet 14 energized by coil 16. The disc is mounted for rotation
      on water-cooled shaft 18 driven through pulley 19 by motor 20. Each end of
      shaft 18 is provided with vacuum-tight rotary joints (not shown).
      Electrical current is supplied to disc 10 by means of a slip ring 22
      mounted on shaft 18 in contact with carbon brush 24 which in turn is
      connected by conductor 25 to the negative terminal of a source of direct
      current (not shown).
PAR  A wire reel 26 is mounted for rotation in frame 28. Metal wire 30 having a
      chemical composition of that desired in the final powder product is drawn
      from the reel by a conventional wire feeder 32 powered by a variable speed
      motor 34 controlled by electronic controller 36 adjustable through knob
      37. Wire 30 is fed downwardly through guide tube 38 water cooled by
      housing 40. Electrical current is supplied to wire 30 through guide tube
      38 which is connected by conductor 41 to the positive terminal of the
      source of direct current that supplies current to disc 10.
PAR  Thus, when the tip 42 of wire 30 makes contact with the disc 10, a closed
      electrical circuit is formed from the positive terminal of the direct
      current source through conductor 41 to guide tube 38 to wire 30 through
      tip 42 to disc 10 to shaft 18 to slip ring 22 to carbon brush 24 and
      through conductor 25 to the negative terminal of the direct current
      source.
PAR  When the wire 30 makes contact with the disc 10 the current flow between
      the advancing tip 42 and disc 10 causes the tip 42 to melt. This melting
      action together with rotation of the disc 10 breaks the contact between
      wire 30 and disc 10 and causes the formation of an arc. The arc creates a
      high temperature which melts an additional portion of the continuously
      advancing wire. The end of the continuously advancing wire again makes
      contact with the rotating disc, extinguishing the arc. The tip of the wire
      melts, and again, the combined melting action and the rotation of the disc
      10 causes the breaking of the contact and reformation of the arc. This
      making and breaking of the arc with the attendant formation of molten
      metal particles 47 continues at a relatively rapid rate.
PAR  The flow of electrical current through the wire 30 produces a magnetic
      field around the wire in accordance with well known principles of
      electricity and magnetism. The direction of feed of the wire is
      substantially perpendicular to the axis of rotation of the disc 10 and in
      addition is substantially perpendicular to the lines of magnetic force
      (not shown) in the gap 12 between pole pieces 44 and 46 of electromagnet
      14.
PAR  The metal particles 47 formed are driven out of the area of contact between
      the metal wire and the disc due to the interaction between the magnetic
      field produced by the passage of an electrical current in the wire and the
      second magnetic field transverse thereto produced by the electromagnet.
PAR  As shown in FIG. 2 the direction in which the metal particles 47 are flung
      by the interaction of the two magnetic fields is shown by the directional
      arrows as being from right to left and generally perpendicular to the axis
      of rotation of the disc 10. In the embodiment shown the pole piece 44 is
      "north" and the pole piece 46 is "south". Reversal of these pole pieces
      will cause the molten particles to be thrown from left to right and
      generally perpendicular to the axis of rotation of the disc 10. This
      illustrates that it is the interaction of the magnetic fields and not the
      direction of rotation of the disc that controls the direction in which the
      molten particles are driven.
PAR  Once the individual metal particles 47 have left the point of contact
      between wire 30 and disc 10 there is no further driving force to
      accelerate them since there is no current flowing through them and thus
      there are no lines of magnetic flux about each as is created by the flow
      of current through the wire as described above. In addition, because most
      of the particles flung from the point of contact will be in their molten
      state, and thus above their Curie point, they will be nonmagnetic and will
      not be attracted to the pole pieces 44 and 46 of the electromagnet 14.
PAR  However, there are some particles that cool quickly and are attracted to
      and gather at the pole pieces 44 and 46 of the electromagnet 14. Unless
      some means is provided to remove these particles, they will quickly bridge
      across the gap 12 and block the escape path of other particles. To
      overcome this problem either or both of two devices may be utilized. The
      first is the placement of two water-cooled copper terminals 48 and 50 on
      the upper surfaces of pole pieces 44 and 46, respectively, held in place
      by cement 52 which is resistant to high temperature. These terminals are
      supplied with 110 volt AC power and serve to burn out any bridge of
      agglomerated powder particles that may tend to form across the gap 12.
PAR  A second device which acts to keep the gap 12 free from solidified metal
      particles which may tend to bridge between pole pieces 44 and 46 is a
      deeply grooved copper disc 54 mounted for rotation within gap 12 of
      electromagnet 14 and in close proximity to disc 10. The axis of rotation
      of disc 54 is parallel to that of disc 10. However, the direction of
      rotation of disc 54 is opposite that of disc 10, as shown by directional
      arrows 55 and 57, so that the adjacent peripheral surfaces of the two
      discs move generally in the same direction, i.e., from right to left as
      shown in FIG. 2. Disc 54 is rotated through pulley 56 driven by motor 20.
      A crossover belt arrangement is utilized to drive disc 54 in the opposite
      direction to that given to disc 10.
PAR  Disc 54 is mounted on water-cooled shaft 58. Rotary joints 60 and 62 serve
      as support bearings as well as means for getting cooling water through
      hollow bored shaft 58. Disc 54 may be made of copper because of its
      excellent heat conduction characteristics and is thus kept cool by the
      water flowing through shaft 58. A wiper blade 64 is installed in close
      proximity to the inner faces of the groove in copper disc 54 to prevent
      metal powder particles from adhering thereto.
PAR  The metal particles 47 flung from the area of contact between the
      continuously advancing wire 30 and the rotating disc 10 rapidly solidify
      into generally spherical shape varying in size from approximately 0.001 to
      0.005 inch diameter. These particles strike against sloping wall 68 and
      are collected in bin 70 for periodic removal.
PAR  In the preferred embodiment disc 10 is made of graphite but it could also
      be made of metal of the same chemical analysis as the final powder
      product.
PAR  The entire apparatus may be mounted within a vacuum chamber 66 connected to
      vacuum outlet 67. The chamber may be a conventional steel tank with hinged
      and sealable doors 72 at each end. Sight viewing ports 74 may be installed
      in several locations along with vacuum-tight electrical and cooling water
      connections 76.
PAR  In operation particles of metal are produced from metal wire 30 by
      continuously feeding the wire toward rotating disc 10, the axis of
      rotation of which is substantially perpendicular to the direction of feed
      of the wire. The advancing end 42 of the wire is brought into contact with
      the rotating disc 10 within the field of an electromagnet 14 having lines
      of force with components substantially perpendicular to the direction of
      feed of the wire and substantially parallel to the axis of rotation of
      disc 10.
PAR  A direct electrical potential is applied between the wire and the disc
      causing direct current to flow through the wire and the disc, completing
      an electrical circuit and causing magnetic field to form around the
      advancing wire. This magnetic field has lines of force substantially
      perpendicular to the lines of force of the electromagnetic field of
      electromagnet 14. The current is of a magnitude sufficient to cause the
      end of the wire in contact with the disc to melt. Rotation of the disc
      together with the melting action cause the breaking of electrical contact
      and the formation of an arc between the end of the wire and the disc.
      Discrete particles 47 of the metal are driven out of the area of contact
      between the wire and the disc by the interaction between the magnetic
      field produced by the passage of current in the continuously advancing
      wire and the magnetic field transverse thereto produced by the
      electromagnet.
PAR  Continuously feeding the end of the wire against the rotating disc causes
      reestablishment of contact between the end of the wire and the disc. As
      the end of the wire reestablishes contact with the disc, additional
      portions of the wire are melted and the rotation of the disc once again
      causes formation of an arc. The making and breaking of electrical contact
      with the related formation of the arc are repeated at a relatively rapid
      rate, resulting in the production of a continuous supply of molten metal
      and the commensurate discharge of particles from the contact area as above
      described. The particles are then cooled and collected.
PAR  The entire operation may be carried out in a vacuum thus avoiding
      contamination of the formed metal particles.
PAR  In the preferred embodiment the material to be powdered is in the form of
      metal wire. However, a wire rod of substantially increased diameter could
      be continuously fed, with appropriate changes in the feed mechanism,
      against the revolving disc 10, which could also be modified to accept a
      rod of increased diameter. It should therefore be understood that when the
      term "wire" is used herein it encompasses mot only metal in flexible wire
      form but also metal in the form of a solid rod up to several inches in
      diameter.
PAR  The terms and expressions which have been employed are used as terms of
      description and not of limitation, and there is no intention in the use of
      such terms and expressions of excluding any equivalents of the features
      shown and described or portions thereof, it being recognized that various
      modifications are possible within the scope of the invention claimed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of producing metal particles in powder form from a metal wire
      which comprises the steps of
PA1  a. creating a first direct current electromagnetic field in the region of a
      rotatable disc and having lines of force substantially parallel to the
      axis of rotation of said disc;
PA1  b. feeding a consumable metal wire through said first magnetic field and
      into contact with said disc in a direction substantially perpendicular to
      said lines of force of said first magnetic field;
PA1  c. applying a direct electrical potential between said wire and said disc
      to cause direct current flow through said wire and said disc, said current
      being of a magnitude sufficient to melt the end of said wire when in
      contact with said disc and said current causing a second magnetic field to
      be formed about said wire having lines of force substantially
      perpendicular to the lines of force of said electromagnetic field;
PA1  d. rotating said disc to break electrical contact between said wire and
      said disc and to cause the formation of an electrical arc between the end
      of said wire and said disc whereby additional portions of the end of said
      wire are melted;
PA1  e. continuously feeding the end of said wire against said rotating disc to
      reestablish contact between the end of said wire and said disc whereby a
      cycle of continuously making and breaking the electrical contact between
      said wire and said disc is established;
PA1  f. removing molten metal droplets, formed from the area of contact of said
      wire and said disc, by the interaction of the lines of force of said
      electromagnetic field and the lines of force of said second magnetic
      field; and
PA1  g. cooling to solidification the molten metal removed fromsaid area of
      contact and collecting same in particle form.
NUM  2.
PAR  2. A method of producing metal particles in powder form from a metal wire
      according to claim 1 wherein the process is carried out in a vacuum.
NUM  3.
PAR  3. A method of producing metal particles in powder form from a metal wire
      according to claim 1, which also comprises providing an electromagnet for
      creating said first direct current electromagnetic field and removing
      solid metal particles magnetically attracted to said electromagnet.
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ABST
PAL  A rolling apparatus for ceramic material comprises a smooth upper roll and
      rough lower roll for rolling a bar-shaped premolding out into a plate. The
      premolding is arranged to become attached to the upper roll and travel
      round with it, possibly more than once. When the plate comes into the gap
      between the rolls for the last time the upper roll is made negative
      electrically with respect to the lower roll.
BSUM
PAR  The invention relates to methods for rolling out bar-shaped premoldings of
      ceramic materials to form thin plates by means of rolls whose nip
      determines the thickness of the plate.
PAR  It has already been recognised that in the case of demolding ceramic
      materials in two mold halves application of an electric field to the upper
      and the lower mold provides advantages. Thus the method of the German
      Specification 69,672 involves the application of an electric current to
      avoid the adhesion of moist materials on the molds. Furthermore a proposal
      has already been made in connection with the rolling out of a strip-like
      structure, possibly of indefinite length, between two rolls whose nip size
      determines the thickness of the rolled out material, to apply an electric
      field between the upper and the lower roll with the lower roll positive
      and the upper roll negative. In the case of this method as well it is,
      however, necessary to carry out the calibration of the rolled product to
      size in a following pair of rolls and thus to pay attention again to the
      correct application of the electric field.
PAR  One aim of the invention is to provide a method in which it is possible to
      roll out material and to calibrate it to size with one and the same pair
      of rolls. In this case the principle of the application of an electric
      field is used in a particular fashion.
PAR  The present invention consists in a method for rolling out a bar-shaped
      premolding of ceramic material to form a thin plate, comprising passing
      the premolding through the nip of a pair of rolls, of which the upper roll
      is smooth and the lower roll is rough, and the ceramic material adhers to
      the upper roll and travels round with it at least for one revolution and
      then applying an electric field to the rolls so that the upper roll
      becomes negative in relation to the lower roll for detaching the material
      from the upper roll.
PAR  The invention makes a particularly advantageous use of the fact that
      ceramic materials adhere to smooth surfaces and simultaneously uses the
      principle of detachment by the application of an electric field which
      brings the adhesion force when the rolling operation is regarded as being
      finished.
PAR  Thus in the case of the method in accordance with the invention it is not
      necessary to use a calibrating rolling apparatus in order to achieve the
      desired smooth upper surface and the lower rough surface. The whole
      rolling operation is carried out with one pair of rolls, it only being
      necessary to apply the electric field at the correct time.
DRWD
PAR  The single figure of the drawing shows an apparatus diagramatically with
      which the method in accordance with the invention can be carried out.
DETD
PAR  On the table 1, which is provided with suitable advancing and conveying
      devices omitted for the sake of clarity in the drawing, premoldings 2
      follow one another in succession. They have the form of a usual bar or
      billet and consist of the ceramic material. These premoldings 2 or billets
      are rolled out between the upper roll 3 and the lower roll 4, whose
      direction of rotation is shown by the arrows.
PAR  If no electric field is applied to the upper and lower roll, the rolled out
      molding 5 becomes attached to the upper roll 3 provided with a smooth
      surface and remains on it until it is detached. The lower roll 4 has a
      rough surface as indicated by reference numeral 6.
PAR  Detachment is carried out in a simple manner by applying an electric field
      between the two current terminals 7 and 8 as is indicated in the drawing
      so that the upper roll 3 becomes negative owing to the terminal 7,
      connected with it, while the positive or plus pole of the field our source
      is connected with the terminal 8 and thus with the lower roll 4. If this
      field is applied just at that point in time in which the front edge 9 of
      the plate-like structure 5 reaches the roll nip, the surface of the
      plate-like structure 5 which has up till now been attached to the smooth
      surface of the roller 3 becomes detached from the latter and the
      plate-like structure 5 moves along the table 10, which is also provided
      with suitable conveying devices so that the plate-like structure, now
      denoted by reference numeral 5A is conveyed out of the rolling apparatus.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for rolling out bar-shaped premolding of ceramic material to
      form a thin plate, comprising passing the premolding through the nip of a
      pair of rolls, of which the upper roll is smooth and the lower roll is
      rough, allowing the ceramic material to adhere to the upper roll and
      travel round with it for at least one revolution and then detaching the
      ceramic material from the upper roll by applying an electric field to the
      rolls so that the upper roll becomes negative in relation to the lower
      roll, said electric field being of sufficient intensity to detach said
      material from said upper roll and said ceramic material being a ceramic
      material capable of being detached fromm said smooth roll by the
      application of said electric field.
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PAL  Method for continuously, controllably passing and mixing carbon black and
      water together, controllably jetting a plurality of fluid streams against
      the inner walls of the mixing apparatus, and moving the streams along the
      inner walls.
BSUM
PAR  It is desirable to provide a method for producing highly uniform carbon
      black pellets and preventing undesirable cake buildup within the
      apparatus.
PAR  This invention therefore resides in a method for continuously, controllably
      passing carbon black and an aqueous pelleting liquid stream, for example a
      water stream, into a mixing chamber, mixing the streams together and
      controllably jetting a plurality of fluid streams against inner walls of
      the mixing apparatus and moving the plurality of streams along the inner
      walls for at least periodically cleaning from the inner walls undesirable
      wet carbon black cake which forms thereon thereby assuring highly uniform
      product.
DRWD
PAR  The drawings are diagrammatic views of a carbon black pelletizer.
PAR  FIG. 1 shows a partial sectional view of the pelletizer and example
      controls of this invention and
PAR  FIG. 2 shows an enlarged view of the jetting elements of the pelletizer.
DETD
PAR  Referring to FIG. 1, the pelletizer has a housing 2. The housing 2 has a
      longitudinal chamber 4 extending therethrough, first and second end
      portions 6, 8, a carbon black feed inlet 10 and a pelleting liquid inlet
      12 positioned at the first end portion 6 preferably at or downstream of
      the downstream end 13 of the screw, and a pellet outlet 14 positioned at
      the second end portion 8 of the housing 2.
PAR  A main conduit 16 extends through the chamber 4 preferably coaxially with
      said chamber 4 and is rotatably, sealably mounted at the first and second
      ends 18, 20 of the housing 2.
PAR  A plurality of secondary conduits 22 are each connected to and in fluid
      communication with the main conduit 16 and extend generally radially
      outwardly from the main conduit 16 along the length thereof. In order to
      assure uniform action and to produce highly uniform product, it is
      preferred that the secondary conduits 22 be spaced substantially uniformly
      along and about the main conduit 16 in a helical configuration. It is
      further preferred that the secondary conduits 22 be laterally spaced not
      greater than about 2 inches, preferably in the range of about one half to
      1 inch, one from the other and in the range from about 15.degree. to
      40.degree., preferably about 18.degree. to 25.degree., arcuately one from
      an adjacent associated secondary conduit 22.
PAR  As shown in FIG. 2, the secondary conduits 22 can have a nozzle 24 attached
      to the end thereof or be provided with other means such as an orifice or
      sized for directing a stream of fluid against the inner surface 26 of the
      housing 2. It is also preferred that the nozzle 24 be removably attached
      to the secondary conduits 22 in order that they may be replaced when they
      become worn with accompanying configuration change of the fluid stream
      discharging therefrom in the operation of the apparatus.
PAR  It is further preferred that the secondary conduits 22 and accompanying
      apparatus be sized in order that the pressure drop across the discharge
      end thereof can be maintained in the range of about 10 to about 20 psig.
      At pressures less than about 5 psig the cake may not be desirably removed,
      and at pressures greater than about 25 psig there may be waste of
      equipment, power, etc. In order to provide sufficient impact on the walls,
      the discharge end of the secondary conduits 22 are preferably at a
      distance from the inner surface 26 of housing 2 in the range of about 1/16
      to about one eighth inch, and expel fluid at velocities greater than about
      three fourths of the acoustic velocity of the gas or vapor.
PAR  A motor 28, for example an electric motor, is attached to the first end 30
      of the main conduit 16 for rotating said conduit and the second conduits
      22 along the inner surface 26 of the housing 2 in response to the rotation
      thereof. As shown in FIG. 1, a motor power (or amperage) sensing element
      32 can be operably connected to the motor 28 and to a water control valve
      36 which is positioned in water feed line 40 that is attached to its
      housing inlet 12 for controlling the feed rate of water relative to the
      rheological character of the mixture within the housing 2. The rate of
      flow of carbon black 38 is manually set by adjusting the rotating speed of
      rotary valve 34.
PAR  An air or steam conduit 42 and a supplemental fluid conduit 44 are operably
      connected to the second end 46 of the main conduit 16 for the passage of
      fluid to the main conduit 16 and secondary conduits 22 and outwardly
      against the inner surface 26 of the housing 2. The air conduit 42 is
      connected to a pressurized air-steam conduit 48 preferably carrying wet
      steam. The supplemental fluid conduit 44 can also be connected to a fluid
      source such as for example a hot water source 50. It should also be
      understood that the supplemental fluid stream entering the main conduit 16
      can be a fluid mixture and is not necessarily limited to water or steam.
PAR  Valves 58, 54 are positioned in the conduits 42, 44 respectively for
      controllably passing the fluids in a preselected manner.
PAR  The drawing shows preferred apparatus for controlling the flow rates of the
      fluids but it should be understood that the rates can be manually
      controlled or by other means known in the art. In the preferred
      embodiment, a time-programmed controller 52 is operably connected to
      control valve 54 in a first conduit 44 that is operably connected to the
      supplemental fluid supply 50 and to the second end 46 of the main conduit
      16. Air or steam is passed through a heat exchanger 49, as desired, and to
      the main conduit 16 via conduits 42 and 44. If cake builds up on the inner
      surface 26 of the housing 2 to an undesirable thickness, a signal from
      power sensing element and controller 32 is sent to controller 35, such as
      a selective relay. When a power or amperage level greater than the set
      point of controller 35 is reached, a signal is delivered via line 33 to
      time-programmer controller 52 which causes an additional timed amount of
      hot water to be injected into the main conduit 16.
PAR  A plurality of temperature sensing elements 62 are preferably positioned in
      the chamber 4 adjacent the inner surface 26 thereof and are positioned at
      spaced locations along the housing 2 adjacent a secondary conduit 22. Each
      sensing element 62 is connected to a temperature transmitting element 64.
      Each temperature transmitting element 64 is connected to an averaging
      relay 66. The averaging relay 66 receives signals from the temperature
      transmitting elements 64 that are responsive to the measured temperatures.
      These signals are averaged and a signal A responsive to said averaged
      signal is delivered to an average temperature controller 68. The average
      temperatue controller 68 has a set point B and is adapted to compare
      signal A to the set point B and delivers a signal C. Signal C manipulates
      the heat input via heat exchanger 49 to control the temperature of air or
      steam fed to the main conduit 16 via conduit 42. The rate of flow of this
      stream to main conduit 16 is controlled by a flow control assembly which
      manipulates valve 58 in conduit 42. The temperature sensing elements 62
      can be a single element positioned in the second end 46 of the main
      conduit 16 where heated fluids are maintained at a temperature about or
      greater than 212.degree. F. This alternative arrangement however does not
      provide the control obtained with the embodiment shown in FIG. 1 and
      described above.
PAR  In the method of this invention, a stream of carbon black, usually a
      flocculent carbon black, is continuously passed at a preselected rate into
      the first end portion 6 of the housing 2 via the carbon black feed line
      38. A stream of liquid is continuously passed at a preselected rate
      relative to the rate of the carbon black stream into the first end portion
      6 of the housing 2 into contact with the carbon black via the water feed
      line 40. The relative rates of delivery of water and carbon black are
      dependent upon the product desired, but these rates will generally be in
      the range of about 0.6 to about 2.0 pounds of carbon black per pound of
      water.
PAR  An auger element 70 for example is affixed to the main conduit 16 and is
      rotated therewith for compressing the carbon black, and moving the mixture
      from the first end portion 6 toward the second end portion 8 of the
      housing 2.
PAR  Rotation of the main conduit 16 also rotates the secondary conduits 22 for
      moving jet streams of supplementary fluid discharging therefrom along the
      inner surface 26 of the housing 2 preferably about perpendicularly
      thereto. The movement of the secondary conduits 22 causes mixing of the
      pelleting liquid and carbon black. The jet streams impinge on the inner
      surface 26 of the housing 2 and prevent a buildup of carbon black between
      the end of each secondary conduit 22 and the inner surface 26. Unless this
      cake is prevented from building up, particulary in the area adjacent the
      secondary conduits 22, said cake will contact secondary conduits 22 with
      resulting loading of the motor which will undesirably alter the controlled
      delivery of carbon black and pelleting liquid into the housing, and
      produce pellets of inferior quality. Delivery of the pelleting liquid into
      the housing is controlled by the viscosity of the mixture, as determined
      by motor power or amperage, and cake-secondary conuit contact causes a
      false indication of viscosity. Cake buildup also alters the consistency of
      the final product as is shown in the hereafter example.
PAR  The rate and volume of the fluid added to the mixture trhough the secondary
      conduits 22 is relatively small. Fluid addition downstream of pelleting
      liquid feed line 40 lowers the retention and mixing time and decreases the
      uniformity of product. It is therefore preferred that the fluid be added
      intermittently as necessary in an amount sufficient to prevent cake
      hardening and buildup but at a volume per hour as low as possible.
PAR  It is preferred that the chamber 4 be maintained at a temperature in the
      range of about 210.degree. to about 212.degree. F., usually about
      212.degree. F. during the operation thereof for assisting in the
      prevention of cake buildup. Generally, carbon balck enters at about
      400.degree. F. to 600.degree. F., and pelleting solution at about
      150.degree. F.
PAR  The temperature of the carbon black-water mixture can therefore be measured
      at a plurality of locations adjacent the inner surface of the pelletizer.
      These temperature measurements can then be utilized for controlling the
      temperature of the plurality of jet streams discharging from the secondary
      conduits 22 thereby controlling the temperature of the inner surface 26
      adjacent secondary conduits 22. These temperature measurements are
      preferably taken between adjacent jet streams in order to obtain more
      accurate temperature measurements. Temperature control assists in
      preventing or minimizing cake buildup for production of pellets of more
      uniform quality. The temperature of the inner surface 26 should be
      maintained at a temperature above about 212.degree. F. Preferably the
      housing 2 is insulated externally so that temperature within the housing 2
      will be maintained at about 212.degree. F. which then makes it easier to
      heat the inner surface 26 to above 212.degree. F. by using air and/or
      steam injection by way of secondary conduits 22.
PAR  The temperature measurements or signals responsive to the temperature
      measurements are averaged and a signal A responsive to the average of said
      temperatures is delivered from the averaging relay 66 to average
      temperature controller 68. The average temperature controller 68 compares
      signal A to a set point B and delivers a signal C. Signal C is delivered
      to heat exchanger valve 60 which causes the temperature of the air or
      steam stream to change as necessary to maintain the inner surface 26 at a
      desired temperature.
PAR  During operation, the programmed timer 52 and associated valve 54 cause a
      hot water stream to be passed through line 44 into the main conduit 16 for
      a preselected period of time. At the end of that time period, the
      programmed timer 52 causes valve 54 to close thereby terminating the water
      stream. At a preselected period thereafter, the programmed timer will
      cause the valves to reverse and start a new cycle.
PAR  A calculated, illustrative example of the operation and construction of
      this invention is as follows:
PAR  It should be understood that the valves and controls of this invention can
      be altered from the apparatus as described above whereby mixtures of air
      and supplemental fluid can be added during the pelletizing operation.
PAR  Other modifications and alterations of this invention will become apparent
      to those skilled in the art from the foregoing discussion, example, and
      accompanying drawing, and it should be understood that this invention is
      not to be unduly limited thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of carbon black pellets while controlling
      the cake buildup comprising
PA1  a. introducing carbon black and a pelleting liquid into a pelletizer having
      an inner surface maintained at a temperature above about 212.degree. F.;
PA1  b. moving a series of mixing elements through the carbon black and the
      pelleting liquid thus forming a mixture;
PA1  c. jetting a plurality of fluid streams through said mixing elements
      against said inner surface of said pelletizer for periods and in an amount
      sufficient to prevent carbon black cake buildup and hardening on said
      inner surface;
PA1  d. forming carbon black pellets from said mixture during said mixing step;
      and
PA1  e. recovering the carbon black pellets from said pelletizer.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein said fluid streams are
      expelled toward said inner surface at velocities greater than about 3/4 of
      the acoustic velocity of said fluids.
NUM  3.
PAR  3. A process in accordance with claim 1 wherein said fluid streams are wet
      steam.
NUM  4.
PAR  4. A process in accordance with claim 1 wherein said mixing elements are
      moved by a motor, the power of said motor is sensed by a power-sensing
      element delivering a signal and the introduction of the pelleting liquid
      into said pelletizer is controlled by said signal.
NUM  5.
PAR  5. A process in accordance with claim 1 wherein said fluid streams are
      introduced intermittently against said inner surface of said pelletizer.
NUM  6.
PAR  6. A process in accordance with claim 1 wherein the temperature of said
      fluid streams is controlled responsive to the temperature of the inner
      surface of said pelletizer.
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ABST
PAL  Cups having a plastic, foam sheet sidewall are molded with bottom walls
      made from pre-expanded, plastic, foam beads. The beads are injected into
      the bottom of the mold cavity, and steam is introduced into the mold
      cavity to simultaneously fuse and mold the cup.
PARN
PAR  This is a division of application Ser. No. 256,347, filed May 24, 1972 now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of plastic cups, and more
      particularly to drinking cups made from both plastic, foam sheet and
      plastic, foam beads.
PAR  Foam plastic drinking cups have gained a substantial portion of the market
      which formerly used only cups made of paper. A large number of these
      plastic drinking cups are manufactured by a bead molding process. However,
      this process presents two obstacles: due to expansion of the beads, the
      cup cannot be made thin enough for many applications, and, the cup cannot
      be printed prior to its assembly. These problems gave rise to a second
      method of manufacturing plastic foam cups, wherein two pieces of foam
      sheet are molded to form the cup. The foam sheet method requires that the
      cup bottom be blanked and shaped prior to molding. Shaping the bottom into
      a cup-like section before placing it in the mold has proved to be very
      difficult. The instant invention, therefore, eliminates the bottom forming
      steps while retaining the advantages of a foam sheet sidewall.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method of making a disposable, plastic
      foam, heat sealed cup comprising a plastic, foam sheet sidewall having a
      fusion sealed, lapped seam, the lapped seam and the sidewall immediately
      adjacent the lapped seam being of identical thickness, and a pre-expanded,
      plastic, foam bead bottom wall fusion sealed to the sidewall.
PAR  The instant invention also provides a method of making a disposable,
      plastic foam cup which comprises cutting a blank from a plastic, foam
      sheet to form the cup sidewall, expanding plastic, foam beads, placing the
      sidewall blank in a female mold, placing the pre-expanded foam beads into
      the bottom of the mold cavity, closing the mold and heating the mold
      cavity whereby the cup is simultaneously fused and molded.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a cup of the present invention.
PAR  FIG. 2 is an enlarged, fragmentary, sectional view taken on the horizontal
      place indicated by the line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged, fragmentary, sectional view taken on the vertical
      plane indicated by the line 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A cup 21 made according to the present invention is shown in FIG. 1. The
      sidewall 23 of the cup 21 is formed from plastic, foam sheet. The cup
      bottom wall 25 is formed from pre-expanded, plastic, foam beads. Since the
      sidewall 23 is formed from foam sheet which is expandable, a stacking
      ledge 27 (see FIG. 3) can be molded into the cup 21.
PAR  The cup 21 is characterized by leakproof compression seals which are
      created between the upturned portion 31 of the bottom wall 25 and the
      sidewall 23 (see FIG. 3), and along lapped seam 33 of the sidewall 23 (see
      FIG. 2). The leakproof compression seal on the bottom wall 25 is formed
      during molding by compressing the bottom wall upturned portion 31 and the
      sidewall 23 together. Compressive forces are also exerted along the entire
      lapped seam 33.
PAR  Another characteristic of the cup 21 is the identical thickness of the
      sidewall lapped seam 33 and the sidewall 23 immediately adjacent the seam
      33. As seen in FIG. 2, the sidewall 23 overlaps on itself, but in molding,
      the lapped seam 33 is compressed to the thickness of the mold cavity. The
      adjacent portion of the sidewall 23 freely expands to the identical
      thickness. It should be noted that ribs, protrusions or depressions could
      be introduced on the sidewall 23 other than on the lapped seam 33.
PAR  The preferred method of making the cup 21 starts with extruding foam sheet
      from either polystyrene or rubber modified polystyrene to make the
      sidewall 23. It is suggested that the extruded foam sheet have a density
      of 16 to 17 pounds per cubic foot and a thickness of 35 to 40 mils. In
      practice the initial thickness of the extruded sheet is unimportant; only
      the final desired weight per unit of surface area is important.
PAR  The foam sheet is extruded from a blend of polystyrene resin, nucleating
      agent and lubricant into which a gaseous hydrocarbon has been injected.
      Normal pentane is the gaseous hydrocarbon which allows the foam, if
      desired, to be easily compressed either in-line with the foam extrusion
      operation or up to several months after extrusion.
PAR  After the foam sheet is extruded to a thickness of 35 to 40 mils, it is
      preferably mechanically compressed, either in-line with the extrusion
      operation, or up to several months thereafter, to a thickness of about 23
      to 26 mils. The foam sheet now may be printed if desired and slit to the
      widths required by the cup size to be made.
PAR  Expandable polystyrene beads having a density of about 40-70 pounds per
      cubic foot are pre-expanded, using steam, hot air, or boiling water, among
      other techniques, to a lower density, such as 2-5 pounds per cubic foot,
      for both processing and economic purposes. The beads include a blowing
      agent, such as pentane, and are about 0.5 mm. in diameter. The beads are
      then preferably aged and/or dried, depending upon the means employed to
      expand the beads.
PAR  Once the cup sidewall blank is cut to the desired size, it may be rolled
      into a cup sidewall shape and inserted into a female mold. A quantity of
      the pre-expanded beads is then uniformly spread over the bottom of the
      female mold. Enough beads are used so that upon closing the mold, the
      beads are mechanically compressed to form the cup bottom wall 25. About
      0.5 grams of the above described pre-expanded beads provide a leakproof
      cup with an excellent bottom wall 25. It may be observed that it is
      possible to wrap the sidewall blank around a male mold and hold it in
      place by suction for further processing.
PAR  A male mold is then moved relatively into the female mold to leave a gap of
      about 30 mils in the sidewall area. Since the compressed foam sheet
      sidewall blank is less than 30 mils thick, the mold cavity permits
      expansion of the foam sheet to 30 mils thickness, thereby providing a
      uniformly thick sidewall 23. As seen in the drawings, the bead bottom wall
      25 is preferably about twice as thick as the sheet sidewall 23. The
      closing of the molds effects compression of the foam beads, both to
      themselves and to the foam sheet. It should be noted that the molds may
      first be closed and then the beads injected into the closed mold cavity.
      Such a process would result in expansion of the beads, rather than
      compression, but would provide a leak-proof cup.
PAR  The molding cycle begins preferably by passing steam at a pressure of 30-60
      p.s.i. through internal flow chambers of the molds for five to eight
      seconds. About two to three seconds after steam begins to pass through the
      internal flow chambers, live steam is introduced into the 30 mil mold gap
      to contact the foam for a period of 0.5 to 2.0 seconds. The live steam is
      preferable as a heat source as it effects a rapid expansion of the foam
      sheet, thereby filling the 30 mil mold gap.
PAR  Water at 80.degree.F. to 95.degree.F. is then circulated through the
      internal flow chambers of the molds to cool the molded cup 21. Cooling
      continues for approximately six seconds, the period usually required for
      the cup temperature to reach 160.degree.F. Compressed air is then
      circulated through the molds for about two seconds to remove any remaining
      condensate or coolant. The molds open during the air purge phase of the
      cycle.
PAR  The molded cup 21 is then ejected into a top curling station if a rolled
      lip is desired. It is also possible to obtain a lip by using a set of
      molds allowing further expansion into a desired lip configuration.
      Ejection is accomplished by compressed air either with or without
      mechanical assist.
PAR  The molds are then purged either by internal streams of air or internal
      preheating with steam before the start of the next cycle.
PAR  It has been discovered that the steam molding, in addition to effecting
      rapid expansion of the foam, also provides a very shiny finish to the
      surfaces of the cup.
PAR  The above desired invention is a unique combination, but it would be
      equally possible to employ a sheet bottom with a beaded sidewall.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description and it will be apparent that
      various changes may be made in the form, construction and arrangement of
      the parts of the article and that changes may be made in the steps of the
      method described and their order of accomplishment without departing from
      the spirit and scope of the invention or sacrificing all of its material
      advantages, the form hereinbefore described being merely a preferred
      embodiment thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing a disposable molded, lapped seam, fused foam
      plastic cup having leakproof seals between the bottom wall and sidewall
      and along the sidewall seam and wherein the side seam and the sidewall are
      of identical thickness comprising the steps of:
PA1  a. providing an extruded, foamed plastic sheet material;
PA1  b. compressing said sheet material to a thickness less than that of the
      final sidewall;
PA1  c. forming a blank from said compressed sheet of suitable size and shape to
      form the sidewall of said cup;
PA1  d. providing mold means comprising female and male mold members;
PA1  e. providing pre-expanded foam beads in sufficient quantity to form the
      bottom wall of said cup;
PA1  f. positioning said sidewall blank in said mold means;
PA1  g. introducing said pre-expanded foam beads in the bottom of said female
      mold member;
PA1  h. joining said mold members sufficiently to space them an amount greater
      than the thickness of said compressed sidewall blank and equal to the
      thickness of the final sidewall of said cup and
PA1  i. molding and fusing said sidewall blank and foam beads in the presence of
      steam to expand said compressed sheet into the space between said mold
      members and to simultaneously compress, form and fuse a bottom wall from
      said foam beads to said sidewall.
NUM  2.
PAR  2. The method of claim 1 wherein said mold members are preheated with
      steam.
NUM  3.
PAR  3. The method of claim 1 wherein said foam beads comprise polystyrene.
NUM  4.
PAR  4. The method of claim 1 wherein sufficient pre-expanded beads are employed
      to provide a bottom wall that is twice as thick as the sidewall.
NUM  5.
PAR  5. The method of claim 1 wherein the thickness of said sheet material is
      about 35 to 40 mils as extruded, about 23 to 26 mils as compressed and
      about 30 mils after molding.
NUM  6.
PAR  6. A method for producing a disposable molded, lapped seam, fused foam
      plastic cup having leakproof seals between the bottom wall and sidewall
      and along the sidewall seam and wherein the side seam and the sidewall are
      of identical thickness comprising the steps of:
PA1  a. providing an extruded, foamed plastic sheet material;
PA1  b. compressing said sheet material to a thickness less than that of the
      final sidewall;
PA1  c. forming a blank from said compressed sheet of suitable size and shape to
      form the sidewall of said cup;
PA1  d. providing mold means comprising female and male mold members;
PA1  e. providing pre-expanded foam beads in sufficient quantity to form the
      bottom wall of said cup;
PA1  f. positioning said sidewall blank in said mold means;
PA1  g. joining said mold members sufficiently to space them an amount greater
      than the thickness of said compressed sidewall blank and equal to the
      thickness of the final sidewall of said cup;
PA1  h. injecting preexpanded foam beads into the bottom of the closed mold and
PA1  i. molding and fusing said sidewall blank and foam beads in the presence of
      steam to expand said compressed sheet into the space between said mold
      members and to simultaneously expand, form and fuse a bottom wall from
      said foam beads to said sidewall.
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PAL  A process for the manufacture of profiled products by extruding in a
      substantially non-expanded state an expandable styrene polymer composition
      through a die orifice having the desired profile and subsequently passing
      the extruded material through a sizing member wherein it expands to the
      desired profile and cross-section to produce an article having a porous
      inner cross-section and a solid, non-foamed outer layer and wherein the
      styrene polymer composition employed is one containing from about 0.2 to
      1.0 parts by weight of an alkaline earth metal carbonate blowing agent and
      from about 0.2 to 1.0 parts by weight of an organic acid per 100 parts by
      weight of styrene polymer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the manufacture of profiled products by
      extrusion of expandable synthetic resinous material, and more especially
      pertains to the production of profiled products having non-foamed surfaces
      by the extrusion of styrene polymer compositions having a particular
      formulation.
PAR  Relatively recently processes have been developed for the production of
      profiled products by extrusion of certain expandable synthetic resinous
      materials, particularly polyvinyl chloride, polyamides, polycarbonates,
      polyurethanes and the like. These processes are characterized in that the
      synthetic resinous material is extruded through an extrusion die in a
      substantially unexpanded state, the extrusion die having the shape of the
      profile desired, and thereafter allowing the resinous material to expand
      in a shaping chamber which has the same profile as the extrusion die
      orifice and in addition is of the final desired cross-sectional area of
      the ultimate product to be obtained. As the resinous material expands
      against the walls of the shaping chamber, the outer surfaces of the
      profiled product thus formed take on a smooth, non-foamed character
      whereas the interior portion of the article cross-section remains as a
      light weight, porous material. Alternatively, there may also be a hollow
      internal cavity positioned inside the extruded aricle, and the process may
      be carried out such that the surface layer surrounding such an internal
      cavity is also of a non-foamed character.
PAR  As is the case with profile extrusion methods utilizing any of the
      above-mentioned polymeric materials, and particularly when effort is made
      to employ styrene polymer compositions in such profile extrusion, many
      problems arise in achieving an extruded product having a good, smooth,
      relatively hard and tough non-foamed surface and in obtaining such surface
      without loss of desired density of the final profile. Although a multitude
      of known expandable styrene polymer compositions, i.e., styrene polymer
      plus blowing agent and optionally a nucleating agent, are known for
      expanding polystyrene in sheet extrusion and in other applications, it has
      been found that the majority of such known compositions capable of
      producing expanded polystyrene do not provide the desired results in terms
      of density and surface characteristics when utilized in profile extrusion.
      Moreover, because it is necessary to initially extrude the polymeric
      material in a substantially unexpanded state, when utilizing many of the
      known expandable styrene polymer compositions it is necessary to introduce
      the blowing agent into the styrene polymer material at a point well
      advanced through the extrusion equipment, i.e., only shortly before the
      material passes through the extrusion orifice. This, of course, is a
      disadvantageous feature which adds an additional requirement to
      conventional extrusion processes and requires a greater outlay for
      equipment. Even in those expandable styrene polymer compositions which
      permit the blowing agent to be pre-incorporated in the polymeric material,
      e.g., see for example, application Ser. No. 380,009 filed concurrently
      herewith, problems arise because of susceptibility to temperature
      degradation and poor shelf life.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a process
      for extruding profiled products which is capable of yielding products
      exhibiting excellent density and surface characteristics.
PAR  It is a further object of the present invention to provide a profile
      extrusion process which permits the use of conventionally designed
      extrusion equipment for the resinous material.
PAR  A further object of the present invention is to provide a profile extrusion
      process wherein the polymeric extrusion composition is resistant to
      temperature degradation, has a long shelf life and is not affected by the
      presence of moisture.
PAR  Another object of the present invention resides in the provision of a
      profile extrusion process wherein a particularly formulated styrene
      polymer composition is employed to produce profiled extrusion products
      having outstanding density and surface characteristics.
PAR  Thus, in accomplishing the foregoing objects, there is provided in
      accordance with the present invention a process for the manufacture of
      profiled products by the steps of extruding an expandable synthetic
      resinous material in substantially unexpanded condition through a die
      orifice having the desired profiled configuration and subsequently passing
      the resinous material through a sizing member having the desired profile
      and cross-section, in which the resinous material fully expands within the
      confines of the sizing member to produce the desired product having a
      non-foamed outer surface of resinous material and a foamed interior
      cross-section. The particular improvement underlying the present invention
      resides in utilizing as the expandable synthetic resinous material a
      styrene polymer containing from about 0.2 to 1.0 parts of an alkaline
      earth metal carbonate together with from about 0.2 to 1.0 parts by weight
      of a organic acid as the blowing agent per 100 parts by weight of styrene
      polymer. Preferably, approximately equal amounts of acid and blowing agent
      are employed. In the subject compositions, calcium carbonate and magnesium
      carbonate are preferred as the alkaline earth metal carbonates and citric
      acid is the preferred organic acid. In utilizing these compositions, it is
      possible to incorporate the blowing agent combination into the styrene
      polymer at or before the feed point of the extrusion equipment so that all
      of the ingredients are passed through the equipment together, without any
      detrimental heat degradation effects.
PAR  Other objects, features and advantages of the present invention will become
      readily apparent from the detailed description of the invention which
      follows when read in light of the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic representation of the various stages in the
      profile extrusion process according to the present invention;
PAR  FIG. 2 is a cross-sectional view of the extrusion die taken along the line
      2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of the sizing die taken along the line
      3--3 of FIG. 1; and
PAR  FIG. 4 is a cross-sectional end view of a profile extrusion product
      manufactured in accordance with the process of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention is based upon the discovery that many problems
      associated with the profile extrusion of styrene polymer compositions may
      be overcome if a particular combination of ingredients is employed in
      conjunction with conventional styrene polymeric material. The compositions
      according to the present invention which permit the use in profile
      extrusion processes of styrene polymers are advantageous in one sense
      because they permit the production of profiled, extruded products which
      manifest an extremely smooth and relatively hard and tough non-foamed
      surface. On the other hand, the compositions of the present invention also
      produce an extruded product wherein the styrene polymer is blown to the
      proper density and therefore exhibits the desired porous interior
      cross-section in the extruded article. Furthermore, it has been found, in
      contradistinction to those ingredients employed in most conventional
      extrusion processes, that the combination of additives to affect proper
      expansion in the process of the present invention may be incorporated in
      the styrene polymer concurrent with or previous to its introduction at the
      feed point of the extrusion apparatus. As a result, the styrene polymer
      and this combination of additives are passed through the extrusion
      apparatus concurrently, thereby resulting in more uniform distribution of
      the latter throughout the mass of polymeric material. At the same time,
      however, because of the advantageous nature of the additive combination
      utilized in the subject process, there are no adverse effects to the
      extrusion mixture due to temperature degradation.
PAR  Styrene polymers which may be employed in the process of the present
      invention are those which are conventionally known in connection with
      profile extrusion processes. Most preferred in this category are
      homopolymers of styrene and graft copolymers of styrene monomers with a
      minor percentage of an unsaturated, rubbery polymeric material, i.e.,
      impact polystyrenes. However, also useful within the context of the
      present profile extrusion process are copolymers comprising a major
      portion of polymerized styrene monomer and a minor amount of one or more
      ethylenically unsaturated monomers copolymerized therewith. Examples of
      suitable comonomers include acrylonitrile, butadiene, acrylic acid, lower
      alkyl acrylates, lower alpha olefins, such as ethylene, propylene and
      1-butene, acrylamide, etc. Therefore, it is to be understood that the term
      "styrene polymer" is used throughout the present application to encompass
      any of the above-delineated polymeric materials based primarily on styrene
      monomer.
PAR  The additive combination to be used in the profile extrusion process
      according to the present invention comprises an alkaline earth metal
      carbonate, preferably calcium carbonate or magnesium carbonate, together
      with one or more organic acids. The purpose of the alkaline earth metal
      carbonate is to act as a blowing agent and to generate a gas, typically
      CO.sub.2, within the mass of polymeric material in order to cause foaming
      or expansion of the material. In this respect, the alkaline earth metal
      carbonates are known in the art as CO.sub.2 -producing agents in
      conjunction with conventional foaming techniques wherein completely foamed
      products are produced in contradistinction to the profiled extrusion
      products having a non-foamed surface layer as produced in accordance with
      the process of the present invention. The alkaline earth metal carbonates
      have not, however, found any practical or widespread utility even in
      connection with standard foaming techniques. Likewise, the use of organic
      acids with certain CO.sub.2 generating compounds is known, but once again
      such combinations have not proved successful in normal foam extrusion
      methods and they have not been applied to methods for producing structural
      profiled extrusion products having a non-foamed surface layer. The purpose
      of the organic acid in the present composition is to permit use of the
      alkaline earth metal carbonate blowing agent and to reduce the cell size
      of the foamed portion of the structure which permits greater strength at
      desired densities. This is quite important since the present invention is
      not concerned with the particular compositions per se which are to be
      extruded, but rather with the use of particular compositions within the
      context of a particularly defined profile extrusion process. Furthermore,
      it has been discovered not only that the combination of alkaline earth
      metal carbonates among the multitude of known blowing agents for styrene
      polymers and an organic acid, is especially well suited in combination for
      forming the desired foam structure within the profile extrusion process of
      the present invention, but also that the subject combination must be
      employed within a specific range in order to produce profiled products
      having the desired surface and density characteristics. Specifically, it
      has been found that the alkaline earth metal carbonate must be employed
      within the range of about 0.2 to 1.0 parts by weight, preferably 0.3 to
      0.6 parts by weight, per 100 parts by weight of styrene polymer, and that
      the organic acid also must be present in an amount of from about 0.2 to
      1.0 parts, preferably 0.3 to 0.6 parts, on the same basis. Suitable
      organic acids include citric, oxalic, etc. with citric being preferred.
      The final blown styrene polymer product should have a density of between
      about 0.30 to 0.60, preferably between 0.35 to 0.45.
PAR  A further ingredient which may optionally be included in the styrene
      polymer compositions of the invention is a nucleating agent such as talc.
      If such material is employed, it generally is present in an amount of from
      about 0.1 to about 0.5 parts by weight per 100 parts by weight of styrene
      polymer.
PAR  The general process methods for the production of profiled, structural
      foamed products are well known in the art. Such processes typically
      involve (1) the extrusion by means of conventional extrusion equipment of
      a polymer composition containing a blowing agent in substantially
      unexpanded condition through an extrusion die orifice having the shape of
      the ultimately desired product, but being considerably smaller in
      cross-sectional area than the final product, and (2) passing this extruded
      stream of polymeric material to a sizing die which has both the profile
      and cross-sectional area of the final desired product. In the sizing die,
      the polymeric material is permitted to freely expand, and because of the
      pressure of the gases released by the blowing agent, the foamed material
      is forced against the walls of the sizing die to form a solid, non-foamed
      surface on the extruded product. After thus obtaining its final
      configuration, the extruded product is typically passed through a zone
      where it is cooled, and it is then cut into the desired length. The steps
      of sizing and cooling the extruded product may advantageously be carried
      out in a device which is connected to a source of vacuum, and temperature
      control in this device may be provided by the circulation of a fluid in
      the jacket of the device, by the provision of electrical heating elements
      or by direct contact with a cooling medium such as water.
PAR  Referring now to the drawings, in FIG. 1 is illustrated schematically an
      apparatus suitable for carrying out the process of the present invention.
      Designated generally by reference numeral 10, is an extrusion apparatus
      consisting of a feed hopper 12 for introduction of the polymeric
      composition into the extruder, the hopper 12 being positioned on the top
      surface of the rear end of the extruder, a barrel portion 14 wherein the
      polymeric material is heated to a molten condition, mixed thoroughly with
      the alkaline earth metal carbonate and (hydroxy) organic acid and advanced
      by means of a conventional extruder screw (not illustrated). The entire
      mass is extruded through an extrusion die 16 located at the forward end of
      the apparatus. A typical configuration of extrusion die 16 designed for
      the production of a conventional floor or framing molding is illustrated
      in FIG. 2 of the drawings wherein a cross-sectional view is presented
      through the extrusion die orifice from right to left in the drawings. As
      can be seen from FIG. 2, the polymeric material 8 is in a substantially
      unexpanded condition as it passes through the orifice or extrusion die 16.
PAR  Next in the chain of apparatus for the profile extrusion process is a
      vacuum fixture designated generally by reference numeral 20 in FIG. 1. The
      vacuum fixture 20 is constructed to contain in approximately the first
      half of its length, a sizing die 22 into which the stream of extruded
      thermoplastic material 8 passes immediately after its exit from the
      extrusion die 16. As is illustrated by FIG. 3 of the drawings, the sizing
      die 22 has a profile shape identical to that of the extrusion die 16, but
      the cross-sectional area of the cavity in the sizing die is considerably
      larger than that of the extrusion die in order to permit free expansion of
      the polymeric material. The peripheral area 23 around the sizing die 22 is
      maintained under vacuum, and the internal cavity 24 of sizing die 22 is in
      communication with this vacuum by means of a plurality of apertures in the
      outer surfaces of sizing die 22. The outer surfaces of sizing die 22 are
      also maintained at a temperature which is below the gelling point of the
      polymeric material so that the latter, upon being forced against the
      outside wall as a result of the pressure generated from within, is
      immediately formed into a hard, solid surface. It will be appreciated that
      the thickness of the outer non-foamed surface of polymeric material may be
      regulated by controlling the temperature of the inner surfaces of sizing
      die 22, the higher the temperature, the thinner this non-foamed surface
      being. The latter half of vacuum fixture 20 is constituted by a cooling
      chamber 26 also maintained under vacuum. In cooling chamber 26, the final
      extruded product is cooled as nearly as possible to ambient temperatures
      in order to further solidify the solid, non-foamed surface as well as the
      foamed interior cross-section of the article. Cooling is suitably achieved
      by contacting the extruded article with a fine spray of cooling water.
PAR  Movement of the polymeric material and final extruded product through the
      process steps is achieved through a combination of the screw in extruder
      10 and a drawing caterpillar designated by reference numeral 30 in FIG. 1.
      The drawing caterpillar may be employed to move the extruded article
      without any fear of damaging the exterior surfaces of the article as a
      result of the hard, non-foamed surface which is produced during the sizing
      and cooling steps. When the extruded article leaves the drawing
      caterpillar, it may be cut into any desired shape and further handled in
      accordance with conventional procedures.
PAR  In FIG. 5 is illustrated a cross-section of a typical section of tear drop
      molding 35 manufactured in accordance with the process of the invention.
      The molding exhibits a solid, non-foamed surface 36 (somewhat exaggerated
      for purposes of illustration) which surrounds the remainder of the
      internal cross-section formed of expanded polymeric material 37. As is
      well understood by persons of ordinary skill in the art and as mentioned
      above the thickness of the solid, outer surface of material can be
      regulated to a certain degree by selection of the temperatures at which
      the molten plastic material is extruded and at which the wall of the
      sizing die is maintained. Generally, in the case of styrene polymers, the
      temperature at which the material is extruded falls within the range of
      about 270.degree. to about 350.degree.F. and the temperature at which the
      interior surface of the sizing die is maintained falls within the range of
      about 290.degree. to about 310.degree.F.
PAR  The following examples are included to more fully illustrate the present
      invention, it being understood that the same are intended to be merely
      illustrative and under no circumstances are to be considered as
      limitative:
PAC  EXAMPLE 1
PAR  100 parts by weight of styrene homopolymer beads (Cosden Oil & Chemical
      Company - Resin No. 550), 0.5 parts by weight of calcium carbonate and 0.5
      parts by weight of citric acid are added to the feed hopper of a 21/2 inch
      diameter single stage vented extruder containing a 4:1 compression ratio
      screw. The mixture of ingredients is passed through the extruder at an
      average temperature of about 330.degree.F. and at a feed rate of
      approximately 100 pounds per hour. The thoroughly mixed composition of
      ingredients, still in a substantially unexpanded condition, is then forced
      through an extrusion die at a temperature of 310.degree.F., the die having
      the shape of a tear drop molding with an overall horizontal dimension of
      approximately 2 inches and an average vertical dimension of approximately
      1/2 inch. After passing through the extrusion die, the stream of polymeric
      material is passed into a sizing die arranged coaxially with the extrusion
      die. The shape of the sizing die cross-section is identical to that of the
      extrusion die, but its dimensions are those of the finally desired
      product, being approximately 21/4 inches horizontally and having a
      vertical dimension of approximately 0.565 inches. The walls of the sizing
      die are maintained at 110.degree.F. by means of a water cooling jacket
      surrounding same and the interior surfaces of the sizing die also possess
      a multitude of small apertures which communicate with a vacuum source
      surrounding the entire sizing die. There exists from the sizing die a
      substantially solidified product having a solid, smooth, integral
      non-foamed outer surface of polystyrene and an inner cross-sectional area
      characterized as being porous. This solid product is then passed through a
      second chamber wherein it is cooled by being contacted with a fine spray
      of cold water at a temperature of 100.degree.F. The molded product is
      pulled from the cooling chamber by means of a drawing caterpillar and is
      subsequently cut into lengths and stacked. The outer surface of the final
      product is smooth and blemish free and the density of the product is 0.4.
PAC  EXAMPLES 2 - 8
PAR  The procedure of Example 1 is repeated except that the amount of alkaline
      earth metal carbonate and (hydroxy) organic acids employed was varied. The
      amounts of these components are expressed as parts per hundred weight of
      styrene polymer. The results of these examples are summarized in the table
      below:
TBL  Amount         Amount      Resultant                                      

     Calcium Carbonate                                                         

                    Organic Acid                                               

                                Product Density                                

     ______________________________________                                    

     1.0            0.5         0.4                                            

     0.5            1.0         0.4                                            

     1.0            1.0         0.2                                            

     0.3            0.3         0.7                                            

     0.5            0.5         0.4                                            

     ______________________________________                                    

PAC  EXAMPLE 9
PAR   Example 1 is repeated with the exception that no citric acid is employed.
      No blowing or foaming of the styrene polymer is observed on extrusion from
      the die or within the sizing die.
PAR  Thus, there has been provided in accordance with the present invention a
      process for the production of molded profile extrusion products having
      highly desirable surface and density characteristics. These outstanding
      results are achieved in the process of the invention by the use of a
      particular combination of a styrene polymer and blowing agent formulation.
PAR  While the foregoing invention has been described with reference to several
      specific embodiments thereof, it is to be understood that certain
      modifications thereof will become readily apparent to a person of ordinary
      skill in the art upon reading this application. Therefore, it is intended
      that the proprietary rights defined by the present application be limited
      only by the scope of the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the manufacture of profiled products having a specific
      gravity of from about 0.3 to 0.6 by the steps of extruding an expandable
      styrene polymer composition in substantially unexpanded condition through
      a die orifice having the desired profile and subsequently passing the
      resinous material through a sizing member having the desired profile and
      cross-section whereupon the resinous material fully expands within the
      confines of said sizing member to produce the desired product having a
      non-foamed outer layer of styrene polymer and a foamed interior
      cross-section and wherein the expandable styrene polymer composition is
      one consisting essentially of from about 0.2 to 1.0 parts by weight of an
      alkaline earth metal carbonate and from about 0.2 to 1.0 parts by weight
      of citric acid as a blowing agent per 100 parts by weight of styrene
      polymer.
NUM  2.
PAR  2. The process of claim 1 wherein said alkaline earth metal carbonate is
      selected from the group consisting of calcium carbonate and magnesium
      carbonate.
NUM  3.
PAR  3. The process of claim 1 wherein said styrene polymer is homopolystyrene.
NUM  4.
PAR  4. The process of claim 1 wherein said styrene polymer is impact
      polystyrene.
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ABST
PAL  Cups having a sidewall made from foam sheet plastic with a fusion sealed,
      lapped seam, wherein the lapped seam and the sidewall immediately adjacent
      the lapped seam are of identical thickness, are provided with additional
      rigidity per unit wall thickness by compressing the foam sheet either
      in-line with the foam extrusion operation or up to several months after
      extrusion. The cup is characterized by a substantial skin on only the
      outer surface of the sidewall.
PARN
PAR  This is a divisional of application Ser. No. 214,847, filed Jan. 3, 1972,
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of cups, and more particularly to
      nestable cups made from compressed, foam sheet plastic. Disposable, foam
      sheet plastic cups have gained a substantial portion of the market which
      formerly used only cups made of paper. The greatest inroads made in this
      market by foamed plastic cups have been in the line of hot drink cups.
PAR  It is well known in foam plastics art that good thermal insulation may be
      obtained by providing the foam plastic cup with thick walls, but thick
      walls cause a corresponding increase in the nesting height of a stack of
      such cups. It is essential that nesting height be small to achieve low
      shipping costs and large capacity per unit volume in equipment such as
      vending machines where such cups might be used.
PAR  Most hot drink cups are manufactured by a bead molding process. The problem
      with this type of cup is that, due to expansion of the beads prior to
      molding, the cup cannot be made thin enough for many applications, such as
      vending machines. Thus, a second method of manufacturing hot drink cups
      was devised (see U.S. Pat. Nos. 3,069,725 and 3,312,383) wherein one or
      two pieces of foam sheet are molded to form a cup. However, the foam sheet
      molding methods present the problem of cracking when it is desired to form
      small diameter frustrums of cones. The blanked, arcuate sidewall must be
      wrapped around a small diameter, cup-shaped male mold or inserted into a
      female cavity prior to the molding operation and the presence of a
      substantial skin (a layer of very high density foam, approaching the
      density of the solid plastic itself) on the inner surface or both surfaces
      of the foam sheet is likely to result in cracks or corrugations, which
      will not be corrected in the subsequent molding operation.
PAR  The instant invention solves the problems outlined above by providing a
      disposable, plastic foam, heat sealed cup characterized by a unique cell
      size arrangement and surface characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a plastic foam cup is manufacture which
      is suitable for manual use and particularly adapted for use in vending
      machines, owing to better stacking and good rigidity resulting from a
      novel method of manufacturing the cup. The cup comprises a compressed,
      foam sheet, plastic sidewall having a fusion sealed, lapped seam, wherein
      the lapped seam and the sidewall immediately adjacent the lapped seam are
      of identical thickness, the sidewall increasing in cell size inwardly from
      the outer surface, and a bottom wall fusion sealed to the sidewall.
PAR  The method of manufacturing the above cup features a step of precompressing
      the foam prior to cup fabrication. The method comprises several steps,
      beginning with the first key step of extruding foam sheet plastic
      characterized by a substantial skin on one surface, fine cell size
      adjacent the skin, and a general increase in cell size as the other
      surface is approached. The surface with the substantial skin becomes the
      outer surface of the cup, so that the cup exterior presents a smooth,
      satin-like finish. The other surface of the sheet adjacent the larger cell
      structure has little or no appreciable skin and becomes the inner surface
      of the cup, so that the plastic may be wrapped around a cup-shaped male
      mold or inserted into a female mold without danger of disfiguring either
      surface. Since the inner surface is compressed more then the outer surface
      in wrapping the sheet plastic around the male mold or inserting it into a
      female mold, it is advantageous to have the surface which is capable of
      the maximum compression become the inner surface.
PAR  The next step is the second key step of the instant invention: compression
      of the foam sheet plastic, either in-line with foam sheet plastic
      extrusion or up to several months thereafter. The compression step results
      in a decrease in the cell size of the foam sheet plastic, which results in
      a higher density foam sheet than is otherwise obtainable from the
      extrusion process, permitting the use of higher density foam than is
      otherwise possible. The higher density foam results in improved wall
      rigidity per unit thickness of the molded articles, provided molding does
      not result in re-expanding the foam sheet to its original thickness. The
      higher density foam also results in better nestability and stacking.
      Compression also allows the thickness of the foam sheet to be closely
      controlled, which is very important for the subsequent molding operation.
      Another important benefit obtained by compressing the foam is that the
      surface of the foam is rendered more suitable for in-line, or web
      printing, and smoother and more attractive. Furthermore, good seals are
      obtained without the need of pre-assembly with the use of solvents or
      adhesives. Also, cups made from compressed foam will have closer nesting
      than cups of the same rigidity made from uncompressed foam.
PAR  The final steps of the method include cutting a blank from the compressed
      foam sheet plastic to form the cup sidewall, and joining the sidewall
      blank with a bottom wall blank not necessarily formed from the compressed
      foam sheet plastic to form a cup having lapped seam on the sidewall with a
      bottom seal either on the sidewall or bottom wall.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a cup of the present invention.
PAR  FIG. 2 is an enlarged, fragmentary, sectional view taken on the horizontal
      plane indicated by the line 2-- 2 of FIG. 1.
PAR  FIG. 3 is an enlarged, fragmentary, sectional view taken on the vertical
      plane indicated by the line 3-- 3 of FIG. 1.
PAR  FIG. 4 is an enlarged, fragmentary, sectional view similar to FIG. 3 but
      showing two cups nesting together.
PAR  FIG. 5 is a cross sectional photogram showing a sample of extruded,
      uncompressed foam sheet used for the cup sidewall, looking into the
      direction of extrusion.
PAR  FIG. 6 is a normalized optical density versus thickness curve in
      dimensionless form for the same sample whose photogram appears in FIG. 5.
PAR  FIG. 7 is similar to FIG. 5 but shows the sheet after it has been
      compressed.
PAR  FIG. 8 is a normalized optical density versus thickness curve in
      dimensionless form for the same sample whose photogram appears in FIG. 7.
PAR  FIG. 9 is similar to FIG. 7 but shows the compressed sheet after it has
      been molded into a cup.
PAR  FIG. 10 is a normalized optical density versus thickness curve in
      dimensionless form for the same sample whose photogram appears in FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment of a cup made according to the present invention
      is a cup 21 as shown in FIG. 1. The sidewall 23 of the cup 21 is formed
      from foam sheet plastic. The cup bottom wall 25 need not be formed from
      foam sheet plastic, but could be formed from beaded plastic foam or
      unfoamed plastic. As long as either the sidewall 23 or the bottom wall 25
      is formed from an expandable, foamed plastic material, a stacking ledge 27
      (see FIGS. 3 and 4) can be molded into the cup 21.
PAR  The cup 21 is characterized by a substantial skin 29 on the outer surface
      of the sidewall 23, as well as by a variation in cell size throughout the
      thickness of the sidewall 23. The cell size variation is discussed below
      with references to FIGS. 5-10. The cup 21 is further characterized by
      leakproof compression seals which are created between the upturned portion
      31 of the bottom wall 25 and the sidewall 23, and along the lapped seam
      33. The leakproof, compression seal on the bottom wall 25 is formed by
      compressing the bottom wall upturned portion 31 and the sidewall 23
      together into a uniform sidewall thickness along the distance "A" of their
      lower boundary. Compressive forces are also exerted along the entire
      boundary where the upturned portion 31 and sidewall 23 are in contact and
      along the entire lapped seam 33.
PAR  Another characteristic of the cup 21 is the identical thickness of the
      sidewall lapped seam 33 and the sidewall 23 immediately adjacent the seam
      33. As seen in FIG. 2, the sidewall 23 overlaps on itself, but in molding,
      the lapped seam 33 is compressed to the thickness of the mold cavity. The
      adjacent portion of the sidewall 23 freely expands to the identical
      thickness. It should be noted that ribs, protrusions or depressions could
      be introduced on the sidewall 23 other than on the lapped seam 33.
PAR  The preferred method of making the cup 21 starts with extruding foam sheet
      from either polystyrene or rubber-modified polystyrene. It is suggested
      that the extruded foam sheet (see FIG. 5) have a density of 16 to 17
      pounds per cubic foot and a thickness of 35 to 40 mils. In practice, the
      initial thickness of the extruded sheet is unimportant; only the final
      desired weight per unit of surface area is important.
PAR  The foam sheet is extruded from a blend of polystyrene resin, nucleating
      agent and lubricant into which a gaseous hydrocarbon has been injected.
      Normal pentane is the gaseous hydrocarbon which allows the foam to be
      easily compressed either in-line with the foam extrusion operation or up
      to several months after extrusion.
PAR  In extruding the polystyrene foam sheet it is essential to the present
      invention that one surface of the sheet be formed with a substantial
      "skin". A skin in this case is defined to be a layer of very high density
      foam, approaching that of solid polystyrene itself. The presence of a
      substantial skin 29 on the outer surface of the foam and the absence of a
      substantial skin on the inner surface of the foam (see FIGS. 5, 7 and 9)
      is a critical factor in determining if a foam sheet is suitable for
      forming on or in a small diameter mold without the formation of cracks or
      corrugations. The skin 29 maintains continuity of structure, affords a
      degree of toughness and enables foam sheet which has been preprinted to
      stand up to subsequent steam molding without developing any pick off
      problems with the ink. The skin 29 helps retain the ink on the foam sheet
      because the skin does not appreciably change on exposure to heat and
      steam, so that the ink cannot be moved. The lack of a skin on the inner
      surface allows the foam cells to be compressed upon bending, which
      prevents cracking in the foam. This effects is analagous to composite beam
      theory in structural design.
PAR  Producing an extruded foam sheet having a substantial skin on one surface
      only is most easily accomplished by impinging cooling air on the outer
      surface of the sheet after it has left the extruding orifice and before
      complete foaming or formation of the individual cells adjacent the
      impinged surface is achieved, so that in the extruded, uncompressed foam
      sheet, the cells adjacent the impinged surface are smaller and more rigid
      than the cells remote from this surface (see FIG. 5). The effect of the
      cooling air is to inhibit the expansion of the surface cells, so that they
      are smaller than those cells remote from the surface which continue to
      expand after extrusion. The inpinged surface naturally becomes the outer
      surface of the cup sidewall 23. Another method of producing a foam sheet
      having a skin on one surface only is disclosed in U.S. Pat. No. 3,311,681.
PAR  After the foam sheet is extruded to a thickness of 35 to 40 mils, it is
      mechanically compressed, either in-line with the extrusion operation, or
      up to several months thereafter, to a thickness of about 23 to 26 mils.
      The foam sheet now may be printed if desired and slit to the widths
      required by the cup size to be made. Slit rolls of foam sheet may also be
      prepared in narrow widths to be used in the bottom forming operation.
      However, it is also possible to use beaded polystyrene foam or solid,
      unformed polystyrene as the bottom wall.
PAR  Once the cup sidewall blank is cut to the desired size, it may be rolled
      into a cup sidewall shape and inserted into a female mold. Preassembly of
      the sidewall and bottom wall blank is not necessary. The bottom wall blank
      is preferably pre-formed to the desired upturned shape (FIG. 3), but it
      need not be pre-formed, as it will be formed when the molds are closed.
PAR  The bottom wall blank is then placed onto the tip of a male mold and held
      there by vacuum. The male mold is then moved relatively into the female
      mold to position the bottom wall blank inside the sidewall blank at the
      bottom of the female mold. At this point, the sidewall blank and bottom
      wall blank form an unsealed cup. The male and female molds are not fully
      closed, but rather a gap of 30 mils is left between them in the sidewall
      area to produce a cup 21 with a sidewall 23 having a thickness of 30 mils.
      Since the compressed foam sheet sidewall blank is less than 30 mils thick,
      the mold cavity permits expansion of the foam sheet to 30 mils thickness,
      thereby providing a uniformly thick sidewall 23.
PAR  Producing the stacking ledge 27 and the leakproof compression seals between
      the bottom wall upturned portion 31 and the sidewall 23 and along the
      lapped seam 33, wherein both the bottom wall 25 and sidewall 23 before
      molding are approximately 25 mils thick, is accomplished by leaving a 30
      mil gap between the male and female molds along the distance a. Since the
      bottom wall upturned portion 31 and the sidewall 23 together are about 50
      mils thick before molding, it is obvious that along distance a there is no
      expansion of the foam, but rather mechanical compression to assist in
      forming the leakproof seal. The width b (FIG. 3) of the cup 21 across the
      stacking ledge 27 is about 55 mils (determined by the gap between the male
      and female molds), which means that there is room in the molding process
      for about 5 mils expansion. The compressive forces are generated by both
      mechanical pressure exerted on the foam due to the matched molds and the
      internal pressure generated in the foam when it is heated during the
      molding cycle.
PAR  The molding cycle begins by passing steam at a pressure of 30- 60 p.s.i.
      through internal flow chambers of the molds for 5 to 8 seconds. About 2 to
      3 seconds after steam begins to pass through the internal flow chambers,
      live steam is introduced into the 30 mil mold gap to contact the foam for
      a period of 0.5 to 2.0 seconds. The live steam is important as it effects
      a rapid expansion of the foam, thereby filling the 30 mil mold gap.
PAR  Water at 80.degree. to 95.degree.F. is then circulated through the internal
      flow chambers of the molds to cool the molded cup 21. Cooling continues
      for approximately 6 seconds, the period usually required for the cup
      temperature to reach 160.degree.F. Compressed air is then circulated
      through the molds for about 2 seconds to remove any remaining condensate
      or coolant. The molds open during the air purge phase of the cycle.
PAR  The molded cup 21 is then ejected into a top curling station if a rolled
      lip is desired. It is also possible to obtain a lip by using a set of
      molds allowing further expansion into a desired lip configuration.
      Ejection is accomplished by compressed air either with or without
      mechanical assist.
PAR  The molds are then purged either by internal streams of air or internal
      preheating with steam before the start of the next cycle.
PAR  It has been discovered that the steam molding, in addition to effecting
      rapid expansion of the foam, also provides a very shiny finish to the
      surfaces of the cup.
PAR  It has been explained above that the cell size variation throughout the
      thickness of the cup sidewall 23 is critical. A study was undertaken to
      determine the mass density gradient through the thickness in samples of
      polystyrene foam. Two optical techniques were used: photograms (FIGS. 5, 7
      and 9) and microdensitometry (FIGS. 6, 8 and 10). The results showed
      conclusively that there are density gradients in the tested foam. Cell
      size was found to be the controlling effect in optical density, optical
      density correlating the mass density.
PAR  The first method for determining the density gradient was a quantitative
      one utilizing the Ansco (GAF) Model IV Automatic Recording (Optical)
      Microdensitometer. This device scans a very small portion of the sample
      (0.2 mils wide by 3.2 mils high) that is illuminated from behind, and
      measures the intensity of the transmitted light with a photomultiplier
      tube. Three sample pieces of foam (0.75 inch square) are cut respectively
      from the extruded, uncompressed foam (FIGS. 5 and 6), the compressed foam
      (FIGS. 7 and 8) and the molded cup (FIGS. 9 and 10). Each sample piece is
      then held snugly in a precision ground steel clamp. Next, the foam sample
      is sliced off with a fresh razor blade repeatedly, each time advancing the
      foam to expose just a few mils. The result is a series of thin slices of
      foam. By inspection with a hand lens, a single, uniform, undamaged slice
      was chosen for study for each of the three stages of the cup. In FIG. 6, 8
      and 10, the optical density versus thickness curves are presented in
      dimensionless form, the outer surface of what is to be the cup being
      represented as " O" on the horizontal axis. To make comparisons of
      different width samples possible, and to eliminate variation because of
      different optical density reading on the original charts due to variation
      in thickness and not in mass density, the curves were normalized in both
      dimensions. It should therefore be noted that the height of a curve is not
      equivalent to any absolute measure of mass density. Each of the curves in
      FIGS. 6, 8 and 10 represents the averaging of five scans of the material
      at different points.
PAR  FIGS. 5, 7 and 9 are photograms of the same samples used to obtain the
      microdensitometer traces of FIGS. 6, 8 and 10. A photogram is created by
      using a physical object as the negative to make a photographic print. In
      this case, the foam samples were placed on a negative carrier of an
      enlarger, and the transmitted light image was projected onto enlarging
      paper giving about 20 .times. magnification.
PAR  Referring to FIGS. 5-10, it can be seen that there is a variation in
      optical density in all the samples. In the photograms, a lighter area
      corresponds to higher optical density. It is not surprising that the
      curves correspond well with the photograms. Whiter portions in the
      photograms invariably correspond to higher optical densities in the
      curves.
PAR  Considering the mechanism by which the cells grow, there is no doubt that
      the larger the cells, the lower the mass density. Further, the studies
      revealed that the optical density correlates with cell size. Ergo, the
      optical density is a direct measure of the mass density, although the
      exact relationship -- linear or nonlinear-- is not established,
PAR  As FIGS. 6-10 indicate, the variation in cell size is derived from the foam
      extrusion process. The skin 29 can be seen on the outer surface, but
      because it is optically clear, permitting the light to pass through it,
      the photograms are not entirely accurate where the outside surface skin 29
      is concerned. FIGS. 6-10 show the foam has its highest density (smallest
      cell size) in a uniform area for the outside 40% of the sheet. The core
      has the lowest density, the inner surface being intermediate in density
      (cell size). A comparison of FIGS. 7 and 8 with FIGS. 5 and 6 reveal that
      compressing the extruded foam sheet reduces the cell size (density)
      variation as well as making the sheet more dense. An evaluation of FIGS. 9
      and 10 shows that the steam molding of the cup has two effects. First,
      because of the foam expansion in the mold, the overall density is reduced.
      Second, the density variation is smaller, i.e. the density and cell size
      are more uniform, so that the inner and outer surfaces which were
      originally more dense have undergone the greatest reduction in density.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing and it will be apparent that various
      changes may be made in the form, construction and arrangement of the parts
      of the article and that changes may be made in the steps of the method
      described and their order of accomplishment without departing from the
      spirit and scope of the invention or sacrificing all of its material
      advantages, the form hereinbefore described being merely a preferred
      embodiment thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making from foamed plastic sheet material a molded, lapped
      seam, fused cup having wall portions thinner than the initial sheet
      material, leakproof seals between the bottom and sidewalls and wherein the
      seam and the sidewall are of identical thickness comprising the steps of:
PA1  1. providing an extruded, foamed plastic sheet material having a density of
      about 16 to 17 lbs./ft..sup.3 and a substantial skin on its outer surface
      only, a density gradient wherein the cell size of said sheet increases
      inwardly from said outer surface and a thickness greater than the final
      sidewall thickness;
PA1  2. comprising said extruded sheet to a thickness less than that of the
      final sidewall thereby decreasing the cell size variation;
PA1  3. forming a blank from said compressed sheet of suitable shape and size to
      form the sidewall of said cup;
PA1  4. providing mold means comprising female and male mold members;
PA1  5. positioning said sidewall blank in said female mold member;
PA1  6. positioning a blank of suitable shape and size to form the bottom wall
      of said cup on said male mold member;
PA1  7. joining said mold members sufficiently to form a mold cavity wherein the
      mold members are spaced an amount greater than the thickness of said
      compressed sidewall blank and equal to the thickness of the final sidewall
      of said cup; and
PA1  8. fusing said sidewall and bottom wall blanks thus positioned in said mold
      cavity in the presence of steam to expand said compressed sheet into the
      space between said mold members to form a cup having a sidewall increased
      in thickness and decreased in cell size variation from that of the
      compressed sheet.
NUM  2.
PAR  2. The method of claim 1 wherein said plastic foam sheet material having a
      substantial skin on its outer surface and density gradient provided in
      step (1) is obtained by extruding foam plastic through an orifice and
      impinging cooling air on the outer surface of said sheet as it is
      extruded.
NUM  3.
PAR  3. The method of claim 1 wherein the thickness of said sheet material is
      about 35 to 40 mils as extruded, about 23 to 26 mils as compressed and
      about 30 mils after molding.
NUM  4.
PAR  4. The method of claim 1 wherein the plastic is polystyrene.
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PAL  In molding polyurethane integral-skin foam the foam tends to stick to the
      mold surface. Conventional mold release agents have not been found
      effective; they fail to provide full release of the molded product, are
      not durable enough to withstand more than one molding cycle, interfere
      with development of the integral skin, or plate onto the integral-skin
      thus necessitating solvent washing of the molded foam product. This
      invention is a method of preparing a mold to release flexible polyurethane
      integral-skin foam, free from skin damage and other defects, that is
      durable, i.e., that will permit many molding cycles before requiring
      replacement, and that permits the molded foam to be merely water washed to
      remove all traces of the mold release agent.
PARN
PAR  This is a continuation of application Ser. No. 69,894, filed Sept. 4, 1970,
      now abandoned, which is a continuation-in-part of Ser. No. 776,268, filed
      Nov. 15, 1968, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to the field of mold release agents and methods of
      using them. More particularly, this invention relates to mold release
      agents for flexible polyurethane foam and to methods of using them
      particularly for the release of flexible polyurethane integral-skin foam.
PAR  There are three broadly acknowledged classes of polyurethane foam: rigid,
      semi-rigid, and flexible. This invention concerns the latter class. More
      specifically, it concerns a type of flexible polyurethane foam known as
      integral-skin foam.
PAR  Methods of preparing flexible polyurethane foam and integral-skin varieties
      thereof as well as specific formulations are well-known in the art. See,
      for example, "Polyurethane Foams" edited by T. T. Healy, AIRI, London,
      ILIFFE Books, Ltd., (1963), and "Plastics Engineering Handbook", Third
      Edition, Reinhold Publishing Corporation, (1960). See also, Michaels, C.
      R. and Cane, R. P., "Integral Skin Urethane Foam" S.A.E. Paper 680062,
      presented at Automotive Engineering Congress -- Detroit, January, 1968,
      Wirtz, T. "Integral Skin Foam -- A Process in Urethane Molding", paper
      presented at the Second S.P.I. International Cellular Plastics Conference,
      November, 1968, Zwolinski, L. M., "Molded Integral Skin Urethane Foam"
      S.P.E. ANTEC May, 1969, and Grieve, R. L., Bonk, H. W., and Nadeau, H. G.,
      "A Development of Integral Skin Molded Urethane Foams for the Automotive
      Industry", S.P.E. ANTEC, May, 1969, all of which are incorporated herein
      by reference.
PAR  The difference between integral-skin polyurethane foam and other
      polyurethane foams is that, during development of the foam in the mold, a
      skin or noncellular layer is formed, in-situ, adjacent the mold surface
      that is joined to the interior of the foam through cell walls and ribs.
      This skin, being integral with the foam, in many cases eliminates the
      requirement of a separate wear-resistant skin over the finished foam such
      as is done with other polyurethane foams that do not contain
      integral-skin.
PAR  Difficulty has been encountered in molding integral-skin foam. The integral
      skin formed in-situ during development of the foam is susceptible to
      damage from many mold release agents; many of the conventional mold
      releases inhibit skin development or produce wrinkles and other defects.
      In addition, the integral skin is quite tender when newly formed, and
      since many molded foam products are only partially cured in the mold,
      removal of the foam may cause the skin to tear if less than perfect
      release is obtained. Further still, many common mold release agents are
      not very durable and not only must the mold be cleaned and recoated after
      each molding cycle but the foam product must be cleaned to remove traces
      of release agent that has plated onto it and that will impair subsequent
      painting, decorating, or finishing.
PAR  The use of polytetrafluoroethylene polymer coatings on mold surfaces is
      well-known in the art. Furthermore, these polymeric coatings have been
      used in conjunction with silicone oil mold releases, see U.S. Pat. No.
      3,341,646. Still further, waxes have been known to be used in molding,
      especially polyurethane foam molding, see U.S. Pat. No. 3,101,244. Waxes,
      however, are softened or melted to effect release and thus require
      replacement on the mold surface after each molding cycle and also require
      the molded articles to be solvent washed to remove traces of the wax that
      has plated thereon. In addition, many mold release agents, while inert to
      most molding compositions, are acutely attacked by the polyurethane foam
      reactants, especially the polyisocyanate moiety. Mold release agents that
      contain (Zerewitinoff) active hydrogens such as hydroxyl groups and amine
      groups will be affected to varying degrees by these reactive elements in
      the foam formulation and may well damage the proper development of the
      foam or cause sticking in the mold. By and large then, the art recognizes
      not only the difficulties involved in preparing molds for molding
      polyurethane polymers but recognizes the singularity of mold release
      problems vis-a-vis specific types of polyurethanes such as elastomers,
      foams, etc., see U.S. Pat. No. 3,413,390.
PAR  In addition to the problem of providing the right kind of mold release
      agent, other factors influence the situation. Integral skin polyurethane
      foam uses little, if any, water in the formulations, the main blowing
      agent being a low boiling hydrocarbon compound such as Freon. Also,
      integral-skin foam is formulated to a higher density than non-integral
      skin foam, specifically to provide sufficient polymer for the formation of
      the skin. These formulation factors make integral-skin foam very costly
      with respect to materials. To maintain the overall cost competitive with
      non-skin foam, molding costs must be minimized. This means that mold
      preparation, molding cycle time, and foam clean-up be reduced. Thus, a
      mold release agent that must be replaced after each molding cycle cannot
      be tolerated, nor can a mold release agent that must be additionally
      heated to be softened or melted to effect release. Mold release agents
      that plate out heavily on the molded product and require solvent washing
      also cannot be tolerated. The art heretofore has not found a mold release
      that satisfies all these aforementioned problems and thus integral-skin
      polyurethane foam has not found wide commercial acceptance.
PAR  This invention is a method of preparing a mold to release flexible
      polyurethane integral-skin foam in a near perfect surface condition
      wherein the mold release agent is sufficiently durable to permit up to ten
      mold cycles prior to renewing. Furthermore, the mold release agent of this
      invention does not require softening or melting to effect release and does
      not break away from the mold surface and stick to the integral skin of the
      foam. Moreover, the minuscule amount of release agent that does adhere to
      the skin is conveniently washed away from the product by a mere warm water
      flushing.
PAR  Therefore, the main object of this invention is a method of preparing a
      mold surface that will release flexible polyurethane integral-skin foam
      therefrom without pinholes or other damage to the skin. Other objects of
      the invention include a mold release composition that is sufficiently
      durable to permit a plurality of molding cycles to be accomplished before
      it needs replaced; a method that permits molding of integral-skin
      polyurethane foam such that the minuscule traces of mold release that
      adhere to the molded article may be easily washed therefrom with water;
      and a method that does not inhibit or interfere with the proper
      development of the integral-skin foam on the molded polyurethane article.
PAC  SUMMARY OF THE INVENTION
PAR  This invention concerns a method of preparing a mold to release flexible
      polyurethane integral-skin foam therefrom comprising applying a continuous
      coating of a fused polytetrafluoroethylene polymer to the mold surface,
      applying a thin film of a liquid mixture comprising (by weight) from one
      to ten parts of a hydrocarbon wax having a melting point of about
      210.degree.F., an acid number of zero and a saponification number of zero,
      from 7 to 26 parts of sodium di(2-ethylhexyl) sufosuccinate and from 330
      to 300 parts of a solvent for the wax and the sodium di(2-ethylhexyl)
      sulfosuccinate over the coating of fused polytetrafluoroethylene polymer,
      and drying the film prior to injecting the mixture of foam reactants into
      the mold.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In this method of mold preparation, one first starts with a foam mold.
      These molds may be made from a variety of materials such as plastic,
      rubber, or metal, with the latter the most widely used, particularly
      beryllium-copper alloys. In addition, they may be open-top or close-top as
      the invention is fully operable with either configuration. Still further,
      the mold may be horizontally disposed or vertically disposed, used in a
      continuous process or discontinuous process, and may be of virtually any
      size desired. All of these types of molds will perform operably with
      respect to the invention disclosed herein and, therefore, all are fully
      contemplated in the invention.
PAR  First, onto the surfaces of the mold is applied a continuous coating of a
      fused polytetrafluoroethylene polymer. Polytetrafluoroethylene polymers
      are well-known in the art and are widely used where chemical resistance
      and lubricity are required. A quite popular polytetrafluoroethylene
      polymer is sold under the trademark, "Teflon" and manufactured by E. I. du
      Pont de Nemours & Co., Inc. There are many known processes for applying
      the continuous coating of fused polytetrafluoroethylene polymer to the
      mold surface such as rolling the polymer into tape form, pressing the tape
      onto the mold surface and heating the tape to about 400.degree.C. to
      sinter it into a continuous coating. Another method is to form a
      suspensoid of polymer particles, which is a super-fine suspension of the
      particles in a volatizible liquid, flow this suspensoid over the surface
      of the mold, evaporate the liquid and sinter the deposited particles into
      a continuous coating. Preferred polytetrafluoroethylene polymer coatings
      are Tufram finishes and Nedox finishes. Tufram is a trademark of the
      General Magnaplate Corporation, Linden, N.J., for a
      polytetrafluoroethylene polymer coating that is produced by a proprietary
      process wherein an aluminized mold surface is converted, to a
      predetermined depth, to aluminum oxide (Al.sub.2 O.sub.3.H.sub.2 O) and
      then impregnated with polytetrafluoroethylene particles under one micron
      in size. The process then causes the aluminum crystals at the surface to
      expand forming porous hydroscopic crystals that permanently interlock with
      the polytetrafluoroethylene particles and form a continuous lubricating
      surface of polymer. Nedox is a trademark of the same corporation for
      another polytetrafluoroethylene polymer coating that is produced by a
      proprietary process wherein a hard surface of chrome-nickel alloy is
      electrodeposited on any ferrous or copper alloy mold surface. The surface
      is then treated to accept a controlled infusion of polytetrafluoroethylene
      particles to form a continuous lubricating surface. Integral-skin
      polyurethane foam articles do not release easily from molds having these
      types of finishes and it is the combination of a polytetrafluoroethylene
      finish and the specific mold release agent disclosed herein that provides
      the beneficial aspects with respect to molding these foams.
PAR  Over top of this continuous coating of polytetrafluoroethylene polymer is
      applied a thin film of a liquid mixture comprising (by weight) from 1 to
      10 parts of a hydrocarbon wax, from 7 to 26 parts of sodium
      di(2-ethylhexyl) sulfosuccinate, and from 330 to 300 parts of a solvent
      for both the wax and the sodium di(2-ethylhexyl) sulfosuccinate.
PAR  The hydrocarbon wax usable in this invention is characterized by having a
      melting point between 200.degree. to 220.degree.F. and preferably
      210.degree.F. and being insensitive to the reactions occurring in the
      mold. Preferably, the hydrocarbon wax should have an acid number near zero
      and a saponification number near zero which would place it in the form of
      a pure hydrocarbon wax that does not have reactive hydrogens such as
      hydroxyl groups, carboxyl groups, amine groups, etc. A preferred type of
      wax with properties within the limits disclosed above is marketed under
      the trademark Rock F. T. Wax by the International Wax Refining Company,
      Inc., and has a melting point of 210.degree.F., an acid number of zero, a
      saponification number of zero, and is white in color.
PAR  Sodium di(2-ethylhexyl) sulfosuccinate is already known in the art as a
      suspension agent and is marketed under the trademark, "Aerosol OT", by
      American Cyanamid Company. It is a waxy solid having an APHA color at 50
      percent solids of 100, an acid number of 2.5 max., an iodine number of
      0.25 max., and a moisture content of 2.0 percent max. In addition, it has
      a molecular weight of 444, a melting point of 153.degree.-157.degree.C.,
      is anionic, miscible with water, soluble in polar organic solvents and
      nonpolar organic solvents, and has the structural formula
      ##EQU1##
      It should be specifically noted that sodium di(2-ethylhexyl)
      sulfosuccinate is an ester that is inert to the reactions involved in
      forming the polyurethane foam; i.e., the reaction between the
      polyisocyanate and the polyol, the reaction between the amine and the
      polyisocyanate, and reactions between the products of these reactions.
      Specifically, it should be noted that sodium di(2-ethylhexyl)
      sulfosuccinate does not contain amine groups that would be reactive with
      the polyisocyanate. If this were so, there would be brought into play
      other factors that may well deteriorate the quality of the integral-skin
      formed in the mold.
PAR  The hydrocarbon wax and the sodium di(2-ethylhexyl) sulfosuccinate are
      dissolved and diluted in a solvent for application to the surface of the
      mold. When diluted with from 330 to 300 parts of a solvent and brushed,
      sprayed, or wiped into the mold surface, the residual amount of
      hydrocarbon wax and sodium di(2-ethylhexyl) sulfosuccinate remaining on
      the mold surface when dry is sufficient to provide easy release for up to
      ten mold cyclings. The solvents must be capable of dissolving both the wax
      and the sodium di(2-ethylhexyl) sulfosuccinate and may be chosen from a
      wide range of solvents for example ketones, such as acetone, methyl
      isobutyl ketone and diacetone alcohol; ethers such as ethyl ether and
      tetrahydrofuran; esters such as ethyl acetate, n-butyl acetate, methyl
      cellosolve acetate, amyl acetate; ether-alcohol combinations as methyl
      cellosolve, cellosolve, and butyl cellosolve; alcohols such as ethyl
      alcohol, isopropyl alcohol, and cyclohexanol; hydrocarbons such as
      benzene, toluene, xylene, naptha, and turpentine; chlorinated solvents
      such as ethylene dichloride, carbon tetrachloride, trichloroethylene and
      miscellaneous types such as carbon disulfide and pyridine. All of these
      solvents may be utilized in this invention provided they will solubilize
      the specific hydrocarbon wax as well as sodium di(2-ethylhexyl)
      sulfosuccinate. The choice of solvent is fully within the ambit of one
      skilled in the art and, therefore, is fully contemplated herein.
PAR  The thin film of liquid mixture may be applied to surfaces of the open or
      close-top mold in a variety of ways such as by spraying, wiping, dipping,
      brushing, flooding, knife coating, etc. Since the prime requisite in this
      aspect of the invention is to apply a thin film of liquid mixture to the
      mold walls, it is sufficient that any type of application technique be
      used as long as a thin film is deposited thereon.
PAR  After the thin film of liquid is applied to the mold surfaces, the film is
      dried by driving off the solvent. This may be accomplished by virtually
      any method as long as the thin film is not disturbed and includes such
      processes as air drying and oven heating.
PAR  As to the method of using the prepared mold, one injects a mixture of
      flexible polyurethane foam reactants into the mold from a hand held
      container or a foam machine nozzle; the reactants will react and develop
      into an integral-skin foam. Part of the technique of producing an
      integral-skin foam is to control the surface temperature of the mold
      generally to around 105.degree.F. Once the integral-skin foam is formed,
      it is cured either partially or fully in the mold by application of heat,
      and then removed from the mold and washed with water to remove the
      minuscule traces of mold release mixture. Curing may also be accomplished
      by placing the mold containing the foam in an oven, directing dielectric
      energy into the mold, or formulating the integral-skin foam so that it
      will cure at the residual mold temperature.
PAR  The integral-skin foam article is thereafter gently removed from the mold,
      usually by hand and sent on for further processing such as further curing,
      painting, finishing, etc. The foam experiences near perfect release from
      the mold surface when using the aforedescribed combination of
      polytetrafluoroethylene coating and mold release agent.
PAR  The combination of the aforedescribed hydrocarbon wax and sodium
      di(2-ethylhexyl) sulfosuccinate forms such a tenacious film on the
      polytetrafluoroethylene coated mold surface that very little is lost to
      the integral-skin foam article. However, that minuscule amount lost is
      easily washed from the foam article with water. This aspect of the
      invention is extremely popular with integral-skin foam molders as prior
      art mold release agents required expensive solvent washes with such
      materials as benzene, xylene, trichloroethylene, turpentine, etc., that
      are not only hazardous to use but tended to deteriorate the quality of the
      foam in the article.
DETD
PAR  The following examples are provided to demonstrate how to practice the
      invention and to show some of the beneficial aspects thereof and are not
      to be construed singly or in combination as limiting the application, use,
      or scope of this invention. Unless otherwise noted, all parts are in parts
      by weight and all percentages are percentages by weight.
PAC  EXAMPLE 1
PAR  The following example was a test of a number of different conventional mold
      release agents to determine their effect on the integral skin, their
      relative release power; and their effect on an overlying coat of paint
      that was applied to the molded item. A 12 .times. 12 .times. 1 inch smooth
      surfaced, aluminum foam mold was divided into halves by a verticle wall.
      Different mold release agents were wiped on the mold surfaces, see Table
      1b. A hand mixed, polyurethane integral-skin foam formulation was prepared
      according to the recipe in Table 1a.
PAR  The mixture of foam reactants was deposited in the mold, that was heated to
      105.degree.F., permitted to foam, and then partially cured at room
      temperature for 10 minutes. The samples were removed from the mold by hand
      and judged as to appearance. One-half of each sample was steam cleaned
      (the other was not cleaned) and a coat of conventional urethane top finish
      applied over the integral skin of each sample. The round end of a paper
      clip was rubbed over the dried painted surface under moderate pressure to
      determine the degree of adhesion to the underlying integral-skin; the
      cycles of number of passes were counted until the paint flaked or peeled.
      Another portion of the foam was then subjected to rolling with a 11/4 inch
      diameter steel roller having 25 pounds of weight placed thereupon and run
      at 30 cycles per minute with a 5 inch stroke; the cycles were counted
      until the paint flaked or peeled. Additionally, each of the samples was
      judged as to presence and amount of pinholes on the skin. Below in Table
      1b, appear the results of these tests:
TBL                Table 1a                                                    

     ______________________________________                                    

     Foam Ingredients          Parts                                           

     ______________________________________                                    

     4500 MW polyoxypropylene triol (polyol)                                   

                               100.00                                          

     Methylene bis o-chloro aniline (chain                                     

     extender)                 20.00                                           

     Dibutyl tin dilaurate (catalyst)                                          

                               0.10                                            

     Triethylenediamine (catalyst)                                             

                               1.50                                            

     Freon 11 (blowing agent)  25.00                                           

     Toluene diisocyanate (80/20:2,4/2,6                                       

     isomer ratio) (polyisocyanate)                                            

                               66.00                                           

     ______________________________________                                    

TBL                                    Table 1b                                

     __________________________________________________________________________

     Mold                      Paper Clip                                      

                                         Roller Test                           

     Release        Steam                                                      

                         Painted                                               

                               Adhesion test                                   

                                         cycles to                             

                                                 Pinholes                      

     Agent          Cleaned                                                    

                         Appearance                                            

                               cycles to flaking                               

                                         failure in skin                       

                                                      Remarks                  

     __________________________________________________________________________

     Chem-Trend     yes  good  15-20             none paint does not           

     P5Cl (diluted                                    strip, removal           

     40/l with nap-                                   slightly difficult       

     thene solvent) no   good  15-20             none                          

     Freecote 33, a yes  poor  parts stuck in                                  

     modified polydimethyl     mold and tore     many                          

     siloxane such as a                                                        

     sodium methyl siliconate                                                  

     in a solvent system                                                       

     of water and 1,4-                                                         

                    no   poor  parts stuck in                                  

     dioxane.                  mold and tore     many                          

     Contour Nonsticking                                                       

                    yes  poor  poor paint wetting                              

                                                 many poor release             

     stoffe, a 2-component                                                     

     room temperature                                                          

     curing silicone rubber                                                    

     composition.   no   poor  poor paint wetting                              

                                                 many poor release             

     Chem-Trend B-1 (x),                                                       

                    yes  poor  poor paint wetting                              

                                                 many                          

     about 0,4% solids                                                         

     of a mixture of                                                           

     calcium oleate plus                                                       

     small amounts of                                                          

     calcium palmitate                                                         

     and calcium laurate                                                       

     in perchloroethylene.                                                     

                    no   poor  poor paint wetting                              

                                                 many                          

     General Electric SR 418,                                                  

                    yes  good  7-10      9000    few                           

     a silicone resin                                                          

     based composition.                                                        

                    no   good  7-8       9000                                  

                                         (almost)                              

     Bruline X-15 B, a                                                         

                    yes  good  5-7       5000    none paint is stripable       

     lacquer type mold                                                         

     release agent. no   good  5-7               none paint is stripable       

     Axel Products F-57, a                                                     

                    yes  good  2-4               none                          

     long chain fatty acid                                                     

     soap emulsified                                                           

     polytetrafluoroethylene                                                   

     in an aromatic solvent                                                    

     system.        no   good  2-4       3000    none                          

     Percy Harms Inc.                                                          

                    yes  good  10-25     5000    few                           

     Slide, a water soluble                                                    

     polyethylenee glycol                                                      

     fatty acid ester such                                                     

     as a polyethylene                                                         

     glycol sorbitan fatty                                                     

     acid ester.    no   good  20-30     9000    few                           

     Axel Products 252-C,                                                      

                    yes  good  2-3       1300    few                           

     a fatty acid isopropanol                                                  

     amide in water.                                                           

                    no   good  1-3       450     few                           

     Brulin X-15A, a                                                           

                    yes  good  6-8       9000    none paint is stripable       

     lacquer type mold                                                         

     release agent. no   good  7-10      4200    none paint is                 

     __________________________________________________________________________

                                                      stripable                

PAR  This example demonstrates the wide variation in results with conventional
      mold release agents with respect to an integral-skin formulated
      polyurethane foam. From these results it is noted that only P5C1 permits
      development of integral-skin foams without any pinholes, does not affect
      subsequent painting whether water washed or not, and permits good paint
      adhesion to the skin. P5C1 is a mold release agent marketed by Chem-Trend,
      Inc., Howell, Michigan and contains about 89.4 percent solvent, about 2.6
      percent sodium di(2-ethylhexyl) sulfosuccinate, and about 8.0 percent
      hydrocarbon wax having a melting point of 210.degree.F., zero acid number,
      and zero saponification number.
PAC  EXAMPLE 2
PAR  A polished steel close-top mold was cleaned and dried. The mold was heated
      to 105.degree.F. and injected with a mixture of polyurethane integral-skin
      foam reactants similar to that in Example 1. After foaming was complete,
      the mold was heated to 120.degree.F. for 30 minutes to cure the foam then
      cooled to room temperature and opened. The flexible polyurethane
      integral-skin foam could not be removed from the mold without tearing the
      skin.
PAC  EXAMPLE 3
PAR  A polished steel close-top mold was cleaned and then coated with a thin
      continuous layer of polytetrafluoroethylene polymer powder and fused at
      400.degree.C. into a clear, smooth coating. The mold was thereafter heated
      to 105.degree.F. and injected with a charge of foam reactants similar to
      that of Example 1. The foam was cured, cooled, and the mold opened as in
      Example 2. The flexible integral-skin foam could not be removed without
      causing small ruptures in the skin. In addition, there were numerous small
      pinholes in the skin.
PAC  EXAMPLE 4
PAR  A Nedox processed polytetrafluoroethylene coated close-top mold was coated
      (sprayed) with a thin film of a liquid mixture comprising (by weight) one
      part of a hydrocarbon wax having a melting point of 210.degree.F. an acid
      number of zero and a saponification number of zero, one part of sodium
      di(2-ethylhexyl) sulfosuccinate, and three parts of a solvent comprising
      67 weight percent naphthene solvent, 23 percent paraffinic solvent, and 10
      percent aromatic solvent, that dissolved both components, and the coating
      dried by heating the mold in a forced air circulating oven until the mold
      temperature reached 105.degree.F. A charge of flexible polyurethane
      integral-skin foam reactants similar to that in Example 1 was injected
      into the mold. The developed foam was cured and cooled as in Example 1 and
      the mold opened. The flexible integral-skin foam was easily removed from
      the mold but had a pitted and pock-marked surface.
PAC  EXAMPLE 5
PAR  Example 4 was repeated except that the liquid mold release mixture was
      further diluted with solvent to a ratio of one part wax, 3 parts sodium
      di(2-ethylhexyl) sulfosuccinate, and 328 parts solvent. The cured foam
      released easily from the mold and showed no signs of rips, tears, or pin
      holes. Upon washing the article with water, drying it, and painting the
      integral-skin with a typical urethane based paint, it was noted that the
      paint adhered tightly to the skin and showed no signs of wrinkling,
      crinkling, or blistering.
PAR  This example shows the efficacy of the combination of the hydrocarbon wax,
      sodium di(2-ethylhexyl) sulfosuccinate and solvent, and the smooth
      polytetrafluoroethylene polymeric coating on the mold surface to allow
      proper development of an integral skin in-situ on the surface of the foam
      article and then to permit pinhole-free and rip and tear-free foam to be
      removed from the mold.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing a mold to release flexible polyurethane integral
      skin foam comprising:
PA1  a. applying a continuous coating of a fused polytetrafluoroethylene polymer
      to the mold surfaces;
PA1  b. applying a thin film of a liquid mixture comprising (by weight) from 1
      to 10 parts of a hydrocarbon wax having a melting point of from about
      200.degree. to 220.degree.F., an acid number of about zero, and a
      saponification number of about zero, from 7 to 26 parts of sodium
      di(2-ethylhexyl) sulfosuccinate, and from 330 to 300 parts of a solvent
      for said wax and said sodium di(2-ethylhexyl) sulfosuccinate over said
      coating; and,
PA1  c. drying said film prior to injecting the mixture of foam reactants into
      the said mold.
NUM  2.
PAR  2. The method of claim 1 wherein said melting point of said wax is
      210.degree.F.
NUM  3.
PAR  3. A method of molding flexible polyurethane integral-skin foam, free of
      surface pinholes and ruptures, comprising:
PA1  a. applying a continuous coating of a fused polytetrafluoroethylene polymer
      to the mold surfaces;
PA1  b. applying a thin film of a liquid mixture comprising (by weight) from 1
      to 10 parts of a hydrocarbon wax having a melting point of from about
      200.degree. to 220.degree.F., an acid number of about zero, and a
      saponification number of about zero, from 7 to 26 parts of sodium
      di(2-ethylhexyl) sulfosuccinate, and from 330 to 300 parts of a solvent
      for said wax and said sodium di(2-ethylhexyl) sulfosuccinate over said
      coating;
PA1  c. drying said film,
PA1  d. injecting a mixture of flexible polyurethane foam reactants into said
      mold containing said dried film to react and produce an integral skin
      foam;
PA1  e. curing said integral-skin foam in said mold;
PA1  f. removing said cured integral-skin foam from said mold; and,
PA1  g. washing said foam with water to remove traces of said mixture.
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PAL  Method for compacting preheated powder bodies in a high pressure isostatic
      pressure vessel in which a liquid such as water is used as the
      pressurizing medium. A preheated workpiece is inserted into the vessel
      which is closed and sealed. The vessel is then rapidly filled with the
      liquid pressurizing medium while avoiding contact of the medium with the
      preheated workpiece until the vessel is substantially completely full. The
      pressure within the vessel is then increased rapidly to a preselected
      compacting level by continually pumping the liquid pressurizing medium
      into the vessel. The preselected compacting pressure is in excess of the
      critical pressure of the liquid pressurizing medium. The rapid increase of
      pressure within the vessel to a level exceeding the critical pressure
      minimizes the amount of vapor that is formed in the vessel and reduces
      heat transfer from the preheated body to the pressurizing system.
PAL  In a preferred embodiment, avoidance of contact of the pressurizing medium
      with the preheated workpiece until the vessel is substantially completely
      filled is accomplished by the use of a shielding container. Alternative
      means are disclosed. Means for increasing the temperature of the workpiece
      after it is inserted into the pressure vessel are disclosed. Means for
      rapidly reducing the pressure within the vessel and for withdrawing the
      pressurizing medium are also disclosed.
PARN
PAR  This is a continuation, of application Ser. No. 359,224, filed May 11,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the formation of products by hot isostatic
      pressing, and more particularly to a method for the rapid hot isostatic
      pressing of materials by the use of a liquid pressure medium.
PAR  Heretofore in the hot isostatic pressing of powder particles the pressure
      medium used has most commonly been an inert gas such as nitrogen, helium
      or argon. It is known, for example, that finely divided metal powders may
      be compacted into articles approaching 100% of theoretical density by
      placing a charge of powdered metal in a container, sealing, heating and
      evacuating the container, transferring the container to a pressure vessel
      or autoclave and subjecting the container and its contents to the
      application of high gas pressure. See, for example, U.S. Pat. No.
      3,450,528 to Thompson.
PAR  It is also known that cold isostatic pressing may be accomplished by
      subjecting powder particles contained in a flexible mold to either gas or
      liquid pressure. See, for example, the description of prior art practices
      in U.S. Pat. No. 3,562,371 to Bush.
PAR  U.S. Pat. No. 3,577,635 to Bergman et al. discloses the isostatic
      compaction of powder bodies wherein the pressurizing medium is a liquid.
      That patent states that the container in which the powder particles are
      enclosed "may possibly also be heated to a certain extent," but there is
      no description given as to how powdered material heated, for example, to a
      compacting temperature of 2200.degree.F. may be isostatically pressurized.
PAR  Other examples of known methods and apparatus for the hot isostatic
      pressing of powder particles are disclosed in U.S. Pat. No. 3,427,011 to
      Boyer et al. The Boyer et al. patent refers repeatedly to the use of gas
      pressure as the pressurizing medium but also states that "liquids may be
      acceptable for particular operations" (col. 9, lines 17-18). However, no
      description is given as to how a liquid may be used for hot isostatic
      compaction. A detailed description of a typical gas pressure autoclave for
      the hot isostatic compaction of powder particles is given in the article
      entitled "Operation of High-Gas-Pressure Autoclaves at High Internal
      Temperatures" by Boyer et al., published Aug. 17, 1965 by Battelle
      Memorial Institute of Columbus, Ohio.
PAR  One of the problems encountered in the use of gas as the pressurizing
      medium in hot isostatic pressing is the time consumed in carrying out the
      process. A relatively long period of time is required adequately to heat
      the part to be compacted and to raise the pressure of the gaseous pressure
      medium to the desired level. Various techniques have been suggested for
      reducing the time it takes to hot isostatically press a powder part by
      means of a gaseous pressure medium. For example, U.S. Pat. No. 3,450,528
      to Thompson discloses a process in which the powder metal charge is
      preheated before introducing it into the pressure vessel and subjecting it
      to high fluid pressure. However, Thompson states that in fluid-pressure
      vessels or "autoclaves" of the type used to practice his invention "high
      pressures are developed by the use of a gas such as helium."
PAR  U.S. Pat. No. 3,543,345 to Boyer discloses an apparatus for rapidly
      compacting articles from fully preheated powder metal charges by the use
      of a "high-pressure fluid such as helium gas" wherein a first pressure
      vessel used for compacting the part is pressurized by interconnecting it
      to a second or storage pressure vessel previously pressurized to a
      sufficiently high pressure so that when the interconnecting valve is
      opened the equilibrium pressure achieved in the system is sufficient for
      compaction of the powdered material. Boyer's system can function only if a
      gaseous pressure medium is used because it is dependent upon the expansion
      of the gas from the second or storage vessel to effect rapid
      pressurization of the first vessel. Boyer's system would not function if
      the pressurizing fluid were liquid because liquids are insufficiently
      compressible to pressurize a vessel using the technique described, i.e.,
      the change in volume corresponding to the pressure difference involved
      would be too small to fill the first pressure vessel containing the powder
      metal charge.
PAR  In addition, while Thompson's and Boyer's improvements may reduce the time
      period in which the part to be compacted remains in the pressure vessel,
      they still entail the use of expensive gas compressors, and in the case of
      Boyer's interconnected pressure vessels, a second pressure vessel to store
      the compressed gas is essential.
PAR  Where gas is used as the pressurizing fluid, large, expensive multistage
      gas compressors may be required in order to achieve reasonable efficiency
      in reaching the desired pressure level because of the compressible nature
      of the fluid being handled. In addition, where gaseous pressure mediums
      are used, it is frequently necessary to include electrical heating
      elements within the pressure vessel in order either to raise the
      temperature of the part to be compacted to the desired level, or to
      maintain it at that level if the part is heated prior to being introduced
      into the pressure vessel. In such case, the fluid used as the pressure
      transmitting fluid will be in intimate contact with the electrical furnace
      elements and for this reason the fluid itself must be an electrical
      insulator.
PAR  Another problem encountered in connection with the use of a gaseous
      pressurizing medium is that of maintaining seals to prevent gas leakage.
      Control of leakage in gas pressurizing systems is difficult and costly.
      Also where gas is used as the pressurizing medium, high safety factors for
      the pressure vessels utilized are necessary because of the high
      compression required.
PAC  SUMMARY AND ADVANTAGES OF THE INVENTION
PAR  My invention is for a method for rapidly producing hot isostatically
      pressed parts in which a liquid such as water is used as the pressurizing
      medium. The method comprises (1) preheating a porous body to be compacted
      to a temperature sufficiently high for adequate bonding and compacting of
      the body but below the melting point of the powder material, (2) inserting
      the preheated part in a dry isostatic pressure vessel which is then
      sealed, (3) rapidly filling the pressure chamber with liquid while
      avoiding direct contact of the liquid with the heated body until the
      pressure vessel is substantially completely full, (4) rapidly increasing
      the pressure within the vessel to a preselected level sufficient to
      compact the body by continuing to pump the liquid into the vessel, said
      preselected pressure level being in excess of the critical pressure of the
      pressurizing liquid, (5) decreasing the pressure and withdrawing the
      liquid from the pressure vessel, and (6) opening the pressure vessel and
      removing the compacted part therefrom.
PAR  As will be described more fully hereinafter, a modification of my invention
      contemplates the use of a heat sink placed within the vessel either
      shortly before or simultaneously with the insertion of the body in order
      to raise the temperature of the body to the desired compacting level
      following its insertion into the pressure vessel.
PAR  In using the term "dry" isostatic pressure vessel I mean one in which there
      is no liquid within the vessel that will come in contact with the
      preheated body at the time the latter is inserted into the vessel. Contact
      of the liquid with the preheated body at this time would cause the liquid
      to vaporize and result in an undesirable loss of heat from the body due to
      the heat of vaporization.
PAR  Heretofore it was thought that the use of a liquid pressurizing medium in
      hot isostatic pressing was either impossible or impracticable because of
      the generation of large quantities of vapor when the heated workpiece was
      brought into contact with the liquid. However, my invention makes possible
      the use of a liquid such as water as the pressurizing medium even though
      the workpiece is heated to a temperature well above the boiling point of
      water, as, for example, to a temperature of 2200.degree.F.
PAR  The use of a liquid pressure medium results in several advantages over
      existing hot isostatic pressing techniques. For example, extremely short
      cycle times can be achieved thus permitting a substantial saving in
      operating costs. In using my invention cycle times (from the introduction
      of the preheated powder part into the pressure vessel to its removal
      therefrom in completely compacted condition) on the order of one to two
      minutes may be realized compared to hours required in conventional gas
      pressurizing. This makes processing of expensive powder parts such as
      those made from "exotic" metals, super alloys, and tool steels
      substantially less costly, making their more general application feasible.
      Moreover, these short cycle times and reduced costs justify the use of hot
      isostatic pressing techniques with less expensive powder materials.
PAR  The use of a liquid instead of a gas pressurizing medium results in
      substantial savings in capital costs. While the total energy required to
      raise the pressure of a liquid within a pressure vessel to a given level
      is approximately equal to that required to raise the pressure of a gas to
      the same level, the cost of a gas compressor capable of doing the job is
      substantially higher than the cost of a liquid pump. This is because of
      the differences in the volume of fluid that the respective devices must
      handle. For the same mass at atmospheric pressure conditions the volume
      ratio of a gas such as argon compared to a liquid such as water is
      approximately 500 to 1. Thus if an equal mass of each medium is to be
      pressurized to the same level in the same time period, a gas compressor
      500 times larger than a liquid pump is required. The attendant expense of
      such equipment is obvious, and the space required to house a massive gas
      compressor is substantial. In addition, as pointed out above, because of
      the compressible nature of the fluid being handled, gas compressors
      require multiple stages in order to achieve reasonable efficiency. This
      makes a gas compressor more complex than a liquid pump with a great
      multiplicity of parts having a deleterious effect upon reliability. In
      sum, the use of a simple liquid pump rather than a complex gas compressor
      is of major significance in the successful operation of a production
      process because of greatly reduced initial costs and greatly enhanced
      reliability.
PAR  In an isostatic pressure system the use of a liquid such as water instead
      of an inert gas such as argon as the pressurizing medium also represents a
      significant increase in the safety factor. In all high pressure systems
      the amount of stored energy is of great concern since this represents the
      degree of potential hazard involved. Because of its high compressibility a
      gaseous medium represents a much higher level of stored energy than a
      liquid. Thus, in the event of a system failure a highly pressurized
      gaseous medium is capable of transferring more energy (i.e., higher
      velocities) to broken system fragments than is a liquid under pressure,
      increasing the risk of serious personal injury or property damage. This
      increased danger is recognized by boiler and pressure vessel control
      groups whose regulations require higher safety factors and more stringent
      inspection criteria for gas filled pressure vessels than for liquid filled
      vessels.
PAR  A still further advantage of using a liquid rather than a gaseous
      pressurizing medium is that with a liquid, control of the process can be
      accomplished more easily and with simpler equipment. When using a liquid
      pressurizing medium the pressure/temperature combination required for
      compaction is achieved by limiting the maximum pressure that can be
      reached by the use of an automatic pressure release device of a type well
      known in the art. The pumping rate of the liquid can be timed to be
      compatible with the rate of temperature decrease of the workpiece so that
      maximum pressure is achieved at the moment the workpiece is at the optimum
      compacting temperature.
PAR  A still further advantage in using a liquid rather than a gaseous pressure
      medium is the savings realized in the cost of the medium. When the
      pressure medium is water, the cost is practically nil, whereas the cost of
      using an inert gas such as argon, nitrogen or helium may be considerable.
PAR  Reference has also been made to the difficulties that were believed
      inherent in bringing a liquid into contact with a workpiece heated to high
      temperature.
PAR  The transformation from a liquid to a vapor requires a significant quantity
      of heat, which causes an excessive cooling or quenching of the workpiece.
      As will be more fully described hereinafter, my invention limits the
      amount of liquid that comes into contact with the heated workpiece while
      the system is at low pressure and in addition reduces the loss of heat due
      to phase change by rapidly pressurizing the system to raise the pressure
      above the critical pressure.
PAR  With these advantages in mind it is an object of the present invention to
      provide a method for the hot isostatic pressing of powder particles using
      a liquid pressurizing medium wherein the change from atmospheric pressure
      to compacting pressure within the vessel takes place over the shortest
      possible period of time.
PAR  It is a further object of the invention to provide a system for the hot
      isostatic compaction of powder particles using a liquid pressurizing
      medium in which the length of time the pressure within the vessel is below
      the critical pressure of the pressurizing medium is kept to a minimum.
PAR  It is still a further object of my invention to provide a system of hot
      isostatically pressing powder particles in which the loss of heat from the
      workpiece to the system is reduced to a minimum and in which the period of
      time that heat transfer from the workpiece to the system takes place prior
      to reaching the desired compacting temperature is minimized.
PAR  It is still another object of my invention to provide a method for hot
      isostatically pressing powder parts to a density approaching theoretical
      in a relatively short period thus resulting in faster cycle times for the
      production of such powder parts.
PAR  It is another object of my invention to produce hot isostatically pressed
      powder parts using lower compacting temperatures as a result of the
      increased pressures that may be economically realized when using a liquid
      pressurizing medium.
PAR  Further advantages of my invention as well as a complete understanding
      thereof may be obtained from the following description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is s schematic sectional view of a high pressure vessel and
      shielding container used in practicing my invention. The workpiece is
      shown in place within the shielding container used in the preferred
      embodiment of my invention.
PAR  FIGS. 2A through 2H, 2J and 2K schematically represent the several steps
      followed in practicing my invention, and FIG. 2L represents the compacted
      workpiece removed from the vessel.
PAR  FIG. 3 is a schematic representation of the liquid pressure system used in
      practicing the invention.
PAR  FIG. 4 is a time-temperature chart showing schematically the time period
      required for carrying out the preferred form of my invention, and the
      approximate surface temperature of the workpiece during the processing
      cycle.
PAR  FIG. 5 is a schematic sectional view of a high pressure vessel, shielding
      container and heat sink used in practicing a modification of my invention.
      The workpiece is shown in place within the heat sink and shielding
      container.
PAR  FIG. 6 is a chart similar to FIG. 4, setting forth the approximate
      time-temperature relationships when using the apparatus illustrated in
      FIG. 5.
PAR  FIG. 7 is a schematic vertical sectional view of a modified form of liquid
      inlet means for a pressure vessel used in practicing my invention.
PAR  FIG. 8 is a plan sectional view taken generally along the lines 8--8 of
      FIG. 7.
PAR  FIG. 9 is a schematic vertical sectional view of a further modification of
      a pressure vessel used in practicing my invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a high pressure vessel assembly generally designated 10 having
      an insulated hollow cylindrical body 12 open at the top to receive a quick
      opening closure plug 14 that may be turned through handle 15. The vessel
      may be a standard cold isostatic press with breech type interrupted
      threads 16. A closure of this type may be inserted rapidly into the vessel
      and given a one-eighth turn to close, seal and lock the vessel. A
      conventional seal ring 18 may be employed. While a top opening vessel is
      shown in the drawings, it will be understood by those skilled in the art
      that a pressure vessel having a bottom opening may be utilized in
      practicing my invention.
PAR  The pressure vessel is connected at port 20 to a pumping system, shown
      schematically in FIG. 3, capable of pumping a liquid such as water at a
      very high volume into the pressure vessel and to rapidly raise the
      pressure of the liquid within the vessel to the compacting level desired.
      In the embodiment shown schematically in FIG. 3, a single pump 22 is
      illustrated. It will be understood by those skilled in the art that the
      pumping system may comprise a very high volume, low pressure (i.e., less
      than 100 atmospheres) stage to fill the pressure vessel very rapidly and a
      suitable capacity high pressure stage to then pressurize the liquid within
      the pressure vessel to the desired high compacting level within a short
      time interval. The pump 22 is connected to a source of liquid 24.
PAR  The port 20 is placed in or near the bottom 21 of the vessel 12 and is also
      connected to a quick opening drain valve 26 (FIG. 3). The drain valve is
      of a size sufficient rapidly to vent the liquid contained within the
      vessel to sump 28. Valve 26, when closed, permits liquid from source 24 to
      be pumped into the pressure vessel 12 through high pressure piping 30 and
      port 20. When the pumping action of pump 22 is terminated and valve 26 is
      opened, liquid is withdrawn from the pressure vessel 12 through port 20,
      high pressure pipe 30, valve 26 and pipe 32 into sump 28.
PAR  While only one inlet-outlet port 20 is shown, it will be understood that
      the pump could be connected to the interior of the vessel through one port
      and the drain valve could be connected through a separate port.
PAR  The interior of pressure vessel 12 is also connected through port 34 near
      the top of the vessel to a pressure release device 36. Pressure release
      device 36 may be a frangible disc assembly of a construction known to
      those skilled in the art or, alternatively, may be a quick release valve
      or the like. In my preferred embodiment, I use a frangible or so-called
      "rupture disc assembly" having a preselected burst pressure. In this type
      of assembly the rupture disc will burst when the pressure within the
      vessel reaches a preselected pressure, for example 29,000 psi. Higher or
      lower pressures could, of course, be selected. The port 34 and pressure
      release device should be of a size (i.e. diameter) sufficient to rapidly
      vent any vapor formed within the vessel as will be more fully described
      hereinafter.
PAR  While only one pressure release device 36 is shown, additional frangible
      disc assemblies set to pressures above the setting on pressure release
      device 36 but below a safe limiting pressure rating of the vessel may be
      installed. These additional assemblies may be selected to rupture at
      increasing pressures to increase sequentially the vent openings in the
      event of an inadvertent pressure rise.
PAR  A dynamic pressure sensing device (not shown), such as a strain gauge type
      transducer, may be connected to the pressure vessel and to a suitable
      recording instrument, if desired, to produce permanent records of the
      pressures within the vessel.
PAR  Within the pressure vessel there is positioned an inner or shielding
      container 38 of cylindrical shape fabricated of a relatively thin metal.
      Container 38 is open at the top 40 and liquid tight at the bottom 42 and
      is spaced from the bottom 21 of pressure vessel 12 by supporting legs 44.
      The cylindrical side wall of shielding container 38 is spaced radially
      from the inside wall of pressure vessel body 12.
PAR  Within the inner or shielding container 38 and supported by the liquid
      tight bottom 42 there is shown a workpiece generally indicated at 46. In
      the embodiment shown the workpiece is cylindrical and comprises powder
      particles 48 contained in can 50 evacuated through sealed evacuation tube
      51. Alternatively, the workpiece may be uncanned, i.e., it may be
      self-supporting, partially compacted and sintered body of powder particles
      with no surrounding or protective covering. It need not be cylindrical but
      may be of any shape that will fit within container 38 as described below.
      Where a can is used it should be of a material compatible with the
      temperature required to achieve a high density compact at the selected
      pressure, i.e., the material of the can should not melt, but should be
      adequately plastic to permit the desired compaction of the particles
      within the container. In addition, the can material should be chemically
      compatible with the powdered particles in order to avoid contamination of
      the powder particles or the formation of eutectic compositions with
      undesirably low melting points.
PAR  The inner or shielding container 38 and the workpiece 46 should be
      dimensioned to provide a relatively close fit therebetween. However, there
      should be sufficient clearance between the walls of the container and the
      workpiece to permit easy and rapid insertion of the workpiece into the
      container. As shown in the drawings, the cylindrical wall of shielding
      container 38 extends above the top of the workpiece and is spaced from the
      pressure vessel wall and from the pressure vessel bottom by the supporting
      legs 44 by an amount that will prevent excessive heat transfer from the
      workpiece to the pressure vessel. For most cases a spacing of one-half
      inch to 1 inch is sufficient.
PAR  The shielding container 38 is spaced both from the internal wall of the
      pressure vessel 12 and from the external surface of the workpiece to
      provide a first annular space 52 within the pressure vessel between the
      pressure vessel and the container and a second space 54 within the
      pressure vessel between the container and the workpiece. Where the
      workpiece is cylindrical, as shown in FIG. 1, the second space will also,
      of course, be annular.
PAR  In the preferred embodiment of my invention the volume of the annular space
      52 between the cylindrical wall of the pressure vessel 12 and the
      shielding container 38 is approximately 10 times the volume of the annular
      space 54 between the work piece 46 and the shielding container 38.
PAR  The shielding container is placed within the pressure vessel and relative
      to the workpiece in such a manner that liquid entering the pressure vessel
      through port 20 will substantially completely fill the annular space 52
      between the shielding container and the pressure vessel wall before the
      liquid spills over the open top 40 of the container 38 to come in contact
      with the workpiece 46.
PAR  FIGS. 2A through 2K illustrate schematically the several steps followed in
      practicing the method of my invention. In FIG. 2A the workpiece (either a
      can filled with powdered material which is thereafter evacuated and
      sealed, or a partially compacted and sintered powder body) is placed
      within a conventional heating furnace for a period of time sufficient to
      achieve isothermal conditions within the can and to heat the contents
      thereof to a temperature above the desired compacting temperature but
      below the fusion temperature of the powder particles. Preheating the
      workpiece to a temperature above the compacting temperature permits of
      some heat loss from the workpiece as it is transferred to, inserted into
      and pressurized within the pressure vessel. The preheating temperature
      should be sufficiently high so that the temperature of the workpiece will
      be at the desired compacting temperature when the preselected compacting
      pressure is achieved, as will be hereinafter described.
PAR  In compacting either iron base powder particles or nickel base powder
      particles I have found that preheating the workpiece to about
      2200.degree.F. is satisfactory.
PAR  The preheated workpiece is removed from the furnace (FIG. 2B) and placed
      within the inner or shielding container 38 of isostatic pressure vessel 12
      (FIG. 2C).
PAR  The pressure vessel is then closed, locked and sealed (FIG. 2D). Pump 22
      (FIG. 3) is then actuated to pump liquid (shown by the dash lines in FIG.
      2E) rapidly into the annular space 52 between shielding container 38 and
      the wall of the pressure vessel. It is essential in this step that the
      pressure vessel be substantially completely filled with liquid before the
      liquid is permitted to come into contact with the heated workpiece 46.
PAR  In my preferred embodiment water is used as the liquid pumped into the
      vessel, although it would be understood that other liquids such as natural
      and synthetic hydrocarbons, synthetic hydraulic fluids such as phosphate
      esters, various glycerines and glycols may be used as the pressure medium.
      The criteria for selecting a pressure medium when practicing my invention
      include that the pressure medium be liquid at room temperature and that it
      be compatible, at the temperature and pressure encountered, with the
      workpiece and with the material constituting the inner or shielding
      container 38.
PAR  It will be recognized that where a liquid comes into contact with a
      workpiece heated to a temperature approaching 2200.degree.F., large
      quantities of vapor will be generated. It is for this reason that contact
      of the liquid with the heated workpiece must be avoided until the vessel
      is substantially completely full. I have found that when the ratio of the
      annular space 52 to the annular space 54 is greater than about 10 to one,
      the danger of creating excessive quantities of vapor is avoided. It will
      be understood, of course, that the quantity of vapor produced is also a
      function of the speed with which the pressure vessel is completely filled
      as well as the length of time it takes for the pressure within the vessel
      to be raised above the critical pressure of the liquid pressure medium
      being utilized. Therefore the rate at which liquid is pumped into the
      vessel is of significance.
PAR  As shown in FIG. 2F, as soon as the level of the liquid pressure medium in
      the vessel reaches the open end of shielding container 38, the liquid will
      begin to cascade down upon the workpiece 46 and at the temperatures
      involved in hot isostatic compaction the liquid that comes into contact
      with the workpiece will undergo a phase change to vapor. This phase change
      requires a substantial quantity of heat which causes excessive cooling
      (quenching) of the workpiece. It is therefore desirable to either prevent,
      or at least minimize, this quench effect. To accomplish this the rapid
      pumping of the liquid into the vessel is continued until the desired
      compacting pressure is reached. In the embodiment shown the selected
      compacting pressure is 29,000 psi. This pressure is well above the
      critical pressure of water (3206 psi). It is known that the critical
      pressure of a substance is that point at which the liquid phase and the
      vapor phase become identical and above which there can be no phase change
      from liquid to vapor. Thus, the rapid pressurization of the pressure
      medium in the vessel will cause the medium to exceed the critical pressure
      and eliminate heat loss of the workpiece caused by the change of phase
      from liquid to vapor. The rate of pressure increase within the vessel
      should be high enough to prevent the formation of vapor within the vessel
      sufficient to lower substantially the temperature of the heated workpiece
      prior to the desired compaction of the workpiece.
PAR  FIG. 2G represents that period in the process where liquid is being
      continuously pumped into the vessel. Because the pressure of the medium in
      the vessel exceeds the critical point, no phase change is taking place.
PAR  FIG. 2H represents the point in the cycle where the desired preselected
      compacting pressure has been reached and the pressure releasing device (in
      the preferred embodiment a frangible disc set to rupture at 29,000 psi)
      has been activated or blown out. The workpiece is now fully compacted to a
      density approaching 100% of theoretical. At this point pumping of the
      liquid into the vessel is discontinued, the valve 26 (FIG. 3) is opened,
      and pressure is rapidly released. The pressurizing medium is then drained
      from the pressure vessel (FIG. 2J), with liquid being discharged through
      the upper port 34 as well as the lower port 20. When the liquid level
      within the vessel has dropped below the open top 40 of the shielding
      container the liquid will continue draining through lower port 20 (FIG.
      2K). The pressure medium surrounding the workpiece 46 within the shielding
      container 38 will flash to vapor (the pressure within the system having
      dropped well below the critical pressure substantially simultaneously with
      actuation of the pressure release device) and the vapor will continue to
      vent through upper port 34 and eventually will also escape through lower
      port 20.
PAR  The pressure vessel is then opened by removing the threaded plug 14 and the
      compacted workpiece 46 is withdrawn from the vessel.
PAR  Rapid release of the pressure and draining of the liquid from the pressure
      vessel is desirable in order to withdraw the compacted workpiece from the
      vessel before substantial cooling thereof. Many materials commonly
      processed by hot isostatic compaction, for example, nickel base alloys,
      are susceptible to cracking if cooling below about
      1,200.degree.-1,600.degree.F. takes place too rapidly. Therefore where the
      workpiece is removed from the pressure vessel at a temperature above
      1,700.degree.F. it may be transferred immediately to a controlled furnace
      atmosphere for further cooling to room temperature.
PAR  Once the workpiece 46 has been removed from the vessel, another preheated
      workpiece may be introduced and the cycle described in connection with
      FIGS. 2D through 2L repeated.
PAR  FIG. 4 is a time-temperature chart showing schematically the time required
      to hot isostatically press a can filled with powder particles in
      accordance with the preferred form of my invention as shown in FIGS. 2A
      through 2L. It also sets forth the approximate surface temperature of the
      workpiece during the processing cycle. It is known that the surface
      temperature of the workpiece as it is withdrawn from the furnace 56 is
      2,200.degree.F. and that its surface temperature on being withdrawn from
      the pressure vessel in its fully compacted state approximately 90 seconds
      later is about 1,750.degree.F. The surface temperatures shown at
      intermediate points in FIG. 4 are approximate. As shown in the chart, the
      surface temperature of the workpiece at the time the preselected
      compacting pressure is reached--at about 35 seconds after the workpiece is
      removed from the furnace--is between 2,000.degree. and 2,100.degree.F.
PAR  My invention is further illustrated by the following specific examples:
PAR  Two canned powder metal samples 2 inches in diameter by 71/2 inches long
      and having a volume (V.sub.1) of 23.6 cubic inches were isostatically hot
      pressed in two separate runs using water as the pressure medium. Sample
      No. 1 was an iron base powder and sample No. 2 was a nickel base powder. A
      standard cold isostatic pressure vessel having an interior cylindrical
      cavity when closed and sealed of 9 inches in length (height) and 3 inches
      in diameter was used. The pressure vessel was connected through high
      pressure piping to a Kobe Company Size No. 3 high pressure pump having a
      capacity of 30,000 psi and delivering 2.9 gallong per minute. A dry
      cylindrical inner or shielding container made of low carbon steel and
      having an outside diameter of 23/8 inches, an inside diameter of 21/8
      inches and an overall height of 8 inches was placed within the pressure
      vessel. The shielding container was open at the top and water tight at the
      bottom.
PAR  In each run the canned sample was preheated to 2,200.degree.F. in a
      separate electric furnace and quickly transferred in an insulated bucket
      from the furnace to the pressure vessel where the sample was placed within
      the shielding container, as shown in FIGS. 1 and 2C. The vessel was
      closed, sealed and locked. Water was rapidly pumped into the vessel
      through the lower port 20, as previously described, until a pressure
      release device (a frangible disc), preset to rupture at 29,000 psi, was
      ruptured. The pump was immediately stopped and the valve 26 was opened to
      drain the vessel rapidly. The vessel was then opened and the completely
      compacted sample was immediately removed from the vessel.
PAR  Following is a record of the times recorded during the two runs:
TBL                  Time-Seconds from Start                                   

                     Sample   Sample                                           

                     No. 1    No. 2                                            

     Remove sample from furnace                                                

                        0          0                                           

     Sample in insulated bucket                                                

                        3          2                                           

     Sample in pressure vessel                                                 

                       23         21                                           

     Vessel closed     30         25                                           

     Rupture disc ruptered                                                     

                       41         35                                           

     Sample removed from vessel                                                

                       Not        75                                           

                       Recorded                                                

     Temperature of sample 1750 F                                              

                       Not        90                                           

                       Recorded                                                

PAR  The pressurization time was about 6 seconds from the time the pump was
      loaded.
PAR  Upon removal of the workpiece from the vessel it was remeasured and the
      compaction ratio was determined as follows:
TBL                 Sample    Sample                                           

                    No. 1     No. 2                                            

     Mean diameter    1.804"      1.832"                                       

     Length           6.75"       7.0"                                         

     Volume (V.sub.2) 17.25in.sup.3                                            

                                  18.45in.sup.3                                

     Compaction Ratio (V.sub.1 /V.sub.2)                                       

                      1.37        1.28                                         

PAR  While my invention is especially useful with a "cold" isostatic pressure
      vessel, i.e., one in which there is no externally controlled heating means
      such as resistance heaters, it is also useful with a pressure vessel
      having heating devices within the vessel.
PAR  An alternative embodiment of my invention is illustrated in FIGS. 5 and 6.
      The apparatus illustrated in FIG. 5 is essentially the same as shown in
      FIG. 1, with one significant difference. In FIG. 5, a cylindrical heat
      sink 58 is placed between the workpiece 46a and the shielding container
      38a.
PAR  The purpose of the heat sink is to transfer a predetermined quantity of
      heat to a partially preheated workpiece after the workpiece has been
      placed within the pressure vessel. When a heat sink is used the workpiece
      need not be preheated to as high an initial temperature as in the
      preferred embodiment described above, and, in fact, may be preheated to a
      temperature below the desired compacting temperature. On exposure of the
      workpiece to the heat sink, heat transfer from the heat sink to the
      workpiece will raise the temperature of the workpiece to the desired
      compacting temperature. This allows many sensitive materials to be
      compacted without running the risk of overheating and possibly damaging
      the workpiece prior to its insertion into the isostatic pressure vessel.
      It also makes less critical the handling procedures of the workpiece
      between the preheating furnace and the pressure vessel.
PAR  The amount of heat transmitted from the heat sink to the workpiece can be
      predetermined and will depend on the respective temperatures of the heat
      sink and workpiece, their relative masses and the time allowed for heat
      transfer.
PAR  The heat sink should have sufficient mass to be able to raise the
      temperature of the workpiece by heat transfer to the required compaction
      temperature when the workpiece is inserted into the heat sink. The inner
      bore of the heat sink has a diameter that is slightly larger than that of
      the workpiece, providing rapid heat transfer but having sufficient
      clearance to permit easy and rapid insertion of the workpiece.
PAR  Referring again to FIG. 5, the shielding container 38a is placed within the
      pressure vessel and forms an annular space 60 with the wall of the
      pressure vessel. The heat sink 58 is in turn placed within the container
      38a and defines annular space 62 therewith. The workpiece 46a is placed
      within the heat sink 58 and defines a third annular space 64 therewith.
      The cylindrical wall of the heat sink extends above the top of the
      workpiece and, to a lesser extent, above the cylindrical wall of the
      shielding container.
PAR  The shielding container 38a is made of relatively thin metal. The inside
      diameter of container 38a is slightly larger than the outside diameter of
      heat sink 58, permitting easy and rapid insertion of the heat sink into
      the container. Container 38a is open at the top and liquid tight at the
      bottom. Container 38a is supported on legs 44 in the pressure vessel and
      is spaced from the bottom and cylindrical wall of the pressure vessel 12
      sufficiently to insure that excessive heat transfer does not take place
      between the container and the pressure vessel. For most cases a spacing of
      one-half inch to 1 inch is sufficient.
PAR  The volume of the annular space 60 between the pressure vessel wall and
      shielding container 38a is approximately ten or more times greater than
      the combined volume of annular spaces 62 and 64.
PAR  The heat sink is preferably made of metal compatible with the temperature
      at which the system will be operating. For example, for operating
      temperatures below 2,200.degree.F. the heat sink may be of copper or
      steel, whereas above 2,200.degree.F. steel, stainless steel, molybdenum,
      tungsten or metals or alloys having high strength at elevated temperatures
      may be utilized. The heat sink is open at the top and liquid tight at the
      bottom and is supported by the liquid tight bottom of the shielding
      container 38a.
PAR  In practicing my invention as shown in FIGS. 5 and 6, the workpiece is
      heated in a conventional heating furnace to a preselected temperature. In
      a separate furnace (not shown) the heat sink is heated to a preselected
      temperature higher than that to which the workpiece is heated. The heat
      sink is then placed with the pressure vessel in the manner described above
      and the workpiece is inserted into the heat sink. Alternatively, the
      workpiece may be inserted into the heat sink outside of the pressure
      vessel and the assembled heat sink and workpiece then placed in the
      pressure vessel within shielding container 38a. The pressure vessel is
      then closed and a liquid pressure medium such as water is rapidly pumped
      into the vessel in a manner such that direct contact of the liquid with
      the workpiece is avoided until the pressure vessel is substantially
      completely full. Pumping of the liquid pressure medium is continued at a
      high rate until the preselected compacting pressure is reached, at which
      time a pressure release device of the type described above is actuated,
      pumping is discontinued, and the pressure medium is withdrawn from the
      pressure vessel.
PAR  As shown in FIG. 6, the surface temperature of the workpiece will decrease
      during the time period that it is being removed from the heating furnace
      and inserted into the pressure vessel. On exposure to the heat sink the
      temperature of the workpiece will begin to increase and continue to
      increase until the desired preselected compacting pressure is reached, at
      which point pressure within the pressure vessel is relieved. Because the
      pressure within the vessel is rapidly increased to a point above the
      critical pressure of the pressure medium, there will be little or no heat
      loss due to phase transformation from liquid to vapor.
PAR  As shown in FIG. 6, the surface temperature of the workpiece at the time it
      is removed from the furnace is slightly less than 2,200.degree.F. By the
      time the workpiece has been transported to the isostatic pressure vessel
      that temperature has dropped to approximately 2,150.degree.F. Insertion of
      the workpiece into the heat sink increases the temperature of the
      workpiece to about 2,200.degree.F. which, in the case illustrated, is the
      desired compacting temperature. On relief of the pressure the temperature
      of the compacted part begins to decrease.
PAR  It will be apparent to those skilled in the art that when practicing the
      method of my invention it is important that the pressure vessel be
      substantially full before the liquid pressurizing medium is allowed to
      come into contact with the workpiece or the heat sink. I have illustrated
      one means to accomplish this end, namely to substantially completely fill
      the annular space between the pressure vessel wall and the inner or
      shielding container before allowing the liquid to spill over the open end
      of the shielding container to come in contact with either the heat sink or
      workpiece. Other means of accomplishing this objective are, of course,
      possible.
PAR  FIGS. 7 and 8 show a modified form of apparatus that may be used in
      practicing my invention. In this embodiment, which I refer to as a "vortex
      fill," the preheated workpiece is separated from the internal surfaces of
      the pressure vessel by a generally annular space and the liquid
      pressurizing medium is pumped at high velocity into the space tangentially
      to the internal surfaces of the pressure vessel to form a liquid vortex
      while filling the vessel, thereby avoiding direct contact between the
      pressure medium and the heated workpiece until the vessel is substantially
      completely filled with the pressure medium.
PAR  Referring to FIGS. 7 and 8, pressure vessel 70 has a cover at one end and a
      cylindrical inner wall 71 with a liquid inlet or port 72 in the lower
      portion thereof. Inlet 72 is connected to a high volume liquid pump (now
      shown) and is arranged with respect to the pressure vessel wall to deliver
      liquid to the interior of the vessel tangentially along the inner wall
      thereof.
PAR  A liquid deflector and work support, generally designated 74, is fitted to
      the bottom 84 of the pressure vessel. The outer surface of member 74 is
      generally cylindrical and forms an annular space 76 with the inner
      cylindrical wall 71 of the pressure vessel in the region of liquid inlet
      72. The intersection of the inner cylindrical wall 71 and the bottom 84 of
      the pressure vessel is rounded as at 90 to provide a smooth surface.
      Member 74 has an upwardly extending flange 78 to receive and support the
      workpiece 80 in a central position in the pressure chamber coincident with
      the center line of the pressure vessel. When inserted in the pressure
      vessel the workpiece is separated from the inner cylindrical wall of the
      pressure vessel by a generally annular space. The annular space 76 is
      smaller than the annular space between the workpiece 80 and the pressure
      vessel wall 71.
PAR  The bottom of member 74 is counterbored to form a downwardly extending
      annular flange 82 which contacts the bottom 84 of the pressure vessel. The
      area of contact of the member 74 with the bottom 84 of the vessel is thus
      minimized, which in turn reduces heat transfer from the workpiece 80
      through the member 74 to the pressure vessel 70.
PAR  A radially disposed outlet port or opening 86 is provided near the top of
      the pressure vessel 70. A pressure release device 88 of the type
      previously described is connected to port 86.
PAR  Port 72 is connected by valve means (not shown) to a discharge pipe to
      drain the vessel as described in connection with my preferred embodiment
      and as shown in FIG. 3.
PAR  In operation, the preheated workpiece is inserted into the pressure vessel
      and the latter is closed, sealed and locked. A liquid pressurizing medium
      is introduced into annular space 76 of the pressure vessel at high
      velocity through inlet 72. The liquid is forced into a vortex by its
      reaction against the pressure vessel wall and the member 74, thus forming
      a film or layer of liquid that moves upwardly along wall 71 of the
      pressure vessel. As the workpiece is positioned in the center of the
      vortex and spaced from the wall of the vessel it is not contacted by any
      substantial amount of liquid until the vessel is substantially completely
      full. As pumping of the liquid into the vessel continues, the thickness of
      the liquid layer progressively increases and only when the vessel is
      substantially full with liquid is there any substantial contact between
      the liquid and the workpiece. When the vessel has been completely filled,
      rapid pressurization of the liquid to the desired preselected compacting
      pressure is accomplished, as previously described.
PAR  As in my preferred embodiment, when the preselected compacting pressure is
      reached, the pressure release device is actuated, the pumping of liquid
      into the vessel is discontinued, and the liquid is withdrawn from the
      pressure vessel. The fully compacted part is then removed from the vessel.
PAR  FIG. 9 shows a further embodiment of apparatus that may be used in
      practicing my invention. In this arrangement the preheated workpiece is
      also separated from the internal surfaces of the pressure vessel by a
      generally annular space. A liquid pressurizing medium is pumped into the
      vessel to fill the space and the pressure vessel is rotated rapidly about
      its vertical axis during the filling operation. The centrifugal forces
      created impel the liquid pressurizing medium outwardly from the center of
      rotation thereby avoiding contact between the pressurizing medium and the
      workpiece until the vessel is substantially completely filled with the
      medium.
PAR  As shown, cylindrical pressure vessel 92 having a cover at one end is
      fitted at its opposite end with a rotary joint 94 having appropriate
      liquid tight sealing means 96. Rotary joint 94 contains a liquid inlet or
      port 98 coincident with the axis of symmetry of the vessel. Port 98 is
      connected to a high volume liquid pump (not shown) and is arranged to
      deliver liquid to the interior of the vessel.
PAR  The inner wall 100 of the pressure vessel is cylindrical. A cylindrical
      work support and deflector member, generally designated 102, is fitted to
      the bottom of the pressure vessel by downwardly extending flange 104.
      Flange 104 has ports 106 therein to permit passage of liquid between port
      98 and the annular space formed between the inner wall 100 of the pressure
      vessel and member 102. Member 102 is disposed to deflect incoming liquid
      from an axial direction as it passes through port 98 to a generally
      radially outward direction through ports 106, thus causing liquid to flow
      radially to the pressure vessel wall 100 and there have a rotational
      velocity imposed on it.
PAR  Member 102 has an upwardly extending flange 108 that defines a supporting
      surface 110 for the workpiece 112. When inserted into the vessel the axis
      of symmetry of the workpiece is substantially coincident with the axis of
      symmetry of the vessel, and there is a generally annular space between the
      workpiece and the inner wall 100 of the vessel.
PAR  The vessel is equipped with a pressure release device 114 and a means (not
      shown) through port 98 for draining the vessel when the pressure release
      device has been actuated, substantially as described in connection with my
      preferred embodiment.
PAR  The pressure vessel 92 is mounted in bearings 116 to permit rotation of the
      vessel about its axis of symmetry. The pressure vessel is equipped with a
      rotary drive, generally designated 118, such as Vee belt, chain, gears, or
      other device suitable to permit motor 120 to spin the pressure vessel
      about its axis.
PAR  In the operation of the apparatus shown in FIG. 9 the preheated workpiece
      112 is placed in the vessel 92 and the vessel is closed, sealed and
      locked. The vessel is spun by means of the motor 120 and rotary drive 118
      at a rate sufficiently high to cause the centrifugal forces created to act
      upon the pressurizing liquid and impel it outwardly from the center of
      rotation of the vessel. Liquid is introduced into the vessel through inlet
      98 and through ports 106 into the annular space between the wall 100 and
      member 102. The centrifugal force created by the spinning vessel will
      cause the liquid to form a layer of film against the wall of the spinning
      vessel. As pumping of the liquid into the vessel is continued, the
      thickness of this layer will increase. Because the workpiece is centered
      in the spinning vessel, there will be minimal contact between the liquid
      and the workpiece until the pressure vessel is substantially completely
      filled with liquid. When the vessel is completely filled pumping is
      continued at a high rate until the preselected compacting pressure is
      reached, at which point the pressure is released, the pressurizing liquid
      is drained from the vessel, and the fully compacted part is removed from
      the vessel as previously described.
PAR  Although specific embodiments of the invention have been shown and
      described herein, it is obvious that other adaptations and modifications
      may be made by those skilled in the art without departing from the scope
      and spirit of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The process of isostatically pressing an article at a temperature above
      its bonding temperature comprising:
PA1  a. inserting said article in a dry isostatic pressing vessel;
PA1  b. substantially filling said vessel with a liquid without said liquid
      contacting said article; and
PA1  c. filling the remainder of said vessel and raising the pressure of said
      liquid to a pressure above the critical pressure of said liquid to compact
      said article before said article cools to a temperature below its bonding
      temperature.
NUM  2.
PAR  2. The process of claim 1 wherein approximately nine tenths of said vessel
      is filled before said liquid contacts said article.
NUM  3.
PAR  3. The process of claim 1 wherein said vessel is rotating while being
      filled.
NUM  4.
PAR  4. The process of claim 1 wherein the liquid stream filling said vessel is
      substantially tangentially directed with respect to the adjacent vessel
      wall.
NUM  5.
PAR  5. The process of claim 1 which further comprises the step of interposing
      an annular ring between said article and the walls of said vessel whereby
      said liquid does not contact said article until the annulus between said
      ring and the wall of said vessel is filled.
NUM  6.
PAR  6. The process of claim 5 which further includes the step of interposing a
      second annular ring between said article and said first annular ring
      wherein the temperature of said second annular ring is greater than the
      temperature of said article.
NUM  7.
PAR  7. Method of compacting a porous body by isostatic pressing techniques
      comprising
PA1  heating the body to a selected temperature, said temperature being
      sufficiently high for adequate bonding and compacting of said heated body
      but below the fusion temperature thereof,
PA1  inserting said heated body into a dry pressure vessel,
PA1  closing and sealing the pressure vessel,
PA1  rapidly pumping a liquid pressurizing medium into said pressure vessel to
      fill the same while avoiding direct contact of said medium with said
      heated body until said pressure vessel is substantially completely filled
      with said medium,
PA1  rapidly increasing the pressure within the vessel to a preselected level
      sufficient to compact said body by continuing to pump said pressurizing
      medium into the vessel until said preselected pressure has been reached,
      said preselected pressure being greater than the critical pressure of said
      medium,
PA1  the rate of pressure increase in said last mentioned step being adequate to
      prevent the formation of vapor in said vessel as a result of contact of
      said medium with said body sufficient to lower substantially the
      temperature of said heated body prior to compaction of said body,
PA1  decreasing the pressure and withdrawing said medium from said pressure
      vessel, and
PA1  removing the body from the pressure vessel.
NUM  8.
PAR  8. The method of claim 7 in which the pressure vessel is cold.
NUM  9.
PAR  9. The method of claim 7 in which additional heat is supplied to said body
      following insertion thereof into said pressure vessel.
NUM  10.
PAR  10. The method of claim 7 in which said liquid pressurizing medium is
      water.
NUM  11.
PAR  11. The method of claim 10 in which the porous body is a metal powder, the
      selected compacting temperature is about 2,200.degree.F. and the
      preselected pressure is about 29,000 psi.
NUM  12.
PAR  12. The method of claim 11 in which the metal powder is an iron base
      powder.
NUM  13.
PAR  13. The method of claim 11 in which the metal powder is a nickel base
      powder.
NUM  14.
PAR  14. The method of claim 7 in which said body is separated from the internal
      surfaces of said pressure vessel by being inserted in a shielding
      container and in which a space is provided between said shielding
      container and said internal surfaces, said liquid pressurizing medium
      being pumped into said space to fill the same thereby to avoid direct
      contact between said medium and said heated body until said pressure
      vessel is substantially completely filled with said medium.
NUM  15.
PAR  15. Method of compacting a porous body by isostatic pressing techniques
      comprising
PA1  heating the body to a selected temperature, said temperature being
      sufficiently high for adequate bonding and compacting of said heated body
      but below the fusion temperature thereof,
PA1  inserting said heated body into a dry pressure vessel,
PA1  closing and sealing the pressure vessel,
PA1  rapidly pumping a liquid pressurizing medium into said pressure vessel to
      fill the same while avoiding direct contact of said medium with said
      heated body until said pressure vessel is substantially completely filled
      with said medium,
PA1  said body being separated from the internal surfaces of said pressure
      vessel by a space and said liquid pressurizing medium being pumped at high
      velocity into said space tangentially to said internal surfaces of said
      vessel to form a liquid vortex within said space while filling the same,
PA1  rapidly increasing the pressure within the vessel to a preselected level
      sufficient to compact said body by continuing to pump said pressuring
      medium into the vessel until said preselected pressure has been reached,
      said preselected pressure being greater than the critical pressure of said
      medium,
PA1  decreasing the pressure and withdrawing said medium from said pressure
      vessel, and
PA1  removing the body from the pressure vessel.
NUM  16.
PAR  16. Method of compacting a porous body by isostatic pressing techniques
      comprising
PA1  heating the body to a selected temperature, said temperature being
      sufficiently high for adequate bonding and compacting of said heated body
      but below the fusion temperature thereof,
PA1  inserting said heated body into a dry pressure vessel,
PA1  closing and sealing the pressure vessel,
PA1  rapidly pumping a liquid pressurizing medium into said pressure vessel to
      fill the same while avoiding direct contact of said medium with said
      heated body until said pressure vessel is substantially completely filled
      with said medium,
PA1  said body being separated from the internal surfaces of said pressure
      vessel by a space and said vessel being provided with an inlet arranged
      tangentially to the internal surfaces of said pressure vessel said liquid
      pressurizing medium being pumped into said space through said inlet at
      high velocity to form a liquid vortex within said space while filling said
      space,
PA1  rapidly increasing the pressure within the vessel to a preselected level
      sufficient to compact said body by continuing to pump said pressurizing
      medium into the vessel until said preselected pressure has been reached,
      said preselected pressure being greater than the critical pressure of said
      medium,
PA1  decreasing the pressure and withdrawing said medium from said pressure
      vessel, and
PA1  removing the body from the pressure vessel.
NUM  17.
PAR  17. Method of compacting a porous body by isostatic pressing techniques
      comprising
PA1  heating the body to a selected temperature, said temperature being
      sufficiently high for adequate bonding and compacting of said heated body
      but below the fusion temperature thereof,
PA1  inserting said heated body into a dry pressure vessel,
PA1  closing and sealing the pressure vessel,
PA1  rapidly pumping a liquid pressurizing medium into said pressure vessel to
      fill the same while avoiding direct contact of said medium with said
      heated body until said pressure vessel is substantially completely filled
      with said medium,
PA1  said body being separated from the internal surfaces of said pressure
      vessel by a space, said liquid pressurizing medium being pumped into said
      space to fill the same, and said pressure vessel being rapidly rotated
      during the filling of said space to cause centrifugal forces to be exerted
      on said medium during said filling,
PA1  rapidly increasing the pressure within the vessel to a preselected level
      sufficient to compact said body by continuing to pump said pressurizing
      medium into the vessel until said preselected pressure has been reached,
      said preselected pressure being greater than the critical pressure of said
      medium,
PA1  decreasing the pressure and withdrawing said medium from said pressure
      vessel, and
PA1  removing the body from the pressure vessel.
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ABST
PAL  A method for forming an extruded plastic sheet with vacuum pressure and
      without mating dies. The plastic sheet is extruded onto a heated portion
      of a supporting bed which maintains the sheet in a soft condition. The bed
      also includes a cooled portion adjacent to the heated portion with a
      plurality of parallel grooves which extend continuously through the cooled
      portion and at least partially through the heated portion. A vacuum
      pressure is provided within the grooves between the bed and sheet thereby
      pulling the sheet downwardly into the grooves. The residual heat within
      the sheet is then removed by the cooled portion of the bed to maintain the
      formed condition of the heated sheet. Various means are provided to
      maintain the vacuum pressure between the bed and sheet.
PARN
PAR  This is a division of application Ser. No. 350,727, filed Apr. 13, 1973 now
      U.S. Pat. No. 3,887,320.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of sheet forming devices.
PAR  2. Description of the Prior Art
PAR  A representative sample of the prior art is disclosed in the following U.S.
      patents:
PA1  U.s. pat. No. 2,238,534 issued to A. McDonald;
PA1  U.s. pat. No. 2,989,780 issued to S. S. Zimmerman;
PA1  U.s. pat. No. 3,179,726 issued to W. M. Perry;
PA1  U.s. pat. No. 3,273,203 issued to F. A. Ross; and
PA1  U.s. pat. No. 3,640,666 issued to B. T. Jope et al.
PAR  None of the prior art device provide a high production capability which may
      be achieved by immediately forming a plastic sheet which moves onto the
      forming device immediately from the extruder. By allowing immediate
      formation of the desired configuration of the sheet as the sheet passes
      from the extruder, intermediate steps are eliminated with the result that
      a continuous in line forming is achieved. Traditional forming dies are
      expensive to produce and to maintain. The invention disclosed herein
      provides for the formation of the sheet through the use of vacuum pressure
      without requiring mating forming dies.
PAR  By initially extruding a flat sheet, it is also possible between the
      extruder and the forming bed to laminate a printed overlay film (such as a
      wood grain pattern of printing) of material onto the extruded sheet prior
      to the subsequent forming operation.
PAC  SUMMARY OF THE INVENTION
PAR  One embodiment of the present invention is a method of forming grooves in a
      sheet of plastic comprising the steps of heating the sheet of plastic,
      moving the sheet of plastic while in a heated condition along a support
      having grooves thereon, and withdrawing during the moving step air from
      the grooves of the support creating a vacuum pressure between the sheet
      and the support and forcing the sheet into the grooves of the support to
      form grooves in the sheet.
PAR  Another embodiment of the present invention is a method employing an
      apparatus for producing grooves in a sheet of plastic comprising a
      supporting bed for receiving the sheet including a heated portion and an
      adjacent cooled portion, the bed further including a top surface with a
      plurality of ridges and grooves formed on the top surface extending
      through the length of the cooled portion and at least partially through
      the length of the heated portion, the bed having holes extending through
      the top surface in the grooves to facilitate air removal, heating means
      operable to controllably heat the heated portion to maintain the sheet in
      a soft condition, cooling means operable to controllably cool the cooled
      portion for the cooling and hardening of the sheet, and air means operable
      to withdraw air through the holes in the bed creating a vacuum in the
      grooves of the bed between the sheet and the bed forcing the sheet into
      the grooves of the bed.
PAR  It is an object of the present invention to provide a method for
      continuously forming extruded sheet.
PAR  In addition, it is an object of the present invention to provide a method
      for forming an extruded plastic sheet with vacuum pressure.
PAR  Related objects and advantages of the present invention will be apparent
      from the following description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of an apparatus incorporating the present invention.
PAR  FIG. 2 is a fragmentary enlarged view of that portion of the apparatus of
      FIG. 1 between the sheeter die and the powered pull rolls.
PAR  FIG. 3 is an enlarged top view of the supporting bed looking in the
      direction of arrows 3--3 of FIG. 2
PAR  FIG. 4 is a cross sectional view taken along the line 4--4 of FIG. 3 and
      viewed in the direction of the arrows.
PAR  FIG. 5 is a cross sectional view taken along the line 5--5 of FIG. 3 and
      viewed in the direction of the arrows.
PAR  FIG. 6 is a cross sectional view taken along the line 6--6 of FIG. 3 and
      viewed in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For the purposes of promoting an understanding of the principles of the
      invention, reference will now be made to the embodiment illustrated in the
      drawings and specific language will be used to describe the same. It will
      nevertheless be understood that no limitation of the scope of the
      invention is thereby intended, such alterations and further modifications
      in the illustrated device, and such further applications of the principles
      of the invention as illustrated therein being contemplated as would
      normally occur to one skilled in the art to which the invention relates.
PAR  Referring now more particularly to FIGS. 1 and 2, there is shown an
      apparatus 10 for forming grooves into a sheet 11 of plastic which is
      continuously extruded by extruder 12. Plastic granules are placed into the
      hopper 13 of extruder 12 with sheet 11 then moving out of sheeter die 14
      in the direction of arrow 15.
PAR  A uniform hot molt of plastic at an approximate temperature of 400.degree.
      F. emerges from extruder 12 into the sheeter die 14 and onto a
      continuously moving heated haul-off roll 16 which is rotatably mounted to
      frame 17. A second roll 18 is rotatably mounted to frame 17 and may be
      used to laminate an overlay film 19 which extends downwardly from roll 20
      so as to be contacted against sheet 11 by laminating roll 18. Roll 16 is
      variable in speed as are the pair of powered pull rolls 21 and 22 which
      are rotatably mounted to frame 23. Rolls 16, 21 and 22 are synchronized so
      as to move sheet 11 across bed 24 at the appropriate speed. By controlling
      the heating of roll 16, a skin will be imparted to sheet 11 with
      sufficient heat retained in the sheet to permit subsequent thermal forming
      of the sheet by vacuum provided on bed 24.
PAR  Bed 24 includes a heated portion 25, a cooled portion 26 and an aft
      supporting portion 27. The top surface 28 of bed 24 is provided with a
      plurality of ridges 29 and grooves 30 which extend through the length of
      the aft supporting portion 27 and through the length of the cooled portion
      26. The ridges and grooves extend only through a portion of the length of
      the heated portion 25. In the embodiment shown in FIG. 4, ridges 29
      include a horizontal top surface 31 with a pair of diverging surfaces 32
      and 33 which extend downwardly to the bottom surfaces 34 of the grooves.
      The height of each ridge 29 is the distance between surfaces 31 and 34 and
      is constant through the length of the aft supporting portion 27 and the
      cooled portion 26; however, the height of each ridge decreases through the
      length of heated portion 25 until top surfaces 31 are blended into
      surfaces 34 at a location behind the leading edge portion 35' (FIG. 3). As
      a result, as the hot sheet passes from roller 16 onto the upwardly sloping
      heated portion 25, the sheet maintains contact across the width of the
      leading edge portion 35' and is then conveyed upwardly by the upward
      sloping surfaces 31 of ridges 29. The smooth and hot leading edge portion
      35' allows for an airtight seal between the sheet and heated portion 25.
PAR  A plurality of holes 35 extend through surfaces 34 of each groove 30. Holes
      35 are located at the junctions of surfaces 34 and the upward sloping
      surfaces 32 and 33. Cooled portion 26 includes a vacuum chamber 36 (FIG.
      4) which is in communication with holes 35. Chamber 36 is connected to a
      suitable vacuum producing device. Thus, as the heated sheet moves along
      the top surfaces 31 of ridges 29, a vacuum is produced within chamber 36
      thereby sucking the sheet downwardly into grooves 30 so as to produce
      complementary sized grooves in the sheet.
PAR  A plurality of passages 37 extend immediately beneath surfaces 31 and 34
      and receive circulating cooled liquid. A means such as a pump is utilized
      to circulate the cooled liquid through passages 37. Likewise, a plurality
      of passages 38 extend beneath surfaces 31 and 34 in the heated portion 25.
      Passages 38 are not connected to passages 37 and instead are connected to
      a suitable source of heated liquid which in turn circulates the heated
      liquid through passages 38 thereby heating portion 26.
PAR  Bed 24 includes a pair of longitudinally extending edge portions 39 and 40
      with the ridges and grooves positioned therebetween. The top surfaces of
      edge portions 39 and 40 have a plurality of apertures 41 extending
      therethrough which are connected to the vacuum chamber 36. Air is
      withdrawn through apertures 41 so as to suck the sheet downwardly against
      edge portions 39 and 40 to effect an airtight seal between the moving
      sheet and edge portions 39 and 40. This airtight seal in cooperation with
      the airtight seal existing between the sheet and the smooth leading edge
      portion 35' prevents air from escaping into the grooves either from the
      front edge of the bed or either side of the bed. As will be described
      later in this specification, a plurality of wheels force the formed sheet
      against surfaces 34 of the groove at the aft supporting portion 27 thereby
      preventing escape of air into the grooves from the rear portion of the
      bed.
PAR  A pair of slots 50 and 51 (FIG. 3) are provided in edge portions 40 and 39.
      Slots 50 and 51 extend the length of bed 24 with the exception of the
      leading edge portion 35'. The slots are positioned inwardly of apertures
      41. A pair of rollers 52 and 53 are rotatably mounted above heated portion
      25 with each roller having a circumferentially extending ridge which is
      received by the slots. For example, roller 53 has a circumferentially
      extending ridge 54 (FIG. 5) which extends into slot 51. The sheet passes
      between the bed and rollers 52 and 53 with the ridges on the rollers
      forcing a portion of the sheet downwardly into slots 50 and 51 thereby
      slidably locking the sheet to the bed as the sheet moves through the
      length of the bed. The portion of the sheet forced downwardly into slots
      50 and 51 may then be subsequently severed from the main body of the sheet
      subsequent to the final forming of the sheet.
PAR  A plurality of rotatably mounted wheels 55 are mounted to axle 56 which is
      rotatably mounted above supporting portion 27 of bed 24. Suitable means
      are provided to control the vertical movement of axle 56. As a result,
      wheels 55 may be positioned downwardly into grooves 30 thereby forcing the
      formed sheet against surface 34 (FIG. 4). Thus, escape of air into the
      grooves from the aft section of the bed is prevented thereby ensuring the
      integrity of the vacuum existing within the grooves between the bed and
      sheet.
PAR  As previously explained, as the extruded sheet moves continuously over the
      bed, sufficient vacuum must exist between the bed and sheet so as to
      provide continuous thermal forming of the sheet as it is pulled downstream
      over the bed. The cooled portion of the bed contains both the controlled
      vacuum and the liquid chill. The vacuum existing between cooled portion 26
      and the sheet travels up to the heated portion 25 where it is sealed off
      by the action of the heat controlled doctor bar 60 (FIG. 2) which is
      directly in front of the heated portion 25 and under which the sheet must
      travel to effect the vacuum seal at the leading edge of heated portion 25.
      Doctor bar 60 (FIG. 1) is lower in elevation than the top surface of bed
      24 thereby forcing the sheet downwardly as it passes from roll 17 onto
      heated portion 25. As the sheet moves over heated portion 25, the
      peripheral edges of the sheet are locked and sealed to the top surface of
      the heated portion 25 to prevent the action of the vacuum from drawing the
      sheet inwardly in such a manner so as to break the vacuum seal. As
      discussed, the slots are provided on both sides of the bed to receive the
      rotatably mounted ridged wheels to effect a seal at the peripheral edges
      of the sheet and prevent any change in width of the sheet. The cooled
      portion 26 must be sufficiently cool so as to remove residual heat from
      the sheet during its total contact period with the cooled portion and at a
      sufficient rate to lower the temperature of the sheet to below the
      distortion temperature of the resin (approximately 140.degree. F.) so that
      the sheet will retain the profile shape thereafter during its
      transportation downstream. Precise control of the vacuum pressure between
      the sheet and bed is important to prevent total lockup of the sheet at the
      heated portion and at the cooled portion. A high degree of chill capacity
      is essential to maximize production rate.
PAR  Many variations of the present invention are contemplated and included
      herein although not shown. For example, in one embodiment, trim knives are
      mounted downstream of the rotatably mounted wheels 55 to remove the
      peripheral edge portions of the sheets and to trim continuously the
      desired width of panel. The powered pull rolls 21 and 22 (FIG. 1) must
      move the sheet at a continuous synchronized speed with roll 16 and with
      sufficient frictional action on the formed sheet so as to overcome the
      frictional effect of the vacuum pressure exerted against the panel at the
      heated portion and cooled portion. Eventually, the continuously formed
      sheet is moved past a cutoff saw table and trimmed to length automatically
      by action of a limit switch.
PAR  The method of forming the grooves in a sheet of plastic includes extruding
      the sheet of material and then heating the extruded sheet. The heating of
      the sheet occurs when the sheet is supported by the bed with the sheet
      then moving along the bed which withdraws air from between the sheet and
      bed thereby forcing the sheet into grooves in the bed. Longitudinally
      extending edges of the sheet are contacted against the bed to effect an
      airtight seal therebetween during the moving of the sheet and during the
      creation of the vacuum pressure between the sheet and bed. The forward
      portion of the bed is continuously contacted across the width of the sheet
      to effect an airtight seal therebetween. The sheet is subsequently cooled.
PAR  While the invention has been illustrated and described in detail in the
      drawings and foregoing description, the same is to be considered as
      illustrative and not restrictive in character, it being understood that
      only the preferred embodiment has been shown and described and that all
      changes and modifications that come within the spirit of the invention are
      desired to be protected.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A method of forming grooves in a sheet of plastic comprising the steps
      of:
PA1  providing a heated plastic sheet in a formable state with said sheet
      including longitudinally extending edges;
PA1  forcing said sheet while in a heated condition onto a support having length
      with a smooth inclined forward portion and with grooves extending
      rearwardly therefrom in the direction of said length;
PA1  contacting continuously said forward portion across the width of said sheet
      to effect an airtight seal therebetween;
PA1  contacting said longitudinally extending edges of said sheet against said
      support to effect an airtight seal therebetween;
PA1  moving said sheet across said support in the direction of said length while
      keeping said support stationary and while maintaining an airtight seal
      between said sheet and said forward portion of said support and between
      said edges of said sheet and said support;
PA1  maintaining said forward portion of said support in a heated condition to
      maintain said sheet in a soft condition and allow for effecting said air
      tight seal;
PA1  withdrawing during said moving step air from said grooves of said support
      creating a vacuum pressure between said sheet and said support and forcing
      said sheet into said grooves of said support to form grooves in said
      sheet; and,
PA1  allowing said sheet having grooves therein to cool and set.
NUM  2.
PAR  2. The method of claim 1 and comprising the additional steps of:
PA1  cooling a second portion of said support adjacent said forward portion;
PA1  forcing said sheet against said second portion to maintain an airtight seal
      between said sheet and said support and to effect cooling of said sheet.
NUM  3.
PAR  3. The method of claim 2 and comprising the additional step of:
PA1  contacting said sheet subsequent to said providing step but to said moving
      step with a heated element imparting a skin to said sheet while
      maintaining said sheet in a formable state; and wherein:
PA1  said support has a top surface.
NUM  4.
PAR  4. The method of claim 3 and comprising the additional step of:
PA1  forcing said sheet lower in elevation than said top surface of said support
      after said skin is imparted to said sheet.
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ABST
PAL  A method is provided by which end frames for upholstered furniture are
      pressure molded in one piece from a mixture of wood flakes and
      thermosetting resin. They have no grain, are equally strong in all
      directions, are denser than the wood from which the flakes are derived and
      permit tacking or stapling the upholstery in place. Simplified processes
      of forming right and left end frame assemblies are disclosed.
BSUM
PAR  This invention relates to the manufacture of wood frames for upholstered
      furniture. It is more particularly concerned with the manufacture of end
      frames from wood flakes bonded with a resin, and frames so produced.
PAR  The term "upholstered furniture" as generally used, and as used
      hereinafter, comprises upholstered chairs, love seats and sofas. In each
      piece the upholstery is attached to a frame conventionally made of
      hardwood members. This attachment is accomplished by tacking or stapling
      the upholstery to the wood. These frames, generally speaking, comprise a
      pair of end frames connected by longitudinal rails. The end frames for a
      chair, love seat or sofa having the same style or design are identical,
      and the longitudinal rails are selected to be of a length appropriate for
      the piece desired. Conventionally, the end frames are built-up of separate
      pieces of hardwood, each of which is shaped to the proper contour and
      which are joined by dowelling, gluing and the like in the assembly jigs.
      The construction of these end frames is laborious and time consuming and
      accounts for most of the cost of a frame. These conventional built-up end
      frames are inherently weak at the joints of the members. The upholstered
      pieces in which they are used are heavy and are often moved about for
      cleaning and other purposes by tugging or pulling on one end at a time.
      This tends to twist the end frame and spring its joints. Prior to our
      invention to be described, however, no practical alternative to built-up
      end frames was known to the art.
PAR  Another disadvantage of conventional end frame manufacture arises from the
      necessity of providing right and left ends. In upholstered furniture the
      right and left ends are mirror images, and if one arm, for example, is
      curved outwardly, the other arm must be curved outwardly in the opposite
      direction. This means that some pieces of the frames must be cut right and
      left hand, and the frames assembled in right and left hand jigs. Prior to
      our invention to be described, no way of simplifying manufacture of right
      and left end frames was known.
PAR  It is an object of our invention, therefore to provide an economical and
      rapid process for making wood end frames for upholstered furniture to
      which upholstery, various supporting members and the like can be attached
      by tacks or staples. It is another object to provide such a process
      involving molding the end frames from wood flakes bonded by a resin. It is
      still another object to provide a process for making right and left end
      frames from a single pressure mold. It is yet another object to provide
      unitary molded end frames having higher strength and density in certain
      preselected regions than in others. Other objects of our invention will
      become apparent from the description thereof which follows.
PAR  We have found that the objects above mentioned are obtained by molding
      unitary end frames in molds or tools from wood flakes bonded by resin in a
      two-step process to be described. Our invention will best be understood as
      it is applied to the manufacture of an end frame illustrated in the
      attached figures, to which reference is now made.
DRWD
PAR  FIG. 1 is a plan of an end frame for a wing chair or the like;
PAR  FIG. 2 is an elevation of the frame of FIG. 1;
PAR  FIG. 3 is a cross section taken on the plane 3--3 of FIG. 2; and
PAR  FIG. 4 is a cross section of the preform to be described, also taken on the
      plane 3--3 of FIG. 2.
PAR  FIG. 5 is a top plan view of a two-piece pre-form mold for making the left
      end frame of FIG. 1;
PAR  FIG. 6 is a top plan view of a two-piece pre-form mold for making the right
      end frame in mirror image of FIG. 1;
PAR  FIG. 7 is a view on the line VII--VII of FIG. 5 showing the top half of the
      end frame mold with the divergent portions and the plunger used therewith;
PAR  FIG. 8 is an end view of the mold portion and plunger of FIg. 7 viewed from
      the right of FIG. 7;
PAR  FIG. 9 is a view on the line IX--IX of FIG. 5 showing the bottom half of
      the end frame mold and plunger;
PAR  FIG. 10 is an end view of the mold portion and plunger of FIG. 9 viewed
      from the left of FIG. 9;
PAR  FIG. 11 is an isometric view of the heated mold for receiving the left end
      frame from the pre-form mold of FIG. 5.
DETD
PAR  The end frame comprises an upright front leg 1 and an upright rear leg 2
      which continues into an inclined back upright 3. The lower end of leg 1 is
      tapered to form a foot 4 and the lower end of rear leg 2 is likewise
      tapered to form a foot 5. A lateral rail 6 connects legs 1 and 2 above
      feet 4 and 5. Another lateral rail 7 connects legs 1 and 2 at the level of
      the chain seat. The upper end of front leg 1 terminates in arm 8 which
      extends laterally to the junction of rear leg 2 with back upright 3. At
      its junction with front leg 1, arm 8 is curved away from the plane of legs
      1 and 2, as is shown in FIG. 1, into a round end 10 which overhangs leg 1
      both in front and on one side. Arm 8 is also provided with an underlying
      rail portion 9 which extends between legs 1 and 2 and on the side of the
      overhang of arm 8 is flush with legs 1 and 2. Rail 9 is provided to permit
      tacking of the upholstery material to the frame below arm 8 and as it is
      attached to that arm its width need be only sufficient to accommodate
      tacks. The wing frame comprises horizontal element 11 which projects
      forward from the upper end of back upright 3 and upright element 12 which
      curves downwardly from element 11 and joins arm 8 intermediate legs 1 and
      2. Elements 11 and 12 at their juncture are curved or flared from the
      plane of legs 1 and 2 in the same direction as arm 8.
PAR  It will be seen from FIG. 3 that stretcher rail 6 is flush with legs 1 and
      2 on the side beneath the overhang of arm 8. As stretcher rail 6 is merely
      a brace, its thickness and width will need be only that required to
      accommodate the upholstery tacks.
PAR  Back upright 3 at its junction point with element 11 is formed with a pair
      of holes 13 suitable for screws or other means for assembling the end
      frame with a longitudinal rail. Similar holes 14 for the same purpose are
      provided in rear leg 2 near foot 5, holes 15 are provided in rear leg 2 at
      its junction point with stretcher rail 7, and holes 16 are provided in
      front leg 1 near foot 4. A pair of end frames above described, one right
      hand and one left hand, are assembled with longitudinal rails of
      appropriate length to make the frame for the piece of furniture desired.
PAR  The end frame above described and illustrated in the figures has the same
      general overall appearance as a conventional end frame fabricated from
      separate members. Its various components are approximately of the same
      width and thickness as those of a conventional frame and its weight may be
      approximately the same. In order to provide increased strength, however,
      it is preferred to form the frame so that its density, and this its
      weight, is somewhat greater than that of a conventional fabricated frame.
PAR  End frames according to our invention are made by pressure molding a
      mixture of wood flakes and resin, to be described, in two stages. The
      first stage makes use of a pressure tool or mold which has a cavity shaped
      in plan like the end frame. This mold may conveniently be made of metal
      elements fastened to a metal base plate or it may be made of any other
      suitable material. The uncompressed mixture of wood flakes and resin is
      several times as deep as it is after compression and the mold must be deep
      enough to accommodate the volume of mixture required. The mixture is
      compressed by forcing a top plate or die appropriately shaped into the
      mold, or, alternatively forcing a top plate down onto a mold which is
      constructed so that its side walls telescope or retract past a bottom die
      or plate. Pressures on the order of 500 to 800 pounds per square inch
      produce preforms that are selfsustaining and can handled and moved about.
      No heat is applied to the mixture in the pressure mold.
PAR  The preform is then removed and placed in a curing tool which, in plan, has
      the contour of the end frame preform. Its depth, however, is merely
      sufficient to accommodate that preform. In this mold the preform is again
      subjected to pressures on the order of 500 pounds per square inch or more
      and at the same time is heated to a temperature sufficient to cause the
      resin to bond the wood flakes together. For the resins to be described,
      this temperature is in the range of 320.degree. to 350.degree. F. The
      preform is heated in the curing mold under these conditions until bonding
      has been fully realized and is then removed. Its density may be 20 to 25%
      greater than that of the wood from which the flakes are derived. This
      density, however, is not great enough to cause difficulty in tacking or
      stapling the upholstery to the frame.
PAR  From the foregoing, it would appear that end frames such as those
      illustrated in the figures would require separate pressure and separate
      curing molds for right and left hand ends. While the cost of the curing
      tools is not unduly great, the pressure molds are relatively expensive
      because of their more complicated construction. We have found that offset
      portions of the end frame, which are exemplified by stretcher rail 6 shown
      in FIG. 3, can be made in opposite directions by process using a single
      pressure mold. Stretcher rail 6, as appears in the figure above mentioned,
      is flush with the legs 1 and 2 on the outside of the end frame.
      Structurally it is not required that it be as thick as those legs and the
      furniture manufacturers do not want a thick rail at that location because
      the upholstery must be wrapped around it. We construct our pressure molds
      so as to position rail 6 symmetrically in plan with respect to legs 1 and
      2, as is shown in FIG. 4. The separate curing molds for the right and left
      end frame are constructed to leave room for rail 6 positioned flush with
      the outside of the end frame as shown in FIG. 3. When the curing mold is
      closed on the symmetrical preform, therefore, rail 6, being unsupported,
      is moved bodily from its central position to its offset position and is
      cured in that latter position. Rail 7 is offset in the opposite direction
      in the same manner. We find that this limited displacement, which is
      translational only, does not appreciably impair the strength of the end
      frame. There is distortion of the compressed wood flakes of the preform,
      but not shearing.
PAR  Curved or flared surfaces, such as the wing frame comprising element 11 and
      12 of the figures, can be formed by bending the preform during hot curing.
      We can, therefore, either mold the outer frame, both right and left in one
      mold with appropriate inserts or we can construct our pressure mold so
      that the section 50 which forms elements 11 and 12 is detachable, and
      provide separate sections 50' curving in opposite directions from the
      plane of the end frame. In this latter case it is necessary to provide
      separate sections of both parts of the mold.
PAR  In the first case the mold is filled and compressed to make the preform and
      the preform is then given the necessary bends in the hot curing press. In
      the second alternate form the pressure mold joined to one set of
      detachable sections 50-51 as shown in FIG. 5 is filled with the wood
      flakes-resin mixture which is compressed to make a preform. The preform is
      removed from the mold and the detachable mold sections 50 are detached and
      replaced by detachable sections 50' of opposite curvature as shown in FIG.
      6. The mold with this set of detachable sections is again filled with the
      wood flake-resin mixture which is compressed into a preform, which is the
      mirror image of the preform first formed. Separate curing tools or molds
      53, FIG. 11 are, of course, required for the right and left end frame
      preforms and in these tools the preforms are cured by heat and pressure as
      has previously been described.
PAR  We prefer to construct our end frames so that their density, and thus their
      strength, is greater at regions of greater stress than at lower regions of
      stress. As we have mentioned, conventional built-up frames tend to weaken
      or separate at the junctions of the individual members. We strengthen our
      end frames at such regions, for example, where the upper end of front leg
      1 joins end 10 of arm 8 and in the region of hols 13 in back upright 3
      where a longitudinal rail is attahced to the end frame. We accomplish this
      strengthening by increasing the depth of the wood flake-resin mixture
      loaded into the pressure tool at these regions above mentioned, and other
      regions of high stress, over the depth of the wood flake-resin mixture in
      regions of reduced stress. When the mixture is compressed and cured, the
      density, and therefore, the strength, of the resulting end frame is
      greater at the regions of greater wood flake-resin mixture depth than at
      other regions. Our end frames so produced, although unitary and
      homogeneous in composition, are strong in the regions where strength is
      advantageous. We do not, however, increase the density of any region of
      our end frame to a level which prevents or make difficult tacking or
      stapling.
PAR  As starting material, we prefer to use flakes of hardwood, such as maple
      and cherry, alone or mixed with flakes of softwood, such as pine. These
      flakes are made by shredding lumber scraps or logs and are from 1/16 to
      1/4 inch wide, about 1/3 to 3/8 inch long and about 15/1000 inch thick.
      When these flakes are compressed, they orient themselves in random fashion
      and out completed end frame shows no grain structure.
PAR  As resin, we prefer to use an amino resin or mixture of such resins, for
      example, a mixture of urea-formaldehyde resin and melamine-formaldehyde
      resin, but we find that phenol formaldehyde and polyester resin are also
      satisfactory. These resins are all thermosetting. The resin is added to
      the wood flakes as a dry powder, or a liquid or both.
PAR  In the foregoing specification we have described a presently preferred
      embodiment of this invention, however, it will be understood that this
      invention can be otherwise embodied within the scope of the following
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of pressure molding a pair of right and left hand end frames
      each having a planar portion and a portion diverging from the planar
      portion comprising (a) filling with a mixture of wood flakes and resin the
      cavity of a pressure mold comprehending the planar portion of each said
      end frame and filling with the same mixture the cavity of an attached
      pressure mold portion comprehending the diverging portion, said pressure
      molds being sufficiently deep to accommodate the uncompressed mixture of
      wood flakes and resin required to form said end frame pre-forms, (b)
      compressing the mixture to produce a self-sustaining preform having the
      shape of the mold and its attached portion, removing the compressed
      pre-form from the mold, (c) detaching the mold portion comprehending the
      diverging portion and substituting therefore a mold portion comprehending
      the portion diverging in the opposite direction, (d) filling the cavity of
      the mold and its attached portion with a mixture of wood flakes and resin
      and compressing the mixture to produce a self-sustaining pre-form which is
      the mirror image of the pre-form first produced, (e) transferring each
      pre-form to a curing mold shaped to receive and support each pre-form
      including its diverging portion and (f) heating and pressing each pre-form
      to a density greater than that of the wood from which the flakes are
      derived so as to bond the wood flakes together with the resin in both the
      planar and diverging portions of each pre-form to form fully bonded end
      frames.
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ABST
PAL  The invention is concerned with a method for making an article such as a
      container having a circular end wall and a side wall folded from the
      arcuate edge of the end wall, the article being first formed as a flat
      blank having two panels conforming to the base and side walls, the
      peripheries of the panels intersecting each other with a slit being formed
      in the common intersecting portions to form a pair of hinges at the ends
      of the slit enabling one panel to be folded upwardly with respect to the
      other between two mold tools without rupturing the hinges, plastic
      material being injected into the mold to join the folded panels into a
      unitary container or similar article.
BSUM
PAR  This invention is concerned with improvements in and relating to a method
      of making composite products and more particularly composite containers,
      that is to say containers formed from a blank of flexible material such as
      paper, card, or foil shaped to the shape of the container, adjacent edges
      of the container being seamed by injection moulding.
PAR  There is a method of making a composite container by providing a blank
      having a circular base panel and two side panels each having an edge
      substantially tangential to the circle of the base, and coupled to the
      base panel by a web on either side of the point of tangential contact. The
      side panels are folded about the tangential contact and the webs to
      position the free edges of each side panel beyond the associated web
      adjacent the free peripheral edge of the base panel, trapping the so
      formed blank between a cavity tool and a core tool and seaming the free
      edges of each side panel to the free edge of the base panel and the
      juxtaposed edges of the side panels by injection moulding, one of the
      tools having a recess adjacent each web into which recess excess material
      represented by the web will be received within a layer of injected
      material.
PAR  The protuberance presented by the excess material which has been pressed
      into the recess is aesthetically not very pleasing.
PAR  According to the present invention there is provided a method of making an
      article including at least two walls of which one projects from the
      surface of the other, comprising forming a blank to provide a panel in
      respect of each wall, forming a slit in the blank in the region between
      the panels to define a cut-away in at least one wall when the blank is
      folded about hinge parts integral with each panel remaining at each end of
      the slit, constraining the folded blank in the folded condition between
      two mould tools and injecting material into the mould cavity in the region
      of the cut-away to complete that wall.
PAR  In the case of a side panel coupled to a circular base panel to make a
      frusto-conical container, the arc of the edges of the side panel
      intersecting the circle of the base panel, the slit may be conveniently on
      the arc of the edges of the side panel or on the arc of the base panel.
      The former is preferred preserving as it does the continuity of the side
      panel and the ends of the slit may be angled or radiused to place those
      ends on the arc of the base panel. Thereby the hinges are foldable at the
      periphery of the wall which will be formed by the base panel and will fold
      about the edge of a core tool. Alternatively, the ends of the slit will be
      at the intersections of the arcs and a web will be provided beyond each
      intersection to form a hinge part lying outside the base panel circle. The
      slit may however be on neither arc and may be rectilinear but again it is
      preferred that it be within the arc of the edge of the base panel for the
      reason stated.
DRWD
PAR  In order that the invention will be well understood, there will now be
      described some embodiments, given by way of example only, reference being
      had to the accompanying drawing in which:
PAR  FIG. 1 is a schematic plan view of a blank for producing a frusto-conical
      container;
PAR  FIG. 2 is a detail section through a part of the blank after folding and
      seaming, the section being on the line II--II of FIG. 1;
PAR  FIG. 3 is a plan view of a presently preferred blank for making a
      frusto-conical container, and
PAR  FIG. 4 is a section in two mutually perpendicular planes through a part of
      an injection moulding tool and the blank of FIG. 3 modified at the edges.
DETD
PAR  Referring to the upper half of FIG. 1, the blank which may be of paper,
      card, foil or other suitable flexible material for making a receptacle,
      comprises a base panel 1 and two side panels 2. Panel 1 has arcuate free
      edges 3, in this case circular, and each end of each free edge of panel 1
      meets an arcuate free edge 4 of a panel 2 at 5. The arcs of edges 3 and 4
      intersect at the meeting point 5. Between the two meeting points 5
      associated with each panel 2 is a slit 6 which, in the case shown, lies on
      the arc of the edge of the side panel 2. The ends of each slit are spaced
      from the associated meeting points 5 by hinge parts 7.
PAR  To make up the receptacle, the side panels 2 are folded relative to the
      base panel 1 at the parts 7 and the edges 4 are positioned adjacent edges
      3. This brings seam edges 8 of each panel 2 adjacent seam edges 8 of the
      other side panel. The blank is held in the folded condition in a mould, a
      core tool and a cavity tool of which together define a space corresponding
      to the base and side wall of the receptacle. In the cavity tool and core
      tool are channels into which material will flow to form in the finished
      receptacle a base runner 10 on the outside of base panel 1, an outer
      peripheral band and support flange 11, an inner base seaming bead 12 and a
      side seaming bead 13. A lip bead may be included at the open end of the
      container. The material will enter the channel system at the center of the
      base panel, will flow along the runner 10 to the peripheral band and
      flange channel through each slit 6 to the channel defining the inner base
      bead 12 and thence along the side seam channels and lip channels if
      provided.
PAR  It will be seen that the arrangement of the blank panels and slit avoids
      the local surplus of blank material and an aesthetically pleasing product
      is provided. If desired each slit could follow the arc of the base instead
      of the side panel arc, but it is preferred to provide the slit within the
      base panel peripheral arc so that on folding, the continuity of the side
      panels is preserved. Other configurations of seaming channel can also be
      adopted with a different entry gate position or a plurality of gates. The
      invention is also applicable to other shapes of product.
PAR  The radii of the arcs and the distance of the projection of the free edges
      of the side panels radially inward of the base panel peripheral arc have
      been exaggerated for illustration.
PAR  The container may be produced on a machine as described in applicant's
      copending application Ser. No. 405,103, filed Oct. 10, 1973 and now U.S.
      Pat. No. 3,868,893.
PAR  The arrangement above described is satisfactory is the material of the
      blank has a degree of give.
PAR  Each end of the slit 6 should be as near as possible to the arc of the base
      panel. In practice with a non-yielding material if the edges 4 spring
      directly from the base panel arc, the ends of the slit cannot lie on the
      arc of the side panels and reach the base panel arc. On any one generatrix
      of the core, the material outside the slit must hinge when the blank end
      panel lies against the end face of a core tool and the side panel is
      folded to lie against the side of the core tool, to allow the side panel
      to lie along the generatrix of the core tool. However at each end of the
      slit 6, material cannot hinge because it is inside the base arc and inside
      the periphery of the end of the core tool.
PAR  This is illustrated by arrow R which is the radius of the base arc and the
      end of the core tool and R1 the radius on which lies each end of the slit.
      When the blank is folded on the core tool the material has to hinge, not
      on the line joining the ends of the radii R, R1 illustrated but on arc R,
      i.e., the edge of the core tool. Clearly if slit 6 is adopted the material
      must be such as to give in the region marked X which some materials will
      do.
PAR  When materials are used which will not give enough to allow this to happen
      without breaking, webs such as shown at 20 may be provided and the slit
      6a, here on the arc of the side panel edge, taken to the intersections
      with the base panel arc, the web providing sufficient material to form an
      acceptable hinge part. Alternatively each end region such as 21 of a slit
      may be radiused or angled to bring the end of the slit to a point spaced
      inward of the adjacent intersection and on the base panel arc.
PAR  Instead of a cut lying on an arc of the free edges of a side panel it may
      be displaced from that arc. Thus, as shown in FIG. 3, which is the
      presently preferred arrangement of blank, the edges 24 of a side panel are
      arcuate and the slit is a rectilinear slit 26 extending to the
      intersection of the arc on which the edges 24 lie and the arc on which the
      periphery of the base panel lies. Webs 27 provide the material of hinge
      parts. The base panel has cut outs 29 to accommodate pin gates standing
      proud of the base of the cavity tool as will appear.
PAR  When the blank is folded to form a frusto-conical container, the base panel
      is no longer circular but has flats or near flats at the slits. There the
      side panels, when folded, are spaced from the base panel along the slits
      and, depending upon the position of the radially innermost position of
      each slit, will depend the extent to which the end of the side panel will,
      in the folded condition, project beyond the plane of the inner surface of
      the base panel. This degree is preferably such that when the blank is
      trapped in between a core tool 32 (FIG. 4) and cavity tool 33, the side
      panel edge 24 is slightly inwardly deflected and bears on the closed end
      of the cavity tool.
PAR  The material which is to be injected to seam the blank at the now
      juxtaposed side edges 28 and the edges of the slit 26 and the edges 23 and
      24, is injected through a pin gate 35 at the base of each seam channel 32a
      in the core tool, the base panel 23 being recessed to accept the pin gates
      as above mentioned. In FIG. 4 each pin gate exit is proud of the closed
      end of the cavity tool. Thereby the injected material will flow into a
      base rim recess 36 defined by the core tool and down on to the edge of the
      side panel and base panel. This will urge those edges against the cavity
      tool and inhibit flow of material between the blank and the cavity tool.
      Another particular advantage is that the free edges of the blank are
      sealed by the injected material, which, if the blank is porous, such as of
      card, will prevent wicking through those edges.
PAR  The base rim recess will allow material to flow round the base panel
      peripheral margin to seal this to the side panels and to flow into the
      regions vacated by the blank at the cuts as the blank is folded. The tools
      may define a lip channel 38 with which channels 32a communicate.
PAR  The edges of the blank at the lip of the container may be undulated to
      improve the anchorage of the injected lip by providing a variable flow
      path for the injected material between axial and radial limbs of the lip.
      Such undulations may advantageously be provided at the side seams and the
      base to side panel seams to improve these seams. Such undulations are
      indicated at 39 in FIG. 4.
PAR  Furthermore the edges at the side seams may be castellated. The undulations
      suggested for the edges of the side panels relieve stress areas in the
      injected plastics which might otherwise exist with straight edges while
      the castellated edges at the side seams give greater bursting strength.
PAR  The width of one panel at its edge remote from the base is made
      fractionally less than the corresponding edge of the other side panel to
      assist in positioning the blank in a guideway of the moulding machine as
      described in copending U.S. patent application Ser. No. 405,103 filed Oct.
      10, 1973 of Brian Sutch, now U.S. Pat. No. 3,868,893.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of making an article having a first wall including an arcuate
      edge portion and a second wall folded relative to the first wall from the
      arcuate edge portion of said first wall comprising forming a flat blank
      having first and second panels conforming to the respective first and
      second walls with the arc of the arcuate edge portion of said first panel
      intersecting the adjacent edge of said second panel at two spaced
      positions, forming a slit in the blank between said spaced positions to
      define a pair of hinge parts at the ends of the slit adjacent the points
      of intersection of said panels and also to define a cut-away in at least
      one of the panels when the panels are folded relative to one another about
      said hinge parts to the relative panel positions required by the shape of
      the article, folding said panels to said relative positions, confining the
      so folded panels between two mould tools which define a blank cavity for
      receiving the panels in their relative folded positions and also define a
      mould cavity in the region of the cut-away and in the region of edges of
      the panels juxtaposed by virtue of folding said panels to their relative
      positions, and injecting material into the mould cavity to complete that
      panel having the cut-away formed by said slit and to connect said
      juxtaposed edges.
NUM  2.
PAR  2. The method of claim 1 wherein said hinge parts are formed so that they
      fold along lines substantially tangent to the arcuate edge portion of the
      first panel.
NUM  3.
PAR  3. The method of claim 1 wherein the slit is formed so as to intersect at
      each end the arc of the arcuate edge portion of the first panel with the
      respective hinge parts extending from said points of intersection of the
      panels to the point where the ends of the slit intersect the arc of the
      first panel.
NUM  4.
PAR  4. The method of claim 1 wherein the intersecting edge of the second panel
      is defined by the arc of a circle having a greater radius than that of the
      arcuate edge portion of the first panel.
NUM  5.
PAR  5. A method according to claim 4 in which the slit is at a radial distance
      from the centre of the circle of the first panel no greater than the
      radius of that circle and at a distance from the centre of the circle of
      the second panel at least as great as the radius of that circle, folding
      of the panel at the hinge parts being effected substantially on the
      periphery of the wall defined by the panel which is cut-away.
NUM  6.
PAR  6. A method according to claim 4 in which the slit is linear.
NUM  7.
PAR  7. A method according to claim 4 in which the slit is arcuate.
NUM  8.
PAR  8. A method according to claim 7 in which at least the mid-part of the slit
      lies on the circle of the second panel.
NUM  9.
PAR  9. A method according to claim 8 in which material is injected into the
      cavity through a pin gate in a cavity tool.
NUM  10.
PAR  10. A method according to claim 9 in which the panel defining the cut-away
      accommodates a pin gate standing proud of the base of the cavity tool.
NUM  11.
PAR  11. A method according to claim 10 in which a plurality of side walls are
      to be provided upstanding from the surface of an end wall, each side wall
      being integral with the end wall, a slit being made between each side wall
      panel and the end wall panel, the end wall including at least one recess
      adjacent the location of the ends of a pair of juxtaposed side edges of
      adjacent side panels when the blank is folded to accommodate a pin gate.
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ABST
PAL  A process for producing a drawn or undrawn flame-resistant and anti-fusing
      cured phenolic continuous filament which comprises melt-spining an uncured
      novolak resin which may contain a fiber-forming thermoplastic synthetic
      resin and then curing the melt-spun filament with a curing agent in the
      presence of a catalyst; characterized by pre-curing the melt-spun filament
      with an aldehyde as a curing agent in the presence of an acid catalyst,
      and then curing the pre-cured filament with an aldehyde in the presence of
      a basic catalyst.
BSUM
PAR  This invention relates to a process for producing a drawn or undrawn
      flame-resistant and anti-fusing cured phenolic continuous filament having
      light-colored appearance, good dyeability and improved yarn properties
      such as tenacity and elongation, by a shortened curing period.
PAR  Phenolic filaments have been disclosed, for example, in South African Pat.
      No. 6,901,356. The South African patent discloses that an uncured novolak
      resin is melt spun, and the spun filaments are dipped in an aqueous
      solution of a mixture of hydrochloric acid and formaldehyde for 10 and
      several hours, heated gradually and further boiled in an aqueous solution
      of a mixture of hydrochloric acid and formaldehyde, whereby the filaments
      are cured. According to this process, the yarn properties of the resulting
      filaments, such as tenacity and elongation, are not good enough and the
      color of the filaments is dark brown.
PAR  It was also proposed that in order to impart a high degree of elastic
      properties to a polyamide-filament, a molten mixture of a polyamide resin
      and a fusible phenol-formaldehyde resin in an amount up to 40% by weight
      of the polyamide resin is melt spun to produce filaments and the resulting
      filaments are cured using an alkali curing agent (Japanese Patent
      Publication No. 5927/65 published Mar. 25, 1965). The Patent points out
      that if the amount of the phenol-formaldehyde resin exceeds 25% by weight
      based on the polyamide resin, the spinnability or drawability of the
      resulting mixture is reduced, and adverse effects are exerted on the
      quality of the resulting filament, and in the sole Example in this Patent
      the amount of the phenol-formaldehyde resin is 10% by weight based on
      nylon 6.
PAR  For use as interior ornaments or clothes, phenolic filaments are required
      to have a light-colored appearance so that they can be dyed easily in
      various colors, in addition to having satisfactory tenacity and elongation
      and also highly flame-resistant and anti-fusing properties.
PAR  It has been found when a melt-spun filament of an uncured novolak resin
      which may contain a fiber-forming thermoplastic synthetic resin preferably
      in an amount less than 40% by weight, for example, 0.1 - 40% by weight
      based on the total weight of the novolak resin and the thermoplastic
      synthetic resin, is pre-cured with an aldehyde as a curing agent in the
      presence of an acid catalyst, and then the pre-cured filament is cured
      with an aldehyde in the presence of a basic catalyst, excellent
      flame-resistant and anti-fusing cured phenolic filaments having
      light-colored appearance, good dyeability, improved yarn properties such
      as tenacity and elongation can be produced within a shortened curing
      period.
PAR  Accordingly, the object of the present invention is to provide an improved
      process for producing a melt-spum drawn or undrawn cured phenolic
      continuous filament having excellent flame-resistant and anti-fusing
      properties, light-colored appearance, good dyeability, improved yarn
      properties such as tenacity and elongation by a simple and time-saving
      operation.
PAR  Many other objects and advantages of this invention will become apparent
      from the following description.
PAR  According to this invention, the uncured novolak resin which may contain a
      fiber-forming thermoplastic synthetic resin is melt-spun and then cured by
      a two-step process comprising the pre-curing step and the curing step.
PAR  The novolak resin is a resin which is uncured and fusible in the starting
      molten mixture, and can be cured with a curing agent after melt-spinning.
      The method of preparing the novolak resin itself is well known. It can be
      produced by reacting (polycondensing) a phenol with an aldehyde under heat
      in the presence of an acid catalyst. Usually, novolak resins have a number
      average molecular weight of about 300 to about 2,000. If desired, those
      having a larger molecular weight (for example, up to about 5,000) can be
      produced. Therefore, as is well known, mainly novolak-type modified
      novolak resins obtained by any desired combination of the novolak-type
      reaction and the resol-type reaction can also be used. Furthermore, any
      desired combinations of phenols and aldehydes can be used, and different
      novolak resins each derived from a different combination of phenol and
      aldehyde can be used conjointly.
PAR  The phenols used for producing the novolak resins are most commonly phenol
      and cresol. But other phenols can also be used. Examples of these phenols
      are phenol, o-cresol, m-cresol, p-cresol, 2,3-xylenol, 2,5-xylenol,
      2,4-xylenol, 2,6-xylenol, 3,4-xylenol, 3,5-xylenol, o-ethylphenol,
      m-ethylphenol, p-ethylphenol, p-phenylphenyl, p-tertiary butyl phenol,
      p-tertiary amylphenol, bisphenol A, resorcinol, and mixtures of two or
      more of these with each other.
PAR  The aldehyde most commonly used for polycondensation with the above phenol
      is formaldehyde, but paraformaldehyde, benzaldehyde,
      hexamethylenetetramine, furfural and a mxiture thereof can also be
      utilized. These aldehydes may be used as a curing agent in this invention.
PAR  The acid catalyst used for the reaction of forming novolak resins may be
      any known organic or inorganic acids, for example, hydrochloric acid,
      nitric acid, sulfuric acid, phosphoric acid, formic acid, acetic acid,
      oxalic acid, or phthalic acid.
PAR  In this invention, the uncured novolak resin can be melt spun alone or in
      admixture with a fiber-forming thermoplastic synthetic resin. The
      thermoplastic synthetic resin may be added to the novolak resin in an
      amount of less than 40% by weight, for example, 0.1 to 40% by weight based
      on the total amount of the resin.
PAR  As the thermoplastic synthetic resin, polyamides, such as nylon-6, nylon-7,
      nylon-9, nylon-11, nylon-12, nylon-66, nylon-610, nylon-611, nylon-612,
      nylon-6T represented by the general formula
      ##SPC1##
PAL  or nylon-11T represented by the general formula
      ##SPC2##
PAL  and copolymers consisting essentially of these polyamides; polyesters, such
      as polymethylene terephthalate, polyethylene terephthalate, polybutylene
      terephthalate, polyethylene oxyterephthalate, polycyclohexylene
      terephthalate and the like, and copolymers consisting essentially of these
      polyesters; polyolefins, such as polyethylene, polypropylene, polystyrene,
      polyvinylidene chloride, polyvinyl chloride and the like, and copolymers
      thereof; and various polyurethanes may be used. These thermoplastic
      polymers may be used in admixture.
PAR  According to this invention, the uncured melt-spun filaments obtained by
      melt-spining an uncured novolak resin which may contain a fiber-forming
      thermoplastic synthetic resin are pre-cured with an aldehyde as a curing
      agent in the presence of an acid catalyst.
PAR  The pre-curing of the melt-spun filament can be performed in various ways
      at a temperature from room temperature to 250.degree.C. The temperature
      can be properly chosen within the above-mentioned range according to the
      type and amount of the novolak resin, the type and amount of the
      thermoplastic synthetic resin, the denier of the filament, the way in
      which the curing is performed, the type and amount of the curing agent,
      and the like.
PAR  In the most general embodiment, the melt-spun filament is immersed, or
      caused to run through, a bath containing an aldehyde as a curing agent in
      the presence of an acid catalyst. For example, the filaments are immersed
      in an aqueous solution of a mixture of an acid catalyst and an aldehyde
      for 5 to 20 hours at a temperature ranging from about 15.degree. to
      30.degree.C. In another example, the filaments are immersed in the aqueous
      solution of said mixture and then the solution is gradually heated up to
      40.degree. to 105.degree.C. for about 0.5 to 5 hours. This pre-curing may
      also be effected by contacting the filaments with a gaseous mixture of an
      acid catalyst and an aldehyde at a temperature from 30.degree. to
      105.degree.C. Of course, these procedures may be combined. When the rate
      of raising temperature is higher than 200.degree.C/hr, the filament
      dissolve or stick. Therefore, the temperature should not be raised at a
      rate of higher than 200.degree.C/hr. The contacting between the filament
      and a liquid containing the curing agent is not limited to the method
      described, but other means such as spraying or fuming can also be
      utilized.
PAR  One example of the aqueous solution of the mixture of the aldehyde and acid
      catalyst is an aqueous solution containing 6.0 to 40% by weight,
      preferably 15 to 25% by weight, of the acid and 6.0 to 40% by weight,
      preferably 15 to 25% by weight of the aldehyde.
PAR  The aldehyde that is most commonly used is formaldehyde, but
      paraformaldehyde, benzaldehyde, hexamethylenetetramine, furfural and a
      mixture thereof may also be utilized.
PAR  The acid catalyst used in the present invention may be any known inorganic
      and organic acid, such as hydrochloric acid, sulfuric acid, nitric acid,
      acetic acid, oxalic acid, formic acid, orthophosphoric acid, butyric acid,
      lactic acid, benzenesulfonic acid, p-toluenesulfonic acid, or boric acid.
      Mixtures of these acids may also be used.
PAR  The pre-cured or partially cured filament is then cured with the aldehyde
      as described above in the presence of a basic catalyst.
PAR  The basic catalyst used in the present invention may be ammonia, ammonium
      hydroxide and amines for example, monoethanol amine, triethylene amine, a
      hydroxide or carbonate of a metal selected from the group consisting of
      alkali metals and alkaline earth metals, for example, sodium hydroxide,
      potassium hydroxide, calcium hydroxide, barium hydroxide, or sodium
      carbonate, and mixtures thereof. Hexamethylenetetramine can be used not
      only as curing agent but also as basic catalyst.
PAR  The curing of the pre-cured or partially cured filament is usually effected
      by contacting the filament with a mixture of the aldehyde and basic
      catalyst in the form of an aqueous solution, fume or vapor.
PAR  When this treatment is carried out by using the mixture in the form of an
      aqueous solution, the pre-cured filament is immersed in, or caused to run
      through, a bath containing the aldehyde and basic catalyst, at a
      temperature of about 15.degree. to 40.degree.C. Then the temperature is
      gradually raised up from 40.degree. to 105.degree.C. Preferably, the
      temperature is raised at a rate of less than 50.degree. C/hr.
PAR  Alternatively, the pre-cured filaments are treated with the solution at
      40.degree. to 105.degree.C for 15 to 90 minutes. Of course, temperature
      may be raised within this temperature range during the treatment. When the
      above described procedures are effected under pressure, the procedures may
      be effected at a temperature of higher than 105.degree.C.
PAR  When the pre-cured filaments are treated in a gaseous mixture of the
      aldehyde and basic catalyst, the pre-cured filaments are treated at
      30.degree. to 105.degree.C for 20 to 120 minutes. In this case, ammonia is
      usually used as the basic catalyst and formaldehyde, as the aldehyde.
PAR  It is most advantageous that the curing treatment using the basic catalyst
      is effected at 60.degree. to 80.degree.C for 30 to 60 minutes in an
      aqueous solution of formaldehyde and ammonia.
PAR  Concentrations of the aldehyde and the basic catalyst are varied depending
      upon the treating temperature, treating time and the like. However, the
      concentration of the aldehyde is usually 1 to 60% by weight, preferably 12
      to 45% by weight, most preferably 20 to 35% by weight, and the
      concentration of the basic catalyst is usually 0.2 to 20% by weight,
      preferably 1 to 10% by weight, most preferably 2.0 to 3.5% by weight.
PAR  The reaction of novolak resin with formaldehyde in the presence of a basic
      catalyst proceeds at a considerably high reaction rate. However, uncured
      novolak filaments stick or dissolve in the surface under the above
      described atmosphere even at a relatively low temperature, such as lower
      than 50.degree.C, due to their high reaction rate, and the filaments often
      lose their filamentary shape.
PAR  According to this invention, a surface layer of the uncured or
      uncross-linked novolak filaments are firstly pre-cured or pre-crosslinked
      to form a solvent- insoluble three-dimensional surface structure. The
      resulting three-dimensional structure will protect solvent-soluble uncured
      or uncross-linked internal or core portion of the filaments, and thus even
      when the filaments are exposed to the severest conditions, undesirable
      phenomena, such as sticking and dissolution, can be completely prevented.
PAR  That is, uncured or uncross-linked novolak filaments are firstly immersed
      in an aqueous solution of a mixture of, for example, formaldehyde and the
      acid catalyst or exposed to a gaseous mixture of them at a temperature
      lower than 105.degree.C to form a three-dimensional structure on the
      surface layer of the filaments. The resulting pre-cured filaments are
      preferably washed with water and immediately immersed in an aqueous
      solution of a mixture of the basic catalyst and aldehyde or exposed to a
      gaseous mixture of them at a temperature lower than 120.degree.C, whereby
      uncured or uncross-linked portion in the interior of the pre-cured
      filaments can be rapidly cross-linked, and infusible and flame-resistant
      phenolic fibers having high tenacity and elongation can be produced within
      a very shortened period, without the undesirable phenomena such as
      sticking and dissolution.
PAR  According to the method of the present invention, melt-spun filaments of
      uncured novolak resin are preliminarily cured with an aqueous solution of
      a mixture of the acid catalyst and aldehyde, whereby curing of the
      filaments with an aqueous solution of a mixture of the basic catalyst and
      aldehyde can be effected completely in a shortened period. Concentrations
      of the aldehyde, acid catalyst and basic catalyst are important
      requirements in order to attain the best results of the present invention.
PAR  In the aqueous solution of a mixture of the acid catalyst and aldehyde,
      when the concentration of the acid catalyst is lower than 6.0% by weight
      and that of the aldehyde is lower than 6.0% by weight, the pre-curing time
      is usually prolonged, and further the filaments tend to dissolve or stick.
      On the other hand, in the aqueous solution of a mixture of the acid
      catalyst and aldehyde, when the concentration of the acid catalyst is
      higher than 40% by weight and that of the aldehyde is higher than 40% by
      weight, the novolak filaments tend to dissolve and stick. Accordingly, the
      concentrations of from 6.0 to 40% by weight are prefered for both the acid
      catalyst and the aldehyde.
PAR  In the aqueous solution of a mixture of the basic catalyst and aldehyde,
      when the concentration of the basic catalyst is lower than 0.2% by weight
      and that of the aldehyde is lower than 1.0% by weight, the curing time is
      usually prolonged, and the resulting filaments tend to be lowered in
      tenacity and enlongation. Alternatively, when the concentration of the
      basic catalyst is higher than 20% by weight and that of the aldehyde is
      higher than 60% by weight, the filaments tend to dissolve or voids are
      formed in the filaments, whereby the filaments tend to become brittle.
      Therefore, the aldehyde concentration of from 1 to 60% by weight and the
      basic catalyst concentration of from 0.2 to 20% by weight are prefered.
PAR  The treating temperature in the curing of the pre-cured filaments using the
      basic catalyst is important to obtain the best results. When the treating
      temperature is lower than 40.degree.C, even if novolak filaments pre-cured
      or partially cured with an aqueous solution of a mixture of the acid
      catalyst and aldehyde at a final treating temperature of 105.degree.C are
      used, the curing time tends to be prolonged and moreover the strength of
      the cured filaments tends to be lowered. When the treating temperature is
      higher than 105.degree.C, not only the distribution of the tenacity and
      elongation in the individual cured filaments is wide, but also it is
      difficult to provide a commercially acceptable product of the cured
      filaments. Accordingly, it is preferred to carry out the curing of the
      pre-cured filaments at a temperature ranging from 40.degree. to
      105.degree.C.
PAR  After the curing, the cured filaments are washed with water and may be
      dried at 50.degree. - 100.degree.C. for 20 - 60 minutes.
PAR  In the present invention, filaments, the surface of which have been
      pre-cured with the aqueous solution of a mixture of the acid catalyst and
      aldehyde, have a red brown color tone, but when the pre-cured filaments
      are further treated with the aqueous solution of a mixture of the basic
      catalyst and aldehyde, the treated filaments have a light yellow color
      tone.
PAR  The melt-spinning apparatus and operation are well known, and the
      description of them will be omitted in this specification.
PAR  The known treatments, such as filtration or defoaming, of the molten
      mixture can be performed at any time before the molten mixture reaches the
      spinneret. The spun filament can be cured after wind-up or at any time
      before wind-up. The wind-up rate is usually about 200 to 2500 meters per
      minute. Usually, wind-up rates somewhat faster than the spinning speed
      give favorable effects to the tenacity of the resulting filament.
PAR  Known oils, or n-paraffinic hydrocarbons, etc. can be utilized as spinning
      oil preparations.
PAR  The melt-spun filament can be drawn at any desired time before and/or after
      curing. The drawing often results in desirable properties of the filament.
PAR  The drawing operation may be conducted in one stage or in more stages, and
      the filament can be either cold or hot drawn. In the case of a multi-stage
      drawing, cold drawing and hot drawing can be optionally combined. The draw
      ratio is also optional, and usually up to 2.5 based on the length of the
      undrawn filament.
PAR  The resulting continuous filament of this invention can be directly used in
      the form of monofilaments, multifilaments, or tows, but can also be used
      in the form of fibers cut to the desired lengths. Or it can be used as
      spun yarns either alone or in admixture with known filaments or fibers, or
      in the form of twisted yarns or the like. It can also be made into various
      filamentary structures such as knitted or woven fabrics or non-woven
      fabrics either alone or in admixture with known filaments. Accordingly,
      the present invention includes within its scope a filamentary structure in
      a form selected from the group consisting of fibers, yarns, knitted
      fabrics, woven fabrics, non-woven fabrics, felt or carpets or the like,
      which contains or consists of a filamentary material derived from the
      melt-spun drawn or undrawn flame-resistant and anti-fusing cured phenolic
      continuous filament comprising a novolak resin which may contain a
      fiber-forming thermoplastic synthetic resin, as hereinabove described.
PAR  The melt-spun drawn or undrawn flame-resistant and anti-fusing cured
      phenolic continuous filament has superior flame-resistant and anti-fusing
      properties, and has light-colored appearance, good dyeability and improved
      yarn properties such as tenacity and elongation. This filament can be
      produced within a shortened curing period, without the undesirable
      phenomena such as sticking and dissolution of filaments which may occur
      during the pre-curing or curing step. The filaments have a light-colored
      appearance and can easily be dyed in various colors. Therefore, the
      filaments can be used can find a very wide range of application, for
      example as interior ornaments or clothes.
DETD
PAR  The invention will be described further by the following Examples together
      with Comparative Examples. Tenacity (Strength) and Elongation were
      measured by JIS L-1074.
PAC  EXAMPLE 1 AND COMPARATIVE EXAMPLE 1 AND 2
PAR  A 500 ml separable flask equipped with a stirrer and a reflux condenser was
      charged with 188 g of phenol, 21 g of paraformaldehyde, 35 g of water and
      0.432 g of oxalic acid, and the resulting mixture was heated up to
      70.degree.C in the course of 1 hour with stirring. Then, the mass was kept
      at 70.degree.C, and 85 g of formalin containing a 37% by weight of
      formaldehyde was added dropwise to the mass in the course of 30 minutes.
      The resulting mixture was heated up to 100.degree.C over 30 minutes and
      reacted at this temperature for 3 hours. After completion of the reaction,
      the reaction mixture was neutralized by adding 0.387 g of sodium
      hydroxide. The resulting novolak resin was washed 3 times with hot water.
      Then, the novolak resin was charged into an egg-plant-shaped flask and
      heated gradually at reduced pressure, and after 2 hours, the temperature
      was 200.degree.C and the pressure was 10 mmHg. The flask was kept under
      this condition for 1 hour to obtain a novolak resin. The resulting novolak
      resin had a number average molecular weight of 960, which was measured by
      means of a measuring apparatus for molecular weight, vapor pressure and
      osmotic pressure (made by Knauer Co., West Germany), and a melt viscosity
      of 36,000 cps at 150.degree.C, which was measured by means of a Koka type
      flow tester (made by Shimazu Seisakusho).
PAR  The novolak resin obtained was melt spun at 152.degree. to 160.degree.C
      under a nitrogen pressure of 0.03 atm. by means of a spinneret having 4
      holes of 2.0 mm diameter, and the spun filaments were taken up on a bobbin
      at a rate of 1,000 m/min.
PAR  The uncured novolak filaments obtained had an average diameter of 18.5
      .mu., an average strength of 0.098 g/d and an average elongation of 0.54%.
PAR  The uncured novolak filaments obtained were immersed in an aqueous solution
      of a mixture of 17.5% by weight of hydrochloric acid and 18.5% by weight
      of formaldehyde at 25.degree.C and immediately heated up to 90.degree.C in
      the course of 1 hour.
PAR   One third of the pre-cured novolak filaments was left in the above
      described aqueous mixed solution, and heating was further continued at
      95.degree. to 97.degree.C for 15 hours (Comparative Example 1).
PAR  Another one-third of the pre-cured filaments was washed with hot water, and
      then treated at 75.degree.C for 5 hours with an aqueous solution of a
      mixture of 2.8% by weight of ammonia and 33.3% by weight of formaldehyde
      (Example 1).
PAR  Further, the remaining one third of novolak filaments was dipped in an
      aqueous solution of a mixture of 0.5% by weight of ammonia and 5.5% by
      weight of formaldehyde at 25.degree.C and immediately heated up to
      75.degree.C in the course of 1 hour (Comparative Example 2) In this run,
      the reason why the concentration of ammonia selected was 0.5% by weight is
      that when the concentration of ammonia is 2.8% by weight, sticking of
      fibers occurs significantly and the treatment cannot be effected.
PAR  The following Table 1 shows changes of strength and elongation of the
      novolak filaments with the lapse of curing time after the filaments are
      pre-cured by being immersed in the aqueous solution of a mixture of
      hydrochloric acid and formaldehyde, and color tone of cured filaments in
      the above described Example 1, Comparative Example 1 and Comparative
      Example 2.
TBL                                    Table 1                                 

     __________________________________________________________________________

                                                                Color          

                                                                tone           

                Strength                                        of             

     Run Curing and   Curing time (min)                         cured          

                elongation                                                     

                      0      30 60  75  90  120 180 360 660 960 fila-          

                                                                ments          

     __________________________________________________________________________

     Comp.                                                                     

         Hydrochloric                                                          

                Strength                                                       

                      heating in                                               

     Ex. acid   (g/d) preliminary                                              

                                0.51                                           

                                    0.49                                       

                                        0.54                                   

                                            0.61                               

                                                0.78                           

                                                    1.21                       

                                                        1.73                   

                                                            1.64               

                                                                Dark           

     1   formaldehyde                                                          

                Elongation                                                     

                      curing                                    red-           

                                                                dish           

                (%)   (25.degree.C-90.degree.C)                                

                                1.3 1.4 2.0 2.1 3.0 4.3 14.2                   

                                                            8.3 brown          

     Ex. 1                                                                     

         Hydrochloric                                                          

                Strength                                                       

                      heating in                                               

         acid formal-                                                          

                (g/d) preliminary                                              

                                0.51                                           

                                    1.11                                       

                                        1.45                                   

                                            1.81                               

                                                1.73                           

                                                    1.55                       

                                                        --  --  Light          

         dehyde .fwdarw.                                                       

                      curing                                    yello-         

         Ammonia                                                wish           

         formaldehyde                                                          

                Elongation                                                     

                      (25.degree.C-90.degree.C)                                

                                1.3 11.3                                       

                                        26.5                                   

                                            35.5                               

                                                31.2                           

                                                    15.1                       

                                                        --  --  brown          

                (%)                                                            

     Comp.                                                                     

         Ammonia                                                               

                Strength                                                       

                      heating in                                               

                             Measurements of strength and       Light          

     Ex. formaldehyde                                                          

                (g/d) preliminary                                              

                             elongation are impossible due      yellow         

     2          Elongation                                                     

                      curing to sticking and dissolution                       

                (%)   (25.degree.C-75.degree.C)                                

     __________________________________________________________________________

PAR  As seen from Table 1, in the curing treatment wherein only hydrochloric
      acid and formaldehyde are used, production of filaments having a high
      strength and elongation is difficult even when curing is effected for as
      long as 11 hours. On the other hand, according to the method of the
      present invention, filaments having high strength and elongation can be
      obtained by carrying out the curing treatment for about 2 hours. Further,
      in the curing treatment wherein only ammonia and formaldehyde are used,
      filaments stick or partly dissolve as the temperature is raised, and it is
      impossible to produce acceptable filaments.
PAC  EXAMPLE 2 AND COMPARATIVE EXAMPLE 3
PAR  A novolak resin having a number average molecular weight of 870 and a melt
      viscosity of 23,000 cps at 150.degree.C was produced in the same manner as
      described in Example 1.
PAR  The novolak resin was melt spun at 152.degree. to 155.degree.C by means of
      a spinneret having 4 holes of 1.9 mm diameter, and taken up on a bobbin at
      a rate of 800 m/min to obtain novolak filaments having an average diameter
      of 20.5 .mu., an average strength of 0.105 g/d and an average elongation
      of 0.51%.
PAR  The resulting novolak filaments were immersed in an aqueous solution of a
      mixture of 17% by weight of hydrochloric acid and 17% by weight of
      formaldehyde at 25.degree.C and immediately heated up to 80.degree.C in
      1.5 hours.
PAR  A part of the pre-cured novolak filaments was treated with an aqueous
      solution of a mixture of hydrochloric acid and formaldehyde, which had the
      same composition as described above, at a temperature of 60.degree.,
      80.degree., 95.degree. or 105.degree.C for 15 hours (Comparative Example
      3).
PAR  The remainder of the above pre-cured filaments was washed with water at
      40.degree.C and then treated with an aqueous solution of a mixture of 2.0%
      by weight of ammonia and 30.6% by weight of formaldehyde at a temperature
      of 30.degree., 40.degree., 60.degree., 70.degree., 80.degree., 95.degree.
      or 105.degree.C for 5 hours (Example 2).
PAR  The following Table 2 shows changes of strength and elongation of the
      fibers with the lapse of curing time after the filaments were pre-cured by
      being immersed in the aqueous solution of a mixture of hydrochloric acid
      and formaldehyde in the above described curing treatments and treating
      temperatures.
TBL                                    Table 2                                 

     __________________________________________________________________________

             Treat-                                                            

                 Strength                                                      

     Run Curing                                                                

             ing and                                          Color ton        

             Temp.                                                             

                 elonga-                                                       

                      Curing time (min)                       of cured         

             (.degree.C)                                                       

                 tion 0   90  105 120 150 180 210 390 690 990  filaments       

     __________________________________________________________________________

                 Strength                                                      

                      heated                                                   

             60  (g/d)                                                         

                      up  0.49                                                 

                              0.50                                             

                                  0.53                                         

                                      0.56                                     

                                          0.61                                 

                                              0.65                             

                                                  0.71                         

                                                      0.78                     

                                                          0.90                 

                      to 80.degree.C                                           

                      in                                                       

                 Elonga-                                                       

                      preli-                                                   

                 tion minary                                                   

                 (%)  curing                                                   

                          1.2 1.7 1.6 1.4 1.5 2.4 2.1 5.1 5.6                  

         Hydro-  Strength 0.49                                                 

                              0.49                                             

                                  0.50                                         

                                      0.54                                     

                                          0.65                                 

                                              1.09                             

                                                  1.21                         

                                                      1.61                     

                                                          1.31                 

                                                              Dark             

         chloric                                                               

             80  (g/d)                                        reddish          

     Comp.                                                                     

         acid    Elonga-                                                       

                        "                                     brown            

         formal- tion     1.2 1.5 2.1 1.9 1.8 2.9 3.1 6.4 9.3                  

     Ex. 3                                                                     

         dehyde  (%)                                                           

                 Strength 0.49                                                 

                              0.51                                             

                                  0.59                                         

                                      0.71                                     

                                          0.75                                 

                                              0.86                             

                                                  1.25                         

                                                      1.79                     

                                                          1.46                 

             95  (g/d)                                                         

                 Elonga-                                                       

                       "  1.2 1.4 1.8 3.1 3.0 3.2 4.4 13.1                     

                                                          11.1                 

                 tion                                                          

                 (%)                                                           

                 Strength 0.49                                                 

                              0.71                                             

                                  0.99                                         

                                      1.38                                     

                                          1.66                                 

                                              1.81                             

                                                  1.50                         

                                                      1.31                     

                                                          1.21                 

             105 (g/d)                                                         

                 Elonga-                                                       

                        "                                                      

                 tion     1.2 1.9 2.8 3.5 5.4 5.7 8.4 11.6                     

                                                          7.4                  

                 (%)                                                           

                      heated                                                   

                 Strength                                                      

                      up  0.49                                                 

                              0.51                                             

                                  0.67                                         

                                      0.55                                     

                                          0.71                                 

                                              0.91                             

                                                  0.78                         

             30  (g/d)                                                         

                      to 80.degree.C                                           

                      in                                                       

                 Elonga-                                                       

                      preli-                                                   

                 tion minary                                                   

                          124 1.2                                              

                              1.5 1.6 2.1 4.2 4.3 3.9                          

                 (%)                                                           

         Hydro-  Strength 0.49                                                 

                              0.54                                             

                                  0.79                                         

                                      0.68                                     

                                          0.96                                 

                                              1.31                             

                                                  1.11                         

         chloric (g/d)                                                         

         acid.                                                                 

             40  Elonga-                                                       

                        "                                                      

         formal- tion     1.2 1.9 2.9 4.6 10.6                                 

                                              12.2                             

                                                  19.4                         

         dehyde  (%)                                                           

         .dwnarw.                                             light            

         Am-     Strength 0.49                                                 

                              0.71                                             

                                  0.86                                         

                                      1.09                                     

                                          1.31                                 

                                              1.11                             

                                                  0.95        yellow-          

         monia   (g/d)                                        wish             

         formal-                                                               

             60  Elonga-                                                       

                       "                                      brown            

         dehyde  tion     1.2 8.3 15.5                                         

                                      19.8                                     

                                          31.4                                 

                                              33.3                             

                                                  28.6                         

                 (%)                                                           

     Ex. 2       Strength 0.49                                                 

                              0.86                                             

                                  1.15                                         

                                      1.69                                     

                                          1.66                                 

                                              1.42                             

                                                  1.20                         

             70  (g/d)                                                         

                 Elonga-                                                       

                       "                                                       

                 tion     1.2 11.1                                             

                                  18.1                                         

                                      30.0                                     

                                          33.1                                 

                                              29.3                             

                                                  21.3                         

                 (%)                                                           

                 Strength 0.49                                                 

                              0.98                                             

                                  1.39                                         

                                      1.78                                     

                                          1.61                                 

                                              1.21                             

                                                  1.05                         

             80  (g/d)                                                         

                 Elonga-                                                       

                       "                                                       

                 tion     1.2 15.8                                             

                                  33.8                                         

                                      42.1                                     

                                          39.2                                 

                                              15.1                             

                                                  10.1                         

                 (%)                                                           

         Hydro-  Strength                                                      

                      heated                                                   

                      up  0.49                                                 

                              1.21                                             

                                  1.76                                         

                                      1.71                                     

                                          1.51                                 

                                              1.13                             

                                                  1.15                         

     Ex. 2                                                                     

         chloric (g/d)                                                         

                      to 80.degree.C                                           

                      in                                                       

         acid.                                                                 

             95       preli-                                  light            

         formal- Elonga-                                                       

                      minary                                  yello-           

         dehyde  tion curing                                                   

                          1.2 21.0                                             

                                  43.1                                         

                                      12.0                                     

                                          4.8 6.6 2.9         wish             

         .dwnarw.                                                              

                 (%)                                          brown            

         Am-     Strength 0.49                                                 

                              1.25                                             

                                  1.44                                         

                                      1.18                                     

                                          1.09                                 

                                              1.11                             

                                                  1.31                         

         monia                                                                 

             105 (g/d)                                                         

         formal- Elonga-                                                       

         dehyde  tion  "  1.2 19.9                                             

                                  30.5                                         

                                      5.6 3.9 3.1 5.2                          

                 (%)                                                           

     __________________________________________________________________________

PAR  As seen from Table 2, when uncured novolak filaments are treated only with
      an aqueous solution of a mixture of hydrochloric acid and formaldehyde, it
      is difficult to produce cured filaments having high strength and
      elongation even by prolonging the treatment time. According to the method
      of the present invention, cured filaments of light color tone having high
      strength and elongation can be obtained within a short treating time. In
      this case, when the treating temperature with the aqueous solution of
      formaldehyde and ammonia is 40.degree. to 105.degree.C, the strength and
      elongation of cured filaments are considerably increased with in a short
      treating time. However, when the treating temperature is 30.degree.C,
      cured filaments having strength and elongation sufficient for practical
      use are difficult to produce. Further, when the treating temperature is
      125.degree.C, not only the treating time is limited, but also commercial
      production of the intended fibers is difficult.
PAC  REFERENTIAL EXAMPLE 1
PAR  The uncured novolak filaments obtained in the same was as in Example 1 were
      immersed in an aqueous solution of a mixture of hydrochloric acid and
      formaldehyde by varying the concentrations of the hydrochloric acid and
      formaldehyde as shown in the following Table 3 at 23.degree.C for 16
      hours, and then heated up to 95.degree.C in 7 hours. Then the filaments
      were washed with water.
PAR  Table 3 shows relations between the strength (g/d) of the filaments and the
      concentrations of hydrochloric acid and formaldehyde.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Concentration                                                             

             Concentration of hydrochloric acid                                

     of      (% by weight)                                                     

     formaldehyde                                                              

     (% by weight)                                                             

             3.0 6.0 15.0                                                      

                         18.0                                                  

                             25.0                                              

                                 40.0                                          

                                     50.0                                      

     __________________________________________________________________________

     3.0     0.12                                                              

                 --  --  0.21                                                  

                             0.10                                              

                                 --  --                                        

     6.0     0.14                                                              

                 0.36                                                          

                     0.29                                                      

                         0.36                                                  

                             0.37                                              

                                 0.22                                          

                                     0.11                                      

     15.0    0.18                                                              

                 0.41                                                          

                     0.43                                                      

                         0.47                                                  

                             0.41                                              

                                 0.39                                          

                                     0.17                                      

     18.0    0.21                                                              

                 0.32                                                          

                     0.40                                                      

                         0.46                                                  

                             0.42                                              

                                 0.23                                          

                                     0.14                                      

     25.0    --  0.18                                                          

                     0.23                                                      

                         0.42                                                  

                             0.43                                              

                                 0.14                                          

                                     --                                        

     40.0    --  --  0.14                                                      

                         0.32                                                  

                             0.29                                              

                                 0.15                                          

                                     --                                        

     50.0    --  --  --  0.11                                                  

                             --  --  --                                        

     __________________________________________________________________________

PAR  As seen from Table 3, when both of the concentrations of hydrochloric acid
      and formaldehyde are within the range of 6.0 to 40% by weight, strengths
      of the filaments are increased and handling of the filaments is easy, and
      moreover the filaments can be made into cured filaments having high
      strength and elongation by the succeeding curing treatment with an aqueous
      solution of a mixture of a basic catalyst and an aldehyde, as shown in
      Example 1 and 2. However, when both of the concentrations of hydrochloric
      acid and formaldehyde are lower than 6.0% by weight or higher than 40% by
      weight, the treated filaments have low strength and further dissolve or
      stick.
PAC  EXAMPLE 3
PAR  m-Cresol and formaldehyde were polycondensed to prepare a novolak resin
      having a number average molecular weight of 1,010 and a melt viscosity of
      85,000 cps at 150.degree.C, and the novolak resin was melt spun in the
      same manner as described in Example 1 to obtain uncured novolak filaments
      having an average diameter of 17.6 .mu., an average strength of 0.089 g/d
      and an average elongation of 0.63%.
PAR  The resulting fibers were immersed in an aqueous solution of a mixture of
      18.0% by weight of hydrochloric acid and 18% by weight of formaldehyde at
      15.degree.C for 1 hour, and then heated up to 80.degree.C in 1 hour.
PAR  The thus pre-cured filaments had an average diameter of 17.7 .mu., an
      average strength of 0.39 g/d and an average elongation of 1.2%.
PAR  The pre-cured filaments were washed with water and then treated at
      80.degree.C for 90 minutes with an aqueous solution of a mixture of
      ammonia and formaldehyde in the various concentrations as shown in the
      following Table 4.
PAR  Table 4 shows relations between the strength and elongation of the novolak
      filaments and the concentrations of ammonia and formaldehyde.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Concentration                                                             

             Strength                                                          

     of            Concentration of ammonia (% by weight)                      

     __________________________________________________________________________

     formaldehyde                                                              

             and                                                               

     (% by weight)                                                             

             Elongation                                                        

                   0    0.1  0.2  1.0  2.0  6.0  10   20   30                  

     __________________________________________________________________________

             Strength                                                          

     0       (g/d) 0.39 0.33 0.28 stick or dissolve                            

             Elongation                                                        

             (%)   1.2  0.9  1.1                                               

     0.5     Strength                                                          

                   0.43 0.41 0.43 0.51 0.45 0.39                               

             Elongation                                                        

                   1.5  1.4  1.9  3.1  2.3  1.4  stick or dissolve             

     1       Strength                                                          

                   0.41 0.46 0.93 0.84 0.49 0.41 0.38                          

             Elongation                                                        

                   1.4  5.2  8.3  7.1  3.9  2.7  2.5  stick                    

     12      Strength                                                          

                   0.41 0.53 0.82 1.01 1.21 0.87 0.77 0.45 stick               

             Elongation                                                        

                   1.6  6.1  10.6 18.8 15.6 11.7 5.9  3.0                      

             Strength                                                          

                   0.53 0.61 1.11 1.52 1.46 1.44 1.21 0.99 0.65                

     20      Elongation                                                        

                   1.7  5.7  10.6 39.2 40.5 31.1 18.6 7.5  2.1                 

             Strength                                                          

                   0.49 0.62 1.05 1.33 1.76 1.61 1.28 0.85 0.67                

     35      Elongation                                                        

                   1.9  6.1  13.3 30.8 42.5 36.3 15.4 10.4 4.9                 

             Strength                                                          

                   0.48 0.54 0.83 1.31 1.28 0.82 0.56 0.41 0.44                

     45      Elongation                                                        

                   2.1  4.9  8.7  18.5 19.6 13.3 9.6  3.1  1.8                 

             Strength                                                          

                   0.45 0.65 0.71 1.00 0.81 0.79 0.51      stick               

     60      Elongation                                                        

                   1.2  2.3  4.3  8.7  10.0                                    

     70      Strength                                                          

                   0.36 0.39 0.44 0.56 0.44 stick or dissolve                  

             Elongation                                                        

                   1.3  1.9  2.5  2.4  2.2                                     

     __________________________________________________________________________

PAR  As seen from Table 4, in the aqueous solution of a mixture of ammonia and
      formaldehyde, when the concentration of ammonia is 0.2 to 50% by weight
      and that of formaldehyde is 1 to 60% by weight, cured novolak filaments
      having high strength and elongation can be obtained. However, in the
      aqueous mixed solution, when both of the concentrations of ammonia and
      formaldehyde are too low, or when the concentration of ammonia is too low
      and that of formaldehyde is too high, fibers having high strength and
      elongation cannot be obtained.
PAR  Further, in the aqueous mixed solution, when the concentration of ammonia
      is too high and that of formaldehyde is too low or too high, fibers
      dissolve or stick.
PAC  EXAMPLE 4
PAR  A mixture of 90 g of the novolak resin obtained in Example 1 and 10 g of
      nylon-6was melted at 250.degree.C and melt spun in an atmosphere of
      nitrogen in the same manner as described in Example 1 to obtain uncured
      novolak filaments having an average diameter of 14.6 .mu., an average
      strength of 0.12 g/d and an average elongation of 0.86%.
PAR  The uncured novolak filaments were immersed in an aqueous solution of a
      mixture of 15% by weight of hydrochloric acid and 15% by weight of
      formaldehyde at 18.degree.C for 10 hours, and then heated up to
      40.degree.C in 1 hour.
PAR  The pre-cured novolak filaments were immersed in an aqueous solution of a
      mixture of 3.5% by weight of ammonia and 31.6% by weight of formaldehyde
      at 25.degree.C, and then heated up to 90.degree.C in 2 hours.
PAR  The cured filaments thus obtained had an average diameter of 14.6 .mu., an
      average strength of 1.44 g/d and an average elongation of 21.6% and were
      infusible and flame-resistant light yellow filaments.
PAC  EXAMPLE 5
PAR  The uncured novolak filaments obtained in the same manner as described in
      Example 1 were immersed in an aqueous solution of a mixture of 18.0% by
      weight of oxalic acid and 18.0% by weight of formaldehyde for 3 hours, and
      then heated up to 80.degree.C in the course of 2 hours. The pre-cured
      filaments were treated at 75.degree.C for 5 hours with an aqueous solution
      of a mixture of 3.0% by weight of various basic catalysts and 27.0% by
      weight of various aldehydes as shown in the following Table 5, or with an
      aqueous solution containing 25% by weight of hexamethylenetetramine.
PAR  The following Table 5 shows changes of elongation (%) of the novolak
      filaments with the lapse of treating time in the above described solution.
TBL                                    Table 5                                 

     __________________________________________________________________________

                  Treating time (min)                                          

     Treatment    0   15   30   60   90   120  300                             

     __________________________________________________________________________

     Ammonia.formaldehyde                                                      

                  1.6 9.7  28.6 33.3 35.8 21.5 10.6                            

     Ammonia.paraformaldehyde                                                  

                  1.6 10.8 25.4 34.1 31.9 23.3 9.5                             

     Ammmonia.benzaldehyde                                                     

                  1.6 4.5  8.3  12.2 18.3 21.1 19.6                            

     Hexamethylenetetramine.                                                   

     paraformaldehyde                                                          

                  1.6 8.8  27.6 31.5 36.6 28.5 11.8                            

     Hexamethylenetetramine                                                    

                  1.6 7.7  18.4 28.1 35.1 30.3 11.2                            

     Sodium hydroxide.                                                         

      formaldehyde                                                             

                  1.6 19.8 8.9  9.8  5.6  3.9  --                              

     Potassium hydroxide.                                                      

      formaldehyde                                                             

                  1.6 16.5 17.4 7.5  4.4  --   --                              

     Calcium hydroxide.                                                        

      formaldehyde                                                             

                  1.6 9.6  18.4 20.1 3.8  --   --                              

     Barium hydroxide.                                                         

      formaldehyde                                                             

                  1.6 3.8  10.6 8.6  3.6  --   --                              

     Sodium hydroxide.                                                         

      benzaldehyde                                                             

                  1.6 4.3  13.3 7.7  2.9  --   --                              

     __________________________________________________________________________

PAR  As seen from Table 5, when pre-cured novolak filaments are treated with an
      aqueous solution of a mixture of the basic catalyst and the aldehyde,
      elongations of the fibers always increase within a short time. However,
      when a combination of the metal hydroxide and the aldehyde is used,
      elongations of the filaments are apt to disperse, and the fibers sometimes
      dissolve partly.
CLMS
STM  What we claim:
NUM  1.
PAR  1. A process for producing a drawn or undrawn flame-resistant and
      anti-fusing cured phenolic continuous filament which comprises
      melt-spinning an uncured novolak resin which may contain up to 40% by
      weight based on the total weight of a fiber-foaming thermoplastic
      synthetic resin selected from the group consisting of nylon resin and
      polyurethane resin and then curing the melt-spun filament with a curing
      agent in the presence of a catalyst; said novolak resin produced by the
      reaction of a phenol selected from the group consisting of phenol,
      o-cresol, m-cresol, p-cresol, 2,3-xylenol, 2,5-xylenol, 2,4-xylenol,
      2,6-xylenol, 3,4-xylenol 3,5-xylenol o-ethylphenol, m-ethylphenol,
      p-ethylphenol, p-phenylphenol, p-tertiary butyl phenol, p-tertiary
      amylphenol, bisphenol A, resorcinol and mixtures thereof and an aldehyde
      selected from the group consisting of formaldehyde, paraformaldehyde,
      benzaldehyde hexamethylenetetramine, furfural and mixtures thereof;
      characterized by pre-curing the melt-spun filament with an aldehyde as a
      curing agent in the presence of an acid catalyst in a single pre-curing
      bath, and then curing the pre-cured filament with an aldehyde in the
      presence of a basic catalyst.
NUM  2.
PAR  2. The process according to claim 1, wherein the pre-curing is carried out
      at a temperature ranging from about 15.degree.to about 105.degree.C with
      the concentration each of the aldehyde and the acid catalyst being kept at
      6.0 to 40% by weight.
NUM  3.
PAR  3. The process according to claim 1, wherein the curing is carried out at a
      temperature ranging from about 40.degree. to about 105.degree.C with the
      concentration of the aldehyde being kept at 1 to 60% by weight and that of
      the basic catalyst, at 0.2 to 20% by weight.
NUM  4.
PAR  4. The process according to claim 1, wherein the acid catalyst is selected
      from the group consisting of hydrochloric acid, sulfuric acid, nitric
      acid, acetic acid, oxalic acid, formic acid, orthophosphoric acid, butyric
      acid, lactic acid, benzenesulfonic acid, p-toluensulfonic acid, boric acid
      and mixtures thereof.
NUM  5.
PAR  5. The process according to claim 1, wherein the basic catalyst is selected
      from the group consisting of ammonia, ammonium hydroxide, amines,
      hydroxides of alkali metals, hydroxides of alkaline earth metals,
      carbonates of alkali metals, carbonates of alkaline earth metals and
      mixtures thereof.
NUM  6.
PAR  6. The process according to claim 1, wherein the curing agent is selected
      from the group consisting of formaldehyde, paraformaldehyde, benzaldehyde,
      hexamethylenetetramine, furfural and mixtures thereof.
NUM  7.
PAR  7. The process according to claim 1, wherein the melt-spun filament is
      drawn before and/or after curing and the draw ratio is up to 2.5 based on
      the length of the undrawn filament.
NUM  8.
PAR  8. The process of claim 1 wherein the precuring is carried out for about
      0.5 - 5 hours and the concentration each of the aldehyde and the acid
      catalyst is kept at 15 -25% by weight.
NUM  9.
PAR  9. The process of claim 1 wherein the curing of the precured filament is
      carried out by first placing the precured filament in a bath containing
      the aldehyde and basic catalyst at a temperature of about 15.degree. to
      40.degree.C. after which the temperature is gradually raised from about
      40.degree. to about 105.degree.C. at a rate of less than 50.degree.C./hr.
      with the concentration of the aldehyde being kept at 1 - 60% by weight and
      that of the basic catalyst of 0.2 - 20% by weight.
NUM  10.
PAR  10. The process of claim 3 wherein the curing of the precured filament is
      carried out for 15 - 90 minutes.
NUM  11.
PAR  11. The process of claim 1 wherein the curing treatment of the precured
      filament is carried out in an aqueous solution of formaldehyde and ammonia
      at 60.degree.- 80.degree.C. for 30 - 60 minutes, the concentration of the
      ammonia in the aqueous solution being within the range of 0.2 - 20% by
      weight and the concentration of the formaldehyde in the aqueous solution
      being in the range of from 1 - 60% by weight.
NUM  12.
PAR  12. The process of claim 11 wherein the concentration of the ammonia is
      from 1 - 10% by weight and the concentration of the formaldehyde is from
      about 12 - 45% by weight.
NUM  13.
PAR  13. The process of claim 1 wherein said nylon resin is selected from the
      group consisting of polycaproamide, poly-.omega.-aminoheptanoic acid,
      poly-.omega.-aminononanoic acid, polyundecaneamide, polydodecaneamide,
      polyhexamethylene adipamide, polyhexamethylene sebacamide,
      polyhexamethylene undecaneamide, polyhexamethylene dodecaneamide and
      copolyamides thereof.
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ABST
PAL  A polyurethane catalyst system is disclosed which comprises:
PA1  A. at least one basic amine catalyst for the polyurethane reaction having a
      catalytic activity about equal to or greater than triethylenediamine;
PA1  B. at least one organometallic catalyst for the polyurethane reaction; and
PA1  C. at least one basic amine catalyst for the polyurethane reaction having a
      catalytic activity less than that of (a) and (b) together present in the
      catalyst system in an amount by weight about equal to or greater than the
      combined weight of catalysts (a) and (b).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of polymerization catalysts for
      polyurethanes.
PAR  2. Description of the Prior Art
PAR  Numerous catalysts and catalyst systems for the polyurethane reaction are
      known.
PAR  The polyurethane polymerization technique of the "one-shot" type for the
      manufacture of urethane elastomers generally comprises reacting a
      hydroxyl-terminated polyether diol or hydroxyl terminated polyester diol
      of about 2,000 molecular weight, a bifunctional extender and an organic
      diisocyanate in the presence of a basic amine catalyst such as
      triethylenediamine (DABCO), an organometallic catalyst such as tin
      acylate, dibutyltin diacylate or phenyl mercuric acylate, or blends of
      these and similar catalysts.
PAR  The same catalysts and catalyst systems can be employed for the
      polymerization technique of the "prepolymer" type in which a prepolymer
      derived from the reaction of the aforedescribed diols with an excess of an
      organic diisocyanate to provide terminal isocyanate groups thereon is
      reacted with a bifunctional extender.
PAR  Typically, these catalysts and catalyst blends provide gel times of under 1
      minute, and generally, under thirty seconds. For certain types of
      polyurethane polymerization processes, in particular, for the liquid
      injection molding of polyurethane elastomers, it is often highly desirable
      to employ a catalyst or catalyst system which results in gel times well in
      excess of one minute.
PAC  SUMMARY OF THE INVENTION
PAR  It has been surprisingly discovered that a polyurethane catalyst system
      comprising (a) at least one basic amine catalyst for the polyurethane
      reaction having a catalytic activity about equal to or greater than
      triethylenediamine, (b) at least one organometallic catalyst for the
      polyurethane reaction; and (c) at least one basic amine catalyst for the
      polyurethane reaction having a catalytic activity less than that of
      catalysts (a) and (b) together present in the catalyst system in an amount
      by weight about equal to or greater than catalysts (a) and (b) results in
      dramatically increased gel times, in some cases, up to 120 seconds or
      more.
PAR  The catalyst system of this invention is advantageously employed in any
      polyurethane polymerization process wherein prolonged gel times are
      desirable. For example, the catalyst system of this invention can be
      advantageously used in the polyurethane elastomer liquid injection molding
      processes of commonly assigned, copending U.S. patent application Ser.
      Nos. 429,406 and 429,381, both filed Apr. 17, 1973.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  While the catalyst system of this invention is useful for the
      polymerization of all polyurethane reaction mixtures in which prolonged
      gel times are desired, the system is particularly useful for polymerizing
      liquid reaction mixtures for polyurethane elastomers produced by liquid
      injection molding methods.
PAR  One such liquid reaction mixture which has been polymerized with a catalyst
      system of this invention generally comprises (a) a solution or dispersion
      of at least one polyether diol, polyester diol or mixture thereof,
      advantageously of about 2,000 molecular weight average, at least one
      organic bifunctional extender selected to be a diamine, aminoalcohol or
      glycol and an effective amount of a catalyst system as will be hereinafter
      disclosed, combined in a high speed mixing and injecting apparatus (mixing
      screw capable of speeds in excess of 10,000 r.p.m.) with (b) a prepolymer
      resulting from the reaction of at least one polyether diol, polyester diol
      or mixture thereof, advantageously, of about 2,000 molecular weight
      average, with at least one organic diisocyanate to provide the prepolymer
      with an average ratio of free isocyanate groups to hydroxyl groups greater
      than about 2:1.
PAR  It has been most unexpectedly observed that addition of any amine catalyst
      for the polyurethane reaction known to have a catalytic activity less than
      triethylene-diamine when added to a normally catalyzed polyurethane
      reaction utilizing a catalyst system comprising triethylene-diamine and
      commonly employed organometallic secondary catalysts results in much
      longer gel times for the above reaction, for example, up to two minutes or
      more. With one known and conventional catalyst system, 0.2 parts
      triethylenediamine, 0.2 parts dialkyltin diazelate and 0.4 parts phenyl
      mercuric propionate per 100 parts of polymerization mixture formulations
      based upon the above reactants gave average gel times of about 25 seconds.
      However, when this same catalyst system was combined with 1.0 part of a
      catalyst (c) according to this invention, for example,
      N-methyldicyclohexylamine, the N-alkylmorpholines such as
      N-methylmorpholine and tetramethylguanidine, gel times for the same
      formulations consistently averaged about 90 seconds. Lengthier gel times
      permit liquid injection molding of large amounts of polymerization mixture
      without the need for using slow reacting extenders such as the alkylene
      glycols and hindered amines such as methylenebis (orthochloroaniline)
      (MOCA). Consequently, the overall rate of production is increased with a
      concomitant lower unit cost when the catalyst systems of this invention
      are employed in polyurethane elastomer liquid injection molded reaction
      mixtures.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing polyurethane elastomers which comprises
      combining:
PA1  a. at least one polyether diol, polyester diol or mixture thereof, at least
      one organic bifunctional extender selected to be a diamine, aminoalcohol
      or glycol having a rate of reactivity greater than the alkylene glycols
      and the hindered amines, and a catalytically effective amount of a
      catalyst system comprising per 100 parts of polymerization mixture,
PA2  i. 0.2 parts of triethylenediamine
PA2  ii. 0.6 parts of an organometallic catalyst selected to be a dialkyltin
      diazelate, phenyl mercuric propionate, or combination thereof, and
PA2  iii. at least 0.8 parts of a basic amine catalyst selected to be
      N-methyldicyclohexyl amine, an N-alkylmorpholine, or a combination
      thereof; and
PA1  b. a prepolymer resulting from the reaction of at least one polyether diol,
      polyester diol or mixture thereof with at least one organic diisocyanate
      in proportions such that the ratio NCO/OH is greater than about 2:1 in a
      mixing and injecting apparatus under a mixing screw speed in excess of
      10,000 r.p.m., injecting the liquid mixture into a mold and curing the
      contents of the mold.
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ABST
PAL  A ceramic package is disclosed which comprises a frame member having an
       ature for accommodating a crystal resonator. The frame member includes
      mounting clips for supporting the crystal resonator in a desired vibratory
      mode. A bottom and top lid are then fastened to the frame to enclose the
      crystal to also enable hermetic sealing in an ultra high vacuum without
      the use of large deleterious forces.
PAL  The package provides a hermetic enclosure enabling improved frequency
      stability and overall reliability.
GOVT
PAC  BACKGROUND OF INVENTION
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment of any royalties
      thereon or therefor.
BSUM
PAR  Due to a crowded frequency spectrum and the general need for greater
      frequency stability, the crystal or quartz resonator has and will continue
      to be utilized as a secondary frequency standard or as a frequency source
      in devices as receivers, transmitters, generators and so on.
PAR  Crystalline quartz has great mechanical and chemical stability and a
      relatively small elastic hysteresis. These factors account for its
      widespread use as a resonator as well as the frequency determining
      component in an oscillator.
PAR  As is known, certain materials, including crystalline quartz exhibit the
      property of exchanging energy between electrical and mechanical states.
      For example, a mechanical force applied in the proper direction upon the
      material will cause an electrical charge to appear on the surfaces of the
      material, and conversely, an applied electrical potential will cause a
      mechanical displacement in the material. This is known and commonly
      referred to as the piezoelectric effect.
PAR  In use, a quartz resonator is mounted between conducting electrodes, now
      often thin metallic coatings deposited directly upon the crystal by an
      evaporation process. Mechanical support is provided at positions in the
      crystal and selected to avoid inhibition of a desired vibratory mode,
      while further serving, if possible, to suppress unwanted modes. An
      alternating voltage applied across the electrodes of the crystal causes it
      to vibrate at a frequency such that mechanical resonance exists within the
      crystal. The frequency of vibration or the crystal's resonant frequency is
      sharply defined and crystals have Q's the range of 10,000 and 100,000 or
      greater.
PAR  While the prior art has continued to improve the crystal resonator's
      stability, there is still further need for improved packaging to provide
      still greater stability and reliability.
PAR  Essentially, the major improvements in stability have been afforded by
      precision in temperature control, improved control to keep driving power
      to the crystal low and constant, improved cutting, mounting, bonding and
      sealing techniques; and cleaning and electro deposition techniques.
PAR  Of major concern is the mounting of the crystal resonator in a reliable,
      easily producible and adaptable package assembly.
PAR  Conventionally, a crystal user does not generally specify the mounting, but
      the same is left to the discretion of the manufacturer.
PAR  The size of the crystal package, type (glass envelope or metal can) lead
      type and lead size, are, in fact, generally selected by the user. However,
      once these characteristics are specified, the crystal, depending upon
      frequency, mode of vibration as flexure, longitudinal (extensional), face
      shear or thickness shear may be mounted in either a pressure air gap
      mounting, a pressure mounting, a dielectric sandwich mount, a solder lead
      mount, a cemented lead mount or a strap mount. Each has its own
      disadvantages and each can and does adversely effect the long term
      stability of the resonator.
PAR  For example, in a pressure mount, the crystal is held between two flat
      electrodes under a slight spring pressure. The spring adds mechanical
      impedance and lowers the Q of the crystal and hence, such devices operate
      with decreased frequency stability. The pressure air gap is not very
      rugged as the crystal is free to move in the space between the electrodes.
      However, air gap mounts are generally preferred when good stability is
      required and are also effective for high frequency crystals that vibrate
      in the thickness shear mode.
PAR  In any event, while each of the above prior art packages and mounts have
      advantages and disadvantages, none of them really solve the major problems
      affecting crystal stability.
PAR  An inherent characteristic of crystal resonators is that their frequency
      changes with time and this is referred to as aging.
PAR  The package affects the aging process greatly and can be a major
      contributor to the aging and thermal hysteresis in quartz resonators.
      Several of the factors which can cause aging and thermal hysteresis in
      regard to the packaging are changes in:
PA1  1. The mass of the resonator.
PA1  2. The pressure inside the resonator enclosure.
PA1  3. The stress on the resonator.
PA1  4. The electrode to quartz interfaces.
PA1  5. The quartz's crystal structure.
PAR  If one neglects all other effects and assumes that crystal aging is due
      entirely to a change in mass due to the adsorption and desorption, then
      the maximum allowable rate of change of mass is less than 10.sup.-.sup.3
      monoatomic layers per week. At a 10.sup.-.sup.9 torr pressure, it can take
      less than one hour for a monolayer to form on a crystal's surface, this
      layer would cause a frequency change of about one part in 10.sup.6 for a
      5MHz fundamental mode crystal.
PAR  Pressure changes inside the resonator enclosure can be caused by outgassing
      and leaks due to flaws in the package seals. When the pressure surrounding
      a 5MHz fundamental mode resonator is changed from vacuum to full
      atmosphere of dry nitrogen, the frequency shift is -2 .times.
      10.sup.-.sup.7.
PAR  Among the important factors affecting the stress sensitivity of the
      resonator are the direction of the force, the crystal plane geometry, the
      crystal's angle of cut, the order of the overtone and the crystal
      frequency.
PAR  Stresses are caused by the mounting structure supporting the crystal in the
      holder, and by thin films which are deposited into the quartz.
PAR  Excessive heating of the resonator during the sealing process can affect
      both the crystalline structure and the electrodes.
PAR  Change at the electrode to quartz interface can occur due to thermal
      stresses, electrode diffusion, chemical reactions and the diffusion of
      adsorbed gases trapped at the interface.
PAR  It is therefore an object of the present invention to provide an improved
      crystal resonator package or housing configuration which configuration
      serves to avoid some of the above noted problems, while permitting
      compatibility with microcircuit techniques and further providing high
      yield packaging.
PAC  BRIEF DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Apparatus for housing a force responsive assembly as a crystal resonator
      comprises an insulator, "frame-like" housing having an opening capable of
      surrounding a major portion of said crystal, said frame member including a
      metallic conducting material embedded in a sidewall of said frame and
      directed from said opening to an outside wall of said frame, at least one
      support member is secured to said frame and within said opening, said
      support member being electrically coupled to said metallic conducting
      material and capable of supporting said crystal in a desired vibratory
      mode and means coupled to said frame for hermetically sealing said crystal
      within said opening.
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PAC  BRIEF DESCRIPTION OF FIGURES
PAR  FIG. 1 is a perspective plan view of a resonator and housing assembly
      according to this invention.
PAR  FIGS. 2A through 2D are partial side cross-sectional views showing various
      mounting clip configurations as taken through line 2--2 of FIG. 1.
PAR  FIG. 3A is a side view of a lid assembly used with the frame assembly of
      FIG. 3B.
PAR  FIG. 3B is a top view of a frame housing assembly for a resonator
      particularly indicating metallized areas.
PAR  FIG. 4 is a side cross-sectional view of a frame assembly with an alternate
      lid configuration.
PAR  FIG. 5 is a plan view of an O-ring structure used with the apparatus of
      FIG. 4.
PAR  FIG. 6 is a top view of a frame and an alternate crystal mounting
      configuration.
PAR  FIG. 7 is a top plan view of another mounting configuration.
PAR  FIG. 8 is still another top plan view of a frame and alternate crystal
      mounting assembly.
PAR  FIG. 9 is a perspective plan view of another enclosure according to this
      invention.
PAR  FIG. 10 is a cross-sectional view of an enclosure fabricated according to
      FIG. 9 also showing an outer retaining ring.
DETD
PAC  DETAILED DESCRIPTION OF FIGURES
PAR  Referring to FIG. 1, there is shown a perspective view of a crystal
      resonator and housing assembly.
PAR  Shown supported in the central aperture 11 of the ceramic frame member 12
      is a crystal 10.
PAR  The member 12 has the appearance of a "picture" frame, but it is understood
      that any other suitable geometrical pattern could be employed according to
      the concepts of this invention. While the member is shown as a complete
      4-sided rectangular structure, it can assume many other numerous
      geometrical configurations and may be U-shaped, C-shaped, hexogonal,
      polygonal, and so on. The term frame member is used in a generic sense and
      may comprise a 3-sided or n-sided structure.
PAR  The rectangular or square frame member, as 12 may be preferable for many
      applications as it is easy to stack or to place side by side to obtain
      maximum surface coverage for multiple units. The member 12 is fabricated
      from a insulating material such as an alumina or berriyllia ceramic. Such
      ceramics have excellent mechanical, thermal and electrical properties and
      they can be readily metallized with materials such as Au, Mo -- Mn and Au
      -- Pd.
PAR  The ceramic member 12 has a layer of metal 15 buried within each of two
      opposing sidewalls for interconnection purposes. To accomplish this, the
      member 12 may be fabricated from layered ceramic tape or a multilayer
      ceramic technique, with the buried metallization layers 15. Such
      techniques for providing layered ceramics and metallizations are known in
      the art and are described in a paper entitled "ADVANCED INTERCONNECTION
      AND PACKAGING TECHNIQUES FOR INTEGRATED CIRCUITS"; by R. W. Ilgenfritz, J.
      S. Keohane and W. D. Walter, all of the Raytheon Company, Final Report,
      Contract No. DAABO7-69-0472, June, 1972.
PAR  The crystal 10 which may be of any desired cut is fabricated from a
      piezoelectric material and is mounted on two mounting clips 17 located at
      opposite corners of the annular member 12.
PAR  The clips 17 are thus shown by way of example and one could employ more or
      less depending upon the nature of the crystal cut and its attendant
      vibratory mode. For example, an X-cut crystal will not oscillate if its
      edge movement is restrained or restricted, because the X-cut mode of
      vibration is extensional. On the other hand, the AT crystal which operates
      in the thickness-shear mode, can operate when the crystal edges are
      clamped. Such factors are known in the art and one so skilled will readily
      visualize mounting clip placement to support any type crystal as 10.
PAR  Also shown are two L-shaped metal brackets or strips 20 which strips 20 are
      joined to the buried metallized layers 15 at the sides of the frame 12,
      which side is metallized for ease of attachment to a microcircuit
      substrate or a printed-circuit (PC) board. The metal L-shaped strips 20
      may be spot or seam welded to the ceramic member 12 at the metallized
      edges at relatively low temperatures and hence, this process will not heat
      up or adversely affect the crystal resonator 10.
PAR  In lieu of the metal L-shaped strips 20, one could attach wire leads
      directly to the metallized edges or by means of lugs.
PAR  Alternatively, a pin or post as 25 could be embedded in the ceramic member
      12 during the fabrication process. The post 25 is fabricated from a
      conducting metal and is positioned to contact the buried metallization
      layer 15.
PAR  Prior to mounting, the crystal 10 within the central aperture 11 of the
      frame member 12, a metal thin film spot 26 is deposited near the edges of
      the crystal 10 and opposite the position of the mounting clips 17. In
      order for the metal film spot 26 to have maximum adhesion to the quartz
      crystal 10 while producing a minimum amount of stresses, the film spot 26
      is a composite of a very thin layer of a metal that reacts controllably
      with the quartz, plus a ductile metal coating. Examples of such composites
      are Cr -- Au, Ti -- Au, Ta -- Au, Nb -- Au, plus various three component
      systems such as Ti -- Pd -- Au and Ti -- Pt -- Au.
PAR  Referring to FIGS. 2A, B, C and D, a few configurations for mounting clips
      as 17 are shown. The same numeral 12 has been retained for the frame
      member.
PAR  As seen in FIG. 2A, the crystal 10 is mounted with the metal spots 26
      resting on the clips 30. The metal spots 26 are joined or secured to the
      clip 30 with an electrobonding, a thermocompression bonding or a solder or
      cement bonding technique. If nickel electrobonding is used, the clip
      configurations shown in FIGS. 2A, 2B and 2D are preferable over that shown
      in FIG. 2C.
PAR  In the prior figures, the initial contact between the quartz crystal or
      wafer 10 and the clip as 30 (FIG. 2A) is two points or a line. As the Ni
      film builds up, there is a minimal danger of the electrobonding solution
      being trapped between the two flat surfaces (i.e., the crystal surface and
      the clip surface.)
PAR  The clip configuration 35 of FIG. 2C provides the necessary sealing surface
      for thermocompression bonding, but it is less desirable for Ni
      electrobonding because of the larger contact area.
PAR  FIG. 2D shows an extremely useful clip configuration which comprises two
      V-shaped metallic members 34, which may be fabricated from a stainless
      steel. The edges of the crystal 10 (FIG. 2D) touch the V-shaped clips at
      two points so that the Ni electrobonding can be performed without trapping
      of the bonding solution.
PAR  Typically, the clips were fabricated from 0.002 inch thick stainless steel
      and the V-shaped edges were photoetched to a desired configuration such as
      a V-shaped edge or a V-shaped pattern containing circular sides instead of
      straight line portions.
PAR  An important advantage of the electroplated nickel bonding process is that
      a relatively strain free mount is provided for the crystal 10. Initially,
      the clips 30 are made to be more flexible than the quartz crystal 10.
      Subsequent to mounting the crystal 10, the clips 30 are strengthened as
      required by depositing upon their surfaces a sufficient thickness of
      nickel.
PAR  Although the intrinsic stress in nickel films is relatively large, the
      total stress can be substantially reduced by a careful selection of
      deposition conditions. In fact, the stress can almost be eliminated for a
      given temperature.
PAR  As indicated, while FIGS. 1 and 2 show two clips, added shock resistance
      can be acheived by using four clips as one in each corner of the package,
      or more if necessary.
PAR  Referring to FIG. 1, it is shown that the top surface of the frame member
      12, as well as the bottom surface (not shown) are metallized. A lid 40
      corresponding to the top surface of the member 12 is fabricated from a
      ceramic or a metal and has a central plateau or ridge 41 which is
      approximately congruent to the central aperture 11 of the member 12. While
      a central plateau or ridge is shown, it is understood that this can be
      eliminated. It is understood that a similar lid as 40 exists for the
      bottom of the frame member 12 as well. The underneath surfaces of the lids
      40 are also metallized to correspond to the metallization of the top and
      bottom surfaces of the annular member 12. The top and bottom lids serve to
      seal the central aperture of the frame member 12 and to thereby enclose
      the crystal resonator in a most reliable and efficient manner as will be
      explained. Thus, the corresponding surfaces of the top and bottom lids are
      metallized to coact with the outer peripheral top and bottom surfaces of
      the frame member 12.
PAR  Since the top and bottom surface of theh frame are metallized, one can use
      these layers to contact the crystal mounting clips 30 to thereby provide
      terminal points for the crystal.
PAR  FIG. 3B also shows a top planar view of the metallized areas of the frame
      member 12 with the appropriate areas further designated by written legend
      for clarity. FIG. 3A shows a ridged lid assembly 40 which can be used as a
      top or bottom cover member.
PAR  Cohesion in a metal is due to the interaction of the conduction electrons
      with the metallic ions. If the surfaces of two atomically clean metal
      parts are brought together close enough for the free electrons to travel
      freely between the two parts, then good adhesion, (i.e. a good weld) will
      result. The surfaces of the lid 40 and the ring 12 are such parts.
PAR  Hence, similar metal surfaces will weld under near zero pressures provided
      both surfaces are atomically clean. The major, and probably only, barrier
      to metallic adhesion is contamination. Even when dissimilar metal couples
      were tested, and even when the metal couples were insoluble in one
      another, good welds were acheived in ultrahigh vacuum, provided the
      surfaces had been rigorously cleaned. The welds showed strengths
      comparable to the bulk strength of the weaker couple member, even when the
      loadings on couples consisting of a flat plate and sperical indenter were
      under 0.05 grams. Under such light loads, the deformations at the
      interface were predominantly elastic. For clean surfaces, the adhesion
      strength showed no load dependence. The only effect of increased loading
      was to increase the real area of physical contact. The force needed to
      separate the surfaces, divided by the real area of contact, remained a
      constant, however.
PAR  For contaminated surfaces, good welds could be produced only if the metal
      surfaces were compressed to loads well in excess of the elastic limits of
      the metals. The presence of only a few monolayers of contamination
      substantially reduced the junction strengths. In general, the more
      contaminated the surfaces are, the higher the percentage of mechanical
      deformation that is necessary to acheive a bond strength near the bulk
      strength of the metals.
PAR  The effect of the compressive load is to disperse the contaminants and
      thereby permit clean metal to clean metal adhesion to occur. Other means
      of contaminant dispersal are heat, ultrasonic waves, particle bombardment,
      shock waves, interfacial motion, and various combinations of these.
PAR  In cold welding, as practiced by the electronics industry today, the
      welding dies are so constructed that the interface atoms move in a
      direction perpendicular to the die movement. A clean surface is exposed
      which permits the welding to take place. In order to hermetically seal
      electronic packages by cold welding, hydraulic presses capable of applying
      several tons are generally required.
PAR  In thermocompression bonding, a combination of heat and pressure are used
      to disperse contaminants at the bond interface. The surfaces to be joined
      are brought into intimate contact by a shaped bonding tool such as a wedge
      or ball. Heating the bonding tool promotes intimate contact with a minimum
      of applied force. The heat lowers the compressive yield strengths of the
      interface materials, and accelerates the diffusion of contaminants away
      from the interface. Although the pressure required by thermocompression
      bonding is less than that required by cold welding, it must still be high
      enough to cause an appreciable deformation at the interface.
PAR  There are several other methods available for sealing a package
      hermetically in high vacuum. Among these are: electron beam welding, laser
      welding, parallel seam and other resistance welding, ultrasonic bonding,
      and reflow soldering. Each of these involves heating to fairly high
      temperatures and thus presents a greater potential for outgassing. Also,
      most of these require relatively complex and expensive equipment.
PAR  Of all, the sealing method utilized relies on the adhesion between
      atomically clean surfaces and is the simplest and least contaminating.
      Theoretically, if the sealing surfaces of the surfaces are perfectly clean
      and perfectly flat, then when the lids 40 are placed on the frame 12, a
      hermetic seal would result without the application of either heat or
      pressure. In practice, the sealing surfaces are plated with a soft
      material such as gold, tin, indium or their alloys. Several metals which
      form stable oxides, e.g. Al, Fe, Nb, Cu and Ti showed good adhesion to
      Al.sub.2 O.sub.3 in high vacuum, when both surfaces had been rigorously
      cleaned. One or more small diameter wire O-rings of a suitable material
      plus pressure and heat (if necessary) can be used to compensate for small
      surface irregularities and contaminants. Alternatively, the O-rings can be
      replaced with one or more triangular ridges on one of the sealing
      surfaces. A cross section of one such arrangement is shown in FIG. 4.
PAR  FIG. 4 depicts a top lid 50 and a bottom lid 53 with metallized areas 51
      and 52 having projections dispersed across the surface to provide greater
      contact area and for compensating for surface irregularities. The ridges
      as 55 are generally triangular in shape but other shapes can suffice as
      well. Shown in FIG. 5 is an O-ring 60 of a smaller width dimension 61 than
      the metallized dimension of the lid or top peripheral dimension of the
      member 12. This ring 60 would be inserted between the lid and frame and
      would be secured thereto by a suitable but relatively small amount of heat
      and pressure. The same materials can be utilized to fabricate the O-ring
      60 as above indicated.
PAR  The optimum sealing forces and sealing temperatures depend on the material
      used, and on the degree of cleanness that is produced and maintained
      during the sealing process.
PAR  The stability requirements on high precision quartz resonators dictate that
      during processing the highest possible degree of cleanness be maintained.
      The mounted resonators and package are given a rigorous chemical cleaning
      and are then inserted in the loading chamber of a semiautomatic final
      processing system. The last four processing operations, ion bombardment
      cleaning, bakeout, plating and sealing, are performed in an oil free
      ultrahigh vacuum system without venting between operation. The four main
      chambers of this system are designed to remain under vacuum continuously.
PAR  In such a system, low pressure and no heat is required to produce a
      hermetic seal. The pressure needs to be just enough to product intimate
      contact between the sealing surfaces at every point along the perimeter of
      the package.
PAR  In vacuum systems with higher residual pressures, correspondingly higher
      sealing pressures and temperatures will be required. For sealing at or
      near atmospheric pressure, alternate techniques, such as parallel seam
      welding, may be necessary and acceptable. At these pressures, outgassing
      during sealing is of little concern.
PAR  Once the package is sealed hermetically in ultrahigh vacuum, the ultimate
      pressure and the composition of the residual atmosphere in the enclosure
      is determined by the processes of evaporation, desorption, diffusion, and
      permeation associated with the enclosure material.
PAR  Materials having an appreciable vapor pressure at the highest temperature
      to which the enclosure is subjected during processing must be avoided.
      About one third of all elements have vapor pressures greater than
      10.sup.-.sup.9 torr at 500.degree.C.
PAR  Clean solid surfaces exposed to a gas are rapidly covered with adsorbed
      molecules. For physisorption, the desorption energies are generally less
      than 10 Kcal/mol, for chemisorption they are generally greater than 10
      Kcal/mol.
PAR  The average time t which an adsorbed atom spends on the surface is given by
EQU  t = t exp(Ed/RT)
PAL  where t is the adsorbed atom's period of vibration normal to the surface.
      Ed is the desorption energy, R is the gas constant and T is the
      temperature.
PAR  At room temperature, t&lt;2m sec for physisorbed gases. In an ultrahigh vacuum
      system, where readsorption does not occur, physisorbed gases are desorbed
      almost instantaneously. For a chemisorbed gas with E.sub.d = 30 Kcal/mol,
      t = 30 years; for E.sub.d = 40 Kcal/mol, t = 21 .times. 10.sup.6 years. If
      the mass of a 5 MHz fundamental mode resonator changes at the rate of one
      monolayer per 30 years, the corresponding aging rate is about one part in
      10.sup.9 per week. If, however, the mass rate of change is a monolayer per
      21 million years, the corresponding aging rate is about a part in
      10.sup.15 per week. Chemisorbed gases with E.sub.d &gt;40 Kcal/mol can
      therefore be considered stable with time.
PAR  Desorption rates increase exponentially with increasing temperatures. When
      a surface is heated to 350.degree.C in ultrahigh vacuum, gases with
      desorption energies up to about 40 Kcal/mol are rapidly desorbed.
      Therefore, if the resonator is designed for a maximum operating
      temperature of 70.degree.C, then the aging due to desorption of surface
      contaminants can be eliminated by baking the resonator and the enclosure
      at 350.degree.C, in ultrahigh vacuum, just prior to sealing.
PAR  As previously indicated, crystal resonators today are generally packaged in
      metal or glass enclosures. Metals and glasses typically contain 1 to 100
      volume percent of gas in solid solution. These gases can and do diffuse to
      the surface and cause outgassing. Outgassing can also be caused by
      permeation through the enclosure walls.
PAR  For metals, the gas of greatest concern is hydrogen. It forms a true solid
      solution with a large number of metals such as Ni, Cu, steel and W. For
      most metals, the hydrogen solubility at room temperature is less than 1
      volume %. For Ni it is nearly 10% and the metals which for hydrides, e.g.
      Ti and Ta, can dissolve as much as 1,000 times their volume. The
      solubilities of other gases are considerably less than 1 volume % at room
      temperature.
PAR  In glasses, the helium solubility is the largest. It amounts to 0.1 to 1
      volume %, depending on the glass composition.
PAR  If an HC-6 type enclosure's walls contain 0.1 volume % of dissolved gases,
      the potential contamination contained in the walls is over 1,000
      monolayers. To illustrate that diffusion and permeation can be a problem,
      one measured the effect of immersing in a hydrogen atmosphere a 5MHz
      copper plated fundamental mode crystal resonator which had been
      hermetically sealed in high vacuum in an HC-6 nickel enclosure. Three
      weeks after immersion in one atmosphere of H.sub.2, the aging had
      increased to about 30 times the previous rate. Eight weeks after removing
      the hydrogen that surrounded the sealed resonator, the aging leveled off,
      but was still about five times greater than the rate just prior to the
      start of this experiment.
PAR  In another experiment, one immersed a hermetically sealed (10.sup.-.sup.8
      torr) HC-6 Kovar enclosure in an atmosphere of helium for 24 hours. The
      enclosure was then placed in a residual gas analyzer and was punctured.
      The partial pressure of helium in the enclosure was found to be about
      10.sup.-.sup.4 torr. This is consistent with a calculation of the amount
      of helium that should have permeated through the glass beads of the
      glass-through-metal feedthrough.
PAR  The diffusion coefficients, solubilities and permeabilities of materials,
      each have an exponential dependence on temperature. The time dependence of
      the outgassing rates of most materials varies between t.sup.-.sup.1 and
      t.sup.-.sup.1/2. To obtain maximum outgassing during bakeout, it is
      therefore much more advantageous to increase the bakeout temperature
      rather than the bakeout time.
PAR  These considerations lead to the conclusion that the most desirable
      resonator enclosure is to be fabricated of a material that can be baked at
      high temperature, e.g. over 800.degree.C, and has near zero permeability
      at temperatures up to the maximum operating temperature of the resonator.
PAR  The materials which come closest to the ideal are the high alumina
      ceramics. For example, 99.5% alumina can be safely baked at temperatures
      up to 1,650.degree.C. These materials are also regarded as being
      practically impermeable to gases. The helium permeability for 99.5%
      Al.sub.2 O.sub.3 ceramic has been measured only above 1,100.degree.C. If
      this permeability data is extrapolated down to the temperatures at which
      the helium permeability of Corning 7740 glass is known, the permeability
      of the ceramic is lower by about a factor of 10.sup.6. The finite
      permeability at 1,100.degree.C was attributed to the helium permeation
      through the glassy phase paths in the ceramic.
PAR  High alumina ceramics also have excellent mechanical, thermal and
      electrical properties, and they can readily be metallized with materials
      such as Au/Mo-Mn, and Au-Pd as above indicated.
PAR  Referring to FIGS. 6, 7 and 8 there is shown some alternate embodiments of
      supporting a crystal resonator within a ceramic package as above described
      without the use of the mounting clips as depicted in FIGS. 1 and 2.
PAR  In FIG. 6, nickel ribbons 73 and 74 are stretched and then secured to the
      walls of the housing 71 within the central aperture. The nickel ribbons 73
      and 74 are twisted to form helices at appropriate ends as shown. The
      helices serve to center the crystal 70 and to maintain its proper
      position. The crystal may be spot welded to the ribbons 73 and 74 on
      suitable metallized areas.
PAR  In FIG. 7, four such ribbons 80,81 and 84 are utilized and one can see that
      this configuration serves to more securely hold the crystal 85. Two
      ribbons support the crystal from above and two below. Hence, the crystal
      85 will be held in place during the bonding process. Alternatively, the
      ribbon can be replaced by wires.
PAR  The position of the nickel ribbon which is in contact with the crystal 85
      is along the thickness of the crystal either at an angle or in a radius to
      prevent the electrobonding solution from being trapped.
PAR  FIG. 8 shows still a further mounting technique wherein two wires 90 and 91
      containing helices for crystal positioning are strung across the ceramic
      frame 93. A depression or curvatures 95 and 96 are preset into the wires
      90 and 91 and the crystal 92 is supported within the curvatures 95 and 96
      at its outer side edges.
PAR  Thus, there has been described a compact crystal resonator unit and housing
      which serves to prevent mass transfer and pressure change effects of the
      crystal by assuring hermetic sealing in an ultrahigh vacuum. The surfaces
      between the lid and the frame are atomically clean as are the inner
      surfaces of the frame to thus prevent deleterious substances from
      diffusing into or reacting with the crystal. Due to the metallization
      techniques shown and described, low forces and temperatures are used to
      seal the package assembly. The packages, due to the ceramic lid and frame
      is baked in a vacuum at high temperature to prevent outgassing after
      sealing is accomplished. The crystal, due to the ribbon, wire and clip
      configurations, are mounted within the package essentially in a
      stress-free manner. The resonator is accessible from both sides of the
      package due to the buried metallization contact layers coupled to the clip
      or ribbon assembly and hence, electrodes or terminals can be deposited
      simultaneously on both sides of the blank. The package shown is thin, flat
      and allows two or more resonator units to be stacked in a small volume or
      to be conveniently attached to a microcircuit substrate or within an IC
      header. Due to the configuration, the package shown is easily producible
      at high yield and relatively low cost. The package further has the
      advantage that the stray capacitance contributed due to the package is
      relatively lower than currently existing assemblies.
PAR  Referring to FIGS. 9 and 10, there is shown still another structure for
      providing an hermetic enclosure for a force responsive member as a crystal
      100.
PAR  A ring 101 has an annular shape including a crystal accomodating central
      aperture 102. The ring has a bottom radially extending flange 103.
PAR  The top surface of the ring 101 is metallized. A congruent ring 104 has a
      bottom metallized surface and has a corresponding aperture 105 which is
      relatively congruent with aperture 102; and also has an extending radial
      flange.
PAR  The crystal is supported by relatively thin and flexible wires 106 and 107.
      The top ring 104 is placed over the bottom ring 101 in congruency (FIG.
      10) with an intermediate retaining ring of a thickness equal to or less
      than the length of the flanges of rings 101 and 104.
PAR  The outer or retaining ring 110 has at least two wire accommodating slots
      111 and 112 in the sidewall for accommodating wires 106 and 107. The
      composite assembly includes top and bottom cover members 120 and 121. The
      outer ring 110 may be slightly larger than the composite height of the
      inner rings 101 and 104. Thence, one could hermetically seal the entire
      assembly by utilizing cold weld dies. The dies would exert forces on only
      the top and bottom covers 120 and 121 and the outer ring 110; thus
      assuring that any feedthrough arrangement for wires 106 and 107, which
      might include a glass to metal feedthrough, would not break or rupture
      during the sealing process. The seal would therefore be made between the
      metallized cover and metal flanges of the rings 101 and 104; to provide an
      hermetic seal.
PAR  Although the above embodiment shows a circular package, there are, of
      course, many double walled configurations possible and therefore, one can
      utilize practically any geometrical pattern, including polygons which may
      be particularly suitable for high shock reistant mounts.
PAR  For example, if n supports are needed, one could select an n sided polygon
      and have a support at each corner. Since the inner member, which has a
      lead feedthrough aperture, does not have any force on it, it could be
      fabricated from any lower vapor pressure material, as a glass or ceramic.
PAR  In a similar matter, the top and bottom plates in FIG. 10 could be made
      with any material as long as the material could be hermetically joined to
      the ring material.
PAR  Many other modifications will become apparent to those skilled in the art
      without departing from the spirit and scope of the invention as evidenced
      by the claims appended hereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. A force responsive resonator assembly of the type capable of
      mechanically vibrating or flexing at a predetermined rate, comprising:
PA1  a. a crystal having parallel upper and lower surfaces and a squared outer
      edge;
PA1  b. a frame assembly having a central aperture, said frame assembly
      fabricated from an insulator material and including first and second
      layers of metallic conducting material embedded in the wall of said
      assembly, said first and second layers aligned in a common plane and
      located on opposite sides of said aperture;
PA1  c. first and second support members mounted on said frame located within
      said aperture and electrically coupled to said first and second layers of
      said metallic conducting material;
PA1  d. each said support member comprising a flexible curved ribbon member
      secured within said central aperture and electrically connected to said
      first and second layers of said metallic conducting material, said ribbon
      member including a V-shaped slot having a width substantially greater than
      the height of said crystal;
PA1  e. said crystal being mounted in said central aperture with said edges of
      said crystal extending into said V-shaped slots, said edges being joined
      to said ribbon members along a line at the upper and lower periphery of
      said edges; and
PA1  f. means coupled to said frame assembly at both ends of said central
      aperture to hermetically enclose said force responsive member within the
      hollow formed by said aperture.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said insulator material is a
      ceramic material.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein said frame assembly is
      fabricated from a high alumina ceramic including at least 90% or more of
      alumina.
NUM  4.
PAR  4. The apparatus according to claim 1 wherein said frame assembly is
      fabricated from a berriyllia ceramic.
NUM  5.
PAR  5. The apparatus according to claim 1 wherein said means coupled to said
      frame assembly includes a layer of deposited metal about the perimeter of
      said frame at said top and bottom ends.
NUM  6.
PAR  6. The apparatus according to claim 5 wherein said means coupled to said
      frame assembly comprise a top and bottom lid cover members having a
      centrally located ridge approximately congruent with said central aperture
      for insertion thereto, the edges of said lid nesting about the metallized
      perimeter of said frame at said top and bottom ends, and a layer of metal
      covering that portion of each lid coacting with said frame perimeter at
      said appropriate end to permit the formation of an adhesion bond to
      thereby enclose the hollow confines formed by said frame aperture.
NUM  7.
PAR  7. The apparatus according to claim 1 wherein said frame assembly is
      fabricated from a ceramic tape.
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ABST
PAL  Gases produced by reacting fuels with oxygen containing gases and water
      vapor under pressure are desulfurized by scrubbing with a concentrated
      solution of one or more alkali salts of weak inorganic acids at a
      temperature near the atmospheric-pressure boiling point of the solution in
      a column while maintaining an exchange ratio of from 0.2 to 2.0 cubic
      meters of the concentrated solution per standard cubic meter hydrogen
      sulfide in the gas to be purified.
PARN
PAR  This is a continuation, of application Ser. No. 256,057, filed May 23, 1972
      and now abandoned.
BSUM
PAC  BACKGROUND
PAR  The invention relates to a process for selectively desulfurizing gases
      produced by reacting fuels with oxygen containing gases and water vapor
      under pressure. More particularly, this invention relates to a process for
      desulfurizing gases utilizing an alkali salt concentrated scrubbing
      solution at a certain temperature while maintaining a certain exchange of
      volume ratio.
PAR  Fuel gases which are produced by a gasification of solid or liquid fuels
      with oxygen, air or mixtures thereof and/or with steam and which are
      subsequently purified, particularly to remove sulfur compounds, and, if
      desired, carbon dioxide, must be cooled before such purification from the
      high temperature of the gasifying reaction, which exceeds 500.degree.C.,
      to a temperature which is suitable for the purification and is below
      150.degree.C., preferably to the ambient temperature or below the same,
      e.g., down to -70.degree.C. This cooling may result in a removal of
      certain components of the gas and such removal may constitute a loss as
      far as the subsequent stages are concerned in which the gas is utilized.
      Such components are, e.g., water vapor, which could be used for a shift
      conversion of carbon monoxide to form carbon dioxide and hydrogen, or
      hydrocarbons which are still vaporous at higher temperatures and which
      would contribute to the caloric value of the purified gas, particularly if
      the gas which has been produced is utilized as a fuel gas in a gas
      turbine. A gas for this purpose should be combustible, free of sulfur and
      as hot as possible. The value of the gas depends more on its volume than
      on its caloric value. For this reason, the fuel which is available is
      preferably gasified with air. Such gas may contain water vapor and carbon
      dioxide as components which are useful because they increase the volume.
PAR  Known processes of desulfurizing hot gases use compositions which absorb
      sulfur compounds and which consist, e.g., of iron oxide or zinc oxide and
      combine with sulfur to form sulfide. Their use is expensive and requires a
      gas which has been prepurified to a large extent and particularly is free
      of water vapor. For this reason, these processes are mainly used for a
      fine purification of pretreated gases or as a safety measure.
PAR  Gases are conventionally purified in scrubbing processes in which the
      substances to be removed from the gas are taken up by physically or
      chemically acting absorbent solutions.
PAR  In physically acting absorbent solutions, the gas components are dissolved
      in dependence on their absorption coefficient and their partial pressure.
      In accordance therewith, the absorption capacity of the physically acting
      scrubbing solution increases with increasing pressure and decreasing
      temperature. For this reason, scrubbing processes using physically acting
      absorbents are carried out under elevated pressures above about 10
      kilograms per square centimeter and with high-boiling organic solvents,
      such as ethylene glycol, diglycol ether, propylene carbonate,
      N-methylpyrrolidone, at ambient temperature or with low-boiling organic
      solvents, particularly methanol, at temperatures below -10.degree.C. down
      to about -70.degree.C.
PAR  In chemically acting absorbent solutions, several gas components,
      particularly those having an acid function, specifically sulfur compounds
      and carbon dioxide, are chemically combined. Chemical absorbent solutions
      are generally required to lend themselves to easy regeneration, i.e., to a
      reversal of the absorption reaction under simple conditions.
PAR  Scrubbing processes using chemically acting absorbents are less dependent
      on pressure. They may be carried out under ambient pressure and at ambient
      temperature. The laden absorbent solution may be regenerated by boiling
      and stripping with stream or with the aid of air.
PAR  Suitable absorbent solutions are aqueous solutions of strong organic bases
      or of alkali salts of inorganic or organic acids. The aqueous solutions of
      weak acids may be used also at higher absorption temperatures, although an
      elevated pressure must then be applied. In this case, the regeneration is
      effected by a pressure relief to a lower pressure, preferably to ambient
      pressure, with boiling and stripping with steam.
PAR  U.S. Pat. No. 2,886,405 discloses a process of scrubbing fuel gases and
      synthesis gases to remove acid components, particularly carbon dixoide. In
      that process, the absorption is effected in a hot concentrated solution of
      potassium carbonate at a temperature near the atmospheric-pressure boiling
      point of the solution, and the laden solution is regenerated by a pressure
      relief and by boiling and stripping with the steam which is produced in
      the boiling solution or which is additionally introduced.
PAR  That known scrubbing process is particularly suitable for a removal of the
      large amounts of carbon dioxide which have been formed by shift conversion
      of carbon monoxide with water vapor to form carbon dioxide and hydrogen in
      the production of synthesis gases or hydrogen.
PAR  That process known as the hot potash scrubbing process may be used to
      remove sulfur compounds, particularly H.sub.2 S together with the carbon
      dioxide, from the gas to be purified. So far, it has not been possible to
      accomplish a selective absorption of the sulfur compounds before the
      absorption of carbon dioxide under the conditions of the hot potash
      scrubbing process.
PAC  SUMMARY
PAR  It has been found that such selective absorption of sulfur compounds is
      possible by maintaining an exchange volume of from about 0.2 to about 2.0
      cubic meters of absorbent solution per standard cubic meter of the sulfur
      compounds to be removed from the gas in the absorption column. This
      requirement is applicable not only to solutions of potassium carbonate but
      generally to aqueous solutions of alkali salts of weak inorganic acids,
      particulary of phosphoric acid, vanadium acid, boric acid, and the like,
      and particularly to aqueous solutions of mixtures of such salts. It is
      known that such mixtures of absorbent solutions may be used to increase
      the exchange rate or to inhibit corrosion (German Pat. No. 1,074,201).
PAR  The invention relates to a process of selectively desulfurizing gases which
      have been produced by a reaction of liquid or solid carbonaceous fuels
      with oxygen-containing gases and water vapor under pressure, which process
      comprises scrubbing with aqueous solutions of alkali salts of weak
      inorganic acids to remove the sulfur compounds and regenerating the laden
      solution by a pressure relief, heating, and stripping with water vapor.
PAR  The process according to the invention is characterized in that the gas is
      scrubbed with a concentrated solution of one or more alkali salts of weak
      inorganic acids at a temperature which is near the atmospheric-pressure
      boiling point of the solution in packed or plate columns while maintaining
      an exchange volume ratio of from about 0.20 to about 2.0 cubic meters of
      the solution per standard cubic meter hydrogen sulfide in the gas to be
      purified.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The present invention will be more fully understood from the following
      description taken in conjunction with the accompanying drawing which is a
      flow diagram of a suitable plant for carrying out the process of the
      invention.
DETD
PAC  DESCRIPTION
PAR  The raw gas is discharged from the gas producer at a temperature above
      550.degree.C. and is cooled in the usual manner in waste-heat boilers,
      scrubber-coolers, soot-removing scrubbers and the like to about
      150.degree.-200.degree.C. and subsequently subjected to an indirect
      cooling to a temperature which is a few degrees below the operating
      temperature of the absorption tower of the desulfurizing plant. When the
      resulting condensate has been removed from the gas which has thus been
      precooled, the gas is heated to the operating temperature of the
      absorption tower by a direct heat exchange, e.g., in a counterflow column,
      with a small amount of a hot salt solution, which is additionally heated,
      and the gas is thus saturated with water vapor at the temperature to which
      it is heated. In this state the gas can flow through the absorption tower
      without entraining substantial amounts of water from the absorbent
      solution and without condensing substantial amounts of water vapor into
      the absorbent solution.
PAR  The substantially desulfurized gas, which is hot and saturated with water
      vapor, then flows off the top of the absorption column and may be supplied
      directly into a succeeding hot potash scrubber, in which carbon dioxide is
      absorbed, and/or into a carbon monoxide shift conversion unit.
PAR  In a special embodiment of the invention, the gas may be further heated and
      enriched with water vapor with utilization of the heat extracted before
      the desulfurization. The resulting gas is an excellent fuel for a gas
      turbine.
PAR  In accordance with the invention, the gas which has been directly cooled to
      a temperature between 200.degree. and 150.degree.C. in the conventional
      manner in a scrubber-cooler or a soot-removing scrubber is indirectly
      cooled in a plurality of stages to the operating temperature of the
      desulfurizing plant. The first, hottest cooling stage is an
      indirect-contact pressure cooler supplied with water. In this cooler, the
      water is heated to a temperature above that of the desulfurized gas
      exhausted from the absorption tower. In a trickling tower, the water is
      then contacted with that gas so that the latter is heated and further
      enriched with water vapor whereas the water is cooled and partly
      evaporated. When fresh water has been added to compensate the water which
      has evaporated, the water is returned into the indirect-contact pressure
      cooler. The further indirect cooling may be effected in the reboiler of
      the desorption column. The gas is then cooled to a temperature which is a
      few degrees below the temperature of the absorption tower in a final
      cooler, which is supplied, e.g., with fresh water. The condensate formed
      in all these indirect cooling stages is collected and discharged. Behind
      the final cooler, a condensate trap is suitably included to minimize the
      condensate content of the gas which enters the direct heat exchanger which
      directly precedes the absorption tower. The salt solution which is
      circulated through this heat exchanger and a reheater heats the gas to the
      temperature of the absorption column and saturates it with water vapor is
      suitably a concentrated solution of alkali, alkali carbonate or alkali
      bicarbonate. This salt solution may absorb from the gas any acid
      components thereof, such as phenols, fatty acids and the like, which are
      not expelled during the regeneration of the laden absorbent solution, so
      that such components do not enter the succeeding hot potash scrubber. The
      water which is lost in this heat exchanger may be compensated by means of
      a pressure pump. To prevent an enriching of the non-volatile acids in the
      salt solution to an upper limit, a small amount of salt solution may be
      removed from the heat exchanger from time to time or continuously and may
      be discarded. If the solution has taken up fatty acids or phenols from the
      raw gas, as is often the case when solid fuels are gasified, this
      comparatively small amount of salt solution may be introduced into the
      pressure gasifier together with the coal and may thus be eliminated.
PAR  The gas which has thus been pretreated now enters the absorption tower
      proper. Because the gas is saturated with water vapor and at the
      temperature of the absorbent solution, the sulfur compounds preferentially
      are removed by scrubbing under the existing conditions, particularly at
      the existing exchange volume ratio, whereas substantial amounts of water
      do not evaporate from or condense into the solution.
PAR  The exchange volume ratio (cubic meters of absorbent solution per standard
      cubic meter of sulfur compounds) is critical because it must ensure a
      substantial removal of the sulfur compounds from the gas and restrict the
      removal of CO.sub.2. On the other hand, the amount of CO.sub.2 which is
      removed must not be too small so that the solution can be regenerated in
      such a manner that the residual H.sub.2 S content of the regenerated
      solution is sufficiently low in view of the permissible H.sub.2 S content
      in the scrubbed gas. This ratio should be as low as possible, but still
      sufficiently high. In view of this requirement, the range of 0.20 - 2.0
      cubic meters of solution per standard cubic meter of sulfur compounds is
      selected. The low value of 0.20 will be used if the gas has a high content
      of sulfur compounds, approximately 1.5% by volume H.sub.2 S. If the
      H.sub.2 S content is low, e.g., about 0.12% by volume, the volume ratio
      should be 2.0.
PAR  The desulfurized, hot gas can then be further heated and enriched with
      water vapor by being contacted with the trickling hot water from the
      indirect-contact pressure cooler.
PAR  The drawing shows by way of example a flow scheme of a plant for carrying
      out the process according to the invention. The plant consists
      substantially of an indirect-contact pressure cooler 1, an absorption
      tower 2, a regenerating tower 3, a saturator 4 and a direct-contact heat
      exchanger 5.
PAR  The hot raw gas flows through a conduit 19 into the indirect-contact
      pressure cooler 1, in which part of the heat of the gas is delivered to
      water. Condensate formed by this indirect cooling is discharged through a
      conduit 21. The next indirect cooling stage for the raw gas is a reboiler
      6 at the regenerating tower 2. In that reboiler, another part of the heat
      content of the gas is used to reboil the laden absorbent solution used in
      the regenerating tower 2.
PAR  Through a conduit 24, the gas flows into another indirect-contact cooler 7,
      which is supplied with fresh water and in which the gas is cooled to a
      temperature which is a few degrees below the operating temperature of the
      absorption tower 3. In an immediately succeeding condensate trap 12, as
      much as possible of the condensate is removed from the gas. The saturated
      gas, which is now free of condensate, flows from the condensate trap in a
      conduit 26 to the direct-contact heat exchanger 5. A hot salt solution is
      circulated by a pump 14 in a conduit 27 through the heat exchanger 5 and a
      reheater 8 and is maintained at a temperature which ensures that the gas
      in the heat exchanger 5 is heated to the operating temperature of the
      absorbent tower 3 and is saturated with water vapor. In this state, the
      gas flows in a conduit 30 to the absorption tower 3, in which it is
      scrubbed with the hot absorbent solution fed via conduit 35. The scrubbed
      gas which leaves the absorbent tower 3 has been desulfurized but in other
      respect has not changed in state as it flows in a conduit 31 to the
      saturator 4, which consists of a trickling tower, in which the gas is
      contacted with the hotter water from the indirect-contact pressure cooler
      1, which is supplied. The water which has been cooled and partly
      evaporated in the saturator 4 is recycled by a pump 16 through a conduit
      20 to the indirect-contact pressure cooler 1. The purified gas which is
      withdrawn from the saturator 4 through a conduit 32 is at a temperature
      above the operating temperature of the absorbent solution and
      correspondingly saturated with water vapor and is supplied to a further
      use, e.g., to the combustion chamber of a gas turbine or to a carbon
      monoxide shift conversion unit.
PAR  The absorbent solution laden with sulfur compounds is passed from the sump
      of the absorption tower 3 through a conduit 33 provided with a pressure
      relief valve 34 to the top of the regenerating tower 2. A reheater 10 may
      be provided in the conduit 33 to compensate the temperature loss which is
      due to the pressure relief. The pressure-relieved solution flows in the
      regenerating tower 2 over plates or packing down to the sump of the
      column, in which the regeneration temperature is maintained by means of
      the reboiler 6.
PAR  The regenerated solution is recycled from the sump of the tower 2 by means
      of a pump 13 through a conduit 35 to the top of the absorption tower 3.
PAR  Exhaust gas is withdrawn from the top of the regenerating tower 2 through a
      conduit 37, which includes a pressure-regulating valve 36, and is passed
      through a cooler 9 and a succeeding condensate trap 11. The collected
      condensate is water which has evaporated from the absorbent solution and
      which is recycled to the top of the regenerating tower by means of a pump
      17 through the conduit 39 to maintain the concentration of the absorbent
      constant. Water which has been lost from the absorbent solution may be
      compensated by an addition of fresh water at this point. An exhaust gas
      which is rich in sulfur compounds and may be used in the Claus process is
      obtained from conduit 38.
PAR  The invention will be explained more fully in the subsequent examples.
PAC  EXAMPLE 1
PAR  A gas produced by a gasification of coal under pressure is passed through a
      scrubber-cooler and discharged from the same at a rate of 180,000 standard
      cubic meters per hour and a temperature of 161.degree.C. and under a
      pressure of 21 kilograms per square centimeter (absolute pressure) and is
      saturated with water vapor. On a dry basis, the gas contains 13.0% by
      volume CO.sub.2, 1.0% by volume H.sub.2 S, 0.2% C.sub.n H.sub.m
      (unsaturated hydrocarbons), 15.8% CO, 25.0% H.sub.2, 5% CH.sub.4, and
      40.0% N.sub.2. This gas is to be desulfurized in the plant shown in the
      drawing. The plant consists of the cooler 1, the regenerator 2, the
      absorber 3, the saturator 4, the prescrubber 5, the reboilers, reheaters
      and coolers 6 - 10, the traps 11 and 12 and the pumps 13 - 17.
PAR  The raw gas supplied in conduit 19 is cooled in the indirect-contact cooler
      1 from 161.degree.C. to 137.degree.C. under a pressure of 20.6 kilograms
      per square centimeter (absolute pressure) with recirculated water at a
      rate of 760 metric tons per hour. The water is thus heated from
      115.degree.C. to 151.degree.C. The residual heat is removed with
      condensate which is at a temperature of 140.degree.C. and discharged in
      conduit 21 at a rate of 38.7 metric tons per hour.
PAR  The circulating water which has been heated is supplied through the conduit
      22 to the saturator 4. The gas is supplied through a conduit 23 to the
      reboiler 6 at the regenerator 2 and in this reboiler delivers heat to the
      desulfurizing absorbent solution which is to be regenerated.
PAR  The gas leaving the reboiler 6 is at 110.degree.C., under a pressure of
      20.2 kilograms per square centimeter (absolute pressure), and saturated
      with water vapor so that 12.5 million kilocalories per hour are available
      for the regeneration. Condensate, which contains also tar components, is
      obtained at a rate of 12.5 metric tons per hour. For this reason, the gas
      together with the condensate is supplied in the conduit 24 first to an
      indirect-contact gas cooler 7 and thereafter to the trap 12, in which the
      gas is cooled to 103.degree.C. and all condensate and tar components are
      removed therefrom. The condensate and tar components leave the trap 12
      through a conduit 25. The gas then flows through conduit 26 into the
      counterflow column 5, where all chlorides, fatty acids, thiocyanic acid
      and other deleterious impurities are removed by a contact with a suitably
      alkaline salt solution, which is circulated by the pump 14 through the
      conduit 27 and consists, e.g., of a sodium carbonate solution. This
      prescrubber contains 40 cubic meters of packing and is operated at
      105.degree.C., which is slightly above the condensing temperature of the
      tar components still contained in the gas. This operating temperature is
      adjusted by means of the steam-heated reheater 8. The small amount of
      water which is thus evaporated and the alkali which is consumed are
      compensated by a supply of an about 2% Na.sub.2 CO.sub.3 solution by a
      pump 18 through a conduit 28. Partly spent prescrubbing solution may be
      withdrawn through a conduit 29 when this is required and may be used
      further in the gas-producing plant.
PAR  The thus pretreated gas enters at 105.degree.C. the absorber 3 through
      conduit 30, where the gas is desulfurized approximately at the same
      temperature by a contact with the hot, generated, alkaline scrubbing
      solution. The gas which flows to the saturator 4 through conduit 31
      contains 300 ppm H.sub.2 S. In the saturator 4, the gas is reheated to
      149.degree.C. by hot circulating water, which is at 151.degree.C. and
      supplied from conduit 22 and flows in a countercurrent to the gas. By this
      treatment, the gas is correspondingly saturated with water vapor, and the
      circulated water is recooled to 115.degree.C. At this temperature, the
      circulated water flows back through the conduit 20 to the cooler 1,
      whereas the water-vapor containing gas which has been desulfurized but is
      still hot is supplied through the conduit 32 to the gas turbine process.
PAR  The scrubbing solution drained from the absorber 3 is supplied through the
      conduit 33 and the valve 34 with a pressure relief into the regenerator 2,
      which is operated under a pressure of 1.1 kilograms per square centimeter
      (at the top) and at a sump temperature of 106.degree.C. The regenerator is
      filled with 190 cubic meters of packing. The rising steam formed in the
      reboiler 6 from the solution regenerates the solution to such a degree
      that it can desulfurize the gas in the absorber 3 to a residual H.sub.2 S
      content of 300 ppm. This will be possible if the solution has a residual
      content of 0.8 standard cubic meter H.sub.2 S per cubic meter of the
      solution, provided that the bicarbonate content is at least 1.25
      kilogram-molecules per cubic meter. This regenerated solution also
      contains 1.02 kilogram-molecules K.sub.2 CO.sub.3 per cubic meter and 0.25
      kilogram-molecule borax (Na.sub.2 B.sub.4 O.sub.7.1 OH.sub.2 O) per cubic
      meter. The solution at 107.degree.C. is supplied at 500 cubic meters per
      hour by the pump 13 through the conduit 35 to the absorber 3, which
      contains 110 cubic meters of packing and in which the solution flows in a
      countercurrent to the gas, from which it absorbs H.sub.2 S at a rate of
      1750 standard cubic meters per hour and CO.sub.2 at a rate of 9450
      standard cubic meters per hour. The solution leaves the tower at
      115.degree.C. through conduit 33 and returns to the regenerator 2. Before
      the pressure relief, the solution now contains 4.3 standard cubic meters
      H.sub.2 S per cubic meter as 0.19 kilogram-molecule KHS per cubic meter,
      also 2.95 kilogram-molecules KHCO.sub.3 per cubic meter, 0.08
      kilogram-molecules K.sub.2 CO.sub.3 per cubic meter and 0.25
      kilogram-molecule borax per cubic meter. The pressure relief in the valve
      34 results in a cooling so that part of the combined H.sub.2 S and
      CO.sub.2 are released. To assist the stripping of H.sub.2 S, the reheater
      10 in the conduit 33 may be used to reheat the pressure-relieved solution.
      H.sub.2 S, CO.sub. 2 and water vapor escape from the top of the
      regenerator 2 through the valve 36 and the conduit 37. The stripping gas
      is cooled in the cooler 9 and condensate is removed from the gas in the
      trap 11. The H.sub.2 S-containing gas is supplied in conduit 38 to a plant
      for utilization, e.g., to a Claus plant for a recovery of sulfur. The
      condensate from the trap 11 is recycled by the pump 17 through the conduit
      39 to the regenerator.
PAR  Under certain circumstances it may be suitable to operate the regenerator 2
      under a slight superatmospheric pressure, e.g., of 2 kilograms per square
      centimeter (absolute pressure) so that the temperature of the regenerated
      solution and also the temperature in the scrubbing tower 3 are increased,
      e.g., to 115.degree.C. This may be accomplished by a suitable setting of
      the valve 36.
PAC  EXAMPLE 2
PAR  A gas is produced by the gasification of residue oil with oxygen and steam
      at a rate of 18,000 standard cubic meters per hour and in a plant as shown
      in the drawing is pretreated as described in Example 1. At a temperature
      of 105.degree.C. and under a pressure of 20 kilograms per square
      centimeter (absolute pressure) the gas which is saturated with water vapor
      enters the absorber 3 through the conduit 30. On a dry basis, the gas has
      the following composition under standard conditions:
     CO                  46.6% volume                                          

     H.sub.2             46.6% volume                                          

     CO.sub.2             5.0% volume                                          

     H.sub.2 S            0.15% volume                                         

     COS                  0.001% volume                                        

     CH.sub.4 --N.sub.2 --Ar                                                   

                          1.88% volume.                                        

PAR  The gas is to be desulfurized to a sulfur content not in excess of 100 ppm
      by volume. For this purpose, the gas is scrubbed in the absorber 3 with
      1.85 cubic meters of scrubbing solution per standard cubic meter of
      H.sub.2 S, which corresponds to a rate of 50 cubic meters of solution per
      hour. The regenerated solution enters the absorber at 107.degree.C.
      through conduit 35 and contains 1.00 kilogram-molecule K.sub.2 CO.sub.3
      per cubic meter, 1.25 kilogram-molecules KHCO.sub.3 per cubic meter, 0.25
      kilogram-molecule borax per cubic meter, and 0.3 standard cubic meter
      H.sub.2 S per cubic meter as KHS. Under these conditions, a scrubbed gas
      is obtained which contains 80 ppm H.sub.2 S and 2 ppm COS whereas the
      solution takes up 25.6 standard cubic meters H.sub.2 S per hour and 700
      standard cubic meters CO.sub.2 per hour, which are stripped off in the
      regenerator 2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process for desulfurizing hot raw gas produced by the gasification of
      coal with oxygen-containing gases and water vapor under pressure which
      comprises:
PA1  a. cooling said raw gas in at least two stages, in the last cooling stage
      before the desulfurizing step, cooling said raw gas by indirect heat
      exchange to a temperature below the temperature of the desulfurizing step
      and removing condensate;
PA1  b. in a subsequent stage raising the temperature of the raw gas to the
      temperature of the desulfurizing step and introducing said raw gas into a
      desulfurizing stage where it is treated with a hot solution of one or more
      alkali salts of weak inorganic acids to selectively remove the sulfur
      compounds from the gas; and
PA1  c. regenerating the laden desulfurizing solution and recycling it to the
      desulfurizing stage.
NUM  2.
PAR  2. Process of claim 1 wherein the temperature is raised in said subsequent
      stage by directly contacting said gas with a recirculated hot aqueous
      solution of alkali salts of weak inorganic acids, said solution also
      prescrubbing and saturating said raw gas with water vapor.
NUM  3.
PAR  3. Process of claim 1 wherein the raw gas is desulfurized at temperatures
      of about 105.degree. to 115.degree.C.
NUM  4.
PAR  4. Process of claim 1 wherein said raw gas is precooled to
      200.degree.-150.degree.C and subsequently indirectly cooled to a
      temperature which is a few degrees below the operating temperature of the
      desulfurizing step, then the temperature of the raw gas is raised in a
      prescrubbing stage and thereafter desulfurized.
NUM  5.
PAR  5. Process of claim 2 wherein the hot aqueous solution contains sodium
      carbonate.
NUM  6.
PAR  6. Process of claim 1 wherein subsequent indirect cooling is carried out in
      a plurality of stages and pre-cooling is carried out with water under
      pressure.
NUM  7.
PAR  7. Process of claim 6 wherein one subsequent indirect cooling stage
      involves a heat exchange between the gas and the absorbent solution laden
      with sulfur compounds prior to regeneration.
NUM  8.
PAR  8. Process of claim 7 wherein water drained from the first subsequent
      indirect cooling stage is cooled by a direct contact with the desulfurized
      gas and is recycled to the first indirect cooling stage.
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ABST
PAL  This application describes a process for the catalytic reduction of sulfur
      dioxide in gas streams containing sulfur dioxide to elemental sulfur using
      a reducing gas such as hydrogen or, preferably, carbon monoxide, and a
      catalyst of the formula Ln.sub.2 O.sub.3 . Co.sub.2 O.sub.3, where Ln is
      either Y or Gd.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the removal of sulfur dioxide from gas streams
      containing sulfur dioxide. More particularly, this invention relates to
      the catalytic reduction of sulfur dioxide with a reducing gas, preferably
      carbon monoxide, to elemental sulfur in gas streams containing sulfur
      dioxide, such as flue or stack gases, gases resulting from oil or coal
      gasification which contain sulfur dioxide, smelter gases, etc.
PAC  BACKGROUND OF THE INVENTION
PAR  Sulfur dioxide is a constituent of many waste gases, such as, for example,
      smelter gases, flue gases, off gases from chemical manufacturing
      processes, ore roaster gases, and stack gases from coal- and oil-burning
      furnaces and boilers. Contamination of the atmosphere by sulfur dioxide,
      whether present in dilute concentrations of 0.05 to 0.3 volume percent as
      in power plant flue gases or in higher amounts of 5 to 10 percent as in
      ore roaster gases, has been a public health problem for many years due to
      its irritating effect on the respiratory system, its adverse affect on
      plant life, and its corrosive attack on many metals, fabrics and building
      materials. Millions of tons of sulfur dioxide are emitted into the
      atmosphere each year in The United States due to combustion of fuel oil
      and coal; a major amount of such sulfur dioxide being produced in the
      generation of electric power.
PAR  Since the reduction of the sulfur dioxide content of stack gases is the key
      to the production of useful energy from our abundant fuels (coal and high
      sulfur oil) in an environmentally acceptable manner, many methods have
      been proposed, and are presently under study, for the removal of sulfur
      dioxide from such gases. It is estimated that there are close to 50 sulfur
      dioxide removal processes presently under investigation in the United
      States. While the processes appear technically feasible, the expense of
      the sulfur dioxide removal is substantial. Some of the more common
      processes involve scrubbing of the stack gas and precipitation of the
      sulphur dioxide with limestone as calcium sulfite or, following oxidation,
      as calcium sulfate. Scrubbing of the very large effluent gas quantities,
      as well as collection and disposal of the solid precipitate from the
      scrubbing liquid, are expensive.
PAR  An inherently less expensive method for removing the sulfur dioxide is
      based on the catalytic reduction thereof with carbon monoxide or some
      other reductant. Neither scrubbing of a gas by a liquid nor the separation
      of a solid from a liquid are required in this method. This method has been
      tried with many different catalysts but, to date, to the best Applicant's
      knowledge, such methods have one or more of three major difficulties.
      Initially, burners, such as those operated by electrical power generation,
      run on fuel mixes with excess air or "lean fuel mixes". This is done to
      prevent the formation of explosive carbon dust and to derive more energy
      from the fuel. As a result of the use of the lean fuel mix, the stack gas
      is rich in oxygen. This oxygen poisoned many of the catalysts tried in the
      past, thus killing the catalytic activity thereof and reducing the overall
      effectiveness of the reduction process. Secondly, certain of the catalysts
      utilized catalyzed the reduction of water by carbon monoxide to form
      carbon dioxide and hydrogen, or catalyzed the reaction of water and sulfur
      to hydrogen sulfide and oxygen. Hydrogen reacts with sulfur to form
      hydrogen sulfide at temperatures as low as about 200.degree.C, and,
      thusly, in either case, the sulfur dioxide is converted into another toxic
      material. Thirdly, certain of the non-specific catalysts catalyzed the
      oxidation of carbon monoxide to sulfur to form carbonyl sulfide, another
      highly toxic gas. These difficulties arise because of the non-specific
      nature of the catalytic material.
PAC  OBJECTS OF THE INVENTION
PAR  It is, therefore, the primary object of this invention to define a novel
      process for the removal of sulfur dioxide from gas streams containing
      sulfur dioxide.
PAR  It is a further object of this invention to provide a process for the
      catalytic reduction of sulfur dioxide to elemental sulfur.
PAR  It is a further object of this invention to provide a process for the
      catalytic reduction of sulfur dioxide in gas streams containing sulfur
      dioxide to elemental sulfur using specific catalytic compositions which
      are not subject to poisoning by oxygen or water, and are less subject to
      the aforementioned deficiencies.
PAR  It is a further object of this invention to provide a process for the
      catalytic reduction of sulfur dioxide by a reducing gas to elemental
      sulfur, said process being sufficiently specific to operate with lean fuel
      mixtures while forming environmentally acceptable levels of sulfur
      dioxide, hydrogen sulfide, or carbonyl sulfide.
PAR  These and still further objects, advantages and features of the present
      invention will become apparent upon consideration of the following
      detailed disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  These and still further objects, features and advantages of the present
      invention are achieved, in accordance therewith, by utilizing a
      composition represented by the formula Ln.sub.2 O.sub.3 . Co.sub.2
      O.sub.3, where Ln is either Y or Gd, as the catalyst in the catalytic
      reduction of sulfur dioxide with a reducing gas, such as hydrogen or,
      preferably, carbon monoxide, in sulfur-dioxide containing gas streams to
      elemental sulfur. Catalysts having a 1 : 1 ratio of cobalt oxide to either
      Y.sub.2 O.sub.3 or Gd.sub.2 O.sub.3 are preferred since maximum catalytic
      conversion efficiencies are obtainable therewith. Other ratios, if
      reasonably close to preferred 1 : 1 ratio, are suitable since the desired
      catalytic conversion to elemental sulfur is effected.
PAR  In its broadest aspects, the process of the present invention is directed
      to the removal of sulfur dioxide from any sulfur dioxide-containing gas
      stream where the above-identified catalyst is used and a reducing gas,
      such as hydrogen or, preferably, carbon monoxide, is added to, or present
      in sufficient quantities in, the sulfur dioxide-containing gas stream to
      within about 35  15%, generally about 35  10%, of the stoichiometric
      amount required for complete reduction of all sulfur dioxide present to
      elemental sulfur. If the amount of reducing gas in the stream is
      sufficient, no further amount need be added thereto. However, quantities
      of the reducing gas can be added, or generated in situ, as necessary to
      provide the desired amount of reductants, relative to oxidants, in the gas
      stream.
PAR  The first, and presently considered to be the most important aspect of the
      present invention is a process directed to the removal of sulfur dioxide
      from sulfur dioxide-containing flue or stack gases, especially those
      resulting from coal-burning processes, oil burning processes, or any other
      process which produces sulfur dioxide in the tail gas. Of special interest
      is the particularly severe case of a stack gas resulting from a
      coal-burning operation where the stack gas contains fly ash (to the extent
      not removed by precipitation) and generally has a composition of about
      0.32% SO.sub.2, 3.2% O.sub.2, 15% CO.sub.2, 7.6% H.sub.2 D, 0.12% nitrogen
      oxide, balance nitrogen, i.e., where the O.sub.2 /SO.sub.2 ratio is about
      10:1 and the H.sub.2 O content is very high (which could lead to H.sub.2 S
      formation), to which is added about 7.2% CO. Since the fly ash that
      remains and other components (including oxygen) of the gas stream do not
      "poison" the catalytic material of this process, it is effective to remove
      the sulfur dioxide as desired. It is contemplated that the catalyst will
      work even better with gas streams, such as those from oil burning
      operations, where the O.sub.2 /SO.sub.2 ratio is more favorable and the
      level of fly ash is much lower.
PAR  In further aspects of the invention, the process of the present invention
      is considered applicable to other applications where the gas stream has a
      higher SO.sub.2 content and a lower O.sub.2 content, such as those gas
      streams resulting from ore roasting, coal processing plants where coal is
      converted to gas and/or oil, or scrubbing systems where absorbed sulfide
      is oxidized to SO.sub.2 to give a concentrated SO.sub.2 -containing gas
      stream, etc. Typical gas concentrations contemplated here would be about
      3-20% SO.sub.2, 1-5% O.sub.2, a few % H.sub.2 O, with the balance N.sub.2.
      The SO.sub.2 in such a gas stream would be catalytically reduced, as
      taught herein, to elemental sulfur and any H.sub.2 S formed, even in
      appreciable amounts, could be recycled through the catalytic reactor. Such
      H.sub.2 S formation would not be prohibitive since the bulk of the high
      concentration of the sulfur dioxide would be removed from the stream.
PAR  Reduction to elemental sulfur proceeds according to the known reactions:
      ##EQU1##
      The important considerations in such processes relate to the reduction
      (and continued reduction) of the sulfur dioxide although oxygen, nitrogen
      oxides and other reducible components are present, the possible reduction
      of sulfur dioxide to hydrogen sulfide in the presence of water, the
      possible reduction to carbonyl sulfide by direct reaction between carbon
      monoxide and the sulfur dioxide, and the formation of hydrogen sulfide and
      carbonyl sulfide by reaction of the gaseous sulfur, produced in the
      principal reduction step, with other components present in the gas stream.
      In tests conducted to date with gas streams which have high SO.sub.2
      levels to which have been added or generated in situ carbon monoxide to
      increase the concentration thereof to not greater than the stoichiometric
      amount required to reduce all of the oxygen and sulfur present, it has
      been determined that the reduction of oxygen is favored over the reduction
      of sulfur dioxide (in the presence of oxygen), but the sulfur dioxide
      reduction is not excluded while oxygen is present; thus, in the presence
      or absence of oxygen, substantially complete reduction of the sulfur
      dioxide to elemental sulfur can be effected at temperatures below
      700.degree.C, generally between 450.degree.C and 650.degree.C; the
      presence of water at the elevated reaction temperatures does not lead to
      the formation of unacceptable hydrogen sulfide; and carbonyl sulfide is
      not formed in appreciable amounts in the reduction process (unless the
      feed gas contains carbon monoxide in concentrations greater than the
      stoichiometric amount required to reduce all of the oxygen and sulfur
      dioxide). In addition, in the presence of water, the formation of carbonyl
      sulfide is further inhibited. The present process, therefore, as it
      pertains to gas streams having high SO.sub.2 levels, affords distinct
      advantages over known processes of which Applicant is aware since, in a
      single stage (though multiple stages are contemplated), with a temperature
      requirement of less than 700.degree.C, the sulfur dioxide is converted to
      elemental sulfur with a conversion efficiency greater than about 90% while
      forming not greater than minimal quantities of carbonyl sulfide and, quite
      unexpectedly, producing only low levels of hydrogen sulfide under present
      operating conditions. This, in itself, is quite surprising since
      thermodynamic calculations of the equilibria for the reactions involved
      predict that very little reduction to elemental sulfur will occur.
      Therefore, the results, as set forth above, would not have been
      anticipated or expected.
PAR  Some hydrogen sulfide and/or carbonyl sulfide is formed with gas streams
      having low SO.sub.2 and high water (&gt;6%) concentrations, such as gas
      streams obtained with coal or oil-burning processes. However, the
      formation of such materials is within acceptable limits (considered to be
      much less than produced by other catalysts used for this purpose). In
      addition, activity of the catalyst is maintained for long periods of time,
      and the catalyst is resistant to poisoning by oxygen and functions in the
      presence of water vapor, thereby affording distinct advantages over other
      known catalysts used for the catalytic reduction of sulfur dioxide with a
      reducing gas.
PAR  In the essential aspects of the process of the present invention, the
      sulfur dioxide-containing gas stream is heated from the delivery
      temperature to a temperature in the range from about 450.degree.C to about
      700.degree.C, or higher, if desired, and then, if necessary, mixed with
      additional carbon monoxide or hydrogen to provide a gaseous reaction
      mixture having the proper (or desired) stoichiometric balance between the
      reducing gas and the sulfur dioxide (and other reducible materials).
      Carbon monoxide in extreme excess (i.e. &gt;10% over the stoichiometrically
      required amount) is to be avoided since it leads to the undesirable
      formation of carbonyl sulfide.
PAR  The sulfur dioxide/reducing gas gaseous stream is contacted with the
      catalyst of the present invention in a first converter wherein the sulfur
      dioxide is converted to elemental sulfur and the carbon monoxide is
      oxidized to carbon dioxide and/or the hydrogen is oxidized to water. The
      elemental gaseous sulfur which is formed is then condensed from the gas
      stream as the gases are cooled. If desired, the gas stream can be
      contacted with a second batch of catalyst in one or more further
      converters, after cooling to remove elemental sulfur (between each
      converter) to further increase the conversion efficiency of the processing
      system. Process parameters, materials of construction and type and size of
      necessary process equipment can be determined by application of those
      chemical and process engineering principles well-known in this field.
PAR  The catalyst is preferably treated with carbon monoxide at 700.degree.C for
      about 15-45 minutes, generally about 30 minutes, at the desired flow rates
      of nitrogen and carbon monoxide. This preferred step, which can be, and
      generally is, conducted with the catalyst in place in the catalytic
      reactor(s), has been found to raise the catalytic activity of the catalyst
      to its desired maximum prior to the time when it is first contacted by the
      sulfur dioxide-containing gas stream. This ensures that the catalytic
      conversion efficiency will be at its highest even during the first few
      hours of contact, whereas, in contrast, without such a prereduction step,
      there is a definite time interval, on the order of hours, for the catalyst
      to reach maximum conversion efficiency for the given set of operating
      conditions. Thus, the prereduction step is desirable to ensure maximum
      conversion of sulfur dioxide to elemental sulfur at all times.
PAR  Satisfactory conversion rates have been obtained with space velocities
      through the catalytic reactor(s) on the order of 2,000-36,000 volumes of
      gas/volume of catalyst/hour, though both higher and lower space
      velocities, depending on the composition of the gas stream, are
      contemplated.
PAR  A particular advantage of the catalyst and process of this invention is
      that, upon temperature cycling from the desired operating temperature to a
      lower temperature followed by return to the desired operating temperature,
      the catalytic conversion returns to substantially the original conversion
      rate. Thus, if there is an emergency shut-down of the system or catalytic
      reactor(s), or other lowering of the temperature of the catalytic
      reactor(s), it does not become necessary to replace the catalytic
      material. Instead, when ready, the catalytic reactor(s) can be returned to
      the desired operating temperature and the catalytic material will perform
      substantially as well as before the temperature drop.
PAR  The catalyst of this invention can be pelletized by known techniques, such
      as by preparing an aqueous slurry, casting in the form of a thin sheet
      (1/8 inch thick) on an inert material, followed by drying and sintering at
      elevated temperatures. The sintered sheet is then broken into small
      pellets approximately 1/8 inch on an edge.
PAR  The catalyst of this invention can also be supported by known techniques
      as, for example, by impregnating a suitable carrier material with an
      aqueous solution thereof, and subsequently drying and calcining the
      impregnated material. Alternatively, the carrier material can be suitably
      loaded with the catalyst according to known dry impregnation techniques.
      Suitable carrier materials include, for example, zirconia, thoria,
      magnesia, alumina, silica-alumina, and the like, especially those having
      extended surface areas. After catalyst impregnation, the catalyst/support
      has more active sites per unit volume which promote sulfur dioxide
      reduction.
PAR  In an exemplary procedure, the carrier materials are sieved to -30/+60
      mesh, and impregnated with aqueous solutions of cobalt nitrate and either
      yttrium or gadolinium nitrate, or other soluble salts, such as, for
      example, acetates, oxalates, and carbonates, to form, upon firing, a
      carrier impregnated with about 5.5% LnCoO.sub.3. In a further exemplary
      procedure, unstabilized zirconia powders or yttrium oxide-stabilized
      zirconia powders are mixed with the aforementioned nitrates (or other
      salts) to prepare aqueous suspensions. The suspensions are extruded as 1/8
      inch diameter pellets, dried and then fired at temperatures between about
      900.degree.C and 1100.degree.C, preferably at about 900.degree.C to about
      1000.degree.C, to yield fired pellets having a nominal 5 wt. % LnCoO.sub.3
      composition. Auxiliary agents, such as binders, e.g., camphor, lubricating
      and wetting agents, etc., can be added to the suspension to improve the
      extrusion or pellet forming process.
PAR  The catalysts of this invention having high surface area can also be
      prepared using a freeze drying technique. In this procedure, a
      stoichiometric mixture of solutions of soluble salts of cobalt and either
      yttrium and gadolinium are frozen, evaporated to remove the water and
      vacuum decomposed to produce a mixture of cobalt oxide and either yttrium
      oxide or gadolinium oxides, as the case may be. This mixture can then be
      fired in air to produce the desired material. Similar techniques can be
      used to produce the catalysts of this invention on a suitable support,
      e.g., zirconia.
PAR  Since the pressure drop across a pellet type fixed catalyst bed can be high
      and, therefore, will raise the operating cost of a catalytic reactor,
      honeycomb structures, such as cordierite honeycombs, can be used as
      supports for the catalytic material in the present invention as pressure
      drops therethrough are usually lower than with pellet type structures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE is a schematic flow diagram for the desulfurization of flue
      gases from a coal-burning power plant according to this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the FIGURE there is shown a main power plant 10 wherein high
      sulfur content fuel is burned in the presence of air. A high temperature
      ash precipitator 12, for example an electrostatic precipitator, and, if
      necessary, other filtering means 14, are used to remove as much as
      possible (preferably all) of the particulate matter from the flue gas
      stream. If the flue gas stream contains excess hydrogen other than that
      limit considered desirable, a sacrificial catalyst can be utilized in
      catalytic reactor 16 to remove such hydrogen to prevent (or at least
      limit) the subsequent formation of hydrogen sulfide. A carbon monoxide
      generator 18, such as a coal or oil gasifier that may be as large as about
      10% of the capacity of main power plant 10, is used to furnish the carbon
      monoxide needed to reduce the sulfur dioxide and oxygen. Generator 18 is
      connected via line 20 to the flue gas stream 22 exiting from catalytic
      reactor 16 or, if reactor 16 is unnecessary, to the flue gas stream
      exiting from filter means 14. The catalytic reactor, containing the
      catalytic material of this invention, may be in a single stage or in
      multiple stages if interstage cooling is required or where a second stage
      is required to improve the overall efficiency of the sulfur removal
      process. As shown, flue gas stream 24 containing sulfur dioxide, oxygen
      and carbon monoxide enters interstage cooler 26 and flows countercurrently
      to the gas stream exiting from first stage catalytic reactor 28. After the
      gas stream has passed through cooler 26, catalytic reactor 28 and then
      cooler 26 again, the sulfur formed in reactor 28 is removed (as at 30)
      from the flowing stream before the gas stream enters second stage
      catalytic reactor 32. Since the carbon monoxide reacts exothermally with
      at least a part of the oxygen present, it is advantageous to recover this
      heat in heat removal unit 34. The sulfur collected from the resultant gas
      stream 36 in sulfur recovery unit 38 is combined with the sulfur removed
      at 30 and used as a valuable by-product of this process. After the
      resultant gas stream passes through precipitator 40 and compressor 42, it
      is exhausted through stack 44. By-pass line 46 allows the gas stream to be
      directly exited via stack 44 to allow, for example, for catalyst
      replacement, emergency shutdown of the reactor system, etc.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The following Examples are given to enable those skilled in this art to
      more clearly understand and practice the present invention. They should
      not be considered as a limitation upon the scope of the invention, but
      merely as being illustrative and representative thereof.
PAC  EXAMPLE I
PAR  5.649 Grams of Y.sub.2 O.sub.3 and 4.075 grams of Co.sub.2 O.sub.3 were dry
      ground and blended using a mortar and pestle, and fired in air at
      1100.degree.C for 4 hours in an uncovered platinum crucible. (It should be
      noted that the cobalt oxide used in the preparation of these materials
      actually exists as a mixture of CoO and Co.sub.3 O.sub.4, but this reagent
      grade cobalt oxide has a cobalt assay which corresponds to 101% Co.sub.2
      O.sub.3 ; accordingly, the cobalt oxide will be considered to be Co.sub.2
      O.sub.3.) After the sample had been oven-cooled to room temperature, it
      was removed from the furnace, reground with mortar and pestle, and refired
      at 1100.degree.C for an additional 4 hours. After the second firing the
      sample was oven-cooled to room temperature, removed from the furnace,
      reground and sieved through a 325 mesh screen to afford a material which
      is predominantly Y.sub.2 O.sub.3 with some cobalt oxides.
PAC  EXAMPLE II
PAR  The procedure of Example I is repeated using 9.063 grams of Gd.sub.2
      O.sub.3 and 4.075 grams of Co.sub.2 O.sub.3 to prepare Gd.sub.2 O.sub.3 .
      Co.sub.2 O.sub.3.
PAC  EXAMPLES III AND IV
PAR  In these Examples, a screening reactor system (described below) has been
      utilized to test the relative catalytic activity of the materials embraced
      by this invention. The system has been set to give a conversion efficiency
      of about 60% (instead of 100%) with the reference catalyst, thereby
      enabling the detection of still more effective catalyst compositions.
PAR  Three gases (N.sub.2, CO, and SO.sub.2) are fed to a stainless steel
      manifold. From the manifold the gases pass through a 3/8 inch diameter, 12
      inches long, 21 element stainless steel static mixer (Kenics Corp.,
      Danvers, Mass.), then to a reactor which consists of a 15 inch tube
      surrounding a 1/2 inch diameter, 18 inches long quartz tube having fitted
      joints at both ends. The catalyst sits in the reactor 4 inches above the
      bottom of the furnace and is supported by a small amount of fiberfrax
      wool. The amount of catalyst used is 0.5 grams. The effluent from the
      reactor system goes into a sulfur collector, a 1/2 inch diameter, 8 inch
      long pyrex tube with fitted joints at both ends. A 1/4 inch tube leads to
      a 1/4 inch stainless steel millipore filter. From the filter, the effluent
      passes to a Carle Automatic Sampling Valve and timer which injects samples
      every 10 minutes into a gas chromatograph.
PAR  The data for various catalytic compositions embraced by this invention with
      flow rates of 12 ml./min. of SO.sub.2, 24 ml./min. of CO, and 84 ml./min.
      of N.sub.2 (catalyst volume = 0.59 cm.sup.3 ; contact time = 0.29 second)
      is tabulated in Table I below.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                   MAXIMUM                                     

                           TEMPERATURE                                         

                                   COS PRO-                                    

                           AT WHICH NO                                         

                                   DUCTION                                     

                                         % SO.sub.2                            

                           REACTION                                            

                                   AT LOW                                      

                                         REMOVED                               

     EXAMPLE                                                                   

           FORMULA PREPARATION                                                 

                           OCCURS  TEMP. AT 700.degree.C                       

     __________________________________________________________________________

     III   Y.sub.2 O.sub.3 .                                                   

                   See Ex. I                                                   

                           380.degree.C                                        

                                   --    67%                                   

           Co.sub.2 O.sub.3                                                    

     IV    Gd.sub.2 O.sub.3.       5% at                                       

           Co.sub.2 O.sub.3                                                    

                   See Ex. II                                                  

                           470.degree.C                                        

                                   470.degree.C                                

                                         50%                                   

     __________________________________________________________________________

PAR  The reference catalyst has been shown to have catalytic conversion
      efficiencies on the order of 90% or greater under appropriate condidtions
      and with properly constituted gas streams. Accordingly, 67% SO.sub.2
      removal for Y.sub.2 O.sub.3 . Co.sub.2 O.sub.3 under conditions which are
      pre-set to give 60% SO.sub.2 removal with the reference catalyst is
      indicative that Y.sub.2 O.sub.3 . Co.sub.2 O.sub.3 is at least as good as
      the reference catalyst, and possibly slightly better, and that comparable
      catalytic conversion effiencies should be attainable therewith. Thus,
      Y.sub.2 O.sub.3 . Co.sub.2 O.sub.3 is the preferred catalytic material of
      this invention.
PAR  In certain instances where the said gas stream has a composition different
      from that set forth above or used in the Examples, the catalytic
      conversion efficiency may be on the order of 75% or so. However, under
      appropriate conditions and with properly constituted gas streams,
      conversion efficiencies on the order of 90% can be obtained.
PAR  While the present invention has been described with reference to specific
      embodiments thereof, it should be understood by those skilled in this art
      that various changes may be made and equivalents may be substituted
      without departing from the true spirit and scope of the invention. In
      addition, many modifications can be made to adapt a particular situation,
      material or composition of matter, process, process step or steps, or
      then-present objective to the spirit of this invention without departing
      from its essential teachings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for removing sulfur dioxide from a gas stream containing
      sulfur dioxide comprising passing a gas stream containing sulfur dioxide
      and a sufficient amount of carbon monoxide or hydrogen to reduce at least
      a portion of said sulfur dioxide to elemental sulfur through a reaction
      chamber charged with a material of the formula Ln.sub.2 O.sub.3 . Co.sub.2
      O.sub.3, where Ln is either Y or Gd, to catalytically produce at a
      sufficiently elevated temperature a product stream containing elemental
      sulfur and carbon dioxide or water, and thereafter removing said elemental
      sulfur from said product stream.
NUM  2.
PAR  2. The process of claim 1 wherein the temperature in said reaction chamber
      is in the range of from about 450.degree.C to about 700.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein said material is Y.sub.2 O.sub.3 .
      Co.sub.2 O.sub.3.
NUM  4.
PAR  4. The process of claim 1 wherein said material is Gd.sub.2 O.sub.3 .
      Co.sub.2 O.sub.3.
NUM  5.
PAR  5. The process of claim 1 wherein said process is characterized by a sulfur
      dioxide removal efficiency greater than about 90%.
NUM  6.
PAR  6. The process of claim 1 wherein said process is characterized by a sulfur
      dioxide removal efficiency greater than about 90% even in the presence of
      oxygen in said reaction chamber.
NUM  7.
PAR  7. The process of claim 1 wherein the production of said product stream
      proceeds even in the presence of oxygen in said reaction chamber.
NUM  8.
PAR  8. The process of claim 1 wherein not greater than minimal amounts of
      hydrogen sulfide and carbonyl sulfide are produced during the catalytic
      production of said elemental sulfur.
NUM  9.
PAR  9. The process of claim 1 wherein said carbon monoxide or hydrogen in said
      gas stream is in an amount not greater than the stoichiometric amount
      thereof required for reduction of all oxidants in said gas stream.
NUM  10.
PAR  10. The process of claim 1 wherein said carbon monoxide or hydrogen in said
      gas stream is within .+-. 15% of the stoichiometric amount required for
      complete reduction of all oxidants in said gas stream.
NUM  11.
PAR  11. The process of claim 1 wherein a portion of said carbon monoxide or
      hydrogen in said gas stream is generated in situ.
NUM  12.
PAR  12. The process of claim 1 wherein a portion of said carbon monoxide or
      hydrogen in said gas stream is added thereto from an external source.
NUM  13.
PAR  13. A process for removing sulfur dioxide from a gas stream containing
      sulfur dioxide comprising adding carbon monoxide or hydrogen to a gas
      stream containing sulfur dioxide and oxygen to thereby provide a gaseous
      reaction stream, the total amount of carbon monoxide or hydrogen in said
      gaseous reaction stream being approximately the stoichiometric amount
      required for reduction of all oxidants in said gaseous reaction stream,
      heating said gaseous reaction stream to a temperature in the range from
      about 450.degree.C to about 700.degree.C, passing said heated gaseous
      reaction stream through at least one reaction chamber charged with a
      material represented by the formula Ln.sub.2 O.sub.3 . Co.sub.2 O.sub.3,
      where Ln is either Y or Gd, to catalytically produce a product stream
      comprising elemental sulfur, carbon dioxide or water, and not greater than
      minimal quantities of hydrogen sulfide and carbonyl sulfide, and
      thereafter remving said elemental sulfur from said product stream.
NUM  14.
PAR  14. The process of claim 13 wherein said material is Y.sub.2 O.sub.3 .
      Co.sub.2 O.sub.3.
NUM  15.
PAR  15. The process of claim 13 wherein said material is Gd.sub.2 O.sub.3 .
      Co.sub.2 O.sub.3.
NUM  16.
PAR  16. The process of claim 13 wherein said gaseous reaction stream contains a
      minor concentration of oxygen, and the production of said elemental sulfur
      proceeds even in the presence of said oxygen in said gaseous reaction
      stream.
NUM  17.
PAR  17. The process of claim 13 wherein said carbon monoxide or hydrogen in
      said gaseous reaction stream is within .+-. 15% of the stoichiometric
      amount required for complete reduction of all oxidants in said gaseous
      reaction stream.
NUM  18.
PAR  18. The process of claim 1 wherein said material is supported on a magnesia
      carrier.
NUM  19.
PAR  19. The process of claim 13 wherein said material is supported on a
      magnesia carrier.
NUM  20.
PAR  20. The process of claim 1 wherein said material is supported on a zirconia
      carrier.
NUM  21.
PAR  21. The process of claim 13 wherein said material is supported on a
      zirconia carrier.
PATN
WKU  039313913
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APN  4689887
APT  1
ART  113
APD  19740510
TTL  Process for oxidation of ammonia
ISD  19760106
NCL  5
ECL  1
EXP  Peters; G. O.
INVT
NAM  Koberstein; Edgar
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INVT
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FSS  474
UREF
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NAM  Geus et al.
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CNT  CA
OCL  252474
OREF
PAL  "Chemical Abstracts"; Vol. 67, p. 2478j, 26080j.
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  Catalysts suitable for the oxidation of ammonia to nitrogen oxides which
      are suitable to produce nitric acid are prepared by doping cobalt oxide,
      preferably Co.sub.3 O.sub.4 with 0.1-10 atoms %, preferably 0.5-3 atom %
      of lithium. In a given case, there is added a mold assist agent to form
      tablets, spheres, extruded pressed strands or honeycombs. The product is
      calcined in air or an oxygen stream at 300.degree.-700.degree.C,
      preferably 400.degree.-600.degree.C and subsequently tempered at
      700.degree.-900.degree.C in a reactive gas mixture of air and 8-10 vol. %
      ammonia to increase the form stability.
PARN
PAR  This is a division of application Ser. No. 282,044 filed Aug. 21, 1972, now
      U.S. Pat. No. 3,850,851.
BSUM
PAR  The invention concerns a process for the production of a catalyst suitable
      to oxidize ammonia to nitrogen oxides which are used for the production of
      nitric acid. Among these nitrogen oxides are NO, NO.sub.2 and N.sub.2
      O.sub.3.
PAR  It is known that cobalt and its compounds with oxygen can be used as
      catalysts for the oxidation of ammonia to the above mentioned oxides of
      nitrogen. It is also known that catalysts which contain cobalt or oxygen
      compounds of cobalt produce high yields at average to high loads in the
      oxidation of ammonia to the nitrogen oxides. Additives, especially oxides
      of aluminum or bismuth act as favorable promotors. However, it is also
      known that the favorable effect of promotors such as aluminum oxide, for
      example, leads to a reduction of the activity of the catalyst if the
      catalyst is employed for the oxidation of ammonia under pressure.
PAR  Doping of cobalt oxide catalysts with potassium ions has been considered as
      favorable for the activity of the catalyst in the above mentioned reaction
      by several authors. (N. P. Kurin, P. E. Bogdanov: Kataliz Vyssh. Shkole,
      Min. Vyssh. Sredn. Spets. Tr. 1-go Mezhruz. Sovesch po Katalizu 2 (1958),
      1 page 215).
PAR  However, it has been established that potassium doped cobalt oxide
      catalysts in operation have a loss of about 70% of the original potassium
      content within a short time. As a result, the advantage of doping is
      correspondingly lost.
PAR  Pure cobalt oxide catalysts, however, until now, have not been usable
      industrially since they sinter very strongly. For these reasons, there is
      proposed in German Offenlegungsschrift No. 2,033,134 the use of carrier
      materials whereby, however, the yields obtainable and load carrying
      ability likewise are greatly lowered.
PAR  The invention relates to the surprising observation that cobalt oxide
      catalysts which have been doped with a lithium ion concentration.sup. 1
      after a short tempering time becomes form stable, have practically no more
      sintering and therefore shows an extraordinarily high catalytic activity
      and loadability in regard to the oxidation of ammonia to the
      above-mentioned nitrogen oxides. This type of catalyst consists of cobalt
      oxide, preferably Co.sub.3 O.sub.4 which contains 0.1 to 10 atom % of
      lithium, preferably 0.5 to 3 atom % lithium and which by appropriate
      shaping, as, for example, by pressing is converted to form tablets,
      spheres or honeycomb bodies, for example, and whose shape stability is
      guaranteed by a suitable tempering program.
FNT  .sup.1 lying in the usual concentration range of mineralizers applied in
      mineralogy.
PAR  While Co.sub.3 O.sub.4 is the preferred cobalt oxide, there can also be
      used CoO and Co.sub.2 O.sub.3. Any convenient source of lithium can be
      used which can be converted to lithium oxide in the treatment. Thus there
      can be used lithium hydroxide, lithium oxide, lithium nitrite, lithium
      nitrate or lithium salts of organic acids. If lithium compounds other than
      lithium hydroxide are used, equimolar parts of aqueous ammonia must be
      added.
PAR  The invention accordingly is directed to a process which comprises doping a
      cobalt oxide, preferably Co.sub.3 O.sub.4 with 0.1-10 atom %, preferably
      0.5-3 atom % of lithium, thereupon, in a given case with the addition of a
      conventional mold assist agent such as graphite, other organic substances
      which can be burnt out, as for example, stearates, etc. in an amount of
      0.1 to 3 % by weight forming into tablets, spheres, extruded strands or
      honeycombs, then calcining at a temperature of 300.degree.-700.degree.C,
      preferably 400.degree.-600.degree.C in air or an oxygen stream and finally
      tempering for form stabilization at 700.degree.-900.degree.C in a reactive
      gas mixture of air and 8-10 volume % ammonia.
PAR  The calcining is best carried out for 1-5 hours, preferably 2-3 hours.
      Besides it has also proven suitable to carry out the tempering treatment
      for 10-120 minutes, perferably 30-90 minutes, most preferably for about 60
      minutes.
PAR  According to a preferred form of the process of the invention, the doped
      cobalt oxide is ground before mixing with the mold assist agent. However,
      the doped cobalt oxide can be ground together with the mold assist agent.
PAR  The doping with lithium can be accomplished in different ways. Proceeding
      as follows has proven especially suitable: After mixing an aqueous
      solution of a cobalt salt, e.g. cobalt nitrate, cobaltous chloride,
      cobaltic chloride, cobalt acetate, or cobaltic bromide with an aqueous
      solution of lithium hydroxide, the precipitate obtained is separated off,
      for example, by filtering or centrifuging, suspended in an aqueous
      solution of an oxidizing agent, as, for example, hydrogen peroxide, or
      weak organic peroxy acids such as peroxy acetic acid, after oxidation the
      solid material is separated off, for example, by evaporation of the
      suspension and after drying and shaping is first calcined and then
      tempered.
PAR  The oxidation of the suspended solid can be carried out at room
      temperature. However, it is preferred to accelerate the reaction by
      heating of the solid suspension, e.g. at a temperature up to 100.degree.C.
      The end-point of the oxidation is shown when the development of gaseous
      O.sub.2 ceases. Generally to attain this a heating to boiling of 20-40
      minutes is sufficient.
PAR  The new catalysts are thus produced by mixing an aqueous solution of a
      cobalt salt such as cobaltous nitrate with a solution that contains
      lithium hydroxide. Thereby first precipitates out the basic compound of
      divalent cobalt which contains the necessary lithium doping. There is then
      separated off the precipitate from the remaining weakly alkaline aqueous
      solution, for example, by filtration or centrifuging and the solid
      material is suspended in an aqueous solution of an oxidizing agent such as
      hydrogen peroxide, for example, so that a reaction takes place between the
      solid material and the oxidizing agent. After the end of the reaction, the
      solid material is separated off again. This can be accomplished by
      evaporation of the suspension. The solid material is dried, mixed with
      graphite, pressed into suitably shaped bodies and these are calcined in
      the air or oxygen at a temperature of 300.degree. to 700.degree.C,
      preferably at 400.degree. to 600.degree.C. The molded article formed is
      finally tempered for 1/2 to 3 hours, preferably 1 hour, at a temperature
      of 700.degree. to 900.degree.C in an atmosphere which besides air contains
      8 to 10 volume % of ammonia whereby the molded bodies slightly contract
      and acquire their final stabile form. The molded bodies produced in this
      manner possess a hardness and form stability comparable to a ceramic
      product and a very high catalytic activity in regard to the
      above-mentioned oxidation reaction. Besides its ability to carry loads
      does not abate in long continued operation.
PAR  The invention also includes the catalysts prepared by the described
      procedures which contain cobalt oxides, preferably Co.sub.3 O.sub.4 and
      0.1-10 atom %, preferably 0.5-3 atom % of lithium with a structure
      imprinted by calcination in oxygen or air at 300.degree.-700.degree.C,
      preferably 400.degree.-600.degree.C and by subsequent tempering in a
      mixture of air and 8-10 volume % of ammonia at 700.degree.-900.degree.C.
PAR  A characteristic catalyst according to the invention and prepared in
      Example 1 in x-ray powder analysis showed d-value (A-units) and relative
      intensities I) as follows:
     d(A)                   I                                                  

     ______________________________________                                    

     4.70                  middle                                              

     2.87                  strong                                              

     2.464                 weak                                                

     2.440                 very strong                                         

     2.336                 middle                                              

     2.132                 middle                                              

     2.089                 weak                                                

     2.022                 middle                                              

     1.853                 very weak                                           

     1.650                 middle                                              

     1.555                 strong                                              

     1.505                 weak                                                

     1.427                 strong                                              

     1.365                 weak                                                

     1.276                 weak                                                

     1.232                 middle                                              

     ______________________________________                                    

PAR  Finally the invention includes the use of the catalysts for the oxidation
      of ammonia to such nitrogen oxides which can be used to produce nitric
      acid. The reaction can take place at 750.degree. to 950.degree.C using
      ammonia and air or oxygen. The ammonia can be 8 to 11 % of the gas mixture
      by volume.
DETD
PAC  EXAMPLE 1
PAR  700 grams of cobalt nitrate (cobaltous nitrate) were dissolved in 5 liters
      of water. These solutions were added to 2 liters of a solution which
      contained 150 grams of lithium hydroxide so that there were formed a
      precipitate and a weakly alkaline solution. The precipitate was filtered
      off and suspended in 40 liters of 10% aqueous hydrogen peroxide solution.
      The suspension was heated to boiling and evaporated to dryness. The solid
      residue was ground, mixed with 3% by weight of graphite and molded into
      tablets. The finished tablets were calcined for 3 hours at 600.degree.C in
      an airstream and finally tempered for 1 hour at 800.degree.C in an
      atmosphere which contained in addition to air 8.3 volume % of ammonia.
PAC  EXAMPLE 2
PAR  A catalyst produced according to Example 1 was inserted in a suitable
      reactor to a height of 6 cm, for example. The catalyst showed the
      following activities:
TBL  Temperature                                                               

            Gas Employed                                                       

                    GHSV  Trans-                                               

                                Nitrogen                                       

                                     Specific load                             

     (.degree.C)                                                               

            (Vol.% NH.sub.3,                                                   

                    (h.sup.-.sup.1)                                            

                          formation                                            

                                Oxide                                          

                                     (kg NH.sub.3 /m.sup.3 .times.h)           

            balance       %     Yield                                          

            air)                (%)                                            

     __________________________________________________________________________

     785    10.0     50,000                                                    

                          99.9  98.7 3,500                                     

     800    8.7     100,000                                                    

                          99.8  98.0 6.200                                     

     820    9.5     135,000                                                    

                          98.8  96.5 9,100                                     

     830    8.3     200,000                                                    

                          96.6  95.0 11,800                                    

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  A catalyst produced according to Example 1 was inserted in a suitable
      reactor to a height of 6 cm and the transformation ascertained depending
      on the time at a GHSV (gas hourly space velocity) of 50,000 h .sup..sup.-1
      employing a gas containing 10% ammonia, balance air. The same process was
      repeated with a catalyst doped with potassium ions by a known process and
      of equal volume and equal height of change. A comparison of the results
      with both catalysts is shown in the following comparison:
TBL                             Nitrogen Oxide                                 

     Temperature                                                               

                Duration                                                       

                     Transformation                                            

                                Yield                                          

     Li+doped                                                                  

          + K doped  Li+ doped                                                 

                           K+doped                                             

                                Li+ doped                                      

                                      K+doped                                  

     (.degree.C)                                                               

          (.degree.C)                                                          

                (hours)                                                        

                     (%)   (%)  (%)   (%)                                      

     __________________________________________________________________________

     780  780   1    99.9  99.7 99.3  90.3                                     

     780  810   3    99.9  99.9 98.5  95.1                                     

     810  820   8    99.9  99.8 98.7  87.8                                     

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  Contraction, hardness (characterized by crushing strength), and alkali
      content of the catalyst produced by Example 1 were ascertained. For this
      purpose, the catalyst was operated at temperature of 780.degree. to
      830.degree.C at space velocities up to 200,000 h.sup..sup.-1  operation
      was carried out with a mixture of 8 to 10 volume % ammonia, balance air.
      The results were as follows:
     Time of operation                                                         

                 Hardness Contraction                                          

                                     Lithium Content                           

     (h.sup..sup.-1)                                                           

                 (kg/cm.sup.2)                                                 

                          (%)        (Atom %)                                  

     ______________________________________                                    

     0           --       --         0.72                                      

     1           --       0.0        --                                        

     8           --       0.0        --                                        

     40          150-200  0.0        0.73                                      

     ______________________________________                                    

PAR  In an identical experiment with a catalyst produced by a known process
      which catalyst was doped with potassium, the potassium content in 5 hours
      was reduced from 0.3 to 0.04 atom % while the contraction amounted to 33%.
PAR  The catalyst of the invention therefore is well suited for the preparation
      of the nitrogen oxides such as NO, NO.sub.2 and N.sub.2 O.sub.3 which are
      used to make nitric acid.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for oxidizing ammonia to nitric oxides suitable for forming
      nitric acid comprising heating at 750.degree. to 950.degree.C a mixture of
      ammonia and air or oxygen in the presence of a catalyst said catalyst
      having been prepared by forming cobalt oxide doped with 0.1-10 atom % of
      lithium into shape, then calcining in air or oxygen at
      300.degree.-700.degree.C and subsequently tempering at
      700.degree.-900.degree.C in a reaction gas mixture of air and 8-10 volume
      % of ammonia to stabilize the form.
NUM  2.
PAR  2. A process according to claim 1 wherein the cobalt oxide is Co.sub.3
      O.sub.4.
NUM  3.
PAR  3. A process according to claim 2 wherein the catalyst contains 0.5-3 atom
      % of lithium.
NUM  4.
PAR  4. A process according to claim 1 wherein the lithium doped cobalt oxide is
      prepared by mixing an aqueous solution of a cobalt salt and lithium
      hydroxide to form a precipitate, suspending the precipitate in an aqueous
      solution of an oxidizing agent and drying the suspension prior to
      calcining.
NUM  5.
PAR  5. A process according to claim 1 wherein the ammonia is oxidized at a
      temperature of 780.degree. to 830.degree.C.
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LREP
FR2  Sciascia; R. S.
FR2  Branning; Arthur L.
FR2  Crane; M. L.
ABST
PAL  A method of enhancing the tensile strength of carbon fibers of laboratory
      d commercial materials. Carbon fibers are immersed at ambient temperatures
      in liquid bromine or bromine dissolved in a solvent within a chemical
      resistant container for a period of time, the bromine is then removed by
      flushing with an inert gas. The removed bromine may be recovered and
      reused by condensing the vapor; small traces of bromine may remain within
      the fiber. It has been found that the bromine treatment enhances the
      tensile strength of the treated fiber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of enhancing the tensile strength of
      carbon fibers and more particularly to a method of enhancing the tensile
      strength of carbon fibers by the use of bromine.
PAR  Early in aerospace applications a surface oxidation of carbon fiber was
      found necessary in order to realize acceptable interlaminar shear
      strength, and abrasion resistance in epoxy composites. Typical processes
      recently reported are: (1) I. L. Kalnin, U.S. Pat. No. 3,723,607 using
      ozone; (2) D. A. Scola and H. A. Hilton, U.S. Pat. No. 3,660,140 using 70%
      HNO.sub.3 ; (3) R. A. Cass and S. Steingiser, U.S. Pat. No. 3,627,570
      using chemical oxidation. While oxidation processes may facilitate
      enhanced adhesion, the tensile strength is normally diminished. In
      addition, it has been determined that prior art carbon fiber composites
      have relatively low impact strengths which limit their potential uses.
      Further, it has been determined that carbon fibers of different types have
      different strength and the need has arisen which requires modification of
      carbon fibers by surface treatments in order to yield the desired shear
      behavior of carbon fibers in composites.
PAR  Commercial carbon fibers are produced from cellulose and polyacrylo nitrile
      fibers by a sequence of complex chemical processes. Problems reside in the
      initial heating in which the nucleation of the carbon networks is
      controlled by a highly-sensitive oxidationpyrolysis step at about
      200.degree.-250.degree.C; this involves complex cyclization processes
      combined with a chemical conversion to aromatic networks. Further problems
      reside in the subsequent heating process to higher temperatures during
      which time-temperature dependent reactions similar to many coking
      processes take place; which is followed by special heat treatments which
      may attain elevated temperatures of about 2000.degree.C. Even with today's
      technology the fiber structure and surface behavior of carbon fibers are
      not understood.
PAC  SUMMARY OF THE INVENTION
PAR  Commercial and laboratory carbon fibers are treated with a bromine liquid
      or bromine dissolved in a suitable solvent for a time period of from 1
      hour to several days. The major portion of the bromine is removed and
      recovered. Only a small quantity of bromine remains within the fiber (less
      than about 0.1 weight percent), but the transport of bromine by diffusing
      into and then out of the fiber enhances the tensile strength of the
      treated fibers. The percent of increase ranges from 40 to 70% for
      different fibers.
DETD
PAC  DETAILED DESCRIPTION
PAR  In accordance with the teaching of the method of enhancing the tensile
      strength of carbon fibers the method will be set forth by way of the
      following examples:
PAC  PAN Fiber 1 -- EXAMPLE 1
PAR  A tow of experimental PAN fiber (2500 fibers per tow and several meters in
      length) was placed in a 250 ml flask having a ground glass stopper. The
      fiber assumed a coil shape around the bottom of the flask. Liquid bromine
      (1 ml) was introduced and the stoppered flask was allowed to sit several
      days. The flask was then swept with helium at room temperature. After the
      coloration due to bromine vapor had disappeared, the system was heated to
      240.degree.C for one hour. It was then cooled in helium to ambient
      temperature. The fiber remained in the stoppered flask from which samples
      were removed for testing.
PAC  PAN Fiber 2 -- EXAMPLE 2
PAR  Several meters of a tow to Courtauld HM carbon fiber, with no surface
      treatment, were treated as in PAN Fiber 1 for two days. The bromine was
      removed at ambient temperature and condensed in a trap for future use. The
      fiber was then heated to 150.degree.C in helium for one hour and then
      cooled. The fiber was stored in the stoppered flask from which samples
      were removed for testing.
PAC  PAN Fiber 3--EXAMPLE 3
PAR  Several meters of Courtauld HT carbon fiber, with no surface treatment,
      were treated as in PAN Fiber 2 with the exception that the flask
      containing the bromine and fiber was immersed in an ice bath overnight.
      Upon warming to room temperature the bromine was removed, the product
      heated to 150.degree.C in helium, and the cooled sample stored in the
      stoppered container from which samples were removed for testing.
PAC  PAN Fiber 4--EXAMPLE 4
PAR  One meter length of an experimental PAN Fiber containing 1000 fibers per
      tow was cut into 10-cm lengths and treated as in PAN Fiber 1. The bromine
      was displaced with helium and the product heated slowly to 200.degree.C.
      The cooled material was stored in the stoppered container and samples
      removed for testing.
PAR  The following table list the tensile strength of individual fibers set
      forth in the above examples and compares the tensile strengths before
      treatment with that after treatment with the percent of increase shown.
TBL  PAN Fiber Ultimate strength (10.sup.3 psi)                                

     Example   Original           Treated                                      

                                         % Increase                            

     ______________________________________                                    

     1         230                390    70                                    

     2         150                210    40                                    

     3         210                240    40                                    

     4         160                220    40                                    

     ______________________________________                                    

PAR  The load-strain measurements of single fibers were made on an Instron
      Testing Machine using tensile load cell A and a crosshead movement of
      0.05cm/min. or 0.02cm/min. Load-strain measurements revealed non-Hookian
      behavior with a steady rise in modulus to the point of failure.
PAR  Fracture patterns of the original and the treated fibers were viewed with a
      scanning electron microscope (SEM), the fibers being fractured either by
      simple bending or by torsion. Definite changes were evident in the
      microstructure of the fracture in the fibers following bromine treatment.
      The fractures of the as-received fibers have a featureless appearance
      which extends across the complete cross-section. The bromine-treated PAN
      Fiber 1, Example 1, showed prominent lamellar patterns at several
      locations within the break. The above treatment during the diffusion of
      the bromine into the fiber structure apparently causes an internal
      rearrangement and upon the withdrawal of the bromine, the internal
      structure assumes a more stable configuration. The fracture pattern
      reveals those internal surfaces, perhaps originally present as flaws
      within the fiber, which the fracture planes have followed. Some fractures
      were recessed at the center as seen by scanning electron micrographs in
      sterio; the other corresponding end of the fiber protruded at the center
      region. Many other scanning electron micrographs showed prominent patterns
      that can be attributed to the bromine treatment, since they were not
      observed in the original fibers.
PAR  The observed changes in the fracture of the fibers after bromine treatment
      suggests that the entire fiber responds to the treatment. Isotherm
      measurements have shown that the magnitude of the bromine intercalation
      must be very small.
PAR  It has been demonstrated that the tensile strength of the treated carbon
      fibers decreases somewhat with increase in fiber length. This behavior
      suggests a flaw probability directly proportional to fiber length, as is
      well known from glass fiber investigations.
PAR  Therefore, from the above it can be concluded that carbon fibers treated
      with bromine are enhanced in tensile strength. Further, it has been
      determined that the bromine retained subsequent to treatment is only in
      small traces (1000ppb) which has been demonstrated by heating the fiber to
      750.degree.C in a flow of helium. From present investigation, it appears
      that the tensile strength improves with additional treatments, that is
      repetitive treatment improves the tensile strength change.
PAR  Obviously many modification and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A method of treating carbon fibers to enhance their tensile strength;
      which comprises,
PA1  immersing said carbon fibers in liquid bromine within a container for a
      period of from about one hour to several day at ambient temperature;
PA1  removing any excess bromine from said container and said fibers;
PA1  subsequent to the disappearance of any coloration due to bromine vapor,
      heating the treated carbon fibers at a temperature of from about
      150.degree.C to about 250.degree.C for about 1 hour, and
PA1  cooling said heated fibers within a helium atmosphere to ambient
      temperature.
NUM  2.
PAR  2. A method as claimed in claim 1; wherein
PA1  said bromine is removed from said fibers by flushing the treated fibers
      with an inert gas at room temperature.
NUM  3.
PAR  3. A method as claimed in claim 2; wherein
PA1  said inert gas is helium.
NUM  4.
PAR  4. A method as claimed in claim 3; wherein
PA1  said treated carbon fibers are heated to a temperature of about
      240.degree.C subsequent to flushing with said helium.
NUM  5.
PAR  5. A method as claimed in claim 4; wherein
PA1  said temperature is 150.degree.C.
NUM  6.
PAR  6. A method as claimed in claim 4; wherein
PA1  said temperature is 200.degree.C.
NUM  7.
PAR  7. A method as claimed in claim 3; wherein
PA1  prior to removing said excess bromine said bromine immersed fibers within
      said container are immersed in an ice bath for a period of about 12 hours;
      and
PA1  subsequent to cooling said fibers, warming said fibers to room temperature
      prior to removing said excess bromine.
NUM  8.
PAR  8. A method as claimed in claim 3; wherein,
PA1  said bromine removed from said carbon fibers is condensed and saved for
      further use.
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ABST
PAL  This application describes a process for the catalytic reduction of sulfur
      dioxide in gas streams containing sulfur dioxide to elemental sulfur using
      a reducing gas such as hydrogen or, preferably, carbon monoxide, and a
      catalyst of the formula xLa.sub.2 O.sub.3 . yCo.sub.2 O.sub.3, where x and
      y are varied independently from 1-3 (including non-integers). Novel
      catalyst compositions where x .noteq. y are also claimed.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the removal of sulfur dioxide from gas streams
      containing sulfur dioxide. More particularly, this invention relates to
      the catalytic reduction of sulfur dioxide with a reducing gas, preferably
      carbon monoxide, to elemental sulfur in gas streams containing sulfur
      dioxide, such as flue or stack gases, gases resulting from oil or coal
      gasification which contain sulfur dioxide, smelter gases, etc.
PAC  BACKGROUND OF THE INVENTION
PAR  Sulfur dioxide is a constituent of many waste gases, such as, for example,
      smelter gases, flue gases, off gases from chemical manufacturing
      processes, ore roaster gases, and stack gases from coal- and oil-burning
      furnaces and boilers. Contamination of the atmosphere by sulfur dioxide,
      whether present in dilute concentrations of 0.05 to 0.3 volume percent as
      in power plant flue gases or in higher amounts of 5 to 10 percent as in
      ore roaster gases, has been a public health problem for many years due to
      its irritating effect on the respiratory system, its adverse affect on
      plant life, and its corrosive attack on many metals, fabrics and building
      materials. Millions of tons of sulfur dioxide are emitted into the
      atmosphere each year in The United States due to combustion of fuel oil
      and coal; a major amount of such sulfur dioxide being produced in the
      generation of electric power.
PAR  Since the reduction of the sulfur dioxide content of stack gases is the key
      to the production of useful energy from our abundant fuels (coal and high
      sulfur oil) in an environmentally acceptable manner, many methods have
      been proposed, and are presently under study, for the removal of sulfur
      dioxide from such gases. It is estimated that there are close to 50 sulfur
      dioxide removal processes presently under investigation in the United
      States. While the processes appear technically feasible, the expense of
      the sulfur dioxide removal is substantial. Some of the more common
      processes involve scrubbing of the stack gas and precipitation of the
      sulfur dioxide with limestone as calcium sulfite or, following oxidation,
      as calcium sulfate. Scrubbing of the very large effluent gas quantities,
      as well as collection and disposal of the solid precipitate from the
      scrubbing liquid, are expensive.
PAR  An inherently less expensive method for removing the sulfur dioxide is
      based on the catalytic reduction thereof with carbon monoxide or some
      other reductant. Neither scrubbing of a gas by a liquid nor the separation
      of a solid from a liquid are required in this method. This method has been
      tried with many different catalysts but, to date, to the best of
      Applicant's knowledge, such methods have one or more of three major
      difficulties. Initially, burners, such as those operated by electrical
      power generation, run on fuel mixes with excess air or "lean fuel mixes".
      This is done to prevent the formation of explosive carbon dust and to
      derive more energy from the fuel. As a result of the use of the lean fuel
      mix, the stack gas is rich in oxygen. This oxygen poisoned many of the
      catalysts tried in the past, thus killing the catalytic activity thereof
      and reducing the overall effectiveness of the reduction process. Secondly,
      certain of the catalysts utilized catalyzed the reduction of water by
      carbon monoxide to form carbon dioxide and hydrogen, or catalyzed the
      reaction of water and sulfur to hydrogen sulfide and oxygen. Hydrogen
      reacts with sulfur to form hydrogen sulfide at temperatures as low as
      about 200.degree.C, and, thusly, in either case, the sulfur dioxide is
      converted into another toxic material. Thirdly, certain of the
      non-specific catalysts catalyzed the oxidation of carbon monoxide by
      sulfur to form carbonyl sulfide, another highly toxic gas. These
      difficulties arise because of the non-specific nature of the catalytic
      material.
PAC  OBJECTS OF THE INVENTION
PAR  It is, therefore, the primary object of this invention to define a novel
      process for the removal of sulfur dioxide from gas streams containing
      sulfur dioxide.
PAR  It is a further object of this invention to provide a process for the
      catalytic reduction of sulfur dioxide to elemental sulfur.
PAR  It is a further object of this invention to provide a process for the
      catalytic reduction of sulfur dioxide in gas streams containing sulfur
      dioxide to elemental sulfur using specific catalytic compositions which
      are not subject to poisoning by oxygen or water, and are less subject to
      the aforementioned deficiencies.
PAR  It is a further object of this invention to provide a process for the
      catalytic reduction of sulfur dioxide by a reducing gas to elemental
      sulfur, said process being sufficiently specific to operate with lean fuel
      mixtures while forming environmentally acceptable levels of sulfur
      dioxide, hydrogen sulfide, or carbonyl sulfide.
PAR  Yet a still further object of this invention is to provide novel catalytic
      compositions suitable for use in the processes of this invention.
PAR  These and still further objects, advantages and features of the present
      invention will become apparent upon consideration of the following
      detailed disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  These and still further objects, features and advantages of the present
      invention are achieved, in accordance therewith, by utilizing a
      composition represented by the formula xLa.sub.2 O.sub.3 . yCo.sub.2
      O.sub.3, where x and y are independently varied from 1 to 3, inclusive
      (including non-integers), as the catalyst in the catalytic reduction of
      sulfur dioxide with a reducing gas, such as hydrogen or, preferably,
      carbon monoxide, in sulfurdioxide containing gas streams to elemental
      sulfur. LaCoO.sub.3 which has a perovskite structure, is a known
      oxidation/reduction catalyst which has been used to reduce cis-2-butene in
      the presence of hydrogen (see Libby, SCIENCE, Vol. 171, pages 499-500,
      Feb. 5, 1971; and Pedersen and Libby, SCIENCE, Vol. 176, pages 1355-1356,
      June 23, 1972), and to oxidize carbon monoxide in the presence of oxygen
      to carbon dioxide (see Voorhoeve et al, SCIENCE, Vol. 177, pages 353-354,
      July 28, 1972). It was suggested in each of the aforementioned articles
      that LaCoO.sub.3  should be tested as a potential auto exhauxt catalyst.
      However, to the best of Applicant's knowledge, it has never been suggested
      to use LaCoO.sub.3 as a catalytic material for the reduction of sulfur
      dioxide to elemental sulfur where a reducing gas such as carbon monoxide
      is added to the sulfur dioxide-containing gas stream. Indeed it has been
      reported that LaCoO.sub.3 is poisoned by sulfur dioxide when LaCoO.sub.3
      is used as a catalyst for the conversion of CO to CO.sub.2. See Yung-Fang
      Yu Yao, "The Oxidation of Hydrocarbons and CO over Metal Oxides," IV.
      Perovskite-Type Oxides, a paper presented at the 76th Annual Meeting of
      the American Ceramic Society, Paper No. 41 E 74, Apr. 30, 1974, Chicago,
      Illinois.
PAR  Although LaCoO.sub.3 is a known catalytic material and corresponds to a
      formulation of xLa.sub.2 O.sub.3 . yCo.sub.2 O.sub.3 where x = y = 1, the
      other catalystic compositions (i.e., where x .noteq. y) are presently
      considered to be novel preparations. Such preparations can be considered
      to be a LaCoO.sub.3 phase in combination with one or more phases of excess
      La.sub.2 O.sub.3 and/or oxides of cobalt, and/or other unidentified
      materials. It should be noted that the cobalt oxide used in the
      preparation of these materials actually exists as a mixture of CoO and
      Co.sub.3 O.sub.4, but this reagent grade cobalt oxide has a cobalt assay
      which corresponds to 101% Co.sub.2 O.sub.3 ; accordingly, in this
      application the cobalt oxide will be considered to be Co.sub.2 O.sub.3.
      Tests with such preparations have showed that the catalytic activity
      thereof compares favorably with LaCoO.sub.3 notwithstanding the presence
      of excess La.sub.2 O.sub.3 or Co.sub.2 O.sub.3. This was surprising and
      quite unexpected since preparations where x = 0 (Co.sub.2 O.sub.3) and y =
      0 (La.sub.2 O.sub.3) were also tested and found to be much less active
      than, for example, LaCoO.sub.3. Since a dilution of the catalytic activity
      was expected because of the presence of the excess La.sub.2 O.sub.3 or
      cobalt oxides phases (which had a lesser catalytic activity), the
      comparable catalytic activity actually found for the mixed phase
      preparations is considered to be surprising indeed. Since the Applicant
      believes these mixed phase preparations to be novel per se, it follows
      that, to the best of Applicant's knowledge, they have never been suggested
      for use as catalysts for the reduction of sulfur dioxide to elemental
      sulfur, especially where a reducing gas, such as carbon monoxide, is added
      to, or present in sufficient quantities in, the sulfur dioxidecontaining
      gas stream.
PAR  In its broadest aspects, the process of the present invention is directed
      to the removal of sulfur dioxide from any sulfur dioxide-containing gas
      stream where the above-identified catalyst is used and a reducing gas,
      such as hydrogen or, preferably, carbon monoxide, is added to, or present
      in sufficient quantities in, the sulfur dioxide-containing gas stream to
      within about .+-. 15%, generally about .+-. 10%, of the stoichiometric
      amount required for complete reduction of all sulfur dioxide present to
      elemental sulfur. If the amount of reducing gas in the stream is
      sufficient, no further amount need be added thereto. However, quantities
      of the reducing gas can be added, or generated in situ, as necessary to
      provide the desired amount of reductants, relative to oxidants, in the gas
      stream.
PAR  The first, and presently considered to be the most important aspect of the
      present invention is a process directed to the removal of sulfur dioxide
      from sulfur dioxide-containing flue or stack gases, especially those
      resulting from coal-burning processes, oil burning processes, or any other
      process which produces sulfur dioxide in the tail gas. Of special interest
      is the particularly severe case of a stack gas resulting from a
      coal-burning operation where the stack gas contains fly ash (to the extent
      not removed by precipitation) and generally has a composition of about
      0.32% SO.sub.2, 3.2% O.sub.2, 15% CO.sub.2, 7.6% H.sub.2 O, 0.12% nitrogen
      oxide, balance nitrogen, i.e., where the O.sub.2 /SO.sub.2 ratio is about
      10:1 and the H.sub.2 O content is very high (which could lead to H.sub.2 S
      formation), to which is added about 7.2% CO. Since the fly ash that
      remains and other components (including oxygen) of the gas stream do not
      "poison" the catalytic material of this process, it is effective to remove
      the sulfur dioxide as desired. It is contemplated that the catalyst will
      work even better with gas streams, such as those from oil burning
      operations, where the O.sub.2 /SO.sub.2 ratio is more favorable and the
      level of fly ash is much lower.
PAR  In further aspects of the invention, the process of the present invention
      is considered applicable to other applications where the gas stream has a
      higher SO.sub.2 content and a lower O.sub.2 content, such as those gas
      streams resulting from ore roasting, coal processing plants where coal is
      converted to gas and/or oil, or scrubbing systems where absorbed sulfide
      is oxidized to SO.sub.2 to give a concentrated SO.sub.2 -containing gas
      stream, etc. Typical gas concentrations contemplated here would be about
      3-20% SO.sub.2, 1-5% O.sub.2, a few % H.sub.2 O, with the balance N.sub.2.
      The SO.sub.2 in such a gas stream would be catalytically reduced, as
      taught herein, to elemental sulfur and any H.sub.2 S formed, even in
      appreciable amounts, could be recycled through the catalytic reactor. Such
      H.sub.2 S formation would not be prohibitive since the bulk of the high
      concentration of the sulfur dioxide would be removed from the stream.
PAR  Reduction to elemental sulfur proceeds according to the known reactions:
      ##EQU1##
      The important considerations in such processes relate to the reduction
      (and continued reduction) of the sulfur dioxide although oxygen, nitrogen
      oxides and other reducible components are present, the possible reduction
      of sulfur dioxide to hydrogen sulfide in the presence of water, the
      possible reduction to carbonyl sulfide by direct reaction between carbon
      monoxide and the sulfur dioxide, and the formation of hydrogen sulfide and
      carbon oxysulfide by reaction of the gaseous sulfur, produced in the
      principal reduction step, with other components present in the gas stream.
      In tests conducted to date with gas streams which have high SO.sub.2
      levels to which have been added or generated in situ carbon monoxide to
      increase the concentration thereof to not greater than the stoichiometric
      amount required to reduce all of the oxygen and sulfur present, it has
      been determined that the reduction of oxygen is favored over the reduction
      of sulfur dioxide (in the presence of oxygen), but the sulfur dioxide
      reduction is not excluded while oxygen is present; thus, in the presence
      or absence of oxygen, substantially complete reduction of the sulfur
      dioxide to elemental sulfur can be effected at temperatures below
      700.degree.C, generally between  450.degree.C and 650.degree.C; the
      presence of water at the elevated reaction temperatures does not lead to
      the formation of unacceptable hydrogen sulfide; and carbonyl sulfide is
      not formed in appreciable amounts in the reduction process (unless the
      feed gas contains carbon monoxide in concentrations greater than the
      stoichiometric amount required to reduce all of the oxygen and sulfur
      dioxide). In addition, in the presence of water, the formation of carbonyl
      sulfide is further inhibited. The present process, therefore, as it
      pertains to gas streams having high SO.sub.2 levels, affords distinct
      advantages over known processes of which Applicant is aware since, in a
      single stage (though multiple stages are contemplated), with a temperature
      requirement of less than 700.degree.C, the sulfur dioxide is converted to
      elemental sulfur with a conversion efficiency greater than about 90% while
      forming not greater than minimal quantities of carbonyl sulfide and, quite
      unexpectedly, producing only low levels of hydrogen sulfide under present
      operating conditions. This, in itself, is quite surprising since
      thermodynamic calculations of the equilibria for the reactions involved
      predict that very little reduction to elemental sulfur will occur.
      Therefore, the results, as set forth above, would not have been
      anticipated or expected.
PAR  Some hydrogen sulfide and/or carbon oxysulfide is formed with gas streams
      having low SO.sub.2 and high water (&gt;6%) concentrations, such as gas
      streams obtained with coal or oil-burning processes. However, the
      formation of such materials is within acceptable limits (considered to be
      much less than produced by other catalysts used for this purpose). In
      addition, activity of the catalyst is maintained for long periods of time,
      and the catalyst is resistant to poisoning by oxygen and functions in the
      presence of water vapor, thereby affording distinct advantages over other
      known catalysts used for the catalytic reduction of sulfur dioxide with a
      reducing gas.
PAR  In the essential aspects of the process of the present invention, the
      sulfur dioxide-containing gas stream is heated from the delivery
      temperature to a temperature in the range from about 450.degree.C to about
      700.degree.C, or higher, if desired, and then, if necessary, mixed with
      additional carbon monoxide or hydrogen to provide a gaseous reaction
      mixture having the proper (or desired) stoichiometric balance between the
      reducing gas and the sulfur dioxide (and other reducible materials).
      Carbon monoxide in extreme excess (i.e. &gt;10% over the stoichiometrically
      required amount) is to be avoided since it leads to the undesirable
      formation of carbonyl sulfide.
PAR  The sulfur dioxide/reducing gas gaseous stream is contacted with the
      catalyst of the present invention in a first converter wherein the sulfur
      dioxide is converted to elemental sulfur and the carbon monoxide is
      oxidized to carbon dioxide and/or the hydrogen is oxidized to water. The
      elemental gaseous sulfur which is formed is then condensed from the gas
      stream as the gases are cooled. If desired, the gas stream can be
      contacted with a second batch of catalyst in one or more further
      converters, after cooling to remove elemental sulfur (between each
      converter), to further increase the conversion efficiency of the
      processing system. Process parameters, materials of construction and type
      and size of necessary process equipment can be determined by application
      of those chemical and process engineering principles well-known in this
      field.
PAR  The catalyst is preferably treated with carbon monoxide at 700.degree.C for
      about 15-45 minutes, generally about 30 minutes, at the desired flow rates
      of nitrogen and carbon monoxide. This preferred step, which can be, and
      generally is, conducted with the catalyst in place in the catalytic
      reactor(s), has been found to raise the catalytic activity of the catalyst
      to its desired maximum prior to the time when it is first contacted by the
      sulfur dioxide-containing gas stream. This ensures that the catalytic
      conversion efficiency will be at its highest even during the first few
      hours of contact, whereas, in contrast, without such a prereduction step,
      there is a definite time interval, on the order of hours, for the catalyst
      to reach maximum conversion efficiency for the given set of operating
      conditions. Thus, the prereduction step is desirable to ensure maximum
      conversion of sulfur dioxide to elemental sulfur at all times.
PAR  Satisfactory conversion rates have been obtained with space velocities
      through the catalytic reactor(s) on the order of 2,000-36,000 volumes of
      gas/volume of catalyst/hour, though both higher and lower space
      velocities, depending on the composition of the gas stream, are
      contemplated.
PAR  A particular advantage of the catalyst and process of this invention is
      that, upon temperature cycling from the desired operating temperature to a
      lower temperature followed by return to the desired operating temperature,
      the catalytic conversion returns to substantially the original conversion
      rate. Thus, if there is an emergency shut-down of the system or catalytic
      reactor(s), or other lowering of the temperature of the catalytic
      reactor(s), it does not become necessary to replace the catalytic
      material. Instead, when ready, the catalytic reactor(s) can be returned to
      the desired operating temperature and the catalytic material will perform
      substantially as well as before the temperature drop.
PAR  The catalyst of this invention can be pelletized by known techniques, such
      as by preparing an aqueous slurry, casting in the form of a thin sheet
      (1/8 inch thick) on an inert material, followed by drying and sintering at
      elevated temperatures. The sintered sheet is then broken into small
      pellets approximately 1/8 inch on an edge.
PAR  The catalyst of this invention can also be supported by known techniques
      as, for example, by impregnating a suitable carrier material with an
      aqueous solution thereof, and subsequently drying and calcining the
      impregnated material. Alternatively, the carrier material can be suitably
      loaded with the catalyst according to known dry impregnation techniques.
      Suitable carrier materials include, for example, zirconia, thoria,
      magnesia, alumina, silica-alumina, and the like, especially those having
      extended surface areas. After catalyst impregnation, the catalyst/support
      has more active sites per unit volume which promote sulfur dioxide
      reduction.
PAR  In an exemplary procedure, the carrier materials are sieved to -30/+60
      mesh, and impregnated with aqueous solutions of lanthanum nitrate and
      cobalt nitrate, or other salts, such as, for example, acetates, oxalates,
      and carbonates, to form, upon firing, a carrier impregnated with about
      5.5% LaCoO.sub.3. In a further exemplary procedure, unstabilized zirconia
      powders or yttrium oxide-stabilized zirconia powders are mixed with
      lanthanum and cobalt nitrates to prepare aqueous suspensions. The
      suspensions are extruded as 1/8 inch diameter pellets, dried and then
      fired at temperatures between about 900.degree.C and 1100.degree.C,
      preferably at about 900.degree.C to about 1000.degree.C, to yield fired
      pellets having a nominal 5 wt. % LaCoO.sub.3 composition. Auxiliary
      agents, such as binders, e.g., camphor, lubricating and wetting agents,
      etc. can be added to the suspension to improve the extrusion or pellet
      forming process.
PAR  Lanthanum cobalt oxide having high surface area has been prepared using a
      freeze drying technique. In this procedure, a stoichiometric mixture of
      solutions of soluble salts of lanthanum and cobalt are frozen, evaporated
      to remove the water and vacuum decomposed to produce lanthanum and cobalt
      oxides. This mixture can then be fired in air to produce the desired
      material. Similar techniques have been used to produce lanthanum cobalt
      oxides supported in zirconia.
PAR  Since the pressure drop across a pellet type fixed catalyst bed can be high
      and, therefore, will raise the operating cost of a catalytic reactor,
      honeycomb structures, such as cordierite honeycombs, can be used as
      supports for the catalytic material in the present invention as pressure
      drops therethrough are usually lower than with pellet type structures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE is a schematic flow diagram for the desulfurization of flue
      gases from a coal-burning power plant according to this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the FIGURE there is shown a main power plant 10 wherein high
      sulfur content fuel is burned in the presence of air. A high temperature
      ash precipitator 12, for example an electrostatic precipitator, and, if
      necessary, other filtering means 14, are used to remove as much as
      possible (preferably all) of the particulate matter from the flue gas
      stream. If the flue gas stream contains excess hydrogen other than that
      limit considered desirable, a sacrificial catalyst can be utilized in
      catalytic reactor 16 to remove such hydrogen to prevent (or at least
      limit) the subsequent formation of hydrogen sulfide. A carbon monoxide
      generator 18, such as a coal or oil gasifier that may be as large as about
      10% of the capacity of main power plant 10, is used to furnish the carbon
      monoxide needed to reduce the sulfur dioxide and oxygen. Generator 10 is
      connected via line 20 to the flue gas stream 22 exiting from catalytic
      reactor 16 or, if reactor 16 is unnecessary, to the flue gas stream
      exiting from filter means 14. The catalytic reactor, containing the
      catalytic material of this invention, may be in a single stage or in
      multiple stages if interstage cooling is required or where a second stage
      is required to improve the overall efficiency of the sulfur removal
      process. As shown, flue gas stream 24 containing sulfur dioxide, oxygen
      and carbon monoxide enters interstage cooler 26 and flows countercurrently
      to the gas stream exiting from first stage catalytic reactor 28. After the
      gas stream has passed through cooler 26, catalytic reactor 28 and then
      cooler 26 again, the sulfur formed in reactor 28 is removed (as at 30)
      from the flowing stream before the gas stream enters second stage
      catalytic reactor 32. Since the carbon monoxide reacts exothermically with
      at least a part of the oxygen present, it is advantageous to recover this
      heat in heat removal unit 34. The sulfur collected from the resultant gas
      stream 36 in sulfur recovery unit 38 is combined with the sulfur removed
      at 30 and used as a valuable by-product of this process. After the
      resultant gas stream passes through precipitator 40 and compressor 42, it
      is exhausted through stack 44. By-pass line 46 allows the gas stream to be
      directly exited via stack 44 to allow, for example, for catalyst
      replacement, emergency shutdown of the reactor system, etc.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The following Examples are given to enable those skilled in this art to
      more clearly understand and practice the present invention. They should
      not be considered as a limitation upon the scope of the invention, but
      merely as being illustrative and representative thereof.
PAC  EXAMPLE I
PAR  6.517 Grams of La.sub.2 O.sub.3 and 3.317 grams of Co.sub.2 O.sub.3 which
      represents an excess over the 1:1 stoichiometric requirement of 0.057 g.
      of Co.sub.2 O.sub.3 were dry blended for 3 hours in a ball mill at room
      temperature and placed into an uncovered platinum crucible. The sample was
      placed in a furnace at 200.degree.C, the temperature raised to
      500.degree.C, and held there for 30 minutes. Then the temperature was
      raised to 1100.degree.C and held there for 2 hours in air. The sample was
      allowed to cool to room temperature, ground with mortar and pestle, placed
      back in a platinum crucible, and re-fired in air at 1100.degree.C for an
      additional two hours. The sample was again allowed to cool to room
      temperature, removed from the furnace, ground with mortar and pestle and
      sieved through a 325 mesh screen to yield 8.7 grams of perovskite
      LaCoO.sub.3 with excess Co.sub.2 O.sub.3.
PAC  EXAMPLE II
PAR  6.517 Grams of La.sub.2 O.sub.3 and 3.26 grams of Co.sub.2 O.sub.3 were dry
      ground and blended using a mortar and pestle, and fired in air at
      1100.degree.C for 4 hours in an uncovered platinum crucible. After the
      sample had been cooled to room temperature, it was removed from the
      furnace, re-ground with mortar and pestle, and refired at 1100.degree.C
      for an additional 4 hours. After the second firing the sample was cooled,
      re-ground and sieved through a 325 mesh screen to afford perovskite
      LaCoO.sub.3 (i.e., a 1:1 formulation of La.sub.2 O.sub.3 . Co.sub.2
      O.sub.3).
PAC  EXAMPLE III
PAR  The procedure of Example II is repeated using 4.562 grams of La.sub.2
      O.sub.3 and 4.564 grams of Co.sub.2 O.sub.3 to prepare La.sub.2 O.sub.3 .
      2Co.sub.2 O.sub.3.
PAC  EXAMPLE IV
PAR  The procedure of Example II is repeated using 3.259 grams of La.sub.2
      O.sub.3 and 4.89 grams of Co.sub.2 O.sub.3 to prepare La.sub.2 O.sub.3 .
      3Co.sub.2 O.sub.3.
PAC  EXAMPLE V
PAR  The procedure of Example II is repeated using 6.517 grams of La.sub.2
      O.sub.3 and 1.63 grams of Co.sub.2 O.sub.3 to prepare 2La.sub.2 O.sub.3 .
      Co.sub.2 O.sub.3.
PAC  EXAMPLE VI
PAR  The procedure of Example II is repeated using 5.865 grams of La.sub.2
      O.sub.3 and 0.978 grams of Co.sub.2 O.sub.3 to prepare 3La.sub.2 O.sub.3 .
      Co.sub.2 O.sub.3.
PAC  EXAMPLE VII
PAR  -400 Mesh pre-synthesized LaCoO.sub.3 (for example, as prepared in a manner
      similar to that of Example II) is mixed with deionized water in the ratio
      of about 10 g. of powder to 150 ml. of water. The resultant slurry is
      slip-cast onto ashless filter paper which is saturated with water. A
      vacuum is drawn on the opposite side of the filter paper to remove the
      supernatant liquid. After the excess water is removed, the cast cake is
      dried at 70.degree.C for 17 hours while still on the filter paper. After
      drying, the cake/filter paper combination is fired in air at 900.degree.C
      for 4 hours, followed by 100.degree.C for 1 hour. The resultant body, 0.3
      cm. thick, is diced into 0.3 cm. .times. 0.5 cm. rectangular pellets of
      pure LaCoO.sub.3. In this example, the catalyst composition is in the
      configuration of a support where the catalyst material per se is both
      catalyst and carrier.
PAC  EXAMPLE VIII
PAR  One g. of -400 mesh pre-synthesized LaCoO.sub.3 (for example, as prepared
      in a manner similar to that of Example II) is dry blended with 19 g. of
      yttrium oxide (Y.sub.2 O.sub.3 ; 6%)-stabilized zirconia (Union Carbide
      Corp., New York, N.Y.). The mixture is combined with 8 ml. of deionized
      water to produce a paste which is extruded through a 0.32 cm. diameter
      orifice. The resultant extrudate is dried at 35.degree.C for 17 hours,
      sliced to approximately 0.6 cm. lengths and fired at 900.degree.C for 4
      hours in air to provide yttrium oxide-stabilized zirconia pellets having
      nominal 5 wt. % LaCoO.sub.3 as the catalytic material.
PAR  In a similar manner, substituting unstabilized zirconia for the yttrium
      oxide-stabilized zirconia, zirconia pellets having nominal 5 wt. %
      LaCoO.sub.3 are prepared.
PAC  EXAMPLE IX
PAR  A solution of 9.80 g. of La(NO.sub.3).sub.2 and 6.59 g. of Co
      (NO.sub.3).sub.2 in 34 ml. of deionized water is added to 94.4 g. of
      Y.sub.2 O.sub.3 (6%)-stabilized zirconia (sieved to -30/+60 mesh) to form
      a paste. The paste is extruded, dried, sliced and fired as set forth in
      Example VIII to provide Y.sub.2 O.sub.3 -stabilized zirconia pellets
      having about 5.5% LaCoO.sub.3.
PAR  The procedure of the preceding paragraph is repeated with unstabilized
      zirconia, magnesia, alumina, and alumina-silica, respectively, to form
      catalytic pellets having about 5.5% LaCoO.sub.3.
PAC  EXAMPLE X
PAR  In this example, which illustrates the catalytic activity of LaCoO.sub.3 in
      reducing sulfur dioxide to elemental sulfur, six gases (N.sub.2 saturated
      with H.sub.2 O, N.sub.2, CO, SO.sub.2, O.sub.2 and H.sub.2) are fed to a
      stainless steel manifold. From the manifold the gases pass through a
      mixing chamber, a 1 inch diameter, 18 inch long stainless steel tube
      filled with 1/4 inch diameter glass balls, through a preheating zone where
      the temperature of the gas stream is raised to approximately that of the
      test reactor, and then to the test reactor, a 2 inch outer diameter tube
      furnace surrounding a 1/2 inch diameter, 18 inch long quartz tube having
      fitted joints at both ends. The catalyst, in this case the LaCoO.sub.3 of
      Example I, sits in the reactor, 3 inches above the bottom of the furnace
      and is supported by a small amount of fiberfrax wool. The amount of
      catalyst used is 0.75 grams. The effluent from the test reactor goes into
      a sulfur collector, a 250 ml.,  2 neck heated flask. Samples of the
      effluent are taken from the flask for analysis with a gas chromatograph.
PAR  At a furnace temperature of 600.degree.C- 720.degree.C, with a flow of 12
      ml./min. of SO.sub.2 and 24 ml./min. of CO, the conversion efficiency to
      elemental sulfur is greater than 90%. Upon addition of 84 ml./min. or 298
      ml./min. of N.sub.2 to the gas stream at 680.degree.C, the conversion
      efficiency remains about 90%.
PAR  At a furnace temperature of 700.degree.C with a flow of 12 ml./min. of
      SO.sub.2, 46 ml./min. of CO, 190 ml./min. of N.sub.2 and 9 ml./min. of
      O.sub.2, or 12 ml./min. of SO.sub.2, 54 ml./min. of CO, 180 ml./min of
      N.sub.2  and 9 ml./min. of O.sub.2, with a contact time of about 0.2
      second in each case, the conversion efficiency was about 100%.
PAR  At a furnace temperature of 700.degree.C, after the catalyst had been on
      stream for 960 hours, with a flow of 12 ml./min. of SO.sub.2, 24 ml./min.
      of CO, and 214 ml./min. of N.sub.2, with a contact time of 0.2 second,
      conversion efficiency remained at about 100%.
PAR  At a furnace temperature of 700.degree.C, after the catalyst had been on
      stream for 1900 hours, with a flow of 12 ml./min. of SO.sub.2, 24 ml./min.
      of CO, 210 ml./min. of N.sub.2 and 4 ml./min. of H.sub.2, or 12 ml./min of
      SO.sub.2 , 24 ml./min. of CO, 194 ml./min. of N.sub.2, 9 ml./min of
      O.sub.2, 6 ml./min. of N.sub.2 saturated with H.sub.2 O, and 4 ml./min. of
      H.sub.2, with a contact time of 0.2 second, conversion efficiency remains
      at about 100%.
PAR  The above conditions were continued, altering among the above and other
      conditions, up to a total of 3700 hours, at which time the testing was
      discontinued. Catalytic activity had not notably decreased throughout that
      time.
PAC  EXAMPLES XI - XXIV
PAR  In the following Examples, XI - XXIV, a screening reactor system (described
      below) has been utilized to test the relative catalytic activity of the
      materials embraced by this invention. The system has been set to give a
      conversion efficiency of about 60% (instead of 100%) with LaCoO.sub.3,
      thereby enabling the detection of still more effective catalyst
      compositions.
PAR  Three gases (N.sub.2, CO, and SO.sub.2) are fed to a stainless steel
      manifold. From the manifold the gases pass through a 3/8 inch diameter, 12
      inches long, 21 element stainless stell static mixer (Kenics Corp.,
      Danvers, Mass.) then to a reactor which consists of a 15 inch tube furnace
      surrounding a 178  inch diameter, 18 inch long quartz tube having fitted
      joints at both ends. The catalyst sits in the reactor 4 inches above the
      bottom of the furnace and is supported by a small amount of fiberfrax
      wool. The amount of catalyst used is 0.5 grams. The effluent from the
      reactor system goes into a sulfur collector, a 1/2 inch diameter, 8 inch
      long pyrex tube with fitted joints at both ends. A 1/4 inch tube leads to
      a 1/4 inch stainless steel millipore filter. From the filter, the effluent
      passes to a Carle Automatic Sampling Valve and timer which injects samples
      every 10 minutes into a gas chromatograph.
PAR  The data for various catalytic compositions embraced by this invention with
      flow rates of 12 ml./min. of SO.sub.2, 24 ml./min. of CO, and 84 ml./min.
      of N.sub.2 (catalyst volume = 0.59 cm.sup.3 ; contact time = 0.29 second)
      is tabulated in Table I below.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     EXAMPLE                                                                   

           FORMULA  STARTING                                                   

                           FIRING; X-RAY ANALYSIS OF                           

                                             TEMPERATURE                       

                                                     MAXIMUM                   

                                                           % SO.sub.2          

                    MATERIALS                                                  

                           TEMPERATURE                                         

                                   CATALYST COMPOSI-                           

                                             AT WHICH NO                       

                                                     COS PRO-                  

                                                           REMOVED             

                           AND TIME                                            

                                   TION      REACTION                          

                                                     DUCTION                   

                                                           AT 700.degree.C     

                                             OCCURS  AT LOW                    

                                                     TEMP.                     

     __________________________________________________________________________

     XI    LaCoO.sub.3                                                         

                    La.sub.2 O.sub.3                                           

                           See EX. I                                           

                                   perovskite; some                            

                                             420.degree.C                      

                                                     14%   77%                 

                    Co.sub.2 O.sub.3                                           

                                   La(OH).sub.3 detected                       

     XII   LaCoO.sub.3                                                         

                    La.sub.2 O.sub.3                                           

                           1100.degree.C for 8                                 

                                   perovskite; some                            

                                             440.degree.C                      

                                                     6% at 63%                 

                    Co.sub.2 O.sub.3                                           

                           hours; re-                                          

                                   La(OH).sub.3 detected                       

                                                     490.degree.C              

                           ground after                                        

                           4 hours                                             

     XIII  LaCO.sub.3                                                          

                    La.sub.2 O.sub.3                                           

                           1100.degree.C for 8                                 

                                   perovskite; slight                          

                                             410.degree.C                      

                                                     10% at                    

                                                           67%                 

                    Co.sub.2 O.sub.3                                           

                           hrs.; reground                                      

                                   excess of Co.sub.2 O.sub.3                  

                                                     450.degree.C              

                           after 4 hours                                       

     XIV   LaCO.sub.3                                                          

                    La.sub.2 O.sub.3                                           

                           1100.degree.C for 8                                 

                                   perovskite; no                              

                                             370.degree.C                      

                                                     --    64%                 

                    Co.sub.2 O.sub.3                                           

                           hrs.; reground                                      

                                   excess Co.sub.2 O.sub.3                     

                           after 4 hours                                       

     XV    LaCO.sub.3                                                          

                    nitrates                                                   

                           1100.degree.C for 16                                

                                   perovskite; some                            

                                             450.degree.C                      

                                                     5% at 57%                 

                           hrs.; reground                                      

                                   La.sub.2 O.sub.3 and Co.sub.3 O.sub.4       

                                                     480.degree.C              

                           after 4 & 12                                        

                                   detected                                    

                           hours                                               

     XVI   La.sub.2 O.sub.3 . Co.sub.2 O.sub.3                                 

                    oxides See Ex. II        490.degree.C                      

                                                     18% at                    

                                                           58%                 

                                                     510.degree.C              

     XVII  La.sub.2 O.sub.3 . 2Co.sub.2 O.sub.3                                

                    oxides See Ex. III                                         

                                   primary LaCoO.sub.3 ;                       

                                             500.degree.C                      

                                                     Trace 57%                 

                                   secondary Co.sub.3 O.sub.4                  

     XVIII La.sub.2 O.sub.3 . 3Co.sub.2 O.sub.3                                

                    oxides See Ex. IV                                          

                                   primary LaCoO.sub.3 ;                       

                                             480.degree.C                      

                                                     7% at 55%                 

                                   secondary Co.sub.3 O.sub.4                  

                                                     540.degree.C              

     XIX   2La.sub.2 O.sub.3 . Co.sub.2 O.sub.3                                

                    oxides See Ex. V                                           

                                   primary LaCoO.sub.3 ;                       

                                             500.degree.C                      

                                                     5% at 56%                 

                                   secondary La.sub.2 O.sub.3                  

                                                     410.degree.C              

     XX    3La.sub.2 O.sub.3 . Co.sub.2 O.sub.3                                

                    oxides See Ex. VI                                          

                                   primary LaCoO.sub.3 ;                       

                                             480.degree.C                      

                                                     4% at 56%                 

                                   secondary La.sub.2 O.sub.3                  

                                                     480.degree.C              

     XXI   LaCoO.sub.3                                                         

                    oxides 1100.degree.C for 4                                 

                                             500.degree.C                      

                                                     28%   64%                 

                           hrs.; reground                                      

                           after 2 hrs.;                                       

                           air quenched                                        

                           1100.degree.C for 4                                 

     XXII  LaCoO.sub.3                                                         

                    oxides hrs.; reground    470.degree.C                      

                                                     Present                   

                                                           64%                 

                           after 2 hrs.;                                       

                           oven-cooled                                         

                           1100.degree.C for 4                                 

     XXIII LaCoO.sub.3                                                         

                    oxides hrs.; reground    460.degree.C                      

                                                     13%   65%                 

                           after 2 hrs.;                                       

                           oven-cooled                                         

     XXIV  LaCoO.sub.3                                                         

                    oxides 1100.degree.C for 4                                 

                                             470.degree.C                      

                                                     11%   64%                 

                           hrs.; air                                           

                           quenched                                            

     __________________________________________________________________________

PAR  By way of comparison, one sample of Co.sub.2 O.sub.3 removed 60% SO.sub.2
      at 700.degree.C, but the conversion rate decreased rapidly with decreasing
      temperature, e.g., at 690.degree.C the conversion had decreased to 20%. A
      second sample removed only 27% at 700.degree.C, while a third sample
      removed only 5% at 700.degree.C, and a sample of La.sub.2 O.sub.3 removed
      only 43% at the same temperature. Thus, from this data, one would not
      expect that combinations of LaCoO.sub.3 with either excess Co.sub.2
      O.sub.3 or La.sub.2 O.sub.3 would be as effective as they unexpectedly
      are, as shown above.
PAC  EXAMPLES XXV - XXXII
PAR  In the following Examples XXV - XXXII, a more elaborate reactor system
      (which permits the synthesis of gas compositions which closely simulate
      stack gases) is utilized. Eight gases (N.sub.2, CO, SO.sub.2 in N.sub.2,
      NO or NO in N.sub.2, O.sub.2, H.sub.2, CO.sub.2 and CH.sub.4) are fed to a
      stainless steel manifold. From the manifold the gases pass through a 1
      inch diameter, 18 inch long stainless steel tube, filled with 1/4 inch
      diameter glass balls, which serves as a mixing chamber, then to a water
      injection zone consisting of a Sage Model 341 syringe pump having a 10 ml.
      plastic syringe connected to the system via a 1/8 inch polyethylene line.
      After the water injection zone, the gases flow through an inverted,
      heated, U-shaped glass tube which leads directly to the reactor, a 15 inch
      tube furnace surrounding a 1/2 inch diameter, 18 inch long quartz tube
      having fritted joints at both ends. The catalyst sits in the reactor 4
      inches above the bottom of the furnace and is supported by a small amount
      of fiberfrax wool. The amount of catalyst used is 0.5 grams of unsupported
      material or 1.5 grams of supported material. The effluent from the reactor
      goes into a sulfur collector, a 250 ml. 2-neck flask. Samples of effluent
      are taken from the flask by syringe for analysis with a gas chromatograph.
PAR  Reaction conditions are not optimal, but were chosen such that small
      changes in the incoming gases would effect large changes in the products.
      Flow rates are set such that the reactor is not able to effect maximum
      conversion. This affords greater flexibility in determining the effect and
      different reaction parameters, as varied, upon the product stream.
PAR  The O.sub.2 /SO.sub.2 ratio is maintained constant at 8.0/0.8 = 10. Total
      reductants (H.sub.2, CO, H.sub.2 S, and CH.sub.4) to oxidants (O.sub.2 and
      SO.sub.2) is maintained constant at 18/8.8 = 2.04, or just above
      stoichiometric requirements. For examples not containing H.sub.2 O in the
      feed stream, the N.sub.2 flow rate is increased by 18 ml./min. to keep the
      overall feed flow rate constant. No adjustment in the overall feed flow
      rate is made when 0.3 ml./min. of NO is added to the feed stream.
PAC  EXAMPLE XXV
PAR  The catalyst is pelletized LaCoO.sub.3 prepared according to the procedure
      of Example VII except the dried cake is fired at 1100.degree.C for 1 hour
      before being diced into pellets. The feed is 50 ml./min. of 1.6% SO.sub.2
      (about 3243 ppm), 114 ml./min of N.sub.2, 8.0 ml./min. of O.sub.2, 38
      ml./min. of CO.sub.2 (about 15%), 18.7 ml./min. of H.sub.2 O (about 7.6%)
      and 18 ml./min. of CO (about 7.2%). Reactor temperature is 700.degree.C.
      After passage through the reactor, 400 ppm SO.sub.2, 0.2% O.sub.2, and
      0.25% CO remain, and 850 ppm H.sub.2 S and 400 ppm COS are formed. This
      corresponds to an SO.sub.2 conversion of about 85%; decreasing the flow
      rate (equivalent to increasing the contact time) to 227 ml./min. by
      decreasing the N.sub.2 flow rate increases the conversion to 91%.
PAC  EXAMPLE XXVI
PAR  Example XXV is repeated except no water is added and the nitrogen flow rate
      is increased to 132 ml./min. After passage through the reactor, 380 ppm
      SO.sub.2, 0.08% O.sub.2 and 0.1% CO remain, and less than 20 ppm H.sub.2 S
      and only a trace of COS is formed.
PAC  EXAMPLE XXVII
PAR  Example XXV is repeated except that the CO flow rate is decreased to 9
      ml./min., the N.sub.2 flow rate is decreased by 57 ml./min., and 9.0
      ml./min. of CH.sub.4 and 57 ml./min. of 0.53% NO in N.sub.2 (equivalent to
      0.3 ml./min. of NO; 1222 ppm NO) are added to the feed stream. After
      passage through the reactor, 100 ppm SO.sub.2, 2.1% CH.sub.4, 0.06%
      O.sub.2, and a trace of CO remain, and 100 ppm H.sub.2 S and 42 ppm COS
      are formed. SO.sub.2 conversion efficiency is about 97%.
PAC  EXAMPLE XXVIII
PAR  Example XXV is repeated except the yttrium oxide stabilized zirconia -
      LaCoO.sub.3 pellets of Example VIII are utilized as the catalyst material.
      After passage through the reactor, 366 ppm SO.sub.2, 0.08% O.sub.2 and
      0.25% CO remain, and 1300 ppm H.sub.2 S and 190 ppm COS are formed.
PAC  EXAMPLE XXIX
PAR  Example XXVIII is repeated except 0.3 ml./min. (.about.1200 ppm) of NO are
      added to the feed stream. After passage through the reactor, 250 ppm
      SO.sub.2, 0.10% O.sub.2 and 0.25% CO remain, and 1300 ppm H.sub.2 S and
      160 ppm COS are formed. This Example and Examples XXVII and XXXI show that
      the addition of NO assists in the reduction of SO.sub.2.
PAC  EXAMPLE XXX
PAR  Example XXVIII is repeated except the flow of CO is decreased to 9
      ml./min., and 9 ml./min. of H.sub.2 are added to the feed stream. After
      passage through the reactor, 190 ppm SO.sub.2 and 0.10% O.sub.2 remain,
      and 1300 ppm H.sub.2 S and 100 ppm COS are formed. This run shows that
      H.sub.2 O hinders the formation of COS.
PAC  EXAMPLE XXXI
PAR  Example XXX is repeated except 0.3 ml./min. (.about.1200 ppm) of NO are
      added to the feed stream. After passage through the reactor, 94 ppm
      SO.sub.2, 0.08% O.sub.2 and 0.45% CO, and 1200 ppm H.sub.2 S and 120 ppm
      COS are formed. This Example and Examples XXVII and XXIX show that the
      addition of NO assists in the reduction of SO.sub.2.
PAC  EXAMPLE XXXII
PAR  Example XXVIII is repeated except no water is added and the nitrogen flow
      rate is increased to 132 ml./min. After passage through the reactor, 165
      ppm SO.sub.2 and 0.10% O.sub.2 remain, and 1200 ppm H.sub.2 S and 300 ppm
      COS are formed. In comparison with Example XXX, this run shows that the
      presence of water hinders the formation of carbonyl sulfide. The run also
      shows that H.sub.2 is an effective reductant, but also causes the
      formation of H.sub.2 S with this supported catalyst.
PAC  EXAMPLE XXXIII
PAR  In this Example, a reactor system is utilized in conjunction with a
      coal-burning stove to test the effect of the fly ash from the coal on the
      catalysts. A portion of the flue gases from the stove were drawn off
      through a 1 inch diameter stainless steel line to which the reductant (CO)
      was introduced. In addition, since the SO.sub.2 produced from the burning
      of the coal was below the amount normally expected, additional SO.sub.2
      was also injected at this point. The gas stream is then passed through an
      ash filter to remove a portion of the particulate matter, and then through
      a stainless steel mixing tube to ensure a homogeneous gas mixture. The
      catalyst is placed in a reactor tube heated by a 20 inch Lindberg tube
      type furnace which maintains the catalyst bed at the desired temperature.
      The sulfur which is produced in the catalytic reactor is condensed out in
      a trap just below the furnace. The system also has gas sampling ports
      before and after the reactor, and after the sulfur trap, for obtaining gas
      samples for analysis. Four catalyst compositions [LaCoO.sub.3 on
      .omega.-Al.sub.2 O.sub.3, LaCoO.sub.3 on Norton SA-3232(Al.sub.2 O.sub.3 +
      SiO.sub.2), and pelletized LaCoO.sub.3 (two different samples)] were
      tested for catalytic conversion in the reactor system before passing flue
      gases over the catalyst to determine initial activity. The coal stove was
      then run for 1 week, and the conversion efficiency tested again. Finally,
      samples of fly ash from the flue are ground together with a small portion
      of stove ash and unburned coal, and added directly to the top of the
      catalyst bed, and the conversion efficiency tested again. In all cases,
      the reduction of SO.sub.2 was greater than 90% both before and after the
      poisoning attempts, and no loss in catalytic efficiency was obtained.
      Large amounts of H.sub.2 S and COS were formed with the LaCoO.sub.3 on the
      Al.sub.2 O.sub.3 + SiO.sub.2 support, probably because of the formation of
      CoAl.sub.2 O.sub.4 on the catalyst surface by reaction with the support
      material. For this reason, Al.sub.2 O.sub.3 + SiO.sub.2 is not a preferred
      support. Flow rates for these tests were 1538 ml./min. of N.sub.2, 17.6
      ml./min. or 24.5 ml./min. of SO.sub.2 and CO as required for
      stoichiometric balance with O.sub.2 and SO.sub.2. Some H.sub.2 O is always
      present, usually about 0.5-1.0%.
PAR  In certain instances where the said gas stream has a composition different
      from that set forth above or used in the Examples, the catalytic
      conversion efficiency may be on the order of 80% or so. However, under
      appropriate conditions and with properly constituted gas streams,
      conversion efficiencies on the order of 90% can be obtained.
PAR  While the present invention has been described with reference to specific
      embodiments thereof, it should be understood by those skilled in this art
      that various changes may be made and equivalents may be substituted
      without departing from the true spirit and scope of the invention. In
      addition, many modifications can be made to adapt a particular situation,
      material or composition of matter, process, process step or steps, or
      then-present objective to the spirit of this invention without departing
      from its essential teachings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for removing sulfur dioxide from a gas stream containing
      sulfur dioxide comprising passing a gas stream containing sulfur dioxide
      and a sufficient amount of carbon monoxide and/or hydrogen to reduce at
      least a portion of said sulfur dioxide to elemental sulfur through a
      reaction chamber containing a material x La.sub.2 O.sub.3 . y Co.sub.2
      O.sub.3, where x and y are varied independently from 1 to 3, inclusive, to
      catalytically produce at a sufficiently elevated temperature a product
      stream comprising elemental sulfur and carbon dioxide or water, and
      thereafter removing said elemental sulfur from said product stream.
NUM  2.
PAR  2. The process of claim 1 wherein said gas stream is heated to a
      temperature in the range from about 450.degree.C to about 700.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein said material is LaCoO.sub.3.
NUM  4.
PAR  4. The process of claim 1 wherein x .noteq. y.
NUM  5.
PAR  5. The process of claim 1 wherein said process is characterized by a sulfur
      dioxide to sulfur conversion efficiency greater than about 90%.
NUM  6.
PAR  6. The process of claim 1 wherein said process is characterized by a sulfur
      dioxide to sulfur conversion efficiency greater than about 90% even after
      prolonged exposure to substantial proportions of oxygen in said heated gas
      stream.
NUM  7.
PAR  7. The process of claim 1 wherein the production of said product stream
      proceeds even in the presence of substantial percentages of oxygen in said
      heated gas stream.
NUM  8.
PAR  8. The process of claim 1 wherein not greater than minimal amounts of
      hydrogen sulfide and carbonyl sulfide are contained in said product
      stream.
NUM  9.
PAR  9. The process of claim 1 wherein said carbon monoxide or hydrogen in said
      gas stream is in an amount not greater than the stoichiometric amount
      thereof required for reduction of all oxidants in said gas stream.
NUM  10.
PAR  10. The process of claim 1 wherein said carbon monoxide or hydrogen in said
      gas stream is within .+-. 15% of the stoichiometric amount required for
      complete reduction of all oxidants in said gas stream.
NUM  11.
PAR  11. The process of claim 1 wherein a portion of said carbon monoxide or
      hydrogen in said gas stream is generated in situ.
NUM  12.
PAR  12. The process of claim 1 wherein a portion of said carbon monoxide or
      hydrogen in said gas stream is added thereto from an external source.
NUM  13.
PAR  13. A process for removing sulfur dioxide from a gas stream containing
      sulfur dioxide comprising adding carbon monoxide to a gas stream
      containing sulfur dioxide and oxygen to thereby provide a gaseous reaction
      stream, the total amount of carbon monoxide in said gaseous reaction
      mixture being approximately the stoichiometric amount required for
      reduction of all of said oxygen and said sulfur dioxide in said gaseous
      reaction stream, heating said gaseous reaction stream to a temperature in
      the range from about 450.degree.C to about 700.degree.C, passing said
      heated gaseous reaction stream through at least one reaction chamber
      containing a material represented by the formula xLa.sub.2 O.sub.3 .
      yCo.sub.2 O.sub.3, where x and y are varied independently from 1 to 3,
      inclusive, to catalytically produce a product stream comprising elemental
      sulfur, carbon dioxide, and not greater than minimal quantities of
      hydrogen sulfide and carbonyl sulfide, the sulfur dioxide to sulfur
      catalytic conversion efficiency being greater than about 90%, and
      thereafter removing said elemental sulfur from said product stream.
NUM  14.
PAR  14. The process of claim 13 wherein said material is LaCoO.sub.3.
NUM  15.
PAR  15. The process of claim 13 wherein x .noteq. y.
NUM  16.
PAR  16. The process of claim 13 wherein said catalytic conversion efficiency is
      not substantially adversely affected even after prolonged exposure of said
      catalytic material to said oxygen in said gaseous reaction stream.
NUM  17.
PAR  17. The process of claim 13 wherein said carbon monoxide in said gaseous
      reaction stream is within .+-. 15% of the stoichiometric amount required
      for complete reduction of all oxidants in said gaseous reaction stream.
NUM  18.
PAR  18. The process of claim 1 wherein said material is supported on a magnesia
      carrier.
NUM  19.
PAR  19. The process of claim 13 wherein said material is supported on a
      magnesia carrier.
NUM  20.
PAR  20. The catalytic material of claim 18 wherein said catalytic material is
      supported on a magnesia carrier.
NUM  21.
PAR  21. The process of claim 1 wherein said material is supported on a zirconia
      carrier.
NUM  22.
PAR  22. The process of claim 13 wherein said material is supported on a
      zirconia carrier.
NUM  23.
PAR  23. The process of claim 1, wherein the elevated temperature is in the
      range from about 450.degree.C. to about 700.degree.C.
PATN
WKU  039313948
SRC  5
APN  1405853
APT  1
ART  113
APD  19710505
TTL  Hydrogen sulfide removal
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ABST
PAL  A process for removal and conversion into sulfur of hydrogen sulfide in a
      gaseous or liquid material which comprises essentially treating the said
      material with a nitrohumic acid or its salt prepared by treating humic
      acid with a nitrating agent and, if necessary, converting the resultant
      into an alkaline salt. The process is advantageous essentially in that
      hydrogen sulfide can be removed economically and converted into sulfur,
      and that the desulfurization agent, i.e. a nitrohumic acid or its salt is
      non-toxic and non-corrosive.
PARN
PAC  CROSS REFERENCE
PAR  This is a continuation of Ser. No. 792,837, filed Jan. 21, 1969, now
      abandoned.
BSUM
PAR  This invention relates to a process for the removal of hydrogen sulfide.
      More particularly, it relates to a process for the removal and conversion
      into sulfur of hydrogen sulfide in a gaseous or liquid material.
PAR  Hitherto, there have been known various methods for the removal of hydrogen
      sulfide, e.g. the Seaboard process, the Girbotol process, the Perox
      process, the Giammarco-Vetrocoke process, the Thyrox process, etc.
      However, they have such one or more drawbacks as: (1) the removed hydrogen
      sulfide is released without receiving any chemical change in the
      regeneration process of the absorptive solution and causes pollution of
      the air; (2) the desulfurization agent employed is too expensive to
      perform the removal of hydrogen sulfide economically; (3) the condition
      for the removal process is limited (e.g. the absorptive solution has to be
      cooled in summer season); (4) a strict sanitary administration is required
      in the factory because of toxicity of the desulfurization agent such as
      arsenic compounds; and/or (5) the desulfurization agent employed is much
      corrosive against the plant steel.
PAR  In the course of studies of hydrogen sulfide removal, it has been
      discovered that nitrohumic acid and its salts have unexpectedly excellent
      desulfurization ability and can be utilized for the purpose of the
      industrial desulfurizations. The present invention has been accomplished
      essentially on the basis of this discovery. Accordingly, a fundamental
      object of the present invention is to embody a process for the removal of
      hydrogen sulfide in a gaseous or liquid material. Another object of the
      invention is to embody a process for the conversion of hydrogen sulfide
      into sulfur. A further object of the invention is to be embody a process
      for removing hydrogen sulfide from a gaseous or liquid material and
      recovering the hydrogen sulfide as sulfur. These and other objects of the
      invention will become apparent to those conversant with the art to which
      the present invention concerns from the following detailed explanation of
      the invention and the working examples.
PAR  According to the present invention, hydrogen sulfide is removed from
      gaseous or liquid materials containing it by treatment with nitrohumic
      acid or its salts. When the materials containing hydrogen sulfide is
      brought into contact with the nitrohumic acid or its salt, hydrogen
      sulfide is converted into sulfur which can be easily separated from the
      gaseous or liquid materials. Although the nitrohumic acid is
      simultaneously reduced and inactivated, it can be completely regenerated
      by treatment with an oxidizing agent such as air or oxygen. Accordingly,
      when the contact of the nitrohumic acid or its salt with hydrogen sulfide
      is carried out in the presence of such an oxidizing agent as air or
      oxygen, the removal and conversion into sulfur of hydrogen sulfide can be
      performed continuously.
PAR  In the sense of the present invention, the nitrohumic acid as a
      desulfurization agent is a nitration product of humic acid (an amorphous
      acidic organic substance, being brown to black, insoluble in an acid, but
      soluble in an alkali, and contained in certain kinds of soil or coal of a
      low coalification rank). Whether purified or not, the nitration product of
      humic acid can be used as the desulfurization agent in the present
      invention. The nitrohumic acid is usually not a single compound, but a
      mixture of amorphous macromolecular compounds, the chemical structures of
      which have never been suffifiently elucidated. However, it has been
      confirmed that the nitrohumic acid contains no esteric nitro group. This
      means that the nitro groups of the nitrohumic acid are stable and assumed
      to be introduced to aromatic ring systems as substituents. Moreover, the
      nitrohumic acid as the desulfurization agent can be used in the form of an
      alkali salt such as sodium salt, potassium salt, ammonium salt and the
      like.
PAR  The nitrohumic acid can be prepared by treating humic acid with a
      conventional nitrating agent such as concentrated nitric acid, fuming
      nitric acid, a mixed acid (e.g. nitric acid and phosphoric acid, nitric
      acid and acetic acid, nitric acid and sulfuric acid), a nitrogen oxide
      (e.g. dinitrogen pentoxide, nitrogen dioxide), and the like. Any
      purification of the product is not essential for the purpose of the
      present invention. But, if desired, the nitration product may be purified
      by a conventional purification procedure. More practically, the nitrohumic
      acid as the desulfurization agent can be prepared by treating a humic
      acid-containing substance, i.e. a coal dust of a low coalification rank,
      such as lignite dust, brown coal dust or a mixture thereof with the above
      illustrated nitrating agent in water or such an organic solvent being
      inert at the condition for the production of the nitrohumic acid as
      methanol, ethanol, chloroform, carbon tetrachloride, acetic acid and the
      like. Although the thus obtained nitration product can be used for the
      hydrogen sulfide removal, it may be converted into its alkali salt as
      exemplified above, if so desired.
PAR  With the thus prepared nitrohumic acid or its salt, hydrogen sulfide
      contained in a gasous or liquid material can be completely removed and
      converted into sulfur. Examples of the gaseous or liquid material to be
      purified by the process of the present invention are coal gas, coke oven
      gas, synthesis gas, natural gas, air, liquid hydrocarbon and the like.
PAR  Practical procedures of the present invention are carried out in a variety
      of manners in accordance with the properties and states of the material to
      be purified and the quantities of hydrogen sulfide contained therein. But,
      the essential step is to bring the material in contact with the nitrohumic
      acid or its salt. For instance, when a liquid material is to be purified,
      an aqueous solution of the nitrohumic acid or its salt is added to the
      material and the mixture is stirred or shaken until the conversion of
      hydrogen sulfide into sulfur is completed. On the contrary, a gaseous
      material may be passed through an aqueous solution of the nitrohumic acid
      or its salt. Alternatively, a gaseous material may be introduced into a
      packed column of the nitrohumic acid or its salt being adsorbed to a
      suitable carrier.
PAR  When the nitrohumic acid or its salt is used in the form of an aqueous
      solution, it is preferred to adjust the pH within a range from 8.0 to
      10.0. For this purpose, such a base as potassium hydroxide, sodium
      hydroxide, potassium carbonate, sodium carbonate, ammonia and the like may
      be added to the aqueous solution.
PAR  The contact may be achieved under any conditions of temperature and
      pressure, because the activity of the nitrohumic acid or its salt is not
      substantially affected by such conditions. But, from the econimical
      viewpoints, it is desirable to execute the contact at a temperature from
      0.degree.C to 100.degree.C, preferably around the normal temperature, i.e.
      20.degree.C to 30.degree.C.
PAR  By the contact, hydrogen sulfide is oxidized and converted into sulfur, and
      the nitrohumic acid or its salt is simultaneously reduced and inactivated.
      But, it can be easily and completely regenerated by treatment with an
      oxidizing agent such as air or oxygen. Therefore, when the contact is
      carried out in the presence of air or oxygen, the removal of hydrogen
      sulfide can be effected continuously.
PAR  As it will be apparent from the above illustration, the process of the
      present invention is also useful for recovering sulfur from hydrogen
      sulfide or a hydrogen sulfide-containing material.
PAR  For the removal of hydrogen sulfide from gaseous materials and recovery of
      sulfur, it is advantageous to adopt a so-called wet-adsorption procedure.
      For this purpose, there can be employed per se conventional equipments
      such as spray towers, deflector washers, mechanical scrubbers, atomizing
      scrubbers, wet filters and packed towers. It is most advantageous to bring
      the gaseous material in contact with an alkaline solution of the
      nitrohumic acid or its salt in a contacting section and then to transfer
      the solution to a regeneration section where the solution is treated with
      an oxidizing agent such as air to regenerate the nitrohumic acid or its
      salt as well as to complete the precipitation of sulfur. The regenerated
      solution can be returned to the contacting section after the removal of
      the precipitated sulfur.
PAR  The process of the present invention overcomes all the difficulties
      encountered in the hitherto known processes, and is characterized by the
      advantages in the following points: (1) since hydrogen sulfide is
      converted into sulfur, no pollution of the air is caused; (2) since the
      nitrohumic acid and its salts are quite harmless to the human beings, no
      strict sanitary administration in the factory is requisite; (3) the
      nitrohumic acid and its salts are quite non-corrosive against the plant
      steel; (4) the waste nitrohumic acid and its salts are easily regenerated;
      (5) the nitrohumic acid and its salts are adequately inactive against the
      materials to be purified (e.g. carbon dioxide, organosulfur compounds,
      hydrogen cyanide); (6) the nitrohumic acid and its salts are highly
      economical, because they are prepared with ease from inexpensive materials
      (e.g. lignite dust, brown coal dust); and (7) the nitrohumic acid and its
      salts are so stable as to be used quite safely even at a high temperature
      and a high pressure.
PAR  The following example will illustrate the present invention in further
      details. It should be understood that it is presented for the purpose of
      illustration only, but not of limitation. The abbreviations used have
      conventional significances.
DETD
PAC  EXAMPLE
PAR  An absorption column is prepared by packing glass Raschig rings (external
      diameter 6 mm, internal diameter 4 mm, length 6 mm) in a glass tube
      (internal diameter 50 mm) to a height of 70 cm. An alkaline solution
      (25.degree.C) of nitrohumic acid is passed from the top downwards through
      the column at a flow velocity of 25 L/hr and a coke oven gas containing
      4.8 g/NM.sup.3 of hydrogen sulfide from the bottom upwards through the
      column at a flow velocity of 260 L/hr. The outflow of the nitrohumic acid
      solution is collected in a 13 L-glass vessel, and air is blowed into the
      solution to complete the precipitation of sulfur. When 1 NM.sup.3 of the
      coke oven gas is passed through the column, the precipitated sulfur is
      collected and weighed. The results are shown in the following Table. No
      hydrogen sulfide is detected from the outflow of the gas.
TBL                                    Table                                   

     __________________________________________________________________________

     Nitro-                                                                    

           Concentra-            Recovered                                     

                                         Recovery                              

     humic Acid                                                                

           tion*   Base** pH***  Pure Sulfur                                   

                                         Ratio                                 

     No.   (w/v %)               (g)     (%)                                   

     __________________________________________________________________________

     1     0.3   Sodium carbonate                                              

                          9.0 .+-. 0.1                                         

                                 3.9     86                                    

     2     0.3   Sodium carbonate                                              

                          9.0 .+-. 0.1                                         

                                 3.8     84                                    

     3     0.2   Ammonia  9.0 .+-. 0.1                                         

                                 4.4     97                                    

     4     0.2   Sodium carbonate                                              

                          9.0 .+-. 0.1                                         

                                 4.3     95                                    

     5     0.4   Ammonia  9.0 .+-. 0.1                                         

                                 4.3     95                                    

     __________________________________________________________________________

      Note:                                                                    

       *Concentration of the nitrohumic acid.                                  

       **Base for the pH adjustment.                                           

      ***pH of the nitrohumic acid solution. Nitrohumic acid No. 1: prepared by

      adding concentrated nitric acid gradually to a suspension of brown coal  

      dust in ethanol and then refluxing the mixture; nitrohumic acid No. 2:   

      prepared by adding concentrated nitric acid gradually to a suspension of 

      brown coal dust in methanol and then refluxing the mixture; nitrohumic   

      acid No. 3: prepared by adding fuming nitric acid gradually to a         

      suspension of brown coal dust in carbon tetrachloride with vigorous      

      stirring and then allowing the mixture to stand at a room temperature;   

      nitrohumic acid No. 4: prepared by adding fuming nitric acid gradually to

      a suspension of lignite dust and brown coal dust in acetic acid with     

      vigorous stirring and allowing the mixture to stand at a room temperature

      nitrohumic acid No. 5; prepared by adding concentrated nitric acid to a  

      suspension of brown coal dust in carbon tetrachloride and acetic acid and

      then allowing the mixture to stand at room temperature.                  

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process for the removal of hydrogen sulfide from gaseous or aqueous
      material through conversion of hydrogen sulfide into sulfur which
      comprises bringing said material into contact with nitrohumic acid or the
      sodium, potassium or ammonium salt thereof.
NUM  2.
PAR  2. The process according to claim 1 wherein gaseous material is brought
      into contact with an aqueous solution of the sodium, potassium or ammonium
      salt of nitrohumic acid, said solution having a pH in the range of from 8
      to 10.
NUM  3.
PAR  3. The process according to claim 2 wherein the activity of said nitrohumic
      acid is regenerated through treatment with oxygen.
NUM  4.
PAR  4. The process according to claim 3 wherein oxygen is passed through said
      solution after contact with the gaseous material.
NUM  5.
PAR  5. The process according to claim 3 wherein oxygen is brought in contact
      with the solution continuously with said gaseous material.
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ABST
PAL  Solid compositions, stable at ambient temperatures, which generate hydrogen
     as when heated to initiate the reaction between the components of the
      composition.
PAL  The compositions comprise certain ammonium salts such as NH.sub.4 Cl and
      complex hydrides such as LiAlH.sub.4 and NaAlH.sub.4 or certain hydrazine
      derivates such as N.sub.2 H.sub.6 Cl.sub.2 and complex hydrides such as
      NaBH.sub.4.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a divisional of application Ser. No. 335,390, filed Feb. 23, 1973,
      which application in turn is a divisional of application Ser. No. 152,422
      filed, June 11, 1971, now U.S. Pat. No. 3,734,863 issued May 22, 1973,
      which application is in turn a continuation-in-part of copending
      application Ser. No. 872,419 filed on Oct. 29, 1969 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the art of gas generation and more
      particularly to compositions and methods for generating hydrogen gas.
PAR  There are currently only a limited number of methods available to produce
      hydrogen on a small scale. For example, hydrogen gas is generated by the
      reaction of metals or metal hydrides with acids, bases, water alcohols,
      etc. Hydrogen gas can also be stored in and released from pressurized gas
      cylinders. However, these methods are not applicable when severe weight
      and/or volume restrictions are imposed on a system which must generate
      relatively small amounts of hydrogen gas (up to about 250 liters) in a
      short time (less than one minute). The following example will illustrate
      this point: the reaction LiH + H.sub.2 O .fwdarw. LiOH+H.sub.2 liberates
      about 27 kcal/mole hydrogen. Assuming 100 percent completion of the
      reaction within 30 seconds without an available external heat sink, then
      well over 300 grams of water would be needed to produce 1 mole of hydrogen
      gas (i.e., 18 grams of water as reactant and the remainder for a heat
      sink) in order to prevent boiling of the water and the formation of a
      hydrogen-steam mixture. This means that the weight/volume ratio (reactants
      (grams) per liter of hydrogen generated) is greater than 14 grams per
      liter.
PAR  Another reaction which has been proposed to generate hydrogen is based on
      the thermal decomposition of hydrazine bisborane. This reaction is
      represented by the following equation:
EQU  N.sub.2 H.sub.4 (BH.sub.3).sub.2 .fwdarw..sup.heat 2NB + 5H.sub.2.
PAR  Although in theory this reaction is very favorable in terms of hydrogen
      produced per gram of reactant (weight - volume ratio is 0.54 grams per
      liter assuming 100 percent yield), the temperture required to keep the
      reaction going is high enough to melt glass fiber cloth and the hydrogen
      produced is at its ignition temperature. In addition, hydrazine bisborane
      is not commercially available and it is difficult to handle because of its
      instability.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is one object of this invention to provide novel
      compositions and methods for generating hydrogen gas.
PAR  Another object of this invention is to provide compositions and methods for
      generating hydrogen gas which are particularly applicable where small
      amounts of gas are required in a very short time.
PAR  A further object of this invention is to provide methods for generating
      hydrogen gas in which the ratio of weight of reactants to volume of gas
      generated is smaller than heretofore attained.
PAR  Still another object of this invention is to provide a method for
      generating hydrogen gas which is economical and relatively safe.
PAR  These and other objects are accomplished by providing solid compositions
      comprising certain ammonium salts and complex hydrides or certain
      hydrazine derivatives and complex hydrides which generate hydrogen gas
      upon heating to initiate the reaction between the components. These
      compositions and methods of the present invention are particularly useful
      for space or underwater application or inflation systems for buoyant
      devices deployed from rockets, aircraft or liferafts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The method of this invention is based on a solid state reaction between two
      or more suitable components. Particularly, the components ingredients
      employed in the mixtures and methods of the present invention and the
      reactions by which the desired hydrogen gas is generated are expressed by
      the following general formulas and general equations:
      ##EQU1##
      or
      ##EQU2##
      where X is an acid group such as an inorganic acid group like halogen (Cl,
      Br, F, etc.), sulfate (SO.sub.4) and the like, n is the valency of the
      acid group, Y is a mono- or divalent metal capable of forming complex
      hydrides such as alkali and alkaline earth metals like Li, Na, K, Mg, Ba,
      Ca, etc., m is the valency of said metal and Z is a trivalent metal
      capable of forming complex hydrides such as B, Al, and the like. The
      compounds employed in the mixtures of this invention are either
      commercially available or may be prepared by conventional means. The
      weight/volume ratio (as discussed above) is more favorable in these
      systems than in any of the hydrogen generating systems employed in the
      past. For example, 0.83 grams per liter is the weight/volume ratio of the
      reaction of this invention in which NH.sub.4 F and LiAlH.sub.4 are
      employed as hydrogen generating compositions while 1.2 grams per liter is
      the weight/volume ratio of the method which employs NH.sub.4 Cl and
      NaAlH.sub.4 as the respective gas generating composition.
PAR  The hydrogen gas generating reactions of this invention are initiated by
      locally heating the mixture of the component reactants to decomposition
      temperature. This can be accomplished by any suitable heat source such as
      a resistance heater fabricated from Nichrome wire for example, Pyrofuse,
      an electrical squib, a mechanical squib, or the like. In addition,
      ordinary percussion caps and igniter pills such as BaCrO.sub.4 /Zr may be
      utilized if desired. A temperature of at least about 150.degree.C is
      generally required to initiate the reaction. The component ingredients are
      generally intimately mixed in stoichiometric amounts according to the
      aforeidentified general equations. However, it may be desirable to employ
      an excess of one of the components. For example, one reason why one would
      want an excess of one of the components is to more efficiently utilize the
      more expensive components. Furthermore, the use of mixtures of three or
      more components is also within the scope of the present invention. For
      example, a mixture of NH.sub.4 F + bNH.sub.4 Cl + cLiAlH.sub.4 30
      dNaBH.sub.4 or (a/.sub.2) N.sub.2 H.sub.6 Cl.sub.2 + bNH.sub.4 F +
      cLiAlH.sub.4 + dNaBH.sub.4 where a+b = c+d may be employed as gas
      generating compositions in the method of the present invention.
PAR  These hydrogen generating compositions may be encapsulated or otherwise
      packaged in such a manner that they may be adapted as a convenient source
      of predetermined quantities of hydrogen for the inflation of lighter than
      air balloons or other inflatables, as well as other military and
      commercial uses. These compositions may be utilized as powders or they may
      be pressed into pellets to facilitate handling, storage stability and
      safety characteristics as well as to achieve a more uniform rate of gas
      evolution after initiation. Coating of one or all of the starting
      components with a small amount (usually about 0.5-5 weight percent) of a
      suitable polymer prior to mixing has been found to further improve the
      handling storage characteristics. Examples of such suitable polymers are
      polystyrene, polyethylene, polybutadiene, hydroxyvinly resins, and
      polycarbonates. Such coating is especially beneficial for components which
      are sensitive to moisture. Furthermore, micro-encapsulation techniques can
      be used to increase the temperature stability of certain hydride -
      ammonium halide combinations. An example will illustrate the aforesaid:
      the mixture of NH.sub.4 F and Li BH.sub.4 which has an initiation
      temperature of 62.degree.C. exhibits an exotherm below 30.degree.C. e.g.
      this mixture is unstable at ambient temperature. Similar instabilities are
      encountered in any mixtures which contain the NH.sub.4 F -- Li BH.sub. 4
      combination. However, microencapsulation of the NH.sub.4 F prior to
      mixing, with stoichiometric amounts of uncoated LiBH.sub.4, results in a
      shift of the differential thermal analysis (DTA) exotherm to 40.degree.C,
      when the NH.sub.4 F, which has been microencapsulated with Elvon --30 (a
      DuPont hydroxyvinyl resin), or similar resins, following generally known
      microencapsulation techniques. It is also part of the instant invention to
      optionally use binder or plasticizer to improve handling and/or mechanic
      stability. Any conventional plasticizer, such as Conco oil (a commercially
      available mixture of aromatics) may be used so long as it is compatible
      with the rest of the composition. Similarly, any conventional binder which
      is compatible with the rest of the composition may be used, such as
      polystyrene or a styreneisobutylene copolymer. In addition, any solvent
      which dissolves the binder, such as conventional hydrocarbon solvents, can
      be used.
PAR  The general nature of the invention having been set forth, the following
      examples are presented as specific illustrations thereof and also so that
      the invention be better understood. Furthermore, it will be understood
      that the invention is not limited to these examples but is suspectible to
      various modifications that will be recognized by one of ordinary skill in
      the art. Table I below is a compilation of results attained employing
      various compositions of the present invention. All the procedures were
      performed in an inert moisture-free atmosphere. The finely powdered
      anhydrous components were intimately mixed and the mixture transferred
      into a heavy wall Pyrex glass reaction vessel equipped with a Nichrome
      ignition wire. The reaction vessel was connected to a gas measuring system
      and the reaction initiated by electrically heating the Nichrome wire.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Rates of Gas Evolution                                                    

     Composition                                                               

                Reactants.sup.1)                                               

                            % yield vs. time (Seconds after initiation)        

     No.         (moles)    10 sec  20 sec  30 sec                             

     __________________________________________________________________________

     1      NH.sub.4 F (0.1), LiBH.sub.4 (0.1)                                 

                            10      55      71                                 

     2      NH.sub.4 Cl (0.1), LiBH.sub.4 (0.1)                                

                            10      15      20                                 

     3      NH.sub.4 F (0.1), NaBH.sub.4 (0.1)                                 

                            15      40      60                                 

     4      NH.sub.4 F (0.05), LiBH.sub.4 (0.1)                                

                            15      40      60                                 

            NH.sub.4 Cl (0.05)                                                 

     5      NH.sub.4 F (0.1), LiBH.sub.4 (0.05)                                

                            20      55      73                                 

            NaBH.sub.4 (0.05)                                                  

     6      NH.sub.4 F (0.1), LiBH.sub.4 (0.033)                               

                            55      90      91                                 

            NaBH.sub.4 (0.017)                                                 

            LiAlH.sub.4 (0.05)                                                 

     7      N.sub.2 H.sub.6 Cl.sub.2 (0.05), LiBH.sub.4 (0.1)                  

                             5      15      28                                 

     __________________________________________________________________________

      Note                                                                     

      .sup.1) used as powders except for composition 6 which were pressed into 

      pellets                                                                  

PAR  At present, the mechanism of the reaction of this invention is not fully
      understood. It is hypothesized, however, that the reaction proceeds via
      the unstable intermediate NH.sub.4 ZH.sub.4 where Z has the
      aforeidentified significance. For example, a typical reaction may proceed
      as follows:
EQU  NH.sub.4 Cl + LiAlH.sub.4 .fwdarw. LiCl + [NH.sub.4 AlH.sub.4 ] .fwdarw.
      LiCl + AlN + 4H.sub.2
PAL  A similar typical reaction for the corresponding hydrazine derivative
      component may proceed as follows:
EQU  N.sub.2 H.sub.6 Cl.sub.2 + 2LiBH.sub.4 .fwdarw. [BH.sub.4
      .NH.sub.3.NH.sub.3.BH.sub.4 ] + 2LiCl .fwdarw. 2BN + 7H.sub.2 + 2LiCl
PAR  As will be evident to those skilled in the art, various modifications can
      be made in light of the foregoing disclosure without departing from the
      scope and spirit thereof.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A method for generating hydrogen gas which comprises heating a
      composition comprising the intimate mixture in the solid state of at least
      one compound having the general formula (NH.sub.4).sub.n X wherein X is an
      inorganic acid group and n is the valency of said inorganic acid group and
      at least one compound having the general formula Y(ZH.sub.4).sub.m wherein
      Y is a mono- or divalent metal capable of forming complex hydrides and is
      selected from the group consisting of alkali metals and alkaline earth
      metals, m is the valency of said mono- or divalent metal and Z is a
      trivalent metal capable of forming complex hydrides and is selected from
      the group consisting of boron and aluminum, wherein said compounds are
      present in about stoichiometric amounts or are present in amounts such
      that there is a stoichiometirc excess of one of the components, to a
      temperature high enough that said Y(ZH.sub.4).sub.m reacts with said
      (NH.sub.4).sub.n X to produce hydrogen gas.
NUM  2.
PAR  2. A method according to claim 1 wherein said compounds are present in
      about stoichiometric amounts.
NUM  3.
PAR  3. A method according to claim 2 wherein said inorganic acid group is
      selected from the group consisting of halogen and sulfate.
NUM  4.
PAR  4. A method according to claim 1 wherein said compounds are present in
      amounts such that there is a stoichiometric excess of one of the
      components.
NUM  5.
PAR  5. A method according to claim 4 wherein said inorganic acid group is
      selected from the group consisting of halogen and sulfate.
NUM  6.
PAR  6. A method according to claim 5 wherein the mixture comprises at least one
      compound selected from the group consisting of NH.sub.4 F and NH.sub.4 Cl
      in combination with at least one compound selected from the group
      consisting of LiAlH.sub.4, NaAlH.sub.4, NaBH.sub.4, and LiBH.sub.4.
NUM  7.
PAR  7. A method according to claim 6 using a mixture comprising NH.sub.4 Cl and
      NaAlH.sub.4.
NUM  8.
PAR  8. A method according to cliam 6 using a mixture comprising NH.sub.4 Cl and
      LiAlH.sub.4.
NUM  9.
PAR  9. A method according to claim 6 using a mixture comprising NH.sub.4 F and
      LiAlH.sub.4.
NUM  10.
PAR  10. A method according to claim 6 using a mixture comprising NH.sub.4 F and
      NaBH.sub.4.
NUM  11.
PAR  11. A method according to claim 6 using a mixture comprising NH.sub.4 F,
      NH.sub.4 Cl, LiAlH.sub.4 and NaBH.sub.4.
NUM  12.
PAR  12. A method according to claim 3 wherein the mixture comprises at least
      one compound selected from the group consisting of NH.sub.4 F and NH.sub.4
      Cl in combination with at least one compound selected from the group
      consisting of LiAlH.sub.4, NaAlH.sub.4, NaBH.sub.4, and LiBH.sub.4.
NUM  13.
PAR  13. A method according to claim 12 using a mixture comprising NH.sub.4 F
      and LiAlH.sub.4.
NUM  14.
PAR  14. A method according to claim 12 using a mixture comprising NH.sub.4 Cl
      and NaAlH.sub.4.
NUM  15.
PAR  15. A method according to claim 12 using a mixture comprising Nh.sub.4 F
      and NaBH.sub.4.
NUM  16.
PAR  16. A method according to claim 12 using a mixture comprising NH.sub.4 Cl
      and LiAlH.sub.4.
NUM  17.
PAR  17. A method according to claim 12 using a mixture comprising NH.sub.4 F,
      NH.sub.4 Cl, LiAlH.sub.4 and NaBH.sub.4.
NUM  18.
PAR  18. The method of claim 1 wherein at least one component of the mixture is
      coated with a polymer selected from the group consisting of polystyrene,
      polyethylene, polybutadiene, polycarbonate and hydroxyvinyl resins.
NUM  19.
PAR  19. A method for generating hydrogen gas comprising heating a composition
      comprising:
PA1  the intimate mixture in the solid state of at least one compound having the
      general formula (N.sub.2 H.sub.6).sub.n X.sub.2 wherein X is an inorganic
      acid group and n is the valency of said inorganic acid group and at least
      one compound having the general formula Y(ZH.sub.4).sub.m wherein Y is a
      mono- or divalent metal capable of forming complex hydrides and is
      selected from the group consisting of alkali metals and alkaline earth
      metals, m is the valency of said mono- or divalent metal and Z is a
      trivalent metal capable of forming complex hydrides and is selected from
      the group consisting of boron and aluminum to a temperature high enough
      that said Y(ZH.sub.4).sub.m reacts with said (N.sub.2 H.sub.6).sub.n
      X.sub.2 to produce hydrogen gas.
NUM  20.
PAR  20. The method of claim 19 wherein said inorganic acid group is selected
      from the group consisting of halogen and sulfate.
NUM  21.
PAR  21. A method according to claim 20 using a mixture comprising N.sub.2
      H.sub.6 Cl.sub.2 and LiBH.sub.4.
NUM  22.
PAR  22. The method of claim 19 wherein at least one component of the mixture is
      coated with a polymer selected from the group consisting of polystyrene,
      polyethylene, polybutadiene, polycarbonate and hydroxyvinyl resins.
NUM  23.
PAR  23. A method of generating hydrogen gas comprising heating a composition
      comprising
PA1  the intimate mixture in the solid state of at least one compound having the
      general formula (NH.sub.4).sub.n X wherein X is an inorganic acid group
      and n is the valency of said inorganic acid group, at least one compound
      having the general formula (N.sub.2 H.sub.6).sub.n X.sub.2 wherein X is an
      inorganic acid group and n is the valency of said inorganic acid group,
      and at least one compound having the general formula Y(ZH.sub.4).sub.m
      wherein Y is a mono- or divalent metal capable of forming complex hydrides
      and is selected from the group consisting of alkali metals and alkaline
      earth metals, m is the valency of said mono- or divalent metal, and Z is a
      trivalent metal capable of forming complex hydrides and is selected from
      the group consisting of boron and aluminum to a temperature high enough
      that said Y(ZH.sub.4).sub.m reacts with said (NH.sub.4).sub.n X and with
      said (N.sub.2 H.sub.6).sub.n X.sub.2 to produce hydrogen gas.
NUM  24.
PAR  24. The method of claim 23 wherein said inorganic acid group in both
      occurrences is selected from the group consisting of halogen and sulfate.
NUM  25.
PAR  25. A method according to claim 24 using a mixture which comprises N.sub.2
      H.sub.6 Cl.sub.2, NH.sub.4 F, LiAlH.sub.4, and NaBH.sub.4.
NUM  26.
PAR  26. The method of claim 23 wherein at least one component of the mixture is
      coated with a polymer selected from the group consisting of polystyrene,
      polyethylene, polybutadiene, polycarbonate and hydroxyvinyl resins.
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PAL  A method for preparing a pyrophosphate-tin composition labelled with
      99.sup.m technetium for medical diagnosis by scintigraphy, especially bone
      scintigraphy. A pyrophosphate solution and a freshly prepared stannous
      chloride solution are mixed together and then neutralized to a pH within
      the range of 5 to 7, the mixture is eventually lyophilized in order to
      obtain a pyrophosphate-tin complex in powder form which is then mixed with
      a solution containing 99.sup.m Tc, the last-mentioned final step of the
      method being carried out at the moment of use. The complex has a
      pyrophosphate-tin molecular ratio of at least 30.
PARN
     CROSS-REFERENCE TO RELATED APPLICATION:
PAR  This is a continuation-in-part of U.S. Ser. No. 365,695, filed May 31,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of preparation of a
      tin-polyphosphate complex intended to be labelled with 99m Technetium for
      medical diagnosis by scintigraphy, especially bone scintigraphy.
PAR  The invention also relates to a medical diagnosis kit which contains, in a
      single bottle or flask, the elements to be used in scintigraphy, after
      labelling thereof.
PAR  99M Technetium is endowed with properties which are highly looked for in
      the medical field, in particular as regards bone scintigraphy and the
      detection of bone cancerous humors.
PAR  In addition to the fact that it can readily be obtained from 99 Mo, this
      substance has a high quality radiation, a .gamma.-radiation energy of 140
      keV and a short half-life of 6 hours with no emission of .beta.-rays.
PAR  Furthermore, said substance makes it possible to associate a
      highly-accurate diagnosis with an acceptable, easily employed, dose for
      the patient.
PAR  99M Tc is commonly used for examining various organs such as the thyroid
      gland, the brain, the liver, the splean, the kidvens and the
      reticulo-endothelial system. To this end, this substance is incorporated
      into the body in association with a vehicular compound, chosen in view of
      its tropism and of its particular biological properties.
PAR  According to recent researches, it is known to use polyphosphates labelled
      with 99m Tc in the field of scintigraphy. Some of these polyphosphates,
      e.g. triphosphate, as well as some polyphosphates having a molecular
      weight of 4 500 give excellent results, but such is not the case with the
      diacidic phosphate and with fluorophosphate which are characterized by
      poor tropism.
PAR  The labelling of these substances, is conventionally accomplished by adding
      to a pertechnetate solution a freshly prepared solution of stannous
      chloride in a diluted hydrochloric medium, stirring the mixture for 3 to 5
      minutes, adding a polyphosphate solution, stirring thoroughly, adjusting
      the pH to approximately 7.5 by means of a sodium hydroxide or sodium
      bicarbonate solution, finally sterilizing the preparation by filtering the
      latter through a 0.22 .mu. filtering membrane in a pre-sterilized empty
      bottle.
PAR  Labeling methods of this type have the disadvantages of being complex, of
      providing a composition which does not keep well and requires at the
      moment of use a large number of operating steps which, quite often, cannot
      be readily performed or even cannot be carried out at all, prior to
      injection into the patient. For instance, freshly prepared stannous
      chloride is not always available, and the numerous successive operating
      steps, involving adding reagents, stirring and adjusting pH-values,
      complicate the preparations which are required for the medical diagnosis
      procedure.
PAR  Moreover, prior researches on the Tc99 labelling of polyphosphates
      suggested that the effective substances were essentially large molecules
      having a very high molecular weight (above 1,500), such as mentioned e.g.
      in G. Subramanian's works (99mTc polyphosphate PP 46 : A new
      radio-pharmaceutical for skeletal imaging, Upstate Medical Centre,
      Syracuse N.Y., 16th Session, June 1971). Indeed, whereas monophosphate had
      provided but poor results, triphosphate had brought a marked improvement
      since it was better fixed to the bones and more chemically stable. The
      natural tendency appeared to lead to polyphosphates of high molecular
      weight, containing many phosphorous atoms in their chain.
PAR  On the other hand, the implication was left that pyrophosphate (P.sub.2
      O.sub.7 Na.sub.4) might not be used as a valuable vehicular substance for
      Tc99 at the level of the skeleton, in view of the rapid hydrolysis thereof
      by pyrophosphatases.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that pyrophosphate is a very good potential vehicular
      substance for Tc99 in the bone system, and that it provides remarkable
      results as regards bone scintigraphy. With pyrophosphate, it is possible
      to carry out bone scintigraphies after a time-period (required by
      elimination from organs) which is shorter than in the case of
      polyphosphates. It is, therefore, also possible to operate with smaller
      activities.
PAR  Accordingly, one of the objects of this invention is to provide a method
      for preparing a tin-pyrophosphate complex, comprising admixing a
      pyrophosphate solution with a freshly prepared solution of stannous
      chloride in an acidic medium and at least partially neutralizing the
      mixture of these two solutions by raising the pH thereof to a value in
      preferred range of 5 to 7, and, in particular, 6 to 6.5.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Sodium pyrophosphate has the advantage of being easily prepared in a
      reproducible manner, which leads to both excellent and permanent results.
PAR  The tin-pyrophosphate complex can be used in various ways. As indicated
      above, it is prepared by first mixing a pyrophosphate solution and a
      stannous chloride solution together and then adjusting the pH of the
      mixture to a value within the range 5-7, more preferably 6-6.5.
PAR  Once the complex is formulated according to a first mode, it is stored as a
      liquid solution in vacuo or under an inert gas, such as e.g. nitrogen, or
      argon, and ultimately sold in bottles, or flasks, as a kit so that, at the
      moment of use, a radioactive labelling, solution containing Tc99 is simply
      added thereto and mixed with the complex thus enabling it to serve as a
      basis for bone scintigraphy by intraveneous injection.
PAR  According to a second method, the thus-obtained tin-pyrophosphate complex
      is first lyophilized in vacuo in order to provide a powder which is itself
      kept, in vacuo or in an inert atmosphere, in a bottle or kit on sale in
      shops. In order to use such a kit, one merely has to dissolve the bottled
      powder in a solution of a Tc99-salt, in order to provide an injection for
      which is ready for an intravenous solution and bone scintigraphy of a
      patient. Such a salt is preferably sodium pertechnetate.
PAR  Of course, these methods are of particular interest to commercial use of
      the invention since it is possible to have, at the moment of use, a
      tin-pyrophosphate composition labelled with Tc99. However, in a laboratory
      provided with both the means necessary for conveniently preparing the
      tin-pyrophosphate complex, and the Tc99 compound, it might quite obviously
      be contemplated to prepare said tin-pyrophosphate complex labelled with
      Tc99 for intravenous injections, directly without requiring the
      intermediate step of providing the tin-pyrophosphate complex, in the
      liquid or the powdered form, within a sterilized bottle in an inert
      atmosphere.
PAR  The accurate value of the pH to which the pyrophosphate solution must be
      brought after its admixture with stannous chloride in an acidic medium is
      not critical and may vary in a rather wide range, e.g. from 5 to 7. The
      selection of that accurate value depends upon the stability of the complex
      to be prepared, said complex being quite stable at pH's between 5 and 7,
      and upon biological requirements. The optimum value therefore happens to
      be in the 6 - 6.5 range, which is a fair compromise with favorable
      biological injection conditions : although blood is in fact a buffered
      medium, the pH of which has an average value slightly under 7, it is
      advisable, unless special precautions are taken, not to inject into a
      patient's vein a solution having a pH too markedly under 6.
PAR  A particular object of the invention is to provide a tin-pyrophosphate
      composition obtained, in particular, according to the above described
      method, in which the ratio of the molecular concentrations of
      pyrophosphate and of tin is at least 30. With such ratio, the complex is
      effectively formed and the solution contains no tin in the colloidal
      state.
PAR  The use, according to the invention, of compound of pyrophosphate and tin
      of low molecular weight (at least with respect to the high molecular
      weights recommended in the prior art) has various advantages. In
      particular it provides a faster elimination by the kidneys, which causes
      the parasitic image of that organ and also that of the liver to quickly
      disappear to the benefit of the bones, thus providing faster examination.
PAR  Moreover, tests have shown that the tin-pyrophosphate complexes according
      to the invention sustain hydrolysis fairly well and, when labelled with
      Tc99, are a very good vehicular agent for the latter substance. This was
      by no means obvious at first and, at any rate, invalidates the prior art
      tendency to resort to bigger and bigger molecules for carrying 99mTc to
      the bones.
DETD
PAR  An explanatory illustration of the method according to the invention is
      provided by the following examples.
PAC  EXAMPLE 1.
PAR  This example relates to the preparation of a tin-pyrophosphate complex in
      the solution state and labelled with 99mTc.
PAR  After having successively introduced into a bottle a solution containing
      100 mg of pyrophosphate P.sub.2 O.sub.7 Na.sub.4 H.sub.2 in 2 ml of water
      and a freshly prepared solution of stannous chloride containing 1.2 mg of
      SnCl.sub.2, 2H.sub.2 O in 0.5 N HCl, neutralization was carried out with
      sodium hydroxide up to a pH of 6.5 ; 5 ml of NaTcO.sub.4 in a
      9.permill.NaCl medium were added, and stirring was carried out for 5
      minutes, followed by filtration with a millipore filter in order to ensure
      sterilization. The efficiency of labelling by paper chromatography in a 85
      % methanol-water medium was found to be 90%.
PAC  EXAMPLE 2.
PAR  In this example, which also relates to the direct preparation of a
      tin-pyrophosphate complex in the solution state labelled with 99mTc, the
      operating steps are as in example 1, but the solution is neutralized with
      sodium hydroxide up to a pH of 5.2.
PAR  5 ml of solution of TcO.sub.4 Na in a 9% NaCl medium were added, then
      stirring was carried out for 5 minutes and filtration was performed with a
      millipore filter in order to ensure sterilization. The efficiency of
      labelling by paper chromatography in a 85 % methanol-water medium was
      found to be about 90 %.
PAC  EXAMPLE 3.
PAR  This example describes the preparation in powder form of the
      tin-pyrophosphate composition intended to be labelled at a later time with
      99m Tc. Two solutions were prepared, viz. a solution A containing 3 g of
      pyrophosphate P.sub.2 O.sub.7 Na.sub.4, 10 H.sub.2 O dissolved in 60 ml of
      boiled water, and a solution B containing 0.6 g of SnCl.sub.2, 2 H.sub.2 O
      in 500 ml 0.5 N HCl prepared in boil water; 30 ml of solution B were added
      to the whole amount of solution A, the addition being carried out in an
      inert gas stream while stirring for 5 minutes, neutralization being then
      carried out by means of 5 N NaOH up to a pH value of 6.3. The thus
      obtained solution contained approximately 100 ml of P.sub.2 O.sub.7
      Na.sub.4, 10H.sub.2 O and 1.2 mg of SnCl.sub.2, 2 H.sub.2 O in 3 ml.
PAR  3 ml of the solution were distributed into 30 bottles of the penicilline
      type. These bottles were treated with a lyophilizer in order to provide a
      powder, and stored with crimped-on caps in a nitrogen atmosphere up to the
      moment of labelling with 99m TC.
PAR  In order to carry out the labelling later on i.e., at the moment of use
      there was added to the contents of each bottle 5 ml of a Tc O.sub.4 Na
      solution in a 9.permill. NaCl medium, as obtained by eluting the 99 Mo
      based generator. Stirring was applied for 5 minutes and filtration was
      carried out with a millipore filter.
PAR  Checking of the labelling carried out as in example 1 indicated
      efficiencies of 97 - 97, 98 - 98.5 and 92 %, for bottles stored during 1,
      5, 11, 15 and 19 days, respectively.
PAC  EXAMPLE 4.
PAR  This example relates to the preparation of tin-pyrophosphate in the liquid
      form.
PAR  Two solutions were prepared, viz. a solution A containing 3 g of P.sub.2
      O.sub.7 Na.sub.4 pyrophosphate, 10 H.sub.2 O dissolved in 60 ml of boiled
      water, and a solution B containing 0.6 g of SnCl.sub.2, 2 N.sub.2 O in 500
      ml of 0.5 N HCl prepared in boiled water; 30 ml of solution B were added
      to the whole amount of solution A, the addition being carried out in an
      inert gas stream while stirring for 5 minutes, then neutralization with 5
      N NaOH was performed up to pH 7.
PAR  The thus obtained solution contained about 100 ml of P.sub.2 O.sub.7
      Na.sub.4, 10 H.sub.2 O and 1.2 mg of SnCl.sub.2, 2 H.sub.2 O in 3 ml.
PAR  3 ml of that solution were distributed into 30 bottles of the penicilline
      type and kept in an inert atmosphere (e.g. nitrogen or argon) or in vacuo.
PAR  In order to carry out the labelling, 5 ml of the TcO.sub.4 Na solution in a
      9.permill. NaCl medium obtained by eluting the 99 Mo based generator were
      added to the contents of each bottle, then stirring was carried out for 5
      minutes and filtration was performed with a millipore filter.
PAR  Checking of the labelling, carried out as in Example 1, indicated
      efficiencies of 97 - 97, 98 - 98.5 and 92 %, for bottled stored during 1,
      5, 11, 15 and 19 days respectively.
PAC  EXAMPLE 5.
PAR  The operating steps were the same as in example 3, the only difference
      being that after lyophilizing the 30 bottles of the penicilline type the
      bottles were kept in vacuo.
PAR  The labelling efficiency obtained after having stored the bottles for 1, 5,
      11, 15, 19 and 29 days were 91, 94, 95.2, 93.7, 91 and 91 % respectively.
PAR  As regards all the labelling steps mentioned in the above example,
      scintigraphy was performed on rats and provided similar results in all
      cases.
PAR  Clinical results concerning tests carried out with the 99mTc labelled
      tin-pyrophosphate complex according to the invention on animals, are given
      hereunder in three tables, in which:
PA1  Table I gives the distribution of 99m Tc among various organs of rats, as a
      percentage of the activity injected, after 15 minutes, 1 hour and 2 hours,
      respectively.
PA1  Table II shows the elimination, through rat's urine, of the same substance,
      in percentages, after 15 min, 1 hour, 2 hours, 3 hours and 4 hours,
      respectively.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     99m Tc distribution in rats, after an injection of 99m Tc labelled        

     pyrophosphate.                                                            

     The results are given as a percentage of the activity injected            

     Organ        15 minutes   1 hour       2 hours                            

     __________________________________________________________________________

      Blood per cm.sup.3                                                       

                  2.5 .+-. 0.4 1.5 (1 - 1.7)                                   

                                            1.3 (1.1 - 1.8)                    

     Total Amount of urine                                                     

                  5.5 (4 - 7)  21 (16 - 24) 32 (28 - 40)                       

      Kidney (per g)                                                           

                  1.2 (0.78 - 1.5)                                             

                               3.8 (0.9 - 5.45)                                

                                            1.6 (0.65 - 4.27)                  

     Total Amount 3.3 (2.14 - 4.12)                                            

                               10.5 (2.48 - 15.02)                             

                                            4.4 (1.79 - 11.17)                 

      Bladder (per g)                                                          

                  0.08 (0.04 - 0.13)                                           

                               0.15 (0.05 - 0.24)                              

                                            3.1 (1.52 - 6.10)                  

      Bones (per g)                                                            

                  0.61 (0.15 - 1.89)                                           

                               1.47 (0.78 - 2.56)                              

                                            1.89 (1.45 - 3.58)                 

      Liver (per g)                                                            

                  0.062 (0.025 - 0.12)                                         

                               0.071 (0.033 - 0.11)                            

                                            0.12 (0.048 - 0.17)                

      Liver(total amount)                                                      

                  0.745 (0.031 - 1.42)                                         

                               0.85 (0.39 - 1.32)                              

                                            1.46 (0.575 - 2.04)                

      Spleen (per g)                                                           

                  0.039 (0.024 -  0.049)                                       

                               0.038 (0.024 - 0.058)                           

                                            0.027 (0.014 - 0.037)              

     __________________________________________________________________________

PAC  TABLE II
PAR  Elimination through rat's urine after an injection of labelled
      pyrophosphate. (Average values obtained after tests carried out on 50
      rats. The results are given in % of the total activity eliminated with
      respect to the total activity injected.)
TBL  ______________________________________                                    

     15 minutes      5.5 %           (4 - 7)                                   

      1 hour         18 %            .+-. 4                                    

      2 hour         30 %            .+-. 5                                    

      3 hour         34 %            .+-. 5                                    

      4 hour         37 %            .+-. 5                                    

     ______________________________________                                    

PAC  Experimental method.
PAR  1. Distribution of radioactivity.
PAR  The distribution of radioactivity for various organs (blood, urine,
      kidneys, bones, liver and spleen was studied) as a function of time. The
      animals (rats of the Winster-Saclay stock, having a weight of from 320 to
      400 g) underwent an intravenous injection in their tails. The dose varied
      between 20 and 50 .mu. Ci of 99m Tc for a constant amount of pyrophosphate
      by weight. The animals were destroyed after time-periods of 15 minutes, 1
      hour and 2 hours, respectively, following injection.
PAR  2. Blood and urine kinetics.
PAR  The method used for blood clearance was that of out-of-the-body circulation
      achieved by means of a catheter inserted into the carotid and passing
      through a "well" counter. Urine clearance was carried out by counting the
      total volumes of urine ejected after fixed periods of time of 15 minutes,
      30 minutes, 1 hour, 2 hours, 3 hours and 4 hours.
PAR  3. Scintigraphy.
PAR  The animal was anesthetized with ethylcarbamate after injection and
      immediately before scintigraphy was carried out. Scintigraphy was carried
      out after 5 minutes, 1 hour, 2 hours and 4 hours following injection. Two
      recording methods were applied:
PA1  a. conventional scanning,
PA1  b. scanning, followed by information treatment for calculating surface
      activities.
PAC  Analysis of results.
PAR  The figures given in table I are the average values of the results achieved
      with 25 animals. The table also mentions the limit values for a given
      organ. They are given as percentages of the activity injected, per unit
      volume or unit weight according to the organ considered.
PAR  Some results apply to the whole organ. The activities of soft organs e.g.
      liver, spleen (1.46 %) is negligible as compared to the activity fixed on
      bones.
PAR  The pharmaco-kinetic study of blood and urine clearances (table II)
      indicates the biological behaviour of the substance and gives an
      indication of how quickly it is eliminated. The labelled substance is
      quickly eliminated from the vascular compartment to the benefit of bone
      tissues; an important amount (30 % within 2 hours) is to be recuperated in
      urine, which leads to think that there is a rapid transit at the kidney
      stage.
PAR  Checking of the labelling is performed by paper chromatography. As a matter
      of fact, such a method merely permits to check the disappearance of
      pertechnetate in the free state, and not the compound labelling per se.
      However, since the absence of pertechnetate is a critical requirement for
      a single step kit and in view of the fact that the method is time-saving
      and reproducible without special conditions, such method is useful for
      routine control.
PAC  TABLE III
PAR  Stability of the tin-pyrophosphate solution kept in single step kits.
TBL  __________________________________________________________________________

     No. of days following                                                     

                 complex in the solution                                       

                                 lyophilized                                   

     the preparation                                                           

                 (state % TCO.sub.4 - after label-                             

                                 complex (%TCO.sub.4 -                         

     of the kit  ling)           after labelling)                              

                 15 min                                                        

                       2 hours                                                 

                             24 h                                              

                                 15min                                         

                                     2h  24 h                                  

     __________________________________________________________________________

     1           0.2   0.5   0.5 0.1 0.5                                       

     8           0.5                                                           

     13          0.3   0.6   0.6 0.3 0.5 0.6                                   

     23          0.4             0.1                                           

     40          0.8   0.6   0.5 0.1 0.1                                       

     60          0.5   1.7       0.2 0.5                                       

     __________________________________________________________________________

PAR  The results mentioned in table III are obtained by means of the above
      analysis method. It is to be noted that the tinpyrophosphate solution kept
      in a nitrogen atmosphere is quite stable, since the labelling efficiency
      shows no decrease after 60 days following preparation, which leads to
      think that said solution can remain good for much more than 60 days.
PAR  On the other hand, it was observed that a similar solution kept sterile in
      air evolved rapidly by oxidizing; 11, 12, 45 and 91 % of pertechnetate
      were recuperated after 1, 5, 11 and 15 days, respectively.
PAR  Table III gives an indication of how stable the tin-pyrophosphate kit
      according to the invention is after a period of time of from 1 to 60 days
      both in the solution form (column 1) and in the lyophilized form (column
      2); activity is given in % Tc after time-periods of 15 minutes, 2 hours
      and 24 hours respectively, following the radioactive labelling.
PAR  The percentages provided refer to the non complexed portion of 99 m Tc, and
      the results are all the better as the figures are smaller. it appears
      obviously from table III that a kit which was prepared 60 days ago is
      still quite efficient and that its activity shows no decrease with respect
      to what it was at the moment of preparation.
PAR  Finally, table IV clearly shows the unexpected advantages provided by the
      pyrophosphate complex as compared to polyphosphate, in the bone
      scintigraphy examination, carried out 2 hours and 4 hours, respectively,
      after the intraveneous injection.
TBL                TABLE IV                                                    

     ______________________________________                                    

     2 hours                  4 hours                                          

     ______________________________________                                    

              polyphosphate                                                    

                          Pyrophosphate                                        

              labelled with                                                    

                          labelled with                                        

              99 m Tc     99 mTc                                               

     Normal bone/                                                              

     soft tissues                                                              

     surface act-                                                              

                3.67        4.9       3.83  5.83                               

     ivity ratios                                                              

     Normal spine                                                              

     surfacic   85.5        111       63.7  79.3                               

     activity co-                                                              

     unts (mCi/                                                                

     m.sup.2)                                                                  

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for preparing a tin-pyrophosphate complex labelled with 99 m Tc
      and intended for medical diagnosis by scintigraphy, comprising a first
      step consisting in admixing a pyrophosphate solution with a freshly
      prepared solution of stannous chloride in an acidic medium, and at least
      partially neutralizing the solution, and a second step consisting in
      admixing the thus obtained mixture with a solution containing 99 m Tc, at
      the moment of use.
NUM  2.
PAR  2. A method for preparing a tin-pyrophosphate complex labelled with 99 m Tc
      according to claim 1, wherein neutralization of said solution is achieved
      by bringing the pH thereof to a value within the range of 5 to 7.
NUM  3.
PAR  3. A method for preparing a tin-pyrophosphate complex labelled with
      99.sup.m Tc according to claim 2, which further comprises lyophilizing
      said mixture after said increase of the pH at the end of said first step
      so as to obtain said complex in powder form.
NUM  4.
PAR  4. A method for preparing a tin-pyrophosphate complex labelled with 99m Tc
      according to claim 3, wherein, following the lyophilization step, said
      compound is kept in vacuo.
NUM  5.
PAR  5. A method for preparing a tin-pyrophosphate complex labelled with 99m Tc
      according to claim 3, wherein, following the loyphilization step, said
      compound is kept in an inert nitrogen or argon atmosphere.
NUM  6.
PAR  6. A method for preparing a tin-pyrophosphate complex according to claim 1,
      wherein said solution containing 99m Tc is a solution of sodium
      pertechnetate TcO.sub.4 Na.
NUM  7.
PAR  7. A method for preparing a tin-pyrophosphate complex according to claim 1,
      wherein said pyrophosphate is sodium pyrophosphate.
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ABST
PAL  This invention relates to antiviral substances, to a method for their
      preparation, and to pharmaceutical compositions comprising them.
PARN
     This is a division of application Ser No. 303,955 filed Nov. 6, 1972 which
      issued as U.S. Pat. No. 3,845,033 on Oct. 29, 1974.
BSUM
PAR  It is now generally recognised that double-stranded ribonucleic acids are
      potent inducers of interferons and thus should be of value in the broad
      spectrum prophylaxis of viral infections, and, to a lesser extent, in the
      treatment of such infections. Double-stranded ribonucleic acids of both
      natural and synthetic origin have been shown to possess
      interferon-inducing and antiviral activity in tissue-culture and in whole
      animals. Among the specific sources of interferon-inducing double-stranded
      ribonucleic acid which have been reported are the virus particles found in
      some strains of Penicillium chrysogenum, P.funiculosum, P.stoloniferum,
      Aspergillus niger and A.foetidus; cytoplasmic polyhedrosis virus; reovirus
      3 virion; and the replicative form of MS2 coliphage and of MU9 mutant
      coliphage.
PAR  However, there is some evidence which suggests that double-stranded
      ribonucleic acid of natural origin may be unacceptably toxic in mammals,
      and its medical and veterinary use may be limited. There is thus a need
      for an antiviral agent which is less toxic than double-stranded
      ribonucleic acid alone, and which has comparable or better antiviral
      activity.
PAR  Polybases such as spermine, spermidine, cadaverine, polylysine, protamine
      and diethylaminoethyl dextran have been used in the past to stabilise
      nucleic acids generally, (and some synthetic double-stranded ribonucleic
      acids in particular) against thermal denaturation and nuclease
      degradation. When it was discovered that synthetic double-stranded
      ribonucleic acids were inducers of interferon, many workers believed that
      treatment of the double-stranded ribonucleic acid with polybases such as
      these would result in stabilisation against degradation by ribonuclease,
      and thus in improved or prolonged in vivo antiviral activity. Most of the
      interferon-related biological work carried out in the past has involved
      the separate addition of the polybase to synthetic double-stranded
      ribonucleic acids, mainly Poly I:Poly C. However, the results of this work
      were not encouraging. Elevated interferon levels were obtained in tissue
      cultures (refs. 1,2,3,4,5 and 6 below) but where the activities of
      polybase-treated synthetic ribonucleic acids were examined in whole
      animals (refs. 1,6) neither protection against virus nor toxicity were
      substantially changed.
PAL  References:
PA1  1. g. p. lampson, A. A. Tytell, A. Kirk Field, M. M. Nemes, and M. R.
      Hilleman, Proc. Soc. Exptl. Biol. Med., 132,1969,212.
PA1  2. F. Dianzani, S. Baron, C. E. Buckler, and H. B. Levy, Proc. Soc. Exptl.
      Biol. Med., 136, 1971, 1111.
PA1  3. J. Y. Richmond, Arch. fur die gesamte Virusforschung, 33, 1971, 242.
PA1  4. J. G. Tilles, Proc. Soc. Exptl. Med., 133(4), 1970, 1334.
PA1  5. A. Billiau, C. E. Buckler F. Dianzani, C. Uhlendorf, and S. Baron, Ann.
      N.Y. Acad. Sci., 173(1), 1970, 657.
PA1  6. B. D. Rosenquist, Am.J.Vet.Res., 32(1), 1971, 35.
PAR  This invention is based on the discovery that polymeric polycations having
      a plurality of quaternary nitrogen sites form strong complexes with
      natural double-stranded ribonucleic acids, which complexes have good
      antiviral activity, at least in small mammals.
PAR  It should perhaps be noted that Gabbay et.al. (Ann. N.Y. Acad. Sci.,
      171(3), 1970, 810; and Biochemistry, 10(9), 1971, 1665) have studied the
      interaction of some monomeric quaternary ammonium compounds with (inter
      alia) the double-stranded synthetic ribonucleic acid Poly A:Poly U.
      However, their reports concern only the physico-chemical properties and
      structure of the complexes, and in addition, they have not reported work
      with polyquaternary ammonium compounds. Also, British Pat. No. 1,230,065,
      refers to the use of cetyltrimethylammonium bromide as a precipitating
      agent for double-stranded ribonucleic acid of natural origin. We have,
      however, tested the complex of cetyltrimethylammonium bromide with a
      natural double-stranded ribonucleic acid, and find no significant
      difference between the toxicity and antiviral activity of the complex, and
      that of the double-stranded ribonucleic acid itself.
PAR  According to the present invention there is provided an antiviral substance
      which is a principally ionic complex in which the cations are organic
      polymer polycations which have a plurality of quaternary nitrogen sites
      located at intervals along the polymer chains and the anions are either
      (a) double-stranded ribonucleic acid polyanions, said double-stranded
      ribonucleic acid being of natural origin or (b) polyanions of a
      double-stranded derivative of a double-stranded ribonucleic acid of
      natural origin.
PAR  The term "double-stranded" used in connection with ribonucleic acid refers
      to the characteristic whereby two ribonucleic acid molecules are
      associated by hydrogen bonding between complementary bases in each
      molecule. Ribonucleic acids may vary in the degrees of
      "double-strandedness".
PAR  The term "double-stranded ribonucleic acid of natural origin" means any
      double-stranded ribonucleic acid which is isolatable from a
      naturally-occurring source (e.g. those sources listed earlier in this
      specification), and excludes synthetic double-stranded ribonucleic acids
      such as Poly I:Poly C, Poly A:Poly U and Poly G:Poly C.
PAR  The term "double-stranded derivative of a double-stranded ribonucleic acid
      of natural origin" means any double-stranded ribonucleic acid of natural
      origin which has been subjected to a chemical or biochemical (e.g.
      enzymatic) reaction which alters the primary and/or secondary and/or
      tertiary structure (e.g. the N-oxides described in our British patent
      application No. 19448/70 which corresponds to my German
      Offenlegungsschrift No. 2,122,644, Nov. 25, 1971 and chem. Abstracts 76,
      59983v (1972), or the alkali-modified double-stranded ribonucleic acids
      described in our British patent application No. 1940/71) which corresponds
      to Harnden and Sharp (commonly assigned) German Offenlegungsschrift No.
      2,202,513 July 27, 1972 and chem Abstracts 78, 4166k (1973), provided that
      the resultant derivative retains a substantial degree of base-pairing
      between complementary strands.
PAR  The double-strandedness of a double-stranded ribonucleic acid or a
      derivative of a double-stranded ribonucleic acid can be measured by two
      parameters known as the hyperchromicity and Tm. These parameters are
      obtained by recording the ultra violet absorption of the material at
      258.mu. while gradually raising the temperature of the material. The u.v.
      absorption value of a double-stranded material at this frequency increases
      with increasing temperature until a constant value is reached,
      corresponding to the absorption of the thermally denatured (i.e.
      single-stranded) ribonucleic acid. The difference between the two extremes
      of absorption expressed as a percentage of the absorption of the
      double-stranded material is termed the "hyperchromicity" of that material.
PAR  When the u.v. absorption at 258.mu. of a double-stranded material is
      plotted against temperature, it is found that the absorption is greater at
      high than at low temperatures. The temperature at which the absorption is
      mid-way between the absorption of the double-stranded stranded material
      and that of the thermally denatured (i.e. single-stranded) material is
      called the Tm of the material.
PAR  The cationic moiety present in the complexes of this invention has been
      defined as an organic polymer cation which has a plurality of quaternary
      nitrogen sites located at intervals along the polymer chain. One group of
      suitable organic polymer polycations is the group of structure (I):-
      ##EQU1##
      wherein a and b are integers which are the same or different and each is
      from 2 to 10; X is an integer or fractional number .gtoreq. 2 which
      depends on the length of the polymer chain.
PAR  Another group of suitable polycations is the group of formula(I) wherein
      the carbon chain between quaternary nitrogen sites contains olefinic or
      acetylenic bonds, or carries methyl substituents.
PAR  The polyanions present in the complex of this invention are (a)
      double-stranded ribonucleic acid polyanions, said double-stranded
      ribonucleic acid being of natural origin or (b) polyanions of a
      double-stranded derivative of a double-stranded ribonucleic acid of
      natural origin. Preferred sources of double-stranded ribonucleic acid
      include the virus-like particles found in certain of the Penicillia, e.g.
      P.chrysogenum (British Pat. No. 1,170,929), P.stoloniferum (Banks et
      al.Nature 218,542 (1968), P.cyanoofulvum (Banks et al.Nature 223, 155
      (1968)), and in certain of the Aspergilli e.g. A.niger and A.foetidus (our
      copending patent application No. 13826/70) which corresponds to U.S. Ser.
      No. 124,496 filed Mar. 15, 1971, abandoned in favor of continuation
      application Ser. No.282,365, filed Aug. 22, 1972, abandoned in favor of
      continuation application Ser. No. 487,279, filed July 10, 1974, of Chain
      et al. Preferably also the component (a) or (b) should be capable of
      inducing interferon production in live mammals. (This can be confirmed by
      the method of Lampson et al. G. P. Lampson, A. A. Tytell, A. K. Field, M.
      M. Nemes and M. R. Hillerman Proc.Nat.Acad.Sci.,58 (1967),782).
PAR  The antiviral substance of this invention has been described as a
      principally ionic complex. The complex is characterised by a strong
      electrostatic interaction between the polymeric cationic moiety and the
      ribonucleic acid anionic moiety. However, other types of interaction may
      well operate. For example, it is believed that some form of "hydrophobic"
      bonding exists between the two components, although the precise nature of
      such bonding is not yet understood.
PAR  The preferred complexes of this invention are those in which all or almost
      all of the anionic sites on the double-stranded ribonucleic acid anions
      are neutralised by the quaternary cationic sites on the quaternary
      polymer. Such complexes may be termed "1:1 complexes" or "highly
      neutralised complexes".
PAR  The complexes of this invention may be prepared by a process which
      comprises contacting, in solution, organic polymer cations which have a
      plurality of quaternary nitrogen sites located at intervals along the
      polymer chains with either (a) double-stranded ribonucleic acid
      polyanions, said double-stranded ribonucleic acid being of natural origin
      or (b) polyanions of a double-stranded derivative of a double-stranded
      ribonucleic acid of natural origin.
PAR  Although all of the complexes of this invention can be made by the
      above-defined process, the physical characteristics of the complexes
      depend to some extent on the detailed method by which the polycations and
      polyanions are brought into contact. For the purposes of explanation the
      complexes of this invention can conveniently be divided into two arbitrary
      classes, namely those which are soluble in 0.15M Na Cl solution (hereafter
      referred to as "soluble complexes" and those which are insoluble in 0.15M
      Na Cl (hereafter referred to as "insoluble complexes" ).
PAR  In general, we have observed "insoluble complexes" are prepared by slowly
      adding a solution of the polyquaternary component to a dilute solution of
      the double-stranded ribonucleic acid component (e.g. about 0.5 mg/ml.) For
      example, a solution or an organic polymer containing the desired
      polycation can be made up in aqueous solution of an inorganic salt, e.g.
      Na Cl. A similar solution of the ribonucleic acid component can be made up
      in an aqueous solution containing an inorganic salt. The polyquaternary
      solution may then be added to the ribonucleic acid solution with stirring
      and, providing the molarity of the resultant salt solution is not too
      high, the desired complex will precipitate directly. If it does not
      precipitate, the solution can be diluted to reduce the molarity below the
      critical level and the desired complex will then precipitate.
      Alternatively, a physical mixture of a neutral polymer containing the
      polycation and the ribonucleic acid or ribonucleic acid derivative can be
      added to a salt solution, and if necessary, the resultant solution can be
      diluted to precipitate the desired complex. Preferably, in both of the
      above methods of preparing "insoluble complexes", a molar excess of the
      organic polymer polycation is contacted with the ribonucleic acid
      polyanion (the molar excess being calculated on the basis of the number of
      basic sites capable of reacting with the phosphoric acid sites on the
      ribonucleic acid polyanions).
PAR  It will be realised from the above paragraph that it is relatively easy to
      produce the "insoluble complexes" of this invention. More care, however,
      is required to produce the "soluble complexes".
PAR  To produce the soluble complexes a solution of the polyquaternary compound
      is added slowly, with stirring, to a solution of the double-stranded
      ribonucleic acid or ribonucleic acid derivative in aqueous Na Cl, 0.15M,
      until just before precipitation begins or until only a small amount of
      precipitation takes place. Any precipitate is then removed, leaving the
      desired complex in solution. In general, extensive precipitation should be
      avoided, since homogeneity of the complex left in solution cannot be
      guaranteed if much precipitation is allowed to take place. We prefer to
      add the solution of polyquaternary compound to a solution of the
      double-stranded ribonucleic acid or ribonucleic acid derivative containing
      not less than about 5 mg/ml (e.g. 5 - 20 mg/ml) since at higher dilutions
      it appears that almost all the ribonucleic acid is precipitated as
      insoluble complex.
PAR  As has already been indicated, the preferred complexes of this invention
      are those having a high degree e.g. more than 60%, preferably more than
      75%) of charge neutralisation. Also, because they are more conveniently
      administered and in some cases possess advantageous biological properties
      relative to the "insoluble complexes", those complexes which are soluble
      in isotonic saline are preferred. However, "soluble complexes" cannot
      conveniently be prepared using all polyquaternary compounds, since with
      some, precipitation of an "insoluble complex" occurs before sufficient
      polyquaternary compound has been added to achieve a high degree of charge
      neutralisation. While it must ultimately be a matter of trial and error to
      test whether a "soluble complex" can be made with any particular
      polyquaternary compound, certain guidelines can be laid down. Thus, we
      have noted that when polyquaternary compounds of structure (I) are
      employed there is a direct relationship between the equivalent weight of
      the polyquaternary compound and the degree of neutralisation obtainable
      with that polyquaternary compound before precipitation of "insoluble
      complex" begins. (The equivalent weight is the molecular weight of the
      polycation divided by the number of basic nitrogen sites per molecule). We
      have noted that with quaternary polycations of structure (I) having a low
      equivalent weight more polycation can be complexed with the ribonucleic
      acid before precipitation of "insoluble complex" begins than with
      quaternary polycations of structure (I) having a higher equivalent weight.
      This tendency will be illustrated in the Specific Examples later in this
      specification.
PAR  It is perhaps worthwhile emphasising again that when we speak of "insoluble
      complexes" in this invention, we mean complexes which are insoluble in
      0.15M Na Cl solution. In face most, if not all, of these "insoluble
      complexes" can be dissolved in concentrated electrolyte solutions, but in
      such concentrated electrolyte, the complexes are dissociated. This is in
      contrast with the "soluble complexes" which, when in solution in 0.15M Na
      Cl, are believed to be substantially non-dissociated.
PAR  The complexes of this invention (both "soluble" and "insoluble") are
      antiviral in activity, having a wide spectrum of activity against a
      variety of DNA and RNA viruses, e.g. encepholomyocarditis (EMC) virus,
      Semliki Forest virus, Foot and Mouth disease virus and Herpes Simplex
      virus. It is believed that their mode of action is principally by
      induction of interferon in host cells, thereby conferring protection
      against virus attack. For this reason it is believed their primary utility
      lies in the prophylaxis of virus infection rather than in the treatment of
      established infections. The complexes are in general more resistant to
      ribonuclease degradation than the double-stranded ribonucleic acid itself.
PAR  Thus, in another of its aspects, the present invention provides a
      pharmaceutical composition comprising an antiviral complex as defined
      hereinbefore and one or more pharmaceutically acceptable carriers.
PAR  The choice of pharmaceutical carrier is determined by the preferred mode of
      administration and standard pharmaceutical practice. The mode of
      administration may be by injection, e.g. subcutaneously, intravenously or
      intramuscularly, in which case the carrier will be an injectable liquid in
      which the complex may be dissolved, or suspended as a fine dispersion.
      However, even with the "soluble complexes" of this invention it may be
      difficult to redissolve them once they have been isolated (e.g. by freeze
      drying) and we therefore prefer to form the complex in situ in the
      injectable liquid (e.g. isotonic saline). For topical application the
      carrier may be a liquid for application to the mucous membrane. The
      composition of this invention may be administered alone or in combination
      with other agents used in the treatment of virus infections (e.g.
      vaccines) or for the relief of the symptoms of virus infections.
DETD
PAR  The following Examples are intended to illustrate the properties of, and
      methods of preparation of, some complexes of this invention, and also to
      illustrate in greater detail some of the features of the invention
      referred to earlier in this specification. In the following Examples, the
      abbreviation "d.s. RNA" stands for "double-stranded ribonucleic acid".
PAC  EXAMPLE I
PAC  i. Preparation of Polyquaternary Ammonium Compounds as Starting Materials.
PAR  Table I lists the physical properties of a number of polyquaternary
      ammonium compounds which were synthesised as follows:
PAR  Compounds 1 - 7 were prepared by refluxing the appropriate
      N,N,N',N'-tetramethyldiamine (0.1 mole) and dibromoalkane (0.1 mole) in
      methanol (300 ml.) for 5 hours. The solution was cooled and concentrated
      at reduced pressure. The residue was dissolved in water (250 ml.) and the
      solution extracted with ethyl acetate (3 .times. 150 ml.). The aqueous
      solution was then concentrated at reduced pressure to half volume and
      dialysed against water (3 .times. 5 lit.). The solution inside the
      dialysis bag was then concentrated at reduced pressure and on trituration
      of the residue with ethanol (ca 100 ml.) a white solid was obtained.
PAR  For the preparation of compound 8, 0.09 mole of
      N,N,N',N'-tetramethyl-propane-1,3-diamine and 0.08 mole of
      1,4-dibromobutane were used, and for the preparation of compound 9, 0.1
      mole of N,N,N',N'-tetramethyl-butane-1,4,-diamine and 0.08 mole of
      1,4-dibromobutane were used.
PAR  For the preparation of compound 10, 0.1 mole of
      N,N,N',N'-tetramethyl-propane-1,3-diamine and 0.08 mole of
      1,4-dibromobutane were used and the dialysis stage was omitted. The
      residue obtained from concentration at reduced pressure of the ethyl
      acetate-extracted aqueous solution was triturated three times with boiling
      isopropanol (3 .times. 500 ml.), filtered and dried. The product was
      obtained as a fine white powder.
PAR  Compound 11 (hexadimethrine bromide) was purchased as "POLYBRENE" from
      Aldrich Chemical Company.
PAL  ii. Characterisation of Polyquaternary Ammonium Starting Materials
PAR  In their paper on the macromolecular properties of hexadimethrine bromide,
      Barlow and co-workers suggest that reactions which could terminate the
      polymerisation are cyclisation and dehydrobromination.
FNT  2 G. H. Barlow, L. J. Coen, E. T. Kimura and S. Keresztes-Nagy, Proc. Soc.
      Exp. Biol. Med., 113, 884 (1963).
PAR  The nmr spectra (determined in D.sub.2 O) of hexadimethrine bromide and the
      other saturated polyquaternary ammonium compounds synthesised in the
      present work provide no evidence for the presence of vinylic protons which
      would be present if chain termination occurred as result of dehydro
      bromination. There is, however, in each case a singlet at .delta. = 2.2-3
      p.m. which can be assigned to --N(CH.sub.3).sub.2 protons. The nmr
      evidence therefore suggests that the polymer chains terminate in
      dimethylamine groups. Assuming this to be correct, it is possible to
      calculate an average molecular weight for the polymers from the ratio of
      the intensities of the resonances assigned to --.sup.+.sub.N
      (CH.sub.3).sub.2 protons (chain propagation) and those assigned to
      --N(CH.sub.3).sub.2 protons (chain termination). Unfortunately the bands
      cannot be integrated with accuracy because of overlap of other resonances,
      but since the bands are both sharp singlets, the relative peak heights are
      taken as a first approximation.
PAR  e.g. For hexadimethrine bromide Compound 11, a=6; b=3)
      ##EQU2##
PAR  Therefore there are 2 chain terminations per 23.6 propagations.
PAR  Therefore M.W. = 116 + (23.6 .times. 187.1) + 44 = 4590.
PAR  This value is in reasonable agreement with the values of 3,800 and 4,100
      found by Barlow and co-workers.sup.2 for a standard batch of
      hexadimethrine bromide using sedimentation equilibrium and sedimentation
      velocity measurements.
PAR  In Table 1 structural and analytical data obtained for the polyquaternary
      compounds is summarised. Most of the polymers are extremely hygroscopic
      and as a consequence accurate elemental analyses are difficult to obtain.
TBL                                    Table 1.                                

     __________________________________________________________________________

     Polyquaternary Ammonium Compounds                                         

                       CH.sub.3 Br.sup.-CH.sub.3 Br.sup.-                      

                       .vertline..vertline.                                    

                       (CH.sub.3).sub.2 N--(CH.sub.2).sub.a N.sup.+--(CH.sub.2)

                       .sub.b N.sup.+--(CH.sub.2).sub.a N(CH.sub.3).sub.2      

                       .vertline..vertline.                                    

                       CH.sub.3 CH.sub.3                                       

                       X                                                       

                   Elemental Analysis  Nmr Data (D.sub.2 O)                    

                                                      Total No. Equiv.         

                                       --N(CH.sub.3).sub.2 --                  

                                               --N(CH.sub.3).sub.2             

                                                      Quaternary               

                                                                weight         

     Compound                                                                  

           a  b Yield                                                          

                   Calculated %                                                

                             Found %   +              Sites M.W.               

                                                                (m.w.)         

                %                      .delta.                                 

                                           Peak                                

                                               .delta.                         

                                                   Peak                        

                                                      (2x)      (2x+2)         

                   C  H N Br C  H N Br (ppm)                                   

                                           Ht. (ppm)                           

                                                   Ht.                         

     __________________________________________________________________________

     1     3  3 12.7                                                           

                   38.0                                                        

                      7.7                                                      

                        9.3                                                    

                           45.0                                                

                             36.9                                              

                                7.5                                            

                                  8.7                                          

                                    44.1                                       

                                       3.32                                    

                                           22.6                                

                                               2.28                            

                                                   3.95                        

                                                      11.4  2020               

                                                                151            

     2     2  4 18.1                                                           

                   36.5                                                        

                      7.4                                                      

                        8.7                                                    

                          47.4                                                 

                             35.4                                              

                                7.4                                            

                                  8.3                                          

                                    46.6                                       

                                       3.36                                    

                                           24.8                                

                                               2.95                            

                                                   1.0                         

                                                      49.6  8350               

                                                                162            

     3     3  4 85.5                                                           

                   38.5                                                        

                      7.7                                                      

                        8.3                                                    

                          45.5                                                 

                             37.7                                              

                                7.9                                            

                                  7.9                                          

                                    43.6                                       

                                       3.23                                    

                                            20.95                              

                                               2.97                            

                                                   0.8                         

                                                      52.4  9200               

                                                                169            

     4     See                                                                 

              3 31.1                                                           

                   39.8                                                        

                      7.3                                                      

                        8.7                                                    

                          44.3                                                 

                             37.0                                              

                                7.3                                            

                                  7.6                                          

                                    42.2                                       

                                       3.26                                    

                                           22.4                                

                                               2.30                            

                                                   2.7                         

                                                      17.1  3070               

                                                                161            

           foot-                                                               

           note.sup.a                                                          

     5     4  4  9.5                                                           

                   40.7                                                        

                      8.0                                                      

                        8.1                                                    

                          44.2                                                 

                             40.4                                              

                                8.0                                            

                                  7.8                                          

                                    42.0                                       

                                       3.09                                    

                                           16.7                                

                                               2.47                            

                                                   1.1                         

                                                      30.4  5620               

                                                                173.5          

     6     6  4 41.2                                                           

                   44.1                                                        

                      8.5                                                      

                        7.4                                                    

                          40.0                                                 

                             42.9                                              

                                8.4                                            

                                  7.0                                          

                                    39.0                                       

                                       3.12                                    

                                           24.6                                

                                               2.99                            

                                                   1.0                         

                                                      49.2  9720               

                                                                190            

     7     6  6 50.5                                                           

                   46.8                                                        

                      8.9                                                      

                        7.0                                                    

                          37.3                                                 

                             45.7                                              

                                8.8                                            

                                  6.5                                          

                                    36.2                                       

                                       3.10                                    

                                           24.3                                

                                               2.89                            

                                                   1.7                         

                                                      28.6  6130               

                                                                200            

     8     3  4 33.1                                                           

                   39.8                                                        

                      8.0                                                      

                        8.9                                                    

                          43.3                                                 

                             38.8                                              

                                7.9                                            

                                  8.0                                          

                                    42.3                                       

                                       3.23                                    

                                           23.0                                

                                               2.30                            

                                                   4.05                        

                                                      11.4  2100               

                                                                157            

     9     4  4 20.2                                                           

                   41.3                                                        

                      8.2                                                      

                        8.4                                                    

                          42.2                                                 

                             40.3                                              

                                8.1                                            

                                  8.1                                          

                                    42.8                                       

                                       3.17                                    

                                           25.0                                

                                               2.62                            

                                                   3.2                         

                                                      15.6  2950               

                                                                168            

     10    3  4 51.3                                                           

                   40.5                                                        

                      8.1                                                      

                        9.3                                                    

                          42.1                                                 

                             37.7                                              

                                8.0                                            

                                  8.3                                          

                                    43.3                                       

                                       3.23                                    

                                           24.6                                

                                               2.48                            

                                                   6.3                         

                                                       7.8  1480               

                                                                151            

     11    6  3 -- 42.8                                                        

                      8.3                                                      

                        7.8                                                    

                          41.1                                                 

                             41.3                                              

                                8.5                                            

                                  7.4                                          

                                    40.7                                       

                                       3.19                                    

                                           20.0                                

                                               2.75                            

                                                   1.7                         

                                                      23.6  4590               

                                                                171            

     __________________________________________________________________________

      .sup.a --CH.sub.2 --CH=CH--CH.sub.2                                      

PAC  EXAMPLE 2
PAC  Preparation of an isotonic saline insoluble complex from d.s.RNA isolated
      from P.chrysogenum virus-like particles and Hexadimethrine Bromide
PAR  To a stirred solution of the ds.RNA (100 mg.) obtained from the virus
      particles found in P.chrysogenum ATCC 10002 in 0.15M sodium chloride (200
      ml.) at room temperature was added a solution of hexadimethrine bromide
      (200 mg.) in 0.15M sodium chloride (200 ml.). A precipitate was obtained.
      The reaction mixture was stirred for 16 hr. at room temperature and then
      centrifuged. Measurement of the u.v. spectrum of the supernatant solution
      indicated that it contained no nucleic acid. The precipitate was washed
      with water (200 ml.) and then with methanol (200 ml.) and dried at room
      temperature in vacuo giving the product as a pellet (141 mg.).
PAC  PROPERTIES AND CHARACTERISATION OF THE COMPLEX
PA1  1. the product is soluble in 0.6M NaCl and higher molarities.
PA1  2. Ultraviolet spectral determinations with weighed quantities of the
      complex indicated that it contained 68 .+-. 10% nucleic acid. A neutral
      complex (1 N.sup.+ per phosphate) would contain 76% nucleic acid. The
      product is probably the 1:1 neutral complex, but incomplete drying as a
      consequence of tightly bound solvent may have resulted in a low nucleic
      acid assay.
PA1  3. In solution in high molarity sodium chloride the complex appears to be
      dissociated. Addition of an equal volume of ethanol to a solution of the
      complex in 1.5M sodium chloride resulted in quantitative precipitation of
      the ds.RNA. The nucleic acid thus obtained had identical physical
      characteristics (hyperchromicity, T.sub.m, gel electrophoresis pattern) to
      those of the original ds.RNA. Moreover, gel permeation chromatography of a
      solution of the complex in 1.5M NaCl on a Bio Gel .sup.R 150M column gave
      an identical u.v. trace to that of the original ds.RNA.
PA1  4. reduction of the molarity of a solution of the complex to below 0.6M in
      sodium chloride results in precipitation of the complex.
PAC  ANTIVIRAL ACTIVITY OF THE COMPLEX
PAR  An intraperitoneal injection of the test compound was administered to 16-20
      g. mice of the strain CD1. Either 24 hours or 72 hours later these mice
      were challenged with varying dilutions of encephalomyocarditis (EMC) virus
      also administered by the intraperitoneal route. The animals were observed
      for 12 days and the mortality ratios and the mean survival times of
      treated mice were compared with those of untreated control mice. The mean
      survival time was calculated as follows:
      ##EQU3##
TBL           Time between Virus Challenge                                     

                                      Virus Challenge                          

              drug and     10.sup.-.sup.4                                      

                                      10.sup.-.sup.5                           

     Compound subsequent                                                       

                     Dose.sup.a                                                

              virus  (.mu.g/mouse)                                             

                                 Survival   Survival                           

              (hours)      Mortality                                           

                                 Time Mortality                                

                                            Time                               

     __________________________________________________________________________

                      1    8/10  6.0  8/10  6.7                                

              72     10    7/10  7.0  1/10  50.0                               

     ds-RNA.sup.b    100   0/10  00   0/10  00                                 

     hexadimethrine                                                            

     complex          1    8/10  7.8  3/10  20.4                               

              24     10    4/10  26.7 1/10  90.1                               

                     100   2/10  39.7 0/10  00                                 

                      1    10/10 4.7  8/10  5.9                                

              72     10    7/10  6.9  6/10  11.6                               

                     100   7/10  8.8  1/10  50.0                               

     ds-RNA.sup.c                                                              

                      1    7/10  8.2  5/10  12.9                               

              24     10    4/10  14.9 2/10  25.0                               

                     100   1/10  40.0 2/10  29.4                               

     Untreated             19/20      18/20                                    

     __________________________________________________________________________

      .sup.a Dose refers to amount of ds-RNA present in each case              

      .sup.b Administered as a solution in 1.5M NaCl                           

      .sup.c Administered as a solution in 0.15M NaCl                          

PAC  TOXICITY OF THE COMPLEX
PAR  The toxicity of the ds-RNA starting material and that of the
      hexadimethrine-ds-RNA complex were compared in 16-20 g. mice of the strain
      CD1. The compounds were administered by intraperitoneal injection, and the
      animals observed for 10 days after.
TBL                                    Table 3                                 

     __________________________________________________________________________

              Dose.sup.a Time of occurrence                                    

                                       LD.sub.50                               

     Compound (mg/kg)                                                          

                   Mortality                                                   

                         of deaths     (mg/kg)                                 

     __________________________________________________________________________

              10   0/10                                                        

     ds-RNA.sup.b                                                              

              20   0/10                                                        

     hexadimethrine                                                            

              40   0/10              &gt;160                                      

     complex  80   0/10                                                        

              160  1/10  10 days after                                         

                         administration                                        

              10   0/10                                                        

     ds-RNA.sup.c                                                              

              20   3/10   12-72 hours after                                    

                                     35                                        

              40   9/10   administration                                       

              80   6/10                                                        

     __________________________________________________________________________

      .sup.a Dose refers to ds-RNA present in each case                        

      .sup.b Administered as a solution in 1.5M NaCl                           

      .sup.c Administered as a solution in 0.15M NaCl                          

PAC  EXAMPLE 3
PAR  Preparation of isotonic saline-insoluble complexes from d.s RNA isolated
      from P.chrysogenum virus -- like particles and polyquaternary compounds
      3,5 and 10.
PAR  The procedure described in Example 2 for the preparation the isotonic
      saline-insoluble complex of hexadimethrine bromide and d.s RNA was
      followed exactly using polyquaternary compounds 3, 5 and 10 described in
      Example 1. The resultant complexes were designated C.sub.a, C.sub.b and
      C.sub.c respectively. Complex C.sub.a was only soluble in aqueous Na Cl at
      ionic concentrations higher than 1.5N; complex C.sub.b was soluble in
      aqueous saline at ionic concentrations greater than 0.6M; while complex
      C.sub.c was soluble in aqueous Na Cl at ionic concentrations greater than
      0.45M. Thus, there appears to be a relationship between the molecular
      weight of the polyquaternary compoound and the ionic concentration
      required for dissociation of its complex with d.s RNA.
PAR  The antiviral activity and toxicity of complexes C.sub.a, C.sub.b and
      C.sub.c were tested as in Example 2. The results are summarised in Table
      4.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Antiviral Activity and Toxicity of Insoluble dsRNA-Polyquaternary         

     Ammonium Complexes                                                        

     No. Dead/Total No. in Group                                               

     __________________________________________________________________________

     ANTIVIRAL DATA (EMC)                                                      

     Compound administered 3 days                                              

                               Compound administered 1 day                     

     prior to virus infection  prior to virus infection                        

     Complex                                                                   

          Virus Dose Virus Dose                                                

                               Virus Dose                                      

                                        Virus Dose                             

      No. 10.sup.-.sup.4                                                       

                     10.sup.-.sup.5                                            

                               10.sup.-.sup.4                                  

                                        10.sup.-.sup.5                         

     Compound Dose (mg/kg).sup.a                                               

     5       0.5 0.05                                                          

                     5  0.5                                                    

                           0.05                                                

                               5  0.5                                          

                                     0.05                                      

                                        5  0.5                                 

                                              0.05                             

     __________________________________________________________________________

     C.sub.a                                                                   

     d.s RNA                                                                   

          0/10                                                                 

             2/10                                                              

                  9/10                                                         

                     1/10                                                      

                        3/10                                                   

                            6/10                                               

                               0/10                                            

                                  1/10                                         

                                     4/10                                      

                                        0/10                                   

                                           1/10                                

                                              1/10                             

     alone                                                                     

          7/10                                                                 

             7/10                                                              

                  8/10                                                         

                     0/9                                                       

                        4/10                                                   

                            8/10                                               

                               1/10                                            

                                  1/10                                         

                                     9/10                                      

                                        0/10                                   

                                           0/10                                

                                              3/10                             

     C.sub.b                                                                   

     d.s RNA                                                                   

          1/10                                                                 

             9/10                                                              

                 10/10                                                         

                     2/10                                                      

                        4/10                                                   

                           10/10                                               

                               0/9                                             

                                  7/9                                          

                                     9/10                                      

                                        0/10                                   

                                           3/10                                

                                              8/10                             

     alone                                                                     

          9/10                                                                 

             8/10                                                              

                  9/10                                                         

                     6/10                                                      

                        6/9                                                    

                           10/10                                               

                               0/10                                            

                                  4/10                                         

                                     8/10                                      

                                        2/10                                   

                                           2/10                                

                                              9/10                             

     C.sub.c                                                                   

     d.s RNA                                                                   

          3/10                                                                 

             8/10                                                              

                 10/10                                                         

                     0/10                                                      

                        4/10                                                   

                            8/10                                               

                               0/10                                            

                                  2/10                                         

                                     1/10                                      

                                        0/10                                   

                                           1/10                                

                                              0/10                             

     alone                                                                     

          9/10                                                                 

             10/10                                                             

                 10/10                                                         

                     4/10                                                      

                        5/10                                                   

                           10/10                                               

                               2/10                                            

                                  5/10                                         

                                     9/10                                      

                                        0/10                                   

                                           4/10                                

                                              6/10                             

     __________________________________________________________________________

     Complex    TOXICITY (I.P.)                                                

      No.       Compound Dose (mg/kg).sup.a                                    

                200 160                                                        

                       100 80 50  40 25  20 LD.sub.50                          

                                            (mg/kg)                            

     __________________________________________________________________________

     C.sub.a                                                                   

     d.s RNA        1/10   0/10   0/10   0/10                                  

                                            160                                

     alone                 9/10   4/10   0/10                                  

                                             45                                

     C.sub.b                                                                   

     d.s RNA    0/10   0/10    0/10  0/10   200                                

     alone      10/10  5/5    10/10  2/10    30                                

     C.sub.c                                                                   

     d.s RNA    4/6    10/10   7/10  2/10    41.sup.b                          

     alone      10/10  9/10   10/10  10/10   25                                

     __________________________________________________________________________

      .sup.a Dose refers to amount of d.s RNA present in each case. d.s RNA    

      administered as a solution in 0.15M Na Cl and complexes as a solution in 

      1.5M Na Cl.                                                              

      .sup.b At every dose level deaths occurred 2 days later than with dsRNA  

      alone.                                                                   

PAC  EXAMPLE 4
PAC  Preparation of isotonic saline-soluble complexes of polyquaternary
      compounds and d.s RNA isolated from the virus-like particles found in
      P.chrysogenum
PAL  Complexing procedure
PAR  To a viscous solution of d.s RNA (5-20 mg/ml.) obtained from the virus
      particles found in P.chrysogenum ATCC 1002 in 0.15M NaCl, a solution of
      the polyquaternary ammonium compound in 0.15M NaCl is added in small
      portions with constant agitation. The amount of the polyquaternary
      compound which can be added in this manner before precipitation occurs
      varies with the structure of the polyquaternary compound (see Table 5).
      e.g. Preparation of Complex C.sub.1.
PAR  To a solution of d.s RNA (154 mg.) in 0.15M NaCl (10 ml.) a solution of the
      polyquaternary ammonium compound 1 (a = b =3, x = 5.7; 67.5 mg.) in 0.15M
      NaCl (5.4 ml.) is added in small portions with constant agitation. A clear
      solution is obtained which can be diluted with 0.15M sodium chloride to
      any desired concentration.
TBL                                    Table 5                                 

     __________________________________________________________________________

     Polyquaternary Ammonium Compound-Double Stranded RNA Complexes            

     A solution of the appropriate polyquaternary ammonium compound in 0.15M   

     sodium chloride (5.4 ml.)                                                 

     was added in small portions, with constant agitation, to a solution of    

     double stranded RNA (154 mg.)                                             

     in 0.15M sodium chloride (10 ml.).                                        

     __________________________________________________________________________

                        Weight polyquaternary                                  

          Polyquaternary Ammonium.sup.a                                        

                        ammonium compound                                      

                                       % phosphate.sup.b                       

                                               Electrophoretic Mobility.sup.c  

     Complex                                                                   

          Compound Structure                                                   

                        added without precipitation                            

                                       charge  Electrophoretic Mobility        

     No.  (a/b.sup.2x)  (mg)           neutralisation                          

                                               of dsRNA                        

     __________________________________________________________________________

     C1   3/3.sup.11.4  67.5           100     0.53                            

     C2   2/4.sup.49.6  57.9           80      0.62                            

     C3   3/4.sup.52.4  60.5           80      0.62                            

     C4   butene/3.sup.17.1                                                    

                        57.4           80      0.66                            

     C5   4/4.sup.30.4  46.5           60      d                               

     C6   6/4.sup.49.2  33.9           40      0.75                            

     C7   6/6.sup.28.6  35.8           40      0.79                            

     C8   3/4.sup.11.4  70.1           100     0.58                            

     C9   4/4.sup.15.6  60.0           80      0.56                            

      C10 3/4.sup. 7.8  67.5           100     0.56                            

      C11 6/3.sup.23.6  45.9           60      0.73                            

     __________________________________________________________________________

      .sup.a See Table 1.                                                      

      .sup.b Based on equivalent weights from Table 1 and average m.w. dsRNA   

      nucleotide = 344.5                                                       

      .sup.c For electrophoresis 4% polyacrylamide gels containing 0.04% bis   

      acrylamide were prepared in glass tubes, 4 mm internal diameter. Running 

      buffer was tris (0.04M), sodium acetate (0.2M), EDTA (0.002M), pH 7.8.   

      Electrophoresis was carried out at 5mA/tube for 2 hr. DsRNA is separated 

      into 3 bands with only slightly different mobilities. The relative       

      mobility values for the complexes are based upon the median mobility of  

      the 3 bands.                                                             

      .sup.d Did not move onto gel.                                            

PAC  Physico-chemical Properties of Complexes
PAR  1. When dilute solutions of the complexes in 0.15M sodium chloride are
      heated to about 50.degree., precipitation occurs.
PAR  2. Electrophoresis
PAR  4% polyacrylamide gels containing 0.04% bisacrylamide were prepared in
      glass tubes, 4 mm internal diameter. Running buffer was tris (0.04M),
      sodium acetate (0.02M), EDTA (0.002M), pH 7.8. Electrophoresis was carried
      out at 5 mA/tube for 1-3 hr.
PAR  The complexes generally moved as discreet single bands with a lower
      mobility than dsRNA. Within the series, the electrophoretic mobility of
      the complexes decreases with increasing neutralisation of the nucleic acid
      phosphate charge (Table 5). Complex C5 gave a highly aggregated gel rather
      than a viscous solution, and on electrophoresis did not move on to the
      polyacrylamide gel.
PAR  3. Degradation by Ribonucleases of Human Serum
PAR  Three representative complexes were tested for their relative
      susceptibility to dilute human serum.
PAR  The incubation conditions were:
PA1  0.1 ml 0.06M tris-HCl buffer pH 7.6, in 0.6M NaCl
PA1  0.1 ml nucleic acid complex 1 mg/ml in 0.15M NaCl
PA1  0.1 ml human serum diluted with water 1 in 5 to 1 in 100.
PAR  The mixture was incubated for 30 min at 37.degree.C, after which 0.1 ml was
      removed, mixed with 0.1 ml buffer D (0.05M NaCl, 0.001M EDTA, 20% sucrose,
      pH 7) and 50-100 .mu.1 subjected to electrophoresis for 3-4 hours,
      (electrophoresis conditions as in 2 above).
PAR  The gels were scanned using an ultraviolet spectrometer equipped with a
      linear transport scanner, and the peaks integrated.
TBL              % Degradation of Nucleic Acid.sup.a                           

     Serum Dilution                                                            

                   C1      C3      C10    dsRNA                                

     ______________________________________                                    

     1/100         3       0       3       35                                  

     1/50          7       0       13     100                                  

     1/10                  0       11     100                                  

     1/5                   0       11     100                                  

     ______________________________________                                    

      .sup.a Based on disappearance of original nucleic acid band              

PAR  Thus complexes C1 and C  are considerably more resistant to human serum
      ribonucleases than is dsRNA itself, and C3 is completely resistant.
PAC  BIOLOGICAL PROPERTIES OF COMPLEXES
PAR  1. Toxicity
PAR  Acute intraperitoneal toxicities were determined in mice (Table 6). The
      complexes were generally slightly more toxic than dsRNA. The minimum
      lethal dose for dsRNA is about 20 mg/kg, whereas for many of the complexes
      it is 10-12.5 mg/kg. The highly aggregated C5 was considerably less toxic,
      however, and the complexes C6 and C7 prepared from the more hydrophobic
      polyquaternary ammonium compounds and in which there was less
      neutralisation of the phosphate charge, were also slightly less toxic than
      dsRNA.
PAR  2. Antiviral Activity
PAR  The protection afforded by the complexes against mouse EMC virus is
      summarised in Table 7 and Table 7A gives the results found with untreated
      controls.
PAR  Complexes C1, C2, C3, C4, C9, C10 and C11 have better antiviral activity
      than dsRNA when given 3 days before virus infection, and as good or better
      when given 1 day before infection.
TBL                                    Table 6                                 

     __________________________________________________________________________

     Toxicity of Complexes                                                     

     The acute toxicity was determined for mice, strain CD1, weighing 18-22    

     g.                                                                        

     The animals were observed for 7 days after dosing by the                  

     intraperitoneal route and deaths recorded.                                

     __________________________________________________________________________

     Complex                                                                   

          No. Dead/Total No. in Group at Stated Dose (mg/Kg).sup.a             

                                                         Approximate           

      No.                                                LD.sub.50             

     200       100  80   50   40  25   20  12.5                                

                                               10  5 2.5 (mg/Kg)               

     __________________________________________________________________________

     C1                  10/10    6/10     4/10          17.5                  

     C2        5/6        7/10    4/10     2/10    31                          

     C3             10/10     9/10     4/10    3/10                            

                                                   22                          

     C4        5/5       10/10    9/10     9/10    &lt;12.5                       

     C5   10/10                                                                

               2/10       0/10    0/10     0/10    115                         

     C6        7/7        7/10    0/10     0/10    45                          

     C7                   3/10    0/10     0/10    &gt;50                         

     C8                  10/10    10/10    5/10    12.5                        

     C9        10/10      6/10    8/10             &lt;25                         

     C10       10/10      9/10    6/10             21                          

     C11       10/10     10/10                     &lt;50                         

     __________________________________________________________________________

      .sup.a The dose refers to the nucleic acid component in each case        

TBL                                    Table 7                                 

     __________________________________________________________________________

     Antiviral Activity of Complexes                                           

     Mice, strain CD1, weighing 18-22 g., were administered compounds by the   

     intraperitoneal route                                                     

     either 24 or 72 hours prior to infection with EMC virus, also by the      

     intraperitoneal route.                                                    

     Deaths were recorded daily for 13 days.                                   

     __________________________________________________________________________

                No. Dead/Total No. in Group                                    

                Animals dosed 3 days prior to                                  

                                           Animals dosed 1 day prior to        

     Experiment                                                                

           Complex                                                             

                Virus infection            Virus infection                     

     No.   No.  Virus Dose 10.sup.-.sup.4                                      

                              Virus Dose 10.sup.-.sup.5                        

                                           Virus Dose 10.sup.-.sup.4           

                                                       Virus Dose              

                                                       10.sup.-.sup.5          

                Compound Dose.sup.a (mg/Kg)                                    

                5   0.5  0.05 5   0.5 0.05 5   0.5 0.05                        

                                                       5   0.5 0.05            

     __________________________________________________________________________

           C2   4/10                                                           

                    9/10 10/10                                                 

                              0/10                                             

                                  4/10                                         

                                      7/10 2/10                                

                                               0/10                            

                                                   2/10                        

                                                       0/10                    

                                                           0/10                

                                                               1/10            

     1     C3   3/10                                                           

                    6/10  9/10                                                 

                              2/10                                             

                                  5/10                                         

                                      6/10 0/10                                

                                               0/10                            

                                                   7/10                        

                                                       0/10                    

                                                           0/10                

                                                               2/10            

            C11 5/10                                                           

                    10/10                                                      

                         10/10                                                 

                              0/9 7/10                                         

                                      9/10 2/10                                

                                               3/10                            

                                                   7/10                        

                                                       0/8 0/10                

                                                               3/10            

           dsRNA                                                               

                8/10                                                           

                    10/10                                                      

                         10/10                                                 

                              5/10                                             

                                  5/10                                         

                                      8/10 1/10                                

                                               1/10                            

                                                   5/9 0/10                    

                                                           1/10                

                                                               3/10            

           C4   0/10                                                           

                    8/10  8/10                                                 

                              1/10                                             

                                  2/10                                         

                                      7/10 0/9 1/10                            

                                                   2/10                        

                                                       0/10                    

                                                           4/10                

                                                               1/10            

     2     C5   2/10                                                           

                    7/10 10/10                                                 

                              1/10                                             

                                  7/10                                         

                                      9/10 2/10                                

                                               5/9 8/10                        

                                                       1/10                    

                                                           3/10                

                                                               4/10            

           C6   3/10                                                           

                    8/10 10/10                                                 

                              1/9 7/10                                         

                                      8/10 0/10                                

                                               4/10                            

                                                   5/10                        

                                                       0/10                    

                                                           0/9 3/10            

           dsRNA                                                               

                3/7 8/10  8/10                                                 

                              0/10                                             

                                  4/10                                         

                                      7/10 0/10                                

                                               2/10                            

                                                   0/10                        

                                                       1/10                    

                                                           1/10                

                                                               2/10            

     3     C10  1/10                                                           

                    7/10  9/10                                                 

                              1/10                                             

                                  7/10                                         

                                      9/10 2/9 2/10                            

                                                   5/10                        

                                                       0/10                    

                                                           1/10                

                                                               3/10            

           dsRNA                                                               

                9/10                                                           

                    10/10                                                      

                         10/10                                                 

                              4/10                                             

                                  5/10                                         

                                      10/10                                    

                                           2/10                                

                                               5/10                            

                                                   9/10                        

                                                       0/10                    

                                                           4/10                

                                                               6/10            

           C1   5/10                                                           

                    8/10 10/10                                                 

                              4/10                                             

                                  1/10                                         

                                      7/10 0/10                                

                                               0/10                            

                                                   6/10                        

                                                       1/10                    

                                                           1/10                

                                                               0/10            

     4     C7   5/10                                                           

                    8/10 10/10                                                 

                              1/10                                             

                                  4/10                                         

                                      5/10 2/10                                

                                               4/10                            

                                                   9/10                        

                                                       0/10                    

                                                           1/10                

                                                               1/10            

           C9   1/10                                                           

                    8/10  8/10                                                 

                              1/10                                             

                                  3/10                                         

                                      7/10 2/10                                

                                               3/10                            

                                                   2/7 0/10                    

                                                           1/10                

                                                               1/10            

           dsRNA                                                               

                5/10                                                           

                    10/10                                                      

                         10/10                                                 

                              5/10                                             

                                  6/10                                         

                                      4/10 2/10                                

                                               4/10                            

                                                   5/10                        

                                                       0/10                    

                                                           0/10                

                                                               1/10            

     __________________________________________________________________________

      .sup.a The dose refers to the nucleic acid component in each case        

TBL                Table 7(A)                                                  

     ______________________________________                                    

              Untreated Controls:                                              

     Experiment Virus Dose 10.sup.-.sup.4                                      

                               Virus Dose 10.sup.-.sup.5                       

     No.        No. Dead/Total No. in group                                    

     ______________________________________                                    

     1          20/20          19/20                                           

     2          20/20          18/20                                           

     3          20/20          20/20                                           

     4          20/20          20/20                                           

     ______________________________________                                    

PAC  EXAMPLE 5
PAC  a. Further Polyquaternary Ammonium Salt (Compound 12)
PAR  Compound 12 was prepared from N,N,N',N'-tetramethylbutane-1,3diamine (0.1
      mole) and 1.4-dibromobutane (0.1 mole). After dialysis and concentration
      under reduced pressure a residue was formed which was triturated with
      isopropanol as for compound 10.
      ##EQU4##
PAR  Elemental Analysis: Calculated %: C, 41.5; H, 8.2; N, 8.4; Br, 42.0.
PAR  Found %: C, 40.8; H, 8.2; N, 7.4; Br, 41.1.
PAL  Nmr. data (D.sub.2 O): --N.sup.+(CH.sub.3).sub.2 --, .delta. = 3.25 ppm,
      peak Ht. 20.4; --N(CH.sub.3).sub.2,
PAL  .delta. = 2.45 ppm, peak nt. 2.9. M.W. 2666. Equivalent Wt. 166.6.
PAC  b. Preparation of an isotonic saline insoluble complex from ds-RNA isolated
      from P. chrysegenum virus-like particles, and polyquaternary Compound 12
PAR  The procedure described in Example 2 was followed, using the polyquaternary
      compound described above. The complex, Complex C.sub.d, was soluble in M
      sodium chloride solution.
PAR  The antiviral activity and toxicity of this insoluble complex is given in
      Table 8.
TBL                                    Table 8                                 

     __________________________________________________________________________

     Antiviral Activity and Toxicity of Ds-RNA and Insoluble and Soluble       

     Ds-RNA - Polyquaternary Ammonium Complexes                                

     C.sub.d and C12                                                           

               No. dead out of 10 in each group                                

              ANTIVIRAL DATA (EMC)                                             

      COMPOUND                                                                 

              Compound administered 3                                          

                               Compound administered                           

                                               TOXICITY (i.p.)                 

              days prior to virus                                              

                               1 day prior to virus                            

              infection        infection                                       

              Virus    Virus   Virus   Virus                                   

              Dose 10.sup.-.sup.4                                              

                       Dose 10.sup.-.sup.5                                     

                               Dose 10.sup.-.sup.4                             

                                       Dose 10.sup.-.sup.5                     

               Compound Dose (mg/kg)                       LD.sub.50           

              5  0.5                                                           

                    0.05                                                       

                       5 0.5                                                   

                            0.05                                               

                               5 0.5                                           

                                    0.05                                       

                                       5 0.5                                   

                                            0.05                               

                                               100                             

                                                  50 25 12.5                   

                                                           (mg/kg)             

     __________________________________________________________________________

     ds-RNA   7  9  10 3 6  10 0 4  9  0 2  1     9  5  1  25                  

     Complex C12                                                               

              3  6  10 1 2  4  1 1  4  0 0  0  10 10 10    &lt;25                 

     Complex C.sub.d                                                           

              10 10  8 1 2  2  0 3  5  0 0  0   2 0  0     &gt;100                

     __________________________________________________________________________

              Untreated Controls                                               

                            Virus Dose 10.sup.-.sup.4                          

                                         Virus Dose 10.sup.-.sup.5             

              Mortality     20/20        19/20                                 

     __________________________________________________________________________

PAC  c. Preparation of an isotonic saline soluble complex from ds-RNA isolated
      from P. chrysogenum and polyquaternary compound 12
PAR  The soluble complex -- Complex C12 -- was prepared from ds-RNA (217 mg) in
      0.15 M NaCl (10 ml) and a solution of polyquaternary compound 12 (84 mg)
      in 0.15 M NaCl (11.7 ml) in the manner described in Example 4.  The
      complex has 80% charge neutralisation, and has a mobility 0.44 times the
      median mobility of ds-RNA.
PAR  The antiviral activity and toxicity of this complex are given in Table 8.
PAC  EXAMPLE 6
PAC  a. Preparation of an isotonic saline soluble complex from N-oxidised ds-RNA
      derived from P. chrysogenum
PAR  The N-oxidised ds-RNA was prepared(using the procedure outlined in British
      Patent 1284150,), as follows:
PAR  Ds-RNA (300 mg) in 0.04 M potassium acetate, pH 8.2 (300 ml) was treated
      with a solution of m-chloroperbenzoic acid (7.5 g) in ethanol (150 ml) and
      the solution kept at 20.degree. for 1 hour. On precipitation with ethanol
      (900 ml) the oxidised ds-RNA was separated by centrifugation, washed with
      ethanol (2 .times. 500 ml) and dissolved in 0.15 M NaCl (15 ml) to give a
      solution of N-oxidised ds-RNA (15.9 mg/ml).
      ##EQU5##
PAR  To a solution of this ds-RNA N-oxide (63.6 mg) in 0.15 M NaCl (4 ml) was
      added dropwise with constant stirring a solution of compound 10 (22.3 mg)
      a 0.15 M NaCl (2.36 ml) (equivalent to 80% neutralisation). A small amount
      of precipitation occurred. The precipitate was removed by centrifugation
      and discarded. The supernatant indicated a nucleic acid complex
      concentration of 9.3 mg/ml. As for the parent N-oxidised ds-RNA on
      electrophoresis this polyquaternary ammonium complex did not move into the
      gel.
PAR  The antiviral activity and toxicity of this complex, Complex C13, are
      recorded in Table 9.
TBL                                    Table 9                                 

     __________________________________________________________________________

     Antiviral Activity and Toxicity of Ds-RNA and Soluble Modified            

     Ds-RNA-Polyquaternary Ammonium Complexes C13, C14 & C15                   

                    No. dead out of 10 in each group                           

                    ANTIVIRAL DATA (EMC)                                       

     Expt.                                                                     

         COMPOUND   Compound administered 3 days                               

                                    Compound administered 1 day                

                                                    TOXICITY (i.p.)            

                    prior to virus infection                                   

                                    prior to virus infection                   

                    Virus   Virus   Virus   Virus                              

                    Dose 10.sup.-.sup.4                                        

                            Dose 10.sup.-.sup.5                                

                                    Dose 10.sup.-.sup.4                        

                                            Dose 10.sup.-.sup.5                

                    Compound Dose (mg/kg)                      LD.sub.50       

                    5 0.5                                                      

                         0.05                                                  

                            5 0.5                                              

                                 0.05                                          

                                    5 0.5                                      

                                         0.05                                  

                                            5 0.5                              

                                                 0.05                          

                                                    100                        

                                                       50 25                   

                                                            12.5               

                                                               (mg/kg)         

     __________________________________________________________________________

         ds-RNA     10                                                         

                       9 10 5 9  6  0 4   8 0 0  3     10 3 2  .congruent.30   

     1   ds-RNA/N-oxide                                                        

                     9                                                         

                      10  9 8 8  8  9 9  10 0 5  4  0  0  0    &gt;100            

         Complex C13                                                           

                     9                                                         

                      10 10 7 8  9  8 10 10 0 4  5  0  0  0    &gt;100.sup.a      

         ds-RNA      9                                                         

                      10 10 3 5  8  1 5   9 1 1  3                             

     2   ds-RNA/CH.sub.20                                                      

                    10                                                         

                       9 10 2 2  6  7 9  10 0 2  6   1.sup.b                   

                                                       2  0    .congruent.100  

         Complex C14                                                           

                    10                                                         

                       9  9 6 10 6  7 10 10 0 1  6  8  8  8    &lt;25             

         Complex C15                                                           

                    10                                                         

                      10 10 9 10 7  5 8   9 2 3  5  10 10 4    &lt;28             

     __________________________________________________________________________

     .sup.a 5 mice per group for toxicity test                                 

                            Undosed Controls                                   

                                     Virus dose 10.sup.-.sup.4                 

                                                 Virus Dose 10.sup.-.sup.5     

     .sup.b 6 mice only in the group                                           

                            Mortality                                          

                                     Expt. 1 19/20                             

                                                 17/20                         

                                     Expt. 2 19/20                             

                                                 19/20                         

PAC  EXAMPLE 7
PAC  Preparation of an isotonic saline soluble complex from formaldehyde
      modified ds-RNA derived from P chrysogenum virus particles
PAR  Formaldehyde modified ds-RNA was prepared as follows:
PAR  Potassium acetate (0.5 g) was added to a solution of ds-RNA (500 mg) in
      0.15M saline (25 ml) to give a 0.2M acetate solution pH 8.6. Formaldehyde
      solution (13 ml, ca. 100 fold excess) was added and the pH adjusted from
      6.7 to 8.0 with dilute sodium hydroxide. The reaction solution was
      incubated at 60.degree.C for 0.5 hr., cooled to room temperature, dialysed
      vs 0.15M saline (3 .times. 5.51., pH 7.5) to yield a final solution
      containing ca. 10 mg/ml modified ds-RNA.
PAR  The following physical characteristics were measured:
     Tm (1/10 SSC.)                                                            

                   86.degree.C (89.degree.C for ds-RNA)                        

     Melting Range 78-94.degree.C (84-92.degree.C)                             

     H.sub.c       37% (41%)                                                   

     PAAGE         3 peaks similar to ds-RNA but                               

                   with lower mobility (75%) and                               

                   less distinct.                                              

     PAGE          Mobility 55% of ds-RNA                                      

      (in formamide)                                                           

PAR  To a solution of the formaldehyde modified ds-RNA (96 mg) above in 0.15M
      NaCl (10 ml) a solution of compound 10 (42.1 mg) in 0.15M NaCl (2 ml)
      (equivalent to 100% neutralisation) was added dropwise with constant
      agitation.
PAR  The complex, Complex C14, had a mobility of 0.33 relative to ds-RNA and
      0.44 relative to formaldehyde modified ds-RNA.
PAR  Complex C15 was prepared from the same formaldehyde modified ds-RNA but
      using compound 3 (377 mg) in 0.15M NaCl (equivalent to 86%
      neutralisation). Some precipitate formed which was removed by
      centrifugation. The supernatant contained the complex C15 (6 mg/ml), with
      a electrophoretic mobility of 0.48 relative to ds-RNA and 0.66 relative to
      formaldehyde modified ds-RNA.
PAR  The antiviral activities and toxicities of complexes C14 and C15 and listed
      in Table 9.
PAC  EXAMPLE 8
PAC  Preparation of the isotonic saline soluble complexes from the low molecular
      weight ds-RNA derived from P. chrysogenum
PAR  The low molecular weight ds-RNA (104.5 mg) isolated from P. chrysogenum
      (R.A. Cox, K. Kanagalingam and E.S. Sutherland, Biochem. J. 1970, 120,
      549., and Biochem. J., 1971, 125, 655.) in 0.15M NaCl (5 ml) was treated
      with compound 10 (45.8 mg) in 0.15M NaCl (5.45 ml) for 100% neutralisation
      as described in Example 4 to yield Complex C16.
PAR  N.B. In the preceding examples, wherever a reference to ds-RNA from P.
      chrysogenum occurs, it is to be taken as meaning the high molecular weight
      fraction described by Cox et. al. in the above reference.
PAR  Similarly on treatment with polyquaternary ammonium compound 3, (41.0 mg)
      in 0.15 M NaCl (4.36 ml) for 80% neutralisation, the low molecular weight
      ds-RNA from P. chrysogenum formed the soluble derivative, Compound C17.
PAR  Relative to the low molecular weight ds-RNA complexes C16 and C17 had
      mobilities of 0.55.
PAR  The antiviral activities and toxicities are recorded in Table 10.
TBL                                    Table 10                                

     __________________________________________________________________________

     Antiviral Activity of Ds-RNA. Low Molecular Weight, ds-RNA (from P.       

     chrysogenum) and Low Molecular Weight                                     

     ds-RNA - Polyquaternary Ammonium Complexes C16 and C17                    

                 No. dead out of 10 in each group                              

                 ANTIVIRAL DATA (EMC)                                          

       COMPOUND  Compound administered 3                                       

                                 Compound administered 1                       

                                                 TOXICITY (i.p.)               

                 days prior to virus                                           

                                 day prior to virus                            

                 infection       infection                                     

                 Virus   Virus   Virus   Virus                                 

                 Dose 10.sup.-.sup.3                                           

                         Dose 10.sup.-.sup.4                                   

                                 Dose 10.sup.-.sup.3                           

                                         Dose 10.sup.-.sup.4                   

                 Compound Dose (mg/kg)                      LD.sub.50          

                 5 0.5                                                         

                      0.05                                                     

                         5 0.5                                                 

                              0.05                                             

                                 5 0.5                                         

                                      0.05                                     

                                         5 0.5                                 

                                              0.05                             

                                                 100                           

                                                    50 25                      

                                                         12.5                  

                                                            (mg/kg)            

     __________________________________________________________________________

     Rs-RNA      6 10 10 1 5  8  6 4  7  0 2  4      7 1 0  44                 

     Low. Mol. Wt. ds-RNA                                                      

                 9  9 10 4 8  10 6 9  9  3 4  6  10 10 5    25                 

     Complex C16 9 10 10 8 9  9  5 6  10 0 1  5   9 10 7    19                 

     Complex C17 9  9 10 3 10 8  4 6  8  1 0  1  10  9 7    15                 

     __________________________________________________________________________

                 Undosed Controls                                              

                              Viral dose 10.sup.-.sup.3                        

                                           Viral dose 10.sup.-.sup.4           

                 Mortality    19/20        19/20                               

PAC  EXAMPLE 9
PAC  a. Preparation of the isotonic saline soluble complexes from the ds-RNA
      isolated from P. stoloniferum virus-like particles.
PAR  The ds-RNA (4 ml at 20 mg/ml) isolated from P. stoloniferum VLPs (W. J.
      Kleinschmidt et al., Nature, 1968, 220, 167 and G. T. Banks et al.,
      Nature, 1968, 218, 542) in 0.15 ml NaCl was mixed dropwise with compound
      10 (33.8 mg in 2.7 ml 0.15 M NaCl) by the usual procedure. After the
      addition of 2.2 ml of this solution, no more was added as there were signs
      of precipitation. The Complex C18 so formed thus contained 85%
      neutralisation.
PAR  Similarly Complex C19 was prepared from P. stoloniferum ds-RNA and compound
      3. 66% neutralisation occurred.
TBL  ______________________________________                                    

                    Electrophoretic Mobility Relative                          

        Complex     to P. stoloniferum Ds-RNA*                                 

     ______________________________________                                    

     P. stoloniferum Ds-RNA                                                    

                    1 and 1                                                    

     Complex C18     0.8 and 0.83                                              

     Complex C19    0.78 and 0.78                                              

     ______________________________________                                    

      *Two major peaks are obtained for P. stoloniferum ds-RNA, the relative   

      mobility for the slower moving peak is given first.                      

PAC  b. Preparation of an isotonic saline insoluble complex from the ds-RNA
      isolated from P. stoloniferum virus-like particles and Hexadimethrine
      Bromide
PAR  P. stoloniferum ds-RNA (4 ml at 20 mg/ml) in 0.15M NaCl was diluted to 160
      ml with 0.15 m NaCl and a solution of hexadimethrine bromide (160 mg) in
      0.15 M sodium chloride (160 ml) was added at room temperature. A
      precipitate formed. After 18 hrs. stirring at room temperature, the
      precipitate was collected by centrifugation, washed with water and
      methanol, and finally dissolved in 1.5 M NaCl.
PAR  The material had properties similar to those outlined in Example 2 for the
      P. chrysogenum ds-RNA/hexadimetrine bromide complex. The complex was
      designated C.sub.e.
PAC  EXAMPLE 10
PAC  Preparation of an isotonic saline soluble and insoluble complex from the
      Replicative Intermediate of the sus-3 mutant of f.sub.2 Coliphage
PAR  To a solution of this RNA (100 mg) in 0.15 M NaCl (5 ml) was added with
      constant agitation a solution of compound 10 (43.8 mg) in 0.15 M NaCl (5
      ml). No obvious precipitation occurred on addition, but on completion a
      floculent precipitate settled which was separated by centrifugation. The
      supernanant (RNA concentration 5 mg/ml) was designated Complex C20. The
      residue was dissolved in 0.75 M NaCl (5 ml) to give an RNA concentration
      of 9.2 mg/ml. This is Complex Cf.
PAR  The electrophoretic mobility of complex C20 was 0.55 of the parent RNA.
PAR  The antiviral and toxicity data are given in Table 11.
PAC  EXAMPLE 11
PAC  Degradation by Pancreatic Ribonuclease
PAR  The rate of degradation of various soluble complexes by pancreatic
      ribonuclease was compared with that of ds-RNA and the various parent
      nucleic acids as indicated in Tables 12 and 13.
PAR  Ribonuclease (10 .mu.1 of a 1 mg/ml solution) in 0.15 M sodium chloride was
      added to a solution 100 .mu.g of the nucleic acid or its soluble complex
      in 0.15 M sodium chloride solution (2.5 ml), pH 7-7.5. The optical density
      at 260 mm was then determined at various time intervals.
PAR  All complexes show increased resistance to pancreatic ribonuclease.
TBL                                    Table 11                                

     __________________________________________________________________________

     Antiviral Activity and Toxicity of Ds-RNA. Mutant Phage Ds-RNA. and       

     Soluble and Insoluble Mutant Phage Ds-RNA-                                

     Polyquaternary Ammonium Complexes C20 and Cf                              

                No. dead out of 10 in each group                               

                ANTIVIRAL ACTIVITY (EMC)                                       

       COMPOUND Compound administered 3 days                                   

                                 Compound administered 1 day                   

                                                  TOXICITY (i.p.)              

                prior to virus infection                                       

                                 prior to virus infection                      

                Virus    Virus   Virus    Virus                                

                Dose 10.sup.-.sup.4                                            

                         Dose 10.sup.-.sup.5                                   

                                 Dose 10.sup.-.sup.4                           

                                          Dose 10.sup.-.sup.5                  

                Compound Dose (mg/kg)                        LD.sub.50         

                5  0.5                                                         

                      0.05                                                     

                         5 0.5                                                 

                              0.05                                             

                                 5  0.5                                        

                                       0.05                                    

                                          5 0.5                                

                                               0.05                            

                                                  100                          

                                                     50                        

                                                       25 12.5                 

                                                             (mg/kg)           

     __________________________________________________________________________

     ds-RNA     7  10 10 2 3  8  3  3  10 0 0  2      7                        

                                                       1  0  44                

     Mutant Phage ds-RNA                                                       

                10 9  10 8 9  6  10 9   9 2 3  3  10 10                        

                                                       9     &lt; 10              

     Complex C20                                                               

                8  9  10 7 9  7  8  10  8 4 4  2  10 10                        

                                                       6     22.5              

     Complex Cf 8  9  10 6 10 10 5  9  10 0 3  4  10  9                        

                                                       10    &lt; 10              

     __________________________________________________________________________

                 Undosed Controls                                              

                              Viral dose 10.sup.-.sup.4                        

                                            Viral dose 10.sup.-.sup.5          

                 Mortality    20/20         20/20                              

TBL                Table 12                                                    

     ______________________________________                                    

     Ribonuclease Sensitivity of Ds-RNA and Complexes C3 and C10               

     Expt.                                                                     

          Compound   Hc%                                                       

     No.             Times after addition of ribonuclease                      

               15 min.                                                         

                     30 min. 1 hr.  2 hr.                                      

                                         5 hr.                                 

                                              18 hr.                           

     ______________________________________                                    

          ds-RNA     8.6     16.1  25.8 37.6 46.2 46.2                         

     1    Complex C3 0        0     0    0    0    0                           

          Complex C10                                                          

                     0        0     0    0    0    0                           

     ______________________________________                                    

TBL                                    Table 13                                

     __________________________________________________________________________

     Ribonuclease Sensitivity of Ds-RNAs and their Polyquaternary              

     Ammonium Complexes                                                        

     Expt.                                                                     

     No.    Compound   Hc%                                                     

                       Time after addition of ribonuclease                     

                       5 min                                                   

                            10 min                                             

                                 20 min                                        

                                      30 min                                   

                                           1 hr 2 hr 4 hr 6 hr 18              

     __________________________________________________________________________

                                                               hr              

         ds-RNA        2.2  4.3  6.5  10.9 21.7 35.9 47.8 48.9 48.9            

     2   Complex C12   0    0    0    0    0    0    0    0    0               

         ds-RNA N-oxide                                                        

                       13.1 15.9 20.5 22.7 29.5 34.1 37.5 38.6 40.9            

         Complex C13   6.6  1.3  2.5  2.5  3.8  6.3  8.8  10.0 15.0            

         ds-RNA        0.6  1.8  2.2  4.4  11.1 25.6 41.1 46.7 46.7            

     3   ds-RNA/CH.sub.2 O                                                     

                       9.3  14.0 19.3 23.3 27.9 33.7 38.4 39.5 39.5            

         Complex C14   0    0    0    0    1.3  1.3  2.6  5.0  7.5             

         Complex C15   0    0    0    0    1.3  1.3  2.6  3.8  5.6             

         ds-RNA        4.1  5.5  8.3  12.5 19.4 30.5 45.8 51.4 54.0            

     4   Low M.W. ds-RNA                                                       

                       6.3  13.8 18.8 25.0 30.0 37.5 46.3 47.5 47.5            

         Complex C16   0    1.5  1.5  4.6  4.6  4.6  6.1  6.1  12.3            

         Complex C17   0    0    0    1.4  1.4  1.4  1.4  1.4  1.4             

         ds-RNA        0    0    0    1.2  6.8* 19.3 35.2 42.0 46.6            

     5   P. stoloniferum ds-RNA                                                

                       6.9  8.3  11.1 13.9 21.1*                               

                                                30.5 38.8 41.6 43.1            

         Complex C18   0    0    1.1  1.1  1.1* 2.2  2.2  2.2  2.2             

         Complex C19   0    1.2  2.3  3.5  3.5* 3.5  3.5  3.5  4.7             

         ds-RNA        2.4  4.2  8.4  12.0 21.6 39.4 43.4 44.6 48.2            

     6   Mutant Phage ds-RNA                                                   

                       7.7  9.0  12.8 15.4 23.1 33.3 41.0 43.6 46.1            

         Complex C20   0    0    0    1.2  1.2  1.2  2.5  3.7  5.0             

     __________________________________________________________________________

      *Hc% at 55 min.?                                                         

PAC  EXAMPLE 12
PAC  Serum Interferon Levels
PAR  The serum interferon levels for a number of complexes are given in Table
      14.
PAR  Groups of 6 mice were dosed by the intraperitoneal route at 10 .mu.g
      compound (in terms of RNA)/mouse. Blood was collected by cardiac puncture
      and pooled. The interferon levels were assayed by measurement of the
      reduction in the number of viral plagues, in L-929 (mouse fibroblast)
      cells challenged with EMC virus, caused by pretreatment of the cells with
      dilutions of sera. The PDD.sub.50 /ml serum is the reciprocal of the serum
      dilution which reduces the number of plagues to 5.0% of the control.
PAR  The soluble complexes show longer duration of high serum interferon levels.
PAC  EXAMPLE 13
PAC  Antitumour Activity
PAR  Mice, strain DBA2/J, at least eight Week old, were used and the L5178Y
      tumour passed weekly in an ascitic form, 10.sup.6 cells being injected
      into the peritoneal cavity. About 10.sup.6 tumour cells in 0.1 ml PBS were
      administered on the shaved flank, and the animals dosed at 8, 11, and 13
      days after. The number of regressions observed per number of animals in a
      group are recorded in Table 15
TBL                Table 14                                                    

     ______________________________________                                    

     Serum Interferon Levels of Various Complexes                              

             Serum Interferon PDD.sub.50 /ml serum                             

             Time after administration of compound (hr.)                       

              2 hr. 4 hr.   24 hr.  30 hr.                                     

                                          48 hr.                               

     ______________________________________                                    

     ds-RNA     330     445     25    0     0                                  

     Complex C*  26      12           &lt;10   0                                  

     Complex C3 100     110     274   110   3                                  

     Complex C10                                                               

                 59     260     64     56   &lt;10                                

     ______________________________________                                    

      *Complex C is the ds-RNA-Hexadimethrine Bromide insoluble complex.       

TBL                                    Table 15                                

     __________________________________________________________________________

     Tumour Regression by Ds-RNA and Complex C3                                

     Compound and Dose Level                                                   

                    Day of Dosing                                              

                            Regression after                                   

     (.mu.g)                Day 8                                              

                                 Day 11                                        

                                      Day 13                                   

     __________________________________________________________________________

               10   8, 11, 13                                                  

                            1/6  3/6  3/6                                      

               50   8       3/6  4/6  4/6                                      

     ds-RNA at 50  8 11, 13                                                    

                    0/6     0/6  3/6                                           

               100  8       3/6  6/6  6/6                                      

               100  8, 11, 13                                                  

                            5/6  6/6  6/6                                      

               10   8, 11, 13                                                  

                            6/6  6/6  6/6                                      

               50   8       6/6  6/6  6/6                                      

     Complex C3 at                                                             

               50   8, 11, 13                                                  

                            6/6  6/6  6/6                                      

               100  8       6/6  6/6  6/6                                      

               100  8, 11   6/6  6/6  6/6                                      

     Controls       8, 11, 13                                                  

                            0/6  0/6  0/6                                      

     __________________________________________________________________________

CLMS
STM  I claim:
NUM  1.
PAR  1. A pharmaceutical composition useful for treating viral infections caused
      by any one or more of a wide variety of DNA and RNA viruses in suseptible
      mammals which comprises an effective serum-interferon producing
      ribonuclease-stable amount of an antiviral complex which is a principally
      ionic complex soluble in 0.15 M aqueous sodium chloride solution in which
      the cations are organic polymer polycations having a plurality of
      quaternary nitrogen sites located at intervals along the polymer chains,
      said polycations having the formula
      ##EQU6##
      wherein each of a and b, independent of the other, is an integer of from 2
      to 6 and X is a number which is such that the average molecular weight of
      the polycation divided by the equivalent weight which is the molecular
      weight of the polycation divided by the value (2X + 2) is not greater than
      98, and the anions are one of: (a) double-stranded ribonucleic acid
      polyanions, said double-stranded ribonucleic acid being of natural origin,
      or (b) polyanions of a double-stranded ribonucleic acid of natural origin
      which has been subject to chemical or enzymatic reaction which alters one
      or more of the primary, secondary, and tertiary structure, provided that
      the resultant ribonucleic acid retains a substantial degree of base
      pairing between complementary strands, said antiviral complex having more
      than 60% of the anionic sites on the double-stranded ribonucleic acid
      anions neutralized by the quaternary cationic sites on the quaternary
      polymer, in combination with a pharmaceutically acceptable nontoxic liquid
      injectable or topical carrier.
NUM  2.
PAR  2. A pharmaceutical composition according to claim 1 wherein more than 75%
      of the anionic sites on the double-stranded ribonucleic acid anions are
      neutralized by the quaternary cationic sites on the quaternary polymer.
NUM  3.
PAR  3. A pharmaceutical composition according to claim 1 wherein the
      double-stranded ribonucleic acid component is from the virus particles
      found in infected strains of Penicillium chrysogenum, Penicillium
      stoloniferum, Penicillium funiculosum, Penicillium cyaneofulvum,
      Aspergillus niger or Aspergillus foetidus.
NUM  4.
PAR  4. A pharmaceutical composition according to claim 1 in injectable
      administration form.
NUM  5.
PAR  5. A pharmaceutical composition according to claim 1 in a form suitable for
      application to the mucous membrane of a susceptible mammal.
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ABST
PAL  Immunization against dental caries by local administration, in the vicinity
      of the oral mucosa of an animal susceptible to dental caries, of a vaccine
      containing a polyfructan or polyglucan polysaccharide, or a levansucrase
      or dextransucrase enzyme. The polysaccharides may be administered in
      purified form, or may be in the form of dead cells of the streptococci by
      which they are elaborated. Polyglucan polysaccharides so useful are
      produced by elaboration of strains of the species S.mutans and S.sanguis,
      while the polyfructan which may be incorporated in the vaccine may be an
      elaboration product of Streptomyces Strain SS2.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the prevention of dental caries, and more
      particularly to a method for immunization against caries employing either
      of two polysaccharides which are involved, together with the
      microorganisms by which they are elaborated, in caries formation; or
      utilizing the corresponding enzymes responsible for the biosynthesis of
      such polysaccharides.
PAR  Recent studies have indicated that the formation of carious lesions on
      teeth is related to the interaction between carbohydrates (notably
      sucrose) in the diet and specific bacteria on tooth surfaces. The
      cariogenic bacteria, predominantly streptococci, adhere to the surfaces of
      teeth by synthesizing extracellular polysaccharides from the sucrose.
      These polymers, which are generally either polyglucans or polyfructans
      (levan), "glue" the bacterial cells together and help them adhere to the
      teeth. The polysaccharides thus promote action between the bacteria and
      further sucrose ingested by the host animal and thereby facilitate the
      formation of further polysaccharides. Moreover, the extracellular
      polysaccharides thus produced are believed to play significant roles in
      plaque formation and in the consequent development of caries.
PAR  A number of vaccines have been proposed for immunization against dental
      caries in animals. Various of these proposals are summarized in the
      copending application of Gaffar and Kestenbaum for "Vaccines for the
      Prevention of Dental Caries," Ser. No. 360,964 filed May 16, 1973, now
      U.S. Pat. No. 3,879,545 issued on Apr. 22, 1972 as a continuation-in-part
      of their prior application Ser. No. 126,933 filed Mar. 22, 1971 and now
      abandoned. This copending application, the disclosure of which is
      incorporated by reference herein, relates to caries-preventive vaccines
      incorporating as the active ingredient thereof a polyfructan (or levan)
      polysaccharide produced by elaboration of certain strains of
      streptococcus, particularly Streptococcus Strain SS2. This immunization
      technique has been found to result in the formation of antibodies against
      the heterogeneous microorganisms in the recticuloendothelial system and in
      the blood, and to result in significant decreases in the formation of
      carious lesions in host animals subjected to inoculation with such
      organisms.
PAR  It is a principal object of the present invention to provide an improved
      method for immunization against dental caries, utilizing vaccines
      incorporating the polysaccharide of the aforesaid copending application,
      another polysaccharide believed to be involved in the formation of dental
      plaque, or enzymes involved in the synthesis of both such polysaccharides,
      which method results in markedly decreased caries formation. Other objects
      and advantages of this invention will be apparent from the following
      detailed description of preferred embodiments thereof.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found in accordance with the present invention that improved
      protection against dental caries with minimum side effects may be achieved
      by the local administration of particular anti-caries vaccines in the
      vicinity of the oral mucosa of the animal to be immunized. The vaccines so
      utilized suitably comprise aqueous saline dispersions of either (1) a
      polysaccharide elaboration product of a cariogenic microorganism, selected
      from among the polyfructans and the polyglucans, or (2) an enzyme involved
      in the synthesis of these polysaccharides, selected from among
      levansucrase (fructosyl transferase) and dextransucrase (glucosyl
      transferase).
PAR  The immunization technique of the aforesaid copending application is
      systemic, i.e., the vaccine is injected subcutaneously, intraperitoneally
      or intravenously. Antibodies formed in this manner are predominantly of
      the IgM and IgG classes of immunoglobulins. On the other hand, it has been
      found that the local administration of a caries vaccine in accordance with
      the present invention primarily stimulates production of antibodies of the
      IgA type. The IgA immunoglobulins formed locally in the region of the oral
      mucosa possess a characteristic polypeptide chain referred to as a
      secretory or transport "piece" which appears to impart increased
      resistance to proteolytic degradation. See Advances in Immunology, Vol. 9,
      1968, chapter entitled "Secretory Immunoglobulins." While the actual
      mechanism is not known (compare pages 67-69 of Advances in Immunology,
      supra), it is believed that the IgA-type antibodies assist in controlling
      bacterial and viral infection in the oral cavity by inhibiting adhesion of
      the bacteria to the tooth surfaces, thereby impairing plaque formation and
      the consequent development of caries. Thus, local administration of the
      noted vaccines provides improved resistance to caries.
PAR  As indicated hereinabove, animals susceptible to dental caries are
      immunized, utilizing the present technique, by local administration of a
      vaccine in the vicinity of the oral mucosa of the animal. The vaccines
      locally administered by the method hereof may comprise, as the active
      ingredient thereof, a polysaccharide elaboration product of a cariogenic
      Streptococcus organism, i.e., a polyglucan elaboration product of a strain
      of S.mutans or a strain of S.sanguis; or a polyfructan (levan) elaboration
      product of, for example, Streptococcus Strain SS2. Alternatively, it has
      been found that the enzymes involved in the synthesis of the noted
      polysaccharides, i.e., dextransucrase and levansucrase, are effective
      immunizing agents against caries when administered locally in the vicinity
      of the oral mucosa in accordance with the present invention.
PAR  These results are to be contrasted with those obtained upon systemic
      application of the noted polysaccharides and enzyme transferases; as
      described in the aforesaid copending application, solely the polyfructan
      (levan) polysaccharide has been found to effectively immunize against
      caries when administered by subcutaneous, intraperitoneal or intravenous
      injection. On the other hand, the local administration of dextransucrase
      or levansucrase-containing vaccines should also be distinguished from
      experiments involving similar application of glycosidic hydrolases (see
      "Immunization with Dextransucrase and Glycosidic Hydrolases," J. A.
      Hayashi, I. L. Shklair and A. N. Bahn, J. Dent. Res., 51, pp. 436-442,
      March and April 1972; and Helv. Odont. Acta, 15, No. 2, p. 96, 1971). It
      has been suggested that the latter enzymes may be a further microbial
      factor assisting in dental plaque formation by cleaving sialic acid from
      glycoprotein, the residual protein being precipitated on the surfaces of
      the teeth and aiding in the build-up of plaque. Apart from the fact that
      this theory has not met with acceptance in the field, it is clear that the
      mechanism by which glycosidic hydrolases may participate in plaque and
      caries formation is quite different from that believed to be applicable to
      dextransucrase and levansucrase.
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  When a polyglucan or polyfructan polysaccharide is employed as the active
      ingredient of the vaccine hereof, it may be utilized in crude or purified
      form, or in the form of dead cells of the microorganism by which it is
      elaborated. The microorganism strains used for this purpose may be
      cultured and the elaboration products recovered and purified in a manner
      known per se in the art. In the case of the polyfructan, for example, such
      is suitably obtained by the elaboration of Streptococcus Strain SS2 as
      more fully set forth in the aforesaid copending application. The
      polyfructan or levan polysaccharide thus obtained, after purification by
      recovery of the higher molecular weight fraction thereof, has
      characteristic infrared absorption peaks at 920 cm..sup.-.sup.1, 875
      cm..sup.-.sup.1 and 805 cm..sup.-.sup.1, an intrinsic viscosity at
      25.degree. C of from 0.15 to 0.16, and [.alpha.].sub.D.sup.20 rotation of
      43.degree. to 54.degree..
PAR  When, on the other hand, a vaccine is utilized incorporating a polyglucan
      as the active ingredient thereof, such may be obtained by elaboration of
      any of the known strains of S.mutans, e.g., Strains 6715 GS-5, FA-1, AHT,
      or BHT. The polyglucan may be produced therefrom, recovered and purified
      in accordance with techniques which are well known in the art.
PAR  Alternatively, when it is desired to employ the dextransucrase or
      levansucrase enzymes as the active ingredient of the vaccines utilized in
      the present method, such may also be used in either crude or purified
      form, as desired. Techniques for obtaining purified forms of these enzymes
      which may be utilized in the method hereof are described in the
      literature; see, for example, J. Carlsson, Caries Research, 4, pages
      97-113 (1970); and B. Guggenheim and E. Newburn, Hel. Odont. Acta. 13,
      pages 84-97 (1969).
PAR  The vaccines utilized herein are liquid, preferably aqueous, solutions,
      emulsions or aerosols containing one or more of the above active
      ingredients in an amount effective for immunization of the
      caries-susceptible animal to be immunized. Suitably, from about 0.1 to 1,
      and preferably from about 0.4 to 0.6, grams of the polyfructan or
      polyglucan polysaccharide, or levansucrase or dextransucrase enzyme, are
      dispersed in the liquid vehicle, the amounts of the respective active
      ingredients being based on the purified forms thereof. The liquid vehicle
      is preferably sterile saline solution, which may, desirably, be modified
      by adjuvants such as Freund's adjuvant, complete or incomplete, (in which
      case emulsions are obtained) or the like. When Freund's adjuvant is so
      employed, it is suitably incorporated in the vaccine in equal proportions
      with the active ingredient. Isotonic salts which may also be incorporated
      in the vaccine include the normal salts used in the preparation of saline
      solutions, e.g., sodium or potassium chloride. Other adjuvants such as
      aluminum phosphate, calcium alginate or the like, or other carriers for
      conjugating the active ingredient(s) in the vaccine, may also be
      incorporated therein.
PAR  Local administration of the vaccine in the vicinity of the oral mucosa may
      be achieved by direct injection of the vaccine into or near the salivary
      glands (the major or minor glands), or around the mucous membranes or the
      areas adjacent the oral cavity, including the chin, of the animal to be
      immunized. Suitably, the vaccine is administered in dosage levels
      equivalent to about 1 to 20 micrograms, preferably from about 5 to 10
      micrograms, of the active ingredient per kilogram of body weight of the
      animal to be immunized. Booster shots may also be administered from time
      to time as necessary.
DETD
PAR  The following examples are given to further illustrate preferred forms of
      the present invention:
PAC  EXAMPLE 1
PAC  Local Administration of Vaccines Containing Polyglucan Polysaccharide
      Elaboration Product of Strep. mutans
PAR  The purpose of this experiment was to evaluate the effect of local
      administration of a vaccine incorporating as the active ingredient thereof
      a polyglucan isolated from caries-producing Streptococcus mutans Strain
      6715, the vaccine being injected locally (under the chin) in golden
      hamsters derived from the National Institute of Health colony.
PAR  The polyglucan was prepared from Strep. mutans 6715 by the method of A.
      Jeanes, Methods in Carbohydrate Chemistry, Vol. 5, page 118, Academic
      Press, New York. The infrared spectra of the polysaccharide isolated
      peaked at 915, 840, 795, and 770 cm..sup.-.sup.1. These peaks corresponded
      to a known sample of polyglucan. The presence of a peak at 795
      cm..sup.-.sup.1 is indicative of a substantial proportion of an .alpha.,
      1,3 linkage in the polysaccharide. When hydrolyzed with 0.20 N H.sub.2
      SO.sub.4 at 100.degree. C for 45 minutes and later examined by thin layer
      chromatography, only glucose was detected. The polyglucan thus prepared
      was dissolved in a saline solution containing incomplete Freund's adjuvant
      in a 1 to 1 ratio.
PAR  The experimental animals were divided into three test groups, each of which
      was placed on the Mitchell cariogenic diet and deionized water. The normal
      gram-positive flora of each of the hamsters were depressed at weaning by
      incorporating in the Mitchell diet 100 units of penicillin per gram
      thereof for a period of four consecutive days. On the fifth day the
      antibiotic was discontinued, and the animals in each of the test groups
      were inoculated, in the chin, with Streptococcus mutans 6715, maintained
      on Trypticase soy broth without dextrose (BBL) supplemented with 0.5
      percent sucrose and grown anaerobically in an atmosphere of 90 percent
      hydrogen and 10 percent carbon dioxide at 37.degree. C).
PAR  On the day of inoculation the animals in test Group III were immunized with
      the aforesaid polyglucan-containing vaccine by injection in the chin
      region. The animals in the diet control, Group I, were not immunized; the
      further control group, Group II, was solely immunized with the Freund
      adjuvant.
PAR  Four additional injections of the polyglucan-containing vaccine were given
      at approximately two-week intervals, the successive injections
      incorporating decreasing concentrations (1 milligram, 150 micrograms, 100
      micrograms and 100 micrograms per milliliter, respectively) of the
      polyglucan. After a period of 12 weeks, the test animals were sacrificed.
      The animal heads were then defleshed by the well known method of Russell
      and scored for dental caries by a modified Keyes method. The second and
      third maxillary molars were utilized in the caries scoring procedure.
PAR  The dental caries results thus obtained are summarized below:
     Group  Cariogenic Inoculation                                             

                         Immunization                                          

                                     Mean Caries Scores                        

     __________________________________________________________________________

     (9 animals)                                                               

            S.mutans 6715                                                      

                         None (diet control)                                   

                                     45.00                                     

     II                                                                        

     (9 animals)                                                               

            S.mutans 6715                                                      

                         Adjuvant control                                      

                                     50.60                                     

     III                                                                       

     (9 animals)                                                               

            S.mutans 6715                                                      

                         Polyglucan  29.30                                     

                         plus adjuvant vaccine                                 

     __________________________________________________________________________

PAR  The preceding results indicate that the animals subjected to local
      administration of the polyglucan-containing vaccine (Group III), the
      inoculated and immunized group, exhibited 38% less caries than the
      adjuvant congrol group (Group II).
PAC  EXAMPLE 2
PAC  Local Administration of Vaccine Containing Dextransucrase and Levansucrase
      Enzymes
PAR  The purpose of this experiment was to study the effect of local
      immunization with dextransucrase and levansucrase on caries formation.
PAR  Somewhat impure dextransucrase was prepared by the method of Guggenheim and
      Newburn, supra, from the supernatant liquid of 18-hour cultures of
      S.mutans 6715 grown on 8 percent sucrose. The preparation had 10 units of
      dextransucrase activity per mg. of protein, one unit of the enzyme being
      defined as the amount required to catalyze transformation of 1 mg. of
      sucrose to dextran in 1 hour (releasing 0.52 mg. of fructose) at pH 6.8.
      The activity was measured by determining the amount of released reducing
      sugars.
PAR  Somewhat impure levansucrase was prepared by the method of Carlsson, supra,
      from the supernatant liquid of 18-hour cultures of Streptococcus Strain
      SS2 similarly grown in an 8 percent sucrose broth. The activity was
      measured by determining the amount of glucose released from sucrose by 1
      mg. of the enzyme protein. The preparation had five units of the enzyme
      activity per mg. of protein.
PAR  Five test groups of newly weaned and littermated golden hamsters derived
      from the NIH test colony were placed on the Mitchell diet and their normal
      flora were depressed by antibiotic treatment in the manner described in
      Example 1. Group I, the diet control, was neither inoculated nor
      immunized. Groups II and III were each inoculated with S.mutans Strains
      6715 in the manner described in Example 1, Group III being simultaneously
      immunized with a vaccine-containing dextransucrase and Freund's adjuvant
      and Group II being immunized solely with Freund's adjuvant. Groups IV and
      V were inoculated with Streptococcus Strain SS2 (ATCC No. 27006,
      maintained in the same manner as the S.mutans strain referred to in
      Example 1); the animals of Group V were simutaneously immunized with a
      vaccine-containing levansucrase and Freund's adjuvant, while the control
      hamsters of Group IV were immunized solely with Freund's adjuvant. The
      inoculation and immunization procedures were carried out in the dosages
      and at the frequencies referred to in Example 1, the injections of the
      inoculants and immunogens being administered underneath the chins of the
      test animals.
PAR  After sacrificing the test animals and scoring the caries in the manner
      described hereinabove, the following results were obtained:
TBL          Cariogenic          Mean                                          

     Group   Inoculation                                                       

                      Immunization                                             

                                 Caries Scores                                 

     __________________________________________________________________________

     (17 animals)                                                              

             None     None       5.2                                           

     II                                                                        

     (9 animals)                                                               

             S.mutans 6715                                                     

                      Freund's adjuvant                                        

                                 26.0                                          

     III                                                                       

     (15 animals)                                                              

             S.mutans 6715                                                     

                      Dextransucrase plus                                      

                                 16.4                                          

                      adjuvant                                                 

     IV                                                                        

     (9 animals)                                                               

             Streptococcus                                                     

                      Freund's adjuvant                                        

                                 18.2                                          

             SS2                                                               

     V                                                                         

     (12 animals)                                                              

             Streptococcus                                                     

                      Levansucrase plus                                        

             SS2      Freund's adjuvant                                        

                                 14.0                                          

     __________________________________________________________________________

PAR  Employing relatively impure enzymes it was thus determined that Group III,
      the dextransucrase-immunized group, exhibited 38 percent less caries than
      the control animals which had been inoculated with S.mutans but not
      immunized (Group II). Similarly, an approximate 23 percent reduction in
      caries was exhibited in the test group (Group V) locally immunized with
      the levansucrase-containing vaccine, as compared with the similar control
      group (Group IV) inoculated with the same microorganism (Streptococcus
      SS2) but immunized solely with Freund's adjuvant. It is, moreover,
      believed that the use of purer forms of the dextransucrase and
      levansucrase enzymes in the test vaccines would result in improved
      diminution of the mean caries scores.
PAR  It should be noted that inconclusive results were obtained in a prior
      experiment involving both local and systemic immunization of a similar
      group of test animals with dextransucrase (see Controls K to N in the
      aforesaid copending application Ser. No. 360,964, which are incorporated
      by reference herewith). The results obtained in these prior experiments
      may not, however, properly be subject to interpretation since inoculation
      of the test animals therein with a cariogenic organism (S.mutans) did not
      produce an increase in caries formation (compare Test Group L with Diet
      Control Group K). The inoculating organism may not have had a cariogenic
      effect on the test animals in this study. Accordingly, the comparative
      results obtained in the groups subjected to systemic and local
      immunization in that study (Groups M and N, respectively) may not readily
      be susceptible of evaluation.
PAR  It may be seen from the preceding that, in accordance with the present
      invention, an improved technique is provided for immunizing animals
      susceptible to dental caries. It is believed that the method of local
      immunization hereof results in the production of antibodies of the IgA
      type in the saliva which neutralizes the activity of the cariogenic
      Streptococcus organisms or the enzymes capable of forming polysaccharides
      therewith. The present invention should not, however, be limited by this
      proposed mechanism of operation, or by the specific embodiments
      illustrated hereinabove. Accordingly, it should be understood that the
      preceding description is illustrative and should not be interpreted in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for immunization against dental caries, which comprises
      administering subcutaneously by injection a vaccine, the improvement which
      comprises locally administering into or near the oral cavity a vaccine
      constituting an aqueous saline dispersion of an active ingredient selected
      from the group consisting of (1) a polyglucan polysaccharide elaboration
      product of a strain of microorganism of the species S.mutans or S.sanguis,
      and (2) a polyfructan polysaccharide elaboration product of a strain of
      microorganism within the genus streptococcus, to an animal susceptible to
      dental caries, said active ingredient being administered in an amount
      effective for immunization.
NUM  2.
PAR  2. The method of claim 1 wherein said vaccine is administered into or near
      the major or minor salivary glands.
NUM  3.
PAR  3. The method of claim 1, wherein the polyglucan or polyfructan is
      incorporated in the vaccine in the form of dead cells of the microorganism
      from which it is elaborated.
NUM  4.
PAR  4. The method of claim 1, wherein the polyfructan is the active ingredient
      of said vaccine, the polyfructan incorporating a molecular weight fraction
      having characteristic infrared absorption peaks at 920 cm..sup.-.sup.1,
      875 cm..sup.-.sup.1 and 805 cm..sup.-.sup.1, an intrinsic viscosity at
      25.degree. C of from 0.15-0.16, and [.alpha.].sub.D.sup.20 rotation of
      43.degree. to 54.degree..
NUM  5.
PAR  5. The method of claim 1, wherein the polyfructan is the active ingredient
      of said vaccine, said polyfructan being an elaboration product of
      Streptococcus Strain SS2.
NUM  6.
PAR  6. The method of claim 1, wherein the polyglucan is the active ingredient
      of said vaccine, said polyglucan being an elaboration product of S.mutans
      Strain 6715.
NUM  7.
PAR  7. The method of claim 1, wherein the vaccine is administered by injection
      into the chin of the animal to be immunized.
NUM  8.
PAR  8. The method of claim 1 wherein said vaccine is administered by direct
      injection.
NUM  9.
PAR  9. The method of claim 1, wherein the vaccine additionally contains
      Freund's adjuvant.
NUM  10.
PAR  10. The method of claim 1, wherein the polysaccharide is administered in
      the vaccine in an amount equivalent to from 1 to 20 micrograms thereof per
      kilogram of the body weight of the animal to be immunized.
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ABST
PAL  A process for isolating a fibrin-stabilizing factor, factor XIII, by
      extracting human placentae with sodium chloride solution; adding
      diamino-ethoxy-acridine lactate (DEAL); recovering the resultant
      precipitate and dissolving it in dilute alkali metal chloride solution
      containing a complexing agent; adding a quaternary ammonium base to the
      solution to precipitate inactive materials; reprecipitating the active
      principal from solution with DEAL; again dissolving the precipitate in
      dilute alkali metal chloride solution containing a complexing agent;
      reprecipitating the active principal by adding solid ammonium sulfate;
      forming a paste between the precipitate and a dilute solution of a
      complexing agent; dialyzing the paste; gel filtering the dialyzed product;
      precipitating the active principal from the active fractions with ammonium
      sulfate; dissolving the precipitate in a neutral
      tris-(hydroxymethyl)-aminomethane hydrochoric acid buffer containing a
      complexing agent; dialyzing the solution; and precipitating the factor
      XIII from the remaining solution in the form of euglobulin.
PARN
PAR  The present application is a continuation-in-part of U.S. Ser No. 210,224
      filed Dec. 20, 1971 now abandoned.
BSUM
PAR  The present invention relates to a process for isolating a
      fibrin-stabilizing factor from human placentae.
PAR  The fibrin-stabilizing factor, also referred to as factor XIII, plays an
      important part in blood clotting. If it is missing in the blood, heavy
      after-bleeding occurs upon injuries and healing of wounds is retarded. The
      lack of factor XIII may be hereditary or may be the result of diseases,
      for example cirrhosis of the liver, carcinoma, leukemia, or disseminated
      intravascular coagulation (DIC). These conditions may become a danger to
      life, especially for the new-born and for pregnant women, in whom the lack
      of factor XIII may lead to miscarriage.
PAR  These deficiency symptoms may be overcome by substitution, e.g. by the use
      of blood, plasma, or fibrinogenic preparations. However, these substances
      have to be infused in a large volume, which is undesirable in many cases
      and is troublesome and time-consuming. Moreover, accompanying proteins and
      blood-group substances are thus administered to the patient, which may
      cause incompatibility phenomena. Hence, there is demand for a preparation
      which has a high fibrin-stabilizing activity and which is, to a large
      extent, free from accompanying proteins and blood-group substances.
PAR  It is known in the art that factor XIII is contained in platelets and in
      blood plasma and can be isolated therefrom by precipitation with ammonium
      sulfate, heating, and diethylaminoethyl-cellulose (DEAE cellulose)
      chromatography. However, the concentration of the fibrin-stabilizing
      factor in plasma is low and the yield obtained by this known process is,
      therefore, poor. Further, the heating operation, during which factor XIII
      is separated from fibrinogen, can only be performed on small batches.
      Therefore, the process has not been adopted by industry nor gained any
      importance.
PAR  Moreover, plasma as a starting material is too expensive for the industrial
      preparation of factor XIII. For the same reason, platelets are refused as
      an industrial source for the production of factor XIII.
PAR  It has now been found that the fibrin-stabilizing factor can be isolated in
      good yield from human placentae.
PAR  According to the present invention, frozen human placental tissue is first
      extracted with dilute sodium chloride solution at a temperature between
      about 0.degree.C. and about 20.degree.C. The concentration of the sodium
      chloride solution may be between 0 percent and about 2 percent, preferably
      about 0.5 percent. As known to those skilled in the art, the amount of
      extracting solution employed is chosen large enough to bring about an
      effective extraction, but is kept small enough to avoid the handling of
      excessive amounts of solution. In general, for the present process,
      between about 0.5 and 1.5 liters of sodium chloride solution are employed
      per kilogram of tissue being extracted.
PAR  Any solid contaminants are removed from the resulting solution extract by
      conventional methods, e.g. by centrifugation.
PAR  Next, at a temperature of from about 5.degree.C. to about 20.degree.C., a
      dilute solution of diamino ethoxy acridine lactate (DEAL) is added at a pH
      from 5.0 to 7.5. The solution, which preferably has a concentration
      between about 2 percent and 3 percent, is added in an amount such that the
      DEAL added is from 6 to 10 percent by weight of the protein content of the
      extract. The protein content of the extract can be determined by the usual
      analytical methods for quantitative assay of proteins such as by
      refraction measurements or by the biuret method.
PAR  The resulting precipitate is next recovered by centrifugation, may
      optionally be washed several times with water, and is then dissolved in a
      dilute alkali metal chloride solution having a concentration between 2 and
      7.5%, a pH from 7.0 to 8.0, preferably about 7.5, and containing about 5
      percent of a complexing agent, by weight of the alkali metal chloride
      present. The temperature of the solution is preferably between 5.degree.C.
      and 20.degree.C. Suitable alkali metal chlorides include sodium chloride
      and potassium chloride, preferably sodium chloride. As complexing agents,
      ethylene diamine tetracetic acid (EDTA), and nitrilo-triacetic acid are
      preferred.
PAR  Insoluble substances are then removed from this solution, e.g. by
      filtration or by centrifugation. If desired, the solution may be diluted
      further with water to an alkali chloride concentration of 0.5 to 1.0%.
      Inactive substances which are present in the solution are then
      precipitated therefrom by adding a quaternary ammonium base to the
      solution in an amount of from 0.04 percent to 0.08 percent, based on the
      weight of solution. Suitable quaternary ammonium bases are
      N-cetyl-pyridinium chloride, alkyl-dimethylbenzyl-ammonium chloride, and
      dichloro-benzyldimethyl-alkylammonium chloride, of which the
      first-mentioned is preferred.
PAR  Still operating at a temperature between 5.degree.C. and 20.degree.C., and
      after removal of the precipitated inactive substances, a further
      precipitate is produced in the resulting filtrate by the addition of
      further DEAL. Again, a dilute solution having a concentration between 2
      percent and 3 percent is preferably employed in an amount sufficient to
      contribute from 0.1 percent to 0.2 percent of DEAL, based on the volume of
      the solution.
PAR  After separation of the supernatant liquid, this precipitate is dissolved
      by again adding a dilute solution of an alkali metal chloride as defined
      above, preferably sodium chloride, at a pH between 7.0 and 8.0, preferably
      at 7.5, and containing about 5 percent, by weight of the alkali metal
      chloride, of a complex-forming agent of the type earlier described herein.
      Any residue remaining in the solution is separated by filtration.
PAR  20 - 30 percent, by weight of the solution, preferably about 25 percent, of
      solid ammonium sulfate is then added to the filtrate with the resultant
      formation of a precipitate. After a few hours, the precipitate is
      separated by filtration and made up into a paste with a dilute aqueous
      solution of a complex-forming agent of the type earlier described herein.
      The content of complex-forming agent in this solution is about 0.01 M.
PAR  This paste is then dialyzed against tris(hydroxymethyl)amino-methane
      hydrochloric acid buffer having a pH of 7.0 and containing a
      complex-forming agent of the type earlier described herein together with
      NaN.sub.3. The aqueous buffer solution contains between 0.05 percent and
      0.5 percent by weight of tris compound, between 0.1 percent and 1.0
      percent by weight of the complex-forming agent, and from 0.01 percent to
      0.1 percent of NaN.sub.3. Dialysis is continued at a temperature between
      0.degree.C. and 10.degree.C. for a period of 12 to 48 hours.
PAR  Contaminants in the paste, which forms a solution during dialysis, are
      removed (e.g. by centrifugation) at a pH of 6.0 after dialysis. The
      solution is then gelfiltered on a molecular sieve at a neutral pH value.
PAR  The fractions so obtained are analyzed using the fibrin-stabilizing factor
      test described below and those showing an activity of more than 2 units
      are combined. A precipitate is again separated therefrom by the addition
      of between 20 percent and 30 percent, by weight of the solution of solid
      ammonium sulfate. The precipitate is dissolved in neutral tris-EDTA
      buffer.
PAR  This solution is again dialyzed against neutral tris-EDTA buffer. After
      dialysis for a period of 10 to 20 hours, the pH is adjusted to about 5.0,
      whereupon the factor XIII precipitates.
PAR  For distribution in dosage unit forms, the separated precipitate may be
      dissolved in physiological sodium chloride solution containing a small
      amount of one of the aforementioned complex-forming agents at pH 7.0,
      adjusted with NaOH. A stabilizer, for example human albumin or gelatin
      which has been degraded by hydrolysis and cross-linked with hexamethylene
      diisocyanate (available under the registered trademark "Haemaccel"), is
      then added to the solution. The solution is filtered under sterile
      conditions, dialyzed against a 0.9% saline solution containing 0.5%
      glucose at a temperature of 2.degree. to 10.degree.C. for 20 to 50 hours,
      standardized, and -- if desired -- lyophilized.
PAR  The activity of the fibrin-stabilizing factor is conveniently determined by
      a dilution test [cf. Thromb diathes. haemorrh. 23, 455 (1970)]. In the
      test, use is made of the different solubility, in a 1 percent aqueous
      chloroacetic acid solution, of cross-linked fibrin and fibrin that is not
      cross-linked because of a lack of fibrin-stabilizing factor. Using
      thrombin, fibrinogen free of factor XIII, and increasingly-diluted samples
      of the solution of factor XIII to be determined, fibrin clots are formed
      having different degrees of cross-linking. These clots are then incubated
      with a 1 percent solution of chloroacetic acid. The dilution in which the
      fibrin clot is just still preserved is determined to be the factor-XIII
      concentration which is just sufficient for cross-linking. In the next
      higher dilution, the fibrin clot dissolves. Samples having activities of
      more than 2 units (as defined below) are considered to be active.
PAR  Ordinary human mixed plasma serves as a reference substance. The
      factor-XIII activity contained in 1 ml of human mixed plasma is defined as
      "one unit". The fibrin-stabilizing activity desired is calculated from the
      ratio of the limit values for the dilution of mixed plasma and the
      solution to be tested.
PAR  The factor XIII obtained according to the present invention can be used to
      treat any factor-XIII deficiency symptoms, for example the inherited lack
      thereof and any haemorrhagic syndromes resulting therefrom, bleeding and
      disturbances in the healing of wounds, as well as any transitory lack of
      factor XIII, for example after an operation and a retarded healing of
      wounds resulting therefrom. A solution containing the factor XIII is
      injected intravenously, advantageously in an amount corresponding to the
      factor-XIII activity of 250 ml of fresh human plasma. Where required, up
      to 4 times this amount may be administered.
PAR  The fibrin-stabilizing factor isolated according to the present invention
      from human placentae does not typically differ from the factor XIII
      obtained from platelets but it does differ from factor XIII obtained from
      plasma. The chemical and physico-chemical data are compiled in the
      following Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Fibrin-stabilizing factor obtained from                                   

                      Plasma                                                   

                            Platelets Placenta                                 

     __________________________________________________________________________

     Sedimentation coefficient                                                 

                      8.4 S 7.4 S     7.2 S                                    

     Molecular weight 300,000                                                  

                            150,000-200,000                                    

                                      165,000                                  

     Carbohydrate content in %                                                 

                      4.9   1.5       1.47                                     

      Hexoses         1.9   1.2       0.98                                     

      Fucose          0.2   0.0       0.0                                      

      Hexosamine (N-acetyl-)                                                   

                      1.6   0.16      0.28                                     

      Neuraminic acid (N-acetyl-)                                              

                      1.2   0.15      0.21                                     

     Amino acid radicals per                                                   

     100 amino acids                                                           

      Lysine          6.3   5.7       5.1                                      

      Histidine       2.5   2.0       1.9                                      

      Arginine        5.5   6.2       6.2                                      

      Aspartic acid   10.4  12.2      12.2                                     

      Threonine       7.2   5.9       6.2                                      

      Serine          7.2   5.8       6.1                                      

      Glutamic acid   12.7  10.8      11.0                                     

      Proline         5.7   4.6       4.9                                      

      Glycine         7.9   7.1       7.0                                      

      Alanine         4.1   5.3       5.3                                      

      Valine          7.5   9.9       9.7                                      

      Methionine      2.0   2.6       2.6                                      

      Isoleucine      4.8   5.2       5.0                                      

      Leucine         7.3   6.8       6.7                                      

      Tyrosine        5.0   4.2       4.4                                      

      Phenyl-alanine  3.9   4.5       4.6                                      

      1/2 Cysteine    ?     1.2       1.1                                      

     __________________________________________________________________________

DETD
PAR  A better understanding of the present invention and of its many advantages
      can be had from the following specific Example, given by way of
      illustration:
PAC  EXAMPLE 1
PAR  1500 kg of frozen human placentae (corresponding with about 2400 placentae)
      having a temperature of about -20.degree.C. were cut into fine pieces and
      mixed, while stirring, with 1500 liters of a 0.5 percent sodium chloride
      solution having a temperature of about +20.degree.C. The resulting
      mixture, the temperature of which is about 0.degree.C., was heated to
      10.degree.C. and centrifuged. The fibrin-stabilizing active substance was
      precipitated at a pH of 6.0 from the tissue-free supernatant solution by
      the addition of sufficient amount of a 3 percent aqueous solution of DEAL
      to provide approximately 8 percent of DEAL by weight of the protein
      content in the solution. The precipitate was isolated by centrifugation.
PAR  The centrifuged material was washed by suspension in 900 liters of water at
      a pH of 7.0 and again centrifuged.
PAR  The residue was dissolved at a temperature of 10.degree.C. in 800 liters of
      a 2.5 percent sodium chloride solution containing 0.125 percent of EDTA,
      which solution had a pH of 7.5. The solution was stirred and, after four
      hours, insoluble substances were separated. The supernatant solution was
      diluted with water to 1500 liters.
PAR  30 liters of a 3 percent N-cetyl pyridinium chloride solution were next
      added to the solution at a pH of 7.0 and a temperature of 15.degree.C.,
      whereby accompanying proteins and mucopolysaccharides were precipitated
      and eliminated by centrifuging.
PAR  75 liters of a 3 percent solution of DEAL were then added to the
      supernatant solution at a temperature of 15.degree.C., whereupon the
      fibrin-stabilizing active substance was precipitated.
PAR  After removing the supernatant solution by siphoning, the DEAL precipitate
      was dissolved at a temperature of 10.degree.C. over a period of 1 - 2
      hours by stirring with 100 liters of a 5 percent sodium chloride solution
      containing 250 g of EDTA and having a pH of 7.5. The precipitated DEAL
      chloride was separated by filtration.
PAR  The fibrin-stabilizing factor was next slowly precipitated from the
      solution by the addition of 25 percent, by weight of the solution, of
      solid ammonium sulfate at a temperature of 10.degree.C. The precipitate
      obtained with ammonium sulfate was separated by centrifugation after
      standing for 3 - 4 hours.
PAR  For further purification, 800 g of the ammonium sulfate paste were mixed,
      while stirring, with a 0.01 molar EDTA solution (pH 7.0) and the paste
      obtained was dialyzed for 48 hours at 4.degree.C. against a 0.005 molar
      tris(hydroxymethyl) aminomethane hydrochloric acid buffer (pH 7.0)
      containing 0.005 mol of EDTA per liter of buffer and 0.05 percent of
      sodium azide.
PAR  Thereafter, the pH of the resulting solution was adjusted to 6.0 with 2%
      acetic acid. The resulting precipitate was centrifuged and discarded.
PAR  The pH of the supernatant solution was adjusted to 7.0 with 0.2 M NaOH
      solution and the solution was fractionated at a temperature of 4.degree.C.
      using dextran cross-linked with epichlorohydrin (commercially available
      under the trade name "Sephadex A 150"). A 0.005 molar tris-HCl buffer
      solution (pH 7.0) containing 0.005 mol of EDTA per liter of buffer and 0.1
      percent of sodium azide was used for elution.
PAR  After elution, the active fractions, i.e. those which crosslink fibrin in
      the test described above, were collected and the fibrin-stabilizing factor
      was precipitated therefrom at a temperature of 4.degree.C. by the addition
      of about 25 g of ammonium sulfate per 100 ml of eluate.
PAR  This precipitate was isolated and dissolved in 0.005 molar tris-EDTA buffer
      of pH 7.0.
PAR  After dialyzing for 20 hours at a temperature of 4.degree.C. against a
      0.005 molar tris-EDTA buffer at pH 7.0, the fibrin-stabilizing factor was
      precipitated from the remaining solution by adjusting the pH to 5.0 with
      2% acetic acid.
PAR  For the preparation of a dosage unit form, the residue obtained by
      centrifuging was dissolved in 200 ml of physiological sodium chloride
      solution containing 0.01 mol of EDTA per liter of solution. The pH of the
      solution was then adjusted to 7.0 using 0.2 M sodium hydroxide solution.
PAR  After addition of 10 ml of 20 percent human albumin, the solution was
      filtered under sterile conditions through an aseptic filter and dialyzed
      for 20 hours at 4.degree.C. successively against a physiological sodium
      chloride solution and a physiological sodium chloride solution containing
      0.5 percent of glucose.
PAR  The fibrin-stabilizing activity of the solution was determined in
      comparison with human plasma and the solution was diluted with sodium
      chloride solution containing glucose to an extent that the activity of 4
      ml of solution corresponded to the activity of 250 - 300 ml of mixed
      plasma.
PAR  10 ml of 20 percent human albumin were also added per 250 ml of the diluted
      solution. After filtration under sterile conditions, the filtrate was
      drawn off in portions of 4 ml each and lyophilized.
PAR  The total amount of fibrin-stabilizing active substance obtained from 1500
      kg of placentae provided 2000 packages each having a factor XIII activity
      corresponding to 250 ml of human mixed plasma. For isolating the same
      amount of fibrin cross-linking active substance from plasma, about 4000 -
      6000 liters of blood would be required, corresponding to about 8000 -
      12000 blood donations each of 500 ml.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for isolating a fibrin-stabilizing factor which comprises:
PA1  a. extracting human placentae at a temperature from 0.degree.C. to
      20.degree.C. with a dilute aqueous sodium chloride solution and removing
      solid contaminants from the extract;
PA1  b. adding a dilute aqueous solution of diaminoethoxy-acridine lactate to
      said extract at a temperature from 5.degree.C. to 20.degree.C. and at a pH
      between 5.0 and 7.5 in an amount furnishing 6 to 10 grams of said lactate
      per 100 grams of protein content in said extract to form a first
      precipitate, and isolating said first precipitate;
PA1  c. dissolving said precipitate at a temperature from 5.degree.C. to
      20.degree.C. in a dilute solution of alkali metal chloride at a pH between
      7.0 and 8.0, said solution containing about 5 percent, by weight of said
      alkali metal chloride, of a complexing agent selected from the group
      consisting of ethylene diamine tetraacetic acid and nitrilo-triacetic
      acid, and removing any insoluble substances from the solution;
PA1  d. adding a quaternary ammonium base to the solution in an amount from 0.04
      to 0.08 percent, by weight of the solution, at a temperature from
      5.degree.C. to 20.degree.C. to form a second precipitate, and removing and
      discarding this second precipitate;
PA1  e. adding a dilute aqueous solution of diaminoethoxy-acridine lactate to
      the solution at a temperature from 5.degree.C. to 20.degree.C. to form a
      third precipitate, and isolating said third precipitate;
PA1  f. dissolving said third precipitate in a dilute solution of an alkali
      metal chloride at a temperature from 5.degree.C. to 20.degree.C. and at a
      pH between 7.0 and 8.0, said solution containing about 5 percent, by
      weight of said alkali metal chloride, of ethylene diamine tetraacetic acid
      or nitrilo-triacetic acid and removing any insoluble substances from the
      solution;
PA1  g. adding 20 to 30 percent of solid ammonium sulfate to the solution to
      form a fourth precipitate, and isolating said fourth precipitate;
PA1  h. forming a paste from said fourth precipitate and a dilute solution of
      ethylene diamine tetraacetic acid or nitrilo-triacetic acid and dialyzing
      said paste against tris(hydroxymethyl)-aminoethane/hydrochloric acid
      buffer containing ethylene diamine tetraacetic acid or nitrilo-triacetic
      acid and sodium azide, whereby the paste is solubilized;
PA1  i. adjusting the pH of the dialyzed solution to 6.0 to form a fifth
      precipitate which is separated and discarded, and readjusting the pH to
      7.0;
PA1  j. gel filtering the solution on cross-linked dextran, eluting with
      tris(hydroxymethyl)-aminomethane/hydrochloric acid buffer containing
      ethylene diamine tetraacetic acid or nitrilo-triacetic acid and sodium
      azide, and collecting and combining active fractions having an activity of
      more than 2 units of fibrin-stabilizing factor;
PA1  k. adding sufficient solid ammonium sulfate to the collected active
      fractions to form a sixth precipitate containing the fibrin-stabilizing
      factor, and isolating said sixth precipitate;
PA1  l. dissolving said sixth precipitate in a neutral
      tris(hydroxymethyl)-aminomethane/ethylene diamine tetraacetic acid buffer;
PA1  m. dialyzing the solution against neutral
      tris(hydroxymethyl)-aminomethane/ethylene diamine tetraacetic acid buffer;
PA1  n. adjusting the pH of the dialyzed solution to 5.0 to precipitate the
      fibrin-stabilizing factor and isolating the precipitate.
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ABST
PAL  A new antibiotic, Fortimicin B, is produced by fermentation of a
      microorganism belonging to the genus Micromonospora. The antibiotic is
      accumulated in the culture medium and is isolated therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new antibiotic, Fortimicin B, and a
      process for the production thereof. More specifically, the present
      invention pertains to the production of Fortimicin B by culturing a
      microorganism belonging to the genus Micromonospora until antibacterial
      activity is exhibited in the culture liquor and then isolating Fortimicin
      B therefrom.
PAR  Antibiotics which exhibit activity against a broad spectrum of bacteria are
      always in demand. To this end, a new species of microorganism has been
      isolated from the soil of a paddy field located in the suburbs of
      Hiroshima city in Hiroshima prefecture, Japan. This new species, when
      cultured, produces the new antibiotic, Fortimicin B, which exhibits an
      antibacterial activity against various Gram-positive and Gram-negative
      bacteria. Accordingly, the new antibiotic may be utilized for various
      purposes and is particularly useful as a surface disinfectant for
      controlling the population of Staphylococci, Escherichia and other
      bacteria.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is the ultraviolet absorption spectrum of Fortimicin B;
PAR  FIG. 2 is the infrared absorption spectrum of Fortimicin B;
PAR  FIG. 3 is the nuclear magnetic resonance spectrum of Fortimicin B;
PAR  FIg. 4 is the nuclear magnetic resonance spectrum of the aminocyclitol part
      of Fortimicin B; and
PAR  FIG. 5 is the nuclear resonance spectrum of the N-acetyl derivative of the
      aminocyclitol part of Fortimicin B.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a new antibiotic Fortimicin B is
      produced by fermentation of a microorganism belonging to the genus
      Micromonospora which is capable of producing the antibiotic in a nutrient
      medium until substantial antibacterial activity is detected in the culture
      liquor. At the completion of culturing, the antibiotic is isolated from
      the culture liquor by known means such as by ion exchange resin treatment.
PAC  DESCRIPTION OF THE INVENTION
PAR  The new antibiotic of the present invention was initially identified as
      XK-70-A, and has now been named Fortimicin B. It is believed to have the
      following chemical structure:
      ##SPC1##
PAR  Fortimicin B is produced by fermentation of a microorganism belonging to
      the genus Micromonospora. A particularly suitable microorganism belongs to
      Micromonospora olivoasterospora which is a new species established by the
      present inventors. Its typical strain was originally identified as strain
      MK-70. This strain has been deposited with the American Type Culture
      Collection, Rockville, Maryland and has been accorded accession number
      ATCC 21819. The MK-70 strain has the following properties:
PAL  I. morphology:
PAR  The MK-70 strain is Gram-positive. On conventional agar medium the MK-70
      strain never forms a true aerial mycelium as observed with Streptomyces,
      etc. On the surface of an agar medium where there is good spore formation
      there is observed an olive green, wax-like and lustrous layer of spores.
      When the strain is cultured in a liquid medium, the culture broth shows a
      light wheat color in the earlier stages of culturing, but in the later
      stages of culturing the culture broth shows a dark olive green color and a
      large number of spores are observed in the culture. By microscopic
      observation of the cells of the MK-70 strain cultured in a liquid medium,
      it has been found that the mycelium is about 0.5 .mu. in diameter and is
      well developed and non-septate. A single spore is formed at the end of
      each sporophore (about 0.3 - 1.0 .mu. in length) branched from the
      substrate mycelium, and the spores are formed along the relatively long
      substrate mycelia. The matured spores are spherical and about 1.0 .mu. in
      diameter. In observing the surfaces of the spores by an electron
      microscope, the spores look like a star since there are a large number of
      projections, whose tip ends are somewhat round.
PAL  Ii. culture Characteristics:
PAR  The degree of growth, surface state of colony and production of soluble
      pigments observed when the MK-70 strain is cultured on various media, are
      shown in Table 1. The color indications are given according to the
      classifications in the Color Harmony Manual (Container Corporation of
      America). Regarding the tyrosine medium, the medium described in Gordon &
      Smith: J. Bact. 69, 147 (1955) is used.
TBL                Table 1                                                     

     ______________________________________                                    

     Medium        Growth   Color       Soluble                                

                                        pigment                                

     ______________________________________                                    

     Czapek's agar Moderate Dusty olive None                                   

                   Flat     (1 lg)                                             

     Glucose-      Moderate Olive       None                                   

     asparagine agar                                                           

                   Flat,    (1 pl)                                             

                   waxy                                                        

     Nutrient agar Good     Olive       None                                   

                   Raised,  (1 pl)                                             

                   ridged                                                      

     Egg albumin agar                                                          

                   Moderate Light olive None                                   

                   Flat,    drab (1 li)                                        

                   waxy                                                        

     Starch agar   Good     Black olive None                                   

                   Flat     teal (1 po)                                        

     Malt extract- Good     Dark olive  Dark olive                             

     yeast extract agar                                                        

                   Raised,  (1 pn)      (11/2 pn)                              

                   ridged                                                      

     Oatmeal agar  Good     Amber butter-                                      

                                        Dusty                                  

                   Plicate, scotch (3 lc)                                      

                                        olive                                  

                   waxy     dark brown  (1 pg)                                 

                            (2 pn)                                             

     Dextrose (1%) -                                                           

                   Moderate Light wheat None                                   

     NZ amine (3%) agar                                                        

                   Flat,    (2 ea)                                             

                   waxy                                                        

     Bennet's agar Good     Dark olive  None                                   

                   Raised,  (1 pn)                                             

                   ridged                                                      

     Emerson's agar                                                            

                   Moderate Olive       None                                   

                   Raised,  (1 ni)                                             

                   ridged,                                                     

                   waxy                                                        

     Glucose-yeast extract                                                     

                   Good     Dark olive  None                                   

     agar          Raised,  (1 pn)                                             

                   ridged                                                      

                   waxy                                                        

     Peptone-iron agar                                                         

                   Moderate Dark Olive  None                                   

                   Flat,    (1 nl)                                             

                   waxy                                                        

     Tyrosine agar Moderate Olive       None                                   

                   Flat,    (1 ni)                                             

                   waxy                                                        

     ______________________________________                                    

PAL  Iii. physiological Properties:
PAR  Physiological properties of the MK-70 strain are shown in Table 2. In the
      tests except those on the optimum temperature and actions upon milk and
      cellulose, the strain is cultured at 27.degree.C for two weeks. The
      optimum temperature is determined after 5 days of culturing and the
      actions upon milk and cellulose are observed after one month of culturing.
TBL                Table 2                                                     

     ______________________________________                                    

     (1)   Utilization of carbon sources:                                      

           Carbon Sources:     Utilization:                                    

     ______________________________________                                    

           D-Arabinose         -                                               

           D-Galactose         -                                               

           D-Glucose           ++                                              

           Glycerol            -                                               

           D-Lactose           -                                               

           D-Fructose          -                                               

           L-Inositol          -                                               

           D-Mannitol          -                                               

           D-Raffinose         -                                               

           L-Rhamnose          -                                               

           Sucrose             ++                                              

           Starch              ++                                              

           D-Xylose            -                                               

     (2)   Liquefaction of gelatin                                             

                               Slightly positive                               

     (3)   Action upon milk    Peptonized                                      

     (4)   Decomposition of cellulose                                          

                               Slightly positive                               

     (5)   Hydrolysis of starch                                                

                               Positive                                        

     (6)   Optimum pH for growth                                               

                               6.8 - 7.5                                       

     (7)   Optimum temmperature for growth                                     

                               30.degree.C - 38.degree.C                       

     (8)   Reduction of nitrate                                                

                               Positive                                        

     (9)   Formation of tyrosinase                                             

                               Negative                                        

     (10)  Formation of melanoid pigments                                      

                               Negative                                        

     ______________________________________                                    

PAR  The MK-70 strain is a mesophile, which never forms a true aerial mycelium
      when cultured on an agar medium, but forms a single spore on the substrate
      mycelium, and it has been found by analysis that the cell wall of this
      strain contains meso-diaminopimelic acid. Accordingly, the MK-70 strain is
      regarded as a strain of the genus Micromonospora.
PAR  Reliable bases for the systematic classification of species of the genus
      Micromonospora have not been established. Therefore, the classification of
      the microorganisms of this genus has so far been conducted by an overall
      comparison of morphological and physiological properties, etc. There have
      been reported three strains belonging to the genus Micromonospora, that
      is, Micromonospora echinospora subsp. echinospora NRRL-2985 (ATCC 15837),
      Micromonospora echinospora subsp. pallida NRRL-2996 (ATCC 15838) and
      Micromonospora echinospora subsp. ferruginea NRRL-2995 (ATCC 15836) which
      exhibit blunt spines on the surface of the spore. However, these three
      strains of M. echinospora form spores of dark brown to black color when
      cultured on a conventional agar medium, but never show such an olive color
      as the MK-70 strain. The three strains of M. echinospora can utilize
      L-rhamnose, but the MK-70 strain cannot. Additionally, the three strains
      can produce two active substances, one of which has an activity only
      against Gram-positive bacteria and an Rf value of 0.4 to 0.5 in paper
      chromatography using water-saturated n-butanol as a developer, and the
      antibiotic Gentamicin having an Rf value of 0.00. On the other hand, the
      MK-70 strain can produce three kinds of active substances, that is, a
      substance having an activity only against Gram-positive bacteria and
      having an Rf value of 0.05 to 0.1 in paper chromatography using the
      aforementioned developer; a substance having an activity only against
      Gram-positive bacteria and having an Rf value of 0.00; and Fortimicin B,
      having an activity against Gram-positive and Gram-negative bacteria and
      having an Rf value of 0.00. As is evident from the above, the MK-70 strain
      is different from the three strains of M. echinospora.
PAR  The MK-70 strain shows an olive to dark olive color when cultured using a
      medium suitable for spore formation, and produces a soluble, olive pigment
      in some media. Among the strains of the genus Micromonospora, there are
      some strains capable of forming olive spores, i.e., Micromonospora
      chalcea, Micromonospora fusca, etc., but these are distinguished in the
      surface state of spores and the color of soluble pigments, etc.
PAR  Another species of Micromonospora, i.e., Micromonospora coerulea usually
      exhibits a green-blue color, and produces blue-green soluble pigments. The
      pigments function as an acid-base indicator and are, therefore, different
      from the pigment of the MK-70 strain. Moreover, the spores of M. coerulea
      are liable to disperse in a cluster state and the spore surfaces are
      smooth. Thus, M. coerulea is distinguished from the MK-70 strain.
PAR  As described above, there are no strains which correspond to the MK-70
      strain among the strains of the genus Micromonospora so far reported.
      Therefore, the MK-70 strain is considered a new strain belonging to the
      genus Micromonospora and has been named Micromonospora olivoasterospora.
      The name of this species comes from the formation of olive spherical
      spores with projections. As stated above, the MK-70 strain has been
      deposited with the American Type Culture Collection as Micromonospora sp.
      MK-70. The MK-70 strain has also been deposited with the Fermentation
      Research Institute, Tokyo, Japan, and has been assigned registration
      number FERMP-No. 1560.
PAR  Two variant strains of Micromonospora olivoasterospora have also been
      isolated which have the ability to produce Fortimicin B. These variants
      differ from the type strain in that they have the ability to utilize
      D-galactose, D-fructose and D-xylose. One variant additionally exhibit a
      light wheat color when cultured on various media since they lack the
      ability to form spores on the mycelium. In other respects the variants
      closely resemble the type strain. These two variants have also been
      deposited with the American Type Culture Collection and have been assigned
      accession numbers ATCC 31009 and ATCC 31010. These variants, as well as
      the type strain are freely available to the public.
PAR  As is the case with other strains of Actinomycetes, the microorganisms
      useful in carrying out the present invention can undergo mutation by
      artificial means such as ultraviolet irradiation, CO.sup.60 irradiation,
      X-ray irradiation and various mutation-inducing chemicals. Accordingly,
      any strain, even if thus mutated, is appropriate for the present invention
      insofar as it has the ability to produce Fortimicin B.
PAR  Generally, conventional methods for culturing microorganisms of the
      Actinomycetes may be employed in the process of the present invention.
      Thus, various nutrient sources may be employed for the culture medium.
      Appropriate carbon sources include glucose, starch, mannose, fructose,
      sucrose, molasses, etc., either alone or in combination. Additionally,
      hydrocarbons, alcohols, organic acids, etc., may be used depending upon
      the ability of utilization possessed by the particular microorganism.
      Inorganic and organic nitrogen sources such as ammonium chloride, ammonium
      sulfate, urea, ammonium nitrate, sodium nitrate, etc., and natural
      nitrogen sources such as peptone, meat extract, yeast extract, dry yeast,
      corn steep liquor, soybean meal, casamino acid, soluble vegetable protein,
      etc., may be used alone or in combination. In addition, such inorganic
      salts as sodium chloride, potassium chloride, calcium carbonate,
      phosphates, etc., may be added to the medium, if necessary. Furthermore,
      organic or inorganic materials capable of promoting growth of the
      microorganism and the production of Fortimicin B may be properly added to
      the medium.
PAR  A liquid culturing method, especially a submerged stirring culturing
      method, is most suitable for the present process. It is desirable to carry
      out culturing at a temperature of 25.degree. to 40.degree.C and at an
      approximately neutral pH. The antibiotic of the present invention is
      formed and accumulated in the culture liquor usually after 4 to 15 days of
      culturing. When the yield of Fortimicin B in the culture liquor reaches a
      maximum, culturing is discontinued and the antibiotic is isolated and
      purified from the culture liquor obtained after the microbial cells have
      been removed such as by filtration.
PAR  Isolation and purification of Fortimicin B from the filtrate is carried out
      according to the methods usually used in the isolation and purification
      and microbial metabolic products from culture liquor.
PAR  Since Fortimicin B is basic and is soluble in water, but poorly soluble in
      the ordinary organic solvents, the antibiotic can be purified by the
      methods usually used for the purification of so-called water-soluble basic
      antibiotics. More specifically, Fortimicin B may be purified by a proper
      combination of adsorption and desorption from cation exchange resins;
      column chromatography using cellulose; Sephadex LH-20(trade name, produced
      by Pharmacia Fine Chemicals Inc., U.S.A.); silica gel chromatography and
      the like methods.
PAR  For example, the cell-free culture filtrate is first adjusted to a pH of
      7.5, and then subjected to adsorption on a cation exchange resin,
      Amberlite (trade name, produced by Rohm and Haas Co., U.S.A.) IRC-50
      (NH.sub.4 .sup.+ form). After washing with water, elution is carried out
      with 1N aqueous ammonia. The active fraction is concentrated under reduced
      pressure and then passed through a column of anion exchange resin, such as
      Dowex (trade name, produced by Dow Chemical Co., U.S.A.) 1.times.2
      (OH.sup.- form). The adsorbed substances are eluted with water, and the
      eluted active fractions are collected and concentrated under reduced
      pressure, whereby a crude powder containing Fortimicin B and other active
      components is obtained.
PAR  Silica gel chromatography, for example, is used as a method for isolating
      Fortimicin B from the crude powder. As a developer, the lower layer of a
      mixture of chloroform, isopropanol and 17% aqueous ammonia (2:1:1) is
      used. More specifically, the crude powder is dissolved in the developing
      solvent, introduced into a column of silica gel and developed with the
      same solvent. The first active fraction contains Fortimicin B. Other
      active components such as a substance tentatively identified as XK-70-1,
      are contained in successively eluted fractions. The fractions containing
      Fortimicin B are collected and concentrated under reduced pressure. After
      freeze-drying the concentrate, a white powder comprising the base of the
      antibiotic is obtained.
PAR  The active fractions containing Fortimicin B are determined by ascending
      chromatography using Whatman No. 1 filter paper. Development is carried
      out at room temperature for 10 to 15 hours using the lower layer of a
      solvent mixture of chloroform, methanol and 17% aqueous ammonia (2:1:1).
      The Rf value of Fortimicin B on the paper chromatogram is about 0.65.
PAR  Fortimicin B is a white basic powder having a molecular weight of 348 and a
      melting point from 101.degree. - 103.degree.C. The elementary analytical
      values are found to be C = 51.72%, H = 9.20%, N = 16.16% and O = 22.92%.
      The molecular formula is considered to be C.sub.15 H.sub.32 N.sub.4
      O.sub.5.
PAR  FIG. 1 illustrates the ultraviolet absorption spectrum of an aqueous
      solution of Fortimicin B. The spectrum reveals no characteristic maximum
      ultraviolet absorption between 220 and 360 m.mu., and shows simply a
      terminal absorption.
PAR  The optical rotation of the free base of Fortimicin B is
      [.alpha.].sub.D.sup.24 = +22.2 (C = 1.01, H.sub.2 O).
PAR  FIG. 2 illustrates the infrared absorption spectrum of the antibiotic (KBr
      tablet). As is apparent from the figure, Fortimicin B shows peaks at the
      following wavelengths (cm.sup.-.sup.1):
PAR  523, 561, 650, 702, 755, 815, 879, 917, 993, 1034, 1066, 1093, 1150, 1250,
      1336, 1370, 1470, 1578, 2100, 2930 and 3355
PAR  The nuclear magnetic resonance (NMR) spectrum of Fortimicin B is
      illustrated in FIG. 3. As is apparent from the spectrum, the absorption at
      5.62 ppm based on an anomeric proton suggests the presence of a
      monoglycoside in the antibiotic. The spectrum further illustrates a methyl
      doublet at 1.59 ppm, a methylene peak at 2.0 to 2.5 ppm and an absorption
      at 3.3 ppm adjacent to an anomeric proton. When Fortimicin B is hydrolyzed
      with 6N HCl and subjected to thin layer chromatography, a spot is observed
      at the same position as that of purpurosamine B, an aminosugar component
      in another antibiotic namely, Gentamicin C.sub.2. Thus, from the foregoing
      and the mass spectrum which is discussed hereinbelow, a monoglycoside part
      of Fortimicin B is believed to be purpurosamine B as represented below.
      ##SPC2##
PAR  FIG. 4 illustrates the NMR spectrum of an aminocyclitol part obtained by
      the hydrolysis of Fortimicin B. As is apparent from the figure, the
      spectrum has singlet peaks at 3.17 ppm and 3.95 ppm, which show the
      presence of an N-methyl group and that of an O-methyl group, respectively.
PAR  FIG. 5 illustrates the NMR spectrum of the N-acetyl derivative of the
      aminocyclitol part. The single peak at 2.48 ppm shows the presence of an
      N-acetyl group, i.e., the presence of two nitrogen in the aminocyclitol
      part.
PAR  The results of mass spectrometry of Fortimicin B are as follows:
PA0   349.2442, 331.2099, 286.1762, 235.1297, 207.1338 143.1184, 126.0916,
      100.0768, 97.0890, 88.0752, 87.0669, 96.0596, 82.0642, 72.0440, 70.0646,
      56.0497, 44.0499  With regard to the above data of mass spectrometry, it
      is believed that the values are indicative of the M.sup.+.sup.1 state.
      That is, the induced positive charge to the molecule is the result of the
      addition of a hydrogen nucleus rather than the more common loss of an
      electron. Therefore, each value is higher by a factor of 1 than the true
      value. From this data, it is apparent that the value of the molecular ion
      M.sup.+.sup.1 is m/e 349, and that of M.sup.+.sup.1 - H.sub.2 O is m/e
      331. Additionally, the value m/e 143 indicates the presence of
      purpurosamine B.
PAR  The N-acetyl derivative of the aminocyclitol part obtained by the
      hydrolysis of Fortimicin B has a molecular ion of M.sup.+.sup.1 of m/e
      249, and also M.sup.+.sup.1 - H.sub.2 O of m/e 231, M.sup.+.sup.1 -
      2H.sub.2 O of m/e 213 and M.sup.+.sup.1 - CH.sub.3 OH of m/e 217.
      Accordingly, it is thus determined to have the molecular formula C.sub.10
      H.sub.20 N.sub.2 O.sub.5.
PAR  From the NMR spectrum and mass spectrum data, the aminocyclitol part of
      Fortimicin B is considered to have an O-methyl group, an N-methyl group,
      3-OH groups and an amino group. This analysis is supported by the finding
      that when Fortimicin B is oxidized with periodic acid, two moles of
      periodic acid is consumed per one molecule of Fortimicin B. Additionally,
      when the antibiotic is acetylated by acetic anhydride and then treated
      with periodic acid, consumption of periodic acid by the N-acetyl-molecule
      is zero.
PAR  From the foregoing, Fortimicin B is believed to have the following
      structural formula:
      ##SPC3##
PAR  With regard to the above structural formula, and particularly the
      aminocyclitol part, the radicals are indicated as floating. Although the
      presence of the particular radicals has been confirmed, the positioning
      thereof has not as yet been determined.
PAR  The free base of Fortimicin B is very soluble in water, soluble also in
      methanol and slightly soluble in ethanol, but insoluble in such organic
      solvents as chloroform, benzene, ethyl acetate, butyl acetate, ethyl
      ether, petroleum ether, n-hexane, etc.
PAR  With regard to color tests, Fortimicin B gives positive reactions in the
      ninhydrin test and potassium permanganate test, and negative reactions in
      the Sakaguchi test, Elson-Morgan's test and biuret test.
PAR  The Rf values of Fortimicin B obtained from paper chromatography and thin
      layer chromatography using various developers are shown in the following
      Tables 3, 4 and 5. These values are compared with the Rf values of various
      similar antibiotics developed in the same manner.
TBL                Table 3                                                     

     ______________________________________                                    

     Rf values of Fortimicin B in ascending                                    

     paper chromatography (at 28.degree.C)                                     

                                 Developing                                    

     Developer         Rf Value  period (hour)                                 

     ______________________________________                                    

     20% (w/v) Ammonium chloride                                               

                       0.85       3                                            

     Water-saturated n-butanol                                                 

                       0.00      15                                            

     n-Butanol-acetic acid-                                                    

     water (3:1:1)     0.09      15                                            

     Water-saturated ethyl                                                     

     acetate           0.00       4                                            

     Water-saturated n-butanol                                                 

     containing 2% (w/v) p-                                                    

     toluene-sulfonic acid and                                                 

     2% (V/V) piperidine                                                       

                       0.07      15                                            

     ______________________________________                                    

TBL                Table 4                                                     

     ______________________________________                                    

     Rf values of Fortimicin B and Gentamicin C                                

     complex in silica gel thin layer chroma-                                  

     tography (developed at room temperature                                   

     for 3 hours)                                                              

     Developer* Antibiotic     Rf Value                                        

     ______________________________________                                    

     I          Fortimicin B   0.80                                            

     I          Gentamicin C                                                   

                complex        0.71                                            

     II         Fortimicin B   0.62                                            

     II         Gentamicin C                                                   

                complex        0.06 - 0.16                                     

     ______________________________________                                    

      *Developer I: The upper layer of the mixture of chloroform, methanol and 

      17% aqueous ammonia (2:1:1 by volume)                                    

       Developer II: 10% Ammonium acetate and methanol (1:1 by volume).        

TBL                Table 5                                                     

     ______________________________________                                    

     Rf values of known antibiotics in ascending                               

     paper chromatography using as a developer                                 

     the lower layer of the mixture of chloroform,                             

     methanol and 17% aqueous ammonia (2:1:1)                                  

     (developed at room temperature for 12 hours)                              

     Antibiotic          Rf Value                                              

     ______________________________________                                    

     Streptomycin A      0.02                                                  

     Streptomycin B      0.00                                                  

     Bluensomycin        0.01                                                  

     Ribostamycin        0.00                                                  

     Lividomycin A       0.00                                                  

     Lividomycin B       0.03                                                  

     Lividomycin D       0.02                                                  

     Spectinomycin       0.45                                                  

     Kasugamycin         0.01                                                  

     Butirosin A         0.00                                                  

     Butirosine B        0.01                                                  

     Hygromycin B        0.02                                                  

     Destomycin A        0.03                                                  

     Gentamicin A        0.00                                                  

     Gentamicin B        0.00                                                  

     Gentamicin C.sub.1a 0.18                                                  

     Gentamicin C.sub.1  0.59                                                  

     Gentamicin C.sub.2  0.38                                                  

     Sisomicin           0.18                                                  

     Neomycin A          0.00                                                  

     Neomycin B          0.03                                                  

     Neomycin C          0.00                                                  

     Antibiotic No. 460  0.01                                                  

     Kanamycin A         0.02                                                  

     Kanamycin B         0.01                                                  

     Kanamycin C         0.02                                                  

     Paromomycin         0.00                                                  

     Nebramycin complex  0.01                                                  

     Tobramycin          0.02                                                  

     Aparmycin           0.02                                                  

     XK-62-2*            0.49                                                  

     Fortimicin B        0.65                                                  

     ______________________________________                                    

      *A new antibiotic disclosed in U.S. Pat. No. Application Serial No.      

      364,058; Filed, May 25, 1973.                                            

PAR  The antibacterial spectra by agar dilution method of Fortimicin B against
      various microorganisms is shown in the following Table 6.
TBL                Table 6                                                     

     ______________________________________                                    

                             Minimum inhib-                                    

                             itory concentra-                                  

     Microorganism tested    tion (.gamma./ml)                                 

     ______________________________________                                    

     Streptococcus faecalis ATCC 10541                                         

                             &gt;416.5                                            

     Staphylococcus aureus ATCC 6538P                                          

                             6.6                                               

     Staphylococcus aureus KY 8942                                             

     (resistant to kanamycin, paromomycin                                      

     and streptomycin)       104.2                                             

     Staphylococcus aureus KY 8950                                             

                             52.1                                              

     (resistant to streptomycin, tetracycline,                                 

     penicillin and sulfonamide)                                               

     Staphylococcus aureus KY 8953                                             

                             26.1                                              

     (resistant to streptomycin, kanamycin,                                    

     paromomycin, tetracycline, neomycin,                                      

     kanamycin B and erythromycin)                                             

     Staphylococcus aureus KY 8956                                             

                             0.83                                              

     (resistant to streptomycin, paromomycin,                                  

     tetracycline, erythromycin and                                            

     oleandomycin)                                                             

     Staphylococcus aureus KY 8957                                             

                             1.65                                              

     (resistant to chloramphenicol, strepto-                                   

     mycin, kanamycin B, tetracycline and                                      

     paromomycin)                                                              

     Bacillus subtilis No. 10707; KY 4273                                      

                             104.2                                             

     Bacillus cereus ATCC 9634                                                 

                             104.2                                             

     Bacillus cereus var. mycoides ATCC 9463                                   

                             104.2                                             

     Klebsiella pneumoniae ATCC 10031                                          

                             26.1                                              

     Escherichia coli ATCC 26                                                  

                             13.1                                              

     Escherichia coli KY 8302                                                  

                             208.3                                             

     (resistant to chloramphenicol, strepto-                                   

     mycin, kanamycin, paromomycin, tetra-                                     

     cycline and spectinomycin)                                                

     Escherichia coli KY 8310                                                  

                             52.1                                              

     (resistant to chloramphenicol, strepto-                                   

     mycin, kanamycin, gentamicin, kanamycin                                   

     B, parmomycin, tetracycline and specti-                                   

     nomycin)                                                                  

     Escherichia coli KY 8314                                                  

                             26.1                                              

     (resistant to streptomycin)                                               

     Escherichia coli KY 8315                                                  

                             26.1                                              

     (resistant to streptomycin, kanamycin,                                    

     paromomycin and neomycin)                                                 

     Escherichia coli KY 8327                                                  

                             13.1                                              

     (resistant to kanamycin, gentamicin,                                      

     sisomicin and tobramycin)                                                 

     Escherichia coli KY 8331                                                  

                             1.65                                              

     (resistant to kanamycin, ribostamycin,                                    

     neomycin, paromomycin and lividomycin)                                    

     Escherichia coli KY 8332                                                  

                             3.3                                               

     (resistant to kanamycin and tobramycin)                                   

     Pseudomonas aeruginosa BMH No. 1                                          

                             208.3                                             

     Proteus vulgaris ATCC 6897                                                

                             26.1                                              

     Shigella sonnei ATCC 9290                                                 

                             52.1                                              

     Salmonella typhosa ATCC 9992                                              

                             13.1                                              

     ______________________________________                                    

PAR  It is evident from the above that Fortimicin B has an antibacterial
      activity against various Gram-positive and Gram-negative bacteria, and
      also has an antibacterial activity against Staphylococcus aureus and
      Escherichia coli, which are resistant to various known antibiotics. In
      view of the wide range of antibacterial spectrum and the characteristic
      structure, Fortimicin B is an antibiotic useful for a surface
      antibacterial agent. Fortimicin B also is considered to be useful as a
      starting material for synthesizing various derivatives by chemical
      modification.
PAR  A comparison of Fortimicin B with other antibiotics illustrates its
      novelty. As water-soluble, basic antibiotics produced by microorganisms of
      the genus Micromonospora having a wide range of antibacterial spectrum,
      there are known, for example, gentamicin [M. J. Weinstein et al:
      Antimicrobial Agents and Chemotherapy 1963, 1 and D. J. Cooper et al: J.
      Infect. Dis., 119, 342 (1969)]; antibiotic No. 460 (Japanese Patent
      Publication No. 16153/71); sisomicin [M. J. Weinstein et al: J.
      Antibiotics, 23, 551, 555, 559 (1970)]; XK-62-2 (U.S. patent application
      Ser. No. 364,058, filed May 25, 1973). However, as is evident from Tables
      4 and 5, the Rf values of Fortimicin B in silica gel thin layer
      chromatography and paper chromatography are clearly distinguished from
      those of the A, B, C.sub.1a, C.sub.2 and C.sub.1 components of gentamicin,
      antibiotic No. 460, sisomicin and XK-62-2. Even in comparision of
      water-soluble basic aminoglycoside antibiotics or constituents similar to
      those of Fortimicin B or its constituents, such as neomycin A (neamine),
      paromamine, gentamine, etc., the latter antibiotics have deoxystreptamine
      as a constituent, whereas Fortimicin B has no deoxystreptamine, and thus
      these antibiotics are clearly different. Furthermore, the chemical
      structure of Fortimicin B clearly distinguishes it from the other known
      antibiotics.
PAR  Since Fortimicin B contains basic groups it can exist in the form of acid
      addition salts. Accordingly, the present invention contemplates the
      pharmaceutically non-toxic acid addition salts of the antibiotic (i.e.,
      the amine salts) including the mineral acid addition salts such as the
      hydrochloride, hydrobromide, hydroiodide, sulfate, sulfamate and phosphate
      and the organic acid addition salts such as the maleate, acetate, citrate,
      oxalate, succinate, benzoate, tartrate, fumarate, malate, mandelate,
      ascorbate and the like.
PAR  Practice of certain specific embodiments of the invention is illustrated by
      the following representative examples:
PAC  EXAMPLE 1
PAR  In this example, Mircomonospora olivoasterospora (ATCC 21819) (FERM-P No.
      1560) is used as a seed strain and is initially cultured in a first seed
      medium containing 2% glucose, 0.5% peptone, 0.5% yeast extract and 0.1%
      calcium carbonate (pH 7.2 before sterilization) by inoculating one loopful
      of the seed strain into 10 ml of the seed medium in a 50 ml large test
      tube. Culturing is carried out at 30.degree.C for 5 days with shaking. Ten
      ml of the seed culture broth is then inoculated into 30 ml of a second
      seed medium in a 250 ml Erlenmeyer flask. The composition of the second
      seed medium is the same as that of the first seed medium. The second seed
      culturing is carried out at 30.degree.C for two days with shaking.
PAR  Then 30 ml of the second seed culture broth is inoculated into 300 ml of a
      third seed medium in a 2 L Erlenmeyer flask provided with baffles. The
      composition of the third seed medium is the same as that of the first seed
      medium. The third seed culturing is carried out at 30.degree.C for 2 days
      with shaking. Thereafter, 1.5 L of the third seed culture broth
      (corresponding to the content of five flasks) is inoculated into 15 L of a
      fourth seed medium in a 30 L glass jar fermenter. The composition of the
      fourth seed medium is the same as that of the first seed medium. Culturing
      in the jar fermenter is carried out at 30.degree.C for two days with
      aeration and stirring (revolution: 350 r.p.m.; aeration: 15 L/min).
      Finally, 15 L of the fourth seed culture broth is inoculated into 150 L of
      a main fermentation medium in a 300 L stainless steel fermenter. The main
      fermentation medium comprises: 4% starch, 2% soybean meal, 1% corn steep
      liquor, 0.05% K.sub.2 HPO.sub.4, 0.05% MgSO.sub.4.7 H.sub.2 O, 0.03% KCl
      and 0.1% CaCO.sub.3 (pH 7.5 before sterilization). Culturing in the
      fermenter is carried out at 30.degree.C for 4 days with aeration and
      stirring (revolution: 150 r.p.m.; aeration: 80 L/min).
PAR  The resulting fermentation broth is adjusted to a pH of 2.5 with
      concentrated sulfuric acid, and stirred for 30 minutes. Then, about 7 kg
      of a filter aid, Radiolite No. 600 (product of Showa Kagaku Kogyo Co.,
      Ltd. Japan) is added thereto and the microbial cells are removed by
      filtration. The filtrate is adjusted to a pH of 7.5 with 6N sodium
      hydroxide and passed through a column packed with about 20 L of a cation
      exchange resin, Amberlite IRC-50 (ammonia form), and the effluent is
      discarded. Active substances are adsorbed on the resin. After washing the
      resin with water, the adsorbed active substances are eluted out with 1N
      aqueous ammonia. Activity of the eluate is determined by a paper disc
      method, using an agar plate of Bacillus subtilis No. 10707. The active
      fractions are collected and the mixture is concentrated to about 1 L under
      reduced pressure. The concentrate is passed through a column packed with
      500 ml of an anion exchange resin, Dowex 1 .times. 2 (OH.sup.-  form), and
      then the column is washed with about 2 L of water, whereby impurities are
      removed. The active substances are eluted out with water. The thus
      obtained active fractions are collected, and concentrated to about 100 ml
      under reduced pressure and then passed through a column packed with about
      50 ml of active carbon powder whereby the active substances are adsorbed
      onto the carbon powder. The column is washed with water and the effluent
      and the washing water are discarded. Then, the adsorbed active substances
      are eluted out with 0.2N sulfuric acid. Activity of the eluate is
      determined by the paper disc method using Bacillus subtilis, and the
      active fractions are collected. The thus obtained fractions are passed
      through a column of Dowex 44 (OH.sup.- form). The active substances are
      then eluted out with water and collected and concentrated to about 50 ml.
      The thus obtained concentrate is lyophilized, whereby a crude powder
      containing Fortimicin B is obtained. The yield of the crude powder is
      about 32 g. The crude powder exhibits an activity of 680 unit/mg (the
      activity of 1 mg of a pure product corresponds to 1000 units).
PAR  The thus obtained crude powder including Fortimicin B is placed uniformly
      on the upper end of a glass column tightly packed with about 1 L of silica
      gel. The silica gel column is prepared by first suspending the silica gel
      in a solvent comprising chloroform, isopropanol and 17% aqueous ammonia
      (2:1:1 by volume). The suspension is packed in the column as a uniform
      layer, and then well washed with the same solvent. After placing the crude
      powder at the head of the column, elution is carried out with the same
      solvent which is gradually poured into the column from its top; and,
      thereafter, the elution is carried out at a flow rate of about 50 ml/hour.
      The eluate is collected in fractions of 20 ml each, and the activity of
      each fraction is determined by the paper disc method. The active fractions
      are subjected to paper chromatography, and the fractions containing
      Fortimicin B are collected. Fortimicin B is the active component initially
      eluted from the column. While the elution is continued other by-products,
      including the aforementioned active substance XK-70-1, which are contained
      in the crude powder, are eluted. The fractions containing Fortimicin B are
      collected and concentrated under reduced pressure to completely remove the
      solvent. The concetrate is then dissolved in a small amount of water and
      after freeze-drying the solution, about 1.5 g purified preparate of
      Fortimicin B (free base) is obtained. The activity of the preparate is
      about 965 unit/mg.
PAC  EXAMPLE 2
PAR  In this example, the strain of Example 1 is used as the seed strain, and a
      seed medium containing 1% glucose, 1% soluble starch, 0.1% yeast extract,
      0.5% peptone and 0.1% calcium carbonate is used as the seed media in four
      stages of seed culturing. The four seed culturings are carried out in the
      same manner as in Example 1.
PAR  Then, 15 L of the fourth seed culture broth is inoculated into 150 L of a
      fifth seed medium of the same composition as the previous seed media in a
      300 L stainless steel fermenter. Culturing in the fermenter is carried out
      at 30.degree.C for two days with aeration and stirring. Then, 150 L of the
      fifth seed culture broth is inoculated into 1200 L of a main fermentation
      medium in a 2000 L fermentation tank. The main fermentation medium
      comprises: 4% soluble starch, 3% Ebios (trade name, dried yeast powders,
      produced by the Tanabe Pharmaceutical Co., Japan), 0.05% K.sub.2
      HPO.sub.4, 0.05% MgSO.sub.4.7 H.sub.2 O, 0.03% KCl and 0.1% CaCO.sub.3.
PAR  The main fermentation is carried out at 37.degree.C for 4 days with
      aeration and stirring. The production of active substances reaches almost
      maximum after 96 hours from the start of culturing.
PAR  After the completion of the culturing, separation and purification of
      Fortimicin B are carried out in the same manner as in Example 1, whereby
      about 34 g of purified preparate having an activity of about 950 unit/mg
      is obtained.
PAC  EXAMPLE 3
PAR  In this example, Micromonospora olivoasterospora Mm 744, KY 10067, ATCC
      31009 (FERM-P No. 2193) is used as a seed strain. A medium containing 2%
      glucose, 0.5% peptone, 0.3% yeast extract and 0.1% calcium carbonate (pH
      7.2 before sterilization) is used as the seed medium for the first through
      fourth seed culturing carried out in the same manner as in Example 1.
PAR  Then 15 L of the fourth seed culture broth is inoculated into 150 L of a
      main fermentation medium in a 300 L stainless steel fermenter. The main
      fermentation medium comprises: 2% soluble starch, 0.5% soybean meal, 2%
      glucose, 1% corn steep liquor, 1% yeast extract, 0.05% K.sub.2 HPO.sub.4,
      0.05% MgSO.sub.4.7 H.sub.2 O, 0.03% KCl and 0.1% CaCO.sub.3 (pH 7.0 before
      sterilization). Culturing is carried out at 30.degree.C for 4 days with
      aeration and stirring (revolution: 150 r.p.m.; aeration 80 L/min).
PAR  After the completion of culturing, separation and purification of
      Fortimicin B are carried out in the same manner as in Example 1, whereby
      about 1.3 g of purified preparate having an activity of about 962 unit/mg
      is obtained.
PAC  EXAMPLE 4
PAR  In this example, Micromonospora olivoasterospora MK-80, KY 11055, ATCC
      31010 (FERM-P No. 2192) is used as a seed strain. A medium containing 1%
      glucose, 1% soluble starch, 0.5% yeast extract, 0.5% peptone and 0.1%
      calcium carbonate (pH 7.0 before sterilization) is used as the seed medium
      for the first through fifth seed culturing carried out in the same manner
      as in Example 2.
PAR  Then 150 L of the fifth seed culture broth is inoculated into 1200 L of a
      main fermentation medium in a 2000 L fermenter. The main fermentation
      medium has the same composition as that in Example 1. The main culturing
      is carried out at 30.degree.C for 4 days with aeration and stirring.
PAR  After the completion of culturing, separation and purification of
      Fortimicin B are carried out in the same manner as in Example 1, whereby
      about 38 g of purified preparate having an activity of about 972 unit/mg
      is obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition of matter having antibiotic activity characterized by:
PA1  a. molecular weight of 348;
PA1  b. molecular formula of C.sub.15 H.sub.32 N.sub.4 O.sub.5 ;
PA1  c. an ultraviolet absorption spectrum essentially as shown in FIG. 1;
PA1  d. an infrared absorption spectrum essentially as shown in FIG. 2; and
PA1  e. a nuclear magnetic reasonance spectrum essentially as shown in FIG. 3.
      said composition of matter being Fortimicin B.
NUM  2.
PAR  2. A pharmaceutically acceptable, non-toxic acid addition salt of the
      composition of matter of claim 1, said acid addition salt being selected
      from the group consisting of the hydrochloride, hydrobromide, hydroiodide,
      sulfate, sulfamate, phosphate, maleate, acetate, citrate, oxalate,
      succinate, benzoate, tartrate, fumarate, malate, mandelate and ascorbate.
NUM  3.
PAR  3. A process for producing the antibiotic Fortimicin B which comprises
      culturing a microorganism selected from the group consisting of
      Micromonospora olivoasterospora ATCC 21819, Micromonospora
      olivoasterospora ATCC 31009 and Micromonospora olivoasterospora ATCC 31010
      in a nutrient medium containing assimilable sources of carbon and nitrogen
      at 25.degree. to 40.degree.C. and at about neutral pH until substantial
      antibacterial activity is detected in the culture liquor and thereafter
      isolating Fortimicin B.
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ABST
PAL  Amides of 1,N.sup.6 -Etheno-5'-adensine carboxylic acid represented by the
      formula
      ##SPC1##
PAL  Wherein R.sub.1 and R.sub.2 each are hydrogen, loweralkyl, loweralkenyl,
      loweralkynyl or cycloalkyl, and R.sub.3 and R.sub.4 each are hydrogen,
      acyl, or R.sub.3 and R.sub.4 taken together form an isopropylidene or
      benzylidene moiety; and the pharmaceutically acceptable acid addition
      salts thereof.
PAL  The compounds wherein R.sub.3 and R.sub.4 are hydrogen are useful in
      treating cardiovascular disorders and are particularly useful as
      anti-anginal and anti-hypertensive agents. Compounds wherein R.sub.3 and
      R.sub.4 are acyl or when taken together form an isopropylidene or
      benzylidene moiety are intermediates useful in the preparation of the
      final products. (R.sub.3 and R.sub.4 = hydrogen).
PARN
PAR  This is a division of application Ser. No. 317,326 filed Oct. 21, 1972, now
      U.S. Pat. No. 3,830,796 issued Aug. 20, 1974.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to adenosine derivatives, to therapeutic
      compositions containing such derivatives, to methods of preparing and
      using the novel compounds and to intermediates useful in the preparation
      of such compounds.
PAR  The compounds of this invention are represented by the formula
      ##SPC2##
PAL  Wherein R.sub.1 and R.sub.2 each are hydrogen, loweralkyl, loweralkenyl,
      loweralkynyl or cycloalkyl, and R.sub.3 and R.sub.4 each are hydrogen,
      acyl, or R.sub.3 and R.sub.4 taken together form an isopropylidene or
      benzylidene moiety; and the pharmaceutically acceptable acid addition
      salts thereof.
PAR  The term "loweralkyl" as used herein, refers to both straight and branched
      chain alkyl radicals containing from 1 to 6 carbon atoms, including
      methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, tert-butyl,
      iso-butyl, n-pentyl, iso-pentyl, neo-pentyl, n-hexyl and the like.
PAR  "Loweralkenyl" refers to the C.sub.2 and C.sub.5 alkyl groups, as defined
      above, from which a hydrogen atom has been removed from each of two
      adjacent carbon atoms to produce ethylenic unsaturation; e.g., vinyl,
      allyl, methallyl, 1-pentenyl and the like.
PAR  "Loweralkynyl" refers to the C.sub.2 to C.sub.5 alkyl groups as defined
      above, from which 2 hydrogen atoms have been removed from each of two
      adjacent carbon atoms to produce acetylenic unsaturation such as ethynyl,
      propargyl, 2-butynyl, 1-pentynyl and the like.
PAR  The term "cycloalkyl" refers to C.sub.3 and C.sub.6 cycloalkyl groups,
      namely, cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.
PAR  The term "pharmaceutically acceptable acid addition salts" refers to
      non-toxic salts prepared by reacting the amide with the appropriate
      organic or inorganic acid, or by utilizing an acid addition salt of the
      appropriate intermediate. Representative salts include the hydrochloride,
      hydrobromide, sulfate, bisulfate, acetate, valerate, oleate, laurate,
      borate, benzoate, lactate, phosphate, tosylate, citrate, maleate,
      succinate, tartrate, napsylate and the like.
PAR  The term "acyl" refers to acetyl, propionyl, butyryl and the like.
PAR  The compounds of this invention are useful as antianginal agents at dosages
      of from 0.1 to 10 mg./kg. of body weight daily.
PAR  The anti-anginal activity was first established by measuring the increase
      in coronary sinus partial pressure of oxygen (pO.sub.2) according to the
      method of Schoepke et al., Pharmacologist 8: 204 (1966).
PAR  In addition to their cardiovascular activity, the compounds also exhibit
      central nervous system depressant activity at dosages of from 0.1 to 10
      mg./kg. of body weight in test animals.
PAR  Generally speaking, the compounds of this invention are prepared by
      reacting the corresonding adenosine-5'-carboxylic acid ester with
      chloroacetaldehyde. The amides can be prepared by converting
      2',3'-isopropylidene adenosine-5'-carboxylic acid (prepapred from
      2',3'-isopropylidene adenosine according to the method described by Harmon
      et al., CHEM. IND. 1969, 1141) to the corresponding acid chloride, and
      reacting the acid chloride with an appropriate amine of the formula
      R.sub.1 R.sub.2 NH, followed by hydrolytic cleavage of the isopropylidene
      group, according to the following reaction scheme:
      ##SPC3##
DETD
PAR  The following examples further illustrate this invention:
PAC  EXAMPLE 1
PAC  Preparation of Adenosine-5'-(N-ethyl) Carboxamide
PAR  Freshly prepared 2',3'-isopropylidene adenosine-5'-carboxylic acid chloride
      (prepared from 6.4 g. of 2',3'-isopropylidene-5'-carboxylic acid) was
      stirred with excess of dry liquid ethyl amine at -50.degree. to
      -35.degree.. The clear red-orange solution was allowed to warm up to room
      temperature and kept at this temperature for 15 hours. At the end of this
      period the excess of ethyl amine had evaporated off. The residue was
      triturated with cold aqueous NaHCO.sub.3 solution. The white precipitate
      was filtered off and washed with a small amount of cold water to yield 3.1
      g. (44.5%) of crude 2',3'-isopropylidene-5'[N-ethyl)-carboxamide] m.p.
      225.degree.-227.degree.. R.sub.f : 0.72 (silicagel) system: n-BuOH:H.sub.2
      O:NH.sub.4 OH (86:14:5). This amide was mixed with 80 ml. of IN.HCl and
      kept at 65.degree. for 45 minutes. The acidic solution was then cooled and
      basified with NaHCO.sub.3. The mixture was then evaporated to dryness
      under reduced pressure and the residue recrystallized twice from absolute
      ethanol and finally from water. The white crystalline product was dried in
      vacuo for 2 days over P.sub.2 O.sub.5 at 70.degree.-78.degree. to give 0.9
      g. (32%) of adenosine-5'-[N-ethyl)-carboxamide] which melted slowly at
      136.degree.-172.degree. and solidified again at 148.degree.-150.degree.
      and finally melted at 246.degree.-247.degree. (sharp).
      [.alpha.].sub.D.sup.26.sup..degree. -163 (CO. 92 in IN.HCl); R.sub.f :
      0.51 (silicagel). System: n-BuOH:H.sub.2 O:NH.sub.4 OH (86:14:05); NMR
      (deuterated DMSO) peaks (in ppm) at 5.6 (2'-OH, 3'-OH), 7.4 (6C-NH.sub.2):
      8.8 (CONH): 3.2 (CH.sub.2 CH.sub.3).
PAR  Analysis Calcd. for C.sub.12 H.sub.16 N.sub.6 O.sub.4 H.sub.2 O: C, 44.17;
      H,5.53; N, 25.76. Found: C, 44.33; H, 6.01; N, 25.78.
PAC  EXAMPLE 2
PAR  Adenosine-5'-(N-allyl)carboxamide, m.p. 223-24.degree. dec., was prepared
      according to the method of Example 1, using allyl amine in place of ethyl
      amine.
PAR  Analysis Calcd. for C.sub.13 H.sub.16 N.sub.6 O.sub.4.H.sub.2 O: C, 46.20;
      H, 5.36; N, 24.82; O, 23.62. Found: C, 46.26; H, 5.58; N, 24.92; O, 24.00.
PAC  EXAMPLE 3
PAR  Adenosine-5'-(N-cyclobutyl)carboxamide, m.p. 235-37.degree. dec., was
      prepared according to the method of Example 1 using cyclobutylamine in
      place of ethylamine.
PAR  Analysis Calcd. for C.sub.14 H.sub.18 N.sub.6 O.sub.4 : C, 50.30; H, 5.42;
      N, 25.14. Found: C, 50.52; H, 5.56; N, 24.72.
PAC  EXAMPLE 4
PAC  1,N.sup.6 -Etheno Adenosine-5'-(N-allyl) Carboxamide
PAR  Chloroacetaldehyde (26.0 g; 0.1 mole of 30% aqueous solution) was added to
      a stirred suspension of adenosine-5'-(N-allyl) carboxamide (3.3 g; 0.01
      mole) in water (80 ml.) containing a few drops of acetic acid at
      50.degree.C. In a few minutes the solid dissolved. After 17 hours at
      50.degree.C., the reaction solution gave only one fluorescent spot on the
      TLC paper. The cloudy reaction mixture was evaporated under reduced
      pressure. The oily residue solidified on trituration with acetone-ether.
      The amorphous solid, so obtained, was taken up in a large volume of
      methanol and stirred with Rexyn-203 [OH]. The methanolic solution was
      concentrated. Recrystallization of the residue gave the pure product, m.p.
      242.degree.-244.degree..
PAR  Analysis Calcd. For c.sub.15 H.sub.16 N.sub.6 O.sub.4 : C, 52.32; H, 4.68;
      N, 24.41. Found: C, 52.71; H, 4.69; N,24.33.
PAC  EXAMPLE 5
PAR  1,N.sup.6 -Etheno adenosine-5'-(N-cyclobutyl) carboxamide, m.p.
      261.degree.-262.degree., was prepared according to the method of example 4
      from adenosine-5'-(N-cyclobutyl) carboxamide and chloroacetaldehyde.
PAR  Analysis Calcd. For C.sub.16 H.sub.18 N.sub.6 O.sub.4 : C, 53.63; H, 5.06;
      N, 23.45. Found: C, 53.21; H, 5.18; N, 23.04.
PAC  EXAMPLE 6
PAR  1,N.sup.6 -Etheno adenosine-5'-(N-ethyl) carboxamide, m.p.
      252.degree.-254.degree., was prepared according to the method of Example 4
      from adenosine-5'-(N-ethyl) carboxamide.
PAR  Analysis Calcd. for C.sub.14 H.sub.16 N.sub.6 O.sub.4 : C, 50.60; H, 4.85;
      N, 25.29. Found: C, 50.27; H, 4.85; N, 25.07.
PAC  EXAMPLE 7
PAR  Tablets containing 25 mg. of 1,N.sup.6 Etheno adenosine-5'-(N-allyl)
      carboxamide and having the following composition are prepared according to
      methods well known in the art.
TBL  ______________________________________                                    

     1,N.sup.6 -Etheno adenosine-5'-                                           

     (N-allyl) carboxamide                                                     

                          10 mg.                                               

     Starch               10 mg.                                               

     Colloidal Silica     3 mg.                                                

     Magnesium stearate   2 mg.                                                

     ______________________________________                                    

PAR  The compounds of this invention can be formulated into various
      pharmaceutical dosage forms such as tablets, capsules, pills and the like,
      for immediate or sustained release, by combining the active compound with
      a suitable pharmaceutically acceptable carrier or diluent according to
      methods well known in the art. Such dosage forms may additionally include
      excipients, binders, fillers, flavoring and sweetening agents and other
      therapeutically inert ingredients necessary in the formulation of the
      desired pharmaceutical preparation.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of increasing coronary sinus partial pressure of oxygen in a
      patient in need of such treatment comprising administering an effective
      coronary sinus partial pressure of oxygen increasing amount of a compound
      of the formula
      ##SPC4##
PAL  wherein R.sub.1 and R.sub.2 each are hydrogen, loweralkyl, a cycloalkyl of
      3 to 6 carbon atoms, loweralkenyl or loweralkynyl and R.sub.3 and R.sub.4
      each are hydrogen, acetyl, propionyl, butyryl, or R.sub.3 and R.sub.4
      taken together form an isopropylidene or benzylidene moiety; or a
      pharmaceutically acceptable acid addition salt thereof, to said patient.
NUM  2.
PAR  2. A method according to claim 1, wherein said compound is administered in
      a dosage of from 0.1 to 10.0 mg./kg. of body weight daily.
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ABST
PAL  There are described preparations containing glucides and non-toxic,
      physiologically compatible salts of phosphorylated glucides which can be
      administered orally or parenterally.
PARN
PAR  This is a continuation application of application Ser. No. 93,592, filed
      Dec. 2, 1970, which in turn is a continuation application of Ser. No.
      742,198, filed July 3, 1968, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In surgical, anesthesiologic and internal medical practice, the infusion of
      solutions containing hexoses, especially glucose and fructose, of
      different concentrations, is widely used.
PAR  This administration has several purposes: in the first place, the large
      quantities of water which are thereby directly introduced into the veins
      compensate for the normal oral intake of liquids, which is often impaired
      or contra-indicated in patients who have recently undergone a surgery and
      in other severe cases; it also permits an equilibration of the water
      metabolism in order to obtain a satisfactory elimination of toxic
      catabolites which are abnormally accumulated or produced.
PAR  Drip infusions are, therefore, administered whenever a dehydrated patient
      needs an immediate supply of water or when an activation of the toxic
      catabolite elimination is required by increased diuresis; for example,
      drip infusions are used in cases of severe infectious diseases, especially
      when associated with hypotension, in toxic states, in states of shock,
      during surgery and in post-operative periods. Especially good results are
      obtained in pediatric toxic states, in cases of acute diarrhoea and in
      cases of infectious diseases.
PAR  A further object of the drip infusion of hexoses is that of compensating
      the volumetric deficit following both traumatic and surgically spontaneous
      hemorrhages, which is a deficit which should be immediately compensated in
      order to avoid irreparable damage to the patient.
PAR  The third object which is strictly related to the chemical nature of the
      drip infusions themselves, is that of supplying easily utilisable
      metabolites, usually hexoses, of high calorific value.
PAR  Since, as is known, glucides provide an immediate source of energy, glucose
      solutions administered by infusion constitute a ready source of calories,
      which is a very important fact because patients treated by infusions often
      cannot be fed. Furthermore, hexoses, and especially glucose, represent the
      key substances of three metabolic systems, namely, glucidic, proteic and
      lipid metabolism; they are used in the synthesis of glycogen, the
      anti-toxic action of which at the level of the liver cell is very well
      known and the decrease of which occurs during anesthesia; starting from
      glucose, d-ribose is anabolised, this being a pentose which participates
      in the structure of nucleotides and nucleic acids and another glucide,
      i.e. galactose, is present in the molecules of cerebrosides molecules. In
      other words, glucides fulfil essential structural and metabolic functions
      in cells and organs, as well as in the functions thereof.
PAR  Infusions of carbohydrates are administered in order to supply the organism
      with energy and to correct the intermediate metabolic processes which have
      been altered, for example, by the use of anesthetics, which is shown by an
      increase of ketonic bodies in the blood.
PAR  However, the administration of the ordinary glucose infusions is not always
      free from side effects; one of these is the increase of the blood sugar
      level followed by glycosuria, which is an indication of a defective
      metabolic utilisation of the glucides injected. Although this glycosuria
      is not great, it cannot be clinically underestimated since it may cause,
      among other things, an abnormal increase in diuresis, which may, in turn,
      lead to cellular dehydration and sodium depletion. Although the
      stimulation of diuresis is advisable in cases of water retention, it is,
      however, harmful to patients showing hypotension, water inbalance,
      hemorrhage and the like, since rehydration of the patient, which is one of
      the objects of the administration, would be impaired.
PAR  It is an object of the present invention to provide new compositions which
      overcome the above-mentioned disadvantages which arise in the oral and
      parenteral administration of glucides.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides new compositions comprising at least one
      glucide, together with at least one phosphorylated glucide in the form of
      a non-toxic, physiologically compatible salt.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As examples of glucides which can be used in the new compositions according
      to the present invention, there may be mentioned glucose, fructose,
      lactose and galactose. Examples of phosphorylated glucides which can be
      used include glucose-1-phosphate, glucose-6-phosphate,
      fructose-1,6-diphosphate, 6-phosphogluconate and ribose-5-phosphate.
PAR  As examples of salts of phosphorylated glucides which can be used, there
      may be mentioned the alkali metal salts, such as the sodium and potassium
      salts, and the alkaline earth metal salts, such as the calcium salts, as
      well as the salts with organic nitrogen bases, such as the mono-, di- and
      trialkylamines, the mono-, di- and trihydroxyalkylamines and heterocyclic
      organic bases, such as morpholine, pyrrolidine and
      N-hydroxy-ethyl-piperazine.
PAR  As is known, the phosphorylated glucides, especially glucose-1-phosphate,
      have a special biochemical and clinical character since they may even be
      metabolised by patients suffering from diabetes mellitus without any
      insulin activity due to their phosphorylation. However, in the case of
      normal sugars, they must be previously phosphorylated by the action of
      insulin and other catalysts in order to be metabolised.
PAR  In diabetes, there is a block in the phosphorylation process to the
      detriment of glucose, which cannot be metabolised without previous
      phosphorylation to glucose-1-phosphate. Consequently, an accumulation of
      glucose in blood (hyperglycemia) is observed, followed by glycosuria.
PAR  The salts of glucose-1-phosphate or of at least one other phosphorylated
      glucide, when associated with ordinary glucide solutions, act as metabolic
      catalysts, with the result that the glucide administered is completely
      utilised and a reduced glycosuria occurs, if at all: the considerable
      clinical advantages are obvious.
PAR  An important aspect of the new compositions according to the present
      invention is that, after administration thereof, the Staub-Traugott effect
      does not occur, i.e. there is no hypoglycemia following the period of
      hyperglycemia, which is very frequent in subjects treated with simple
      hexoses. The absence of the Staub-Tragott effect following the
      administration of the compositions comprising glucides and phosphorylated
      glucides according to the present invention, indicates unexpected and
      clearly positive clinical phenomena. Furthermore, this absence of
      glycosuria is observed even when glucides, in association with the
      above-mentioned phosphorylated glucides, are administered by routes other
      than the intravenous route. In fact, for the purpose of a
      calorific-alimentary integration or of a correction of anomalous or
      reduced metabolisms, for example, in cases of ketonemia, respiratory
      acidosis and the like, the glucides are often administered by
      hypodermoclysis, proctoclysis, sublingual tablets and the like.
PAR  The pharmaceutical compositions according to the present invention, which
      comprise glucides and non-toxic, physiologically-acceptable salts of
      phosphorylated glucides, are preferably used in admixture with solid or
      liquid pharmaceutical carriers or diluents. It is to be understood,
      however, that preparations for parenteral administration must be sterile.
      Preparations for oral administration may be, for example, in the form of
      tablets, pills, dragees, dispersible powders and granules. Such oral
      preparations may also contain conventional adjuvants, for example,
      lubricating agents, such as magnesium stearate.
PAR  Liquid compositions for oral administration include pharmaceutically
      acceptable emulsions, solutions, suspensions, syrups and elixirs
      containing inert diluents commonly used in the art, such as water and
      liquid paraffin. Besides inert diluents, such compositions may also
      comprise adjuvants, such as wetting and suspension agents and sweetening
      and flavouring agents. According to the present invention, the
      compositions for oral administration include capsules of absorbable
      material, such as gelatin, containing at least two of the active
      substances according to the present invention, with or without the
      addition of diluents or usual excipients.
PAR  Preparations according to the present invention for parenteral
      administration include sterile aqueous and non-aqueous solutions,
      suspensions or emulsions, with or without the admixture of local
      anesthetics. These compositions may also contain adjuvants, emulsifying
      and dispersing agents. They may be sterilised, for example, by filtration
      through bacteria-retaining filters, by incorporating into the compositions
      of sterilising agents, by irradiation or by heating. They may also be
      produced in the form of sterile solid compositions, for example, by
      lyophilisation, which can be dissolved in sterile water or some other
      sterile injectable medium immediately before use.
PAR  The percentage of the active ingredients in the compositions according to
      the present invention may be varied, it being understood, however, that it
      should constitute a proportion such that a suitable dosage for the desired
      therapeutic effect shall be obtained. Thus, the compositions desirably
      contain 0.1- 50% of the salt of the phosphorylated glucide, preferably 1-
      25% thereof and more preferably 5- 20% thereof, these percentages being
      based on the total weight of glucide and salts of phosphorylated glucide.
PAR  Although it is, of course, possible to administer sterile solutions of the
      new compositions parenterally, when such solutions are administered by
      intravenous drip they should be substantially isotonic. Thus, such
      solutions should contain, by weight, up to about 6% by weight of the new
      compositions. However, if it is desired to use less than 6% by weight of
      the new compositions, the necessary isotonicity can be achieved by the
      addition of one or more non-toxic, physiologically acceptable inorganic
      salts, the preferred salt being sodium chloride.
DETD
PAR  The following Examples are given for the purpose of illustrating the
      present invention:
PAC  EXAMPLE 1
PAR  An intimate mixture is prepared from 25 g. glucose and 3 g. sodium
      glucose-1-phosphate. For administration by intravenous drip, this
      composition is dissolved in 500 ml. sterile distilled water.
PAC  EXAMPLE 2
PAR  An intimate mixture is prepared from 24 g. fructose, 4 g. disodium
      fructose-1,6-diphosphate and 0.5 g. sodium chloride. For administration by
      intravenous drip, this composition is dissolved in 500 ml. sterile
      distilled water.
PAC  EXAMPLE 3
PAR  An intimate mixture is prepared from 20 g. glucose, 5 g. fructose and 3 g.
      sodium glucose-1-phosphate and this mixture then made into a tablet with
      25 g. starch and 0.5 g. magnesium stearate.
PAC  EXAMPLE 4
PAR  An intimate mixture is prepared from 15 g. glucose, 9 g. fructose, 1 g.
      sodium glucose-6-phosphate and 0.5 g. disodium fructose-1,6-diphosphate.
      For administration by intravenous drip, this composition is dissolved in
      500 ml. sterile distilled water.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition useful for administering an immediate source of energy to
      a patient consisting essentially of a mixture of glucose with a salt
      selected from the group consisting of an alkali metal salt of
      glucose-1-phosphate, glucose-6-phosphate, and 6-phosphogluconate, said
      salt constituting 0.1-50% by weight of the mixture.
NUM  2.
PAR  2. A composition useful for administering an immediate source of energy to
      a patient consisting essentially of a mixture of fructose with an alkali
      metal salt of fructose-1,6-diphosphate, said salt constituting 0.1-50% by
      weight of the mixture.
NUM  3.
PAR  3. A composition useful for administering an immediate source of energy to
      a patient consisting essentially of a mixture of glucose, fructose and a
      salt selected from the group consisting of an alkali metal salt of
      glucose-1-phosphate, glucose-6-phosphate and 6-phosphogluconate, said salt
      constituting 0.1-50% by weight of the mixture.
NUM  4.
PAR  4. A composition useful for administering an immediate source of energy to
      a patient consisting essentially of a mixture of glucose, fructose, a salt
      selected from the group consisting of an alkali metal salt of
      glucose-1-phosphate, glucose-6-phosphate and 6-phosphogluconate and an
      alkali metal salt of fructose-1,6-phosphate, said salts constituting
      0.1-50% by weight of the mixture.
NUM  5.
PAR  5. A sterile aqueous solution of the composition of claim 1 containing a
      therapeutically effective amount thereof up to about 6% by weight.
NUM  6.
PAR  6. A sterile aqueous solution of the composition of claim 2 containing a
      therapeutically effective amount thereof up to about 6% by weight.
NUM  7.
PAR  7. A sterile aqueous solution of the composition of claim 3 containing a
      therapeutically effective amount thereof up to about 6% by weight.
NUM  8.
PAR  8. A sterile aqueous solution of the composition of claim 4, containing a
      therapeutically effective amount thereof up to about 6% by weight.
NUM  9.
PAR  9. A composition according to claim 1 wherein the alkali metal salt is the
      sodium or potassium salt.
NUM  10.
PAR  10. A composition according to claim 2 wherein the alkali metal salt is the
      sodium of potassium salt.
NUM  11.
PAR  11. A composition according to claim 3 wherein the alkali metal salt is the
      sodium or potassium salt.
NUM  12.
PAR  12. A composition according to claim 4 wherein the alkali metal salt is the
      sodium or potassium salt.
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ABST
PAL  This invention relates to new antimicrobial, antibiotic and bacteriostatic
      compositions and to methods for their use. The novel compositions of this
      invention are comprised of an active ingredient of the formula:
      ##SPC1##
PAL  Wherein
PA1  Each Y is hydrogen;
PA1  Each A is hydroxy, acyloxy or alkoxy;
PA2  W is hydrogen, hydroxy, acyloxy, or alkoxy;
PA2  A and Y when taken together, is oxo (O=);
PA2  W and Y when taken together, is oxo (O=);
PA1  each X is hydrogen, hydroxy, acyloxy or alkoxy, at least one X being
      hydroxy;
PAL  And the non-toxic, pharmaceutically acceptable salts thereof.
PARN
PAR  This application is a continuation of any previously filed copending
      application Ser. No. 363,460, filed May 25, 1973 and now abandoned.
BSUM
PAR  This invention relates to novel, physiologically active compositions which
      possess antimicrobial, antibiotic and bacteriostatic properties. More
      particularly, this invention relates to antimicrobial, antibiotic and
      bacteriostatic compositions having as their active ingredient a compound
      of the formula:
      ##SPC2##
PAL  Wherein
PA1  Each Y is hydrogen;
PA1  Each A is hydroxy, acyloxy, or alkoxy;
PA2  W is hydrogen, hydroxy, acyloxy, or alkoxy;
PA2  A and Y when taken together is oxo (O=);
PA2  W and Y when taken together is oxo (O=);
PA1  each X is hydrogen, hydroxy, acyloxy, or alkoxy, at least one X being
      hydroxy;
PAL  And the non-toxic pharmaceutically acceptable salts thereof.
PAR  The compositions of this invention possess antimicrobial, antibiotic and/or
      bacteriostatic properties and may be useful in the control of various
      microorganisms, especially certain anaerobic organisms. In addition, the
      compositions of this invention also appear to possess microorganism enzyme
      inactivation properties.
PAR  Among the compounds which may be utilized in the compostions of this
      invention may be included such compounds as 3.alpha.,7.alpha.
      ,12.alpha.,24,25 -pentahydroxy coprostane;
      3.alpha.,7.alpha.,12.alpha.,25tetrahydroxy coprostane;
      3.alpha.,7.alpha.,12.alpha.-triacyloxy-25-hydroxy coprostane;
      3.alpha.,7.alpha.,12.alpha.-triacyloxy- 24,25-dihydroxy coprostane; 3,7,12
      -triketo-24,25-dihydroxy coprostane; 3,7,12-triketo-25-hydroxy coprostane;
      3.alpha.,7.alpha.-dihydroxy-25-acyloxy coprostane;
      3.alpha.,7.alpha.,25-trihydroxy coprostane;
      3.alpha.,7.alpha.,24,25-tetrahydroxy coprostane;
      3.alpha.,7.alpha.-diacyloxy-25-hydroxy coprostane;
      3.alpha.,7.alpha.-diacyloxy-24,25-dihydroxy coprostane;
      3.alpha.,7.alpha.12.alpha.-trialkoxy-25-hydroxy coprostane;
      3.alpha.,7.alpha.,12.alpha.-trialkoxy-24,25-dihydroxy coporstane; scymnol;
      chimaerol; bufol; ranol; cyprinol; 27-deoxy cyprinol;
      5.beta.-cholestane-3.alpha.,7.alpha.,12.alpha.,24-tetrol;
      5.beta.-cholestane-3.alpha.,7.alpha.,12.alpha.,24.alpha.,25-pentol
      5.beta.-cholestane-3.alpha.,7.alpha.,12.alpha.,24.beta.,25-pentol;
      5.beta.-cholestane-3.alpha.,7.alpha.,12.alpha.,25,26-pentol;
      5.beta.-cholestane-3.alpha.,7.alpha.,12.alpha.,25.alpha.,26-pentol; and
      other like compounds.
PAR  The compounds which may be employed in the practice of this invention may
      be prepared in accordance with methods and procedures known to the worker
      skilled in the art. As starting materials in the production of the
      compounds of this invention may be included such compounds as scymnol,
      3.alpha.,7.alpha.-dihydroxy coprostane, chenodeoxy-cholic acid,
      deoxycholic acid, varanic acid and cholic acid.
PAR  The preferred alkoxy radicals of the compounds of this invention are those
      which are comprised of six or less carbon atoms, and include such moieties
      as methyl, ethyl, propyl, butyl, pentyl, and hexyl.
PAR  The acyloxy radicals of the compounds of this invention are those from
      hydrocarbon carboxylic acids of less than twelve carbon atoms, and include
      such acids as the alkanoic acids, the alkenoic acids, the monocyclic
      aralkyl carboxylic acids, the monocyclic aryl carboxylic acids, the
      cycloalkane carboxylic acids, and the cycloalkene carboxylic acids.
PAR  Whenever in this application and the claims appended thereto, in any
      chemical structure set forth therein, a curved line (  ) is employed in
      the linkage of atoms, it is meant to denote that the connected atom or
      moiety may be in the alpha- or beta- position as the case may be. The
      compositions of this invention possess antimicrobial, antibiotic and/or
      bacteriostatic and/or bacterial enzyme inactivating activity and for this
      purpose may be administered to the patient suffering from such conditions
      as intestinal bacterial infections. The amount and the route of
      administration of the compositions of this invention can be adjusted by
      the skilled worker in accordance with the condition of the patient being
      treated and his requirements and the potency of the composition being
      employed. The compositions of this invention may be administered to the
      patient in any manner which may be deemed acceptable to the skilled worker
      practicing the invention. Most preferably, the compositions of this
      invention may be administered perorally to the patient being treated. For
      this purpose, the compositions of this invention may be prepared in such
      suitable pharmaceutically acceptable final dosage forms as may be employed
      by the skilled worker. Thus, commonly employed pharmaceutically acceptable
      dosage forms suitable for oral administration containing the active
      compounds of this invention in sufficient concentration to attain the
      desired results may be utilized. Pharmaceutically acceptable non-toxic
      inert carriers which are usually employed for such purposes may be
      utilized to prepare such dosage forms as tablets, capsules, elixirs,
      solutions, suspensions and the like. Satisfactory results in the practice
      of this invention may be obtained by the administration of small but
      effective amounts of the compositions and compounds of this invention to
      the patient being treated. Satisfactory results may be obtained when from
      10 to 1500 mg. of the active compounds of this invention are daily
      administered to the patient being treated hereunder. In the use of tablet
      or capsule final dosage forms of the compositions of this invention, may
      be present from 10 to 500 mg of the compounds of this invention, although
      other concentrations may also provide satisfactory results.
DETD
PAR  The invention may be illustrated by the following examples:
PAC  EXAMPLE I
PAR  The compositions of this invention were prepared in the final dosage form
      of capsules containing the compounds in the concentrations set forth in
      Table A below:
TBL                Table A                                                     

     ______________________________________                                    

     Compound                 Concentration                                    

     ______________________________________                                    

     3.alpha.,7.alpha.,12.alpha.,24,25-pentahydroxy coprostane                 

                              100 mg                                           

     3.alpha.,7.alpha.,12.alpha.,25-tetra hydroxy coprostane                   

                              100 mg                                           

     3.alpha., 7.alpha., 25-trihydroxy coprostane                              

                              100 mg                                           

     3.alpha., 7.alpha., 24,25-tetrahydroxy coprostane                         

                              100 mg                                           

     5.beta.-chlolestane-3.alpha., 7.alpha., 12.alpha., 24.alpha.,             

                              100 mgtol                                        

     5.beta.-cholestane-3.alpha., 7.alpha., 12.alpha., 24.beta.,               

                              100 mgtol                                        

     5.beta.-cholestane-3.alpha., 7.alpha., 12.alpha., 25, 26-pentol           

                              100 mg                                           

     ______________________________________                                    

PAC  EXAMPLE II
PAR  5.beta.-Cholestane-3.alpha. ,7.alpha. ,12.alpha. ,25-tetrol, obtained in
      accordance with the disclosure of Pearlmen, 69 Journal of the American
      Chemical Society, 1475 et seq. (1947), was treated in accordance with the
      procedure of Hoshita, 52 Journal of Biochemistry 176 et seq. (1962) to
      yield 5.beta.-cholestane-3.alpha. ,7.alpha. ,12.alpha. ,24,25-pentol, m.p.
      199.degree.-200.degree.C., which was then subjected to thin layer of
      chromatography. The 5.beta.-cholestane-3.alpha. ,7.alpha. ,12.alpha.
      ,24,25 -pentol was applied as a band to a 0.25 mm thick Silica Gel G plate
      (Brinkmann) and the plate was developed with a chloroform: acetone:
      methanol (35:25:7.5 v/v/v) system, and the resulting bands visualized with
      iodine vapor. The more polar band (R 0.30) was 5.beta.-cholestane-3.alpha.
      ,7.alpha. ,12.alpha. ,24.alpha. ,25-pentol, and the less polar band (R
      0.34) was 5.beta.-cholestane-3.alpha. ,7.alpha. ,12.alpha. ,24.beta.
      ,25-pentol.
PAR  The invention may be variously otherwise embodied within the scope of the
      appended Claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition possessing antimicrobial properties, comprising from about
      10 to 1500 milligrams of a compound of the formula:
      ##SPC3##
PAL  wherein
PA1  each Y is hydrogen;
PA1  each A is hydroxy, acyloxy, or alkoxy;
PA2  W is hydrogen, hydroxy, acyloxy, or alkoxy;
PA2  A and Y, when taken together is oxo (O=);
PA2  W and Y, when taken together is oxo (O=);
PA1  each X is hydrogen, hydroxy, acyloxy, or alkoxy, at least one X being
      hydroxy, acyloxy, or alkoxy;
PAL  said compound combined with a pharmaceutically acceptable nontoxic inert
      carrier.
NUM  2.
PAR  2. The composition of claim 1, wherein each A is hydroxy, and W is hydrogen
NUM  3.
PAR  3. The composition of claim 1, wherein each A is hydroxy, and W is hydroxy.
NUM  4.
PAR  4. The composition of claim 1, wherein the compound is
      3.alpha.,7.alpha.,12.alpha.,25-tetrahydroxy coprostane.
NUM  5.
PAR  5. The composition of claim 1, wherein the compound is
      3.alpha.,7.alpha.,12.alpha.,24,25-pentahydroxy coprostane.
PATN
WKU  039314049
SRC  5
APN  4216059
APT  1
ART  125
APD  19731204
TTL  High dosage orally administrable cephalosporin antibiotic preparations
ISD  19760106
NCL  7
ECL  1
EXP  Friedman; Stanley J.
INVT
NAM  Fulberth; Werner
CTY  Kelkheim, Taunus
CNT  DT
INVT
NAM  Hiller; Dietrich
CTY  Wiesbaden
CNT  DT
INVT
NAM  Muller; Alfred
CTY  Ehlhalten, Taunus
CNT  DT
INVT
NAM  Ross; Gerhard
CTY  Liederbach, Taunus
CNT  DT
ASSG
NAM  Hoechst Aktiengesellschaft
CTY  Frankfurt am Main
CNT  DT
COD  03
PRIR
CNT  DT
APD  19721206
APN  2259646
CLAS
OCL  424246
EDF  2
ICL  A61K 3154
FSC  424
FSS  246
UREF
PNO  3573294
ISD  19710300
NAM  Long et al.
OCL  424246
UREF
PNO  3624225
ISD  19711100
NAM  O'Callaghan
OCL  424246
LREP
FRM  Curtis, Morris & Safford
ABST
PAL  High-dosage, orally administrable antibiotic preparations containing an
      antibiotic agent of the cephalosporin type and 5 to 15 % of a mixture of
      auxiliary agents, and process for preparing them.
BSUM
PAR  The present invention relates to high dosage antibiotic tablets, which are
      small in relation to the dose of active substance, of cephalosporins to be
      administered orally, for example cephalexin and cephaloglycin, and to a
      process for preparing them.
PAR  In oral therapy with antibiotics, higher doses are used in increasing
      degree in the treatment of infections in order to obtain rapidly
      sufficiently high levels of the drug in the blood of the patient.
PAR  It is not seldom that the antibiotic agent is administered in single doses
      of up to several grams.
PAR  Therefore, it is necessary to develop orally administrable drug forms of
      these antibiotics which have as high a content of antibiotic agent as
      possible.
PAR  Since in most cases antibiotics have a very disagreable bitter taste, drug
      forms must be chosen which can be swallowed whole without difficulty. They
      may also be additionally provided with a coating.
PAR  After ingestion, these tablets must rapidly disintegrate in the digestive
      tract and release the active substance for resorption.
PAR  The swallowability of higher-dose tablets can be facilitated by giving them
      a certain form (for example oval or oblong form).
PAR  Dosage unit forms of drugs which, as regards their size, can still be
      swallowed have maximum weights of about 0.25 to 3 g, depending on the bulk
      volume of the tablet mixture.
PAR  In order to obtain tablets with optimum properties and to ensure their
      preparation on modern high speed machines, the active substances,
      depending on their flow and compressing behavior, are normally combined
      according to the state of the art with auxiliary agents, the quantity of
      which is often higher than that of the active substance. In normal cases,
      quantities of auxiliary agents of 30% and more are necessary to impart on
      a medicinal substance good properties for tablet formation and to ensure
      good quality of the drug dosage form.
PAR  As auxiliary agents, there may be mentioned, for example:
PA1  Diluents such as lactose, sugar,
PA1  Binders such as starch, cellulose derivatives,
PA1  Disintegrators such as starch, ultraamylopectin,
PA1  Lubricants such as talc and magnesium stearate.
PAR  When formulating tablet mixtures, suitable auxiliary agents must be
      selected and used in such quantities that flowable mixtures or granulates
      are obtained which permit efficient production of tablets that have
      optimum properties with regard to disintegration, release of active
      substance, hardness, breakability and appearance.
PAR  With tablets containing a high dose of active substance, it is particularly
      important to keep the quantity of auxiliary substances low in order to
      avoid the tablets becoming too large. On the other hand, the tablets must
      show sufficient properties, in particular good disintegration and release
      of the active ingredient.
PAR  Cephalosporins and their derivatives, in particular cephalexin and
      cephaloglycin, have very poor flow characteristics. Even in a bottle, they
      tend to agglomeration and clot-formation owing to electrostatic charging,
      so that the expert can obtain mixtures or granulations which can be
      processed into tablets only by adding large amounts of auxiliary agents.
PAR  On the other hand, economical production of tablets on machines with high
      capacity requires mixtures and granulations containing the active
      ingredient which show a sufficient flow behavior also at a high speed of
      the tablet machine. Large matrices in oblong form must be filled uniformly
      to secure equal dosages. Capping and any other mechanical damage which
      occurs, especially with high compressing speeds, must be avoided. These
      disadvantages are overcome by the addition of high amounts of well flowing
      auxiliary agents.
PAR  Thus, an expert could not foresee that an advantageous, economical
      production of such tablets, i.e. tablets having a high content of active
      ingredient and a low content of auxiliary agents, would be possible.
PAR  Now, we have found a process for the economical preparation of high-dosage
      tablets of as small a size as possible with an antibiotic powder having
      poor flow characteristics and belonging to the cephalosporin type, wherein
      about only 5 to 15 % of a mixture of auxiliary agents, for example a
      mixture of starch, microcrystalline cellulose, ultraamylopectin, talc
      and/or magnesium stearate is added to the said active ingredients and the
      resulting mixture is granulated and compressed into tablets. If desired,
      these tablets may be provided with a suitable coating.
PAR  As antibiotic agents of the cephalosporin type, there are used in
      particular cephalexin and cephaloglycin.
PAR  The proportions of the above-mentioned active ingredients and auxiliary
      agents may be as follows:
TBL       cephalosporin derivative                                             

                                85 - 95 %                                      

          crystalline cellulose 10 - 2.5 %                                     

          ultraamylopectin       3 - 1.5 %                                     

          magnesium stearate     2 - 1 %                                       

     or                                                                        

          cephalosporin derivative                                             

                                85 - 93 %                                      

          lactose                8 - 4 %                                       

          ultraamylopectin       5 - 2 %                                       

          magnesium stearate     2 - 1 %                                       

     or                                                                        

          cephalosporin derivative                                             

                                85 - 95.0 %                                    

          starch or starch derivative                                          

                                 8 - 2.6 %                                     

          talc                   5 - 2.0 %                                     

          magnesium stearate     2 - 0.4 %                                     

PAR  Crystalline cellulose is a product obtained upon treatment of
      cellulose-containing materials.
PAR  Lactose serves as a tablet filler material.
PAR  Starch and starch derivatives are known as disintegrators.
PAR  Ultraamylopectin is a starch product which is obtained by the reaction of
      sodium alcoholate and halogenated fatty acid and starch. Owing to its
      swelling power it is used as tablet disintegrating agent.
PAR  Magnesium stearate and talc have been described in various pharmacopoeas as
      lubricants and antisticking agents.
PAR  If necessary, other auxiliary agents usually employed in the production of
      tablets may be added.
PAR  Of course, the mixtures of the invention may also be compressed into
      smaller tablets with lower dosage (for example, for children) or into
      larger tablets with higher dosage (for example, for vaginal administration
      or for animals).
PAR  The mixtures of the above-mentioned composition obtained after granulation
      are free flowing and can be processed on high-speed machines into high
      quality tablets at a rate of 3000 tablets per minute.
PAR  Depending on the solubility of the active ingredient in water, the tablets
      show in water or in artificial gastric juice of 37.degree. C a
      disintegration time of a few minutes to 6 minutes at maximum.
PAR  For protection against environmental influences, for example humidity,
      light, etc. and in order to cover the taste, the tablets so produced may
      be provided with a film or dragee coating (if desired flavored) according
      to the processes usual in the pharmaceutic industry.
PAR  The following Examples illustrate the invention:
PAR  EXAMPLE 1:
PAR  Tablets of 500 mg or 1000 mg of cephalexin each.
TBL  ______________________________________                                    

     Composition:                                                              

     cephalexin         90.6 %                                                 

     including overdosage                                                      

     crystalline cellulose                                                     

                        6.4 %                                                  

     ultraamylopectin   2.1 %                                                  

     magnesium stearate 0.9 %                                                  

                        100.0 %                                                

     ______________________________________                                    

PAR  Preparation:
PAR  A mixture of the above-specified substances was prepared in a rapid mixer
      and a granulation having a grain size of between 2,0 and 0.3 mm was
      prepared.
PAR  The granulated mixture was compressed on a rotary tablet machine at a speed
      of 2000 to 3000 tablets/minute into convex oblong tablets with score.
PAR  The tablets were found to disintegrate in artificial gastric juice of
      37.degree. C within 3 minutes at maximum.
PAR  If desired, these dosage forms can be provided with a flavored film or
      dragee coating.
PAR  EXAMPLE 2:
PAR  Tablets of 500 mg or 1000 mg of cephalexin.
TBL  ______________________________________                                    

     Composition:                                                              

     cephalexin         90.7 %                                                 

     including overdosage                                                      

     lactose            6.3 %                                                  

     ultraamylopectin   2.1 %                                                  

     magnesium stearate 0.9 %.                                                 

                        100.0 %                                                

     ______________________________________                                    

PAR  Preparation:
PAR  A mixture was prepared from the above-mentioned substances in a rapid mixer
      and a granulation was prepared having a grain size of between 2.0 and 0.3
      mm.
PAR  The granulated mixture was compressed on a rotary tablet machine into
      convex oblong tablets with score at a speed of about 2000 to 3000 tablets
      per minute.
PAR  The tablets were found to disintegrate in artificial gastric juice of
      37.degree. C within 5 to 6 minutes at maximum.
PAR  If desired, these dosage forms can be provided with an optionally flavored
      film or dragee coating.
PAR  EXAMPLE 3:
PAR  Tablets of 500 mg or 1000 mg of cephalexin.
TBL  ______________________________________                                    

     Composition:                                                              

     cephalexin         93.0 %                                                 

     including overdosage                                                      

     maize starch       3.5 %                                                  

     talc               3.0 %                                                  

     magnesium stearate 0.5 %                                                  

                        100.0 %                                                

     ______________________________________                                    

PAR  Preparation:
PAR  A mixture was prepared from the above-mentioned substances in a rapid mixer
      and a granulation was prepared having a grain size of between 2.0 and 0.3
      mm.
PAR  The granulated mixture was compressed on a rotary tablet machine into
      convex oblong tablets with score at a rate of about 2000 to 3000 tablets
      per minute.
PAR  The tablets were found to disintegrate in artificial gastric juice of
      37.degree. C within 5 to 6 minutes at maximum.
PAR  If desired, these dosage forms can be provided with an optionally flavored
      film or dragee coating.
CLMS
STM  We claim:
NUM  1.
PAR  1. An antibiotic preparation in compressed tablet form consisting
      essentially of cephalexin or cephaloglycin and from 5 to 15 percent, by
      weight of said preparation, of pharmaceutical excipients selected from the
      group consisting of starch, crystalline cellulose, lactose,
      ultraamylopectin, talc, and magnesium stearate.
NUM  2.
PAR  2. A preparation as in claim 1 consisting essentially of
PA1  85 to 95 percent of a cephalosporin antibiotic,
PA1  10 to 2.5 percent of crystalline cellulose,
PA1  3 to 1.5 percent of ultraamylopectin, and
PA1  2 to 1 percent of magnesium stearate.
NUM  3.
PAR  3. A preparation as in claim 1 consisting essentially of
PA1  85 to 93 percent of a cephalosporin antibiotic,
PA1  8 to 4 percent of lactose,
PA1  5 to 2 percent of ultraamylopectin, and
PA1  2 to 1 percent of magnesium stearate.
NUM  4.
PAR  4. A preparation as in claim 1 consisting essentially of
PA1  85 to 95 percent of a cephalosporin antibiotic,
PA1  8 to 2.6 percent of starch,
PA1  5 to 2 percent of talc, and
PA1  2 to 0.4 percent of magnesium stearate.
NUM  5.
PAR  5. A preparation as in claim 1 wherein said cephalosporin antibiotic is
      cephalexin.
NUM  6.
PAR  6. As a dosage unit form for oral administration, a compressed tablet
      comprising from 0.25 g to 3 g of the preparation as in claim 1.
NUM  7.
PAR  7. The method of making a dosage unit form for oral administration which
      comprises compressing from 0.25 to 3 g of the preparation as in claim 1
      into tablet form.
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ABST
PAL  Penicillin esters of the formula
      ##EQU1##
      wherein R.sup.1 is alkyl containing from one to eight carbon atoms,
      phenyl, thienyl, furyl, or phenyl substituted with one or more members of
      the group consisting of halogen, hydroxy, and amino, R.sup.2 is selected
      from the group consisting of --SO.sub.3 H, tetrazolyl, --NHSO.sub.2
      R.sup.4,
      ##EQU2##
      and AND WHEREIN R.sup.3 is selected from the group consisting of
      ##EQU3##
      The radicals R.sup.4 -R.sup.10, X.sup.1 and X.sub.2 are defined in the
      specification. The esters are well resorbed at oral administration.
BSUM
PAR  The present invention relates to new penicillin and methods for their
      preparation. The invention also relates to the preparation of
      pharmaceutical preparations containing the penicillins and to methods for
      the pharmacological use of the penicillins.
PAR  More precisely this invention relates to mono esters of penicillins of the
      general formula:
      ##EQU4##
      and therapeutically acceptable salts, in which formula
PAR  R.sup.1 is selected from the group consisting of alkyl groups containing
      from one to eight carbon atoms, phenyl, thienyl such as 2-thienyl and
      3-thienyl, furyl such as 2-furyl 3-furyl, and phenyl substituted with one
      or more members of the group consisting of halogen, hydroxy and amino;
PAR  R.sup.2 is selected from the group consisting of
EQU  --SO.sub.3 H,
      ##EQU5##
EQU  --NHSO.sub.2 R.sup.4,      and
      ##EQU6##
      in which radicals
PAR  R.sup.4 is selected from the group consisting of hydroxy, benzyl, and
      benzyl substituted with one or more halogen;
PAR  R.sup.5 is selected from the group consisting of hydrogen, alkyl groups
      containing from one to six carbon atoms, phenyl, and benzyl;
PAR  R.sup.6 is selected from the group consisting of --O--R.sup.5, wherein
      R.sup.5 has the meaning specified above, alkyl groups containing from one
      to six carbon atoms, phenyl and benzyl;
PAR  R.sup.7 is selected from the group consisting of alkyl groups containing
      from one to eight carbon atoms, alkenyl groups containing from two to
      eight carbon atoms, aryl, aralkyl, and heterocyclic groups, whereby the
      alkyl, alkenyl, aryl, aralkyl and heterocyclic groups may be substituted
      with one or more members of the group consisting of halogen, alkyl groups
      containing from one to three carbon atoms, alkoxy groups containing from
      one to three carbon atoms, and nitro;
PAR  R.sup.8 is selected from the group consisting of hydrogen and alkyl groups
      containing from one to six carbon atoms; and X.sup.1 is selected from the
      group consisting of --O-- and --NH--; and
PAR  R.sup.3 is selected from the group consisting of
      ##EQU7##
      and
      ##EQU8##
      in which formulas
PAR  X.sup.2 is selected from the group consisting of --NH-- and --O--;
PAR  R.sup.9 is selected from the group consisting of H, --CH.sub.3 and
      --C.sub.2 H.sub.5 ;
PAR  R.sup.10 is selected from the group consisting of alkyl groups containing
      from one to eight carbon atoms, cycloalkyl groups containing from three to
      seven carbon atoms, aryl, aralkyl, and heterocyclic groups whereby the
      alkyl, cycloalkyl, aryl, aralkyl and heterocyclic groups may be
      unsubstituted or substituted with one or more groups selected from the
      class consisting of amino groups, substituted amino groups such as
      methylamino, diethylamino or acetamido groups, nitro, azido, alkoxy groups
      containing from one to four carbon atoms, and aralkoxycarbonylamino
      groups.
PAR  Illustrative examples of radicals included in the definitions given above
      are:
PA1  alkyl: methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl, hexyl,
      heptyl, octyl, 2-ethyl-hexyl
PA1  cycloalkyl: cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl
PA1  alkoxy: methoxy, ethoxy, propyloxy, isopropyloxy, butoxy, isobutoxy
PA1  halogen: F, Cl, Br
PA1  alkenyl: allyl, propenyl
PA1  aryl: phenyl, naphtylmethyl
PA1  aralkyl: benzyl, naphtylmethyl
PA1  heterocyclic groups:
      ##SPC1##
PAR  The above illustrative examples of radicals illustrate, where applicable,
      all the radicals R.sup.1 -R.sup.10 to the extent of the definition given
      to each radical and within the boundaries with regard to number of carbon
      atoms which may be prescribed for each radical. The compounds of the
      invention are of value in the treatment of infectious diseases in man or
      animals caused by bacterial organisms. They may be isolated and used as
      such but also, depending on the presence of basic or acidic groups in the
      molecule, in the form of salts with pharmaceutically acceptable organic or
      inorganic acids or bases. Examples of suitable acids are hydrochloric
      acid, hydrobromic acid, sulphuric acid, phosphoric acid, acetic acid,
      tartaric acid, citric acid, and fumaric acid. Examples of suitable bases
      are sodium hydroxide, potassium hydroxide, calcium hydroxide, aluminium
      hydroxide, ammonium hydroxide, non-toxic amines as trialkylamines,
      including triethylamine, procaine, dibenzylamine,
      N-benzyl-beta-phenethylamine, 1-ephanamine, N,N.sup.1
      -dibenzylethylenediamine, dehydroabiethylamino, N,N.sup.1
      -bis-dehydroabietylethylenediamine, N-(lower)-alkylpiperidine (e.g
      N-ethyl-piperidine) and other bases which have been used for the
      preparation of salts with penicillins.
PAR  The side chain of the penicillin structure in formula I contains an
      asymmetric carbon atom in the .alpha.-position. Depending on the
      configuration around this carbon atom the compound will occur in two
      different diastereoisomeric forms which are both biologically active.
      Likewise the ester groups may contain asymmetric atoms, e.g. when R.sup.9
      = CH.sub.3 or C.sub.2 H.sub.5, giving rise to different diasteroisomeric
      forms which also all are biologically active. It is to be understood that
      the invention comprises the pure diasteroisomers as well as mixtures of
      them.
PAR  It is known that penicillins of the general structure (IA):
      ##EQU9##
      or salts thereof, where R.sup.1 and R.sup.2 are as defined above, have
      good antibacterial activity against grampositive and gramnegative
      bacteria, including Pseudomonas aeruginosa (Neth. Pat. No. 69 016 46;
      Neth. Pat. No. 68 18 057; Neth. Pat. No. 69 08 909; U.S. Pat. No. 34 81
      922; U.S. Pat. No. 3 479 339; U.S. Pat. No. 3 483 188; U.S. Pat. No. 3 579
      501;  Swed. Pat. Appl. No. 6667/71; 6668/71.)
PAR  Compounds of the general formula IA are, however, poorly absorbed when
      administered orally and the compounds have in general to be given by
      injection. It is one purpose of the present invention to provide esters of
      these compounds, which are well absorbed orally and then hydrolysed within
      the body to give blood and organ levels of the compounds of the general
      formula IA that are adequate for the treatment of infectious diseases,
      caused by bacteria sensitive to penicillins of the general formula IA. To
      achieve the full antibacterial activity of the penicillins with general
      formula IA it is necessary to choose such ester groups that are rapidly
      hydrolysed in vivo under release of the penicillins with the general
      formula IA. It is an essential feature of the present invention to provide
      such ester groups that are rapidly hydrolysed in the body after oral
      absorption.
PAR  Said compounds having the formula I are well tolerated, give low frequency
      of side-effects and may readily be used in pharmaceutical preparations,
      either as such or in the form of their salts, and they can be intermixed
      with solid carriers or adjuvants or both. In such preparations the ratio
      between the therapeutic substance and the carriers and adjuvants may vary
      between 1 % and 95 %. The preparation may either be processed to for
      instance tablets, pills or dragees or can be supplied to medical
      containers, such as capsules or as regards mixtures they can be filled on
      bottles. Pharmaceutically acceptable, organic or inorganic, solid or
      liquid carriers may be used, suitably for oral or enteral administration
      or for topical application, in manufacturing the preparations. Gelatine,
      lactose, starch, magnesium stearate, talc, vegetabilic and animalic fats
      and oils, vegetabilic rubber and polyalkylene glycol and other known
      carriers for pharmaceuticals are all suitable for manufacturing
      preparations of said compounds. The preferred salt of the compounds of the
      invention is the hydrochloride, but salts with other inorganic or organic
      acids, also antibiotically active acids, may be used, for instance
      phosphates, acetates or salts with phenoxymethylpenicillin. Moreover the
      preparation may contain other pharmaceutical active components, being
      suitably administratable together with the compounds of the invention when
      treating infectious diseases. For instance other suitable antibiotical
      substances, e.g. gentamycin and polymyxin.
PAR  In the treatment of bacterial infections in man, the compounds of the
      invention are for example administered in amounts corresponding to 5 to
      100 mg/kg/day, preferably in the range of 10 to 100 mg/kg/day in divided
      dosages, e.g. two, three or four times a day. They are administered in
      dosage units containing e.g. 175, 350, 500 and 1,000 mg of the compounds.
PAR  Suitable and preferred classes of the compounds of the invention are
      obtained by selecting in the compounds of formula I, R.sup.1 from a group
      of phenyl, 2- or 3-thienyl or 2- or 3-furyl, R.sup.2 from a group
      consisting of SO.sub.3 H, 5-tetrazolyl, benzylsulphonylamino,
      hydroxysulphonylamino, methoxy (hydroxy) phosphinylamino, hydroxy (phenyl)
      phosphinylamino, hydroxy (pentyl) phosphinylamino, (lower) acylureido,
      benzoylureido, guanylureido, 2- or 3-furoylureido, 2- or 3-thineylureido,
      and R.sup.3 from a group consisting of lower alkoxycarbonyloxymethyl,
      1'-lower alkoxycarbonyloxy-ethyl, 1'-lower alkoxycarbonyloxy-propyl, lower
      alkoxycarbonylaminomethyl, 1'-lower alkoxycarbonylamino-ethyl, 1'-lower
      alkoxycarbonylamino-propyl, 1'-lower acyloxy-ethyl, 1'-lower
      acyloxy-propyl, phenoxycarbonyloxymethyl, 5-indanyloxycarbonyloxymethyl,
      1'-phenoxycarbonyloxy-ethyl, 1'-(5-indanyloxy)carbonyloxy-ethyl,
      1'-benzoyloxy-ethyl, 1'-benzoyloxy-propyl.
PAR  Still further classes of preferred compounds are obtained by substituting
      the acyloxy moieties or the alkoxycarbonyloxy, the acyloxycarbonyloxy-,
      the alkyloxycarbonylamino or the acyloxycarbonylamino groups in R.sup.1
      and R.sup.2 with amino, methylamino or di(lower)alkyl groups.
PAR  Examples of suitable and preferred compounds of the invention are given in
      Table 1 below.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Examples of preferred compounds according to the invention                

                             R.sub.1 --CH--CONH--apa--COOR.sub.3               

                             .vertline.                                        

                             R.sub.2                                           

     R.sub.1         R.sub.2                  R.sub.3                          

     __________________________________________________________________________

                                            C.sub.2 H.sub.5                    

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --SO.sub.3 H             --CH--O--C--CH.sub.3               

                                            .parallel.                         

                                            O                                  

                                            CH.sub.3                           

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --C----NH                --CH--O--C                         

                   .parallel..vertline.     .parallel.                         

                   NN                       O                                  

                   .angle.                                                     

                   N                                                           

                                            C.sub.2 H.sub.5                    

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--SO.sub.2 CH.sub.2 C.sub.6 H.sub.5                     

                                            --CH--O--C                         

                                            .parallel.                         

                                            O                                  

                                            CH.sub.3                           

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--SO.sub.2 --CH.sub.2 --C.sub.6 H.sub.5                 

                                            --CH--O--C--CH                     

                                            .parallel.                         

                                            O                                  

                                            C.sub.2 H.sub.5                    

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--SO.sub.2 --CH.sub.2                                   

                                            --CH--O--C--CH.sub.2               

                                            .parallel.                         

                                            O                                  

                   O                                                           

                   .parallel.                                                  

     C.sub.6 H.sub.5 --                                                        

                   --NH--P--C.sub.6 H.sub.5 --CH.sub.2 --O--C--O--CH.sub.3     

                   .vertline.               .parallel.                         

                   OH                       O                                  

                   O                                                           

                   .parallel.                                                  

     C.sub.6 H.sub.5 --                                                        

                   --NH--P--OCH.sub.3       --CH.sub.2 --O--C--O--C.sub.2      

                                            H.sub.5                            

                   .vertline.               .parallel.                         

                   OH                       O                                  

                   O                        CH.sub.3                           

                   .parallel.               .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--P--O               --CH.sub.2 --O--C--O--CH.sub.2     

                                            --CH--CH.sub.3                     

                   .vertline.               .parallel..vertline.               

                   C.sub.2 H.sub.5          OCH.sub.3                          

                   O                                                           

                   .parallel.                                                  

     C.sub.6 H.sub.5 --                                                        

                   --NH--P--O--CH.sub.2     --CH.sub.2 --O--C--O               

                   .vertline.               .parallel.                         

                                            O                                  

                   O                        CH.sub.3                           

                   .parallel.               .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--P--O               --CH--O--C--O--CH.sub.2            

                   .vertline.               .parallel.                         

                   .vertline.               O                                  

                   CH.sub.2                                                    

                   O                        CH.sub.3                           

                   .parallel.               .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--P--O--CH.sub.2     --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --NH--CH.sub.3                     

                   .vertline.               .parallel.                         

                   O                        O                                  

                                            CH.sub.3                           

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--CH.sub.3 --CH--O--C--O--CH.sub.3            

                   .parallel..parallel.     .parallel.                         

                   OO                       O                                  

                                            CH.sub.3                           

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--C.sub.2 H.sub.5                             

                                            --CH--O--C--O                      

                   .parallel..parallel.     .parallel.                         

                   OO                       O                                  

                                            C.sub.2 H.sub.5                    

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--CH.sub.3 --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --NH.sub.2                         

                   .parallel..parallel.     .parallel.                         

                   OO                       O                                  

                                            C.sub.2 H.sub.5                    

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--C.sub.2 H.sub.5                             

                                            --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --O--CH.sub.3                      

                   .parallel..parallel.     .parallel.                         

                   OO                       O                                  

                                            CH.sub.3                           

                   CH.sub.3                 .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--CH.angle.                                   

                                            --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --OCH.sub.3                        

                   .parallel..parallel.CH.sub.3                                

                                            .parallel.                         

                   OO                       O                                  

                                            CH.sub.3 O                         

                                            .vertline..parallel.               

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--CH.sub.2 --CH=CH.sub.2                      

                                            --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --NH--C--CH.sub.3                  

                   .parallel..parallel.     .parallel.                         

                   OO                       O                                  

                                            CH.sub.3 CH.sub.3                  

                                            .vertline..vertline.               

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C           --CH--O--C--O--CH.sub.2 CH.sub.2   

                                            --NH                               

                   .parallel..parallel.     .parallel.                         

                   OO                       O                                  

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--CH.sub.2 --CH.sub.2 --O--C--O--CH.sub.2     

                                            --CH.sub.2 --N.sub.3               

                   .parallel..parallel.     .parallel.                         

                   OO                       O                                  

                                            CH.sub.3                           

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C           --CH--O--C--O                      

                   .parallel..parallel.     .parallel.                         

                   OO                       O                                  

                   OO                       O                                  

                   .parallel..parallel.     .parallel.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--         --CH.sub.2 --O--C--O--CH.sub.2     

                                            --CH.sub.2 --NH--C--CH.sub.3       

                                            .parallel.                         

                                            O                                  

                   OO                       CH.sub.2                           

                   .parallel..parallel.     .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--CH.sub.2 --CH--O--C--O--CH.sub.2 --CH=CH.sub

                                            .2                                 

                                            .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C           --CH--O--C--O                      

                                            .parallel.                         

                                            O                                  

                   OOCH.sub.3               CH.sub.3                           

                   .parallel..parallel..vertline.                              

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--CH--C--CH.sub.3                             

                                            --CH--O--C--O                      

                   .vertline.               .parallel.                         

                   CH.sub.3                  O                                 

                   OO                                                          

                   .parallel..parallel.                                        

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C           --CH.sub.2 --O--C--O               

                                            .parallel.                         

                                            O                                  

                   OO                                                          

                   .parallel..parallel.                                        

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C           --CH.sub.2 --NH--C--O--C.sub.2     

                                            H.sub.5                            

                                            .parallel.                         

                                            O                                  

                   ONH                      CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--NH.sub.2 --CH--NH--C--O--CH.sub.2           

                                            .parallel.                         

                                            O                                  

                   OO                                                          

                   .parallel..parallel.                                        

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--NHCH.sub.3                                  

                                            --CH.sub.2 --NH--C--O              

                                            .parallel.                         

                                            O                                  

                   ONH                      CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH-- C--NH--C.sub.2 H.sub.5                        

                                            --CH--O--C--O                      

                                            .parallel.                         

                                            O                                  

                   OO                                                          

                   .parallel..parallel.                                        

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--NH--C.sub.3 H.sub.7                         

                                            --CH.sub.2 --O--C--O--CH.sub.2     

                                            .parallel.                         

                                            O                                  

     C.sub.6 H.sub.5 --                                                        

                   --SO.sub.3 H             --CH.sub.2 --O--C--O               

                                            .parallel.                         

                                            O                                  

     C.sub.6 H.sub.5 --                                                        

                   --SO.sub.3 H             --CH.sub.2 --NH--C--OC.sub.2       

                                            H.sub.5                            

                                            .vertline.                         

                                            O                                  

                                            CH.sub.3                           

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --SO.sub.3 H             --CH--O--C--O--CH.sub.2            

                                            .parallel.                         

                                            O                                  

                                            Me                                 

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --C----NH                --CH.sub.2 --O--C--O--CH.sub.2     

                                            --C--Me                            

                   .parallel..vertline.     .parallel. .vertline.              

                   NN                       OMe                                

                   .angle.                                                     

                   N                                                           

                                            CH.sub.3                           

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --C----NH                --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --NH--CH.sub.3                     

                   .parallel..vertline.     .parallel.                         

                   NN                       O                                  

                   N                                                           

     C.sub.6 H.sub.5 --                                                        

                   --C----NH                --CH.sub.2 --NH--C--OC.sub.2       

                                            H.sub.5                            

                   .parallel..vertline.     .parallel.                         

                   NN                       O                                  

                   .angle.                                                     

                   N                                                           

     C.sub.6 H.sub.5 --                                                        

                   --NH--SO.sub.2 --CH.sub.2                                   

                                            --CH.sub.2 --O--C--O--CH.sub.3     

                                            .parallel.                         

                                            O                                  

                                            O                                  

                                            .parallel.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--SO.sub.2 --CH.sub.2                                   

                                            --CH.sub.2 --O--C--O--CH.sub.2     

                                            --CH.sub.2 --NH--C--CH.sub.3       

                                            .parallel.                         

                                            O                                  

                                            CH.sub.3                           

                                            .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--SO.sub.2 --CH.sub.2                                   

                                            --CH--O--C--O                      

                                            .parallel.                         

                                            O                                  

                   O                                                           

                   .parallel.                                                  

     C.sub.6 H.sub.5 --                                                        

                   --NH--P                  --CH.sub.2 --O--C--O               

                   .vertline.               .parallel.                         

                   OH                       O                                  

                   O                        CH.sub.3                           

                   .parallel.               .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--P--OCH.sub.3       --CH--O--C--O--CH.sub.2 --CH=CH.sub

                                            .2                                 

                   .vertline.               .parallel.                         

                   OH                       O                                  

                   O                        CH.sub.3                           

                   .vertline.               .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--P--O               --CH--O--C--O                      

                   .vertline.               .parallel.                         

                   C.sub.2 H.sub.5          O                                  

                   OO                                                          

                   .parallel..parallel.                                        

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--CH.sub.3 --CH.sub.2 --O--C--O--C.sub.2      

                                            H.sub.5                            

                                            .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C           --CH--O--C                         

                                            .parallel.                         

                                            O                                  

                   OO                                                          

                   .parallel..parallel.                                        

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--CH.sub.2 --CH=CH.sub.2                      

                                            --CH.sub.2 --NH--C--O              

                                            .parallel.                         

                                            O                                  

                                            CH.sub.3                           

                                            .vertline.                         

     H.sub.2 N     SO.sub.3 H               --CH--O--CO                        

                                            C.sub.2 H.sub.5                    

                                            .vertline.                         

     H.sub.2 N     --NH--SO.sub.2 CH.sub.2  --CH--O--C--CH.sub.2               

                                            .parallel.                         

                                            O                                  

                   O                                                           

                   .parallel.                                                  

     H.sub.2 N     --NH--P--OH              --CH.sub.2 --O--C--O--CH.sub.3     

                   .vertline.               .parallel.                         

                   C.sub.6 H.sub.5          O                                  

                   O                                                           

                   .parallel.                                                  

     H.sub.2 N     --NH--P--O--CH.sub.2     --CH.sub.2 -- O--C--O--C.sub.2     

                                            H.sub.5                            

                   .vertline.               .parallel.                         

                   .vertline.               O                                  

                   O                                                           

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

     H.sub.2 N     --NH--C--NH--C--CH.sub.3 --CH--O--C--O--CH.sub.2            

                                            .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C           --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --O--CH.sub.3                      

                                            .parallel.                         

                                            O                                  

                   OO                                                          

                   .vertline..parallel.                                        

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--CH.sub.2 --                                 

                                            --CH.sub.2 --O--C--O               

                                            .parallel.                         

                                            O                                  

                   OO                       C.sub.2 H.sub.5                    

                   .parallel..parallel.     .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C           --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            -- OCH.sub.3                       

                                            .parallel.                         

                                            O                                  

                   ONH                      CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C--NH.sub.2 --CH--O--C--O                      

                                            .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

     C.sub.6 H.sub.5 --                                                        

                   --NH--C--NH--C           --CH--O--C--O--CH.sub.2            

                                            .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

     H.sub.2 N--   --NH--C--NH--C--CH.sub.3 --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --OCH.sub.3                        

                                            .parallel.                         

                                            O                                  

                   OO                                                          

                   .parallel..parallel.CH.sub.3                                

     H.sub.2 N--   --NH--C--NH--C--CH.angle.                                   

                                            --CH.sub.2 --O--C--O               

                   CH.sub.3                 .parallel.                         

                                            O                                  

                    OO                      CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

     H.sub.2 N     --NH--C--NH--C           --CH--O--C--O                      

                                            .parallel.                         

                                            O                                  

                   ONH                      CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

     H.sub.2 N     --NH--C--NH--C--NH.sub.2 --CH--O--C--O                      

                                            .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.CH.sub.3                                

                                            .vertline.                         

     H.sub.2 N     --NH--C--NH--C--NH--CH.angle.                               

                                            --CH--O--C--O--CH.sub.2 --CH=CH.sub

                                            .2                                 

                   CH.sub.3                 .parallel.                         

                                            O                                  

                                            CH.sub.3                           

                                            .vertline.                         

     NH.sub.2      --C----NH                --CH--O--CO--CH.sub.3              

                   .parallel..vertline.                                        

                   NN                                                          

                   .angle.                                                     

                   N                                                           

                                            C.sub.2 H.sub.5                    

                                            .vertline.                         

     NH.sub.2      --NH--SO.sub.2 --CH.sub.2                                   

                                            --CH--O--CO--CH.sub.2              

                   O                                                           

                   .parallel.                                                  

     NH.sub.2      --NH--P--OCH.sub.3       --CH.sub.2 --O--C--OC.sub.2        

                                            H.sub.5                            

                   .vertline.               .parallel.                         

                   OH                       O                                  

                   O                        CH.sub.3                           

                   .parallel.               .vertline.                         

     NH.sub.2      --NH--P--O               --CH--O--C--O--CH.sub.2            

                   .vertline.               .parallel.                         

                   CH.sub.2 --C.sub.6 H.sub.5                                  

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

     NH.sub.2      --NH--C--NH--C--CH.sub.3 --CH--O--C--O--CH.sub.2            

                                            .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

     NH.sub.2      --NH--C--NH--C--CH.sub.3 --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --O CH.sub.3                       

                                            .parallel.                         

                                            O                                  

                   OO                                                          

                   .parallel..parallel.                                        

     NH.sub.2      --NH--C--NH--C--CH.sub.2 --CH.sub.2 --O--C--O               

                                            .parallel.                         

                                            O                                  

                   OOMe                     CH.sub.3                           

                   .parallel..parallel..vertline.                              

                                            .vertline.                         

     NH.sub.2      --NH--C--NH--C--C--Me    --CH--O--C--O--CH.sub.2 --CH=CH.sub

                                            .2                                 

                   .vertline.               .parallel.                         

                   Me                       O                                  

                   ONH                                                         

                   .parallel..parallel.                                        

     NH.sub.2      --NH--C--NH--C--NH.sub.2 --CH.sub.2 --O--C--O               

                                            .parallel.                         

                                            O                                  

                   OO                                                          

                   .parallel..parallel.                                        

     NH.sub.2      -- NH--C--NH--C--NH--CH.sub.3                               

                                            --CH.sub.2 --O--C--O               

                                            .parallel.                         

                                            O                                  

                                            C.sub.2 H.sub.5                    

                                            .vertline.                         

                   --NH--SO.sub.2 --CH      --CH--O--CO                        

                   O                        CH.sub.3                           

                   .parallel.               .vertline.                         

                   --NH--P--O               --CH--O--C--O--C.sub.2 H.sub.5     

                   .vertline.               .parallel.                         

                   C.sub.2 H.sub.5          O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.CH.sub.3                                

                                            .vertline.                         

                   --NH--C--NH--C--CH.angle.                                   

                                            --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --O--CH.sub.3                      

                   CH.sub.3                 .parallel.                         

                                            O                                  

                   OO                       O                                  

                   .parallel..parallel.     .parallel.                         

                   --NH--C--NH--C           --CH.sub.2 --O--C--O--CH.sub.2     

                                            --CH.sub.2 --NH--C--CH.sub.3       

                                            .parallel.                         

                                            O                                  

                   OO                                                          

                    .parallel..parallel.                                       

                   --NH--C--NH--C--NH--CH.sub.3                                

                                            --CH.sub.2 --O--C--O--CH.sub.2     

                                            .parallel.                         

                                            O                                  

                   O                        CH.sub.3                           

                   .parallel.               .vertline.                         

                   --NH--P--O--CH.sub.2     --CH--O--CO--CH.sub.3              

                   O                        CH.sub.3                           

                   .parallel.               .vertline.                         

                   --NH--P--O               --CH--O--CO                        

                   .vertline.                                                  

                   CH.sub.2 --C.sub.6 H.sub.5                                  

                   O                                                           

                   .parallel.                                                  

                   --NH--P--O--CH.sub.2     --CH.sub.2 --O--C--O--CH.sub.3     

                   .vertline.               .parallel.                         

                   .vertline.               O                                  

                   O                                                           

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

                   --NH--C--NH--C--CH.sub.3 --CH--O--C--OC.sub.2 H.sub.5       

                                            .parallel.                         

                                            O                                  

                   OO                       Me                                 

                   .parallel..parallel.      .vertline.                        

                   --NH--C--NH--COCH.sub.3  --CH.sub.2 --O--C--O--CH.sub.2     

                                            --C--Me                            

                                            .parallel..vertline.               

                                            OMe                                

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

                   --NH--C--NH--C--CH.sub.3 --CH--O--C--O--CH.sub.2            

                                            .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.CH.sub.3                                

                                            .vertline.                         

                   --NH--C--NH--C--CH.angle.                                   

                                            --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --NH--CH.sub.3                     

                   CH.sub.3                 .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

                   --NH--C--NH--C--CH.sub.2 --CH=CH.sub.2                      

                                            --CH--O--C--O--CH.sub.2            

                                            .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

                   --NH-- C--NH--C          --CH--O--C--O                      

                                            .parallel.                         

                                            O                                  

                   OO                       C.sub.2 H.sub.5                    

                   .parallel..parallel.     .vertline.                         

                   --NH--C--NH--C--CH.sub.2 --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --O--CH.sub.3                      

                                            .parallel.                         

                                            O                                  

                   OO                                                          

                   .parallel..parallel.                                        

                   --NH--C--NH--C--CH.sub.2 --CH.sub.2 --O--C--O               

                                            .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

                   --NH--C--NH--C           --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --CH.sub.3                         

                                            .parallel.                         

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

                   --NH--C--NH--C           --CH--O--C--O                      

                                            .parallel.                         

                                            O                                  

                   ONH                                                         

                   .parallel..vertline.                                        

                   --NH--C--NH--C--NH.sub.2 -- CH.sub.2 --NH--C--O             

                                            .parallel.                         

                                            O                                  

                   ONH                                                         

                   .parallel..parallel.                                        

                   --NH--C--NH--C--NH--C.sub.2 H.sub.5                         

                                            --CH.sub.2 --O--C--O--CH.sub.2     

                                            .parallel.                         

                                            O                                  

                                            CH.sub.3                           

                                            .vertline.                         

                   --NH--SO.sub.2 --CH.sub.2                                   

                                            --CH--O--C--OC.sub.2 H.sub.5       

                                            .parallel.                         

                                            O                                  

                   O                        CH.sub.3                           

                   .parallel.               .vertline.                         

                   --NH--P--O--CH.sub.2     --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --NH--CH.sub.3                     

                   .vertline.               .parallel.                         

                   O                        O                                  

                   OO                                                          

                   .parallel..parallel.                                        

                   --NH--C--NH--C--CH.sub.3 --CH.sub.2 --O--C--O--             

                                            .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

                   --NH--C--NH--C-- CH.sub.2                                   

                                            --CH--O--C--O                      

                                            .parallel.                         

                                            O                                  

                   NH                                                          

                   .parallel.                                                  

                   --NH--CO--NH--C--NH.sub.2                                   

                                            --CH.sub.2 --NH--C--O              

                                            .parallel.                         

                                            O                                  

                                            CH.sub.3                           

                                            .vertline.                         

                   --SO.sub.3 H             --CH--O--C--O--C.sub.2 H.sub.5     

                                            .parallel.                         

                                            O                                  

                                            CH.sub.3                           

                                            .vertline.                         

                   --NH--SO.sub.2 --CH.sub.2                                   

                                            --CH--O--C--O                      

                                            .parallel.                         

                                            O                                  

                   O                                                           

                   .parallel.                                                  

                   --NH--P--OCH.sub.3       --CH.sub.2 --O--C--O               

                   .vertline.               .parallel.                         

                   OH                       O                                  

                   OO                                                          

                   .parallel..parallel.                                        

                   --NH--C--NH--C--CH.sub.3 --CH.sub.2 --NH--C--OC.sub.2       

                                            H.sub.5                            

                                            .parallel.                         

                                            O                                  

                   NH                                                          

                   .parallel.                                                  

                   --NH--CO--NH--C-- NH--C.sub.4 H.sub.9                       

                                            --CH.sub.2 --O--C--O--CH.sub.2     

                                            .parallel.                         

                                            O                                  

                                            CH.sub.3                           

                                            .vertline.                         

                   --SO.sub.3 H             --CH--O--C--O--C.sub.2 H.sub.5     

                                            .parallel.                         

                                            O                                  

                   --C----NH                --CH.sub.2 --O--C--O               

                   .parallel..vertline.     .parallel.                         

                   NN                       O                                  

                   .angle.                                                     

                   N                                                           

                                            C.sub.2 H.sub.5                    

                                            .vertline.                         

                   --NH--SO.sub.2 --CH.sub.2                                   

                                            --CH--O--C--O--CH.sub.2 CH.sub.2   

                                            NHCH.sub.3                         

                                            .parallel.                         

                                            O                                  

                   O                        CH.sub.3                           

                   .parallel.               .vertline.                         

                   --NH--P                  --CH--O--C                         

                   .vertline.               .parallel.                         

                   OH                       O                                  

                   O                        C.sub.2 H.sub.5                    

                   .parallel.               .vertline.                         

                   --NH--P--OCH.sub.3       --CH--O--C--CH.sub.2               

                   .vertline.                .parallel.                        

                   O--CH.sub.2              O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

                   --NH--C--NH--C--CH.sub.3 --CH--O--C--O                      

                                            .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

                   --NH--C--NH--C--CH.sub.3 --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --CH.sub.3                         

                                            .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

                   --NH--C--NH--C--CH.sub.2 --CH--O--C--O                      

                                            .parallel.                         

                                            O                                  

                   OOCH.sub.3                                                  

                   .parallel..parallel..vertline.                              

                   --NH--C--NH--C--C--CH.sub.3                                 

                                            --CH.sub.2 --NH--C--OC.sub.2       

                                            H.sub.5                            

                   .vertline.               .parallel.                         

                   CH.sub.3                 O                                  

                   NH                       CH.sub.3                           

                   .parallel.               .vertline.                         

                   --NH--CO--NH-- C--NH.sub.2                                  

                                            --CH--O--C--O                      

                                            .parallel.                         

                                            O                                  

                                            O                                  

                                            .parallel.                         

                   --SO.sub.3 H             --CH.sub.2 --O--C--CH.sub.3        

                                            CH.sub.3 O                         

                                            .vertline..parallel.               

                   --NH--SO.sub.2 --CH.sub.2                                   

                                            --CH--O--C--O                      

                   O                        C.sub.2 H.sub.5                    

                   .parallel.               .vertline.                         

                   --NH--P--                --CH--O--C--O--CH.sub.2 --CH.sub.2 

                                            --NH.sub.2                         

                   .vertline.               .parallel.                         

                   OH                       O                                  

                   OO                       O                                  

                   .parallel..parallel.CH.sub.3                                

                                            .parallel.                         

                   --NH--C--NH--C--CH.angle.                                   

                                            --CH.sub.2 --O--C--O--CH.sub.2     

                                            CH.sub.2 NH--C--CH.sub.3           

                   CH.sub.3                 .parallel.                         

                                            O                                  

                   OO                       CH.sub.3                           

                   .parallel..parallel.     .vertline.                         

                   --NH--C--NH--C--NH--CH.sub.3                                

                                            --CH--NH--C--O                     

                                            .parallel.                         

                                            O                                  

                                            CH.sub.3                           

                                            .vertline.                         

                   --C----NH                --CH--O--C--O--C.sub.2 H.sub.5     

                   .parallel..vertline.     .parallel.                         

                   NN                       O                                  

                   .angle.                                                     

                   N                                                           

                                            CH.sub.3                           

                                            .vertline.                         

                   --NH--SO.sub.2 --CH.sub.2                                   

                                            --CH--O--C                         

                                            .parallel.                         

                                            O                                  

                   O                                                           

                   .parallel.                                                  

                   --NH--P--CH.sub.2        --CH.sub.2 --O--C--O--CH.sub.2     

                   .vertline.               .parallel.                         

                   OH                       O                                  

                   OO                                                          

                   .parallel..parallel.                                        

                   --NH--C--NH--C--CH.sub.3 --CH.sub.2 --O--C--O               

                                            .parallel.                         

                                            O                                  

                   OO                       C.sub.2 H.sub.5                    

                   .parallel..parallel.     .vertline.                         

                   --NH--C--NH--C           --CH--O--C--O                      

                                            .parallel.                         

                                            O                                  

     __________________________________________________________________________

PAL  The compounds of the invention are prepared by different methods.
PAC  Method A
      ##EQU10##
PAR  According to this method an activated carboxylic acid derivative II where
      R.sup.1.sup.' is R.sup.1, defined above, or, when R.sup.1 contains an
      amino or hydroxy group, a protected derivative of R.sup.1, and
      R.sup.2.sup.' is either R.sup.2, defined above, or in case R.sup.2
      contains an amino or hydroxy group a protected derivative of R.sup.2, and
      COZ is a reactive group capable of reacting with an amino group under
      formation of an amide moiety, e.g. an acid chloride or its functional
      equivalent, is brought to react with an ester of 6- aminopenicillanic acid
      (III) where R.sup.3 is as defined above, under formation of a penicillin
      ester IV.
PAR  When R.sup.1.sup.' = R.sup.1 and R.sup.2.sup.' = R.sup.2 the product is a
      compound of the invention. When R.sup.1.sup.' or R.sup.2.sup.' contain
      amino or hydroxy groups that are protected, the protecting group is
      removed in at least one additional step to give the compounds of the
      general formula I. As protecting groups for the amino and hydroxy groups
      such protecting groups can be used that can be removed without destruction
      of the penicillin ring system. Such protecting groups known to the art are
      e.g. the benzyloxycarbonyl group which can be removed by catalytic
      hydrogenation, the o-nitrophenylsulfenyl group which can be removed by
      treatment with nucleophilic agents at acid pH (Jap. Pat. 505 176), the
      .alpha.-p-tolylsulphonyl-ethoxycarbonyl group which can be removed in
      basic agents such as sodium thiophenoxide, the
      .beta.-trichloroethoxycarbonyl group which can be removed with zink in
      acetic acid, and the 1-methoxycarbonylpropen-2-yl group which can be
      removed by mild acidic treatment, as protecting groups for the amino
      groups and e.g. the benzyl group, which can be removed by catalytic
      hydrogenation, as protecting group for the hydroxy group.
PAR  The reaction constitutes an acylation of an ester of 6-aminopenicillanic
      acid and can be performed in the manner described for acylation of other
      ester of 6-aminopenicillanic acid (e.g. in Fr. Pat. No. 1 576 027). The
      acylating group -CO-Z in the compound II may be an acid chloride group, or
      a group functioning in the same way, e.g. an acid bromide, an acid azide,
      an anhydride, a mixed anhydride formed with an inorganic acid or an
      organic acid and especially with an alkoxyformic acid.
PAR  The compound II may also be a derivative obtained by reaction between a
      carboxylic acid of the formula
      ##EQU11##
      wherein R.sup.1.sup.' and R.sup.2.sup.' have the meaning specified above,
      and a carbodiimide or other compounds functioning in the same way such as
      N,N.sup.1 -carbonyldiimidazole, N-ethyl-5-phenylisoxazolium-3'-sulphonate
      or N-tert.butyl-5-methylisoxazolium perchlorate.
PAR  The reaction can be performed in organic solvents like diethylether,
      tetrahydrofuran, acetone, ethyl acetate, chloroform, methylene chloride,
      dimethylformamide, dimethyl sulfoxide, or hexamethylphosphoramide, in
      water or in aqueous organic solvents in presence of organic or inorganic
      bases like triethylamine, quinoline, pyridine, N-methyl-morpholine, sodium
      hydroxide, sodium bicarbonate or potassium carbonate.
PAR  The compound of the general formula IV may be isolated by extraction from
      the reaction mixture, if necessary after dilution with water and
      neutralization.
PAR  The esters of 6-aminopenicillanic acid with the general structure III may
      be prepared by treatment of 6-APA with compounds R.sup.3 --Y (V) where
      R.sup.3 has the same meaning as above and Y is halogen or a functionally
      equivalent group capable of reacting with a carboxy group under formation
      of an ester linkage, such as a sulphonic acid residue. The reaction is
      preferably performed in organic solvents like dimethylformamide or
      dimethylsulphoxide. When R.sup.3 in the final product of formula I
      contains a primary amino group such a primary amino group may need to be
      protected by a suitable protecting group during the reaction between 6-APA
      and R.sup.3 --Y. Suitable protecting groups are for example the groups
      mentioned in connection with R.sup.1.sup.' and R.sup.2.sup.' above.
PAR  Alternatively 6-acylaminopenicillanic acids with acyl groups that can be
      removed without destruction of the penicillin ring system are treated with
      R.sup.3 --Y to give esters of the 6-acylamino penicillanic acids from
      which the acyl groups then are removed to give the esters of
      6-aminopenicillanic acid of the formula III. A preferred method consists
      of reacting a salt, e.g. the sodium or potassium salt of benzylpenicillin,
      with R.sup.3 --Y in an organic solvent like acetone, methylethylketone,
      chloroform, methylenechloride, dimethylformamide, dimethylsulphoxide or
      hexamethylphosphoramide or in a mixture of an organic solvent and water,
      e.g. aqueous acetone or dioxane, to give the corresponding ester of
      benzylpenicillin. The phenylacetyl side chain is then removed according to
      the method described in Neth. Pat. No. 6,401,421 or South African Pat. No.
      67/2927 by treatment with phosphorous pentachloride in presence of a
      tertiary organic base to give an imino chloride which is reacted with an
      alcohol like propanol to give the corresponding imino ether which is
      hydrolyzed by addition of water or alcoholized to give the ester III.
      Alternatively the phenylacetyl side chain may be removed by enzymatic
      hydrolysis using a E.coli acylase according to method described in French
      Pat. No. 1,576,027. The mixture obtained may if desired be used for direct
      acylation without isolating the 6-aminopenicillanic acid ester.
PAR  In still another method N-protected 6-aminopenicillanic acids are reacted
      with R.sup.3 --Y to give the corresponding ester from which the protecting
      groups are removed to give the compounds of the general formula III.
      Examples of protecting groups which can be used are the benzyloxycarbonyl
      group which is removed by catalytic hydrogenation, the
      o-nitro-phenylsulphenyl group which can be removed by treatment with
      nucleophilic agents at acid pH (Jap. Pat. No. 505,176) and the trityl
      group which can be removed by mild acid hydrolysis.
PAC  Method B
PAR  A natural penicillin of the formula
      ##EQU12##
      where RCO represents the acyl group in the side chain of the natural
      penicillin and M represents hydrogen or an alcali metal atom such as
      sodium, potassium, calcium, is esterified by reaction with a compound of
      the formula
EQU  R.sup.3 --Y                                                V
PAL  where R.sup.3 and Y have the meanings specified above, whereafter the ester
      of the formula
      ##EQU13##
      thus formed is reacted with a phosphorous halide in an inert solvent and
      suitably in presence of a tertiary amine to give an imino halide compound,
      which is reacted with a lower alcohol to give an iminoether derivative,
      which imino ether thereafter is reacted with a compound of the formula
      ##EQU14##
      wherein R.sup.1.sup.', R.sup.2.sup.' and Z have the meanings specified
      above, and the reaction product treated with water or an alcohol to give a
      compound of the formula
      ##EQU15##
      which compound thereafter is converted to a compound of the formula I as
      is described under A above. In this method the intermediate imino ether
      compound is directly acylated without isolation of any intermediate
      products.
PAR  The group RCO-- in the compound of the formula VI is an organic acyl group
      contained in known natural penicillins. Thus the group R may be an alkyl,
      cycloalkyl, aryl, aralkyl or heterocyclic group and derivatives thereof.
      Examples of suitable groups R are heptyl, phenoxymethyl, 2-thienylmethyl,
      2-furylmethyl, and benzyl. Examples of suitable phosphorous halides are
      phosphorous pentachloride, phosphorous pentabromide, phosphorous
      oxychloride, phosphorous trichloride, etc. Phosphorous pentachloride is
      preferred. Examples of suitable alcohols with which the imino halide may
      be treated are lower alkyl alcohols such as methanol, ethanol, and
      n-propanol.
PAC  Method C
      ##EQU16##
PAR  Penicillins with the formula V, where R.sup.1 and R.sup.2 are defined above
      are prepared by acylation of 6-aminopenicillanic acid according to known
      methods. Treatment of the penicillins with the formula VIII with a
      compound
EQU  R.sup.3 --Y                                                V
PAL  where R.sup.3 is as defined above and Y is halogen preferably chlorine,
      bromine or iodine or a functionally equivalent group capable of reacting
      with the carboxyl group in the compound of the formula IV under formation
      of an ester linkage, such as a sulphonic acid residue, gives the compounds
      of the invention (I).
PAR  The reaction is preferably performed with a salt, e.g. a sodium, potassium,
      calcium or a trialkylammmonium salt or a tetraalkyl-ammonium salt,
      preferably the tetrabutylammonium salt, of the compound VIII in an organic
      solvent like acetone, tetrahydrofurane, chloroform, methylene chloride,
      dimethylformamide, dimethylsulphoxide or hexamethylphosphoramide or in a
      mixture of water and an organic solvent, e.g. aqueous dioxane or acetone.
      When the reaction is carried out using a tetraalkylammonium salt, the
      solvent is preferably chloroform, methylenechloride or acetone.
PAR  D. for preparation of derivatives of .alpha.-aminopenicillins of the
      formula
      ##EQU17##
      wherein R.sup.1 and R.sup.3 have the meaning specified above and R.sup.11
      is a member of the group consisting of
      ##EQU18##
      wherein R.sup.15 is selected from the group consisting of benzyl and
      benzyl substituted with one or more halogen;
PAR  R.sup.12 is selected from the group consisting of alkyl groups containing
      from 1 to 6 carbon atoms, unsubstituted phenyl, and unsubstituted benzyl;
      and wherein R.sup.13 has the meaning specified above for R.sup.6 ;
      reacting a compound of the formula
      ##EQU19##
      wherein R.sup.1 and R.sup.3 have the meaning specified above, with a
      compound of the formula
EQU  R.sup.11 --Cl                                              XI
PAL  wherein R.sup.11 has the meaning specified above; whereafter R.sup.12 --O--
      and R.sup.13 if desired are converted to OH;
PAR  E. for preparation of compounds of the formula
      ##EQU20##
      wherein R.sup.1 and R.sup.3 have the meaning specified above and R.sup.14
      is
      ##EQU21##
      or
      ##EQU22##
      wherein X.sup.1, R.sup.7 and R.sup.8 have the meaning specified above;
      reacting a compound of the formula
      ##EQU23##
      wherein R.sup.1 and R.sup.3 have the meanings specified above, with a
      compound of the formula
EQU  R.sup.14 --N=C=O                                           XIII
PAR  F. for preparation of compounds of the formula
      ##EQU24##
      wherein R.sup.1, R.sup.3, R.sup.8, and X.sup.1 have the meanings specified
      above; reacting a compound of the formula
      ##EQU25##
      wherein R.sup.1 and R.sup.3 have the meanings specified above, with a
      carbamoylating agent obtained by treatment of a compound of the formula
      ##EQU26##
      wherein X.sup.1 and R.sup.8 have the meaning specified above with nitrous
      acid or a source thereof or an oxidizing agent such as iodine or
      equivalents thereof such as sodium hypochlorite or hypochlorous acid or
      chlorine.
PAR  G. for preparation of compounds of the formula
      ##EQU27##
      wherein R.sup.1 and R.sup.3 have the meaning specified above; reacting a
      compound of the formula
      ##EQU28##
      wherein R.sup.1 and R.sup.3 have the meaning specified above, with a
      sulphate-trioxidetri (lower) alkylamine complex such as trimethylamine
      complex;
PAR  whereafter the compound obtained, if desired, is converted into a
      therapeutically acceptable salt. The reaction D is carried out in organic
      solvents like diethyl ether, acetone, tetrahydrofuran, chlorofrom,
      methylene chloride, dimethylformamide, dimethylsulphoxide or
      hexamethylphosphoramide, or in water, or in mixtures of water and organic
      solvents, e.g. aqueous acetone or dioxane, if necessary in presence of
      acid binding agents like inorganic bases or tertiary organic bases.
PAR  The use described in Method C of tetraalkylammonium salts of a penicillin
      is not previously described in the penicillin literature. It is a new
      method of preparing penicillin ester. In this method the preferred
      tetraalkylammonium salt is the tetrabutylammonium salt, and the preferred
      solvents are chloroform, methylenechloride or acetone. Also 6-APA can be
      esterified in the same way using a tetraalkylammonium salt of 6-APA.
PAR  As described above the starting material may be in the form of a salt, for
      instance a sodium, potassium, calcium or trialkylammonium salt, in some of
      the ways for the preparation of the compounds of the invention.
PAR  In addition, tetraalkylammonium salts and other analogues salts such as
      salts where the cation has the formula
EQU  A.sup.1 A.sup.2 A.sup.3 A.sup.4 N.sup.+
PAL  in which formula A.sup.1 is selected from the group consisting of straight
      and branched alkyl groups containing from three to six carbon atoms,
      substituted and unsubstituted aryl, and substituted and unsubstituted
      aralkyl, and wherein A.sup.2, A.sup.3 and A.sup.4, which are the same or
      different, are selected from the group consisting of straight and branched
      alkyl groups containing from one to six carbon atoms, provided that
      A.sup.2, A.sup.3 and A.sup.4 are alkyl with 3-6 carbon atoms when A.sup.1
      is alkyl, may be used.
PAR  Illustrative examples of suitable combinations of A.sup.1, A.sup.2, A.sup.3
      and A.sup.4 in the quaternary ammonium ion A.sup.1 A.sup.2 A.sup.3 A.sup.4
      N.sup.+ are given below:
TBL                Table I                                                     

     ______________________________________                                    

     Examples of suitable combinations of the radicals                         

     A.sup.1 --A.sup.4 in the A.sup.1 A.sup.2 A.sup.3 A.sup.4 N.sup.+ ion      

     A.sup.1    A.sup.2    A.sup.3    A.sup.4                                  

     ______________________________________                                    

     n-propyl   n-propyl   n-propyl   n-propyl                                 

     i-propyl   i-propyl   i-propyl   i-propyl                                 

     n-butyl    n-butyl    n-butyl    n-butyl                                  

     i-butyl    i-butyl    i-butyl    i-butyl                                  

     n-pentyl   n-pentyl   n-pentyl   n-pentyl                                 

     n-hexyl    n-hexyl    n-hexyl    n-hexyl                                  

     phenyl     methyl     methyl     methyl                                   

     phenyl     ethyl      ethyl      ethyl                                    

     p-tolyl    ethyl      ethyl      ethyl                                    

     p-chlorophenyl                                                            

                ethyl      ethyl      ethyl                                    

     ______________________________________                                    

PAR  When the radicals A.sup.1 -A.sup.4 are all different the resulting ion
      contains an asymmetric centre and may occur in two enantiomeric forms.
      Epimeric forms can occur if A.sup.1, A.sup.2, A.sup.3 and/or A.sup.4
      contain one or more asymmetric carbon atoms.
PAR  Examples of quaternary ammonium ions containing an asymmetric centre are
      given in Table II below:
TBL                Table II                                                    

     ______________________________________                                    

     Examples of quaternary ammonium ion A.sup.1 A.sup.2 A.sup.3 A.sup.4       

     N.sup.+                                                                   

     containing an asymmetric centre                                           

     A.sup.1  A.sup.2     A.sup.3     A.sup.4                                  

     ______________________________________                                    

     benzyl   n-propyl    i-propyl    n-butyl                                  

     benzyl   n-propyl    i-propyl    sec.butyl                                

     benzyl   n-propyl    n-butyl     sec.butyl                                

     n-propyl n-propyl    n-butyl     sec.butyl                                

     n-propyl n-propyl    n-propyl    sec.butyl                                

     n-propyl n-propyl    n-propyl    sec.pentyl                               

     n-propyl n-propyl    n-propyl    sec-hexyl                                

     n-propyl n-propyl    n-butyl     sec.hexyl                                

     ______________________________________                                    

PAR  The use as described above of a quaternary salt form of the starting
      material for the preparation of the compounds of this invention is not
      previously described in the literature pertaining to this technical field.
      In this method the preferred cation is the tetraalkylammonium ion,
      particularly the tetrabutylammonium ion. The preferred solvents are
      chloroform, methylenechloride and acetone.
PAR  The quaternary ammonium salt form of the above described starting material
      may be prepared by reacting the starting material in question with a
      quaternary ammonium salt of the formula
EQU  A.sup.1 A.sup.2 A.sup.3 A.sup.4 N.sup.+ B.sup.-
PAL  wherein A.sup.1, A.sup.2, A.sup.3 and A.sup.4 have the meanings specified
      above and B is a suitable anion such as HSO.sub.4 .sup.-, Cl.sup.- or
      CH.sub.3 COO.sup.- to the formation of a quaternary salt of the starting
      material.
PAR  The salts of the formula above which contains B as the anion may be
      prepared in known manner analogous as described in for instance Belgian
      Pat. No. 751 791. The anion B.sup.- is in the preferred embodiment
      HSO.sub.4 .sup.-.
PAR  The following examples will further illustrate the invention.
PAC  EXAMPLE I
PAC  Preparation of 6-(D-.alpha.-Benzylsulfonylamino-phenylacetamido)
      penicillanic acid 3-(1'-ethoxycarbonyloxyethyl)ester
PAR  .alpha.-Chlorodiethylcarbonate (11.45 g, 75 mM) was added to a stirred and
      ice-cooled suspension of
      6-(D-.alpha.-benzylsylfonylamino-phenylacetamido)penicillanic acid sodium
      salt (13.15 g, 25 mM) and sodium bicarbonate (12.6 g, 150 mM) in 70 %
      dioxane (50 ml). Stirring was continued at room temperature for 62 hours.
      The solid material was filtered off and washed with dioxane (2 .times. 50
      ml). The filtrate was evaporated under reduced pressure, the residue was
      dissolved in ethylacetate (250 ml) and the mixture was washed successively
      with saturated sodium bicarbonate and sodium chloride solution. After
      drying, the organic phase was evaporated, and the residue, a heavy oil
      (4.85 g), was chromatographed on silica gel (100 g) column with
      isopropyl-ether-acetone (6:4) mixture. The desired product was isolated as
      a foam (1.37 g, 8,8 %) and it showed only one spot on TLC.
PAR  The IR spectrum (KBr disk) had absorption maximum (cm.sup.-.sup.1) at
      1780-1770 (.beta.-lactam and ester); 1690 (amide). The NMR spectrum in
      deuterochloroform showed absorptions at: 7.35 (s, C.sub.6 H.sub.5); 7.25
      (s, C.sub.6 H.sub.5); 6.70 (q, OCH(CH.sub.3)O); 5.90 (s, NH SO.sub.2);
      5.35 (s, 5-H - 6-H); 5.05 (s, COCHC.sub.6 H.sub.5); 4.35 (s, 3-H); 4.25 -
      4.00 (m, CH.sub.2 SO.sub.2, OCH.sub.2 CH.sub.3); 1.60 - 1,15 (m, gem
      CH.sub.3, OCH(CH.sub.3)O, OCH.sub.2 CH.sub.3.
PAR  Analysis: Calculated for C.sub.28 H.sub.33 N.sub.3 O.sub.9 S.sub.2
      (619,74): C 54.27; H 5.37; N, 6.78; O 23.23; S 10.35.
PAR  Found: C 54.70; H 5.43; N 6.65; O 23.02; S 9.92.
PAR  The degree of hydrolysis of all penicillin esters described herein was
      determined in Sorensen's buffer solution (B), in 50 % human serum (H) and
      in 5 % rat serum (R) in the presence of 10 % dimethylsulfoxide, the pH of
      each mixture being adjusted to 6,8. The mixtures were incubated at
      37.degree., samples being taken at different intervals. The concentration
      of the liberated free penicillin was measured by the microbiological
      cup-plate method and the values in per cent after three (B3 and H3) and
      one (R1) hours respectively are given. The stability in synthetic gastric
      acid (G) was established by treating the substance in gastric acid in the
      presence of 20 % dimethylsulfoxide at 37.degree. for 30 minutes and
      afterwards the pH was adjusted to 6,8 and the substance was treated with 5
      % rat serum at 37.degree. for 1 hour. The "G 0.5" values represent the
      remaining penicillin ester in per cent of the original amount. The degree
      of hydrolysis of the substance described in this example was: B3 = 7.4 %;
      H 3 = 23.3 %; R1 = 98.1; G 0.5 = 60.7 %.
PAR  In the same way the following esters were prepared:
PA1  6-(D-.alpha.-p-toluene sulfonylamino-phenyl acetamido)-
PA1  6-(D-.alpha.-p-chlorobensenesulfonylamino-phenyl acetamido)- and
PA1  6-(D-.alpha.-o-methoxybensenesulfonylamino-phenylacetamido) penicillanic
      acid 3-(1'-ethoxycarbonylethyl)esters.
PAC  EXAMPLE II
PAC  Preparation of
      6-(D-.alpha.-Benzylsulfonylamino-.alpha.-(3-thienylacetamido) penicillanic
      acid 3-(1'-ethoxycarbonyloxyethyl) ester
PAR  To a stirred and ice-cooled mixture of 6-aminopenicillanic acid
      (3-(1'-ethoxycarbonyloxyethyl)ester p-toluene sulfonate (5.1 g, 10 mM) and
      dry triethylamine (2.0 g, 20 mM) in dry chloroform (50 ml) was added
      dropwise .alpha.-benzylsulfonylaminothienyl acetyl chloride (3.3 g, 10
      mM). Stirring was continued for 1 hour. The organic phase was washed with
      0.05 N hydrochloric acid and water. After drying the organic phase was
      evaporated and the brown oil residue (5,4 g) was chromatographed on silica
      gel (100 g) column with isopropyletheracetone (6:4) mixture. The desired
      compound was isolated as a white foam (2,46 g, 39,2 %) from one of the
      middle fractions of the eluate and showed only one spot on TLC.
PAR  IR (KBr): 1770-1760 (.beta.-lactam and ester); 1680 (amide).
PAR  NMR (CDCl.sub.3): 7.40 - 7.15 (m, C.sub.6 H.sub.5, thienyl); 6.75 (q,
      OCH(CH.sub.3)O); 5.90 (s, NH SO.sub.2); 5.35 (s, 5-H - 6-H); 5.05 (s,
      COCH(NH)thienyl); 4.35 (s, 3-H); 4.25 - 4.05 (m, CH.sub.2 SO.sub.2
      OCH.sub.2 CH.sub.3); 1.60 - 1.15 (m, gem CH.sub.3, OCH(CH.sub.3)O,
      OCH.sub.2 CH.sub.3).
PAR  Analysis: Calculated for C.sub.26 H.sub.31 N.sub.3 O.sub.9 S.sub.3
      (625,77): C 49.90; H 4.99; N 6.72; O 23.01; S 15.38.
PAR  Found: C 50.08; H 5.03; N 6.58; O 22.88; S 15.32.
PAR  Degree of hydrolysis: B3 = 19.5 %; H3 = 26.8 %; R1 = 107.5 %; G 0.5 = 72.1
      %.
PAR  In the same way
      6-(D-.alpha.-p-bromo-bensenesulfonylamino-.alpha.-(3-thienyl)-acetamido,
      6-(D-.alpha.-methylsulfonylamino-.alpha.-(3-thienyl)-acetamido- and
      6-(D-.alpha.-p-toluenesulfonylamino-.alpha.-(3-thienyl)-acetamido -
      penicillanic acid 3-(1'-ethoxycarbonylethyl)esters were prepared.
PAC  EXAMPLE III
PAC  Preparation of 6-(D-.alpha.-Benzylsulfonylamino-phenylacetamido)
      penicillanic acid 3-(ethoxycarbonyloxymethyl)ester
PAR  To a stirred suspension of 6-(D-.alpha.-benzylsulfonylaminophenylacetamido)
      penicillanic acid potassium salt (5.95 g, 11 mM) and dry dimethylsulfoxide
      (11 ml) was added dropwise chloromethylethylcarbonate (1.53 g, 11 mM).
      Stirring was continued at room temperature for 2 hours.
PAR  The mixture was poured into an ice-cooled 0,5 N sodium bicarbonate solution
      (90 ml) and the mixture was extracted with ethyl acetate (2 .times. 90
      ml). The combined organic phase was washed with cold 0,5 N sodium
      bicarbonate solution and cold water. After drying the organic phase was
      evaporated, and the yellow foam (5.1 g) was chromatographed on silica gel
      (100 g) column with isopropylether-acetone (6:4) mixture. The desired
      product was isolated as a foam (3.15 g, 47 %) and it showed only one spot
      on TLC.
PAR  IR (KBr): 1790-1770 (.beta.-lactam and ester); 1690 (amide).
PAR  NMR (CDCl.sub.3): 7.35 (s, C.sub.6 H.sub.5); 7.25 (s, C.sub.6 H.sub.5);
      5.95 (s, NH SO.sub.2) 5.75 (s, OCH.sub.2 O); 5.40 (s, 5-H - 6-H); 5.05 (s,
      COCHC.sub.6 H.sub.5); 4.40 (s, 3-H); 4.30 - 4.05 (m, CH.sub.2 SO.sub.2,
      OCH.sub.2 CH.sub.3); 1.45 -1.15 (m, gem CH.sub.3, OCH.sub.2 CH.sub.3).
PAR  Analysis: Calculated for C.sub.27 H.sub.31 N.sub.3 O.sub.9 S.sub.2 (605.72:
      C 53.54; H 5.16; N 6.94; O 23.77; S 10.59.
PAR  Found: C 53.84; H 5.27; N 6.80; O 23.38; S 10.41.
PAR  Degree of hydrolysis: B3 = 23.8 %; H3 = 57.5 %; R1 = 110.5%; G0.5 = 64.5 %.
PAR  In the same way 6-(D-.alpha.-p-chlorobensenesulfonylaminophenylacetamino)-,
      6-(D-.alpha.-bensenesulfonylamino-phenylacetamino)-,
      6-(D-.alpha.-p-toluenesulfonylamino-.alpha.-(3-thienyl)-acetamido)- and
      6-(D-.alpha.-o-methoxybensenesulfonylamino-phenylacetamido) penicillanic
      acid 3-(ethoxy-carbonyloxymethyl)esters were prepared.
PAC  EXAMPLE IV
PAC  Preparation of 6-(D-.alpha.-Benzylsulfonylamino-phenylacetamido)
      penicillanic acid 3-(1'-cyclopentyloxycarbonyloxyethyl)ester
PAR  Benzylsulfonylchloride (1.15 g, 6 mM) solved in dry methylenechloride (10
      ml) was added dropwise to a stirred and ice-cooled solution of
      6-(D-.alpha.-amino-phenylacetamido) penicillanic acid
      3-(1'-cyclopenthyloxycarbonyloxyethyl)ester (3.04 g, 6 mM) in dry
      methylenechloride (20 ml). Stirring and cooling was continued for 3 hours.
      Then the organic layer was washed with cold water, dryed and evaporated.
      The residue (3.30 g yellowish foam) was chromatographed on silica gel (100
      g column with isopropyletheracetone (6:4) mixture. The desired product was
      isolated as a foam (1.20 g, 30.4 %) and showed only one spot on TLC.
PAR  IR (KBr): 1790-1770 (.beta.-lactam and ester); 1690 (amide).
PAR  NMR (CDCl.sub.3): 7.30 (s, C.sub.6 H.sub.5); 7.20 (s, C.sub.6 H.sub.5);
      6.70 (q, OCH(CH.sub.3)O); 5.90 (s, NH SO.sub.2); 5.40 (s, 5-H - 6-H); 5.10
      - 4.95 (m, CH in cyclopenthyl, COCH C.sub.6 H.sub.5); 4.33 (s, 3-H); 4.06
      (s, CH.sub.2 SO.sub.2); 1.75 - 1.40 (m, gem CH.sub.3): OCH(CH.sub.3)O;
      CH.sub.2 :s in cyclopenthyl).
PAR  Analysis: Calculated for C.sub.31 H.sub.37 N.sub.3 O.sub.9 S.sub.2
      (659,80): C 56.43; H 5.65; N 6.37; O 21.82; S 9.72.
PAR  Found: C 56.72; H 5.70; N 6.25; O 21.45; S 9.68.
PAR  Degree of hydrolysis: B3 = 4.8 %; H3 = 15.2 %; R1 = 92.6 %; G 0.5 = 78.5 %.
PAR  In the same way
      6-(D-.alpha.-2,5-dichloro-bensenesulfonylamino-phenylacetamido)-,
      6-(D-.alpha.-trichlormethylsulfonylamino-phenylacetamido)-,
      6-(D-.alpha.-p-nitrobensenesulfonylamino-phenylacetamido)-,
      6-(D-.alpha.-3-nitrobenzylsulfonylamino-phenylacetamido)- and
      6-(.alpha.-methyl-.alpha.-benzylsulfonylamino-phenylacetamido)
      penicillanic acid (3-(1'-ethoxycarbonyloxyethyl)esters were prepared.
PAC  EXAMPLE V
PAC  Preparation of 6-(D-.alpha.-Benzylsulfonylamino-phenylacetamido)
      penicillanic acid
      3-(1'-2"-N-benzyloxycarbonylmethylaminoethoxycarbonyloxyethyl)ester
PAR  From .alpha.-chloro-.beta.'-N-benzyloxycarbonylmethylaminoethoxy
      diethylcarbonate (3.16 g, 10 mM) and
      6-(D-.alpha.-benzylsulfonylaminophenylacetamido) penicillanic acid
      potassium salt (5.4 g, 10 mM) in dry dimethylsulfoxide (11 ml) the title
      compound was prepared (0.9 g, 11.5 %) according to the description given
      in Example III.
PAR  The substance showed only one spot on TLC.
PAR  IR (KBr): 1780-1760 (.beta.-lactam and ester); 1690 (amide).
PAR  NMR (CDCL.sub.3): 7.35 (s, C.sub.6 H.sub.5); 7.25 (s, C.sub.6 H.sub.5);
      6.75 (q, OCH (CH.sub.3)O); 5.95 (s, NH SO.sub.2); 5.40 (s, 5-H - 6-H);
      5.10 (s, COOCH.sub.2 C.sub.6 H.sub.5); 5.05 (s, CO CH C.sub.6 H.sub.5);
      4.35 (s, 3-H); 4.25 -4.10 (m, CH.sub.2 SO.sub.2, OCH.sub.2 CH.sub.2 N);
      3.55 (t, OCH.sub.2 CH.sub.2 N); 2.95 (s, N(CH.sub.3)); 1.50 - 1.40 (m, gem
      CH.sub.3, OCH(CH.sub.3)O).
PAR  Analysis: Calculated for C.sub.37 H.sub.42 N.sub.4 O.sub.11 S.sub.2
      (782.93): C 56.76; H 5.41; N 7.16; O 22.48; S 8.19.
PAR  Found: C 57.08; H 5.53; N 6.95; O 22.14; S 7.91.
PAR  Degree of hydrolysis: B3 = 2.5 %; H3 = 18.4 %; R1 = 124 %; G 0.5 = 92.1 %.
PAR  In the same way the 6-(D-.alpha.-bensenesulfonylamino) analogous ester
      derivative of the title compound was prepared.
PAC  EXAMPLE VI
PAC  Preparation of 6-(D-.alpha.-Benzylsulfonylamino-phenylacetamido)
      penicillanic acid 3-(1'-2"-methylaminoethoxycarbonyloxyethyl) ester
      D-mandelate
PAR  The N-benzyloxycarbonyl derivate of the title compound (390 mg, 0.5 mM),
      prepared in Example V, was hydrogenated in ethylacetate (16 ml) over
      palladium charcoal (0.5 g, Pd content 10 %) in the presence of D-mandelic
      acid (76 mg, 0.5 mM) at room temperature and normal pressure. After 16
      hours the catalyst was filtered off and the filtrate evaporated in vacuo.
      The residue was dissolved in water (5 ml), washed with ether (2 .times. 5
      ml) and the water-phase was freeze-dried (315 mg, 78.5 %). Purity: 91.5 %
      (iodometric assay).
PAR  IR (KBr): 2730-2550 (ammonium); 1790-1765 (.beta.-lactam and ester); 1680
      (amide); 1610 (ammonium).
PAR  Degree of hydrolysis: B3 = 27.5 %; H3 = 68.2 %; R1 = 112 %; G 0.5 = 93.5 %.
PAR  In the same way the 6-(D-.alpha.-bensenesulfonylamino) analogous ester
      derivative of the title compound was prepared.
PAC  EXAMPLE VII
PAC  Preparation of 6-(D-.alpha.-Benzylsulfonylamino-phenylacetamido)
      penicillanic acid
      3-(2'-N-bensyloxycarbonylmethylaminoethoxycarbonyloxymethyl)ester
PAR  From chloromethyl-2-N-benzyloxycarbonyl methylamino ethoxy carbonate (3.02
      g, 10 mM) and 6-(D-.alpha.-benzylsulfonylaminophenylacetamido)
      penicillanic acid potassium salt (5.4 g, 10 mM) in dry dimethylformamide
      (25 ml) the title compound was prepared (1.2 g, 15.6 %) according to the
      description given in Example III.
PAR  This substance was uniform according to TLC.
PAR  IR (KBr): 1780-1760 (.beta.-lactam and ester); 1690 (amide).
PAR  NMR (CDCl.sub.3): 7.35 (s, C.sub.6 H.sub.5); 7.25 (s, C.sub.6 H.sub.5);
      5.95 (s, NHSO.sub.2); 5.70 (s, OCH.sub.2 O); 5.45 (s, 5-H - 6-H); 5.10 (s,
      COOCH.sub.2 C.sub.6 H.sub.5); 5.05 (s, COCH C.sub.6 H.sub.5); 4.35 (s,
      3-H); 4.30 - 4.10 (m, CH.sub.2 SO.sub.2, OCH.sub.2 CH.sub.2 N); 3.60 (t,
      OCH.sub.2 CH.sub.2 N); 2.95 (s, N(CH.sub.3)); 1.50 (s, gem CH.sub.3).
PAR  Analysis: Calculated for C.sub.36 H.sub.40 N.sub.4 O.sub.11 S.sub.2
      (768,90): C 56.24; H 5.24; N 7.29; O 22.89; S 8.34.
PAR  Found: C 56.19; H 5.30; N 7.11; O 22.73; S 8.24.
PAR  Degree of hydrolysis: B3 = 15.1 %; H3 = 29.5 %; R1 = 113 %; G0.5 = 121 %.
PAR  In the same way the 6-(D-.alpha.-p-toluene sulfonylamino) analogous ester
      derivative of the title compound was prepared.
PAC  EXAMPLE VIII
PAC  Preparation of 6-(D-.alpha.-Benzylsulfonylamino-phenylacetamino)
      penicillanic acid 3-(2'-methylaminoethoxycarbonyloxymethyl ester
      salicylate
PAR  The N-benzyloxycarbonyl derivative of the title compound (310 mg, 0.4 mM),
      prepared in the previous Example, was hydrogenated in a similar manner as
      was given in Example VI in the presence of salicylic acid (55 mg, 0.4 mM).
      After 10 hours the catalyst was filtered off and the filtrate was
      evaporated to dryness. The residue, a white solid microcrystallin powder,
      had a purity of 95.7 % (iodometric assay).
PAR  IR (KBr): 2800-2580 (ammonium); 1780-1765 (.beta.-lactam and ester); 1685
      (amide); 1605 (ammonium).
PAR  Degree of hydrolysis: B3 = 45.8 %; H3 = 85.4 %; R1 = 128 %; G0.5 = 98.2 %.
PAR  In the same way the 6-(D-.alpha.-p-toluenesulfonylamino) analogous ester
      derivative of the title compound was prepared.
PAC  EXAMPLE IX
PAC  Preparation of 6-(D-.alpha.-Benzylsulfonylamino-phenylacetamido)
      penicillanic acid 3-(1'-2"-azidoethoxycarbonyloxyethyl)ester
PAR  From 1'- chloro-2-azido diethylcarbonate (1.9 g, 10 mM) and
      .alpha.-(benzylsulfonylamino)phenylacetamido penicillanic acid potassium
      salt (5.4 g, 10 mM) in dry dimethylsulfoxide (12 ml) the title compound
      was prepared (1.7 g, 25.7 %) according to the description given in Example
      III.
PAR  The substance showed only one spot on TLC.
PAR  IR (KBr): 2150 (azido); 1780-1760 (.beta.-lactam and ester); 1690 (amide).
PAR  NMR (CDCl.sub.3): 7.40 (s, C.sub.6 H.sub.5); 7.25 (s, C.sub.6 H.sub.5);
      6.80 (q, OCH (CH.sub.3)O); 5.95 (s, NHSO.sub.2); 5.45 (s, 5-H - 6-H); 5.05
      (s, COCHC.sub.6 H.sub.5); 4.40 (s, 3-H); 4.35 - 4.15 (m, CH.sub.2
      SO.sub.2, OCH.sub.2 CH.sub.2 N.sub.3); 3.50 (t, OCH.sub.2 CH.sub.2
      N.sub.3); 1.60 - 1.40 (m, gem CH.sub.3, OCH(CH.sub.3)O).
PAR  Analysis: Calculated for C.sub.28 H.sub.32 N.sub.6 O.sub.9 S.sub.2
      (660,76): C 50.90; H 4.88; N 12.72; O 21.79; S 9.71.
PAR  Found: C 51.12; H 4.55; N 12.53; O 21.46; S 9.48.
PAR  Degree of hydrolysis: B3 = 7.2 %; H3 = 39.5 %; R1 = 99.2 %; G0.5 = 80.6 %.
PAR  In the same way the 6-(D-.alpha.-o-methoxybensenesulfonylamino) analogous
      derivative, furthermore the 3-(1'-3"-azidopropoxycarbonyloxyethyl)ester
      derivative of the title compound were prepared.
PAC  EXAMPLE X
PAC  Preparation of 6-(D-.alpha.-Benzylsulfonylamino-phenylacetamido)
      penicillanic acid 3-(1'-2"-aminoethoxycarbonyloxyethyl)ester hydrochloride
PAR  6-(D-.alpha.-Benzylsulfonylamino-phenylacetamido) penicillanic acid
      3-(1'-2"-azidoethoxycarbonyloxyethyl)ester (1.3 g, 2 mM) was hydrogenated
      in an open system in tetrahydrofurane (55 ml) over palladium charcoal (1.2
      g, Pd content 10 %) at room temperature, the pH value of the reaction
      mixture being maintained at 3 by continuous addition of 1 N hydrochloric
      acid via an automatic titrator. After 3 hours no hydrochloric acid
      consumption was detectable, the catalyst was filtered off and the filtrate
      evaporated to dryness in vacuo, the residue was solved in water, extracted
      with isopropylether several times and freeze-dried. The white hygroscopic
      residue (820 mg, 61 %) had a purity of 89.2 % (iodometric assay).
PAR  IR (KBr): 3050 (ammonium); 1795-1760 (.beta.-lactam and ester); 1695
      (amide); 1515 (ammonium).
PAR  Degree of hydrolysis: B3 = 19.5 %; H3 = 48.2 %; R1 = 107 %; G0.5 = 88.2 %.
PAR  In the same way the 6-(D-.alpha.-o-methoxybensene-sulfonylamino) analogous
      ester derivative, furthermore the
      3-(1'-3"-aminopropoxycarbonyloxyethyl)ester derivative of the title
      compound were prepared.
PAC  EXAMPLE XI
PAC  Preparation of 6-(D-.alpha.-Benzylsulfonylamino-phenylacetamido)
      penicillanic acid 3-(2'-azidoethoxycarbonyloxymethyl)ester
PAR  From chloromethyl-2-azidoethylcarbonate (1.8 g, 10 mM) and
      6-(D-.alpha.-benzylsulfonylamino-phenylacetamido) penicillanic acid
      potassium salt (5.15 g, 9.5 mM) in dry dimethylsulfoxide (10 ml) the title
      compound was prepared (1.6 g, 26.0 %) according to the description given
      in Example III.
PAR  The substance showed only one spot on TLC.
PAR  IR (KBr): 2150 (azido); 1780-1750 (.beta.-lactam and ester); 1690 (amide).
PAR  NMR (CDCl.sub.3): 7.35 (s, C.sub.6 H.sub.5); 7.25 (s, C.sub.6 H.sub.5);
      5.95 (s, NHSO.sub.2); 5.80 (s, OCH.sub.2 O); 5.45 (s, 5-H - 6-H); 5.05 (s,
      COCHC.sub.6 H.sub.5); 4.40 (s, 3-H); 4.30 - 4.10 (m, CH.sub.2 SO.sub.2,
      OCH.sub.2 CH.sub.2 N.sub.3); 3.50 (t, OCH.sub.2 CH.sub.2 N.sub.3); 1.45
      (s, gem CH.sub.3).
PAR  Analysis: Calculated for C.sub.27 H.sub.30 N.sub.6 O.sub.9 S.sub.2
      (646,72): C 50.14; H 4.68; N 13.00; O 22.27; S 9.92.
PAR  Found: C 50.35; H 4.88; N 12.65; O 21.84; S 9.65.
PAR  Degree of hydrolysis: B3 = 17.8 %; H3 = 33.1 %; R1 = 125 %; G0.5 = 97.5 %.
PAR  In the same way the
      6-(D-.alpha.-p-chlorobenzenesulfonyl-aminophenylacetamino) and the
      6-(D-.alpha.-p-toluenesulfonylamino-.alpha.-(3-thienyl)-acetamido)
      analogous ester derivatives, furthermore the
      3-(3'-azidopropoxycarbonyloxymethyl)- and the
      3-(4'-azidobutoxycarbonyloxymethyl)ester derivatives of the title compound
      were prepared.
PAC  EXAMPLE XII
PAC  Preparation of 6-(D-.alpha.-Benzylsulfonylamino-phenylacetamido)
      penicillanic acid 3-(2'-acetamido-ethoxycarbonyloxymethyl) ester
PAR  6-(D-.alpha.-benzylsulfonylamino-phenylacetamido) penicillanic acid
      3-(2'-azidoethoxycarbonyloxymethyl)ester (1.29 g. 2 mM) was hydrogenated
      in dry dioxane (40 ml) over palladium charcoal (1.3 g, Pd content 10 %) in
      the presence of acetic anhydrid (1.6 g, 16 mM) at room temperature and
      normal pressure. After 20 hours the catalyst was filtered off and the
      filtrate was concentrated to 10 ml volume. Water (60 ml) was added and
      after 3 hours the water phase was extracted with ethylacetate (3 .times.
      25 ml). The organic phase was washed with cold 0.5 N sodium bicarbonate
      and with cold water. After drying, the organic phase was evaporated to
      dryness and the residue (1.25 g white foam) was chromatographed on silica
      gel (50 g) column with ethylacetate. The desired product was isolated as a
      white foam (0.92 g, 69.5%) and was uniform according to TLC.
PAR  IR (KBr): 3050 (ammonium); 1790-1760 (.beta.-lactam and ester); 1690
      (amide); 1515 (ammonium).
PAR  NMR (CDCl.sub.3): 7.35 (s, C.sub.6 H.sub.5); 7.25 (s, C.sub.6 H.sub.5);
      5.95 (s, NHSO.sub.2); 5.82 (s, OCH.sub.2 O); 5.50 (s, 5-H - 6-H); 5.05 (s,
      COCHC.sub.6 H.sub.5); 4.43 (s, 3-H); 4.35 - 4.05 (m, CH.sub.2 SO.sub.2,
      OCH.sub.2 CH.sub.2 NH); 3.50 (t, OCH.sub.2 CH.sub.2 NH); 1.95 (s, NHCO
      CH.sub.3); 1.50 (s, gem CH.sub.3).
PAR  Analysis:- Calculated for C.sub.29 H.sub.34 N.sub.4 O.sub.10 S.sub.2
      (662.76): C 52.56; H 5.17; N 8.45; O 24.14; S 9.68.
PAR  Found: C 52.76; H 5.25; N 8.32; O 24.02; S 9.72.
PAR  Degree of hydrolysis: B3 = 52.8 %; H3 = 82.6 %; R1 = 108 %; G0.5 = 88.2 %.
PAC  EXAMPLE XIII
PAC  Preparation of 6-(D-.alpha.-Benzylsulfonylamino-phenylacetamido)
      pencicillanic acid 3-(ethoxycarbonylaminomethyl)ester
PAR  From chloromethylaminoethoxy carbonate (0.96 g, 7 mM) and
      6-(D-.alpha.-benzylsulfonylamino-phenylacetamido) penicillanic acid
      potassium salt (3.8 g, 7 mM) in dry dimethyl formamide (25 ml) the title
      compound was prepared (0.9 g, 21.5 %) according to the description given
      in Example III.
PAR  This substance was uniform according to TLC.
PAR  IR (KBr): 1790 (.beta.-lactam and ester); 1720-1690 (amide).
PAR  NMR (CDCl.sub.3): 7.35 (s, C.sub.6 H.sub.5); 7.25 (s, C.sub.6 H.sub.5);
      6.00 (s, NHSO.sub.2); 5.50 (s, 5-H - 6-H); 5.05 (s, COCHC.sub.6 H.sub.5);
      4.75 (d, OCH.sub.2 NH); 4.40 - 4.00 (m, 3-H, CH.sub.2 SO.sub.2, OCH.sub.2
      CH.sub.3); 1.50 - 1.15 (m, gem CH.sub.3, OCH.sub.2 CH.sub.3).
PAR  Analysis: Calculated for C.sub.27 H.sub.32 N.sub.4 O.sub.8 S.sub.2
      (604,73): C 53.63; H 5.33; N 9.27; O 21.17; S 10.61.
PAR  Found: C 53.88; H 5.38; N 9.18; O 20.98; S 10.52.
PAR  Degree of hydrolysis: B3 = 1.8 %; H3 = 5.2 %; R1 = 52.4 %; G0.5 = 61.5 %.
PAR  In the same way 6-(D-.alpha.-o-methoxybenzenesulfonylamino-) and
      6-(D-.alpha.-benzenesulfonylamino-phenylacetamido) analogous derivatives
      were prepared.
PAC  EXAMPLE XIV
PAC  Preparation of 6-(D-.alpha.-Benzylsulfonylamino-phenylacetamido)
      penicillanic acid 3-(cis-2-methyl-1,3-dioxanyl-5-oxycarbonyloxy
      methyl)ester
PAR  From chloromethyl-cis-2-methyl-1,3-dioxanyl-5-oxy carbonate (2.9 g, 13.5
      mM) and 6-(D-.alpha.-benzylsulfonylamino-phenylacetamido) penicillanic
      acid sodium salt (7.1 g, 13.5 mM) in dry dimethyl formamide (40 ml) the
      title compound was prepared (1.61 g, 17.6%) according to the description
      given in Example III.
PAR  IR (KBr): 1780-1760 (.beta.-lactam and ester); 1690 (amide).
PAR  NMR (CDCl.sub.3): 7.40 (s, C.sub.6 H.sub.5); 7.30 (s, C.sub.6 H.sub.5);
      5.95 (s, NHSO.sub.2); 5.83 (s, OCH.sub.2 O); 5.50 (s, 5-H - 6-H); 5.05 (s,
      COCH C.sub.6 H.sub.5); 4.75 (q, CHCH.sub.3); 4.50 (m, OCOO CH); 4.43 (s,
      3-H); 4.20 - 4.00 (m, CH.sub.2 SO.sub.2 ; CH.sub.2 :s in dioxanyl); 1.50 -
      1.30 (m, gem CH.sub.3 ; CH CH.sub.3).
PAR  Analysis: Calculated for C.sub.30 H.sub.35 N.sub.3 O.sub.11 S.sub.2
      (677.77): C 53.16; H 5.21; N 6.20; O 25.97; S 9.46.
PAR  Found: C 53.38; H 5.26; N 6.08; O 25.72; S 9.28.
PAR  Degree of hydrolysis: B3 = 11.8 %; H3 = 23.6 %; R1 = 91.8 %; G0.5 = 73.5 %.
PAR  In the same way the 3-(1'-2 methyl-1,3-dioxanyl-5-oxycarbonyloxyethyl)
      analogous ester derivative was prepared.
PAC  EXAMPLE XV
PAC  Preparation of 6-(D-.alpha.-Acetylureido-phenylacetamido) penicillanic acid
      3-(1'-ethoxycarbonyloxyethyl)ester
PAR  To a stirred and ice-cooled solution of 6-(D-.alpha.-aminophenylacetamido)
      penicillanic acid 3-(1'-ethoxycarbonyloxyethyl)ester (1.0 g, 2.0 mM) in
      dry methylene chloride (5 ml) acetylisocyanate (0.16 g, 1.8 mM) in dry
      methylene chloride (3 ml) was added. Stirring was continued for 1 hour,
      then the organic layer was washed with 5 ml cold water, dryed and
      evaporated. The residue (1.1 g white foam) was chromatographed on silica
      gel (55 g) column with isopropylether-acetone (6:4) mixture. The desired
      product was isolated as a foam (0.9 g, 82 %) and showed only one spot on
      TLC.
PAR  IR (KBr): 1780-1760 (.beta.-lactam and ester); 1700-1680 (amide).
PAR  NMR (CDCl.sub.3): 7.35 (s, C.sub.6 H.sub.5); 6.80 (q, OCH(CH.sub.3)O); 5.90
      (s, COCHC.sub.6 H.sub.5); 5.40 (s, 5-H - 6-H); 4.35 (s, 3-H); 4.25 (q,
      OCH.sub.2 CH.sub.3); 2.10 (s, NH CO CH.sub.3); 1.60 - 1.20 (m, gem
      CH.sub.3, OCH(CH.sub.3)O, OCH.sub.2 CH.sub.3).
PAR  Analysis: Calculated for C.sub.24 H.sub.30 N.sub.4 O.sub.9 S (550.60): C
      52.35; H 5.49; N 10.18; O 26.15; S 5.83.
PAR  Found: C 52.55; H 5.56; N 9.98; O 25.95; S 5.68.
PAR  Degree of hydrolysis: B3 = 7.4 %; H3 = 33.2 %; R1 = 90.4 %; G 0.5 = 71.1%.
PAR  In the same way the 6-(D-.alpha.-p-chlorobenzoyl-thioureido-),
      6-(D-.alpha.-benzoylureido-), 6-(O-.alpha.-o-methoxybenzoylureido-) and
      6-(D-.alpha.-benzene-sulfonylureido-phenylacetamido) analogous ester
      derivatives of the title compound were prepared.
PAC  EXAMPLE XVI
PAC  Preparation of 6-(D-.alpha.-Acetylureido-phenylacetamido) penicillanic acid
      3-(1'-cyclopenthylcarbonyloxyethyl)ester
PAR  From .alpha.-chloroethyl cyclopenthyl carbonate (4.3 g, 20 mM) and
      6-(D-.alpha.-acetylureido-phenylacetamido) penicillanic acid sodium salt
      (9.15 g, 20 mM) in dry dimethylsulfoxide (13 ml) the title compound was
      prepared (3.7 g, 31.4 %) according to the description given in Example
      III. The substance showed only one spot on TLC.
PAR  IR (KBr): 1780-1760 (.beta.-lactam and ester); 1690 (amide).
PAR  NMR (CDCl.sub.3): 7.40 (s, C.sub.6 H.sub.5); 6.85 (q, OCH(CH.sub.3)O); 5.95
      (s, CO CH C.sub.6 H.sub.5); 5.45 (s, 5-H - 6-H); 5.20 - 5.05 (m, CH in
      cyclopenthyl); 4.33 (s, 3-H); 2.15 (s, NH CO CH.sub.3); 1.85 - 1.40 (m,
      gem CH.sub.3, OCH(CH.sub.3)O, CH.sub.2 :s in cyclopenthyl).
PAR  Analysis: Calculated for C.sub.27 H.sub.34 N.sub.4 O.sub.9 S (590.67): C
      54.90; H 5.80; N 9.49; O 24.38; S 5.43.
PAR  Found: C 54.24; H 5.96; N 8.61; O 23.22; S 4.71.
PAR  Degree of hydrolysis: B3 = 5.1 %; H3 = 22.8 %; R1 = 96.5 %; G0.5 = 64.4 %.
PAR  In the same way the 3-(ethoxycarbonyloxymethyl),
      3-(phenoxycarbonyloxymethyl) and the 3-(2'-azidoethoxycarbonyloxymethyl)
      analogous ester derivatives of the title compound were prepared.
PAC  EXAMPLE XVII
PAC  Preparation of 6-(D-.alpha.-Acetylureido-phenylacetamido) penicillanic acid
      3-(1'-phenoxycarbonyloxyethyl)ester
PAR  6-(D-.alpha.-acetylureido-phenylacetamido) penicillanic acid sodium salt
      (9.15 g, 20 mM) was added to a stirred and ice-cooled mixture of
      tetrabutylammoniumhydrogen sulfate (6.8 g, 20 mM), sodium hydroxide (10
      ml, 2 M solution), water (10 ml) and chloroform (20 ml). pH was kept at
      7,5 with tetrabutylammoniumhydrogen sulfate. The organic phase was
      separated, dried and .alpha.-chloroethylphenyl carbonate (5.1 g, 25 mM)
      was added. The reaction mixture was stirred at 40.degree.C for 16 hours.
PAR  Water (100 ml) and ether (100 ml) were added and the organic layer was
      washed successively with 0.5 N sodium bicarbonate solution and water.
      After drying the organic phase was evaporated to dryness and the yellow
      oil (4.9 g) was chromatographed on silica gel (100 g) column with
      isopropylether-aceton (6:4) mixture. The desired product was isolated as a
      foam (1.0 g, 8.4%) and it showed only one spot on TLC.
PAR  IR (KBr): 1790-1780 (.beta.-lactam and ester); 1690 (amide).
PAR  NMR (CDCl.sub.3): 7.36 (s, C.sub.6 H.sub.5); 6.85 (q, OCH(CH.sub.3)O); 5.90
      (s, COCH C.sub.6 H.sub.5); 5.40 (s, 5-H - 6-H); 4.33 (s. 3-H); 2.10 (s,
      NHCOCH.sub.3); 1.65 - 1.40 (m, gem CH.sub.3, OCH(CH.sub.3)O).
PAR  Analysis: Calculated for C.sub.98 H.sub.30 N.sub.4 O.sub.9 S (598.65): C
      56.18; H 5.05; N 9.36; O 24.05; S 5.36.
PAR  Found: C 56.33; H 5.19; N 9.14; O 23.94; S 5.16.
PAR  Degree of hydrolysis: B3 = 5.9 %; H3 = 25.7 %; R1 = 92.5 %; G0.5 = 65.6 %.
PAR  In the same way the 3-(1'-ethoxycarbonyloxyethyl) and
      3-(1'-phenoxycarbonyloxyethyl) analogous ester derivatives of the title
      compounds were prepared.
PAC  EXAMPLE XVIII
PAC  Preparation of 6-(D-.alpha.-Furylureido)-phenylacetamido)penicillanic acid
      3-(1'-ethoxycarbonyloxyethyl)ester
PAR  From 6-(D-.alpha.-amino-phenylacetamido) penicillanic acid
      3-(1'-ethoxycarbonyloxyethyl)ester (2.0 g, 4.0 mM) and
      .alpha.-furylisocyanate (0.50 g, 3.7 mM) in dry methylene chloride (15 ml)
      the title compound was prepared (1.5 g, 67.5 %) according to the
      description given in Example XI.
PAR  This substance was uniform according to TLC.
PAR  IR (KBr): 1790-1770 (.beta.-lactam and ester); 1690 (amide).
PAR  NMR (CDCl.sub.3): 7.60 - 7.35 (m, 3-H - 4-H in furyl); 7.35 (s, C.sub.6
      H.sub.5); 6.80 (q, OCH(CH.sub.3)O); 6.60 - 6.50 (m, 5-H in furyl); 5.90
      (s, COCH C.sub.6 H.sub.5); 5.40 (s, 5-H - 6-H); 4.35 (s, 3-H); 4.20 (q,
      OCH.sub.2 CH.sub.3); 1.55 - 1.15 (m, gem CH.sub.3, OCH(CH.sub.3)O,
      OCH.sub.2 CH.sub.3).
PAR  Analysis: Calculated for C.sub.27 H.sub.30 N.sub.4 O.sub.10 S (602.63): C
      53.81; H 5.02; N 9.30; O 26.55; S 5.32.
PAR  Found: C 54.16; H 5.12; N 9.03; O 26.32; S 5.14.
PAR  Degree of hydrolysis: B3 = 8.10 %; H3 = 19.5 %; R1 = 79.8 %; G0.5 = 66.0 %.
PAR  In the same way the 3-(ethoxycarbonyloxymethyl),
      3-(1'-phenoxycarbonyloxyethyl) and 3-(phenoxycarbonyloxymethyl) analogous
      ester derivatives were prepared.
PAC  Example XIX
PAC  Preparation of 6-(D-.alpha.-(3-Guanyl-1-ureido)-phenylacetamido)
      penicillanic acid 3-(1'-ethoxycarbonyloxyethyl)ester hydrochloride
PAR  Sodium nitrite (0.69 g, 10 mM) in water (5 ml) was added to a stirred
      ice-cooled solution of 3-guanyl-1-ureido dihydrochloride (1.9 g, 10 mM) in
      water (20 ml). After stirring at 0.degree.C for 10 minutes the mixture was
      slowly added to an ice-cooled solution of
      6-(D-.alpha.-amino-phenylacetamido) penicillanic acid
      3-(1'-ethoxycarbonyloxyethyl)ester (5.0 g, 10 mM) in 90 % tetrahydrofuran
      (50 ml). pH was kept at 7.5 with solid potassium bicarbonate. After
      stirring and cooling for 1.5 hours the tetrahydrofuran was evaporated,
      ethylacetate was added and the pH was adjusted to 9.0 with potassium
      bicarbonate. The organic phase was dried and extracted with hydrochloric
      acid.
PAR  The water phase was extracted with isopropylether and freeze-dried.
PAR  The freeze-dried product (0.63 g, 10.8 %, purity: 89.5 %) showed one main
      spot on TLC and the IR spectrum (KBr) of the compound exhibited strong
      bands around 1780-1760 (.beta.-lactam and ester) and 1690 (amide).
PAR  NMR (dimethylsulfoxide): 7.55 (s, C.sub.6 H.sub.5); 6.80 (q,
      OCH(CH.sub.3)O); 5.50 (s, 5-H - 6-H); 4.40 (s, 3-H); 4.25 (q, OCH.sub.2
      CH.sub.3); 1.60 - 1.15 (m, gem CH.sub.3, OCH(CH.sub.3)O, OCH.sub.2
      CH.sub.3).
PAR  Degree of hydrolysis: B3 = 9.2 %; H3 = 43.8 %; R1 = 76.1 %; G0.5 = 58.1 %.
PAR  In the same way the 3-(1'-phenoxycarbonyloxyethyl) analogous ester
      derivative was prepared.
PAC  EXAMPLE XX
PAC  Preparation of 6-(D-.alpha.-Hydroxyphenylphosphinylamino-phenylacetamido)
      penicillanic acid 3-(1'-cyclopenthyloxycarbonyloxyethyl)ester sodium salt
PAR  a. From benzyloxyphenyl phosphinyl chloride (4.00 g, 15 mM) and
      6-(D-.alpha.-amino-phenylacetamido) penicillanic acid
      3-(cyclopenthyloxycarbonyloxyethyl)ester (7.60 g, 15 mM) was
      6-[D-.alpha.-(benzyloxyphenyl phosphinyl amino)-phenylacetamido]
      penicillanic acid 3-(1'-cyclopenthyloxycarbonyloxyethyl)ester (3.58 g,
      32.5 %) prepared according to the description given in Example IV.
PAR  IR (KBr): 1780-1770 (.beta.-lactam and ester); 1690 (amide).
PAR  NMR (CDCl.sub.3): 7.35 (s, C.sub.6 H.sub.5); 7.25 (s, C.sub.6 H.sub.5);
      6.85 (q, OCH(CH.sub.3 O); 5.45 (s, 5-H - 6-H); 5.20 - 5.10 (m, CH in
      cyclopenthyl); 5.05 (s, COCH C.sub.6 H.sub.5); 4.95 (s, OCH.sub.2 C.sub.6
      H.sub.5); 4.35 (s, 3-H); 1.85 - 1.30 (m, gem CH.sub.3 ; OCH(CH.sub.3)O;
      CH.sub.2 :s in cyclopenthyl).
PAR  Analysis: Calculated for C.sub.37 H.sub.42 N.sub.3 O.sub.9 P S (735.82): C
      60.40; H 5.75; N 5.71; O 19.57; S 4.36.
PAR  Found: C 60.65; H 5.82; N 5.62; O 19.04; S 4.14.
PAR  b. This product was dissolved in ethylacetate (80 ml) and was hydrogenated
      at room temperature and normal pressure over palladium charcoal (1.75 g,
      Pd content 5 %) until one equivalent of hydrogen had been absorbed. The
      catalyst was filtered off, water (50 ml) was added, the pH was adjusted to
      7.8 with 2 N sodium hydroxide and the separated water phase was extracted
      with isopropylether (2 .times. 50 ml). The sodium salt, obtained from the
      water phase after freeze-drying, was isolated (2.68 g, 80.5 %). Purity:
      88,5 % (iodometric assay).
PAR  IR: 1790-1780 (.beta.-lactam and ester); 1690 (amide).
PAR  NMR (dimethyl sulfoxide): 7.35 (s, C.sub.6 H.sub.5); 7.25 (s, C.sub.6
      H.sub.5); 6.85 (OCH(CH.sub.3)O); 5.40 (s, 5-H - 6-H); 5.20 - 5.10 (m, CH
      in cyclopenthyl); 5.05 (s, COCH C.sub.6 H.sub.5); 4.35 (s, 3-H); 1.85 -
      1.40 (m, gem CH.sub.3, OCH(CH.sub.3)O, CH.sub.2 :s in cyclopenthyl).
PAR  Degree of hydrolysis: B3 = 9.2 %; H3 = 26.6 %; R1 = 97.5 %; G0.5 = 58.2 %.
PAR  In the same way the
      6-(D-.alpha.-hydroxymethoxyphosphinylaminophenylacetamido) penicillanic
      acid 3-(1'-ethoxycarbonyloxyethyl) and
      3-(cyclopenthyloxycarbonyloxymethyl)esters were prepared.
PAC  EXAMPLE XXI
PAC  Preparation of 6-(D-.alpha.-Sulfoamido-phenylacetamido) penicillanic acid
      3-(1'-ethoxycarbonyloxyethyl)ester sodium salt
PAR  To a stirred and ice-cooled solution of 6-(D-.alpha.-amino-phenylacetamido)
      penicillanic acid 3-(1'-ethoxycarbonyloxyethyl)ester (4.0 g, 8 mM) in dry
      methylene chloride (10 ml) was added trimethylene amino sulfurtrioxide
      (1.1 g, 8 mM) in small portions over 20 minutes. Stirring was continued
      with cooling for 1 hour and at room temperature for one more hour. Dry
      ethylacetate was added and the solution was concentrated to 10 ml, this
      procedure was repeated twice. To the ethylacetate phase
      sodium-2-ethylhexanoat (8 mM in methyl isobutyl keton) was added and the
      mixture was added to an excess of n-hexan. The desired product was formed
      as white crystals (3.3 g, 72.5 %, purity: 72.8 %) and was uniform
      according to TLC.
PAR  IR (KBr): 1780-1750 (.beta.-lactam and ester); 1680 (amide).
PAR  NMR (dimethylsulfoxide): 7.35 (s, C.sub.6 H.sub.5); 6.75 (q,
      OCH(CH.sub.3)O); 5.50 (s, 5-H - 6-H); 5.05 (s, CO CH C.sub.6 H.sub.5);
      4.40 (s, 3-H); 4.30 (q, OCH.sub.2 CH.sub.3); 1.60 - 1.10 (m, gem CH.sub.3,
      OCH(CH.sub.3)O, OCH.sub.2 CH.sub.3).
PAR  Degree of hydrolysis: B3 = 13.2 %; H3 = 36.8%; R1 = 109 %; G0.5 = 93.5 %.
PAR  In the same way the 3-(1'-cyclopentyoxy-carbonyloxyethyl) and the
      3-(phenoxycarbonyloxymethyl) analogous ester derivatives of the title
      compounds were prepared.
PAC  Example XXII
PAC  Preparation of 6-(.alpha.-Sulfo-phenylacetamido) penicillanic acid
      3-(1'-ethoxycarbonyloxyethyl)ester sodium salt
PAR  To a stirred mixture of 6-amino penicillanic acid
      3-(1'-ethoxycarbonyloxyethyl)ester p-toluene sulphonate (13.1 g, 26 mM)
      and dry triethylamine(4.8 g, 48 mM) in dry chloroform (100 ml) was added
      dropwise .alpha.-sulfophenylacetyl chloride (4.7 g, 20 mM) at -5.degree.C.
      Stirring was continued for 40 minutes. Water was added (20 ml), the two
      layers were separated, the organic phase was washed with 0.05 N
      hydrochloric acid and water. The organic phase was dried and extracted
      with 0.5 N sodium bicarbonate solution (36 ml). The water phase was
      extracted with isopropylether and the isopropylether-free water phase was
      freeze-dried.
PAR  The IR spectrum (KBr) of the freeze-dried substance (7.6 g, 60.5 %, purity:
      65.3 %) exhibited strong bands around 1780-1760 cm.sup..sup.-1
      (.beta.-lactam and ester) and 1690 cm.sup..sup.-1 (amide).
PAR  NMR (dimethylsulfoxide): 7.50 (s, C.sub.6 H.sub.5); 6.80 (q,
      OCH(CH.sub.3)O); 5.50 (s, 5-H - 6-H); 4.95 (s, COCH(SO.sub.2)C.sub.6
      H.sub.5); 4.40 (s, 3-H); 4.30 (q, OCH.sub.2 CH.sub.3); 1.60 - 1.05 (m, gem
      CH.sub.3, OCH(CH.sub.3)O, OCH.sub.2 CH.sub.3).
PAR  Degree of hydrolysis: B3 = 13.8 %; H3 = 24.2 %; R1 = 97 %; G0.5 = 66.5 %.
PAR  In the same way the 3-(1'-phenoxycarbonyloxyethyl) and the
      3-(ethoxycarbonyloxymethyl) analogous ester derivatives were prepared.
PAC  EXAMPLE XXIII
PAC  Preparation of 6-(.alpha.-Tetrazolyl)phenylacetamido) penicillanic acid
      3-(1'-ethoxycarbonyloxyethyl)ester sodium salt
PAR  To a stirred mixture of 6-aminopenicillanic acid
      3-(1'-ethoxycarbonyloxyethyl)ester p-toluenesulphonate (4.10 g, 8 mM) and
      dry triethylamine (1.6 g, 16 mM) in dry methylene chloride (25 ml) was
      added p-nitrophenyl .alpha.-(5-tetrazolyl)-phenylacetate (2.44 g, 7.5 mM)
      at -5.degree.C. Stirring was continued for 2 hours, the cooling bath was
      then removed and stirring was continued for 24 hours at room temperature.
      It was then added to ice-water with stirring and the layers were
      separated. The organic phase was washed with water, 0.05 N hydrochloric
      acid and water. The organic phase was then dried and was treated with 16
      mM of a 50 % solution of sodium 2-ethylhexanoate in n-butane. Upon
      evaporation of the solvent to a minimum amount a yellow solid separated,
      which was triturated and filtered off with ether (2.38 g, 64.5 %). Purity:
      87.5 % (iodometric assay).
PAR  IR (KBr): 1780-1760 (.beta.-lactam and ester); 1690 (amide).
PAR  NMR (dimethylsulfoxide): 7.50 (s, C.sub.6 H.sub.6); 6.75 (q,
      OCH(CH.sub.3)O); 5.70 (s, COCH C.sub.6 H.sub.5); 5.50 (s, 5-H - 6-H); 4.40
      (s, 3-H); 4.25 (q, OCH.sub.2 CH.sub.3); 1.60 - 1.10 (m, gem CH.sub.3,
      OCH(CH.sub.3)O, OCH.sub.2 CH.sub.3).
PAR  Degree of hydrolysis; B3 = 1.2 %; H3 = 14.5 %; R1 = 69.5 %; G0.5 = 77 %.
PAR  In the same way the 3-(phenoxycarbonyloxymethyl) analogous ester derivative
      was prepared.
PAC  EXAMPLE XXIV
PAC  Pharmaceutical formulations
PAR  For preparation of tablets the following compositions were made:
TBL  a)                                                                        

       1'-Ethoxycarbonyloxy-ethyl 6-(D-.alpha.-benzyl-sulpho-                  

       nylamino-phenylacetamido)penicillanate                                  

                                    350 mg                                     

       Starch                       100 mg                                     

       Magnesium stearate           10 mg                                      

     b)                                                                        

       1'-Ethoxycarbonyloxyethyl 6-(.alpha.-benzylsulphonyl-                   

       amino-3-thienyl-acetamido)penicillanate                                 

                                    350 mg                                     

       Starch                       100 mg                                     

       Magnesium stearate           10 mg                                      

     c)                                                                        

       Ethoxycarbonyloxymethyl 6-(D-.alpha.-benzylsulphonyl-                   

       aminophenylacetatamido)penicillanate                                    

                                    400 mg                                     

       Calcium carbonate            100 mg                                     

       Magnesium stearate           10 mg                                      

     d)                                                                        

       1'-Aminoethoxycarbonyloxymethyl 6-(D-.alpha.-benzyl-                    

       sulphonylaminophenylacetamido)penicillinate                             

       hydrochloride                400 mg                                     

       Lactose                      100 mg                                     

       Magnesium stearate           10 mg                                      

     e)                                                                        

       1'-Ethoxycarbonyloxyethyl 6-(D-.alpha.-acetylureido-                    

       phenylacetamido)penicillanate                                           

                                    400 mg                                     

       Microcrystalline cellulose (Avicel)                                     

                                    100 mg                                     

       Magnesium stearate           10 mg                                      

     f)                                                                        

       1'-Cyclopentyloxycarbonyloxyethyl 6-(D-.alpha.-acetyl-                  

       ureidophenylacetamido)penicillanate hydro-                              

       chloride                     350 mg                                     

       Calcium carbonate            100 mg                                     

       Lactose                      100 mg                                     

       Magnesium stearate           10 mg                                      

     g)                                                                        

       1'-Ethoxycarbonyloxy-ethyl 6-(-.alpha.-hydroxysulphonyl-                

       phenylacetamido)penicillanate sodium salt                               

                                    400 mg                                     

       Starch                       100 mg                                     

       Magnesium stearate           10 mg                                      

PAR  For filling in capsules the following formulations were made:
TBL  h)  1'Ethoxycarbonyloxy-ethyl 6-(D-.alpha.-2-furoyl-                      

         ureidophenylacetamido)penicillanate                                   

                                     350 mg                                    

         Magnesium stearate          5 mg                                      

     i)  1'-Ethoxycarbonyloxyethyl 6-(D.alpha.-(hydroxy)                       

         phenylphosphinylaminophenylacetamido)                                 

         penicillanate sodium salt   400 mg                                    

         Lactose                     40 mg                                     

         Magnesium stearate          5 mg                                      

PAR  For oral suspensions the following formulations were prepared:
TBL  j)                                                                        

       1'-Ethoxycarbonyloxyethyl 6-(D-.alpha.-sulphoamino-                     

       phenylacetamido)penicillanate sodium salt                               

                                 35 mg                                         

       Aluminium monostearate    50 mg                                         

       Tween - 80                1.2 mg                                        

       Peanut oil                ad 1000 mg                                    

     k)                                                                        

       1'-Ethoxycarbonyloxyethyl 6-(.alpha.-5-tetrazolyl-                      

       phenylacetamido)penicillanate                                           

                                 35                                            

       Sodium benzoate           0.48                                          

       Sodium chloride           0.75                                          

       Flavouring agents         4.7                                           

       Aerosil                   0.3                                           

       Antifoam                  0.0375                                        

       Alkali salts of polysaccharide sulphates                                

                                 4.0                                           

       Sodium saccharinate       0.4                                           

       Sorbitol                  ad 100                                        

CLMS
STM  We claim:
NUM  1.
PAR  1. A pharmaceutical preparation for the treatment of diseases caused by
      bacterial organisms wherein the active ingredient is an anti-bacterially
      effective amount of the compound 1'-ethoxycarbonyloxyethyl
      6-(D-.alpha.-benzylsulphonylamino-phenyl-acetamido)penicillanate or a
      therapeutically acceptable salt thereof in association with a
      pharmaceutically acceptable carrier, wherein the amount of active
      ingredient is in the range of about 1%-95%.
NUM  2.
PAR  2. A capsule or tablet suitable for oral administration for the treatment
      of diseases caused by bacterial organisms containing therein a
      pharmaceutical preparation according to claim 1.
NUM  3.
PAR  3. A pharmaceutical preparation for the treatment of diseases caused by
      bacterial organisms wherein the active ingredient is an anti-bacterially
      effective amount of the compound ethoxycarbonyloxymethyl
      6-(D-.alpha.-benzylsulphonylamino-phenylacetamido)penicillanate or a
      therapeutically acceptable salt thereof in association with a
      pharmaceutically acceptable carrier, wherein the amount of active
      ingredient is in the range of about 1%-95%.
NUM  4.
PAR  4. A capsule or tablet suitable for oral administration for the treatment
      of diseases caused by bacterial organisms containing therein a
      pharmaceutical preparation according to claim 3.
NUM  5.
PAR  5. A method for treatment of diseases caused by bacterial organisms in
      animals, including man, comprising administering to a host an
      antibacterially effective amount of the compound 1'-ethoxycarbonyloxyethyl
      6-(D-.alpha.-benzylsulphonylamino-phenylacetamido)-penicillanate or a
      therapeutically acceptable salt thereof.
NUM  6.
PAR  6. A method for treatment of diseases caused by bacterial organisms in
      animals, including man, comprising administering to a host an
      antibacterially effective amount of the compound ethoxycarbonyloxymethyl
      6-(D-.alpha.-benzylsulphonylamino-phenylacetamido)-penicillanate or a
      therapeutically acceptable salt thereof.
PATN
WKU  039314065
SRC  5
APN  5464803
APT  1
ART  125
APD  19750203
TTL  Pyrazolidine fungicides
ISD  19760106
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ABST
PAL  There is provided a method for protecting plants from attack by fungi by
      applying to said plants a fungicidally effective amount of a pyrazolidine
      and acid salt derivatives thereof.
BSUM
PAR  The present invention relates to the use of pyrazolidine compounds and the
      acid salts thereof as antifungal agents. These antifungal compounds are
      represented by the formula:
      ##SPC1##
PAL  Wherein R.sub.1 and R.sub.2 each represent alkyl C.sub.1 -C.sub.4 ; R.sub.3
      and R.sub.5 each independently represent members selected from the group
      consisting of cycloalkyl C.sub.3 -C.sub.7 and
      ##SPC2##
PAL  Y represents a member selected from the group consisting of hydrogen,
      halogen and alkyl C.sub.1 -C.sub.4 ; and HX represents an acid, preferably
      selected from the group consisting of HCl, HBr, HI, HNO.sub.3, H.sub.3
      PO.sub.4, H.sub.2 SO.sub.4, HClO.sub.4 and
      ##SPC3##
PAR  Preferred pyrazolidine compounds, for use in the method of the present
      invention, are depicted by formulas (I) and (II) above, wherein R.sub.1
      and R.sub.2 are each methyl, R.sub.3 and R.sub.5 are each independently
      selected from the group consisting of cyclohexyl and
      ##SPC4##
PAL  Y represents a member selected from the group consisting of hydrogen,
      halogen and methyl; and HX is an inorganic acid selected from those
      mentioned above.
PAR  Another preferred embodiment of this invention relates to the use of
      pyrazolidine compounds depicted by formulas (I) and (II) above, for the
      protection of living plants, said compounds have the formula as shown
      above wherein R.sub.1 and R.sub.2 are each methyl; R.sub.3 is phenyl, o-,
      m- or p-fluorophenyl, or o-, m- or p-methylphenyl, R.sub.5 is phenyl, o-,
      m- or p-fluorophenyl, or o-, m- or p-methylphenyl; and in formula (II)
      compounds, HX is HI, HCl, HBr, HNO.sub.3 or H.sub.2 SO.sub.4.
PAR  The above-identified pyrazolidine compounds, which are represented by
      formulas (I) and (II), can be prepared as the "cis" and the "trans"
      isomers. Both isomeric forms of the compounds are biologically active,
      however, the "cis" isomers are the more active of the two. Mixed isomer
      compositions are, of course, also biologically active.
PAR  The term "halogen" as used herein is intended to mean fluoro, chloro, bromo
      and iodo, however fluoro is preferable.
PAR  Although, at first glance, the pyrazolidines and pyrazolidine salts of this
      invention may appear, to one who is not skilled in the art, to be similar
      to pyrazolium and pyrazolinium compounds, it must be recognized that these
      latter-named compounds are quaternary salts, and thus, such ionic
      compounds are generally water soluble. The pyrazolidines (I) are not
      salts, nor are they quaternary compounds, and they are water-insoluble
      materials. The pyrazolidine (II) compounds are, of course, salts; however,
      like the pyrazolidines (I), they are not quaternary compounds.
PAR  Quaternary compounds are obtained with a positive charge on the nitrogen
      and a carbon atom attached to the nitrogen; whereas, the salt is obtained
      by protonation of the nitrogen which may or may not have an alkyl group
      attached. A salt and a quaternary may be illustrated as follows:
      ##EQU1##
PAR  Additionally, the action of base on an HX salt of an amine will regenerate
      the amine, i.e. a pyrazolidine, whereas, base upon a pyrazolium compound
      merely changes the counterion X.sup.- to OH.sup.-.
PAR  The pyrazolidines (I) are nonionic, lipophilic molecules which are found to
      be effective as foliar fungicides, especially effective for the control of
      powdery mildew on a variety of plant species, especially cereal grains
      such as barley, wheat, corn or sorghum.
PAR  The pyrazolidines of this invention can be prepared by a reductive process.
      Pyrazolium compounds (III), below, can be reduced in high yield (by Method
      A) in protonic solvents with an excess of sodium borohydride, between room
      temperature and reflux temperature of the solvent, e.g. in isopropanol
      (80.degree.C) or other lower alcohol C.sub.1 -C.sub.4. Other reducing
      agents may be substituted, e.g., lithium aluminum hydride and an ether
      such as tetrahydrofuran (THF) or diethyl ether. This reduction probably
      involves the intermediacy of a .DELTA.-3-pyrazoline. Milder conditions
      (e.g., room temperature) are employed for the reduction of 2-pyrazolinium
      compounds to pyrazolidines, shown hereinafter as Method B. The
      pyrazolidines are readily separated from any unreacted starting material
      by virtue of their solubility in aprotic solvents such as benzene, ethers
      or chlorinated hydrocarbons. Most of the pyrazolidines so obtained are
      oils, which are shown by gas liquid chromatography (glc) and nuclear
      magnetic resonance (nmr) to be isomer mixtures generally in the range of
      cis:trans 80:20. Further characterization of the pyrazolidines is obtained
      by conversion to a salt using an aqueous acid, e.g., HCl or HI. In some
      cases, the salt precipitates out such as with perchloric or hydriodic
      acid, and the product is removed by filtration. Sometimes an oil results,
      which with manipulation readily affords a solid. In some cases, the salt
      is extracted from the aqueous acidic medium (e.g., aqueous HCl) with
      chloroform, which upon evaporation affords the salt. Alternatively,
      hydrochlorides can be prepared by passing dry hydrogen chloride gas
      through an aprotic solvent such as an ethereal solution of the
      pyrazolidine, from which the hydrochloride salt precipitates out and is
      removed by filtration.
PAR  Separation of cis and trans pyrazolidines is achieved preparatively by dry
      column chromatography using Woelm Silica Gel, prepared for dry
      chromatography as the packing, and hexane-ether (80:20) as the eluant. The
      "trans" isomer runs somewhat faster than the "cis" isomer, which is the
      basis for the separation. The separation is confirmed by glc using a mixed
      phase column, 3% SP-2250, 3.95% SP-2401 column at 175.degree.C and by nmr
      (CDCl.sub.3) spectra.
PAR  Alternatively, the pyrazolidines I can be obtained from chalcones by
      successive reaction with hydrazines, followed by reduction, as described
      above, or reductive alkylation. The reaction may be graphically
      illustrated as follows:
      ##SPC5##
PAR  As previously stated, it has been found that the compound of this invention
      are useful for the control of fungi which infect many living plants. They
      are particularly effective for controlling powdery mildew, especially on
      grains such as barley and wheat, on vines such as cucumbers, grapes and
      pumpkin and on fruit and nut trees such as apples, pears and pecans. They
      are also effective for controlling fungi which are the causative agents
      for diseases such as rice blast, and apple scab and can be used to protect
      ornamentals and shrubs.
PAR  In utilizing the above-identified pyrazolidine compounds for protecting
      plants from pathogenic fungi, I have found it most advantageous to apply
      the active material to the foliage of the plant in the form of a liquid,
      preferably aqueous, spray. Solutions or suspensions containing from about
      50 to 5,600 ppm, and preferably 100 to 500 ppm of the pyrazolidine cation
      or free base are generally highly effective for this use.
PAR  As the pyrazolidine salts (II) of this invention exhibit good water
      solubility, the active salts can simply be dissolved in water and applied
      to the plants as such, or a surfactant or mixture of surfactants can be
      added either to the formulation or to the aqueous mixture to be applied.
PAR  The pyrazolidines and pyrazolidine salts, I and II respectively, can be
      prepared as wettable powders, emulsifiable concentrates or as water
      miscible concentrates which are diluted with water or other suitable polar
      solvent, and then applied as a dilute aqueous spray. Generally, such
      sprays are applied at the volume rate of about 938 to 1877 l/ha or about
      100 to 200 gal per acre. It is, of course, obvious that smaller or larger
      volumes of liuqid spray may be employed, e.g., 400 to 4,000 l/ha may be
      used depending on a variety of factors including the type of crop, the
      plant spacing and the amount of foliage per plant being treated. It is
      also obvious that the preferred concentration may vary when the volume of
      spray varies.
PAR  While fungicide treatments are generally discussed in terms of
      concentration of active ingredient in ppm in the solution or suspension,
      it should also be noted that, with the compounds of the present invention,
      it is generally desirable to apply the pyrazolidine or pyrazolidine salt
      in an amount sufficient to provide about 0.056 to 11.8 kg/ha and
      preferably 0.56 to 4.48 kg/ha of said compound.
PAR  Wettable powder formulations can be prepared by grinding together about 25%
      to 95% by weight of the pyrazolidine or pyrazolidine salt and about 75% to
      5% by weight of a solid diluent such as attapulgite, kaolin, bentonite,
      diatomaceous earth, silica, talc, fullers earth or the like. To this
      mixture is added about 1% to 5% by weight of a dispersing agent such as
      the calcium salt of a polymerized alkyl aryl sulfonic acid, sodium
      lignosulfonate, or sodium salt of condensed naphthalene sulfonic acid and
      about 1% to 5% by weight of a surfactant, such as polyoxyethylated
      vegetable oil, alkyl phenoxy polyoxyethylene ethanol, sodium alkyl
      naphthalene sulfonate is also blended with the formulation.
PAR  The emulsifiable concentrate formulations can be prepared by dissolving
      about 25% to 75% by weight of the pyrazolidine free base in an aromatic
      solvent such as xylene, toluene or benzene, and adding thereto about 5% to
      10% by weight of a nonionic, anionic or nonionic-anionic emulsifier. The
      thus-prepared formulation is then readily dispersible in water and can be
      applied as a dilute spray.
PAR  The water-miscible concentrates are prepared by dissolving from 15% to 70%
      by weight of the compound, preferably the pyrazolidine salt, in 85% to 30%
      by weight of a water-miscible solvent, such as 2-methoxy ethanol,
      methanol, propylene glycol, diethylene glycol, diethylene glycol monoethyl
      ether, formamide, and methylformamide. Application of the material is
      generally made by adding a predetermined quantity of the water-miscible
      concentrate to a spray tank and adding thereto a quantity of water
      sufficient to provide the desired concentration of active ingredient in
      solution, and spraying the thus prepared solution on the foliage of plants
      which are to be protected.
PAR  The performance of the product in the above formulations, which are applied
      as liquid sprays, is improved by adding a surfactant or blend of
      surfactants thereto. Conventional nonionic surfactants are preferred and
      the surfactants are preferably added to the formulation itself or the
      spray tank to give a final finished spray containing 0.1% to 5% by volume
      to provide good wetting of the spray solution on plant foliage.
PAR  Suitable nonionic surfactants include alkyl polyoxyethylene ethers,
      polyoxyethylene (20) sorbitan monolaurate, polyoxyethylene (20) sorbitan
      monooleate, alkylarylpolyglcol ethers, alkyl phenol ethoxylates, trimethyl
      nonyl polyethylene glycol ethers, alkyl phenol ethylene oxide condensates,
      octyl phenoxy polyethoxy ethanols, nonylphenyl polyethylene glycol ethers,
      condensates of polyoxy ethylenes, polyoxy propylenes, aliphatic
      polyethers, aliphatic polyesters, alkaryl polyoxyethylene glycols, and the
      like. Especially preferred nonionic surfactants having a
      hydrophilic-lipophilic balance (HLB) of from 11 to 16. This conventional
      surfactant classification test is described, for example, at page 232 et
      seq of Emulsion Theory and Practice by Paul Becker, Rheinholt Publishing
      Corporation, Second Edition (1965); also available as No. 162 in the
      American Chemical Society's Monograph Series.
PAR  Preferred methods employ water as the diluent and the
      1,2-dimethyl-3,5-diphenylpyrazolidine or acid salt thereof or the
      1,2-dimethyl-5-phenyl-3-fluorophenylpyrazolidine or pyrazolidine acid salt
      as the active ingredient.
DETD
PAR  This invention is further illustrated by the examples set forth below which
      are provided simply by way of illustration.
PAC  EXAMPLE 1
PAR  The fungicidal activity of the compounds of the present invention is
      demonstrated in the following tests.
PAR  Plants (barley and wheat) are individually grown in 5.08 cm peat squares
      and assembled in fibre containers the week prior to spraying.
PAR  Spray solutions are prepared at final concentrations of 100 ppm and/or 500
      ppm in 50/50 acetone/water mixtures. The plants are placed on a turntable
      and sprayed with 50 ml of test solution. Immediately thereafter they are
      placed on greenhouse benches and permitted to dry. After drying, said
      treated plants are dusted with powdery mildew spores and the dusted plants
      are then placed in a constant temperature room (22.degree.C, 12 hours
      light and 45% RH) for from 7 to 9 days to await disease expression. At the
      end of the holding period, all plants are examined and rated according to
      the performance rating system provided below.
PAL  Performance Rating
PAR  All plants are rated for disease severity on a scale of 1 to 7 (clean to
      kill), as described below:
     Rating            Description                                             

     ______________________________________                                    

     1                 Nil                                                     

     2                 Trace disease                                           

     3                 Slight disease                                          

     4                 Moderate disease                                        

     5                 Heavy disease                                           

     6                 Severe disease                                          

     7                 Kill                                                    

     ______________________________________                                    

PAL  Data obtained are reported in Table I below.
TBL                Table I                                                     

     ______________________________________                                    

     Control of Powdery Mildew on Barley and Wheat                             

                            Disease                                            

                      Rate  Severity                                           

     Compound           ppm     Barley  Wheat                                  

     ______________________________________                                    

     1,2-Dimethyl-3,5-  500     1       1                                      

      diphenylpyrazolidine                                                     

                        100     2       2                                      

      hydrochloride*                                                           

     1,2-Dimethyl-3,5-  500     1       1                                      

      diphenylpyrazolidine                                                     

      perchlorate*                                                             

     1,2-Dimethyl-3,5-  500     1       1                                      

      diphenylpyrazolidine                                                     

      nitrate*                                                                 

     1,2-Dimethyl-3,5-  500     1       1                                      

      diphenylpyrazolidine                                                     

                        100     1       2                                      

      hydrobromide*                                                            

     3-(p-Fluorophenyl)-                                                       

                        500     2       1                                      

      1,2-dimethyl-5-phenyl-                                                   

      pyrazolidine hydriodide*                                                 

     3-(p-Fluorophenyl)-                                                       

                        500     2       1                                      

      1,2-dimethyl-5-phenyl-                                                   

      pyrazolidine*                                                            

     3-(o-Fluorophenyl)-                                                       

                        500     1       1                                      

      1,2-dimethyl-5-phenyl-                                                   

      pyrazolidine hydriodide*                                                 

     3-(o-Fluorophenyl)-                                                       

                        500     1       1                                      

      1,2-dimethyl-5-phenyl-                                                   

      pyrazolidine*                                                            

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  To determine the effectiveness of pyrazolidine compound as fungicidal
      agents a variety of pathogenic fungi, host plants and pyrazolidine and
      pyrazolidine acid salts are used in the following tests. Pathogens, host
      plants, the method of testing and the rating system used are reported
      below along with the data obtained.
PAL  Pathogens:
PA1  Piricularia oryzae Cavara, the rice blast pathogen.
PA1  Venturia inaequalis (Cke.) Wint. which causes apple scab.
PA1  Erysiphe cichoracearum DC, the cause of powdery mildew on cucurbits.
PA1  Podosphaera leucotricha (E. & E.) Salm., the cause of powdery mildew of
      apples and pears.
PA1  Erysiphe graminis f. sp. tritci the cause of powdery mildew on wheat.
PA1  Erysiphe graminis f. sp. hordei the cause of powdery mildew on barley.
PAL  Host Plants:
PA1  Rice (Oryza sativa) Cv. Nato)
PA1  Cucumber (Cucumis sativus) (Cv. Marketer)
PA1  Apple (Malus sylvestris) (Seedling)
PA1  Wheat (Triticum aestivum Cv. Bonanza)
PA1  Barley (Hordeum vulgare Cv. Larker)
PAR  Plants are individually grown in 5.08 cm peat squares and assembled in 7.62
      cm .times. 25.4 cm pressed fibre containers the week prior to spraying.
      With the exception of rice and wheat, a single specimen of each species is
      used. A separate container is used for those plants in the mildew
      evaluation. The complete test system is shown below.
TBL  ______________________________________                                    

     Series 1         Series 2                                                 

     ______________________________________                                    

     Rice: Rice Blast Apple: Powdery Mildew                                    

     Apple: Apple Scab                                                         

                      Cucumber: Powdery Mildew                                 

                      Wheat: Powdery Mildew                                    

                      Barley: Powdery Mildew                                   

     ______________________________________                                    

PAR  Spray solutions are prepared at a final concentration of 100 or 500 ppm in
      50 ml of 50% aqueous acetone. In all cases, acetone is added first to
      solubilize the compound and solutions made to final volume with deionized
      water.
PAR  Two containers, one each from Series 1 and 2 (see above), are sprayed
      simultaneously on a turntable with 50 ml of the test solution. Spray is
      provided by 2 fixed Spraying System Co. nozzles mounted to deliver
      vertical and horizontal solid cone spray patterns. Immediately thereafter,
      all plants, are returned to the greenhouse to permit the deposit to dry.
PAR  Plants of Series 1 and 2 are separately inoculated. Plants in Series 1 are
      inoculated with conidial suspensions of the respective pathogens using a
      DeVilbiss paint sprayer operated at 4-6 psig and immediately transferred
      to a controlled temperature/humidity cabinet (ambient temperature RH 95%).
      Plants in Series 2 are dusted with respective powdery mildew conidia and
      then, with the exception of apple seedlings, removed to the constant
      temperature room previously described to await disease development. Apple
      seedlings are transferred to the greenhouse to await disease expression.
      Plants in Series 1 are held 4 days in the cabinet then transferred to the
      greenhouse to await disease expression.
PAR  All plants are rated for disease severity on a scale of 1-7 (clean-kill),
      as described in Example 1 above.
PAR  In the accompanying tables a rating for acceptable control and a rating for
      the controls or checks is given.
PAR  Data are reported for the minimum effective level tested and where tests
      are repeated average values are reported. Ratings for controls are
      averages from two or more tests.
TBL                                    Table II                                

     __________________________________________________________________________

     Antifungal Activity of Pyrazolidine* and Pyrazolidine Acid Salts*         

                             Mean Disease Severity at Indicated Spray rates,   

                             ppm                                               

     Compound                Rice Blast      Apple Scab                        

                             500 ppm   100 ppm                                 

                                             500 ppm   100 ppm                 

     Acceptable Disease Control Level                                          

                                   1-3             1-3                         

     Controls                      4.8             5.6                         

     __________________________________________________________________________

     cis-1,2-Dimethyl-3,5-diphenylpyrazolidine                                 

                                             3.0                               

     trans-1,2-Dimethyl-3,5-diphenylpyrazolidine                               

                                             3.0                               

     hydrochloride                                                             

     cis-1,2-Dimethyl-3,5-diphenylpyrazolidine                                 

                                             2.0                               

     hydrochloride                                                             

     3,5-Dicyclohexyl-1,2-dimethylpyrazolidine                                 

                                             2.0                               

     perchlorate                                                               

     3-(p-Fluorophenyl)-1,2-dimethyl-5-phenyl-                                 

                             3.0       3.0                                     

     pyrazolidine                                                              

     1,2-Dimethyl-3-(o-tolyl)-5-(p-tolyl)pyra-                                 

                             3.5       2.0                                     

     zolidine hydriodide                                                       

     1,2-Dimethyl-3-(o-tolyl)-5-(p-tolyl)pyra-                                 

                             3.0       3.0                                     

     zolidine                                                                  

     1,2-Dimethyl-3,5-di-o-tolylpyrazolidine 3.0       1.0                     

     hydriodide                                                                

     3-(o-Fluorophenyl)-1,2-dimethyl-5-phenyl-                                 

                                             3.0                               

     pyrazolidine hydriodide                                                   

     __________________________________________________________________________

      *All compounds are 80:20 cis-trans mixture unless otherwise specified    

TBL                                    Table III                               

     __________________________________________________________________________

     Antifungal Activity of Pyrazolidine* and Pyrazolidine Acid Salts*         

                             Mean Disease Severity at Indicated Spray Rates,   

                             ppm                                               

                             CUC      Wheat    Apple    Barley                 

     Compound                Powdery  Powdery  Powdery  Powdery                

                             500   100                                         

                                      500   100                                

                                               500   100                       

                                                        500   100              

     Acceptable Disease Control Level                                          

                                1-3      1-3      1-3      1-3                 

     Controls                   5.9      5.1      5.5      6.0                 

     __________________________________________________________________________

     1,2-Dimethyl-3,5-diphenylpyrazolidine                                     

                                      1.5   2.0         1.5   2.0              

     hydrochloride                                                             

     trans-1,2-Dimethyl-3,5-diphenylpyrazolidine                               

                                      2.0      2.0                             

     cis-1,2-Dimethyl-3,5-diphenylpyrazolidine                                 

                             3.0      2.0      3.0                             

     trans-1,2-Dimethyl-3,5-diphenylpyrazolidine                               

                                      2.0                                      

     hydrochloride                                                             

     cis-1,2-Dimethyl-3,5-diphenylpyrazolidine                                 

                                      1.0      3.0      1.0   1.0              

     hydrochloride                                                             

     1,2-Dimethyl-3,5-diphenylpyrazolidine                                     

                                      1.5      3.0      1.0   3.0              

     perchlorate                                                               

     3-(p-Fluorophenyl)-1,2-dimethyl-5-phenyl-                                 

                                      2.3               1.0                    

     pyrazolidine hydriodide                                                   

     3-(p-Fluorophenyl)-1,2-dimethyl-5-phenyl-                                 

                                      2.0               1.0                    

     pyrazolidine                                                              

     1,2-Dimethyl-3-(o-tolyl)-5-(p-tolyl)pyra-                                 

                                      1.0.sup.m                                

                                            3.0                                

     zolidine hydriodide                                                       

     1,2-Dimethyl-3-(o-tolyl)-5-(p-tolyl)pyra-                                 

                                      1.0.sup.m                                

                                            3.0                                

     zolidine                                                                  

     1,2-Dimethyl-3,5-di-o-tolylpyrazolidine                                   

                                      3.0                                      

     hydriodide                                                                

     1,2-Dimethyl-3,5-di-m-tolylpyrazolidine                                   

                             1.0.sup.m                                         

                                   3.0                                         

                                      1.0   2.0         1.0   2.0              

     hydriodide                                                                

     3-(o-Fluorophenyl)-1,2-dimethyl-5-                                        

                                      2.0   3.0         1.0                    

     phenylpyrazolidine                                                        

     1,2-Dimethyl-3,5-diphenylpyrazolidine                                     

                                      1.0               1.0                    

     nitrate                                                                   

     1,2-Dimethyl-3,5-diphenylpyrazolidine                                     

                                      1.0   1.0         1.0   2.0              

     hydrobromide                                                              

     3-(o-Fluorophenyl)-1,2-dimethyl-5-                                        

                                      1.5   3.0                                

     phenylpyrazolidine hydriodide                                             

     __________________________________________________________________________

      *All compounds are 80:20 cis-trans mixture unless otherwise specified    

      m=Moderate phytotoxicity                                                 

PAC  EXAMPLE 3
PAC  Preparation of 1,2-Dimethyl-3,5-diphenylpyrazolidine (Method A).
PAR  Sodium borohydride (19 g, 0.5 mole) is added portionwise to an isopropanol
      (1 1) solution of 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate (40.1
      g, 0.25 mole). The reaction is allowed to stir at room temperature for 3
      days; then additional sodium borohydride (9 g, 0.25 mole) is added, and
      the reaction is heated to reflux with stirring and maintained there for 7
      hours. The reaction mixture is cooled to room temperature and water (100
      ml) is added over a 11/2-hour period. After stirring for 2 hours, the
      isopropanol is removed on a rotary evaporator, and the resulting paste
      slurried in water and extracted with diethyl ether. Evaporation of the
      ether layer gives the pyrazolidine as a viscous oil; 48.3 g, 72%, which is
      characterized by nmr, ir, glc and analyzed as its HCl salt.
PAR  Analyses calculated for C.sub.17 H.sub.21 N.sub.2 Cl: C, 70.70; H, 7.33; N,
      9.70. Found: C, 70.59; H, 7.49; N, 9.44.
PAR  Compounds in Table I, designated by Method A, are prepared in a similar
      manner, from pyrazolium quaternary salts and sodium borohydride.
PAC  EXAMPLE 4
PAC  Preparation of 1,2-Dimethyl-3-(m-fluorophenyl)-5-phenyl-pyrazolidine
      hydriodide (Method B).
PAR  Sodium borohydride (76 g, 0.02 mole) is added to a slurry of
      1,2-dimethyl-3-(m-fluorophenyl)-5-phenylpyrazolinium iodide (4 g, 0.01
      mole) in isopropanol (125 ml). After becoming homogeneous, the reaction
      mixture is stirred for 24 hours; then water (10 ml) is carefully added.
      The alcohol is removed on a rotary evaporator, and the residue slurried in
      water (50 ml) and extracted with chloroform. Evaporation of the organic
      layer gives an oil, which is slurried in water, and aqueous hydriodic acid
      (5 ml, 46-50%) is added. After stirring for one hour, the resulting solid
      is filtered and dried to give 3.3 g, 83%; melting point
      187.degree.-189.degree.C.
PAR  Analyses calculated for C.sub.17 H.sub.20 N.sub.2 FI: C, 51.27; H, 5.06; N,
      7.03. Found: C, 51.59; H, 5.25; N, 7.10.
PAR  Compounds prepared by Method B are also listed in Table IV, and are
      prepared in a similar manner to the above example by reduction of
      pyrazolinium salts with sodium borohydride.
PAC  EXAMPLE 5
PAC  Separation of Isomers
PAR  The isomer mixture of 1,2-dimethyl-3,5-diphenylpyrazolidine (50 g, 80:20
      cis:trans) is taken up in a hexane-ether (80:20) mixture, and passed
      through a "dry" silica gel column 5 feet in length and 21/2 inches in
      diameter with the same solvent system. The fractions are cut off, stripped
      off the silica gel with methanol, the methanol removed by evaporation and
      the residue azeotropically dried with toluene to give:
PAR  1. F.sub.3 -- faster moving trans-isomer 95% (glc, 175.degree.C, mixed
      phase column 3% SP-2250, 3.95% SP-2401). Analyses calculated for C.sub.17
      H.sub.20 N.sub.2 : C, 80.91; H, 7.99; N, 11.10. Found: C, 80.92; H, 8.29;
      N, 10.91; anad
PAR  and 2. F.sub.5,6,7 -- slower cis-isomer 97% (glc as above).
PAR  Analyses calculated for C.sub.17 H.sub.20 N.sub.2 : C, 80.91; H, 7.99; N,
      11.10. Found: C, 80.52; H, 8.07; N, 10.90.
PAR  The hydrochlorides of both are prepared, as exemplified by the following.
PAR  Aqueous hydrochloric acid (4 ml) is added to a water suspension of the
      cis-isomer (5.0 g) and the reaction mixture stirred for 1/2 hour. The
      mixture is extracted with chloroform, and the organic layer concentrated
      to an oil and azeotropically dried with toluene. The oil is taken up in
      chloroform (50 ml), and a solid precipitates out upon addition of ether
      and is filtered and dried to give 3.7 g, 65%; melting point
      194.degree.-195.degree.C.
PAR  Analyses calculated for C.sub.17 H.sub.21 N.sub.2 Cl: C, 70.70; H, 7.33; N,
      9.70. Found: C, 70.93; H, 7.48; N, 9.78.
PAC  EXAMPLE 6
PAR  Following the procedure of Examples 1 or 2 above but employing the
      appropriate 1,2-dialkyl-3,5-diphenylpyrazolium compound yields the
      compounds listed below in Table IV.
TBL                                    Table IV                                

     __________________________________________________________________________

     Preparation of Pyrazolidine Compounds                                     

     Compound                    Melting Point .degree.C                       

                                           Method Example No.                  

     __________________________________________________________________________

     1,2-Dimethyl-3,5-diphenylpyrazolidine hydrochloride                       

                                 190-192   1                                   

     1,2-Dimethyl-3,5-diphenylpyrazolidine                                     

                                 oil       1                                   

     Trans-1,2-dimethyl-3,5-diphenylpyrazolidine                               

                                 oil       1                                   

     Cis-1,2-dimethyl-3,5-diphenylpyrazolidine                                 

                                 oil       1                                   

     Trans-1,2-dimethyl-3,5-diphenylpyrazolidine                               

                                 152-154   1                                   

     hydrochloride                                                             

     Cis-1,2-dimethyl-3,5-diphenylpyrazolidine                                 

                                 194-195   1                                   

     hydrochloride                                                             

     3,5-Dicyclohexyl-1,2-dimethylpyrazolidine                                 

                                 146-148   1                                   

     perchlorate                                                               

     3,5-Dicyclohexyl-1,2-dimethylpyrazolidine                                 

                                 oil       1                                   

     1,2-Dimethyl-3,5-diphenylpyrazolidine                                     

                                 195-196   1                                   

     hydriodide                                                                

     1,2-Dimethyl-3,5-diphenylpyrazolidine nitrate                             

                                 72-74     1                                   

     1,2-Dimethyl-3,5-diphenylpyrazolidine perchlorate                         

                                 138       1                                   

     1,2-Dimethyl-3,5-diphenylpyrazolidine hydrobromide                        

                                 196-199   1                                   

     1,2-Dimethyl-3,5-diphenylpyrazolidine p-toluene                           

                                 Viscous glass                                 

                                           1                                   

     sulfate                                                                   

     1,2-Dimethyl-3,5-diphenylpyrazolidine hydrogen                            

                                 94        1                                   

     sulfate                                                                   

     3-(p-Fluorophenyl)-1,2-dimethyl-5-phenylpyrazolidine                      

                                 195-198   2                                   

     hydriodide                                                                

     3-(p-Fluorophenyl)-1,2-dimethyl-5-phenylpyrazolidine                      

                                 oil       2                                   

     3-(o-Fluorophenyl)-1,2-dimethyl-5-phenylpyrazolidine                      

                                 oil       2                                   

     3-(o-Fluorophenyl)-1,2-dimethyl-5-phenylpyrazolidine                      

                                 168-170   2                                   

     hydriodide                                                                

     3-Cyclohexyl-1,2-dimethyl-5-phenylpyrazolidine                            

                                 90        1                                   

     hydriodide                                                                

     3-(m-Fluorophenyl)-1,2-dimethyl-5-phenylpyrazolidine                      

                                 187-189   2                                   

     hydriodide                                                                

     3-(p-Chlorophenyl)-1,2-dimethyl-5-phenylpyrazolidine                      

                                 178       1                                   

     hydriodide                                                                

     1,2-Dimethyl-3,5-di(m-tolyl)pyrazolidine hydriodide                       

                                 182-185   2                                   

     1,2-Dimethyl-3,5-di(o-tolyl)pyrazolidine hydriodide                       

                                 212-219   2                                   

     1,2-Dimethyl-3-(o-tolyl)-5-(p-tolyl)pyrazolidine                          

                                 167-168   2                                   

     hydriodide                                                                

     1,2-Dimethyl-3-(o-tolyl)-5-(p-tolyl)pyrazolidine                          

                                 oil       1                                   

     __________________________________________________________________________

CLMS
STM  I claim:
NUM  1.
PAR  1. A method for protecting growing plants from attack by fungal organisms
      comprising applying to the foliage of said plants a fungicidally effective
      amount of a compound having a formula selected from the group consisting
      of:
      ##SPC6##
PAL  wherein R.sub.1 and R.sub.2 each represent alkyl C.sub.1 -C.sub.4 ; R.sub.3
      and R.sub.5 each represent a member selected from the group consisting of
      cycloalkyl C.sub.3 -C.sub.7, and
      ##SPC7##
PAL  Y represents a member selected from the group consisting of hydrogen,
      halogen and alkyl C.sub.1 -C.sub.4 ; and HX represents an acid.
NUM  2.
PAR  2. The method according to claim 1, wherein HX represents an acid selected
      from the group consisting of HCl, HBr, HI, HNO.sub.3, H.sub.3 PO.sub.4,
      H.sub.2 SO.sub.4, HClO.sub.4 and
      ##SPC8##
NUM  3.
PAR  3. The method according to claim 1, wherein R.sub.1 and R.sub.2 are methyl;
      R.sub.3 and R.sub.5 each represent a member selected from the group
      consisting of cyclohexyl and
      ##SPC9##
PAL  Y represents a member selected from the group consisting of hydrogen,
      fluoro and methyl; and HX is an inorganic acid.
NUM  4.
PAR  4. The method according to claim 1, wherein the fungal organism causes
      powdery mildew, and the plant to be protected is barley or wheat.
NUM  5.
PAR  5. The method according to claim 1, wherein the compound is
      cis-1,2-dimethyl-3,5-diphenylpyrazolidine hydrochloride.
NUM  6.
PAR  6. The method according to claim 1 wherein the compound is
      1,2-dimethyl-3,5-di-m-tolylpyrazolidine hydroiodide.
NUM  7.
PAR  7. The method according to claim 1 wherein the compound is
      1,2-dimethyl-3,5-diphenylpyrazolidine hydrobromide.
NUM  8.
PAR  8. The method according to claim 1 wherein said compound is brought into
      contact with the foliage in the form of an aqueous spray containing 50 to
      5,600 ppm of said compound.
NUM  9.
PAR  9. The method according to claim 1 wherein said compound is in the cis
      form.
NUM  10.
PAR  10. The method according to claim 1 wherein said compound is the free base.
NUM  11.
PAR  11. The method according to claim 1 wherein said compound is the acid salt.
PATN
WKU  039314073
SRC  5
APN  5198445
APT  1
ART  125
APD  19741031
TTL  Method of treatment with and compositions containing condensed pyrroles
      bearing an N-phenyl substituent
ISD  19760106
NCL  24
ECL  13
EXP  Friedman; Stanley J.
INVT
NAM  Allen; Richard C.
CTY  Somerville
STA  NJ
INVT
NAM  Anderson; V. Brian
CTY  High Bridge
STA  NJ
ASSG
NAM  American Hoechst Corporation
CTY  Somerville
STA  NJ
COD  02
RLAP
COD  74
APN  336919
APD  19730301
PSC  01
PNO  3878225
ISD  19750415
CLAS
OCL  424274
EDF  2
ICL  A61K 3140
FSC  424
FSS  274
UREF
PNO  3687971
ISD  19720800
NAM  Shen et al.
XCL  260302
LREP
FRM  Curtis, Morris & Safford
ABST
PAL  Novel N-phenylpyrroles are disclosed that are effective in the treatment of
      inflammation and pain in mammals and have the formula
      ##SPC1##
PAL  Wherein
PA1  R is hydrogen, alkyl of one to six carbon atoms, thienyl, phenyl or phenyl
      substituted by halogen, trifluoromethyl, alkyl of one to six carbon atoms,
      alkoxy of one to six carbon atoms, alkanoyloxy of one to six carbon atoms,
      alkanoylamino of one to six carbon atoms, nitro, cyano, hydroxyl, amino or
      phenyl;
PA1  R.sub.1 is carboxyl, alkoxycarbonyl of two to seven carbon atoms,
      carbamoyl, N-alkylcarbamoyl of two to seven carbon atoms,
      N,N-dialkylcarbamoyl of three to seven carbon atoms, hydroxycarbamoyl or
      dialkylphosphinylalkoxycarbonyl of four to 10 carbon atoms;
PA1  R.sub.2 is hydrogen, hydroxyl, mercapto, halogen, trifluoromethyl, alkyl of
      one to six carbon atoms, alkoxy of one to six carbon atoms, alkanoyloxy of
      one to six carbon atoms, alkylthio of one to six carbon atoms, amino,
      alkylamino of one to six carbon atoms, dialkylamino of two to six carbon
      atoms, alkanoylamino of one to six carbon atoms, alkanoylthio of one to
      six carbon atoms, thiocarbamoyloxy, alkylthiocarbamoyloxy of two to six
      carbon atoms, dialkylthiocarbamoyloxy of three to seven carbon atoms,
      carbamoylthio, alkylcarbamoylthio of one to six carbon atoms,
      dialkylcarbamoylthio of two to seven carbon atoms, carbamoylamino,
      alkylcarbamoylamino of two to six carbon atoms or dialkylcarbamoylamino of
      three to seven carbon atoms;
PA1  R.sub.3 is hydrogen, alkanoyl of one to six carbon atoms, or phenyl;
PA1  X is alkylene of three to five carbon atoms, alkylene of three to five
      carbon atoms substituted by alkyl or alkoxy of one to six carbon atoms,
      divinylene, divinylene substituted by alkyl of one to six carbon atoms,
      ##SPC2##
PA1  Wherein D is hydrogen, alkyl of one to six carbon atoms, alkoxy of one to
      six carbon atoms, alkanoyloxy of one to six carbon atoms, alkanoylamino of
      one to six carbon atoms, halogen, amino, nitro or trifluoromethyl; and n
      is 1 or 2.
PARN
PAR  This is a division of application Ser. No. 336,919 filed Mar. 1, 1973, now
      U.S. Pat. No. 3,878,225 granted Apr. 15, 1975.
BSUM
PAR  This invention relates to novel N-phenylpyrroles having anti-inflammatory
      and analgesic activity, to methods of preparing the same and to a method
      of treatment therewith for reducing inflammation and pain in mammals.
PAR  German Offenlegungsschrift No. 1,938,904 relates to N-arylpyrroles of the
      formula
      ##SPC3##
PAL  In which R.sub.1 and R.sub.2 are methyl-, phenyl-, methylphenyl- or
      halogenated phenyl and the N-phenyl group may carry one or two
      substituents. These compounds are described to be useful as
      anti-inflammatory and analgesic agents.
PAR  We have found a genus of N-phenylpyrroles having superior anti-inflammatory
      and analgesic activity, and minimal side effects. These are compounds of
      the formula
      ##SPC4##
PAL  Wherein
PAR  R is hydrogen, alkyl of one to six carbon atoms, thienyl, phenyl or phenyl
      substituted by halogen, trifluoromethyl, alkyl of one to six carbon atoms,
      alkoxy of one to six carbon atoms, alkanoyloxy of one to six carbon atoms,
      alkanoylamino of one to six carbon atoms, nitro, cyano, hydroxyl, amino or
      phenyl;
PAR  R.sub.1 is carboxyl, alkoxycarbonyl of two to seven carbon atoms,
      carbamoyl, N-alkylcarbamoyl of two to seven carbon atoms,
      N,N-dialkylcarbamoyl of three to seven carbon atoms, hydroxycarbamoyl or
      dialkylphosphinylalkoxycarbonyl of four to 10 carbon atoms;
PAR  R.sub.2 is hydrogen, hydroxyl, mercapto, halogen, trifluoromethyl, alkyl of
      one to six carbon atoms, alkoxy of one to six carbon atoms, alkanoyloxy of
      one to six carbon atoms, alkylthio of one to six carbon atoms, amino,
      alkylamino of one to six carbon atoms, dialkylamino of two to six carbon
      atoms, alkanoylamino of one to six carbon atoms, alkanoylthio of one to
      six carbon atoms, thiocarbamoyloxy, alkylthiocarbamoyloxy of two to six
      carbon atoms, dialkylthiocarbamoyloxy of three to seven carbon atoms,
      carbamoylthio, alkylcarbamoylthio of one to six carbon atoms,
      dialkylcarbamoylthio of two to seven carbon atoms, carbamoylamino,
      alkylcarbamoylamino of two to six carbon atoms or dialkylcarbamoylamino of
      three to seven carbon atoms;
PAR  R.sub.3 is hydrogen, alkanoyl of one to six carbon atoms, or phenyl;
PAR  X is alkylene of three to five carbon atoms, alkylene of three to five
      carbon atoms substituted by alkyl or alkoxy of one to six carbon atoms,
      divinylene, divinylene substituted by alkyl of one to six carbon atoms,
      ##SPC5##
PAR  wherein D is hydrogen, alkyl of one to six carbon atoms, alkoxy of one to
      six carbon atoms, alkanoyloxy of one to six carbon atoms, alkanoylamino of
      one to six carbon atoms, halogen, amino, nitro or trifluoromethyl; and n
      is 1 or 2.
PAR  The compounds that are preferred are those in which R is alkyl of one to
      six carbon atoms, thienyl, phenyl, diphenyl of phenyl substituted by
      halogen, trifluoromethyl, alkyl of one to six carbon atoms, alkoxy of one
      to six carbon atoms, nitro, cyano or hydroxy;
PAR  R.sub.2 is hydrogen, hydroxyl, mercapto, halogen, trifluoromethyl, alkoxy
      of one to six carbon atoms, alkanoyloxy of one to six carbon atoms, amino,
      alkanoylamino of one to six carbon atoms, dialkylthiocarbamoyloxy of three
      to seven carbon atoms or dialkylcarbamoylthio of three to seven carbon
      atoms; and
PAR  D is hydrogen, alkoxy of one to six carbon atoms or halogen are
      particularly desirable as are compounds in which R is a tertiary butyl,
      thienyl, phenyl, diphenyl or phenyl substituted by chlorine, bromine,
      fluorine, hydroxyl, trifluoromethyl, methyl, methoxy, nitro or cyano;
PAR  R.sub.1 is carboxyl, methoxycarbonyl, ethoxycarbonyl, carbamoyl,
      N-ethylcarbamoyl, N,N-diethylcarbamoyl, hydroxycarbamoyl or
      dimethylphosphinylmethoxycarbonyl;
PAR  R.sub.2 is hydrogen, hydroxyl, mercapto, chlorine, bromine,
      trifluoromethyl, methoxy, acetyl, acetylamino, dimethylthiocarbamoyloxy or
      dimethylcarbamoylthio;
PAR  R.sub.3 is hydrogen, acetyl or phenyl; and
PAR  X is X alkylene of three to five carbon atoms, butylene substituted by
      methyl, tertiary butyl or methoxy, divinylene, divinylene substituted by
      tertiary butyl,
      ##SPC6##
PAL  wherein D is hydrogen, methoxy or chlorine.
PAR  Optimum results have been obtained with
PA1  3-(3-carboxy-4-hydroxyphenyl)-4,5-dihydro-2-phenylbenz[e]indole,
PA1  3-(4-acetoxy-3-carboxyphenyl)-4,5-dihydro-2-phenylbenz[e]indole,
PA1  3-(3-carboxy-4-hydroxyphenyl)-2-phenylbenz[e]indole,
PA1  1-(3-carboxy-4-hydroxyphenyl)-2-phenylindole, and
PA1  1-(3-carboxy-4-hydroxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole.
PAR  The compounds of the present invention are obtainable by any of several
      syntheses described immediately below. These generally involve, as a first
      step, the formation of a .gamma.-diketone, .gamma.-ketoaldehyde, or
      .beta.-acetylenic ketone, and second, condensation of this intermediate
      with an appropriately substituted aniline in the presence of an acid
      catalyst. In the case of fully aromatic compounds, the second step is
      followed by an aromatization reaction.
PAL  Methods A and B:
PAR  An .alpha.-haloketone, ketal, aldehyde or acetal is condensed with an
      enamine of an appropriate ketone in a solvent such as dimethylformamide or
      toluene at a temperature of 0.degree. to 120.degree.C. for a time of 1
      hour to 72 hours, followed by hydrolysis at a temperature of 25 to
      100.degree.C. for a period of 1 to 24 hours, to provide a .gamma.-diketone
      or .gamma.-ketoaldehyde.
      ##SPC7##
      ##SPC8##
PAL  Methods C and D:
PAR  An .alpha.-haloketone, ketal, aldehyde or acetal is reacted with an
      appropriate ketone in the presence of a base such as sodium hydride in a
      solvent such as toluene at a temperature of 70.degree.-120.degree.C. for a
      time of 1 to 72 hours to provide a .gamma.-diketone or
      .gamma.-ketoaldehyde.
      ##SPC9##
PAL  Method E:
PAR  A sterically hindered .beta.-ketoalkanoate is treated with an
      .alpha.-haloketone, ketal, aldehyde or acetal in the presence of a base
      such as sodium hydride in a solvent such as dimethylformamide or toluene
      at a temperature of 0.degree. to 110.degree.C. for a period of 1 to 24
      hours followed by acid hydrolysis to provide a .gamma.-diketone or
      .gamma.-ketoaldehyde.
      ##SPC10##
PAL  Method F:
PAR  A .beta.-ketosulfoxide is treated with an .alpha.-haloketone, ketal,
      aldehyde, or acetal in the presence of a base such as sodium hydride in a
      solvent such as dimethylsulfoxide at a temperature of 0.degree. to
      100.degree.C. for a period of 1 to 24 hours followed by reduction with a
      reagent such as aluminum amalgam in a solvent such as aqueous
      tetrahydrofuran, to provide a .gamma.-diketone or .gamma.-ketoaldehyde.
      ##SPC11##
PAL  Method G:
PAR  A 1,2-disubstituted-1-nitroethylene is treated with an appropriate ketone
      in the presence of a base such as sodium hydroxide in the presence of a
      solvent such as water at a temperature of 25.degree. to 100.degree.C for a
      period of 1 minute to 3 hours, followed by acidification with an acid such
      as acetic acid and heating from 50.degree. to 100.degree.C. in a solvent
      such as methanol for a period of 1 to 10 hours to provide a
      .gamma.-diketone or .gamma.-ketoaldehyde.
      ##SPC12##
PAL  Method H:
PAR  An enol lactone of a .gamma.-ketocarboxylic acid is treated with an
      N,N-dialkylynamine in a solvent such as acetonitrile at a temperature of
      25.degree. to 100.degree.C. for a period of 1 minute to 5 hours followed
      by acid hydrolysis to provide a .gamma.-diketone or .gamma.-ketoaldehyde.
      ##SPC13##
PAL  Method I:
PAR  An appropriately substituted furan is treated with bromine in the presence
      of a base such as sodium carbonate at a temperature of -10.degree. to
      10.degree.C. in a solvent such as methanol followed by hydrogenation at a
      pressure of 1 to 2 atmospheres with a catalyst such as 5% Pd on CaCO.sub.3
      for a period of 1 to 24 hours with subsequent acid hydrolysis, to provide
      a .gamma.-diketone or .gamma.-ketoaldehyde.
      ##SPC14##
PAL  Method J:
PAR  An enamine of an appropriate ketone is condensed with a substituted
      .alpha.-haloacetylene in a solvent such as dimethylformamide at a
      temperature of 0.degree. to 100.degree.C. for a period of 1 to 72 hours,
      followed by hydrolysis at a temperature of 25.degree. to 100.degree.C. for
      a period of 1 to 6 hours and treated with a reagent such as mercurated
      Amberlite IR 120 resin in a solvent such as methanol at a temperature of
      25.degree. to 75.degree.C. for a period of 1 to 10 hours, to provide a
      .gamma.-diketone.
      ##SPC15##
PAL  Method K:
PAR  An appropriate ketone is condensed with a substituted .alpha.-haloacetylene
      in the presence of a base such as potassium t-butoxide in a solvent such
      as t-butanol for a period of 1 to 10 hours at a temperature of 25.degree.
      to 100.degree.C followed by treatment with a reagent such as mercurated
      Amberlite IR 120 resin in a solvent such as methanol at a temperature of
      25.degree. to 75.degree.C for a period of 1 to 10 hours, to provide a
      .gamma.-diketone.
      ##SPC16##
PAL  Method L:
PAR  An enamine of an appropriate ketone is condensed with a substituted
      .alpha.-haloacetylene in a solvent such as dimethylformamide at a
      temperature of 0.degree. to 100.degree.C for a period of 1 to 72 hours
      followed by hydrolysis at a temperature of 25.degree. to 100.degree.C for
      a period of 1 to 6 hours, to provide a .beta.-acetylenic ketone.
      ##SPC17##
PAL  Method M:
PAR  An appropriate ketone is treated with a substituted .alpha.-haloacetylene
      in the presence of a base such as potassium t-butoxide in a solvent such
      as t-butanol for a period of 1 to 10 hours at a temperature of 25.degree.
      to 100.degree.C. to provide a .beta.-acetylenic ketone.
      ##SPC18##
PAL  Method N:
PAR  An .alpha.,.beta.-unsaturated ketone is reacted with a substituted
      diethynylcopperlithium-tributyl phosphine in a solvent such as
      tetrahydrofuran at a temperature of -100.degree. to -50.degree.C. for a
      period of 1 to 24 hours, to provide a .beta.-acetylenic ketone.
      ##SPC19##
PAR  In the foregoing schematically illustrated reactions, R, R.sub.1, R.sub.2,
      R.sub.3 and X are as hereinbefore defined; hal is chlorine, bromine or
      iodine; R.sub.5 and R.sub.6 are the same or different alkyl groups of one
      to six carbon atoms each so fused to form, with the nitrogen atom to which
      they are attached, a cyclic secondary amine having a five to six membered
      ring such as pyrrolidine, morpholine or piperidine; R.sub.7 is alkyl of
      one to six carbon atoms or both R.sub.7 s of a
      ##EQU1##
      group are fused to form a chain of two or three carbon atoms; R.sub.4 is a
      branched or cyclic alkyl of four to eight carbon atoms. For the second
      step in the reaction sequence, a .gamma.-diketone or .gamma.-ketoaldehyde
      is reacted with an appropriately substituted aniline under acidic
      conditions in a solvent such as acetic acid for a period of 5 minutes to 8
      hours at a temperature of 50.degree. to 150.degree.C. to provide a pyrrole
      of the present invention (Method O). Alternatively, a .beta.-acetylenic
      ketone is reacted with an appropriately substituted aniline in a solvent
      such as ethanol for a period of 1 hour to 24 hours at a temperature of
      50.degree. to 200.degree.C. in the presence of a catalyst such as cuprous
      ion to provide a pyrrole of the present invention (Method P).
      ##SPC20##
PAR  An optional third step in the reaction sequence is the aromatization of a
      partially saturated pyrrole of the invention by treatment with a catalyst
      such as 10% Pd/C in a solvent such as xylene at a temperature of
      100.degree. to 200.degree.C. for 6 to 72 hours to form a fully aromatic
      pyrrole.
PAR  An aryl carboxylic group of a compound prepared according to Methods O or P
      (R.sub.1 being carboxyl) can be reacted in known manner (a) to yield the
      corresponding ester (Method Q; R.sub.1 being alkoxycarbonyl with one to
      six carbon atoms), or (b) to prepare the corresponding acyl chloride
      (Method R; R.sub.1 being carbonyl chloride), or (c) to prepare the
      corresponding amide (Method T; R.sub.1 being carboxamide).
PAR  Further, an aryl carboxylic acid ester group of a compound prepared
      according to Method O, P (R.sub.1 being alkoxycarbonyl with one to six
      carbon atoms) can be reacted in known manner (a) with hydroxylamine to
      provide the corresponding hydroxamic acid (Method S; R.sub.1 being
      hydroxycarbamoyl) or (b) with alkylamine to yield the corresponding
      N-alkyl amide (Method T; R.sub.1 being alkylcarbamoyl with one to six
      carbon atoms).
PAR  Comparative tests of representative compounds of the invention with aspirin
      and phenylbutazone indicate that the compounds of the invention have
      anti-inflammatory-analgesic-antipyretic activity in mammals that makes
      them useful in the treatment of arthritis and other inflammatory diseases
      with exceptionally minimal side effects, notably gastrointestinal
      irritation. These conclusions follow from the data in Table I below.
PAR  The first column of data demonstrates the ability of the compounds of the
      present invention to suppress edema induced by carrageenin in rat paws, a
      standard laboratory procedure to assess useful anti-inflammatory activity
      [Proc. Soc. Exp. Biol. Med., 111, 544 (1962); J. Pharmacol. Exp. Ther.,
      141, 369 (1963)]. Their activity is expressed as ED.sub.50, the dose
      (mg/kg) needed to produce a 50% reduction in edema as compared to
      non-treated controls.
PAR  The second column of data compares analgesic activity as demonstrated by
      ability to suppress the characteristic writhing induced in mice by
      2-phenyl-1,4-benzoquinone [Proc. Soc. Exp. Biol. Med., 95, 729 (1957)].
      The activity of several representative compounds of the present invention
      and of aspirin and phenylbutazone is expressed as ED.sub.50, the dose
      (mg/kg) of compound producing a 50% reduction in the number of writhes as
      compared to non-treated 2-phenyl-1,4-benzoquinone dosed controls.
PAR  A common property of useful anti-inflammatory agents is their ability to
      lower elevated body temperatures. The third column of the data
      demonstrates the ability of the compounds of the present invention to
      reverse yeast-induced pyrexia in rats. Groups of ten female Charles River
      or Wistar rats (120-150 gm) are injected with a 20% water suspension of
      "Brewers Yeast" subcutaneously into the nape of the neck (10 ml/kg). The
      animals are starved (water ad lib.) and 18 hours later rectal temperatures
      are monitored (Tele-Thermometer, Yellow Springs Instrument Co., Inc.,
      Yellow Springs, Ohio). Animals with a temperature .gtoreq. 37.2.degree.C.
      are considered fevered. Drugs are administered orally (10 ml/kg) using
      distilled water and, if insoluble, one drop of a dispersing agent, e.g.
      "Tween 80," per 10 ml. Temperatures are recorded 2 hours past drug.
      Significant activity is a reduction in rectal temperature .gtoreq.
      1.degree. from the mean control temperature. The activity of the compounds
      tested is expressed as ED.sub.50, the dose (mg/kg) of a compound producing
      a reduction of .gtoreq. 1.degree. in rectal temperature of fevered rats
      from the mean fevered control temperature in 50 percent of the animals.
PAR  A common but undesirable side effect of anti-inflammatory agents is the
      production of gastric irritation in mammals. The fourth column of data
      demonstrates that the compounds of the present invention show a low
      incidence of gastric irritation when tested in fasted rats. Groups of male
      or female rats (Wistar, Long Evans or Charles River), 150-180 gm, are
      utilized for this assay using 10 animals per dose group. The animals are
      starved for 48 hours (H.sub.2 O ad lib) prior to administration of drug
      orally at 10 ml/kg. Drugs are prepared using distilled water solutions or,
      if insoluble, 1 drop of a dispersing agent, e.g. "Tween 80"/10 ml, is used
      with homogenization. The control group receives the vehicle only (10
      ml/kg). For a time response, animals are treated with a highly active
      anti-inflammatory dose of the test compound, then sacrificed at 2, 3 and 5
      hours or 3, 5 and 7 hours post drug. Stomachs are removed and examined for
      gastric irritation, which is defined as ulceration and/or hemorrhage of
      gastric mucosa. The presence of a single ulcer or hemorrhage spot is taken
      as positive and stomachs must be "clean" to be negative. A dose response
      is run at the peak time using at least four dose levels of test drug. In
      the table, gastric irritability is expressed as ID.sub.50, the dose
      (mg/kg) of compound producing irritation in 50 percent of the animals
      after seven hours.
TBL                                    Table I                                 

     __________________________________________________________________________

                 CARRAGEENIM                                                   

                         PHENYLQUINONE                                         

                                  ANTIPYRETIC                                  

                                          GASTRIC                              

                 PAW     WRITHING-MICE                                         

                                  ASSAY-RATS                                   

                                          IRRITATION                           

                 EDEMA-RATS               ASSAY-RATS                           

     Treatment   ED.sub.50 (mg/kg)                                             

                         ED.sub.50 (mg/kg)                                     

                                  ED.sub.50 (mg/kg)                            

                                          ID.sub.50 (mg/kg)                    

     __________________________________________________________________________

     Aspirin     130-140 53       35      42                                   

     Phenylbutazone                                                            

                 83      89       &lt;50     75                                   

     1-(3-carboxy-4-                                                           

                 87      17       41      130                                  

     hydroxyphenyl)-                                                           

     2-phenyl-4,5,6,                                                           

     7-tetrahydroindole                                                        

     1-(3-carboxy-4-                                                           

                 110     10       &lt;50     125                                  

     hydroxyphenyl)-                                                           

     2-phenyl-1,4,5,                                                           

     6-tetrahydro-                                                             

     cyclopenta[b]-                                                            

     pyrrole                                                                   

     3-(3-carboxy-4-                                                           

                 63      10       69      300-350                              

     hydroxyphenyl)-                                                           

     4,5-dihydro-2-                                                            

     phenylbenz[3]                                                             

     indole                                                                    

     1-(3-carboxy-4-                                                           

                 125     10       100     &gt;200                                 

     hydroxyphenyl)-                                                           

     1,4,5,6,7,8-hexa-                                                         

     hydro-2-phenylcyclo-                                                      

     hepta[b]pyrrole                                                           

     3-(3-carboxy-4-                                                           

                 90       16.5    &gt;100    &gt;200                                 

     hydroxyphenyl)-                                                           

     2-phenylbenz[e]                                                           

     indole                                                                    

     1-(3-carboxy-4-                                                           

                 88      --       --      --                                   

     hydroxyphenyl)-                                                           

     2-(4-fluorophenyl)-                                                       

     4,5,6,7-tetrahydro-                                                       

     indole                                                                    

     3-(4-acetoxy-3-                                                           

                 70       16.5    --      &gt;300                                 

     carboxyphenyl)-                                                           

     4,5-dihydro-2-                                                            

     phenylbenz[e]                                                             

     indole                                                                    

     1-(3-carboxy-4-                                                           

                 140     --       --      --                                   

     mercaptophenyl)-                                                          

     2-phenyl-4,5,6,7-                                                         

     tetrahydroindole                                                          

     __________________________________________________________________________

PAR  The compounds of the present invention also possess the ability to suppress
      adjuvant-induced arthritis in rats, another standard laboratory procedure
      to assess useful anti-inflammatory activity [D. T. Walz, M. M. Dolan, M.
      J. DiMartino, S. L. Yankell, Proc. Soc. Exp. Biol. & Med. 137, 1466
      (1971)]. The efficacy of several representative compounds of the present
      invention and comparable data for aspirin and phenylbutazone, two commonly
      used anti-inflammatory agents in mammals is illustrated in Table II, where
      activity is indicated as percent decrease (at various doses) in
      inflammation compared to adjuvant treated controls.
TBL                                    Table II                                

     __________________________________________________________________________

                Dose   % Inhibition of Edema on Day 21                         

                (mg/kg/day)                                                    

                       Adjuvant Injected                                       

                                  Non-Injected                                 

     Treatment         Paw        Paw                                          

     __________________________________________________________________________

     Aspirin    200    37         47                                           

     Phenylbutazone                                                            

                50     60         71                                           

     1-(3-carboxy-4-                                                           

                100    65         80                                           

     hydroxyphenyl)-2-                                                         

                50     38         72                                           

     phenyl-4,5,6,7-                                                           

     tetrahydroindole                                                          

     1-(3-carboxy-4-                                                           

                100    57         75                                           

     hydroxyphenyl)-2-                                                         

     phenyl-1,4,5,6-                                                           

     tetrahydrocyclopenta                                                      

     [b]pyrrole                                                                

     3-(3-carboxy-4-                                                           

                10     27         29                                           

     hydroxyphenyl)-4,5-                                                       

                25     49         72                                           

     dihydro-phenylbenz                                                        

                50     69         81                                           

     [e]indole                                                                 

     1-(3-carboxy-4-                                                           

                100    75         90                                           

     hydroxyphenyl)-                                                           

     1,4,5,6,7,8-                                                              

     hexahydro-2-phenyl-                                                       

     cyclopenta[b]pyrrole                                                      

     3-(3-carboxy-4-                                                           

                25     45         50                                           

     hydroxyphenyl)-2-                                                         

                50     70         70                                           

     phenylbenz[e]indole                                                       

     1-(3-carboxy-4-                                                           

                100    56         64                                           

     hydroxyphenyl)-2-                                                         

     (4-fluorophenyl)-                                                         

     4,5,6,7-tetrahydro-                                                       

     indole                                                                    

     3-(4-acetoxy-3-                                                           

                50     56         68                                           

     carboxyphenyl)-4,5-                                                       

                100    82         93                                           

     dihydro-2-phenylbenz                                                      

     [e]indole                                                                 

     1-(3-carboxy-4-                                                           

                10     23         23                                           

     mercaptophenyl)-2-                                                        

                25     43         57                                           

     phenyl-4,5,6,7-                                                           

                50     67         80                                           

     tetrahydroindole                                                          

     __________________________________________________________________________

PAR  In summary, the data in Tables I and II show that the compounds of the
      present invention are effective anti-inflammatory agents in mammals at
      doses of from about 1 to about 200 mg/kg per day while displaying an
      unusual minimum of undesirable side effects.
PAR  The compounds of the present invention may be administered by any
      convenient route such as orally, intramuscularly, intravenously,
      subcutaneously, or interperitoneally. The preferred route of
      administration is oral, for example, with an inert diluent or with an
      edible carrier or in gelatin capsules or tablets. For the purpose of oral
      therapeutic administration, the active compounds of this invention may be
      incorporated with excipients and used in the form of tablets, troches,
      capsules, elixirs, suspensions, syrups, wafers, chewing gum, and the like.
      These preparations should contain at least 0.5% of active compound, but
      may be varied depending upon the particular form and may conveniently be
      between 7% to about 70% of the weight of the unit. The amount of active
      compound in such compositions is such that a suitable dosage will be
      obtained. Preferred compositions and preparations according to the present
      invention are prepared so that an oral dosage unit form contains between
      10 and 200 milligrams of active compound.
PAR  The tablets, pills, capsules, troches, and the like may also contain the
      following ingredients: a binder such as gum tragacanth or gelatin; an
      excipient such as starch or lactose, a disintegrating agent such as
      alginic acid, potato starch and the like; a lubricant such as magnesium
      stearate; and a sweetening agent such as sucrose or saccharin may be added
      or a flavoring agent such as peppermint, methyl salicylate, or orange
      flavoring. When the dosage unit form is a capsule, it may contain, in
      addition to materials of the above type, a liquid carrier such as a fatty
      oil. Other dosage unit forms may contain other various materials which
      modify the physical form of the dosage unit, for example, as coatings.
      Thus, tablets or pills may be coated with sugar, shellac, or both. A syrup
      may contain, in addition to the active compounds, sucrose as a sweetening
      agent, and certain preservatives, dyes and colorings, and flavors.
      Materials used in preparing these various compositions must be
      pharmaceutically pure and non-toxic in the amounts utilized.
DETD
PAR  The following examples are representative of the compounds of the invention
      and their preparation. Temperatures are expressed in .degree.C.
PAC  EXAMPLE 1
PAC  a. 2-Phenacyl-1-tetralone
      ##SPC21##
PAR  To a stirred refluxing solution of 20.2 g. (0.1 mole) of
      1-(1-pyrrolidino)-3,4-dihydronaphthalene and 50 ml. of toluene was added
      dropwise during 30 minutes under nitrogen a solution of 20.1 g. (0.1 mole)
      of phenacyl bromide in 65 ml. of dry toluene. The mixture was heated under
      reflux for 6 hours, diluted with 50 ml. of water, refluxed for 4 hours,
      and cooled. The layers were separated and the aqueous phase was extracted
      with benzene. The organic solution was dried over sodium sulfate and
      concentrated to a semi-solid. Trituration with cold 30.degree.-60.degree.
      petroleum ether gave 23.6 g. (78%) of solid, m.p. 73.degree.-76.degree..
      Recrystallization from 60.degree.-90.degree. petroleum ether raised the
      melting point to 87.degree.-88.degree..
PAR  Calc. for C.sub.18 H.sub.16 O.sub.2 : 81.79% C; 6.10% H. Found: 81.19% C;
      6.11% H.
PAC  b. 1-(3-Carboxyphenyl)-4,5-dihydro-2-phenylbenz[g]indole
      ##SPC22##
PAR  A solution of 10.5 g. (0.04 mole) of 2-phenacyl-1-tetralone (m.p.
      73.degree.-76.degree.), 5.5 g. (0.04 mole) of m-aminobenzoic acid, and 35
      ml. of glacial acetic acid was heated under reflux for 31/2 hours, cooled
      and filtered. The filter cake was washed with water and dried to provide
      8.6 g. of solid, m.p. 225.degree.-228.degree.. Recrystallization from
      ethanol and from ethanol-water gave off-white crystals, m.p.
      253.5.degree.-255.degree..
PAR  Calc. for C.sub.25 H.sub.19 NO.sub.2 : 82.17% C; 5.24% H; 3.83% N. Found:
      81.51% C; 5.32% H; 3.80% N.
PAC  EXAMPLE 2
PAC  a. 2-Phenacylcyclohexanone
      ##SPC23##
PAR  A solution of 60.9 g (0.31 mole) of phenacyl bromide in 150 ml. of toluene
      was added dropwise with stirring to a refluxing solution of 46.6 g. of
      1-pyrrolidino-1-cyclohexene in 150 ml. of toluene. The mixture was heated
      under reflux for 2 hours, diluted with 150 ml. of water, refluxed for 3
      hours and cooled. The layers were separated, and the aqueous phase was
      extracted with ether. The organic solution was dried and concentrated to
      an oil. Distillation gave 42.1 g. (64%) of orange liquid, b.p.
      135.degree.-141.degree. (0.05 mm.), which solidified. Recrystallization
      from ether-petroleum ether gave tan crystals, m.p. 44.degree.-45.degree..
PAR  Calc. for C.sub.14 H.sub.16 O.sub.2 : 77.78% C; 7.41% H. Found: 77.73% C;
      7.53% H.
PAC  b. 1-(3-Carboxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC24##
PAR  A solution of 10.8 g. (0.05 mole) of 2-phenacylcyclohexanone, 6.85 g. (0.05
      mole) of m-aminobenzoic acid and 30 ml. of glacial acetic acid was heated
      under reflux for 6 hours, cooled and filtered. The filter cake was washed
      with water and recrystallized from ethanol to provide 5.7 g. (36%) of
      crystals, m.p. 191.degree.-193.degree..
PAR  Calc. for C.sub.21 H.sub.19 NO.sub.2 : 79.50% C; 5.99% H; 4.42% N. Found:
      79.16% C; 6.09% H; 4.40% N.
PAC  EXAMPLE 3
PAC  1-(2-Methoxycarbonylphenyl)-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC25##
PAR  A solution of 10.8 g. (0.05 mole) of 2-phenacylcyclohexanone, 7.55 g. (0.05
      mole) of methyl anthranilate, and 30 ml. of glacial acetic acid was heated
      under reflux for 7 hours, cooled, and diluted with water. The layers were
      separated, and the aqueous phase was extracted with ether. The combined
      organic phase was washed with sodium bicarbonate solution, dried over
      sodium sulfate, and concentrated to an oil. Chromatography on silica gel
      with toluene as the eluent gave 2.91 g. (18%) of a yellow oil.
PAR  Calc. for C.sub.22 H.sub.21 NO.sub.2 : 79.76% C; 6.34% H; 4.23% N. Found:
      79.29% C; 6.54% H; 3.91% N.
PAC  EXAMPLE 4
PAC  1-(4-Carboxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC26##
PAR  A solution of 10.8 g. (0.05 mole) of 2-phenacylcyclohexanone, 6.85 g. (0.05
      mole) of p-aminobenzoic acid and 30 ml. of glacial acetic acid was heated
      under reflux for 5 hours and cooled. The solid which separated was
      collected and recrystallized from ethanol to provide 5.85 g. (37%) of pale
      yellow crystals, m.p. 244.degree.-246.degree..
PAR  Calc. for C.sub.21 H.sub.19 NO.sub.2 : 79.50% C; 5.99% H; 4.42% N. Found:
      79.30% C; 6.09% H; 4.53% N.
PAC  EXAMPLE 5
PAC  1-(3-Carboxy-4-hydroxyphenyl)-4,5-dihydro-2-phenylbenz[g]indole
      ##SPC27##
PAR  A mixture of 20.0 g. (0.076 mole) of 2-phenacyl-1-tetralone, 11.6 g. (0.076
      mole) of 5-aminosalicylic acid, and 70 ml. of glacial acetic acid was
      heated under reflux for 4 hours, cooled diluted with 10 ml. of water and
      filtered. The filter cake was washed with water and dried to provide 15.5
      g. of solid, m.p. 215.degree.-218.degree.. Recrystallization from
      benzene-cyclohexane gave 6.5 g. (22%) of yellow crystals, m.p.
      245.degree.-247.degree..
PAR  Calc. for C.sub.25 H.sub.19 NO.sub.3 : 78.72% C; 5.02% H; 3.67% N. Found:
      79.02% C; 5.04% H; 3.47% N.
PAC  EXAMPLE 6
PAC  1-(4-Carboxy-3-hydroxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC28##
PAR  A solution of 32.4 g. (0.15 mole) of 2-phenacylcyclohexanone, 23.0 g. (0.15
      mole) of 4-aminosalicylic acid and 90 ml. of glacial acetic acid was
      heated under reflux for 7 hours, cooled, diluted with 90 ml. of water and
      extracted with ether. The ether solution was dried over sodium sulfate and
      concentrated. The residue was recrystallized from benzene-ethanol to
      provide 3.36 g. (7%) of yellow crystals, m.p. 193.degree.-195.degree..
PAR  Calc. for C.sub.21 H.sub.19 NO.sub.3 : 75.66% C; 5.74% H; 4.20% N. Found:
      75.50% C; 5.81% H; 4.00% N.
PAC  EXAMPLE 7
PAC  1-(2-Carboxyphenyl)-4,5-dihydro-2-phenylbenz[g]indole
      ##SPC29##
PAR  A mixture of 20.0 g. (0.076 mole) of 2-phenacyl-1-tetralone, 9.86 g. (0.072
      mole) of anthranilic acid, and 70 ml. of glacial acetic acid was heated
      under reflux for 501/2 hours and concentrated to an oil, which
      crystallized from isopropyl alcohol to provide 10.7 g. (41%) of solid,
      m.p. 170.degree.-185.degree.. Recrystallization from ethanol-water,
      isopropyl alcohol, and cyclohexane-methanol gave 4.0 g. of yellow
      crystals, m.p. 223.5.degree.-224.5.degree..
PAR  Calc. for C.sub.25 H.sub.19 NO.sub.2 : 82.17% C; 5.24% H; 3.83% N. Found:
      81.76% C; 5.30% H; 3.82% N.
PAC  EXAMPLE 8
PAC  1-(4-Dimethylphosphinylmethoxycarbonylphenyl)-4,5-dihydro-2-phenylbenz[g]in
     dole
      ##SPC30##
PAR  A mixture of 2.6 g. (0.01 mole) of 2-phenacyl-1-tetralone, 2.3 g. (0.01
      mole) of dimethylphosphinylmethyl p-aminobenzoate, 0.4 g. of
      p-toluenesulfonic acid, and 250 ml. of dry toluene was heated under reflux
      for 73 hours, concentrated to about 100 ml., diluted with 25 ml. of
      cyclohexane, and cooled. The solid which separated was collected to
      provide 2.6 g. (57%) of solid, m.p. 171.degree.-173.degree..
      Recrystallization from cyclohexane-benzene gave pale yellow crystals, m.p.
      180.degree.-181.degree..
PAR  Calc. for C.sub.28 H.sub.26 NO.sub.3 P: 73.83% C; 5.75% H; 3.08% N. Found:
      73.75% C; 5.56% H; 2.94% N.
PAC  EXAMPLE 9
PAC  1-(3-Carboxy-4-hydroxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC31##
PAR  A solution of 49.7 g. (0.23 mole) of 2-phenacylcyclohexanone, 35.2 g. (0.23
      mole) of 5-aminosalicylic acid, and 135 ml. of glacial acetic acid was
      heated under reflux under nitrogen for 31/2 hours. A solid separated and
      was collected, washed with water, and recrystallized from acetic acid to
      provide 46.0 g. (60%) of pale yellow crystals, m.p.
      209.degree.-211.degree..
PAR  Calc. for C.sub.21 H.sub.19 NO.sub.3 : 75.66% C; 5.74% H; 4.20% N. Found:
      75.61% C; 5.75% H; 4.30% N.
PAC  EXAMPLE 10
PAC  1-(3-Carboxy-4-methoxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC32##
PAR  To a stirred mixture of 5.86 g. (0.018 mole) of
      1-(3-carboxy-4-hydroxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole, 2.49 g.
      (0.044 mole) of powdered potassium hydroxide, and 50 ml. of acetone was
      added dropwise during 10 minutes at room temperature a solution of 5.31 g.
      (0.042 mole) of dimethyl sulfate in 15 ml. of acetone. After 3 hours, the
      solvent was removed under reduced pressure, the residue was suspended in
      water, and the mixture was extracted with ethyl acetate. The organic phase
      was washed with sodium bicarbonate solution, dried over magnesium sulfate,
      and concentrated to 6.3 g. of
      1-(4-methoxy-3-methoxycarbonylphenyl)-2-phenyl-4,5,6,7-tetrahydroindole as
      an amber oil.
PAR  A mixture of this oil, 50 ml. of methanol, 20 ml. of water, and 2.13 g.
      (0.038 mole) of potassium hydroxide was heated under reflux for 2 hours,
      concentrated to about 50 ml., diluted with water, and acidified with
      hydrochloric acid. The solid which separated was collected and
      recrystallized from acetonitrile to provide 3.6 g. (51%) of crystals, m.p.
      179.degree.-189.degree..
PAR  Calc. for C.sub.22 H.sub.21 NO.sub.3 : 76.06% C; 6.09% H; 4.03% N. Found:
      75.34% C; 6.08% H; 4.03% N.
PAC  EXAMPLE 11
PAC  1-(4-Acetoxy-3-carboxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC33##
PAR  A mixture of 25.0 g. (0.075 mole) of
      1-(3-carboxy-4-hydroxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole and 225 g.
      (2.25 mole) of acetic anhydride was heated under reflux for 3 hours,
      diluted with 200 ml. of tetrahydrofuran, and poured into 3 l. of water. An
      oil separated and slowly solidified. Recrystallization from acetic acid
      gave a tan solid, m.p. 155.degree.-162.degree..
PAR  Calc. for C.sub.23 H.sub.21 NO.sub.4 : 73.58% C; 5.64% H; 3.73% N. Found:
      73.37% C; 5.58% H; 3.78% N.
PAC  EXAMPLE 12
PAC  1-(4-Hydroxy-3-methoxycarbonylphenyl)-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC34##
PAR  Hydrogen chloride gas was bubbled through a boiling mixture of 25.0 g.
      (0.075 mole) of 1-(3-carboxy-4-hydroxyphenyl)
      2-phenyl-4,5,6,7-tetrahydroindole and 750 ml. of methanol for 2 hours. The
      mixture was heated under reflux for 18.5 hours, cooled and filtered to
      provide 19.6 g. (75%) of white solid. Recrystallization from methanol gave
      colorless crystals, m.p. 141.degree.-142.degree..
PAR  Calc. for C.sub.22 H.sub.21 NO.sub.3 : 76.06% C; 6.09% H; 4.03% N. Found:
      76.00% C; 6.03% H; 3.91% N.
PAC  EXAMPLE 13
PAC  1-(4-N,N-Dimethylthiocarbamoyloxy-3-methoxycarbonylphenyl)-2-phenyl-4,5,6,7
     -tetrahydroindole
      ##SPC35##
PAR  A mixture of 3.47 g. (0.01 mole) of
      1-(4-hydroxy-3-methoxycarbonylphenyl)-2-phenyl-4,5,6,7-tetrahydroindole,
      3.36 g. (0.03 mole) of 1,4-diazabicyclo[2.2.2]octane, 3.70 g. (0.03 mole)
      of N,N-dimethylthiocarbamoyl chloride, and 20 ml. of dry dimethyl
      formamide was heated at 60.degree. for 2 hours, diluted with water, and
      extracted with benzene. The organic phase was washed with water, dried
      over sodium sulfate, and concentrated to an oil. Recrystallization from
      methanol gave 2.8 g. (65%) of colorless solid, m.p.
      163.degree.-164.degree..
PAR  Calc. for C.sub.25 H.sub.26 N.sub.2 O.sub.3 S: 69.10% C; 6.03% H; 6.45% N.
      Found: 69.28% C; 5.96% H; 6.35% N.
PAC  EXAMPLE 14
PAC  1-(4-N,N-Dimethylcarbamoylthio-3-methoxycarbonylphenyl)-2-phenyl-4,5,6,7-te
     trahydroindole
      ##SPC36##
PAR  A 9.0 g. sample of
      1-(4-N,N-dimethylthiocarbamoyloxy-3-methoxycarbonylphenyl)-2-phenyl-4,5,6,
     7-tetrahydroindole was heated for 2 hours at 220.degree.-230.degree.,
      cooled, and treated with isopropyl alcohol to provide 6.9 g. (77%) of
      yellow solid. Recrystallization from ether gave colorless crystals, m.p.
      140.degree.-141.degree..
PAR  Calc. for C.sub.25 H.sub.26 N.sub.2 O.sub.3 S: 69.10% C; 6.03% H; 6.45% N.
      Found: 68.95% C; 6.23% H; 6.37% N.
PAC  EXAMPLE 15
PAC  1-(3-Carboxy-4-mercaptophenyl)-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC37##
PAR  A mixture of 3.7 g. (0.009 mole) of
      1-(4-N,N-dimethylcarbamoylthio-3-methoxycarbonylphenyl)-2-phenyl-4,5,6,7-t
     etrahydroindole, 2.4 g. (0.04 mole) of potassium hydroxide, 35 ml. of
      methanol and 10 ml. of water was heated  under reflux for 3 hours, diluted
      with water, and acidified. The solid which separated was collected and
      recrystallized from acetic acid to provide 1.6 g. (54%) of colorless
      crystals, m.p. 186.degree.-188.degree..
PAR  Calc. for C.sub.21 H.sub.19 NO.sub.2 S: 72.18% C; 5.48% H; 4.01% N. Found:
      72.02% C; 5.56% H; 3.96% N.
PAC  EXAMPLE 16
PAC  1-(3-Carboxy-4-hydroxyphenyl)-2-phenylindole
      ##SPC38##
PAR  A mixture of 3.33 g. (0.01 mole) of
      1-(3-carboxy-4-hydroxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole, 4.0 g. of
      10% palladium on carbon, and 250 ml. of xylene was heated under reflux
      with stirring under nitrogen for 3 days, filtered, and concentrated to a
      solid. Trituration with cyclohexane afforded 2.4 g. (73%) of solid, m.p.
      210.degree.-212.degree.. Recrystallization from acetic acid gave colorless
      crystals, m.p. 213.5.degree.-214.5.degree..
PAR  Calc. for C.sub.21 H.sub.15 NO.sub.3 : 76.58% C; 4.59% H; 4.25% N. Found:
      77.09% C; 4.62% H; 4.22% N.
PAC  EXAMPLE 17
PAC  1-(4-Acetoxy-3-carboxyphenyl)-2-phenylindole
      ##SPC39##
PAR  A mixture of 8.25 g. (0.025 mole) of
      1-(3-carboxy-4-hydroxyphenyl)-2-phenylindole and 76.5 g. (0.75 mole) of
      acetic anhydride was heated under reflux for 1 hour, diluted with 75 ml.
      of tetrahydrofuran and poured into 1 l. of water. An oil separated, and
      during 2 days solidified. The solid was collected and recrystallized from
      acetonitrile to provide 4.8 g. (52%) of colorless crystals, m.p.
      178.degree.-180.degree..
PAR  Calc. for C.sub.23 H.sub.17 NO.sub.4 : 74.38% C; 4.62% H; 3.77% N. Found:
      74.29% C; 4.91% H; 4.14% N.
PAC  EXAMPLE 18
PAC  a. 2-(p-Bromophenacyl)cyclohexanone
      ##SPC40##
PAR  A suspension of 50 g. (0.18 mole) of p-bromophenacyl bromide in 215 ml. of
      toluene was added in small portions to a stirred boiling solution of 27.2
      g. (0.18 mole) of 1-pyrrolidino-1-cyclohexene in 90 ml. of toluene. The
      mixture was heated under reflux for 2 hours, diluted with 90 ml. of water,
      and refluxed for 3 hours. The layers were separated and the aqueous phase
      was extracted with ether. The organic solution was dried over sodium
      sulfate and concentrated to an oil which solidified. Recrystallization
      from cyclohexane-ethanol gave 19.8 g. (37%) of colorless crystals, m.p.
      78.degree.-80.degree..
PAR  Calc. for C.sub.14 H.sub.15 BrO.sub.2 : 56.95% C; 5.08% H; 27.12% Br.
      Found: 56.88% C; 4.99% H; 27.37% Br.
PAC  b. 2-(4-Bromophenyl)-1-(3-carboxyphenyl)-4,5,6,7-tetrahydroindole
      ##SPC41##
PAR  A mixture of 44.3 g. (0.15 mole) of 2-(p-bromophenacyl cyclohexanone, 20.6
      g. (0.15 mole) of m-aminobenzoic acid, and 90 ml. of glacial acetic acid
      was heated under reflux for 5 hours, cooled and filtered to provide 13.8
      g. (23%) of solid, m.p. 242.degree.-244.degree.. Recrystallization from
      ethanol-water gave crystals, m.p. 242.degree.-243.degree..
PAR  Calc. for C.sub.21 H.sub.18 BrNO.sub.2 : 63.64% C; 4.55% H; 20.20% Br;
      3.54% N. Found: 63.51% C; 4.66% H; 20.15% Br; 3.47% N.
PAC  EXAMPLE 19
PAC  a. 2-(m-Trifluoromethylphenacyl)cyclohexanone
      ##SPC42##
PAR  A stirred mixture of 15.9 g. (0.11 mole) of 1-pyrrolidino-1-cyclohexene,
      28.0 g. (0.11 mole) of m-trifluoromethylphenacyl bromide, and 100 ml. of
      toluene was heated under reflux for 2 hours, diluted with water and
      refluxed for 2 hours. The layers were separated, and the organic phase was
      dried and concentrated to 25 g. of liquid. Distillation provided 12.0 g.
      (42%) of liquid, b.p. 137.degree.-138.degree. (0.075 mm.).
PAC  b.
      1-(3-Carboxy-4-hydroxyphenyl)-2-(3-trifluoromethylphenyl)-4,5,6,7-tetrahyd
     roindole
      ##SPC43##
PAR  A mixture of 12.0 g. (0.042 mole) of
      2-(m-trifluoromethylphenacyl)cyclohexanone, 6.45 g. (0.042 mole) of
      5-aminosalicylic acid, and 30 ml. of glacial acetic acid was heated under
      reflux for 4 hours and filtered. The filtrate was diluted with water and
      the supernatant was decanted from the oil which separated. Trituration
      with cyclohexane gave 7.7 g. of solid, m.p. 215.degree.-225.degree..
      Recrystallization from isopropyl alcohol-water afforded 4.1 g. (47%) of
      crystals, m.p. 223.degree.-225.degree..
PAR  Calc. for C.sub.22 H.sub.18 F.sub.3 NO.sub.3 : 65.83% C; 4.52% H; 3.49% N.
      Found: 65.64% C; 4.71% H; 3.61% N.
PAC  EXAMPLE 20
PAC  a. 2-(p-Methoxyphenacyl)cyclohexanone
      ##SPC44##
PAR  Reaction of 33.0 g. (0.22 mole) of 1-pyrrolidino-1-cyclohexene with 50.0 g.
      (0.22 mole) of p-methoxyphenacyl bromide by the method described in
      Example 2a gave 45 g. (84%) of crystal, m.p. 98.degree.-99.degree..
PAC  b.
      1-(3-Carboxy-4-hydroxyphenyl)-2-(4-methoxyphenyl)-4,5,6,7-tetrahydroindole
      ##SPC45##
PAR  A mixture of 24.6 g. (0.1 mole) of 2-(p-methoxyphenacyl)cyclohexanone, 15.3
      g. (0.1 mole) of 5-aminosalicylic acid, and 100 ml. of glacial acetic acid
      was heated under reflux for 3 hours, cooled and filtered. The filter cake
      was washed with water, dried and recrystallized from ethanol to provide
      14.4 g. (40%) of crystals, m.p. 219.degree.-221.degree..
PAR  Calc. for C.sub.22 H.sub.21 NO.sub.4 : 72.71% C; 5.82% H; 3.85% N. Found:
      72.78% C; 5.87% H; 3.94% N.
PAC  EXAMPLE 21
PAC  a. 2-Phenacyl-cyclopentanone
      ##SPC46##
PAR  A solution of 72.4 g. (0.36 mole) of phenacyl bromide in 175 ml. of toluene
      was added dropwise during 30 minutes to a stirred, boiling solution of
      50.0 g. (0.36 mole) of 1-pyrrolidino-1-cyclopentene and 200 ml. of
      toluene. The mixture was heated under reflux for 3 hours, diluted
      cautiously with 200 ml. of water, refluxed for 4 hours and cooled. The
      layers were separated, the aqueous phase extracted with benzene, and the
      combined organic phase was dried over sodium sulfate and concentrated to
      an oil. Distillation gave 24.8 g. (34%) of liquid, b.p.
      138.degree.-140.degree. (0.05 mm.).
PAC  b.
      1-(3-Carboxy-4-hydroxyphenyl)-2-phenyl-1,4,5,6-tetrahydrocyclopenta[b]pyrr
     ole
      ##SPC47##
PAR  A mixture of 20.5 g. (0.1 mole) of 2-phenacylcyclopentanone, 15.3 g. (0.1
      mole) of 5-aminosalicylic acid, and 60 ml. of glacial acetic acid was
      heated under reflux for 3 hours, cooled and filtered. The filter cake was
      washed with water, dried and recrystallized from acetic acid to provide
      9.5 g. (30%) of crystals, m.p. 198.degree.-199.degree..
PAR  Calc. for C.sub.20 H.sub.17 NO.sub.3 : 75.22% C; 5.37% H; 4.39% N. Found:
      75.19% C; 5.40% H; 4.45% N.
PAC  EXAMPLE 22
PAC  2-(4-Bromophenyl)-1-(3-carboxy-4-hydroxyphenyl)-4,5,6,7-tetrahydroindole
      ##SPC48##
PAR  A mixture of 44.3 g. (0.15 mole) of 2-(p-bromophenacyl)cyclohexanone, 23.0
      g. (0.15 mole) of 5-aminosalicylic acid, and 115 ml. of glacial acetic
      acid was heated under reflux for 2 hours, cooled and filtered. The filter
      cake was washed with water, dried and recrystallized from acetic acid to
      provide 11.9 g (19%) of tan crystals, m.p. 231.degree.-232.degree..
PAR  Calc. for C.sub.21 H.sub.18 BrNO.sub.3 : 61.17% C; 4.37% H; 19.42% Br;
      3.40% N. Found: 61.17% C; 4.27% H; 19.23% Br; 3.44% N.
PAC  EXAMPLE 23
PAC  1-(3-Carboxy-4-hydroxyphenyl)-2-(4-cyanophenyl)-4,5,6,7-tetrahydroindole
      ##SPC49##
PAR  A mixture of 6.18 g. (0.015 mole) of
      2-(4-bromophenyl)-1-(3-carboxy-4-hydroxyphenyl)-4,5,6,7-tetrahydroindole,
      1.6 g. (0.018 mole) of cuprous cyanide, and 10 ml. of dimethyl formamide
      was heated under reflux for 6 hours, poured into a solution of 3 g. of
      sodium cyanide and 10 ml. of water, and after 5 minutes diluted with 46
      ml. of water. The solution was acidified to pH 1-2 with hydrochloric acid
      and the solid which separated was collected. Recrystallization from acetic
      acid gave 1.21 g. (23%) of crystals, m.p. 242.degree.-244.degree..
PAR  Calc. for C.sub.22 H.sub.18 N.sub.2 O.sub.3 : 73.73% C; 5.06% H; 7.82% N.
      Found: 72.89% C; 9.09% H; 7.73% N.
PAC  EXAMPLE 24
PAC  a. 1-Phenacyl-2-tetralone
      ##SPC50##
PAR  A solution of 20 g. (0.1 mole) of phenacyl bromide and 65 ml. of toluene
      was added during 30 minutes to a boiling, stirred solution of 20 g. (0.1
      mole) of 1-(3,4-dihydro-2-naphthyl)pyrrolidine and 50 ml. of toluene. The
      mixture was heated under reflux for 3 hours, diluted with 50 ml. of water,
      refluxed for 4 hours and cooled. The layers were separated, the aqueous
      phase was extracted with benzene, and the organic solution was dried and
      concentrated to an oil. Crystallization from
      30.degree.-60.degree.-petroleum ether-ether gave 16.7 g. (63%) of tan
      crystals, m.p. 48.degree.-52.degree..
PAC  b. 3-(3-Carboxy-4-hydroxyphenyl)-4,5-dihydro-2-phenylbenz[e]indole
      ##SPC51##
PAR  A mixture of 16.6 g. (0.063 mole) of 1-phenacyl-2-tetralone, 9.65 g. (0.063
      mole) of 5-aminosalicylic acid, and 60 ml. of glacial acetic acid was
      heated under reflux under nitrogen for 2 hours, cooled and filtered. The
      collected solid was washed with acetic acid and water, dried and
      recrystallized from acetic acid to provide 16.3 g. (68%) of crystals, m.p.
      223.degree.-225.degree..
PAR  Calc. for C.sub.25 H.sub.19 NO.sub.3 : 78.72% C; 5.02% H; 3.67% N. Found:
      78.58% C; 4.97% H; 3.73% N.
PAC  EXAMPLE 25
PAC  4,5-Dihydro-3-(4-hydroxy-3-methoxycarbonylphenyl)-2-phenylbenz[e]indole
      ##SPC52##
PAR  Hydrogen chloride gas was bubbled through a stirred, boiling mixture of
      30.0 g. (0.08 mole) of
      3-(3-carboxy-4-hydroxyphenyl)-4,5-dihydro-2-phenylbenz[e]indole and 790
      ml. of methanol for 1 hour. The mixture was stirred under reflux for 6
      hours, cooled and filtered to provide 28.4 g. (91%) of solid.
      Recrystallization from acetonitrile gave colorless crystals, m.p.
      164.5.degree.-165.5.degree..
PAR  Calc. for C.sub.26 H.sub.21 NO.sub.3 : 78.97% C; 5.35% H; 3.57% N. Found:
      79.16% C; 5.47% H; 3.56% N.
PAC  EXAMPLE 26
PAC  4,5-Dihydro-3-(4-N,N-dimethylthiocarbamoyloxy-3-methoxycarbonylphenyl)-2-ph
     enylbenz[e]indole
      ##SPC53##
PAR  A mixture of 21.4 g. (0.054 mole) of
      4,5-dihydro-3-(4-hydroxy-3-methoxycarbonylphenyl)-2-phenylbenz[e]indole,
      18.3 g. (0.16 mole) of 1,4-diazabicyclo[2.2.2]octane, 100 ml. of dimethyl
      formamide, and 20.7 g. (0.16 mole) of N,N-dimethylthiocarbamoyl chloride
      was stirred at 60.degree. for 45 minutes, cooled, diluted with water and
      extracted with benzene. The organic phase was washed with dilute
      hydrochloric acid and water, dried over sodium sulfate, and concentrated
      to a solid. Recrystallization from acetonitrile gave 11.7 g. (45%) of
      off-white crystals, m.p. 222.degree.-224.degree..
PAR  Calc. for C.sub.29 H.sub.26 N.sub.2 O.sub.3 S: 72.17% C; 5.43% H; 5.81% N.
      Found: 72.45% C; 5.35% H; 5.97% N.
PAC  EXAMPLE 27
PAC  4,5-Dihydro-3-(4-N,N-dimethylcarbamoylthio-3-methoxycarbonylphenyl)-2-pheny
     lbenz[e]indole
      ##SPC54##
PAR  A 10.1 g. (0.021 mole) sample of
      4,5-dihydro-3-(4-N,N-dimethylthiocarbamoyloxy-3-methoxycarbonylphenyl)-2-p
     henylbenz[e]indole was heated at 220.degree.-225.degree. under nitrogen for
      50 minutes. Trituration of the resulting solid with methanol gave 9.5 g.
      (94%) of yellow solid. Recrystallization from acetonitrile gave off-white
      crystals, m.p. 203.degree.-204.5.degree..
PAR  Calc. for C.sub.29 H.sub.26 N.sub.2 O.sub.3 S: 72.17% C; 5.43% H; 5.81% N.
      Found: 72.55% C; 5.33% H; 5.97% N.
PAC  EXAMPLE 28
PAC  4,5-Dihydro-3-(3-ethoxycarbonyl-4-hydroxyphenyl)-2-phenylbenz[e]indole
      ##SPC55##
PAR  A boiling solution of 7.5 g. (0.02 mole) of
      3-(3-carboxy-4-hydroxyphenyl)-4,5-dihydro-2-phenylbenz[e]indole and 200
      ml. of ethanol was saturated with hydrogen chloride, then heated under
      reflux for 26 hours and cooled. The solid which separated was collected
      and recrystallized from ethanol to provide 4.1 g. (51%) of off-white
      crystals, m.p. 134.degree.-135.degree..
PAR  Calc. for C.sub.27 H.sub.23 NO.sub.3 : 79.20% C; 5.66% H; 3.42% N. Found:
      79.11% C; 5.70% H; 3.58% N.
PAC  EXAMPLE 29
PAC  1-Acetyl-3-(3-carboxy-4-hydroxyphenyl)-4,5-dihydro-2-phenylbenz[e]indole
      ##SPC56##
PAR  A mixture of 1.25 g. (0.0033 mole) of
      3-(3-carboxy-4-hydroxyphenyl)-4,5-dihydro-2-phenylbenz[e]indole, 1 ml. of
      acetic anhydride, 10 ml. of glacial acetic acid, and 0.1 g. of
      p-toluenesulfonic acid was stirred at room termperature under nitrogen for
      6 days. The solid which separated was collected, washed with acetic acid
      and petroleum ether, dried and recrystallized from methanol to provide
      0.23 g (16%) of
      3-(4-acetoxy-3-carboxyphenyl)-1-acetyl-4,5-dihydro-2-phenylbenz[e]indole.
      Concentration of the mother liquor, followed by recrystallization of the
      residue from ethanol-water, gave 0.25 g. (18%) of crystals, m.p.
      223.degree.-226.degree..
PAR  Calc. for C.sub.27 H.sub.21 NO.sub.3 : 76.58% C; 5.00% H; 3.31% N. Found:
      76.29% C; 5.17% H; 3.26% N.
PAC  EXAMPLE 30
PAC  3-(4-Acetoxy-3-carboxyphenyl)-4,5-dihydro-2-phenylbenz[e]indole
      ##SPC57##
PAR  A mixture of 26.2 g. (0.069 mole) of
      3-(3-carboxy-4-hydroxyphenyl)-4,5-dihydro-2-phenylbenz[e]indole and 204 g.
      of acetic anhydride was stirred at 75.degree. for 4 hours, cooled, treated
      with 34 g. of water, stirred for several hours until a solution formed,
      and allowed to stand overnight. The solid which separated was collected,
      washed with acetic acid and petroleum ether, and dried to provide 26.7 g.
      (91%) of crystals, m.p. 194.degree.-196.degree..
PAR  Calc. for C.sub.27 H.sub.21 NO.sub.4 : 76.58% C; 5.00% H; 3.31% N. Found:
      76.42% C; 5.06% H; 3.21% N.
PAC  EXAMPLE 31
PAC  3-(3-Carboxy-4-hydroxyphenyl)-2-phenylbenz[e]indole
      ##SPC58##
PAR  A mixture of 7.6 g. (0.02 mole) of
      3-(3-carboxy-4-hydroxyphenyl)-4,5-dihydro-2-phenylbenz[e]indole, 9.1 g. of
      10% palladium on carbon, and 350 ml. of xylene was heated under reflux
      with stirring under nitrogen for 24 hours and then filtered. The filtrate
      was concentrated to 135 ml. and cooled. The solid which separated was
      collected and recrystallized from xylene to provide 3.6 g. (48%) of yellow
      crystals, m.p. 241.5.degree.-242.5.degree..
PAR  Calc. for C.sub.25 H.sub.17 NO.sub.3 : 79.14% C; 4.52% H; 3.69% N. Found:
      79.76% C; 4.58% H; 3.76% N.
PAC  EXAMPLE 32
PAC  a. 2-(p-phenylphenacyl)cyclohexanone
      ##SPC59##
PAR  Reaction of 27.4 g. (0.18 mole) of 1-pyrrolidino-1-cyclohexene and 50 g.
      (0.18 mole) of p-phenylphenacyl bromide by the method described in Example
      2a gave 23.6 g. (45%) of crystals, m.p. 108.degree.-112.degree..
PAC  b. 2-(4-Biphenyl)-1-(3-carboxy-4-hydroxyphenyl)-4,5,6,7-tetrahydroindole
      ##SPC60##
PAR  A mixture of 23.4 g. (0.08 mole) of 2-(p-phenylphenacyl)cyclohexanone, 12.2
      g. (0.08 mole) of 5-aminosalicylic acid, and 80 ml. of glacial acetic acid
      was heated under reflux under nitrogen for 3 hours, cooled and filtered.
      The filter cake was washed with acetic acid and water, dried and
      recrystallized from acetic acid to provide 8.2 g. (22%) of crystals, m.p.
      192.degree.-199.degree..
PAR  Calc. for C.sub.27 H.sub.23 NO.sub.3 : 79.20% C; 5.66% H; 3.42% N. Found:
      79.63% C; 5.68% H; 3.15% N.
PAC  EXAMPLE 33
PAC  a. 2-(m-Methoxyphenacyl)cyclohexanone
      ##SPC61##
PAR  Reaction of 33 g. (0.22 mole) of 1-pyrrolidino-1-cyclohexene and 50 g.
      (0.22 mole) of m-methoxyphenacyl bromide by the method described in
      Example 2a gave 31.2 g. (58%) of an amber oil, b.p. 178.degree.-182
      .degree. (0.15 mm.)
PAC  b)
      1-(3-Carboxy-4-hydroxyphenyl)-2-(3-methoxyphenyl)-4,5,6,7-tetrahydroindole
      ##SPC62##
PAR  A mixture of 24.6 g. (0.1 mole) of 2-(m-methoxyphenacyl)cyclohexanone, 15.3
      g. (0.1 mole) of 5-aminosalicylic acid, and 65 ml. of glacial acetic acid
      was heated for 2 hours under reflux under nitrogen and cooled. The solid
      which separated was collected, washed with acetic acid and water, dried
      and recystallized from acetic acid to provide 23.4 g. (65%) of crystals,
      m.p. 175.degree.-177.degree..
PAR  Calc. for C.sub.22 H.sub.21 NO.sub.4 : 72.71% C; 5.82% H; 3.85% N. Found:
      72.79% C; 5.80% H; 3.91% N.
PAC  EXAMPLE 34
PAC  a. 2-Phenacylcycloheptanone
      ##SPC63##
PAR  Reaction of 64.1 g. (0.4 mole) of 1-pyrrolidino-1-cycloheptene and 79.2 g.
      (0.4 mole) of phenacyl bromide by the method described in Example 2a gave
      22.8 g. (25%) of tan crystals, m.p. 42.degree.-44.degree..
PAC  b.
      1-(3-Carboxy-4-hydroxyphenyl)-1,4,5,6,7,8-hexahydro-2-phenylcyclohepta[b]p
     yrrole
      ##SPC64##
PAR  A mixture of 18.4 g. (0.08 mole) of 2-phenacylcycloheptanone, 12.1 g. (0.08
      mole) of 5-aminosalicylic acid, and 140 ml. of glacial acetic acid was
      heated under reflux under nitrogen for 2 hours and cooled. The solid which
      separated was collected and recrystallized from ethanol to provide 16.5
      (59%) of yellow crystals, m.p. 238.degree.-239.degree.. Calc. for C.sub.22
      H.sub.21 NO.sub.3 : 76.08% C; 6.05% H; 4.03% N. Found: 75.72% C; 6.10% H;
      4.18% N.
PAC  EXAMPLE 35
PAC  a. 2-(p-Chlorophenacyl)cyclohexanone
      ##SPC65##
PAR  Reaction of 69.5 g. (0.46 mole) of 1-pyrrolidino-1-cyclohexene and 100 g.
      (0.46 mole) of p-chlorophenacyl bromide by the method described in Example
      2a gave 82.4 g. (72%) of tan crystals, m.p. 56.degree.-58.degree. from
      ether-petroleum ether.
PAR  b.
      1-(3-Carboxy-4-hydroxyphenyl)-2-(4-chlorophenyl)-4,5,6,7-tetrahydroindole
      ##SPC66##
PAR  A mixture of 37.6 g. (0.15 mole) of 2-(p-chlorophenacyl)cyclohexanone, 23.0
      g. (0.15 mole) of 5-aminosalicylic acid, and 215 ml. of glacial acetic
      acid was heated under reflux for 4 hours and cooled. The solid which
      separated was collected, washed with water and recrystallized from acetic
      acid and from ethanol to provide 26.2 (48%) of yellow crystals, m.p.
      242.degree.-243.degree..
PAR  Calc. for C.sub.21 H.sub.18 ClNO.sub.3 : 68.57% C; 4.90% H; 9.66% Cl; 3.81%
      N. Found: 68.65% C; 4.88% H; 9.56% Cl; 3.85% N.
PAC  EXAMPLE 36
PAC  a. 2-(o-Methoxyphenacyl)cyclohexanone
      ##SPC67##
PAR  Reaction of 19.6 g. (0.13 mole) of 1-pyrrolidino-1-cyclohexene and 30.0 g.
      (0.13 mole) of o-methoxyphenacyl bromide by the method described in
      Example 2a gave 17.7 g. (55%) of a semi-solid.
PAC  b.
      1-(3-Carboxy-4-hydroxyphenyl)-2-(2-methoxyphenyl)-4,5,6,7-tetrahydroindole
      ##SPC68##
PAR  A mixture of 17.7 g. (0.072 mole) of 2-(o-methoxyphenacyl)cyclohexanone,
      11.0 g. (0.072 mole) of 5-aminosalicylic acid, and 90 ml. of glacial
      acetic acid was heated under reflux for 4 hours and cooled. The solid
      which separated was collected, washed with water and recrystallized from
      ethanol to provide 0.2 (1%) of tan solid, m.p. 212.degree.-214.degree..
PAR  Calc. for C.sub.22 H.sub.21 NO.sub.4 : 72.73% C; 5.79% H; 3.86% N. Found:
      72.08% C; 5.69% H; 4.09% N.
PAC  EXAMPLE 37
PAC  2-Phenyl-1-(5-carboxy-4-hydroxy-2-trifluoromethylphenyl)-4,5,6,7-tetrahydro
     indole
      ##SPC69##
PAR  A mixture of 6.5 g. (0.029 mole) of 5-amino-4-trifluoromethylsalicylic
      acid, 6.35 g. (0.029 mole) of 2-phenacylcyclohexanone, and 30 ml. of
      glacial acetic acid was heated under reflux for 3 hours, cooled and
      filtered. The filter cake was recrystallized from acetic acid to provide
      4.6 g. (39%) of gold crystals, m.p. 188.degree.-190.degree..
PAR  Calc. for C.sub.22 H.sub.19 F.sub.3 NO.sub.3 : 65.83% C; 4.52% H; 3.49% N.
      Found: 65.90% C; 4.51% H; 3.54% N.
PAC  EXAMPLE 38
PAC  a. 2-(p-Fluorophenacyl)cyclohexanone
      ##SPC70##
PAR  Reaction of 18.1 g. (0.12 mole) of 1-pyrrolidino-1-cyclohexene and 25.0 g.
      (0.12 mole) of p-fluorophenacyl bromide by the method described in Example
      2a gave 17.9 g. (64%) of solid.
PAC  b.
      1-(3-Carboxy-4-hydroxyphenyl)-2-(4-fluorophenyl)-4,5,6,7-tetrahydroindole
      ##SPC71##
PAR  A solution of 17.9 g. (0.077 mole) of 2-(p-fluorophenacyl)cyclohexanone,
      11.8 g. (0.077 mole) of 5-aminosalicylic acid, and 90 ml. of glacial
      acetic acid was heated under reflux under nitrogen for 43/4 hours, cooled
      and filtered. The collected solid was washed with water and recrystallized
      from acetic acid to provide 10.0 g. (37%) of yellow crystals, m.p.
      239.degree.-240.degree..
PAR  Calc. for C.sub.21 H.sub.18 FNO.sub.3 : 71.79% C; 5.13% H; 5.47% F; 3.99%
      N. Found: 70.83% C; 5.09% H; 4.92% F; 3.92% N.
PAC  EXAMPLE 39
PAC  a. 2-(p-Methylphenacyl)cyclohexanone
      ##SPC72##
PAR  A solution of 50 g. (0.23 mole) of p-methylphenacyl bromide in 120 ml. of
      dry dimethyl formamide was added dropwise during 1/2 hour into a stirred,
      cooled solution of 35.4 g. (0.23 mole) of 1-pyrrolidino-1-cyclohexene in
      200 ml. of dimethyl formamide at a rate to maintain a temperature of
      25.degree.. After 51/2 hours, the solution was diluted with water and
      extracted with chloroform. The chloroform solution was washed with water,
      dried over sodium sulfate and concentrated to an oil. Distillation gave
      28.5 g. (53%) of liquid, b.p. 161.degree.-165.degree. (0.2 mm.), which
      solidifed (m.p. 65.degree.-70.degree.).
PAC  b.
      1-(3-Carboxy-4-hydroxyphenyl)-2-(4-methylphenyl)-4,5,6,7-tetrahydroindole
      ##SPC73##
PAR  A mixture of 23 g. (0.1 mole) of 2-(p-methylphenacyl)cyclohexanone, 15.3 g.
      (0.1 mole) of 5-aminosalicylic acid and 100 ml. of glacial acetic acid was
      heated under reflux for 45 minutes, cooled and filtered. The collected
      solid was recrystallized from acetonitrile to provide 23.0 g. (66%) of
      yellow crystals, m.p. 212.5.degree.-214.5.degree..
PAR  Calc. for C.sub.22 H.sub.21 NO.sub.3 : 76.06% C; 6.09% H; 4.03% N. Found:
      76.03% C; 6.13% H; 3.98% N.
PAC  EXAMPLE 40
PAC  a. 4-(t-Butyl)-2-phenacylcyclohexanone
      ##SPC74##
PAR  Reaction of 61.0 g. (0.30 mole) of 4-(t-butyl)-1-cyclohexene and 59.7 g.
      (0.30 mole) of phenacyl bromide by the method described in Example 39a
      provided 31.7 g. (39%) of solid, m.p. 127.degree.-129.degree. from
      ethanol. b.
      5-(t-Butyl)-1-(3-carboxy-4-hydroxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindol
      ##SPC75##
PAR  A solution of 20.0 g. (0.074 mole) of 4-(t-butyl)-2-phenacylcyclohexanone,
      11.3 g. (0.074 mole) of 5-aminosalicylic acid, and 132 ml. of glacial
      acetic acid was heated under reflux under nitrogen for 2 hours, cooled and
      filtered. The collected solid was recrystallized from acetonitrile to
      provide 19.9 g. (69%) of crystals, m.p. 260.degree.-262.degree..
PAR  Calc. for C.sub.25 H.sub.27 NO.sub.3 : 77.12% C; 6.94% H; 3.60% N. Found:
      76.90% C; 6.99% H; 3.64% N.
PAC  EXAMPLE 41
PAC  5-(t-Butyl)-1-(3-carboxy-4-hydroxyphenyl)-2-phenylindole
      ##SPC76##
PAR  A mixture of 16 g. (0.041 mole) of
      5-(t-butyl)-1-(3-carboxy-4-hydroxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindol
     e, 8 g. of 10% palladium on carbon, and 1.6 l. of xylene was heated under
      reflux under nitrogen for 23 hours and filtered. The filtrate was
      concentrated to 400 ml., cooled and filtered to provide 13.0 g. (82%) of
      crystals, m.p. 275.degree.-276.degree.. Recrystallization from
      acetonitrile gave crystals, m.p. 271.degree.-273.degree..
PAR  Calc. for C.sub.25 H.sub.23 NO.sub.3 : 77.90% C; 6.01% H; 3.63% N. Found:
      78.42% C; 6.09% H; 3.86% N.
PAC  EXAMPLE 42
PAC  a. 1(3,3-Dimethyl-2-oxobutyl)-2-tetralone
      ##SPC77##
PAR  Raction of 17.9 g. (0.1 mole) of 1-bromo-3,3-dimethyl-2-butanone and 19.9
      g. (0.01 mole) of 1(3,4-dihydro-2-naphthyl)pyrrolidine by the method
      described in Example 39a gave 15.6 g. (64%) of liquid, b.p.
      149.degree.-151.degree. (0.07 mm.).
PAC  b. 2-(t-Butyl)-3-(3-carboxy-4-hydroxyphenyl)-4,5-dihydrobenz[e]indole
      ##SPC78##
PAR  A mixture of 15.2 g. (0.062 mole) of
      1-(3,3-dimethyl-2-oxobutyl)-2-tetralone, 9.5 g. (0.062 mole) of
      5-aminosalicylic acid, and 50 ml. of glacial acetic acid was heated under
      reflux under nitrogen for 1.5 hours, cooled and filtered. The collected
      solid was washed with acetic acid and petroleum ether and then
      recrystallized from acetonitrile to provide 10.4 g. (46%) of off-white
      crystals, m.p. 258.degree.-260.degree..
PAR  Calc. for C.sub.23 H.sub.23 NO.sub.3 : 76.43% C; 6.41% H; 3.88% N. Found:
      76.38% C; 6.39% H; 4.02% N.
PAC  EXAMPLE 43
PAC  1-(3-Carboxy-5-chloro-4-hydroxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC79##
PAR  a mixture of 10.3 g. (0.047 mole) of 2-phenacylcyclohexanone, 8.8 g. (0.047
      mole) of 5-amino-3-chlorosalicylic acid, and 45 ml. of glacial acetic acid
      was heated under reflux for 1 hour, cooled and filtered. The collected
      solid was recrystallized from acetonitrile to provide 13.3 g. (77%) of
      crystals, m.p. 223.degree.-225.degree..
PAR  Calc. for C.sub.21 H.sub.18 ClNO.sub.3 : 68.57% C; 4.93% H; 3.81N. Found:
      68.62% C; 4.90% H; 3.83% N.
PAC  EXAMPLE 44
PAC  a. 2-(p-Hydroxyphenacyl)cyclohexanone
      ##SPC80##
PAR  Reaction of 43 g. (0.2 mole) of p-hydroxyphenacyl bromide and 30 g. (0.2
      mole) of 1-pyrrolidino- 1-cyclohexene by the method described in Example
      39a gave 28 g. (61%) of solid, m.p. 120.degree.-125.degree..
PAC  b.
      1-(3-Carboxy-4-hydroxyphenyl)-2-(4-hydroxyphenyl)-4,5,6,7-tetrahydroindole
      ##SPC81##
PAR  A mixture of 11.5 g. (0.05 mole) of 2-(p-hydroxyphenacyl)cyclohexanone, 7.6
      g. (0.05 mole) of 5-aminosalicylic acid, and 40 ml. of glacial acetic acid
      was heated under reflux under nitrogen for 1.5 hours, cooled and filtered
      to provide 10.6 g. (61%) of solid, m.p. 214.degree.-217.degree..
      Recrystallization from acetonitrile gave crystals, m.p.
      217.degree.-219.degree..
PAR  Calc. for C.sub.21 H.sub.19 NO.sub.4 : 72.19% C; 5.48% H; 4.01% N. Found:
      72.16% C; 5.50% H; 4.37% N.
PAC  EXAMPLE 45
PAC  a 4-Methyl-2-phenacylcyclohexanone
      ##SPC82##
PAR  Reaction of 72.5 g. (0.44 mole) of 4-methyl-1-pyrrolidino-1-cyclohexene and
      87.6 g. (0.44 mole) of phenacyl bromide by the method described Example
      39a gave 75.3 g. (74%) of viscous oil.
PAC  b. 1-(3-Carboxy-4-hydroxyphenyl)-5-methyl-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC83##
PAR  a solution of 50 g. (0.22 mole) of 4-methyl-2-phenacylcyclohexanone, 33.7
      g. (0.22 mole) of 5-aminosalicylic acid, and 257 ml. of glacial acetic
      acid was heated under reflux for 3 hours, cooled and filtered. The
      collected solid was washed with water and recrystallized from acetonitrile
      to provide 43.3 g. (57%) of yellow crystals, m.p. 213.degree.-215.degree..
PAR  Calc. for C.sub.22 H.sub.21 NO.sub.3 : 76.08% C; 6.05% H; 4.03% N. Found:
      75.73% C; 6.16% H; 4.05% N.
PAC  EXAMPLE 46
PAC  1-(4-Acetamido-3-carboxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC84##
PAR  A mixture of 11.7 g. (0.054 mole) of 2-phenacylcyclohexanone, 10.5 g.
      (0.054 mole) of 2-acetamido-5-aminobenzoic acid, and 50 ml. of glacial
      acetic acid was heated under reflux for 4 hours, cooled, diluted with 15
      ml. of methanol and filtered. The collected solid was recrystallized from
      acetonitrile to provide 9.45 g. (47%) of crystals, m.p. 192.degree.
      -194.degree..
PAR  Calc. for C.sub.23 H.sub.22 N.sub.2 O.sub.3 : 73.78% C; 5.92% H; 7.48% N.
      Found: 73.56% C; 5.96% H; 7.56% N.
PAC  EXAMPLE 47
PAC  1-(4-Amino-3-carboxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC85##
PAR  A mixture of 4.0 g. (0.011 mole) of
      1-(4-acetamido-3-carboxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole, 50 ml.
      of ethanol, 10 ml. of water, and 2 ml. of conc. hydrochloric acid was
      heated under reflux under nitrogen for 4 hours, concentrated to 10 ml.,
      diluted with 100 ml. of water, adjusted to pH 4 and filtered.
      Recrystallization of the collected solid from 75% ethanol gave 0.83 g.
      (23%) of crystals, m.p. 205.5.degree.-206.5.degree..
PAR  Calc. for C.sub.21 H.sub.20 N.sub.2 O.sub.2 : 75.88% C; 6.06% H; 8.43% N.
      Found: 75.85% C; 6.01% H; 8.45% N.
PAC  EXAMPLE 48
PAC  1-(5-Acetamido-3-carboxy-4-hydroxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC86##
PAR  A mixture of 10.3 g. (0.048 mole) of 2-phenacylcyclohexanone, 10 g. (0.048
      mole) of 3-acetamido-5-aminosalicylic acid, and 70 ml. of glacial acetic
      acid was heated under reflux under nitrogen for 1 hour, cooled and
      filtered. Recrystallization of the collected solid from acetic acid gave
      10.5 g. (57%) of crystals, m.p. 232.degree.-234.degree..
PAR  Calc. for C.sub.23 H.sub.22 N.sub.2 O.sub.4 : 70.75% C; 5.68% H; 7.17% N.
      Found: 70.54% C; 5.74% H; 7.32% N.
PAC  EXAMPLE 49
PAC  1-(5Bromo-3-carboxy-4-hydroxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC87##
PAR  A mixture of 8.1 g. (0.038 mole) of 2-phenacylcyclohexanone, 8.7 g. (0.038
      mole) of 5-amino-3-bromosalicylic acid, and 50 ml. of glacial acetic acid
      was heated under reflux for 1 hour, cooled and filtered. Recrystallization
      of the collected solid from acetonitrile gave 7.0 g. (46%) of yellow
      crystals, m.p. 209.degree.-210.degree..
PAR  Calc. for C.sub.21 H.sub.18 BrNo.sub.3 : 61.17% C; 4.40% H; 3.40% N. Found:
      61.03% C; 4.48% H; 3.46% N.
PAC  EXAMPLE 50
PAC  a 4-Methoxy-2-phenacylcyclohexanone
      ##SPC88##
PAR  Reaction of 61.4 g. (0.31 mole) of phenacyl bromide and 55.7 g. (0.31 mole)
      of 4-methoxy-1-pyrrolidino-1-cyclohexene by the method described in
      Example 39a gave 68.0 g. (90%) of an amber oil.
PAC  b.
      1-(3-carboxy-4-hydroxyphenyl)-5-methoxy-2-phenyl-4,5,6,7-tetrahydroindole
      ##SPC89##
PAR  A mixture of 24.6 g. (0.1 mole) of 4-methoxy-2-phenacylcyclohexanone, 15.3
      g. (0.1 mole) of 5-aminosalicylic acid, and 80 ml. of glacial acetic acid
      was heated under reflux for 1.5 hours, filtered, cooled and again
      filtered. The collected solid was washed with acetic acid and petroleum
      ether and recrystallized from acetonitrile to provide 22.5 g. (62%) of
      crystals, m.p. 207.degree.-210.degree..
PAR  Calc. for C.sub.22 H.sub.21 NO.sub.4 : 72.71% C; 5.82% H; 3.85% N. Found
      72.60% C; 5.89% H; 4.09% N.
PAC  EXAMPLE 51
PAC  a. 2-(3,4-Dichlorophenacyl)cyclohexanone
      ##SPC90##
PAR  Reaction of 28.7 g. (0.19 mole) of 1-pyrrolidino-1-cyclohexene and 51.2 g.
      (0.19 mole) of 3,4-dichlorophenacyl bromide by the method described in
      Example 39a gave 32.6 g. (60%) of crystals, m.p. 78.degree.-79.degree.
      (from ethanol).
PAC  b.
      1-(3-Carboxy-4-hydroxyphenyl)-2-(3,4-dichlorophenyl)-4,5,6,7-tetrahydroind
     ole
      ##SPC91##
PAR  A solution of 15 g. (0.05 mole) of 2-(3,4-dichlorophenacyl)cyclohexanone,
      7.7 g. (0.05 mole) of 5-aminosalicylic acid, and 63 ml. of glacial acetic
      acid was heated under reflux under nitrogen for 11/2 hours, cooled and
      filtered. The collected solid was washed with water and recrystallized
      from acetonitrile to provide 19.4 g. (97%) of yellow crystals, m.p.
      210.degree.-211.degree..
PAR  Calc. for C.sub.21 H.sub.17 Cl.sub.2 NO.sub.3 : 62.69% C; 4.23% H; 17.66%
      Cl; 3.48% N. Found: 62.81% C; 4.33% H; 17.78% Cl; 3.62% N.
PAC  EXAMPLE 52
PAC  a. 2-(p-Bromophenacyl)cyclopentanone
      ##SPC92##
PAR  Reaction of 24.7 g. (0.18 mole) of 1-pyrrolidino-1-cyclopentene and 50 g.
      (0.18 mole) of p-bromophenacyl bromide by the method described in Example
      39a gave 20.8 g. (41%) of crystals, m.p. 59.degree.-61.degree. (from
      ethanol).
PAC  b.
      2-(4-Bromophenyl)-1(3-carboxy-4-hydroxyphenyl)-1,4,5,6-tetrahydrocyclopent
     a[b]pyrrole
      ##SPC93##
PAR  A solution of 20.8 g. (0.07 mole) of 2-(p-bromophenacyl)cyclopentanone,
      10.71 g. (0.07 mole) of 5-aminosalicylic acid, and 88 ml. of glacial
      acetic acid was heated under reflux under nitrogen for 31/2 hours, cooled
      and filtered. The collected solid was chromatographed on silica gel. The
      solid eluted with benzene was recrystallized from ethanol-water to provide
      tan crystals, m.p. 215.degree.-216.degree..
PAR  Calc. for C.sub.20 H.sub.16 BrNO.sub.3 : 60.30% C; 4.02% H; 20.10% Br;
      3.52% N. Found: 59.70% C; 4.02% H; 20.24% Br; 3.43% N.
PAC  EXAMPLE 53
PAC  1-(3-Carboxy-4-chloropheny)-2-phenyl-4,5,6-tetrahydroindole
      ##SPC94##
PAR  A mixture of 21.6 g. (0.1 mole) of 2-phenacylcyclohexanone, 17.2 g. (0.1
      mole) of 5-amino-2-chlorobenzoic acid, and 60 ml. of glacial acetic acid
      was heated under reflux for 2 hours, cooled and filtered to provide 15.3
      g. (44%) of light pink solid. Recrystallization from acetonitrile gave
      pale pink crystals, m.p. 210.degree.-212.degree..
PAR  Calc. for C.sub.21 H.sub.18 ClNO.sub.2 : 71.69% C; 5.16% H; 3.98% N. Found:
      71.13% C; 5.31% H; 4.26% N.
PAC  EXAMPLE 54
PAC  a. 2-(.alpha.-Phenylphenacyl)cyclohexanone
      ##SPC95##
PAR  Reaction of 75.0 g. (0.5 mole) of 1-pyrrolidino-1-cyclohexane and 68.7 g.
      (0.25 mole) of .alpha.-phenylphenacyl bromide by the method described in
      Example 39a gave 73 g. of colorless semi-solid.
PAC  b. 1-(3-Carboxy-4-hydroxyphenyl)-2,3-diphenyl-4,5,6,7-tetrahydroindole
      ##SPC96##
PAR  A solution of 10.5 g. (0.036 mole) of
      2-(.alpha.-phenylphenacyl)cyclohexanone, 5.5 g. (0.036 mole) of
      5-aminosalicylic acid, and 40 ml. of glacial acetic acid was heated under
      reflux for 1 2/3 hours, cooled and filtered. The collected solid was
      washed with petroleum ether and recrystallized from acetonitrile to
      provide 7.3 g. (50%) of pale yellow crystals, m.p.
      246.degree.-247.degree..
PAR  Calc. for C.sub.27 H.sub.23 NO.sub.3 : 79.20% C; 5.66% H; 3.42% N. Found:
      79.10% C; 5.92% H; 3.52% N.
PAC  EXAMPLE 55
PAC  a. 2-(p-Nitrophenacyl)cyclohexanone
      ##SPC97##
PAR  Reaction of 52.9 g. (0.35 mole) of 1-pyrrolidino-1-cyclohexene and 85.0 g.
      (0.35 mole) of p-nitrophenacyl bromide by the method described in Example
      39a gave 81.3 g. (89%) of crystals, m.p. 61.degree.-63.degree. (from
      ethanol).
PAC  b. 1-(3-Carboxy-4-hydroxyphenyl)-2-(4-nitrophenyl)-4,5,6,7-tetrahydroindole
      ##SPC98##
PAR  A mixture of 40 g. (0.15 mole) of 2-(p-nitrophenacyl)cyclohexanone, 23 g.
      (0.15 mole) of 5-aminosalicylic acid and 187 ml. of glacial acetic acid
      was heated under reflux under nitrogen for 3 3/4 hours, diluted with water
      and extracted with ethyl acetate. The ethyl acetate solution was dried
      over sodium sulfate and concentrated to a red solid which was
      chromatographed on silica gel. The material eluted with 3% methanol in
      chloroform was recrystallied from acetonitrile to provide 3.8 g. (7%) of
      orange crystals, m.p. 241.degree.-242.degree..
PAR  Calc. for C.sub.21 H.sub.18 N.sub.2 O.sub.5 : 66.67% C; 4.76% H; 7.41% N.
      Found: 66.60% C; 4.88% H; 7.69% N.
PAC  EXAMPLE 56
PAC  a. 6-Methoxy-1-phenacyl-2-tetralone
      ##SPC99##
PAR  Reaction of 6.5 g. (0.0028 mole) of
      3,4-dihydro-6-methoxy-2-pyrrolidinonapthalene and 5.7 g. (0.29 mole) of
      phenacyl bromide by the method described in Example 39a gave 6.0 g. (67%)
      of tan crystals, m.p. 55.degree.-59.degree..
PAC  b.
      3-(3-Carboxy-4-hydroxyphenyl)-4,5-dihydro-7-methoxy-2-phenylbenz[e]indole
      ##SPC100##
PAR  A mixture of 5.8 g. (0.02 mole) of 6-methoxy-1-phenacyl-2-tetralone, 3.02
      g. (0.02 mole) of 5-aminosalicylic acid, and 20 ml. of glacial acetic acid
      was heated under reflux for 1 hour, cooled, and filtered. The collected
      solid was washed with acetic acid and petroleum ether and recrystallized
      from acetonitrile to provide 5.3 g (67%) of pale yellow crystals, m.p.
      233.degree.-234.degree..
PAR  Calc. for C.sub.26 H.sub.21 NO.sub.4 : 75.90% C; 5.14% H; 3.40% N. Found:
      76.43% C; 5.28% H; 3.53% N.
PAC  EXAMPLE 57
PAC  a. 6-Chloro-1-phenacyl-2-tetralone
      ##SPC101##
PAR  Reaction of 28.0 g. (0.12 mole) of
      6-chloro-3,4-dihydro-2-pyrrolidinonaphthalene and 24.0 g. (0.12 mole) of
      phenacyl bromide by the method described in Example 39a gave 10.1 g. (28%)
      of brown oil.
PAC  b. 3-(3-Carboxy-4-hydroxyphenyl)-7-chloro-4,5-dihydro-2-phenylbenz[e]indole
      ##SPC102##
PAR  A mixture of 10.1 g. (0.03 mole) of 6-chloro-1-phenacyl-2-tetralone, 4.5 g.
      (0.03 mole) of 5-aminosalicylic acid and 30 ml. of glacial acetic was
      heated under reflux for 70 minutes, cooled and filtered. The collected
      solid was washed with acetic acid and petroleum ether and recrystallized
      from acetonitrile to give 4.3 g. (59%) of colorless crystals, m.p.
      249.degree.-251.degree..
PAR  Calc. for C.sub.25 H.sub.18 ClNO.sub.3 : 72.20% C; 4.36% H; 3.37% N. Found:
      71.84% C; 4.50% H; 3.41% N.
PAC  EXAMPLE 58
PAC  a. 1-Phenacyl-2-indanone
      ##SPC103##
PAR  Reaction of 58.1 g. (0.29 mole) of phenacyl bromide and 54 g (0.29 mole) of
      2-pyrrolidinoindene by the method described in Example 39a gave 7 g. of a
      viscous oil.
PAC  b. 1-(3-Carboxy-4-hydroxyphenyl)-1,8-dihydro-2-phenylindeno[2,1-b]pyrrole
      ##SPC104##
PAR  A mixture of 4.0 g. (0.016 mole) of 1-phenacyl-2-indanone, 2.45 g. (0.016
      mole) of 5-aminosalicylic acid and 10 ml. of glacial acetic acid was
      heated under reflux under nitrogen for 2 hours, cooled and filtered. The
      collected solid was washed with petroleum ether and recrystallized from
      acetic acid to provide 4.6 g. (78%) of yellow crystals, m.p.
      201.degree.-205.degree..
PAR  Calc. for C.sub.24 H.sub.17 NO.sub.3 : 78.46% C; 4.66% H; 3.81% N. Found:
      78.31% C; 4.65% H; 3.73% N.
PAC  EXAMPLE 59
PAC  1-(3-Carboxy-4-hydroxyphenyl)-4,5,6,7-tetrahydro-2-(2-thienyl)indole
      ##SPC105##
PAR  A mixture of 2.22 g. (0.01 mole) of 2-(2-thienoylmethyl)cyclohexanone,
      (1.53 g. (0.01 mole) of 5-aminosalicylic acid, and 25 ml. of ethanol was
      heated uder reflux under nitrogen for 4 hours and filtered. The filtrate
      was concentrated to an oil which solidified when triturated with petroleum
      ether. Recrystallization from acetonitrile gave 1.0 g. (29%) of yellow
      crystals, m.p. 211.degree.-213.degree..
PAR  Calc. for C.sub.19 H.sub.17 NO.sub.3 S: 67.23% C; 5.05% H; 4.13% N. Found:
      67.23% C; 4.98% H; 4.14% N.
PAC  EXAMPLE 60
PAC  3-(3-Carbamoyl-4-hydroxyphenyl)-4,5-dihydro-2-phenylbenz[e]indole
      ##SPC106##
PAR  A mixture of 2.0 g. (0.005 mole) of
      4,5-dihydro-3-(4-hydroxy-3-methoxycarbonylphenyl)2-phenylbenz[e]indole, 75
      ml. of ammonium hydroxide, and 40 ml. of dimethyl formamide was heated
      under reflux for 3 hours, cooled, diluted with water, acidified, and
      extracted with ether. The ether phase was dried over sodium sulfate and
      concentrated to a solid. Recrystallization from benzene gave 1.21 g. (63%)
      of colorless crystals, m.p. 213.degree.-215.degree..
PAR  Calc. for C.sub.25 H.sub.20 N.sub.2 O.sub.2 : 78.92% C; 5.31% H; 7.36% N.
      Found: 78.61% C; 5.31% H; 7.18% N.
PAC  EXAMPLE 61
PAC  4,5-Dihydro-3-(3-N-ethylcarbamoyl-4-hydroxyphenyl)-2-phenylbenz[e]indole
      ##SPC107##
PAR  A mixture of 5.0 g. (0.013 mole) of
      4,5-dihydro-3-(4-hydroxy-3-methoxycarbonylphenyl)-2-phenylbenz[e]indole,
      70 ml. of ethyl amine, and 30 ml. of water was stirred at room temperature
      for 18 hours, diluted with water, acidified to pH 2, and filtered. The
      collected solid was recrystallized from hexane to provide 2.9 g. (56%) of
      colorless crystals, m.p. 175.degree.-176.degree..
PAR  Calc. for C.sub.27 H.sub.24 N.sub.2 O.sub.2 : 79.39% C; 5.92% H; 6.86% N.
      Found: 79.44% C; 5.99% H; 6.83% N.
PAC  EXAMPLE 62
PAC  3-(3-N,N-Diethylcarbamoyl-4-hydroxyphenyl)-4,5-dihydro-2-phenylbenz[e]indol
     e
      ##SPC108##
PAR  A mixture of 1.0 g. (0.0025 mole) of
      4,5-dihydro-3-(4-hydroxy-3-methoxycarbonylphenyl)-2-phenylbenz[e]indole,
      0.15 g. (0.0028 mole) of sodium methoxide, 5 ml. of diethylamine, and 20
      ml. of methanol was stirred at room temperature for 3 days, diluted with
      water, acidified and filtered to provide 1.0 g. (92%) of off-white
      crystals, m.p. 235.degree.-237.degree..
PAC  EXAMPLE 63
PAC  4,5-Dihydro-3-(3-N-hydroxycarbamoyl-4-hydroxyphenyl)-2-phenylbenz[e]indole
      ##SPC109##
PAR  A solution of 1.4 g. (0.02 mole) of hydroxylamine hydrochloride, 1.03 g.
      (0.02 mole) of sodium methoxide, and 20 ml. of methanol was added to a
      stirred suspension of 4.0 g. (0.01 mole) of
      4,5-dihydro-3-(4-hydroxy-3-methoxycarbonylphenyl)-2-phenylbenz[e]indole in
      30 ml. of methanol. The mixture was diluted with 25 ml. of water and 50
      ml. of methanol, heated under reflux for 24 hours, acidified, and
      extracted with chloroform. The chloroform solution was dried over
      magnesium sulfate and concentrated to a red solid. Recrystallization from
      benzene and then from acetonitrile gave yellow crystals, m.p.
      115.degree.-120.degree..
PAC  EXAMPLE 64
PAC  3-(3-Carboxy-4-mercaptophenyl)-4,5-dihydro-2-phenylbenz[e]indole
      ##SPC110##
PAR  A mixture of 4.0 g. (0.0083 mole) of
      4,5-dihydro-3-(4-dimethylcarbamoylthio-3-methoxycarbonylphenyl-2-phenylben
     z[e]indole, 2.4 g. of potassium hydroxide, 35 ml. of methanol, and 10 ml.
      of water was heated under reflux for 3 hours, diluted with water,
      acidified, and filtered. The collected solid was recrystallized from
      aqueous acetone to provide 2.1 g. (62%) of yellow crystals, m.p.
      260.degree.-262.degree..
PAR  Calc. for C.sub.25 H.sub.19 NO.sub.2 S: 75.57% C; 4.78% H; 3.53% N. Found:
      75.63% C; 4.84% H; 3.38% N.
CLMS
STM  We claim:
NUM  1.
PAR  1. An orally administerable composition for treating inflammation and pain
      which consists essentially of a pharmaceutically acceptable carrier and
      from about 1 to about 200 mg of an active compound of the formula
      ##SPC111##
PAL  wherein
PA1  R is alkyl of one to six carbon atoms; thienyl; phenyl; diphenyl; or phenyl
      substituted by halogen, trifluoromethyl, alkyl of one to six carbon atoms,
      alkoxy of one to six carbon atoms, nitro, cyano, or hydroxy;
PA1  R.sub.1 is carboxyl, alkoxycarbonyl of two to seven carbon atoms,
      carbamoyl, N-alkylcarbamoyl of two to seven carbon atoms,
      N,N-dialkylcarbamoyl of three to seven carbon atoms, hydroxycarbamoyl, or
      dialkylphosphinylalkoxycarbonyl of four to ten carbon atoms;
PA1  R.sub.2 is hydrogen, hydroxyl, mercapto, halogen, trifluoromethyl, alkoxy
      of one to six carbon atoms, alkanoyloxy of one to six carbon atoms, amino,
      alkanoylamino of one to six carbon atoms, dialkylthiocarbamoyloxy of three
      to seven carbon atoms, or dialkylcarbamoylthio of three to seven carbon
      atoms; n is 1 or 2;
PA1  R.sub.3 is hydrogen, alkanoyl of one to six carbon atoms, or phenyl;
PA1  X is alkylene of three to five carbon atoms, alkylene of three to five
      carbon atoms substituted by alkyl or alkoxy of one to six carbon atoms,
      divinylene, divinylene substituted by alkyl of one to six carbon atoms,
      ##SPC112##
PAL  wherein D is hydrogen, alkoxy of one to six carbon atoms, or halogen.
NUM  2.
PAR  2. An orally administerable composition for treating inflammation and pain
      which consists essentially of a pharmaceutically acceptable carrier and
      from about 1 to about 200 mg of an active compound as defined in claim 1
      in which
PA1  R is tertiary butyl, thienyl, phenyl, diphenyl or phenyl substituted by
      chlorine, bromine, fluorine, hydroxyl, trifluoromethyl, methyl, methoxy,
      nitro or cyano;
PA1  R.sub.1 is carboxyl, methoxycarbonyl, ethoxycarbonyl, carbamoyl,
      N-ethylcarbamoyl, N,N-diethylcarbamoyl, hydroxycarbamoyl, or
      dimethylphosphinylmethoxycarbonyl;
PA1  R.sub.2 is hydrogen, hydroxyl, mercapto, chlorine, bromine,
      trifluoromethyl, methoxy, acetyl, acetylamino, dimethylthiocarbamoyloxy or
      dimethylcarbamoylthio;
PA1  R.sub.3 is hydrogen, acetyl, or phenyl; and
PA1  X is alkylene of three to five carbon atoms, butylene substituted by
      methyl, tertiary butyl or methoxy, divinylene, divinylene substituted by
      tertiary butyl,
      ##SPC113##
PAL  wherein D is hydrogen, methoxy or chlorine.
NUM  3.
PAR  3. A composition as defined in claim 2 in which the active compound is
      3-(3-carboxy-4-hydroxyphenyl)-4, 5-dihydro-2-phenylbenz[e]indole.
NUM  4.
PAR  4. A composition as defined in claim 2 in which the active compound is
      3-(4-acetoxy-3-carboxyphenyl)-4, 5-dihydro-2-phenylbenz[e]indole.
NUM  5.
PAR  5. A composition as defined in claim 2 in which the active compound is
      3-(3-carboxy-4-hydroxyphenyl)-2-phenylbenz[e]indole.
NUM  6.
PAR  6. A composition as defined in claim 2 in which the active compound is
      1-(3-carboxy-4-hydroxyphenyl)-2-phenylindole.
NUM  7.
PAR  7. A composition as defined in claim 2 in which the active compound is
      1-)3-carboxy-4-hydroxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole.
NUM  8.
PAR  8. A composition as defined in claim 2 in which the active compound is
      1-(3-carboxy-4-mercaptophenyl)-2-phenyl-4,5,6,7-tetrahydroindole.
NUM  9.
PAR  9. A composition as defined in claim 2 in which the active compound is
      1-(3-carboxy-4-hydroxyphenyl)-2-(4-fluorophenyl)-4,5,6,7-tetrahydroindole.
NUM  10.
PAR  10. A composition as defined in claim 2 in which the active compound is
      1-(3-carboxy-4-hydroxyphenyl)-2-phenyl-1,4,5,6-tetrahydrocyclopenta[b]pyrr
     ole.
NUM  11.
PAR  11. A composition as defined in claim 2 in whichh the actice compound is
      1-(3-carboxy-4-hydroxyphenyl)-1,4,5,6,7,8-hexahydro-2-phenycyclohepta[b]py
     rrole.
NUM  12.
PAR  12. A composition as defined in claim 2 in which the active compound is
      1-(3-carboxy-4-mercaptophenyl)-2-phenyl-4,5,6,7-tetrahydroindole.
NUM  13.
PAR  13. A method of treating inflammation and pain which comprises
      administering to a patient an effective amount from about 1 to about 200
      mg/kg per doz of an active compound of the formula
      ##SPC114##
PAL  wherein
PA1  R is alkyl of one to six carbon atoms; thienyl; phenyl; diphenyl; or phenyl
      substituted by halogen, trifluoromethyl alkyl of one to six carbon atoms,
      alkoxy of one to six carbon atoms, nitro, cyano, or hydroxy;
PA1  R.sub.1 is carboxyl, alkoxycarbonyl of two to seven carbon atoms,
      carbamoyl, N-alkylcarbamoyl of two to seven carbon atoms,
      N,N,-dialkylcarbamoyl of three to seven carbon atoms, hydroxycarbamoyl, or
      dialkylphosphinylalkoxycarbonyl of four to 10 carbon atoms;
PA1  R.sub.2 is hydrogen, hydroxyl, mercapto, halogen, trifluoromethyl, alkoxy
      of one to six carbon atoms, alkanoyloxy of one to six carbon atoms, amino,
      alkanoylamino of one to six carbon atoms, dialkylthiocarbamoyloxy of three
      to seven carbon atoms, or dialkylcarbamoylthio of three to seven carbon
      atoms; n is 1 to 2;
PA1  R.sub.3 is hydrogen, alkanoyl of one to six caron atoms, or phenyl;
PA1  X is alkylene of three to five carbon atoms, alkylene of three to five
      carbon atoms substituted by alkyl or alkoxy of one to six carbon atoms,
      divinylene, divinylene substituted by alkyl of one to six carbon atoms,
      ##SPC115##
PAL  wherein D is hydrogen, alkoxy of one to six carbon atoms, or halogen.
NUM  14.
PAR  14. A method of treatment as defined in claim 13 wherein R is tertiary
      butyl, thienyl, phenyl, diphenyl or phenyl substituted by chlorine,
      bromine, fluorine, hydroxyl, trifluoromethyl, methyl, methoxy, nitro or
      cyano;
PA1  R.sub.1 is carboxyl, methoxycarbonyl, ethoxycarbonyl, carbamoyl,
      N-ethylcarbamoyl, N,N-diethylcarbamoyl, hydroxycarbamoyl or
      dimethylphosphinylmethoxycarbonyl;
PA1  R.sub.2 is hydrogen, hydroxyl, mercapto, chlorine, bromine,
      trifluoromethyl, methoxy, acetyl, acetylamino, dimethylthiocarbamoyloxy or
      dimethylcarbamoylthio;
PA1  R.sub.3 is hydrogen, acetyl, or phenyl; and
PA1  X is alkylene of three to five carbon atoms, butylene substituted by
      methyl, tertiary butyl or methoxy, divinylene, divinylene substituted by
      tertiary butyl,
      ##SPC116##
PAL  wherein D is hydrogen, methoxy or chlorine.
NUM  15.
PAR  15. The method of treatment as defined in claim 14 in which the active
      compound is 3-(3-carboxy-4-hydroxyphenyl)-4,
      5-dihydro-2-phenylbenz[e]indole.
NUM  16.
PAR  16. The method of treatment as defined in claim 14 in which the active
      compound is 3-(4-acetoxy-3-carboxyphenyl)-4,
      5-dihydro-2-phenylbenz[e]indole.
NUM  17.
PAR  17. The method of treatment as defined in claim 14 in which the active
      compound is 3-(3-carboxy-4-hydroxyphenyl)-2-phenylbenz[e]indole.
NUM  18.
PAR  18. The method of treatment as defined in claim 14 in which the active
      compound is 1-(3-carboxy-4-hydroxyphenyl)-2-phenylindole.
NUM  19.
PAR  19. The method of treatment as defined in claim 14 in which the active
      compound is
      1-(3-carboxy-4-hydroxyphenyl)-2-phenyl-4,5,6,7-tetrahydroindole.
NUM  20.
PAR  20. The method of treatment as defined in claim 14 in which the active
      compound is
      1-(3-carboxy-4-mercaptophenyl)-2-phenyl-4,5,6,7-tetrahydroindole.
NUM  21.
PAR  21. The method of treatment as defined in claim 14 in which the active
      compound is
      1-(3-carboxy-4-hydroxyphenyl)-2-(4-fluorophenyl)-4,5,6,7-tetrahydroindole.
NUM  22.
PAR  22. The method of treatment as defined in claim 14 in which the active
      compound is
      1-(3-carboxy-4-hydroxyphenyl)-2-phenyl-1,4,5,6-tetrahydrocyclopenta[b]pyrr
     ole.
NUM  23.
PAR  23. The method of treatment is defined in claim 14 in which the active
      compound is
      1-(3-carboxy-4-hydroxyphenyl)-1,4,5,6,7,8-hexahydro-2-phenylcyclohepta[b]p
     yrrole.
NUM  24.
PAR  24. The method of treatment as defined in claim 14 in which the active
      compound is
      1-(3-carboxy-4-mercaptophenyl)-2-phenyl-4,5,6,7-tetrahydroindole.
PATN
WKU  039314081
SRC  5
APN  4769643
APT  1
ART  125
APD  19740606
TTL  Pesticidal compositions and methods of killing pests using
      2-alkinyloxyphenylcarbamates
ISD  19760106
NCL  6
ECL  1
EXA  Robinson; Allen J.
EXP  Meyers; Albert T.
INVT
NAM  Nikles; Erwin
CTY  Liestal
CNT  CH
ASSG
NAM  Ciba-Geigy AG
CTY  Basel
CNT  CH
COD  03
PRIR
CNT  CH
APD  19681220
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UREF
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CNT  UK
LREP
FR2  Rabin; Frederick H.
ABST
PAL  2-Alkinyloxyphenyl-N-methylcarbamates are effective pest control agents,
      especially against insects and members of the order Acarina. They can be
      used by themselves or as active ingredients in pesticidal preparations.
PARN
PAR  This is a division of application Ser. No. 885,331, filed on Dec. 15, 1969,
      now abandoned.
BSUM
PAR  The present invention relates to phenylcarbamates of the formula I,
      processes for their manufacture and their use by themselves or in
      preparations for controlling pests.
PAR  The present invention provides compounds of the formula I
      ##SPC1##
PAL  in which the substituents R.sub.1 and R.sub.2, independently of each other,
      each represents an alkyl group containing one to four carbon atoms, or in
      which one of these substituents may represent a hydrogen atom.
PAR  The present invention also provides a process for preparing the compounds
      of the above formula I, which comprises reacting a phenol of the formula
      ##SPC2##
PAL  With methylisocyanate, an N-methylcarbamic acid halide or with
      N-methyl-phenylcarbamate, or by first reacting a phenol of the above
      formula with COCl.sub.2 to give the corresponding haloformic acid phenyl
      ester or to give the carbonic acid bisphenyl ester, and then reacting the
      ester with methylamine.
PAR  These new carbamates have a wide spectrum of biocidal properties.
PAR  They act especially as insecticides and acaricides, primarily against
      harmful orthoptera, colcoptera, rhynchotes, diptera and lepidoptera. They
      may be used for controlling a wide variety of storage pests and in
      domestic hygiene: cockroaches, mealworms, and especially against
      sitophilus species (corn weevil) which are difficult to control can be
      destroyed with very small amounts of the active substances.
PAR  Especially effective are those compounds of the formula I in which one of
      the substituents R.sub.1 and R.sub.2 represents a hydrogen atom, a methyl,
      ethyl or isopropyl group and the other represents a methyl, ethyl, propyl
      or isopropyl group.
PAR  Especially effective are the two compounds
      ##SPC3##
PAR  When used in large amounts, the compounds of the formula (I) display
      against various representatives of mono- or dicotyledonous plant types a
      growth inhibiting or growth delaying activity.
PAR  When used in plant protection in a concentration which does not produce any
      phytotoxic effects they display an outstanding activity against harmful
      microorganisms, for example against fungi, for example, against Altenaria
      solani, Phytophthora infestans and Septoria apii, also against harmful
      nematodes and their eggs or larvae.
PAR  Furthermore, the new substances act quite generally as microbicides, for
      example, against Aspergillus species. They also act against molluscs.
PAR  The new preparations can be used in a wide variety of ways and in different
      forms, for example, in the form of sprays, dusting powders, so-called fly
      plates or tapes, impregnated with a solution of the active substances, as
      is generally known to experts and for which applications the present
      invention provides a few examples. Compare in this connection also U.S.
      Pat. No. 3,329,702 or British Pat. No. 1,047,644 or Swiss Pat. No.
      424,359.
PAR  In many cases, as, for example, in combating soil insects, the use of
      granulates is of advantage to ensure that the active substances are given
      off uniformly over an extended period of time. Such granulates can be
      prepared by dissolving the active substance in an organic solvent,
      absorption of this solution by a granulated material, for example
      attapulgite or SiO.sub.2 or by adsorptive organic high polymers and
      removal of the solvent. The granulates can also be prepared by mixing an
      active substance of the formula I with a polymerisable compound, then
      polymerising the mixture, without affecting the active substance, and
      carrying out the granulation during the polymerisation.
PAR  In whatever form such preparations are they may be distributed (by spraying
      or dusting) over large surfaces with the aid of aircraft.
PAR  The concentration in which the preparation is applied may vary within wide
      limits depending on the purpose in hand and is in general from 0.01 to 20
      % by weight for rather dilute preparations, while more concentrated ones
      contain 20 to 98 % by weight of active substance.
PAR  By admixture of synergists the activity of the carbamates of this invention
      can be further increased; for this purpose there are suitable, for
      example, sesamine, sesamex, piperonylcyclonene, piperonylbutoxide,
      piperonal bis[2-[2-butoxyethoxy]ethyl]acetate, sulphoxides, propylisome,
      N-(2-ethylhexyl)-5-norbornene-2,3-dicarboxamide, octachloro-dipropyl
      ether, 2-nitrophenyl-propargyl ether, 4-chloro-2-nitrophenyl-propargyl
      ether and 2,4,5-trichlorophenyl-propargyl ether.
PAR  The various forms of application of such preparations can be adapted to the
      individual purpose by admixing with them substances that improve the
      distribution, the adhesion, the stability towards rain and possibly the
      penetration, for example, fatty acids, resins, wetting agents, glue,
      casein or alginates.
PAR  The preparations according to this invention may be used by themselves or
      in conjunction with conventional pest control agents, for example,
      herbicides, insecticides, acaricides, nematocides, bactericides,
      fungicides or molluscicides.
DETD
PAR  The following Examples illustrate the invention. The parts are by weight
      unless otherwise indicated and temperatures are shown in degrees
      centigrade.
PAC  EXAMPLE 1
PAL  2-butinyloxyphenol
PAR  A solution of 122 parts of p-toluenesulphonic acid-2-butinyl ester in 150
      parts by volume of acetone is dropped into a boiling mixture of 66 parts
      of pyrocatechol, 75 parts of potassium carbonate, 91 parts of potassium
      iodide and 360 parts by volume of acetone. The suspension is refluxed for
      24 hours, then cooled, filtered and evaporated.  The residue is taken up
      in ether, repeatedly washed with water and while being cooled with ice
      extracted with 200 parts by volume of sodium hydroxide solution of 10 %
      strength. The alkaline extract is neutralised with hydrochloric acid and
      the product taken up with chloroform. The solvent is evaporated and the
      product distilled at a bath temperature of 120.degree.C under 0.05 mm Hg
      pressure. The distillate crystallises; it melts at 43.degree. to
      46.degree.C.
PAL  2-(2-butinyloxy)phenyl-N-methylcarbamate
PAR  A solution of 56 parts of 2-(2-butin-1-yloxy)phenol in 150 parts by volume
      of ethyl acetate is mixed with 0.5 part of triethylenediamine and then
      portionwise with 21 parts of methylisocyanate.
PAR  The mixture is kept for 24 hours at 40.degree.C and then evaporated. The
      residue is crystallised from chloroform+ cyclohexane; it melts at
      79.degree. to 81.degree.C (Compound No. 1).
PAC  EXAMPLE 2
PAL  2-(1-butin-3-yloxy)phenol
PAR  A solution of 247 parts of p-toluenesulphonic acid-1-butin- 3-yl ester in
      200 parts by volume of acetone is dropped at 50.degree.C into a suspension
      of 110 parts of pyrocatechol, 152 parts of anhydrous potassium carbonate
      and 166 parts of potassium iodide in 100 parts by volume of acetone. The
      mixture is refluxed for 2 days, then filtered and evaporated. The residue
      is taken up in 500 parts by volume of ether, washed with water and with
      450 parts by volume of sodium hydroxide solution of 20 % strength. The
      alkaline extract, together with the partially precipitated sodium salt of
      the product, is acidified with semidilute hydrochloric acid while being
      cooled with ice. The product is obtained by extracting this solution with
      chloroform and evaporating the extract. For purification it is distilled
      under a high vacuum. Boiling point: 63.degree. to 66.degree.C under 0.07
      mm Hg. The distillate crystallises; it melts at 52.degree. to 54.degree.C.
PAL  2-(1-butin-3-yloxy)phenyl-N-methylcarbamate
PAR  A solution of 45.5 parts of 2-(1-butin-3-yloxy)phenol and 0.1 part of
      triethylenediamine in 150 parts by volume of carbon tetrachloride is mixed
      with 19 parts of methylisocyanate. The mixture is stirred for 14 hours at
      40.degree.C. The resulting crystalline product is filtered off and once
      recrystallised from toluene. It melts at 88.degree. to 91.degree.C
      (Compound No. 2).
PAR  The following compounds may be prepared by the same or a similar method:
PA1  1. 2-(2-Butinyloxy)phenyl-N-methylcarbamate,
PA1  2. 2-(1-Butin-3-yloxy)phenyl-N-methylcarbamate,
PA1  3. 2-(2-Pentin-4-yloxy)phenyl-N-methylcarbamate,
PA1  4. 2-(2-Pentin-1-yloxy)phenyl-N-methylcarbamate,
PA1  5. 2-(1-Pentin-3-yloxy)phenyl-N-methylcarbamate, and
PA1  6. 2-(2-Methyl-4-pentin-3-yloxy)phenyl-N-methylcarbamate.
PAC  EXAMPLES OF FORMULATIONS
PAL  Dusting agent
PAR  Equal proportions of an active substance of this invention and of
      precipitated silicic acid are finely ground together. When this powder is
      mixed with kaolin or talcum, there result dusting agents preferably having
      a content of 1 to 6% of active substance.
PAL  Spray powder
PAR  To manufacture a spray powder, for example, the following ingredients are
      mixed and finely ground together:
PA1  50 parts of an active substance according to this invention
PA1  20 parts of HISIL (highly adsorptive silica)
PA1  25 parts of bolus alba (kaolin)
PA1  3.5 parts of a reaction product of p-tertiary octylphenol with ethylene
      oxide
PA1  1.5 parts of sodium salt of
      1-benzyl-2-stearyl-benzimidazole-6,3'-disulphonic acid.
PAL  Emulsion concentrate
PAR  Readily soluble active substances can also be formulated as emulsion
      concentrates in the following manner:
PA1  20 parts of active substance
PA1  70 parts of xylene
PA1  10 parts of a mixture of a reaction product of an alkylphenol with ethylene
      oxide, with calcium dodecylbenzenesulphonate
PAL  are mixed together. When this mixture is diluted with water to the desired
      concentration, a sprayable emulsion results.
PAL  Granulate
PAR  A solution of 7.5 g of an active substance of the formula I in 100 ml of
      acetone is poured over 92 g of granulated attapulgite (mesh width: 24/48
      mesh per inch). The whole is thoroughly mixed and the solvent removed in a
      rotary evaporator. The resulting granulate contains 7.5 % of active
      substance.
PAC  EXAMPLE 3
PAR  To test the effect against various storage pests, 2 g of the Compound No. 2
      were mixed with 38 g of talcum and the whole was very finely ground. In
      this manner a dusting powder of good efficacy was obtained, with which the
      following results were achieved:
     Organisms tested Minimum concentration needed                             

                      for 100% lethal effect within                            

                      24 hours' exposure (mg of                                

                      active substance per square                              

                      meter)                                                   

                    Compound  Compound                                         

                    No. 2     No. 1                                            

     ______________________________________                                    

     German cockroach 3           6                                            

     (Phyllodromia germanica)                                                  

     American cockroach                                                        

                      1.5         25                                           

     (Periplaneta americana)                                                   

     Russian cockroach                                                         

                      6           25                                           

     (Blatta orientalis)                                                       

     Yellow mealworm beetle                                                    

     (Tenebrio molitor) imago                                                  

                      50          100                                          

                larva 200         200                                          

     Bacon beetle                                                              

     (Dermestes frischii) imago                                                

                      100         50                                           

               larva  50          100                                          

     Grain weevil     25          200                                          

     (Sitophilus granarius)                                                    

     Fur beetle larva 200         100                                          

     (Attagenus piceus)                                                        

     House cricket    12          25                                           

     (Acheta domestica)                                                        

     ______________________________________                                    

PAC  EXAMPLE 4
PAL  lucilia sericata (Blowfly)
PAR  Freshly hatched maggots in small glass vessels were fed horseflesh which
      had been treated with an aqueous emulsion of the substance under test. The
      determination of the limit concentration of the active substance was
      performed in three test series on different days, in which new fly
      generations and new dilution series of 100, 48, 24, 12, 6, 3 and 1.5 ppm
      were used. After 24 hours the following limit values for a 100 % lethal
      effect were obtained:
PA1  Compound No. 1 at 3 ppm
PA1  Compound No. 2 at 3 ppm
PAC  EXAMPLE 5
PAL  Activity against female mosquitoes (Aedes aegypti)
PAR  Female mosquitoes were kept for 6 hours in Petri dishes coated with the
      substance under test. To produce this coating the bottom half of the dish
      was first treated with 1 ml of an acetonic solution of the substance and
      then dried for 1 hour. The solutions used contained 1,000, 100, 10 and 1
      ppm respectively, which corresponds to a concentration of 1, 0.1, 0.01 and
      0.001 mg per dish. The mosquitoes were cooled in ice and 10 females were
      counted into each dish. For every concentration 4 parallel tests were
      made.
PAR  After 90 minutes the following LD.sub.100 values were recorded:
TBL  Amount applied                                                            

     (mg per dish)                                                             

                  1        0.1      0.01   0.001                               

     ______________________________________                                    

     Compound No. 1                                                            

                  100 %    100 %    100 %   75 %                               

     Compound No. 2                                                            

                  100 %    100 %    100 %  100 %                               

     ______________________________________                                    

PAC  EXAMPLE 6
PAL  cimex lectularius (Bed bug)
PAR  In a similar test to that described in Example 5, in which the active
      substance is tested on filter paper in plastic dishes (1 mg per dish
      corresponds to 1 g per 6 m.sup.2), and which was repeated twice with 10
      bugs each, resulted for the active substance No. 2 at a concentration of
      10, 1 and 0.1 mg/dish in a 100 % lethal effect in each case.
PAC  EXAMPLE 7
PAL  Contact effect against Ceratitis capitata
PAR  The bottom half of each Petri dish was treated with 1 ml of an acetonic
      solution of the substances Nos. 1 and 2 each, which solution contained a
      specified quantity of active substance. Then the solvent was expelled and
      deep-cooled fruit flies were placed in the prepared Petri dishes and the
      lids were then put on. Each dish contained 10 flies. After 1 hour the
      lethal effect achieved with different concentrations of a dilution series
      was examined:
TBL  Concentration                                                             

                 Compound No. 1  Compound No. 2                                

     (ppm)                                                                     

     ______________________________________                                    

     1000        100 %           100 %                                         

     100         100 %           100 %                                         

     10          100 %           100 %                                         

     5           100 %           100 %                                         

     2.5         100 %           100 %                                         

     1.25        100 %            50 %                                         

     ______________________________________                                    

PAC  EXAMPLE 8
PAL  Stomach and contact effects against Orgyia gonostigma and Epilachna
      varivestis
PAR  Young mallow plants (Malva sylvestris) in pots with about six leaves were
      immersed in a solution of the active substance of a specific concentration
      and allowed to dry. Over every plant a cellophane hood containing larvae
      of Orgyia gonostigma in the L.sub.3 stage were then placed and fastened
      with a rubber band. The insecticidal stomach and contact effects were
      examined 2 and 5 days later. When at the first examination 100 % mortality
      is found, the plant is reinfested so that at the same time the activity of
      the aged preparation can be determined.
PAR  The test with larvae of Epilachna varivestis in the L.sub.4 stage was
      carried out in an identical manner with Phaseolus as host plant.
PAL  a. Effect against Orgyia
TBL  Concentration                                                             

               Compound No. 1  Compound No. 2                                  

     (ppm)     after           after                                           

             2 days   5 days   2 days    5 days                                

     ______________________________________                                    

     800       100 %      100 %    80 %    100 %                               

     400       100 %       80 %    80 %    100 %                               

     200        80 %      100 %    80 %    100 %                               

     100        60 %      100 %    --      --                                  

     ______________________________________                                    

PAL  b. Effect against Epilachna (after 5 days)
TBL  Concentration                                                             

                 Compound No. 1  Compound No. 2                                

     (ppm)                                                                     

     ______________________________________                                    

     800         100 %           100 %                                         

     400         100 %           100 %                                         

     200         100 %            60 %                                         

     100          80 %           --                                            

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A method of combating insects and acarids which comprises applying
      thereto an insecticidally and acaricidally effective amount of a compound
      of the formula
      ##SPC4##
PAL  in which each of R.sub.1 and R.sub.2 represents alkyl of from one to four
      carbon atoms or one of R.sub.1 and R.sub.2 represents hydrogen.
NUM  2.
PAR  2. The method of claim 1 in which one of R.sub.1 and R.sub.2 represents
      hydrogen, methyl, ethyl or isopropyl and the other represents methyl,
      ethyl, n-propyl or isopropyl.
NUM  3.
PAR  3. The method of claim 2 in which the compound is
      ##SPC5##
NUM  4.
PAR  4. The method of claim 2 in which the compound is
      ##SPC6##
NUM  5.
PAR  5. The method of claim 2 in which the compound is
      ##SPC7##
NUM  6.
PAR  6. An insecticidal and acaricidal composition which comprises (1) as active
      ingredient an insecticidally and acaricidally effective amount of a
      compound of the formula
      ##SPC8##
PAL  in which each of R.sub.1 and R.sub.2 represents alkyl of from one to four
      carbon atoms or one of R.sub.1 and R.sub.2 represents hydrogen, and (2) a
      carrier.
PATN
WKU  039314090
SRC  5
APN  5206308
APT  1
ART  125
APD  19741104
TTL  Composition and method for treatment of hyperuricemia
ISD  19760106
NCL  10
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EXP  Moyer; Donald B.
INVT
NAM  Nickel; Ardie R.
CTY  Fishkill
STA  NY
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ABST
PAL  Trichloroamino(and acylamino)phenylalkanoic acids or esters, useful as
      uricosuric agents, are prepared by chlorination of the corresponding
      aminophenylalkanoic acids or esters, followed, if desired, by N-acylation
      and N-alkylation.
PARN
PAR  This application is a division of copending application Ser. No. 348,531,
      filed Apr. 6, 1973 now U.S. Pat. No. 3,892,800.
BSUM
PAR  This invention relates to novel trichloroamino(and acylamino)phenylalkanoic
      acids and esters and salts thereof, to methods for their preparation, and
      to compositions and methods for treatment and prophylaxis of hyperuricemic
      conditions in mammals by administration of said novel compounds.
PAR  The compounds of the invention have the following structural formula
      ##SPC1##
PAL  Wherein:
PA1  R, r.degree. and R" are hydrogen or alkyl of 1-4 carbon atoms; and
PA1  R' is hydrogen or alkanoyl of 1-6 carbon atoms, R' being limited to
      alkanoyl when R" is alkyl.
PAL  Also within the purview of the invention are pharmaceutically acceptable
      salts of the compounds of formula I where R.degree. is hydrogen, for
      example, the sodium, magnesium, calcium or N-methylglucamine salts.
PAR  When R, R.degree. and/or R" stand for alkyl of 1-4 carbon atoms, the alkyl
      can be straight or branched and thus includes methyl, ethyl, propyl,
      isopropyl, butyl, isobutyl, secondary-butyl and tertiary-butyl. The alkyl
      groups are preferably primary or secondary.
PAR  When R' stands for alkanoyl of 1-6 carbon atoms, the alkanoyl can be
      straight or branched and thus includes formyl, acetyl, propionyl, butyryl,
      isobutyryl, valeryl, caproyl, 4-methylpentanoyl, and the like.
PAR  The compounds of the invention can be prepared from a known class of
      starting materials having the formula
      ##SPC2##
PAL  Wherein R and R.degree. have the meanings given hereinabove. The first step
      is a chlorination carried out by treating a compound of formula II with a
      source of elementary chlorine. The source of elementary chlorine can be
      chlorine itself, hypochlorous acid, N-halo compounds, sulfuryl chloride or
      the like. Gaseous chlorine (Cl.sub.2) is preferred for economic reasons.
      The chlorination takes place at ambient temperatures in an inert solvent,
      preferably a non-aqueous solvent to prevent an excessive amount of
      oxidative side-reactions. Preferred solvents are the lower-alkanoic acids,
      especially acetic acid. In the latter solvent, the intermediates of
      formula II readily react with chlorine to produce the 2,4,6-trichloro
      derivatives (I; R' and R" are hydrogen). The chlorination of compounds of
      formula II where R.degree. is hydrogen produces a minor proportion of a
      byproduct derived from further chlorination of the trichloroaniline
      derivative and having the formula:
      ##SPC3##
PAL  The compounds of formula III are readily separated from the respective
      compounds of formula I (R.degree., R' and R" are hydrogen), produced in
      the chlorination reaction, by virtue of the fact that the former are more
      highly soluble in non-polar organic solvents. The compounds of formula III
      possess antibacterial and antifungal activity.
PAR  The compounds of formula I where R' is lower-alkanoyl of 1-6 carbon atoms
      and R" is hydrogen are prepared by interacting a compound of formula I
      where both R' and R" are hydrogen with the appropriate acid anhydride or
      acid halide (chloride or bromide). A preferred procedure comprises heating
      the compound of formula I where R' and R" are hydrogen with an acid
      anhydride in the presence of a catalytic amount of a strong acid such as
      sulfuric or perchloric acid at a temperature between about 50.degree. and
      100.degree.C. If N-formyl compounds (R' is COH) are desired, a mixture of
      formic acid and acetic anhydride ("formic acetic anhydride") is employed.
PAR  The compounds of formula I where R' is alkanoyl of 1-6 carbon atoms and R"
      is alkyl of 1-4 carbon atoms are prepared by interacting a compound of
      formula I where R' is alkanoyl of 1-6 carbon atoms and R" is hydrogen with
      a dialkyl sulfate (R".sub.2 SO.sub.4), alkyl halide (R"Br or R"I), alkyl
      alkanesulfonate (R"methanesulfonate or the like) or alkyl arylsulfonate
      (R"benzenesulfonate, R"naphthalenesulfonate or the like) under aqueous
      alkaline conditions. The alkylation takes place readily under ambient
      temperature conditions.
PAR  The compounds of formula I where R.degree. is alkyl of 1-4 carbon atoms can
      be prepared by conventional esterification procedures from the
      corresponding compounds where R.degree. is hydrogen, for example, by
      interacting the acid with the appropriate alcohol in the presence of a
      strong acid or with a diazoalkane. The esterification can be carried out
      at the intermediate stage to form compounds of formula II where R.degree.
      is alkyl. The esters in turn can serve as intermediates for the
      corresponding acids by hydrolytic procedures.
PAR  The salts of the compounds of formula I where R.degree. is hydrogen can be
      prepared by neutralization with the appropriate base, e.g. sodium
      hydroxide, magnesium hydroxide, calcium oxide or hydroxide, or
      N-methylglucamine.
PAR  The structures of the compounds of the invention (formulas I and III) were
      established by the modes of synthesis, elementary analysis and the
      interpretation of their infrared and nuclear magnetic resonance spectra.
PAR  The compounds of formula I are uricosuric agents and are therefore useful
      in the treatment and prophylaxis of hyperuricemia in mammals by causing
      increased elimination of uric acid and a reduction in the blood levels of
      uric acid.
PAR  Abnormally high blood levels of uric acid (hyperuricemia) frequently lead
      to pathological conditions caused by deposition of urate salt crystals in
      the kidneys (lithiasis, kidney stones) and in the joints (gout). To
      alleviate and prevent these painful afflictions it is necessary to
      increase the rate of elimination of uric acid from the animal organism and
      thereby decrease the concentration of uric acid in the blood to normal
      levels. This can be accomplished by the administration of uricosuric
      agents such as probenecid and allopurinol.
PAR  It has been reported that polyiodinated acids and salts thereof useful as
      X-ray contrast agents for visualizing the gallbladder, such as iopanoic
      acid, sodium ipodate and iodipamide, have uricosuric properties. However,
      the use of these substances in the treatment and prophylaxis of
      hyperuricemia is contraindicated because repeated administration of these
      highly iodinated compounds may cause gradual accumulations of iodine
      residues in the animal organism thereby upsetting the balance of endocrine
      functions such as the thyroid, and interfering with certain tests of
      thyroid function. The chlorinated compounds of the instant invention do
      not possess this drawback.
PAR  The compounds of formula I have been shown to be uricosuric agents when
      tested by their effect in excretion of uric acid upon oral (0.2 millimoles
      per kilogram) and/or intravenous (0.1 millimoles per kilogram)
      administration to Cebus monkeys. The compounds are effective at doses far
      below those which elicit any toxic manifestations in the animals. The most
      active compounds, a preferred group of formula I where R.degree. and R"
      are hydrogen, R is alkyl and R' is alkanoyl, have activities comparable to
      that of the standard uricosuric agent, probenecid, upon oral
      administration, and have advantages over probenecid such as longer
      duration of action and lower incidence of gastric irritation as measured
      by their gastric irritation-ulcerogenesis potential in rats.
PAR  A further aspect of this invention thus relates to compositions comprising
      the compounds of formula I for the treatment and prophylaxis of
      hyperuricemia in mammalian organisms, and to a method for treatment of
      said mammalian organisms with said compositions.
PAR  When intended for oral use, the compounds of the invention are mixed with
      conventional solid excipients such as lactose, magnesium stearate,
      silicate powder, cellulose, and any of a variety of various known
      buffering agents, bonding agents, flavoring agents, dispersants,
      preservatives, antioxidants and coating materials conventionally used in
      the art of pharmacy. The mixture is compressed into tablets or placed in
      capsules to produce unit dosage forms.
PAR  When intended for intravenous use, a water-soluble salt form of the
      compounds of the invention is dissolved in sterile aqueous medium suitable
      for intravenous injection and the solution stored in a sealed vial or
      ampoule until used.
DETD
PAR  The best modes of carrying out the invention are set forth in the following
      examples which should be considered as illustrative of but not limiting
      the invention.
PAC  EXAMPLE 1
PAC  3-Amino-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid [I; R is C.sub.2
      H.sub.5, R.degree., R' and R" are H].
PAR  Chlorine gas was passed into a solution of 250 g. of
      3-amino-.alpha.-ethylhydrocinnamic acid in 2,500 ml. of glacial acetic
      acid held at a temperature of 17.degree.-20.degree.C. until the weight of
      chlorine taken up was about 300 g. (about 5 hours' time). The reaction
      mixture was concentrated in vacuo to a volume of about 700 ml. and cooled
      to 16.degree.C. The solid which had separated (31 g. partially chlorinated
      starting material) was removed by filtration, and the filtrate was added
      to 2.5 liters of water. The latter mixture was extracted with ethyl
      acetate, and the extract was washed twice with water, dried over anhydrous
      magnesium sulfate and concentrated in vacuo to remove the solvent. The
      residue was recrystallized from cyclohexane to give 101 g. of
      3-amino-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid, m.p.
      118.degree.-121.degree.C.
PAR  The filtrate from the cyclohexane recrystallization was diluted with 100
      ml. of n-hexane, cooled to 4.degree.C. and the dissolved material induced
      to crystallize, affording 48 g. of solid, m.p. 154.degree.-159.degree.C.
      The latter solid was slurried in 500 ml. of boiling cyclohexane and
      filtered. The filtrate was decolorized with activated charcoal and cooled
      to 5.degree.C. There separated 12 g. of
      3-ethyl-5,5,7,7,8,8-hexahydro-3,4,7,8-tetrahydro-2H-1-benzopyran-2,6(5H)-d
     ione (III; R is C.sub.2 H.sub.5), m.p. 163.degree.-167.degree.C.
PAR  According to the foregoing procedure methyl
      3-amino-.alpha.-ethylhydrocinnamate, isopropyl
      3-amino-.alpha.-ethylhydrocinnamate, or butyl
      3-amino-.alpha.-ethylhydrocinnamate (prepared by esterification of
      3-amino-.alpha.-ethylhydrocinnamic acid with the appropriate alkanol) can
      be chlorinated to give, respectively, methyl
      3-amino-2,4,6-trichloro-.alpha.-ethylhydrocinnamate [I; R is C.sub.2
      H.sub.5, R.degree. is CH.sub.3, R' and R" are H], isopropyl
      3-amino-2,4,6-trichloro-.alpha.-ethylhydrocinnamate [I; R is C.sub.2
      H.sub.5, R.degree. is CH(CH.sub.3).sub.2, R' and R" are H], or butyl
      3-amino-2,4,6-trichloro-.alpha.-ethylhydrocinnamate [I; R is C.sub.2
      H.sub.5, R.degree. is (CH.sub.2).sub.3 CH.sub.3, R' and R" are H].
PAC  EXAMPLE 2
PAC  3-(n-Butyramido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid [I; R is
      C.sub.2 H.sub.5, R.degree. and R" are H, R' is COCH.sub.2 CH.sub.2
      CH.sub.3 ].
PAR  A mixture of 670 g. of 3-amino-2,4,6-trichloro-.alpha.-ethylhydrocinnamic
      acid, 296.6 g. of n-butyric anhydride and 610 ml. of isopropyl acetate was
      warmed with stirring to 40.degree.C. Concentrated sulfuric acid (5 ml.)
      was then added, and an exothermic reaction occurred which caused the
      temperature of the mixture to rise to 65.degree.C. after 15 minutes. Heat
      was then applied to the reaction mixture to hold it at 65.degree.C. for 10
      minutes longer, and then 137 ml. of methanol was added to decompose the
      excess butyric anhydride. The reaction mixture was diluted with 1 liter of
      isopropyl acetate, cooled to 25.degree.C. and diluted further with 2.2
      liters of cyclohexane. The latter solution was cooled to 10.degree.C. and
      the product allowed to crystallize therefrom. The solid product was
      collected by filtration and washed with a 1:1 mixture of isopropyl acetate
      and n-hexane; then slurried in 2.5 liters of cold water while 150 ml. of
      28% ammonium hydroxide solution was added gradually until the solid had
      dissolved. The solution thus formed was acidified slowly with hydrochloric
      acid, and the precipitated acid product was extracted with ethyl acetate
      (3.5 liters), and the extract washed with 5% hydrochloric acid and with
      water, dried over anhydrous magnesium sulfate and concentrated to remove
      the solvent. There was thus obtained 643 g. of
      3-(n-butyramido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid, m.p.
      127.degree.-130.degree.C. The product was recrystallized from acetonitrile
      to afford 554 g., m.p. 128.degree.-131.degree.C.
PAR  According to the foregoing procedure, methyl
      3-amino-2,4,6-trichloro-.alpha.-ethylhydrocinnamate, isopropyl
      3-amino-2,4,6-trichloro-.alpha.-ethylhydrocinnamate, or butyl
      3-amino-2,4,6-trichloro-.alpha.-ethylhydrocinnamate can be acylated with
      butyric anhydride to give, respectively, methyl
      3-(n-butyramido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamate [I; R is
      C.sub.2 H.sub.5, R.degree. is CH.sub.3, R' is COCH.sub.2 CH.sub.2
      CH.sub.3, R" is H], isopropyl
      3-(n-butyramido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamate [I; R is
      C.sub.2 H.sub.5, R.degree. is CH(CH.sub.3).sub.2, R' is COCH.sub.2
      CH.sub.2 CH.sub.3, R" is H], or butyl
      3-(n-butyramido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamate [I; R is
      C.sub.2 H.sub.5, R.degree. is (CH.sub.2).sub.2 CH.sub.3, R' is COCH.sub.2
      CH.sub.2 CH.sub.3, R" is H].
PAR  A solution of 245 g. of
      3-(n-butyramido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid in 5
      liters of methyl isobutyl ketone was warmed to 98.degree.-102.degree.C.,
      and a solution of 36 g. of sodium methoxide in 500 ml. of methanol was
      added gradually over a period of 30 minutes. The methanol was distilled
      off, and heating and removal of solvents was continued for 30 minutes
      until the pot temperature had reached 115.degree.C. Methyl isobutyl ketone
      (2 liters) was added, the mixture cooled to 60.degree.C. and seeded, and
      then allowed to cool slowly while the product crystallized. After
      crystallization was complete, the supernatant was decanted, and the solid
      residue slurried with methyl isobutyl ketone and with isopropyl acetate,
      collected and dried at 80.degree.C. in vacuo to give 185 g. of sodium
      3-(n-butyramido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamate, m.p.
      176.degree.-214.degree.C. (decompn.).
PAR  3-(n-Butyramido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid reacts
      with molar equivalent amounts of magnesium hydroxide, calcium hydroxide or
      N-methylglucamine to give, respectively, the magnesium, calcium or
      N-methylglucamine salts of said acid.
PAC  EXAMPLE 3
PAC  3-Acetamido-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid [I; R is
      C.sub.2 H.sub.5, R.degree. and R" are H, R' is COCH.sub.3 ].
PAR  A mixture of 390 g. of 3-amino-2,4,6-trichloro-.alpha.-ethylhydrocinnamic
      acid (Example 1), 161 g. of acetic anhydride, 4 liters of glacial acetic
      acid and 4 ml. of concentrated sulfuric acid was stirred at room
      temperature for 18 hours. The reaction mixture was warmed 30 minutes at
      40.degree.C. and then 8 liters of water was added. The reaction mixture
      was cooled to 10.degree.C., and the solid product was collected by
      filtration, washed three times with 200 ml. of water, then twice with 200
      ml. of n-pentane, and dried in vacuo at 60.degree.C. for 4.5 hours. The
      459 g. of solid thus obtained was recrystallized from 1,400 ml. of
      acetonitrile, using activated charcoal for decolorizing purposes, and
      dried at 50.degree.C. under high vacuum for 16 hours and at 75.degree.C.
      under high vacuum for 9 hours, to give 397 g. of
      3-acetamido-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid, m.p.
      142.degree.- 148.degree.C. A further recrystallization from isopropyl
      acetate afforded a sample with m.p. 142.degree.-147.degree.C.
PAR  3-Acetamido-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid had uricosuric
      activity comparable to probenecid in Cebus albifrons monkeys. The compound
      was active intravenously as the sodium salt and orally as the sodium salt
      or as the acid. Upon oral administration of 0.2 millimoles per kilogram of
      the acid form to pentobarbital-anesthetized monkeys peak uricosuric
      activity was seen 40 to 60 minutes later. Comparable doses of probenecid
      showed maximum uricosuric activity between 120 and 140 minutes after
      medication.
PAR  Crystals of 3-acetamido-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid
      were stable to dry heat, non-hygroscopic, light stable and compatible with
      12 common tablet and capsule excipients. After 7 days at 70.degree.C. no
      apparent physical changes or chemical decomposition was detected for 1:1
      mixtures of 3-acetamido-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid
      with the following excipients: talc, Avicel (cellulose, microcrystalline
      form), sodium bicarbonate, starch, lactose, mannitol, dextrose, sucrose,
      citric acid, magnesium stearate, sodium lauryl sulfate and dicalcium
      phosphate.
PAR  No decomposition was detected after 5 days at 70.degree.C. for 10 mg/ml
      buffered aqueous suspensions (pH 2.9 and 5.0) and for 10 mg/ml buffered
      aqueous solutions (pH 6.7 and 8.3) of
      3-acetamido-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid.
PAR  By procedures similar to those of Examples 2 and 3,
      3-amino-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid can be caused to
      react with isobutyric anhydride or caproic anhydride to give,
      respectively, 3-isobutyramido-2,4,6-trichloro-.alpha.-ethylhydrocinnamic
      acid [I; R is C.sub.2 H.sub.5, R.degree. and R" are H, R' is
      COCH(CH.sub.3).sub.2 ], or
      3-caproylamino-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid [I; R is
      C.sub.2 H.sub.5, R.degree. and R" are H, R' is CO(CH.sub.2).sub.4 CH.sub.3
      ]. Alternatively, the latter compound can be prepared by reacting
      3-amino-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid with caproyl
      chloride in toluene solution.
PAC  EXAMPLE 4
PAR  3-Amino-2,4,6-trichlorohydrocinnamic acid [I; R, R.degree., R' and R" are
      H] was prepared from 20 g. of 3-aminohydrocinnamic acid and about 22.55 g.
      of chlorine in 400 ml. of acetic acid according to the procedure described
      above in Example 1. There was obtained 7 g. of
      3-amino-2,4,6-trichlorohydrocinnamic acid, m.p. 154.degree.-155.degree.C.,
      after several recrystallizations from isopropyl alcohol.
PAR  The byproduct,
      5,5,7,7,8,8-hexachloro-3,4,7,8-tetrahydro-2H-1-benzopyran-2,6(5H)-dione
      (III; R is H), produced by further reaction of chlorine with the
      3-amino-2,4,6-trichlorohydrocinnamic acid, was present in the residues and
      mother liquors from the separation of the latter in the foregoing
      preparation; however, said byproduct could be prepared directly from the
      3-amino-2,4,6-trichlorohydrocinnamic acid by treating an acetic acid
      solution of the latter with chlorine gas. In this way 22.50 g. of
      3-amino-2,4,6-trichlorohydrocinnamic acid was converted to 16.91 g. of
      5,5,7,7,8,8-hexachloro-3,4,7,8-tetrahydro-2H-1-benzopyran-2,6(5H)-dione,
      colorless needles, m.p. 166.degree.-169.degree.C. after several
      recrystallizations from isopropyl alcohol. This compound was found to have
      antibacterial activity in vitro against Staphylococcus aureus and
      antifungal activity in vitro against Trichophyton mentagrophytes,
      Aspergillus niger and Candida albicans.
PAR  According to the procedures of Examples 1 and 4,
      3-amino-.alpha.-isopropylhydrocinnamic acid or
      3-amino-.alpha.-butylhydrocinnamic acid can be chlorinated to give
      3-amino-2,4,6-trichloro-.alpha.-isopropylhydrocinnamic acid [I; R is
      CH(CH.sub.3).sub.2, R.degree., R' and R" are H], or
      3-amino-2,4,6-trichloro-.alpha.-butylhydrocinnamic acid [I; R is
      (CH.sub.2).sub.3 CH.sub.3, R.degree., R' and R" are H]; and the respective
      by-products
      3-isopropyl-5,5,7,7,8,8-hexahydro-3,4,7,8-tetrahydro-2H-1-benzopyran-2,6(5
     H)-dione [III; R is CH(CH.sub.3).sub.2 ], or
      3-butyl-5,5,7,7,8,8-hexahydro-3,4,7,8-tetrahydro-2H-1-benzopyran-2,6(5H)-d
     ione [III; R is (CH.sub.2).sub.3 CH.sub.3 ].
PAR  The intermediate 3-amino-.alpha.-isopropylhydrocinnamic acid and
      3-amino-.alpha.-butylhydrocinnamic acid can be prepared from
      m-nitrobenzaldehyde via a Perkin reaction with the appropriate acid
      anhydride, followed by catalytic reduction of the resulting
      m-nitrocinnamic acid derivative, as described in U.S. Pat. No. 2,705,726.
PAC  EXAMPLE 5
PAC  3-(n-Butyramido)-2,4,6-trichlorohydrocinnamic acid [I; R, R.degree. and R"
      are H, R' is COCH.sub.2 CH.sub.2 CH.sub.3 ].
PAR  A mixture of 10.89 g. of 3-amino-2,4,6-trichlorohydrocinnamic acid (Example
      4), 11 ml. of butyric anhydride and 55 ml. of butyric acid was heated on a
      water bath at 68.degree.C. until solution was complete. Concentrated
      sulfuric acid (0.5 ml.) was then added, and the mixture was heated and
      stirred for 2 hours. The reaction mixture was cooled to room temperature
      and the solid product which separated was collected by filtration and
      washed with acetic acid. The solid product was recrystallized from
      acetonitrile to give 9.21 g. of
      3-(n-butyramido)-2,4,6-trichlorohydrocinnamic acid, colorless flakes, m.p.
      172.degree.-174.degree.C. A further recrystallization gave a sample with
      the m.p. 176.degree.-178.degree.C.
PAR  By analogous procedures, 3-amino-2,4,6-trichloro-.alpha.-isopropylcinnamic
      acid or 3-amino-2,4,6-trichloro-.alpha.-butylcinnamic acid can be acylated
      with butyric anhydride to give, respectively,
      3-(n-butyramido)-2,4,6-trichloro-.alpha.-isopropylcinnamic acid [I; R is
      CH(CH.sub.3).sub.2, R.degree. and R" are H, R' is COCH.sub.2 CH.sub.2
      CH.sub.3 ], or 3-(n-butyramido)-2,4,6-trichloro-.alpha.-butylcinnamic acid
      [I; R is (CH.sub.2).sub.3 CH.sub.3, R.degree. and R" are H, R' is
      COCH.sub.2 CH.sub.2 CH.sub.3 ].
PAC  EXAMPLE 6
PAC  3-(N-Methylacetamido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid [I; R
      is C.sub.2 H.sub.5, R.degree. is H, R' is COCH.sub.3, R" is CH.sub.3 ].
PAR  A mixture of 15 g. of
      3-acetamido-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid (Example 3)
      and 84 ml. of 10% aqueous sodium hydroxide was stirred until solution was
      complete. A solution of 9 ml. of dimethyl sulfate in 12 ml. of acetone was
      then added, and the mixture was stirred for 30 minutes. Additional 15 ml.
      of 10% sodium hydroxide, 3 ml. of dimethyl sulfate and 3 ml. of acetone
      were added, and the mixture was stirred for 30 minutes longer. The
      reaction mixture was cooled in an ice bath and treated with 3N
      hydrochloric acid until the mixture was strongly acid. The separated solid
      was collected by filtration and dried in a 60.degree. oven. The dried
      solid (16 g.) was dissolved in hot isopropyl acetate, filtered while hot
      to remove some insoluble material, and cooled to afford 7.10 g. of
      3-(N-methylacetamido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid,
      m.p. 121.degree.-125.degree.C. A further recrystallization from isopropyl
      acetate gave a sample with the m.p. 131.degree.-134.degree.C.
PAC  EXAMPLE 7
PAR  3-(N-Ethylacetamido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid [I; R
      and R" are C.sub.2 H.sub.5, R.degree. is H, R' is COCH.sub.3 ] was
      prepared from 15 g. of
      3-acetamido-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid (Example 3),
      12 ml. of diethyl sulfate, 90 ml. of 10% sodium hydroxide and 15 ml. of
      acetone, stirred 2 hours at room temperature. There was thus obtained 5.71
      g. of 3-(N-ethylacetamido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamic
      acid, m.p. 96.degree.-111.degree.C., when recrystallized from cyclohexane.
PAR  By procedures similar to those of Examples 6 and 7,
      3-acetamido-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid can be caused
      to react with diisopropyl sulfate or butyl iodide to give, respectively,
      3-(N-isopropylacetamido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid
      [I; R is C.sub.2 H.sub.5, R.degree. is H, R' is COCH.sub.3, R" is
      CH(CH.sub.3).sub.2 ], or
      3-(N-butylacetamido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid [I; R
      is C.sub.2 H.sub.5, R.degree. is H, R' is COCH.sub.3, R" is
      (CH.sub.2).sub.3 CH.sub.3 ]; and methyl
      3-(n-butyramido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamate can be caused
      to react with dimethyl sulfate to give methyl
      3-(N-methyl-n-butyramido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamate [I;
      R is C.sub.2 H.sub.5, R.degree. and R" are CH.sub.3, R' is COCH.sub.2
      CH.sub.2 CH.sub.3 ]. To the extent that any hydrolysis of the ester group
      is caused by the aqueous alkali present, the free acid fraction can be
      re-esterified by conventional means, as with diazomethane.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition for the treatment and prophylaxis of hyperuricemia in a
      mammal which comprises in unit dosage form a uricosurically effective
      amount of a compound in an inert diluent, said compound having the formula
      ##SPC4##
PAL  wherein:
PA1  R, r.degree. and R" are hydrogen or alkyl of 1-4 carbon atoms; and
PA1  R' is hydrogen or alkanoyl of 1-6 carbon atoms, R' being limited to
      alkanoyl when R" is alkyl;
PAL  or pharmaceutically acceptable salts thereof where R.degree. is hydrogen.
NUM  2.
PAR  2. A composition according to claim 1 wherein the inert diluent is a solid
      excipient.
NUM  3.
PAR  3. A composition according to claim 1 wherein the compound is a salt and
      the inert diluent is a sterile aqueous medium suitable for intravenous
      administration.
NUM  4.
PAR  4. A composition according to claim 1 which comprises a uricosurically
      effective amount of
      3-(n-butyramido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid in a
      solid excipient.
NUM  5.
PAR  5. A composition according to claim 1 which comprises a uricosurically
      effective amount of 3-acetamido-2,4,6-trichloro-.alpha.-ethylhydrocinnamic
      acid in a solid excipient.
NUM  6.
PAR  6. A method for treatment and prophylaxis of hyperuricemia in a mammal,
      which comprises administering to said mammal a uricosurically effective
      amount of a compound in an inert diluent, said compound having the formula
      ##SPC5##
PAL  wherein:
PA1  R, r.degree. and R" are hydrogen or alkyl of 1-4 carbon atoms; and
PA1  R' is hydrogen or alkanoyl of 1-6 carbon atoms, R' being limited to
      alkanoyl when R" is alkyl;
PAL  or pharmaceutically acceptable salts thereof where R.degree. is hydrogen.
NUM  7.
PAR  7. A method according to claim 6 in which the inert diluent is a solid
      excipient and the administration is by the oral route.
NUM  8.
PAR  8. A method according to claim 6 in which the compound is a salt, the inert
      diluent is a sterile aqueous medium, and the administration is by the
      intravenous route.
NUM  9.
PAR  9. A method according to claim 6 which comprises administering orally a
      uricosurically effective amount of
      3-(n-butyramido)-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid in a
      solid excipient.
NUM  10.
PAR  10. A method according to claim 6 which comprises administering orally a
      uricosurically effective amount of
      3-acetamido-2,4,6-trichloro-.alpha.-ethylhydrocinnamic acid in a solid
      excipient.
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ABST
PAL  Pharmaceutical preparations in dosage forms and animal feeds (baits)
      consisting essentially of pharmaceutically acceptable carriers, oral and
      injectable, compounded with a sublethal, yet effective, amount of a
      compound having the formula:
      ##EQU1##
      wherein R' is a member selected from the group consisting of hydrogen and
      alkyl of from one to eight carbon atoms, inclusive and R is a member
      selected from the group consisting of hydrogen and an acyl radical of a
      hydrocarbon carboxylic acid of one to 18 carbon atoms, inclusive, for
      inducing sterility in male mammals. Methods for preventing impregnation of
      females by male mammals which comprises administering systemically to male
      mammals a sterilizing amount of a compound of the Formula I.
PARN
PAR  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of application Ser. No. 446,663 filed
      Feb. 28, 1974, now abandoned, which in turn is a continuation of
      application Ser. No. 332,738 filed Feb. 15, 1973, now abandoned, which in
      turn is a continuation of application Ser. No. 93,455 filed Nov. 27, 1970,
      now abandoned.
BSUM
PAC  DETAILED DESCRIPTION
PAC  PREPARATION OF ACTIVE COMPOUNDS
PAR  The compounds of the Formula I can be prepared by procedures known to those
      skilled in the art.
PAR  For example, 4-chloro-3-hydroxy-butyric acid is prepared by acidic
      hydrolysis of 4-chloro-3-hydroxy-butyronitrile, which in turn is prepared
      by the reaction of hydrogen cyanide with epichlorohydrin.
PAR  The esters (wherein R' is an alkyl of from one to eight carbon atoms) are
      prepared by reaction of 4-chloro-3-hydroxy-butyronitrile with alcohols
      (R'OH wherein R is alkyl of from one to eight carbon atoms) in the
      presence of an acidic catalyst such as hydrogen chloride C.A. 59, 6249
      (1963).
PAR  The aryl derivatives (wherein R is an acyl radical of a hydrocarbon
      carboxylic acid of one to 18 carbon atoms, inclusive) are, for example,
      acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl, caproyl,
      decanoyl, undecanoyl, lauroyl, formyl, hexadecanoyl, heptadecanoyl,
      stearoyl, acryloyl, and benzoyl, and can be prepared by standard methods
      known to the art.
PAR  The pharmaceutical preparations are compounded along with suitable oral and
      injectable carriers to prepare the aforesaid dosage forms. The capsules
      for oral use are hard gelatin capsules or soft gelatin capsules,
      containing the active ingredient alone or admixed with an edible oily
      medium, for example, cottonseed oil, peanut oil, and mineral oil. Elixirs
      and syrups are formulated with suitable sweetening agents, for example,
      saccharin and sucrose, and diluents such as ethanol, glycerol, and
      sorbitol. They may contain a demulcent and are preferably flavored and
      colored to provide orally acceptable preparations. Advantageously they
      contain a suitable preservative such as methyl- or propylparaben.
      Emulsions suitable for oral use are of both the oil/water and water/oil
      types. Also, the essential active ingredient may be in the form of a
      waterinsoluble liquid which is dispersed in the emulsion bases. The
      emulsions contain emulsifying agents such as acacia and tragacanth and
      surfactants, for example, polysorbate 80 and poloxalkol. Solutions of the
      water-soluble compounds are prepared by simple admixture with water which
      advantageously contains a preservative such as methyl- or propylparaben.
      Oil dispersions contain the essential active ingredient and may include a
      demulcent, for example, methylcellulose, alginate, polyvinylpyrrolidone,
      along with a dispersing agent such as lecithin. The dispersions also
      contain suitable preservatives, for example, propylparaben. Dosage forms
      for injectable use are sterile solutions, the pure compound in sterile
      form, and sterile emulsions. Such preparations for injectable use must be
      sterile and must contain bacteriostatic preservative agents according to
      the art.
PAR  Oral dosage forms, as heretofore described, contain from 0.003 to about 1.0
      gm. of the essential active ingredient per unit dose, but are not limited
      thereto, since within such range they include, for example, 0.03 gm., 0.25
      gm., and 0.5 gm. Sterile liquid forms for injectable administration
      contain from about 10% to 85% of the essential active ingredient but are
      not limited thereto, since they include within this range, for example,
      25%, 50%, and 75%. Liquid oral dosage forms contain from about 5% to 85%
      of the essential active ingredient but are not limited thereto, since
      within this range are included, for example, 20%, 40%, 60%, and 80%. These
      dosage forms provide, generally, a dosage range of essential active
      ingredient from about .003 to about 1.0 gm. per day. The daily oral and
      parenteral doses are approximately the same except for sustained
      parenteral dosage forms which contain from about 0.5 gm. to about 2.5 gm.
      of essential active ingredient per ml. and are given once a month
      intramuscularly. The usual oral and parenteral forms are to be
      administered once per day. Other ingredients, which are however not
      essential to the present invention, are, for example, a progestational
      agent such as medroxyprogesterone or melengestrol acetate, given in the
      usual dosage regime for such active ingredient.
PAR  Mature virgin male rats are checked for ability to mate by placement with
      immature female rats primed with gonadotropic factor of pregnant mare's
      serum. Those males which mate are used for subcutaneous injection or oral
      administration of the novel pharmaceutical preparations. The essential
      active ingredient is prepared as a 5.0 mg./ml. dispersion in 0.25% aqueous
      methylcellulose in sterile vehicle. This pharmaceutical composition is
      administered to each of three mature mating males, a half ml. per day
      subcutaneously or orally for 8 days. These treated males are exposed to
      receptive mature females for mating and mating is checked by the presence
      of sperm with or without a plug in the vagina of the female. Approximately
      10 days thereafter, the females are examined for the presence and number
      of implantation sites, and the ability of the pharmaceutical compositions
      to prevent impregnation by the mature male is shown by the absence of
      implantation sites at autopsy.
DETD
PAR  The following examples illustrate the manner and process of making and
      using the invention but are not to be construed as limiting.
PAC  EXAMPLE 1
PAR  4-Chloro-3-hydroxy-butyric acid was prepared as a 1.0% sterile dispersion
      in 0.25% aqueous methylcellulose. One-half ml. was injected subcutaneously
      into each of three mating male rats for 8 days. Thereafter, the treated
      males were subjected to the aforesaid procedure to determine the ability
      of the preparation to prevent impregnation by the males, and the
      preparation was found to be effective.
PAC  EXAMPLE 2
PAR  The methyl ester of 4-chloro-3-hydroxy-butyric acid, (methyl,
      4-chloro-3-hydroxy-butyrate) in the form of a pharmaceutical preparation
      as an oil dispersion, provided an oral pharmaceutical preparation
      effective in preventing implantation.
PAC  EXAMPLE 3
PAR  The ethyl ethers of the compounds listed in Examples 1 and 2,
      4-chloro-3-ethoxy-butyric acid and methyl-4-chloro-3-ethoxy-butyrate, were
      likewise tested according to procedures given heretofore and found capable
      of preventing impregnation by the male.
PAC  EXAMPLE 4
PAR  An oral pharmaceutical preparation containing 1.0% of
      methyl-4-chloro-3-hydroxy-butyrate in 0.25% aqueous methylcellulose was
      administered orally to mating mature male rats daily for 7 weeks at a
      daily dose of 5 mg. per rat. This preparation induced inability in the
      male to impregnate receptive females by the first week and this
      infertility remained throughout the treatment.
PAC  EXAMPLE 5
PAR  A sterile aqueous dispersion for injectable use is prepared to contain 100
      mg./ml. of methyl-4-chloro-3-hydroxy-butyrate. The injection of 2.5 ml.
      per day is effective to prevent impregnation of receptive female monkeys
      by a mature male.
PAR  Additional embodiments of the present inventive concept are baits, i.e.,
      rations, for oral ingestion by rodents, especially rats, and methods of
      controlling rodent population, especially active ingredient and, in
      amounts that are attractive to the animals in the sense that they are not
      repelled thereby, edible dietary constituents such as protein, fat,
      carbohydrate, minerals and vitamins.
PAR  The medicated ration must not repel the rodents although it does not
      necessarily have to attract in the sense of being absolutely preferred
      over other rations. Hence, the medicated ration retains the natural flavor
      of the dietary constituents after the essential active ingredient is
      incorporated therein. Such incorporation provides a final mixture or blend
      throughout which the active ingredient is uniformly distributed. Such
      active ingredient can be added to the ration by mixing both as solids or
      as liquids, by addition to a solid ration of a solution or suspension in
      water or ethanol; by adding the active ingredient in a liquid which is
      then removed to leave a dry solid mixture, for example, a solution or
      suspension in water or ethanol; by adding the active ingredient in the
      form of coated particles or pellets, coated, for example, by coacervation
      with gelatin, or by coating with an alcohol solution of a water-soluble
      type of ethyl cellulose. The final ration containing the coated particles
      or pellets is the preferred form because of its tendency to better mask
      any undesirable taste of the essential active ingredient. The rations
      contain the essential active ingredient in a concentration sufficient to
      cause lesions in the excurrent duct (epididymal lesions) and permanent
      infertility in otherwise fertile male animals, especially rats, when they
      ingest the compositions in their usual manner of providing for their
      metabolic needs. Illustratively, most mature male rats that ingest an
      amount of the ration providing at least about 15.0 mg. per kilogram of rat
      body weight become irreversibly infertile as shown by epididymal lesions
      and by sterile mating with fertile females. As will be apparent, rats
      eating ad libitum will consume different amounts of the active
      ingredient-containing rations. Hence, to provide about 15 mg. per kilogram
      in a rat eating a smaller amount of the effective ration, a more
      concentrated ration must be provided than for a rat consuming a larger
      amount of the same ration. In the latter case, a less concentrated ration
      is operable. For example, in rats weighing about 200 to 250 gm. and
      consuming about 10 to 25 gm. of ration at one feeding, the ration may
      contain 0.0375% by weight of the active ingredient. Thereby, the 250 gm.
      rat consuming 10 gm. of the treated edible preparation ingests 3.75 mg. of
      the active ingredient equivalent to about 15 mg. per kilo. With this same
      ration containing 0.0375% active ingredient, a 200 gm. rat eating 25 gm.
      at one feeding ingests 9.375 mg. of the active ingredient, equivalent to
      about 46.875 mg. per kilo. Such variations will occur due to the eating
      habits of the rats. Hence, various embodiments of the rodent-control
      preparations are within the inventive concept provided they contain an
      effective amount of the essential active ingredient to cause the males to
      acquire the epididymal lesions of infertility.
PAR  The aforesaid embodiments of this inventive concept provide a method of
      controlling fertility of male rodents, especially rats, which consists
      essentially of providing in locales available to and frequented by said
      male rodents rations supplying an effective amount of a compound of the
      Formula I. Preferably, the rations supply to the recipient at least about
      15 mg./kg. of body weight thereof. At this level most rats acquire
      irreversible infertility and a reduction in rat population ensues in time.
      Expressed as percentage by weight of the edible composition, the active
      ingredient amounts to from about .03% to about 0.5%, such range being not
      limited thereto for it includes within the range the other percentages
      such as .05%, 0.1%, 0.2%, and 0.3%. A more concentrated preparation, say
      up to about 1% or even 5%, is satisfactory provided it is, upon use,
      diluted with the aforesaid edible dietary constituents to provide
      operative amounts of the essential active ingredient without wasting
      active material. These embodiments of the inventive concept are made
      available to the animals, especially rats, for control of the population
      thereof by placing the preparation in and about the locales available to
      and frequented by the rodents.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pharmaceutical preparation in the form of an oral ration for rodents
      consisting essentially of an effective amount for producing epididymal
      lesions and infertility in male rodents of a compound of the formula:
      ##EQU2##
      wherein R' is a member selected from the group consisting of hydrogen and
      alkyl of from one to eight carbon atoms, inclusive, and R is a member
      selected from the group consisting of hydrogen and an acyl radical of a
      hydrocarbon carboxylic acid of one to 18 carbon atoms, inclusive,
      compounded with an ingestible bulking agent acceptable to said rodents,
      said ration providing at least about 15 mg./kg. of male rodent body
      weight.
NUM  2.
PAR  2. The ration of claim 1 wherein the compound is
      methyl-4-chloro-3-hydroxy-butyrate.
NUM  3.
PAR  3. The ration of claim 1 which contains from about 0.03% to about 0.5% by
      weight of said compound.
NUM  4.
PAR  4. A method of producing epididymal lesions and infertility in male rodents
      which comprises supplying to said rodents in locales available to and
      frequented by said rodents a ration supplying an effective amount for
      producing the lesions and infertility of a compound of the formula
      ##EQU3##
      wherein R' is a member selected from the group consisting of hydrogen and
      alkyl of from one to eight carbon atoms, inclusive, and R is a member
      selected from the group consisting of hydrogen and an acyl radical of a
      hydrocarbon carboxylic acid of one to 18 carbon atoms, inclusive.
NUM  5.
PAR  5. A method of claim 4 wherein the effective amount is at least about 15
      mg./kg. of body weight of said male rodents.
NUM  6.
PAR  6. The method of claim 4 wherein the compound is
      methyl-4-chloro-3-hydroxy-butyrate.
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ABST
PAL  The administration to mammals of prostaglandin PGA.sub.2, derivatives of
      PGA.sub.2, methyl ester of .omega.-homo PGE.sub.1 and compounds
      structurally related to prostaglandins, such as alkyl
      11,15-dihydroxy-15-alkyl-9-oxoprost-13-ynates and
      11-methyl-15-hydroxy-9-oxoprosta-5-cis-13-trans-dienoic acid results in a
      state of tranquilization as opposed to general depression.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 151,564, filed June 9, 1971, now U.S. Pat. No. 3,792,179.
BSUM
PAR  The present invention is concerned with methods of utilizing prostaglandins
      or prostaglandin-like compounds in mammals to induce tranquility without
      general depression. In addition, these compounds are advantageously short
      acting. Compounds of the following general formulae are suitable for
      practicing the present invention
      ##SPC1##
      wherein R.sub.1, R.sub.3 and R.sub.4 is each a lower alkyl radical
      containing 1-6 carbon atoms and R.sub.2 is hydrogen or alkanoyl having 1-6
      carbon atoms. R.sub.5 is hydrogen or lower alkyl.
PAR  Thus compounds of the formula
      ##SPC2##
PAL  Wherein R'.sub.1 and R'.sub.3 represent hydrogen or lower alkyl containing
      1-7 carbon atoms, R'.sub.2 represents hydrogen or acyl, X represents
      ethylene or cis vinylene, Y represents trans vinylene or ethynylene, and Z
      represents cis vinylene, or hydroxy-/or (lower alkyl)-substituted ethylene
      in which the methylene portion is adjacent to the carbonyl of the
      cyclopentane ring in the formula are suitable for practicing this
      invention.
PAR  Compounds particularly suitable for practicing the present invention are
      15(S)-hydroxy-9-oxo-5-cis-10,13-trans-prostatrienoic acid (PGA.sub.2),
      15(S)-acetoxy-9-oxo-5-cis-10,13-trans-prostatrienoic acid, prepared by
      treating PGA.sub.2 with acetic anhydride in pyridine, methyl
      15(S)-11.beta.,15-dihydroxy-20-methyl-9-oxoprost-13-trans-enoate (British
      Patent No. 1,269,656),
      3(RS)2-(3-hydroxy-1-heptynyl)-5-oxocyclopent-1-eneheptanoic acid,
      2-(3-hydroxy-1-octynyl)-5-oxocyclopent-1-eneoctanoic acid, methyl
      3(R)-hydroxy-2.alpha.-(3(S)-hydroxy-3(R)-methyl-1-octynyl)-5-oxocyclopenta
     ne-1.beta.-heptanoate,
      2-((3RS)3-hydroxy-1-nonynyl)-3-hydroxy-5-oxocyclopent-1-eneheptanoic acid,
      and 15(S)-hydroxy-11-methyl-9-oxoprosta-5-cis-13-trans-dienoic acid.
PAR  Also suitable for the purposes of this invention are the pharmaceutically
      acceptable salts of the aforementioned compounds as illustrated by the
      salts of alkali and alkaline earth metals such as lithium, sodium,
      potassium, calcium, and magnesium and salts of ammonia or a primary,
      secondary or tertiary basic amine such as mono-, di-, or triethylamine,
      benzylamine, a heterocyclic amine such as piperidine or morpholine, or an
      amine containing one or more water-solublizing or hydrophilic groups such
      as triethanolamine and phenylmonoethanolamine.
PAR  The compounds of this invention may be administered parenterally by
      injections, intravenous solutions, and the like or by alimentary canal in
      the form of oral dosages or by suppository. Doses of 0.56 to 9.0 mg./kg.
      are effective amounts for practicing this invention. Combinations of
      compounds of this invention with pharmaceutical carriers and adjuvants
      will be recognized by those skilled in the pharmaceutical arts.
PAR  The following examples describe in detail various applications of the means
      of this invention and their implementation. However, the invention is not
      to be construed as limited thereby, either in spirit or in scope, since it
      will be apparent to those skilled in the art that many modifications both
      of techniques and of materials, may be practiced without departing from
      the purpose and intent of this disclosure.
DETD
PAC  EXAMPLE 1
PAR  To a solution of 56.5 parts of potassium metal in 936 parts of
      tertiary-butyl alcohol is added successively 102 parts of dimethyl oxalate
      and a solution of 54 parts of 9-oxodecanoic acid in 156 parts of
      tertiarybutyl alcohol. That addition is carried out over a period of about
      40 minutes while the mixture is heated at the reflux temperature in an
      atmosphere of nitrogen. At the end of the addition period, heating is
      continued for about 90 minutes longer and the reaction mixture is cooled
      and filtered under nitrogen. The filter cake is added to a solution of
      dilute hydrochloric acid and that mixture is extracted with chloroform.
      The chloroform layer is separated, washed with water, dried over anhydrous
      sodium sulfate and stripped of solvent under reduced pressure.
      Recrystallization of the resulting residue from ether affords
      2,3,5-trioxo-4-methoxalylcyclopentaneheptanoic acid, melting at about
      127.degree.-129.degree..
PAR  A mixture containg 50 parts of
      2,3,5-trioxo-4-methoxalylcyclopentaneheptanoic acid and 2,880 parts by
      volume of 2N hydrochloric acid is slowly distilled in a nitrogen
      atmosphere for about 2 hours, then is cooled and decolorized with
      activated carbon. The filtrate thus obtained is concentrated to dryness
      under reduced pressure and the resulting residue is extracted with ethyl
      acetate. That organic solution is washed several times with saturated
      aqueous sodium chloride, then with water and finally dried over anhydrous
      sodium sulfate and stripped of solvent by distillation under reduced
      pressure. Recrystallization of the resulting residue from water affords
      pure 2,3,5-trioxocyclopentaneheptanoic acid, melting at about
      102.degree.-104.degree..
PAR  A mixture containing 45.7 parts of 2,3,5-trioxocyclopentaneheptanoic acid,
      13 parts of 5% palladium-on-carbon catalyst, 453 parts of glacial acetic
      acid and 63.3 parts of concentrated sulfuric acid is shaken with hydrogen
      at a pressure of 3 atmospheres until 2 molecular equivalents of hydrogen
      are absorbed. The reaction mixture is then filtered and the resulting
      filtrate is mixed with 100 parts of solid sodium acetate. Evaporation of
      the mixture to dryness affords a solid residue which is extracted with
      water. The resulting extract is filtered and the filter cake is washed
      with water, dried, then recrystallized from acetone to afford white
      crystals of 2,5-dioxocyclopentaneheptanoic acid, melting at about
      160.degree.-161.5.degree..
PAR  A mixture containing 26 parts of 2,5-dioxocyclopentaneheptanoic acid, 560
      parts of ethanol, 440 parts of benzene and 14.7 parts of concentrated
      sulfuric acid is slowly distilled over a period of about 40 hours, during
      which time approximately 200 parts of distillate is collected. The
      residual mixture is cooled, diluted with approximately 350 parts of ether,
      then washed successively with dilute aqueous sodium hydroxide and water.
      The resulting neutral solution is dried over anhydrous sodium sulfate and
      evaporated by dryness under reduced pressure to afford, as a yellow
      liquid, ethyl 2-ethoxy-5-oxocyclopent-1-eneheptanoate, which substance is
      characterized by an ultraviolet absorption maximum at about 253.5
      millimicrons.
PAR  A mixture containing 22.16 parts of ethyl 2-ethoxy-5-oxocyclopent
      1-eneheptanoate, 785 parts of 0.1N aqueous sodium hydroxide and 320 parts
      of ethanol is stored at room temperature for about 48 hours, then is
      concentrated to approximately 2/3 volume by distillation under reduced
      pressure. The residual solution is washed with ether, acidified with
      dilute hydrochloric acid, then extracted with ethyl acetate. The ethyl
      acetate extracts are washed with water, dried over anhydrous magnesium
      sulfate and evaporated to dryness by distillation under reduced pressure.
      The residual solid residue is purified by recrystallization from
      ether-benzene to afford 2-ethoxy-5-oxocyclopent-1-eneheptanoic acid,
      melting at about 65.degree.-66.degree..
PAR  To a solution of 0.3 part of (3RS) 1-heptyn-3-ol in 53 parts of benzene is
      added 29.7 parts of dihydropyran and 0.15 part of p-toluenesulfonic acid.
      The initial exothermic reaction is controlled by cooling in an ice bath
      and the temperature is thus maintained at about 23.degree.. The resulting
      reaction mixture is allowed to stand at room temperature for about 5
      hours, then is diluted with benzene, washed successively with dilute
      aqueous sodium hydroxide and water, dried over anhydrous sodium sulfate
      and stripped of solvent under reduced pressure to afford, as a colorless
      liquid, 3(RS) 1-heptyn-3-ol 3-tetrahydropyran-2'-yl ether. It is
      characterized by infrared absorption maxima, in chloroform, at about 3.01,
      3.38, 3.48, 6.58, 6.63, 6.80, 8.90, 9.30, 9.63, 9.80, and 10.21 microns.
PAR  To a solution of 12.6 parts of (3RS) 1-octyn-3-ol 3-tetrahydropyran-2'-yl
      ether in 112 parts of tetrahydrofuran is added 15.25 parts by volume of
      3.3 M ethereal ethyl magnesium bromide and the resulting reaction mixture
      is allowed to stand at room temperature for about 2 hours. This solution
      containing (3RS) 3-tetrahydropyran-2'-yloxy-1-heptynyl magnesium bromide
      is used as such in the following procedure.
PAR  To 15.7 parts of the Grignard reagent prepared above, dissolved in 112
      parts of tetrahydrofuran, is added 2.54 parts of
      2-ethoxy-5-oxocyclopent-1-eneheptanoic acid dissolved in 67.5 parts of
      tetrahydrofuran. The reaction mixture is kept under an atmosphere of
      nitrogen and is stirred at room temperature for about 24 hours, at the end
      of which time it is poured into approximately 350 parts of cold water.
      Acidification of that aqueous mixture with dilute hydrochloric acid is
      followed by extraction of the resulting acidic mixture with ether. The
      ether extracts are combined, then extracted several times with dilute
      aqueous potassium carbonate. Those alkaline extracts are combined, washed
      with ether and made acidic by the addition of dilute hydrochloric acid.
      Extraction of the latter mixture with ether affords an organic solution,
      which is dried over anhydrous sodium sulfate and concentrated to dryness
      under reduced pressure to afford, as a reddish brown oil displaying an
      ultraviolet maximum at about 269 millimicrons, (3RS)
      2-(3-tetrahydropyran-2'-yloxy-1-heptynyl)-5-oxocyclopent-1-eneheptanoic
      acid. It is represented by the following structural formula
      ##SPC3##
PAR  A mixture containing 3.5 parts of (3(RS)
      2-(3-tetrahydropyran-2'-yloxy-1-heptynyl)-5-oxocyclopent-1-eneheptanoic
      acid, 48 parts of acetone, 30 parts of water, 1.6 parts of methanol and
      1.2 parts of concentrated hydrochloric acid is allowed to stand at room
      temperature for about 4 hours. At the end of that reaction period, the
      mixture is concentrated to approximately 1/2 volume, then is made alkaline
      by the addition of dilute aqueous potassium carbonate. The alkaline
      solution is washed several times with ether, then is acidified with dilute
      hydrochloric acid and the resulting acidic solution is extracted with
      ether. The ether extracts are combined, dried over anhydrous sodium
      sulfate and evaporated to dryness under reduced pressure, thus affording a
      solid residue, which, after recrystallization from wet ether, affords
      (3RS) 2-(3-hydroxy-1-heptynyl)-5-oxocyclopent-1-eneheptanoic acid
      monohydrate, melting at about 41.degree.-43.degree. and displaying an
      ultraviolet absorption maximum at about 270 millimicrons. Dehydration of
      that monohydrate by heating under reduced pressure affords (3RS)
      2-(3-hydroxy-1-heptynyl)-5-oxocyclopent-1-eneheptanoic acid as a viscous
      oil. It is represented by the following structural formula
      ##SPC4##
PAC  EXAMPLE 2
PAR  (3S) 2-(3-hydroxy-1-octynyl)-5-oxocyclopent-1-eneoctanoic acid is prepared
      as set out in Example 1 except that 9-oxodecanoic acid is replaced with
      156 parts of 10-oxoandecanoic acid and 1-heptyn-3-ol is replaced with 0.3
      part of (3S)1-octyn-3-ol. The structure of this compound is
      ##SPC5##
PAC  EXAMPLE 3
PAR  A solution of 1.47 parts of 3(RS)
      3-methyl-3-(tetrahydropyran-2-yl)oxy-1-octyne in 7.1 parts of ether is
      treated at -50.degree. with 2.6 parts by volume of a 2.3 M butyl lithium
      in hexane solution. That mixture is stirred at room temperature for 1 hour
      and then cooled to -40.degree.. 2.47 Parts by volume of a 0.81 M boron
      trichloride in toluene solution is added and the resulting solution is
      stirred at -30.degree. - -20.degree. for 30  minutes. After that time, an
      ethereal solution containing 0.240 part of methyl
      3(RS)-hydroxy-5-oxocyclopent-1-eneheptanoate, Rec. Trav. Chim. 87 1421
      (1968), is added and the resulting reaction mixture is stirred at
      -20.degree. for 1 hour, at 0.degree. for 2 hours and at room temperature
      for 2 hours. The crude reaction product is separated by column
      chromatography, elution being with 30% ethyl acetate in benzene to provide
      the compound which is a mixture of racemic methyl
      3(R)-hydroxy-2.alpha.-(3(R)-hydroxy-3(S)-methyl-1-octynyl)-5-oxocyclopenta
     ne-1.beta.-heptanoate and racemic methyl
      3(R)-hydroxy-2.alpha.-(3(S)-hydroxy-3(R)-methyl-1-octynyl)-5-oxocyclopenta
     ne-1.beta.-heptanoate having the structure
      ##SPC6##
PAC  EXAMPLE 4
PAR  To a stirred solution of 150 parts of (3RS)1-nonyn-3-ol
      3-tetrahydropyran-2'-yl ether in about 1954 parts of dry tetrahydrofuran
      is added dropwise 283 parts by volume of 3 N ethereal ethyl magnesium
      bromide while keeping the temperature of the solution below 30.degree..
      Stirring is continued for about 1 1/2 hours, after which time 31.5 parts
      of 2-methoxy-4-methoxymethoxy-5-oxocyclopent-1-eneheptanoic acid (U.S.
      Ser. No. 261,642, allowed Aug. 21, 1973) in about 710 parts of dry
      tetrahydrofuran is added, over a 10 minute period, to the stirred
      solution. The reactants are allowed to stand for about 16 hours. Then
      dilute hydrochloric acid is added and the tetrahydrofuran is distilled,
      while maintaining the temperature below 40.degree., to reduce the volume
      of the solution to about 1/3 of its original volume. Benzene is added, and
      then the organic layer is separated and washed with water. The solvent is
      evaporated yielding 5-hydroxy-5-((3RS)
      3-tetrahydropyran-2'-yloxy-1-nonynyl)-4-methoxymethoxy-2-methoxycyclopent-
     1-eneheptanoic acid as an oily residue.
PAR  This crude oil is dissolved in 4400 parts of acetone, 1600 parts of water,
      and 71 parts of concentrated hydrochloric acid and refluxed for 20 hours.
      The acetone is removed under reduced pressure and then the aqueous
      solution is extracted with a 1:1 benzene-ether mixture. The benzene-ether
      solution is extracted with a 5% potassium carbonate solution, and the
      potassium carbonate solution is acidified and extracted into a
      benzene-ether solution which is then dried and stripped of solvent. The
      resulting oil is chromatographed on silicic acid to yield a crystalline
      material which is triturated with a benzene-ether solution and then
      recrystallized from ether. The resulting product is 2-((3RS)
      3-hydroxy-1-nonylyl)-3-hydroxy-5-oxocyclopent-1-eneheptanoic acid. This
      compound is represented by the following structural formula
      ##SPC7##
PAC  EXAMPLE 5
PAR  To a cold stirred suspension consisting of 5.2 parts of cuprous iodide with
      200 parts by volume of ether is added, over a period of about 5 minutes at
      0.degree., 18 parts by volume of 3 M ethereal methyl magnesium bromide.
      While the temperature of that mixture is kept at about 0.degree., a
      solution containing 5.5 parts of methyl
      15(S)-acetoxy-9-oxoprosta-5-cis-10,13-trans-trienoate (Weinheimer and
      Spraggins, Tetrahedron Letters, 5185 (1969)) in 100 parts by volume of
      ether is added dropwise over a period of about 50 minutes. The reaction
      mixture is stirred at about 0.degree. for an additional 30 minutes, then
      is poured, with stirring, into a cold solution of 124 parts of ammonium
      chloride in 415 parts of water. That aqueous mixture is extracted several
      times with ethyl acetate and the combined organic extracts are washed with
      water, dried over anhydrous sodium sulfate, then concentrated under
      reduced pressure to afford the oily product. The material is dissolved in
      220 parts of methanol and the resulting solution is diluted with aqueous
      sodium hydroxide, prepared by dissolution of 1.1 parts of sodium hydroxide
      in 70 parts of water. That mixture is kept at room temperature for
      approximately 72 hours, then is partially concentrated and diluted with
      aqueous citric acid. The product is extracted from that mixture with ethyl
      acetate and the organic extract is washed with water, dried over anhydrous
      sodium sulfate, then concentrated to dryness under reduced pressure. The
      resulting crude product is purified by adsorption on a silicic acid
      chromatographic column followed by elution with 25% ethyl acetate in
      benzene. Further purification is effected by recrystallization from
      ether-pentane, thus affording
      15(S)-hydroxy-11-methyl-9-oxoprosta-5-cis-13-trans-dienoic acid, melting
      at about 64.degree.-66.degree.. The structure of this compound is
      ##SPC8##
PAC  EXAMPLE 6
PAR  To each of a group of 12 naive Charles River male rats weighing 200-225 g.
      is administered intraperitoneally 1.125 mg./kg. body weight of PGA.sub.2
      in a volume of 1 ml. normal saline/kg. body weight either 5 or 30 minutes
      before testing. Similar groups of 12 animals are treated in the identical
      manner except that either normal saline or 2.25 or 4.5 mg./kg. of
      PGA.sub.2 is used. The rats are then placed in Lehigh Valley shuttle
      cages, are allowed to acclimate for approximately 1 minute, then are
      subjected initially to a 5 second conditioned stimulus, consisting of a
      tone and a light, and finally to a 0.2 ma. footshock delivered to the grid
      floor of the cage. The shock is automatically terminated after 30 seconds
      if the rat fails to respond. The aminal can either avoid or escape the
      shock by moving to the other side of the shuttle cage. If the shuttle
      response occurs during the conditioned stimulus period, the conditioned
      stimulus is terminated, onset of the shock is prevented and the reaction
      is scored as an avoidance response. If the shuttle response occurs during
      the shock period, the shock is terminated and the reaction is scored as an
      escape response. Each conditioned stimulus presentation is separated by a
      15 second interval. If the shuttle response occurs during that inverval,
      it is scored as an intertrial interval response.
PAR  The results of this assay are shown in Table I. The data are analyzed by
      means of Student's t tests. From that data it is concluded that, in naive
      rats, the administration of PGA.sub.2 5 minutes prior to test produces a
      significant reduction in avoidance responses at doses of 2.25 and 4.5
      mg./kg. body weight without a significant effect on escape latency.
PAC  EXAMPLE 7
PAR  The test disclosed in Example 6 is repeated with similar groups of trained
      rather than naive rats weighing 300-325 g., which rats have been treated
      with 0.56, 1.12, 2.25, 4.5 or 9.0 mg./kg. of PGA.sub.2. In this study each
      group contains eight animals. The data are analyzed by means of paired
      Student's t tests. Table II summarizes the mean differences between the
      control session and the drug session. Positive numbers indicate the drug
      scores which are higher than control scores, while negative numbers
      indicate the drug scores which are lower than control. It is seen from
      those results that the administration of PGA.sub.2 5 minutes prior to test
      at doses of 4.5 or 9.0 mg./kg. causes a significant decrease in avoidance
      responses with no loss of escape responses, thus indicating a
      tranquilizing rather than generalized depressant effect. The separation
      between tranquilizing and generalized depressant properties is shown again
      by the pronounced effect of the drug on avoidance latency and longest run
      of avoidance responses with relatively little effect on escape latency.
PAC  EXAMPLE 8
PAR  The procedure of Example 6 is repeated using naive rats and 2.25, 4.5 and
      9.0 mg./kg. doses of 15(S)-acetoxy-9oxo-5-cis-10,13-trans prostatrienoic
      acid. The results of the tests carried out 5 minutes after injection are
      shown in Table III. The results indicate that at all doses there is a
      significant decrease in avoidance responses while no effect on escape
      latency is observed.
PAC  EXAMPLE 9
PAR  The procedure in Example 7 is repeated using trained rats and 0.035, 0.07,
      0.14, 0.28, 0.56 and 1.12 mg./kg. doses of methyl 15(S)-11.beta.
      ,15-dihydroxy-20,methyl-9-oxoprost-13-trans enoate. The results with
      animals injected 5 minutes prior to test are included in Table IV. Those
      data demonstrate a significant reduction in avoidance responses at all
      doses tested and a significant decrease in the longest run of avoidance
      responses at 0.07, 0.28, 0.57 and 1.12 mg./kg. while showing little or no
      loss of escape response.
PAC  EXAMPLE 10
PAR  3RS 2-(3-hydroxy-1-heptynyl)-5-oxocyclopent-1-eneheptanoic acid is tested
      as set out in Example 6 and has a significant reduction in avoidance
      response at a dose of 9 mg./kg. body weight without a significant effect
      on escape latency.
PAC  EXAMPLE 11
PAR  (3S) 2-(3-hydroxy-1-octynyl)-5-oxocyclopent-1-eneoctanoic acid is tested as
      set out in Example 6 and has a significant reduction in avoidance response
      at a dose of 9 mg./kg. body weight without a significant effect on escape
      latency.
PAC  EXAMPLE 12
PAR  Racemic methyl
      3(R)-hydroxy-2.alpha.-(3(R)-hydroxy-3(S)-methyl-1-octynyl)-5-oxocyclopenta
     ne-1.beta.-heptanoate and racemic methyl
      3(R)-hydroxy-2.alpha.-(3(S)-hydroxy-3(R)-methyl-1-octynyl)-5-oxocyclopenta
     ne-1.beta.-heptanoate is tested as set out in Example 6 and has a
      significant reduction in avoidance response at a dose of 9 mg./kg. body
      weight without a significant effect on escape latency.
PAC  EXAMPLE 13
PAR  2-((3RS) 3-hydroxy-1-nonylyl)-3-hydroxy-5-oxocyclopent-1-eneheptanoic acid
      is tested as set out in Example 6 and has a significant reduction in
      avoidance response at a dose of 9 mg./kg. body weight without a
      significant effect on escape latency.
PAC  EXAMPLE 14
PAR  15(S)-hydroxy-11-methyl-9-oxoprosta-5-cis-13-trans dienoic acid is tested
      as set out in Example 6 and has a significant reduction in avoidance
      response at a dose of 9 mg./kg. body weight without a significant effect
      on escape latency.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Mean values under control and drug conditions for naive rats              

                   Dose -- 5 Minute Post Injection                             

     Measure  Control                                                          

                   1.125 mg/kg                                                 

                             2.25 mg/kg                                        

                                    4.5 mg/kg                                  

     __________________________________________________________________________

     Total                                                                     

     Avoidance                                                                 

     Responses                                                                 

              28.58                                                            

                   27.17     13.36.sup.a                                       

                                    13.18.sup.a                                

     Avoidance                                                                 

     Responses                                                                 

     Trials 1-50                                                               

              8.00 3.42.sup.a                                                  

                             1.27.sup.b                                        

                                    2.91.sup.a                                 

     Avoidance                                                                 

     Responses                                                                 

     Trials 51-100                                                             

              20.58                                                            

                   23.75     12.09  10.27                                      

     Intertrial                                                                

     Interval                                                                  

     Responses                                                                 

              33.42                                                            

                   24.92     20.55.sup.a                                       

                                    31.09                                      

     Escape Latency                                                            

     (sec)    .57  .75       .57    1.52                                       

     __________________________________________________________________________

      .sup.a p .ltoreq..05 t test, two tailed                                  

      .sup.b p.ltoreq..01 t test, two tailed                                   

TBL                                    Table II                                

     __________________________________________________________________________

     Mean difference between control and each dose condition for               

     trained rats. Positive numbers indicate the drug score                    

     was higher; negative numbers indicate the drug score was                  

     lower than control                                                        

                     Doses -- 5 Minute Post Injection                          

     Measure  .56 mg/kg                                                        

                     1.12 mg/kg                                                

                            2.25 mg/kg                                         

                                   4.5 mg/kg                                   

                                          9.0 mg/kg                            

     __________________________________________________________________________

     Total                                                                     

     Avoidance                                                                 

     Responses                                                                 

              -.75   -3.12  -10.25 -31.75.sup.a                                

                                          -77.00.sup.b                         

     Avoidance                                                                 

     Responses                                                                 

     Trials 1--50                                                              

              -1.12  -2.37  -9.62.sup.a                                        

                                   -18.50.sup.a                                

                                          -36.12.sup.b                         

     Avoidance                                                                 

     Responses                                                                 

     Trials 51--100                                                            

              +.37   -.75   -.62   -13.25 -40.87.sup.b                         

     Avoidance                                                                 

     Latency                                                                   

     (sec)    -.03   +.25   +.28.sup.b                                         

                                   +.64.sup.b                                  

                                          +.20                                 

     Escape                                                                    

     Latency                                                                   

     (sec)    +.12   +.03   +.21   +.40   +.57.sup.a                           

     Longest                                                                   

     Run of                                                                    

     Avoidance                                                                 

     Responses                                                                 

              +.12   -7.25  -8.12  -23.12 -39.87.sup.b                         

     Loss of                                                                   

     Escape                                                                    

     Response                                                                  

     (% of total                                                               

     trials)  0      0      0      0      0                                    

     __________________________________________________________________________

      .sup.a p .ltoreq..05 t test, two tailed                                  

      .sup.b p .ltoreq..01 t test, two tailed                                  

TBL                Table III                                                   

     ______________________________________                                    

     Mean Values Under Control and Drug Conditions for Naive Rats              

                Dose -- 5 minutes Post Injection                               

     Measure  Control 2.25 mg/kg 4.5 mg/kg                                     

                                          9.0 mg/kg                            

     ______________________________________                                    

     Total                                                                     

     Avoidance                                                                 

     Responses                                                                 

              30.83   16.17.sup.b                                              

                                 20.25.sup.a                                   

                                          13.00.sup.b                          

     Avoidance                                                                 

     Responses                                                                 

     Trials 1-50                                                               

              7.58    2.92.sup.b 3.08.sup.b                                    

                                          2.25.sup.b                           

     Avoidance                                                                 

     Responses                                                                 

     Trials 51-100                                                             

              23.25   13.25.sup.b                                              

                                 17.17    10.75.sup.b                          

     Intertrial                                                                

     Interval                                                                  

     Responses                                                                 

              25.42   23.25      19.33    16.33.sup.a                          

     Escape                                                                    

     Latency (sec)                                                             

              1.29    1.26       1.28     1.30                                 

     ______________________________________                                    

      .sup.a p .ltoreq..05 t test, two tailed.                                 

      .sup.b P &lt;.01 t test, two tailed.                                        

TBL                                    Table IV                                

     __________________________________________________________________________

     Mean Difference Between Control and Each Drug Condition for               

     Trained Rats. Positive Numbers Indicate the Drug Score was                

     Higher; Negative Numbers Indicate the Drug Score was Lower                

     Than Control.                                                             

                     Dose -- 5 minutes Post Injection                          

     Measure         .035 mg/kg                                                

                            .07 mg/kg                                          

                                   .14 mg/kg                                   

                                          .28 mg/kg                            

                                                 .56 mg/kg                     

                                                        1.12                   

     __________________________________________________________________________

                                                        mg/kg                  

     Total                                                                     

     Avoidance                                                                 

     Responses       -1.875 -6.375.sup.a                                       

                                   -5.143.sup.b                                

                                          -23.250.sup.a                        

                                                 -58.143.sup.b                 

                                                        -75.571.sup.b          

     Avoidance                                                                 

     Responses                                                                 

     Trials 1-50     -1.00  -3.500.sup.a                                       

                                   -5.000.sup.b                                

                                          -18.375.sup.b                        

                                                 -29.571.sup.b                 

                                                        -39.143.sup.b          

     Avoidance                                                                 

     Responses                                                                 

     Trials 51-100   -.875  -2.875.sup.b                                       

                                   -.143  -4.875 -21.429.sup.b                 

                                                        -36.429.sup.b          

     Avoidance                                                                 

     Latency (sec)   .154   .083   .151   .526.sup.b                           

                                                 .727 b .862                   

     Escape                                                                    

     Latency (sec)   -.079  .066   .050   .394   .191.sup.b                    

                                                        .119                   

     Longest Run of                                                            

     Avoidance Responses                                                       

                     1.125  -17.375.sup.a                                      

                                   -7.571 -17.500.sup.a                        

                                                 -36.571.sup.b                 

                                                        -36.286.sup.b          

     Loss of Escape                                                            

     Response (% of Total Trials)                                              

                     0      0       0     1.00   0      0                      

     __________________________________________________________________________

      .sup.a P .ltoreq..05 t test, two tailed.                                 

      .sup.b P .ltoreq..01 t test, two tailed.                                 

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for tranquilizing mammals without general depression comprising
      administering to a mammal in need of tranquilization an effective amount
      of a compound of the formula
      ##SPC9##
PAL  wherein R.sub.1 and R.sub.3 represent hydrogen or lower alkyl containing
      1-7 carbon atoms, R.sub.2 represents hydrogen or alkanoyl containing 1-6
      carbons, X represents ethylene or cis vinylene, Y represents trans
      vinylene or ethynylene, and Z represents cis vinylene, or hydroxy- or
      (lower alkyl)-substituted ethylene in which the methylene portion is
      adjacent to the carbonyl of the cyclopentane ring in the formula.
NUM  2.
PAR  2. As in claim 1, a method for tranquilizing mammals without general
      depression comprising administering to a mammal in need of tranquilization
      an effective amount of a compound selected from the group consisting of
      PGA.sub.2, 15(S)-acetoxy-9-oxo-5-cis-10,13-trans-prostatrienoic acid,
      methyl 15(S)-11.beta.,15-dihydroxy-20-methyl-9-oxoprost-13-trans-enoate,
      3(RS)2-(3-hydroxy-1-heptynyl)-5-oxocyclopent-1-eneheptanoic acid,
      2-(3-hydroxy-1-octynyl)-5-oxocyclopent-1-eneoctanoic acid, methyl
      (3R)-hydroxy-2.alpha.-(3(S)-hydroxy-3R-methyl-1-octynyl)-5-oxocyclopentane
     -1.beta.-heptanoate, 2-((3RS)-3-hydroxy-1-
      nonynyl)-3-hydroxy-5-oxocyclopent-1-eneheptanoic acid, and
      15(S)-hydroxy-11-methyl-9-oxoprosta-5-cis-13-trans-dienoic acid.
NUM  3.
PAR  3. As in claim 1, a method for tranquilizing mammals without general
      depression comprising administering to a mammal in need of tranquilization
      an effective amount of a compound selected from the group consisting of
      PGA.sub.2 and 15(S)-acetoxy-9-oxo-5-cis-10,13-trans-prostatrienoic acid,
      and methyl
      15(S)-11.beta.,15-dihydroxy-20-methyl-9-oxoprost-13-trans-enoate.
NUM  4.
PAR  4. As in claim 1, a method for tranquilizing mammals without general
      depression comprising administering to a mammal in need of tranquilization
      an effective amount of methyl
      15(S)-11.beta.,15-dihydroxy-20-methyl-9-oxoprost-13-trans-enoate.
PATN
WKU  039314120
SRC  5
APN  4686292
APT  1
ART  125
APD  19740509
TTL  Fungus and bacteria control with di-carboxylic acid esters
ISD  19760106
NCL  29
ECL  1
EXP  Turner; V. D.
INVT
NAM  Kensler, Jr.; Daniel L.
CTY  West Des Moines
STA  IA
INVT
NAM  Kohn; Gustave K.
CTY  Berkeley
STA  CA
INVT
NAM  Walgenbach; David D.
CTY  Brookings
STA  SD
ASSG
NAM  Chevron Research Company
CTY  San Francisco
STA  CA
COD  02
RLAP
COD  72
APN  266945
APD  19720628
PSC  03
RLAP
COD  82
APN  71364
APD  19700911
PSC  03
RLAP
COD  82
APN  871940
APD  19691028
PSC  03
CLAS
OCL  424313
XCL  424311
XCL  260488J
XCL  260486R
EDF  2
ICL  A01N  924
FSC  424
FSS  311;313;317
UREF
PNO  3219630
ISD  19651100
NAM  Sidi
OCL  260 67
UREF
PNO  3336262
ISD  19670800
NAM  Sidi
OCL  260 67
UREF
PNO  3608085
ISD  19710900
NAM  Papworth
OCL  424317
FREF
PNO  881,102
ISD  19611100
CNT  UK
FREF
PNO  1,036,344
ISD  19660700
CNT  UK
LREP
FR2  Magdeburger; G. F.
FR2  Stoner, Jr.; John
FR2  Owyang; Raymond
ABST
PAL  Fungal and bacterial growth are inhibited by the use of di-carboxylic acid
      esters and compositions thereof. In a preferred embodiment, crops and
      animal feedstuffs are preserved during storage against fungal attack by
      applying a fungicidal amount of a mono-, di- or trioxymethylene, or lower
      alkylidene bis-alkanoate, or a mixture thereof. In another preferred
      embodiment, apple scab is controlled by applying to apple trees a
      fungicidal amount of a mono-, di- or trioxymethylene bis-alkanoate.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 266,945,
      filed June 28, 1972, now abandoned, which in turn is a
      continuation-in-part of Ser. No. 71,364, filed Sept. 11, 1970, now
      abandoned, which in turn is a continuation-in-part of application Ser. No.
      871,940, filed Oct. 28, 1969, now abandoned, the disclosures of which are
      incorporated by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  British Patent No. 1,155,485 of BP Chemicals, published June 18, 1969,
      discloses the use of propionic acid for the inhibition of fungus and mold
      growth in crops and animal feedstuffs. U.S. Pat. No. 3,595,665, issued
      July 27, 1971, to J. J. Houltson et al, discloses the use of formic,
      acetic and propionic acid mixtures for the inhibition of mold growth in
      crops and animal feedstuffs. U.S. Pat. No. 1,670,980, issued May 22, 1928,
      to G. Osvald, discloses the use of formaldehyde for protecting seeds from
      fungal attack. U.S. Pat. No. 861,571, issued July 30, 1907, to H. S.
      Blackmore, discloses the use of a formaldehyde-methyl acetate solution for
      germicidal purposes.
PAC  DESCRIPTION OF THE INVENTION
PAC  The Di-Esters
PAR  The pesticidal di-esters of the present invention are represented by the
      formula
      ##EQU1##
      wherein R is alkyl of 1 to 6 carbon atoms or alkenyl of 2 to 6 carbon
      atoms or alkenyl of 2 to 6 carbon atoms, R.sup.2 is alkyl of 1 to 6 carbon
      atoms, R.sup.1 is hydrogen, alkyl of 1 to 6 carbon atoms, chloroalkyl of 1
      to 4 carbon atoms and 1 to 5 chloro groups, alkenyl of 2 to 6 carbon
      atoms, phenyl or alkylphenyl of 7 to 10 carbon atoms, and n is 1, 2 or 3.
PAR  Representative alkyl groups which R, R.sup.1 and R.sup.2 may represent
      include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-pentyl,
      2-methylbutyl, hexyl and isohexyl.
PAR  Representative alkenyl groups which R, R.sup.1 and R.sup.2 may represent
      include vinyl, allyl, 2-butenyl, 4-butenyl and 3-hexenyl.
PAR  Representative alkylphenyl R.sup.1 groups are o-tolyl, p-tolyl, xylyl,
      2,4,6-trimethylphenyl, 2,4-diethylphenyl and 4-t-butylphenyl.
PAR  Representative chloroalkyl R.sup.1 groups are chloromethyl, dichloromethyl,
      trichloromethyl, pentachloroethyl, 3-chloropropyl and 2-chlorobutyl.
PAR  R and R.sup.2 are preferably alkyl of 1 to 3 carbon atoms. More preferably,
      R and R.sup.2 are the same alkyl group.
PAR  R.sup.1 is preferably hydrogen or alkyl of 1 to 3 carbon atoms, especially
      methyl.
PAR  Representative di-esters and bis-esters of Formula (I) are illustrated in
      Table I, wherein R, R.sup.1, R.sup.2 and n have the same significance as
      previously defined. As employed herein, the term "di-ester" refers to
      symmetrical or asymmetrical esters of Formula (I), and the term
      "bis-ester" refers to symmetrical esters of Formula (I) (R and R.sup.2 are
      the same).
PAR  The di-esters of the invention are suitably employed alone or as a mixture
      of several different di-esters.
PAR  The preferred di-esters of the invention are mono-, di- or trioxymethylene
      bis-alkanoates [i.e., bis-esters of Formula (I) wherein R and R.sup.2 are
      the same alkyl, R.sup.1 is hydrogen and n is 1, 2 or 3].
PAC  Preparation of the Di-Esters
PAR  The di-esters can be prepared by the reaction of a carboxylic acid
      anhydride and formaldehyde or aldehyde according to the following Equation
      (1)
      ##EQU2##
      wherein R, R.sup.1, R.sup.2 and n have the same significance as previously
      defined.
PAR  Generally, stoichiometric amounts of the aldehyde and anhydride are used.
      Polymers of the aldehydes, e.g., trioxane, that depolymerize under
      reaction conditions are convenient sources of the same aldehydes. The
      reaction is catalyzed with Lewis acids such as boron trifluoride or strong
      inorganic acids such as sulfuric or phosphoric acid. Reaction temperatures
      range from 50.degree. to 150.degree.C., preferably from 75.degree. to
      125.degree.C. Generally, a mixture of products wherein n is 1, 2 and 3 is
      formed in the reaction. The mixture products can be employed in the method
      of the invention without separation. Alternatively, the mixture can be
      separated by fractional distillation.
PAR  The preparation of alkylidene bis-alkanoates according to Equation (1) is
      disclosed by E. H. Man, J. J. Sanderson and C. R. Hauser, "J. Amer. Chem.
      Soc." 70, 847 (1950), and the preparation of oxymethylene bis-acetate
      according to Equation (1) is disclosed by C. J. Tomiska and E. Spousta,
      "Chem. Comm." 211 (1962).
PAR  The preparation of methylene dialkanoate is also disclosed in British
      Patent No. 1,036,344, published July 20, 1966; U.S. Pat. No. 3,219,630,
      issued Nov. 23, 1965 to H. Sidi, and U.S. Pat. No. 3,336,262, issued Aug.
      15, 1967, to H. Sidi.
PAC  Utility
PAR  The di-esters of the invention are useful for controlling fungi, such as
      molds, mildews and yeasts, and bacteria. The di-esters are particularly
      effective for the control of seed- and soil-borne fungi such as Rhizopus
      species, Penicillium species, Fusarium species and Aspergillus species,
      fungal scab such as Venturia inaequalis, and bacterial blight such as
      Erwinia amylovora.
PAR  In the control of fungi or bacteria, the di-esters are applied in
      fungicidally effective amounts by conventional art methods to the fungi or
      bacteria and/or their habitats.
PAR  The di-esters are particularly effective for inhibiting fungal growth in
      organic matter such as crops and animal feedstuffs. The term "crops" as
      used in the present invention is intended to include any substance grown
      from the soil, either in the form as gathered from the field or after
      suitable modification in form, such as by pressing, grinding or pressing
      into a paste, flour, etc., or as by germinating into a seedling, e.g.,
      bean sprouts. Thus, the term "crops" refers to forage crops such as
      alfalfa, clover, hay, fodder, etc.; seeds such as cereal grains, e.g.,
      flax, corn, wheat, oats, rice, barley, rye; legumes, e.g., soybeans, peas,
      black beans; nut seeds, e.g., peanuts, walnuts, pecans, sunflower seeds,
      almonds, chestnuts, hazel nuts. Additional crops include silage, green
      wood such as lumber, wood chips, wood pulp; lawn grass clippings;
      vegetable crop residue feeds such as carrot greens; tubers and roots of
      plants such as potatoes, beets, yams, etc.; flower bulbs such as tulip
      bulbs, daffodil bulbs, etc.; dried fruits such as dates, apricots, figs,
      etc.; crop by-products such as citrus pulp and pomace, apple pomace, beet
      pulp, almond hulls, etc.
PAR  The di-esters are also particularly useful for the control of fungal growth
      on plants and other vegetative hosts, particularly the scab diseases of
      apples and numerous other species of the genus Malus, and plants of genera
      closely related to Malus, such as Pyrus and Crataegus, caused by the
      parasitic fungus Venturia inaequalis and related fungal species.
PAR  A valuable characteristic of the di-esters is their ability to kill or
      eradicate scab fungus infection already established within a plant; i.e.,
      they are curative. Thus, the di-esters need not be applied until after
      conditions develop which permit the actual initiation of fungus attacks.
      This means that, under some circumstances, it is possible to avoid
      applying any pesticide during the entire season. In other cases, only a
      part of the normal full schedule of pesticide is required. Therefore,
      great savings both in chemical cost and application labor are possible
      with a pesticide capable of curative performance.
PAR  In addition to inhibiting the growth of fungi and molds, the bis-esters,
      particularly bis-alkanoates, employed in the method of the invention
      generally do not leave toxic or potentially toxic residues on the crop or
      animal feedstuff treated, are essentially non-corrosive to metals, have
      nutritional value as food supplements, and preserve and/or increase the
      nutritional value of the crop or animal feedstuff treated.
PAR  In addition to vegetative hosts and vegetative products such as crops, the
      di-esters are broadly applicable for inhibiting fungal growth in any
      organic material susceptible to attack by soil- and seed-borne fungi. For
      example, the di-esters are useful for inhibiting fungal growth in organic
      materials of animal origin such as leathers, wool, etc., and
      non-vegetative animal feedstuffs such as fish meal, meat meal, bone meal,
      dried blood, etc.
PAR  The di-ester compounds used in this invention are normally liquid and may
      be conveniently applied neat with liquid sprayers and dispersers to the
      fungi or bacteria and/or their growth environment. If desired the di-ester
      compounds may be applied with biologically inert solvents in amounts from
      about 0.05 to 95 percent weight, based on weight solvent, to facilitate
      their uniform application to the substance being treated. Examples of
      solid carriers are clay, talc, sawdust, and the like. Examples of suitable
      liquid organic solvents include aromatic hydrocarbons such as benzene,
      toluene; lower alkyl ketones such as acetone and methylethylketone;
      petroleum fractions; alcohols (especially lower-molecular-weight
      alcohols); and chlorinated aliphatic hydrocarbons such as methylene
      chloride. The lower di-esters are generally water-miscible so that water
      is a convenient solvent for these di-esters. Mixtures of water and organic
      solvents may also be used for the di-esters.
PAR  In the preservation of crops such as cereal grains and seeds during
      storage, amounts of bis-ester ranging from 2 to 20 weight ounces per
      bushel are generally suitable. The dosages defined above are also
      sufficient to preserve and promote the nutritional value of edible
      feedstuffs such as crops and animal feedstuffs.
PAR  To prevent foliage phytotoxicity to plants and vegetative hosts subject to
      fungal or bacterial attack, the di-esters are most conveniently applied to
      plants and other vegetative hosts in the form of an aqueous solution. The
      aqueous solution preferably contains from about 0.1 to 10 percent by
      weight, more preferably about 0.5 to 5 percent by weight, of the di-ester.
      The activity of the aqueous formulation of the diesters can be enhanced by
      incorporating minor amounts, e.g., 0.01 to 5 percent by weight, of one or
      more surface-active agents, sometimes called "surfactants," "wetting
      agents" or "dispersing agents."
PAR  In addition to the liquid solvent formulations, the di-esters may also be
      combined with other compounds such as dispersing agents, adjuvants, food
      additives and other pesticides. The di-esters are particularly useful in
      combination with other compounds because of the ability of the di-esters
      to dissolve a variety of types of compounds.
PAR  A useful combination comprises the di-esters and fungal growth inhibitors
      such as lower alkanoic acids of 1 to 5 carbon atoms or solutions of
      alkanoic acids and formaldhyde. Inhibition of fungal growth in crops with
      alkanoic acids is disclosed in U.S. Pat. No. 3,595,665, issued July 27,
      1971, and British Patent No. 1,155,485, issued June 18, 1969.
PAR  In the treatment of crops and foodstuffs used for animal and human
      consumption, the di-esters are suitably employed in combination with an
      anti-oxidant. The combination of the di-esters and the anti-oxidant is
      particularly useful for conserving the palatability and nutritional values
      of foods. Examples of suitable anti-oxidants which can be combined with
      the oxyalkylene compound include hindered or partially hindered phenols
      such as p-hydroxybenzoic acid methyl ester, 2,6-(di-t-butyl)-p-cresol,
      3-t-butyl-4-hydroxyanisole, 2-t-butyl-4-hydroxyanisole,
      2,2'-methylene-bis-4-methyl-6-t-butylphenol, etc.; dialkyl
      thiodipropionates such as dilauryl thiodipropionate and distearyl
      thiodipropionate; amine anti-oxidants such as diphenylamine,
      N,N'-di-sec-butyl-1,4-phenylenediamine, phenothiazole, etc. Anti-oxidants
      such as 2,6-(di-t-butyl)-p-cresol, which are approved for use on
      foodstuffs or in packaging of foodstuffs, are preferred for this
      application.
PAR  The weight of di-ester to anti-oxidant can be varied over wide limits.
      Generally, however, the percent weight of di-ester, based on total
      composition, of from about 5 to 95 percent, and percent weight of
      anti-oxidant, based on total composition, of from about 5 to 95 percent,
      are satisfactory.
PAR  In the treatment of scab diseases of apple trees, a particularly useful
      combination is a formulation of the di-ester and a protective scab
      fungicide. Such a combination would have the ability to stop the progress
      of fungal infection that has already begun and protect against future
      infection periods. Suitable protective fungicides include methyl
      isothiocyanate,
      cis-N-(trichloromethylthio)-4-cyclohexene-1,2-dicarboximide (Captan),
      cis-N-(1,1,2,2-tetrachloroethylthio)-4-cyclohexene-1,2-dicarboximide
      (Captafol), N-(trichloromethylthio)phthalimide (Folpet),
      2-methyl-4,6-dinitrophenol sodium salt, 4,6-dinitro-2-sec-butylphenol
      triethanolamine salt, methyl 1-butylcarbamoyl)-2-benzimidazole carbamate
      (Benomyl), and dodecylguanidine acetate,
PAR  Another useful combination comprises liquid formulations of the di-esters
      and other pesticides. The di-alkanoates are particularly useful in such
      formulations because of the ability of the di-alkanoates to rapidly
      penetrate organic matter and the solvent properties of the di-alkanoates
      for various pesticides. For example, a combination of a di-alkanoate and
      an insecticide provide penetrability, insecticidal action and fungicidal
      action in the same formulation. Such a formulation would be particularly
      useful for termite and rot control of wood products, e.g, lumber.
DETD
PAC  EXAMPLES
PAR  The following examples illustrate the compounds and/or compositions and
      methods of this invention. The examples are intended to illustrate the
      invention and are not considered restrictive of the invention as otherwise
      described herein. Indicated ratios and percentages are by weight unless
      otherwise specified.
PAC  Example 1 -- Preparation of Methylene Bispropionate
PAR  6 g of paraformaldehyde (0.2 mol of formaldehyde) and 26 g (0.2 mol) of
      propionic anhydride were mixed in a vessel to which one drop of H2SO4 was
      added. The tube was sealed and heated at 100.degree.C. for 18 hours.
PAR  In a companion preparation, 21 g of paraformaldehyde (0.7 mol of
      formaldehyde) and 91.0 g (0.7 mol) of propionic anhydride were mixed in a
      reaction flask to which one drop of H2SO4 was added. The mixture was
      refluxed for 2 hours.
PAR  The two mixtures were combined and fractionated. The first fraction, 93 g,
      boiled at 90.degree. to 95.degree.C. at 25 mm pressure. The second
      fraction, 22 g, boiled at 130.degree.C. at 25 mm pressure. The product of
      the first fraction was identified by nuclear magnetic resonance (NMR) as
      methylene bispropionate. The product of the second fraction was identified
      by NMR as oxybismethylene bispropionate.
PAC  Example 2 -- Preparation of Oxybismethylene Bispropionate
PAR  44.5 g of paraformaldehyde (1.5 mol of formaldehyde) and 200.0 g (1.25 mol)
      of oxymethylene bispropionate were mixed in a vessel to which one drop of
      H2SO4 was added. The vessel was sealed and heated at 100.degree.C. for 72
      hours. Fractionation of the product gave oxybismethylene bispropionate
      (ca. 50 percent) having a boiling point of 85.5.degree.C. at 1 mm pressure
      and bisoxymethylene bispropionate (ca. 15 percent) having a boiling point
      of 98.degree.C. at 1 mm pressure.
PAC  Example 3 -- Preparation of Methylene Bisacetate and Oxybismethylene
      Bisacetate
PAR  20.4 g of acetic anhydride (0.2 mol), 6.0 g of paraformaldehyde (0.2 mol of
      formaldehyde) and 2 drops of sulfuric acid were heated at 100.degree.C. in
      a sealed tube for 18 hours. Fractionation of the product gave methylene
      bisacetate and oxybismethylene acetate.
PAC  Example 4 -- Preparation of Methylene Bisisobutyrate and Oxybismethylene
      Bisisobutyrate
PAR  A 30-g (0.33 mol) sample of trioxane was added to a solution of 158 g (1
      mol) isobutyric anhydride and 0.5 ml 70 percent perchloric acid over a
      30-minute period at 65.degree.-70.degree.C. The reaction mixture was then
      stirred until the temperature decreased to 27.degree.C. The reaction
      mixture was diluted with saturated sodium bicarbonate solution and
      extracted with ether. The ether extracts were dried over magnesium sulfate
      and evaporated under reduced pressure. The resulting residue was distilled
      on a 30-cm column to give 112 g of methylene bisisobutyrate, b.p.
      43.degree.-48.degree.C. at 0.2-0.3 mm of Hg and 30 g of oxybismethylene
      isobutyrate, b.p. 57.degree.-63.degree.C. at 0.2-0.3 mm of Hg.
PAC  Example 5 -- Preparation of Methylene Bisbutyrate and Oxybismethylene
      Bisbutyrate
PAR  Trioxane (0.33 mol) and butyric anhydride (1 mol) were reacted using
      perchloric acid as catalyst by the procedure employed in Example 4. The
      resulting methylene bisbutyrate product (82 g) distilled at
      55.degree.-58.degree.C (0.02 mm/Hg) and the resulting oxybismethylene
      bisbutyrate product (33 g) distilled at 65.degree.-68.degree.C. (0.02
      mm/Hg).
PAC  Example 6 -- Preparation of Benzylidene Bispropionate
PAR  Benzaldehyde (1.5 mol) and propionic anhydride (1.5 mol) were reacted in
      the presence of 0.5 ml perchloric acid by the procedure of Example 4. The
      resulting benzylidene bispropionate distilled at 104.degree.C. (0.1
      mm/Hg).
PAC  Example 7 -- Preparation of Ethylidene Bispropionate
PAR  An 88-g (2 mols) sample of acetaldehyde was added in small portions to a
      solution of 260 g (2 mols) of propionic anhydride at 60.degree.C. The
      reaction mixture was then stirred at about 25.degree.C for 7 hours. The
      reaction mixture was diluted with saturated sodium bicarbonate solution
      and extracted with methylene dichloride. The methylene dichloride extracts
      were dried over magnesium sulfate and evaporated under reduced pressure.
      The resulting residue was distilled through a 16-inch column to give 316.5
      g of ethylidene bispropionate, b.p. 57.degree.C. (1 mm/Hg).
PAC  Example 8 -- Preparation of 2,2,2-Trichloroethylidene Bispropionate
PAR  Trichloroacetaldehyde (0.2 mol) and propionic anhydride (0.2 mol) were
      reacted in the presence of 0.2 ml 70 percent perchloric acid by the
      procedure of Example 4. The resulting 2,2,2-trichloroethylidene
      bispropionate product (13 g) distilled at 65.degree.-66.degree.C. (0.1
      mm/Hg). Elemental analysis for C8H11Cl304 showed: %Cl, calc. 38.3, found
      38.1.
PAC  Example 9 -- Preparation of Allylidene Bispropionate
PAR  To a solution of 345 g (2.65 mols) propionic anhydride and 1.05 g
      concentrated sulfuric acid maintained at 45.degree.-50.degree.C. was added
      dropwise 140 g (2.5 mols) acrolein over a period of 15 minutes. The
      reaction mixture was stirred for an additional 10 minutes. A 2.6 g-sample
      of 2,4,6-trimethylpyridine was then added and the reaction mixture stirred
      at about 25.degree.C. for about 17 hours. The reaction mixture was then
      distilled through a short column to give 268 g of the product as a
      slightly yellow liquid, b.p. 96.degree.-101.degree.C. (0.25 mm Hg).
PAC  Example 10 -- Preservation of Grain
PAR  High-moisture corn (25 percent moisture) was treated with various methylene
      and polyoxymethylene esters of propionic or acetic acid of various
      dosages. The esters were applied to the corn in a mixer for 1 minute at 32
      rpm. Three identical 2-gallon ventilated cans were filled with the treated
      corn. The cans were then held at a temperature of 70.degree.-72.degree.F.
      Temperature readings were taken semi-weekly by means of thermocouples in
      the center of each can. When the temperature exceeded constant room
      temperature for at least an 8-hour period, the treatment was considered
      broken.
PAR  Visual observations were also made on the amount of corrosion damage to the
      can (due principally to moisture condensation). This damage was rated on a
      1-to-10 basis, 1 indicating no corrosion and 10 indicating heavy
      corrosion. The results of these tests are tabulated in Table II.
PAR  As can be seen from Table II, the compounds of the present invention were
      at least as effective as propionic acid in the treatment of high-moisture
      corn. Methylene bispropionate and oxybismethylene propionate were
      remarkably superior to propionic acid in the preservation of high-moisture
      corn. Further, while the acetates were effective preservatives, it is
      noted that the propionates are far superior to the acetates.
      Oxybismethylene bispropionate is far less corrosive than propionic acid,
      which is a very desirable characteristic. Furthermore, visual observation
      of the color of the thus-treated corn indicated that the corn treated with
      the compounds of the present invention had better color characteristics
      than the corn treated with propionic acid. The propionic-acid-treated corn
      was off-color, that is, either light or dark.
PAC  Example 11 -- Preservation of Grain
PAR  A mixture of propionic acid (99 percent) and aqueous formaldehyde (37
      percent) was applied to corn (25 percent moisture) at various dosages.
      These mixtures were applied to the corn in a mixer for one minute at 32
      rpm. Three 7-inch ventilated cans (equal to 1/3 bushel) were filled with
      this treated corn. The cans were then held at 68.degree.-73.degree.F.
      Temperature readings were taken semi-weekly in the center of each can.
      When the temperature exceeded constant room temperature for at least an
      8-hour period, the treatment was considered broken. The corn was also
      visually observed for microbe growth semi-weekly, and the observations
      were translated into a growth rating on a 1-10 basis, 1 indicating no
      growth and 10 indicating heavy, uniform growth.
PAR  For comparative purposes, corn treated with a commercial fungicide, sodium
      N-methyldithio carbonate, at a dosage known to give effective preservation
      of corn under field conditions, was included in the test. For similar
      reasons, corn treated only with propionic acid or aqueous formaldehyde
      were also included.
PAR  The results of the above-mentioned tests, expressed as the average of the
      three identical cans, are reported in Table III.
PAC  Example 12 -- Preservation of Wood Chips and Various other Agricultural
      Crops
PAR  Methylene bispropionate was applied to a variety of crops at various
      dosages by spraying or in a mixer. Two ventilated cans were filled with
      each treated crop. The cans were then maintained at 70.degree.F.
      .+-.5.degree.F. Each can was periodically visually observed for fungal
      growth and the observations were translated into a growth rating on a
      1-to-10 basis, 1 indicating no growth and 10 indicating heavy, uniform
      growth. For comparison, two samples of each untreated crop were also
      tested. The crops employed, the percent weight methylene bispropionate
      (MBP) based on weight crop, and the fungal rating 2, 7-8 and 28-29 days
      after treatment are tabulated in Table IV.
PAC  Example 13  Differential Fungal Control of Treated Corn by Various
      Di-Esters
PAR  A variety of bis-esters was tested for the control of seed- and soil-borne
      pathogens during storage of corn seeds (Zea mays) by the following
      procedure.
PAR  A small amount of acetone was added to the bis-ester to make specific
      volume, plus a small portion of emulsifier, making it into a slurry. This
      preparation was diluted with water to the desired concentration. The
      solution was then evenly distributed on the wall of a glass jar.
      High-moisture feed corn with natural infection was stored frozen after
      harvest until used for this test. The corn seeds were rolled in the jar
      until they were coated and the solution was completely absorbed on them.
PAR  Following the treatment, the corn seeds were plated on Potato Dextrose Agar
      plates. For comparison, untreated corn seeds were also plated. Propionic
      acid was also tested for comparison.
PAR  The percentage control of all species was based on the total sum average of
      mycelial growth in millimeters of all species in the treated seeds
      relative to the untreated check. The fast-growing Rhizopus was evaluated 7
      days after treatment, the other fungi after 14 days.
PAR  The bis-ester tested, the concentration of active ingredient (ounces/100
      lbs. of seeds), the average mycelial growth in millimeters each pathogen
      (average of 4 tests), sum of the averages of all species and the percent
      control are tabulated in Table V.
PAC  Example 14 -- Differential Fungal Control of Treated Corn by Various
      Di-esters
PAR  A variety of bis-esters was tested for the control of seed- and soil-borne
      pathogens during the storage of corn seeds (Zea mays) by the procedure of
      Example 11. For comparison, propionic acid was also tested.
PAR  Control of each pathogen was determined by mycelial growth in millimeters
      in the treated seeds relative to untreated seeds. Mycelial growth of
      Rhizopus species and Fusarium species was evaluated 5 days after
      treatment. Mycelial growth in Aspergillus niger was evaluated 14 days
      after treatment.
PAR  The bis-ester tested and the concentration of active ingredient in ounces
      per 100 lbs. of corn seeds for 90 percent control of each pathogen species
      are tabulated in Table VI.
PAC  Example 15 -- Acute Oral Toxicity of Methylene Bispropionate
PAR  Methylene bispropionate was subjected to acute oral toxicity studies using
      white rats. This compound was found to have an LD-50 of 2800 mg/kg body
      weight of white rats.
PAC  Example 16 -- Use of Methylene Bispropionate as a Solvent
PAR  Methylene bispropionate was tested as a solvent for various insecticides.
      S-[1,2-bis(ethoxycarbonyl)ethyl]-O,O-dimethyl phosphorodithioate
      (Malathion) and O,O-diethyl-O-p-nitrophenyl phosphorothioate (Parathion)
      was miscible with methylene bispropionate in all proportions. O,S-dimethyl
      N-acetyl phosphoroamidothioate was soluble in methylene bispropionate to
      the extent of 5 percent by weight. Chlordane was soluble in methylene
      bispropionate to the extent of at least 75 percent by weight.
PAC  Example 17 -- In Vitro Control of Fungi and Bacteria
PAR  Microbiological tests were conducted to determine the antimicrobial
      activity of methylene bispropionate (MBP).
PAR  The minimum concentration of MBP capable of inhibiting the growth of 5
      species of bacteria, 2 species of mold and 1 species of yeast was
      determined.
PAR  Petri plates containing nutrient agar and various concentrations of MBP
      were inoculated with each of the test species. The identification of these
      organisms and the effective concentration of MBP inhibiting growth are
      shown in Table VII.
PAC  Example 18 -- Apple Scab (Venturia aequalis) Control with Methylene
      Bispropionate
PAR  Two mature MacIntosh trees were used for treatment. The trees were in the
      petal-fall stage (95-100 percent) and some fruit had set. The trees had
      not been sprayed during the season for control of insects or diseases.
      Distinct sporulating apple-scab lesions had developed on most of the
      foliage. Each tree was sprayed with 20 ml of methylene bispropionate and
      2.5 ml of a nonionic surfactant in one liter of water in an 8 foot area on
      the lower branches of the trees. The results of the treatment are
      tabulated in Table VIII.
PAC  Example 19 -- Apple Fire Blight Control
PAR  Nutrient agar plates were treated with aqueous methylene bispropionate. The
      plates were then inoculated with fire blight bacteria (Erwinia amylovora)
      and incubated for 48 hours. Streptomycin sulfate, the standard commercial
      antibiotic used for the control of fire blight on apples and pears, was
      also tested as a control standard. The results are tabulated in Table IX.
TBL                TABLE I                                                     

     ______________________________________                                    

     R         R.sup.1        R.sup.2    n                                     

     ______________________________________                                    

     Methyl    H             Methyl     1, 2 or 3                              

     Methyl    H             Ethyl      1                                      

     Methyl    H             Propyl     2                                      

     Ethyl     H             Ethyl      3                                      

     Propyl    H             Allyl      1, 2 or 3                              

     Isopropyl H             Isopropyl  1, 2 or 3                              

     n-Butyl   H             n-Butyl    1, 2 or 3                              

     Isobutyl  H             Isobutyl   1 or 2                                 

     Methyl    Methyl        Methyl     1                                      

     Ethyl     Methyl        Ethyl      1                                      

     Propyl    Trichloromethyl                                                 

                             Propyl     1                                      

     Isopropyl Methyl        Isopropyl  1                                      

     Methyl    1,1,2,2-Tetra-                                                  

                             Methyl     1                                      

                chloroethyl                                                    

     Methyl    o-Tolyl       Hexyl      1                                      

     Hexyl     Allyl         Hexyl      1                                      

     Allyl     H             Allyl      1 or 2                                 

     ______________________________________                                    

TBL                TABLE II                                                    

     ______________________________________                                    

                              Corrosion                                        

                     Rate,    Weeks     42   83                                

     Compound        Oz/Bu    Effective Days Days                              

     ______________________________________                                    

     Propionic acid  2        6         0    --                                

                     3        6         0    --                                

                     4        12+       0    1                                 

                     6        12+       2    3                                 

     Methylene bispropionate                                                   

                     3        12+       --   --                                

                     6        12+       --   --                                

     Oxybismethylene propionate                                                

                     2        6         0    --                                

                     3        12        0    0.5                               

                     4        12+       0.5  0.5                               

                     5        12+       1    1                                 

     Methylene bisacetate                                                      

                     3        6         --   --                                

                     6        12+       --   --                                

     Oxybismethylene acetate                                                   

                     3        5         --   --                                

                     6        12+       --   --                                

     ______________________________________                                    

      +Indicates treatment still effective and not broken at time indicated    

TBL                                    TABLE III                               

     __________________________________________________________________________

     Propionic Acid to                                                         

                Dosage               Growth Rating                             

     Formaldehyde                                                              

                Level, Oz                                                      

                       Weeks    Control*                                       

                                     at Break or                               

     in Mixture Active/Bu                                                      

                       Control  Index                                          

                                     Last Reading                              

     __________________________________________________________________________

     4:1        2.0    2.0      0.5  4.0                                       

     4:1        4.0    11.2     2.8  2.0                                       

     4:1        6.0    11.2+    2.8+ 1                                         

     4:1        8.0    11.2+    2.8+ 1                                         

     2:1        2.0    2.0      0.5  7.0                                       

                       1 test = 3                                              

                                0.75                                           

     2:1        4.0                  2.0                                       

                       2 tests = 10                                            

                                2.5                                            

     2:1        6.0    11.2+    2.8+ 1                                         

     2:1        8.0    11.2+    2.8+ 1                                         

     Formaldehyde                                                              

                2.67   2.0      0.5  3.0                                       

     Propionic acid                                                            

                4      11.2     2.8  2.0                                       

     Propionic acid                                                            

                6      11.2     2.8  2.0                                       

     Propionic acid                                                            

                8      11.2+    2.8+ 1.0                                       

     __________________________________________________________________________

     +indicates treatment still effective and not broken at time indicated     

           No. weeks control                                                   

     *Control Index =                                                          

           No. weeks control with known fungicide**                            

     **sodium N-methyldithiocarbamate                                          

TBL                TABLE IV                                                    

     ______________________________________                                    

                         Fungal Rating (Days)                                  

     Crop            % Wt MBP  2       7-8  28-29                              

     ______________________________________                                    

     Wood Chips (freshly cut)                                                  

                     1.4       0       0    0                                  

                     0         6       8    --                                 

     Sorghum (33% H.sub.2 O)                                                   

                     0.51      0       0    0                                  

                     0         8       10   --                                 

     Wheat (26% H.sub.2 O)                                                     

                     0.6       0       0    0                                  

                     0         0.5     3    --                                 

     Hay (4" seedlings)                                                        

                     2.4       0       0    4                                  

                     0         2       10   --                                 

     Soybeans (26% H.sub.2 O)                                                  

                     0.51      0       0    0                                  

                     0         0       10   --                                 

     ______________________________________                                    

TBL                                    TABLE V                                 

     __________________________________________________________________________

                      Conc.   Average Mycelial Growth (mm)                     

                                               % Control                       

     Compound         Oz./100 Lbs.                                             

                              Rhizopus                                         

                                   Penicillium                                 

                                          Fusarium                             

                                               All Species                     

     __________________________________________________________________________

     Ethylidene Bispropionate                                                  

                      16      2.3  1.05   0    91                              

                      6.4     6.7  5.4    1.4  63                              

                      2.5     11.4 5.6    1.2  50                              

                      1.0     11.5 5.7    3.0  44                              

     Methylene Bisisobutyrate                                                  

                      16      0    0.6    0    98                              

                      6.4     0    0      0    100                             

                      2.5     0.35 0      0    99                              

                      1.0     0.32 0.3    0    98                              

     Oxybismethylene Bisisobutyrate                                            

                      16      0    0      0    100                             

                      6.4     0    0      0    100                             

                      2.5     0    4.8    0    87                              

                      1.0     0    9.7    0    73                              

     Benzylidene Bispropionate                                                 

                      16      0.6  2.8    0    91                              

                      6.4     4.4  2.7    0.6  79                              

                      2.5     14.3 2.3    0    54                              

                      1.0     15.9 3.9    0    46                              

     Methylene Bisbutyrate                                                     

                      16      0    0      0    100                             

                      6.4     0    0      0    100                             

                      2.5     0    0      0    100                             

                      1.0     0    2.4    0    93                              

     Oxybismethylene Bisbutyrate                                               

                      16      0    0      0    100                             

                      6.4     0    0      0    100                             

                      2.5     0    0      0    100                             

                      1.0     0    0      0    100                             

     2,2,2-Trichloroethylidene                                                 

      Bispropionate   16      1.3  2.6    0    39                              

                      6.4     5.2  4.1    0    74                              

                      2.5     5.3  4.5    7    54                              

                      1.0     19.3 4.4    9.5   8                              

     Methylene Bispropionate                                                   

                      16      0    0      0    100                             

                      6.4     0    0      0    100                             

                      2.5     0    0      0    100                             

                      1.0     0    0.32   0.9  97                              

     Ethylidene Bisacetate                                                     

                      16      0    0      0    100                             

                      6.4     2.6  0      0    93                              

                      2.5     4.3  0      0.5  87                              

                      1.0     10.0 2.1    2.3  60                              

     Propionic Acid   16      0    0.42   0    99                              

                      6.4     0.4  0      0    99                              

                      2.5     3.4  1.9    9.1  60                              

                      1.0     11.1 3.8    11.2 28                              

     Control          0       19.6 4.7    12.1 --                              

     __________________________________________________________________________

TBL                                    TABLE VI                                

     __________________________________________________________________________

                     Concentration (oz/100 lbs) for 90% Control                

     Compound        Rizopus sp.                                               

                            Fusarium sp.                                       

                                   Aspergillus niger                           

     __________________________________________________________________________

     Propionic acid  3.8    9.6    3.4                                         

     Methylene bisisobutyrate                                                  

                     3.2    2.0    *                                           

     Oxybismethylene bisisobutyrate                                            

                     1.2    0.88   2.1                                         

     Methylene bisbutyrate                                                     

                     1.3    0.83   0.88                                        

     Oxybismethylene bisbutyrate                                               

                     1.1    1.0    0.57                                        

     Methylene bispropionate                                                   

                     0.85   0.5    0.16**                                      

     __________________________________________________________________________

       *No control at 2.5 oz/100 lbs.                                          

      **0.16 oz/100 lbs gave 99% control                                       

TBL                TABLE VII                                                   

     ______________________________________                                    

                        Germistatic Concentration                              

     Organism           of MPB (ppm)                                           

     ______________________________________                                    

     Candida albicans   1000                                                   

     Staphylococcus aureus                                                     

                        1000                                                   

     Escherichia coli   6000                                                   

     Streptococcus pyrogenes                                                   

                         700                                                   

     Aspergillus niger   800                                                   

     Trichophyton interdigitale                                                

                         800                                                   

     Pseudomonas aeruginosa                                                    

                        7000                                                   

     Bacillus subtilis  8000                                                   

     ______________________________________                                    

TBL                                    TABLE VIII                              

     __________________________________________________________________________

                             Apple Scab Eradication                            

                     Foliage Hours after Treatment                             

     Treatment       Phytotoxicity                                             

                             24    48                                          

     __________________________________________________________________________

     Methylene bispropionate                                                   

                     0       40%   100%                                        

     Untreated check 0       0     0                                           

     TABLE IX                                                                  

     __________________________________________________________________________

     Formulation & Concentration                                               

                     pH      Bacteria Growth                                   

     __________________________________________________________________________

     None            6.8     +                                                 

     10 ppm Streptomycin sulfate                                               

                     6.8     -                                                 

     0.1% Methylene bispropionate                                              

                     6.0     -                                                 

     0.1% Methylene bispropionate                                              

                     6.8     -                                                 

     1.0% Methylene bispropionate                                              

                     5.5     -                                                 

     1.0% Methylene bispropionate                                              

                     6.8     -                                                 

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for controlling the growth of fungi which comprises applying to
      said fungi or their habitat a fungicidally effective amount of a di-ester
      of the formula
      ##EQU3##
      wherein R is alkyl of 1 to 6 carbon atoms or alkenyl of 2 to 6 carbon
      atoms, R.sup.2 is alkyl of 1 to 6 carbon atoms or alkenyl of 2 to 6 carbon
      atoms, R.sup.1 is hydrogen, alkyl of 1 to 6 carbon atoms, chloroalkyl of 1
      to 4 carbon atoms and 1 to 5 chloro groups, alkenyl of 2 to 6 carbon
      atoms, phenyl, or alkphenyl of 7 to 10 carbon atoms, and n is 1, 2 or 3.
NUM  2.
PAR  2. The method of claim 1 wherein R.sup.1 is alkenyl of 2 to 6 carbon atoms.
NUM  3.
PAR  3. The method of claim 2 wherein the di-ester is allylidene bispropionate.
NUM  4.
PAR  4. The method of claim 1 wherein R.sup.1 is chloroalkyl.
NUM  5.
PAR  5. The method of claim 1 wherein the di-ester is 2,2,2-trichloroethylidene
      bispropionate.
NUM  6.
PAR  6. The method of claim 1 wherein R.sup.1 is phenyl or alkphenyl of 7 to 10
      carbon atoms.
NUM  7.
PAR  7. The method of claim 6 wherein the di-ester is benzylidene bispropionate.
NUM  8.
PAR  8. A method of controlling the growth of fungi which comprises applying to
      said fungi or their habitat a fungicidally effective amount of a di-ester
      of the formula
      ##EQU4##
      wherein R is alkyl of 1 to 6 carbon atoms, R.sup.2 is alkyl of 1 to 6
      carbon atoms, R.sup.1 is hydrogen or alkyl of 1 to 6 carbon atoms and n is
      1, 2 or 3.
NUM  9.
PAR  9. The method of claim 8 wherein R.sup.1 is hydrogen and n is 1 or 2.
NUM  10.
PAR  10. The method of claim 9 wherein R and R.sup.2 are methyl.
NUM  11.
PAR  11. The method of claim 9 wherein R and R.sup.2 are ethyl.
NUM  12.
PAR  12. The method of claim 9 wherein R and R.sup.2 are n-propyl.
NUM  13.
PAR  13. The method of claim 8 wherein R and R.sup.2 are isopropyl.
NUM  14.
PAR  14. The method of claim 8 wherein R.sup.1 is alkyl of 1 to 3 carbon atoms
      and n is 1.
NUM  15.
PAR  15. The method of claim 14 wherein R.sup.1 is methyl.
NUM  16.
PAR  16. The method of claim 15 wherein R and R.sup.2 are methyl.
NUM  17.
PAR  17. The method of claim 8 wherein the fungal habitat is a vegetative
      product or animal feedstuff.
NUM  18.
PAR  18. The method of claim 17 wherein the vegetative products are forage crops
      or seeds.
NUM  19.
PAR  19. The method of claim 18 wherein the seed is a cereal grain or a nut
      seed.
NUM  20.
PAR  20. The method of claim 18 wherein the crop is peanuts.
NUM  21.
PAR  21. The method of claim 18 wherein the crop is wood chips, hay, corn,
      soybeans or sorghum.
NUM  22.
PAR  22. The method of claim 18 wherein R.sup.1 is hydrogen, R and R.sup.2 are
      the same alkyl, and n is 1 or 2.
NUM  23.
PAR  23. The method of claim 22 wherein the di-ester is methylene bispropionate.
NUM  24.
PAR  24. The method of claim 8 wherein the di-ester is formulated with a
      biologically inert carrier.
NUM  25.
PAR  25. The method of claim 8 wherein an aqueous solution of the di-ester is
      employed.
NUM  26.
PAR  26. A method for the control of Venturia inaequalis fungus which comprises
      applying to said fungus or its habitat a fungicidally effective amount of
      the compound defined in claim 8.
NUM  27.
PAR  27. The method of claim 26 wherein R.sup.1 is hydrogen, R and R.sup.2 are
      the same alkyl and n is 1 or 2.
NUM  28.
PAR  28. The method of claim 27 wherein the di-ester is methylene bispropionate.
NUM  29.
PAR  29. A method for the control of bacteria which comprises applying to said
      bacteria or their habitat a bactericidally effective amount of the
      di-ester of claim 8.
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PAL  A method for the control of fungi which have an overwintering phase inside
      the buds of a plant or on other parts thereof comprises treating a plant
      selected from the group consisting of food crop and ornamental plants
      whilst the plant or at least the buds thereof are dormant or in a state of
      near dormancy with a fungicidal composition comprising as an active
      component a compound selected from the group consisting of medium chain
      aliphatic acids.
PARN
PAR  This application is a continuation-in-part derived from our co-pending
      application Ser. No. 359,505, filed May 11, 1973, now U.S. Pat. No.
      3,833,736.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the control of fungi.
PAR  2. Description of the Prior Art
PAR  Fungi which overwinter on a plant, especially inside the buds of the plant,
      are difficult to control as the fungus is already present on the plant in
      an active form at bud burst. Thus, for example, the fungus Podosphaera
      leucotricha (Ell. and Ev.) Salm. presents a major problem to commercial
      apple growers but, although the fungus has been known as the cause of a
      disease of apple and pear trees for nearly a century, none of the various
      methods which have been used in an attempt to combat the fungus have been
      successful in effecting more than a limited degree of control of the
      disease. A method has now been discovered employing certain fatty acids
      and fatty acid derivatives which has been found to give far better control
      of Podosphaera leucotricha and like fungi than it has previously been
      possible to achieve.
PAR  It is known that many of the compounds used in the method of the present
      invention exert a fungidical action against certain fungi as disclosed,
      for example, in the following papers: "Effects of vapours of aromatic
      chemicals on fungi," Journal of Pharmaceutical Sciences, 1961, 50, 665 -
      668; "Antifungal properties of methyl esters of fatty acids and 2-fluoro
      fatty acids," Contributions from Boyce Thompson Institute, 1970, 24, 245 -
      247; and "Action of odiferous organic chemicals and essential oils in
      wood-destroying fungi," Plant Disease Reporter, 1960, 44, 789 - 792.
      However, in the above references these compounds are shown to be wholly or
      partially inactive against a variety of fungi tested. The present
      discovery, therefore, that fungi which overwinter inside the buds of a
      plant or on other parts thereof, e.g. Podosphaera leucotricha and Venturia
      inaequalis, can now be controlled by these same compounds is clearly an
      unexpected and unpredictable result, which is even more unpredictable in
      view of the fact that all previous attempts to control these fungi have
      failed to a satisfactory degree.
PAR  It is also known that many of the compounds may be used on plants,
      including apples, as chemical pruning agents as disclosed, for example, in
      the papers "Plant growth inhibition by some fatty acids and their
      analogues," Nature, 1964, 202, 511 - 512; "Chemical pruning of plants,"
      Science, 1966, 153, 1382 - 1383; and "Modern chemical pruning of plants,"
      Florist and Nursery Exchange, Apr. 14, 1970, 6 - 13; and in the
      specifications of U.S. Pat. Nos. 3,326,664; 3,340,040; 3,438,765; and
      3,620,712. However, the use of these compounds as chemical pruning agents
      is effective only on rapidly growing plants and it is specifically stated
      in these publications that dormant or resting plants exhibit no selective
      response to these compounds, so that no one would expect these compounds
      to have an important application out of the growing season.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a method for the control of fungi which
      have an overwintering phase inside the buds of a plant or on other parts
      thereof comprises treating a plant selected from the group consisting of
      food crop and ornamental plants whilst the plant or at least the buds
      thereof are dormant or in a state of near dormancy with a fungicidal
      composition comprising as an active component a compound selected from the
      group consisting of medium chain aliphatic acids and alcohols, and esters
      of medium and short chain aliphatic acids.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Although the compounds used in the method of the present invention may be
      saturated or unsaturated and straight or branched chain, saturated
      straight chain compounds are of rather more interest, e.g. those compounds
      consisting of a linear alkane substituted at one end by a hydroxy group,
      carboxy group or carbalkoxy group, in which the alkyl group is straight
      chain. It will be appreciated that when the compound used in the method of
      the present invention is an acid the acid may, if desired, be in the form
      of a salt. Reference herein to the use of an acid is, therefore, to be
      construed as extending to the use of salts of that acid. Salts of
      particular interest are those having an enhanced solubility as compared
      with the acid itself. Examples of salts are the ammonium or alkali metal
      salts and especially the sodium salt.
PAR  Medium chain acids and alcohols of interest are those containing from about
      six to about eighteen carbon atoms. Compounds of especial interest are
      those containing from six or eight to 12 or 14 carbon atoms, particularly
      those containing the even number eight and 10 carbon chains and those
      containing the odd number seven and nine carbon chains.
PAR  Specific examples of acids and alcohols which may be used in the method of
      the present invention include hexanoic acid, heptanoic acid, octanoic
      acid, nonanoic acid, decanoic acid, undecanoic acid, dodecanoic acid,
      tetradecanoic acid, perlagonic acid, hexan-1-ol, heptan-1-ol, octan-1-ol,
      nonan-1-ol, decan-1-ol, dodecan-1-ol, tetradecan-1-ol, 2-ethylhexan-1-ol,
      3,5,5-trimethylhexan-1-ol, 4,6-dimethylheptan-2-ol,
      2,4,6-trimethylheptan-1-ol, and 2-methyloctan-1-ol. Specific examples of
      longer chain compounds which may be used, but which are generally of
      rather lesser interest, include hexadecanoic acid, octadecanoic acid,
      oleic acid, linoleic acid, hexadecan-1-ol and octadecan-1-ol.
PAR  Esters of interest are those containing from five to 24 carbon atoms having
      from one to 18 carbon atoms in the alcohol moiety and from one to 18
      carbon atoms in the acid moiety. Compounds of especial interest are those
      containing up to 14 or 18 carbon atoms with at least one carbon atom in
      each moiety, for example those containing from six to 10 or 12 carbon
      atoms, particularly those containing at least seven or eight carbon atoms.
      One group of preferred compounds comprises those containing one, two or
      three carbon atoms in the alcohol moiety and from six or eight to 12 or 14
      carbon atoms in the acid moiety, particularly the methyl esters of the
      even number eight and 10 carbon chain acids and of the odd number nine and
      11 carbon chain acids, and the ethyl esters of the even number six and
      eight and odd number seven carbon chain acids. Another group of preferred
      compounds comprises those containing from six or eight to 12 or 14 carbon
      atoms in the alcohol moiety and from one to four carbon atoms in the acid
      moiety, particularly the octyl and nonyl (i.e. n-octyl and n-nonyl) esters
      of formic and acetic acid.
PAR  Specific examples of esters which may be used in the process of the
      invention include: methyl hexanoate, methyl octanoate, methyl nonanoate,
      methyl decanoate, methyl undecanoate, ethyl pentanoate, ethyl hexanoate,
      ethyl octanoate, ethyl nonanoate, ethyl decanoate, propyl butyrate, propyl
      hexanoate, propyl octanoate, propyl decanoate, butyl butyrate, butyl
      hexanoate, butyl octanoate, pentyl propanoate, pentyl butyrate, pentyl
      hexanoate, hexyl acetate, hexyl butyrate, hexyl hexanoate, octyl formate,
      octyl acetate, octyl butyrate, nonyl formate, nonyl acetate and decyl
      formate.
PAR  Mixtures of compounds may be used. Thus one composition which has been
      found to be of particular value contains a mixture of the methyl esters of
      hexanoic, octanoic, decanoic and dodecanoic acids and another contains a
      mixture of hexan-1-ol octan-1-ol, decan-1-ol and dodecan-1-ol. Mixtures in
      which the C.sub.8 and C.sub.10 acid esters or alcohols predominate are
      preferred and, indeed, mixtures of these two components alone are of
      interest.
PAR  The method of the present invention may be applied to the control of a wide
      variety of fungi which have an overwintering phase on a plant. It is
      particularly applicable to the control of fungi which overwinter inside
      the buds of a plant, these being either the vegetative or fruit buds, but
      can also be applied with advantage to the control of fungi which
      overwinter on other parts of the plant. The range of plants which may be
      treated is wide, including plants which provide food for both animal and
      human consumption, either for direct consumption as in the case of many
      fruit bearing plants or for consumption after processing, and plants which
      are grown for their ornamental appearance, particularly their flowers.
      Thus, for example, the method may be used for the control of fungi on
      apple, pear, peach, cherry, plum, grape, citrus fruits, banana, cereals
      including rice, lucerne and rose.
PAR  Areas in which the method has been found to be of very especial value
      providing much superior control to that at present possible are the
      control of the scab fungi Venturia inaequalis (Cke.) Wint. on apples and
      Venturia pirina (Aderh.) on pears and particularly of the powdery mildew
      fungus Podosphaera leucotricha on apples and pears. Podosphaera
      leucotricha is a fungus which overwinters inside the buds of the apple or
      pear whilst Venturia inaequalis and pirina whilst capable of overwintering
      inside the buds of the apple or pear or on infected shoots thereof are
      more generally found on fallen leaves surrounding the plant.
PAR  The method may also be applied to the control of other powdery mildew fungi
      such as Sphaerotheca pannosa (Wallr.) on roses, Sphaerotheca pannosa var.
      Persicae (Woron.) on peaches and the powdery mildew fungi which affect
      grape and cereals, and to a wide variety of other fungi such as the
      leafcurl fungus Taphrina deformans (Berk.) on peaches, cherry leaf spot,
      rust diseases in general, downy mildew, dead arm of grape, nectria canker,
      fabraea leaf spot of pear, and block knot and pocket of plum. Among these
      fungi, the method is of particular value for the treatment of those which
      are capable of overwintering inside the buds of the plant, i.e.
      particularly the powdery mildew fungi Sphaerotheca pannosa, Sphaerotheca
      pannosa var. Persicae, Uncinula necator (grape powdery mildew) but also
      the leaf curl fungus Taphrina deformans.
PAR  The method may be applied to various forms of a plant, for example in the
      case of apples to rootstocks and particularly to trees, including trees of
      the bush type (a rootstock is a whole apple plant which is used for the
      purpose of receiving a graft of a particular apple variety).
PAR  Treatment with the fungicidal composition is effected whilst the plant is
      either dormant or in a state of near dormancy. It is not necessary for the
      plant to be wholly dormant so long as it is not in a state of active
      growth.
PAR  Thus, for example, when treating plant buds infected by an overwintering
      fungus such as Podosphaera leucotricha on apple and pear, treatment may be
      effected whilst the buds are dormant, but before leaf fall as the winter
      period of dormancy of the plant approaches, or just as the buds begin to
      swell in the first stage of bud burst. In the former instance the season
      of active growth of the plant has ceased whilst in the latter it has not
      quite started. The usual period of treatment in the Northern Hemisphere is
      thus from about October to March, although it will be appreciated that the
      exact period will vary according to location and from year to year.
      Treatment before leaf fall at the beginning of this period, e.g. during
      October and November, is generally more effective than treatment at the
      end of the period. Treatment at the end of the period, e.g. in early or
      late March, is nevertheless still very effective in controlling the fungus
      and may, if desired, be used together with a treatment at the beginning of
      the period before leaf fall. It should be appreciated, furthermore, that
      the optimum time for treatment will depend to some extent on the plant and
      the fungus being treated. Thus in the case of the treatment of Venturia
      inaequalis and pirina on apple and pear there is a particular advantage in
      treatment before leaf fall since this not only combats any fungus in the
      buds or an infected shoot but also fungus which would otherwise overwinter
      on leaves around the trees.
PAR  The fungicidal compositions are generally found to possess a phytotoxic
      action on the plant as well as a fungicidal action. It is, however,
      possible by selection of the conditions of application of the fungicidal
      composition to effect control of the fungus with a varying degree of
      concomitant destruction of the infected buds. It will be appreciated that,
      providing the infection in the bud is destroyed and the bud has not been
      unduly damaged by the infection, it is advantageous that the bud is not
      itself destroyed and can thus develop when the growing season arrives, and
      the conditions of application are preferably selected with this end in
      view. However, even if the method is applied in such a way as to destroy
      all of the diseased buds this will equally well effect control of the
      fungus.
PAR  The compounds are applied to the plant in the form of a composition
      comprising a suitable diluent or carrier, for example water, an organic
      solvent or a mixture thereof. The composition is usually applied at high
      volume as a fine spray to ensure thorough contact with the plant, and
      often as an emulsion, although the use of other forms of treatment is not
      excluded. A composition in concentrated form, even of the pure
      compound(s), may conveniently be supplied and diluted prior to
      application, suitable concentrations of the compound(s) at application
      being in the range from 1/2 or 1% to 5 or 6%, for example from 3 to 5%, or
      even in certain instances as high as 10% (w/v). It will be appreciated
      that in general the use of as low a concentration as possible consistent
      with effective control of the fungus is preferred in order to minimise any
      phytotoxic effect of the composition. Whilst treatment of the buds is most
      important in the case of bud-overwintering fungi, it is in practice
      usually simplest to apply the composition to the whole of the plant. In
      the case of apples and pears, for example, one treatment of the whole
      plant can provide control of not only Podosphaera leucotricha but also
      Venturia inaequalis and Venturia pirina.
PAR  In order to ensure thorough wetting, the compounds can be applied in the
      form of a composition comprising an effective proportion of a suitable
      surface active agent. The alcohols have the advantage of themselves
      possessing wetting properties. Whilst a wide variety of surface active
      agents may be used, anionic and particularly non-ionic materials are
      preferred, if desired in admixture together and/or with a minor proportion
      of a cationic surface active agent. Examples of types of surface active
      agents which may be used are:
PAR  1. The polyethylene oxide condensates of alkylphenols e.g. the condensation
      products of alkylphenols or dialkylphenols wherein the alkyl group
      contains from about six to about 12 carbon atoms in either branched chain
      or particularly straight chain configuration, with ethylene oxide, the
      said ethylene oxide being present in amounts equal to about 5 to about 25
      moles of ethylene oxide per mole of alkylphenol.
PAR  2. The ammonia, monoethanol and diethanol amides of fatty acids having an
      acyl chain of from about eight to about 18 carbon atoms. These acyl chains
      are normally derived from naturally occurring glycerides (e.g. coconut
      oil, palm oil, soybean oil and tallow) but can be derived synthetically
      (e.g. by the oxidation of petroleum, or by hydrogenation of carbon
      monoxide by the Fischer-Tropsch process).
PAR  3. Fatty acid esters of polyoxyethylene sorbitan and sorbitol containing
      from about three to about 80 oxyethylene units per molecule and containing
      fatty acid groups having from about 8 to about 18 carbon atoms.
PAR  4. The condensation product of aliphatic alcohols having from about eight
      to about 18 carbon atoms, in either straight chain or branched chain
      configuration, with ethylene oxide, the said ethylene oxide being present
      in amounts equal to about 30 to about 60 moles of ethylene oxide per mole
      of alcohol.
PAR  5. Anionic surfactants which are the phosphate esters of polyoxyethylenated
      alkylphenols, such as nonyl phenol, and aliphatic alcohols, such as
      tridecyl alcohol. These surfactants have the general formulae
EQU  R -- O -- (CH.sub.2 CH.sub.2 O).sub.n PO.sub.3 M.sub.2
PAL  and
EQU  [R -- O -- (CH.sub.2 CH.sub.2 O).sub.n ].sub.2 PO.sub.2 M
PAL  wherein R is an alkyl or alkyl phenyl group containing from about eight to
      about 20 carbon atoms, wherein n is a number from about 3 to about 40, and
      wherein M is an alkali metal, e.g. sodium or potassium, and mixtures
      thereof.
PAR  Of these the fatty acid esters of polyoxyethylene sorbitol and especially
      polyoxyethylene sorbitan are of particular interest. Suitable fatty acids
      useful in forming the esters including octanoic, nonanoic, decanoic,
      undecanoic, dodecanoic, tridecanoic, tetradecanoic, pentadecanoic,
      hexadecanoic, heptadecanoic and octadecanoic acids or mixtures thereof.
      For ease of formulation the ester preferably contains not more than about
      30 oxyethylene units, for example from three or five to about ten or from
      about ten to about 30 units. Examples of preferred surface active agents
      of this type are particularly the mono-dodecanoate ester of
      polyethoxylated sorbitan containing an average of about 20 oxyethylene
      units per molecule, but also the mono-oleate and mono-octadecanoate esters
      of polyethoxylated sorbitan containing an average of about 20 oxyethylene
      moieties per molecule and the mono-dodecanoate ester of polyethoxylated
      sorbitan containing an average of about five oxyethylene units per
      molecule. Examples of other surface active agents include the following
      condensation products: 1 mole of sorbitan mono-dodecanoate with 4 moles of
      ethylene oxide, 1 mole of sorbitan mono-octadecanoate with 4 moles of
      ethylene oxide, and 1 mole of sorbitan mono-oleate with 5 moles of
      ethylene oxide.
PAR  The use of a suitable surface active agent can often give significantly
      improved results aiding particularly in achieving a balance between
      fungicidal and general phytotoxic actions. This is particularly true in
      the case of the acids where the use of an increased amount of surface
      active agent can lead to a marked reduction in phytotoxicity. The best
      form of surface active agent for use in any particular situation may
      readily be ascertained by a series of simple tests on small specimens in
      the greenhouse (as described in the Examples) these being more readily
      carried out and giving a good indication of the requirements for the
      outdoor treatment of the plant.
PAR  The proportion of surface active agent used can vary widely according to
      the circumstances. Thus although in some instances a small proportion by
      weight of from about 0.01 to about 0.05% may be used, in other instances
      it may be desirable to increase the proportion signficantly, for example
      to give for one part by weight of compound(s) a portion of about 0.2, 0.3,
      0.5 or one part of surface active agent. Even larger proportions of
      surface active agent than this may be used with advantage in the case of
      the acids.
PAR  In addition to surface active agents other additives may be included, most
      particularly emulsifiers (although many of the surface active agents
      themselves act as emulsifiers), for example compounds such as Triton X100.
PAR  The invention is illustrated by the following Examples.
PAC  EXAMPLE 1
PAC  Effect of fungicidal composition on P.leucotricha on apples
PAR  a. Six year old heavily mildewed apple trees (clone M3) are sprayed high
      volume by hand lance at different times with fungidical compositions
      containing either an alkanol mixture comprising: 0.5% hexan-1-ol, 42%
      octan-1-ol, 56% decan-1-ol, and 1.5% dodecan-1-ol, or a methyl alkanoate
      mixture comprising 4% methyl hexanoate, 56% methyl octanoate, 38% methyl
      decanoate, and 2% methyl dodecanoate, (the % being w/w in each case), in
      combination with the surface active agent Tween 80 [polyoxyethylene (20)
      sorbitan mono-oleate].
PAR  The exact conditions of treatment are shown in Table 1, both autumn
      applications being made whilst the leaves are still green and the spring
      application just as the buds begin to swell in the first stage of bud
      burst. Assessments of the effect of the treatment are made in April/May
      when primary mildew infections will be clearly visible. The total number
      of buds, and whether each is healthy, mildewed or dead, is recorded on ten
      1-year old shoots per tree. All the primary infections on each tree are
      also counted.
PAR  Results typical of those obtained are shown in Tables 1 and 2. It will be
      seen that the early autumn sprays give better mildew control than the
      later ones, but are more damaging to the upper part of the shoots,
      particularly in the case of the alkanol mixture. Typically it is found
      that the additional application in March initially delays bud break but
      that growth quickly returns to normal, whilst with the other treatments
      shoot growth is unaffected and if the terminal bud is killed or damaged a
      single shoot quickly replaces it.
TBL                                    Table 1:                                

     __________________________________________________________________________

     Effect of treatment on overall reduction of primary mildew                

     __________________________________________________________________________

                              Average                                          

     Details of      Number                                                    

                         Total                                                 

                              mildewed                                         

                                    % Mildew                                   

     Treatment.sup.(1)                                                         

                     of  mildewed                                              

                              buds per                                         

                                    reduction                                  

                     trees                                                     

                         buds tree                                             

     __________________________________________________________________________

     1. 5% methyl alkanoates                                                   

        in early October                                                       

                     8   13   1.6   98.7                                       

     2. 5% alkanols in                                                         

        early October                                                          

                     8   11   1.4   98.9                                       

     3. 5% methyl alkanoates                                                   

        in early November                                                      

                     9   112  12.3  90.3                                       

     4. 5% alkanols in                                                         

        early November                                                         

                     9   88   9.8   92.3                                       

     5. 5% methyl alkanoates                                                   

        in early October                                                       

        followed by                                                            

        2.5% methyl alkanoates                                                 

        in late March                                                          

                     8    1   0.1   99.9                                       

     6. Unsprayed control                                                      

                     20  2,535                                                 

                              126.7 --                                         

     __________________________________________________________________________

      .sup.(1) All percentages are w/v                                         

TBL                Table 1:                                                    

     ______________________________________                                    

     Effect of treatment on primary bud infections                             

     ______________________________________                                    

                     Total                                                     

             Number  number                                                    

     Treatment                                                                 

             of      of buds  % Dead                                           

                                    % Healthy                                  

                                            % Mildewed                         

             trees                                                             

     ______________________________________                                    

     1       8       2,138    15.7  84.2    0.1                                

     2       8       2,184    17.1  82.7    0.2                                

     3       9       2,278     6.3  91.3    2.4                                

     4       9       2,456     5.4  93.8    0.8                                

     5       8       2,132    14.5  85.5    0.0                                

     6       20      5,315     6.4  76.7    16.9                               

     ______________________________________                                    

PAR  b. A range of acids, alcohols and esters comprising heptan-1-ol,
      octan-1-ol, nonan-1-ol, decan-1-ol, octan-1-ol/decan-1-ol mixtures,
      3,5,5-trimethylhexan-1-ol, methyl octanoate, methyl decanoate, methyl
      octanoate/methyl decanoate mixtures, decanoic acid, ethyl octanoate and
      n-hexyl acetate, are used substantially as described under (a) for the
      control of P. leucotricha on apples. Typically each of these compounds
      effects control of the fungus but with varying levels of phytotoxic
      effect.
PAR  c. Tests of fungicidal compositions are carried out in the greenhouse to
      study the relative activity of various compounds. The following active
      ingredients are used: the alkanol and methyl alkanoate mixtures described
      under (a) at 3 and 5% (w/v) concentration and heptan-1-ol, octan-1-ol,
      nonan-1-ol, decan-1-ol, 3,5,5-trimethylhexan-1-ol, methyl octanoate,
      methyl decanoate, octanoic acid and decanoic acid at 5% (w/v)
      concentration. In addition compositions contain by volume 0.5% acetone,
      0.015% Triton X100 and 0.05 Tween 80 in water. Heavily mildewed potted
      apple rootstocks are sprayed once during the dormant season with the
      composition and assessments of the effect of the treatment are made in
      April/May when primary mildew infections will be clearly visible.
PAR  Typically the results are as follows. The treatments with 3% alkanol or
      methyl alkanoate mixtures are less damaging than those with 5% mixtures
      but give somewhat less effective control of the primary mildew. Methyl
      decanoate is more damaging than methyl octanoate but gives more effective
      control, but decanoic acid is less damaging than octanoic acid and gives
      more effective primary mildew control. Among the alcohols the following
      relative levels of damage are found:
      heptan-1-ol&lt;nonan-1-ol.about.3,5,5-trimethylhexan-1-ol&lt;octan-1-ol&lt;decan-1-
     ol and of primary mildew control
      3,5,5-trimethylhexan-1-ol&gt;nonan-1-ol&gt;decan-1-ol&gt;octan-1-ol&gt;heptan-1-ol.
PAR  d. Tests of fungicidal compositions are carried out in the greenhouse with
      compositions containing by volume 5% octanoic, decanoic acid or undecanoic
      acid, 0.5% acetone, 0.015% Triton X100 (a condensate between one mole of
      octyl phenol and 9 to 10 moles of ethylene oxide) and 0.05% Tween 80 in
      water. Heavily mildewed potted apple plants (clone M3) are sprayed with
      the composition once during the dormant season and assessments of the
      effect of the treatment are made in April/May when primary mildew
      infections will be clearly visible.
PAR  Typical results with decanoic acid are total buds -- 104; % of dead buds --
      55; % of unbroken (dormant) buds -- 22; % of broken buds -- 23; % of
      broken buds with primary mildew -- 0. Typical results with undecanoic acid
      indicate similar levels of damage and mildew control whilst those with
      octanoic acid indicate slightly more damage and not quite such effective
      mildew control as compared with decanoic acid.
PAR  In variations of the tests the Tween 80 surface active agent is replaced by
      Tween 20 [polyoxyethylene (20) sorbitan monododecanoate] or a mixture of
      equal parts by volume of Tween 20and Tween 80, substantially similar
      results typically being obtained.
PAR  e. In tests similar to those described in (d) the 0.05% Tween 80 is
      replaced by 0.5% or 2.0% Tween 80. Typically a reduction in phytotoxicity
      is observed whilst the mildew control is substantially similar.
PAR  f. Heavily mildewed apple trees (clone M3) are sprayed high volume by hand
      lance during the autumn whilst the buds are dormant but before leaf fall
      with a fungicidal composition containing 5% w/v decanoic acid in
      combination with the surface active agent Tween 80. Assessment of the
      effect of the treatment is made in the spring when primary mildew
      infections will be clearly visible. Typically a similar level of control
      of primary mildew is obtained to that achieved under similar conditions
      with the 5% alkanol mixture described under (a), whilst the level of
      damage is of a similar order or slightly increased in comparison.
PAC  EXAMPLE 2
PAC  Effect of fungicidal compositions on V. inaequalis on apples
PAR  Six year old apple trees (clone M3) infected with apple scab (Venturia
      inaequalis) are sprayed high volume by hand lance during the autumn whilst
      the leaves are still green with fungicidal compositions containing either
      an alkanol mixture comprising 0.5% hexan-1-ol, 42% octan-1-ol, 56%
      decan-1-ol and 1.5% dodecan-1-ol, or a methyl alkanoate mixture comprising
      4% methyl hexanoate, 56% methyl octanoate, 38% methyl decanoate and 2%
      methyl dodecanoate (the % being w/w in each case), in combination with the
      surface active agent Tween 80.
PAR  Varying conditions of treatment are used as shown in Table 3, and
      assessment of the effect of the treatment are made in the spring by
      measurement of the Ascospore concentrations released. Results typical of
      those obtained are shown in Table 3.
TBL                Table 3:                                                    

     ______________________________________                                    

     Effect of treatments on Ascospore concentrations of                       

     Venturia inaequalis                                                       

     ______________________________________                                    

                        Ascospore concentration                                

     Details of treatment.sup.(1)                                              

                        ml.sup.-.sup.1                                         

     ______________________________________                                    

     1.   10% methyl alkanoates                                                

                            0                                                  

     2.   5% methyl alkanoates                                                 

                            0                                                  

     3.   2.5% methyl alkanoates                                               

                            0                                                  

     4.   10% alkanols      0                                                  

     5.   5% alkanols       0                                                  

     6.   2.5% alkanols     0                                                  

     7.   Control sprayed                                                      

          with water        618,000                                            

     ______________________________________                                    

      .sup.(1) All percentages are w/v                                         

CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the treatment of plants in order to inhibit infection
      caused by a fungus which is capable of overwintering in the bud of the
      plant said fungus selected from the group consisting of Venturia
      inaequalis, Venturia pirina, Podosphaera leucotricha, Sphaerotheca pannosa
      var. Persicae, Uncinula necator and Taphrina deformans, which consists
      essentially of applying a fungidical amount of an aliphatic acid
      containing six to 18 carbon atoms to said buds of the plant during the
      period of dormancy of said buds.
NUM  2.
PAR  2. A method according to claim 1, wherein the plant is selected from the
      group consisting of an apple tree, a pear tree, a peach tree, a rose bush
      and a grape vine.
NUM  3.
PAR  3. A method for the treatment of plants in order to inhibit infection
      caused by a fungus of the type which is capable of overwintering in the
      bud of the plant, which fungus infection is caused by a fungus selected
      from the group consisting of Venturia inaequalis, Venturia pirina and
      Podosphaera leucotricha, which consists essentially of applying a
      fungicidal amount of an aliphatic acid containing six to 18 carbon atoms
      to the buds of the plant during the period of dormancy of said buds.
NUM  4.
PAR  4. A method according to claim 3, wherein the plant is selected from the
      group consisting of an apple tree and a pear tree.
NUM  5.
PAR  5. A method according to claim 3, wherein said fungus infection is caused
      by Podosphaera leucotricha and the plant is an apple.
NUM  6.
PAR  6. A method according to claim 1, wherein said compound is selected from
      the group consisting of an aliphatic acid containing from six to 12 carbon
      atoms.
NUM  7.
PAR  7. A method according to claim 6 wherein said compound is selected from the
      group consisting of octanoic, decanoic and undecanoic acid.
NUM  8.
PAR  8. A method according to claim 6, wherein said compound is decanoic acid.
NUM  9.
PAR  9. A method according to claim 6, wherein said compound is undecanoic acid.
NUM  10.
PAR  10. A method according to claim 1, wherein the plant is treated during the
      period of dormancy of the buds before leaf fall.
NUM  11.
PAR  11. A method according to claim 1, wherein the compound is applied to the
      plant in the form of a composition containing from 1 to 6% (w/v) of the
      compound in a diluent or carrier.
NUM  12.
PAR  12. A method according to claim 11, wherein said composition contains from
      3 to 5% (w/v) of the compound in a diluent or carrier.
NUM  13.
PAR  13. A method according to claim 1, wherein the compound is applied to the
      plant as an aqueous composition at high volume.
NUM  14.
PAR  14. A method according to claim 1, wherein the aliphatic acid is applied to
      the plant in the form of a composition containing a surface active agent.
NUM  15.
PAR  15. A method according to claim 14, wherein said surface active agent is
      non-ionic or anionic.
NUM  16.
PAR  16. A method according to claim 15, wherein said surface active agent is a
      fatty acid ester of a polyoxyethylene sorbitan containing from about three
      to about 80 oxyethylene units per molecule and wherein the fatty acid
      group has from about eight to about 18 carbon atoms.
NUM  17.
PAR  17. A method according to claim 16, wherein said surface active agent is
      selected from the group consisting of a dodecanoate ester of
      polyethoxylated sorbitan containing an average of 20 oxyethylene units per
      molecule, an oleate ester of polyethoxylated sorbitan containing an
      average of 20 oxyethylene units per molecule, and a dodecanoate ester of
      polyethoxylated sorbitan containing an average of about five oxyethylene
      units per molecule.
NUM  18.
PAR  18. A method according to claim 15, wherein said surface active agent is a
      polyethylene oxide condensate of an alkyl phenol wherein the alkyl group
      contains from six to 12 carbon atoms, and wherein said ethylene oxide is
      present in an amount of from 5 to 25 moles of ethylene oxide per mole of
      alkyl phenol.
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ABST
PAL  A cohesive mass is prepared from substantially dry fish food mixture,
      containing at least fish meal, pulverized freeze dried fish eggs, and
      water. The resulting fish bait composition is further modified by adding a
      water activated natural plant binder such as a vegetable gum, a starch, a
      dextrin or other like material. The pulverized fish eggs are water
      activated to contribute natural animal binding materials. The resulting
      mass has sufficient cohesiveness to be retained on the hook during casting
      or throwing movement of the hook and during water entry of the baited
      hook. The fish bait composition thereafter undergoes controlled dispersion
      in the water to attract the fish.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The art and sport of fishing has attracted countless practitioners over the
      centuries and a common goal of all such practitioners has been and is now
      the improvement of ways to catch fish. There are, of course, many other
      goals recognized in this art, many of which have different values to
      different practitioners. These include the sporting game, the natural
      conditions of fishing, and many others. A virtually unanimous goal is,
      however, improving the catch or the chances for the catch. The majoirty of
      efforts expended to reach this goal have concerned themselves with a bait
      used for fishing, food and non-food types.
PAC  THE FIELD OF THE PRESENT INVENTION
PAR  This invention relates to an improved fish bait composition; and
      particularly relates to a fish bait composition which utilizes known fish
      food mixtures in an improved way. The invention particularly relates to a
      fish bait composition which releases fish food particles in a somewhat
      controlled zone of attraction which is sufficiently definite so that it
      can be perceived by fish in the area.
PAC  REPRESENTATIVE STATE OF THE ART
PAR  Applicant recognizes that numerous teachings have been advanced which
      relate in some way to artificial fish lures, but the present invention is
      not concerned with this field. The present invention utilizes known fish
      food mixtures which have been demonstrated to have attraction to fish, and
      an improved form of fish eggs. In particular, the fish food mixture used
      in the present invention includes, at least, a fish material such as fish
      meal. This has been demonstrated as a successful bait for fish. Fish eggs
      have also been recognized as a successful bait and reference may be made
      to representative teachings such as U.S. Pat. No. 2,961,310 relating to
      fish eggs as a bait. Fish food has been used as a unitary mass that is
      torn apart by feeding fish, as shown in U.S. Pat. No. 3,361,114.  Other
      representative teachings in the art relating to fish bait compositions
      include U.S. Pat. No. 3,528,816 and U.S. Pat. No. 3,361,566. Such art has
      concerned itself with the food composition, particularly as to its
      configuration, storage, and ingredients, but no teaching has been found in
      the art which refers to applicant's contribution of providing a fish bait
      composition which creates a controlled zone of attraction around a fish
      bait fixed to a hook.
PAC  OBJECTS AND ADVANTAGES OF THE INVENTION
PAR  An object of the present invention is to provide an improved fish bait
      composition utilizing known dry fish food mixtures recognized as a useful
      bait, and an improved form of fish eggs, such compositiion assuming and
      holding a cohesive mass, following moistening the fish food mixture and
      fish eggs.
PAR  Another object of the present invention is to provide an improved fish bait
      composition of the type described in which known fish food mixtures and
      pulverized freeze dried fish eggs are combined with natural plant and
      animal binding materials which do not detract from the quality of feeding
      attraction; but yet allows food mixture particles to be dispersed in a
      zone surrounding the composition to increase the area of attraction for
      fish.
PAR  Yet another object of the present invention is an improved fish bait
      composition of the type described in which known pulverulent fish food
      mixtures are formed into a cohesive mass readily and quickly so that such
      cohesive mass may be conveniently fixed to a fish hook.
PAR  Yet still another object of the present invention is an improved fish bait
      composition of the type described in which somewhat coarse fish food is
      advantageously combined with finer pulverized freeze dried fish eggs to
      that such fish food serves as a carrier for the fish-attracting eggs.
PAR  Yet another object of the present invention is to provide an improved fish
      bait composition of the type described in which known fish food mixtures
      are cohesively bound with freeze dried pulverized fish eggs and with
      natural binders following moistening, such binders being economical to
      obtain and to process for the intended purpose of the invention; and which
      natural binders are not rejected by the fish.
PAR  Another object of the present invention is to provide an improved fish bait
      dry component containing dry fish food, freeze dried fish eggs and an
      added plant binder which are used to advantage following extended storage
      by simply adding water and forming the moistened composition into a
      cohesive mass.
PAC  SUMMARY OF THE INVENTION
PAR  A known dry fish food mixture is combined with finely pulverized freeze
      dried or lyophilized fish eggs and water to obtain a cohesive mass having
      desired properties for molding,  fixing to a hook and holding onto the
      hook. In a preferred form, a natural plant binder is distributed through
      the pulverulent food mixture so there is substantial contact between the
      food particles, the fish eggs and the plant binder. The binder present
      along the surface of the cohesive mass is dispersed when such mass is
      placed in water and the food particles associated with the dispersed
      binders are released into an area surrounding said cohesive mass. The
      freeze dried fish eggs are believed to contain natural animal binders
      since the resulting cohesive mass is held together following wetting the
      mixture of fish food and freeze dried eggs. In the absence of an added
      natural plant binder, it has been found necessary to increase the
      proportion of freeze dried eggs in the fish bait composition, up to about
      50% by volume of the composition. It has been found that the amount of
      freeze dried fish eggs can be substantially reduced, say to about 10% by
      volume of the dry mixture when a natural plant binder is added. Such
      natural plant binder may be present in amounts of at least about 10% by
      volume of the dry mixture.
PAR  The known pulverulent fish food mixture is of the type which at least
      contains a fish material, preferably fish meal. A pulverulent fish food
      mixture consisting essentially of fish meal may also be used by the
      practitioner. A variety of natural plant binders may be used, along or in
      mixture, such as water activated starches, dextrin and vegetable gums, all
      of which are either dissolved or swell in the presence of water.
PAR  The vegetable gums are known thick, mucilaginous excretions from various
      plants, and the water soluble forms are of the arabin type such as gum
      arabic or India gum. Also useful are the cerasin types, such as cherry gum
      or sonora gum, the cerasin type swelling upon contact with water.
PAR  The freeze dried fish eggs can be a variety of fish eggs such as salmon,
      trout, or still others. Fresh fish eggs are freeze dried by the
      conventional lyophilization method which has additionally come to be known
      in the art under commercial preparations identified as cryochem, desivac
      and lyovac. Among other advantages, freeze drying is believed to retain
      aromatic and other savory constituents in the natural food, which is
      utilized to advantage in the fish bait composition of the present
      invention, following moistening. The freeze dried fish eggs also provide
      good storage properties when present with the dry fish mixture in the dry
      component.
PAR  It is an additional feature of the present invention that the dry, somewhat
      coarsely ground fish food mixture can be readily colored with vegetable or
      other acceptable dyes and colors to obtain attractive coloration to
      enhance the value of the fish bait composition.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A wide variety of known fish food mixtures may be used in the present
      invention, and the mode presently contemplated to operate best in the
      invention includes the variety of commercial fish food mixtures used to
      raise fish or to feed fish in pools or fish farms. Such commercial fish
      food mixtures are generally provided in pelletized form but are readily
      broken down into a pulverulent form or powder form of various fineness.
      Generally, all such commercial fish food mixtures contain as an essential
      ingredient dry fish meal. Such commercially available fish food mixtures
      are also characterized by having a crude protein content of not less than
      30% with minor amounts of crude fat and fiber, generally less than 10%.
      The ash content is generally between about 10-20%. All the foregoing
      percentages are by weight.
PAR  Such commercially available fish food mixtures also commonly include
      various meat meals, vegetable meals, as well as vegetable materials such
      as wheat middlings. Such available fish food mixtures in pulverulent form,
      operate within the scope of the present invention; but it should be
      understood that other pulverulent, substantially dry fish food mixtures
      may be utilized. It is only required that such fish food mixture include
      fish meal as an ingredient, or even substantially comprise such fish meal.
      In preferred form, the fish food mixture will include as a major amount
      the ingredients of fish meals, meat meals and vegetables, such as soybean
      meal and wheat germ meal. Various minerals and vitamins may be added in
      commercial food mixtures for fish husbandry, but such are not essential in
      a fish bait composition for game fish.
PAR  The art of preparing fish meals, meat meals and vegetable meals is well
      developed. Such meals are generally provided as dewatered and defatted
      materials wherein dehydration and fat removal may be attained by azetropic
      distillation of the fresh fish, meat or vegetable material. The
      preparation of such food meals by azeotropic distillation is taught, for
      example, in U.S. Pat. No. 3,468,674.
PAR  Among operable commercial fish food mixtures now available is STRIKE FISH
      FOOD supplied by Country Foods.
PAR  Without added plant binders, it is preferred that the dry composition
      contain about equal volumes by weight of the dry fish food mixture and the
      pulverized freeze dried eggs. Generally, about equal parts of fish food
      mixture and freeze dried eggs may be used, although some variation still
      leads to operable compositions. The pulverized dried fish eggs should be
      present in an amount sufficient so that addition of water leads to a
      moldable cohesive mass which retains its molded form on the fish hook.
      When the dry mixture consists essentially of the dry fish food mixture and
      the pulverized freeze dried eggs, the final composition is obtained by
      mixing a sufficient amount of water to form the moldable mass. Generally,
      the major amount of the composition comprises the dry component and the
      minor portion, the water component. As an example, about four parts of the
      dry component may be mixed with about three parts of the water component
      to obtain a successful cohesive mass.
PAR  The preferred practice presently contemplated provides including an
      additional natural plant binder in a minor amount to the dry component. It
      has been found that such binder can be added in amount of about 10% by
      volume of the dry fish food mixture, whereupon the pulverized freeze dried
      component need be present only at about 10% by volume of the dry fish food
      mixture. It has also been found that lesser volumes of water need be added
      as the wet component, say, about two parts of dry component to about one
      part water component. As an example, a successful composition will contain
      about 60% of dry fish food mixture, about 5% pulverized freeze dried fish
      eggs, about 5% natural plant binder, and about 30% of water. All such
      percentages being by volume. A useful range will include about 50% by
      volume of the dry component and about 30-50% by volume of the water
      component. Of the dry component, about 50-85% by volume shall comprise the
      dry fish food mixture and about 15-50% by volume shall comprise either
      pulverized freeze dried fish eggs, or combinations of the plant binder and
      pulverized freeze dried fish eggs.
PAR  The following Examples are presented to illustrate various embodiments of
      the invention, but it should be understood that none of such examples are
      intended to represent exclusive embodiments for practicing the invention.
PAC  EXAMPLE I
PAR  A pelletized fish food product obtained from Ralston Purina Co. under the
      trade designation PURINA TROUT CHOW is crushed to obtain a pulverulent
      form containing granules or particles of the fish food mixture of varying
      but small sizes. The analysis and ingredients of this product are as
      follows:
TBL                ANALYSIS                                                    

     ______________________________________                                    

     Crude protein not less than                                               

                           40.0%                                               

     Crude fat not less than                                                   

                           2.5%                                                

     Crude fiber not more than                                                 

                           5.5%                                                

     Ash not more than     13.0%                                               

     Added minerals not more than                                              

                           3.0%                                                

     ______________________________________                                    

PAC  INGREDIENTS
PAR  Fish meal, soybean meal, ground wheat, corn gluten meal, Brewer's dried
      yeast, ground yellow corn, wheat middlings, dried blood meal, dried whey,
      dicalcium phosphate, iodized salt, vitamin A supplement, D activated
      animal sterol, menadione dimethylpyrimidinol bisulfite (source of vitamin
      K activity), vitamin E supplement, vitamin B.sub.12 supplement, absorbic
      acid, biotin, choline chloride, folic acid, pyridoxine hydrochloride,
      thiamine, niacin, calcium pantothenate, riboflavin supplement, copper
      oxide, manganous oxide, iron oxide, zinc oxide, calcium carbonate, cobalt
      carbonate.
PAR  Six parts by volume of the above dry fish food mixture, somewhat coarse in
      form, is combined with four parts by volume of freeze dried and pulverized
      chinook fish eggs. The pulverized fish eggs are in fine particulate form,
      substantially finer than the particulate character of the dry fish food
      mixture. These dry products are thoroughly mixed so that the resulting dry
      component represents thorough distribution of the dry, somewhat coarse
      fish food, and the pulverized fine freeze dried fish eggs. Such a dry
      component represents a freeze dried fish egg proportion of 40% by volume.
      Four parts by volume of this dry component is throughly moistened with two
      and one-half parts by volume of water, and the moist mixture is then
      molded into a somewhat spherical cohesive mass. This formed cohesive mass
      is then mounted to a fish hook to substantially surround such fish hook
      from the hook point to about the eyelet to which the line is secured.
PAR  The cohesive mass is retained on the fish hook while such hook and line is
      thrown through the air and into the body of water. The cohesive mass
      gradually disintegrates and disperses in the water to create a
      progressively increasing zone of fish bait to attract the fish, in the
      nature of chumming action.
PAC  EXAMPLE II
PAR  A pulverulent fish food mixture is obtained by combining a major amount of
      fish meal and meat meal with a minor amount of soybean meal, cottonseed
      meal, wheat germ meal, Brewers' dried grains, Brewers' dried yeast, dried
      whey, and blood meal. A sample of this pulverulent fish food mixture is
      combined with an equal volume of freeze dried and pulverized Coho fish
      eggs to obtain a dry component. Four parts by volume of this dry component
      is added to three parts by volume of water, and such components are
      intimately mixed to obtain a cohesive mass, suitable as a fish bait for
      mounting to a fish hook.
PAC  EXAMPLE III
PAR  A dry fish bait component is prepared from combining the following
      ingredients in the proportions identified.
TBL  ______________________________________                                    

     Ingredient          Parts by Volume                                       

     ______________________________________                                    

     Dry Fish Food Mixture                                                     

                         51/4                                                  

     Pulverized Freeze Dried                                                   

     Trout Eggs          1/2                                                   

     Plant Binder        1/2                                                   

     ______________________________________                                    

PAR  The pulverulent dry fish food mixture is that described in Example I. The
      plant binder is a commercial preparation available under the trade
      designation W-C Stabilizer supplied by Holton Food Products of Chicago,
      Ill., and containing vegetable gums, starch, potassium bitartrate, sugar
      and dextrose. The above dry component comprises a total of six and
      one-quarter parts with the freeze dried fish eggs and the plant binder
      each comprising slightly less than 10% by volume of the dry component.
PAR  To the 61/4 parts by volume of the dry component is added three parts by
      volume of water with thorough mixing until the entire mass is moistened
      and is moldable into a cohesive mass. The total composition then contains
      the following percent of ingredients by volume.
TBL  ______________________________________                                    

     Ingredient          Percent by Volume                                     

     ______________________________________                                    

     Dry Fish Food Mixture                                                     

                         56.8                                                  

     Pulverized Freeze Dried Eggs                                              

                         5.4                                                   

     Plant Binder        5.4                                                   

     Water               32.4                                                  

     ______________________________________                                    

PAC  EXAMPLE IV
PAR  The dry fish food mixture of Example I is combined in an amount of five
      parts by volume with three-fourth parts by volume of pulverized freeze
      dried Coho fish eggs and one-half part by volume of an added plant binder
      to thereby obtain a total dry component of 61/4 parts. The plant binder
      contains about equal parts of water activated vegetable gums and plant
      starch. The foregoing dry component in an amount of 61/4 parts by volume
      is mixed with 2 1/2 parts by volume of water until the dry component is
      thoroughly moistened and the resulting composition is moldable into a
      cohesive mass.
PAC  EXAMPLE V
PAR  The dry components prepared in the foregoing Examples are moistened with
      sufficient water taken from a body of water in which the fish bait
      composition is to be deposited to attract fish. The cohesive mass prepared
      in accordance with the foregoing Examples is mounted by compressing each
      separate mass around a different fish hook to substantially cover said
      fish hook up to the eyehole. Each hook and mounted fish bait composition
      is then lowered by a line into a body of water. In each case, the food
      particles at the surface are released and dispersed as the natural binder
      is dissolved or dissipated into the surrounding body of water. The
      released food particles and fish eggs increasingly form a gustatory zone
      of attraction around the cohesive mass which is progressively reduced in
      volume until the fish bait composition became completely exhausted from
      its mounting on the fish hook. The irregular formed zone surrounding the
      fish hook becomes more dense as the fish bait particles are dispersed into
      the water. The zone is most dense closest to the cohesive mass and
      irregularly became less dense the further such zone is extended from the
      cohesive mass. In all instances, a discrete zone, regular or irregular, is
      formed around the original cohesive mass mounted on the hook to extend the
      zone of potential attraction to any present fish.
PAR  In one form of the invention, the cohesive mass may be formed by mixing the
      dry and liquid components only with the use of mixing tools and measuring
      volumes. The resultant composition is then molded into the cohesive mass
      with filling tools and a mold cavity. The hook may be positioned in the
      mold cavity so that the filling means urge the cohesive mass around the
      fish hook. The hook with mounted cohesive mass may then be removed from
      the molded cavity by pulling the attached line. In such a way, finger
      contact with the fish bait composition is avoided which may be
      objectionable in that the fish may be repelled by human associated scents.
PAR  It is understood that the formation of the cohesive mass and the
      development of the gustatory zone of attraction through fish bait particle
      dispersion are important features of the invention, as well as the
      presence of the pulverized freeze dried fish and coarser fish food in the
      dry component of the composition. It is supported that the zone of
      dispersed fish bait particles attracts the fish to the area so that the
      fish is urged to strike against the source from which such zone of
      attraction emanates. Whatever the explanation, there is now provided an
      improved fish bait composition and a method for its preparation which
      leads to an improved method of fishing.
PAR  The dry component is preferably prepared, packaged and stored for the user
      who can then prepare the fish bait composition by moistening the dry
      component with sufficient water component to moisten the fish bait
      particles so the cohesive mass can be molded. The user can determine the
      sufficient amount of water required, or can follow the explicit teachings
      of the present invention. The dry component will contain about equal parts
      by volume when dry fish mixture and freeze dried fish eggs comprise
      essentially such dry component. Generally, each of these dry food
      ingredients can be present in ranges of about 40%-60% by volume.
PAR  A dry component including added plant binder will contain lesser amounts of
      the pulverized freeze dried fish eggs. The dry fish food mixture will
      comrpise a major proportion and the freeze dried fish eggs and added
      binder will, together, comprise a minor proportion of the dry component.
      The dry fish mixture is generally present in amounts of about 70%- 90% by
      volume, and each of the freeze dried eggs and added binder are each
      present in amounts of about 5%-15% by volume of the dry component.
PAR  The claims of the invention are now presented and the terms of such claims
      may be further understood by reference to the language of the preceding
      specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fish bait composition which includes
PA1  a dry component comprising a pulverulent fish food including at least fish
      meal, said fish food having at least a 30% protein content, and said dry
      component further comprising pulverized freeze dried fish eggs which have
      a fine particle size relative to the coarser particle size of the fish
      food,
PA1  said pulverized freeze dried fish eggs being distributed throughout said
      coarser fish food,
PA1  water intimately mixed with said dry component in an amount sufficient to
      moisten all the particles present in said dry component, and
PA1  said pulverized freeze dried fish eggs present in the dry component being
      in an amount sufficient to provide binding so a resultant cohesive mass of
      the moistened fish bait particles can be formed for mounting to a fish
      hook and retention on said fish hook when depositing the fish hook and
      mounted fish bait composition into a body of water to attract fish.
NUM  2.
PAR  2. A fish bait composition which includes the features of claim 1 above
      wherein said dry component consists essentially of about equal parts by
      volume of the pulverized freeze dried fish eggs and the fish food.
NUM  3.
PAR  3. A fish bait composition which includes the features of claim 2 wherein
      about four parts by volume of said dry component is mixed with about three
      parts by volume of said water to obtain said cohesive mass.
NUM  4.
PAR  4. A fish bait composition which includes the features of claim 1 wherein
      said dry component further includes a water activated natural plant
      binder.
NUM  5.
PAR  5. A fish bait composition which includes the features of claim 4 wherein
      said fish food is present in a major proportion in said dry component, and
      said pulverized freeze dried fish eggs and plant binder together are
      present in a minor proportion in said dry component.
NUM  6.
PAR  6. A fish bait composition which includes the features of claim 5 wherein
      about one part by volume of said dry component is combined with about
      one-half part by volume of said water to obtain said cohesive mass.
NUM  7.
PAR  7. A fish bait composition which includes the features of claim 4 wherein
      said plant binder is a vegetable gum activated by water to at least swell
      in the presence of such water.
NUM  8.
PAR  8. A fish bait composition which includes the features of claim 4 wherein
      said plant binder is a starch activated by water to at least swell in the
      presence of such water.
NUM  9.
PAR  9. A fish bait composition which includes the features of claim 4 wherein
      said plant binder is dextrin which is activated by dissolving in water.
NUM  10.
PAR  10. A fish bait composition which includes the features of claim 1 wherein
      said dry component is present from about 50% to about 70% by volume in the
      composition, and said water is present from about 30% to about 50% by
      volume in said composition.
NUM  11.
PAR  11. A fish bait composition which includes the features of claim 10 wherein
      said fish food in said dry component is present from about 50% to about
      90% by volume, and said pulverized freeze dried fish eggs are present from
      about 10% to about 50% by volume in the dry component.
NUM  12.
PAR  12. A fish bait composition which includes the features of claim 11 wherein
      said dry component further includes from about 5% to about 15% of a water
      activated plant binder, with the further provision that the pulverized
      freeze dried fish eggs are present in about the same parts by volume as
      said plant binder.
NUM  13.
PAR  13. A fish bait composition which includes the features of claim 12 wherein
      said plant binder is selected from the group consisting of a water
      activated vegetable gum, a water activated starch, and water activated
      dextrin.
NUM  14.
PAR  14. A fish bait composition which includes the features of claim 12 wherein
      said dry component comprises about equal parts by volume of fish food and
      pulverized freeze dried fish eggs, and wherein about four parts by volume
      of said dry component is mixed with about three parts by volume of said
      water.
NUM  15.
PAR  15. A fish bait composition which includes the features of claim 12 wherein
      said dry component comprises about five parts by volume of dry fish food,
      about one-half part by volume of pulverized freeze dried fish eggs and
      about one-half part by volume of an plant binder, and wherein about two
      parts by volume of said dry component is combined with about one part by
      volume of the water to obtain said cohesive mass.
NUM  16.
PAR  16. A fish bait composition which includes the features of claim 15 wherein
      said plant binder includes a mixture of water activated vegetable gum and
      plant starch.
NUM  17.
PAR  17. A fish bait dry component adapted to be combined with water to obtain a
      moistened, moldable, cohesive mass for mounting to a fish hook, said dry
      component including fish food of coarsely ground particles including at
      least fish meal and having a protein content of at least 30%, and
PA1  pulverized freeze dried fish eggs distributed throughout said fish food,
      said fish eggs having a fine particle size relative to said fish food.
NUM  18.
PAR  18. A fish bait dry component which includes the features of claim 17
      wherein said dry component further includes a minor amount of a water
      activated plant binder selected from the group consisting of vegetable
      gum, plant starch, and dextrin.
NUM  19.
PAR  19. A fish bait dry component which includes the features of claim 18
      wherein said fish food comprises a major proportion, and said freeze dried
      fish eggs and plant binder are present in about equal proportions by
      weight, and comprise a minor proportion of said dry component.
NUM  20.
PAR  20. A fish bait dry component which includes the features of claim 18
      wherein said dry fish food is present from about 70% to about 90% by
      volume and each of the freeze dried eggs and plant binder is present from
      about 5% to about 15% by volume in said dry component.
NUM  21.
PAR  21. A fish bait dry component which includes the features of claim 20
      wherein said dry fish food is present in about 80% by volume and each of
      said freeze dried fish eggs and plant binder is present at about 10% by
      volume in said dry component.
NUM  22.
PAR  22. A fish bait dry component which includes the features of claim 21
      wherein said plant binder is a mixture of water activated vegetable gum
      and plant starch.
NUM  23.
PAR  23. A fish bait dry component which includes the features of claim 17
      wherein said dry fish food and said pulverized freeze dried fish eggs are
      present in about equal proportions by volume in said dry component.
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ABST
PAL  A raw fish bait product, and method of making same, consisting almost
      entirely of a relatively solidly compacted body of comminuted, dried out
      raw fish remnants having structural integrity sufficient to maintain its
      basic form and shape when submerged in water for substantial periods of
      time.
BSUM
PAR  This invention relates to a new and improved natural fish bait and method
      of manufacturing same.
PAR  In particular, the invention in its present form and as developed and
      tested to date, is particularly useful as bait in traps for crustaceans
      such as crab and lobster.
PAR  In essence the product embodying the invention consists entirely of a
      mixture of raw fish carcasses including the skin, bone, entrails, and meat
      residue thereof preferably supplemented with remnants of raw squid, clam
      meat or the like, which is processed and manufactured in the form of a
      comminuted, substantially dry mass compressed and shaped in a geometric
      form, such as a cylindrical wafer. Raw fish carcasses, and remnants of
      squid or other skeletal or non-skeletal fish, will be collectively
      referred to hereinafter and in the claims as "remnants."
PAR  A principal object and advantage of the present invention is to provide a
      natural --i.e. entirely, or substantially entirely raw fish product --
      which has an exceptionally and unexpectedly long shelf life, with or
      without refrigeration, and which has an exceptionally and unexpectedly
      long useful life as an underwater bait, capable of attracting its prey
      even after prolonged submergence and physical and chemical action of the
      underwater environment.
PAR  In commercial fishing on the Pacific Coast, for instance, it is often
      necessary or desirable to set and leave crab traps for periods of 4 -  6
      days before returning for the catch. Obviously any bait which has an
      effective "bait life" -- i.e., the ability to attract crabs into the trap
      -- for only a minor fraction of the time that the trap is set before
      recovery, is inefficient and relatively uneconomical as compared to a
      product with a "bait life" that can extend over the full duration of the
      trap set before recovery of the catch.
PAR  In this connection it is conventional practice amongst commercial crab
      fishermen to bait their traps with the fresh carcasses of raw fish,
      particularly rock fish, such as ling cod, black cod, and red snapper. In
      conventional practice the raw fish carcasses are hung inside the trap so
      that odors from the carcass can pass from inside the trap to the
      surrounding waters to thereby attract crabs into the trap where the bait
      is suspended. Often the hanging carcass is supplemented with squid or
      clams suspended in a perforated jar called a Bait Jar. Although raw fish
      carcass is an exceedingly effective crab bait for relatively short periods
      of time, such bait has a maximum useful life of 2 days before spoiling to
      such an extent that it is no longer an effective bait. As noted above, it
      is often necessary, usually because of weather conditions, for commercial
      fishermen to have to leave their traps up to 4 -  6 days before returning
      for the catch, and it is apparent that it is inefficient and relatively
      unproductive to utilize bait (such as raw fish carcass) that has an
      effective bait life for only a fraction of the time that the trap is set.
PAR  Tests in respect to the present invention, as conducted to date, evidence
      that it has an effective bait life in salt water of up to six days and
      thereby is many times more effective and productive than conventional
      fresh raw fish carcass bait as above described.
PAR  Further, when raw fish carcasses and the supplemental bait have been
      allowed to completely spoil inside the trap and/or perforated bait jars,
      it is a time consuming, relatively costly, and most unpleasant task to
      thoroughly clean the rotted material from them and to make the same usable
      for the next use. In using the present invention, the spoilage of the bait
      not only is a lot less likely to occur, but remaining bait within the
      container can be quickly and readily shaken out and the container rinsed
      without mess or time consuming difficulty.
PAR  Another object and advantage of the invention is to utilize what is largely
      waste product from commercial fishing -- i.e. the fish carcasses and other
      fish remnants which are usually, although not always, thrown away as waste
     .
DETD
PAR  The best mode developed to date for making a product embodying the present
      invention in limited quantity is set forth hereinbelow by the following
      examples and descriptions.
PAC  PROCESS OF MANUFACTURE
PAR  A mixture of 9 pounds of fresh raw fish (rock fish) carcasses plus 1 pound
      of raw squid remnants was ground into relatively small particles using a
      conventional domestic garbage disposal unit as a grinder without adding
      additional water during the grinding process. These ground particles were
      then placed on a black polyethylene plastic sheet and warm air dried with
      the assistance of an air fan at temperatures in the range of approximately
      80.degree.F to 120.degree.F, until such particles were crumbly and
      substantially dry to the touch. This air dried material was then weighed
      and had a net weight of approximately 3 pounds, indicating a water loss of
      about 7 pounds during the drying step. Thereupon the mass of relatively
      dry particles was further ground and comminuted by placing them into a
      conventional type kitchen blender. The resulting intermediate product was
      observed to have the texture and touch of a relatively coarse meal such as
      coarse ground corn meal, for example.
PAR  This mixture was then placed in a 3-inch diameter 5-ton hydraulic ram press
      which was operated to compress and compact the loose mealy type mixture to
      about one-third its original volume and to form a relatively densely
      compacted 3 inch cylinder of said material. The compression step also
      appears to cause the release and more or less uniform distribution of oils
      throughout the mass. The final weight of the cylinder so formed was 23/4
      pounds, indicating that during compressing and compacting step some
      further moisture and some oils were extruded.
PAR  Subsequently, approximately 1/2 inch slices were cut from the cylinder to
      form individual wafers approximately 3 inches in diameter and one-half
      inch thick.
PAR  Utilizing these wafers the following experiments and tests have been
      performed:
PAC  EFFECTIVENESS OF BAIT
PAR  In one test fresh, live and active crabs were placed in a tank downstream
      from a constant flow of sea water being introduced into one end of the
      tank. Adjacent the inlet end a raw fish wafer embodying the invention was
      placed in the moving stream and the crabs upon sensing the bait upstream
      moved toward the bait and upon reaching same commenced to devour the same.
      Similar results were observed on numerous subsequent similar tests.
PAR  In other repeated tests, wafers embodying the invention were placed in bait
      jars inside crab traps in San Francisco Bay at commercial fishing
      locations and healthy catches of crabs were made.
PAC  EFFECTIVE BAIT LIFE
PAR  In another test a wafer embodying the present invention was placed in a jar
      of sea water and maintained at approximately 50.degree.F for a period of
      six days. During the first day frequent observations were made which
      indicated that within a period of several hours the outer layers of the
      raw fish particles comprising the wafer swelled to a point where the
      thickness of the wafer increased approximately one-quarter inch. However,
      the wafer otherwise maintained its structural integrity under water and
      remained firm to the touch of a knife blade. Thirty six hours after
      initial submersion the wafer swelled about another one-quarter inch in
      thickness but again maintained its structural integrity. From that time on
      no substantial changes were observed to occur in terms of swelling or
      change of color until the end of the sixth day where the product had
      substantially softened in water although no substantial spoilage seemed to
      have occurred. This same wafer after being submerged 6 days was placed in
      the live crab tank under conditions described above, and demonstrated it
      still had effective bait attracting qualities to the crabs. This same test
      was also made with the wafers submerged for a total of 6 days in a bait
      jar within a crab pot at about 6 fathoms with crabs still being attracted
      inside the traps on the sixth day thereby demonstrating the long effective
      bait life of the product.
PAC  SHELF LIFE
PAR  Without any preservatives added, wafers made according to the above
      described process, wrapped loosely in sheet plastic, and maintained at
      room temperature have lasted upwards of 90 days without apparent spoilage
      and without losing their quality as an attractive bait to crabs according
      to tests conducted in the crab tank as hereinabove set forth.
PAC  DENSITY
PAR  The density of the wafer product made according to the hereinabove
      described process was measured and determined to be 17.3 grams per cubic
      inch.
PAR  In actual use as bait in a commercial crab trap, raw fish wafers embodying
      the invention are preferably wrapped in a fairly fine fabric or wire mesh
      to give them additional structural integrity which may then in turn be
      placed in a conventional perforated bait container suspended inside the
      crab trap. The odor and flavor of the wafers when submerged under water
      are permitted to flow outwardly to attract crabs inside the trap. More
      specifically, due in large measure to the action of water currents, the
      surface particles of the wafer gradually flake off and migrate outside the
      bait jar and outside the trap. However, the perforated container prevents
      the crabs from actually devouring the bait.
PAR  Although raw fish bait of the present type has been especially developed in
      reference to serving as bait for crab traps, the use to which such bait
      product may be put is not considered as limiting the scope of the
      invention. For example, it is contemplated that chunks or relatively small
      pieces of the present bait product could be used for baiting hooks or as
      bait for attracting fish other than crabs.
PAR  Although according to the testing and evaluation to date raw fish wafers
      made according to the invention possess qualities of substantially long
      shelf life at room temperature without preservatives being added, it is
      considered within the scope of the present invention that certain selected
      food preservatives in predetermined quantities could be added to prolong
      not only the shelf life of the product but to also extend the usable life
      of the bait under water.
PAR  Further, although we consider it preferable to supplement the raw fish
      carcasses with remnants of squids, clams or the like to give the wafer a
      seemingly greater and faster bait attractability quality, we have
      conducted tests of the type described hereinabove under the headings
      "Effectiveness of Bait" and "Effective Bait Life" with raw fish wafers
      made in the manner above described, but solely out of raw fish carcasses
      and without the addition of any squid remnants or the like. The wafers so
      made and tested very effectively attracted crabs both in the tank and
      underwater trap tests, and no differences in terms of effective bait life
      have been observed to date between wafers supplemented by squid remnants
      and those made entirely of raw fish carcasses.
PAR  Although the present invention has been described in some detail by way of
      illustration and example, it is understood that the scope of the invention
      is limited by the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fish bait product consisting almost entirely of relatively solidly
      compacted body of comminuted, substantially dried out raw fish remnants
      having structural integrity sufficient to maintain its basic form and
      shape when submerged in water.
NUM  2.
PAR  2. A product according to claim 1 and wherein said raw fish remnants
      consist almost entirely of raw fish carcasses.
NUM  3.
PAR  3. A product according to claim 1 and wherein said remnants include a
      mixture of raw fish carcasses and a relatively minor amount of remnants
      from non-skeletal raw fish such as squid.
NUM  4.
PAR  4. A product according to claim 1 which is substantially free of any
      substantive amounts of preservatives or additives.
NUM  5.
PAR  5. The product of claim 1 and wherein the density of the wafer is in the
      range of 15 -  20 grams per cubic inch.
NUM  6.
PAR  6. A method of making a raw fish bait product comprising the steps of
      comminuting the remnants of fresh raw fish; drying the comminuted mass to
      a point where said mass is substantially dry to the touch and has a
      substantially coarse meally texture and consistency; then compressing and
      compacting said comminuted dry raw fish particles into a discrete body of
      geometric form and shape having structural integrity sufficient to
      maintain its basic form and shape when submerged in water.
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ABST
PAL  Calcium-sodium-phosphates suitable for animal feed use are produced by
      heating a granulated mixture containing 1.75 to 2.25 moles calcium oxide
      and 1.25 to 0.75 moles sodium oxide per mole of P.sub.2 O.sub.5 for at
      least 10 minutes to between 600.degree. to 1,000.degree.C, while being
      subjected to vigorous movement and cooling to room temperature.
BSUM
PAR  In Rhenanit, a tertiary calcium-sodium phosphate insoluble in water and
      with the formula CaNaPO.sub.4, phosphoric acid is present in a form
      readily taken up by plants and animals. Because of its content of calcium
      and sodium, as well as the absence of fluorine, otherwise very frequently
      contained in technical and natural phosphates, Rhenanit is suitable for
      use as a supplementary food in animal nutrition.
PAR  Various processes already exist for manufacturing water-soluble sodium
      phosphates which can be used as supplementary animal food. In order to
      ensure that these products do not contain any harmful fluorine, di- or
      tricalcium phosphates of low fluorine content are used as starting
      materials. According to specifications given in German Pat. No. 563,234,
      these materials are converted into primary calcium phosphate using
      concentrated phosphoric acid and are then partially neutralized with
      anhydrous sodium carbonate. This procedure is improved upon by measures
      described in German Pat. No. 686,950 according to which instead of sodium
      carbonate a sodium salt of a volatile but still considerably concentrated
      acid is used, which can be added with the phosphoric acid during or even
      before the decomposition of the phosphate. Since the temperature to be
      maintained during this reaction is below 200.degree.C, and lies preferably
      in the range of only 100.degree. to 150.degree.C, only a mixture of sodium
      phosphate and dicalcium phosphate results.
PAR  Calcium-sodium-phosphates are also known to be obtainable by decomposition
      of dicalcium phosphate and sodium carbonate at temperatures ranging from
      600.degree. to 1,200.degree.C. If this process is carried out at
      temperatures below approx. 800.degree.C in the form of the so-called
      sinter process, the final product still contains a certain amount of
      nondecomposed carbonate. These final products are however free of
      fluorine, if obtained in a process using a dicalcium phosphate without
      fluorine content.
PAR  A fundamental disadvantage of this existing process lies in the fact that
      the di- or tricalcium phosphates used as initial materials must themselves
      first be processed from crude phosphate. Insofar as the final products
      obtained by this existing process are to be used as supplementary animal
      food, every effort must be made to obtain an intermediate with the lowest
      possible fluorine content. Recognition of these facts led to the
      development of various processes for manufacturing
      calcium-sodium-phosphates which would render an isolated production of
      these intermediates inessential. In these processes crude phosphates,
      phosphoric acid and sodium salts of volatile acids are decomposed at high
      temperatures, whereby the fluorine contained in the crude phosphate is at
      the same time largely expelled. For this purpose it is necessary -- as
      stated in German Pat. No. 967,674 -- to calcine the mixture of reaction
      components for a considerable period in the presence of steam at a
      temperature between 1,000.degree. and 1,200.degree.C. The mixture of
      reaction components can preferably be first annealed at temperatures
      between 1,000.degree. and 1,2000.degree.C.
PAR  Similar processes are also described in German interpretation specification
      No. 1,816,660 and U.S. Pat. Nos. 2,442,969 and 2,893,834. In other
      processes, primary or secondary sodium phosphates are used instead of the
      mixture of phosphoric acid and sodium compounds, as for example in the
      processes described in German interpretation specification No. 1,062,259
      and U.S. Pat. No. 3,058,804. In U.S. Pat. No. 2,997,367 and Canadian Pat.
      No. 635,635, the possibility of using triple phosphate instead of
      phosphoric acid is mentioned. For this purpose, as is explained in
      Canadian Pat. No. 635,635, a temperature range of 370.degree. to
      1,480.degree.C is required for carrying out the decomposition process,
      emphasis being laid on the fact that poor results are to be expected at
      conversion temperatures below approx. 1,200.degree.C. Descriptions of
      experiments given in this Patent show that at a reaction temperature of
      400.degree. C in the presence of triple phosphate only 59 %, and in the
      presence of phosphoric acid only 22 % of the crude phosphate is
      decomposed. The necessary condition common to all these known processes is
      the maintaining of a reaction temperature of at least 1,000.degree.C, in
      some cases even of up to 1,400.degree.C, in order to ensure the creation
      of a largely low-fluorine final product, the P.sub.2 O.sub.5 content of
      which will have practically complete physiological effectiveness.
PAR  A process for manufacturing a slow-acting fertilizer from crude phosphate,
      potassium hydroxide and phosphoric acid is known from US Pat. No.
      3,698,885, according to which the starting materials are mixed in relative
      quantities such that the molar ratio CaO : K.sub.2 O : P.sub.2 O.sub.5 in
      the mixture is 1.7 - 3.7 : 1.2 - 2.0 : 1. This mixture is then decomposed
      at a temperature of 800.degree. to 1,100.degree.C. Higher temperatures
      cannot be applied here, as otherwise considerable losses of potassium
      would result. In these processes it is furthermore accepted that the
      fluorine contained in the crude phosphate will remain in the final
      product, since an excess of cations is always present in the reaction
      mixture. For this reason the products obtained by these processes are not
      suitable for use as supplementary animal food. The high potassium content
      of these products is a further disqualification of their use for animal
      nutrition purposes.
PAR  Since the high reaction temperatures required by the existing processes for
      producing calcium-sodium-phosphates of animal food quality from crude
      phosphate necessitate high equipment expenditure and high power input,
      investigations have been carried out to find new processes which do not
      need these high reaction temperatures, but which will still yield products
      of a quality suitable for use in animal nutrition.
PAR  A process has now been found for producing calcium-sodium-phosphates
      consisting mainly of Rhenanit and suitable for use as supplementary animal
      food, by heating a mixture of crude phosphate, phosphoric acid and sodium
      hydroxide or sodium compounds with anions, volatile under reaction
      conditions, up to a maximum temperature of 1,000.degree.C. This process is
      distinguished by the fact that the reaction components are granulated as a
      mixture which per mole P.sub.2 O.sub.5 contains 1.75 to 2.25 mole CaO and
      1.25 to 0.75 mole Na.sub.2 O ; the granulated material is then heated, at
      the same time being subjected to vigorous movement, for at least 20
      minutes up to temperatures of 600.degree. to 1,000.degree.C, preferably
      800.degree. to 1,000.degree.C, and is finally cooled down to room
      temperature.
PAR  All forms of crude phosphate common in the fertilizer and animal feed
      industry can be used in this newly-invented process.
PAR  In addition to sodium hydroxide, all compounds with anions volatile under
      reaction conditions, particularly heating to high temperatures, are
      suitable as sodium component. Such compounds are for instance sodium
      carbonate, sodium hydrogen carbonate, sodium chloride, sodium sulphate or
      sodium nitrate. These compounds can also be used mixed with each other as
      well as together with sodium hydroxide. The most practical method of
      obtaining the necessary phosphoric acid is by decomposition of crude
      phosphate using concentrated sulphuric acid. Thermal phosphoric acid may
      however also be used for the invented process. In all cases this
      phosphoric acid must conform to the requirements with regard to purity and
      concentration which must be fulfilled by a phosphoric acid of technical
      grade.
PAR  The starting materials are granulated while being vigorously mixed
      together. This mixing can be done in commonly used granulating equipment
      such as double-screw mixers or rotary drums. The granulated material thus
      obtained is then dried. For this purpose it can be heated, while being
      subjected to movement, to temperatures ranging preferably from 80.degree.
      to 120.degree.C. This phase of the process can also be performed in heated
      rotary drums if necessary, or using other equipment suitable for such
      purposes.
PAR  In the next stage of the process, which may be carried out directly after
      that described above, or at a later date and in a different location, the
      granulated material obtained in this way is heated, being at the same time
      subjected to vigorous movement, for at least 10 minutes up to temperatures
      of 600.degree. to 1,000.degree.C, preferably 800.degree. to
      1,000.degree.C. This heating can be done with all directly heated
      equipment suitable for use in calcination processes, such as rotary kilns
      or storey furnaces and other forms of roasting furnace. Fluidized bed
      reactors are also excellently suited for this purpose.
PAR  This heating of the initial mixture can be performed either in a continuous
      or discontinuous manner. The essential requirement is that the reaction
      mixture is heated to a temperature between 600.degree. and 1,000.degree.C,
      preferably between 800.degree. and 1,000.degree.C, and that this
      temperature is maintained during the reaction period lasting from at least
      10 minutes to preferably 5 hours. During this period the initial
      components are converted into a product which quantitatively consists
      chiefly of Rhenanit, which has the formula CaNaPO.sub.4. At the same time,
      the fluorine contained in the crude phosphate and the technical phosphoric
      acid is expelled to such an extent that a final product containing less
      than 0.2 % by weight fluorine is obtained. According to the standards of
      technology existing hitherto, such a thorough defluorination could not
      have been expected at a temperature below 1,000.degree.C. The product
      withdrawn from the calcination unit is then cooled down to room
      temperature.
PAR  Cooling drums or other cooling equipment suitable for cooling down loose
      reaction material from approx. 1,000.degree.C to room temperature can be
      used for this purpose.
PAR  The products thus obtained are especially suitable for use as mineral
      supplementary food in animal nutrition, where they have a demonstrably
      higher degree of effectiveness than mixtures of calcium and sodium
      phosphates.
DETD
PAR  Several examples will now serve to illustrate the process which has been
      invented.
PAC  EXAMPLE 1
PAR  100 parts by weight of ground Morocco phosphate are mixed and
      simultaneously granulated with 33.9 % by weight P.sub.2 O.sub.5, 52.1 % by
      weight CaO and 3.9 % by weight F with 50 parts by weight technical soda
      and 60 parts by weight technical phosphoric acid with 53.6 % by weight
      P.sub.2 O.sub.5. The granulated material is dried at a temperature of
      90.degree. to 120.degree.C and the fraction is screened out at between 1
      and 3 mm for the reaction. This granulated material is then calcined in a
      rotary kiln at temperatures of 800.degree.C for a period of 2.5 hours. The
      final product subsequently obtained contains 42.7 % by weight P.sub.2
      O.sub.5, 13.8 % by weight Na, 24.0 % by weight Ca and 0.13 % by weight F.
      The X-ray diagram shows it to consist mainly of Rhenanit.
PAC  EXAMPLE 2
PAR  100 parts by weight of ground crude phosphate are mixed and simultaneously
      granulated with 37.1 % by weight P.sub.2 O.sub.5, 50.6 % by weight CaO and
      3.5 % by weight F with 69 parts by weight technical soda and 67 parts by
      weight technical phosphoric acid with 54.0 % by weight P.sub.2 O.sub.5.
      The granulated material is dried and the fraction is screened out at
      between 0.5 and 1 mm for the reaction. The granules are then calcined in a
      fluidized bed reactor at a temperature of 800.degree.C for a period of 30
      minutes. The final product yielded by this process contains 42.7 % by
      weight P.sub.2 O.sub.5, 17.3 % by weight Na, 21 % by weight Ca and 0.15 %
      by weight F. The X-ray diagram shows it to consist mainly of Rhenanit.
PAC  EXAMPLE 3
PAR  Applying the same method as for Example 2, 100 parts by weight of ground
      crude phosphate are mixed with 36 parts by weight technical soda and 40
      parts by weight technical phosphoric acid with 53.0 % by weight P.sub.2
      O.sub.5, granulated, screened out and calcined in a fluidized bed reactor
      at a temperature of 900.degree.C for a period of 2 hours. The final
      product obtained contains 42.7 % by weight P.sub.2 O.sub.5, 11.0 % by
      weight Na, 26.5 % by weight Ca and 0.17 % by weight F. The X-ray diagram
      shows the product to consist mainly of Rhenanit.
PAC  EXAMPLE 4
PAR  Following the same procedure as for Example 2, 100 parts by weight of
      ground crude phosphate are mixed with 60 parts by weight technical soda
      and 51 parts by weight technical phosphoric acid with 53 % by weight
      P.sub.2 O.sub.5, granulated, screened out and calcined in a fluidized bed
      reactor at a temperature of 900.degree.C for a duration of 3 hours. The
      final product obtained contains 40.9 % by weight P.sub.2 O.sub.5, 16.5 %
      by weight Na, 23.0 % by weight Ca and 0.18 % by weight F. The X-ray
      diagram shows the product to consist mainly of Rhenanit.
PAC  EXAMPLE 5
PAR  100 parts by weight of ground Morocco phosphate are mixed and
      simultaneously granulated together with 33.9 % by weight P.sub.2 O.sub.5,
      52.1 % by weight CaO and 3.9 % by weight F with 55 parts by weight ground
      sodium chloride and 60 parts by weight of technical phosphoric acid with
      53.6 % by weight P.sub.2 O.sub.5. The granulated material is dried and the
      fraction screened out at between 1 and 3 mm for the reaction.
PAR  These granules are then calcined in a rotary kiln at a temperature of
      800.degree.C for a period of 30 minutes. The final product yielded by this
      process contains 43.0 % by weight P.sub.2 O.sub.5, of which 99.5 % (rel.)
      are soluble in citric acid, 14 % by weight Na, 24.3 % by weight Ca, 0.05 %
      by weight F and 0.2 % by weight Cl. The X-ray diagram shows the product to
      consist mainly of Rhenanit.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for manufacturing calcium-sodium-phosphates consisting
      mainly of Rhenanit and suitable as supplementary animal food by heating a
      mixture of crude phosphate, phosphoric acid and sodium hydroxide or sodium
      compounds with anions, which are volatile under the process reaction
      conditions, to temperatures not exceeding 1,000.degree.C, the improvement
      comprising granulating the mixture which contains 1.75 to 2.25 mole CaO
      and 1.25 to 0.75 mole Na.sub.2 O per mole P.sub.2 O.sub.5, drying the
      resulting granules, heating the granules for at least 10 minutes, while
      being subjected to vigorous movement, up to temperatures between
      600.degree. to 1,000.degree.C so as to defluorinate the granulated
      mixture, and finally cooling the granules to room temperature so as to
      obtain a calcium-sodium-phosphate product having a substantially reduced
      fluorine content.
NUM  2.
PAR  2. Process according to claim 1, wherein the granules are heated to a
      temperature of 800.degree. to 1,000.degree.C.
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ABST
PAL  A method of manifold copying using recording members having a dielectric
      surface on one side and surface of relatively lower resistivity on the
      opposite surface, which comprises forming a pack by placing sheet on sheet
      with the dielectric surfaces facing one way so that each dielectric
      surface excepting on one outer sheet is in contact with the lower
      resistivity surface of the next sheet, then placing the pack on a support
      with the lower resistivity surfaces on each sheet facing the support, then
      contacting the sheet further removed from the support with pressure
      imaging means, thereby to form a latent image on each dielectric surface,
      then separating the sheets of the pack and developing the latent image on
      each sheet by attracting thereto electroscopic marking particles.
PARN
PAR  This invention is a continuation in part of our earlier patent application
      Ser. No. 120,763 of Mar. 3, 1971, now abandoned relating to manifolding
      and in particular relates to a method whereby duplicate copies of visual
      information may be produced by pressure printing methods without using a
      transfer tissue such as a carbon coated tissue or the like.
BSUM
PAR  Pressure transfer printing methods are known in which duplicate copies of
      visual information are produced simultaneously by the use of carbon coated
      tissues interleaved between the sheets upon which the information is
      required to be reproduced, such methods including the well known
      typewriter and computer printout devices, in which a raised character is
      used to impress a pressure area on the stack of sheets, whereby such
      pressure transfers carbon or other colouring material from the tissue or
      other donor surface to the face of the recording member in contact with
      the coated side of such tissue. A more recent method of producing such
      copies is known in which the printing pressure is used to release reacting
      chemicals contained at the surface of the recording member and the back of
      the overlying sheet. In other instances the carbon coating or other
      colouring matter may be contained on the back of the overlying sheet
      itself.
PAR  A disadvantage of such prior art carbon transfer methods is the limited
      number of legible copies which may be produced simultaneously due to a
      progressive loss in the edge definition which occurs when the position of
      the recording member in the stack becomes progressively further removed
      from the image impressing means. This disadvantage is accompanied by a
      density loss which is also progressive and in combination these two
      factors necessitate the production of carbon tissues on which the carbon
      coating is of higher density than would be necessary to produce acceptable
      density legible copy when a lesser number of copies were to be produced.
      It is also apparent that much of the carbon or other coating on the tissue
      is wasted as only a very small percentage of such tissue is normally
      subjected to the printing pressure in order to obtain pressure transfer
      copies on the recording members.
PAR  Electrostatic recording methods and means are also known in which an
      electrostatic charge corresponding to the information to be recorded is
      impressed by various means on the surface of a recording member, such as
      is known for instance in the art of signal recording. Electrostatic signal
      recording means usually employ a stylus or styli which contact the
      dielectric surface of an electrographic sheet, and to which a voltage
      impulse may be applied whereby an electrostatic charge is applied
      patternwise to the dielectric surface of the electrographic recording
      member, such electrostatic charge pattern being developed by attracting
      thereto an electroscopic powder which may be dry marking particles or a
      suspension of such marking particles in an insulating carrier liquid, the
      insulating properties of the liquid being defined in relation to its
      volume resistivity and dielectric constant, and it is normally considered
      that such carrier liquids have a volume resistivity in excess of 10.sup.9
      ohm-cm and dielectric constant less than 3. When such voltage impulses are
      applied to selected styli or to styli positioned in selected positions by
      the action of a sensing means scanning the original document the charge
      pattern which is ultimately developed corresponds to the information
      contained on the original.
PAR  A disadvantage of such electrostatic recording methods lies in their
      general restriction to the production of single copies only at the one
      time, and consequently prior art electrostatic recording methods have not
      been found applicable to manifolding.
PAR  It is also known to produce electrostatic images on dielectric surfaces by
      contacting such surfaces with a relatively conducting member and applying
      an impact which forces the two surfaces into patterned contact, as taught
      by Stowell in U.S. Pat. No. 3,108,994. However the Stowell method is not
      applicable to and nor does it visualise high resolution manifolding. The
      methods outlined produce mirror images, or images on a single backing
      member, and the conductive interleaved sheets would be expected to confer
      the same progressive loss in edge definition as that produced by
      interleaved carbon tissue if it was attempted to use the Stowell method
      for manifolding. In addition the removal of the interleaved conducting
      sheets prior to image development would be a cumbersome operation.
PAR  Cunningham et al. in U.S Pat. No. 3,579,330, have proposed a method in
      which triboelectric separation of materials may be used to provide imaging
      means. In their method the recording member consists of a sheet of paper
      or the like having a dielectric surface on one side thereof, which surface
      is imaged by contact with a triboelectrically different material, such
      contact being in patterned form. The triboelectrically different surface
      of U.S. Pat. No. 3,579,330 is referred to as the back surface of the
      recording member, and the back surfaces of the various recording members
      are connected together with an electrical conductor contiguous to each
      during the period of separation. Cunningham considered that the image
      forming phenomenon was triboelectric in nature and that provided a
      triboelectric difference existed between the two surfaces in contact a
      patterned charge could be produced on separation of the two surfaces. He
      also believed that the latent image was in the form of an electrostatic
      charge on the dielectric surface of the recording member, and the polarity
      of this charge depended on the relative positions of the dielectric
      material and the back surface in the triboelectric series.
PAR  We have now found that the several disadvantages of these prior art methods
      may be overcome in a manner not foreshadowed by the prior art, by
      utilizing electrostatic charges or dielectric or electric effects or other
      surface or structural or deformation effects induced in or on the
      dielectric layer by pressure or contact which effects result in the
      formation of a latent image which can be rendered visible by the
      application thereto of electroscopic or electrophoretic toning material.
      In this instance we have found that manifold copies of information may be
      produced by pressure imaging means using a recording member which consists
      of a sheet of paper or the like having coated on one side thereof a
      dielectric layer such as an alkyd resin or a polyester resin or a
      polyvinyl butyral resin or the like with a surface resistivity in excess
      of 10.sup.12 ohms/sq cm, such recording member being further characterised
      by having a back surface the surface resistivity of which does not exceed
      10.sup.8 ohm/sq cm at 50% relative humidity, such relative surface
      conductivity being obtained by coating the backing with a low resistivity
      medium or soaking the backing member itself with a solution of a
      conductive resin or the like prior to the application of the dielectric
      layer. We have found that when a stack of such recording members is
      positioned so that the dielectric surface of each recording member is
      contacted with the backing of the overlying sheet, the impact of a
      typewriter key or the like against the surface of the top sheet of the
      stack produces a latent image on the dielectric surface of each recording
      member in the stack corresponding to the shape of the impacting surface of
      the typewriter key or the like. We have also found surprisingly that the
      impact force necessary to produce such latent images in a manifold set is
      considerably less than that required when carbon tissue is used for
      manifold copying, it being possible using our recording member combination
      to image up to 10 sheets simultaneously on an electric typewriter at the
      pressure setting normally used to produce one copy only.
PAR  While it has been stated in the foregoing that the back surface of each
      sheet should have a surface resistivity not exceeding 10.sup.8
      ohm/cm.sup.2, this is only required in order to produce copies of maximum
      resolution and intensity in the best manner known to us at present. In
      order to obtain some understanding of the work function involved in
      carrying out this invention, we have imaged dielectric surfaces against a
      variety of backing surfaces, and have found surprisingly that in some
      instances a dielectric surface may be imaged by being pressed into
      patterned contact with another dielectric surface of the same composition.
      A latent image is produced on each surface, and each may be developed in
      the same sense, that is each latent image develops in a manner indicating
      that if the latent image is an electrostatic charge, the charge on each
      surface is of the same polarity. It thus appears that at least in part the
      latent image is produced by surface deformation or volume compression of
      the dielectric material in the image areas, such deformation or
      compression being developed as an apparent electrostatic surface charge by
      the application of electroscopic marking particles to the deformed
      dielectric surface. The use of a relatively conducting backing in contact
      with the dielectric surface during imaging enhances image density obtained
      on development, however we have found that the triboelectric difference
      between the two surfaces is not a reliable measure of attainable image
      density, and does not necessarily have any relation to the polarity of the
      apparent charge of the latent image. Thus a dielectric layer consisting of
      a continuous film of polyvinyl butyral resin may be imaged to produce a
      latent image of apparent negative charge when pressed against chromium,
      steel, copper, aluminum, polyester film, polyethylene, bond paper and the
      like. The polyester film was simultaneously imaged and its image area was
      also apparently negatively charged. Generally enhanced images are produced
      when the dielectric surface is imaged in contact with another surface from
      which negative ions or negatively charged molecules can transfer to the
      dielectric surface under pressure. Alternatively positive ions or
      positively charged molecules may be ejected from the dielectric layer
      under pressure and be absorbed by some backing materials and thus removed
      from the dielectric layer. Thus the formation of the latent image on the
      dielectric surface is believed to be primarily an electron migration
      brought about by distortion or compression of the dielectric layer which
      in selected instances may be enhanced by electron or ionic or molecular
      migration from the backing in contact with the dielectric surface under
      pressure. The latent image is not formed triboelectrically and the
      apparent polarity of the latent image does not appear to be influenced by
      triboelectric differences which may exist between the dielectric surface
      and the backing. It will be realised that the previously referred to
      requirement that the backing should have a surface resistivity not in
      excess of 10.sup.8 ohm/sq cm refers to preferred embodiments of the
      invention, in which coating materials capable of producing the required
      image enhancement when used as conducting base coatings are generally less
      than 10.sup.8 ohm/sq cm surface resistivity when coated on a paper base in
      a substantially continuous layer. However many conducting materials, such
      as metal surfaces, are not as effective as the relatively less conductive
      materials used as back coatings on paper webs or the like. We have found
      generally that those backing materials which produced the density
      enhancement previously referred to have been film forming resins, in some
      instances with additives, with surface resistivities as coated within the
      range 10.sup.3 ohm/sq cm - 10.sup.8 ohm/sq cm at 50% relative humidity.
DETD
PAR  The following examples will serve further to illustrate the invention, but
      it should be realised that the examples are intended to be read in the
      illustrative sense only and not as a restriction to the scope of the
      invention.
PAC  EXAMPLE 1
PAR  A manifold paper of 25 grms/sq. meter substance was coated on one side only
      with a 5 grm/sq. meter coating of vinylbenzyl trimethyl ammonium chloride,
      and dried. This coating had a surface resistivity of 1 .times. 10.sup.6
      ohm/sq. cm. at 50% relative humidity. The opposite side of the sheet was
      coated with a dielectric layer of a polyvinyl butyral resin, the weight of
      this coating being 3 grms/sq. meter. The polyvinyl butral resin used
      contained 18-21% polyvinyl alcohol, 69-71% acetal, and is manufactured and
      supplied under the Trade Name "Mowital" B30H by Hoechst. The surface
      resistivity of this coating was slightly in excess of 10.sup.12 ohm/sq.
      cm.
PAR  A manifold set of ten sheets of the so produced recording member was
      positioned in an electric typewriter, the individual sheets being
      positioned so that the dielectric surface of each sheet other than the top
      sheet was in contact with the backing of the overlying sheet. The required
      information was typed on the dielectric surface of the top sheet using the
      minimum impact pressure setting of the typewriter. The sheets were then
      removed from the typewriter and separated. With the exception of the top
      sheet which had been imaged by the typewriter ribbon, the sheets of the
      manifold set were each developed in a bath of liquid dispersed
      electrophotographic toner of the type already described. The actual
      developer used was of the well known office copier type, polarity
      controlled to deposit on electrostatic latent images of negative polarity.
      A clean sharp image was developed on each sheet, the image density being
      in excess of 1.0 on each sheet, and the information on the tenth copy was
      clearly readable.
PAC  EXAMPLE 2
PAR  The dielectric layer of the recording member of Example 1 was replaced with
      a polyvinyl butyral resin containing a higher proportion of acetal, namely
      76-78% produced under the Trade Name "Mowital" B60H by Hoechst.
PAC  EXAMPLE 3
PAR  The dielectric layer of the recording member of Example 1 was replaced with
      a short oil alkyd resin, oil type linseed, oil length 40%, acid No. 25-35,
      viscosity at 25.degree. C T-W Gardner Holt, as produced by Polymer
      Corporation under the Trade Name "Rhodene" L9.50. The surface resistivity
      of this material after drying of the coating was 10.sup.15 ohm/sq. cm.
PAC  EXAMPLES 4-6
PAR  The conductive layer on the backing of each of Examples 1-3 was replaced
      with a 1 grm/sq. meter impregnation of Dow Q X 2611.7 polyelectrolyte
      resin. The surface resistivity of the so produced surface coating was 1
      .times. 10.sup.3 ohms./sq. cm. at 50% relative humidity.
PAC  EXAMPLES 7-9
PAR  The conductive layer on the backing of each of Examples 1-3 was replaced
      with a 2 grm/sq. meter coating comprising 66% by weight ethyl cellulose
      and 34% by weight calcium chloride. The surface resistivity of the so
      produced coating was 10.sup.8 ohm/sq. cm. at 50% relative humidity.
PAC  EXAMPLES 10-12
PAR  The conductive layer on the backing of each of examples 1-3 was replaced
      with a 4 grm/sq. meter coating of a vinyl acetate acrylic copolymer resin
      emulsion, viscosity 30-40 poise, Sp Gr 1.09, particle size 0.1-03 micron,
      pH 4-5, known as Acropol CA.103, and manufactured under that Trade name by
      Polymer Corporation.
PAR  In each of the examples it was found that the electrostatic latent image
      was of negative polarity, and in each instance the latent image was of
      sufficient intensity to be developed with an office copier toner.
PAR  It will be realised that coloured toners may be used to develop any or all
      of the electrostatic latent images produced at the one time if desired,
      such as the well known liquid dispersed toners used in electrophotograph
      colour proofing systems and the like.
PAR  In addition to materials listed in the examples, we have found vinyl
      resins, epoxy resins, polyurethane resins, synthetic rubbers and the like
      to be usable as the dielectric layer on the recording member, provided the
      chosen materials are film forming and produce a dry film with a surface
      resistivity in excess of 10.sup.12 ohm/sq. cm. The dielectric layer may be
      applied by roller or air knife coating or by any other coating method as
      desired, such coating being applied to a coating weight of the order of
      1-10 grms/sq. meter. Generally it will be found advantageous to prepare
      such coatings as thin as is possible without introducing discontinuities
      therein, and we have found that the preferred polyvinyl butyral coatings
      function satisfactorily at a coating weight of 2 grms/sq. meter and no
      particular advantage is obtained by increasing the coating weight beyond 5
      grms/sq. meter.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of manifold copying comprising the following steps:
PA1  A. preparing a multiplicity of thin record sheets to form on each sheet an
      image-receiving dielectric surface coating having a resistivity of at
      least 10.sup.12 ohms per square centimeter and a lower resistivity coated
      reverse surface having a resistivity in the range of 10.sup.3 to 10.sup.8
      ohms per square centimeter at 50 percent relative humidity, limiting the
      dielectric surface coating to a coating weight of no more than 10 grams
      per square meter;
PA1  B. forming a manifold pack by stacking a plurality of said record sheets,
      sheet-on-sheet, with all of the dielectric surfaces facing in one
      direction so that each dielectric surface in the stack, except the
      outermost dielectric surface, is in direct contact with the lower
      resistivity reverse surface of the next adjacent sheet;
PA1  C. positioning the manifold pack on a support with the reverse surfaces
      facing toward the support and the dielectric surfaces facing outwardly
      from the support;
PA1  D. contacting the dielectric surface of the outermost sheet with pressure
      imaging means in accordance with a given pattern to be reproduced, whereby
      the dielectric surface of each sheet except the outermost sheet is
      contacted in pattern form by the lower resistivity surface of the
      overlying sheet, thereby forming a latent image of said pattern on each
      dielectric surface;
PA1  E. separating the sheets of the manifold pack, the dielectric surface of
      each sheet retaining a latent image of said pattern; and
PA1  F. developing the latent image on each sheet, without further charging or
      imaging, with a developer including marking means capable of deposition in
      response to said latent image.
NUM  2.
PAR  2. The method of manifold copying, in accordance with claim 1, in which the
      record sheets are prepared by coating thin paper stock having a weight of
      about 25 grams per square meter with a continuous dielectric layer having
      a density of 1 to 10 grams per square meter.
NUM  3.
PAR  3. The method of manifold copying, in accordance with claim 2, in which the
      dielectric layer is formed from a material selected from the group
      consisting of alkyd resins, epoxy resins, vinyl resins, and synthetic
      rubbers.
NUM  4.
PAR  4. The method of manifold copying in accordance with claim 2, in which the
      preparation of each record sheet includes the step of coating the reverse
      side of the sheet with a continuous layer of vinylbenzyl trimethyl
      ammonium chloride.
NUM  5.
PAR  5. The method of manifold copying in accordance with claim 2, in which the
      preparation of each record sheet includes the step of coating the reverse
      side of the sheet with a continuous layer of polyelectrolyte resin.
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ABST
PAL  The invention relates to a process for the insulative coating of electrical
      conductors with thermosetting resins. According to the invention, the
      resins used are thermosetting ester resins produced from polyhydric
      alcohols, carboxylic acids with two or more carboxyl groups attached to an
      aromatic ring and, as optional components, an aliphatic carboxylic acid
      and amino group-containing compounds. Low molecular weight resins are used
      containing from 0.85 to 1 mol of polyhydric alcohols per equivalent of
      co-condensed carboxylic acid. The resins used have a melt viscosity of at
      most 40,000 m Pa s at 120.degree.C. Coating is preferably carried out
      using a solvent-free composition, and at a low temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for the production of insulating
      coatings on electrical conductors by coating the conductors with
      thermosetting ester resins of polyhydric alcohols, polyvalent aromatic
      carboxylic acids, optionally aliphatic carboxylic acids and optionally
      compounds containing amino groups, and heating the coated conductors at
      elevated temperatures above 200.degree. C. The resins also contain
      catalysts and leveling agents.
PAR  It is known that polyester resins can be converted into a form in which
      they are suitable for lacquering electrical conductors by dissolution of
      the resins in organic solvents of the phenol, cresol and/or xylenol type.
      The electrical conductors are insulated by coating them with a solution of
      the aforementioned polyester resins, followed by heating at oven
      temperatures of around 350.degree. C. or higher to cure the polyester
      resins. Conventional lacquer solutions generally contain additives and/or
      hardeners of the kind normally employed for lacquers. Particularly
      preferred lacquer solutions are based on polyester resins containing
      five-membered imide rings in co-condensed form, for example, those resins
      disclosed in the following publications and patents: DAS No. 1,033,291;
      British Patent Nos. 937,377; 1,082,181; 1,067,541; 1,067,542 and
      1,127,214; Belgian Patent No. 663,429; French Patent No. 1,391,834; East
      German Patent No. 30,838; DOS Nos. 1,494,454; 1,494,413; 1,937,310;
      1,937,311; 1,966,084; 2,101,990 and 2,137,884. The disclosures of each
      citation is hereby incorporated by reference.
PAR  Conventional lacquer solutions have a relatively high organic solvent
      content. The stoving residue of the lacquer solutions generally amounts to
      less than 50% by weight. The reason for this is, inter alia, that the
      polyester resins dissolved in the solvents have relatively high molecular
      weights and structural arrangements in the molecule giving rise to high
      melting points and viscosities in solutions. The high solvent contents
      referred to above have to be used in order to obtain solutions of suitable
      viscosity for lacquering purposes. These solvents are evaporated off when
      the thin lacquer film surrounding the wire is subsequently heated at
      elevated temperatures of around 220.degree. C. or higher, and hence are
      lost as film formers.
PAR  Accordingly, there is a considerable need for a process for producing
      insulating coatings on electrical conductors in which the use of the
      aforementioned solvents, at least in the large quantities indicated, can
      be avoided. This would afford considerable advantages by contributing to
      protection of the environment, reducing atmospheric pollution and the
      dangers to health in the coating plants and lacquer factories, increasing
      lacquer spread or yield, decreasing storage and transportation volume and
      reducing the risk of ignition.
PAR  Attempts have been made to meet this need by a process for insulating
      electrical conductors with heat-stable resins curable through free
      hydroxyl groups, especially non-linear polyester resins which can even be
      modified by amide or imide groups, by using in the melt, at a working
      temperature (lacquer bath temperature) of at least 100.degree. C., resins
      which have been condensed at this temperature to such an extent that they
      do not undergo any appreciable further condensation in the melt, and which
      have crosslink equivalent weights of from 400 to 1600 (see DOS No.
      2,135,157). However, it is in fact not possible in this process to use
      solvent-free resins at practicable lacquer bath temperatures. According to
      the examples of the aforementioned German Offenlegungsschrift, it is
      necessary to use from 10 to 15% of foreign, physiologically unacceptable
      solvents, such as xylenols or cresols. Despite these solvent contents, the
      process has to be carried out at melt temperatures of 170.degree. or
      160.degree. C., as shown by the examples. The reason for this is that it
      is necessary in this process to use melts of products with as high a
      molecular weight as possible which, accordingly, melt only at elevated
      temperatures. In this connection, it is specifically pointed out in DOS
      No. 2,135,157, page 6, paragraph 1, second sentence, that the use of low
      molecular weight products has adverse effects.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a process for
      the production of insulating coatings on electrical conductors by coating
      the conductors with compositions which contain ester resins, which have as
      high a stoving residue as possible and, in spite of this, can be applied
      to the conductors to be insulated at low temperatures.
PAR  A further object of the invention is to provide a process in which there is
      no need to use foreign solvents and which, nevertheless, can be carried
      out at relatively low melt temperatures of not more than 120.degree. C.
PAR  Surprisingly, it has now been found that this object can be achieved,
      without losing any of the other favorable properties of conventional
      coatings on electrical conductors, by using polyester resins, optionally
      imide-modified or amide-modified ester resins, with an extremely low
      degree of polycondensation.
PAR  Thus, there is provided in accordance with the present invention a process
      for the production of insulating coatings on electrical conductors which
      comprises coating the conductors with thermosetting ester resins,
      typically containing catalysts and optional leveling agents, based on
      polyhydric alcohols, polyvalent carboxylic acids having carboxyl groups
      attached to an aromatic ring, and optionally containing aliphatic
      poly-carboxylic acids, compounds containing amino groups, and/or compounds
      containing one or more five-membered imide rings, and heating the coated
      conductors to an elevated temperature, distinguished by the fact that the
      conductors are coated at a temperature between room temperature and
      120.degree. C. and preferably between room temperature and 100.degree. C.
      with extremely low molecular weight ester resins, which contain from 0.85
      to 1 mol of polyhydric alcohols in co-condensed form per equivalent of
      carboxylic acid, and which have a melt viscosity of at most 40,000 m Pa s1
      at temperatures of up to 120.degree. C. Up to 25% of the ester groups may
      optionally be replaced by acid amide groups. Resins of this particular
      type are obtained by replacing some of the alcohols with amino alcohols or
      polyvalent amines.
FNT  .sup.1 m Pa s = milli Pascal second = 1 centipoise
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The process according to the invention is carried out with particular
      advantage by coating the conductors in the absence of any foreign
      solvents. In the context of the invention, foreign solvents are solvents
      of the kind which do not take part in the reaction by which the ester
      resins are produced. If, therefore, the starting products used for this
      reaction, for example alcohols such as glycol, are not completely
      esterified during production of the ester resins, and if these
      incompletely esterified fractions are not removed from the resin, the
      solvents involved are not considered as foreign solvents in the context of
      the invention. Foreign solvents are primarily the cresol-like solvents
      normally used in the prior art (solvents of the phenol, cresol and xylenol
      type). The advantages outlined earlier are obtained to a particularly
      marked extent if, in accordance with this preferred embodiment, coating is
      carried out in the complete absence of foreign solvents. However, it is,
      of course, also possible to add a small quantity of foreign solvents. It
      is possible in this way to considerably reduce the viscosity of the
      coating composition. In other respects, the disadvantages referred to
      above must be accepted in cases where foreign solvents are used.
      Accordingly, the coating composition preferably contains a stoving residue
      of at least 70% by weight. This will be explained in more detail
      hereinafter.
PAR  Extremely low molecular weight ester resins of the kind whose melt
      viscosity amounts to at most 40,000 m Pa s at temperatures of up to
      120.degree. C, i.e., between room temperature and 120.degree. C, are used
      in accordance with the invention. The lower limit for the melt viscosity
      is about 1,000 m Pa s. In the context of the invention, the melt viscosity
      of the resin is the viscosity of the ester resins as they are obtained by
      polycondensation of the starting materials without any further additives
      whatever, i.e., the viscosity of the pure ester resins. It is of
      particular advantage to use extremely low molecular weight ester resins of
      the kind which have a melt viscosity of at most 30,000 m Pa s, preferably
      from 1,000 to 30,000 m Pa s, at temperatures of up to 120.degree. C.
PAR  One of the important features of the invention is that ester resins of
      extremely low molecular weight are used for coating. Preferably the number
      average molecular weight is between 250 to 700, most preferably between
      300 and 600. These ester resins contain from 0.85 to 1 mol of dihydric
      and/or polyhydric alcohols in co-condensed form per equivalent of
      carboxylic acid. The polyesters contain preferably 0.9 to 1 mol, more
      preferably 0.95 to 1 mol and, with particular preference, from 0.98 to 1
      mol of polyhydric alcohols, including the amino alcohols or polyvalent
      amines used, if any, in co-condensed form per equivalent of carboxylic
      acid. Thus, according to the invention, it is desirable that each carboxyl
      group available for the esterification reaction should be esterified with
      one molecule of alcohol in the polyester. Up to 25% of the ester groups
      can be replaced by carboxylic acid amide groups.
PAR  Basically, the ester resins used in accordance with the invention can be
      prepared from any of those compounds, i.e. carboxylic acids, alcohols and
      optionally compounds containing amino groups, which are employed in the
      prior art for the production of simple or modified polyester resins which
      are subsequently used in solution in lacquer solvents for insulating
      electrical conductors. Likewise, certain carboxylic acids, alcohols and
      compounds containing amino groups known in the prior art as producing
      particularly advantageous properties in the insulating coatings also
      constitute preferred embodiments of the present invention. As known from
      the prior art, the carboxylic acid used in accordance with the invention
      are also exclusively or at least predominantly those whose carboxylic
      groups are attached to an aromatic ring. In addition to these aromatic
      carboxylic acids, it is also possible to use aliphatic poly-carboxylic
      acids to a limited extent, preferably in a quantity of no more than 25 mol
      % and more preferably in a quantity of no more than about 10 mol %. The
      various prior art patents and publications cited above describe the
      conventional reactants in detail, and this discription is therefore not
      repeated here.
PAR  In the context of the invention, polyvalent compounds suitable for
      polyester formation also include those polyvalent carboxylic acids,
      alcohols or amino-group-containing compounds which contain five-membered
      imide rings, for example, polyvalent carboxylic acids obtained by reacting
      trimellitic acid anhydride with diamines to form so-called diimide
      dicarboxylic acids. Accordingly, the polyvalent carboxylic acids which are
      esterified with the alcohols can represent fairly complicated molecules.
      In the context of the invention, an equivalent of carboxylic acid is
      understood to be based on only those carboxyl groups of the carboxylic
      acids which are still available for an esterification reaction with the
      alcohols or for amide formation with amines used for this purpose.
PAR  Accordingly, the ester resins are produced by esterifying the
      aforementioned polyvalent carboxylic acids with polyhydric alcohols. In
      this connection, it is also possible to prepare heterocyclic carboxylic
      acids, for example, diimide dicarboxylic acids, and to esterify these
      diimide dicarboxylic acids with the alcohols in a single stage in one and
      the same vessel. This results because the amino groups react
      preferentially with the carboxyl groups in ortho relationship, or with
      anhydride groups, for example, trimellitic acid or its anhydride, to form
      five-membered imide rings. Thus, it is only those carboxyl groups of the
      carboxylic acid, or its anhydride, not reacting with amino groups to form
      five-membered imide rings which are left over for esterification with the
      alcohols. The ester imide resins may contain up to 5 % by weight of
      nitrogen bonded in five-membered imide rings.
PAR  In order to esterify the carboxyl groups available for the esterification
      reaction as completely as possible, it can be of advantage to use an
      excess of alcohols in production of the ester resins. This provides for
      rapid, complete esterification. However, no more than 1 mol of alcohol can
      of course be present in co-condensed form in the ester resins per
      equivalent of carboxylic acid, because each carboxyl group can react at
      most with 1 mol of alcohol. The molar excess of alcohols used in
      production of the ester resins, which can amount of 0.5 mol and preferably
      to 0.25 mol of alcohol (including the amino alcohols or polyvalent amines
      used, if any), per equivalent carboxylic acid, is removed as far as
      possible by conventional methods on completion of the esterification
      reaction. It is also possible for a small proportion of unreacted alcohol
      to be left behind in the reaction mixture, being subsequently evaporated
      during production of the insulating coatings on the electrical conductor.
PAR  According to the invention, for production of the polyester resins used in
      the melt, it is preferred to use carboxylic acids, alcohols and/or
      compounds containing amino groups of the kind which are at least partly
      trifunctional or greater, i.e., more than bifunctional, in order to obtain
      crosslinked products during stoving on the wire. There should be at least
      about 5 and preferably at least about 50 equivalents of compounds having a
      functionality of 3 or more, i.e., carboxylic acids, alcohols and/or
      compounds containing amino groups, to 100 equivalents of dicarboxylic
      acids in the polyesters. With regard to the upper limit, the polyesters
      should contain at most about 300, preferably at most about 200 and, with
      particular preference, at most about 100 equivalents of these higher
      functional compounds to 100 equivalents of dicarboxylic acids. In this
      context, higher functional compounds are compounds with more than two
      functional groups. Under this definition, the carboxyl groups are
      understood to be only those which are available for esterification or
      amide formation. In addition, the aforementioned higher functional
      carboxylic acids, alcohols and/or compounds containing amino groups
      preferably contain 3 or 4 and, with particular preference, 3 carboxyl,
      hydroxyl and/or amino groups in the molecule.
PAR  The ester resins used in accordance with the invention can also be prepared
      from reactive derivatives of the aforementioned compounds which are
      capable of forming ester bonds or amide bonds with the reaction
      components. Reactive derivatives of this kind are, in particular, the
      esters of the carboxylic acids with readily volatile aliphatic
      monoalcohols, especially those having from 1 to 4 carbon atoms. Standard
      commercial products of this kind are the methyl esters which, for this
      reason, are preferably used.
PAR  The reaction between the carboxylic acid, alcohol and optionally compounds
      containing amino groups, by which the polyesters used in the melt in
      accordance with the invention are formed, is completed when the acid
      number of the reaction mixture is very low. Since it is possible, in
      accordance with what has been said in the foregoing, to produce compounds
      with an extremely low degree of polycondensation, all the carboxyl groups
      can be esterified relatively easily, the esterification reaction being
      completed when the acid number is extremely low, preferably below 20 and,
      most preferably, below 10.
PAR  Standard esterification catalysts can be used for producing the ester
      resins from carboxylic acids and alcohols and optionally compounds
      containing amino groups. Examples of such catalysts include zinc acetate,
      antimony trioxide, metal amine complex catalysts, such as the complex
      compounds described in DAS No. 1,519,372, litharge, tin (II) oxalate,
      titanates, manganese (II) acetate, cerium (III) acetate and others.
PAR  Examples of the carboxylic acids which can be used for esterification
      include terephthalic acid, isophthalic acid, orthophthalic acid,
      trimellitic acid, pyromellitic acid, their esters or anhydrides, also
      products of the kind which can be obtained by reacting trimellitic acid
      with compounds containing at least two amino groups (cf. DOS No.
      1,937,310; No. 1,937,311; No. 1,966,084; No. 2,101,990 and No. 2,137,884),
      as well as tris(2-carboxyethyl)-isocyanurate (TCEIC).
PAR  As already known from the prior art, the use of these particular carboxylic
      acids or those with five-membered imide rings leads to insulating coatings
      with a particularly high temperature resistance and other favorable
      properties.
PAR  Glycol, butylene glycols, propylene glycols, glycerin and tris-hydroxyethyl
      isocyanurate (THEIC), trimethylolpropane, trimethylolethane, are
      preferably used as the alcohols, as in the prior art.
PAR  The amines which can be reacted with the carboxyl groups available for the
      esterification reaction to form acid amide compounds, are aliphatic or
      aromatic compounds, as in the prior art. Examples include ethanolamine,
      ethylenediamine, aminomethylolpropane, p-aminobenzyl alcohol and the like.
PAR  Accordingly, the essential requirement of the invention is initially to
      form very small molecules which are not really polymers, but contain at
      the center a polyvalent carboxylic acid which is free from inter-molecular
      ester groups and acyclic amide bonds. For example, the ester may contain
      terephthalic acid or a diimide dicarboxylic acid having its carboxyl
      groups each esterified by one molecule of single-bond alcohol. The other
      hydroxyl groups of the alcohols (diols and higher functional alcohols) are
      preferably not esterified any further. This applies at least regarding the
      statistical distribution. In some cases, of course, the free hydroxyl
      groups can also be esterified once more with the dicarboxylic acid,
      especially in cases where less than 1 mol of alcohol is used per
      equivalent of carboxylic acid.
PAR  Crosslinking on the wire is then carried out by stoving at a temperature
      between about 200.degree. C. and about 500.degree. C. which initiates
      further polycondensation, accompanied by elimination of the diols and
      higher functional alcohols, if any. It is extremely surprising in this
      respect that a relatively large quantity of alcohols is eliminated on the
      wire, in spite of which a uniform coating free from any blisters is
      obtained. This contrasts with the view of experts in this technical field
      who in the past have attempted to use, for insulating the electrical
      conductors, products of the highest possible molecular weight from which
      only small quantities of volatile products are subsequently removed during
      stoving on the wire (cf. in particular DOS No. 2,135,157, page 4,
      paragraph 2, last sentence).
PAR  Since the polyesters used in accordance with the invention are of extremely
      low molecular weight and contain suitable structures for obtaining low
      melt viscosities, they have an extremely low melting range, and it is
      possible to carry out coating with melts of very low temperature. These
      temperatures are from about room temperature up to about 120.degree. C.,
      frequently to about 100.degree. C. and even up to only about 60.degree. C.
      It is possible to reduce the necessary lacquering temperature of the melt
      in accordance with the invention by adding small quantities of solvents to
      the melt. An addition of only a few percent of solvents, for example, up
      to 5% by weight or up to 10% by weight, produces such drastic reductions
      in viscosity and in the melting range that, in some cases, the melts
      actually exist as such at room temperature so that there is no need to
      heat the lacquering baths containing the ester resins. Even when the
      necessary lacquering temperatures of the melt amount to around 60.degree.
      C., there is no need to heat the melt providing, as is standard practice
      in certain types of lacquering oven, the copper wires running repeatedly
      through the oven, on leaving the oven, are drawn through the melt again
      without cooling i.e., while still warm. However, the essential effect of
      the invention in this respect is that the ester resins used have such low
      melt temperatures and melt viscosities that, basically, there is no need
      to add any solvents or diluents.
PAR  Melts with a particularly low melting range are obtained by using mixtures
      of different ester resins. Such mixtures of different ester resins can be
      obtained in one reaction vessel by subjecting asymmetrical starting
      compounds or mixtures of sterically different starting products to the
      esterification reaction. This is of particular advantage in cases where
      starting products having a sterically simple molecular structure are used
      because it is possible in this way to obtain symmetrical polyester
      structures which produce a marked tendency towards crystallization. It is
      possible in this way to obtain solvent-free melts of the polyesters which
      are still liquid at low temperatures. Normally, no more than 10% of a
      foreign solvent is added, preferably not more than 5%.
PAR  One advantage of the process according to the invention over the prior art
      is that substantially solvent-free melts can be used at low application
      temperatures. The process according to the invention is preferably carried
      out with melts having a stoving residue of at least 70% by weight and,
      with particular preference, of at least 80% by weight. According to the
      invention, it is particularly preferred to use melts substantially free
      from solvents, especially foreign solvents, i.e., lacquer melts with a
      stoving residue of at least 85% by weight.
PAR  In the context of the invention, the stoving residue is the percentage
      content in the lacquer melt of substances which, in a test portion of 1.5
      g., are left behind in an open metal weighing pan with a flat base and a
      diameter of 5 cm after heating for 1 hour in an oven heated to 180.degree.
      C. Satisfactory distribution is obtained by adding 2 ml of a cresol-xylene
      solvent mixture (1 : 1) to the test portion of melt lacquer.
PAR  As already stated, it is not advisable and may even be difficult in some
      cases to remove the final traces of unreacted starting products, i.e.,
      glycols and the like, completely from the resin. This is not necessary
      because these final traces are evaporated during stoving of the wire.
PAR  The process according to the invention is of particular advantage in cases
      where the solvent content is as small as possible and the stoving residue
      is as large as possible. This avoids evaporation of the solvents on the
      wire and the accompanying economic loss, also the other disadvantages in
      terms of environmental pollution, etc. Melt lacquers according to the
      invention can be adjusted by the addition of very small quantities of
      foreign solvents to produce viscosities which enable the melt to be
      processed at temperatures around room temperature.
PAR  As in cases where solvent-containing lacquers are used in accordance with
      the prior art, crosslinking on the wire is carried out at temperatures of
      at least 200.degree. C., i.e., at oven temperatures above 300.degree. C.
      and generally above 400.degree. C. The upper temperature limit is
      essentially determined by the fact that the uniform coating on the wire
      should of course be prevented from decomposing.
PAR  So-called stoving catalysts can be added to the polyesters for stoving, as
      is standard practice in the prior art. Examples of stoving catalysts
      include monomeric or polymeric aryl or alkyl titanates, ortho-titanic acid
      ester compounds which form chelate complexes and other standard
      trans-esterification catalysts. These catalysts can be used by the artisan
      in any suitable selection and concentration. Normally, these catalysts are
      employed in an amount of from 0.001 to 8.0 % by weight of the stoving
      lacquer. It is only possible to use stoving catalysts of the kind which
      are homogeneously miscible with the coating composition used.
PAR  Additives such as silicone-containing leveling agents are often useful and
      it is within the scope of the prior art to add them to improve the
      lacquering behavior of the coating composition. Leveling agents are
      typically used in an amount between about 0.001 and 5.0% by weight.
PAR  In cases where solvent-containing lacquer solutions are used, as in the
      prior art, several thin layers are successively applied to the wire and
      individually stoved in order to ultimately obtain a multilayer coating
      with the most favorable insulating and mechanical properties. The layer
      thickness obtained after each individual stoving operation amounts to
      between 5 and 15 .mu. and to at most about 20 .mu. for a wire diameter of
      1 mm, depending upon the nozzle diameter.
PAR  The products used in the lacquer melt in accordance with the invention also
      have the advantage of being extremely stable at the relatively low
      lacquering temperatures required.
DETD
PAR  The following examples are provided to facilitate an understanding of the
      present invention, it being understood that they are intended to be merely
      illustrative and not limitative.
PAC  EXAMPLE 1
PA1  1940 g (10.0 mols) of dimethylterephthalate,
PA1  368 g (4.0 mols) of glycerin
PA1  1140 g (15.0 mols) of 1,2-propane diol
PAL  are introduced into a three-necked flask equipped with a stirrer,
      thermometer and rectification column. Following the addition of 3 g of
      zinc acetate, the contents of the flask are heated under a nitrogen
      atmosphere. The methanol liberated by trans-esterification begins to
      distil at around 140.degree. to 150.degree. C. Precautions must be taken
      to ensure that there are no losses of glycerin and 1,2-propane diol. Any
      losses of the polyhydric alcohols may have to be corrected during the
      reaction. After about 5 hours, 630 g of methanol have been distilled off,
      the temperature amounting to 210.degree. C. The resin thus obtained has a
      final acid number of 2. It is liquid at 25.degree. C. and has a viscosity
      of 1,000 m Pa s at 80.degree. C.
PAC  Formulation of the coating composition
PAR  2.5% of monomeric butyl titanate (as hardener) and about 0.002% of silicone
      oil (Bayer's Baysiloloel OL) as leveler are added to the condensation
      product thus obtained with gentle heating and stirring to ensure that the
      additives are uniformly distributed. This is carried out at very low
      temperature. The coating composition, which has a stoving residue of 85%,
      is applied to copper wire at room temperature, i.e., without heating the
      lacquering bath. The lacquer melt bath is heated to around 45.degree. C.
      by the copper wires passing through it.
PAC  EXAMPLE 2
PA1  1164 g (6.0 mols) of dimethylterephthalate,
PA1  285 g (3.1 mols) of glycerin
PA1  829 g (10.9 mols) of 1,2-propane diol
PAL  are reacted together with 2.5 g of zinc acetate at a temperature of up to
      200.degree. C. in a three-necked flask equipped with a stirrer,
      thermometer and rectification column. 380 g of methanol are distilled off.
PAR  After cooling to around 150.degree. C., 192 g (1.0 mol) of trimellitic acid
      anhydride and 99 g (0.5 mol) of 4,4'-diaminodiphenylmethane are added. 35
      g of water are distilled off by further heating to 210.degree. C. Another
      192 g (1.0 mol) of trimellitic acid anhydride and 99 g (0.5 mol) of
      4,4'-diaminodephenylmethane are added to the melt after cooling to
      150.degree. C. After about 35 g of water have been distilled off, the
      resin has an acid number of about 2.5. It is liquid at 25.degree. C. with
      a viscosity of 2,000 m Pa s at 120 .degree. C.
PAC  Formulation of the coating composition
PAR  The condensation product thus obtained is heated until it is so thinly
      liquid that hardening catalysts and leveling agents can be mixed with it,
      as described in Example 1. In this connection, the material temperature is
      not increased to a higher temperature then absolutely necessary and under
      no circumstances to a temperature above 120.degree. C. The coating
      composition is applied to copper wire and aluminum wire at 65.degree. to
      80.degree. C. The melt lacquer has a stoving residue of 87% by weight.
PAC  EXAMPLE 3
PA1  776 g (4.0 mols) of dimethylterephthalate,
PA1  496 g (1.9 mols) of tris-(.beta.-hydroxyethyl)-isocyanurate (THEIC)
PA1  502 g (8.1 mols) of ethylene glycol
PAL  are reacted in the same way as described in Example 2. About 250 g of
      methanol are distilled off. After cooling to 150.degree. C., 192 g (1.0
      mol) of trimellitic acid anhydride and 99 g (0.5 mol) of
      4,4'-diaminodiphenylmethane are added, and heating continued until 35 g of
      distillate have distilled over.
PAR  After cooling to 150.degree. C., another 192 g (1.0 mol) of trimellitic
      acid anhydride and 99 g (0.5 mol) of 4,4'-diaminodiphenylmethane are
      added, and heating continued until about 35 g of water have distilled off.
      The resin has a final acid number of about 2.5. It is solid at 25.degree.
      C. and has a viscosity of 3,800 m Pa s at 120.degree. C.
PAC  Formulation of the coating composition
PAR  The condensation product thus obtained is brought by heating to a suitable
      viscosity, followed by the addition of hardening catalysts and leveling
      agents, as described in Example 1. The coating composition is applied to
      copper wire at 85.degree. to 100.degree. C. The melt lacquer contains a
      stoving residue of more than 90 % by weight
PAC  EXAMPLE 4
PA1  582 g (3.0 mols) of dimethylterephthalate,
PA1  705 g (2.7 mols) of tris-(.beta.-hydroxyethyl)-isocyanurate (THEIC)
PA1  609 g (9.8 mols) of ethylene glycol
PAL  are reacted in the same way as described in Example 2. About 190 g of
      methanol are distilled off.
PAR  After cooling to 150.degree. C., 384 g (2.0 mols) of trimellitic acid
      anhydride and 198 g (1.0 mol) of 4,4'-diaminodiphenylmethane are added,
      and heating continued until 70 g of distillate have distilled off. After
      cooling to 150.degree. C., another 384 g (2.0 mols) of trimellitic acid
      anhydride and 198 g (1.0 mol) of 4,4'-diaminodiphenylmethane are added,
      and heating continued until about 70 g of water have distilled off. The
      resin has a final acid number of about 3. It is solid at 25.degree. C. and
      has a viscosity 6,000 m Pa s at 120.degree. C.
PAC  Formulation of the coating composition
PAR  The condensation product thus obtained is gently heated, followed by the
      addition of hardening catalyst and leveling agent as described in Example
      1. The coating composition is applied to copper wire at 85.degree. to
      105.degree. C. The melt lacquer has a stoving residue of more than 90% by
      weight. In order to guarantee an adequate melt-lacquer temperature in the
      nozzles and to compensate the heat loss, the nozzles are heated. The
      viscosities of the melt resins are measured with a Haake Rotary
      Viscosimeter (type RV 1) and the high-temperature plate-and-cone assembly
      (type PK 401 W).
PAC  EXAMPLE 5
PA1  679 g (3.5 mols) of dimethylterephthalate,
PA1  496 g (1.9 mols) of tris-(.beta.-hydroxyethyl)-isocyanurate (THEIC)
PA1  502 g (8.1 mols) of ethylene glycol
PAL  are reacted in the same way as described in Example 2. About 250 g of
      methanol are distilled off. After cooling to 150.degree. C., 73 g (0.5
      mols) adipinic acid, 192 g (1.0 mol) of trimellitic acid anhydride and 99
      g (0.5 mol) of 4,4'-diaminodiphenylmethane are added, and heating
      continued until 54 g of distillate have distilled over.
PAR  After cooling to 150.degree. C., another 192 g (1.0 mol) of trimellitic
      acid anhydride and 99 g (0.5 mol) of 4,4'-diaminodiphenylmethane are
      added, and heating continued until about 35 g of water have distilled off.
      The resin has a final acid number of about 2.5. It is solid at 25.degree.
      C. and has a viscosity of 2,700 m Pa s at 120.degree. C.
PAC  Formulation of the coating composition
PAR  The condensation product thus obtained is brought by heating to a suitable
      viscosity, followed by the addition of hardening catalysts and leveling
      agents, as described in Example 1. The coating composition is applied to
      copper wire at 85.degree. to 100.degree. C. The melt lacquer contains a
      stoving residue of more than 90% by weight.
PAR  The coating compositions are applied in five or six layers to a 1.0 mm
      diameter copper wire by means of nozzles in a horizontal wire-lacquering
      oven about 3 metres long at a temperature of 400.degree. to 450.degree. C,
      and hardened. The lacquering rate amounts to between 6 and 10 metres per
      minute in Examples 1 and 2, and to between 6 and 12 metres per minute in
      Examples 3 and 4.
PAR  The test methods quoted in the following Table were carried out as follows:
PAR  1. Winding strength under pre-elongation: A piece of wire is pre-elongated
      to the percentage quoted and wound around a mandrel whose diameter is the
      same as the diameter of the tested wire. The insulated conductor is then
      examined for cracks in the lacquer coating. If no cracks are found, the
      tested wire is in order (i.O.). The degree of pre-elongation at which the
      wire is still in order is quoted. The test conditions are described in
      detail in DIN 46453, Section 5.1.2 -- Sheet 1.
PAR  2. Heat shock test: 30 Minutes at 160.degree. C: The wire is wound into a
      coil on a mandrel with the same diameter as the wire, stored in an oven
      for 30 minutes at 160.degree. C and then examined as in 1 above. The test
      conditions are described in detail in DIN 46453, Sheet 1, Section 5.2.1.
PAR  The test is carried out in the same way at 180.degree. C and 200.degree. C,
      the only difference being that the oven is of course kept at 180.degree. C
      and 200.degree. C.
PAR  3. Softening point in .degree. C according to DIN 46453, Sheet 1, Section
      5.22: The softening point is that temperature at which two wires which are
      arranged to cross one another at right-angles and which are loaded by
      standard weights, are short-circuited following the application of voltage
      and an increasing temperature.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Testing of the insulated wires produced the following results:            

     __________________________________________________________________________

     Resin according to Example Number                                         

                        1    2    3    4    5                                  

     Lacquer coating in .mu.m according                                        

     to DIN 46453       60   60   65   65   60                                 

     Winding strength after pre-                                               

     elongation         15%  20%  15-20%                                       

                                       20%  15%                                

     Heat-shock test                                                           

     30 minutes at 160.degree.C                                                

                        i.O. i.O. i.O. i.O. i.O.                               

     30 minutes at 180.degree.C                                                

                        --   --   --   i.O. --                                 

     30 minutes at 200.degree.C                                                

                        --   --   --   i.O. --                                 

     Softening point according to                                              

     DIN 46453, Sheet 1, Section 5.22                                          

                        260.degree.C                                           

                             300.degree.C                                      

                                  330.degree.C                                 

                                       350.degree.C                            

                                            350.degree.C                       

     __________________________________________________________________________

      i.O. = in order                                                          

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the production of an insulating coating on an
      electrical conductor comprising coating the conductor by passing the
      conductor through a bath of a thermosetting polyester-based stoving resin
      comprising a condensation product of a polyvalent aromatic carboxylic acid
      with a polyhydric alcohol and a stoving catalyst and thereafter heating
      the coated conductor to an elevated temperature sufficient to cure the
      condensation product, the improvement which comprises said polyester-based
      resin being a low molecular weight resin having from about 0.85 to 1 mole
      of polyhydric alcohol in co-condensed form per equivalent of
      polycarboxylic acid and having a melt viscosity of from 1,000 to 40,000 m
      Pa s at a temperature between room temperature and 120.degree. C., said
      polyester-based resin containing a co-condensed carboxylic acid compound
      containing a five-membered imide ring and said coating being carried out
      by passing the conductor through a melt of said resin at a melt
      temperature between room temperature and 120.degree. C., said melt being
      substantially free of solvents which do not take part in the reaction by
      which the polyester resins are produced and containing less than about 10%
      content of said solvent.
NUM  2.
PAR  2. A process as defined by claim 1, wherein coating is carried out in the
      absence of said solvents.
NUM  3.
PAR  3. A process as defined by claim 1, wherein the coating composition
      contains a stoving residue of at least 70% by weight.
NUM  4.
PAR  4. A process as defined by claim 1, wherein the polyester resins have a
      resin melt viscosity of between 1,000 and 30,000 m Pa s at a temperature
      between room temperature and 120.degree. C.
NUM  5.
PAR  5. A process as defined by claim 1, wherein the polyester resins are low
      molecular weight resins having a number average molecular weight of from
      250 to 700.
NUM  6.
PAR  6. A process as defined by claim 5, wherein the polyesters contain from
      0.95 to 1 mol of polyhydric alcohols in co-condensed form per equivalent
      of carboxylic acid.
NUM  7.
PAR  7. A process as defined by claim 1, wherein the polyester additionally
      contains co-condensed carboxylic acids or alcohols having a functionality
      greater than 2.
NUM  8.
PAR  8. A process as defined by claim 7, wherein there are from about 5 to about
      300 equivalents of said carboxylic acids or alcohols having a
      functionality greater than 2 per 100 equivalents of dicarboxylic acid in
      the polyesters.
NUM  9.
PAR  9. A process as defined by claim 8, wherein there are from about 50 to
      about 100 equivalents of said carboxylic acids or alcohols having a
      functionality greater than 2 per 100 equivalents of dicarboxylic acid in
      the polyesters.
NUM  10.
PAR  10. A process as defined by claim 7, wherein the carboxylic acids or
      alcohols having a functionality greater than 2 contain 3 or 4 functional
      groups.
NUM  11.
PAR  11. The process as defined by claim 1, wherein said polyester-based stoving
      resin additionally contains up to about 25 mole % of a co-condensed
      aliphatic polycarboxylic acid.
NUM  12.
PAR  12. The process as defined by claim 1, wherein said polyester-based stoving
      resin additionally contains up to about 25 mole % of a co-condensed amino
      group-containing compound.
NUM  13.
PAR  13. The process as defined by claim 3, wherein the coating composition
      contains a stoving residue of at least 80% by weight.
NUM  14.
PAR  14. The process as defined by claim 13, wherein the coating composition
      contains a stoving residue of at least 85% by weight.
NUM  15.
PAR  15. The process as defined by claim 1, wherein said melt temperature is
      between room temperature and about 100.degree. C.
NUM  16.
PAR  16. The process as defined by claim 15, wherein said melt temperature is
      between room temperature and about 60.degree. C.
NUM  17.
PAR  17. The process as defined by claim 16, wherein said melt temperature is
      room temperature.
NUM  18.
PAR  18. The process as defined by claim 1, wherein said carboxylic acid
      compound containing a five-membered imide ring is derived from trimellitic
      acid or trimellitic anhydride and a diamine.
NUM  19.
PAR  19. The process as defined by claim 1, wherein said polyhydric alcohol is
      selected from the group consisting of glycerin, butylene glycol, propylene
      glycol, ethylene glycol, tris-(.beta.-hydroxyethyl)-isocyanurate,
      trimethylolpropane and trimethylolethane.
NUM  20.
PAR  20. The process as defined by claim 1, wherein said polycarboxylic acid is
      selected from the group consisting of terephthalic acid, isophthalic acid,
      orthophthalic acid, trimellitic acid, pyromellitic acid, esters thereof,
      anhydrides thereof and tris-(2 carboxyethyl)-isocyanurate.
NUM  21.
PAR  21. The process as defined by claim 12, wherein said amino group-containing
      compound is selected from the group consisting of ethanolamine, ethylene
      diamine, amino-methylolpropane and p-aminobenzyl alcohol.
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      compounds
ISD  19760106
NCL  10
ECL  1
EXP  Gwinnell; Harry J.
INVT
NAM  Blackwell; Jennings P.
CTY  Bartlesville
STA  OK
ASSG
NAM  Phillips Petroleum Company
CTY  Bartlesville
STA  OK
COD  02
RLAP
COD  74
APN  420256
APD  19731129
PSC  01
PNO  3879355
CLAS
OCL  427388
XCL  427385
XCL  428411
XCL  428426
XCL  428457
XCL  428538
EDF  2
ICL  B05D  302
ICL  B32B 1508
FSC  427
FSS  385;388
FSC  428
FSS  411;426;457;538
FSC  260
FSS  79;79.1
UREF
PNO  3354129
ISD  19671100
NAM  Edmonds et al.
OCL  260 79
UREF
PNO  3408342
ISD  19681000
NAM  Horvath et al.
OCL  260 45.9
UREF
PNO  3492125
ISD  19700100
NAM  Ray
XCL  427388
UREF
PNO  3524835
ISD  19700800
NAM  Edmonds et al.
OCL  260 79.1
UREF
PNO  3622376
ISD  19711100
NAM  Tieszen et al.
XCL  427388
UREF
PNO  3634125
ISD  19720100
NAM  Tieszen
XCL  427388
UREF
PNO  3658753
ISD  19720400
NAM  Reed et al.
OCL  260 79
UREF
PNO  3728313
ISD  19730400
NAM  Hill et al.
OCL  260 79
UREF
PNO  3728313
ISD  19730400
NAM  Hill et al.
OCL  260 79
ABST
PAL  Certain compounds are incorporated into arylene sulfide polymer. The
      resulting composition is precured to give a polymer of improved
      processability and/or applied to a substrate and cured to give a coating
      having improved characteristics. Said compounds are at least one of (a)
      aluminum phosphate, (b) a polyfunctional benzene derivative in which at
      least two positions on the benzene nucleus are replaced by a functional
      group selected from (OH) and/or (NH.sub.2) with the substitution being in
      the meta or para positions if only two positions are substituted, such
      compounds being represented by the following formula
      ##SPC1##
PAL  Wherein R is OH or NH.sub.2 and least one R.sub.1 is R, R.sub.2 is H and
      the remaining R.sub.1 entities are H or R, (c) a metal salt selected from
      cobalt sulfate, cobalt acetate, ferrous sulfate, or cupric naphthenate;
      and (d) ammonium persulfate.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a divisional of copending application Ser. No. 420,256 filed Nov.
      29, 1973, now U.S. Pat. No. 3,879,355.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improving the characteristics of arylene sulfide
      polymer compositions.
PAR  It is known that arylene sulfide polymers are useful in coating
      applications. Coatings formed thereof are strong, heat stable and
      resistant to most industrial chemicals and fumes. Thus, for example,
      arylene sulfide polymers can be advantageously employed as coatings for
      metals such as steel, aluminum, nickel, brass, copper, as well as
      ceramics, glass and other substrates stable at the curing temperature
      required for the coating which can run as high as 800.degree.F.
PAR  Arylene sulfide polymer is also ideally suited for other molding techniques
      such as extrusion and injection molding. However, in many instances the
      polymer as produced, while having a very high melting point, nonetheless
      has an extremely low melt viscosity with the melt flow number (MFN) as
      measured by ASTM D 1238-65T (modified to use a 5 kilogram weight and a
      temperature of 343.degree.C.) being greater than 2500 g in 10 minutes. To
      be usable in such applications, a melt flow in the range of only 1-200 is
      generally required.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved arylene sulfide
      polymer coated substrate; it is yet a further object of this invention to
      provide coating compositions comprising arylene sulfide polymers having
      enhanced processability, coating flexibility, and coating adherence; it is
      yet a further object of this invention to provide arylene sulfide coating
      compositions which can be cured at a relatively fast rate to form good,
      adherent, flexible coatings for metal and other materials without
      subjecting same to undesirably high temperatures; and it is still yet a
      further object of this invention to provide an arylene sulfide polymer
      composition having improved processability.
PAR  In accordance with this invention arylene sulfide polymer is compounded
      with at least one of (a) aluminum phosphate, (b) a polyfunctional benzene
      derivative in which at least two positions on the benzene nucleus are
      replaced by a functional group selected from (OH) and/or (NH.sub.2) with
      the substitution being in the meta or para positions if only two positions
      are substituted, such compounds being represented by the following formula
      ##SPC2##
PAL  wherein R is OH or NH.sub.2 and at least one R.sub.1 is R, R.sub.2 is H and
      the remaining R.sub.1 entities are H or R, (c) a metal salt selected from
      cobalt sulfate, cobalt acetate, ferrous sulfate, or cupric naphthenate;
      and (d) ammonium persulfate. The resulting mixture is subjected to heat to
      at least partially cure the polymer.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention is applicable for use with any normally solid, heat curable,
      high molecular weight arylene sulfide polymer. The preferred arylene
      sulfide polymer is poly(phenylene sulfide) (PPS) having a melting or
      softening point of at least 300.degree.F, preferably 400.degree.F, to
      850.degree.F. Such polymer can be made in accordance with Edmonds et al.,
      U.S. Pat. No. 3,354,129, Example I for instance, the disclosure which
      patent is hereby incorporated by reference. The preferred polymers have an
      inherent viscosity in chloronaphthalene at 206.degree.C of at least 0.1,
      preferably between 0.1 and 0.3, more preferably between 0.13 and 0.23. A
      particularly preferred polymer is poly(phenylene sulfide) having a melt
      flow of from 50 to about 2500 (limit of the instrument measurement by ASTM
      D 1238-65T, modified to use 5 kilogram weight and a temperature of
      343.degree.C). The virgin PPS which normally may have a melt flow number
      of above 2500 can be precured by heating in air at 500.degree. to
      520.degree.F for 1-6 hours to lower the initial melt flow for instance to
      the above  50 to 2500 range.
PAR  The compounds which can be used in accordance with this invention to modify
      the curing of poly(arylene sulfide) are (a) aluminum phosphate, (b)
      polyfunctional benzene derivatives in which at least two positions on the
      benzene nucleus are replaced by a functional group selected from (OH)
      and/or (NH.sub.2) with the substitution being in the meta or para
      positions if only two positions are substituted, (c) a metal salt selected
      from cobalt sulfate, cobalt acetate, ferrous sulfate, or cupric
      naphthenate; and (d) ammonium persulfate.
PAR  The additives of this invention can be incorporated into the polymer prior
      to curing in any convenient manner. Thus, for example, the additives can
      be added as such to the polymer and the resulting mixture can be agitated
      in any convenient manner to achieve good mixing. A particularly convenient
      manner of introducing the additives into the polymer is the addition of
      the additive dissolved in a volatile solvent such as hexane, benzene,
      acetone and the like to the polymer in powder form with subsequent
      volatilization of the solvent. Alternatively the additive dissolved in
      said solvent can be ball milled with powdered polymer. The additives can
      be melt blended but this is less preferred.
PAR  There are two broad aspects to this invention.
PAR  First, the additives of the invention are useful in accelerating the cure
      of virgin arylene sulfide polymer which has a melt flow too high to be
      useful in such applications as injection molding (precuring). Such polymer
      can be heated in air at a temperature of about 490.degree. to
      520.degree.F, preferably 500.degree. to 510.degree.F for 1 to 10,
      preferably 2 to 6 hours to lower the original melt flow. Incorporation of
      additives to this invention allows for reduction in the time required to
      effect this lowering of melt flow or in the alternative, allows further
      reduction in melt flow for a given time. Thus, for instance, a polymer
      with a melt flow of 2500 or greater which is not suitable for fabrication
      operations such as injection molding can be heated after incorporation of
      the additive in accordance with the invention for 6 hours at 510.degree.F
      to bring the melt flow into the range of 0 to 15, preferably 1 to 15. This
      melt flow is measured in terms of MFN (melt flow number) which is the
      grams of polymer flowing from an orifice in 10 minutes utilizing ASTM D
      1238-65T, modified as noted to utilize a 5 kilogram weight and to operate
      at 650.degree.F (343.degree.C). The polymer during this pre-curing
      operation is generally in the solid state.
PAR  The use of the compounds of this invention speeds up the cure rate of
      either slow curing or fast curing resins. For example, a slow curing
      arylene sulfide polymer will ordinarily require 6 hours at 510.degree.F in
      air curing time to have a melt flow of less than about 400 without
      accelerators. A fast curing resin will cure to a melt flow of less than
      about 400 in 2-4 hours at 510.degree.F. Very fast curing resins will cure
      to a melt flow of less than 100 in 1-2 hours at 510.degree.F in air
      without additives.
PAR  Thus, in accordance with the first aspect of this invention, a virgin
      polymer with a melt flow of 50 to above 2500 which is unsuitable for many
      applications can be made suitable for such applications after a relatively
      short curing time by utilizing the additives of this invention.
PAR  In accordance with the second aspect of the invention, the additives are
      incorporated into arylene sulfide polymer which is utilized in a coating
      composition (curing). This allows reduction of the curing temperature from
      the normal level which can run as high as 800.degree.F down to within the
      range of 575.degree. to 725.degree.F, preferably about 600.degree. to
      700.degree.F. The temperature obviously is related to the particular
      polymer utilized and to the time, of course, but in any event for a given
      polymer in a given curing time, the temperature for achieving a cure
      sufficient to give a good coating can be reduced preferably at least
      100.degree.F below the temperature required to give a coating of similar
      quality without the additive. Similarly at a given cure temperature, the
      cure time can be reduced at least 10 minutes below the time required to
      give a coating of similar quality without the additive. The curing time
      will generally be from 10 to 40 minutes, preferably 15 to 30 minutes.
      Times of 15 to 20 minutes are particularly suitable. In addition to
      decreasing the cure time and/or temperature required, the coatings made in
      accordance with the invention have increased flexibility.
PAR  Thus, in accordance with this second aspect of the invention, the time
      and/or temperature required to cure a coating on a substrate can be
      reduced so as to allow coating of many substrates which would be adversely
      affected by the higher temperature and/or curing time. In fabricating
      pipe, for instance, the exposure of a substrate to long periods of high
      temperatures is undesirable because metal has a tendency toward
      embrittlement under such severe conditions. As with the first aspect of
      the invention, either a slow or fast curing arylene sulfide polymer can be
      used, although in all aspects of the invention the advantage is greater
      with the slow curing polymers.
PAR  In addition to the additives of this invention, the compositions of this
      invention can contain other ingredients conventionally employed in arylene
      sulfide polymer compositions. For instance, fillers such as titanium
      dioxide, calcium carbonate, aluminum oxide, aluminum silicate, pigments,
      resins and/or plasticizers, ferric oxide, silicon dioxide, asbestos
      fibers, glass fibers, poly(tetrafluoroethylene), and the like can be
      present. Preferably the coating compositions will contain, based on 100
      parts by weight polymer, 10 to 50 parts by weight of a filler pigment such
      as titanium dioxide and/or poly(tetrafluoroethylene).
PAR  When arylene sulfide polymer compositions in accordance with this invention
      are used as coating materials, the coatings can have a thickness of 0.25
      to 25 mils. It is also within the scope of the invention to utilize a
      plurality of layers of the polymeric composition with the material being
      cured or at least partially cured between each coat. Preferably the total
      thickness will be in the range of 0.5 to 50 mils. The invention has been
      found to be of particular utility in the production of relatively thin
      coatings, that is coatings in which each layer has a thickness of about
      0.5 to 5 mils.
PAR  The additives of this invention are employed in an amount within the range
      of 0.5 to 10, preferably 1 to 5, more preferably 1 to 3 weight per cent
      based on the weight of the arylene sulfide polymer.
DETD
PAC  EXAMPLE I
PAR  Formulations were prepared in a Waring blender using the proportions of 100
      parts poly(phenylene sulfide) or PPS, 33 parts TiO.sub.2, plus the
      additive, in 200 parts of propylene glycol. The solid additives were first
      powdered and predispersed in some of the glycol; inorganic salts were
      first dissolved in a little water to obtain better dispersion of the
      additive. The coating test procedure was as follows:
PAR  1. Cold rolled steel coupons, 3 .times. 6 .times. .035 in. were cleaned,
      grit-blasted and heated with a gas-oxygen flame to a blue-gray color.
PAR  2. Three coats of the formulation were applied to the coupon with a No. 60
      coating rod; each coat was cured at the same conditions, usually 30 min.
      at 600.degree.F.
PAR  3. After the third coat was cured and cooled, the coupon was annealed for 2
      hours at 450.degree.F, then cooled to room temperature.
PAR  4. The coated coupons were bent over a 3/16-inch mandrel and the elongated
      portion was examined at 20X magnification. The coating was rated 1-5 as
      follows:
     Rating  Observation                                                       

     ______________________________________                                    

     1       No cracking on elongated portion of the coating                   

             (very good)                                                       

     2       Occasional microcracks along elongated coating                    

             (good)                                                            

     3       Numerous microcracks and some cracking barely                     

             visible to the unaided eye. (not acceptable)                      

     4       Continuous and easily visible cracks.                             

             (poor)                                                            

     5       Complete rupture of the coating. (very poor)                      

     ______________________________________                                    

PAR  The aluminum phosphate solution was obtained by ball-milling aluminum
      hydroxide (120 g) in 165 ml of 85% phosphoric acid for 3.5 hrs., followed
      by dilution with 300 ml water to give about 27% AlPO.sub.4 in solution.
      Sufficient solution was used in preparation of the slurry to give the
      final concentration of AlPO.sub.4 in the coating formulation.
PAR  The poly(phenylene sulfide) was Ryton PPS Grade V-1, virgin polymer, melt
      flow 2000 as measured by ASTM D 1238-65T, modified to operate at
      343.degree.C. with a 5 kilogram weight. This was a fast curing resin as
      evidenced by the fact that it could be cured to a melt flow of 5.1,
      510.degree.F, air cure, with no additive.
PAR  Test results are given in the table below:
TBL                                    TABLE I                                 

     __________________________________________________________________________

                         Curing                                                

                              Curing Time,                                     

                                      Rating                                   

     Additive      Conc..sup.(1)                                               

                         T., .degree.F                                         

                              Minutes (1 is best)                              

     __________________________________________________________________________

     Control, no Additive                                                      

                         700  10      2                                        

     Control, no Additive                                                      

                         700  30      1                                        

     Control, no Additive                                                      

                         600  60      3                                        

     Control, no Additive                                                      

                         600  30      3                                        

     AlPO.sub.4    3     600  30      1                                        

                                      coat rough.sup.(2)                       

                   1.5   600  30      2-3                                      

                                      coat rough                               

     1,2,3 trihydroxy-benzene                                                  

                   10    600  30      1                                        

                                      coat rough                               

     1,2,3 trihydroxy-benzene                                                  

                   10    600  15      2-3                                      

                                      coat rough                               

     1,2,3 trihydroxy-benzene                                                  

                   5     600  30      1                                        

                                      coat rough                               

     p-Aminophenol 10    600  30      2-3                                      

                                      coat rough, dark                         

     1,3 dihydroxy-benzene                                                     

                   10    600  15      2                                        

                                      coat rough                               

     1,3 dihydroxy-benzene                                                     

                   10    600  30      3                                        

                                      coat rough                               

     __________________________________________________________________________

      .sup.(1) parts by weight per 100 parts PPS (Php)                         

      .sup.(2) a rough coating is still acceptable and, as can be seen, is     

      obtained at a lower temperature which in some applications is essential. 

PAR  The results show that all the additives tested will either produce a good
      coating, rating of 1 or 2, or at least a borderline acceptable coating
      with a rating of 2-3 at 600.degree.F cure even at the shorter 15 minute
      curing time when used at the concentrations tested. The
      1,2,3,trihydroxybenzene and AlPO.sub.4 give excellent results at low
      levels. The last run apparently reflects experimental error or overcure.
PAR  While not tested, it is believed based on the chemicals that were tested
      that para-phenylenediamine would also be a preferred additive.
PAC  EXAMPLE II
PAR  The same polymer was used to form coatings in the same manner as in Example
      I utilizing the following additives with the results given in the table
      hereinbelow.
TBL                                    TABLE II                                

     __________________________________________________________________________

                    Curing                                                     

                         Curing Time                                           

                                 Rating                                        

     Additive  Conc,php                                                        

                    T., .degree.F.                                             

                         Minutes (1 is best)                                   

     __________________________________________________________________________

     Cobalt sulfate                                                            

               10   600  30       3.sup.(1)                                    

               10   600  15      2-3                                           

     Cobalt acetate                                                            

               10   600  30       2                                            

     Ferrous sulfate                                                           

                2   600  30      2-3.sup.(2)                                   

     Cupric naphthenate                                                        

               10   600  30      2-3                                           

     __________________________________________________________________________

      .sup.(1) May be poor due to experimental error or overcure.              

      .sup.(2) Produced mixed results at 2 phr in thicker (12 mil) coatings.   

PAR  These results show that all of the additives tested will produce an
      acceptable coating with a rating varying from 2 to 2-3.
PAC  EXAMPLE III
PAR  The same polymer of Example I was compounded and applied to two coupons in
      the same manner as in Example I with other additives with the results
      shown hereinbelow in Table III.
TBL                                    TABLE III                               

     __________________________________________________________________________

                     Curing                                                    

                           Curing Time                                         

                                   Rating                                      

     Additive   Conc,php                                                       

                     T., .degree.F.                                            

                           Minutes (1 is best)                                 

     __________________________________________________________________________

     Ammonium persulfate                                                       

                10   600   30      2                                           

     __________________________________________________________________________

PAR  These results show that a good coating rating of 2 is produced using
      ammonium persulfate.
PAC  EXAMPLE IV
PAR  The same fast curing polyphenylene sulfide of Example I was mixed with
      certain additives and precured at 475.degree.F. with the melt flow number
      thereafter being determined. The results were are follows.
TBL                                    TABLE IV                                

     __________________________________________________________________________

           MFN.sup.(1)   MFN  MFN                                              

     Heating                                                                   

           Virgin Polymer                                                      

                       5 phr Cobalt                                            

                              10 phr                                           

     Time, hrs.                                                                

           Control, No Additive                                                

                        Acetate                                                

                              1,2,3-trihydroxy benzene                         

     __________________________________________________________________________

     1     1750           0.sup.(2)                                            

                              42                                               

     2     440           96   25                                               

     3     260           85                                                    

     4     165           66                                                    

     __________________________________________________________________________

      .sup. (1) flow g/10 minutes as previously defined.                       

      .sup. (2) Low value - apparently the result of experimental error.       

PAR  These data reveal that compositions of this invention in addition to
      producing better coatings also can be precured so as to produce a polymer
      having a melt flow which is suitable for extrusion or injection molding
      whereas the original melt flow (approximately 2000) would be so high that
      the polymer would be useless for such applications.
PAR  While this invention has been described in detail for the purpose of
      illustration, it is not to be construed as limited thereby but is intended
      to cover all changes and modifications within the spirit and scope
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming a coated substrate comprising:
PA1  applying a coating composition comprising an arylene sulfide polymer and an
      effective cure accelerating amount of a compound selected from the group
      consisting of:
PA1  a. aluminum phosphate;
PA1  b. a polyfunctional benzene derivative in which at least two positions on
      the benzene nucleus are replaced by a functional group selected from OH
      and NH.sub.2 with the substitution being in the meta or para position if
      only two positions are substituted;
PA1  c. a metal salt selected from cobalt sulfate, cobalt acetate, ferrous
      sulfate, or cupric naphthenate; and
PA1  d. ammonium persulfate, to a substrate;
PA1  and thereafter heating said substrate for a time within the range of 10 to
      40 minutes and a temperature within the range of 575.degree. to
      725.degree.F.
NUM  2.
PAR  2. A method according to claim 1 wherein said polymer is poly(phenylene
      sulfide), said time is 15 to 20 minutes and said temperature is
      600.degree. to 700.degree.F.
NUM  3.
PAR  3. A method according to claim 1 wherein said composition contains in
      addition 10 to 50 parts by weight of a pigment filler based on 100 parts
      by weight of said polymer.
NUM  4.
PAR  4. A method according to claim 1 wherein said substrate is steel.
NUM  5.
PAR  5. A process according to claim 1 wherein said compound is present in an
      amount within the range of 1 to 5 weight per cent based on the weight of
      said polymer.
NUM  6.
PAR  6. A process according to claim 1 wherein said compound is aluminum
      phosphate.
NUM  7.
PAR  7. A process according to claim 1 wherein said compound is selected from
      the group consisting of para-amino phenol, 1,3-dihydroxybenzene, and
      1,2,3-trihydroxybenzene.
NUM  8.
PAR  8. A process according to claim 1 wherein said compound is selected from
      the group consisting of cobalt sulfate, cobalt acetate, ferrous sulfate,
      and cupric naphthenate.
NUM  9.
PAR  9. A process according to claim 1 wherein said compound is ammonium
      persulfate.
NUM  10.
PAR  10. A process according to claim 1 wherein said polymer is polyphenylene
      sulfide.
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ABST
PAL  A temperature compensated acoustic surface wave device, such as a surface
      wave delay line is provided in which temperature compensation is provided
      by the deposition of an interdigital electrode structure on a substrate
      with an overlay film surface of piezoelectric material of a predetermined
      thickness. A double substrate arrangement is also disclosed in which the
      interdigital electrode structure is deposited upon the surface of a
      non-piezoelectric layer which in turn is placed upon the surface of a
      piezoelectric substrate.
PARN
PAR  This is a division of application Ser. No. 185,601, filed Oct. 1, 1971, now
      U.S Pat. No. 3,786,373.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to piezoelectric surface electroacoustic surface
      wave devices and systems which make use of such devices and more
      particularly to electroacoustic surface wave devices comprising arrays of
      interdigital electrode structures depositioned either between or upon the
      surface of piezoelectric and non-piezoelectric substrate structures, to
      minimize or eliminate the composite temperature coefficient of delay of
      the electroacoustic surface wave device, to improve the coupling
      efficiency and to reduce the dispersion in devices made with layers of
      zinc oxide, bismuth, germinate, lithium niobate, barium sodium niobate and
      other well-known piezoelectric materials which will transmit sonic waves
      at frequencies of several hundred megacycles.
PAR  Acoustic surface wave devices offer several advantages in the construction
      of delay lines and filters in the UHF range in such systems as radar using
      linear chirp waveforms, comb structures and broad band delay lines and in
      systems requiring frequency response to phase coded signals, linear FM
      signals, nonlinear FM signals, and signals with special coding for use
      with matched filter devices. In these and other devices the frequency
      response is determined by the interdigital finger spacing and overlap of
      the interdigital comb structures used as input and output transducers.
PAR  It is known that an acoustic surface wave delay line can be constructed by
      bringing into close proximity with one another a flat piezoelectric
      material and a flat non-piezoelectric material having interdigital
      electrode structures at their mating surfaces. In the Journal of Applied
      Physics, volume 39, page 5400, 1968, in an article by P. O. Lopen, such a
      structure is disclosed; however, the temperature coefficient of delay is
      such that there are significant losses, hence the device is not suitable
      for use in applications where an extremely small or zero temperature
      coefficient may be achieved as in accordance with the present invention.
      This is important in delay line applications in which matched filters are
      required for pulse or phase coded operations or in generalized filter
      applications such as radar requiring pulse expansion and compression,
      communication systems requiring encoders and decoders, and band-pass and
      wave shaping applications requiring precise filters. The use of high
      coupling piezoelectric materials is desirable because it allows large
      bandwidth with minimum insertion loss.
PAC  SUMMARY OF THE INVENTION
PAR  A surface wave electroacoustic delay line with a substantially zero
      temperature coefficient of delay is disclosed in which interdigital
      electrode arrays are disposed upon a substrate which may or may not be
      piezoelectric with an overlap film of either piezoelectric or
      non-piezoelectric material deposited thereover, forming a sandwich
      structure. The electrodes may be deposited on the upper surface where one
      layer is piezoelectric. It has been discovered that the temperature
      coefficient of delay may be made substantially zero in such a structure
      when the thickness to wavelength ratio of the piezoelectric layer is a
      predetermined value, which for zinc oxide on fused silica is 0.27. A range
      of delay temperature coefficients is obtainable by deposition of a
      thickness suitable for use with a predetermined bandwidth of frequencies,
      and several illustrative systems which make use of substantially zero or
      controlled temperature coefficient surface wave electroacoustic devices
      are disclosed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a double layer surface wave electroacoustic device in
      accordance with the prior art;
PAR  FIG. 2 illustrates a temperature compensated surface wave electroacoustic
      device in accordance with the present invention;
PAR  FIG. 3 is illustrative of an alternative embodiment of a temperature
      compensated electroacoustic device in accordance with the present
      invention in which a piezoelectric overlay film overlays substantially an
      entire non-piezoelectric substrate;
PAR  FIG. 4 illustrates another embodiment of a temperature compensated
      electroacoustic surface wave device in accordance with the present
      invention in which a piezoelectric overlay film overlays portions of a
      non-piezoelectric substrate;
PAR  FIG. 5 illustrates another embodiment of a temperature compensated
      electroacoustic device similar to that illustrated by FIG. 4 in which the
      piezoelectric overlap film is tapered;
PAR  FIG. 6 illustrates a temperature compensated electroacoustic surface wave
      device in accordance with the present invention in which a continuous
      surface wave structure is utilized;
PAR  FIG. 7 illustrates a temperature compensated electroacoustic surface wave
      device in accordance with the present invention in which tilted comb
      arrays of electrodes are sandwiched between piezoelectric and
      non-piezoelectric layers;
PAR  FIG. 8 is a graph of the thickness of wavelength ratio versus the delay
      temperature coefficient for zinc oxide on fused silica;
PAR  FIG. 9 is a block diagram of a radar system which employs electroacoustic
      surface wave devices in accordance with the present invention;
PAR  FIG. 10 is a block diagram of a broad band delay line using electroacoustic
      surface wave devices in accordance with the present invention;
PAR  FIG. 11 is a block diagram of a band-pass filter for the reception of
      multiplexed signals using surface wave devices in accordance with the
      present invention; and
PAR  FIG. 12 is a general block diagram of a matched filter system using surface
      wave devices of the present invention for both transmission and reception
      of various waveforms.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As previously described, it is known that an acoustic surface wave delay
      line may be formed from a flat piezoelectric material in a spaced parallel
      relationship to a flat non-piezoelectric material. If the
      non-piezoelectric material has interdigital electrode terminations spaced
      apart thereon then application of an electric signal to one electrode pair
      will be detected for a given velocity, frequency and propagation path at a
      later time. However, in accordance with the present invention, it is
      recognized that the delay time may be made substantially independent of
      temperature if the piezoelectric and non-piezoelectric materials are
      selected such that the temperature coefficient of velocity is matched to
      the thermal expansion coefficient in the materials.
PAR  FIG. 1, which is illustrative of the prior art, is an acoustic surface wave
      delay line shown generally at 10 which is constructed by bringing a flat
      piezoelectric material and a flat non-piezoelectric material into close
      proximity with its surface having disposed thereon two interdigital
      electrode structures which structures may be made from an evaporated metal
      film which has been etched by standard photolithographic techniques.
PAR  When a piezoelectric material 12 and a non-piezoelectric material 14 are
      brought into contact and an oscillatory electric signal is applied to a
      set of transmitting electrodes 16 by a signal source 18, the device will
      transform some of the electric energy into acoustic energy which will
      propagate along the piezoelectric substrate 12 in accordance with the
      relationship
      ##EQU1##
      where f is the signal frequency, v is the acoustic wave velocity on the
      piezoelectric material and d is the spacing between the elements of one of
      the interdigital electrode structures. The piezoelectric substrate 12 and
      the non-piezoelectric material 14 are shown for illustrative purposes as
      separated as they are, of course, mated together. When the propagating
      acoustic energy reaches the opposite or receiving set of electrodes 20, an
      electrical signal is induced in these electrodes in accordance with the
      previously described relationship. This signal may be detected by a
      receiver such as receiver 22 of known design, however, the detected signal
      will have been delayed by the time
      ##EQU2##
      where l is the distance between the two sets of electrode structures as
      illustrated.
PAR  Variations in the temperature of the two materials results in a change in
      delay time of the propagated signals which change is given by the
      following relationship:
      ##EQU3##
      where
      ##EQU4##
      and where
      ##EQU5##
      is the temperature coefficient of delay time where
      ##EQU6##
      is the thermal expansion coefficient of the material upon which the
      electrode structure has been deposited and where
      ##EQU7##
      is the temperature coefficient of surface acoustic wave velocity on the
      piezoelectric substrate 12.
PAR  A temperature independent delay time can be achieved if
      ##EQU8##
      For most materials the expansion coefficient
      ##EQU9##
      is a positive quantity; that is, the length of the piezoelectric material
      increases with increasing temperature. In crystalline quartz, which is
      piezoelectric, the temperature coefficient
      ##EQU10##
      is also positive in at least two orientations for which the piezoelectric
      coupling is strong. These orientations are along the X-cut and Y-cut
      material where
      ##EQU11##
      is approximately 30 to 35 .times. 10 .sup..sup.-6 per degree centigrade
      for surface waves propagating in the direction for maximum coupling
      between the electric fields of the interdigital electrodes and the
      piezoelectric effect. The electrode structure can therefore be made on a
      substrate such as Bausch and Lomb type T-40 glass as the non-piezoelectric
      material which is chosen to have a magnitude of thermal expansion
      coefficient equal to the magnitude of
      ##EQU12##
      on the piezoelectric substrate.
PAR  Referring now to FIG. 2, an embodiment of a temperature compensated surface
      acoustic wave device in accordance with the present invention is
      illustrated generally at 30. For most useful piezoelectric materials, the
      strong coupling direction of the material has a negative value for the
      thermal expansion coefficient
      ##EQU13##
      A compensated delay line may be constructed by depositing the electrode
      structure on the non-piezoelectric substrate of which substrate 32 is
      piezoelectric with a thermal expansion coefficient smaller than that of
      non-piezoelectric material 34. When the substrate 32 is held or secured
      against non-piezoelectric material 34, as by a spring 36, the effective
      thermal expansion coefficient
      ##EQU14##
      is negative with increasing temperature. The two materials must be chosen
      such that the net delay line length change compensates for the change in
      surface wave velocity on the piezoelectric material which is placed above
      the substrate. The velocity of acoustic waves transmitted by an electrode
      array 38 in response to waveforms supplied by a signal generator 40 will
      be independent of the thickness of material 34. These acoustic waves are
      received by a receiving array 40 and supplied to a receiver 42.
PAR  The interdigital electrode structures of most surface wave delay lines are
      plated directly on the piezoelectric material. In that case
      ##EQU15##
      are determined by the properties of the piezoelectric material alone and
      in most cases are not equal thus, .tau. has a temperature dependence. It
      has been discovered that
      ##EQU16##
      can be chosen separately after
      ##EQU17##
      has been determined for the optimum coupling direction and .DELTA..tau.
      can be made to vanish over some temperature range for any piezoelectric
      material such as quartz, LiNbO.sub.3, LiTaO.sub.3, ZnO, or CdS.
PAR  In the embodiment illustrated by FIG. 2, the temperature dependence of
      surface acoustic wave velocity may be beneficially obtained with which
      determination of
      ##EQU18##
      it would probably be impossible to construct the device with its resultant
      use, for example, in radar systems employing delay lines.
PAR  By example, piezoelectric substrate 32 may comprise X-cut quartz while
      Bausch and Lomb type T-40 glass comprises substrate 34. Electrodes 38 and
      40 may be plated upon substrate 34 by vacuum deposition techniques. The
      expansion coefficient of the glass used is approximately 9 .times.
      10.sup.-.sup.6 per degree centigrade. While the electrode arrays are
      illustrated as being sandwiched between layers 32 and 34, it is to be
      understood that it is only required that the electrodes be near a
      piezoelectric layer.
PAR  Referring now to FIG. 3, a cutaway view of an overlay film surface acoustic
      wave delay line with a small temperature coefficient of delay is
      disclosed, generally at 50. A surface acoustic wave is launched by a
      transmitting electrode array 52 which includes exemplary individual
      interdigital electrodes 54 through 64; however, it is to be understood
      that an entire array may actually be present with the electrodes spaced in
      accordance with the desired frequency response. A signal is applied across
      electrodes 5 and 60, for example, by signal generator 66 and a surface
      acoustic wave is launched along the piezoelectric overlay film surface 68
      which covers the entire non-piezoelectric substrate 70, which launched
      wave is received at receiving interdigital electrode array 72 which
      includes exemplary individual interdigital electrodes 74 through 84. The
      received electroacoustic wave is coupled from receiving array 72 to a
      receiver 86.
PAR  In the instant embodiment, the interdigital electrode structure is
      sandwiched between the overlay surface film and the underlying substrate
      as this arrangement results in greater electromechanical coupling
      efficiency than placement of the interdigital electrode structure on the
      surface of the overlay film.
PAR  The temperature coefficient of delay of an overlay film delay line depends
      upon the temperature coefficients of the elastic constants of the
      substrate and film, the temperature coefficients of the piezoelectric
      constants of the film, the thermal expansion coefficient of the substrate
      and the ratio of film thickness to acoustic wavelength. This ratio may be
      controlled for a given device and operating frequency and the film
      thickness may be chosen for optimum operation. For example, G. S. Kino, M.
      Heckman, L. Solie and D. Winslow in A Theory for Interdigital Raleigh Wave
      Transducers on a Non-piezoelectric Substrate in the IEEE Ultrasonics
      Symposium, San Franciso, Oct. 1970, disclosed that if film thickness to
      wavelength ratio is near 0.5 maximum electromechanical coupling is
      achieved. This does not take temperature compensation into account, and
      will not result in a zero or near zero temperature coefficient of delay.
PAR  Since the temperature behavior of a delay line depends upon the film
      thickness to wavelength ratio, the temperature coefficient of delay may be
      made small and the coupling efficiency may be made large simultaneously by
      proper choice of materials and film thickness. Thus, layer 68 must be
      chosen to effect temperature compensation.
PAR  Referring now to FIG. 8, which is a plot of the thickness of wavelength
      ratio
      ##EQU19##
      in ppm per degrees centigrade for zinc oxide on fused silica using a
      sputtered ZnO film. It may be seen from this graph that a sputtered ZnO
      film on fused silica will give zero temperature coefficient of delay when
      the thickness to wavelength ratio is near 0.27 with moderately good
      coupling efficiency and only moderate dispersiveness. Of course, other
      well-known techniques for the deposition of thin films other than
      sputtering may be used.
PAR  While the data illustrated by the graph of FIG. 8 is applicable to delay
      lines in which the entire non-piezoelectric surface is covered by the
      piezoelectric overlay film of ZnO, it is not necessary to cover the entire
      surface, only the area above the electrode structure need be covered for
      operation as a delay line. The thickness of the film deposited over the
      electrode structure may be adjusted to give optimum temperature behavior
      when there is no film over the rest of the surface. When a range of delay
      coefficients is required, the overlay film thickness may be deposited to
      give such a range, as is apparent from the graph, thereby minimizing
      tolerances on the film thickness. Also, a particular band width rather
      than a specific frequency is usually required in most applications, hence
      certain frequencies in that requisite band width may result in some
      minimal delay, but this delay may be made as small as desired by choosing
      frequencies corresponding to the film thickness desired or by adjusting
      the film thickness to the band width requirements.
PAR  Referring now to FIG. 4, an overlay film surface acoustic wave delay line
      is illustrated generally at 90 in which a non-piezoelectric substrate 92
      has plated thereon transmitting and receiving interdigital electrode
      arrays 94 and 96 respectively, said receiving array 94 having connected
      thereto a signal source 98 and said receiving interdigital electrode array
      having connected thereto a receiver 100. In this embodiment, the overlay
      film surface is plated on the non-piezoelectric substrate only over the
      electrode portions thereby conserving the piezoelectric material required
      for overlay film substrate 102 and 104 over receiving array 94 and
      transmitting array 96 respectively. An electroacoustic wave launched from
      the electrodes 94 travels along the surface of non-piezoelectric substrate
      92 and is received by electrodes 96 sandwiched between the overlay film
      104 and the non-piezoelectric substrate 92 thereby causing an acoustic
      wave to be received corresponding to the acoustic wave transmitted in the
      device of FIG. 3, the only difference being that all propagation is not
      and need not be below piezoelectric material as only that portion of the
      nonpiezoelectric substrate which has interdigital electrodes plated
      thereon requires a piezoelectric overlay film thereover.
PAR  Referring now to FIG. 5, an overlay film surface acoustic wave delay line
      device similar to that illustrated by FIG. 4 is shown generally at 110 in
      which transmitting and receiving interdigital electrode arrays 112 and 114
      respectively are vacuum deposited upon the surface of a non-piezoelectric
      substrate 116. Sandwiched between the non-piezoelectric substrate and
      piezoelectric overlay films 118 and 120 which overlay films are deposited
      above the receiving and transmitting electrode arrays respectively only
      with the regions between with piezoelectric overlay films being wholly
      non-piezoelectric are the electrode arrays. While the temperature behavior
      of the combination of piezoelectric and nonpiezoelectric materials as a
      whole is different in the case in which the piezoelectric material is
      deposited only over the area covered by the interdigital electrode
      structure rather than the entire non-piezoelectrical substrate as a whole,
      adjustment of the piezoelectric films 118 and 120 will still result in
      optimum temperature behavior.
PAR  A problem which can occur in a device such as that disclosed by FIG. 4 in
      which the edges of the overlaying piezoelectric film 102 and 104 are
      perpendicular to the non-piezoelectric substrate 92 is that distortion can
      be introduced into the propagated wave. Upon leaving the region of overlap
      between the piezoelectric film and the non-piezoelectric substrate in the
      embodiment disclosed by FIG. 5, there is a tapering of the edges, for
      example edges 122 and 124 associated with the transmitting and receiving
      electrode arrays 112 and 114 respectively such that the transition of the
      propagated surface electroacoustic wave is more gradual between the
      piezoelectric and non-piezoelectric junction to the region of
      non-piezoelectric material only and also upon reentry of the transmitted
      wave to the piezoelectric and non-piezoelectric material. Of course, any
      suitable tapering may be implemented dependent only upon the particular
      interdigital electrode structure involved and upon the characteristics of
      the piezoelectric and non-piezoelectric materials such that the proper
      thickness may be deposited to arrive at substantially perfect temperature
      compensation. The waveform supplied by signal source 126 is normally
      chosen to match that which can be generated and transmitted by the
      particular interdigital structural array 112 and array 114 must also
      accordingly be matched to the particular transmitted wave form for
      eventual coupling to a utilization device such as a receiver 128. Of
      course, the electrode arrays may be apodized or spaced according to the
      generated waveform, and the simplified arrays 112 and 114 are by way of
      example only.
PAR  Referring now to FIG. 6, another embodiment of an overlay film surface
      acoustic wave delay line is illustrated generally at 130 wherein a
      continuous surface wave delay line structure is illustrated. By utilizing
      a curved surface, additional delay length may be achieved without the use
      of extra material, both piezoelectric and non-piezoelectric. As
      illustrated, the curved surface is cylindrical although, of course, other
      geometric curved surfaces may be utilized. In the present embodiment a
      cylinder 132 which is illustrated as solid but which, of course, may be
      hollow, is fabricated of non-piezoelectric material. Deposited thereon as
      by sputtering or vacuum deposition are the interdigital electrode
      structures with interdigital electrode array 134 as the transmitting array
      and interdigital electrode array 136 as the receiving array, with a signal
      source 138 supplying the appropriate waveforms to be propagated by array
      134 and a receiver 140 shown as a load for receiving the output of
      receiving interdigital electrode array 136. As may be observed, the
      propagated surface electroacoustic wave will travel spirally around the
      cylindrical surface after launching from transmitting array 134 to
      receiving array 136. These electrodes are deposited between the
      non-piezoelectric substrate 132 and a piezoelectric overlay film surface
      142 which is deposited over the interdigital electrode arrays. The
      piezoelectric film overlay may cover the entire curved surface, in this
      case the entire cylindrical surface, although in FIG. 6 it is illustrated
      only as covering the particular region over which the transmitted wave
      will propagate. Of course, as an alternative the surface overlay film may
      be constructed as in accordance with FIGS. 4 or 5 and cover only that
      particular region under which there is an interdigital electrode array.
PAR  Such a device as shown by FIG. 6 is useful in those instances in which cost
      and space make it prohibitive to fabricate a delay of equivalent length on
      a flat surface. By adjusting the thickness of the film overlay 142 to
      0.27, for example, with respect to the wavelength of the central frequency
      of a predetermined bandwidth substantially zero temperature coefficient of
      delay is achieved when film 142 is ZnO and cylinder 132 is fused silica.
PAR  Referring now to FIG. 7, an electroacoustic overlay film wave shaping
      device is illustrated generally at 150 in which a non-piezoelectric
      substrate 152 suitable for the transmission of electroacoustic waves on a
      surface thereof has deposited thereon an interdigital transmitting
      electrode array 154 comprising a plurality of metallic interdigital
      electrodes arranged in a comblike array in a predetermined spatial and
      geometric relationship and an output or receiver interdigital electrode
      array similarly arranged in a predetermined spatial and geometric
      relationship which output array comprises a plurality of metallic and
      conductive interdigital fingers in a comb structure 156. The individual
      electrode fingers such as 158, 160, 162 and 164 are parallel with each
      other and spaced apart distances which are a function of the frequencies
      to which the individual fingers are responsive in accordance with
      well-known techniques such as apodization.
PAR  The use of high coupling material, which is piezoelectric material is
      desirable because it allows a large bandwidth with minimum insertion loss.
      However, this high coupling causes an acoustic wave to be multiply
      reflected as it travels under an interdigital array such as 154 or 156.
      These reflections can destroy the amplitude and phase coherence of a
      launched surface wave necessary to achieve the desired electrical response
      from the surface wave device. Such a surface wave is launched, for
      example, by electrical generator 166 which is connected to the
      transmitting array 154 of the transmitter comb structure. The resultant
      electric field betweem the interdigital fingers results in the generation
      and propagation of a wave along the surface of a piezoelectric overlay
      film surface 168 which is deposited over the electrode arrays 154 and 156
      such that these electrode arrays are sandwiched therebetween. The
      propagated wave is shaped in accordance with the spacing between adjacent
      electrodes, the overlapping of electrodes, and the axial or tilt of the
      individual interdigital electrodes with respect to their central axis. The
      use of a tilted comb array reduces multiple reflection thereby enabling
      the surface wave generated by any particular interdigital finger to be
      launched from the transducer without being perturbed by the other fingers
      of the array. For a large array this perturbation is large and may be
      reduced in accordance with the degree of axial tilt of the comb array.
PAR  By sandwiching the electrode arrays between layers of piezoelectric and
      non-piezoelectric material, temperature compensation may be achieved in
      accordance with the present invention by selecting the thickness of the
      piezoelectric and non-piezoelectric layers such that the temperature
      compensation is achieved. As previously described, when the piezoelectric
      material is zinc oxide and the non-piezoelectric substrate is fused
      silica, a temperature compensated delay line will result for a film
      thickness to wavelength ratio near 0.27. The output of receiver array 156
      may be, of course, processed in a conventional manner by any receiver 170.
      The piezoelectric overlay film 168 may be deposited only over the
      electrode arrays if desired. Additionally, instead of sandwiching the
      electrodes between piezoelectric layer 168 and substrate 152, the
      electrodes may be deposited directly upon the piezoelectric film 152;
      however, greater coupling efficiency results in the electrode sandwich
      embodiment as illustrated by FIG. 7.
PAR  Referring now to FIG. 9, a general block diagram of a linear chirp radar
      system which may utilize a linearly dispersive delay line constructed in
      accordance with FIG. 7 is shown generally at 200. An impulse generator 202
      generates an energy pulse which excites linearly dispersive delay line 204
      in which a tilted comb temperature compensated array is disposed between
      layers of piezoelectric and non-piezoelectric material which array
      disperses the generated energy pulse to produce, for example, a linearly
      frequency chirped waveform suitable for pulse compression techniques. The
      waveform is then transmitted by a conventional pulse compression-type
      radar transmitter-receiver unit 206 and the return signal is compressed in
      a pulse compression circuit 208 comprising an array in accordance with
      that of FIG. 7 for display on a radar screen 210. An improved signal
      results as the linearly dispersive delay line 204 is able to produce the
      desired signal more exactly thereby enabling pulse compressor 208 to act
      only on those frequencies which occur within the desired bandwidth and
      eliminates those extraneous frequencies by the improved reproduction of
      the original signal by linearly dispersive delay line 204.
PAR  Referring now to FIG. 10, a general block diagram illustrating the use of
      temperature compensated delay lines of the present invention for a broad
      band delay line is shown generally at 220. In correlation type radar
      systems using either autocorrelation or cross-correlation techniques, the
      transmitted signal is formed by a waveform generator 222 which signal may
      be delayed by a broad band delay line 224 and combined with the reflected
      signal received via antenna 226 from a target or cluster of targets 228
      resulting from the transmission of the generated waveform via transmitting
      antenna 230. The received target echo is correlated at a correlator 232 in
      the radar receiver with an original delayed replica of the signal
      generated by waveform generator 222 which delayed replica is generated in
      the broad band delay line 224 thereby resulting in cross-correlation of
      the received signal with the delayed signal at correlator 232. When the
      temperature compensated tilted comb arrays of the present invention are
      utilized as the broad band delay line 224 an improved phase response
      results with minimum frequency distortion.
PAR  Another application of the temperature compensated overlay film substrate
      tilted comb structure of the present invention is illustrated by FIG. 11
      in which these surface wave devices are utilized as a series of band-pass
      filters shown generally at 240 for use in systems in general requiring
      filtering of multiplexed input signals into a plurality of output signals
      with minimum interaction between the various frequency signals resulting
      from reflection in the acoustic surface wave device. By employing the
      structure of, for example, FIG. 3 of the present invention as band-pass
      filters 242, 244 and 246 an improved filtering system is obtained.
PAR  Referring now to FIG. 12, a generated block diagram of a system for the
      generation and detection of waveforms such as phase coded signals, linear
      FM signals, nonlinear FM signals, or signals with special coding is
      illustrated generally at 250 in which signals generated by an impulse
      generator 252 of conventional design are coupled to temperature
      compensated overlay substrate tilted comb structures either with or
      without apodizing in accordance with the present invention with a waveform
      generator 254 which generates the phase coded signals, FM signals,
      nonlinear FM signals or signals with special coding depending only on the
      interdigital comb design parameters, i.e., electrode configuration,
      separation, degree of tilt, degree of apodization and film thickness. The
      output of waveform generator 254 is coupled through either a radar, sonar
      or communication channel 256 in general to a matched filter 258 which
      matched filter comprises a temperature compensated tilted comb surface
      wave device designed to match whatever waveform is generated by waveform
      generator 254 and the output of which matched filter may be detected by a
      conventional detector 260.
PAR  While particular embodiments of the invention have been shown and
      described, various modifications thereof will be apparent to those skilled
      in the art, and therefore it is not intended that the invention be limited
      to the disclosed embodiments or to details thereof and departures may be
      made therefrom within the spirit and scope of the invention as defined in
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of forming a surface wave delay line comprising the steps of:
PA1  depositing at least an electrode array upon a non-piezoelectric substrate;
      and
PA1  depositing a piezoelectric overlay film on said electrode array, the
      thickness of said film being such that the temperature coefficient of
      delay of surface waves is substantially zero at at least one wavelength of
      said surface waves.
NUM  2.
PAR  2. The method in accordance with claim 1 wherein said substrate is of a
      thickness large with respect to said wavelength.
NUM  3.
PAR  3. The method in accordance with claim 2 wherein the step of depositing the
      overlay film comprises the vacuum deposition of zinc oxide on a fused
      silica substrate.
NUM  4.
PAR  4. The method in accodance with claim 1 wherein said step of depositing
      said electrode array comprises forming a metal film on said substrate and
      removing portions of said film to form said array.
NUM  5.
PAR  5. The method in accordance with claim 4 wherein said substrate comprises
      fused silica.
NUM  6.
PAR  6. The method of forming a surface wave delay line comprising the steps of:
PA1  depositing at least an electrode array upon a piezoelectric substrate; and
PA1  depositing a non-piezoelectric overlay film on said electrode array, the
      thickness of said film being such that the temperature coefficient of
      delay of surface waves is substantially zero at at least one wavelength of
      said surface waves.
NUM  7.
PAR  7. The method in accordance with claim 6 wherein said substrate is of a
      thickness large with respect to said wavelength.
NUM  8.
PAR  8. The method of claim 7 wherein said step of depositing an electrode array
      comprises forming a metal film on said substrate and removing portions of
      said film to form said array.
NUM  9.
PAR  9. The method of claim 8 wherein said overlay film comprises a compound of
      oxygen.
NUM  10.
PAR  10. The method of claim 9 wherein said substrate comprises zinc oxide.
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ABST
PAL  High molecular weight fluorocarbon polymer is incorporated into arylene
      sulfide polymer coating dispersions by (a) dry milling a pigment with the
      fluorocarbon polymer and (b) thereafter adding the arylene sulfide polymer
      and a liquid capable of wetting said fluorocarbon-pigment mixture and
      subjecting same to intensive milling.
PARN
PAR  This is a divisional of copending application Ser. No. 299,145 filed Oct.
      19, 1972, now U.S. Pat. No. 3,856,736.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the preparation of arylene sulfide polymer
      coating dispersions containing high molecular weight fluorocarbon polymer.
PAR  Arylene sulfide polymers are known for their desirable characteristics as
      coating compositions as shown for instance by Ray U.S. Pat. No. 3,492,125.
      It has been found that in some instances it is preferred to incorporate a
      small amount of a fluorocarbon polymer with the arylene sulfide polymer
      coating composition. While relatively low molecular weight fluorocarbon
      polymer such as that sold by LNP Corporation as TL-126 can be incorporated
      into such dispersions relatively easily, it has been found that the high
      molecular weight fluorocarbon polymers are difficult to disperse evenly in
      an arylene sulfide polymer coating composition.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an arylene sulfide polymer
      coating composition containing a high molecular weight fluorocarbon
      polymer.
PAR  It is a further object of this invention to provide a method for
      incorporating high molecular weight fluorocarbon polymers in arylene
      sulfide polymer coating compositions.
PAR  And it is yet a further object of this invention to provide an arylene
      sulfide polymer coating having smooth surface characteristics.
PAR  In accordance with this invention, the high molecular weight fluorocarbon
      polymer is first subjected to intensive dry milling with a pigment and
      thereafter subjected to intensive milling with the arylene sulfide polymer
      in a liquid capable of wetting the fluorocarbon-pigment mixture.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBBODIMENTS
PAR  The instant invention is applicable to the incorporation of any high
      molecular weight fluorocarbon polymer into arylene sulfide polymer coating
      compositions. The preferred fluorocarbon polymer is
      polytetrafluoroethylene (PTFE). The invention makes possible the
      successful incorporation of fluorocarbon polymers having a high molecular
      weight. That is, polymers of such molecular weight that no flow is
      obtained in the ASTM D 1238 melt viscosity test at 380.degree.C using a
      5,000 g weight. Probably such polymers have a number average molecular
      weight of greater than 10 million. These are the types of polymers
      generally referred to as extrusion or molding grade polymers. Such
      polymers are sold under trademarks Teflon-5, Teflon-6, Teflon-7, and Halon
      G-80. The preferred polymers pass the FDA specification for acceptable
      PTFE (polytetrafluoroethylene) in food service which requires a melt
      viscosity of at least 10,000 poise at 380.degree.C as determined by ASTM D
      1238 and a thermal instability index (TII) of less than 50 as determined
      by ASTM D 1457.
PAR  The invention is applicable to the production of dispersions of any arylene
      sulfide polymer although the preferred polymer is polyphenylene sulfide
      having a melting or softening point of at least 300.degree.F, preferably
      400.degree.F to 850.degree.F.
PAR  The intensive milling used in the dry milling of the fluorocarbon polymer
      with the pigment and the subsequent milling of this mixture with the
      liquid and arylene sulfide polymer can be accomplished by the use of a
      conventional ball mill, a conventional rod mill, or a vibratory ball mill.
      The balls or rods can be made of steel, ceramic materials such as
      Burundum, and the like. Both of the operations can be carried out in the
      same mill or separate mills, including the use of different types of mills
      for each of the two steps.
PAR  It is essential that there be some pigment present when the high molecular
      weight fluorocarbon polymer is dry milled. The amount of fluorocarbon
      polymer can vary from 0.02 to 1 part by weight per 1 part by weight of
      said pigment. About 0.2 to 0.4 parts by weight of fluorocarbon polymer per
      part of pigment is preferred.
PAR  Any pigment capable of withstanding a curing temperature of at least about
      300.degree.F, preferably 600-850.degree.F can be utilized. The preferred
      pigment is titanium dioxide or compositions comprising a major amount of
      titanium dioxide and a minor amount of another pigment. Other pigments
      include red iron oxide, black iron oxide, brown iron oxide, carbon black,
      and zinc oxide.
PAR  The liquid in which the pigment-fluorocarbon mixture is thereafter
      dispersed can be any liquid capable of wetting the mixture. The preferred
      liquid is water containing a surface active agent. Other suitable liquids
      include ethylene glycol, propylene glycol, and mixtures of such liquids
      with water. Any conventional surface active agent can be utilized,
      however, nonionic surface active agents are preferred.
PAR  The ratio of solids (comprising the arylene sulfide polymer, pigment, and
      fluorocarbon polymer) to liquid can vary depending on the particular
      coating application; however, it is generally preferred to have a
      dispersion with about 15-40, preferably 20-40 weight per cent solids.
PAR  The intensive dry milling times can vary depending on the type of mixer
      utilized, with the conventional ball mill or rod mill dry mixing times
      being at least two days, preferably 4-5 days. With a high speed vibrator
      with stainless steel balls such as a Vibratom the same intensive milling
      can be accomplished in about 8-10 hours. At higher ratios of fluorocarbon
      polymer to pigment, longer times are preferred. For instance, at
      fluorocarbon polymer to pigment ratios of 0.5 to 1, dry milling times of
      greater than 2 weeks are desirable. The dry milling step is continued
      until a free flowing powder is obtained, at which time the material is
      suitable for further milling with the arylene sulfide polymer in a liquid
      carrier.
PAR  The intensive wet milling can be accomplished in about one-fourth the time
      required for the dry milling. Preferred times are greater than 8 hours,
      preferably 16-24 hours.
PAR  The ratio of arylene sulfide polymer to fluorocarbon polymer in the final
      cured coating composition will generally range from 3:1 to 30:1,
      preferably 5:1 to 20:1.
PAR  It is essential that the pigment, fluorocarbon polymer, and arylene sulfide
      polymer be in a particulate form. In general, the smaller the particle
      size, the better the dispersions which can be produced. To a major extent
      the dry milling of the pigment and fluorocarbon polymer tends to break up
      agglomerates and impregnate the pigment onto the fluorocarbon as opposed
      to substantially reducing the particle size, although the wet milling of
      the final composition does appear to reduce the particle size of the
      arylene sulfide polymer. A suitable particle size for the fluorocarbon
      polymer is 40 mesh or smaller. The pigment can be the same particle size
      (40 mesh) or smaller. The arylene sulfide polymer will generally be about
      40 mesh or smaller although satisfactory results can be obtained with
      coarser material, for instance 30 mesh or smaller. As noted hereinabove,
      the intensive milling will generally reduce the arylene sulfide polymer
      particle size with the final particle size generally being below 100 mesh.
      (Standard U.S. Sieve Series)
PAR  The final dispersion can be applied to a substrate by any conventional
      means such as spraying, or with a doctor blade or the like.
PAR  The resulting coating can be cured, for instance by heating to a
      temperature of at least 500.degree.F, preferably at least
      600.degree.-850.degree.F for at least 5 minutes, preferably 15 minutes to
      2 hours. Alternatively, the coatings can be cured at higher temperatures
      for shorter times.
PAR  The resulting coatings are smooth and have good non-stick characteristics.
PAC  EXAMPLE
PAR  Dispersions of polyphenylene sulfide having an inherent viscosity of about
      0.15 as determined using 0.25 per cent of the sample in chloronaphthalene
      at 206.degree.C, and a particle size of less than 60 mesh, were made with
      four separate fluorocarbon polymers (Runs 1-6) having a melt viscosity of
      0.degree. at 380.degree.C (zero flow) as determined by ASTM D 1238 using a
      5,000 g weight. These polymers were marketed under the trademarks
      Teflon-5, Teflon-6, Teflon-7, and Halon G-80. The Teflon polymers had an
      average particle size of 325, 500, and 35 microns, respectively. Also
      blends of predominantly high molecular weight polytetrafluoroethylene
      (Runs 7-8) were used. Each fluorocarbon polymer was milled in a laboratory
      ball mill or vibratom (vibratory ball mill) utilizing one part
      fluorocarbon polymer to three parts by weight of pigment as set out
      hereinbelow:
TBL      Fluorocarbon                                                          

                  Dry Milling Period                                           

                             Type of Mill                                      

     Run                                                                       

         Polymer  (Hr.)        Used  Pigment.sup.(a)                           

     __________________________________________________________________________

     1  Halon     118        ball mill                                         

                                     TiO.sub.2                                 

     2  Halon     17         vibratom                                          

                                     TiO.sub.2                                 

     3  Teflon-5  114        ball mill                                         

                                     TiO.sub.2                                 

     4  Teflon-5  10         vibratom                                          

                                     TiO.sub.2                                 

     5  Teflon-6  96         ball mill                                         

                                     TiO.sub.2                                 

     6  Teflon-7  89         ball mill                                         

                                     red iron oxide                            

     7  75% Teflon-7/25%                                                       

                  48         ball mill                                         

                                     TiO.sub.2                                 

        PTFE TL-126                                                            

     8  75% Teflon-7/25%                                                       

                  72         ball mill                                         

                                     TiO.sub.2                                 

        PTFE TL-126                                                            

     __________________________________________________________________________

      .sup.(a) TiO.sub.2 was DuPont's R-101 grade                              

PAR  Thereafter polyphenylene sulfide and a one percent aqueous solution of a
      non-ionic surface active agent sold under the trademark Triton X-100 were
      added to the pigment-fluorocarbon mixture to give 3 parts phenylene
      sulfide for each part pigment. This mixture was ball milled for about 16
      hours. The resulting dispersions contained 30 per cent solids. Each
      dispersion was sprayed with a Binks model 18b spray gun onto 3 .times. 6
      .times. 0.020 inch aluminum alloy coupons which had been degreased by
      washing in acetone and blasted with number 100 abrasive. The resulting
      coatings were cured at 700.degree.F for 30 minutes. Coating thicknesses
      were between 0.75 mil and 1.5 mils. The resulting coatings were smooth and
      had good non-stick characteristics. In other runs, smooth coatings were
      obtained with two days' dry milling. As can be seen from Runs 7 and 8,
      with the Teflon-7/TL-126 polymer blend smooth coatings were obtained,
      respectively, after 2 days' and after 3 days' dry milling.
PAC  CONTROL I
PAR  A similar dispersion to that of Run 6 of the Example was made except the
      polytetrafluoroethylene-pigment mixture was ball milled for only one day.
      The resulting coating had a rough appearance and poor release properties.
      As measured by a contact angle Goniometer, Model A-100, contact angle
      after 30,000 strokes of brushing was 44.degree. with Wesson oil. The
      coatings of the Example had contact angles of greater than 50 under
      identical testing. A similar run to that of Runs 7 and 8  of the Example
      in which the ball milling was for only one day gave a coating having a
      rough appearance.
PAC  CONTROL II
PAR  Similar dispersions to those of the Example were made except the
      polyphenylene sulfide, polytetrafluoroethylene, titanium dioxide, and
      aqueous surface active agent solutions were all ball milled together for
      various times up to 7 days. The resulting coatings in each case were
      rough. Additional dispersions were made wherein all ingredients mixed
      together except utilizing low molecular weight fluorocarbon polymers such
      as TL-126 which decomposes in the TII test and has a melt viscosity at
      380.degree.C of 4 .times. 10.sup.3. These dispersions have a smooth
      coating although not quite as good as those made from high molecular
      weight fluorocarbon polymer in accordance with the invention.
PAR  While this invention has been described in detail for the purpose of
      illustration, it is not to be construed as limited thereby but is intended
      to cover all changes and modifications within the spirit and scope
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for forming a coated article comprising:
PA1  applying to a substrate a dispersion formed by subjecting fluorocarbon
      polymer, in particulate form, having a molecular weight sufficient to give
      a melt viscosity flow of 0.degree. at 380.degree.C using a 5000 g. weight,
      to intensive dry milling by ball milling or rod milling with a pigment in
      particulate form; and thereafter subjecting the resulting mixture to
      intensive milling by ball milling or rod milling with poly (arylene
      sulfide) in particulate form in a liquid selected from water, ethylene
      glycol, or propylene glycol; and
PA1  heating said thus applied dispersion at a temperature of at least
      500.degree.F to form a cured coating.
NUM  2.
PAR  2. A method according to claim 1 wherein said fluorocarbon polymer is
      polytetrafluoroethylene.
NUM  3.
PAR  3. A method according to claim 2 wherein said liquid is water containing a
      surface active agent.
NUM  4.
PAR  4. A method according to claim 3 wherein said poly(arylene sulfide) is
      polyphenylene sulfide.
NUM  5.
PAR  5. A method according to claim 4 wherein said pigment is titanium dioxide.
NUM  6.
PAR  6. A method according to claim 4 wherein said pigment, fluorocarbon polymer
      and arylene sulfide particles each have a particle size of less than 40
      mesh.
NUM  7.
PAR  7. A method according to claim 4 wherein a ratio of said polyphenylene
      sulfide to polytetrafluoroethylene is within the range of 5:1 to 20:1, and
      the total solids content is within the range of 20-40 weight per cent
      based on the total weight of said dispersion.
NUM  8.
PAR  8. A method according to claim 4 wherein said intensive dry milling is done
      for a time period of greater than 2 days and said intensive milling with
      said liquid is done for a time of greater than 8 hours.
NUM  9.
PAR  9. A method according to claim 1 wherein said fluorocarbon is present in an
      amount within the range of 0.02 to 1 part by weight per 1 part by weight
      of said pigment and a ratio of said poly(arylene sulfide) to fluorocarbon
      polymer is within the range of 3:1 to 30:1 and wherein the total solids
      content is within the range of 15 to 40 weight per cent based on the total
      weight of said dispersion.
NUM  10.
PAR  10. A method according to claim 1 wherein said intensive dry milling is
      done for a time period of greater than 2 days.
NUM  11.
PAR  11. A method according to claim 1 wherein said intensive dry milling is
      done by vibratory ball milling for a time period of greater than 8 hours.
NUM  12.
PAR  12. A method according to claim 1 wherein said dispersion is applied by
      means of spraying.
NUM  13.
PAR  13. A method according to claim 1 wherein said thus applied dispersion is
      heated to a temperature within the range of 600- 850.degree.F for a time
      within the range of 15 minutes to 2 hours to effect said cure.
NUM  14.
PAR  14. A coated article formed by the process of claim 1.
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ABST
PAL  Polyester of trimellitic acid compound having an average molecular weight
      under about 4,000 and an acid number of at least 35 and starch paper
      sizing composition containing said polyester.
BSUM
PAR  This invention relates to paper sizing compositions comprising a
      hydrophilic natural polymer and a polyester of a polyhydric alcohol and a
      trimellitic acid compound. More particularly, this invention relates to
      paper sizing compositions comprising starch and a polyester of a
      polyhydric alcohol and a trimellitic acid compound.
PAR  Paper is often surface-sized with a sizing agent. The sizing agent cements
      the cellulosic fibers to the body of the paper and to each other, thereby
      increasing the tensile strength and Mullen value, or burst strength of the
      paper. Accordingly, the paper can be erased without destroying its fiber
      structure. Surface sizing also gives paper a relatively smooth, hard film
      which reduces "feathering" when written upon with pen and ink, will not
      catch the pen point (or pencil point) when paper is written upon and will
      not pick if the paper is printed with tacky inks. In addition, the
      porosity of the paper is decreased since the surface pores of the paper
      are sealed. Surface sizing is often more important than internal sizing
      for writing papers, printing papers and certain grades of wrapping paper.
PAR  Starch, particularly alkaline-hypochorite-oxidized starch and low D.S.
      derivatives of starch, such as hydroxyethyl starch ethers and cyanoethyl
      starch ethers, are the principal surface sizing agents used. While these
      natural polymers are effective in improving the aforesaid surface
      properties of paper, paper sized with these agents is often more water
      sensitive than desired for some uses, particularly for off-set printing,
      etc. For these uses, it is often necessary to employ mixtures of various
      latices with the starch to improve the water resistance of the
      starch-sized surface.
PAR  The principal object of this invention is to provide a new surface sizing
      composition for paper. A more specific object of this invention is to
      provide a new starch surface sizing composition suitable for application
      to paper at the size press. Other objects appear hereinafter.
PAR  We have now found that the hold-out or water-resistance of paper sizing
      agents, particularly starch surface sizing agents can be improved markedly
      by employing surface sizing compositions comprising a natural polymer and
      water-soluble polyester of a polyhydric alcohol and trimellitic acid
      compound wherein the polyester has an acid number of at least 35.
      Applicants believe that the improved surface sizing properties of the
      starch compositions of this invention is due to the interaction of the
      polyester having a high acid number with the starch resulting in
      cross-linking, or further insolubilization of the hydroxyl groups in the
      starch.
PAR  The polyesters useful in this invention are substantially linear and have
      an average molecular weight under about 4,000. For the most part, these
      polyesters are of two types. One type contains primarily intralinear
      pendant-free carboxyl groups while the other contains primarily
      terminalfree carboxyl and/or anhydride groups. The simplest type of
      polyester useful in this invention may be viewed as being substantially
      linear containing intralinear pendant-free carboxyl moieties provided by
      the trimellitic acid compound. In general, this first class of polyester
      can be produced by esterifying the trimellitic acid compound (acid or
      anhydride) with suitable co-monomers (polyhydric alcohols, fatty acids,
      dicarboxylic acids, etc.) at under 420.degree.F. In this temperature
      range, the trimellitic acid compound functions as a dicarboxylic acid and
      substantially each intralinear trimellitic moiety in the polyester has a
      free caboxyl group.
PAR  The second type of polyester is produced by a two-stage cook and can be
      viewed as having a substantially linear backbone comprising esterified
      polyhydric alcohol, dicarboxylic acid and possibly some monocarboxylic
      acid units, having an acid number of about 0 to 25, and sufficient
      terminal trimellitic groups providing the polyester with an acid number of
      at least 35,  preferably at least 50. These polyesters must be produced by
      a two-step process wherein (1) substantially all of the polyhydric alcohol
      moieties (free polyhydric alcohol, polyhydric aocohol esters of
      monocarboxylic acids, etc.) and carboxylic acid moieties having one or two
      acyl groups are condensed in the first step to produce a substantially
      linear polyester having an acid number of about 0 to 25, and (2)
      substantially all of the trimellitic acid compound, preferably the
      anhydride, is condensed in the second step with the preformed
      substantially linear polyester backbone to produce a polyester having an
      acid number of at least 35.
PAR  The two-stage polyesters, particularly those prepared from trimellitic
      anhydride, are preferred, since these polyesters contain terminal acid
      groups which are apparently responsible for optimum water-resistance of
      the sized paper.
PAR  In somewhat greater detail, the first stage of the substantially linear
      backbone polyester having an acid number of about 0 to 25 can be produced
      by condensing one or more polyhydric alcohol precursors and one or more
      carboxylic acid precursors having no more than two acyl groups. The
      hydroxyl:carboxyl equivalent ratio must be at least 1.1:1 in order to
      provide sufficient terminal or internal hydroxyl groups in the
      substantially linear polyester for reaction in the second stage with the
      trimellitic acid compound. After the substantially linear polyester
      backbone having an acid number of about 0 to 25 is produced, the
      trimellitic acid compound is condensed in the second stage a water-soluble
      polyester having an acid number of at least 35.
PAR  Typically, the backbone polyester is formed by condensing the reactants at
      300.degree. to 500.degree. F. until the polyester has an acid number of
      about 0 to 25 and then the trimellitic acid compound is reacted in the
      second stage at 250.degree. to 480.degree. F. until a polyester having an
      acid number of at least 35 is formed. For best resuluts, alkyds containing
      glyceride oil moieties should have an acid number of at least 55 and those
      without glyceride oil moieties preferably have an acid number of at least
      70.
PAR  The polyester produced by either the one-stage or two-stage process is
      generally dissolved in water or aqueous medium containing co-solvent or
      only co-solvent and/or base prior to blending with natural polymers.
      Suitable co-solvents include alcohols, such as pentanol, diethyleneglycol
      monomethyl ether, propylene glycol monopropyl ether, etc. Suitable bases
      include ammonia, morpholine, alkali metal (sodium or potassium)
      hydroxides, etc.
PAR  In general, the preferred polyhydric alcohol precursors suitable for
      producing the water-soluble polyesters are dihydric alcohols, such as
      ethylene glycol, 1,2-propylene glycol, trimethylene glycol, neopentyl
      glycol, hexamethylene glycol, 4,4'-Bis(beta-hydroxypropyl)-Bisphenol
      A,2,2,4-trimethyl1,3-pentanediol, etc., and the drying or semi-drying
      glyceride oils, such as soybean oil, linseed oil, corn oil, etc. Various
      polyhydric alcohols having three or more free hydroxyls, such as glycerol,
      pentaerythritol, 1,1,1-trimethylol ethane, 1,1,1-trimethylol propane,
      1,2,6-hexanetriol, sorbitol, etc., can be used in relatively low
      proportions. To reduce the possibility of rapid molecular weight built up,
      it is desirable, when using polyhydric alcohols having more than two
      hydroxyls, to provide sufficient monocarboxylic acid to provide the polyol
      with effectively only two free hydroxyl groups per molecule. The dihydric
      alcohols and polyhydric alcohol esters of monocarboxylic acids having on
      an average no more than two free-hydroxyl groups per molecular, should
      constitute at least 90 mole percent of the hydroxyl groups in the
      polyester backbone to assure that the polyester is substantially linear.
PAR  Suitable dicarboxylic acid compounds useful in this invention include
      isophthalic acid, phthalic acid, phthalic anhydride, terephthalic acid,
      maleic acid, maleic anhydride, fumaric acid, adipic acid, sebacic acid,
      succinic anhydride, etc.
PAR  The trimellitic acid compound (acid or anhydride) should provide from about
      10 to 100 equivalent percent of the acyl groups in the polyester with
      corresponding 90 to 0 equivalent percent of the acyl groups provided by
      mono and diacyl compounds.
PAR  As indicated above, the trimellitic polyesters of this invention can be
      used to improve the water-resistance of hydrophilic surface sizes.
      Suitable starch sizes can be based on corn starch, tapioca starch, waxy
      corn starch, potato starch, wheat starch and the amylopectin fraction
      therefrom. Prior to use, these starches are modified, such as by
      alkaline-hypochlorite-oxidation, acid or enzyme thinning and/or
      derivatized to a low D.S. (degree of substitution). Suitable derivatives
      include the so-called hydroxyethyl starches, hydroxypropyl starches,
      cyanoethyl starches, starch acetates, starch propionates, cyanoethyl
      starch acetates, aminoethyl starches, etc. having a total D.S. of about
      0.005 to 0.20.
PAR  In order to be suitable for use in our invention, it is essential that the
      starch be partially degraded. Partial controlled degradation of the starch
      decreases the viscosity of the starch paste used in the sizing operation,
      thereby permitting the use of a higher solids sizing composition. The
      controlled degradation of the starch also increases the ability of the
      starch to penetrate the cellulosic fibers and subsequently to bond the
      surface fibers together. It is this partial degradation of the starch
      which is at least partially responsible for the relatively poor
      water-resistance of the sized paper.
PAR  There are basically three chemical methods used commercially for degrading
      starch, namely, enzyme conversion, oxidation with alkaline-hypochlorite or
      other oxidation agents and acid hydrolysis. In general, the starches of
      this invention are degraded to a fluidity known in this art of from about
      18 to 97 cc, either before or after derivatization, if derivatization is
      employed. The method of measuring the fluidity is explained below. At this
      point, it is only necessary to understand that the higher the fluidity of
      the starch, the greater the degree of degradation of the starch. In order
      to impart to the paper maximum tensile strength and Mullen burst value
      when sizing at the size press, it is necessary to use a starch having a
      fluidity of 75 to 97 cc. A starch having this fluidity (75 to 97 cc) is
      most suitable for cementing cellulosic fibers to the body of the paper and
      to each other. Accordingly, the sized paper is more resistant to tearing
      of fibers during erasing. Further, the higher the fluidity of the starch,
      the higher the total solids that can be used in the sizing bath. This is
      particularly important when using the size press. When sizing at the
      calender stack, less highly degraded (lower fluidity) starches can be used
      with advantage in order to form a less porous sheet.
PAR  The alkaline fluidity of degraded granular starches can be determined in
      the following manner. Five grams of degraded granular starch (dry solids
      basis) is placed in a 400 millimeter fluidity beaker containing
      approximately 100 ccs of starch paste. The composition can be prepared by
      adding 90 millimeters of 0.25 N sodium hydroxide and 10 millimeters of
      water to the beaker and the mixture is stirred between 450 and 460 r.p.m.
      for three minutes. The starch paste is poured into a standard fluidity
      funnel for a specific "water-time" between about 30 and 40 seconds. The
      "water-time" is the number of seconds which takes for 100 ccs of water to
      flow through the funnel. The number of ccs of starch paste which flows
      through in the water-time is the fluidity of the starch. Typically,
      undegraded starch has about 1 cc fluidity. The alkaline fluidity of
      pregelatinized starches or starch pastes can be determined in essentially
      the same manner by adjusting the solids content and strength of Na OH to
      produce a 5 percent solids paste containing 0.0225 equivalents of Na OH.
PAR  Just prior to use, the granular or pregelatinized starch is slurred in
      water at the desired concentration (1 to 20 percent by weight). The starch
      is pasted either by batch means or in a continuous starch cooker (e.g.,
      Votator) at a neutral pH (6 to 8) and then the paste is discharged into
      the size box and mixed with the trimellitic polyester. A weight ratio of
      0.1 to 100 parts by weight, preferably 0.5 to 10 parts by weight,
      trimellitic polyester solids per each 100 parts by weight starch solids
      can be used. For the most part, it is desirable to use as low a
      concentration of polyester as possible. When a size press is employed, the
      size is applied to the paper while the cellulosic web is moving at 50 to
      2,000 feet per minute and then the paper is passed into the nip between
      two rolls. The size can be applied to the paper by passing the paper
      through a "puddle" of size maintained by supply from the size box, passing
      the paper over one roll of the size press partially submersed in size
      solution, by spraying the size composition onto one or both sides of the
      paper or by passing the paper web through the size bath.
PAR  In somewhat greater detail, the size press consists of two rolls between
      which the paper travels as it receives the surface sizing solution. In a
      vertical size press, there are two rolls positioned one above the other.
      Usually size is sprayed onto the bottom roll of the size press or applied
      by the bottom roll of the press revolving in a solution of the size. At
      the same time, a "puddle" of size solution is supplied to the top of the
      roll, usually by spraying. Normally, a spring roll is located ahead of the
      press to keep the tension constant and to control the angle at which the
      paper enters the nip of the press rolls thereby determining the area of
      the "puddle" supported on the top side of the sheet. The angle is usually
      about 15.degree.-35.degree.. Lowering the angle increases the area of the
      "puddle," thereby increasing pick up of the size. On the other hand,
      raising the angle decreases the area of the "puddle" and the pick up of
      size by the cellulosic web.
PAR  In a horizontal size press, the two rolls are positioned side by side. The
      size is normally introduced in the nip at the center of the sheet and
      flows from the center of the sheet toward both ends. Usually each of the
      two "puddles" formed between one roll surface of the size press and one
      side of the cellulosic web is kept just large enough to provide a little
      size running off the ends of the rolls. During the sizing operations, the
      pH of the size solution can drop to as low as four due to the leaking out
      of alum from the paper.
PAR  Irrespective of how the size is applied at the size press, the cellulosic
      web passes between rolls in order to drive the size into the paper and to
      remove excess size. The nip of the size press rolls is adjusted to exert a
      pressure of 5 to 200 pounds per linear inch. In this way, the penetration
      of the size into the paper is adjusted to meet the requirements of the
      paper being sized. Usually, at least one of the size press rolls is
      non-resilient while the other roll can be resilient (rubber) or
      non-resilient. The paper is then dried by suitable means. Generally, the
      water-resistance of the sized paper of this invention develops to a
      maximum after aging for about a week or two weeks.
PAR  If desired, the size composition can be applied to the cellulosic web using
      an air knife, a trailing blade coater, a Champion knife coater, a calender
      stack, etc.
PAR  The following examples are merely illustrative and should not be construed
      as limiting the scope of our invention.
DETD
PAC  EXAMPLE 1
PAR  A trimellitic polyester suitable for use in this invention was prepared by
      adding 652.6 grams isophthalic acid and 361 grams 1,2-propylene glycol to
      a 2-liter kettle equipped with reflux condenser, thermometers and nitrogen
      sparge. The composition was heated to 360.degree.F. over a period of about
      2 hours. The reactor pot temperature was maintained at about 360.degree.
      to 480.degree. F. for an additional 12 hours while maintaining the reflux
      head temperature at below 100.degree. C. to minimize propylene glycol loss
      and maximize water removal. After the polyester, having an acid number of
      6.9, was cooled to 350.degree. F., 125.8 grams trimellitic anhydride was
      added to the reactor and the reactor temperature was raised from
      350.degree. F. to 420.degree. F. over a period of 1 hour to provide a
      polyester having an acid number of 77.2. The polyester was cooled to room
      temperature and dissolved in Propasol P(1,2-propylene glycol
      monopropylether) to form a 70 percent solids solution, neutralized to pH 9
      with concentrated ammonium hydroxide and then reduced to 25 percent solids
      with water.
PAR  A 71/2 percent solids aqueous starch composition was produced by pasting 50
      grams (dry solids basis) granular Penford 280 (a hydroxyethyl starch
      produced by reacting 2 percent by weight ethylene oxide with starch having
      a fluidity of 80) with 667 grams water on a stream bath. The starch paste
      was cooled to 150.degree. F. and mixed with 2.5 grams (dry solid basis) of
      the polyester prepared in the preceding paragraph. The size composition
      was placed in the horizontal size bath station of a Keegan coater.
      Sufficient size composition was applied to both sides of the paper at the
      nips to provide a slight run-off at each end. The sized paper was then
      drum dried at 200.degree. F. on a roll dryer providing a contact time of
      about 40 seconds and the paper was conditioned at 50 percent relative
      humidity and 73.degree. F. for testing. The paper picked up the equivalent
      of 100 lbs./ton of starch and 5 lbs./ton of polyester. Paper was also
      sized in the same manner except thst the polyester was omitted from the
      size bath.
PAR  The water resistance of the paper samples was tested on a Hercules
      Photosize Tester using a pH 2 blue ink. The number of seconds was recorded
      when the reflectance on the backside of the treated paper dropped to 80
      percent of the value of the untreated paper. The results are set forth
      below in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Sample              Aging of Paper                                        

                As is from size                                                

                         Post Cured 15 Minutes                                 

                                      1 Week                                   

                                            2 Weeks                            

                press    at 105.degree.C.                                      

     __________________________________________________________________________

     Hydroxyethyl starch                                                       

                26 sec.  32 sec.      30 sec.                                  

                                             31 sec.                           

     Hydroxyethyl starch                                                       

                65 sec.  75 sec.      89 sec.                                  

                                            114 sec.                           

     and polyester                                                             

     __________________________________________________________________________

PAR  The above Example illustrates that the trimellitic polyester improves the
      water-resistance of starch sized paper and that the water-resistance
      increases as the paper ages.
PAR  Essentially, the same results can be obtained using Staysize 109 (a high
      fluidity acid hydrolyzed cyanoethyl starch) as the starch.
PAC  EXAMPLE II
PAR  A polyester useful in this invention based on propylene glycol, maleic
      anhydride and trimellitic anhydride were prepared in the manner described
      in Example I. The details are set forth below in Table No. II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Example No. II.     III.     IV.   V.        VI.      VII.                

     __________________________________________________________________________

     Reactants   PG/MA/TMA                                                     

                         LO/565/TMA                                            

                                  SO/565/TMA                                   

                                          SO/TMPD/IPA/TMA                      

     Mole Ratios 4/1/1.5 2.2/6/5  2.2/6/5 2/4.5/1.3/.5                         

                                                  2/6.1/1.4/3.8                

                                                           2/6.1/1.4/3.8       

     Acid No.    80      55       56      64      72       72                  

     Neutralizing Base                                                         

                 TEA     NH.sub.4 OH                                           

                                  NH.sub.4 OH                                  

                                          NH.sub.4 OH                          

                                                  NH.sub.4 OH                  

                                                           NH.sub.4 OH         

     Cosolvent   None    Isopropanol                                           

                                  Propasol P                                   

                                          Propasol P                           

                                                  Propasol P                   

                                                           Isopropanol         

     In the above Table                                                        

                 PG stands for propylene glycol                                

                 MA stands for maleic anhydride                                

                 TMA stands for trimellitic anhydride                          

                 LO stands for linseed oil                                     

                 565 stands for 4,4'-bis(beta-hydroxypropyl)-Bisphenol A       

                 SO stands for soybean oil                                     

                 TMPD stands for 2,2,4-trimethyl-1,3-pentanediol               

                 IPA stands for isophthalic acid                               

                 TEA stands for triethyl amine                                 

     __________________________________________________________________________

PAC  EXAMPLE III
PAR  An oil modified polyester was prepared by adding 607.5 grams soybean oil
      and 658.5 grams of 4,4'-Bis(beta-hydroxypropyl)-Bisphenol A (Dow 565) to a
      2-liter kettle equipped with thermometer, nitrogen sparge and a short air
      cooled reflux condenser. The composition was heated to 400.degree. F.
      within 1 hour, at which point 0.24 grams of lithium hydroxide was added as
      the alcoholysis catalyst. The temperature was raised rapidly to
      465.degree.-485.degree. F. and held for 2 hours to achieve good
      alcoholysis (i.e., ester interchange). The pot temperature was then
      lowered to 300.degree. F., at which point, 960 grams trimellitic anhydride
      was charged. The reactor pot temperature was then maintained at about
      360.degree.-420.degree. F. for an additional eight hours to provide an oil
      modified polyester with an acid number of 56. The polyester was cooled to
      room temperature and dissolved in Propasol P (1,2-propylene glycol
      monopropylether) to form a 70% solids solution, neutralized to pH 9 with
      concentrated ammonium hydroxide and then reduced to 30 percent solids with
      water.
PAC  EXAMPLE IV TO VII
PAR  A series of oil modified polyesters were prepared in the manner described
      in Example III. The composition of the polyesters are set forth below in
      Table II.
PAR  The polyesters of Examples II-VII were formulated to provide 1.67 grams
      polyester per 50 grams starch (dry solids basis) with Penford 280, applied
      to paper webs at the size press and tested in the manner described in
      Example I. The paper picked up the equivalent of 150 lbs./ton of starch
      and 5 lbs./ton of polyester. The Hercules Photosize results are set forth
      below in Table III.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Sample          Aging of Paper                                            

     As is from size                                                           

            Post Cured 15 Min.                                                 

                     1 Week     2 Weeks                                        

            press    105.degree.C.                                             

     __________________________________________________________________________

     Hydroxyethyl                                                              

            26 sec   32 sec     30 sec                                         

                                     31 sec                                    

      starch                                                                   

     Ex II  51 sec   56 sec     55 sec                                         

                                     65 sec                                    

     Ex III 29 sec   NOT RUN    36 sec                                         

                                     73 sec                                    

     Ex IV  34 sec   55 sec     52 sec                                         

                                     94 sec                                    

     Ex V   35 sec   69 sec     53 sec                                         

                                     89 sec                                    

     Ex VI  33 sec   57 sec     52 sec                                         

                                     85 sec                                    

     Ex VII 34 sec   62 sec     54 sec                                         

                                     94 sec                                    

     __________________________________________________________________________

PAR  While this invention is primarily directed to the trimellitic polyesters of
      this invention and paper-sized with starch compositions containing said
      polyesters, these compositions can be used advantageously as pigment
      adhesives at 6 to 20 parts by weight per 100 parts by weight pigment
      (e.g., clay, satin white, etc.).
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of improving the water-resistance of paper which comprises
      sizing said paper at the size press with a composition comprising degraded
      starch and a polyester of polyhydric alcohol and a trimellitic acid
      compound, said polyester having an average molecular weight under about
      4,000 and an acid number of at least 35, wherein said polyester is present
      in a weight ratio of 0.1 to 100 parts by weight per each 100 parts by
      weight starch solids.
NUM  2.
PAR  2. The process of claim 1 wherein said polyester contains primarily
      intralinear free carboxyl groups.
NUM  3.
PAR  3. The process of claim 1 wherein said polyester has a substantially linear
      backbone comprising esterified polyhydric alcohol and dicarboxylic acid
      moieties having an acid number of about 0 to 25 and sufficient terminal
      trimellitic groups providing the polyester with an acid number of at least
      35.
NUM  4.
PAR  4. The process of claim 3 wherein said starch has a fluidity of about 75 to
      97 cc.
NUM  5.
PAR  5. The process of claim 4 wherein said polyester has an acid number of at
      least 70.
PATN
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ABST
PAL  Low molecular weight, aliphatic acid esters of polyhydric alcohols when
      incorporated into instant pudding formulations containing modified
      starches results in the formation of smooth creamy non-aerated pudding
      dessert compositions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improved creamy pudding compositions and
      foodstuffs desirably having a similar consistency. More particularly, it
      concerns the ability of certain low molecular weight, aliphatic acid
      esters of polyhydric alcohols such as triacetin, to impart to said pudding
      compositions a creamy texture when the latter contains certain modified
      starches.
PAR  In the preparation of the pudding the housewife is likely to employ rapid
      mechanical agitation in hydrating the dry mix ingredients with the milk.
      She usually chooses to employ cold milk in preparing the instant pudding
      and it is quite often the case that the mix solution foams during mixing.
      As a result of the rapid onset of gelation this foaming produces an
      unattractive pebbly surface on the dessert; in addition the internal
      texture assumes a somewhat aerated condition. For many dessert users the
      above aerated dessert texture is not appealing to the pallet.
PAR  Numerous attempts have been made to solve the foaming problem for standard
      instant puddings. One example is U.S. Pat. No. 2,801,924, issued to Clausi
      et al, which discloses the incorporation of a vegetable oil in instant
      pudding mixes as a foam depressant. According to U.S. Pat. No. 2,901,355,
      such oils do reduce in part the foaming tendency of instant pudding mixes,
      but they are effective only when certain manufacturing and recipe
      conditions are adhered to and when non-hydroxy propylated starches are
      used. The said U.S. Pat. No. 2,901,355 proposes to avoid the short comings
      of the edible oils as foam depressants by incorporating in the instant
      pudding mix, in addition, a hydrophilic lipin dissolved in what is termed
      "a dry-to-the-touch free-flowing readily dispersible granular shortening."
      The hydrophilic lipins are generally partial fatty acid esters of water
      soluble hydroxy substances such as glycerol, sugars and hydroxy
      carboxcylic acids. Such oils and their incorporation with hydrophilic
      lipins are not operative when the modified starches of this application
      are used as the starch ingredient.
PAR  Another instant pudding mix on the market contains lecithin as the foam
      depressant. However, U.S. Pat. No. 3,231,391 alleges that lecithin will
      function as a foam dispersant under certain conditions when used in a
      proper amount in an instant pudding mix. However, the patent discloses
      that to obtain satisfactory results certain mixing conditions must be
      adhered to during compounding of the dry mix and the foam depressing
      action of the lecithin is reduced considerably on storage of mixes
      containing it. Lecithin also has the disadvantage that it may impart an
      off taste to the pudding.
PAR  Triacetin and similar low molecular weight aliphatic acid esters have
      traditionally been employed as plastisizers, softening agents, fixatives
      and more recently as dispersing agents for hydrophilic colloids which
      employed at concentrations of from about 1  to about 15 percent by weight
      of the colloid which is disclosed in U.S. Pat. No. 3,364,036 issued Jan.
      16, 1968. These di- and trisubstituted esters of glycerol have extremely
      low volatility, slight flavor and aroma, excellent water solubility at
      room temperature, negligible or no solubilization of hydrophilic polymers,
      and very high densities that aid in sinking particles of the colloidal
      polymer into the solvent. Triacetin and the aliphatic acid esters
      disclosed in the above patent function as dispersants by coating the
      hydrophilic colloid thereby acting as a wetting agent to allow the
      individual particle of the hydrophilic colloids to dissolve freely in
      water without any type of inter-reaction between the two components.
PAR  When pregelatinized non-propoxylated starches are used for making instant
      pudding the chief difficulty is surface foam and not internal foaming. It
      is the surface (pebbly surface) with which the above patents are chiefly
      concerned. When the newer propoxylated starches are used then the chief
      difficulty is the internal aeration to produce puddings with a spongy
      texture.
PAR  In contrast to the prior art, it has been found that certain low molecular
      weight, aliphatic acid esters of polyhydric alcohols interact with hydroxy
      propylated starch materials to interfer with the film forming properties
      of the latter. This results in creamier food preparations which are devoid
      of foam throughout. In other words, tolerance to the mixing step is
      achieved through the use of the above materials to consistantly give a
      creamy, non aerated type pudding.
PAC  SUMMARY OF THE INVENTION
PAR  The essence of the invention resides in the discovery that low molecular
      weight, aliphatic acid esters of polyhydric alcohols such as diacetin,
      triacetin, dipropionin, tripropionin and the like when combined modified
      starches, particularly with propoxylated starches in a pudding dessert
      composition or food product having a desirably similar texture and
      mouthfeel, a foodstuff is derived which is free of foam and is creamy in
      texture. The acid esters of this invention serve to interfer with the film
      forming properties of these modified starches, a property which is
      believed to be unique to these acid esters and diversely separate from
      their dispersent properties due to inability of other well known
      dispersents such as silicone oil, "Emplex," "Aerosol O.T." and calcium
      acetate to produce a foodstuff having the aforementioned desirable
      qualities.
PAR  The aliphatic acid esters of polyhydric alcohols which may be employed in
      the foodstuffs containing the propoxylated starches are those esters which
      preferably have extremely low volatility, slight flavor and aroma,
      excellent water solubility at room temperature and high densities. These
      ordinarily comprise the low molecular weight aliphatic acid esters of
      polyhydric alcohols. Higher molecular weight esters containing more than
      three carbons are effective antifoaming agents but are undesirable for use
      in food systems due to the obvious off flavor they impart when employed at
      even the lowest level of use in this invention. Of the low molecular
      weight esters mentioned previously, triacetin is preferred due to the fact
      that it has the least amount of off-odor and off-taste when used in food
      systems at the level required to obtain the previous beneficial effect.
PAR  The starches of this invention are those starches which preferably have
      been modified by propoxylation, the degree of propoxylation ranging from
      about 0.5  to 10 percent, a range of 2  to 7 percent propoxylation being
      preferred. Starches which have been modified by conventional methods such
      as oxidation with, for example sodium hypochloride, esterification with
      phosphates, acid and heat hydrolysis and similar techniques may also be
      utilized within the confines of this invention but do not produce so
      creamy a foodstuff as when the specific propoxylated starches of this
      invention are employed. Consequently, the latter are the most preferred
      modified starches for use in this invention.
PAR  In summary, the subject acid esters of this invention when combined by
      methods known in the art with specific modified starches either
      concurrently or sequentially with ingredients of a pudding or pudding like
      system, produce a foodstuff which is devoid of foam on preparation and
      results in a creamy textured product when in consumable condition.
PAR  The principle object of this invention therefore is to provide foodstuffs
      which are devoid of foam and which possess a desirable creamy appearance
      and mouthfeel.
PAR  The salient factors of the present invention will become apparent from the
      description of the preferred embodiment as set forth below.
PAC    DESCRIPTION OF THE INVENTION
PAR  The composition of the present invention is, in its basic form, an
      aliphatic acid ester a one, two or three-carbon polyhydric alcohol or
      combinations thereof with a modified starch together with typical
      ingredients of an instant pudding or similar type foodstuff results in a
      product which is creamy in texture and is devoid of foam particularly in
      the preparation stage. The esters which may be employed in this invention
      are those which preferably have an extremely low volatility, have
      negligible flavor and aroma, have excellent water solubility at room
      temperature and have relatively high density. Examples of such esters are
      as previously mentioned diacetin (glyceryl diacetate), triacetin (glyceryl
      triacetate), dipropionin (glyceryl dipropionate), and tripropionin
      (glyceryl tripropionate). Similarly, the select modified starches of this
      invention are those starches which are cold water soluble when gelatinized
      and which have been modified preferably by propoxylation; the degree of
      propoxylation being from about 0.5  to about 10 percent and preferably in
      the range of about 2  to 7 percent.
PAR  The combination of the modified starch and acid ester of the present
      invention may be effected in any way known in the art to produce a degree
      of intimacy such that the acid ester will be allowed to interfer with the
      film-forming properties of the modified starch. Therefore a simple
      homogeneous co-mingling, co-mixing, dry blending, or plating of the acid
      ester on the modified starch as by ribbon-blending will be operative. It
      is not critical whether the combination of the elements of this invention
      is effected before introduction into the food product or whether the
      components of this invention are sequentially or concurrently combined
      with the ingredients themselves.
PAR  The acid esters are employed in relatively small amounts usually 0.3  to
      about 3 percent based on the weight of the given foodstuff, a
      concentration of about 0.5  to about 1.5 percent preferred, a
      concentration of 1 percent most preferred. The amount of ester employed
      should preferably not exceed 3 percent due to the off-flavor and aroma
      that may be imparted to the foodstuff as results from larger amounts of
      the same. Consequently, the ratio of starch to the antifoaming agent is
      not critical since the amount of anti-foaming agent present is defined by
      the amount of off-flavor or taste which it may impart to the foodstuff.
      However, the conventional instant pudding composition ordinarily contains
      between about 10  to about 20 percent starch by weight of the entire
      product in addition to effective amounts of flavoring, coloring, gelling
      agents, sugar and dextrose.
PAR  The following example illustrates the present invention without, however,
      limiting the same thereto.
DETD
PAC  EXAMPLE I
PAR  A 216 g instant pudding base mix is prepared which contains 39 g. of
      modified Staley starch No. F4-313 (6.2 percent hydroxy propyl groups) in
      addition to between about 52  to 60 percent sugar, dextrose and effective
      amounts of coloring, flavoring, gelling and smoothing agents. The base
      instant pudding mix is mixed to obtain a homogeneous composition and then
      is divided into equal portions. One ml of triacetin is plated on one of
      the 108 g. samples by mixing in the "MIXMASTER" bowl at low speed while
      slowly adding the triacetin during about one minute of mixing time.
PAR  Each dry mix is then separately combined with two cups of cold milk. The
      milk and pudding composition is then mixed in a rotary beater (MIXMASTER)
      at low speed until well blended which takes approximately 2 minutes.
      During the mixing process a minimal amount of foam is seen in the sample
      containing triacetin as compared to the excessively aerated appearance of
      the pudding control.
PAR  The pudding control and the triacetin-containing sample are each poured
      into separate containers and allowed to stand for a setting time of about
      5 minutes. On evaluation of the finished pudding it is found that the
      control sample has a great deal of air incorporated in the pudding
      preparation as evidenced both by the pebbly appearance on the surface of
      the set pudding and the spongy internal structure. The
      triacetin-containing mixture however has no evidence of air and the set
      pudding produced has a smooth shiny surface and a creamy non-foamy
      internal structure.
PAR  On tasting each sample the mouthfeel of the triacetin test sample is far
      creamier than the significantly aerated pudding control.
PAC  EXAMPLE II
PAR  An instant pudding composition is prepared according to the method of
      Example I except that 39.0 g. of esterified starch are employed in place
      of the propoxylated starch. The ester of starch employed is the acetate
      where the reagent preferably employed in its preparation is acetic
      anhydride: either in slightly alkaline aqueous solution for low degrees of
      substitution, or in pyridine for degrees of substitution ranging up to
      about 3 percent.
PAR  In performing the acetylation, an excess of pyridine is preferably employed
      which then functions as a solvent after the starch is sufficiently
      acetylated.
PAR  39.0 g of the acetate is then mixed with the other instant pudding
      ingredients together with 1 ml of diacetin which on preparation results in
      a non-aerated creamy pudding composition.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An instant non-aerated creamytextured pudding composition comprising in
      combination a low molecular weight aliphatic acid ester of a polyhydric
      alcohol and a modified starch, the amount of acid ester present being in
      the range of about 0.3 to 3 percent by weight of the pudding such that no
      preparation said pudding has a reduced tendency to foam.
NUM  2.
PAR  2. The composition as claimed in claim 1 wherein the amount of acid ester
      present is from about 0.5 to about 1.5 percent.
NUM  3.
PAR  3. The composition as claimed in claim 2 wherein the amount of acid ester
      present is about 1 percent.
NUM  4.
PAR  4. The composition as claimed in claim 1 wherein the low molecular weight
      acid ester of the polyhydric alcohol is triacetin.
NUM  5.
PAR  5. The composition as claimed in claim 1 wherein the modified starch has a
      degree of propoxylation of about 5 to about 10 percent.
NUM  6.
PAR  6. The composition as claimed in claim 4 wherein the degree of
      propoxylation is 2 to 7 percent.
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ABST
PAL  An insulation system for marine tanker or land based liquid natural gas
      containers is formed in prefabricated modules bolted to an inner wall of
      the container. Adjacent modules are connected to provide a continuous
      insulation, liquid barrier and tension membrane. The confined liquid is in
      contact with a layer of closed cell polyurethane foam that incorporates
      means for relieving thermal stresses. The liquid tight primary foam layer
      is backed by a liquid tight fiberglass tension membrane and an additional
      layer of polyurethane foam. The fiberglass membrane is connected to
      cruciform fittings in the tank corners for reaction of contraction induced
      tensile forces. Handling and installation of the system is simplified by
      prefabricating the several layers of insulation and fiberglass membrane
      with a plywood panel supporting the system and providing an interface with
      the inner hull of the ship or inner tank surface. Damage and leak
      detection sensors are incorporated in the module at the membrane.
BSUM
PAC  RELATED INVENTIONS
PAR  The present invention is an improvement on the copending application of
      Helf and Mack for Thermal Insulation With Relief of Thermal Stress, Ser.
      No. 286,512, filed Sept. 5, 1972, and the copending application of L.
      Isenberg and E. T. Hillberg for Thermally Insulated Container, Ser. No.
      152,125, filed June 11, 1971 and now U.S. Pat. No. 3,757,982. Both of
      these copending applications are assigned to the assignee of the present
      application and the disclosures of both are specifically incorporated
      herein by this reference as though fully set forth.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to insulation systems and more particularly
      concerns multilayer systems embodying prefabricated modules.
PAR  Cryogenic liquids, particularly liquified gases, have been stored and
      transported for many years. Such materials must be confined under great
      pressure if at ambient temperatures, or must be maintained at cryogenic
      temperatures if confined near atmospheric pressures. The cost and dangers
      inherent in high pressure containers of large volume provide the cryogenic
      container with significant advantages. Accordingly, thermal insulation
      systems have been utilized in containers for storage and transportation of
      liquified gases.
PAR  Multilayer cellular foam insulation, cork, pearlite, fiberglass, cellular
      rubber, cellular glass and many other materials, have been employed in
      cryogenic containers. Several criteria are of primary importance in the
      selection of insulation systems. A first one of such criteria is low
      thermal conductivity and a second is adequate mechanical strength. A third
      criterion is ease of fabrication and installation. The latter is
      economically significant because even a small decrease in unit cost of
      installation can result in substantial savings over the literally acres of
      insulation that may be required for a liquid natural gas tanker.
PAR  The cellular foams, and in particular, urethane foam, are among materials
      having lowest thermal conductivity. Thus, in the aforesaid patent of
      Isenberg and Hillberg, there is disclosed a system making use of the
      exceedingly favorable thermal characteristics of the urethane foam and, in
      addition, meeting requirements of various laws and regulations. Such laws
      and regulations are, in general, concerned with safety of large containers
      of the potentially dangerous liquified gases. Because of the high risks
      involved, both primary and secondary liquid barriers are required, and in
      addition, suitable means must be provided to detect and warn of damage or
      leak. Thus, the system of the Isenberg and Hillberg patent employs a
      liquid barrier membrane between plural layers of foam insulation and
      includes a system for monitoring leakage. The Isenberg and Hillberg system
      provides significant economies with respect to prior foam systems, since
      the latter generally required the mounting of the foam within rigid
      protective structural shells prior to installation. Such shells have been
      required for dimensional stability and to form both liquid and vapor tight
      barriers. This type of insulation system is described in the several
      patents assigned to Esso Research and Engineering Company, Nos. 3,341,051,
      3,381,843, 3,341,050, 3,363,796 and 3,339,780.
PAR  Although polyurethane foams provide efficient insulation systems in
      temperature ranges between +200.degree.F. and -100.degree.F., they become
      brittle and exhibit poor mechanical properties at cryogenic temperatures
      in the range of -150.degree.F. to -452.degree.F. Further, they are subject
      to widespread surface cracking and structural failure. Thus, the copending
      application of Mack and Helf for Thermal Insulation With Relief of Thermal
      Stress, Ser. No. 286,512 discloses a modification of the system of
      Isenberg and Hillberg in which the inner layer of foam isulation is formed
      with stress attenuating discontinuities thereby avoiding surface cracking
      failures. In one arrangement of the discontinuities, the innermost layer
      of insulation, namely, that which is in contact with the confined
      liquified gas, is formed by a number of edge-to-edge blocks having barrier
      strips mounted at the joints between adjacent blocks to provide a primary
      liquid barrier.
PAR  The application of urethane foam whether poured or sprayed in place, or
      preformed in blocks that are bonded in place, requires careful and precise
      control of many conditions and parameters including careful environmental
      control. Various factors, such as humidity, temperature and air borne
      contaminants, must be carefully controlled in the application of urethane
      adhesives and in the formation of the urethane foam itself. Where the
      insulation is to be applied to and within the hold of a tanker forming
      several containers, each in the order of 100 .times. 120 feet by 80 feet
      high for example, significant problems may be encountered in the control
      of these environmental parameters. Accordingly, it is preferable to
      perform as much of the manufacture and assembly of the systems as possible
      in a shop where greater control and precision of operation is possible.
PAR  It is an object of the present invention to provide improved insulation
      systems and methods that decrease time and effort required for
      installation without degradation of operation of the system.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out principles of the present invention in accordance with a
      preferred embodiment thereof, an insulation system module is formed by
      bonding a first layer of insulation to a module support structure to form
      a first sub-assembly, bonding a liquid impervious tension membrane to an
      array of adjacent insulation blocks assembled in edge-to-edge relation
      with liquid barriers at the joints thereof to form a second sub-assembly,
      bonding the two sub-assemblies together to form a self-support laminated
      module, and attaching a plurality of such laminated modules to the surface
      to be insulated in a side-by-side relation with the module support
      structure forming an interface between the insulation and liquid barrier
      layers on the one side and the insulated surface on the other.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a section of part of a marine tanker
      container showing an insulation system installed in accordance with the
      present invention;
PAR  FIG. 2 is a perspective view of a single module, with parts broken away;
PAR  FIG. 3 is an enlarged fragmentary view of a module showing one type of
      joint barrier;
PAR  FIG. 4 shows a modified form of module joint barrier;
PAR  FIG. 5 is a sectional view of the sub-assembly of part of the module
      showing the module support structure and first layer of insulation
      enclosed in a pressure bonding tool;
PAR  FIG. 6 is a section of a sub-assembly of part of the module support
      structure and first insulation layer showing a vacuum bonding fixture;
PAR  FIG. 7 is a section of a second sub-assembly of tension membrane and inner
      insulation layer with one type of liquid barrier joints, showing a
      pressure bonding tool;
PAR  FIG. 8 is a section of a second assembly of tension membrane and inner
      layer of insulation with another type of joint barrier, showing a vacuum
      bonding fixture;
PAR  FIG. 9 is a perspective view of the outer surface of the sub-assembly of
      FIG. 8;
PAR  FIG. 10 illustrates a junction of three modules and closeout strips,
      showing elements of one closeout in exploded relation;
PAR  FIG. 11 illustrates a sectional view of a closeout strip for an embodiment
      of the insulation system employing the joint barrier of FIG. 4;
PAR  FIG. 12 illustrates one form of corner fitting for connection of the
      tension membrane;
PAR  FIG. 13 illustrates an alternate arrangement of corner fitting for a system
      embodying a pair of tension membranes;
PAR  FIGS. 14 and 15 illustrate a tool for use in bonding of the closeout
      strips;
PAR  FIG. 16 illustrates a modification of the module joint barrier shown in
      FIG. 4; and
PAR  FIG. 17 illustrates still another modification of the module joint barrier
      of FIG. 4.
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PAC  DETAILED DESCRIPTION
PAR  Illustrated in FIG. 1 is a schematic representation of a transverse
      mid-section of a marine tanker having a cryogenic container formed in its
      cargo hold. The inner hull or cargo tank structure comprises the inner
      bottom 10, longitudinal bulkheads 12, transverse bulkheads 14, and tank
      top 16. Wing tanks 17, 18 and the double bottom 19, may be flooded for
      ballast purposes or in case of leakage from the cargo tank. The inner hull
      defines the shell of a cryogenic container in which low temperature
      liquids, such as, for example, a liquified natural gas at a temperature of
      about -260.degree.F. (-126.7.degree.C.), are to be carried at or about
      atmospheric pressure.
PAR  The tank is provided with an insulation system in the form of a plurality
      of insulation panels or modules 20, 21 etc., attached to the inner surface
      of the tank in side-by-side relation as illustrated in FIG. 1. Joints
      between adjacent modules are filled by closeout strips, not shown in FIG.
      1, but more particularly described below.
PAR  As illustrated in FIGS. 2 and 3, a typical one of the identical modules is
      a self-contained and self-supporting structural unit that is readily
      fabricated at a location remote from the container, easily handled and
      transported to the container, and simply and quickly attached to the inner
      surface of the container. Preferably, the module is made as large as
      possible, the size being limited primarily by the size of the hatch
      through which the modules must be transported for installation. Another
      factor constraining choice of module size is availability of panels or
      sheets of material in larger sizes. Accordingly, a module size preferred
      at present employs a module or panel support structure in the form of a
      rigid sheet of plywood 22, 5 feet by 10 feet by 1 inch thick.
PAR  The module support structure 22 has its flange formed with a plurality of
      holes 23 adapted to receive bolts (not shown in FIG. 2 and 3) that are
      fixed to and project from the inner surface of the container for rapid and
      simple mechanical attachment of the module.
PAR  A first or outer layer of insulation 24 formed of a closed cellular foam is
      bonded to the support structure 22 and has slightly smaller dimensions
      than the support structure to provide a flange 26 extending around the
      entire periphery of the module. A tension and secondary barrier membrane
      28 is bonded to the inner surface of the outer insulation layer 24 and
      sensors 27 and leads 30 of damage and leak detection systems, are
      installed in the layer 24, preferably adjacent the membrane 28.
PAR  Membrane 28 not only forms a secondary liquid barrier but also forms a
      tension member that resists the tension forces induced by contraction of
      the insulation upon exposure to the cryogenic temperature. The tension and
      barrier membrane 28 may be formed of many different types of
      liquid-impervious materials, including aluminum or other metals, but a
      laminate of resin impregnated fiberglass cloth is preferred. In an
      exemplary embodiment, six layers of glass cloth, each having a thickness
      of 0.010 inches and each impregnated with a resin, are laminated to form a
      strong liquid-impervious sheet having dimensions conforming to the
      dimensions of the outer insulation layer 24.
PAR  An array of blocks 31, 32, etc., forming the inner layer of insulation
      covers an extent somewhat less than the extent of the membrane 28 to
      provide a peripheral membrane flange 29 to be used for splicing the
      membrane to corresponding membranes of adjacent modules. Blocks 31, 32,
      etc., are formed of a closed cellular foam and arranged in an edge-to-edge
      array. The blocks are bonded to the membrane 28 but adjoining side edges
      of adjacent blocks are not bonded to each other. Accordingly, an expansion
      joint between adjacent blocks is provided and a liquid-impervious barrier
      is formed in such joints by means of barrier strips 33 positioned in
      mutually facing and mating grooves 34, 35 that are formed in side edges of
      adjacent blocks at a distance from the innermost surface of the inner
      layer of insulation. The blocks are free to contract and move apart
      slightly at the joints but passage of liquid to the membrane 28 remains
      blocked by the expansion joint barrier strips. As liquid approaches the
      barrier strips, its temperature rises, it vaporizes, and resulting gas is
      trapped in the relatively narrow joints. Since the trapped gas is a better
      insulator than the liquid form of the confined material, adequate
      insulation remains.
PAR  Illustrated in FIG. 4 is a modified form of expansion joint in which
      grooves 34a and 34b are formed as mating rabbets in adjoining edges of
      adjacent blocks such as blocks 31a, 32a. The rabbets are formed at the
      block surface that is bonded to the tension and secondary barrier membrane
      28a. A barrier strip, such as a dense foam or wood strip 33a is positioned
      in the mating rabbets and securely bonded to the blocks 31a and 32a and to
      the membrane 28a, throughout its contact with these elements. Thus, a
      liquid-impervious bond, formed by the adhesive bonding material, extends
      completely across the expansion joint formed between the adjacent blocks
      and prevents any liquid from contacting the secondary liquid barrier 28a.
      The foam blocks 31a, 32a, etc., are themselves impervious to liquid but
      are merely in side-by-side abutment, not being bonded to one another. The
      blocks of the inner layers (of the embodiments of both FIGS. 3 and 4) are
      connected and sealed to each other only by means of the joint barriers.
      Thus temperature induced contraction of the blocks will tend to open a
      narrow space wherein the liquid vaporizes and is trapped to form a pocket
      of insulating gas between adjacent blocks of the inner layer.
PAR  The plurality of modules, each identical to that heretofore described, are
      preformed, preferably by forming first and second sub-assemblies. A first
      sub-assembly is formed of the module support structure of plywood sheet 22
      and the first or outer insulation layer 24. The outer insulation 24 is
      formed of a plurality of blocks having a size, for example, of 16 by 16
      inches by 4 inches thick and formed of a polyurethane foam of from 4 to 8
      pounds per cubic foot density. While it may not be necessary to form the
      outer insulation of a number of blocks, nevertheless, a group of blocks is
      easier to form and handle than a single 5 foot by 10 foot foam sheet.
      Blocks 24 of the outer layer are formed in an array of side-by-side blocks
      having a coplanar surface. This surface and the mating surface of the
      module support structure 22 are coated with a suitable adhesive, placed in
      a bonding tool 40 and subjected to pressure until the adhesive is cured.
      Uniform pressure is applied to the outer surfaces of the sub-assembly
      during curing by means of a bladder or a flexible container 41 that is
      pressurized via a fitting 42 to exert a uniform pressure over the entire
      surface of the sub-assembly as shown in FIG. 5. The plywood 22 is secured
      to the tool 40 to hold the sub-assembly in position.
PAR  Alternatively, the sub-assembly with contacting adhesively coated surfaces
      may be placed in a vacuum bag that is evacuated to provide a uniform
      atmospheric pressure over the sub-assembly surfaces. Where vacuum tooling
      is employed, as shown in FIG. 6, a pattern of vent or air bleed grooves 43
      is formed on the surface of the array of outer insulation blocks 24a to
      insure evacuation of air from all surfaces to be bonded. The vacuum
      tooling comprises a flexible air-tight bag 44 that entirely surrounds the
      sub-assembly of plywood sheet 22a and blocks 24a and which is evacuated
      via a fitting 45.
PAR  A second section or sub-assembly of the module is formed by assembling an
      array of the blocks 31, 32, etc., the second layer of insulation. In an
      exemplary embodiment, stress attenuation is achieved by making these
      blocks 12 inches by 12 inches by 3 inches thick, cutting the grooves 34,
      35 therein and inserting the barrier strips 33 into mating grooves (FIG.
      3) as the array of blocks is assembled. The surfaces of the blocks of the
      array are then coated with an adhesive and the adhesively coated membrane
      28 is assembled to the array. This sub-assembly is mounted in a bonding
      tool 46 and pressurized until cure is achieved. The pressurized bonding
      tool 46 may include a pressurized bladder 47 and pressure plate 48 as
      illustrated in FIG. 7. Alternatively, as shown with the alternate
      embodiment, the second sub-assembly is fabricated by a vacuum bonding tool
      employed in the manner previously described in connection with FIG. 6.
      This vacuum tool includes a flexible air-tight bag 44a entirely
      surrounding the sub-assembly of blocks 31a, membrane 28a and barrier
      strips 33a and 33b. The bag is evacuated via a fitting 45a.
PAR  For the assembly of the second layer of insulation in the embodiment
      illustrated in FIG. 4, the blocks 31a and 32a are first formed with
      rabbets 34a and 34b and assembled in the array. Then a plurality of
      barrier strips 33a are positioned within the mating rabbets after the
      respective contacting surfaces of blocks and strips are coated with
      adhesive. At the periphery of each array of blocks 32a and 31a, barrier
      strips 33b are positioned to extend outwardly around the array (see FIGS.
      8 and 9) for bonding to insulation blocks of a closeout strip, to be more
      particularly described below.
PAR  Where vacuum bonding techniques and tooling are employed, a pattern of vent
      grooves 43a are cut in the array of blocks, preferably after assembly of
      the blocks with the barrier strips 33a, 33b. Then the entire surface of
      the blocks and strips are coated with adhesive, mated with an adhesively
      coated surface of membrane 28a and pressurized in the vacuum bonding tool
      until the adhesive is cured. One of the critical bonds of the module is
      that between the secondary liquid barrier membrane 28 or 28a and the
      mating surface of the inner insulation layer and between the membrane 28a,
      and barrier strips 33a and 33b. Accordingly, the membranes 28 and 28a
      preferably are made transparent, or at least translucent, to enable visual
      inspection of the bond and ready determination of the presence of any
      voids in the bonding.
PAR  Where damage or leak detection is to be employed, the inner surface of the
      first insulation layer 24, that is, the surface thereof that is to contact
      the membrane 28, may be formed with suitable grooves or cutouts to receive
      the sensors and their electrical connection. The sensors may be of any
      suitable type, such as thermocouples, thermistors or capacitive devices.
PAR  The two sub-assemblies of the module have the facing surfaces thereof, the
      inner surface of the first insulation layer 24 and the outer surface of
      the membrane 28, coated with adhesive and the two sections are joined in a
      pressure of vacuum bagging tool. If vacuum bagging is employed, suitable
      venting grooves are formed in an appropriate pattern on the inner surface
      of the first insulation layer 24 to insure proper bonding. Now the panels
      are ready for transportation to the container and mounting to the
      container wall.
PAR  In installation of the modules, a template is made to allow installation of
      module attachment bolts to the inner hull or container structure at
      positions in registration with the apertures 23 formed in the flanges 26
      of the several modules. Accordingly, the bolts are installed and
      appropriately fixed to the inner surface. A number of modules are
      installed in side-by-side relation and fixedly secured in place by
      insertion of the bolts through the holes 23 of the module support
      structure flange and emplacement of nuts on the bolts Although the bolting
      arrangement illustrated is preferred, it will be readily appreciated that
      other arrangements for mechanically fastening the modules to the container
      walls may be employed. The mechanical attachment, of course, needs no
      environmental or other parameter control, requiring only the conventional
      priming coat on the container surface and conventional techniques for
      fixing the bolts to the container. Preferably, the modules are installed
      in rows, one or two rows at a time, before the bolts for subsequent rows
      of modules are affixed to the container. Accordingly, after installation
      of one or two rows of modules, actual dimensions of the container may be
      rechecked and position of the modules to be installed may be slightly
      adjusted so as to accomodate dimensional tolerances of the container. That
      is, the positions of bolts for succeeding modules are adjusted so as to
      account for deviations of the actual container dimension from a nominal
      dimension. All but a few of the modules are made identical to each other
      and the same size. Those modules at end portions or irregular sections of
      the container are specifically formed to mate with such unique container
      configuration.
PAR  A plurality of installed modules may meet at an intersection as illustrated
      in the exemplary showing of FIG. 10. Thus, modules 50a, 50b and 50c are
      fixed to the container surface with flanges 26a, 26b, 26c and 26d of the
      module support structures in edge-to-edge relation. The space between the
      first and second insulation layers of the several modules must be filled
      with suitable insulation. Further, the secondary liquid barrier must be
      completed to continue the liquid seal throughout the extent of the several
      modules and across the joints between them, and provision must be made to
      transmit tensile forces in the membrane of one of the modules to the
      membrane of other modules. These functions are provided by the closeout
      strip which is installed and configured as illustrated in FIG. 10.
      Initially, a harness depicted at 52 and connecting the various sensor
      leads of the damage and leak detection system is mounted to the module
      support structure at the joint thereof and the harness carried to a
      suitable output device (not shown). An outer layer closeout block 54 is
      formed of a material identical with or compatible with the blocks 24a of
      the first layer of the installed modules. This closeout block is cut to
      size at the installation site, coated with adhesive and bonded in bridging
      relation to and between a pair of adjacent modules. A membrane splice 55
      is then cut to size and bonded to the peripheral flanges 29 of adjacent
      panels. A pair of foam blocks 56, 57 with closeout splines inserted are
      cut at the site to a collective width less than the distance between the
      second layer of insulation of adjacent modules. Blocks 56, 57 with
      closeout splines 56b, 57b are then inserted between the adjacent second
      layers of insulation and bonded thereto and to the membrane splice. The
      closeout strip is then completed by the insertion of a finish strip 58 of
      foam or balsa wood, for example, also bonded on all of its contacting
      surfaces.
PAR  The closeout strip is cut at the site after installation of adjacent
      modules, and accordingly may be cut to accomodate variations in the
      relative spacing between the modules required to account for dimensional
      tolerances of the container itself.
PAR  Illustrated in FIG. 11 is a closeout arrangement for adjacent modules of
      the type illustrated in FIGS. 4, 8 and 9. In this arrangement, a first
      foam closeout strip 54a is cut to a width exactly equal to the width
      between blocks 24a that are bonded to the module support structures 22 of
      adjacent modules, and the strip 54a is bonded to the respective contacting
      surfaces. The thickness of strip 54a is such as to make the inner surface
      thereof essentially flush with the inner surface of the membranes 28a of
      the modules installed on either side of the closeout strip. A fiberglass
      splice 55a is also cut on the site and bonded to the adjoining fiberglass
      membranes 28a of adjacent modules and to the peripheral outwardly
      extending barrier strips 33b thereof. The third element of this simplified
      closeout assembly is cut to a width precisely equal to the distance
      between blocks 32a of adjacent modules and also formed with rabbets on
      either side thereof mating with the rabbets of the adjacent inner
      insulation layer blocks. Again, all contacting surfaces except the
      abutting side edges (which form the narrow expansion joint), are
      adhesively coated and bonded. Thus, the peripheral barrier strips 33b
      bridge the joint between block 32a of the inner layer of insulation and
      the inner block 56a of the closeout strip to provide a liquid seal across
      the joint. The fiberglass splice 55a transmits tensile load between the
      strips 28a of adjacent modules and furthermore, completes the liquid
      impervious secondary barrier formed by the fiberglass membranes.
PAR  The inner blocks 32a are illustrated in FIG. 11 as including portions of
      the grooves formed in the outermost edges for reception of adhesive forced
      from between contacting surfaces during bonding.
PAR  If deemed necessary or desirable, the closeout strip 54a may be made in the
      same thickness as the outer insulation blocks 24a and a filler strip (not
      shown) of foam, wood, pressed board or the like may be interposed between
      the fiberglass splice 55a and the outer closeout block 54a. To increase
      the strength of attachment of the fiberglass splice in the presence of
      large tensile loads, mechanical connections, such as rivets, may be
      employed in addition to or instead of the adhesive bonding thereof to the
      fiberglass membrane 28a. Where rivets are employed, an additional filler
      insert of wood, pressed wood or fiberglass, having suitable grooves to
      receive the rivet heads, may be interposed between the inner closeout
      block 56a and the fiberglass splice 55a. In such a case, the under surface
      of the inner closeout block 56a may be completely planar and no rabbets in
      the surface of the inner closeout block may be required.
PAR  Illustrated in FIG. 12 is a cruciform fitting for transmission of tension
      loads between the fiberglass tension membranes and the inner structure of
      the container. In this arrangement, a first module at the corner includes
      an outer corner closeout foam block 60, an inner corner closeout foam
      insulation block 62, and an interposed fiberglass membrane 64. At the
      other wall forming the corner, there is an outer foam insulation closeout
      block 66, an inner foam insulation closeout block 70 and an interposed
      tension and liquid barrier membrane 72. A cruciform fitting 74 has first
      and second legs 74a, 74b  securely bonded and sealed to the membranes 64,
      72 and third and fourth legs 74c, 74d connected by means of tension
      members 76, 78 to brackets 80, 82, that are fixedly secured to the inner
      surface 84 of the container. The illustrated arrangement may be used at
      corners wherein the walls make angles other than that illustrated,
      including 90.degree. angles. The joint between closeout block 62 and 70 is
      formed substantially in the same manner as are the joints between other
      adjacent blocks of the inner insulation layer and includes mating rabbets
      in which are mounted a liquid-impervious barrier strip 33c bonded to the
      several contacting surfaces. As indicated in FIG. 12, module support
      sheets 22 may be spaced from the inner surface of the container by
      suitable standoffs, such as wood stringers 110 and suitable filler
      material to facilitate positioning of the modules with surfaces all
      substantially coplanar with one another.
PAR  Illustrated in FIG. 13 is a modified form of corner cruciform corner
      fitting for use with modified insulation system. This modified system may
      be formed of prefabricated modules or may be formed of blocks and layers
      assembled in place, as described in the above-identified copending
      applications. This system includes an outer layer of closed cellular foam
      blocks 24d secured to the wall 84a of a container to be insulated. An
      inner layer of closed cellular blocks 31d is sandwiched between first and
      second liquid impervious tension membranes 28b and 28c. Membrane 28c is
      bonded to and interposed between both layers of foam blocks to form a
      secondary liquid barrier, and membrane 28b is bonded to the inner surface
      of the inner layer of blocks 31d to form a primary liquid barrier. In this
      arrangement, a double cruciform fitting 174 is provided having fist and
      second parallel legs 174a, 174b fixedly connected between the container
      wall and the fiberglass tension membranes 28b, 28c, respectively. The
      cruciform fitting 174 includes third and fourth legs 174c and 174d
      connected between the container wall and first and second tension and
      liquid barrier membranes 28d and 28e of an insulation system mounted to
      the other wall at this corner of the container. It will be appreciated
      that the fitting 174, like the fitting 74 of FIG. 12, has a cross section
      of cruciform configuration and extends parallel to the container corner
      (in a direction normal to the plane of the paper) for the full length of
      the insulation system.
PAR  The insulation system of FIG. 13 may have the several layers thereof bonded
      to each other or unbonded, thus allowing a relatively inexpensive inner
      liquid barrier with available materials and a high safety factor. The use
      of fiberglass in this system and in those previously described herein
      offers many advantages since this material is not subject to corrosion or
      chemical attack, is non-flammable, possesses low contraction, low thermal
      conductivity, high elasticity and yield strength and good bondability to
      the other materials of the system.
PAR  Illustrated in FIGS. 14 and 15 are exemplary bonding tools that may be
      employed for bonding of the closeout strips to the previously installed
      modules of the type illustrated in FIGS. 3 and 4. The tool comprises a
      plurality of adjustable bridges 90 mounted to a main support 92 that
      extends for at least a substantial portion of the length of one of the
      modules. Each bridge includes a pair of vacuum cups 94, 96 for attachment
      to the panels on either side of the closeout strip that is being bonded. A
      pressure bladder, such as flexible airtight container 98, is carried by a
      pressure member 100 that extends the length of support 92 and suitable
      pneumatic hoses 102, 104 are provided to furnish pressurized air to the
      bladder 98 and to furnish a negative pressure to the several vacuum cups
      for securement of the pressure tool. The vacuum cups retain the tool to
      the installed panel and pressurization of the bladder 98 provides
      appropriate pressure on the closeout strip while the bonding adhesive
      thereof is curing.
PAR  Barrier strip 33a of FIG. 4 performs substantially all of the functions of
      the barrier strip 33 of FIGS. 2 and 3 and, in addition, performs several
      additional functions including the provision of further relief of stress.
      Barrier strip 33a, like the barrier strip 33 of FIGS. 2 and 3, provides a
      liquid and vapor-tight seal thus completing the primary liquid barrier
      formed by the stress attenuated inner insulation blocks. It also provides
      an additional insulation in the thermal path provided by the joint between
      adjacent blocks. The position of the barrier strip 33a, at the outer
      (bottom as viewed in FIG. 4) sides of the insulation blocks in contact
      with the membrane 28a, affords additional strengthening of the joint
      between the blocks of the membrane. The material of which the barrier
      strip is formed has a greater strength than the foam of the insulation. An
      additional and significant function provided by the barrier strip 33a is
      the attenuation of thermally induced shear stress on the edges of the
      outer sides of blocks 31a and 32a. It can be shown that shear stresses on
      the outer surfaces of the blocks 31a and 32a are due to both thermal
      forces acting on the insulation and to compressive forces such as the
      pressure due to an overlying head of confined liquid. Consider an
      insulation block, such as shown in FIG. 4, which is not restrained at its
      outer surface (the uppermost surface as viewed in FIG. 4) and which is
      subjected only to thermal forces which are reacted by fixed ends of the
      block. In such a case, a maximum thermally induced force (a tensile force)
      will occur at a midpoint of the upper surface of the block. At another
      extreme, consider the block as subjected to externally applied compressive
      pressure forces on the top and sides thereof. In such a case, when
      subjected to such pressure forces alone or in combination with thermal
      forces, the applied forces are reacted by shear forces at the lower
      surface of the block and by a force couple at each end. It can be shown
      that the shear stress component caused by pressure stresses decreases as
      the thickness of the foam block decreases since the area acted upon by the
      pressure decreases. Accordingly, with the barrier strip 33a placed at the
      outer side of the insulation blocks, the thickness of the block effective
      in creating the shear is effectively decreased and the lower part of the
      block edge is fixed to the relatively stronger barrier strip. Thus, as a
      thickness of the barrier strip 33a is increased, the shear stress
      component due to thermal and pressure forces is reduced. It is found that
      there exists a thickness of the barrier strip 33a wherein the danger of
      failure due to thermally induced tension at the center of the upper
      surface of the block is substantially equal to the danger of failure due
      to shear stresses at the ends of the lower outer surfaces of the blocks.
      Thus, the probability of failure due to such thermally and pressure
      induced shear forces is greatly reduced by employing the illustrated
      barrier strip 33a positioned at the very bottom or outermost portion of
      the inner insulation blocks, the strips being bonded at least along outer
      edges (the vertical sides of the barrier strip as viewed in FIG. 4) to the
      insulation blocks. As an example, but not by way of limitation, there has
      been tested an arrangement of 6-pound foam blocks, 12 inches by twelve
      inches by 3 inches thick, made in the configuration of FIG. 4, with a wood
      barrier strip three-quarters of an inch thick by one and one-half inches
      wide. It has been found that a thickness ratio of wood to foam of 1/4 -
      1/6 is optimum. This arrangement has withstood stresses, both thermal and
      pressure, that are normally experienced in a liquified gas tanker
      container.
PAR  With the arrangement of the barrier strip as illustrated in FIG. 4 wherein
      the strip 33a is bonded on all of its surfaces to the membrane and to the
      foam blocks 31a and 32a at the rabbets thereof, a critical stress point
      exists at the joint between the foam block and the barrier strip. This
      point of critical stress is adjacent an outermost portion of the each
      individual block or more specifically, close to the joint between adjacent
      blocks. This point of critical stress may be caused to be positioned at a
      more desirable location, namely, further inwardly of the edge of an
      individual block (away from the joint between a pair of adjacent blocks)
      simply by eliminating any bonding between the foam blocks 31a and 31b and
      the upper surface as viewed in FIG. 4 of the barrier strip 33a. Thus the
      strip 33a may be bonded along its entire surface of contact with the
      membrane 28a and also along its edges (extending vertically as viewed in
      FIG. 4) at their contact surfaces with the foam block rabbets. But no
      bonding would be employed on the upper surface of the barrier strip.
PAR  For further decreases of stress where the upper surface of the barrier
      strip 33a is in unbonded contact with the rabbets formed in blocks 31a and
      32a, a stress relief groove or corner recess (not shown) may be formed at
      the innermost corner of each rabbet of the blocks to alleviate problems
      due to stress concentrations at such corners. In addition, the combined
      stress or strain in the edge of the foam block greatly decreases when the
      modulus of elasticity (stiffness) of the barrier strip 33a is reduced near
      that of the foam (5,000 psi).
PAR  The configuration of barrier strip shown in FIG. 4 is selected for ease of
      manufacturing with certain types of block-forming operations.
      Nevertheless, for purposes of optimum stress conditions, we prefer other
      shapes of the barrier strip 33a and, concomitantly, of the mating rabbets
      formed in the blocks 31a and 32a of the inner layer of insulation. For
      example, the barrier strip may have its outer and upper corner chamfered,
      assuming a trapezoidal shape or a triangular shape. As indicated at 133a,
      FIG. 16, a triangular barrier strip mates with corresponding triangular
      cuts, indicated at 134a and 134b, in the lower outside edges of adjoining
      foam blocks 131a and 132a of the inner layer of insulation. The barrier
      strip 133a, as in the embodiment of FIG. 4, is bonded on all its furfaces
      to the foam blocks 131a and 132a and to the membrane 128a. As previously
      described, abutting edge surfaces of foam blocks 131a and 132a are not
      bonded to each other but are free to move with temperature-induced
      contraction.
PAR  The triangular configuration of FIG. 16 is not optimum (from the standpoint
      of stress relief at this part of the structure) but rather, it is a
      compromise with an optimum exponentially, circularly or hyperbolically
      curved configuration, such as illustrated in the modification of FIG. 17.
      In this modification, individual blocks are formed with the lower edges
      contoured so that a plurality of curved grooves or depressions 234, 236
      and 238 is formed in a grid pattern when the blocks are placed next to one
      another. These depressions take the form of the nearly triangular (in
      cross section) recesses formed by the pair of mating triangular chambers
      or recesses 134a and 134b of the arrangement of FIG. 16, except that the
      sides of these recesses are curved, circularly, exponentially or
      hyperbolically, as indicated in the drawing. Such curvature may be more
      precisely calculated or empirically determined for optimum stress relief
      at this point of the assembly. After the blocks are placed next to one
      another, the barrier strips 233, 235 and 237, formed of wood or other
      suitably strong material shaped to mate with the grooves 234, 236 and 238,
      are bonded in place, being bonded to the sides of the grooves and bonded
      to the membrane 228.
PAR  The foregoing detailed description is to be clearly understood as given by
      way of illustration and example only, the spirit and scope of this
      invention being limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multilayer insulation system comprising
PA1  a first layer of cellular foam,
PA1  a liquid-impervious membrane attached to the inner surface of said first
      layer,
PA1  a second layer of cellular foam having one surface attached to the inner
      surface of said membrane, said second layer of foam comprising a plurality
      of foam blocks attached to said membrane in edge-to-edge abutment with one
      another, and means for forming an expansion joint between adjacent ones of
      said foam blocks of said second layer, said means for forming an expansion
      joint comprising
PA2  a pair of mating rabbets formed in adjacent edges of outer surfaces of
      adjacent blocks of said second layer,
PA2  a barrier strip mounted within said mating rabbets between the blocks of
      said second layer and said membrane, and means for sealing said barrier
      strip to the contacting surfaces of said membrane and blocks of said
      second layer, whereby the blocks of the second layer are free to spread
      apart for the major portion of their thickness but remain sealed to each
      other by the barrier strip at the outermost portion thereof in contact
      with the membrane.
NUM  2.
PAR  2. A thermal insulation and liquid barrier system comprising
PA1  a membrane,
PA1  a layer of insulation bonded to the membrane, said layer of insulation
      comprising a plurality of foam blocks in edge-to-edge abutment with one
      another, and
PA1  means for forming an expansion joint between adjacent ones of said foam
      blocks, said means for forming an expansion joint comprising means for
      sealing adjacent blocks to one another solely at portions of the abutting
      edge surfaces thereof that are adjacent said membrane.
NUM  3.
PAR  3. The system of claim 2 wherein said means for forming an expansion joint
      comprises pairs of cooperating grooves formed in surfaces of adjacent
      blocks that are in contact with said membrane, said grooves bridging the
      joint between adjacent blocks, and barrier strips positioned in pairs of
      said grooves and bonded to said membrane and to walls of the grooves in
      liquid sealing relation thereto.
NUM  4.
PAR  4. The system of claim 3 wherein said barrier strips are of substantially
      rectangular cross section.
NUM  5.
PAR  5. The system of claim 3 wherein said barrier strips are of substantially
      triangular cross section.
NUM  6.
PAR  6. The system of claim 3 wherein said cooperating grooves are formed by
      outwardly convex chamfered corners of said blocks.
NUM  7.
PAR  7. The system of claim 3 wherein said barrier strips are formed of a
      material having a strength greater than the strength of the foam blocks.
NUM  8.
PAR  8. The system of claim 3 wherein said barrier strips are 1/4 to 1/6 the
      thickness of said foam blocks.
NUM  9.
PAR  9. The system of claim 3 wherein said barrier strips have a low modulus of
      elasticity.
NUM  10.
PAR  10. A thermal insulation and liquid barrier system comprising:
PA1  a membrane,
PA1  a layer of insulation bonded to the membrane, said layer of insulation
      comprising a plurality of foam blocks in edge-to-edge abutment with one
      another, and
PA1  means for increasing stress resistance of corners of the blocks adjacent
      said membrane, said means for increasing stress resistance comprising
      means for strengthening corners of the blocks.
NUM  11.
PAR  11. The insulation system of claim 10 wherein said means for increasing
      stress resistance includes recesses formed in corners of the blocks
      adjacent the membrane, and barrier strips positioned in corresponding and
      mating recesses formed at adjacent blocks and bonded to and between the
      blocks and the membrane, said strips having greater stress resistance than
      said blocks.
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ABST
PAL  A top layer of transparent or translucent thermoplastic sheet material is
      printed on one side with a set of black color lines which form design
      lines that visually subdivide the one side into a plurality of portions.
      It is also printed on the other side with similar design lines registering
      with the ones on the first side, and in the portions it is printed with
      transparent inks of different colors. To one side of the sheet there is
      laminated a transparent second sheet, and the finished article has the
      appearance of a stained-glass object.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is concerned with an ornamental article and a method
      of making the same, and more particularly with an ornamental article that
      simulates stained glass and with a method of making such a simultaed
      stain-glass article.
PAR  Articles which simulate stained glass are already known in the art.
      Usually, such articles involve a sheet of synthetic plastic material which
      has printed on one side various black lines forming design lines, and in
      the spaces surrounded by these lines different colors are provided by
      printing with transparent inks. These prior-art stained-glass simulations
      are very unconvincing, for several reasons. One of these reasons is the
      fact that there is absolutely no texture to them, that is the black design
      lines -- which are intended to simulate the lead strips of an actual
      stained-glass article -- are simply printed flat onto the plastic sheet
      material. Another problem is that the sheet material itself is completely
      smooth, whereas stained-glass articles usually have glass which is formed
      with a pebble effect or otherwise with an uneven surface.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved simulated stained-glass article which avoids the disadvantages of
      the prior art, and which in particular provides a much more convincing and
      more aesthetically pleasing simulation of actual stained glass.
PAR  An additional object of the invention is to provide a novel method of
      making such a simulated stained-glass article.
PAR  In keeping with the above objects, and with others which will become
      apparent hereafter, one feature of the invention resides in a simulated
      stained-glass article which, briefly stated, comprises a top layer of at
      least translucent synthetic plastic sheet material having two major
      surfaces, and a bottom layer of clear synthetic sheet material which is
      laminated to the top layer. First black color lines are provided on one of
      the major surfaces of the top layer, and registering second black color
      lines are provided on the other major surface thereof. These color lines
      form design lines on the top layer which visually subdivide the latter
      into a plurality of portions. Transparent inks of different colors are
      applied to the respective portions on at least one of the major surfaces
      of the top layer.
PAR  According to the invention it is desirable that along the black color lines
      the exposed surface of the top layer be raised, that is that ridges be
      formed along the black color lines, thus providing a three-dimensional
      effect which more closely simulates the lead strips of actual
      stained-glass articles than was heretofore possible.
PAR  It is also preferred according to the invention that the top layer be
      formed with a rough surface, for instance a pebbly effect, which can be
      embossed into it during production of the article, and which quite
      convincingly simulates the use of actual stained-glass.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view, illustrating an article according to the present
      invention;
PAR  FIG. 2 is a section taken on line II--II of FIG. 1; and
PAR  FIG. 3 is a section similar to that of FIG. 2, but illustrating a further
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring firstly to the embodiment in FIGS. 1 and 2 it will be seen that I
      have illustrated therein an exemplary simulated stained-glass article
      according to the present invention. The article is designated in toto with
      reference numeral 1 and will be seen to resemble a flower. Quite
      evidently, this is only an exemplary configuration.
PAR  The flower 1 has a plurality of petals 2 which are surrounded by a
      black-color design line 3. At its center the flower 1 has a black-color
      design line 5 of annular configuration to simulate the flower center, and
      a plurality of design lines 4 simulating seeds or the like radiate from
      the annular design line 5. The center of the flower, surrounded by the
      design line 5, is designated by reference numeral 6.
PAR  As FIG. 2 shows, the article 1 is composed of two overlying layers, namely
      a top layer 7 and a bottom layer 8. Both of these layers are of synthetic
      plastic sheet material and, in this embodiment, more particularly of
      thermoplastic material, such as polyvinyl chloride or the like. The upper
      surface of the layer 7 is provided with the black-color design lines 3, 4
      and 5, by means of black opaque ink. These design lines can be painted on,
      printed on as is more usual, or applied in any desired manner. The bottom
      surface of the layer 7 is also provided with the same design lines 3, 4
      and 5, in such a manner that they register with those on the top surface
      of the layer 7. The purpose of providing the black color design lines on
      both sides is to assure that the black color will act as the final
      trapping color on both sides, to provide the proper effect when the
      article is viewed from either side. The upper surface of the top layer 7
      is also provided with the illustrated pebbly effect, but of course a
      different roughening effect can also be provided, for instance by means of
      simulated crackling lines. Within the areas surrounded by the design lines
      3, 4 and 5, that is on the petals 2 and at the center 6, transparent inks
      of various different colors are provided, by painting them on, by printing
      them on or in any desired manner. Thus, one of the petals might be red,
      one might be green, one might be yellow and one might be blue, and the
      center might be mauve, or of course any desired color can be employed.
PAR  The inks required for the design lines and the transparent inks required
      for the colors which are to permit the passage of light are well known in
      the art. For instance, there are special inks available commercially for
      printing onto polyvinyl chloride sheet material, and these are well suited
      for this purpose.
PAR  Laminated to the bottom surface of the top layer 7 is the bottom layer 8
      which is a layer of clear -- i.e. transparent -- plastic sheet material,
      for instance polyvinyl chloride as mentioned above.
PAR  FIG. 3 shows that the article 1 -- which in FIG. 3 is identical with the
      one shown in FIGS. 1 and 2 -- can be further provided on the underside of
      the bottom layer 8 with an adhesive layer 9 of the type that is so widely
      used in self-adhering labels or other objects, and over which a layer 10
      of release paper or the like is applied, to prevent the layer 9 from
      adhering to any objects until it is desired to use the article. At that
      time the layer 10 is peeled off in the manner conventional with
      self-adhesive labels or the like, and the articles can then be affixed to
      a support, for instance to the glass of a window, so that light can pass
      through it. Evidently, the article could be also applied to a lampshade or
      the like.
PAR  To produce the article 1, the design lines 3, 4 and 5 are applied to it by
      painting, printing or the like, as already pointed out earlier, and
      similarly the transparent colors are applied to the petals and the center
      6. Thereupon the layer 7 is superimposed upon the layer 8, or vice versa,
      and the two layers are then placed into a high frequency welding machine
      which is also known per se, and which has a support and a die acting as
      one of the electrodes. The die is formed with projections configurated to
      produce the desired three-dimensional effect on the article 1. The use of
      such a high frequency welding machine, and the use of a die -- which
      latter may be produced by photoengraving on metal, or else by means of
      silicone-rubber molding, both techniques which are known per se in the art
      -- is already known, and is for instance described in my copending
      application Ser. No. 293,376, now abandoned to which reference may be had.
      Those areas of the die which will contact the surface area of the petals 2
      and the area 6, may be provided with appropriate embossing which will form
      the pebble effect shown in the drawing. Those areas of the die which are
      to be located opposite the design lines 3, 4 and 5, can be slightly
      recessed so that, when the die and the support are moved together and thus
      exert pressure upon the layers 7 and 8 while simultaneously heating the
      latter in accordance with established practice to the point where their
      material briefly becomes liquid or near-liquid, some of the material from
      the petals 2 and the center 6 is squeezed out into the recesses which
      overlie the design lines 3, 4 and 5, so that along these design lines an
      increased material thickness will be obtained, whereas the thickness of
      the petals 2 and the center 6 will be less than that along the design
      lines 3, 4 and 5. Thus, at the upper surface of the top layer 7, the
      design lines 3, 4 and 5 will appear as raised ridges and provide quite a
      convincing simulation of the lead strips in actual stained-glass articles.
PAR  High frequency welding machines are known and commercially available, and
      therefore require no detailed description. Depending upon the size of the
      stained-glass article to be produced, the capacity of the machine may be
      as high as 35 KW or even 50 KW or higher. The technique of laminating the
      layers 7 and 8 togethehr is not novel in itself, although it has been
      described above, having been set forth in the prior art, including my
      above-mentioned copending application Ser. No. 293,376.
PAR  It will be appreciated that many variations will offer themselves to those
      having skill in the art. In particular, the designs that can be produced
      in simulated stained-glass articles according to the present invention,
      can of course vary widely. Also, materials other than polyvinyl chloride
      might be used, and in fact other thermoplastics such as polyethylene could
      be employed. It is also evident that if desired a layer corresponding to
      the layer 8 could also be superimposed upon the layer 7, so that the
      latter would then be sandwiched between two of the layers 8. In the latter
      case the raised ridges corresponding to the design lines 3, 4 and 5 would
      then of course be formed in the superimposed layer 8, rather than in the
      layer 7.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      simulated stained-glass article, it is not intended to be limited to the
      details show, since various modifications and structural changes may be
      made without departing in any way from the spirit of the present
      invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by letters patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A simulated stained-glass article which has a realistic appearance when
      viewed from either side, comprising a top layer of at least translucent
      synthetic plastic sheet material having two opposite major surfaces; a
      bottom layer of clear synthetic plastic sheet material laminated to one of
      said surfaces of said top layer; raised ridges on the other of said major
      surfaces and forming design lines which visually subdivide said top layer
      into a plurality of portions; first black color lines substantially
      coextensive with said ridges at said other major surface; second black
      color lines on said one major surface and each registering with one of
      said first black color lines; and a plurality of transparent inks of
      different colors applied to the respective portions on at least one of
      said major surfaces.
NUM  2.
PAR  2. An article as defined in claim 1, wherein at least said top layer is
      polyvinyl chloride.
NUM  3.
PAR  3. An article as defined in claim 1, wherein both of said layers are
      polyvinyl chloride.
NUM  4.
PAR  4. An article as defined in claim 1, wherein said layers are of
      thermoplastic material and are thermally laminated to one another.
NUM  5.
PAR  5. An article as defined in claim 1, said bottom layer having a side facing
      away from said top layer; and further comprising a layer of adhesive
      material on said side for affixing said article to a support.
NUM  6.
PAR  6. An article as defined in claim 5, wherein said adhesive material is an
      actively adhesive material; and further comprising a layer of release
      material covering said layer of adhesive material to protect the same
      until the time of use.
NUM  7.
PAR  7. An article as defined in claim 1, wherein at least one of said major
      surfaces is embossed to simulate rough glass.
NUM  8.
PAR  8. A method of making a simulated stained-glass article, comprising the
      steps of forming one of two major surfaces of an at least translucent
      synthetic plastic sheet with raised ridges which subdivide said one major
      surface into a plurality of portions; applying first black color lines to
      said raised ridges at said one major surface; applying different-colored
      transparent inks to the respective portions; applying to the other of said
      major surfaces second black color lines which each register with one of
      the first black color lines of said one major surface; and laminating a
      sheet of clear synthetic plastic sheet material to the first-mentioned
      sheet.
NUM  9.
PAR  9. A method as defined in claim 8, wherein said sheets are thermoplastic,
      and wherein the step of laminating comprises heat-welding said sheets
      together.
NUM  10.
PAR  10. A method as defined in claim 9, wherein the step of laminating
      comprises applying pressure to said sheets while heat-welding them
      together.
NUM  11.
PAR  11. A method as defined in claim 10, wherein said pressure is applied at
      least at said portions.
NUM  12.
PAR  12. A method as defined in claim 8; and further comprising the step of
      applying a layer of adhesive to a side of said clear plastic sheet which
      faces away from said first-mentioned sheet.
NUM  13.
PAR  13. A method as defined in claim 12, wherein said adhesive is an actively
      adhesive material; and further comprising the step of applying a
      release-material sheet over said adhesive to protect the latter until the
      time of use.
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ABST
PAL  An assembly for imprinting indicia upon a tape in the form of a small strip
      of cloth, plastic, etc., to be applied by heat sensitive adhesive to an
      item to be identified by the indicia on the label. The assembly includes a
      sheet of carbon paper, or the like, for transfer of the marking material
      to the label by localized pressure, and a sheet of material having a
      pressure sensitive adhesive on one side. The assembly is so constructed
      that the tape is in facing engagement with the transfer layer of the
      carbon paper and the pressure sensitive adhesive is disposed for
      engagement with an underlying support surface to hold the assembly firmly
      in position while the markings are being applied.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of copending application Ser. No. 301,658,
      filed Oct. 27, 1972 and application Ser. No. 170,169, filed Aug. 9, 1971,
      both of which prior applications are now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is often desirable to affix an indicia bearing label to items such as
      garments, bed linens, etc., for identification purposes. Commonly, some
      form of adhesive label is used for this purpose, e.g., tapes having a heat
      sensitive coating on one side to allow application of the label to the
      identified item in a substantially permanent manner by application of heat
      and pressure from an iron. The identifying marks are placed on the surface
      of the tape opposite the heat-sensitive coating with a suitable permanent
      marking material.
PAR  For convenience, marking tape assemblies have been provided wherein the
      tape is initially positioned beneath a sheet having the marking material
      incorporated therein and transferable to the type by pressure. A sheet of
      carbon paper, for example, may be superposed with the tape strip and
      suitable means provided for temporarily retaining the two in superposed
      relation. After the desired markings are made on the tape surface by
      applying localized pressure to the carbon paper, the tape is applied to
      the item to be identified and the remainder of the assembly discarded.
PAR  One of the difficulties encountered in the use of such assemblies is that,
      due to the small size thereof, it is often inconvenient to hold the
      assembly while applying the markings. The present invention is
      particularly directed to the provision of a marking tape assembly which is
      easily and firmly held in position while markings are being applied
      thereto by handwriting, typewriting, etc.
PAC  SUMMARY OF THE INVENTION
PAR  The item of end use, i.e., a strip of labeling tape of cloth, plastic, or
      the like, is initially incorporated in an assemblage including a layer of
      carbon paper having its coated surface in contact with at least one side
      of the tape. A sheet having a pressure sensitive adhesive on one surface
      is also provided in the assemblage, preferably with a removable,
      protective sheet covering a portion of the adhesive. Upon removal of the
      latter-mentioned sheet, in embodiments where it is used, the adhesive
      layer may be pressed against a support surface, thereby securing the
      assemblage thereto with the marking area in position to receive marking
      imprints. That is, when the assemblage is temporarily secured to a surface
      suitable to act as a firm support for marking purposes, the portion of the
      assemblage to which the marking impressions are to be applied is
      uppermost. After such marking, the tape is removed from the assemblage and
      applied by a hot iron, or the like, to wearing apparel, bed linen, or
      other items which require labeling.
PAR  The marking tape is preferably retained in the assembly, prior to and
      during the application of the marking impressions, by being placed between
      two layers of other portions of the assembly without being attached
      thereto. In one embodiment, the carbon paper is folded to provide a
      two-layer wrapper for the tape with the transfer surface of the carbon
      paper contacting both sides of the tape.
PAR  In another embodiment, a separate sheet is provided to form the wrapper for
      the tape with the carbon paper also positioned between the folds of the
      wrapper sheet. In this embodiment, edge portions of both the carbon paper
      and the wrapper sheet are attached to the pressure sensitive adhesive
      sheet and the wrapper sheet, being approximately twice as long as the
      carbon paper, is folded back over the marking surface thereof. This allows
      insertion of the marking tape between the carbon paper and folded portion
      of the wrapper sheet with only the print-receiving side of the tape
      contacting the marking or transfer surface of the carbon paper. Although
      requiring an extra sheet, this embodiment is less expensive to produce
      than that using an elongated carbon paper sheet as the wrapper since the
      ordinary paper used for the wrapper sheet is much less expensive than the
      carbon paper. Also, there is less tendency for smudging to occur from
      unintentional rub-off from the transfer surface since there is less carbon
      paper in the assembly, and since only one side of the tape is contacted by
      a transfer surface. It is also contemplated that the individual strips of
      marking tape may be packaged separately from the remainder of the assembly
      and placed within the wrapper when the markings are to be applied.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a first embodiment of the marking tape
      assembly;
PAR  FIG. 2 is a side sectional view of the assembly of FIG. 1;
PAR  FIG. 3 is another perspective view of the assembly of FIGS. 1 and 2,
      showing the tape from the adhesive side after marking with the assembly
      unfolded;
PAR  FIG. 4 is a perspective view of a second embodiment;
PAR  FIGS. 5 and 6 are side sectional views of the assembly of FIG. 4 in
      unfolded and folded condition, respectively;
PAR  FIG. 7 is a side sectional view of a plurality of assemblies such as that
      of FIGS. 4-6 releasably secured to a carrier sheet;
PAR  FIG. 8 is a perspective view of a tape assembly secured to a typewriter
      roll;
PAR  FIG. 9 is a perspective view of a modified form of the assembly of the
      FIGS. 4-6 embodiment;
PAR  FIG. 10 is a perspective view of another embodiment of the marking tape
      assembly;
PAR  FIG. 11 is a side sectional view of the assembly of FIG. 10; and
PAR  FIG. 12 is another perspective view of the assembly of FIGS. 10 and 11,
      shown after application of the markings to the tape.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, the marking tape assembly of the invention
      is shown in all Figures with the thickness of the various layers greatly
      exaggerated for greater clarity. The embodiment shown in FIGS. 1-3
      includes a strip of material 10, preferably a flexible material such as
      paper, with a conventional pressure sensitive adhesive 12 on one surface
      thereof. Secured to the adhesive surface of strip 10, along mutually
      overlapping edges, is sheet 14 comprising a flexible carrier layer with a
      transferable permanent marking material coated on surface 16 (FIG. 3).
      Sheet 14 may conveniently comprise a suitably sized portion of ordinary
      carbon paper, surface 16 being cross hatched to indicate the transfer
      material.
PAR  In the form in which the assembly is initially provided, sheet 14 is
      folded, as shown in FIG. 1, along a line 18 parallel to the edge secured
      to strip 10. Between the two layers formed by the folding of sheet 14 is
      marking tape 20 having one surface coated with a layer of heat sensitive
      material 22 such as any suitable thermoplastic or thermosetting plastic.
      Tape 20 is preferably a flexible tape of cloth, plastic, or the like,
      suitable for receiving a permanent marking material such as may be
      transferred from surface 16.
PAR  Protective sheet 24 is initially arranged in overlying relation to that
      portion of the adhesive surface of strip 10 which is not covered by sheet
      14. An edge of sheet 24 is secured to and covers substantially entire
      portion of surface 12 not covered by the overlapping edge of sheet 14, and
      sheet 24 extends from its attachment with surface 12 in covering relation
      to folded sheet 14. The principal function of sheet 24 is to protect
      adhesive surface 12 and to help maintain sheet 14 in the folded condition.
      Sheet 24 may be formed of any thin, flexible material, such as a
      polyethylene film or release paper. Prior to use of the assembly, sheet 24
      prevents adherence of surface 12 to other objects or materials.
PAR  It will be noted that the layer of sheet 14 which is attached to sheet 10,
      i.e., that portion between edge 25 and fold line 18, is somewhat longer
      than the other layer, i.e., the portion between edge 27 and fold line 18.
      The latter portion is preferably of a width substantially equal to that of
      tape 20. In this way tape 20 remains spaced an appreciable distance from
      surface 12 and there is no substantial liklihood of undesirable adherence
      between tape 20 and surface 12. Furthermore, since tape 20 is not secured
      to sheet 14, but merely retained between the folded layers thereof, the
      provision of a covering layer of the same width as the tape will readily
      reveal any shifting of tape 20 away from the position it should occupy
      when the markings are applied. This is particularly easily evident when
      sheet 24 is formed of a transparent material, such as clear polyethylene,
      which in effect forms a window in the area generally indicated by
      reference numeral 29, between edges 25 and 27. That is, if an edge of tape
      20 is observed in area 29 it should be moved back fully between the two
      layers of sheet 14 before the markings are applied.
PAR  When the assembly is to be used for applying markings to tape 20, sheet 24
      is peeled away to expose surface 12. The assembly is then secured to a
      supporting surface by pressing the exposed portion of surface 12 into
      engagement therewith. The desired indicia may be placed on tape 20 by
      pressing on the outer surface of sheet 14, in the area indicated in FIGS.
      1 and 2 with the letter M, with a pencil, ballpoint pen, typewriter,
      stylus, etc. Actually, since transfer surface 16 contacts both sides of
      tape 20 the markings could be applied from either side, assuming tape 20
      is arranged with material 22 on the side opposite that on which the
      markings are applied. It is normally more convenient to apply surface 12
      facing downward, however, as on a desk top, or the like. Thus, marking
      area M is indicated to be on the side of sheet 14 opposite surface 12 of
      strip 10.
PAR  It should be noted that with surface 16 opposing both sides of tape 20,
      marking material will be transferred to both sides, as indicated in FIG.
      3. Thus, it is preferred that material 22 be of a type not only suited as
      a heat sensitive adhesive, but also as receptive to the marking material.
      With the marking material being transferred to both sides of the tape, it
      has the tendency to penetrate all the way through and be more permanent
      than if applied from one side only.
PAR  Turning now to FIG. 4, there is shown another embodiment wherein the
      adhesive sheet carries both the carbon paper and the tape. Sheet 26 has
      pressure sensitive adhesive 28 over substantially all of surface thereof.
      Secured to the adhesive surface are sheet 30, having transfer 32, and tape
      34. Edge 36 of sheet 26 is parallel to but spaced from edge 38 of sheet
      30, thereby providing an area of adhesive surface 28 not covered by either
      sheet 30 or tape 34. When sheet 26 is folded over, as shown in FIG. 6, to
      bring sheet 30 and tape 34 into juxtaposition, edge 36 extends outwardly
      from the remainder of the assembly, thereby leaving area "S" of surface 28
      exposed for the purpose of securing the assembly to a supporting surface
      as markings are applied in area "M". The coating of heat-sensitive
      adhesive material 40 on tape 34 is applied directly to the pressure
      sensitive adhesive of surface 28.
PAR  In FIG. 7 a plurality of the marking tape assemblies of the invention, each
      indicated generally by the reference numeral 42, are shown secured to
      carrier sheet 44. The assemblies may conveniently be packaged or stored in
      this manner, or may be so mounted for applications wherein markings are
      applied to several assemblies in succession, the large sheet 44 being easy
      to hold whereas the individual small assemblies would be difficult if not
      secured to a support. Carrier sheet 44 may also be inserted in a
      typewriter for typing of the markings on the individual assemblies in
      succession without removing and replacing each of the assemblies in the
      typewriter. FIG. 8 illustrates how an individual assembly 42 may be
      secured to typewriter roll 46 so that typed markings may be imprinted upon
      the tape without the inconvenience of trying to hold the small assembly
      steady in position to be typed upon.
PAR  The form of the invention shown in FIG. 9 is a modification of the
      embodiment shown in FIGS. 4-6. Reference numerals, therefore, are the same
      as in the previously described embodiment, the assembly including sheet 26
      having pressure sensitive adhesive surface 28, sheet 30 with transfer
      surface 32, and tape 34 with heat sensitive adhesive material 40. In this
      form, edges 48 and 50 as well as edge 36 of sheet 30 are spaced outwardly
      from corresponding parallel edges 52, 54 and 38 of sheet 30. Thus, when
      the assembly is folded to juxtapose sheet 30 and tape 34, the side edges
      as well as the longitudinal edge will adhere to the support surface and
      provide a non-hinging attachment, where desired. Corner 56 may be left
      without adhesive to facilitate removal of the assembly from the support.
PAR  In FIGS. 10-12, another embodiment is shown, similar to that of FIGS. 1-3,
      but using an additional sheet to provide the wrapper for the marking tape.
      In this embodiment, reference numeral 60 denotes the strip having pressure
      sensitive adhesive on surface 62 thereof. A marginal edge portion of
      wrapper sheet 64 is secured to surface 62 along one edge of strip 60.
      Sheet 66, having pressure transferable marking material on surface 68, is
      attached along a marginal edge to surface 62 adjacent the attached edge of
      wrapper sheet 64. The latter is folded as shown in FIGS. 10 and 11, to
      extend in covering relation to a major portion of surface 68 of sheet 66.
      The label sheet or tape 70 is placed between sheet 66 and the overlying
      portion of sheet 64, the dimension between fold line 72 and free edge 74
      of sheet 64 preferably being substantially equal to the width of tape 70.
      The print-receiving side of tape 70 is, of course, placed in facing
      relation to transfer surface 68 of sheet 66, the opposite surface of tape
      70 being provided with heat-sensitive coating 76, as in previously
      described embodiments.
PAR  Protective sheet 78 initially covers the portion of adhesive surface 62 of
      strip 60 not covered by the attached edges of sheets 64 and 66. When the
      assembly is ready for use, sheet 78 is peeled away to expose the pressure
      sensitive surface and allow attachment thereof to an underlying support.
      When the assembly is so arranged, the print receiving surface of tape 70
      is facing upwardly to receive markings transferred from downwardly facing
      transfer surface 68 of sheet 66. After the desired markings have been
      applied, tape 70 is removed for attachment to the article to be marked,
      and the remainder of the assembly is discarded.
PAR  It is preferred that the label tape which receives the marking impressions
      be unattached, as by pressure sensitive adhesive, or the like, to the
      remainder of the assembly, as in the embodiments of FIGS. 1-3 and FIGS.
      10-12. In each of these embodiments a "sling" is formed by a folded sheet
      of the assembly to provide two layers between which the tape may be
      retained while the markings are applied. In each embodiment the assembly
      is firmly held in position on the underlying support surface by attachment
      thereto of a portion of the pressure sensitive surface of the adhesive
      strip.
PAR  Other modifications in the size and arrangement of parts will be apparent
      to those skilled in the art. For example, the assemblies may be provided
      in continuous lengths and cut off individually as desired. Also, with
      specific reference to the embodiment of FIGS. 10-12, the dimension from
      fold line 72 to free edge 74 may be slightly longer than the width of tape
      70 and the free edge of the wrapper sheet folded around the edge of the
      tape to prevent the tape from being inadvertently displaced prior to
      application of the markings thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A marking tape assembly for applying permanent marking indicia to an
      identifying label, said assembly comprising in combination:
PA1  a. a first sheet having a pressure sensitive adhesive on one surface
      thereof;
PA1  b. a second sheet having a pressure transferable permanent marking material
      on one surface thereof;
PA1  c. a tape element having a heat sensitive adhesive on one surface thereof
      and adapted to receive on the other surface markings transferred from said
      one surface of said second sheet;
PA1  d. said first and second sheets being secured together by said pressure
      sensitive adhesive, a first portion of said one surface of said first
      sheet being covered by said second sheet, and a second portion adapted to
      be exposed for adherence to a support surface;
PA1  e. said second sheet and said tape being so constructed and arranged that
      said one surface of said second sheet is in facing engagement with said
      other surface of said tape, and the latter is disposed to receive markings
      transferred from said second sheet when said second portion of said one
      surface of said first sheet is secured to a support surface; and
PA1  f. a protective sheet releasably secured to said first sheet in covering
      relation to said second portion of said one surface.
NUM  2.
PAR  2. The invention according to claim 1 wherein said second sheet comprises a
      sheet of carbon paper.
NUM  3.
PAR  3. The invention according to claim 1 wherein a first longitudinal edge
      portion only of said second sheet is attached to said first sheet, leaving
      the major portion unattached, and the unattached portion of said second
      sheet is folded along a line parallel to said first longitudinal edge with
      said one surface innermost to provide two layers with said tape disposed
      between said layers and in contact with said one surface of said second
      sheet.
NUM  4.
PAR  4. The invention according to claim 1 wherein said protective sheet extends
      from covering relation with said first sheet to lie in unengaged, covering
      relation to at least a portion of said other surface of said second sheet.
NUM  5.
PAR  5. The invention according to claim 4 wherein said protective sheet is
      transparent.
NUM  6.
PAR  6. The invention according to claim 1 wherein both said second sheet and
      said tape are secured over substantially their entire areas to said first
      sheet and the latter may be folded along a medial line between said second
      sheet and tape to bring the two into juxtaposition with said one surface
      of said second sheet in facing engagement with said other surface of said
      tape.
NUM  7.
PAR  7. The invention according to claim 6 wherein a portion of said first sheet
      extends outwardly from said second sheet to provide a portion for
      adhesively securing to an underlying support surface with said other
      surface of said tape facing upwardly.
NUM  8.
PAR  8. The invention according to claim 7 wherein said first sheet is under
      said second sheet on the side of said medial line on which said second
      sheet is attached to said first sheet rather than on the side on which
      said tape is attached to said second sheet, said tape and said second
      sheet on the side of said medial line on which said tape is attached both
      being of substantially the same width.
NUM  9.
PAR  9. The invention according to claim 1 and further including a third sheet
      secured to said first sheet by said pressure sensitive adhesive along
      mutually overlapping marginal edges, said second sheet being attached
      along a marginal edge portion thereof to said first sheet adjacent the
      attachment thereto of said third sheet, said second sheet extending from
      its attached edge in covering relation to said third sheet, the latter
      being folded along a line parallel to said marginal edge thereof to form
      two layers with a major portion of said second sheet disposed
      therebetween, said tape being disposed between said second sheet and the
      one of said layers of said third sheet not secured to said first sheet.
NUM  10.
PAR  10. The invention according to claim 9 wherein said third sheet extends
      from said marginal edge to a parallel free edge with said fold line
      therebetween, the width of said third sheet between said fold line and
      said free edge being substantially equal to the width of said label, the
      latter being disposed between said second sheet and the layer of said
      third sheet between said fold line and said free edge.
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ABST
PAL  A fabric is superficially dyed by stamping and then subjected to abrasion
      to produce a feltlike appearance and a simultaneous mutation in coloring.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 311,261 filed Dec. 1, 1972, now U.S. Pat. No. 3,872,557 the teachings
      of which are incorporated by reference herein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for preparing a fabric and the
      fabric obtained by said process. The fabric is a new industrial product
      with special characteristics.
PAR  In my earlier application, Serial No. 311,261, filed Dec. 1, 1972, now U.S.
      Pat. No. 3,872,557 the teachings of which are incorporated by reference
      herein, I have taught that fabrics can be submitted to a superficial
      abrasion process to produce a change in coloring and a feltlike
      appearance. In this process, the basic fabric submitted to the superficial
      abrasion is a fabric in which the threads, either of warp or weft or both,
      are superficially dyed. Superficial dyeing is necessary in order that the
      change in coloring in the fabric is outstanding.
PAC  SUMMARY OF INVENTION
PAR  In the present invention, the basic fabric is initially raw or untreated.
      That is, the warp as well as the weft threads are not dyed. Rather the
      color imposed on the fabric is stamped on the raw or untreated woven
      fabric and the colored, stamped fabric is subsequently submitted to
      superficial abrasion. This is in contrast to superficially dyeing the
      individual yarns of the fabric prior to knitting or weaving or dipping the
      fabric in a dye vat.
PAR  One of the principal advantages of this invention is the fact that this
      process is performed by dyeing a raw fabric such as unmordanted cotton, by
      stamping and, after superficial abrasion treatment, there is produced a
      fabric that, on one of its sides, presents a feltlike appearance and a
      simultaneous mutation in coloring, while the other side presents the
      original surface with the threads, either the warp and the weft, being in
      the same initial state.
PAR  Another advantage of this process is that when the dyeing process uses
      pigmented dyes it presents good resistance to light and washing and also
      provides a low friction surface. In the subsequent superficial abrasion
      stage, there is a loosening of the pigments in the binder used to bind the
      dye to the fibers of the fabric. By a repetition of the abrasion process a
      discoloration is obtained that, with the feltlike appearance produced,
      results in a mutation in the hue and improves the characteristics of the
      fabric.
PAR  When the basic raw fabric is dyed by stamping, there results color on one
      side of the fabric while the other side remains in the same, initial raw
      state.
PAR  Stamping is generally effected with reactive indanthrenes, pigmented or
      other direct coloring compositions well known to those trained in the art.
      The preferred coloring compositions for use in this process are the
      reactive and pigmented colorants. As indicated, these materials are well
      known to those trained in the art and need not be discussed in detail
      herein.
PAR  The reactive indanthrene coloring compositions used in stamping the fabric
      are characterized as chemical products that have an affinity for fiber
      threads wherein the colorant reacts chemically with the fibers of the
      fabric.
PAR  A pigmented coloring composition or dye has no affinity for the fibers in
      the fabric. As a consequence, it is necessary to include in the
      composition a binder, such as acrylic pastes, that binds the pigment to
      the fibers. Other binders are well known to those trained in the art and
      need not be discussed in detail herein. This binding operation is effected
      by a polymerization process by submitting the stamped fabric to a
      temperature in the order of 150.degree.C for about 5 minutes.
PAR  The pigmented dyes, due to their low resistance to friction are preferred
      for use in this process. On the other hand, the indanthrene dyes are
      resistant in every aspect, that is, to light, washing, friction, etc. As a
      result, processing of fabrics containing these dyes is more difficult and
      costly than for the pigmented dyes.
PAR  For this reason, a stamping process that utilizes pigmented dyes is
      preferred, particularly because of its lower resistance to friction.
PAR  The stamping stage of this invention is performed with the conventional
      schablon system. This system, as well known to the art, is a plane or
      cylindrical frame that elevates a tensioned cloth or fabric relative to a
      graduated heddle or mesh to create a pattern on the fabric. In the present
      process, however, to ensure that no uneven dye marks are left on the
      fabric, the system may employ rotating cylinders or the plane schablon
      method.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  An example of the process is detailed below. Although cotton is
      specifically referred to other fabrics such as silk, polyesters, wool,
      etc. are equally suited for use in the process of the present invention.
PAR  A cotton fabric, preferably with low titer fibers, is scoured to make it
      almost perfectly white and susceptible to dyeing by stamping. The white
      fabric is then passed through a blind, rotatory schablon; that is, a
      smooth stamping cylinder without drawings or impressions thereon which
      receives from a supply cylinder, a dye based on pigments that
      superficially coats the fibers, that is only one side of the cloth is
      dyed. Suitable pigmented dyes include "Imperon" of Hoechst Chemical Co.,
      "Acramina" of Bayer Chemical Co. and "Elizarina" of Basf Chemical Co. The
      fabric, thus dyed and once the pigmented surface is dry, is passed through
      a grinder wherein the dyed surface is submitted to superficial abrasion.
      This last operation may be repeated until the desired result is obtained.
PAR  The abrasion is effected by rotating cylinders with an emery coating by
      passing the dyed side of the fabric against the rotatory surface of the
      cylinders. The abrasion effect obtained besides producing a feltlike
      finish on the fabric surface, causes a partial loosening of the pigments
      in the binder that binds the pigments to the fibers. This produces a
      mutation in coloring that complements the feltlike appearance and leaves
      the reverse side of the fabric with a scoured appearance. This process is
      described in further detail in my application Ser. No. 311,261 filed Dec.
      1, 1972, now U.S. Pat. No. 3,872,557.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for treating the surface of a woven fabric which comprises
      stamping one side of a substantially crude woven textile fabric with a dye
      to superficially dye the surface of said one side of the fabric; and,
      submitting the side of the fabric thus stamped with dye to a superficial
      abrasion to produce a feltlike appearance and a simultaneous mutation in
      the coloring of said superficially dyed surface.
NUM  2.
PAR  2. The process of claim 1, wherein said fabric is scoured and said one side
      of said scoured fabric is stamped by a rotating stamping cylinder
      containing a dye to superficially dye the fabric surface, and repeatedly
      superficially abrading said stamped side of the fabric to produce a
      feltlike appearance and a simultaneous mutation in the shade of the
      stamped surface.
NUM  3.
PAR  3. The process of claim 1, wherein said stamping is effected by a plane
      schablon.
NUM  4.
PAR  4. The process of claim 1, wherein said fabric is scoured and one side of
      said scoured fabric is stamped with a dye containing pigments.
NUM  5.
PAR  5. A fabric having a treated surface, said fabric comprising a woven base
      fabric having one of its sides stamped with a dye such that the surface of
      said one side of the fabric is superficially dyed, said superficially dyed
      surface being abraded to produce a plurality of superficially raised
      fibrils on the threads of said superficially dyed surface resulting in a
      feltlike appearance and shade of dye differing from the shade of the dye
      stamped on said surface, and the other side of said fabric being
      substantially untreated.
NUM  6.
PAR  6. The fabric of claim 5 wherein the dye present on one of the sides of the
      fabric contains pigments, wherein the dye pigments are attached to the
      fibers of the fabric with a binder, and wherein said pigments are
      partially loosened from said binder by abrasion to produce the differing
      dye shade on the stamped side of the fabric.
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ABST
PAL  The technique for forming on a substrate an abrasion-resistant layer having
      super-hydrophobic properties. Applied to the face of the substrate which
      has an inherently hydrophobic micro-pile formation are hydrophobic fumed
      silicon dioxide particles dispersed in a hydrophobic solvent. Dissolved in
      the solvent is a resinous binder in a small but effective amount which, by
      weight, is substantially less than one half the amount of the particles in
      the dispersion. Upon volatilization of the solvent, the resultant layer is
      composed primarily of fumed silicon dioxide particles strongly bonded to
      the face of the substrate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to substrates having a hydrophobic layer
      formed thereon and to products which include such treated substrates, and
      more particularly to techniques for fabricating products in which the
      layer incorporates hydrophobic fumed silicon dioxide.
PAR  A hydrophobic substance is one having a distinct tendency to repel water in
      a manner usually characteristic of non-wetted, oily, waxy or fatty
      materials. A hydrophobic surface will normally not sustain a water slim,
      even one of monomolecular thickness. This property not only is found in
      all oils, fats, waxes and many resins, but also in finely-divided powders
      such as carbon black and magnesium carbonate.
PAR  A hydrophilic substance has a strong affinity for water by absorption or
      adsorption even to the point of gradual liquifaction by extracting water
      vapor from the atmosphere. This property is characteristic of
      carbohydrates such as algin, vegetable gums, pectins and starches as well
      as complex proteins like gelatin and albumen.
PAR  The present invention deals with a hydrophobic layer formed on a substrate,
      which layer incorporates particles of hydrophobic fumed silicon dioxide
      (HFSD). Silicon dioxide particles are produced by the hydrolysis of
      silicon tetrachloride in a flame process. The fumed silicon dioxide
      particle is hydrophilic in nature by reason of the large number of
      hydroxyl groups present on the surface. These particles are rendered
      hydrophobic by reacting them with a silane. During the reaction,
      hydrophobic hydrocarbon groups replace many of the hydroxyl groups, the
      resulting particles offering increased compatibility with organic or non
      polar media and a corresponding repulsion to water. One commercially
      available form of hydrophobic fumed silicon dioxide powder is manufactured
      and sold by Cabot Corporation of Boston, Massachusetts under the trademark
      "Silanox".
PAR  Silane which is a member of the silicone family, contributes its inherent
      hydrophobicity and oleophilicity to the HFSD particle. Fumed silicon
      dioxide, which is a fine pure powder, brings to HFSD a particle of
      extremely small size and enormous surface area, all of it being accessible
      for interaction with the surrounding media. In protective coatings, the
      hydrophobicity derived from the silane component of HFSD is augmented by
      the surface micro-roughness imparted by the silicon dioxide component,
      giving rise to a degree of water repellency so great that it is often
      referred to as super-hydrophobicity.
PAR  Substrates coated with HFSD repel water to an extraordinary degree. An air
      layer becomes entrapped between the substrate and the water and is visible
      as a reflected silvery sheen. This air layer or shield is sometimes
      referred to as a gaseous plastron. In order therefore to protect metal
      against corrosion, one may apply thereto a coating of HFSD which functions
      to insulate the metal surface from water by means of an air layer.
      Similary, ice build-up on ship and airplane surfaces may be alleviated by
      the application thereto of an HFSD coating which causes ice release due to
      the minimal interfacial contact between the ice and the tiny particles of
      HFSD.
PAR  The super-hydrophobic properties of HFSD can be imparted to substrates in
      various ways. HFSD particles can, for example, be applied in dry form on
      tacky surfaces, or it can be applied from a liquid dispersion. But
      regardless of the mode of applying HFSD to the substrate, it is important
      that these particles remain essentially uncoated and exposed at the
      solid-water interface to afford the micro-roughness necessary for optimum
      super hydrophobicity.
PAR  One serious difficulty often encountered in HFSD coatings is its poor
      abrasion resistance, for if the coating is subjected to wear, it may be
      eroded, with a consequent loss of super-hydrophobicity and a possible gain
      in hydrophilic properties should the underlying substrate be hydrophilic
      in character.
PAR  Heretofore, in order to attain a high degree of abrasion resistance, it was
      the practice to use conventional powder coating methods such as fluid-bed
      or electrostatic spraying techniques to deposit a blend of dry powder
      fluids of HFSD and fine resinous powders onto the substrate. Heat is then
      used to activate the powder resin to allow wetting of the HFSD particles
      and to thereby bond these particles to the substrate. Typical blends for
      this purpose make use of as little as 5% to 10% by weight of HFSD in
      combination with epoxy, vinyl or polypropylene powders to produce coatings
      having the desired hydrophobic characteristics.
PAR  In as much as the binder component in such blends is dominant, the
      resultant coating is strongly influenced by the characteristics of the
      resinous binder which is generally much less hydrophobic than the HFSD
      particles. Moreover, since heat is required to effect bonding, this not
      only adds to the complexity and cost of the technique but in some
      instances it may adversely affect the structure of the substrate.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is the main object of this invention to
      provide an improved technique for coating substrates to render the face
      thereof super-hydrophobic.
PAR  More particularly it is an object of this invention to provide a product
      including a substrate having a super-hydrophobic face which is highly
      abrasion and scratch resistant.
PAR  Also an object of this invention is to provide a selective filter having
      super-hydrophobic properties whereby the filter is impermeable to water
      and permeable to other liquids or fluids.
PAR  Yet another object of this invention is to provide toys which exploit the
      natural repulsion existing between hydrophobic and hydrophilic surfaces to
      create an air cushion therebetween which minimizes friction encountered in
      a sliding movement of the hydrophilic relative to the hydrophobic surface.
PAR  Briefly stated these objects are accomplished by applying to the face of a
      substrate which has a micro-rough surface, hydrophobic fumed silicon
      dioxide particles dispersed in a solvent within which is dissolved a
      resinous binder whose amount, by weight, is substantially less than
      one-half of the amount of particles in the dispersion. Upon volatilization
      of the solvent, the resultant coating is composed predominantly of fumed
      silicon dioxide particles strongly bonded to the face of the substrate.
PAC  DESCRIPTION OF THE INVENTION
PAR  In determining the degree of hydrophobicity presented by a given surface,
      one must take into account two opposing forces. First there is the force
      of cohesion which is present in the water on the surface, this cohesive
      force causing water molecules to attract each other. The second force
      acting on the water is the force of adhesion which causes water molecules
      to attract the atoms or molecules on the surface. The relationship between
      these two opposing forces determines the degree of wetting of the surface
      by the water.
PAR  On a normally hydrophobic surface, such as wax paper, a drop of water
      retains its integrity, but there is sufficient surface adhesion to cause
      the drop to assume a somewhat flattened form on the wax paper. On a
      superhydrophobic surface formed by a HFSD coating or layer, the shape of
      the water drop is almost spherical in that the force of adhesion is almost
      negligible. On a completely wettable and hydrophilic surface, the force of
      adhesion is stronger than the force of cohesion and a water drop will
      quickly spread to cover the surface. Thus with hydrophobic surfaces the
      cohesive force is dominant and in such surfaces water droplets tend to
      draw together whereas in the hydrophilic surfaces the adhesive force is
      greater and overcomes the cohesive force.
PAR  Two factors come into play in determining the degree to which a surface is
      hydrophobic. First there is the chemical factor which is why oily, waxy or
      fatty materials repel water. But there is also a physical factor, for when
      surface roughness is present to create minute projections or fibrils, a
      water droplet tends to be supported only on the peaks of the projections.
      The air-filled troughs between the projections are free from contact with
      the water, thereby enhancing hydrophobicity. Exceptional water repellency
      or super-hydrophobicity may therefore be obtained by a merger of surface
      chemistry and micro-roughness. This phenomenon is often encountered in
      nature, such as on leaves and petals wherein a multiplicity of tiny
      hydrophobic fibrils act to repel water, thereby facilitating
      transpiration.
PAR  In the present invention, both the chemical and physical factors are
      exploited to provide a super-hydrophobic layer which is abrasion and
      scratch resistant and cannot easily be rubbed off, whereby the
      characteristics of the layer are maintained under rigorous operating
      conditions. In order to accomplish this result, it is essential that the
      substrate which is coated with HFSD, also exhibit hydrophobic properties.
      We shall, therefore, first consider the nature of the substrate.
PAL  Substrates: One preferred form of substrate material is a layer of foam
      plastic formed of polyethylene or polypropylene having a very fine cell
      structure. Usable for this purpose is "Minicel" L-200, crosslinked
      polyethylene foam manufactured and sold by Hercules Incorporated of
      Wilmington, Del. A block of such foam material is skived to provide a
      layer sheet, thereby cutting open the cells in the face of the layer to
      create a multiplicity of fine pockets. As a consequence of these fine
      pockets, the face of the layer presents a myriad of cut-ends or
      projections which are inherently hydrophobic in character.
PAR  Another useful form of substrate is spunbonded olefin formed of
      high-density polyethylene fibers. Sheets or layers of this material are
      formed by first spinning continuous strands of very fine interconnected
      fibers and then bonding them together with heat and pressure. Though the
      dense packing of the fine, interconnected fibers produces a seemingly
      smooth surface, the surface is actually porous and has a very fine fuzz or
      uncut pile face which imparts thereto hydrophobic properties. One
      commercial form of spunbonded olefin is manufactured and sold by the
      DuPont Company under the trademark "TYVEK". As noted in the DuPont
      Technical information bulletin S-9 published March, 1973, "The Properties
      and Processing of Tyvek Spunbonded Olefin", this material is inherently
      hydrophobic.
PAR  Similar characteristics are found in spunbonded polyester sheets or layers
      formed by continuous filament polyester fibers that are randomly arranged,
      highly dispersed and bonded at the filament junctions. When these fibers
      are crimped, the resultant surface is fuzzy, imparting thereto a high
      degree of hydrophobicity. This product, which is manufactured and sold by
      DuPont under the trademark REEMAY, is described in the DuPont technical
      bulletin S-4 dated April 1970 "Properties and Processing of REEMAY
      Spunbonded Polyester".
PAR  In summary, the substrate to be coated by HFSD is formed of a material
      which is chemically hydrophobic and which has a micro-rough face which is
      physically hydrophobic, so that both hydrophobic factors are combined in
      the fine hairs or projections which constitute the face of the material.
      The term micro-rough as used in the specification and claims is intended
      to encompass any facial texture which is physically hydrophobic such as
      cusps, piles, projections, cuts-ends, flock and fibrils.
PAL  Substrate Coatings: The face of the substrate is sprayed or otherwise
      coated with hydrophobic fumed silicon dioxide particles dispersed in a
      solvent that is chemically hydrophobic, within which solvent is dissolved
      a resinous, thermoplastic binder that is chemically hydrophobic. Thus when
      the coating is dried or cured, all constituents thereof including trace
      elements are hydrophobic in character and the resultant treated substrate
      is super-hydrophobic and highly resistant to abrasion and other damaging
      effects. Thus even when an area of the super-hydrophobic surface becomes
      eroded, the exposed area remains hydrophobic and in no instance is a
      hydrophilic area created because of wear or abrasion.
PAR  A preferred form of HFSD is Silanox 101 manufactured by Cabot Corporation,
      which is a silane-modified silicon dioxide in finely divided powder form.
      The surface area of this powder is 225 m.sup.2 /gm (BET), the primary
      particle size is 7 .mu. and the bulk density is 3 lbs. per cubic foot.
PAR  In order to form a dispersion of the HFSD particles, use is made of a
      solvent which is inherently hydrophobic and capable of dissolving the
      binder for the HFSD particles. A preferred solvent for this purpose is
      trichloroethylene (CH Cl: CCl.sub.2) which is a stable, colorless heavy
      liquid derived from tetrachloroethane by treatment with lime or alkali in
      the presence of water, or by thermal decomposition followed by steam
      distillation. Also usable as a solvent is perchloroethylene (Cl.sub.2 C:
      CCl.sub.2) or benzene (C.sub.6 H.sub.6).
PAR  The preferred form of binder which is dissolved in the solvent is high
      impact polystyrene (C.sub.6 H.sub.5 CHCH.sub.2) which is a thermoplastic
      synthetic resin of variable molecular weight depending on the degree of
      polymerization. Also usable as a binder are polyvinyl resin or copolymers
      of ethylene and vinyl acetate. These binders are all thermoplastic in
      nature and have hydrophobic properties.
PAR  It is important that the amount of binder by weight be no more than is
      necessary to effectively bond the HFSD particles to the face of the
      substrate so that the resultant covering is predominantly HFSD and is
      super-hydrophobic. Thus the ratio of the binder by weight to the HFSD
      particles must be less than 50 : 50.
PAR  One acceptable formulation for the dispersion is the following:
PA1  Solvent -- 1500 cc of trichloroethylene
PA1  Binder -- 20 grams of high impact polystyrene
PA1  Hfsd -- 35 grams of Silanox
PAR  In practice, the amount of binder in this formation may be further reduced
      to as low as 10 grams relative to 35 grams of Silanox.
PAR  In preparing the dispersion, the binder is first fully dissolved in the
      solvent, and then the HFSD particles are added to the solvent in a Waring
      blender or other suitable mixer and stirred therein for a few seconds to
      completely disperse same without excessive agitation. In applying this
      dispersion to the face of a substrate, a wet spray technique may be used.
      When the solvent volatilizes, strongly bound to the fibrils or the
      cut-ends of the substrate face is a fine coating containing HFSD
      particles. The resultant surface is extraordinarily water-repellent and
      resistant to abrasion and other wear conditions.
PAR  In those instances where the surface may be subjected to very heavy wear,
      its abrasion resistance may be augmented by a calendering technique in
      which the treated surface is run under a heated pressure roll, pressing
      the coating into more intimate relationship with the substrate without,
      however, impairing the character of the substrate. In this operation the
      calendering temperature and pressure conditions must be such as to avoid
      fusing the fibrils of the substrate.
PAL  Applications: Ice build-up is a serious hazard in airplanes. Using
      conventional techniques, one cannot successfully apply to the wings or
      fuselage of a plane a super-hydropholic coating which will withstand the
      wear forces to which these surfaces are subjected. However, by forming a
      superhydrophobic surface on the outer face of a Tyvek or Reemay sheet in
      the manner previously described, and adhering the underface of this sheet
      to the skin of the plane, it then becomes possible to prevent icing on a
      long-term basis, the surface being highly resistant to wear factors
      encountered in flight. Since these sheets are quite thin, they do not
      alter the aerodynamic characteristics of the wings or fuselage.
      Alternatively, where the skin of the plane is made of aluminum, use may be
      made of aluminum sheeting which has been electrochemically etched or
      otherwise processed to form a micro-rough surface to which the HFSD
      dispersion may be directly applied.
PAR  In practice, pressure-sensitive bonding techniques may be used to clad the
      super-hydrophobic sheet on the skin of the plane, so that it becomes a
      relatively simple matter to replace these sheets when necessary. And
      because of the boundary layer characteristic of the super-hydrophobic
      surfaces, a significant reduction in air resistance may be effected, with
      a consequent gain in air speed and fuel economy.
PAR  Because a HFSD-treated Tyvek or Reemay sheet is porous it may be used as a
      selective filter to separate water from gasoline or any other liquid or
      fluid in a mixture or emulsion containing water and another constituent.
      The water is repelled and blocked by the sheet despite the fact that it is
      porous, whereas the treated sheet is permeable to gasoline or whatever
      other constituent is contained in the mixture or emulsion.
PAR  This selective filter, which is preferably made in conical form, may be
      placed as a plug in a gasoline line, the plug acting to pass the gasoline
      but to impede the flow of water, thereby filtering out the water. The
      reason for the conical form is to increase the effective surface of the
      filter and also to avoid the possibility that a clot of water in the line
      will block all flow. In the case of a planar filter, this clot might cover
      the entire filter surface and prevent further flow, whereas with a cone, a
      portion thereof would remain exposed to pass the gasoline.
PAR  Such selective filters may also be used as mist eliminators in gaseous
      systems in which it is important to remove all moisture, the treated sheet
      being permeable to the gas stream but blocking the passage of all
      moisture. The same type of filter may be used as a surgical dressing or
      bandage to permit air flow but to impede aqueous flow.
PAR  In the field of toys, one may fabricate a trackway or slide with a
      super-hydrophobic surface in the manner disclosed hereinabove, and provide
      travel toys adapted to slide along the track surface. To accomplish this,
      the surface of this toy which engages the track is made of hydrophilic
      material and is made wet before use so that a thin film of water is formed
      thereon. This water film is repelled by the super-hydrophobic surface of
      the roadway to create a minute air cushion thereon whereby the toy which
      may be a simulated vehicle or sled or in any other fanciful form,
      effectively floats on the roadway and the sliding resistance thereto is
      virtually nil. As a consequence, the slightest applied force or the force
      of gravity causes the vehicle to travel at high speed for long distances
      limited only by the length of the toy track. Or one could by means of a
      retractable, spring-biased plunger, shoot a wet ball or other missile
      having a hydrophilic surface along a treated track.
PAR  Or one can play directly with drops of water by molding a HFSD-treated
      substrate laminated to a moldable panel to create a maze into which one
      places a drop of water which may then be manipulated to traverse the maze.
      By giving the grooves in the maze a V-shaped formation, the resultant
      internal light reflection in the drops against the inclined walls of the
      groove produces mirror-like or silvery effects which cause the drop to
      glitter attractively.
PAR  While there have been disclosed preferred embodiments of the invention, it
      will be appreciated that many changes may be made therein without
      departing from the essential spirit underlying the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A product having super-hydrophobic properties, comprising a substrate
      having a micro-rough face which is physically hydrophobic, said face being
      coated with hydrophobic fumed silicon dioxide particles which are bonded
      to said face by a binder having chemical hydrophobic properties, the
      amount of said binder, by weight relative to the amount of said particles
      being less than one-half the amount of said particles.
NUM  2.
PAR  2. A product as set forth in claim 1, wherein said substrate is formed by a
      layer of closed-cell foam plastic material, the cells of which, on the
      face of the layer, are cut open to create a multiplicity of projections
      onto which said particles are bonded.
NUM  3.
PAR  3. A product as set forth in claim 2, wherein said material is selected
      from the class consisting of foamed polyethylene and foamed polypropylene.
NUM  4.
PAR  4. A product as set forth in claim 1, wherein said substrate is formed by
      spunbonded olefin material.
NUM  5.
PAR  5. A product as set forth in claim 1, wherein said substrate is formed by
      spunbonded polyester material.
NUM  6.
PAR  6. A product as set forth in claim 1, wherein said substrate is in sheet
      form, the underface of which is adherable to the skin of an aircraft.
NUM  7.
PAR  7. A product as set forth in claim 1, wherein said binder is formed by
      polystyrene.
NUM  8.
PAR  8. The method of fabricating a product having a super-hydrophobic surface
      comprising the steps of dissolving in a solvent a binder having chemical
      hydrophobic properties, dispersing in the solvent particles of fumed
      hydrophobic silicon dioxide to form a flowable coating material, and
      applying said material to the face of a substrate having a micro-rough
      surface which is physically hydrophobic, whereby when the solvent is
      volatilized, the resultant dry coating imparts super-hydrophobic
      properties to the substrate, the amount of said binder, by weight,
      relative to the amount of said particles being less than one-half the
      amount of said particles.
NUM  9.
PAR  9. The method as set forth in claim 8, wherein said solvent is selected
      from a class consisting of trichloroethylene, perchloroethylene and
      benzene.
NUM  10.
PAR  10. The method as set forth in claim 8, wherein said substrate is formed
      from chemically-hydrophobic material.
NUM  11.
PAR  11. The method as set forth in claim 10, wherein said binder is formed of
      high-impact polystyrene.
NUM  12.
PAR  12. The method as set forth in claim 7, further including the step of
      calendering the coated face of said substrate to lock the coating therein.
NUM  13.
PAR  13. The method as set forth in claim 7, wherein said substrate is
      constituted by a porous sheet of spunbonded synthetic fibers which when
      treated is capable of functioning as a selective filter to block the
      passage of water and to pass other fluids.
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PAL  This invention provides a process for the production of surface covering
      materials having a textured effect which comprises (a) applying a layer of
      a first foamable resinous composition on to a substrate; (b) applying a
      second foamable resinous composition on to selected areas of the surface
      of the said first foamable resinous composition; (c) applying at least one
      essentially non-foaming layer over the said first and second foamable
      resinous compositions; and (d) heating to effect foaming of the first and
      second foamable resinous compositions whereby a surface covering material
      having a textured effect is produced; the said first and second foamable
      resinous compositions being selected whereby upon heating substantial
      foaming of the said second foamable resinous compositions occurs before
      any substantial foaming of the said first foamable resinous composition.
      The invention further provides a surface covering material having a
      textured effect which comprises a substrate or backing layer, a layer of a
      first foamed resinous composition on the substrate or backing layer, a
      second foamed resinous composition on selected areas of the said first
      foamed resinous composition and a layer of an essentially non-foamed
      resinous composition over the said first and second foamed resinous
      compositions; the surface of the said material being at a higher level in
      areas with both first and second foamed resinous composition applied than
      in other areas of the surface covering material; and the said second
      foamed resinous composition having a structure characteristic of a
      resinous composition which has foamed to a significant extent whilst
      supported by a non-foaming substrate.
BSUM
PAR  This invention relates to the production of surface covering material
      including for example floor covering materials, wall covering materials
      and covering materials for shelves, working tops and the like.
PAR  Polyvinyl chloride surface covering materials are well-known, the term
      "polyvinyl chloride" being used herein to include both vinyl chloride
      homopolymers and copolymers. Such surface covering materials can be
      produced in a variety of ways. For example, sheets of polyvinyl chloride
      material can be formed using calendering equipment and then laminated
      together to provide surface covering materials of a desired thickness. In
      another method, polyvinyl chloride plastisols are applied to a substrate
      such as asbestos paper or woven hessian fabric followed by gelation of the
      plastisol and if desired subsequent application of further polyvinyl
      chloride layers as necessary to provide surface covering materials of
      adequate thickness. If a film casting substrate is used as substrate as
      described in British Patent No. 1,049,651  the substrate can be removed
      after gelation of the plastisol to provide a flooring material which does
      not incorporate a substrate. Alternatively layers of polyvinyl chloride
      material can be applied either side of the substrate, for example as
      described in British Patent No. 1,029,085. Also it is possible to
      manufacture a multilayer polyvinyl chloride flooring material with one or
      more layers produced by calendering and another layer or other layers
      produced from polyvinyl chloride plastisol for example as described in
      British Patent No. 1,206,584.
PAR  It is frequently desirable to provide polyvinyl chloride surface covering
      materials with a printed pattern for decorative purposes. The usual method
      of doing this involves printing the pattern on to the surface of the
      material using appropriate printing inks, e.g. by gravure printing. Having
      applied a printed pattern, it is usual to cover this with a transparent
      polyvinyl chloride wear layer; otherwise in use the pattern may quickly be
      removed by wear. Polyvinyl chloride wear layers can be applied for example
      either as pre-formed calendered sheets or using polyvinyl chloride
      plastisols.
PAR  For some purposes particularly in the case of floor covering materials, it
      is desirable to incorporate foamed polyvinyl chloride material into the
      surface covering in order to provide a product with increased thickness
      which has resilience and good tread characteristics. It is thus known to
      produce floor covering materials including a foamed layer by incorporating
      heat-activatable blowing agents in layers of polyvinyl chloride material
      produced by calendering or by gelation of polyvinyl chloride plastisols
      and to effect foaming by decomposition of the blowing agent.
PAR  Where a foamed layer is included in surface covering materials, it has been
      found that materials of attractive appearance can be obtained by producing
      textured effects in the foam. Various methods of producing surface
      covering materials including resinous foam and having a textured effect
      have thus been proposed. One method comprises applying foamable resinous
      composition on to selected areas of a substrate, applying at least one
      overall layer of an essentially non-foaming resinous composition over the
      substrate and the foamable resinous composition(s) thereon, and heating to
      effect foaming of the foamable resinous composition(s) whereby a surface
      covering material having a textured effect is produced.
PAR  The substrate used in this method is conveniently a non-woven or woven
      fabric or a pre-formed film. It is advantageous to select a substrate
      having good dimensional stability at the elevated temperatures encountered
      in subsequent steps of the method and asbestos paper, a material in which
      asbestos fibres are bonded with synthetic rubber, is one substrate which
      can conveniently be used; others include woven glass fibre fabrics and
      glass fibres bonded for example with synthetic resins.
PAR  It is often advantageous to produce surface covering materials which
      include an overall foamed layer in addition to the resinous foam resulting
      from application of the foamable resinous composition on to selected areas
      of the substrate. Thus for example it may be desired first to apply an
      overall layer of foamable resinous composition on to the substrate and
      then to effect a second application of foamable resinous composition on to
      selected areas of the surface of the overall foamable layer. Upon
      subsequent foaming, the overall foamable layer expands to provide
      increased thickness and resilience in the final product whilst the
      foamable resinous composition on selected areas of the substrate expands
      to provide a textured surface effect in the product. It has however been
      found that the method utilising an overall foamable layer operates less
      well than expected. In particular, the textured effect obtained when the
      foamable resinous composition on selected areas of the overall foamable
      layer expands together with the overall foamable layer is much less
      pronounced than when the said foamable resinous composition is in direct
      contact with the substrate or an essentially non-foaming layer during
      foaming, and in consequence the textured effects obtained are generally of
      less attractive appearance. Furthermore, where substrates such as
      rubber-bonded asbestos paper which commonly have surface irregularities
      are used and the overall foamable layer is in direct contact with the
      surface of the substrate, such irregularities are also present and are
      indeed magnified in the surface of the foamed resinous composition
      providing the high points in the textured product obtained.
PAR  It is an object of the present invention to provide a new process for the
      production of surface covering materials in which an overall foamed layer
      is in direct contact with a foamed resinous composition present only in
      selected areas thereby providing a textured effect.
PAR  According to one feature of the present invention there is provided a
      process for the production of surface covering materials having a textured
      effect which comprises (a) applying a layer of a first foamable resinous
      composition on to a substrate; (b) applying a second foamable resinous
      composition on to selected areas of the surface of the said first foamable
      resinous composition; (c) applying at least one essentially non-foaming
      layer over the said first and second foamable resinous compositions; and
      (d) heating to effect foaming of the first and second foamable resinous
      compositions whereby a surface covering material having a textured effect
      is produced; the said first and second foamable resinous compositions
      being selected whereby upon heating substantial foaming of the said second
      foamable resinous composition occurs before any substantial foaming of the
      said first foamable resinous composition.
PAR  According to a further feature of the present invention, there is provided
      a surface covering material having a textured effect which comprises a
      substrate or backing layer, a layer of a first foamed resinous composition
      on the substrate or backing layer, a second foamed resinous composition on
      selected areas of the said first foamed resinous composition and a layer
      of an essentially non-foamed resinous composition over the said first and
      second foamed resinous compositions; the surface of the said material
      being at a higher level in areas with both first and second foamed
      resinous composition applied than in other areas of the surface covering
      material; and the said second foamed resinous composition having a
      structure characteristic of a resinous composition which has foamed to a
      significant extent whilst supported by a non-foaming substrate.
PAR  It is important in carrying out the process according to the invention that
      upon heating the second foamable resinous composition should foam to a
      significant extent before significant foaming of the first foamable
      resinous composition. Foaming of the second foamable resinous composition
      to produce the textured effect involves stretching the essentially
      non-foaming layer applied thereover. Without wishing to be limited by any
      theoretical explanation of the operation of the process according to the
      invention it is believed that the second foamable resinous composition
      needs a solid support in order to exert sufficient force to stretch the
      non-foaming layer and to produce the textured effect. If there is no
      differential foaming and the first and second foamable resinous
      composition foam together, then there is no solid support for the second
      foamable resinous composition and the tendency is for the two foamable
      resinous compositions to mix without significant stretching of the
      non-foaming layer and therefore without the production of the desired
      degree of texturing. Also, it is in general possible when applying the
      first foamable resinous composition to ensure that the surface thereof is
      essentially flat and free from imperfections and irregularities, and
      foaming of the second foamable resinous composition against such a surface
      before significant foaming of the first foamable resinous composition
      results in the surface of the foamed composition providing high points in
      the textured surface of the product itself being generally flat and free
      from imperfections and irregularities. Thus the structure of the second
      foamed resinous composition is characterised by the absence both of such
      undersired imperfections and irregularities in its surface and of such
      substantial mixing of the first and second foamed resinous compositions as
      can in general be observed when the second foamed resinous composition has
      commenced to foam after or simultaneously with the commencement of foaming
      of the first foamed resinous composition.
PAR  The essentially non-foaming layer applied in step (c) of the process
      according to the invention can for example be a transparent wear layer.
      Alternatively, the essentially non-foaming layer can be an opaque
      pigmented layer which is to provide background colour in the final
      product. In the latter case, it will in general be convenient to print a
      decorative pattern as desired on the surface of the essentially
      non-foaming layer and then to apply an additional transparent wear layer
      which in use will serve as a protection against wearing of the printed
      decorative pattern.
PAR  As stated above, suitable substrates include non-woven and woven fabrics
      and pre-formed films. As with previous processes, it is advantageous to
      select a substrate having good dimensional stability at the elevated
      temperatures encountered in subsequent steps of the method and asbestos
      paper is one substrate which can conveniently be used. Other suitable
      substrates include woven glass fibre fabrics and glass fibres bonded with
      synthetic resins. If desired, the substrate used may be impregnated with a
      resinous composition and/or may have one or more layers of resinous
      composition bonded either to the side on to which the foamable resinous
      composition is applied or on to the reverse side thereof. Thus for example
      it may be convenient to apply a levelling coat of a resinous composition
      prior to application of the first foamable resinous composition and/or to
      apply a layer of resinous composition (foamable or non-foamable) on to the
      reverse side of the substrate to increase still further the thickness of
      the product to be obtained. It will be appreciated that any such layers
      applied are to be regarded as forming part of the substrate in the
      carrying out of the process according to the invention.
PAR  If desired, a film casting support (i.e. a support which is capable of
      supporting the foamable resinous composition in contact therewith and
      adhering thereto to enable the coating and subsequent heating operations
      to take place, the adhesion being such that the support can be readily
      removed from the product obtained after heating) may be used as substrate
      or a part thereof. Where a film casting support is used, it is preferably
      made of a paper, such as Kraft paper, treated to give the paper the
      required adhesive and release properties. Although the film casting
      support should have little adhesion to the resinous composition applied
      thereto it should exhibit sufficient adhesion to the resinous compositions
      whereby it is held in contact therewith during the coating and heating
      processes. However, the adhesion of the film casting support should not be
      so strong as to prevent removal of the support from the product obtained
      after heating and for convenience the support should be capable of being
      removed cleanly and easily from the foamed product. Film casting paper can
      be given the required adhesive properties by coating the paper with, for
      example, silicone resin and polyvinyl compounds such as polyvinyl alcohol.
      Silicone resin coated paper is preferred and, by varying the quantity of
      silicone used in the coating, paper of the desired adhesive properties may
      be prepared. Suitable film casting papers are commerically available, one
      such paper being that sold under reference M4/17 by the Wiggins Teape
      Group. When using a film casting support as substrate, an overall layer of
      resinous composition, e.g. a polyvinyl chloride plastisol, may if desired,
      first be applied to the film casting support, this layer of resinous
      composition subsequently serving as a backing layer for the product
      following removal of the film casting support.
PAR  The first foamable resinous composition applied on to the substrate in
      accordance with the present invention is preferably a polyvinyl chloride
      plastisol which contains a blowing agent and which has appropriate
      viscosity characteristics for the application method to be used. With
      polyvinyl chloride plastisols, the plastisol will contain the polyvinyl
      chloride resin (selected according to the desired viscosity of the
      plastisol) plasticiser and stabiliser together with blowing agent and
      optional ingredients such as for example fillers, viscosity modifiers,
      volatile additives and pigments.
PAR  The polyvinyl chloride included in the plastisol may be a homopolymer or
      copolymer, copolymers when used preferably containing a major proportion
      of units derived from vinyl chloride. Other copolymerised monomers which
      can be incorporated in the copolymers as desired include for example vinyl
      acetate and vinylidene chloride. One polyvinyl chloride polymer which can
      with advantage be used is that known by the trade name "Vixir 3102" .
PAR  The plasticisers used are conventiently phthalate plasticisers, for example
      nonyl, octyl, butyl, butylbenzyl and dialphanyl phthalates. Phosphates
      (e.g. trixylenyl and tricresyl phosphates), adipates and subacates may
      also for example be used as plasticisers.
PAR  It is in general necessary to incorporate into the plastisol a quantity of
      a stabiliser, that is a substance capable of retarding decomposition of
      the resin during compounding and subsequent exposure to light. Preferably
      the stabiliser selected is one which also possesses the property of
      causing the blowing agent to decompose over a narrower temperature range,
      hereinafter referrred to as a "stabiliser-kicker". Dibasic lead phthalate
      is a suitable stabiliser-kicker, and other substances which may be used
      include certain other lead-containing compounds, certain organo-tin
      compounds and certain metal soaps, particularly stearates of metals such
      as zinc, cadmium barium and aluminium.
PAR  The blowing agent incorporated into the plastisol is in general
      conveniently an organic substance which liberates nitrogen upon heating.
      Substances which are conveniently used as blowing agents are those which
      decompose over a relatively narrow temperature range. A particularly
      suitable blowing agent for use in the process according to the invention
      is azodicarbonamide.
PAR  Fillers may be incorporated into the plastisols as optional ingredients.
      Various inert inorganic substances may be used as filler, the most
      convenient being calcium carbonate e.g. in the form of whiting,
      precipitated chalk, ground limestone or ground dolomite.
PAR  Viscosity modifiers may also be incorporated as required to influence the
      viscosity characteristics of the plastisol, hexylene glycol being an
      example of a viscosity modifier which can conveniently be used.
PAR  Volatile additives may also be included in the plastisols, examples of such
      additives being solvents such as for example white spirit and low boiling
      esters.
PAR  Pigments may be included as desired, and it may for example be desirable to
      pigment the first foamable resinous composition particularly when the
      essentially non-foaming layer applied in step (c) is a transparent wear
      layer and the first foamable resinous composition after foaming is in
      consequence visible in the final product. When a white background is
      desired for the final product, the pigment is conveniently provided by
      titanium white. When coloured backgrounds are required, inorganic pigments
      (e.g. iron oxide pigments and cadmium reds) and organic pigments (e.g.
      benzidene yellows and phthalocyanine blues and greens) may conveniently be
      employed.
PAR  As stated above, the proportions of the various ingredients used must be
      selected to provide a plastisol having suitable viscosity characterisitics
      for the application method to be used. The plastisol is preferably applied
      by an overall spreading technique, e.g. using a doctor blade or air-knife.
      In general, preferred plastisols for application by these methods will
      contain, for every 100 parts by weight of polymer present, from 30 to 100
      parts by weight of plasticiser; up to 10 parts (e.g. up to 5 parts) by
      weight of stabiliser; up to 10 parts (e.g. up to 5 parts) by weight of
      blowing agent; up to 100 parts, advantageously up to 20 parts, by weight
      of filler; up to 10 parts by weight of viscosity modifier; and up to 20
      parts by weight of volatile additives.
PAR  The thickness of the layer of first foamable resinous composition applied
      can vary within wide limits and will depend upon the desired thickness for
      the final product. The purpose of incorporating the first foamable
      resinous composition is however to increase the thickness and resilience
      of the final product, and when the product is to be a floor covering
      material it will in general be preferable for the thickness to be at least
      0.005 inches prior to foaming.
PAR  After each application of a plastisol composition, it is in general
      convenient to dry the composition sufficiently to avoid undersired damage
      upon subsequent application of further coatings. Drying is conveniently
      effected by surface infrared heating or hot air heating, for example at a
      temperature of about 140.degree.C. It will be appreciated that the
      temperature and length of time used for drying is not critical provided
      that the coatings of resinous composition are given adequate strength for
      subsequent processing and also of course provided that the temperature
      reached during drying is not sufficient to activate the blowing agent
      contained in the foamable resinous composition. After heating, cooling is
      effected e.g. by contact with water-cooled rollers prior to the next step
      in the process. It is generally advantageous to dry the resinous
      composition to a matt finish, further drying whereby a glossy surface
      finish is obtained being preferably avoided.
PAR  The next step in the process according to the invention is the application
      of a second foamable resinous composition on to selected areas of the
      surface of the said first foamable composition. This application of the
      second foamable resinous composition is advantageously effected by the
      technique of rotary screen printing. In this method of printing, the
      foamable resinous composition is forced through a rotary metal cylindrical
      screen on to the material to be printed. The pattern is formed either by
      blanking off areas of the screen e.g. using a cross-linkable lacquer, or
      alternatively by producing a screen which instead of an overall mesh has a
      mesh which itself is in the form of the desired pattern with other areas
      of the screen being without mesh holes. The printing is conveniently
      effected using screens having a mesh size of from 17 to 100 British
      Standard Mesh, the use of a 40 British Standard Mesh having been found to
      be especially convenient. The thickness of the coatings of plastisol which
      are desirably applied depend upon the desired thickness and degree of
      texture in the final product. The thickness of plastisol which can
      conveniently be applied on to a substrate by the technique of rotary
      screen printing varies with the physical properties of the plastisol. In
      general it has been found that the thickness of foamable resin composition
      applied in one rotary screen printing step is conveniently not greater
      than 0.006 inches and is preferably not greater than about 0.004 inches.
      Thus the thicknesses of foamable resin composition applied are with
      advantage within the range of from 0.002 to 0.004 inches. If greater
      thickness over the selected areas or parts thereof are desired, then these
      can readily be applied by using two or more rotary screen printing steps
      in series whereby two or more superimposed applications of the foamable
      resinous composition are effected. The second and subsequent applications
      may if desired make use of foamable resinous compositions containing
      different amounts of blowing agents to achieve multi-level texturing of
      subsequent expansion. Also, the second and subsequent applications can if
      desired only partly overlap the first application, again providing
      multi-level texturing on subsequent expansion.
PAR  As with the first foamable resinous composition, the second foamable
      resinous composition is preferably a polyvinyl chloride plastisol
      containing polyvinyl chloride resin, plasticiser and stabiliser together
      with blowing agent and optional ingredients such as fillers, viscosity
      modifiers, volatile additives an pigments. Examples of suitable
      ingredients and preferred proportions for the ingredients are generally as
      described above in connection with the first foamable resinous
      composition. Again, when the essentially non-foaming layer applied in step
      (c) is a transparent wear layer, it may be desirable to pigment the
      compositions and thus by using first and second foamable resinous
      compositions which are differently pigmented it is possible to provide a
      pattern in register with the textured effect in the final product. If
      desired, differently pigmented second foamable compositions may be applied
      to different selected areas of the first foamable composition.
PAR  It is important in carrying out the process according to the invention
      that, upon heating, the second foamable resinous composition should foam
      to a significant extent before significant foaming of the first foamable
      resinous composition.
PAR  The foaming characteristics of the first and second foamable compositions
      are influenced by the constituents of the compositions and their relative
      properties. The desired difference in foaming between the two compositions
      may thus, for example, be achieved by the following methods, it being in
      general convenient to use one of the methods listed or a combination of
      two or more thereof:
PA1  1 . by appropriate selection of blowing agents. If different blowing agents
      are used in the two compositions and (when incorporated in their
      respective compositions) the blowing agents decompose within different
      temperature ranges, then by incorporating the blowing agent decomposing
      within a lower temperature range in the second foamable resinous
      composition it is possible to ensure that the second foamable resinous
      composition will foam to a significant extent before significant foaming
      of the first foamable resinous composition.
PA1  2. by use of the same blowing agent in different quantities and/or in a
      different physical form. Thus for example a composition containing a
      larger quantity of azodicarbonamide as blowing agent will in general foam
      more quickly than a similar composition containing a smaller quantity of
      azodicarbonamide. Likewise a composition containing azodicarbonamide in
      fine particle size form will in general foam more quickly than a similar
      composition containing azodicarbonamide of coarser particle size. Thus, by
      use of the same blowing agent in different quantities and/or in a
      different physical form in the two compositions, it is possible to arrange
      for the second foamable resinous composition to foam to a significant
      extent (due to a more rapid rate of foaming) before significant foaming of
      the first foamable resinous composition (due to a less rapid rate of
      foaming).
PA1  3. by use of different stabiliser-kickers. The particular stabiliser-kicker
      selected for use with any blowing agent affects both the temperature at
      which foaming commences and also the temperature range over which foaming
      occurs. Thus by using different stabiliser-kickers in otherwise identical
      compositions it is possible to arrange for the second foamable resinous
      composition to foam to a significant extent before significant foaming of
      the first foamable resinous composition. It has for example been found
      convenient to use dibasic lead phthalate as stabiliser-kicker in the first
      foamable resinous composition and "MARK SIT" (a stabiliser-kicker of
      Lankro Chemicals Limited) in the second foamable resinous composition.
PA1  4. by use of different polymers. The chemical structure of the polymer
      (e.g. homopolymer or copolymer), the molecular weight of the polymer, the
      method of manufacture (e.g. emulsion or suspension polymerisation) and the
      particle size and shape of the polymer are all factors which can affect
      the foaming characteristics of the compositions. By simple testing it is
      possible to determine in the case of two polymers to be compared which
      polymer will be appropriate for use in the first foamable resinous
      composition and which polymer will be appropriate for use in the second
      foamable resinous composition.
PAR  In general, it has been found advantageous to utilise a combination of the
      above methods of achieving the desired differences in foaming
      characteristics in formulating the compositions. Moreover, it must be
      appreciated that other methods can if desired be utilised, e.g. the
      incorporation of any substance or substances in the first and/or second
      foamable resinous compositions serving to provide foaming characteristics
      whereby in use substantial foaming of the said second foamable resinous
      composition occurs before any substantial foaming of the said first
      foamable resinous composition. The success of the process according to the
      present invention does not depend upon the method of achieving the
      different foaming characteristics provided that it is effective in causing
      significant foaming of the second foamable resinous composition before
      significant foaming of the first foamable resinous composition.
PAR  After drying and cooling, it is possible if desired to print on to the
      surface of the second foamable resinous composition before application of
      at least one essentially non-foaming layer in accordance with step (c) of
      the process according to the invention. This may for example be desired
      when a transparent non-foaming layer is to be used.
PAR  At least one overall layer is conveniently applied in step (c) of the
      process. Whilst this can if desired be applied as a pre-formed film e.g.
      by calendering, it is in general preferred to form the layer by
      application of a polyvinyl chloride plastisol composition which is
      essentially non-foaming in character. The layer is conveniently applied by
      an overall spreading technique, e.g. using a doctor blade or air-knife or
      rotary screen printing equipment with an all over mesh screen, or by
      reverse roll or curtain coating.
PAR  The polyvinyl chloride plastisol composition used in the production of the
      overall layer(s) is conveniently in the form of a spreadable paste.
      Suitable compositions are well-known and in general contain polymer (e.g.
      of the types described above with reference to the foamable compositions),
      plasticiser (also as described above) and optional ingredients such as
      fillers, viscosity modifiers and volatile additives (again as described
      above). The plastisols also conveniently contain stabilisers such as mixed
      barium, cadmium and/or zinc salts of fatty acids such as for example
      stearic, lauric and ricinoleic acids. Other known stabilisers include
      certain organo-tin compounds e.g. dibutyl tin dilaurate and
      lead-containing compounds such as dibasic lead carbonate and lead
      stearate. Auxiliary stabilisers such as epoxidised soya bean oil may also
      be incorporated as desired. The proportions of the various plastisol
      ingredients are preferably within the limits specified above in connection
      with the foamable plastisol except that the amount of filler can if
      desired be increased above the limit of 100 parts per 100 parts of
      polyvinyl chloride.
PAR  The overall layer(s) of resinous composition can if desired be transparent
      or translucent (e.g. tinted), in which case pigmented first and second
      foamable resinous compositions can serve to provide decoration visible
      through the overall layer(s) in the final product. An overall layer can
      thus for example provide a wear layer in the final product. Alternatively
      an opaque overall layer or layers the upper surface of which is visible as
      background colour in the final product can be used. In the latter case,
      pigments can be incorporated into the resinous composition used for the
      overall layer(s), or when more than one overall layer is applied, used at
      least for the uppermost overall layer.
PAR  The thickness of the overall layer(s) applied can vary within wide limits
      and will depend upon the purpose to be served thereby (e.g. as
      intermediate or wear layer) and the desired thickness and texture for the
      final product. If desired, particularly where an intermediate layer is
      concerned, the thickness can be the minimum which can be applied without
      difficulty by the application method used to obtain a coherent layer. It
      has been found that the thickness of the overall layer is preferably at
      least 0.0005 inches and when applied by rotary screen printing can for
      example conveniently be about 0.002 inches measured at points where the
      second foamable resinous composition is applied. It will be appreciated
      that the thickness of the overall layer at points where the second
      foamable resinous composition has not been applied will be greater
      particularly where the overall layer is applied by spreading. In general,
      the valleys between adjacent areas of second foamable resinous composition
      will still be detectable after application of an overall layer of this
      thickness but will be significantly shallower in depth than before
      application of the overall layer. A flat intermediate layer serves to
      facilitate the printing of a decorative pattern. Where the overall layer
      is to provide a wear layer for a flooring material for domestic use, a
      thicker layer (e.g. 0.004 to 0.015 inches measured at points when the
      second foamable resinous layer is applied) may be used and an essentially
      flat upper surface may then be obtainable prior to heating. Such layers
      are conveniently applied using a doctor blade or air-knife. It will be
      appreciated, however, that subsequent to step (d) such wear layers will no
      longer be flat due to foaming of the first and second resinous
      compositions.
PAR  Where the overall layer or layers are provided using plastisols as
      described above and further compositions are to be applied on to the
      surface thereof, drying is again conveniently effected as described above
      after application of the overall layer (or each layer in the event that
      two or more overall layers are utilised).
PAR  Where one or more opaque overall layers are applied the next step in the
      process according to the invention is preferably the application by
      printing of a decorative pattern on to the surface of the overall
      layer(s). Rotary screen printing or gravure printing is advantageously
      used for this step although other printing methods such as for example
      block printing can if desired be used. One particular advantage of rotary
      screen printing is that it is possible using this technique to print in
      the valleys (corresponding to areas in which no second foamable resinous
      composition has been applied) which as explained above may be present on
      the overall layer surface. Where relatively deep valleys are present and
      an ink which is not fully opaque is used additional decorative effects may
      be obtained by printing the ink both in and out of register with the
      valleys. A more intense coloration will be obtained in the valleys due to
      the greater thickness of printing ink applied therein. Also the speed of
      rotary screen printing is compatible with the speed of the other process
      steps thus facilitating the carrying out of the process on a
      straight-through production line. Where rotary screen printing is used,
      the printing compositions are preferably polyvinyl chloride plastisols of
      the kind hereinbefore described with reference to the application of the
      foamable resinous layers, without a blowing agent incorporated, although
      other printing compositions such as for example pigmented water-based
      acrylic resin emulsions can if desired by used. The plastisols can contain
      pigments as desired, suitable types of pigment being as hereinbefore
      described. The decorative pattern applied can if desired be in register
      with the textured effect to be provided by subsequent foaming of the
      second foamable resinous compositions. Where differently coloured
      plastisols are to be applied to different portions of the overall layer
      surface, a plurality of rotary screen printing steps can be carried out in
      series with drying and cooling preferably to a matt finish between each
      step. In general the thickness of the coatings of printing composition
      applied can be varied within wide limits. Where it is desired to apply as
      thin coatings as possible, coatings of high opacity having a thickness of
      about 0.001 inches can be used although even thinner coatings down to for
      example about 0.0002 inches may be sufficient particularly where multitone
      effects are desired. If thicker coatings are applied, relief effects can
      be obtained in the final product. The rotary screen printing is
      conveniently carried out using from 40 to 120 British Standard Mesh
      screens, a 60 British Standard Mesh screen being particularly convenient
      in this regard. The decorative prints and the overall layer(s) to which
      they have been applied may have adequate wear characteristics without the
      protection of an overall transparent wear layer. In general, however, an
      overall transparent wear layer is preferably subsequently applied in this
      embodiment of the invention. As with the previous overall layer(s), this
      is conveniently provided by a polyvinly chloride composition. Although a
      pre-formed calendered film can be used, it is preferred to apply the wear
      layer as a polyvinyl chloride plastisol, suitable formulations for
      providing a transparent wear layer being well-known. The thickness of the
      wear layer depends upon the wear characteristics required. In the case of
      flooring materials for domestic use, wear layers having a thickness of
      from 0.004 to 0.015 inches are conveniently used.
PAR  Once application of the various compositions making up the surface covering
      material is complete, heating is effected to gel the plastisols present in
      the assembly and to decompose the blowing agent(s) present in the foamable
      resin compositions. With polyvinyl chloride plastisols and the blowing
      agents commonly used therewith, temperatures within the range of from
      165.degree. to 200.degree. C are in general preferably used. The
      ingredients of the foamable resin compositions and the heating step are
      advantageously controlled to give approximately 2- to 5- fold expansion of
      both the first and second foamable resinous compositions on foaming.
      Heating at about 180.degree. to 190.degree.C for about 100  seconds has
      given satisfactory results in processes according to the invention carried
      out under test conditions.
PAR  During heating to effect foaming, significant foaming of the second
      foamable resinous composition will take place, prior to significant
      foaming of the first foamable resinous composition. Heating can
      conveniently be carried out by passing the assembly through a hot air oven
      and upon entry into the oven the temperature of the assembly will
      gradually rise until it reaches the air temperature within the oven. Once
      a temperature is reached at which significant foaming of the first
      foamable resinous composition commences, then both first and second
      foamable resinous compositions will continue to foam together until the
      assembly emerges from the oven and heating is discontinued. It is in
      general advantageous if in the final product the degree of expansion of
      the first foamable resinous composition in approximately the same as the
      degree of expansion of the second foamable resinous composition and this
      can in practice by achieved if the compositions are so formulated that the
      rate of expansion of the first foamable resinous composition once
      significant foaming commences is greater than the continuing rate of
      expansion of the second foamable resinous composition. It is thus possible
      for both compositions to have expanded to approximately the same extent in
      the final product despite the fact that significant foaming of the second
      foamable resinous composition occured before significant foaming of the
      first foamable resinous composition. It is generally desirable that
      heating of the assembly should cease before complete foaming (i.e. before
      complete decomposition of blowing agent) of either composition has
      occurred; otherwise there is a danger that collapse of the foam will
      occur.
PAR  Where a film casting support is employed, this can be removed following the
      heating step and a permanent backing layer can then be applied. Thus for
      example a polyvinyl chloride backing layer can be applied either by
      adhesion of a preformed calendered film.  Alternatively, as discussed
      previously, a resinous composition may be applied to the film casting
      support prior to step (a) and following removal of the film casting
      support this resinous composition will serve as the permanent backing
      layer.
PAR  The process according to the invention has been described above
      particularly with reference to surface covering materials produced using
      polyvinyl chloride resinous compositions. It will be appreciated however
      that other resinous compositions can if desired be used. Thus for example
      acrylic based compositions can be used to provide coatings forming part of
      the substrate and polyurethane-based compositions can be used to provide
      flexible wear layers.
DRWD
PAR  The accompanying drawings illustrate schematically two processes according
      to the invention, showing cross-sections of surface covering materials at
      various stages of manufacture in accordance with the present invention.
DETD
PAR  Referring first to FIGS. 1 to 6, FIG. 1 shows a substrate 1 which has been
      provided with an overall coating of a first foamable resinous composition
      2. In FIG. 2, a second foamable resinous composition 3 selected to provide
      differential foaming as hereinbefore described has been applied on to
      selected areas of the surface of the first foamable resinous composition
      2. In FIG. 3, the overall layer 4 has been applied over the substrate and
      the foamable resinous compositions thereon. In FIG. 4, coatings 5 of
      printing composition have been applied in register with valleys between
      the second foamable resinous composition 3 and further coatings 6 of
      printing composition have been applied on to the overall layer 4 but not
      in register. In FIG. 5 an overall transparent wear layer 7 has been
      applied. In FIG. 6 the assembly has been heated to effect gelation and
      foaming of the foamable resinous compositions 2 and 3 to provide the final
      product.
PAR  Referring to FIGS. 7 to 10, FIG. 7 shows a substrate 1 which has been
      provided with an overall coating of a first pigmented foamable resinous
      composition 2. In FIG. 8 a second differently pigmented foamable resinous
      composition 3 selected to provide differential foaming as hereinbefore
      described has been applied on to selected areas of the surface of the
      first foamable resinous composition 2. In FIG. 9 an overall transparent
      wear layer 7 has been applied. In FIG. 10, the assembly has been heated to
      effect gelation and foaming of the foamable resinous compositions 2 and 3
      to produce a final product in which the differently pigmented compositions
      2 and 3 provide a pattern in register with the textured effect.
PAR  Apart from the steps hereinbefore described as providing the process
      according to the invention, it will be appreciated that additional process
      steps can be effected as desired. Thus for example a resinous layer can be
      provided on the side of the substrate remote from the foamable resin
      compositions, such layer being foamable of non-foamable as desired.
PAR  The process according to the invention is particularly useful for the
      preparation of flooring materials. Thus flooring materials can be prepared
      which have excellent wear properties, a transparent wear layer serving to
      protect the layers beneath, and attractive appearance due to the
      combination of textured effect and decorative printing, and desirable
      thickness, resilience and tread characteristics due to the presence of the
      foam layer provided by the first foamable resinous composition.
PAR  Although the process is applied with particular advantage to the production
      of floor covering materials, it can be used for the production of other
      surface coverings, particularly wall and ceiling surface coverings.
PAR  The following Example illustrates the invention:
PAC  Example
PAR  A first foamable resinous composition is prepared having the following
      formulation:
TBL                     Parts by weight                                        

     Breon P 130/1        100.0                                                

     Bisoflex DAP (B.P. Chemicals)                                             

                          63.0                                                 

     Hexylene glycol      3.0                                                  

     Red 2130 (pigment)   1.0                                                  

     Foam Masterbatch     13.0                                                 

PAL  The Foam Masterbatch used in the formulation of the above composition was
      previously prepared from the following:
TBL                     Parts by weight                                        

     Genitron AC 2 (Fisons)                                                    

                          1.25                                                 

     Dythal               2.00                                                 

     Rutiox HD (white pigment)                                                 

                          4.00                                                 

     Butyl Benzyl Phthalate                                                    

                          4.00                                                 

PAL  The first foamable resinous composition which is in the form of a
      spreadable paste, is applied by doctor knife as an overall coating of
      0.010 inches on to an asbestos paper substrate (0.032 inches). The coated
      substrate is dried to a matt finish by infra red heating at 140.degree.C.
      followed by cooling by contact with a water-cooled roll.
PAR  A second foamable resinous composition is prepared having the following
      formulation:
TBL                     Parts by weight                                        

     Vixir 3102 (Societa Italiana                                              

      Resine, Milan)      100.0                                                

     Bisoflex DAP         65.0                                                 

     Hexylene glycol      3.0                                                  

     Mark SIT             2.1                                                  

     Rutiox HD            4.0                                                  

     Foam Masterbatch     5.8                                                  

PAL  The Foam Masterbatch used in the formulation was previously prepared from
      the following:
TBL                     Parts by weight                                        

     Genitron AC 4 (Fisons)                                                    

                          2.5                                                  

     Bisoflex DAP         3.5                                                  

     Rutiox HD            4.0                                                  

PAL  The second foamable resinous composition is printed on to selected areas of
      the surface of the overall first foamable resinous composition to a
      thickness of 0.004 inches using a rotary screen printer provided with a 40
      BS Mesh screen. Drying is again effected by infra red heating, care being
      taken to ensure that the temperature of the second foamable resinous
      composition is kept below that at which foaming would commence, followed
      by cooling by contact with a water-cooled roll.
PAR  A third composition serving to provide a transparent wear layer is prepared
      having the following formulation:
TBL                     Parts by weight                                        

     Polyvinyl chloride (dispersion                                            

      grade)              100.0                                                

     Dinonyl phthalate    15.0                                                 

     Butyl benzyl phthalate                                                    

                          25.0                                                 

     Hexylene glycol      3.0                                                  

     Barium cadmium liquid soap                                                

      stabilizer          2.5                                                  

     Epoxised soya bean oil                                                    

                          3.0                                                  

     White spirit         3.0                                                  

PAL  The said third composition, which is in the form of a spreadable paste, is
      applied by doctor knife as an overall coating having a thickness above the
      surface of the second foamable resinous composition of 0.008 inches.
PAR  The assembly is heated in a hot-air oven for 100 seconds whereby a
      temperature of about 185.degree.C. is reached with consequent gelation of
      the plastisols and foaming of the foamable compositions. The assembly is
      finally cooled and rolled to provide the finished product.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the production of surface covering materials having a
      textured effect which comprises (a) applying a layer of a first foamable
      resinous composition on to a substrate; (b) applying a second foamable
      resinous composition on to selected areas of the surface of the said first
      foamable resinous composition; (c) applying at least one essentially
      non-foaming resinous layer over the said first and second foamable
      resinous compositions; and (d) heating to effect foaming of the first and
      second foamable resinous compositions whereby a surface covering material
      having a textured effect is produced; the said first and second foamable
      resinous compositions being selected whereby upon heating substantial
      foaming of the said second foamable resinous composition occurs before any
      substantial foaming of the said first foamable resinous composition.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the substrate comprises
      rubber-bonded asbestos paper.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the substrate comprises a film
      casting support, the film casting support being removed subsequent to step
      (d).
NUM  4.
PAR  4. A process as claimed in claim 3 wherein subsequent to removal of the
      film casting support a polyvinyl chloride composition backing material is
      applied to the product.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein subsequent to step (c) but prior
      to step (d) there are performed the additional steps of printing a
      decorative pattern on to the surface of the essentially non-foaming
      resinous layer and of applying an overall transparent wear layer to the
      assembly.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein the said foamable resinous
      compositions comprise polyvinyl chloride plastisols containing a blowing
      agent.
NUM  7.
PAR  7. A process as claimed in claim 6 wherein the said plastisols contain, per
      100 parts by weight of polyvinyl chloride, from 3 to 100 parts by weight
      of a plasticiser; up to 10 parts by weight of the stabiliser; up to 10
      parts by weight of blowing agent; up to 100 parts by weight of a filler;
      up to 10 parts by weight of a viscosity modifier; and up to 20 parts by
      weight of volatile additives.
NUM  8.
PAR  8. A process as claimed in claim 1 wherein a thickness of at least 0.005
      inches of foamable composition is applied in step (a).
NUM  9.
PAR  9. A process as claimed in claim 1 wherein a thickness of from 0.002 to
      0.005 inches of foamable composition is applied in step (b).
NUM  10.
PAR  10. A process as claimed in claim 1 wherein the essentially non-foamable
      resinous composition comprises a polyvinyl chloride plastisol.
NUM  11.
PAR  11. A process as claimed in claim 10 wherein the essentially non-foamable
      resinous composition is as defined in claim 7 with the omission of a
      blowing agent.
NUM  12.
PAR  12. A process as claimed in claim 1 wherein the thickness of the
      essentially non-foamable resinous composition measured at points where the
      second foamable resinous composition has been applied is at least 0.0005
      inches.
NUM  13.
PAR  13. A surface covering material having a textured effect which comprises a
      substrate of backing layer, a layer of a first foamed resinous composition
      on the substrate or backing layer, a second foamed resinous composition on
      selected areas of the said first foamed resinous composition and a layer
      of an essentially nonfoamed resinous composition over the said first and
      second foamed resinous compositions; the surface of the said material
      being at a higher level in areas with both first and second foamed
      resinous composition applied than in other areas of the surface covering
      material; and the said second foamed resinous composition having a
      structure characteristic of a resinous composition which has foamed to a
      significant extent whilst supported by a non-foaming substrate.
NUM  14.
PAR  14. A surface covering material as claimed in claim 13 wherein the layer of
      essentially non-foamed resinous composition is a transparaent wear layer
      with a decorative pattern applied between the first and second foamed
      resinous compositions and the said wear layer.
NUM  15.
PAR  15. A surface covering material as claimed in claim 13 wherein the layer of
      essentially non-foamed resinous composition is opaque and a separate
      transparent wear layer is present with a decorative pattern applied
      between the said layer of essentially non-foamed resinous composition and
      the said wear layer.
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ABST
PAL  The pressure sensitive recording sheet is partially desensitized by
      applying an improved desensitizer to a predetermined area thereof. The
      improved desensitizer comprises a reaction product produced by the
      reaction of ammonia, amines, diamines or polyamines with glycidyl esters
      or glycidyl ethers. The improved desensitizer is hydrophobic and soluble
      in an oil vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of desensitizing a pressure sensitive
      recording sheet and more particularly, to spot-desensitizing of a sheet
      sensitized with organic or inorganic color forming reactant acid materials
      which act as electron acceptor in an electron-donor-acceptor color-forming
      reaction. The invention also relates to desensitized sheets obtained by
      such desensitization.
PAR  There are known several types of pressure-sensitive recording system
      utilizing an electron donor-acceptor color-forming reaction between a
      colorless chromogenic material and a color forming reactant acid material.
      The colorless chromogenic material and the color forming reactant acid
      material are hereinafter referred to as "color former" and "color
      acceptor", respectively. Those pressure-sensitive recording systems
      comprise a support sheet having, disposed on at least one surface thereof,
      micro capsules containing oil droplets in which a color former is
      dissolved and/or a color acceptor capable of producing color when brought
      into reactive contact with the color former.
PAR  For example, U.S. Pat. No. 2,730,456 discloses a transfer-copy system
      wherein minute oil droplets in which a color former is dispersed or
      dissolved are encapsulated and coated onto a transfer sheet. The color
      former is thereafter transferred to a receiving sheet by rupturing said
      capsules. The underlying receiving sheet has a color reactant coating
      thereon containing a color acceptor which will react with the color former
      causing a visible colored mark at points where the microcapsules have been
      ruptured and the color former has been transferred. In case when multiple
      copies are needed at least one intermediate copy sheet having said
      microcapsules and said color acceptor on the opposite surfaces thereof,
      respectively, is interposed between the upper copy sheet and the
      underlying copy sheet.
PAR  U.S. Pat. No. 2,730,457 discloses another type of a pressure-sensitive
      record sheet. In this pressure-sensitive record sheet, there are disposed
      on one surface of the same sheet both the color acceptor and the capsules
      containing oil droplets in which the color former is dissolved. This
      record material is known as a "self contained" system.
PAR  It is known to locally apply a desensitizer in advance onto the
      color-acceptor-coated surface in order to inactivate color-forming
      reactivity of the color former on the area where color-forming reaction is
      not required. The desensitizer may also be applied locally onto the
      color-acceptor-coated surface where a color image has been produced in
      order to erase the image.
PAR  Desensitizers which have been conventionally used are polyethylene glycol,
      glycerol, dodecyl trimethylammonium chloride, dodecyl amine, dodecyl
      dimethylamine, N,N-bispolyoxyethylene alkylamine,
      N,N,N-trispolyoxyethyleneamine, N,N,N'-trispolyoxyethylene
      N-alkylenediamine, N,N,N',N',-tetrakispolyoxyethylene alkylenediamine,
      N-alkyl-N,N',N',-trimethylalkylenediamine, etc. Among those desensitizers,
      ethylene oxide adducts of amine, diamine and polyamine are particularly
      superior in the desensitizing effect, but those adducts are not suitable
      for offset printing because hydrophobic vehicle can not be used in making
      ink due to many hydrophilic groups of those adducts. In case that the
      pressure-sensitive recording sheet which is desensitized with the above
      mentioned adducts is placed in the condition of a high temperature and a
      high humidity, hygroscopic phenomenun by hydrophilic desensitizer becomes
      more remarkable and therefore the desensitizer applied onto the area where
      color-forming reaction is required migrates so far to the adjacent areas
      where color-forming reaction is not required, with the result that the
      ability of color-forming reaction at such the adjacent areas is lowered.
      In addition, as capsules on the back surface or the adjacent sheet are
      left in the extroadinary high humidity because of the hygroscopic property
      thereof, the spontaneous rupture of capsules will occur easily.
PAR  Recently, organic compounds such as aromatic carboxylic acids or polymers
      of organic acids such as phenol-formaldehyde resin which are more
      hydrophobic than inorganic solid acids have been used as color acceptor.
      For example, DT-OS 2147585, 2152765 and 2242250 disclose that the mixture
      of aromatic carboxylic acid derivatives such as benzoic acid, salicylic
      acid or derivatives of which with metal compounds such as metal oxide,
      metal hydroxide and metal carbonate; or metallic salts of above aromatic
      carboxylic acid derivatives can be used as color acceptor. It is also
      suggested in DT-OS 2148427 to use the mixture or copolymer of aromatic
      carboxylic acid, and aldehyde or acetylene with metallic compounds, and in
      DT-PS 2152763 to use metallic salts of the said polymer.
PAR  The above-mentioned conventional desensitizers are disadvantageous in that
      they remain sticky for a long time because of the poor affinity for the
      said organic acids and polymers thereof. Long chain alkyl-dimethyl amine
      and N-long chain alkyl-N,N',N'-trimethylalkylenediamine are rather
      hydrophobic but they have an undesirable smell inherent to amines.
      Especially, long chain alkyl dimethylamine does not show a satisfactory
      disensitizing effect.
PAR  The primary object of the invention is to provide a new and improved method
      for desensitizing a pressure sensitive recording sheet in which the above
      mentioned disadvantages with conventional desensitizers can be avoided and
      an excellent desensitizing effect is obtained.
PAR  Another object of the invention is to provide a new desensitizer which is
      hydrophobic and well soluble in oil vehicle to make an ink for offset
      printing use.
PAR  A further object of the invention is to provide an improved desensitizer
      which has a good affinity to the color acceptor coating layer which is
      made of an organic acid or polymer thereof.
PAR  A still further object of the invention is to provide an improved
      desensitizer ink which is superior in both inksetting and
      migration-resistance.
PAR  One of other objects of invention is to provide an improved desensitizer
      for the pressure sensitive recording sheet which is odorless.
PAR  It is also one of the objects of the invention to provide a partly
      desensitized, pressure sensitive recording sheet in which migration of the
      desensitizer applied to the sheet hardly occurs even in condition of a
      high temperature and a high humidity so that capsules containing oil
      droplets may be prevented from spontaneous rupture at the area adjacent to
      the area to which the desensitizer is applied.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention the pressure sensitive recording sheet is
      desensitized by applying an improved desensitizer to a predetermined area
      thereof. The improved desensitizer comprises a reaction product produced
      by the reaction of ammonia, primary or secondary monoamines, primary or
      secondary diamines, or, primary or secondary polyamines with glycidyl
      esters or glycidyl ethers. The desensitizer is preferably applied in the
      form of an ink with an oil vehicle to a predetermined area of the pressure
      sensitive recording sheet.
PAR  The area of a pressure sensitive recording sheet to which the desensitizer
      according to the invention is applied is completely desensitized so that
      no color image is produced at this area even if any pressure is applied
      thereto. The reaction products produced by adding glycidyl esters or
      glycidyl ethers to active hydrogen of ammonia, monoamines, diamines and
      polyamines have an unexpectedly excellent desensitizing function. The
      above mentioned reaction products becomes more hydrophobic and more
      soluble in oil vehicles according as the molecular weight increases.
      Accordingly it is possible to prepare an ink for offset printing use by
      dissolving any of those reaction products in an oil vehicle. The reaction
      products according to the invention have a good affinity to the color
      acceptor coating layer which is made of an organic acid or polymer thereof
      and are superior in both ink-setting and migration-resistance. The
      reaction products described are odorless.
PAR  In the pressure sensitive recording sheet which is partly desensitized
      according to the invention, migration of the desensitizer applied to the
      sheet hardly occurs even in condition of a high temperature and a high
      humidity so that capsules containing oil droplets may be prevented from
      spontaneous rupture at the area adjacent to the area to which the
      desensitizer is applied.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the invention a reaction product produced by adding glycidyl
      esters or glycidyl ethers to active hydrogen of ammonia, primary or
      secondary monoamines, primary or secondary diamines, and, primary or
      secondary polyamines. Among the reactant amines there may be primary or
      secondary alkylamine, primary or secondary alkenylamine, primary or
      secondary cyclicamine, primary or secondary arylamine, etc. Particularly
      and preferably they are exemplified by methylamine, dimethylamine,
      ethylamine, diethylamine, butylamine, dibutylamine, allylamine,
      diallylamine, cyclohexylamine, cyclopentylamine, benzylamine,
      ethylenediamine, propylenediamine, hexamethylenediamine,
      diethylenetriamine, triethylenetetromine, 1,4-diaminocyclohexane,
      xylylenediamine, bis(3-methyl-4-amino cyclohexyl)methane,
      N-aminopropylcyclohexylamine, N-dodecylethylene-diamine,
      N-hexadecylethylenediamine, N-Octylpropylenediamine,
      N-dodecylpropylene-diamine, N-tetradecylpropylenediamine,
      N-stearylpropylenediamine, N-decyldiethylenetriamine,
      N-hexadecyldiethylenetriamine, N-dodecyltriethylenetetramine,
      N-octyltripropylenetetramine, N-decyltripropylenetetramine, piperazine,
      N-aminoethylpiperazine, N-aminopropylpiperazine, N-aminopropylmorpholine,
      N,N'-diaminopropylpiperazine, tris(N-aminopropyl)isocyanurate, etc.
PAR  Among useful glycidyl ethers or glycidyl esters there are
      alkylglycidylethers such as n-butylglycidylether, iso-butylglycidylether,
      hexylglycidylether, hexadecylglycidylether, etc., cycloalkylglycidylether
      such as cyclohexylglycidylether, etc., arylglycidylether such as
      phenylglycidylether, benzylglycidylether, o-phenylphenol-glycidylether,
      cinnamylglycidylether, etc., alkenylglycidylether such as
      allylglycidylether, crotylglycidylether, etc., glycidylalkylate such as
      glycidylbutylate, glycidylcaproate, glycidylcaprylate, glycidyllaurate,
      etc., glycidylalkenate such as glycidylmethacrylate, glycidylacrylate,
      glycidyl-crotonate, etc., and glycidylarylate such as glycidylbenzoate,
      glycidyl-.alpha.-benzylacrylate, glycidylbenzylacetate, etc.
PAR  The reaction products described therein may be obtained by heating the
      reaction system of ammonia or amines with glycidylether or glycidylester.
      The reactants react almost quantitatively, easily and in a short time. The
      desensitizer containing the reaction products thus obtained can be used in
      the various forms of ink for letterpress, gravure, offset and flexographic
      printing, of solution to be sprayed obtained by dissolving in a proper
      solvent, and of solid obtained by mixing and temper with paraffin, japan
      wax and white pigment.
PAR  As vehicles for preparation of a desensitizing ink, there may be included
      drying oils such as linseed oil and soybean oil; synthetic drying oils
      such as copolymerization oil of drying oil and styrene, dehydrated castor
      oil and urethanated oil; synthetic resins such as alkyd resin, polyester
      resin, polyamide resin and maleic acid resin; and mixture thereof.
DETD
PAR  Without limiting this invention, the following examples are given to
      illustrate the model of operation.
PAC  EXAMPLE 1
PAR  32.6 g (0.1 mol.) of N-stearylpropylenediamine (MW=326) was heated to
      80.degree.C to melt in a four neck flask which had a refllux condenser, a
      thermometer and stirrer. To the above melt, 35g (0.307 mol.) of
      allylglycidylether (MW=114) was added drop by drop. As the reaction was
      exothermic, heating was stopped and allylglycidylether was added drop by
      drop at such speed that the system was kept in the temperature range of
      80.degree.-110.degree.C. Then the system was heated at 110.degree.C for 30
      minutes and then excess allylglycidyl ether was removed by distillation.
      Finally, pale yellow and viscous
      N-stearyl-N,N',N'-tris(2-hydroxy-3-allyloxypropyl)propylenediamine having
      the following formula was obtained.
      ##EQU1##
PAC  EXAMPLE 2
PAR  24.1g (0.1 mol.) of hexadecylamine (NW=241) and 23.5g (0.206 mol.) of
      allylglycidylether (MW = 114) were allowed to react with each other in the
      same manner as in Example 1 and thereby
      N,N-bis(2-hydroxy-3-allyloxypropyl)N-hexadodecylamine having the following
      formula was obtained.
      ##EQU2##
PAC  EXAMPLE 3
PAR  32.6g (0.1 mol.) of N-stearylpropylenediamine (NW=326) and 46g (0.307 mol.)
      of phenylglycidylether (MW=150) were allowed to react with each other in
      the same manner as in Example 1 and thereby
      N-stearyl-N,N',N'-tris(2-hydroxy-3-phenoxypropyl)propylenediamine having
      the following formula was obtained.
      ##EQU3##
PAC  EXAMPLE 4
PAR  32.6g (0.1 mol.) of N-stearylpropylenediamine (MW=326) and 43.5g (0.306
      mol.) of glycidylmethacrylate (MW=142) were allowed to react with each
      other in the same manner as in Example 1 and thereby
      N-stearyl-N,N',N'-tris(2-hydroxy-3-methacryloyloxypropyl) propylenediamine
      having the following formula was obtained.
      ##EQU4##
PAC  EXAMPLE 5
PAR  32.7g (0.1 mol.) of N-hexadecyldiethylene triamine (MW=327) and 53g (0.408
      mol.) of butylglycidylether (MW=130) were allowed to react with each other
      in the same manner as in Example 1 and thereby
      N-hexadecyl-N,N',N',N'-tetrakis(2-hydroxy
      3-butyloxypropyl)diethylenetriamine having the following formula was
      obtained.
      ##EQU5##
PAC  EXAMPLE 6
PAR  1 mol. of N-decyltripropylene tetramine and 5 mol. of benzyl-glycidylether
      were allowed to react with each other in the same manner as in Example 1
      and thereby the compound having the following formula was obtained.
      ##EQU6##
PAC  EXAMPLE 7
PAR  1 mol. of N-aminoethylpiperazine and 3 mol. of glycidylcaprylate were
      allowed to react with each other in the same manner as in Example 1 and
      thereby the compound having the following formula was otbained.
      ##EQU7##
PAC  EXAMPLE 8
PAR  1 mol. of triethylenetetramine and 6 mol. of cyclohexylglycidylether were
      allowed to react with each other in the same manner as Example 1 and
      thereby the compound having the following formula was obtained.
      ##EQU8##
PAC  EXAMPLE 9
PAR  1 mol. of N,N'-diaminopropylpiperazine and 4 mol. of glycidylbutylate were
      allowed to react with each other in the same manner as in Example 1 and
      thereby the compound having the following formula was obtained.
      ##EQU9##
PAR  A desensitizing ink was prepared with use of each compound obtained in
      Example 1-9, and the formulation thereof is given below.
TBL  linseed oil modified alkyd resin                                          

                          40 parts by weight                                   

     titanium oxide (anatase)                                                  

                          25 parts by weight                                   

     compound obtained in Example 1-9                                          

                          35 parts by weight                                   

PAC  Control
PAR  A desensitizing ink was prepared according to the following formulation:
TBL  water-soluble varnish                                                     

                          40 parts by weight                                   

     titanium oxide (anatase)                                                  

                          25 parts by weight                                   

     compound below       35 parts by weight                                   

PAL  with use of N,N,N'-trihydroxyethyl N'-steallylpropylenediamine having the
      following formula.
      ##EQU10##
PAR  Separately, the capsular coating color was produced by steps of dissolving
      2 parts of crystal Violet lactone and 1 part of benzoyl leuco methylene
      Blue in arkyl naphthalene derivative, and of the conventional
      encapsulation. Such a pressure-sensitive recording sheet was prepared that
      the back surface was coated with the above-mentioned capsular coating
      color by weight of 5g/m.sup.2 on dry basis and the front surface was
      coated with active clay by weight of 5g/m.sup.2 on dry basis (hereinafter
      referred to as "middle sheet"). Each desensitizing ink obtained in Example
      1-9 and Control was applied locally by letterpress printing onto the said
      active-clay-coated surface, and then examined with regard to the
      properties thereof. Results are given below.
TBL  ______________________________________                                    

     Effectivity (1)                                                           

                 Migration    Rupture of                                       

                 Resistance (2)                                                

                              Capsules (3)                                     

     ______________________________________                                    

     Example 1                                                                 

              good   good         scarcely observed                            

     Example 2                                                                 

              good   good         scarcely observed                            

     Example 3                                                                 

              good   good         scarcely observed                            

     Example 4                                                                 

              good   good         scarcely observed                            

     Example 5                                                                 

              good   good         scarcely observed                            

     Example 6                                                                 

              good   good         scarcely observed                            

     Example 7                                                                 

              good   good         scarcely observed                            

     Example 8                                                                 

              good   good         scarcely observed                            

     Example 9                                                                 

              good   good         scarcely observed                            

     Control  good   scarcely color                                            

                                  remarkably observed                          

                     formed                                                    

     ______________________________________                                    

      Note:                                                                    

      (1) 6 sheets of the said desensitized pressure sensitive recording middle

      sheet were put one upon another, and then the pressure was applied by    

      typewriting. The effect of inactivating color-forming ability in         

      desensitized area of each sheet was evaluated.                           

      (2) 20 sheets of the pressure sensitive recording middle sheet and the   

      said desensitized pressure sensitive recording middle sheet were put     

      alternately one upon another. The obtained set of sheets was allowed to  

      stand at room temperature and 90% R.H. for 20 days, and then only the sai

      pressure sensitive recording sheets applied no desensitizing ink were too

      out from the treated set. Some of them were superimposed and the pressure

      was applied thereto by typewriting. Image density of each sheet was      

      evaluated.                                                               

      (3) The spontaneous rupture of capsules was examined in such a way that  

      the capsule-coated surface of a middle sheet which had been allowed to   

      stand at the conditions of Note (2) was observed under a microscope.     

PAR  On the other hand, each of the desensitizing inks obtained in Examples 1 to
      9 and Control was applied by letterpress printing locally onto the surface
      of each middle sheet which has a color acceptor layer formed by using
      phenolformaldehyde resin, zinc phenylsalicylate, or a mixture of zinc
      3-[4'-(.alpha.,.alpha.-dimethylbenzyl)phenyl]-5-(.alpha.,.alpha.-dimethylb
     enzyl) salicylate with zinc oxide instead of using activated clay. Each ink
      of Examples showed the superior effect on ink setting. The ink of Control,
      however, remained sticky for a long time and showed the inferior effect on
      ink setting.
PAR  Desensitizing effectiveness, migration resistance and spontaneous rupture
      of capsules were examined in the same manner as in the case of using
      activated clay. Each of the desensitizing ink of Examples exhibited
      superior results as in Table 1. As to a desensitizing ink of Control,
      migration resistance is inferior and the spontaneous rupture of capsules
      occurred remarkably.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of desensitizing a pressure sensitive recording sheet
      comprising applying to a predetermined area of the pressure sensitive
      recording sheet a desensitizer which comprises a reaction product produced
      by the reaction of (1) ammonia, alkylamines, alkyleneamines selected from
      the group consisting essentially of ethylenediamine, propylenediamine,
      hexamethylenediamine, diethylenetriamine and triethylenetetramine,
      alkenylamines, cyclicamines or arylamines with (2) one member selected
      from the group consisting of alkylglycidylethers,
      cycloalkylglycidylethers, arylglycidylethers, alkenylglycidylethers,
      glycidylalkylates, glycidylalkenates and glycidylarylates.
NUM  2.
PAR  2. A method of desensitizing a pressure sensitive recording sheet as
      defined in claim 1, in which said desensitizer is applied in the form of
      an ink to said area of said pressure sensitive recording sheet.
NUM  3.
PAR  3. A method of desensitizing a pressure sensitive recording sheet as
      defined in claim 2, in which said desensitizer is applied in the form of
      an ink with an oil vehicle to said area of said pressure sensitive
      recording sheet.
NUM  4.
PAR  4. The process of claim 1, wherein said step of applying comprises
      dissolving said reaction product in the solvent to form a solution and
      spraying said solution.
NUM  5.
PAR  5. The process of claim 1, wherein said step of applying comprises using
      said reaction product in the solid form wherein said desensitizer is mixed
      and tempered with paraffin, japan wax and white pigment.
NUM  6.
PAR  6. The method of claim 1, wherein said step of applying comprises
      dissolving said reaction product in a solvent to form a solution and
      spraying said solution.
NUM  7.
PAR  7. The method of claim 1, wherein said step of applying comprises using
      said reaction product as a solid form wherein the densitizer is mixed and
      tempered with paraffin, japan wax and white pigment.
NUM  8.
PAR  8. A partly desensitized, pressure sensitive recording sheet which is
      obtained according to the method defined in claim 1.
NUM  9.
PAR  9. A method of desensitizing a pressure sensitive recording sheet
      comprising applying to a predetermined area of the pressure sensitive
      recording sheet a desensitizer which comprises a reaction product produced
      by the reaction of (1) ammonia, alkylamines, alkenylamines, cyclicamines
      or arylamines with (2) one member selected from the group consisting of
      alkylglycidylethers, cycloalkylglycidylethers, arylglycidylethers,
      alkenylglycidylethers, glycidylalkylates, glycidylalkenates and
      glycidylarylates.
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ABST
PAL  Compositions to be applied to professional studio photographs on color
      paper or black and white emulsions for protective and finishing purposes
      comprising a vinyl resin in particulate form dispersed in methyl isobutyl
      ketone to which is added a blend of aromatic hydrocarbons such as naphtha
      and xylene, with or without a thinning or flattening agent, and a
      plasticizer. The compositions are also useful for preventing color changes
      and for making color corrections. They overcome the yellowing and other
      disadvantages of conventional lacquers such drying hard and cracking the
      photographic print.
PARN
PAR  This is a division of application Ser. No. 324,583, filed Jan. 18, 1973 now
      abandoned.
BSUM
PAR  The present invention relates to protective and finishing coating
      compositions for photographs and more particularly for those colored or
      black and white relief studio photographs of my copending applications
      Ser. Nos. 170,433 filed Aug. 10, 1971 and 310,699 filed Nov. 30, 1972. In
      those applications I have described procedure and materials for producing
      by wet or dry processes black and white or color studio photographs which
      have been given a contoured or sculptured nature with a natural life-like
      appearance whether the subject matter of the photograph be of persons or
      still life. The details are set forth in the aforesaid copending
      applications and are incorporated herein by reference.
PAR  While it is not always essential to give such contoured studio photographs
      an outer protective coating, I have referred in those applications to the
      application of a transparent or colorless lacquer coating which is useful
      for preservative purposes to retard adverse changes in the finished
      photographs such as might be due to atmospheric conditions or pollutants
      in the air. While the use of such a lacquer is generally satisfactory it
      has known limitations and disadvantages such as yellowing after a period
      of time and by such color corrections over the tooth-like matte spray has
      changed color hues. For example, blue changes to green especially with oil
      colors having linseed oil as its vehicle. The yellowing referred to
      increases or intensifies the thicker the lacquer build-up. Red changes to
      orange and brown to beige when faded. The yellowing of lacquer occurs in 6
      to 9 months whereas the present vinyl resins remain water clear for years.
      Vinyls according to the present invention are scratch-resistant to a much
      greater extent than lacquers, and the vinyl resins when dry retain
      sufficient elasticity thereby supplying flexibility to a paper or canvased
      photograph under humidity conditions permitting stretching and shrinking
      without cracking the print in contrast to lacquers which dry hard and
      crack the print.
DETD
PAR  According to the present invention the use of lacquer as a coating is
      eliminated and is replaced by specially constituted protective and
      finishing coating compositions which can be varied as to their ingredients
      or proportions of ingredients to provide a variety of attractive finishes
      which I herein term brush texture, spray texture, matte and lustre. The
      brush texture gives the appearance of an oil painting thereby enhancing
      the appearance of a plane photograph or contoured or sculptured studio
      photograph whereas the spray texture provides a stippled effect free from
      the appearance of brush strokes. The matte finish is dull or non-glossy as
      will be understood from the term itself and the lustre finish gives the
      appearance of the lacquer coating but without using lacquer. While
      normally a studio photograph, each of which is made individually, will
      have only one of the four finishes noted above, it is, nevertheless, a
      part of the invention to use more than one of such finishes on different
      parts of the studio photographs or in superimposed combinations over each
      other to enhance or bring out best the visual appearance of the subject
      matter of the photograph.
PAR  A protective and finishing coating composition according to the present
      invention comprises a vinyl resin, a special ketone, and an aromatic
      hydrocarbon, care being taken to avoid the use of benzene, methanol and
      chlorinated hydrocarbons. Vinyl resins are known both in solution and in
      dispersion form and while either may be here employed, vinyl dispersions
      are better and are preferred. These are suspensions of vinyl resins in a
      non-aqueous liquid which do not dissolve the resins at ambient
      temperatures. This is advantageous as compared with solutions of high
      polymer vinyl resins which require relatively large amounts of expensive
      solvents. The vinyl dispersions are in the liquid phase and the liquid
      phase may consist of a plasticizer. Such dispersions are often termed
      plastisols. Where the dispersing liquid contains an organic volatile
      component the dispersion is an organosol. To some extent these are
      interchangeable in that a plasticizer dispersion may be converted to an
      organosol by thinning the plastisol with a volatile liquid. Thus, the
      present invention employs resins which are polymers of vinyl chloride or
      co-polymers wherein the vinyl chloride is the predominant constituent.
      Dispersions thereof are prepared by emulsion polymerization to obtain a
      desired particle size and usually a spherical particle shape which has
      been found best for good flow properties. Commercial vinyl resins have a
      particle size of 0.02 to 2 microns in diameter. For organosols the smaller
      particle sizes are best since they have much less reduced tendency to
      settle or stratify, but the larger particles are preferred for plastisols
      because greater fluidity and better viscosity stability are obtained.
      Where, as is usual, the starting vinyl resins are in the form of
      agglomerates of individual particles such are milled in order to obtain a
      smooth dispersion. Plastisol resins capable of dispersion by stirring only
      are also commercially available.
PAR  For preparing a coating composition for the clear and matte phases of the
      invention the vinyl resin is dissolved in a ketone solvent which is
      preferably methyl isobutyl ketone. Other ketones can be used as diisobutyl
      ketone and trimethyl nonanone which are high boiling and have good
      dispersing power. Ketones which have high solvent power are avoided where
      they might adversely effect the studio photograph itself and thus strongly
      solvent and chemically active ketones such as acetone would normally not
      be employed. In addition to the vinyl resin and ketone, the proportions of
      which are not critical since the ketone is used in sufficient amount to
      provide the required fluidity or viscosity, the composition contains a
      small amount of aromatic hydrocarbons generally considered as diluents for
      viscosity and fluidity control. They also modify the wetting and swelling
      characteristics of the dispersing agent used when a vinyl resin dispersion
      is employed. The aromatic hydrocarbon may be naphtha or a naphthene or
      xylene such as a mixture of ortho-, meta- and para-xylenes which is
      readily commercially available. Other aromatic hydrocarbons may be used
      and these are preferably used in blended form as a diluent. For the matte
      finishing composition what is known as a flattening compound is
      incorporated. Such a flattening compound acts to keep the finishing
      composition level and thin and can be any compatible substance which for
      example lowers surface tension of the composition such as a non-ionic
      surfactant of which many are known. The composition may also include a
      reducer (thinner) which acts to thin the composition by reducing its
      viscosity in a manner analogous to the use of thinners in paints. The
      thinner is an aromatic hydrocarbon such as xylene or a naphthenic thinner
      or a 40:60 mixture thereof. It is to be noted that the above coating
      compositions contain no benzene and no methanol since these have been
      found to be disadvantageous both with respect to odor characteristics,
      solvent power and toxicity. Chlorinated hydrocarbons such as
      trichloroethane are also avoided since they have too much dissolving power
      as well as too high a volatility. In general, substances such as the
      foregoing and others are intentionally avoided where they would have any
      known disadvantages.
PAR  The brush texture finish is applied in short strokes with an artist's paint
      brush to give the appearance of an oil painting as will be clearly
      understood. They spray texture finish is obtained by placing the brush
      texture composition in an aerosol dispenser and spraying the same over the
      photograph in the form of a fine mist. The matte finish is applied in
      either manner, but lacks any component which would give a glossy or shiny
      finish and matte surfaces or finishes are per se well known. The lustre
      finish is essentially the same as the brush texture, but is applied in the
      manner in which a lacquer would be used while avoiding the disadvantages
      of lacquers as above described.
PAR  The invention is exemplified by a composition consisting essentially of a
      vinyl resin in particulate form dispersed in a minimum amount of methyl
      isobutyl ketone and with a small amount of a blend of aromatic
      hydrocarbons, e.g. naphtha and xylene, sufficient to dilute the vinyl
      resin and ketone mixture to bring the same to the desired or required
      viscosity. The methyl isobutyl ketone while having some dissolving action
      is primarily a dispersant so that the vinyl resin particles become a
      dispersion as above described to which the diluent is added in an amount
      to reduce the viscosity as required. Where necessary, the methyl isobutyl
      ketone may contain or may be admixed with a plasticizer of per se known
      nature such as a phthalate like cellulose acetate phthalate to prevent or
      retard hardening or embrittlement of the finishing coating composition. It
      is understood also that more than one coat of protective and finishing
      composition may be applied depending upon the desired results and like the
      contoured and sculptured photographs of my aforesaid copending
      applications the finishing may be carried out to provide special effects
      determined either by the studio photographer or the customer. The
      invention is intended for use by professional photographers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A finishing composition brushed or sprayed onto contoured colored studio
      photographs to form a colorless transparent protective coating thereon
      which when dry retains flexiblity and elasticity characteristics
      independent of time, humidity and atmospheric conditions, said composition
      being composed essentially of commercial particulate vinyl resin dissolved
      or dispersed in methyl isobutyl ketone, diisobutyl ketone or trimethyl
      nonanone containing naphtha, a naphthene or a xylene and free from
      benzene, methanol, acetone and chlorinated hydrocarbons having solvent
      action on the colored studio photographs, said vinyl resin being polyvinyl
      chloride or a vinyl chloride copolymer wherein the vinyl chloride
      predominates.
NUM  2.
PAR  2. A coated photograph according to claim 1 wherein the coating is composed
      of a plurality of superimposed layers.
NUM  3.
PAR  3. A coated photograph according to claim 1 wherein brush texture, spray
      texture, matte and lustre coatings are brushed or sprayed on different
      areas of the photograph to effect visual effects.
NUM  4.
PAR  4. A coated photograph according to claim 1 wherein the coating prevents
      fading or color changes in the underlying black and white or color
      contoured studio photograph.
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PAL  Process for gravure or flexographic printing of flexible substrates wherein
      the printing vehicle comprises a dispersion of film-forming polymer
      particles in an inert organic liquid, the dispersion being stabilised by a
      defined polymeric stabiliser and being of such a composition that after
      evaporation of not more than 50% by weight of the organic liquid the
      residue is a stable dispersion which can bleed homogeneously with fresh
      dispersion, and wherein the polymer particles are subsequently integrated
      upon the substrate.
BSUM
PAR  This invention relates to a printing process and more particularly to a
      process in which the printing vehicle is based on non-aqueous polymer
      dispersions.
PAR  The gravure process has been used for many years for the printing of
      flexible substrates such as paper, aluminium foil and various plastic
      films such as regenerated cellulose. The principle of this process is that
      a metal cylinder engraved with the printing design to a maximum depth of
      approximately 50 microns is partially immersed in a trough containing the
      ink or varnish. A doctor blade, which is in contact with this revolving
      cylinder, removes the ink or varnish from the non-printing areas and
      returns it to the ink trough. The ink or varnish remaining in the engraved
      printing areas is then transferred to the substrate being printed by
      direct contact with this substrate. The percentage of ink or varnish
      transferred to the substrate being printed depends to some extent on the
      absorbency of the substrate. The ink or varnish remaiing in the engraved
      printing areas must be soluble in the material in the ink trough otherwise
      there is a gradual build up in the engraving which reduces its effective
      depth with a resultant decrease in the thickness of the ink or varnish
      film applied. These redissolution properties required for satisfactory
      gravure printing are difficult to obtain with convertible coating resins
      or dispersions of resins which are film-forming at room temperature. Hence
      solutions the past it has been normal practice to use solution of
      non-convertible resins such as metallic rosinates, nitrocellulose, acrylic
      resins and vinyl resins in volatile solvents.
PAR  With the above mentioned types of synthetic resins it is difficult to
      obtain high gloss coatings on absorbent surfaces by gravure application
      because of the limitations on the film thickness which can be applied.
      Normally the gloss obtainable on an absorbent surface is dependent upon
      the degree of penetration of the resin into the surface. High molecular
      weight resins show less penetration into absorbent surfaces but generally
      give low solids content solutions in solvent and therefore unacceptable
      gloss.
PAR  Another method of application of low viscosity inks containing either
      organic solvent, water or mixtures of water and organic solvent is the
      flexographic printing process. The process involves the application of ink
      to the raised areas of rubber printing plates followed by these raised
      areas contacting the substrate and transferring the majority of the ink
      film to the substrate. Normally the printing plates are based on natural
      rubber but for specific applications involving strong organic solvents
      synthetic rubbers may be used. Conventionally when using natural rubber
      printing plates the inks used contain ethanol, water or ethanol/water
      mixtures.
PAR  For inks to be suitable for this application they should possess certain
      properties which are similar to those required in inks applied by the
      photogravure process: thus the inks should be stable to shearing and also
      they should possess good redissolution properties to avoid the build up of
      insoluble material on the printing portions of the plate.
PAR  Attempts have been made to use low viscosity aqueous dispersions of high
      molecular weight polymers as gravure and flexographic varnishes and ink
      vehicles but the redissolution properties are not good and the film
      obtained are sensitive to changes in temperature. Also the use of
      water-based inks creates difficulties with regard to the dimensional
      stability of absorbent surfaces such as paper.
PAR  It has now been found that these difficulties may be largely overcome by
      the use of inks and varnishes based on non-aqueous polymer dispersions.
PAR  According to the present invention there is provided a process for the
      gravure or flexographic printing of flexible substrates wherein the
      printing vehicle comprises a dispersion of particles of a synthetic
      film-forming polymer in an inert organic liquid in which the polymer is
      insoluble, the dispersion (a) being stabilised by a polymeric stabiliser
      which comprises an anchoring component which associates with the particles
      of disperse polymer and a component which is solvated by the organic
      liquid of the dispersion and provides a stabilising steric barrier around
      the particles, and (b) being of such a composition that after evaporation
      of not more than 50% by weight of the organic liquid present the residue
      remains as a stable dispersion capable of blending homogeneously with
      fresh dispersion, and wherein the polymer particles are subsequently
      integrated upon the substrate.
PAR  By "solvated" we mean that if the component of the polymeric stabiliser to
      which this term is applied were to exist as an independent molecule
      instead of forming part of the stabiliser, the organic liquid of the
      dispersion would be a thermodynamically good solvent for that component.
PAR  Stabilised dispersions of synthetic film-forming polymers suitable for use
      according to the present invention may be obtained by any of the methods
      known in the art. For example, the monomer or monomers from which the
      polymer is derived may be polymerised in an organic liquid, in which the
      monomers are soluble but the polymer is insoluble, in the presence of a
      polymeric stabiliser as hereinbefore defined.
PAR  As described in British Patent Specification No. 941,305, the polymeric
      stabiliser may be a block or graft copolymer. One polymeric constituent of
      the copolymer, the anchoring component, is compatible with the
      film-forming polymer of which the disperse particles are composed; this
      constituent is usually identical with, or at least closely related in
      composition to, the disperse polymer. The forces whereby the constituent
      in question is anchored to the disperse polymer are in this case of the
      Van der Waal type, or arise from actual entanglements of the chains of the
      anchoring component and the chains of the disperse polymer. Another
      polymeric constituent of the block or graft copolymer is capable of being
      solvated by the organic liquid of the dispersion in the sense defined
      above. The nature of this solvatable constituent is thus determined by the
      nature of the organic liquid, that is to say, both should be polar or both
      should be non-polar, whereas in contrast the disperse polymer will be
      non-polar or polar respectively. Such block or graft copolymer stabilisers
      may be pre-formed by random grafting of unsaturated monomers such as
      acrylic or methacrylic esters on to an unsaturated polymer such as
      degraded natural rubber, as described in British Patent Specification No.
      941,305, or they may be made by copolymerisation of these monomers with a
      synthetic polymer containing an ethylenically unsaturated grouping, as
      described in British Patent Specification No. 1,052,241. One preferred
      form of the latter type of stabiliser has a polymeric backbone
      constituting the anchoring component and attached thereto on average at
      least five side chains of molecular weight at least 200 which are solvated
      by the dispersion liquid, the weight ratio of the side chains to the
      backbone being from 0.5:1 to 5:1. Such stabilisers are described in
      British Patent Specification No. 1,122,397. Another form of stabiliser is
      the product of a condensation reaction between a solvated component of
      molecular weight 500-5000 and a non-solvated component of molecular weight
      at least 250, the weight ratio of solvated to non-solvated components
      being from 0.5:1 to 5:1, as described in British Patent Specification No.
      1,123,611. Alternatively, the polymeric stabiliser can be formed in situ
      by carrying out the polymerisation of the monomer or monomers, from which
      the disperse polymer is derived, in the organic liquid in the presence of
      a soluble polymer on to which the monomers can graft or with which the
      monomers can copolymerise, such a soluble polymer being, for example, the
      degraded natural rubber or the synthetic polymer containing an unsaturated
      grouping referred to above.
PAR  In a somewhat different type of stabiliser, as described in British Patent
      Specification No. 1,143,404, there is a polymeric constituent solvated by
      the organic liquid of the dispersion as before, but the anchoring to the
      disperse polymer particles is effected by strong specific interaction
      between polar groups in the stabiliser and complementary polar groups in
      the disperse polymer.
PAR  According to a further modification, described in British Patent
      Specification No. 1,231,614, any of the polymeric stabilisers referred to
      above may be additionally anchored to the disperse polymer particles by
      means of covalent linkages. This may be achieved either by providing the
      stabiliser with an unsaturated grouping which can copolymerise with the
      monomer or monomers from which the disperse polymer is derived during the
      formation of the latter, or by effecting a chemical reaction between
      reactive groups in the stabiliser and complementary reactive groups in the
      disperse polymer after the latter has been formed. This mode of
      stabilisation is preferred in the polymer dispersions for use according to
      the invention.
PAR  In a different approach to the production of stabilised dispersions of
      film-forming polymers, the polymer may exist as pre-formed polymer
      particles (obtained, for example, by an aqueous emulsion polymerisation
      process) which are dispersed in an inert organic liquid in the presence of
      a polymeric stabiliser as hereinbefore defined, as described in British
      Patent Specification No. 1,198,052. The polymeric stabilisers may thus in
      general be soluble polymers or graft copolymers carrying anchoring groups
      which interact either associatively or chemically with groups in the
      polymer molecules constituting the dispersed particles. In all cases the
      stabiliser provides a steric protective barrier at least 12 A thick.
PAR  The inert organic liquid may, although being as a whole a non-solvent for
      the disperse polymer, contain a proportion of liquid which is a solvent
      for the polymer, for example as described in our co-pending British Patent
      Applications Nos. 4121/71 and 58995/71.
PAR  The disperse polymer present in the printing vehicle used according to the
      invention may in general be a resin of either the convertible or the
      non-convertible type. In the case of a convertible polymer, the polymer
      will contain reactive groups which are capable of cross-linking with one
      another either by direct interaction or by mutual reaction with a
      multifunctional cross-linking agent, such as a urea-formaldehyde resin, a
      melamine-formaldehyde resin or an alkylated melamine-formaldehyde resin,
      also present in the vehicle. The cross-linking reaction may be initiated
      by heating or by the action of light or ultra-violet radiation, in the
      final stage of the process. The disperse polymer may be of any of the well
      known classes of synthetic polymers, including addition polymers and
      condensation polymers, and it may be a homopolymer, a copolymer or a
      mixture of two or more polymers or copolymers. One class of suitable
      polymers comprises addition polymers or copolymers derived from at least
      one ethylenically unsaturated monomer, for example the alkyl esters of
      acrylic and methacrylic acids such as methyl methacrylate, ethyl
      methacrylate, butyl methacrylate, methyl acrylate, ethyl acrylate and
      2-ethylhexyl acrylate, acrylamide, methacrylamide, styrene, vinyltoluene,
      divinyl benzene, acrylonitrile, vinyl chloride, vinylidene chloride and
      vinyl acetate; where the disperse polymer is to contain reactive
      cross-linkable groups, monomers containing such groups, for example
      acrylic and methacrylic acids, the hydroxyalkyl and alkoxy alkyl esters
      thereof, and the methylol or alkoxymethyl derivatives of the amides
      thereof, may be included. Preferred polymers for use in the present
      invention are non-convertible polymers derived from ethylenically
      unsaturated monomers, especially homopolymer methyl methacrylate and
      copolymers thereof with alkyl esters of acrylic or methacrylic acid in
      which the alkyl groups contain from 2 to 8 carbon atoms, for example butyl
      acrylate and 2-ethylhexyl acrylate.
PAR  If desired, the disperse polymer may be "preplasticised", that is to say it
      may be made by a dispersion polymerisation process carried out not only in
      the presence of the polymeric stabiliser but also in the presence of a
      plasticiser, which may be either soluble or insoluble in the liquid phase
      of the dispersion.
PAR  The nature of the inert organic liquid which constitutes the continuous
      phase of the dispersion depends upon the composition of the disperse
      polymer in question; in general, it will have a different polarity to that
      of the polymer, so that the polymer is insoluble in it. However, as
      already indicated, the organic liquid may be a mixture of which one or
      more components are non-solvents for the polymer while one or more other
      components are solvents for the polymer, provided that the polymer is
      insoluble in the mixture as a whole. If the disperse polymer is polar, for
      example polymethyl methacrylate, examples of non-solvent liquids include
      aliphatic hydrocarbons such as hexane and heptane, alcohols such as
      methanol, ethanol and ethylene glycol monobutyl ether. Where the disperse
      polymer is non-polar, for example polystyrene, or a copolymer
      incorporating a major proportion of styrene, non-solvents include
      methanol, ethanol and ethylene glycol monomethyl ether.
PAR  Where it is desired to incorporate solvents for the polymer, these may be,
      for example, in the case of a polar polymer such as polymethyl
      methacrylate, esters such as ethyl acetate and 2-ethoxyethyl acetate,
      ketones such as acetone and aromatic hydrocarbons such as toluene and
      xylene and, in the case of a non-polar polymer such as a polymer or
      copolymer of styrene, the foregoing esters, ketones and aromatic
      hydrocarbons.
PAR  The dispersions used according to the invention may contain in addition to
      the disperse polymer, which is, of course, insoluble in the organic liquid
      of the dispersion, supplementary polymer which is in solution in the
      organic liquid. This supplementary polymer may be a polymer which is
      formed simultaneously with the disperse polymer; it may be a polymer
      which, unlike the disperse polymer, is soluble in the organic liquid in
      which the dispersion is actually produced or it may be a polymer which is
      insoluble in that liquid but which passes into solution on the subsequent
      addition to that liquid of certain constituents of the total organic
      liquid of the dispersion as used in the present process, as already
      described, The amount of the supplementary, soluble polymer present in the
      dispersions may be comparable with, or may even exceed, the amount of the
      insoluble disperse polymer.
PAR  It is an essential condition, for the purposes of the present invention,
      that the polymer dispersions used should be of such a composition that
      they remain stable and capable of blending homogeneously with fresh
      dispersion after the loss by evaporation of not more than 50% by weight of
      the organic liquid originally present. This requirement is necessary to
      ensure that any polymer solid which might remain in the cells of the
      gravure roller after a printing operation is immediately redispersed when
      the roller is contacted in the ink trough with fresh vehicle ready for the
      next impression, so that "filling-in" of the cells is prevented.
      Compliance with this condition can readily be determined by a simple "in
      vitro" test, in which a sample of the dispersion is evaporated so that
      only 50% by weight of the original liquid phase remains, and is then
      diluted with a large excess (e.g. 10 times its volume) of fresh
      dispersion. The resulting mixture must be homogeneous and free from
      "bits".
PAR  In the final stage of the process of the invention, the particles
      film-forming polymer are integrated upon the substrate. When the polymer
      has a glass transition temperature below ambient temperature, such
      integration may occur spontaneously: in such a case, it will usually be
      desirable for the polymer to be of the convertible type, so that by a
      further cross-linking step a relatively hard and tough film may be
      produced. On the other hand, when the polymer has a glass transition
      temperature appreciably above room temperature, it will usually be
      necessary to heat the printed substrate in order to achieve polymer
      particle integration. In these cases, the polymer may be either
      convertible or non-convertible. A final heating step may also be desirable
      for the purpose of ensuring complete removal of the organic liquid of the
      printing vehicle. Where a final heating step is employed, the temperature
      to which the film-forming polymer, or the polymer together with the inert
      organic liquid, is heated may conveniently be in the range of temperature
      normally adopted for the force-drying of a printed or varnished web in a
      gravure or flexographic printing process, that is to say from 80.degree.
      to  150.degree.C.
PAR  The dispersions may be used either as a printing varnish or, with addition
      of the appropriately dispersed pigment or pigments, as a printing ink. The
      solids content and viscosity of the varnish or ink may be adjusted to the
      correct level by addition of one or more organic liquids which may be the
      same as or different from the liquids constituting the medium in which the
      polymer dispersion was originally prepared.
PAR  The pigment dispersions which are added to the basic printing vehicle when
      inks are to be prepared are obtained by milling the desired pigment in an
      organic liquid, more especially a hydrocarbon liquid as mentioned above,
      in the presence of a dispersing agent.
PAR  Any suitable dispersing agent may be used, but particularly suitable agents
      are the following:
PAR  i. the agents described in our British Patent Specification No. 1,108,261,
      which are compounds of the formula:
      ##EQU1##
      in which Ar is an aromatic group, n is 0 or 1, from 2 to 3 of the R groups
      are individually H, CH.sub.3 or C.sub.2 H.sub.5 and the remaining R group
      or groups individually or the remaining R -- C -- C -- R group in
      combination provides a solvatable chain-like component of at least 12
      atoms linked in linear series;
PAR  ii. the agents described in our British Patent Specification No. 1,159,252,
      which comprise an addition polymer chain solvated by the organic liquid of
      the dispersion and having attached thereto at least one group of the
      formula:
      ##EQU2##
      where R is an aliphatic radical which may contain one or more additional
      hydroxyl groups;
PAR  iii. reaction products of the dispersants described in British Patent
      Specification Nos. 1,108,261 and 1,159,252 referred to above with an
      organic monoisocyanate or with an organic diisocyanate which has already
      been, or is simultaneously or subsequently, reacted with an alcohol or an
      amine so that it behaves as a monoisocyanate. These dispersants are more
      fully described in our copending British Patent Applications Nos. 42760/70
      and 54130/70.
PAR  iv. dispersants comprising one or more polyesters or salt thereof derived
      from a hydroxycarboxylic acid of the formula HO -- X -- COOH, wherein X is
      a divalent saturated or unsaturated aliphatic radical containing at least
      8 carbon atoms and in which there are at least 4 carbon atoms between the
      hydroxyl and carboxylic acid groups, or from a mixture of such a
      hydroxy-carboxylic acid and a carboxylic acid which is free from hydroxyl
      groups. These dispersants are more fully described in our copending
      British Patent Application Nos. 60903/70 and 27768/71.
PAR  v. dyestuffs (which are also dispersing agents) having the formula:
EQU  D --  Z -- O.COR).sub.n,
PAL  wherein D is the radical of a dyestuff which is attached to Z through a
      carbon atom of an aromatic ring present in D; Z is a divalent bridging
      group; n is a positive integer having a value from 1 to 8, and R is the
      radical of a carboxy-ended polyester RCOOH derived from a
      hydroxycarboxylic acid of the formula HO -- X -- COOH, X being a divalent
      saturated or unsaturated aliphatic radical containing at least 8 carbon
      atoms and in which there are at least 4 carbon atoms between the hydroxyl
      and carboxylic acid groups, or from a mixture of such a hydroxycarboxylic
      acid and a carboxylic acid which is free from hydroxyl groups. These
      dispersing agents and their preparation are more fully described in our
      copending British Patent Application No. 4445/71.
PAR  vi. a dispersing agent comprising the adduct of one or more compounds from
      each of the following classes:
PA1  a. an organic compound containing two or more isocyanate groups
PA1  b. an organic compound containing two or more hydroxyl, primary amino or
      secondary amino groups which are reactive with isocyanate groups and
PA1  c. a compound of the formula Z -- X -- E -- T -- D ).sub.n.sub.-1 Q,
      wherein Z represents --OH or --NHR, R being a monovalent hydrocarbon
      radical; X is an optionally substituted divalent hydrocarbon radical; T is
      a divalent hydrocarbon radical, n is a positive integer, Q is an
      optionally substituted monovalent hydrocarbon radical and E is a
      ##EQU3##
      group or a
      ##EQU4##
      group where R' is a hydrogen atom or a monovalent hydrocarbon radical, and
      D is a
      ##EQU5##
      group, provided that only one of E and D is connected to T via the carbon
      atom of the carboxyl group present in D and E, and the compound contains
      at least one chain having at least 5 carbon atoms. These dispersing agents
      and their preparation are more fully described in our copending British
      Patent Application No. 9033/72.
PAR  The pigments may be those which have been conventionally employed in the
      preparation of printing inks.
PAR  The printing vehicles, whether ink or varnish, will generally have a solids
      content in the range 20 to 70% by weight and a viscosity from 16 to 40
      seconds (No. 4 Ford cup at 20.degree.C).
PAR  The printed surfaces obtained according to the present process have good
      resistance to dilute acid and alkali, ultraviolet liquid and to rubbing.
DETD
PAR  The invention is illustrated but not limited by the following Examples in
      which parts and percentages are by weight.
PAC  EXAMPLE 1
PAR  This example shows the preparation of a gravure varnish from a dispersion
      in aliphatic hydrocarbon of a 95:5 methyl methacrylate/butyl acrylate
      copolymer preplasticised in the proportions of 83:17 by weight with a
      polyester plasticiser. By preplasticised is meant that the plasticiser is
      incorporated in the dispersion during the polymerisation of the monomers.
PAR  A `seed` polymer dispersion is first formed by polymerising a dilute
      solution of methyl methacrylate in refluxing aliphatic hydrocarbon, using
      azodiisobutyronitrile as initiator, in the presence of a graft copolymer
      stabiliser. The stabiliser is obtained by condensing glycidyl methacrylate
      with poly(12-hydroxystearic acid), copolymerising the product with methyl
      methacrylate and glycidyl methacrylate in the ratios of 49:45:6 by weight,
      and finally reacting some of the free glycidyl groups with p-nitrobenzoic
      acid, and with methacrylic acid.
PAR  Into the `seed` dispersion is uniformly fed a mixture of methyl
      methacrylate and butyl acrylate in the appropriate proportions together
      with azodiisobutyronitrile initiator, further graft copolymer stabiliser,
      a mercaptan chain transfer agent for molecular weight control and a
      solution in aromatic solvents of a polyester plasticiser made by reacting
      neopentyl glycol, adipic acid and monobutyl phthalate, in molar ratios of
      3:2:1.55, to a final acid value of less than 5 mg.KOH/g. Sufficient of the
      feed mixture is added to bring the total solids content of the dispersion
      to approximately 50%, and completion of the feed is followed by a further
      period of heating at reflux. The final dispersion has a solids content of
      of 50.4%. To 67 parts of this dispersion are then added with stirring 33
      parts of di(methylcyclohexyl)phthalate. The resulting gravure varnish has
      a solids content of 66.8%, and gives satisfactory prints on a gravure
      machine running at 450 ft. per min. with heating at 110.degree.C for 3
      seconds.
PAC  EXAMPLE 2
PAR  Xylene (12.34 parts) and an aromatic petroleum distillate of b.p.
      160.degree.-175.degree.C (5.69 parts) are mixed, and to this mixture is
      added with stirring 73.75 parts of a preplasticised dispersion of a 95:5
      -methyl methacrylate/butyl acrylate copolymer of 51.4% solids content.
      When mixing this complete, there is added with stirring a premix of
      further aromatic petroleum distillate (5.69 parts), ethylene glycol
      diacetate (2.47 parts) and a 2% solution in xylene of a dimethylsilicone
      oil (0.06 part). The resulting gravure varnish has a solids content of
      37.9% and gives satisfactory prints on a gravure machine running at 400
      ft. per min. with heating at 110.degree.C for 3 seconds.
PAR  The preplasticised polymer dispersion used in this Example is prepared in
      the same manner as that described in Example 1 but employing a ratio of
      polymer to plasticiser solids of 80:20.
PAC  EXAMPLE 3
PAR  To the varnish of Example 2 (62.5 parts) there is added with stirring a
      thinner mixture (37.5 parts) having the following composition:
     Aliphatic petroleum distillate, b.p. 140-160.degree.C                     

                                30 parts                                       

     Xylene                     25 parts                                       

     2-Ethoxyethyl acetate      25 parts                                       

     Ethylene glycol diacetate  20 parts                                       

PAR  The resulting varnish has a solids content of 23.7% and gives satisfactory
      prints on a gravure machine running at 400 ft. per min. with heating at
      110.degree.C for 3 seconds.
PAC  EXAMPLE 4
PAR  Xylene (6.39 parts) and an aromatic petroleum distillate of b.p.
      160.degree.-175.degree.C (2.95 parts) are mixed, and to the mixture there
      is added with stirring 67.16 parts of a preplasticised dispersion of a
      95.5-methyl methacrylate/butyl acrylate copolymer of 49.4% solids content.
      When mixing is comple there is added with stirring 23.50 parts of the
      thinner mixture described in Example 3. The resulting gravure varnish has
      a solids content of 33.2% and gives satisfactory prints on a gravure
      machine running at 400 ft. per min. with heating at 110.degree.C for 3
      seconds.
PAR  The preplasticised polymer dispersion used in this Example is prepared in
      the same manner as that described in Example 1 but employing a ratio of
      polymer to plasticiser solids of 50:50.
PAC  EXAMPLE 5
PAR  This Example illustrates the production of a printing ink from the gravure
      varnish described in Example 4.
PAR  To the varnish described in Example 4 (71.43 parts) there is added with
      stirring a 33% solids dispersion of a blue pigment (28.57 parts). The
      pigment dispersion is obtained by milling .beta.-form copper
      phthalocyanine in a substantially aliphatic petroleum fraction of b.p.
      100.degree.-120.degree.C in the presence of a dispersing agent,
      essentially as described in Example 15 of our copending British Patent
      Application No. 4445/71.
PAR  The ink, when applied by the gravure process on to paper or moisture-proof
      regenerated cellulose film has the adhesion, gloss and flexibility
      required for flexible packaging.
PAC  EXAMPLE 6
PAR  This example illustrates the preparation of a gravure ink by direct
      pigmentation of the gravure varnish quoted in Example 1.
PAR  5.6 parts by weight of Rubine Toner 4B are dispersed into 31.9 parts by
      weight of gravure ink medium quoted in Example 1 containing 66.8% solids
      in a ball mill or other suitable piece of equipment for pigment
      dispersion. After dispersion of the pigment, 62.5 parts by weight of
      gravure ink medium quoted in Example 1 are added in three equal portions,
      each portion being incorporated by efficient stirring or milling prior to
      adding the subsequent portion to avoid flocculation or shock to the
      pigment.
PAR  This ink gives satisfactory prints on a gravure machine running at 400 ft
      per minute with heating at 100.degree.C for 2 seconds.
PAC  EXAMPLE 7
PAR  This example illustrates the preparation of a gravure ink by producing a
      dispersion of pigment in a solution of zinc rosinate in a substantially
      aliphatic petroleum fraction of b.p. 100.degree.-120.degree.C followed by
      incorporation of a gravure medium made by the method described in Example
      1.
PAR  1 part by weight of a coated Benzidine yellow pigment (Monolite Yellow
      BGL-PX) is dispersed in 4 parts by weight of a 50% solution of zinc
      rosinate (containing 9% zinc calculated as metal) in a substantially
      aliphatic petroleum fraction of b.p. 100.degree.-120.degree.C by ball
      milling or dispersing on one of the other pieces of equipment commonly
      used for this purpose.
PAR  15 parts by weight of gravure ink medium prepared as described in Example 1
      are incorporated in three equal portions into the pigment dispersion by
      stirring. The mixture is stirred until homogeneous after each addition to
      avoid pigment shock or flocculation.
PAR  This ink gives satisfactory prints on a gravure machine running at 400 ft.
      per min. with heating for 2 seconds at 100.degree.C.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the gravure or flexographic printing of flexible
      substrates wherein the printing vehicle comprises a dispersion of
      particles of a synthetic film-forming polymer, which is a homopolymer of
      methyl methacrylate or a copolymer thereof with alkyl esters of acrylic or
      methacrylic acid in which the alkyl groups contain from 2 to 8 carbon
      atoms, in an inert organic liquid in which the polymer is insoluble, the
      dispersion (a) being stabilized by a polymeric stabilizer which is a block
      or graft polymer one polymeric constituent of which, being an anchoring
      component which associates with the particles of disperse polymer, is
      compatible with the polymer of which the disperse particles are formed and
      another polymeric constituent of which is solvated by the organic liquid
      of the dispersion, to provide a stabilizing steric protective barrier at
      least 12 A thick, and (b) being of such a composition that after
      evaporation of not more than 50% by weight of the organic liquid present
      the residue remains as a stable dispersion capable of blending
      homogeneously with fresh dispersion, and wherein the polymer particles are
      subsequently integrated upon the substrate, said printing vehicle having a
      solids content in the range of 20 to 70% by weight and a viscosity of from
      16 to 40 seconds measured in a No. 4 Ford cup at 20.degree.C.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the block or graft copolymer
      stabiliser is pre-formed and has a polymeric backbone constituting the
      anchoring component and attached thereto on average at least five side
      chains of molecular weight at least 500 which are solvated by the liquid
      of the dispersion, the weight ratio of the side chains to the backbone
      being from 0.5:1 to 5:1.
NUM  3.
PAR  3. A process as claimed in claim 2, wherein the polymeric stabiliser is
      additionally anchored to the disperse polymer particles by means of
      covalent linkages.
NUM  4.
PAR  4. A process as claimed in claim 3, wherein the inert organic liquid,
      whilst being as a whole a non-solvent for the disperse polymer, contains a
      proportion of a liquid which is a solvent for the polymer.
NUM  5.
PAR  5. A process as claimed in claim 4 wherein the disperse polymer is a
      convertible polymer containing reactive groups and wherein in a final
      stage a cross-linking reaction is effected between the reactive groups
      either by direct interaction or by mutual reaction with a multifunctional
      cross-linking agent.
NUM  6.
PAR  6. A process as claimed in claim 4, wherein the disperse polymer is a
      non-convertible polymer derived from one or more ethylenically unsaturated
      monomers.
NUM  7.
PAR  7. A process as claimed in claim 1, wherein the disperse polymer is a
      preplasticised polymer made by a dispersion polymerisation process carried
      out in the presence of a plasticiser which is either soluble or insoluble
      in the liquid of the dispersion.
NUM  8.
PAR  8. A process as claimed in claim 1, wherein the polymer particles are
      integrated upon the substrate by heating to a temperature of from
      80.degree. to 150.degree.C.
NUM  9.
PAR  9. The process of claim 1 wherein said printing vehicle also contains a
      dispersed pigment or pigments.
NUM  10.
PAR  10. A flexible substrate printed by a gravure or flexographic process as
      claimed in claim 1.
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ABST
PAL  A simulated beverage pulp is prepared from a pregelatinized starch codried
      with a water-insoluble dye. A dry beverage mix is obtained by blending the
      pulp with other ingredients such as food solids which may be of the type
      desired in the beverage, thickeners such as other starches, gums and the
      like, sugars, acids, buffers, condiments and flavors. The beverage is
      prepared by reconstituting the mix with water.
BSUM
PAR  Many attempts have been made to obtain dry beverage mix compositions which,
      upon rehydration, produce beverages comparable in characteristics to
      conventional tomato beverages such as juices, soups and the like. However,
      a number of problems apparently have been encountered such as the
      inability to reproduce conventional tomato beverage flavors; poor
      rehydration abilities; failure to simulate conventional tomato beverage
      viscosities; and inadequate shelf or storage life. A principal problem has
      been the apparent inability to obtain conventional tomato beverage
      textures or mouthfeel and to secure proper hydration and appearance of the
      pulpy particles.
PAR  Commercial tomato juice is composed of tomato solids suspended in a liquid
      serum. The serum is a clear solution containing most of the tomato flavor,
      acids, salts, sugars, etc. The suspended solids are mainly tomato tissue,
      cells, fragmented cells and skin, tacheids, seed envelopes, etc. These
      particles give tomato juice both its characteristic soft, pulpy mouthfeel
      and its red color.
PAR  Conventional thickening agents such as gums and water soluble colors
      reproduce this two phase system of tomato juice only with extreme
      difficulty as neither will remain in the solid phase when dispersed in
      water.
PAR  Illustrative methods for the preparation of tomato type beverage mixes or
      composition appear in such patents as U.S. Pat. Nos. 2,392,241; 2,428,636;
      2,912,338; 2,959,486 and U.K. Pat. No. 1,194,804. All of these methods,
      however, rely upon the presence of tomato solids from tomato juice or
      tomato paste to yield the desired tomato beverage when the mix is
      reconstituted with water.
PAR  Related to these methods is the method of application Ser. No. 167,019,
      filed July 28, 1971, said application having now been abandoned, which
      discloses and claims the codrying of tomato solids with a starch material
      or specific gum and grinding the dried product so as to obtain a
      dehydrated reconstitutable tomato beverage composition.
PAR  The present invention is based upon the unexpected finding that a simulated
      beverage pulp may be obtained by codrying a pregelatinized starch with a
      water-insoluble dye. The pulp, when combined with other powdered
      ingredients, is found to readily reconstitute in cold water to resemble
      closely a natural beverage such as tomato juice. An essential feature of
      the present invention is that the simulated beverage pulp is prepared
      without having to employ tomato solids such as may be obtained from tomato
      pastes, purees, sauces or juices. Nevertheless, it is within the ambit of
      this invention to incorporate such tomato solids with the pregelatinized
      starch and the water-insoluble dye which are codried and also to include
      them with other ingredients which are dry-blended with the simulated
      beverage pulp prepared by codrying the pregelatinized starch and the
      water-insoluble dye.
PAR  Previously, attempts to dye starches have produced a pulp which allows the
      dye to leach out in water, yielding a dyed water solution and a colorless
      pulp. By codrying a mixture of a pregelatinized starch and a
      water-insoluble dye a simulated beverage pulp is obtained which retains
      the desired color, typically red, when rehydrated in water.
PAR  The simulated beverage pulp may be prepared by mixing an aqueous suspension
      of the water-insoluble dye with the pregelatinized starch to form a paste
      at approximately 50% moisture. The paste may then be dried on a drum drier
      to about 2% to 8% moisture and the resulting solid crushed to a specific
      particle size ranging from 10 to 100 mesh U.S. screen size. This final
      particle size will affect the "pulpiness" and appearance of the product
      upon reconstitution.
PAR  Other ingredients may be added to the paste before it is dried in order to
      improve certain of the characteristics desired in the mix and in beverage.
      Thus, tomato solids may be added to improve the appearance, mouthfeel and
      flavour; surface active agents to improve mouthfeel and dispersibility;
      rapidly soluble solids to improve dispersibility; and clouding agents to
      improve appearance.
PAR  The pregelatinized starch may be any one or more of a large number of
      starches such as, for example, waxy maize, corn, tapioca, potato and the
      like which may be modified and whose characteristics are such that they
      swell in cold water to a controlled degree. Illustrative of such starches
      are National's "Instant Plus", a pregelatinized modified waxy maize
      starch, National's "Textaid", a pregelatinized modified tapioca starch,
      and Staley's "Binasol", a pregelatinized modified tapioca starch. Of
      these, National's Instant Plus is preferred.
PAR  The simulated beverage pulp is generally present in the beverage mix in an
      amount ranging from about 10% to about 60%, preferably 40%. However, other
      ingredients such as food solids, other starches, thickeners, gums, sugars,
      surface active agents and clouding agents may require the use of the pulp
      at the upper or lower end of these ranges.
PAR  In general, the ingredients making up the dry beverage mix of this
      invention are divided into two classes:
PAR  a. Liquid phase ingredients -- These ingredients are soluble in cold water
      and form the clear liquid serum of the reconstituted product. Included are
      sugars, salt, acids, buffers, surface active agents, imitation flavors,
      etc.
PAR  b. Solid phase ingredients -- This ingredient is a simulated tomato pulp
      which is produced by staining the granules of a suitable starch with a
      water-insoluble dye. The starch granules are partially gelatinized and
      chemically modified in a way that limits the extent to which they may
      swell in cold water. Instant Plus, a modified waxy maize starch supplied
      by National Starch Company, has been found satisfactory. A suitable
      water-insoluble dye is canthaxanthin, but other carotenoids and insoluble
      food use-approved dyes may also be used. Food solids and other starches,
      thickeners, gums, clouding agents may also be included among these solid
      phase ingredients.
PAR  Codrying may be accomplished over a wide temperature range employing drum
      drying, air drying, or the like. The pregelatinized starch granules are
      swollen in the presence of the dye and water in the "nip" of the drum
      dryer. The dye is thus able to penetrate into the granules and is held
      there by chemical and/or physical forces. When the dyed, pregelatinized
      granules are dried on the drum, the water is removed leaving the dye
      behind. The binding of the dye to starch is strong enough to prevent it
      from leaching out in aqueous solution.
PAR  When food solids such as tomato paste are included with the starch and dye,
      the drying temperatures for the particular admixture are maintained
      sufficiently low so as to avoid scorching and development of off-flavor
      notes.
PAR  The particular method of sub-dividing or grinding the simulated beverage
      pulp is not critical. In general, however, the particle size of the
      simulated beverage pulp particles can be chosen so that upon rehydration
      the most desired texture for a reconstituted beverage after grinding can
      be obtained. Thus, the physical form of the simulated beverage pulp
      appears to be essential to be controlled, with platelets or similar
      physical forms necessary for the proper pulpiness to be developed.
PAR  The beverage mix prepared from the simulated beverage pulp is readily
      reconstitutable with cold water and the finished beverage is characterized
      by the viscosity, taste, texture and general appearance of a conventional
      tomato beverage such as tomato juice. However, it is possible to alter,
      modify or substitute many of the ingredients comprising the beverage mix
      so as to obtain a beverage mix which, when reconstituted with water or
      other potable liquid, furnishes other types of beverages. Thus, for
      example, food solids from fruits and/or vegetables may be combined as
      ingredients in the beverage mix such that the finished beverage resembles
      a blended vegetable drink, aperitif or cocktail.
DETD
PAR  In order to further illustrate the present invention, the following
      non-limiting examples are furnished.
PAC  EXAMPLE I
PAR  A simulated tomato pulp is produced by mixing the following ingredients to
      form a stiff paste:
TBL  Ingredients             Parts by Weight                                   

     ______________________________________                                    

     Tomato paste (containing 25% solids)                                      

                             64                                                

     "Instant Plus" starch (manufactured by                                    

                             24                                                

      National Starch)                                                         

     Canthaxanthin (dispersed in 10 parts                                      

                             0.41                                              

      of water)                                                                

     Water                   580                                               

     ______________________________________                                    

PAL  This paste is then dried on a steam heated drum drier to a moisture content
      of 2%. The dried product is then ground so as to pass through a 35 mesh
      U.S. screen.
PAC  EXAMPLE II
PAR  The procedure of Example I is repeated in all respects except that the
      tomato paste is omitted.
PAC  EXAMPLE III
PAR  The following ingredients are dry-blended to prepare a dry beverage mix:
TBL  Ingredients             Parts by Weight                                   

     ______________________________________                                    

     Sugar                   18.0                                              

     Salt                    7.2                                               

     Monosodium Glutamate    2.4                                               

     Citric Acid             .94                                               

     Malic Acid              .62                                               

     Ascorbic Acid           .21                                               

     Sodium Dihydrogen Phosphate                                               

                             1.3                                               

     Imitation Tomato Flavor .42                                               

     Silicon Dioxide         .71                                               

     Simulated Tomato Pulp (prepared                                           

                             40.0                                              

      according to Example I or Example II)                                    

     ______________________________________                                    

PAR  Two and a half ounces of the beverage mix prepared above is reconstituted
      with 24 ounces of cold water. The mix forms a beverage which resembles
      natural tomato juice both in appearance and mouthfeel.
PAR  Although the present invention has been described in conjunction with
      certain preferred embodiments, features and materials, ingredients, and
      compounds, it is apparent many suitable alternatives will be apparent to
      those skilled in the art. Accordingly, the invention is not to be
      restricted or limited except by the following appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A simulated beverage pulp comprising a codried pregelatinized starch and
      a water-insoluble dye.
NUM  2.
PAR  2. A simulated pulp as defined in claim 1 in which the starch is a cold
      water-swellable modified waxy maize starch.
NUM  3.
PAR  3. A simulated beverage pulp as defined in claim 2 in which the
      water-insoluble dye is canthaxanthin.
NUM  4.
PAR  4. A simulated beverage pulp as defined in claim 3 further comprising
      tomato solids codried with said starch and said dye.
NUM  5.
PAR  5. A beverage mix adapted to be reconstituted with water comprising a
      simulated beverage pulp comprising a codried, pregelatinized starch and a
      water-insoluble dye, sugar, acid, buffer and flavor.
NUM  6.
PAR  6. A beverage mix adapted to be reconstituted with water comprising a
      simulated beverage pulp comprising a codried pregelatinized starch, a
      water-insoluble dye, and tomato solids, sugar, acid, buffer and flavor.
NUM  7.
PAR  7. A beverage prepared by reconstituting the beverage mix as defined in
      claim 5.
NUM  8.
PAR  8. A beverage prepared by reconstituting the beverage mix as defined in
      claim 6.
NUM  9.
PAR  9. A process for preparing a simulated beverage pulp comprising admixing a
      pregelatinized starch with a water-insoluble dye, codrying the mixture and
      grinding the codried admixture to a fine powder.
NUM  10.
PAR  10. A process as defined in claim 9 in which codrying is carried out on a
      drum drier and said starch is a cold water-swellable modified waxy maize
      starch.
NUM  11.
PAR  11. The process as defined in claim 10 further comprising admixing tomato
      solids with said starch and said dye.
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ABST
PAL  A method of manufacturing dehydrated fruit used as an additive to powdered
      instant food which comprises covering preliminarily dried fruit with
      granulated sugar, flattening the fruit under pressure and dehydrating it
      until the dissolved sugar again solidifies.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to a method of manufacturing dehydrated fruit used
      as an additive to instant food, particularly raw powdered instant food
      such as jelly, sherbet or ice cream.
PAR  Raw powders of, for example, instant jelly, sherbet or ice cream which are
      very hygroscopic are generally sold in a state sealed in a moistureproof
      bag. When practically prepared, the powders are dissolved in cold or hot
      water and cooled in a cup or mold.
PAR  Where such raw powders include dried fruit, then fully prepared food will
      obviously have an increased flavor and become colorful. If, however,
      ordinary dried fruit which generally contains about 20 percent of water is
      mixed with the raw powders, then they will be solidified by absorbing the
      water of the dried fruit. It has been found that to avoid such
      inconvenience, the dried fruit has to be dehydrated to a lower water than
      about 6 percent.
PAR  Generally, the process of dehydrating fruit is divided into two steps,
      namely, the constant-rate drying step and the falling-rate drying step.
      Further, the latter step is divided into the first stage in which the
      dried fruit begins to be hardened on the surface and the second stage in
      which the dried fruit is entirely hardened with denaturization and reduced
      color. Commercially available dried fruit containing about 20 percent of
      water is supposed to be in the first stage of the falling-rate drying
      step, and in the second stage of entire hardening when the fruit is dried
      to a far lower water content about 6 percent. However, the second-time
      drying of the fruit by the prior art thermal drying process consumes a
      long time of drying, resulting in the reduced color, denaturization and
      lost flavor of the fruit, and in consequence the loss of its commercial
      value. Moreover, fruit thus dehydrated takes a great deal of time in being
      restored to the original state, failing to serve as an additive to the
      above-mentioned instant food.
PAR  In view of the above-mentioned circumstances, powdered instant food
      containing dehydrated fruit has hitherto not been commercially available.
PAR  It is accordingly the object of this invention to provide a method of
      manufacturing dehydrated fruit which can be quickly dehydrated to a
      desired low water content without losing its color and flavor and moreover
      regain its original condition instantly and reliably.
PAR  To attain the above-mentioned object, the method of this invention
      comprises covering granulated sugar over the surface of fruit
      preliminarily dried to a prescribed extent, embedding the granulated sugar
      into the surface of the fruit by pressing it and finally dehydrating the
      sugar-coated fruit at a prescribed level of temperature until the
      granulated sugar melted by the water content of the fruit is again
      solidified.
PAR  The object and features of this invention will be more clearly understood
      from the following description. The raw fruit may consist of various kinds
      of commercially available dried fruit such as apricot, raisin and
      pineapple. Such dried fruit is preferred to have a water content of 20 to
      30 percent. If the water content exceeds this level, the fruit will have
      its outline considerably deformed and undesirably attach itself to the
      inner walls of a press by oozing water.
PAR  Raw dried fruit first has its surface coated with granulated sugar and then
      is flattened to a prescribed thickness by a known device, for example, a
      press. At this time the granulated sugar is embedded in the surface of the
      fruit to prevent the fruit from sticking to the inner walls of, for
      example, a press with the resultant decrease in an area of contact between
      the surface of the fruit and said inner walls. Particles of the granulated
      sugar are preferred to consist of pure crystals whose particle size ranges
      between 40 and 65 mesh. Where the particle size is unduly fine, the
      granulated sugar is instantly dissolved in the water contained in the
      fruit, possibly causing the fruit to attach itself to the inner walls of a
      press. Moreover, such finely divided sugar fails to be forced fully deep
      into the fruit, reducing the effect of dehydrating the fruit and restoring
      it to the original condition as later described.
PAR  Conversely where, the particle size of the granulated sugar is excessively
      large, the fruit itself will be deformed and take considerable time in
      regaining its original condition.
PAR  The preliminarily dried fruit is pressed to the later described proper
      thickness in consideration of its readiness to be restored to its original
      condition, when actually cooked. The coating of granulated sugar and the
      pressing of the fruit may be carried out simultaneously or repeatedly by
      turns until the fruit is reduced to a prescribed thickness.
PAR  The fruit coated with granulated sugar and thereafter pressed is thermally
      dehydrated. In this case, the particles of granulated sugar forced into
      the interior of the fruit from its surface act as a medium for helping the
      water contained in the fruit to be dispersed in the interior and also
      evaporated on the surface thereof, thereby far more reducing the time of
      dehydrating the fruit than when it is not coated with granulated sugar.
      With the progress of dehydration, the dissolved granulated sugar is again
      solidified to provide desired dehydrated fruit. Table 1 below shows a
      comparison between the process of dehydrating fruit coated with granulated
      sugar and that of fruit free from said sugar. Samples of raw dried fruit
      used were cut pieces of apricot 1.3 mm thick containing 24% of water.
      Comparison was made between the samples whose water content after
      dehydration roughly averaged 6 percent. The samples were dried by hot air
      at 60.degree. to 100.degree.C.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Dehydrating  Time of de-                                                  

                         Water content                                         

                                 Condition                                     

     temperature  hydration                                                    

                         after dehydra-                                        

                                 after                                         

     (.degree.C)  (minutes)                                                    

                         tion (% by                                            

                                 dehydration                                   

                         weight)                                               

     __________________________________________________________________________

           60     150    5.98    No change                                     

     Samples                                                                   

           70     110    5.82    No change                                     

     coated                                                                    

     with  80      90    5.78    No change                                     

     granulat-                                                                 

     ed sugar                                                                  

           90      60    5.90    Slightly reduc-                               

                                 ed in color                                   

           100     45    6.07    Reduced in color                              

                                 and lost flavor                               

           60     480    6.45    Lost flavor                                   

                                 Lost flavor and                               

     Controls                                                                  

           70     420    6.80    began to de-                                  

     free                        crease in color                               

     from                                                                      

     granulat-                   Turned brown and                              

     ed sugar                                                                  

           80     300    7.19    began to be                                   

                                 hardened on the                               

                                 surface                                       

                                 Turned brown and - 90 200 7.80 hardened on    

                                 the                                           

                                 surface                                       

                                 Turned brown and - 100  150 8.20 preliminently

                                 1                                             

                                 hardened on the                               

                                 surface                                       

     __________________________________________________________________________

PAR  As apparent from Table 1 above, fruit samples free from granulated sugar
      took a several times longer time of dehydration than those coated with
      granulated sugar, and moreover were considerably deteriorated in quality,
      for example, lost flavor, turned brown and were hardened on the surface.
      In contrast, fruit samples coated with granulated sugar were very quickly
      dehydrated to a lower water content than 6 percent, and were little
      subject to quality deterioration. To avoid, however, the loss of vitamins,
      and flavor and discolorment, it is preferred that dehydration be carried
      out at a temperature of 60.degree. to 80.degree.C and for a length of time
      ranging between 90 and 150 minutes.
PAR  Fruit thus dehydrated is cut by a cutter into pieces having a desired size
      and sealed in a moisture proof bag with raw powders of jelly, sherbet or
      ice cream. The final step of cutting fruit should preferably be effected
      after completion of its dehydration, because this process prevents its cut
      pieces from sticking to the cutter blades.
PAR  At the time of cooking, cut pieces of dehydrated fruit are mixed with the
      above-mentioned powdered instant food in cold or hot water. In this case,
      solidified granulated sugar acts as a medium for quickly drawing cold or
      hot water from the surface into the interior of the cut pieces of the
      fruit so as to help them to be restored to the original condition, and at
      the same time is dissolved in the water. Further, numerous pores appearing
      on the surface of the cut pieces of the fruit increase a contact area
      between the water and the cut pieces, thus promoting the restoration of
      said cut pieces to the original condition.
PAR  Time required for the cut pieces of dehydrated fruit to regain the original
      condition varies with the thickness of said cut pieces, as comparatively
      set forth in Table 2 below. Raw dehydrated fruit used in the experiment
      consisted of cut pieces of apricot containing 6 percent of water. The cut
      pieces were dipped in 200 c.c. of hot water at 90.degree.C and considered
      to have regained the original condition when they became soft with 20 to
      25 percent water content.
TBL                Table 2                                                     

     ______________________________________                                    

     Thickness of                                                              

                 Time required for restoration                                 

     cut pieces of                                                             

                 to the original condition                                     

     apricot     With granulated                                               

                              Without granulated                               

     (mm)        sugar        sugar                                            

     ______________________________________                                    

     1.3         1 m. 45 sec.  2 m. 40 sec.                                    

     1.5         3 m. 45 sec.  7 m. 30 sec.                                    

     2.0         6 m. 30 sec. 30 m. 00 sec.                                    

     ______________________________________                                    

PAR  As seen from Table 2 above, cut pieces of apricot coated with granulated
      sugar took a far less time in being restored to the original condition
      than those of apricot free from granulated sugar, and a difference in the
      time of restoration between the cut pieces of both types of apricot
      increased more prominently as the cut pieces grew thicker.
PAR  It has been experimentally found that the cut pieces of dehydrated fruit
      are preferred to have a thickness of 1.2 to 1.6 mm. If the thickness
      decreases from this range, the cut pieces will feel undesirably soft to an
      eater's teeth, rendering the dehydrated fruit less commercially valuable.
      Conversely, if the thickness exceeds said range, the cut pieces will
      consume too much time in being restored to the original condition to be
      used as an additive to instant food such as raw powders of jelly, sherbet
      or ice cream.
PAR  There will now be described the example where dehydrated fruit according to
      this invention was used as an additive to powders of instant food, for
      example, jelly.
PAR  1000g of preliminarily dried apricot containing 24 percent of water was
      pressed by roller while being coated with fine granulated sugar having a
      particle size of 40 to 65 mesh. The apricot was flattened to a thickness
      of about 1.3 mm by being pressed twice. The apricot was dehydrated 90
      minutes at a temperature of 80.degree.C to a water content of about 5.8%,
      and thereafter cut into pieces each having a size of about 1 cm.sup. 2. A
      few cut pieces of the dehydrated apricot were sealed in a moisture proof
      bag with 27g (sufficient for 6 persons) of powders of jelly having the
      undermentioned composition.
TBL  ______________________________________                                    

     Composition of jelly powders                                              

     Raw material       Percentage by weight                                   

     ______________________________________                                    

     Gelatin            12.50                                                  

     Table salt         0.50                                                   

     Glucose            3.50                                                   

     Sugar              80.00                                                  

     Citric acid        1.40                                                   

     Natural coloring matter                                                   

                        0.015                                                  

     Flavoring agent    0.803                                                  

     Others             1.282                                                  

     ______________________________________                                    

PAR  At the time of cooking, the powders of jelly and the cut pieces of
      dehydrated apricot were mixed in 200 c.c. of hot water at 90.degree.C. The
      cut pieces were restored to the original condition in 1 minute 45 seconds
      as previously mentioned.
PAR  It is possible to mix 6.0g of cut pieces of the aforesaid dehydrated
      apricot with the powders of sherbet having a composition shown below.
TBL  ______________________________________                                    

     Composition of sherbet powders                                            

     Raw material       Percentage by weight                                   

     ______________________________________                                    

     Sugar              79.47                                                  

     Glucose            16.56                                                  

     Citric acid        0.99                                                   

     Table salt         0.33                                                   

     Fruit juice flavoring                                                     

                        2.65                                                   

     agent                                                                     

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing dehydrated fruit used as an additive to
      powdered instant food which comprises coating granulated sugar on the
      surface of raw preliminarily dried fruit containing 20 to 30 percent of
      water, mechanically pressing the fruit so as to embed the granulated sugar
      into the fruit in a solid state and dehydrating the fruit thus embedded
      with the granulated sugar at a temperature up to 100.degree.C until the
      water content in the fruit is reduced to below 6 percent.
NUM  2.
PAR  2. A method according to claim 1 wherein said fruit is apricot.
NUM  3.
PAR  3. A method according to claim 2 wherein the raw preliminarily dried fruit
      is dehydrated at a temperature of 60.degree. to 80.degree.C for a length
      of time ranging between 90 and 150 minutes.
NUM  4.
PAR  4. A method according to claim 3 wherein the granulated sugar has a
      particle size of 40 to 65 mesh.
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TTL  Electron beam positive resists containing acetate polymers
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ABST
PAL  Very sensitive electron beam positive resists have been obtained using
      films of polymeric methyl methacrylate containing acetate polymers.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention is concerned with electron beam resists. More
      particularly, it is concerned with positive resists obtained by forming on
      substrates thin films of poly (methyl methacrylate) containing certain
      acetate polymers.
PAC  PRIOR ART
PAR  Positive acting polymeric electron beam resists are well known in the prior
      art. Such prior art is thoroughly discussed in, for example, U.S. Pat. No.
      3,535,137 of Haller et al. That patent provides a very good discussion of
      typical methods for fabricating and using resist materials. As is
      explained in that patent, the process typically starts by dissolving a
      suitable polymer in a solvent. A thin polymer film is then formed on a
      substrate by a process such as, for example, spinning a drop of the
      dissolved polymer on the substrate surface and allowing it to dry. The
      polymer film may then be baked to improve the adhesion and handling
      characteristics of the film. The next step involves exposing selected
      portions of the polymer film to electron beam radiation, in the range of 5
      to 30 kilovolts. This radiation causes scission of the bonds of the
      polymer. As a result of such scissions, the portions of the polymer film
      which have been exposed to the radiation may be selectively removed by
      application of a developer solvent while leaving the unexposed portion of
      the film still adhered to the substrate. When it is so desired, the
      remaining polymer film may be baked to eliminate undercutting. Following
      this, in cases where it is so desired, the exposed underlying substrate
      may be etched with a suitable etchant.
PAR  Prior art materials which have been particularly successful as positive
      acting electron beam resists include polymeric methyl methacrylate. There
      are, however, relatively few materials which simultaneously possess all of
      the required properties to act as resists. It is necessary that the
      material be chemically resistant to etching solutions but still degrade
      under electron radiation. The material must be capable of adhering to the
      substrate as a film, and the film must resist cracking.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the speed of poly (methyl methacylate) electron
      beam positive resists can be enhanced by the addition of acetate polymers.
      Currently used poly (methyl methacrylate) requires a charge dosage of 50
      .times. 10.sup.-.sup.6 Coul/cm.sup.2 at 25KV. This sensitivity is too low
      for a manufacturing lithographic process. The present invention, however,
      provides an order of magnitude increase in speed enhancement by the
      addition of polymeric acetates to the poly (methyl methacrylate) resists.
PAR  The acetates useful in the present invention are vinyl acetate and
      isopropenyl acetate. When small amounts of either of these materials are
      incorporated in the poly methyl methacrylate resist, the sensitivity of
      the resist is increased. About 1% by weight of the acetate should be added
      to the resist composition. There is no advantage in adding more than 20%
      by weight, and, in fact, above this percentage difficulties are
      experienced in processing the resist. It is satisfactory simply to mix
      poly (vinyl acetate) or poly (isopropenyl acetate) with the poly (methyl
      methacrylate. Alternatively, the acetate monomers may be copolymerized
      with the methyl methacrylate monomers.
PAR  The following Examples are given solely for the purposes of illustration of
      the preferred embodiments and they are not to be construed as limitations
      of the invention, many variations of which are possible without departing
      from the spirit or scope thereof.
DETD
PAC  EXAMPLES
PAR  In separate experiments, poly (vinyl acetate) and poly (isopropenyl
      acetate) were each added to poly (methyl methacrylate) in a solvent at 5%
      by weight and spin coated with a thickness of 7000 A. A control of poly
      (methyl methacrylate) without additive was coated to the same thickness.
      The films were exposed to 25KV electron beam dosage. The films were then
      developed using amyl acetate. The thickness of unexposed and developed
      areas were measured for a determination of the ratio S/So. (S/So is called
      the solubility ratio. It is defined as the solubility of the resist after
      irradiation divided by the solubility before irradiation.) The higher
      solubility ratio obtained for the poly (methyl methacrylate) with
      additives proves a speed enhancement of from 8 to 10 times. The results
      are reported in Table I below.
TBL                TABLE I                                                     

     ______________________________________                                    

     Additive S/So    Dose (25 KV)                                             

                                  S/So  Dose (25 KV)                           

     ______________________________________                                    

     None      4      12 .mu.coul/cm.sup.2                                     

                                  1.5   3 .mu.coul/cm.sup.2                    

     5% PVA   32      "           8.0   "                                      

     5% PIPA  40      "           9.0   "                                      

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for forming an image with a positive resist, said process
      comprising the steps of:
PA1  1. forming on a substrate a film of a composition comprising polymeric
      methyl methacrylate, said composition having increased sensitivity to
      electron beam radiation due to the presence in said composition of from 1
      to 20% by weight based on said polymeric methyl methacrylate of
      polymerized vinyl acetate or polymerized isopropenyl acetate,
PA1  2. exposing said film in a predetermined pattern to radiation,
PA1  3. removing the radiation exposed portion of said film with a solvent.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the radiation is electron beams
      at a strength of from 5 to 30KV.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the film comprises about 5%
      polymerized vinyl acetate.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the film comprises about 5%
      polymerized isopropenyl acetate.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the solvent is amyl acetate.
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ABST
PAL  There is disclosed an improved gaseous discharge display panel device and
      process of manufacturing same. A large number of cathode substrate
      electrode and mask structures are printed and fired on a single glass
      sheet, the electrodes being printed first and dried/cured at a higher
      temperature than subsequently applied mask and electrical crossovers,
      which are cured at lower temperatures. Upon completion of fabrication of
      the electrode and dielectric mask structures and crossover connections,
      the glass plate is simply scored and separated to provide individual back
      substrate and electrode mask structures which are then assembled with a
      like formed annode plate structure. Individual devices are then assembled
      with use of a seal rod preformed to have a gap in the seal structure and a
      laser facturable mercury dispensing giver. In forming the devices, the gas
      is processed through the small gap left in the seal structure and, the gap
      is closed with a short sealing rod through and about which outgasing and
      gas filling are formed during the final gasing step. Batch processing of
      devices in the range of 1,000-5,000 in a relatively short period of time.
BSUM
PAR  This application contains subject matter disclosed and claimed in
      application Ser. No. 492,994, filed July 30, 1974, application Ser. No.
      492,992, filed July 30, 1974, application Ser. No. 492,991, filed July 30,
      1974, application Ser. No. 513,803, filed Oct. 10, 1974, application Ser.
      No. 500,225, filed Aug. 26, 1974 (Stephen C. Thayer), and application Ser.
      No. 513,802, filed Oct. 10, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  Fabrication of gas discharge display devices generally of the character
      disclosed herein have been accomplished in the past and typically these
      are one-for-one type operations. That is, individual glass substrates
      and/or ceramic substrates are provided upon which the conductor runs are
      printed and then the dielectric masks are printed over the conductor runs
      and in the openings in the conductor runs for the cathode electrodes, the
      cathode materials which interface with the gas discharge medium are
      printed thereon and all of these being subsequently fired and cured. Such
      devices are subsequently assembled usually by the use of a gas filling
      tubulation but in some cases tubulationless devices have been fabricated
      in which final hermetic seal of two spaced apart substrates accomplished
      by utilization of an unfused sealing frame, evacuating the entire unit and
      back filling with an elevated temperature and then heating the assembled
      parts spaced between the electrode elements while retaining the gas in the
      assembly until the glass parts have been softened to a sealing temperature
      to result in a fusion sealing of the frame element and thereby final
      assembly of the device. This process is difficult and cumbersome and does
      not lend itself well to batch processing of individual display elements.
PAR  In Boswau U.S. Pat. No. 2,142,106, a gaseous discharge display device
      having small glass discs carrying shaped cathode elements and individual
      annode elements are stacked in a disc with the interstices between the
      discs sealed in a manner around the periphery to prevent electrode
      interference between each other, a small aperture being left at one point
      in the periphery by leaving out the sealing operation at this point to
      provide communication with the main gas chamber formed by an overall glass
      envelope or bulb. In the Boswau patent, the bulb is subsequently exhausted
      and filled with the gas at a proper pressure, the exhausting and back
      filling processes extending through and communicating through the aperture
      to the individual gas chambers formed in the spaced disc and the aperture
      then is filled with a suitable sealing material which permits the gas to
      permeate during the exhausting and filling operation thereafter this
      individual seal element or plug is sealed by heating means of electronic
      bombardment or other sealing means. The present invention is a direct and
      distinct improvement over the sealing technique disclosed in the Boswau
      patent in that the present invention adapts a portion of that technique of
      the Boswau patent and extends same to batch processing of thousands of
      individual discrete gaseous discharge panel elements in a manner and
      fashion not heretofore available, with yield factors significantly greater
      than those of the prior art. A substantially bubble-free glass rod, shaped
      generally in the perimetrical configuration of the gas chamber is fused to
      the two substrate surfaces in an air atmosphere. A small opening or space
      between the ends of the rod is provided. Large numbers of the device may
      be stacked in trays, with a small glass rod bridging the ends of the rod
      and space and held in position by the opposing substrate. The rod seal or
      plug is slightly smaller in diameter to snugly fit between opposing
      substrate surfaces and has a fusion temperature slightly below that of the
      formed rod. Both materials are, however, of optical quality and of
      substantially bubble-free edge surfaces. This loose rod seal element or
      plug permits batch vacuumization (also under bake out conditions if
      desired) and back filling with any desired gas composition of large
      numbers of individual devices in a single operation.
PAR  In the prior art, in making segmented electrode gaseous discharge display
      panels, particularly alphanumeric type displays, the individual conductor
      runs are printed first and fired on the substrate and subsequently, the
      mask and cathode element electrodes e.g., those elements which are to be
      in direct conductive contact with the gas are printed and cured, the
      printing of the cathode elements being through the apertures or openings
      in the dielectric mask. In accordance with this invention, instead of
      using a ceramic substrate, simple, inexpensive glass substrates are used.
      The conductor elements forming the cathode electrodes which interface with
      the gas medium are printed first and cured at relatively higher
      temperatures so as to eliminate cathode porosity and assure that those
      conductor segments or elements forming the cathodes of the device have a
      good hard surface at the gas interface so as to minimize sputtering
      problems and improve the discharge properties of such devices.
PAR  In the sealing operation described earlier herein, it has also been found
      that the use of screened-on sealing materials in an unfused state, is not
      as desirable as the use of a preformed rod element fabricated from glasses
      having fiber optic properties, that is to say no bubbles therein which
      distort and rupture the seal upon heating and/or vacuumization.
PAR  The typical and classical way of fabricating gaseous discharge devices is
      to vacuum bake the devices so as to remove included gaseous contaminants
      from the interior surfaces of the device. Vacuum baking is a very time
      consuming and expensive process. In another feature of the process of this
      invention, the several thousand devices stacked in trays are placed in a
      vacuum chamber. The vacuum is pulled over the device without heating to
      remove substantially all of the free contaminants from the individual
      gaseous discharge devices and then, at an ambient temperature, the gas
      filling is admitted to the processing chamber and thereby each individual
      gaseous discharge element is filled at room or ambient temperature. This
      assures proper gas proportions and eliminates the need for accurate and
      precise calibration at high temperatures of the gas filling. Then, after
      the gas filling has been introduced to the devices, the devices are heated
      by Calarod heaters inside the chamber so as to effect a melting of small
      sealing elements in the openings described earlier herein. This technique
      thereby avoids the long time between the filling and heating of the
      chamber thereby reducing a production run of thousands of devices in a
      single chamber to no more than six hours in pumped in heating back filling
      with the gas and the like. Since this sealing process is done at a
      pressure somewhat below ambient, and since the volume of gas in the vacuum
      chamber can be greater than the cumulative gas volume contained in the
      devices, there is sufficient heating under somewhat negative pressure
      conditions to assure good clean up of the device under less than perfect
      vacuum conditions and at significantly reduced cost and processing time.
      In still another feature of the invention, small mercury-containing
      capsules or givers are activated by the use of a laser beam. To this end,
      the device is provided with laser transparent windows in each of two glass
      substrates which thereby permits the use of a laser beam to effectively
      break the mercury capsule without damaging the device itself.
PAR  Finally, in the prior art, connections between the anode electrodes and
      exterior connections to operating potentials have been by means of small
      metal clips between the two substrates. In accordance with this invention
      a conductive epoxy is inserted between the terminals ends of the anode
      electrodes and the printed conductor ends on the cathode plate. According
      to the invention, this epoxy is carefully cured so as to assure that there
      are no bubbles in contact with the annode elements which would tend to
      cause hot spots and breaking of the anode connections.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects, advantages and features of the invention will
      become more apparent from the following description taken in conjunction
      with the accompanying drawings wherein:
PAR  FIG. 1 illustrates a glass substrate upon which a first conductive pattern
      has been printed, one such pattern being shown in the top left hand corner
      thereof with the dash lines indicating the positions of a large number of
      other such patterns not shown in this drawing for purposes of clarity of
      explanation,
PAR  FIG. 2 illustrates the glass plate of FIG. 1 upon which has been printed
      the first dielectric mask (a black colored dielectric but shown white in
      FIG. 2,
PAR  FIG. 3 is the plate shown in FIG. 2 having the crossover conductors printed
      on the mask of FIG. 3 interconnecting the different elements shown, it
      being understood that a similar printing has occurred with respect to the
      other substrate elements shown in FIG. 3,
PAR  In FIG. 4, a further dielectric printing has been accomplished over the
      crossover elements shown in FIG. 3,
PAR  FIG. 5 is an exploded view showing the sequence of assembly of the
      different components into a device ready for batch fill and seal
      operations,
PAR  FIG. 6 is a top plan view of a completly assembled device,
PAR  FIG. 7 is an enlarged sectional view showing the placement of the seal rod
      bridging the gap on the now fused seal frame,
PAR  FIG. 8 shows the mercury capsule in position with a laser beam directed
      thereto for fracturing same,
PAR  FIG. 9 is a process flows chart showing the individual printing and curing
      operations utilized in the manufacture of the devices.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIGS. 1-8 in conjunction with FIG. 9, FIG. 1 shows a glass
      plate 10 which, in a specific example, may be ten inches by twelve inches
      single strength glass, has printed thereon individual cathode electrode
      patterns 11-1, 11-2, 11-N and cathode period elements 12-1, 12-N. Each
      cathode pattern constitutes a digit position, the illustrated embodiment
      being for a nine digit numeric display (n-9). It will be appreciated that
      the invention is equally applicable to alphanumeric segmentation as well
      as crosspoint matrix display. These elements have cathode electrode
      segments 13A, 13B etc. which, in the embodiment of this invention,
      constitute the cathode electrode elements defining the glow discharge
      portions of the display. It will be noted that certain ones of these
      cathode segments 13A, for example, has a further direct conductive portion
      14-A leading to a conductor pad 15-A. In the embodiment of this invention
      to be described herein, each of the corresponding segments 13-A in all of
      the digit positions 11-1, 11-2 . . . 11-N, are interconnected
      electrically, some of which are directly interconnected in the initial
      electrode printing shown in FIG. 1. For example, the center bar segment
      13-C is shown as being an interconnected horizontal segment electrode and
      by conductor portion 14-C to a pad 15-C. Alternate pads are also printed
      at this time for subsequent connection to the anode elements to be
      described later herein. In like manner, the cathode electrode 13-B in
      digit position 11-1 is interconnected to every cathode segment designated
      with the numeral B by a conductor portion 14-B and thereby to a pad 15-B.
PAR  However, in accordance with the present embodiment, some of the cathode
      segments are not directly connected to conductors extending to the
      individual pad elements 15. In the illustrated embodiment, a first
      dielectric mask element 16 shown in FIG. 2 is printed over the condudtor
      segments leaving openings or vias 18-1, 18-2, 18-N and 19-1, 19-2, 19-N
      and 20-1, 20-N, 21-1, 21-N and 22-1, through 22-N, all of which are in
      registry with an underlying conductor portions or areas. These vias are
      simply opening or spaces left vacant in the dielectric mask or layer 16.
      In addition to the vias or openings left for crossover connections, to be
      described later in connection with FIG. 3, it will be noted that the
      individual cathode segments 13-A, 13-B, etc. and the periods therefor 12-1
      . . . 12-N, are left open. As has been described earlier, no further
      conductive material is applied to these cathode elements because they have
      been cured at a higher temperature to thereby anneal and/or provide smooth
      surfaces for the discharge per se. However, the crossover vias, 18-1 . . .
      18-N, 19-1 . . . 19-N, 20-1 . . . 20-N and 22-1 . . . 22-N are left open
      for the purpose of permitting the conductor material which is printed in a
      manner shown in FIG. 4 to make electrical contact with the conductor
      elements exposed by the vias. These form the electrical crossover
      connections shown in the pattern of FIG. 3. It sill be appreciated that
      the conductor patterns may be devised so that the printing of such
      crossovers is eliminated or minimized. It should be understood that while
      the dielectric mask is shown as white, it is a black mask for highlighting
      the glow discharges at the cathode segments, and that the cathode material
      is white or silver colored in appearance and, in fact, is basically a
      silver in a suitable vehicle. Furthermore, clear or transparent areas of
      glass have been stippled. Of course the anode glass substrate could be
      translucent.
PAR  In addition to the openings or vias to make the crossover connections and
      in addition to the opening for permitting the cathode segments to be
      viewed in direct conductive contact with the gas, a pair of windows 25A
      and 25B are provided so that the glass substrate 10 is directly viewable
      through these openings 24 and 25. These openings are for the purpose to be
      described more fully hereinafter.
PAR  Not shown in FIGS. 1 or 2 are conventional registration marks, the
      registration marks simply being marks which are printed in dielectric
      material upon the substrate 10 and in any subsequent printing upon the
      substrate 10 when the dielectric material is printed so as to assure
      registration thereof. In like manner, in the following pace which also
      follows, further printings of the registration marks are made to assure
      the proper registrations are achieved. The term printing is used
      principally to encompass stencil screen printing etc., but other forms of
      printing may be used.
PAR  As shown in FIG. 3 the crossover interconnecting via 19-1 through via 19-N
      is designated with the numeral 30 and the crossovers connecting the vias
      18-1 . . . 18-N are designated 31. In like manner, crossover conductor
      means 32, 33 and 34 are conductor printings upon the dielectric. The
      printing operations are simply screening or otherwise applying the
      conductive material directly upon the dielectric surfaces of the substrate
      with the conductive material entering the vias and making the electrical
      contacts with the conductor previously printed. It will also be noted that
      a pair of crossovers 36 and 37 have also been printed upon the conductor
      solely for the purpose of making the crossover connections between the
      conductor elements as shown.
PAR  It will be noted that the conductive cathode segments for each of the digit
      positions remains exposed and these elements are, in effect, continuing to
      receive the temperature treatments (albeit at lower temperatures) for the
      curing of the dielectric layer 16 and the individual crossover layers as
      shown.
PAR  In a final printing operation, the final dielectric layer is applied over
      the crossover, the windows 25A and 25B being maintained. The purpose of
      this final printing is, as is well known, to avoid any glowing of
      conductor areas or portions which is it is not desired to glow.
PAR  Referring now to FIG. 9, it should be noted that an important step in the
      process just described in the fabrication of the back substrate is that
      the electrodes which form the cathode segments for the display have been
      printed in an initial printing operation. This electrode is cured in step
      5 as shown in FIG. 9 at a much higher temperature than could be effected
      by prior art techniques in fabrication devices of the character of the
      present invention. In other words, by printing the cathode segments first
      and curing them at a much higher temperature to provide an improved
      cathode-gas interface, the mask which is printed on at a later time, can
      be cured at lower temperatures without adversely affecting the conducting
      properties of the different conductor elements used in providing exterior
      connections for the device. As shown in FIG. 9, the initial mask is
      printed in a two step operation of, first, printing the mask a first time,
      drying the mask and then curing the mask. A second mask printing, drying
      and curing operation is effected but it will be appreciated that these may
      be done in a single step. In some cases, the mask may be fabricated as a
      film and transferred to the substrate. However, it is important to assure
      that the mask is of a sufficient thickness that the gap adjacent cathode
      segments is separated by a physical barrier of dielectric material. Thus,
      this second step is an important assurance that the dielectric between the
      ends of individual cathode segments is high enough to provide a barrier
      which avoids or minimizes shorting between nearby cathode segments.
PAR  The crossover printing is done with the same conductive material as is used
      in the first printing operation of conductive material and it will be
      noted that in each case, the conductive material is dryed and then cured
      at higher temperatures. This material is a frit based thick film paste
      primarily of silver. The third mask printing operation, while it could
      have been limited to printing simply over the crossovers, was, in effect,
      a full printing since this further assured a sufficient barrier between
      the individual cathode segments on the substrate. Thus, in addition to
      being able to print, dry and cure the cathode electrodes at a high enough
      temperature (a typical conveyor oven being about 50 ft. long, one foot per
      minute, there being about 15 heat zones with a maximum temperature of
      1100.degree.C.) as to assure a good, clean, smooth silver surface for the
      cathode electrode, printing the cathode electrodes in a first printing
      step permits the building up in the mask areas of sufficient barriers
      between the individual cathode segments as to reduce the possibility of
      conductive connections between the individual cathode elements due to the
      sputtering, etc. and thereby enhance the active life of the device.
PAR  As illustrated at box 18 of FIG. 9, the device is scribed along the
      dash-dot lines and separated to provide individual back substrates
      illustrated in FIG. 5 as element 50. Element 50 is identical to the
      different element 50 shown in FIG. 4.
PAR  Referring now to FIG. 5, the back substrate now designated as element 50,
      is identical to the back substrate component shown in FIG. 4. Also shown
      in FIG. 5 is an anode substrate 51 having printed thereon individual anode
      elements 52-1, 52-2, 52-N, there being one such anode electrode element
      for each digit position and adapted to overlie the individual cathode
      segments and the cathode period element 12-1 at a given digit position.
      The anode conductors are transparent tin oxide which are printed and fired
      on a single strength glass substrate 53. It will be appreciated that the
      printing and firing of these conductors may be done in a batch process,
      very much like the printing of the back substrate with cathode elements.
      The use of tin oxide as a transparent anode element is conventional in the
      art and is not described in detail herein except to say that the process
      of printing same with large numbers of devices on a thin glass substrate
      is useful for the purpose of batch producing devices.
PAR  The top substrate or anode plate 51 is joined to the bottom substrate by
      means of a sealing element or member 55 which has been shaped so as to
      have the ends thereof 56 and 57 spaced by about a one-fourth inch to about
      one-sixteenth inch. The sealing element 55 is simply placed upon the black
      dielectric masked element and held in place by drying unfused dielectric.
      At the same time, small spacer rods 58 and 59 at each end of the device
      are likewise temporarily held in position by tacking as by the use of
      unfused dielectric. Spacer rods 58 and 59 consist of a hard glass
      composition having a higher softening temperature than the sealing element
      55. The seal element 55 is made from a fiber optic type glass which has no
      bubbles therein and which has a fusing or seal temperature below the
      melting point of the glass substrate 10 and spacer rods 58 and 59 (a seal
      temperature of about 450.degree.C. is used). In addition, a small mercury
      capsule 60 is held in place in position over window 25A by a white unfused
      dielectric which is of essentially the same composition as the dielectric
      forming the mask but which does not have any pigmentation in it. The
      purpose of using a white unfused dielectric is so that a laser energy
      which is used to rupture the capsule 60 is not absorbed by the black
      dielectric to create heat in the black dielectric and thereby destroy the
      device. It is also for this reason that a pair of windows 25A and 25B is
      provided.
PAR  After the sealing member 55 and spacer rods 58 and 59 and mercury capsule
      60 have been positioned in the device, the anode plate 51 is positioned
      over these elements and a weight is applied thereto. The entire assembly
      is passed through a heating oven to fuse or join the sealing member 55 to
      anode plate 51 and back substrate plate 50. The resulting device is
      illustrated in FIG. 6 and it will be noted that there is a small gap 65 so
      the interior of the gas chamber is accessible. A glass rod 66 having a
      diameter about the same diameter as spacer rods 58 and 59 is simply laid
      in the gap or crevice between back substrate plate 50 and anode plate 51
      and constitutes the glass plug illustrated in block 23 of FIG. 9.
PAR  It will be appreciated that the spacer rod elements 58 and 59 need not be
      located in the gas chamber formed or in the positions shown. They may be
      located parallel to the horizontal runs of seal 55, parallel to all four
      runs, between display positions for larger displays (see Baker et al U.S.
      Pat. No. 3,499,167); even externally of the chamber and parallel to the
      horizontal and/or vertical runs of seal member 55. As a matter of fact,
      the spacer may have a perimetrical pattern which is a twin to seal member
      55, and only slightly larger or smaller. The only size criteria of the
      spacer is that it define the discharge gap and be a hard glass composition
      and have a softening temperature higher than that of seal member 55.
PAR  As shown in FIG. 6 alternate ones of contact pads 15 are connected to the
      cathode electrode on cathode plate 50 and the intervening ones are
      connected by means of a extruded conductive silver expoxy connectors 70-1,
      70-2 as an improvement over prior art metal insert connectors previously
      used for this purpose. It is important to cure the epoxy at a temperature
      such that bubbles are not formed. Bubbles tend to cause concentrations of
      current flow in the tin oxize coatings and thereby impair or destroy the
      connection thereto.
PAR  As shown in FIG. 8, the mercury giver 60 is a filamentary glass tube (18
      mils in outside diameter) which is laser energy transparent. It is
      positioned between a window 25A and the cathode plate 50 and a transparent
      portion of the anode plate 51 (which may also be designated as a "window")
      and held in place for assembly purposes by a white dielectric. The
      aluminum or copper block serves as a heat sink and should not be highly
      reflective for safety reasons. Instead of a glass capsule the giver may be
      any other radiant energy actuatable device, such as SAES type 150 giver
      from the SAES company of Italy.
PAR  The gas filling may be a mixture of neon and argon, such as 99.5% neon and
      0.5% argon. As is conventional, radioactive Krypton (Krypton 85) may be
      added to the fill mixture to lower the operating voltage. However, it will
      be noted that there are two unused contact pads 15 which could be used to
      operate a keep alive discharge as is also conventional in the art.
PAR  In a preferred embodiment, the edges 75 and 76 on plates 50 and 51 from a
      slot or notch for receipt of the seal rod or plug member 60. This permits
      a simple mechanical retention of the spacer in its desired position during
      the outgassing and gas filling operation. If desired the top horizontal
      run of seal member 55 may be located closer to the edge so that upon
      softening the seal material of element 55 will be pressed flat as shown in
      FIG. 8 and the plug rod 66 held in position by an adhesive such as unfused
      dielectric. However, the seal member 55 may be formed flat in cross
      section and, as before, slightly thicker than the spacer rods. The panel
      assemblies, with seal rod 66 in the notch or space and bridging the ends
      of the seal element 55, the panels are stacked, in stainless trays with
      the port or space 65 up and the glass rod 66 in place. A high temperature
      glass shim, not shown, is located between the lower edge of anode plate 51
      to maintain the proper relationship between the anode and cathode plates
      while the heating of seal rod 66 is performed.
PAR  Seal element 55 is a bubble-free glass to avoid "worm" holes therein, a
      fiber optic type glass such as Corning type 7570 glass 033 inch O.D. cane
      formed as shown in FIG. 5 works satisfactorily, it having a relatively low
      temperature of about 450.degree.C. The glass plugging element or rod 66,
      placed across the opening or port 65 as shown, has fiber softening point
      below that of the sealing member 55; a similar glass with a fiber
      softening point 20.degree. to 30.degree. lower is satisfactory.
PAR  The gas process procedure is the evacuation of the system, the introduction
      of the proper gas at ambient room temperature to the proper pressure,
      about 120 torr, and the heating of the seal rod so it closes the envelope
      with the desired gas condition. In the system described above, the cycle
      is 6 hours with 2000 devices per cycle. Each chamber can be large enough
      to handle as many as 5000 devices. The cycle may be reduced to 1 1/2
      hours. If devices fail to seal, they are simply recycled. System gas is
      recovered by operating two chambers in parallel. After the sealed devices
      are removed from the gas process system, each one is placed under a laser
      which is projected through a window in the device to crack the capsule and
      release mercury into the envelope. As is conventional in the art some
      panel aging time may be performed before releasing the mercury.
PAR  It will be appreciated that while a number of modifications have been
      referred to, others will become apparent to those skilled in the art and
      it is to be understood that such obvious modifications may be made without
      departing from the true spirit and scope of the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for making a gas discharge information display panel of the
      type in which plural cathode electrodes are exposed to the gas medium
      confined in a discharge chamber and the anode electrode is a transparent
      electrode carried on a viewing plate and in which a dielectric mask
      outlines the cathode electrodes, and said cathode electrodes are printed
      with conductive silver paste and firing same on a glass substrate forming
      a part of said panel said dielectric mask being applied as a heat fused
      coating on said glass substrate, said viewing plate being joined to said
      glass substrate in spaced relation by a heat fusible glass seal, the
      improvement comprising firing said conductive silver paste at a
      temperature higher than any temperature subsequently used in the
      fabrication of said information display panel so as to substantially
      eliminate cathode porosity and provide a smooth cathode surface.
NUM  2.
PAR  2. The invention defined in claim 1 wherein said cathode elements printed
      on said glass substrate are coplanar and have a spacing therebetween, the
      step of printing said dielectric on said substrate at least between said
      cathode elements to form a sputter barrier between the cathode elements.
NUM  3.
PAR  3. In a batch process for making a plurality of gas discharge information
      display panels, printing with a conductive silver paste, on a common glass
      substrate a plurality of separate groups of cathode electrodes, one said
      group for each panel, firing said silver paste as defined in claim 1,
      applying a separate dielectric mask to each said separate group of cathode
      segments, and separating said common glass substrate to a plurality of
      separate glass substrates, each separate glass substrate carrying one of
      said separate groups of cathode electrodes, joining one said viewing plate
      to each separated substrate and filling with an ionizable gaseoue medium.
NUM  4.
PAR  4. In a batch process for making a plurality of gas discharge information
      display panels, printing with a conductive silver paste, on a common glass
      substrate a plurality of separate groups of cathode electrodes, one said
      group for each panel, firing said silver paste as defined in claim 2,
      applying a separate dielectric mask to each said separate group of cathode
      segments, and separating said common glass substrate to a plurality of
      separate glass substrates, each separate glass substrate carrying one of
      said separate groups of cathode electrodes, joining one said viewing plate
      to each separated substrate and filling with an ionizable gaseous medium.
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ABST
PAL  A sheet material having a microporous surface of elastomeric polyurethane
      is treated to produce a sheet, which has greater water-proofness and still
      transmits water vapor, by applying to it a coagulated layer of elastomeric
      polyurethane. Preferably the coagulated layer is produced by applying a
      pigmented polyurethane solution to the sheet while it is wet with a
      non-solvent. The coagulated layer may then be treated in various ways;
      e.g. it may be embossed or treated with a solvent to form a fused glossy
      moisture vapor-transmitting surface. The product is suitable for use as a
      leather substitute in shoe uppers.
PARN
PAR  This application is a continuation of application Ser. No. 56,936 filed
      July 21, 1970,  now U.S. Pat. No. 3,764,363 of Oct. 9, 1973. The entire
      disclosure (including drawings) of that application is incorporated herein
      by reference.
PAR  This application is also a continuation-in-part of applications Ser. Nos.
      843,425 filed July 22, 1969 and 867,762 filed Oct. 20, 1969, which were
      copending with said application Ser. No. 56,936 and are now abandoned.
BSUM
PAR  This invention relates to a process for finishing a sheet material having a
      microporous surface zone particularly suitable as a leather substitute for
      shoe uppers. A thin layer of a solution of polymer in a solvent which
      attacks the microporous surface zone is applied. But before that solution
      is applied, the surface zone is wet with a liquid which is a coagulant for
      that solution. The solution forms an adherent layer bridging and covering
      micropores which pass through the surface of the microporous zone. The
      adherent layer is less than 20 microns thick, is essentially free of pores
      whose diameter is above 0.3 micron, and is permeable to water vapor.
DRWD
PAR  FIGS. 1 to 8 of this application correspond to FIGS. 1 to 8 in U.S. Pat.
      No. 3,764,363.
DETD
PAR  FIG. 1 is a cross sectional view of a microporous sheet, before treatment
      according to this invention; this particular sheet is of unsupported,
      fleeceless elastomeric (black pigmented) polyurethane and has two integral
      layers; the upper layer 11 is thinner than the lower layer 12 and has a
      lower specific gravity.
PAR  FIG. 2 is a cross sectional view, at a higher magnification than in FIG. 1,
      showing the upper surface zone of the sheet; upper surface is indicated at
      13.
PAR  FIG. 3 is a view of the upper surface 13, which has a dull gray appearance
      and is characterized by a number of open micropores.
PAR  FIG. 4 is a view, at high magnification, of the central part of FIG. 3.
PAR  FIG. 5 is a cross sectional view of the upper surface zone of the sheet
      after it has been sprayed (while wet with a 50/50 methanol/water mixture)
      with a dilute pigmented solution of elastomeric polyurethane and dried.
      Comparison with FIG. 2 (which is to about the same scale) indicates the
      presence of a thin upper layer 14 in which there are very few pores of a
      size to be visible with the scanning electron microscope that is employed.
      In FIG. 5 the angle of viewing is such that one can see a portion of the
      upper surface 16, behind the plane of the cross section.
PAR  FIG. 6 is a view similar to FIG. 5 but at higher magnification.
PAR  FIGS. 7 and 8 are top views of the upper surface 16 of the material shown
      in FIG. 5 at different magnifications; they indicate that the surface is
      micropebbly, with few pores of the same size as in FIGS. 3 and 4, but is
      otherwise not as smooth as the original surface.
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that variations may be made therein without
      departing from the spirit of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for the treatment of microporous material which consists
      essentially of providing a sheet material having a water vapor
      transmission of at least about 100 g/m.sup.2 /24 hrs. and having at least
      one surface zone of microporous polymeric material, said surface zone
      being wet with a liquid, applying to the outer surface of said surface
      zone a solution of polymeric material in a solvent which attacks the
      polymeric material of said surface zone, coagulating said solution by the
      action of said liquid present in said surface zone and removing said
      solvent and said liquid supplied by said surface zone by evaporation to
      form an adherent layer less than 20 microns in thickness on said surface
      zone, said liquid being a non-solvent for the polymeric material of said
      solution and of said surface zone and being a coagulant for said solution
      whereby to coagulate said solution as a water vapor permeable layer on
      said outer surface, there being sufficient of said non-solvent in said
      zone to effect said coagulation.
NUM  2.
PAR  2. Process as in claim 1 in which said surface zone is of fiber-free
      microporous polyurethane having an apparent density of 0.3 to 0.4
      g/cm.sup.3.
NUM  3.
PAR  3. Process as in claim 1 in which said surface zone is of fiber-free
      microporous polyurethane, said solvent is dimethylformamide, said liquid
      non-solvent is water, and said resulting water vapor permeable layer is
      essentially free of pores whose diameter is above 0.3 micron.
NUM  4.
PAR  4. Process as in claim 3 in which said microporous polyurethane is present
      as a layer at least 0.2 mm thick.
NUM  5.
PAR  5. Process as in claim 4 in which said layer thickness is 0.5 mm, the
      apparent density of said microporous layer is 0.3 to 0.4 g/cm.sup.3, the
      polyurethane of said microporous layer is a thermoplastic elastomer having
      (in cast film form) a permanent set, after 100% elongation, of about 5 to
      20%.
NUM  6.
PAR  6. Process as in claim 1 in which said solution is carried on a solid
      transfer surface and is thereby applied to said microporous surface while
      the latter is wet with said non-solvent liquid.
NUM  7.
PAR  7. Process as in claim 1 in which a layer of said solution is formed on
      said wet surface and said coagulation occurs primarily in that portion of
      said applied solution which is adjacent to said outer surface of said
      microporous zone, said coagulated layer after said coagulation and
      evaporation having a lustrous surface.
NUM  8.
PAR  8. Process as in claim 3 in which said resulting water vapor permeable
      layer bridges and covers micropores which pass through said outer surface
      of said surface zone, and said solution of polymeric material contains
      dissolved elastomeric polyurethane.
NUM  9.
PAR  9. Process as in claim 8 in which said solution contains a dispersed
      pigment, the ratio of dispersed pigment to polyurethane being in the range
      of about 1:1 to 1:10.
NUM  10.
PAR  10. Process as in claim 9 in which said resulting water vapor permeable
      layer is 10 microns thick.
NUM  11.
PAR  11. A process as in claim 9 in which said microporous surface zone has
      cavities, whose maximum dimensions are up to about 45 microns, connected
      by passages having smaller dimensions, the thickness of the walls of said
      cavities being in the range of about 1 to 10 microns.
NUM  12.
PAR  12. A process as in claim 11 in which said adherent layer is about 2 to 10
      microns thick.
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ABST
PAL  A strengthened glass-ceramic laminated article having a
      compressively-stressed surface layer substantially enveloping a
      tensilely-stressed core portion, produced by choosing the core and surface
      layer compositions such that the core undergoes a net positive
      differential densification with respect to the surface layer as the result
      of phase transformations occurring in the laminated article during
      crystallization in situ. Such an article offers significant advantages
      over glass and glass-ceramic articles strengthened by prior art methods,
      including improved mechanical stability, thermal shock resistance, and,
      most importantly, excellent high temperature strength retention.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 196,593, filed November 8, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known in the glass art that glass is quite strong under
      compressive stress, and that, ordinarily, glass breakage occurs as the
      result of tensile stress being applied to some portion of the glass
      article. It is primarily under tensile stress that surface cracks or
      defects propagate readily into the interior of the article to cause
      breakage. Most well-known glass-strengthening methods take advantage of
      this characteristic by providing a compressively-stressed surface layer on
      the glass article to be strenghtened. The compressive stress inhibits the
      propagation of surface cracks into the article and must be overcome by
      large counterbalancing tensile stresses before crack propagation and
      failure will occur.
PAR  Recent methods of providing such compressively-stressed surface layers
      include ion-exchange strengthening. Ion exchange methods generally involve
      contacting the surface of the glass to be strengthened with a source of
      exchangeable ions at elevated temperatures to cause the migration of ions
      from that source into the glass in exchange for certain ions from the
      glass. In this way, the composition of the surface layer of glass is
      changed so that a compressively-stressed region is formed which adds
      considerably to the strength of the article. Such a procedure suffers from
      several major disadvantages. It usually involves the use of molten salts
      at elevated temperatures to provide a source of exchangeable ions, and is,
      therefore, hazardous and expensive. It also provides a rather thin
      compressively-stressed surface layer on the treated glass which is subject
      to penetration by simple abrasion is everyday use, thus rendering such
      articles mechanically unstable. Finally, the strength provided by such a
      layer is subject to degradation at elevated temperatures due to the
      release of the compressive stress as the strain point of the glass is
      reached.
PAR  Similar ion-exchange strengthening procedures have more recently been
      discovered for semicrystalline glasses or glassceramics, which are
      produced through the crystallization in situ of certain glasses containing
      crystallization-promoting or nucleating agents by the use of an
      appropriate heat treatment. However, the use of glass-ceramics has not
      overcome the inherent disadvantages of ion-exchange strengthening
      procedures.
PAR  Even more recently, commercially practicable methods have been discovered
      for producing laminated glass and glass-ceramic articles having
      compressively-stressed surface layers as the result of a thermal expansion
      mismatch between the core and surface layer glasses. U.S. Pat. No.
      3,673,049 issued to Giffen et al. describes a method of forming a glass
      laminate at elevated temperatures so as to obtain intimate bonding or
      fusion of the core and adhered surface layers and thus, an interface which
      is essentially defect-free. Such a laminate depends for its strength upon
      a difference in thermal expansion between the core and surface glasses
      over the temperature range from about the setting point of the laminate to
      room temperature, such that the core will contract more than the surface
      layers upon cooling. In this way, a laminate having compressively-stressed
      surface layers and a tensilely-stressed core at room temperature is
      provided. Such articles are efficiently manufactured from relatively
      inexpensive starting materials, but since they generally incorporate at
      least one high expansion material to provide a sufficient expansion
      mismatch, their thermal shock resistance is not good. Furthermore, the
      strength provided by the compressively-stressed surface layer at room
      temperature is lost at elevated temperatures due to the same expansion
      mismatch, which causes a reversal of the stress buildup upon heating, so
      that such articles do not offer good high temperature strength. The use of
      low-expansion thermally-crystallizable glasses or glass-ceramics in
      forming the laminate, although somewhat helpful in improving thermal shock
      resistance, does not avoid the loss of strength at elevated temperatures
      which occurs as the inevitable result of the presence of a substantial
      thermal expansion mismatch.
PAR  It is accordingly the principal object of the present invention to provide
      strengthened glass-ceramic articles offering not only high strength,
      mechanical stability and good thermal shock resistance at room
      temperature, but also excellent strength retention at high temperatures.
PAR  It is a further object of the present invention to provide a method of
      making such articles which can be employed simply and economically using a
      wide variety of glass-ceramics of differing chemical and physical
      properties to provide strengthened products having desirable
      characteristics.
PAR  Other objects and advantages of the present invention will become apparent
      to those skilled in the art from the following detailed description, and
      from the appended drawings showing in schematic form several embodiments
      of the mechanism by which strengthening is achieved according to the
      present invention.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, our invention comprises a novel method of strengthening
      glass-ceramic articles by providing them with a glass-ceramic skin which
      densifies to a lesser extent than the core glass-ceramic upon
      crystallization in situ. Strengthening occurs during crystallization as
      the result of compressive stresses in the skin which arise, not out of a
      thermal expansion mismatch between the core and skin material, but out of
      a greater volume shrinkage of the core glass-ceramic with respect to the
      glass-ceramic skin, which results from phase transformations occurring in
      the core and skin materials during the crystallization heat treatment.
      Alternatively, the skin may be a glass which expands during conversion to
      a glass-ceramic. Thus, advantage is taken of the fact that most
      thermally-crystallizable glasses undergo volume changes during
      crystallization as the result of phase transformations occuring in the
      glass during thermal conversion to the glass-ceramic state. In most cases,
      the volume change is negative due to the densification of the glass as the
      result of the formation of high-density crystalline phases therein.
PAR  Normally, the strengthened glass-ceramics of the invention will be produced
      by laminating a thermally-crystallizable core glass with a different
      thermally-crystallizable glas to form a surface layer which substantially
      envelops the core glass and is fused thereto, and which densifies to a
      lesser extent or expands to a greater extent than the core glass upon
      crystallization in situ. Lamination is carried out above the softening
      point of one or both of the glasses so that the desired fusion of core and
      surface layer is obtained. In this way, articles can be produced having
      surface layers as thick as desired so that they will be resistant to
      damage by abrasion. Furthermore, since the compressive stresses in the
      surface layer do not result from a thermal expansion mismatch between the
      core and surface layers, very low expansion glass-ceramics may be used
      which can provide an article with extremely high thermal shock resistance.
      And finally, the use of core and surface layer glass-ceramics having
      similar thermal expansion characteristics and high-temperature stability
      permits the manufacture of strengthened articles which will retain high
      strength even at temperatures ranging up to about 1,000.degree.C., since
      the densification differential giving rise to the surface compression
      layer is produced by permanent phase transformations which are not
      subsequently affected by high temperatures or temperature cycling.
PAR  In selecting glass-ceramics suitable for the preparation of strengthened
      articles according to the present invention, the magnitudes of the
      relative densities of the core and surface materials are not important,
      the core may be either more or less dense than the surface layer without
      affecting the ultimate strength of the article. However, the degree to
      which each of the materials under consideration for the laminate changes
      in density upon thermal treatment must be known or measured, and the
      materials chosen so that the net differential density change of the core
      with respect to the skin will be positive. In other words, the core must
      shrink or densify more than the surface layer or the surface layer must
      expand more than the core during conversion to the glass-ceramic state, so
      that the surface layer will be in compression.
PAR  It is also important from the standpoint of high temperature strength that
      the thermal expansion characteristics of the crystallized core and surface
      layer be somewhat similar. If the surface layer expands substantially more
      than the core upon heating, some of the compressive surface stress in the
      laminated article will be lost at elevated temperatures. For this reason
      it is preferred that the difference in coefficient of thermal expansion
      between the crystallized core and surface layer glass-ceramics be no
      greater than about 8 .times. 10.sup.-.sup.7 /.degree.C. and most
      preferably less than about 5 .times. 10.sup.-.sup.7 /.degree.C.
DRWD
PAR  FIG. 1 sets forth in schematic form the mechanism by which strengthening
      may occur during the nucleation and crystallization of a laminated
      glass-ceramic article according to the invention. Line T represents a plot
      of relative temperature vs. time for a typical heat treatment, wherein the
      lower plateau represents a hold at the nucleation temperature and the
      upper plateau a hold at the crystallization temperature. Superimposed on
      that plot are plots of relative density vs. time for suitable core (line
      D.sub.c) and surface layer (line D.sub.s) glass-ceramics, wherein D.sub.ci
      and D.sub.cf are the initial and final densities of the core, D.sub.si and
      D.sub.sf the initial and final densities of the surface layer, and
      .DELTA.D.sub.c and .DELTA.D.sub.s the relative density changes of the core
      and surface layer, respectively. It can be seen that, since .DELTA.D.sub.c
      is larger than .DELTA.D.sub.s, the core material has densified to a
      greater extent than the surface layer upon heat treatment, with most of
      the volume change occurring subsequent to nucleation and during the early
      stages of crystallization, thus placing the surface layer under
      compressive stress and strengthening the laminate.
PAR  Other embodiments of the invention are shown in FIGS. 2 and 3 of the
      drawing, wherein all of the designations are the same as for FIG. 1. In
      FIG. 2, the core is less dense on an absolute scale than the skin;
      nevertheless, strengthening is obtained because the core densifies to a
      greater extent than the skin during crystallization and/or subsequent
      phase transformation.
PAR  In FIG. 3, the core material undegoes no volume or density change during
      crystallization; however, the skin glass-ceramic actually expands during
      crystallization due to the formation of low density crystal phases
      therein, thus demonstrating a negative density change. This gives rise to
      a compressive stress which strengthens the laminated article. In all of
      the figures, density changes resulting from thermally-induced volume
      changes are not shown.
PAR  In each of the three embodiments shown, the value of the change in density
      of the core (.DELTA.D.sub.c) is greater than the value of the changing
      density of the skin (.DELTA.D.sub.s); i.e., the value of the expression
      .DELTA.D.sub.c -.DELTA.D.sub.s is positive. More specifically, where
      D.sub.ci is the density of the core glass-ceramic prior to crystallization
      in situ and D.sub.cf is the density of the core after crystallization, as
      determined by calculation or experiment, and where D.sub.si is the density
      of the skin glass-ceramic prior to crystallization and D.sub.sf the
      density of the skin thereafter, also as determined by calculation or
      experiment, we have found that the value of the expression
      ##EQU1##
      must be positive for differential densification strengthening to occur.
PAR  In all instances throughout the present specification and claims wherein
      the density values D.sub.ci, D.sub.cf, D.sub.si, and D.sub.sf are used to
      calculate the relative density changes of the core and surface layers, the
      density changes of interest are only those occurring as the result of the
      transformation of the core and surface layers from the amorphous to the
      semicrystalline state, and not those arising out of changes in
      temperature. The effect of temperature changes on stress distribution in
      the present system is normally small due to the similar thermal expansion
      characteristics of the core and surface layer glass-ceramics. For these
      reasons, thermal effects are ignored in the above calculations of
      differential densification and the density values employed are all as
      measured or calculated at equivalent temperatures. Suitably, the density
      values used are those calculated for the glass and glass-ceramic materials
      at a selected temperature in the crystallization range of the core and
      surface layer components, since it is at crystallization temperatures
      where the stress-producing density changes occur. The crystallization
      ranges of the various glass-ceramics are known in the art, and the
      selection of any convenient temperature in those ranges, for example, the
      actual temperature selected for crystallization of the glass-ceramic
      laminate, is useful for calculating the densities to be used in
      determining the extent of differential densification as hereinabove
      described. Glass-ceramics to be included in the laminate according to the
      invention may therefore be selected on the basis that there densities
      D.sub.ci, D.sub.cf, D.sub.si, and D.sub.sf at the temperature selected for
      crystallization of the laminate have values satisfying the differential
      densification limitations set forth herein.
PAR  As a practical matter, however, room temperature density values may be
      employed to closely approximate the densification differential since the
      errors due to thermal effects in these systems is normally small.
PAR  Calculations of the stresses arising in laminated rods or cane strenthened
      by the method of differential densification indicate that for every 0.1%
      of differential densification into a laminate, an increase in modulus of
      rupture approximating about 4,000 psi over the inherent strength of the
      material can theoretically be obtained. However, various factors limit the
      actual strength obtainable through the method, as will hereinafter more
      fully appear, so that percent densification differentials between core and
      skin ranging from about 0.1% up to about 20% or even higher may be
      required in some cases in order to produce acceptably high strengths.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  We have found that, although the compositions and crystal phases present in
      the core and surface layer glass-ceramics are not critical in obtaining
      strengthening according to the present invention, certain physical
      requirements of the core and skin should be met in order to increase the
      strength of the composite article. Thus, in addition to the requirement
      that the core demonstrate a net positive differential density change with
      respect to the skin upon crystallization, the skin glass-ceramic should
      have a high viscosity or creep resistance at crystallization temperatures
      so that stress relaxation during heat treatment will be minimized. Hence,
      it is preferable that the glass crystallize to very high crystallinity
      before the densification of the core occurs, and that the crystallized
      surface layer exhibit good creep resistance, i.e., resistance to flow
      stimulated by the contraction of the core. Otherwise, the creep of the
      skin would cause the release of surface compression. Thus, it is
      preferable that the skin glass crystallize faster and/or at lower
      temperatures as well as at higher viscosity than the core glass, although
      even in that case some stress relaxation will probably occur in the
      surface layer due to the high temperature thermal treatments required in
      converting glasses to glass-ceramics.
PAR  It is also preferable but not necessary that the core material be equal or
      slightly higher in thermal expansion than the skin material both before
      and after crystallization, since otherwise, the resulting surface tensile
      stresses will detract from the surface compression and decrease the
      strengthening effect of the densification differential.
PAR  We have found that a calculated densification differential of at least 0.5%
      between the core and skin materials should be provided if appreciable
      increases in body strengths are to be achieved. For the purpose of the
      present invention, the percent densification differential (D) is
      calculated from the equation
      ##EQU2##
      wherein D.sub.si, D.sub.sf, D.sub.ci, and D.sub.cf are the initial and
      final densities of the skin and the initial and final densities of the
      core respectively, as determined by calculation or experiment. Thus, D
      must be positive and should preferably be equal to at least about 0.5% if
      the densification differential is to have significant effect on the
      strength of the article. More preferably, D will range between about
      1.varies.5%. Values as high as about 20% may be employed when the
      resistance of the surface layer to stress relaxation upon heat treatment
      is low.
PAR  From the practical standpoint, densification is achieved by varying
      composition and/or thermal treatment so that either the principal
      crystalline phase of the core is of higher density than the principal
      crystalline phase of the skin, or more of a highly dense minor crystalline
      phase will be formed in the core than in the skin. Thus, in Li.sub.2
      O-Al.sub.2 O.sub.3 -SiO.sub.2 glass-ceramics having beta-spodumene solid
      solution as the principal crystalline phase, increasing Li.sub.2
      O.Al.sub.2 O.sub.3 content results in the formation of a highly stuffed
      lattice and, hence, a less dense solid solution due to an increase in
      lattice spacing. Cordierite glass-ceramics (MgO--Al.sub.2 O.sub.3
      --SiO.sub.2) are generally suitable for use as a skin material because
      they density very little or expand slightly upon crystallization and also
      crystallize at very high viscosity.
PAR  Dispersion of very dense minor phase in the core is perhaps the easiest way
      to increase the core/skin densification differential. Thus, the presence
      of such dense phases as gahnite (ZnAl.sub.2 O.sub.4) a spinel (MgAl.sub.2
      O.sub.4) can be increased by only slight variations in composition. The
      amount of densification can be easily controlled by the amount of such
      dense oxides.
PAR  The selection of a suitable heat treatment to cause crystallization in situ
      of the strengthened glass-ceramic articles of the invention is a routine
      matter, but one which should be undertaken with due regard for the types
      of thermally-crystallizable glasses employed. The various heat treatments
      suitable for each of the various kinds of glass-ceramics are well known,
      generally involving a nucleation stage during which the article is heated
      at a temperature sufficient to cause the separation of nucleating phases
      within the glass for a time sufficient to achieve the desired degree of
      nucleation, and a crystallization stage during which the article is
      further heated at a temperature sufficient to cause the growth of crystals
      commencing at the nucleation sites for a time sufficient to achieve the
      desired degree of crystallization. Optionally, as is well known, the heat
      treatment may instead be carried out as a continuous heating process, with
      nucleation and crystallization occurring as the article is heated to
      crystallization temperatures. The only restriction on prior art heat
      treatment methods as applied to the present invention is that they must
      not involve crystallization treatments so extreme as to result in complete
      stress relaxation in the surface layer during the crystallization
      treatment. Stress release is both time and temperature dependent,
      occurring slowly at temperatures above the strain point and with
      increasing rapidity at temperatures approaching the softening point of the
      material. Hence, the crystallization temperature selected must be
      sufficient to cause crystallization in the laminated article giving rise
      to a positive densification differential, but below that temperature at
      which complete stress relaxation will occur in the surface layer in the
      course of the crystallization heat treatment.
PAR  Table I lists several examples of composite articles strengthened according
      to the present invention by the method of differential densification. The
      modulus of rupture strengths shown at the various temperatures were
      determined on abraded cane samples. The glass-ceramic materials themselves
      have abraded strengths of about 10,000-14,000 psi in the crystallized but
      unstrengthened state. Also included in the table are the thermal expansion
      of the core and skin glass-ceramics, expressed as an average over the
      range from room temperature to about 700.degree.-800.degree.C., the
      thermal treatment employed in crystallizing each sample, the crystalline
      phases present in the core and skin glass-ceramics as determined by X-ray
      diffraction, and the percent densification differential as calculated from
      the initial and final densities of the core and skin materials.
PAR  The cane samples were produced by a process wherein a molten glass core was
      coated by thin layers of molten skin glass by drawing through a multiple
      orifice to produce cylindrical rods about 0.100-0.250 inch in diameter
      (usually about 0.200 inch) having cylindrical surface layers about 0.005
      inch in thickness. The heat treatment values given in Table I are the
      holding temperatures and times of the nucleation and crystallization
      stages of the treatment. These holding temperatures were approached at a
      rate ranging from 100.degree. to 300.degree.C. per hour, and the samples
      were cooled at a rate of about 300.degree.C. per hour after completion of
      the crystallization hold.
TBL                                    TABLE I                                 

     __________________________________________________________________________

              1                 2                 3                            

              CORE     SKIN     CORE     SKIN     CORE     SKIN                

     __________________________________________________________________________

     SiO.sub.2                                                                 

              72.2     72.5     65.8     72.5     69.7     68.0                

     Al.sub.2 O.sub.3                                                          

              20.4     22.5     19.5     22.5     17.9     20.5                

     Li.sub.2 O                                                                

              2.0      3.0      3.6      3.0      2.7      3.5                 

     MgO      5.4      4.0      1.8      4.0      2.6      1.7                 

     ZnO      --       --       2.2      --       1.1      1.2                 

     TiO.sub.2                                                                 

              4.0      4.5      4.3      4.5      4.7      4.7                 

     ZrO.sub.2                                                                 

              1.5      --       --       --       0.1      --                  

     B.sub.2 O.sub.3                                                           

              --       --       2.0      --       --       --                  

     Na.sub.2 O                                                                

              --       --       0.3      --       0.3      --                  

     As.sub.2 O.sub.3                                                          

              0.75     0.75     1.0      0.75     0.9      0.4                 

     K.sub.2 O                                                                 

              --       --       --       --       --       --                  

     Crystalline                                                               

              .beta.-quartz                                                    

                       .beta.-quartz                                           

                                .beta.-spodumene                               

                                         .beta.-quartz                         

                                                  .beta.-spodumene             

                                                           .beta.-spodumene    

     Phases   spinel   .beta.-spodumene                                        

                                gahnite  .beta.-spodumene                      

                                                  spinel   anatase             

              rutile, ZrO.sub.2                                                

                       cordierite                                              

                                rutile   cordierite                            

                                                  rutile                       

                       rutile                                                  

     Thermal                                                                   

     Expansion                                                                 

     (.times.10.sup..sup.-7 /.degree.C.,                                       

              18.5 (700.degree.C.)                                             

                       14.8 (700.degree.C.)                                    

                                23.0 (700.degree.C.)                           

                                         14.8 (700.degree.C.)                  

                                                  15.0 (800.degree.C.)         

                                                           13.5                

                                                           (800.degree.C.)     

     RT-T.degree.C.)                                                           

     Heat Treatment                                                            

              780.degree.C.-2 hrs.                                             

                       1000.degree.C.-2 hrs.                                   

                                800.degree.C.-2 hrs.                           

                                         900.degree.C.-2 hrs.                  

                                                  800.degree.C.-2              

                                                           1030.degree.C.-2    

                                                           hrs.                

     % Differential                                                            

     Densification                                                             

              4.8%              1.4%              0.9%                         

     Modulus of                                                                

     Rupture                                                                   

     (psi)                                                                     

     R-T      35,000            70,000            30-35,000                    

     500.degree.C.                                                             

              37,000            --                25,000                       

     700.degree.C.                                                             

              39,000            --                25,000                       

     800.degree.C.                                                             

              --                --                --                           

              4                 5                 6                            

              CORE     SKIN     CORE     SKIN     CORE     SKIN                

     __________________________________________________________________________

     SiO.sub.2                                                                 

              69.7     65.10    68.8     68.7     69.3     72.0                

     Al.sub.2 O.sub.3                                                          

              17.9     23.10    22.0     17.9     18.7     17.7                

     Li.sub.2 O                                                                

              2.7      3.77     2.9      3.3      3.6      4.5                 

     MgO      2.6      1.77     1.2      1.4      0.3      0.3                 

     ZnO      1.1      1.46     5.1      1.9      2.6      0.1                 

     TiO.sub.2                                                                 

              4.7      2.01     3.5      5.5      4.5      4.4                 

     ZrO.sub.2                                                                 

              0.1      1.89     1.5      --       --       --                  

     Na.sub.2 O                                                                

              0.3      --       --       0.3      --       --                  

     As.sub.2 O.sub.3                                                          

              0.9      0.75     0.75     1.0      --       --                  

     K.sub.2 O                                                                 

              --       0.15     --       --       --       --                  

     Crystalline                                                               

               .beta.-spodumene                                                

                       .beta.-spodumene                                        

                                .beta.-quartz                                  

                                         .beta.-spodumene                      

                                                  .beta.-spodumene             

                                                           .beta.-spodumene    

     Phases   spinel   spinel   .beta.-spodumene                               

                                         spinel   gahnite  anatase             

              rutile   ZrO.sub.2, rutile                                       

                                ZrO.sub.2, rutile                              

                                         anatase  rutile                       

                                spinel                                         

     Thermal                                                                   

     Expansion                                                                 

     (.times.10.sup..sup.-7 /.degree.C.,                                       

              15.0 (800.degree.C.)                                             

                       12.0 (800.degree.C.)                                    

                                16.8 (700.degree.C.)                           

                                         9.0 (800.degree.C.)                   

                                                  5.7 (800.degree.C.)          

                                                           5.7                 

                                                           (800.degree.C.)     

     RT-T.degree.C.)                                                           

     Heat Treatment                                                            

              800.degree.C.-2 hrs.                                             

                       1030.degree.C.-2 hrs.                                   

                                800.degree.C.-2 hrs.                           

                                         1000.degree.C.-2 hrs.                 

                                                  800.degree.C.-2              

                                                           1130.degree.C.-2    

                                                           hrs.                

     % Differential                                                            

     Densification                                                             

              1.6%              2.8%              2.0%                         

     Modulus of                                                                

     Rupture                                                                   

     (psi)                                                                     

     R-T      29,000            35,000            26-32,000                    

     500.degree.C.                                                             

              --                --                --                           

     700.degree.C.                                                             

              --                26,000            --                           

     800.degree.C.                                                             

              --                --                24-28,000                    

     __________________________________________________________________________

PAR  Example I of Table I shows the effectiveness of the differential
      densification method in providing strenthened articles which retain their
      strength at elevated temperatures, conclusively showing that the
      strengthening is not due to the thermal expansion mismatch. Thus, the
      observed strength not only increases with temperature, but is also far
      above that which could be attributed to the measured difference in thermal
      expansion. The fact that the observed strength of 35,000 psi is well below
      the theoretical strength of laminated cane having a 4.8% densification
      differential is attributed to stress relaxation in the skin during heat
      treatment. The observed densification differential is due to a higher MgO
      content in the core leading to the formation of a dense minor spinal phase
      (MgAl.sub.2 O.sub.4), and also to a higher Li.sub.2 O and Al.sub.2 O.sub.3
      content in the skin which results in a highly-stuffed, comparatively
      low-density beta-spodumene s.s. phase containing some cordierite. In this
      composite, the skin has a more advanced phase assemblage than the core,
      due to the increased presence of Li.sub.2 O which promotes the formation
      of beta-spodumene s.s. at lower temperatures.
PAR  Example 2 shows a room temperature strength of about 70,000 psi, which is
      approximately equal to the theoretical strength obtainable from the
      calculated percent densification differential of about 1.4%. The reason
      for such high strength is probably the fact that the laminate was
      crystallized at a comparatively low temperature of about 900.degree.C.;
      thus, stress relaxation is reduced considerably. However, the thermal
      expansion differential of about 8 .times. 10.sup.-.sup.7 /.degree.C.
      between the core and skin could give rise to strengthening of, at the
      most, about 10,000 psi. This strengthening, when added to the inherent
      strength of the body (about 10,000 psi), leaves about 50,000 psi
      attributable to differential densification strengthening. This
      differential is primarily due to the small amount of very dense gahnite
      (ZnAl.sub.2 O.sub.4) formed in the core glass-ceramic.
PAR  Example 3 shows strengthening of about 20,000 psi over the inherent
      strength of the body, or approximately 50% of the theoretical strength
      expected from the 0.9% densification differential. Here, the thermal
      expansion differential of about 1.5 .times. 10.sup.-.sup.7 /.degree.C.
      would cause only negligible strengthening. The densification differential
      primarily results from the higher Li.sub.2 O.Al.sub.2 O.sub.3 content of
      the skin leading to higher beta-spodumene s.s. stuffing, and to some
      spinel formation in the core.
PAR  Example 4 shows a room temperature strength of about 29,000 psi, which is
      about 19,000 psi over the inherent strength of the body. This
      strengthening is attributable to a densification differential of about
      1.6% which arises primarily because the higher Al.sub.2 O.sub.3 and
      Li.sub.2 O content of the skin produces a more highly stuffed
      beta-spodumene crystalline structure and, hence, less densification,
      during crystallization.
PAR  Example 5 shows strengthening of about 25,000 psi over the inherent
      strength of the body at room temperature, but about 8,000 psi of this
      strength may be attributed to the thermal expansion mismatch between the
      core and skin. The differential densification strengthening is due to
      increased spinel formation in the core on account of the higher ZnO
      content, and to the retention of some beta-quartz in the core after
      ceramming, which is somewhat higher in density than the spodumene phase.
PAR  Example 6 shows how differential densification strengthening can be used to
      strengthen a glass-ceramic system of very low thermal expansion. High ZnO
      and low Li.sub.2 O in the core composition results in higher densification
      due to the greater amount of gahnite and more siliceous beta-spodumene
      s.s. than the skin composition. Rutile formation in the core and anatase
      in the skin also contribute to the densification differential, since
      rutile has much higher density than anatase. This laminated system could
      not have been strengthened by the negligible thermal expansion
      differential.
PAR  Other systems which may be strengthened by the method of differential
      densification through a process of core contraction and/or skin expansion
      include the following:
TBL  __________________________________________________________________________

                 7                         8                                   

                 CORE         SKIN         CORE          SKIN                  

     __________________________________________________________________________

     SiO.sub.2   62.2         62.8         65.2          46.8                  

     Al.sub.2 O.sub.3                                                          

                 26.0         26.4         20.8          28.2                  

     Li.sub.2 O  4.7          4.7          2.8           --                    

     MgO         --           --           1.2           13.2                  

     ZnO         --           --           4.8           --                    

     TiO.sub.2   5.1          5.1          3.3           11.4                  

     ZrO.sub.2   --           --           1.4           --                    

     As.sub.2 O.sub.5                                                          

                 1.0          1.0          0.5           0.4                   

     F           1.0          --           --            --                    

     Crystal Phases                                                            

                 .beta.-spodumene, rutile,                                     

                              .beta.-spodumene, rutile,                        

                                           .beta.-spodumene,                   

                                                         cordieritertz,        

                 mullite, topaz                                                

                              mullite      .alpha.-quartz, spinel,             

                                                         rutile                

                                           rutile, zirconia                    

     Thermal Expansion                                                         

     (.times. 10.sup..sup.-7 /.degree.C.)                                      

                 20           13           18            20                    

     Heat Treatment                                                            

                 800.degree.C.-4 hours                                         

                              1100.degree.C.-4 hours                           

                                           800.degree.C.-2 hours               

                                                         1100.degree.C.-2      

                                                         hours                 

     % Densification                                                           

     Differential                                                              

                 1.4%                      12.0%                               

     Estimated Strength                                                        

     (MOR-psi)   50,000                    40,000                              

     __________________________________________________________________________

PAR  In Example 7, strengthening is attributable primarily to the formation of a
      very dense topaz phase in the core material, although the thermal
      expansion mismatch would also provide some additional strength. Example 8
      represents a case in which skin expansion plays a significant role in
      producing a densification differential. In this laminate, core contraction
      provides a densification of about 7.4% and skin expansion accompanying the
      formation of cordierite contributes a negative densification (expansion)
      of --4.7%. The percent densification differential of about 12% provides a
      significant strengthening effect.
PAR  The use of differential densification strengthening provides not only high
      temperature strength retention, but also a higher degree of physical
      stability than is provided in chemically strengthened articles. The use of
      laminated system permits the manufacture of strengthened articles having
      surface layers as thick as is required to provide the desired degree of
      abrasion resistance. While no precise maximum surface layer thickness may
      be established, we have found that the ratio of skin cross-sectional area
      to core cross-sectional area should be less than about 1:5, and will
      normally range between about 1:10 and 1:30. Skin thickness should be
      greater than about 2 mils, and preferably at least about 5 mils for good
      abrasion resistance.
PAR  From the preceding description and examples it is apparent that numerous
      variations and modifications may be employed, particularly with regard to
      the compositions and properties of the core and surface layer materials,
      in order to take advantage of differential densification in obtaining a
      strengthened glass-ceramic article. The composition examples shown are
      merely illustrative of the variety of glass-ceramics which may be
      employed, and the scope of the invention is intended to be limited only as
      defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A strengthened laminated glass-ceramic article comprising a
      glass-ceramic core portion and a compressively-stressed glass-ceramic
      surface layer laminated to and substantially enveloping said core portion,
      wherein
PA1  a. the difference in thermal expansion coefficient between the core and
      surface layer glass-ceramics is less than about 5 .times. 10.sup.-.sup.7
      /.degree.C.;
PA1  b. the glass-ceramic core portion is formed of a composition having at a
      selected crystallization temperature a density D.sub.ci prior to
      crystallization in situ and a density D.sub.cf subsequent thereto;
PA1  c. the compressively-stressed glass-ceramic surface layer is formed of a
      composition having at said crystallization temperature a density D.sub.si
      prior to crystallization in situ and a density D.sub.sf subsequent
      thereto; and wherein
PA1  d. the values of the densities D.sub.ci, D.sub.cf, D.sub.si, and D.sub.sf
      are such that the present value of the densification differential (D) as
      defined by the expression:
      ##EQU3##
      is positive.
NUM  2.
PAR  2. A strengthened laminated glass-ceramic article according to claim 1
      wherein D has a value in the range of about 0.5-20%.
NUM  3.
PAR  3. A strengthened laminated glass-ceramic article according to claim 2
      wherein D has a value in the range of about 1-5%.
NUM  4.
PAR  4. A strengthened laminated glass-ceramic article according to claim 2
      wherein the core and compressively-stressed surface layer glass-ceramics
      are composed of Li.sub.2 O--Al.sub.2 O.sub.3 --SiO.sub.2 compositions
      wherein the principal crystal phases are selected from the group
      consisting of beta-quartz and beta-spodumene solid solutions.
PATN
WKU  039314391
SRC  5
APN  4972899
APT  1
ART  141
APD  19740814
TTL  Modified asphalt hydraulic sealer
ISD  19760106
NCL  8
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EXP  Marquis; Melvyn I.
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NAM  Bresson; Clarence R.
CTY  Bartlesville
STA  OK
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NAM  Spaulding; Forrest D.
CTY  Bartlesville
STA  OK
ASSG
NAM  Phillips Petroleum Company
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ABST
PAL  Cut-back asphalt, when modified by the addition of a small amount of a
      butadiene-styrene block copolymer, a hydrogenated butadiene-styrene
      copolymer, or mixtures thereof, or an ethylene-vinyl acetate copolymer,
      provides an effective hydraulic sealant when applied to a nonwoven fabric.
PARN
PAR  This a divisional application of my copending application Ser. No. 325,387
      filed Jan. 22, 1973 now U.S. Pat. No. 3,856,732.
BSUM
PAR  Heretofore, difficulty has been experienced in providing an asphaltic
      material suitable as a sealant for hydraulic barrier systems. The asphalt
      and asphaltic materials employed for such purposes have had a tendency to
      crack and contract at low temperatures and to soften at high temperatures.
      Conventional asphalts are also subject to cold flow at ambient
      temperatures and can be extruded through the matrix fabric of hydraulic
      barrier systems under hydraulic pressure.
PAR  For many uses it is particularly desirable to employ an asphalt having as
      high a heat softening point as possible. However, very high softening
      point asphalt is inherently hard and brittle. To overcome this problem
      there has previously been practiced the blowing of air through asphalt
      which resulted in a product of improved tenacity, high softening point,
      improved resistance to cold flow and improved low temperature ductility.
      Unfortunately, however, while resistance to cold flow is improved over
      conventional asphalts, blown asphalts are still subject to cold flow.
PAR  It is known that the addition of rubber improves the properties of asphalts
      from both the rheological point of view and the aging point of view.
      Mixtures of asphalt and rubber are often difficult to spread by means of
      sprayers in current use; further, the heating at high temperatures for
      rendering the mixtures fluid partially depolymerizes the rubber which in
      turn modifies the properties of the asphaltic mixture, causing it to lose
      a part of its properties. Very high application temperatures may also be
      detrimental to synthetic fibers which may comprise the hydraulic barrier
      matrix.
PAR  In efforts to obviate these difficulties, aqueous emulsions of asphalt
      containing latex have been used, which emulsions are generally prepared by
      adding latex to emulsions of previously prepared asphalt. Asphaltic
      emulsions may be unsatisfactory in many aspects. Apart from the phenomenon
      of coagulation of the latex, they often exhibit only a mediocre
      adhesiveness. Moreover, they are often very sensitive to atmospheric
      conditions during the curing period.
PAR  Another problem often encountered has had to do with running or puddling of
      the asphaltic materials during the curing period.
PAR  It is thus an object of this invention to provide improved asphaltic
      sealant compositions. It is a further object to provide an improved
      hydraulic barrier system.
PAR  Further objects and advantages of this invention will become apparent to
      those skilled in the art from the following description and accompanying
      claims.
PAR  It has been found, according to this invention, that the addition of a
      small amount of a hydrogenated random butadiene-styrene copolymer, a
      butadiene-styrene block copolymer, or mixtures thereof, or an
      ethylene-vinyl acetate copolymer to a cut-back air-blown asphalt results
      in an asphaltic composition having improved flow and barrier
      characteristics. Further, it has been found that these copolymers, when
      incorporated with an air-blown asphalt, produced appreciable thickening of
      the asphalt. These compositions are thixotropic when cold, but thin on
      heating for spray application. Upon application of the heated mixture to a
      fabric matrix, the asphalt gels quickly and does not run during cure.
      Further, it has been found that the application of said asphaltic
      compositions to a nonwoven fabric matrix results in an improved hydraulic
      barrier system.
PAR  The asphalts useful in the practice of this invention are those known as
      air-blown cut-back asphalts. Blown asphalts normally do not have an
      affinity for, or capacity to absorb rubbers or rubbery copolymers and
      normally possess characteristics which are considerably different from
      those of cracked, straight-run or vacuum-reduced asphalts. The blowing
      operation by which such blown asphalts are produced involves heating an
      asphalt, usually as an asphalt flux, to a temperature of about
      400.degree.-450.degree. F. and oxidizing the mass by blowing air
      therethrough. A catalyst, such as phosphorus pentoxide, can be used if
      desired.
PAR  The result of this oxidation is a change in the nature of the entire mass.
      The purpose of oxidation is normally that of producing a harder asphalt of
      higher softening point, usually on the order of 170.degree. F. or higher.
      Other physical and chemical characteristics of the asphalt which are
      generally changed by this blowing operation include the development of
      greater resistance to flow and to weathering. However, it has also been
      found that the resultant blown asphalts are less compatible with various
      rubbers than are the unblown or unaltered asphalts.
PAR  The term "cut-back" refers to solution of the material in an appropriate
      solvent. Thus, air-blown cut-back asphalt as used in the present invention
      is an asphalt which has been oxidized by a method as hereinbefore
      described, then dissolved in an appropriate solvent. Representative
      solvents which can be utilized include kerosene, toluene, naphtha,
      benzene, and the like.
PAR  The additive which is used in the composition can be a hydrogenated random
      butadiene-styrene copolymer, a block butadiene-styrene copolymer, or
      mixtures thereof, or an ethylene-vinyl acetate copolymer. In a presently
      preferred embodiment the additives are employed in an amount in the range
      of 1 to 10 weight percent of the cut-back asphalt.
PAR  The hydrogenated random butadiene-styrene copolymers of the present
      invention have a molecular weight in the approximate range of 25,000 to
      125,000, a now preferred range being from about 30,000 to about 75,000.
      The copolymer can be one containing from about 30 to about 44 parts by
      weight butadiene per 100 parts by weight of total monomers. The values for
      butadiene content of the polymers are actually those for the butadiene in
      the monomers charged; however, these values are very close to those for
      the butadiene content of the polymers. During hydrogenation, olefinic
      group hydrogenation is 95 weight percent or more and phenyl group
      hydrogenation is 5 weight percent or less.
PAR  The molecular weights given throughout this application were calculated
      from the amount of initiator used in preparing the polymers, with an
      allowance for the known scavenger level. These values, known as kinetic
      molecular weight values, are, within experimental error, the same as
      number average molecular weights (see Journal of Polymer Science, Part A,
      Vol. 3, page 191 (1965)).
PAR  The copolymers of the present invention can be prepared by any of the
      conventional techniques known in the art, such as those described in U.S.
      Pat. No. 2,975,160, R. P. Zelinski, issued Mar. 14, 1961. For example, a
      mixture of butadiene and styrene monomers can be polymerized using
      butyllithium as a catalyst and tetrahydrofuran as a randomizing agent. The
      hydrogenation can be carried out in any manner known in the art, such as
      by the process of U.S. Pat. No. 2,864,809, R. V. Jones et al, issued Dec.
      16, 1968, or that of U.S. Pat. No. 3,113,986, D. S. Breslow et al, issued
      Dec. 10, 1963, or that of U.S. Pat. No. 3,205,278, S. J. Lapporte, issued
      Sept. 7, 1965. For example, the copolymer can be hydrogenated over a
      reduced nickel-kieselguhr catalyst or over a nickel
      octoate-triethylaluminum catalyst system. Hydrogenated butadiene-styrene
      copolymers of the present invention are polymers which have been
      sufficiently hydrogenated to remove substantially all of the olefinic
      unsaturation, leaving only the aromatic (i.e., phenyl group) unsaturation.
      A now preferred hydrogenation random butadiene-styrene copolymer has a
      butadiene/styrene ratio of 41/59, an approximate molecular weight of
      75,000, and is hydrogenated to 5 percent or less unsaturation.
PAR  The block copolymer of the present invention is a copolymer of butadiene
      and styrene having several polybutadiene chains extending from a central
      link with a polystyrene block attached to the outward end of each
      polybutadiene segment.
PAR  The block copolymer of the present invention can be prepared by any of the
      conventional techniques known in the art, such as those described in U.S
      Pat. No. 3,251,905, R. P. Zelinski, issued May 17, 1966, or that of U.S.
      Pat. No. 3,281,383, R. P. Zelinski and H. L. Hsieh, issued Oct. 25, 1966.
      Typically, the block copolymer is prepared by polymerization of the
      butadiene blocks using a suitable alkyllithium initiator, followed by
      polymerization of the terminal styrene blocks.
PAR  The presently preferred block copolymer has a butadiene/styrene ratio of
      70/30 with 29 percent of the styrene appearing in the terminal blocks as
      polystyrene. The copolymer has an approximate molecular weight of 300,000,
      a melt flow of about zero, density 0.94 and a Mooney MS-4 value of 70-90
      at 280.degree.F.
PAR  In one embodiment the additive is a mixture of the random and block
      copolymers described above. The weight ratio of random:block copolymers is
      in the range of 1:10 to 10:1. This additive mixture is employed in an
      amount ranging from 1 to 10 weight percent of the cut-back asphalt. In a
      preferred emodiment, the random:block ratio is 1:1 by weight.
PAR  The ethylene-vinyl acetate copolymer of the present invention is
      commercially available in a variety of formulations. Available
      formulations have vinyl acetate contents ranging from 17 to 42 percent
      based upon the total monomers. The presently preferred formulation has a
      vinyl acetate content of 32-34 weight percent, a melt index of 22-28
      (grams per 10 minutes, ASTM D 1238, modified), inherent viscosity 0.78,
      and density 0.957.
PAR  The asphaltic compositions of this invention can be combined with a fabric
      matrix to form a hydraulic barrier system, to provide a liner for a pond
      or storage pit, or a covering for a surface, as on the ground or a roadway
      of concrete or asphalt, or as a covering for a roof, or the like, as for
      storage of liquids, or repair of a structure or roadway, or laminate
      system consisting of a polyolefin, e.g., a polypropylene fabric
      impregnated with an asphalt-like material, e.g., asphalt.
PAR  Any fabric capable of absorbing or supporting the sealant mixture to form a
      hydraulic barrier can be used. Knit, tufted or woven fabrics, preferably
      made from rot-resistant fibers, can be used. In one embodiment of this
      invention, it has been found that a nonwoven fabric, more particularly
      described below, made from polypropylene fibers, needled and heat sealed
      on at least one side and optionally needled with an additional cap layer
      of fibers, is particularly suited for hydraulic barriers because of its
      high asphalt absorption characteristics.
PAR  In the present method of manufacture of the preferred fabric, crimped
      cut-stable fibers of 3 to 6 denier (grams of polymer/9000 meters of fiber
      length) are carded to form a thin web which is laid several layers thick
      on a pattern of continuous warp threads to yield a loose bat approximately
      1 to 3 inches thick. This is fed to a needle punch operation where barbed
      needles compress and interlock the web and the warp threads together. The
      bat receives approximately 450 needle punches/sq. in. and is reduced to an
      overall thickness of about one-eighth inch. The fabric is passed between a
      hot roll and a cold roll and a nipping operation to fuse surface fibers
      together on the warp thread side; and then optionally through another set
      of rolls to fuse the other side. The fabric is then wound for storage.
      When only one set of nip rolls is used the fabric is called "fused on one
      side" (FIS). When two sets of nip rolls are used, the fabric is called
      "double fused" (DF). Capcoated fabrics are prepared by needling an
      additional bat of fibers to the unfused side or to one side of a doubly
      fused fabric.
PAR  In a presently preferred embodiment of this invention the nonwoven fabric
      material is a nonwoven fabric of polypropylene fibers, pigmented with
      carbon black. It weighs about 4 to 6 ounces per square yard, has a tensile
      strength in the "warp" direction of 80-90 pounds and a tensile strength in
      the fill or woof direction of 90-100 pounds. Such nonwoven fabric, we have
      found, will hold up to about four times as much asphalt material as will
      burlap mats, cotton fibers, woven cloth, and nonwoven fabrics made from
      other materials. A more preferred embodiment utilizes a capcoated
      polypropylene nonwoven fabric.
PAR  The asphaltic composition can be applied to the fabric by impregnation,
      painting, spraying or any other manner in which such compositions are
      ordinarily applied. A now preferred method of application is spraying.
PAR  The basic installation of a hydraulic barrier involves unrolling the
      nonwoven fabric, fused side down, followed by another layer of fabric on
      top of the first, fused side up. The pieces are sewn together on one side,
      forming a continuous seam. The top layer of fabric is pulled out and
      reversed so that the fused side is down and the process repeated until the
      whole installation is covered with fabric. The fabric is then sealed by
      spray application of sealant from either pressure tanks or a distribution
      truck.
PAR  To illustrate the manner in which the invention may be carried out, the
      following examples are given. It is to be understood however, that the
      examples are for the purpose of illustration, and the invention is not to
      be regarded as limited to any of the specific conditions cited therein.
PAR  Hydrostatic testing was performed at a temperature of 100.degree. F. and at
      a pressure equal to 35 ft. of water.
DETD
PAR  In the examples which follow, the asphalt sealed samples of nonwoven fabric
      were prepared as follows:
PAR  A one-foot-square sample of nonwoven fabric was cut out, weighed, stapled
      to a one-foot-square piece of 1/4-inch hardware screen and reweighed. The
      samples were placed on an open frame at a 45.degree. angle and
      spray-coated with asphalt. Unmodified asphalt was applied at
      120.degree.-150.degree. F.; modified asphalt was applied at
      150.degree.-250.degree. F. The coating was applied with a Binks Model 18
      or 62 gun at 60 psig with atomizing air nozzles removed when spraying. The
      samples were cured by standing at a 45.degree. angle on bench tops and
      reweighed before testing to establish asphalt content. Application rates
      of asphalt and asphalt blends to the nonwoven fabrics ranged from 2.1 to
      2.3 lb/yd.sup.2.
PAR  Hydrostatic testing was performed as follows:
PAR  The test apparatus consisted of an 8 inch well cap with three one-inch pipe
      openings in the bell. These pipe openings were used for circulation of
      water at a controlled temperature, for a pressure sensing Mercoid switch
      controlling operation of a sealed circulating pump and timer and for a
      thermocouple well. Other lines were used for filling and emptying the test
      chamber. An 8 3/4-inch diameter test sample (cut from the one-square-foot
      sample with tin snips) was mounted in the bell opening. The wire screen
      backing was supported by an 8 3/4-inch diameter by 1/8-inch-thick steel
      plate. This plate had openings cut in it such that there was basically a 6
      1/2-inch diameter opening with 1/4-inch bars every one-half inch. This
      plate was used as a safety device to prevent blowout ruptures during
      tests. The entire assembly was held in place by a bolted open flange. The
      chamber was filled with water while allowing air to escape. Water was
      circulated through a copper tubing coil in a constant temperature bath and
      then through the test chamber. When the chamber and lines were filled with
      liquid, the test pressure was applied. The Mercoid control was adjusted to
      shut off the timer and circulating pump on a two psig pressure drop.
PAC  EXAMPLE I
PAR  Polymer/asphalt blends were prepared as shown in Table I. Solutions of each
      polymer were first prepared in a suitable solvent, then admixed, in
      amounts given, with 300 g. of an air-blown cut-back asphalt, having a
      penetration value of 40, a ring-and-ball softening point of 180.degree.
      F., and a ductility of 5. The asphalt was a 60 weight percent solution of
      asphalt in 200.degree.-400.degree. F. boiling range naphtha.
PAR  Polymers A and B are not within the scope of the invention but are included
      herein for illustrative purposes.
PAR  Solution of the polymers in the solvents noted in Table I was normally
      effected at room temperature. The admixture of polymers C and D required
      slight heating to effect solution.
PAR  The polymer solutions were blended with the asphalt by hand stirring at
      room temperature.
TBL                TABLE I                                                     

     ______________________________________                                    

     Polymer/Asphalt Blends                                                    

                                         Resultant                             

                                         Blend, Parts                          

                                 Amount  Polymer Per                           

                                 Added   100 Parts                             

                                 to 300 g.                                     

                                         Cut-back                              

     Blend Polymer  Wt. % Solution                                             

                                 Asphalt Asphalt                               

     ______________________________________                                    

     1     A.sup.1  15% in toluene                                             

                                 90 g.   4.5                                   

     2     B.sup.2  15% in toluene                                             

                                 90 g.   4.5                                   

     3     C.sup.3  15% in toluene                                             

                                 90 g.   4.5                                   

     4     D.sup.4  15% in 1:1   72 g.   3.6                                   

                    toluene/Stoddard                                           

                    solvent                                                    

     5     E.sup.5  25% in toluene                                             

                                 60 g.   5                                     

     6     C+D      25% in 2:1   60 g.   2.5 ea                                

                    toluene/Stoddard                                           

                    solvent                                                    

     ______________________________________                                    

      .sup.1 Random copolymer, 75/25 butadiene/styrene, density 0.935, inherent

      viscosity 2.15.                                                          

      .sup.2 Block copolymer, 75/25 butadiene/styrene, 18% block polystyrene,  

      inherent viscosity 0.95, density 0.933.                                  

      .sup.3 Block copolymer, 70/30 butadiene/styrene, 29% block polystyrene,  

      melt flow about zero, density 0.94, approximate molecular weight 300,000.

      .sup.4 Random copolymer, 41/59 butadiene/styrene, hydrogenated to less   

      than 5% unsaturation.                                                    

      .sup.5 Ethylene-vinyl acetate copolymer, 23-34% vinyl acetate.           

PAR  Polymer blends 1 and 2 were thin when cold, i.e., there was no appreciable
      thickening of the asphalt. Blends 3-6 gave gels.
PAC  EXAMPLE II
PAR  For control purposes, unmodified air-blown cut-back asphalt was applied to
      various nonwoven fabrics. For this test, samples were given two coats of
      asphalt. The second coat was applied after the first coat had cured 24
      hours at ambient laboratory conditions (about 70.degree. F.).
TBL                TABLE II                                                    

     ______________________________________                                    

     Unmodified Asphalt Coated Fabric                                          

     Nonwoven Fabric        Time to Failure                                    

     ______________________________________                                    

     5 oz/yd.sup.2 polypropylene FIS                                           

                            Immediate failure                                  

     5 oz/yd.sup.2 nylon capcoated                                             

                            2 minutes                                          

     4.7 oz/yd.sup.2 polypropylene capcoated                                   

                            2 minutes                                          

     ______________________________________                                    

PAC  EXAMPLE III
PAR  To illustrate that not all copolymers provide effective sealant additives
      for asphalt, asphalt blends 1 and 2 were applied to 4.7 oz/yd.sup.2
      polypropylene capcoated nonwoven fabric and tested hydrostatically as
      hereinbefore described. The results were as follows:
TBL  Asphalt Blend  Time to Failure                                            

     ______________________________________                                    

     1              3.1 hours                                                  

     2              Immediate failure                                          

     ______________________________________                                    

PAC  EXAMPLE IV
PAR  Sealant blends 3, 5 and 6 of Example I were applied to a 4.7 oz/yd.sup.2
      polypropylene capcoated nonwoven fabric, then tested hydrostatically. The
      results were as follows:
TBL                TABLE III                                                   

     ______________________________________                                    

                    Parts Polymer    Time to Failure                           

     Blend Polymer  Per 100 Parts Asphalt                                      

                                     (Hours)                                   

     ______________________________________                                    

     3     C        4.5               60+                                      

     5     E        5                120+                                      

     6     C+D      2.5 ea           160+                                      

     ______________________________________                                    

      +test ended without failure.                                             

PAC  EXAMPLE V
PAR  In comparison to Example IV, blend 4 gave the following results, under the
      same test conditions, when applied to other nonwoven fabrics:
TBL  Nonwoven Fabric    Time to Failure (Hours)                                

     ______________________________________                                    

     5 oz/yd.sup.2 polypropylene FIS                                           

                        30+                                                    

     5 oz/yd.sup.2 nylon capcoated                                             

                        25+                                                    

     ______________________________________                                    

      +test ended without failure                                              

PAR  The experimental data clearly show that the polymer additives of this
      invention, when mixed with an air-blown cut-back asphalt, provide improved
      hydraulic sealants.
PAR  Unmodified air-blown cut-back asphalt is almost totally ineffective as a
      hydraulic sealant; asphalt blends with polymers which are not within the
      scope of this invention are relatively ineffective as hydraulic sealants;
      asphalt blends with polymers which are within the scope of this invention
      provide extremely effective hydraulic sealants.
PAR  Other modifications and alterations of this invention will become apparent
      to those skilled in the art from the foregoing discussion and examples and
      it should be understood that this invention is not to be unduly limited
      thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved hydraulic barrier system capable of withstanding a
      hydrostatic pressure at least equal to 35 feet of water at a temperature
      of 100.degree.F comprising at least one layer of a suitable fabric having
      applied thereto a sealant composition consisting essentially of an
      air-blown cut-back asphalt having incorporated therein from 1 to 10 weight
      percent of an additive selected from the group consisting of (a) a
      hydrogenated random butadiene-styrene copolymer containing from about 30
      to about 44 parts by weight of butadiene per 100 parts by weight of total
      monomers with the remainder being styrene; (b) a butadiene-styrene block
      copolymer having the configuration S-B-S, containing about 70 weight
      percent butadiene and about 30 percent styrene; and (c) mixtures of (a)
      and (b) in a weight ratio of (a) to (b) in the range of 1:10 to 10:1.
NUM  2.
PAR  2. The barrier system of claim 1 wherein the weight ratio of said mixture
      (c) is 1:1.
NUM  3.
PAR  3. The barrier system of claim 1 wherein said fabric is a nonwoven fabric.
NUM  4.
PAR  4. The barrier system of claim 3 wherein said fabric is formed of
      polypropylene fibers.
NUM  5.
PAR  5. The barrier system of claim 1 wherein said fabric is a nonwoven fabric
      formed of polypropylene fiber fused on one side and capped with an
      additional layer of fibers selected from polypropylene and nylon and said
      sealant composition consists essentially of said asphalt and said
      copolymer mixture (c).
NUM  6.
PAR  6. A reservoir comprising as a liner extending over its inner surfaces the
      barrier system of claim 1.
NUM  7.
PAR  7. A method of sealing an essentially porous substrate which comprises
      forming an asphaltic gel composition consisting essentially of an
      air-blown cut-back asphalt and from 1 to 10 weight percent of a mixture of
      (a) a hydrogenated random butadiene-styrene copolymer containing from
      about 30 to about 44 parts by weight per 100 parts by weight of total
      monomers with the remainder being styrene and (b) a butadiene-styrene
      block copolymer having the configuration S-B-S, containing about 70 weight
      percent butadiene and about 30 weight percent styrene, wherein the weight
      ratio of said (a) to said (b) is in the range of 1:10 to 10:1; heating
      said gel to a temperature sufficient to render said gel substantially
      liquid; applying said heated liquid to said substrate; and allowing said
      asphaltic composition to cool upon contacting said substrate, thus forming
      a gel and thereby sealing said substrate.
NUM  8.
PAR  8. The method of claim 7 wherein said substrate is a nonwoven fabric.
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ABST
PAL  A method of making a roofing shingle and an asphalt-saturated base sheet
      generally, utilizing a particular asphalt composition, are disclosed
      herein. The composition includes asphalt, which at least initially is in a
      molten state, and a filler material, preferably limestone or other similar
      mineral filler, dispersed throughout the molten asphalt. In addition, the
      composition includes a small amount of glass in the form of glass fiber
      bundles dispersed throughout the asphalt. The glass fiber bundles are made
      of monofilaments bonded together and are preselected to affect the
      viscosity of the molten asphalt in a predetermined way depending upon the
      temperature of the asphalt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to asphalt compositions and more
      particularly to a roofing shingle utilizing a specific asphalt
      composition.
PAR  2. Description of Prior Art
PAR  Most roofing shingles made today are constructed of a base sheet, usually
      either rag felt or, more recently, glass fiber mat, saturated with a
      bituminous substance, usually asphalt, including a large amount of filler
      material such as limestone dust. Roofing shingles of this general type are
      made in various different sizes and shapes and utilize asphalt
      compositions and base sheets which differ greatly from one another. In
      this regard, the various competitors making up the roofing industry are
      constantly striving to decrease the manufacturing costs of their shingles
      while, at the same time, striving to improve shingle strength,
      weatherability and overall general quality. One feature which, in recent
      years, has been somewhat overlooked is shingle fire-resistance. For the
      most part, this is because many manufacturers already have a
      "fire-resistant" asphalt shingle having a "Class A" rating from
      Underwriters Laboratories, the highest UL rating for fire resistance that
      can be presently obtained.
PAR  In order to keep the cost of asphalt shingles at a competitively low level,
      most manufacturers use an inexpensive low-viscosity asphalt and relatively
      inexpensive filler material such as limestone in manufacturing their
      shingles. To improve upon shingle fire-resistance, many manufacturers have
      found it necessary to incorporate some type of fire-resistant improving
      additive to the asphalt-filler combination. One typical additive is
      asbestos and another is ferric chloride (FeCl.sub.3). A major problem in
      utilizing asbestos is that it is at least thought to be a hazardous
      material and thereby requires expensive equipment to maintain acceptable
      air quality standards during manufacture.
PAR  A major problem with FeCl.sub.3 is that it is a corrosive material and
      FeCl.sub.3 asphalts tend to form troublesome coats and skin during shingle
      manufacture. However, without any additive, that is, utilizing an asphalt
      composition including only asphalt of the inexpensive and low-viscosity
      type typically used and filler material such as limestone, it is difficult
      to provide a highly fire-resistant shingle without, for example, utilizing
      an expensive base sheet. The major reason for this resides in the
      viscosity or flow characteristics of the asphalt used.
PAR  More specifically, shingled roofs, unlike built-up roofing decks, lie at a
      slope with the horizontal. When the shingles are subjected to a fire, the
      asphalt melts and reaches high temperatures rather rapidly. At these
      temperatures, without any additive other than the conventional filler, the
      asphalt has a low viscosity and flows quite rapidly down the roof slope
      and away from the source of fire. In so doing, it carries much of the
      filler and base material with it. This, in turn, leaves any hot spots on
      the support deck exposed to the air and particularly any breeze or wind.
      By utilizing an additive such as asbestos or FeCl.sub.3, the asphalt is
      sufficiently viscous such that a protective coating or crust is formed
      over the hot spot acting as a shield against the outside air. This
      protective coating or crust results from the burned remains of at least a
      portion of the combustible ingredients comprising part of the asphalt
      composition.
PAC  PRIOR ART REFERENCES
PAR  U.S. Pat. Nos. 2,489,242 (Slayter et al.), 2,771,387 (Kleist et al.), and
      3,332,830 (Tomlinson et al.) are being made of record herein because, it
      is believed, they are of general relevance to the subject matter disclosed
      herein. However, it is not believed that the subject matter disclosed in
      these patents is at all pertinent to the present invention. For example,
      Slayter et al. is directed to a particular method and particular apparatus
      for making fine glass fibers. As disclosed, these fibers are used as
      additives in several different types of products such as, for example,
      innertubes for pneumatic tires. As specifically stated, "It has been found
      the addition of these very fine fibers to many liquids such as kerosine,
      resin solutions, etc., is effective to increase the viscosity of the
      liquids to a great extent even when only a very small percentage of fibers
      are added. This is due apparently to the extreme fineness and the great
      surface area of the fibers." (See column 11, lines 17-24.)
PAR  The Kleist et al. patent and the Tomlinson et al. patent both disclose
      asphalt-treated glass fiber structures and methods of producing them. The
      former patent, in discussing its method, states in column 7,  lines 6-11,
      "It is desirable sometimes to load the material [the bituminous material]
      with inorganic finely divided or powdered fillers such as glass sandings,
      clays, slate flour, chalk, micadust, crushed or powdered silica,
      diatomaceous earth and the like to reduce flow and tackiness of the
      bituminous impregnating composition and to improve its insulating
      property." The Tomlinson et al. patent discloses a way of enhancing fire
      safeness of its asphalt shingle "by incorporating concentrations of
      chopped strands or bundles of fibers of discrete length at the product
      edges which are critically exposed when installed on the surface to be
      protected." (Column 3, lines 60-63.) It should be noted that these chopped
      strands or bundles of fibers are provided in concentrated areas well after
      impregnation or saturation of the glass fiber mat which also comprise part
      of the Tomlinson et al. shingle.
PAR  The present invention is entirely different from and unobvious in view of
      the above-discussed patents, as will be seen hereinafter. Applicants of
      the present invention have discovered that they can uniformly disperse a
      very small amount of glass in the form of glass fiber bundles in molten
      asphalt to control its viscosity in an advantageous way. More
      specifically, they have found a way to maintain the viscosity of molten
      asphalt at a sufficiently low level to readily permit saturation of a base
      sheet while, at the same time, causing the viscosity of the asphalt to
      increase at elevated temperatures to a level which retards the flow of the
      asphalt an amount sufficient to permit formation of the aforedescribed
      protective coating or crust. This can be done without using undesirable
      additives such as asbestos or FeCl.sub.3.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a fire-resistant asphalt
      roofing shingle.
PAR  Another object of the present invention is to provide a
      viscosity-controlled asphalt composition for saturating a base sheet.
PAR  Still another object of the present invention is to provide a method of
      making a fire-resistant asphalt-saturated base sheet.
PAR  These objects, as well as other objects and features to become apparent
      hereinafter, are achieved by the utilization of a particular asphalt
      composition made in accordance with the present invention. This
      composition is comprised of molten asphalt, which is maintained at a
      relatively low saturating or coating temperature, preferably between
      approximately 350.degree.F and 450.degree.F, and a mineral filler
      material, such as limestone, dispersed throughout the molten asphalt.
PAR  In accordance with the present invention, glass fiber bundles of a
      preselected type, each bundle comprising a plurality of monofilaments
      bonded together, are also dispersed throughout the molten asphalt. These
      glass fiber bundles are selected to meet a number of requirements. For
      example, with the bundles dispersed throughout the molten asphalt and with
      the asphalt being maintained at a relatively low temperature, for example
      between 350.degree.F and 450.degree.F, i.e., the asphalt-saturating or
      coating temperature, the monofilaments of each bundle should substantially
      remain bonded together (unless, of course, the asphalt is severely
      agitated) and the viscosity of the molten composition must remain at a
      sufficiently low level for saturating or coating the base sheet.
PAR  After saturation of the base sheet, let it be assumed that the saturated
      base sheet is positioned on a sloped deck and subjected to a source of
      fire, reaching a temperature of, for example, 700.degree.F. Under these
      conditions, the monofilaments of each bundle should separate and disperse
      throughout the asphalt and the viscosity of the composition, specifically
      the asphalt, should increase from the saturating level to a level which
      retards the flow of the asphalt. More specifically, the flow of the
      asphalt should be retarded an amount sufficient to prevent at least some
      of the combustible material, for example some of the base sheet and some
      of the mineral filler, from flowing away from the source of fire. In this
      manner, that portion of the base sheet and filler material will burn, the
      residue or ash forming a coating or crust at the source of fire and
      preventing the outside air from reaching any hot spots.
PAR  By selecting the glass fiber bundles preferably to meet the aforediscussed
      requirements, the molten asphalt composition is sufficiently flowable to
      readily saturate or coat the base sheet in producing roofing shingles and
      yet, when subjected to flame temperatures, is sufficiently viscous to
      produce the aforestated protective crust or coating.
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PAC  DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS
PAR  The present application is directed generally to asphalt roof coverings and
      more particularly to an asphalt roofing shingle with improved
      fireresistance. The asphalt shingle, which may be of any suitable size or
      shape, includes a base or support sheet encased in and saturated by an
      asphalt composition, commonly referred to as a filled asphalt coating. The
      asphalt saturated base sheet is preferably coated at least on its top
      surface with mineral (ceramic coated) granules or other suitable
      particulate matter.
PAR  As will be seen hereinafter, the asphalt composition includes as its major
      constituents asphalt and a mineral filler such as limestone dust. In
      accordance with the present invention, the composition includes a very
      small amount of glass, in the form of glass fiber bundles, dispersed
      throughout the asphaltfiller mixture. In fact, in accordance with a
      preferred embodiment of the present invention, the asphalt composition
      preferably consists essentially of these three ingredients, i.e., the
      asphalt, mineral filler and small percentage of glass fiber bundles.
PAR  The base sheet utilized as part of the asphalt shingle of the present
      invention may be any one of many which are presently being used for this
      purpose. It may, for example, be of the rag felt type or, as more recently
      provided, the base sheet may take the form of a glass fiber mat. In any
      event, the base sheet could be made by conventional means in a
      conventional way and would include the appropriate physical
      characteristics necessary in manufacturing the shingle and in providing
      the ultimately manufactured shingle with its own appropriate physical
      characteristics. One with ordinary skill in the art could reasonably
      provide such a base sheet.
PAR  The asphalt utilized in the asphalt composition of the present invention
      may also be one which is presently being used by the industry. An asphalt
      of this type typically has a softening point (R & B) of between, for
      example, 190.degree.F and 240.degree.F and a penetration at 77.degree.F
      between, for example, 14dmm and 25dmm. In saturating the aforedescribed
      base sheet, the asphalt is maintained in a molten state, preferably at a
      temperature anywhere between 350.degree.F and 450.degree.F. At this
      temperature and without any fillers or additives, the molten asphalt has a
      viscosity in Saybolt Furol seconds of between 100 and 300.
PAR  The physical properties of the asphalt, as recited herein, are for
      exemplary purposes only. Any asphalt which functions in the manner to be
      described hereinafter may be utilized and, in fact, may be readily
      provided by those skilled in the art. In this regard, the saturating or
      coating temperature of the molten asphalt, or the operating temperature as
      it is commonly called, will depend in part on the particular asphalt used
      and in part on the other ingredients in the overall composition. In any
      event, the temperature of the asphalt should be sufficiently high to
      readily saturate or coat the base sheet with the asphalt composition and
      yet it should not be maintained at a temperature higher than necessary.
      This is, of course, because a large amount of energy is required to
      maintain the composition in its molten state.
PAR  The asphalt composition of the present invention preferably includes
      between approximately 40% and 50% asphalt by weight of the total
      composition. When less than approximately 40% is provided, the asphalt
      does not satisfactorily fulfill its intended purpose, that is, it does not
      satisfactorily provide the ultimately produced shingle with adequate
      physical characteristics. In addition, it tends to be too viscous at the
      preferred saturating temperatures. On the other hand, providing the
      composition with more than 50% asphalt is not necessary and, taking into
      account cost considerations, is not preferable. In this regard, to
      "extend" the asphalt a suitable conventional filler such as, for example,
      limestone dust or other mineral filler, is added thereto.
PAR  The mineral filler is dispersed throughout the asphalt by conventional
      means, for example mechanical agitation, when the asphalt is in its molten
      state, preferably at its saturating temperature. Between approximately 45%
      and 55% mineral filler, by weight of the total asphalt composition, is
      preferably utilized. The exact percentage of mineral filler provided will
      be dictated by the amount of asphalt and the amount of glass in the form
      of glass fiber bundles which are utilized in the composition, especially
      when these are the only ingredients comprising the composition. Of course,
      the filler must not be of a type or an amount which will prevent
      saturation of the base sheet at reasonable saturating temperatures.
PAR  As stated above, in accordance with the present invention, a small
      percentage of glass in the form of glass fiber bundles is added to the
      asphaltfiller mixture. These glass fiber bundles are dispersed throughout
      this mixture or could be dispersed throughout the asphalt prior to the
      addition of the filler but, in any case, are added while the asphalt is in
      a molten state, preferably at its saturating temperature. In this regard,
      the glass may be dispersed in the asphalt by, for example, mechanical
      agitation. However, the degree of agitation must be sufficiently low to
      prevent the fiber bundles from separating in any substantial degree into
      individual monofilaments. The main reason for adding the glass fiber
      bundles is to substantially improve fire-resistance of the ultimately
      produced shingle without using conventional additives such as previously
      discussed asbestos and FeCl.sub.3. The glass fiber bundles are of a
      preselected type which, when added to the molten asphalt-filler mixture,
      cause the overall asphalt composition to function in a predetermined
      manner, which will be discussed directly below.
PAR  As stated previously, the asphalt-filler mixture when maintained at the
      aforedescribed saturating temperature, for example, between 350.degree.F
      and 450.degree.F, will have a sufficiently low viscosity so as to permit
      easy saturation of the base sheet. While the addition of the glass fiber
      bundles to this mixture will increase the viscosity slightly, the amount
      and type of bundles selected must be such that the overall composition, at
      the saturating temperature, has a sufficiently low viscosity level to
      permit easy saturation of the base sheet.
PAR  While the addition of the glass fiber bundles must not appreciably affect
      the viscosity of the molten asphalt at the saturating temperature of the
      asphalt, it must be of the type and amount which will substantially
      increase the viscosity of the overall composition, actually of the asphalt
      itself, when the composition is subjected to extremely high temperatures,
      for example, temperatures above 700.degree.F.
PAR  Let it be assumed, for example, that a shingle or, for that matter, an
      asphalt-saturated base sheet, utilizing the asphalt composition of the
      present invention, is mounted on a sloped deck at, for example, 5 inches
      per foot inclination to the horizontal. Let it further be assumed that the
      shingle or saturated base sheet generally is subjected on its top surface
      to a source of fire such that the asphalt composition reaches a
      temperature of, for example, at least 700.degree.F. Under these
      circumstances, the viscosity of the composition, as a result of adding the
      fiber bundles, will increase from its low level at the saturating
      temperature to a level which retards the flow of the asphalt. The
      viscosity will increase an amount sufficient to permit formation of a
      fixed coating or crust of the aforedescribed type over the roof deck
      adjacent the source of fire. Stating this in the negative, the asphalt
      will not be sufficiently flowable so as to carry away rapidly the base
      sheet, filler material, granules and added glass fiber from the source of
      fire. Rather, the asphalt will be sufficiently viscous so as to hold these
      other components of the shingle at the source of fire long enough to burn
      and form a crust or coating of the burned remains at the source of fire.
PAR  This is accomplished by selecting glass fiber bundles of the type which,
      when dispersed throughout the asphalt, will defilamentize, that is,
      separate into individual monofilaments and disperse throughout the asphalt
      when the latter reaches these high temperatures. It has been found that
      this defilamentization of the fiber bundles and resulting dispersion of
      the monofilaments cause the viscosity of the asphalt to increase to the
      level desired. In this regard, it should be noted that, since
      defilamentization does substantially increase the viscosity of the
      asphalt, the glass fiber bundles must be of a type which will not
      defilamentize to any appreciable degree at the saturating temperature of
      the asphalt, i.e., at for example, temperatures below 450.degree.F. In
      addition, severe mechanical agitation of the asphalt for initially
      dispersing the fiber bundles should be avoided. If the fiber bundles did,
      in fact, defilamentize to a large extent at these lower temperatures, the
      asphalt composition would be too viscous to saturate the base sheet.
PAR  The exact amount of glass fiber additive utilized in the asphalt-filler
      mixture will depend in large part on the particular type and amount of
      glass fibers used as well as the particular type and amount of asphalt and
      filler. However, it is believed that as little as 0.1% or 0.2% and as much
      as 3% glass fiber additive, by weight of the total asphalt composition,
      may be satisfactory. Below approximately 0.1% there more than likely is
      not sufficient glass in the asphalt to substantially increase the
      viscosity of the asphalt (at the higher temperatures) to the degree
      required to accomplish the foregoing results, even though it may be
      completely defilamentized and dispersed. By the same token, when more than
      approximately 3% glass additive is provided, the asphalt composition may
      be too viscous at the saturating temperatures to saturate the base sheet
      and, since 3% or approximately 3% will usually accomplish the desired
      results, there is no economical reason to include more. In any event, one
      with ordinary skill in the art, in view of the teachings in the present
      disclosure, could readily determine the amount of glass to be added for
      achieving the desired results.
PAR  The exact type of glass fiber which could be used may vary and could also
      be readily determined by those skilled in the art in view of the teachings
      of the present invention. However, those which have been found to be
      acceptable are between approximately 1/8 inch and 1/2 inch in length,
      including between 100 and 800 filaments per bundle and having a filament
      diameter of, for example, 13 to 18 .mu.. The binder utilized in holding
      the monofilaments together must, of course, be one which will continue to
      hold the bundles together, to at least a substantial degree, at the
      saturating temperature of the asphalt, even though the asphalt is mildly
      agitated to disperse the glass bundles. It must also be one which, by
      melting, dissolving or in any other such way, allows the fiber bundles to
      defilamentize to a large extent at substantially higher asphalt
      temperatures, for example, at temperatures in excess of 700.degree.F. A
      suitable and actually preferable binder is polyvinyl acetate. However,
      other binders may be selected and in view of the teachings set forth
      herein, they could be readily selected by those skilled in the art.
PAR  Obviously, the degree of defilamentization will depend upon the type and
      amount of glass fiber additive utilized. It is only required that there
      must be sufficient defilamentization to achieve the aforedescribed desired
      results.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An asphalt shingle comprising:
PA1  a. a base sheet; and
PA1  b. an asphalt composition substantially completely encapsulating and at
      least partially penetrating in said base sheet, said composition including
PA2  i. asphalt,
PA2  ii. a filler material dispersed throughout said asphalt, and
PA2  iii. glass fiber bundles of preselected type dispersed throughout said
      asphalt, said bundles each comprising a plurality of monofilaments and
      bonding substance for maintaining said monofilaments bonded together, said
      composition comprising between approximately 0.1% and 3% glass fiber
      bundles by weight of said composition,
PA1  c. said bonding substance being such that
PA2  i. when said composition is maintained at between approximately
      350.degree.F and 450.degree.F, said substance maintains substantially all
      of said monofilaments in each of said bundles bonded together, and
PA2  ii. when said composition reaches a temperature of approximately
      700.degree.F, said substance becomes ineffective to maintain said
      monofilaments bonded together, whereby said monofilaments separate and
      disperse throughout said asphalt.
NUM  2.
PAR  2. A shingle according to claim 1 wherein said glass fiber bundles are
      selected such that
PA1  a. with said composition being maintained at between approximately
      350.degree.F and 450.degree.F, substantially all of the monofilaments of
      each bundle remain bonded together and the viscosity of said composition
      is at a sufficiently low level for saturating said base sheet, and
PA1  b. after saturation of said base sheet, in the event that said composition
      is subjected to a source of fire and reaches a temperature of
      700.degree.F, the monofilaments of each bundle separate and disperse
      throughout the asphalt and the viscosity of said composition increases
      from said low level to a level which retards the flow of said asphalt an
      amount sufficient to permit formation of a fixed coating comprised of at
      least partially burned remains of said base sheet, filler material and
      monofilaments even through said saturated base sheet, when subjected to
      said source of fire, is positioned so as to define a plane at a slope of
      approximately 5 inches per foot with the horizontal.
NUM  3.
PAR  3. A shingle according to claim 1 wherein said composition includes between
      approximately 40% to 50% asphalt and 45% to 55% filler material by weight
      of said composition.
NUM  4.
PAR  4. A shingle according to claim 1 wherein each of said fiber bundles
      includes between approximately 100 and 800 monofilaments, the
      monofilaments being between 1/8 and 1/2 inch long and between
      approximately 13.mu. and 18.mu. in diameter.
NUM  5.
PAR  5. A shingle according to claim 1 wherein said base sheet is comprised of a
      fiber glass bonded mat.
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ABST
PAL  This invention relates to an article of manufacture comprising a mixture of
      fiber and sphere materials in substantially optimum packing condition
      between said materials, each of said materials being present in selected
      fractional loadings in said mixture, said fibers having a definite length
      to diameter ratio and said spheres having a selected diameter
      predetermined in relation to its loading in the mixture and the ratio of
      its diameter to the diameter of the fibers for said given length to
      diameter ratio of said fibers thereby to provide an efficient packing
      condition in said article.
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PAR  This invention relates to fiber-sphere articles of manufacture, such as
      reinforced articles, and more particularly it is concerned with articles
      of fibers and spheres uniquely packed together. In a preferred form of the
      invention, fiber glass reinforced articles are packed advantageously and
      efficiently with glass bead spheres. In another form of the invention,
      novel reinforced plastic composite articles are provided by compacting a
      resin matrix with a reinforcing mixture comprising fibers packed with
      spherical beads, each component being present in predetermined geometrical
      relationships and in compositional limits with respect to each other.
PAR  Several investigators have noted that the addition of glass beads to
      various forms of fiber glass reinforced plastics can improve the physical
      properties of the fiber glass reinforced plastics as well as reduce the
      cost of the fiber glass reinforced articles. However, none have determined
      that a synergistic effect is present between the components sufficient to
      establish a packing parameter in the system whose control would optimize
      performance of the system, including flow and mechanical properties. Such
      control is intended to provide improved reinforced articles of fiber
      material admixed with spherical material, such as fiber glass in
      combination with glass beads. In a resin matrix, such systems are
      particularly advantageous as reinforced plastic molding or casting
      compounds where a major benefit is optimization of the amount of resin to
      produce a workable, moldable, or castable material.
PAR  The amount of resin required in such systems can be reduced, if desired, by
      maximizing the packing of the reinforced fibers and spheres.
PAR  In other applications, as for example, fluid bed catalysts, an open
      fiber-sphere structure is desired and therefore the packing condition is
      set at a minimum.
PAR  In accordance with the present invention, novel fiber-sphere compositions
      and articles of manufacture are provided in which the geometrical and
      compositional parameters in the system are selected to produce articles
      having more useful properties for commercial applications. More
      particularly, what is described herein are fiber-sphere compositions which
      are particularly advantageous for use in many industrial products where
      the degree of packing is important. These products include fluid bed
      catalysts used in the chemical petroleum industries, high-strength
      reinforcement articles having wide applicability in the aircraft industry,
      in plastic molding compositions, and in many commercial casting
      applications where high strength and high modulus are required properties
      of the product.
PAR  Accordingly, it is an object of the present invention to provide an article
      of manufacture comprising a fiber material compacted with a spherical
      material approaching a predetermined void content in the resulting system.
PAR  Another object of this invention is to provide a composite of fiber glass
      and beads approaching maximum or minimum packing density.
PAR  Still another object of this invention is to provide a reinforced plastic
      molding composition comprising a mixture of fiber material and spherical
      material in a resin matrix in which the resin content is minimized while
      maintaining the strength of the composition at a maximum.
PAR  A further object of this invention is to provide discontinuous fiber
      reinforced material having a minimum void condition by maximumization of
      packing density.
PAR  Another specific object herein is to provide a fiber-sphere-resin
      reinforced molding or casting composition.
PAR  Another object of this invention is the provision of a fiber-sphere article
      of manufacture approaching a predetermined packing of spheres into fibers
      and viceversa for fibers of given length to diameter ratio into spheres of
      predetermined diameter.
PAR  Another object of this invention is the provision of a reinforced plastic
      composition having a minimum or maximum resin content of the composition
      as desired for the same amount of fibers and spheres.
PAR  Yet another object of the invention is the provision of articles of
      manufacture having a fiber-sphere combination for a specific fiber loading
      having a predetermined length to diameter of the fibers, in which the
      ratio of the sphere diameter to the diameter of the fiber is present at
      very large values or at very small values to achieve said maximum packing
      in said article.
PAR  Among the other objects of the invention, is the provision of a reinforced
      plastic composition comprising fiber glass and glass beads in a resin
      matrix having a predetermined bead size in relation to the length to
      diameter ratio of the fibers thereby to provide a predetermined void
      content in the system either minumum or maximum, and thereby to optimize
      the resin content necessary to fill the voids in the composition.
PAR  Another object of this invention is the provision of articles of
      manufacture comprising fibersphere combinations having a maximum packing
      efficiency in which the ratio of the diameter of the spheres to that of
      the fibers is made either very large or very small in magnitude for fibers
      of predetermined length to diameter ratios.
PAR  A specific object herein is to provide an improved fiber-sphere fluid
      catalyst bed article of manufacture having a porous, open structure.
PAC  Symbols and Definitions
PAR  R = The ratio of the diameter of the sphere to the diameter of the fiber.
PAR  L/D = The ratio of the length to diameter of the fiber.
PAR  V = Relative bulk volume, the ratio of the actual volume occupied by a bed
      of particles to the volume it would occupy if it had nil voids (100%
      solids).
PAR  v = Packing volume (mixture of particles).
PAR  The fiber-sphere articles of the invention are characterized by approaching
      a predetermined, optimized packing condition in which the void content for
      a given composition of fibers and spheres is varied towards a minimum or
      maximum condition, as desired, based upon selection of geometry and
      composition of the fibers and spheres in the composition. Specifically,
      for fibers in the composition of given length to diameter ratio, L/D, and
      a selected fiber loading, that is, a given fraction of fibers in the
      fiber-sphere composition, a selected diameter of the spheres -- in
      relation to both said L/D of the fibers and the fiber content of the
      composition -- provides an article approaching a minumum or maximum void
      content, as desired.
PAR  For application as a fluid bed catalyst where maximum open area is
      preferred, the void content of the fiber-sphere articles is selected to be
      a maximum, i.e. the packing density of the fibers and spheres is
      minimized. Similarly, in use as a reinforced plastic article, where the
      resin may be less expensive than the spheres or fibers themselves, maximum
      void content or minimum packing also is desirable and the parameters of
      the mixture thereupon are adjusted to provide articles having these
      attributes. However, in these compositions where the cost of the resin is
      higher than the components themselves, the void content of the
      fiber-sphere mixture is minimized herein and the packing density is
      maximized and thus less resin is needed to fill the voids to make a
      moldable or castable compound. The present invention permits adjustment of
      the parameters of the product in accordance with these desired different
      objectives.
PAR  In the articles described herein, fibers are defined as elongated
      particles, either hollow or solid, and spheres are those particles
      generally round in shape, which also may be either hollow or solid.
PAR  In general, the compositional and geometrical makeup of the articles of the
      invention are determined by first selecting a given length to diameter
      ratio of the fibers. For a minumum void condition, for example, the L/D
      ranges from 1 to 100. It is to be understood, however, that the actual
      numerical values presented herein are given relation to other parameters
      which form a set of consistent values, and are not to be taken as being
      absolute values by themselves. Furthermore, they are to be considered as
      illustrations of the invention and not in any way to be limiting of the
      invention.
PAR  The next step is to select a fiber loading which may be anywhere between
      0-100%. Then an R value, the ratio of the diameter of the spheres to that
      of the fibers, is selected to provide a minimum void condition of the
      articles, as described further below.
PAR  Similarly for articles approaching minimum void condition, or maximum
      packing, the two independent variables of fiber L/D and fiber loading,
      will provide the desired article when the dependent variable R, involving
      the diameter of the spheres in relation to that of the fibers, is
      selected.
PAR  The fiber-sphere articles of the present invention may be provided with a
      third constituent, if desirable, to produce a useful product for a
      specific application. Suitable third constituents, or matrix materials,
      usually are selected from among metals, plastics, ceramics and wood
      materials, either singly, or in combination, although others may be used
      as well.
PAR  A detailed description of the procedures by which the products of the
      present invention are made is described in the Ph.D. thesis of the
      inventor herein, published May, 1973, entitled, "A Study of the Packing of
      Fibers and Spheres," on file in the Library of the Rutgers University, New
      Brunswick, N.J. This thesis is hereby incorporated by reference into this
      application for purposes of providing details of operational procedure and
      experimental results to augment the present description.
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PAC  In The Drawings
PAR  FIG. 1 is a plot a packing; namely, relative bulk volume vs. volume
      fraction fibers for mixtures of fiber glass and spherical beads at a
      constant length of diameter ratio of fibers, L/D, of 10, at various ratios
      of sphere diameter to fiber diameter, R, to illustrate the effect of R on
      the packing properties of the articles.
PAR  FIGS. 2 and 3 are plots of relative bulk volume vs. fraction fibers for
      various L/D's of fibers at a constant R, and for different R values.
PAR  FIG. 4 is a plot of bulk volume vs. fraction fiber to illustrate the
      calculation of packing efficiency, defined as the maximum deviation in
      relative bulk volume from the mixture line H max, divided by the
      theoretical maximum deviation at R = .infin. and H.infin..
PAR  FIG. 5 is a plot of percent packing efficiency vs. R at various L/D's to
      illustrate the location of a minimum packing condition or maximum void
      condition in the mixtures.
PAR  FIG. 6 is a plot of critical R, defined as the R value at minimum packing
      efficiency vs. L/D at all fiber loadings to illustrate the relationship
      between the two parameters.
PAR  FIG. 7 is a plot of the theoretical percent solids vs. L/D at R values
      varying from 0 and .infin. with experimental data points at intermediate R
      values varying from 0.11 to 17.4 at 25% fiber loading values.
PAR  FIG. 8 is a plot of a packing parameter; namely, the solid content of the
      mixture, vs. L/D at R=0 and R=.infin. for various % fibers loading. These
      cross-over points are used to determine the critical L/D at various fiber
      loadings.
PAR  FIG. 9 is a plot of critical L/D vs. fiber loading showing the location of
      both large or small R values, for example with small R value where the
      packing of spheres into fibers is favored, and for large R values where
      the packing of fibers into spheres is favored.
PAR  FIG. 10 is a plot of percent voids vs. R for various fiber loading at a
      constant L/D of 15-illustrates the location of the minimum packing in the
      system and the direction in which parameter R would be changed to increase
      packing efficiency and minimize voids.
DETD
PAR  Referring now particulary to FIG. 1, there is illustrated therein the
      manner in which the articles of the present invention improve upon the
      packing characteristics of mixtures of fibers and spheres of various
      geometries than what would be expected from the normal laws of addition
      which is a straight line between the packing values or the two end
      components. In a given mixture including fibers having an L/D of 10 and R
      value of 4, changes in the volume fraction of fibers in the mixture of
      fibers and spheres does not result in any incremental change in the
      packing characteristics over that as would be expected by the low of
      mixture, as the fraction fibers is changed from 0 to 100% fibers. Thus
      addition of spheres to fibers merely results in a straight line
      relationship between sphere packing and fiber packing irrespective of the
      amount of spheres added. However, as the R value of the spheres is
      increased from 4 to 70, there is a pronounced curvature to the line
      bending towards maximized packing, or reduced bulk volume. At about 25%
      fibers and L/D of 10, maximum packing is achieved as R is increased above
      4 towards higher values. The theoretical relative bulk volume of 1.25,
      i.e. maximum solids, minimum voids, describing maximum packing, is reached
      at the theoretical R value of infinity.
PAR  FIGS. 2 and 3 illustrate a similar effect as described in FIG. 1 at
      different L/D values. High degrees of curvature illustrate good packing
      efficiency, as seen at both high and low R values. At intermediate R
      values, on the other hand, the packing curves become straight. The minimum
      packing condition, or straight lines, shift toward shorter L/D values as R
      varies from R = 4 to R = 1.0.
PAR  FIG. 4 is a mathematical definition of a packing efficiency parameter which
      is based upon the curvature of the lines of FIGS. 2 and 3. The packing
      efficiency represents the degree to which control of L/D, fractional
      loading and R values will maximize the packing of fibers and spheres in
      mixtures of the two.
PAR  As is shown in FIGS. 1 - 4, good packing efficiencies are obtained when the
      short fibers fit easily in between the larger spheres (large R's)
      producing a net increase in density or decrease in bulk volume as
      indicated by a large curvature in the line and a relatively high packing
      efficiency. The curves for the short fibers with medium size spheres R = 1
      to 4, follow the law of mixtures closely. These curves show a nearly
      straight line relationship and have a very low packing efficiency. On the
      other extremes the packing curves for all fibers have a lot of curvatures
      and good packing efficiency when the spheres are small, e.g. R = 0.1.
PAR  In a given mixture there is a certain R value for given L/D value,
      independent of fiber loading, which in fact produces a minimum packing
      efficiency. A plot of such packing efficiencies vs. R for various L/D
      values is shown in FIG. 5. The minimum packing efficiencies shown therein
      thus enable the provision of fiber-sphere articles which have a large
      amount of voids as fibers and spheres are admixed. In fact, an open fluid
      bed catalyst can be provided using the data in FIG. 19 in which the number
      of voids in the catalyst is maximized. For example, at an L/D of 15.52,
      zero packing efficiency is obtained at an R value of 5.0 even when the
      fraction fibers is varied from 0 to 100%.
PAR  On the other hand, the packing efficiency can be maximized, i.e. the
      packing of fibers and spheres approaches a maximum, for predetermined R
      values relative to L/D values for a prescribed loading of fibers and
      spheres. For example, at an L/D value of 3.91, an R value of 20 provides
      nearly 80% packing efficiency.
PAR  The relationship between R and L/D is nearly a straight line function at
      the minimum packing efficiency over a wide range of fractional fiber
      content in the mixture. This relationship is illustrated in FIG. 6. The
      plot enables one to immediately, determine a suitable R for a given size
      sphere to produce the maximum open void structure for a fluid bed
      catalyst. For example, by pre-selection of the L/D values of the fibers
      the R at maximum voids can be determined from FIG. 6 now for maximum
      packing conditions the critical L/D parameter is necessary.
PAR  The theoretical maximum packing efficiencies of the articles of the
      invention are calculated graphically from the relative bulk volume data
      for the sphere and fiber mixtures at different L/D's of the fibers. The
      experimental maximum densities are read from the data points of the FIG. 3
      packing curves for various R's and L/D's at 25, 50, and 75% fiber loading
      and this data is given in Table I.
PAR  An examination of the data in Table I as shown in FIG. 7 indicates the
      percent solids of the articles are at the theoretical limits when packing
      spheres with 25% fiber loading of various L/D's at the different R values.
      For example, with a fiber L/D of 13/1 it is impossible to pack these
      fibers with any size spheres to a density greater than 68.5% solids since
      this is more than the theoretical value. (pt. a) However, 74% solid
      packing is not only possible but practical and can be obtained when
      packing fibers with an L/D of 7/1 or less with spheres having an R value
      of 17.4 or greater. (point b)
PAR  These compositions suggest that R values much less than one give higher
      actual packing densities at intermediate L/D's (greater than the critical
      L/D) than R values much greater than one. For example, an R of 0.11 will
      pack to 68% solid with a 15/1 L/D fiber, (point c) while an R of 17.4 will
      pack to 57.5% solid for the same 15/1 L/D fiber. (point d)
TBL                                    Table I                                 
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     EXPERIMENTAL SOLID CONTENTS AT 25%, 50%, AND 75%                          

     FIBER LOADING FOR FIBER-SPHERE PACKING                                    

     Fiber                                                                     

          Percent                                                              

               R Value                                                         

     L/D  Fibers                                                               

               0   0.11                                                        

                       0.45                                                    

                           0.94                                                

                               1.95                                            

                                   3.71                                        

                                       6.96                                    

                                           14.30                               

                                                17.40                          

                                                     .infin.                   

     __________________________________________________________________________

          25   68.5                                                            

                   68.5                                                        

                       65.4                                                    

                           61.7                                                

                               61.0                                            

                                   64.5                                        

                                       70.0                                    

                                           74.6 76.4 82.0                      

      3.91                                                                     

          50   76.4                                                            

                   74.6                                                        

                       67.2                                                    

                           61.7                                                

                               60.2                                            

                                   64.1                                        

                                       67.5                                    

                                           72.5 74.5 75.7                      

          75   78.2                                                            

                   69.5                                                        

                       64.5                                                    

                           61.0                                                

                               59.5                                            

                                   62.5                                        

                                       64.2                                    

                                           66.7 67.2 67.1                      

          25   68.5                                                            

                   68.5                                                        

                       64.5                                                    

                           61.0                                                

                               58.5                                            

                                   59.9                                        

                                       64.5                                    

                                           73.5 74.6 80.6                      

      7.31                                                                     

          50   76.4                                                            

                   71.4                                                        

                       67.5                                                    

                           58.8                                                

                               55.5                                            

                                   56.6                                        

                                       58.8                                    

                                           65.4 67.1 67.1                      

          75   66.3                                                            

                   61.7                                                        

                       60.0                                                    

                           55.0                                                

                               52.8                                            

                                   53.5                                        

                                       54.6                                    

                                           57.2 58.2 57.4                      

          25   68.5                                                            

                   66.7                                                        

                       63.7                                                    

                           59.9                                                

                               54.6                                            

                                   50.3                                        

                                       50.5                                    

                                           54.1 57.5 65.0                      

     15.52                                                                     

          50   61.7                                                            

                   55.6                                                        

                       51.8                                                    

                           50.7                                                

                               45.5                                            

                                   42.0                                        

                                       42.4                                    

                                           44.3 44.3 48.1                      

          75   41.0                                                            

                   40.4                                                        

                       37.9                                                    

                           38.2                                                

                               37.3                                            

                                   35.7                                        

                                       36.5                                    

                                           36.0 36.8 38.2                      

          25   68.5                                                            

                   --  --  --  47.5                                            

                                   45.5                                        

                                       40.2                                    

                                           42.7 44.7 50.5                      

     24.50                                                                     

          50   40.0                                                            

                   --  --  --  --  32.7                                        

                                       30.3                                    

                                           31.8 31.8 33.5                      

          75   26.4                                                            

                   --  --  --  --  25.2                                        

                                       24.3                                    

                                           25.0 25.6 25.2                      

          25   50.0                                                            

                   --  --  --  39.4                                            

                                   37.7                                        

                                       33.8                                    

                                           33.1 39.2 41.3                      

     37.10                                                                     

          50   25.7                                                            

                   --  --  --  --  --  22.6                                    

                                           22.6 22.6 25.6                      

          75   --  --  --  --  --  --  --  --   --   --                        

     __________________________________________________________________________

PAR  The location of the critical L/D is determined by plotting its theoretical
      packing maxima for R=0 and R=.infin. vs. L/D's, at various percentages
      fiber loading. FIG. 7 locates the critical L/D from the cross-over points
      theoretical curve for R=0 and R=.infin. at 25% volume loading. FIG. 8
      locates the critical L/D from the cross-over points of theoretical curves
      for R=0 and R =.infin. at various volume loading of fibers from 10% to
      60%. The points at which these two curves cross is defined as the critical
      L/D.
PAR  A relationship between the critical L/D's and percent solids at various
      volume percent fiber loading is shown in FIG. 9. When packing fibers and
      spheres, FIG. 23 will determine whether large R's or very small R's should
      be used if maximum theoretical solid packing is desired and the percent
      fiber loading and fiber L/D are given. For example, when using a 25% fiber
      loading with a 30/1 L/D small R's are most efficient.
PAR  In selecting optimum packing parameters. look at FIG. 9 to see whether that
      combination of fiber loading and L/D falls above or below critical L/D
      curve. If it falls below the curve the region below the curve favors a
      packing of fibers into spheres at very large R's, where the spheres to use
      should be large compared to the fibers. If the fiber loading and L/D
      chosen brings you above the curve, the region above the curve favors a
      packing of small spheres into large fibers or very small R's. This
      critical L/D tells one whether large or small R should be used.
PAR  To approach maximumization of the packing condition of the fiber-sphere
      mixture in general, fibers should be chosen L/D ranging from 1/1 to 100/1,
      and preferably about 1/1 to 50/1, and for fiber loadings between 0-100%, R
      should be chosen to be either large or small.
PAR  To maximize packing efficiency when choosing small R values, they should be
      less than 5, suitably less than 0.01, but practically about 0.1. If large
      R values are chosen, then R should be greater than 5, suitably greater
      than 100, and more practically about 20.
PAR  In a typical fiber-sphere article of manufacture in which L/D is 40 or
      greater, fiber loadings at 10- 100, R is about 0.1.
PAR  In a typical fiber-sphere article of manufacture, at large R values, for
      L/Ds ranging from 2/1 to 19/1 and fiber loadings of 0 to 20%, R is about
      20.
PAR  In fiber loading greater than 60%, for all L/D values, R should be small,
      or about 0.1.
PAR  For a castable article having an efficient packing condition in which the
      spheres and fibers provide a closed, substantially low void-filled article
      the L/Ds should range from about 1/1 to 30/1. The fiber loadings may
      remain between 0-100%, and R is greater or less than 5.
PAR  Where a moldable article is desired, the L/Ds preferably range from 15/1 to
      100/1, the fiber loadings from 5 to 75%, and R is less than 5.
PAR  Fluid bed catalyst articles of fibers and spheres approaching a minimum
      packing condition between the two materials so as to provide an open,
      substantially large void-filled article are made with L/Ds ranging from
      3/1 to 45/1, fiber loadings between 0 and 100%, and R from 1-15.
      Preferably the L/D is selected to be about three times the R value, the
      minimum packing condition being independent of selected fiber loadings.
PAR  FIG. 10 is used in the application of these packing parameters by
      converting the packing efficiency or relative bulk volume in FIG. 3 to
      percent voids. This application illustrated in a series of different
      curves which are represented in FIG. 10. The lower curve of FIG. 10
      represents the condition where there are no spheres. For this condition,
      no matter how R may vary it doesn't affect the packing because there are
      no spheres; it is a 100% fiber system. In a straight line relationship,
      which is the exact packing voids of the fibers themselves, a mixture of
      about 70% voids or 30% solids is represented. When different loadings of
      spheres are added to those fibers, improved packing results. If small
      spheres are added, they fall between the fiber voids and in doing so the
      percentage of voids in the mixture changes. If the spheres are very large,
      the fibers fit between the spheres and the percent voids will change at
      some intermediate size sphere no packing advantage is obtained and maximum
      voids will result. For example, in addition of spheres to the fibers than
      represent 1 part of spheres and 3 parts of fibers at different R values a
      second curve is obtained which is marked 25% beads. The percent voids in
      this mixture will vary as the R value changes. There are two R values in
      which the void content goes down and one R value at maximum voids which is
      the lower part of the curve. The minimum voids are at very high R and very
      low R values. The curves are almost symetrical with R approaching 0 and R
      approaching infinity.
PAR  FIG. 10 illustrates an important use of this packing condition, where the
      void volume is plotted versus "R" for 15/1 fiber bead mixtures at several
      levels of spherical bead content. The packed 15/1 fiber, an approximate
      commercial size, has about 70% void volume. To mold this mixture,
      sufficient resin must be added to fill the voids between the fibers
      completely. But it has been found that by adding spherical beads so that
      the ratio of beads to fiber glass is 2/3, less resin is required. For
      example, the void content is reduced 17% when beads with an R of 2.5 are
      added to a commercial 1/32 inch fiber glass. This is shown by the location
      of the commercial composition in the upper curve of FIG. 10. However, it
      can be seen that the selection of the particular sphere size used brought
      nearly the minimum improvement in void volume reduction of that particular
      level of beads.
PAR  If beads one fifth the size are used, "R" would be reduced to about 0.5,
      yielding a reduction in void content of about 14%, or a further reduction
      in resin requirement of about 30%, assuming the voids are just filled. A
      still smaller bead would allow a reduction in the bead content at constant
      resin loading, increasing the fiber bead ratio which generally increases
      the strength of the material.
PAR  Table II illustrates representative data for various fiber loadings at
      maximum solid content of various fiber-sphere mixtures in accordance with
      the invention.
TBL                                    Table II                                

     __________________________________________________________________________

     Fiber Loading at Maximum Solid Content                                    

     of Various Fiber-Sphere Systems                                           

                    L/D                                                        

     R              3.91 7.31 15.51                                            

                                   24.49                                       

                                        37.10                                  

     __________________________________________________________________________

          % Solids  74.6 73.0 67.6 61.5 61.5                                   

     0.11                                                                      

          % Fiber Loading                                                      

                    60.0 40.0 30.0 0.0  0.0                                    

          % Solids  67.1 68.0 63.7 61.5 61.5                                   

     0.45                                                                      

          % Fiber Loading                                                      

                    50.0 45.0 30.0 0.0  0.0                                    

          % Solids  61.5 61.5 61.5 61.5 61.5                                   

     0.94                                                                      

          % Fiber Loading                                                      

                    0.0  0.0  0.0  0.0  0.0                                    

          % Solids  61.5 61.5 61.5 61.5 61.5                                   

     1.95                                                                      

          % Fiber Loading                                                      

                    0.0  0.0  0.0  0.0  0.0                                    

          % Solids  64.5 61.7 61.5 61.5 61.5                                   

     3.71                                                                      

          % Fiber Loading                                                      

                    30.0 8.0  0.0  0.0  0.0                                    

          % Solids  71.0 65.0 61.5 61.5 61.5                                   

     6.96                                                                      

          % Fiber Loading                                                      

                    30.0 22.0 0.0  0.0  0.0                                    

          % Solids  75.8 73.5 63.7 61.7 61.5                                   

     14.30                                                                     

          % Fiber Loading                                                      

                    31.0 25.0 8.5  3.5  0.0                                    

          % Solids  78.1 75.1 64.9 62.5 61.5                                   

     17.40                                                                     

          % Fiber Loading                                                      

                    33.0 26.0 12.0 4.0  0.0                                    

          % Solids  84.7 80.6 73.5 69.5 68.0                                   

          % Fiber Loading                                                      

                    27.5 24.0 16.5 11.3 9.6                                    

     __________________________________________________________________________

      *Theoretical Values R=0 or R=                                            

PAR  While the invention has been described with reference to certain
      embodiments thereof, it will be understood that certain changes and
      modifications may be made which are within the skill of the art, and
      within the spirit and scope of the invention. It is intended, therefore,
      to be limited only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fiber and sphere reinforced plastic article of manufacture comprising:
PA1  a resin matrix material as binder; and,
PA1  a mixture of glass fiber and glass bead sphere reinforcing materials, said
      fiber and sphere materials being present in a maximum packing condition
      thereby providing substantially low voids between said fibers and spheres
      in said article, said fibers having a definite length to diameter ratio
      ranging from 1/1 to 100/1, said fiber loading being between 0 and 100% in
      said mixture of fiber and spheres, and the ratio of the diameter of the
      spheres to that of the fibers being selected from values between 5 and 100
      and between 0.1 and 0.01.
NUM  2.
PAR  2. An article according to claim 1 wherein the length to diameter ratio of
      said fibers is between 1/1 to 50/1, the fiber loading is between 0 and
      60%, and wherein the ratio of the diameter of the spheres to that of the
      fibers is greater than 5 and up to 100.
NUM  3.
PAR  3. An article according to claim 1 wherein the fiber loading is between 10
      and 100%.
NUM  4.
PAR  4. An article according to claim 1 wherein the length to diameter ratio of
      the fibers is 40 or greater, the fiber loading is between 10 and 100% and
      the ratio of the diameter of the spheres to the diameter of the fiber is
      about 0.1.
NUM  5.
PAR  5. An article according to claim 1 wherein the length to diameter ratio of
      the fibers ranges from 2/1 to 19/1, the fiber is between 0 to 20%, and the
      ratio of the spheres to the ratio of the fiber is about 20.
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ABST
PAL  The invention provides a temporary light attenuation coating modification
      of the apertures in a multi-apertured pattern member for utilization in
      selected steps of the procedure for fabricating a patterned color screen
      structure disposed on the interior surface of a cathode ray tube viewing
      panel. The modification is in the form of a dried coating of a
      water-soluble polyhydric secondary alcohol uniformly covering the
      apertured portion of the pattern member to effect a bridging meniscus of
      coating in each of the apertures. Dissolved in the coating vehicle is a
      homogeneous dispersion of a ultraviolet absorbing material. Each
      attenuating meniscus effects a differential or graded degree of uv
      absorption resultant of the inherent variation in thickness of the
      bridging formation and the amount of uv absorber dissolved therein. In
      addition, the absorptive coating residual on the interstitial areas
      defining the apertures reduces deleterious reflections of actinic
      radiation during screen structure fabrication.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of Ser. No. 337,361, filed Mar. 2, 1973
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to color cathode ray tubes and more particularly to
      the temporary modification of the apertured pattern member utilized in the
      forming of a patterned color screen structure.
PAR  Color cathode ray tubes employed in the presentation of multi-color display
      imagery, such as color television, usually have patterned screens
      comprised of repetitive groups of related phosphor materials. These
      phosphor groupings are of various shapes of which dot-like areas are a
      common deposition.
PAR  An apertured pattern member is usually positioned in spaced relationship
      with the screen, which in a post deflection type tube, functions as a grid
      in the finished tube and is usually priorly utilized in disposing the
      patterned screen on the interior surface of the face panel. In the
      well-known shadow mask tube construction, the screen pattern is also
      formed by utilizing a spatially oriented multiple aperture member.
      Regardless of which tube structure is considered, each of the openings in
      the apertured pattern member is related to specific grouping of phosphor
      elements in a spaced manner to enable selected electron beams traversing
      the apertures to impinge the proper pattern elements therebeneath. Usually
      the individual phosphor elements of the screen pattern are separated from
      one another by relatively small interstitial spacings which enhance color
      purity by reducing the possibility of adjacent color-emitting elements
      being excited by a specific electron beam.
PAR  It has been found that improved contrast of the color screen image can be
      achieved by disposing an opaque light-absorbing material in the
      interstitial spacing between the respective phosphor elements. In essence,
      each of the phosphor element is then surrounded or defined by a
      substantially dark encompassment which collectively comprise a
      multi-opening pattern disposed in the panel in the form of a windowed
      webbing having an array of substantially opaque connected interstices.
      While such web-like screen structures have been fabricated, either before
      or after phosphor screening, it has proven to be expeditious to form the
      windowed webbing prior to the deposition of the phosphor elements of the
      screen. Such web-like structures have been fabricated by several known
      processes wherein photo-deposition techniques play a prominent part. An
      example of a typical web-forming process is disclosed in Ser. No. 41,535
      by R. L. Bergamo et al., filed May 28, 1970, and assigned to the assignee
      of this invention.
PAR  To heighten the contrast and improve registration, it has been found
      beneficial to have at least some of the openings in the spatially
      associated apertured pattern member to be of a size equal to or larger
      than the window areas in the opaque webbing. This aperture-to-window
      relationship is referenced in the art as "negative guardband" or a
      "window-limited" screen. In this type of screen construction, when a
      phosphor dot is impinged by an aperture-sized beam, the excited phosphor
      area completely fills the associated window area with a luminescent hue.
PAR  Several techniques have been employed to achieve a multiplex window-limited
      color CRT screen structure in which the window openings in the opaque
      interstitial webbing are smaller than the associated apertures in, for
      example, a shadow mask apertured member subsequently utilized in the
      finished operable tube.
PAR  In accordance with one screen forming procedure, wherein the sizes of the
      basic mask apertures remain fixed, a pattern of clear polymerized
      polyvinyl alcohol dots is light disposed on the interior of the panel, on
      those areas subsequently to be windows in the opaque webbing, by photo
      exposure through the related apertured shadow mask. After development, the
      resultant island-like polymerized dots are reduced in size by an erosion
      technique involving a chemical degrading agent. Next, an opaque graphite
      coating is applied to completely overcoat the pattern of the
      reduced-in-size clear dots and the adjacent bare interstitial glass areas.
      Then, an oxidizing agent is applied to completely degrade the pattern of
      dots thereby loosening the superjacent opaque coating thereon, whereupon
      the materials so loosened are removed by a subsequent water development
      step. Thus, there is formed an opaque interstitial web having
      multitudinous windows defined as bare glass areas that are of a size
      smaller than the related mask apertures. The phosphor pattern elements are
      then disposed on these window areas upon photo-exposure through the same
      size mask apertures by one of the various processes known to the art.
      While the aforedescribed dot-erosion procedure is an acceptable production
      technique, it necessitates the inclusion of additional process steps.
PAR  By another procedure, after the dot-initiated windows and the overlaying
      phosphor elements are formed by a separate series of photo exposures
      through the initially apertured mask, the mask apertures are subjected to
      a chemical etching process to enlarge their sizes thereby effecting the
      desired dimensional differential between the final-sized apertures and the
      formed windows in the interstitial webbing. While, this too, is a
      production procedure, the aperture etching requires additional closely
      controlled processing steps. In addition, as a result of this aperture
      etching procedure, metallurgical inconsistencies of the mask material have
      been evidenced such as a ragged aperture periphery, a weakening of the
      mask material per se, and destruction of the desirable dark oxide coating
      on the surface of the mask. Furthermore, with reference to the economics
      of tube production, etching of the mask apertures is an inherently costly
      procedure as it precludes any subsequent reuse of masks which ordinarily
      could be salvageable from the final stages of the tube manufacturing
      operation.
PAR  The prior art is replete with a variety of techniques for modifying the
      sizes of the shadow mask apertures for utilization in the forming or
      operation of specific types of color screen structures. In several
      disclosures the changing of aperture sizes is executed by the deposition
      within the aperture openings of peripheral fill-in substances applied, as
      for example, by painting, dipping, electrophoresis, electroplating, and
      vaporization.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the invention to reduce the aforementioned disadvantages
      by providing a multi-apertured pattern member having temporary
      modifications of the apertures therein. Another object is to provide a
      process for effecting a temporal modification of the openings in the
      pattern member that does not alter the basic structure or the surface
      thereof.
PAR  These and other objects and advantages are achieved in one aspect of the
      invention by the provision of a CRT multiapertured pattern member wherein
      the sizes of the apertures therein are temporarily modified. The modified
      pattern member is advantageously utilized in selected steps of the
      procedure for fabricating the windowed opaque webbing and the overlying
      phosphor elements of the multiplex color screen structure. The temporary
      modification is in the form of a dried coating of a water-soluble
      polyhydric secondary alcohol uniformly covering at least one surface of
      the multi-apertured pattern member to effect a bridging meniscus of
      coating in each aperture therein. The discretely formed coating meniscus
      is formed of a continuous film bridging the central region of each
      aperture and merging peripherally into a gradual thickening of the coating
      which effects an annular supporting formation within the aperture
      perimeter. The coating material has dissolved therein a homogeneous
      dispersion of a light attenuating material that is substantially absorbent
      of ultraviolet radiant energy in substantially the 350 to 380 nanometer
      range. Thus, the meniscus effects a modification of each aperture by
      providing a differential or graded degree of uv absorption therein, such
      attenuation being resultant of the inherent variation in thickness of the
      bridging meniscus and the amount of dispersed uv absorbing material
      dissolved in the coating per se. In addition to the meniscus modifications
      of the apertures, the coating on the member provides a uniform uv
      absorbent covering for the interstitial material defining the apertures
      thereby reducing deleterious reflections of actinic radiation during
      subsequent screen structure fabrication.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1a is a prior art illustration of a color cathode ray tube in an
      operable environment and partially in section showing the relationship of
      the multi-apertures pattern member to the associated screen structure
      formed on the viewing panel of the tube;
PAR  FIG. 1b is an enlarged sectional view of a portion of the prior art screen
      structure as set forth in FIG. 1a;
PAR  FIG. 2a is an enlarged sectional view of one aperture of the pattern member
      showing the invention;
PAR  FIG. 2b is an enlarged sectional view of a portion of the pattern
      member-screen assembly illustrating utilization of the invention during
      one step of the procedure for fabricating the color screen structure; and
PAR  FIG. 3 are plottings of radiant energy transmission through an un-modified
      aperture of a pattern member compared with a related radiant energy
      transmission through a temporarily modified aperture according to the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following specification and appended claims in connection with
      the aforedescribed drawings.
PAR  While the ensuing description is primarily directed to an exemplary
      window-limited shadow mask-screen assembly, the concept of utilizing
      temporarily modified apertures in the screen forming procedure is likewise
      applicable for tubes employing a focus mask-screen structure.
PAR  In referring to the drawings, FIGS. 1a and 1b illustrate prior art
      sectional views of a shadow mask type of color cathode ray tube 11 in an
      operating environment denoted diagrammatically as 12. The encompassing
      envelope 13 of the tube includes a funnel portion 15 to which a viewing
      panel 17 is suitably bonded. Within the panel there is positioned a
      pattern member or mask 19 which comprises a curved or domed
      multi-apertured portion 21 formed of, for example, an iron alloy material
      having a strengthening means or perimetrical frame 23 integral with the
      periphery thereof. Disposed on the interior surface of the viewing panel
      is a patterned screen structure 25, the elements of which are formed in
      accordance with the apertures 27 in the adjacent pattern member 21, the
      substantially domed contour of the mask being related to the surface
      contour of the interior of the panel.
PAR  The multiplex patterned screen structure is comprised of repetitive
      groupings of two or more elemental cathodoluminescent areas of different
      phosphors overlaid on the discretely formed window areas of the opaque
      interstitial webbing portion of the screen structure 25. For example, in
      the screen structure illustrated in FIGS. 1a and 1b, the opaque
      interstitial webbing 29 has a substantially round exemplary window area 31
      which is dimensioned as a; such is intended to be normally representative
      of the multitudinous windows therein. Overlaid on multi-apertured of the
      respective window areas is a related phosphor area, of which phosphor
      pattern element 33 is representative of one of the pattern components. The
      phosphor area is dimensioned as b being at least as large as or preferably
      larger than the associated window area 31. To facilitate clarity in the
      drawing, the usually present aluminum coating or backing in the finished
      screen structure is omitted. Spaced rearward from the screen structure 25
      is the multi-opening pattern member 21, wherein a representative aperture
      denoted as 27, is dimensioned as c and is larger than the related window
      area 31. The aforementioned windows and related phosphor areas are usually
      formed in accordance with the shapings of the apertures by known photo
      exposure techniques. An exemplary electron beam 35, emanating within the
      tube from a source not shown, is directed toward the mash-screen assembly
      37. Upon striking the apertured pattern member 21, a portion of the beam
      that is sized by the large aperture 27, traverses therethrough, impinges a
      related phosphor area 33 therebeneath and substantially excites the whole
      of the phosphor area to a state of luminescence. Since each of the excited
      phosphor areas 33 in this "windowlimited" screen is as large as or larger
      than its associated window area 31, the total area of each window
      comprising the screen pattern is fully luminous. The resultant display in
      an operating tube is clearly discernible by the viewer 39.
PAR  The present invention provides a temporary attenuation modification of the
      multi-apertured pattern member, such modification being utilized in
      selected steps of the process for fabricating the windowed opaque webbing
      and the associated phosphor elements of a "window-limited" color CRT
      screen structure.
PAR  With reference to FIG. 2a, an enlarged sectional view of a single aperture
      portion of the temporarily modified pattern member 44 is shown. This
      apertured member, for example, is formed of a basic metallic material 43
      such as S.A.E. 1010 cold rolled steel having a conventional thickness d
      within the range of 0.005 to 0.007 of an inch, and is normally domed in a
      manner related to the interior contour of the viewing panel as priorly
      illustrated in FIG. 1a. The mask structure is previously subjected to a
      known controlled atmospheric heat treatment to form a dark coating
      comprising a mixture of iron oxides, not shown, on both the inner and
      outer surfaces thereof. It is conventionally desired to retain such dark
      coating for use in the finished tube to enhance efficiency and uniformity
      in the radiation of the heat in the apertured member induced by electron
      bombardment. As a result, the mask member operating temperature is lowered
      and heat-up distortion in the mask is noticeably reduced. It has been
      found that tubes having the dark coated mask members can be expeditiously
      and facilely adjusted to achieve optimum operational results. Therefore,
      it is important that the temporary modification of the invention should in
      no manner affect the beneficial dark iron oxide surface condition on the
      apertured member, nor should it in any way permanently alter the initially
      formed apertures therein.
PAR  An exemplary initially formed basic aperture 45 in the pattern member
      material 43 is normally diametrically dimensioned to be within the range
      of 0.010 to 0.015 of an inch, depending upon the tube size and mask
      design. The invention being a temporal coated modification 47 of the
      apertured member is consummated by applying a coating of a water-soluble
      polyhydric secondary alcohol, such as polyvinyl alcohol, to the apertured
      pattern member to cover the surface and apertures thereof. The coating has
      homogeneously dispersed therein a dissolved material that is substantially
      absorbent of ultraviolet radiant energy within substantially the 350 to
      380 nanometer bandwidth range. Thus, the mask per se is covered with a
      film of uv absorbent material which is an important consideration in photo
      exposing both the basic window pattern and the subsequently disposed
      pattern of phosphor elements thereover. The uv absorbent material of dye
      dissolved in the coating minimizes deleterious reflections of the actinic
      exposure radiation and thereby further enhances control of the exposure
      procedure.
PAR  Within each aperture 45, there is formed a coating meniscus 49 which
      constitutes a continuous film 51 bridging the central region of the
      aperture and merging peripherally therefrom into a gradual thickening of
      coating 53 which effects annular support within the aperture perimeter 55.
      The meniscus formation 49 being related to the phenomenon of surface
      tension and the molecular forces associated therewith, assumes uniformity
      within each aperture. In the fabrication of the basic mask per se, the
      apertures are conventionally formed by established techniques involving
      selective etching from both surfaces which produces ledge-like internal
      perimetric surfaces 57. Accordingly, the molecular adhesion, exerted
      between the liquid coating and the contiguous metallic ledged-formation of
      the aperture, provides the bridging meniscus formation with an extensive
      peripheral supporting encompassment. Thus, each aperture is temporarily
      modified by a meniscus bridge of a predeterminately varied transmission
      medium.
PAR  The size of the aperture determines the viscosity of the applied coating
      which is nominally within the range of 60 to 100 centipoises for the
      aperture diameters under consideration. The coating vehicle is formulated
      from a basic or stock solution comprising 50--50 volumetric percentage of
      water and a C.sub.1 - C.sub.2 monohydric alcohol wherein 6 to 8 weight
      percent of polyvinyl alcohol solids are dissolved. To this stock solution
      the uv absorbent material is added along with up to 40 additional
      volumetric percent of a C.sub.1 - C.sub.2 monohydric alcohol to achieve
      the proper viscosity of the applied solution to form the meniscus and
      control uniform coverage, promote even run-off and drying of the coating.
      The C.sub.1 - C.sub.2 monohydric alcohols utilized are selected from the
      group consisting essentially of methanol and ethanol. Exemplary PVA solids
      are Elvanol 51-05 or 52-22 as manufactured by E. I. duPont de Nemours and
      Company (Inc.), Wilmington, Del. Since the film of the bridging meniscus
      is thinnest at the central portion of the aperture e, the degree of uv
      transmission is greatest in the region, the thickness thereat being in the
      order of at least 1 micron. As the attenuating film thickens toward the
      periphery, the transmission of actinic radiant energy is gradually reduced
      thereby effecting a temporary graded modification of the transmission of
      the aperture; the degree of absorptive modification being the resultant of
      the gradual variation in thickness of the coating meniscus and the
      concentration of the absorptive material dissolved therein.
PAR  The ultraviolet absorptive material dissolved in the coating is in the form
      of a water-soluble selective absorber, such as suitable natural or
      synthetic absorbing compositions and dyes. Such uv absorptive materials
      are, for example, a monoazo composition such as trisodium salt of 1-(4
      sulfo-1-naphthylazo)-2-naphthol-3, 6-disulforic acid, which is known as
      Amaranth (16185), available from Fisher Scientific Company, Pittsburgh,
      Pa. Another suitable material is sodium 2, 2'-di-hydroxy-4,
      4'-dimethoxy-5-sulfobenzophenone, known as Uvinul DS-49 as manufactured by
      General Aniline and Film Corporation, New York, N.Y. Still another
      composition is 2-hydroxy-4-methoxy-5-sulfobenzophenone trihydrate listed
      as Cyasorb UV 284 Light Absorber, as available from American Cyanamid
      Company, Bound Brook, N.J. It is not intended that the invention be
      limited to the aforementioned examples as additional uv absorbing
      materials are also suitable for inclusion in the coating.
PAR  The concentration or amount of uv absorber dissolved in the coating is
      dependent on the particular type of absorber employed and the degree of
      central transmission desired. For example, when using Amaranth the central
      uv transmission of the meniscus is in the order of 70 to 80 percent with a
      gradient decreasing to zero in the thicker peripheral region. Thus, a
      temporary graded transmission modification is effected in each aperture.
PAR  The application of the modification coating to the domed and formed
      apertured portion of the pattern member is accomplished by applying the
      light attenuating coating to uniformly cover at least one surface of the
      apertured member. This is effected by one of several techniques such as
      dipping, painting or spraying, of which dipping or immersion is preferred.
      The dipping step is executed in a susbstantially vertical manner whereby
      substantially only the domed apertured portion of the pattern member is
      immersed in the coating solution. Upon removal therefrom by a reciprocal
      tilting motion, the mask is then inverted in a dome-up position to promote
      uniformity and flattening of the coating coverage thereover. The coated
      mask is then dried in an environment of moving air whereof the ambient
      velocity is of a level insufficient to disrupt the discretely shaped
      meniscus coating formations retained in the apertures.
PAR  In referring to FIG. 2b, an enlarged sectional view of a portion of the
      mask-screen assembly 37 is illustrated wherein the temporarily modified
      mask 41 is positioned for utilization in fabricating the windowed
      interstitial webbing of the color screen structure. The inner surface of
      the viewing panel 17, having been coated with a substantially clear
      photosensitive resist material 59, such as dichromated polyvinyl alcohol,
      is exposed to substantially actinic light 61, from a discretely located
      source not shown, which is beamed through the temporarily modified
      apertures of the positioned shadow mask 41. In those photoresist areas 63
      impinged by the restricted actinic exposure radiation, the affected area
      of sensitized coating is light-polymerized as a graded pattern dot having
      the dimension m, this being directly related to the reduced dimension n of
      the actinic light beam which is sized by the graded transmission of the
      meniscus-modified aperture 45.
PAR  The graded light transmission of the meniscus modification of the apertures
      is further illustrated by reference to FIG. 3, wherein competitive
      plottings of actinic radiant energy transmission through both the modified
      and un-modified apertures of a pattern member are shown. The x  axis is
      indicative of the aperture width and the y axis that of light amplitude or
      intensity. Movement along the y axis towards the x axis denotes
      lengthening of exposure. To attain these plottings, a testing set-up was
      arranged to beam actinic radiation from substantially a point area of a
      mercury arc source through respective apertures in a pattern member. The
      radiant energy traversing each aperture was measured at a plane removed
      from the plane of the mask at a position comparable to impingement of the
      beam on the panel surface. The measurement was made by moving a 0.002 inch
      fiber optic probe across the aperture in a plane parallel therewith, the
      probe being connected to a Photometric Microscope as available from Gamma
      Scientific Inc., San Diego, Calif. The plotting v is illustrative of
      radiant energy transmission through a basic or un-modified aperture of a
      pattern member such as aperture 27 in prior art FIG. 1. The actinic energy
      traversing the basic opening is substantially defined by the aperture
      dimensioning. In comparison therewith, the actinic light traversing a
      temporarily modified aperture, of like basic dimensioning, such as that
      illustrated in FIGS. 2a and 2b, is delineated by plotting W. The graded
      attenuation effected by the coating modification is evidenced in the
      reduced lateral dimension of the light beam as "sized" by the meniscus and
      the lessened intensity thereof. The plotting w clearly shows the graduated
      attenuation of the radiant energy traversing the varied thickness of the
      coating meniscus. Since the attenuating modification of the apertures
      selectively reduces the energy transmission therethrough in the order to
      20 to 30 percent, it is desirable to employ a light source of higher
      intensity and/or a lengthened period of exposure, but such factors are not
      considered detrimental as the benefits of the temporary attenuation
      modifications are distinctly advantageous in expeditiously controlling
      size relationships of screen elements during the screening forming
      process.
PAR  In again referring to FIG. 2b, the polymerized pattern dot 63 subsequently
      becomes a window in the opaque interstitial webbing of the color screen
      structure such as taught in the previously mentioned web-forming procedure
      disclosed in U.S. patent application Ser. No. 41,535 by R. L. Bergamo et
      al. After forming of the basic window pattern, as exemplified by the
      polymerized area 63, and the subsequent similarlly disposed overlaid
      pattern of phosphor elements, not shown; the dry temporal meniscus coating
      47 is then expeditiously removed from the surface and apertures of the
      mask member 43 by a water treatment. Such coating removal procedure, being
      an immersion and/or water rinse, is in no way deleterious to the basic
      mask material. The precisely formed apertures are maintained as initially
      fabricated, and the dark iron oxide coating formed on the surface of the
      mask is desirably retained to enhance uniform heat radiation in the
      finished tube.
PAR  While there has been shown and described what is at present considered the
      preferred embodiment of the invention, it will be obvious to those skilled
      in the art that various changes and modifications may be made therein
      without departing from the scope of the invention as defined by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a screen-related multi-apertured pattern member as used in a color
      cathode ray tube, a temporary modification improvement of the apertured
      portion for utilization during at least one selected radiant energy
      exposure step of the procedure for fabricating a patterned screen
      structure disposed on the interior surface of an associated viewing panel,
      said temporary modification improvement comprising:
PA1  a dried light-attenuating coating of a water-soluble polyhydric secondary
      alcohol in the form of a polyvinyl alcohol solution substantially
      uniformly covering both surfaces of said apertured member to effect a
      bridging meniscus of coating in each aperture thereof, said coating being
      formed from a homogeneous solution of a 50--50 volumetric percentage of
      water and a C.sub.1 - C.sub.2 monohydric alcohol having six to eight
      weight percent of polyvinyl alcohol solids dissolved therein, said coating
      meniscus being formed of a continuous film bridging the central region of
      said aperture and merging peripherally into a gradual thickening of
      coating effecting annular support within the aperture perimeter, the
      central region of said meniscus having a minimum thickness in the order of
      one micron, said coating material having homogeneously dispersed therein a
      watersoluble light attenuating chemical composition substantially
      selectively absorbent of ultraviolet radiant energy within substantially
      the 350 to 380 nanometer bandwidth range as utilized in said screen
      exposure step, the degree of absorptive modification in each aperture
      being resultant of the variations in thickness of the homogeneous
      composition of said coating meniscus and the concentration of absorptive
      chemical material dissolved therein, said uv absorbent coating
      additionally providing a uniform covering for the interstitial maaterial
      defining said apertures thereby reducing deleterious reflections of
      actinic radiation during screen structure fabrication.
NUM  2.
PAR  2. A process for effecting the improvement of temporarily modifying the
      apertured portion of a multi-apertured pattern member with a continuous
      bridging of the apertures subsequently utilized in forming the patterned
      screen structure disposed on the viewing panel of a color cathode ray
      tube, said modification process comprising the steps of:
PA1  formulating a homogeneous coating solution of a 50--50 volumetric
      percentage of water and a C.sub.1 - C.sub.2 monohydric alcohol having six
      to eight weight percent of polyvinyl alcohol solids dissolved therein,
      adding thereto a water-soluble uv absorbing light attenuating chemical
      composition to effect a desired degree of light attenuation in
      substantially the 350 to 380 nanometer bandwidth range, along with up to
      forty additional volumetric percent of a C.sub.1 - C.sub.2 monohydric
      alcohol to achieve a viscosity for application;
PA1  applying said coating in a manner to uniformly cover both surfaces of said
      apertured member, the viscosity of said coating effecting a bridging
      meniscus of coating in each aperture and a uniform covering for the
      interstitial material between apertures;
PA1  positioning said aperture member in an inverted manner to effect uniform
      coating coverage and excess coating run-off therefrom; and
PA1  drying said coated mask in an environment of moving air whereof the
      velocity is of a level insufficient to disrupt said coating meniscus.
NUM  3.
PAR  3. A process for temporarily modifying the apertured pattern member of a
      cathode ray tube according to claim 2 wherein said C.sub.1 - C.sub.2
      monohydric alcohol is selected from the group consisting essentially of
      methanol and ethanol.
NUM  4.
PAR  4. A process for temporarily modifying the apertured pattern member of a
      cathode ray tube according to claim 2 wherein the viscosity of said
      applied coating is within the range of 60 to 100 centipoises.
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PAL  A process for hectographic duplicating, and hectographic copy paper
      therefor, are disclosed. The hectographic copy paper is formed by applying
      a coating of a film-forming vehicle and a colourless dyestuff precursor
      which is sodium p-carboxy phenyl leucauramine, sodium p-sulphophenyl
      leucauramine of Michler's hydrol methyl ether. The sheets are used to type
      or otherwise form an imaged hectographic master sheet, which is then
      contacted with hectographic copy sheets moistened with a spirit
      duplicating fluid, with the dyestuff precursors converted into dyestuffs
      on the hectographic copy sheets.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our prior patent application
      Ser. No. 176284, filed Aug. 30, 1971, now abandoned.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to the preparation of multiple copies and is
      concerned in particular with copying or duplicating based upon the use of
      so-called spirit reproducing carbon papers, which are also commonly called
      hectographic carbon papers. It is well known that the use of such products
      provides a simple and inexpensive method of making a multiplicity of
      copies of a typed, written or otherwise prepared master.
PAC  PRIOR ART SPIRIT DUPLICATING PROCESSES
PAR  The hectographic or spirit duplicating process utilises a sheet of
      so-called hectographic carbon paper, which consists essentially of a paper
      sheet or other base web carrying a coating on one side of a transfer layer
      which contains a large proportion of a strongly-coloured dyestuff; this
      dyestuff is selected so as to be readily soluble in alcohol, water,
      mixtures of these and/or other solvents. In the preparation of the master,
      a sheet of the hectographic carbon paper is placed with its transfer layer
      in contact with a sheet of "master" paper and this copy set is then used
      to prepare the master by typing, writing or otherwise making characters
      upon the exposed surface of the master paper. This process produces a
      mirror-image of the written or typed material on the back of the master
      paper. The master paper is usually a glazed art paper, but many other
      types of paper, card or plastics foils or films are suitable. To produce
      the required copies, the prepared master is usually wrapped round a
      rotatable cylinder which is normally mounted in a machine which
      incorporates a second roller, usually of rubber, in pressure contact with
      the rotatable cylinder and means by which sheets of copy paper can be
      moistened with a suitable spirit reproducing fluid and passed between the
      rotatable cylinder and the pressure roller. When a prepared master is
      correctly mounted on the rotatable cylinder, the mirror-script typing or
      writing shows and each of the sheets of fluid-mositened copy paper
      contacts this typed or written matter in turn and so extracts a small
      amount of the dyestuff from the portions of the transfer layer placed upon
      it during its preparation, thereby producing a copy in positive of the
      original typed or written matter.
PAR  A number of modifications and extensions of this basic process are known in
      which the master is prepared by thermal copying or photocopying methods.
      The machine may incorporate selective devices by which part only of the
      master is copied.
PAC  STATUS OF THE PRIOR ART
PAR  Although the spirit duplicating process provides a quick, cheap and highly
      successful method of making copies, it has the great disadvantage that the
      dyestuffs used make the carbon paper inherently dirty to use. This means
      that the person making the master can easily get stains on hands and
      clothes which are difficult to remove. This disadvantage may to some
      extent be overcome by covering the dyestuff-containing layer with a thin
      coating of clear or pigmented wax or other material which is a non-solvent
      for the dyestuff. Such a layer enables a sheet of spirit reproducing
      carbon paper to be handled cleanly if sufficient care is taken but, since
      the over-coating must be pressure transferable with the
      dyestuff-containing layer, the use of an over-coating is not a complete
      answer even to the handling problem. It is far less effective in dealing
      with the problem caused after the sheet of carbon paper has been used. The
      master and carbon papers tend to stick together and when separate loose
      particles of transfer layer fall away, particularly from the edges of the
      transferred areas, and these particles spread around the room in which the
      process is being performed causing coloured spots to appear on peoples'
      skin and clothing and also on furniture, carpets et cetera.
PAR  The problem of dirtiness in spirit reproducing carbon papers has been its
      principal drawback for many years and the present invention is concerned
      with solving this problem by replacing the essentially dirty material,
      i.e. the dyestuff, with a colourless or almost colourless dyestuff
      derivative which is caused to generate the required colour on the copy
      sheet after the copying process has been completed. This solution to the
      problem of dirtiness has already been proposed and various colourless or
      almost colourless dyestuff derivatives are known which lend themselves to
      putting this proposal into effect. In fact, colourless dyestuff precursors
      which are leucauramine derivatives have been proposed for use in colour
      development copying systems. Note, e.g., British Patent No. 817,564
      (4-(3,7-bis-dimethylamino-thiodiphenyl-aminoformyl)phenyl-leucauramine),
      British Patent No. 835,930 (phenyl leucauramine, xylyl leucauramine,
      naphthyl leucauramine and anilido leucauramine), British Patent No.
      849,103 (leucauramine), British Patent No. 852,131 (aryl-substituted
      mono-or-dileucauramines, including p-carboxyl-phenyl-leucauramine),
      British Patent No. 855,867 (leucauramine and substituted leucauramines,
      such as xylyl leucauramine and phenyl leucauramine), British Patent No.
      856,188 (various aryl-substituted leucauramines, including
      p-carboxy-phenyl leucauramine), British Patent No. 873,702 (heterocyclic
      radical-substituted leucauramines and aryl-substituted leucauramines),
      U.S. Pat. No. 2,927,041 (nitro-substituted aryl-substituted leucauramine
      derivatives), U.S. Pat. No. 2,981,733 (heterocyclic radical-substituted
      leucauramine derivatives, wherein the nitrogen atom forms part of the
      heterocyclic ring), U.S. Pat. No. 2,548,366 (crystal violet lactone,
      malachite green lactone, and the like), and U.S. Pat. No. 3,230,875
      (leucauramine derivatives including 1,4-bis [bis
      (p-dimethylaminophenyl)-methyl] piperazine, in a thermographic duplication
      system). However, previous attempts to make a satisfactory clean
      hectographic carbon paper based upon the general idea of using a
      colourless or near-colourless dyestuff derivative have been
      unsatisfactory.
PAR  The chief reasons why there has not previously been any technically
      satisfactory and commercially viable product based upon the general
      concept of eliminating the dark coloured materials which caused the
      dirtiness problems in conventional spirit duplicating or hectographic
      systems and replacing such dark coloured materials with colourless or very
      light-coloured derivatives of dyestuff materials, such as suggested by the
      above patents, are:
PA1  1. The inability of the colourless or near-colourless dyestuff derivatives
      used by the prior art to form satisfactory coating mixtures;
PA1  2. The inadequate solubility of the colourless or near-colourless dyestuff
      derivatives used by the prior art in acceptable spirit duplicating
      liquids;
PA1  3. The unsatisfactory storage behaviour or hectographic carbon papers and
      other transfer sheet materials formulated with the colourless and
      near-colourless dyestuff derivatives used by the prior art;
PA1  4. The poor light stability of hectographic carbon papers and other coated
      transfer sheet materials made with the colourless and near-colourless
      dyestuff derivatives used by the prior art.
PAR  As will be appreciated by those skilled in the art of spirit duplication,
      there are two established methods for formulating the coating mixtures or
      "dopes" which are applied to base webs in the manufacture of coated
      transfer sheet materials in general and, in relation to spirit duplication
      in particular, in the manufacture of the spirit reproducing or
      hectographic carbon papers employed; these methods are as follows:
PA1  a. The colour former, i.e. the one or more colourless or near colourless
      dyestuff derivatives, is incorporated into a base mixture or "vehicle" of
      waxes, oils and other ingredients. This is done so that the resultant
      composition, when hot, is sufficiently fluid as to be capable of coating
      as a thin uniform layer upon a base web material, e.g. carbonising tissue
      or a plastics film. On cooling after the coating step, the coated
      composition sets on the base web to a dry, flexible and adherent layer,
      which nevertheless is transferable to another sheet when typing or writing
      pressure is applied to the uncoated side of the hectographic carbon paper
      in use. The main difficulty experienced heretofore with the colourless or
      near-colourless dyestuff derivatives used by the prior art, is that they
      made up into coating compositions which were either too viscous to be
      satisfactorily applicable to the base web or, if the viscosity could be
      reduced to an acceptable level, or sometimes even if this could not be
      done, the coated products obtained had "colour former" layers which were
      too hard to provide satisfactory pressure transfer characteristics.
PA1  b. In the other main method of making coated transfer sheet products, the
      colour former is incorporated into a resin/oil mixture based upon a
      volatile solvent or solvent mixture, with or without other ingredients.
      The resultant formulation does not need to be hot-coated, but can be
      applied as such to a base web material as a so-called "solvent coating
      composition". The solvent or solvent mixture is evaporated off and leaves
      the remainder of the coating composition on the base web as a dry
      pressure-transferable layer. However, these solvent coating compositions
      in practice produce serious problems because of their loss of stability
      and also the resultant hectographic masters produced from "solvent coated"
      hectographic carbon papers are unsatisfactory because of the insufficient
      quantities of colour former extracted during duplication or copying from
      the mirror-image script by the spirit-reproducing fluid.
PAR  Thus, using either of the established manufacturing methods, the products
      produced by the prior art exhibit serious disadvantages in manufacture,
      storage and use.
PAR  To summarize, in the prior art, therefore, the conventional spirit
      duplicating or hectographic process has been developed and provides a
      quick, cheap and reliable means for making multiple copies, but has the
      great defect of being a dirty process, because of the heavily coloured
      products necessarily used in it. This conventional process has been
      followed by proposals designed to overcome the dirtiness by using
      colourless or lightly coloured products instead, which nevertheless
      produce usable copies because a colour development step takes place in the
      act of copying. For a variety of reasons, the most important of which are
      discussed in detail above, none of these suggested systems, which may be
      referred to as colourless hectographic duplicating systems, has led to any
      practical and commercial success.
PAC  THE INVENTION
PAR  The present invention provides a colourless or near-colourless hectographic
      carbon paper which is satisfactory and which does enable this general
      solution to the problem of conventional hectographic systems, namely the
      use of colourless or near colourless dyestuff derivatives which generate
      colour on the copies and so allow the typing or writing to become visible
      and legible, to be put into effect in a commercially and practically
      suitable way.
PAR  In carrying out the present invention, therefore, the spirit reproducing
      carbon paper is prepared from a colourless dyestuff precursor which is
      capable of being sufficiently extracted from the transfer material, when
      used in the normal way in the copying process, to produce a coloured copy
      on the copy sheet. The colourless dyestuff precursors which are used in
      the present invention are sodium p-carboxy phenyl leucauramine, sodium
      p-sulphophenyl leucauramine and Michler's hydrol methyl ether (bis
      (p-dimethyl-aminophenyl) methoxy methane). It will be appreciated that
      these dyestuff derivatives are structurally related to leucauramine, with
      the first two derivates being leucauramine derivatives and the last
      derivative being related to leucauramine but not being a derivative of
      leucauramine per se, as lacking the imino group N atom of the leucauramine
      structure.
PAR  The colorless dyestuff precursors used in the present invention may be
      represented by the following structural formula:
      ##SPC1##
PAL  wherein R is methoxy, sodium p-carboxyphenylamino or sodium
      p-sulphophenylamino.
PAR  As already stated, dyestuff precursors of this general type, i.e.
      colourless materials capable of developing coloured copies on suitable
      copy papers, have been well known for a number of years but these known
      materials have not been capable of satisfactory use in spirit reproducing,
      either because of their very limited solubility in suitable solvents or
      because of other drawbacks, such as by being unstable to the necessary
      processing conditions or in their colour developed form. However, the
      specific colourless dyestuff precursors described herein are sufficiently
      soluble in spirit reproducing fluids and can be incorporated into transfer
      coatings for spirit reproducing use to give adequate transfer to the copy
      sheet to produce good strongly coloured copies.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The present invention will be understood more clearly with reference to the
      following examples, wherein the production of hectographic carbon paper by
      both the hot melt coating method and the solvent coating method is
      exemplified.
PAC  Hectographic Carbon Paper -- Hot Melt Coating Method
PAR  In one form of the invention, the dyestuff precursor is incorporated into a
      vehicle comprising waxes, fats and oils and applied by any suitable hot
      melt coating method to a base web of paper, plastics film or other
      appropriate material. The coated web thus produced is processed in the
      normal way by sheeting, collating and typing or writing to prepare a
      master. The master is then used in the normal way in a spirit duplicating
      process in conjunction with copy sheets such that the small quantity of
      dyestuff precursor extracted by the reproducing fluid in the copy sheets
      develops its colour to produce the required copy.
PAC  EXAMPLE 1
PAC  Preparation of Coating Composition
PAR  The following formulations were made up as hot melt coating compositions,
      the amounts are given as parts by weight; the colour formers, dyestuff
      derivatives of substantially colourless type, are spirt-soluble (i.e.
      alcohol-soluble) stable materials obtainable from Imperial Chemical
      Industries Ltd.
TBL                         Parts                                              

     ______________________________________                                    

     Fatty grey carnauba wax  9.65                                             

     Tallow                   15.31                                            

     Lanoline                 17.14                                            

     Colourless dyestuff derivative H67607                                     

     (Michler's hydrol methyl ether)                                           

                              22.80                                            

     Calcium carbonate        34.10                                            

     Dispersing agent (i.e. lecithin)                                          

                              1.00                                             

                              100.00                                           

     ______________________________________                                    

PAR  The carnauba wax, tallow, lanoline and dispersing agent were melted and
      mixed together and the calcium carbonate and the Michler's hydrol methyl
      ether were then stirred in. The total mixture was ground by roller milling
      or ball milling to a Hegman Gauge reading of 6.
PAC  EXAMPLE 2
TBL                        Parts                                               

     ______________________________________                                    

     Leucauramine Derivative DS4827*                                           

                             50                                                

     Mineral oil             70                                                

     F.G. carnauba wax       30                                                

     ______________________________________                                    

      *sodium p-sulphophenyl leucauramine.                                     

PAR  The mineral oil and carnauba wax were heated together, mixed and the DS4827
      stirred in. The total mixture was then processed in accordance with the
      details given in Example 1.
PAC  EXAMPLE 3.
TBL                       Parts                                                

     ______________________________________                                    

     F. G. carnauba wax     20.0                                               

     Castor oil             30.0                                               

     Leucauramine Derivative DS4827                                            

                            50.0                                               

     Titanium dioxide       3.0                                                

     ______________________________________                                    

PAR  The castor oil and carnauba wax were heated together, mixed and the DS4827
      and titanium dioxide stirred in. The mixture was then processed in
      accordance with the details in Example 1.
PAC  Coating Procedure
PAR  The resultant coating compositions formed in Examples 1 to 3 above were
      coated on to a base glassine web to a dry coated weight within the range
      from 5 to 40 gsm. At the preferred dry coated weight of 20 gsm, the
      hectographic transfer sheets produced spirit duplicating masters which in
      turn gave at least 50 good strong bluish-purple copies on a conventional
      spirit duplicating machine using denatured ethanol as the spirit
      duplicating fluid and copy paper specially prepared as described below.
PAC  Hectographic Carbon Paper-Solvent Coating Methods
PAR  In accordance with another preferred feature of the invention, the dyestuff
      precursor is dispersed in a composition containing an oil, one or more
      solvents, synthetic polymeric materials (often called "synthetic resins"),
      waxes, pigments and/or fillers. A number of synthetic resins have proved
      suitable for inclusion in the composition and the following Examples 4 to
      16 are illustrative of the possibilities but not limiting; as in Example 1
      above, the amounts are given in parts by weight.
PAC  EXAMPLE 4
PAR  The following components were formulated as a solvent coating composition:
TBL                           Parts                                            

     ______________________________________                                    

     Fatty grey carnauba wax    5.90                                           

     Sodium p-carboxyphenyl leucauramine                                       

     (Colourless Dyestuff Derivative H67612 -                                  

     ICI Ltd)                   25.00                                          

     Spindle oil                12.00                                          

     Soya lecithin              0.60                                           

     Titanium dioxide           6.10                                           

     Ethyl cellulose            1.60                                           

     Toluene                    48.80                                          

     ______________________________________                                    

PAR  The ethyl cellulose was dissolved in the toluene in a ball mill, the rest
      of the components were the added and the mixture was ground to a Hegman
      Gauge reading of 6.
PAC  EXAMPLE 5
PAR  The components of the solvent coating composition were the same as in
      Example 4 and were provided in the same quantities. However, an
      alternative method of making up the formulation was used, in which the
      carnauba wax, the spindle oil and the lecithin were melted and mixed
      together, the leucauramine derivative, H67612, and the titanium dioxide
      were stirred in and the mixture was ground on a triple roller mill to a
      Hegman Gauge reading of 6. The ethyl cellulose was dissolved separately in
      the toluene and the ground mixture was stirred into the solution.
PAC  EXAMPLE 6
TBL                           Parts                                            

     ______________________________________                                    

     Sodium p-sulphophenyl leucauramine                                        

                                20                                             

     (Colourless Dyestuff Derivative DS4827 -                                  

     ICI Ltd)                                                                  

     Castor oil                  8                                             

     Titanium dioxide            4                                             

     VYHH resin (PVA/PVC co-polymer)                                           

                                 2                                             

     Methyl ethyl ketone        14                                             

     Toluene                    50                                             

     ______________________________________                                    

PAR  The leucauramine derivative, DS4827, the castor oil, titanium dioxide and
      30 parts of the toluene were charged into a ball mill and ground to a
      Hegman Gauge reading of 5. The mill was drained and washed out with a
      further 15 parts of toluene, the washings being added to the ground
      mixture. Separately, the VYHH was wetted out with the remaining 5 parts of
      toluene and stirred into the methyl ethyl ketone until dissolution was
      complete.
PAR  The ground mixture was then added to the VYHH solution using high speed
      stirring.
PAC  EXAMPLE 7
TBL                           Parts                                            

     ______________________________________                                    

     Colourless Dyestuff Derivative DS4827 -                                   

     ICI Ltd                    20                                             

     Castor oil                                                                

     Titanium dioxide                                                          

     Cellulose acetate butyrate 1/2 sec.                                       

                                 2                                             

     Methyl ethyl ketone        64                                             

     ______________________________________                                    

PAR  The leucauramine derivative, DS 4827, the castor oil, titanium dioxide and
      30 parts of the methyl ethyl ketone were charged into a ball mill and
      ground to a Hegman Gauge reading of 5. The mill was then drained and
      washed out with a further 15 parts of methyl ethyl ketone, the washings
      being added to the ground mixture. Separately, the cellulose acetate
      butyrate was dissolved in the remaining 19 parts of methyl ethyl ketone
      and, when completely dissolved, the ground mixture was added using high
      speed stirring.
PAC  EXAMPLE 8
PAR  The formulation and its preparation were the same as described in Example
      7, except that the cellulose acetate butyrate was replaced by 2 parts of
      cellulose acetate propionate one half sec.
PAC  EXAMPLE 9
TBL                             Parts                                          

     ______________________________________                                    

     Colourless Dyestuff Derivative DS4827 -                                   

     ICI Ltd                      20                                           

     Castor oil                   9                                            

     Titanium dioxide             4                                            

     Toluene                      33                                           

     Methylated spirits 64 OP     33                                           

     Alcohol-soluble C.A.B.(cellulose acetate butyrate)                        

                                  2                                            

     ______________________________________                                    

PAR  The leucauramine derivative, DS4827, the castor oil, titanium dioxide and
      toluene were charged into a ball mill and ground to a Hegman Gauge reading
      of 5. Separately, the alcohol-soluble C.A.B. was dissolved in the
      methylated spirit and ground mixture was then added using high speed
      stirring.
PAC  EXAMPLE 10
TBL                           Parts                                            

     ______________________________________                                    

     Colourless Dyestuff Derivative DS4827 -                                   

     ICI Ltd                    25                                             

     Castor oil                  8                                             

     Toluene                    61                                             

     "Elvacite 2043" (ethyl methacrylate)                                      

                                 1                                             

     ______________________________________                                    

PAR  The leucauramine derivative, DS4827, the castor oil and 30 parts of the
      toluene were charged into a ball mill and ground to a Hegman Gauge reading
      of 5. Separately, the "Elvacite 2043" was dissolved in the other 31 parts
      of the toluene and the ground mix was added using high speed stirring.
      ("Elvacite" is a Registered Trade Mark owned by Du Pont de Nemours & Co.).
PAC  EXAMPLE 11
TBL                           Parts                                            

     ______________________________________                                    

     Colourless Dyestuff Derivative DS4827 -                                   

     ICI Ltd                    25                                             

     Castor oil                  8                                             

     Toluene                    51                                             

     Methylated spirit          15                                             

     Zein                        1                                             

     ______________________________________                                    

PAR  The leucauramine derivative, DS4827, the castor oil and 30 parts of the
      toluene were charged into a ball mill and ground to a Hegman Gauge reading
      of 5. Separately, the zein was dissolved in the methylated spirit and the
      ground mix was added using high speed stirring. The remaining toluene was
      then stirred in.
PAC  EXAMPLE 12
TBL                           Parts                                            

     ______________________________________                                    

     Colourless Dyestuff Derivative DS4827 -                                   

     ICI Ltd                    20                                             

     Castor oil                 8                                              

     Titanium dioxide           4                                              

     Toluene                    66                                             

     Ethyl cellulose L.V.       2                                              

     ______________________________________                                    

PAR  The leucauramine derivative, DS4827, the castor oil, titanium dioxide and
      30 parts of the toluene were changed into a ball mill and ground to a
      Hegman Gauge reading of 5. The mill was drained and washed out with 16
      parts of the toluene, the washings being added to the ground mix.
      Separately, the ethyl cellulose was dissolved in the remaining 20 parts of
      the toluene. The total ground mix was then added to the ethyl cellulose
      solution using high speed stirring.
PAC  EXAMPLE 13
TBL                           Parts                                            

     ______________________________________                                    

     Colourless Dyestuff Derivative DS4827 -                                   

     ICI Ltd                    16.6                                           

     Spindle oil                10.0                                           

     F.G. carnauba wax          4.9                                            

     Titanium dioxide           4.0                                            

     Toluene                    64.1                                           

     Ethyl cellulose L.V.       1.3                                            

     ______________________________________                                    

PAR  The carnauba wax was melted into the spindle oil, cooled and loaded into a
      ball mill with the leucauramine derivative, DS4827, the titanium dioxide,
      ethyl cellulose and 50 parts of the toluene. The mixture was ground to a
      Hegman Gauge reading of 7. The mill was drained and washed out with the
      remaining toluene, the washings being added to the ground mix, which was
      stirred well.
PAC  EXAMPLE 14
TBL                           Parts                                            

     ______________________________________                                    

     Colourless Dyestuff Derivative DS4827 -                                   

     ICI Ltd                    20                                             

     Castor oil                  8                                             

     Titanium dioxide            4                                             

     "Versamid 940" (polyamide resin)                                          

                                 2                                             

     Toluene                    25                                             

     Methylated spirit 64 OP    25                                             

     ______________________________________                                    

PAR  The leucauramine derivative, DS4827, the castor oil, titanium dioxide and
      toluene were loaded into a ball mill and ground to a Hergman Gauge reading
      of 5. Separately, the "Versamid 940" was dissolved in methylated spirit
      and the previously ground mix was stirred using high speed stirring.
      ("Versamid" is a Registered Trade Mark owned by General Mills Inc.).
PAC  EXAMPLE 15
TBL                           Parts                                            

     ______________________________________                                    

     Colourless Dyestuff Derivative DS4827 -                                   

     ICI Ltd                    20.0                                           

     Castor oil                 14.0                                           

     Titanium dioxide           4.0                                            

     "Gelva 270" (PVA co-polymer soln.)                                        

                                3.6                                            

     Toluene                    58.4                                           

     ______________________________________                                    

PAR  All the ingredients were loaded into a ball mill and ground to a Hegman
      Gauge reading of 5. ("Gelva" is a Registered Trade Mark owned by
      Shawinigan Ltd.).
PAC  EXAMPLE 16
TBL                           Parts                                            

     ______________________________________                                    

     Colourless Dyestuff Derivative DS4827 -                                   

     ICI Ltd                    20                                             

     Castor oil                  8                                             

     Titanium dioxide            4                                             

     "Alnovol 429K" (alcohol-soluble                                           

     phenolic resin)             2                                             

     Toluene                    18                                             

     Methylated spirit 64 OP    48                                             

     ______________________________________                                    

PAR  The leucauramine derivative, DS4827, the castor oil, titanium dioxide and
      toluene were loaded into a ball mill and ground to a Hegman Gauge reading
      of 5. Separately, the "Alvonol 429 K" was dissolved in methylated spirit
      and the ground mix was stirred in using high speed stirring. ("Alnovol" is
      a Registered Trade Mark owned by Chemische Werk Albert).
PAR  The use of dispersing agents, e.g. soya lecithin, is beneficial in
      improving dispersion of the solids in the liquid phase of each formulation
      and also in maintaining dispersion stability of the finished coating mix.
      The dispersing agents are generally used in an amount of 0.1 to 10.0
      weight percent, based on the total weight of the coating composition.
      Particularly effective are surfactants of the quaternary type, especially
      quaternary ammonium surfactants.
PAC  Coating Technique
PAR  The mixtures prepared in accordance with each of Examples 4 to 16 were in
      each case applied to a base web by a normal solvent coating technique to
      give a dry coating at a coated weight of 5 - 40 grm/sq. meter. The
      colourless hectographic carbon papers thus produced were used to prepare
      spirit duplicating masters in the normal way. These masters were used on
      spirit duplicating machines using normal spirit duplicating fluids and
      specially prepared copy paper as described below. The density of copy and
      length of run varied, but in the preferred coating weight range of 17 - 25
      grm/sq. meter, between 40 and 70 good sharp strong bluish-purple copies
      were obtained.
PAR  The base web can be chosen from a range of materials such as paper,
      glassine, plastics films and the like. It has been found that certain
      papers give particularly good results and these are the so-called
      unbleached all-wood tissues specially prepared for carbonising purposes.
      Glassine is also particularly effective as a base web material. Polyester
      films are very effective base materials since satisfactory adhesion for
      processing and use requirements is readily obtained without the need for
      primer, precoating or bonding coatings, but at the same time release
      characteristics are particularly good, giving extremely clear, sharp - and
      complete characters on the master and copies. polypropylene films are also
      suitable commercially available base web materials. The base webs are
      generally 0.010 to 0.100 mm thick.
PAR  In a preferred way of using the hectograph paper of the invention, the copy
      sheet has reactive properties at least on one of its surfaces, in order to
      cause the leucauramine derivative to develop its colour following its
      transfer from the master to the copy sheet. Copy sheets of this type are
      commercially available and do not form part of the invention. However, a
      suitable copy sheet can be made in accordance with instructions contained
      in Examples VII -IX of British Patent Specification No. 852131. Copy
      sheets having reactive surfaces can be made by incorporating acidic
      electron acceptors in the copy paper, or at least on the surface thereof,
      or in the spirit developing fluid. Typical acidic electron acceptors
      include kaolin, bentonite, attapulgite, silica gel, felspar, pyrophyllite,
      halloysite, magnesium trisilicate, zinc sulphate, zinc sulfide, calcium
      fluoride, and calcium citrate, as well as organic acids such as tannic
      acid and benzoic acid. Such acidic electron acceptors are generally
      present on at least the surface of the copy sheets in at least
      dyestuff-precursor-converting amounts, and preferably about 2 to 20
      percent by weight of the sheet. In some instances the amount of residual
      alum in the copy paper is sufficient to cause color development of the
      dyestuff precursors. Other suitable acid fixing substances include
      phosphotungstic acid, alkali metal phosphotungstates, silicotungstic acid,
      alkali metal silicotungstates, phosphomolybdic acid, alkali metal
      phosphomolybdates and mixtures thereof. The copy sheet may be of any
      conventional paper or other thin, flexible sheet material which has been
      treated to have the above-described reactive properties. The spirit
      duplicating fluid can be any normal commercially-available product such as
      denatured alcohol (ethanol), but advantages have been found in the use of
      modified fluids. Spirit-duplicating fluids of novel composition are
      disclosed and claimed in patent application Ser. No. 176283 filed 30th
      Aug. 1971 by D. J. Neale (one of the inventors herein) and E. A. Tilson,
      the disclosure of which is hereby incorporated by reference. The most
      important advantages of using modified spirit-duplicating fluids in
      general, and those of the aforesaid copending application Ser. No. 176,283
      in particular, are better copy density, faster colour development, quicker
      "start up" and reduced fluid volume. The modifications involve the
      addition to conventional fluids of certain additives which provide one or
      more of the advantages without in any way disturbing the satisfactory
      performance of the fluids in the spirit reproducing machines.
PAR  Additives which have been found to be particularly effective to fulfill
      these functions are benzyl alcohol, ethylene glycol and water; these
      additives can be presented singly or in combination, generally in a total
      amount of 1.0 to 20% by weight of the modified spirit duplicating fluid.
PAR  By way of example, the following Examples 17 - 19 illustrate suitably
      modified fluids.
PAC  EXAMPLE 17
TBL                            Parts                                           

     ______________________________________                                    

     Industrial methylated spirit 64 OP                                        

                                     93.01                                     

     Glycerol                        3.0                                       

     Sodium benzoate                 0.5                                       

     Sodium nitrite                  0.5                                       

     Xylene                          0.5                                       

     Water                           1.8                                       

     Benzyl alcohol          up to   15.0                                      

     ______________________________________                                    

PAC  EXAMPLE 18
TBL                            Parts                                           

     ______________________________________                                    

     Industrial methylated spirit 64 OP                                        

                                     93.0                                      

     Sodium benzoate                 0.5                                       

     Sodium nitrite                  0.5                                       

     Xylene                          0.5                                       

     Water                           1.8                                       

     Ethylene glycol         up to   15.0                                      

     ______________________________________                                    

PAC  EXAMPLE 19
TBL                          Parts                                             

     ______________________________________                                    

     Industrial methylated spirit 64 OP                                        

                               93.0                                            

     Glycerol                  3.0                                             

     Sodium benzoate           0.5                                             

     Sodium nitrite            0.5                                             

     Xylene                    0.5                                             

     Water                     1.8 to 20.0                                     

     ______________________________________                                    

PAR  In Example 19, water is the sole additive used and it can constitute up to
      approximately 20% by weight of the modified spirit duplicating fluid; the
      amounts indicated in Example 19 correspond to 1.83 to 17.0% by weight. The
      invention thus provides an improved spirit duplicating fluid comprising
      industrial methylated spirit or any form of ethanol, containing
      conventional ingredients as illustrated in the above Examples, and also
      containg up to 20% by weight of one or more of benzyl alcohol, ethylene
      glycol and water.
PAR  In another way of using the hectographic paper of the invention, the copy
      sheet does not need any special reactive properties and colour development
      is caused by the nature of the reproducing fluid. For instance, suitable
      reproducing fluids are produced by making up the compositions of the
      foregoing Examples 17, 18  and 19, but omitting the additive in each and
      adding instead benzoic acid in an amount of up to 20% by weight. The
      following Example 20 illustrates this form of spirit reproducing liquid:
PAC  EXAMPLE 20
TBL                          Parts                                             

     ______________________________________                                    

     Industrial methylated spirit 64 OP                                        

                               93.0                                            

     Glycerol                  3.0                                             

     Sodium benzoate           0.5                                             

     Sodium nitrite            0.5                                             

     Xylene                    0.5                                             

     Benzoic acid              2.5 to 15.0                                     

     ______________________________________                                    

PAR  In accordance with another feature of the invention, improved results are
      obtained by varying the transfer coating, for instance as illustrated by
      the solvent coated hectographic carbon papers of the foregoing Examples 4
      to 16, by incorporating a dispersing agent in the coating compositions; as
      previously mentioned, one suitable dispersing agent is soya lecithin.
      Another class of dispersing agents is constituted by quaternary ammonium
      surfactants. Three formulations exemplifying this class of dispersing
      agent and employing different natural or synthetic resins are given in the
      following Example 21.
PAC  EXAMPLE 21
TBL                           Parts                                            

     ______________________________________                                    

     Colourless Dyestuff Drivative DS4827 -                                    

     ICI Ltd                    15                                             

     "Vantoc CL" (a quaternary ammonium                                        

     surfactant dispersing agent).sup.1                                        

                                3                                              

     Castor oil                 8                                              

     Titanium dioxide           4                                              

     Micronised mica            9                                              

     Silica                     3                                              

     Natural or synthetic resin material.sup.2                                 

                                3                                              

     Toluene                    25                                             

     Industrial methylated spirit 64 OP                                        

                                25                                             

     ______________________________________                                    

      .sup.1 "Vantoc CL" is a tradename for lauryl benzyl dimethyl ammonium    

      chloride.                                                                

      .sup.2 The following materials were separately used: (a) "Ennelac 2300", 

      copal resin marketed by Leon Frenkel; (b) "Ennesin B6/10/2", a phenolic  

      resin (phenol/formaldehyde plastics material) marketed by Leon Frenkel;  

      (c) Alkyd No. 815, an alcohol-soluble non-drying polyester resin material

      marketed by Leon Frenkel.                                                

PAR  The ingredients were in each case compounded and ball milled in the manner
      described above and applied by a normal solvent coating technique to a
      selected base web at a coated dry weight of 25 gsm.
PAR  According to a further preferred feature of the invention, the oil
      incorporated in the composition used to manufacture a hectographic carbon
      paper by the solvent coating technique, as illustrated by Examples 4 to 21
      above, is replaced wholly or in part by an alkylene oxide condensate, of
      the general formula R--O--(C.sub.2 H.sub.4 O).sub.m --H, wherein R is an
      alkyl radical containing at least 2 carbon atoms and is an integer from 1
      upwards, such as, e.g., an ethylene oxide condensate. The advantages
      provided by the use of castor oil, namely improved extraction of the
      colour former by the spirit reproducing fluid in the main, as compared
      with hectographic carbon papers made from coating compositions using say
      mineral oil, are preserved, even if the castor oil is wholly replaced by
      one or more alkylene oxides. Formulations containing ethylene oxide or
      other alkylene oxides not only provide excellent colour-former dissolution
      leading to full-coloured and very legible copies, but also the alkylene
      oxides are good dispersing agents, whether used alone or in conjunction
      with other dispersing agents such as those already mentioned. The
      following Example 22 illustrates this feature of the invention and
      concerns a coating composition which can be applied by the method
      described above under Coating Technique.
PAC  EXAMPLE 22
PAR  The following components of a solvent coating composition were made up as
      described in Example 7.
TBL  ______________________________________                                    

                          Parts b.w.                                           

     ______________________________________                                    

     Sodium p-sulphonyl-phenyl-                                                

     leucauramine           20                                                 

     N,N'-diorthotolyl-guanidine                                               

                            2                                                  

     Ethylene oxide condensate                                                 

                            8                                                  

     Titanium dioxide       2                                                  

     Micronised silica gel.sup.1                                               

                            2                                                  

     Ethyl cellulose        2                                                  

     Toluene                50                                                 

     ______________________________________                                    

      .sup.1 Finely-particulate silica gel, e.g. the product marketed under the

      trademark "Gasil" by Joseph Crosfield & Sons, having an average partical 

      size of 6 to 8.5 microns.                                                

PAR  This coating composition is typical of those according to the invention in
      overcoming the prior art difficulties. Not only can the composition be
      readily and satisfactorily coated and is a stable storable composition,
      but the resultant hectographic carbon paper products are themselves stable
      in storage and are substantially unaffected by exposure to light.
      Moreover, the carbon paper has the paramount advantage of producing
      hectographic masters where the typed or written matter has excellent
      solubility in spirit duplicating fluids of all kinds, both those used in
      conventional spirit duplication and the improved fluids discussed above
      and disclosed in the copending Neale et al. application Ser. No. 176283
      filed 30th Aug. 1971. Because the colour former transferred to the master
      from the carbon paper has excellent solubility characteristics, adequate
      amounts are transferrable on spirit reproduction to a numerous succession
      of copy sheets each of which undergoes full colour generation of the
      colour former and yields a clear, sharp, legible but light-stable positive
      copy.
PAC  Protective Over-waxing
PAR  According to another preferred feature of the invention, the transfer
      coating of a hectographic carbon paper is provided with a wax overcoating.
      The substantially colourless nature of the Colourless Dyestuff Derivative
      DS4827 or other colourless colour former incorporated and the consequent
      paleness and cleanliness of the transfer coating substantially solve the
      above-discussed problems caused by the inherent dirtiness of conventional
      hectographic papers and it might therefore be regarded that there is no
      need for any form of overcoating of the transfer side of a carbon paper of
      the invention, nor any advantage in providing such an overcoating. It has
      surprisingly been found that, though it is not necessary for cleanliness,
      it is advantageous to provide a wax overcoating, or "over-waxing", as this
      distinctly improved still further the performance of the carbon paper in
      use. The wax coating of this over-waxing method is generally applied at a
      rate of 1 to 6 gsm. The following Examples 23-25 relate to preferred forms
      of over-waxing, any of which can advantageously be provided on any of the
      hectographic carbon papers of this invention such as any of those
      described in the foregoing Examples 1 to 22.
PAC  EXAMPLE 23
PAR  A clear wax suitable for over-waxing is the product marketed under the
      tradename "Micropol F.128", Astor Petrochemicals Ltd. The wax is applied
      by any suitable one of the known coating techniques to the transfer side
      of the product of Example 22; a preferred over-waxing coated weight is 2.0
      gsm.
PAC  EXAMPLE 24
PAR  A white wax coating was formulated from the following:
TBL                          Parts                                             

     ______________________________________                                    

     "Micropol F.128" clear wax                                                

                               45.2                                            

     "Mycrox K.114" microcrystalline wax                                       

                               4.5                                             

     "Rutiox HD" (TiO.sub.2 pigment)                                           

                               49.8                                            

     Zinc stearate             0.5                                             

     ______________________________________                                    

PAR  The waxes and the zinc stearate were melted and mixed together and the
      titanium dioxide was then stirred into the wax mix with high-speed
      stirring. The prepared coating mix was then applied to the transfer side
      of hectographic carbon paper of Example 22 at approximately 4.0 gsm.
PAC  EXAMPLE 25
PAR  A metallised wax coating was formulated from the following:
TBL                          Parts                                             

     ______________________________________                                    

     "Micropol F.128" clear wax                                                

                               72.7                                            

     "Mycrox K.114" microcrystalline wax                                       

                               6.8                                             

     Beeswax                   10.6                                            

     Zinc stearate             3.8                                             

     Aluminium powder          6.1                                             

     ______________________________________                                    

PAR  The three waxes and the zinc stearate were melted and mixed together, the
      aluminum powder was incorporated and the resultant metallised wax mix was
      coated, as described in Example 24, though to a coated weight of
      approximately 2.0 gsm.
PAR  Each of the wax coatings of Examples 23 - 25, being applied over the
      colour-forming layer of the hectographic carbon paper, forms part of the
      material transferred to the hectographic master in use and it is found
      that a product having such an over-waxing gives a more complete transfer
      of the tranferable layer and also the typed or written characters are
      broader in line width, whilst remaining extremely clean and sharp. In
      other words, over-waxing loses none of the advantages and excellent
      performance of the transfer sheets of the invention and also improves the
      performance, by giving masters and resultant hectographic copies of better
      appearance and of greater apparent density. Also, the increase in line
      width given depends upon the type and quantity of the over-waxing, so that
      it is a matter of simple experiment to select an over-waxing from those of
      Examples 23 - 25 or others and a coating weight so as to give a controlled
      line width for the characters forming the master and the resultant copies.
PAC  Other Colour Forms
PAR  Other colourless or near colourless, dyestuff precursors may be suitable
      for use in the process of the present invention. For example, compounds
      having the structural formula:
      ##SPC2##
PAL  as well as those of the following formula
      ##SPC3##
PAL  may be used to partially or wholly replace the dyestuff precursors
      described in the preceeding working examples. In the above formulae I and
      II, R, R.sup.1, R.sup.2, R.sup.3 and R.sup.4 may be the same or different,
      and individually represent a hydrogen atom and alkyl, cycloalkyl, aralkyl,
      aryl or alkaryl radicals of 1 to 10 carbon atoms, which radicals may be
      substituted, if desired, with alkyl groups of 1 - 4 carbon atoms, or
      together with the attached nitrogen atom form part of a heterocyclic
      radical of 5 to 6 atoms in the heterocyclic ring, Q represents an oxygen
      atom or a --NR group, X represents a hydrogen atom or an alkyl,
      cycloalkyl, aralkyl, aryl or alkaryl radical of 1 to 10 carbon atoms, Y
      represents a hydrogen atom or an alkyl, cycloalkyl, aralkyl, aryl or
      alkaryl radical of 1 to 10 carbon atoms, or X and R, taken together, may
      form a divalent hydrocarbyl radical of 4 or 5 carbon atoms, and Z
      represents a direct link or an isopropylidene group, m is 0 or 1, and n is
      a value from 1 to 4. As will be clear to those in the art, the rings A and
      B may carry further substituents.
PAR  The invention thus consists in an improved form of hectographic carbon
      paper having an appropriate combination of the improvements described
      above. Also, the invention includes a method of document copying by spirit
      duplicating (hectography) which comprises the use of a master sheet
      according to any of the improved features of the invention, in conjunction
      with any of the improved spirit duplicating fluids of the invention with
      appropriate copy sheets as described herein. Thus, in the hectographic
      duplicating process of the present invention the hectographic copy paper
      is formed by applying a coating to a base web in an amount of about 5 - 40
      gsm dry coated weight. The coating is a composition which contains at
      least 20 % by weight of one or more substantially colorless or colorless
      dyestuff precursors of the formula
      ##SPC4##
PAL  wherein R is methoxy, sodium p-carboxyphenylamino or sodium
      p-sulphophenylamino. The dyestuff precursor is in a film-forming vehicle,
      which is generally used in an amount of 30 to 80%, based on the combined
      weight of dyestuff precursor plus vehicle.
PAR  When the hectographic copy paper is formed by hot melt coating the dyestuff
      precursor coating on the base web, the coating composition is heated to a
      temperature above its melting point, and to the point where the viscosity
      of the coating composition is no greater than 5 poises, preferably 2 to
      200 centipoises. While the coating composition is maintained at
      substantially this elevated temperature it is applied to the base web by
      conventional means, such as the use of a doctor blade or knife coater or
      roll coater. The coated base web is then cooled to ambient temperature,
      with the coating solidifying during cooling. The film-forming vehicle for
      the hot melt coating is one or more fats, waxes, oils or the like,
      especially those film-forming compounds having a melting compound above
      50.degree.C. The film-forming vehicle is normally an organic compound
      having at least 16 carbon atoms per molecule, and especially fats and oils
      which are glyceryl esters of higher fatty acids having 12 to 26,
      preferably 16 - 18, carbon atoms, and waxes which are higher fatty acids
      of 16 - 26 carbon atoms or higher fatty acid esters of monohydroxy
      alcohols having a total of 20 - 50 carbon atoms.
PAR  On the other hand, the solvent coating method is preferred. The coating
      composition, comprising the dyestuff precursor of the above formula and
      the film-forming vehicle, is dissolved in a solvent, generally at a solids
      content of 20 to 60 % by weight.
PAR  The solution of the coating composition can be applied to the base web by
      various known methods, including roll coating and spraying, as known to
      those in the art. Normally the vehicle for the solvent coating method will
      be a synthetic resin or a mixture of synthetic resin with an oil, as
      described above. The synthetic resin vehicle may vary widely, including
      cellulose and cellulose derivatives, vinyl resins, including vinyl acetate
      polymers and vinyl chloride polymers and vinyl acetate/vinyl chloride
      copolymers, acrylate and methacrylate polymers, polyamines, including
      natural products such as zein, polyamides, phenolic resins, polyester
      resins, and the like. The volatile solvents used in the solvent coating
      process may also vary widely, including toluene ketones, especially di
      (lower alkyl) ketones such as MEK, esters, such as ethyl acetate,
      methylated spirit which is predominantly ethanol and the like. It is
      preferred that the solvent has a boiling point of 50.degree. to
      140.degree.C whilst mixtures of solvents can advantageously be used. In
      particularly preferred embodiments the solution of the coating
      compositioon contains a dispersing agent such as a quaternary ammonium
      surfactant of the class alkyl/aryl ammonium halides e.g. dodecyl trimethyl
      ammonium chloride or a long chain fatty amine such as sodium dodecyl amino
      propionate or an ethylene oxide condensate with a long chain fatty alcohol
      such as tridecylpolyoxyethyleneglycolether. The dispersing agent is
      generally used in an amount of between 0.1 and 20.0% by weight based on
      the solids content of the coating composition. It is preferred that the
      solvent coating composition contains at least one ethylene oxide
      condensate of the general formula R--O--(C.sub.2 H.sub.4 O).sub.m --H
      where R represents a long chain fatty alcohol radical and m has a value
      from  2 to 14, such ethylene oxide condensate being present in an amount
      of 5 to 40% by weight based on non-volatile matter in the coating
      composition. Such alkylene oxide condensates have a duel purpose in
      combining the properties of normal vehicle component with those of a
      dispersing agent and can thus eliminate the need for a separate dispersing
      agent.
PAR  In particularly preferred embodiments the solvent coating composition also
      contains a further additive to prevent discoloration of the final dried
      coated layer. Especially effective in the present coating is N,N.sup.1
      -diorthotolylguanidine as this has additionally proved to enhance copy
      density when used in amounts between 2 and 20% based on the weight of the
      non-volatile matter in the coating composition.
PAR  After the hectographic copy paper has been formed, the coating on the copy
      paper is contacted with a hectographic master. Selected portions of the
      coating are transferred to the hectographic master by the application of
      pressure, such as by writing or typing upon the exposed surface of the
      master paper, to produce a mirror image of the transferred coating on the
      back of the master paper, that is, the side of the master paper opposite
      the side that was written or typed upon.
PAR  The imaged hectographic master sheet is then placed in a hectographic
      duplicating machine and successively contacted with a plurality of
      hectographic copy sheets moistened with spirit duplicating fluid. The
      spirit duplicating fluid is generally at least 90% by weight of ethanol.
      The primary denaturant added to the ethanol is generally methanol, and a
      coloring agent, such as methyl violet, is often added. A rust inhibitor,
      such as benzyl alcohol, sodium benzoate, sodium nitrite, or the like, may
      be also used in the spirit duplicating fluid. Thus, the spirit duplicating
      fluid will consist predominently, generally at least 90% by weight, of
      ethanol. The copy sheets moistened with the ethanol spirit duplicating
      fluid will carry at least a dyestuff precursor-extracting amount of the
      spirit duplicating fluid, and generally about 1 to 8 gsm of the spirit
      duplicating fluid.
PAR  The dyestuff precursor is converted into the coloured, or dyestuff form,
      generally during or after application to the hectographic copy sheets. As
      described hereinbefore, this conversion may be by way of an acidic
      electron acceptor on the hectographic copy sheet surface, or by the use of
      suitable additives to the spirit duplicating fluid.
PAR  It should be especially noted that the dyestuff precursors can be converted
      into the colored form without the application of heat, and this
      non-thermal color development is a significant advantage of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for hectographic duplicating, said process comprising the
      steps of
PA1  a. forming hectographic transfer sheets by applying a coating of a
      composition comprising at least 20% by weight of at least one at least
      substantially colorless dyestuff precursor, and a film-forming vehicle
      therefor, at a dry coated weight of about 5 to about 40 gsm, to a base
      web.
PA1  b. thereafter contacting said coating with a hectographic sheet, and
      transferring selected portions of said coating to the hectographic sheet
      by the application of pressure, to form an imaged hectographic master and,
PA1  c. thereafter successively contacting the imaged hectographic master with a
      plurality of hectographic copy sheets moistened with an ethanol spirit
      duplicating fluid, and converting the dyestuff precursor into the dyestuff
      to form legible copies,
PA1  the improvement comprising using, as said dyestuff precursor, a
      leucauramine dyestuff precursor of the formula
      ##SPC5##
PAL  wherein R is methoxy, sodium p-carboxyphenylamino or
      sodium-p-sulphophenylamino.
NUM  2.
PAR  2. Process according to claim 1, wherein said dyestuff precursor is sodium
      p-carboxyphenyl leucauramine.
NUM  3.
PAR  3. In a process for hectographic duplicating, said process comprising the
      steps of
PA1  a. forming hectographic transfer sheets by applying a coating of a
      composition comprising at least 20% by weight of at least one at least
      substantially colorless dyestuff precursor, and a film-forming vehicle
      therefor, at a dry coated weight of about 5 to about 40 gsm, to a base
      web,
PA1  b. thereafter contacting said coating with a hectographic sheet, and
      transferring selected portions of said coating to the hectographic sheet
      by the application of pressure, to form an imaged hectographic master and,
PA1  c. thereafter successively contacting the imaged hectographic master with a
      plurality of hectographic copy sheets moistened with an ethanol spirit
      duplicating fluid, and converting the dyestuff precursor into the dyestuff
      to form legible copies,
PA1  the improvement comprising using, as said dyestuff precursor, sodium
      p-sulphophenyl leucauramine.
NUM  4.
PAR  4. Process according to claim 1, wherein said dyestuff precursor is
      Michler's hydrol methylether.
NUM  5.
PAR  5. Process according to claim 1, wherein the base web is coated with said
      composition by a hot melt coating step.
NUM  6.
PAR  6. Process according to claim 5, wherein the hectographic copy sheets have
      dyestuff precursor-reactive properties at least upon the contacted surface
      thereof.
NUM  7.
PAR  7. Process according to claim 5, wherein the dyestuff precursor is
      incorporated into a vehicle comprising film-forming waxes, fats and oils,
      and the resulting coating composition is heated to at least a temperature
      wherein the viscosity of said composition is 20-300 centipoises, the
      composition being substantially at said temperature when applied to said
      base web, and thereafter the coated web is cooled to ambient temperature.
NUM  8.
PAR  8. Process according to claim 7, wherein said coating composition
      additionally includes a dispersing agent.
NUM  9.
PAR  9. Process according to claim 8, wherein the base web is coated with about
      20 gsm of the composition, on a dry basis.
NUM  10.
PAR  10. Process according to claim 1, wherein the base web is coated with said
      composition by a solvent coating step, with the coating components
      dispersed in a volatile solvent, and thereafter the solvent is removed.
NUM  11.
PAR  11. Process according to claim 10, wherein said hectographic copy sheets
      have reactive properties at least on the contacted surface thereof.
NUM  12.
PAR  12. Process according to claim 9, wherein the film-forming vehicle includes
      a film-forming synthetic resin.
NUM  13.
PAR  13. Process according to claim 12, wherein said composition is dispersed in
      a volatile solvent, and the solvent is evaporated after the dispersion is
      applied to said base web.
NUM  14.
PAR  14. Process according to claim 13, wherein said solution includes a
      dispersing agent.
NUM  15.
PAR  15. Process according to claim 1, wherein the coating composition includes
      N,N'-diorthotolyguanidine.
NUM  16.
PAR  16. Process according to claim 13, wherein said dispersion contains about 2
      to about 20% by weight of an alkylene oxide condensate of the general
      formula R--O--[C.sub.2 H.sub.4 O].sub.m --H.
NUM  17.
PAR  17. Process according to claim 13, wherein said composition is applied to
      said base web at a dry coated weight of about 17 to about 25 gsm.
NUM  18.
PAR  18. Process according to claim 1, wherein said ethanol spirit duplicating
      fluid contains up to 20% by weight of at least one additive selected from
      the group consisting of benzyl alcohol, ethylene glycol, and water.
NUM  19.
PAR  19. Process according to claim 1, including the additional step of applying
      a protective wax overcoating to the hectographic copy paper.
NUM  20.
PAR  20. A hectographic transfer sheet consisting essentially of a base web
      having a coating on at least one side thereof, said coating comprising at
      least 15% by weight of at least one dyestuff precursor of the formula
      ##SPC6##
PAL  wherein R is methoxy, sodium p-carboxyphenylamino or
      sodium-p-sulphophenylamino, and a film-forming vehicle therefor; wherein
      the coating is at a dry coated weight of about 5 to about 40 gsm.
NUM  21.
PAR  21. Hectographic transfer sheet according to claim 20, wherein said
      dyestuff precursor is sodium p-carboxyphenyl leucauramine.
NUM  22.
PAR  22. A hectographic transfer sheet consisting essentially of a base web
      having a coating on at least one side thereof, said coating comprising at
      least 15% by weight of sodium p-sulphophenyl leucauramine, and a
      film-forming vehicle therefor, wherein the coating is at a dry coated
      weight of about 5 to about 40 gsm.
NUM  23.
PAR  23. Hectographic transfer sheet according to claim 20, wherein said
      dyestuff precursor is Michler's hydrol methylether.
NUM  24.
PAR  24. Hectographic transfer sheet according to claim 20, wherein said coating
      also includes from 2 to 20% by weight of N,N'-diorthotolylguanadine.
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ABST
PAL  Pressure-sensitive resin solutions containing an acid-epoxy self-curing
      interpolymer and 1,3-bis(dimethylamino)-2-hydroxypropane. The solutions
      exhibit improved viscosity stability and provide pressure-sensitive resin
      films with cohesive strength and low release values from silicone release
      paper.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of Application Ser. No. 333,916, filed Feb.
      20, 1973 now U.S. Pat. No. 3,893,982, issued July 8, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to organic solvent solutions containing
      acid-epoxy pressure-sensitive adhesive resins capable of self-cure for
      increased cohesive strength, the self-curing reaction being catalyzed by a
      tertiary amine. In another aspect, the invention relates to a process of
      manufacture of articles containing films of pressure-sensitive resin.
PAR  2. Description of the Prior Art
PAR  Pressure-sensitive resins are used conventionally in the form of films to
      provide adhesive bonds between normally non-adhering superstrates and
      substrates. The films may be prepared by casting from organic solvent
      solutions and evaporating the solvent.
PAR  Constraints are placed on the molecular weight of the pressure-sensitive
      resin by the viscosity of the solution necessary for ease of coating on
      commericial coating machines and by the solution concentration required
      for economical operation. In general, low solution viscosity and high
      solution concentration are desired in the pressure-sensitive resin
      solution, and, hence, a resin of relatively low molecular weight is
      preferred for film casting.
PAR  Once a bond has been made by a pressure-sensitive film placed between a
      substrate and a superstrate, the pressure-sensitive film may be subjected
      to stress generated by the weight of the superstrate or by dimensional
      change in the substrate or superstrate caused by thermal expansion, stress
      relaxation, plasticizer migration or the like. In general, a high
      molecular weight and a high cohesive strength is desired in the
      pressure-sensitive resin so that it may resist the stresses induced in the
      adhesive film. The opposing requirements of low molecular weight resin for
      ease of coating and high molecular weight resin for load holding ability
      are conventionally reconciled by the use of crosslinkable resin systems
      which can be applied at low molecular weight and cured to a high molecular
      weight.
PAR  Pressure-sensitive adhesive resins containing epoxy and acid groups are
      widely used because of their ability to self-crosslink on drying and
      heating to produce pressure-sensitive adhesive films with high cohesive
      strength. However, the rate of curing of these systems is often too slow
      for drying and curing conditions used in practice and a catalyst for the
      acid-epoxy reaction must then be added to the solution before coating.
PAR  Tertiary amines are widely accepted as catalysts for the acid-epoxy
      reaction. Generally, however, the curing rate with the majority of
      tertiary amines is still insufficient for the drying and curing conditions
      used in practice. One tertiary amine which has proved to be exceptionally
      effective for the crosslinking reaction is triethylenediamine.
      Triethylenediamine has the disadvantage, however, of conferring very short
      pot life to the pressure-sensitive resin solution. In commercial use, pot
      life determines the useful coating life time of catalyzed batches of
      pressure-sensitive adhesive solutions. Catalyzed solutions with short pot
      lives place severe limitations on the usefulness of the material,
      regardless of the properties of the adhesive. Furthermore,
      triethylene-diamine causes an interaction between the pressure-sensitive
      adhesive and silicone release substrates, particularly if the release
      substrates are not substantially completely cured. This leads to
      undesirably high adhesion between the adhesive and release surface with
      the result that the release paper is difficult to remove and the adhesive
      properties of the pressure-sensitive adhesive film are impaired. There is,
      therefore, a need in the art for acid-epoxy pressure-sensitive resin
      solutions containing a tertiary amine which possess adequate pot life
      which yield adequate rates of cure and which yield cured
      pressure-sensitive resins with satisfactory release properties from
      release substrates.
PAC  SUMMARY OF THE INVENTION
PAR  The above-mentioned need in the art is fulfilled by the present invention
      of acid-epoxy pressure-sensitive resin solutions containing a tertiary
      amine catalyst which have adequate pot life. The pressure-sensitive
      solutions contain:
PAR  A. an organic solvent solution of an interpolymer comprising:
PA1  1. between 0.1 and 15 weight per cent of an .alpha.,.beta.-ethylenically
      unsaturated aliphatic carboxylic acid,
PA1  2. between 0.1 and 2 weight per cent of a glycidyl monomer selected from
      the group consisting of glycidyl acrylate, glycidyl methacrylate and allyl
      glycidyl ether,
PA1  3. between 35 to 84.9 weight per cent of a monomer selected from the group
      consisting of esters of acrylic acid and methacrylic acid containing from
      6 to 20 carbon atoms, and
PA1  4. optionally a monomer selected from the group consisting of
      .alpha.-olefins containing 2 to 10 carbon atoms, vinyl esters of alkanoic
      acids containing from 3 to 10 carbon atoms, ethyl and methyl esters of
      acrylic and methacrylic acids, acrylonitrile, methacrylonitrile, styrene,
      and vinyl chloride, wherein the interpolymer has a weight average
      molecular weight in the range of 10,000 to 500,000 and a glass transition
      temperature in the range of -15.degree. to -75.degree.C.; and
PAR  B. 1,3-bis(dimethylamino)-2-hydroxypropane; wherein there are between 0.01
      and 1.0 parts by weight of the 1,3-bis(dimethylamino)-2-hydroxypropane per
      100 parts by weight of interpolymer.
PAR  The invention further provides articles of manufacture comprising films of
      pressure-sensitive resin containing the above-described interpolymer and
      1,3-bis(dimethylamino)-2-hydroxypropane and provides a process for the
      manufacture of such articles.
PAC  DESCRIPTION OF THE INVENTION
PAR  The practice of the present invention involves the preparation of the
      interpolymer which is then formulated with the
      1,3-bis(dimethylamino)-2-hydroxypropane. The solution is cast on a
      substrate and the resulting film is dried and cured to a permanently tacky
      composition with improved cohesive strength.
PAR  The interpolymer comprises monomers selected from the groups (1), (2), (3)
      and (4) (described above). Group (1) monomers are exemplified by acrylic
      acid, methacrylic acid, crotonic acid, isocrotonic acid and the like,
      maleic acid, fumaric acid, citraconic acid, itaconic acid, and the like,
      and the alkyl monoesters of maleic acid, fumaric acid, citraconic acid and
      itaconic acid in which the alkyl group contains from 1 to 4 carbon atoms
      such as methyl, ethyl, propyl and butyl maleates and the like. Preferred
      acid monomers include acrylic acid and methacrylic acid.
PAR  Group (2) monomers are selected from the group consisting of glycidyl
      acrylate, glycidyl methacrylate and allyl glycidyl ether.
PAR  Group (3) monomers include the esters of acrylic and methacrylic acid
      containing from 6 to 20 carbon atoms. Preferred esters contain branched
      chain alkyl groups such as isobutyl acrylate, 2-ethylhexyl acrylate and
      2-ethylhexyl methacrylate. The pressure-sensitive resin need only contain
      monomers from Groups (1), (2), and (3). However, optionally monomers from
      Group (4) may also be present. Group (4) includes .alpha.-olefins
      containing from 2 to 10 carbon atoms, vinyl esters of alkanoic acids
      containing 3 to 10 carbon atoms, such as vinyl acetate and vinyl octoate,
      ethyl and methyl esters of acrylic acid and methacrylic acids,
      acrylonitrile, methacrylonitrile, styrene and vinyl chloride.
PAR  The ratio of monomers in the interpolymer is selected so that the glass
      transition temperature is in the range of -15.degree. to -75.degree.C. A
      suitable ratio is conventionally calculated from the equation:
      ##EQU1##
      where Tg is the glass transition temperature of the interpolymer expressed
      as degree Kelvin, Tg.sub.1, Tg.sub.2, etc. are the glass transition
      temperatures of the homopolymers of the respective comonomers and W.sub.1,
      W.sub.2, etc. are the weight fractions of comonomers required for a
      specific glass transition temperature of the interpolymer. Glass
      transition temperatures may be determined experimentally by conventional
      methods such as by means of the duPont Differential Thermal Analyzer.
PAR  The weight average molecular weight of the interpolymer is in the range of
      10,000 to 500,000, corresponding to a relative viscosity in the range of
      1.1 to 7.0 measured on a 2 weight per cent solution of interpolymer in
      benzene. The preferred molecular weight range is from 20,000 to 300,000,
      providing adequate cohesive strength to the interpolymer without excessive
      solution viscosity.
PAR  The interpolymers are conveniently prepared by the process set forth in
      U.S. Pat. No. 3,284,423 to Edmund C. Knapp.
PAR  The solids contents of the resin solutions of this invention should
      generally not exceed 50% by weight if the solution is to have appropriate
      viscosity and pot life. In these respects, the preferred solutions contain
      ethyl acetate-hexane in the ratio of between 5:1 and 3:2 and have a total
      solids content of about 30 to 45 per cent by weight and a viscosity within
      the range of about 100 to about 30,000 centipoises at 25.degree.C.
      Furthermore, these resin solutions are compatible with many common organic
      solvents. For example, they may be diluted with equal volumes of the
      following solvents to give clear, useful solutions: acetone, isopropanol,
      butyl alcohol, 2-ethoxyethyl alcohol, 2-butoxyethyl alcohol, carbon
      tetrachloride, ethyl acetate, hexane, methyl alcohol, methyl isobutyl
      ketone, toluene, 1,1,1,-trichloroethane, and so on.
PAR  The method of polymerization is not critical in that the process can be
      carried out in solution or in emulsion. Care should be taken, however, to
      keep the reaction temperature below the level at which the acid compound
      and the epoxide interact and cause gelation. The polymerization is
      preferably carried out by heating the monomers at 65.degree. to
      80.degree.C. in the presence 0.1 to 0.5% of free radical initiator, based
      on the weight of the monomer charge.
PAR  The following resins were made by the process described in U.S. Pat. No.
      3,284,423. All parts and percentages are by weight unless otherwise
      specified. The terms interpolymer and resin are used interchangeably.
TBL  ______________________________________                                    

     EXAMPLES 1-4                                                              

     Resin Solution Compositions, Parts by Weight                              

                Ex.    Ex.      Ex.      Ex.                                   

                1      2        3        4                                     

     ______________________________________                                    

     Acrylic Acid 6.6      6.9      7.4    5.0                                 

     Glycidyl Methacrylate                                                     

                  0.07     0.2      0.35   --                                  

     Allyl Glycidyl Ether                                                      

                  --       --       --     1.0                                 

     2-Ethylhexyl Acrylate                                                     

                  60.0     60.0     60.0   74.0                                

     Methyl Acrylate                                                           

                  33.0     32.5     32.0   --                                  

     Vinyl Acetate                                                             

                  --       --       --     20                                  

     Ethyl Acetate                                                             

                  95.0     95.0     95.0   80.0                                

     Hexane       19.0     19.0     19.0   --                                  

     Toluene      --       --       --     24.0                                

     ______________________________________                                    

PAR  Formulation of the acid-epoxy pressure-sensitive resin solutions with the
      amine catalyst is conveniently carried out by preparing a solution of the
      amine in an organic solvent at a concentration between 5 and 50% and
      adding the solution to the pressure-sensitive resin solution slowly with
      stirring to disperse the amine uniformly throughout. The amount of
      1,3-bis(dimethylamino)-2-hydroxypropane added to the resin solution is
      between 0.01 and 1.0 parts by weight per 100 parts by weight of resin and
      is preferably between 0.05 and 0.4 parts by weight for adequate viscosity
      stability and curing rate.
PAR  The formulated solutions are subjected to determination of viscosity over a
      period of at least 24 hours at 25.degree.C. to determine the pot life. The
      viscosity is determined at 25.degree.C. by the conventional method using a
      Brookfield Model LVF Viscometer and the appropriate spindle and speed.
PAR  Data for Resin Examples 1 and 2 diluted to 30 per cent solids are presented
      in Table 1. In the Tables which follow, triethylenediamine is designated
      as TDA and 1,3-bis(dimethylamino)-2-hydroxypropane is designated as
      BDMAHP.
TBL                TABLE 1                                                     

     ______________________________________                                    

                          Brookfield                                           

              Parts Catalyst                                                   

                          Viscosity                                            

              per 100     (centipoises)                                        

     Resin Ex. 1                                                               

                Parts Resin   Initial   315 Hrs.                               

     ______________________________________                                    

     Uncatalyzed                                                               

                --            3,150      3,350                                 

     TDA        0.2           3,550     &gt;50,000                                

                0.15          3,750      3,800                                 

     BDMAHP                                                                    

                0.30          4,740      5,000                                 

     Resin Ex. 2                                                               

     Uncatalyzed                                                               

                --            2,300      2,400                                 

     TDA        0.2           2,300     Gel                                    

     BDMAHP     0.2           2,300      2,600                                 

     ______________________________________                                    

PAR  The data show that resin solutions containing
      1,3-bis(dimethylamino)-2-hydroxypropane are vastly superior to resin
      solutions containing triethylenediamine in viscosity stability and pot
      life.
PAR  The effect of catalyst on the curing rate is determined by comparing the
      creep resistance of the catalyzed and uncatalyzed pressure-sensitive
      resins and by comparing the degree of cure of the catalyzed and
      uncatalyzed resins.
PAC  CREEP RESISTANCE
PAR  The pressure-sensitive resin solutions are cast on silicone release paper
      and the cast films are dried for 15 minutes at room temperature and 2
      minutes at 90.degree.F. The films (0.8 mil thickness) are cooled to room
      temperature and transferred to a film of polyester sold under the
      trademark MYLAR. The MYLAR film is cut into one-half inch strips which are
      applied to polished stainless steel to form 0.25 square inch bonds. The
      bonds are held in a vertical plane at 70.degree.F. and 50% relative
      humidity and are loaded with one-pound weights. The time in hours for
      failure of the bond after application of the load is determined. Data for
      the resin of Example 1 cured for 2 minutes and for 60 minutes at
      100.degree.C. are presented in Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

               Parts Catalyst                                                  

                           Creep Time to                                       

               per 100     Failure, Hrs.                                       

     Resin Ex. 1 Parts Resin   2 min.   60 min.                                

     ______________________________________                                    

     Uncatalyzed --            1.0      13                                     

     TDA         0.2           1.5      22                                     

                 0.15          1.3      29                                     

     BDMAHP                                                                    

                 0.30          1.6      41                                     

     ______________________________________                                    

PAR  The data show that cured films containing
      1,3-bis(dimethylamino)-2-hydroxypropane as the cure catalyst are superior
      in cohesive strength to films of the same polymer without catalyst or with
      triethylenediamine catalyst.
PAC  DEGREE OF CURE
PAR  The degree of cure of the pressure-sensitive resin is determined by heating
      a dry film of the resin for 5 minutes at 110.degree.C. A 1 gram sample of
      the resin is stirred in a 100 ml. graduated glass cylinder with 99 ml.
      toluene. The resin swells and dissolves at least partially. After 24 hours
      of stirring, the swollen resin is allowed to settle in the graduate for 24
      hours. The volume of swollen resin is noted and the swelling index is
      calculated as the ratio of the volume of swollen resin to the volume of
      the unswollen resin. A 20 ml. sample of the supernatant solvent is taken
      out through a plug of cotton into a pipette. The resin content of the
      sample is determined, and, hence, the fractions of soluble resin and
      insoluble resin in the cured film are determined. In Table 3, data for
      resin Example 3 catalyzed with triethylamine, triethylenediamine and
      1,3-bis(dimethylamino)-2-hydroxypropane are compared with an uncatalyzed
      sample of resin. The tertiary amine catalyst is present in a concentration
      of 1.78 m. moles per 100 grams resin.
TBL                TABLE 3                                                     

     ______________________________________                                    

                                    Swelling                                   

     Resin Example 3                                                           

                    Insoluble Fraction                                         

                                    Index                                      

     ______________________________________                                    

     Uncatalyzed    0               --                                         

     Triethylamine  0               --                                         

     TDA            0.36            50                                         

     BDMAHP         0.10            80                                         

     ______________________________________                                    

PAR  The data show that triethylenediamine and
      1,3-bis(dimethylamino)-2-hydroxypropane are very effective cure catalysts
      in comparison with triethylamine. In general, an insoluble fraction of
      0.02 or greater is associated with appreciable cohesive strength in the
      pressure-sensitive resin.
PAC  KEIL RELEASE VALUES
PAR  Keil release values for the pressure-sensitive resins are determined by
      coating a silicone release paper with pressure-sensitive resin solution
      and allowing the solution to dry for 15 minutes. at 70.degree.F. and for 2
      minutes at 90.degree.C. The dry film thickness is 2 mil. MYLAR polyester
      film of 1 mil thickness is applied with the standard 4-pound roller
      specified by the Pressure Sensitive Tape Council to the pressure-sensitive
      film. Strips of the MYLAR release paper laminate 1 inch in width are cut.
      The strips are subjected to a T-peel test on an Instron Tensile Tester
      Machine, with a crosshead speed of 12 inches per minute. The peel value or
      Keil release value expressed as grams per inch width is obtained. The
      release values, initial, after 24 hours at 70.degree.C. and after 88 hours
      at 70.degree.C. are determined. The data for resin Example 2 are presented
      in Table 4. The catalyst is present in a concentration of 1.78 m. moles
      per 100 grams resin.
TBL                TABLE 4                                                     

     ______________________________________                                    

               Keil Release Value, grams                                       

               per inch width                                                  

                            24 Hrs.     88 Hrs.                                

     Catalyst    Initial    70.degree.C.                                       

                                        70.degree.C.                           

     ______________________________________                                    

     TDA         22         38          77                                     

     BDMAHP      19         25          29                                     

     ______________________________________                                    

PAR  Keil release values less than 30 grams per inch width are generally
      acceptable. The data show the rapid increase in Keil release value of the
      resin containing triethylenediamine to an unacceptable value upon
      accelerated aging at 70.degree..
PAR  The compositions of the present invention may be used as the adhesive
      component in pressure sensitive tapes, films and foams. They adhere well
      to resin surfaces such as plasticized poly(vinyl chloride) MYLAR,
      cellulose acetate, nylon, polyethylene and polypropylene, as well as to
      paper, metal and painted surfaces. They are especially useful as the
      adhesive component of decorative vinyl sheets and decals, conferring
      excellent shrink resistance to vinyl film. Their outstanding tack, wetting
      and holding power may be used to advantage in transfer adhesive
      applications.
PAR  Articles of manufacture such as tapes, decals, decorative vinyl sheets and
      transfer films containing the pressure-sensitive resin composition of the
      present invention are prepared by coating the resin on the appropriate
      substrate by conventional coating methods. Such articles conventionally
      include a release paper for temporary protection of the adhesive film
      until the adhesive bond is made. The thickness of the adhesive film is
      generally in the range of 0.2 to 5 mil.
PAR  Application of the film to the substrate is conventionally carried out on
      roll coaters such as reverse roll and gravure roll coaters. The resin
      solution viscosity is adjusted to between 25 and 5,000 centipoises with
      higher viscosities within the range preferred for reverse roll coating and
      lower viscosities within the range preferred for gravure coating. The
      coatings are applied at a rate of between 10 feet per minute and 1,000
      feet per minute.
PAR  While the present invention has been described with particular reference to
      certain specific embodiments thereof, it will be understood that certain
      changes, substitutions and modifications may be made therein without
      departing from the scope thereof. This invention also contemplates the use
      of fillers, extenders, stabilizers, antioxidants, plasticizers,
      tackifiers, flow control agents, adhesion promoters, dyes, etc., in the
      pressure-sensitive resin solutions and the pressure-sensitive resins of
      this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An article of manufacture which comprises a substrate coated on at least
      one side with a pressure-sensitive permanently tacky composition
      comprising a dried mixture of an interpolymer and between 0.01 and 1.0
      parts by weight of 1,3-bis(dimethylamino)-2-hydroxypropane per 100 parts
      by weight of the interpolymer, wherein the interpolymer has a weight
      average molecular weight in the range of 10,000 to 500,000, a glass
      transition temperature in the range of -15.degree. to -75.degree.C. and
      comprises:
PA1  1. between 0.1 and 15 weight percent of an .alpha.,.beta.-ethylenically
      unsaturated aliphatic carboxylic acid,
PA1  2. between 0.1 and 2 weight percent of a glycidyl monomer selected from the
      group consisting of glycidyl acrylate, glycidyl methacrylate, and allyl
      glycidyl ether,
PA1  3. between 35 to 84.9 weight percent of a monomer selected from the group
      consisting of esters of acrylic acid and methacrylic acid containing from
      6 to 20 carbon atoms, and
PAR  4. optionally, a monomer selected from the group consisting of
      .alpha.-olefins containing 2 to 10 carbon atoms, vinyl esters of alkanoic
      acids containing from 3 to 10 carbon atoms, vinyl and methyl esters of
      acrylic and methacrylic acids, acrylonitrile, methacrylonitrile, styrene
      and vinyl chloride.
NUM  2.
PAR  2. The article of manufacture of claim 1 wherein the substrate is a tape.
NUM  3.
PAR  3. The article of manufacture of claim 1 wherein the substrate is a sheet.
NUM  4.
PAR  4. The article of manufacture of claim 1 wherein the substrate is a sheet
      of silicone coated release paper.
NUM  5.
PAR  5. The article of manufacture of claim 1 wherein the substrate comprises a
      polymer resin selected from the group consisting of plasticized poly(vinyl
      chloride), polyester, cellulose acetate, nylon, polyethylene and
      polypropylene.
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ABST
PAL  Precoated large-diameter monofilaments such as boron monofilaments are
      disclosed. The coating on the monofilaments comprises a crosslinkable
      resin composition that is partially crosslinked so that it does not flow
      when a prepreg tape in which the monofilaments are incorporated is
      subjected to a useful molding operation.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a division of a copending application, Ser. No. 80,207,
      now U.S. Pat. No. 3,775,061 which itself was continuation-in-part of a
      copending application, Ser. No. 649,167, filed June 27, 1967, and now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR   This invention provides new kinds of reinforcing filaments precoated with
      resin composition for use in a collimated arrangement in a prepreg tape.
      Boron filaments are the most typical of the new kinds of filaments, though
      other inorganic filaments currently being developed such as silicon
      carbide, boron carbide, tungsten carbide, and aluminum oxide filaments
      have similar features. There are two principal differences between glass
      filaments, which have been predominant as reinforcement in prepreg tapes,
      and the new filaments. First, the new filaments are large-diameter
      monofilaments (generally between 1 or 2 and 10 mils in diameter) whereas
      glass fibers of reinforcement have consisted of strands, yarns, or rovings
      of many fine (0.2 - 0.6 mils) monofilaments. Secondly, in comparison to
      glass filaments the new filaments are quite stiff, boron filaments having
      a tensile modulus of elasticity of about 60,000,000 pounds per square
      inch, for example. Because of these differences, the methods used to
      incorporate glass filaments in prepreg tapes are not effective with the
      new filaments.
PAR  One important inadequacy of the conventional methods arises from a
      difference in spacing required between filaments in a structural member
      reinforced with the new large-diameter monofilaments and a member
      reinforced with conventional glass filaments. A structural member
      reinforced with the new large-diameter monofilaments contains
      substantially fewer resin-filled interfilament spaces than a structural
      member reinforced with fine glass monofilaments, and, as a result, each
      resin-filled spaced between the new large-diameter monofilaments must
      accommodate a greater portion of the strain experienced in the member.
      Furthermore, since the new filaments are much more stiff than glass
      filaments, they are displaced from their normal position in the structural
      member a lesser amount than glass filaments are displaced under the same
      stress, and the resin composition between filaments must undergo more
      strain to make up the difference. The result of these larger strains
      between adjacent large-diameter monofilaments is that larger resin-filled
      spaces are required between the new monofilaments than between fine glass
      monofilaments, both in prepreg tape and ultimately in the reinforced
      member made from the tape.
PAR  Although sufficient resin is inherently impregnated between fine glass
      monofilaments when a web of roving is appropriately passed through a dip
      tank to make prepreg tape, the needed spacing between the now
      monofilaments cannot be obtained so easily. Large numbers of the new
      monofilaments, which are quite brittle, stiff, and difficult-to-handle,
      must be collimated in a compact monolayer, and uniform, controlled spacing
      must be provided between the monofilaments. Then, while held in the
      collimated, spaced relation, the monofilaments must be integrated into
      tape with a matrix of resin. More than that, the uniform spacing between
      monofilaments must be maintained in the reinforced structural member,
      despite the fact that it is necessary that the resin laid-up layers of
      tape flow under the heat and pressure of the molding operation. In
      conventional prepreg tapes this needed flow would "wash" the filaments
      together.
PAR  A different obstacle is that the hot-melt and solvent-coating methods used
      to make glass-filament prepreg tape are inadequate with the new,
      large-diameter, high-modulus monofilaments. Resin compositions having
      enhanced strain capability when molded are especially desirable in tapes
      of this invention to provide tough structural members adapted to
      accommodate the previously described large interfilament strains. However,
      these tough resin compositions tend to be of high viscosity and are thus
      difficult to coat by hot-melt methods.
PAR  Solvent-coating methods are undesirable with the new high-modulus
      monofilaments because of the problems raised by the brittleness of these
      monofilaments. During the time that breaks are repaired, the resin
      composition in the portion of tape in the solvent-removing oven is likely
      to cure excessively.
PAC  SUMMARY OF THE INVENTION
PAR  In the tape of this invention, in which the above difficulties are
      overcome, the monofilaments are individually and uniformly precoated with
      a circumferential layer of precoat resin composition, usually between
      about 0.1 and 0.5 mil in thickness, before being embedded in the matrix
      resin composition of the tape. This precoat resin composition is chosen to
      have a higher viscosity than the matrix resin composition during a useful
      molding operation, whereby the layers of precoat resin composition exhibit
      substantially no flow when the tape is subjected to a useful molding
      operation. The continued presence of the precoat layers around the
      monofilaments during the molding operation has been found to maintain
      uniform, controlled spacing between the monofilaments in reinforced
      structural members made from the tape. The precoat resin composition is
      also highly adherent to the monofilaments, has high strengh when molded,
      and forms a strong bond to the matrix resin composition during a useful
      molding operation.
PAR  In contrast to the precoat resin composition, the matrix resin composition
      flows during a useful molding operation before it hardens through
      cross-linking or cooling to a high-strength condition. In preferred tapes
      of the invention the matrix resin composition comprises at least one
      preformed film, and the layer of collimated precoated filaments is
      embedded in the matrix resin composition by pressing the layer of
      filaments into the film. Beside avoiding the described disadvantages of
      hot-melt- and solvent-coating, the use of a preformed film facilitates
      handling of the filaments. The pressing operation is adapted to
      straight-line travel of the filaments, and the filaments are required to
      be held in collimated spaced relation for only a short distance.
PAR  In a preferred tape of the invention, the precoat resin composition and the
      matrix resin composition each comprise heat-curable resin compositions
      that are reactive with one another. Typically, the precoat resin
      composition is of the same basic composition as the matrix resin
      composition but exhibits different flow properties under molding
      conditions, principally by virtue of a partial precuring of the precoat
      resin composition.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a schematic diagram of apparatus for precoating filaments for use
      in tapes of the invention;
PAR  FIG. 2 is a schematic diagram of apparatus for preparing prepreg tape of
      the invention from precoated filaments; and
PAR  FIG. 3 is a greatly enlarged cross-section of a tape of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates one method for precoating filaments according to the
      present invention. A filament 10, such as a large-diameter boron
      monofilament, (if not otherwise specified, the description generally will
      be directed to boron monofilaments) is unwound from a supply reel 11 and
      drawn through a resin-coating station which consists of a tank 12 and a
      dip roll 13 partially submerged in a solution of resin composition 14 in
      the tank. The roll 13 has a circumferential groove (not shown) in which
      the boron filament 10 rides. As the roll 13 turns, dissolved resin is
      carried in the groove from the bath, and this resin is deposited as a
      precoat 16 on the filament 10 drawn through the groove. The amount
      deposited depends principally on the solids content of the bath and the
      speed of travel of the filament. The coated filament 10 then passes
      through an oven 17 where the solvent is removed, and, when a heat-curable
      resin composition is used, the resin composition is partially cured. The
      resulting coated filament 10, which is preferably tackfree, is then wound
      on a storage reel 18. Although the procedure is illustrated for one
      filament, in practice several filaments are drawn at the same time over a
      dip roll 13 having several axially-spaced grooves.
PAR  A plurality of reels 18 of coated filament 10 are mounted on a creel and
      the filament on each reel unwound from it. The total number of coated
      filaments 10 used will vary with the width of the tape desired, the
      diameter of the monofilaments, the thickness of the precoat, and the
      spacing desired between filaments. The coated filaments 10 are drawn
      together over a long distance (such as 30 or 40 feet) to avoid sharp
      bending of the filaments, and passed through a comb 19 having a plurality
      of side-by-side spaces (dents) separated by dividers; generally, several
      coated filaments are passed through each dent.
PAR  The coated filaments 10 are roughly arranged into a layer by passage
      through the comb 19. This rough layer of coated filaments is then directed
      against two bars 20 and 21, and from there, as described in more detail
      below, the filaments are drawn between squeeze rolls 38 where they are
      pressed into film. An attempt is made to prevent the coated filaments from
      crossing over one another during this course of travel, and under the
      tension applied by the turning of the rolls 38 each coated filament is
      drawn against the bars 20 and 21 to form a monolayer 22 of coated
      filaments. The coated filaments are first introduced between the squeeze
      rolls 38 in a substantially even distribution and in approximate contact,
      and because of the limitations on movement of the coated filaments
      provided by the comb 19, bars 20 and 21, and squeeze rolls 38, this even
      distribution is maintained while the filaments are embedded in film.
PAR  A preformed film of resin composition is applied to each side of the layer
      22 of coated filaments to provide a thin matrix sheet of resin composition
      that integrates the layer of filaments and provides a handleable unitary
      tape. A roll 23 of film 24 is positioned below the layer 22 of filaments
      in FIG. 2, and a roll 28 of film 29 is positioned above the layer 22 of
      filaments. A thin (one-mil) glass fabric 25 is embedded in the film 24,
      and the film is carried on a low-adhesion liner 26 that later serves as a
      disposable liner on one side of the completed tape. The film 29 is covered
      by a protective liner 30, and carried on a low-adhesion liner 31 that
      later serves as a disposable liner on the other side of the completed
      film. Each assembly of film and liner is unwound from its roll and drawn
      over arcuate guide plates 34 and 35 toward the layer 22; the protective
      film 30 over the film 29 is removed and wrapped around a discard roll 33
      along the way. Recesses 36 and 37, having almost the exact width of the
      films 24 and 29, which is the width desired for the completed tape, are
      provided in the guide plates 34 and 35 and are in register with one
      another; as a result the films register with one another as they are drawn
      together.
PAR  The monolayer 22 of coated filaments 10, which also has substantially the
      width of the desired completed tape, enters the recess 36 at a point near
      the exit end and there contacts the exposed surface of the film 24. The
      monolayer 22 of filaments and the film 24 and liner 26 are then drawn
      between squeeze rolls 38 where they are joined with the film 29 and liner
      31; and the whole assembly is then drawn through a second set of pull
      rolls 39. The pressure exerted by the squeeze rolls 38 and pull rolls 39
      embeds the filaments into both films 24 and 29 and laminates the films
      together. A heat lamp 40 may be positioned adjacent each of the guide
      plates to soften the resin composition and thus facilitate embedding the
      filaments. The completed tape 41 carried between the liners 26 and 31 is
      then wound on a storage roll 42.
PAR  FIG. 3 shows the completed tape 41 in greatly enlarged cross-section. Boron
      monofilaments are commonly prepared by vapor deposition on a 0.5
      mil-diameter tungsten wire; these tungsten wires are shown at the center
      of the filaments 10 in FIG. 3. The thin fabric 25 is desired by some users
      because it provides somewhat increased handleability to the tape. This
      fabric also assures spacing between layers of reinforcement in a molded
      object, but, in general, the necessary spacing between layers of
      reinforcement is provided by the precoats 16 on the filaments.
PAR  As previously indicated, the individual precoat 16 of resin composition
      carried by each filament and embedded in the matrix resin composition
      should substantially not flow at all during a useful molding operation.
      Instead, the pre-coat should for the most part remain in place essentially
      in its original thickness, whereby the original spacing between adjacent
      monofilaments in the monolayer will be substantially maintained. In
      contrast to the precoat resin compostion, the matrix resin composition
      should flow during the molding operation, some of it flowing out of the
      mold as waste and carrying air entrapped in the laid-up layers of tape. In
      general, at least one or two percent of the matrix resin composition in
      the laid-up layers of tape should flow out of the mold if void-free molded
      objects are to be obtained. The flow properties of the precoat and matrix
      resin compositions and the temperature and pressure and other aspects of
      the molding operation are controlled to fit the particular circumstances,
      and are chosen so that the embedded layer of precoat resin composition
      will not flow, while the less viscous matrix resin composition will flow
      during the molding operation.
PAR  As illustrated in FIG. 3, the spacing between monofilaments is principally
      provided by the precoat layers 16, but, in addition, some matrix resin
      composition is typically forced between adjacent precoated filaments. This
      thickness can be controlled by the size of the monofilaments, thir number
      per inch width of tape, and the thickness of the precoat. While the matrix
      resin composition between filaments flows during the molding operation,
      some matrix resin composition often remains between the filaments in the
      molded object. In a useful molding operation, in which the sides of the
      laid-up layers of tape are usually restrained against outward movement,
      the filaments do not separate further than their original spacing when the
      matrix resin composition flows, and the precoat layers prevent the
      filaments from "washing" together.
PAR  Two primary factors govern the spacing desired between filaments -- the
      need to accommodate large strains, and the desire to have a maximum
      concentration of reinforcement. So that the large interfilament strains
      experienced in a molded object reinforced with large-diameter
      monofilaments such as 4-mil diameter boron monofilaments can be
      accommodated and high strengths achieved, the spacing between such
      monofilaments in prepreg tape should be at least about 0.2 mil. This
      spacing can be partially provided by the matrix resin composition, but
      generally the thickness of the precoat layer on such monofilaments should
      be at least about 0.1 mil. On the other hand, the spacing between
      large-diameter monofilaments such as 4-mil-diameter boron monofilaments
      should preferably not exceed about 1 or 1.5 mils, and the thickness of the
      precoat layer should therefore preferably be no more than about 0.5 or
      0.75 mil; more preferably, the thickness of the precoat is less than about
      0.4 mil..sup.1
PAR  .sup.1 In practice, the spacing between filaments may vary somewhat within
      the same tape. One user of prepreg, boron-filament tape specifies that the
      spacing between filaments shall be as follows:
PA1  No more than 2% shall be spaced less than 0.0002 inch.
PA1  89% shall be spaced between 0.0002 inch and 0.0012 inch.
PA1  No more than 10% shall be spaced greater than 0.0012 inch.
PA1  No more than 5% shall be spaced greater than 0.002 inch.
PA1  No more than 2% shall be spaced greater than 0.010 inch.
PA1  No more than 0.5% shall be spaced greater than 0.015 inch.
PAR  As will be understood, tape of the present invention may incorporate a wide
      variety of resin formulations. The particular resisn formulations chosen
      depend on the kind of structural member to be made from tape of the
      invention and the conditions such as the kind of stress and environment
      that the structural member will experience during its working life. Some
      structural members, and accordingly the resin composition from which they
      are made, must accommodate high strain. Other structural members must
      retain good strength properties at high temperatures, while ability to
      accommodate strain is not as important. The final formulation will often
      represent a compromise providing the best balance of properties that can
      be obtained.
PAR  The present applications for tape of the invention lead to the principal
      use in the tape of heat-curable resin compositions. Resins such as epoxy
      resins modified by the inclusion of a tough, high-strength,
      high-molecular-weight, polymeric component that exhibits substantial
      elongation when stressed beyond the yield point have been found to be
      useful resin compositions. Such toughening components include nylons,
      polyhydroxy ether resins, polyvinyl formal resins, and
      acrylonitrile-butadiene-styrene resins. All varieties of epoxy resins,
      including polyglycidyl ethers of polyhydric phenols and cycloaliphatic
      epoxy resins, are useful in tapes of the invention; cresol novolac epoxy
      resins, which offer especially good high-temperature properties due to the
      increased cross-linking obtained, are particularly useful. Other useful
      heat-curable resin compositions include polyimides, phenolics, and
      polybenzimidazoles.
PAR  Notwithstanding the preference for heat-curable resin compositions,
      thermoplastic resin compositions that are solids at the temperature of use
      are also useful in tapes of this invention, and those that are highly
      viscous at a useful molding temperature are useful as precoat resin
      compositions. Thermoplastic precoat resin compositions exhibit the
      advantage of not requiring partial curing after coating of the precoat
      resin composition. Examples of useful thermoplastic resins are polyhydroxy
      ethers, acrylonitrile-butadienestyrene copolymers, polysulfones, and
      polyphenyleneoxides.
PAR  In general, tapes of the invention have a resin-to-filament volume-ratio of
      between about 35:65 and 65:35. There is a possibility that voids will
      occur in objects molded from tapes having a resin content less than about
      35 volume-percent, while objects molded from tape having a resin content
      of more than about 65 volume-percent may have too little reinforcement.
      Tapes prepared by embedding the precoated filaments in preformed film
      generally include such a film on each side of the layer of filaments so as
      to conveniently assure an adequate amount of resin between layers of
      reinforcement in the molded object. These films are generally tacky since
      the matrix resin composition in prepreg tapes is preferably tacky and
      remains so during storage, so that the tapes can be conveniently laid up
      during a molding operation. The needed thickness of the film or films
      varies with the desired final resin content in the tape, the number of
      films used, the thickness of the precoat, and the presence or absence of a
      fabric in the film or films.
PAR  The following examples further illustrate the invention, while also showing
      some of the different resin formulations used in practicing the invention.
PAC  EXAMPLE 1
PAR  Boron monofilaments, formed by vapor deposition on a 0.5-mil diameter
      tungsten wire and nominally 4 mils in diameter, are coated with a resin
      composition that includes the following ingredients.
TBL  ______________________________________                                    

     Precoat Resin Composition                                                 

                           Parts by Weight                                     

     ______________________________________                                    

     Semi-solid novolac epoxy resin                                            

     having an epoxide equivalent weight                                       

     of 175-182 (Dow-Corning DEN-438)                                          

                             100                                               

     Polyvinyl formal (molecular weight                                        

     between 16,000 and 20,000 and including                                   

     9.5-13 weight-percent acetate groups,                                     

     5.6.5 weight-percent hydroxy groups,                                      

     and 82 weight-percent formal groups;                                      

     Formvar)                10                                                

     Boron trifluoride-monoethanolamine                                        

     complex (BF.sub.3 400)   3                                                

     ______________________________________                                    

PAL  These ingredients are dissolved in a solvent such as a mixture of even
      parts of methyl ethyl ketone, methyl cellosolve, and diacetone alcohol to
      give a solution containing approximately 30 weight-percent solids. As
      illustrated in FIG. 1, the boron filaments are drawn over a coating roller
      and then, at a rate of 50-150 feet per minute, through a 12-foot long oven
      in which the temperature is 300.degree.-400.degree.F The resulting precoat
      varies in thickness between about 0.1 and 0.3 mil.
PAR  To assure that the correct degree of curing has occurred, the softening
      point of the precoat of resin composition may be determined. A sample of
      the resin is first scraped off the boron filament with a razor blade, and
      a small amount of the resulting powder placed between two thin circular
      plates of glass, 0.125 millimeter thick and 18 millimeters in diameter.
      The two plates of glass, with the resin powder between them, are placed in
      the well of a Fisher-Johns melting point apparatus, heat applied to the
      sample, and the powder observed through an attached magnifying glass. The
      heat is slowly increased until the powder starts to soften and flow
      slightly when the upper glass is slightly depressed with a small wooden
      rod; the temperature at this point is noted and compared with the
      temperature to be experienced by the precoat during a molding operation.
PAR  Three-inch-wide tape is prepared from the coated filaments using apparatus
      as illustrated in FIG. 2; 210 precoated filaments are typically used per
      inch of tape width. Approximately 8 precoated filaments are assembled in
      each dent of the comb, and the distance between the creel and comb is
      about 40 feet. The bars 20 and 21 illustrated in FIG. 2 are glass and are
      approximately one inch in diameter and spaced approximately two inches
      apart along the path of travel of the coated filaments.
PAR  The tape is formed using two films that have been preformed, one having a
      thin one-mil (Style 104) glass cloth embedded in it. The resin composition
      of the two films is as follows:
TBL                       Parts by Weight                                      

     ______________________________________                                    

     Diglycidyl ether of bisphenol A having                                    

     an epoxide equivalent weight of 190                                       

     (Epon 828)             100                                                

     Polyvinyl formal (Formvar)                                                

                            25                                                 

     Dicyandiamide           6                                                 

     ______________________________________                                    

PAR  The ingredients are dissolved in a suitable solvent to give a 60
      weight-percent solids solution. The glass cloth is dipped in this
      solution, passed through squeeze rolls, and then through an oven heated to
      250.degree.F for 1-4 minutes to drive off the solvent. The resulting
      fabric-reinforced film, which has a thickness of about 1 to 1.5 mils, is
      then laid on a liner such as the liner 26 and wound into a roll.
PAR  The film without fabric is prepared by knife-coating the above solution
      onto a carrier liner, such as the liner 31, and then driving off the
      solvent. A film 1.25 to 1.5 mils thick is produced, after which the coated
      liner is wound into a storage roll with a liner such as the liner 30.
PAR  The coated filaments are embedded in the two preformed films in an
      operation conducted at room temperature with heat lamps. The resin content
      is about 55 volume-percent, and the thickness of the tape varies between
      about 5 and 6 mils. Its volatile content is found (by heating it for 15
      minutes at 300.degree.F.) to be less than one percent by weight, and the
      tape has a flow percent by weight at 50 pounds per square inch of about 10
      percent.
PAR  The strength properties of the tape may be measured by various tests
      performed on test panels typically made using an autoclave-vacuum bag
      procedure. A laid-up assembly of tape is first placed in the vacuum bag of
      an unheated autoclave, after which a vacuum is drawn in the bag and
      pressure applied externally of the bag so that the total pressure on the
      assembly is about 85 pounds per square inch. The temperature is then
      raised at a rate of at least 2.degree.F/minute to 350.degree.F. and held
      for one hour. The temperature in the autoclave is reduced to 150.degree.F.
      before releasing the pressure and removing the test panel. The test panel
      is then post-cured in an oven at 350.degree.F. for 4-6 hours. In several
      of the following tests, test specimens are cut from a 15-ply panel, 3
      inches wide, 9 inches long, and 0.075 inch thick.
PAR  The specific tests typically used are as follows:
PAR  Flexural strength -- A test specimen 4.5 inches long and 0.5 inch wide is
      cut from the 15-ply panel, with the filaments running lengthwise of the
      specimen. The specimen is laid across two parallel supports spaced 21/2
      inches apart in a Baldwin universal testing machine with the supports
      extending transversely to the direction of the filaments in the panel. A
      single load is applied to the top and center of the panel midway between
      the supports at a rate of 0.05 inch per minute.
PAR  Horizontal shear strength -- A test specimen 0.25 inch wide and 0.6 inch
      long is cut from the 15-ply panel with the filaments running in the length
      direction. The test panel is laid across two supports separated along the
      length of the panel by 0.4 inch, with the supports extending transversely
      to the length of the panel, or parallel to the filaments. The load is
      applied centrally on the top of the panel at a rate of 0.05 inch per
      minute. The application surfaces of the support member and the load member
      are cylindrical, with a 1/16-inch radius.
PAR  Transverse flexural strength -- A test specimen 3 inches long and 0.5 inch
      wide is cut from the 15-ply panel, with the filaments running in the width
      direction, and is supported on 1/8-inch radius steel rods spaced 2 inches
      apart. The load is applied to the top of the specimen at two points
      located one inch apart and equidistant from the center of the specimen.
PAR  Ultimate tensile strength -- A 6-ply test panel, 22 inches long, 1 inch
      wide, and 0.075 inch thick is prepared as described above, with the
      filaments in the several plies all arranged lengthwise. The test panel is
      bonded with a heat-curable epoxy resin-based bonding film to the bottom
      surface of an aluminum honeycomb core, with the honeycomb cells extending
      in the depth direction (perpendicular to the test panel). An aluminum
      sheet 0.125 inch thick is bonded to the top surface of the core with the
      same bonding film. The aluminum core is 22 inches long, 1 inch wide, and
      1.5 inches deep, and has a weight of 23 pounds per cubic foot.
PAR  This test assembly is supported on two spaced reaction pads that are each
      1.5 inches wide and carry a rubber cover layer between the rest of the pad
      and the assembly. The two reaction pads are placed at opposite ends of the
      bottom (test-panel side) of the assembly, with the centers of the pads 20
      inches apart. The load is distributed in two equal parts and applied at
      spaced locations to the top (aluminum sheet) of the assembly. Each partial
      load is applied on a load pad one inch wide; the centers of the two pads
      are spaced four inches and they are equidistant from the midpoint of the
      test assembly. The load rate is 0.05 inch per minute.
PAR  Tensile modulus of elasticity -- The tensile modulus of elasticity is
      determined from the strain of the test specimen during the above tensile
      strength test.
PAR  Representative results of tests at room temperature for the tape of this
      example are as follows:
TBL         Ultimate                                                           

                   Horizontal                                                  

                          Transverse                                           

                                 Modulus                                       

     Flexural                                                                  

            Tensile                                                            

                   Shear  Flexural                                             

                                 of                                            

     Strength                                                                  

            Strength                                                           

                   Strength                                                    

                          Strength                                             

                                 Elasticity                                    

     (lbs/sq.in)                                                               

            (lbs/sq.in)                                                        

                   (lbs/sq.in)                                                 

                          (lbs/sq.in)                                          

                                 (lbs/sq.in)                                   

     __________________________________________________________________________

     245,000                                                                   

            190,000                                                            

                   13,000 22,000 27,000,000                                    

     __________________________________________________________________________

PAR  The tape of this example provides a structural member capable of
      accomodating high amounts of strain. To improve other properties, though
      reducing ability to accomodate strain, the following matrix resin
      formulation can be used.
TBL  ______________________________________                                    

     Matrix Resin Composition                                                  

                           Parts by Weight                                     

     ______________________________________                                    

     Epoxy resin (DEN-438)   100                                               

     Polyvinyl formal (Formvar)                                                

                             3                                                 

     Boron trifluoride-monoethanolamine complex                                

                             3                                                 

     ______________________________________                                    

PAR  The following example illustrates a useful epoxy resin formulation not
      modified with a toughening agent.
PAC  EXAMPLE 2
PAR  Prepreg tape was made from 4-mil-diameter boron filaments by the above
      procedures using the following resin compositions:
TBL  Precoat Resin Composition                                                 

                           Parts by Weight                                     

     ______________________________________                                    

     Cresol novolac epoxy resin having a                                       

     molecular weight of about 1175, soften-                                   

     ing point of 80.degree.C., and specific                                   

     gravity of 1.17 (Ciba ECN 1280)                                           

                             1.5                                               

     Triglycidyl derivative of para                                            

     aminophenol having an epoxide                                             

     equivalent weight of 97-101 and                                           

     being liquid at 80.degree.F. (Union                                       

     Carbide ERL-0510)       0.225                                             

     Dicyandiamide (into which colloidal                                       

     silica (Cab-O-Sil M-5) is milled                                          

     in an amount comprising 3 weight-                                         

     percent of the mixture) 0.15                                              

     Matrix Resin Composition                                                  

                           Parts by Weight                                     

     ______________________________________                                    

     Cresol novolac epoxy resin                                                

     (Ciba ECN 1280)         1.0                                               

     Triglycidyl derivative of para amino-                                     

     phenol (Union Carbide ERL-0510)                                           

                             0.725                                             

     Dicyandiamide mixed with 3 weight-                                        

     percent colloidal silica                                                  

                             0.15                                              

     ______________________________________                                    

PAR  The following example illustrates an alternative procedure for precoating
      filaments.
PAC  EXAMPLE 3
PAR  Boron filaments having a nominal diameter of four mils were coated with a
      25-percent-solids solution of polyhydroxy ether (formed from bisphenol A
      and epichlorohydrin and having an average molecular weight of 20,000 to
      30,000, a specific gravity of 1.18, and a softening point of 212.degree.F;
      Union Carbide PRDA-8080) in methyl ethyl ketone. This thermoplastic resin
      includes unreacted hydroxyl groups whereby cross-linking reactions are
      formed between it and an epoxy resin. At 400.degree.F., somewhat over the
      molding temperature used, the resin's flow properties are such that it is
      barely pourable. The filaments were drawn between two circular felt pads
      mounted coaxially, rotatably, and in contact with one another, and
      partially submerged in a tank containing the above solution. The solvent
      was removed by blowing hot air over the coated filaments as they left the
      pads. The precoat layer of resin composition was about 0.2 mil thick.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flexible handleable reinforcing filament adapted for inclusion in
      prepreg tape from which are molded high-strength substantially void-free
      resinous structural members uniformly reinforced with continuous
      collimated reinforcing filaments, said reinforcing filament consisting
      essentially of a continuous length of a single high-strength
      large-diameter monofilament coated with a nontacky circumferential layer
      at least about 0.1 mil in thickness that comprises a partially crosslinked
      precoat resin composition that comprises epoxy resin modified by inclusion
      of a high-molecular-weight polymeric component that exhibits substantial
      elongation when stressed beyond its yield point to increase the capability
      of elongation of the precoat resin composition when fully crosslinked; is
      highly adherent to the monofilament; has high strength in the molded
      condition; and exhibits substantially no flow when the coated monofilament
      is embedded in the matrix sheet of resin composition of a prepreg tape and
      the tape is subjected to a useful molding operation.
NUM  2.
PAR  2. The reinforcing filament of claim 1 in which the large-diameter
      monofilament is a boron monofilament.
NUM  3.
PAR  3. A reinforcing filament of claim 1 in which said layer does not soften
      when tested in the manner described herein in a Fisher-Johns melting point
      apparatus and heated from room temperature to 350.degree.F at the rate of
      2.degree.F per minute.
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ABST
PAL  A highly piezoelectric polyvinylidene fluoride element is prepared by
      treating a polyvinylidene fluoride film having an infrared absorbance
      ratio D.sub.530 /D.sub.510 of not more than 1.2, namely having a major
      proportion of .beta.-type crystal structure, at a temperature of at least
      40.degree.C but below the melting point of the film while applying to the
      film a direct current voltage of 200 KV/cm to 1,500 KV/cm. The
      polyvinylidene fluoride film having a major proportion of .beta.-type
      crystal structure may be obtained by stretching a fabricated article of
      polyvinylidene fluoride having a major proportion of .alpha.-type crystal
      structure under specific conditions.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part application of copending application, Ser.
      No. 184,170, filed Sept. 27, 1971, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a process for producing polymeric piezoelectric
      elements using polyvinylidene fluoride as the material for the
      piezoelectric elements.
PAC  BACKGROUND OF THE INVENTION
PAR  Inorganic crystals such as quartz, rochelle salt, or barium titanate have
      been known for a long time as piezoelectric materials, and in recent years
      some vital substances or synthetic polymers have become known to have
      piezoelectric properties. As living tissues having piezoelectric
      properties, there have been known bones, skins, blood vessels, muscles,
      hairs, ivories, silk yarns, bamboos, timbers, and the like, and it is also
      considered that most proteins have piezoelectric properties. Piezoelectric
      properties are also observed in uniaxially stretched films of polymers of
      simple amino acids such as polybenzyl glutamate or polymethyl glutamate
      which are synthetic polymers.
PAR  On the other hand, when a direct current high voltage is applied to a
      polymeric film at relatively gigh temperatures and the film is then
      cooled, it becomes the so-called electret. It has long been known that
      electrets have piezoelectric properties. Recently, with the development of
      polymeric electrets, the piezoelectric properties of various electrets
      have been examined, and it has been found that films of polar polymers
      such as polyvinylidene fluoride (to be referred to as PVDF), polyvinyl
      fluoride, or polyvinyl chloride especially have high piezoelectric
      properties. In particular, PVDF has been found to have high piezoelectric
      properties. For example, PVDF film is uniaxially stretched at
      120.degree.-150.degree. C to several times the original length, and formed
      into an electret in an electric field of about 300 KV/cm at
      50.degree.-90.degree. C. This results in the formation of a piezoelectric
      PVDF film having a piezoelectric constant d.sub.31  of a maximum of 2
      .times. 10.sup..sup.-7 c.g.s.e.s.u. (the stretching direction being X
      axis).
PAC  SUMMARY OF THE INVENTION
PAR  Extensive research and development work of the inventors of the present
      application of PVDF and PVDF electret have led to a process for producing
      PVDF films having far higher piezoelectric properties than any known
      piezoelectric polymeric films.
PAR  The PVDF film as an element of the present invention is quite different
      from an electret, which is a dielectric body having the external electric
      field obtained by the application of a direct current voltage to a
      polymeric film and which has been conventionally known. Needless to say,
      the condition for the electret is that the external electric field thereof
      is large and hard to attenuate, in which point the electret is
      distinguished from merely charged dielectric bodies. On the other hand, an
      electret of PVDF can not maintain its surface charge for a long time, and
      it may even be said that such electret does not qualify as an electret.
PAR  In the process of the present invention it has been found that the surface
      potential has no direct relation with piezoelectric properties, and that
      the pursuit of the electret having a high surface potential and little
      attenuation thereof is not useful for obtaining a film having high
      piezoelectric properties and with little attenuation in these properties.
PAR  The piezoelectric film according to the present invention does not
      necessarily have an external electric field but rather exhibits high
      piezoelectric properties after loss of the external electric field. In
      this respect it is a novel polarized dielectric body which is quite
      different from a conventional electret having an external electric field.
PAR  PVDF mainly has two crystal types, .alpha.-type and .beta.-type. Generally,
      films of PVDF have been produced by polarizing a film of the .alpha.-type
      crystal structure with small piezoelectric properties. On the other hand,
      the present invention provides a process a previously unknown and unique
      film having high piezoelectric properties by polarizing a film of
      .beta.-type crystal structure, and for obtaining a new piezoelectric
      element by attaching electrodes to both surfaces of the resulting film. In
      this case the film of the .beta.-type crystal structure is obtained by
      stretching a film of the .alpha.-type crystal structure at low
      temperature. A temperature as low as possible is preferable to obtain a
      film of a complete .beta.-type crystal structure.
PAR  The present invention provides a process for producing piezoelectric
      elements which comprises stretching a PVDF film having a major proportion
      of the .alpha.-type crystal structure at as low a temperature as possible
      to form a film having a major proportion of the .beta.-type crystal
      structure, heat-treating the film under tension if necessary, and then
      heat-treating it under a direct current electric field (polarization
      treatment) thereby to form electrodes on both surfaces thereof.
PAR  Electrodes are indispensable to piezoelectric elements, although their
      formation can be made before or after the polarization treatment.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to the production of films of PVDF having
      high piezoelectric properties by polarizing a film of the .beta.-type
      crystal structure.
PAR  The piezoelectric properties, as used in the present specification and
      claims, refer to tensile piezoelectric properties. When the stretching
      direction of a film is in the X axis and the planar direction at right
      angles to the X axis is the Z axis, the piezoelectric properties of the
      film in the Z axis direction are measured and are made the piezoelectric
      properties of the film in the present invention. At this time, the
      piezoelectric constant is expressed by d.sub.31. Naturally, other
      constants such as d.sub.33 and d.sub.32 are not expected to be zero, and
      some constants will be as large as d.sub.31. Applications will be
      conceivable in which these other constants are utilized.
PAR  PVDF mainly has two crystal types, .alpha.-type and .beta.-type. The
      conformation of the main chain is generally TGEG' in the case of the
      .alpha.-type, and TT (planar zigzag) in the case of .beta.-type. The
      .beta.-type crystal lacks a center of symmetry and is of a structure
      wherein dipoles face in the same direction. Fabricated articles of the
      .alpha.-type crystal structure are obtained by cooling the material from
      its molten state, whereas those having the .beta.-type crystal structure
      are produced by casting the material from a solution in a good solvent
      such as dimethylacetamide or dimethyl sulfoxide, heat-treating the cast
      film at high pressures, or stretching it at relatively low temperatures.
PAR  PVDF has the .alpha.-type crystal structure when cooled from its molten
      state, and it is impossible to produce .beta.-type films only by
      melt-extrusion procedure. However, when the film is stretched by more than
      130% in at least one direction at a low temperature, not higher than
      110.degree. C, the resulting film has a major proportion of the
      .beta.-type crystal structure. When the stretching of the film is
      performed at low temperatures, the temperature of PVDF itself tends to
      rise by self-heat-generation, and the film may readily take the
      .beta.-type crystal structure. Hence, the stretching should be carried out
      carefully and preferably at the slowest possible rate of stretching at low
      temperatures. Such films of the .beta.-type crystal structure which have
      been produced with care will show far higher piezoelectric properties, by
      polarization treatment, than conventional piezoelectric PVDF films. As
      will be seen from examples appearing hereinafter, such films have a
      d.sub.31 of as large as more than 2 .times. 10.sup..sup.-7 c.g.s.e.s.u.
PAR  The piezoelectric effect can be expected with any films having a major
      proportion of the .beta.-type crystal structure. The proportion of the
      .beta.-type crystal structure is determined mainly by the stretching
      temperature and the stretch ratio, and can be determined using an
      absorbance ratio as an index which is obtained by infrared absorption
      spectroscopy. When the absorption spctrum of the sample in the KBr region
      is taken, the absorptions appearing in the vicinity of 530 cm.sup..sup.-1
      and 510 cm.sup..sup.-1 are considered, respectively, to be .alpha.-type
      and .beta.-type crystal bands, and the absorbance ratio D.sub.530
      /D.sub.510 constitutes a good index.
PAR  Where a given sample for measurement of the absorbance ratio has a large
      thickness, the ratio cannot be determined by a transmission method, and a
      reflecting method must be used.
PAR  In this case, the spectrum to be obtained of the sample sometimes differs
      depending upon whether the stretching direction of the sample is parallel
      to the reflecting direction of light or whether it is perpendicular to the
      reflecting direction. It is therefore necessary to set these two
      directions in a parallel relationship to each other during the measuring
      procedure.
PAR  We have found that better piezoelectric films are obtained with smaller
      D.sub.530 /D.sub.510 ratios, namely with a greater proportion of the
      .beta.-type crystal structure, and especially that when a PVDF film having
      a D.sub.530 /D.sub.510 ratio of not more than 1.2 is treated in an
      electric film of 200 KV/cm to 1,500 KV/cm at a temperature between
      40.degree. C and the melting point of the film there can be obtained a
      high performance piezoelectric films having a maximum d.sub.31 of more
      than 5 .times. 10.sup..sup.-7 c.g.s.e.s.u. which has never been obtained
      from any conventional polymeric films.
PAR  The films of the .beta.-type crystal structure so obtained may be
      heat-treated under tension prior to polarization in order to improve the
      piezoelectric properties. The heat-treating temperature may be at least
      80.degree.C and up to the melting point of the film, but when the
      temperature is near the melting point, the treating time must be
      shortened. At 150.degree.C, sufficient effect is obtained by treating the
      film for 30 minutes. If the film is heat-treated with both ends being
      free, the piezoelectric constant of the film does not change much so long
      as the treating temperature is not higher than 150.degree.C.
PAR  The film of the .beta.-type crystal structure is then formed into a
      piezoelectric film. Polarization is performed in a usual manner by holding
      the film with electrodes, applying a direct current high voltage thereto,
      maintaining the film in this state for a predetermined time at a
      predetermined temperature higher than room temperature.
PAR  In the present invention it is essential to apply the direct current
      voltage to a film above 40.degree.C it is not necessarily required to cool
      the film while applying the direct current voltage. For example, just
      after the application of the direct current voltage the electrodes can be
      removed and the film may be removed from the area of treatment and allowed
      to cool. In that case the piezoelectric properties tend to decrease
      according to heat treatment effect, but the piezoelectric properties do
      not decrease very much when the heat treatment effect is small. However,
      it is preferable to cool the film to room temperature while applying the
      voltage when the film is cooled.
PAR  With respect to the above the piezoelectric elements of the present
      invention differ from the so-called electret having a surface charge, and
      have the stable piezoelectric properties even at the polarizing
      temperature.
PAR  The electrodes may be adhered to the film, for example by vacuum
      vaporization, or may be spaced from the film. Higher voltages below the
      voltage which the film can withstand may produce better results, but for
      practical purposes, the voltage is desirable from 200 KV/cm to 1,500
      KV/cm. The time needed for polarization may be one sufficient for
      temperature elevation, and generally ranges from 10 minutes to 2 hours
      with a longer time being preferred for sufficient polarization. Films of
      the .beta.-type exhibit high piezoelectric properties when treated at room
      temperature to a temperature near the melting point of the films,
      desirably 50.degree. C to about 160.degree. C. In contrast, conventional
      piezoelectric films have different piezoelectric properties according to
      the polarizing temperature. There is a threshold in the vicinity of
      60.degree. C. Usually, many such conventional films hardly show
      piezoelectric properties when subjected to a polarization treatment at a
      temperature not higher than 60.degree. C, and therefore temperatures of
      80.degree. C to 90.degree. C have been used as the polarizing temperature.
PAR  The PVDF films of the present invention which have a major proportion of
      the .beta.-type crystal structure not only have high piezoelectric
      constant values, but also can be polarized formed into piezoelectric films
      at low temperatures. These are features which also distinguish the present
      invention from conventional processes. For example, as shown in the
      examples, when polarization is performed at 40.degree. C in an electric
      field of 320 KV/cm, the .beta.-type film and the .alpha.-type film exhibit
      outstanding differences. Judging from samples of various D.sub.530
      /D.sub.510 ratios, films having a D.sub.530 /D.sub.510 ratio of not more
      than 1.2 seen to exhibit the characteristics of the .beta.-type and the
      film having a D.sub.530 /D.sub.510 ratio of not more than 0.6 exhibit
      fully the characteristics of the .beta.-type.
PAR  The piezoelectric elements according to the present invention are generally
      used with electrodes on both surfaces thereof. Electroconductive materials
      such as metal, carbon, electroconductive glass and electroconductive
      polymer can be used as electrodes for the piezoelectric elements. It is
      preferable that the electrodes adhere to the piezoelectric moulded article
      but they may be spaced from the article. The electrodes may be adhered in
      a film state, may be pressed to the article or may be formed by vacuum
      vaporization. Metals desirable for vacuum vaporization are gold, aluminum,
      tin, zinc, nickel, chrome, platinum or a mixture thereof. In addition, an
      electroconductive metal oxide or transparent electrodes such as NESA glass
      may be employed. The time of formation of those electrodes can be separate
      from the polarization treatment but ultimately the film is used with
      electrodes on both surfaces thereof.
PAR  In particular, the electrodes formed by vacuum vaporization are desirable
      for electro-acoustic transducers since they are thin and light by weight.
PAR  The piezoelectric films of the present invention find wide industrial
      applications including electroacoustic transducers, electric mechanical
      transducers, pressure detecting devices, mechanical filters, press-sensing
      elements, and other applications in which the piezoelectric properties are
      utilized. Because of the larger piezoelectric constants of the films of
      the invention than quartz and of the inherent properties as film, even
      wider applications of the piezoelectric films of the invention can be
      expected in the future. Furthermore, the piezoelectric film of the
      invention has a very high pyroelectric current, and is useful as a
      pyroelectric element.
DETD
PAR  The invention will be further described by the following examples which are
      presented for illustrative, rather than limitative, purposes.
PAC  EXAMPLE 1
PAR  Powders of PVDF obtained by suspension-polymerization were fabricated into
      a press plate of a thickness of about 0.3 mm at 220.degree. C using a hot
      press. The plate was stretched at 25.degree. C at a rate of 20 mm/min.
      using a tensile tester (Tensilon, product of Toyo Seiki). The resulting
      transparent film which had thus been uniaxially drawn to about 3 times the
      original dimension had a thickness of 0.1 mm. The results of the X-ray
      diffraction analysis of this film on the equatorial line are shown in FIG.
      1 in comparison with those obtained with the original press plate. FIG. 1
      is an X-ray diffraction pattern (on the equatorial line) of the press
      plate of polyvinylidene fluoride and of the film obtained by stretching
      the press plate at 25.degree. C. It is seen from this Figure that the
      original crystal structure is the .alpha.-type, whereas the resulting
      uniaxially stretched film has an almost complete .beta.-type crystal
      structure. The absorbance ratio D.sub.530 /D.sub.510 of this film was
      0.04.
PAR  This .beta.-type uniaxially stretched film was subjected to polarization
      treatment (if desired, after pretreatment). The polarization treatment was
      performed in a usual manner by holding the film with stainless steel
      electrodes, maintaining the film at a predetermined temperature indicated
      in Table 1 for one hour while a direct current high voltage was being
      applied to the film, and then allowing the film to cool to room
      temperature and then the electrodes were adhered to both surfaces thereof
      using a silver emulsion transfer tape. The voltage was varied as shown in
      Table 1.
PAR  Then the piezoelectric constant d.sub.31 of the element in the stretching
      direction was measured using a measuring apparatus shown in FIG. 2 of the
      accompanying drawings. FIG. 2 is a block diagram of an apparatus for
      measuring the piezoelectric constant. The specimen 2 is stretched by
      vibrator 1, and the pressure applied at this time was detected by stress
      gauge 3. The devices 1 and 3 were those of a rheometer (product of RION
      Co., Ltd.). Sine waves of 15 cycles/sec. were employed as the frequency of
      the vibrator in order to avoid resonance. A silver emulsion transfer tape
      was used as electrodes 4. Leading lines having a size of about 100 .mu.
      were adhered to the electrodes using a conductive paint, Dotite (product
      of Fujikura-Kasai Ltd.). The amount of electricity generated at this time
      was pressed through a circuit of charge amplifier 5, inverting amplifier
      6, and active filter 7, and measured by alternating voltmeter 8.
PAR  The results are also shown in Table 1.
PAR  The above measurement was performed while an equilibrium stress of 10.sup.4
      gr/cm.sup.2 was being exerted on the film in order to maintain the film in
      a tensioned state. The same conditions were used in the subsequent
      examples in measuring piezoelectric constants.
PAR  As control examples, the piezoelectric constants of the film which was not
      polarized, the PVDF press plate, a film obtained by stretching the press
      plate at 170.degree. C, and a polarized sample of this film were also
      measured, and the results are given in Table 1.
PAR  Since the piezoelectric constant of the film stretched at 25.degree. C is
      very small, the piezoelectric properties as high as more than several
      thousand times are observed under the same condition. As compared with the
      .alpha.-type films, the films obtained by the present invention have
      piezoelectric properties as high as about 60 times under the same
      conditions.
TBL                Table 1                                                     

     ______________________________________                                    

                                  Electric                                     

                        Polarizing                                             

                                  Field In-                                    

                                         d.sub.31                              

                        Temperature                                            

                                  tensity                                      

                                         (c.g.s.e.                             

     Run No.                                                                   

            Pretreatment                                                       

                        (.degree.C)                                            

                                  (KV/cm)                                      

                                         s.u.)                                 

     ______________________________________                                    

     1      None        40        320    1.2 .times. 10.sup..sup.-7            

     2      None        50        320    4.3 .times. 10.sup..sup.-7            

     3      None        90        320    5.1 .times. 10.sup..sup.-7            

     4      None        110       320    3.0 .times. 10.sup..sup.-7            

     5      None        150       320    4.5 .times. 10.sup..sup.-7            

     6      None        90        500    1.2 .times. 10.sup..sup.-6            

     7      None        90        700    1.5 .times. 10.sup..sup.-6            

     8      None        90        1,000  1.2 .times. 10.sup..sup.-6            

     9      Heat treatment                                                     

            at 150.degree.C for                                                

                        90        320    7.6 .times. 10.sup..sup.-7            

            30 minutes                                                         

            under tension                                                      

     10     Heat treatment                                                     

            at 150.degree.C for                                                

                        90        320    4.2 .times. 10.sup..sup.-7            

            30 minutes                                                         

            with both ends                                                     

            free                                                               

     ______________________________________                                    

     11      Neither pretreated nor polarized                                  

                                  less than                                    

     (control)                    10.sup..sup.-10                              

     12      PVDF press plate of 150 .mu.                                      

                                  less than                                    

     (control)                    10.sup..sup.-10                              

     13      Film obtained by stretching PVDF                                  

                                  less than                                    

     (control)                                                                 

             at 170.degree.C to 2.2 times but not                              

                                  10.sup..sup.-10                              

             polarized (see Example 4)                                         

     14      A polarized film from the above                                   

                                  5.0 .times. 10.sup..sup.-10                  

     (control)                                                                 

             film (40.degree.C , 320 KV/cm)                                    

     15      A polarized film from the above                                   

                                  9.5 .times. 10.sup..sup.-9                   

     (control)                                                                 

             film (90.degree.C, 320 KV/cm)                                     

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  Powders of PVDF obtained by suspension polymerization were fabricated into
      a press plate having a thickness of about 0.2 mm at 220.degree. C using a
      hot press. The press plate was rolled to about two times the original
      length using a fully cooled roll. A transparent, uniaxially stretched film
      having much the same width at the original plate was obtained. The X-ray
      diffraction pattern of this film well resembled that shown in Example 1,
      and the main crystal structure was .beta.-type. The film was polarized in
      the same way as set forth in Example 1, and then the electrodes were
      adhered to both surfaces thereof using a silver emulsion transfer tape.
      The piezoelectric constant of the element in the stretching direction was
      measured. The results are shown in Table 2. The absorbance ratio D.sub.530
      /D.sub. 510, measured by the same method as shown in Example 4, of this
      film was 0.22.
TBL                Table 2                                                     

     ______________________________________                                    

                                   Electric                                    

                        Polarizing Field In-                                   

                                          d.sub.31                             

                        Temperature                                            

                                   tensity                                     

                                          (c.g.s.                              

     Run No. Pretreatment                                                      

                        (.degree.C)                                            

                                   (KV/cm)                                     

                                          e.s.u.)                              

     ______________________________________                                    

     1       None       90         320    4.5 .times. 10.sup..sup.-7           

     2       None       90         500    9.1 .times. 10.sup..sup.-7           

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  Powders of PVDF obtained by suspension polymerization were fabricated into
      a sheet of about 0.4 mm thickness using an extruder. The sheet was brought
      into contact with a roll, and by local heating of the contact part,
      stretched to 4 times the original length. The temperature of the film
      during stretching was measured by a surface temperature measuring
      instrument, and found to be 110.degree. C. The X-ray diffraction pattern
      of the film obtained indicated that it contained a major proportion of the
      .beta.-type crystal structure. The film had an absorbance ratio D.sub.530
      /D.sub. 510 of 0.69 (see Example 4). The film was polarized in the same
      way as set forth in Example 1, and the electrodes were adhered to both
      surfaces thereof using a silver emulsion transfer tape. The piezoelectric
      constant of the element in the stretching direction was measured. The
      results are given in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

                        Polarizing Electric                                    

                        Forming    Field  d.sub.31                             

                        Temperature                                            

                                   Intensity                                   

                                          (c.g.s.                              

     Run No. Pretreatment                                                      

                        (.degree.C)                                            

                                   (KV/cm)                                     

                                          e.s.u.)                              

     ______________________________________                                    

     1       None       40         320    1.3 .times. 10.sup..sup.-8           

     2       None       50         320    5.0 .times. 10.sup..sup.-8           

     3       None       90         320    1.9 .times. 10.sup..sup.-7           

     4       None       110        320    4.1 .times. 10.sup..sup.-8           

     5       None       140        320    1.8 .times. 10.sup..sup.-7           

     6       None       90         500    7.7 .times. 10.sup..sup.-7           

     7       None       90         700    8.0 .times. 10.sup..sup.-7           

     ______________________________________                                    

     8       The film not polarized 1.9 .times. 10.sup..sup.-9                 

     (control)                                                                 

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  Powders of PVDF obtained by suspension polymerization were fabricated into
      a press plate having a thickness of about 0.2 mm using a hot press at
      220.degree.C. The press plate was stretched at a rate of 20-50 mm/min. at
      70.degree.C, 130.degree.C, 150.degree.C, and 170.degree.C, respectively.
      The stretched film was polarized by treating at 40.degree. C for one hour
      in an electric field of 320 KV/cm and the electrodes were adhered to both
      surfaces thereof using a silver emulsion transfer tape. The piezoelectric
      constant of the element in the stretching direction was measured, and the
      results are shown in Table 4 together with the results obtained with the
      piezoelectric element of Examples 1 and 3 under the same conditions.
PAR  The absorbance ratio D.sub.530 /D.sub.510 of the piezoelectric films was
      also measured in order to compare the electrets in terms of the proportion
      of the .beta.-type crystal structure. The film sample was mounted with the
      film stretching direction corresponding with the incident direction of
      light, using a multipath reflective attachment in a diffraction grating
      infrared spectrometer (Hitachi Type EPIL), and the infrared spectrum of
      the sample was taken. FIG. 3a of the accompanying drawings shows a
      spectrum of the film samples stretched at 25.degree. C (A) and 110.degree.
      C (B), and FIG. 3b shows a spectrum of the film sample stretched at
      170.degree.C (C). As shown in the drawings, the tangent line drawn in
      contact with the peaks in the vicinity of 500 cm.sup..sup.-1 and 545
      cm.sup..sup.-1 was used as base line a (B and C). But in the case of the
      sample having a large content of the .beta.-type crystal structure, the
      peak near 520 cm.sup..sup.-1 intersects the tangent line. Therefore, in
      this case (A), the tangent lines drawn in contact with the two adjoining
      peaks such as the tangent lines a.sub.1 and a.sub.2 in FIG. 3a were used
      as base lines for D.sub.530 and D.sub.510.
PAR  The results are shown in Table 4. The X-ray diffraction pattern showed that
      the samples having a D.sub.530 /D.sub.510 of 0.04 and 8.6 have a very
      large proportion of the .beta.-type and .alpha.-type crystal structures,
      respectively.
TBL                Table 4                                                     

     ______________________________________                                    

            Stretching                                                         

            Temperature                                                        

                       Stretch  d.sub.31                                       

     Run No.                                                                   

            (.degree.C)                                                        

                       Ratio    (d.g.s.e.s.u.)                                 

                                          D.sub.530 /D.sub.510                 

     ______________________________________                                    

     1      25         about 3  1.2 .times. 10.sup..sup.-7                     

                                          0.04                                 

            (Run No. 1 of                                                      

            Example 1 )                                                        

     2      70         2.5      5.9 .times. 10.sup..sup.-8                     

                                          0.15                                 

     3      78         about 2  4.0 .times. 10.sup..sup.-8                     

                                          0.26                                 

     4      86         about 2  2.4 .times. 10.sup..sup.-8                     

                                          0.46                                 

     5      95         about 2  3.5 .times. 10.sup..sup.-8                     

                                          0.38                                 

     6      110        about 4  2.0 .times. 10.sup..sup.-8                     

                                          0.69                                 

            (Run No. 1 of                                                      

            Example 3 )                                                        

     7      130        2.2      1.2 .times. 10.sup..sup.-8                     

                                          1.2                                  

     8      150        2.3      3.4 .times. 10.sup..sup.-9                     

                                          3.0                                  

     9      170        2.2       5.0 .times. 10.sup..sup.-10                   

                                          8.6                                  

     ______________________________________                                    

PAR  It is seen from the above table that the films having a major proportion of
      the .beta.-type crystal structure show large piezoelectric constants.
PAC  EXAMPLE 5
PAR  PVDF powders obtained by emulsion polymerization at 100.degree.C were
      fabricated into a press plate using a hot press at 250.degree.C. The place
      was then stretched at room temperature to form a .alpha.-type film having
      a thickness of 120.mu.. The film was then polarized at 100.degree.C for
      one hour in an electric film of 320 KV/cm and the electrodes were adhered
      to both surfaces thereof using a silver emulsion transfer tape. The
      piezoelectric constant d.sub.31 of the resulting element was 7.5 .times.
      10.sup..sup.-7 c.g.s.e.s.u.
PAC  EXAMPLE 6
PAR  A 50.mu. thick T-die sheet was stretched to about 3.6 times the original
      length in the same way as set forth in Example 3 to form a 14.mu. thick
      film. The film was heat treated for 30 minutes at 150.degree. C under
      tension, and then an electrode was provided on both surfaces of the film
      by vacuum evaporation of aluminum. The film was maintained in an electric
      field of 400 KV/cm at 90.degree. C for one hour, and then the temperature
      was lowered to room temperature. The pyroelectric current of the film was
      measured while elevating the temperature at a rate of 1.degree.C/min. The
      measurement was made using a vibrating reed electrometer (TR-84M type,
      Takeda Riken Industry Co., Ltd.). There was obtained a pyroelectric
      current as shown in FIG. 4. This film sample had a piezoelectric constant
      of 1.5 .times. 10.sup..sup.-7 c.g.s.e.s.u.
PAR  From the measurement of the pyroelectric current, it was seen that the
      piezoelectric film of the present invention has a very large inner
      polarization.
PAC  EXAMPLE 7
PAR  T-die sheets obtained by a melt-extrusion of PVDF were heated and stretched
      to 4 times the original length by being brought into contact with a roll
      at 90.degree.C to be a film of 50.mu. in thickness. The absorbance ratio
      D.sub.530 /D.sub.510 of this film was 0.13. Aluminum electrodes were
      formed on both surfaces of this film by vacuum evaporation.
PAR  The resultant film was maintained in a condition of 100.degree.C and 600
      KV/cm for 20 hours, and then cooled to room temperature (24.degree.C) in
      30 minutes. In this case the time to remove the voltage was charged as
      shown in the following Table 5 and the piezoelectric constant of each
      resultant piezoelectric film was measure.
TBL                Table 5                                                     

     ______________________________________                                    

                              d.sub.31                                         

     Conditions               (c.g.s.e.s.u.)                                   

     ______________________________________                                    

     1.   The voltage was removed after                                        

          cooling the film to room tempera-                                    

                                  5.4 .times. 10.sup..sup.-7                   

          ture.                                                                

     2    The film was cooled to room tem-                                     

          perature just after removing the                                     

                                  4.1 .times. 10.sup..sup.-7                   

          voltage.                                                             

     3.   The film was cooled to 80.degree.C while                             

          applying the voltage and was re-                                     

          moved from the heated area to cool                                   

                                  5.2 .times. 10.sup..sup.-7                   

          to room temperature just after re-                                   

          moving the voltage                                                   

     ______________________________________                                    

PAR  As can be clearly understood from the above Table, the piezoelectric
      properties slightly decrease when the voltage is removed before cooling of
      the film, but each film has high piezoelectric properties sufficient for
      practical use.
PAC  EXAMPLE 8
PAR  Powders of PVDF obtained by suspension-polymerization were fabricated into
      a sheet of 0.2 mm in thickness using a T-type die. This sheet was brought
      into contact with a roll at 90.degree.C and was uniaxially drawn to about
      4 times the original length due to local heating of the contact part. The
      absorbace ratio D.sub.530 /D.sub.510 of this film was 0.13 and the
      thickness was 0.05 mm. The resulting uniaxially stretched film was
      subjected to polarization treatment by applying a direct current electric
      field of 500 KV/cm at 90.degree. C for 30 minutes and cooled to room
      temperature while applying the electric field.
PAR  The change with the passage of time of the piezoelectric constant and the
      surface potential of this film at room temperature was measured. In this
      case a transfer tape (product of VITTA CORPORATION) was used as
      electrodes.
PAR  The results of measurement of the piezoelectric constant d.sub.31 and the
      surface potential at each point in time are given in Table 6. The surface
      potential is a value obtained by dividing the measured value obtained by
      the thickness of the film.
TBL                Table 6                                                     

     ______________________________________                                    

                      d.sub.31       Surface                                   

     Time             (c.g.s.e.s.u.) Potential                                 

                                     V/mm                                      

     ______________________________________                                    

     0                1.2 .times. 10.sup..sup.-7                               

                                     1300                                      

     100              1.1 .times. 10.sup..sup.-7                               

                                     --                                        

     1000             1.3 .times. 10.sup..sup.-7                               

                                     -10                                       

     10000            1.2 .times. 10.sup..sup.-7                               

                                     -10                                       

     ______________________________________                                    

PAR  Further, the film produced under the same condition was steeped in pure
      water at room temperature and the piezoelectric constant and the surface
      potential thereof were measured. The results are shown in Table 7.
TBL                Table 7                                                     

     ______________________________________                                    

                d.sub.31   Surface Potential                                   

                (c.g.s.e.s.u.)                                                 

                           (V/mm)                                              

     ______________________________________                                    

     Before Steeping                                                           

                  1.2 .times. 10.sup..sup.-7                                   

                               1,300                                           

     After Steeping                                                            

                  1.2 .times. 10.sup..sup.-7                                   

                                 0                                             

     ______________________________________                                    

PAR  It is seen from the above Table that the piezoelectric film of the present
      invention is extremely stable and its piezoelectric properties have no
      relation with the surface potential, which will be also seen from the
      following reference experiment.
PAR  The piezoelectric properties and the surface potential were measured with
      respect to polystyrene, polytetrafluoroethylene and polypropylene. The
      results of measurement of the piezoelectric constant d.sub.31 and the
      surface potential as well as the polarizing condition are shown in Table
      8.
TBL                Table 8                                                     

     ______________________________________                                    

                          Surface                                              

               d.sub.31   Potential Polarizing                                 

     Resin     (c.g.s.e.s.u.)                                                  

                          (V/mm)    Condition                                  

     ______________________________________                                    

     Polystyrene                                                               

               .congruent. 0                                                   

                          2,200     98.degree.C, 500 KV/cm                     

     Polytetrafluoro-                                                          

     ethylene  10.sup..sup.-9                                                  

                          3,300     150.degree.C, 500 KV/cm                    

     Polypropylene                                                             

               &lt; 10.sup..sup.-9                                                

                          23,000    100.degree.C, 500 KV/cm                    

     PVDF      1.2 .times. 10.sup..sup.-7                                      

                          1,300     90.degree.C, 500 KV/cm                     

     ______________________________________                                    

PAR  It is seen from the above Table that the surface potential and
      piezoelectric properties have no relation with each other, and that resins
      generally regarded as excellent electrets barely have any piezoelectric
      properties.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit, and scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polarized piezoelectric film comprising an oriented or unoriented
      polyvinylidene fluoride having electrodes on both surfaces, wherein said
      PVDF has an infrared absorbance ratio D.sub.530 /D.sub. 510 of not more
      than 1.2.
NUM  2.
PAR  2. The film of claim 1, wherein said PVDF has an infrared absorbance ratio
      D.sub.530 /D.sub.510 of not more than 0.6.
NUM  3.
PAR  3. The film of claim 1, wherein said electrodes are formed by a vacuum
      metallizing process.
NUM  4.
PAR  4. The film of claim 1, wherein said film has a piezoelectric constant in
      excess of 1.5 .times. 10.sup..sup.-7 c.g.s.e.s.u.
NUM  5.
PAR  5. A process for producing highly piezoelectric elements which comprises
      stretching a polyvinylidene fluoride film having a major proportion of the
      .alpha.-type crystal structure at a temperature not higher than
      100.degree.C in at least one axial direction to form a polyvinylidene
      fluoride film having a major proportion of the .beta.-type crystal
      structure as exibited by an infrared absorbance ratio D.sub.530 /D.sub.
      510 of not more than 1.2; attaching electrodes on both surfaces of the
      resulting film; and then treating the resulting film with the electrodes
      to a temperature of at least 40.degree.C, but below the melting point of
      said film, while applying to said film a direct current voltage of between
      200 KV/cm amd 1,500 KV/cm.
NUM  6.
PAR  6. The process of claim 1, wherein said film is heated at a temperature of
      50.degree.C to 160.degree.C.
NUM  7.
PAR  7. The process of claim 1, wherein prior to said heating, said film having
      a major proportion of the .beta.-type crystal structure is heat-treated
      under tension at a temperature of at least 80.degree. C but below the
      melting point of said film.
NUM  8.
PAR  8. The process of claim 1, wherein said film is heated for a period of 10
      minutes to 2 hours.
NUM  9.
PAR  9. The process of claim 1, wherein said electrodes are formed by a vacuum
      metallizing process.
NUM  10.
PAR  10. The process of claim 1, wherein said stretching is conducted below
      100.degree.C.
NUM  11.
PAR  11. The process of claim 1, wherein said film having a major part of the
      .beta.-type crystal structure exibits an infrared absorbance ratio
      D.sub.530 /D.sub.510 of not more than 0.6.
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ABST
PAL  Fused silicide coatings for protecting niobium alloy substrates are
      modified by providing dispersed nucleation sites in the form of discrete
      particles in the coating. The discrete particles have a thermal expansion
      coefficient lower than that of the fused silicide material. This alters
      the microstructure and reduces the thermal expansion coefficient of the
      coating so as to minimize the number of tensile cracks.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by employees of the U.S. Government
      and may be manufactured and used by or for the Government for governmental
      purposes without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is concerned with improving the protective ability of a
      coating having a higher thermal expansion coefficient than the metal it
      covers. The invention is particularly directed to protecting space shuttle
      reentry thermal protection systems, aircraft gas turbine engine
      components, and other applications where coatings must provide
      environmental protection for refractory metals. Superalloys can also be
      protected in this manner.
PAR  Conventional slurry silicide coatings have been modified to change the
      composition of the external metal di-silicide or the sub-silicide layers
      which form between the di-silicide and the refractory metal to be
      protected. Such modifications have, in essence, changed the oxides which
      form upon silicide coating oxidation. Extra oxides form in addition to
      silicon dioxide which is the primary protective oxide. These secondary
      oxides are readily formed at intermediate temperatures thereby enabling
      the silicides to resist catastrophic intermediate temperature oxidation,
      commonly called silicide pest. They also aid in filling the cracks formed
      in most silicide coatings and thus block direct exposure of the crack tips
      to air.
PAR  Cracks are formed in silicide coatings because of the large thermal
      expansion mismatch between metal silicides and the refractory metals. More
      particularly, the thermal expansion coefficient of the metal silicides is
      generally greater than that of refractory metals. Since silicide coatings
      generally have columnar grain structures oriented perpendicular to the
      substrate, the crack formations at the grain boundaries produce short
      paths between the oxidizing environment and the refractory metal
      substrate. Such cracks are potential oxidation failure sites.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention silicide coatings on refractory metals
      have been modified to improve their resistance to cracking while further
      modifying other physical properties that affect their high temperature
      performance. Discrete particles or fibers are incorporated in the coating
      as inclusions by imbedding the particles in the substrate surface. If the
      particles are active, they will react upon slurry coatings to form
      silicide grains perpendicular to their exposed surfaces thereby
      randomizing the grain structure. If the particles are nonreactive, the
      growth of silicide grains is restricted to nucleation at only exposed
      substrate sites. This results in lateral grain growth.
PAR  In an alternate embodiment particles and fibers may be contained in the
      slurry. Certain of these particles react with the slurry and nucleate
      silicide grains in all directions. Others partially react and provide
      alternate surfaces for nucleation and growth. Still others block columnar
      growth of silicide grains from the substrate and force randomization.
PAC  OBJECTS OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide improved
      coatings having greater resistance to cracking.
PAR  Another object of the invention is to provide a refractory metal with an
      oxidation protective coating.
PAR  A further object of the invention is to modify the physical properties of
      coatings by providing dispersed nucleation sites at the substrate surface
      or in the coating by introducing an additional phase which has a lower
      thermal expansion coefficient than that of the coating.
PAR  Still another object of the invention is to randomize the microstructures
      of silicide coatings utilizing particles and fibers.
PAR  These and other objects of the invention will be apparent from the
      specification which follows.
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Silicides generally have larger thermal expansion coefficients than their
      parent metals. Niobium alloys have thermal expansion coefficients in the
      range of 7 to 8 .times. 10.sup.-.sup.6 cm/cm.degree. C whereas a thermal
      expansion coefficient of NbSi.sub.2  is from about 7.3 to 11.7 .times.
      10.sup.-.sup.6 cm/cm.degree.C. This difference in thermal expansion
      coefficients forms the source of tensile coating cracks. Tungsten powders
      were utilized as a modifier because, in addition to providing dispersed
      nucleation sites for the disruption of the columnar structure, the
      disilicide of tungsten with a thermal expansion coefficient of about 7.9
      .times. 10.sup.-.sup.6 cm/cm -- .degree.C forms an effective additive for
      reducing the thermal expansion coefficient of the coating. Also solid
      solutions of WSi.sub.2 and NbSi.sub.2 have smaller molar volumes than
      NbSi.sub.2.
PAR  Al.sub. 2 O.sub.3 and ZrO.sub. 2. CaO were utilized as modifiers because of
      their high thermodynamic stability, dispersed nucleation site
      capabilities, and favorable thermal expansion effects. By way of example
      Al.sub. 2 O.sub.3 has a linear thermal expansion coefficient of about 8
      .times. 10.sup.-.sup.6 cm/cm -- .degree.C and the addition of 25% Al.sub.2
      O.sub.3 to MoSi.sub. 2 produces a composite with a thermal expansion
      coefficient of 7.3 times 10.sup.-.sup.6 compared with 8.8 .times.
      10.sup.-.sup.6 for MoSi.sub. 2. The addition of A1.sub. 2 O.sub.3 will
      produce similar results with NbSi.sub. 2.
PAR  Partially stabilized zirconia transforms from a mixture of cubic and
      monoclinic phases to a single tetragonal phase at about 1000.degree. C. On
      heating, the coefficient of thermal expansion is about 7 .times.
      10.sup.-.sup.6 cm/cm -- .degree.C until the transformation temperature. At
      this point the coefficient becomes negative until the transformation is
      completed. Then, approximately the same rate of expansion is resumed. On
      cooling, the process is reversed forming a hysteresis loop. Based on a
      rule of mixtures, this behavior lowers the net thermal expansion
      coefficient of the composite coating, especially in the intermediate
      temperature range, thereby reducing the number of tensile cracks and thus
      tensile oxidation paths.
PAR  Refractory metal substrates were coated in accordance with the present
      invention. Each substrate was made of an alloy known commercially as FS-85
      having a nominal composition of 28% Ta, 10% W, 1% Zr and the rest niobium.
      The niobium alloy was in the form of thin gage sheets in the 100%
      recrystallized condition having a thickness of approximately 0.030 cm or
      12 mils. Such an alloy with this thickness is of interest for reentry
      vehicle heat shield applications.
PAR  Each substrate was coated with a fused slurry silicide coating having a
      nominal composition of 20% Cr, 20% Fe, and the rest silicon. Powders of
      -325 mesh of both silicon and chromium as well as 0.5 micron iron powders
      of greater than 99% purity were used to form the basic coating. A
      commercial coating of this type has been considered for the protection of
      heat shields.
PAR  Alloy surface modifiers were applied to the substrate. These modifiers were
      4.5 micron tungsten powder and -325 mesh oxide powders of Al.sub. 2
      O.sub.3, as well as ZrO.sub. 2 - 5 wt% CaO. The tungsten was greater than
      the 99.5 percent pure, and the oxide powders were greater than 98% pure.
      The modifiers were applied to the substrate by roll bonding, flame
      spraying, isostatic pressing, and slurry spraying.
PAR  The various substrate samples coated in accordance with the invention are
      shown in Table I. Each sample was 3.8 .times. 1.9 .times. 0.030 cm thick.
      Each sample was sheared with the long dimension parallel to the sheet
      rolling direction. The samples were jar milled in an alumina slurry to
      round off edges and corners. Certain of the samples were further prepared
      by electron beam melting a bead along the external edges. The bead
      diameter was approximately 2.3 times the sheet thickness. All of the
      samples were grit blasted with Al.sub. 2 O.sub.3, rinsed in water,
      measured, degreased, rinsed in distilled water and weighed to the nearest
      0.1 mg.
PAR  The surfaces were modified by the four different methods previously
      discussed. The first of these was by a slurry sprayed modifier application
      using a nitrocellulose lacquer binder. The second procedure utilized roll
      bonding following the slurry spray application. The third method relied on
      isostatic pressing at about 20 ksi after slurry spraying and wrapping in
      Mylar. The last process utilized flame spraying with an oxyacetylene
      torch.
PAR  After the surface modification, the samples were re-weighed and measured.
      The specimens were then oversprayed with the Si-20Cr-20Fe slurry,
      re-weighed, and measured again. The green coatings were fused and annealed
      at 1420.degree. C for 1 hour at a pressure below 2.times.10.sup.-.sup.4
      torr once initial outgassing of the binder subsided. The samples were
      again weighed and measured after the firing cycle. This weight is shown in
      Table I.
PAR  Slow-cycle ambient pressure oxidation tests were conducted in a vertical
      mullite tube furnace controlled to .+-.10.degree. C. The samples were
      exposed to temperatures above 1320.degree. C for about 28 minutes of each
      1 hour cycle and to a maximum temperature at 1370.degree. C for about 10
      minutes. The minimum temperature in each cycle was about 100.degree. C.
      The samples were visually examined every few cycles and weighed once per
      day. The appearance of the first Nb.sub.2 O.sub.5 pimple was considered
      the time to local coating breakdown and the sample was removed from the
      test. These life cycles are shown on Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     COATING DEPOSITION AND EVALUATION DATA                                    

     Coating        Average                                                    

                           As    Slow cycle                                    

                                         Average                               

                    total fired                                                

                           coated                                              

                                 test life                                     

                                         weight                                

                    coating                                                    

                           crack cycles  parity                                

                    weight Fre-           life,                                

                    mg/cm.sup.2                                                

                           quency,       cycles                                

                           cracks/mm     mg/cm.sup.2                           

     __________________________________________________________________________

     Si-20Cr-20Fe   22.2.+-.1.9                                                

                           16    34(20 to 43)                                  

                                         1.5                                   

     Si-20Cr-20Fe   21.7.+-.0.9                                                

                           --    37,37   1.7                                   

     Roll bond W.sup.a                                                         

                    b30.5.+-. 1.0                                              

                           20    19,48   1.1                                   

     Roll bond Al.sub.2 O.sub.3                                                

                    b22.4.+-.0.7                                               

                           26     6,43   1.1                                   

     Roll bond ZrO.sub.2.CaO                                                   

                    b23.5.+-.0.7                                               

                           15    39,45   1.8                                   

     Flame Spray W  36.8.+-.2.5                                                

                           14    24,34   0.8                                   

     Flame spray Al.sub.2 O.sub.3                                              

                    21.3.+-.2.5                                                

                           28    42,46   2.1                                   

     Flame spray ZrO.sub.2.CaO                                                 

                    24.2.+-.0.7                                                

                            9    47,49   2.0                                   

     Isostatic press W                                                         

                    32.0.+-.1.3                                                

                           15    44,57   1.6                                   

     Isostatic press Al.sub.2 O.sub.3                                          

                    23.3.+-.0.8                                                

                           22    15,30   1.0                                   

     Isostatic press ZrO.sub.2.CaO                                             

                    24.2.+-.0.8                                                

                           18    28,48   1.6                                   

     Slurry spray W 30.2.+-.1.7                                                

                           17    12,21   0.6                                   

     Slurry spray Al.sub.2 O.sub.3                                             

                    23.5.+-.0.3                                                

                           20    27,47   1.6                                   

     Slurry spray ZrO.sub.2.CaO                                                

                    24.6.+-.0.6                                                

                           13    15,54   1.4                                   

     Si-20Cr-20Fe; Edge beaded                                                 

                    20.8.+-.0.4                                                

                           18    37,45   2.0                                   

      0.033 cm FS-85                                                           

     __________________________________________________________________________

PAR  Representative samples of each coating were examined by metallography in
      the as-coated condition. Electron microprobe raster photomicrography was
      used to determine surface modifier distributions in the as-fuse coatings.
      Coating cracks were counted on 100.times. cross sectional micrographs in
      the as-coated condition. A crack was defined as a fissure extending from
      the diffusion zone to the coating surface for counting purposes. This
      information is also shown on Table I.
PAR  The weight parity life is also included in Table I to facilitate a
      comparison of systems with different coating weights. The weight parity
      life is defined as coating life in cycles divided by coating weight in
      mg/cm.sup.2. The flame sprayed ZrO.sub.2.CaO modification reduced the
      number of coating cracks and gave extended life. The flame sprayed alumina
      modifications refined the coating microstructure, reduced the columnar
      structure, and gave extended life.
PAC  DESCRIPTION OF ALTERNATE EMBODIMENTS
PAR  The preferred embodiment embedded the modifier in the surface of the
      substrate. The particles can be contained directly in the slurry, and
      these particles may be in the form of fibers.
PAR  Active materials, such as tungsten, molybdenum, columbium, tantalum, etc.,
      or inert oxide fibers and particle additives, such as stabilized ZrO.sub.
      2, HfO.sub. 2 as well as fused silica, might be utilized. These additions
      serve to alter coating microstructure, disrupt columnar structure of the
      coating, and reduce tensile coating cracks by reducing the net thermal
      expansion coefficient of the coating through a "rule of mixtures" effect.
      For example, a coating of Si-20 wt% Cr - 20 wt% Fe - 10 wt% HfO.sub. 2
      reduced coating frequency from 16 to 13 cracks per mm and gave coating
      lives of 46 and 42 cycles in a 1-hour slow-cycle exposure test to
      1370.degree. C described previously. The coating weight was 19.3
      mg/cm.sup. 2. Coating life on a weight parity basis was 2.3
      cycles/mg/cm.sup. 2.
PAR  It is further contemplated that high emittance oxides and intermetallics,
      such as Cr.sub. 2 O.sub. 3, NiO, and SiC could be added near the surface
      of the coating. The presence of high emittance particles near the coating
      surface will increase the emittance of the coating in proportion to the
      amount present. This high emittance lowers the effective temperature of
      the coating. Inasmuch as coating life is closely related to the exposure
      temperature, such a temperature decrease can significantly extend coating
      life. These compounds have emittance values ranging from 0.8 to 0.9 and
      greater. Cr.sub. 2 O.sub. 3 is almost insoluble in the SiO.sub. 2 surface
      oxide and SiC as well as SiO.sub. 2 are known through long industrial
      practice to be compatible.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A niobium alloy having an oxidation protective coating consisting
      essentially of
PA1  a fused silicide material with a higher thermal expansion coefficient than
      said niobium alloy, and
PA1  fibers selected from the group consisting of tungsten and molybdenum in
      said silicide material to modify the physical properties of said coating
      by providing dispersed nucleation sites therein, said fibers having a
      thermal expansion coefficient lower than that of said fused silicide
      material whereby said coating has a thermal expansion coefficient between
      that of said fibers and said fused silicide material.
NUM  2.
PAR  2. An article of manufacture as claimed in claim 1 wherein the coating
      material is formed from a fusable slurry and the discrete particles are
      mixed thoroughly therethrough.
NUM  3.
PAR  3. A niobium alloy having an oxidation protective coating consisting
      essentially of
PA1  a fused silicide material with a higher thermal expansion coefficient than
      said niobium alloy, and
PA1  discrete particles comprising oxide fibers in said silicide material to
      modify the physical properties of said coating by providing dispersed
      nucleation sites therein, said discrete particles having a thermal
      expansion coefficient lower than that of said fuse silicide material
      whereby said coating has a thermal expansion coefficient between that of
      said discrete particles and said fused silicide material.
NUM  4.
PAR  4. An article of manufacture as claimed in claim 3 wherein the discrete
      particles are non-reactive oxide.
NUM  5.
PAR  5. An article of manufacture as claimed in claim 4 wherein the oxides are
      selected from the group consisting of SiO.sub. 2, Al.sub. 2 O.sub.3,
      HfO.sub. 2, and stabilized ZrO.sub. 2.
NUM  6.
PAR  6. An article of manufacture as claimed in claim 3 wherein the discrete
      particles have high emittance and are near the coating surface thereby
      increasing the emittance of the coatings whereby the effective temperature
      of the coating is lowered.
NUM  7.
PAR  7. An article of manufacture as claimed in claim 6 wherein the high
      emittance particles are selected from the group consisting of Cr.sub. 2
      O.sub. 3, and NiO.
NUM  8.
PAR  8. A method of modifying a fused silicide coating for protecting a surface
      of a niobium alloy having a lower thermal expansion coefficient than that
      of the fused silicide coating material whereby said fused silicide coating
      material is prone to crack upon cooling from elevated temperatures, said
      method comprising the steps of
PA1  distributing a plurality of discrete particles of active metals selected
      from the group consisting of molybdenum, tungsten, columbium and tantalum
      in said coating material on the surface of said niobium alloy, and
PA1  heating the coating material with said particles therein whereby said
      coating material is fused with the microstructure thereof altered and the
      thermal expansion coefficient reduced thereby minimizing the number of
      tensile cracks.
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ABST
PAL  Aqueous dispersions in which ethylene-carboxylic acid copolymers and a low
      molecular weight phenolic resin are combined to produce a material useful
      as an adhesive, insulator, primer or coating. Additives enhancing the
      properties of the composition are also disclosed.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a division of Ser. No. 290,599, filed Sept. 20, 1972, now
      abandoned, which is a continuation-in-part of Ser. No. 139,197, filed Apr.
      30, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Phenolic resins are well known for their durability, heat-resistance and
      water-resistance. These and other features make them desirable for use as
      adhesives and coatings for cellulosic materials or as coatings for metals.
      However, they are brittle and do not perform well as adhesives for metals
      unless modified by substantial adhesion of resins that have better
      adhesion to metals, such as epoxies, or more flexible resins, such as
      nitrile or chloroprene rubber, or certain vinyl resins. Most phenolic
      resins are applied in solution in an organic solvent; however, some low
      molecular weight phenols are water soluble or dispersible.
PAR  Ethylene copolymers or interpolymers are flexible thermoplastic resins
      whose properties generally resemble polyethylene. Certain of these
      copolymers, such as those of ethylene and a carboxylic acid such as
      acrylic acid have a superior ability of adhesion to various substrates.
      Such copolymers are often used as hot-melt coatings or adhesives, either
      alone or compounded with other thermoplastic resins, waxes, etc. A unique
      property of certain of the ethylene-carboxylic acid copolymers with high
      acid content is their ability to dissolve in aqueous alkali to give
      colloidal solutions by a reaction similar to saponification.
PAR  I have found that a solution or dispersion of ethylene-carboxylic acid
      copolymers in a volatile alkali blended with solutions of phenolic resins
      can give a composition that may be applied and dried as a coating, which
      may be first reactivated (or fused to becomes tacky) and then thermoset by
      heating, thus yielding a strong, tough, flexible material that has
      excellent adhesion to many substrates and is useful as a primer, adhesive,
      or coating. Modifications of this basic composition have been developed by
      addition of other materials such as other resins, fillers, pigments or
      dyes, solvents, surfactants, dispersants, or cross-linking agents, in
      order to improve such properties as stability, coatability and color.
PAR  One useful application of this composition is as a primer for use in
      conjunction with certain thermoplastic adhesive and coating meterials,
      especially those based on ethylene copolymers, terpolymers, or ionomers,
      with and without modifiers such as coal-tar pitch (U.S. Pat. No.
      3,361,692).
PAR  When bonded to fibrous or porous substrates, such as wood, paper,
      asbestos-cement, etc., these thermoplastic adhesive compositions are too
      viscous, even at temperatures up to 500.degree.F (260.degree.C), to flow
      around the fibers or into pores to any considerable depth. While the
      adhesive may adhere or bond to the superficial fibrous or porous surface,
      it does not penetrate deeply. Such superficial surfaces are often weaker
      than the bulk of the substrate because they may be damaged by
      manufacturing operations such as cutting or abrading. Thus, bonds to such
      substrates may be relatively weak. Furthermore, bonds between metal and
      such fibrous or porous substrates are often subjected to severe stresses
      when subjected to theremal or humidity changes because of great
      differences in expansion characteristics of the adherends.
PAR  U.S. Pat. No. 3,211,804 teaches a method for making an adhesive or coating
      in which is added phenolic to olefin polymers not in an emulsion, nor in a
      water base dispersion, but merely blends the two resins in order to
      improve their characteristics such as heat resistance, clarity, solvent
      resistance and adhesion. However, the flow index is extremely low which
      indicates that the composition is cross-linked resulting in high viscosity
      and a loss of thermoplasticity. While my composition in the applied and
      cured condition has these same characteristics, it has the ability to flow
      readily, wet and adhere to the surfaces to be joined, before cross-linking
      occurs. Thus, my composition can be easily applied to surfaces before
      curing.
PAR  Very few adhesives are capable of withstanding cycling tests such as the
      American Plywood Association's soak-dry, hot-water-dry, or soak-freeze-dry
      cycling tests with a metal overlay on plywood. To pass such a test, it is
      necessary for an adhesive to be very flexible and tough and its adhesion
      to both the metal and the fibrous or porous substrate must be very strong
      and moisture resistant.
PAR  A dilute solution of my composition, applied as a thin primer coating to
      the porous substrates, penetrates and impregnates the surface fibers or
      pores and, when dried, binds and toughens the surface of the substrate.
      When the thermoplastic adhesive is applied with heat and pressure
      sufficient to cure the primer on the surface, the resultant adhesive bond
      is much stronger, more moisture-resistant and more heat resistant than
      that without the primer.
PAR  A dilute solution of my composition is also advantageous when similarly
      applied to metal surfaces as a primer in conjunction with the above
      mentioned thermoplastic adhesive for use as adhesives or protective
      coatings. The low viscosity, low surface tension and soap-like properties
      of my composition make it possible for the primer to wet the metal
      surfaces, even when the surfaces are contaminated with a small amount of
      oil or grease. The composition thus functions as a cleaner for the metal.
      The dried primer coating reactivates and cures when heat and pressure are
      applied to bond the thermoplastic to the metal and gives a bond between
      metal and the thermoplastic adhesive or coating that is superior to that
      obtained without the primer under similar conditions. It is possible to
      obtain satisfactory bonds at lower temperatures and shorter
      time-at-temperature with such primed metal. The bonds with thermoplastic
      composition on the primed metal are stronger, more heat resistant and more
      durable on long time exposure to moisture than bonds made without the
      primer. This improved performance with my primer is important when the
      thermoplastic composition is used either as an adhesive or as a protective
      coating on metal or other substrates for severe applications such as a
      coating for the insides of culverts.
PAR  Adhesives are used for bonding metal faces to cores, such as plywood, paper
      or metal honeycomb, fiberboard, etc., as sandwich structures or metal
      overlays for architectural, automotive, and other applications. My
      composition is an excellent adhesive for such bonding. In such
      applications, it should be applied to the adherends as a more concentrated
      solution than that used as a primer, in order to build up an adequate
      thickness of glue line. No primer is necessary because this compound wets
      and adheres to the metal and penetrates the surface of porous core
      materials. After drying, the metal and the core are assembled by applying
      heat and pressure to reactivate and cure the adhesive. The bonds are
      strong both in shear and peel strength, and resistant to moisture and
      heat.
PAR  This adhesive system has several advantages over competitive adhesives such
      as epoxies, rubber-phenolics, or thermoplastics. It may be preapplied and
      dried on the adherends from an aqueous solution (without fire hazard), the
      components can be assembled dry, and, when cured under heat and pressure,
      the adhesive is theremoset so that pressure may be released and the panel
      handled while still hot without delamination (as would occur with
      thermoplastic adhesives).
PAR  In addition to the use of my compositions as primers or adhesives, I have
      also found that they may be used themselves as heat curing paints,
      enamels, or protective coatings. For such applications it is advantageous
      to use more concentrated solutions (compared to primers) in order to apply
      coatings of sufficient thickness to provide the required protection. To
      the aqueous basic composition of ethylene copolymers and phenolic resins
      it may be desirable to add modifiers such as fillers, pigments, solvents,
      or other resins in order to obtain the desired coating characteristics.
      These coating compositions may be applied to metal or other substrates by
      spraying, roll-coating, or other application processes as commonly used
      for other paints or enamels. They should then be dried and baked to fully
      thermoset the resin composition. Such coatings have been found to be
      tough, flexible, abrasion resistant, and excellent protection from
      corrosion under severe moisture conditions.
PAR  Another specialized use of my composition is as a coating or "core plate"
      for use on steel sheets for electromagnetic cores such as those in
      transformers, generators, or motors. The cores of transformers and other
      electromagnetic structures are constructed of laminations to restrict the
      flow of eddy currents and hereby reduce this component of the
      electromagnetic core loss. For this to be successful, however, it is
      necessary that each lamination be insulated from the other so that the
      eddy currents will not flow readily from one lamination to another. In
      some cases, insulation, in addition to that from normal surface oxide, is
      supplied by coating the sheets or laminations with a thin coating of
      varnish or organic "core plate", which has good electrical resistance and
      which is capable of maintaining this resistance under normal operating
      temperatures and pressures. When used in oil-immersed transformer cores,
      the core plate must not dissolve or react with the oil because the
      insulating properties would be destroyed. The usual method of applying
      this coating is to pass the sheets or laminations through rolls coated
      with the composition, and then through a combination drying and baking
      oven. The thickness and uniformity of the coating must be controlled to
      obtain adequate insulating properties. The coating should not be too
      thick, however, because this will, in effect, reduce the amount of steel
      in a core stack. Baking temperatures differ, depending on the composition
      and type of coating used. The organic varnishes require care in baking,
      since it is essential to volatilize off most of the vehicle and cure the
      resin to obtain a coating free from tackiness. Under-baking results in a
      soft, tacky or thermoplastic coating which will not have satisfactory
      insulating properties under the pressure and temperature conditions
      present in the core during service. Care also must be taken to prevent
      over-baking because the varnish will become carbonized and the insulation
      characteristics of the coating will be thereby impaired.
PAR  Presently used organic varnish core plate requires the use of flammable
      organic solvents which are too hazardous for application under preferred
      plant conditions. There is a clear need in the art for a coating material
      which may be applied to the steel laminate but which is not flammable.
      This new material must also meet several other requirements, e.g., it must
      have good insulating properties (0.50 amperes maximum at 300 psi and
      150.degree.C ASTM A344-68), is should have an obvious color, it must be
      inert to oil, and it should be amenable to coating in dry thicknesses
      ranging from about 0.15 mil to 0.03 mil (3.6 to 0.7 microns). Further, the
      coating should act as a lubricant for the die during punching of the core
      forms.
PAR  My compositions can meet all the above requirements for a coating of
      electromagnetic steels, when applied as a thin, waterbased coating, dried,
      and baked at sufficient temperature and time to thermoset the coating as
      completely as possible without deterioration.
PAR  This "core plate" coating composition may also be used as an adhesive for
      bonding the sheets or lamillae of the electromagnetic cores by a different
      processing method. After applying the coating composition, it is dried at
      a temperature and time sufficient only to evaporate the volatile materials
      but not enough to cure the coating. This uncured coating is tough and
      sufficiently adherent to withstand the fabrication and assembly of the
      core. After the core with the uncured coating is clamped together, it is
      baked to reactivate and cure the coating, thus causing the sheets to
      adhere to one another. This process of adhesive bonding of electromagnetic
      cores may be of value in reducing the need for mechanical fasteners to
      hold the core laminations together and for reducing the vibration and
      noise that occurs in unbonded cores because of magnetostriction.
PAR  The vibration damping properties of my adhesive compositions for bonding
      laminates can be greatly improved by replacing about 20 to 80 percent of
      the ethylene-acrylic acid copolymer with ethylene-vinyl acetate copolymers
      or terpolymers which soften and improve the viscoelastic damping
      properties of the adhesive compound. Dispersions of these terpolymers and
      copolymers are available as Elvax D dispersions from E. I. duPont de
      Nemours and Company. Bonded metal laminates with these modified damping
      adhesive compositions have been found to be very effective in damping
      vibration and sound. They should be useful not only in reducing the noise
      and vibration of electromagnetic cores as mentioned above, but also for
      vibration and sound damping of metal components of machines, appliances,
      furniture, etc.
PAR  Thus, among the objects of this invention are the following:
PA1  1. To provide a thermosetting adhesive and coating composition that may be
      applied from an aqueous dispersion.
PA1  2. To provide a material for use as a primer on various substrates to
      improve the bonds with certain thermoplastic adhesives and coatings.
PA1  3. To provide an adhesive material suitable for bonding metal to various
      substrates such as metal, paper, wood, ceramics, etc., especially for
      bonding laminates, or sandwich structures.
PA1  4. To provide a material for use as a thermosetting coating, paint, or
      enamel for the protection of surfaces of metals and other substrates.
PA1  5. To provide a material suitable for applying a thin insulating and
      lubricating coating or "core plate" to steel sheets for use in laminated
      electromagnetic cores.
PA1  6. To provide an adhesive material with good viscoelastic properties
      suitable for bonding metal laminates to be used for vibration or sound
      damping applications.
PAR  These and other objects will become apparent from the following detailed
      specification.
PAC  DETAILED DESCRIPTION
PAR  The copolymers of ethylene and ethylenically-unsaturated carboxylic acid
      suitable for use in my composition are those with preferably about 18 to
      about 24 percent of acid by weight since these are more readily soluble or
      dispersible in alkali and they have better adhesion properties than those
      with lower acid content. Suitable acids copolymerized with ethylene to
      form the copolymers are the ethylenically-unsaturated acids such as
      acrylic, methacrylic, crotonic, or isocrotonic acids. Preferred copolymers
      are derived from acrylic or methacrylic acid.
PAR  The acid groups of the copolymer react with hot solutions of aqueous alkali
      to form salts that disperse in water to form colloidal solutions
      resembling soaps. Where the alkali is volatile, the colloidal solution of
      the salt may be returned to the water insoluble acid form by drying, and
      heating to drive off the water and the volatile alkali. Aqueous ammonium
      hydroxide is preferred, but any water soluble volatile alkali may be used,
      including amines such as ethanolamine, diethylamine, morpholine or
      mixtures thereof. For making fluid solutions up to about 24 percent resin
      solids, the resin is placed in an aqueous solution containing at least a
      stoichiometric amount, and preferably from about 10 to about 15 percent in
      excess of the stoichiometric amount of volatile alkali. The mixture is
      heated and stirred in a closed vessel to a temperature usually of from
      about 90.degree.C to about 130.degree.C, and maintained at this
      temperature while being stirred until the resin is dissolved. Using this
      method, fluid solutions containing up to about 24 percent resin solids may
      be obtained in compositions which are useful for thin coating such as
      primers or electromagnetic steel coatings. It is also possible to obtain
      fluid solutions containing up to 30 or 40 percent resin solids depending
      on the molecular weight of the copolymer, by using less water and less
      than a stoichiometric amount of ammonia. In this case the dispersion is
      partly a solution and partly a sol. These more concentrated solutions are
      useful for adhesives and thicker coatings. Ethylene-acrylic acid copolymer
      resins suitable for use in the compositions of my invention are sold by
      Union Carbide Corporation under the trade-names EAA-9300 and EAA-9500.
PAR  The total ethylene copolymer, terpolymer, and ionomer should comprise from
      about 25 to about 95 weight percent of the total resin solids, preferably
      from about 50 to about 86 weight percent.
PAR  Certain other dispersions of copolymers, terpolymers, or ionomers may be
      substituted for all or part of the ethylene-acrylic acid copolymer
      ammonium solutions in my composition in order to modify its properties.
      Such copolymer dispersions may contain ethylene-vinyl acetate; terpolymer
      dispersions may contain ethylene-vinyl acetate-carboxylic acids; and
      ionomer dispersions may contain metallic salts of ethylene-carboxylic
      acids. Such dispersions are commonly made by proprietary
      emulsion-polymerization methods and are often stabilized by surfactants.
      Typical dispersions of this type are commercially available as Elvax D
      from E. I. duPont de Nemours Company. While I have obtained useful
      compositions substituting 100 percent of the above type of dispersion for
      ethylene-acrylic acid dispersions, I have generally perferred to limit the
      substitution to between 10 and 60% of the ethylene resin solids depending
      on the application, since it appears that a substantial proportion of the
      ethylene-acrylic acid copolymer solution is needed to give better
      dispersion of the other components of my composition and better properties
      when applied as an adhesive or coating.
PAR  One advantage of the mixed dispersions of ethylene-acrylic acid copolymers
      with the above types of ethylene-copolymers, terpolymers and ionomers, has
      been greatly increased stability of my compositions. I have also found
      that the replacement of 40 to 80% of the ethylene-acrylic acid solids with
      these ethylenevinyl acetate copolymer or terpolymer modifies the
      properties of the dried and cured compounds so that they have good
      viscoelastic damping properties and are useful as a sound or vibration
      damping adhesive layer between metal laminates. Ethylene ionomer
      dispersion additions have not been found to contribute viscoelastic
      damping properties of the cured compound like the above ethylene-vinyl
      acetate copolymers or terpolymers but they may stabilize my dispersions
      and toughen the adhesive or coating.
PAR  The phenolic resins which may be used in my composition are perferably
      those of the heat-reactable, water-soluble or dispersible, resol or
      A-stage type. These resins may be prepared by the alkaline catalyzed
      reaction of a phenol and formaldehyde. The reaction is stopped when
      essentially no unreacted phenol is left and the product contains a
      substantial amount (more than 10%) of trimethylol phenol. A suitable means
      of preparing resins of this type is disclosed in U.S. Pat. No. 2,834,755
      dated May 13, 1958 to Higashi and Jarvi. Solutions of resins of this type
      are produced by various companies trade-names such as AROFENE 352 (Ashland
      Oil and Refining Co.), BAKELITE BRL-1031 (Union Carbide Corp.) or
      CASCOPHEN MB717-146 or SL699-104A (Borden Chemical Co.). Typical
      properties of these resin solutions are
     Physical Form:                                                            

                Aqueous solution                                               

     Properties:                                                               

                Solids Content, % 70 - 74                                      

                Viscosity, Brookfield at                                       

                25.degree.C, cps  250 - 500                                    

                Reactivity                                                     

                Hot Plate Cure at                                              

                150.degree.C, sec.                                             

                                  75 - 90                                      

                Gel time at 121.degree.C, min.                                 

                                  13 - 17                                      

                Water Tolerance, %                                             

                                  1000 minimum                                 

                Specific Gravity at                                            

                25.degree.C/25.degree.C                                        

                                  1.235 - 1.255                                

PAR  While water soluble phenolic resins are generally preferred because of ease
      of dispersing them in my composition, it is also possible to use other
      heat-reactable phenolic resins that are dissolved in alcohols or other
      solvents, by emulsifying the solution into the ethylene-acrylic acid
      ammonium solutions. The phenolic resin may comprise from about 5 to about
      75 weight percent of the total resin solids, perferably from about 14 to
      about 50 weight percent. The greater the amount of phenolic resin, the
      greater is the high temperature resistance of the composition.
PAR  The total resin solids in my composition varies according to final use but
      generally should be between about 15 and 45 weight percent of the
      emulsion. Where superior wetting properties and a low solution viscosity
      are necessary, it is possible to have less resin solids than the stated
      generally useful minimum and still obtain most of the benefits of my
      composition.
PAR  Components other than the dispersions of copolymer and the phenolic resins
      are optional constituents added to improve such properties as stability,
      foam control, viscosity, and color. Suitable addition components are coal
      tar fractions such as creosote, high boiling tar oil, wax oil or pitch,
      surfactants, dispersants, solvents, cross-linking agents, fillers,
      extenders, pigments, and foam control agents. The coal tar fraction may
      act as a suspension stabilizer, help prevent degradation of the ethylene
      copolymer by oxygen, provide moisture resistance, and have a plasticizing
      effect (especially the lower boiling fractions). The coal tar fraction may
      comprise from 0 to about 60 weight percent of the total resin solids
      present.
PAR  Pigments or fillers, including inert oxides such as iron oxide or titania
      or silcates such as clays or calcium silicate may be added to my
      composition in finely divided form in amounts up to about 50 percent and
      preferably from about 5 to about 10 percent of the total solids depend on
      the final use of the composition. These components are added to color,
      extend and improve the durability of the composition. Certain fillers such
      as calcium silicate may assist in catalyzing the cure of the composition.
PAR  In preparing the compositions of my invention, the first step is to form a
      dispersion of the ethylene and ethylenicallyunsaturated carboxylic acid
      copolymer. As described above, the ethylene copolymer resin is placed in a
      pressure vessel with an aqueous solution of alkali to react with the
      carboxyl groups. When the resin used is the preferred ethylene-acrylic
      acid copolymer and the alkali is the preferred aqueous ammonium hydroxide,
      the mixture is heated to from about 90.degree. to about 130.degree.C until
      the resin dissolves, giving a soap-like aqueous solution or dispersion.
      The dispersion is transferred to a vessel having high-shear mixing
      apparatus. To this copolymer dispersion the desired quantity of phenolic
      resin, along with other resin dispersions, fillers, pigments, is added
      with vigorous stirring. The pH of the phenolic resin solution shall be
      adjusted over pH 8 by the addition of ammonia, amines or other alkali.
PAR  Small amounts of surfactants, defoamers and solvents may be added for ease
      in preparing my compositions. Thus, pyridine, xylene, diacetone alcohol,
      etc. may be combined with the coal tar fraction, alcohols such as
      1-butanol, and ammonium hydroxide, etc. may be added to the phenolic resin
      solution and defoamers and surfactants such as acetylenic glycols may be
      added to the copolymer emulsion.
PAR  The composition of my invention is then applied to a substrate in any
      conventional manner such as dipping, spraying, rolling, etc. and dried. In
      applications which do not require maximum adhesion obtainable using the
      composition of my invention, the cleaning of the substrate may be reduced
      or eliminated prior to coating, since the coating itself is a good
      detergent. Among the suitable substrates are metals including carbon,
      stainless, galvanized, aluminum coated or silicon electrical steels, wood,
      fiber board, paper, galvanized steel, etc.
DETD
PAR  The following examples illustrate the results obtained when specific
      coating compositions are applied to several types of substrates. These
      experiments are to be understood as being merely illustrative and in no
      way limiting.
PAC  EXAMPLE 1
PAR  The simplest composition of my invention was prepared by mixing the
      phenolic resin solution into the ammonium solution of the ethylene-acrylic
      acid copolymer. As an example, twenty-seven parts of AROFENE 352 (phenolic
      resin) is slowly added to 100 parts of a 20 percent solids ammonium
      solution of EAA 9300 with vigorous stirring, to give approximately equal
      parts of phenolic resin and copolymer resin solids. The addition of ten to
      thirty parts of ethanol or 2-propanol reduces foaming and improves wetting
      and stability of the solution somewhat but is not necessary for the
      performance of the compound. The resulting mixture is a very fluid, light
      brown, milky colloidal solution. It has low surface tension and a tendency
      to foam. The shelf life of this mixture at 24.degree.C is limited to about
      two to fifteen days after which the solution becomes green in color and a
      brown precipitate of phenolic resin settles. When refrigerated at about
      8.degree.C, the composition is stable for longer than six months.
PAR  Coatings of these compositions, dried and heated at about 300.degree.F for
      20 minutes or 450.degree.F for one minute thermoset as indicated by loss
      of tack and increased hardness at elevated temperatures. When applied to
      metals, such as carbon steel, galvanized steel or stainless steel, the
      solution wets the surface well, and the cured coating is very adherent,
      tough, and heat and moisture resistant. When used as a primer (usually as
      a more dilute solution) applied to metals, wood, or paper, these compounds
      improve the strength and durability of bonds of certain other
      thermoplastic adhesives, especially those containing ethylene copolymers,
      such as USS NEXUS P-1001 or P-1003, and duPont's Surlyn A.
PAC  EXAMPLE 2
PAR  Coal tar pitch is added to the ethylene-acrylic acid-phenolic dispersions
      as extenders to improve durability, moisture resistance, and adhesive
      properties of the compounds. Blends with coat tar pitch are more stable at
      room temperatures than the ethylene copolymer-phenolic dispersions without
      pitch. A typical formulation (SX 9001-6870-50A) is as follows:
TBL  100   parts         (by weight) -- ethylene-acrylic acid                  

                         copolymer (EAA 9300) dissolved in                     

                         aqueous ammonia (20 percent solids)                   

     135   parts   --    phenolic resin (about 70-75 percent                   

                         solids) (AROFENE 352)                                 

     10    parts   --    coal tar pitch (70.degree.C fiber grade)              

     20    parts   --    ethanol or 2-propanol (to assist wetting              

                         of substrate and drying of coating)                   

     10    parts   --    xylene (to dissolve pitch)                            

     5     parts   --    pyridine (to aid in dissolving and                    

                         dispersing pitch)                                     

     1     part    --    1-octanol (antifoam)                                  

PAR  This compound may be blended by milling in a ball-mill or by dissolving the
      pitch in the xylene and pyridine and mixing it into the other components
      with a high-shear mixer until the pitch is colloidally dispersed.
PAR  When the pitch is adequately dispersed, this compound has a shelf-life of
      at least several months at a room temperature of about 25.degree.C.
PAC  EXAMPLE 3
PAR  The composition of Example 2 is coated on steel as a primer for an adhesive
      prepared according to Example 1 of U.S. Pat. No. 3,361,692. Without the
      primer the adhesive has a peel strength of 19 to 37 lbs per inch; with the
      primer, the peel strength is 69 to 77 lbs per inch (ASTM Test D 903).
PAC  EXAMPLE 4
PAR  The composition of Example 2 is used as a primer for steel-to-plywood bonds
      using the adhesive of Example 3. Using 0.018 inch carbon steel, the peel
      strength increases from 32 to 50 lbs per inch to 90 to 130 lbs. per inch.
PAC  EXAMPLE 5
PAR  The heat resistance of the bond produced in Example 3 is tested. A lap
      adhesive joint is made with and without the primer and heated in an oven.
      Without the primer the bond fails at 77.degree.C. With the primer the bond
      fails at 90.degree.C. Thus, heat resistance of the bond when primer is
      used is found to be improved.
PAC  EXAMPLE 6
PAR  Bonds of galvanized steel with duPont's Surlyn A adhesive film are greatly
      enhanced by the application of the composition of Example 2 as a primer.
      The primer is applied as a thin coat to the galvanized steel surfaces and
      dried two to ten minutes at 150.degree.C. Then the Surlyn A 1555 film is
      placed between the primed surfaces under pressure and the assembly heated
      to about 200.degree.C. Lap shear tests at room temperature on the bonds
      with the primer give cohesive breaks at about 2600 psi; without primer,
      the breaks are partially adhesive and bonds fail at from 900 to 1400 psi
      (ASTM D1002).
PAC  EXAMPLE 7
PAR  A composition is made similar to that in Example 2 but with high-boiling
      coal tar oil (95% boiling above 355.degree.C) substituted for the
      70.degree.C fiber grade pitch fraction of coal tar. This composition is
      easier to produce because the tar oil is more readily colloidally
      dispersed than the pitch, using simple high-shear mixers. The tar oil has
      the same stabilizing effect on the copolymer-phenolic as the pitch
      addition, and there is no significant settling during storage at room
      temperature for several months. Performance is comparable to Example 2
      formulation.
PAC  EXAMPLE 8
PAR  When used as an adhesive or coating by itself (rather than as a primer for
      another adhesive or coating), it is often desirable to have a higher
      solids content in the dispersion in order to obtain thicker coatings. The
      formula of such an adhesive is as follows in parts by weight:
TBL  Ethylene-acrylic acid copolymer                                           

     (30% ammoniacal dispersion of EAA 9300)                                   

                                 100                                           

     Phenolic resin (BRL-1031)   7                                             

     2-Propanol                  5                                             

     High-boiling tar oil        7                                             

     (95% boiling above 355.degree.C)                                          

     Xylene                      3.5                                           

     Morpholine (optional, to adjust viscosity)                                

                                 1                                             

PAR  The high-boiling tar oil is combined with the xylene and morpholine, mixed
      with the phenolic and added to the copolymer dispersion to which the
      2-propanol has previously been added.
PAR  This compound is used for bonding steel wire to fiber pads. The wire is
      dipped in the dispersion, dried, and then heated to about 200.degree.C
      while being pressed against the fiber. This compound gives a sufficient
      thickness of coating on the wire and during the heating it first becomes
      tacky and soft so that it penetrates and adheres to the fiber and then
      thermosets, becoming rigid and tack-free at 200.degree.C.
PAC  EXAMPLE 9
PAR  It is desirable to add substantial amounts of fillers and/or pigments to
      these compounds to improve their properties against moisture, heat, wear,
      weathering, and other exposure conditions; to color the coatings, to
      reduce their cost; to thicken the dispersions to obtain thicker coatings
      and to control penetration into the substrates; or to reduce their thermal
      expansion coefficients to more nearly match that of the substrates. An
      example of such filled composition is as follows:
TBL  Ethylene-acrylic acid copolymer                                           

     (per Example 1)          300       ml                                     

     Phenolic resin (BRL-1031)                                                 

                              14        ml                                     

     High-boiling tar-oil     14        ml                                     

     Morpholine               2         ml                                     

     2-Propanol               10        ml                                     

     Xylene                   7         ml                                     

     Calcium silicate         30        g                                      

     Iron oxide (precipitator dust)                                            

                              30        g                                      

     Magnesium Montmorillonite                                                 

                              3         g                                      

     Lignosulfonate           1.2       g                                      

      These ingredients are readily blended in a high-speed mixer. The
      2-propanol is pre-mixed with the phenolic resin and the xylene with the
      tar oil to assist in dispersion. This compound, applied to metal, dried,
      and cured at about 200.degree.C for 5 minutes, forms a tough, adherent
      coating. It can also be applied to metal and plywood, dried, and partially
      cured at 200.degree.C for about 3 minutes with the faces open to give a
      tough coating. When these coated surfaces are assembled and placed in a
      hot platen press at about 200.degree.C for 15 to 60 seconds, the compound
      reactivates and then cures, forming a strong adhesive bond with good
      moisture and heat resistance. When the metal is pulled from the plywood,
      the failure is deep in the wood.
PAC  EXAMPLE 10
PAR  An adhesive composition containing CaSiO.sub.3 (Table I) is applied to the
      surface of plywood to be liminated with steel. These plywood-to-steel
      laminates posses excellent strength and good peel and moisture resistance
      under a variety of conditions (Table II).
PAC  EXAMPLE 11
PAR  An adhesive composition suitable for bonding metal faced paper honeycomb
      sandwich panels is shown designated as No. 2 adhesive in Table I. Table
      III compares the flexure strength of such bonded sandwiches with
      sandwiches using adhesives known to the art. The adhesive dispersion is
      applied to the honeycomb cell edges by roll-coating or dipping and then
      dried. These coated paper cores may be stored for many months before
      assembly. The metal facing sheets may be primed with a similar but more
      dilute composition, but this is not essential. The heated sandwich is
      heated to 350.degree.to 365.degree.F for one minute or more under contact
      pressure to cure the composition.
PAC  EXAMPLE 12
PAR  A composition of my invention suitable for use as a coating or "core plate"
      for steel sheets for electromagnetic cores is prepared according to the
      formula in Table IV. The compound consists essentially of a mixture of
      ethylene acrylic acid copolymer ammonium solution and aqueous phenolic
      resin solution with minor additions such as alcohols, monoethanol amine
      and surfactant to improve coating characteristics and stability of the
      mixture, and phosphate to catalyze the cure. The composition is prepared
      by pre-mixing the two parts as indicated in Table IV and then blending
      Part A into Part B with a high-shear mixer.
PAR  The composition is applied to coils of steel for electromagnetic core
      applications by roll-coating, dried and cured by passing through an oven
      so that it is exposed to a temperature between about 370.degree.C and
      425.degree.C for about 30 seconds. The dry coating thicknesses are about 1
      to 3 microns thick and are dark brown in color. The Franklin insulation
      values (ASTM A344-68) are good (less than 0.50 ampere at 300 psi and
      150.degree.C). In subsequent fabrication of the coated sheets into
      electromagnetic cores, the die-life is approximately doubled, indicating
      better lubricating properties than that of conventional varnish coating.
PAC  EXAMPLE 13
PAR  The procedure of Example 12 is followed to prepare a like composition set
      forth in Table IV differing principally from the composition of Example 12
      in that an ethylene-methacrylic acid ionomer dispersion or an
      ethylene-vinyl acetate dispersion is substituted for a portion of the
      ethylene-acrylic acid solution. Minor additions such as lignosulfonate and
      bentonite clay dispersants and diacetone acrylamide crosslinking agent
      assist in curing the composition.
PAR  This composition is more stable for long time storage than that of Example
      12, especially when the concentration exceeds 30% solids.
PAC  EXAMPLE 14
PAR  Elvax D 1112 copolymer dispersion is substituted for the Elvax D 1249
      ionomer dispersion of Example 13 in the same amount and mixed as in
      Example 12. The resulting compound is applied to steel sheet and dried
      only (not cured). Laminates are made by pressing two coated sheets
      together at about 200.degree.C and 100 psi for one hour to reactivate and
      cure the adhesive compound and bond the sheets together. The sample is
      tested for sound damping quality by the vibrating reed test. Reverberation
      time ranges from about one second at room temperature to about 0.08 second
      at from 120.degree.C to 150.degree.C. This compares to about 4 to 5
      seconds for solid steel of the same thickness as the laminate.
PAC  EXAMPLE 15
PAR  Three compositions are used as primers for an adhesive prepared according
      to Example 1 of U.S. Pat. No. 3,361,692 and the results compared. Primer
      No. 1 is the ethylene-acrylic acid copolymer dissolved in sufficient
      ammonium hydroxide to give a dispersion having 20% solids. Primer No. 2 is
      the same copolymer blended with a phenolic resin. Primer No. 3 is the same
      copolymer blended with a phenolic resin and coal-tar pitch. The
      compositions are listed in Table V. The primers were applied to the
      plywood and dried at 150.degree.C for 2 to 10 minutes. The adhesive film
      was first laminated to the steel sheet by heating to about 200.degree.C.
      The coated sheet and the primed surface of the plywood are then reheated
      and assembled in a roller press. Table VI shows the results of peel tests
      on these steel-to-plywood bonds and indicates that all three primers
      increase the bond strength, Primer No. 3 being outstanding.
PAC  EXAMPLE 16
PAR  A sandwiched structure with a paper honeycomb core is bonded using an
      adhesive as disclosed in Example 1 of U.S. Pat. No. 3,361,692 and the
      ethylene copolymer phenolic coal-tar pitch composition of Example 3. The
      results indicate that the primed structures are stronger both in flexure
      and peel strength than commonly used high-quality contact adhesives and
      equal in flexure but superior in peel strength compared to epoxy
      adhesives. Procedure for making these honeycomb sandwiched structures is
      to: (1) Apply the primer to the cell edges of the paper honeycomb and dry
      it; (2) Assemble the panels with the loose adhesive film interleaved
      between the core and each of the steel faces; and (3)Hot press the
      assembly at about 200.degree.C for 0.5 to 10 minutes at contact pressure
      to cure the composition.
PAC  EXAMPLE 17
PAR  Steel facing is bonded to maple lumber using an adhesive as disclosed in
      Example 1 of U.S. Pat. No. 3,361,692. The unprimed jooint has a peel
      strength of 28 - 33 ppi. The peel strength, when primed with a primer
      having the composition of Primer No. 3 in Table V, is 48 - 57 ppi.
TBL                                    Table I                                 

     __________________________________________________________________________

                      No. 1 Adhesive                                           

                                No. 2 Adhesive                                 

                      Designed for                                             

                                Designed for Metal                             

     Components       Metal to Plywood                                         

                                to Paper Honeycomb                             

     __________________________________________________________________________

     Ethylene-acrylic acid                                                     

     polymer using 30% solids                                                  

     ammoniacal emulsion                                                       

                      200 ml    200  ml                                        

     Phenolic resin solution                                                   

     (per Example 1)  30  ml    20   ml                                        

     High-boiling tar-oil (coal-tar)                                           

                      3.5 ml    3.5  ml                                        

     Xylene           5   ml    5    ml                                        

     Calcium silicate 5   grams 5    grams                                     

     Filler (iron oxide)                                                       

                      --        20   grams                                     

     Miscellaneous additives to                                                

     adjust viscosity dispersion                                               

     foaming or adhesion                                                       

                      0.8 gram  3.0  grams                                     

     __________________________________________________________________________

TBL                Table II                                                    

     ______________________________________                                    

     Average Joint Strength of                                                 

     Metal-to-Plywood Bonds                                                    

     (Adhesive No. 1)                                                          

     ______________________________________                                    

     Tensile Shear Strength     875 psi                                        

     (1 inch square lap of 0.062-inch                                          

     thick steel to fir plywood.                                               

                                (100% wood                                     

     Tested dry at room temperature)                                           

                                failure)                                       

     Peel Tests                                                                

     (ASTM D903, with 0.018-inch thick                                         

     steel to fir plywood)                                                     

     Tested dry at room temperature                                            

                                39 ppi*                                        

     Tested dry at 250.degree.F 25 ppi**                                       

     Tested at 120.degree.F after exposure at 150.degree.F,                    

     100% relative humidity for:                                               

      1 day                     35 ppi*                                        

      3 days                    37 ppi*                                        

      7 days                    25 ppi**                                       

     Tested at approximately 31 100.degree.F after                             

     exposure at that temperature for:                                         

      8 hours                   40 ppi*                                        

      24 hours                  25 ppi**                                       

     ______________________________________                                    

       * Approximately 75 to 80 percent wood failure                           

      **Approximately 50 to 60 percent wood failure                            

TBL                Table III                                                   

     ______________________________________                                    

     Flexure Strength of Steel-Faced                                           

     Paper-Honeycomb Sandwiches                                                

     Bonded with Various Adhesives*                                            

     ASTM C-393                                                                

                       Flexural Load to Failure                                

                       Pounds per inch width                                   

     ______________________________________                                    

     Contact Adhesive                                                          

     EC1357 (3M Co.) or                                                        

     G701 (PPG, Inc.)    80                                                    

     Epoxy Adhesive                                                            

     USS NEXUS S8003     150                                                   

     Thermoplastic Film Adhesive                                               

     USS NEXUS P1003 (alone)                                                   

                         85                                                    

     USS NEXUS P1003 with primers                                              

     PX 2001 or SX 9001  172                                                   

     Adhesive No. 2 (Table I)                                                  

                         172                                                   

     ______________________________________                                    

      *Samples were 3 inch by 14 inch by 1 inch thick tested with 12-inch span,

      quarter-point loading.                                                   

      Honeycomb cores were Union Camp Corp. (80(18)1/2) longitudinal. Carbon   

      steel faces were 0.047 inch thick.                                       

TBL                Table IV                                                    

     ______________________________________                                    

     Sample Core-Plate Formula                                                 

                        Parts by Weight                                        

                        Example 12                                             

                                Example 13                                     

     ______________________________________                                    

     Part A                                                                    

     ethylene-acrylic acid copolymer                                           

     (22% solids ammonium solution                                             

     of EAA 9500)         300       190.0                                      

     ethylene-methacrylic acid ionomer                                         

     dispersion (42% solids)                                                   

                          --        180.0                                      

        or                                                                     

     Elvax D 1249 (duPont)                                                     

     acetylenic glycol surfactant and                                          

                          0.6       0.4                                        

     anti-foam                                                                 

     lignosulfonate       --        2.0                                        

     bentonite clay       --        3.6                                        

     diacetone acrylamide (crosslinking                                        

                          --        12.0                                       

     agent)                                                                    

     amido-ammonium phosphate                                                  

     (30% aqueous solution)                                                    

                          --        7.5                                        

     ammonium phosphate, dibasic                                               

     (33% aqueous solution)                                                    

                          7.5       --                                         

     Part B                                                                    

     phenolic resin solution AROFENE 352                                       

                          60.0      35.0                                       

     (code 595-090) (Ashland Chemical Co.)                                     

     1-butanol            7.0       4.5                                        

     furfuryl alcohol     --        2.5                                        

     monoethanolamine     5.0       3.5                                        

     ethanol              8.0       --                                         

                Total     388.1     441.0                                      

                Estimated                                                      

                 total solids --                                               

                          32.6%     36.7%                                      

     ______________________________________                                    

TBL                Table V                                                     

     ______________________________________                                    

     Primer Compositions                                                       

     Primer No.      1         2         3                                     

     ______________________________________                                    

     Ammonium solution of                                                      

     ethylene-acrylic acid                                                     

     copolymer (20% solids)                                                    

                     100%      66.7%     50%                                   

     (per Example 1) (by vol)  (by vol)  (by vol)                              

     Phenolic resom                                                            

     (per Example 1) 0         9%        7.8%                                  

     Coal-tar pitch                                                            

     70.degree.C (Fiber grade)                                                 

                     0         0         5.0%                                  

     Ammonium hydroxide                                                        

     (excess)        0         2.25%     0                                     

     Ethanol         0         10.6%     0                                     

     2-Propanol      0         0         10.0%                                 

     Xylene          0         0         5.0%                                  

     Pyridine        0         0         2.5%                                  

     1-Octanol       0         0         0.5%                                  

     Water           0         11.2%     20.25%                                

     Percent Solids   20%      20%       20%                                   

     ______________________________________                                    

TBL                                    Table VI                                

     __________________________________________________________________________

     Peel Strengths of Steel-to-Plywood Bonds                                  

                         Peel Strength*                                        

     Adhesive Primer on Plywood                                                

                         lb/inch  Failure                                      

     __________________________________________________________________________

     USP 3,361,692                                                             

     Example 1                                                                 

              None       32-50    In super-                                    

                                  ficial wood fibers                           

     USP 3,361,692                                                             

     Example 1                                                                 

              No. 1      46-57    Somewhat deeper                              

                                  in wood                                      

     USP 3,361,692                                                             

     Example 1                                                                 

              No. 2      45-61    Deeper in wood                               

                                  and some cohesive                            

     USP 3,361,692                                                             

     Example 1                                                                 

              No. 3       90-130  Cohesive in                                  

                                  adhesive film                                

     __________________________________________________________________________

      *Tested as manuual 180 degree peel of 1/2 inch wide, 26 gage carbon steel

      strips bonded to exterior grade fir plywood.                             

CLMS
STM  I claim:
NUM  1.
PAR  1. A coated article comprising a substrate coated with a composition
      comprising an aqueous dispersion of: from about 25 to about 95 weight
      percent of resin solids of a copolymer of ethylene and acrylic acid,
      wherein the acrylic acid constitutes about 18% to 24% of the copolymer;
      blended with b. from about 5 to about 75 weight percent of resin solids of
      a water-dispersible, heat-reactable, rseol, A-stage type phenolic resin
      essentially free of unreacted phenol and containing a substantial amount
      of trimethylol phenol.
NUM  2.
PAR  2. A coated article according to claim 1 in which said substrate is steel,
      whereby the resultant coated steel is suitable for use in electromagnetic
      cores.
NUM  3.
PAR  3. An article according to claim 1 wherein said substrate is selected from
      the group consisting of metals, wood, fiberboard, paper and ceramics.
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ABST
PAL  A resin laminate structure comprising a layer of a polymer selected from
      the group consisting of polyolefins and saponified products of
      ethylene-vinyl acetate copolymers and a layer of a blend comprising (A) a
      polyolefin and (B) a saponified product of an ethylene-vinyl acetate
      copolymer having an ethylene content of 25 to 50 mole % and a degree of
      saponification of at least 96% at an A:B mixing weight ratio ranging from
      98:2 to 2:98, said two layers being laminated so that they are adjacent to
      each other.
BSUM
PAR  This invention relates to a resin laminate structure having in combination
      a high resistance to gas permeation and a high resistance to delamination.
      More detailedly, the invention relates to a laminate structure comprising
      a layer of a polyolefin or a saponified product of an ethylene-vinyl
      acetate copolymer and a layer of a blend of a polyolefin and a saponified
      product of an ethylene-vinyl acetate copolymer which may further include a
      carbonyl group-containing thermoplastic polymer, said two layers being
      laminated directly in the state adjacent to each other, namely without any
      adhesive layer.
PAR  Polyolefins have heretofore been broadly used as packaging materials for
      foodstuffs and the like by reason of excellent mechanical strength and
      sanitary qualities. However, polyolefins are fatally defective in that
      permeability of gases such as oxygen and carbon dioxide gas is very high,
      and polyolefins are still insufficient in that foodstuffs cannot be
      preserved for a long time with use of containers or the like formed of
      polyolefins.
PAR  Furthermore, disposal of used polyolefin containers includes a serious
      problem. More specifically, when used polyolefin containers are subjected
      to the incineration treatment, a large quantity of combustion heat is
      generated and refuse fernaces are readily damaged.
PAR  As means for improving the gas permeation resistance in polyolefins, there
      have been proposed methods comprising copolymerizing ethylene with various
      vinyl monomers. For instance, U.S. Pat. No. 3,419,654 discloses the use of
      a saponified product of an ethylenevinyl acetate copolymer. Although such
      saponified product is advantageous over polyolefins in the point that its
      oxygen permeability is much smaller than that of polyolefins, and the
      combustion heat generated at incineration is much smaller than the
      combustion heat generated at the incineration treatment of polyolefins, it
      is still defective in that its water vapor permeability is high because of
      its hydrophilic properties and that its mechanical strength, especially
      impact resistance, is considerably low.
PAR  It is considered that a packaging material having in combination
      characteristic properties of polyolefins and those of ethylene-vinyl
      acetate copolymer saponified products may be obtained by laminating a
      polyolefin and an ethylene-vinyl acetate copolymer saponified product.
      However, because there is hardly any affinity between these two resin
      layers, it is generally difficult to laminate them without use of an
      adhesive. As means for overcoming this disadvantage, U.S. Pat. No.
      3,595,740 proposes a method comprising laminating a polyolefin layer and
      an ethylene-vinyl acetate copolymer saponified product layer through an
      intermediate layer of an adhesive such as ethylene-ethyl acrylate
      copolymer to thereby form a film excellent in the gas permeation
      resistance. The so formed film is excellent in that it has a high gas
      permeation resistance ( gas barrier property ) and it is heat-sealable.
      However. in view of operational procedures this proposal is industrially
      disadvantageous in that a specific adhesive layer should be interposed to
      laminate a polyolefin layer and an ethylene-vinyl acetate copolymer
      saponified product layer and complicated steps are required for extrusion
      with use of a number of extruders.
PAR  We have found that a blend of a polyolefin and an ethylene-vinyl acetate
      copolymer saponified product can be laminated with a polyolefin or an
      ethylene-vinyl acetate copolymer saponified product without use of any
      particular adhesive layer and that the resulting laminate structure has a
      desired combination of a gas permeation resistance and a delamination
      resistance and hence, it is very valuable as a packaging material such as
      bottle, tube, tank or packaging film to be used for containing or
      preserving foodstuffs, medicines, cosmetics and the like.
PAR  We have also found that when a thermoplastic polymer having a carbonyl
      group in its main or side chain is incorporated in said blend, a much
      stronger bonding can be obtained between said blend layer and a layer of
      the polyolefin or ethylene-vinyl acetate copolymer saponified product
      without use of any particular adhesive layer and the resulting laminate
      structure not only has a desired combination of a gas permeation
      resistance and a delamination resistance but also is excellent in
      appearance characteristics such as transparency and smoothness, mechanical
      properties such as impact resistance and processability at the molding
      operation.
PAR  It has further found that when a melt of a polyolefin or an ethylene-vinyl
      acetate copolymer saponified product and a melt of the above-mentioned
      polymer blend are simultaneously extruded and molded under such specific
      co-extrusion conditions that in a multi-ply molding die the difference of
      the average flow rate of the melt of the ethylene-vinyl acetate copolymer
      sampnified product at a resin passage for said polymer blend and the
      average flow rate of the melt of the polyolefin optionally with said
      carbonyl group-containing thermoplastic polymer at said passage is at
      least 1 cm/sec, there can be obtained a molded laminate structure, the
      layer of the polymer blend of which has such a laminar structure that the
      polymer composition is different in the thickness direction but
      substantially identical in the plane direction and each laminar layer is
      continuous with respect to the plane direction; such molded laminate
      structure comprised in the polymer blend layer adjoining to the polyolefin
      or ethylene-vinyl acetate copolymer saponified product layer a plurality
      of layers, each of which contains predominantly any of the polymer blend
      constituents, i.e., the polyolefin, the copolymer saponified product and
      optionally the carbonyl group-containing polymer, at a ratio exceeding the
      average content in the polymer blend; and that by reason of such specific
      layer structure the above-mentioned molded laminate structure can possess
      an excellent strong bonding between the polyolefin or saponified copolymer
      layer and the polymer blend layer, which bonding is much superior to the
      bonding attained in a laminate structure comprising a mere polymer blend
      layer with respect to not only the delamination resistance but also the
      impact resistance, water resistance, heat resistance and hot water
      resistance, and in this specific molded laminate structure the
      permeability of ordinary gases such as oxygen, steam and carbon dioxide
      gas can be much reduced.
PAR  It is a primary object of this invention to provide a novel laminate
      structure which exhibits an excellent permeation resistance similarly to
      oxygen, steam, carbon dioxide gas, etc. and which comprises a layer of a
      polyolefin or an ethylene-vinyl acetate copolymer saponified product and a
      layer of a blend of a polyolefin and an ethylene-vinyl acetate copolymer
      saponified product, said two layers being tightly bonded to each other
      without use of any particular adhesive layer.
PAR  Another object of this invention is to provide a resin laminate structure
      which has in combination an excellent gas permeation resistance and an
      excellent delamination resistance and hence, is valuable as a container
      for liquid foodstuffs, medicines or cosmetics, such as bottle, tube and
      tank and as a packaging material such a film.
PAR  A further object of this invention is to provide a technique for preparing
      laminate structures, according to which a polyolefin or a saponified
      product of an ethylene-vinyl acetate copolymer and a blend of a polyolefin
      and a saponified product of an ethylene-vinyl acetate copolymer are
      simultaneously extruded from melt extruders, respectively and thus there
      can be obtained a strong bonding between a layer of the polyolefin or
      saponified copolymer and a layer of the polymer blend.
PAR  A still further object of this invention is to provide a novel molded
      laminate structure which is formed by co-extruding a melt of a polyolefin
      or a saponified product of an ethylene-vinyl acetate copolymer and a melt
      of a polymer blend of a polyolefin, a saponified product of an
      ethylene-vinyl acetate copolymer and optionally a carbonyl
      group-containing thermoplastic polymer and which has such a specific layer
      structure that a layer of said polymer blend has such a laminar structure
      that the polymer composition is different with respect to the thickness
      direction but substantially identical with respect to the plane direction
      and each laminar layer is continuous with respect to the plane direction;
      and that in the polymer blend layer adjoining to the polyolefin or
      ethylene-vinyl acetate copolymer saponified product there are formed a
      plurality of layers, each of which contains predominantly any of the
      polymer blend constituents, i.e., the polyolefin, the saponified copolymer
      and optionally the carbonyl group-containing polymer; and a process for
      the preparation of such molded laminate structure.
PAR  In accordance with one aspect of this invention, there is provided a resin
      laminate structure comprising a layer of a polymer selected from the group
      consisting of polyolefins and saponified products of ethylene-vinyl
      acetate copolymers and a layer of a blend comprising (A) a polyolefin and
      (B) a saponified product of an ethylene-vinyl acetate copolymer having an
      ethylene content of 25 to 50 mole % and a degree of saponification of at
      least 96 % at an A : B mixing weight ratio ranging from 98 : 2 to 2 : 98,
      said two layers being laminated so that they are adjacent to each other.
PAR  In accordance with another aspect of this invention, there is provided a
      resin laminate structure set forth above, wherein the blend layer further
      comprises a thermoplastic polymer containing a carbonyl group in the main
      or side chain thereof in an amount of 0.5 to 15 parts by weight per 100
      parts of the sum of the polyolefin (A) and the saponified copolymer (B).
PAR  In accordance with a still further aspect of this invention, there is
      provided a resin laminate structure set forth above, wherein the blend
      layer has a laminar structure formed by extrusion molding of said polymer
      blend, in which the polymer composition is different with respect to the
      thickness direction but substantially identical with respect to the plane
      direction, and wherein when said blend layer is divided into three layers
      in the thickness direction, at least one layer continuous with respect to
      the plane direction contains predominantly the ethylene-vinyl acetate
      copolymer saponified product (B), namely contains said saponified product
      in an amount expressed by the following formula
EQU  M.sub.1 = m.sub.1 X
PA1  wherein X stands for the average content ( % by weight ) of the
      ethylene-vinyl acetate copolymer saponified product (B) in said blend
      layer, m.sub.1 is a number of at least 1.05  and M.sub.1 is the content (%
      by weight ) of said saponified product in said specific divided layer,
PAL  and at least one layer of the remaining two divided layers continuous with
      respect to the plane direction contains predominantly the polyolefin (A),
      namely contains said saponified product (B) in an amount expressed by the
      following formula
EQU  M.sub.2 = m.sub.2 X
PAL  wherein X is defined above, m.sub.2 is a number of from 0 to 0.95, and
      M.sub.2 is the content ( % by weight ) of said saponified product in said
      specific divided layer.
PAR  The laminate structure of this invention has various advantages in addition
      to a desired combination of a high permeation resistance to oxygen, steam,
      carbon dioxide gas, etc. and a high delamination resistance. By reason of
      excellent moisture resistance, sanitation characteristics and flexibility,
      polyolefins have heretofore been used broadly as containers for various
      liquid materials. However, disposal of used polyolefin containers involves
      a serious problem. More specifically, when used polyolefin containers are
      subjected as refuses to the incineration treatment, a large quantity of
      combustion heat is generated and refuse furnaces are readily damaged. In
      contrast, when a blend of a polyolefin and a saponified product of an
      ethylene-vinyl acetate copolymer is laminated with a polyolefin or
      saponified product of an ethylene-propylene copolymer according to this
      invention, in a container formed from such laminate structure the
      combustion heat generated at the incineration treatment can be much
      reduced as compared with the case of a polyolefin container, with the
      result that the damage of refuse furnaces can be greatly lowered.
PAR  This invention will now be illustrated detailedly.
PAC  RESIN COMPONENTS
PAR  The basic concept of this invention resides in that a blend of a polyolefin
      and a saponified product of an ethylene-vinyl acetate copolymer has a good
      adhesiveness to a polyolefin or a saponified product of an ethylene-vinyl
      acetate copolymer and a laminate structure formed by laminating a layer of
      said blend directly with a layer of the polyolefin or saponified copolymer
      has a delamination resistance sufficient to endure not only ordinary
      application conditions but also falling shock or the like; when a layer of
      said blend is laminated with a layer of a polyolefin, the resulting
      laminate structure has a much reduced oxygen permeability as compared with
      the case of a polyolefin alone; and that when a layer of said blend is
      laminated with a layer of a saponified product of an ethylene-vinyl
      acetate copolymer, the resulting laminate structure has a much reduced
      steam permeability as compared with the case of such saponified copolymer
      alone.
PAR  The saponified product of an ethylene-vinyl acetate copolymer to be used in
      the blend layer of the molded structure of this invention is obtained by
      saponifying an ethylene-vinyl acetate copolymer having an ethylene content
      of 25 to 50 mole % so that the degree of saponification reaches at least
      96 %.
PAR  The ethylene-vinyl acetate copolymer saponified product to be used in this
      invention is composed of polymerized ethylene units and vinyl alcohol
      units. Accordingly, in this invention saponified products of copolymers of
      ethylene with a monomer capable of forming a vinyl alcohol unit by
      saponification subsequent to polymerization, such as vinyl esters of lower
      fatty acids other than vinyl acetate, e.g., vinyl formate and vinyl
      propionate, can be similarly used as the saponified copolymer.
PAR  In case the ethylene content exceeds 50 mole % in the saponified copolymer,
      the gas permeation resistance (gas-barrier property) against gases such as
      oxygen is lost, and the objects of this invention cannot be attained. In
      case the ethylene content of the saponified copolymer is less than 25 mole
      %, the layer structure exhibits a high hydrophilic property and its water
      vapor permeability becomes high with degradation of its moldability.
      Accordingly, use of such saponified copolymer is not suitable for
      attaining the objects of this invention.
PAR  Further, in order to maintain a gas permeation resistance to oxygen, steam,
      carbon dioxide, etc. at a high level and heighten the adhesiveness of a
      layer of said blend to a layer of the polyolefin or saponified copolymer,
      it is important that the ethylene content in the saponified copolymer
      should be adjusted within the above-mentioned range.
PAR  In order for the molded structure to have an improved gas permeation
      resistance, it is essential that the degree of saponification should be at
      least 96 %.
PAR  A saponified product of an ethylene-vinyl acetate copolymer to be
      especially preferably used in this invention has an ethylene content of 25
      to 45 mole % and a degree of saponification of at least 99 %.
PAR  In compositions comprising a polyolefin and a saponified copolymer of
      ethylene and vinyl acetate, which have heretofore been used as packaging
      laminate materials ( for instance, those disclosed in Japanese Patent
      Publication No. 30296/72 ), an ethylene-vinyl acetate copolymer saponified
      product having a very high ethylene content, namely a saponified copolymer
      having a vinyl acetate content of 10 to 50 % by weight ( which corresponds
      to an ethylene content of 75 to 96.5 mole % ), is employed. A saponified
      copolymer having such a high ethylene content, however, has a very high
      oxygen permeability and exhibits a very poor interlaminar strength when
      molded in a laminate structure. Further, it is said that when the ethylene
      content is low in a saponified product of an ethylene-vinyl acetate
      copolymer, the compatibility between the saponified copolymer and
      polyolefin is generally degraded and the processability of the resulting
      composition is much lowered ( see page 2, column 3 of above-mentioned
      Japanese Patent Publication ). In contrast to such teachings, in this
      invention it is made possible to maintain a permeability of such gas as
      oxygen and steam at a very low level and improve the processability and
      appearance characteristics and obtain a laminate structure excellent in
      the interlaminar strength, by selecting a saponified product of an
      ethylene-vinyl acetate copolymer having an ethylene content of 25 to 50
      mole % and combining it with a polyolefin, preferably together with a
      carbonyl group-containing polymer which will be detailed hereinafter.
PAR  The molecular weight of the ethylene-vinyl acetate copolymer saponified
      product to be used in this invention is not particularly critical, as far
      as it is in general within the range capable of forming films. In general,
      the viscosity of the ethylene-vinyl acetate copolymer saponified product
      is measured with use of a mixed solvent of 85 % by weight of phenol and 15
      % by weight of water.
PAR  In this invention, it is preferred that the ethylene-vinyl acetate
      copolymer saponified product used has an intrinsic viscosity (.eta.),
      measured at 30.degree. C. in such mixed solvent, of from 0.07 to 0.17 l/g.
      In the case of a saponified copolymer having an intrinsic viscosity
      (.eta.) of lower than 0.07 l/g, the mechanical strength of the final
      molded article is insufficient, and in the case of a saponified copolymer
      having an intrinsic viscosity (.eta.) exceeding 0.17 l/g, the moldability
      of the resulting resinous composition tends to lowered.
PAR  In this invention, selection of a polyolefin among various thermoplastic
      resins and formation of a blend layer by combining so selected polyolefin
      with an ethylene-vinyl acetate copolymer saponified product are very
      important for attaining a desired combination of a high permeation
      resistance to all of ordinary gases such as oxygen, steam, carbon dioxide
      gas, etc. and a high delamination strength.
PAR  Any of polyolefins which have heretofore been used for molding of films or
      containers and the like broadly in the art may be used as the polyolefin
      in this invention. As such polyolefin, there may be employed homopolymers
      and copolymers of olefins expressed by the following formula
      ##EQU1##
      wherein R is a hydrogen atom or an alkyl group having up to 4 carbon
      atoms.
PAR  In order to obtain a laminate structure having sufficient mechanical
      strength, it is important that such olefin homopolymer or copolymer should
      be crystalline.
PAR  As such crystalline polyolefin there may be mentioned, for instance, low
      density polyethylene, medium density polyethylene, high density
      polyethylene, isotactic polypropylene, crystalline ethylene-propylene
      copolymer, polybutene-1 and polypentene-1. Of course, in this invention
      the polyolefin to be used is not limited to olefin homopolymers and
      copolymers of two or more olefins, but copolymers comprising a small
      amount, for instance, up to 15 mole %, especially up to 5 mole %, of other
      ethylenically unsaturated comonomer within a range such as will not
      substantially damage the properties of the polyolefin, may be used. As
      such comonomer component, there may be exemplified vinyl chloride, vinyl
      acetate, acrylic acid, esters thereof, methacrylic acid and esters
      thereof.
PAR  In general, the molecular weight of the polyolefin is not particularly
      critical in this invention, as far as it is within the film-forming range.
      For instance, a polyolefin having an average molecular weight of from
      5,000 to 400,000 [corresponding to a melt index, MI (measured according to
      ASTM 1238) from 0.05 to 5.0 g/10 min] is used preferably in general.
PAR  In this invention, if improvement of such properties as transparency,
      flexibility, and impact resistance in the laminate structure is desired, a
      low density or medium density polyethylene is preferably employed as the
      polyolefin. If improvement of stiffness, tensile strength and tear
      strength is desired, a high density polyethylene or an isotactic
      polypropyle is preferably employed.
PAR  In the blend layer of the laminate structure of this invention, in order to
      obtain a high gas permeation resistance and a high delamination
      resistance, it is important that the polyolefin (A) and the ethylene-vinyl
      acetate copolymer saponified product (B) are contained at a mixing weight
      ration A : B ranging from 98 : 2 to 2 : 98. A preferable mixing ratio of
      the polyolefin and the saponified copolymer (B) varies to some extent
      depending on not only the kinds of these resins (A) and (B) but also the
      kind of the resin of the layer to be laminated with the blend layer. For
      instance, when a polyolefin layer is laminated with the blend layer, it is
      generally preferred that the A : B mixing weight ratio in the blend layer
      is adjusted within a range of from 90 : 10 to 10 : 90, especially from 80
      : 20 to 10 : 90. In case a layer of a saponified product of an
      ethylene-vinyl acetate copolymer is laminated with the blend layer, it is
      generally preferred that the mixing weight ratio A : B in the blend layer
      is adjusted within a range of from 90 : 10 to 20 : 80, especially from 90
      : 10 to 50 : 50.
PAR  However, in accordance with a preferred embodiment of this invention, even
      when the mixing weight ratio of the polyolefin and the saponified
      copolymer in the blend layer is outside such a preferred range, if, as is
      detailed below, a multi-layer structure comprising a layer containing the
      polyolefin at a content exceeding the average polyolefin content in the
      blend layer and a layer containing the saponified copolymer at a content
      exceeding the average saponified copolymer content in the blend polymer is
      formed in the blend layer, it is possible to attain in the laminate
      structure a desired combination of an excellent permeation resistance to
      all of ordinary gases and a high layer peeling resistance.
PAR  In the molded laminate structure of this invention, in order to obtain a
      high delamination resistance sufficient to endure not only ordinary
      application conditions but also falling shock and to further improve
      appearance characterisitcs such as transparency and smoothness and
      mechanical properties such as impact resistance, it is preferred that a
      carbonyl group-containing thermoplastic polymer is incorporated into a
      layer of the above-mentioned blend of the polyethylene (A) and the
      ethylene-vinyl acetate copolymer saponified product (B).
PAR  As such carbonyl group-containing thermoplastic polymer, there may
      optionally be employed any of thermoplastic polymers containing in the
      main or side chain carbonyl groups from free carboxylic acids, carboxylic
      acid salts, carboxylic acid esters, carboxylic anhydrides, carboxylic acid
      amides, carbonic acid esters, urethane and urea. Examples of such polymer
      will now be described.
PA1  a. Homopolymers or copolymers of monomers expressed by the following
      formula (I), and copolymers of monomers expressed by the formula (I) with
      olefins such as ethylene and propylene or other vinyl monomers such as
      styrene, vinyl chloride, vinyl acetate and acrylonitrile:
      ##EQU2##
      wherein R.sub.1 is a hydrogen atom or a lower alkyl group having up to 4
      carbon atoms, and R.sub.2 is a hydrogen atom or an alkyl group having 1 to
      12 carbon atoms.
PAR  Specific examples of the polymer of this type are polyacrylic acid esters,
      polymethacrylic acid esters, ethylene/acrylic acid ester copolymers,
      acrylic acid ester/acrylic acid copolymer, ethylene/acrylic acid
      ester/acrylic acid copolymers, ethylene/acrylic acid copolymers,
      styrene/methacrylic acid ester/acrylic acid copolymers, acrylic acid
      ester/vinyl chloride copolymers, methacrylic acid ester/vinyl chloride
      copolymers, styrene/methacrylic acid ester/butadiene copolymers, and
      methacrylic acid esters/acrylonitrile copolymers.
PA1  b. Homopolymers or copolymers of vinyl esters expressed by the following
      formula (II), and copolymers of monomers expressed by the formula (II)
      with olefins such as ethylene or other vinyl monomers:
      ##EQU3##
      wherein R.sub.3 is a hydrogen atom or an alkyl or phenyl group.
PAR  Specific examples of the polymer of this type are polyvinyl acetate,
      polyvinyl propionate, ethylene/vinyl acetate copolymers, acrylic acid
      ester/vinyl acetate copolymers, and vinyl chloride/vinyl acetate
      copolymers.
PA1  c. Ionomers, that is, resins obtained by neutralizing copolymers of olefins
      with unsaturated carboxylic acids and optionally other vinyl monomers,
      with an alkali metal, an alkaline earth metal, zinc or an organic base.
PAR  Specific examples of the polymer of this type are Surlyns marketed by E. I.
      du Pont de Nemours & Co., U.S.A.
PA1  d. Copolymers of maleic anhydride with olefins or other vinyl monomers.
PAR  Specific examples of the polymer of this type are maleic anhydride/vinyl
      other copolymers, maleic anhydride/vinyl chloride copolymers,
      ethylene/maleic anhydride copolymers and maleic anhydride-modified
      polypropylenes.
PA1  e. Polyamides composed of the recurring units expressed by the formula
      ##EQU4##
      wherein n is a number of from 3 to 13 and m is a number of from 4 to 11.
PAR  Specific examples of the polymer of this type are poly-.omega.-aminocaroic
      acid, poly-.omega.-aminoheptanoic acid, poly-.omega.-aminocaprylic acid,
      poly-.omega.-aminopelagonic acid, poly-.omega.-aminodecanoic acid,
      poly-.omega. -aminoundecanoic acid, poly-.omega.-aminotridecanoic acid,
      polyhexamethylene adipamide, polyhexamethylene sebacamide,
      polyhexamethylene dodecamide, polyhexamethylene tridecamide,
      polydecamethylene adipamide, polydecamethylene sebacamide,
      polydecamethylene dodecamide, polydecamethylene tridecamide,
      polydodecamethylene adipamide, polydodecamethylene sebacamide,
      polydodecamethylene dodecamide, polydodecamethylene tridecamide,
      polytridecamethylene adipamide, polytridecamethylene sebacamide,
      polytridecamethylene dodecamide, polytridecamethylene tridecamide,
      polyhexamethylene azelamide, polydecamethylene azelamide,
      polydodecamethylene azelamide, and polytridecamethylene azelamide.
PA1  f. Polyesters composed of the recurring units expressed by the formula
      ##EQU5##
      wherein R.sub.4 is an alkylene group of 2 to 6 carbon atoms, and R.sub.5
      is an alkylene or arylene group of 2 to 24 carbon atoms.
PAR  Specific examples of the polymer of this type are polyethylene adipate,
      polyethylene sebacate, polyethylene terephthalate, polytetramethylene
      isophthalate, polyethylene terephthalate/isophthalate, and polyethylene
      hydroxybenzoate.
PA1  g. Polyureas composed of the recurring units expressed by the formula
      ##EQU6##
      wherein R.sub.6 and R.sub.7 stand for an alkylene group of 1 to 13 carbon
      atoms.
PAR  Specific examples of the polymer of this type are polyhexamethyleneurea,
      polyheptamethyleneurea, polyundecamethyleneurea and polynonamethyleneurea.
PA1  h. Polyurethanes or polyureaurethanes expressed by the formula
      ##EQU7##
      wherein R.sub.8 is an alkylene group of 3 to 24 carbon atoms, or a
      polyether or polyester residue, R.sub.9 is an alkylene or arylene group of
      3 to 24 carbon atoms, R.sub.10 is an alkylene or arylene group of 1 to 13
      carbon atoms, and k is 0 or 1.
PAR  Specific examples of the polymer of this type are
      polytetramethylenehexamethylene urethane, polyhexamethylenetetramethylene
      urethane, and polyurea urethanes formed by chain-extending
      isocyanate-terminated polyesters or polyethers with a diamine or water.
PA1  i. Polycarbonates composed of the recurring units expressed by the formula
      ##EQU8##
      wherein R.sub.11 is a hydrocarbon group of 8 to 15 carbon atoms.
PAR  Specific examples of the polymer of this group are poly-p-xyleneglycol
      biscarbonate, poly-dihydroxy-diphenyl-methane carbonate,
      poly-dihydroxydiphenyl-ethane carbonste, poly-dihydroxyphenyl-2, 2-propane
      carbonate, and poly-dihydroxydiphenyl-1, 1-ethane carbonate.
PAR  It is desired that the carbonyl group-containing polymer to be used in this
      invention contains carbonyl groups based on functional groups of free
      carboxylic acids, carboxylic acid salts, carboxylic acid esters,
      carboxylic acid amides, carboxylic anhydrides, carbonic acid esters,
      urethane and urea, in an amount of 120 to 1400 milliequivalents,
      especially 150 to 1200 milliequivalents, per 100 g of the polymer.
PAR  Such carbonyl group-containing polymers should be substantially linear and
      be molten at temperatures for melt molding the resulting resinous
      composition, for instance, at 170.degree. to 300.degree.C., preferably
      180.degree. to 250.degree.C.
PAR  Carbonyl group-containing polymers which are readily available, can be
      easily blended and are very effective for improving the processability of
      the final resinous coposition, that is, polymers which are especially
      suitable for attaining the objects of this invention, are polyvinyl
      acetste; copolymers of ethylene with a vinyl monomer containing a
      carboxylic acid salt group, such as vinyl acetate/ethylene copolymers,
      acrylic acid/ethylene copolymers, ethyl acrylate/ethylene copolymers and
      ionomers; and aliphatic polyamides such as poly-.omega.-aminocaproic acid,
      poly-.omega.-aminoundecanoic acid, poly-.omega.-aminododecanoic acid,
      polyhexamethylene adipamide and polyhexamethylene sebacamide.
PAR  The molecular weight of the carbonyl group-containing polymer to be used is
      not particularly critical, as far as it is within such range that the
      polymer can be molded into a film or vessel.
PAR  In this invention, it is preferred that the blend layer comprises such
      carbonyl group-containing polymer as an auxiliary component in addition to
      the polyolefin (A) and the ethylene-vinyl acetate copolymer saponified
      product (B).
PAR  For instance, a resinous composition comprising a saponified product of an
      ethylene-vinyl acetate copolymer and a polyolefin is relatively sufficient
      in that the composition has an excellent gas permeation resistance and it
      is also advantageous in that it can be laminated with a layer of a
      polyolefin or a saponified product of an ethylene-vinyl acetate copolymer.
      However, it is still insufficient with respect to the impact resistance of
      the final laminated structure. Moreover, it is defective in that it is
      inferior in processability, namely melt-extrusion moldability. Still in
      addition, a molded article composed of a resinous composition of said
      polyolefin and saponified copolymer has transparency, but it is defective
      in that it frequently has a craped appearance and it lacks the surface
      smoothness and uniformity.
PAR  This defect is conspicuous especially when the ethylene content of the
      saponified ethylene-vinyl acetate copolymer is low and hence, the hydroxyl
      group concentration is high, or when the amount incorporated of the
      saponified copolymer is large in the resinous composition.
PAR  Further, when the blend layer of the polyolefin and saponified copolymer is
      used as an outer layer of the laminate structure or even if an outer layer
      is composed of a relatively transparent, ethylene-vinyl acetate copolymer
      saponified product or a relatively transparent polyolefin such as low
      density polyethylene, isotactic polypropylene, polybutene-1 or
      poly-4-methylpentene-1 and such blend layer is an intermediate or inner
      layer, the above defect concerning the appearance characteristics is
      conspicuous and a commercial value as a molded article tends to be
      reduced.
PAR  When such resinous composition comprising the polyolefin and saponified
      copolymer is incorporated with the above-mentioned carbonyl
      group-containing polymer in an amount of 0.5 to 15 parts by weight per 100
      parts by weight of said resinous composition, the interlaminar strength
      and the impact resistance can be conspicuously improved. Further, the
      flowability of the resin composition at the melt molding is generally
      improved by more than 10 %, and the melt molding processing can be
      facilitated greatly. Moreover, the surface of an article formed by melt
      molding such composition incorporated with the carbonyl group-containing
      polymer is smooth and uniform, and thus, the defect of the rough surface
      or craped appearance can be overcome.
PAR  As the polyolefin layer to be laminated with said blend layer, there can be
      employed a layer of a polyolefin such as detailed hereinabove with respect
      to the blend layer. A layer of an ethylene-vinyl acetate copolymer
      saponified product such as detailed above as regards the blend layer,
      namely a saponified product having an ethylene content of 25 to 50 mole %
      and a degree of saponification of at least 96 %, can be used as the layer
      to be laminated with the blend layer.
PAR  In this invention, a polyolefin or an ethylene-vinyl acetate copolymer
      saponified product and a blend of a polyolefin, an ethylene-vinyl acetate
      copolymer saponified product and optionally a carbonyl group-containing
      polymer are subjected to the laminating operation, directly or after
      incorporation of so called compounding ingredients, according to known
      multi-layer extrusion or extrusion coating procedures.
PAR  In case the final laminate structure is used as a packaging material for
      food stuffs, it is preferred that such resin is directly subjected to the
      laminating operation without incorporation of so called compounding
      ingredients. However, if desired, it is possible to incorporate known
      additives such as ultraviolet absorbents, stabilizers, antioxidants,
      pigments, dyes and antistatic agents.
PAR  In the laminated structure of this invention, each layer may further
      comprise other polymers, for instance, other poly-.alpha.-olefins, olefin
      copolymers, vinyl polymers, diolefin polymers and olefin-vinyl-type
      copolymers, in such amounts as will not give substantially and bad
      influences to the gas permeation resistance, impact resistance and
      transparency of the resulting laminate structure, for instance, in amounts
      of up to 10.0 parts by weight per 100 parts by weight of the composition.
PAC  LAMINATE STRUCTURE
PAR  The laminate structure of this invention can take various multi-layer
      structures as far as the condition that a layer of a blend of a
      polyolefin, an ethylene-vinyl acetate copolymer saponified product and
      optionally a carbonyl group-containing polymer (hereinafter referred to
      merely as "blend layer" ) should be adjacent to a polyolefin layer or a
      layer of an ethylene-vinyl acetate copolymer saponified product
      (hereinafter referred to merely as "saponified copolymer layer" ) is
      satisfied. For instance, the laminate structure of this invention can take
      the following sectional arrangements.
PAR  I. Asymmetric Two-Layer Type Laminate Structure:
PA1  I-a. blend layer/polyolefin layer
PA1  I-b. blend layer/saponified copolymer layer
PAR  II. Symmetric Three-Layer Type Laminate Structure:
PA1  Ii-a. polyolefin layer/blend layer/polyolefin layer
PA1  Ii-b. blend layer/polyolefin layer/blend layer
PA1  Ii-c. saponified copolymer layer/blend layer/saponified copolymer layer.
PA1  Ii-d. blend layer/saponified copolymer layer/blend layer
PAR  III. Asymmetric Three/Layer Type Laminate Structure:
PA1  Iii-a. polyolefin layer/blend layer/saponified copolymer layer
PA1  Iii-b. two component blend layer/saponified copolymer layer/three component
      blend layer.
PA1  Iii-c. two component blend layer/polyolefin layer/three component blend
      layer
PAR  Of course, the laminate structure of this invention includes multi-layer
      structures including more than three layers in addition to the
      above-mentioned examples. For instance, the following structure can be
      adopted.
PAR  IV. Symmetric Five-Layer Type Laminate Structure:
PA1  Iv-a. polyolefin layer/blend layer/saponified copolymer layer/blend
      layer/polyolefin layer
PAL  When such a multi-layer structure as having 5 or more layers is adopted,
      the gas permeation resistance can be further improved, but in ordinary
      cases the intended objects of this invention can be fully attained by a
      laminated structure having two or three layers.
PAR  In the above-mentioned laminate structure of this invention, the blend
      layer may be either (i) a layer of a two-component polymer blend of an
      ethylene-vinyl acetate copolymer saponified product and a polyolefin or
      (ii) a layer of a three-component polymer blend of an ehtylene-vinyl
      acetate copolymer saponified product, a polyolefin and a carbonyl
      group-containing thermoplastic polymer.
PAR  In this invention, since the blend layer comprises as one of indispensable
      components an ethylene-vinyl acetate copolymer saponified product, when
      this blend layer is laminated with a polyolefin layer, the oxygen
      permeability can be much reduced as compared with the case of a polyolefin
      layer alone and the steam permeability can be much reduced as compared
      with the case where this blend layer alone is employed. Further, in the
      laminate structure of this invention, since the blend layer comprises a
      polyolefin as the other indispensable component, when this blend layer is
      laminated with a layer of an ethylene-vinyl acetate copolymer saponified
      product, the steam permeability can be maintained at a much lower level as
      compared with the case of such saponified copolymer layer alone and the
      oxygen permeability can be further reduced as compared with the case where
      this blend layer alone is employed. Still further, in this invention, the
      blend layer acting as a barrier to oxygen or steam has an excellent
      adhisive property to the polyolefin layer or saponified copolymer layer,
      and therefore, use of a particular adhesive is not necessary. Moreover,
      the resulting laminate structure has a very high interlaminar strength
      sufficient to endure falling shock. In this invention, when a suitable
      resin layer is chosen among the above-mentioned resin layer as the inner
      or outer surface layer of the laminate structure, properties such as water
      resistance, oil resistance, moisture resistance, impact resistance,
      flexibility and stiffness can optionally be given to the inner or outer
      surface layer.
PAR  In general, this laminate structure has a thickness of at least 15 .mu.,
      especially at least 70 .mu., and up to 6 mm, and it is useful as a molding
      material for preparing molded articles of a thin thickness having
      two-dimensional or three-dimensional surfaces, such as bottle, tube, tank,
      bag, other packaging containers, film, sheet, pipe and the like.
PAR  In case the laminate structure of this invention has a form of a container,
      it is preferred that the layer arrangement is decided in view of the kind
      of a material to be contained and the desired gas permeation resistance.
      For instance, if the material to be contained is an aqueous liquid, in
      view of the water resistance it is preferred that the inner layer of the
      container is a polyolefin layer or a blend layer. Further, when an oily
      material is contained in the container, in view of the oil resistance it
      is preferred that the inner layer of the container is a blend layer or a
      saponified copolymer layer. In each case, in view of the impact resistance
      or moisture resistance of the container per se it is preferred that the
      outermost layer of the vessel is a polyolefin layer or a blend layer.
PAR  In order for the laminate structure of this invention to have a similar
      permeation resistance to all of ordinary gases, it is preferred that a
      resin different from the resin of the layer adjacent to the blend layer is
      contained in a large amount in the blend layer. From the foregoing
      viewpoints, among the above-mentioned two-layer and three-layer
      structures, the following structures are especially preferred:
PA1  Structure (I-a), especially a structure in which the saponified copolymer
      content in the blend layer is 50 to 90 % by weight.
PA1  Structure (I-b), especially a structure in which the polyolefin content is
      50 to 90 % by weight in the blend layer.
PA1  Structure (II-a), especially a structure in which the saponified copolymer
      content is 50 to 90 % by weight in the blend layer.
PA1  Structure (II-d), especially a structure in which the saponified copolymer
      content is 10 to 50 % by weight in the blend layer.
PAR  The thickness ratio of layers constituting the laminate structure varies
      depending on the use of the final product or the mixing ratio of the
      polyolefin and saponified copolymer in the blend layer, and the thickness
      ratio can be freely chosen. However, in view of the impact resistance and
      the like it is preferred that (i) in the case of a laminate structure
      composed of (a) a polyolefin layer and (b) a blend layer, the thickness
      ratio (a) : (b) is within a range of from 1 : 10 to 40 : 1, especially
      from 1 : 1 to 30 : 1; (ii) in the case of a laminate structure composed of
      (b) a blend layer and (c) a saponified copolymer layer the thickness ratio
      (b) : (c) is within a range of from 1 : 10 to 50 : 1, especially from 1 :
      1 to 35 : 1; and that (iii) in the case of a laminate structure composed
      of (a) a polyolefin layer, (b) a blend layer and (c) a saponified
      copolymer layer the thickness raio (a) : (b) : (c) is within a range of
      from 1 : 1 : 1 to 50 : 30 : 1, especially from 1 : 1 : 1 to 30 : 20 : 1.
PAC  MULTI-LAYER MOLDED ARTICLE
PAR  In the laminate structure of this invention, the blend layer may be either
      a layer in which resin components are homogeneously mixed or a layer which
      has a structure in which each resin component is distributed in a laminar
      form. In a preferred embodiment of this invention, the blend layer has
      such a laminar structure that the polymer composition is different with
      respect to the thickness direction but identical with respect to the plane
      direction and each laminar layer is continuous with respect to the plane
      direction. In case the blend layer has such a structure, the gas
      permeation resistance can be further improved. This fact can be confirmed
      by various experiments.
PAR  For instance, the fact that in the blend layer of a preferred laminate
      structure of this invention the polymer composition is different in the
      thickness direction can be confirmed by sampling an optional layer from
      the blend layer by mechanical peeling means or the like and examining the
      infrared absorption spectrum of the sample.
PAR  For instance, the saponified ethylene-vinyl accetate copolymer exhibits an
      absorption at 3320 cm.sup..sup.-1 owing to the presence of the hydroxyl
      group, and therefore, the concentration of the saponified copolymer
      present in an optional sampled layer of the blend layer of the molded
      structure can be determined by the following method:
PA1  i. One polyolefin (A) and a saponified product of an ethylene-vinyl acetate
      copolymer (B) whose ethylene content and degree of saponification were
      known were preliminarily blended (dry-blended) at a weight ratio of A : B
      ranging from 97.5 : 2.5 to 30 : 70, and then, the melt blending was
      conducted at 220.degree.C. in a nitrogen atmosphere for 15 minutes with
      use of a Banbury mixer (the rotation rate of the rotor being 45 rpm). As a
      result of the microcopic observation, it was confirmed that in all of the
      mixtures obtained under such conditions the components A and B were mixed
      homogeneously.
PA1  ii. Each of the so formed mixture was heated at 195.degree.C. under a
      pressure of 10 Kg/cm.sup.2 to 300 Kg/cm.sup.2 for 20 minutes by employing
      a high pressure press and formed into a film having a thickness of 5 to
      150 .mu..
PA1  iii. The infrared absorption curve of each of the so formed films was
      obtained under conditions of a temperature of 20.degree. C. and a relative
      humidity of 40 % by means of an infrared spectrophoto meter.
PA1  iv. In each infrared absorption curve thus obtained, the point at 3100
      cm.sup..sup.-1 was connected with the point at 3640 cm.sup..sup.-1 by a
      line. Then, the values of Io and I were read from the crossing point of
      said line and the line vertical to the wavelength axis at 3320
      cm.sup..sup.-1 and from the crossing point of said vertical line and the
      absorption curve, respectively.
PA1  v. According to the following known equation
      ##EQU9##
      Wherein is the average thickness (.mu.) of the film used for the infrared
      absorption measurement, C designates the concentration (% by weight) of
      the saponified ethylene-vinyl acetate copolymer, and K is a constant, the
      values of (log (Io/I) ) .mu. and C were plotted to obtain the calibration
      curve. The calibration curve expressed by the formula
      ##EQU10##
      was obtained with respect to the mixture system of a low density
      polyethylene having a density of 0.920 g/cc (determined according to ASTM
      D-1505) and a saponified product of an ethylene-vinyl acetate copolymer
      having an ethylene content of 25.4 mole % and a degree of saponification
      of 99.2 %. The calibration curve expressed by the formula
      ##EQU11##
      was obtained with respect to the mixture system of a high density
      polyethylene having a density of 0.950 g/cc (determined according to ASTM
      D-1505) and said saponified copolymer. Still further, the calibration
      curve expressed by the formula
      ##EQU12##
      was obtained with respect to the mixture system of the above high density
      polyethylene and a saponified ethylene-vinyl acetate copolymer having an
      ethylene content of 49.4 mole % and a degree of saponification of 96.3 %.
      As the carbonyl group-containing thermoplastic polymer, there were chosen
      Surlyn A of the Na.sup.+ type having a carboxylic acid concentration of 5
      mole %, Surlyn A of the Zn.sup.+.sup.+ type having a carboxylic acid
      concentration of 10 mole %, an ethylene-vinyl acetate copolymer having a
      vinyl acetate concentration of 10 % by weight, an ethylene-vinyl acetate
      copolymer having a vinyl acetate concentration of 17 % by weight, an
      isotactic polypropylene, an ethylene-propylene copolymer, a high density
      polyethylene and a low density polyethylene, and these polymers were
      separately molded into films in the same manner as described in (ii)
      above. Then, their infrared absorption spectrum curves were obtained in
      the same manner as described in (iii) above but in any of them there was
      not observed any absorption at 3320 cm.sup.-.sup.1.
PA1  vi. A prescribed portion of the blend layer of the laminate structure was
      sampled by means of a knife. The sampled blend layer was divided in three
      layers extending in the direction vertical to the thickness and parallel
      to the plane direction. The so obtained divided layers were molded into
      films in the same manner as (ii) above. In Examples gives below, these
      three layers are identified as follows:
PA2  Layer (1): divided layer adjacent to an outer layer Layer (2): central
      divided layer Layer (3): divided layer adjacent to an inner layer
PA1  vii. The infrared absorption curve of each layer obtained in vi) above was
      obtained under the same conditions with use of the same apparatus as in
      (iii) above.
PA1  viii. With respect to each of the so obtained infrared absorption curves,
      the values Io and I were determined from the absorption at 3320
      cm.sup..sup.-1 in the same manner as in (iv) above, and from these Io and
      I values and the average thickness (.mu.) of each film, the value of
      (log(Io/I) ) was calculated. The calculated value was put into the
      calibration curve equation of the corresponding mixture system described
      in (v) above, and the concentration of the saponified ethylene-vinyl
      acetate copolymer was calculated.
PAR  Further, the fact that the blend layer of a preferred laminate structure of
      this invention has such a laminar structure that the polymer composition
      is substantially identical with respect to the plane direction and each
      laminar layer is continuous with respect to the plane direction can be
      confirmed by, for instance, the measurement of the oxygen permeability.
PAR  1. With use of a multi-ply extruder such as used in Examples 2 and 38 given
      hereinafter, the extrusion molding was carried out under the same
      conditions as adopted in examples 2 and 38 by employing the same outer and
      inner layer materials as used in these Examples but changing the
      intermediate layer material as follows:
PA1  a. an ethylene-vinyl acetate copolymer saponified product having an
      ethylene content of 25.4 mole %, a degree of saponification of 99.2 %, an
      intrinsic viscosity of 0.08 l/g and a melt density of 1.07 g/cc as
      measured at 190.degree. C.
PA1  b. a low density polyethylene having a density of 0.920 g/cc and a melt
      density of 0.76 g/cc as measured at 190.degree.C.
PAR  c. Surlyn A of the Na.sup.+ type (ionomer manufactured by Du Pont, U.S.A.)
      having a density of 0.942 g/cc, a melt density of 0.80 g/cc as measured at
      190.degree.C. and a carbonyl concentration of 160 milliequivalents per 100
      g.
PAR  Thus, three kinds of bottles (the intermediate layer material being (a),
      (b) or (c) above) were formed.
PAR  2. With respect to each of the so obtained bottles, the oxygen permeability
      was determined according to the measurement method detailed below. As a
      result it was found that the oxygen permeability Q.sub.EV of the bottle
      (a) (intermediate layer material being the saponified copolymer) was 3.7
      cc/m.sup.2.day.atm, the oxygen permeability Q.sub.PE of the bottle (b)
      (intermediate layer being the low density polyethylene) was 1270
      cc/m.sup.2 day atm and the oxygen permeability Q.sub.su of the bottle (c)
      (intermediate layer material being the Surlyn A) was 1160
      cc/m.sup.2.day.atm.
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PAR  3. FIGS. 1-4 are perspective views of block modles illustrating a typical
      instance of the distribution state of each resin component in the blend
      layer of the laminate structure.
PAR  In FIGS. 1 and 2 there is shown a two-component system of said saponified
      copolymer and low density polyethylene such as obtained in Example 2 and
PAR  FIGS. 3 and 4 show a three-component system of said saponified product,
      Surlyn A and low density polyethylene such as obtained in Example 38.
DETD
PAR  In FIGS. 1 and 3, the saponified copolymer and the low density
      polyethylene, or both resins and the Surlyn A are aligned in parallel to
      the thickness direction, and the polymer composition is different with
      respect to one plane direction (X direction) but identical with respect to
      the other plane direction (Y direction). In contrast, in FIGS. 2 and 4,
      each of the above resins is aligned vertically to the thickness direction,
      and the polymer composition is identical with respect to plane directions
      (X and Y directions) but different with respect to the thickness
      direction. Namely, in FIGS. 2 and 4, a model of a so-called laminate is
      shown. In the drawing, each symbol has the following meaning:
PA1  a. ethylene-vinyl acetate copolymer saponified product
PA1  b. low density polyethylene
PA1  c. Surlyn A (ionomer manufactured by Du Pont, U.S.A.)
PAR  The gas permeability of each of the models of FIGS. 1, 2, 3 and 4 is
      expressed by the following formula:
EQU  I. Q = V.sub.EV .times. Q.sub.EV + V.sub.PE .times. Q.sub.PE (1)
PAL  in which V.sub.EV + V.sub.PE = 1.
EQU  II. 1/Q = V.sub.EV /Q.sub.EV + V.sub.PE /Q.sub.PE          (2)
PAL  in which V.sub.EV + V.sub.PE = 1.
EQU  III. Q = V.sub.EV .times. Q.sub.EV + V.sub.su .times. Q.sub.su + V.sub.PE
      .times. Q.sub.PE                                          (3)
PAL  in which V.sub.EV + V.sub.su + V.sub.PE = 1.
EQU  IV. 1/Q = V.sub.EV /Q.sub.EV + V.sub.su /Q.sub.su + V.sub.PE /Q.sub.PE (4)
PAL  in which V.sub.VE + V.sub.su + V.sub.PE = 1.
PAR  In each of the above formulas (1) to (4) symbols have the following
      meanings:
PA1  Q : the gas permeability of each model blend layer
PA1  Q.sub.EV : the gas permeability of the saponified copolymer
PA1  Q.sub.su : the gas permeability of the Surlyn A
PA1  q.sub.pe : the gas permeability of the low density polyethylene (the gas
      permeability was determined with respect to the same later thickness
PA1  V.sub.EV : the volume ratio of the saponified copolymer in the blend layer
PA1  V.sub.su : the volume ratio of the Surlyn A in the blend layer V.sub.PE :
      the volume ratio of the low density polyethylene in the blend layer
PAR  4. The permeability of oxygen or the like is known with with respect to
      each model shown in FIGS. 1-4 if the thickness is constant, and such known
      value is shown below each model. In the case of the two-component blend
      same as shown in Example 2, the volume ratios of the saponified copolymer
      and low density polyethylene (V.sub.EV and V.sub.PE) are calculated from
      the mixing ratio 50 : 50 of both the resins shown in Example 2 and the
      densities of both the resins indicated in (1) above, and the oxygen
      permeability of each of the models of FIGS. 1 and 2 is calculated from the
      oxygen permeability Q of each of bottles (a) and (b) mentioned in (2)
      above. As a result, it is found that in the case of model (I) the value Q
      of 720 cc/mm.sup.2. day . atm is obtained from the formula (1) and in the
      case of model of FIG. 2 the value Q of 8.5 cc/m.sup.2.day.atm is obtained
      from the formula (2). In the case of of the three-component blend same as
      shown in Example 38, the volume ratio of each resin is calculated from the
      density shown in (1) above (based on the mixing ratio shown in Example
      38), and the oxygen permeability Q of each of the models of FIGS. 3 and 4
      are calculated from the oxygen permeability of each of bottles (a), (b)
      and (c) mentioned in (2) above. As a result it is found that in the case
      of model of FIG. 3 the value Q of 610 cc/m.sup.2.day.atm is obtained from
      the formula (3) and in the case of model of FIG. 4 the value Q of 7.2
      cc/m.sup.2.day.atm.
PAR  5. As is seen from data shown in Table 2 of Example 2, the oxygen
      permeability of a bottle (bottle A) obtained by employing a metering screw
      of a low mixing effect as an intermediate layer extruder and conducting
      the extrusion under such conditions the difference of the average flow
      rate between the two resins is at least 1 cm/sec is 26 cc/m.sup.2.day.atm.
      This value is much closer to the value of the so called laminate model of
      FIG. 2 (8.5 cc/m.sup.2.day.atm) than to the value of model (I) (720
      cc/m.sup.2.day.atm).
PAR  6. As is seen from data shown in Table 48 of Example 38, a bottle (bottle
      F) obtained by employing a metering screw of a low mixing effect as an
      intermediate layer extruder and conducting the extrusion under such
      conditions that the average flow rate of the saponified copolymer is
      different by at least 1 cm/sec from the average flow rate of other two
      resins (Surlyn A and low density polyethylene) has an oxygen permeability
      of 12.4 cc/m.sup.2.day.atm, which is much closer to the value of the so
      called laminate model of FIG. 4 (7.2 cc/m.sup.2.day.atm) than to the value
      of model of FIG. 3 (610 cc/m.sup.2.day.atm).
PAR  7. As is seen from results shown in (5) and (6) above, the blend layer of
      the laminate structure of this invention has such a laminar structure that
      the composition of the saponified copolymer, the low density polyethylene
      and optionally the Surlyn A is different with respect to the thickness
      direction but is identical with respect to the plane direction.
PAR  In a preferred embodiment of the laminate structure of this invention, the
      blend layer has such a laminar structure that when the blend layer is
      divided into three layers in the direction of the thickness, namely a
      first surface layer, an intermediate layer and a second surface layer, (a)
      at least one layer contains predominantly the ethylene-vinyl acetate
      copolymer saponified product, namely contains the saponified copolymer in
      an amount expressed by the following formual
EQU  M.sub.1 = m.sub.1 X
PA1  wherein X stands for the average content (% by weight) of the
      ethylene-vinyl acetate copolymer saponified product in the blend layer,
      m.sub.1 is a number of at least 1.05, especially from 1.2 to 4, and
      M.sub.1 is the content (% by weight) of said saponified product in said
      specific divider layer,
PAL  and at least one layer of the remaining two divided layers contains
      predominantly the polyolefin and optionally the carbonyl group-containing
      thermoplastic polymer, namely contains said saponified product in an
      amount expressed by the following formula
EQU  M.sub.2 = m.sub.2 X
PA1  wherein X is as defined above, m.sub.2 is a number of from 0 to 0.95,
      especially from 0 to 0.90, and M.sub.2 is the content (% by weight) of
      said saponified product in said specific layer.
PAR  In order to attain such laminar structure in the blend layer of the
      laminate structure, it is preferred that the extrusion molding is
      conducted under specific conditions detailed hereinbelow and the
      polyolefin (A) and the ethylene-vinyl acetate copolymer saponified product
      (B) are mixed at a mixing weight ratio A : B ranging from 98 : 2 to 2 :
      98, especially from 95 : 5 to 20 : 80.
PAR  In the laminate structure of this invention, in case the blend layer is a
      three-component layer of the polyolefin, the saponified copolymer and the
      carbonyl group-containing thermoplastic polymer, it is desired that when
      the blend layer is divided into three layers in the thickness direction,
      the divided layer adjacent to the polyolefin layer (the first surface
      layer and/or the second surface layer) is a layer containing predominantly
      the polyolefin and carbonyl group-containing thermoplastic copolymer,
      namely a layer containing the saponified copolymer in an amount expressed
      by the following formula
EQU  M.sub.1 = m.sub.1 X
PA1  wherein M.sub.1 , m.sub.1 and X are as defined above.
PAR  This layer containing the carbonyl group-containing thermoplastic polymer
      predominantly (carbonyl group-predominant layer) is distributed in the
      blend layer so that the blend layer as a whole is bounded to the
      polyolefin layer through this carbonyl group-predominant layer). For
      instance, in case the laminate structure is of the above-mentioned
      asymmetric two-layer type I, symmetric three-layer type (II-b) or
      asymmetric three-layer type III, the surface layer of the blend layer
      adjacent to the polyolefin layer alone can be such carbonyl
      group-predominant layer, or both the surface layers of the blend layer can
      be such carbonyl group-predominant layers. Further, in case the laminate
      structure is of the above-mentioned symmetric three-layer type (II-1), the
      blend layer is so constructed that both the surface layers of the blend
      layers are carbonyl group-predominant layers.
PAR  In this invention, when the blend layer contains the carbonyl
      group-containing thermoplastic polymer, the carbonyl group-containing
      thermoplastic polymer tends to be distributed in the blend layer together
      with the polyolefin. Accordingly, the carbonyl group-containing
      thermoplastic polymer is predominantly contained together with the
      polyolefin in the surface layer of the blend layer adjacent to the
      polyolefin layer. According to this preferred embodiment of this
      invention, since the carbonyl group-containing thermoplastic polymer is
      predominantly contained in the surface layer of the blend layer adjacent
      to the polyolefin layer and hence, the ethylene-vinyl acetate copolymer
      saponified product is predominantly contained in another layer, it is made
      a possible to maintain the gas permeation resistance of the laminate
      structure at a very low level and heighten the interlaminar strength
      between the polyolefin layer and the blend layer to a level corresponding
      to the fracture strength of the resin material per se.
PAR  As is illustrated in Examples given hereinafter, in the laminate structure
      of this invention, since the blend layer has such specific laminar
      multi-layer structure, it exhibits a much higher interlaminar strength and
      a much lower oxygen permeability than a laminate structure in which the
      blend layer is homogeneous throughout its structure. In the case of the
      laminate structure in which the blend layer is homogeneous, if it is
      intended to maintain the interlaminar strength between the blend layer and
      polyolefin layer at a practically applicable level, it is necessary to
      incorporate the polyolefin or carbonyl group-containing polymer in a
      considerable amount, and in this case, such an undesired tendency that the
      oxygen permeability increases with increase of the amount of the
      polyolefin or carbonyl group-containing polymer incorporated. In contrast,
      when the above-mentioned laminar multi-layer structure is formed in the
      blend layer of the laminate structure, even if the amount incorporated of
      the polyolefin or carbonyl group-containing polymer, the interlaminar
      strength between the blend layer and polyolefin layer can be maintained at
      a high level. Further, even if the amount incorporated of the polyolefin
      or carbonyl group-containing polymer is large, the oxygen permeability can
      be maintained at a low level.
PAR  Furthermore, in the laminate structure of this preferred embodiment of this
      invention, since the blend layer is bonded tightly to the polyolefin
      directly without forming a particular adhesive layer, the lamination
      operation can be performed very easily.
PAC  MOLDING PROCESS
PAR  In general, the novel laminate structure of this invention is prepared by
      employing extruders, the number of which corresponds to the number of
      resin layers, and extrusion-molding resins molten in the extruders
      simultaneously in the form of lapped laminar flows. For instance, in the
      case of the blend layer, a polyolefin, an ethylene-vinyl acetate copolymer
      and optionally a carbonyl group-containing polymer are dry-blended
      directly or after mixing by a pelletizer, a heating roll or a Banbury
      mixer or melt mixing by a kneader, and then the blend is fed to an
      extruder, molten therein and extruded therefrom. The polyolefin or
      saponified copolymer is molten in an extruder different from the extruder
      for the blend layer and is then extruded therefrom. Accordingly, laminate
      structures of the above-mentioned asymmetric two-layer type I and
      symmetric three-layer type II can be formed by employing only two
      extruders. Further, even laminate structures of the above-mentioned
      asymmetric three-layer type III and symmetric five-layer type IV can be
      formed by employing only three extruders.
PAR  Any molding conditions can be adopted in this invention, as far as a resin
      or resin composition can be molten and extruded uniformly. In general, it
      is preferred that the molding is conducted at a temperature of 170.degree.
      to 250.degree.C. and a pressure of 10 to 300 Kg/cm.sup.2. In general,
      extrusion conditions for forming a blend layer may the same as extrusion
      conditions for forming a polyolefin layer or ethylene-vinyl acetate
      copolymer saponified product layer. However, if desired, different
      conditions can be adopted and conditions may be optionally varied with the
      above-mentioned range. The flow of the resin extruded from the extruder
      for the blend layer is combined with the flow of the resin extruded from
      the extruder for the polyolefin or saponified copolymer layer in a die
      head, and the combined resin flow is extruded through die orifice and
      molded to have a structure such as (I-a) to (IV-a) mentioned above.
PAR  As the die head, there can be used, for instance, a T-die head (or slit die
      head) employed in an ordinary film-forming method, a ring die heat
      employed in an inflation film-forming method, a cross head employed in a
      blow molding method, and a spider head. It is of course important that
      these die heads are so arranged that each of combined resin flows is
      passed through the die passage in the form of a laminar flow, namely
      substantial mingling of the resins is not caused to occur.
PAR  The molding of the laminate structure can be performed by known molding
      procedures, if only the above point is taken into consideration. Thus, any
      of known molding methods can be adopted in this invention and any of
      customary means can be optionally chosen. For instance, instead of
      combining the blend layer flow and the polyolefin or saponified copolymer
      layer flow in the die head and extruding them simultaneously, it is
      possible to extrude these resin flows separately in a parallel
      relationship and lap them at the extrusion point or at a point spaced from
      the extrusion point while the resin layers are still viscous.
PAR  The laminate structure of this invention can be prepared by a so called
      extrusion coating method as well as the above-mentioned co-extrusion
      method. For instance, the blend layer of the laminate structure is
      prepared in advance in the form of a film, and a polyolefin or
      ethylene-vinyl acetate copolymer saponified product is molten and
      extrusion-coated on one or both surfaces of the film of the blend layer.
      Further, a polyolefin or saponified copolymer layer is prepared in advance
      in the form of a film, and a blend layer is melt-extruded and coated on
      one or both the surfaces of this film.
PAR  In accordance with a preferred embodiment of this invention, a blend of a
      polyolefin, an ethylene-vinyl acetate copolymer saponified product and
      optionally a carbonyl group-containing polymer is extrusion-molded under
      such conditions that the difference (V.sub.1 - V.sub.2) between the
      average flow rate (V.sub.1) of the melt of the poly-olefin and optionally
      the carbonyl group-cotaining polymer and the average flow rate (V.sub.2)
      of the melt of the saponified copolymer is at least 1 cm/sec.
PAR  According to this preferable method of this invention, by conducting the
      molding so that the above conditions will be satisfied, it is possible to
      form a multi-layer laminar structure including a layer (a) in which the
      saponified ethylene-vinyl acetate copolymer is predominantly contained and
      a layer (b) in which the polyolefin is predominantly contained, in a flow
      of the melt of the blend coming out of the die head of the multi-ply
      extruder.
PAR  In case the extrusion molding temperature is lower than 170.degree.C.,
      since the molding temperature approximates the melting point of the
      saponified ethylene-vinyl acetate copolymer, in the resulting blend layer
      of the laminate structure it is impossible to attain a multi-layer laminar
      structure in which layers are continuous with respect to the plane
      direction. Further, in case the extrusion molding temperature is higher
      than 300.degree.C., the molten resin flows are intermingled too intimately
      and it is difficult to obtain a molded product having the specific
      multi-layer structure specified in this invention, and degradation is
      caused by oxidation or thermal decomposition of the resins, especially the
      saponified ethylene-vinyl acetate copolymer.
PAR  At an extrusion molding pressure lower than 3 Kg/cm.sup.2, it is difficult
      to attain the average flow rate difference of at least 1 cm/sec between
      the average flow rate (V.sub.1) of the melt of the polyolefin and
      optionally the carbonyl group-containing polymer and the average flow rate
      (V.sub.2) of the saponified copolymer melt. In case the pressure for
      extrusion of the blend is higher than 3 Kg/cm.sup.2 and the pressure for
      extrusion of the polyolefin or saponified copolymer is higher than 5
      Kg/cm.sup.2, the press molding effect is caused at the point of junction
      of two resin flows in the multi-ply molding die, and the interlaminar
      strength can be further heightened.
PAR  There is no upper limit of the pressure for extrusion of each layer. In
      other words, the extrusion of each layer is conducted under such pressure
      that no excessive load is imposed on the extruder, and the extrusion
      pressure is chosen appropriately depending on the capacity and dimension
      (such as the screw diameter) of the extruder and other factors. When
      either of the blend and the polyolefin or saponified copolymer is extruded
      under an excessively high pressure, the other resin is pressed by said
      excessively high extrusion pressure and it is likely prevented from
      flowing toward the end portion of the die. Accordingly, it is necessary to
      keep a good balance between the pressure for extrusion of the blend layer
      and and the pressure for extrusion of the polyolefin or saponified
      copolymer layer.
PAR  In this embodiment for obtaining a molded article having a multi-layer
      laminar structure, it is important that the extrusion conditions are so
      selected that the value expressed by the following formula
EQU  .vertline.v.sub.2 - v.sub.1 .vertline.=.DELTA.v.sub.1.sub.-2
PAL  is at least 1 cm/sec, preferably 1 to 10 cm/sec. In the instant
      specification and claims, the average flow rate (v) is defined to be the
      value expressed by the following formula
EQU  v = (Q/3.6d)/S
PA1  wherein Q stands for the amount (Kg/hr) of the resin melt extruded from the
      die of the extruder at prescribed temperature and pressure, d designates
      the density (g/cc) of the resin melt and S represents the crossectional
      area (cm.sup.2) of the die passage.
PAL  The density of the resin melt can be determined by calculating the amount
      extruded .eta. (cc) at prescribed pressure (e.g., 10 Kg/cm.sup.2) and
      temperature by means of, for instance, a viscometer of the constant
      pressure extrusion type accordint to the following equation
EQU  .eta. = HA -.pi.r.sup.2 l
PA1  wherein H is the length (cm) of the lowering of the plunger, A is the
      cross-sectional area (cm.sup.2) of the barrel, r is the orifice radius
      (cm) and l is the orifice length (cm),
PAL  measuring the weight W (g) of .eta. cc of the extrudate, and conducting the
      calculation according to the following formula
EQU  d = W/.eta. (g/cc).
PAR  In this invention, conditions for adjusting the .DELTA.v.sub.1.sub.-2 value
      to at least 1 cm/sec are attained, for instance by the following
      procedures:
PAR  1. With the use of a melt extruder of the same structure and capacity for
      extrusion of the blend, the degree of dependency of the average flow rate
      (v) on temperature and pressure if determined with respect to each of the
      starting polyolefin optionally with the carbonyl group-containing polymer
      and the starting saponified copolymer, respectively, and the temperature
      and pressure conditions are decided so that the difference
      (.DELTA.v.sub.1.sub.-2) between the average flow rate (v.sub.1) of the
      polyolefin melt and the average flow rate (v.sub.2) of the saponified
      copolymer melt will be at least 1 cm/sec.
PAR  2. The structure or dimention of the extruder is changed or modified so
      that under prescribed temperature and pressure conditions the value
      .DELTA.v.sub.1.sub.-2 will be at least 1 cm/sec. For instance, since the
      crossectional area of a passage for the resin melt in the die of the
      extruder gives a great influence to the flow rate of the resin melt, the
      condition of the value .DELTA.v.sub.1.sub.-2 being at least 1 cm/sec is
      attainable by adjusting the radius of the above passage within a suitable
      range.
PAR  3. It is possible to satisfy the condition of the .DELTA.v.sub.1.sub.-2
      value being at least 1 cm/sec by combining the above procedures (1) and
      (2) appropriately.
PAR  In conducting the molding method of this invention, if under such
      conditions as will give the .DELTA.v.sub.1.sub.-2 value of less than 1
      cm/sec, it is difficult to obtain a blend layer having a multi-layer
      laminar structure specified in this invention. On the other hand, when the
      .DELTA.v.sub.1.sub.-2 value is too great, a good balance is not obtained
      between the flows of the molten polyolefin and of the molten saponified
      copolymer and hence, the molding tends to be difficult in some cases. In
      view of the foregoing, it is desired to select such conditions as will
      give the .DELTA.v.sub.1.sub.-2 value ranging from 1 to 10 cm/sec.
PAR  As far as the above condition is satisfied, any of known .omega.-extruders
      may be optionally used in this invention. As such co-extruder, there can
      be mentioned, for instance, a combination of a plurality of melt-extruders
      for melting the blend and the polyolefin or saponified copolymer
      independently and a multi-ply molding die having a plurality of passages
      connected to extrusion zones of the above extruders, respectively
      (inclusive of a die head mounted on the end portion of the die to combine
      and extrude the resin melt flows). In this case, it is important that care
      should be taken so that the resin melt formed in the cylinder zone of the
      extruder is allowed to move through passages of the die and die head in
      the form of a laminar flow. In other words, it is important that
      substantial mingling of molten resin flows is not caused to occur.
      Accordingly, it is preferred to employ as the screw a full-flighted screw
      such as a metering screw or nylon screw, but in the case of an ordinary
      screw generally called a mixing screw, such as a screw of the dulmage
      type, if it has five or less threads in the mixing zone, it is possible to
      obtain a blend layer having the specific multi-layer structure specified
      in this invention by suitably choosing the extrusion conditions of such
      screw, for instance, the diameter R of the screw of the radius R of the
      die passage. In order to increase the effect of kneading or mixing resins,
      or to prevent incorporation of foreign substances into a molded article,
      such members as a breaker plate and a screen are mounted at the die
      portion of the extruder in some cases in the art of the extrusion molding.
      In this invention, however, provision of such members on the die portion
      is not preferred because it prevents the molten resins from flowing in the
      laminar form. But, if desired, it is permissible to use a breaker plate
      having less than 300 holes, or less than 5 screens of 120 mesh, and in
      such case, if the provision place of such breaker plate or screens, the
      radius R of the die passage, or other extrusion condition is suitably
      adjusted, it is possible to obtain a blend layer having a multi-layer
      luminar structure specified in this invention. Furthermore, in case the
      .DELTA.v.sub.1.sub.-2 value is within the above-mentioned range but
      relatively small, the employing an extruder having a passage of a
      relatively great length, it is made possible to manifest the
      above-mentioned specific layer structure more prominently and
      conspicuously in the blend layer of resulting molded laminate structure.
PAR  The preliminary mixing of a polyolefin, an ethylene-vinyl acetate copolymer
      saponified product and optionally a carbonyl group-containing
      thermoplastic polymer may be carried out according to an optional method
      known per se, and the method for the primary mixing is not particularly
      critical in this invention. That is, it is sufficient to mix the
      polyolefin, the saponified copolymer and the carbonyl group-containing
      polymer in the powdery or granular state at room temperature merely by
      means of a mixer or the like prior to the melt molding, and any operation
      of mixing them in the molten state is not especially required. However, it
      is possible to employ a mixture which has once been molten and blended,
      such as flashes or fins formed during the molding operation.
PAR  The operational procedures for molding the laminate structure of this
      invention into films, sheets, containers, tubes, pipes and the like are
      well known in the art except for the above-mentioned points. Therefor, any
      special description is not given to these known procedures in the instant
      specification. These procedures for the molding operation are detailed in,
      for instance, the following literature references:
PA1  Keiji Oshima and Shoji Seto; "Methods of Molding and Processing Synthetic
      Resins" High Polymer Publishing Co., Inc., Kyoto (1956); and Keiji Sawada;
      "Extrusion Molding of Plastics and Its Application" Seibundo Shinkosha,
      Tokyo (1966). The novel laminate structure of this invention can also be
      prepared by employing a die having die orifices for respective resin flows
      which are disposed in a parallel relationship (such as parallel alignment
      and concentric circular arrangement) and combining them at the extrusion
      point or at a point spaced from the extrusion point while each resin flow
      is still viscous, instead of combining the blend and the polyolefin or
      saponified copolymer in the die head and extruding them simultaneously.
PAR  It is also possible to prepare a laminate structure of this invention
      according to a so-called extrusion coating method. More specifically, the
      laminate structure of this invention can be prepared by forming in advance
      a substrate such as film from one of the blend and the polyolefin or
      saponified copolymer and coating one or both surfaces of the substrate
      with the other resin by the melt extrusion procedures.
PAR  In order to impart pressure resistance and other properties to the laminate
      structure of this invention, it is possible to combine it with other film,
      sheet or folio according to a so called dry-laminate technique.
PAC  USES
PAR  The molded laminate structure of this invention can be clearly
      distinguished from a blend of a polyolefin and an ethylene-vinyl acetate
      copolymer saponified product (see Japanese Patent Publication No. 1032/67)
      and laminate structure of a polyolefin and an ethylene-vinyl acetate
      copolymer saponified product. In the structure formed by laminating a
      polyolefin with an ethylene-vinyl acetate copolymer saponified product,
      since there is no bondability between the two resins, it is necessary to
      employ a particular adhesive for bonding them. Although such laminate
      structure is excellent in the gas permeation resistance, it is inferior
      with respect to the interlaminar strength, heat resistance, water
      resistance, hot water resistance and impact strength and further, this
      laminate structure is defective in that the preparation steps are
      complicated. In a molded structure composed of a homogeneous blend of a
      polyolefin and an ethylene-vinyl acetate copolymer, each of the permeation
      resistance to oxygen and carbon dioxide gas and the steam permeation
      reistance is almost the arithmetic mean of the value of the polyolefin
      alone and that of the saponified copolymer alone.
PAR  In contrast, in the laminate structure of this invention, by combining a
      layer of a blend of a polyolefin and an ethylene-vinyl acetate copolymer
      saponified product with a layer of an ethylene-vinyl acetate copolymer
      saponified product having a low permeability to oxygen, carbon dioxide gas
      and the like or a polyolefin layer having a low steam permeability
      appropriately depending on the intended use, it is made possible to
      improve the defect of the saponified copolymer i.e., the high steam
      permeability and the defect of the polyolefin layer, i.e., the high
      permeability to oxygen, carbon dioxide gas and the like, while retaining
      preferred characteristics of each layer as they are.
PAR  Furthermore, if a carbonyl group-containing polymer is incorporated into
      the blend layer according to one of preferred embodiments of this
      invention, mechanical properties such as interlaminar strength and impact
      strength and surface characteristics such as transparency and surface
      smoothness can be conspicuously improved.
PAR  In the laminate structure having a blend layer of a multi-layer laminar
      structure, a blend layer containing a polyolefin, an ethylene-vinyl
      acetate copolymer saponified product and optionally a carbonyl
      group-containing polymer is laminated with a layer of a polyolefin or
      ethylene-vinyl acetate copolymer saponified product, and said blend layer
      comprises a layer in which the polyolefin optionally with the carbonyl
      group-containing polymer is predominantly contained and a layer in which
      the saponified copolymer is predominantly contained. By reason of the
      above specific structure, in the laminate structure of this invention, the
      interlaminar strength can be heightened to a level comparable to the
      fracture strength of the laminate material while retaining substantially
      an excellent steam permeation resistance of the polyolefin layer and an
      excellent oxygen permeation resistance. Moreover, the laminate structure
      of this invention is excellent in not only appearance characteristics such
      as surface smoothness and transparency but also mechanical properties such
      as impact resistance. By reason of such excellent properties, the the
      laminate structure of this invention is very valuable for preserving
      without degradation liquid, pasty and gel-like foodstuffs such as
      condiments, e.g., soy, sauce, vinegar, unrefined soy or sake, dressing,
      mayonnaise, edible oil, soy paste, lard, catchup, etc., alcoholic drinks
      e.g., sake, pre-cooked rice products and noodles, and other foodstuffs,
      e.g., soy curd, jam, butter, margarine, etc. Further, the laminate
      structure of this invention is useful as a container for preserving liquid
      medicines, agricultural chemicals, cosmetics and detergents. It is also
      useful as a vessel for preserving aliphatic or aromatic organic solvents
      or higher fatty acids while prevention the volume decrease of the content.
PAR  Still in addition, when the laminate structure is subjected to the
      incineration treatment in the form of a used container or vessel, the
      amount of heat generated by combustion is much smaller than in the case of
      a used container or vessel of an ordinary polyolefin, and it does not
      yield a toxic gas at the incineration treatment. Accordingly, the laminate
      structure of this invention is valuable as a container or vessel causing
      no environmental pollution.
PAR  This invention will now be illustrated by reference to Examples.
PAR  In each Examples the oxygen gas permeability QO.sub.2, water loss Lw,
      falling strength f.sub.10 and average interlaminar peel strength Sp were
      determined according to the following methods.
PAR  1. Oxygen Gas Permeability, QO.sub.2 :
PAR  1-i. Bottles:
PAR  Nitrogen gas was introduced into an evacuated sample bottle to be tested,
      and an opening of the bottle was sealed with a rubber plug. Contacting
      surface portions of the opening and rubber plug were coated with an epoxy
      adhesive, and the bottle was kept for a prescribed period in a
      thermostatically controlled tank maintained at a temperature of
      37.degree.C. and a relative humidity of 15 %. Then, the concentration of
      oxygen, which had permeated into the bottle was determined by the gas
      chromatography and the oxygen gas permeability QO.sub.2 was calculated
      according to the following equation. Each value given in Examples is a
      mean value obtained by conducting this test with respect to the samples.
      ##EQU13##
      in which m is an amount (ml) of nitrogen gas filled in the bottle, t is a
      period (day) during which the bottle was kept in the thermostatically
      controlled tank, Ct is a concentration (% by volume) when t days have
      passed, A is an effective surface area (m.sup.2) of the bottle, and Op is
      a partial pressure (atm) of oxygen (=0.209).
PAR  1 -ii. Films or Sheets:
PAR  A gas permeation tester was used for the determination. A sample was fixed
      to two chambers, and one chamber was evacuated to a pressure below
      10.sup.-.sup.2 mmHg (low pressure side) was replaced by oxygen gas of 1
      atmosphere. The pressure increase on the low pressure side was read by a
      recorder to know the change in the pressure with the lapse of time. Thus,
      the oxygen gas permeation QO.sub.2 was determined. The measurement was
      conducted at a temperature of 37.degree.C. and the relative humidity on
      the high pressure side was 15% (75% in some cases). Each value is a mean
      value obtained from the results of the test made on three samples.
PAR  2. Water Loss, Lw:
PAR  2-i. Bottles:
PAR  A certain amount of distilled water was filled in a sample bottle, and an
      opening of the bottle was sealed with a hot melt adhesive coated on an
      aluminum foil. The bonded areas of the opening and aluminum foil were
      covered with an epoxy adhesive.
PAR  2-ii. Films or Sheets:
PAR  A sample was formed into a bag having a length of 170 mm and a width of 115
      mm by means of a heat sealer, and about 200 g of distilled water was
      filled in the bag. Then, an opening of the bag was heat-sealed.
PAR  In each of (2-i) and (2-ii), the sample was kept for 21 days in a
      thermostat tank maintained at a temperature of 50.degree.C. and a relative
      humidity of 10 %. The weight of the sample was measured, and the water
      loss Lw was calculated according to the following equation. Each value is
      a mean value obtained from the results of the test made on three samples.
      ##EQU14##
      in which W.sub.0 is the weight (g) of water at the start of the test, and
      W.sub.21 is the weight (g) of water after standing at a temperature of
      50.degree.C. and a relative humidity of 10 % for 21 days.
PAR  3. Falling Strength, f.sub.10 :
PAR  With respect to one kind, 10 samples bottles were chosen, and a certain
      amount of saline water was filled into each bottle and sealed with a cap.
      The, the bottles were allowed to stand still for 2 whole days in an
      atmosphere maintained at - 2.degree.C. and they were let to fall on
      concrete from a height of 120 cm at 20.degree.C. so that the bottom face
      of the bottle hit on the concrete surface. This falling test was repeated
      10 times if the bottle was not broken. The number of the bottles which
      were not broken even when the falling test had been repeated 10 times was
      counted and the falling strength f.sub.10 was calculated according to the
      following formule.
      ##EQU15##
      in which N is the number of the bottles tested (10) and n.sub.10 is the
      number of bottles which were not broken even when the falling test was
      repeated 10 times.
PAR  4. Average Interlaminar Peel Strength, Sp:
PAR  A prescribed portion having a width of 2.0 cm was cut from a sample, and a
      part of the bonded interfacial area was peeled by a knife. Then, the
      sample piece was allowed to stand still for 7 days in an atmosphere
      maintained at a temperature of 25.degree.C. and a relative humidity of 60
      %.
PAR  Then, the remaining part of the bonded area was peeled at a pulling rate of
      100 mm/min by means of a tensile tester and the bonding strength was read.
      The measurement was conducted under conditions of a temperature of
      25.degree.C. and a relative humidity of 60 %. Each value is a mean value
      obtained from the results of the test made on 10 samples. In the case of a
      sample having a three-layer structure, the value is a mean value of the
      bonding strength between the outer and intermediate layer and the bonding
      strength between the intermediate and inner layers. The term "not peeled"
      given in Examples is used to indicate that at the preliminary peeling of a
      sample with a knife it was impossible to peel the bonded area or material
      fructure was caused to occur in either of layers of the sample during the
      tensile test.
PAR  5. Apperance, App:
PAR  Two samples to be compared were presented before a panel of 21 men, and
      their appearance were visually evaluated. Namely, a sample that seemed to
      have ledd of appearance defects such as surface roughness, i.e., seemed to
      have a better appearance, was selected by the panel. One point was given
      to a sample when one man of the panel selected said sample as having a
      better appearance, and the appearance App (points) was evaluated based on
      the total points given by the panel. When a response was that there was no
      difference between the two samples, 0.5 point was given to each sample. As
      the preliminary test, two bottles identical with respect to material
      resins, material resin mixing ratio, layer structure, thickness,
      configuration, molding conditions and extruder used in the molding was
      compared by the same panel of 21 men. At this test, 12 points were given
      to one sample and 9 points were given to the other sample. Accordingly, if
      the difference of the points between two samples was 3 points or less, it
      was deemed that there was no difference of the appearance between the two
      samples, and when the point difference was 3.5 points or more, it was
      deemed that there was a difference of the appearance between the two
      samples.
PAC  EXAMPLE 1
PAR  A low density polyethylene having a density of 0.920 g/cc (as measured
      according to ASTM D-1505), a melt density of 0.764 g/cc as measured at
      190.degree.C. and a melt index of 0.3 g/10 min (as measured according to
      ASTM D-1238) was mixed with an ethylene-vinyl acetate copolymer saponified
      product having an ethylene content of 25.4 mole %, a degree of
      saponification of 99.2 %, an intrinsic viscosity of 0.08 l/g and a melt
      density of 1.07 g/cc as measured at 190.degree.C., at a mixing weight
      ratio indicated in Table 1 given below, and the mixture was blended at
      room temperature for 3 minutes by means of a Henschel mixer. The so
      obtained dry blend was kneaded and formed into pellets by means of a
      pelletizer having a dulmage screw of a diameter of 40 mm and an effective
      length of 1120 mm (having 8 screw flights at a mixing zone disposed in the
      top end portion) at a screw rotation rate of  47 rpm and a die temperature
      of 220.degree.C. The so formed pelletized blend and the above-mentioned
      low density polyethylene were co-extruded by means of an intermediate
      layer extruder for the pelletized blend having a dulmage screw having a
      diameter of 40 mm, an effective length of 800 mm and a mixing zone of 6
      screw filights disposed in the top end portion, an outer- and inner-layer
      extruder for the low density polyethylene installed with a metering screw
      of a diameter of 65 mm and an effective length of 1430 mm and provided
      with an adaptor having a two-branched melt channel, and a three-ply die
      maintained at 190.degree.C. For comparison, the above co-extrusion was
      conducted in the same manner by employing instread of the above blend the
      above-mentioned low density polyethylene or saponified copolymer.
PAR  The so obtained co-extrudate was molded into an oval bottle having a
      symmetric three-layer laminate structure having an intermediate layer of
      said blend and outer and inner layers of said low density polyethylene,
      according to a known blow molding method. In each of the so obtained
      bottles, the thickness ratio of outer layer:intermediate layer:inner layer
      was 4.5:1:4.5 and the bottles had an average thickness of about 600 .mu.
      and an inner volume of about 280 cc.
PAR  With respect to each of the so obtained bottles, the oxygen gas
      permeability QO.sub.2 and the average interlaminar peel strength Sp were
      determined according to the methods described hereinabove to obtain
      results shown in Table 1. The mixing weight ratio of the low density
      polyethylene (PO) and the ethylene-vinyl acetate copolymer saponified
      product (Ev-1) constituting the blend layer (intermediate layer) and
      results of the determination of QO.sub.2 and Sp are shown in Table 1. From
      the results shown in Table 1, it is seen that effects on the oxygen gas
      permeability and average interlaminar strength could be obtained when the
      mixing weight ratio of PO/Ev-1 in the intermediate blend layer was within
      a range of from 90/10 to 10/90.
TBL                Table 1                                                     

     ______________________________________                                    

     PO/Ev-1     Qo.sub.2 [cc/m.day.atm]                                       

                                   Sp[g/2cm]                                   

     ______________________________________                                    

     100/0       1090              not peeled                                  

     98/2        985               not peeled                                  

     90/10       670               not peeled                                  

     80/20       163               810                                         

     50/50       30                360                                         

     20/80       8                 150                                         

     10/90       5                 80                                          

     2/98        3                 0                                           

     0/100       2                 0                                           

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A low density polyethylene having the same properties as that used in
      Example 1 was extruded with use of an intermediate layer extruder of a
      three-layer vessel extrusion molding machine, which comprised an
      intermediate layer extruder having a metering screw of a diameter of 40 mm
      and an effective length of 600 mm, an outer- and inner-layer extruder
      installed with a metering screw of a diameter of 65 mm and effective
      length of 1430 mm and provided with an adaptor having a two-branched melt
      channel, and a three-ply die having a sectional area of an intermediate
      layer passage of 0.44 cm.sup.2 at the junction point of the three layers.
      The extrusion was conducted at a screw rotation rate of 15 rpm in the
      intermediate layer extruder and at a temperature of 190.degree.C. at said
      three-ply die. The average flow rate of 1.5 cm/sec was calculated from the
      extrusion rate (1.8 Kg/hr) obtained in this test.
PAR  An ethylene-vinyl acetate copolymer saponified product having the same
      properties as that used in Example 1 was extruded under the same extrusion
      conditions as above with use of the intermediate layer extruder of the
      same extrusion molding machine as above. The average flow rate of 2.7
      cm/sec was calculated from the extrusion rate (4.6 Kg/hr) obtained in this
      test.
PAR  The above low density polyethylene was mixed with the above saponified
      copolymer at a mixing weight ratio indicated in Table 2 and the mixture
      was dry blended under the same conditions as described in Example 1. The
      resulting dry blend and the above low density polyethylene were
      co-extruded with use of the above three-layer vessel extrusion molding
      machine in such a manner that the dry blend was extruded from the
      intermediate layer extruder and the low density polyethylene was extruded
      from the outer- and inner-layer extruder. The temperature of the three-ply
      die was maintained at 190.degree.C. For comparison, the co-extrusion was
      conducted in the same manner by employing instead of the dry blend the
      above low density polyethylene or the above saponified copolymer.
PAR  The extrudate was molded into an oval bottle having a symmetric three layer
      laminate structure having an intermediate layer of the blend and outer and
      inner layers of the above low densty polyethylene. In each of the so
      obtained bottles, the average thickness was about 600 .mu., the thickness
      ratio of outer layer:intermediate layer:inner layer was 4.5:1:4.5, and the
      inner volume was about 280 cc. With respect to each bottle, the oxygen gas
      permeability QO.sub.2, the water loss Lw, the falling strength f.sub.10
      and the average interlaminar peel strength Sp were determined according to
      the methods described hereinabove. The mixing weight ratio of the low
      density polyethylene (PO) and the ethylene-vinyl acetate copolymer
      saponified product (Ev-1) and results obtained by the above determination
      are shown in Table 2. From the results shown in Table 2, it is seen that
      effects on the above properties could be obtained when the mixing weight
      ratio of PO/Ev-1 in the blend layer (intermediate layer) was within a
      range of 98/2 to 2/98.
TBL                                    Table 2                                 

     __________________________________________________________________________

     PO/Ev-1                                                                   

           Qo.sub.2 cc/m.sup.2.day.atm                                         

                      Lw [wt %]                                                

                             f.sub.10 [%]                                      

                                   Sp [g/2cm]                                  

     __________________________________________________________________________

     100/0 1090       0.7    0     not peeled                                  

     98/2  505        0.7    0     not peeled                                  

     90/10 147        0.6    0     not peeled                                  

     80/20 61         0.7    0     940                                         

     50/50 26         0.8    0     550                                         

     20/80 7          0.7    0     320                                         

     10/90 5          0.8    0     170                                         

      2/98 3          0.8    0     60                                          

      0/100                                                                    

           2          0.8    0     0                                           

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  Among bottles obtained in Examples 1 and 2, those in which the mixing
      weight ratio of the low density polyethylene and the ethylene-vinyl
      acetate copolymer saponified product in the intermediate layer was 80/20,
      50/50 or 20/80 were chosen, and with respect to each of the so chosen
      bottles, according to the method described in the test of the
      specification, the intermediate layer was divided into three layers and
      the value of log (I.sub.o /I)/.mu. and value of m.sub.1 and m.sub.2 were
      determined according to the infrared spectrophotometry to obtain results
      shown in Table 3 given below. In each of the bottles obtained in Example 1
      (dulmage screw was employed in the intermediate layer extruder), the value
      of either m.sub.1 or m.sub.2 was close to 1.00 in each divided layer, from
      which it is seen that the intermediate layer was composed of a mixture
      very close to a homogeneous mixture. In contrast, in the case of the
      bottles obtained in Example 2 (metering screw was employed in the
      intermediate layer extruder), the value of m.sub.2 was substantially
      smaller than 1 in the divided layer adjacent to the outer or inner
      polyethylene layer, and therefore, it is apparent that such divided layer
      contained the low density polyethylene predominantly. Further, in the
      central portion of the blend layer, the value of m.sub.1 was apparently
      larger than 1.00, and therefore, it is seen that in such portion the
      ethylene-vinyl acetate copolymer saponified product was contained in an
      amount larger than the average content of the saponified copolymer in the
      intermediate blend layer.
      ##EQU16##
PAC  EXAMPLE 4
PAR  A high density polyethylene having a density of 0.950 g/cc (as measured
      according to ASTM D-1505), a melt density of 0.773 g/cc as measured at
      190.degree.C. and a melt index of 0.2 g/10 min (as measured according to
      ASTM D-1238) was mixed with an ethylene-vinyl acetate copolymer saponified
      product having a ethylene content of 25.4 mole %, a degree of
      saponification of 99.2 %, an intrinsic viscosity of 0.08 l/g and a melt
      density of 1.07 g/cc as measured at 190.degree.C., at a mixing weight
      ratio indicated in Table 4 give below, and the mixture was blended at room
      temperature for 3 minutes by means of a Henschel mixer. The so obtained
      dry blend was kneaded and formed into pellets by means of a pelletizer
      having a dulmage screw of a diameter of 40 mm and an effective length of
      1120 mm (having 8 screw flights at a mixing zone disposed in the top end
      portion) at a screw rotation rate of  47 rpm and a die temperature of
      220.degree.C. The so formed pelletized blend and the above-mentioned low
      density polyethylene were co-extruded by means of an intermediate layer
      extruder for the pelletized blend having an dulmage screw having a
      diameter of 40 mm, an effective length of 800 mm and a mixing zone of 6
      screw flights disposed in the top end portion, an outer- and inner-layer
      extruder for the low density polyethylene installed with a metering screw
      of a diameter of 65 mm and an effective length of 1430 mm and provided
      with an adaptor having a two-branched melt channel, and a three-ply die
      maintained at 190.degree.C. For comparison, the above co-extrusion was
      conducted in the same manner by employing instead of the above blend the
      above-mentioned high density polyethylene or saponified copolymer.
PAR  The so obtained co-extrudate was molded into an oval bottle having a
      symmetric three-layer laminate structure having an intermediate layer of
      said blend and outer and inner layers of said high density polyethylene,
      according to a known blow molding method. In each of the so obtained
      bottles, the thickness ratio of outer layer:intermediate layer:inner layer
      was 4.5:1:4.5 and the bottles had an average thickness of about 600 .mu.
      and an inner volume of about 280 cc.
PAR  With respect to each of the so obtained bottles, the oxygen gas
      permeability QO.sub.2 and the average interlaminar peel strength Sp were
      determined according to the methods described hereinabove to obtain
      results shown in Table 4. The mixing weight ratio of the high density
      polyethylene (PO) and the ethylene-vinyl acetate copolymer saponified
      product (Ev-1) constituting the blend layer (intermediate layer) and
      results of the determination of QO.sub.2 and Sp are shown in Table 4. From
      the results shown in Table 4, it is seen that effects on the oxygen gas
      permeability and average interlaminar strength could be obtained when the
      mixing weight ratio of PO/Ev-1 in the intermediate blend layer was within
      a range of from 90/10 to 10/90.
TBL                Table 4                                                     

     ______________________________________                                    

                 QO.sub.2         Sp                                           

     PO/Ev-1     [cc/m.day.atm]   [g/2cm]                                      

     ______________________________________                                    

     100/0       452              not peeled                                   

     98/2        376              not peeled                                   

     90/10       259              not peeled                                   

     80/20       141              820                                          

     50/50       18               390                                          

     20/80       10               190                                          

     10/90       7                110                                          

      2/98       3                0                                            

      0/100      2                0                                            

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  A low density polyethylene having the same properties as that used in
      Example 4 was extruded with use of an intermediate layer extruder of a
      three-layer vessel extrusion molding machine, which comprised an
      intermediate layer extruder having a nylon screw of a diameter of 40 mm
      and an effective length of 600 mm, an outer- and inner-layer extruder
      installed with a metering screw of a diameter of 65 mm and effective
      length of 1430 mm and provided with an adaptor having a two-branched melt
      channel, and a three-ply die having a sectional area of an intermediate
      layer passage of 0.44 cm.sup.2 at the junction point of the three layers.
      The extrusion was conducted at a screw rotation rate of 15 rpm in the
      intermediate layer extruder and at a temperature of 190.degree.C. at said
      three-ply die. The average flow rate of 1.3 cm/sec was calculated from the
      extrusion rate (1.6 Kg/hr) obtained in this test.
PAR  An ethylene-vinyl acetate copolymer saponified product having the same
      properties as that used in Example 4 was extruded under the same extrusion
      conditions as above with use of the intermediate layer extruder of the
      same extrusion molding machine as above. The average flow rate of 2.7
      cm/sec was calculated from the extrusion rate (4.6 Kg/hr) obtained in this
      test.
PAR  The above low density polyethylene was mixed with the above saponified
      copolymer at a mixing weight ratio indicated in Table 5 and the mixture
      was dry blended under the same conditions as described in Example 4. The
      resulting dry blend and the above low density polyethylene were
      co-extruded with use of the above three-layer vessel extrusion molding
      machine in such a manner that the dry blend was extruded from the
      intermediate layer extruder and the low density polyethylene was extruded
      from the outer- and inner-layer extruder. The temperature of the three-ply
      die was maintained at 190.degree.C. For comparison, the co-extrusion was
      conducted in the same manner by employing instead of the dry blend the
      above low density polyethylene or the above saponified copolymer.
PAR  The co-extrudate was molded into an oval bottle having a symmetric three
      layer laminate structure having an intermediate layer of the blend and
      outer and inner layers of the above low density polyethylene. In each of
      the so obtained bottles, the average thickness was about 600 .mu., the
      thickness ratio of outer layer:intermediate layer:inner layer was
      4.5:1:4.5, and the inner volume was about 280 cc. With respect to each
      bottle, the oxygen gas permeability QO.sub.2, the water loss Lw, the
      falling strength f.sub.10 and the average interlaminar peel strength Sp
      were determined according to the methods described hereinabove. The mixing
      weight ratio of the low density polyethylene (PO) and the ethylene-vinyl
      acetate copolymer saponified product (Ev-1) and results obtained by the
      above determination are shown in Table 5. From the results shown in Table
      5, it is seen that effects on the above properties could be obtained when
      the mixing weight ratio of PO/Ev-1 in the blend layer (intermediate layer)
      was within a range of 98/2 to 2/98.
TBL                Table 5                                                     

     ______________________________________                                    

             Qo.sub.2     L W      f.sub.10                                    

                                         Sp                                    

     PO/Ev - 1                                                                 

             [cc/m.day.atm]                                                    

                          [wt %]   [%]   [g/2 cm]                              

     ______________________________________                                    

     100/0   452          0.2      0     not peeled                            

     98/2    211          0.2      0     not peeled                            

     90/10   106          0.2      0     not peeled                            

     80/20   39           0.2      0     970                                   

     50/50   15           0.2      0     590                                   

     20/80   6            0.3      0     400                                   

     10/90   4            0.3      0     220                                   

      2/98   2            0.2      10    70                                    

      0/100  2            0.2      10    0                                     

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  Among bottles obtained in Examples 4 and 5, those in which the mixing
      weight ratio of the low density polyethylene and the ethylene-vinyl
      acetate copolymer saponified product in the intermediate layer was 80/20,
      50/50 or 20/80 were chosen, and with respect to each of the so chosen
      bottles, according to the method described in the text of the
      specification, the intermediate layer was divided into three layers and
      the value of log (I.sub.o /I)/.mu. and values of m.sub.1 and m.sub.2 were
      determined according to the infrared spectrophotometry to obtain results
      shown in Table 6 given below. In each of the bottles obtained in Example 4
      (dulmage screw was employed in the intermediate layer extruder), the value
      of either m.sub.1 or m.sub.2 was close to 1.00 in each divided layer, from
      which it is seen that the intermediate layer was composed of a mixture
      very close to a homogeneous mixture. In contrast, in the case of the
      bottles obtained in Example 5 (nylon screw was employed in the
      intermediate layer extruder), the value of m.sub.2 was substantially
      smaller than 1 in the divided layer adjacent to the outer or inner
      polyethylene layer, and therefore, it is apparent that such divided layer
      contained the low density polyethylene predominantly. Further, in the
      central portion of the blend layer, the value of m.sub.1 was apparently
      larger than 1.00, and therefore, it is seen that in such portion the
      ethylene-vinyl acetate copolymer saponified product was contained in an
      amount larger than the average content of the saponified copolymer in the
      intermediate blend layer.
      ##EQU17##
PAC  EXAMPLE 7
PAR  A low density polyethylene having a density of 0.920 g/cc (as measured
      according to ASTM D-1505) and a melt index of 2.1 g/10 min (as measured
      according to ASTM D-1238) was mixed with the ethylene-vinyl acetate
      copolymer saponified product having an ethylene content of 25.4 mole %, a
      degree of saponification of 99.2 %, and an intrinsic viscosity of 0.16 l/g
      at a mixing weight ratio indicated in Table 7 given below, and the mixture
      was blended at room temperature for 3 minutes by means of a Henschel
      mixer. The so obtained dry blend and the above-mentioned saponified
      copolymer were co-extruded by means of an intermediate layer extruder for
      the dry blend having a metering screw having a diameter of 40 mm and an
      effective length of 800 mm, an outer- and inner-layer extruder for the
      saponified copolymer installed with a metering screw of a diameter of 65
      mm and an effective length of 1430 mm and provided with an adaptor having
      a two-branched melt channel, and a three-ply die maintained at
      190.degree.C. For comparison, the above co-extrusion was conducted in the
      same manner by employing instead of the above blend the above-mentioned
      low density polyethylene or saponified copolymer.
PAR  The so obtained co-extrudate was molded into an oval bottle having a
      symmetric three-layer laminate structure having an intermediate layer of
      said blend and outer and inner layers of said saponified copolymer,
      according to a known blow molding method. In each of the so obtained
      bottles, the thickness ratio of outer layer:intermediate layer:inner layer
      was 4.5:1:4.5 and the bottles had an average thickness of about 600 .mu.
      and an inner volume of about 280 cc.
PAR  With respect to each of the so obtained bottles, the oxygen gas
      permeability QO.sub.2, water loss Lw, falling strength f.sub.10 and the
      average interlaminar peel strength Sp were determined according to the
      methods described hereinabove to obtain results shown in Table 7. The
      mixing weight ratio of the low density polyethylene (PO) and the
      ethylene-vinyl acetate copolymer saponified product (Ev-1) constituting
      the blend layer (intermediate layer) and results of the determination of
      QO.sub.2, Lw, f.sub.10 and Sp are shown in Table 7.
TBL                Table 7                                                     

     ______________________________________                                    

     Composition of                                                            

     Blend Layer                                                               

                Qo.sub.2     Lw       f.sub.10                                 

                                            Sp                                 

     PO/Ev - 1  [cc/m.sup.2.day.atm]                                           

                             [wt %]   [%]   [g/2cm]                            

     ______________________________________                                    

     100/0      &lt;1           0.7       0     0                                 

     98/2       &lt;1           0.7       0     80                                

     90/10      &lt;1           0.9      10    510                                

     80/20      &lt;1           1.0      20    690                                

     50/50      &lt;1           1.4      50    790                                

     20/80      &lt;1           2.5      70    not                                

                                            peeled                             

     10/90      &lt;1           3.7      90    not                                

                                            peeled                             

      2/98      &lt;1           4.9      100   not                                

                                            peeled                             

      0/100     &lt;1           6.3      100   not                                

                                            peeled                             

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  An isotactic polypropylene having a density of 0.906 g/cc (as measured
      according to ASTM D-1505) and a melt index of 0.8 g/10 min (as measured
      according to ASTM D-1238) was mixed with an ethylene-vinyl acetate
      copolymer saponified product having an ethylene content of 25.4 mole %, a
      degree of saponification of 99.2 % and an intrinsic viscosity of 0.08 l/g
      at a mixing weight ratio indicated in Table 8 given below, and the mixture
      was blended at room temperature for 3 minutes by means of a Henschel
      mixer. The so obtained dry blend and the above saponified copolymer were
      co-extruded with use of an intermediate layer extruder having a metering
      screw of a diameter of 40 mm and an effective length of 800 mm, an outer-
      and inner-layer extruder installed with a metering screw of a diameter of
      65 mm and effective length of 1430 mm and provided with an adaptor having
      a two-branched melt channel, and a three-ply die maintained at
      240.degree.C., in such a manner that the dry blend was extruded from the
      intermediate layer extruder and the saponified copolymer was extruded from
      the outer- and inner-layer extruder. For comparison, the co-extrusion was
      conducted in the same manner by employing instead of the dry blend the
      above isotactic polypropylene or the above saponified copolymer.
PAR  The co-extrudate was molded into an oval bottle having a symmetric
      three-layer laminate structure having an intermediate layer of the blend
      and outer and inner layers of the above saponified copolymer. In each of
      the so obtained bottles, the average thickness was about 600 .mu., the
      thickness ratio of outer layer:intermediate layer:inner layer was
      4.5:1:4.5, and the inner volume was about 280 cc. With respect to each
      bottle, the oxygen gas permeability QO.sub.2, the water loss Lw, the
      falling strength f.sub.10 and the average interlaminar peel strength Sp
      were determined according to the methods decribed hereinabove. The mixing
      weight ratio of the isotactic polypropylene (PO) and the ethylene-vinyl
      acetate copolymer saponified product (Ev- 1) and results obtained by the
      above determination are shown in Table 8.
TBL                Table 8                                                     

     ______________________________________                                    

     Composition of                                                            

     Blend Layer                                                               

                Qo.sub.2      Lw       Sp                                      

     PO/Ev-1    [cc/m.sup.2.day.atm]                                           

                              [wt %]   [g/2 cm]                                

     ______________________________________                                    

     100/0      &lt;1            0.4      0                                       

     98/2       &lt;1            0.5      40                                      

     90/10      &lt;1            0.6      300                                     

     80/20      &lt;1            0.9      570                                     

     50/50      &lt;1            1.2      670                                     

     20/80      &lt;1            2.3      820                                     

     10/90      &lt;1            3.6      not peeled                              

      2/98      &lt;1            4.8      not peeled                              

      0/100     &lt;1            6.3      not peeled                              

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  An isotactic polypropylene having a density of 0.906 g/cc (as measured
      according to ASTM D-1505) and a melt index of 0.8 g/10 min (as measured
      according to ASTM D-1238) was mixed with an ethylene-vinyl acetate
      copolymer saponified product having an ethylene content of 49.4 mole %, a
      degree of saponification of 96.3 % and an intrinsic viscosity of 0.17 l/g
      at a mixing weight ratio indicated in Table 9 given below, and the mixture
      was blended at room temperature for 3 minutes by means of a Henschel
      mixer. The so obtained dry blend and the above saponified copolymer were
      co-extruded with use of an intermediate layer extruder having a metering
      screw of a diameter of 40 mm and an effective length of 800 mm, an outer-
      and inner-layer extruder installed with a metering screw of a diameter of
      65 mm and effective length of 1430 mm and provided with an adaptor having
      a two-branched melt channel, and a three-ply die maintained at
      220.degree.C. in such a manner that the dry blend was extruded from the
      intermediate layer extruder and the saponified copolymer was extruded from
      the outer- and inner-layer extruder. For comparison, the co-extrusion was
      conducted in the same manner by employing instead of the dry blend the
      above isotactic polypropylene or the above saponified copolymer.
PAR  The co-extrudate was molded into an oval bottle having a symmetric
      three-layer laminate structure having an intermediate layer of the blend
      and outer and inner layers of the above saponified copolymer. In each of
      the so obtained bottles, the average thickness was about 600 .mu., the
      thickness ratio of outer layer:intermediate layer:inner layer was
      4.5:1:4.5, and the inner volume was about 280 cc. With respect to each
      bottle, the oxygen gas permeability QO.sub.2, the water loss Lw, the
      falling strength f.sub.10 and the average interlaminar peel strength Sp
      were determined according to the methods described hereinabove. The mixing
      weight ratio of the isotactic polypropylene (PO) and the ethylene-vinyl
      acetate copolymer saponified product (Ev- 2) and results obtained by the
      above determination are shown in Table 9.
TBL                Table 9                                                     

     ______________________________________                                    

     Composition of                                                            

     Blend Layer                                                               

                Qo.sub.2      Lw       Sp                                      

     PO/Ev-2    [cc/m.sup.2.day.atm]                                           

                              [wt %]   [g/2 cm]                                

     ______________________________________                                    

     100/0      17            0.4      20                                      

     98/2       18            0.5      300                                     

     90/10      17            0.5      610                                     

     80/20      17            0.6      840                                     

     50/50      17            0.8      not peeled                              

     20/80      17            1.3      not peeled                              

     10/90      17            2.5      not peeled                              

      2/98      17            3.8      not peeled                              

      0/100     17            4.1      not peeled                              

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  An ethylene-vinyl acetate copolymer having a density of 0.920 g/cc (as
      measured according to ASTM D-1505), a melt index of 1.2 g/10 min (as
      measured according to ASTM D-1238) a vinyl acetate content of 5 mole % was
      mixed with an ethylene-vinyl acetate copolymer saponified product having
      an ethylene content of 25.4 mole %, a degree of saponification of 99.2%
      and an intrinsic viscosity of 0.7 l/g at a mixing weight ratio indicated
      in Table 10 given below, and the mixture was blended at room temperature
      for 3 minutes by means of a Henschel mixer. The so obtained dry blend and
      the above saponified copolymer were co-extruded with use of an
      intermediate layer extruder having a nylon screw of a diameter of 40 mm
      and an effective length of 800 mm, an outer- and inner-layer extruder
      installed with a metering screw of a diameter of 65 mm and effective
      length of 1430 mm and provided with an adaptor having a two-branched melt
      channel, and a three-ply die maintained at 174.degree.C. in such a manner
      that the dry blend was extruded from the outer- and inner-layer extruder
      and the saponified copolymer was extruded from the intermediate layer
      extruder. For comparison, the co-extrusion was conducted in the same
      manner by employing instead of the dry blend the above ethylene-vinyl
      acetate copolymer or the above saponified copolymer.
PAR  The co-extrudate was molded into an oval bottle having a symmetric
      three-layer laminate structure having an intermediate layer of said
      saponified copolymer and outer and inner layers of the above blend. In
      each of the so obtained bottles, the average thickness was about 1.5 mm,
      the thickness ratio of outer layer : intermediate layer : inner layer was
      15 : 1 : 15, and the inner volume was about 1150 cc. With respect to each
      bottle, the oxygen gas permeability QO.sub.2, the water loss Lw, the
      falling strength f.sub.10 and the average interlaminar peel strength were
      determined according to the methods described hereinabove. The mixing
      weight ratio of the ethylene-vinyl acetate copolymer (PO) and the
      ethylene-vinyl acetate copolymer saponified product (Ev-1) in the blend
      layer (outer or inner layer) and results obtained by the above
      determination are shown in Table 10.
TBL                Table 10                                                    

     ______________________________________                                    

     Composition of                                                            

     Blend Layer                                                               

                Qo.sub.2      Lw       Sp                                      

     PO/Ev - 1  [cc/m.sup.2.day.atm]                                           

                              [wt %]   [g/2 cm]                                

     ______________________________________                                    

     100/0      2             1.0      140                                     

     90/10      2             1.2      770                                     

     50/50      2             2.1      not peeled                              

     20/80      2             3.7      not peeled                              

      0/100     2             6.3      not peeled                              

     ______________________________________                                    

PAR  The above ethylene-vinyl acetate copolymer and the above were co-extruded
      and molded under the same extrusion molding conditions and with use of the
      same extruders as above, in such a manner that the above ethylene-vinyl
      acetate copolymer was extruded from the intermediate layer extruder and
      the blend was extruded from the outer- and inner-layer extruder. Thus were
      obtained oval bottles having a symmetric three-layer laminate structure
      comprising an intermediate layer of the above ethylene-vinyl acetate
      copolymer and inner and outer layers of the above blend. The thickness
      ratio, average total thickness and inner volume of these bottles were the
      same as those of the bottles molded above. Results of the determination of
      QO.sub.2, Lw and Sp made on these bottles are shown in Table II given
      below.
TBL                Table 11                                                    

     ______________________________________                                    

     Composition of                                                            

     Blend Layer                                                               

                Qo.sub.2      Lw       Sp                                      

     PO/Ev - 1  [cc/m.sup.2.day.atm]                                           

                              [wt %]   [g/2 cm]                                

     ______________________________________                                    

     100/0      1450          1.0      not peeled                              

     90/10      151           1.0      not peeled                              

     50/50      28            1.0      not peeled                              

     20/80      8             1.0      900                                     

      0/100     2             1.1      150                                     

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  A low density polyethylene having the same properties as those of the low
      density polyethylene used in Example 1 and an ethylene-vinyl acetate
      copolymer saponified product having the same properties as those of the
      saponified copolymer as employed in Example 1 were co-extruded at the same
      mixing weight ratio as in Example 2 by employing the same intermediate
      layer extruder and outer- and inner-layer extruder as employed in Example
      2 and a three-ply die (T die) maintained at 190.degree.C. Thus were
      obtained sheets having a symmetric three-layer laminate structure having
      an intermediate layer of the polymer blend and outer and inner layers of
      the low density polyethylene and having a thickness of about 240 .mu.. In
      each of these sheets, the thickness ratio of outer layer : intermediate
      layer : outer layer was about 10 : 1 : 10. The oxygen gas permeability
      QO.sub.2, and average interlaminar peel strength Sp of the sheet and the
      water loss Lw of a bag prepared from such sheet according to the method
      described in the text of the specification and having the same
      configuration as described in the text of the specification, were
      determined according to the methods described in the text of the
      specification.
PAR  The mixing weight ratio of the low density polyethylene (PO) and the
      saponified copolymer (Ev-1) in the blend layer (intermediate layer), and
      results of the determination of QO.sub.2, Lw and Sp are shown in Table 12.
TBL                Table 12                                                    

     ______________________________________                                    

     Composition of                                                            

                Qo.sub.2      Lw       Sp                                      

     Blend Layer                                                               

                (200.mu. thickness)                                            

     PO/Ev-1    [cc/m.sup.2.day.atm]                                           

                              [wt %]   [g/2 cm]                                

     ______________________________________                                    

     100/0      2730          1.7      not peeled                              

     98/2       1250          1.7      not peeled                              

     90/10      370           1.8      not peeled                              

     80/20      154           1.7      980                                     

     50/50      63            1.6      620                                     

     20/80      19            1.7      350                                     

     10/90      12            1.8      190                                     

      2/98      7             1.7      70                                      

      0/100     5             1.8      0                                       

     ______________________________________                                    

PAC  EXAMPLE 12
PAR  A high density polyethylene having the same properties as those of the high
      density polyethylene used in Example 4 and an ethylene-vinyl acetate
      copolymer saponified product having the same properties as those of the
      saponified copolymer as employed in Example 4 were co-extruded at the same
      mixing weight ratio as in Example 5 by employing the same intermediate
      layer extruder and outer- and inner-layer extruder as employed in Example
      5 and a three-ply die (T die) maintained at 190.degree.C. Thus were
      obtained sheets having a symmetric three-layer laminate structure having
      an intermediate layer of the polymer blend and outer and inner layers of
      the high density polyethylene and having a thickness of about 240 .mu.. In
      each of these sheets, the thickness layer of outer layer : intermediate
      layer : inner layer was about 10 : 1 : 10. The oxygen gas permeability
      QO.sub.2 and average interlaminar peel strength Sp of the sheet and the
      water loss Lw of a bag prepared from such sheet according to the method
      described in the text of the specification and having the same
      configuration as described in the text of the specification, were
      determined according to the methods described in the text of the
      specification.
TBL                Table 13                                                    

     ______________________________________                                    

     Composition of                                                            

                Qo.sub.2                                                       

     Blend Layer                                                               

                (200.mu. thickness)                                            

                              Lw       Sp                                      

     PO/Ev - 1  [cc/m.sup.2.day.atm]                                           

                              [wt %]   [g/2 cm]                                

     ______________________________________                                    

     100/0      1110          0.6      not peeled                              

     98/2       524           0.5      not peeled                              

     90/10      265           0.5      not peeled                              

     80/20      94            0.6      960                                     

     50/50      39            0.6      630                                     

     20/80      17            0.6      370                                     

     10/90      10            0.6      200                                     

      2/98      6             0.6      60                                      

      0/100     5             0.6      0                                       

     ______________________________________                                    

PAC  EXAMPLE 13
PAR  A high density polyethylene having a density of 0.950 g/cc (as measured
      according to ASTM D-1505) and a melt index of 0.2 g/10 min (as measured
      according to ASTM D-1238) was mixed with an ethylene-vinyl acetate
      copolymer saponified product having an ethylene content of 25.4 mole %, a
      degree of saponification of 99.2 % and an intrinsic viscosity of 0.08 l/g
      at a mixing weight ratio indicated in Table 14 given below, and the
      mixture was blended at room temperature for 3  minutes by means of a
      Henshel mixer. The so obtained dry blend and the above saponified
      copolymer were co-extruded with use of an inner layer extruder having a
      metering screw of a diameter of 40 mm and an effective length of 800 mm,
      an outer layer extruder installed with a metering screw of a dimater of 65
      mm and effective length of 1430 mm, and a two-ply die maintained at
      200.degree.C. in such a manner that the dry blend was extruded from the
      outer layer extruder and the saponified copolymer was extruded from the
      inner layer extruder.
PAR  The co-extrudate was molded into an oval bottle having an asymmetric
      two-layer laminate structure having an outer layer of the blend and an
      outer layer of the above saponified copolymer. In each of the so obtained
      bottles, the average thickness was about 1.2 mm, the thickness ratio of
      outer layer : inner layer was about 20 : 1, and the inner volume was about
      660 cc. With respect to each bottle, the oxygen gas permeability QO.sub.2,
      the water loss Lw, the falling strength f.sub.10 and the average
      interlaminar peel strength were determined according to the methods
      described hereinabove. The mixing weight ratio of the high density
      polyethylene (PO) and the ethylene-vinyl acetate copolymer saponified
      product (Ev-1) and results obtained by the above determination are shown
      in Table 14.
TBL                Table 14                                                    

     ______________________________________                                    

     Composition of                                                            

     Blend Layer                                                               

                Qo.sub.2 [cc/                                                  

                            Lw       f     Sp                                  

     PO/Ev - 1  m.sup.2.day.atm]                                               

                            [wt %]   [%]   [g/2 cm]                            

     ______________________________________                                    

     100/0      2           0.2      10     0                                  

     98/2       1           0.2      10     70                                 

     90/10      1           0.3      20    210                                 

     80/20      2           0.5      40    420                                 

     50/50      1           0.8      60    610                                 

                                           not                                 

     20/80      2           1.5      90    peeled                              

                                           not                                 

     10/90      2           2.2      100   peeled                              

                                           not                                 

      2/98      &lt;1          3.7      100   peeled                              

                                           not                                 

      0/100     &lt;1          6.3      100   peeled                              

     ______________________________________                                    

PAC  EXAMPLE 14
PAR  A high density polyethylene having a density of 0.950 g/cc (as measured
      according to ASTM D-1505) and a melt index of 0.2 g/10 min (as measured
      according to ASTM D-1238) was mixed with a low density polyethylene having
      a density of 0.920 g/cc and a melt index of 0.5 g/10 min at a mixing
      weight ratio of 50/50 and the mixture was blended at room temperature for
      3 minutes by means of a Henschel mixer. The so obtained dry blend was
      kneaded and formed into pellets by means of a pelletizer having a dulmage
      screw of a diameter of 40 mm and an effective length of 1120 mm (having 8
      screw flights at a mixing zone disposed in the top end portion) at a screw
      rotation rate of 50 rpm and a die temperature of 200.degree.C. The so
      formed pelletized medium density polyethylene had a density of 0.935 g/cc
      and a melt index of 0.3 g/10 min.
PAR  The so formed medium density polyethylene was mixed with an ethylene-vinyl
      acetate copolymer saponified product having an ethylene content of 25.4
      mole %, a degree of saponification of 99.2 % and an intrinsic viscosity of
      0.08 l/g at a mixing ratio indicated in Table 15, and the mixture was
      blended at room temperature for 3 minutes by a Henschel mixer. The so
      formed polymer blend and the above medium density polyethylene were
      co-extruded by means of an outer extruder for the above blend having a
      metering screw having a diameter of 40 mm and an effective length of 800
      mm, an inner layer extruder for the medium density polyethylene installed
      with a metering screw of a diameter of 65 mm and an effective length of
      1430 mm, and a two-ply die maintained at 190.degree.C.
PAR  The so obtained co-extrudate was molded into an oval bottle having an
      asymmetric two-layer laminate structure having an outer layer of said
      blend and an inner layer of said medium density polyethylene, according to
      a known blow molding method. In each of the so obtained bottles, the
      thickness ratio of outer layer : inner layer was about 1 : 20 and the
      bottles had an average thickness of about 1.2 mm and an inner volume of
      about 660 cc.
PAR  With respect to each of the so obtained bottles, the oxygen gas
      permeability QO.sub.2, the average interlaminar peel strength Sp, the
      water loss Lw and falling strength f.sub.10 were determined according to
      the methods described hereinabove to obtain results shown in Table 15. The
      mixing weight ratio of the medium density polyethylene (PO) and the
      ethylene-vinyl acetate copolymr saponified product (Ev-1) constituting the
      blend layer (intermediate layer) and results of the determination of
      QO.sub.2, Lw, f.sub.10 and Sp are shown in Table 15.
TBL                Table 15                                                    

     ______________________________________                                    

     Composition of                                                            

     Blend Layer                                                               

                Qo.sub.2 [cc/                                                  

                            Lw       f.sub.10                                  

                                           Sp                                  

     PO/Ev - 1  m.sup.2.day.atm]                                               

                            [wt %]   [%]   [g/2 cm]                            

     ______________________________________                                    

                                            not                                

     100/0      729         0.5      0      peeled                             

                                            not                                

     98/2       356         0.4      0      peeled                             

                                            not                                

     90/10      129         0.5      0      peeled                             

                                            not                                

     80/20      34          0.5      0      peeled                             

     50/50      21          0.5      0      560                                

     20/80      7           0.5      10     350                                

     10/90      4           0.5      10     180                                

      2/98      2           0.5      20      60                                

      0/100     2           0.5      20      0                                 

     ______________________________________                                    

PAC  EXAMPLE 15
PAR  A low density polyethylene having a density of 0.928 g/cc (as measured
      according to ASTM D-1505) and a melt index of 8.0 g/10 (as measured
      according to ASTM D-1238) was mixed with an ethylene-vinyl acetate
      copolymer saponified product having an ethylene content of 25.4 mole %, a
      degree of saponification of 99.2 % and an intrinsic viscosity of 0.16 l/g
      at a mixing weight ratio of 90/10, and the mixture was blended at room
      temperature for 3 minutes by means of a Henschel mixer. The so obtained
      dry blend and the above saponified copolymer were co-extruded with use of
      an inner layer extruder having a metering screw of a diameter of 40 mm and
      an effective length of 800 mm, an outer layer extruder installed with a
      metering screw of a diameter of 65 mm and effective length of 1430 mm, and
      a two-ply inflation die maintained at 190.degree.C. in such a manner that
      the dry blend was extruded from the inner layer extruder and the
      saponified copolymer was extruded from the outer layer extruder.
PAR  The co-extrudate was inflation-molded into a film having an asymmetric
      two-layer laminate structure having an inner layer of the blend and an
      outer layer of the above saponified copolymer. In each of the so obtained
      films, the average thickness was about 100 .mu. and the thickness ratio of
      outer layer : inner layer wss about 1 : 1. For comparison, the
      co-extrusion was conducted in the same manner as above by employing
      instead of the above blend the above-mentioned low density polyethylene to
      obtain a film having the same thickness and thickness ratio as above.
PAR  With respect to each of the so obtained films, the oxygen gas permeability
      QO.sub.2 was determined according to the method described hereinabove to
      obtain results shown in Table 16. Results obtained when the measurement
      was conducted while maintaining the relative humidity on the outer side
      (high pressure side) to 75 % are also shown in Table 16.
TBL                Table 16                                                    

     ______________________________________                                    

     Composition of                                                            

                Oxygen Permeability Qo.sub.2                                   

     Blend Layer                                                               

     PO/Ev - 1  Outside Humidity                                               

                              Qo.sub.2 [cc/m.sup.2.day.atm]                    

     ______________________________________                                    

                15 % R H      2                                                

     100/0                                                                     

                75 % R H      10                                               

                15 % R H      2                                                

      90/10                                                                    

                75 % R H      4                                                

     ______________________________________                                    

PAR  From the results shown in Table 16, it is seen that when the ethylene-vinyl
      acetate copolymer saponified product alone was used as the component of
      the outer layer, QO.sub.2 was increased under a high humidity condition
      and the gas barrier property was inferior to some extent.
PAR  Each of the above two kinds of laminate films were molded into bags having
      a length of 170 mm and a width of 115 mm by means of a heat sealer. Then,
      about 200 cc of water or edible oil was filled in each bag and an opening
      was heat-sealed. Then, the sample bags were allowed to stand at a
      temperature of 50.degree.C. and a relative humidity of 10 % for 21 days,
      and the appearance (the delamination state) was examined to obtain results
      shown in Table 17.
TBL                Table 17                                                    

     ______________________________________                                    

     Composition of                                                            

                Delamination State after 21 Days                               

     Blend Layer                                                               

     PO/Ev - 1  Content of Bag                                                 

                             Delamination State                                

     ______________________________________                                    

                             Delamination                                      

                             was not observed                                  

     100/0      Water                                                          

                             Delamination                                      

                Edible Oil   was observed                                      

                             Delamination                                      

                Water        was not observed                                  

      90/10                                                                    

                             Delamination                                      

                Edible Oil   was not observed                                  

     ______________________________________                                    

PAR  From the results shown in Table 17, it is seen that in case the
      polyethylene alone was used as the inner layer, when edible oil was filled
      in the bag, delamination was caused to occur.
PAC  EXAMPLE 16
PAR  A 50 : 50 weight ratio mixture of a low density polyethylene having a
      density of 0.928 g/cc as measured according to ASTM D-1505 and a melt
      index of 3.0 g/10 min as measured according to ASTM D-1238 and a
      ethylene-vinyl acetate copolymer saponified product having an ethylene
      content of 25.4 mole %, a degree of saponification of 99.2 % and an
      intrinsic viscosity of 0.16 l/g was dry blended at room temperature for 3
      minutes by means of a Henschel mixer. The so formed dry blend and the
      above ethylene-vinyl acetate copolymer saponified product were coextruded
      with use of an inner layer extruder having a metering screw of a diameter
      of 40 mm and an effective length of 800 mm, an outer layer extruder having
      a metering screw of a diameter of 65 mm and an effective length of 1430 mm
      and a two-ply inflation die maintained at 190.degree.C., in such a manner
      that the above saponified copolymer was extruded from the inner layer
      extruder and the above blend was extruded from the outer layer extruder.
      The co-extrudate was molded into a film having an asymmetric two-layer
      laminate structure having an outer layer of the blend of an inner layer of
      the above saponified copolymer according to a known inflation molding
      method. In this film, the thickness ratio of outer layer : inner layer was
      about 1 : 1 and the average thickness was about 100 .mu.. For comparison,
      the co-extrusion was conducted under the same conditions as above by
      employing instead of the above blend the above low density polyethylene,
      and the co-extrudate was molded into a film having the same thickness
      ratio and average thickness as those of the above film comprising the
      blend layer. With respect to each of the above two kinds of films, the
      oxygen gas permeability QO.sub.2 was determined according to the method
      described in the text of the sepcification to obtain results shown in
      Table 18. Results obtained when the measurement was conducted while
      adjusting the relative humidity of the outside atmosphere (relative
      humidity on the high pressure side) to 75 % are also shown in Table 18.
TBL                Table 18                                                    

     ______________________________________                                    

     Composition of                                                            

                Oxygen Permeability Qo.sub.2                                   

     Blend Layer                                                               

     PO/Ev - 1  Outside Humidity                                               

                              Qo.sub.2 [cc/m.sup.2.day.atm]                    

     ______________________________________                                    

                15 % R H      2                                                

     100/0                                                                     

                75 % R H      2                                                

                15 % R H      2                                                

     50/50                                                                     

                75 % R H      3                                                

     ______________________________________                                    

PAR  From the results shown in Table 18, it is seen that in each laminate film
      the value of QO.sub.2 was hardly influenced by the outside humidity.
PAR  Each of the above two laminate films was molded into a bag having a length
      of 170 mm and a width of 115 mm by means of a heat sealer and water or
      edible oil was filled into the bag. The opening of the bag was heat sealed
      and the sealed bag was allowed to stand at a temperature of 50.degree.C.
      and a relative humidity of 10 % for 21 days. The appearance condition
      (delamination state) was examined to obtain results shown in Table 19.
TBL                Table 19                                                    

     ______________________________________                                    

     Composition of                                                            

                Appearance Change after 21 Days                                

     Blend Layer                                                               

     PO/Ev - 1  Content of Bag                                                 

                             Delamination State                                

     ______________________________________                                    

                             Delamination                                      

                Water        was observed                                      

     100/0                                                                     

                             Delamination                                      

                Edible Oil   was not observed                                  

                             Delamination                                      

                Water        was not observed                                  

     50/50                                                                     

                             Delamination                                      

                Edible Oil   was not observed                                  

     ______________________________________                                    

PAR  From the results shown in Table 19, it is seen that in case the inner layer
      was composed of the ethylene-vinyl acetate copolymer saponified product,
      when water was filled, delamination was caused to occur.
PAC  EXAMPLE 17
PAR  An isotactic polypropylene having a density of 0.906 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.8 g/10 min as measured
      according to ASTM D-1238, an ethylene-propylene copolymer having a
      propylene content of 21 mole % and a low density polyethylene having a
      density of 0.920 g/cc and a melt index of 1.0 g/min were dry blended at a
      mixing weight ratio of 76/4/20. Then, the blend was heated and kneaded by
      means of a pelletizer including a dulmage screw having a diameter of 40
      mm, an effective length of 1120 mm and a mixing zone of eight flights
      disposed at the top end portion. The so obtained polypropylene blend was
      mixed with an ethylene-vinyl acetate copolymer saponified product having
      an ethylene content of 25.4 mole %, a degree of saponification of 99.2 %
      and an intrinsic viscosity of 0.07 l/g at a mixing weight ratio of 80/20,
      and the mixture was dry blended at room temperature for 3 minutes by means
      of a Henschel mixer. The so obtained blend and the above polypropylene
      blend were co-extruded with use of an inner layer exruder having a nylon
      screw of a diameter of 40 mm and an effective length of 800 mm, an outer
      layer extruder having a metering screw of a diameter of 65 mm and an
      effective length of 1430 mm and a two-ply die maintained at 230.degree.C.
      in such a manner that the dry blend was extruded from the inner layer
      extruder and the polypropylene blend was extruded from the outer layer
      extruder. The co-extrudate was molded into oval bottles having an inner
      layer of the above blend and an outer layer of the above polypropylene
      blend. In each of the so obtained bottles, the thickness ratio of inner
      layer : outer layer was about 9 : 1, the average thickness was about 900
      .mu. and the inner volume was about 660 cc. For comparison, laminate
      structure bottles of an asymmetric two-layer structure were prepared under
      the same conditions as above by employing instead of the above
      polypropylene blend the above isotactic polypropylene having a density of
      0.906 g/cc and a melt index of 0.8 g/10 min as the outer
      layer-constituting polymer.
PAR  With respect to each of these two kinds of bottles, the oxygen gas
      permeability QO.sub.2, the falling strength f.sub.10 and the average
      interlaminar peel strength Sp were determined according to the methods
      described in the text of the specification to obtain results shown in
      Table 20.
PAR  From the results shown in Table 20, it is seen that when the above
      ethylene-propylene copolymer and low density polyethylene were added to
      the above isotactic polypropylene, the falling strength f.sub.10 could be
      improved without substantial degradation of QO.sub.2 and Sp.
TBL                Table 20                                                    

     ______________________________________                                    

     Outer Layer/-                                                             

                Qo.sub.2      f.sub.10  Sp                                     

     Inner Layer                                                               

                [cc/m.sup.2.day.atm]                                           

                              [wt %]    [g/2 cm]                               

     ______________________________________                                    

     PO-A/Blend 48            100       790                                    

     PO-B/Blend 49            40        760                                    

     ______________________________________                                    

      PO-A: isotactic polypropylene                                            

      PO-B: isotactic polypropylene/ethylene-propylene copolymer/low density   

      polyethylene (76/4/20)                                                   

      Blend: PO-B/Ev-1 (80/20)                                                 

PAC  EXAMPLE 18
PAR  100 parts by weight of a 50 : 50 weight ratio mixture of a low density
      polyethylene (PO) having a density of 0.920 g/cc as measured according to
      ASTM D-1505 and a melt index of 2.1 g/10 min as measured according to ASTM
      D-1238 and an ethylene-vinyl acetate copolymer saponified product (Ev-1)
      having an ethylene content of 25.4 mole %, a degree of saponification of
      99.2 % and an intrinsic viscosity of 0.13 l/g was incorporated with 10
      parts by weight of a carbonyl group-containing third component selected
      from a polyvinyl acetate (PVAc) having an intrinsic viscosity of 1.53 dl/g
      as measured with respect to acetone solution at 30.degree.C. and having a
      carbonyl concentration of 1160 milliequivalents per 100 g of the polymer,
      which was prepared by the bulk polymerization, 6-nylon (6-Nylon) having a
      relative viscosity of 3.4 as measured with respect to 98 % sulfuric acid
      solution containing 10.0 g/l of the polymer at 20.degree.C. and a carbonyl
      concentration of 890 milliequivalents, Surlyn A of Na type (Surlyn-A)
      having a melt index of 1.2 g/10 min and a carbonyl concentration of 160
      milliequivalents per 100 g of the polymer (iononomer manufactured by Du
      Pont, U.S.A.), an acrylic acid-grafted polyethylene (AGPE) having a melt
      index of 0.9 g/10 min and a carbonyl group concentration of 250
      milliequivalents per 100 g of the polymer, an ethylene-vinyl acetate
      copolymer (EVA) having a melt index of 2.4 g/10 min and a carbonyl
      concentration of 450 milliequivalents per 100 g of the polymer and an
      ethylene-ethyl acrylate copolymer (EEA) having a melt index of 6.2 g/10
      min and a carbonyl group concentration of 310 milliequivalents per 100 g
      of the polymer, or with 10 parts by weight of a carbonyl group-free third
      component selected from an isotactic polypropylene (PP) having a melt
      index of 1.0 g/10 min, a polyisobutylene having a viscosity average
      molecular weight of about 1000000 (calculated from the intrinsic viscosity
      measured with respect to tetrahydrofuran solution at 35.degree.C.), an
      atactic polystyrene (PS) having a melt index of 3.5 g/10 min and a
      styrene-butadiene copolymer (SBR) having a styrene content of 80 mole %.
      Each mixture was dry blended at room temperature for 5 minutes by
      employing a Henschel mixer, and the resulting dry blend and a low density
      polyethylene having a density of 0.920 g/cc and a melt index of 0.34 g/10
      min were co-extruded by means of an intermediate layer extruder having a
      screw of a diameter of 40 mm and an effective length of 800 mm, an outer-
      and inner-layer extruder installed with a screw of a diameter of 65 mm and
      an effective length of 1430 mm, and a three-ply die maintained at 175 to
      245.degree.C. The three-component blend was extruded by the intermediate
      layer extruder and the above low density polyethylene was extruded by the
      outer- and inner-layer extruder. The so obtained co-extrudate was molded
      into an oval bottle having a symmetric three-layer laminate structure
      having an intermediate layer of the above blend and outer and inner layers
      of the above low density polyethylene. In 10 kinds of the so obtained
      bottles, the thickness ratio of outer layer : intermediate layer : inner
      layer was 4.5 : 1 : 4.5, the total thickness was about 600 .mu. and the
      inner volume was about 280 cc. With respect to each of these bottles, the
      oxygen gas permeability QO.sub.2, water loss Lw and average interlaminar
      peel strength Sp were determined according to the methods described in the
      text of the specification. The kind of the third component in the blend
      layer (intermediate layer) and obtained data of QO.sub.2, Lw and Sp are
      shown in Table 21.
PAR  For comparison, bottles were molded by employing as the ingredients of the
      blend layer the above low density polyethylene having a melt index of 2.1
      g/10 min and the above ethylene-vinyl acetate copolymer saponified product
      alone, namely without using the third component. The mixing ratio of both
      the polymers, the extrusion machine, the laminate structure, the thickness
      ratio, the total thickness, the inner volume and the bottle configuration
      were the same as above. With respect to these bottles, properties
      QO.sub.2, Lw and Sp were determined. Results are shown in Table 21  (data
      given in columns C= O).
PAR  The above laminate structure bottles having a three-component blend layer
      were compared with the laminate structure bottles having a two-component
      blend layer in respect to the appearance condition App according to the
      method described in the text of the specification. Results are also shown
      in Table 21.
PAR  From the results shown in Table 21, it is seen that in bottles having a
      layer laminate structure and containing the carbonyl group-containing
      polymer in the blend layer the interlaminar peel strength and appearance
      conditions were improved without substantial damages given to the oxygen
      gas permeation resistance and water loss as compared with layer laminate
      bottles containing the two-component blend layer but in the case of layer
      laminate bottles containing the carbonyl group-free third component such
      improvements were hardly observed.
TBL                                    Table 21                                

     __________________________________________________________________________

     (Blend Layer Composition; (PO/EV-1):C = (50/50):10)                       

     Kind of Third Component                                                   

                   Qo.sub.2 Lw   Sp     APP                                    

     (C) in Blend Layer                 (points)                               

                   [cc/m day atm]                                              

                            [wt %]                                             

                                 [g/2 cm]                                      

                                        C = 0                                  

                                             C = 10.0                          

     __________________________________________________________________________

      PVAC         26       0.8  580    2    19                                

      6-Nylon      25       0.8  550    0.5  20.5                              

      Surlyn-A     23       0.8  590    0    21                                

      EVA          24       0.8  580    0    21                                

      AGPE         25       0.7  570    1    20                                

      EEA          24       0.7  580    0    21                                

      PP           28       0.7  370    10.5 10.5                              

      PIB          29       0.8  360    9    12                                

      PS           30       0.8  340    10   11                                

      SBR          30       0.9  360    11.5 9.5                               

     (PO/EV-1):C=(50/50):0                                                     

                   30       0.8  360                                           

     (PO/EV-1):C=(100/0):0                                                     

                   1090     0.7  not peeled                                    

     (PO/EV-1):C=(0/100):0                                                     

                   2        0.8   0                                            

     __________________________________________________________________________

PAC  EXAMPLE 19
PAR  100 parts by weight of a mixture containing a low density polyethylene (PO)
      having a density of 0.920 g/cc as measured according to ASTM D-1505 and a
      melt index of 2.1 g/10 min as measured according to ASTM D-1238 and an
      ethylene-vinyl acetate copolymer saponified product (EV-1) having an
      ethylene content of 25.4 mole %, a degree of saponification of 99.2 % and
      an intrinsic viscosity of 0.13 l/g, at a mixing weight ratio of PO : EV-1
      of 80 : 20, 50 : 50 or 20 : 80, was incorporated with 0.5 to 25.0 parts by
      weight of an ethylene-vinyl acetate copolymer having a melt index of 2.4
      g/10 min and a carbonyl concentration of 450 milliequivalents per g of the
      polymer, as a third component (C), and the mixture was dry-blended at room
      temperature for 5 minutes. Then, 20 kinds bottles shown in Table 22 were
      molded under the same molding conditions as in Example 18 by employing the
      same extrusion molding machine as used in Example 18. The above-mentioned
      blend was extruded to form an intermediate, and as in Example 18, the
      inner and outer layers were composed of a low density polyethylene having
      a density of 0.920 g/cc and a melt index of 0.34 g/10 min. The thickness
      ratio, the total thickness, the inner volume and the configuration of
      bottles molded in this Example were the same as those of the bottles
      molded in Example 18. The oxygen gas permeability QO.sub.2 and the average
      interlaminar peel strength Sp were determined according to the methods
      described in the test of the specification. The mixing weight ratio of the
      above low density polyethylene having a melt index of 2.1 g/10 min, the
      above ethylene-vinyl acetate copolymer saponified product and the above
      ethylene-vinyl acetate copolymer incorporated as the third component (C)
      in the blend layer (intermediate layer), and results of the determination
      of the oxygen gas permeability and average interlaminar peel strength are
      shown in Table 22. From the results shown in Table 22, it is seen that the
      Sp value was increased by addition of the ethylene-vinyl acetate copolymer
      (third component), and that although the oxygen gas permeation resistance
      inherent of the ethylene-vinyl acetate copolymer saponified product was
      not substantially damaged when the mixing ratio of the third component was
      lower than about 15 parts by weight, the oxygen permeability was increased
      and the gas-barrier property was damaged when the mixing ratio of the
      third component was about 25.0 parts by weight or higher.
PAR  Comparison of the above bottles comprising the third component (the above
      ethylene-vinyl acetate copolymer in the blend layer (intermediate layer),
      with bottles having a blend layer composed of the above ethylene-vinyl
      acetate copolymer saponified product and the above low density
      polyethylene alone, was made on the appearance condition App according to
      the method described in the text of the specification.
PAR  Results are shown in Table 23. From these results, it is seen that the
      appearance condition of the bottle was improved by addition of the third
      component.
TBL                Table 22                                                    

     ______________________________________                                    

     Composition of Blend Layer                                                

                      Qo.sub.2      Sp                                         

     (PO/EV-1) : C    [cc/m.sup.2. day.atm]                                    

                                    [g/2 cm]                                   

     ______________________________________                                    

     (80 / 20) : 0    163           810                                        

     (80 / 20) : 0.5  161           1010                                       

     (80 / 20) : 5.0  157           1240                                       

     (80 / 20) : 15.0 162           1290                                       

     (80 / 20) : 25.0 186           1310                                       

     (50 / 50) : 0    30            360                                        

     (50 / 50) : 0.5  29            500                                        

     (50 / 50) : 5.0  24            550                                        

     (50 / 50) : 15.0 30            600                                        

     (50 / 50) : 25.0 42            610                                        

     (20 / 80) : 0    8             150                                        

     (20 / 80) : 0.5  7             250                                        

     (20 / 80) : 5.0  6             270                                        

     (20 / 80) : 15.0 8             280                                        

     (20 / 80) : 25.0 13            300                                        

     (0 / 100) : 0    2             0                                          

     (0 / 100) : 0.5  2             10                                         

     (0 / 100) : 5.0  1             14                                         

     (0 / 100) : 15.0 2             15                                         

     (0 / 100) : 25.0 4             17                                         

     ______________________________________                                    

TBL                Table 23                                                    

     ______________________________________                                    

     Composition of Blend Layer                                                

                           App                                                 

     (PO/EV-1) : C         [points]                                            

     ______________________________________                                    

                         C = C  C = O                                          

     ______________________________________                                    

     (80 / 20) : 0.5       12.5     8.5                                        

     (80 / 20) : 5.0       17       4                                          

     (80 / 20) : 15.0      21       0                                          

     (80 / 20) : 25.0      21       0                                          

     (50 / 50) : 0.5       14.5     6.5                                        

     (50 / 50) : 5.0       19       2                                          

     (50 / 50) : 15.0      20.5     0.5                                        

     (50 / 50) : 25.0      21       0                                          

     (20 / 80) : 0.5       16       5                                          

     (20 / 80) : 5.0       19.5     1.5                                        

     (20 / 80) : 15.0      21       0                                          

     (20 / 80) : 25.0      21       0                                          

     ______________________________________                                    

PAC  EXAMPLE 20
PAR  A low density polyethylene having a density of 0.920 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.3 g/10 min as measured
      according to ASTM D-1238 was mixed with an ethylene-vinyl acetate
      copolymer saponified product having an ethylene content of 25.4 mole %, a
      degree of saponification of 99.2 % and an intrinsic viscosity of 0.10 l/g,
      at a mixing weight ratio of 100 : 0, 98 : 2, 90 : 10, 80 : 20, 50 : 50, 20
      : 80, 10 : 90, 2 : 98 or 0 : 100. Then, 100 parts by weight of the above
      mixture was incorporated with 5.0 parts by weight of Surlyn A (ionomer of
      Na.sup.+ type having a carbonyl concentration of 160 milliequivalents per
      100 g of the polymer and a melt index of 1.2 g/10 min; product of Du Pont,
      U.S.A.). The mixture was dry-blended at room temperature for 3 minutes by
      means of a Henschel mixer.
PAR  The so obtained dry blend was heated, kneaded and pelletized by means of a
      pelletizer having a screw of a diameter of 40 mm and an effective length
      of 1120 mm (screw rotation rate = 34 rpm; die temperature 32
      185.degree.C.). The so obtained pelletized blend and the above-mentioned
      low density polyethylene were co-extruded by means of an intermediate
      layer extruder having a screw of a diameter of 40 mm and an effective
      length of 800 mm, an outer- and inner-layer extruder installed with a
      screw of a diameter of 65 mm and an effective length of 1430 mm and
      provided with an adaptor having a two-branched melt channel, and a
      three-ply die maintained at 190.degree.C. The above blend was extruded by
      the intermediate layer extruder and the above low density polyethylene was
      extruded by the outer- and inner-layer extruder. The co-extrudate was
      molded into an oval bottle having a symmetric three-layer laminate
      structure of an intermediate layer of the above three-component blend and
      outer and inner layers of the low density polyethylene, according to a
      known blow molding method. In each of the so obtained bottles, the
      thickness ratio of outer layer : intermediate layer : inner layer was 4.5
      : 1 : 4.5 and the average total thickness was about 600 .mu.. The inner
      volume of each bottom was about 280 cc. With respect to each bottle, the
      oxygen gas permeability QO.sub.2, water loss Lw, average interlaminar peel
      strength Sp and appearance App were determined according to the methods
      described in the text of the specification. The mixing ratio of the low
      density polyethylene (PO), the ethylene-vinyl acetate copolymer saponified
      product (EV-1) and the Surlyn A (C) in the blend layer (intermediate
      layer) and the properties, QO.sub.2, Lw, Sp and App of the bottles are
      shown in Table 24.
PAR  For comparison, bottles of a laminate structure were molded by employing
      the above low density polyethylene and ethylene-vinyl acetate copolymer
      saponified product as ingredients of the blend layer without using the
      above Surlyn A. (The mixing ratio of both polymers, the extrusion machine,
      the laminar structure of the bottle, the thickness ratio, the total
      thickness, the inner volume and the bottle configuration were the same as
      above.) Results of the determination of QO.sub.2, Lw, Sp and App made on
      these bottles are also shown in Table 24 (data appearing on columns of C =
      O).
TBL                                    Table 24                                

     __________________________________________________________________________

     Composition of                                                            

             QO.sub.2      Lw         Sp           App                         

     Blend Layer                                                               

     (PO/Ev-1): C                                                              

             [cc/m.sup.2.day.atm]                                              

                           [wt %]     [g/2 cm]     [points]                    

     __________________________________________________________________________

             C = 0  C = 5.0                                                    

                           C = 0                                               

                                C = 5.0                                        

                                      C = 0 C = 5.0                            

                                                   C = 0                       

                                                        C = 5.0                

     __________________________________________________________________________

                                      not   not                                

     (100/0) : C                                                               

             1090   1120   0.7  0.8   peeled                                   

                                            peeled 9    12                     

                                      not   not                                

     ( 98/2) : C                                                               

             985    862    0.7  0.7   peeled                                   

                                            peeled 6.5  14.5                   

                                      not   not                                

     ( 90/10) : C                                                              

             670    579    0.7  0.7   peeled                                   

                                            peeled 2    19                     

     ( 80/20) : C                                                              

             163    145    0.7  0.7   810   1090   1    20                     

     ( 50/50) : C                                                              

             30     22     0.8  0.8   360   590    0    21                     

     ( 20/80) : C                                                              

             8      6      0.7  0.7   150   400    0    21                     

     ( 10/90) : C                                                              

             5      4      0.8  0.8   80    320    0    21                     

     ( 2/98) : C                                                               

             3      2      0.8  0.7   0     210    3.5  17.5                   

     (0 /100): C                                                               

             2      2      0.8  0.7   0     180    10.5 10.5                   

     __________________________________________________________________________

PAC  EXAMPLE 21
PAR  A high density polyethylene having a density of 0.950 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.2 g/10 min as measured
      according to ASTM D-1238 was mixed with an ethylene-vinyl acetate
      copolymer saponified product having an ethylene content of 25.4 mole %, a
      degree of saponification of 99.2 % and an intrinsic viscosity of 0.13 l/g,
      at a mixing weight ratio of 100 : 0, 98 : 2, 90: 10, 80 : 20, 50 : 50, 20
      : 80, 10 : 90, 2 : 98 or 0 : 100. Then, 100 parts by weight of the above
      mixture was incorporated with 15.0 parts by weight of Surlyn A (ionomer of
      Na.sup.+ type having a carbonyl concentration of 160 milliequivalents per
      100 g of the polymer and a melt index of 1.2 g/10 min; product of Du Pont,
      U.S.A.). The mixture was dry-blended at room temperature for 3 minutes by
      means of a Henschel mixer.
PAR  The so obtained dry blend was heated, kneaded and pelletized by means of a
      pelletizer having a screw of a diameter of 40 mm and an effective length
      of 1120 mm (screw rotation rate = 34 rpm; die temperature =
      185.degree.C.). The so obtained pelletized blend and the above-mentioned
      low density polyethylene were co-extruded by means of an intermediate
      layer extruder having a screw of a diameter of 40 mm and an effective
      length of 800 mm, and outer- and inner-layer extruder installed with a
      screw of a diameter of 65 mm and an effective length of 1430 mm and
      provided with an adaptor having a two-branched melt channel, and a
      three-ply die maintained at 210.degree.C. The above pelletized blend was
      extruded by the intermediate layer extruder and the above high density
      polyethylene was extruded by the outer- and iner-layer extruder. The
      co-extrudate was molded into an oval bottle having a symmetric three-layer
      laminate structure of an intermediate layer of the above three-component
      blend and outer and inner layers of the high density polyethylene,
      according to a known blow molding method. In each of the so obtained
      bottles, the thickness ratio of outer layer : intermediate layer : inner
      layer was 4.5 : 1 : 4.5 and the average total thickness was about 600
      .mu.. The inner volume of each bottom was about 280 cc. With respect to
      each bottle, the oxygen gas permeability QO.sub.2, water loss Lw, average
      interlaminar peel strength Sp and appearance App were determined according
      to the methods described in the text of the specification. The mixing
      ratio of the high density polyethylene (PO), the ethylene-vinyl acetate
      copolymer saponified product (EV-1) and the Surlyn A (C) in the blend
      layer (intermediate layer) and the properties, QO.sub.2, Lw, Sp and App of
      the bottles are shown in Table 25.
PAR  For comparison, bottles of a laminate structure were molded by employing
      the above high density polyethylene and ethylene-vinyl acetate copolymer
      saponified product as ingredients of the blend layer without using the
      above Surlyn A. (The mixing ratio of both polymers, the extrusion machine,
      the laminar structure of the bottle, the thickness ratio, the total
      thickness, the inner volume and the bottle configuration were the same as
      above.) Results of the determination of QO.sub.2, Lw, Sp and App made on
      these bottles are also shown in Table 25 (data appearing on columns of C =
      0).
TBL                                    Table 25                                

     __________________________________________________________________________

     Composition of                                                            

     Blend Layer                                                               

              Qo.sub.2   Lw         Sp         App        f.sub.10             

     (PO/Ev-1) : C                                                             

              [cc/m.sup.2.day.atm]                                             

                         [wt %]     [g/2 cm]   [points]   [%]                  

     __________________________________________________________________________

              C = 0                                                            

                   C = 15.0                                                    

                         C = 0                                                 

                              C = 15.0                                         

                                    C = 0                                      

                                         C = 15.0                              

                                               C = 0                           

                                                    C = 15.0                   

                                                          C = 0                

                                                               C               

     __________________________________________________________________________

                                                               = 15.0          

                                    not  not                                   

     (100/0) : C                                                               

              452  511   0.2  0.3   peeled                                     

                                         peeled                                

                                               11.5 9.5   0    0               

                                    not  not                                   

     (98/2) : C                                                                

              376  344   0.2  0.2   peeled                                     

                                         peeled                                

                                               7.5  13.5  0    0               

                                    not  not                                   

     (90/10) : C                                                               

              259  231   0.2  0.2   peeled                                     

                                         peeled                                

                                               5.5  15.5  0    0               

                                         not                                   

     (80/20) : C                                                               

              141  120   0.2  0.2   820  peeled                                

                                               6    15    0    0               

                                         not                                   

     (50/50) : C                                                               

               18  15    0.2  0.2   390  peeled                                

                                               5.5  15.5  0    0               

     (20/80) : C                                                               

               10  9     0.2  0.2   190  660   5    16    0    0               

     (10/90) : C                                                               

               7   6     0.2  0.2   110  600   7    14    0    0               

     (2/98) : C                                                                

               3   4     0.2  0.2    0   560   8    13    10   0               

     (0/100) : C                                                               

               2   4     0.2  0.2    0   540   9    12    10   0               

     __________________________________________________________________________

PAC  EXAMPLE 22
PAR  A low density polyethylene having the same density and melt index as those
      of the low polyethylene used in Example 20 was mixed with an
      ethylene-vinyl acetate copolymer saponified product having the same
      ethylene content, saponification degree and intrinsic viscosity as those
      of the saponified copolymer used in Example 20, at a mixing weight ratio
      of 100 : 0, 98 : 2, 90 : 10, 80 : 20, 50 : 50, 20 : 80, 10 : 90, 2 : 98 or
      O : 100. Then, 100 parts by weight of the above mixture was incorporated
      with 10.0 parts by weight of Surlyn A (ionomer of Na.sup.+ type having a
      carbonyl concentration of 160 milliequivalents per 100 g of the polymer
      and a melt index of 1.2 g/10 min; product of Du Pont, U..S.A.). The
      mixture was dry-blended at room temperature for 3 minutes by means of a
      Henschel mixer.
PAR  The so obtained dry blend and the above-mentioned low density polyethylene
      were co-extruded by means of an intermediate layer extruder having a screw
      of a diameter of 40 mm and an effective length of 800 mm, an outer- and
      inner-layer extruder installed with a screw of a diameter of 65 mm and an
      effective length of 1430 mm and provided with an adaptor having a
      two-branched melt channel, and a three-ply die maintained at 190.degree.C.
      The above blend was extruded by the intermediate layer extruder and the
      above low density polyethylene was extruded by the outer- and inner-layer
      extruder. The co-extrudate was molded into an oval bottle having a
      symmetric three-layer laminate structure of an intermediate layer of the
      above three-component blend and outer and inner layers of the low density
      polyethylene, according to a known blow molding method. In each of the so
      obtained bottles, the thickness ratio of outer layer : intermediate layer
      : inner layer was 10 : 1 : 10 and the average total thickness was about
      1.2 mm. The inner volume of each bottle was about 850 cc. With respect to
      each bottle, the oxygen gas permeabilty QO.sub.2, water loss Lw, average
      interlaminar peel strength Sp and appearance App were determined according
      to the methods described in the text of the specification. The mixing
      ratio of the low density polyethylene (PO), the ethylene-vinyl acetate
      copolymer saponified product (EV-1) and the Surlyn A (C) in the blend
      layer (intermediate layer) and the properties, QO.sub.2, Lw, Sp and App of
      the bottles are shown in Table 26.
PAR  For comparison, bottles of a laminate structure were molded by employing
      the above low density polyethylene and ethylene-vinyl acetate copolymer
      saponified product as ingredients of the blend layer without using the
      above Surlyn A. (The mixing ratio of both polymers, the extrusion machine,
      the laminar structure of the bottle, the thickness ratio, the total
      thickness, the inner volume and the bottle configuration were the same as
      above.) Results of the determination of QO.sub.2, Lw, Sp and App made on
      these bottles are also shown in Table 26 (data appearing on columns of C =
      0).
TBL                                    Table 26                                

     __________________________________________________________________________

     Composition of                                                            

     Blend Layer                                                               

              Qo.sub.2   Lw         Sp         App        f.sub.10             

     (PO/Ev-1) : C                                                             

              [cc/m.sup.2.day.atm]                                             

                         [wt %]     [g/2 cm]   [points]   [%]                  

     __________________________________________________________________________

              C = 0                                                            

                   C = 15.0                                                    

                         C = 0                                                 

                              C = 15.0                                         

                                    C = 0                                      

                                         C = 15.0                              

                                               C = 0                           

                                                    C = 15.0                   

                                                          C = 0                

                                                               C               

     __________________________________________________________________________

                                                               = 15.0          

                                    not  not                                   

     (100/0) : C                                                               

              577  591   0.3  0.3   peeled                                     

                                         peeled                                

                                               11   10    0    0               

                                    not  not                                   

     (98/2) : C                                                                

              496  485   0.3  0.4   peeled                                     

                                         peeled                                

                                               8.5  12.5  0    0               

                                    not  not                                   

     (90/10) : C                                                               

              325  299   0.4  0.3   peeled                                     

                                         peeled                                

                                               6.5  14.5  0    0               

                                         not                                   

     (80/20) : C                                                               

               92  81    0.3  0.3   1040 peeled                                

                                               5    16    0    0               

                                         not                                   

     (50/50) : C                                                               

               16  13    0.3  0.3   690  peeled                                

                                               6    15    10   0               

                                         not                                   

     (20/80) : C                                                               

               6   5     0.3  0.4   400  peeled                                

                                               5    16    0    0               

     (10/90) : C                                                               

               4   3     0.4  0.4   230  1070  6.5  14.5  0    0               

     (2/98) : C                                                                

               2   2     0.4  0.4    90  660   7    14    0    0               

     (0/100) : C                                                               

               1   1     0.4  0.4    0   490   11.5 9.5   0    0               

     __________________________________________________________________________

PAC  EXAMPLE 23
PAR  A low density polyethylene having the same density and melt index as those
      of the low density polyethylene used in Example 22 was mixed with an
      ethylene-vinyl acetate copolymer saponified product having the same
      ethylene content, saponification degree and intrinsic viscosity as those
      of the saponified copolymer used in Example 22, at a mixing weight ratio
      of 100 : 0, 90 : 10, 50 : 50, 10 : 90, or 0 : 100. Then, 100 parts by
      weight of the above mixture was incorporated with 10.0 parts by weight of
      Surlyn A (ionomer of Na.sup.+ type having a carbonyl concentration of 160
      milliequivalents per 100 g of the polymer and a melt index of 1.2 g/10
      min; product of Du Pont, U.S.A.). The mixture was dry-blended at room
      temperature for 3 minutes by means of a Henschel mixer.
PAR  The so obtained dry blend and a mixture of 100 parts by weight of said low
      density polyethylene and 5 parts by weight of the above Surlyn A by means
      of an intermediate layer extruder having a screw of a diameter of 40 mm
      and an effective length of 800 mm, an outer- and inner-layer extruder
      installed with a screw of a diameter of 65 mm and an effective length of
      1430 mm and provided with an adaptor having a two-branched melt channel,
      and a three-ply die maintained at 190.degree.C. The above dry blend was
      extruded by the intermediate layer extruder and the above mixture of the
      low density polyethylene and Surlyn A was extruded by the outer- and
      inner-layer extruder. The co-extrudate was molded into an oval bottle
      having a symmetric three-layer laminate structure of an intermediate layer
      of the above three-component blend and outer and inner layers of the
      mixture of the low density polyethylene and Surlyn A, according to a known
      blow molding method. In each of the so obtained bottles, the thickness
      ratio of outer layer : intermediate layer : inner layer was 10 : 1 : 10
      and the average total thickness was about 1.2 mm. The inner volume of each
      bottom was about 850 cc. With respect to each bottle, the oxygen gas
      permeability QO.sub.2, water loss Lw, average interlaminar peel strength
      Sp and appearance App were determined according to the methods described
      in the text of the specification. The mixing ratio of the low density
      polyethylene (PO), the ethylene-vinyl acetate copolymer saponified product
      (EV-1) and the Surlyn A (C) in the blend layer (intermediate layer) and
      the properties, QO.sub.2, Lw, Sp and App of the bottles are shown in Table
      27.
PAR  For comparision, bottles of a laminate structure were molded by employing
      the above low density polyethylene as ingredient of the outer and inner
      layers without using the above Surlyn A. (The mixing ratio of blend layer
      polymers, the extrusion machine, the laminar structure of the bottle, the
      thickness ratio, the total thickness, the inner volume and the bottle
      configuration were the same as above.) Results of the determination of
      QO.sub.2, Lw, Sp and App made on these bottles are also shown in Table 27.
TBL                                    Table 27                                

     __________________________________________________________________________

     Composition of                                                            

     Blend Layer                                                               

              Qo.sub.2  Sp        App                                          

     (PO/Ev-1) : C                                                             

              [cc/m.sup.2.day.atm]                                             

                        [g/2 cm]  [points]                                     

     __________________________________________________________________________

              X   Y     X    Y    X    Y                                       

     __________________________________________________________________________

                        not  not                                               

     (100/0) : 10                                                              

              591 605   peeled                                                 

                             peeled                                            

                                  11   10                                      

                        not  not                                               

     (90/10) : 10                                                              

              299 301   peeled                                                 

                             peeled                                            

                                  10.5 10.5                                    

                        not  not                                               

     (50/50) : 10                                                              

               13  15   peeled                                                 

                             peeled                                            

                                  11   10                                      

     (10/90) : 10                                                              

               3   4    1070 1290 9.5  11.5                                    

     (0/100) : 10                                                              

               1   1     490  550 10   11                                      

     __________________________________________________________________________

      PO : low density polyethylene                                            

      X : PO alone was used in outer and inner layers                          

      Y : mixture of 100 parts by weight of PO and 5 parts by weight of Surlyn 

      was used in outer and inner layers                                       

PAC  EXAMPLE 24
PAR  A low density polyethylene having the same density and melt index as those
      of the low density polyethylene as used in Example 22 was mixed with an
      ethylene-vinyl acetate copolymer saponified product having the same
      ethylene content, saponification degree and intrinsic viscosity as those
      of the saponified copolymer used in Example 22, at a mixing weight ratio
      of 100 : 0, 90 : 10, 50 : 50, 10 : 90, or O : 100. Then, 100 parts by
      weight of the above mixture was incorporated with 10.0 parts by weight of
      Surlyn A (ionomer of Na.sup.+ type having a carbonyl concentration of 160
      milliequivalents per 100 g of the polymer and a melt index of 1.2 g/10
      min; product of Du Pont, U.S.A.). The mixture was dry-blended at room
      temperature for 3 minutes by means of a Henschel mixer. The so obtained
      dry blend and a dry blended mixture of 100 parts by weight of the
      above-mentioned low density polyethylene, 5 parts of the above saponified
      copolymer and 10 parts by weight of the above surlyn A were co-extruded by
      means of an intermediate layer extruder having a screw of a diameter of 40
      mm and an effective length of 800 mm, an outer- and inner-layer extruder
      installed with a screw of a diameter of 65 mm and an effective length of
      1430 mm and provided with an adaptor having a two-branched melt channel,
      and a three-ply die maintained at 190.degree.C. The former blend was
      extruded from the intermediate layer extruder and the latter blend was
      extruded from the outer- and inner-layer extruder. The co-extrudate was
      molded into an oval bottle having a symmetric three-layer laminate
      structure of an intermediate layer of the former blend and outer and inner
      layers of the latter blend according to a known blow molding method. In
      each of the so obtained bottles, the thickness ratio of outer layer :
      intermediate layer : inner layer was 10 : 1 : 10 and the average total
      thickness was about 1.2 mm. The inner volume of each bottom was about 850
      cc. With respect to each bottole, the oxygen gas permeability QO.sub.2,
      water loss Lw, average interlaminar peel strength Sp and appearance App
      were determined according to the methods described in the text of the
      specification. The mixing ratio of the low density polyethylene (PO), the
      ethylene-vinyl acetate copolymer saponified product (EV-1) and the Surlyn
      A (C) in the blend layer (intermediate layer) and the properties,
      QO.sub.2, Lw, Sp and App of the bottles are shown in Table 28.
PAR  For comparison, bottles of a laminate structure were molded by employing
      the above low density polyethylene alone in the outer and inner layers
      without using the above saponified copolymer and Surlyn A. (The mixing
      ratio of the polymers in the blend layers, the extrusion machine, the
      laminar structure of the bottle, the thickness ratio, the total thickness,
      the inner volume and the bottle configuration were the same as above.)
      Results of the determination of QO.sub.2, Lw, Sp and App made on these
      bottles are also shown in Table 28 (data appearing on columns of X).
TBL                                    Table 28                                

     __________________________________________________________________________

     Composition of                                                            

     Blend Layer                                                               

              Qo.sub.2  Lw      Sp       App                                   

     (PO/Ev-1) : C                                                             

              [cc/m.sup.2.day.atm]                                             

                        [wt %]  [g/2 cm] [points]                              

     __________________________________________________________________________

              X   Z     X   Z   X   Z    X    Z                                

     __________________________________________________________________________

                                not not                                        

     (100/0) : 10                                                              

              591 505   0.3 0.4 peeled                                         

                                    peeled                                     

                                         12   9                                

                                not not                                        

     (90/10) : 10                                                              

              299 180   0.4 0.5 peeled                                         

                                    peeled                                     

                                         10.5 10.5                             

                                not not                                        

     (50/50) : 10                                                              

               13 10    0.3 0.5 peeled                                         

                                    peeled                                     

                                         11   10                               

                                    not                                        

     (10/90) : 10                                                              

               3  2     0.4 0.5 1070                                           

                                    peeled                                     

                                         10   11                               

     (0/100) : 10                                                              

               1  &lt;1    0.4 0.5  490                                           

                                    760  11.5 9.5                              

     __________________________________________________________________________

      PO : low density polyethylene                                            

      X : low density polyethylene alone was used in outer and inner layers    

      Z : mixture of 100 parts by weight of low density polyethylene, 5 parts b

      weight of saponified copolymer and 10 parts by weight of Surlyn A was use

      in outer and inner layers.                                               

PAC  EXAMPLE 25
PAR  A low density polyethylene having a density of 0.920 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.3 g/10 min as measured
      according to ASTM D-1238 was mixed with an ethylene-vinyl acetate
      copolymer saponified product having an ethylene content of 49.4 mole %, a
      degree of saponification of 96.3 % and an intrinsic viscosity of 0.07 l/g,
      at a mixing weight ratio of 100 : 0, 98 : 2, 90 : 10, 80 : 20, 50 : 50, 20
      : 80, 10 : 90, 2 : 98 or 0 : 100. Then, 100 parts by weight of the above
      mixture was incorporated with 10.0 parts by weight of Surlyn A (ionomer of
      Na.sup.+ type having a carbonyl concentration of 160 milliequivalents per
      100 g of the polymer and a melt index of 1.2 g/10 min; product of Du Pont,
      U.S.A.). The mixture was dry-blended at room temperature for 3 minutes by
      means of a Henschel mixer.
PAR  The so obtained dry blend and the above-mentioned saponified copolymer were
      co-extruded by means of an intermediate layer extruder having a screw of a
      diameter of 40 mm and an effective length of 800 mm, an outer- and
      inner-layer extruder installed with a screw of a diameter of 65 mm and an
      effective length of 1430 mm and provided with an adaptor having a
      two-branched melt channel, and a three-ply die maintained at 175.degree.C.
      The above blend was extruded by the intermediate layer extruder and the
      above saponified copolymer was extruded by the outer- and inner-layer
      extruder. The co-extrudate was molded into an oval bottle having a
      symmetric three-layer laminate structure of an intermediate layer of the
      above three-component blend and outer and inner layers of the above
      saponified copolymer, according to a known blow molding method. In each of
      the so obtained bottles, the thickness ratio of outer layer : intermediate
      layer : inner layer was 4.5 : 1 : 4.5 and the average total thickness was
      about 600 .mu.. The inner volume of each bottom was about 280 cc. With
      respect to each bottle, the oxygen gas permeability QO.sub.2, water loss
      Lw, average interlaminar peel strength Sp and appearance App were
      determined according to the methods described in the text of the
      specification. The mixing ratio of the low density polyethylene (PO), the
      ethylene-vinyl acetate copolymer saponified product (EV-2 and the Surlyn A
      (C) in the blend layer (intermediate layer) and the properties, QO.sub.2,
      Lw, Sp and App of the bottles are shown in Table 29.
PAR  For comparison, bottles of a laminate structure were molded by employing
      the above low density polyethylene and ethylene-vinyl acetate copolymer
      saponified product as ingredients of the blend layer without using the
      above Surlyn A. (The mixing ratio of both polymers, the extrusion machine,
      the laminar structure of the bottle, the thickness ratio, the total
      thickness, the inner volume and the bottle configuration were the same as
      above.) Results of the determination of QO.sub.2, Lw, Sp and App made on
      these bottles are also shown in Table 29 (data appearing on columns of C =
      0).
TBL                                    Table 29                                

     __________________________________________________________________________

     Composition of                                                            

     Blend Layer                                                               

              Qo.sub.2   Lw         Sp            App                          

     (PO/EV-2) : C                                                             

              [cc/m.sup.2.day.atm]                                             

                         [wt %]     [g/2 cm]      [points]                     

     __________________________________________________________________________

              C = 0                                                            

                   C = 10.0                                                    

                         C = 0                                                 

                              C = 10.0                                         

                                    C = 0  C = 10.0                            

                                                  C = 0                        

                                                       C = 10.0                

     __________________________________________________________________________

     (100/0) : C                                                               

              17   18    0.7  0.8   10     480    12   9                       

     (98/2) : C                                                                

              18   17    0.7  0.8   270    750    5.5  15.5                    

     (90/10) : C                                                               

              17   17    0.8  0.8   580    920    1    20                      

     (80/20) : C                                                               

              17   17    0.9  1.0   810    1250   0    21                      

                                           not                                 

     (50/50) : C                                                               

              17   17    1.0  1.0   1120   peeled 0    21                      

                                    not    not                                 

     (20/80) : C                                                               

              17   17    1.5  1.4   peeled peeled 0    21                      

                                    not    not                                 

     (10/90) : C                                                               

              17   17    2.7  2.6   peeled peeled 2    19                      

                                    not    not                                 

     (2/98) : C                                                                

              17   17    3.9  3.7   peeled peeled 4.5  16.5                    

                                    not    not                                 

     (0/100) : C                                                               

              17   17    4.1  3.9   peeled peeled 10.5 10.5                    

     __________________________________________________________________________

PAC  EXAMPLE 26
PAR  A high density polyethylene having a density of 0.950 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.2 g/10 min as measured
      according to ASTM D-1238 was mixed with an ethylene-vinyl acetate
      copolymer saponified product having an ethylene content of 25.4 mole %, a
      degree of saponification of 99.2 % and an intrinsic viscosity of 0.08 l/g,
      at a mixing weight ratio of 100 : 0, 50 : 50, or 0 : 100. Then, 100 parts
      by weight of the above mixture was incorporated with 15.0 parts by weight
      of an acrylic acid-grafted polyethylene having a carbonyl concentration of
      250 milliequivalents per 100 g of the polymer and a melt index of 0.9 g/10
      min. The mixture was dry-blended at room temperature for 3 minutes by
      means of a Henschel mixer.
PAR  The so obtained dry blend was heated, kneaded and pelletized by means of a
      pelletizer having a screw of a diameter of 40 mm and an effective length
      of 1120 mm (screw rotation rate = 34 rpm; die temperature = 185.degree.C.)
      The so obtained pelletized blend and the above-mentioned high density
      polyethylene were co-extruded by means of an intermediate layer extruder
      having a screw of a diameter of 40 mm and an effective length of 800 mm,
      an outer- and inner-layer extruder installed with a screw of a diameter of
      65 mm and an effective length of 1430 mm and provided with an adaptor
      having a two-branched melt channel, and a three-ply die maintained at
      210.degree.C. The above blend was extruded by the intermediate layer
      extruder and the above low density polyethylene was extruded by the outer-
      and inner-layer extruder. The co-extrudate was molded into a cylindrical
      bottle having a symmetric three-layer laminate structure of an
      intermediate layer of the above three-component blend and outer and inner
      layers of the high density polyethylene, according to a known blow molding
      method. In each of the so obtained bottles, the thickness ratio of outer
      layer : intermediate layer : inner layer was 10 : 1 : 10 and the average
      total thickness was about 600 .mu.. The inner volume of each bottom was
      about 450 cc. With respect to each bottle, the oxygen gas permeability
      QO.sub.2, water loss Lw, average interlaminar peel strength Sp and
      appearance App were determined according to the methods described in the
      text of the specification. The mixing ratio of the low density
      polyethylene (PO), the ethylene-vinyl acetate copolymer saponified product
      (EV-1) and the acrylic acid-grafted polyethylene (C) in the blend layer
      (intermediate layer) and the properties, QO.sub.2, Lw, Sp and App of the
      bottles are shown in Table 30.
PAR  For comparison, bottles of a laminate structure were molded by employing
      the above high density polyethylene and ethylene-vinyl acetate copolymer
      saponified product as ingredients of the blend layer. (The mixing ratio of
      both polymers, the extrusion machine, the laminar structure of the bottle,
      the thickness ratio, the total thickness, the inner volume and the bottle
      configuration were the same as above.) Results of the determination of
      QO.sub.2, Lw, Sp and App made on these bottles are also shown in Table 30
      (data appearing on columns of C = 0).
TBL                                    Table 39                                

     __________________________________________________________________________

     Composition of                                                            

     Blend Layer                                                               

              Qo.sub.2   Lw         Sp        App                              

     (PO/Ev - 1) : C                                                           

              cc/m.sup.2.day.atm                                               

                         wt %       g/2 cm    points                           

     __________________________________________________________________________

              C = 0                                                            

                   C = 15.0                                                    

                         C = 0                                                 

                              C = 15.0                                         

                                    C = 0                                      

                                         C = 15.0                              

                                              C = 0                            

                                                   C = 15.0                    

     __________________________________________________________________________

                                    not  not                                   

     (100/0) : C                                                               

              449  460   0.2  0.2   peeled                                     

                                         peeled                                

                                              10.5 10.5                        

     (50/50) : C                                                               

               35   34   0.2  0.2   650  820  7.5  13.5                        

     (0/100) : C                                                               

               5    6    0.2  0.2    0   160  10   11                          

     __________________________________________________________________________

PAC  EXAMPLE 27
PAR  The pelletized blend obtained in Example 26 and a high density polyethylene
      having a density of 0.950 g/cc and a melt index of 0.2 g/10 min were
      co-extruded by means of an intermediate layer extruder having a screw of a
      diameter of 40 mm and an effective length of 800 mm, an outer- and
      inner-layer extruder installed with a screw of a diameter of 65 mm and an
      effective length of 1430 mm and provided with an adaptor having a
      two-branched melt channel, and a three-ply die maintained at 220.degree.C.
      The above blend was extruded by the intermediate layer extruder and the
      above high density polyethylene was extruded by the outer- and inner-layer
      extruder. The co-extrudate was molded into a sheet having a symmetric
      three-layer laminate structure of an intermediate layer of the above
      three-component blend and outer and inner layers of the high density
      polyethylene, according to a known extrusion molding method using a P die.
      In each of the so obtained sheets, the thickness ratio of outer layer :
      intermediate layer : inner layer was 4.5 : 1 : 4.5 and the average total
      thickness was about 600 .mu.. With respect to each sheet, the oxygen gas
      permeability QO.sub.2, average interlaminar peel strength Sp and
      appearance App were determined according to the methods described in the
      text of the specification. The mixing ratio of the high density
      polyethylene (PO), the ethylene-vinyl acetate copolymer saponified product
      (EV-1) and the acrylic acid-grafted polyethylene (C) in the blend layer
      (intermediate layer) and the properties, QO.sub.2, Sp and App of the
      bottles are shown in Table 31.
PAR  For comparison, sheets of a laminate structure were molded by employing the
      above high density polyethylene and ethylene-vinyl acetate copolymer
      saponified product as ingredients of the blend layer without using the
      above acrylic acid-grafted polyethylene. (The mixing ratio of both
      polymers, the extrusion machine, the laminar structure of the sheet, the
      thickness ratio and the total thickness were the same as above.) Results
      of the determination of QO.sub.2, Sp and App made on these bottles are
      also shown in Table 31 (data appearing on columns of C = 0).
TBL                                    Table 31                                

     __________________________________________________________________________

     Composition of                                                            

     Blend Layer                                                               

              Qo.sub.2    Sp          App                                      

     (PO/EV - 1) : C                                                           

              cc/m.sup.2.day.atm                                               

                          g/2 cm      points                                   

     __________________________________________________________________________

              C = 0 C = 15.0                                                   

                          C = 0 C = 15.0                                       

                                      C = 0                                    

                                           C = 15.0                            

     __________________________________________________________________________

                          not   not                                            

     (100/0) : C                                                               

              903   907   peeled                                               

                                peeled                                         

                                      11   10                                  

     (50/50) : C                                                               

              36    37    630   790   5    16                                  

     (0/100) : C                                                               

              5     6     0     140   10   11                                  

     __________________________________________________________________________

PAC  EXAMPLE 28
PAR  An isotactic polypropylene having a density of 0.906 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.8 g/10 min as measured
      according to ASTM D-1238 was mixed with an ethylene-vinyl acetate
      copolymer saponified product having an ethylene content of 25.4 mole %, a
      degree of saponification of 9.2 % and an intrinsic viscosity of 0.16 l/g,
      at a mixing weight ratio of 100 : 0, 98 : 2, 90 : 10, 80 : 20, 50 : 50, 20
      : 80, 10 : 90, 2 : 98 or 0 : 100. Then, 100 parts by weight of the above
      mixture was incorporated with 5.0 parts by weight of a maleic
      anhydride-modified polypropylene having a carbonyl concentration of 150
      milliequivalents per 100 g of the polymer and a melt index of 6.1 g/10
      min. The mixture was dry-blended at room temperature for 3 minutes by
      means of a Henschel mixer.
PAR  The so obtained dry blend and the above-mentioned saponified copolymer were
      co-extruded by means of an intermediate layer extruder having a screw of a
      diameter of 40 mm and an effective length of 800 mm, an outer- and
      inner-layer extruder installed with a screw of a diameter of 65 mm and an
      effective length of 1430 mm and provided with an adaptor having a
      two-branched melt channel, and a three-ply die maintained at 190.degree.C.
      The above blend was extruded by the intermediate layer extruder and the
      above saponified copolymer was extruded by the outer- and inner-layer
      extruder. The co-extrudate was molded into an oval bottle having a
      symmetric three-layer laminate structure of an intermediate layer of the
      above three-component blend and outer and inner layers of the saponified
      copolymer, according to a known blow molding method. In each of the so
      obtained bottles, the thickness ratio of outer layer : intermediate layer
      : inner layer was 4.5 : 1 : 4.5 and the average total thickness was about
      600 .mu.. The inner volume of each bottom was about 280 cc. With respect
      to each bottle, the oxygen gas permeability QO.sub.2, water loss Lw,
      average interlaminar peel strength Sp and appearance App were determined
      according to the methods described in the text of the specification. The
      mixing ratio of the isotactic polypropylene (PO), the ethylene-vinyl
      acetate copolymer saponified product (EV-1) and the maleic
      anhydride-modified polypropylene (C) in the blend layer (intermediate
      layer) and the properties, QO.sub.2, Lw Sp and App of the bottles are
      shown in Table 32.
PAR  For comparison, bottles of a laminate structure were molded by employing
      the above isotactic polypropylene and ethylene-vinyl acetate copolymer
      saponified product as ingredients of the blend layer without using the
      above Surlyn A maleic anhydride-modified polypropylene. (The mixing ratio
      of both polymers, the extrusion machine, the laminar structure of the
      bottle, the thickness ratio, the total thickness, the inner volume and the
      bottle configuration were the same as above.) Results of the determination
      of QO.sub.2, Lw, Sp and App made on these bottles are also shown in Table
      32 (data appearing on columns of C=0).
TBL                                    Table 32                                

     __________________________________________________________________________

     Composition of                                                            

     Blend Layer                                                               

              Qo.sub.2   Lw         Sp         App                             

     (PO/EV - 1) : C                                                           

              [cc/m.sup.2.day.atm]                                             

                         [wt %]     [g/2 cm]   [points]                        

     __________________________________________________________________________

              C = 0                                                            

                   C = 5.0                                                     

                         C = 0                                                 

                              C = 5.0                                          

                                    C = 0                                      

                                         C = 5.0                               

                                               C = 0                           

                                                    C = 5.0                    

     __________________________________________________________________________

     (100/0) : C                                                               

              &lt;1   &lt;1    0.4  0.5    0    60   9.5  11.5                       

     (98/2) : C                                                                

              &lt;1   &lt;1    0.5  0.6    40  160   7.5  13.5                       

     (90/10) : C                                                               

              &lt;1   &lt;1    0.6  0.7   300  430   2.5  18.5                       

     (80/20) : C                                                               

              &lt;1   &lt;1    0.9  0.9   570  620   0    21                         

     (50/50) : C                                                               

              &lt;1   &lt;1    1.2  1.3   670  810   0    21                         

     (20/80) : C                                                               

              &lt;1   &lt;1    2.3  2.3   820  1090  0    21                         

                                    not  not                                   

     (10/90) : C                                                               

              &lt;1   &lt;1    3.6  3.6   peeled                                     

                                         peeled                                

                                               1    20                         

                                    not  not                                   

     (2/98) : C                                                                

              &lt;1   &lt;1    4.8  4.8   peeled                                     

                                         peeled                                

                                               10   11                         

                                    not  not                                   

     (0/100) : C                                                               

              &lt;1   &lt;1    6.3  6.3   peeled                                     

                                         peeled                                

                                               12   9                          

     __________________________________________________________________________

PAC  EXAMPLE 29
PAR  A high density polyethylene having a density of 0.925 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.2 g/10 min as measured
      according to ASTM D-1238 was mixed with an ethylene-vinyl acetate
      copolymer saponified product having an ethylene content of 25.4 mole %, a
      degree of saponification of 99.2 %, and an intrinsic viscosity of 0.08
      l/g, at a mixing weight ratio of 100 : 0, or 0 : 100. Then, 100 parts by
      weight of the above mixture was incorporated with 10.0 parts by weight of
      an ethylene-maleic anhydride copolymer having a carbonyl concentration of
      420 milliequivalents per 100 g of the polymer and a melt index of 1.8 g/10
      min. The mixture was dry-blended at room temperature for 3 minutes by
      means of a Henschel mixer.
PAR  The so obtained dry blend and the above-mentioned saponified copolymer were
      co-extruded by means of an inner layer extruder having a screw of a
      diameter of 40 mm and an effective length of 800 mm, an outer layer
      extruder installed with a screw of a diameter of 65 mm and an effective
      length of 1430 mm and a two-ply die maintained at 210.degree.C. The above
      blend was extruded by the outer layer extruder and the above saponified
      copolymer was extruded by the inner layer extruder. The co-extrudate was
      molded into a cylindrical bottle having a symmetric two-layer laminate
      structure of an inner layer of the above saponified copolymer and an outer
      layer of the above blend according to a known blow molding method. In each
      of the so obtained bottles, the thickness ratio of outer layer: inner
      layer was 20 : 1 and the average total thickness was about 1.2 mm. The
      inner volume of each bottom was about 630 cc. With respect to each bottle,
      the oxygen gas permeability QO.sub.2, water loss Lw, average interlaminar
      peel strength Sp and appearance App were determined according to the
      methods described in the text of the specification. The mixing ratio of
      the high density polyethylene (PO), the ethylene-vinyl acetate copolymer
      saponified product (EV-1) and the ethylene-maleic anhydride copolymer (C)
      in the blend layer (outer layer) and the properties, QO.sub.2, Lw, Sp and
      App of the bottles are shown in Table 33.
PAR  For comparison, bottles of a laminate structure were molded by employing
      the above high density polyethylene and ethylene-vinyl acetate copolymer
      saponified product as ingredients of the blend layer without using the
      above ethylene-maleic anhydride copolymer. (The mixing ratio of both
      polymers, the extrusion machine, the laminar structure of the bottle, the
      thickness ratio, the total thickness, the inner volume and the bottle
      configuration were the same as above.) Results of the determination of
      QO.sub.2, Lw, Sp and App made on these bottles are also shown in Table 33
      (data appearing on columns of C = 0).
TBL                                    Table 33                                

     __________________________________________________________________________

     Composition of                                                            

     Blend Layer                                                               

              Qo.sub.2   Lw         f.sub.10    Sp         App                 

     (PO/EV-1) : C                                                             

              cc/m.sup.2.day.atm                                               

                         wt %       %           g/2 cm     points              

     __________________________________________________________________________

              C = 0                                                            

                   C = 10.0                                                    

                         C = 0                                                 

                              C = 10.0                                         

                                    C = 0 C = 10.0                             

                                                C = 0                          

                                                     C = 10.0                  

                                                           C                   

                                                               C               

     __________________________________________________________________________

                                                               = 10.0          

     (100/0) : C                                                               

              2    2     0.2  0.4   10    10     0   130   11  10              

     (80/20) : C                                                               

              2    2     0.5  0.6   40    20    420  660    0  21              

                                                not  not                       

     (0/100) : C                                                               

              &lt;1   &lt;1    6.3  6.0   100   90    peeled                         

                                                     peeled                    

                                                           11  10              

     __________________________________________________________________________

PAC  EXAMPLE 30
PAR  A medium density polyethylene having a density of 0.935 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.8 g/10 min as measured
      according to ASTM D-1238 was mixed with an ethylene-vinyl acetate
      copolymer saponified product having an ethylene content of 25.4 mole %, a
      degree of saponification of 99.2 % and an intrinsic viscosity of 0.10 l/g,
      at a mixing weight ratio of 100 : 0, 80 : 20, or 0 : 100. Then, 100 parts
      by weight of the above mixture was incorporated with 10.0 parts by weight
      of Surlyn A (ionomer of Zn.sup.+ type having a carbonyl concentration of
      210 milliequivalents per 100 g of the polymer and a melt index of 0.7 g/10
      min; product of Du Pont, U.S.A.). The mixture was dry-blended at room
      temperature for 3 minutes by means of a Henschel mixer.
PAR  The so obtained dry blend and the above-mentioned medium density
      polyethylene were co-extruded by means of an inner layer extruder having a
      screw of a diameter of 40 mm and an effective length of 800 mm, an outer
      layer extruder installed with a screw of a diameter of 65 mm and an
      effective length of 1430 mm and a two-ply die maintained at 200.degree.C.
      The above blend was extruded by the outer layer extruder and the above
      medium density polyethylene was extruded by the inner layer extruder. The
      co-extrudate was molded into an oval bottle having an asymmetric two-layer
      laminate structure of an outer layer of the above three-component blend
      and an inner layer of the medium density polyethylene, according to a
      known blow molding method. In each of the so obtained bottles, the
      thickness ratio of outer layer : inner layer was 1 : 20 and the average
      total thickness was about 1.2 mm. The inner volume of each bottom was
      about 650 cc. With respect to each bottle, the oxygen gas permeability
      QO.sub.2, water loss Lw, average interlaminar peel strength Sp and
      appearance App were determined according to the methods described in the
      text of the specification. The mixing ratio of the medium density
      polyethylene (PO), the ethylene-vinyl acetate copolymer saponified product
      (EV-1) and the Surlyn A (C) in the blend layer (outer layer) and the
      properties, QO.sub.2, Lw, Sp and App of the bottles are shown in Table 34.
PAR  For comparison, bottles of a laminate structure were molded by employing
      the above medium density polyethylene and ethylene-vinyl acetate copolymer
      saponified product as ingredients of the blend layer (outer layer) without
      using the above Surlyn A. (The mixing ratio of both polymers, the
      extrusion machine, the laminar structure of the bottle, the thickness
      ratio, the total thickness, the inner volume and the bottle configuration
      were the same as above.) Results of the determination of QO.sub.2, Lw, Sp
      and App made on these bottles are also shown in Table 34 (data appearing
      on columns of C = 0).
TBL                                    Table 34                                

     __________________________________________________________________________

     Composition of                                                            

     Blend Layer                                                               

              Qo.sub.2   Lw         Sp         App                             

     (PO/EV-1) : C                                                             

              [cc/m.sup.2.day.atm]                                             

                         [wt %]     [g/2 cm]   [points]                        

     __________________________________________________________________________

              C = 0                                                            

                   C = 10.0                                                    

                         C = 0                                                 

                              C = 10.0                                         

                                    C = 0                                      

                                         C = 10.0                              

                                               C = 0                           

                                                    C = 10.0                   

     __________________________________________________________________________

                                    not  not                                   

     (100/0) : C                                                               

              711  719   0.5  0.5   peeled                                     

                                         peeled                                

                                               11   10                         

     (20/80) : C                                                               

               8   7     0.6  0.6   270  710   0.5  20.5                       

     (0/100) : C                                                               

               2   2     0.6  0.5    0   390   10.5 10.5                       

     __________________________________________________________________________

PAC  EXAMPLE 31
PAR  A high density polyethylene having a density of 0.950 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.2 g/10 min as measured
      according to ASTM-D 1238 and a low density polyethylene having a density
      of 0.920 g/cc and a melt index of 0.5 g/10 min were dry-blended at a
      mixing weight ratio of 50/50. The dry blend was heated and kneaded by
      means of a melletizer having a screw of a diameter of 40 mm and an
      effective length of 1120 mm (screw rotation rate = 50 rpm; die temperature
      = 200.degree.C.) to obtain a medium density polyethylene having a density
      of 0.935 g/cc and a melt index of 0.3 g/10 min. The so obtained medium
      density polyethylene was mixed with an ethylene-vinyl acetate copolymer
      saponified product having an ethylene content of 25.4 mole %, a degree of
      saponification of 99.2 % and an intrinsic viscosity of 0.10 l/g, at a
      mixing weight ratio of 100 : 0, 20 : 80, or 0 : 100. Then, 100 parts by
      weight of the above mixture was incorporated with 10.0 parts by weight of
      Surlyn A (ionomer of Na.sup.+ type having a carbonyl concentration of 160
      milliequivalents per 100 g of the polymer and a melt index of 1.2 g/10
      min; product of Du Pont, U.S.A.). The mixture was dry-blended at room
      temperature for 3 minutes by means of a Henschel mixer.
PAR  The so obtained dry blend and the above-mentioned medium density
      polyethylene were co-extruded by means of an inner layer extruder having a
      screw of a diameter of 40 mm and an effective length of 800 mm, an outer
      layer extruder installed with a screw of a diameter of 65 mm and an
      effective length of 1430 mm and a two-ply die maintained at 200.degree.C.
      The above blend was extruded by the outer layer extruder and the above
      medium density polyethylene was extruded by the inner layer extruder. The
      co-extrudate was molded into an oval bottle having an asymmetric two-layer
      laminate structure of an inner layer of the above medium density
      polyethylene and an outer layer of the three-component blend, according to
      a known blow molding method. In each of the so obtained bottles, the
      thickness ratio of outer layer : inner layer was 1 : 20 and the average
      total thickness was about 1.2 mm. The inner volume of each bottom was
      about 650 cc. With respect to each bottole, the oxygen gas permeability
      QO.sub.2, water loss Lw, average interlaminar peel strength Sp and
      appearance App were determined according to the methods described in the
      text of the specification. The mixing ratio of the medium density
      polyethylene (PO), the ethylene-vinyl acetate copolymer saponified product
      (EV-1) and the Surlyn A (C) in the blend layer (outer layer) and the
      properties, QO.sub.2, Lw, Sp and App of the bottles are shown in Table 35.
PAR  For comparison, bottles of a laminate structure were molded by employing
      the above medium density polyethylene and ethylene-vinyl acetate copolymer
      saponified product as ingredients of the blend layer (outer layer) without
      using the above Surlyn A. (The mixing ratio of both polymers, the
      extrusion machine, the laminar structure of the bottle, the thickness
      ratio, the total thickness, the inner volume and the bottle configuration
      were the same as above.) Results of the determination of QO.sub.2, Lw, Sp
      and App made on these bottles are also shown in Table 35 (data appearing
      on columns of C = 0).
TBL                                    Table 35                                

     __________________________________________________________________________

     Composition of                                                            

     Blend Layer                                                               

              Qo.sub.2   Lw         Sp         App                             

     (PO/EV-1) : C                                                             

              cc/m.sup.2.day.atm                                               

                         wt %       g/2 cm     points                          

     __________________________________________________________________________

              C = 0                                                            

                   C = 10.0                                                    

                         C = 0                                                 

                              C = 10.0                                         

                                    C = 0                                      

                                         C = 10.0                              

                                               C = 0                           

                                                    C = 10.0                   

     __________________________________________________________________________

                                    not  not                                   

     (100/0) : C                                                               

              729  740   0.5  0.5   peeled                                     

                                         peeled                                

                                               10.5 10.5                       

     (20/80) : C                                                               

               7   7     0.5  0.5   350  800   1    20                         

     (0/100) : C                                                               

               2   2     0.5  0.5    0   440   11.5 9.5                        

     __________________________________________________________________________

PAC  EXAMPLE 32
PAR  A low density polyethylene having a density of 0.928 g/cc as measured
      according to ASTM D-1505 and a melt index of 3.0 g/10 min as measured
      according to ASTM D-1238 was mixed with an ethylene-vinyl acetate
      copolymer saponified product having an ethylene content of 25.4 mole %, a
      degree of saponification of 99.2% and an intrinsic viscosity of 0.16 l/g,
      at a mixing weight ratio of 100 : 0, 90 : 10, or 0 : 100. Then, 100 parts
      by weight of the above mixture was incorporated with 10.0 parts by weight
      of Surlyn A (ionomer of Na.sup.+ type having a carbonyl concentration of
      160 milliequivalents per 100 g of the polymer and a melt index of 1.2 g/10
      min; product of Du Pont, U.S.A.). The mixture was dry-blended at room
      temperature for 3 minutes by means of a Henschel mixer.
PAR  The so obtained dry blend was heated, kneaded and pelletized by means of a
      transfer mix having a screw of a diameter of 82.5 mm and an effective
      length of 1335 mm (special kneader manufactured by Ishikawajima Harima
      Heavy Industries) (screw rotation rate = 34 rpm; die temperature =
      185.degree.C.). The so obtained pelletized blend and the above-mentioned
      saponified copolymer were coextruded by means of an inner layer extruder
      having a screw of a diameter of 40 mm and an effective length of 800 mm,
      an outer layer extruder installed with screw of a diameter of 65 mm and an
      effective length of 1430 mm and a two-ply inflation die maintained at
      190.degree.C. The above blend was extruded by the inner layer extruder and
      the above saponified copolymer was extruded by the outer layer extruder.
      The co-extrudate was molded into a film having an asymmetric two-layer
      laminate structure of an intermediate layer of the above three-component
      blend and an outer layer of the saponified copolymer, according to a known
      inflation molding method. In each of the so obtained film, the thickness
      ratio of outer layer : inner layer was 1 : 1 and the average total
      thickness was about 100 .mu..
PAR  The oxygen gas permeability QO.sub.2 of each of the so obtained film was
      determined according to the text of the specification to obtain results
      shown in Table 36. Results obtained when the determination was conducted
      while adjusting the outside relative humidity (relative humidity on the
      high pressure side) are also shown in Table 36.
PAR  The above laminate film was molded into a bag having a length of 170 mm and
      a width of 115 mm by means of a heat sealer. The resulting bag was filled
      with about 200 cc of water or edible oil and an opening was heat sealed.
      Then, the bag was allowed to stand at a temperature of 50.degree.C. and a
      relative humidity of 10 % for 21 days. The interlaminar delamination state
      was observed to obtain results shown in Table 37.
TBL                Table 37                                                    

     ______________________________________                                    

     Composition of                                                            

                  Change in Appearance                                         

     Blend Layer  (delamination state)                                         

                  after 21 days                                                

                  Content                                                      

     (PO/EV- 1): c                                                             

                  pf Bag     C =0       C =10.0                                

     ______________________________________                                    

                  Water      O          O                                      

     (100/0) : C                                                               

                  Edible                                                       

                  Oil        X          O                                      

                  Water      O          O                                      

     (90/10) : C                                                               

                  Edible                                                       

                  Oil        O          O                                      

     ______________________________________                                    

      O : delamination was not observed?                                       

      X : delamination was observed                                            

PAR  The appearance App was evaluated with respect to the above laminate film
      (film of C - 10.0 in the Table) and the laminate film having a blend layer
      free of the above Surlyn A (film of C = 0 in the above Table). The former
      film got 21 points but the score of the latter film was 0 point.
PAC  EXAMPLE 33
PAR  An ethylene-vinyl acetate copolymer saponified product having the same
      properties as those of the saponified copolymer used in Example 32 and the
      same kneaded pelletized blend as used in Example 32 were co-extruded by
      means of an inner layer extruder having a screw of a diameter of 40 mm and
      an effective length of 800 mm, an outer layer extruder installed with a
      screw of a diameter of 65 mm and an effective length of 1430 mm and a
      two-ply inflation die maintained at 190.degree.C. The above blend was
      extruded by the outer layer extruder and the above saponfied copolymer was
      extruded by the inner-layer extruder. The co-extrudate was molded into a
      film having an asymmetric two-layer laminate structure of an inner layer
      of the above saponified copolymer and an outer layer of the above
      three-component blend, according to a known inflation molding method. In
      each of the so obtained films, the thickness ratio of outer layer : inner
      layer was 1 : 1 and the average total thickness was about 100 .mu..
PAR  The oxygen gas permeability QO.sub.2 of each of the so obtained films was
      determined according to the method described in the text of the
      specification to obtain results shown in Table 38. Results obtained when
      the measurement was conducted by adjusting the outside relative humidity
      (relative humidity on the high pressure side) are also shown in Table 38.
TBL                Table 38                                                    

     ______________________________________                                    

     Composition of                                                            

     Blend Layer  Oxygen Permeability Qo.sub.2                                 

     (PO/EV - 1) : C                                                           

                  Outside    Qo.sub.2 [cc/m.sup.2.day.atm]                     

                Humidity C = 0      C = 10.0                                   

     ______________________________________                                    

                  15 % R H   2          2                                      

     (100/0) : C                                                               

                  75 % R H   2          3                                      

                  15 % R H   2          2                                      

     (90/10) : C                                                               

                  75 % R H   3          3                                      

     ______________________________________                                    

PAR  The above laminate film was molded into a bag of a length of 170 mm and a
      width of 115 mm by means of a heat sealer, and 200 cc of water or edible
      oil was filled in the so obtained bag. An opening was heat sealed and the
      bag was allowed to stand at a temperature of 50 C. and a relative humidity
      of 10 % for 21 days. Then, the interlaminar delamination state was
      examined to obtain results shown in Table 39.
TBL                Table 39                                                    

     ______________________________________                                    

     Composition of                                                            

                  Appearance Change                                            

     Blend Layer  after 21 Days                                                

     (PO/EV - 1) : C                                                           

                  Content    Delamination State                                

                       C = 0    C = 10.0                                       

     ______________________________________                                    

                  Water      X          O                                      

     (100/0) : C                                                               

                  Edible                                                       

                  Oil        O          O                                      

                  Water      O          O                                      

     (90/10) : C                                                               

                  Edible                                                       

                  Oil        O          O                                      

     ______________________________________                                    

      O : delamination was not observed                                        

      X : delamination was observed                                            

PAR  The above laminate film (film of C = 10.0 in the Table) and the laminate
      film having a Surlyn A-free blend layer (film of C -- 0 in the Table) were
      evaluated with respect to appearance App according to the method described
      in the text of the specification. Points of 19.5 were given to the former
      film, but the score of the latter film was only 1.5 points.
PAC  EXAMPLE 34
PAR  A high density polyethylene having a density of 0.950 g/cc and a melt index
      of 0.2 g/10 min, a low density polyethylene having a density of 0.920 g/cc
      and a melt index of 0.5 g/10 min and a polyisobutylene having a viscosity
      average molecular weight of about 1000000 were dry blended at a mixing
      weight ratio of 60 : 20 : 20. The resulting blend was heated, kneaded and
      pelletized by means of a pelletizer having a screw of a diameter of 40 mm
      and an effective length of 1120 mm (screw rotation ratio = 34  rpm; die
      temperature = 185.degree.C.). The so obtained pelletized blend (PO-B) was
      mixed with an ethylene-vinyl acetate copolymer saponified product having
      the same physical properties as those of the saponified copolymer used in
      Example 32 at a mixing weight ratio of 100 : 0, 50 : 50, or 0 : 100. Then,
      100 parts by weight of the above mixture was incorporated with 15.0 parts
      by weight of Surlyn A (ionomer of Na.sup.+ type having a carbonyl
      concentration of 160 milliequivalents per 100 g of the polymer and a melt
      index of 1.2 g/10 min; product of Du Pont, U.S.A.). The mixture was
      dry-blended at room temperature for 3 minutes by means of a Henschel
      mixer.
PAR  The so obtained dry blend and the above-mentioned high density polyethylene
      were co-extruded by means of an inner layer extruder having a screw of a
      diameter of 40 mm and an effective length of 800 mm, an outer layer
      extruder installed with a screw of a diameter of 65 mm and an effective
      length of 1430 mm and a two-ply die maintained at 220.degree.C. The above
      blend was extruded by the outer layer extruder and the above high density
      polyethylene was extruded by the inner-layer extruder. The co-extrudate
      was molded into an oval bottle having an asymmetric two-layer laminate
      structure of an outer layer of the above blend and an inner layer of the
      high density polyethylene, according to a known blow molding method. In
      each of the so obtained bottles, the thickness ratio of outer layer :
      inner layer was 1 : 4 and the average total thickness was about 850 .mu..
      The inner volume of each bottom was about 550 cc. With respect to each
      bottole, the oxygen gas permeability QO.sub.2, water loss Lw, average
      interlaminar peel strength Sp and appearance App were determined according
      to the methods described in the text of the specification. The mixing
      ratio of the pelletized blend (PO-B), the ethylene-vinyl acetate copolymer
      saponified product (EV-1) and the Surlyn A (C) in the blend layer (outer
      layer) and the properties, QO.sub.2, Lw, Sp and App of the bottles are
      shown in Table 40.
PAR  For comparison, bottles of a laminate structure were molded by employing
      the above high density polyethylene (PO-A) ethylene-vinyl acetate
      copolymer saponified product and Surlyn A as ingredients of the blend
      layer (outer layer) without using the above pelletized blend and by
      employing the above high density polyethylene and saponified product alone
      as ingredients of the blend layer without employing the pelletized blend
      or Surlyn A. (The mixing ratio of polymers in the blend layer, the
      extrusion machine, the laminar structure of the bottle, the thickness
      ratio, the total thickness, the inner volume and the bottle configuration
      were the same as above.) Results of the determination of QO.sub.2, Lw Sp
      and App made on these bottles are also shown in Table 40.
PAR  From the results shown in Table 40, it is seen that the falling strength
      f.sub.10 could be improved by addition of the polyisobutylene without
      substantial degradation of QO.sub.2 and Sp.
PAR  Further, bottles formed by incorporating the above high density
      polyethylene (PO-A) into the blend layer and by incorporating the above
      pelletized blend (PO-B) were compared with respect to the appearance App
      to obtain results shown in Table 41.
PAR  From results of Tables 40 and 41, it is seen that the appearance could be
      improved by addition of Surlyn A as the component (C) and this improvement
      was not substantially damaged by addition of the polyisobutylene.
TBL                                    Table 40                                

     __________________________________________________________________________

     Composition of                                                            

     Blend Layer    Qo.sub.2    f.sub.10  Sp         App                       

     (PO/EV -1) : C cc/m.sup.2.day.atm                                         

                                %         g/2 cm     points                    

     __________________________________________________________________________

                    C = 0 C = 15.0                                             

                                C = 0                                          

                                    C = 15.0                                   

                                          C = 0                                

                                               C = 15.0                        

                                                     C = 0                     

                                                          C = 15.0             

     __________________________________________________________________________

     (PO-A/EV-1) : C=(100/0): C                                                

                    761   764   10  10    not  not   10.5 10.5                 

                                          peeled                               

                                               peeled                          

     (PO-A/EV-1) : C=(50/50): C                                                

                    27    28    60  20    610  780   0    21                   

     (PO-B/EV-1) : C=(50/50): C                                                

                    29    29    30  0     620  800   0    21                   

     __________________________________________________________________________

      PO-A: HDPE/LDPE/PIB=100/0/0                                              

      PO-B: HDPE/LDPE/PIB=60/20/20                                             

TBL                Table 41                                                    

     ______________________________________                                    

     App (points)                                                              

     ______________________________________                                    

     PO-A             PO-B                                                     

     11               10                                                       

     ______________________________________                                    

      *Composition of Blend Layer: (PO/EV-1) : C = (50/50) : 15                

PAC  EXAMPLE 35
PAR  A high density polyethylene having a density of 0.950 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.2 g/10 min as measured
      according to ASTM D-1238 was mixed with an ethylenevinyl acetate copolymer
      saponified product having an ethylene content of 40.1 mole %, a degree of
      saponification of 99.1 % and an intrinsic viscosity of 0.09 l/g, at a
      mixing weight ratio of 60 : 40. Then, 100 parts by weight of the above
      mixture was incorporated with 10.0 parts by weight of Surlyn A (ionomer of
      Zn.sup.+ type having a carbonyl concentration of 210 milliequivalents per
      100 g of the polymer and a melt index of 0.7 g/10 min; product of Du Pont,
      U.S.A.) as a third component. The mixture was dry-blended at room
      temperature for 3 minutes by means of a Henschel mixer.
PAR  A two-component dry blend was similarly prepared without addition of the
      above Surlyn A.
PAR  Each of the so obtained dry blends, the above high density polyethylene and
      the above saponified copolymer were extruded with use of an intermediate
      layer extruder having a screw of a diameter of 40 mm and an effective
      length of 880 mm, an outer layer extruder and an inner layer extruder,
      each having a screw of a diameter of 35 mm and a length of 700 mm, and a
      three-ply die maintained at 215.degree.C., in such a manner that the dry
      blend was extruded from the intermediate layer extruder, the above high
      density polyethylene was extruded from the outer layer extruder and the
      above saponified copolymer was extruded from the inner layer extruder. The
      co-extrudate was molded into a laminate structure bottle having an outer
      layer of the high density polyethylene, an intermediate layer of the blend
      and an inner layer of the saponified copolymer according to a known blow
      molding method. In each of the so obtained bottles, the thickness ratio of
      outer layer : intermediate layer : inner layer was 1 : 3 : 1 and the
      average total thickness was about 600 .mu.. The inner volume of each
      bottom was about 500 cc.
PAR  For comparison, an asymmetric two-layer laminate bottle having a layer of
      the high density polyethylene alone and a layer of the above saponified
      copolymer alone (outer layer : inner layer thickness ratio = 1 : 4) was
      prepared without employing the above blend for the intermediate layer. The
      total thickness, configuration and inner volume of this comparative bottle
      were the same as those of the above bottle.
PAR  With respect to each of these bottles, the falling strength f.sub.10 was
      determined according to the method described in the text of the
      specification. The data of the falling strength f.sub.10 and the
      delamination state after the test are shown in Table 42.
TBL                                    Table 42                                

     __________________________________________________________________________

     Layer Structure          F (%)                                            

                                  Delemination State after Falling Test        

     ( outer layer/intermediate layer/inner layer )                            

                              10                                               

     __________________________________________________________________________

     Y/above three-component blend/X                                           

                              10  delamination was obwerved in all samples     

                                  after                                        

                                  falling was repeated 9 times                 

     Y/above two-component blend/X                                             

                              20  Delamination was observed in all samples     

                                  after                                        

                                  falling was repeated 4 times                 

     Y/no intermediate layer/X                                                 

                              10  delamination was observed in all samples     

                                  after                                        

                                  falling was conducting once                  

     Y ( above high density polyethylene alone )                               

                              10  --                                           

     X ( above saponified copolymer alone )                                    

                              100 --                                           

     __________________________________________________________________________

PAR  The laminate bottle having an intermediate layer of the above
      three-component blend was compared with the laminate bottle having an
      intermediate layer of the above two-component blend with respect to the
      appearance App according to the method described in the text of the
      specification to obtain results shown in Table 43 given below.
TBL                Table 43                                                    

     ______________________________________                                    

     Layer Structure            App                                            

     (outer layer/intermediate layer/inner layer)                              

                                ( points )                                     

     ______________________________________                                    

     Y/above three-component blend/X                                           

                                20.5                                           

     Y/above two-component blend/X                                             

                                0.5                                            

     ______________________________________                                    

PAR  In Tables 42 and 43, X indicates the above saponified ethylene-vinyl
      acetate copolymer and Y indicates the above high density polyethylene.
PAC  EXAMPLE 36
PAR  A low density polyethylene having a density of 0.920 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.3 g/10 min as measured
      according to ASTM D-1238 was mixed with an ethylene-vinyl acetate
      copolymer saponfied product having an ethylene content of 30.4 mole %, a
      degree of saponification of 99.6 % and an intrinsic viscosity of 0.10 l/g,
      at a mixing weight ratio of 50 : 50. Then 100 parts by weight of the above
      mixture was incorporated with 15.0 parts by weight of Surlyn A (ionomer of
      Na.sup.+ type having a carbonyl concentration of 160 milliequivalents per
      100 g of the polymer and a melt index of 1.2 g/10 min; product of Du Pont,
      U.S.A.). The mixture was dry-blended at room temperature for 3 minutes by
      means of a Henschel mixer.
PAR  The so obtained dry blend was heated, kneaded and pelletized by means of a
      pelletizer having a screw of a diameter of 40 mm and an effective length
      of 1120 mm (screw rotation rate = 34 rpm; die temperature = 185.degree.C.)
PAR  The so pelletized blend, the above saponified copolymer and the above low
      density polyethylene was co-extruded with use of an intermediate layer
      extruder having a metering screw of a diameter of 25 mm and an effective
      length of 600 mm, an outer layer extruder and an inner layer extruder,
      each having a metering a screw having a diameter of 40 mm and an effective
      length of 880 mm, and a three-ply die maintained at 200.degree.C., in such
      a manner that the pelletized blend was extruded from the intermediate
      layer, the saponified copolymer was extruded from the outer or inner layer
      extruder and the above low density polyethylene was extruded from the
      inner or outer layer extruder. According to a known blow molding method,
      the co-extrudate was molded into a cylindrical bottle (asymmetric
      three-layer structure) having a total thickness of about 300 .mu. and an
      inner volume of about 120 cc, in which the thickness ratio of outer layer:
      intermediate layer (blend layer) : inner layer was 2 : 1 : 2.
PAR  For comparison, the above ethylene-vinyl acetate copolymer saponified
      product and low density polyethylene were mixed at a weight ratio of 50 :
      50, the above mixture was dry blended without addition of the above Surlyn
      A, the dry blend was pelletized under the same conditions as above, and by
      employing this pelletized two-component blend as the intermediate
      layer-constituting material, the co-extrusion and molding were conducted
      under the same conditions with use of the same extruders as above, to
      obtain a bottle which was identical with the above bottle with respect to
      the total thickness, the thickness ratio, the inner volume and the
      configuration. Similarly, a bottle of an asymmetric two-layer structure
      comprising a layer of the above saponified copolymer alone and a layer of
      the above low density polyethylene was prepared as a comparative bottle.
PAR  Each of these bottles was filled with edible oil or water and an opening
      was sealed. Then, the bottle was allowed to stand still at a temperature
      of 50.degree.C. and a relative humidity of 10 % for 21 days. The
      delamination state was examined to obtain results shown in Table 44.
TBL                                    Table 44                                

     __________________________________________________________________________

     Layer Structure          Content                                          

                                     Delamination State after 21 Days          

     (outer layer/intermediate layer/inner layer)                              

     __________________________________________________________________________

     X/above three-component blend/Y                                           

                              edible oil                                       

                                     delamination was not observed             

     X/above two-component blend/Y                                             

                              edible oil                                       

                                     delamination was not observed             

     X/no intermediate layer/Y                                                 

                              edible oil                                       

                                     delamination was observed                 

     Y/above three-component blend/X                                           

                              water  delamination was not observed             

     Y/above two-component blend/X                                             

                              water  delamination was not observed             

     Y/no intermediate layer/X                                                 

                              water  delamination was observed                 

     __________________________________________________________________________

PAR  The laminate bottle having an intermediate layer of the three-component
      blend was compared with the laminate bottle having an intermediate layer
      of the above two-component blend with respect to the appearance App
      according to the method described in the text of the specification to
      obtain results shown in Table 45.
TBL                Table 45                                                    

     ______________________________________                                    

     Layer Structure            App                                            

     (outer layer/intermediate layer/inner layer)                              

                                ( points )                                     

     ______________________________________                                    

     X/above three-component blend/Y                                           

                                21                                             

     X/above two component blend/Y                                             

                                 0                                             

     Y/above three-component blend/X                                           

                                21                                             

     Y/above two-component blend/X                                             

                                 0                                             

     ______________________________________                                    

PAR  In Tables 44 and 45, X indicates the above ethylene-vinyl acetate copolymer
      saponified product and Y indicates the above low density polyethylene.
PAC  EXAMPLE 37
PAR  Laminate films of an asymmetric three-layer structure comprising an
      intermediate layer of the same three-component or two-component pelletized
      blend as formed in Example 36, an outer layer of the same ethylene-vinyl
      acetate copolymer saponified product as employed in Example 36 and an
      inner layer of the same low density polyethylene as used in Example 36
      (outer layer : intermediate layer : inner layer thickness ratio = 1 : 2 :
      2; total thickness = about 150 .mu.) were prepared by employing an
      inflation three-ply die maintained at 205.degree.C. according to a known
      inflation method.
PAR  Each of the so obtained films was formed into a bag having a length of 170
      mm and a width of 115 mm by means of a heat sealer. The so obtained bag
      was filled with about 200 cc of edible oil, and an opening was heat
      sealed. Then, the bag was allowed to stand at a temperature of
      50.degree.C. and a relative humidity of 10 % for 21 days, and the
      delamination state was examined to obtain results shown in Table 46.
TBL                                    Table 46                                

     __________________________________________________________________________

     Layer Structure          Content                                          

                                    Delamination State                         

     ( outer layer/intermediate layer/inner layer )                            

                                    after 21 Days                              

     __________________________________________________________________________

     X/above three-component blend/Y                                           

                              edible oil                                       

                                    delamination was not                       

                                    observed                                   

     X/above two-component blend/Y                                             

                              edible oil                                       

                                    delamination was not                       

                                    observed                                   

     X/no intermediate layer/Y                                                 

                              edible oil                                       

                                    delamination was                           

                                    observed                                   

     __________________________________________________________________________

PAR  The laminate film having an intermediate layer of the above three-component
      blend was compared with the laminate film having an intermediate layer of
      the above two-component blend with respect to the appearance App according
      to the method described in the text of the specification, to obtain
      results shown in Table 47 given below.
TBL                Table 47                                                    

     ______________________________________                                    

     Layer Structure            App                                            

     ( outer layer/intermediate layer/inner layer )                            

                                (points)                                       

     ______________________________________                                    

     X/above three-component blend/Y                                           

                                21                                             

     X/above two-component blend/Y                                             

                                 0                                             

     ______________________________________                                    

PAR  In Tables 46 and 47, X and Y have the same meaning as defined in Example
      36.
PAC  EXAMPLE 38
PAR  100 parts by weight of an 80 : 20 weight ratio premix of an ethylene-vinyl
      acetate copolymer saponified product and Surlyn A (ionomer manufactured by
      Du Pont, U.S.A.), each having the same properties as that used in Example
      18, was incorporated with 40 parts by weight of a low density polyethylene
      having a density of 0.920 g/cc as measured according to ASTM D-1505, a
      melt density of 0.76 g/cc as measured at 190.degree.C. and a melt index of
      0.3 g/10 min as measured according to ASTM D-1238, and the mixture was dry
      blended under the same conditions as described in Example 18. The above
      low density polyethylene alone was subjected to the extrusion test with
      use of the same intermediate layer extruder as employed in Example 5
      (installed with a metering screw) and a three-ply die maintained at
      190.degree.C. When the screw rotation rate of said extruder was 15 rpm, an
      average flow rate of 1.5 cm/sec was calculated from the extrusion rate
      (1.8 Kg/hr), and when the screw rotation rate of said extruder was 7 rpm,
      an average flow rate of 0.70 cm/sec was calculated from the extrusion rate
      (0.84 Kg/hr). The above dry blend and low density polyethylene were
      co-extruded with use of the same inner layer extruder (installed with a
      metering screw), outer- and inner-layer extruder and three-ply die
      (maintained at 190.degree.C.) as employed in Example 5 for molding of
      bottles, in such a manner that the blend was extruded from the
      intermediate later extruder and the low density polyethylene was extruded
      from the outer- and inner-layer extruder. At this co-extrusion operation,
      the rotation rate of the screw of the intermediate layer extruder was
      adjusted to 15 rpm (extrusion pressure being 6.5 Kg/cm.sup.2) and the
      rotation rate of the screw of the outer- and inner-layer extruder was
      adjusted to 20 rpm (extrusion pressure being 11 Kg/cm.sup.2). The
      resulting co-extrudate was molded into an oval bottle of a symmetric
      three-layer laminate structure having an intermediate layer of the above
      blend and inner and outer layers of the low density polyethylene according
      to a known blow molding method. The average thickness, the thickness ratio
      and the inner volume of the so obtained bottle were the same as those of
      the bottle obtained in Example 5. The so obtained bottle is designated as
      "bottle F".
PAR  The co-extrusion was conducted under the same conditions with use of the
      same polymer materials and the same extruders and three-ply die as above,
      except that the rotation rate of the screw of the intermediate layer
      extruder was changed to 7 rpm (extrusion pressure being 2.7 Kg/cm.sup.2)
      and the rotation of the screw of the outer- and inner-layer extruder was
      changed to 9.3 rpm (extrusion pressure being 4.5 Kg/cm.sup.2). The
      co-extrudate was molded according to a known blow molding method to obtain
      a bottle having the same average thickness, the same thickness ratio, the
      same inner volume and the same layer structure as those of bottle F. The
      so obtained bottle is designated as "bottle G".
PAR  The co-extrusion was conducted under the same conditions with use of the
      same polymer materials and extruders as in the case of the above bottle F
      except that in the intermediate layer extruder the metering screw was
      replaced by a dulmage type screw having a mixing zone of 8 threads at the
      top end portion (having a diameter of 40 mm and an effective length of 800
      mm). The co-extrudate was molded into a bottle identical with bottle F
      with respect to the configuration, laminate structure (layer structure),
      thickness ratio, average thickness and inner volume. The so formed bottle
      is designated as "bottle H".
PAR  With respect to each of the so obtained bottles F, G and H, the oxygen gas
      permeability QO.sub.2 and the average interlaminar peel strength Sp were
      determined according to the methods described in the text of the
      specification to obtain results shown in Table 48.
PAR  Then, with respect to each of these three bottles, the blend layer was
      divided into three layers according to the method described in the text of
      the specification, and the values of log (I.sub.o /I).mu., m.sub.1 and
      m.sub.2 of divided layers 1 and 3 adjacent to the low density polyethylene
      layer and the intermediate divided layer 2 were calculated according to
      the equations given in the text of the specification. Results are shown in
      Table 49.
PAC  EXAMPLE 39
PAR  100 parts by weight of a 50 : 50 weight ratio premix of an ethylene-vinyl
      acetate copolymer saponified product and Surlyn A (isomer manufactured by
      Du Pont, U.S.A.), each having the same properties as that used in Example
      18, was incorporated with 5 parts by weight of a low density polyethylene
      having the same properties as that used in Example 38, and the mixture was
      dry blended under the same conditions as adopted in Example 38 for
      formation of the bottle F. The above dry blend and the above low density
      polyethylene were co-extruded with use of the same inner layer extruder
      (installed with a metering screw), outer-and inner-layer extruder and
      three-ply die (maintained at 190.degree.C.) as employed in Example 38 for
      molding of bottle F, in such a manner that the blend was extruded from the
      intermediate later extruder and the low density polyethylene was extruded
      from the outer-and inner-layer extruder. At this co-extrusion operation,
      the rotation rate of the screw of the intermediate layer extruder was
      adjusted to 15 rpm (extrusion pressure being 5 Kg/cm.sup.2) and the
      rotation rate of the screw of the outer- and inner-layer extruder was
      adjusted to 40 rpm (extrusion pressure being 22 Kg/cm.sup.2). The
      resulting co-extrudate was molded into an oval bottle of a symmetric
      three-layer laminate structure having an intermediate layer of the above
      blend and inner and outer layers of the low density polyethylene according
      to a known blow molding method. The thickness ratio of outer layer:
      intermediate layer: inner layer was 9 : 1 : 9, the average total thickness
      was about 1.2 mm and the inner volume was about 550 cc. The so obtained
      bottle is designated as "bottle J". The co-extrusion was conducted under
      the same conditions with use of the same polymer materials and extruders
      as in the case of the above bottle J except that in the intermediate layer
      extruder the metering screw was replaced by a dulmage screw of the same
      type as used in Example 38. The co-extrudate was molded into a bottle
      identical with bottle J with respect to the configuration, laminate
      structure (layer structure), thickness ratio, average thickness and inner
      volume. The so formed bottle is designated as "bottle K".
PAR  With respect to each of the so obtained bottles J and K, the oxygen gas
      permeability QO.sub.2 and the average interlaminar peel strength Sp were
      determined according to the methods described in the text of the
      specification to obtain results shown in Table 48.
PAR  Then, with respect to each of these two bottles, the blend layer was
      divided into three layers according to the method described in the text of
      the specification, and the values of log (I.sub.o /I).mu. and m.sub.1 of
      divided layers 1 and 3 adjacent to the low density polyethylene layer were
      calculated according to the equations given in the text of the
      specification. Results are shown in Table 49.
PAC  EXAMPLE 40
PAR  100 parts by weight of a 95 : 5 weight ratio premix of an ethylene-vinyl
      acetate copolymer saponified product and Surlyn A (isomer manufactured by
      Du Pont, U.S.A.), each having the same properties as that used in Example
      18, was incorporated with 100 parts by weight of a low density
      polyethylene having the same properties as that used in Example 38. The
      premix was incorporated with 200 ppm of 2,6-di-tert-butyl-4-gydroxytoluene
      (B. H. T.) as an antioxidant, 300 ppm of stearylamide and 300 ppm of
      oleylamide, and the mixture was dry blended under the same conditions as
      in Example 18. Then, the so obtained dry blend was pelletized by means of
      a pelletizer having a metering screw of a diameter of 90 mm and an
      effective length of 1980 mm. (The screw rotation rate was 88 rpm, the
      extrusion rate was 100 Kg/hr and the die temperature was 210.degree.C.)
PAR  The so obtained pelletized blend and the above low density polyethylene
      (incorporated with 200 ppm of an antioxidant of the B. H. T. type, 300 ppm
      of stearylamide and 300 ppm of oleylamide) were co-extruded with use of
      the same inner layer extruder (installed with a metering screw), outer-
      and inner-layer extruder and three-ply die (maintained at 190.degree.C.)
      as employed in Example 38 for molding of bottle F, in such a manner that
      the blend was extruded from the intermediate later extruder and the low
      density polyethylene was extruded from the outer- and inner-layer
      extruder. At this co-extrusion operation, the rotation rate of the screw
      of the intermediate layer extruder was adjusted to 15 rpm (extrusion
      pressure being 5.5 Kg/cm.sup.2) and the rotation rate of the screw of the
      outer- and inner-layer extruder was adjusted to 10 rpm (extrusion pressure
      being 5 Kg/cm.sup.2). The resulting co-extrudate was molded into an oval
      tube of a symmetric three-layer laminate structure having an intermediate
      layer of the above blend and inner and outer layers of the low density
      polyethylene according to a known blow molding method. The average
      thickness was about 300 .mu., the thickness ratio of outer layer :
      intermediate layer : inner layer was about 2.3 : 1 : 2.3, and the inner
      volume was about 250 cc. The so obtained tube is designated as "tube L".
      The co-extrusion was conducted under the same conditions with use of the
      same polymer materials and extruders as in the case of the above tube L
      except that in the intermediate layer extruder the metering screw was
      replaced by the same dulmage type screw as used in Example 38. The
      co-extrudate was molded into a tube identical with tube L with respect to
      the configuration, laminate structure (layer structure), thickness ratio,
      average thickness and inner volume. The so formed tube is designated as
      "bottle M".
PAR  With respect to each of the so obtained tube L and M, the oxygen gas
      permeability QO.sub.2 and the average interlaminar peel strength Sp were
      determined according to the methods described in the text of the
      specification to obtain results shown in Table 48.
PAR  Then, with respect to each of these three bottles, the blend layer was
      divided into three layers according to the method described in the text of
      the specification, and the values of log (I.sub.o /I).mu. and m.sub.1 of
      divided layers 1 and 3 adjacent to the low density polyethylene layer were
      calculated according to the equations given in the text of the
      specification, results are shown in Table 49.
TBL                Table 48                                                    

     ______________________________________                                    

     Example                                                                   

     No.    Sample  QO.sub.2 ( cc/m.sup.2 . day . atm )                        

                                      Sp ( g/2 cm )                            

     ______________________________________                                    

     38     F       12.4              320                                      

     38     G       29.2              130                                      

     38     H       81.0              120                                      

     39     J       23.3              not peeled                               

     39     K       101               120                                      

     40     L       21.5              not peeled                               

     40     M       97.5              160                                      

     ______________________________________                                    

TBL                Table 49                                                    

     ______________________________________                                    

     Example        Identi-  log                                               

     No.    Sample  fication (I.sub.o /I)/.mu. .times. 10.sup.3                

                    of Layer            m.sub.1                                

                                              m.sub.2                          

     ______________________________________                                    

     38     F       1        39.8       0.82                                   

     38     F       3        31.4       0.65                                   

     38     G       1        45.5       0.94                                   

     38     G       3        42.6       0.88                                   

     38     H       1        47.4       0.98                                   

     38     H       3        47.4       0.98                                   

     39     J       1        33.9       0.84                                   

     39     J       3        29.5       0.73                                   

     39     K       1        39.2       0.97                                   

     39     K       3        40.4       1.00                                   

     40     L       1        33.5       0.83                                   

     40     L       3        28.2       0.70                                   

     40     M       1        40.4       1.00                                   

     40     M       3        40.4       1.00                                   

     38     F       2        74.1             1.53                             

     38     H       2        50.5             1.04                             

     ______________________________________                                    

PAC  EXAMPLE 41
PAR  A dry blend composed of the same resins at the same mixing ratio as in
      Example 38 and prepared under the same preliminary mixing conditions as in
      Example 38 and an ethylene-vinyl acetate copolymer having a density of
      0.93 g/cc as measured according to ASTM D-1505, a melt density of 0.77
      g/cc as measured at 190.degree.C., a melt index of 0.5 g/10 min as
      measured according to ASTM D-1238, a vinyl acetate content of 5 % by
      weight and an average flow rate of 1.6 cm/sec as measured under the same
      conditions as adopted in Example 38 were co-extruded with use of the same
      inner layer extruder (installed with a metering screw), outer- and
      inner-layer extruder and three-ply die (maintained at 190.degree.C.) as
      employed in Example 38, in such a manner that the blend was extruded from
      the intermediate later extruder and the ethylene-vinyl acetate copolymer
      was extruded from the outer- and inner-layer extruder. At this
      co-extrusion operation, the rotation rate of the screw of the intermediate
      layer extruder was adjusted to 15 rpm (extrusion pressure being 6.5
      Kg/cm.sup.2) and the rotation rate of the screw of the outer- and
      inner-layer extruder was adjusted to 20 rpm (extrusion pressure being
      13Kg/cm.sup.2). The resulting co-extrudate was molded into an oval bottle
      of a symmetric three-layer laminate structure having an intermediate layer
      of the above blend and inner and outer layers of the ethylene-vinyl
      acetate copolymer according to a known blow molding method. The average
      thickness, the thickness ratio and the inner volume of the so obtained
      bottle were the same as those of the bottle obtained in Example 5. The so
      obtained bottle is designated as "bottle N".
PAR  100 parts by weight of an 80 : 20 weight ratio premix of an ethylene-vinyl
      acetate copolymer saponified product and Surlyn A (ionomer manufactured by
      Du Pont, U.S.A.), each having the same properties as that used in Example
      18 was incorporated with 40 parts by weight of the above ethylen-vinyl
      acetate copolymer.
PAR  By employing the resulting blend as the intermediate layer material and the
      same inner- and outer-layer material as above, a bottle of a three-layer
      laminate structure having inner and outer layers of the above
      ethylene-vinyl acetate copolymer an an intermediate layer of the blend of
      the above ethylene-vinyl acetate copolymer, Surlyn A and the
      ethylene-vinyl acetate copolymer saponified product was prepared under the
      same molding conditions with use of the same multi-layer extrusion machine
      as above. This bottle was identical with the bottle N as regards the
      configuration and other factors. The so obtained bottle is designated as
      "bottle P".
PAR  The co-extrusion was conducted under the same conditions with use of the
      same polymer materials and extruders as in the case of the above bottle P
      except that in the intermediate layer extruder the metering screw was
      replaced by a dulmage type screw having a mixing zone of 8 threads at the
      top end portion (having a diameter of 40 mm and an effective length of 800
      mm). The co-extrudate was molded into a bottle identical with respect to
      the configuration, laminate structure (layer structure), thickness ratio,
      average thickness and inner volume. The so formed bottle is designated as
      "bottle dp".
PAR  With respect to each of the so obtained bottles N, P and dp the oxygen gas
      permeability QO.sub.2 and the average interlaminar peel strength Sp were
      determined according to the methods described in the text of the
      specification to obtain results shown in Table 50.
PAR  Then, with respect to each of these three bottles, the blend layer was
      divided into three layers according to the method described in the text of
      the specification, and the values of log (I.sub.o /I)/.mu. and m.sub.1 of
      divided layers 1 and 3 adjacent to the low density polyethylene layer were
      calculated according to the equations given in the text of the
      specification. Results are shown in Table 51.
PAC  EXAMPLE 42
PAR  An ethylene-vinyl acetate copolymer saponified product having an ethylene
      content of 49.4 mole %, a degree of saponification of 96.3 %, an intrinsic
      viscosity of 0.15 l/g and a melt density of 1.02 g/cc as measured at
      190.degree.C. was subjected to the extrusion test under the same
      conditions as in Example 38 with use of the same intermediate layer
      extruder and three-ply die as employed in Example 38. An average flow rate
      of 3.5 cm/sec in the die was calculated from the extrusion rate (5.7
      Kg/hr).
PAR  100 parts by weight of a 90 : 10 weight ratio premix of the above
      ethylene-vinyl acetate copolymer saponified product and Surlyn A (ionomer
      manufactured by Du Pont, U.S.A.) having the same properties as that used
      in Example 18 was incorporated with 50 parts by weight of a low density
      polyethylene having the same properties as that employed in Example 38.
      Then, the mixture was dry blended under the same conditions as in Example
      18.
PAR  The so obtained dry blend and a high density polyethylene having a density
      of 0.950 g/cc as measured according to ASTM D-1505, a melt density of
      0.773 g/cc as measured at 190.degree.C. and a melt index of 0.2 g/10 min
      as measured according to ASTM D-1238  were co-extruded with use of the
      same inner layer extruder (installed with a metering screw), outer- and
      inner-layer extruder and three-ply die (maintained at 190.degree.C.) as
      employed in Example 5 for molding of bottles, in such a manner that the
      blend was extruded from the intermediate layer extruder and the high
      density polyethylene was extruded from the outer- and inner-layer
      extruder. At this co-extrusion operation, the rotation rate of the screw
      of the intermediate layer extruder was adjusted to 15 rpm (extrusion
      pressure being 6 Kg/cm.sup.2) and the rotation rate of the screw of the
      outer- and inner-layer extruder was adjusted to 20 rpm (extrusion pressure
      being 12 Kg/cm.sup.2). The resulting co-extrudate was molded into a
      cylindrical bottle of a symmetric three-layer laminate structure having an
      intermediate layer of the above blend and inner and outer layers of the
      high density polyethylene according to a known blow molding method. The
      average thickness was about 800.mu., the thickness ratio of outer layer;
      intermediate layer: inner layer was 4.5 : 1 : 4.5 and the inner volume was
      about 600 cc. The so obtained bottle is designated as "bottle Q".
PAR  100 parts by weight of a 90 : 10 weight ratio mixture of the above
      ethylene-vinyl acetate copolymer saponified product and the above Surlyn A
      was incorporated with 25 parts by weight of the above low density
      polyethylene and 25 parts by weight of the above high density polyethylene
      (having an average flow rate of 1.3 cm/sec as measured under the same
      conditions as in Example 38), and the mixture was dry blended under the
      same conditions as above. By employing the resulting blend as the
      intermediate layer material and the above high density polyethylene ad the
      outer- and inner-layer material, a bottle of a three laminate structure
      which was identical with the bottle Q in respect to the configuration,
      laminate structure, average thickness, thickness ratio and inner volume
      was prepared under the same molding conditions with use of the same
      intermediate layer extruder and outer- and inner-layer extruder (screw
      rotation rate = 22 rpm; extrusion pressure = 11 Kg/cm.sup.2) as used
      above. The resulting bottle is designated as "bottle R".
PAR  Further, under the same conditions with use of the same extruders as
      mentioned above, a bottle having an intermediate layer of the same
      four-component blend as in the case of the bottle R and outer and inner
      layers of the above low density polyethylene and the above high density
      polyethylene was prepared. This bottle was identical with the bottle R
      with respect to the configuration, laminate structure, average thickness,
      thickness ratio and inner volume. This bottle is designated as "bottle S".
PAR  The co-extrusion was conducted under the same conditions with use of the
      same polymer materials and extruders as above in the case of the above
      bottle S except that in the intermediate layer extruder the metering screw
      was replaced by a dulmage type screw having a mixing zone of 8 threads at
      the top end portion (having a diameter of 40 mm and an effective length of
      800 mm). The co-extrudate was molded into a bottle identical with bottle S
      with respect to the configuration, laminate structure, thickness ratio,
      average thickness and inner volume. The so formed bottle is designated as
      "bottle dS".
PAR  With respect to each of the so obtained bottles Q, R, S and dS, the oxygen
      gas permeability QO.sub.2 and the average interlaminar peel strength Sp
      were determined according to the methods described in the text of the
      specification to obtain results shown in Table 50.
PAR  Then, with respect to each of these four bottles, the blend layer
      (intermediate layer) was divided into three layers according to the method
      described in the text of the specification, and the values of log (I.sub.o
      /I).mu. and m.sub.1 of divided layers 1 and 3 adjacent to the inner and
      outer layers were calculated according to the equations given in the text
      of the specification. Results are shown in Table 51.
PAC  EXAMPLE 43
PAR  By employing the same intermediate layer material as in Example 38 and an
      isotactic polypropylene having a density of 0.192 g/cc (ASTM D-1505) and a
      melt index of 0.8 g/10 min (ASTM D-1238) as an inner- and outer-layer
      material, an oval bottle of a symmetric three-layer structure (average
      thickness = about 600.mu.; outer layer : intermediate layer : inner layer
      thickness ratio = 9.5 : 1 : 9.5; inner volume = about 280 cc) was prepared
      under the same conditions with use of the same extruding molding machine
      (the intermediate layer having a metering screw) as adopted in Example 5.
      The extrusion pressure was 7.5 Kg/cm.sup.2 in the outer-and inner-layer
      extruder and 5.5 Kg/cm.sup.2 in the intermediate layer. The so obtained
      bottle is designated as "bottle T".
PAR  A 76 : 20 : 4 mixing weight ratio mixture of the above isotactic
      polypropylene, a low density polyethylene having a density of 0.920 g/cc
      and a melt index of 0.8 g/10 min and an ethylene-propylene copolymer
      having an ethylene content of 30 mole % was molten and kneaded by a
      pelletizer. By employing the resulting pelletized blend as the inner- and
      outer-layer material and the same intermediate material as in the case of
      the bottle T, a bottle was prepared under the same conditions with use of
      the same extrusion molding machine as in the case of the bottle T (the
      extrusion pressure was 9.5 Kg/cm.sup.2 in the outer- and inner-layer
      extruder and 6 Kg/cm.sup.2 in the intermediate layer extruder). The
      resulting bottle was identical with the bottle T with respect to the
      configuration, laminate structure, average thickness, thickness ratio and
      the inner volume. This bottle is designated as "bottle U".
PAR  The co-extrusion was conducted under the same conditions with use of the
      same polymer materials and extruders as in the case of the above bottle
      except that in the intermediate layer extruder the metering screw was
      replaced by a dulmage type screw having a mixing zone of 8 threads at the
      top end portion. The co-extrudate was molded into a bottle identical with
      the bottle U with respect to the configuration, laminate structure,
      thickness ratio, average thickness and inner volume. The so formed bottle
      is designated as "bottle dU".
PAR  With respect to each of the so obtained bottles T, U and dU the oxygen gas
      permeability QO.sub.2 and the average interlaminar peel strength Sp were
      determined according to the methods described in the text of the
      specification to obtain results shown in Table 50.
PAR  Then, with respect to each of these three bottles, the blend layer
      (intermediate layer) was divided into three layers according to the method
      described in the text of the specification, and the values of log (I.sub.o
      /I).mu. and m.sub.1 of divided layers 1 and 3 adjacent to the outer and
      inner layers were calculated according to the equations given in the text
      of the specification.
TBL                Table 50                                                    

     ______________________________________                                    

     Example                                                                   

     No.    Sample  QO.sub.2 (cc/m.sup.2 . day . atm)                          

                                      Sp ( g/2 cm )                            

     ______________________________________                                    

     41     N       13.6              430                                      

     41     P       12.9              470                                      

     41     dP      66.1              250                                      

     42     Q       22.5              290                                      

     42     R       23.1              360                                      

     42     S       23.6              420                                      

     42     dS      134               190                                      

     43     T       28.2              240                                      

     43     U       29.0              300                                      

     43     dU      113               100                                      

     ______________________________________                                    

TBL                Table 51                                                    

     ______________________________________                                    

     Example                    log                                            

     No.    Sample  Identification                                             

                                (I.sub.o /I)/.mu. .times. 10.sup.3             

                    of Layer                m.sub.1                            

     ______________________________________                                    

     41     N       1           39.8        0.82                               

     41     N       3           31.4        0.65                               

     41     P       1           38.8        0.80                               

     41     P       3           30.0        0.62                               

     42     Q       1           21.6        0.86                               

     42     Q       3           19.4        0.77                               

     42     R       1           22.6        0.89                               

     42     R       3           20.1        0.79                               

     42     S       1           22.5        0.89                               

     42     S       3           19.7        0.78                               

     42     dS      1           24.9        0.99                               

     42     dS      3           25.2        1.00                               

     43     T       1           39.2        0.81                               

     43     T       3           31.4        0.65                               

     43     U       1           39.8        0.82                               

     43     U       3           32.0        0.66                               

     43     dU      1           48.5        1.00                               

     43     dU      3           47.5        0.98                               

     ______________________________________                                    

PAC  EXAMPLE 44
PAR  A cylindrical bottle having an asymmetric three-layer laminate structure
      including an outer layer of a high density polyethylene (same as used in
      Example 42), an intermediate layer of the same three-component blend as
      used in Example 38 and an inner layer of a low density polyethylene (same
      as used in Example 38), which had an average thickness of about 800.mu.,
      an outer layer : intermediate layer : inner layer thickness ratio of 5 : 1
      : 4 and an inner volume of about 600 cc, was molded by employing a
      multi-layer extruding machine for three-layer vessels comprising an outer
      layer extruder having a metering screw of a diameter of 65 mm and an
      effective length of 1430 mm (screw rotation rate = 10 rpm; pressure = 7
      Kg/cm.sup.2), an intermediate layer extruder having a metering screw of a
      diameter of 40 mm and an effective length of 800 mm (screw rotation rate =
      15 rpm; pressure = 6 Kg/cm.sup.2), an inner layer extruder having a screw
      of a diameter of 50 mm and an effective length of 1100 mm (screw rotation
      rate = 10 rpm; pressure = 8.5 Kg/cm.sup.2) and an asymmetric three-layer
      extruding three-ply die having an intermediate layer passage sectional
      area of 0.44 cm.sup.2 at the junction of the three layers and being
      maintained at 190.degree.C., and also by employing a known blow molding
      machine. The so obtained bottle is designated as "bottle V". The
      co-extrusion was conducted under the same conditions with use of the same
      polymer materials and extruders as in the case of the above bottle V
      except that in the intermediate layer extruder the metering screw was
      replaced by a dulmage type screw having a mixing zone of 8 threads at the
      top end portion. The co-extrudate was molded into a bottle identical with
      the bottle V with respect to the configuration, laminate structure,
      thickness ratio, average thickness and inner volume. The so formed bottle
      is designated as "bottle dV".
PAR  With respect to each of the so obtained bottles V and dV, the oxygen gas
      permeability QO.sub.2 and the average interlaminar peel strength Sp were
      determined according to the methods described in the text of the
      specification to obtain results shown in Table 52.
PAR  Then, with respect to each of these two bottles, the blend layer
      (intermediate Layer) was divided into three layers according to the method
      described in the text of the specification, and the values of log (I.sub.o
      /I)/.mu. and m.sub.1 of divided layers 1 and 3 adjacent to the inner and
      outer layers were calculated according to the equations given in the text
      of the specification. Results are shown in Table 53.
PAC  EXAMPLE 45
PAR  A cylindrical bottle having an symmetric four-layer structure comprising an
      outer layer (first layer counted from the outside) of the same isotactic
      polypropylene composition as used in formation of bottles U and dU in
      Example 43, an intermediate layer (second layer) of the same
      three-component blend as used in Example 38, an inner layer (third layer)
      of the same isotactic polypropylene composition as used in Example 43 for
      formation of bottles U and dU and an innermost layer (fourth layer) of the
      same low density polyethylene as used in Example 38, which had an average
      thickness of about 900.mu., an outer layer : intermediate layer : inner
      layer : innermost layer ratio of 9 : 1 : 9 : 2 and an inner volume of
      about 600 cc, was molded by employing multi-layer extruding machine for
      four-layer vessels which comprised an outer- and inner-layer extruder
      (first and third layer extruder) installed with a metering screw of a
      diameter of 65 mm and an effective length of 1430 mm and provided with a
      two-branched melt channel (screw rotation rate = 40 rpm; pressure = 22
      Kg/cm.sup.2), an intermediate layer extruder (second layer extruder)
      having a metering screw of a diameter of 40 mm and an effective length of
      800 mm (screw rotation rate = 15 rpm; pressure = 7 Kg/cm.sup.2), an
      innermost layer extruder (fourth layer extruder) having a metering screw
      of a diameter of 32 mm and an effective length of 640 mm (screw rotation
      rate = 30 rpm; pressure = 6.5 Kg/cm.sup.2) and an asymmetric four-layer
      extruding four-ply die having an intermediate layer passage sectional area
      of 0.44 cm.sup.2 at the junction of the four layers and being maintained
      at 190.degree.C. and also by employing a known blow molding machine. The
      so obtained bottle is designated as "bottle W".
PAR  100 parts by weight of the above isotactic polypropylene composition was
      incorporated with 10 parts by weight of the same ethylene-vinyl acetate
      copolymer saponified product as employed in Example 35 and 5 parts by
      weight of the same Surlyn A as used in Example 38, and the mixture was dry
      blended at room temperature efor 3 minutes by means of a Henschel mixer.
      By employing the so obtained dry blend as a material for the outer and
      inner layers (first and third layers) and the same intermediate and
      innermost layer materials as above, a bottle which was identical with the
      bottle W with respect to the configuration, layer structure, average
      thickness, thickness ratio and inner volume was prepared under the same
      extrusion and molding conditions with use of the same extruding and
      molding machines as above. The so obtained bottle is designated as "bottle
      X".
PAR  For comparison, a bottle dX was molded under the same conditions as adopted
      for formation of the bottle X except that the metering screw of the
      intermediate layer extruder (second layer extruder) was replaced by a
      dulmage screw having a mixing zone of 8 threads disposed at the top end
      portion.
PAR  With respect to each of the so obtained bottles W, X and dX, the oxygen gas
      permeability QO.sub.2 and average interlaminar peel strength Sp were
      determined according to the methods described in the text of the
      specification. Results are shown in Table 52.
PAR  Further, with respect to each of these three bottles, according to the
      method described in the text of the specification the blend layer
      (intermediate layer) was divided into three layers, the values of log
      (I.sub.o /I)/.mu. and m.sub.1 of the divided layers 1 and 3 adjacent to
      the outer layer (first layer) and inner layer (third layer) were
      calculated according to the equations given in the text of the
      specification. Results are shown in Table 53.
PAC  EXAMPLE 46
PAR  100 parts by weight of an 80 : 20 weight ratio premix of an ethylene-vinyl
      acetate copolymer saponified product and Surlyn A (ionomer manufactured by
      Du Pont, U.S.A.), each having the same properties as that used in Example
      18 was incorporated with 40 parts by weight of a low density polyethylene
      having a density of 0.920 g/cc as measured according to ASTM D-1505, a
      melt density of 0.76 g/cc as measured at 190.degree.C. and a melt index of
      2.1 g/10 min as measured according to ASTM D-1238, (having an average flow
      rate of 2.0 cm/sec as measured as in Example 38), and the mixture was dry
      blended at room temperature for 3 minutes by means of a Henschel mixer.
      Then, the dry blend was pelletized by means of a pelletizer having a
      metering screw of a diameter of 90 mm and an effective length of 1980 mm
      (screw rotation rate = 88 rpm; die temperature = 190.degree.C.), to
      thereby obtain a pelletized three-component blend.
PAR  A film of an asymmetric two-layer laminate structure having an outer layer
      of the above three-component blend and an inner layer of the same low
      density polyethylene as used in Example 38, which had an average thickness
      of about 120.mu. and an outer layer : inner layer thickness ratio of 1 :
      2, was prepared by employing a multi-layer extruding machine for two-layer
      vessels comprising an outer layer extruder having a nylon screw of a
      diameter of 40 mm and an effective length of 800 mm (screw rotation rate =
      15 rpm; pressure = 6 Kg/cm.sup.2), an inner layer extruder having a
      metering screw of a diameter of 65 mm and an effective length of 1430 mm
      (screw rotation rate = 7 rpm; pressure = 5 Kg/cm.sup.2) and an asymmetric
      two-layer extruding two-ply die having an outer layer passage sectional
      area of 0.44 cm.sup.2 at the junction of the two layers and being
      maintained at 190.degree.C. and also by employing an inflation molding
      machine for formation of films. The so obtained film is designated as
      "film Y".
PAR  For comparison, a film dY was prepared under the same conditions as above
      except that the nylon screw of the outer layer extruder was replaced by a
      dulmage screw having a mixing zone of eight threads at the top end
      portion.
PAR  With respect to each of the so obtained films Y and dY, the oxygen gas
      permeability QO.sub.2 and the Freon gas permeability QF.sub.12 were
      determined according to the pressure method described in the text of the
      specification by employing a gas permeation tester (temperature =
      37.degree.C.; high pressure side gas pressure = 760 mmHg; low pressure
      side gas pressure = 10.sup..sup.-2 mmHg). Further, the average
      interlaminar strength Sp was also determined according to the method
      described in the text of the specification. Results are shown in Table 54.
PAR  With respect to each of these two films, according to the method described
      in the text of the specification, the blend layer (outer layer) was
      divided into three layers, and the values of log (I.sub.o /I)/.mu. and
      m.sub.1 in the divided layer 1 adjacent to the inner layer (low density
      polyethylene layer) were calculated according to the equations given in
      the text of the specification. Results are shown in Table 53.
TBL                Table 52                                                    

     ______________________________________                                    

     Example No.                                                               

               Sample   QO.sub.2 (cc/m.sup.2 . day.atm)                        

                                        Sp (g/2 cm)                            

     ______________________________________                                    

     44        V        8.9             280                                    

     44        dV       37.5            100                                    

     45        W        14.8            240                                    

     45        X        11.6            300                                    

     45        dX       43.0            150                                    

     ______________________________________                                    

TBL                Table 53                                                    

     ______________________________________                                    

     Example                    log                                            

     No.    Sample  Identification                                             

                                (I.sub.o /I)/.mu. .times. 10.sup.3             

                    of Layer               m.sub.1                             

     ______________________________________                                    

     44     V       1           40.3       0.83                                

     44     V       3           31.5       0.65                                

     44     dV      1           47.8       0.99                                

     44     dV      3           48.6       1.00                                

     45     W       1           40.2       0.83                                

     45     W       3           32.2       0.66                                

     45     X       1           39.7       0.82                                

     45     X       3           31.5       0.65                                

     45     dX      1           48.0       0.99                                

     45     dX      3           47.5       0.98                                

     46     Y       3           15.2       0.59                                

     46     dY      3           24.8       0.96                                

     ______________________________________                                    

TBL                Table 54                                                    

     ______________________________________                                    

     Example                                                                   

     No.    Sample  QO.sup.2 (cc/m.sup.2 -                                     

                                QF.sub.12 (cc/-                                

                                          Sp                                   

                    . day. atm) m.sup.2. day . atm)                            

                                          (g/2 cm)                             

     ______________________________________                                    

     46     Y       37.1         4.7      210                                  

     45     dY      186          17.9     130                                  

     ______________________________________                                    

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A resin laminate structure comprising at least one layer (a) of a
      polyolefin and at least one layer (b) consisting essentially of (A) a
      polyolefin and (B) a saponified product of ethylene-vinyl acetate
      copolymers having an ethylene content of 25 to 50 mole % and a degree of
      saponification of at least 96% at an A : B mixing weight ratio ranging
      from 90 : 10 to 10 : 90, said two layers being laminated by means of
      co-extrusion without an adhesive so that said layer (a) and said layer (b)
      are adjacent to each other, wherein said layer (b) is of such a
      multi-layer laminar structure that the polymer composition is different
      with respect to the thickness direction but substantially identical with
      respect to the plane direction and that when the layer (b) is divided into
      at least two layers in the direction of the thickness, at least that
      divided layer adjacent to said layer (a) contains predominantly the
      polyolefin (A), namely contains said saponified product in an amount
      expressed by the following formula
EQU  M.sub.2 = m.sub.2 X
PA1  wherein X stands for the average content (% by weight) of the saponified
      product of the ethylene-vinyl acetate copolymer in the said layer (b),
      m.sub.2 is a number of from 0 to 0.95, and M.sub.2 is the content (% by
      weight) of said saponified product in said specific divided layer,
PAL  and an adjacent divided layer contains predominantly the saponified product
      of the ethylene-vinyl acetate copolymer (B), namely contains the
      saponified product in an amount expressed by the following formula
EQU  M.sub.1 = m.sub.1 X
PA1  wherein X is as defined above, m.sub.1 is a number of at least 1.05, and
      M.sub.1 is the content (% by weight) of said saponified product in said
      specific divided layer.
NUM  2.
PAR  2. A resin laminate structure set forth in claim 1 wherein the polyolefin
      is selected from the group consisting of crystalline homopolymers and
      copolymers of olefins expressed by the following formula
      ##EQU18##
      wherein R is a hydrogen atom or an alkyl group having up to 4 carbon
      atoms.
NUM  3.
PAR  3. A resin laminate structure set forth in claim 1 wherein the polyolefin
      has a melt index of from 0.05 to 5.0 g/10 min.
NUM  4.
PAR  4. A resin laminate structure set forth in claim 1 wherein the polyolefin
      is a low density polyethylene, a medium density polyethylene or a high
      density polyethylene.
NUM  5.
PAR  5. A resin laminate structure set forth in claim 1 wherein the polyolefin
      is an isotactic polypropylene.
NUM  6.
PAR  6. A resin laminate structure set forth in claim 1 wherein said saponified
      ethylene-vinyl acetate copolymer has an intrinsic viscosity [.eta.],
      measured at 30.degree.C. with use of a mixed solvent of 85% by weight of
      phenol and 15% by weight of water, of from 0.07 to 0.17 l/g.
NUM  7.
PAR  7. A resin laminate structure set forth in claim 1 which comprises (a) at
      least one polyolefin layer and (b) at least one layer of said blend which
      are bonded to each other without an intermediate adhesive layer so that
      they are adjacent to each other, the layer thickness ratio, (a) : (b),
      being within a range of from 1 : 10 to 40 : 1.
NUM  8.
PAR  8. A resin laminate structure set forth in claim 1 which comprises (b) at
      least one layer of said blend and (c) at least one layer of said
      ethylene-vinyl acetate copolymer saponified product which are bonded to
      each other without an intermediate adhesive layer so that they are
      adjacent to each other, the layer thickness ratio, (b) : (c), being within
      a range of from 1 : 10 to 50 : 1.
NUM  9.
PAR  9. A resin laminate structure set forth in claim 1 which comprises (a) at
      least one polyolefin layer, (b) at least one layer of said blend and (c)
      at least one layer of said ethylene-vinyl acetate copolymer saponified
      product which are bonded to one another without an intermediate adhesive
      layer so that they are adjacent to one another, the layer thickness ratio,
      (a) : (b) : (c), being within a range of from 1 : 1 : 1 to 50 : 30 : 1.
NUM  10.
PAR  10. A resin laminate structure set forth in claim 1 which is in the form of
      a container.
NUM  11.
PAR  11. A resin laminate structure set forth in claim 1 which is in the form of
      a film.
NUM  12.
PAR  12. A resin laminate structure set forth in claim 1 which is in the form of
      a tube.
NUM  13.
PAR  13. A resin laminate structure comprising two surface layers of a
      polyolefin and an intermediate layer of a blend consisting essentially of
      (A) said polyolefin, (B) a saponified product of an ethylene-vinyl acetate
      copolymer having an ethylene content of 25 to 50 mole % and a degree of
      saponification of at least 96% and (C) a thermoplastic polymer containing
      a carbonyl group at the main or side chain thereof at a concentration of
      120 to 1400 milliequivalents per 100 g of the polymer, the weight ratio of
      B : C being within 95 : 5 to 50 : 50, said polyolefin (A) being present in
      an amount of 5 to 100 parts by weight per 100 parts by weight of the sum
      of said polymers (B) and (C), and said two surface layers and said
      intermediate layer being laminated by means of co-extrusion without an
      adhesive so that said two surface layers and said intermediate layer are
      adjacent to each other, wherein said intermediate layer has such a
      multi-layer laminar structure that the polymer composition is different
      with respect to the thickness direction but substantially identical with
      respect to the plane direction and that when the intermediate layer is
      divided into three layers in the direction of the thickness, the two
      divided layers adjacent to said polyolefin surface layers each contain
      predominantly the polyolefin (A) and the carbonyl group-containing
      thermoplastic polymer (C), namely contain said saponified product (B) in
      an amount expressed by the following formula
EQU  M.sub.1 = m.sub.1 X
PA1  wherein X stands for the average content (% by weight) of the
      ethylene-vinyl acetate copolymer saponified product in the blend layer,
      m.sub.1 is a number of from 0 to 0.95, and M.sub.1 is the content (% by
      weight) of said saponified product in said divided outer layer,
PAL  and the divided inner layer contains predominantly the ethylene-vinyl
      acetate copolymer saponified product (B), namely contains said saponified
      product (B) in an amount expressed by the formula
EQU  M.sub.2 = m.sub.2 X
PA1  wherein X is as defined above, m.sub.2 is a number of at least 1.05 and
      M.sub.2 is the content (% by weight of said saponified product in said
      divided inner layer.
NUM  14.
PAR  14. A resin laminate structure set forth in claim 13 wherein said carbonyl
      group-containing thermoplastic polymer is a homopolymer of a monomer
      expressed by the following formula
      ##EQU19##
      wherein R.sub.1 is a hydrogen atom or a lower alkyl group having up to 4
      carbon atoms, and R.sub.2 is a hydrogen atom or an alkyl group having 1 to
      12 carbon atoms, or a copolymer of said monomer with an olefin or other
      .alpha.,.beta.-ethylenically unsaturated monomer.
NUM  15.
PAR  15. A resin laminate structure set forth in claim 13 wherein said carbonyl
      group-containing thermoplastic polymer is a homopolymer of a monomer
      expressed by the following formula
      ##EQU20##
      wherein R.sub.3 is a hydrogen atom or an alkyl group having up to 4 carbon
      atoms or a phenyl group,
PAL  or a copolymer of said monomer with an olefin or a carbonyl group-free,
      other .alpha.,.beta.-ethylenically unsaturated monomer.
NUM  16.
PAR  16. A resin laminate structure set forth in claim 13 wherein said carbonyl
      group-containing thermoplastic polymer is an ionomer.
NUM  17.
PAR  17. A resin laminate structure set forth in claim 13, wherein said carbonyl
      group-containing thermoplastic polymer is a polyamide or copolyamide
      composed of recurring units expressed by the following formula
      ##EQU21##
      wherein n is a number of from 3 to 13 and m is a number of from 4 to 11.
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PAL  Composites based on polyurethane foams heat sealed to a substrate are
      prepared from polyurethane foams employing a graft polyol as a component
      of the foam-forming reaction mixture. The resulting composites possess
      exceptional bonding strength.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  The present invention relates to a method of preparing composite structures
      comprising a layer of flexible polyurethane foam bonded to a substrate by
      means of heat and to the resulting composites. More particularly, the
      invention relates to the use of polyurethane foams prepared from graft
      polyols in the preparation of heat sealable composites.
PAR  2. Prior Art
PAR  Several heat sealing methods are known in the art for laminating plastic
      sheets together, which methods preclude the use of an adhesive. One such
      method, which is particularly desirable in view of its speed and ease of
      application, is the so-called dielectric heat sealing method. This
      comprises pressing the layers to be adhered together between two surfaces
      while applying a high-frequency voltage thereto. The heat generated by
      this voltage fuses the layers at the inter-face, and upon cooling and
      solidification of the fused inter-face, the layers become permanently
      bonded together. This and other heat sealing methods in general have been
      successfully employed in laminating polyester polyol but not polyether
      polyol polyurethane foam to other materials. In the case of polyurethane
      foam of the polyether type, difficulty was encountered in permanently heat
      sealing them to other materials.
PAR  Previous attempts to overcome this difficulty have included employing
      certain low molecular weight polyols in the foam preparation (U.S. Pat.
      No. 3,205,120); using a particular organic polyisocyanate in the foam
      preparation (U.S. Pat. No. 3,497,116); incorporating conductive particles
      in the foam (U.S. Pat. No. 3,499,848); applying a thin layer of a dipolar
      material to the foam surface before sealing it to another plastic sheet
      (U.S. Pat. No. 2,859,153); incorporating highly polar, reactive
      hydrogen-containing compounds in the foam-forming reaction mixture (U.S.
      Pat. No. 3,674,718); and employing various vinyl polymer fillers as one
      component of the urethane reaction mixture.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to composite structures comprising a layer of
      flexible polyurethane foam bonded to a covering layer by means of heat.
      The polyurethane foams employed in the invention are prepared employing a
      graft polyol as a component of the foam-forming reaction mixture. By the
      phrase "graft polyol" as used herein is meant a product prepared by the in
      situ polymerization in the presence of a free radical catalyst of an
      ethylenically unsaturated monomer or mixture of monomers in a polyol. It
      was suprising to find that foams prepared from these graft polyols could
      be employed in the preparation of heat-sealable composites having
      exceptional bonding strength.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As mentioned above, the polyurethane foams employed in the present
      invention are prepared from graft polyols. Graft polyols are well known in
      the art as evidenced by U.S. Pat. Nos. 3,383,351 and 3,652,639, as well as
      by U.S. Patent application Ser. No. 311,809 filed Dec. 4, 1972, now U.S.
      Pat. No. 3,823,201. The graft polyols are generally prepared by the in
      situ polymerization in the presence of a free radical catalyst of an
      ethylenically unsaturated monomer or mixture of monomers in a polyol.
PAR  The polyols which may be employed in the preparation of the graft polyols
      are well known in the art. Both conventional polyols essentially free from
      ethylenic unsaturation such as those described in U.S. Pat. No. 3,383,351
      and unsaturation-containing polyols may be employed in the invention.
      Representative polyols essentially free from ethylenic unsaturation which
      may be employed in the present invention are well known in the art. They
      are often prepared by the catalytic condensation of an alkylene oxide or
      mixture of alkylene oxides either simultaneously or sequentially with an
      organic compound having at least two active hydrogen atoms such as
      evidenced by U.S. Pat. Nos. 1,922,451; 3,190,927; and 3,346,557.
PAR  Representative polyols include polyhydroxyl-containing polyesters,
      polyalkylene polyether polyols, polyhydroxy-terminated polyurethane
      polymers, polyhydroxyl-containing phosphorus compounds, and alkylene oxide
      adducts of polyhydric polythioethers, polyacetals, aliphatic polyols and
      thiols, ammonia, and amines including aromatic, aliphatic, and
      heterocyclic amines, as well as mixtures thereof. Alkylene oxide adducts
      of compounds which contain two or more different groups within the
      above-defined classes may also be used such as amino alcohols which
      contain an amino group and a hydroxyl group. Also alkylene oxide adducts
      of compounds which contain one -SH group and one -OH group as well as
      those which contain an amino group and a -SH group may be used.
PAR  Any suitable hydroxyl-containing polyester may be used such as are obtained
      from polycarboxylic acids and polyhydric alcohols. Any suitable
      polycarboxylic acid may be used such as oxalic acid, malonic acid,
      succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid,
      azelaic acid, sebacic acid, brassylic acid, thapsic acid, maleic acid,
      fumaric acid, glutaconic acid, .alpha.-hydromuconic acid,
      .beta.-hydromuconic acid, .alpha.-butyl-.alpha.-ethylglutaric acid,
      .alpha.-.beta.-diethylsuccinic acid, isophthalic acid, terephthalic acid,
      hemimellitic acid, and 1,4-cyclohexanedicarboxylic acid. Any suitable
      polyhydric alcohol including both aliphatic and aromatic may be used such
      as ethylene glycol, 1,3-propylene glycol, 1,2-propylene glycol,
      1,4-butylene glycol, 1,3-butylene glycol, 1,2-butylene glycol, 1,5-pentane
      diol, 1,4-pentane diol, 1,3-pentane diol, 1,6-hexane diol, 1,7-heptane
      diol, glycerol, 1,1,1-trimethylolpropane, 1,1,1-trimethylolethane,
      hexane-1,2,6-triol, .alpha.-methyl glucoside, pentaerythritol, and
      sorbitol. Also included with the term "polyhydric alcohol" are compounds
      derived from phenol such as 2,2-(4,4'-hydroxyphenol)-propane, commonly
      known as Bisphenol A.
PAR  Any suitable polyalkylene polyether polyol may be used such as the
      polymerization product of an alkylene oxide or of an alkylene oxide with a
      polyhydric alcohol having from 2 to 6 hydroxyl groups. Any suitable
      polyhydric alcohol may be used such as those disclosed above for use in
      the preparation of the hydroxyl-containing polyesters. Any suitable
      alkylene oxide may be used such as ethylene oxide, propylene oxide,
      butylene oxide, amylene oxide, and heteric or block copolymers of these
      oxides. The polyalkylene polyether polyols may be prepared from other
      starting materials such as tetrahydrofuran and alkylene
      oxide-tetrahydrofuran copolymers; epihalohydrins such as epichlorohydrin;
      as well as aralkylene oxides such as styrene oxide. The polyalkylene
      polyether polyols may have either primary or secondary hydroxyl groups
      and, preferably, are polyethers prepared from alkylene oxides having from
      two to six carbon atoms such as polyethylene ether glycols, polypropylene
      ether glycols, and polybutylene ether glycols. The polyalkylene polyether
      polyols may be prepared by any known process such as, for example, the
      process disclosed by Wurtz in 1859 and Encyclopedia of Chemical
      Technology, Vol. 7, pp. 257-262, published by Interscience Publishers,
      Inc. (1951) or in U.S. Pat. No. 1,922,459. Polyethers which are preferred
      include the alkylene oxide addition products of trimethylolpropane,
      glycerine, pentaerythritol, sucrose, sorbitol, propylene glycol, and
      2,2-(4,4'-hydroxyphenyl)propane and blends thereof having equivalent
      weights of from 250 to 5,000.
PAR  Suitable polyhydric polythioethers which may be condensed with alkylene
      oxides include the condensation product of thiodiglycol or the reaction
      product of a dihydric alcohol such as is disclosed above for the
      preparation of the hydroxyl-containing polyesters with any other suitable
      thioether glycol.
PAR  The hydroxyl-containing polyester may also be a polyester amide such as is
      obtained by including some amine or amino alcohol in the reactants for the
      preparation of the polyesters. Thus, polyester amides may be obtained by
      condensing an amino alcohol such as ethanolamine with the polycarboxylic
      acids set forth above or they may be made using the same components that
      make up the hydroxyl-containing polyester with only a portion of the
      components being a diamine such as ethylene diamine.
PAR  Polyhydroxyl-containing phosphorus compounds which may be used include
      those compounds disclosed in U.S. Pat. No. 3,639,542. Preferred
      polyhydroxyl-containing phosphorus compounds are prepared from alkylene
      oxides and acids of phosphorus having a P.sub.2 O.sub.5 equivalency of
      from about 72 percent to about 95 percent.
PAR  Suitable polyacetals which may be condensed with alkylene oxides include
      the reaction product of formaldehyde or other suitable aldehyde with a
      dihydric alcohol or an alkylene oxide such as those disclosed above.
PAR  Suitable aliphatic thiols which may be condensed with alkylene oxides
      include alkane thiols containing at least two -SH groups such as
      1,2-ethane dithiol, 1,2-propane dithiol, 1,3-propane dithiol, and
      1,6-hexane dithiol; alkene thiols such as 2-butene-1,4-dithiol; and alkyne
      thiols such as 3-hexyne-1,6-dithiol.
PAR  Suitable amines which may be condensed with alkylene oxides include
      aromatic amines such as aniline, o-chloraniline, p-amino aniline,
      1,5-diamino naphthalene, methylene dianiline, the condensation products of
      aniline and formaldehyde, and 2,4-diamino toluene; aliphatic amines such
      as methyl amine, triisopropanol amine, ethylene diamine, 1,3-propylene
      diamine, 1,4-butylene diamine, and 1,3-butylene diamine.
PAR  The unsaturation-containing polyols which may be employed may be prepared
      by the reaction of any conventional polyol such as those described above
      with an organic compound having both ethylenic unsaturation and a
      hydroxyl, carboxyl, or epoxy group. They may also be prepared by employing
      an organic compound having both ethylenic unsaturation and a hydroxyl,
      carboxyl, or epoxy group as a reactant in the preparation of the
      conventional polyol. Furthermore, they may be prepared by the reaction of
      a suitable polyol having from two to eight hydroxyl groups with a
      monoester, a halogen-containing compound or an isocyanate-terminated
      compound, each of which contains a polymerizable carbon-to-carbon double
      bond, or with a compound, such as acetylene, which upon reaction yields a
      polymerizable carbon-to-carbon double bond.
PAR  Specifically, the unsaturation-containing polyols may be prepared: (1) by
      the reaction of a polyol with a compound such as maleic anhydride; (2) by
      employing a compound such as allyl glycidylether in the preparation of the
      unsaturation-containing polyol; (3) by the transesterification reaction of
      a polyol with ethyl acrylate, methyl methacrylate, or a similar compound,
      or by the esterification of said polyol with acrylic acid, methacrylic
      acid, etc.; (4) by the reaction of the sodium or potassium metal salt of a
      polyol with allyl chloride or vinyl chloride; or (5) by the reaction of a
      polyol with acetylene. Additionally, the product of the reaction of a
      stoichiometric excess amount of toluene diisocyanate with a compound
      having an active hydrogen and a polymerizable carbon-to-carbon double bond
      such as 2-hydroxypropyl methacrylalte may be reacted with a polyol to
      yield a hydroxy-terminated organic compound containing a polymerizable
      carbon-to-carbon double bond. Alternatively, a similar compound may be
      prepared by treating the prepolymer resulting from the reaction of toluene
      diisocyanate with a polyol with compounds such as 2-hydroxyethyl acrylate,
      4-hydroxybutyl acrylate and the like.
PAR  Representative of the organic compounds having both ethylenic unsaturation
      and a hydroxyl, carboxyl or epoxy group which may be used include
      unsaturated polycarboxylic acids and anhydrides such as maleic acid and
      anhydride, fumaric acid, crotonic acid and anhydride, propenyl succinic
      anhydride, and halogenated maleic acids and anhydrides; unsaturated
      polyhydric alcohols such as 2-butene-1,4-diol, glycerol allylether,
      trimethylolpropane allylether, pentaerythritol allylether, pentaerythritol
      vinylether, pentaerythritol diallylether, and 1-butene-3,4-diol;
      unsaturated epoxides such as 1-vinylcyclohexane-3,4-epoxide, butadiene
      monoxide, vinyl glycidylether(1-vinyloxy-2,3-epoxy propane), glycidyl
      methacrylate and 3-allyloxypropylene oxide (allyl glycidylether). If a
      polycarboxylic acid or anhydride is employed to incorporate unsaturation
      into the compounds, it is then preferred to react the resulting compounds
      with an alkylene oxide, preferably ethylene or propylene oxide, to replace
      the carboxyl groups with hydroxyl groups prior to employment in the
      present invention. The amount of alkylene oxide employed is such to reduce
      the acid number of the hydroxy-terminated organic compound to about one or
      less. Representative ester-containing compounds containing a polymerizable
      carbon-to-carbon double bond include methyl acrylate, ethyl acrylate,
      propyl acrylate, n-butyl acrylate, and the corresponding methacrylates.
      Representative halogen-containing compounds containing a polymerizable
      carbon-to-carbon double bond include vinyl chloride, allyl chloride,
      acrylyl chloride, methacrylyl chloride, vinyl bromide, allyl bromide,
      acrylyl bromide and methacrylyl bromide.
PAR  To prepare the unsaturation-containing polyols from about 0.05 mole to
      about 3.0 moles, preferably from 0.30 mole to 1.50 moles, of said organic
      compound per mole of polyol is employed. The preparation of the
      unsaturation-containing polyols employed in the present invention follows
      conventional prior art procedures such as disclosed in U.S. Pat. Nos.
      3,275,606 and 3,280,077. Generally, this requires a reaction at a
      temperature between 0.degree.C. and 130.degree.C. Both acidic catalysts,
      such as Lewis acid catalyts and basic catalysts such as alkali metal
      hydroxides, may be used. In addition, a non-catalyzed reaction may be used
      employing temperatures between 50.degree.C. and 200.degree.C.
PAR  As mentioned above, the graft polyols are prepared by the in situ
      polymerization of the above-described polyols with an ethylenically
      unsaturated monomer or a mixture of ethylenically unsaturated monomers.
      Representative ethylenically unsaturated monomers which may be employed in
      the present invention include butadiene, isoprene, 1,4-pentadiene,
      1,6-hexadiene, 1,7-octadiene styrene, .alpha.-methylstyrene,
      methylstyrene, 2,4-dimethylstyrene, ethylstyrene, isopropylstyrene,
      butylstyrene, phenylstyrene, cyclohexylstyrene, benzylstyrene, and the
      like; substituted styrenes such as chlorostyrene, 2,5-dichlorostyrene,
      bromostyrene, fluorostyrene, trifluoromethylstyrene, iodostyrene,
      cyanostyrene, nitrostyrene, N,N-dimethylaminostyrene, acetoxylstyrene,
      methyl 4-vinylbenzoate, phenoxystyrene, p-vinyl diphenyl sulfide,
      p-vinylphenyl phenyl oxide, and the like; the acrylic and substituted
      acrylic monomers such as acrylonitrile, acrylic acid, methyacrylic acid,
      methylacrylate, 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate,
      methyl methacrylate, cyclohexyl methacrylate, benzyl methacrylate,
      isopropyl methacrylate, octyl methacrylate, methacrylonitrile, methyl
      .alpha.-chloroacrylate, ethyl .alpha.-ethoxyacrylate, methyl
      .alpha.-acetaminoacrylate, butyl acrylate, 2-ethylhexylacrylate, phenyl
      acrylate, phenyl methacrylate, .alpha.-chloroacrylonitrile,
      N,N-dimethylacrylamide, N,N-dibenzylacrylamide, N-butylacrylamide,
      methacrylyl formamide, and the like; the vinyl esters, vinyl ethers, vinyl
      ketones, etc., such as vinyl acetate, vinyl chloroacetate, vinyl alcohol,
      vinyl butyrate, isopropenyl acetate, vinyl formate, vinyl acrylate, vinyl
      methacrylate, vinyl methoxy acetate, vinyl benzoate, vinyl iodide, vinyl
      toluene, vinyl naphthalene, vinyl bromide, vinyl chloride, vinyl fluoride,
      vinylidene bromide, vinylidene chloride, 1-chloro-1-fluoro-ethylene,
      vinylidene fluoride, vinyl methyl ether, vinyl ethyl ether, vinyl propyl
      ethers, vinyl butyl ethers, vinyl 2-ethylhexyl ether, vinyl phenyl ether,
      vinyl 2-methoxyethyl ether, methoxybutadiene, vinyl 2-butoxyethyl ether,
      3,4-dihydro-1,2-pyran, 2-butoxy-2'-vinyloxy diethyl ether, vinyl
      2-ethylmercaptoethyl ether, vinyl methyl ketone, vinyl ethyl ketone, vinyl
      phosphonates such as bis(.beta.-chloroethyl)vinyl phosphonate, vinyl
      phenyl ketone, vinyl ethyl sulfide, vinyl ethyl sulfone, N-methyl-N-vinyl
      acetamide, N-vinyl-pyrrolidone, vinyl imidazole, divinyl sulfide, divinyl
      sulfoxide, divinyl sulfone, sodium vinyl sulfonate, methyl vinyl
      sulfonate, N-vinyl pyrrole, and the like; dimethyl fumarate, dimethyl
      maleate, maleic acid, crotonic acid, fumaric acid, itaconic acid,
      monomethyl itaconate, t-butylaminoethyl methacrylate, dimethylaminoethyl
      methacrylate, glycidyl acrylate, allyl alcohol, glycol monoesters of
      itaconic acid, dichlorobutadiene, vinyl pyridine, and the like. Any of the
      known polymerizable monomers can be used and the compounds listed above
      are illustrative and not restrictive of the monomers suitable for use in
      this invention.
PAR  The amount of ethylenically unsaturated monomer employed in the
      polymerization reaction is generally from 1 percent to 40 percent,
      preferably from 10 percent to 35 percent, based on the weight of the
      polyol. The polymerization occurs at a temperature between about
      80.degree.C. and 170.degree.C., preferably from 105.degree.C. to
      135.degree.C.
PAR  Illustrative catalysts which may be employed are the well-known free
      radical type of vinyl polymerization catalysts, for example, the
      peroxides, persulfates, perborates, percarbonates, azo compounds, etc.,
      including hydrogen peroxide, dibenzoyl peroxide, acetyl peroxide, benzoyl
      hydroperoxide, t-butyl hydroperoxide, di-t-butyl peroxide, lauroyl
      peroxide, butyryl peroxide, diisopropylbenzene hydroperoxide, cumene
      hydroperoxide, paramenthane hydroperoxide, diacetyl peroxide,
      di-.alpha.-cumyl peroxide, dipropyl peroxide, diisopropyl peroxide,
      isopropyl-t-butyl peroxide, butyl-t-butyl peroxide, dilauroyl peroxide,
      difuroyl peroxide, ditriphenylmethyl peroxide,
      bis(p-methoxybenzoyl)peroxide, p-monomethoxybenzoyl peroxide, rubrene
      peroxide, ascaridol, t-butyl peroxybenzoate, diethyl peroxyterephthalate,
      propyl hydroperoxide, isopropyl hydroperoxide, n-butyl hydroperoxide,
      t-butyl hydroperoxide, cyclohexyl hydroperoxide, trans-Decalin
      hydroperoxide, .alpha.-methylbenzyl hydroperoxide,
      .alpha.-methyl-.alpha.-ethyl benzyl hydroperoxide, Tetralin hydroperoxide,
      triphenylmethyl hydroperoxide, diphenylmethyl hydroperoxide,
      .alpha.-.alpha.-azo-2-methyl butyronitrile, .alpha.,.alpha.'-2-methyl
      heptonitrile, 1,1'-azo-1-cyclohexane carbonitrile, dimethyl
      .alpha.,.alpha.'-azo-isobutyrate, 4,4'-azo-4-cyanopentanoic acid,
      azobis-(isobutyronitrile), persuccinic acid, diisopropyl peroxy
      dicarbonate, and the like; a mixture of catalysts may also be used.
      Azobis(isobutyronitrile) is the preferred catalyst. Generally from about
      0.5 percent to about 10 percent, preferably from about 2 percent to about
      5 percent, by weight of catalyst based on the weight of the monomer will
      be employed in the process of the invention.
PAR  The polyurethane foams employed in the present invention are generally
      prepared by the reaction of a graft polyol with an organic polyisocyanate
      in the presence of a blowing agent and optionally in the presence of
      additional polyhydroxyl-containing components, chain-extending agents,
      catalysts, surface-active agents, stabilizers, dyes, fillers and pigments.
      Suitable processes for the preparation of cellular polyurethane plastics
      are disclosed in U.S. Reissue Patent 24,514 together with suitable
      machinery to be used in conjunction therewith. When water is added as the
      blowing agent, corresponding quantities of excess isocyanate to react with
      the water and produce carbon dioxide may be used. It is also possible to
      proceed with the preparaton of the polyurethane plastics by a prepolymer
      technique wherein an excess of organic polyisocyanate is reacted in a
      first step with the polyol of the present invention to prepare a
      prepolymer having free isocyanate groups which is then reacted in a second
      step with water to prepare a foam. Alternately, the components may be
      reacted in a single working step commonly known as the "one-shot"
      technique of preparing polyurethanes. Furthermore, instead of water, low
      boiling hydrocarbons such as pentane, hexane, heptane, pentene, and
      heptene; azo compounds such as azohexahydrobenzodinitrile; halogenated
      hydrocarbons such as dichlorodifluoromethane, trichlorofluoromethane,
      dichlorodifluoroethane, vinylidene chloride, and methylene chloride may be
      used as blowing agents.
PAR  Organic polyisocyanates which may be employed include aromatic, aliphatic,
      and cycloaliphatic polyisocyanates and combinations thereof.
      Representative of these types are the diisocyanates such as m-phenylene
      diisocyanate, tolylene-2,4-diisocyanate, tolylene-2,6-diisocyanate,
      mixtures of 2,4 and 2,6-tolylene diisocyanate,
      hexamethylene-1,6-diisocyanate, tetramethylene-1,4-diisocyanate,
      cyclohexane-1,4-diisocyanate, hexahydrotolylene diisocyanate (and
      isomers), naphthylene-1,5-diisocyanate, 1-methoxyphenyl-2,4-diisocyanate,
      diphenylmethane-4,4'-diisocyanate, 4,4'-biphenylene diisocyanate,
      3,3'-dimethoxy-4,4'-biphenyl diisocyanate, 3,3'-dimethyl-4,4'-biphenyl
      diisocyanate and 3,3'-dimethyldiphenylmethane-4,4'-diisocyanate; the
      triisocyanates such as 4,4',4'-triphenylmethane triisocyanate,
      polymethylene polyphenylisocyanate and tolylene 2,4,6-triisocyanate; and
      the tetraisocyanates such as
      4,4'-dimethyldiphenylmethane-2,2'-5,5'-tetraisocyanate. Especially useful
      due to their availability and properties are tolylene diisocyanate,
      diphenylmethane-4,4'-diisocyanate and polymethylene polyphenylisocyanate.
PAR  Crude polyisocyanate may also be used in the compositions of the present
      invention, such as crude toluene diisocyanate obtained by the phosgenation
      of a mixture of toluene diamines or crude diphenylmethane isocyanate
      obtained by the phosgenation of crude diphenylmethyl diamine. The
      preferred unreacted or crude isocyanates are disclosed in U.S. Pat. No.
      3,215,652.
PAR  As mentioned above, the graft polyols may be employed along with another
      polyhydroxyl-containing component commonly employed in the art. Any of the
      polyhydroxyl-containing components which are described above for use in
      the preparation of the graft polyols may be employed in the preparation of
      the polyurethane foams useful in the present invention.
PAR  Chain-extending agents which may be employed in the preparation of the
      polyurethane foams include those compounds having at least two functional
      groups bearing active hydrogen atoms such as water, hydrazine, primary and
      secondary diamines, amino alcohols, amino acids, hydroxy acids, glycols,
      or mixtures thereof. A preferred group of chain-extending agents includes
      water and primary and secondary diamines which react more readily with the
      prepolymer than does water such as phenylene diamine,
      1,4-cyclohexane-bis-(methylamine), ethylene diamine, diethylene triamine,
      N-(2-hydroxypropyl)ethylene diamine, N,N'-di(2-hydroxypropyl)ethylene
      diamine, piperazine, 2-methylpiperazine, morpholine, and
      dodecahydro-1,4,7,9b-tetrazaphenalene.
PAR  Any suitable catalyst may be used including tertiary amines, such as for
      example, triethylene diamine, N-methyl morpholine, N-ethyl morpholine,
      diethyl ethanolamine, N-coco morpholine, 1-methyl-4-dimethylamino ethyl
      piperazine, 3-methoxy-N-dimethyl propyl amine, N-dimethyl-N'-methyl
      isopropyl propylene diamine, N,N-diethyl-3-diethyl amino propyl amine,
      dimethyl benzyl amine, and the like. Other suitable catalysts are, for
      example, tim compounds such as stannous chloride, tin salts of carboxylic
      acids, such as dibutyltin di-2-ethyl hexoate, tin alcoholates such as
      stannous octoate, as well as other organo metallic compounds such as are
      disclosed in U.S. Pat. No. 2,846,408.
PAR  A wetting agent or surface-active agent is generally necessary for
      production of high grade polyurethane foam according to the present
      invention, since in the absence of same the foams collapse or contain very
      large uneven cells. Numerous wetting agents have beem found satisfactory.
      Nonionic surfactants and wetting agents are preferred. Of these, the
      nonionic surface-active agents prepared by the sequential addition of
      propylene oxide and then ethylene oxide to propylene glycol and the solid
      or liquid organosilicones have been found particularly desirable. Other
      surface-active agents which are operative, although not preferred, include
      polyethylene glycol ethers of long chain alcohols, tertiary amine or
      alkylolamine salts of long chain alkyl acid sulfate esters, alkyl sulfonic
      esters, and alkyl arylsulfonic acids.
PAR  In a preferred embodiment of the present invention, a phosphorus-containing
      organic ingredient is employed along with the graft polyol in the
      preparation of the polyurethane foam. Illustrative phosphorus-containing
      organic compounds include O,O-diethyl-n,n-bis(2-hydroxyethyl)aminomethyl
      phosphonate, tris(.beta.-chloroethyl)phosphate, tricresylphosphate,
      triphenylphosphate, cresyldiphenylphosphate,
      tris(2,3-dibromopropyl)phosphate, tris(trichloropropyl)phosphate,
      2,2-bis(chloromethyl)trimethylene-bis[bis(2-chloroethyl)-phosphate], and
      tris(chlorobromopropyl)phosphate. Any phosphorus-containing organic
      compound which does not break down, i.e., one which does not react with
      isocyanate groups, may be employed in the invention. In addition to
      imparting fire-retardant properties, the phosphorus-containing compounds
      reduce the brittleness and friability of the foam. Generally, from one
      part to 15 parts by weight of phosphorus-containing compound based on 100
      parts of graft polyol will be employed.
PAR  As a result of the inclusion of a graft polyol in the polyurethane
      foam-forming reaction mixture, the resulting foam is rendered heat
      sealable to other substrates. The composites of the invention comprise at
      least one layer of urethane foam which has been heat sealed to at least
      one layer of a substrate. The substrates which can be employed include
      spun, woven, knitted, felted, matted, and the like textile fabrics
      produced from natural and synthetic fibers such as cotton, wool, silk,
      linen, jute, hemp, sisal, nylon, polyester, polyacrylonitrile, vinyl
      chloride-acrylonitrile copolymer, rayon, polyurethane spandex, and the
      like. Other useful substrates include plastic film prepared from
      poly(vinyl chloride), vinyl chloride-vinyl acetate copolymers, vinylidene
      chloride homopolymers and copolymers, cellophane, polyethylene,
      polypropylene, polystyrene, and the like. Still further useful substrates
      include wood, glass, metal, stone, cement, various plastics, plastic
      foams, and the like. The preferred substrates include fabrics and films
      produced from homo- and copolymers of vinyl chloride.
PAR  The composites of the invention are produced by heating part or all of the
      surface of the urethane foam described above to a temperature above the
      fusion temperature of the foam to form a tacky liquid or semi-liquid
      layer, and thereafter or concurrently with the heating operation, applying
      the substrate to the tacky surface of the foam and holding in contact
      therewith while cooling until the surface cools and resolidifies, thereby
      forming an adhesive bond between the foam and the substrate. The fusion
      temperature of the foam will vary depending upon the natrue and proportion
      of the components therein, but in general is in the range of from about
      400.degree.F. to about 600.degree.F. It is in general desirable not to
      heat the surface of the foam to a temperature higher than about
      100.degree.F. above the fusion temperature of the particular foam. In
      keeping the substrate in contact with the tacky surface of the foam until
      said surface has cooled and resolidified, it is desirable to employ a
      moderate amount of pressure in order to maintain the foam and substrate in
      contact. The pressure can be as low as that resulting from the weight of
      the foam or the substrate, but is preferably of the order of from about
      0.1 to about 100 or more pounds per square inch. The heat can be applied
      to the surface of the foam by any convenient means, for example, a flame,
      dielectric heating, a hot surface such as a "hot plate," "hot bar or die,"
      or by the use of high frequency sound energy.
PAR  The several types of composites that are provided by the invention are
      widely useful. For instance, the fabric-urethane foam composites are
      useful in the production of padded clothing, insulation, cushions, and the
      like. The composites provided by the invention are generally widely useful
      in the production of cushioning, heat and sound insulation, crash pads and
      the like.
PAR  The following examples illustrate the nature of the invention. All parts
      are by weight unless otherwise stated. In the examples, the physical
      properties of the polyurethane were determined by the following ASTM
      tests:
TBL  Tensile Strength        D-412                                             

     Modulus                 D-412                                             

     Elongation              D-412                                             

     Split Tear              D-470                                             

     Compression Set         D-395                                             

     Compression Load        D-1564                                            

     Humid Aging             D-1564                                            

DETD
PAC  EXAMPLE I
PAC  A. Preparation Of An Unsaturated Polyether Polyol
PAR  A stainless steel autoclave equipped with a thermometer, stirrer, nitrogen
      source, inlet means and heat exchange means was charged with 21.8 parts of
      propylene glycol and 312 parts of a 325 molecular weight polyol prepared
      by the condensation in the presence of potassium hydroxide of four moles
      of propylene oxide with one mole of glycerol. The charge was purged with
      nitrogen and heated to 105.degree.C. With constant stirring, a mixture of
      4564 parts of propylene oxide and 41.6 parts (corresponding to 0.30 mole
      per mole of product) of allyl glycidyl ether was gradually added to the
      reaction mixture over ten hours. Upon completion of the oxide addition,
      the reaction mixture was maintained at 105.degree.C. for 4 hours.
      Thereafter, 870 parts of ethylene oxide was added over a period of 1.5
      hours at a temperature of 105.degree.C. After the addition was completed,
      the reaction mixture was maintained at 105.degree.C. for an additional
      hour. The reaction mixture was cooled to 30.degree.C. and discharged from
      the autoclave. The reaction product was treated with an adsorbent,
      filtered to remove the catalyst and stripped at 100.degree.C. for 1 hour
      under less than 5 millimeters of mercury to remove volatiles. The product,
      a clear colorless liquid, had a hydroxyl number of 35, an acid number of
      0.01, a refractive index at 25.degree.C. of 1.4534, and a Brookfield
      viscosity at 25.degree.C of 900 cps.
PAC  B. Preparation Of Graft Polyol
PAR  A reaction vessel equipped as described above was charged with 350 parts of
      the unsaturated polyol prepared in (A), above. Nitrogen was bubbled
      through the polyol for about one hour. With stirring and under a slight
      nitrogen flow, the charge was heated to 115.degree.C. A stream of a
      mixture of 62 parts of acrylonitrile and 55 parts of styrene and a stream
      of 2.5 parts of azobis(isobutyronitrile) in 150 parts of the unsaturated
      polyl were fed into a KENICS static mixer and continuously added to the
      charge over a period of ninety minutes at 115.degree.C. Upon completion of
      the addition, the reaction mixture was maintained at 115.degree.C. for 20
      minutes. The reaction mixture was then stripped for 1 hour at
      105.degree.C. under less than 5 millimeters of mercury. The stripped
      reaction product was a homogeneous liquid dispersion having a Brookfield
      viscosity at 25.degree.C. of 2000 cps. and a hydroxyl number of 28.
PAC  C. Preparation Of Polyurethane Foam And Composite
PAR  A polyurethane foam was prepared by reacting the following ingredients and
      amounts thereof:
TBL  Ingredient           Amount, pbw                                          

     ______________________________________                                    

     Graft polyol         350                                                  

     Water                9.5                                                  

     Triethylene diamine  0.4                                                  

     Silicone surfactant  7.0                                                  

     N-ethyl morpholine   1.8                                                  

     Stannous octoate     0.1                                                  

     Tricresyl phosphate  35                                                   

     Dioctyl phthalate    17.5                                                 

     Toluene diisocyanate 95                                                   

     Polymethylene polyphenyl-                                                 

     isocyanate           24                                                   

     ______________________________________                                    

PAL  The resulting foam had a density of 3.2 lbs./ft.sup.3 and an air flow of
      0.4 cfm. A 1/2 inch thick piece of the foam was dielectrically sealed to
      the smooth face and to the fabric side of vinyl sheets using a Thermatron
      K-41-S dielectric sealing machine. The conditions of the dielectric heat
      seal were: Seal Time, 6 sec.; Cool Time, 1.5 sec.; Power, 4 KW, 30 MC; and
      Line Pressure, 100 lbs./in.sup.2. The tear resistance of the seal was
      evaluated by pulling the two pieces of vinyl film on an Instron tester.
      The bond strength measured at 10 pounds per inch. A control foam prepared
      as described above, differing in that the polyol employed was a 3,000
      molecular weight propylene oxide adduct of glycerine, was also heat sealed
      to vinyl. The tear resistance of the seal was evaluated to be four pounds
      per square inch.
PAC  EXAMPLE II
PAR  Polyurethane foams were prepared employing the following polyols:
PA1  Polyol A -- A 3000 molecular weight propylene oxide adduct of glycerol
      (hydroxyl number of 56).
PA1  Polyol B -- A graft polyol having a hydroxyl number of 40 and a vinyl
      polymer content of 20 percent by weight prepared by the in situ
      polymerization of an equal weight mixture of styrene and acrylonitrile in
      a 3,300 molecular weight polyol prepared by the sequential addition of
      ethylene oxide and a mixture of propylene oxide and allyl glycidyl ether
      to glycerol, said polyol having an oxyethylene content of 10 percent by
      weight.
PA1  Polyol C -- A graft polyol having a hydroxyl number of 45 and a vinyl
      polymer content of 18 percent by weight prepared by the in situ
      polymerization of an approximately equal weight mixture of acrylonitrile
      and styrene in a 3000 molecular weight propylene oxide adduct of glycerol.
PAR  The ingredients employed in the preparation of the foams and the amounts
      thereof were as follows:
TBL  Ingredients       Parts by Weight                                         

     ______________________________________                                    

     Polyol A, B or C  300                                                     

     Water             9.0                                                     

     Bis(2-N,N-dimethylamino-                                                  

     ethyl)ether       0.3                                                     

     Stannous octoate  0.5                                                     

     Silicone surfactant                                                       

                       4.5                                                     

     Toluene diisocyanate (80/20                                               

     mixture 2,4- 2,6-isomer)                                                  

                       105 Index                                               

     ______________________________________                                    

PAR  Foam composites were prepared by heat sealing 1/2 inch slices of foam to
      clear and to orange vinyl strips. The seals were made with a Vertrod
      Thermal Impulse Heat Sealing Machine, Model 14PS-SP, Serial No. V-9152,
      Watts 1150. The sealing occurred using a machine setting of 80 pounds
      pressure and 40 volts. Heat/Dwell settings of 8/5 and 10/10 were employed.
      The adhesive strength of the seals was evaluated. The results obtained are
      present in Table I, below. As the data in the table indicate, composites
      prepared from those foams derived from graft polyols exhibit improved
      bonding strength over composites prepared from foams derived from
      conventional polyols.
TBL                                    Table I                                 

     __________________________________________________________________________

     Adhesion Strength, pi.                                                    

            Foam Heat/Dwell                                                    

            Density,                                                           

                 Clear        Orange                                           

     Foam                                                                      

        Polyol                                                                 

            pcf. Film:                                                         

                     8/5 10/10                                                 

                              Film:                                            

                                  8/5 10/10                                    

     __________________________________________________________________________

     1  A   1.9      1.02                                                      

                         1.30     0.79                                         

                                      1.07                                     

     2  B   1.8      1.24                                                      

                         1.62     1.13                                         

                                      1.65                                     

     3  C   1.9      1.35                                                      

                         1.64     0.86                                         

                                      1.89                                     

     4  A   2.0      0.91                                                      

                         0.98     0.69                                         

                                      0.87                                     

     5  B   2.0      0.84                                                      

                         1.22     0.70                                         

                                      1.23                                     

     6  C   2.0      0.90                                                      

                         1.15     0.61                                         

                                      1.08                                     

     7  A   2.2      0.88                                                      

                         1.20     0.68                                         

                                      0.85                                     

     8  B   2.1      1.05                                                      

                         1.36     1.03                                         

                                      1.22                                     

     9  C   2.2      1.09                                                      

                         1.55     0.77                                         

                                      1.13                                     

     __________________________________________________________________________

PAC  EXAMPLE III
PAR  A polyurethane foam composite was prepared in the manner described in
      Example I. The foam employed was prepared from the following ingredients
      and amounts thereof.
TBL  ______________________________________                                    

     Ingredients       Parts by Weight                                         

     ______________________________________                                    

     Polyol D          100                                                     

     Water             3.6                                                     

     Silicone surfactant                                                       

                       1.0                                                     

     Triethylene diamine                                                       

                       0.2                                                     

     Stannous octoate  0.15                                                    

     2,2-Bis(chloromethyl)tri-                                                 

     methylene bis[bis(2-chloro-                                               

     ethyl)phosphate]  5                                                       

     Toluene diisocyanate (80/20,                                              

     2,4- 2,6-isomer mixture)                                                  

                       43                                                      

     ______________________________________                                    

PAR  Polyol D is a graft polyol having a hydroxyl number 33 and a vinyl polymer
      content of 35 percent by weight, prepared by the in situ polymerization of
      a mixture of styrene, acrylonitrile and bis(.beta.-chloroethyl)vinyl
      phosphonate in a 3300 molecular weight polyol prepared by the sequential
      addition of ethylene oxide and a mixture of propylene oxide and allyl
      glycidyl ether to glycerol, said polyol having an oxyethylene content of
      about 10 percent by weight.
PAR  The resulting polyurethane foam had a density of 1.62 pcf. A composite
      prepared from this foam exhibited excellent seal strength. Moreover, the
      seals were very strong after 22 hours at 284.degree.F. heat aging and
      after 5 hours at 250.degree.F. humid aging. A composite prepared from a
      foam prepared from Polyol A (as described in Example II) produced
      essentially no seal.
PAC  EXAMPLE IV
PAR  A polyurethane foam composite was prepared in the manner described in
      Example I. The foam employed was prepared from the following ingredients
      and amounts thereof.
TBL  ______________________________________                                    

     Ingredients       Parts by Weight                                         

     ______________________________________                                    

     Polyol E          300                                                     

     Water             9.0                                                     

     Silicone surfactant                                                       

                       2.4                                                     

     Bis(2-N,N-dimethylamino                                                   

     ethyl)ether       0.60                                                    

     Stannous octoate  0.87                                                    

     Toluene diisocyanate (80/20,                                              

     2,4- 2,6-isomer mixture)                                                  

                       113                                                     

     ______________________________________                                    

PAR  Polyol E is a graft polyol having a hydroxyl number of 45 and a vinyl
      polymer content of 20 percent by weight, prepared by the in situ
      polymerization of a mixture of 4 percent of methyl methacrylate and 16
      percent of vinylidene chloride in a polyol having a hydroxyl number of 35
      and prepared by the reaction of one mole of a 4,800 molecular weight
      ethylene oxide propylene oxide adduct of glycerol (oxyethylene content of
      13 percent by weight) with one mole of maleic anhydride and six moles of
      ethylene oxide.
PAR  A composite was prepared in the same manner as described in Example I. The
      tear resistance of the seal was evaluated by pulling the two pieces of
      vinyl film on an Instron tester. The bond strength measured at 4.9 pounds
      per inch.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A polyurethane foam composite prepared by heat sealing a substrate and a
      polyurethane foam prepared by the reaction in the presence of a blowing
      agent of an organic polyisocyanate with a graft polyol obtained by the in
      situ polymerization in the presence of a free radical catalyst of an
      ethylenically unsaturated monomer or mixture of monomers in a polyol.
NUM  2.
PAR  2. The composite of claim 1 wherein the substrate is polyvinyl chloride.
NUM  3.
PAR  3. The composite of claim 1 wherein the organic polyisocyanate is toluene
      diisocyanate.
NUM  4.
PAR  4. The composite of claim 1 wherein the graft polyol is prepared by the in
      situ polymerization in the presence of a free radical catalyst of an
      ethylenically unsaturated monomer or mixture of monomers in an
      unsaturation-containing polyol.
NUM  5.
PAR  5. The composite of claim 4 wherein the mixture of ethylenically
      unsaturated monomers is styrene and acrylonitrile.
NUM  6.
PAR  6. The composite of claim 4 wherein the mixture of ethylenically
      unsaturated monomers is styrene, acrylonitrile and
      bis(.beta.-chloroethyl)vinyl phosphonate.
NUM  7.
PAR  7. The composite of claim 4 wherein the unsaturation-containing polyol is
      prepared by the reaction of a polyether polyol with an organic compound
      having both ethylenic unsaturation and a hydroxyl, carboxyl or epoxy
      group.
NUM  8.
PAR  8. The composite of claim 1 wherein the foam is prepared by the reaction of
      an organic polyisocyanate with a graft polyol in the presence of a blowing
      agent and a phosphorus-containing organic compound.
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ABST
PAL  High voltage apparatus having a voltage carrying part such as a conductor
      enclosed by a housing with a gas, such as SF.sub.6 under pressure, used as
      insulation in the housing in which, in order to prevent burn-off of the
      housing and the voltage carrying part in the event of an accidental
      standing arc, the wall of the housing and, optionally, the voltage
      carrying part are provided, in the area most likely to be exposed to an
      accidental standing arc, with a reinforcement against burn-off which
      includes means to relieve compressed gas pressure and is designed so as to
      have a heat insulating effect for the wall of the housing.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to high voltage apparatus in general, and more
      particularly to an improved construction for high voltage apparatus in
      which a conductor is enclosed by a housing and uses a gas under pressure
      as insulation inside the housing.
PAR  Apparatus of this general nature is known in which the high voltage
      apparatus with a voltage carrying part is enclosed by a housing or
      cladding with the housing supported by insulating members running between
      it and the voltage carrying part and which contains gas under pressure
      inside the housing which gas is used as insulation. In such devices,
      reinforcements are provided in the form of a double wall to prevent
      burn-off at the portions of the apparatus where standing arcs are expected
      in the case of trouble. An arrangement of this nature is shown for
      example, in U.S. Pat. application Ser. No. 201,464, filed Nov. 23, 1971,
      now U.S. Pat. No. 3,814,831.
PAR  High voltage networks are increasingly being equipped with completely
      housed switching installations which have compressed gas insulation not
      only at the nodal points, but also include housed tubular conductors
      having compressed gas insulation as opposed to the more common types of
      cables. Such is also provided for sections of line which are not
      constructed as open wire lines. These compressed gas insulated, completely
      housed tubular conductors are also referred to as compressed gas insulated
      high voltage tubular cables. At switching stations as well as in tubular
      conductors, single-and multi-phase housing is customary, which housing
      must meet certain safety requirements.
PAR  In the apparatus of the above mentioned U.S. Pat. application Ser. No.
      201,464, filed Nov. 23, 1971, now Pat. No. 3,814, 831 a metal clad high
      voltage line is described, in which a closed, burn-off resistant ring is
      provided at the inside wall of the housing, adjacent to the insulating
      members separating the cable and its housing. At this portion there is
      thus what could be called an inner or inside wall and an outer or outside
      wall with the burn-off resistant ring being provided as the inside wall
      and the normal housing as the outside wall. A ring such as this ensures
      that an accidental occurring at the metal housing and which is unavoidably
      urged toward the nearest insulating member along the path of the current
      as a result of current forces will reach the burn-off resistant ring with
      its base starting at the housing. It can dwell, at that point, presuming
      suitable design of the ring, until interruption of the arc, thus,
      preventing destruction of the metal cladding or housing itself.
PAR  Arrangements of this nature are also described in an article by S. Fuhuda
      entitled "Current Carrying and Short Circuit Tests on EHV Cables Insulated
      with SF.sub.6 Gas" in IEEE Transactions on Power Apparatus Systems, vol.
      PAS-88 (1969), p. 147 to 153. As described therein, in tubular conductors
      the burn-off of the housing and the conductor due to accidental arcs is
      dependent on the material with which the cladding or the conductor is
      made. For example, an accidental arc will burn through a cladding of
      aluminum considerably faster than through steel cladding under otherwise
      equal conditions. This can be an advantage, because the sooner pressure
      relief occurs after the accident, the less probable is an additional
      pressure buildup and a major accumulation of hot gases and metal vapor
      resulting from accidental arcs. However, it is also a decisive
      disadvantage that aluminum cladding can burn through so easily at any
      point in that such can occur with short circuit currents of only a few kA,
      which currents have consequences which are essentially harmless. Thus, the
      prior art devices do not meet all the safety requirements required in an
      apparatus of this type.
PAR  Thus, it can be seen that there is a need for an improved arrangement of
      this type which avoids the problems present in the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides such an apparatus with an arrangement along
      the lines of those above described with the additional provision that
      means are provided to relieve the reinforcement of compressed gas pressure
      and that the reinforcement is arranged so that it has a heat retarding
      effect on the wall of the housing. Through these measures, the advantage
      of a reinforcement which is not subject to additional pressure stress
      during an accidental arc burn is obtained and furthermore the arc
      temperature is kept from the housing which acts as the pressurized
      container.
PAR  In the disclosed embodiment, the space between the inner and outer wall of
      the housing, i.e., between the normal housing and the reinforcement ring,
      is preferably connected with the interior of the housing. This space can
      also be partially filled with a solid, heat-insulating material. This
      insures gas pressure relief on the one hand and the desired heat
      retardation on the other hand, achieving these ends in a particularly
      advantageous manner.
PAR  A further advantageous provision is in providing connections between the
      space between the inner and outer wall of the housing through the use of
      breakthroughs in the inner wall with a gas space adjacent to the gas space
      in which the accidental arc burns occur. That is, the normal insulating
      members which separate the conductor from the housing form separate
      chambers within the apparatus which are gas tight from one another. The
      breakthroughs in the inner wall permit equalizing the pressure between two
      adjacent chambers, i.e., between fault-containing and unaffected sections
      of housing, and thus, the insulating members separating the two chambers
      are not subjected to an additional pressure stress.
PAR  In one preferred embodiment, the outer wall of the housing is a sleeve
      which is attached by slipping it on. Furthermore, the outside of this
      outer wall can be coated with a paint which permanently indicates a
      temperature rise of the wall by a change in color. By using such a sleeve,
      a simple design solution is obtained and furthermore, by applying a
      suitable paint the occurrence of overheating can be indicated from the
      outside.
PAR  The making of the inner wall of the housing of a material which is more
      burn-off resistant than the outer wall is preferable. If such is done, the
      housing may be of aluminum, i.e., the outer wall, and the reinforcement
      (the inner wall) of steel. Thus, if a reinforcing material having a high
      melting point and thereby a high burn-off resistance is chosen, the
      established safety requirements will immediately be met with wall
      thicknesses which are economically justifiable.
PAR  As a further advantageous measure, the voltage carrying part can also be
      protected against burn-off in the region in which accidental arcs will
      occur in case of trouble by reinforcement. It is particularly advantageous
      that the voltage carrying part have as reinforcement in this area, a
      portion made of a material having a burn-off resistance which is greater
      than the burn-off resistance of the rest of the material for the voltage
      carrying part. Another solution for reinforcing the voltage carrying part
      against the burn-off is through the use of a reinforcement member which is
      a protective layer of a material having greater burn-off resistance than
      the material of the voltage carrying part. In one illustrated embodiment,
      the protective layer is self-supporting and is in part, at least, a
      distance from the voltage carrying part. Again, it is preferable to make
      the reinforcement of steel and the voltage carrying part of aluminum.
PAR  Another suitable choice of materials is in making the reinforcement of
      copper and the voltage carrying part of aluminum. A copper tube with an
      aluminum disc at both of its ends can be made as a structural unit. With
      this structural unit, a particularly burn-off resistant material on one
      hand is deployed in the desired area, but the technical problems
      associated with making a joint between copper and aluminum at the
      installation site is avoided by the preassembly of this unit in the shop.
      At the installation site, only a simple aluminum -- aluminum joint needs
      to be made. For such a unit, friction-welded joints are particularly
      advantageous. In constructing such a joint, an intermediate layer of
      silver is applied to the end faces of the copper tube, after which the
      aluminum disc or the copper tube are then set in rotation and pressed on
      to each other while rotation proceeds. This produces a unit having high
      electrical conductivity between its portions and which is also
      mechanically very durable. Fabrication of such a unit by means of a
      friction welded joint can also be accomplished using aluminum or steel or
      another more burn-off resistant material.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a schematic illustration of a tubular conductor according to the
      present invention showing a longitudinal cross-sectional view thereof.
PAR  FIG. 2 is a cross section through the tubular conductor of FIG. 1 along the
      lines II--II.
PAR  FIG. 3 is a cross sectional schematic representation of a tubular line
      which has a 9.degree. change in direction.
PAR  FIG. 4 is a cross-sectional view showing the details of construction
      according to one embodiment of the present invention.
PAR  FIG. 5 is a similar cross-sectional view of a tubular conductor having a
      90.degree. change in direction.
PAR  FIG. 6 is a cross-sectional view illustrating the voltage carrying part and
      a portion of the insulating member.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates schematically a partial cross-section of a tubular
      conductor according to the present invention. A conductor 1 is arranged as
      the voltage carrying part within a tubular housing 2. The conductor is
      supported within the housing 1 through the use of insulating members 3. As
      illustrated, the conductor 1 is connected at each end with the respective
      winding of a three phase transformer 4 or 5, having a grounded neutral.
      Preferably, the housing and the conductor are both made of aluminum or an
      aluminum alloy.
PAR  In the area of the insulating member 3, the housing 2 is provided with a
      reinforcement 6, which may be, for example, a cylinder of stainless steel,
      mechanically connected to the housing 2 and electrically conducting at
      least at the line 6a. The detailed design of this arrangement will be
      described below in connection with FIG. 4.
PAR  If in the case of an accident, in which an arc 7 is ignited, a current
      I.sub.1 flows from the input 4 and a current I.sub.2 from the input 5
      through the conductor 1 into the arc 7, and if the current I.sub.1 is
      larger than the current I.sub.2, then the arc 7 will be driven in a very
      short time by the electromagnetic forces present to the dwelling point 8
      in the vicinity of insulator 3, which is nearest to the input 5 with the
      smaller current I.sub.2. Because of the concentric arrangement of the
      conductor 1 and the housing 2, it does not matter at which of the points 9
      or 10 and with what magnitude the currents I.sub.9 and I.sub.10 leave the
      housing. In the plane of the arc 7, which is shown in cross section in
      FIG. 2, the magnetic induction L resulting from the conductor currents
      I.sub.1 and I.sub.2 exists, which is rotationally symmetrical in space as
      shown by the curve A in FIG. 2 and to the magnitude and shape of which the
      currents I.sub.9 and I.sub.10 contribute nothing, since the arrangement is
      a shielded tubular conductor. The force dF = I.sub.4 .times. dl .times. d
      L acting over the length dl of the arc 7, where I.sub.4 is the current
      flowing through the arc 7, thus, always has as its direction that of the
      larger of the currents I.sub.1 or I.sub.2. The force dF in the present
      example thus points to the right, as illustrated on FIG. 1 and will drive
      the arc to the dwelling point 8, with the insulating member 3 acting as an
      arc barrier.
PAR  Since the dwelling point will be at point 8, in accordance with the present
      invention, the reinforcement 6 is provided at the inner wall of the
      housing 1 in such a way that the thermal arc resistance of the housing on
      the side of the stronger input corresponds to the sum of the short circuit
      current flowing toward the arc and on the side of the less powerful input
      to the short curcuit current to be expected there, a burning through of
      the housing by the arc 7 is prevented.
PAR  FIG. 3 illustrates schematically a cross section through a tubular line
      with a change in direction. At the bend, the housing 2 along with the
      conductor 1 are both made in a spherical shape. Because of this, the
      magnetic fields described in connection with FIGS. 1 and 2, will result in
      an accidental arc 7 fed by the current I.sub.1, traveling into the
      magnetic field free conductor axis in the spherical region 2a with the arc
      remaining at a dwelling point 8a in this region as a standing arc. In the
      case of an arc 7' fed by the current I.sub.2, the standing position into
      which it will be driven, will be at point 8b. In the general case of
      current feeding from both sides, the thermally endangered surfaces of the
      conductor 1 and housing surfaces are expanded to strips 11 and 12 located
      between the points 8a and 8b, i.e., the arc may occur anywhere within the
      sector so defined. Thus, as illustrated on FIG. 3, protective layers 11a
      and 12a comprising strips of spherical shape, and which will preferably be
      of steel are provided and are placed on the housing 2a or the sphere 15,
      or as indicated on FIG. 3, are held in place by electrically conducting
      spacers 11b and 12b so that they are at a distance from the housing 2a or
      sphere 15.
PAR  FIG. 4 illustrates in cross section, half of a straight section of tubular
      line in the area of the insulating member 3. As ullustrated, a thin-walled
      hollow conductor 1 is arranged within a thin-walled housing 2. The
      conductor 1 is supported within the housing 2 by insulating members 3 in
      an essentially gas tight manner. The arrangement is of rotational symmetry
      and the interior 2b between the conductor 1 and the housing 2 is filled
      with a gas, such as SF.sub.6, under pressure.
PAR  The funnel-shaped insulating member is fastened to the conductor 1 using a
      first ring-shaped grading electrode 3a and to the housing 2 using a second
      ring-shaped grading electrode 3b. The grading electrodes 3a and 3b are
      shaped so that the field strengths occurring at the edges of the
      insulating body 3 are limited to the permissible values and the electrical
      properties of the tubular conductor and are not detrimentally affected by
      fastening elements such as screws. In the vicinity of the insulating
      member 3, the normally thin-walled hollow conductor 1 is made solid using
      an intermediate piece 1a. In the same vicinity, the housing 2 is
      furthermore double-walled with a connection 2d existing between the
      interior 2b of the housing and the space 6b between the outer wall 2c of
      the housing and the reinforcing inner wall 6 of the double-walled area of
      the overall housing 2. The insulating member 3 is in contact with the
      reinforcing inner wall 6 of the housing 2. The inner wall 6 or
      reinforcement ring may, for example, be made of steel. The intermediate
      piece 1aof the conductor similarly may consist of steel or of the material
      of the conductor 1. The other parts of the housing in the thin-walled
      conductor 1 will normally consist of aluminum. Instead of these materials,
      others can, of course, be used, which have a higher melting point and
      greater burn-off resistance than the material of the rest of the housing
      and the thin-walled conductor 1.
PAR  The inner wall 6 providing the reinforcement of the housing 2 and the
      intermediate piece 1a providing reinforcement of the conductor 1
      preferably extend beyond the insulating member 3 on both sides with
      respect to the longitudinal axis of the tubular conductor. As illustrated,
      the inner wall 6 of the housing can be made so that on the two sides of
      the insulating member 3, it is made, at least in part, of different
      materials. The inner wall 6 on the side of the input with the smaller
      short circuit current can, for example, be made at least partly of
      aluminum and at most in the region adjacent to the insulating member 3 of
      steel and on the other side of the insulating member 3, only of steel,
      i.e., the portion on the other side where the arc 7 will occur should be
      only of steel.
PAR  As explained above, with single-pole housings the dwelling point 8 of the
      accidental arc 7 is always away from the input with the higher power when
      an accident occurs, assuming short circuit current flows from both sides.
      As shown in FIG. 1, this is normally the case. Thus, as illustrated, it is
      situated immediately ahead of the insulating member 3 which acts as an arc
      barrier, as viewed from the input with the higher power. As long as the
      accidental arc is moving in the direction illustrated by the arrow B on
      FIG. 4, only moderately heated burn tracks are produced on the conductor 1
      and housing 2. In addition, a pressure increase is experienced. When the
      arc finally reaches the dwelling point 8 in the vicinity of member 3 and
      stays there, the conductor and housing begins to melt to a greater gree.
      The thinner the wall of the conductor tube and the housing 2, the faster
      the process proceeds and the sooner undesirable reactions between the
      conductor material or the housing material and the insulating gas are
      likely to occur. The results of these reactions would be the destruction
      of the conductor and the housing and additional increases in the pressure
      which can lead to a rupture of the housing 2. In the embodiment
      illustrated on FIG. 4, a short round post 1a of the same diameter is
      welded as an intermediate piece into the thin-walled conductor tube in the
      region of the insulating member 3. As described, the housing is also made
      with a double wall in this region with the base of the accidental arc
      being situated at the inner wall of the housing 2. Since this inner wall 6
      consists of a material of higher burn-off resistance, such as steel of
      sufficient thickness, the danger of burning through and melting during the
      burning of the arc is eliminated. Furthermore, the intermediate piece 1a
      will melt only partially during the burning time of the accidental arc 7,
      so that the destruction of the hollow conductor 1 is also prevented.
PAR  A further advantageous feature of the embodiment of FIG. 4 is in the
      construction of the outer wall 2c of the housing 2. As illustrated, it is
      in the form of a sleeve which is slipped on and which is easy to install
      and repair. The temperature controlling member, i.e., the protective tube
      6, maintains the chosen housing diameter and the electrical properties of
      the tubular line are not affected. On the side 6d with the smaller
      short-circuit power at the inner wall 6, the temperature controlling
      member is simply a continuation of the normal or slightly reinforced wall
      of the housing, i.e., the other portion of the inner wall 6 can, for
      example, be made of aluminum. As shown, this region terminates in the
      ring-shaped control electrode 3b, which is at the same time the support
      member and the contact surface for the protective tube 6 which is highly
      temperature resistant and hard to burn off and is required on the high
      power side and which, as noted above, can be made of alloy steel. In
      addition, there is provided only one metallic thermal bridge 6a for
      retaining pressure with this bridge being located on the low-power side at
      an appropriate distance from the base area where an accidental standing
      arc 7 might occur. In the other areas, the heat transfer is kept so small
      through the size of the gas gap 2d and surfaces which are bright or
      polished and therefore have a small radiation coefficient, so that in the
      case of an accident, heating occurs but in no event does a weakening of
      the sleeve 2c which is slipped on result. In addition, a thermally poorly
      conducting layer of insulation 6c, which may be for example, asbestos, can
      be attached in the space 6b to retard heat as illustrated. The outer
      surface of the sleeve 2c is preferably coated with what is referred to as
      thermal paint. The temperature rise of the sleeve will be sufficient to
      indicate the fault location through a change of color of the thermal
      paint. In order to reduce the pressure increase in the spaces 2b and 6b,
      cutouts 6f are provided in the temperature controlling member 6d, in order
      to achieve pressure equalization between the two gas spaces separated by
      the insulating member 3. In order to prevent combustion products of the
      arc from flowing along unimpeded, the breakthroughs 6f are covered up by
      the control electrode 3b.
PAR  The above described measures become more effective, the more temperature
      sensitive the material of the housing is, since in the embodiment
      according to the invention as shown in FIG. 4, the design for
      accidental-arc resistance is reduced to checking the effect of pressure
      increases of short duration without appreciable temperature rise. For a
      relatively large housing volume, e.g., for tubular lines, the margin of
      safety chosen for continuous pressure design is then only partially used
      up.
PAR  FIG. 5 shows a cross sectional view illustrating the details of an
      arrangement such as that generally described in connection with FIG. 3. At
      the bend, the housing 2 is constructed as a spherical housing 2a. This
      housing 2a has an access cover 14, fastened to a tubular section 13 of the
      spherical housing. The conductors 1 terminate at the bend in a shielding
      sphere 15. The interior of the housing 2 is again filled with a gas such
      as SF.sub.6 with the housing 2 and the conductor 1 made of aluminum as
      before.
PAR  An accidental arc can enter into the spherical housing 2a in such a manner
      that it travels completely through it without appreciable dwelling time,
      leaving only moderately heated burn tracks along with causing an increase
      in pressure. However, as described above in connection with FIG. 3, it is
      also possible that the accidental arc 7 can remain standing in the region
      between the dwelling points 8a and 8b, which coincide with the conductor
      axes 1b and 1c extended beyond their intersection, since the magnetic
      fields of the conductors 1 are weak at this point. In order to reduce the
      burn-off at the shielding sphere 15, the shielding sphere is divided in
      the example of the illustrated embodiment along a plane 15a with the
      portion of the sheilding sphere 15b not penetrated by the conductors made
      of a highly burn-off resistant material such as steel. Means must be
      provided at the plane 15a to ensure sufficient current transition to the
      conductors 1. The access cover 14 of the housing housing 2a is arranged
      opposite the high-current input I.sub.1 and supports through spacers 14a
      and 14b, a spherical temperature protection shield 16 of highly burn-off
      resistant material which is part of the protective layer 12 described in
      connection with FIG. 3 and by which the housing 2 is reinforced at this
      point. The temperature protection shield is continued toward the second
      input having lower current at an elongated protective shield 17 fitted to
      the shape of the sphere 2 and inserted into the encapsulation housing 2a
      and supported by a spacer 18. The highly burn-off resistant material of
      both temperature protection shields 16 and 17 can, for example, be of
      steel in the manner described above. Through these temperature protection
      shields 16 and 17 the same safety effect is achieved as that described in
      connection with FIG. 4.
PAR  FIG. 6 illustrates a section of a voltage carrying part 1 of an enclosed
      gas insulated high voltage apparatus for example, a section of tubular
      line or a switching station. In this figure, the outer wall of the housing
      is omitted with only a portion of the insulating member 3 being shown. As
      described above, the insulating member 3 supports the conductor 1 within
      the housing. In the vicinity of the support insulator 3, a reinforcement
      of the inner conductor is provided through the use of more burn-off
      resistant material 1a. The normal portions of the inner conductor 1
      consist essentially of an aluminum tube which is shown here in cross
      section. In this embodiment, copper 1a is chosen as the material for the
      more burn-off resistant intermediate piece. However, intermediate pieces
      of steel may also be interposed instead of copper. The insulating member 3
      is braced on this intermediate piece 1a of copper using a grading
      electrode 3c. The entire arrangement has rotational symmetry with respect
      to the axis 1h.
PAR  With this arrangement of FIG. 6, the copper piece 1a has firmly secured to
      its end 1f, aluminum discs 1d at least one of which is provided with a
      hole 1g for manufacturing purposes. The intermediate piece of copper 1a
      jointed to the aluminum discs 1d is supplied to the installation site as a
      structural unit, the copper aluminum bonding having been accomplished by
      friction welding, in a shop which is equipped for such. At installation it
      is then only necessary to make a welded aluminum -- aluminum joint 1e,
      which poses no special technical problem.
PAR  It should further be noted that in a multi-phase housing and with single
      pole accidental arcs, basically the same conditions would apply as in
      single pole housings. However, accidental single pole arcs very quickly
      become multipole arcs, as has been shown by experience since the
      propagation properties of the arcs are in principle the same, particularly
      with regard to straight sections of line, and therefore the same measures
      are useful for controlling the thermal arc effects in multi-phase
      installations as in single-pole housings and thus, a description of a
      multi-phase housing has not been provided herein.
PAR  In summary it can be stated that high operational safety is achieved by
      simple means using the apparatus according to the present invention. In
      particular, the possibility of pressure and temperature relief of the
      housing having a double-wall design should again be stressed. It is in
      this that the advantages of the present invention are particularly
      outstanding.
PAR  Thus, an improved embodiment of a high voltage apparatus providing these
      advantages has been shown. Although specific embodiments have been
      illustrated and described, it will be obvious to those skilled in the art
      that various modifications may be made without departing from the spirit
      of the invention which is intended to be limited solely by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In high voltage apparatus including a voltage carrying part which is
      enclosed by a housing and supported within the housing by insulating
      members and wherein gas under pressure is contained within the housing as
      insulation and which further includes an inner reinforcement member
      forming a double wall along with the outer housing wall with a space being
      formed therebetween to prevent burn-off in the case of an accidental
      standing arc, the improvement comprising said inner reinforcement member
      forming a double wall in the area of each of said insulating members, said
      inner reinforcement member including means for relieving the pressure to
      which said double wall portion is subjected in the case of an accidental
      standing arc burning near an insulating member and including means for
      retarding the heat generated thereby from being transmitted to the wall of
      said housing in amounts sufficient to cause damage.
NUM  2.
PAR  2. High voltage apparatus according to claim 1 wherein the space between
      said housing and the reinforcement member is in communication with the
      interior of the remainder of said housing.
NUM  3.
PAR  3. High voltage apparatus according to claim 2 wherein said means for
      retarding heat includes solid heat insulating material at least partially
      filling the space between the reinforcement member and said housing.
NUM  4.
PAR  4. High voltage apparatus according to claim 2 wherein said means for
      relieving pressure include cutouts in said reinforcement member connecting
      the space between said housing and said reinforcement member with a gas
      space which is separated from the gas space in which an accidental arc
      will normally burn in case of trouble.
NUM  5.
PAR  5. High voltage apparatus according to claim 4 wherein the outer wall of
      said housing comprises, at the double wall portion, a sleeve which is
      slipped over portions of the housing adjacent thereto.
NUM  6.
PAR  6. High voltage apparatus according to claim 5 wherein said sleeve is
      covered on the outside with a paint which permanently changes color in
      response to a temperature rise.
NUM  7.
PAR  7. High voltage apparatus according to claim 1 wherein said inner
      reinforcement member is of a material which is more burn-off resistent
      than said normal outer housing and wherein the housing is made of aluminum
      and the reinforcement member of steel.
NUM  8.
PAR  8. High voltage apparatus according to claim 7 in which a reinforcement
      part against burn-off for the voltage carrying part is provided in the
      region exposed to an accidental standing arc and wherein said
      reinforcement part comprises a protective layer of a material having a
      greater burn-off resistance than the material of the voltage carrying
      part.
NUM  9.
PAR  9. High voltage apparatus according to claim 8 wherein said protective
      layer is self supporting and at least partially at a distance to the
      voltage carrying part.
NUM  10.
PAR  10. High voltage apparatus according to claim 8 wherein said reinforcement
      part is made of steel and said voltage carrying part of aluminum.
NUM  11.
PAR  11. High voltage apparatus according to claim 1 and further including a
      reinforcement part against burn-off for the voltage carrying part in the
      region exposed to an accidental standing arc, said reinforcement part
      comprising at least in part a material whose burn-off resistance is
      greater than the burn-off resistance of the rest of the material for the
      voltage carrying part.
NUM  12.
PAR  12. High voltage apparatus according to claim 11 wherein said reinforcement
      part is made of steel and said voltage carrying part of aluminum.
NUM  13.
PAR  13. High voltage apparatus according to claim 11 wherein said reinforcement
      part is made of copper and said voltage carrying part of aluminum.
NUM  14.
PAR  14. High voltage apparatus according to claim 13 wherein said copper
      reinforcement part is made in the form of a tube and further including an
      aluminum disc secured at both its ends.
NUM  15.
PAR  15. High voltage apparatus according to claim 14 wherein the joint between
      the copper tube and the aluminum disc is a friction welded joint.
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ABST
PAL  A method and girder structure for attachment of ceiling-suspended equipment
      in operating theatres, X-ray-and examination rooms with joists and
      intermediate ceiling in hospitals, clinics and surgeries, a permanent
      load-carrying structure being attached to the ceiling of the room, a
      girder structure which is broad in relation to its height being attached
      to the joists, with its lower edge flush with the intermediate ceiling,
      said structure being provided with pipes and ducts for gases, fluids and
      exhaust in one channel and electric cables in another channel, an
      equipment for operating table lighting, anaesthesia, artificial
      ventilation, surgical distribution boards and X-ray equipment being
      displaceably secured to the girder structure which is also used for joint
      earthing of the ceiling-suspended equipment.
BSUM
PAR  The invention relates to a method and device for attachment of
      ceiling-suspended equipment in operating theatres, X-ray rooms,
      examination rooms and similar premises with joists and intermediate
      ceiling in hospitals, clinics, surgeries etc.
PAR  The costs of planning of hospitals and operating theatres etc. are at
      present very high, among other reasons because of the large number of
      meetings -- often 10 to 15 -- and of investigations required before the
      final design can be decided upon in the form of drawings, specifications
      etc. to be delivered to the contractor. There is also the disadvantage
      that the plan is tied to the apparatus immediately available, or to
      certain products, and that it is not possible to take into account the
      further development which may take place during the period between
      planning and purchase. Another disadvantage is that after some time of use
      the design decided upon may prove unsuitable in certain respects and
      require minor and major adjustments in order better to suit the prevailing
      working conditions.
PAR  One object of the invention, accordingly, is to allow the implementation of
      proposed improvements and alterations of the selected equipment, and
      especially of its placing, after the planning stage and to some extent
      after purchase and even after some time of use.
PAR  It may prove necessary, for example, to increase the space on the
      anaesthetic side, so that the anaesthetic apparatus must be moved slightly
      away from the operating table. The so-called sterile zone, where the
      operation takes place, is predetermined by the ventilation conditions and
      is preferably situated in the part of the operating theatre furthest from
      the entrance. This means that the patient's head, and so the anaesthetic
      unit, is normally nearest to the entrance to the operating theatre. If it
      is desired that such an operating theatre shall be rearranged for, for
      example, ear or eye operations, the patient must be turned and the
      anaesthetic unit moved to the position previously occupied by the foot end
      of the table. Such alterations are at present either impossible or very
      difficult and costly to arrange. It is an object of the invention to
      eliminate this disadvantage as well.
PAR  Another aspect to be provided for through the invention in this context is
      patient safety. If, for example, a shortcircuit or flashover arises in
      equipment situated at the foot end of the operating table, this equipment
      may, despite earthing, assume a certain potential differing from the
      potential of the apparatus at the patient's head. There is then a risk
      that this potential difference may be equalized via the patient, whereby,
      for example, ventricular fibrillation may occur, which may result in a
      fatal outcome for the patient. It is an object of the invention to
      eliminate this risk as well.
PAR  Characteristic of the method according to the invention for attachment of
      ceiling-suspended equipment in operating theatres, X-ray rooms,
      examination rooms and similar premises with joists and intermediate
      ceiling in hospitals, clinics, surgeries etc., a permanent load-carrying
      structure being attached to the ceiling of the room, is that a girder
      structure which is broad in relation to its height is attached to the
      joists, preferably with its lower edge flush with the intermediate
      ceiling, that in the girder structure are arranged pipes and ducts for,
      for example, gases, fluids, exhaust etc. in one channel and electric
      cables in another channel, that to the girder structure are detachably or
      displaceably secured equipment or equipment distribution boards for
      operating table lighting, anaesthesia, artificial ventilation, surgical
      distribution boards, X-ray equipment etc., and that the girder structure
      is used for joint earthing of the celing-suspended equipment.
PAR  According to a preferred embodiment of the invention it is proposed,
      furthermore, that the attachment of the equipment to the girder structure
      is effected by clamping of anchor plates and/or clamps secured to the
      upper part of the equipment. Cover plates or the like are preferentially
      placed between these anchor plates to cover open parts of the underside of
      the girder structure.
PAR  It is also proposed according to the invention that the equipment be
      terminated by means of flexible hoses, cables or other leads which connect
      the equipment to the fixed ducts, so permitting movement or repositioning
      of equipment along the girder structure over a wide area.
PAR  It has also proved advisable to attach the equipment units with clamps
      which, even when not tightened, reliably support the associated unit but
      allow it to be moved longitudinally in the girder structure.
PAR  To implement the procedure according to the invention, furthermore, a
      girder structure is proposed for permanent attachment to the joists of the
      room, characterized in that it consists of at least one, preferably two,
      longitudinal girders with lower flanges which permit attachment of
      ceilingsuspended equipment, that in and/or between the girders ducts for
      gases, liquids and exhaust and electric cabling can be installed, and that
      the girder structure is made chiefly of electrically conductive material.
PAR  In such a girder structure with one longitudinal girder the girder
      according to the invention is advantageously made as a box girder open on
      its lower side, preferably of heavy steel plate, with a longitudinal
      partition at or near its centre. If, on the other hand, the girder
      structure is composed of two longitudinal girders, the longitudinal
      partition should be arranged between the girders. In the case of three
      girders the central girder serves also as partition. In all cases,
      according to the invention, on one side of the partition there is a
      channel with pipes for anaesthetic gas, oxygen, air, compressed air,
      water, exhaust etc., and on the other side of the partition another
      channel with cables for telecommunication, signal current, low voltage
      current, power current, high voltage etc. The partition forms two separate
      channels in the girder, one for gases and one for electric cables. There
      should preferably be a seal between these two channels. This has an
      additional advantage from the point of view of fire protection, as in the
      event of a leakage of gas and electric flashover the flashover cannot
      ignite the gas. Furthermore the channel space forms part of the room, so
      that flexible plastic hoses and leads and terminations can be permitted in
      the channel space.
PAR  According to the invention the ducts and cables are furnished with
      terminations or means of termination for flexible hoses and leads to the
      ceiling-suspended equipment or equipment components. It is also proposed
      according to one embodiment that there should be a seal of in itself known
      kind between the channels on the two sides of the partition. The girder
      structure should preferably be furnished with sealing devices and/or
      agents to provide a seal with the intermediate ceiling and the space above
      it.
PAR  A preferred embodiment according to the invention is characterized in that
      it has a torsion-resistant profile and devices for torsion-resistant
      attachment to the joists to allow take-up of torque around the
      longitudinal axis of the girder structure and thereby also lateral
      mounting of ceilingsuspended equipment with full security.
PAR  According to a further development of the invention the girder structure is
      preferably closed at the top and along the sides, while its underside is
      chiefly open in order at least partially to be covered with cover plates
      fittable from below between the anchor plates for the ceiling-suspended
      equipment. For installation, inspection, servicing etc. of ducts and
      cables in the girder structure these cover plates are fittable so as to be
      easily removable by means of quick coupling devices of suitable
      conventional design. In this way all connections to the fixed installation
      can easily be made from below and at a single point. The quick couplings
      in the cover plates further facilitate this work. The critical connection
      points which earlier existed owing to the lack of space between equipment
      and ceiling are also avoided. The erection of the heavy ceiling-suspended
      units is facilitated by the fact that the girders are open below and by an
      ingenious attachment of the assembly plates for the ceiling-suspended
      equipment.
DRWD
PAR  The invention will now be described with reference to the examples of
      embodiments shown in the attached drawings, but without limiting the
      invention thereto. These show more or less schematically,
PAR  FIG. 1 an operating theatre with operation in progress, in the ceiling of
      which there is a girder structure according to the invention, on the right
      shown partially in cross-section,
PAR  FIG. 2 a vertical section through a girder structure according to the
      invention flush with an intermediate ceiling but without ducts inserted,
PAR  FIG. 3 the ingenious attachment of the equipment to the girder structure by
      clamping of anchor plates and clamps fitted to the upper part of the
      equipment,
PAR  FIG. 4 a part of the girder structure covered with cover plates, a cover
      plate with quick coupling being shown in open position,
PAR  FIG. 5 from below a joist for a future operating theatre with girder
      structure according to the invention secured in the joist, without ducts
      or ceilingsuspended equipment.
DETD
PAR  On the right in FIG. 1 is the anaesthetic unit, consisting of a terminal
      box 3 and an anaesthetic distribution board 7 from which the anaesthetist
      performs anaesthesia of the patient. The ceiling attachment 1 of the
      anaesthetic unit is secured by four clamps to the girder structure 2
      consisting of two longitudinal girders 21, 22. A non-loudspeaking intercom
      telephone 4 suspended in the terminal box 3 permits outward communication
      without disturbance of the patient or the operating team. A setting
      mechanism 5 permits the operating table to be set to different positions.
      From the overhead support of the anaesthetic distribution board there
      projects sideways on arm 6 with an anaesthetic distribution board 7 and an
      additional arm 6a. This anaesthetic distribution board 7 has in the
      present case four terminations, for example for oxygen, laughing gas, air
      and vacuum for evacuation of surplus gases. The anaesthetic table 8 with
      castors is connected via hoses to this anaesthetic distribution board 7.
      On the anaesthetic table 8 there is also a cardioscope 9, connected to the
      terminal box 3, which continuously shows the patient's heart activity.
      Blood heater, drip apparatus, cables for electromedical purposes and
      possibly cables for recorders in adjoining rooms, etc., can also be
      connected to the terminal box 3.
PAR  Apart from the anaesthetic unit a ceiling-suspended operation lighting
      device 10 is also fitted to the girder structure 2 which is recessed in
      the ceiling and the lower edge of which in the present case is roughly on
      a level with the intermediate ceiling of the operating theatre. The device
      10 has a tiltable and swivelling main lamp 11 and a satellite lamp 12. The
      remaining room lighting is provided by conventional fittings, e.g.
      fluorescent lamps.
PAR  At the girder structure 2 there is a lateral girder which carries the
      aforesaid operation lighting and also a laterally fitted X-ray apparatus
      14. Owing to its positioning aside from the girder structure 2 the lateral
      girder can be swung over the patient for X-ray examination and be swung
      out of the way sufficiently far to avoid being an obstruction when not in
      use. The girder structure 2 according to the invention can without
      difficulty be of standard form and be attached with such torsional
      resistance that it withstands such a torsional load without being
      appreciably deformed.
PAR  The so-called surgical distribution board 13 is secured to the girder
      structure 2 roughly over the foot end of the operating table. Like the
      anaesthetic distribution board the surgical distribution board has a
      laterally projecting arm which in FIG. 1 is slightly obscured by the main
      lamp 11 and its suspension. The surgical distribution board 13 contains a
      number of sockets, terminals, switches and quick couplings, for example a
      hose or cable to an operation suction device, terminal 15 for diathermy,
      socket 16 for compressed air for pneumatic operation tools, source of
      light for fibre optics, terminal for centrally supplied cryogenic
      apparatus for freezing in conjunction, for example, with eye operations,
      the low temperature being produced by expansion of compressed CO.sub.2,
      etc.
PAR  Between and outside the attachments of the ceilingsuspended devices there
      are cover plates 17 to cover the girder structure and its ducts.
PAR  The girder structure 2 proposed according to the invention consists, in the
      embodiment in FIG. 1, of two longitudinal channels 21, 22, the upper
      flanges of which are secured in the concrete ceiling and the lower flanges
      of which permit attachment of the ceiling-suspended equipment. Between the
      girders is a partition 18 on its right and left are pipes 19 for, for
      example, respiration, compressed air, oxygen, laughing gas, water, and
      exhaust, and electric cables 20 for communication, low tension current,
      power current, high voltage, and signal current.
PAR  FIG. 2 shows an alternative embodiment of the proposed girder structure
      with two box girders 21, 22 which together are fairly wide in relation to
      their height -- the width is about 4 times the height -- and are welded
      together along their adjacent sides to form a single box girder. The said
      sides form the partition 18 with two separate channels 23 and 24 on its
      left and right respectively. Channel 23 on the left, for example, can form
      the electric cable duct with two rows of brackets 25, of which one may
      suitably be used for high voltage cable and the other for low voltage
      cable. Channel 24 on the right of the partition 18 can then suitably be
      used as gas duct. For use in X-ray laboratories, for example, no gas pipes
      are required and signal cables can then be laid in channel 24, so
      effectively preventing induction of currents from high voltage cables into
      said signal cables. The girder then serves at the same time as earthed
      screen.
PAR  From FIG. 2 it is also seen that hygienically the girder structure forms a
      unit with the intermediate ceiling 29, since ceiling and girder structures
      are well sealed to one another by means of seals 28. The electric cable
      channel 23 and gas channel 24 are also sealed to one another by a
      longitudinal sealing strip 27 applied along the underside of the partition
      18.
PAR  The suspension of the equipment by means of the ingenious attachment, shown
      in FIG. 3 of the assembly plates in the girder structure greatly
      facilitates the erection of the heavy ceiling-suspended units and in the
      present case is conceived of in the form of anchor plates 1 through which
      screws 26 extend and which, instead of nuts, engage with non-turnable
      clamps 27 with threaded holes so that, after releasing of the screws 26
      the suspended equipment can be moved in the longitudinal direction of the
      girder structure. Of course the equipment can also be entirely released
      and, for example, the surgical distribution board and anaesthetic
      distribution board can change places or be moved to other rooms.
PAR  The connection of the equipment to fixed pipes and cables in the girder
      structure is done via flexible hoses and cables so that no reconnection is
      required for movement or adjustment of the position of the equipment. Only
      the length of the cover plates 17 must be adjusted to altered distances
      between the equipment anchor plates and between them and the ends of the
      girder structure. The cover plates can be chosen in modular lengths; for
      erection of ceiling-suspended equipment the cover plates can
      advantageously be replaced by assembly plates in the same module. The work
      is further facilitated by providing the cover plates with quick couplings
      30 of conventional type, as shown in FIG. 4, which also facilitates
      inspection and servicing of cables.
PAR  As appears from FIG. 5, the erection of the girder is unaffected by
      downward projecting girders in the joists. The girder structure according
      to the invention can accordingly be arbitrarily arranged in the
      longitudinal or transverse direction of the room or, of course, diagonally
      or at any other angle, which further assists in the planning work. For
      instance the most advantageous placing can be fairly freely decided upon
      on the basis of the available space, the volume of the equipment and the
      intended technique. The girder structure should preferably be placed flush
      with the intermediate ceiling or, if there is no intermediate ceiling,
      surface-mounted directly on the joists. If the girder is placed flush with
      the intermediate ceiling, the ceiling height of the room will be
      unchanged.
PAR  Also for modernization of old hospitals the use of the girder structure
      according to the invention in the reconstruction is very rational and
      saves costs. It reduces all earlier troublesome recessing of electric
      cable and gas ducts, terminal boxes, fixtures etc. and permits the
      connection of equipment to a fixed installation at a single point. The
      connecting point can be located, for example, in the corridor outside the
      room by erecting the girder against the ceiling and drawing it through the
      wall between the two spaces. Equipment ceiling-mounted by means of the
      girder structure in, for example, old modernized buildings can extremely
      easily be transferred to a new building, so saving much time and
      considerable costs.
PAR  Since the girder structure is made of electrically conductive material,
      preferentially steel or steel plate, and the described equipment is
      screwed or clamped to it, the covers of all connected components can
      always be made to lie at the same electric potential. Thus no potential
      differences can arise between different components connected to the
      patient, so that the patient is effectively protected against the passage
      of electric currents which may otherwise arise as a result of different
      earth potentials in different components, especially in the case of
      short-circuit, electric flashover or electrostatic charging of equipment
      or cables.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A load-carrying structure adapted for attachment to ceiling joists of a
      medical facility and comprising an elongate girder whose width is larger
      in dimension than its height and having at least two separate, isolated
      channels in its width direction, one of said channels accommodating
      electric cables and the other channel accommodating piping for supply of
      fluid therethrough, and means for carrying equipment connected at
      predetermined locations to said girder and being detachable from and
      displaceable with respect to said predetermined location to thereby permit
      greater latitude in positioning of equipment carried by said means, said
      girder structure being of electrically conductive material and
      constituting a common electrical earth connection for equipment
      effectively supported thereby.
NUM  2.
PAR  2. Structure according to claim 1, wherein said means for carrying
      equipment comprises an anchor plate connectable to lower walls in part
      defining said two channels.
NUM  3.
PAR  3. Structure according to claim 2, wherein said anchor plate is attached to
      said girder by clamps, which when untightened, enable equipment on the
      plate to be moved relative to said girder.
NUM  4.
PAR  4. Structure according to claim 1, wherein a plurality of anchor plates are
      connected in spaced apart relation to one another, to said girder, cover
      plates being provided for connection to said girder and locations thereof
      between said anchor plates.
NUM  5.
PAR  5. Structure according to claim 4, wherein said girder has continuous upper
      and bounding side surfaces which terminate in inwardly projecting, spaced
      apart, flanges which serve as connecting means for said anchor and cover
      plates.
NUM  6.
PAR  6. Structure according to claim 1, wherein equipment carried by said means
      has at least one flexible cable to enable connection of said equipment to
      fixed fluid or electrical supply means in the channels of said girder
      whereby to permit repositioning of equipment relative to said fixed means
      along the girder.
NUM  7.
PAR  7. Structure according to claim 1, wherein said girder is a box girder
      which is opened at its lower side and having said two channels separated
      by a longitudinally extending partition.
NUM  8.
PAR  8. Structure according to claim 7, wherein sealing means provide a seal
      between said channels.
NUM  9.
PAR  9. Structure according to claim 8, having a torsion resistant profile to
      permit laterally offset mounting of equipment from said girder with
      respect to the longitudinal axis thereof.
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ABST
PAL  A geophone case with an improved internal cable anchor. The anchor has
      three parallel bores extending in a longitudinal direction for tightly
      accepting a cable therethrough, whereby the cable makes two 180.degree.
      bends which provide the necessary reaction force to the cable.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  During seismic exploration of marshy terrains, geophone cases are implanted
      in the mud for detecting reflected seismic waves. The case is typically
      cylindrical and is provided with a conical nose, and a reduced-diameter,
      cylindrical section which is received by a tool that implants the case in
      the mud. An electric cable passes in a water-tight fashion through a bore
      in the cylindrical section. The wires of the cable are connected
      electrically to the terminals of a geophone housed by the case. It is
      common practice to provide suitable anchoring means in the internal
      chamber of the case to prevent the cable from being pulled out from the
      case.
PAR  After the seismic shooting is over, the geophone cases are retrieved from
      the mud by pulling on their cables. Each cable is adapted to withstand a
      very hard pull. Strong cables are rated to withstand a pull on the order
      of 400 pounds. It is therefore essential to properly anchor the cable to
      the case to prevent a hard pull from breaking the electric connections
      between the cable and the encased geophone. Various anchors have been
      proposed and used from simple knots to complicated devices. The known
      anchors are characterized by certain drawbacks chief among which are; they
      are difficult to fit inside the case, they are not sufficiently strong,
      they require special tools for guiding them into the interior chamber of
      the case, they damage the cable in response to a hard pull, and they are
      difficult to remove from the chamber of the case for repairs.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an anchor for a geophone case having an interior
      chamber containing a geophone connected to a cable which passes into the
      chamber in a water-tight fashion. The anchor secures the cable to the case
      when a hard pull is exerted on the cable. The anchor has three
      longitudinally-extending bores, each of a diameter slightly larger than
      the outside diameter of the cable which is threaded through the bores to
      form two 180.degree. bends.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the anchor of this invention;
PAR  FIG. 2 shows the anchor threaded with a cable;
PAR  FIG. 3 is a sectional view of a geophone case having a threaded anchor
      therein;
PAR  FIG. 4 is a perspective view of a modified anchor;
PAR  FIG. 5 is an end view on line 5--5 in FIG. 4; and
PAR  FIG. 6 is a fractional view, in section, through a bore in the modified
      anchor.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Throughout the drawings the same reference characters are used to designate
      the same or similar parts. Referring now to FIGS. 1-3, there is shown one
      embodiment of an anchor 10 of this invention. The anchor is preferably
      made of a noncorrosive material such as plastic. Since the anchor will fit
      inside a chamber, its geometry will be selected to match that of the
      chamber. Typically, anchor 10 has the form of a right cylinder having
      three bores 11-13 which are preferably parallel to the longitudinal axis
      of the cylinder. The diameter of each bore is made slightly larger than
      the outside diameter of an electric cable 14 which it is desired to thread
      through bores 11-13 in the direction of the arrows on dotted line 15.
      Cable 14 includes at least two insulated conductors 16 (FIG. 2). The cable
      makes two 180.degree. bends A and B.
PAR  The geophone case is generally designated as 20 (FIG. 3), and typically has
      a cylindrical configuration. The interior chamber 23 of the case
      threadably receives a conical nose 21 against a seal 22. Nose 21
      facilitates the implantation of the case into the mud during seismic
      exploration. In the particular embodiment shown in FIG. 3, chamber 23 is
      divided into two sections: a geophone section 24 and an anchor section 26
      of a slightly smaller diameter to provide a stop shoulder 27 for a
      geophone 25. Case 20 has a reduced diameter end 29 adapted to fit inside a
      tool (not shown) which implants the case into the mud. A threaded cap 30
      exerts a sufficient pressure against a seal 31 thereby rendering chamber
      23 water tight. Seal 31 seals the opening in the front end 29 as well as
      the opening in cap 30 through which the cable passes.
PAR  A pair of flexible pigtails 36 connect the terminals 35 of geophone 25 with
      the conductors 16 of cable 14. The pigtails have a sufficient length to
      allow anchor 10 to move upward as far as it can inside its chamber section
      26, which is provided with a stop wall 37 against which the bend A abuts
      when a maximum pull is exerted on cable 14.
PAR  In operation, cable 14 is first threaded through anchor 10 in the direction
      of the arrows on the dotted line 15. The pigtails 36 are soldered between
      the cable's conductors 16 and the terminals 35 of geophone 25. The anchor
      and the geophone are then inserted into the chamber section 24 whereby the
      geophone nests against the stop shoulder 27, and anchor 10 assumes a
      position approximately midway between shoulder 27 and stop wall 37. Cap 30
      is then threadably secured to the front end 29 and the conical nose is
      threadably secured to the bottom end of case 20. A normal pull on the
      cable will be resisted by a reaction force provided by bends A and B. For
      example, in one embodiment a pull of 200 pounds on cable 14 failed to
      displace anchor 10 from its position inside cavity 26, as shown in FIG. 3.
      As the pull continues to increase, the anchor slowly moves upward until
      bend A touches the stop wall 37, thereby forcing cable 14 to make even a
      sharper bend, thus increasing the reaction force afforded by anchor 10. In
      this respect, anchor 10 is a self-tightening anchor.
PAR  When cable 14 is purchased from a cable manufacturer, it is rated with a
      maximum pull, typically 400 pounds, and the geophone user desires that
      anchor 10 withstand such a maximum pull so that the user can take
      advantage of the full strength of the cable. Whereas most known prior art
      anchoring devices failed before the cable itself failed, anchor 10 of this
      invention passed the maximum pull test without causing the cable to break
      at the anchor.
PAR  Some cables have an internal construction which will allow conductors 16 to
      slide relative to the cable's jacket thereby breaking the electrical
      connections with the geophone. To prevent this from happening, anchor 10
      can be modified so that one of its bores does not extend throughout the
      entire length of the anchor.
PAR  In FIGS. 4-6, bore 13' is shorter than bores 11 and 12 to provide a stop
      wall 51 having a thickness which may range between one-eighth to
      one-fourth inch. Stop wall 51 is provided with two holes 52, each having a
      diameter only slightly larger than that of a conductor 16. Each conductor
      16 is typically made from a plurality of strands of wire, and such
      construction is taken advantage of in the modified anchor embodiment shown
      in FIGS. 4-6. After the conductors pass through holes 52, their wires are
      slightly spread apart and then filled with solder to create a "solder
      ball". One such plug 53 is shown in FIG. 6, while the tip 16' of conductor
      16 with its wires spread apart is shown just prior to being soldered.
      Since each ball 53 is larger than the small hole 52, it will be apparent
      that conductors 16 are firmly anchored to the stop wall 51.
PAR  The advantages of the invention will now become apparent. Inasmuch as the
      bores are parallel to the longitudinal axis of the cylindrical anchor, and
      that the cable exits from case 20 in a direction parallel to the bores, an
      upward pull on the cable will be resisted by reaction forces parallel to
      the longitudinal axis. For that reason, the threaded anchor 10 can be
      easily inserted into chamber 23 of the case without the assistance of jigs
      or special tools. Since the anchor slides parallel to the walls of its
      chamber 26, it can also be easily removed therefrom regardless of the
      amount of strain transferred to the anchor by the cable.
PAR  The anchor of this invention can be considered as being a dynamic anchor
      inasmuch as the harder one pulls on it, the more anchoring force it
      provides. Each geophone case 20 can now be retrieved from the mud by
      pulling on its cable 14 with a force determined by the strength of the
      cable rather than by the strength of anchor 10. In the modified embodiment
      of the anchor shown in FIGS. 4-6, the cable's conductors 16 are
      additionally secured to the body of the anchor with solder balls to
      prevent any relative movement between the conductors and the jacket of the
      cable.
PAR  While the invention has been illustrated in the drawings with reference to
      the specific embodiments thereof, it will be apparent that modifications
      can be made therein without departing from the scope of the claims
      attached hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A case having an interior chamber for housing a geophone, said chamber
      having an opening accepting therethrough an electric cable, including
      conductors, in water-tight fashion,
PA1  a cylindrical anchor in the chamber anchoring the cable to the case, said
      anchoring having at least three substantially parallel bores therethrough,
      and said three bores extending between and through the top and bottom
      faces of said anchor,
PA1  said cable making two 180.degree. bends in passing through said bores,
      whereby an upward pull on said cable is resisted by said bends;
PA1  one of said bores receiving at least one conductor of the cable
      therethrough, and a solder ball on the tip of the received conductor
      anchoring the conductor to said anchor.
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ABST
PAL  A printed circuit board is prepared by connecting electronic components to
      the circuit, coating the board with a layer up to about 0.1 mil thick of a
      compound of the formula C.sub.n F.sub.2n.sub.+1 C.sub.m
      X.sub.2m.CHY--OOC--C(R)=CH.sub.2 or its prepolymer, replacing at least one
      of the electronic components, thermally bonding another electronic
      component to the circuit, and recoating the area around the new component
      with a layer of the compound or its prepolymer. In the formula n is 2 to
      9, m is 1 to 9, X and Y are H, F Cl, or Br and R is --H or --CH.sub.3.
      This method enables a printed circuit board to be easily repaired since
      the coating on the board can be soldered or welded through without first
      removing the coating or protecting the surrounding coating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Printed circuit boards which have electronic components mounted on them are
      frequently coated with a protective coating (often called a conformal
      coating) to shield them from contaminants and to preserve their electrical
      properties when moisture is present. These coatings are most commonly not
      solderable or weldable. That is, if an electronic component must be
      replaced the coating must first be removed, typically with a solvent or by
      mechanical means, and the surrounding coating must be protected with a
      mask during the soldering or welding operation. If this is not done the
      surrounding coating will be chemically altered by the heat and may be
      rendered ineffective. Also, the degradation products formed may attack the
      printed circuit board or alter its electrical resistance and the coating
      may mix with the solder to produce a questionable bond. Thus, repairing
      such a board can be a time-consuming and delicate operation.
PAC  RELATED ART
PAR  Marianne K. Bernett and W. A. Zisman in a FEB. 14, 1964 U.S. Naval Research
      Laboratory Report (No. 6039) titled "Hydrophobic and Oleophobic
      Fluoropolymer Coatings of Extremely Low Surface Energy" tested surface
      energies of 6 to 9 mil coatings of C.sub.7 F.sub.15 CH.sub.2 OOC --
      C(CH.sub.3) = Ch.sub.2 on glass-epoxy panels. The coatings were applied by
      pouring a 20% solution in xylene hexafluoride on the panel and evaporating
      the solvent. The article suggests that the compounds may be useful as
      coatings on electronic equipment for protection from humidity.
PAC  SUMMARY OF THE INVENTION
PAR  I have found that electronic components on printed circuit boards coated
      with certain fluorine compounds can be easily replaced without first
      removing or protecting the coating. That is, after the printed circuit
      board has been coated an electronic component can be simply un-soldered or
      un-welded and a new component thermally bonded to the circuit. The coating
      does not prevent solder from wetting and adhering to the circuit even
      though the coating is highly hydrophobic and oleophobic. The heat does not
      form products which attack the board or alter its electrical properties.
PAR  I have also found that coatings of less than about 0.1 mil in thickness
      provide the same moisture protection that thicker coatings do, but are
      easier to thermally bond through since less coating is present to
      interfere with the transference of heat. Also, less time is required for
      bonding which reduces the likelihood of the heat damaging the insulating
      board of the printed circuit board or loosening the circuit.
DRWD
PAC  DESCRIPTION OF THE INVENTION
PAR  The accompanying drawing is an isometric view in section of a portion of a
      certain presently preferred printed circuit board according to this
      invention.
DETD
PAR  In the drawing a printed circuit board 1 is composed of an insulating board
      2 with conducting circuits 3 and 4 bonded to it on each side. A plated
      hole 5 in the board 2 connects portions of the two circuits. Electronic
      component 6, which is a replacement, has leads 7 which are thermally
      bonded to circuit 3 by solder 8. A coating 9 (too thin to show on drawing)
      of the fluorine compound of this invention covers the printed circuit
      board 1 and the electronic component.
PAR  Any type of insulating board material can be used which will not be damaged
      by the thermal bonding operation. Examples include polyethylene,
      polystyrene, polyphenylene oxide, polypropylene, polysulfone, polyimides,
      polyamide-imides, etc. The three most widely used materials are phenolics,
      epoxies, and polyesters. Commonly, the material is reinforced for strength
      and dimensional stability. For example, glass-reinforced epoxy is a very
      common insulating board material. The printed circuit board may have
      almost any shape or dimension, but rectangular boards one inch to one foot
      in length and width and 10 mils to one-eighth inch in thickness are
      typical.
PAR  A conductor is bonded to one or both sides of the insulating board in a
      circuit pattern. The conductor is usually copper as it is easy to etch and
      to solder to, but gold, silver-plated copper, aluminum, stainless steel,
      or iron-nickel-cobalt alloys, etc. could also be used. A copper conductor
      is typically 1 to 2 mils thick.
PAR  While the printed circuit board may be coated before the electronic
      components have been mounted to it in order to protect it from moisture,
      dirt, fingerprints, etc. during storage and handling, usually the
      electronic components are mounted to the board before it is coated.
      Electronic components include transistors, resistors, integrated circuit
      chips, capacitors, thermistors, thyristors, diodes, etc.
PAR  The electronic components are mounted on the circuit board by thermally
      bonding them to the circuit. Thermal bonding includes soldering, welding,
      ultra-sonics, and other methods which bond by heating two contacting
      surfaces. Soldering is preferred as it is inexpensive and works well on
      copper.
PAR  The fluorine compound as a monomer has the general formula
      ##EQU1##
      X is preferably all fluorine for the best humidity resistance and
      solderability properties, but up to about 20% of the X groups may be
      hydrogen, chlorine, bromine, or mixtures thereof. Y is preferably H as
      this compound is easiest to make, but it could also be F, Cl, or Br. R is
      H or Ch.sub.3, n is an integer from 2 to 9 and m is an integer from 1 to
      9. The sum of m and n is preferably 5 to 10 as that interval offers a good
      balance between scratch resistance and moisture resistance. The R group is
      preferably --Ch.sub.3 as that compound is commercially available, works
      well and leaves less residue when heated to the point of depolymerization.
      The C.sub.n F.sub.2n.sub.+l C.sub.m X.sub.2m.sub.+l chain is preferably
      linear for best humidity resistance, although it could also be branched.
PAR  While the above-described compound itself may be used, it is preferable to
      use a prepolymer of the compound since the compound itself is somewhat
      volatile and therefore difficult to keep on the surface of the printed
      circuit board until it has been polymerized. The prepolymer has the
      general formula:
      ##EQU2##
      where N, the number of polymeric units, is preferably at least about 3 as
      smaller polymers are more volatile, and is less than about 100 as larger
      polymers are not very soluble. The Y, R, m, and n in the formula were
      previously defined.
PAR  The compound or its prepolymer is applied to the printed circuit board in a
      solution, preferably about a 1 to about a 10% (all percentages herein are
      by weight) solution as that percentage range provides a thin enough
      solution to readily cover the board yet it contains a sufficient amount of
      the compound to provide a coating of adequate thickness. Suitable solvents
      include tricholoromonofluoromethane (sold as "Freon-11"), xylene
      hexafluoride, and other similar halogenated solvents, but xylene
      hexafluoride is preferred as it has consistently worked well. The solution
      may be applied to the board by brushing, spraying, etc., but dipping is
      preferred to insure complete coverage. The solvent is then evaporated by,
      for example, air drying or with heat.
PAR  If the compound itself is used or if a prepolymer of less than about 50
      polymeric units is used the compound or prepolymer is polymerized to form
      a prepolymer of at least about 50 polymeric units or otherwise it may be
      too soft or tend to evaporate. The compound may be polymerized to form a
      prepolymer by, for example, forming a solution in a suitable solvent such
      as xylene hexafluoride, of the compound and about 1/2% of a radical
      initiator such as azo-bis (isobutyronitrile) or a peroxide, and heating at
      about 80.degree. to about 150.degree.C for a few hours. The prepolymer may
      be further polymerized by heating the coating at about 125.degree. to
      about 175.degree.C for about 15 to about 45 minutes, but this is not
      preferred if the prepolymer is already a high-melting solid (i.e., melts
      over about 50.degree.C) and most prepolymers will be high-melting solids
      if they are over about 50 polymeric units long. Further polymerization is
      not preferred because it is an added expense which only increases the
      solvent resistance of the coating, and the solvent resistance is usually
      adequate as it is.
PAR  When one of the electronic components on the board is found to be defective
      it is thermally "un-bonded" and a new component is thermally bonded in its
      place. No preparations or precautions for the coating are necessary prior
      to the un-bonding and "re-bonding" operations.
PAR  The following examples further illustrate this invention.
PAC  EXAMPLE I
PAR  Four glass-reinforced epoxy printed circuit boards 4 .times. 5 and 1/16
      inch thick wereused. The boards had a circuit test pattern in 1 oz. copper
      (i.e., 1 oz. per ft..sup.2) on both sides. The boards were with
      chlorethene and copper lead wires were soldered to the six termination
      points on each board.
PAR  The boards were dipped into a 2% xylene hexafluoride solution of a
      prepolymer sold under the trademark "FC -- 706" by the 3M Company,
      analyzed as a prepolymerized solution of C.sub.7 F.sub.15 CH.sub.2 OOc--
      C(CH.sub.3) = Ch.sub.2. The boards were air dried for 20 minutes at room
      temperature to form coatings less than 0.1 mils thick. The lead wires were
      unsoldered and new lead wires were then individually soldered to the same
      position using 60% lead -- 40% tin solder. The soldered areas were cleaned
      with chlorethene to remove solder flux and recoated with the solution and
      air dried.
PAR  No carbonization of the coating surrounding the soldered areas was observed
      and the surrounding coating appeared unaffected even when viewed under a
      microscope. The surrounding coating and the new coating both adhered to
      the board well and provided adequate moisture protection for the board.
PAC  EXAMPLE II
PAR  The surface resistance at 100% relative humidity of a glass-epoxy board
      with copper electrodes on one side stressing about four squares of surface
      was determined using 500 volts across the electrodes. The board was air
      dried and a coating of FC--706 was brushed on. The coating was air dried
      then baked 10 minutes at 150.degree.C. The board was placed in 100%
      relative humidity again and the surface resistance was determined
      periodically at 500 volts. The following table gives the results:
TBL  Exposure         Surface Resistance (ohms)                                

     ______________________________________                                    

     Before coating   2.5.times.  10.sup.9                                     

      4 days          2.5.times.  10.sup.13                                    

     14 days          1.0.times.  10.sup.13                                    

     21 days          1.1.times.  10.sup.13                                    

     28 days          8.times.    10.sup.12                                    

     34 days          7.times.    10.sup.12                                    

     41 days          8.times.    10.sup.12                                    

     49 days          4.times.    10.sup.12                                    

     72 days          2.times.    10.sup.12                                    

     ______________________________________                                    

PAR  The above table shows the effectiveness of the coating in preventing a
      decrease in surface resistance in high humidity.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of preparing a printed circuit board composed of an insulating
      board having a conducting circuit bonded to at least one side comprising:
PA1  1. connecting with solder electronic components to the conducting circuit
      of the said printed circuit board;
PA1  2. coating the printed circuit board with a layer up to about 0.1 mils
      thick of a compound selected from the group consisting of monomers of the
      general formula
      ##EQU3##
      and prepolymers thereof containing up to about 100 polymeric units, where
      n is an integer from 2 to 9, m is an integer from 1 to 9, R is --H or
      --CH.sub.3, Y is selected from the group consisting of H, F, Cl, and Br,
      and 80 to 100% of the X atoms are F and 0 to 20% of the X atoms are
      selected from the group consisting of H, Cl, Br, and mixtures thereof;
PAR  3. removing at least one of said electronic components by melting said
      solder without first removing said layer and thermally bonding another
      electronic component in place thereof; and
PA1  4. recoating said printed circuit board around the area where said other
      electronic component was bonded with a layer of said compound up to about
      0.1 mils thick.
NUM  2.
PAR  2. A method according to claim 1 wherein said compound is a prepolymer of
      said monomer having about 50 to 100 polymeric units.
NUM  3.
PAR  3. A method according to claim 1 wherein said coating is done by applying
      about a 1 to about a 10% solution of said compound to said printed circuit
      board and evaporating the solvent of said solution.
NUM  4.
PAR  4. A method according to claim 3 wherein said solution is applied to said
      printed circuit board by dipping said printed circuit board into said
      solution.
NUM  5.
PAR  5. A method according to claim 3 wherein said solvent is xylene
      hexafluoride.
NUM  6.
PAR  6. A method according to claim 1 wherein said conducting circuit is copper
      and said thermal bonding is done by soldering.
NUM  7.
PAR  7. A method according to claim 1 wherein the sum of n and m is 5 to 10.
NUM  8.
PAR  8. A method according to claim 1 wherein R is --CH.sub.3.
NUM  9.
PAR  9. A method according to claim 1 wherein said insulating board is
      glass-reinforced epoxy.
NUM  10.
PAR  10. A method according to claim 1 wherein said C.sub.n F.sub.2n.sub.+1
      C.sub.m X.sub.2m chain is linear.
NUM  11.
PAR  11. A method according to claim 1 wherein said compound is C.sub.7 F.sub.15
      CH.sub.2 OOC -- C(CH.sub.3) = CH.sub.2.
NUM  12.
PAR  12. A method according to claim 1 wherein said printed circuit board is
      cleaned in the area where said other electronic component was bonded prior
      to said recoating to remove solder flux if present.
NUM  13.
PAR  13. A printed circuit board made according to the method of claim 1.
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ABST
PAL  In an electrical cable having an impervious sheath thereabout defining a
      space between the cable and the sheath, a breather cap assembly is
      provided to enable the space between the cable and the sheath to be in
      free communication with the ambient atmosphere surrounding the sheath,
      while serving to prevent the ingress of water into the space. The breather
      cap assembly comprises a nipple which is threadedly secured to the sheath
      and includes an orifice extending longitudinally therethrough. A slot is
      provided in the end of the nipple and in communication with the orifice to
      prevent the orifice from being blocked inside the sheath. The other end of
      the nipple is threadedly secured to baffle means. The baffle means is a
      hollow member including an open end disposed furthest away from the nipple
      means and having a planar baffle staked within the interior of the baffle
      means and a cup-shaped baffle press fit therein and adjacent the opening.
      The planar baffle includes an opening coaxial with the orifice and the
      cup-shaped baffle includes plural openings disposed laterally of the axis
      of the orifice. The two baffles serve to increase the distance along the
      interior of the baffle means that water must traverse to reach the orifice
      and hence enter the sheath of the cable.
BSUM
PAR  This invention relates generally to electrical cables having breather cap
      assemblies and more particularly to a breather cap assembly for use with
      electrical cables for enabling the space within the cable to be in free
      communication with the ambient atmosphere surrounding the cable while
      serving to prevent the ingress of water into said space.
PAR  Electrical cables, when used outdoors, are usually provided with an
      impervious sheathing. For example, cables of electrical conductors
      utilized by telephone companies have lead sheaths disposed thereabout. The
      sheath defines a space between the interior surface thereof and the cable
      disposed therein.
PAR  In order to prevent undesirable pressure differentials between the space
      within the sheath and the ambient atmosphere surrounding the sheath, it is
      a practice to provide an opening aperture in the sheath to thereby enable
      the free intake and exhaust of air between the interior of the sheath and
      the surrounding environment as the temperatures change.
PAR  In co-pending application Ser. No. 302,338, now U.S. Pat. No. 3,811,006,
      assigned to the same assignee as this invention, there is disclosed a
      novel breather cap which is adapted for use with pressurized cables having
      conventional valve assemblies. In such cable systems, the valve is
      normally biased closed and commonly includes a valve pin or stem which,
      when depressed, enables a pressurized gas, e.g. air, to be supplied
      through the valve to the interior space in the sheathing.
PAR  Prior to the invention as disclosed and claimed in the aforementioned
      co-pending application, in order to convert a pressurized cable to an
      unpressurized cable, it was necessary to remove the valve assembly from
      the associated valve housing to provide an open aperture in the sheath and
      thereby enable free intake and exhaust of air between the interior of the
      sheath and the surrounding environment.
PAR  In said aforementioned co-pending application, a new and improved breather
      cap is disclosed and claimed for use with a pressure valve in a sheathed
      electrical cable. To that end, the cap member is adapted for securement to
      the valve and acts to depress the valve when so secured, to thereby
      provide open communication between the interior of the sheath and the
      ambient atmosphere.
PAR  As will be appreciated by those skilled in the art, it is of considerable
      importance to prevent the ingress of water into the cable through the
      opening in the sheathing thereof or through the breather cap. Due to the
      arrangement of the breather cap, as disclosed and claimed in the
      aforementioned co-pending application, water is effectively precluded from
      gaining access to the interior of the sheathing through the breather cap
      when the valve stem of the breather valve is depressed.
PAR  In applications wherein the breather cap, as disclosed and claimed in the
      aforementioned co-pending application, is not of particular utility, that
      is, in applications wherein the cable is unpressurized and hence does not
      include a pressure valve, but rather only includes an opening or venting
      means to provide free access to the interior of the sheathing, it is also
      of considerable importance to preclude the ingress of water into the
      interior of the sheathing through such opening or venting means.
PAR  Accordingly, it is a general object of this invention to provide a breather
      cap assembly for use with an electrical cable having a sheath thereabout,
      which sheath defines a space therein and with the breather cap assembly
      arranged to enable the space to be in free communication with the ambient
      atmosphere surrounding the outside of the sheath, while precluding the
      ingress of water into the interior thereof.
PAR  It is a further object of this invention to provide a relatively small,
      simple and inexpensive breather cap assembly.
PAR  These and other objects of this invention are achieved by providing a
      breather cap assembly for use with an electrical cable having an
      impervious sheath thereabout, which sheath defines a space therebetween.
      The breather cap assembly is arranged to enable the space to be in free
      communication with the ambient atmosphere surrounding the outside of the
      sheath, while serving to prevent the ingress of water into the space. To
      that end, the breather cap assembly comprises nipple means for securement
      to the sheath and including an orifice extending therethrough and hollow
      baffle means connected to the nipple means. The orifice in the nipple
      means is in communication with the interior of the baffle means. The
      baffle means includes an open end disposed furthest away from the nipple
      means and means disposed within the interior of the baffle means for
      increasing the distance along the interior thereof that water must
      traverse to reach the orifice.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of a breather cap assembly in accordance with
      this invention;
PAR  FIG. 2 is an enlarged sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2; and
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 2.
DETD
PAR  Referring now in greater detail to the various figures of the drawings
      wherein like reference numerals refer to like parts, a breather cap
      assembly embodying the invention is shown generally at 20 in FIG. 1.
PAR  As can be seen, the breather cap basically comprises a nipple means 22 and
      baffle means 24.
PAR  The nipple means 22 comprises a first end 26 which is tapered (see FIG. 2)
      and which includes a plurality of threads cut in the outside surface
      thereof. The threads 28 are adapted to be threadedly engaged with internal
      threads 30 cut into an end wall 32 of baffle means 24. When the threads 28
      and 30 are in mating relationship, the nipple means 22 is securely
      connected to the baffle means 24.
PAR  The other end of the nipple means is denoted by the reference numeral 34
      and includes a cylindrical portion 36 (see FIG. 2) having a plurality of
      threads 38 cut in the exterior surface thereof.
PAR  The intermediate portion of the nipple means is denoted by the reference
      numeral 40 and is of overall hexagonal shape (see FIG. 1).
PAR  As can be seen in FIG. 2, an orifice 42 extends through the entire length
      of the nipple means 22. A slot 44 is cut into the end face 46 of the end
      36 and is in communication with the orifice 42 at end 34. The purpose of
      the slot 44 will be described in detail later. Between the hexagonal
      portion 40 and the threaded cylindrical portion 36 of nipple means 22 is a
      cylindrical undercut portion 48.
PAR  The nipple means 22 is arranged to be screwed into an opening 50 in the
      sheathing 52 of an armored cable such that the space (not shown) within
      the sheathing and between the cable conductors (not shown) is in free
      communication with the end of orifice 42. The slot 44 serves to ensure
      that the end of orifice 42, which extends within the sheathing, is not
      blocked.
PAR  As will be appreciated by those skilled in the art, the orifice 42 serves
      as a means for enabling the space (not shown) within the sheathing to be
      in free communication with the ambient atmosphere surrounding the outside
      of the sheathing.
PAR  In order to prevent the ingress of water into the orifice 42 and hence to
      the interior of the sheathing 52, the baffle means 24 is provided.
PAR  As can be seen in FIGS. 1 and 2, the baffle means 24 is of cylindrical
      shape and includes an end wall 32 and a cylindrical side wall 54 enclosing
      a hollow space 56 in the interior thereof. The end opposite end wall 32 is
      open and is denoted by the reference numeral 58.
PAR  Since end 58 is open and is therefore in communication with the interior 56
      of baffle means 24, and hence with the communicating orifice 42 in the
      connected nipple means 22, means are provided for increasing the distance
      along the interior surface of the baffle means along which water must
      traverse to reach the orifice 42.
PAR  As can be seen in FIG. 2, those means comprise a first planar baffle 60 and
      a second cup-shaped baffle 62. The cup-shaped baffle 62 includes a planar
      portion 64 and a cylindrical side wall 66. The baffles 60 and 62 are
      mounted such that the planar portion of each baffle is disposed normally
      to the longitudinal axis of the baffle means, which axis is coaxial with
      the axis of the orifice 42.
PAR  The baffle 60 is disposed within the interior of the baffle means 24 and is
      closest to the nipple means 22. The baffle 60 is held in place on a ledge
      68 cut into the interior surface of side wall 54 and is staked in place by
      plural dimpled protrusions (not shown).
PAR  The cup-shaped baffle 62 is disposed closest to the open end 58 of baffle
      means 24 and is press fit with the side wall 66 firmly abutting the
      interior surface of the side wall 54 and slightly spaced from the open end
      58.
PAR  As can be seen in FIGS. 2 and 3, a circular opening 70 is provided in the
      center of planar baffle 60. The opening 70 is coaxial with the
      longitudinal axis of the baffle and hence with the axis of orifice 42.
PAR  As can be seen in FIGS. 2 and 4, a plurality of openings 72 are provided in
      the planar portion 64 of baffle 62. In a preferred embodiment of the
      invention the openings 72 are four in number and are equally spaced about
      the periphery of baffle 62 and at the same distance from the longitudinal
      axis of the baffle means 24.
PAR  With the baffle means disposed and arranged as described above, it should
      be appreciated by those skilled in the art that the distance that water
      must travel to the orifice 42 upon entrance through opening 58 is
      significantly lengthened by the position of the baffles and the unaligned
      openings disposed therein. For example, in order to reach orifice 42,
      water entering opening 58 must flow along the inside surface of side wall
      54, then along the inside surface of side wall 66 of baffle 62, through
      any of the openings 72 disposed therein, from the opening 72 along the
      underside surface of the cup-shaped baffle 62 to the inside surface of
      side wall 54 contiguous therewith, along the inside surface of that side
      wall poriton to one side surface of planar baffle 60, radially inward
      along said surface to the opening 70, through the opening 70, and radially
      outward along the other surface of the planar baffle 60 to the inside
      surface of the sidewall 54 and from there to the inside surface of end
      wall 32 and from there to the interior of orifice 42.
PAR  In accordance with this invention, a one inch breather cap with the baffles
      as shown provides the same protection against the ingress of water to
      orifice 42 as does a four inch long conventional breather cap.
PAR  As should be appreciated by those skilled in the art, the breather cap
      assembly of this invention is extremely simple in construction, is small
      and compact in size, and enables the free communication of the ambient
      atmosphere surrounding the sheath to the space within the sheath, while
      deterring the ingress of water into the interior of the sheath.
PAR  Without further elaboration, the foregoing will so fully illustrate my
      invention that others may, by applying current or future knowledge,
      readily adapt the same for use under various conditions of service.
CLMS
STM  What is claimed as the invention is:
NUM  1.
PAR  1. A breather cap assembly for use with an electrical cable having an
      impervious sheath thereabout which sheath defines a space between it and
      said cable, said sheath including a threaded opening therein in
      communication with said space, said breather cap assembly being arranged
      for securement to said cable sheath to enable said space to be in free
      communication with the ambient atmosphere surrounding the outside of the
      sheath, while serving to prevent the ingress of water into said space,
      said breather cap assembly comprising hollow baffle means and nipple means
      secured thereto and including one threaded end for securement within said
      threaded opening in said sheath, said nipple means including an orifice
      extending therethrough and in communication with the interior of the
      baffle means, said baffle means having a central longitudinal axis and
      including an open free end disposed furthest from said nipple means and
      first and second baffles mounted within the interior of said baffle means
      and normal to said central axis for increasing the distance along the
      interior of said baffle means that water must traverse to reach said
      orifice, said first baffle including an opening on said central axis and
      said second baffle including plural openings laterally offset and spaced
      about said central axis, said threaded end of the nipple means including
      an end face through which said orifice extends and an enlarged slot cut in
      said face for substantially the full width of said face and in
      communication with said orifice to ensure that free communication between
      the space within the cable sheath and the ambient atmosphere is not
      blocked when said breather cap assembly is secured to said cable.
NUM  2.
PAR  2. The breather cap assembly of claim 1 wherein said first baffle is planar
      and wherein said second baffle is cup-shaped.
NUM  3.
PAR  3. The breather cap assembly of claim 2 wherein said plural openings are
      equally spaced from said central axis.
NUM  4.
PAR  4. The breather cap assembly of claim 3 wherein said cup-shaped baffle is
      press fit within the interior of said baffle means.
NUM  5.
PAR  5. The breather cap assembly of claim 4 wherein the interior of said baffle
      means includes a ledge against which said planar baffle abuts, with said
      planar baffle being staked in place.
NUM  6.
PAR  6. The breather cap assembly of claim 5 wherein said cup-shaped baffle is
      disposed closest to the open end of said baffle means.
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ABST
PAL  A high voltage distributor allowing the easy connection and disconnection
      of a high voltage power supply to and from one or more circuits requiring
      the supply. The design configuration features unrestrained "pump-out,"
      insulation of the high voltage from ground, and freedom from corona. These
      features are obtained by mounting a removable retaining rod on one or more
      insulators, thereby facilitating the support by the retaining rod of a
      plurality of washers. One of the washers is integrally connected to the
      high voltage power supply while the remaining washers are integrally
      connected to the circuits requiring the high voltage.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by an employee of the United States
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of royalties thereon or therefor
     .
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to a voltage distributor and more
      particularly to a high voltage distributor featuring quick connection and
      disconnection capability as well as unrestrained "pump-out" and good
      corona and breakdown characteristics.
PAC  BACKGROUND OF THE INVENTION
PAR  The distribution of high voltage to circuitry requiring the same, such as
      detectors in rocket and satellite-borne experiments, has presented various
      problems. In the past, high voltage has been distributed much the same as
      low voltage, i.e. with cabling, terminals, and feed-throughs, both with
      and without potting. However, these methods presented many problems, the
      most serious of which was the observance of "false counts" from the
      detectors due to corona and/or breakdown of high voltage at or near the
      terminations located at the detectors. These discharges acted as a source
      of noise which was coupled into the electronics and it was very difficult
      to determine where and why the noise was occurring. Corona was nearly
      always encountered at the terminals on the detector modules, a condition
      which was aggravated when the circuitry was introduced into a normal high
      humidity enviornment or partial vacuum. These terminals were also used as
      distribution points for furnishing the high voltage from one detector to
      another.
PAR  In order to attempt to avoid corona caused problems, it became necessary to
      place a solder-ball on each terminal. These terminals, in practice, could
      have several cables attached and this aspect could make the required
      soldering a difficult operation. The proximity of the high voltage cables
      and terminals to other objects at or near ground potential was also
      conducive to breakdown and corona problems. In the event of a failure in
      the high voltage supply or the circuits using the high voltage, the wiring
      and soldering operation required repeating in order to substitute a
      working unit.
PAR  As used herein, the term "pump-out" refers to the evacuation of air to
      avoid corona. Unrestrained pump-out means that substantially no local
      pressures would linger once vacuum pumping is initiated, when the unit
      comprising the invention is placed in space or when vacuum testing.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a high voltage
      distributor having a quick connection and disconnection capability with
      respect to the distribution of high voltage to circuits requiring same.
PAR  It is another object of the present invention to provide a high voltage
      distributor exhibiting an unrestrained pump-out capability.
PAR  It is a further object of the present invention to provide a high voltage
      distributor which insulates the high voltage from low voltage or ground
      potentials.
PAR  It is a still further object of the present invention to provide a high
      voltage distributor which is substantially free from corona or high
      voltage breakdown.
PAC  SUMMARY OF THE INVENTION
PAR  The high voltage distributor of the present invention comprises a retaining
      rod for a plurality of washers. The retaining rod supports a plurality of
      washers. One of the washers is connected to the high voltage supply. One
      or more of the washers is connected to one or more circuits requiring the
      high voltage. The retaining rod is isolated from the chassis or other
      support by the use of one or more insulating stand-offs.
PAR  In the present invention, in contradistinction to the prior art, vacuum
      potting the circuitry using the high voltage supply and captivating the
      high voltage cable can be accomplished in order to eliminate the
      terminals. Moreover, the distributor of the present invention is
      serviceable, permitting the installation and removal of potted circuitry,
      in the form of modules, from the distributor. The fact that these modules
      were potted, including their lead structures, in turn, developed the
      requirement that the distributor could operate satisfactorily without
      potting. Good insulation is achieved by use of insulating standoffs or an
      insulation cup. Unrestrained pump-out is achieved by use of vent holes in
      the washers. The distributor is made free of potential corona and/or
      voltage breakdown areas by use of elements with all rounded surfaces and
      solder cups, in the form of "blind" holes, in the washers.
PAR  Other objects and features of the present invention will become apparent
      upon perusal of the following detailed description of one embodiment of
      the present invention taken in conjuntion with the appended drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an embodiment of the present invention in assembled form.
PAR  FIG. 2 depicts the retaining rod of FIG. 1 while supporting two washers.
PAR  FIG. 3 is a washer shown as used in the present invention.
PAR  FIG. 4 is a sectional view of another embodiment of the present invention.
PAR  FIG. 5 is a top view of the embodiment of the invention shown in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring to FIG. 1, the high voltage distributor 10 of the present
      invention is shown as including a retaining rod 11, with its end cap 12,
      insulating stand-offs 13, and washers 14.
PAR  The retaining rod 11 is supported by the two insulated standoffs 13. These
      stand-off insulators may be made of machined "Kel-F" (a fluorocarbon
      polymer) to give excellent insulative properties as well as strength and
      ease of machining. The stand-offs are machined with a corrugated surface
      which presents a long leakage path from the retaining rod 11 and washers
      14, which are at high voltage, to the chassis or other support for the
      stand-offs, normally at ground. The stand-offs are provided with tapped
      portions 15 in order to accommodate screws for fastening the distributor.
PAR  The retaining rod is passed through appropriate holes or slots in extended
      portions of the stand-offs, which may be conductive or non-conductive
      materials, as well as through washers 14. One end of the retaining rod has
      a threaded portion 16 which allows it to be secured by tapped end cap 12.
      The other end 17 of the retaining rod 11, as well as end cap 12, are
      machined in the shape of a hemisphere to eliminate sharp edges, thus
      completing a smooth-surfaced assembly. The retaining rod 11 and washers 14
      may be constructed of beryllium copper and plated with gold to deter
      contamination.
PAR  FIG. 2 shows the retaining rod 11 with washers 14. The number of washers
      used are the minimum of two, representing the one connected to a high
      voltage supply (not shown) and the other being connected to a circuit
      requiring the high voltage. Additional washers would be added, as
      appropriate, one for each additional circuit requiring the high voltage.
PAR  FIG. 3 depicts as single washer 14. Each washer is drilled with a single
      "blind" hole 18, providing a solder cup for a connecting wire (not shown)
      and a second hole 19, drilled through, permitting venting of the inside
      surfaces during pump-out. In practice, cables are individually soldered,
      prior to assembly, to the washers; thus there is no large heat sink as
      would exist when soldering to a common buss.
PAR  FIG. 4 shows an additional embodiment 20 of the invention designed for use
      in printed circuits. In this embodiment a "Kel-F" cup 21 is inserted into
      a printed circuit card substrate by pressing, glueing or other
      conventional means. The base of the cup is tapped at 22 for retention of a
      Helicoil 23. This technique prevents damgage to the cup when a bolt is
      inserted and, therefore, allows retention of a bolt. Retaining rod 11,
      retaining washers 14 as previously described, is inserted within the
      Helicoil 23. One of the washers is connected to a high voltage supply and
      one or more washers are connected to a like number of circuits requiring
      the high voltage.
PAR  FIG. 5 shows the top view of the embodiment of FIG. 4.
PAR  This distributor, therefore, permits each connection and disconnection
      between a high voltage power supply and the circuits requiring same,
      especially since the assembly is free of potting. Its configuration is one
      which resists voltage breakdown and corona. The absence of potting also
      means there is no danger of long-term leakages due to imperfections in the
      potting.
PAR  Having described in detail a preferred embodiment of the invention, it
      should be apparent that numerous modifications may be made to the
      embodiment within the spirit and scope of the invention. Hence, it is
      intended that the detailed description be considered as illustrative of
      the concept of the invention and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improvement in high voltage distributors which are resistant to
      corona and high voltage breakdown of the type having a conductive member,
      insulating means supporting the conductive member and a plurality of
      conductive washer-like means retained by said conductive member
      comprising:
PA1  having said conductive member and said plurality of washer-like means
      together integrally defining a relatively smooth total surface area.
NUM  2.
PAR  2. The improvement of claim 1 wherein said insulating means consists of two
      fluorocarbon polymer insulators with elongated leakage paths.
NUM  3.
PAR  3. The improvement of claim 1 wherein said conductive member is bolt-like.
NUM  4.
PAR  4. The improvement of claim 1 wherein each of said washer-like means is a
      washer with at least one blind hole located at the peripheral surface of
      said washer for a solder connection.
NUM  5.
PAR  5. The improvement of claim 1 wherein each of said washer-like means is a
      washer with at least one vent hole extending from the peripheral surface
      of said washer to and in communication with the central opening for pump
      out.
NUM  6.
PAR  6. The improvement of claim 1 wherein each of said washerlike means is a
      washer with at least one blind hole located at the peripheral surface of
      said washer and one vent hole extending from the peripheral surface of
      said washer to and in communication with the central opening.
NUM  7.
PAR  7. The improvement of claim 1 wherein said insulating means consists of two
      fluorocarbon polymer insulators with elongated leakage paths, said
      conductive member is bolt-like, each of said washer like means is a washer
      having a blind hole located at the peripheral surface of said washer and a
      vent hole extending from the peripheral surface of said washer to and in
      communication with the central opening.
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ABST
PAL  A video record for recording optically readable information is provided
      with a characteristic information code for quick searching of desired
      information. The information code is preferably provided within the
      information video lines which preceed the video information in every video
      signal. The recorded video information can consist of, for example,
      radiograms, texts for literature retrieval, an encyclopedia, educational
      information for teaching machines and the like.
PAL  In a device for writing in the video information, an encoding addressing
      unit is incorporated, while a decoding unit can be included in a display
      unit.
BSUM
PAR  The invention relates to an information carrier for recording audio and/or
      video information in a series of consecutive information tracks, in which
      a characteristic information code identifies each individual recorded
      block of information.
PAR  Known information carriers of this kind are, for example, those where
      magnetic material is deposited on a carrier in the form of a tape, a disc
      or a drum. The use of such a magnetic storage material implies a
      comparatively large storage space. When use is made of magnetic tape, an
      imagedistorting shape variation occurs after prolonged storage, while
      information carriers in the form of magnetic drums and discs are
      comparatively expensive and voluminous.
PAR  U.S. Pat. No. 3,649,753 describes a magnetic information carrier in which
      an address derived from the synchronization pulses is associated with each
      video track. This address is used for searching the information prior to
      reading out. For selecting a desired video track, it is necessary to count
      all preceding tracks.
PAR  The invention has for its object to eliminate the existing drawbacks and to
      provide an information carrier which has a characteristic information
      code, a comparatively small volume and a large information space, which is
      comparatively inexpensive and in which the addressing is such that it is
      not necessary to count all preceding tracks for selection.
PAR  To this end, a device of the kind set forth is characterized in that the
      audio-visual information is provided on an information carrier in the form
      of a geometrical structure which extends along the information tracks and
      which can be read out in a contactless manner, the information code being
      provided adjacent to an outer information track of each individual block
      of information.
PAR  Because in an information carrier of this kind, for example, of the type
      described in, U.S. application Ser. No. 396,399, filed Sept. 12, 1973,
      which is a continuation of Ser. No. 229,285, filed Feb. 25, 1972, the
      track width is small with respect to the track width in known magnetic
      stores, substantially more information can be written on the same surface
      area, so that substantial savings are realized as regards space and
      material. The stability of shape of the carrier material is sufficient and
      the information is sufficiently insensitive to shape variations of the
      carrier so that image distortion is avoided. Because reading out is
      performed in a contactless manner, preferably optically, the
      information-carrying structure is not subject to wear, not even in the
      case of frequent and intermittent reading out. In a preferred embodiment
      according to the invention the starting locations of each track are
      preferably situated on one line which is directed transverse to the
      direction of the information tracks, each track being provided with an
      address in the form of a sequential track number.
PAR  An information carrier according to the invention is particularly suitable
      for recording, for example, radiograms such as are made in large numbers
      in X-ray examinations. It is often sufficient to save a single image per
      patient with which an address and possibly further alphanumerical data are
      associated. A device for writing in the information can be provided with
      an addressing device and, for example, be coupled to an X-ray recording
      apparatus, the addressed information then being written on a video record
      according to the invention.
PAR  Further applications of an information carrier according to the invention
      are for information retrieval, for example, of literature which is
      classified according to subject, as an encyclopedia having an address for
      each word or each group of words, as a carrier of educational information
      for a teaching machine, as an audio carrier etc.
PAR  The addressed information must be reproduced when the relevant address is
      called for, so it is a further object of the invention to provide a device
      which comprises means for locating and reproducing a desired track or
      group of tracks, the address preferably being displayed in a decoded form.
      The latter is desired in particular also for checking purposes.
DRWD
PAR  Some preferred embodiments according to the invention will be described in
      detail hereinafter with reference to the drawings. In the drawings:
PAR  FIG. 1 is a diagrammatic perspective view of an information carrier
      according to the invention,
PAR  FIG. 2 is a block diagram of an encoding circuit which is suitable for
      providing the addresses on a video record according to the invention,
PAR  FIG. 3 is a block diagram of a decoding circuit which is suitable for
      reading out a video record according to the invention in accordance with
      the address,
PAR  FIG. 4 shows a preferred embodiment of a device for recording radiograms on
      a video record according to the invention,
PAR  FIG. 5 shows a preferred embodiment for reproducing, by calling for the
      address, addressed video information of a video record according to the
      invention.
DETD
PAR  An information carrier 1 as shown in FIG. 1 can be fully analogous to the
      information carrier described in U.S. Ser. No. 396,399, filed Sept. 12,
      1973 and consists of a disc of, for example, polyvinylacetate on which,
      for example, 45000 video tracks 3, each having a width of 4-6 microns, are
      situated over an area which is denoted by an arrow 2. Each video track
      contains a complete television image signal and a part without image
      information, all latter parts being situated in this case in one sector 4
      of the disc. The consecutive video tracks, being either concentrical
      circles or a continuous spiral, can be connected to each other, but it may
      be advantageous to reserve a sector 6 which does not contain any
      information whatsoever. This sector can act, for example, as a starting or
      orientating area. If so preferred for further processing, a video track
      can also contain a singular, i.e. a non-interlacing, television image.
      Each video track comprises areas 7 which are orientated in the track
      direction and which can be optically detected. The information carrier
      shown is rotatable about an axis 8. The carrier can also have another
      shape, for example, that of a cylinder where all tracks are equally long,
      and are provided on the surface thereof in the form of coaxial circles or
      in the form of a continuous helix. The information carrier can also be
      formed by a flat rectangular plate which is to be provided on or in a
      carrier cylinder, an informationless portion then being present at the
      area of the gluing seam. The transition will not have a disturbing effect
      when reading out is performed in a contactless manner.
PAR  According to the invention the address is provided in the informationless
      part of the video signal, i.e. in the sector 4 in this case. An adequate
      structure should preferably be always present in the sectors 4 and 6 so as
      to make a read sensor follow the track. For writing in the address, use
      can be made of a device which is provided with an encoding circuit as
      shown in the form of a block diagram in FIG. 2. In this circuit,
      controlled by the television signal to be recorded, are provided a
      divide-by-two circuit 10 which alternately blocks and passes the
      television frame synchronization pulse, so a single pulse for each video
      track on the record is produced. The output of the divide-by-two circuit
      10 is connected to a counter 11 which is coupled to a multiplexer 12.
PAR  The television frame synchronization pulses are applied, together with the
      line synchronization pulses, to a line selector 13 which switches on a
      squarewave generator 14 during television image lines to be selected. The
      television lines in which an address will be written are thus selected in
      the line selector. According to the invention, this is part of the
      informationless video lines at the beginning of the video signal. The
      encoded address is applied to an adder 15, to which the television signal
      to be recorded is also applied. In the adder the encoded address is taken
      up in the video signal at the selected location, so that an addressed
      video signal is realized. For an information carrier or video record
      comprising 45000 tracks a sequential number from 00000 to 45000 can thus
      be associated with each track; for this purpose, for example, a code
      expressed in 4 bits can be used for each digit.
PAR  For reading out the information when the address is called for, use can be
      made of a device which is provided with a decoding circuit as shown in the
      form of a block diagram in FIG. 3. This circuit comprises a line selector
      20 which is controlled by the frame synchronization pulse and which
      applies the relevant part of the video signal to a shift register 24 via a
      switch 21 and couples a squarewave generator 22 to the latter register via
      a switch 23. In the other position of the switches 21 and 23 line
      synchronization pulses are applied to the shift register. These pulses are
      also applied to a divider 25 introducing a division which corresponds to
      the number of bits of each digit of the address. The divider 25 controls a
      register 26 which is coupled to the shift register and which is also
      adapted to the number of bits of each digit. The divider 25 furthermore
      controls a display panel 28 via a counter 27. The display panel 28
      displays the selected address and any further characteristic information
      in the form of digits. The correctness of the image can be readily checked
      by arranging this digit panel in the vicinity of a monitor which displays
      the image.
PAR  FIG. 4 is a diagrammatic view of a preferred embodiment of a device
      according to the invention for recording radiograms. The device comprises
      a known X-ray apparatus having an X-ray tube 29 and an X-ray image
      intensifier tube 30 between which an object or a patient 31 can be
      arranged. A television camera tube 32 is coupled to the image intensifier
      tube 30. A video signal which is obtained from the television camera tube
      32 can be simultaneously applied to a monitor 33 and to a device
      comprising an encoding circuit 34 and a write apparatus 35. The encoding
      circuit is as described with reference to the FIG. 2. The write apparatus
      is of the type described in U.S. Ser. No. 396,399, filed Sept. 12, 1973.
      In a preferred embodiment a plurality of video records 36 can be written
      in simultaneously by means of the write apparatus. This can be
      advantageous if, as in the present case, only a few copies are required
      for storage. The carrier can be adapted thereto and be made of, for
      example, glass or a comparatively readily etchable material. It is often
      economical to store the addressed or non-addressed radiograms first in an
      erasable magnetic store and to transfer these to a video record only if
      there is a given supply of appropriate images, for example, enough to fill
      a complete video record. The magnetic store is then vacated again. A video
      recorder 37 with a magnetic store 38 can be added to the device for this
      purpose. The signals written in the magnetic store 38 as well as in the
      video record 36 can be displayed on the monitor 33 for checking purposes.
      Besides the address, all kinds of alphanumerical data of the patient can
      be written in for each radiogram or for each series of related radiograms.
      These data can be recorded in the form of a caption which preferably also
      contains the track number, but it is alternatively possible to reserve an
      additional video track for this purpose. In the latter case addressing can
      be restricted to recording one address for every two tracks.
PAR  FIG. 5 shows a preferred embodiment where the video record according to the
      invention is used as a store for texts which can be automatically
      retrieved; an example of such an application is an information retrieval
      system for researching texts, all texts being classified according to
      subject. With a system of this kind, it would be advantageous, for
      example, to use one video record for each subject. For searching the
      correct video track, i.e. the relevant text, the procedure can be, for
      example, as follows. Each image on the video record comprises sufficient
      characteristic information of a text and has also a number as an address,
      the said number corresponding to the track number. Each number is also
      taken up in the image of the text in analog or digital form. The number of
      the record and the track number of the relevant text are stored in a
      computer store. After retrieval, the said code of the located text is
      applied to a playback apparatus for the video record, either automatically
      or by operation of a keyboard. In the preferred embodiment shown in FIG. 5
      the playback apparatus comprises a motor 40 with a transport mechanism 41
      by means of which a support 43 can be displaced over a video record 42 in
      the radial direction. This movement can be performed fully analogously to
      known selection operations for magnetic storage discs. A first command
      brings the pick-up element in the vicinity of the desired track, while the
      correct track is ultimately selected by a finer mechanism which is further
      controlled by information derived from the record (track number). The
      selected track numbers are compared in a comparison unit 45 with the track
      number given by a computer 46. When the correct track has been reached,
      the image or the information from this track can be displayed as a
      stationary image until a subsequent image is requested. For display
      purposes a playback apparatus 50 is provided which receives the
      information from the detector 44, for example, via a link 49, the display
      apparatus 50 also being connected, via a link 51, to the comparison
      circuit 45 for comparison of the actual track number with the track number
      dictated by the computer 46. A further preferred embodiment according to
      the invention consists of a device which is known as a teaching machine.
      The video record according to the invention, provided with addresses and
      possibly retrieval information, can then be displayed by calling for a
      desired code number. The method of searching can be analogous to that used
      for literature retrieval. Video records for this purpose can contain all
      sorts of educational information, it also being possible, by means of an
      appropriately chosen information code, to associate, for example, a
      question and its answer. As the video record is read out in a contactless
      manner, the alternating display and nondisplay (for noting an answer, for
      repeating spoken text and the like) imposes no problem whatsoever. A
      computer incorporated in the teaching machine can then be provided with a
      program which can be adapted to the quality of the pupil's answers, thus
      automatically calling forth an adapted sequence of images. A major
      advantage of a video record according to the invention is that switching
      back to a previous image is possible at random. A video record according
      to the invention is also excellently suitable for recording physical of
      chemical processes. In this respect we think of phase transitions in the
      case of temperature variations where the information code can be directly
      coupled to the temperature. To this end a video recorder for a video
      record of this kind can be coupled to an image forming device in which
      such a process is to be made visible, for example, an electron microscope.
      A duration of approximately 30 minutes, i.e. the playing time of the
      record, is not unusual in this respect.
PAR  Sound can also be recorded in the video tracks of a video record. As a much
      smaller bandwidth can be used, an extremely large quantity of audio
      information can be recorded on one record by using different kinds of
      modulation, making it possible to record, for example, a number of music
      programs in a single track. The addition of an information code according
      to the invention enables simple retrieval of a desired item. A record of
      this kind can thus replace, for example, a whole gamma of grammophone
      records such as of a juke-box, while at the same time the vulnerable
      record-changing equipment can dispensed with.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An information carrier in the form of a record disc for recording video
      information of the type wherein said information is recorded in a series
      of adjacent sequential tracks as a sequence of blocks of information
      optically encoded in geometrical form along the tracks, the improvement
      wherein each succeeding block of information along each track comprises a
      recorded video frame and a unique address code, each recorded video frame
      starting on a radial line on the disc, and each unique address code
      starting on a further line on the disc, the address codes therefore being
      contained within a sector on the disc.
NUM  2.
PAR  2. An information carrier as claimed in claim 1, wherein the address code
      being provided within the television lines which are situated between the
      recorded video synchronization pulses and the image information.
NUM  3.
PAR  3. An information carrier as claimed in claim 1 wherein each individual
      information track is provided with an information code.
NUM  4.
PAR  4. An information carrier as claimed in claim 3, wherein the information
      code of each track contains a sequential track number.
NUM  5.
PAR  5. A device for recording video information, comprising recording means for
      optically encoding an information carrier with a sequence of blocks of
      information as a series of geometrical forms in adjacent sequential
      tracks, each succeeding block of information comprising a video frame
      portion and a code portion, electronic encoding means for providing a
      plurality of unique codes, and synchronization means connecting said
      electrical encoding means and said video information to said optical
      encoding means for causing said optical encoding means to sequentially
      record a frame of video information starting on a radial line on the disc
      and one record of said codes starting on a further radial line on said
      disc as optically encoded geometrically patterns followed by a further
      video frame starting on said radial line, and a further different code
      starting on said further radial line.
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ABST
PAL  Method and apparatus for engraving the cells of a printing surface to a
      controlled amount by controlling the spatial distribution and time
      duration of the trajectory of an energy beam having a cross-section
      smaller than the cell to be engraved thereby.
BSUM
PAR  The present invention relates to method and apparatus for engraving
      printing plates such as for the production of engraved cells corresponding
      to the picture or other original to be engraved on a printing surface, by
      means of energy beams, for example, electron or laser beams.
PAR  It is known that rotogravure cylinders can be engraved by means of a laser
      beam being energy modulated in correspondence with the original, whereby
      each individual energy impulse serves to produce an engraved cell the
      planar (linear) dimension and/or depth of which depends on the energy of
      the impulse. In another known, specific construction, the surface of the
      printing plate is formed with cells having a depth corresponding to the
      maximum printing depth required, and are filled with a material adapted to
      be readily decomposed or evaporated by the laser beam, whereby the
      intensity and scanning speed of the laser beam are selected such that only
      the filler material is modulated in depth in accordance with the energy of
      the individual scanning spots.
PAR  However, the range of variation for the modulation of the energy and/or
      frequency of such energy beam used for the production of engraved cells is
      limited so that it provides a numerically limited number of depth
      variations and thus a limited number of tone variations. Such a relatively
      small number of tone or contrast variations, however, does not allow one
      to obtain the image quality which is required nowadays especially for
      color image production.
PAR  When it is intended to reproduce all of the contrast graduations by means
      of a rotogravure cylinder, every cell must show a volume variation on its
      surface which ranges between zero and a maximum value and which must be
      present in a great number of steps in order to provide good tone
      modulation. The transition between successive steps must produce
      substantially no visible contrast in the case of a continuous tone
      variation. In order to achieve a tone variation between a maximum and a
      minimum printing density to produce smooth and, at the same time, clear
      printing results, the number of tone steps required is on the order of
      200; that is, each cell on the surface of the rotogravure cylinder should
      bear 200 different possible variations of its volume (with respect to area
      and/or depth).
PAR  Now, if one tried to obtain this multi-step contrast scale in the
      above-described, known manner by means of an energy source emitting
      continuous pulses, for example by means of a laser beam, the energy and/or
      frequency of such source would have to be modulated correspondingly, for
      instance in accordance with as many as 200 different resulting engravures.
      It should be apparent that this requirement can only be fulfilled with an
      energy modulation frequency, which in practice, is difficult to obtain.
PAR  Now the present invention provides a possibility of solving this object of
      a multi-step engraving result by means of an energy source, especially by
      means of a laser beam, the energy and/or frequency of which is graduated
      to lesser degree or, preferably, not modulated at all, but rather
      constant, thereby to avoid the above-mentioned difficulties of a
      multi-step modulation of the energy and/or frequency of the radiation
      source proper.
PAR  Accordingly, the invention resides in a method and apparatus for engraving
      printing plates by means of energy beams, especially laser beams, one
      feature of which is that an energy beam (which with respect to its energy
      and/or frequency is modulated to small degree only or, preferably, not
      modulated at all) is focused to a fraction of the maximum dimension of an
      engraved cell, and the surface of each engraved cell is etched along a
      beam path, the length and/or spatial distribution density of which on the
      cell surface is modulated in accordance with the tone intensity of the
      picture or other original at the associated position of the cell.
PAR  In the exemplary practial realization of this method, the focused beam is
      started at one point (preferably in the central region of an engraved
      cell) and thereafter allowed to pass over the cell surface on a continuous
      path with the degree or density of spatial distribution of said path on
      the cell surface being the greater and/or with the adjacent path portions
      being closer spaced to each other, the higher the density of corresponding
      locality of the original picture corresponding to such cell position.
PAR  Preferably, this continuous path represents a spiral or helix which
      originates in the center point of the cell. Then, the outer diameter of
      the spiral corresponds to the degree of distribution, and its pitch
      corresponds to the density or spacing between its portions. Instead of a
      spiral path, the energy beam may follow any other path pattern, optionally
      chosen from several possibilities in consideration of the operational
      conditions. This principle of the control of the beam path allows the
      realization of an engraving scale which may comprise any desired number of
      steps and which even may be substantially continuous.
PAR  If the energy beam is focused to a very narrow width and/or has limited
      energy content, the cell surface as a whole or in sections, for example in
      the central region thereof, may be scanned by the energy beam more than
      but once in order to obtain a particularly high etching depth. The
      corresponding effect is provided, for example, when adjacent portions of
      the path, for example the center turns of a spiral, are made to adjoin
      each other with a spacing of less than the beam diameter, a high spatial
      distribution density results so that local overlap of beam effects the
      desired results. Alternatively, the spacings between adjacent path
      portions, for example the spiral pitch, may be increased from the center
      of the cell in outward direction to produce a lower spatial distribution
      density.
PAR  Obviously, for carrying out the invention, there may be used with
      particular advantage laser beams of high frequency, i.e., pulsating in the
      order of megacycles, with relatively small energy contents.
PAR  The exemplary embodiment of the invention is based on the following
      considerations: It may be assumed that, on the one hand, an engraved cell
      of maximum volume (corresponding to one extreme tone) has a diameter of
      120 .mu., and, accordingly, a necessary depth of 35 .mu., while on the
      other hand, the minimum size cell (corresponding to the opposite extreme
      tone) with a just visible printing shade, has a diameter of 30 .mu., and a
      depth of 2 .mu., further it may be assumed that on the premises of an
      ultrasonic modulation of the trace the energy contents of each beam pulse
      provides an etching effectiveness corresponding to a volume of 200
      .mu..sup.3. Then the theoretical number of pulses needed to engrave a
      maximum volume cell is about 2000 pulses and for a minimum volume cell
      about 700 pulses.
PAR  Theoretically, such modulation of frequency or pulsing repetition rate can
      be achieved. However, it is easily understood that this type of modulation
      is rather difficult to be obtained in practice at the necessary working
      frequency. That is, in such case, the number of pulses of constant
      frequency and energy contents, each acting upon a single cell, is then
      determined by the period of time during which this high-frequency
      pulsating beam is allowed to strike the cell.
PAR  In order to obtain the maximum etching effectiveness, that is to produce an
      engraved cell of maximum volume, the beam must strike the area of the cell
      for the full period of time.
PAR  On the other hand, in order to etch or engrave a cell of any intermediate
      volume, as for instance a middle tone cell, the beam must strike the cell
      surface only during a portion of the full period of time, and for the rest
      of the time must be outside of the cell area.
PAR  This temporary exclusion of the beam from the cell area can be achieved,
      for example, by masking it out inside the modulating apparatus.
PAR  Since time is the governing factor for modulating the energy distributed on
      a specific area determined by the cell, improved results could be
      achieved, for example on the basis of the assumption that the length or
      duration of the individual pulses could be modulated in such way that
      different energy levels are concentrated on each single cell during the
      same period of time each.
PAR  Alternatively, it is also possible to modulate the focus of the beam from
      cell to cell. In such case, during equal effective periods the overall
      effect of engraving will be dependent also on the energy area distribution
      of the individual pulses on the area of the cell. This beam focus
      modulation may be effected, for example, by means of a focusing crystal
      through which the beam passes and which is activated by a corresponding
      electronic control circuit.
PAR  The bundling of the beam is effected in any of the known and usual methods,
      for example by using electronically or ultrasonically controlled
      modulations, for instance, by using crystals for the first methods and
      interference phenomena for the second methods.
PAR  The path pattern followed by the beam may be determined in various ways
      according to the pattern structure.
PAR  In the preferred case of a spiral path pattern, the radius of the spiral
      and hence the spatial distribution density will be controlled by two
      deflector systems working at 90.degree. displaced from each other and
      being properly synchronized. Apparatuses of this type are well known from
      light ray and electron optics.
PAR  In the case of the embodiment of the invention in which the etching beam
      traverses each engraving cell in a spiral pattern of which the extent
      corresponds to the tone gradation of the corresponding picture spot of the
      original the following mathematical basis is valid:
PAR  As it is known, the equation of a spiral is
EQU  1n r = a .sup.. .theta.                                    (Equation 1)
PAL  wherein r is the radius of the spiral, a the increment of the radius and
      .theta. the beam velocity, that is the angle of the radius. Since the
      .theta. the following equation is valid:
      ##EQU1##
      n being the number of the spiral cycles per second traversed by the
      etching beam the further result is:
      ##EQU2##
PAR  In the exemplary embodiment r corresponds to the half diagonal of the
      engraving cell and, accordingly, has a fixed value which depends on the
      cell size which is constant all over the printing area. For the
      prevailingly usual quadratic cell having an edge length of 120 .mu. the
      value of r is 85 .mu.. Accordingly, the term in brackets of equation 4 is
      a geometrical constant, that is:
      ##EQU3##
      or, in words, the number of the spiral cycles to be traversed by the
      etching beam can be controlled by the adjustment of the value of a.
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PAR  A more detailed understanding and appreciation of the invention can be
      obtained from the following detailed description taken in conjunction with
      the accompanying drawings of which:
PAR  FIG. 1 illustrates the path of the etching beam in the exemplary embodiment
      on a quadratic etching cell of medium tone gradation,
PAR  FIG. 2 illustrates the path of the etching beam in the exemplary embodiment
      on a quadratic etching cell of deep shadow tone gradation,
PAR  FIG. 3 is a sectional view of the upper region of the printing surface in
      the area of the etching cell of FIG. 1,
PAR  FIG. 4 is a sectional view similar with FIG. 3 for the engraving cell of
      FIG. 2,
PAR  FIG. 5 is a schematic representation of the units of an etching apparatus
      operating in accordance with an exemplary embodiment of the invention,
PAR  FIG. 6 is a schematic representation similar to FIG. 5 which shows another
      exemplary embodiment of an installation for controlling the etching beam,
PAR  FIG. 7 is a schematic representation of an exemplary embodiment of an
      apparatus which can be used for the performance of the exemplary
      embodiment of a method according to the invention, said apparatus having a
      known basic structure, per se, and
PAR  FIG. 8 is a perspective part view of the apparatus shown in FIG. 7.
DETD
PAR  FIGS. 1 and 2 schematically explain the principle of an exemplary
      embodiment of the invention under the supposition of a spiral traversing
      path of a sequence of etching beam impulses (e.g. of equal contents of
      energy) on the area of an etching cell. Thereby the circles shall show the
      etching area of the sequential beam impulses, all areas being of equal
      size due to the supposed constancy of energy, and the dotted line
      symbolizes the spiral traversing path of the etching beam impulses. If it
      is desired to make an etching cell which corresponds to a medium tone
      gradation in the original and has about the etching depth according to
      FIG. 3, the increment of radius (a) is given a large value so that the
      area of the etching cell is traversed in only a few spiral cycles (n). On
      the other hand, in the case of an etching cell of, for example maximal
      etching depth according to FIG. 4, said depth corresponding to a shadow
      tone in the original, the spiral cycles are close to one another, and a
      correspondingly larger number of etching beam impulses impinge the area of
      the engraving cell as it is shown by FIG. 2.
PAR  FIGS. 5-8 show the schematic structure of an exemplary beam controlling
      apparatus which is adapted for the performance of an exemplary embodiment
      of the invention. As should now be understood, the invention differs from
      known installations for controlling the beam effectiveness in etching
      processes in that the etching beam is principally modulated as to its
      traversing path length or spatial distribution density across the area of
      the etching cell and not as to its energy and/or frequency, between the
      beam source and the printing area to be etched. Accordingly, an
      acusto-optical beam control system is used instead of the usual electronic
      one.
PAR  According to an already mentioned, further exemplary embodiment of the
      invention, the beam control system can be supplemented by an arrangement
      for focusing the beam.
PAR  In FIGS. 5-8, similar groups of the apparatus are designated by the same
      reference numerals. Thus, the basic structural parts of the beam control
      system according to the invention are the scanning device or means 1 which
      scans the original, and delivers brightness signals which are modulated
      according to the tone gradation, the brightness signal converter or
      transformer means 2 having an output comprising electric signals in either
      analog or digital form, the ultrasonic driving device or means 3 which
      transforms said electric signals in two, e.g., sin .alpha. and cos .alpha.
      signals of which each is separately transmitted to two, for example
      crystal-optical deflecting systems 4a and 4b which deflect an CO.sub.2
      laser beam, for example, provided by a beam source 5 in two 90.degree.
      coordinates and thereby force said beam to perform the spiral traversing
      path 6a on the area of an engraving cell on the, printing area 6 as
      explained above.
PAR  The magnitude of the sin.alpha. and cos.alpha. signals is controlled by the
      ultrasonic driver 3 in accordance with the brightness signal output of
      converter 2 such that the pitch or incremental radius of the spiral path
      of the energy beam is a variable controlled by the brightness signal.
PAR  It may be repeated in this connection that the number of beam impulses of
      constant energy which are directed on the area of an engraving cell is
      constant for all sequential cells, that is, the beam transition from one
      cell to the next one happens in constant time intervals. In case of full
      shadow cells the total series of impulses works on the cell area, while in
      case of those cells which correspond to weaker tone gradations the
      traversing path of the beam supercedes the extent of the cell area and, as
      far as it is outside of said areas, enters the area of a mask which is
      arranged within the deflecting system 4a, 4b and absorbs the surplus beam
      impulses.
PAR  In the further exemplary embodiment of the invention shown in FIGS. 6 and
      7, the ultrasonic driver device 3 controls not only the two beam
      deflecting systems 4a 4b, but -- under specific conditions for example in
      case of cells coordinated with extreme tone gradations -- additionally
      also influences a beam focusing device 7 which may be equipped for example
      with an optical system adapted to be modulated as to its focal length.
      Said device 7 modulates the cross-section of the beam and thereby the
      intensity of the energy working on the units of area of the cell impinged
      by said beam impulse, so that the extent of the heat energy dissipated
      into the mass of the cylinder becomes more influential because it is
      codeterminative as to the etching effect.
PAR  FIGS. 7 and 8 show an exemplary installation which is useful for the
      performance of the invention and has a known structure with respect to the
      synchronous drive of the scanning device 1 and the printing cylinder 6 and
      for the supplemental installations for providing color separations. The
      scanning drum 1 carrying the film original is connected to the exposing
      drum 16 which carries the film material for each color separation by a
      "lead screw" encompassed by an internally threaded nut. There are three
      easily exchangeable "screws" or respective spindles of which the pitches
      provide advance drives of 350, 500, or 1000 lines to 25, 1 mm. The total
      installation is rotated by a synchronous motor 8 at constant speed. The
      rotating lead screw is axially displaced under the influence of the
      threaded nut, and said displacement is transferred to the optical
      apparatus carried thereby.
PAR  The "white" scanning beam is delivered by an intensive light source 11 and
      bundled to form a narrow light beam which scans the transparency of the
      original because of the rotation of the drum 1 in connection with the
      axial displacement of the optical carrier. The scanning beam which is
      modulated in its brightness in said manner is spectrally separated in the
      color portions Blue, Green, and Red by a prism 12. Said color portions are
      distributed -- partially by aid of mirror elements 13 -- on three
      photomultipliers which transform the received light signals in equivalent
      electric values. Accordingly, the before-described scanning system
      transforms the transparency values of the picture original into electronic
      computer language whereby the three signals correspond to the separations
      Yellow, Magenta, and Cyan for the reproduction.
PAR  It should now be apparent that in the case of a black and white picture
      original, the prism 12 acting as color divider, may be omitted and the
      carrier drum 6 for the three color separation films may be reduced to
      carry a single black and white film.
PAR  The apparatus groups 2 to 4a, 4b inclusive shown on the right side of FIG.
      7 correspond to the system parts which are described further above in
      connection with FIG. 5 as to structure and kind of operation. Accordingly,
      they need no repeated explanation.
PAR  Summarizing, the invention comprises a novel method for the original, true
      modulation of the etching effect of an energy and especially laser beam
      for the preparation of a screened rotogravure printing plate, said method
      being characterized in that the etching effect of the etching beam is not
      adapted to the tone gradation of the original by principally modulating
      the energy and/or frequency of the beam as it is hitherto known, but,
      rather, by modulation of the duration (by controlling the spatial
      distribution density of the energy beam path) of the etching influence on
      the individual engraving cells of the beam of which the energy contents
      are principally kept constant. Within the scope of the generic invention
      there are additional, that is auxiliary measures to somewhat modulate the
      energy and/or frequency of the etching beam and/or to vary its
      cross-section.
PAR  Although only a few embodiments of the invention have been explained in
      detail above, those in the art will recognize that many variatuons and/or
      modifications may be made in the exemplary embodiments without departing
      from the spirit and improved advantages of the invention. Accordingly, all
      such variations and modifications are to be considered within the scope of
      this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of engraving printing plates by means of energy beams to obtain
      multisteps of degree of engravement up to a substantially continuous
      engraving effect, said method comprising:
PA1  providing an energy beam which, with respect to its energy and frequency,
      is modulated at most only to small degree,
PA1  focusing said beam to a fraction of the maximum dimention of an engraved
      cell,
PA1  etching the surface of the individual engraved cells by means of said
      focused beam along a beam path, and
PA1  modulating the length and spatial distribution density of the beam path on
      the cell surface in accordance with the tone intensity of a corresponding
      point of an original picture with which the respective cell of the
      printing plate is associated.
NUM  2.
PAR  2. The method according to claim 1 further comprising modulating the beam
      focus in addition to the modulation of the beam path.
NUM  3.
PAR  3. The method according to claim 1, including the displacing of the etching
      beam, in equal time intervals, from one cell position to another, while
      controlling the beam to act upon each individual cell during such portion
      of the time interval only which is required for the beam to travel the
      respective path for such cell; while for the rest of the time interval
      excluding the beam from the cell.
NUM  4.
PAR  4. The method according to claim 3 further comprising selecting the
      displacement time interval to be of a magnitude equal to the duration of
      etching required to produce an engraved cell of maximum volume.
NUM  5.
PAR  5. The method according to claim 1, wherein said etching step includes
      etching the surface of each individual engraved cell along a spiral path
      originating from the central region of said cell.
NUM  6.
PAR  6. The method according to claim 5, further comprising etching the surface
      of the individual cells along a spiral path or track, the pitch of which
      increases in outward direction.
NUM  7.
PAR  7. The method according to claim 1, further comprising repeatedly
      processing the surface of one and the same individual cell in at least
      partial areas thereof with the etching beam before processing the next
      cell.
NUM  8.
PAR  8. The method according to claim 7, including processing the surface of
      each single cell by means of the etching beam along a beam path and
      controlling at least part of the adjacent path portions to have a spacing
      from each other which is smaller than the diameter of the etching beam.
NUM  9.
PAR  9. A method for successively engraving elemental areas on a printing
      surface with an energy beam, said method comprising:
PA1  providing an energy beam having its maximum cross-section dimensions small
      than the maximum dimension of an elemental area to be engraved,
PA1  generating tone intensity signals representing the tone gradation of an
      original at successive areas corresponding to said elemental areas to be
      engraved on said printing surface,
PA1  successively scanning said energy beam from the location of one elemental
      area to another on said printing surface in synchronism with said tone
      intensity signals representing respectively corresponding successive areas
      on said original, and
PA1  while said energy beam is positioned at the location of a given elemental
      area, further scanning said beam within that elemental area along a path
      having a spatial distribution density and time duration therewithin which
      are controlled in accordance with the tone intensity signals thereby
      causing the degree of engravement within the elemental area to correspond
      with the tone gradation of the respectively associated area of said
      original.
NUM  10.
PAR  10. A method as in claim 9, wherein said further scanning of the beam
      comprises moving the beam along a spiral path originating from the central
      region of the elemental area, the pitch of said pitch of said spiral path
      and hence its spatial distribution desnity being controlled in accordance
      with the tone intensity signals.
NUM  11.
PAR  11. A method as in claim 9, wherein said further scanning step comprises
      modulating the cross-sectional area of said beam in addition to
      controlling the beam path.
NUM  12.
PAR  12. A method as in claim 9 wherein said further scanning of the beam
      comprises moving the beam along a controlled ever widening trajectory
      originating from the central region of the elemental area and masking out
      the beam whenever it's trajectory exceeds the boundaries of the elemental
      area.
NUM  13.
PAR  13. A method as in claim 12, wherein said successively scanning step
      comprises displacing the beam from the location of one elemental area
      location to another at substantially equal time intervals.
NUM  14.
PAR  14. A method as in claim 13, including the step of controlling said equal
      time intervals to correspond to the duration of engravement required to
      produce an engraved elemental area of maximum volume.
NUM  15.
PAR  15. Apparatus for engraving elemental areas on a printing surface with an
      energy beam, said apparatus comprising:
PA1  means for providing an energy beam having a maximum cross-sectional
      dimension smaller than the maximum dimension of an elemental area to be
      engraved,
PA1  means for generating tone intensity signals representing the tone gradation
      of an original at successive areas corresponding to said elemental areas
      to be engraved on said printing surface,
PA1  means for successively scanning energy beam from the location of one
      elemental area to another on said printing surface in synchronism with
      said tone intensity signals representing respectively corresponding
      successive areas on said original, and
PA1  means for further scanning said beam within an elemental area, while it is
      positioned thereat, along a path having a spatial distribution density and
      time duration therewithin that is controlled in accordance with the tone
      intensity signals thereby causing the degree of engravement within the
      elemental area to correspond with the tone gradation of the respectively
      associated area of said original.
NUM  16.
PAR  16. Apparatus as in claim 15, wherein said means for further scanning
      comprises means for moving the beam along a controlled ever-widening
      trajectory originating from the central region of the elemental area and
      means for masking out the beam whenever its trajectory exceeds the
      boundaries of the elemental area.
NUM  17.
PAR  17. Apparatus as in claim 15, wherein said means for further scanning
      comprises means for modulating the cross-sectional area of said beam in
      addition to controlling the beam path.
NUM  18.
PAR  18. Apparatus as in claim 15, wherein said means for further scanning
      comprises means for moving the beam along a spiral path originating from
      the central region of the elemental area and means for controlling the
      pitch of the spiral path in accordance with the tone intensity signals.
NUM  19.
PAR  19. Apparatus as in claim 18, wherein the energy beam is a laser beam and
      the means for moving comprises electrically controlled crystal deflectors
      placed in the path of said laser beam.
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PAL  A video disc for an optical image reproducing system has a storage track
      formed of pits alternating with lands along a spiral path. The pit depth
      introduces a phase change of approximately .pi./2 radians between portions
      of a reading beam that impinge upon pits and portions that impinge upon
      lands adjacent the pits.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to the structure of video discs for use in an
      optical image reproducing system and concerns, more particularly, an
      improvement in the disc which facilitates tracking control of the reading
      beam.
PAR  Optical image reproducing systems have been proposed as adjuncts to home
      color television receivers to increase their use by arranging for the play
      back of recorded program material through such receivers. As heretofore
      proposed, the program material is stored in a carrier, such as a disc
      quite similar to well known audio discs, to be read by a beam of energy,
      usually a laser beam, to develop an electrical signal representative of
      the stored information. That signal may be processed or transcoded to be
      suitable for application to the antenna terminals of the receiver. Usually
      the stored program information has luminance, chroma, audio and
      synchronizing components positioned in assigned segments of the frequency
      spectrum convenient for recording in the disc but subject to
      transformation in a transcoder to the distribution typical of commercial
      telecasts. Commercial television broadcasting features two interlaced
      fields for each frame and, in like fashion, the storage track of the disc
      is a multi-turn spiral with each convolution containing the two fields of
      an image frame with their synchronizing information.
PAR  Program information may be stored in a variety of ways in optical discs
      including, in particular, the use of a succession of concavities or
      "pits," as they are frequently referred to, alternating with a like
      succession of lands and collectively disposed along a spiral path to
      constitute a storage track for reading by a reading beam. Generally, the
      pits and lands have a uniform width but their length is variable along the
      track to the end that the pits and lands comprise a spatial representation
      of the temporal variations of an angular-velocity (frequency) modulated
      carrier signal conveying the program material and controlling the
      formation of the record track in order to store that information in the
      disc.
PAR  The stored information is easily retrived by scanning the storage track
      with a reading beam and utilizing a photoreceptor to respond to that beam
      after it has read the track. When the disc is transmissive to the reading
      beam the photoreceptor is positioned along the beam path to collect a part
      of the light transmitted through or scattered by the disc. Where the disc
      is reflective, the photoreceptor is located on the same side of the disc
      as the source of the reading beam to respond to light reflected from the
      storage track of the disc. In either case, the pits diffract scatter light
      of the reading beam causing the photoreceptor to develop an electric
      signal which is modulated in accordance with the information stored in the
      disc.
PAR  Systems of this type perform satisfactorily, at least from a theoretical
      viewpoint, but in practice experience difficulty because irregularities
      and eccentricities which are always encountered result in tracking
      misregistration of the reading beam. Disc structures of the prior art have
      not permitted the facility of tracking adjustment that is possible with
      discs embodying the present invention.
PAR  Accordingly, it is a principal object of the present invention to provide
      an improved video disc for optical image reproducing systems.
PAR  It is another and particular object of the invention to improve the
      structure of video discs to facilitate tracking as the disc is scanned by
      a reading beam of energy.
PAR  A video disc, in accordance with the invention, is especially suited for
      use in an optical image reproducing system wherein a reading beam scans
      the disc to derive the information stored in it. The storage track of the
      disc is comprised of pits alternating with lands and the depth dimension
      of the pits introduces a phase change of approximately (n + 1/2) .pi.
      radians between portions of the reading beam which impinge upon the pits
      and portions which impinge upon lands adjacent the pits, where n is zero
      or any integer.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The invention,
      together with further objects and advantages thereof, may best be
      understood by reference to the following description taken in connection
      with the accompanying drawing, in the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 is an enlarged fragmentary showing of a video disc constructed in
      accordance with the invention;
PAR  FIGS. 2a, 2b and 3a - 3c are sketches used in explaining properties of
      video discs; and
PAR  FIG. 4 is a schematic showing of a playback device for using a video disc.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now more particularly to FIG. 1, the disc 10 there represented is
      formed of a material having the capability of storing information, such as
      polyvinyl chloride which may store information in a manner generally
      similar to an audio disc. The disc may be sufficiently thin (4 to 8 mils)
      to be rotated at a high speed in a technique known as flying the disc for
      reading purposes or it may be sufficiently thick to be mechanically rigid
      like an audio record to be rotated on a turntable for read out purposes.
      The disc may be transmissive to the reading beam, and usually is when
      transcribed while it is flying, or it may be reflective and frequently is
      when played back on a turntable. The disc has program information stored
      in the form of a continuous track which has a generally circular or spiral
      shaped path which is to be read by a beam of energy, such as a laser, to
      derive the stored information. The track is made up of a series of pits 12
      and lands 13 which alternate along the path and collectively constitute
      the storage track. As thus far described, the disc is a known prior
      structure the properties and shortcomings of which, as well as the
      improvement contributed by the present invention, will be described with
      reference to FIGS. 2 and 3.
PAR  In both instances the disc lends itself to the transmissive and reflective
      modes. The transmissive embodiment of FIG. 2a has a pit depth h and
      incident light represented by full-line arrows 15 enters pits 12 as well
      as disc segments 13a separating runs of pits and responding just as lands
      13 to incident light. The emerging light, shown by broken-line arrows 16,
      is modulated due to the diffractive effect of the pits although, for
      convenience, that has not been illustrated in this figure. The reflective
      embodiment of FIG. 2b causes the incident light 15 to be reflected as rays
      16'. Assuming the reading beam to be only slightly greater in diameter
      than the width W of pits 12, and in all events dimensioned to read but a
      single convolution of the record track at any instant, and further
      assuming the beam to be in proper tracking registration, centered on the
      record track, a photo receptor positioned to collect rays 16 or 16' is
      able to develop an electrical signal representative of the stored
      information. In this part of the operation the depth h of the pits is no
      major concern but it does assume a most important role for operating
      conditions in which the reading beam becomes decentered and tracking
      adjustment is required. Where the optical path length difference between
      pits and lands approximates one-half wavelength of the reading beam in the
      medium of a transmissive disc, as has been the practice in the past,
      tracking adjustments are exceedingly difficult, whereas a optical path
      length difference between pits and lands of approximately one-quarter
      wavelength as taught by the instant invention greatly simplifies tracking.
PAR  More specifically and with reference to FIGS. 3a, a pit depth of one-half
      wavelength results in diffraction of the beam energy in accordance with a
      scatter pattern that is symmetrical with respect to reference plane 20, a
      plane normal to the major plane of the disc, through the optic axis and
      tangent to the record track at the location of the reading beam. In this
      figure, the full horizontal lines 21 represent the wave front of the
      approaching reading beam, lines 22 designate the position of the reading
      beam emerging from pit 12 while broken lines 23 denote the portion of the
      beam emerging from land 13a for the case in which the beam is decentered,
      having its center displaced to the right relative to pits 12. Obviously,
      wave fronts 23 travel through the disc medium a distance h greater than
      the travel of wave fronts 22 through that medium. The index of refraction
      n in the medium is greater than the index of refraction (unity) in air or
      vacuum and, accordingly, wave fronts 23 are delayed relative to wave
      fronts 22. In the far field, these partial wave fronts give rise to two
      resultants shown by the dash-dot and the dash-dash-dot construction lines
      and the corresponding rays are designated by arrows 24 and 25,
      respectively. Where the depth dimension of the pits introduces a phase
      change or phase delay of wave fronts 22 and 23 in the near field that is
      an integral multiple of .pi. radians, the directions and amplitudes of
      rays 24 and 25 are symmetrical with respect to reference plane 20.
      Consequently, the simple system of two photodiodes symmetrically
      positioned on opposite sides of plane 20 in the far field is ineffective
      in developing a radial tracking correction signal since they recieve equal
      excitation. This condition prevails whenever the beam enters both the pits
      12 and lands 13a irrespective of the degree of tracking registration or
      misregistration and is encountered with the half wave pit discs of the
      prior art. Of course, FIG. 3a is specific to misregistration in one sense
      or direction but the same result occurs for misregistration in the
      opposite sense.
PAR  In practicing the invention, the pit depth h is dimensioned to introduce a
      phase change between wave fronts 22 and 23 having a value of approximately
      (k + 1/2).pi. radians, where k is equal to zero or any integer. Where this
      depth specification is observed, as shown in FIG. 3b, light segments 24
      and 25 are asymmetrical with respect to reference plane 20. Therefore, a
      pair of photoreceptors or photodiodes 30 and 31 symmetrically positioned
      on opposite sides of plane 20 in the far field receive unequal excitation.
      With the beam, in effect, decentered to the right as illustrated, diode 30
      develops the larger signal and tracking adjustments may be accomplished as
      described hereafter. In practical executions of such playback systems
      photodiode 30 will be excited to develop an error correction signal and
      photodiode 31 will not be excited at all.
PAR  For a decentered condition of the opposite sense, the asymmetry of light
      segments 24, 25 is as shown in FIG. 3c with photodiode 31 receiving the
      greater excitation. Of course, units 30 and 31 are equally energized
      during operating intervals in which the reading beam is in proper tracking
      registration, centered on the storage track of the disc.
PAR  Preferably, the pit depth dimension introduces a phase change of .pi./2
      radians which, for a transmissive disc of polyvinyl chloride or other
      materials generally used for pressed discs having an index of refraction
      of about 1.5, is achieved by making the pit depth approximately one-half
      the wavelength of the reading beam in vacuum. For the reflective disc, the
      preferred pit depth is approximately one-eighth the wavelength of the
      reading beam in vacuum. In typical executions for a system employing a
      helium-neon laser having a light wavelength of 6000A. a representative
      value for pit depth is 3000A. for a transmissive disc and 750A. for a
      reflective disc.
PAR  FIG. 4 shows an optical image reproducing system which may advantageously
      utilize the described optical discs. As there represented, disc 10 is
      transmissive and is centered on a spindle 35 for rotation by a synchronous
      motor 36. A laser light source 37 directs a reading beam 38 along an
      optical path to a mirror 39 which redirects the beam to a lens 40 which
      focuses the beam on the storage track of video disc 10. Photoreceptors 30,
      31 are symmetrically positioned on opposite sides of reference plane 20
      and on the side of disc 10 opposite that from which the reading beam
      approaches. The sum of the signals from photodiodes 30 and 31 is
      representative of the program information stored in the disc and is
      delivered to an output terminal 42 by way of adding an amplifier 43.
      Amplifier 43 may include a suitable transcoder or the signal from terminal
      43 may be applied to a color receiver through a transcoder.
PAR  Radial tracking adjustment may be accomplished by displacing mirror 39
      about a pivot 44. Such displacement is under the control of a driver 45,
      in turn, energized by a radial tracking correction signal developed by
      subtracting the outputs of photo cells 30 and 31 in a differential
      amplifier 46. An attractive structure for mirror 39 and driver 45 is
      described and claimed in a co-pending application of Adler et al., Ser.
      No. 439,684, now abandoned. It comprises a cantilever mounted
      piezoelectric bender or bimorph carrying a mirror on its free end. This
      beam reflecting arrangement in conjunction with the pair of photoreceptors
      30, 31 may be included in a very simple and yet effective tracking system
      for maintaining tracking registration in the reading of discs constructed
      in accordance with the present invention.
PAR  While particular embodiments of the invention have been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from the invention in its
      broader aspects, and, therefore, the aim in the appended claims is to
      cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in an optical image reproducing system of the type in which
      information stored in a record track of a carrier is derived by scanning
      said track with a beam of light, a record disc having a record track
      composed of pits alternating with lands and in which the depth dimension
      of said pits introduces a phase change of approximately (k + 1/2).pi.
      radians between portions of said beam which impinge upon said pits and
      portions of said beam which impinge upon lands adjacent said pits, where k
      is zero or any integer.
NUM  2.
PAR  2. The improvement in accordance with claim 1 in which said carrier is
      transmissive with respect to said beam of energy.
NUM  3.
PAR  3. The improvement in accordance with claim 2 in which the depth dimension
      of said pits introduces a phase change between said portions of said beam
      substantially equal to .pi./2 radians.
NUM  4.
PAR  4. The improvement in accordance with claim 1 in which said carrier is
      reflective to said beam of energy.
NUM  5.
PAR  5. The improvement in accordance with claim 4 in which the depth dimension
      of said pits introduces a phase change between said portions of said beam
      substantially equal to .pi./2 radians.
NUM  6.
PAR  6. The improvement in accordance with claim 5 in which the depth dimension
      of said pits is approximately equal to one-eighth wavelength of said beam
      of energy in vacuum.
NUM  7.
PAR  7. The improvement in accordance with claim 3 in which the index of
      refraction of the medium of said carrier is approximately 1.5 and in which
      the depth of said pits is approximately equal to one-half wavelength of
      said beam of energy in vacuum.
NUM  8.
PAR  8. For use in an optical image reproducing system of the type in which
      information stored in a record track of a carrier is derived by scanning
      said track with a light beam of a predetermined wavelength, a record disc
      which is transmissive of said light beam with an index of refraction of
      approximately 1.5 and having a record track composed of pits alternating
      with lands, and in which the depth dimension of said pits is at least
      approximately equal to one-half said predetermined wavelength.
NUM  9.
PAR  9. For use in an optical image reproducing system of the type in which
      information stored in a record track of a carrier is derived by scanning
      said track with a light beam of a predetermined wavelength, a record disc
      which is reflective to said light beam and has a record track composed of
      pits alternating with lands, and in which the depth dimension of said pits
      is substantially equal to one-eighth of said predetermined wavelength.
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PAL  A video disc has a storage track formed of half wavelength pits alternating
      with lands. The track has a series of turns, individually of a generally
      circular path but undulating symmetrically about that path. The
      undulations of the several turns have such relative phase that the turns
      are in nested concentric relation and one component of the stored
      information represents the phase of the undulations.
PAL  The record is a replication of a master formed under the control of a laser
      writing beam modulated with the information to be stored. A Bragg cell in
      the optical path, responding to a cyclic frequency-modulated signal,
      optically displaces the writing beam about a reference path to develop
      undulations in the record storage track.
BSUM
PAC  RELATED PATENT APPLICATIONS
PAR  Concurrently filed applications Ser. Nos. 439,683, now abandoned and
      439,682 are related to the subject invention. Application Ser. No. 439,683
      has been replaced by a continuation-in-part application Ser. No. 544,250,
      filed Jan. 27, 1975. The Adler continuation-in-part application concerns
      radial tracking in a video disc player employing periodic relative
      displacement of the record track and reading beam and shows specifically
      an embodiment in which the reading beam is periodically deflected. The
      Whitman application concerns an alternative approach in which similar
      results are realized by undulations of the storage track. The present
      disclosure is a further refinement, having to do with concentricity of the
      several convolutions of a storage track which has wobbulations for
      tracking purposes. The subject improvement enhances storage density of the
      disc.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is addressed to a record disc in which information is
      stored in a track to be read by a reading beam of energy, such as
      collimated light from a laser source. One application of such a disc of
      timely interest is for storing video programs. Such a video disc may be
      read to develop an electrical signal for energizing a color television
      receiver to enhance the use of such an instrument.
PAR  Information may be stored in a variety of ways in a video disc, for
      example, by incremental segments of variable transmissivity as in
      photographic negative techniques or by forming a succession of pits and
      lands of uniform width but variable length along the storage track to
      constitute a spatial representation of the temporal variations of a
      carrier signal used in preparing the disc and frequency modulated with the
      information to be stored. It is known that the depth dimension of the pits
      may be a quarter wavelength of the reading beam in the disc medium or,
      alternatively, it may be a half wavelength. As used herein, the expression
      "quarter wavelength pit" is intended to describe the case wherein the pit
      depth causes a phase difference of approximately one-fourth wavelength
      between portions of the reading beam entering the pits and portions
      entering adjacent lands. Similarly, "half wavelength pit" is intended to
      describe the case wherein the pit depth causes the phase difference to be
      approximately one-half wavelength. Of course, the disc may be transmissive
      or reflective to the reading beam, the only difference being that the pit
      depth is reduced about one-half for the reflective case.
PAR  The half wavelength disc, prior to the Adler invention, required
      complicated arrangements in the disc playback apparatus for achieving
      radial tracking. Like the Adler and Whitman inventions, the present
      development has application to a variety of disc structures but, for
      convenience, will be specifically disclosed in the environment of a
      transmissive disc having half wave pits and arranged to simplify radial
      tracking of the reading beam.
PAR  It is a specific object of the invention to arrange for improved tracking
      in reading a record disc, such as that employed for storing a video
      program.
PAR  It is another object of the invention to improve the implementation of the
      tracking concept of the above-identified Adler application to simplify the
      structure of the readout or playback apparatus.
PAR  It is a very particular object of the invention to provide a video record
      disc having a novel storage track comprising half wave pits which
      simplifies radial beam tracking in the readout apparatus and has a high
      storage density.
PAR  A record disc, according to the invention, is comprised of a storage medium
      with information stored in a track having a series of convolutions
      individually of a generally circular mean path to be read by a beam of
      energy. Each convolution of the track has periodic undulations disposed
      symmetrically with respect to its mean path and the undulations of all
      convolutions of the track have such relative phase that the convolutions
      are in nested concentric relation with a substantially uniform spacing
      with respect to one another. The record is further characterized by the
      fact that the phase of the undulations is represented by a component of
      the stored information.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The invention,
      together with further objects and advantages thereof, may best be
      understood by reference to the following description taken in connection
      with the accompanying drawing, in the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 is a schematic representation of a fragment of a video disc
      constructed in accordance with the invention, schematic in that it is not
      drawn to scale;
PAR  FIG. 2 is a set of curves used in discussing packing density of video
      discs;
PAR  FIG. 3 is a schematic representation of a mastering system through which a
      disc of the type shown in FIG. 1 may be prepared; and
PAR  FIG. 4 represents a modified arrangement for wobbling the writing beam
      while preparing a master recording.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now more particularly to FIG. 1, the disc 10 there represented is
      formed of a medium having the capability of storing information, such as
      polyvinyl chloride which may store information in a manner generally
      similar to an audio record disc. Disc 10 may be sufficiently thin to be
      rotated at a high speed in a technique known as flying a disc for reading
      purposes or it may be sufficiently thick to be mechanically rigid like an
      audio record to be rotated on a turntable for readout purposes. The disc
      has information stored in the form of a continuous multiturn,
      spiral-shaped track each turn of which has a generally circular mean path
      represented by dash-dot construction line 11 and which is to be read by a
      beam of energy, such as a laser, to derive the stored information. Each
      turn of the track is made up of a series of pits 12 and lands 13 which
      alternate along the path and collectively constitute the storage track. As
      will be observed in FIG. 1, this track is characterized by having periodic
      undulations disposed symmetrically with respect to path 11 so that in the
      playback of the disc by apparatus similar to that disclosed in the Adler
      application, radial tracking correction may be accomplished without
      requiring periodic displacement of the reading beam. The playback device
      is no part of the present invention and, aside from the beam wobbling
      arrangement which is not required in playing back records described and
      claimed herein, may be the same as disclosed in the Adler application
      which is incorporated herein by reference.
PAR  While each turn of the storage track has undulations as described, the
      relative phase of such undulations in the various turns has a distinct
      bearing on the packing density or storage capacity of the disc. This is
      demonstrated by the curves of FIG. 2 which represent segments of the
      storage track. If curves I, II, III are inscribed as corresponding
      segments of three consecutive turns of the track, it will be seen that the
      relative phase of their undulations is such that the turns are in nested
      concentric relation with a uniform spacing S with respect to one another.
      This is a condition of maximum storage capacity for a disc with
      undulations in its track and is to be contrasted with another phase
      condition for which the disc exhibits minimum storage capacity, namely,
      that illustrated by curves III and IV. With the undulations of consecutive
      turns phased as illustrated by these curves, the interturn separation
      varies from a minimum S to a maximum S'. Obviously, the storage density
      has been materially decreased compared with the first-described conditions
      which are to be employed in practicing the present invention.
PAR  In preparing video discs of the type under consideration, a master is
      formed having the general arrangement of FIG. 1 and is used in a
      replicating process by which copies, having essentially the same storage
      track, are produced for distribution to users who have appropriate
      playback apparatus. Where the program information stored in the disc is
      intended to be reproduced through a color television receiver, it is
      common practice to prepare the master, and hence the replicated copies,
      under the control of an angular-velocity (frequency) modulated carrier
      signal which has been modulated to convey luminance, chroma, audio and
      synchronizing information. In the pit and land storage technique the pits
      have a common width w but the length l of a pit and the length of its
      companion land are determined along the track to be a spatial
      representation of the temporal variations of the modulated carrier signal
      that has been recorded. The reading beam for deriving stored information
      from such a track has a width or cross sectional diameter approximately
      equal to the width w of a pit and the peak-to-peak excursions of the track
      undulations are substantially equal to the spot diameter. That is
      sufficient for radial tracking purposes and minimizes the specifications
      of the recording system by requiring a capability of only two resolvable
      points in the process which establishes the record storage track. The
      frequency of the undulations is not critical although, as explained in the
      Adler application, it should be high compared with the frequency range
      necessary for the feedback or servo mechanism typically employed to
      accomplish radial beam tracking. An undulation frequency of 100 to 200 KHz
      is adequate and, accordingly, the frequency of the undulations is
      relatively small compared to the mean frequency of the recorded carrier
      which is usually 6 to 6.5 MHz.
PAR  Video discs of the type under consideration are, as indicated above,
      replicas of a master which may be prepared through a mechanical cutting
      process as customary in the preparation of audio discs or by scribing a
      photosensitive layer with a modulated laser beam. Where it is desirable to
      impose undulations on the record track, as described in conjunction with
      FIG. 1, it is convenient to employ laser scribing which may be done in a
      system of the type shown schematically in FIG. 3. The master is a glass
      disc or plate 20 which has its top or exposed surface coated with a
      sensitized photoresist material, such as polyvinyl alcohol, to a depth
      corresponding to the depth dimension desired for the pits of the track;
      for the assumed case of a transmissive disc, that is a depth of one-half
      wavelength of the reading beam in the medium of the replicated video disc
      which is usually polyvinyl chloride. The resist coated disc is centrally
      apertured and is supported on a turntable 21 having a disc-positioning
      spindle 22 and driven by a synchronous driving motor 23. It will be
      assumed that the photoresist coating of master 20 is of the negative type,
      that is to say, a resist having the property that it is rendered insoluble
      in a solvent, such as water, upon exposure to actinic energy. Selective
      exposure of elemental segments of the disc is under the control of a laser
      light source 25 which may be of the argonion, helium cadmium or helium
      neon type directing a writing beam 26 along an optical path to a focus
      lens 27 which focuses the writing beam on the coated surface of the
      master. A mirror 28 displaceable about a pivot 29 as indicated by arrow 30
      is included in the optical path and may be periodically oscillated by a
      driver 31 to displace the reading beam cyclically in order to create
      undulations in the storage track of the record under preparation. Of
      course, the writing beam must carry the information to be stored and for
      that purpose it is delivered to a modulator 35 which also receives from a
      recording signal source 36 a frequency modulated carrier signal, modulated
      with luminance, chroma, audio and synchronizing signals which constitute
      the usual video program signal. It has been found convenient to give
      frequency assignments to the luminance, chroma, audio and synchronizing
      information that are specifically different from commercial broadcast
      practices but that is of no moment to the present invention.
PAR  The modulator in response to the modulated carrier signal from source 36,
      in effect, chops or interrupts the laser beam to achieve an on-off duty
      cycle of approximately 50 per cent at a repetition rate that reflects the
      instantaneous frequency of the signal being stored. If displacement of
      mirror 28 be neglected temporarily, the described arrangement will be
      recognized as a known form of laser mastering system which forms a
      continuous generally spiral-shaped storage track in the coating of master
      20 comprised of half wave pits alternating with lands in a spatial
      arrangement reflecting the temporal variations of the frequency-modulated
      carrier signal which controls scribing of the master. It is customary that
      a single convolution of the record track constitute the two interlaced
      fields that define a single image frame in accordance with present
      television broadcasting techniques.
PAR  The mastering process is modified in accordance with the teachings of the
      present invention to impose an undulatory pattern to the record track so
      that it is sinuous rather than being the smooth circular path typical, for
      example, of audio or prior art video recordings. To achieve this result,
      driver 31 oscillates mirror 28 and displaces writing beam 26 symmetrically
      with respect to the mean path it would otherwise take were mirror 28
      fixed. The displacement frequency during playback of the disc, as already
      mentioned, is in the neighborhood of 100 to 200 KHz and the peak-to-peak
      displacement is about equal to the cross sectional diameter (usually 1
      micrometer) of the reading beam to be employed in deriving the stored
      information of a disc replicated from master 20.
PAR  In order to implement the subject invention and establish the phase
      relationship described above in discussing curves I, II and III of FIG. 2,
      the wobble frequency of writing beam 26 is to be related to the rotation
      of the turntable so that at any given radial position on the disc, the
      phase of the wobble displacement is the same on all convolutions of the
      storage track. This may be accomplished by phase locking an oscillator 43
      that energizes driver 31 to a frequency multiple of the disc rotation. As
      shown in FIG. 3, synchronous motor 23 is controlled by a power supply 40
      synchronized, for example, to the 60 Hz field rate of source 36. Power
      supply 40 also supplies a phase reference signal to a phase comparator 41
      of a phase lock loop 42 shown by a broken-line rectangle. Phase comparator
      41 also receives the output of oscillator 43 for phase comparison but
      after the oscillator output has been suitably reduced in frequency by
      means of a divider 44. A phase correction voltage developed in phase
      comparator 41 controls the phase of the energizing signal supplied by
      oscillator 43 to driver 31 to the end that the periodic displacement of
      writing beam 26 by mirror 28 is in phase with the rotation of turntable
      21. In this manner, the phase conditions described in the discussion of
      curves I, II and III of FIG. 2 are established and maintained.
PAR  It is necessary that the video disc convey a phase reference that
      represents the phase of the undulations of the track so that a synchronous
      detector, employed as described in the Adler application, is able to
      develop a radial tracking correction signal in the reading of the disc.
      While a separate phase reference or pilot signal could be included in the
      stored information, this is not necessary when the recording is of a video
      program because such program material customarily has timing information
      in the form of sync pulses. Where a synchronizing signal component from
      source 36 is used as a phase reference as described and is included in the
      information stored in the video disc, a local oscillator in the readout
      apparatus may likewise respond to the sync pulses derived from reading the
      disc to develop the phase reference signal to be supplied to the
      synchronous detector of the radial tracking system.
PAR  Driver 31 may take a variety of forms depending upon the transcribing speed
      at which the master is prepared. For example, the recording is oftentimes
      prepared at a speed of 54 times down from real time in which case the
      displacement or undulation frequency during the processing of the master
      record is the desired 100 to 200 KHz divided by 54. In such a case, it is
      a sufficiently low frequency that electromechanical motors such as a
      galvanometer mirror may be used to oscillate mirror 28. Alternatively,
      mirror 28 may be supported at the free end of a cantilever mounted
      piezoelectric bender or bimorph of the type described and claimed in the
      copending application, Ser. No. 439,684 of Robert Adler and Adrian Korpel,
      now abandoned. Energization of such a bimorph under control of a signal
      from a sine-wave oscillator synchronized by the horizontal sync pulses
      from source 36 may accomplish the desired periodic displacement of writing
      beam 26. This is especially true since the peak-to-peak displacement is
      small, being only approximately equal to the cross sectional diameter of
      the reading beam which is usually of the order of 1.0 micrometer.
      Displacement of that magnitude is easily accomplished by a mirror
      supported at the free end of a cantilever of the type mentioned. Sometimes
      it is desirable to record in real time in which case mirror 28 will have
      to be oscillated at the displacement or undulation frequency of the
      playback device. Other beam-displacement devices may be used for that
      purpose. For example, an acousto-optic element of the longitudinal or
      flexural-mode type may be used to control a diffraction grating in the
      optical path in order to deflect the beam periodically. Suitable forms of
      acousto-optic devices are described in the Adler application.
PAR  Another type of beam deflector for wobbling writing beam 26, featuring the
      use of an acousto-optic (Bragg) cell 50, is shown schematically in FIG. 4.
      As is well understood, a beam of collimated light may be directed to enter
      a Bragg cell of water, crystal or glass at the Bragg angle to encounter a
      diffraction grating resulting from directing an ultrasonic signal
      transversely of the cell and the path of the light beam. As a consequence
      of the interaction between the light beam and the diffraction grating, a
      zero-order component 26' emerges from the cell as an undeflected component
      of the entering light beam 26 and, at the same time, a first order
      component 26a of the beam emerges displaced from component 26' by an
      amount determined by the wavelength of the ultrasonic signal supplied to
      cell 50. By adjusting (increasing) the wavelength of the ultrasonic
      signal, the first-order component may appear as represented at 26b, spaced
      from position 26a by an amount corresponding to the peak-to-peak angular
      displacement desired for writing beam 26, usually about 0.14 milliradians.
      Varying the frequency or wavelength of the ultrasonic signal over this
      range and at a preselected wobble frequency accomplishes wobbulation of
      the writing beam as required in preparing the master recording.
      Accordingly, the light beam is both modulated and deflected in cell 50 and
      the first-order component is used to inscribe the master. The zero-order
      component 26' is masked out as indicated.
PAR  A carrier signal to be modulated and supplied to cell 50 is developed in a
      sweep generator 51 by which is meant a voltage-controlled generator that
      is responsive to a periodic control signal to sweep the carrier frequency
      back and forth across a predetermined frequency range. Illustratively, the
      frequency range may be 35 to 45 MHz with a mean value of 40 MHz. The sweep
      control voltage is delivered by a crystal controlled oscillator 52, which
      illustratively may have an operating frequency of 3.58 MHz, through a
      frequency divider 53 which steps the frequency down to 3.58 KHz, for
      example. For the assumed frequencies, the operating frequency of generator
      51 sweeps across its range at a wobble frequency of 3.58 KHz. This is
      predicated on a recording speed of 54 times down and corresponds to a
      track wobble frequency of 193.32 KHz during playback of the replicated
      video disc.
PAR  The variable-frequency carrier from generator 51 is delivered to a double
      balanced amplitude modulation modulator 54 which also receives the encoded
      video signal from source 55 for recording on the disc. Encoding is simply
      a signal processing which arranges the luminance, chroma, audio and
      synchronizing components in assigned portions of the frequency spectrum
      convenient for recording but of no consequence to the present invention.
      The output of modulator 54 is applied to acousto-optic cell 50 through an
      amplifier 56. Thus, the signal reacting with the light beam in cell 50 is,
      in effect, doubly modulated. Its carrier has been subjected to a cyclic
      variation at the wobble frequency rate under the control of crystal
      oscillator 52. At the same time, it has been chopped or amplitude
      modulated to have a 50 per cent duty cycle under the control of the
      encoded video signal. Both modulations are manifest in the output from
      cell 50 used to inscribe the master 20. That output is the first-order
      component which is periodically swept between positions 26a and 26b at the
      wobble rate of 3.58 KHz. It concurrently conveys the program information
      under the control of the encoded video signal and stores that information
      in the disc. While the system has been described for recording at 54 times
      down, it may also be used to record in real time.
PAR  The desired phase relation of the undulations in the several convolutions
      of the storage track formed on disc 20 is ensured by deriving a properly
      phased energizing signal for motor 23 from crystal oscillator 52 through a
      second frequency divider 57 having an appropriate division ratio.
PAR  After writing beam 26 has scanned master 20 under the conjoint control of
      the information bearing carrier signal and the periodic displacement at
      the wobble frequency, the resulting record track is developed by rinsing
      the master with a solvent. In that process the unexposed track segments
      wash away and form the pit components of the storage track, whereas the
      exposed segments remain and serve as the lands which separate successive
      pits. Of course, a positive type resist may be used if desired. Such a
      resist becomes soluble in a solvent in response to exposure and, then, the
      exposed portions of the disc become pits of the storage track. The
      developed master is then coated with silver or other suitable conductive
      material. The purpose of this coating is to facilitate the deposition of
      nickel over the record to a thickness sufficient that the master may serve
      as a stamper.
PAR  Plastic sheets which are to be formed as video discs in replicating the
      master are brought against the stamper and heated under pressure.
      Representative values of operating parameters include a pressure of 500
      pounds per square inch and a temperature of 180.degree. C. This prints the
      record track or transfers it to the plastic sheet which is then rapidly
      cooled while remaining in contact with the dye or stamper. After cooling,
      the replicated disc is separated from the stamper and is ready for use.
PAR  While a particular embodiment of the present invention has been shown and
      described, it will be obvious to those skilled in the art that various
      changes and modifications may be made without departing from the invention
      in its broader aspects. Accordingly, the aim in the appended claims is to
      cover all such changes and modifications that may fall within the true
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A record disc comprised of a storage medium having information stored in
      a variable-depth track which comprises a series of convolutions
      individually having a generally circular mean path to be read by a beam of
      energy and characterized by the fact that each track convolution has
      periodic fixed-amplitude lateral undulations disposed symmetrically with
      respect to its mean path,
PA1  the undulations of said series of convolutions having such relative phase
      that said convolutions are in nested concentric relation with a
      substantially uniform spacing with respect to one another,
PA1  and further characterized by the fact that the phase of said undulations is
      correlated with that of a component of the stored information.
NUM  2.
PAR  2. A record disc in accordance with claim 1 in which the storage track is
      comprised of pits and lands in alternation, and in which the depth
      dimension of said pits introduces a phase change of one-half wavelength
      between portions of the reading beam that impinge upon said pits and
      portions that impinge upon adjacent lands.
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ABST
PAL  Apparatus for the telereproduction of documents transmitted in the form of
      electrical signals emanating from the line-by-line scanning of the
      original and modulating a carrier or sub-carrier wave, the demodulated
      video signals being applied to the scanning element of the reproduction
      apparatus synchronized with the scanning element of the emitter, the
      apparatus comprising a memory in which is stored the video voltage
      emanating from demodulation of the signals received, and means for
      removing these signals from the memory at a speed exactly proportional to
      that of the line scanner of the recorder, i.e. each time this element has
      advanced by a step of constant value corresponding to the distance
      separating two successively recorded dots.
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PAR  This invention relates to an apparatus for the telereproduction of
      documents transmitted in the form of electrical signals emanating from the
      line-by-line scanning of the original and modulating a carrier or
      subcarrier wave, the demodulated video signals being applied to the
      scanning element of the reproduction unit synchronized with the scanning
      element of the emitter. More particularly, the object of the invention is
      to provide a reproduction apparatus of the kind referred to above which,
      although being relatively small and inexpensive, supplies high-quality
      reproductions of originals in the form of printed texts, manuscripts or
      photographs. One of the applications with which the invention is
      particularly concerned relates to the reproduction of images emitted by
      meteorological satellites, which at present is carried out, where
      high-quality reproduction is required, by extremely large and expensive
      apparatus, in which the images received are treated by television
      techniques in conjunction with photographic techniques. Other processes,
      in which the images received are reproduced on special paper by wet
      processing and chemical reaction between the paper and the metal of a
      tracer point placed under voltage by the signal, are carried out in
      smaller and less expensive apparatus, but unfortunately give images of
      unsatisfactory quality.
PAC   SUMMARY OF THE INVENTION
PAR  The reproduction apparatus according to the invention enables high-quality
      images to be obtained by simple means by virtue of the fact that it
      comprises a memory in which the video voltage emanating from demodulation
      of the signals received is recorded, and means for removing the signals
      from this memory at a rate exactly proportional to that of the line
      scanning element of the recording unit, in other words each time this
      element is advanced by a step of constant value corresponding to the
      distance between two successively recorded dots.
PAR  In one embodiment of the invention, the apparatus comprises a clock,
      preferably in the form of a high-stability (10.sup.-.sup.6 ) transistor
      oscillator controlled by the carrier wave or subcarrier wave of the signal
      received, and a frequency divider which, from the clock signal, generates
      a pilot frequency for feeding the motors responsible for horizontal and
      vertical scanning, i.e. the line scanning of the recording unit and the
      continuous delivery of the recording paper.
PAR  The apparatus comprises a mechanical scanning unit controlled by a rotating
      shaft and means for linearizing this scanning comprising a toothed disc
      which is keyed to the rotating shaft and whose teeth have widths that are
      not constant, but instead correspond to the equal displacements of the
      tracer point, and an electro-optical or magnetic reader which is
      associated with this disc and which releases a signal proportional in
      frequency to the momentary speed of the tracer points during the scanning
      of each line, this signal controlling removal of the video signals stored
      in the memory.
PAR  Accordingly, the signals are applied to the tracer point each time it has
      travelled a certain, constant distance along the scanned line, so that
      scanning is "linearized".
PAR  More particularly, the apparatus comprises an electro-optical reader in the
      form of a photodiode excited by a light beam periodically interrupted by
      the teeth of the disc whose intervals correspond, for example, to the
      length of the line occupied by 12 dots, the frequency of the signal thus
      obtained being multiplied in such a way as to correspond to the total
      number of recording dots per line, for example 1,200 dots for 800 dots per
      line supplied by the video signal.
PAR  The recording unit preferably uses an electrosensitive paper with a white
      surface layer and a black sublayer, and comprises at least one tracer,
      preferably in the form of a ballpoint to which the video voltage is
      applied and which, during scanning of the paper, produces a burn
      proportional to the power of the spark in the surface layer of the paper,
      which enables half-tones to be reproduced, this power of the spark being
      adapted to be proportional to the video signal.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One embodiment of the reproduction apparatus according to the invention and
      its application in the recording of images transmitted by meteorological
      satellites, is described by way of example in the following.
PAR  FIG. 1 is a plan view of the mechanical scanning unit of the apparatus.
PAR  FIG. 2 is a section through a tracer point.
PAR  FIG. 3 is a block diagram of the electrical circuits of the reproduction
      apparatus.
PAR  FIG. 4 diagrammatically illustrates the arrangement for reading the memory
      at the speed of the scanning unit.
PAR  FIG. 5 illustrates the electrical circuits of this arrangement.
PAR  FIG. 6 diagrammatically illustrates the inscription unit operating in
      dependence upon the power of the spark causing the paper to burn.
PAR  FIG. 7 is a diagram of the circuits used for detecting the presence of the
      carrier wave or subcarrier wave of the signal received, and for
      controlling the clock in dependence upon this carrier wave.
PAR  FIG. 8 is a block diagram of the circuits used for receiving the signals
      emanating from a meteorological satellite.
PAR  FIG. 9 is a diagram showing how the receiver is locked onto the subcarrier
      wave of the satellite.
DETD
PAC  DETAILED DESCRIPTION
PAR  In order to make the invention easier to understand, we shall begin by
      describing the mechanical scanning unit and the recording unit before
      going on to discuss the electrical control circuits and their operation.
      The scanning unit essentially comprises a rotating wheel 1, for example in
      the form of a star with three arms arranged at 120.degree. intervals,
      which is mounted on a vertical shaft 2 and which is accommodated in the
      upper part of a housing containing the various electrical and electronic
      components of the apparatus. Arranged in this upper part of the apparatus
      is a plate of insulating material 3 formed with an opening 4 acting as a
      cam with one straight edge 5. The vertical shaft 2 about which rotates the
      three-armed star wheel 1 is laterally offset relative to the perpendicular
      x', x lower to the middle of the straight edge 5 of the cam. Three levers
      7, 7', 7" are pivotally connected at points 6, 6', 6" situated near the
      ends of the three arms of the star wheel 1. The longest arms of these
      levers carry rollers 8, 8', 8" (FIG. 2) associated with tracer ball-points
      9, 9', 9", while the ends 10, 10', 10" of the shortest arms are connected
      through tension springs 11, 11', 11" to the arms of the star wheel 1 at
      points 12, 12', 12", the points 6, 6', 6" and 12, 12', 12" being arranged
      on circles concentric with the pivot 1 and staggered respectively through
      120.degree.. As can be seen in FIG. 2, the rollers 8 are each formed by a
      ball bearing mounted on a tube 13 which is fixed to the end of the lever 7
      and in which is able to slide the tracer ball-point 9 applied to the paper
      by a compression spring 14 adjustable by means of a threaded cap 15.
PAR  The recording unit comprises two synchronous motors 16, 17 shown in FIG. 3,
      one of which (16) drives the star wheel 1 while the other (17)
      continuously offwinds the web of paper 18 from a roll which is arranged
      below the plate 3 and with which the ball-points 9, 9', 9" successively
      come into contact through an opening formed in the plate 3 opposite the
      straight edge 5 of the cam. The rate at which the paper is offwound is of
      course selected in dependence upon the number of lines per second scanned
      by the emitter unit. For example, in the case of images transmitted by
      meteorological satellites, this speed corresponds to 4 lines per second,
      although it can be lower in the case of the telereproduction of fine-print
      documents or manuscripts.
PAR  It will be appreciated that line scanning has to be carried out at a
      constant speed so that the tracer points have to move at a constant speed
      during their travel along the straight edge of the cam. A substantially
      constant speed can be obtained when the ratio (OA/OP) of the distance from
      the axis O of the wheel to the articulation points of the levers to the
      distance OP from this axis to the straight edge of the cam is equal to
      0.87, and the ratio (AB/OP) of the longest arm of the levers 7 to the
      aforementioned distance OP is equal to 1.31.
PAR  However, if the cam has an abitrary profile outside its straight edge, the
      mobile assembly formed by the wheel 1, the levers 7 and the springs 11"
      can have several equilibrium positions, some stable and the others
      unstable, which is reflected in a resistant torque varying in dependence
      upon the angular position of the wheel and, hence, variations in the speed
      of the synchronous motor driving the wheel, due primarily to the fact that
      the tensions of the three springs are variable during a cycle, this
      variation in speed being due to a certain degree of sliding, which does
      not affect the deenergization value, between the poles of the rotor in the
      form of permanent magnets and the poles of the stator whose winding
      produces a rotating field. In order to obviate this disadvantage, the
      profile of the cam is designed in such a way that the torque produced by
      the springs in relation to the axis of rotation is permanently zero, so
      that the rotating system is in a state of indifferent equilibrium in all
      its positions and that the resistant torque is only formed by
      substantially constant and, in addition, extremely low friction.
PAR  By virtue of these various measures, the scanning speed of the tracer
      points along the straight edge 5 of the cam can be made constant to .+-.
      5%. However, a speed variation of this kind is reflected in poor quality
      of the image reproduced, above all in cases where the original is in the
      form of a text, because it gives rise to distortion of the length of the
      dots transmitted. Accordingly, the invention provides an electronic means
      for linearizing scanning. As mentioned earlier, this result is obtained by
      providing the receiver with an analogue memory 20 (FIG. 5) in which the
      video signals are stored, for example for a period of time corresponding
      to a fraction of the time required to scan one line, at a frequency
      generated by a clock functioning in dependence upon the carrier wave or
      subcarrier wave of the emission received, for example 4800 c/s, and from
      which these signals are removed to be applied to the tracer points at a
      frequency strictly proportional to the momentary speed thereof. In this
      way, the succession of dots of the recorded image corresponds exactly to
      that of the signals received. Removal or reading of the signals stored in
      the memory 20 is controlled by means of a toothed disc 21 (FIG. 4) keyed
      to the shaft 1 carrying the scanning unit. The width of the teeth of this
      disc is not uniform, but instead is proportional to corresponding equal
      displacements of the tracer points along the straight edge of the cam. A
      light source 22 and a lens 23 produce a light beam which is interrupted by
      the teeth of the disc 21 and which, during its passage through the
      successive intervals between the teeth, excites a photoelectric cell 24
      which controls the reading of a signal and its transmission to the
      recorder each time a tracer point has travelled a step of constant value.
      If this step is designated .DELTA.x and the angular width of the tooth
      .DELTA..alpha., the relation between these two values is expressed by the
      following equation:
      ##EQU1##
      where a = OA, b = AB and OP = 1 (cf. FIG. 1).
PAR  In order to simplify manufacture of the disc, i.e. in order to eliminate
      the need for too fine a toothing (for example 1200 dots per line would
      necessitate 3 times 1,200 teeth), it is sufficient to interpolate with 12
      dots between 2 sucessive teeth of the disc 21, so that the number of teeth
      of the disc will be equal to 3 times 100. The control signal supplied by
      the photodiode, with a frequency of approximately 400 c/s for a scanning
      rate of 4 lines per second, is multiplied by 12 in a frequency multiplier
      25 and applied to the memory 20 for delivering the signal to the line 26
      feeding the recorder at the recording frequency of the signals in the
      memory, as will be described hereinafter with reference to FIG. 3.
PAR  More specifically, it will be assumed that the video signal is transmitted
      by modulation of a subcarrier wave of 2,400 c/s which arrives at 27 in the
      reproduction apparatus in order to be initially applied to a peak
      amplitude regulating device 28 whose operation will be described in more
      detail hereinafter. The regulated subcarrier issuing from 28 is applied,
      on the one hand, to a detector 29, in the form of a filter for the 2,400
      c/s subcarrier, and, on the other hand, to a control device 30 of a clock
      31, the control loop being open in the presence of the 2,400 c/s
      subcarrier transmitted by the detector 29. The clock signal has a
      frequency of, for example, 2.4 mc/s which is divided to produce a
      frequency of 4,800 c/s which is applied to the linearizer described above
      in reference to FIGS. 4 and 5 and denoted as a whole by the reference 32
      in FIG. 3. The regulated subcarrier is applied to a full wave rectifier 35
      followed by a filter 36 whose output, namely the video signal, is
      connected to a detector 34 for the peak level of the video signal which
      controls the peak amplitude regulator 28. Accordingly, there is obtained
      at the output of the filter 36 an amplitude-regulated video signal which
      is applied either directly through the manual switch 37 to the inscription
      control assembly 44, 46, 47, 43, or indirectly, again through 37, after
      recording and reading of the memory of the linearizer 32. Accordingly, the
      apparatus can function either with the linearizer or without the
      linearizer by virtue of the switch 37, which enables any failure of the
      linearizer 32 to be immediately overcome.
PAR  The regulated video signal is additionally applied to the automatic
      starting and stopping circuit 38 controlling the amplifier 39 fed by a
      voltage with a pilot frequency of 48 c/s emanating from a frequency
      divider 40 connected to the output of the clock 31, the amplifier 39 in
      turn feeding the motors 16, 17 of the scanning and recording unit. The
      circuit for controlling the clock and for producing the pilot frequency
      will be described in detail hereinafter. The automatic starting and
      stopping circuit also controls operation of the converter 42 which
      supplies the recording unit with a voltage of the order of 200 volts for
      supplying the tracer points with the energy required for producing sparks
      whose power is controlled by a device which will be described hereinafter
      and which is denoted as a whole by the reference 43 in FIG. 3.
PAR  The circuit 40 receives from the mechanical scanning unit a "pip" supplied
      by a photodiode at the moment when one of the points begins a line. The
      circuit 40 then measures the time interval separating the instant of this
      pip with the pip provided by the framing signal emanating from 41, and
      calculates the period for which the motor has to be supplied with a
      frequency of 50 c/s (instead of 48) for the two pips to coincide.
PAR  The device 44 is a circuit which inverts the video signal and which
      controls a device 45-46 known per se for regulating relief and a device
      47, also known, for regulating contrast which is connected to the device
      43 controlling the power of the sparks. This control is shown in detail in
      FIG. 6, which shows that the video voltage is applied to an input 59 of a
      differential amplifier 60, while a voltage proportional to the power of
      the spark is applied to the other input. The error signal amplified at 61
      is applied to the base of a highvoltage transistor 62. The resulting
      collector current I traverses the paper through the spark which is
      produced at the recording point. As in any transistor, the emitter
      current, which traverses the resistor 63 earthed at one end, is
      substantially equal to the collector current. Accordingly, the voltage
      taken from the emitter of the transistor 62 is proportional to the current
      I of the spark. This voltage is applied to an input of a diode multiplier
      circuit 65, whose other input receives, through the differential amplifier
      66, the voltage representing the difference between the voltage applied to
      the tracer point 8 and the high voltage of 200 volts applied to the drum
      67 around which the paper travels. Accordingly, the multiplier circuit 65
      forms a voltage proportional to the momentary power UI of the spark which,
      as mentioned above, is applied to the second input of the differential
      amplifier 60.
PAR  The control of the clock in dependence upon the frequency of the carrier
      wave or subcarrier wave modulated by the video signal is shown in detail
      in FIG. 7. This clock is preferably in the form of a highly stable
      Colpitts oscillator with a frequency of 2.5 mc/s which can be controlled
      by a voltage-variable diode. When the carrier or subcarrier regulated to
      2,400 c/s and detected at 49 by an active filter has a sufficient
      amplitude, the signal closes, through a Schmidt trigger and a field-effect
      gate 51, the control loop of the clock which comprises a low-pass filter
      52 with a memory, resistance and capacitance, an operational amplifier 53
      and a phase comparator 54 which receives the carrier wave regulated to
      2,400 c/s and the clock signal divided by 1,000 in a frequency divider 55.
      During the fading periods, the control loop is cut at 51, but the inherent
      stability of the clock and the memorization in 52 of the control voltage
      are sufficient to maintain synchronism.
PAR  The output of the frequency divider 55 is also connected to the input of a
      divider 40 (cf. also FIG. 3) which, through a divider by 50 supplies the
      48 c/s pilot wave feeding the recording unit. During framing of the image,
      before its recording, this pilot frequency has a value of 50 c/s: to this
      end, the divider 40 is connected to the framing circuit 41 and to a
      photodiode 56 giving the beginning-of-line signal, this framing circuit
      being additionally controlled at 57 by a signal for beginning transmission
      of the image and at 58 by a framing signal.
PAR  The reproduction apparatus as a whole, comprising the recording unit and
      all the electronic circuits described above, is accommodated in a housing
      435 mm long, 380 mm wide and 320 mm tall. The housing and its contents
      weighs 20 kilos.
PAR  The electrosensitive paper used for recording is in the form of rolls of a
      web 200 mm wide and 60 m long.
PAR  The images obtained measure 180 .times. 180 mm.
PAR  The apparatus is fed by two 12 volt batteries, or from a mains of + 12
      volts, - 12 volts with a middle point.
PAR  The maximum consumption of the apparatus is 5 A.
PAR  It should be noted that the reproduction apparatus described above can also
      be used for recording the images or documents transmitted by radio or by
      telephone either directly or with delay, the video signals received being
      initially recorded on a magnetic tape, for example in a "minicassette"
      tape recorder, the signals on this tape then being recorded by the
      reproduction apparatus in the same way as described above for direct
      recording. (It is pointed out that recording on a small, inexpensive
      minicassette tape recorder is only made possible by virtue of the
      linearizer which enables the faults of this type of recorder to be
      neutralized, in particular by eliminating minor variations in the speed of
      the magnetic tape). This method of delayed recording is particularly
      intended for recording images transmitted by meteorological satellites by
      means of receiving circuits of the kind illustrated in FIG. 3.
PAR  It is known that these images are transmitted by the satellites on a
      carrier wave of high frequency in the range from 135 to 138 mc/s modulated
      by a sub-carrier wave with a frequency of 2,400 c/s which is itself
      frequency-modulated by the video voltage occupying a frequency band of 0
      to 1,600 c/s. Each image transmitted successively comprises a square
      starting signal emitted at 300 c/s for 2 seconds, a framing signal emitted
      for 5 seconds and a video signal transmitted for 200 seconds.
PAR  The receiver for the image signals feeding the reproduction apparatus
      described above essentially comprises a device for automatically tracing
      the frequency of the satellite, from which it is desired to collect the
      emission, a device for locking the receiver onto the frequency of the
      first satellite traced and means for memorizing this frequency so that its
      emission can be immediately returned after the brief periods during which
      the signal disappears due to fading.
PAR  As illustrated in FIG. 8, this receiver comprises an omnidirectional aerial
      70 at the foot of which is arranged a preamplifier 71 feeding a VHF
      converter 72 comprising a high-frequency heterodyne oscillator which
      itself feeds a mediumfrequency amplifier 73, to whose output is connected
      a frequency demodulator 74. The automatic tracer or detector comprises a
      scanning oscillator 75 which emits a triangular scanning voltage applied
      to the converter 72 through a gate 76 which also enables a manual search
      to be made by means of the potentiometer 77. A device 78 enables the
      scanning limits to be regulated, while an indicator 79 connected to the
      link between the scanning oscillator 75 and the converter 72 directly
      displays the corresponding frequency. The scanning voltage controls the
      frequency of the local oscillator in known manner by means of a diode
      variable in its capacity in dependence upon the voltage applied to it.
PAR  Since the object of automatic searching is to separate out from the
      emissions received those comprising a 2,400 c/s sub-carrier, the operation
      of the loop by which the converter 72 is adapted to the frequency received
      is controlled by a device 80 for detecting the presence of the 2,400 c/s
      sub-carrier which is connected to the output of the demodulator 74 which
      is also connected through two series-connected gates 81 and 82, in the
      form of field-effect transistors, to the scanning oscillator thus forming
      the control loop: the average output voltage of the demodulator, which is
      zero when tuning is established, but positive or negative if the receiver
      is slightly untuned, is delivered through the gate 82 to the diode of the
      converter 72 in order to adapt its frequency to that of the satellite. The
      detector 80 controls a first monostable circuit 83 which, when the
      presence of the 2,400 c/s sub-carrier is detected with sufficient power,
      controls opening of the gate 81 which thus interrupts scanning, and
      memorizes the scanning voltage in a memoryequipped integrator comprising
      an amplifier 84, a series resistor 85 and a parallel capacitor 86, this
      memoryequipped integrator also being connected to the converter 72. The
      monostable circuit 83 oscillates on the appearance of the 2,400 c/s
      sub-carrier and only returns to rest 50 seconds after its disappearance,
      during which time the frequency of the converter is maintained by the
      memory 84 - 85 - 86. It is assumed that the fading periods are shorter
      than 50 seconds in duration and that, if the 2,400 c/s sub-carrier does
      not return at the end of this time, the emission of the satellite is
      terminated and scanning can be commenced to trace another satellite.
PAR  The monostable circuit 87 controlling opening of the gate 82 is provided to
      facilitate the process by which control of the receiver is locked, and
      functions as follows:
PAR  It is known that, in frequency modulation, there are three tuning points as
      shown in FIG. 9, in which the frequency F is recorded on the abscissa and
      the average output voltage V.sub.m of the demodulator on the ordinate.
      Among the points F.sub.1, F.sub.o, F.sub.2, at which this voltage is
      neutralized, only the point F.sub.o corresponds to stable tuning, while
      the points F.sub.1 and F.sub.2 correspond to unstable tuning. If frequency
      scanning of the receiver takes place from left to right in FIG. 9, and if
      the frequency of the satellite is F.sub.o, the monostable circuit 83
      oscillates as soon as the point F.sub.1 is reached, and causes the
      monostable circuit 87 to oscillate, but since the output voltage V.sub.m
      of the demodulator becomes negative, the integrator delivers to the diode
      of the converter a voltage increasing in a direction such that the tuning
      frequency of the receiver continues to slide towards the right. When the
      frequency corresponds to the point A.sub.1, tuning disappears and the
      emission of the satellite is no longer received. The device 80 for
      detecting the presence of the 2,400 c/s sub-carrier then indicates the
      absence thereof. The monostable circuit 87 intervenes at this moment by
      keeping the gate 82 closed for 10 seconds, which is sufficient to allow
      the frequency F to slide to the point F.sub.o which is stable and allows
      locking. The gate 82 is kept closed through an OR-gate 88 which is
      connected to the output of the monostable circuit 87 and to the device 80
      detecting the presence or absence of the 2,400 c/s frequency.
PAR  In one of its positions, a field-effect commutator 89 enables the
      demodulator 74 to be connected through a band-pass filter 90 operative
      between 800 and 40,000 c/s (corresponding to the frequency range of the
      2,400 c/s modulating video signal) to the reproduction and recording
      apparatus connected to the line 91, and to a monitor loudspeaker 92
      through a low-frequency amplifier 93. The OR-gate controls a
      remote-control device 95 which places the reproduction apparatus, the tape
      recorder and the low-frequency amplifier 93 feeding the monitor
      loudspeaker 92 under voltage in the event of one of the three following
      eventualities:
PAR  1. A satellite is denoted by the reference 76, being in the "manual" or
      "automatic" position. In this case, the OR-gate 94 is activated by 83.
PAR  2. The tape recorder is already in operation and the detector 98 has
      detected the presence of the 2,400 c/s frequency.
PAR  3. The so-called "tape recorder" button is depressed.
PAR  In its other position, the commutator 89 connects the reading output of the
      tape recorder to the reproduction apparatus. On termination of the delayed
      recording of images, which is indicated by the second device 98 for
      detecting the presence of the 2,400 c/s frequency, or when the manually
      traced station disappears, which is indicated by the return of the
      monostable circuit 83 to its rest position, the commutators 89 and 76
      return to their automatic receiving position.
PAR  Finally, a pushbutton 99 enables the reception of an emission to be
      immediately stopped, and scanning to be resumed, which can be of advantage
      in cases where several satellites pass simultaneously through the
      receiving zone of the apparatus.
PAR  In the case of the teletransmission of documents, such as printed texts,
      manuscripts or photographs, the emitter can be simply formed by a drum
      rotating at 4 rpm onto which the document to be transmitted is wound. A
      carriage displaceable along a generatrix of the drum carries a light
      source, a lens and a photodiode, the carriage being moved at a speed
      corresponding to a scanning rate of 4 lines per second. In cases where the
      reproduction apparatus is designed to receive images from meteorological
      satellites as described above, the video signals modulate a 2,400 c/s
      carrier frequency and are initially recorded on a minicassette tape
      recorder, this recording subsequently being transferred to the
      reproduction apparatus.
PAR  In the case of printed documents or manuscripts, however, the width of the
      lines forming the characters is of the order of 0.2 mm, which for a
      scanning rate of 4 rpm gives a video frequency of the order of 2,000 c/s,
      whereas for images from satellites the video frequency is limited to 1,600
      c/s, so that the frequency of the video signal becomes too close to that
      of the carrier wave and the definition of the document reproduced is not
      altogether satisfactory. In order to obviate this disadvantage, it is
      sufficient to reduce the speed of rotation of the drum, for example in
      such a way that it corresponds to a scanning rate of 0.8 line per second.
      Tests have shown that definition is considerably improved in this way.
      Naturally, this simplified apparatus for analyzing documents to be
      transmitted can incorporate improvements providing for a substantially
      constant rotational speed of the drum and for a linear response of the
      photodiode.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for the telereproduction of documents wherein an original
      document is scanned in a line-by-line manner and corresponding electrical
      signals are generated, and a carrier or sub-carrier wave is modulated by
      said electrical signals generated by said line-by-line scanning of the
      original document to produce a video carrier signal which is transmitted,
      comprising:
PA1  means for receiving and demodulating the transmitted video carrier signal;
PA1  a reproduction scanning device in the receiver;
PA1  means for synchronizing the operation of said reproduction scanning device
      with the scanning device of the transmitter;
PA1  means for applying the demodulated video signals to said reproduction
      scanning device at a rate exactly proportional to the speed of scanning
      thereof, said applying means comprising a memory for storing the video
      signals obtained from demodulation of the received video carrier signal;
      and
PA1  said reproduction scanning device comprising a scanning unit including a
      line scanning tracer point, a rotating shaft driving said scanning unit, a
      paper band on which recording is to be made and which is movable in a
      direction perpendicular to said line scanning tracer point, and a
      linearizing device comprising a rotating disc driven by said rotating
      shaft and provided at its edge with teeth having widths corresponding to
      respective equal displacements of said tracer point along the scanned
      line, means associated with said disc for supplying a control signal
      having a frequency proportional to the speed of movement of said tracer
      point during the scanning of each line and means responsive to said
      control signal and coupled to said memory for controlling the extraction
      of the video signals stored in said memory each time said tracer point has
      advanced by a step of constant value.
NUM  2.
PAR  2. Apparatus according to claim 1 further comprising a magnetic tape
      recorder adapted to record the demodulated video signals and means to
      record said demodulated video signals on the paper band from the tape
      record.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said means for supplying a
      control signal includes a light source emitting a light beam which is
      periodically interrupted by the teeth of said rotating disc at intervals
      corresponding to the length of a line occupied by a number of dots, a
      photodiode actuated by said periodically interrupted light beam and
      generating the control signal, and means for multiplying the frequency of
      said control signal so as to correspond to the total number of dots per
      line.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said scanning unit driven by said
      rotating shaft comprises three tracer points arranged at 120.degree.
      intervals with respect to one another, the intervals between two
      successive teeth of the rotating disc corresponding to the length of a
      scanned line occupied by 12 dots; and said multiplying means multiplying
      the frequency of the signals produced by the photodiode to correspond to
      1,200 dots for 800 dots per line contained in the video-signal.
NUM  5.
PAR  5. Apparatus according to claim 1 for the recording of images transmitted
      by a meteorological satellite on a high-frequency carrier wave in the band
      of 135 to 138 mc/s modulated by a 2,400c/s sub-carrier which is itself
      modulated by the video-signals, said apparatus comprising a VHF converter
      provided with a local oscillator having means for controlling its
      frequency to scan the range attributed to meteorological satellites, said
      control means comprising a scanning voltage controlled oscillator for
      automatically tracing an emission from a satellite, and means for locking
      the local oscillator onto the received frequency, an integrating circuit
      equipped with a memory wherein the scanning signal is stored and which is
      connected to the VHF converter whereby the frequency reached by the local
      oscillator during a reception is maintained throughout the periods of
      fading of the satellite's transmission.
NUM  6.
PAR  6. Apparatus according to claim 5 comprising a filter means for sensing the
      reception of the 2,400 c/s sub-carrier, said device having means to lock
      the scanning oscillator in the presence of said sub-carrier after a period
      of time sufficient to obtain stable tuning of the receiver onto the
      received high frequency and to close the loop by which the local
      oscillator of the VHF converter is controlled depending upon said high
      frequency by disconnecting the memory equipped integrating circuit, means
      being provided to reestablish said connection if the sub-carrier
      disappears for a period of 50 seconds, corresponding to the maximum
      estimated duration of a fading period.
NUM  7.
PAR  7. Apparatus according to claim 5 comprising synchronous motors for driving
      the rotating wheel of the scanning unit and the paper band on which the
      record is to be made, a clock emitting pulses at a frequency of 2,400c/s
      depending upon the sub-carrier of the video signal, means for successively
      dividing the clock frequency by 1,000 and by 50 to supply a 48c/s pilot
      frequency to said synchronous motors.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein the clock comprises a transistor
      oscillator controlled by the sub-carrier wave of the received video
      carrier signal.
NUM  9.
PAR  9. Apparatus according to claim 1, wherein said reproduction scanning
      device comprises a wheel in the form of a star having three arms and three
      levers articulated on said arms respectively at points arranged at
      120.degree. intervals with respect to one another; three rollers carried
      at the ends of the longest arms of said levers respectively; a base plate
      of insulating material provided with a cam forming cavity and wherein said
      wheel is mounted, the edge of said cavity having a curved portion and a
      straight portion; tension springs connecting the ends of the shortest arms
      of said levers to the arms of the wheel and to press said rollers against
      the edge of the cam forming cavity; the band of paper on which the record
      is made being moved below the base plate in a direction perpendicular to
      the straight edge of said cam; a slot formed in the base plate opposite
      the straight portion of said cam; the said rollers being provided with
      tracer points which come successively into contact with the paper through
      said slot and which successively scan a line of said paper.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein the axis of rotation of the
      wheel is offset laterally in relation to the perpendicular to the straight
      portion of the cam forming cavity at its center; and wherein the ratio of
      the distance between the axis of the wheel and the articulation points of
      the levers on the arms of the wheel to the distance between the axis of
      the wheel and the straight portion of the cam is substantially equal to
      0.87; and the ratio of the length of the longest arm of the levers to the
      distance between the axis of the wheel and the straight portion of the cam
      is substantially equal to 1.31; whereby the speed of the tracer points
      along said straight portion of the cam is substantially constant.
NUM  11.
PAR  11. Apparatus according to claim 9 wherein said paper is an
      electrosensitive paper having a white upper surface and a black sub-layer;
      and wherein said tracer points are in the form of ball points provided
      with springs to press said ball points against said paper; said
      reproduction scanning device further including means to apply to said ball
      points a voltage representing the demodulated video signal to produce a
      spark and a burned spot in the white surface of the paper revealing the
      said black sub-layer, the size of the burned spot being proportional to
      the power of said spark; and means for rendering the power of the spark
      proportional to the demodulated video signal.
NUM  12.
PAR  12. Apparatus according to claim 11 wherein said reproduction scanning
      device includes a drum from which the electrosensitive paper is wound off,
      means for applying to the rotating wheel the voltage representing the
      signal to be recorded and to apply a high D.C. voltage of the order of 200
      volts to said drum.
NUM  13.
PAR  13. Apparatus according to claim 11 wherein said reproduction scanning
      device further comprises a differential amplifier of which one input
      receives the video signal voltage and of which the output voltage is
      applied to the tracer ball-points; a multiplying circuit to which is fed
      on the one hand the intensity of the current of the circuit including the
      tracer ball points and on the other hand a high constant voltage reduced
      in value by the voltage applied to the tracer ball-points, the output of
      said multiplying circuit being connected to the second input of said
      differential amplifier.
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ABST
PAL  This invention is method and apparatus for measuring, at a remote location,
      the concentration and velocity of SO.sub.2 in plume from a smokestack. An
      ultraviolet video system views the plume against the background sky at
      wavelengths where SO.sub.2 molecules absorb light. The result is a real
      time display of the plume coupled with means for measuring the SO.sub.2
      concentration at any point in the plume and at any time desired. In
      addition, means are provided in combination with the ultraviolet video
      system for measuring the velocity of the SO.sub.2 in the plume.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by an employee of the National
      Aeronautics and Space Administration and may be manufactured and used by
      or for the Government for governmental purposes without the payment of any
      royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the future, it is likely that pollution monitoring agencies will require
      remote measuring techniques for many pollutants in order to properly
      monitor and control the environment. In the area of power plant smokestack
      effluents, the three major concerns are the particulates (fly ash), the NO
      and the SO.sub.2 emissions. Many techniques are presently being developed
      to remotely measure these effluents, such as laser radars, I. R. systems
      and correlation spectrometers. These devices are in various states of
      development; all are very expensive and difficult to operate and
      practically all suffer from a commmon problem, plume instability. This
      refers to the dynamic character of the plume which is a function of the
      exit velocity, ambient wind conditions and uniformity of the stack flow.
      An extreme case of these conditions is represented by the downwash
      situation which can cause serious deviations in the plume dimensions and
      hence in any effluent monitor's output signal. Of course, the change in
      signal cannot normally be attributed to the changes in plume geometry, but
      would more than likely be attributed to variations in the particular
      effluent's concentration.
PAR  It is therefore a primary object of this invention to provide a method and
      apparatus for measuring, at a remote location, smokestack effluents.
PAR  Another object of this invention is to provide a method and apparatus for
      measuring, at a remote location, the SO.sub.2 concentration at any
      selected point in the plume of a smokestack.
PAR  A further object of this invention is to provide a method and apparatus for
      measuring, at a remote location, the velocity of the emission of SO.sub.2
      from a smokestack.
PAR  Other objects and advantages of this invention will further become apparent
      hereinafter and in the drawings.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is a method and apparatus for measuring at a remote location
      the concentration and velocity of the SO.sub.2 in plume from a smokestack.
      An ultraviolet video system views the plume against the background sky at
      wavelengths where SO.sub.2 molecules absorb light. The resulting signals
      are applied to a waveform analyzer which is used to measure the SO.sub.2
      concentration at any selected point in the plume. The video signals are
      also applied to a video tape recorder and TV monitor and the scene on the
      monitor is recorded. By employing slow-motion video playback techniques
      the resulting recordings are used to measure the velocity of SO.sub.2 by
      determining the velocity of the fluctuations (relatively heavier
      concentrations) of the SO.sub.2 through the plume. In an alternate
      embodiment of the invention the velocity of the SO.sub.2 is determined by
      using two waveform analyzers to produce two signals representing the
      concentration of SO.sub.2 at two selected points in the direction of flow
      of the plume and cross-correlating the two signals. This cross-correlation
      gives the average time that it takes fluctuations to move between the two
      selected points.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing for the purpose of showing how the invention
      operates;
PAR  FIG. 2 is a block diagram of an embodiment of the invention; and
PAR  FIG. 3 is a block diagram of another embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The purpose of the invention is to measure from a remote location the
      SO.sub.2 emission in the plume 11 of a smokestack 12. The invention can
      also be used to measure fly ash and NO.sub.2 emissions; however, since
      SO.sub.2 is of greater concern the invention will be described as making
      measurements of SO.sub.2. A TV system 13 including an untraviolet vidicon
      tube, an ultraviolet telephoto lens, and interference and color filters is
      located at the remote location and is supported by a suitable means such
      as a tripod 14. The output of the TV camera system 13 is fed into an
      electronic package 15 where it is processed. The camera system 13 is
      adjusted so that its field-of-view includes the uppermost part of stack 12
      and part of the plume.
PAR  The operation of the invention depends on the amount of untraviolet light
      from the background sky that is absorbed by plume 11 and therefore does
      not reach the camera system 13. The plume absorbs ultraviolet light
      because of fly ash, NO.sub.2 and SO.sub.2 contained therein. However, at
      wavelengths of approximately 3,150  angstroms there is substantial
      absorption by SO.sub.2, negligible absorption by NO.sub.2 and a small
      mount of absorption by fly ash. Hence, this invention is operable in the
      3,150 angstroms region to measure SO.sub.2. The error in the measurements
      due to fly ash can be corrected by determining at other wavelengths the
      effect of fly ash on an absorption measurement.
PAR  Turning now to the embodiments of the invention selected for illustration
      in the drawings the number 16 in FIG. 2 designates a TV camera including
      an ultraviolet vidicon tube. The camera is equipped with an ultraviolet
      telephoto lens 17, and interference and color filters 18. The output of
      camera 16 is applied through a waveform analyzer 19, a digital timer 20,
      and a video tape recorder 21 to a TV monitor 22. The field-of-view of
      camera 16 is displayed as picture 23 on TV monitor 22. The waveform
      analyzer 19 superimposes a horizontal cursor 24 and a vertical cursor 25
      on picture 23. The positions of cursors 24 and 25 are controlled by knobs
      26 and 27, respectively. The amount of the background skylight that
      reaches camera 16 at the point of intersection of cursors 24 and 25 is
      represented by an electrical signal at output terminal 28. The amount of
      the background skylight that reaches the camera along cursor 24 is
      represented by the curve 29 on the face of the TV monitor. The digital
      timer 20 supplies timing information that is also superimposed on picture
      23. The information displayed on TV monitor 22 is recorded by video tape
      recorder 21. Analyzers suitable for use as waveform analyzer 19 are
      commercially available. For example, model CVI-302, Colorado Video
      Incorporated, is suitable for use as waveform analyzer 19.
PAR  The apparatus in FIG. 2 provides a real time display of the plume coupled
      with the means for measuring the SO.sub.2 concentration at any time
      desired. In this way, the plume stability problem can be easily studied
      and measurements can be made at selected times when optimum conditions
      exist (i.e., no downwash and relatively uniform flow). In essence, the
      system senses the flow pattern and delineates its limitations on the
      measurement. The recordings made by video tape recorder 21 can be used to
      measure the SO.sub.2 velocity in the plume. The recordings contain
      fluctuations in the concentration of SO.sub.2. That is, the recordings
      contain dark spots which represent larger concentrations of SO.sub.2.
      These dark spots or fluctuations move at the same velocity as the
      SO.sub.2. Hence, by measuring the velocity of these fluctuations a measure
      of the velocity of the SO.sub.2 is obtained. This can be done by employing
      slow-motion video playback of the recordings made by recorder 21. In this
      mode a fluctuation in the SO.sub.2 concentration can be tracked through
      the field-of-view of camera 16 and the velocity of the fluctuation can be
      measured.
PAR  The embodiment of the invention shown in FIG. 3 provides means for
      obtaining the SO.sub.2 velocity directly. This embodiment differs from the
      embodiment in FIG. 2 only in the use of an additional waveform analyzer
      30, a cross correlator 31 and an X-Y plotter 32. The output of camera 16
      in addition to being applied through waveform analyzer 19 to TV monitor 22
      is applied through waveform analyzer 30 to TV monitor 22 to superimpose a
      horizontal cursor 34 and a vertical cursor 36 on picture 23. The positions
      of cursors 34 and 36 are controlled by knobs 35 and 37, respectively. The
      output of analyzer 19 which represents the concentration of the SO.sub.2
      at the point of intersection of cursors 24 and 25 and the output of
      analyzer 30 which represents the concentration of the SO.sub.2 at the
      point of intersection of cursors 34 and 36 are applied to cross correlator
      31. The output of cross correlator 31 is applied to an X-Y plotter 32.
      Plotter 32 provides a graph that indicates the average time that it takes
      fluctuations in SO.sub.2 concentration to travel between the points in the
      plume defined by the intersection of cursors 24 and 25 and the
      intersection of cursors 34 and 36. Correlators suitable for use as cross
      correlator 31 are commercially available. For example, Model SA1-43A
      Saicor/Honeywell is suitable for use as cross correlator 31.
PAR  In the operation of the embodiment of the invention in FIG. 3, the
      intersection of cursors 34 and 36 is adjusted such that it is in the
      direction of flow of the plume from the intersection of cursors 24 and 25.
      The cross correlator 31 and X-Y plotter 32 will then indicate the average
      time that it takes fluctuations to travel between the two points. This
      average time in combination with the distance between the two points is
      indicative of the velocity of the SO.sub.2.
PAR  The primary advantage of the invention is its ability to "see" the plume in
      its entirety and to properly assess plume instabilities, and its ability
      to measure the effluent concentration and velocity at a remote location.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for measuring at a remote location the SO.sub.2 concentration
      in plume from a smokestack comprising:
PA1  an ultraviolet video system means for viewing said plume from a remote
      location against the background sky at wavelengths where SO.sub.2
      molecules absorb a substantial amount of light and for producing
      electrical signals representative of the scene viewed, and
PA1  Tv monitor meeans for receiving the output of said video system and for
      producting a picture of the SO.sub.2 concentration in said plume.
NUM  2.
PAR  2. Apparatus according to claim 1 including waveform analyzer means for
      superimposing a horizontal cursor and a vertical cursor on said picture.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said waveform analyzer means
      includes means for producing an electrical signal representating the
      SO.sub.2 concentration at the point in said plume represented by the
      intersection of said horizontal cursor and said vertical cursor.
NUM  4.
PAR  4. Apparatus according to claim 2 wherein said waveform analyzer means
      includes means for displaying on said TV monitor a graph of the SO.sub.2
      concentration along a line in the plume defined by said horizontal cursor.
NUM  5.
PAR  5. Apparatus according to claim 2 including a digital timer for supplying a
      timing signal to said TV monitor to provide timing information on said
      picture.
NUM  6.
PAR  6. Apparatus according to claim 5 including a video tape recorder for
      recording the picture displayed on said TV monitor.
NUM  7.
PAR  7. Apparatus for measuring at a remote location the SO.sub.2 velocity in
      plume from a smokestack comprising:
PA1  an ultraviolet video system means for viewing said plume from a remote
      location against the background sky at wavelengths where SO.sub.2
      molecules absorb light and for producing electrical signals representative
      of the secne viewed; and
PA1  means receiving said electrical signals for measuring the velocity of the
      fluctuations of SO.sub.2 occurring in said plume whereby the velocity of
      the fluctuations is a measure of the velocity of the SO.sub.2 emitted from
      the smokestack.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said means for measuring the
      velocity of the fluctuations of SO.sub.2 occurring in said plume includes
      a TV monitor and a video tape recorder.
NUM  9.
PAR  9. Apparatus according to claim 7 wherein said means for measuring the
      velocity of the fluctuations of SO.sub.2 occurring in said plume includes
      means for producing a first analog signal representing the SO.sub.2
      concentration passing a first point in said plume, means for producing a
      second analog signal representing the SO.sub.2 concentration passing a
      second point in said plume said second point being in the line of flow of
      said plume from said first point, and means receiving said first and
      second analog signals for determining the time it takes a fluctuation in
      the SO.sub.2 concentration to travel from said first point to said second
      point.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein said means for determining time
      is a cross-correlator receiving said first and second analog signals and
      an X-Y plotter for plotting the output of said cross-correlator.
NUM  11.
PAR  11. A method for measuring at a remote location the SO.sub.2 concentration
      in plume from a smokestack comprising the steps of:
PA1  taking an ultraviolet video picture, from said remote location, of said
      plume using skylight as the background at a wavelength of approximately
      3,150 angstroms where there is substantial absorption of ultraviolet light
      by SO.sub.2 ; and
PA1  measuring at selected points in said picture and at selected times the
      amount of ultraviolet light in the background skylight absorbed by the
      plume.
NUM  12.
PAR  12. A method for measuring at a remote location the velocity of SO.sub.2 in
      plume from a smokestack comprising the steps of:
PA1  taking an ultraviolet video picture, from said remote location, of said
      plume using skylight as the background at a wavelength of approximately
      3,150 angstroms where there is substantial absorption of ultraviolet light
      by SO.sub.2 ; and
PA1  measuring the velocity of fluctuations in the concentration of SO.sub.2 in
      the video picture whereby the velocity of the fluctuations is the velocity
      of the SO.sub.2.
NUM  13.
PAR  13. A method according to claim 12 wherein the step of measuring the
      velocity of fluctuations in the concentration of SO.sub.2 includes the
      steps of measuring at two separate points in the path of the flow of the
      plume the amount of ultraviolet light in the background skylight absorbed
      by the plume and cross-correlating the two measurements to obtain the
      average time that it takes for fluctuations to travel between the two
      points.
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ABST
PAL  The contents of the photosensing array of a charge coupled device (CCD)
      imager is transferred to a drain region during a portion of each
      integration time proportional to the scene's brightness. Such transfer is
      accomplished by shifting the accumulated charge in the backward direction
      along the columns to the drain region.
BSUM
PAR  In imaging systems employing imaging tubes, it is common practice to
      compensate electronically for changes in scene brightness by adjusting the
      gain of the tube. Such compensation does not require the use of a
      mechanical iris. The present application deals with apparatus for
      achieving the same effect in a charge transfer system such as one of the
      charge coupled device (CCD) type.
DRWD
PAR  The invention is illustrated in the drawing of which:
PAR  FIG. 1 is a schematic showing of a known (CCD) image sensing system;
PAR  FIG. 2 is a cross section through a portion of a column of the system of
      FIG. 1;
PAR  FIG. 3 is a schematic showing of a system embodying the present invention;
PAR  FIG. 4 is a more detailed showing of the average video signal level circuit
      of FIG. 3;
PAR  FIG. 5 is a block and schematic diagram of an embodiment of the control
      circuit of FIG. 3;
PAR  FIG. 6 is a drawing of waveforms to help explain the operation of the
      invention;
PAR  FIG. 7 is a section through the channel of another form of CCD imager which
      may embody the invention; and
PAR  FIG. 8 is a section through the array of FIG. 3 showing the drain region.
DETD
PAR  The known system of FIG. 1 includes a photosensing array 10, a temporary
      storage array 12 having the same number of locations as the array 10, and
      an output register 14 having a number of stages equal to the number of
      locations in a row of the array 10. Elements 10, 12 and 14 are sometimes
      known as the A, B, and C registers, respectively, and are so legended.
      Each stage or location comprises three electrodes K, L and M. As shown in
      FIG. 2, the electrodes may, in a three phase system, all be formed of
      polysilicon. Many other alternatives are possible.
PAR  During the so-called "integration" time, comparable to the exposure time in
      the camera art, the electrodes K may be held at a voltage level to cause
      depletion regions to form in the substrate. Electrodes L and M may be held
      at a voltage level to form potential barriers between the depletion
      regions. Channel "stops", not shown explicitly, may be present to prevent
      the charge in one channel from passing to the next channel. Under those
      conditions, the radiant energy image, such as a light or an infrared
      image, as examples, projected onto the array causes the generation and
      accumulation of charge signal at the respective photosensing locations.
      The number of charge carriers which accumulate at each location during the
      integration time is proportional to the amount of radiant energy reaching
      that location and this, in turn, is proportional to the radiation
      intensity and the duration of the integration time. The array 12 and
      register 14 are masked to prevent radiation from reaching these
      structures.
PAR  At the termination of the integration time, the charge carriers are shifted
      from the photosensing array 10 to the temporary storage array 12. The
      shifting is accomplished, in the example illustrated, by the two sets of
      three phase voltages .phi..sub.A1, .phi..sub.A2, .phi..sub.A3 and
      .phi..sub.B1, .phi..sub.B2, .phi..sub.B3 (Two or four phase operation also
      would be possible). During this shifting operation, .phi..sub.A1 =
      .phi..sub.B1, .phi..sub.A2 = .phi..sub.B2 and .phi..sub.A3 = .phi..sub.B3
      so that each column of charge signals -- each CCD "register" is shifted
      from array 10 to array 12. After the information detected by the array 10
      has been shifted in its entirety to the temporary storage array 12, it is
      shifted, a line (row) at a time, from the temporary storage array 12 to
      the output register 14. During the shifting of signals from array 12 to
      register 14, the photosensing array 10 may be placed in condition again to
      receive a light image.
PAR  The shifting of the contents of array 12 into the register 14 is
      accomplished by the .phi..sub.B1 .phi..sub.B2, .phi..sub.B3 three phase
      voltages. After each line of information is shifted, in parallel, from
      array 12 to output register 14, it is then shifted in serial fashion from
      the output register to the output lead 20 by the three-phase voltages
      .phi..sub.C1, .phi..sub.C2, .phi..sub.C3. These, of course, are at a much
      higher frequency than the three phase voltages .phi..sub.B1, .phi..sub.B2,
      .phi..sub.B3 to insure that register 14 is emptied before the next line of
      information arrives.
PAR  In practice, the contents of the photosensing array 10 may be shifted into
      the temporary storage array 12 during the period corresponding to the
      vertical blanking time in commercial television, that is, during a period
      such as 900 microseconds. The output register may be loaded during the
      horizontal retrace time, about 10 microseconds, and its contents shifted
      to the output terminal a bit at a time, during the horizontal line time
      -50 microseconds.
PAR  In the system of FIG. 1, the integration time is a fixed interval of time
      roughly equal to one field time. If the scene brightness is very high,
      overloading may occur and this may result in blooming. Moreover, there is
      no means provided for stopping action. That is, if during the integration
      time one of the objects in the scene moves sufficiently rapidly, blurring
      will occur.
PAR  FIG. 3 illustrates a system embodying the present invention. To simplify
      the drawing, the electrodes are not shown. It includes means for
      controlling the effective duration of the integration time. Such control
      may be automatic and a function of, for example, the average scene
      brightness or it may be manual. If the scene brightness is relatively
      high, the effective duration of the integration time may be reduced
      sufficiently to stop action.
PAR  The system of FIG. 3 includes a control circuit 20 receptive of a voltage
      V.sub.d. The control circuit is shown connected to three mechanically
      ganged switches 22, 24 and 26. In practice an electronic switching
      circuit, to be discussed shortly is used instead. The switches are
      normally in the position shown. In this position, conventional operation
      is obtained in the sense that during the integration time, charge signals
      are stored in potential wells as described and upon completion of the
      integration time, the charge signals are shifted from the A register to
      the B register.
PAR  When the switches are in the other position, a different type of operation
      results. Now the three-phase voltages .phi..sub.D1, .phi..sub.D2 and
      .phi..sub.D3 are applied in a sense to shift the charge signal in the
      backward direction. This backward shifting takes place during the
      integration time and for a portion of the integration time proportional to
      the magnitude of the voltage V.sub.d applied to the control circuit 20.
      The charge signals shift to a drain diffusion 28 located along the upper
      edge of the A register 10. (The actual structure may be as shown in FIG.
      8.) Thus, for the first portion, such as one quarter or one half or any
      other desired fraction of each integration time, the charge accumulated in
      the A register is transferred out of the A register and discarded. This
      effectively reduces the exposure time.
PAR  The voltage V.sub.d applied to the control circuit may be manually set by
      the potentiometer 30. However, a preferred alternative is automatic
      control via feedback from the C register. The video output signal of the C
      register is sampled as V.sub.a and applied to the average video signal
      level circuit 32. This circuit includes an integrator and can include
      amplifiers and it produces an output signal V.sub.b having a DC level
      proportional to the average amplitude of V.sub.a. The switch 34 enables
      the user to obtain manual or automatic control, as desired.
PAR  During the backward transfer of charge toward the drain diffusion 28 and
      indeed during the entire integration time, the B register is shifting a
      row at a time into the C register and the content of the C register is
      being shifted at high speed to the output lead 34 of the C register. It is
      found, in practice, that if care is not taken in the way in which the
      backward shifting to the drain diffusion 28 is accomplished, considerable
      noise is produced which contaminates the video signal at 34. This noise
      appears on the face of the displays (not shown) such as kinescopes to
      which the video signals are applied. The noise is believed to be due to
      feedthrough of the multiple phase .phi..sub.D shift voltages via the
      substrate to the video output lead 34. In the present invention such noise
      preferably is avoided by performing the backward shifting only during the
      horizontal retrace periods (10.mu.  sec in the case of standard
      television). The frequency chosen for the .phi..sub.D multiple phase
      voltages preferably should be sufficiently high that a reasonable number
      of lines can be shifted during each horizontal retrace period. It has been
      found, in practice, that a frequency sufficiently high to cause 10 - 15 or
      a somewhat larger number of rows of charge signal of the A register to
      shift into the drain region 28, during each 10 microsecond horizontal
      retrace period of standard television gives good performance.
PAR  FIG. 4 illustrates the circuit 32 of FIG. 3. It includes a resistor -
      capacitor (RC) integrator 40, an amplifier 42 and a differential amplifier
      44. The differential amplifier receives at its second input terminal the
      voltage V.sub.R at a reference level.
PAR  In operation, the video signal V.sub.a is integrated at 40. The amplifier
      42 supplies an amplified version of the integrated voltage to the
      differential amplifier 44. The amplifier 44 produces an output voltage
      V.sub.b proportional to the difference between the reference voltage
      V.sub.R and the output voltage produced by amplifier 42.
PAR  FIG. 5 illustrates the control circuit 20 of FIG. 3. The control circuit
      includes a monostable multivibrator 50 receptive of a voltage V.sub.d
      which controls the duration of the output pulse produced by the
      multivibrator 50. The Q.sub.1 output terminal of multivibrator 50 connects
      to the D input terminal of D type flip-flop or bistable multivibrator 52.
      The Q.sub.2 output terminal of flip-flop 52 connects to the select
      terminal (SEL) of multiplexer 54.
PAR  Any one of a number of different circuits may be employed to implement
      circuits 50 and 52. For example, commercially available integrated
      circuits Model No. 74123 for block 51 and Model No. 7474 for block 52,
      both made by Texas Instruments Co., may be used. There are numerous
      alternatives which also would be suitable.
PAR  The circuit of FIG. 5 includes also a gated square wave oscillator 56. This
      oscillator is gated on in response to the horizontal drive pulse, that is,
      it is gated on during the 10 microsecond horizontal retrace pulse. The
      oscillations produced by oscillator 56 are applied to three-phase circuit
      58. The latter produces the three-phase output voltages .phi..sub.D1,
      .phi..sub.D2 and .phi..sub.D3 which are suitable for application to the A
      register. These are applied to the B.sub.3, B.sub.2 and B.sub.1 input
      terminals, respectively, of the multiplexer 54. The multiplexer 54 also
      receives the voltages .phi..sub.A1, .phi..sub.A2 and .phi..sub.A3 at its
      input terminals A.sub.1, A.sub.2 and A.sub.3.
PAR  Any one of a number of different circuits may be employed for circuit 58.
      As one example, the circuit may comprise a three stage (2.sup.0, 2.sup.1,
      2.sup.2) counter and logic gates for combining the outputs of the second
      and third stages to provide three signals 2.sup.1 . 2.sup.2, 2.sup.1 .
      2.sup.2, and 2.sup.1.2.sup.2. Each such signal is at a frequency one-third
      that of the gated oscillator 56. A number of other alternative forms of
      three phase wave generators would be suitable. The multiplexer may be a
      commercially available integrated circuit such as Model No. 74157 made by
      Texas Instruments Co.
PAR  During the discussion of the operation of the circuit of FIG. 5 which
      follows, both FIGS. 5 and 6 should be referred to. (FIG. 6 is not drawn to
      scale.) At the termination of the vertical drive retrace time, the
      monostable circuit 50 is triggered, that is, the positive going edge of
      the vertical drive signal causes Q.sub.1 to go high. The length of time
      Q.sub.1 remains high, that is, the duration of the quasi-stable state of
      circuit 50, is proportional to the amplitude of V.sub.d.
PAR  When Q.sub.1 goes high, it conditions the D type flip-flop 52 to change
      state; however, the change in state does not occur until the signal
      applied to the clock terminal C of the flip-flop goes high. This occurs at
      the start of the horizontal retrace time, that is, when the horizontal
      drive signal goes low. The inverter 60 translates this low to a high. When
      Q.sub.2 goes high, the multiplexer 54 connects the B.sub.1, B.sub.2,
      B.sub.3 input terminals of the multiplexer to the output terminals
      Y.sub.1, Y.sub.2 and Y.sub.3, respectively, of the multiplexer.
PAR  The negative-going horizontal pulse is applied to the gated oscillator 56
      and turns this oscillator on. The oscillator drives the three-phase
      circuit 58 and it produces the three-phase signals shown at l, m and n in
      FIG. 6. Note that these waves are to a different time scale than the waves
      e, f and g in FIG. 6. These same waves .phi..sub.D3, .phi..sub.D2 and
      .phi..sub.D1 therefore appear at the output terminals of the multiplexer
      and are applied to the A register. As already mentioned, during a single
      10.mu. sec horizontal retrace period, 10 - 15 periods of the multiple
      phase .phi..sub.D signals may occur (depending upon the frequency chosen
      for the gated oscillator 56) and they cause the shifting of 10 - 15 rows,
      respectively, of charge to the drain diffusion 28 of FIG. 3.
PAR  Upon the termination of the horizontal retrace period, the gated oscillator
      56 cuts off. The result is that .phi..sub.D3, .phi..sub.D2 and
      .phi..sub.D1, become DC levels and these appear at the output terminals
      Y.sub.1, Y.sub.2 and Y.sub.3 of the multiplexer. One of these levels is
      high and the other two low. These permit charge to accumulate during the
      50 .mu. sec horizontal line time. However, following this line time, the
      10 .mu. sec horizontal drive pulse occurs and the same process as
      previously described occurs, that is, 10 - 15 additional rows of charge
      signal are shifted from the A register to the drain diffusion.
PAR  The process described above continues for so long as the multivibrator 50
      output pulse Q.sub.1 remains high. In a system operated at commercial TV
      standards, this may be for 50 to 100 or several hundred of the 525 line
      times, depending upon the value of V.sub.D. When the output signal Q.sub.1
      goes low, the signal applied to the D input terminal of flip-flop 2 goes
      low. Now the next horizontal drive pulse which occurs causes C to go high
      and Q.sub.2 thereupon goes low. The low applied to the SEL terminal of
      multiplexer 54 causes the A.sub.1, A.sub.2 and A.sub.3 input terminals of
      the multiplexer to connect to the multiplexer output terminals Y.sub.1,
      Y.sub.2 and Y.sub.3 respectively. As the switching occurs at the start of
      the horizontal retrace period, "gliches" due to transients are avoided,
      that is, noise does not appear in the video information which is being
      displayed.
PAR  When the SEL input signal goes low, normal integration resumes.
      .phi..sub.A1 is a high so that collection of charge takes place beneath
      the K electrodes of FIG. 1. .phi..sub.A2 and .phi..sub.A3  are low so that
      potential barriers form in the substrate beneath these electrodes. This
      collection of charge continues until the start of the 50 microsecond
      vertical retrace period. At this time, .phi..sub.A1, .phi..sub.A2 and
      .phi..sub.A3 become multiple phase voltages equal to the multiple phase
      voltages .phi..sub.B1, .phi..sub.B2, .phi..sub.B3 respectively. These
      multiple phase voltages transfer the charge integrated in the A register
      to the B register in the conventional manner as already described. At the
      termination of this transfer, a new integration period starts and the
      process already discussed in detail repeats.
PAR  While the invention has been described in terms of a three-phase system,
      this is just an illustration only. It can be applied also to two-phase CCD
      imager with electrodes such as illustrated in FIG. 7. As is well
      understood in the art, in order to achieve unidirectional signal
      propagation, the electrodes must provide asymmetrical potential wells.
      This is achieved in FIG. 7 by producing a DC offset between each electrode
      pair. To achieve propagation in one direction (right-to-left) the DC
      offset is in one sense, that is, switches 70, 70a and 72, 72a are in the
      positions shown. To achieve signal propagation in the opposite direction,
      the switches 70, 70a, 72 and 72a are thrown to the other switch position.
      These switches may be electrically ganged with the switches 74 and 76 so
      that when the switches are in the position shown, propagation in the
      forward direction results and the voltages .phi..sub.A1 and .phi..sub.A2
      are applied to the electrodes. When the switches are in the other
      position, backward propagation results in the A register and the voltages
      .phi..sub.D1 and .phi..sub.D2 are applied.
PAR  While in an embodiment of the invention illustrated, the average value of
      the video signal is employed to control the value of V.sub.b, other
      parameters may be sensed instead. As one example, a threshold circuit may
      be employed in the feedback loop and only signals of greater than the
      threshold level sensed. As another alternative, gate circuits may be
      employed for passing to circuit 32 only video signals derived from a
      certain region (such as the center region) of the CCD array 10. This is
      analagous to what is done in certain forms of photographic exposure
      meters.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination:
PA1  a charge transfer image sensing array having a plurality of registers of
      image sensing and storage elements;
PA1  a temporary storage array coupled to said image sensing array at one end of
      said registers;
PA1  a drain region coupled to said image sensing array at the other end of said
      registers;
PA1  means during an initial portion of an integration period for shifting the
      charge pattern being accumulated in said registers in one direction to
      said drain region; and
PA1  means after said integration period for shifting the charge pattern
      accumulated in said registers during the remaining portion of said
      integration period, in the opposite direction to said temporary storage
      array.
NUM  2.
PAR  2. In the combination as set forth in claim 1, said image sensing array
      comprising a semiconductor substrate and electrodes insulated from and
      electrically coupled to said substrate for storing and propagating charge
      signals, each register comprising a plurality of said electrodes extending
      in the column direction, and said drain region comprising a region in the
      substrate of opposite conductivity than the substrate.
NUM  3.
PAR  3. The improvement, in a charge transfer imager which includes an image
      sensing array comprising a plurality of registers, said registers
      including means during a field time for sensing an image projected onto
      the image sensing array and storing a charge pattern corresponding
      thereto, a temporary storage array, an output register, means during each
      vertical retrace period for shifting the charge pattern in one direction
      along said registers for transferring the contents of the image sensing
      array to the temporary storage array, means during each horizontal line
      retrace period for shifting a row of information into the output register,
      and means during each horizontal line period for shifting the information
      stored in the output register out of the output register, of:
PA1  means during an initial portion of each field time for shifting said charge
      pattern in the opposite direction along said registers for removing from
      the image sensing array the charge pattern being accumulated thereon.
NUM  4.
PAR  4. The improvement as set forth in claim 3 further including means
      responsive to a parameter of the signals shifted out of said output
      register for controlling the duration of said initial portion of each
      field time.
NUM  5.
PAR  5. The improvement as set forth in claim 4 wherein said parameter comprises
      average amplitude.
NUM  6.
PAR  6. The combination of:
PA1  a CCD image sensing array adapted to produce and store a charge pattern in
      response to a radiation image projected thereon during a field time, said
      array having a plurality of channels extending in the column direction;
PA1  a CCD temporary storage array having a plurality of channels also extending
      in the column direction coupled at one end to one end of the respective
      channels of the imaging array;
PA1  a CCD output register coupled to the temporary storage array;
PA1  a drain region coupled to the other end of the channels of the CCD image
      sensing array;
PA1  means during each vertical retrace period for transferring the contents of
      the image sensing array in one direction along said channels to said
      temporary storage array for storage therein;
PA1  means during each horizontal line retrace period for transferring a row of
      information from said temporary storage array to said output register;
PA1  means during each horizontal line period for transferring the information
      stored in said output register out of said register a bit at a time; and
PA1  means during the horizontal line retrace periods within an initial portion
      of each field time for transferring the contents of the image sensing
      array in the opposite direction along said channels to said drain region.
NUM  7.
PAR  7. The combination as claimed in claim 6, further including means
      responsive to the brightness of the image projected onto said image
      sensing array for controlling the duration of the initial portion of each
      field time.
NUM  8.
PAR  8. The improvement, in a charge transfer imager which includes an image
      sensing array, said image sensing array including means during a field
      time for sensing an image projected onto the image sensing array and
      storing a charge pattern corresponding thereto, a temporary storage array,
      an output register, means during each vertical retrace period for
      transferring the contents of the image sensing array to the temporary
      storage array, means during each horizontal line retrace period for
      shifting a row of information into the output register, and means during
      each horizontal line period for shifting the information stored in the
      output register out of the output register of:
PA1  means during solely the horizontal line retrace periods of an initial
      portion of each field time for removing from the image sensing array the
      charge pattern concurrently being accumulated thereon.
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ABST
PAL  A document for transmission has ruled lines such as borders printed at
      predetermined locations thereon which do not constitute usable
      information. The main scan direction is perpendicular to the ruled lines.
      Each main scan line is pre-scanned to determine if the line contains
      information other than the ruled lines, and the main scan line is scanned
      again for transmission if information is encountered and skipped if
      information is not encountered. A gating signal is generated in
      synchronism with the pre-scanning step, but the gating signal is
      suppressed while the portions of the main scan line intersecting the ruled
      lines are being pre-scanned. If the gating signal and electrical signals
      resulting from pre-scanning usable information contained in the main scan
      line are sensed simultaneously, the line is scanned for transmission.
BSUM
PAR  The present invention relates to a main scan line skip control system for a
      facsimile device which is adapted to ignore the presence of ruled lines
      such as borders printed on the document for transmission.
PAR  Since many documents to be transmitted by a facsimile transmission device
      contain blank areas which do not constitute usable information, it is
      desirable not to transmit these areas in order to reduce the transmission
      time. Information indicating that blank areas have not been transmitted is
      transmitted instead of the areas themselves to enable synthesis of the
      document at the receiver. Prior art methods include bandwidth compression
      techniques including run length coding, variable speed scanning, etc. The
      latter is best suited for a facsimile system involving transmission over a
      telephone line, since a high compression ratio can be achieved using a
      relatively simple apparatus. The present invention may be advantageously
      used in conjunction with existing bandwidth compression systems. In such a
      system, a scanner scans the document in a raster pattern. The scanner
      comprises a pre-scan head and a transmission scan head. As the
      transmission scan head scans a raster line for transmission, the pre-scan
      head scans a preceeding line to determine if the preceeding line contains
      usable information. The preceeding line will be subsequently scanned for
      transmission by the transmission scan head if it is determined that the
      line contains information and skipped if it is determined that it does not
      contain information. Since the scanner operates by generating electrical
      signals corresponding to dark areas on the document, the generation of
      electrical signals during the pre-scan of a line indicates that the line
      contains information, since blank areas of the document are white and no
      electrical signals are generated when such blank areas are scanned.
      Systems embodying this method are known in the art and operate effectively
      while comprising a simple mechanism.
PAR  A disadvantage is encountered in these systems, however, if the document
      contains ruled lines such as borders or frames which are arranged
      perpendicular to the main scan direction. Such documents are in common use
      in offices as printed forms and the like, and the ruled lines do not
      constitute usable information. It is therefore desirable to skip any scan
      line which contains a portion of a ruled line but no usable information.
      Prior art systems of the type described above, however, will transmit such
      a line since an electrical signal is generated when the pre-scanning head
      sweeps over the ruled line.
PAR  It is therefore an important object of the present invention to provide a
      method of determining whether a scan line in facsimile transmission
      intersecting a ruled line of a document for transmission contains usable
      information while ignoring the presence of the ruled line.
PAR  It is another important object of the present invention to provide a system
      embodying the above method.
PAR  It is a further important object of the present invention to provide a skip
      control system for a facsimile transmission device embodying the above
      method.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will become clear from the following detailed description taken
      in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram of a facsimile system incorporating the
      present invention;
PAR  FIG. 2 is a graphic view of a document for transmission having ruled lines
      printed thereon;
PAR  FIG. 3 is a timing chart illustrating the operation of the system of FIG.
      1;
PAR  FIG. 4 is a more detailed version of the timing chart shown in FIG. 3;
PAR  FIG. 5 is a schematic block diagram of part of the system shown in FIG. 1;
PAR  FIG. 6 is a schematic circuit diagram of part of the system shown in FIG.
      5;
PAR  FIG. 7 is a graphic representation of a modified form of the document shown
      in FIG. 2 and an associated timing chart;
PAR  FIG. 8 is similar to FIG. 7 but illustrating another modification; and
PAR  FIG. 9 is similar to FIG. 5 but illustrates a modification applicable to
      FIG. 7.
DETD
PAR  Referring now to FIG. 1, a facsimile transmission device to which the
      present invention is applicable includes a scanning drum 10 on which is
      fixed an original document 12 for transmission. The drum 10 rotates in the
      direction indicated by an arrow as the main scan direction. A dark colored
      synchronizer bar 14 is fixed to the surface of the drum 10 parallel to the
      axis thereof as will be described below.
PAR  A scanner 16 comprises a light source 18, an optical system 20, a scanning
      head assembly 22 and a position control unit 24. During normal scanning, a
      spot of light is focussed on the surface of the document 12 as the drum 10
      rotates by the light source 18. An image of the portion of the document 12
      illuminated by the spot of light is focussed onto scan heads 26 by the
      optical system 20, which generate electrical signals if the portion is
      dark and do not generate electrical signals if the portion is light. As
      mentioned above, the electrical signals represent the usable information
      printed on the document 12, and the electrical signals are fed to a
      transmission system 28 through a line 29 to be suitably processed and
      transmitted to a receiver (not shown) which synthesizes a facsimile of the
      document 12. The position control unit 24 of the scanner 16 moves the spot
      of light and also the scanning point parallel to the axis of the drum 10
      in the direction indicated by an arrow as the side scan direction as the
      drum 10 rotates. As a result of the combined motion, the locus of the
      scanning point on the drum 10 is a helix. However, since the lead (in the
      side scan direction) is quite small in order to provide adequate
      resolution in the facsimile device, the locus of the scanning point can be
      considered as substantially a series of main scan lines of a raster
      pattern which are parallel to two of the sides of the document 12.
PAR  Referring now to FIG. 2, an example of the document 12 is shown as having a
      white background (no numeral) on which lines 30 of characters constituting
      the usable information of the document 12 are printed or written. The
      lines 30 are shown as arranged parallel to the main scan direction
      indicated by an arrow, although they may be arranged perpendicular thereto
      if desired. Vertical ruled lines 32 and 34 are printed near leading and
      trailing edges of the document 12 in the main scan direction, and are
      parallel to and spaced from the leading and trailing edges by
      predetermined distances which may be equal. The document 12 is preferably
      of orthogonally quadrilateral form (rectangle or square) but may have any
      other shape as long as the ruled lines 32 and 34 are perpendicular to the
      main scan direction. Horizontal ruled lines 36 and 38 are also printed on
      the document 12 and form a closed frame or border in conjunction with the
      vertical ruled lines 32 and 34. The present invention is only concerned,
      however, with the vertical ruled lines 32 and 34 which are perpendicular
      to the main scan direction.
PAR  It will be noticed that there are blank areas of the document 12 above and
      below the lines 30 and also between the lines 30. In order to reduce the
      transmission time as mentioned above, it is desirable to skip, or not
      transmit these blank areas. Referring again to FIG. 1, the scanning heads
      26 include pre-scan heads and a transmission scan head (not designated).
      The transmission scan head scans along a main scan line or path on the
      document 12 for transmission and feeds the electrical signals to the
      transmission system 28 as described above. The pre-scan heads are arranged
      to simultaneously scan a main scan line preceeding the main scan line
      being scanned by the transmission scan head to determine if the preceeding
      line contains usable information. If the line scanned by the pre-scan
      heads is determined to contain information, as indicated by the generation
      of electrical signals representing dark areas on the document 12 by the
      pre-scan heads, the line will be subsequently scanned by the transmission
      scan head for transmission. If the line does not contain information, it
      will be skipped (not scanned by the transmission scan head).
PAR  The output of the pre-scan heads is fed to a skip control system 40 through
      a line 42. The skip control system 40 senses for the presence of usable
      information, and feeds a signal to the position control unit 24 through a
      line 44 to control the unit 24 to scan a line for transmission or skip the
      line. A prior art control system will, however, only skip the blank areas
      above and below the lines 36 and 38 respectively since the lines 32 and 34
      will be evaluated as usable information. In this disclosure, a ruled line
      is considered to mean a line which is printed on a document 12 to aid in
      the alignment of handwriting, etc., and does not infer the necessity of
      using a ruler in drawing the lines. Ruled lines to be ignored during
      pre-scanning according to the present invention may horizontal lines to
      aid in horizontal writing, vertical lines to aid in vertical alignment of
      columns or vertical writing or frames or borders as shown which are
      perpendicular to the main scan direction.
PAR  The principle of the present invention is to generate a gating signal in
      synchronism with the pre-scanning of a main scan line. Generation of the
      gating signal is suppressed, however, during the time when the
      pre-scanning heads are scanning a portion of the scan line which
      intersects a ruled line. It is essential that the ruled lines be in
      predetermined positions on the document 12, as is the case with many
      office forms. The line being pre-scanned is determined to contain
      information if the gating signal and an electrical signal generated by the
      pre-scanning heads in response to encountering information are sensed
      simultaneously.
PAR  FIG. 3 illustrates the principle of the present invention. FIG. 3a shows
      synchronizing pulses resulting from pre-scanning the synchronizer bar 14
      occuring at the beginning and end of pre-scanning a main scan line or
      path. FIG. 3b is similar to FIG. 3a but further shows electrical signals
      or pulses resulting from pre-scanning the ruled lines 32 and 34. FIG. 3c
      illustrates a set pulse for a bistable element (which will be described in
      detail below) generated in response to the downclock or trailing edge of
      the first synchronizing pulse, and FIG. 3d illustrates a reset pulse for
      the bistable element which is also generated in response to the downclock
      of the first synchronizing pulse.
PAR  FIG. 3e illustrates a gating signal or pulse generated by the bistable
      element in response to the set and reset pulses. The gating pulse is
      generated between the downclocks of the set and reset pulses. The set and
      reset pulses are arranged so that the downclock of the set pulse occurs
      after the pre-scanning heads have swept past the line 32 and the downclock
      of the reset pulse occurs before the pre-scan heads sweep up to or reach
      the line 34. The gating signal shown in FIG. 3e is thereby present only in
      the interval between and not including the pre-scanning of the lines 32
      and 34. Since both the gating signal and an electrical signal representing
      information in the line being scanned must be simultaneously present if
      the electrical signal is to be determined to represent usable information,
      the pulses resulting from the pre-scanning of the lines 32 and 34 will be
      ignored since they are not coincident with the gating signal.
PAR  This principle is illustrated in more detail in FIG. 4. FIGS. 4a, 4b, 4c,
      4g and 4h are identical to FIGS. 3a to 4e respectively. FIGS. 4d and 4e
      show the set pulse of FIG. 4c as inverted and differentiated respectively.
      FIG. 4f shows a pulse generated in response to the positive spike
      generated in response to the downclock of the set pulse of FIG. 4c. The
      pulse of FIG. 4f is used to set the bistable element. Pulses similar to
      those shown in FIGS. 4d to 4f are generated in conjunction with the reset
      pulse of FIG. 4g although not shown.
PAR  Any means known in the art may be used to produce the gating signal shown
      in FIG. 4h, and an example is shown in FIGS. 5 and 6. The skip control
      system 40 is shown in comprise a synchronizing pulse generator 50 arranged
      to produce the synchronizing pulses shown in FIG. 4a in response to
      pre-scanning of the synchronizer bar 14. The input of the generator 50 is
      connected to the output of the pre-scanning heads through the line 42. A
      set signal generator or multivibrator 52 and a reset signal generator or
      multivibrator 54 are both triggered by the downclock of the synchronizing
      pulse to produce the pulses shown in FIGS. 4c and 4g respectively. A pulse
      shaper 56 generates the pulse shown in FIG. 4f in response to the pulse of
      FIG. 4c, and applies the same to the set input of the bistable element,
      here shown as a flip-flop 60. A pulse shaper 58 identical to the pulse
      shaper 56 generates a pulse identical to the pulse shown in FIG. 4f in
      response to the downclock of the pulse shown in FIG. 4g and applies the
      same to the reset input of the flip-flop 60. The output of the pre-scan
      heads is applied through the line 42 to an input of a comparator 62, the
      other input of which is connected to a reference voltage source +VR. The
      outputs of both the flip-flop 60 and the comparator 62 are applied to
      inputs of an AND gate 64, the output of which is connected to the input of
      the position control unit 24 through the line 44.
PAR  In operation, as a main scan line is pre-scanned by the pre-scan heads, the
      synchronizing bar 14 is first scanned to produce the first synchronizing
      signal which is applied to the synchronizing pulse generator 50 to produce
      the first pulse shown in FIG. 4a. The downclock of the pulse of FIG. 4a is
      arranged to occur before the pre-scanning of the line 32, as shown in FIG.
      4b. The downclock of the pulse of FIG. 4a triggers the set multivibrator
      52, which produces the set pulse of FIG. 4c, the duration of which
      includes the time of generation of the signal corresponding to the line
      32. This pulse is inverted, differentiated and shaped by the pulse shaper
      56 to produce the pulse of FIG. 4f, which is applied to the set input of
      the flip-flop 60 to set the same to initiate generation of the gating
      signal shown in FIG. 4h, which appears at the output of the flip-flop 60
      and is applied to the input of the AND gate 64. The trailing edge or
      downclock of the pulse of FIG. 4c also triggers the reset multivibrator 54
      to produce the reset pulse shown in FIG. 4g, the downclock of which occurs
      before the signal corresponding to the line 34. This pulse is inverted,
      differentiated and shaped by the pulse shaper 58 and applied to the reset
      input of the flip-flop 60 to reset the flip-flop 60 to produce a negative
      output corresponding to termination of the gating signal as shown in FIG.
      4h.
PAR  Simultaneously, any electrical signals resulting from pre-scanning usable
      information as well as the lines 32 and 34 are applied to the comparator
      62, which acts as a quantizer so that any signals having a voltage above
      the reference voltage +VR are applied to the input of the AND gate 64. The
      AND gate 64 produces an output signal which is fed to the position control
      unit 24 indicating that the line being pre-scanned is not to be skipped if
      an electrical signal and the gating signal appear simultaneously at the
      inputs of the AND gate 64. The lines 32 and 34 will be ignored since the
      electrical signals resulting from pre-scanning thereof are not coincident
      with the gating signal.
PAR  A circuit diagram of the pulse shaper 56 is shown in FIG. 5. The pulse
      shaper 58 is identical and not shown. The pulse shaper 56 comprises an
      inverter 56a, a differentiator 56b and a pulse shaper 56c. The output of
      the multivibrator 52 is connected to an input terminal IN of the inverter
      56a which is connected to ground through resistors R.sub.1 and R.sub.2.
      The base of an NPN transistor T.sub.1 is connected to the junction of the
      resistors R.sub.1 and R.sub.2, and the emitter thereof is grounded. The
      collector of the transistor T.sub.1 is connected to a voltage source B+
      through a resistor R.sub.3. The differentiator 56a comprises a capacitor
      C.sub.1 connected at one end to the collector of the transistor T.sub.1
      and at the other end to ground through a resistor R.sub.4. The pulse
      shaper 56c comprises an NPN transistor T.sub.2, the base of which is
      connected to the junction of the capacitor C.sub.1 and resistor R.sub.4
      and the emitter of which is grounded. The collector of the transistor
      T.sub. 2 is connected to the source B+ through a resistor R.sub.5 and also
      to an output terminal OUT which is connected to the set input of the
      flip-flop 60.
PAR  In operation, the pulse shown in FIG. 4c is applied to the input terminal
      IN. The transistor T.sub.1 is normally biased into out-off, but is caused
      to conduct by the positive pulse at the input terminal IN. The collector
      voltage drops from B+ to a lower value, thus producing the inverted pulse
      of FIG. 4d. This drop in collector potential of the transistor T.sub.1
      causes the capacitor C.sub.1 to discharge through the resistor R.sub.4 and
      collector-emitter circuit of the transistor T.sub.1 so that the surge of
      current through the resistor R.sub.4 causes the negative spike of the
      signal of FIG. 4e to appear at the base of the transistor T.sub.2 to bias
      the same below cut-off in accordance with the time constant of the
      capacitor C.sub.1 and resistor R.sub.4. Discharge of the capacitor C.sub.1
      will result, after stabilization, in a zero potential appearing at the
      base of the transistor T.sub.2. In response to downclock of the pulse of
      FIG. 4c, the collector potential of the transistor T.sub.1 will again
      increase to B+ since the transistor T.sub.1 becomes cut-off. The capacitor
      C.sub.1 will then charge through the resistors R.sub.4 and R.sub.3 to
      produce the positive spike shown in FIG. 4e at the base of the transistor
      T.sub.2 as charge current surges through the resistor R.sub.4. The
      transistor T.sub.2, which was biased into cut-off, will conduct during the
      duration of the positive spike (resulting from the downclock of the pulse
      of FIG. 4c) since the positive base potential will cause the transistor
      T.sub.2 to conduct and produce the negative pulse shown in FIG. 4f which
      is applied to the set terminal of the flip-flop 60.
PAR  FIG. 7a shows a document 12' having a single vertical ruled line 12a down
      the middle thereof. FIGS. 7b to 7e correspond to FIGS. 3b to 3e for the
      document 12'.
PAR  FIG. 8a illustrates a combination of FIGS. 2 and 7a in which a document 12"
      has a vertical ruled line 12"a corresponding to the line 12'a of FIG. 7a
      and vertical ruled lines 12"b and 12"c corresponding to the lines 32 and
      34 of FIG. 3, FIG. 8b is identical to FIG. 3a, FIG. 8c is similar to FIG.
      3b but shows an additional signal resulting from pre-scanning of the line
      12"a. FIG. 8d is similar to FIG. 3e, but generation of the gating signal
      is suppressed during an interval in which the line 12"a is being
      pre-scanned.
PAR  FIG. 9 shows a modified skip control system 40' operative to produce the
      gating signal shown in FIG. 8d. The line 42 is connected directly to the
      inputs of a set multivibrator 100 and a first reset multivibrator 102 and
      through a delay element or line 106 to the input of a second reset
      multivibrator 104. The outputs of the reset multivibrators 102 and 104 are
      connected to inputs of an OR gate 108, the output of which is connected to
      an inversion input of an AND gate 110. The ouput of the set multivibrator
      100 is connected to a non-inversion input of the AND gate 110. The output
      of the AND gate 110 is connected to the input of the AND gate 64 shown in
      FIG. 5.
PAR  In operation, the leading edge or upclock of the first synchronizing pulse
      shown in FIG. 8b triggers the set multivibrator 100 and first reset
      multivibrator 102 to produce the pulses shown in FIGS. 8e and 8f
      respectively. The set pulse of FIG. 8e terminates before the line 12"c is
      pre-scanned, and the reset pulse shown in FIG. 8f terminates after the
      line 12"b is pre-scanned. The AND gate 110 will produce an output signal
      when the set pulse of FIG. 8e is present and the reset pulse of FIG. 8f is
      not present, thus resulting in the gating signal of FIG. 8d which begins
      after the line 12"b is pre-scanned and ends before the line 12"c is
      pre-scanned. The leading edge of the synchronizing pulse reaches the input
      of the second reset multivibrator 104 after a delay time t to trigger the
      multivibrator 104, which generates the second reset pulse shown in FIG.
      8g. The time t is selected to elapse before the line 12"a is pre-scanned,
      and the second reset pulse is arranged to terminate after the line 12"a is
      pre-scanned. During the time that the second reset pulse and the set pulse
      are both applied to the AND gate 110, the same will not produce an output
      signal so that the central negative portion of the gating signal of FIG.
      8d is produced, which is coincident with the pre-scanning of the line
      12"a.
PAR  It will be appreciated that supplementary units similar to the delay line
      106 and multivibrator 104 may be connected in parallel between the line 42
      and the OR gate 108 to accommodate additional vertical ruled lines on the
      document 12". The gate signal generator 40' of FIG. 9 may also be modified
      to accommodate the single ruled line shown in FIG. 7 by extending the
      width of the set pulse produced by the set multivibrator 100 to cover the
      entire width of the document 12' and omitting or suppressing the first
      reset multivibrator 102. It is also possible to compensate for documents
      12" in which the distance between the lines 12"b and 12"c and the
      respective edges of the document 12" adjacent thereto vary by making the
      multivibrators 100 and 102 adjustable to vary the widths of the set and
      first reset pulses respectively. The widths of the set and first and
      second reset pulses may also be increased if desired to allow for
      dimensional errors in securing the document 12" to the drum 10. Also, the
      delay line 106 may be made adjustable to provide for cases in which the
      line 12"a is not in the center of the document 12", which would result in
      horizontal adjustability of the position of the second reset pulse
      relative to the main scan line.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of facsimile transmission in which a document having a ruled
      line in a predetermined position thereon is pre-scanned in a path
      substantially perpendicular to the ruled line to determine if the path
      contains information, an electrical signal being generated when
      information is encountered, and scanned for transmission along the same
      path only if it is determined that the path contains information, the
      improvement of determining if the path contains information in such a
      manner that the presence of the ruled line is ignored, the improvement
      comprising the steps of:
PA1  a. generating gating signal in synchronism with pre-scanning the path
      except while pre-scanning a predetermined portion of the path which
      intersects the ruled line;
PA1  b. simultaneously sensing for the presence of the gating signal and the
      electrical signal; and
PA1  c. determining that the path contains information only if the gating signal
      and the electrical signal are sensed simultaneously.
NUM  2.
PAR  2. In a facsimile transmission device having scanning means to pre-scan a
      document having a ruled line in a predetermined position thereon in a path
      substantially perpendicular to the ruled line to determine if the path
      contains information and generate an electrical signal when information is
      encountered and scan the document for transmission along the same path
      only if it is determined that the path contains information, the
      improvement of a system to determine if the path contains information in
      such a manner that the presence of the ruled line is ignored, said system
      comprising:
PA1  gate signal generating means operative to generate a gating signal in
      synchronism with the pre-scanning of the path by the scanning means except
      while pre-scanning a predetermined portion of the path which intersects
      the ruled line; and
PA1  sensing means having inputs responsive to the gating signal and the
      electrical signal and an output connected to control the scanning means,
      the sensing means being operative to control the scanning means to scan
      the path for transmission only if the gating signal and the electrical
      signal are simultaneously sensed by the sensing means during the
      pre-scanning of the path indicating that the path contains information.
NUM  3.
PAR  3. A system according to claim 2, in which the scanning means is arranged
      to generate a synchronizing signal at the beginning of pre-scanning the
      path, the gate signal generating means being arranged to generate the
      gating signal in response to the synchronizing signal.
NUM  4.
PAR  4. In a facsimile transmission device having scanning means to pre-scan the
      surface of a right quadrilateral document having two ruled lines on the
      surface thereof in a path substantially perpendicular to the ruled lines
      to determine if the path contains information and generate an electrical
      signal when information is encountered and scan the document for
      transmission along the same path if it is determined that the path
      contains information, the lines being parallel to and spaced from the
      leading and trailing edges of the document in the path direction by a
      first and second distance respectively, the improvement of a system to
      determine if the path contains information in such a manner that the
      presence of the two ruled lines is ignored, said system comprising:
PA1  gate signal generating means operative to generate a gating signal in
      synchronism with the pre-scanning of the path by the scanning means, the
      gating signal being generated only while the scanning means sweeps the
      portion of the path between the ruled lines;
PA1  sensing means having inputs responsive to the gating signal and the
      electrical signal and an output connected to control the scanning means,
      the sensing means being operative to control the scanning means to scan
      the path for transmission only if the gating signal and the electrical
      signal are simultaneously sensed by the sensing means during the
      pre-scanning of the path indicating that the path contains information.
NUM  5.
PAR  5. A system according to claim 4, in which the scanning means is arranged
      to generate a synchronizing signal at the beginning of pre-scanning the
      path, the gate signal generating means being arranged to generate the
      gating signal in response to the synchronizing signal.
NUM  6.
PAR  6. A system according to claim 5, in which the gate signal generating means
      comprises:
PA1  a bistable element having an output constituting the output of the gate
      signal generating means;
PA1  a set pulse generator having an input responsive to the synchronizing
      signal and an output connected to the set input of the bistable element;
PA1  a reset pulse generator having an input responsive to the synchronizing
      signal and an output connected to the reset input of the bistable element;
      whereby
PA1  the set pulse generator is arranged to be triggered by the synchronizing
      signal and generate a set pulse having a trailing edge which occurs after
      the scanning means sweeps past the ruled line spaced from the leading
      edge, the trailing edge of the set pulse setting the bistable element to
      produce a logically positive output constituting the gating signal; and
PA1  the reset pulse generator is arranged to be triggered by the synchronizing
      signal and generate a reset pulse having a trailing edge which occurs
      before the scanning means sweeps up to the ruled line spaced from the
      trailing edge, the trailing edge of the reset pulse resetting the bistable
      element to produce a logically negative output.
NUM  7.
PAR  7. A system according to claim 5, in which the sensing means comprises an
      AND gate having inputs responsive to the gating signal and the electrical
      signal respectively.
NUM  8.
PAR  8. A skip control system for a facsimile device having scanning means to
      pre-scan a document having a ruled line in a predetermined position
      thereon in a raster pattern in which the main scan lines are substantially
      orthogonal to the ruled line and the side scan direction is substantially
      parallel to the ruled line along one of the main scan lines to determine
      if the main scan line contains information and generate an electrical
      signal when information is encountered, scan the main scan line for
      transmission if it is determined that the main scan line contains
      information and skip the main scan line if it is determined that the main
      scan line is void of information, the skip control system being adapted to
      ignore the presence of the ruled line and comprising:
PA1  gate signal generating means operative to generate a gating signal in
      synchronism with the pre-scanning of the main scan line by the scanning
      means except while pre-scanning a predetermined portion of the main scan
      line which intersects the ruled line; and
PA1  sensing means having inputs responsive to the gating signal and the
      electrical signal and an output connected to control the scanning means,
      the sensing means being operative to control the scanning means to scan
      the main scan line for transmission only if the gating signal and the
      electrical signal are simultaneously sensed by the sensing means during
      the pre-scanning of the main scan line indicating that the main scan line
      contains information.
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ABST
PAL  An improved operational blooming control circuit for a charge coupled
      device image sensing array in which the "accumulated" regions of the
      substrate are driven into "depletion" at the end of the integration time
      and prior to the transfer of the contents of the A to the B registers.
      This is found to improve the resolution of the reproduced image.
BSUM
PAR  When a photosensor array such as one of the charge coupled device (CCD)
      type is illuminated by a scene in which certain regions are much, much
      brighter than others, problems are created, that is, the portions of the
      array receiving the intense rediation may become overloaded. In the case
      of a CCD array, the intense radiant energy signal impinging on a
      particular location of the array results in the generation of much more
      charge signal than can be stored at that location. The excess charge tends
      to spread to the adjacent location or locations along the CCD channel and
      may also spread to the adjacent CCD channels. This spreading of charge
      manifests itself as "blooming" of the image which is read out of the
      array. In other words, the intense radiant energy source may appear, when
      read out and subsequently reproduced, to occupy a much larger area than
      that occupied by the original.
PAR  There are a number of ways the problem above may be dealt with. One is to
      employ so called "blooming buses" in the substrate which are operated in
      such a way that excess charge preferentially flows to these buses rather
      than to other energy sensing locations. Another is the so-called
      "operational blooming control" . There, regions of the substrate adjacent
      to those where charge is sensed are held in accumulation, and excess
      charge (minority carriers) is caused to combine with the majority carriers
      present at such accumulated regions.
PAR  The present invention is an improved operational blooming control circuit.
      The improvement resides in driving the accumulated regions of the
      substrate into depletion at the end of the integration time and prior to
      the transfer of the contents of the imaging area (the A register) to the
      storage area (the B register). The result of operating in this way is to
      improve the resolution of the reproduced image. The reasons for such
      improvement are discussed below.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a section through a CCD channel of an A register and illustrates
      also surface potential profiles for operating such a register in two
      different ways; and
PAR  FIG. 2 is a drawing of waveforms to help explain the operation of a CCD
      image sensor in accordance with the present invention.
DETD
PAR  Referring first to the upper portion of FIG. 1, the CCD imager shown
      includes a P-type substrate 10 and a plurality of electrodes insulated
      from and capacitively coupled to the substrate. The showing is schematic
      in the sense that the insulation employed, which is normally silicon
      dioxide, is not shown specifically and the electrode structure is shown
      only schematically. The type of CCD chosen for illustration is a three
      phase device and in a practical circuit the electrodes may overlap one
      another. The present invention is applicable also to two or four or higher
      phase structures which are not illustrated specifically. Also, the
      substrate may be of N-type rather than P-type, provided supply voltages
      are chosen of appropriate polarity.
PAR  The structure shown in FIG. 1 may be assumed to constitute a portion of one
      vertical channel of the image sensing region of the array, sometimes also
      known as the A register. During one portion of the operating time, known
      as the "integration" time, when a scene is being imaged onto the array,
      one of the electrodes (the .phi..sub.A2 electrodes in this example) may be
      maintained at a voltage to cause depletion regions to form beneath such
      electrodes and the remaining electrodes, namely the .phi..sub.A1 and
      .phi..sub.A3 electrodes, may be maintained at potentials such as to
      maintain the substrate regions beneath these electrodes in mild depletion.
      This is illustrated at a in FIG. 1. The heavily depleted regions form
      potential wells in the substrate, that is, they form regions at the
      substrate surface from which majority carriers (holes) have been repelled
      and where minority carrier surface charge may accumulate. The lightly
      depleted regions of the substrate form potential barriers between the
      potential wells. Substantially no part of the substrate is in
      accumulation.
PAR  In operation, a radiation image is applied to the imager either through the
      electrodes, as illustrated schematically, or through the back surface of
      the substrate. (It may be assumed for purposes of the present discussion
      that the electrodes are substantially transparent to the radiation.)
PAR  In the event of an optical overload in the region, for example, of the
      .phi..sub.A2 electrode 12, the potential well in the substrate beneath
      this electrode soon will overflow. The overflowing charge then can flow
      over the barriers beneath the .phi..sub.A3 and .phi..sub.A1 electrodes to
      the adjacent wells in the same channel and possibly (in cases of severe
      overload) also may flow to the potential wells in the adjacent channels
      (not shown). This phenomenon is known as blooming and, as mentioned in the
      introductory portion of this application, is highly undesirable.
PAR  One solution to the problem is to employ blooming control structures as
      mentioned briefly in the introductory portion of this application. Such
      structures are described, for example, in the article "Blooming
      Suppression in Charge Coupled Array Image Devices" by C. H. Sequin, Bell
      System Technical Journal, October 1972, page 1923.
PAR  FIG. 1 illustrates at b a second solution to the problem; this solution is
      known as "operational" blooming control because no added structure is
      needed in the array. Here, during the integration time, the .phi..sub.A1
      and .phi..sub.A3 electrodes are held at potentials such as to maintain the
      substrate regions between the potential wells in accumulation. In other
      words, the potentials are such that majority carriers (holes in this
      example) are present in these regions of the substrate. When an optical
      overload occurs under such conditions, the excess minority carriers
      (electrons in the present example) which flow from a filled potential well
      recombine with the majority carriers (holes) present in the accumulated
      regions. This greatly reduces the number of excess electrons which reach
      other potential wells and thereby reduces the tendency of the array to
      bloom.
PAR  Unfortunately, operating the array in the way just discussed introduces
      another problem. Because the regions between potential wells are operated
      in accumulation, at least the major portion of the minority carriers are
      removed from this region. Thus, when after the integration time the
      contents of the A register are shifted at high speed to the B register
      (not shown), there is no residual charge filling the so called "fast
      interface states" (charge traps at the semiconductor-insulator interface)
      in these regions of the substrate. Such residual charge (sometimes known
      as "fat zero" charge) has the important function of preventing, or at
      least substantially reducing, the loss of charge signal to such traps when
      the charge signal is being propagated along the channel by the three phase
      voltages. A more detailed discussion of this phenomenon, as applied to a
      CCD imager, appears in U.S. application Ser. No. 481,746, filed June 21,
      1974 by the present inventor and assigned to the same assignee as the
      present application.
PAR  Thus, when a CCD array is operated in the manner shown at b in FIG. 1, a
      portion of the charge signals being propagated along the channel during
      the transfer of these charge signals to the B register becomes lost, that
      is, this portion of the charge signal becomes captured by the traps
      present in the surface of the substrate which previously was in
      accumulation. The result is loss of signal and subsequent release of
      spurious portions of the lost signal to following charge signals. The
      result is a smearing of the charge pattern, which manifests itself as a
      reduction in the resolution which is obtained in the subsequently
      reproduced image.
PAR  Moreover, in order to minimize as much as possible this undesired loss of
      resolution, the accumulated regions can be placed only in relatively mild
      accumulation-- in some cases less than that actually desired fully to
      eliminate blooming. In a practical array operated in the manner shown at b
      in FIG. 1, it has been found that overloads of 15:1 to 20:1 can be
      handled. However, it has also been found that substantially higher optical
      overloads require that the substrate regions in accumulation be placed in
      such heavy accumulation that the resulting loss in resolution becomes
      intolerable.
PAR  FIG. 2 illustrates the improved method of operational blooming control of
      the invention. During the integration time, the .phi..sub.A2 voltage is
      such that the substrate surface becomes depleted beneath the .phi..sub.A2
      electrodes, and the .phi..sub.A3 and .phi..sub.A1 voltages are such that
      the substrate surface beneath these electrodes becomes accumulated.
      However, the accumulation level can be substantially higher than that of
      the prior art as represented at b in FIG. 1.
PAR  At the end of the integration time the multiple phase voltages do not start
      immediately. Rather, the .phi..sub.A1 and .phi..sub.A3 electrodes are
      placed at voltage levels such that the substrate regions beneath these
      electrodes are driven into depletion. (This takes place during the
      interval .DELTA.t.sub.1 of FIG. 2.) During this same interval
      .DELTA.t.sub.1, the .phi..sub.A2 voltage is made substantially more
      positive that it was previously, to increase the depth of the potential
      well and to thereby prevent the escape of any charge signal due to the
      lower potential barriers beneath the .phi..sub.A1 and .phi..sub.A3
      electrodes. This added delay interval .DELTA.t.sub.1 can be a time period
      such as 0.1ms (millisecond), that is, 100 .mu.s (microseconds). During
      this period, as the substrate region beneath the .phi..sub.A1 and
      .phi..sub.A3 electrodes is in depletion, it gathers a residual charge.
      This residual charge mainly results from the radiation (light) reaching
      the substrate surface. Such light can be a bias light as described in my
      copending application identified above or it can simply be the background
      light which generally is available in any scene being viewed. Some of the
      charge signal which gathers also may be due to thermally generated charge.
PAR  When operated in the way discussed above and illustrated in FIG. 2, it is
      found that when the contents of the A register is transferred to the B
      register (not shown) by the three phase waveforms shown in FIG. 2, and the
      image stored in the B register subsequently is reproduced, the resolution
      of the reproduced image is exceptionally good. Moreover, it has been found
      possible to operate the CCD array with much heavier optical overloads than
      was previously possible. It was found that the CCD imager could withstand
      a 50:1 or so optical overload with hardly any blooming at all, whereas the
      previous limit, as already mentioned, was between 15 and 20 to 1.
PAR  To give some idea of the relative times involved in the operation depicted
      in FIG. 2, it may be assumed that the CCD array described is being
      operated at commercial television standards. Here, the field time is 1/60
      second, the charge transfer time (during which the contents of the imaging
      array (A register) is transferred to the storage area (B register))
      corresponds to the vertical retrace time and may be roughly 900
      microseconds, and the integration time may be the remainder of the field
      time, i.e., the major part of 1/60 second.
PAR  In one practical array which was operated, .DELTA.t.sub.1 was set at 100
      microseconds and found to give the satisfactory performance desired. The
      time period can be increased if the substrate is operated in heavier
      accumulation during the integration time. If during .DELTA.t.sub.1 the
      depletion depth beneath the .phi..sub.A3 and .phi..sub.A1 is further
      increased, the depth of the wells beneath the .phi..sub.A2 electrodes
      should be increased correspondingly to prevent the loss of charge signal.
PAR  The time .DELTA.t.sub.2 (the duration of one period of the multiple phase
      voltage) will depend, in part, on the number of rows in the A register.
      For a 200 row array, simple arithmetic shows that .DELTA.t.sub.2 can be as
      long as somewhat over 4 .mu.s; for a 500 row array, .DELTA.t.sub.2 can be
      somewhat under 2 .mu.s.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of controlling blooming in a charge coupled device image
      sensing array which includes a substrate and electrodes capacitively
      coupled to the substrate comprising the steps of:
PA1  during the integration time, maintaining certain of the electrodes at a
      potential to create depletion regions in the substrate regions beneath
      these electrodes within which charge can be stored and maintaining other
      of the electrodes at a potential to create accumulation regions in the
      substrate between the depletion regions;
PA1  at the end of the integration time and for a relatively short interval
      compared to the integration time, changing the potential on said other
      electrodes to a value to place the substrate regions formerly in
      accumulation into depletion and concurrently changing the potential
      applied to said certain electrodes to a value to drive the substrate
      regions beneath said certain electrodes into deeper depletion; and
PA1  applying thereafter multiple phase voltages to said electrodes for
      propagating any stored charge along the substrate.
NUM  2.
PAR  2. A charge coupled device imager comprising, in combination:
PA1  a semiconductor substrate;
PA1  a plurality of electrodes spaced from one another along a length of the
      substrate and capacitively coupled to said substrate;
PA1  means, during an integration time, for maintaining certain spaced ones of
      said electrodes, having intervening electrodes between said spaced
      electrodes, at a potential to form depletion regions in the substrate and
      for maintaining said intervening electrodes at a potential to form
      accumulation regions in the substrate between the depletion regions; and
PA1  means, during a relatively short interval following the integration time,
      compared to the integration interval, for changing the potential applied
      to said intervening electrodes to a value to form depletion regions in the
      substrate and for concurrently changing the potential applied to said
      certain electrodes to a value to drive the substrate beneath said certain
      electrodes into deeper depletion to thereby avoid the loss of charge
      signal from the substrate regions beneath said certain electrodes during
      said relatively short interval.
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ABST
PAL  An automatic control to the optimum lens adjustment in an ACT gun in a
      television camera tube. A variation in the cathode and control electrode
      potential during the line flyback requires an adaptation of the lens
      voltage for optimum target erasing action. In the circuit a measurement of
      the anode current in the gun is effected because for an optimum target
      erasing action during the line flyback it is found that this current must
      be at a minimum. A measurement is effected about an adjusting point. In
      case of unequal current the optimum value is not yet reached and an
      adjusting point displacement is effected towards the optimum value
      whereafter a subsequent measurement is effected.
BSUM
PAR  The invention relates to a circuit arrangement suitable for use in a
      television camera tube provided with an anti-comet tail electron gun. The
      gun has a cathode, a control electrode, anode electrodes and a lens
      electrode for generating during line scan times and line flyback times an
      electron beam having different values for beam diameter, beam current
      intensity and potential upon impact of a target plate present in the tube.
      A line period is constituted by the line scan time and a line blanking
      time comprising the line flyback time and a beam blanking time.
PAR  A television camera tube formed with such an electron gun is described in
      U.S. Pat. No. 3,548,250. The gun limits the originally linearly varying
      pick-up characteristic between light incident on the target plate from a
      scene to be picked up and the picture signal generated by the camera tube
      because the pick-up characteristic gets a substantially flat curve after a
      knee level. Without the use of the gun a locally excessive exposure of the
      target plate would have the result that the potential image corresponding
      to the scene cannot locally be neutralised by the scanning electron beam
      during the line scan time, i.e. the line sweep. The non-neutralised
      remaining charge causes loss of contrast upon display. A displacement of
      the locally excessive exposure on the target plate results in a comet tail
      upon display.
PAR  The anti-comet tail electron gun generates an electron beam in a line
      flyback time preceding a line sweep which beam scans the target plate with
      an instantaneously larger beam diameter and beam current intensity. The
      cathode potential is then instantaneously increased and consequently the
      potential of the electron beam at the landing spot on the target plate.
      The increase of the cathode potential determines the knee level in the
      pick-up characteristic because a still higher potential in the potential
      image on the target plate obtained by locally excessive exposure is
      reduced to the less increased beam potential before the normal line scan
      during the sweep.
PAR  The charge neutralisation on the target plate taking place during the line
      flyback time requires a determined voltage between the cathode and the
      control electrode for fixing the required beam current intensity, while a
      desired cathode potential is present for fixing the said knee level in the
      pick-up characteristic, as well as a determined voltage between the lens
      electrode and the anode electrodes present on both sides thereof. The lens
      voltage determines the beam current intensity and diameter at the target
      plate because beam nodes in the generated electron beam are formed near
      the anode electrode. An adjustment, displacement or variation in one of
      the potentials on the cathode, the control electrode and the lens
      electrode requires an adaptation of the two other potentials for obtaining
      an optimum charge neutralisation during the line flyback time. Ageing
      phenomena in the camera tube cause, for example, such a variation. Due to
      mutual influences the adjustment of an optimum charge neutralisation is a
      difficult and time-consuming matter and requires skill.
PAR  The invention has for its object to provide a circuit arrangement with
      which an optimum charge neutralisation is obtained automatically in a
      camera tube formed with an anti-comet tail electron gun. To this end the
      circuit arrangement according to the invention is characterized in that it
      is provided with an input for connection to an anode electrode present in
      the camera tube. A measuring circuit for taking a sampling signal during
      the line flyback time is connected, to the input. The measuring circuit is
      formed with a comparison circuit for holding a taken sampling signal and
      for comparing two successively held sampling signals. A control circuit is
      connected to the comparison circuit in the measuring circuit and has an
      output for connection to the lens electrode in the camera tube. Said
      control circuit provides a changed lens adjustment during the line flyback
      time in case of unequal sampling signals in the comparison circuit for the
      purpose of eliminating the inequality.
DRWD
PAR  The invention will be described in greater detail by way of example with
      reference to the following figures in which
PAR  FIG. 1 shows the circuit arrangement according to the invention in a block
      schematic diagram;
PAR  FIG. 2 shows some signals occurring in the circuit arrangement according to
      FIG. 1,
PAR  FIG. 3 shows two current-voltage characteristics and
PAR  FIG. 4 shows the circuit arrangement according to FIG. 1 in detail.
DETD
PAR  In FIG. 1, 1 denotes a television camera tube and 2 and 3 are two
      adjustable pulse generators connected thereto. Control signals V and H are
      applied to the generators 2 and 3 which signals are plotted on two
      different time scales in FIG. 2. Some successively occurring instants are
      denoted by t.sub.0, t.sub.1. . . t.sub.9. The signal V is associated with
      the field scan commonly used in television and in FIG. 2, the reference
      T.sub.V shows a periodically occurring field period which consists of a
      field scan time T.sub.VS and a field blanking time T.sub.VB. The
      references V.sub.1, V.sub.2, V.sub.3 and V.sub.4 denote four successive
      field periods in the signal V. The signal H is associated with the line
      scan and in FIG. 2 the reference T.sub.H denotes a periodically occurring
      line period which consists of a line scan time T.sub.HS and a line
      blanking time T.sub.HB. The time scale of the signal H is plotted for the
      instants t.sub.3 and t.sub.4 shown at the signal V. The values of the
      signals shown in FIG. 2 are not shown to scale.
PAR  The respective pulse generators 2 and 3 apply to the camera tube 1 of FIG.
      1 signals Uc and Ug.sub.1 which are plotted on the line time scale of the
      signal H in FIG. 2. In FIG. 2 the line blanking time T.sub.HB at the
      signal Ug.sub.1 is subdivided in a line flyback time T.sub.HBS and a beam
      blanking time T.sub.HBB. The line blanking time T.sub.HB and the line scan
      time T.sub.HS are fixed in accordance with a television standard, but may
      slightly deviate therefrom in the circuit arrangement according to FIG. 1
      as is common practice in television pick-up apparatus in which, for
      example, a line control signal H is used with a negative going pulse of 11
      .mu.s which falls within the standard line blanking time of 12 .mu.s. For
      the simplicity of the description these differences between the television
      standard and commonly used times in pick-up apparatus are not further
      considered. Likewise time differences which are irrelevant to the
      invention may occur between simultaneously occurring pulse edges drawn in
      FIG. 2.
PAR  In the camera tube 1 according to FIG. 1 some components are
      diagrammatically shown and the connection of some of them to the exterior
      of the tube 1 are shown in so far as they are important for understanding
      the invention. Deflection coils, a focussing coil, etcetera (not shown)
      provided outside the tube 1 are essential for the operation but they are
      of lesser importance for explaining the invention and have therefor been
      omitted. The camera tube 1 is provided with successively: a cathode c, a
      control electrode g.sub.1, a first anode electrode g.sub.2, a lens
      electrode g.sub.3, a second anode electrode g.sub.4 connected to the
      first, a collector anode electrode g.sub.5, a grid anode electrode g.sub.6
      and a target plate t.sub.g. The cathode c and the electrodes g.sub.1,
      g.sub.2, g.sub.3 and g.sub.4, constitute an electron gun ACT which can be
      characterized by its given structure (c, g.sub.1 . . . g.sub.4) as an
      anti-comet tail electron gun. The supply of the composite anode electrode
      g.sub.2,4 is effected through a resistor 4 from a terminal carrying a
      voltage +U.sub.S1; which terminal forms part of a supply source U.sub.S1
      another terminal (not shown) of which is connected to ground as also
      applies for other supply voltages to be referred to. Furthermore the anode
      electrode g.sub.2,4 is connected through a capacitor 5 to an input 6 of
      the circuit arrangement according to the invention which is provided with
      an output 7 connected to the lens electrode g.sub.3. The circuit (6, 7)
      provides the signal Q = Ug.sub.3 through the output 7 in a manner to be
      described hereinafter which signal is plotted both on the time scale of
      the signal H and on that of the signal V in FIG. 2. The signal Q of FIG. 2
      shows that outside the line flyback time T.sub.HBS the voltage +U.sub.S1
      is impressed on the lens electrode g.sub.3 while a negative going pulse
      occurs thereacross during the line flyback time T.sub.HBS to a much lower
      positive voltage.
PAR  To explain the operation of the anti-comet tail gun ACT it is sufficient to
      consider the signals Uc, Ug, and Ug.sub.3 in which the anode electrode
      g.sub.2,4 carries the voltage +U.sub.S1. During the line scan time
      T.sub.HS i.e. the line sweep the voltage on the lens electrode g.sub.3 is
      equal to that on the anode electrode g.sub.2,4 (+U.sub.s1) while the
      cathode is, for example, at the ground potential of 0 volt and the control
      electrode g.sub.1 has such a large negative voltage that an electron beam
      is generated which is denoted by e.sub.1 in the camera tube 1. The beam
      e.sub.1 focussed in the correct manner on the target plate tg scans this
      plate by means of deflection means and a potential image present thereon
      is neutralised thereby, that is to say, the target plate tg is brought to
      the ground potential in the landing spot of the electron beam. The
      potential image is obtained by projecting the light from a scene onto the
      target plate tg which is constituted by a transparent electrically
      conducting signal plate connected through a resistor to a voltage source
      and by a semiconductor coating, so that the photons of the light reduce
      the local leakage resistance of the semiconductor coating. The image
      signal generated by the tube 1 is derived from the signal plate of of the
      target plate tg.
PAR  During the line blanking time T.sub.HB the camera tube 1 does not generate
      a picture signal for further processing and display on a display device.
      Normally the voltage on the control electrode g.sub.1 has been rendered so
      far negative that the gun does not generate an electron beam. According to
      the anti-comet tail principle, however, the gun ACT does generate an
      electron beam during part of the normal line blanking time T.sub.HB, which
      beam is denoted by e.sub.2 in FIG. 1. Only during the beam blanking time
      T.sub.HBB is the electron beam suppressed. During the line flyback time
      T.sub.HBS the voltage (Ug.sub.1) on the control electrode g.sub.1 is
      rendered so little negative that the current intensity of the beam e.sub.2
      may be some hundreds of times larger than that of the beam e.sub.1 ; the
      lens electrode g.sub.3 then serves its purpose by providing a beam node in
      the electron beam in the apertures in the anode electrodes g.sub.2 and
      g.sub.4. The small positive voltage in the line flyback time T.sub.HBS on
      the lens electrode g.sub.3 determines the position of the beam nodes
      relative to the anode electrodes g.sub.2 and g.sub.4 with the high
      positive voltage U.sub.S1. The beams e.sub.1 and e.sub.2 shown in FIG. 1
      show the influence of the lens electrode g.sub.3. In order to avoid that
      the beam e.sub.2 with the larger diameter and current intensity occurring
      during the line flyback erases the desired information on the target plate
      tg it is essential that during the flyback time T.sub.HBS the cathode c
      lies at a chosen adjusted positive potential. The increased cathode
      potential determines the potential of the electron beam landing spot on
      the target plate tg and the potential image will be neutralised to this
      potential. The desired information in the potential image occurring
      between the ground potential and the increased cathode potential is not
      influenced during the line flyback time T.sub.HBS. Before a television
      line is read during a line scan time T.sub.HS an optionally present
      excessively high potential in the potential image on the target plate tg
      is removed by means of the gun ACT so that the pick-up characteristic
      between incident light and the picture signal generated by the camera tube
      1 does not further change linearly but gets a knee towards a substantially
      flat path.
PAR  An optimum erasing action during the line flyback time T.sub.HBS on the
      target plate tg is dependent on the position of the beam nodes in the
      electron beam e.sub.2 and hence on the voltage between the lens electrode
      g.sub.3 and the anode electrodes g.sub.2 and g.sub.4. The beam node
      positions are likewise determined by the increased positive potential on
      the cathode c and by the voltage between the cathode c and the control
      electrode g.sub.1. In case of a variation which is caused, for example, by
      ageing phenomena, a displacement of adjustment of a potential on the
      cathode c, the control electrode g.sub.1 or the lens electrode g.sub.3 it
      is found in practice that the two other potentials are to be adapted for
      optimum erasing. Due to the mutual dependency the optimum adjustment for
      erasing is difficult to achieve.
PAR  The circuit arrangement 6, 7 according to FIG. 1 automatically gives the
      optimum adjustment for erasing during the line flyback time T.sub.HBS at
      any displacement of variation in the potential on the cathode c
      (displacement of the knee level in the pick-up characteristic) or on the
      control electrode g.sub.1 (adaptation to scene circumstances of the
      maximum possible current intensity in the electron beam e.sub.2 for
      erasing). FIG. 2 shows the adjustable and changeable potentials in the
      signals or voltages Uc and Ug.sub.1 by means of an arrow. For explanation
      reference is made to FIG. 3 which shows two characteristics Ig.sub.6 and
      Ig.sub.2,4 as a function of the voltage Ug.sub.3 which characteristics
      apply during the line flyback time T.sub.HBS. For the current-voltage
      characteristics some values u.sub.20, u.sub.30, u.sub.31, u.sub.32 etc.
      are shown between a minimum value u.sub.1 and a maximum value u.sub.6 of
      the voltage Ug.sub.3 while some current values are denoted by i.sub.30 ,
      i.sub.31, i.sub.32, i.sub.50, i.sub.51 and i.sub.52. According to one
      aspect the optimum erasing action is found to be coinciding with a minimum
      current in the composite anode electrode g.sub.2,4 and with a maximum
      current in the grid anode electrode g.sub.6. FIG. 3 shows that for the
      voltage Ug.sub.3 equal to u.sub.30 the minimum and maximum values occur in
      the currents Ig.sub.2,4 and Ig.sub.6, respectively. For the characteristic
      Ig.sub.2,4 there follows an optimum erasing adjusting point u.sub.30,
      i.sub.30. The current-voltage characteristics shown in FIG. 3 have as a
      parameter the value occurring during the line flyback time T.sub.HBS of
      the voltage Uc on the cathode c shown in FIG. 2 and the voltage Ug.sub.1
      on the control electrode g.sub.1. For the description of the circuit
      arrangement 6,7 according to FIG. 1 displacement in the voltages Uc and
      Ug.sub.1 during the line flyback time T.sub.HBS to a value with which the
      current-voltage characteristic according to FIG. 3 is associated is used
      as a starting point, while without the steps of the invention a voltage
      Ug.sub.3 equal to u.sub.50 occurs on the lens electrode g.sub.3 during the
      line flyback times T.sub.HBS ; the erasing action is not optimum in this
      case. In FIG. 2 the signal Q includes during the field scan time T.sub.VS
      before the first field period V.sub.1 (before the instant t.sub.0) the
      pulses going from the voltage +U.sub.S1 to the voltage u.sub.50 which
      pulses occur at the output 7 during the line flybacks T.sub.HBS. FIG. 3
      shows that for the voltage u.sub.50 a current Ig.sub.2,4 equal to i.sub.50
      occurs. The current Ig.sub.2,4 (=i.sub.50) flows through the resistor 4 of
      FIG. 1 so that a signal G with negative going pulses (i.sub.50) shown in
      FIG. 2 occurs at the junction of the resistor 4 and the anode electrode
      g.sub.2,4. The signal G will be described in greater detail.
PAR  For generating the various signals shown in FIG. 2 the circuit arrangement
      of FIG. 1 is provided with a pulse generator 8 to which the control
      signals V and H are applied. The pulse generator 8 generates signals A and
      B shown in FIG. 2 with a pulse during the field scan time T.sub.VS in the
      field periods V.sub.1 and V.sub.2, respectively. A generated signal C has
      a pulse during the field blanking time T.sub.VB of the field period
      V.sub.3. A signal D has pulses occurring during the field scan times of
      the field periods V.sub.1 and V.sub.2 during the line flyback times
      T.sub.HBS. The pulses in the signal D having a duration which is shorter
      than the line flyback time T.sub.HBS will be found to be active as
      sampling pulses. A signal E has pulses occurring during the field scan
      times T.sub.VS with a duration which is equal to and is located in the
      line flyback times T.sub.HBS while a signal F likewise has pulses with a
      duration shorter than and located in the beam blanking times T.sub.HBB.
      The pulses in the signal F will be found to be active as clamping pulses.
      The pulse generator 8 may be formed with digital components, the
      embodiment is left out of consideration.
PAR  The signal G to be measured of FIG. 2 is applied through the capacitor 5 to
      the input 6 in FIG. 1 and passed on to an amplifier and clamping circuit 9
      to which furthermore the pulse generator 8 applies the signal F with the
      clamping pulses. The circuit 9 derives from the signal G a signal J and
      passes it on to a sample-and-hold circuit 10 which receives the signal D
      with the sampling pulses. The circuit 10 applies a sampling signal K to an
      amplifier and clamping circuit 11 to which the signal A active with a
      clamping pulse is applied. The circuit 11 applies a difference signal L to
      a gating circuit 12 to which the signal C with a gating pulse is applied.
      The gating circuit 12 is connected to the input of a storage circuit
      including a limiter 13 at which input a storage signal M occurs. The
      circuit 13 applies an adjusting signal N to a modulation signal generator
      14 to which furthermore the signals A and B with modulation pulses are
      applied. The generator 14 applies a modulation signal P to a modulator 15
      to which the signal E with the pulses to be modulated is applied. The
      pulse modulator 15 applies the signal Q shown in FIG. 2 to the output 7
      for supply to the lens electrode g.sub.3 of the camera tube 1 of FIG. 1.
PAR  Considering the operation, the measuring and control circuit 6-15 according
      to FIG. 1 consists of a measuring circuit 9, 10, 11 and a control circuit
      13, 14 15 which are coupled together through the gating circuit 12. A
      comparison circuit 10, 11 is present in the measuring circuit 9, 10, 11.
PAR  To explain the operation of the circuit arrangement of FIG. 1 the starting
      point is the signal Q as is supplied during the field periods V.sub.1,
      V.sub.2 and V.sub.3 by the modulator 15 under the control of the
      modulation signal generator 14. During the field scan time T.sub.VS of the
      field period V.sub.3 the modulation signal P has a value which is equal to
      that for the instant t.sub.0 and negative going pulses occur in the signal
      Q with a voltage u.sub.50. The pulse occurring in signal A between the
      instants t.sub.1 and t.sub.2 instantaneously reduces the value in the
      modulation signal P determined by the adjusting signal N while the pulse
      occurring in the signal B instantaneously increases the signal value
      between the instants t.sub.3 and t.sub.5. In correspondence thereto the
      pulses in the signal Q have a lower or higher voltage u.sub.51 and
      u.sub.52. FIG. 3 shows that for the pulses having the lower voltage
      u.sub.51 and higher voltage u.sub.52 a smaller current i.sub.51 and a
      higher current i.sub.52, respectively, flow through the resistor 4 of FIG.
      1. In FIG. 2 the currents i.sub.50, i.sub.51 and i.sub.52 are shown for
      the signal G as they correspond to the voltage drop across the resistor 4.
      The signal G at the instants t.sub.3 and t.sub.4 is shown in detail on the
      line time scale. The resistor 4 is without current during the beam
      blanking time T.sub.HBB so that the voltage +U.sub.S1 occurs in the signal
      G. In the line flyback time T.sub.HBS shown the pulse whose height
      corresponds to the current i.sub.52 occurs as from the voltage +U.sub.S1.
      During the line scan time T.sub.HS only a small current flows through the
      resistor 4 because the current intensity of the beam e.sub.1 of FIG. 1 is
      less than one hundredth of that of the beam e.sub.2 occurring during the
      line flyback line T.sub.HBS. In this case there applies that, considered
      relatively, a larger part of the total number of electrons emitted by the
      cathode c remains in the gun ACT during a line scan time T.sub.HS than
      during the line flyback time T.sub.HBS. However, since during the line
      flyback time T.sub.HBS the cathode c emits a number of electrons which is
      some hundredths of times larger than in the line scan time T.sub.HS, the
      voltage drop in the signal G is likewise several hundredth times larger.
      To illustrate this there applies that for a beam current (e.sub.1) of 500
      nA during the line scan time T.sub.HS a current of 3 .mu.A may flow
      through the resistor 4 while this may be 300 .mu.A for a beam current
      (e.sub.2) of 150 .mu.A during the line flyback time T.sub.HBS.
PAR  In the amplifier and clamping circuit 9 the clamping pulses in the signal F
      during the beam blanking time T.sub.HBB give the ground potential of 0
      volt in the signal J. Positive going amplified pulses occur in the signal
      J whose heights correspond to the said currents i.sub.50, i.sub.51 and
      i.sub.52. The sampling signal K is derived from the signal J with the aid
      of the sampling pulses in the signal D applied to the sample-and-hold
      circuit 10. A positive voltage which corresponds to the current i.sub.51
      is measured between the instants t.sub.1 and t.sub.2 in the circuit 10
      while as from the instant t.sub.3 to the instant t.sub.5 a higher positive
      voltage is measured corresponding to the current i.sub.52. After the
      instants t.sub.2 and t.sub.5 the circuit 10 holds the samples taken. The
      sampling signal K is fixed at the ground potential of 0 volt in the
      amplifier and clamping circuit 11 by the clamping pulse in the signal A
      occurring between the instants t.sub.1 and t.sub.2. The larger positive
      voltage subsequently occurring in the sampling signal K at the instant
      t.sub.3 gives a positive voltage in the signal L. The (positive) voltage
      in the signal L is a measure of the difference between the value of the
      currents i.sub.51 and i.sub.52, while the current i.sub.52 being larger
      than i.sub.51 determines the positive polarity of the voltage in the
      difference signal L. When instead of a larger value for the current
      i.sub.52 it had been smaller than that of current i.sub.51 determined
      negative voltage occurs in the difference signal L.
PAR  The difference signal L supplied by the comparison circuit 10, 11 in the
      measuring circuit 9, 10, 11 bits with the given positive voltage at the
      adjusting point u.sub.50, i.sub.50 on the characteristic shown in FIG. 3.
      The adjusting point u.sub.50, i.sub.50 considerably deviates from the
      optimum adjusting point u.sub.30, i.sub.30. The difference signal L can be
      utilised through the gating circuit 12 for a control to the optimum
      adjusting point u.sub.30, i.sub.30. To this end the difference signal L
      between the instants t.sub.7 and t.sub.8 is applied through the then open
      gating circuit 12 to the storage circuit 13 in which a storage capacitor
      conveys the signal M. The operation of the limiter present in the storage
      circuit 13 will be described hereinafter, but for now there applies that
      as from the storage circuit 13 the signal N is applied with the positive
      going edge shown in FIG. 2 to the modulation signal generator 14 so that
      as from the instant t.sub.8 the voltage in the modulation signal P is
      decreased. The decreased voltage in the signal P occurring after the
      instant t.sub.8 corresponds through the then occurring pulses in the
      signal Q to a different adjusting point in the characteristic of FIG. 3
      namely, for example, to the adjusting point u.sub.40, i.sub.40. It is
      found that for the increased voltage u.sub.40 in the pulses of the signal
      Q a reduced current i.sub.40 occurs in the signal G. The cycle described
      with reference to FIG. 2 with the variation by means of the modulation
      pulses in the signals A and B around the adjusting point u.sub.50,
      i.sub.50 may be effected after the instant t.sub.9 for the adjusting point
      u.sub.40, i.sub.40. The instant t.sub.9 corresponds, for example, to an
      instant t.sub.0 of a subsequent cycle. The measuring and control circuit
      6-15 according to FIG. 1 will be active in the manner as described with
      reference to FIG. 2 until no positive voltage occurs any longer in the
      difference signal L. Then there applies that the currents occurring in the
      signal G between the instants t.sub.1 and t.sub.2, and t.sub.3 and t.sub.5
      are equal in the then occurring cycle which means that the circuit
      arrangement according to FIG. 1 is adjusted at the optimum adjusting point
      u.sub.30 , i.sub.30 at which for u.sub.31 and u.sub.32 there applies that
      i.sub.31 = i.sub.32.
PAR  When instead of the erroneous adjusting point with the voltage u.sub.50 in
      FIG. 3 a voltage u.sub.20 is used as a starting point which is lower than
      the optimum voltage u.sub.30, a negative voltage occurs in the difference
      signal L which increases the voltage in the modulation signal P between
      the instants t.sub.7 and t.sub.8 so that the pulses in the signal Q are
      reduced. Here an automatic control towards the optimum adjusting point
      u.sub.30, i.sub.30 occurs too.
PAR  For the operation of the circuit arrangement according to FIG. 1 it is
      irrevelant in which sequence the periodical stepwise variation in the
      modulation signal P is effected under the control of the modulation pulses
      in the signals A and B. Instead of the sequence of the voltages u.sub.51
      and u.sub.52 in the signal Q, the voltages u.sub.52 and u.sub.51 may be
      used.
PAR  It has been described with reference to FIG. 2 that during two entire and
      successively occurring field scan times T.sub.VS (t.sub.1 to t.sub.2 and
      t.sub.3 t.sub.5) the signal J is sampled in the circuit 10. This is not
      required although it is favourable on the one hand for an averaging effect
      across the field scan times T.sub.VS and on the other hand gives the
      simpler signal comparison in the clamping circuit 11. In fact a signal
      loss between the field periods V.sub.1 and V.sub.2 used for the
      measurement need not be taken into account.
PAR  The adaptation of the pulse voltage in the signal Q during a field blanking
      time T.sub.VB by enabling the gating circuit 12 during this time, has the
      advantage that twenty line periods T.sub.H can be utilized so that the
      adaptation can be effected without interfering high frequency switching
      phenomena. An advantageous signal integration can be used for this purpose
      in a manner to be described with reference to FIG. 4.
PAR  In FIG. 2 a cycle is described which lasts four field periods V.sub.1 . . .
      V.sub.4 between two adjusting point displacements. For the measurement
      described in FIG. 2 during the two field scan times T.sub.VS and passing
      on the information during the field blanking time T.sub.VB a shortest
      cycle of two field periods follows when the information is passed on
      between the instants t.sub.5 and t.sub.6 and when the instants t.sub.1 and
      t.sub.6 periodically coincide.
PAR  The circuit arrangement according to FIG. 1 is described for the use of the
      Ig.sub.2,4 current characteristic of FIG. 3 in which a minimum current
      determination (i.sub.30) gives the optimum erasing adjusting point. When
      using the Ig.sub.6 current characteristic a maximum current determination
      is to be effected which is more unfavourable than the minimum
      determination. For the collector-anode electrode g.sub.5 in the camera
      tube 1 an Ig.sub.5 -Ug.sub.3 characteristic can be derived which resembles
      the Ig.sub.6-U g.sub.3 characteristic shown in FIG. 3 but with a less
      defined maximum. Relative to the Ig.sub.5 -Ug.sub.3 characteristic the use
      of the Ig.sub.6 -Ug.sub.3 characteristic is preferred.
PAR  FIG. 4 shows in detail an embodiment of a circuit arrangement according to
      the invention in which the components and signals already shown in FIGS. 1
      and 2 are denoted in the same manner. The composite anode electrode
      g.sub.2,4 of the camera tube 1 is connected through a series arrangement
      of two resistors 4.sub.1 and 4.sub.2 to the terminal conveying the voltage
      +U.sub.S1. The junction of the resistors 4.sub.1 and 4.sub.2 is connected
      to ground through a high-frequency bypass capacitor 4.sub.3. The anode
      electrode g.sub.2,4 is connected to ground through the capacitor 5 in
      series with a leakage resistor 4.sub.4. The coupling capacitor 5 is
      furthermore connected to a selection contact of a change-over switch 16
      whose master contact is connected to the input 6. The change-over switch
      16 is shown as an example with three selection contacts and a further
      camera tube 1 not shown may be connected to any of the other selection
      contacts, which three camera tubes are incorporated in a colour television
      camera. The measuring circuit 9, 10, 11 may alternately be connected by
      means of the change-over switch 16 in a cycle to one of the camera tubes 1
      connected to the selection contacts. The gating circuit 12 is formed in
      FIG. 4 likewise with a change-over switch 17 having three selection
      contacts each of which is connected to a separate control circuit 13, 14,
      15. The three control circuits 13, 14, 15 are each associated with a
      different camera tube 1 and when they are not connected through the
      change-over switch 17 the storage circuit 13 retains the relevant camera
      tube 1 in a previously determined erasing adjusting point. The change-over
      switches 16 and 17 shown as mechanical switches and switching
      synchronously may in practice be formed as electrical change-over
      switches.
PAR  The input 6 is connected in the amplifier and clamping circuit 9 to the
      base electrode of an npn transistor 18 which is connected to ground
      through resistors 19 and 20 and to a terminal conveying a voltage
      +U.sub.S2. The emitter electrode of the transistor 18 is connected through
      a resistor 21 in series with a parallel arrangement of a resistor 22 and a
      high-frequency bypass capacitor 23 to a terminal conveying a voltage
      -U.sub.S2. The collector electrode of the transistor 18 is connected
      through a resistor 24 to the terminal conveying a voltage +U.sub.S2 and is
      connected to the base electrode of an npn transistor 25 whose collector
      electrode is connected to the terminal conveying the voltage +U.sub.S2.
      The emitter electrode of the emitter follower transistor 25 is connected
      to ground through a resistor 26 and is connected through a coupling
      capacitor 27 in the base electrode of an npn transistor 28 and to the
      drain electrode of a field effect transistor 29 which is formed with an
      isolated gate electrode. The field effect transistor 29 is of the
      n-channel type and its source electrode s is connected to ground while the
      isolated gate electrode is connected through a resistor 30 to a terminal
      to which the signal F with the clamping pulses according to FIG. 2 is
      applied. The collector electrode of the emitter follower transistor 28 is
      connected to the terminal conveying the voltage +U.sub.S2 and the signal J
      of FIG. 2 occurs on the emitter electrode connected through a resistor 31
      to the terminal conveying the voltage -U.sub.S2. The circuit 9 thus
      includes an amplifier 18-24 and a clamping circuit 27, 29, 30.
PAR  The emitter electrode of the transistor 28 with the signal J is connected
      in the sample-and-hold circuit 10 to a resistor 32 the other connection of
      which is connected to the source electrode s of a field effect transistor
      33 of the n-channel type. The islated gate electrode of the transistor 33
      is connected through a resistor 34 to a terminal to which the signal D
      with the sampling pulses according to FIG. 2 is applied. The drain
      electrode of the transistor 33 is connected to ground through an
      electrolytic capacitor 35 and is connected to the isolated gate electrode
      of a field effect transistor 36. The drain electrode of the transistor 36
      of the n-channel type is connected to the terminal conveying the voltage
      +U.sub.S2 and its source electrode s is connected through a resistor 37 to
      the terminal conveying the voltage -U.sub.S2. The transistor 36 active as
      a source follower conveys the signal K shown in FIG. 2 on its source
      electrode. The circuit 10 includes a sampling circuit 32, 33, 34 with the
      transistor 33 which can conduct current in two directions and a hold
      circuit 35, 36 in which the use of a transistor 36 having an isolated gate
      electrode prevents the leakage of charge of the capacitor 35 through the
      transistor 36.
PAR  The source electrode s of the transistor 36 with the signal K is connected
      in the amplifier and clamping circuit 11 through a coupling capacitor 38
      in series with a resistor 39 to a (+) input of an operational amplifier
      40. The junction of capacitor 38 and resistor 39 is connected to the drain
      electrode of a field effect transistor 41 of the n-channel type whose
      source electrode s is connected to ground and whose isolated gate
      electrode is connected through a resistor 42 to a terminal to which the
      signal A with the clamping pulse according to FIG. 2 is applied. The (-)
      input of the operational amplifier 40 is connected to ground through a
      resistor 43 and through a feedback resistor 44 to the amplifier output.
      The output of the operational amplifier 40 conveys the signal L of FIG. 2.
      The circuit 11 includes the amplifier 40, 43, 44 and the clamping circuit
      38, 41, 42 with the transistor 41 which can conduct current in two
      directions.
PAR  The output of the operational amplifier 40 with the signal L is connected
      in the gating circuit 12 to the source electrode s of a field effect
      transistor 45 of the n-channel type and can conduct current in two
      directions. The isolated gate electrode is connected through a resistor 46
      to a terminal to which the signal C with the gating pulse of FIG. 2 is
      applied. The drain electrode of the transistor 45 is connected through a
      resistor 47 to the master contact of the change-over switch 17. Instead of
      being formed with the change-over switch 17 the gating circuit 12 may be
      formed with three field effect transistors 45 whose source electrodes s
      are connected to the output of the operational amplifier 40 while the
      drain electrode of each transistor 45 is connected through one of three
      resistors 47 to one of the three outputs of the gating circuit 12.
PAR  In FIG. 4 the gating circuit 12 is connected to the storage circuit with
      the limiter 13 and in this to the terminal of an electrolytic capacitor 48
      present therein whose other terminal is connected to ground. The
      voltage-conveying terminal of the capacitor 48 conveys the signal M shown
      in FIG. 2. The gating circuit 12 and the storage circuit 13 jointly
      comprise an integrating circuit 47, 48 which is advantageous for the
      control to the optimum adjusting point u.sub.30, i.sub.30 described with
      reference to FIG. 3. If the integrating circuit 47, 48 were not present
      but only the capacitor 48, the voltage of the signal L passed on through
      the gating circuit 12 at the instant t.sub.7 of FIG. 2 would
      instantaneously be impressed with the same value on the capacitor 48 and
      would also occur in the signal P according to FIG. 2. It follows that the
      displacement between two adjusting points around which the modulation is
      effected is greatly dependent on the value of the voltage in the signal L
      and hence on the location of the adjusting point on the Ig.sub.2,4
      -Ug.sub.3 characteristic of FIG. 3. It follows from the characteristic of
      FIG. 3 that the adjusting point displacement would be small from the
      adjusting point u.sub.50 but due to the larger slope of the characteristic
      would become increasingly larger. When approaching the optimum adjusting
      point u.sub.30 the adjusting point displacements may then become so large
      that this point is passed thereupon a large going back is effected again:
      the result is an oscillation about the optimum adjusting point u.sub.30,
      i.sub.30; The integrating circuit 47, 48 prevents such an oscillation
      because the signal integration has a reducing, smoothing action on the
      value of the adjusting point displacements as follows from a comparison of
      the signals L and M of FIG. 2.
PAR  In the storage circuit 13 the voltage-conveying terminal of the capacitor
      48 is connected to the isolated gate electrode of a field effect
      transistor 49. The drain electrode of the transistor 49 of the n-channel
      type is connected to the terminal conveying the voltage +U.sub.S2 and its
      source electrode s is connected through a resistor 50 to the terminal
      conveying the voltage -U.sub.S2. The storage capacitor 48 constitutes with
      the transistor 49 operating as a source follower a store 48, 49 in the
      storage circuit 13 so that the control circuit 13, 14, 15 is active about
      a determined target erasing adjusting point when the gating circuit 12 is
      closed.
PAR  In the circuit 13 the source electrode s of the transistor 49 is connected
      to a resistor 51 the other connection of which is connected to the anode
      and the cathode of diodes 52 and 53, respectively. The cathode of the
      diode 52 is connected to a tap on a potentiometer 54 while the anode of
      the diode 53 is likewise connected to a potentiometer 55. The parallel
      connected potentiometers 54 and 55 are connected in series with a resistor
      56 between ground and the terminal conveying the voltage +U.sub.S2. The
      storage circuit 13 thus includes a limiter 52 to 56 which is further
      denoted by 57.
PAR  The limiter 57 in the storage circuit 13 has for its object to prevent the
      measuring and control circuit 6-15 from being active with a target erasing
      adjusting point on the characteristics of FIG. 3 for which there applies
      that Ug.sub.3 is smaller than u.sub.1 or Ug.sub.3 is larger than u.sub.6.
      For Ug.sub.3 larger than u.sub.6 there follows from the characteristics of
      FIG. 3 that the slope does not have a steep variation. The described
      modulation about a target erasing adjusting point located there only gives
      a small difference in the pulse voltages in the signal G and hence in the
      voltage of the signal L of FIG. 2; which for the circuit 6-15 involves the
      erroneous information of optimum erasing adjustment. Although they are not
      shown in FIG. 3 the characteristics for smaller voltages than u.sub.1
      ultimately also have a flat varying part.
PAR  The limiter 57 prevents the junction of the resistor 51 and the diodes 52
      and 53 at which the signal N shown in FIG. 2 occurs from getting a higher
      or lower voltage than is adjusted at the potentiometer 54 (u.sub.1) or
      (u.sub.6). When a higher or lower voltage in the signal M occurs across
      the capacitor 48, the limiter 57 will be active. When switching on the
      measuring and control circuit 6-15 and the camera tube 1, the limiter 57
      provides an initial voltage u.sub.6 or u.sub.1 in the signal N when upon
      switching on the capacitor 48 is not yet charged or not sufficiently
      charged or when it has got a too high charge due to a switch-on current
      pulse. As from the initial voltage (u.sub.6) or (u.sub.1) the control
      circuit 13, 14, 15 starts to operate in which the capacitor 48 is charged
      or discharged through the measuring circuit 9, 10, 11 and the gating
      circuit 12 in such a manner that the voltage thereacross is equal to the
      voltage u.sub.6) or (u.sub. 1). Subsequently the described measuring and
      control circuit 6-15 becomes active with the adjusting point displacement.
PAR  The junction of the resistor 51 and the diodes 52 and 53 on which the
      signal N occurs is connected to the modulation signal generator 14 to a
      resistor 58 the other connection of which is connected to the base
      electrode of an npn transistor 59. The emitter electrode of the transistor
      59 is connected to ground through a resistor 60 and is connected to two
      interconnected source electrodes s of two field effect transistors 61 and
      62 of the n-channel type. The drain electrode of the transistor 61 is
      connected through a resistor 63 to the terminal conveying the voltage
      -.sup..sub.S2 and is connected through a resistor 64 to a terminal to
      which the signal A with a modulation pulse according to FIG. 2 is applied.
      The drain electrode of the transistor 62 is connected through a resistor
      65 to the terminal conveying the voltage + U.sub.S2 and is connected
      through a resistor 66 to a terminal in which the signal B with a
      modulation pulse according to FIG. 2 is applied. The collector electrode
      of the transistor 59 is connected through a resistor 67 to a terminal
      conveying a voltage +U.sub.S3 and conveys the signal P of FIG. 2 to be
      applied to the modulator 15.
PAR  In the absence of the modulation pulses in the signals A and B the signal N
      of FIG. 2 occurs amplified and with the reversed phase in the signal P of
      FIG. 2; in this case the transistors 61 and 62 in the generator 14 are cut
      off. The modulation pulse in the signal A renders the transistor 61
      connecting so that a lower positive voltage occurs on the emitter
      electrode and hence on the collector electrode of the transistor 59. The
      modulation pulse in the signal B renders the transistor 62 conducting so
      that a higher positive voltage occurs on the emitter electrode and hence
      on the collector electrode of the transistor 59. The signals N, A and B of
      FIG. 2 thus give the modulation signal P shown.
PAR  The collector electrode of the transistor 59 on which the modulation signal
      P of FIG. 2 occurs is connected in the pulse modulator 15 to the base
      electrode of an npn transistor 68. The collector electrode of the
      transistor 68 is connected to the terminal conveying the voltage +U.sub.S2
      and the emitter electrode is connected to the cathode of a zener diode 69.
      The anode of the zener diode 69 is connected through a resistor 70 to the
      terminal conveying the voltage -U.sub.S2 and is connected to the anode of
      a diode 71. The cathode of the diode 71 is connected to the emitter
      electrode of an npn transistor 72 whose collector electrode is directly
      connected and whose base electrode is connected through a resistor 73 to
      the terminal conveying the voltage U.sub.S1 and is furthermore connected
      to the output 7 and to a resistor 74. The other connection of the resistor
      74 is connected to the anode of a diode 75 whose cathode is connected to
      the base electrode of the transistor 72 and to the collector electrode of
      an npn transistor 76. The emitter electrode of the transistor 76 is
      directly connected and the base electrode is connected to ground through a
      resistor 77. The base electrode of the transistor 76 is connected through
      a coupling capacitor 78 to a terminal to which the signal E with the
      pulses to be modulated according to FIG. 2 is applied.
PAR  In the absence of a pulse in the signal E the transistor 76 is cut off and
      the transistor 72 active as an emitter follower applies the voltage
      +U.sub.S1 to the output 7 on which the signal Q of FIG. 2 occurs. A pulse
      in the signal E renders the transistor 76 conducting so that substantially
      the ground potential occurs at its collector electrode and the diode 75 is
      rendered conducting. The voltage at the emitter electrode of the
      transistor 72 and hence at the output 7 can, however, not become lower
      than the voltage at the anode of the diode 71 minus the threshold voltage
      present thereacross in the conducting condition. Since the instantaneous
      voltage in the signal P minus the base emitter voltage of the transistor
      68 and the voltage across the zener diode 69 determines the voltage on the
      anode of the diode 71, the result at the output 7 is shown as in FIG. 2
      for the signals P and Q. The emitter follower transistor 72 yields steep
      negative going pulse edges in the signal Q at the output 7 to which the
      lens electrode g.sub.3 is connected as a capacitive load.
PAR  For the purpose of illustration some data as may occur in a practical
      embodiment of the circuit arrangement and the camera tube will now follow:
PA1  supply voltages: U.sub.S1 = 250 V, I.sub.S2 = 12 V, U.sub.S3 = 35 V
PA1  pulse times: T.sub.H = 64 .mu.s, T.sub.HS = 53 .mu.s, T.sub.HB = 11 .mu.s,
      T.sub.HBS = 8 .mu.s, T.sub.HBB = 3 .mu.u
PA1  pulse times signals D and F: 1.5 .mu.s
PA1  pulse times T.sub.V = 20 ms, T.sub.VS = 18.72 ms, T.sub.VB = 1.28 ms
PA1  pulse voltages in the signals A, B and C between -12 and + 12 V
PA1  pulse voltages in the signals D, E and F between 0 and +6 V
PA1  voltages at the camera tube: Uc: T.sub.HS : 0V, T.sub.HB : pulse height 0
      to 15 V and adjustable
PA1  Ug.sub.1 : T.sub.HS : -45V.T.sub.HBB : - 95.T.sub.HBS : pulse weight 0 to
      50 V adjustable
PA1  Ug.sub.2,4 : + 250 V with a voltage decrease of approximately 0.3 V in
      T.sub.HBS
PA1  Ug.sub.3 : + 250 V with u.sub.1 = +4V, u.sub.6 = +35V (FIG. 3) in T.sub.HBS
      :
PA1  Ug.sub.5 : + 500 V
PA1  Ug.sub.6 : + 700 V
PA1  Utg: + 45 V
PA1  Integrating circuit (47, 48): resistor 48: 180 k .OMEGA. capacitor 48: 330
      nF.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit arrangement suitable for use with a television camera tube
      provided with a target plate an anti-comet tail electron gun, said gun
      having a cathode, a control electrode, anode electrodes and a lens
      electrode means for generating during line scan times and line flyback
      times an electron beam having different values of beam diameter, beam
      current intensity and potential upon impact on said target plate, a line
      period comprising the line scan time and a line blanking time comprising
      the line flyback time and a beam blanking time, said circuit arrangement
      comprising an input means for coupling to at least one of said anode
      electrodes present in the camera tube, a measuring circuit means for
      sampling a signal during the line flyback time coupled to said input
      means, said measuring circuit including a comparison circuit means for
      storing a sampled signal and for comparing two successively sampled and
      stored signals, and a control circuit coupled to the comparison circuit in
      the measuring circuit and having an output means for coupling to the lens
      electrode in the camera tube and for providing a changed lens adjustment
      during the line flyback times in case of unequal sampled signals in the
      comparison circuit for the purpose of eliminating the inequality.
NUM  2.
PAR  2. A circuit arrangement as claimed in claim 1 wherein the control circuit
      comprises a modulator means for periodically controlling the voltage of a
      pulse applied during the line flyback time to the output means for supply
      to the lens electrode for lens displacement stepwise smaller and larger or
      larger and smaller relative to a voltage value which is given by the
      comparison circuit.
NUM  3.
PAR  3. A circuit arrangement as claimed in claim 2, wherein the modulator
      applies said smaller or larger voltage of the pulse occurring during the
      line flyback time at the output means during a field scan time.
NUM  4.
PAR  4. A circuit arrangement as claimed in claim 2, wherein the control circuit
      comprises a storage circuit having an input coupled to the comparison
      circuit in the measuring circuit and an output coupled to the modulator.
NUM  5.
PAR  5. A circuit arrangement as claimed in claim 4, wherein the control circuit
      comprises a modulation signal generator coupled between the storage
      circuit and the modulator, and further comprising a pulse generator means
      for supplying successively occurring modulation pulses coupled to the
      modulation signal generator and coupled to the modulator for supplying the
      pulses to be modulated and occurring during the line flyback time.
NUM  6.
PAR  6. A circuit arrangement as claimed in claim 5, wherein the storage circuit
      comprises a limiter means coupled to the modulation signal generator for
      conveying a signal located between a minimum and a maximum value.
NUM  7.
PAR  7. A circuit arrangement as claimed in claim 4, further comprising a gating
      circuit coupled between said storage circuit and the output of the
      comparison circuit in the measuring circuit, and a pulse generator means
      for applying gating pulses to said gating circuit.
NUM  8.
PAR  8. A circuit arrangement as claimed in claim 7, wherein the gating pulse
      from the pulse generator applied to the said gating circuit occurs during
      a field blanking time.
NUM  9.
PAR  9. A circuit arrangement as claimed in claim 7, wherein the gating circuit
      enabled by the gating pulse and the storage circuit coupled thereto
      jointly comprise an integrating circuit.
NUM  10.
PAR  10. A circuit arrangement as claimed in claim 1, wherein the measuring
      circuit comprises a first clamping circuit coupled to the input means of
      the circuit, and further comprising a pulse generator means for supplying
      a first clamping pulse occurring during a beam blanking time to said
      clamping circuit.
NUM  11.
PAR  11. A circuit arrangement as claimed in claim 10, wherein said comparison
      circuit comprises a sample-and-hold circuit coupled to said clamping
      circuit and to the pulse generator means for receiving a sampling pulse
      occurring during a line flyback time.
NUM  12.
PAR  12. A circuit arrangement as claimed in claim 11, wherein the said pulse
      generator provides the sampling pulses occurring during the line flyback
      times during two field scan times.
NUM  13.
PAR  13. A circuit arrangement as claimed in claim 11, wherein said comparison
      circuit comprises a second clamping circuit coupled to the output of said
      sample and hold circuit and to the pulse generator for supplying a second
      clamping pulse, and said control circuit comprises a modulator means for
      providing a smaller or larger pulse voltage occurring during the line
      flyback time to the output means of the circuit arrangement, said second
      clamping pulse occurring when said pulse voltage occurs.
NUM  14.
PAR  14. A circuit arrangement as claimed in claim 13, further comprising a
      gating circuit coupled between said storage circuit and said clamping
      circuit in the comparison circuit, the pulse generator means applying a
      gating pulse to the gating circuit occurring after the modulator in the
      control circuit has provided the said smaller and larger pulse voltage
      value.
NUM  15.
PAR  15. A circuit arrangement as claimed in claim 1, wherein the input means of
      the circuit comprises a changeover switch having a plurality of selection
      contacts and a master contact coupled to the measuring circuit, said
      selection contacts being each connectable to a different camera tube, the
      gating circuit comprising a change-over switch having a master contact and
      a plurality of selection contacts, the master contact being coupled to the
      measuring circuit and one of the selection contacts being coupled to the
      control circuit, which control circuit includes a storage circuit.
NUM  16.
PAR  16. A circuit arrangement as claimed in claim 1, further comprising said
      camera tube, the input means of the circuit arrangement being coupled to
      that one of said anode electrodes in the camera tube which is provided
      near the lens electrode in the electron gun.
NUM  17.
PAR  17. A circuit arrangement as claimed in claim 1, further comprisinsg said
      camera tube, the input means of the circuit arrangement being coupled to
      that one of said anode electrodes in the camera tube which is provided
      near the target plate.
NUM  18.
PAR  18. A circuit arrangement as claimed in claim 1, further comprising a
      plurality of camera tubes, means for alternately coupling said measuring
      circuit to the camera tubes, each camera tube having a control circuit and
      a storage circuit, and means for alternately coupling said control and
      storage circuits to the measuring circuit.
NUM  19.
PAR  19. A method for eliminating the comet tail effect from a television camera
      tube, said method comprising periodically sampling a video signal during
      line flyback times, storing a sampled signal, comparing two successively
      sampled and stored signals, and changing the focus of the lens electrode
      of said tube during line flyback times upon said compared signals being
      unequal.
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ABST
PAL  In a television receiver, an automatic phase control includes a phase
      detector which generates a control signal passed by a bandpass filter to a
      horizontal oscillator in order to synchronize locally generated horizontal
      pulses with the received horizontal sync pulses. A keyed AGC circuit in
      response to increased received signal strength decreases the gain of the
      RF and IF amplifying stages. When the received signal strength reaches a
      preselected level, as occurs during off-the-air signal reception, the AGC
      signal actuates a transistor switch which widens the passband of the
      filter in order to increase the ability to lock onto irregular sync
      signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a receiver having a synchronizing circuit with a
      variable bandpass filter controlled by an automatic gain control signal.
PAR  When a conventional television receiver receives off-the-air signals, such
      as produced by a video tape recorder (VTR) or by cable television, a
      flagging or out-of-sync operation may occur because such off-the-air
      signals tend to have irregular sync pulses. As a result, the television
      receiver tends to show trace-shifts during portions of the field scan.
      This phenomenon is called flagging and is exhibited in the television
      picture as the bending of vertical lines in random fashion. This condition
      occurs because the passband of the filter in the horizontal phase control
      circuit is conventionally selected to be narrow in order to improve noise
      immunity during weak or normal broadcast signal reception.
PAR  To eliminate flagging or out-of-sync operation when a video tape recorder
      is to be utilized, it has been known to provide an external switch which
      converts the anti-hunt circuit in the horizontal oscillator from a narrow
      passband to a wide passband, such as shown in Willis U.S. Pat. No.
      3,795,762. It would be desirable to provide automatic rather than manual
      modification of the deflagging circuit so as to eliminate any out-of-sync
      operation, whether caused by use of a VTR or by cable TV. It also would be
      desirable to not have to program the receiver in order to detect the
      particular channels which might receive cable TV signals and VTR signals.
PAR  Prior television receivers have automatically controlled the bandpass
      filter in the automatic phase control circuit in order to switch between
      narrow and wide passbands. For example, Richman U.S. Pat. No. 2,848,537
      and Pollak U.S. Pat. No. 2,962,666 show APC circuits in which the passband
      is switched from narrow to wide in response to an out-of-sync condition.
      However, an out-of-sync condition has no correlation with the problem of
      off-the-air signal reception, and thus is not pertinent to the problem to
      which the present invention is directed.
PAR  It has been known in transistor circuits to provide an automatic gain and
      bandwidth control in order to minimize frequency shift. For example,
      Burger U.S. Pat. No. 2,774,866 shows a transistor circuit for a radio
      receiver in which an AGC signal varies the bandwidth of an amplifier to
      vary its damping and prevent the Q from rising due to an unloading action.
      However, this problem is not analagous to the problem of off-the-air
      signal reception in a receiver.
PAR  In a pending application Ser. No. 432,965 of Gregg et al., filed Jan. 14,
      1974, entitled "Rate Modifier for a Television Deflection System", and
      assigned to the same assignee as the present application, automatic
      switching of the bandpass filter in the horizontal APC circuit from a
      narrow to a wide bandwidth has been accomplished under control of the
      vertical sync pulse. In particular, the detected presence of the vertical
      sync signal enables a switch which disables the noise filtering circuit in
      the horizontal AFC stage for a predetermined number of horizontal lines.
      This corrects for irregular sync pulses which tend to be generated by a
      VTR during the beginning of each vertical scanning period. However, such a
      system would not correct for irregular sync which occurred later in a
      field scan.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a receiver with a synchronizing
      circuit eliminates flagging or out-of-sync operation by controlling a
      variable bandpass filter by means of an AGC signal. In particular, the
      bandwidth of an APC circuit is made wide during strong signal reception,
      and narrow during weak signal reception. The applicant has recognized that
      off-the-air signals such as produced by a VTR or by cable TV, and in which
      synchronism is apt to be irregular, almost always have good signal
      strength. Thus, automatic control to eliminate out-of-sync operation can
      be accomplished by using the received signal strength as an indication
      that the received signals may have irregular sync. During the presence of
      weak signals, the APC circuit is switched back to its narrow bandwidth in
      order to provide noise immunity.
PAR  One object of the present invention is the provision in a receiver having a
      synchronizing circuit, of a variable bandwidth filter controlled by an
      automatic gain control circuit.
PAR  Other objects and features of the invention will be apparent from the
      following description and from the drawings. While an illustrative
      embodiment of the invention is shown in the drawings and will be described
      in detail herein, the invention is susceptible of embodiment in many
      different forms and it should be understood that the present disclosure is
      to be considered as an exemplification of the principles of the invention
      and is not intended to limit the invention to the embodiment illustrated.
      Throughout the specification, values will be given for certain of the
      components in order to disclose a complete, operative embodiment of the
      invention. However, it should be understood that such values are merely
      representative and are not critical.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a portion of a television receiver which
      incorporates a novel automatic phase control synchronizing circuit; and
PAR  FIG. 2 is a schematic diagram showing in detail the phase detector,
      variable filter, horizontal oscillator, switch, and RF AGC circuits shown
      in block form in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning to FIG. 1, a television receiver includes variable gain RF stages
      10 and variable gain IF stages 12 which amplify a composite television
      signal comprising an information component and a sync component. The
      composite signal is supplied by an antenna 14, or from an off-the-air
      input 16 which is provided for a video tape recorder (VTR) or for cable
      television. Alternatively, the local signal input 16 may be directly
      coupled to the antenna input 14 in some television receivers. The output
      of the IF stages 12 is coupled to a video detector/amplifier 18 which
      detects the composite signal and ultimately drives a cathode ray tube
      (CRT) 20. The raster of the CRT 20 is produced by a scanning or deflection
      yoke 22 which receives horizontal H and vertical V deflection waveforms
      from the synchronizing stages described below.
PAR  The horizontal sync component of the composite television signal is coupled
      from the video detector/amplifier 18 to a sync separator 24 and to a keyed
      AGC circuit 26. The sync separator 24 passes the vertical synchronizing
      component to a vertical deflection circuit 28 in order to generate the
      vertical V deflection waveform. The horizontal sync component detected by
      the sync separator 24 is coupled to a phase detector 30 which forms a part
      of the automatic phase control (APC) synchronizing circuit 32, sometimes
      also known as the automatic frequency control (AFC).
PAR  Phase detector 30 generates a correction signal representing the phase
      difference between the separated horizontal sync and the locally generated
      retrace pulses from a horizontal output stage 34. The horizontal output
      stage 34 also generates the horizontal deflection waveforms, H, coupled to
      the horizontal section of the yoke 22. The correction signal from the
      phase detector 30 is filtered in an anti-hunting or variable bandpass
      filter 36 and is coupled to the reactance circuit in a horizontal
      oscillator 38 in order to lock the locally generated horizontal sync
      pulses with the received sync pulses. The output of the horizontal
      oscillator 38 drives the horizontal output stage 34.
PAR  The composite video signal is coupled to the keyed AGC circuit 26 which is
      gated on by the horizontal retrace pulses generated by the horizontal
      output stage 34. During retrace time, the amplitude of the received sync
      pulse is sampled to develop an automatic gain control or AGC voltage on an
      output line 40. The AGC output line 40 is coupled to an IF AGC network 42,
      which may include an AGC level adjust, for coupling the AGC voltage to the
      IF stages 12 in order to control the gain of the stages 12 in inverse
      relation to the received signal strength. That is, as the received signal
      strength increases, the AGC signal goes more negative and decreases the
      gain of the IF stages 12. The AGC output line 40 is also coupled to an RF
      AGC network 50 which provides delayed AGC on an RF AGC output line 52. The
      RF AGC network 50 does not operate to decrease the gain of the RF stages
      10 until the television signal strength exceeds a predetermined level. The
      above described components are conventional and will not be described
      further except with regard to the novel deflagging circuit of the present
      invention.
PAR  To eliminate out-of-sync operation during VTR and cable TV reception, in
      which irregular sync signals are more likely, the RF AGC output line 52 is
      coupled to a switch 60 which controls the bandwidth of the bandpass filter
      36. During weak or normal broadcast signal reception, the switch 60 causes
      the bandpass filter 36 to have a narrow passband, as is conventional, for
      improved noise immunity. Since VTR and cable TV signals are generally
      strong, the RF AGC section of the television receiver is used as a
      detector of the probable presence of an VTR or cable TV signals. In
      particular, when a delayed RF AGC voltage is produced on line 52
      indicating a strong signal, the switch 60 is effective to widen the
      passband of the filter 36 in order to improve the ability of the APC
      circuit to lock onto irregular sync signals. While noise immunity is also
      reduced, this is less of a problem with strong received signals, and thus
      the television receiver will work satisfactorily even if the received
      signals were normal broadcast signals. This automatic operation is
      adaptable to cable television, and to receivers in which the off-the-air
      signal may be coupled through the antenna input 14.
PAR  Switch 60 also has an input from the output line 62 of the sync separator
      24 so that horizontal sync pulses will disable the switch 60 during
      retrace time. The bandpass filter 36 thus has a narrow bandwidth both
      during normal broadcast signal reception, and at retrace time even during
      strong signal reception. Therefore, the passband is widened only during
      trace time during strong signal reception. The reason for this is that
      correction is needed only during the visible or trace time. During retrace
      time the picture is blanked out anyway and hence no correction is needed
      here. Of course, the beginning of trace time is when the irregular sync
      signals may occur, and thus this is the time during which the frequency of
      the horizontal oscillator must be corrected in order to stay in sync with
      the rest of the traces of the entire field scan. It should be noted that
      since during the retrace period the picture is blanked out it really makes
      no or very little visible difference to connect switch 60 directly to a
      D.C. supply, as long as the received signal is strong and relatively noise
      free. While the illustrated filter 36 has only two bandwidths, it will be
      appreciated that the delayed RF AGC voltage could be utilized to
      continuously control the passband of the filter 36, if the filter 36 had a
      continuously adjustable tuning element.
PAR  Turning to FIG. 2 which illustrates in detail the APC circuit 32, the
      horizontal oscillator 38 and the RF AGC network 50, the phase detector 30
      in the APC circuit includes a PNP silicon transistor 70 used as a dual
      diode in which the base b is coupled through a resistor 72 and a coupling
      capacitor 73 to negative going horizontal sync pulses from the sync
      separator. The negative going horizontal retrace pulses from the
      horizontal output stage are coupled through a diode 75 to a wave shaping
      network 76 which converts the retrace pulses into sawtooth waveforms which
      are coupled through a capacitor 78 to the base b of the dual diode
      transistor 70. The sawtooth waveforms are also coupled directly to the
      collector c, and the emitter e is directly coupled to a source of
      reference potential or ground 80.
PAR  When the received horizontal sync pulses and the locally generated retrace
      pulses are in proper phase relationship, the phase detector output to a
      resistor 82 will be at a predetermined positive DC voltage. If the
      horizontal oscillator 38 is running at a higher frequency than the
      received horizontal sync pulses, the phase detector output will become
      more positive. Conversely, if the horizontal oscillator runs at a lower
      frequency, the output through resistor 82 will become less positive.
PAR  The resistor 82, which may be 47 kilohms, is part of the variable bandpass
      filter 36 which introduces a time delay in the DC control voltage from the
      phase detector 30. The bandpass filter also includes a 1.2 kilohm resistor
      84 and a series connected 3.mu.f capacitor 85 which is coupled through a
      diode 87 to ground 80. The series resistor 84 and capacitor 85 are shunted
      by a 0.047.mu.f capacitor 90 which is coupled through a diode 92 to ground
      80. The bandpass filter output is coupled through a 39 kilohm resistor 192
      to a reactance circuit 94 which forms a part of the horizontal oscillator
      38. The time constant of resistor 82 and capacitor 90 is sufficiently long
      to filter out noise and horizontal sync voltages. The relatively low
      resistance of resistor 84 serves as a damping resistor across capacitor
      90, making the output voltage more resistive and less capacitive to reduce
      time delay in the control voltage. Capacitor 85 blocks the DC control
      voltage from shorting to chassis ground 80. The capacitance of capacitor
      85 is large to provide a reactance low enough to put resistor 184 in
      parallel with capacitor 90 when the DC control voltage changes. The
      operation of the bandpass filter 36 will be described in more detail later
      in conjunction with the operation of the switch 60.
PAR  Reactance circuit 94 includes an NPN transistor 100 having its emitter
      coupled through a resistor 102 to ground 80. A 470 kilohm resistor 104
      connects the base to the collector, and the collector is coupled to ground
      80 through a diode 106. The output of the transistor 100 is connected
      through a capacitor 110 to an oscillator coil 112 of the horizontal
      oscillator 38. When the phase detector output becomes more positive due to
      an increase in oscillator frequency, the reactance transistor 100 conducts
      more heavily, thereby lowering its internal resistance. This reduces the
      reactance of the combination of capacitor 110, transistor 100, and
      resistor 102, and increases the capacitive effect, so that the oscillator
      circuit is tuned to a lower frequency. This will bring the horizontal
      oscillator back into phase with the horizontal sync signal. The opposite
      action takes place as the output of the phase detector is less positive as
      occurs when the oscillator is at a lower frequency than the sync signal.
PAR  Horizontal oscillator 38 employs a PNP transistor 116 in a Hartley
      oscillator circuit. This circuit generates a sine wave signal at the
      horizontal frequency, which is developed across the voltage divider
      consisting of a resistor 118 and a resistor 119. The junction of these
      resistors is coupled to the base of a horizontal driver transistor 120.
      The transistor 120 operates as a Class B amplifier in that it conducts
      only on the positive excursions of the sine wave signal. Since the emitter
      of transistor 120 is coupled directly to ground 80, the device is driven
      into saturation. The output signal developed at the collector of
      transistor 120 is a square wave at the horizontal frequency. This square
      wave is coupled by means of a pulse transformer 122 to the horizontal
      output stage 34. The primary of the pulse transformer 122 is coupled
      through a resistor 124 to +110 volts DC. This signal is dropped through a
      Zener diode 126 to a value, such as 24 volts, in order to power the
      remaining part of the oscillator circuit.
PAR  The keyed AGC circuit develops on AGC output line 40 a negative AGC voltage
      which is proportional in absolute value to the received signal strength.
      The negative AGC voltage is coupled to the delayed RF AGC network 50
      through a 2.2 megohm resistor 140. The network includes a 20 megohm
      resistor 142 which is coupled to +270 volts DC. The opposite side is
      coupled to the RF AGC output line 52 and is also coupled to the anode of a
      diode 144 having its cathode coupled to a voltage divider consisting of a
      27 kilohm resistor 146 and a 6.8 kilohm resistor 148 coupled between +24
      volts DC and ground 80. A capacitor 150 shunts any alternating current
      signal on the AGC line 40 to ground. The network 50 creates an RF "delay"
      function because a high negative AGC voltage must be developed before it
      can overcome the positive voltage on line 52. When the AGC voltage becomes
      sufficiently negative, due to a strong received TV signal, the normally
      forward biased diode 144 becomes back biased and the RF AGC voltage on
      line 52 will now go negative in proportion to the negative going AGC
      signal.
PAR  The RF AGC voltage on line 52 is coupled through a pair of resistors 160
      and 162 to the base of a switching transistor 164 which is a part of the
      switch 60. A capacitor 166 shunts the junction of resistors 160 and 162 to
      ground 80. A resistor 168 shunts the base of transistor 164 to ground 80.
      The collector of transistor 164 is directly coupled to the base of a
      switching transistor 170. The emitters of both transistors 164 and 170 are
      directly coupled to ground 80. The base of transistor 170 is also coupled
      through a resistor 172 to the horizontal sync line 62 which carries
      horizontal sync pulses 174. The line 62 normally is at a +12 volt DC
      level, and goes negatively to zero volts when the sync pulse is present.
      The collector of transistor 170 is coupled to ground 80 through a resistor
      176 and a capacitor 178. The collector is also coupled to a voltage
      divider formed by a resistor 180 having one side coupled to +24 volts, and
      its other side coupled through a resistor 182 to diode 92, and through a
      resistor 184 to diode 87.
PAR  The operation of the switch 60 is as follows. At all times during weak and
      medium strength received composite TV signals, the negative AGC voltage on
      line 40 is not sufficient to overcome the switching voltage of the delayed
      AGC network 50, so that a positive voltage remains present on the RF AGC
      line 52. This forward biases transistor 164 and maintains transistor 170
      in its off state. As a result, the diodes 87 and 92 are forward biased so
      that the capacitors 85 and 90 are effectively grounded, and a narrow
      passband or bandwidth is provided. The presence of the negative going
      horizontal sync pulse 174 has no effect at this time because the
      transistor 170 is already in its nonconductive state.
PAR  When the received composite signal becomes sufficiently strong, the
      negative AGC voltage will overcome the switching point of the network 50
      and the voltage on line 52 will proceed to go in a negative direction. As
      this voltage drops below the voltage necessary to forward bias the
      base-emitter junction of transistor 164, the transistor 164 is driven off,
      causing transistor 170 to be forward biased by the +12 volt DC level on
      line 62. This shorts out the forward bias at the anodes of diodes 87 and
      92, and thus lifts the anti-hunt network off ground through resistors 182
      and 184, altering the time constant in a direction which provides a wide
      bandwidth. The horizontal synchronizing circuit can now lock onto any
      irregular sync pulses such as tend to occur with VTR and cable TV signals
      which in turn have a strong signal strength.
PAR  During strong signal reception when transistor 170 is saturated, the switch
      60 is effective to reduce or narrow the bandwidth during retract time. The
      negative going horizontal sync pulse 174, when present, causes transistor
      170 to become nonconductive. This allows the diodes 87 and 92 to become
      again forward biased, and thus narrow the bandwidth of the bandpass filter
      36. At the end of retrace time, the line 62 returns to its +12 volt level
      which forward biases the transistor 170 and thus returns the circuit to
      the wide bandwidth condition. The use of the horizontal sync signal to
      narrow the bandwidth during the retrace period of strong signal reception
      is optional and merely adds noise immunity during that interval. As
      explained above the sync input on line 62 could be replaced with a 12 volt
      DC voltage source.
PAR  While the present circuit has been illustrated as switching at a
      preselected AGC level, herein as determined by the RF delay network, it
      will be appreciated that the circuit could continuously vary the bandwidth
      under control of the AGC voltage, by using continuously adjustable tuning
      elements in the filter 36. Other changes will be apparent in view of the
      above teachings.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a receiver having a variable gain amplifier stage for amplifying a
      composite signal including an information component and a sync component,
      and an AGC circuit for generating an automatic gain control signal which
      controls the gain of the amplifier stage in response to the received
      signal strength, the improvement comprising:
PA1  synchronizing means for generating a sync pulse which is synchronized with
      the sync component including
PA1  a bandpass filter having a bandwidth variable to alter the ability of the
      synchronizing means to synchronize onto the sync components; and
PA1  means coupling the AGC circuit to the bandpass filter for varying the
      bandwidth under control of the automatic gain control signal.
NUM  2.
PAR  2. The improvement of claim 1 wherein the coupling means is responsive to
      widen the bandwidth of the bandpass filter when the automatic gain control
      signal decreases the gain of the amplifier stage in response to increased
      signal strength.
NUM  3.
PAR  3. The improvement of claim 2 wherein the bandpass filter has a first state
      providing a narrow bandwidth and a second state providing a wide
      bandwidth, and the coupling means comprises switch means responsive when
      the automatic gain control signal exceeds in absolute value a preselected
      switching point for switching the state of the bandpass filter from the
      narrow bandwidth to the wide bandwidth.
NUM  4.
PAR  4. The improvement of claim 3 wherein the AGC circuit includes a delayed
      AGC network for decreasing the gain of the amplifier stage only when the
      automatic gain control signal exceeds a predetermined level, and the
      switch means is coupled to the delayed AGC network whereby the preselected
      switching point of the bandpass filter is not less than the predetermined
      level of the delayed AGC network.
NUM  5.
PAR  5. The improvement of claim 1 wherein the coupling means includes
      modification means coupling the synchronizing means to the bandpass filter
      for altering the bandwidth in synchronism with the occurrence of a sync
      component.
NUM  6.
PAR  6. The improvement of claim 5 wherein the coupling means widens the
      bandwidth of the bandpass filter in response to an automatic gain control
      signal which represents increasing signal strength, and the modification
      means is responsive at the occurrence of the sync components to narrow the
      bandwidth of the bandpass filter when the bandwidth has been widened by
      the coupling means.
NUM  7.
PAR  7. In a television receiver having a variable gain RF amplifier stage and a
      variable gain IF amplifier stage for amplifying a composite television
      signal including an information component and a sync component, a sync
      separator for detecting the sync component, oscillator means for
      generating scanning signals synchronized with the detected sync component,
      and an AGC circuit responsive to the received strength of the composite
      television signal for generating an automatic gain control signal coupled
      to the amplifier stages to control the gain thereof, an automatic phase
      control circuit comprising:
PA1  a phase detector coupled to the sync separator and the oscillator means for
      generating a control voltage corresponding to the phase difference between
      the detected sync component and the scanning signals;
PA1  a controllable bandpass filter for coupling the control voltage from the
      phase detector to the oscillator means and having a narrow bandwidth for
      noise immunity; and
PA1  switch means coupling the AGC circuit to the controllable bandpass filter
      for widening the bandwidth of the bandpass filter in response to automatic
      gain control signals which decrease the gain of the amplifier stages in
      response to increased signal strength.
NUM  8.
PAR  8. The automatic phase control circuit of claim 7 wherein the AGC circuit
      includes an IF AGC network for coupling an IF automatic gain control
      signal to the IF amplifier stage, and an RF AGC network for coupling a
      delayed automatic gain control signal to the RF amplifier stage to
      decrease the gain of the RF amplifier stage only when the received signal
      strength exceeds a preselected level, and the switch means is coupled to
      the RF AGC network to widen the bandwidth of the bandpass filter in
      response to the delayed automatic gain control signal.
NUM  9.
PAR  9. The automatic phase control circuit of claim 8 wherein the RF AGC
      network includes a semiconductor switching device coupled between two
      sources of different DC voltage levels, bias means for maintaining the
      semiconductor switching device in a preselected state until the automatic
      gain control signal equals the preselected level, and the switch means is
      responsive only when the semiconductor switching device switches out of
      its preselected state to switch the bandpass filter from the narrow
      bandwidth to the wide bandwidth.
NUM  10.
PAR  10. The automatic phase control circuit of claim 7 wherein the bandpass
      filter includes an RC means for controlling the passband of the filter,
      and the switch means is responsive to a preselected level of the automatic
      gain control signal for altering the time constant of the RC means to
      widen the passband of the filter.
NUM  11.
PAR  11. The automatic phase control circuit of claim 10 wherein the switch
      means includes a diode for coupling the RC means to a source of reference
      potential, a switching device coupled to the AGC circuit for switching
      between conductive and nonconductive states in response to the level of
      the automatic gain control signal, and means coupling the switching device
      to the diode to effectively enable and disable the diode to connect the RC
      means to the source of reference potential.
NUM  12.
PAR  12. The automatic phase control circuit of claim 11 wherein the means
      coupling the switching device to the diode includes a bias source,
      resistor means connecting the bias source to the diode to forward bias the
      diode and effective to connect the RC means to the source of reference
      potential, and the switching device is effective to shunt the bias source
      to cause the RC means to be coupled to the source of reference potential
      through at least a portion of the resistor means.
NUM  13.
PAR  13. The automatic phase control circuit of claim 7 wherein the switch means
      comprises a first switching device coupled to the AGC circuit for
      switching states to widen the bandwidth of the bandpass filter in response
      to an automatic gain control signal corresponding to a received composite
      signal of increased strength, and a second switching device coupled to the
      sync separator and responsive to the separated sync component for
      switching states to narrow the bandwidth of the bandpass filter.
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ABST
PAL  The present invention relates to a method and a device for generating line
      rasters in an infra-red imaging system (IR-imaging system) comprising an
      IR-camera and an image representation unit; the IR-camera being provided
      with a frame scanning unit comprising a frame trigger unit; and with the
      line scanning unit comprising a line trigger unit, and the line trigger
      frequency being determined by using the rotational speed of the line
      scanning unit as a reference signal for the rotational speed of the frame
      scanning unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The line raster on the image in an IR-imaging system, said image being
      presented by means of the image representation unit and generally on a
      cathode-ray tube, can be built up of, for example, in two sweeps; one in a
      horizontal direction (line sweep) and one in a vertical direction (frame
      sweep). The sweep starts are obtained by trigger signals from an
      optical-mechanical scanning unit. The scanning may be carried out, for
      example, by two rotational movements, one horizontal and one vertical. The
      scanning element consists, for example, of rotating prisms of, for
      example, silicon, but scanning elements may be used which contain tilting
      mirrors and rotating reflecting drums. The present invention is applicable
      to most existing scanning systems, and in the example given in the
      following a system with rotating scanning units is described.
PAR  To obtain the best possible picture of the scanned object, a high scanning
      frequency is aimed at. The maximum scanning frequency is limited by the
      mechanical system, the scanning frequency being chosen highest for the
      horizontal movement. At one revolution of, for example, the line scanning
      unit the object is scanned a certain number of times depending on the
      action of the scanning unit. To obtain a good pictorial quality at the
      photographic recording of the image, high demands are made especially on
      the precision in the frame trigger system. In photographing it is
      desirable moreover to have a large number of lines per frame so that the
      line pattern should not have a disturbing effect on the image. This can be
      achieved by making use of a so-called interlacing process (sliding line
      raster), where an image is built up of a certain number of fields which
      are displaced in relation to one another. The interlacing process raises
      further the requirement for precision in the trigger system.
PAR  In the standard infra-red imaging systems the line trigger signal is
      produced by the line trigger unit and the frame trigger signal by the
      frame trigger unit. These trigger units are controlled by the respective
      scanning unit. As mentioned earlier, the rotational speed of the line
      scanning unit is greater than the rotational speed of the frame scanning
      unit, which implies that a relatively good precision can be obtained in
      the line trigger signal, whilst it is appreciably more difficult to obtain
      a good precision in the frame trigger signal owing to mechanical
      imperfections. Seen against this background it will be clear that the
      demand for precision in the frame trigger system is greater than the
      demand for precision in the line trigger system, whilst at the same time
      it is more difficult to achieve a high precision in the frame trigger
      system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method and a device for producing a
      frame trigger signal of high precision by using a signal obtained from the
      line scanning unit as a reference signal for the rotational speed of the
      frame scanning unit with the frame scanning signal being operative to
      periodically reset the frame trigger signal.
PAR  The characteristics of the invention will be evident from the enclosed
      patent claims.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described in detail with the help of the enclosed
      drawing, in which
PAR  FIG. 1 schematically shows an infra-red imaging system, and
PAR  FIG. 2 shows in block form a part of the system according to FIG. 1, this
      block diagram constituting only one example of an embodiment of a device
      according to the invention.
DETD
PAR  FIG. 1 shows schematically an infra-red imaging system consisting of an
      IR-camera 1 and an image representation unit 2 which for example may
      comprise a cathode-ray tube.
PAR  The IR-camera 1 comprises a lens system 3 and a scanning unit 4.
      Furthermore the IR-camera comprises an IR-detector 5 and various
      amplifiers and control units designated by the block 6. The block 6 is in
      connection with the scanning unit 4 and the image representation unit 2,
      the latter unit obtaining trigger signals from the scanning unit 4.
PAR  FIG. 2 shows a block diagram in respect of the scanning unit in FIG. 1. In
      the example according to FIG. 2 it is assumed that the scanning unit
      comprises two prisms rotating perpendicularly to one another. One prism
      scans the object in horizontal direction and is called a line scanning
      unit and is designated by the numeral 14. The other prism scans the object
      in a vertical direction and is called the frame scanning unit and is
      designated by the numeral 8. Each of these scanning units 8 and 14 is
      driven by its electric motor 10 and 16 respectively. In fixed connection
      with the frame scanning unit 8 is arranged a code disc 9 which is provided
      with a number of holes distributed over two channels. These channels are
      scanned by two light-producing elements 22, for example light emitting
      diodes, being arranged one over each channel, and by two light-sensitive
      elements 23, for example photo-cells, being arranged below each channel to
      receive light from the elements 22 when a hole passes in the code disc.
      These elements 22 and 23 are contained in a frame trigger unit 7.
PAR  In the same manner as described above in connection with the frame scanning
      unit, a code disc 15 is firmly attached to the line scanning unit which
      thus rotates at the same speed as the line scanning unit 14. The code disc
      15 is provided with holes, distributed over two channels, which are
      scanned by a set of light emitting diodes and photo-cells 22 and 23
      respectively arranged in a line trigger unit 13, as was described in
      connection with the frame trigger unit 7.
PAR  Numeral 18 designates a connection point for an outer line reference signal
      which is passed to a control amplifier 17 for the control of the motor 16
      of the line scanning unit. To the control amplifier 17 are passed signals
      also from one of the channels in the line trigger unit 13. The motor 16 is
      controlled to keep a speed corresponding to the speed which is indicated
      by the outer line reference signal. From the second channel in the line
      trigger unit 13 a line trigger signal is generated which is fed to the
      image representation unit, illustrated in the figure by means of the arrow
      20. The said line trigger signal is used also as a reference signal for
      the frame scanning unit 8 and is, therefore, also fed to a phase detector
      12 which is connected via an amplifier 11 to the motor 10 which drives the
      frame scanning unit 8. The signal from one of the channels in the frame
      trigger unit 7 is fed to the phase detector 12. Said means form a control
      system for the control of the motor 10.
PAR  Normally a signal is passed from the second channel in the frame trigger
      unit 7 to the image representation unit so that the lastmentioned unit
      should obtain a frame trigger signal. In the device in accordance with the
      invention, however, use is made of the line trigger unit 13 for the issue
      of the frame trigger signal. This is brought about in that the signal
      which is used for the control of the motor 16 of the line trigger unit 14
      is also passed to an electronic divider 19 in which it is divided to a
      suitable frequency. The arrow 21 in FIG. 2 symbolizes that this divided
      frame trigger signal is transmitted to the image representation unit. In
      this manner the higher precision of the signal from the line trigger unit
      is utilized for forming the frame trigger signal. The low-speed code disc
      9 which controls the signals from the frame trigger unit 7 is thus used
      only as a control system for the control of the frame scanning unit, and
      the second channel is used for zero-setting of the electronic divider 19.
      This synchronizing signal (zero-setting) is issued once per revolution of
      the frame scanning unit, so that no higher demands for precision are
      required for this signal.
PAR  As mentioned previously, the frame trigger unit and the line trigger unit
      each have two channels. These have been marked in FIG. 2 with n.sub.1,
      n.sub.2, and n.sub.3 and n.sub. 4. These designations also indicate the
      number of trigger signals per revolution of the respective code disc and
      hence per revolution of the respective scanning unit. Furthermore, in the
      line trigger unit the rotational speed of the code disc 15 is called
      r.sub.1 and in the frame trigger unit the rotational speed of the code
      disc 9 is called r.sub.2.
PAR  The line trigger frequency f.sub.L which is obtained from the channel
      n.sub.2 of the line trigger unit 13 is determined by an outer reference
      signal, as mentioned earlier. The control amplifier 17 adjusts the speed
      of the scanning unit so that the feed-back speed signal from the channel
      n.sub.1 corresponds to the rererence signal. The signal frequency f.sub.1
      of the channel n.sub.1 in the line scanning unit becomes:
EQU  f.sub.1 = n.sub.1 .sup.. r.sub.1                           (1)
PAR  As described above, the trigger signals from channel n.sub.2 of the line
      trigger unit constitute the reference for the rotational speed of the
      frame scanning unit. The phase detector 12 picks up and adjusts the frame
      scanning speed so that the frequencies of the trigger signals from the
      channels n.sub.2 and n.sub.3 become equal.
PAR  The signal frequency f.sub.2 from the channel n.sub.2 in the frame scanning
      unit can be expressed:
EQU  f.sub.2 = n.sub.2 .sup.. r.sub.1                           (2)
PAR  Correspondingly we obtain for channel n.sub.3 and n.sub.4 :
EQU  f.sub.3 = n.sub.3 .sup.. r.sub.2                           (3)
EQU  f.sub.4 = n.sub.4 .sup.. r.sub.2                           (4)
PAR  If the code disc 9 belonging to the frame scanning unit 8 has pitch errors
      or is mounted out-of-centre, this will give rise to optical jitter
      formation in the IR-image (an object will apparently not keep still).
      Owing to the fact that the optical system has a certain limited resolution
      a certain jitter in the IR-image can be accepted. If the trigger pulses
      from the same code disc are used for the start of the frame sweep, the
      corresponding jitter will also be found in the line raster. In order to
      obtain a uniform line raster in the photographic recording of the
      IR-image, the demand for a grid which is as small as possible is greater
      than the corresponding demand for the optical image. This is due to the
      fact that the photographic equipment has a relatively high resolution.
PAR  In order to reduce the mechanical demands on the frame scanning unit the
      trigger signals for the frame sweep starts are not taken from the frame
      trigger unit but via an electronic divider from the line trigger unit, as
      mentioned before. The divider divides the trigger frequency from channel
      n.sub.1 by the factor n.sub.L and since the line scanning frequency is
      higher than the frame scanning frequency the mechanical demand is then
      less.
PAR  From equations (1) and (2) follows:
EQU  n.sub.1 .sup.. f.sub.2 = n.sub.2 .sup.. f.sub.1            (5)
PAR  It follows from FIG. 2 that the frequency on channel n.sub.2 is the line
      trigger frequency. This gives
EQU  f.sub.2 = f.sub.L                                          (6)
PAR  since the device described is assumed to have interlacing a distinction has
      to be made between the terms frame trigger frequency and field trigger
      frequency. The frame trigger signal which is fed from the electronic
      divider 19 to the image representation unit will have the frequency
      f.sub.F, the field trigger frequency. From this follows directly:
EQU  f.sub.1 = n.sub.L .sup.. f.sub.F                           (7)
PAR  from FIG. 2 it is evident moreover that the control system for the frame
      scanning unit brings about that
EQU  f.sub.2 = f.sub.3                                          (8)
PAR  Equations (6) and (8) give
EQU  f.sub.3 = f.sub.L                                          (9)
PAR  the number of optical scannings per revolution of the scanning unit is
      designated n.sub.O. From this follows:
EQU  f.sub.L = n.sub.0 .sup.. r.sub.1                           (10)
PAR  Equations (2), (6) and (10) give
EQU  n.sub.0 = n.sub.2                                          (11)
PAR  The ratio between the rotational speeds of the two code discs should be
      equal to the ratio between line and frame trigger signals. Hence:
      ##EQU1##
PAR  If the field trigger frequency is designated f.sub.F and the frame trigger
      frequency is designated f.sub.B and the interlacing number is designated
      n.sub.i we obtain
EQU  f.sub.F = n.sub.i .sup.. f.sub.B                           (13)
PAR  furthermore it will be easily understood that
EQU  f.sub.L = n.sub.L .sup.. f.sub.B                           (14)
PAL  where thus f.sub.L is the line trigger frequency, f.sub.B is the frame
      trigger frequency and n.sub.L is the number of lines, that is the number
      of lines per frame.
PAR  In order for the mechanical scanning to be synchronized (in phase) with the
      electronic triggering, the trigger signal from channel n.sub.4 sets the
      computer to zero once per revolution of the frame scanning unit.
PAR  Since only one trigger signal per revolution is made use of on channel
      n.sub.4, there is no demand with regard to centering and pitch of the code
      disc insofar as this channel is concerned.
PAR  In connection with the embodiment according to the drawing, a dimensioning
      example shall be given here.
PAR  In this dimensioning example it is assumed that the interlacing number
      n.sub.i = 4; the line number n.sub.L - 401 and that the number of optical
      scannings per revolution of the scanning unit n.sub.0 = 8. Furthermore, in
      accordance with what was just mentioned, the electronic divider is set to
      zero once per revolution of the frame scanning unit, so that we obtain
      n.sub.4 = 1. The field frequency is chosen to be f.sub.F = 25 Hz, which is
      approximately the lowest frequency possible without obtaining a flicker
      effect in the image. On the basis of these given quantities we are now
      looking for the rotational speeds r.sub.1 and r.sub.2 of the two code
      discs.
PAR  Equations (10), (13) and (14) with the above values entered become:
      ##EQU2##
PAR  Equations (12), (13) and (14) with the above values entered become:
      ##EQU3##
PAR  From equation (16) we obtain the speed ratio:
      ##EQU4##
PAR  It was mentioned earlier that the method and the device in accordance with
      the invention is especially suitable to be used in photographing of the
      image on the IR-representation unit.
PAR  This camera can then be connected in such a manner to the IR-system that on
      pressing the shutter the image on the representation unit is first
      extinguished whereupon the shutter of the camera is opened. As soon as
      this has happened the image is lit for exposure of the film at a pulse
      from the zero-setting signal to the electronic divider included in the
      system. At the subsequent zero-setting signal the image is extinguished
      whereupon the shutter is closed.
PAR  In this way a complete and exact exposure of the image is obtained without
      having to depend on the exactness of the shutter.
PAR  Although this invention has been described with respect to its preferred
      embodiments, it should be understood that many variations and
      modifications will now be obvious to those skilled in the art and it is
      preferred, therefore, that the scope of the invention be limited, not by
      the specific disclosure herein, only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for the generation of a signal to synchronize a frame sweep
      with a mechanical frame scanning device comprising a line scanning device
      responsive to a reference signal to maintain a speed in accordance
      therewith, said line scanning device producing a line synchronizing signal
      in accordance with the speed thereof, a frame scanning device responsive
      to said line synchronizing signal to control the speed thereof, said frame
      scanning device producing a frame speed signal responsive to the speed of
      said frame scanning device, and frequency dividing means responsive to
      said line scanning device, and periodically reset by said frame speed
      signal, for providing a frame synchronizing signal.
NUM  2.
PAR  2. A device in accordance with claim 1, including an image representation
      unit responsive to said frame synchronizing signal and said line
      synchronizing signal.
NUM  3.
PAR  3. A device in accordance with claim 1 wherein said line scanning device
      produces a line speed signal responsive to the speed thereof, said divider
      receiving as an input said line speed signal.
NUM  4.
PAR  4. A device in accordance with claim 1 wherein said line scanning device
      includes a rotational disc, sensing means for sensing rotational speed of
      said disc, said sensing means producing said line synchronizing signal.
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ABST
PAL  A four-way electrostatic speaker system includes four step-up transformers
      which have their primary windings connected in a series-parallel circuit
      across an audio signal source. Electrostatic drivers connect to the
      secondary windings of each step-up transformer and each forms a parallel
      resonant circuit which is tuned to an audio frequency within the operating
      range of the electrostatic driver. The impedance reflected into the
      primary winding of each step-up transformer is such that the attached
      electrostatic driver predominantly receives frequencies within its
      operating range. The necessity of a separate crossover network is thus
      eliminated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention is electrostatic loudspeaker systems and more
      specifically, systems having two or more electrostatic driver elements, or
      speakers, which operate over different frequency ranges in the audio
      spectrum.
PAR  To provide an efficient electrostatic loudspeaker system, drivers of
      differing sizes are combined to cover the entire audio spectrum. Each is
      designed to operate over a limited frequency range and the audio output
      signal applied to the speaker system is coupled to a crossover network
      that includes filters which direct the frequency components of the audio
      signal to the appropriately designed electrostatic driver element. The
      crossover network in a two-way speaker system establishes two frequency
      ranges and may, for example, direct audio frequencies below 500 Hertz to a
      bass driver element and direct audio frequencies above 500 Hertz to a
      tweeter drive element. The coils and capacitors which are required in the
      filters of such crossover networks are bulky, heavy, and add considerable
      expense to the speaker system. Such crossover networks become even more
      complex and expensive when three- and four-way speaker systems are
      contemplated.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an electrostatic speaker system having a
      plurality of driver elements which are designed to operate over different
      audio frequency ranges, and more specifically, to an improved crossover
      network for such a speaker system. As is well known in the art,
      electrostatic drivers include a pair of fixed conductive plates which are
      spaced apart on opposite sides of an insulating diaphragm element.
      Recognizing that such an electrostatic driver is essentially a capacitor
      of relatively fixed value, the present invention contemplates a crossover
      network in which a parallel resonant circuit is formed by the
      electrostatic driver and the secondary winding of a step-up transformer to
      which it is connected. Each parallel resonant circuit thus formed is tuned
      to a frequency that is within the operating range of its associated
      driver. More specifically, in a loudspeaker system according to the
      present invention the plates of a first electrostatic driver designed to
      operate over one frequency range are connected to the secondary winding of
      a first step-up transformer having a primary winding connected to an audio
      signal source, and the plates of a second electrostatic driver designed to
      operate over another frequency range are connected to the secondary
      winding of a second step-up transformer which has a primary winding also
      connected to the audio signal source. The secondary winding of each
      step-up transformer forms a parallel L-C circuit, or tank circuit, with
      the driver to which it connects, and the inductance of each step-up
      transformer secondary winding is selected to tune each tank circuit to a
      frequency within the designed operating range of its associated
      electrostatic driver.
PAR  As a result of the "tuned" secondary circuits on each step-up transformer,
      the impedance reflected into its primary winding increases substantially
      for frequencies within the operating range of its associated driver. The
      primary windings of the step-up transformers are connected together in
      series with an impedance device across the audio signal source. The
      impedance of each primary winding is minimal for frequencies substantially
      above or below the resonant frequency of its associated tuned secondary,
      and substantially all of the audio signal power at frequencies outside the
      operating range of its associated electrostatic drive is dissipated by
      either a series connected impedance device or another series connected
      step-up transformer. On the other hand, the impedance of each primary
      winding is substantially greater than either a series connected impedance
      device or another series connected step-up transformer for audio
      frequencies in a frequency band centered around the resonant frequency of
      its secondary circuit. As a consequence, a large portion of the audio
      signal power at frequencies within this band is coupled to its secondary
      circuit and applied to the electrostatic driver therein.
PAR  It is a general object of the present invention to eliminate the
      conventional crossover network required in prior electrostatic speaker
      systems. Unlike prior systems which require both step-up transformers and
      a crossover network, the present invention uses the step-up transformers
      to provide a second function previously performed by the crossover
      network. The added filters are therefore eliminated, thus providing a
      substantial reduction in the size, weight and cost of the speaker system.
PAR  The foregoing and other objects and advantages of the invention will appear
      from the following description. In the description reference is made to
      the accompanying drawings which form a part hereof, and in which there is
      shown by way of illustration a preferred embodiment of the invention in a
      four-way electrostatic speaker system. Such embodiment does not
      necessarily represent the full scope of the invention, and reference is
      made to the claims herein for interpreting the breadth of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an electrical schematic diagram of a speaker system which
      incorporates the invention, and
PAR  FIG. 2 is a graphic illustration showing the normalized output voltages
      across the secondary windings of the step-up transformers with the drivers
      attached.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a four-way electrostatic speaker system is shown
      connected to a pair of output terminals 10 and 11 on an audio amplifier
      12. The amplifier 12 is a commercially available high fidelity power
      amplifier having a frequency response which encompasses the entire
      spectrum, and since it is designed to connect directly to an
      electrodynamic loudspeaker system, the impedance across the output
      terminals 10 and 11 is relatively low, and the voltage of the audio signal
      which it generates is relatively low.
PAR  The four-way electrostatic speaker system of the present invention includes
      a bass unit 13, a mid-bass unit 14, a treble unit 15 and a tweeter unit
      16. The bass unit 13 is connected in series with both the treble unit 15
      and an impedance device 17 to form a first series branch 18 which connects
      across the amplifier output terminals 10 and 11. Similarly, the mid-bass
      unit 14 is connected in series with both the tweeter unit 16 and a second
      impedance device 19 to form a second series branch 20 across the amplifier
      output terminals 10 and 11. In the preferred embodiment described herein
      the impedance devices 17 and 19 are each resistors which are selected to
      provide a total of 6 ohms in each series branch 18 and 20.
PAR  The bass unit 13 is comprised of an electrostatic driver 21 and a step-up
      transformer 22. The electrostatic driver 21 includes six panels (not shown
      in the drawings) each of which has a pair of fixed plates which are
      electrically connected in parallel and indicated collectively at 23 and
      24, and a movable diaphragm electrically connected in parallel and
      indicated at 25. The diaphragm 25 may include an electret foil which
      eliminates the necessity of a d-c bias voltage or, as in the preferred
      embodiment described herein, it may include the more conventional
      electrostatic speaker unit which requires the application of a high
      voltage d-c bias voltage to its diaphragm. The electrostatic driver 21 is
      designed to operate in the frequency range of 30 to 250 Hertz, and it has
      a capacitance of 2000 picofarads across its fixed plates 23 and 24.
PAR  The fixed plates 23 and 24 are connected to a seconary winding 26 on the
      step-up transformer 22 to form a parallel resonant circuit which is tuned
      to a frequency of approximately 47 Hertz. The step-up transformer 22
      includes a primary winding 27 which is connected in the series branch 18
      and the turns ratio of the secondary to the primary is 322. A center tap
      on the secondary winding 26 is connected to circuit ground, and the
      inductance of the secondary winding 26 is 5190 Henries when 5 volts is
      applied to the primary winding 27. At its resonant frequency, the
      impedance of the tank circuit formed by the secondary winding 26 and the
      electrostatic driver unit 21 is at a peak, and this is reflected into the
      primary winding 27 as an impedance of approximately 39 ohms. At
      frequencies above 47 Hertz the impedance of the primary winding 27
      declines rapidly and becomes capacitive, and at frequencies below
      resonance the impedance of the primary winding 27 declines and becomes
      inductive. At frequencies above 612 Hertz the impedance of the primary
      winding 27 is less than 2 ohms.
PAR  The remaining units 14, 15 and 16 are constructed in a manner similar to
      the bass unit 13, but are tuned to operate in different frequency ranges
      within the audio spectrum. The mid-bass unit 14 includes an electrostatic
      driver 30 comprised of one panel having a capacitance of 230 picofarads
      across its fixed plates, which are connected to a secondary winding 31 on
      a mid-bass step-up transformer 32. The transformer 32 has a primary
      winding 33 which is connected in the series branch 20 and is magnetically
      coupled to the secondary winding 31. A center tap on the secondary winding
      31 is connected to circuit ground, and it has an inductance of 226 Henries
      when 5 volts is applied to the primary winding 33. The turns ratio of the
      secondary winding 31 to the primary 33 is 292. The mid-bass electrostatic
      driver 30 is designed to operate in the frequency range of from 250 to
      1500 Hertz and the tank circuit formed by the driver 30 and the secondary
      winding 31 resonates at approximately 700 Hertz. At resonance, the
      impedance of the primary winding 33 is at a maximum value of approximately
      30 ohms and it decreases to less than 1 ohm at frequencies below 87 Hertz
      and above 2700 Hertz.
PAR  The treble unit 15 includes an electrostatic driver 35 comprised of two
      panels which are designed to operate over the frequency range of from 1500
      to 5000 Hertz and which have a combined capacitance of 200 picofarads. The
      fixed plates on the electrostatic driver 35 connect to a secondary winding
      36 on a treble step-up transformer 37 and a primary winding 38 on the
      transformer 37 is connected in the series branch 18. A center tab on the
      secondary winding 36 is connected to circuit ground and the secondary
      winding 36 has an inductance of 241/2 Henries when 5 volts is applied to
      the primary winding 38. The turns ratio of the secondary winding 36 to the
      primary winding 38 is 169 and the impedance of the primary winding 38
      reaches a maximum of approximately 44 ohms at the 2300 Hertz resonant
      frequency of the treble tank circuit. The impedance of the primary winding
      38 drops to less than 1 ohm at frequencies below 600 Hertz and at
      frequencies above 9600 Hertz.
PAR  The tweeter unit 16 includes an electrostatic driver 40 which is comprised
      of one panel designed to operate in the frequency range of from 5000 to
      20,000 Hertz, and which has a capacitance of 91 picofarads. The fixed
      plates of the tweeter driver 40 connect to a secondary winding 41 on a
      tweeter step-up transformer 42. A primary winding 43 on the transformer 42
      is connected in the second series branch 20 and is magnetically coupled to
      the secondary winding 41. A center tap on the secondary winding 41
      connects to circuit ground and it has an inductance of three and
      thirty-one hundredths Henries when 5 volts is applied to the primary
      winding 43. The turns ratio of the secondary to the primary is 127 and the
      tweeter tank circuit is tuned to resonate at approximately 9,200 Hertz. At
      resonance, the primary winding 43 reaches a maximum impedance of
      approximately 150 ohms and it decreases to less than 1 ohm at frequencies
      below 2700 Hertz.
PAR  The performance of the above described speaker system is illustrated by the
      normalized voltage output curves in FIG. 2, in which a 5-volt audio signal
      is applied to the four-way speaker system of FIG. 1. The voltage output
      level of each transformer secondary 26, 31, 36 and 41 with the respective
      drivers 23, 30, 35 and 40 is measured across the entire audio spectrum. A
      voltage output curve 45 indicates the output of the bass transformer 22 as
      a function of frequency, a voltage output curve 46 indicates the output of
      the mid-bass transformer 32 as a function of frequency, a voltage output
      curve 47 indicates the output of the treble transformer 37 as a function
      of frequency, and a voltage output curve 48 indicates the output of the
      tweeter transformer 42 as a function of frequency. Maximum output is
      obtained from each transformer at the resonant frequency of its respective
      tank circuit, and its output drops off rather rapidly to either side of
      its resonant frequency. The electrical crossover point between the bass
      transformer 22 and the mid-bass transformer 32 occurs at approximately 190
      Hertz as indicated at 49, and at this frequency the electrical outputs of
      both the bass transformer 22 and the mid-bass transformer 32 are
      approximately 7 decibels down from their resonant frequency levels. An
      electrical crossover point 50 occurs at approximately 1,450 Hertz between
      the mid-bass transformer 32 and the treble transformer 37 and at this
      frequency the output of both transformers is down approximately 3 decibels
      from their maximum output. Similarly, an electrical crossover point 51
      between the treble transformer 37 and the tweeter transformer 42 occurs at
      approximately 4700 Hertz and the outputs of these transformers are down
      approximately 3 decibels from their maximum levels. These particular
      electrical crossover points were selected to complement the particular
      electrostatic drivers used, and it should be apparent to those skilled in
      the art that the electrical crossover points 49, 50 and 51 can be readily
      altered to meet the specific requirements of the speaker system.
PAR  It should also be apparent to those skilled in the art that many variations
      can be made in the speaker system of FIG. 1 without departing from the
      spirit of the present invention. For example, in a two-way speaker system,
      two electrostatic drivers are designed to cover the entire audio spectrum
      and are connected in series to form a single branch. In such case, the
      audio spectrum is divided into a lower frequency range in which a bass
      electrostatic driver is designed to operate and an upper frequency range
      in which a treble electrostatic driver is designed to operate. The step-up
      transformer primary windings in each unit are connected in series, and the
      inductance of their secondary windings are selected to tune each unit to a
      frequency within its designed operating range. The impedance
      characteristics of each tank circuit is reflected into its associated
      primary winding, and as a result, nearly all of the low frequency
      components of the audio signal are applied to the bass unit to produce
      sound, and nearly all of the high frequency components are applied to the
      treble unit. At the crossover point the impedance of the two series
      connected primary windings are equal in value and the bass unit and treble
      unit share the applied audio voltage equally at the crossover frequency.
      The invention can be applied with equal facility to speaker systems
      containing any number of speaker units.
PAR  Although it should be apparent that the present invention may be applied by
      connecting together two or more speaker units and associated step-up
      transformers in a series branch across the audio signal source, a
      substantial advantage is obtained by connecting the speaker units in a
      series-parallel configuration such as that shown in FIG. 1. More
      specifically, in the four-way speaker system of the preferred embodiment,
      the bass unit 13 is connected in the series branch 18 with the treble unit
      15 and the mid-bass unit 14 is connected in a separate series branch 20
      with the tweeter unit 16. The purpose of this arrangement is to avoid
      undesiraable resonances which may occur when the tuned resonant
      frequencies of two series connected units are relatively close together.
      It has been discovered that when the bass unit 13 is connected in series
      with the mid-bass unit 14, for example, that the impedance reflected into
      the primary winding 27 of the bass unit 13 is highly capacitive and the
      impedance reflected into the primary winding 33 of the mid-bass unit 14 is
      highly inductive around the crossover frequency of 1950 Hertz. A series
      resonant circuit is thus established and high currents may be drawn
      through the two primary windings resulting in a peak in the overall output
      response of the speaker system. Although such a series resonant circuit is
      also formed by the bass unit 13 and treble unit 15 in the preferred
      series-parallel configuration, because this series resonance is far
      removed from the tuned frequency of each unit the reactance component of
      the impedance is small in comparison to the distributed resistance of the
      transformer primaries 27 and 38 and the impedance device 17. A significant
      peak in the response curve does not, therefore, result. When a plurality
      of speaker units are combined to form a speaker system according to the
      present invention, therefore, the resonant frequencies of series connected
      speaker units should be spaced apart as far as possible for optimal
      performance.
PAR  In addition, although the impedance devices 17 and 19 are discrete
      components in the preferred embodiment described herein, by increasing the
      ohmic resistance of the step-up transformer primary windings these
      components may be eliminated. In any case, however, a minimal amount of
      resistance is desirable in each series branch to both protect the attached
      audio amplifier from excessive currents and to aid in suppressing the peak
      in the output at the series resonant frequency discussed above.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an electrostatic speaker system having a pair of input terminals
      connectable to receive an audio signal from an audio amplifier, the
      combination comprising:
PA1  an electrostatic driver having a pair of terminals connected to a
      respective pair of fixed plates which present a relatively fixed, highly
      capacitive impedance across said terminals;
PA1  a step-up transformer having a primary winding connected in a series branch
      across said speaker input terminals to receive said audio signal, and a
      secondary winding magnetically coupled to said primary winding and
      electrically connected to the input terminals of said electrostatic driver
      to form a parallel resonant circuit therewith, the inductance of said
      secondary winding being selected such that the parallel resonant circuit
      it tuned to a selected audio frequency, and
PA1  an impedance device connected in said series branch to voltage divide the
      audio signal with the primary winding of said step-up transformer.
PA1  wherein the impedance of the primary winding of said step-up transformer
      increases substantially for a range of frequencies about said tuned audio
      frequency with the result that a majority of the audio signal within said
      frequency range is applied to said electrostatic driver and a majority of
      the audio signal outside said frequency range is applied to said impedance
      device.
NUM  2.
PAR  2. The electrostatic speaker system as recited in claim 1 in which said
      impedance device is a resistor having a value which is substantially less
      than the maximum impedance of said primary winding.
NUM  3.
PAR  3. The electrostatic speaker system as recited in claim 1 in which said
      impedance device is the primary winding of a second step-up transformer
      having a secondary winding which connects to a second electrostatic driver
      to form a parallel resonant circuit which is tuned to a frequency outside
      said frequency range.
NUM  4.
PAR  4. An electrostatic speaker system for reproducing an audio signal
      generated at a pair of output terminals on an audio amplifier, the
      combination comprising:
PA1  a first electrostatic driver having a pair of plates connectable to receive
      an audio signal, said first electrostatic driver being designed to operate
      over a first preselected audio frequency range;
PA1  a second electrostatic driver having a pair of plates connectable to
      receive an audio signal, said second electrostatic driver being designed
      to operate over a second preselected audio frequency range;
PA1  a first step-up transformer having a primary winding coupled to one of said
      audio amplifier output terminals to receive said audio signal which has
      frequencies in both of said preselected audio frequency ranges, and a
      secondary winding connected to the plates of said first electrostatic
      driver to form a first parallel resonant circuit which is tuned to a
      frequency in said first preselected audio frequency range; and
PA1  a second step-up transformer having a primary winding connected in series
      with the primary winding of said first step-up transformer and coupled to
      the other of said output terminals on said audio amplifier to receive said
      audio signal having frequencies in both of said preselected audio
      frequency ranges, and a secondary winding connected to the plates of said
      second electrostatic driver to form a second parallel resonant circuit
      which is tuned to a frequency in said second preselected audio frequency
      range.
NUM  5.
PAR  5. The electrostatic speaker system as recited in claim 4 wherein a first
      impedance device is connected in series with the primary winding of said
      first step-up transformer and the primary winding of said second step-up
      transformer.
NUM  6.
PAR  6. A four-way electrostatic speaker system, the combination comprising:
PA1  a bass unit having a bass electrostatic driver connected to the secondary
      winding of a bass step-up transformer to form a parallel resonant circuit
      therewith which is tuned to a first audio frequency;
PA1  a mid-bass unit having a mid-bass electrostatic driver connected to the
      secondary winding of a mid-bass step-up transformer to form a parallel
      resonant circuit therewith which is tuned to a second audio frequency
      higher than said first audio frequency;
PA1  a treble unit having a treble electrostatic driver connected to the
      secondary winding of a treble step-up transformer to form a parallel
      resonant circuit therewith which is tuned to a third audio frequency
      higher than said second audio frequency; and
PA1  a tweeter unit having a tweeter electrostatic driver connected to the
      secondary winding of a tweeter step-up transformer to form a parallel
      resonant circuit therewith which is tuned to a fourth audio frequency
      higher than said third audio frequency;
PA1  wherein a primary winding on said bass step-up transformer is connected in
      series with a primary winding on said treble step-up transformer to form a
      first series branch, and a primary winding on said mid-bass step-up
      transformer is connected in series with a primary winding on said tweeter
      step-up transformer to form a second series branch.
NUM  7.
PAR  7. The four-way electrostatic speaker system as recited in claim 6 in which
      an impedance device is connected in series with each of said series
      branches.
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ABST
PAL  Apparatus in a remotely controlled telephone answering device providing an
      audio or voice message indicating the time elapsed or, alternatively, the
      amount of tape used in recording telephone messages. In one embodiment,
      the apparatus comprises a recording medium such as a magnetic tape having
      the positional information pre-recorded thereon in a first channel and
      having a second channel for recording telephone messages. A playback head
      having first and second magnetic transducers respectively aligned with the
      first and second channels is coupled to a playback amplifier through a
      head switching relay. The relay is remotely controlled to selectively
      couple the transducers, one at a time, to the playback amplifier for
      playing back the positional information and the recorded messages.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to remotely controlled telephone
      answering apparatus and more particularly to apparatus for providing an
      audible indication of the amount of tape that has been used in recording
      messages in terms of elapsed recording time or, alternatively, in terms of
      the length of tape used in recording the messages.
PAR  Reference may be made to the following U.S. Pat. Nos.: 2,966,552;
      3,576,405; 3,629,508; 3,644,682; 3,692,940; 3,730,997; and 3,794,764.
PAR  Remotely controlled telephone answering devices are commonly used to
      receive and record telephone messages whenever a home or place of business
      is left unattended. In the absence of the device's user, other persons,
      upon calling and receiving a pre-recorded message informing them that the
      user is out, are invited to have their messages recorded by the device for
      the user's attention when he returns or calls in from a remote location.
PAR  One advantage of remotely controlled answering devices is that the user may
      often times find it more practical to call in to receive messages recorded
      in his absence rather than returning to his home or office. Since the
      messages recorded in his absence may dictate his subsequent course of
      action, the user can then more efficiently schedule his time.
PAR  Often, however, when calling in from a remote location, the user for
      various reasons may have only a limited time in which to play back the
      recorder messages. If, for example, the recorded messages have consumed
      many minutes of recording time and the user has only a few minutes to
      listen to the messages before he must be at his next appointment, he may
      find it more desirable to wait until later to play back the messages when
      he has more time, or he may prefer to return to his home or office.
PAR  Most existing remotely controlled telephone answering devices, however, do
      not include means for indicating either the amount of tape used or the
      time elapsed in recording messages during the user's absence. Thus, when
      the user seizes control of the apparatus from a remotely located
      telephone, he has no information available on which to base his decision
      whether or not he will have enough time to listen to all of the recorded
      messages. That is, when the device is accessed, the user will not know how
      much tape is to be played back. Knowledge of the tape position or the
      amount of elapsed recording time would enable him to decide whether he
      should play it back immediately or postpone the playback to a more
      convenient time.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of the present invention overcomes the aforesaid shortcoming
      by providing audible means for indicating to the user immediately upon
      accessing the device exactly how much tape must be rewound and then played
      back to receive all of the recorded messages. The apparatus essentially
      comprises a two track recording medium such as a magnetic tape whereon a
      first track or channel comprises pre-recorded tape position information
      correlating the portion of the tape being listened to to the position of
      the tape on the reel to provide an indication of the amount of elapsed
      recording time. The second channel is used to record telephone messages
      for playback to the user when the remotely controlled telephone answering
      device is accessed.
PAR  In particular, the apparatus includes playback means comprising a dual
      input playback head having first and second magnetic sensing means for
      respectively monitoring the first and second channels to convert the
      positional information and the recorded messages into electrical signals
      representative thereof. The electrical signals are coupled to means
      including an amplifier for amplification and conversion into audio signals
      conveying the contents of the positional information and the recorded
      messages. The electrical signals are coupled to the amplifier through
      switch means comprising, for example, a head switching relay, which upon
      seizure of the answering device by the user, is remotely controlled to
      selectively couple the first sensing means to the amplifier for playback
      of the positional information in the first channel to pprovide an audible
      indication of tape position to the user. The switch means is also remotely
      controllable by the user to selectively couple the second sensing means to
      the amplifier for playback of the messages recorded in the second channel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of this invention which are believed to be novel are set forth
      with particularity in the appended claims. The invention together with its
      further objects and advantages thereof, may be best understood, however,
      by reference to the following description taken in conjunction with the
      accompanying drawing, in which like reference numerals identify like
      elements in the several figures and in which:
PAR  FIG. 1 illustrates a portion of a two track magnetic recording tape having
      pre-recorded positional information recorded at certain predetermined
      intervals on the first track and having audio messages recorded on the
      second track;
PAR  FIG. 2 is a combined schematic and block diagram illustrating remotely
      controlled playback circuitry in accordance with the present invention for
      use in a remotely controlled telephone answering device;
PAR  FIG. 3A is a schematic diagram illustrating in further detail a first
      embodiment of the remote control circuit shown in FIG. 2 and used in
      automatically controlling the playback head switching relay; and
PAR  FIG. 3B is a schematic diagram illustrating an alternative embodiment of
      the remote control circuit used in manually controlling the playback head
      switching relay.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, there is shown a two track magnetic recording tape
      11 having positional information pre-recorded on a first or position track
      in accordance with one aspect of the present invention and having a second
      channel or track for recording telephone messages received while the user
      is away. In the present embodiment, the magnetic tape 11 may comprise any
      of a number of commercially available two track magnetic recording tapes
      suitable for audio recording and sound reproduction.
PAR  In particular, the tape position information is pre-recorded in a first or
      position channel 13 so that upon playback the user is audibly informed by
      voice, via the playback circuitry, of the elapsed message recording time,
      e.g., in minutes and seconds. Alternatively, the positional information
      may be given in terms of the length of tape used in recording incoming
      telephone messages, e.g., in inches. It should be understood, however,
      that any other information which would be useful in indicating the elapsed
      time or the amount of tape used in recording messages or the like can also
      be utilized. Although in FIG. 1 the positional information is depicted as
      being provided at equal time intervals, t, along the length of the tape
      11, it should also be understood that the positional information can be
      given at any time or at any suitable interval deemed appropriate for a
      particular application.
PAR  As further illustrated in FIG. 1, an incoming telephone message is recorded
      as a series of magnetic disruptions in the second track or message channel
      15. It is this information which is converted to an audio or voice signal
      by the playback circuitry during the playback mode of operation and played
      back to convey a desired message to the user. Although the pre-recorded
      positional information stored on the position channel 13 of the tape 11 is
      not erased, the message information recorded on message channel 15 is
      commonly erased after playback so that new messages can be recorded
      without replacing the tape.
PAR  With reference now to FIG. 2, there is shown playback apparatus in
      accordance with the present invention for incorporation in a remotely
      controlled telephone answering machine or the like for selectively playing
      back the positional information as well as the recorded message
      information. To simplify the explanation of the present embodiment,
      however, the tape transport mechanism and the record circuits of the
      telephone answering device are not shown. It will be understood, however,
      that the two track magnetic recording tape 11 is transported past a
      playback head 17 by a tape transport mechanism (not shown) in a manner
      well known in the art.
PAR  The tape 11 is transported past playback head 17 in a manner such that the
      pre-recorded position channel 13 is aligned with a first magnetic
      transducer 19 in playback head 17 while the message channel 15 is
      similarly aligned with a second magnetic transducer 21. The respective
      bottom ends of each of transducers 19 and 21 are coupled to a reference
      potential herein shown to be ground. The other end of coil 19, in turn, is
      coupled to a head switching relay 23 at a first contact 23a while the
      other end of coil 21 is coupled to a second contact 23b of relay 23. The
      magnetic transducers, 19 and 21, monitor the respective channels, 13 and
      15, to convert the magnetically recorded information into electrical
      signals representative thereof. The electrical signals are, in turn,
      coupled to one input of a playback amplifier comprising, for example, an
      operational amplifier 25 coupled to head switching relay 23. The other
      input of amplifier 25 is referenced to ground potential. Accordingly, in a
      first operative mode relay 23 couples transducer 19 to the input of a
      playback amplifier 25 while in a second operative mode, relay 23 couples
      transducer 21 to the corresponding input of amplifier 25.
PAR  The resulting audio signal developed by playback amplifier 25 at the output
      terminals thereof is inductively coupled by means of an inductance 27,
      coupled to the outputs of amplifier 25, to a second inductance 29 coupled
      to the telephone line 31. The voice message is then coupled via the
      telephone line 31 to the remote telephone receiver 33 where the user is
      listening for the recorded message.
PAR  Operationally, when the user calls from a remotely located telephone 33 to
      the telephone answering device of the present invention, access to the
      recorded messages is obtained by activating a portable means generating a
      control tone of a specific frequency which is transmitted from the remote
      telephone 33 to a decoder circuit (not shown) in the remote control
      circuit 35 of the telephone answering device via line 37. Several such
      tone generators and decoders are already well known in the field, and this
      can be accomplished in any of the several well known ways. Reception and
      decoding of the control tone by the remote control circuit 35 whenever
      control is seized from a remote location suspends the normal automatic
      reception and message recording function of the answering device.
PAR  In a first embodiment, upon seizure, the head switching relay 23,
      responsive to the remote control circuit 35 is automatically switched to
      contact 23a to connect the magnetic transducer 19 associated with the
      pre-recorded position information channel 13 to the input of playback
      amplifier 25. The remote control circuit 31 is also effective to place the
      tape transport mechanism in the playback mode at that time so that the
      pre-recorded position information is detected by transducer 19 and
      supplied through head switching relay 23 to playback amplifier 25.
PAR  Thus, for example, if the user upon accessing his machine hears the voice
      message "twelve minutes, ten seconds", he knows that in addition to the
      rewind time, he will need to listen for some time in excess of twelve
      minutes to receive all of the recorded message information. Accordingly,
      with this knowledge, the user is better able to decide whether he should
      play it back immediately or postpone the playback until a more convenient
      time when he can allocate in excess of the time required to complete the
      playback operation. As previously noted, the positional information can
      also be given in terms of the length of tape used to that point in
      recording the telephone messages.
PAR  If the user then decides that he has time to listen to the recorded
      messages, he applies a rewind tone of a different frequency to the remote
      control circuit 35 via the telephone line from his remote telephone
      location. Upon receipt of the rewind tone, the remote control circuit 35
      disables head switching relay 23 so that it drops out and connects with
      contact 23b to connect the transducer 21 associated with the message
      channel 15 to the playback amplifier input through relay 23. When the
      rewind tone is removed upon completion of the operation, the telephone
      answering apparatus is switched into the forward mode of operation to play
      out the recorded messages.
PAR  If tape position information is subsequently desired, the first selective
      tone frequency is placed on the line which will again operate head
      switching relay 23, responsive to the remote control circuit 35, to
      reconnect the magnetic transducer 19 associated with the positional track
      information to the input of playback amplifier 25. Alternate operations of
      the selective tones will throw the relay arrangement in and out thus
      providing a choice of listening to the position indicating information or
      the playback of the recorded telephone messages.
PAR  The remote control circuit 35 is shown in greater detail in FIG. 3A. More
      particularly, there it may be seen that the normally open contacts 41a of
      a seize relay 41 and the normally closed contacts 43a of a rewind relay 43
      are coupled in parallel between a source of d.c. operating (B+) potential
      and the head switching relay 23 which, in turn, is referenced to ground
      potential. A second pair of contacts 23c of head switching relay 23, which
      are normally open, are interposed between the B+ source and the rewind
      relay contacts 43a.
PAR  In the switching sequence, the seize relay 41 is enabled responsive to the
      selective seize tone so that the seize relay contacts 41a close
      momentarily to apply the B+ potential to the head switching relay 23
      thereby enabling relay 23. The head switching relay 23, in turn, latches
      in through its own contact, 23c, and the normally closed rewind relay
      contacts 43a. This action enables the head switching relay 23 to connect
      the magnetic transducer 19 of the playback head 17 to the input of
      playback amplifier 25 through the head switching relay contacts 23a. At
      this time the positional information is transmitted to the user.
PAR  When the rewind tone is applied, the rewind relay contacts 43a are opened
      to unlatch the head switching relay 23 and thereby connect the input of
      the playback amplifier 25 to the magnetic transducer 21 associated with
      the message channel 15 through contacts 23b. This results in the playback
      of the recorded telephone messages.
PAR  In an alternative embodiment shown in FIG. 3B, a remote control circuit 35
      comprising manual switching means is shown. There, a ratchet relay 45,
      having a pivoted ratchet 45a contacting a contact element 45b which is
      alternately opened and closed as ratchet 45a rotates, interconnects the
      head switching relay 45 and the source of B+ potential. After seizing
      control of the apparatus, a tone of selected frequency is applied to the
      remote control circuit 35 from the remotely located telephone 33 to
      operate the ratchet relay 45. Since the ratchet 45 is a bi-stable device,
      alternate applications of the tone will either open or close the contacts
      45b by rotating the ratchet 45a. Responsive thereto, the head switching
      relay 23 will be correspondingly switched between contacts 23a and 23b.
PAR  Accordingly, if the user subsequently wishes to know the position of the
      tape, the selective tone can be applied to operate ratchet relay 45. The
      ratchet relay 45 will alternately open and close thereby switching the
      head switching relay 23 to either switch the position channel 13 or the
      message channel 15 to the playback amplifier 25 to respectively play back
      the tape position information or the recorded messages.
PAR  Accordingly, there has been shown apparatus for enabling the user of a
      remotely controlled telephone answering machine to receive an audible
      indication of the present position of a magnetic tape relative to the
      beginning of the tape, either in terms of elapsed recording time or the
      amount of tape which has been used for recording. Thus, the user is
      informed immediately after accessing the answering machine as to exactly
      how much tape must be rewound and played back thereby providing him with
      informational inputs which will enable him to determine whether or not to
      receive the recorded messages at that time.
PAR  While a particular embodiment of the present invention has been shown and
      described, it will be obvious to those skilled in the art that various
      changes and modifications may be made without departing from the invention
      in its broader aspects. Accordingly, the aim in the appended claims is to
      cover all such changes and modifications as should fall within the true
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a remotely controlled telephone answering device for recording
      messages from remotely located telephones, apparatus comprising:
PA1  a recording medium comprising at least a first channel having positional
      information recorded thereon and a second channel for recording telephone
      messages;
PA1  playback means comprising first and second sensing means for respectively
      monitoring said first channel and said second channel and converting said
      positional information and said recorded messages into electrical signals
      representative thereof;
PA1  means including an amplifier for amplifying and converting said electrical
      signals into audio signals for conveying the content of said positional
      information and said recorded messages to said telephones; and
PA1  switching means for selectively coupling said first sensing means and said
      second sensing means to said amplifier during different time intervals.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 including remote control means
      responsive to first and second remotely generated tone frequencies for
      controlling said switching means, said remote control means enabling said
      switching means responsive to said first tone frequency to connect said
      first sensing means to said amplifier and enabling said switching means
      responsive to said second tone frequency to connect said second sensing
      means to said amplifier.
NUM  3.
PAR  3. Apparatus in accordance with claim 1 wherein said switching means
      comprises a relay responsive to said remote control means.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 wherein said playback means
      comprises a playback head having first and second sensing inductances for
      monitoring said first and second channels, respectively, to generate said
      electrical signals.
NUM  5.
PAR  5. Apparatus in accordance with claim 1 wherein said recording medium
      comprises a two track magnetic recording tape.
NUM  6.
PAR  6. In a remotely controlled telephone answering device for recording
      messages from and playing back said messages to remotely located
      telephones, apparatus comprising:
PA1  a recording medium;
PA1  means for recording messages from said remote telephones onto said
      recording medium;
PA1  positional information means including recording indicia on said recording
      medium related to the length of said recorded messages to be played back;
PA1  means for converting said recording indicia to audio information and
      conveying to said remote telephone said length of recorded messages on
      said recording medium; and
PA1  means for selectively conveying said recording indicia prior to playing
      back said recorded messages.
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ABST
PAL  A time and zone metering system wherein a central store is used to
      accumulate the metering pulse total for each line. The central store
      consists of a magnetic disc with which a line scanner is synchronized.
      Each line is equipped with a pulse plus bias line gate that is also wired
      into a gating arrangement with the timing pulses, so that a combination of
      the allotted time by the scanner and the presence of a metering pulse is
      effective to cause a temporary record to be made. Included in the system
      is a timing means to verify the authenticity of the metering pulses. After
      storage of the metering marks in the temporary store other logic is
      effective to place the marks in the stores reserved for a particular line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to telephone or like systems and is more
      particularly concerned with public telephone systems of the type in which
      the number of calls completed by a subscriber or the number of unit values
      represented by such calls is recorded on some type of register device, the
      information from which is then used as the basis for rendering accounts.
PAR  2. Description of the Prior Art
PAR  The arrangement almost universally adopted at the present time is to make
      use of an electromagnetically-operated step-by-step ring counter with four
      or five decimal positions. Such a counter, which is on a per subscriber
      basis, makes one or several steps at the beginning of the conversation
      depending on the distance between the calling and the called parties. For
      long distance calls, the counter will step during the conversation with a
      certain frequency depending on the distance between the two parties. This
      system is known as periodic pulse metering.
PAR  Readings of the various counters are made at predetermined intervals, for
      instance monthly or quarterly, and the accounts to the subscribers are
      made out from the figures thus obtained. The individual reading of the
      meters and the preparation of the accounts is a tedious operation, even if
      some degree of mechanization is used as by photographing them. The picture
      that is taken of the panel mounted counter is then read and the reading is
      perforated on cards by an operator; the final bill for the customer is a
      copy of this card. This major disadvantage of the mechanical counters,
      caused by the difficulty of reproducing their position for billing the
      customer except by the slow and very expensive manual operation, has
      resulted in the expenditure of much effort to improve the system.
PAC  SUMMARY OF THE INVENTION
PAR  To alleviate the above problems, telephone exchange electronic metering
      systems have been proposed in which the call fee meters of existing
      exchanges are replaced by electronic means for the detection, verification
      and temporary storage of metering signals, there being also provided a
      semi-permanent storage means common to all the metering signal leads of
      the exchange, which records the totals of the metering units appertaining
      to the respective metering signal leads, (subscribers) and which is
      regularly updated by reading a particular total from the semi-permanent
      store and adding to it the number of meter pulse signals recorded by the
      temporary store since the last updating operation. Such arrangements
      provide the advantage that the meter fee totals can be read out, along
      with the respective metering signal lead, (subscriber) identities, from
      the semi-permanent storage means to an associated data processing means
      which can be arranged to produce the respective subscriber telephone
      bills, or other metering data, in a substantially wholly automatic number.
      Such a system is disclosed in U.S. Pat. No. 3,433,898. However, where the
      means for the detection, verification and temporary storage comprise
      discrete elements individually associated with the respective metering
      signal leads, the arrangements tend to become cumbersome, expensive and
      difficult to maintain, especially for the larger exchange sizes serving
      10,000 lines, or more.
PAR  Consequently, a preferred electronic metering system of the kind outlined
      above has evolved in which the meter signal verification as well as both
      the temporary and semi-permanent stores are constituted by a single
      dynamic storage means common to all the metering signal leads of the
      exchange. With such arrangements, only a simple line interrogating gate is
      required to be provided individual to each metering signal lead of the
      exchange while the logic associated with the dynamic storage means may
      employ integrated circuit elements resulting in a realization of the
      apparatus which is compact and economical.
PAR  The object of the present invention is to provide an improved electronic
      metering system for telephone or like exchanges of the kind outlined above
      and employing a dynamic storage means common to all the metering signal
      leads of the exchange.
PAR  According to the present invention there is provided a telephone exchange
      electronic metering system, wherein metering data is derived from the
      metering signal leads of the exchange and is recorded by a dynamic storage
      means common to all the metering signal leads, the metering data being
      derived by the successive and cyclic interrogation of the metering signal
      leads and the dynamic storage means being arranged to provide a temporary
      storage part for the storage of metering data resulting from metering
      signal lead interrogations and a semi-permanent storage part in which the
      totals of the metering units appertaining to each metering signal lead are
      recorded, each storage part providing at least one storage cell for each
      metering signal lead and wherein, logic means associated with the
      temporary part of the dynamic store includes two groups of time delay
      elements, the first of which serves in association with a first group of
      temporary storage tracks for the verification of the validity of the
      metering pulses detected by the interrogation of the metering signal leads
      and for the recording of the verified metering pulses in respective ones
      of a second group of temporary storage tracks, while the second group of
      time delay elements function in association with the second group of
      temporary storage tracks to present the verified metering pulse(s)
      appertaining to a particular metering signal lead to updating logic
      associated with the semi-permanent part of the store, at a time specified
      with reference to the time of initial interrogation of the respective
      metering signal lead.
PAR  In a preferred embodiment of the invention, the metering signal leads of an
      exchange are interrogated for the presence or absence of metering pulses
      by means of line gates of the well known pulse-plus-bias form, one such
      line gate being provided individual to each metering signal lead, and each
      line gate having its bias input terminal connected to the associated
      metering signal lead and its pulse input connected to be driven by clock
      pulses derived from a clock pulse track of the common dynamic storage
      means. Also, in the preferred embodiment, the dynamic storage means is of
      the well known drum or disc type, comprising a number of fixed read/write
      heads and a common rotary storage part, the latter being constituted by a
      layer of magnetic material having a substantially rectangular hysteresis
      loop.
PAR  For the verification of meter pulse signals, to distinguish true metering
      pulses from other spurious signals, and also to ensure that spurious
      interruptions of metering signals do not result in the same metering
      signal being recorded twice, a first check is made to ensure that a
      detected meter pulse signal persists for at least a first predetermined
      time period, while, subsequent to the detection of the termination of a
      metering pulse signal a second check is made to ensure that no further
      pulse signal condition occurs for at least a second predetermined time
      period. By making both of these time periods correspond to the time of one
      complete revolution of the dynamic store the verification of the meter
      pulse signals can be effected by the dynamic store in conjunction with
      external logic means.
PAR  In the preferred arrangement the dynamic store performs four separate
      functions. These are, the generation of clock pulses which synchronize the
      system operation, the verification of meter pulses derived by
      interrogation of the metering signal leads under control of the generated
      clock pulses, the temporary storage of meter fee units corresponding to
      the verified meter pulse signals and the semi-permanent storage of the
      numerical total of the meter fee units accumulated in respect of each
      metering signal lead, by additions of the verified meter fee units from
      the temporary part of the store.
PAR  For the verification and temporary storage of meter pulse signals the
      temporary part of the storage means comprises two groups of storage
      tracks, one containing the pulse verification track the other, containing
      the verified meter pulse temporary storage tracks. In the preferred
      arrangement, there are four tracks in the pulse verification group and 2n
      - 1 storage tracks in the verified meter pulse temporary storage group,
      the latter serving the storage of n verified meter pulses.
PAR  In operation of the preferred arrangement, while the temporary storage part
      of the store is accepting and recording metering data in synchronism with
      the interrogation of the metering signal leads, the logic associated with
      the semi-permanent part of the store deals with individual requests for
      updating, and each updating operation occupies the logic associated with
      the semi-permanent part of the store for a time period, approximately 35
      m.s. which is in excess of two complete revolutions of the store. Thus, in
      periods of heavy telephone traffic and where some form of multi-fee
      metering is employed, it may be necessary for a number of verified meter
      pulses to be temporarily stored in the temporary part of the storage means
      in respect of a particular metering signal lead (subscriber) before the
      updating logic associated with the semi-permanent part of the store can
      respond to a request for updating in respect of that subscriber. In the
      preferred embodiment of this invention provision is made for the temporary
      storage of up to ten verified meter pulses, for which a total of 19
      temporary storage tracks are provided.
PAR  In carrying out the functions of line interrogation, pulse verification and
      temporary storage, progressive time delays occur. Thus, relative to the
      reference address time slot appertaining to a particular metering signal
      lead the respective items of metering data appertaining to this metering
      signal lead are recorded in different temporary storage tracks of the
      dynamic store, in cell positions which are progressively displaced from
      the reference address position and from one another, the displacement from
      the reference position building up to a maximum of 55 cell positions ( =
      time slots) in the case where ten verified meter pulse signals are
      recorded in the temporary part of the store. To cater for these time
      shifts, the logic associated with the temporary part of the store
      incorporates two groups of time delay elements, one group being associated
      with the pulse verification tracks and the other with the meter pulse
      temporary storage tracks. In the preferred embodiment each time delay
      element takes the form of a one-bit shift register, the first group
      comprising three shift registers and the second group comprising up to ten
      shift registers. The three shift registers in the first group provide
      output tappings along their lengths, so that an applied input signal will
      appear over the respective output tappings after the elapse of
      progressively increasing time intervals, these output signals being
      effective in conjunction with the meter pulse verification tracks, for
      effecting meter pulse verification, and also being effective for scanning
      the meter pulse temporary storage tracks to determine the first temporary
      storage track in which the respective storage cell is free to accept a
      meter pulse signal. The 10 shift registers of the second group are
      respectively associated with the read/write heads of the verified meter
      pulse temporary storage tracks, and each has a number of shift register
      positions which complements the time displacements, relative to the
      reference address time slot of the signals it is connected to receive, to
      a total of 55 time slots, so that information read-out from these
      temporary storage tracks in progressively displaced time slots appear at
      the outputs from their respective shift registers in time alignment in a
      time slot which has a specified relationship to the reference time slot
      for the metering signal lead address concerned.
PAR  The semi-permanent part of the store comprises a total of 22 storage
      tracks, of which 20 are numerical tracks, which serve to store the
      accumulated meter fee totals, up to a maximum of 99,999 meter fee units,
      in respect of each metering signal lead served, while of the remaining two
      tracks, one serves to record a parity check bit against each meter fee
      total, while the other serves to record a read-out control data bit, the
      system being arranged so that this latter data bit may be recorded either
      automatically during respective updating operations, or under manual
      control from an associated control panel, thereby enabling different
      read-out facilities to be provided, for example, enabling read-out to be
      effected in respect of only those meter fee totals which have changed
      since the previous read-out, or a limited group read-out where it is
      required to read-out the meter fee records in respect of a particular
      subscriber number group, or a bulk read-out, in which every meter fee
      record is read-out, irrespective of any previous read-out operations.
PAR  In the semi-permanent part of the store, the corresponding storage cells in
      each storage track are effectively in line abreast so that in successive
      storage positions the meter fee data appertaining to respective meter
      signal lead addresses are read-out together, in parallel code form.
      However, these storage positions are displaced, with respect to the
      reference address position appertaining to the respective metering signal
      leads, by a constant negative (backwards) displacement of 60 storage
      positions.
PAR  To minimize the possibility of overflow of the temporary storage capacity
      provided, by meter pulse signals appertaining to a particular metering
      signal lead, the coupling between the temporary part of the store and the
      updating apparatus associated with the semi-permanent part of the store
      includes priority means which operates to ensure that where more than one
      request for updating exists at any time, the updating apparatus is
      directed to attend to that request which is made in respect of the highest
      number of temporarily stored meter pulse signals.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be more fully understood from the following description
      of a proposed electronic metering system given with reference to the
      attached diagrams, of which:
PAR  FIG. 1 is a block schematic diagram illustrating in general outline the
      overall arrangement of the proposed metering system,
PAR  FIG. 2 is a more detailed block schematic diagram of the proposed metering
      signal lead interrogation arrangements,
PAR  FIGS. 3 and 4 are schematic diagrams illustrating the delay timing and
      logic switching arrangements associated with the meter pulse verification
      tracks of the dynamic store,
PAR  FIGS. 5 and 6 are schematic diagrams illustrating the delay timing and
      logic switching associated with the verified meter pulse temporary storage
      tracks,
PAR  FIGS. 7 and 8 illustrate the priority control arrangements for initiating
      updating commands to the updating apparatus associated with the
      semi-permanent part of the store,
PAR  FIGS. 9, 10 and 11 illustrate the sequence control of the updating
      apparatus,
PAR  FIG. 11A illustrates a logic element employed in the updating sequence,
PAR  FIG. 12 is a block schematic diagram showing the general arrangement of the
      updating apparatus, and
PAR  FIG. 13 is an explanatory diagram for use in assisting an understanding of
      the delay timing and logic switching arrangements of FIGS. 5, 6, 7 and 8.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring firstly to FIG. 1 the metering system there illustrated in
      general outline may be considered as comprising four main functional
      apparatus groups designated A, B, C and D. Group A comprises the clock
      pulse generation and distribution equipment, Group B the metering signal
      lead interrogation and temporary meterpulse storage equipment, Group C the
      semipermanent meter fee totals storage and updating equipment and Group D
      the control panel and print out machine interface equipment. Since the
      equipment in Group D may take any of a number of known forms, it will not
      be described in detail, but its main functions will be clear from the
      description given with reference to the Groups A, B and C.
PAR  The system employs a single dynamic store, DS, which in the embodiment
      being described takes the form of a high capacity magnetic disc memory of
      a type well known in the computer art and which comprises a flat circular
      disc arranged to be spun about its central axis by a suitable driving
      motor. The disc is coated on both its planar surfaces with a hard magnetic
      oxide layer have a substantially rectangular hysteresis loop. A number of
      combined read/write heads are arranged in floating association with the
      planar surfaces of the disc, so that when the disc is in motion, the
      read/write heads are separated therefrom by a small air-gap, the heads
      being located over each planar surface so as to define respective rings or
      tracks concentrically, thereon, as the disc rotates. The write-in and
      read-out of data to and from the disc store is effected during alternate
      disc revolutions and in the "write" mode discrete areas or cells of each
      track are caused to record a bi-polar magnetic flux pattern in response to
      the application of bi-polar pulses to the respective read/write heads. In
      the "read" mode, the bianary 1 or 0 significance of the magnetic flux
      pattern in any storage cell is ascertained by detection of the direction
      flux change which occurs at the centre of the cell. The disc store
      employed accommodates 11,500 storage cells along each of its storage
      tracks. It is a compact and reliable item of apparatus which may be
      purchased as a component of the system from any of a number of well known
      suppliers of such apparatus.
PAR  In FIG. 1, the disc store is indicated diagrammatically at DS, the storage
      tracks being represented by the separately designated vertical bands. For
      the purpose of illustration, the storage tracks are shown divided into
      groups associated with the respective equipment groups with which they
      function. Thus, the disc store provides a group of clock pulse tracks
      which are associated with the pulse distribution and counting equipment
      group A, a group of storage tracks which serve for meter pulse
      verification and for the temporary storage of verified meter pulses and
      which are associated with the metering lead interrogation equipment B and
      a group of storage tracks which serve to store the meter fee totals
      appertaining to respective metering signal leads and which are associated
      with the updating equipment group C.
PAR  For the equipment in group A, the disc provides six clock pulse tracks.
      These operate in two groups of three, one group duplicating the other for
      security. In FIG. 1, the clock tracks designated CT1A, CT2A and IT1A may
      be regarded as the primary clock tracks and the clock tracks CT1B, CT2B
      and IT1B, the corresponding duplicate clock tracks. In each of the clock
      pulse tracks CT1A, CT2A, CT1B and CT2B, each of the 11,500 storage cells
      has a binary 1 magnetic pattern permanently recorded therein, and these
      are read as the disc rotates so as to provide interleaved pulse trains
      which are applied to the pulse distributor and from which the pulse
      distributor derives a corresponding pulse train, the pulses of which
      coincide with the respective disc storage cells, as they are read. These
      pulses are applied from the pulse distributor to the two address counters
      CE and CL, which identify the respective storage cells as described in
      more detail below. The clock pulse tracks IT1A, IT1B are the Indexing or
      Synchronising tracks and each has a 1 magnetic pattern recorded in only
      three, adjacent ones of its storage cells, the remaining storage cells
      being set to the absence of data magnetic condition (i.e., in which no
      flux change occurs at the centre of each cell). The three adjacent binary
      1 pulses read from these tracks constitute a synchronising pattern which
      the pulse distributor is arranged to recognise and, in response thereto,
      to provide an output synchronising pulse which marks the start of each
      disc revolution. These synchronising pulses are also applied to the
      address counters CE and CL to cause these to be set to their respective
      start positions -- at the start of each disc revolution.
PAR  The two counting elements CE and CL serve, respectively, to count the
      metering signal lead (line) addresses as they are interrogated and the
      disc store addresses at which the corresponding meter fee record is
      stored. The metering signal leads are interrogated, in step with the clock
      pulses derived from the disc store clock tracks under control of the
      counter CE, termed the "Counter Early." This counter is synchronised to
      start its count from its zero (00000) position under control of the
      synchronising pulse marking the start of a disc revolution. However, as
      further explained in more detail below, delays incurred in the processing
      of metering data derived from the metering signal lead interrogation
      result in a time disparity between the time of interrogation of a metering
      signal lead and the metering record storage cells appertaining to that
      metering signal lead becoming accessible beneath the read/write heads of
      the semi-permanent part of the store. In the system being described this
      time delay is rounded up to a constant delay equivalent to the passage of
      60 storage cell positions of the disc store. The counter CL, termed the
      "Counter Late" is provided to generate the line address identity as its
      meter record becomes accessible under the read/write heads of the
      semi-permanent part of the store. Thus, while the counter late is driven
      from the same clock pulses as the counter early, it is arranged to start
      its count from a counting position n - 60 where n is the zero counting
      position of the counter early.
PAR  Both counting chains have a counting capacity of 99,999, but are arranged
      so that when the counter early is stepped to position 11,499 and the
      counter late to position 11,439 (i.e., 60 positions behind the counter
      early) the synchronising pulse is received, which re-sets the counter
      early to position 00000 and the counter late to position 99,940. Thus when
      the disc has rotated a further 60 cell spaces the counter early will be
      generating address No. 000,60, indicating that line No. 000,60 is being
      interrogated, while the counter late will have stepped to position 00000,
      indicating that the metering record store for line address 00000 is now
      under the read/write heads of the semi-permanent part of the store.
PAR  The basic system is arranged to deal with up to 10,500 metering (line)
      addresses, the counter positions 00000 to 09,999 serve to represent the
      10,000 directory numbers of a conventional 10,000 line exchange, while the
      final 500 positions (counting positions 10,000 to 10,499) are available
      for use with up to 500 unnumbered exchange lines, where such exist.
      Counting positions 10,500 to 11,499 on the counter early are not available
      as metering signal lead addresses, so that the disparity occasioned by
      resetting the counter late to a starting count of 999,40 as described
      above is without effect on the system operation.
PAR  For exchanges of less than 10,000 line capacity a strapping field, not
      shown, may be associated with the clock pulse counters, whereby line
      interrogation may commence from any number and finish on any number. For
      example on an exchange with, say, 7,000 subscriber lines the line
      interrogation cycle may start at address 1,000 and finish on address
      7,999. For exchanges of greater than 10,000 line capacity, basic system
      units may be combined to serve exchanges of up to 70,000 line capacity,
      with each basic system unit serving a subgroup of up to 10,000 lines.
PAR  Still referring to FIG. 1, for the equipment in group B, the temporary part
      of the disc store comprises a total of 23 storage tracks with their
      associated read/write heads. Four of these tracks, designated LIC1, LIC2,
      LIC3 and LID in FIG. 1, are used in conjunction with external logic to
      verify that the pulse conditions, detected by interrogation of the
      metering signal leads, satisfy minimum time dimensions, both as to the
      persistence of the detected pulse condition and to the separation between
      pulses, specified as requisite for the recognition of a detected metering
      signal lead pulse condition as a valid meter pulse signal. The remaining
      tracks, designated MET1, MET2, MEC2 ...... up to MET 10, are used for the
      temporary storage of the verified metering pulses, stored as separate
      meter fee units in respective ones of the MET/MEC tracks, as explained in
      more detail below, pending the availability of the group C updating
      equipment to carry out the updating of the respective meter fee total in
      respect of the temporarily stored meter fee unit or units.
PAR  The equipment in group B comprises essentially, a matrix arrangement of
      line interrogation gates, designated LIT, a so-called line control
      element, designated LCO and the buffer amplifiers WRA which interface the
      line control element and the read/write heads associated with the
      temporary storage tracks of the disc. The arrangement of the line
      interrogation gates and of the line control element is described in more
      detail below, with reference to FIGS. 2 - 6 of the drawings. The
      read/write buffer amplifiers may be of any well known form and are
      therefore not described in detail.
PAR  In general, each line interrogation gate in the matrix arrangement LIT, has
      one input connected to receive a priming input from the metering signal
      lead belonging to a particular subscriber line, for example, from the
      metering signal lead "M" of the exchange line circuit indicated for
      explanatory purposes at ELC(x) and a second input which is derived from
      the clock pulse counter early, as indicated at CE. In operation, upon the
      occurrence of a pulse condition, on a metering signal lead, the associated
      line interrogation gate is primed and when this gate is interrogated by
      the respective drive pulse from CE, the gate opens and, in the manner
      described in more detail below, causes a corresponding signal to be
      applied to the line control element over the signal lead LFL. The line
      interrogation gates may readily be adapted to function with different line
      circuit metering arrangements and the system is capable of accurately
      recording metering pulses having a duration and separation of, at least,
      60 milli-seconds, each.
PAR  Since the equipment in group B is operating in step with the clock pulse
      early line scanning pulses and because of the various delays which occur
      in the system logic, the storage cells in the temporary part of the store
      appertaining to a particular metering signal lead cannot occupy
      corresponding positions in the various temporary storage tracks, but are
      regularly displaced from one another in the different tracks. One function
      of the line control element is to provide for the delaying of the signals
      applied to it so that these can be correctly recorded in the temporary
      part of the disc store and so that the signal indicating the presence of
      one or more meter fee units in the temporary part of the store shall be
      passed to the updating equipment in group C in respect of a particular
      metering signal lead in a time slot specified with reference to the time
      of initial interrogation of that metering signal lead.
PAR  Another function of the line control element is the verification of the
      validity of the metering pullses applied to it over lead LFL. This is
      effected by a process whereby if an initial pulse condition appears on
      lead LFL in respect of a particular metering signal lead then, providing
      the disc store is in the appropriate read/write mode, this pulse is stored
      in the respective storage cell of the first meter pulse verification track
      LIC1. (Had the read/write head associated with track LIC1 been in its
      "read" mode, then this LFL pulse would be ineffective and it is then
      necessary to await the next interrogation of the meter signal lead during
      the next disc revolution when the read/write head will have changed to its
      "write" mode). During the next disc revolution the data bit stored in this
      storage cell of track LIC1 is read back to the line control element which
      willl gate this data signal with the LFL signal derived from the second
      (third) interrogation of the respective metering signal lead. If the
      second LFL signal indicates that the metering pulse has persisted then the
      gate will operate to pass a further data signal to the respective storage
      cell of the second verification track LIC2. The line control element logic
      now waits until the end of the metering pulse is detected when similar
      first and second "looks" are carried out to verify that the termination of
      the pulse has persisted, these actions involving the verification track
      LID and a respective one of the tracks MET in the temporary part of the
      disc store with the track LIC3 performing a necessary logic function, as
      described in more detail below. The method ensures that neither transient
      pulses nor transient pulse interruptions on the exchange metering signal
      lead result in incorrect meter fee unit recordings.
PAR  When a meter pulse has been verified as outlined above, it is stored in the
      respective storage cell of the first meter pulse temporary storage track
      MET1. However, had the respective storage cell of track MET1 already been
      storing a previously verified meter pulse then the line control element is
      arranged to, in effect, scan the remaining MET tracks in turn, for the
      first one in which the storage cell appertaining to the respective
      metering signal lead is free and to store the verified meter pulse signal
      in this track. In general the number of MET tracks provided will depend
      upon the traffic in the exchange concerned and upon the extent of
      multi-fee metering involved. In the example being considered provision is
      made for the temporary storage of up to ten verified meter pulses. Each
      MET track except the last has an associated buffer track MEC. These are
      required because of the alternate read/write sequence of operation of the
      disc heads which is carried out during successive revolutions of the disc.
      As each meter pulse is recorded in a MET track, a signal is passed from
      the line control element over one of a group of priority leads, indicated
      at PL, to register the priority of the respective metering signal lead
      address for updating by the group C equipment, so that an address
      requesting updating in respect of say 8 or 9 temporarily stored meter fee
      units, and in respect of which the temporary storage capacity is in
      imminent danger of becoming congested, will always have priority over
      another address whose request for updating is made in respect of only one
      or two temporarily stored meter fee units. The updating request signal is
      applied to the group C equipment over one of a group of connecting leads
      MU, this latter signal being timed with respect to the time of initial
      interrogation of the respective metering signal lead, as outlined above.
PAR  For the group C equipment, the semi-permanent part of the disc store
      provides a group of numerical record tracks which store the accumulated
      meter fee totals in respect of each metering signal lead (store) address,
      as well as two additional tracks, designated MCB and CRC respectively and
      whose functions are outlined below. Unlike the temporary part of the
      store, in the semi-permanent part of the store the storage cells
      appertaining to a particular store (line) address occupy corresponding
      positions in each track, so that all the storage cells appertaining to a
      particular address appear beneath the respective read-write heads at the
      same time, the "read" and "write" operations in respect of these tracks
      being effected by a parallel mode of operation.
PAR  In the system being described, the semi-permanent part of the store
      accommodates 20 numerical record tracks arranged in five sub-groups each
      containing four tracks, the data bits stored in each track having a binary
      code significance such that the pattern of data bits stored in each
      sub-group determines a decimal digit value in each of five decimal orders.
      The store thus provides capacity for recording up to 99,999 meter fee
      units in respect of each store address. The storage track MCB is provided
      to record the presence or absence of a so-called "parity" bit in
      association with each meter fee total and is used for checking purposes
      whenever a meter fee total is staticised in static storage means
      associated with the updating apparatus. The storage track CRC is provided
      to record a control data bit which is used in conjunction with the control
      panel read-out arrangements to enable different read-out facilities to be
      provided. For example, by inserting a data bit in a respective CRC storage
      cell when the associated meter fee total is changed, a facility is
      provided which enables a read-out to be effected in respect of only those
      addresses whose meter fee totals have been changed since the last
      read-out, the CRC data bit being cancelled when read-out takes place.
      Alternatively, CRC data bits may be inserted over selected portions of the
      CRC track to enable read-out to be effected in respect of a specified
      1,000 line group. Similarly a bulk read-out of every store address may be
      provided irrespective of whether or not the totals stored have changed
      since the last read-out.
PAR  In general, the group C equipment comprises the priority register PRO, the
      priority start control element PCO, the sequencer SEQ, the record updating
      apparatus RUP, a buffer storage element BST and the read/write amplifiers
      WRB.
PAR  The priority register PRO serves to record, during each sequence of the
      read/write revolutions of the disc store, the highest temporary metering
      track MET(x) which contains a metering data bit in one or more of its
      storage cells and to present this information to the priority start
      control PCO, the information regarding the highest such metering track
      encountered by the priority register during one sequence of read/write
      revolutions being presented to the priority start control during the next
      read/write sequence, and so on.
PAR  The priority start control element operates upon receipt of a signal from
      the sequencer element SEQ indicating that the updating apparatus is at
      normal and ready to carry out a further updating operation and functions
      to examine the requests for updating, as indicated to it over the leads MU
      as the disc rotates, until it encounters the, or the first, request which
      is made in respect of a number of temporarily stored meter fee units
      corresponding to the highest number indicated from the priority register,
      whereupon it passes a start signal to the sequencer SEQ, which then
      proceeds to carry out the operational routines, resulting in the existing
      meter fee total for the particular storage address being staticised in the
      buffer store BST, the transfer of this data to the updating apparatus RUP,
      the successive addition of the number of meter fee units indicated from
      the priority start control, the insertion of the new meter fee total into
      the buffer store and the insertion of this new total into the appropriate
      storage cells of the numerical record tracks, together with the
      appropriate CRC and MCB data bits. As previously described, the sequencer
      performs three separate routines one in each of three successive disc
      revolutions. The first routine is a meter updating and checking routine,
      the second, a temporary store re-setting and updated meter fee recording
      routine and the third, a checking routine to verify that the temporary
      storage cells appertaining to the address in question have been cleared of
      the metering data bits in respect of which the updating operation has been
      carried out and the correct meter fee has been recorded. These sequencer
      routines, as well as the functioning of the priority register, priority
      start control and the updating apparatus will be described in more detail
      with reference to FIGS. 7 - 12 of the attached diagrams.
PAR  Turning now to FIG. 2 of the attached diagrams, this shows in more detail
      the line interrogation arrangements indicated generally at LIT, FIG. 1. In
      the arrangement shown, the line interrogation gates are of the well known
      pulse-plusbias form and are arranged with their drive pulse inputs and
      gate outputs connected co-ordinately to form a 10 .times. 100 matrix. For
      a 10,000 line exchange, there are ten matrices each accommodating 1,000
      pulse-plus-bias gates, of which only the two matrices designated PPG/THO
      and PPG/TH9 are shown in the diagram. Additionally, there may be a further
      half matrix accommodating an additional 500 pulse-plus-bias gates,
      designated PPG/UN, for use with unnumbered (ex-directory) lines as
      required. Each pulse-plus-bias gate has its bias input lead connected to
      the metering signal lead of a respective exchange line circuit as
      described above with reference to FIG. 1. The matrix designated PPG/THO
      serves the first thousand line circuits numbered 0000 - 0999, while the
      matrix designated PPG/TH9 serves the last thousand line circuits numbered
      9,000 - 9,999, the intervening line circuit groups being served by line
      gate matrices PPG/TH1 to PPG/TH8, not shown. Each line gate matrix may be
      visualised an comprising pulse-plus-bias gates in row and column
      formation, there being 10 gates in each row and 100 gates in each column.
      The gates in each row have their drive pulse inputs connected in common to
      a respective one of 100 pulse drive highways, while the gates in each
      column have their outputs connected in common to a respective one of 10
      output highways. The pulse drive inputs to the line gate matrices PPG/THO
      - PPG/TH4 are connected in parallel to the outputs from a first pulse
      combining matrix PCM1, which the pulse drive inputs to the line gate
      matrices PPG/TH5 - PPG/TH9 are connected in parallel to the outputs from a
      second pulse combining matrix PCM2. These pulse combining matrices each
      provide 100 pulse drive outputs of which two, designated R00 and R99, from
      matrix PCM1, and two, designated Q00 and Q99, from matrix PCM2, are shown
      in full. In addition, the fifty pulse drive highways, Q00 to Q49, from
      PCM2 are also connected to pulse drive inputs to the half line gate matrix
      PPG/UN.
PAR  The clock pulse counter early provides ten output leads for each of the
      units, tens, hundreds and thousands, orders of counting, as indicated by
      the outputs EUO .... EU9 for the units, ETO .... ET9 for the tens, EHO
      .... EH9 for the hundreds and ETHO .... ETH9 for the thousands. The
      outputs ETA and ETA serve, for a purpose to be described below,
      respectively to mark the odd and even counts of ten. Output ETTA serves
      the number group 0000 - 4999, while the output ETTA serves to mark the
      number group 5000 - 10,499, the latter number group including the
      directory number group 5000 - 9999, plus the unnumbered line addresses
      10,000 - 10,499, as described later below. Output CPO is a strobing output
      signal which occurs during each decade count and extends over the units
      time periods EU1 and EU2.
PAR  The pulse combining matrices PCM1 and PCM2 each comprise a matrix of pulse
      combining gates which combine the "tens" and "hundreds" output signals
      from the pulse counter early to provide 100 separate outputs each having a
      particular tens/hundreds significance, that is, the signals on the first
      output, ROO from PCM1, or QOO from PCM2, correspond to the counter early
      counting positions 000 - 009 in each thousand, the signals on the second
      output, not shown, correspond to the counting positions 010-019 and so on,
      the signals on the hundredth output, R99 or Q99 corresponding to the
      counting positions 990 - 999 in each thousand. Each of these outputs is
      strobed by the strobing pulse CPO, described above, and the matrices are
      gated by the respective line group marking signal ETTA or ETTA, so that
      the matrices operate alternately, the matrix PCM1 operating in respect of
      the line gate group 0000 - 4999 and the matrix PCM2 operating in respect
      of the line gate group 5000 - 9999. (The matrix PCM2 also operates in
      respect of the half matrix PPG/UN for the unnumbered line addresses 10,000
      - 10,499 but we will ignore this for the moment to simplify the
      explanation).
PAR  As previously described, for the line gate addresses 0000 - 4999 each of
      the 100 pulse drive highways from the combining matrix PCM1 is connected
      to apply drive pulses to a respective row of 10 pulse-plus-bias gates in
      each of the line gate matrices PPG/THO - PPG/TH4. Thus, for example a
      drive pulse on the pulse drive highway ROO will be applied simultaneously
      to the drive inputs to the pulse-plus-bias gates 0000 - 0009, 1000 - 1009,
      2000 - 2009, 3000 - 3009 and 4000 - 4009, these gates forming
      corresponding rows in each of the line gate matrices PPG/THO - PPG/TH4.
      For the line gate addresses 5000 - 9999, the line gates are similarly
      driven from the pulse combining matrix PCM2. As previously described, each
      line gate matrix provides 10 output highways, so that as each row of line
      gates is interrogated, the metering signals produced by the line gates
      appear simultaneously on respective ones of the ten output highways
      indicated at POO - PO9 for the line gate matrix PPG/THO and at P90 - P99
      for the line gate matrix PPG/TH9. For each line gate matrix there is an
      associated group of 10 amplifier "AND" gates each of which has one input
      connected to a respective one of the associated line gate matrix outputs,
      as shown in FIG. 2 by the AND gate block designated AGO for the line gate
      matrix PPG/THO and by the AND gate block, designated AG9 for the line gate
      matrix PPG/TH9. Each AND gate block also has a priming input which is
      connected to a respective one of the thousands outputs from the pulse
      counter early. Thus, in the example quoted above, if the drive pulse
      applied from the drive pulse highway ROO had been in respect of the first
      1000 line group, then a priming pulse will be present on the thousands
      output ETHO from the counter early, causing the gates in the group AGO to
      be primed to pass the metering output signals derived from the line gates
      0000 - 0009 in the line gate matrix PPG/THO the corresponding output
      signals from the line gate matrices PPG/TH1 - PPG/TH4 being without effect
      since the AND gate groups associated with these matrices are not primed at
      this time.
PAR  With regard to the half matrix PPG/UN, as shown in FIG. 2, these gates have
      their pulse drive inputs connected to the fifty pulse drive highways QOO -
      Q49 from the pulse matrix PCM2, while the 10 outputs from this half matrix
      are connected to the inputs to the AND gate group AGO in parallel with the
      ten outputs from the line gate matrix PPG/THO. By arranging for the gating
      signal ETTA applied to the gating matrix PCM2 to persist beyond the
      counter early position 9999 to the counting position 10,499, and for the
      thousands marking ETHO to commence immediately upon the termination of the
      thousands marking signal ETH9 then the line gates forming the half matrix
      PPG/UN will be interrogated, in the manner described above while the
      counter early is counting over positions 10,000 - 10,499 and since the
      line gates PPG/THO are not being driven at this time, the AND gates AGO
      can serve to pass the PPG/UN output signals, without ambiguity.
PAR  Each group of AND gates AGO - AG9 provides ten output highways, as
      indicated at AOO - AO9 for the group AGO and at A90 - A99 for the group
      AG9. Corresponding highways from each AND gate group are OR gated, in the
      OR gate group indicated by the block BA on to respective ones of a single
      set of 10 output highways, designated BOO to BO9, which are connected in
      parallel to respective inputs to two, 10 bit, buffer stores designated ESM
      and OSM, respectively. These stores are arranged to operate sequentially,
      so that during each count of 10 by the counter early, one store records,
      in parallel form and at time EU2, the metering signal information in
      respect of the 10 line addresses then being counted, while the other store
      is reading out serially the metering signal information appertaining to
      the previous count of 10. To this end, for the recording of information
      from the highways BOO - BO9, the store ESM is primed from the output from
      a priming gate ESG which operates in response to the even tens marking
      signal ETA and the counter early Units output EU2, while the store OSM is
      primed from the output from priming gate OSG, which operates in response
      to the odd tens marking signal ETA and the units output EU2. For the
      read-out of information from the stores each store presents 10 output
      highways which are respectively connected to one input to each of a group
      of 10 AND gates of which only the gates ERGO and ERG9 for the store ESM,
      and ORGO and ORG9 for the store OSM, are shown. Each of these gates has
      two further inputs of which one is constituted by the respective unit
      marking output EUO - EU9 from the pulse counter early, while the remaining
      (third) input is provided, in respect of the gates ERGO - ERG9, by the odd
      decade marking signal ETA, and in respect of the gates ORGO - ORG9, by the
      even decade marking signal ETA. Thus, again referring to the example
      described above, the metering signals derived from the line gates 0000 -
      0009 are applied via the AND gate group AGO and the OR gate group BA to
      respective inputs to the buffer stores ESM and OSM. During this decade
      count, the even tens marking signal ETA from the counter early will be
      present and at units time EU2, the store ESM is primed to accept the
      metering signal information into respective ones of its storage positions
      0 - 9. At the commencement of the next, odd, decade count by the counter
      early the even marking signal ETA is replaced by the odd marking signal
      ETA, so that during this odd, decade count the store OSM will be primed
      from the output of gate OSG to accept the metering information derived
      from the interrogation of the line gates 0010 - 0019, as previously
      described, while the information in the store ESM will be read-out
      sequentially under control of the AND gates ERGO - ERG9. The metering
      signal outputs from the gates ERGO - ERG9 and from ORGO - ORG9, are
      applied to a single meter pulse highway LFL, via "OR" gates OPE, OPO and
      OPG. Due to the sequential action of the buffer stores ESM and OSM as
      described above, each metering signal which appears on the highway LFL is
      delayed, relative to its disc store address, by ten time slot periods.
      Thus, in the example quoted above, the metering signals resulting from the
      interrogation of line gates 0000 - 0009 would appear on the meter pulse
      highway LFL in respective ones of the metering time slots 0010 - 0019,
      while the metering signals resulting from the interrogation of line gates
      0010 - 0019 would appear on the output highway LFL in respective ones of
      the metering time slots 0020 - 0029, and so on. To indicate this time
      shift the designation LFL is given the suffix (-10).
PAR  Turning now to FIGS. 3 - 6 and FIG. 13 of the attached drawings, these
      illustrate, schematically, the logic arrangements associated with the
      temporary part of the disc store for the verification and temporary
      storage of the meter pulse signals derived from the line gate (metering
      signal lead) interrogation described above with reference to FIG. 2.
PAR  FIGS. 4 and 5 of the drawings show, respectively, logic arrangements
      associated with the disc store meter pulse verification tracks PVT (FIG.
      4) and with the verified meter pulse temporary storage tracks PTS (FIG.
      5). FIG. 3 shows a first group of signal delaying shift registers which
      operate in conjunction with the logic shown in FIG. 4, while FIG. 6 shows
      a second group of signal delaying shift-registers which operate in
      conjunction with the logic shown in FIG. 5.
PAR  Referring generally to FIGS. 4 and 5, FIG. 4 shows, schematically, at PVT a
      section of the disc store containing the meter pulse verification tracks
      LIC1, LIC2, LIC3 and LID, while FIG. 5 shows similarly a section of the
      disc store containing the meter pulse temporary storage tracks MET1 -
      MET10, of which only the tracks MET1, MET2, MET3 and MET10 are shown, and
      intervening buffer tracks MEC1 - MEC9, of which only the tracks MEC1, MEC2
      and MEC3 are shown. Associated with each storage track there is shown a
      read/write apparatus block, those in FIG. 4 being designated HIC1, HIC2,
      HIC3 and HID, while those in FIG. 5 are designated HET1, HET2, HET3 and
      HET10, HEC1, HEC2 and HEC3. Each of these apparatus blocks is to be
      regarded as including the read/write heads belonging to the associated
      disc store track, the interface amplifiers and the read/write switching
      logic appertaining to the read/write head. The read/write apparatus blocks
      are arranged to operate in their "read" and "write" modes alternately,
      during alternate disc revolutions under control of a read/write switch WRS
      (FIG. 4) which provides two output signal highways P and Q. The read/write
      switch WRS operates to a synchronising pulse from the pulse distributor
      (FIG. 1) to switch its output signal from one to the other of the P and Q
      highways at the start of each disc revolution. Connections are made from
      the P and Q highways to prime respective "read" and "write" elements of
      the read/write apparatus blocks, the arrangement being such that parallel
      read and write operations are effected in respect of different read/write
      apparatus blocks. Thus, the signal on highway P during one disc revolution
      is applied over leads l5, l9 and l11, (FIG. 4) to prime the write elements
      of the read/write apparatus blocks HIC1, HIC3 and HID and over lead 18 to
      prime the "read" element of the read/write block HIC2. Similarly, in FIG.
      5, the signal on the P highway is applied over leads l15, l19 and l23 to
      prime the "write" elements of the HEC apparatus blocks and over leads l14,
      l18, l22 and l26 to prime the "read" elements of the MET apparatus blocks.
      When the signal on highway P is replaced by a signal on highway Q at the
      start of the next disc revolution, the read/write apparatus blocks are
      caused to change their mode of operation by the priming signals applied
      over the respective connecting leads from the Q signal highway. The lines
      indicated at ID1 - ID11, FIGS. 4 and 5, are intended to indicate the
      inductive coupling between the storage tracks and their respective
      read/write heads.
PAR  Referring generally to FIGS. 3, 6 and 13 of the drawings, the shift
      registers, designated SR1, SR2, SR3, shown in FIG. 3, function in
      conjunction with FIG. 4 for the verification of meter pulse signals which
      are applied from the meter pulse highway LFL (-10) FIG. 2, to the input of
      shift register SR1, FIG. 3. The same shift registers also serve to effect
      a scanning action in respect of the temporary meter pulse storage tracks,
      FIG. 5 to cause a verified meter signal to be recorded in the respective
      storage cell of the first storage track, MET(x) which is not already
      storing a meter pulse in respect of the particular metering signal lead
      address concerned. Each shift register position is designated with a
      number (-11), (-12) and so on. These numbers refer to time slot periods,
      hereinafter termed relative time slot (R.T.S.) periods by which is meant
      the time slot displacement of a signal in that shift register position, or
      output signal lead relative to the counter early address of the exchange
      metering signal lead to which the signal pertains. Output tappings are
      provided from particular shift register positions, so that as applied
      input signals progress through the shift registers, output signals are
      applied to these output tappings, successively, in specified R.T.S.
      periods. FIG. 6 shows a further group of ten shift registers, designated
      SR4 - SR13 inclusive. These shift registers function similarly to those of
      FIG. 3 but are associated with the temporary meter pulse storage circuit
      of FIG. 5. The shift registers SR4 - SR13 are of progressively shorter
      length so that each provides an overall R.T.S. displacement which
      complements that of the meter pulse signals applied to the respective
      shift register inputs, to a total of 55 time slot periods. It will be
      noted that the shift register SR13 is a single step shift register and may
      take the form of a single time slot delay element. The shift registers
      provide a first group of output leads (LUD1 - 10) from their first step
      positions and a second group of output leads (MU1 - MU10) from their last
      step outputs. The former provide for checking and control functions,
      described later below, while the latter serve to pass the requests for
      updating to the apparatus associated with the semi-permanent part of the
      disc store, as outlined earlier above with reference to FIG. 1. Although
      not shown, it is to be understood that the shift registers in FIGS. 3 and
      6 are arranged to be stepped in synchronism with clock pulses derived from
      the disc store clock pulse tracks. FIG. 13 is an explanatory diagram which
      shows at MP the envelope wave form of a meter pulse signal which may be
      applied to an exchange metering signal lead in respect of a telephone call
      established by the subscriber to whom the particular metering signal lead
      pertains. The vertical dotted lines indicate the starting points of
      successive disc revolutions, the latter being designated P1, Q1 .......
      P5, Q5, to indicate the signal highway P or Q over which the read/write
      switch WRS (FIG. 4) is applying the read/write output signal during the
      respective disc revolutions. For the sake of example the meter pulse MP
      has been shown as commencing approximately mid-way through the Q1 disc
      revolution, but it will be appreciated that a meter pulse may occur at any
      point in the P, Q sequence of disc operations. The arrow heads, designated
      LFL indicate an assumed point in each disc revolution at which the
      particular metering signal lead is interrogated, a downwardly pointing
      arrowhead indicating that the interrogation has resulted in a binary 0
      signal being applied to the highway LFL(-10), FIGS. 2 and 3, and an
      upwardly pointing arrowhead indicating that a binary 1 signal has been
      applied to the highway LFL(-10). The lines which extend horizontally
      beneath the meter pulse indicated at MP in alternate disc revolutions
      indicate the "write" mode, while the intervening dotted lines indicate the
      "read" mode of the read/write apparatus group associated with the
      respective pulse verification tracks LIC1, LIC2, LIC3, and LID, and with a
      temporary meter pulse storage track MET. As before, a downwardly pointing
      arrowhead indicates the writing, or continued storage, of a binary 0
      signal while an upwardly pointing arrowhead similarly refers to a binary 1
      signal.
PAR  Referring again to FIG. 4, the logic of the meter pulse verification
      sequence may be expressed, generally, as follows:
PAR  During a "first look" revolution of the disc store, that is while the disc
      is executing a P revolution, the meter pulse signals MPS are written into
      the track LIC1 in logic terms.
PAR  Write 1 in LIC1 when MPS is 1.
PAR  Write 0 in LIC1 when MPS is 0.
PAR  Thus track LIC1 is updated every other disc revolution to record the
      current state of the meter pulse signals derived from highway LFL(-10).
PAR  During the next Q disc revolution that is, approximately 17.5 milli-seconds
      later, the information stored on LIC1 is readout and AND gated with the
      current, corresponding meter pulse signals, the AND gate output signals
      being written into track LIC2, in logic terms.
PAR  Write 1 on LIC2 if LIC1 is 1 and MPS is 1.
PAR  Write 0 on LIC2 if LIC1 is 0 and MPS is 0.
PAR  The binary 1 recording on track LIC2 constitute "second look" recordings
      and indicate that the respective meter pulse signals have been verified.
      If in this Q disc revolution a meter pulse signal, which had been binary 1
      in the previous P revolution, now appears as binary 0, then no recording
      is made on track LIC2 in respect of this meter pulse.
PAR  Track LIC3 is a buffer track to which the information recorded in track
      LIC2 is transferred during the next P revolution of the disc. Thus,
PAR  Write 1 on LIC3 if LIC2 is 1.
PAR  Write 0 on LIC3 if LIC2 is 0.
PAR  The final line condition track LID records the opposite information to
      track LIC1. Thus,
PAR  Write 1 in LID if MPS is 0.
PAR  Write 0 in LID if MPS is 1.
PAR  Thus, if in respect of a particular meter pulse we have a 1 recorded in
      track LIC3 to indicate that the pulse has been accepted and a 1 is
      recorded in track LID, then that meter pulse has once been detected to
      have ended.
PAR  If, on the following Q revolution, MPS is still 0 then the pulse
      termination is verified and the meter pulse signal may be recorded in the
      first temporary storage track MET (FIG. 5). Thus,
PAR  Write 1 in MET1, if LIC3 is 1 and LID is 1 and MPS is 0.
PAR  The above operations will now be described in more detail with reference to
      FIGS. 3, 4 and 13. During disc revolution P1 (FIG. 13), when the
      particular metering signal lead to which the pulse MP is applied, is
      interrogated, a binary 0 meter pulse signal will appear at the input to
      shift register SR1 (FIG. 3) over highway LFL(-10). This signal traverses
      the shift register to provide successive output signals, but of these only
      the output from the first position (-11) is effective, the binary 0 output
      signal, inverted to binary 1 by the inverter IV1, being applied at
      R.T.S.(-11) over lead LFL(-11) to the 0 input to the write element of HIC1
      (FIG. 4) and over leads LFL(-11) and l2 to the 1 input to the write
      element HID. These write elements are both primed during this revolution
      by the signal from the P highway applied over lead l5 and l11,
      respectively. The HIC1 write element responds by writing a binary 0
      condition onto the respective storage cell of track LIC1, thus ensuring
      that this storage cell is in a "re-set" condition, if it is not already in
      this condition. The HID write element responds by writing binary 1
      condition into the respective storage cell of track LID, thus ensuring
      that this storage cell is in a "set" condition if it is not already in
      this condition.
PAR  It may be noted here, that due to the dynamic nature of the disc store, the
      storage cell into which an item of information is recorded is delayed by
      approximately half a time slot period with respect to the R.T.S. period of
      the applied signal, while a further half time slot delay occurs when the
      signal is read-out from the storage cell. Thus in the circuit action
      described above, the signals are applied in R.T.S.(-11) and the respective
      storage cells extend over R.T.S. period -11.5 to -12.5, so that when these
      storage cells are subsequently read-out, by their respective "Read"
      elements, the output signals occur in R.T.S. (-12). In the following
      description, for simplicity, we will refer to a storage cell by the R.T.S.
      reference of the applied input signal and it will be understood that the
      output signal from this storage cell will be one time slot later.
PAR  During the next, Q1, revolution of the disc, the meter pulse signal
      resulting from the interrogation of the particular exchange metering
      signal lead is a binary 1 signal, but this signal is without effect since
      the read/write apparatus groups HIC1 and HID are in their read modes at
      this time due to the presence of the read/write switch output signal on
      highway Q, which is applied to the "Read" elements HIC1 and HID over
      connecting leads l6 and l12 respectively. The respective binary 0 and
      binary 1 signals read-out from these read elements are also without
      effect.
PAR  For the sake of this explanation, we will assume that during the next, P2,
      disc revolution, the respective meter pulse signal is, again, a binary 1
      signal, as indicated in FIG. 13. As before, this signal is applied to the
      input to the shift register SR1 over highways LFL(-10) but in this case,
      the binary 1 signal is applied from the first shift register position,
      over lead LFL(-11) to the 1 input to write element HIC1 (FIG. 4), causing
      the storage cell (-11) of track LIC1 to be set to record a binary 1
      condition. The signal over lead LFL(-11) is also applied over lead l1 to
      the 0 input to the write element HID to cause the storage cell (-11) of
      this track to be re-set to record a binary 0 condition. These recordings
      indicate the initial detection of a meter pulse signal and constitute
      "first look" recordings.
PAR  During the next Q2 disc revolution, it is again assumed that the respective
      meter pulse signal is binary 1, and as before this is applied to the input
      of shift register from highway LFL(-10). At R.T.S. (-12) storage cell
      (-11) of track LIC1 (FIG. 4) is read-out from the read element HIC1 from
      whose 1 output a signal is applied, over a one time slot delay element
      TD1, to one input to a coincidence gate LG1, the signal arriving in R.T.S.
      (-13). Meanwhile the meter pulse signal applied over lead LFL(-10), FIG.
      3, has been stepped along the shift register SR1 and has reached position
      (-13) from which position a binary 1 signal is applied over lead LFL(-13)
      to the other input to gate LG1. The gate LG1 operates to the time
      coincidence of the signals on its inputs and applies an output signal in
      R.T.S. (-13) to the 1 input to the write element HIC2, which in the Q mode
      is primed from the Q signal highway, over lead l7. The write element HIC2
      responds by causing a 1 metering condition to be recorded in the LIC2
      storage cell (-13). This recording constitutes a "second look" recording
      and indicates that the meter pulse concerned has been accepted as a
      verified meter pulse.
PAR  The pulse verification circuits, FIGS. 3 and 4, now await detection of the
      termination of the exchange meter pulse signal however long this may
      persist. Thus, the binary 1 meter pulse signals, derived from the
      respective exchange metering signal lead, during the subsequent disc
      revolutions P3 and Q3 (FIG. 13) are without effect. However, during the P3
      revolution, the read element HIC2 and the write element of HIC3 are both
      primed over leads l8 and l9, respectively. Thus, when the LIC2 storage
      cell (-13) is passing beneath its read/write head a binary 1 signal is
      passed from the 1 output of read element HIC2 in R.T.S. (-14) over the one
      time slot delay element TD3, to the 1 input to the write element HIC3, the
      signal arriving in R.T.S. (-15) causing a binary 1 condition to be
      recorded in cell (-15) of track LIC3. It will be noted from FIG. 4, that
      the 0 output signals from the read element HIC2 are similarly applied to
      the 0 input to the write element HIC3. The track LIC3 thus records the
      same information as track LIC2 but its read/write modes are opposite to
      those of track LIC2. Thus, during each subsequent Q revolution, until it
      is re-set from HIC2, a binary 1 output signal will be read-out from the
      read element HIC3 in R.T.S.(-16) and is applied over lead l3 and the one
      time slot delay element TD5 and lead LDC3 (-17) to the input to shift
      register SR2 (FIG. 3). However, these signals are ineffective until the
      termination of the exchange meter pulse signal (FIG. 13) has been
      verified, as explained below.
PAR  In the example shown in FIG. 13, the exchange meter pulse terminates
      approximately mid-way through the P4 disc revolution, so that a binary 0
      meter pulse signal results from the T4 interrogation of the particular
      metering signal lead concerned, which is assumed to occur at a later point
      in the disc revolution. Thus, during the P4 disc revolution, the binary 0
      meter pulse signal which is applied to the input to shift register SR1
      over highway LFL(-10) passes, in the manner previously described over lead
      LFL(-11) FIG. 3 to re-set the cell (-11) of track LIC1, FIG. 4, and over
      leads LFL(-11) and l2 to set the storage cell (-11) of track LID to record
      a binary 1 condition. This represents a first look at the exchange meter
      pulse ended condition.
PAR  During the next Q4 disc revolution the binary 0 meter pulse signal derived
      from the particular metering signal lead is applied, as before, to the
      input to the shift register SR1, along which it is stepped. The SR1 shift
      register output over LFL(-11) is without effect since HIC1 is in its read
      mode and cell (-11) of track LIC1 is already re-set. The output over LFL
      (-13) coincides with the 0 output (-12) from the read element HIC1, which
      is applied via the one time slot delay element TD2, at R.T.S.(-13). These
      signals are applied to the inputs to gate LG2, which operates to apply a
      re-setting signal to the 0 input to write element HIC2, thereby re-setting
      the storage cell (-13) of track LIC2 to the binary 0 condition. During
      R.T.S.(-13) a binary 1 signal also appears over lead LDID(-13), FIG. 4,
      and is applied to the input to shift register SR3, this signal resulting
      from the read-out of the previously set storage cell (-11) of track LID,
      from the 1 output of read element HID, the signal passing over lead 14 and
      the one time slot delay element TD6. The binary 0 meter pulse signal is
      shift register SR1 and the signal in shift register SR3 now step in
      synchronism with one another, so that at any time during their progress
      along their respective shift registers, the positions they occupy have
      corresponding R.T.S. displacements. As previously described at R.T.S.
      (-16) a signal appears from the 1 output from read element HIC3 and is
      applied, over lead l3, the one time slot delay element TD5 and lead LDC3
      (-17) to the input to shift register SR2, FIG. 3, and also, in time
      coincidence with the signals on lead LDID (-17) and LFL (-17) to the three
      input AND gate TSG1 (FIG. 5). The signal LFL (-17) represents the "second
      look" at the meter pulse ended condition. The gate TSG1 operates in R.T.S.
      (-17) to apply a binary 1 signal to the 1 input to the write element HET1
      and also to the leads designated PLI/1 and l27, the latter being for a
      purpose to be described later below. The write element HET1 is primed from
      the read/write switch highway Q over lead l13 and assuming cell (-17) of
      track MET1 is not already recording a binary 1 condition in respect of a
      previously verified meter pulse from the particular metering signal lead
      concerned, the write element HET1 will now respond by causing a binary 1
      condition to be recorded in this storage cell. This recording represents a
      fully verified meter pulse which is retained in the temporary storage
      track MET1 until the updating apparatus, later described, is available to
      carry out an updating operation in respect of this particular exchange
      metering signal lead address.
PAR  The binary 0 meter pulse signals derived from the particular exchange
      metering signal lead during the disc revolutions P5 and Q5 (FIG. 13) are
      without effect. However, during the P5 disc revolution, the previously
      re-set cell (-13) of track LIC2 is read-out from the 0 output of read
      element HIC2 over the one time slot delay element TD4, to the 0 input to
      write element HIC3, to cause cell (-15) of track LIC3 to be re-set to its
      0 condition. Thus the storage cells of the pulse verification tracks
      appertaining to the particular exchange metering signal lead address are
      now at normal awaiting the onset of the next meter pulse signal over the
      particular exchange metering signal lead. The further actions which occur
      in regard to the temporary storage of verified meter pulse signals in the
      temporary storage tracks MET1 - 10 and MEC1 - 9, are described in detail
      below with reference to FIGS. 3, 5 and 6 of the attached drawings.
PAR  However, digressing for the moment, it will be noted that the explanatory
      diagram of FIG. 13 depicts an exchange meter pulse signal which extends
      over five revolutions of the disc store, that is, the meter pulse shown is
      assumed to have ON/OFF durations of approximately 87 milli-seconds each.
      It may be verified from a study of FIG. 13, however, that the verification
      arrangements above described are capable of functioning with exchange
      meter pulse signals which extend over only three disc revolutions, that
      is, whose ON/OFF periods are approximately 57.5 milli-seconds each. Again,
      with the pulse verification arrangements described, it will be appreciated
      that a genuine meter pulse signal, if severely mutilated by the occurrence
      of transient signals on the exchange meter pulse signal lead, may be
      rejected by the pulse verification arrangements or that a heavy transient
      signal may be accepted as a genuine meter pulse signal. However, it is
      anticipated that such occurrences will be relatively few and will tend to
      cancel each other out in the overall operation of the system. Where the
      meter pulse signal is of the order of 87 milli-seconds as shown in FIG.
      13, then a degree of meter pulse correction is provided in that if, for
      example in the disc revolution Q2, the LFL signal appeared as a binary 0
      signal due to the occurrence of a transient which caused a break in the
      exchange meter pulse signal, as indicated at MPT, FIG. 13, then this
      binary 0 signal would be ineffective since neither of the gates LG1 nor
      LG2 (FIG. 4) could operate to the resulting LFL(-13) signal, consequently
      no information would be recorded in storage cell (-13) of track LIC2.
      However, assuming the exchange meter pulse signal is restored prior to the
      P3 interrogation, then the binary 1 recorded in track LIC1 will be
      unaffected and during the next Q3 disc revolution, the binary 1 LFL signal
      would then cause a binary 1 condition to be recorded in cell (-13) of
      track LIC2. Thus, the effect of this transient mutilation of the meter
      pulse signal has been to delay the recording of the pulse verified
      condition in track LIC2 by two disc revolutions, and since these are
      accommodated within the meter pulse period, the overall functioning of the
      pulse verification arrangements is unaffected. A similar pulse correcting
      action would occur if the LFL signal occurring during the Q4 disc
      revolution appeared as a binary 1 signal instead of the binary 0 signal
      shown in FIG. 13. In this case the verification of the meter signal pulse
      ended condition and the recording of the verified meter pulse signal in
      cell (-17) of track MET1 (FIG. 5) would likewise be delayed by two disc
      revolutions until the occurrence of the LFL signal during the Q5 disc
      revolution.
PAR  For the temporary storage of verified meter pulses, reference will now be
      made to FIGS. 3, 5, 6 and 13. As previously described, the disc store
      provides 10 meter pulse temporary storage tracks, of which only the four,
      designated MET1, MET2, MET3 and MET10, are shown, FIG. 5. In addition,
      there are nine buffer tracks, one of which is interleaved between each
      pair of MET tracks and of which only three, designated MEC1, MEC2 and MEC3
      are shown. Each track has an associated read/write apparatus group,
      designated HET1, HEC1, HET2, HEC2 and so on, to HET10. The read and write
      operations of the respective read/write apparatus groups occur in time
      slots which are displaced from one another by one time slot. Thus a write
      operation by write element HET1 occurs, as previously described in
      R.T.S.(-17). The read-out from HET1 occurs one time slot later, in
      R.T.S.(-18). The write operation by write element HET2 occurs in
      R.T.S.(-19), the read-out from HEC1 occurs in R.T.S.(-20), and so on.
      Corresponding storage cells in adjacent ones of the temporary storage
      tracks are thus displaced from one another by 2 R.T.S. periods, the
      storage cell (-17) in MET1 corresponding to the storage cell (-19) in MEC1
      and so on to the storage cell (-53) in MET10. The HET apparatus groups are
      primed from the read/write switch (FIG. 4) output highways P and Q, to
      "write" during the Q disc revolutions and to "read" during the P disc
      revolutions, while the HEC apparatus groups are primed to "write" during
      the P disc revolutions and to "read" during the Q disc revolutions. Each
      "read" element HET1 - HET10 has its 1 output connected to a respective one
      of ten output leads designated respectively LUD1(-18), LUD2(-22),
      LUD3(-26) and so on to LUD10(-54), each LUD lead carrying signals whose
      R.T.S. displacement is four time slots greater than the preceding LUD
      lead. These LUD leads are respectively connected to the input to an
      associated one of a group of shift registers, designated SR4 - SR13, FIG.
      6. Each of these shift registers has a number of shift positions which
      complements the R.T.S. displacement of the signals on its input to a total
      of 55 time slot periods. Thus, the lead LUD(-18) is connected to the input
      to the shift register SR4, which has 37 shift positions (37 + 18) = 55.
      The lead LUD2(-22) is connected to shift register SR5, which has 33 shift
      positions (33 + 22) = 55, and so on, the lead LUD10(-54) being connected
      to shift register SR13, which has only one shift position.
PAR  Output leads LUD1(-19), LUD2(-23), LUD3(-27) and so on to LUD9(-51) are
      connected from the first shift position outputs of shift registers SR4 -
      SR12, to respective ones of the "write" elements HEC1 - HEC9, as indicated
      in FIG. 5 for the "write" elements HEC1 - HEC3 there shown. These first
      shift register positions, together with an output from shift register SR13
      are also connected to a second set of output leads designated LCD1 - LCD10
      respectively, while a third set of output leads, designated MU1(-55) -
      MU10(-55) are extended from the last shift positions from the shift
      registers. These output leads are connected to elements of updating
      apparatus associated with the semi-permanent part of the store, described
      later below.
PAR  Referring again to FIG. 5, the 1 input to each of the "write" elements HET1
      - HET10 is connected to the output from an associated AND gate, as
      indicated by the gates TSG1, TSG2, TSG3 and TSG10, while the "read"
      elements HEC1 - HEC9 have their 1 outputs connected, in chain formation,
      over a one time slot delay element to one input to the TSG AND gate
      associated with the succeeding "write" element HET. Thus, the 1 output
      from the "read" element HEC1(-20) is connected over the one time slot
      delay element TD7 and lead LEC(-21) to one input to the four input AND
      gate TSG2, the other three inputs to which are connected to the outputs
      LFL(-21), LD1D(-21) and LDC3(-21) from the shift registers SR1, SR2, SR3
      (FIG. 3). Similarly the 1 output from the "read" element HEC2(-24) is
      connected over the one time slot delay element TD8 and lead LEC(-25) to
      one input to the four input AND gate TSG3, whose other three inputs are
      connected to the FIG. 3 outputs LFL(-25), LD1D(-25) and LDC3(-25), and so
      on, the 1 output from the "read" element HEC9(-52), not shown, being
      connected over the one time slot delay element TD10 and lead LEC(-53) to
      one input to the four input AND gate TSG10, whose other three inputs are
      connected to the FIG. 3 shift register outputs LFL(-53), LD1D(-53) and
      LDC3(-53).
PAR  The 0 inputs to the "write" elements HET1 - HET10 are connected to
      respective re-setting leads RES1 - RES10, the lead RES1 being connected
      over an AND gate RAG1. These re-setting leads are extended from the
      updating apparatus associated with the semi-permanent part of the disc
      store and, together with the functioning of gate RAG1, will be described
      later below. The 0 outputs from the "read" elements HET1 - HET9 are
      connected over a one time slot delay element, such as TD11, TD12, TD13 and
      so on to the 0 inputs to the associated "write" elements HEC1 - HEC9, as
      indicated in FIG. 5 for the respective "read" and "write" elements HET1,
      HEC1, HET2, HEC2, and so on, so that a re-setting signal applied to the 0
      input to a "write" element HET, during a Q revolution of the disc causes
      the respective storage cell of the associated MET track to be re-set to
      the binary 0  condition and so that during the next P disc revolution a
      signal will be read-out from the 0 output from the HET "read" element to
      the 0 input to the associated HEC "write" element to cause the re-setting
      of the respective MEC storage cell.
PAR  The HET read/write apparatus groups also have their inputs and outputs
      connected over leads, respectively designated PL1/1, PL1/2; PL2/1, PL2/2;
      PL3/1, PL3/2; and so on to Pl10/1, PL10/2. These are connected to
      respective inputs to the priority register element of the updating
      apparatus and will also be described later below.
PAR  In operation of the temporary storage arrangements, as previously
      described, the verification of the meter pulse signal, indicated in FIG.
      13 and resulting from successive interrogations of a particular exchange
      metering signal lead was assumed to have culminated, during disc
      revolution Q4 (FIG. 13) in the recording of a binary 1 condition in cell
      (-17) of the temporary storage track MET1. During the next, P5, disc
      revolution, the "read" element HET1 and the "write" element HEC1 are both
      primed from the read/write switch P highway over leads l14 and l15,
      respectively. Thus, while cell (-17) of track MET1 is passing beneath its
      read/write head, a binary 1 signal is read-out, in R.T.S.(-18) from the
      read element HET1 and is applied over lead LUD(-18) to the input to the
      shift register SR4, FIG. 6 along which it progresses in synchronism with
      the clock pulses (not shown) from the disc clock pulse tracks. Upon
      stepping to the first shift position (-19) an output signal is applied
      over lead LUD(-19) to the 1 input to "write" element HEC1, causing a
      binary 1 condition to be recorded in cell (-19) of track MEC1. Upon
      stepping to the last shift position (-55) a signal is passed over lead
      MU(-55) to indicate to the updating apparatus that a single meter fee unit
      has been temporarily stored in respect of the particular metering signal
      lead and is available for updating. During the next, Q5, revolution of the
      disc store, the "read" element HEC1 is primed from the read/write switch Q
      highway over lead l16 and while the respective cell (-19) of track MEC1 is
      passing beneath its respective read/write head, a binary 1 signal is
      applied from the 1 output of "read" element HEC1 over the one time slot
      delay element TD7 and lead LEC(-21) to one input to gate TSG2. The signal
      applied to the input to shift register SR4 over lead LUD(-18) and the
      signal applied to the input to gate TSG2 over lead LEC(-21) are now
      reiterated during each subsequent Q revolution of the disc, as the binary
      1 condition of the storage cells, (-17) of track MET1 and (-19) of track
      MEC1 are read-out until these storage cells are reset, as described above,
      from the updating apparatus.
PAR  As previously described, one or more further metering pulses may occur on
      the particular exchange metering signal lead before the updating apparatus
      can attend to the request for updating in respect of the single meter fee
      unit already stored in respect of the particular metering signal lead, and
      the system being described provides for the temporary storage of up to ten
      meter pulse signals, this being sufficient to cater for the most
      exceptionally high levels of exchange traffic. Of course, where such
      exceptionally high levels of exchange traffic are unlikely to occur the
      amount of temporary storage apparatus may be reduced by limiting this to
      provide for the temporary storage of, for example, three, or seven, meter
      pulse signals.
PAR  Assuming now that a further, second, meter pulse signal occurs on the
      particular metering signal lead concerned, before updating has occurred in
      respect of the first meter pulse signal already stored in track MET1. This
      second meter pulse will be verified in the manner described above for the
      first meter pulse signal and in the Q4 disc revolution for this second
      meter pulse, signals LFL(-17), LD1D(-17) and LDC3(-17) will be applied
      from the outputs of shift registers SR1, SR2 and SR3 (FIG. 3) to operate
      gate TSG1, but the output signal from this gate will not affect the
      storage cell (-17) of tracks MET1 and MEC1, since these tracks are already
      recording a binary 1 condition. However, when the respective signals in
      shift registers SR1, SR2 and SR3 are stepped to their respective shift
      positions (-21), output signals are then applied over leads LFL(-21),
      LD1D(-21) and LDC3(-21) to respective ones of three of the inputs to gate
      TSG2 (FIG. 5) and will coincide in time with the signal from "read"
      element HEC1, which, as previously described, is applied to the fourth
      input to gate TSG2 over lead LEC(-21). Gate TSG2 consequently operates to
      apply a signal to the 1 input to "write" element HET2(-21) which is primed
      from the read/write switch highway Q over lead l17, to cause a binary 1
      condition to be recorded in cell (-21) of the temporary storage track
      MET2. During the next P5 disc revolution for this meter pulse signal, the
      storage cell (-21) will be read-out from the 1 output of read element
      HET2(-22) and applied over lead LUD2(-22) to the input to shift register
      SR5, FIG. 6, along which it will be stepped to appear over lead MU2(-55)
      to indicate to the updating apparatus that there are now two meter pulse
      signals recorded in the temporary part of the store in respect of the
      particular metering signal lead being considered. Also, when the shift
      register SR5 is stepped to its first shift position (-23), a signal is
      applied over lead LUD2(-23) to the 1 input to "write" element HEC2, to
      cause a binary 1 condition to be recorded in cell (-23) of track MEC2, so
      that during the next and subsequent Q disc revolutions signals will be
      applied from the 1 output of read element HEC2 and the one time slot delay
      element TD8 over lead LEC(-25) to the fourth input to gate TSG3. Should a
      further, third, meter pulse signal occur on the particular metering signal
      lead then the operations described above will be repeated, but in this
      case the operation of gates TSG1 and TSG2, during the respective Q4 disc
      revolution in response to the output signals from the shift positions
      (-17) and (-21) of shift registers SR1 - SR3 will have no effect on the
      recordings already made in tracks MET1 and MET2, but gate TSG3 will be
      operated from the signals applied from the shift position (-25) of these
      shift registers, thereby causing a binary 1 condition to be recorded in
      cell (-25) of the temporary storage track MET3, and, in the manner
      previously described, during the next P disc revolution this results in
      the application of a signal over lead LUD3(-26) to the input to shift
      register SR6, FIG. 6, which provides an output signal over lead MU3(-55)
      to indicate that three meter pulse signals are awaiting updating, and an
      output signal over lead LUD3(-27) to cause a binary 1 condition to be
      recorded in cell (-27) of track MEC3. Thus, during the next and subsequent
      Q disc revolutions, the gate TSG4, not shown, will be prepared in
      R.T.S.(-29) by a signal applied from the "read" element HEC3 via the one
      time slot delay element TD9. In a similar manner the occurrence of further
      meter pulse signals on the particular metering signal lead results in the
      recording of a binary 1 condition in cell (-29) of track MET4, and in cell
      (-31) of track MEC4, for a fourth meter pulse signal, in cell (-33) of
      track MET5 and in cell (-37) of track MEC5 for a fifth meter pulse signal,
      and so on to cell (-53) of track MET10, for a tenth meter pulse signal.
      Also, as each successive meter pulse is recorded in the respective MET
      track a signal will be read-out from the associated "read" element HET and
      will be applied over the respective output lead LUD to the input of the
      respective shift register SR7 - SR13 (FIG. 6) to indicate over its output
      lead (MU4 - MU10) the number of meter pulse signals which have been
      recorded in the temporary storage tracks and in respect of which updating
      is required. Also, as each "write" signal is applied to a write element
      HET(x) from the output from a TSG(x) gate, during the Q disc revolutions
      and as each MET(x ) cell is read-out from the read element HET(x),
      corresponding priority signals are applied to the priority register,
      described below over the respective priority leads PL1/1, PL1/2; PL2/1,
      PL2/2; and so on to PL10/1, PL10/2.
PAR  Referring now to FIGS. 7 and 8, these show, respectively, the priority
      register and priority control equipment, which forms part of the updating
      apparatus, outlined above with reference to FIG. 1, group C of the
      attached drawing. The priority register and control units function, in
      conjunction with the updating apparatus so that when the latter is
      available to attend to a request for updating of a meter fee record, it
      will search for and attend to the request which is made in respect of the
      highest number of temporarily stored meter pulse signals. In this way the
      possibility of the meter pulse signals, applied from a particular metering
      signal lead, overflowing the temporary storage capacity provided, before
      the updating apparatus attends to its request for updating, is reduced.
PAR  The priority register of FIG. 7 comprises first and second groups of
      bi-stable elements, there being ten bi-stable elements in each group, of
      which only the first, second, third and tenth, are shown. The first group,
      designated PT1 - PT10 have their 1 inputs connected to the outputs from a
      group of 10 OR gates, designated POG1 - POG10, of which only the OR gates
      POG1, POG2, POG3 and POG10 are shown. Each of these OR gates has two
      inputs, designated PL/1, PL1/2; PL2/1, PL2/2, PL3/1, PL3/2; and so on to
      PL10/1, PL10/2. These input leads are extended from the respective
      read/write apparatus groups, described above with reference to FIG. 5, the
      priority leads PL1/1, PL1/2 extended from the read/write apparatus group
      HET1, FIG. 5, being connected respectively to the inputs to OR gate POG1,
      and the input pairs PL2/1, PL2/2; to PL10/1; PL10/2, extended from
      respective ones of the subsequent read/write apparatus groups HET2 to
      HET10, being similarly connected to respective ones of the OR gates POG2 -
      POG10, FIG. 7. The second group of bistable elements, designated PTT1 -
      PTT10 have their 1 inputs connected to the outputs from respective ones of
      a group of ten AND gates, designated PAG1 - PAG10, of which only the AND
      gates PAG1, PAG2, PAG3 and PAG10 are shown, and have their 1 outputs
      connected to respective ones of a group of 10 output leads, designated PR1
      - PR10, of which only the output leads PR1, PR2, PR3 and PR10 are shown.
      Each of the AND gates PAG1 - PAG10 has 11 inputs, of which, only five are
      shown in FIG. 7. One input to each AND gate is connected, in common, to
      the output from a strobing gate PG2, described below. The remaining ten
      inputs to each AND gate are connected to respective ones of the 1 and 0
      outputs from the bistables PT1 - PT10, in such a way that an AND gate,
      PAG(x ) will operate in response to the strobing pulse from gate PG2, only
      if each of the bistables PT1 - PTx is set to its 1 condition, and each of
      the bistable PT(x + 1) - PT10 is in its re-set, 0 condition. Thus, AND
      gate PAG1, will operate only when bistable PT1 is set to its 1 condition
      and each of the bistables PT2 - PT10 is in its re-set 0 condition.
      Similarly AND gate PAG2 will operate only when each of the bistables PT1
      and PT2 is set to its 1 condition and each of the bistables PT3 - PT10 is
      in its re-set 0 condition and so on, the AND gate PAG10 operating only
      when each of the bistables PT1 - PT10 is set to its 1 condition. This
      arrangement prevents an updating operation being effected in respect of a
      meter pulse signal which is recorded in a storage cell of a later priority
      MET, temporary storage track, without there being at least one meter pulse
      signal recorded in each of the earlier priority MET tracks. Such an
      improper recording might occur for example due to a fault in the scanning
      action effected by the shift registers SR1 - SR3 (FIG. 3) and the gates
      TSG1 - TSG10 (FIG. 5) and although not shown in FIG. 7, it will be
      appreciated by those skilled in the art, that further logic may readily be
      associated with the AND gates PAG1 - PAG10 whereby upon the occurrence of
      an improper recording as described above, a fault signal and corrective
      fault routine are automatically initiated. The bistables PT1 - PT10 and
      the bistables PTT1 - PTT10 are arranged to be re-set, at the start of each
      P disc revolution, by the output from the respective re-setting AND gates
      PAG1 and PAG3 while the AND gates PAG1 - PAG10 are strobed to operate from
      the output from the strobing gate PG2 as previously mentioned, each of
      these AND gates has one input connected to the P highway from the
      read/write switch (FIG. 4). Gate PG1 has its second input connected to a
      clock pulse output from the pulse distributor, which occurs at clock pulse
      early time 00002, while gates PG2 and PG3 are respectively connected to
      clock pulse outputs which occur at counter early times 00001 and 00000.
PAR  In operation of the priority register of FIG. 7, during successive disc
      revolutions, the meter pulse signals being written into, or read-out from
      respective ones of the temporary storage tracks MET1 - MET10 are applied
      successively and in order to one or other of the leads of each pair of
      priority leads PL1/1, PL1/2; PL2/1, PL2/2, and so on up to the lead pair
      of highest priority encountered during a disc revolution. Thus, during a P
      disc revolution, if a metering pulse signal is recorded in each of one or
      more of the storage cells of temporary storage track MET1, (FIG. 5), then
      when the first of these is read-out from the associated read element HET1,
      a signal will appear over priority lead PL1/2 and will be applied via OR
      gate POG1 (FIG. 7) to set bistable PT1, thereby indicating that track MET1
      is recording at least one priority 1, meter pulse. Further priority 1
      signals applied to lead PL1/2 during this P disc revolution are without
      effect. Similarly, if one or more storage cells of track MET2 have a meter
      pulse recorded therein, then at a point in the disc revolution subsequent
      to the occurrence of the first priority 1 signal from track MET1, a signal
      will be read-out from the first of the set storage cells of track MET2,
      and will be applied via OR gate POG2, to set the bistable PT2, FIG. 7, to
      indicate that track MET2 is recording at least one priority 2 meter pulse
      and so on, until at the end of this P disc revolution, a number of
      bistable elements PT1 - PTx will have been set to their 1 conditions. The
      set condition of PT(x ) indicating the highest priority temporary storage
      track MET(x) from which a meter pulse signal was read-out over priority
      lead PLx/2 during this revolution. During the next Q disc revolutin, when
      "write 1" command signals may be applied to the read/write apparatus
      groups HET (FIG. 5), if a write 1 command is applied to a write element
      HET from its associated TSG gate, which is of next higher priority, i.e.
      HET(x + 1) then the priority signal applied over lead PL(x + 1)/1 will be
      effective and will pass via OR gate POG(x + 1) to set the bistable PT(x +
      1) FIG. 7.
PAR  At the start of the next P disc revolution, at counter early time 00000,
      the bistable elements PTT1 - PTT10 are re-set from the output from gate
      PG3, and at counter early time 00001, the AND gates PAG1 - PAG10 are
      strobed, and, in consequence of the interconnection between the outputs
      from the bistables PT1 - PT10, and the inputs to the gates PAG1 - PAG10,
      previously described. The gate PAG(x + 1) alone will operate to pass an
      output signal to set the bistable PTT(x + 1) to its 1 condition, causing
      the latter to apply a signal to mark the output priority lead PR(x + 1).
      At counter early time 00002, the bistables PT1 - PT10 are re-set so that
      the examination of the temporary storage tracks for the highest priority
      track containing a meter pulse signal or signals, during the ensuing P and
      Q disc revolutions may proceed. Thus at the start of each P disc
      revolution, one priority output lead PR(x) or PR(x + 1) will be marked to
      indicate the highest priority temporary metering track which contains a
      meter pulse signal, encountered during the examination carried out during
      the previous P disc revolution and the intervening Q disc revolution. It
      may be noted here that since no metering pulse signals can be present in
      any of the storage cells 0 - 16 of the temporary storage tracks, the
      re-setting and strobing actions described above do not interfere in any
      way with the priority lead examination described above.
PAR  The priority control apparatus of FIG. 8 serves to effect the search
      function whereby the updating apparatus, described later below is caused
      to attend to the updating request of highest priority, as indicated from
      the priority register, FIG. 7. The circuit of FIG. 8 comprises a first
      group of input leads PR1 - PR10 which extend from the priority register,
      FIG. 7. A second group of input leads MU1(-55) - MU10(-55) which extend
      from the shift registers SR4 - SR13, FIG. 6, and a group of output leads
      of which one, designated SST(-55) is a start signal lead, while the
      remainder, designated AC1 - AC10 are updating command signal leads, over
      respective ones of which a marking signal is applied to indicate the
      first, second, and so on, up to the xth meter pulse signal in respect of
      which updating is required. The start lead SST(-55) and the updating
      command signal leads AC1 - AC10 are connected to a sequencer element of
      the updating apparatus as also described later below. The priority input
      leads PR1 - PR10 are each connected to one input to respective AND gates
      in each of two AND gate groups, designated respective UDG1 - UDG10, of
      which only the gates UDG1, UDG2 and UDG10 are shown and ACG1 - ACG10, of
      which only the gates ACG1, ACG2, ACG3 and ACG10 are shown. The gates UDG1
      - UDG10 each have a second input connected to a respective one of the
      input leads MU1(-55) - MU10(-55) and a third input which is connected to
      the 1 output from a busy/free bistable BT. The outputs from the AND gates
      UDG1 - UDG10 are connected to respective inputs to a multi-input OR gate
      UDG1, while the output from the latter gate is connected to the start lead
      SST(-55) and in common to a second input to each of the AND gates ACG1 -
      ACG10. The outputs from the AND gates ACG1 - ACG10 are connected in a
      decreasing progression to the inputs to nine OR gates, of which only
      three, designated OCG1, OCG2 and OCG3 are shown, the arrangement being
      such that the occurrence of an output signal from one AND gate ACG(x)
      causes output signals to appear from each of the OR gates OCG1 - OCG(x).
      Thus, the OR gate OCG1 has 10 inputs, one from each of the AND gates ACG1
      - ACG10, the OR gate OCG2 has nine inputs, one From each of the gates ACG2
      - ACG10, the OR gate OCG3 has eight inputs, one from each of the gates
      ACG3 - ACG10, and so on. The outputs from the OR gates OCG1 - OCG9 and the
      output from AND gate ACG10 are connected respectively to the 1 inputs to a
      group of bistables MT1 - MT10, the 1 outputs from which are connected to
      the respective updating command signal leads AC1 - AC10.
PAR  In operation of FIG. 8, as described later below, during a P disc
      revolution, when the associated updating apparatus has completed an
      updating operation, a general re-set signal is applied to a lead GR to
      indicate that the updating apparatus is ready to deal with a further
      request. The signal on lead GR is applied to re-set the set ones of the
      bistables MT1 - MT10 and to set the busy/free bistable BT. Bistable BT,
      setting, applies a priming input to the gates UDG1 - UDG10. At this time
      one of the priority input leads PR(x), will be marked from FIG. 7, as
      previously described, providing a first input to the corresponding gate
      UDG(x), in the AND gate group UDG1 - UDG10 and also providing a first
      input to the corresponding gate ACG(x) in the AND gate group ACG1 - ACG10.
      As the disc rotates, successive requests appear from the outputs from the
      shift registers SR4 - SR13 (FIG. 6), each request indicating by signals on
      respective ones of the leads MU1 - MU10 the number of meter pulse signals
      in respect of which the updating is requested. However, so long as the
      highest number of the MU leads marked is less than MU(x), then these
      requests are ignored and the examination of the marked MU leads continues
      until the first request is encountered for which the lead MU(x) is marked
      and when this occurs, the corresponding gate UDG(x) operates to apply a
      start pulse signal to the start lead SST(-55), this start signal also
      being applied as a strobing signal to the second inputs to the AND gates
      ACG1 - ACG10 and to the 0 input to the bistable BT, which is thereby
      re-set to remove the priming signal from gates UDG1 - UDG10, which are
      thus prevented from initiating any further start signals. The AND gate
      ACG(x), to whose one input the priority signal from lead PR(x) is applied,
      also operates to pass an output signal via each of the OR gates OCG1 -
      OCG(x), as above described, to set the corresponding bistables MT1 -
      MT(x), the setting of these bistables resulting in the application of a
      marking signal to each of the updating command leads AC1 - AC(x). The
      start signal on lead SST(-55) thus conveys the address information in
      respect of which the updating is required, while the marking signals
      staticised on the updating command leads AC1 - AC(x) indicate the
      individual meter pulse signals in respect of which the updating is
      required.
PAR  Turning now to FIGS. 9, 10, 11 and 12, FIG. 12 shows in block schematic
      form, the arrangement of the updating apparatus and the associated
      semi-permanent storage tracks of the disc store, while FIGS. 9, 10 and 11
      illustrate the basic operational programmes carried out by the sequencer
      element of the updating apparatus.
PAR  Considering firstly the general arrangement of the updating apparatus shown
      in FIG. 12, as previously described, the semi-permanent part of the disc
      store, indicated at PSS, accommodates 22 storage tracks. These comprise,
      the meter check bit track MCB, the read-out control track CRC and 20
      numerical tracks, which store the accumulated meter fee totals in respect
      of each metering signal lead served by the metering system being
      described. The numerical storage tracks form five groups each of four
      tracks and each group represents a different decimal order, these being a
      units group BU, a tens group BT, a hundreds group BH, a thousands group
      BTH and a ten thousands group BTT. The four tracks A, B, C, D, in each
      group record the respective digital values in binary/decimal code. As also
      previously described, corresponding storage cells in the semi-permanent
      part of the store are in line abreast so that the storage cells
      appertaining to respective metering signal lead addresses appear
      simultaneously beneath their respective read/write heads, the separate
      "read" and "write" operations being effected by a parallel mode of
      operation. Again as previously described, the storage cells of the
      semipermanent part of the store have a backward displacement of 60 storage
      cell positions with respect to the reference clock pulse storage cell
      appertaining to the respective metering signal lead, the metering signal
      lead address being generated with reference to the time of its
      interrogation, referred to as relative time slot (R.T.S.) O, by a first
      counter, termed the "counter early" and also, at the time R.T.S.(-60) when
      the storage cells appertaining to that metering signal lead appear beneath
      the read/write heads of the semi-permanent part of the store, by a second
      counter, termed the "counter late."
PAR  In FIG. 12, the read/write heads, together with their associated "write"
      and "read" buffer amplifiers are indicated, diagramatically, by the blocks
      designated WAM and RAM, respectively. These are connected to respective
      inputs to a buffer register BRE, which functions under instruction from
      the sequencer to staticise the meter fee total together with the MCB and
      CRC data bits, read-out from the store in respect of a particular metering
      signal lead address indicated to the sequencer from the priority register
      and control unit PRC, as described later below. The buffer store is then
      caused to read this meter fee total to the updating register UDR, which
      also under instruction from the sequencer, adds to the meter fee total,
      one or more further units, as instructed. The information staticised in
      the buffer store, is also passed to a general logic element GEL which
      performs various checking functions and also determines the new value 1 or
      0 of the check bit MCB. The sequencer also marks the read-out control
      (CRC) data bit, binary 0 if this is not already set to binary 0. As
      previously explained this CRC bit is used to control read-out from an
      associated control panel. The updated information is then returned to the
      buffer store in readiness for its transfer to the respective storage cells
      of of the semi-permanent part of the store at the moment when these are
      beneath their respective read/write heads.
PAR  To enable the sequencer to determine the correct time slot R.T.S.(-60) for
      the return of the updated information to the disc store, and also so that
      it can effect re-setting and checking functions with regard to the
      respective displaced storage cells in the temporary part of the store, it
      must be capable of detecting the reference time slot R.T.S.(O) of the
      metering signal lead in respect of which the updating operation is being
      effected. To this end, the updating apparatus includes an address register
      ADR and an address coincidence element ADS. The address register has an
      input, over lead CPL, from the counter late over which, in successive
      R.T.S.(-60) time slots, the numerical addresses of the metering signal
      leads appear, in synchronism with the appearance of their respective
      storage cells beneath the read/write heads of the semi-permanent part of
      the store. Similarly, the address coincidence element has an input, over
      lead CPE, from the counter early, over which, in successive R.T.S.(O) time
      slots, the numerical addresses of the metering signal leads appear as
      these are being interrogated. Coincident with the initial read-out of
      information from the semi-permanent part of the store, the sequencer
      causes the address of the particular metering signal lead then being
      generated by the counter late to be staticised in the address register.
      This staticised address is now compared in the address coincidence circuit
      with the addresses being presented from the clock pulse early and when the
      address in treatment is next generated (i.e., approximately one complete
      disc revolution later) detection of the address coincidence causes a
      signal in R.T.S.(O) to be applied to the sequencer.
PAR  For the performance of its functions the sequencer carries out three
      program sequences, one in each of three successive revolutions of the
      disc. The first is a store read-out and updating programme which as
      mentioned above is effected in response to address information from the
      priority unit PRC. The second is a re-setting and re-storing programme
      while the third is a checking programme, the address information for these
      programmes being obtained from the address coincidence element as above
      described.
PAR  Referring, generally, to FIGS. 9, 10 and 11, the sequencer element
      comprises a single, 61 position, counting chain, arranged to be stepped,
      in known manner, by clock pulses, not shown, from the pulse distributor,
      FIG. 1. The counting chain provides outputs from particular counting
      positions and these are connected to corresponding logic elements from
      which appropriately timed programme instruction signals are applied over
      respective signalling leads, indicated in FIG. 12, to other functional
      elements of the updating apparatus. FIGS. 9, 10 and 11, show,
      respectively, the first, second and third programme sequences. For ease of
      description the 61 position counting chain is repeated in each of these
      figures, but it will be appreciated that, in fact, only one counting chain
      is required. The logic elements appertaining to the particular programmes
      being primed from a respective programme start signal, as described below.
      The start lead SST(-55) and the updating command leads AC1 - AC10, from
      the priority control element, FIG. 8, are respectively connected to
      provide a first programme start signal to the sequence counting chain SCO,
      FIG. 9, and also to provide updating command signals to respective ones of
      the logic elements appertaining to the first programme sequence, as also
      described in more detail below.
PAR  The operation of the updating apparatus will now be described in more
      detail with reference to FIGS. 9, 10, 11 and 12, together. While the disc
      store is executing a P revolution, and the updating apparatus is at
      normal, a start signal is applied in R.T.S.(&lt;55) over lead SST(-55), FIG.
      9, while staticised signals are applied over each of the updating command
      leads AC1 - AC(x), these signals appertaining to the highest priority
      request for updating, as described above with reference to FIG. 8. The
      start signal on lead SST(-55) is applied to the 1 input to bistable TS1
      from whose 1 output a priming signal is applied to each of the logic
      elements appertaining to the first programme sequence, as indicated in
      FIG. 9 and is also applied to an input logic element SEG for the sequence
      counting chain so that the latter starts its counting action in
      R.T.S.(-55). In the first programme, no operations occur during the first
      four counting steps, which serve only to count on from R.T.S.(-55) to
      R.T.S.(-59). The fifth step occurs in R.T.S.(-60) at which time the
      information in the storage cells, of the semi-permanent part of the disc
      store, appertaining to the particular metering signal lead concerned are
      available for read-out and in this fifth position a signal is applied from
      the sequence counter to actuate a logic element, designated CPL - ADR,
      Disk - BRE, which responds by applying a first signal over lead IBR, FIG.
      12, to the "read" amplifiers to cause these storage cells to be read-out
      and the CRC, MCB, and meter fee total data, staticised in the buffer
      register BRE, and a second signal, over lead SLA, FIG. 12, to cause the
      metering signal lead address then being presented by the counter late over
      lead CPL, to be staticised within the address register ADR. At the sixth
      counter step, the sequence counter applies a signal, via a logic element
      BRE - UDR, and lead MRD (FIG. 12) to cause the staticised meter fee total
      to be transferred, over leads BUR from the buffer register to the updating
      register UDR and over leads BGL to the general logic element GEL to which
      the updating register also applies the information it has received over
      leads UGL. The general logic element now compares the data it has received
      over leads BGL and UGL to verify that this data has been correctly
      transferred from the buffer register to the updating register, and also
      checks the received parity bit against the received meter fee total. Upon
      detecting data coincidence, the general logic applies a transfer check
      signal over lead MCC, and upon verification of the received meter fee
      total against the received parity bit, applies a parity check signal over
      lead PCB to the sequencer. In position 7 of the sequence counter, FIG. 9,
      receipt of the transfer check signals over leads MCC and PCB is
      ascertained by interrogation of the "check transfer" logic element. (In
      the case where the check signals indicate incorrect transfer or incorrect
      parity, then the sequencer "check data" logic element would be arranged to
      re-set the updating apparatus by means not shown, so as to allow the
      updating operation to recommence during the next P disc revolution. This
      is possible in the first programme sequence, since no information has yet
      been changed in the disc store. If during the second attempt the fault
      should recur, then a fault report would be produced by apparatus also not
      shown, and an alarm signal initiated.).
PAR  In position 8 of the sequence counter the logic element "Add 1 in UDR" is
      interrogated for the presence of an updating command signal on input lead
      AC1, which, if present, causes a signal to be applied over lead UPD, FIG.
      12, to the updating register UDR causing it to add one unit to the meter
      fee total stored therein. The information presented over lead UGL from the
      updating register to the general logic is now changed by one unit from
      that previously indicated and the general logic accepts this as an
      indication of the correct operation of the updating register, in response
      to which it applies an "update verified" signal over lead UPC to the
      sequencer and proceeds to add one unit to its own meter fee total. In
      position 9 of the sequence counter, the arrival of the "update verified"
      signal is checked by interrogation of the "check add 1" logic element. (If
      this signal is not present in counter position 9, then action as described
      above for the "transfer not verified" condition would occur.). The
      sequence counter SCO (FIG. 9) continues its counting action, and the
      operations described above for positions 8 and 9, are repeated for each of
      the updating command signals being presented over the updating command
      leads AC2 - AC10. Thus, for example, if the request for updating had been
      made in respect of three meter signal pulses, then the updating command
      signal leads AC2 and AC3 would also carry respective updating command
      signals, so that in position 10 of the sequence counter, interrogation of
      the respective logic element "Add 1 in UDR" would result in a second
      signal being applied over lead UPD, FIG. 12, to the updating register UDR
      to cause it to add a second unit to its recorded meter fee total, and in
      position 11, the presence of the "update verified" signal would be
      checked. Similarly in positions 12 and 13 of the sequence counter these
      actions would be repeated, to cause a third unit to be added to the
      recorded meter fee total in the updating register UDR. Since in this
      assumed example no further updating command signals are present on any of
      the later updating command signal leads, no further updating or checking
      actions occur during the stepping of the sequence counting chain. When the
      sequence counter, FIG. 9, reaches its ultimate counting position 61, the
      "re-set sequencer" logic element is actuated, to apply a re-set signal RS1
      to re-set both the sequence counting chain and the bistable TS1. In
      addition, this logic element primes a further logic element CPE = ADR. The
      disc store continues to rotate into the next Q disc revolution, until it
      reaches the point at which the clock pulse early is generating the address
      in treatment as recorded in the address register ADR (FIG. 12) and as
      previously described, detection of the address coincidence results in a
      signal being applied, in R.T.S.(O) from the address coincidence element
      ADS over lead ADC to the sequencer SEQ. In the sequencer, the signal on
      lead ADC is applied to the logic element CPE = ADR which responds by
      applying a "start 2" signal, in time R.T.S.(O) over lead ST2 to start the
      second programme sequence, illustrated in FIG. 10.
PAR  Turning now to FIG. 10, the start signal ST2 sets the bistable TS2, which
      applies a signal from its 1 output to prime the logic elements
      appertaining to the second programme sequence, and in R.T.S.(O) restarts
      the counting chain SCO. Thus, position 1 of the counting chain corresponds
      to R.T.S.(-1), position 2, to R.T.S.(-2) and so on. In counting position
      11, a binary 0 signal is applied from the logic element CRC - BRE over
      lead CRL (FIG. 12) to set the CRC data bit in the buffer register to
      binary 0 to indicate that an updating operation has occurred in respect of
      this metering signal lead since the last read-out as previously described.
      In counting position 12, a signal is applied from logic element UDR - BRE
      over lead MDR (FIG. 12) to cause the updating register to read its updated
      meter fee total over leads UBR to the buffer register, which now registers
      the new meter fee total. This information is also retained in UDR, for
      possible subsequent use, as later described. In counting position 13, the
      new meter check bit, applied from the general logic element GEL over lead
      MCB, to the sequencer logic element MCB - BRE, is now applied over lead
      MBC to the buffer register BRE. This meter check bit will be binary 1 if
      the number of ones in the binary/decimal code representation of the new
      meter fee total is even and will be binary 0 if this number is odd, this
      being determined by the general logic element GEL, in known manner. All
      the relevant data is now registered in the buffer register ready for
      return to the disc store, at the appropriate time.
PAR  The sequence counter continues its counting action to re-set the relevant
      storage cells in the temporary part of the disc store, and in respect of
      which the updating operation described above has been carried out. It will
      be recalled that these storage cells in the temporary part of the disc
      store are progressively displaced with respect to one another, the
      relevant storage cell of track MET1 (FIG. 5) being available for writing
      in R.T.S.(-17) and the respective storage cells in each of the subsequent
      MET tracks being displaced from the corresponding storage cell in the
      preceding MET track by four cell (time slot) postions. Returning to the
      programme sequence of FIG. 10, when the sequence counter reaches position
      17, it applies a signal, in R.T.S. (-17) via the "Write 0 MET 1" logic
      element, over lead RES1, to the write element HET1, FIG. 5, to re-set the
      relevant storage cell of track MET1. However, in effecting this re-setting
      operation, a complication arises in that, at this moment (R.T.S.-17) a
      further write 1, command could have appeared from the output of gate TSG1
      in respect of a further verified meter signal pulse and it is necessary to
      take account of this possibility. To this end, the re-set signal applied
      from the "Write 0 MET 1" logic element, FIG. 10, is applied to one input
      to gate RAG1, FIG. 5. If a write 1 command is present on the output from
      gate TSG1, this will be applied over lead l27 and inverter IV13, to the
      other input to gate RAG1, which is thereby inhibited. In this circumstance
      therefore the re-setting signal is ineffective and the binary 1 condition
      recorded in this storage cell of track MET1 will remain and will be taken
      into account during a subsequent updating operation by the updating
      apparatus. The signal on lead l27 is also applied to a lead ZC (FIG. 5),
      the purpose of which will be described below with reference to the third
      programme sequence.
PAR  As the sequence counter (FIG. 10) continues to count over positions 21, 25,
      29, and so on to position 53, re-set signals are applied from the
      respective logic elements to the write elements HET2, HET3 and so on to
      HET10, FIG. 5, so that the set ones of the storage cells in the
      corresponding temporary storage tracks MET are re-set to their 0
      condition, the corresponding storage cells in the HEC tracks being re-set
      during the next disc revolution as will be apparent from the "read" -
      "write" operations previously described.
PAR  The sequence counter continues to count, over positions 54 to 58, to
      position 59, corresponding to R.T.S.(-59), this being the time slot in
      which the respective storage cells of the semi-permanent part of the store
      are available for "write" operation. In position 59, the sequence counter
      applies a signal, via the associated logic element BRE - Disk and lead COW
      (FIG. 12) to the write amplifiers WAM to cause the new meter fee total,
      together with the CRC and MCB data bits to be written into the respective
      storage cells of the semi-permanent part of the store. In the manner
      previously described, when the sequence counter reaches its ultimate
      position it applies a signal via a "re-set" logic element and lead RS2 to
      re-set the sequence counter and the bistable TS2. The re-set logic element
      also applies a priming signal to a logic element CPE = ADR, so that after
      approximately one complete revolution of the disc store, when the address
      coincidence element ADS (FIG. 12) again detects coincidence between the
      address in treatment and the appearance of this address from the clock
      pulse early, a signal is applied in R.T.S.(O) to the CPE = ADR logic
      element of the sequencer, causing this to apply a start 3 signal over
      start lead ST3, to start the third programme sequence, illustrated in FIG.
      11.
PAR  Referring to FIG. 11, the start signal ST3, applied in time R.T.S.(O)
      starts the sequence counter and sets the bistable TS3 to prime the logic
      elements appertaining to the third programme sequence. From the sequence
      counter positions 19 to 55, at four time slot intervals, the respective
      logic elements "check MET1," "check MET2," and so on are interrogated, to
      verify that the temporary store re-set operations, effected in the second
      programme sequence described above, have been correctly carried out. As
      will be recalled from the description given earlier above, during the P
      disc revolutions, the "write" command signals for the write elements HEC1
      - HEC9, FIG. 5, are applied from position 1 of the shift registers SR4 -
      SR13, FIG. 6, over leads LUD1(-19), LUD2(-23), LUD3(-27) and so on. For
      the present checking operation, these signals are also applied over leads
      LCD1 - LCD10 to respective ones of the checking logic elements (FIG. 12),
      the latter being arranged to check that the signal condition of each of
      the leads LCD1 - LCD10 is binary 0. Thus, when the sequence counter
      reaches position 19 (R.T.S. -  19), it applies an interrogating signal to
      the "check MET1" logic element. However, in the case of the MET1 track, it
      will be recalled that the situation could arise in which a write 1 command
      was being applied to the write element HET1, coincident with a MET1,
      re-setting signal applied during the second programme sequence and that in
      this circumstance, the re-setting of the MET1 track was inhibited. When
      this condition applies, it is necessary for the check MET1 logic element
      in this, third, programme sequence to be conditioned to check for the
      presence of binary 1 on lead LCD1, instead of binary 0. To this end, the
      logic element shown in FIG. 11A is provided. The occurrence of a binary 1
      signal on lead ZC, FIG. 5, coincident with the re-set signal RES1, FIG.
      10, during the second programme sequence operates gate RAG2 (FIG. 11A) the
      output from which sets the bistable TS4 to its 1 condition. The 1 output
      from TS4 is applied over lead ZL, to condition the check MET1 logic
      element to check for the presence of binary 1 on lead LCD1. In the absence
      of a binary 1 signal on lead ZL, the check MET1 logic element is
      conditioned to check for the presence of binary 0 on lead LCD1. As the
      sequence counter (FIG. 11) continues to step over positions 23(R.T.S. -
      23), 27(R.T.S. - 27) and so on, to position 55(R.T.S. - 55), the
      associated "check" logic elements check that the signal condition of each
      of the leads LCD2 - LCD10 is binary 0, thus indicating that the re-setting
      operations effected during the second programme sequence have been
      correctly executed. Should one of these checks indicate that a re-setting
      operation has not been correctly executed, then the relevant check
      element, FIG. 11, would produce an output signal, not shown, to re-set the
      sequence counter and to prime the CPE = ADR logic element, FIG. 9. Thus,
      the disc would make approximately one complete revolution, until the
      address coincidence is again detected, whereupon a start 2 signal would be
      applied over lead ST2 to cause the second programme to be repeated. Should
      the fault again be detected during the ensuing third programme sequence
      then a fault report would be initiated as previously outlined above.
PAR  Continuing with the third programme sequence, when the sequence counter
      reaches position 60 (R.T.S. - 60) it applies a signal via the disc - BRE
      logic element (FIG. 11) over lead IBR (FIG. 12) to the read amplifiers RAM
      to cause the data recorded at this address in the disc store during the
      second programme sequence, to be read-out to the buffer register BRE. The
      buffer register reads the meter fee total, over leads BGL to the general
      logic element GEL, together with the meter check bit MCB, so that this
      data can be compared with that originally transferred from the updating
      register UDR. Upon detecting data coincidence, the general logic applies a
      transfer check signal over lead MCC and upon verification of the new meter
      fee total against the received parity bit, applies a parity check signal
      over lead PCB, to the check data logic element, FIG. 11. When the sequence
      counter steps to its ultimate position 61, it interrogates the check data
      logic element for the presence of the check signals on lead MCC and PCB.
      Should these check signals not be present, then as described above, the
      second programme sequence would be recaptured and repeated and in the
      event of the fault again being detected during the ensuing third programme
      sequence, a fault report would be initiated. However, assuming that the
      check signal is detected, than a general reset signal is applied, via a
      general re-set logic element, to re-set the updating apparatus to normal
      in readiness for a further updating operation.
PAR  It will be appreciated by those skilled in the art that in carrying this
      proposed electronic telephone metering system into effect, much of the
      logic employed may be duplicated for security with automatic switch-over
      in the event of persistent fault detection. Such arrangements are
      generally well known and do not form part of the present invention. It is,
      of course, necessary in the design of such arrangements to ensure
      protection of all recorded data during any switch-over to standby
      apparatus.
PAR  In its basic function of subscriber telephone metering, the proposed
      electronic metering system requires only that the existing telephone
      exchange switching system present recognizable metering impulses at some
      discrete point for each subscriber, normally the line circuit. The system
      will readily cater for the highest metering speeds, for subscriber dialled
      international and intercontinental calls. A further application of the
      system is that, in addition to its normal subscriber metering use, it may
      readily be adapted so that a part of the storage and access apparatus may
      serve for traffic metering and recording either on a unit count, or time
      count basis. This type of information is invaluable in assessing the
      performance of a telephone exchange and the proposed system may be used
      simultaneously for subscriber metering, unit count traffic recording and
      equipment usage metering. As described, the basic system is capable of
      serving a block of 10,000 directory numbers, but an installation need not
      be restricted to serving one telephone exchange. Thus, other exchanges in
      a multi-exchange building could be served, or the apparatus could be
      located in dependent small exchanges and linked by remote control to a
      main installation, where records are maintained.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an automatic telephone system central office serving a plurality of
      subscribers lines, with each line terminated at said central office in a
      line circuit and having an identifying line number and said central office
      including equipment to supply periodic metering pulses for local and
      interoffice calls; a memory disc having a surface of magnetic material and
      including means for rotating said disc about its axis at a fixed rate,
      said disc including a first reset track and a second timing track and a
      plurality of meter fee recording tracks, a first counter resettable by
      said reset track and arranged to count in decimal code the output of said
      timing track, said first counter having an output corresponding to the
      designations of each said line number having a metering position on said
      disc, a pulse-plus-bias-line-gate for each said line circuit
      preconditioned in response to a metering pulse, said output of said first
      counter operative to periodically scan each said line for the presence of
      a preconditioned pulse-plus-bias-line-gate and to condition it to a
      conductive state during the interval of the counter when its count
      corresponds to the pulse-plus-bias-line-gates designation, a first, a
      second, a third and a fourth individual store for each said line in said
      plurality of recording tracks, said individual stores for each of said
      lines constituting tracks on said disc divided into sections individual to
      said lines, and said individual stores comprising a plurality of sections
      along the radius of said disc in a plurality of tracks, means operated in
      response to the presence of a conditioned pulse-plus-bias-gate to write a
      "one" in a said first metering store associated with said line, first
      logic means operated upon a first succeeding revolution of said disc to
      read said "one" for said particular line from said first individual store
      and the continued presence of said conditioned pulse-plus-bias-gate to
      write a "one" in said second individual store associated with said line,
      second logic means operated upon a second succeeding revolution of said
      disc to read said "one" for said particular line from said second
      individual store and the absence of said conditioned state of said
      pulse-plus-bias-gate to write a "one" in said third individual store
      associated with said line, and third logic means operated upon a third
      succeeding revolution of said disc to read said "one" for said particular
      line from said third individual store and the absence of said conditioned
      state of said pulse-plus-bias-gate to write a "one" in said fourth
      individual store associated with said line, other means operated in
      response to reading a "one" for a particular one of said lines in said
      fourth metering store to operate a temporary storage means to register the
      "one" for said line and subsequently into a permanent storage means to
      register the cumulative metering count as read from said temporary store
      for said line.
NUM  2.
PAR  2. In an automatic telephone system central office as claimed in claim 1
      wherein said temporary store comprises a limited plurality of tracks and
      including further logic means operated to record said "one" as read from
      said fourth track in sequentially succeeding tracks upon finding preceding
      tracks having a "one" recorded therein.
NUM  3.
PAR  3. In an automatic telephone system central office as claimed in claim 2
      further including a priority logic means operated upon detecting said
      total of "ones" recorded in said temporary store approaching the limit of
      said limited plurality of tracks to effect the transfer of said count to
      said permanent storage means.
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ABST
PAL  A communications system and method for transmitting and receiving two
      independently timed (asynchronous) binary data signals on a quadriphase
      carrier. The four phase ambiguity ordinarily resulting from quadriphase
      transmission and reception is overcome by uniquely identifying one input
      channel, for example, by slightly increasing the clock rate of the
      channel. In reception each channel is demodulated and the data rate of
      each channel is examined to identify the increased clock rate channel.
      That channel is then returned to its original clock rate.
PARN
PAR  This is a continuation-in-part of our copending application Ser. No.
      225,823, filed Feb. 14, 1972, now Pat. No. 3,809,817.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to communications systems and more particularly to a
      system and method for transmitting and receiving two independently timed
      PCM (pulse code modulation) signals carried on a single quadriphase
      modulated carrier.
PAR  The quadriphase modulation technique is also known as quaternary phase
      shift keying, QPSK, four-phase modulation, four-level phase modulation and
      quaternary phase modulation.
PAR  As commonly implemented, the input to a quadriphase modulator is either two
      synchronous bit streams or a single serial bit stream that is divided into
      two parallel bit streams prior to carrier modulation. The timing for
      synchronous bit streams must be generated by the same oscillator or by
      phase-locked oscillators and the bit stream state transitions when they
      occur must coincide.
PAR  In a quadriphase modulated system, the receiver can detect phase shifts
      resulting from modulation but cannot measure the absolute phase states
      unless a transmitted phase reference is also provided. A transmitted
      reference requires additional power and is not commonly used. The receiver
      is usually designed to operate on the available information in the
      received signal to unambiguously demodulate and recover the original PCM
      bit streams.
PAR  In the case of synchronous quadriphase systems, unambiguous signal recovery
      is accomplished by digitally encoding the four possible PCM signal states,
      e.g., 00,01,10 or 11, into carrier phase changes of say no change for 00,
      +90.degree. change for 01, -90.degree. change for 10 and 180.degree.
      change for 11. The receiver then, being able to uniquely detect carrier
      phase changes, unambiguously decodes them into the original PCM signal
      states. This type of encoding is known as quaternary differential
      encoding. Coding of this type is not possible, however, with asynchronous
      PCM input signals.
PAR  Early patents directed to conventional four-phase modulation systems having
      synchronous inputs include U.S. Pat. Nos. 2,870,431 to D. F. Babcock and
      2,905,812 to M. L. Doelz et al.
PAR  In U.S. Pat. No. 3,242,262 to C. M. Melas et al., a four-phase modulator is
      disclosed wherein as an alternative, two separate unrelated channels of
      information may be applied. Recognition of the two original channels is
      provided by use of a known preamble; continuous identification is not
      provided.
PAR  A further four-phase modulation scheme having asynchronous data inputs is
      discussed in an article by Lucio M. Vallese in Microwaves for August 1971
      at page 10. No means for providing unambiguous recognition of the
      asynchronous channels is disclosed.
PAR  In our parent application, Ser. No. 225, 823, filed Feb. 14, 1972, an
      asynchronous quadriphase communications system is disclosed handling
      mutually asynchronous input signals having a known characteristic, such as
      a framing bit. PN scrambling sequences are used to obscure the framing bit
      when the received channels are routed in the wrong sequence. In an
      alternative embodiment, mutually asynchronous input signals not having a
      known characteristic are handled by imposing a low index frequency
      modulation on the clock of each channel.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the teachings of the present invention a new and
      improved method and system for quadriphase transmission of two mutually
      asynchronous PCM signals with unambiguous recognition and recovery of the
      original PCM transmitter input channels is provided, wherein the PCM input
      signals are not required to have a known characteristic.
PAR  This method, which will be referred to as asynchronous quadriphase,
      uniquely identifies one of the data channels prior to transmission. The
      receiver then looks for this unique signature and identifies the channels
      accordingly.
PAR  The system encoder accepts PCM signals, conditions and performs scrambling
      (optional), channel identification, and differential encoding operations
      on the data, and outputs a data stream suitable for driving a phase
      modulator. Two independently clocked PCM sources at the same nominal bit
      rate can be processed simulsimultaneously by the encoder. Provisions are
      also incorporated in the encoder for internally generating data suitable
      for system test purposes.
PAR  Inputs to the encoder consist of two mutually asynchronous bipolar PCM data
      streams designated as channels A and B. Each channel of data undergoes
      signal processing which consists of timing extraction, data scrambling,
      and differential encoding operations. In addition, the channel A data is
      further processed so that it can be uniquely identified by the receiver
      circuitry and reliably distinguished from the Channel B data. This further
      processing consists of slightly increasing the clock rate of the A
      channel, using a frequency translation loop. Circuitry in the receiver
      then distinguishes between the A and B channels on the basis of their
      respective frequencies. Additional receiver circuitry then reduces the
      modified A channel rate by the same fixed ratio so that it is restored
      back to the original rate.
PAR  Input data is changed from bipolar to return-to-zero (RZ) signal format.
      The RZ bit stream then drives a ringing filter which is a high Q resonant
      circuit tuned to the clock frequency. The purpose of the ringing filter is
      to selectively extract the clock frequency from the input signal spectrum.
      The ringing filter output is then fed to a phase-locked loop (PLL), which
      locks onto the clock frequency and generates a reconstructed clock for use
      in subsequent processing circuits. The clock derived from the PLL drives a
      flip-flop which converts the RZ data to non-return-to-zero (NRZ) data.
PAR  In normal operation, both the NRZ data and its associated clock are
      connected to a data scrambler. The scrambling operation is performed by
      modulo-two summing the NRZ data with an internally generated pseudonoise
      sequence. The scrambling operation is performed on the input data for the
      following reasons: first, it guarantees that active data will always be
      transmitted over the channel even though the input data may be temporarily
      all zeros. This in turn enables the bit synchronizer at the receive end to
      stay in lock. Second, it spreads the spectrum more uniformly over the
      occupied bandwidth reducing strong spectral components which may otherwise
      exist due to the characteristics of the input data; and third, it provides
      a means of performing an error test on the link. If these advantages are
      not desired, the scramblers may be omitted without otherwise affecting the
      system according to this invention.
PAR  The data output from the scrambler is simultaneously fed to two flip-flops
      which are clocked by timing signals at the same frequency but 180.degree.
      out of phase with each other. These two timing signals are derived from a
      divide by two toggle operating off of the data clock, f.sub.IN. The
      purpose of this circuitry is to split the scrambled data stream into two
      parallel data streams each occurring at half the original bit rate. These
      two data streams arbitrarily referred to as even and odd are connected to
      a multiplexer or data selection switch. The multiplexer sample rate is
      slightly higher than the effective input rate f.sub.IN by a fixed amount
      .DELTA.f. In order to compensate the data for this higher rate a stuff bit
      is inserted in the data stream exactly .DELTA.f times per second by the
      multiplexer. The resulting data is designated as NRZ' to distinguish it
      from the original NRZ signal. The input to the multiplexer is divided into
      even and odd segments so that the data bits of each segment remain
      invariant during the uncertainty interval over which they are sampled. The
      multiplexer output NRZ' is then differentially encoded.
PAR  The slight increase in the Channel A timing and data rate is accomplished
      by means of a rate translation loop. This loop divides the input frequency
      f.sub.IN by x then recombines it with the original frequency resulting in
      a slightly higher net output frequency, f.sub.o. Specifically,
      ##EQU1##
      The receiver circuitry performs the inverse operation so that the
      resulting output rate and data content are unchanged from the original
      input. For the receiver translation loop output,
      ##EQU2##
PAR  The rate translation loop contains the digital equivalent of a single
      sideband modulator for generating the sum of two frequencies.
      Mathematically the operation is expressed as:
EQU  sin (w.sub.1 + w.sub.2) = sin w.sub.1 cos w.sub.2 + cos w.sub.1 sin w.sub.2
PAL  After filtering, a phase locked loop is used to actually generate the
      higher output rate used to drive the multiplexer.
PAR  The multiplexer output NRZ' is then differentially encoded. The
      differential encoding operation causes a transition in the output data for
      every input data bit at a logic one. This operation results in the data
      information being conveyed in the relative transitions of the data, rather
      than in the absolute magnitude of the data themselves, thus avoiding data
      ambiguity which would otherwise exist at the receive end because of the
      absence of an absolute phase reference in the receiver.
PAR  The Channel B data undergoes scrambling and differential encoding
      operations similar to that for the Channel A data. There is no translation
      in frequency however for Channel B.
PAR  In addition to the normal mode of operation described above, there is also
      a test mode in which the input data is disconnected from the scrambler and
      steady logic level substituted. This allows the pseudo-noise (PN) sequence
      of the scrambler to be fed unaltered to the differential encoder for
      subsequent transmission. Although the PN sequence has random-like
      properties, the pattern is deterministic and thus can be examined on a
      bit-by-bit basis at the receiver end for the occurrence of bit errors.
PAR  The test mode uses an internally generated crystal controlled clock. This
      furnishes a stable clock to the scrambler and differential encoder when in
      the test mode and allows testing to be performed in the absence of an
      input data source. A separate oscillator is provided for each channel.
      Separate switches are also provided for each channel so that either
      channel can be tested independently of the other. The test mode for
      Channel A is enabled by either placing a switch in the TEST position or
      when there is no data input to Channel A. The test mode is enabled for
      Channel A upon loss of input signal to insure the continuous transmission
      of data to the receiver where circuitry monitors the stuff bit for the
      presence of in service errors. A high in service error rate is thus
      avoided even though the Channel A input has been disconnected. The test
      mode for Channel B is enabled only by placing a switch in the TEST
      position. If the data input to Channel B is removed, the clock obtained
      from the phase locked oscillator is inhibited when the phase locked
      oscillator drops out of lock which effectively inhibits an output from
      Channel B. Generating output data at a rate in excess of the normal clock
      rate due to the searching action of the out of lock phase locked loop is
      thus avoided for Channel B. The channel recognition unit resolves the
      ambiguity at the receiver between the I (in-phase) and Q (quadrature)
      channels received versus the A and B channels transmitted. This is done by
      measuring the relative timing of the I and Q channel data rates against a
      local reference. If the I or Q channel being measured exceeds the local
      reference by a certain amount, it is identified as the A channel and
      processed accordingly. For this situation the channel not being measured
      is assumed to be the B channel. Conversely if the channel being measured
      does not exceed the local reference by a given amount it is identified as
      the B channel with the other channel assumed to be the A channel. Once the
      A and B channels of data have been recognized, they are differentially
      decoded and the B Channel is outputed to the decoder for descrambling. The
      Channel A data rate is restored back to its original rate and the stuff
      bit inserted by the encoder is removed before the Channel A data is
      applied to the decoder for descrambling.
PAR  The decoder performs a descrambling operation on its input data and outputs
      a bipolar T-carrier compatible waveform. Two channels, A and B can be
      processed simultaneously by the decoder. The decoder performs operations
      inverse to those performed by the encoder in order to restore the output
      data back to its original format. The channel A and B descramblers each
      operate on different codes corresponding to the coding operations
      performed by the scramblers in the encoder unit.
PAR  The decoder also contains circuitry for detecting the presence of a stuff
      bit in the scrambled data for channel A'. Once the stuff bit is detected,
      a sync pulse is generated to permit the subsequent removal of the stuff
      bit. The stuff bit detector is also utilized to provide an in-service
      error monitoring capability. Whenever the in-service error rate becomes
      excessive (&gt;10.sup.-.sup.4, for example), the bipolar PCM output is
      inhibited for both channels.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the overall asynchronous quadriphase
      communication system.
PAR  FIG. 2 is a block diagram of the encoders portion of FIG. 1.
PAR  FIG. 3 is a block diagram of the clock recovery circuits of FIG. 2.
PAR  FIG. 4 is a block diagram of the scramblers of FIGS. 1 and 2.
PAR  FIG. 5 is a block diagram of the clock rate translation loop of FIG. 2.
PAR  FIG. 6 is a block diagram of the data rate processor of FIG. 2.
PAR  FIGS. 7(a) through 7(h) are timing diagrams useful in understanding the
      data rate processor of FIG. 6.
PAR  FIG. 8 is a block diagram of the quadriphase modulator of FIG. 1.
PAR  FIG. 9 is a block diagram of the quadriphase demodulator of FIG. 1.
PAR  FIG. 10(a) is a block diagram of the channel recognition circuit and data
      rate changer of the asynchronous quadriphase receiver of FIG. 1.
PAR  FIGS. 10(b) through 10(d) are timing diagrams useful in understanding FIG.
      10(a).
PAR  FIGS. 11(a) and 11(b) are block diagrams of the delta or stuff bit
      detector, error detector, descrambler and format converters of the
      asynchronous quadriphase receivers of FIG. 1.
PAR  FIG. 12 is a block diagram of the descramblers of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1, 8, and 9 of the drawings, wherein FIG. 1 shows a
      basic block diagram of the overall asynchronous quadriphase
      transmitter/receiver system, FIG. 8 shows a functional block diagram of
      the quadriphase modulator of FIG. 1 and FIG. 9 shows a functional block
      diagram of the quadriphase demodulator of FIG. 1.
PAR  A pair of PCM (pulse code modulation) data channels A and B, which are
      independently timed and are not in synchronism with each other, are
      applied, respectively to encoders 1 and 3, which are shown in greater
      detail in FIG. 2. Encoders 3 and 5 include a code A scrambler 2 and a code
      B scrambler 4, respectively. The scrambler codes A and B are sufficiently
      different so that the scrambled PCM signals can be distinguished in the
      receiver portion of the system. The scramblers are of conventional design
      and may take many specific forms. As discussed above, the scramblers are
      not essential to the invention, although they provide certain practical
      advantages. The output of each scrambler is applied to a pair of binary
      differential encoders 6 and 8, respectively, in order to modify each PCM
      channel for quadriphase modulation. The scrambler 2 output, however, is
      applied through a data rate changer 5 that modifies the data rate of
      channel A. The binary differential encoders 6 and 8 coupled with binary
      differential decoders in the receiver provides for resolution of the
      binary polarity ambiguity within each phase quadrature channel. The binary
      differential encoders are also per se conventional.
PAR  The outputs of the encoders 1 and 3 are applied to a quadriphase modulator
      10, which is shown in greater detail in FIG. 8. Each of the two phase
      shifters 212 and 214 is independently controlled by one PCM channel. The
      binary data driving each phase shifter has been scrambled and
      differentially encoded. A binary zero at the differential encoder input
      results in no change in the corresponding phase shifter output; a binary
      one causes a 180.degree. phase shift. The phase shifters 212 and 214
      operate on a carrier at 0.degree. derived from a carrier oscillator 216
      and power splitter 218.
PAR  A 90.degree. delay means 220 receives the phase shifter 214 output to
      provide a -90.degree./+90.degree. phase shifting signal which is summed
      along with the phase shifter 212 output in a summer 222 to provide a four
      phase signal on line 224 to the power amplifier and/or carrier frequency
      converter 226 that is a conventional unit chosen to match the available
      transmission medium 28.
PAR  Similarly, the transmission medium determines the form of the receiver
      front-end filter, carrier frequency converter and amplifiers 30. These are
      also conventional communications circuits. The output of block 30 is
      applied on line 32 to the quadriphase demodulator 34, which is shown in
      greater functional detail in FIG. 9.
PAR  The received signal on line 232 is applied to a power splitter 236 and a
      carrier reconstruction loop 238. The carrier reconstruction loop 238
      includes a phase-locked oscillator that maintains a fixed phase
      relationship with one of the four phase states of the received signal. The
      output of the carrier reconstruction loop oscillator provides the phase
      reference for demodulating the quadriphase signals. The power splitter 236
      divides the received signal for application to phase detectors 240 and 242
      that receive the phase reference signal (an arbitrary 0.degree.) and a
      -90.degree. reference signal (the phase reference signal delayed by
      90.degree. delay 244), respectively, to provide independent demodulation
      of the two phase quadrature signals. At this point in the receiver, there
      is no unique relationship between the phase detector outputs and the
      original inputs to the quadriphase modulator in the transmitter. This
      ambiguity occurs because the carrier reconstruction oscillator will
      phase-lock to any one of the four possible phase states and retain that
      phase relationship unless it loses phase-lock due to loss of signal or
      very high noise level.
PAR  The phase detector 240 output, designated the in-phase or I channel is
      applied to a conventional timing recovery circuit 246 to provide I channel
      clock pulses, and is applied to a conventional filter and sampler circuit
      248 that provides a clean I channel binary signal. In the same manner the
      phase detector 242 output, designated the quadrature or Q channel, is
      applied to a timing recovery circuit 250 and filter and sampler circuit
      252.
PAR  The I and Q channel binary and clock signals are applied to channel
      recognition circuit 64 and subsequently to binary differential decoders 54
      and 56, respectively. The I channel may, for example, represent the
      original A channel or the B channel or one of the original channels with
      reversed polarity. The channel recognition circuit looks at the data rate
      of each channel and controls switch 58 to correctly sort the channels. The
      binary differential encoder and decoder in each channel resolve the
      polarity ambiguity. A data rate changer 59 restores channel A to its
      original rate. Channels A and B are then applied to a pair of descramblers
      60 and 62. The descramblers 60 and 62 are matched to scrambling codes A
      and B in the transmitter portion.
PAR  FIG. 2 shows a functional block diagram of the transmitter encoders for
      channels A and B. The encoders accept PCM signals in T-carrier, 50 percent
      bipolar format, perform scrambling and differential encoding operations on
      them, and each output is a binary data stream suitable for driving a phase
      modulator. The A channel encoder also modifies the data rate. Two
      asynchronous PCM signal sources at a nominal 1.544 Mb/s rate are processed
      simultaneously. The invention is not limited to such PCM sources, however.
PAR  Bipolar PCM data from each data channel is coupled to respective interface
      stages 102 and 122 where it is converted into return to zero (RZ) format.
      The data in the RZ format is then applied to respective clock recovery
      circuits 104 and 124 and to further interface stages 106 and 126 which
      also receive the recovered clock signals to convert the RZ format data
      into non-return to zero (NRZ) format. The details of clock recovery
      circuit 104 and 124 are described further in conjunction with FIG. 3. The
      interface stages 102, 106, 122, and 126 are conventional and the
      implementation of such circuits is well known in the art.
PAR  Referring particularly to the channel A portion of FIG. 2, the clock
      recovery circuit 104 provides an f.sub.IN output at the clock rate of the
      PCM input signal and a 2f.sub.IN output at twice the clock rate of the PCM
      input signal. A switch 108 is normally connected to receive the 2f.sub.IN
      output from clock recovery circuit 104, but for test purposes the switch
      can be connected to a local clock source such as a crystal oscillator 110.
PAR  Switch 108 applies the 2f.sub.IN signal to clock-rate translation loop 116,
      which is shown in further detail in FIG. 5, and to a divide by 2 block
      112. The output of block 112 is f.sub.IN and is also applied to the
      clock-rate translation loop 116, to scrambler 114, which is shown in
      further detail in FIG. 4, and to data rate processor 118. The clock-rate
      translation loop 116 provides two clock signal outputs at the rates
      f.sub.IN + .DELTA.f and .DELTA.f. As will be understood, the clock rate
      f.sub.IN + .DELTA.f is the modified clock rate of the channel A data.
PAR  Scrambler 114 also receives the NRZ data from block 106 and provides a
      scrambled NRZ output to the data rate processor 118. The processor 118
      also receives the f.sub.IN +.DELTA.f and the .DELTA.f clock signals to
      provide a modified data output designated NRZ' at the modified clock rate
      for application to the binary differential encoder 120 which also receives
      the f.sub.IN +.DELTA.f clock signal from clock-rate translation loop 116.
      The output of binary differential encoder 120 is applied to the
      quadriphase modulator 10 of FIG. 1.
PAR  Referring now to the channel B portion of FIG. 2 the NRZ output of block
      126 is applied to scrambler 134 which is shown in greater detail in FIG.
      4. The scrambler also receives from switch 128 the recovered clock signal
      f.sub.IN or in the test mode a local clock signal from block 130 which may
      be a crystal oscillator, for example. The scrambled NRZ output from block
      134 is applied to binary differential encoder 138 which also receives the
      clock signal f.sub.IN to provide an output to the quadriphase modulator 10
      of FIG. 1.
PAR  FIG. 3 shows the clock recovery circuits 104 and 124 in greater detail. The
      input data in RZ format is applied first to a high Q resonant filter 150,
      also known in the art as a ringing filter. The filter will "ring" at its
      resonant frequency when a string of zeros is present at the input. The
      time constant of the envelope delay is Q/II cycles. Thus, with a Q of
      approximately 30, 10 successive zeros can occur before the filter output
      has decayed to 1/e of its initial value. A signal relatively stable in
      frequency is therefore presented at the filter output to the phase-locked
      loop 152. Loop 152 is conventional and includes a voltage controlled
      oscillator (VCO) operating at twice the clock frequency f.sub.IN which is
      divided by 2 and fed back to a phase detector (not shown). Thus, two
      outputs are available: 2f.sub.IN and f.sub.IN. The filter 150 also drives
      an in-lock detector 154 which can be, for example, a comparator comparing
      the signal derived from the filter with that obtained from the phase-lock
      loop. When the phase-lock loop is locked to the input a signal can be
      provided to display 156 which may be, for example, a light emitting diode.
PAR  FIGS. 4 and 12 show the respective scrambler and descrambler operations in
      greater detail. The scrambler essentially consists of a six stage shift
      register 162 with feedback taps enabling it to generate a pseudo noise
      (PN) sequence. The feedback taps selected result in a maximum length
      sequence of 2.sup.N -1 bits where N is the number of stages in the
      register. For this case N = 6, the sequence length is 63 bits and the
      feedback taps are either taken from stages 6 and 5 or stages 6 and 1. The
      scrambled output is the modulo-two sum of the data input, X, and the
      output of the feedback shift register, Y. Blocks 160 and 164 indicate
      modulo-two summation functions.
PAR  When this scrambled output (X + Y) is applied directly to the input of
      similarly configured feedback shift register 404 and the shift register
      output (Y) is then modulo-two summed with the input, the original data
      input to the scrambler, X, is recovered. The channel A scrambler utilizes
      feedback taps 6 and 1, whereas the channel B scrambler utilizes taps 6 and
      5. Blocks 402 and 406 indicate modulo-two summation functions.
PAR  Utilization of the scrambler for uniquely identifying channels is
      accomplished by using a different pseudo-noise (PN) sequence for each data
      channel. The inverse operation must be performed at the receive end to
      properly descramble the data and these descramblers are configured as
      shown in FIG. 12 to be compatible with the unique PN sequences generated
      by their respective scramblers.
PAR  FIG. 5 shows the clock-rate translation loop in greater detail. The purpose
      of the clock-rate translation loop is to provide an output clock signal at
      the rate f.sub.IN +.DELTA.f. In this particular embodiment .DELTA.f is
      f.sub.IN .div. 255. It will be apparent to those of ordinary skill in the
      art that .DELTA.f may assume other values.
PAR  The rate translation loop contains the digital equivalent of the single
      side-band modulator for generating the sum of two frequencies.
      Mathematically, the operation is expressed as follows: sin(f.sub.IN
      +.DELTA.f) = sin f.sub.IN cos.DELTA.f + cos f.sub.IN sin.DELTA.f. The
      clock-rate translation loop thus functions to generate the .DELTA.f clock
      frequency and to sum it with f.sub.IN to provide the modified clock-rate
      signal f.sub.IN + .DELTA.f. The loop receives at its input the f.sub.IN
      and 2f.sub.IN clock-rate signals which are applied to a 90.degree. shift
      block 170 which provides at its output sin f.sub.IN. Block 170 is, for
      example, a D-type flip-flop receiving f.sub.IN at the data input and
      2f.sub.IN at the clock input. The f.sub.IN input clock is also applied to
      a divide by 255 counter 174 and to one input of an exclusive-or gate 180.
      The 2f.sub.IN clock rate input signal is also applied to a divide by 255
      block 176. The block 174 output, f.sub.IN .div. 255, is applied to a
      further 90.degree. shift block 178 which also receives the output of block
      176, 2f.sub.IN .div. 255. Block 178 may also be a D-type flip-flop. The
      output of block 178 is sin .DELTA.f and is applied to the other input of
      exclusive-or gate 180 which thus provides at its output sin .DELTA.f cos
      f.sub.IN. Exclusive-or gate 172 receives the sin f.sub.IN output of block
      170 and the cos .DELTA.f output from block 174 to provide sin f.sub.IN cos
      .DELTA.f to summer 182 which also receives the output of exclusive-or gate
      180 to thus provide the summation term which is equivalent to sin(f.sub.IN
      + .DELTA.f). This signal is applied to a bandpass filter 184 at the
      frequency f.sub.IN +.DELTA.f and the filtered signal is then applied to a
      conventional phase-locked loop 186 which provides at its output a clean
      clock signal at the frequency f.sub.IN +.DELTA.f. An in-lock detector such
      as a comparator 188 receives the loop output and input to provide a signal
      indicating when the loop is in lock.
PAR  FIG. 6 shows the data rate processor 118 in greater detail. Reference is
      also made to FIG. 7a, b, and c, which shows a series of wave forms useful
      in understanding the operation of the data rate processor. The purpose of
      the data rate processor is to convert the scrambled NRZ data at clock rate
      f.sub.IN to scrambled NRZ data at clock rate f.sub.IN +.DELTA.f. In
      accomplishing this, a "stuff" bit or .DELTA. bit is added every 256th bit
      as will be explained. The stuff bit is preferably a logic "0", although
      those of ordinary skill in the art will appreciate that it can be a logic
      "1" or possibly alternating 1 and 0, or other deterministic patterns. The
      stuff bit defines frames of data.
PAR  The scrambled NRZ data is applied to first and second flip-flops 192 and
      194. The flip-flops are clocked by even and odd phases of the f.sub.IN
      clock provided at the output of divide by 2 counter 190 such that
      flip-flop 192 provides an "even" data output and flip-flop 194 provides an
      "odd" data output. These outputs are applied to a multiplexer 196 which is
      shown for simplicity as a switch which selects from the even and odd data
      outputs of the flip-flops and a stuff bit. The multiplexer or switch is
      controlled by a data select logic block 198 which receives the .DELTA.f
      clock and the f.sub.IN +.DELTA.f clock.
PAR  It will be appreciated that in order to increase the data rate in channel A
      by .DELTA.f, which in this example is f.sub.IN .div. 255,  it is necessary
      to shorten the length of each original bit by 1 .div. 256. The sampling of
      switch 196 must take place at the faster clock rate. However, unless the
      input scrambled NRZ data is broken into even and odd phases the sampling
      point will slide relative to the slower clock rate of the input data
      resulting in an ambiguous sample at the end of the 255 bit period. This is
      best understood by reference to FIGS. 7a, b, and c.
PAR  FIG. 7A shows exemplary scrambled NRZ data as it is applied to the
      flip-flops 192 and 194. Each consecutive cell of data is designated even
      (E) and odd (O). The f.sub.IN clock period is equal to the width of each
      data cell and is indicated by the 360.degree. arrows above cell E.sub.1.
      If the original data of FIG. 7A is sampled at the faster clock rate
      f.sub.IN + .DELTA.f, then the sample times relative to each data cell will
      be progressively advanced. This is indicated in a somewhat exaggerated
      manner by the arrows below the data cells of FIG. 7A. For example, the
      first sample, sample s.sub.1, in data cell E.sub.1 occurs at the center of
      the data cell. One assumes that the f.sub.IN and f.sub.IN + .DELTA.f
      clocks are coincident at this particular time. However, at the next data
      cell O.sub.1, while a sample s.sub.2 taken according to the input clock
      f.sub.IN would occur at the center of the data cell, the sample s.sub.2,
      taken according to the f.sub.IN + .DELTA.f clock would be advanced. As the
      samples continue to occur in successive data cells the f.sub.IN +.DELTA.f
      clock sample occurs progressively earlier in the data cell until, for
      example, in cell E.sub.3 the sample s.sub.5 occurs at the boundary between
      E.sub.3 and E.sub.2, causing an ambiguous sampling. The displacement of
      the sample from sample point s.sub.5 to the sample point s.sub.5, is only
      a 180.degree. shift. It will be apparent that the sample point will shift
      over the full 360.degree. range. That is, over a 256 bit period, there is
      a 360.degree. slippage between the faster output clock f.sub.IN + .DELTA.f
      relative to the input clock rate f.sub.IN.
PAR  In order to overcome this sampling problem with the increased f.sub.IN +
      .DELTA.f sampling rate, the scrambled NRZ data is broken into even and odd
      bit streams, such as shown in FIGS. 7B and 7C. By doing so, the range of
      possible sample times over the 360.degree. period can be completely
      contained within the width of a bit cell. This is shown schematically with
      reference to bit cell E.sub.1 of waveform 7B.
PAR  Thus, the data select switch or multiplexer 196 of FIG. 6 can alternately
      sample the even and odd data bit streams from the flip-flops 192 and 194
      to provide 255 bits of information data and then add the stuff bit or
      delta bit as the 256th bit in real time.
PAR  FIGS. 7D through 7H show further timing waveforms useful in understanding
      the subject matter of FIG. 6. These figures show relative timings at five
      portions during a two frame interval. The original clock f.sub.IN is shown
      for reference. The serial data (in scrambled NRZ form) is shown
      schematically as bit cells labeled B1 through B510. Likewise, the odd
      (from flip-flop 194) and even (from flip-flop 192) bit cells are labeled
      B1 through B509 (odd digits) and B2 through B510 (even digits),
      respectively. The .DELTA.f and f.sub.IN + .DELTA.f clock pulses are shown.
      Within data select logic 198, "odd enable" and "even enable" pulses are
      derived from the f.sub.IN + .DELTA.f clock. "Stuff enable" pulses are
      derived from the f.sub.IN + .DELTA.f clock subsequent to the occurrence of
      a .DELTA.f clock pulse. The odd/even enable pulses are inhibited during a
      stuff enable pulse. Sampling of data occurs at the positive going edge of
      a clock pulse. Thus, for example odd bit B509 is sampled at the positive
      going clock (f.sub.IN + .DELTA.f) pulse when the odd enable is high. Note
      the relatively shifted locations (shown by arrows and dashed lines) of the
      B509 and B1 samples within each respective bit cell. These positions are
      the extremes of the sampling points throughout the frame and are well
      within the bit cells so as to avoid ambiguous samples. It will be apparent
      to those of ordinary skill in the art that the precise logic arrangement
      of FIG. 6 may take many forms within the scope of these teachings.
PAR  It will be apparent to those of ordinary skill in the art that various
      other means may be provided for increasing the clock rate of the data from
      channel A. For example, a memory or memories may be provided in which the
      data is read in at a first rate and read out at the second rate. The
      invention is not to be limited to the particular means for increasing the
      clock rate as disclosed herein.
PAR  Referring now to FIG. 10 wherein the channel recognition circuit and data
      rate changer of the asynchronous quadriphase receiver of FIG. 1 are shown
      in greater detail.
PAR  The channel recognition circuit 64 resolves the ambiguity at the receiver
      between the I (in-phase) and Q (quadrature) channels received versus the A
      and B channels transmitted. The channel recognition circuit does this by
      measuring the relative timing of the I or Q channel data rates against a
      reference. If the I or Q channel being measured exceeds the reference by a
      certain amount, it is identified as the A channel and processed
      accordingly. For this situation, the channel not being measured is assumed
      to be the B channel. Conversely, if the channel being measured does not
      exceed the reference by a given amount it is identified as the B channel
      with the other channel assumed to be the A channel. Once the A and B
      channels of data have been recognized, the B channel is differentially
      decoded and subsequently descrambled. The A channel is applied to the data
      rate changer 59 and is restored back to its original rate and the stuff
      bit or delta bit inserted by the transmitter is removed before the signal
      is applied to the descrambler. The reference will typically be a local
      clock reference, however, the clocks of the two channels, I and Q, could
      be compared to each other.
PAR  The channel recognition circuit 64 receives the I and Q channel clock
      signals at double frequency which are applied to switch control logic 302.
      Either the I or Q clock is examined, however, the channel examined must
      have valid data present before it will be monitored as determined by in
      lock signals applied to logic 302. A crystal oscillator operating at
      double the f.sub.IN clock frequency (the channel B clock frequency) of
      3.088MHz, for example, applies a clock signal to counter 306. Counter 306
      is a divide by 2,048 counter and it provides a reference for resetting
      counter 304. It is necessary to distinguish between channel timing which
      has been modified versus that which has been scaled up by a factor of 256
      .div. 255. This amount of scaling over a count of 2,048 results in a count
      of approximately 2,056 or about 8 extra counts. If the channel being
      monitored exceeds 2,052 or four extra counts over the reference interval
      of 2,048 counts a decision in favor of channel A is made. Counts equal to
      or less than 2,052 result in decisions favoring channel B. Thus, counter
      304 is clocked by the I or Q clock input and a decoded output of the count
      is applied to logic 302 which looks for the 2052 count and decides in
      favor of channel A if that count is received before the 2048 reference
      count from counter 306 and in favor of channel B if the reference count is
      received before the 2052 count from counter 304, thereby making the
      decision to provide a control signal to the channel sorting switch 58. It
      will be appreciated that the reference signal provided by oscillator 308
      may alternatively be the clock signal from the other channel.
PAR  The channel B output from switch 58 is differentially decoded by applying
      the NRZ data and the clock signal to differential decoder 314, the output
      of which is applied to further circuitry shown in FIG. 11 explained below.
      It is evident that the embodiment described above is a digital
      implementation of the function of a frequency discriminator; this function
      could also be implemented in other ways such as by using an analog
      discriminator or a single sideband modulator.
PAR  The channel A NRZ' data and clock are applied to a further differential
      decoder 316. The decoded NRZ' data and the channel A clock are applied to
      the data rate changer circuit 59. Circuit 59 provides the inverse function
      of the data rate changer 5 of the transmitter portion of the system. That
      is, it reduces the data rate of the channel A information by a factor of
      255 .div. 256. It also removes the stuff bit or .DELTA. bit and thus
      provides the originally timed channel A data signal.
PAR  Data rate changer 59 receives the channel A double frequency clock signal
      and also the output of differential decoder 316. A rate translation loop
      similar to that of the transmitter circuitry is used to slow down the
      timing by an amount required for the removal of the stuff bit. The double
      frequency clock signal 2f' (where f' if f.sub.IN + .DELTA.f) is applied to
      a divide by two block 317 and to a 90.degree. shift block, which can be a
      D-type flip-flop as in FIG. 5, which provides a sin f output to
      exclusive-OR gate 318. The f' clock is applied to a divide by 256 counter
      322 and a further exclusive-OR gate 320 as the cos f' signal. The divider
      322 provides cos .DELTA.f and sin .DELTA.f' outputs to the respective
      exclusive-OR gates 318 and 320. The output of gate 318 is sin f' cos
      .DELTA.f' and the output of gate 320 is cos f'  (-sin .DELTA.f). These two
      signals are added in a summer 324 which applies the signal sin
      (f'-.DELTA.f') to a bandpass filter 330. Mathematically, the operation
      corresponds to (sin f') (cos.DELTA.f')-(cos f') (sin.DELTA.f')=sin
      (f'-.DELTA.f). Since .DELTA.f' = f' .div. 256 and f' - .DELTA.f' is 255
      .div. 256 .times. f'  which is the exact amount of frequency reduction
      required to restore the modified A channel back to the original A rate.
      The output of filter 330 is applied to a phase lock loop 332 which locks
      on to the filtered signal and generates a clock at the desired rate
      f.sub.IN. A lock detector or comparator 334 looks at the loop input and
      output and provides a signal indicating locked condition.
PAR  The stuff bit must also be removed and the data reclocked at the slower A
      rate of f.sub.IN. The presence and location of the stuff bit and the
      serial data stream of the modified A channel is determined by circuitry
      forming a portion of FIG. 11, described below. A .DELTA. bit sync pulse is
      generated to locate when the periodic stuff bit occurs. This pulse is
      applied to counter 322 and resets the divide by 256 counter so that the
      counter overflow has a fixed timing relationship with the occurrence of
      the stuff bit. All data bits are sampled except for the stuff bit which
      effectively deletes the stuff bit from the data stream. The demultiplexer
      control 326 receives the slow clock and an output from counter 322 for
      controlling demultiplexer 328. The demultiplexer samples all bits except
      for the stuff bit which thereby effectively deletes the stuff bit from the
      output data stream. The sample bits are then reclocked into a flip-flop
      contained in the demultiplexer 328 at the slower data rate, buffered and
      then applied to the circuitry on FIG. 11.
PAR  FIGS. 10(b) through 10(d) show various timing waveforms useful in
      understanding FIG. 10(a), particularly as to the demultiplexer 328 and
      demultiplexer control 326. As done in FIGS. 7(d) through 7(h), FIGS. 10(b)
      through (d) show relative timings at portions during a two frame interval.
      The NRZ' data from differential decoder is shown as bit cells B1 through
      B511 plus the stuff bit cells (B256 and B512). The fast clock f' =
      f.sub.IN + .DELTA.f is shown above the bit cells. The .DELTA. bit sync
      pulse from FIG. 11 (delayed a half clock pulse due to inherent circuit
      delays) resets the 256 counter 322. The counter periods are shown as cells
      1 through 256 with a 0 cell occurring at reset. The counter provides two
      .DELTA.f' outputs (.DELTA.f' = f' .div. 256 = (f.sub.IN + .DELTA.f) .div.
      256), one of which is shown in the FIGS. 10(b) - 10(d). The other
      .DELTA.f' output is delayed 90.degree.. The NRZ' data is divided into odd
      and even streams in demultiplexer 328 in a manner such as in FIG. 6 (not
      shown in FIG. 10(a)). The demultiplexer control 326 receives the original
      f.sub.IN clock from PLL 332 and generates even-enable and odd-enable
      pulses as shown, which are inhibited by the .DELTA. bit pulse. Thus the
      occurrence of a positive going f.sub.IN clock pulse and an odd or even
      enable pulse causes sampling of the odd and even NRZ' data, thereby
      providing output data at the original channel .DELTA. rate. Note the
      relative positions (shown by arrows and dashed lines 1 of the samples in
      cells B254 and B2. As in FIG. 7(d), these are the extremes of the sample
      point locations within a bit cell.
PAR  Referring now to the details of FIG. 11, the stuff bit detector which
      provides the stuff bit or delta bit sync pulse to the data rate changer 59
      of FIG. 10 is shown along with the descramblers and NRZ to polar format
      converters for channels A and channel B. Also, error detecting circuitry
      for inhibiting the channel A and channel B outputs when a stuff bit is not
      detected is shown.
PAR  The stuff bit detector receives the modified (i.e. fast) channel A
      scrambled data and channel A clock signals at the f' rate. It will be
      recalled that the stuff bit is preferably a logic zero that is inserted
      after every 255 of the channel A data bits. Basically the stuff bit is
      detected by comparing a received data bit with one that has been delayed
      by exactly 256 clock intervals and noting which bits spaced at the
      interval are consistently at a logic zero. A 256 bit shift register 354 is
      used for delaying the data.
PAR  Another 256 bit shift register is used for search, acquisition, and
      tracking of the stuff bit and will be referred to as the tracking
      register. The stuff bit detector operates in three modes: search,
      acquisition and tracking. The search mode consists of comparing one frame
      of data with the previous frame of data stored in shift register 354 on a
      bit by bit basis and entering information in shift register 352 regarding
      which bits satisfied the stuff bit criterion. A frame, defined by the
      stuff bit, consists of 256 bits of data. Before the search mode can be
      entered all cells in the tracking register 352 must be empty. On the
      average one fourth of the cells (64) will get filled during a one frame
      search due to random data along. Following the one frame search mode, an
      acquisition mode is entered in which no additional cells in shift register
      352 can be filled. Instead those cells which had been filled during the
      search mode are allowed to remain provided that the bit comparator
      continues to satisfy the stuff bit criterion with each successive frame.
      Failure to satisfy this criterion will cause a previously filled cell to
      be cleared or emptied. The acquisition mode continues for as many frames
      of data as required until only a single cell remains full. This cell and
      its location correspond to the stuff bit.
PAR  On the average half of the cells that were filled due to random data will
      be cleared on each successive frame during the acquisition mode. For
      example, had 128 cells been filled during the one frame of search mode
      data, 64 cells would have been cleared (on the average) after the first
      frame of data in the acquisition mode leaving 64 cells still full.
      Following the second frame of data, 32 cells on the average would remain
      full, 16 after the third frame, converging down to a single cell after the
      seventh frame of data in the acquisition mode. The acquisition mode by
      clearing those cells which fail to meet the stuff bit criterion after each
      frame of data ensures convergence to the actual stuff bit when present.
      Finally, only a single cell should remain full in the tracking register
      which corresponds to the stuff bit. When this occurs the acquisition mode
      ceases and the tracking mode commences. The average acquisition time to
      converge on the stuff bit is approximately 1.5 milliseconds. The
      probability of acquiring the stuff bit within 4 milliseconds is greater
      than 0.9999. During the tracking mode the single cell corresponding to the
      stuff bit is allowed to circulate in the tracking register. In addition
      the bit comparator 356 is continually examining each new frame of data for
      compliance with the stuff bit criterion and the output from this
      comparator generates a clock at the stuff bit time determined by the
      circulating bit in the tracking register. This clock will increment an
      up/down counter 368 if the comparator output satisfies the stuff bit
      criterion, otherwise, the counter will be decremented. The counter is
      clamped in the reset state during the search and acquisition modes and
      allowed to count only in the tracking mode. The counter can be incremented
      as long as it is not already at a full scale count of fifteen. Conversely
      it can be decremented as long as it contains a count greater than zero. In
      this manner overflows and under flows are avoided. This counter provides
      the capability of being able to track a stuff bit even in a noisy
      environment where bit errors are occurring during the stuff bit interval.
      A bit error rate exceeding 33% is required to cause the stuff bit detector
      to change from the tracking mode to the search mode. Should the counter be
      decremented to zero, the cell in the tracking register 352 corresponding
      to the stuff bit is no longer allowed to circulate but instead is cleared.
      Once cleared, all cells in the tracking register will be empty and this
      condition initiates the start of the search mode.
PAR  The circulating bit in the tracking register is used as a timing pulse to
      synchronize the data rate changer of FIG. 10. This pulse is called
      ".DELTA. Bit Sync."
PAR  The number of full cells in the tracking register 352 determines the mode
      of operation for the stuff bit detector. The shift register monitor 366
      has three outputs which depend on the register 352 contents. If each of
      the 256 cells is empty, the search mode is initiated which spans exactly
      one frame of data and fills those cells which are stuff bit candidates.
      This is accomplished by monitor 366 applying a logic 1 to AND-gate 358.
      When more than one cell is full the acquisition mode is in effect which
      continually cycles through successive frames of data. For this mode
      monitor 366 applies a logic 1 to AND-gate 360. During each cycle every
      full cell of the tracking register is tested against its corresponding
      received data bit for continued compliance with stuff bit criterion. Those
      full cells which fail the test are emptied until a single full cell is
      converged upon. When only a single cell is full the tracking mode is
      entered and the stuff bit is presumed to have been found. In that case,
      monitor 366 enables counter 368.
PAR  Monitor 366 includes a two stage shift register (not shown) to monitor the
      cell status of the tracking register 352. Each full cell in the tracking
      register generates a shift clock for the two stage shift register which
      gets reset once per frame. At the end of each frame the status of the two
      stage shift register is sampled and stored. Decode gates (not shown)
      determine whether none, one, or more than one shift clock has been
      received by the two stage shift register during the 256 bit frame
      interval. This information which is then stored determines whether the
      stuff bit detector will operate in the search, acquisition, or tracking
      mode for the next frame interval.
PAR  As an optional feature, an in-service error generator 372 also receives the
      tracking mode output of monitor 366 and the down counts of up/down clock
      generator 370. The output from monitor 366 indicates a no error condition,
      whereas down counts from clock generator 370 indicate errors. When a
      predetermined number of errors occur during a selected time period the
      error rate monitor 378 triggers one shot 380 for a short time period. The
      one shot is continually retriggered as long as the bit error rate exceeds
      one part per ten thousand bits. A second retriggerable one shot 374 is
      triggered by the individual error pulses and generates a pulse a quarter
      of a second long which turns on an LED indicator 376 which may be observed
      by the system operator. Since the in-service error pulse is obtained from
      the comparison of successive stuff bits, an error occurring in one stuff
      bit position will result in two in-service error pulses.
PAR  The output of one shot 380 is applied to an OR-gate 382 which also receives
      a further input from another source which may be a manual inhibit signal.
      The output of OR-gate 382 is then applied to blocks 390 and 398 in order
      to inhibit the output data.
PAR  The remainder of the system as shown in FIG. 11 includes descramblers 384
      and 392 for channels A and B which receive the respective scrambled data
      and clock signals for the channels. The scramblers are matched to the
      scramble codes in the transmitter portion of the system. Test mode
      detectors 386 and 394 are connected to each scrambler unit and provide
      visual outputs at indicators 388 and 396 when the system is in the test
      mode as described above. The output of the descramblers are applied to NRZ
      to bipolar format converters 390 and 398 which also receive the respective
      clock signals for the channels. The output of blocks 390 and 398 are the
      initial channel A and channel B PCM data.
PAR  Although the best mode for practicing the invention has been disclosed
      herein, it will be apparent to those of ordinary skill in the art that the
      embodiments disclosed may be modified without departing from the scope of
      the invention. The invention is thus to be limited only by the scope of
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a communications system transmitting two independently timed binary
      data signals on a single quadriphase modulated carrier through a
      transmission medium, the combination comprising
PA1  A. means receiving said two independently timed binary data signals for
      continuously uniquely identifying at least one of said signals, said means
      preserving the independent timing of said signals,
PA1  B. means receiving said independently timed data signals from said last
      recited means for generating a quadriphase modulated carrier signal in
      accordance with said signals, and
PA1  C. means for applying said quadriphase modulated carrier signal to said
      transmission medium.
NUM  2.
PAR  2. The combination of claim 1 further comprising
PA1  A. means receiving said quadriphase modulated carrier signal from said
      transmission medium for quadriphase demodulating said carrier signal to
      provide first and second demodulated signals,
PA1  B. means receiving said first and second demodulated signals in either of
      two senses for removing said unique identification from at least one of
      said signals to provide third and fourth signals corresponding to said
      independently timed binary data signals when said first and second signals
      are applied in the correct sense, and
PA1  C. means receiving said first and second demodulated signals for
      recognizing said unique identification to control the sense in which said
      first and second demodulated signals are applied to said removing means.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said means for continuously
      uniquely identifying at least one of said signals comprises means for
      changing the data rate of one of said signals.
NUM  4.
PAR  4. Apparatus according to claim 2 wherein said means for continuously
      uniquely identifying at least one of said signals comprises means for
      changing the data rate of one of said signals.
NUM  5.
PAR  5. The combination of claim 4 wherein said removing means comprises means
      for returning the data rate of said one of said signals to its original
      data rate.
NUM  6.
PAR  6. The combination of claim 5 wherein said means for recognizing said
      unique identification comprises means for comparing the data rate of one
      of said demodulated signals to a reference clock rate signal.
NUM  7.
PAR  7. The combination of claim 6 wherein said means for continuously uniquely
      identifying increases the data rate of said one of said signals.
NUM  8.
PAR  8. The combination of claim 7 wherein said means for continuously uniquely
      identifying includes means for periodically inserting a stuff bit in the
      increased rate data stream of said one of said signals.
NUM  9.
PAR  9. The combination of claim 8 wherein said removing means includes means
      for detecting and removing said stuff bit in said one of said signals.
NUM  10.
PAR  10. The combination of claim 9 further comprising error detecting means
      monitoring the detection of said stuff bit.
NUM  11.
PAR  11. The combination of claim 1 further comprising processing means
      preceding said means for uniquely identifying, said processing means
      comprising means for scrambling each of said signals with distinct
      scrambling codes, said scrambling codes being independently timed.
NUM  12.
PAR  12. The combination of claim 2 further comprising
PA1  input processing means preceding said means for uniquely identifying for
      scrambling each of said signals with distinct scrambling codes, said
      scrambling codes being independently timed, and
PA1  output processing means subsequent to said removing means for descrambling
      said signals, said output processing means having descrambling codes
      corresponding to said distinct scrambling codes of said input processing
      means.
NUM  13.
PAR  13. A method of transmitting two independently timed binary data signals on
      a single quadriphase modulated carrier through a transmission medium
      comprising
PA1  processing said signals to continuously uniquely identify at least one of
      said signals, while preserving the independent timing of said signals,
PA1  generating a quadriphase modulated carrier signal in accordance with said
      uniquely identified independently timed signals, and
PA1  applying said quadriphase modulated carrier signal to said transmission
      medium.
NUM  14.
PAR  14. The method of claim 13 further comprising
PA1  receiving said quadriphase modulated carrier signal from said transmission
      medium,
PA1  quadriphase demodulating said quadriphase modulated carrier signal to
      provide a pair of demodulated signals,
PA1  processing said demodulated signals in either of two senses to provide said
      binary data signals when said unique identification is removed from said
      pair of demodulated signals in the correct sense, and
PA1  monitoring said demodulated signals to detect said non-random
      characteristic, and reversing the sense of said pair of demodulated
      signals when said characteristic is not recognized.
NUM  15.
PAR  15. The method of claim 13 wherein said step of processing includes the
      step of changing the data rate of one of said signals.
NUM  16.
PAR  16. The method of claim 14 wherein said step of processing said signals to
      continuously identify at least one of said signals includes the step of
      changing the data rate of one of said signals.
PATN
WKU  039314731
SRC  5
APN  5022932
APT  1
ART  232
APD  19740903
TTL  Digital multiplexer system
ISD  19760106
NCL  4
ECL  1
EXP  Olms; Douglas W.
NDR  4
NFG  8
INVT
NAM  Ferris, Jr.; Walton C.
CTY  Palo Alto
STA  CA
ASSG
NAM  TRW Inc.
CTY  Los Angeles
STA  CA
COD  02
CLAS
OCL  179 15AF
XCL  179 15BS
EDF  2
ICL  H04J  306
FSC  179
FSS  15 AF;15 BS;15 A
OREF
PAL  Note Recensioni E Notizie; Vol. XIX, No. 5, pp. 629-649; "Second Order
      Multiplexing of PCM Telephone Systems," by Brugia et al., Oct. 1970.
PAL  Electronics & Communications in Japan; Vol. 52A, No. 6, 1969; "On
      Multiplexing Systems for PCM Hierarchical Networks," by Kuroyanagi et al.
LREP
FRM  Flehr, Hohbach, Test, Albritton & Herbert
ABST
PAL  A second level multiplexer for a PCM data system provides for fast
      reframing by utilizing the stuff words in the frame organization in
      addition to the main framing word. This provides a clear indication of a
      misframe condition. In addition, integration of errors by a counter
      supplies immunity to medium amounts of noise. The foregoing provides for
      an optimum environment for frame synchronized scrambling and descrambling
      to be accomplished.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to a digital multiplexer system and more
      specifically, to a system for multiplexing a plurality of PCM data
      channels into a serial bit stream for transmission to a demultiplexing
      receiver. The foregoing system in more specific terms is utilized in a
      microwave transmission system in a second level multiplexer terminal.
PAR  In addition, the present invention is directed to a transmission system of
      the above type in which the digital data scrambler is provided which as is
      well known in the art eliminates high frequency periodic sequences or
      creates a more even distribution of power throughout the baseband.
PAR  Thus far two types of scramblers have been used; nonsynchronizing and
      self-synchronizing. Both of these techniques suffer from either loss of
      channel capacity or excessive errors when a long sequence scrambler is
      used for sufficient scrambling.
PAR  In addition, in a digital data system of the present type which because of
      its second level nature inherently carries a large amount of information,
      specifically 19.8 megabits per second, it is important that each frame be
      maintained in synchronization as continuously as possible. In other words,
      the framing should be relatively secure even with noise. In addition if
      loss of frame synchronization occurs, there should be provided relatively
      fast reframing since the time out-of-frame synchronization is in essence
      loss of channel capacity.
PAR  At the present time, framing is usually accomplished by seeking a simple
      match with the framing word at the beginning of each frame or with a
      framing bit. This has been found to be inadequate for high capacity
      systems.
PAR  Systems which provide one long framing word per frame interrupt the data at
      a certain rate which causes jitter in the demultiplexed data or the
      reconstituted clock train; the lower the rate the more difficult it is to
      filter out.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a digital
      multiplex system which has improved reframing, secure framing while in
      synchronization despite noise, and provides in conjunction with the
      foregoing improved scrambling.
PAR  It is another object of the invention to provide a system as above with low
      jitter.
PAR  In accordance with the above objects there is provided a digital
      multiplexer system for multiplexing a plurality of PCM data channels into
      a serial bit steam which is divided into frames by a frame counter means.
      Each frame is indicated by a frame word for transmission to a
      demultiplexing receiver which also includes frame counter means. Such
      systems insert a plurality of redundant stuff words in the bit stream to
      indicate whether or not they have substituted for data at least one stuff
      bit to accommodate timing irregularities. In accordance with the invention
      means are provided for sensing the redundant stuff words and for providing
      an error signal if the stuff words are not redundant because of an error
      during the transmission. Means sense the framing word. Counting means
      count the errors and provide a misframe signal. Coincidence means sense a
      frame match and a misframe signal for resetting the frame counter means of
      the receiver.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIg. 1 is a block diagram of a typical application of a second level
      multiplexer system as known in the prior art;
PAR  FIG. 2A is a timing diagram showing a typical main frame used in the
      present invention;
PAR  FIG. 2B is an alternative to FIG. 2A;
PAR  FIG. 3 is a detailed block diagram of the second level multiplexer of FIG.
      1;
PAR  FIg. 4 is a block diagram of combiner and decombiner portions of FIG. 2A;
PAR  FIG. 5 is a detailed block diagram of a portion of the monitor block of
      FIG. 4;
PAR  FIG. 6 is a detailed block diagram of the up/down integration/averaging
      block of FIG. 4; and
PAR  FIG. 7 is a detailed block diagram of the pseudo-random word generator
      block of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention is in the embodiment of a second level multiplexer in
      a pulse code modulation (PCM) microwave transmission system. The blocks in
      FIG. 1 labeled T1 Multiplexer 10 actually are D1, D2 or D3 terminals which
      are standard in the PCM art and in the telephone industry. They would have
      several data channels being fed into them.
PAR  A first level multiplexer 11 multiplexes four channels in the present case
      as shown and produces an output on line 12 at a bit rate of 6.312 megabits
      per second. A second level multiplexer 13 receives several of the first
      level channels at this bit rate multiplexing them to provide a serial bit
      stream on line 14 which has a frequency of N, the number of channels,
      multiplexed by the bit rate on line 12. That is, it would have such a bit
      rate were it not for the combination of frequency tolerances in the
      multiplexing system which is accommodated by the use of stuffing; the
      actual rate on line 14 is about 350 parts per million higher than that.
PAR  Specifically, in every frame of the serial bit stream on line 14 as
      illustrated in FIG. 2 there is a frame word which identifies the start of
      the frame and a number of stuff words which indicate to the receiver
      whether or not a bit has been stuffed. As illustrated, the stuff bit is
      substituted in the twelfth word of the last frame portion to accommodate
      such timing irregularity. In the main frame illustrated in FIG. 2A, there
      are 176 data words and eight overhead words including the frame, check,
      alarm and order and the five stuff words. The specific frame word of the
      preferred embodiment has three bits which corresponds to the number of
      channels being multiplexed. However, many more channels could be
      accommodated by increasing the length of all the words.
PAR  As discussed above in conjunction with FIG. 1, because of the use of stuff
      words in addition to the frame word and check words, the actual frequency
      of the serial bit stream from the transmitter elastic store, to the
      receiver elastic store must be greater by 4.5% than the 6.312 megabits per
      second of each of the individual channels being inputed into the
      multiplexer 13 of FIG. 1. The 4.5% is derived from 8 divided by 176. Thus
      the serial bit stream from the transmitter elastic store to the receiver
      elastic store is approximately 616 megabits per second. Each data word and
      stuff word contains a bit derived from their respective channels indicated
      A, B and C. The specific construction of the main frame is discussed in
      the table below.
TBL  ______________________________________                                    

     Frame Word      N bits long; the same every frame. The scrambled frame    

                     code always stands 110 (0010).                            

     Check Word      N bits long; it alternates every frame. Bits 1-3 are used 

                     as a check on frame. Other bits are spares.               

     Alarm & Order-wire Word                                                   

                     N bits long. B 1 is alarm, bits 2 and 3 are reserved for  

                     order-wire use (can be multiplexed into one 71.6 Kg/s     

                     line). Other bits are spares.                             

     Stuff Words (s) Each is N bits long. Bit 1 is for Channel 1; bit 2 is for 

                     Channel 2, etc. This provides five redundant bits for     

                     each stuff signal. The bits are widely separated in       

                     time.                                                     

     Data Words (176)                                                          

                     Each is N bits long. Bit 1 is for Channel 1; bit 2 for    

                     Channel 2, etc.                                           

     Scrambling      An eleven-cell pseudo-random word generator is reset to a 

                     particular word at the start of each frame. It creates    

                     the frame word and is used to scramble all the other      

                     words. The scrambling word does not repeat any sequence   

                     during a frame, but does repeat itself every frame. An    

                     error in transmission does not cause the descrambling     

                     process to produce any additional string of errors. -Word 

                     Length 151 ns (6.61 MHz)                                  

     Frame Length    27.9 .mu.s (35.8 KHz)                                     

     ______________________________________                                    

PAR  The second level multiplexer 13 of FIG. 1 is shown in greater detail in
      FIG. 3 along with the receive part of the system. Each of the channels, 1,
      2 and 3 is coupled into elastic stores 16 along with the 6.312 megabit per
      second clock signal and written out a rate of 6.60 megabits per second
      (assuming no interruptions) in a manner well known in the art with the
      overhead word such as the stuff, frame, check and alarm words being added.
PAR  The alternative embodiment of FIG. 2B uses a longer frame word which
      contains enough information to be descrambled by itself. Also two of the
      stuff words have redundant bits. Thus faster reframing is possible. They
      are all combined in a serial bit stream combiner 17 to be coupled to the
      transmission medium on serial bit stream line 14. The receiver portion of
      the system includes the decombiner 18, the elastic stores 19 which
      includes the oscillators 21 to provide the clocking for the data output.
      The bit stream speed on line 14 is thus 6.312 times N, the number of
      channels or 19.8 MBS. However, since both the write and read clocks are
      interrupted every 23rd time, the average rate is still 6.312 MBS. The
      elastic stores 16 and 19 are well known in the art.
PAR  FIG. 4 illustrates in greater detail the combiners 17 and 19 of FIG. 3 and
      illustrate more clearly the operation of the process. A clock generator 22
      in general operates at the bit stream speed of N times 6.6 megabits per
      second and in addition provides clocking to the remaining blocks of the
      system such as the frame counters 23. Frame counters 23 divide down the
      clock generator input and provide data timing, stuff timing and
      miscellaneous timing on the lines 24 to the elastic store units 16 of FIG.
      3. Counter 23 also provides on line 26 selection control inputs to the
      selector switcher 27. There is one selector block for each channel. They
      have as inputs data, stuff miscellaneous and frame information. The
      selecting switch in effect looks at data for the one bit alloted to that
      channel, which is, of course, a portion of the three bit data word. In the
      same manner, the stuffing instruction and miscellaneous data are selected.
      In addition, input 28 provides both the frame and the check word. All of
      the foregoing selection and generation of the stuff bits is well known and
      not shown in detail.
PAR  The same type of bits, such as data of all three channels is synchronously
      selected and parallel inputs are coupled to the shift register 29. That
      is, when data is selected all channels are told at the same data timing
      time to send a new data bit, These are presented in parallel to the shift
      register. This occurs over a timing interval of 151 nanoseconds which is
      approxiamtely 6.6 megahertz. The frame counter 23 instructs the shift
      register to load in parallel and through a shift register 29 and shifts
      out the three bits to the serial bit stream line 31 at the rate of N times
      6.6 megabits per second. This line is combined in an exclusive OR gate 32
      with the output of pseudo-random word generator 33 which is reset from a
      reset input from the frame counter 23.
PAR  After transmission the scrambled bit stream is unscrambled and
      demultiplexed by the decombiner 18. The scrambled bits are coupled to the
      receive portion of the system to the shift register 34 which again
      converts three bits of the second bit stream to parallel format and
      couples the word to the frame word recognizer 36 to provide for later
      reframing as will be discussed in detail. The serial output of shift
      register 34 is coupled to an exclusive OR gate 37 which is also driven by
      a pseudo-random word generator 38 to provide an unscrambled serial bit
      stream line 39 to a shift register 41. This shift register is driven or
      shifted by receive frame counters 42. The second bit stream on line 49 in
      the shift register 41 therefore has been converted back into a parallel
      format and is coupled through the flip-flop 42 to the selector switches
      43. Thereafter, the frame counters 42 by means of its selection control
      output 44 to selector switches 43 direct where the different bits are to
      be placed. That is, the data information is coupled to the data output
      line as indicated, frame or check word information to a monitor 45, stuff
      information is coupled to the monitor unit 46 and miscellaneous data to
      the proper output.
PAR  If a stuffing instruction is received, stuff monitor 46 senses the stuff
      instruction and instructs the elastic store unit by means of the stuff
      input as illustrated in FIG. 3 of elastic store unit 19 to ignore that
      data bit.
PAR  All of the foregoing as regards stuffing, is well known in the art.
PAR  A unit 47 senses both the stuff words and the check words and integrates or
      averages the errors. As discussed above, the stuff information is
      essentially redundant being a string, in a single channel, of five zeros
      or five ones. Thus, the stuff information is redundant.
PAR  In general, the up/down integration/averaging unit 47, if there are no
      errors counts down to a minimum value and holds. When errors are received,
      it counts up and when it reaches a predetermined maximum it declares a
      misframe on the output line 48 which is coupled to AND gate 49. The other
      coincidence input of the AND gate is the match output from the frame word
      recognizer 36. When a misframe is declared, another match is looked for by
      the frame word recognizer 36 and when a match is found a match output
      occurs to AND gate 49 and a reset occurs. The reset output is also coupled
      on line 51 in addition to frame counter 42 to the pseudo-random word
      generator 38. A reset also occurs in normal operation for every frame on
      line 50 from frame counter 42 and thus, in accordance with the invention
      the random word generator is reset for every frame. Since the frame pulse
      pattern is always the same, it is therefore, not scrambled so that
      reframing can be accomplished without regard for the other bits. Thus, the
      shift register 34 is located before psuedo-random word descrambler OR gate
      37.
PAR  As will also be discussed below, in the preferred embodiment, if a misframe
      is declared, the up/down counter 47 when a frame condition is again found
      is only one count from its maximum. Thus, if in checking the stuff words
      an error is found to occur, a misframe is again declared. Thus, in
      accordance with the invention the use of the stuff words to declare a
      misframe produces faster reframing since only one frame has to pass before
      the system realizes it is out of frame. Parenthetically, of course, since
      the frame work is only three bits, if N=3, there is one chance out of
      eight that a pattern corresponding to the frame word will be accidentally
      recognized while passing through data trying to find a frame.
PAR  On the other hand, the system is inherently secure in its framing even with
      medium noise. If a synchronized framing situation is present for a long
      period of time, the up/down counter 47 is counted down to a minimum level.
      This counting down occurs from both looking at the check word match and
      the stuff word match. In other words, the system is being averaged
      downward. If some noise appears in the system as, for example, a stuff
      error is indicated, a small count up occurs and no misframe is declared.
      Thereafter, if the system operates properly, a count down to the minimum
      will occur. Thus, by the use of the up/down averaging circuit fast
      reframes are provided by means of sensing stuff words in addition to
      framing words and not locking in on the wrong frame word or an
      accidentally produced frame word and on the other hand there is a high
      immunity to noise to provide for secure framing by reason of the necessity
      of counting up a predetermined number of errors.
PAR  FIG. 5 illustrates the stuff pulse monitor 46 which performs the dual
      function of indicating an error in stuff data, the output E, and also
      indicates whether a string of all zeros or all ones indicating no stuffing
      or stuffing respectively has occurred, at the output M. This is in essence
      a majority voting indication indicating that there are more ones than
      zeros or more zeros than ones. There is one circuit of FIG. 5 for each
      channel and in the preferred embodiment the circuit receiver a five bit
      stuff word since one channel has reserved for it one bit of each of the
      five stuff words present in the frame organization of the present
      invention. Four flip-flops FF1 through 4 are provided with the error, E,
      indication being the Q output of the first flip-flop and the stuff
      indication, M, being the Q output of the (n + 1)/2 flip-flops, n being the
      number of bits in the stuff word. Serial stuff data from the channel is
      inputed along with the clock input t AND gate 52. Four flip-flops are in a
      cascaded arrangement with the Q output of the last flip-flop being fed
      back to the output of the first flip-flop through an inverter 53.
PAR  In operation all flip-flops are reset, for example to zero. If five zeros
      are present in channel 1, none of the clock pulses are allowed through
      gate 52. All the flip-flops remain zero. Thus, the E output is a zero and
      the M output is zero. There are no errors and the stuff indication is no
      stuffing has occurred. The Q output of the last flip-flop, FF4, is
      inverted and thus, in this condition the input to flip-flop is a logic
      one.
PAR  If one of the five bits from channel 1 was a 1, one clock pulse would be
      produced. The input to FF1 would be a one to produce a one on its Q output
      to indicate an error. Thus, a one has been shifted through one flip-flop.
      If there are three ones, the stuff indication M will be one. Five ones
      which is a no error condition will clock ones through all four flip-flops
      and then one more time so that the output of the last flip-flop is clocked
      into flip-flip one to cause its Q output to go low indicating no error.
      The majority voting output is still in the middle of the one output and
      will still maintain its proper indication. The foregoing system is
      suitable for any odd number of inputs.
PAR  The up/down integration/averaging unit 47 is shown in greater detail in
      FIG. 6 and includes an inputs channel 1 error, channel 2 error and channel
      3 error all which are coupled from three monitor circuits as illustrated
      in FIG. 5. In addition, the check word is inputed into the AND gate unit
      54. The check word is patterned so that when descrambled it will alternate
      from frame to frame with three bits of zeros and three bits of one. There
      is a circuit in block 45 (FIG. 4) that checks that all of the check bits
      agree and that the alternation from frame to frame is maintained. This is
      coupled into the averaging unit of FIG. 6 as a backup error indication.
      The inputs which all normally indicate a lack of errors produce on the
      line 56 a down count indication to counter 57. Thus "not" error produces a
      down count to a minimum level determined by the minimum level strapping of
      the counter. If an error does occur, the output 56 will go low causing a
      high output through the inverter 58 to the up input terminal of the
      counter which counts up. In order to provide a counter with greater
      capability, the counter 58 is coupled to the carry and borrow outputs of
      counter 57 and respectively to its up and down inputs, this provides a
      longer counter since each counter 57 and 58 which is integrated circuit
      counts by 16 and must have 16 up pulses to make it overflow or carry.
      Sixteen down pulses are for borrow purposes. Thus, the integration is
      increased to 16 times 16 or 256. If counter 58 overflows, its carry output
      drives the flip-flop 50 to produce a misframe indication. This misframe
      output remains until being reset by the output from AND gate 49 from FIG.
      4. In addition, the counters are reset. The reset level is determined by
      the reset strapping. As discussed above, this would be either one count or
      five counts from where the counter 58 produces the carry output.
      Thereafter, if no errors occur, the counters will count down to their
      minimum.
PAR  In operation if the system is in frame and has been counted down to zero, a
      continuous stream of noise is required to declare a misframe. In general,
      by definition with a continuous stream of noise, the amount of errors
      received is technically 50%. If the error monitor is sensing five stuff
      bits which must agree there is 30 out of 32 chances that an error will be
      indicated. Thus, the errors will quickly count up. Since the check word
      errors are included there are approximately 15 error pulses per frame.
      Thus, an error occurs after every stuff word or check word. Thus,
      approximately 16 frames must be counted before a misframe is declared.
PAR  FIG. 7 indicates a typical pseudo-random word generator which has three
      four bit shift registers 61, 62 and 63. Specifically, the word generators
      38 is illustrated from the decombiner 18. The particular integrated
      circuit of the shift registers provides that if there is no input
      connection that input is zero. In accordance with well known techniques
      the various outputs and inputs of the shift registers are connected in a
      predetermined pattern which is matched with that of the transmit pattern.
      The pattern determines the peculiar rule by which the bits are circulated
      in the four stage shift register and repeats itself every 2047 clocks.
      However, a reset pulse normally occurs at every 552 clocks so the pattern
      does not repeat itself.
PAR  Thus, the present invention has provided an improved second level
      multiplexer for a digital transmission system which has improved reframing
      both from a speed standpoint and for security of framing against noise. In
      addition, improved scrambling is accomplished by the use of frame
      synchronization. Scrambling is also improved in that as long as a sequence
      as desired may be used and yet one bit in error due to the transmission
      will cause only one data error.
PAR  Low frequency jitter is minimized due to the equal lengths of the overhead
      or stuff words.
CLMS
STM  I claim:
NUM  1.
PAR  1. A digital multiplexer system for multiplexing a plurality of digital
      data channels into a serial bit stream, which is divided into frames by a
      frame counter means, each frame being indicated by a frame pattern for
      transmission to a demultiplexing receiver which also includes a frame
      counter means such system using a plurality of stuff words having
      redundant bits in said bit stream to indicate whether or not to substitute
      at least one stuff bit to accommodate timing irregularities, said system
      comprising; means for sensing said stuff words and for providing an error
      signal if said bits of said stuff words are not redundant because of an
      error during said transmission, means for sensing said frame pattern,
      counting means for counting said errors and providing a misframe signal,
      coincidence means responsive to said means for sensing said frame pattern
      for sensing a misframe signal for resetting said frame counter means of
      said receiver.
NUM  2.
PAR  2. A system as in claim 1 which includes pseudo-random word generators in
      the transmission and receiver portions of the system for respectively
      scrambling and descrambling said serial bit stream the word generator in
      said receiver portion being reset by said coincidence means.
NUM  3.
PAR  3. A system as in claim 1 where said counting means provides said misframe
      signal after a predetermined plurality of errors have been counted.
NUM  4.
PAR  4. A system as in claim 3 where said counting means are initially reset to
      provide a misframe signal after only relatively few errors are received.
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PAL  A precise tone injection circuit for injecting tone signals to a constant
      current junctor circuit in a two-wire balanced circuit. The tone injection
      circuit includes a pair of transistors operating as constant current
      sources feeding the respective ones of the two wires. A phase splitter
      amplifier couples a tone signal to the base electrodes of the transistors
      to change the current through their collector electrodes via the emitter
      circuits thereof at a rate and frequency of the tone signals at the base.
      Since a two-wire balanced circuit is used, and the injected signal
      currents to each wire are 180.degree. out-of-phase, in-phase signals, that
      is, noise and voltage fluctuations, are reduced or rejected.
BSUM
PAC  RELATED APPLICATIONS
PAR  The present invention is related to the inventions disclosed in U.S. Pat.
      Nos. 3,838,223 and 3,838,228; and U.S. patent application, Ser. No.
      402,530, filed Oct. 1, 1973, now Pat. No. 3,886,315.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to telephone communication systems and, more
      particularly, to an improved electronic private automatic branch exchange
      (PABX). More particularly still, the invention relates to an improved tone
      signal injection circuit and method for injecting audio tones for
      informing calling parties of the progress of a call within a PABX
      telephone system.
PAR  Private automatic branch exchanges traditionally have incorporated all of
      the switching techniques normally utilized in telephone central offices.
      Many of these types of private switching systems employ the well-known
      step-by-step or "Strowger" principle, while still others are of the common
      control type employing cross bar switches or similar devices as the
      technique for establishing a path between two stations.
PAR  The introduction of electronic techniques and circuitry to the telephone
      communication field to date has found its greatest utilization in the area
      of central office switching and signaling transmission. Until recently,
      the usage of these techniques in PABX telephone systems has been limited
      primarily because of cost considerations. Certain recent developments
      primarily in the area of common control equipment and particularly memory
      circuitry have made the design of electronic PABX's more attractive
      economically. Use of stored program common control and solid state devices
      permits a considerable reduction in the amount of equipment installed in
      customer premises.
PAR  In the above-identified related patents and application, the described
      private automatic branch exchange is electronically implemented and
      employs common control equipment of a generally conventional type and
      operation. The system is a two-wire system using junctors as a means of
      connecting two line circuits together via a solid state crosspoint matrix.
      The junctor has two ports on the outlet side of the matrix and the lines
      appear as inlets on the matrix.
PAR  The preferred embodiment of the invention disclosed herein is for use in a
      PABX system of the type disclosed in these related patents and
      application, and the latter are incorporated herein and made a part hereof
      as though fully set forth.
PAR  In such PABX systems, the calling party is informed by various different
      audio tones of the progress of a call within the system. For example, a
      returned dial tone means the equipment is ready to accept dialed digits or
      TCMF signals, a line busy tone indicates that the called line has been
      reached, but that it is busy, a reorder tone signifies that all outgoing
      CO trunks (PABX systems) are busy and the caller should wait, and then
      retry the call. A tone also is returned if the called telephone is not
      available. In the case of a dial tone and not available tone, tones of
      different frequencies are used. Tones for line busy and reorder are
      identical except their rates of interruptions are different.
PAR  Since the junctor circuits in the subject PABX system are areas of
      transmission path circuit concentration, tone injection at this point
      would reduce circuit redundancy. If solid state devices, that is, PNPN,
      SCR, etc. are used as crosspoints for the transmission path, the devices'
      minimum hold current must be exceeded to assure the transmission path is
      maintained. Since junctor circuits are transformer coupled to the line
      circuits, any current or voltage fluctuation at the junctor or in the
      transmission path is coupled and reappears as audio interference at the
      line circuit.
PAR  If a constant current is generated by a constant current source in the
      junctor circuit, and is coupled to the line transformer secondary via the
      solid state crosspoints, current fluctuations can be reduced and it can be
      assured that the transmission path is maintained.
PAR  Since transistors are basically current devices, such a constant current
      source or generator can be designed using a transistor. For example, if
      the current through the transistor's emitter is held constant, the output
      current at its collector circuit is essentially the same regardless of the
      collector's resistor load (within the applied voltage and current rating
      of the transistor used). The emitter current, in turn, is controlled by
      the transistor's base circuit.
PAR  In accordance with the present invention, a precise tone injection circuit
      can be provided, by injecting tone signals at the transistor's base
      circuit to change the current through the collector via the emitter
      circuit at a rate and frequency covered by the tone signal at the base. By
      current modulating the constant current source, the output frequencies are
      not altered or distorted. To minimize noise pick up, within the
      transmission path, a balanced two-wire circuit is used to the line
      transformer. In this fashion, signals of the same amplitude and phase
      normally created by noise or voltage fluctuation are rejected.
PAR  The disclosed precise tone injection circuit therefore provides the
      function to inject tone signals to a constant current solid state junctor
      circuit. Since a two-wire balanced circuit is used, and the injected
      signal currents to each wire are 180.degree. out of phase, in phase
      signals, i.e., noise and voltage fluctuations, are reduced or rejected. In
      addition, this circuit reverts to a constant current generator when tone
      signal generation is not required.
PAR  Accordingly, it is an object of the present invention to provide an
      improved precise tone injection circuit.
PAR  Another object is to provide an improved precise tone injection circuit and
      method, by current modulation on balanced two-wire solid state crosspoint
      constant current junctor circuits.
DETD
PAR  Referring now to the drawing which is an electrical schematic illustrating
      the precise tone injection circuit of the present invention, and the
      manner in which it functions to inject tone signals to the constant
      current solid state junctor circuit, it can be seen that a calling party
      10 is coupled by a line circuit control and supervision circuit 20 and a
      line transformer T-1 associated with the calling party to a junctor
      circuit 30 (at the calling end) via the solid state crosspoints S1.sub.a
      and S1.sub.b of a crosspoint matrix. The connection is established under
      the control of a marker (not shown) which couples cross-point enable
      signals to the matrix crosspoints S1.sub.a and S1.sub.b and an enable
      signal to the constant current control flip-flop F/F1. The constant
      current control flip-flop F/F1, by means of a logic signal on its output
      lead Q, turns on the constant current generators I.sub.1 and I.sub.2. The
      above connections all are established, in the manner described in the
      above-identified U.S. Pat. Nos. 3,838,223 and 3,838,228 and application
      Ser. No. 402,530, filed Oct. 1, 1973.
PAR  The precise tone injection circuit of the present invention comprises,
      generally, the pair of transistors Q1 and Q2, which generally correspond
      to two of the constant current sources disclosed in the above-identified
      related patents and patent application, a pair of NAND gates 31 and 32, a
      phase splitter amplifier PS, an amplifier 40, three invertors 33, 35 and
      36, a tone injection control flip-flop F/F2, and transistor biasing
      networks including the resistors R1.sub.a and R2.sub.a, and R1.sub.b and
      R2.sub.b. A precise tone signal generator which is not shown and forms no
      part of the present invention is coupled to the amplifier 40 and provides
      the tone signals to be injected, in the manner more fully described below.
      The precise tone signal generator can be of a conventional type. The tone
      injection control flip-flop F/F2, in the illustrated embodiment, is
      controlled by an ENABLE and a RESET pulse from the system's marker,
      however, in other systems it can be controlled by any appropriate external
      means within the system to inject the tone signals at the desired times,
      or circumstances. In this respect, the means for controlling the tone
      injection control flip-flop F/F2 forms no part of the invention, for it
      may be controlled by various different apparatus. Also, in the illustrated
      embodiment and the description below, NAND logic is used, however, it is
      apparent that AND logic also could be used, with appropriate changes in
      the logic gates and the like being made.
PAR  When the constant current control flip-flop F/F1 is enabled, the logic
      signal on its output Q goes to a logic 1. This logic 1 signal is coupled
      to and turns on the constant current generators I.sub.1 and I.sub.2, as
      described above. This logic 1 signal also is coupled to the input 2 of
      each of the NAND gates 31 and 32.
PAR  The tone injection control flip-flop F/F2, at this time, is in the reset
      state and a logic 1 is present on its Q output. This logic 1 is coupled to
      the input 1 of each of the NAND gates 31 and 32. With both inputs of the
      NAND gates 31 and 32 being at a logic 1, these gates each output a logic 0
      signal which are coupled to and force the respective transistors Q1 and Q2
      to turn on. The logic 1 on the Q output of the tone injection control
      flip-flop F/F2 also is coupled through an invertor 33 which inverts this
      input and outputs a logic 0 that is coupled to the input of the phase
      splitter amplifier PS. This logic 0 at the input inhibits the tone signal
      to the amplifier PS.
PAR  The current at the emitters e of transistors Q1 and Q2 is controlled by the
      voltage across their emitter resistors R.sub.e1 and R.sub.e2,
      respectively, i.e., +E to E.sub.1 and +E to E.sub.2. In the conducting
      state, the emitter voltages e.sub.1 and e.sub.2 are approximately equal to
      the base voltage e.sub.a and e.sub.b, respectively. With high beta
      transistors, the collector currents I.sub.a1 and I.sub.b2, are
      approximately equal to the emitter currents, provided the transistors are
      not in the saturated or cut off state, hence the emitter and collector
      currents are controlled by the voltages e.sub.a and e.sub.b at the bases b
      of the transistors Q1 and Q2. In this respect, the operation is generally
      as described in the above-identified patents and application, however, in
      this case, the constant current sources comprising the transistors Q1 and
      Q2 are turned on immediately and, in effect, supplement the constant
      current outputs of the sources I.sub.1 and I.sub.2. In the previous
      disclosures, the transistors Q1 and Q2 are operated in a turn-on and a
      turn-off mode type of operation when a signal is to be injected.
PAR  In the instant case, to inject a tone signal, the tone injection control
      flip-flop F/F2 is enabled, by the marker or other external means. When
      enabled, a logic 1 and a logic 0 appear on its output Q and Q,
      respectively. The logic 0 on the Q output of the tone injection control
      flip-flop F/F2 is coupled to the input 1 of each of the NAND gates 31 and
      32 to force open these gates to provide logic 1 outputs therefrom. The
      logic 1 on the Q output of the tone injection control flip-flop F/F2 is
      coupled to each of the invertors 35 and 36, and the outputs thereof are
      logic 0's. With the outputs of the invertors 35 and 36 at a logic 0 and
      the outputs of the NAND gates 31 and 32 at a logic 1, the resistors
      R1.sub.a and R2.sub.a and the resistors R1.sub.b and R2.sub.b provide a
      bias network to the transistors Q1 and Q2, respectively, placing them in a
      linear mode of operation.
PAR  The logic 0 on the Q output of the tone injection control flip-flop F/F2
      also is coupled to the invertor 33. With a logic 1 output from the
      invertor 33, tones from the amplifier 40 are passed through to the phase
      splitter amplifier PS. The latter's output signal is coupled through the
      capacitors C1 and C2 to the bases of transistor current generators Q1 and
      Q2, respectively. Since the transistors Q1 and Q2 are in a linear mode,
      the output current of the transistors Q1 and Q2 vary with the AC tone
      signals from the precise tone signal generator (not shown), coupled to the
      amplifier 40. This varying current is passed to the line transformer T1
      and coupled to the calling subscribers as tone signals. Since a two-wire
      balanced circuit is used, and the injected signal currents to each wire is
      180.degree. out-of-phase, in-phase signals, i.e., noise or voltage
      fluctuations are reduced or rejected. Furthermore, by current modulating
      the constant current sources, i.e., transistors Q1 and Q2, the output tone
      frequncies are not altered or distorted.
PAR  After the tone signal is injected, the tone injection control flip-flop
      F/F2 again is reset and its Q and Q outputs go to a logic 0 and a logic 1,
      respectively. At this time, the tone injection circuit reverts to a
      constant current generator. When the next, or another, tone is to be
      injected, the tone injection control flip-flop F/F2 again is enabled, and
      the tone is injected, as described above.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and
      certain changes may be made in the above construction. Accordingly, it is
      intended that all matter contained in the above description or shown in
      the accompanying drawing shall be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM   Now that the invention has been described, what is claimed as new and
      desired to be secured by Letters Patent is:
NUM  1.
PAR  1. In a communication system including a pair of terminating circuits
      coupled to a junctor via a matrix, said system being a two-wire system and
      each of said terminating circuits appearing as an inlet on said matrix and
      said junctor having two ports on the outlet of said matrix, each of said
      terminating circuits including a fixed resistance in one of said two wires
      and said junctor including a pair of constant current sources feeding said
      fixed resistances in the respective ones of said terminating circuits and
      thereby providing the holding current for holding up the connections
      through said matrix from said junctor to said terminating circuits, the
      release of said connections being under control of said junctor, and a
      system controller, the improvement comprising a tone signal injection
      circuit within said junctor, said tone signal injection circuit comprising
      a pair of transistors operating as constant current sources and supplying
      a constant current to the respective ones of said two wires; biasing means
      for biasing the respective ones of said pair of transistors to operate in
      a linear mode; phase splitter amplifier means for coupling tone signals to
      the respective ones of said transistors to modulate the constant current
      to the respective ones of said two wires, whereby the tone signals are
      coupled to a terminating circuit.
NUM  2.
PAR  2. The improvement of claim 1, wherein said phase splitter amplifier means
      couples said tone signals to the base circuit of the respective ones of
      said pair of transistors to change the current through the collector via
      the emitter circuit at a rate and frequency of the tone signal at the base
      circuit thereof.
NUM  3.
PAR  3. The improvement of claim 1, further including gating means normally
      operative to render said pair of transistors conductive to operate as
      constant current sources and operable to couple said biasing means with
      said pair of transistors to bias said transistors to operate in a linear
      mode; and means for operating said gating means to couple said biasing
      means with said pair of transistors.
NUM  4.
PAR  4. The improvement of claim 3, wherein said means for operating said gating
      means comprises control means operated by external means when a tone
      signal is to be injected, said control means normally being operated to
      operate said gating means to render said pair of transistors conductive to
      operate as constant current sources, said control means being operated by
      said external means when a tone signal is to be injected to operate said
      gating means to couple said biasing means with said pair of transistors to
      bias said transistors to operate in a linear mode.
NUM  5.
PAR  5. The improvement of claim 4, further including means controlled by said
      control means to inhibit the tone signal input to said phase splitter
      amplifier.
NUM  6.
PAR  6. The improvement of claim 3, wherein said control means comprises a
      flip-flop current.
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ABST
PAL  In an electronic switching device for use as the switching component of a
      switching network in a telephone central office, the device being composed
      of a switching transistor connected in series in the signal conduction
      path for switched signals and a controllable impedance connected in a
      shunt branch, the switching transistor, in its conductive state, having a
      low series resistance and an associated high shunt resistance, and, in its
      blocking state, having a high series resistance and an associated low
      shunt resistance, the shunt branch is composed of a control transistor
      having a control voltage applied to its base, having its collector
      connected to the base of the switching transistor, and having its emitter
      connected to the switching transistor through a resistor to constitute a
      feedback path for the switching transistor, a voltage-dependent resistor
      connected to the base of the switching transistor, and suitable sources of
      operation voltages, the voltages and characteristics of the
      voltage-dependent resistor being selected to be such that when the
      switching transistor is conductive, the control transistor operates
      conductively in its active region and the voltage-dependent resistor
      presents a high resistance and when the switching transistor is blocking
      the control transistor is also blocking and the voltage-dependent resistor
      has a low resistance and supplies to the base of the switching transistor
      a voltage which maintains the switching transistor blocking.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an electronic switching device, or
      component, for the switching networks of telephone central offices, the
      switching device including a switching transistor disposed in the series
      branch in the signal conduction path and controllable semiconductor
      devices in a shunt branch which is disposed transversely to the signal
      conduction path. In the conductive state of the switching transistor, the
      device has a low series resistance and a high shunt impedance and in the
      blocking state, the device has a high series resistance and a low shunt
      impedance.
PAR  German Auslegeschrift [Published Patent Application] No. 1,293,214
      discloses an electronic switching device with bistable behavior, for the
      switching of lines in telegraph and particularly telephone central offices
      of the above-mentioned type, in which the shunt resistance is a
      voltage-dependent resistor whose impedance can be changed between
      different values by the control voltage which is applied to the transverse
      branch and which is dependent on the switching state of the switching
      device. In this publication it is proposed to connect a variable
      capacitance diode in parallel with either a resistor, a bipolar transistor
      or a pn field effect transistor for the controllable transverse branch.
PAR  This switching device is limited to using semiconductor devices with
      bistable behavior in the series branch. In order to keep this switching
      device in a conductive state after it has been switched on, it is
      necessary for the direct current flowing therethrough to always be greater
      than the holding current. Furthermore, interfering pulses in the voice
      line may cause the switching device to be inadvertently automatically
      switched off or on.
PAR  The magazine Bulletin Technique PTT 2 (1973), describes on pages 79-83 a
      fully integrated space-multiple switching device which is based on the
      conventional transistor switching device. It includes a bipolar transistor
      in the series branch and a fixed ohmic resistor in the transverse branch
      which serves to switch on and off the series branch transistor by means of
      a control circuit. In order to produce the switching device in a
      monolithically integrated form, it is modified so that a npn transistor is
      used in the series branch as the switching element and instead of the
      fixed resistor a current source in the form of a pnp lateral transistor
      and an npn transistor are used as the control in the transverse branch.
      Both transistors have their collector terminals connected to the base
      terminal of the series branch transistor. The npn transistor in the
      transverse branch is controlled by a holding flip-flop. If the npn
      transistor is switched on, i.e. rendered conductive, the series branch
      transistor is blocked, if the non transistor is switched off, i.e. placed
      in its blocking state, the series branch transistor is rendered conductive
      by the pnp lateral transistor.
PAR  The above-described circuit, which is the monolithic equivalent of the
      conventional circuit, has the drawback that the pnp lateral transistor is
      always switched on, regardless of whether the series branch transistor is
      blocking or conductive. Thus there continuously exists a relatively high
      direct current energy loss in the switching device. The result is that the
      packing density of the semiconductor switching devices in a switching
      matrix module produced from these semiconductor switching devices is
      limited, since with the small space occupied by the switching matrix
      module the energy consumption is a significant parameter because: (1) the
      operating dependability of the semiconductor switching devices is a
      function of the crystal temperature of the semiconductors; and (2) the
      energy loss per housing is limited to about 200 mW and thus determines the
      degree of integration per housing.
PAR  The above-described matrix module thus contains only 2 .times. 2
      symmetrical semiconductor switching devices including the control circuit
      on a single semiconductor chip.
PAR  A further drawback of the described switching device is that the series
      branch transistor requires a directional DC collector operating current
      which limits the freedom of choice for the speech path in the switching
      network to connections from one side to the other and requires complicated
      junctor circuits with current sinks and capacitively or inductively
      coupled switching. A relatively high energy consumption in the junctor
      circuits is the result. Also, the direct collector current (I.sub.C
      .apprxeq.10mA) which flows through one series branch transistor into the
      junctor circuit is extremely high.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to overcome the above-mentioned
      drawbacks of the known monolithic circuits.
PAR  It is a more specific object of the invention to provide an electronic
      switching device which has only a slight energy loss, can be easily
      integrated, and lends itself to high density fabrication, as well as an
      advantageous arrangement of the switching devices.
PAR  This is accomplished in a switching device of the above-mentioned type by
      constituting the shunt branch by: a control transistor which is controlled
      at its base, is connected in feedback via its emitter by means of a
      resistor, and has its collector connected to the base of the switching
      transistor; and a voltage-dependent resistor which is also connected to
      the base of the switching transistor and which is operated by the base
      potential of the switching transistor to be in its high resistance range
      when the switching transistor is conductive and in its low resistance
      range when the control transistor is blocking and the switching transistor
      is blocked by a defined base potential. The conductivity type of the
      switching transistor is opposite that of the control transistor. The level
      of a first operating voltage for the emitter of the switching transistor
      is higher than the level of the base voltage of the conductively connected
      control transistor, while the level of a second operating voltage at that
      terminal of the voltage-dependent resistor which is not connected to the
      base of the switching transistor is higher than the level of the first
      operating voltage, and a third operating voltage for the collector of the
      switching transistor is approximately equal to the operating emitter
      voltage of the control transistor when it is blocking and is fed to the
      switching transistor via a resistor having a high resistance such that the
      switching transistor will operate in the saturation region when it is in
      its conductive state.
PAR  With the switching transistor switched on, the control transistor operating
      in the active region advantageously produces a high impedance and
      therefore a low shunt attenuation and when the switching device is
      blocked, the control transistor will also be blocked in an advantageous
      manner.
PAR  The shunt attenuation when the control transistor is blocking is
      advantageously increased and the blocking effect of the switching
      transistor is improved by the connection of the voltage-dependent resistor
      to the base of the switching transistor, with resistor being controlled by
      the base potential of the switching transistor so that it presents a high
      resistance when the switching transistor is conductive and a low
      resistance when the switching transistor is blocking.
PAR  The voltage-dependent resistor may simply be a transistor which is
      connected in feedback with its emitter connected to a resistor and its
      base-emitter path biased to always be conducting current.
PAR  However, the low energy consumption by the current-conducting base-emitter
      path can be further reduced if, instead of a bipolar transistor, a field
      effect transistor is used which remains always conductive but which, as is
      known, does not require a gate current.
PAR  It is further advisable, in order to further save energy, to feed the
      operating voltage for the collector of the switching transistor through a
      resistor whose resistance is sufficiently high that in the conducting
      state of the transistor it operates in the saturation region and carries
      practically no collector current.
PAR  The high resistance collector resistor for the switching transistor is
      preferably a voltage-dependent resistor which has a high resistance when a
      collector current flows and a low resistance when no collector current is
      present.
PAR  A resistor with such characteristics can be constituted in a very simple
      manner also by the collector-emitter path of a transistor whose
      base-emitter path always conducts current, the emitter current being lower
      than the current for the switched-on switching transistor. Here, too, a
      field effect transistor can be used in order to eliminate base-emitter
      current.
PAR  In order to improve the cross-talk attenuation it is advisable to provide
      two sets of electronic switching contacts in a two-wire switching device
      so that a symmetrical switching device is produced.
PAR  Due to the low energy consumption of the switching device according to the
      present invention, whose energy dissipation in the blocked state
      advantageously lies below 1 mW, it is advisably utilized in a switching
      matrix module in a monolithically integrated fashion. About 5 .times. 4
      symmetrical switching devices can then be accommodated on a silicon
      substrate of the size of 4 .times. 4 mm.sup.2 without producing undue
      heating in the switching matrix module.
PAR  If the control circuit for the switching device is accommodated on a
      substrate separate from the switching device substrate and if this is done
      in a low-energy monolithic type of structure, e.g. using the MOS
      technique, it will be possible to realize a particularly high component
      density for the switching devices.
PAR  In further accordance with the present invention, a plurality of such
      switching devices are connected to form a network composed of a plurality
      of stages with each stage containing a plurality of switching devices
      arranged in the form of a matrix having a plurality of rows and columns
      with a respective switching device being located at each intersection of a
      row and a column, there being an odd number of stages. The network is
      further composed of a plurality of input means providing signals to be
      switched, each input means being connected in common to the emitters of
      the switching transistors of all of the switching devices in a respective
      row of the first of the stages; a first plurality of connecting lines each
      connecting the collectors of the switching transistors of all of the
      devices in a respective column of each odd stage to the collectors of the
      switching transistors of all the devices in a respective corresponding row
      of the next succeeding stage, and a second plurality of connecting lines
      each connecting the emitters of the switching transistors of all of the
      devices in a respective column of each even stage to the emitters of the
      switching transistors of all the devices in a respective corresponding row
      of the next succeeding stage. The network is further arranged to act as a
      so-called "column short circuit" for the case where all switching devices
      in the same column are blocked.
PAR  In the odd-numbered stages of switching matrices this is accomplished by a
      single transistor for each column which in this case operates in the
      saturation region when all switching transistors of that column are
      blocking and otherwise in the active region. This produces, inter alia,
      favorable cross-talk conditions in the switching network. When at least
      one switching device in a column is switched on, the column short circuit
      is given such a high resistance, by the transistor which operates in the
      active region to supply the collector voltage of the switching transistor,
      that its contribution to the insertion loss is negligibly small. This
      column resistor is here switched automatically in an advantageous manner
      in dependence on the occupation state of the column to which the link line
      is connected.
PAR  The connection of the individual stages in the manner set forth above makes
      it possible to establish conference connections in a simple manner, which
      is of particular significance when the switching network is used in
      extension systems.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram of an asymmetrical switching device
      constituting one preferred embodiment of the present invention.
PAR  FIG. 2 is a circuit diagram of a voltage-dependent resistor with bipolar
      transistor, constituting one embodiment of a component of the circuit of
      FIG. 1.
PAR  FIG. 3 is a circuit diagram of a voltage-dependent resistor with field
      effect transistor, constituting a second embodiment of such component of
      the circuit of FIG. 1.
PAR  FIG. 4 is a circuit diagram of a symmetrical switching device representing
      a second embodiment of the invention.
PAR  FIG. 5 is a basic circuit diagram of one embodiment of a switching network
      according to the invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows an embodiment of a switching device KU according to the
      invention which includes a bipolar switching transistor 21 of npn
      conductivity type whose emitter is connected to receive an operating
      voltage U.sub.1 through the secondary winding w.sub.21 of an exchange
      transformer 1 of a telephone set connected to the primary winding w.sub.1
      of the transformer.
PAR  The collector of the switching transistor is connected to a source of
      operating voltage U.sub.3 via a high resistance resistor 61.
PAR  The shunt resistance is formed, on the one hand, by a pnp control
      transistor 31 which is controlled by a voltage applied to its base
      terminal, is connected in feedback via its emitter by means of a resistor
      41, and has its collector connected to the base of the switching
      transistor 21 and, on the other hand, by a voltage-dependent resistor 51
      which is also connected to the base of the switching transistor and whose
      other end is connected to a source of an operating voltage U.sub.2.
PAR  The operating voltage sources supplying U.sub.1, U.sub.2 and U.sub.3 have a
      common reference line M to which the emitter resistor 41 of the control
      transistor 31 is also connected.
PAR  The emitter terminal of the switching transistor constitutes input A and
      the collector terminal of the switching transistor constitutes output a of
      the asymmetrical switching device KU, which includes the switching
      transistor 21, the control transistor 31 with resistor 41, and the
      voltage-dependent resistor 51.
PAR  The operating voltages can, according to one example of the present
      invention, be selected as follows:
EQU  U.sub.1 = -7V; U.sub.2 = -10V; U.sub.3 = 0V.
PAR  If a positive control voltage is present at control terminal St, the
      control transistor is rendered nonconductive, or blocking, and its
      collector current is zero. The base voltage of the switching transistor
      21, across the voltage-dependent resistor 51, is equal to the operating
      voltage U.sub.2 = -10V and the emitter voltage of U.sub.1 = -7V applied to
      the switching transistor causes that transistor to also be non-conductive.
PAR  To achieve a small voltage drop across the voltage-dependent resistor 51
      this resistor must have a low resistance so that the base of the switching
      transistor is connected with the reference line M through a small
      resistance, relative to a.c., and the switching transistor acquires
      optimum off-attenuation properties which depend practically only on its
      parasitic switching capacitance between the emitter and collector
      terminals.
PAR  If a control voltage of about -1.6V is applied to the control terminal St,
      the pnp control transistor 31 becomes conductive. If, for example, the
      value of the emitter resistor 41 is selected to be 500 .OMEGA., an emitter
      current of about 2 mA will flow in the control transistor 31 and will
      divide between the base terminal of the switching transistor 21 and the
      voltage-dependent resistor 51. At the collector terminal of the control
      transistor there then appears a voltage of about -6.3V which results from
      the operating voltage U.sub.1, the voltage drop in the secondary winding
      w.sub.21 of the transformer 1 and the voltage drop across the beam-emitter
      path of the switching transistor 21 in the on-state. The voltage across
      the collector-emitter path of the control transistor 31 is then about -5V
      so that it operates in the active region and thus has a high impedance.
      The voltage across the voltage-dependent resistor 51 is about 4V.
      According to the invention, the voltage-dependent resistor 51 should then
      also have a high resistance and its shunt attenuation is thus low.
PAR  A transistor operates in the saturation region when its voltage across the
      collector-emitter path if about 0V.
PAR  The collector terminal of the switching transistor 21 is connected via
      resistor 61 to voltage source U.sub.3 for direct and alternating current
      in such a high resistance manner that:
PAR  1. the direct collector current I.sub.C of the switching transistor flowing
      through this resistor is negligibly low (I.sub.C &lt; 100.mu.A); and
PAR  2. the alternating current resistance of this resistor is very high so that
      no additional shunt attenuation occurs.
PAR  If both of the above conditions are satisfied, it will be possible, in a
      switching network, to establish a subscriber connection directly via a
      common column wire without the use of a set of connections if all
      collector terminals of the semiconductor switching devices which lie in
      the same column are connected to terminals a whenever the semiconductor
      switching devices of the same column which are required for a connection
      are switched on.
PAR  FIG. 2 shows a circuit for one embodiment of a voltage-dependent resistor
      which may take the place of resistor 51. In the case where the switching
      transistor 21 is of the npn type, the voltage-dependent resistor is an npn
      transistor 511 with an emitter resistor 521 whose free end is connected to
      the operating voltage source U.sub.2. The operating voltage U.sub.4 for
      the base of transistor 511 must be selected to be somewhat higher than the
      operating voltage U.sub.2 so that the emitter-base path of the transistor
      always remains conductive. For example, U.sub.4 may be 1V higher than
      U.sub.2 and resistor 521 may have a resistance of about 1k.OMEGA..
PAR  With such operating values the circuit operates with an emitter current of
      about 0.5 mA and produces an energy loss of less than 0.6 mW.
PAR  The collector of transistor 511 must be connected to the base of the
      switching transistor 21.
PAR  Installed into the switching device of FIG. 1, the voltage-dependent
      resistor of FIG. 2 has a resistance value, when the control transistor 31
      is blocking, of about 1.1k.OMEGA., so that the switching transistor 21
      receives an off-attenuation which depends practically only on the
      switching capacitance between its emitter and collector.
PAR  When the switching transistor 21 is switched on, there is a drop of
      approximately 4V across the voltage-dependent resistor. Transistor 511
      then operates in the active region and has the desired high impedance,
      e.g. &gt; 500k.OMEGA..
PAR  FIG. 3 corresponds to FIG. 2 with the exception that the bipolar npn
      transistor 511 is replaced by a field effect transistor 511' having a
      source S and drain D. For example, an n channel MOSFET of the depletion
      type or an n channel PNFET can be used. Its gate terminal G may be
      connected directly to the source of operating voltage U.sub.2 so that in
      addition to the elimination of a base current, a further electrode
      terminal is also eliminated.
PAR  Furthermore, the collector resistor 61 of the switching transistor 21 of
      FIG. 1 can also be replaced in an advantageous manner by either of the
      circuit arrangements shown in FIGS. 2 and 3. The collector of transistor
      511 would then be connected to the collector of the switching transistor
      21. If instead of the npn transistor 511, a transistor of the opposite
      conductivity type must be used, voltage source U.sub.2 is replaced by
      voltage source U.sub.3 and voltage source U.sub.4 is replaced by a voltage
      source U.sub.5 which is higher by about 1V, so that the base-emitter path
      of the transistor of the voltage dependent resistor is always maintained
      conductive.
PAR  Such an arrangement is shown in FIG. 5, to be described below, in a circuit
      including a transistor 611 with an associated emitter resistor 612.
PAR  When the transistor 611 and resistor 612 are used as resistor 61 in the
      circuit of FIG. 1, the emitter current of transistor 61 is advisably set,
      by selection of base voltage U5 and emitter resistor 612, to be less than
      0.1 mA. The emitter current of transistor 611 is thus substantially less
      than the emitter current of the conductive switching transistor.
PAR  When switching transistor 21 is blocking, transistor 611 operates in the
      saturation region, thus presenting a low resistance (.apprxeq. 2k.OMEGA.),
      and therefore practically short-circuits line a which is connected to the
      collector of the switching transistor 21. When the switching device is
      used in a switching matrix in which a plurality of switching transistors
      have their collectors connected to a column line, transistor 611, only one
      of which then need be provided for each column, acts as a column short
      circuit when the switching transistors are blocking.
PAR  FIG. 4 shows a symmetrical switching device circuit arrangement according
      to the present invention which is provided in a known manner with a higher
      cross-talk attenuation, particularly for monolithically integrated
      embodiments.
PAR  The switching device KS of this embodiment includes two switching
      transistors 21 and 22 each having its emitter-collector path connected
      serially between the input A or B and output a or b of a respective side
      of the signal switching path. The base of transistor 21 is connected to a
      shunt branch composed of control transistor 31, emitter resistor 41, and a
      voltage-dependent resistance composed of transistor 511 and its associated
      emitter resistor 521. Similarly, the base of transistor 22 is connected to
      a shunt branch composed of control transistor 32, emitter resistor 42, and
      a voltage-dependent resistance composed of transistor 512 and its
      associated emitter resistor 522.
PAR  The input to device KS is provided by a coupling transformer 11 having two
      secondary windings w.sub.11 and w.sub.22 each connected to a respective
      one of input terminals A and B. Control signal input terminal St is
      connected to the bases of both control transistors 31 and 32. At the
      output side of device KS there are provided two further voltage-dependent
      resistances 61 and 62 each connected to a respective one of output
      terminals a and b.
PAR  Operating voltage U.sub.1 is applied to the center tap between the
      secondary windings w.sub.11 and w.sub.22 of transformer 11, while
      operating voltage U.sub.2 is applied to the other ends of resistors 521
      and 522, operating voltage U.sub.3 is applied to the other ends of
      resistances 61 and 62, operating voltage U.sub.4 is applied to the bases
      of transistors 511 and 512, and operating voltage U.sub.6 is applied to
      the other ends of resistors 41 and 42.
PAR  With this arrangement, both switching transistors 21 and 22 will always be
      in the same switching state, i.e. both conductive or both blocking.
PAR  All voltages mentioned above relate to 0V
PAR  For monolithically integrated embodiments it is advisable to select the
      following operating voltages:
EQU  U.sub.1 = -5V, U.sub.2 = -8V, U.sub.3 = 2V and U.sub.4 = -9V,
PAL  in order to adapt the base potential of the control transistor to the
      output voltages of conventional TTL circuits. For this purpose the emitter
      operating voltage of the control transistors 31 and 32 must also be raised
      to U.sub.6 2 = 2V. For U.sub.3 and U.sub.6 the same operating voltage
      sources can be used.
PAR  For a collector current of less than 100.mu.A, a base current of 2 mA,
      average normal and inverse current amplification factors in common emitter
      connection of .apprxeq. 70 and .apprxeq. 2, respectively, and a total
      emitter plus collector bulk resistance of about 5.OMEGA., the impedance of
      a conductive, monolithically integrated npn switching transistor 21 or 22
      .ltoreq. 10.OMEGA..
PAR  If the impedance of the collector resistance 61 or 62 is then &gt;
      200k.OMEGA., the shunt attenuation additionally produced thereby for the
      symmetrical switching device is negligibly small (&lt; 1 mN for a transformer
      ratio w.sub.1 /w.sub.11 or w.sub.22 = 1 and a terminating impedance of
      600.OMEGA.).
EQU  1mN = 0.001N .apprxeq. 0.0087 decibel N=neper
PAL  The transmission loss is thus determined only by the resistance of the
      switching resistor and is &lt; 30 mN for the symmetrical, monolithically
      integrated semiconductor switching device. The energy loss occurring in
      the switched-on switching device amounts to about 20mW.
PAR  FIG. 5 shows the connection of switching matrix modules, formed of the
      symmetrical switching devices according to the invention to produce an
      intermediate line switching arrangement. It is here assumed, for reasons
      of simplicity, that each switching matrix module forms a stage in a
      three-stage switching arrangement. To better show the connections between
      switching devices, only one switching transistor is shown for each such
      device.
PAR  As already mentioned, bipolar transistors 611, which serve as
      voltage-dependent resistors are connected, to the column lines of the
      odd-numbered stages 1, 3, etc. The coupling of the stages is effected
      according to the invention so that, for example, link lines 711 and 712
      connect column 1 and column 2, respectively, in the first stage 1 with row
      1 and row 2, respectively, in the second stage 2, the collector terminals
      of the switching transistors being connected to the columns of the first
      stage 1 and the rows of the second stage 2. The interconnection in the
      switching network is effected in this way in an advantageous manner
      because only a very low level current flows through the collector
      terminals of the switched-on devices and a calling party and called party
      can be connected together through the column lines of the first stage or
      of the third stage.
PAR  Due to the low collector current of the switching transistors according to
      the invention it is then possible to connect a plurality of subscribers
      together via one column line, e.g., for a conference call, because
      transistors 611 always remain in the active operating region, i.e. they
      present a high resistance to alternating current, with but a single
      conductively connected switching transistor and the operating point of the
      transistors 611 changes only slightly as a result of the interconnection
      of the subscribers.
PAR  If it is noted that a subscriber connection can be made already in the
      first stage via a common column line, then this can be effected already in
      this stage by switching on the corresponding switching devices. The
      subsequent stages are then no longer required to establish the connection.
PAR  The interconnection of a plurality of subscribers into a conference
      connection is appropriate only in columns of the odd-numbered stages. The
      emitter terminals of the switching transistors are connected to the
      columns of the even-numbered stages. These emitter terminals are connected
      to the emitter terminals of the switching transistors of the lines of the
      next odd-numbered stage via link lines 721, 722, etc. However, the emitter
      current, which is high compared to the collector current, flows through
      the emitter terminals of the switching transistors.
PAR  Since the emitter current of a switching transistor amounts to about 2 mA,
      the even-numbered stages must be provided with a device 614 for each
      column which presents a low resistance to direct current and a high
      resistance to alternating current to supply the different emitter currents
      of a column.
PAR  This can be accomplished, for example, in that the emitter voltage U.sub.1
      of each column is supplied via a choke or a transformer winding of a
      transformer which is provided, for example, for control purposes.
PAR  If no more than two switching transistors are ever switched on in an
      even-numbered stage, the column current can be made available in a manner
      similar to that in the columns of the odd-numbered stages by a transistor
      which is connected in feedback in the emitter by means of a resistor, the
      conductivity type of the transistor being opposite that of the column
      transistors 611. In the illustrated embodiment the device 614 may
      comprise, for example, an npn transistor whose collector is connected to
      the intermediate line and whose emitter current is set, in the same manner
      as described in connection with FIG. 2, to twice the value of the emitter
      current of a switching transistor, i.e. to 4 mA in this example.
PAR  This accomplishes in an advantageous manner that even with blocking
      switching transistors in a column of an even-numbered stage the column is
      short-circuited by the transistor which then operates in the saturation
      region.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
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STM  We claim:
NUM  1.
PAR  1. In an electronic switching device for a switching network in a telephone
      central office, the switching device having a signal input and output and
      presenting a series branch constituting a switchable signal conduction
      path extending between the input and the output, and presenting a shunt
      branch transverse to the conduction path, the switching device including a
      switching transistor having its collector-emitter path connected in the
      series branch and impedance means connected in the shunt branch, the
      transistor being switchable between a conductive state in which the series
      branch has a low resistance and the shunt branch has a high resistance,
      and a blocking state in which the series branch has a high resistance and
      the shunt branch has a low resistance, the improvement wherein:
PAL  said impedance means comprise
PA1  a control transistor of opposite conductivity type to said switching
      transistor and having its collector connected to the base of said
      switching transistor,
PA1  a source of a control voltage connected to the base of said control
      transistor,
PA1  a feedback resistor connected to the emitter of said control transistor,
      and
PA1  voltage-dependent resistor means having one end connected to the base of
      said switching transistor and controlled by the base voltage of said
      switching transistor to present a high resistance when said switching
      transistor is in its conductive state and to present a low resistance when
      said switching transistor is in its blocking state;
PAL  and said device further comprises:
PA1  first operating voltage supply means connected for supplying to the emitter
      of said switching transistor a first operating voltage having an absolute
      value greater than that of a control voltage capable of placing said
      control transistor in its conductive state;
PA1  second operating voltage supply means connected to the other end of said
      voltage-dependent resistor means for supplying thereto a second operating
      voltage having an absolute value greater than that of said first operating
      voltage and sufficient to place the base of said switching transistor at a
      potential which causes said switching transistor to remain in its blocking
      state as long as said voltage-dependent resistor means presents such low
      resistance;
PA1  third operating voltage supply means providing a third operating voltage
      having a value approximately equal to the voltage across said feedback
      resistor when said control transistor is in its blocking state; and
PA1  additional resistor means connected between said third operating voltage
      supply means and the collector of said switching transistor and presenting
      a high resistance, at least when said switching transistor is in its
      conductive state, for causing said switching transistor to then operate in
      its saturation region.
NUM  2.
PAR  2. A device as defined in claim 1 wherein said voltage-dependent resistor
      means includes: a bipolar transistor whose conductivity type is the same
      as that of said switching transistor and whose collector is connected to
      the base of said switching transistor; a further resistor connected
      between the emitter of said bipolar transistor and said second operating
      voltage supply means to provide a defined voltage to the emitter of said
      bipolar transistor; fourth operating voltage supply means connected to the
      base of said bipolar transistor for supplying a fourth operating voltage
      whose value is selected to maintain the base-emitter path of said bipolar
      transistor permanently conducting.
NUM  3.
PAR  3. A device as defined in claim 1 wherein said switching transistor is of
      the npn type, and said voltage-dependent resistor means comprises an
      n-channel field effect transistor whose drain is connected to the base of
      said switching transistor and whose gate is connected to said second
      operating voltage supply means, and a further resistor connected between
      the source of said field effect transistor and said second operating
      voltage supply means for feeding a defined current to said source.
NUM  4.
PAR  4. A device as defined in claim 3 wherein said field effect transistor is
      an MOS field effect transistor of the depletion mode type.
NUM  5.
PAR  5. A device as defined in claim 3 wherein said field-effect transistor is
      of the pn type.
NUM  6.
PAR  6. A device as defined in claim 1 wherein said additional resistor means
      comprises second voltage-dependent resistor means for supplying the
      collector voltage for said switching transistor.
NUM  7.
PAR  7. A device as defined in claim 6 wherein said second voltage-dependent
      resistor means comprise: a further transistor whose conductivity type is
      opposite that of said switching transistor and whose collector is
      connected to the collector of said switching transistor; a further
      resistor connected between the emitter of said further transistor and said
      third operating voltage supply means for feeding a defined emitter current
      to said further transistor; and a fifth operating voltage supply means
      connected to the base of said further transistor for supplying a fifth
      operating voltage whose value is selected to maintain the base-emitter
      path of said further transistor permanently conducting; the emitter
      current to said further transistor having a value less than that of the
      emitter current of said switching transistor in its conductive state, so
      that when said switching transistor is in its conductive state said
      further transistor operates in its active region and when said switching
      transistor is in its blocking state said further transistor operates in
      its saturation region.
NUM  8.
PAR  8. A device as defined in claim 1 constituting a symmetrical two-wire
      switching device.
NUM  9.
PAR  9. A device as defined in claim 1 which is monolithically integrated in a
      switching matrix module composed of a plurality of switching devices on a
      common silicon substrate.
NUM  10.
PAR  10. Switching system comprising:
PA1  a plurality of electronic switching devices as defined in claim 1 connected
      to form a coupling network composed of a plurality of stages with each
      stage containing a plurality of said switching devices arranged in the
      form of a matrix having a plurality of rows and columns with a respective
      switching device being located at each intersection of a row and a column,
      there being an odd number of said stages in said system;
PA1  a plurality of input means providing signals to be switched, each input
      means being connected in common to the emitters of said switching
      transistors of all of said switching devices in a respective row of the
      first of said stages;
PA1  a first plurality of connecting lines each connecting the collectors of
      said switching transistors of all of said devices in a respective column
      of each odd stage to the collectors of said switching transistors of all
      said devices in a respective corresponding row of the next succeeding
      stage; and
PA1  a second plurality of connecting lines each connecting the emitters of said
      switching transistors of all of said devices in a respective column of
      each even stage to the emitters of said switching transistors of all said
      devices in a respective corresponding row of the next succeeding stage;
      and
PA1  wherein, for each odd stage, said additional resistor means for all of said
      devices in each column comprises a single further transistor connected for
      supplying the collector voltages to said switching transistors of said
      column.
NUM  11.
PAR  11. A system as defined in claim 10 wherein the direct collector current of
      each said switching transistor is less than 100.mu.A in the conductive
      state.
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PAL  The specification discloses a system for automatically controlling the
      connection of inter-city telephone calls between a plurality of input
      telephone trunk lines at a user's branch exchange and a preset number of
      output telephone trunk lines. Circuitry is provided to receive user
      authorization code numbers from the user's facility and for comparing the
      user authorization code numbers with stored code numbers. A dial tone
      allowing further operation of the system is provided only if the user
      authorization code numbers match ones of the stored code numbers. The
      system receives dialing signals from an input telephone trunk line and in
      response thereto selects an available one of the output telephone trunk
      lines according to predetermined efficiency criteria. The system then
      establishes audio connections between the calling input telephone trunk
      line and the selected available output telephone trunk line to complete
      the inter-city call. If all output telephone trunk lines are busy, the
      caller may enter his request in a queue and the system will notify him
      when a circuit is available.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to inter-city communication circuits and more
      particularly relates to a method and system for automatically controlling
      the connection of inter-city telephone calls in an economical manner at a
      user's facility.
PAC  THE PRIOR ART
PAR  Large businesses and organizations often utilize a variety of techniques
      for completing inter-city or long distance telephone calls, such as leased
      lines to various telephone area zones, direct distance dialing, foreign
      exchange, tie lines and the like. For large companies or organizations
      having heavy long distance traffic, company-paid operators are often
      required at the user's facility in order to place the long distance calls.
      Not only are such company-paid operators expensive, but the operators are
      not always able to place long distance calls on the most economical
      available lines and are subject to human error resulting in
      misconnections, erroneous billings and the like. Further, with such
      company-paid operator systems, increases in the size of the system means
      proliferation of human operators, thereby resulting in a complex system
      with increasing costs and rising inefficiency. Prior operator controlled
      systems are also subject to unauthorized calls being made and charged to
      the company's expense. Such prior systems have also often relied upon
      handwritten data from the operators to provide data about the use of the
      long distance facility, and it has thus been difficult to efficiently
      provide detailed data regarding the system which would enable proper
      allocation of service calls to various departments, cost centers and the
      like.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention substantially reduces or minimizes problems
      heretofore associated with long distance systems requiring company-paid
      operators at the user's facility. In accordance with the present
      invention, the most economical method of placing each long distance call
      is accurately selected. If the most economical line is unavailable, the
      next least expensive line is then utilized for the call. With the use of
      user authorization codes, only authorized persons are allowed to place
      long distance calls through the present system. Accurate accounting and
      analysis data is automatically recorded for each call and may be utilized
      for charge-back purposes to enable the system to be optimumly utilized. If
      all output circuits are busy at the time of a call request, the system
      will allow the caller to enter a queue and the system will then notify the
      caller when a circuit is ready. The system constantly monitors all the
      circuits for proper connect/disconnect and for malfunction of the system
      and for apparent malfunctions of the telephone trunks.
PAR  In accordance with a more specific aspect of the invention, a system is
      provided for automatically controlling the connection of inter-city
      communication circuits between a plurality of input lines at a user's
      facility and a plurality of output trunk lines extending to a central
      office. The system includes circuitry for receiving dialing signals from
      the input line and circuitry responsive to the dialing signal for
      selecting available ones of the output trunk lines according to
      predetermined efficiency criteria. Audio connections are then established
      between the calling input lines and the selected available output trunk
      lines.
PAR  In accordance with another aspect of the invention, a system is provided
      for automatically controlling the connection of inter-city telephone calls
      between a central office and a user's facility having a plurality of user
      terminals. Circuitry receives user authorization code numbers for the user
      terminals. Circuitry in the system compares the authorization code numbers
      with stored code numbers and generates a dial tone to authorize a user
      terminal only if the authorization code numbers match ones of the stored
      code numbers. Dialing signals are then received from the authorized user
      terminal and the system connects the authorized user terminal with a
      selected output telephone line to the central office for completion of the
      dialed inter-city telephone calls.
PAR  In accordance with another aspect of the invention, a system is provided
      for automatically controlling the connection of inter-city telephone calls
      between a plurality of input telephone trunk lines at a user's branch
      exchange and a plurality of long distance telephone lines extending to
      various telephone area zones. The system is connected to the trunk lines
      through voice connecting arrangements disposed between the user's branch
      exchange and a central office. The system thus receives dialing signals
      from the user's branch exchange. An automatic digital processing machine
      is responsive to the dialing signals for selecting the most economical
      available one of the long distance telephone lines for completing each
      dialed call through a switch matrix.
PAR  In accordance with a more specific aspect of the invention, a system is
      provided for automatically controlling the interconnection of inter-city
      telephone calls between a plurality of input telephone lines and a
      plurality of output telephone lines extending to a central station. A
      switch matrix includes a plurality of switches for selectively connecting
      a plurality of paths between inputs to the matrix and outputs from the
      matrix. A dial signal generator is connectable to the matrix. Circuitry is
      responsive to a service request generator on one of the input telephone
      lines for controlling the matrix to connect the dial signal generator to
      the input telephone line requesting service. Circuitry is responsive to
      dialing signals on the input telephone line for selecting one of the
      output telephone lines and for operating the matrix to connect a tone
      generator to the selected output telephone line, such that tone signals
      are transmitted to the central office. Circuitry is also provided to
      operate the matrix to disconnect the dial signal generator and the tone
      generator and to connect the input telephone line to the selected output
      telephone line to complete the desired inter-city telephone call.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a complete understanding of the present invention and for further
      objects and advantages thereof, reference is now made to the following
      description taken in conjunction with the accompanying Drawings, in which:
PAR  FIG. 1 is a block diagram illustrating the connection of the present
      inter-city call control system between the user's facility and the
      telephone company central office;
PAR  FIG. 2 is a somewhat diagrammatic block diagram of the present inter-city
      call control system;
PAR  FIG. 3 is a detailed block diagram of the present inter-city telephone call
      control system;
PAR  FIGS. 4-7 are schematic diagrams of the external bus driver circuit shown
      in FIG. 3;
PAR  FIGS. 8-9 are schematic diagrams illustrating the DCM expander circuit
      shown in FIG. 3;
PAR  FIGS. 10 and 11 are schematic diagrams of the VCA control circuit shown in
      block diagram form in FIG. 3;
PAR  FIG. 12 illustrates a schematic diagram of the autopulse dialer;
PAR  FIG. 13 is a schematic diagram of the IDM display;
PAR  FIGS. 14-15 are schematic diagrams of the tone signal receiver;
PAR  FIGS. 16-18 are schematic diagrams of the signal generator base circuitry;
PAR  FIG. 19 is a schematic diagram of the dial tone generator;
PAR  FIG. 20 is a schematic diagram of the tone signal generator;
PAR  FIGS. 21-22 are schematic diagrams illustrating the DCM bus terminator
      circuitry;
PAR  FIG. 23 is a block diagram of the switch matrix of the invention;
PAR  FIG. 24 is a schematic diagram of a portion of the switch matrix;
PAR  FIG. 25 is a schematic diagram of the BMM and EMM terminator circuits; and
PAR  FIG. 26 is a schematic diagram of the IDM audio transformers.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a block diagram of the interconnection of the present
      inter-city call control system 10 between a user's facility 12 and a
      telephone central office 14. The user's facility 12 may comprise a private
      branch exchange (PBX), a Centrex system or the like. As illustrated, a
      voice connecting arrangement (VCA) 16 is connected to input telephone
      lines, such as tie trunks, which extend from the user's facility 12. The
      output of the VCA 16 is connected to the input of the present inter-city
      call control system 10. The output of the call control system 10 is
      applied through a VCA 18 and through output telephone trunk lines to the
      telephone company's central office 14. The output telephone trunk lines
      may comprise leased WATS lines, direct distance dialing (DDD) lines,
      foreign exchange (FX) lines, tielines and the like, or any combination of
      such lines. In a typical installation, VCA 18 will be connected to a
      plurality of WATS lines leading to different WATS toll areas. Thus certain
      of the output telephone trunk lines will be more expensive to use than
      others.
PAR  As will be subsequently described in detail, the intercity call control
      system 10 operates to select the most economical available output
      telephone trunk lines for connecting each particular call, thereby
      preventing the more expensive output telephone trunk lines from being tied
      up with short distance calls which may be more economically handled by
      less expensive output trunk lines. After the most economical trunk is
      selected for routing the calls, if the trunk is busy, the system proceeds
      to the next highest output telephone trunk line available to the caller.
      In addition, the system 10 allows only authorized persons to place long
      distance calls by the use of user authorization code numbers. The
      authorization code numbers can permit authorization based on distance,
      time (such as specification of certain hours), and the type facility such
      as WATS lines, DDD, foreign exchange, tielines or the like.
PAR  The call control system 10 further provides accounting and analysis of
      inter-city calls made through the system. This accounting feature permits
      allocation of the cost of calls to various departments or individuals as
      desired. At the completion of each inter-city call, system 10 thus records
      data on magnetic recording medium to provide a record of the authorization
      number, the inter-city number called, the duration of the call, the time
      of day the call was placed, the long distance trunk desired and the long
      distance trunk used. The information recording the long distance trunks
      desired and used in available in analyzing whether or not a call was made
      through the least expensive route or whether a higher class trunk was
      utilized. System 10 also records the system usage information for real
      time analysis to provide the number of calls and usage time data for
      immediate review.
PAR  The inter-city call control system 10 also provides automatic call back
      features, wherein if all output telephone trunk lines are busy at the time
      of a call, system 10 will give the caller with the option to enter the
      call queue stored by system 10. If the caller enters the queue, system 10
      will enter his request in the queue at the proper point based upon the
      caller's priority. The system 10 will then notify the caller when the
      desired circuit is ready. Alternatively, when all lines are busy, the
      caller may hold on to the line for a predetermined time or until a trunk
      line is available.
PAR  The call control system 10 also allows the use of speed numbers, wherein
      long distance calls to frequently used numbers may be made by replacing
      the telephone company standard ten digit code with a two or three digit
      speed code. These frequently used speed numbers are stored in the memory
      of the call control system 10. If desired, individuals may be assigned
      personal speed numbers and may also have access to universally used speed
      numbers.
PAR  The call control system 10 also constantly monitors all circuits for proper
      connect/disconnect, excessive busy time, inactivity for long periods,
      excessive short calls and other conditions, and detects apparent
      malfunctions from adjoining telephone trunks.
PAR  FIG. 2 illustrates a more detailed diagram of the interconnection of the
      system 10, wherein like numbers are utilized for like and corresponding
      parts previously identified. As noted, the output tie trunks extending
      from the PBX or Centrex 12 are connected through a voice connecting
      arrangement (VCA) 16. In the preferred embodiment, the VCA 16 may comprise
      a CDQ2W voice connecting arrangement presently manufactured by the Bell
      Telephone System. The CDQ2W VCA includes output terminals connected to
      system 10 at a demarc strip 19, the terminals being identified by Bell
      Telephone identification numbers as follows: CT, CR, CS, CG, CBS1 and
      CBS2. Terminals CT and CR are connected to a limiter (not shown) found in
      the voice coupler unit of the VCA 16. Terminals CS-CBS2 are connected to
      outputs from a signal oscillation unit (not shown) in the VCA 16. The VCA
      16 is a duplex in that signals may be sent simultaneously in both
      directions without interference.
PAR  The CT terminal of VCA 16 is connected to a first input (IN1) terminal of a
      switching matrix 20 located within the intercity call control system 10 of
      the invention. Switch matrix 20 in the preferred embodiment comprises a
      complex series of 8 .times. 8 switch matrixes, but in the present example
      a simplified one input-one output matrix is shown for clarity of
      illustration. A "touchtone" or dial tones signal generator (TTG) 22 is
      connected at one terminal to the CR terminal at the demarc strip 19, with
      the other terminal of generator 22 connected to the second input (IN2)
      terminal of the switch matrix 20.
PAR  The CR terminal of the VCA 16 is also connected to a dial or progress tone
      generator (DTG) and a "touchtone" receiver (TTR) 24. The other terminal of
      the generator and receiver 24 is connected to the second output (OUT2) of
      the switch matrix 20. The first output (OUT1) of the switch matrix 20 is
      connected via lead 26 to the CT terminal of the voice connecting
      arrangement (VCA) 18, which in the preferred embodiment may comprise the
      CDH VCA manufactured and sold by the Bell Telephone System. The CS and CG
      terminals of the VCA 16 are connected to a VCA output control circuit 28.
      A VCA output control 30 is connected to the CS and CG terminals of the VCA
      18.
PAR  The CBS1 and CBS2 outputs from the VCA 16 are connected to a VCA input
      control 32 which is connected to a high speed data bus 34 extending to a
      central processor 36. The TTG 22 and DTG-TTR 24 are also connected to the
      high speed bus 34. A VCA input control 38 is also connected between the
      bus 34 and the CBS2 terminal of the VCA 18. The VCA output control 28 and
      VCA input control 32 constitute the input side of the present system,
      while the VCA output control 30 and VCA input control 38 constitute the
      output side of the present system. A switch matrix control 40 is
      controlled through the data bus 34 by the central processor 36 in order to
      control the interconnections made at the switch matrix 20.
PAR  In operation of the system shown in FIG. 2, it will be assumed that the
      single output trunk line which extends to the telephone company central
      office 14 is available.
PAR  To place a long distance call at the user's facility 12, a user takes the
      hand set of a telephone terminal 42 connected to the PBX 12 off-hook. The
      PBX 12 detects the off-hook condition of the terminal 42 and returns a
      conventional dial tone to the user through the hand set. In this example
      and in subsequent examples, the telephone terminals 42 may comprise either
      rotary dials or touchtone dials terminals. The user then dials the system
      access code which may be for instance a 2-digit number such as "99". In
      response thereto, the PBX 12 routes the phone terminal 42 through the
      system input line to the VCA 16. The VCA 16 detects the service request
      from the PBX 12 and provides the system with a contact closure between
      terminals CBS1 and CBS2. The VCA input control 32 detects the contact
      closure and converts the closure to readable form for the central
      processor 36. The central processor 36, which continually monitors for a
      request signal, detects the service request from the VCA input control 32
      and initiates a service sequence.
PAR  The service sequence includes the operation of matrix control 40 to close
      switch matrix cross point 1-2, identified as point 44 in FIG. 2, which
      thereby connects the dial or progress tone generator (DTG) and touchtone
      receiver (TTR) 24 across the tip and ring of the VCA 16 (terminals CT and
      CR). The central processor 36 then operates the dial tone generator 24 to
      apply a dial progress tone or dial progress information through the point
      44 in the matrix 20 and through the IN1 lead to the CT and CR terminals of
      the VCA 16. The dial progress tone may comprise a steady dial tone or a
      short signal frequency tone. Alternatively, dial progress information may
      be transmitted from a voice "answer-back" unit. This progress tone or
      information is applied through the PBX 12 to the telephone terminal 42 and
      the user. The central processor 36 then monitors the TTR 24 for dial
      information received from the telephone terminal 42.
PAR  If the telephone terminal 42 is a touchtone device, touchtone dial
      information is applied from the terminal 42 through the PBX 12, through
      the VCA 16 and through the matrix 20 to the TTR 24. If the telephone
      terminal 42 is a rotary dial, the dial information input by the user is
      directed through the PBX 12 and the VCA 16 through the request leads CBS1
      and CBS2 to the VCA input control 32.
PAR  After the user detects the dial process tone applied from the DTG 24, the
      user dials his authorization code into the telephone terminal 42. This
      authorization code is unique for each user and may comprise for example a
      unique 4-digit code. The central processor 36 detects the authorization
      code from either the TTR 24 or the VCA input control 32 and performs code
      verification. Code verification includes comparing the input user
      authorization code against a stored table of valid authorization codes. If
      the input user's authorization code is found in the stored table,
      authorization to the system is permitted and the central processor 36
      operates the DTG 24 to apply a second dial progress tone through the point
      44 in the matrix 20 to lead IN1. The progress tone is then applied to
      terminal CT and through the VCA 16 and PBX 12 to the telephone terminal
      42. If the central processor 36 determines that the input authorization
      code is not valid, the central processor 36 operates the DTG to generate a
      busy signal and the central processor 36 operates the switch matrix
      control 40 to terminate the connection at point 44 to drop the call.
PAR  The user detects the second dial progress tone at the telephone terminal 42
      and proceeds to dial the desired telephone number. In practice, the user
      may for example dial 1 plus a 3-digit area code plus a 7-digit telephone
      number. This dialing information is applied through the PBX 12 and the VCA
      16 to the touchtone receiver (TTR) 24. TTR 24 converts the tones into
      digital signals for application to the bus 34 and to the central processor
      36. If the telephone terminal 42 is a rotary dial, the dialing information
      is applied through the VCA input control 32 to the central processor 36.
PAR  Upon receipt by the central processor 36 of the 3-digit area code, the
      central processor 36 selects the most economical output trunk line
      according to predetermined criteria. Generally, the central processor 36
      will select the output trunk line to place a call upon by matching the
      area code with a stored table representing the area codes serviced by
      various ones of the output trunk lines. The central processor 36 will
      select the least expensive output trunk line servicing the area code and
      will check to determine that the selected output trunk line is available.
      If the selected output trunk line is not available, the central processor
      36 will select the next least expensive output trunk for connection and so
      on. For example, a system will often have a plurality of different output
      trunk lines extending to different areas of the country, with the lines
      extending to the longer distances being the most expensive. The present
      system selects the least expensive available output trunk line extending
      to the dialed area zone. If all of the leased trunk lines are unavailable,
      the present system may complete a direct distance dial call on non-leased
      lines in the conventional manner such as by direct distance dialing.
PAR  After selecting the most economical available output trunk line, the
      central processor 36 initiates central office service by activating the
      VCA 18 through the VCA output control 30. This provides a contact closure
      between terminals CS and CG to the VCA 18. This contact closure is
      detected by the telephone central office 14 and central office service is
      provided on the selected output trunk line. The provided central office
      service is detected by the VCA 18 which then provides contact closure
      between terminals CBS1 and CBS2. The VCA input control 38 senses the
      contact closure and directs this information through the bus 34 to the
      central processor 36. The central processor 36 detects the central office
      service and operates the switch matrix control 40 in order to initiate
      closure of the matrix corss point 2-1 identified as point 46. Contact
      closure of point 46 connects the TTG 22 through the terminal OUT1 of the
      matrix 20 to the VCA 18. The central processor 36 then operates the TTG 22
      in order to repeat the dial information supplied previously by the user
      through the VCA 18 to the central office.
PAR  Upon completion of transmitting the representation of the dialing of the
      7-digit number, the central processor 36 operates the switch matrix
      control 40 in order to disconnect the DTG-TTR 24 and the TTG 22 by
      releasing the relay cross point 1-2 and cross point 2-1. The central
      processor 36 then completes the final call processing by connecting the
      tip and ring of VCA 16 to the tip and ring of VCA 18 by operating the
      switch matrix control 40 to close the matrix relay cross point 1--1
      identified as point 48. This directly connects the user through the
      telephone terminal 42, through the VCAs 16 and 18 to the central office 14
      in order to connect up to the desired call. The central processor 36
      continues to monitor the connection at the matrix point 48 until an
      on-hook from either party is detected. The switch matrix control 40 is
      then operated in order to disconnect point 48 to properly terminate the
      call.
PAR  FIG. 3 illustrates the present system in greater detail, with like numbers
      being utilized for like and corresponding parts previously described. The
      central processor 36 may comprise any suitable automatic data processing
      machine. In the preferred embodiment, the central processor 36 comprises a
      properly programmed digital computer of the mini-computer class such as
      the Nova 1200 CPU manufactured and sold by Data General Corporation. A
      plurality of core memories 50 are connected to a memory bus 52 extending
      from the central processor 36 in order to provide any desired amount of
      core memory for storage and instruction of the central processor.
PAR  An in-out bus 54 extends from the central processor 36 and a real time
      clock 56 is connected thereto, in order to generate timing pulses
      independent of processor timing. The real time clock 56 also provides the
      time-of-day for dating system messages and lists. A Teletype control 58 is
      connected to the in-output bus 54 to provide control between the bus and a
      telecoupler system 60. An acoustic coupler 62 is connected to the
      telecoupler system 60 in order to enable remote diagnosis and monitoring
      of the present system from a remote office. For a more detailed
      description of the construction and operation of the telecoupler system,
      reference is made to the co-pending patent application Ser. No. 293,774,
      filed Oct. 2, 1972 and entitled "System and Method for Coupling Remote
      Data Terminals Via Telephone Lines".
PAR  An idle line motor control 64 is connected between the telecoupler 60 and a
      Teletype 66. The idle line motor control 64 is utilized to turn on the
      Teletype 66 prior to message print out by the Teletype 66. The Teletype 66
      may comprise any suitable Teletype such as the well known ASR 33 Teletype.
      The Teletype 66 serves as the control console for the central processor 36
      and is utilized for requesting message print outs and for making user
      authorization number and trunk additions and deletions.
PAR  A magnetic tape control 68 is connected to the bus 54 and operates through
      an adapter 70 to control a magnetic tape transport 72. The magnetic tape
      transport 72 may comprise for example a 7 to 9 track tape transport having
      800 BPI density in order to log all the long distance billing information
      for attempted calls. A suitable magnetic tape transport for use with the
      system is manufactured and sold by the Wang Corporation.
PAR  An external bus driver 74 is connected to the in-out bus 54 and operates to
      drive the high speed external data bus 34 which extends to the device
      control module (DCM) expander circuit 76. Bus driver 74 decodes device
      address signals and routes control signals to the device control module
      (DCM) via the external bus 34. Data input signals, DI00 through DI115, are
      amplified by the driver 74 and routed to the central processor 36 via bus
      54. Data signals DO00 through DO15 are amplified by driver 74 and routed
      to the DCM via bus 34. The expander circuit 76 operates in conjunction
      with the external bus driver 74 in order to provide decoding or buffering.
      A DCM bus 78 extends from the DCM expander circuit 76 to a DCM terminator
      circuit 80. Terminator circuit provides terminating resistance for the
      data bus signals and provides BCD decoding. A VCA control circuit 82
      includes the VCA output and input control circuits 28 circuits 30, 32 and
      38 previously described in FIG. 2. The VCA control circuit 82 processes
      device address signals from the expander 76. The outputs from the VCA
      control circuit 82 are device status signals SELB, SELD and data input
      signals DI09 and DI10. The VCA control circuit 82 is connected to an
      interface/display module (IDM) display circuit 84 which receives control
      signals CSH and CSQ to provide relay closure. Circuit 84 also provides
      control points for all signal cabling which includes a light emitting
      diode display to illustrate the activity of the input and output VCAs and
      other servicing devices. The IDM display 84 thus receives switch matrix
      input/output port signals and VCA control signals.
PAR  Eight tone signal receivers 86 are connected along the bus 78 and operate
      in conjunction with up to four dial tone generators 88. Receivers 86 and
      generators 88 correspond to the DTG-TRR circuit 24 shown in FIG. 2. The
      output from each receiver 86 is multiplexed and applied to terminator 80.
      Device group address signals (DGA) are used to select the correct
      multiplexed output from each receiver. An IDM display 90 is connected to
      the dial tone generator 88. The switch matrix output ports to be
      subsequently described are applied to the dial tone generator 88 in a
      similar manner shown in FIG. 2. Up to four tone signal generators 92 are
      connected along bus 78 and include an IDM display 94 connected thereto.
      The tone signal generator 92 corresponds to the TTG 22 previously shown in
      FIG. 2. The tone signal generator 92 is coupled to the switch matrix input
      port in a similar manner as that shown in FIG. 2.
PAR  The dial tone generator 88 uses signals 0012 through 0015 from a base
      generator circuit, to be subsequently described, to select one of four
      time signals, CLK, CROSC1, or CROSC2. The signals selected closes a relay
      to provide one of two 440 Hz oscillator signals, OSC1 or OSC2 from the DCM
      terminator circuit 80. The selected oscillator signal is applied to the
      signal generator base output transformers, to be subsequently described.
      Signals DISA and DISB are applied to the IDM 84 to indicate which time
      signal was selected. Signals MF1 and MF2 are generated by the DCM
      terminator 80 and used by the dial tone generator 88 to detect which
      oscillator is in use, OSC1 or OSC2. Signals H1 through H4 and L1 through
      L4 from tone signal receiver 86 are decoded to provide DPR, SELB, and DI11
      through DI15 which are applied to the central processor 36 via the
      bidirectional bus line 34.
PAR  The PBX tie trunks previously shown in FIG. 1 are applied to the input
      voice connecting arrangement (VCA) 16 in the manner shown in FIGS. 1 and
      2. Further, the wide area telephone service (WATS) lines, direct distance
      dialing telephone (DDD) lines, foreign exchange (FX) trunks and the like
      are connected to the output VCA 18 as previously described. VCA control
      signals are applied from the VCAs 16 and 18 to the VCA control 82 via
      leads 96. The tip and ring of the VCA 16 is applied through an audio
      amplifier module (AAM) 98 through a transformer 100 to input ports 102.
      Similarly, the output VCA 18 is applied through a transformer 104 to
      output ports 106. The 64 input ports 102 and 64 outputs ports 106 are
      applied to 64 8 .times. 8 switch matrixes 108. An expander matrix module
      (EMM) bus 110 extends from the DCM expander circuit 76 to thirty two of
      the switch matrixes 108 to a terminator circuit 112. A basic matrix module
      (BMM) bus 111 extends from the DCM expander circuit 76 to thirty two of
      the switch matrixes 108 to a terminator circuit 114.
PAR  Operation of FIG. 3 is identical to the circuitry shown in FIG. 2. The
      dialing information from the PBX is transmitted through VCA 16 to the VCA
      control circuit 82 and to the 64 input ports 102 to the switch matrix.
      Similarly, the output VCA 18 is connected to VCA control circuit 82 and to
      the 64 output ports 106. The central processor 36 operates through the
      external data bus 34 to communicate with the VCA control 82 and to control
      the interconnections of the switch matrix in the manner previously
      described in order to initially sense a service request from VCA 16, to
      interconnect the dial tone generator 88 through the switch matrix to the
      VCA 16, to subsequently connect the tone signal receiver 86 through the
      switch matrix to the VCA 16 for reception of dial tone signals, to
      subsequently connect the tone signal generator 92 through the switch
      matrix to the VCA 18 in order to provide representations of the dialing
      signals to the central office over a selected output trunk, and to
      subsequently disconnect the tone signal receiver 86, the dial tone
      generator 88 and the tone signal generator 92 from the VCAs and to
      directly connect the VCA 16 to the VCA 18 through the switch matrix in
      order to complete the desired call. The operation and construction of the
      various components of the system will now be described in schematic
      detail.
PAC  DEFINITION OF SIGNALS
PAR  Prior to a specific description of the present system, the following signal
      definitions will assist in understanding the operation of the system:
TBL  SIGNAL      DEFINITION                                                    

     __________________________________________________________________________

     DO00 through DO15                                                         

                  Data Output 00 through 15 are applied                        

                 from the central processor 36 to the DCM                      

                 assembly. DO00 through DO15 are equal                         

                 to central processor I/O bus signals                          

                 DATA0 through DATA15 buffers. The                             

                 present system utilizes only DO00 and                         

                 DO08 through DO15 (9 bits).                                   

     DI00 through DI15                                                         

                 Data Input 00 through 15 are applied                          

                 from the DCM assembly to the central                          

                 processor 36. These data signals                              

                 originate at the DCM, are received and                        

                 buffered by the bus driver 74 to become                       

                 central processor I/O bus signals DATA0                       

                 through DATA15 respectively. The system                       

                 utilizes only DI08 through DI15 (8 bits).                     

     DOA, DOB, DOC,                                                            

                 These signals are subsequently described                      

     DIA, DIB, DIC,                                                            

                 in detail and are respectively central                        

     IORST, IOPLS,                                                             

                 processor I/O bus signals DATOA, DATOB,                       

     STRT, CLR   DATOC, DATIA, DATIB, DATIC, IORST, IOPLS,                     

                 STRT and CLR which are inverted, buffered                     

                 and delivered to the DCM assembly. A                          

                 few of the inverted signals are also                          

                 used in the bus driver 74.                                    

     SELBE, SELDE                                                              

                 These two signals originate at the DCM,                       

                 are received and buffered by the bus                          

                 driver 74 to become the central processor                     

                 I/O bus signals SELB and SELD respective-                     

                 ly.                                                           

     MS54 through MS57                                                         

                 Matrix Select 54 through 57. These                            

                 signals are decoded device address                            

                 signals. 54 through 57 represents the                         

                 decoded octal address as determined by                        

                 the central processor I/O bus signals                         

                 DS0 through DS5. Signals originated at                        

                 the bus driver 74 are sent to the DCM.                        

     DS64 through DS67                                                         

                 Device Control Select 64 through 67.                          

                 These signals are decoded device address                      

                 signals. 64 through 67 represents the                         

                 decoded octal address as determined by                        

                 the central processor I/O bus signals                         

                 DS0 through DS5. Signals originate at                         

                 bus driver 74 and are sent to DCM.                            

     DAD0 through DAD8                                                         

                 Device Address Register 0 through 8.                          

                 These signals provide expanded addressing                     

                 bits to the DCM. The DAD register con-                        

                 sists of 9 latches which provide memory                       

                 of data output bits DO00 through DO15.                        

                 The register outputs are buffered and                         

                 sent to DCM.                                                  

     S8A through S15A                                                          

                 System Status bits 8A through 15A. These                      

                 signals are system status input signals                       

                 to the central processor. Suffix A                            

                 designates that the CPU samples these                         

                 status bits by using DATIA command along                      

                 with special device code 76 octal.                            

     S8B through S15B                                                          

                 System Status bits 8B through 15B. These                      

                 signals are additional system status                          

                 input signals to the central processor.                       

                 Suffix B designates that the CPU samples                      

                 these status bits by using DATIB command                      

                 along with special device code 76 octal.                      

     HELPI, HELPZ                                                              

                 This pair of signals provides a relay                         

                 contact closure from the special "program                     

                 cycle" monitoring circuit located on the                      

                 bus driver 74.                                                

     DGA00 through DGA70                                                       

                 Device Control Group Address 00 through                       

                 70. DCM expander 76 decodes signals                           

                 DAD6, DAD7 and DAD8 along with select                         

                 signal DS64 to produce 8 unique device                        

                 group address signals.                                        

     GAI00 through GAI70                                                       

                 Group (card) Address Input 00 through                         

                 70 (8).                                                       

     BDO13, BDO14, BDO15                                                       

                 Buffered Data Output 13, 14, 15.                              

     GAO00 through GAO70                                                       

                 Group (card) Address Output 00 through                        

                 70 (8).                                                       

     DOB         Data Output Command B.                                        

     DOCMS       DOC.MS54 (Special Display Command)                            

     DATOA       Data Out A. Generated by the processor                        

                 after AC has been placed on the data                          

                 lines in a DOA to load the data into the                      

                 A buffer in the device selected by DSO-5.                     

     DATIA       Data In A. Generated by the processor                         

                 during a DIA to place the A buffer in                         

                 the device selected by DSO-5 on the data                      

                 lines.                                                        

     DATOB       Data Out B. Equivalent to DATOA but loads                     

                 the B buffer.                                                 

     DATIB       Data In B. Equivalent to DATIA but places                     

                 the B buffer on the data lines.                               

     DATOC       Data Out C. Equivalent to DATOA but                           

                 loads the C buffer.                                           

     DATIC       Data In C. Equivalent to DATIA but                            

                 places the C buffer on the data lines.                        

     STRT        Start. Generated by the processor in any                      

                 nonskip IO instruction with an S control                      

                 function (bits 8-9 = 01) to clear Done,                       

                 set Busy, and clear the INT REQ flipflop                      

                 in the device selected by DSO-5.                              

     CLR         Clear. Generated by the processor in any                      

                 nonskip IO instruction with a C control                       

                 function (bits 8-9 = 10) to clear Busy,                       

                 Done and the INT REQ flipflop in the                          

                 device selected by DSO-5.                                     

     IOPLS       IO Pulse. Generated by the processor in                       

                 any nonskil IO instruction with a P con-                      

                 trol function (bits 8-9 = 11) to perform                      

                 some special function in the device                           

                 selected by DSO-5.                                            

     SELB        Selected Busy. Generated by the device                        

                 selected by DSO-5 if its Busy flag is                         

                 set.                                                          

     SELD        Selected Done. Generated by the device                        

                 selected by DSO-5 if its Done flag is                         

                 set.                                                          

     RQENB       Request Enable. Generated at the be-                          

                 ginning of every memory cycle to allow                        

                 all devices on the bus to request pro-                        

                 gram interrupts or data channel access.                       

                 In any device RQENB sets the INT REQ                          

                 flipflop if Done is set and Interrupt                         

                 Disable is clear. Otherwise it clears                         

                 INT REQ.                                                      

                 If any device connected to the data                           

                 channel RQENB sets the DCH REQ flipflop                       

                 if the DCH SYNC flipflop is set. Otherwise                    

                 it clears DCH REQ.                                            

     INTR        Interrupt Request. Generated by any                           

                 device when its INT REQ flipflop is set.                      

                 This informs the processor that the de-                       

                 vice is waiting for an interrupt to                           

                 start.                                                        

     INTP        Interrupt Priority. Generated by the                          

                 processor for transmission serially to                        

                 the devices on the bus. If the INT REQ                        

                 flipflop in a device is clear when the                        

                 device receives INTP, the signal is                           

                 transmitted to the next device.                               

     INTA        Interrupt Acknowledge. Generated by the                       

                 processor during the INTA instruction.                        

                 If a device receives INTA while it is                         

                 also receiving INTP and its INT REQ                           

                 flipflop is set, it places its device                         

                 code on data lines 10-15.                                     

     MSKO        Mask Out. Generated by the processor                          

                 during the MSKO instruction after AC has                      

                 been placed on the data lines to set up                       

                 the Interrupt Disable flags in all de-                        

                 vices according to the mask on the lines.                     

     DCHR        Data Channel Request. Generated by any                        

                 device when its DCH REQ flipflop is set.                      

                 This informs the processor that the                           

                 device is waiting for data channel                            

                 access.                                                       

     DCHP        Data Channel Priority. Generated by the                       

                 processor and transmitted serially to the                     

                 devices on the bus. If the DCH REQ                            

                 flipflop in a device is clear when the                        

                 device receives DCHP, the signal is                           

                 transmitted to the next device.                               

     DCHA        Data Channel Acknowledge. Generated by                        

                 the processor at the beginning of a data                      

                 channel cycle. If a device receives                           

                 DCHA while it is also receiving DCHP and                      

                 its DCH REQ flipflop is set, it places                        

                 the memory address to be used for data                        

                 channel access on data lines 1-15 and                         

                 sets its DCH SEL flipflop.                                    

     DCHMO, DCHMI                                                              

                 Data Channel Modes. Generated by a                            

                 device when its DCH SEL flipflop is set                       

                 to inform the processor of the type of                        

                 data channel cycle desired as follows:                        

                 DCHMO DCHM1                                                   

                 O (H) O (H) Data Out                                          

                 O (H) 1 (L) Increment Memory                                  

                 1 (L) O (H) Data In                                           

                 1 (L) 1 (L) Add to Memory                                     

                 In addition to performing the necessary                       

                 functions internally, the processor                           

                 generates DCH1 and/or DCHO for the re-                        

                 quired in-out transfers.                                      

     DCHI        Data Channel In. Generated by the pro-                        

                 cessor for data channel input (DCHMO=1)                       

                 to place the data register of the device                      

                 selected by DCHA on the data lines.                           

     DCHO        Data Channel Out. Generated by the pro-                       

                 cessor for data channel output (DCHMO-1                       

                 .noteq. 10) after the word from memory or the                 

                 arithmetic result has been placed on the                      

                 data lines to load the contents of the                        

                 lines into the data register of the                           

                 device selected by DCHA.                                      

     OVFLO       Overflow. Generated by the processor                          

                 during a data channel cycle that incre-                       

                 ments memory or adds to memory (DCHM1=1)                      

                 when the result exceeds 2.sup.16 - 1.                         

     IORST       IO Reset. Generated by the processor in                       

                 the IORST instruction or when the console                     

                 reset switch is pressed to clear the                          

                 control flipflops in all interfaces                           

                 connected to the bus. This signal is                          

                 also generated during power turnon.                           

     __________________________________________________________________________

PAC  THE EXTERNAL BUS DRIVER
PAR  FIGS. 4-7 illustrate in schematic detail the external bus driver 74 shown
      in block diagram form in FIG. 3. The external bus driver is utilized as a
      buffer/driver and decoder. Inputs from the central processor 36 and
      outputs to the DCM expander 76 are made via the bi-directional I/O bus 54
      and the external bus line 34. The I/O bus 54 provides 16 data channels,
      nine of which are used by the present system.
PAR  Data bits DATA8-DATA15 are applied to the inputs of the bus driver shown in
      FIG. 4. These data bits from the central processor 36 are applied through
      drivers 120-134 and are applied at data output signal DO08-DI15 to the
      circuit shown in FIG. 5. Data input signal DI08-DI15 are applied through
      drivers 136-150 to the bi-directional bus for application to the central
      processor 36. The circuitry shown in FIG. 4 thus operates as a convertor
      for converting the uni-directional bus 54 to two sets of uni-directional
      signals.
PAR  FIG. 5 is connected to the circuitry shown in FIG. 4 as illustrated. Data
      output signals DO08-DI11 are applied to inputs of a 4-bit latch 152. Data
      output signals DO12-DO15 are applied to inputs of 4-bit latchs 154. Status
      words S8A-S15B are applied from inputs from NAND gates 156-186. The
      outputs of adjacent pairs of the NAND gates are tied together at the
      ou-puts and are applied to a common supply of bias voltage. The inputs of
      NAND gates 158, 162, 166, 170, 174, 178, 182 and 186 are commonly tied
      together and receive a gating signal SIB which is generated from the
      circuitry to be later described with respect to FIG. 7. The input of gates
      156, 160, 164, 168, 172, 176, 180 and 184 are commonly tied together to
      receive a gating signal SSIA also from the circuitry shown in FIG. 7.
      Gates 156-186 may thus be selectively gated to allow the central processor
      36 to read the system status as desired.
PAR  A device address strobe clocking signal DADSTB is applied via lead 188 to
      clock the latches 152 and 154 and also to clock a 4-bit latch 190. Latch
      190 also receives a data output DO00 from the central processor 36. The
      outputs from the latches 152, 154 and 190 comprise a 9-bit device address
      signal DAD0-DAD8 which are applied through the drivers 192-208.
PAR  A HELP signal is applied through a driver 210 to a relay coil 212 connected
      across a diode 214. Operation of the relay coil 212 closes a HELP relay
      contact 216.
PAR  FIG. 6 illustrates additional circuitry within the bus driver 74. Drivers
      220-234 receive data signals DATA0 DATA7 from the central processor via
      the in-out bus 54. The data output signals appearing at the output of
      drivers 220-234 comprise DO00-DO07. Data input signals for application to
      the central processor 36, DI00-DI07, are applied through drivers 236-250
      to the bus 54.
PAR  The data out signal DATOA is applied through a NAND gate 252 and an
      invertor 254 to provide a command signal DOA to the present system. The
      DATOA signal is applied to the circuitry shown in FIG. 7. The DATOB signal
      is applied from the central processor 36 through NAND gate 256 and a
      driver 258 to provide the command signal DOB. Similarly, DATOC is applied
      through NAND gate 260 and driver 262 to provide the command signal DOC.
      Data input signals DATIA-DATIC are applied through AND gates 264-268 and
      drivers 270-274 to provide command signals DIA-DIC.
PAR  The IO reset signal IORST is applied through a NAND gate 276 and a driver
      278 to provide the reset signal IORST. Similarly, command signals IOPLS,
      STRT, and CLR are applied through NAND gate 284 and are applied through
      drivers 286-290 as IOPLS, STRT, and CLR. Command signals SELBE are applied
      through a driver 292 to provide the SELB signal, while SELDE is applied
      through driver 294 to provide SELD.
PAR  Device addresses DS0-DS2 are applied from the central processor to a 3-to-8
      decoder 298 in FIG. 7. Similarly, device address signals DS3-DS5 are
      applied to a 3-to-8 decoder 300. Decoders 298 and 300 may comprise for
      example a SN7442 decoder. The decoded outputs from decoders 298 and 300
      are applied to various inputs of NAND gates 302-316, the outputs of which
      are applied through drivers 318-332. The decoded outputs MS54-MS57 and
      DS64-DS67 are applied to select the switch matrix and other devices when
      desired. The preferred embodiment of the system utilizes only two of the
      decoded outputs, but the provision of the eight device select output
      enables enlargement of the system as desired by adding other selectable
      devices.
PAR  Signals DATOA, DATIA and DATIB are applied to inputs of NAND gates 334-338,
      the outputs of which are applied through drivers 340-344 to provide
      signals SSOS, SSIA and SSIB. A NAND gate 333 is connected to the output of
      gate 310 and applies the DADSTB signal through a driver 339. A NAND gate
      346 is connected at its inputs to the decoder 298 and to an input of gate
      306 and is connected at the output to gates 334-338.
PAR  SSOS is applied to an input of a counter 350 which may comprise for example
      an SN7493 counter. An oscillator which has approximately a 100 millisecond
      duty cycle applied oscillating signals to the counter 350 and to a second
      counter 354 which also may comprise an SN7493 counter. Each of the
      counters 350 and 354 have four possible outputs, one of which may be
      selectively jumpered to an input of an OR gate 356, depending upon the
      time desired for the monitoring feature. The output of gate 356 is applied
      through a driver 358 to an input of a flipflop 360. Flipflop 360 applies
      the HELP signal previously shown in FIG. 5. Flipflop 360 is interconnected
      with a second flipflop 362 in order to generate a reset for the HELP
      circuit.
PAR  The monitor system comprising the oscillator 352, counters 350 and 354, and
      flipflops 360 and 362 is utilized to periodically monitor the status of
      the present system when periodically commanded by the central processor
      36. If the monitor system does not receive a monitor request from the
      central processor 36 within a predetermined time determined by the counter
      350, the flipflop 360 is flipped in order to operate the relay switch 216
      shown in FIG. 5 in order to ring an alarm or to otherwise indicate a
      possible malfunction of the central processor. Counter 354 detects the
      number of monitor requests made by the central processor, and if this
      number is excessive. counter 354 also operates the system to generate a
      HELP signal in order to indicate a possible alarm situation. As previously
      noted, the monitor parameters of the system may be varied by varying the
      jumpers between the counters 350 and 354 and the gate 356.
PAR  The pause signal applied at terminal 366 is generated to release all resets
      applied to the system to enable operation of the system after a shutdown
      when the central processor 36 has determined that all circuits are
      recovered and available for operation. The central processor 36 generally
      provides a time delay in order to allow all circuits to recover so that
      the system operation does not begin unless all circuits are properly
      operable.
PAR  In operation of the external bus driver shown in FIGS. 4-7, the circuit is
      primarily utilized as a buffer/driver and decoder. Data signals from the
      central processor are applied through the bi-directional input-output bus
      54 which generally provides sixteen data channels. In the particular
      system utilized, only nine channels are utilized, DATA0 and DATA8-DATA15.
      The nine data bits are applied to the various driver stages shown in FIGS.
      4 and 5 in order to generate the signals DO00 and DO08-DO15 which are then
      stored in a device address register comprising latches 152, 154 and 190.
      The output signals from the device register is a 9-bit device address DAT0
      and DAD1-DAD8 which is then clocked out to the DCM expander 76 by the
      strobe signal DATSTB (FIG. 5). The strobe signal DATSTB is derived as
      shown in FIG. 7 by the 6-bit address select signals DS0-DS5 which are
      applied from the I/O bus 54 to the decoder 298 and 300.
PAR  An IO command DATOA is inverted by gate 252 (FIG. 6) and is applied to gate
      334 (FIG. 7). The decoder outputs are applied to gate 310 to generate
      device code DS64 which is anded with DATOA to generate the DADSTB signal.
      The outputs from decoder 298 and 300 are applied to gates 302-316 to
      generate the device select signals DS64-DS67 for application to the DCM
      and MS54-MS57 to the switch matrix. Signals SELBE and SELDE are applied to
      drivers 292 and 294 for output to the external bus driver. Control signals
      DATOA-DATOC, DATIA-DATIC, IORST, IOPLS, STRT and CLR are inverted by
      positive NAND gates 252 and 284 and are applied to drivers 254-290 (FIG.
      6).
PAC  THE DCM EXPANDER
PAR  FIGS. 8 and 9 illustrate in schematic detail the device control module
      (DCM) expander 76 previously shown in FIG. 3. The expander circuit is
      utilized to decode, buffer and expand signals from the external bus line
      34. All signals from the expander are applied to the DCM bus line 78, the
      EMM bus 110 and the BMM bus 111 (FIG. 3).
PAR  Device address signals DAD3-DAD5 are applied via lead 380 to three inputs
      of a decoder 382 (FIG. 9) and via lead 380 to three inputs of a second
      decoder 384 (FIG. 9). Device select DS64 is applied from bus 34 via lead
      386 to an input of the decoder 384 in order to generate device group
      address signals DGA0-DGA70 through drivers 388-402 (FIG. 9).
PAR  Signals DO10, DO11 and DO12 are applied via lead 404-408 to inputs of a
      third decoder 410. Matrix select signal MS54 is applied on lead 414 (FIG.
      8) to decoder 382 and decoder 410 in order to generate group address input
      and group address output signals as illustrated. Each of the group address
      input and output signals is expanded through ones of a plurality of
      drivers 418 and 420 to provide GAI00-12-GA17012, GAI0013 through GAI7013,
      GAO00-12 through GAO70-12 and GAO00-13 through GAO70-13. Signals ending in
      12 arerouted to the BMM bus 111 (FIG. 3), while the signals ending in 13
      are routed to the EMM bus line 110 (FIG. 3). Similarly, DOCMS, DOB, IORST,
      DO and DAD are expanded by the drivers 418 and 420 and are routed to the
      EMM bus 110 and the BMM bus 111 (FIG. 3).
PAR  To summarize the operation of the DCM expander 76, signals DO08-DO15 are
      applied to the register comprising latches 152, 154 and 190 previously
      shown in FIG. 5. The resulting DAD signals are applied to the decoder 384
      shown in FIG. 9 and are strobed by DS64 generated from driver 326 in FIG.
      7 in order to generate the DGA00-DGA70 (FIG. 9). Similarly, DAD signals
      derived from the latches 152, 154 and 190 (FIG. 5) are applied to the
      3-to-8 decoder 382 (FIG. 8) and are strobed by the MS54 signal to generate
      GAI00-GAI70 signals.
PAR  Again, referring to FIG. 8, the DAD signals are applied through driver 418
      in order to generate the BDO13-BD015 which constitute the matrix inputs
      address one of eight inputs. The DO10 and D011-D012 signals are applied to
      the decoder 410 from the central processor through the bus 34 and result
      in the matrix output address (group of eight select), GAO00-GAO70. The
      D013-D015 is also applied from the central processor 36 through driver 420
      to generate the matrix output address select (one of eight output select),
      D013-D015.
PAC  THE VCA CONTROL
PAR  FIGS. 10 and 11 illustrate in schematic detail the construction of the VCA
      control circuit 82 shown in block diagram in FIG. 3. The VCA control
      circuit 82 processes device address and device group address signals from
      the expander circuit 76. In the preferred embodiment, up to four VCA
      control circuits may be provided, with each circuit containing up to four
      autopulse dialer units each including two identical separate circuits.
PAR  The VCA control circuit 82 processes device addresses to generate control
      signals to the input and output VCAs 16 and 18. Circuit 82 also
      multiplexes VCA signals to provide input data to the central processor 36.
      Referring to FIG. 10, signals from the input VCA 16 (FIG. 1)
      CBSIQ0/4-CBSIQ3/7 are applied to terminals 0-3 of a multiplexer 430.
      Signals from the output VCA 18, CBSIH0/4-CBSIH3/7, are applied to input
      terminals 4-7 of the multiplexer 430. DAD signals to be subsequently
      described are converted into device address signals AD8, AD7 and AD016 and
      are applied to terminals A-C of the multiplexer 430. A strobe signal
      SLSTRB is applied to strobe multiplexer 430. The output of the multiplexer
      430 is applied through a NAND gate 432 and a driver 434 to provide the
      DI09 signal which is applied to the central processor 36.
PAR  Signals DNQ014-DNH317 are applied via leads 436 to the inputs of a
      multiplexer 438. In addition, device address signals AD8-AD016 are also
      applied to multiplexer 438. The strobe signal SLSTRB is also applied to
      multiplexer 438 in order to output, via the driver 440, the SELD signal
      which is utilized to provide a check to determine whether or not a request
      has been made on a device.
PAR  Similarly, signals BSQ)14-BSQ3/7 are applied via terminals 442 to the
      inputs of a multiplexer 444. Signals BSH0/4-BSH3/7 are applied from
      autopulse dialers 446 and 448. The device select signals AD8-AD016 and the
      strobe signal SLSTRBR are also applied to multiplexer 444 in order to
      strobe through a driver 450 the SELB signal which is applied to the
      central processor 36.
PAR  The D012 signal is applied through an exclusive OR gate 452 to the
      autopulse dialers 446 and 448. The D013 signal is applied through an AND
      gate 454 and an AND gate 456 to an input of exclusive OR gate 452 and also
      to an input of an exclusive OR gate 458 connected to the autopulse dialer
      446. The D014 signal is applied through an AND gate 460 to an AND gate 462
      and to an exclusive OR gate 464 connected to the autopulse dialers 446 and
      448.
PAR  A timing oscillator 466 generates a 10 Hz 60-40 duty cycle output, with 60
      seconds on and 40 seconds off. The output of oscillator 466 is applied
      through an OR gate 468 and NAND gate 470 to autopulse dialers shown in
      FIG. 11. The output of oscillator 466 is also applied through an NAND gate
      472 and OR gate 474 to the autopulse dialers 446 and 448.
PAR  Referring to FIG. 11, which illustrates the remainder of the VCA control
      circuit, eight device group addresses DGA00-DGA70 are applied through
      contacts of a switch 480 to inputs of a NAND gate 482 which is applied to
      a NAND gate 484 to generate the SLSTRB signal. This strobe signal is
      applied to the multiplexers 430, 444 and 438 previously shown in FIG. 10.
      The DOB signal is applied to a NAND gate 486 to generate the OUTSTRB
      signal which is applied to a decoder 488. The DIB signal is applied
      through a NAND gate 490 and a driver 492 to provide the INSTRB signal
      which is applied to strobe the NAND gate 432 shown in FIG. 10.
PAR  The device address signal DAD6 is applied through drivers 496 and 498 to a
      switch 500 for application to the NAND gate 484. Signals DAD7-DAD8 are
      applied through drivers 502 and 504 to the decoder 488 and to the
      multiplexer 430 shown in FIG. 10. Signal DAD0 is applied through a driver
      506, a NAND gate 508, the switch 500 to gate 484 and to the decoder 488.
PAR  The output of decoder 488 is applied to eight flipflops 510. The Q outputs
      of the flipflops 510 represent DNH0/4-DNQ3/7 signals which are applied to
      multiplexer 438 shown in FIG. 10. Flipflops 510 are reset by the IORST
      signal which is applied through drivers 512 and 514. Additional reset
      signals are applied through drivers 516 and 518 for application to various
      other areas of the VCA control circuit.
PAR  The Q outputs of each of the flipflops 510 are applied to eight NAND gates
      520 which generate signals CSH0/4-CHQ3/7 which are utilized in other
      portions of the system. Inputs to the NAND gates 520 are connected to
      terminals of the autopulse dialers 446 and 448 and to autopulse dialers
      524 and 526.
PAR  In operation of the VCA control circuit, the switch 480 may be set to
      select one group of sixteen addresses from the eight device group
      addresses DGA0 through DGA70. The device address signals DAD6 through DAD8
      select specific device addresses. The signal DAD0 selects either an input
      or an output device, with a logic 1 being provided for an output device
      and a logic 0 being provided for an input device. The configuration of the
      switches 480 and 500 is thus utilized to select eight devices which may
      comprise four input and four output devices, eight input devices, or eight
      output devices.
PAR  The bits DAD7 and DAD8 are applied to the decoder 488. The bit DAD8 and
      DAD6 are applied to the switch 500 as illustrated. The timing oscillator
      466 (FIG. 10) generates a 10 Hz signal the output of which is applied to
      the input of the four autopulse dialers. As will be subsequently shown in
      FIG. 12, this clock output is utilized to clock binary counters within the
      pulse dialers. The BCD inputs D012-D014 (FIG. 10) are applied through the
      illustrated gates, whereon the BCD input is converted to two's complement
      and are applied to each of the autopulse dialers 446, 448, 524 and 526.
PAC  THE AUTOPULSE DIALER
PAR  FIG. 12 illustrates in schematic detail one of the autopulse dialers
      446-448 and 524-526 shown in FIGS. 10 and 11. Signal OSC from the timing
      oscillator 466 (FIG. 10) is applied to a NAND gate 530 and a NAND gate 532
      to the clock input of a counter 534. Similarly, a signal H1/5 is applied
      through a NAND gate 536 to the clock input of a counter 538. Signal H1/5
      is derived from the decoder 488 (FIG. 11).
PAR  Signal H0/4 is applied to an input of gate 532. Signals 2CD-2CA generated
      from the outputs of gates 452, 458, 464 and 465 are applied to inputs of
      counter 534 and 538. Output from the counter 534 is applied through an OR
      gate 540 to a flipflop 542. Outputs from counter 538 are applied through
      NOR gate 544 to a flipflop 546. The Q output from flipflop 542 is applied
      to an input of an AND gate 548 connected to AND gate 530. Similarly, the Q
      output from flipflop 546 is applied to an input of an AND gate 550, the
      output of which is applied through a NAND gate 552 to gate 536.
PAR  The CO output of counter 534 is applied through a NAND gate 554 to a timing
      oscillator 556, the output of which is applied through an OR gate 558 to
      generate either a BSH or BSQ signal as shown in FIGS. 10 and 11. The CO
      output of counter 538 is applied through a NAND gate 560 to a timing
      oscillator 562. Oscillator 562 generates an output applied through an OR
      gate 564 to generate either a BSH or a BSQ signal. The pulses applied from
      the timing circuits 556 and 562 are applied to the multiplexer 444 (FIG.
      10) during the dialing time and for 600 msec thereafter. The SELB signal
      is generated from the driver 450 (FIG. 10) for this time frame and is
      applied to the central processor 36.
PAC  THE IDM DISPLAY
PAR  FIG. 13 illustrates in schematic detail the Interface Display Module (IDM)
      display 84 previously shown in FIG. 3. The IDM display 84 has routed
      therethrough VCA control signals from the VCA control circuit 82 and
      utilizes the control signals to provide a light emitting diode (LED)
      display of the control signal. This circuit includes a switch 570 having
      ten switch contacts. The circuit also includes six relays 572 and relays
      574 and 576. Operation of the relays 572 is controlled by opening and
      closing of switch contact 578 in order to control the routing of certain
      of the signals to the LEDs. The VCA control signals are applied through
      six drivers 580 to six light emitting diodes (LEDs) 582 which become
      illuminated when energized to indicate the activity of the VCA circuitry.
      Relay 574 is operable in response to closure of switch contacts 578 in
      order to control the display of select signals.
PAR  The signals from the output VCA 18 are routed through a transformer (not
      shown) to output ports on the BMM bus 11 (FIG. 3). Signals between the
      input VCA 16 and the BMM input ports are connected to BMM bus 111 (FIG. 3)
      through a transformer (not shown) and an audio amplifier module. The LED
      displays 582 also receive signals from the dial tone generator and the
      tone signal generator, to be subsequently described, in order to display
      the activity thereof.
PAC  TONE SIGNAL RECEIVER
PAR  FIGS. 14 and 15 illustrate in schematic detail the construction of the tone
      signal receiver 86 previously shown in FIG. 3 and which is connected to
      the bus 78 extending from the DCM expander 76 and the DCM terminator 80
      (FIG. 3).
PAR  Referring to FIG. 14, DGA0-DGA70 signals are applied to terminals of a
      switch 590 which is connected to an input of a NAND gate 592. Signal DAD6
      is applied through an invertor 594 and a driver 596 to a switch 598.
      Similarly, signal DAD0 is applied through an invertor 600 and through a
      driver 602 to various other terminals of the switch 598. The output of
      switch 598 is applied to an input of a NAND gate 604, the other input of
      which is connected to the output of gate 592. The output of gate 604
      generates the strobe signal SLSTB which is applied to the circuitry shown
      in FIG. 15 and which also is applied to inputs of NAND gates 606 and 608.
      Signal DIB is applied to gate 606 to generate the signal INSTB, while
      signal DOB is applied to gate 608 to generate the signal OUTSTB.
PAR  Signal DAD7 is applied through an invertor 610 to a decoder 612 and signal
      DAD8 is applied through an invertor 614 to decoder 612. The outputs of the
      decoder 612, DL0-DL7, are applied to inputs of flipflops 616-630. The
      outputs from the decoder 612 are clocked into the flipflop 616-630 when
      DIB is received from the central processor through gate 606. The Q outputs
      of the flipflops 616-630 are applied through NAND gates 632-666 to
      generate display signals DIS0-DIS7. The display signals are routed to the
      IDM circuit shown in FIG. 13 and utilized to turn on the LED 582 to
      indicate to the operator that the central processor 36 has completed
      processing. In addition, the signal DPR is applied through an invertor 668
      to flipflop 630, while signal IORST is applied through invertor 670 and
      driver 672 to the reset inputs of each of the flipflops 616-630.
PAR  Referring to FIG. 15, eight multiplexers 676-690 are connected to receive
      the addressing signals AD016, AD7 and AD8. Each one of the multiplexers
      767-690 has eight inputs connected to one of eight tone receiver circuits,
      not shown. In the preferred embodiment, the tone receiver circuits may
      comprise a conventional ME8810J receiver which is attached to the
      telephone line in order to detect tones generated on the telephone line
      and to provide eight open collector outputs indicative of the tones
      detected.
PAR  Although not shown, the ME8810J receiver will now be briefly described. The
      ME8810J receiver comprises a balanced input attached to the telephone line
      for supplying signals through a high pass prefilter and an ME8801 AGC
      circuit. The output of the AGC circuit is applied to an ME8802 module
      including eight band pass filters. The output of the pass filters is
      applied to two ME8803 module detector triggers. A pivoting trigger voltage
      circuit is attached between the ME8803 detector trigger. The outputs from
      the ME8803 module detector triggers comprise eight open-collector outputs
      which are respresentative of a particular tone detected from the telephone
      lines.
PAR  These eight outputs are collector connected to the inputs of one of the
      multiplexers 676-690. The output from the multiplexers 676-690 are applied
      through NAND gates 692-706 to provide outputs H1-H4 and L1-L4. These
      outputs represent the following frequencies:
TBL  L1-697 Hz           H1-1209 Hz                                            

     L2-770 Hz           H2-1336 Hz                                            

     L3-852 Hz           H3-1477 Hz                                            

     L4-941 Hz           H4-1633 Hz                                            

PAR  As is known, depression of buttons on a conventional touchtone telephone
      can generate twelve combinations of two tones. The output from the
      multiplexer 676-690 thus provides an indication of the tones being
      generated from the telephone at the user's facility and applies that
      information to the central processor 36. These signals H1-L4 are only
      generated when the multiplexers are addressed by the AD016-AD8 signals.
      The outputs H1-L4 are applied to the terminator circuit 80 (FIG. 3),
      wherein they are decoded and are applied to the central processor 36. The
      central processor 36 is thus provided with an indication of the digits
      dialed by the operator at the user's facility.
PAC  SIGNAL GENERATOR BASE CIRCUITRY
PAR  FIGS. 16, 17 and 18 illustrate the signal generator base circuitry which
      interconnects between bus 78 and four dial tone generators 88 or four tone
      signal generators 92 shown in FIG. 3. In practice, the circuits shown in
      FIG. 3 would then comprise two of the signal generator base circuits
      illustrated in FIGS. 16-18, one of the base circuits being connected to
      four dial tone generators and the other base circuit being connected to
      four tone signal generators.
PAR  Referring to FIG. 16, four transformers 710-716 receive DT and DR signals
      from either the dial tone generator or a tone signal generator (noted as
      circuits 1-4). Each of the transformers 710-716 provide input to the
      touchtone receiver as signals EDT0-3 and EDR0-3. The opposite side of
      transformers T1-T4 connect signals T0-T3 and R0-R3 and to the switch
      matrix to be subsequently described. When the base circuitry is interfaced
      with a dial tone circuit, the transformers 710-716 will connect to the
      switch matrix output port and if the base circuit is interfaced with a
      tone signal generator circuit, the transformers 710-716 will connect to
      the switch matrix input ports.
PAR  DIS0A-DIS3A signals are applied from either the dial tone generator or the
      tone signal generator through drivers 718-724. Similarly, signals
      DIS0-DIS3 are applied from the circuit to the other inputs of the drivers
      718-724.
PAR  FIG. 17 illustrates another portion of the signal generator base circuitry
      wherein group address signals DGA00-DGA70 are applied through a switch 726
      and NAND gates 728 and 730 to provide the signal SLSTB which is applied to
      the strobe input of a multiplexer 732. Signals DAD6, DAD0 and DAD7 are
      applied through a switch 734 and invertors 736-744 to the NAND gate 730
      and also through a switch 746 to the C inputs of the multiplexer 732 and a
      decoder 748. Signal DOB is applied through a NAND gate 750 to the decoders
      748 from the central processor 36 to generate the signal OUTSTB. Signal
      OUTSTB clocks out the LD0-LD3 signals from the decoder 748 for application
      to the tone signal generator. Signal DIB is applied through a NAND gate
      752 to provide the INSTB signal. The BSY0-BSY3 signals are applied from
      the dial tone generator through the multiplexer 732 and are clocked by
      SLSTB to generate the select busy signal SELB through the driver 754. The
      signals D012 through D015 are inverted by inverter 756 to generate
      OD12-OD15 signals for application to the four tone signal generators.
      Similarly, the IORST signals are applied through an invertor 756 and a
      driver 758 to provide the RESET signal to the four tone signal generator.
PAR  Referring to FIG. 18, timing oscillators 764-770 generate chop rate
      oscillator signals CLK and CROSC1-3 each having a different clock period.
      The timing oscillators 764-770 may comprise for example a NE555 oscillator
      circuit. The CLK clock signal is applied through an invertor 772 and is
      utilized to clock a flipflop in the tone signal generator. The CROSC1-3
      signals are applied through invertors 774-778 to the dial tone generator
      to provide a fast or slow chop rate.
PAC  DIAL TONE GENERATOR
PAR  FIG. 19 illustrates in schematic detail the dial tone generator 88
      previously shown in FIG. 3. As previously noted, four dial tone generators
      will be attached to one of the signals generator base circuits shown in
      FIGS. 17 and 18. The dial tone generator provides a 440 Hz signal to the
      signal generator base circuit. Referring to FIG. 19, signals 0D12 through
      0D15 are applied to a latch 780. When the LD signal is applied to the
      latch 780, the data is clocked out to a multiplexer 782 and to a NAND gate
      784. The chop rate oscillator signals CROSC1-3 previously generated in the
      circuitry of FIG. 18 is applied to the multiplexer 782 in order to
      generate an output from the multiplexer 782 through the gates 784. This
      output energizes the relay coil 786 to close a relay switch contact 788.
      The 440 Hz OSC1 signal is then applied to the closed relay switch member
      788 to an input of an operational amplifier 790. In addition, multiplexer
      782 operates through NAND gate 792 the relay 794 to supply an alternate
      oscillator signal OSC1 to the amplifier 790 as a back up. The output of
      amplifier 790 is routed to the transformers shown in FIG. 16 in the base
      generator circuits.
PAR  Display signals DISA and DISB are applied through drivers 796 and 798 to
      the base generator card for application to the IDM for operation of the
      LEDs. Signals MF1 and MF2 are detector signals generated by the DCM
      terminator circuitry in order to detect which of the two oscillators is in
      use. Each detector system is applied to two NAND gates 800 and 802 in
      conjunction with the output signal from the multiplexer 782, in order to
      generate the DSY signal which is applied to the base generator circuitry
      to generate the select busy signal for application to the central
      processor 36.
PAC  TONE SIGNAL GENERATOR
PAR  FIG. 20 illustrates the tone signal generator 92 previously shown in FIG.
      3. As previously noted, four tone signal generators 92 will be connected
      to signal generator base circuitry as shown in FIGS. 16-18. Data signals
      D012 through D015 from the central processor 36 are routed to the
      generator base circuitry previously described via the DCM bus. These data
      signals are inverted to become 0D12-OD15 and are applied to the latch 810
      shown in FIG. 20. The LD signal clocks the latch 810 to thereby apply an
      output to a decoder comprising decoders 812 and 814 and OR gates 816-830.
      Gates 816-830 generate signals L1-L4 and H1-H4 for application to
      amplifying circuits 832 and 834. Amplofying circuits 832 and 834 may
      comprise, for example, the CA3046 transistor array. The amplified signals
      from the amplofyers 832 and 834 are applied to a tone generator 836 which
      may comprise, for example, an MH8913 tone generator. Generator 836
      provides two simultaneous frequencies DT and DR which are routed to the
      signal generator base circuitry previously shown.
PAR  The LD signal is also applied to an OR gate 838, the output of which is
      applied through a NAND gate 840 to a flipflop 842 interconnected with the
      flipflop 844. The CLK50 millisecond clock pulse is applied to NAND gates
      846 and 838 and through a NAND gate 848 to the flipflop 844. The resulting
      output from flipflops 842 and 844 is DISA, which is applied to the
      amplifiers 832 and 834 via lead 850 in order to disable the amplifiers
      when no output is present. Signals DISB and BSY are also routed to the
      signal generator base circuitry previously described. The tone signal
      generator is thus operable in response to data signals from the central
      processor 36 to generate desired simultaneous combinations of tone
      frequencies to simulate dialing tone signals.
PAC  DCM TERMINATOR
PAR  FIGS. 21 and 22 illustrate the DCM bus terminator 80 FIG. 3) which provides
      termination of the DCM bus signals, generates oscillator and detector
      signals, and decodes signals from the tone signal receiver. Termination is
      provided by a resistor network identified generally by the numeral 860
      which comprises a plurality of resistors 862 and 864 connected in
      parallel. Resistors 864 may, for example, have a magnitude of 330 ohms,
      while resistors 864 may have a magnitude of 220 ohms. DGA00-DGA70 signals
      are applied to the resistor network, as are DO00-D015 signals. Similarly,
      signals DOB, DIB, IORST, SB0, SB1, and DAD0-DAD8 signals are terminated at
      the resistor termination network.
PAR  Signals H1-H4 and L1-L4 are applied from the tone signal receiver
      (previously described) to a decoder circuit comprising OR gate 866-880 and
      decoders 882 and 884. Two out of eight signals applied to the decoder
      circuitry are selected from a BCD output by transmitting signals GH1-GH4
      and GL1-GL4 through OR gates 886 and 888 and through a NAND gate 890 into
      an OR gate 892. The signals GH1-GL4 are also applied through sixteen NAND
      gates 894 and through OR gates 896-902 to inputs of NAND gates 904-912.
      The DIB signal is applied through an OR gate 914 to the remaining inputs
      of the NAND gate 904-912. The output of OR gate 892 is applied to an input
      of gate 904. BCD outputs DI11-DI15 are applied from the output of gates
      904-912 through drivers 920. The BCD output from gates 904-912 thus are a
      BCD equivalent of tone signals applied from the tone signal receiver. For
      example, an input of H2 (1333 Hz) and L4 (941 Hz) provides a BCD output
      from signals DI11-DI15 of 10, which in binary code is 1010. A complete
      summary of the decoder input and output is provided below in Table I,
      wherein pairs of tones represented by L1-L4 and H1-H4 are converted to
      binary outputs as output signals DI11-DI15.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     697Hz                                                                     

          770Hz                                                                

               852Hz                                                           

                    941Hz                                                      

                         1208Hz                                                

                              1333Hz                                           

                                   1477Hz                                      

                                        1633Hz                                 

                                             D1 D1 D1 D1 D1                    

     L1   L2   L3   L4   H1   H2   H3   H4   11 12 13 14 15                    

     __________________________________________________________________________

                    X                   X    1  0  0  0  0                     

     X                   X                   1  0  0  0  1                     

     X                        X              1  0  0  1  0                     

     X                             X         1  0  0  1  1                     

          X              X                   1  0  1  0  0                     

          X                   X              1  0  1  0  1                     

          X                        X         1  0  1  1  0                     

               X         X                   1  0  1  1  1                     

               X              X              1  1  0  0  0                     

               X                   X         1  1  0  0  1                     

                    X         X              1  1  0  1  0                     

                    X    X                   1  1  0  1  1                     

                    X              X         1  1  1  0  0                     

     X                                  X    1  1  1  0  1                     

          X                             X    1  1  1  1  0                     

               X                        X    1  1  1  1                        

     __________________________________________________________________________

PAR  The output from NAND gate 90 is also applied through a driver 920 as SELB.
PAR  FIG. 22 illustrates the dial tone oscillator included within the terminator
      80 shown in FIG. 3 and FIG. 21. A voltage controlled oscillator 930
      generates an output to an operational amplifier 932. The output of the VCO
      930 is adjusted to 444 Hz by potentiometer 93. Potentiometer 934 is
      utilized to adjust the signal amplitude output from the amplifier 932. The
      operational amplifier 932 is utilized as a voltage follower and provides
      an output OCS1 which is routed to the dial generator and to a tone decoder
      936. Decoder 936 detecte the 444 Hz signal from the oscillator and
      generates a logic 0 at signal MFI which is routed to the dial tone
      generator.
PAC  THE SWITCH MATRIX
PAR  FIG. 23 illustrates in block diagram form the entire switch matrix 108
      previously shown in FIG. 3. As shown in FIG. 23, the switch matrix
      comprises 64 8 .times. 8 switch matrices 940 interconnected in a generally
      rectangular configuration. 64 input signals I01-I64 are applied to the
      input of the switch matrix, while 64 output signals 001-O64 are applied to
      the output side of the switch matrix as shown in FIG. 23. In addition,
      eight input addressing signals GAI00-GAI70 are applied to the input side
      of the switch matrix, wile eight output address signals GAO00-GA070 are
      applied to the output side of the matrix. By the proper application of the
      addressing signals, any point within the sixty-four 8 .times. 8 matrixes
      may be connected to provide the switching operation previously described
      somewhat diagrammatically in FIG. 2.
PAR  FIG. 24 illustrates in schematic detail the circuitry equivalent to the 8
      .times. 8 switch matrixes 940 shown in the first vertical row of the
      matrix of FIG. 23. These eight 8 .times. 8 matrixes receive sixty-four
      input signals I01-I64 and receive eight output signals 001-008. FIG. 24
      thus shows only 1/8 of the total switch matrix as shown in FIG. 23.
      However, it will be understood that the circuitry shown in FIG. 24 is
      identical to the remaining seven stages of the switch matrix, with only
      the output signals changing.
PAR  Device address signals BD013-DB015 are applied through the drivers 942-946
      to a decoder 948. Decoder 948 decodes the device address signal to
      generate signals which are applied to eight flipflops 950. Each flipflop
      950 is clocked by applying the signal DO00 through a driver 952 and 954 to
      supply an OD0 clocking signal. The Q outputs of the eight flipflops 950
      are applied through eight driver stages 956 to control eight relay coils
      958. Each of the relay coils 958 control one of eight relay switches 960
      in order to provide a contact closure between the output terminal 001 and
      one of the eight input terminals I01-I08.
PAR  Data output signals D013-D015 are applied to a decoder 962 and group
      address signals GAIZO and GAOYO (the X and Y standing for 0 to 8 as
      indicated in FIG. 23) are applied to a NAND gate 964. When a DOB signal is
      applied to a NAND gate 966 from a central processor, signals 00 through 07
      are clocked from the decoder 962 and are applied to the decoder 948 and
      are also applied to the seven additional decoders (not shown) found in
      circuits 2-8. Each of the circuits 2-8 is identical to the schematic
      circuitry shown in FIG. 24 including decoder 948, flipflops 950, drivers
      956 and relay coils 958 and relay contacts 960. The output from gate 966
      is also utilized to clock a counter 970 which generates display signals
      CDISP0-CDISP3 through NAND gates 972. The SEL signal from the output of
      gate 964 is applied to a flipflop 974, the Q output of which is applied to
      gates 972.
PAR  The DOCMS signal generated from prior circuitry is applied to an input of a
      NAND gate 978 in order to clock the flipflop 974. The IORST reset signal
      is applied through an invertor 980 to apply reset to the circuitry.
PAR  As shown in FIG. 24, any one of the eight illustrated circuits may be
      selected by generation of one of eight GAIX0 and one of eight GAIY0 group
      address signals. The particular contacts to be closed within the [.times.
      8 matrix is then selected by the device address signals BD013-BD015 and
      D013-D015. With the use of the present switch matrix, any one of a
      possible 4096 switch contacts may be made, thereby providing the present
      system with a large degree of flexibility and adaptability in
      interconnecting a wide number of incoming telephone trunk lines without
      outgoing telephone trunk lines in the manner previously described.
PAC  BMM AND EMM TERMINATORS
PAR  FIG. 25 illustrates terminator circuitry for use with both the CMM and EMM
      terminator circuits 112 and 114 previously shown in FIG. 3. Each of these
      terminator circuits comprises a network of resistors 984. Each of the
      resistors 986 are identical and may comprise for example a 330 ohm
      resistor. Similarly, each of the resistors 988 are identical and may
      comprise for example a 220 ohm resistor. The terminator circuit 984
      provides termination for the signals applied to the BMM and EMM bus line.
      For example, the GA040, GA060, GAI00 and DO00 are applied to the junctions
      of pairs of the resistors 986 and 988. In a similar manner, the remaining
      signals shown in FIG. 25 are applied to the terminator card for proper
      termination.
PAR  FIG. 26 illustrates in schematic detail the IDM audio transformer utilized
      to couple signals to and from the IDM display 84 previously shown in FIG.
      3. As shown in FIG. 26, eight transformers 990 are connected to receive
      signal TI1-T18 and RI1-RI8 and to apply the signals as output signals
      T01-8. And R01-8. The operation of the audio transformers were previously
      described with respect to the IDM display.
PAC  SYSTEM OPERATING PROCEDURES
PAR  The automatic send/receive (ASR) teletype set 66 illustrated in FIG. 3 is
      used as the control console for the system. The idle-line motor control 64
      is used to turn the motor on prior to a message print out. The control is
      turned on automatically by the central processor 36 prior to a message
      pring out, or manually by the operator, and stays activated for a duration
      of one minute after the last character is either sent or received.
PAR  A control character is entered by the operator by depressing CTRL on the
      Teletype 66 and typing one of the following desired characters:
     CTRL     A         Attention                                              

              Z         Command Reset                                          

              T         Reads Out Time                                         

              D         Reads Out Date                                         

              S W       Speed Numbers (reset)                                  

              F R       Port Status (reset)                                    

              H Y       System Status (reset)                                  

              L O       Authorization numbers (reset)                          

              X         Maintenance Use Only                                   

              P         Input, Local Paper tape                                

              .rarw.    Copy, Paper tape                                       

PAR  System reports are provided by the system upon operator request and consist
      of lists of authorization numbers, speed numbers, and trunk, system, or
      device status.
PAR  To have a complete list of all authorized numbers printed out, the
      following procedure is followed:
PA1  a. Set idle-line motor control switch to on.
PA1  b. Type CTRL A on Teletype 66.
PA1  c. (The Teletype 66 responds with *.)
PA1  d. Type CTRL L
PA1  e. (The Teletype 66 responds with the time of day, date, current list of
      numbers, number restrictions, and number of times used.)
PAC  EXAMPLE:
PAR  14:15:41 10/05/73
PAR  List of current authorization numbers
TBL  Authorization Authorization Level/                                        

     No.           Personal Use      Usage                                     

     ______________________________________                                    

     4000          15P               15                                        

     4001          15P               4                                         

     4002          15P               1                                         

     4003          15P               3                                         

     4004          15P               0                                         

     4005          15P               2                                         

     4006          15P               0                                         

     4007          15P               0                                         

     ______________________________________                                    

PA1  f. When a CTRL A and CTRL O is typed in, the Teletype 66 responds with the
      same list, except the numbers in the usage column are reset to zero.
PAR  To obtain a specific authorization numbers list, the following procedure is
      followed:
PA1  a. Turn on Teletype.
PA1  b. Type in CTRL A .
PA1  c. Type in specific numbers.
PA1  d. Type in CTRL L .
PA1  e. The Teletype responds with the specific authorization number(s), the
      restriction, and the number of times used.
PAC  EXAMPLE:
TBL  *8000           8001                                                      

     8000            15P         19                                            

     8001            15P          2                                            

     14:27:40 10/05/73 Command Accepted.                                       

PA1  f. When a CTRL A and CTRL O is typed in, the Teletype responds with the
      same list, except the numbers in the usage column are reset to zero. To
      provide a print out of system status, the following procedure is followed:
PA1  a. Turn on Teletype.
PA1  b. Type CTRL A CTRL H .
PAC  EXAMPLE:
TBL  10/05/73  09:25:57                                                        

     Blockages        :         16                                             

     Empty Storage    :         0                                              

     Current Storage  :         54                                             

     Low-Water Mark   :         44                                             

     Power Failures   :         0                                              

     System Flags     :         000077                                         

     Mag Tape Flags   :         000000                                         

PA1  c. When a CTRL A and CTRL Y is typed in, the Teletype responds with the
      same list, except the numbers in the usage column are reset to zero.
PAR  The system may also be operated to provide a print out of the status of all
      trunk and device ports. Input ports are identified by numbers less than
      1000, output ports by numbers equal or greater than 1000. The trunk caps
      status is indicated by: I for inactive, D for device connected, and T for
      touchtone, the column identified by LINK indicates the connection at the
      time of the report. A N/C indicates no connection. A 4 in the port column
      and a 1002 in the LINK column indicates input port 4 connected to output
      port 1002. C.F. and D.F. indicate connect failure and disconnect failure,
      of the telephone company central office respectively.
PAR  To obtain a status report:
PA1  a. Turn on Teletype.
PA1  b. Type in CTRL A and a CTRL F . Example:
TBL  10/05/73     14:23:19                                                     

     Aborted Attempts:                                                         

                  19                                                           

     Port  LVL     Status  Link  C.F.  D.F.  Calls                             

                                                  Mins.                        

     ______________________________________                                    

     1     0               N/C   0     0     114  400                          

     2     0               N/C   0     0     64   245                          

     3     0               N/C   0     0     35   146                          

     4     0               1002  0     0     36   150                          

     5     1       1       N/C   0     0     0    0                            

     6     8               N/C   0     0     27   80                           

     7     8       D       N/C   0     0     138  0                            

     8     8       D       N/C   0     0     138  0                            

     1001  0       T       N/C   0     0     42   158                          

     1002  0       T        4    0     0     5    7                            

     1003  0       T       N/C   0     0     4    10                           

     1004  0       T       N/C   0     0     7    14                           

     1005  0       T       N/C   0     0     10   1                            

     1006  0       T       N/C   0     0     12   6                            

     1007  0       D       N/C   0     0     15   12                           

     1008  0       D       N/C   0     0     1    2                            

     ______________________________________                                    

PA1  c. When a CRTL A and CTRL R is typed in, the Teletype responds with the
      same list, except the numbers in the usage column are reset
PAR  To zero. To provide status and current call information to specific ports:
PA1  a. Turn Teletype on.
PA1  b. Type CTRL A .
PA1  c. Type in specific port numbers.
PA1  d. Type in CNTL F .
PAC  EXAMPLE:
TBL  1      1006     7                                                         

            1        0          N/C   0   0   114   400                        

     1006            15     T   N/C   0   0   34    16                         

            7        8      D   N/C   0   0   138   0                          

     14:19:09 10/05/73 Command accepted.                                       

PAR  To obtain a report including a list of current universal speed numbers:
PA1  a. Turn Teletype on.
PA1  b. Type in CTRL A and a CTRL S .
PAC  EXAMPLE:
PAR  14:28:59 10/05/73
PAR  List of Current Universal Speed Numbers
TBL  Universal     Phone                                                       

     Speed No.     Number          Usage                                       

     ______________________________________                                    

     300              2334496      1                                           

     301           1 215 2656700   2                                           

     302           1 408 7321650   0                                           

     303           1 203 8537400   2                                           

     304           1 203 7625521   0                                           

     400           1 414 4532033   0                                           

     401           1 312 8288023   0                                           

     ______________________________________                                    

PA1  c. When a CTRL A and CRTL W is typed in, the numbers in the usage column
      are reset to zero.
PAR  To obtain a list of all Speed Numbers:
PA1  a. Turn Teletype on.
PA1  b. Type in CTRL A .
PA1  c. Type ALL
PA1  d. Type CTRL S .
PAR  The Teletype responds with a list of all Speed Numbers used in the system.
PAR  To obtain a report on the time and date:
PA1  a. Turn Teletype on.
PA1  b. Type in CTRL A and CTRL T .
PA1  c. The Teletype responds with current time-of-day.
PAC  EXAMPLE:
PAR  The Time is 14:35:47.
PA1  d. Type in CTRL A and CTRL D .
PA1  e. The Teletype responds with current date.
PAC  EXAMPLE:
PAR  The date is 10/05/73
PAR  The system commands are used to add or delete trunk lines, devices,
      personal or universal speed numbers, and authorization numbers and to
      activate or deactivate trunk lines.
PAR  To add speed numbers:
PA1  a. Attendant types in A ADD UNIV 54 - 55.dwnarw.
PA1  b. System prints out 54 - Please Enter Associated Telephone Number 1 212
      5551212
PA1  c. Attendant 54 1 212 5551212
PAR  To delete a speed number, user types in "DELETE SPEED 54 Return", or the
      like.
TBL  a.  Attendant     A ADD AUTH 5033                                         

     b.  System        5033 - Please Enter Maximum Level                       

                       (0-15)                                                  

     c.  Attendant     15 .dwnarw.                                             

     d.  System        Is it WATS - Restricted? ("Y" or                        

                       "N").                                                   

     e.  Attendant     N .dwnarw.                                              

     f.  System        Is it TIME - Restricted? ("Y" or                        

                       "N").                                                   

     g.  Attendant     N .dwnarw.                                              

     h.  System        5033 15 Accepted.                                       

                       (Time)(Date)(Command Accepted)                          

     i.  Attendant     A DELETE AUTH 4986 .dwnarw.                             

     j.  System        4986 15 - Deleted or                                    

                       4986 Rejected - Not in Table.                           

                       (Time) (Date) (Command Rejected).                       

PAR  Magnetic Tape commands are used to control the tape transport and flag
      transport malfunction. An example of Magnetic Tape commands is as follows:
PA1  a. CTRL A TAPE ON RETURN This command writes log records on the magnetic
      tape. Flag=000001.
PA1  b. CTRL A TAPE OFF RETURN This command suspends logging, tape status at
      start of program. Flag=000000.
PA1  c. CTRL A TAPE END RETURN This command rewinds the tape and puts transport
      in idle status. Tape-mark (EDF) is written. Flag=000002. Idle flag-177777.
PA1  d. CTRL A TAPE BROKEN This command sends log records to the teletype.
      Flag=000003.
PA1  e. CTRL A TAPE FIXED Command same as TAPE OFF.
PAC  COMPUTER AND PROGRAM
PAR  This invention uses the Data General 1200 Nova digital computer and the
      Data General Assembly Language, along with the associated hardware shown
      in FIGS. 1-26. For a specific description of the Nova 1200 computer and
      Data General Assembly Language, reference is made to "How To Use The Nova
      Computers", printed Oct., 1972 by the Data General Corporation.
PAR  Whereas the present invention has been described with respect to specific
      embodiments thereof, it will be understood that various changes and
      modifications will be suggested to one skilled in the art, and it is
      intended to encompass such changes and modifications as fall within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for automatically controlling the connection of telephone calls
      between a plurality of input telephone lines at a facility and a plurality
      of flat rate output telephone lines extending to various areas through a
      central office comprising:
PA1  input and output voice interface means disposed between the facility and
      the central office and connected to said telephone lines,
PA1  means for switching connected to said voice interface means between said
      input telephone lines and said output telephone lines,
PA1  circuitry connected to said switching means for receiving dialing signals
      from said input telephone lines,
PA1  automatic digital processing means responsive to said dialing signals for
      selecting available ones of said flat rate output telephone lines
      according to predetermined efficiency and cost criteria stored within said
      processing means, and
PA1  means for operating said switching means for establishing audio connections
      between the calling input lines and the selected available flat rate
      output telephone lines.
NUM  2.
PAR  2. The system of claim 1 wherein one of said predetermined efficiency
      criteria comprises the least expensive output line available for
      completion of a desired circuit in accordance with a predetermined ranking
      of output lines according to use cost.
NUM  3.
PAR  3. The system of claim 1 and further comprising:
PA1  means responsive to a service request from the facility for transmitting a
      dial tone to the facility before dialing signals may be transmitted on
      said input lines.
NUM  4.
PAR  4. The system of claim 1 and further comprising:
PA1  means for determining that a user authorization code is valid prior to
      allowing the reception of dialing signals from said input lines.
NUM  5.
PAR  5. The system of claim 1 and further comprising:
PA1  means for generating representations of said dialing signals on said input
      lines and for transmitting said representations to the central office in
      order to complete a circuit to the desired location.
NUM  6.
PAR  6. The system of claim 1 and further comprising:
PA1  means responsive to on-hook indications for disconnecting said calling
      input lines and said selected output lines.
NUM  7.
PAR  7. The system of claim 6 and further comprising:
PA1  means for recording data related to the connected input and output lines
      including the time duration of the completed circuits.
NUM  8.
PAR  8. A system for automatically controlling the connection of inter-city
      telephone calls at a user's branch exchange between a plurality of input
      telephone lines and a plurality of leased long distance telephone lines
      extending to various area zones through a central office comprising:
PA1  input and output voice connecting arrangements disposed between the user's
      branch exchange and a central office and connected to said telephone
      lines,
PA1  circuitry connected to said input voice connecting arrangements for
      receiving dialing signals from said user's branch exchange,
PA1  a switching matrix connected between said voice connecting arrangements,
      and
PA1  an automatic digital processing machine connected to said circuitry for
      receiving said dialing signals and in response thereto selecting the most
      economical available one of said long distance telephone lines for
      completing each dialed call in accordance with a predetermined ranking of
      said long distance telephone lines according to economy of use, said
      processing machine then operating said switching matrix to establish audio
      connections through said voice connecting arrangements between the calling
      input telephone lines and the selected most economical long distance
      telephone lines.
NUM  9.
PAR  9. The system of claim 8 wherein said long distance telephone lines
      comprise leased wide area telephone lines.
NUM  10.
PAR  10. The system of claim 9 and further comprising:
PA1  means for establishing audio connections between calling input telephone
      lines and nonleased long distance telephone lines when all of said leased
      long distance telephone lines are busy.
NUM  11.
PAR  11. The system of claim 8 and further comprising:
PA1  tone generator means operable by said digital processing machine for
      transmitting representations of said received dialing signals through said
      switching matrix to said central station over the selected long distance
      telephone lines.
NUM  12.
PAR  12. The system of claim 11 wherein said digital processing machine operates
      said switching matrix to disconnect said circuitry and said tone generator
      means prior to establishing said audio connections through said voice
      connecting arrangements.
NUM  13.
PAR  13. The system of claim 8 and further comprising:
PA1  means for sensing an on-hook condition on said established audio
      connections and in response thereto operating said matrix to disconnect
      said user's facility from said central office.
NUM  14.
PAR  14. The system of claim 8 and further comprising:
PA1  means responsive to abbreviated dialing signals for establishing desired
      audio connections.
NUM  15.
PAR  15. The system of claim 8 and further comprising:
PA1  means for queuing requested telephone calls when all of said output
      telephone lines are busy, and
PA1  means for notifying a queued caller when a desired output line is
      available.
NUM  16.
PAR  16. The system of claim 8 and further comprising:
PA1  means for monitoring said input and long distance telephone lines and for
      detecting malfunctions thereof.
NUM  17.
PAR  17. The system of claim 8 wherein said monitoring means detects an abnormal
      amount of activity on said lines.
NUM  18.
PAR  18. A system for automatically controlling the interconnection of
      inter-city telephone calls at a user's branch exchange between a plurality
      of input telephone lines and a plurality of flat rate long distance
      telephone lines extending to various locations through a central office
      comprising:
PA1  input and output voice connecting arrangements disposed between the user's
      branch exchange and the central office and connected to said telephone
      lines,
PA1  a switch matrix having a plurality of switches for selectively connecting a
      plurality of paths between matrix inputs and matrix outputs,
PA1  a progress information generator connected to said matrix,
PA1  means connected for detecting a service request generated on one of said
      input telephone lines,
PA1  matrix control means responsive to said detecting means for controlling
      said matrix to connect said progress information generator to said input
      telephone line requesting service,
PA1  a dial tones generator connected to said matrix,
PA1  means responsive to dialing signals applied on said input telephone line
      for selecting one of said flat rate long distance telephone lines,
PA1  means for operating said matrix to connect said dial tones generator to the
      selected output telephone line such that representations of said dialing
      signals are transmitted from said dial tones generator to the central
      office in order to establish connections with the dialed location, and
PA1  means for operating said matrix to disconnect said progress information
      generator and said dial tones generator from said telephone lines and to
      connect a voice path between said input telephone line and said selected
      long distance telephone line for completion of the dialed inter-city
      telephone call.
NUM  19.
PAR  19. The system of claim 18 wherein said means for operating said switch
      matrix comprises:
PA1  means for receiving group address signals for designating one of a
      plurality of groups of switches, and
PA1  means for receiving switch address signals for operating a selected switch
      in the selected group.
NUM  20.
PAR  20. The system of claim 19 wherein each switch comprises:
PA1  a relay coil for being energized by a predetermined switch address signal,
PA1  a switch contact operable between open and closed positions in response to
      said relay coil,
PA1  one of said matrix inputs connected to one side of said switch contact and
      one of said matrix outputs connected to the other side of said switch
      contact.
NUM  21.
PAR  21. The system of claim 18 and further comprising:
PA1  means for storing service requests in a queue when all output telephone
      lines are unavailable.
NUM  22.
PAR  22. The system of claim 21 and further comprising:
PA1  means for automatically ringing the telephone set corresponding to the
      first service request in said queue when an output telephone line becomes
      available.
NUM  23.
PAR  23. A system located at a user's facility for automatically controlling the
      interconnection of a plurality of input telephone lines and a plurality of
      output telephone lines extending to a central office comprising:
PA1  an input voice connecting arrangement connected to said input telephone
      lines,
PA1  an output voice connecting arrangement connected to said output telephone
      lines,
PA1  a switch matrix connected between said input and output voice connecting
      arrangements and having a plurality of switches for selectively connecting
      a plurality of paths between matrix inputs and matrix outputs,
PA1  said switch matrix including means for receiving group address signals for
      designating one of a plurality of groups of switches,
PA1  said switch matrix including means for receiving switch address signals for
      operating a selected switch in the selected group in order to connect a
      path between a matrix input and a matrix output,
PA1  an automatic digital processing machine connected between said input and
      output voice connecting arrangements for generationg said group address
      and switch address signals,
PA1  at least one progress information generator coupled to said switch matrix,
PA1  means coupled to said input voice control connecting arrangement for
      receiving a service request generated on one of said input telephone lines
      and for directing an indication of said service request to said automatic
      digital processing machine, said automatic digital processing machine in
      response thereto generating group address signals and switch address
      signals in order to connect said progress information generator through
      said matrix to the input telephone line requesting service,
PA1  at least one dial tones generator coupled to said matrix,
PA1  tone signal receiver means connected to said input voice connecting
      arrangement for detecting dialing signals applied on said input telephone
      line and for directing said dialing signals to said automatic digital
      processing machine, said automatic digital processing machine in response
      to said dialing signals generating group address signals and switch
      address signals to said matrix in order to connect said dial tones
      generator to a selected output telephone line, wherein said dial tones
      generator is operated to transmit representations of said dialing signals
      through said selected output telephone line to said central office in
      order to establish connections with the dialed station,
PA1  said automatic digital processing machine being responsive to the
      establishment of connections with the dialed station for generating group
      address signals and switch address signals to said switch matrix in order
      to disconnect said progress information generator and said dial tones
      generator from said input and output telephone lines and for operating
      said matrix to connect said input telephone line to said selected output
      telephone line for completion of the dialed inter-city telephone call.
NUM  24.
PAR  24. The system of claim 23 wherein said input telephone lines comprise PBX
      tie trunks and said output telephone lines comprise wide area telephone
      service lines.
NUM  25.
PAR  25. The system of claim 23 wherein said input telephone lines comprise
      Centrex tie trunks.
NUM  26.
PAR  26. A method of controlling the connection of inter-city telephone calls
      between a plurality of input telephone lines at a user's facility and a
      plurality of leased long distance telephone lines extending to various
      area zones through a central office comprising:
PA1  receiving a service request signal through a voice connecting arrangement
      from the user's facility on one of said input telephone lines,
PA1  controlling a switch matrix in order to connect a progress tone generator
      and a tone receiver to the input telephone line requesting service,
PA1  detecting dialing signals from the input telephone line by the tone
      receiver,
PA1  selecting one of the long distance telephone lines in response to the
      received dialing signals, said telephone line being selected in accordance
      with a predetermined ranking of telephone lines according to economy of
      use,
PA1  controlling the switch matrix to connect a tone generator to the selected
      long distance telephone line to transmit representations of the received
      dialing signals to establish connection with the desired called location
      through the central office,
PA1  operation the switch matrix to disconnect the progress tone generator, the
      tone receiver and the tone generator, and
PA1  operating the switch matrix to connect the input telephone line through the
      voice connecting arrangement with the selected long distance telephone
      line in order to establish voice connection with the desired location.
NUM  27.
PAR  27. The method of claim 26 and comprising the further steps of:
PA1  receiving valid user authorization code signals from the input telephone
      line prior to receiving the dialing signals.
NUM  28.
PAR  28. The method of claim 26 wherein the least expensive one of the long
      distance telephone lines is selected in response to the dialing signals.
NUM  29.
PAR  29. The method of claim 28 wherein more expensive long distance telephone
      lines are utilized if the least expensive long distance telephone line is
      in use.
NUM  30.
PAR  30. The method of claim 26 and comprising the further steps of:
PA1  storing a service request when all long distance telephone lines are
      unavailable, and
PA1  notifying the input telephone line associated with the stored service
      request when a long distance telephone line is available.
NUM  31.
PAR  31. The method of claim 30 and comprising the further steps of:
PA1  advising a caller when all long distance telephone lines are unavailable of
      the number of calls presently stored.
NUM  32.
PAR  32. The method of claim 26 and comprising the further steps of:
PA1  receiving abbreviated dialing signals,
PA1  comparing said abbreviated dialing signals with stored lists of coded
      dialing signals, and
PA1  transmitting in response to said abbreviated dialing signals
      representations of said coded dialing signals to the central office.
PATN
WKU  039314774
SRC  5
APN  5073227
APT  1
ART  232
APD  19740919
TTL  Telephone intercommunication systems
ISD  19760106
NCL  4
ECL  1
EXP  Robinson; Thomas A.
NDR  2
NFG  2
INVT
NAM  Warman; Bloomfield James
CTY  Como
CNT  IT
ASSG
NAM  GTE International Incorporated
CTY  Stamford
STA  CT
COD  02
PRIR
CNT  UK
APD  19731026
APN  50058/73
CLAS
OCL  179 37
XCL  179  1H
XCL  179 18AD
EDF  2
ICL  H04M  300
FSC  179
FSS  1 CN;18 AD;18 BC;37;38;39;40;84 B;99;30;17 B;19;27 D;1 H
UREF
PNO  3342944
ISD  19670900
NAM  Barbato et al.
OCL  179 37
UREF
PNO  3576397
ISD  19710400
NAM  Pell et al.
OCL  179 37
UREF
PNO  3843845
ISD  19741000
NAM  Ridley
OCL  179 99
LREP
FR2  Black; Robert J.
ABST
PAL  A private telephone intercommunication system including facilities for
      connecting the system to a telephone central office. Separate
      communication channels and supervisory means are provided for external and
      internal calls.
BSUM
PAR  This invention concerns improvements in telephone intercommunication
      systems, and relates more especially to a private telephone
      intercommunication system suitable for connection to one or more external
      exchange telephone lines.
PAR  Conventional private branch exchange systems for connection to an external
      telephone line and comprising a main telephone station and a number of
      extension telephone stations are well known. Such exchange systems may
      also provide for intercommunication between the extension telephone
      stations, independently of the main station.
PAR  Hitherto known systems of this type have a number of disadvantages,
      however. For example routing of incoming calls from an external exchange
      line to the extension stations requires that the incoming call be answered
      from the main station and then transferred to the selected extension. This
      requires that an operator be permanently in attendance at the main
      telephone station, or alternatively that the external exchange line be
      switched through to a selected extension station for answering of incoming
      calls in the absence of the operator. In some circumstances it may be
      uneconomic to provide for a permanent operator to attend such a telephone
      system, and moreover it may not always be known in advance from which
      extension telephone station it is convenient for incoming calls to be
      answered. Another disadvantage of this type of system is that to provide
      for mutual intercommunication between the extension stations, it is
      necessary for a relatively complicated arrangement of additional station
      selection switches and communication lines to enable each extension
      station to select another extension station without routing the call
      through the main station and the attendant operator.
PAR  It is accordingly a primary object of this invention to provide a telephone
      intercommunication system for connection to one or more external exchange
      lines and providing access between each of a plurality of extension
      telephone stations and each external exchange line without the requirement
      for a main telephone station attended by an operator. It is a further
      object of the invention to provide for intercommunication between the
      extension stations in a simple manner and without requiring a complicated
      arrangement of station selection keys.
PAR  According to one aspect of the invention there is provided a telephone
      intercommunication system including a plurality of extension telephone
      stations, one or more supervisory means each providing access to and
      warning of incoming calls from a communication line external to the
      system, and one or more internal communication lines; the arrangement
      being such that in an idle condition all of said extension telephone
      stations are normally interconnected via an internal communication line to
      provide for communication between any two or more of said extension
      telephone stations when in a line-looped or off-hook condition, and each
      supervisory means can provide to all of said extension stations,
      independently of said internal communication line or lines, warning of an
      incoming call from the corresponding external line; and each extension
      telephone station including manually operable line coupling switch means
      giving access via the corresponding supervisory means to the corresponding
      external communication line, independently of said internal communication
      line or lines.
PAR  Thus in the arrangement according to the invention, no main telephone
      station attended by an operator is required, a common supervisory means
      providing access to the external exchange line from each of the extension
      telephone stations, each of which receives warning of an incoming call.
      Moreover since access to the external exchange line is provided
      independently of said internal communication line, the latter remains free
      for calls between the remaining extension telephone stations while one of
      said stations is connected to the external exchange line. Advantageously,
      means may be provided in said supervisory means for preventing access of
      other extension telephone stations to the external exchange line while one
      of said extension stations is connected thereto.
PAR  According to another aspect of the invention, in order to provide in a
      simple manner for dialed code signal transmission from the extension
      stations to the external exchange line, and also to provide for selection
      of an extension station to be called via said internal communication line,
      each extension telephone station includes a digital push button assembly
      arranged so that each push button actuates contacts in each of two
      electrically separate groups, one of which serves for the selective
      calling, independently of a said internal communication line, of any other
      station of the system, and the other of which serves for the initiation of
      dialed code signal transmission for the establishment of an external call,
      the contacts of said one group being rendered effective when the
      corresponding telephone station is connected to an internal communication
      line and the contacts of said other group being rendered effective when
      said line coupling switch means is operative to establish a connection to
      a corresponding external communication line.
PAR  Thus the contacts in the group serving for selective calling of other
      extension stations of the system may simply be connected via a suitable
      strapping field to buzzers in each of the extension stations, so that upon
      depression of the corresponding push button a buzzer in the selected
      station operates. Since all of the extension stations are interconnected
      by the internal communication line in the idle condition, it would of
      course be possible for any extension station to listen in to an internal
      call by going off-hook, but since only the buzzer in the selection station
      sounds, only that station would normally be prompted to go off-hook.
PAR  According to another aspect of the invention, means may be provided for
      coupling one extension telephone station directly to the external line in
      the event of failure of a power supply for operation of the
      intercommunication system. Thus in the event of a power failure, the
      selected extension station operates in the manner of a single telephone
      instrument directly connected to an exchange line, and communication with
      the external line is not lost.
DRWD
PAR  The invention is illustrated by way of example in the accompanying
      drawings, in which:
PAR  FIGS. 1 and 2 together make up a circuit diagram of a telephone
      intercommunication system according to the invention.
DETD
PAR  In the drawings, there is shown a telephone intercommunication system
      arranged to provide up to 10 telephone extension stations with access to a
      single external exchange line, as well as access to one another via an
      independent internal communication line. FIG. 1 shows the circuitry which
      is repeated for each extension station, and FIG. 2 shows a single
      supervisory circuit which is common to all of the extension stations.
PAR  Referring now to FIG. 1, each extension telephone station comprises
      conventional telephone circuitry indicated within the box TC in broken
      lines, a push button keypad shown within the box KP in broken lines, a
      dial pulse circuit shown by the box DPC, and a manually operable control
      circuit included within the box CC shown in broken lines, to provide for
      optional selection of a connection to an external exchange line, or of
      transfer from an external exchange line to a local line connection via the
      internal connection line. In addition one only of the extension stations
      includes a wall bell indicated within the box WB in broken lines, for the
      purpose to be described below.
PAR  As is well known, the circuit TC includes a conventional talk and listen
      circuit 1 connected to the telephone handset, a hook switch having a
      normally closed contact ON1 and normally open contacts ON2 and ON3, and
      dial pulse relays DON and DP each connected to the battery power source.
      The relay DON has normally closed contacts DON1 and DON2 provided in leads
      2 and 3 from the talk and listen circuit. The relay DP has a contact in a
      pulsing circuit which is connected to the leads 2 and 3 by make contacts
      DON1 and DON2 when the relay DON is energized.
PAR  The keypad KP is of known type comprising twelve push buttons each having
      two operable make contacts. Only the contacts of keys 1 to 0 are
      connected, as indicated, to outputs 1A to 0A and 1B to 0B of the keypad
      circuit. In addition, one contact of the eleventh key is connected to an
      output 11 of the keypad circuit, for the purpose to be described below.
      The outputs 1A to 0A are connected via corresponding leads to the dial
      pulse circuit DPC, of which output leads are connected respectively to the
      relays DON and DP. The dial pulse circuit is an electronic integrated
      circuit element which may be purchased as a component from any number of
      well known suppliers of telephone equipment, its arrangement being such
      that when a potential, derived from the dial pulse circuit over an output
      lead OLI and via relay contact LT6, is applied to one of the dial pulse
      circuit inputs 1A to 0A from the keypad KP, the relays DON and DP are
      operated over leads OL2 and OL3 to transmit a number of dial impulses
      corresponding to that input, over the leads 2 and 3 of the circuit TC. It
      will be appreciated that circuits DPC and TC may be modified to provide
      multifrequency tone sending when required for use with an external
      exchange operating on this system. The outputs 1B to 0B of the keypad KP
      are connected via a strapping field SF to output terminals B1 to B0 of the
      telephone extension station, the respective outputs B1 to B0 of the
      several extensions being connected together. The strapping field SF of
      each telephone extension provides a connection between one of the
      terminals B1 to B0 and a buzzer of the individual extension station, for
      example, as indicated by the dotted line connection between output 7 and
      buzzer 5 in the drawing. Although the arrangement shown provides for only
      10 outputs to 10 telephone extension stations, it is possible for two
      extension telephones close together to share the buzz calling address,
      either by both buzzers of the two stations being strapped together or a
      single buzzer being provided. Furthermore, a secretary's telephone
      instrument can be strapped to have the same address as her principal, so
      that she can answer all calls to his telephone instrument. In such a case
      the output 11 of the secretary's telephone instrument may be connected to
      the buzzer of the principal's telephone to permit local buzz calling of
      the principal by the secretary. As will be described below, the keypad KP
      can provide an output signal from only one of the groups of outputs 1A to
      0A or 1B to 0B and 11 at a time, under the control of relay contacts LT5
      and LT6. The circuit CC includes a relay LT connected between the battery
      power supply and one side of the switch contact ON2; a push button switch
      KT for selection of the external exchange line; a push button switch KL
      for transfer to a local line connection via the internal communication
      circuit; and a warning signal provided by a light emitting diode LED for
      indicating the busy condition of the external exchange line.
PAR  Referring now to FIG. 2 there will be described the supervisory circuit
      common to all the telephone line extensions. This circuit includes
      terminals -T and +T connected in common to the corresponding output
      terminals of all the individual circuits CC, and providing access to an
      external telephone line through the public exchange, via wires 6 and 7.
      Terminals -L and +L of the supervisory circuit are also connected in
      common to the corresponding terminals of each circuit CC (with the
      exception of one, see below) to provide connection between each of the
      extension telephone stations and a local battery feed supply providing
      power for internal communication between extension telephone stations
      connected, in parallel, to the terminals -L and +L. In the idle condition
      of the communication system, the public exchange line wires 6 and 7 are
      connected via relay contacts P2, P3, PP2, PP3, DB3 and DB4 to a system of
      calling bells indicated within the box CB shown in dotted lines, these
      bells being arranged to provide a common warning audible from all of the
      extension stations. Terminals PU and H of the supervisory circuit provide
      connection between the corresponding terminals of all circuits CC and a
      circuit including relays P, and PP for controlling access of the
      individual extension stations to the public exchange line together with an
      electronic multivibrator element which operates to provide a flashing
      signal to the light-emitting diode of circuit CC, when required. The
      operation of this circuit will be described in more detail below. The
      supervisory circuit further comprises a relay DB connected across the
      battery power source for the intercommunication system, this relay serving
      to sense a failure of the power supply. Corresponding contacts DB1 to DB4
      of the relay are connected as shown so that upon failure of the power
      supply the public exchange lines 6 and 7 are connected to terminals -DBT
      and +DBT of the supervisory circuit, these latter terminals being
      connected via a strapping indicated to output terminals -L and +L of that
      circuit CC of the one corresponding extension telephone which is not
      directly connected to the corresponding terminals -L and +L of the
      supervisory circuit and which includes the wall bell WB. Thus when there
      is a power failure this telephone station is directly connected to the
      exchange line to operate as a single telephone instrument. When the relay
      DB is energized the connection between the circuit CC of this telephone
      and the terminals -L and +L of the supervisory circuit is established via
      the strapping indicated, the terminals -DBT and +DBT and -DB and +DB, and
      the relay contacts DB1 and DB2.
PAR  The operation of the telephone intercommunication circuit described above
      will now be described in more detail below.
PA0  1. Local call between extension telephones
PAR  With the system in the idle condition as shown in the drawing, when one of
      the extension telephones goes off-hook the talk and listen circuit 1 is
      connected via leads 2 and 3 and relay contacts LT1 and LT2 to the
      terminals -L and +L of the circuit CC and thence to the corresponding
      terminals of the supervisory circuit. The local battery feed from the
      supervisory circuit is thus extended to the talk and listen circuit 1. The
      relay contact LT5 provides ground potential via the operated hook switch
      contacts ON3, to that set of the keypad contacts connected to outputs 1B
      to 0B and 11B, and thus upon closure of any one of these contacts ground
      potential is transmitted by the corresponding output and the strapping
      field SF to the corresponding buzzer of another one of the telephone
      stations. When this called telephone station now goes off-hook the talk
      and listen circuit 1 is likewise connected to the terminals -L and +L of
      the supervisory circuit and thus an internal communication connection is
      established between the two extension telephone stations. For a conference
      call, any number of telephone stations may likewise be buzzed and
      establish a connection to the local line circuit provided by terminals -L
      and +L of the supervisory circuit. If an extension telephone called is one
      of two extensions connected together with a common buzzer, for example a
      secretary's telephone provided with the buzzer and connected together with
      a principal's telephone extension then the call may be answered by the
      secretary and then if necessary can be transferred to the principal by
      operation of her keypad contact 11 to operate the buzzer of the principal
      extension.
PA0  2. Exchange call
PAR  Assuming that an incoming call is received, the calling bells CB will
      provide a warning signal, and any one of the extension telephone stations
      has the option of answering the call. When a telephone extension now goes
      off-hook, the talk and listen circuit 1 is, as described above, initially
      connected to terminals -L and +L. However, to establish a connection with
      the external exchange line the push button KT of circuit CC is operated at
      the answering extension, and thus battery potential is extended from the
      circuit CC via relay LT, the now closed hook switch contact ON2, switch
      contact KT, and diode D3, to the terminal PU of the supervisory circuit.
      Assuming that relay P of the supervisory circuit has not already been
      energized, relay LT of the circuit CC is operated in the circuit: battery,
      winding of relay LT, operated hook switch contacts ON2, operated key
      contact KT, diode D3, terminal PU of the circuit CC, terminal PU of the
      supervisory circuit, and the winding of relay P in parallel with the
      emitter-collector path of transistor T2, to ground. In this condition, the
      bias applied to the base electrode of transistor T2 from battery, via the
      winding of relay PP, contact P4 (normal) and resistors R4, R5, is such
      that the transistor T2 is rendered conductive by the potential which
      appears on the terminal PU. The transistor T2 thus shunts relay P and
      prevents its immediate operation. Relay PP is also unaffected by the bias
      current which flows. In the circuit CC, the operation of relay LT, at
      contacts LT3 and LT4 completes a path via resistor R1 to terminal H. While
      the contact KT remains closed, a current path from terminal H to ground is
      completed via the terminal PU, and, in accordance with the value of
      resistor R1, the bias current through resistors R4, R5 is reduced and
      causes the transistor T2 to turn OFF, thus removing the shunt from relay
      P, which now operates. In the circuit CC, the operated contacts LT1 to LT2
      connect the talk and listen circuit 1 to the exchange wires 6 and 7.
      Contact LT5 disconnects ground potential from the buzzer outputs 1B to 0B,
      while contact LT6 prepares a path from the dial pulse circuit DPC to the
      outputs 1A to 0A of the keypad KP. In the supervisory circuit, operation
      of relay P at contact P1 completes a holding circuit for itself and relay
      LT in the circuit CC, independent of the key switch contacts KT. Also, in
      the circuit CC, the diode D2 in the circuit of transistor T1 is no longer
      forwardly biased, in which condition the transistor T1 operates to cause
      the light emitting diode LED to glow, thereby indicating the busy
      condition of the exchange line. In the supervisory circuit operation of
      contacts P2 and P3 disconnect the external exchange wires 6 and 7 from the
      system of calling bells CB while contact P4 opens a point in the path to
      relay PP, disconnecting the initial bias circuit for transistor T2. The
      exchange line connection is now complete and conversation may ensue. It
      will be appreciated that with the arrangement as described above, if the
      keys KT in two or more circuits CC are operated simultaneously, then the
      supervisory circuit P relay in parallel with the emitter-collector path of
      transistor T2 limits the current in the PU path so that no LT relay
      receives sufficient current to operate, and no circuit action will occur
      until all but one KT switch is restored. Should the key contacts KT be
      held operated after the operation of relay P in the supervisory circuit,
      then the PU common is isolated from the hold path for relays P and LT, by
      the diode D3, and consequently no other CC circuit can interfere with the
      holding of the circuit in question. If the connection to the exchange line
      is not in reply to an incoming call, but the extension station desired to
      make an outgoing call, then this may be achieved by means of the keypad
      KP, the contacts to outputs 1A to 0A of which are now rendered operative
      by means of the relay contact LT6.
PAR  3. Hold condition
PAR  Should the extension telephone now connected to the public exchange line
      wish to return to a local extension call, the button KL of the extension
      telephone is pressed thus applying ground potential to terminal H of the
      supervisory circuit and short-circuiting relay P. The relay P thus becomes
      deenergized and its contacts P1 to P4 restore to their normal positions.
      Contact P4 restoring completes an operating circuit for relay PP, and
      relay PP operating completes, at contact PP1, a holding circuit for relay
      PP independent of the ground on terminal H from the operated key KL of the
      circuit CC. Relay PP also, at contacts PP2 and PP3, disconnects the call
      bells CB from the exchange line and connects a holding loop thereto over
      resistor R8, at contact PP4, applies battery via resistor R7 to the bias
      resistors R4 and R5 to prepare the transistor T2 for operation to guard
      relay P, and, at contact PP5, applies battery over a connection linking
      terminals FB1 and FB2 to start the flasher unit FU. The flasher unit
      comprises a multivibrator circuit, formed by the symmetrically
      interconnected transistors T4 and T5, and an output transistor T3, the
      latter having its collector load impedance R9 connected by way of the
      linked terminals FO and PU to ground via the parallel combination of relay
      P and the collector-emitter path of transistor T2. Thus, during operation
      of the flasher unit, alternate potential changes occur at terminal PU
      which forward and reverse bias the diode D2 in the circuit CC, thus
      causing the light emitting diodes LED in all circuits CC to flash in step
      with the operations of the flasher unit, to indicate that the exchange
      line is being held. Since the original hold circuit for relay LT is now
      disconnected at contact P1 in the supervisory circuit, release of the
      button KL in the circuit CC allows the relay LT to restore, so that
      contacts LT1 - LT6 return to their normal positions. The calling telephone
      extension may now make an internal call via the internal communication
      line and following this call the extension may either return to the
      exchange line by again pressing push button KT or, alternatively, any
      other telephone extension may connect to the exchange line by pressing
      their button KT, the circuit action being similar to that described above
      for the initial exchange line connection, except that upon the operation
      of relay P, subsequent to the operation of relay LT, contact P4 opens to
      release relay PP which restores its contacts PP1 to PP5 thus terminating
      the operation of the flasher unit FU. Although any telephone extension is
      free to connect to the external exchange line while the latter is in the
      held condition, it will be appreciated that the flashing indication
      provided by the light emitting diode will deter an extension from
      connecting to the exchange line unless it has been indicated via the
      internal communication circuit that the external caller desires connection
      to that extension.
PAR  4. Release of exchange line
PAR  When an extension telephone connected to the external exchange line
      releases, the hook switch contacts ON1, ON2 and ON3 restore. Contact ON2
      restoring, deenergizes relay LT in the circuit CC and relay P in the
      supervisory circuit, so that the contacts LT1 - LT5, in the circuit CC and
      the contacts P1 - P4 restore to their normal conditions. The external
      exchange line is now again in the idle condition.
PAR  From the above description it will be appreciated that the invention
      provides a simple and versatile intercommunication system which enables
      any one of a plurality of extension telephones to either accept an
      incoming call from an external exchange or to establish a connection to
      the external exchange for the purpose of an outgoing call. The system also
      provides in a simple manner for intercommunication between the extension
      telephones by way of an internal communication line without requiring a
      complicated system of extension selection keys. The system as described
      may be changed in a number of ways without departing from the invention.
      For example the arrangement described using the drop-back relay DB to
      connect a specified one of the extension stations to the exchange line in
      the event of a power failure, could be replaced by a simple arrangement in
      which at least one of the call bells CB is constituted by the bell of an
      ordinary dial type telephone which could be located in a central position
      and which would serve as an additional, emergency, telephone for use in
      the event of a power failure. Also, where an intercommunication system
      provides for only one exchange line, as in the embodiment above described
      some economy may be achieved by removing the dial pulse circuits DPC,
      together with the dial off-normal and impulsing relays DON and DP from the
      station circuits, and replacing these by a simple dial pulse circuit
      located in the exchange line supervisory circuit, together with an
      associated dial off-normal relay and an impulsing relay, the contacts of
      which would be connected in the exchange line circuit in well known
      manner. With this arrangement the keypad terminals 1A to 0A may be
      connected via an encoder within the station circuits which would provide
      encoded digital signals over a further group of four signaling wires,
      common to each station circuit and connected to the single dial pulse
      circuit over a suitable interface buffer circuit.
PAR  From the above description it will be appreciated that the invention
      provides a simple and versatile intercommunication system which enables
      any one of a plurality of extension telephones to either accept an
      incoming call from an external exchange or to establish a connection to
      the external exchange for the purpose of an outgoing call. The system also
      provides in a simple manner for intercommunication between the extension
      telephones by way of an internal communication line without requiring a
      complicated system of extension selection keys.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A telephone intercommunication system including: a plurality of
      extension telephone stations, at least one supervisory means providing
      access to and warning of incoming calls from a communication line external
      to the system, and at least one internal communication line; the
      arrangement being such that in an idle condition all of said extension
      telephone stations are normally interconnected via said internal
      communication line to provide for communication between any two or more of
      said extension telephone stations when in a line-looped or off-hook
      condition, and said supervisory means providing to all of said extension
      stations, independently of said internal communication line or lines,
      warning of an incoming call from the corresponding external line; said
      supervisory means including means for preventing access of other telephone
      stations to said external exchange line while one of said stations is
      connected thereto; and each extension telephone station includng manually
      operable line coupling switch means giving access via the corresponding
      supervisory means to the corresponding external communication line,
      independently of said internal communication line or lines; each extension
      telephone station further including a line coupling relay having
      changeover contacts for connecting a speech transmission circuit to said
      internal communication line and to said external line; an energizing
      current path for said line coupling relay including a switch contact
      closed by manually operated means; and a holding current path for said
      relay including at least one self-holding contact of said relay; and said
      supervisory means including; a first common terminal connected to said
      energizing current path of said telephone station; a second common
      terminal connected to said holding current path of each telephone station;
      and means operated responsive to signal potentials at said first and
      second common terminals upon completion of both of said energizing and
      holding current paths of one telephone station, said responsive means
      being so adapted to control the potential at said first common terminal
      that energization of any line coupling relay of a further telephone
      station is inhibited.
NUM  2.
PAR  2. A system as claimed in claim 1, in which each extension telephone
      station includes a digital push button assembly arranged so that each push
      button actuates contacts in each of two electrically separate groups, one
      of which serves for the selective calling, independently of said internal
      communication line, of any other station of the system, and the other of
      which serves for the initiation of dialed code signal transmission for the
      establishment of an external call, the contacts of said one group being
      rendered effective when the corresponding telephone station is connected
      to the internal communication line and the contacts of said other group
      being rendered effective when said line coupling switch means is operative
      to establish a connection to a corresponding external communication line.
NUM  3.
PAR  3. A system as claimed in claim 2, in which a changeover contact of the
      said line coupling relay is arranged to connect a common source of
      potential alternatively to each of two circuits respectively including
      said electrically separate groups of contacts, whereby one of said groups
      of contacts is rendered effective when said relay is energized and the
      other is rendered effective when said relay is idle.
NUM  4.
PAR  4. A system as claimed in claim 1, including means responsive to a failure
      of the power supply for operation of the system, said means being adapted
      to couple a single one of said telephone stations directly to said
      external line.
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PAL  A private telephone intercommunication system including facilities for
      connecting the system to a telephone central office. Means are included
      and restrict internal calls to only two stations to insure privacy.
BSUM
PAR  This invention concerns improvements in telephone intercommunication
      systems, and relates in particular to a system including a common
      communication line accessible to all of a number of telephone stations,
      means being provided for guarding access to said channel so that a
      confidential conversation may take place between two or more of the
      telephone stations.
PAR  In patent application, Ser. No. 507,322, filed concurrently herewith it is
      proposed to provide a novel telephone intercommunication system including
      a common communication line accessible to all of a number of telephone
      stations. In such a system, when any telephone station goes off-hook it
      becomes connected to the common line, and thus any station going off-hook
      at any time may listen in to a conversation already being carried on
      between two or more previously connected stations. In circumstances where
      it is required that a conversation be confidential to two or more of the
      telephone stations this constitutes a disadvantage.
PAR  In accordance with the present invention there is provided a telephone
      intercommunication system including a plurality of telephone stations, a
      common communication circuit accessible to each of said telephone stations
      via line coupling switch means individual to each station, and a common
      control means for operating the line coupling switch means of each station
      to establish a connection to said common communication circuit in response
      to actuation of a corresponding manually operable control means of that
      station, the arrangement being such that when, following establishment of
      an initial connection to said common communication circuit via a line
      coupling switch means, the condition occurs that all of said manually
      operable control means are inoperative, the common control means is
      rendered ineffective to establish any further connection to the common
      communication circuit until the existing connections are released.
PAR  Thus in accordance with the arrangement of the invention, when one
      telephone station initially establishes a connection with the
      communication circuit by operation of the corresponding manual control
      means, the line coupling switch means of that station becomes connected to
      the communication circuit, and provided that the manually operable means
      is held actuated, any other telephone station may also establish a
      connection to the communication circuit by operating the corresponding
      manual control. When all telephone stations desiring to establish a
      confidential communication between themselves have actuated their manually
      operable control means, the control means are then released and until the
      communication circuit is broken the manual control means of the remaining
      telephone stations are rendered ineffective to establish any further
      connection to the communication circuit. The existing circuit thus remains
      confidential. The initial calling of telephone stations to be connected in
      this manner may be achieved in various ways. For example, a buzz calling
      signal arrangement may provide to an extension an indication that a
      communication is desired via the confidential circuit. Alternatively, the
      communication system may comprise a plurality of communication channels,
      there being one common non-guarded channel to which all stations going
      off-hook are initially connected, and one or more secret channels being
      provided to which the stations may transfer in the above manner upon
      mutual verbal agreement between them via the common open channel.
PAR  As will be appreciated from the above description, any number of telephone
      stations may connect into the confidential circuit while a call is
      initially being set up so that a so-called conference call may be
      established. However, in order to ensure that the number of telephone
      stations connected during initial setting up of the call is limited to
      two, in the case where two parties require a confidential conversation,
      means may be provided for indicating when more than two stations are
      connected into the communication circuit. Thus should two parties require
      a confidential conversation, the indication that there are more than two
      stations connected to the line will enable them to warn other parties to
      hang up and await the indication that this has occurred, before commencing
      their conversation.
PAR  Although the arrangement according to the present invention is primarily
      applicable to a telephone intercommunication system as described in Patent
      application, Ser. No. 507,322, that is a system providing both for one or
      more internal communication lines and for connection to one or more
      external exchange lines, it will be appreciated that the present invention
      is also applicable to a private intercommunication system including only
      internal communication lines and not intended for connection to an
      external exchange line. Moreover such a system may include any number of
      such guarded access communication lines, preferably in combination with an
      open communication line to which all telephone stations are initially
      connected in the idle condition.
PAR  According to one embodiment of the invention each line coupling switch
      means comprises a self-holding relay having relay contacts for
      establishing the connection to said common communication circuit, the
      corresponding manually operable means each comprising a push button switch
      arranged in a current path including the winding of said relay and
      extending to said common control circuit, and said common control circuit
      further including in said current path a relay having a relay contact
      arranged to modify a control signal applied via said current path, the
      arrangement being such that actuation of said push button switch first
      causes energization of the relay of the common control circuit and then,
      by means of said modified control signal, energization of the line
      coupling relay connected via a corresponding push button switch, release
      of all push button switches serving to deenergize the relay of the common
      control circuit, and means, responsive to closure of said communication
      circuit being provided for inhibiting reenergization of the common control
      relay.
PAR  The means for inhibiting energization of the common control relay may
      comprise a relay having a winding arranged in series in said common
      communication circuit and a normally closed relay contact in the current
      path to the winding of said common control relay, the latter relay having
      normally closed contacts in said common communication circuit.
PAR  In order to provide for the warning signal facility referred to above, when
      more than two telephone stations are connected to a confidential
      communication circuit, each of said self-holding relays have hold contacts
      connected in parallel to a common current path for energization of said
      relays, the arrangement being such that relay windings connected in
      parallel by way of said hold contacts form part of a potential divider
      circuit, and that when more than two of said relay windings are connected
      in parallel the potential at a tapping of said divider circuit causes a
      switching circuit connected thereto to respond and provide said warning
      signal.
DRWD
PAR  The invention is illustrated by way of example in the accompanying
      drawings, in which:
PAR  FIG. 1 is a schematic block circuit diagram of a communication system
      according to the invention, and
PAR  FIGS. 2 and 3 together make up a more detailed circuit diagram of the
      arrangement shown in FIG. 1.
DETD
PAR  Referring to FIG. 1, the intercommunication system there shown is arranged
      to provide a number of telephone extension stations, with two telephone
      lines for internal calls between the stations and two telephone lines for
      external calls between extension stations of the system and stations
      served by another exchange, for example a main public exchange. It is to
      be appreciated, however, that intercommunication systems according to the
      invention may be provided to cater for more or less than ten extension
      stations and with more or less than two telephone lines for internal
      and/or external calls.
PAR  In the diagram of FIG. 1, only two extension stations, designated ST1 and
      ST10 are shown, and in use of the system, these would be allocated to
      respective locations within an office or factory building, or the like.
      Each extension telephone station comprises, in addition to the normal
      speech transmission circuit, a digital push button assembly, hereinafter
      termed a "keypad" KP, a group of four control push buttons designated KL,
      KLS, KTA and KTB, three visual indicators, which preferably take the form
      of light-emitting diodes, and designated LSE, LTA and LTB, a calling
      buzzer BZ, a telephone handset THS and telephone line coupling switch
      means, as indicated diagrammatically by the wiper and bank SW1 for station
      ST1 and by the wiper and bank SW10 for station ST10.
PAR  As also indicated in FIG. 1, the two telephone lines for internal calls,
      hereinafter termed "local" lines are indicated at ILC and ILS
      respectively, while the two telephone lines for external calls,
      hereinafter termed "trunk" lines are designated TLA and TLB respectively.
      The telephone lines are commoned over respective outlets of the telephone
      station coupling switches, which have four outlets, the first outlet 1
      being a normal or rest outlet to which the local line ILC is connected,
      while the remaining outlets 2, 3 and 4 are connected, respectively to the
      local line ILS and to the trunk lines TLA and TLB. The extension stations
      thus have a parallel relationship to the telephone lines, so that the
      system is of the so-called "star" connected type, as distinct from the
      series connected type employing mechanically interlocked push buttons, in
      each telephone station, with change over contacts connected in a serial
      chain formation to provide the communication channel selecting function.
PAR  In the embodiment of the invention being described, the local line ILC is a
      "common" line that is, the communication channel provided by the line ILC
      is open for communication at all times to all of the extension telephones
      of the system. The local line ILS, on the other hand is a secret
      communication channel, with which a common secrecy guard circuit SGC is
      associated, the arrangement being such that once a connection over the
      local line ILS, between two or more of the extension stations of the
      system has been established, then no other station of the system can
      intrude upon that connection. The trunk lines TLA and TLB are each
      connected to respective external exchange lines over individual line
      circuits LCA and LCB, the latter being arranged so that only one extension
      station can have access to an exchange line at any time and so that a
      "hold" condition can be applied to an external exchange line,
      automatically, by the simple process of operating another of the push
      buttons at the extension telephone concerned, for example by operating the
      push button KL to set up a local inquiry or transfer connection or by
      operating the other of the KTA or KTB buttons to set up a second external
      line call over the other trunk line.
PAR  The secrecy guard circuit SGC and the exchange line circuits LCA and LCB
      each include test circuit elements, not shown in FIG. 1 which are
      connected in common to each of the extension stations over respective ones
      of the test leads LTS, LTTA and LTTB. Within each station, the leads LCS,
      TCA and TCB are connected, over respective ones of the control push
      buttons KLS, KTA and KTB, to the line coupling switch setting control
      circuit, the arrangement being such that the setting of the line coupling
      switch to a particular outlet is effected by operation of the appropriate
      push button, and is depending upon the free or busy condition of the
      associated test circuit element.
PAR  The condition of the local secret line ILS and of the trunk lines TLA and
      TLB is indicated at each extension station by the indicators LSE, LTA and
      LTB. Thus, the indicator LSE at each station is arranged to flash when the
      local secret channel is in use on a two party call and to glow steadily
      when this channel is in use by more than two extension stations, this
      enables the local secret channel to be used for conference type
      connections involving more than two extension stations, while at the same
      time assuring secrecy on two party calls. Similarly, the indicators LTA
      and LTB glow steadily when the respective trunk lines LTA and LTB are in
      use, and flash when the respective exchange line in on hold. To provide
      for the flashing signal indications a flash signal generator FSG is
      provided and is arranged for control from the secrecy guard circuit SGC
      and from the exchange line circuits LCA and LCB.
PAR  For incoming calls, a system of calling bells not shown in FIG. 1 is
      provided and located so that each extension station is within earshot of
      at least one bell, the arrangement being such that upon the occurrence of
      a call incoming over one or other of the exchange lines, the calling bells
      are caused to respond to the ringing signal from the external exchange
      while at the same time the respective indicator in each extension station
      is caused to blink in sympathy with the ringing signal interruptions, so
      that the incoming call may be answered by any extension station by removal
      of the station handset and operation of the appropriate control button KTA
      or KTB.
PAR  The keypad KP in each station is used to effect calling between stations of
      the system and also to effect the transmission of digital switch setting
      information to an external exchange for the setting up of an external
      call, thereat. To this end, as explained in more detail below, each push
      button of the keypad assembly actuates contacts in each of two
      electrically separate contact groups one or other of which is rendered
      effective depending upon the setting of the associated line coupling
      switch SW. Thus, for calling between stations of the system, that is, with
      the line coupling switch of the calling station in its first or second
      outlet position, the keypad contacts forming one group are effectively
      connected to respective ones of a group of calling signal leads CCL, which
      are commoned to respective contacts of the corresponding contact group of
      each extension station of the system. Also, within each station the
      calling buzzer BZ is connected to a respective one of these calling signal
      leads, as indicated by the strap ST1 for extension station 1, and by the
      strap ST10 for the extension station 10. Thus any extension station may
      call any other extension station by operating the keypad push button
      corresponding to the number of the wanted extension station and by lifting
      the station handset to listen for a verbal reply over the common channel
      ILC. For the establishment of external calls, the other group of keypad
      contacts is rendered effective upon the line coupling switch SW being set
      to a trunk line outlet 3 or 4. In the proposed arrangement, the contacts
      of this keypad contact group, in each extension station, are connected to
      an electronic digit signal sending element which may take the form of a
      dial pulse sending element of the kind which registers the digital value
      of each digit of the wanted external subscriber's directory number as it
      is keyed out from the keypad KP and then proceeds to send out over the
      trunk line concerned corresponding digital signals, for example as trains
      of impulses or as multi-frequency digital signal codes.
PAR  Now referring to FIGS. 2 and 3, FIG. 2 shows the circuitry which is
      repeated for each extension telephone station of the system, the outputs
      from each telephone station being indicated at the right-hand side of FIG.
      2 and all these outputs of the several stations being connected in common.
      Outputs LC- and LC+ correspond to the lead ILC in FIG. 1, output LST
      corresponds to the line ILS of FIG. 1, outputs LS-, LS+ and LSP correspond
      to the line ILS of FIG. 1, outputs TA-, TA+ and TPA correspond to the line
      TLA in FIG. 1, output TTA corresponds to the line LTTA of FIG. 1, and
      outputs TB-, TB+ and TBA correspond to the line TLB of FIG. 1, while
      output TTB corresponds to the line LTTB of FIG. 1.
PAR  As is conventional each telephone station includes a telephone speech
      transmission circuit included within box TSC, and connected to the
      telephone handset. The telephone handset actuates a hook switch having
      normally open off-normal contact ON1. Relay contacts DON1 and DON2 provide
      for connection of an external exchange line either to leads TSC- and TSC+
      of the speech transmission circuit TSC, or to a conventional dial pulse
      transmitting circuit including a relay contact DP1. Corresponding relays
      DON and DP are connected to a dial pulse sending circuit indicated within
      the box DPC, the operation of this circuit and the relays DON and DP being
      well known. The telephone keypad KP referred to above has two sets of
      operable contacts KA1 to KA0 and KB1 to KB0 as already described, these
      being connected as shown in FIG. 2 to provide alternative outputs either
      to the dial pulse circuit DPC or to a strapping field SF. Either one of
      the two groups of contacts may be rendered operative as already described
      above, by means of relay LT. When the LT relay is unoperated, a ground,
      via contact LT4 and the dial off-normal contact ON1 enables the keypad for
      selective calling of another telephone station by way of the strapping
      field and corresponding connected buzzer BZR.
PAR  FIG. 3 is divided by broken lines into separate circuit units corresponding
      to the units illustrated at the right hand side of FIG. 1, and the
      functions of the remaining components illustrated in FIGS. 2 and 3 have
      either been indicated above or will become apparent from the detailed
      description of the operation of the system now set out below.
PA0  1. Non-Secret Local Call
PAR  When any telephone station goes off-hook, starting from the idle condition
      shown in FIGS. 2 and 3 the leads TSC- and TSC+ of the telephone speech
      transmission circuit become connected to the lines LC- and LC+ of the
      common line circuit illustrated in FIG. 3, without the requirement for any
      push button operation to set the call. If the telephone station desires to
      make an internal call, the calling party operates his keypad to actuate
      the local buzzer at the wanted station and awaits a verbal answer. The
      keypad is rendered effective to actuate the buzzer by the relay contact
      LT4 which remains in the idle condition.
PA0  2. Secret Local Call
PAR  If parties to a call set up as described in paragraph 1 above wish their
      conversation to be confidential, or if a long conversation is involved and
      it is desired to free the common line circuit for use by other parties,
      each party presses their KLS button to transfer to the secrecy guard
      circuit indicated in FIG. 3. When the first KLS button is pressed; the
      battery potential from the corresponding extension telephone station is
      extended via lead LST to the secrecy guard circuit, the battery potential
      being applied via relay contact LP1 and the potential divider R11 and R12
      to the base of transistor T5. Transistor T5 accordingly turns on and relay
      LC is energized. Relay contacts LC1 to LC4 accordingly change over from
      the position indicated in the drawing. Relay contact LC4 bypasses
      resistance R11, and this increases the current flowing in lead LST. As a
      result of the increased current through line LST, the relay TT of the
      telephone extension station is now operated, and the leads TSC- and TSC+
      of the telephone speech transmission circuit TSC are accordingly extended
      via relay contacts TT1 and TT2 to the terminals LS+ and LS- of the secrecy
      guard circuit. By way of relay contact TT6, the relay TT is held energized
      over the lead LSP, via the forward biased emitter-base junction of
      transistor T1, and the now closed hook switch contact ON1.
PAR  The operation of relay LC initiates the operation of the secrecy indication
      signal facility, which was referred to in the introductory paragraphs.
      When relay LC operates in the manner described in the preceding paragraph,
      the associated contacts LC1 and LC2 change over from the position
      indicated in the drawing. Contact LC2 switches in emitter-base current for
      transistor T4 which turns on and provides emitter-base current for
      transistor T3 which accordingly turns on. SE relay now operates by way of
      the path: ground, transistor T3, the 590 winding of SE relay, LC1 contact,
      battery. A self hold path for relay SE is provided via contact SE1.
PAR  Upon depression of any further KLS contact while the initial contact
      remains depressed, the corresponding relay or relays TT are likewise
      energized so that the speech transmission circuits of the corresponding
      telephone stations are also connected to the terminals L- and L+ of the
      secrecy guard circuit. Upon release of the last KLS key, the battery
      potential is removed from the lead LST and thus the transistor T5 is
      turned off and relay LC becomes deenergized so that relay contacts LC1 to
      LC4 all returned to their idle conditions. The opening of relay contact
      LC1 is of no effect, since it has already been bridged by relay contact
      SE1 upon energization of relay SE as described in the above paragraph.
      Relay contact LC2 removes ground potential from the base of transistor T4,
      so that the caller is dependent on the potential on the LSP wire. The
      value of resistor R1 (FIG. 2) is such that when more than two relay
      windings TT are connected in parallel, the current flowing between the
      resistor and resistor R10 (FIG. 3) provides at the base of transistor T4 a
      potential sufficient to keep T4 turned on and to maintain the relay SE
      energized. If just two TT windings are connected in parallel, the current
      flowing in the LSP wire results in a potential which is insufficient to
      keep T4 turned on and the relay SE thus becomes deenergized.
PAR  When the LC relay releases as was described above, and the contact LC2
      returns to its normal position, transistor T2 (FIG. 3) is turned on. The
      transistor T2 provides a bias current for transistor T6 which accordingly
      turns on and provides an operate path for relay LP. Relay LP operates, and
      relay contact LP1 changes over. The relay contact LP1 connects the circuit
      of a light-emitting diode LED1 (FIG. 2) via the LST lead, to the SE2 relay
      contact. Depending on the state of the SE relay as described above, the
      light-emitting diode circuit will be connected to battery via the relay
      contact LP1 (operated) and SE2 (operated), or to a flash generator circuit
      FG via LP1 (operated), SE2 (normal), the terminal FS and the flash
      generator circuit FG. If more than two extensions are connected to the
      secrecy guard circuit, the SE relay will be operated to battery via SE2
      contact (operated) and the light-emitting diode LED1 will glow
      permanently, thus giving an indication to each extension that more than
      two extensions are involved in the call. If just two extensions are
      connected to the secrecy guard circuit, the SE relay will be released as
      has been described and the light-emitting diode LED1 will be connected to
      the intermittent battery of the flash generator FG via the SE2 contact
      (normal) causing the light-emitting diode LED1 to flash, thus indicating
      to the parties that only two extensions are involved in the call, and that
      a confidential call exists.
PAR  Upon termination of the call thus set up; when the last party hangs up, the
      off-normal contact ON1 in the extension instrument, releases and
      disconnects the main holding ground. Relay TT accordingly releases, and
      the local secret talk and conference channel becomes open circuited at
      relay contacts TT1 and TT2. Relays SE and LP also release at the cessation
      of the above mentioned holding ground, and disconnect the secrecy
      indication signaling facility.
PA0  3. Exchange Call
PAR  The system as described above has two exchange line circuits indicated at A
      and B in FIG. 1 and circuit A being illustrated in more detail in FIG. 3.
      Since both of these circuits are identical, however, only circuit A will
      be described in detail.
PAR  Relay P in the exchange line circuit is always operated when the said
      exchange line is in the idle and hold conditions. The operate path for the
      said relay is via transistor T7.
PAR  Assuming that an incoming call is received; the ringing current is
      received, via exchange wires EW1 and EW2 and relay contacts P1 and P2
      (operated), by the rectifier bridge shown and thence is conducted to the
      winding of a ringing current detector relay RR. Energization of the said
      relay causes closure of the associated relay contact RR1 which closes the
      circuit of the warning bell system shown in box CB in dotted lines, and
      applied ground potential from terminal TPA to a switching circuit of the
      associated light-emitting diode LED2, at each extension, to illuminate the
      diode and give the identification of the exchange line from which the call
      is being transmitted. When a telephone extension goes off-hook the speech
      transmission circuit is, as described above, initially connected to
      terminals -LC and +LC of the common line circuit. However, to establish a
      connection with the desired external exchange line, one of the push
      buttons KTA or KTB is pressed, according to the exchange line to be
      connected.
PAR  Assuming that button KTA is pressed, relay LT is energized via the
      connection to ground through lead TTA and relay contacts LT1 to LT5 are
      thus transferred. The potential at the base of transistor T8 is
      sufficiently negative in order to forward bias the emitter-base of the
      said transistor and provide an operate path for relay PU so that relay PU
      becomes operated, and relay contacts PU1 and PU2 are thus transferred.
      Relay contacts LT1 and LT2 connect the speech transmission circuit TSC to
      terminals TA- and TA+ of the exchange line circuit via relay contacts TT3
      and TT4. Relay contact LT4 holds relay LT energized, while relay contact
      LT3 extends ground potential via hook switch ON1 to the terminal TPA of
      the exchange line circuit A. (If button KTB were pressed, then both relays
      LT and TT would be energized to connect the speech transmission circuit
      TSC via contacts LT1, LT2 and TT3 and TT4 to terminals TB- and TB+ of the
      exchange line circuit B, the relays being held via contacts LT4, and LT3
      and TT6 respectively, and ground potential being extended to lead TPB via
      contacts LT3 and TT5. The operation would otherwise be the same as
      described in connection with the exchange line circuit A). Ground
      potential at terminal TPA now causes the light-emitting diode LED2 to be
      steadily illuminated to indicate that the exchange line is busy. Relay
      contact PU1 closes a path to the base of transistor T7 so that both the
      base and emitter thereof are at ground potential and the transistor T7
      turns off. Relay P therefore releases and its associated contacts revert
      to their normal positions. The above mentioned ringing current detector is
      switched out of circuit at contacts P1 and P2, and the exchange line is
      extended to the extension instrument, via terminals TA- and TA+. Relay
      contact P3 completes a holding current path for relay PU. When relay
      contact P4 restores to normal, transistors T9 and T10 turn on in well
      known manner and transistor T9 switches in an operate path for relay PP.
      Relay PP operates and holds via its own contact at PP3, prepares a holding
      loop at contact PP1 for the exchange line hold condition, to be described
      below, and prepares the flash generator circuit, at contact PP2, for
      connection to the light-emitting diode circuit.
PA0  4. Exchange Line Hold Condition
PAR  This is applied by removing the ground potential from lead TPA (or TPB),
      which occurs automatically upon an extension telephone setting another
      call without hanging up from the exchange call. For example, starting from
      the condition as described above, by pressing button KTB relay TT operates
      and at contact TT5 removes the ground potential from terminal TPA.
      Alternatively, by pressing button KL for transfer to the common line
      circuit, relay LT is deenergized and at relay contact LT3 removes the
      ground potential from the lead TPA. Removal of this ground potential from
      lead TPA allows the transistor T7 in the exchange line circuit A to turn
      on once more, thus switching in the operate path for relay P. Relay P
      re-operates and at the operated relay contacts P1 and P2, removes the
      exchange line from the extension. The line is held to the exchange via
      relay contact PP1 (operated) and a 200.OMEGA. hold resistor R21.
PAR  When relay P re-operates as described in the above paragraph, the holding
      battery for maintaining an operate path for relay PU via transistor T8 is
      removed at the contact P3, and relay PU is released. The intermittent
      battery from the flash generator FG is thus extended to the light-emitting
      diode LED2 via, terminal FE, relay contact PP2 (operated) and relay
      contact PU1 (released) all these being in the exchange line circuit, the
      TPA wire and the light-emitting diode circuit. The light-emitting diode
      will flash in accordance with the intermittent battery thus giving the
      "line held" indication.
PAR  Any telephone extension may now connect to the exchange line A, by
      operation of the corresponding push button switch KTA, but the flashing
      signal from the light-emitting diode LED2 will deter a party from making
      such a connection unless that party has received a message indicating that
      this connection is desired by the party calling on the exchange line.
PA0  5. Release of Exchange Line
PAR  When a telephone extension connected to an exchange line clears down, the
      contacts ON1 of the hook switch operated by the telephone handset are
      opened, thus removing the ground potential from the relay LT. However,
      ground potential is initially maintained at lead TPA (or TPB), so that
      relay LT remains energized by current flowing to lead TPA. This current
      flow causes transistor T11 to be turned on and relay RE to be energized,
      whereby relay contacts RE1 and RE2 change over. Relay contact RE2 thus
      extends battery potential to the base of transistor T10, thus causing the
      transistors T10 and T9 to turn off and cause the release of relay PP.
      Contact PP2 in releasing, disconnects the flash generator from the
      exchange line circuit. Relay contact RE1 also disconnects the final
      holding ground for relay LT. LT relay, accordingly releases, and at
      contacts LT1 and LT2 disconnects the extension from the exchange line
      circuit.
PAR  The removal of ground from the off-normal contacts ON1 as described above,
      allows transistors T4 and T3 to turn on once more. Relay P therefore
      re-operates and releases the exchange line from the exchange line circuit
      at contacts P1 and P2, and releases the PU relay at contact P3. Relay PU
      in operating finally releases the relay RE at relay contact PU2.
PAR  When the exchange line is in the line-held condition, the said line cannot
      release itself in the manner described above. The button KTA (or KTB) must
      be depressed so that the exchange line in question can be seized once
      more; release will then follow as described above upon hanging up of the
      connected extension.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A telephone intercommunication system including a plurality of telephone
      stations, a common communication circuit accessible to each of said
      telephone stations via line coupling switch means individual to each
      station, and a common control means for operating the line coupling switch
      means of each station to establish a connection to said common
      communication circuit in response to actuation of a corresponding manually
      operable control means of that station, the arrangement being such that
      when, following establishment of an initial connection to said common
      communication circuit via said line coupling switch means, the condition
      occurs that all of said manually operable control means are inoperative,
      said common control means is rendered ineffective to establish any further
      connection to the common communication circuit until the existing
      connections are released; said system further including means for
      detecting whether the number of connections established to said common
      communication circuit exceeds two when said condition occurs, and means
      for providing a corresponding warning signal at each telephone station.
NUM  2.
PAR  2. The system as claimed in claim 1, in which each said line coupling
      switch means comprises a self-holding relay having relay contacts for
      establishing the connection to said common communication circuit, the
      corresponding manually operable means each comprising a push button switch
      arranged in a current path including the winding of said relay and
      extending to said common control circuit, and said common control circuit
      further including in said current path a relay having relay contact
      arranged to modify a control signal applied via said current path, the
      arrangement being such that actuation of said push button switch first
      causes energization of the relay of the common control circuit and then,
      by means of said modified control signal, energization of said line
      coupling relay connected via a corresponding push button switch, release
      of all push button switches serving to deenergize the relay of the common
      control circuit, and means, responsive to closure of said communication
      circuit, being provided for inhibiting reenergization of the common
      control relay until the common communication circuit is broken.
NUM  3.
PAR  3. The system as claimed in claim 2, in which the means for inhibiting
      energization of the common control relay comprises a relay having a
      winding arranged in series in said common communication circuit and a
      normally closed relay contact in the current path to the winding of said
      common control relay, the latter relay having normally closed contacts in
      said common communication circuit.
NUM  4.
PAR  4. A system as claimed in claim 2, in which each of said self-holding
      relays have hold contacts connected in parallel to a common current path
      for energization of said relays, the arrangement being such that relay
      windings connected in parallel by way of said hold contacts form part of a
      potential divider circuit, and that when more than two of said relay
      windings are connected in parallel the potential at a tapping of said
      divider circuit causes a switching circuit connected thereto to respond
      and provide said warning signal.
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ABST
PAL  A private telephone intercommunication system including facilities for
      connecting the system to a telephone central office. Common supervisory
      means are provided to control access to a line from each station.
BSUM
PAR  This invention concerns improvements in telephone intercommunication
      systems, and relates in particular to a system including a plurality of
      extension telephone stations providing common access to a telephone
      communication line, for example an external exchange line, without the
      requirement for a main station of the system attended by an operator.
PAR  In patent application, Ser. No. 507,322, filed concurrently herewith it is
      proposed to provide a novel telephone intercommunication system in which a
      connection can be established between an external exchange line and any
      one of a number of extension telephone stations, without the requirement
      for a main station attended by an operator to route calls between the
      exchange line and the extension telephone stations. This arrangement
      requires that a common supervisory means be provided for establishing a
      switched connection to the exchange line, for disconnecting the exchange
      line, and if desired, for applying a hold loop to the exchange line to
      enable transfer of calls between extension telephone stations. This
      supervisory means must be included in a common control circuit with all of
      the telephone stations, so that the condition of any one of the stations,
      for example the condition calling for the exchange line, the condition
      requiring establishment of a hold connection, or the disconnect condition,
      can be taken into account by the common supervisory means. It will be
      appreciated that with a substantial number of extension telephone stations
      the design of such a control circuit presents considerable problems in
      avoiding the requirement for multiple signal wires connected between each
      telephone station and the common supervisory means.
PAR  It is accordingly one object of the present invention to provide such a
      common control circuit in a simple manner.
PAR  The present invention accordingly provides a telephone communication system
      including a plurality of extension telephone stations, and a common
      supervisory means for controlling access to a communication line from each
      of said telephone stations, said telephone stations and said supervisory
      means both including elements of a common control circuit for influencing
      the condition of said supervisory means, and said common control circuit
      including a single signaling wire extending between said telephone
      stations and said supervisory means, the signal potential established in
      said wire being dependent on the condition of circuit means of each
      telephone station and at least two circuit means of said supervisory
      means, and the latter circuit means being controlled in accordance with
      said signal potential.
PAR  Preferably each telephone station also includes at least one circuit means
      controlled in accordance with said signal potential.
PAR  Since, in accordance with the arrangement of the invention, the circuit
      means of the said supervisory means are not merely passively controlled by
      the signal potential of said single signal wire, but also have an active
      influence on said signal potential, it is possible to arrange that circuit
      means of the telephone station and of the supervisory means interact with
      one another in a logical manner, thus providing a plurality of functions
      that would not otherwise be possible without a corresponding number of
      separate control leads to provide corresponding control signals.
PAR  In accordance with one embodiment of the invention the said circuit means
      of each extension telephone station comprises line switching means for
      establishing a connection between the telephone speech transmission
      circuit of said station and terminal means of said station; the said
      circuit means of said supervisory means comprising first switching means
      for effecting a connection between line wires of said communication line
      and common terminal means of said supervisory means connected to said
      terminal means of all of said extension telephone stations, and second
      switching means for connecting a hold loop to said line wires; the
      arrangement being such that with both said line switching means of any one
      telephone station and said first switching means of the supervisory means
      operated to establish a through connection from the communication line to
      said one telephone station, a stable state exists; and each telephone
      station further including manually operable means for varying the
      potential existing in said single signal wire in said stable state whereby
      by release of the first switching means and operation of the second
      switching means of the supervisory means a hold loop in applied to the
      communication line wires, and including means responsive to hanging up of
      said telephone station for varying the potential existing in said single
      signal wire in said stable state whereby by rendering both of said first
      and second switching means inoperative the communication line wires are
      released.
PAR  Preferably, the said line switching means of each telephone station and the
      said first switching means of the supervisory means comprise relay
      switching circuits having self-holding current paths interconnected by
      said single signal wire.
PAR  It will be appreciated that the reference above to "operated" states of the
      line switching means refers to the state of the switch contacts in which a
      switched connection is established, and not necessarily to the energized
      condition of any associated relay. Thus the operated states of the relay
      switching circuits referred to may be states in which the associated relay
      or relays are either in the engergized or the deenergized state depending
      upon the disposition of the corresponding relay contacts.
PAR  The common control circuit constructed in accordance with the invention as
      above described, provides for mutual control between any one telephone
      station and the common supervisory circuit when that telephone station has
      established a connection to the common communication line. In order to
      insure that only one telephone station at a time can establish a
      connection to the common communication line and thus become effectively
      connected as part of said common control circuit, in accordance with a
      further, preferred feature of the invention, each telephone station
      further includes manual switching means for closing a current path of said
      common control circuit, independent of said single signal wire, to operate
      said relay switching circuits and establish a through connection to said
      communication line wires, said independent current path including a single
      wire connecting all of said manual switching means to a current path of
      said relay switching circuit of the supervisory means, and the arrangement
      being such that upon operation of the relay switching circuit of the
      supervisory means the potential in said single wire is no longer
      sufficient for operation of the relay switching circuit of an extension
      telephone station.
PAR  The logical control of the circuit means of the supervisory means in
      accordance with a condition of the extension telephone station may be
      achieved by interaction of the circuit means of the supervisory means and
      the telephone station in various ways. Thus in accordance with one example
      of the invention, the second switching means comprises a second relay
      switching circuit of the supervisory means having a self-holding current
      path which is also connected to said single signaling wire; the
      arrangement being such that when said relay circuit of a telephone station
      is operated the potential of said single signaling wire is sufficient to
      cause operation of said second relay switching circuit, while upon
      operation of said second relay switching circuit the potential of said
      single signaling wire is such as to cause said relay circuit of the
      telephone station to release; said first relay switching circuit of the
      supervisory means having a first relay contact in the second switching
      circuit whereby the latter circuit is inoperative when the first circuit
      is operative, and having a second relay contact arranged to disconnect the
      first relay switching circuit from said single signaling wire when said
      circuit releases; the said manually operable means of each telephone
      station comprising a switch means for temporarily reducing the potential
      of said single signaling wire without rendering the relay switching
      circuit of the telephone station inoperative, whereby initially the first
      relay switching circuit of the supervisory means is deenergized and then,
      upon restoration of the control signal from the telephone station, the
      second relay switching circuit of the supervisory means is operated; and
      the means responsive to hanging up comprising a switch contact arranged to
      render the relay switching circuit of the telephone station inoperative.
PAR  In accordance with another example of the invention the said second
      switching means comprises a second, self-holding, relay switching circuit
      of the supervisory means, arranged to be energized together with said
      first relay circuit to prepare a hold loop across idle contacts of the
      first relay circuit, and said supervisory means further comprises a third
      relay switching circuit having a switch contact in the holding current
      path of the second relay switching circuit, the arrangement being such
      that upon operation of the manually operable means of a telephone station
      only the first switching circuit is rendered inoperative, while upon
      hanging up of a telephone station the first relay switching circuit is
      rendered inoperative and the third relay switching circuit is operated to
      render the second switching circuit inoperative.
PAR  Further features and advantages of the invention will become apparent from
      the following description with reference to the accompanying drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a schematic block circuit diagram of a communication system
      according to the invention,
PAR  FIGS. 2 and 3 together make up a more detailed circuit diagram of the
      arrangement shown in FIG. 1, and
PAR  FIGS. 4 and 5 together make up a circuit diagram of another arrangement
      according to the invention.
DETD
PAR  Referring to FIG. 1, the intercommunication system there shown is arranged
      to provide a number of telephone extension stations, with two telephone
      lines for internal calls between the stations and two telephone lines for
      external calls between extension stations of the system and stations
      served by another exchange, for example a main public exchange. It is to
      be appreciated, however, that intercommunication systems according to the
      invention may be provided to cater for more or less than ten extension
      stations and with more or less than two telephone lines for internal
      and/or external calls.
PAR  In the diagram of FIG. 1, only two extension stations, disignated ST1 and
      ST10 are shown, and in use of the system, these would be allocated to
      respective locations within an office or factory building, or the like.
      Each extension telephone station comprises, in addition to the normal
      speech transmission circuit, a digital push button assembly, hereinafter
      termed a "keypad" KP, a group of four control push buttons designated KL,
      KLS, KTA and KTB, three visual indicators, which preferably take the form
      of light-emitting diodes, and designated LSE, LTA and LTB, a calling
      buzzer BZ, a telephone handset THS and telephone line coupling switch
      means, as indicated diagrammatically by the wiper and bank SW1 for station
      ST1 and by the wiper and bank SW10 for station ST10.
PAR  As also indicated in FIG. 1, the two telephone lines for internal calls,
      hereinafter termed "local" lines are indicated at ILC and ILS
      respectively, while the two telephone lines for external calls,
      hereinafter termed "trunk" lines are designated TLA and TLB respectively.
      The telephone lines are commoned over respective outlets of the telephone
      station coupling switches, which have four outlets, the first outlet 1
      being a normal or rest outlet to which the local line ILC is connected,
      while the remaining outlets 2, 3 and 4 are connected, respectively to the
      local line ILS and to the trunk lines TLA and TLB. The extension stations
      thus have a parallel relationship to the telephone lines, so that the
      system is of the so-called "star" connected type, as distinct from the
      series connected type employing mechanically interlocked push buttons, in
      each telephone station, with change over contacts connected in a serial
      chain formation to provide the communication channel selecting function.
PAR  In the embodiment of the invention being described, the local line ILC is a
      "common" line that is, the communication channel provided by the line ILC
      is open for communication at all times to all of the extension telephones
      of the system. The local line ILS, on the other hand is a secret
      communication channel, with which a common secrecy guard circuit SGC is
      associated, the arrangement being such that once a connection over the
      local line ILS, between two or more of the extension stations of the
      system has been established, then no other station of the system can
      intrude upon that connection. The trunk lines TLA and TLB are each
      connected to respective external exchange lines over individual line
      circuits LCA and LCB, the latter being arranged so that only one extension
      station can have access to an exchange line at any time and so that a
      "hold" condition can be applied to an external exchange line,
      automatically, by the simple process of operating another of the push
      buttons at the extension telephone concerned, for example by operating the
      push button K1 to set up a local inquiry or transfer connection or by
      operating the other of the KTA or KTB buttons to set up a second external
      line call over the other trunk line.
PAR  The secrecy guard circuit SGC and the exchange line circuits LCA and LCB
      each include test circuit elements, not shown in FIG. 1 which are
      connected in common to each of the extension stations over respective ones
      of the test leads LTS, LTTA and LTTB. Within each station, the leads LCS,
      TCA and TCB are connected, over respective ones of the control push
      buttons KLS, KTA and KTB, to the line coupling switch setting control
      circuit, the arrangement being such that the setting of the line coupling
      switch to a particular outlet is effected by operation of the appropriate
      push button, and is depending upon the free or busy condition of the
      associated test circuit element.
PAR  The condition of the local secret line ILS and of the trunk lines TLA and
      TLB is indicated at each extension station by the indicators LSE, LTA and
      LTB. Thus, the indicator LSE at each station is arranged to flash when the
      local secret channel is in use on a two party call and to glow steadily
      when this channel is in use by more than two extension stations, this
      enables the local secret channel to be used for conference type
      connections involving more than two extension stations, while at the same
      time assuring secrecy on two party calls. Similarly, the indicators LTA
      and LTB glow steadily when the respective trunk lines LTA and LTB are in
      use, and flash when the respective exchange line is on hold. To provide
      for the flashing signal indications a flash signal generator FSG is
      provided and is arranged for control from the secrecy guard circuit SGC
      and from the exchange line circuits LCA and LCB.
PAR  For incoming calls, a system of calling bells not shown in FIG. 1 is
      provided and located so that each extension station is within earshot of
      at least one bell, the arrangement being such that upon the occurrence of
      a call incoming over one or other of the exchange lines, the calling bells
      are caused to respond to the ringing signal from the external exchange
      while at the same time the respective indicator in each extension station
      is caused to blink in sympathy with the ringing signal interruptions, so
      that the incoming call may be answered by any extension station by removal
      of the station handset and operation of the appropriate control button KTA
      or KTB.
PAR  The keypad KP in each station is used to effect calling between stations of
      the system and also to effect the transmission of digital switch setting
      information to an external exchange for the setting up of an external
      call, thereat. To this end, as explained in more detail below, each push
      button of the keypad assembly actuates contacts in each of two
      electrically separate contact groups one or other of which is rendered
      effective depending upon the setting of the associated line coupling
      switch SW. Thus, for calling between stations of the system, that is, with
      the line coupling switch of the calling station in its first or second
      outlet position, the keypad contacts forming one group are effectively
      connected to respective ones of a group of calling signal leads CCL, which
      are commoned to respective contacts of the corresponding contact group of
      each extension station of the system. Also, within each station the
      calling buzzer BZ is connected to a respective one of these calling signal
      leads, as indicated by the strap ST1 for extension station 1, and by the
      strap ST10 for the extension station 10. Thus any extension station may
      call any other extension station by operating the keypad push button
      corresponding to the number of the wanted extension station and by lifting
      the station handset to listen for a verbal reply over the common channel
      ILC. For the establishment of external calls, the other group of keypad
      contacts is rendered effective upon the line coupling switch SW being set
      to a trunk line outlet 3 or 4. In the proposed arrangement, the contacts
      of this keypad contact group, in each extension station, are connected to
      an electronic digit signal sending element which may take the form of a
      dial pulse sending element of the kind which registers the digital value
      of each digit of the wanted external subscriber's directory number as it
      is keyed out from the keypad KP and then proceeds to send out over the
      trunk line concerned corresponding digital signals, for example as trains
      of impulses or as multi-frequency digital signal codes.
PAR  Now referring to FIGS. 2 and 3, FIG. 2 shows the circuitry which is
      repeated for each extension telephone station of the system, the outputs
      from each telephone station being indicated at the right-hand side of FIG.
      2 and all these outputs of the several stations being connected in common.
      Outputs LC- and LC+ correspond to the lead ILC in FIG. 1, output LST
      corresponds to the line ILS of FIG. 1, outputs LS-, LS+ and LSP correspond
      to the line ILS of FIG. 1, outputs TA-, TA+ and TPA correspond to the line
      TLA in FIG. 1, output TTA corresponds to the line LTTA of FIG. 1, and
      outputs TB-, TB+ and TBA correspond to the line TLB of FIG. 1, while
      output TTB corresponds to the line LTTB of FIG. 1.
PAR  As is conventional each telephone station includes a telephone speech
      transmission circuit included within box TSC, and connected to the
      telephone handset. The telephone handset actuates a hook switch having
      normally open off-normal contact ON1. Relay contacts DON1 and DON2 provide
      for connection of an external exchange line either to leads TSC- and TSC+
      of the speech transmission circuit TSC, or to a conventional dial pulse
      transmitting circuit including a relay contact DP1. Corresponding relays
      DON and DP are connected to a dial pulse sending circuit indicated within
      the box DPC, the operation of this circuit and the relays DON and DP being
      well known. The telephone keypad KP referred to above has two sets of
      operable contacts KA1 to KA0 and KB1 to KB0 as already described, these
      being connected as shown in FIG. 2 to provide alternative outputs either
      to the dial pulse circuit DPC or to a strapping field SF. Either one of
      the two groups of contacts may be rendered operative as already described
      above, by means of relay LT. When the LT relay is unoperated, a ground,
      via contact LT4 and the dial off-normal contact ON1 enables the keypad for
      selective calling of another telephone station by way of the strapping
      field and corresponding connected buzzer BZR.
PAR  FIG. 3 is divided into separate circuit units corresponding to the units
      illustrated at the right hand side of FIG. 1, and the functions of the
      remaining components illustrated in FIGS. 2 and 3 have either been
      indicated above or will become apparent from the detailed description of
      the operation of the system now set out below.
PA0  1. Non-Secret Local Call
PAR  When any telephone station goes off-hook, starting from the idle condition
      shown in FIGS. 2 and 3 the leads TSC- and TSC+ of the telephone speech
      transmission circuit become connected to the lines LC- and LC+ of the
      common line circuit illustrated in FIG. 3, without the requirement for any
      push button operation to initiate the call. If the telephone station
      desires to make an internal call, the calling party operates his keypad to
      actuate the local buzzer at the wanted station and awaits a verbal answer.
      The keypad is rendered effective to actuate the buzzer by the relay
      contact LT4 which remains in the idle condition.
PA0  2. Secret Local Call
PAR  If parties to a call set up as described in paragraph 1 above wish their
      conversation to be confidential, or if a long conversation is involved and
      it is desired to free the common line circuit for use by other parties,
      each party presses their KLS button to transfer to the secrecy guard
      circuit indicated in FIG. 3. When the first KLS button is pressed; the
      battery potential from the corresponding extension telephone station is
      extended via lead LST to the secrecy guard circuit, the battery potential
      being applied via relay contact LP1 and the potential divider R11 and R12
      to the base of transistor T5. Transistor T5 accordingly turns on and relay
      LC is energized. Relay contacts LC1 to LC4 accordingly change over from
      the position indicated in the drawing. Relay contact LC4 bypasses
      resistance R11, and this increases the current flowing in lead LST. As a
      result of the increased current through line LST, the relay TT of the
      telephone extension station is now operated, and the leads TSC- and TSC+
      of the telephone speech transmission circuit TSC are accordingly extended
      via relay contacts TT1 and TT2 to the terminals LS+ and LS- of the secrecy
      guard circuit. By way of relay contact TT6, the relay TT is held energized
      over the lead LSP, via the forward biased emitter-base junction of
      transistor T1, and the now closed hook switch contact ON1.
PAR  The operation of relay LC initiates the operation of the secrecy indication
      signal facility, which was referred to in the introductory paragraphs.
      When relay LC operates in the manner described in the preceding paragraph,
      the associated contacts LC1 and LC2 change over from the position
      indicated in the drawing. Contact LC2 switches in emitter-base current for
      transistor T4 which turns on and provides emitter-base current for
      transistor T3 which accordingly turns on. SE relay now operates by way of
      the path: ground, transistor T3, the 590 OHM winding of SE relay LC1
      contact, battery. A self hold path for relay SE is provided via contact
      SE1.
PAR  Upon depression of any further KLS contact while the initial contact
      remains depressed, the corresponding relay or relays TT are likewise
      energized so that the speech transmission circuits of the corresponding
      telephone stations are also connected to the terminals L- and L+ of the
      secrecy guard circuit. Upon release of the last KLS key, the battery
      potential is removed from the lead LST and thus the transistor T5 is
      turned off and relay LC becomes deenergized so that relay contacts LC1 to
      LC4 all return to their idle conditions. The opening of relay contact LC1
      is of no effect, since it has already been bridged by relay contact SE1
      upon energization of relay SE as described in the above paragraph. Relay
      contact LC2 removes ground potential from the base of transistor T4, so
      that the caller is dependent on the potential on the LSP wire. The value
      of resistor R1 (FIG. 2) is such that when more than two relay windings TT
      are connected in parallel, the current flowing between resistor R1 and
      resistor R10 (FIG. 3) provides at the base of transistor T4 a potential
      sufficient to keep T4 turned on and to maintain the relay SE energized. If
      just two TT windings are connected in parallel, the current flowing in the
      LSP wire results in a potential which is insufficient to keep T4 turned on
      and the relay SE thus becomes deenergized.
PAR  When the LC relay releases as was described above, and the contact LC2
      returns to its normal position, transistor T2 (FIG. 3) is turned on. The
      transistor T2 provides a bias current for transistor T6 which accordingly
      turns on and provides an operate path for relay LP. Relay LP operates, and
      relay contact LP1 changes over. The relay contact LP1 connects the circuit
      of a light-emitting diode LED1 (FIG. 2) via the LST lead, to the SE2 relay
      contact. Depending on the state of the SE relay as described above, the
      light-emitting diode circuit will be connected to battery via the relay
      contact LP1 (operated) and SE2 (operated), or to a flash generator circuit
      FG via LP1 (operated), SE2 (normal), the terminal FS and the flash
      generator circuit FG. If more than two extensions are connected to the
      secrecy guard circuit, the SE relay will be operated from battery via SE2
      contact (operated) and the light-emitting diode LED1 will glow
      permanently, thus giving an indication to each extension that more than
      two extensions are involved in the call. If just two extensions are
      connected to the secrecy guard circuit, the SE relay will be released as
      has been described and the light-emitting diode LED1 will be connected to
      the intermittent battery of the flash generator FG via the SE2 contact
      (normal) causing the light-emitting diode LED1 to flash, thus indicating
      to the parties that only two extensions are involved in the call, and that
      a confidential call exists.
PAR  Upon termination of the call thus set up; when the last party hangs up, the
      off-normal contact ON1 in the extension instrument, releases and
      disconnects the main holding ground. Relay TT accordingly releases, and
      the secrecy guard circuit becomes open circuited at relay contacts TT1 and
      TT2. Relays SE and LP also release at the cessation of the above mentioned
      holding ground, and disconnect the secrecy indication signaling facility.
PA0  3. Exchange Call
PAR  The system as described above has two exchange line circuits indicated at A
      and B in FIG. 1 and circuit A being illustrated in more detail in FIG. 3.
      Since both of these circuits are identical, however, only circuit A will
      be described in detail.
PAR  Relay P in the exchange line circuit is always operated when the said
      exchange line is in the idle and hold conditions. The operate path for the
      said relay is via transistor T7.
PAR  Assuming that an incoming call is received; the ringing current is
      received, via exchange wires EW1 and EW2 and relay contacts P1 and P2
      (operated), by the rectifier bridge shown and then is conducted to the
      winding of a ringing current detector relay RR. Energization of said relay
      causes closure of the associated relay contact RR1 which closes the
      circuit of the warning bell system shown in box CB, and applies ground
      potential from terminal TPA to a switching circuit of the associated
      light-emitting diode LED2, at each extension, to illuminate the diode and
      give the identification of the exchange line from which the call is being
      transmitted. When a telephone extension goes off-hook the speech
      transmission circuit is, as described above, initially connected to
      terminals -LC and +LC of the common line circuit. However, to establish a
      connection with the desired external exchange line, one of the push
      buttons KTA or KTB is pressed, according to the exchange line to be
      connected.
PAR  Assuming that button KTA is pressed, relay LT is energized via the
      connection to ground through lead TTA and relay contacts LT1 to LT5 are
      thus transferred. The potential at the base of transistor T8 is
      sufficiently negative in order to forward bias the emitter-base of the
      said transistor and provide an operate path for relay PU so that relay PU
      becomes operated, and relay contacts PU1 and PU2 are thus transferred.
      Relay contacts LT1 and LT2 connect the speech transmission circuit TSC to
      terminals TA- and TA+ of the exchange line circuit via relay contacts TT3
      and TT4. Relay contact LT4 holds relay LT energized, while relay contact
      LT3 extends ground potential via hook switch ON1 to the terminal TPA of
      the exchange line circuit A. (If button KTB were pressed, then both relays
      LT and TT would be energized to connect the speech transmission circuit
      TSC via contacts LT1, LT2 and TT3 and TT4 to terminals TB- and TB+ of the
      exchange line circuit B, the relays being held via contacts LT4, and LT3
      and TT6 respectively, and ground potential being extended to lead TPB via
      contacts LT3 and TT5. The operation would otherwise be the same as
      described in connection with the exchange line circuit A). Ground
      potential at terminal TPA now causes the light-emitting diode LED2 to be
      steadily illuminated to indicate that the exchange line is busy. Relay
      contact PU1 closes a path to the base of transistor T7 so that both the
      base and emitter thereof are at ground potential and the transistor T7
      turns off. Relay P therefore releases and its associated contacts revert
      to their normal positions. The above mentioned ringing current detector is
      switched out of circuit at contacts P1 and P2, and the exchange line is
      extended to the extension instrument, via terminals TA- and TA+. Relay
      contact P3 completes a holding current path for relay PU. When relay
      contact P4 restores to normal, transistors T9 and T10 turn on in well
      known manner and transistor T9 switches in an operate path for relay PP.
      Relay PP operates and holds via its own contact at PP3, prepares a holding
      loop at contact PP1 for the exchange line hold condition, to be described
      below, and prepares the flash generator circuit, at contact PP2, for
      connection to the light-emitting diode circuit.
PA0  4. Exchange Line Hold Condition
PAR  This is applied by removing the ground potential from lead TPA (or TPB),
      which occurs automatically upon an extension telephone setting another
      call without hanging up from the exchange call. For example, starting from
      the condition as described above, by pressing button KTB relay TT operates
      and at contact TT5 moves the ground potential from terminal TPA.
      Alternatively, by pressing button KL for transfer to the common line
      circuit, relay LT is deenergized and at relay contact LT3 removes the
      ground potential from the lead TPA. Removal of this ground potential from
      lead TPA allows the transistor T7 in the exchange line circuit A to turn
      on once more, thus switching in the operate path for relay P. Relay P
      re-operates and at the operated relay contacts P1 and P2, removes the
      exchange line from the extension. The line is held to the exchange via
      relay contact PP1 (operated) and a 200 OHM hold resistor R21.
PAR  When relay P re-operates as described in the above paragraph, the holding
      battery for maintaining an operate path for relay PU via transistor T8 is
      removed at the contact P3, and relay PU is released. The intermittent
      battery from the flash generator FG is thus extended to the light-emitting
      diode LED2 via, terminal FE, relay contact PP2 (operated) and relay
      contact PU1 (released) all these being in the exchange line circuit, the
      TPA wire and the light-emitting diode circuit. The light-emitting diode
      will flash in accordance with the intermittent battery thus giving the
      "line held" indication.
PAR  Any telephone extension may now connect to the exchange line A, by
      operation of the corresponding push button switch KTA, but the flashing
      signal from the light-emitting diode LED2 will deter a party from making
      such a connection unless that party has received a message indicating that
      this connection is desired by the party calling on the exchange line.
PA0  5. Release of Exchange Line
PAR  When a telephone extension connected to an exchange line hangs up, the
      contacts ON1 of the hook switch operated by the telephone handset are
      opened, thus removing the ground potential from the relay LT. However,
      ground potential is initially maintained at lead TPA (or TPB), so that
      relay LT remains energized by current flowing to lead TPA. This current
      flow causes transistor T11 to be turned on and relay RE to be energized,
      whereby relay contacts RE1 and RE2 change over. Relay contact RE2 thus
      extends battery potential to the base of transistor T10, thus causing the
      transistors T10 and T9 to turn off and cause the release of relay PP.
      Contact PP2 in releasing, disconnects the flash generator from the
      exchange line circuit. Relay contact RE1 also disconnects the final
      holding ground for relay LT. Relay LT, accordingly releases, and at
      contacts LT1 and LT2 disconnects the extension from the exchange line
      circuit.
PAR  The removal of ground from the off-normal contacts ON1 as described above,
      allows transistors T4 and T3 to turn on once more. Relay P therefore
      re-operates and releases the exchange line from the exchange line circuit
      at contacts P1 and P2, and releases the PU relay at contact P3. Relay PU
      in operating finally releases the relay RE at relay contact PU2.
PAR  When the exchange line is in the line held condition, the line cannot
      release itself in the manner described above. The button KTA (or KTB) must
      be depressed so that the exchange line in question can be seized once
      more; release will then follow as described above upon hanging up of the
      connected extension.
PAR  Referring to FIGS. 4 and 5, there is shown a telephone intercommunication
      circuit similar to that of FIGS. 1 to 3, but being of simplified
      arrangement and only having one external exchange line and one common
      communication line circuit.
PAR  Referring Now to FIG. 4, each extension telephone station comprises
      conventional telephone circuitry indicated within the box TC in broken
      lines, a push button keypad shown within the box KP in broken lines, a
      dial pulse circuit shown by the box DPC, and a manually operable control
      circuit included within the box CC shown in broken lines, to provide for
      optional selection of a connection to an external exchange line, or of
      transfer from an external exchange line to a local line connection via the
      internal connection line. In addition one only of the extension stations
      includes a wall bell indicated within the box WB in broken lines, for the
      purpose to be described below.
PAR  As is well known, the circuit TC includes a conventional talk and listen
      circuit 1 connected to the telephone handset, a hook switch having a
      normally closed contact ON1 and normally open contacts ON2 and ON3, and
      dial pulse relays DON and DP each connected to the battery power source.
      The relay DON has normally closed contacts DON1 and DON2 provided in leads
      2 and 3 from the talk and listen circuit. The relay DP has a contact in a
      pulsing circuit which is connected to the leads 2 and 3 by make contacts
      DON1 and DON2 when the relay DON is energized.
PAR  The keypad KP is of known type comprising twelve push buttons each having
      two operable make contacts. Only the contacts of keys 1 to 0 are
      connected, as indicated, to outputs 1A to 0A and 1B to 0B of the keypad
      circuit. In addition, one contact of the eleventh key is connected to an
      output 11 of the keypad circuit, for the purpose to be described below.
      The outputs 1A to 0A are connected via corresponding leads to the dial
      pulse circuit DPC, of which output leads are connected respectively to the
      relays DON and DP. The dial pulse circuit is an electronic integrated
      circuit element which may be purchased as a component from any number of
      well known suppliers of telephone equipment, its arrangement being such
      that when a potential, derived from the dial pulse circuit over an output
      lead OLI and via relay contact LT6, is applied to one of the dial pulse
      circuit inputs 1A to 0A from the keypad KP, the relays DON and DP are
      operated over leads OL2 and OL3 to transmit a number of dial impulses
      corresponding to that input, over the leads 2 and 3 of the circuit TC. It
      will be appreciated that circuits DPC and TC may be modified to provide
      multifrequency tone sending when required for use with an external
      exchange operating on this system. The outputs 1B to 0B of the keypad KP
      are connected via a strapping field SF to output terminals B1 to B0 of the
      telephone extension station, the respective outputs B1 to B0 of the
      several extensions being connected together. The strapping field SF of
      each telephone extension provides a connection between one of the
      terminals B1 to B0 and a buzzer of the individual extension station, for
      example, as indicated by the dotted line connection between output 7 and
      buzzer 5 in the drawing. Although the arrangement shown provides for only
      ten outputs to ten telephone extension stations, it is possible for two
      extension telephones close together to share the buzz calling address,
      either by both buzzers of the two stations being strapped together or a
      single buzzer being provided. Furthermore, a secretary's telephone
      instrument can be strapped to have the same address as her principal, so
      that she can answer all calls to his telephone instrument. In such a case
      the output 11 of the secretary's telephone instrument may be connected to
      the buzzer of the principal's telephone to permit local buzz calling of
      the principal by the secretary. As will be described below, the keypad KP
      can provide an output signal from only one of the groups of outputs 1A to
      0A or 1B to 0B and 11 at a time, under the control of relay contacts LT5
      and LT6. The circuit CC includes a relay LT connected between the battery
      power supply and one side of the switch contact ON2; a push button switch
      KT for selection of the external exchange line; a push button switch KL
      for transfer to a local line connection via the internal communication
      circuit; and a warning signal provided by a light-emitting diode LED for
      indicating the busy condition of the external exchange line.
PAR  Referring now to FIG. 5, there will be described the supervisory circuit
      common to all the telephone line extensions. This circuit includes
      terminals -T and +T connected in common to the corresponding output
      terminals of all the individual circuits CC, and providing access to an
      external telephone line through the public exchange, via wires 6 and 7.
      Terminals -L and +L of the supervisory circuit are also connected in
      common to the corresponding terminals of each circuit CC (with the
      exception of one, see below) to provide connection between each of the
      extension telephone stations and a local battery feed supply providing
      power for internal communication between extension telephone stations
      connected, in parallel, to the terminals -L and +L. In the idle condition
      of the communication system, the public exchange line wires 6 and 7 are
      connected via relay contacts P2, P3, PP2, PP3, DB3 and DB4 to a system of
      calling bells indicated within the box CB shown in dotted lines, these
      bells being arranged to provide a common warning audible from all of the
      extension stations. Terminals PU and H of the supervisory circuit provide
      connection between the corresponding terminals of all circuits CC and a
      circuit including relays P, and PP for controlling access of the
      individual extension stations to the public exchange line together with an
      electronic multivibrator element which operates to provide a flashing
      signal to the light-emitting diode of circuit CC, when required. The
      operation of this circuit will be described in more detail below. The
      supervisory circuit further comprises a relay DB connected across the
      battery power source for the intercommunication system, this relay serving
      to sense a failure of the power supply. Corresponding contacts DB1 to DB4
      of the relay are connected as shown so that upon failure of the power
      supply the public exchange lines 6 and 7 are connected to terminals -DBT
      and +DBT of the supervisory circuit, these latter terminals being
      connected via a strapping indicated to output terminals -L and +L of that
      circuit CC of the one corresponding extension telephone which is not
      directly connected to the corresponding terminals -L and +L of the
      supervisory circuit and which includes the wall bell WB. Thus when there
      is a power failure this telephone station is directly connected to the
      exchange line to operate as a single telephone instrument. When the relay
      DB is energized the connection between the circuit CC of this telephone
      and the terminals -L and +L of the supervisory circuit is established via
      the strapping indicated, the terminals -DBT and +DBT and -DB and +DB, and
      the relay contacts DB1 and DB2.
PAR  The operation of the telephone intercommunication circuit described above
      will now be described in more detail below.
PA0  1. Local Call Between Extension Telephones
PAR  With the system in the idle condition as shown in the drawing, when one of
      the extension telephones goes off-hook the talk and listen circuit 1 is
      connected via leads 2 and 3 and relay contacts LT1 and LT2 to the
      terminals -L and +L of the circuit CC and then to the corresponding
      terminals of the supervisory circuit. The local battery feed from the
      supervisory circuit is thus extended to the talk and listen circuit 1. The
      relay contact LT5 provides ground potential via the operated hook switch
      contacts ON3, to that set of the keypad contacts connected to outputs 1B
      to 0B and 11B, and thus upon closure of any one of these contacts ground
      potential is transmitted by the corresponding output and the strapping
      field SF to the corresponding buzzer of another one of the telephone
      stations. When this called telephone station now goes off-hook the talk
      and listen circuit 1 is likewise connected to the terminals -L and +L of
      the supervisory circuit and thus an internal communication connection is
      established between the two extension telephone stations. For a conference
      call, any number of telephone stations may likewise be buzzed and
      establish a connection to the local line circuit provided by terminals -L
      and +L of the supervisory circuit. If an extension telephone called is one
      of two extensions connected together with a common buzzer, for example a
      secretary's telephone provided with the buzzer and connected together with
      a principal's telephone extension then the call may be answered by the
      secretary and then if necessary can be transferred to the principal by
      operation of her keypad contact 11 to operate the buzzer of the principal
      extension.
PA0  2. Exchange Call
PAR  Assuming that an incoming call is received, the calling bells CB will
      provide a warning signal, and any one of the extension telephone stations
      has the option of answering the call. When a telephone extension now goes
      off-hook, the talk and listen circuit 1 is, as described above, initially
      connected to terminals -L and +L. However, to establish a connection with
      the external exchange line the push button KT of circuit CC is operated at
      the answering extension, and thus battery potential is extended from the
      circuit CC via relay LT, the now closed hook switch contact ON2, switch
      contact KT, and diode D3, to the terminal PU of the supervisory circuit.
      Assuming that relay P of the supervisory circuit has not already been
      energized, relay LT of the circuit CC is operated in the circuit: battery,
      winding of relay LT, operated hook switch contacts ON2, operated key
      contact KT, diode D3, terminal PU of the circuit CC, terminal PU of the
      supervisory circuit, and the winding of relay P in parallel with the
      emitter-collector path of transistor T2, to ground. In this condition, the
      bias applied to the base electrode of transistor T2 from battery, via the
      winding of relay PP, contact P4 (normal) and resistors R4, R5, is such
      that the transistor T2 is rendered conductive by the potential which
      appears on the terminal PU. The transistor T2 thus shunts relay P and
      prevents its immediate operation. Relay PP is also unaffected by the bias
      current which flows. In the circuit CC, the operation of relay LT, at
      contacts LT3 and LT4 completes a path via resistor R1 to terminal H. While
      the contact KT remains closed, a current path from terminal H to ground is
      completed via the terminal PU, and, in accordance with the value of
      resistor R1, the bias current through resistors R4, R5 is reduced and
      causes the transistor T2 to turn OFF, thus removing the shunt from relay
      P, which now operates. In the circuit CC, the operated contacts LT1 to LT2
      connect the talk and listen circuit 1 to the exchange wires 6 and 7.
      Contact LT5 disconnects ground potential from the buzzer outputs 1B to 0B,
      while contact LT6 prepares a path from the dial pulse circuit DPC to the
      outputs 1A to 0A of the keypad KP. In the supervisory circuit, operation
      of relay P at contact P1 completes a holding circuit for itself and relay
      LT in the circuit CC, independent of the key switch contacts KT. Also, in
      the circuit CC, the diode D2 in the circuit of transistor T1 is no longer
      forwardly biased, in which condition the transistor T1 operates to cause
      the light-emitting diode LED to glow, thereby indicating the busy
      condition of the exchange line. In the supervisory circuit operation of
      contacts P2 and P3 disconnect the external exchange wires 6 and 7 from the
      system of calling bells CB while contact P4 opens a point in the path to
      relay PP, disconnecting the initial bias circuit for transistor T2. The
      exchange line connection is now complete and conversation may ensue. It
      will be appreciated that with the arrangement as described above, if the
      keys KT in two or more circuits CC are operated simultaneously, then the
      supervisory circuit P relay in parallel with the emitter-collector path of
      transistor T2 limits the current in the PU path so that no LT relay
      receives sufficient current to operate, and no circuit action will occur
      until all but one KT switch is restored. Should the key contacts KT be
      held operated after the operation of relay P in the supervisory circuit,
      then the PU common is isolated from the hold path for relays P and LT, by
      the diode D3, and consequently no other CC circuit can interfere with the
      holding of the circuit in question. If the connection to the exchange line
      is not in reply to an incoming call, but the extension station desired to
      make an outgoing call, then this may be achieved by means of the keypad
      KP, the contacts to outputs 1A to 0A of which are now rendered operative
      by means of the relay contact LT6.
PA0  3. hold Condition
PAR  Should the extension telephone now connected to the public exchange line
      wish to return to a local extension call, the button KL of the extension
      telephone is pressed thus applying ground potential to terminal H of the
      supervisory circuit and short-circuiting relay P. The relay P thus becomes
      deenergized and its contacts P1 to P4 restore to their normal positions.
      Contact P4 restoring completes an operating circuit for relay PP, and
      relay PP operating completes, at contact PP1, a holding circuit for relay
      PP independent of the ground on terminal H from the operated key KL of the
      circuit CC. Relay PP also, at contacts PP2 and PP3, disconnects the call
      bells CB from the exchange line and connects a holding loop thereto over
      resistor R8, at contact PP4, applies battery via resistor R7 to the bias
      resistors R4 and R5 to prepare the transistor T2 for operation to guard
      relay P, and, at contact PP5, applies battery over a connection linking
      terminals FB1 and FB2 to start the flasher unit FU. The flasher unit
      comprises a multivibrator circuit, formed by the symmetrically
      interconnected transistors T4 and T5, and an output transistor T3, the
      latter having its collector load impedance R9 connected by way of the
      linked terminals F0 and PU to ground via the parallel combination of relay
      P and the collector-emitter path of transistor T2. Thus, during operation
      of the flasher unit, alternate potential changes occur at terminal PU
      which forward and reverse bias the diode D2 in the circuit CC, thus
      causing the light-emitting diodes LED in all circuits CC to flash in step
      with the operations of the flasher unit, to indicate that the exchange
      line is being held. Since the original hold circuit for relay LT is now
      disconnected at contact P1 in the supervisory circuit, release of the
      button KL in the circuit CC allows the relay LT to restore, so that
      contact LT1 - LT6 return to their normal positions. The calling telephone
      extension may now make an internal call via the internal communication
      line and following this call the extension may either return to the
      exchange line by again pressing push button KT or, alternatively, any
      other telephone extension may connect to the exchange line by pressing
      their button KT, the circuit action being similar to that described above
      for the initial exchange line connection, except that upon the operation
      of relay P, subsequent to the operation of relay LT, contact P4 opens to
      release relay PP which restores its contacts PP1 to PP5 thus terminating
      the operation of the flasher unit FU. Although any telephone extension is
      free to connect to the external exchange line while the latter is in the
      held condition, it will be appreciated that the flashing indication
      provided by the light-emitting diode will deter an extension from
      connecting to the exchange line unless it has been indicated via the
      internal communication circuit that the external caller desires connection
      to that extension.
PA0  4. Release of Exchange Line
PAR  When an extension telephone connected to the external exchange line
      releases, the hook switch contacts ON1, ON2 and ON3 restore. Contact ON
      restoring, deenergizes relay LT in the circuit CC and relay P in the
      supervisory circuit, so that the contacts LT1 - LT5, in the circuit CC and
      the contacts P1 - P4 restore to their normal conditions. The external
      exchange line is now again in the idle condition.
PAR  As will be understood from the above description, the present invention
      provides in a simple manner a common control circuit for a telephone
      communication system, which control circuit comprises circuit elements
      distributed between a common supervisory means for a communication line
      and a plurality of extension telephone stations having access to said
      common communication line, the number of control signal leads linking the
      telephone stations to the common supervisory means being reduced to a
      minimum.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A telephone communication system including a plurality of extension
      telephone stations, and a common supervisory means for controlling access
      to a communication line from each of said telephone stations, said
      telephone stations and said supervisory means both including elements of a
      common control circuit for influencing the condition of said supervisory
      means, and said common control circuit including a single signaling wire
      extending between said telephone stations and said supervisory means, the
      signal potential established in said wire being dependent on the condition
      of circuit means of each telephone station and at least two circuit means
      of said supervisory means, and the later circuit means being controlled in
      accordance with said signal potential; each of said telephone stations
      also including at least one circuit means controlled in accordance with
      said signal potential; said circuit means of each extension telephone
      station comprising line switching means for establishing a connection
      between the telephone speech transmission circuit of said station and
      terminal means of said station; said circuit means of said supervisory
      means comprising first switching means for effecting a connection between
      line wires of said communication line and common terminal means of said
      supervisory means connected to said terminal means of all of said
      extension telephone stations, and second switching means for connecting a
      hold loop to said line wires; the arrangement being such that with both
      said line switching means of any one telephone station and said first
      switching means of the supervisory means operated to establish a through
      connection from the communication line to said one telephone station, a
      stable state exists; and each telephone station further including manually
      operable means for varying the potential existing in said single signal
      wire in said stable state whereby by release of the first switching means
      and operation of the second switching means of the supervisory means a
      hold loop is applied to the communication line wires, and including means
      responsive to hanging up of said telephone station for varying the
      potential existing in said single signal wire in said stable state whereby
      by rendering both of said first and second switching means inoperative the
      communication line wires are released.
NUM  2.
PAR  2. A telephone intercommunication circuit as claimed in claim 1, in which
      the said line switching means of each telephone station and the said first
      switching means of the supervisory means comprise relay switching circuits
      having self-holding current paths forming potential divider circuits, a
      tapping on each of said potential divider circuits being connected to said
      single signal wire.
NUM  3.
PAR  3. A telephone intercommunication circuit as claimed in claim 2, in which
      each telephone station further includes manual switching means for closing
      a current path of said common control circuit, independent of said single
      signal wire, to operate said relay switching circuits and establish a
      through connection to said communication line wires, said independent
      current path including a single wire extending between all of said manual
      switching means and a tapping of a potential divider circuit formed by a
      holding current path of said relay switching circuit of the supervisory
      means, and the arrangement being such that upon completion of said holding
      current path the potential at said tapping is no longer sufficient for
      actuation of the relay switching circuit of an extension telephone
      station.
NUM  4.
PAR  4. A telephone intercommunication system as claimed in claim 2, in which
      the said second switching means comprises a second relay switching circuit
      of the supervisory means having a self-holding current path forming a
      potential divider circuit of which a tapping is also connected to said
      single signaling wire; the arrangement being such that when said relay
      circuit of a telephone station is actuated the potential of said single
      signaling wire is sufficient to cause actuation of said second relay
      switching circuit, while upon actuation of said second relay switching
      circuit the potential of said single signaling wire is such as to cause
      said relay circuit of the telephone station to release; said first relay
      switching circuit of the supervisory means having a first relay contact in
      the second switching circuit whereby the latter circuit is inoperative
      when the first circuit is operative, and having a second relay contact
      arranged to disconnect the first relay switching circuit from said single
      signaling wire when said circuit releases; said manually operable means of
      each telephone station comprising a switch means for temporarily reducing
      the potential of said single signaling wire without rendering the relay
      switching circuit of the telephone station inoperative, whereby initially
      said first relay switching circuit of the supervisory means is deenergized
      and then, upon restoration of the control signal from the telephone
      station, the second relay switching circuit of the supervisory means is
      operated; and said means responsive to hanging up comprising a switch
      contact arranged to render the relay switching circuit of the telephone
      station inoperative.
NUM  5.
PAR  5. A telephone intercommunication system as claimed in claim 2, in which
      the said second switching means comprises a second, self-holding, relay
      switching circuit of the supervisory means, arranged to be energized
      together with said first relay circuit to prepare a hold loop across idle
      contacts of the first relay circuit, and said supervisory means further
      comprising a third relay switching circuit having a switch contact in the
      holding current path of the second relay switching circuit, the
      arrangement being such that upon operation of said manually operable means
      of a telephone station only the first switching means is deenergized,
      while upon hanging up of a telephone station the first relay switching
      circuit is deenergized and the third relay switching circuit is energized.
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ABST
PAL  Time compression receiver for detecting the signalling tones in a DTMF
      (dual tone multi-frequency) format present on eight receiver input lines.
      A multiplexer repeatedly samples the input signals present on the eight
      input lines. These analog samples are converted to digital samples and
      stored in a memory. Stored samples are read out for each input line in
      order while new samples are being written into the memory. Samples are
      read out at twice the rate they are written in. The samples are converted
      to analog signals and passed through a low pass filter. The frequencies
      present in the resulting signal are speeded up by a factor of sixteen over
      the frequencies of the signalling tones present in the input signal from
      which it was derived. The signal frequencies are passed through reject
      filters, comparator and limiter circuits, a bank of tone filters, and
      level detectors to check for each possible resulting frequency and to
      produce an indication of the presence or absence of each.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for receiving and detecting the
      presence of analog signals on a plurality of input lines. More
      particularly, it is concerned with receivers for detecting signalling
      tones on telephone lines.
PAR  In a telephone exchange incoming lines may be connected to a receiver which
      receives signalling tones on the lines, detects the particular tones
      present, and supplies the tone information in a digital format to control
      circuitry. Typically, the signalling tones may be of either the well-known
      MF (multifrequency) or DTMF (dual tone multi-frequency) format. In a
      system employing the DTMF format the incoming signals are applied to a
      pair of band reject filters which separate high frequency tones from low
      frequency tones. The outputs of the band reject filters are applied to
      comparator and limiter circuitry. The resulting signals are applied to
      banks of tone filters each of which passes one of the frequency tones used
      in the system. The output of each tone filter is connected to a level
      detector which is set by a signal passing through its associated tone
      filter to produce a signal indicating that a particular tone is present on
      the incoming line.
PAR  In an exchange as described briefly hereinabove, a complete receiver is
      required for each incoming line on which signalling tones are being
      received. Thus, the space requirement, weight, and cost increases
      proportionally with the number of receivers in the exchange.
PAC  SUMMARY OF THE INVENTION
PAR  Time compression receiving apparatus in accordance with the present
      invention provides for receiving and detecting signals on several incoming
      lines while considerably reducing the filtering and detection circuitry
      required. The apparatus detects the presence of signals of predetermined
      frequencies on any of a plurality of receiver input lines. The apparatus
      includes a multiplexing means which repeatedly samples the receiver input
      lines in order and produces analog samples of input signals present on the
      receiver input lines at its output connection. An analog-to-digital
      converting means is coupled to the output connection of the multiplexing
      means and converts each of the analog samples to a digital sample. The
      digital samples are stored in a memory means. A memory readout means reads
      the digital samples associated with each of the receiver input lines out
      of the memory means. All of the samples associated with a receiver input
      line are read out for each receiver input line in turn. The digital
      samples associated with a receiver input line are read out in the same
      order as the analog samples associated with that receiver input line were
      produced by the multiplexing means.
PAR  A digital-to-analog converting means which is coupled to the memory means
      converts each digital sample to an analog pulse. The analog pulses
      associated with a receiver input line are converted to an analog signal by
      a filter means. The signal frequencies present in an analog signal are
      equal to those predetermined frequencies present in the associated input
      signal times an integral multiple of the number of receiver input lines. A
      detecting means determines the presence or absence of each of the signal
      frequencies in the analog signal and produces an indication thereof,
      thereby indicating the presence or absence of each of the predetermined
      frequencies in the associated input signal. The apparatus also includes
      receiver identifying means for producing receiver identifying signals
      which designate the particular receiver input line with which the
      indications are associated.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Additional objects, features, and advantages of receiver apparatus in
      accordance with the present invention will be apparent from the following
      detailed discussion together with the accompanying drawings wherein:
PAR  FIG. 1 is a block diagram of a time compression receiver in accordance with
      the present invention;
PAR  FIG. 2 is a logic diagram of the timing and control logic of the receiver
      of FIG. 1;
PAR  FIG. 3 is a logic diagram of a section of the receiver including a
      multiplexer, an analog-to-digital converter, a memory, and a
      digital-to-analog converter;
PAR  FIGS. 4 and 5 are diagrams of the filtering and detection sections of the
      receiver;
PAR  FIGS. 6A and 6B are timing diagrams of signals generated within the
      receiver for controlling its operation;
PAR  FIG. 7 is a chart illustrating the organization of the memory; and
PAR  FIG. 8 is a table which is useful in explaining the sequence of operations
      of the receiver.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PA0  General
PAR  A time compression receiver in accordance with the present invention is
      illustrated in the block diagram of FIG. 1. For purposes of discussion a
      specific embodiment having particular parameters is described herein. In
      the particular specific embodiment under discussion a DTMF signal format
      is employed and the signalling tones are five low frequency tones of 570
      Hz, 697 Hz, 770 Hz, 852 Hz, and 941 Hz, and five high frequency tones of
      1209 Hz, 1336 Hz, 1477 Hz, 1633 Hz, and 2600 Hz.
PAR  The receiver as illustrated in FIG. 1 services eight incoming lines at a
      time. The incoming lines are each connected to one of eight low pass
      filters 1-8, 10. The output signals from the low pass filters 1-8 labeled
      RCVR 1 - RCVR 8 are applied in parallel to the 8-input analog multiplexer
      11. The multiplexer 11 operates under control of INPUT CODE signals from
      the timing and control logic 12 to repeatedly sample each of the input
      signals in order.
PAR  Each analog sample from the multiplexer 11 is converted to a 6-bit digital
      sample by an analog-to-digital converter 13. The analog-to-digital
      converter 13 is controlled by a START signal from the timing and control
      logic 12. Under control of R/W and ADDRESS signals from the timing and
      control logic 12 the 6-bit samples are entered in a random access memory
      14. By virtue of the sampling sequence of the multiplexer 11 the order in
      which the samples associated with the receiver input lines are entered
      into the memory is the first sample from each of the eight input lines in
      order, then the second sample from each input line in order, and so on.
      The capacity of the memory 14 is 256 6-bit samples for each of the eight
      input lines. That is, a total of 2048 samples are taken and stored in the
      memory during a memory input period.
PAR  The digital samples associated with each receiver input line are read out
      of the memory 14 under the control of the R/W, ADDRESS, and LOAD signals
      from the timing and control logic 12. All the samples associated with an
      input line are read out for each input line in turn. The 256 samples
      associated with a receiver input line are read out during a line readout
      period with the oldest sample associated with that input line being read
      out first. In the particular specific embodiment under discussion the
      digital samples are read out at twice the rate the samples are entered.
      Thus, as will be explained hereinbelow, within a single memory input
      period, for each receiver input line two sets of 256 samples are read out
      during separate line readout periods with a 50% overlap of the digital
      samples read out. Since data on each receiver input line is presented
      twice, this arrangement provides the opportunity for checking the
      continued existence of the signals over a period of time in order to
      verify that the tones as indicated are really present and that noise is
      not producing the response.
PAR  Each 6-bit sample read out of the memory 14 is entered in a buffer register
      15 and is applied to a digital-to-analog converter 16. The
      digital-to-analog converter converts each digital sample to an analog
      pulse. The analog pulses are applied to a low pass filter 17 to produce a
      smooth, continuous analog signal. By virtue of the time compression
      provided by the apparatus, the frequencies present in the analog signal
      from the filter 17 are 16 times the tone frequencies present on the input
      line with which the analog signal is associated.
PAR  The analog signal from the low pass filter 17 is applied to band reject
      filters 18 and 19. If one of the five high frequencies is present, it
      passes through the low band reject filter 18 to the comparator and limiter
      20. If one of the five low frequencies is present, it passes through the
      high band reject filter 19 to the comparator and limiter 21. The
      comparators ensure that only a signal having a predetermined threshold is
      accepted, and the limiters fix the amplitude of the signals.
PAR  Signals from the comparator and limiter 20 are applied to tone filters 22,
      23, 24, 25, and 26. The comparator and limiter 21 is connected to tone
      filters 27, 28, 29, 30, and 31. Each of the tone filters passes only a
      single frequency which is 16 times one of the 10 signalling tones. The
      high bandpass filters 22, 23, 24, 25, and 26 pass 41,600 HZ, 26,128 Hz,
      23,632 Hz, 21,376 Hz, and 19,334 Hz, respectively. The low bandpass
      filters 27, 28, 29, 30, and 31 pass 15,056 Hz, 13,632 Hz, 12,320 Hz,
      11,152 Hz, 9,120 Hz, respectively.
PAR  The outputs of the tone filters 22, 23, 24, 25, and 26 are applied to level
      detectors 32, 33, 34, 35, and 36, respectively. The outputs of the tone
      filters 27, 28, 29, 30, and 31 are applied to level detectors 37, 38, 39,
      40, and 41, respectively. In response to a frequency of suitable amplitude
      being applied thereto a level detector produces a steady state output
      signal at its output terminal. The presence of an output signal from one
      of level detectors 32, 33, 34, 35, or 36 at output terminal 42, 43, 44,
      45, or 46 indicates the presence of a tone of 2600 Hz, 1633 Hz, 1477 Hz,
      1536 Hz, or 1209 Hz, respectively, on the associated input line.
      Similarly, the presence of an output signal from one of level detectors
      37, 38, 39, 40, or 41 at output terminal 47, 48, 49, 50, or 51 indicates
      the presence of a tone of 941 Hz, 852 Hz, 770 Hz, 697 Hz, or 570 Hz,
      respectively, on the associated input line.
PAR  The timing and control logic 12 produces receiver input line identifying
      signals labeled RCVR CODE for identifying the particular input line with
      which the output signals at the output terminals 42-46 and 47-51 are
      associated. A STROBE signal is also produced by the timing and control
      logic 12 for each set of data associated with a RCVR CODE signal at a time
      subsequent to any possible delays in propagating data through the
      apparatus to the output terminals.
PA0  Timing and Control Logic
PAR  The timing and control logic section of the receiver is illustrated in the
      logic diagram of FIG. 2. Standard well-known symbols and notations are
      employed to designate various logic components. The timing and control
      signals for controlling the operation of the receiver are generated by the
      timing and control logic section. Certain of the signals produced by the
      timing and control logic are shown in the timing diagrams of FIGS. 6A and
      6B.
PAR  A timing train starts from a master oscillator 60 which produces squarewave
      clock pulses at the rate of 1.152 MHz. The squarewave pulses are applied
      to a series of counters including a count-to-6 counter 64, a first
      count-to-16 counter 61, a second count-to-16 counter 62, and a third
      count-to-16 counter 63. Outputs from the four stages of the third
      count-to-16 counter 63 are loaded into a fourth count-to-16 counter 67 by
      way of an adder 66. The adder 66 is connected to add a count of one so
      that counter 67 contains a count which is greater by one than the count in
      counter 63. Outputs from the last stage of the count-to-6 counter 64 and
      the first stage of the count-to-16 counter 61 are applied to flip-flop 65.
PAR  Outputs labeled A, B, and C (as shown in FIG. 6A) are taken from stages in
      the count-to-6 counter 64 and applied to the first count-to-16 counter 61
      as shown in FIG. 2. The A and C outputs are combined through logic
      components to produce the LOAD signal (FIG. 6A) for loading data from the
      memory into the buffer registers 15. The output labeled D from the
      flip-flop 65 is combined with the output of the first stage of the first
      count-to-16 counter 61 to produce the START signal (FIG. 6A) to the
      analog-to-digital converter 13. These same two signals are also combined
      by suitable logic to produce the R/W ADD SEL signal (FIG. 6A) for use in
      controlling the memory address as will be explained hereinbelow. The R/W
      ADD SEL signal is combined with the A output from the count-to-6 counter
      64 to produce the R/W signal (FIG. 6A) to the memory 14.
PAR  Signals labeled IN 2.sup.0, IN 2.sup.1, and IN 2.sup.2 (IN 2.sup.0 is shown
      in FIG. 6A) are taken from the first count-to-16 counter 61 and applied as
      the INPUT CODE to the analog multiplexer 11. These signals establish the
      basic rate at which the receiver input lines are sampled to provide a data
      sampling period of 10.4 microseconds.
PAR  Outputs from the third count-to-16 counter 63 produce the RCVR 2.sup.0,
      RCVR 2.sup.1, and RCVR 2.sup.2 signals of the RCVR CODE (FIG. 6B). These
      signals identify the particular receiver input line associated with the
      data being presented at the outputs 42-51 (FIG. 1). The STROBE signal
      (FIG. 6B) is produced by the second count-to-16 counter 62. As shown in
      FIG. 6B the RCVR CODE and STROBE signals establish a 1.33 millisecond
      period, designated a line readout period, during which data associated
      with a single receiver input line is read out of the memory.
PAR  ADDRESS signals A.sub.0 -A.sub.10 for addressing the storage locations of
      the memory are produced by an arrangement of 11 address multiplexers
      70-80. The stages of the four count-to-16 counters 61, 62, 63, and 67 are
      connected to the inputs of the multiplexers. The "A" inputs to the
      multiplexers contain writing address information and the "B" inputs
      contain readout address information. The A and B inputs are multiplexed at
      the outputs by the R/W ADD SEL signal applied to the control inputs. The
      particular pattern of connections between the outputs of the count-to-16
      counters and A and B inputs of the address multiplexers is such as to
      provide the proper sequence for writing in and reading out data from the
      memory as will be explained hereinbelow.
PA0  Sampling and Digitizing
PAR  As shown in FIG. 1 the eight input lines are each connected to a low pass
      filter 1-8, 10. The low pass filters 1-8 may be any of various types of
      well-known filters either active or passive. Preferably, in order to save
      weight and space active filters may be employed. The low pass filters 1-8
      reduce high frequency noise which might combine with the sampling rate at
      which the analog multiplexer 11 operates to produce frequencies at the
      same frequency as a signal tone.
PAR  The tones on the input lines pass through the low pass filters 1-8 and are
      applied as signals RCVR 1 - RCVR 8 to the 8-input analog multiplexer 11 as
      shown in FIG. 3. The multiplexer 11 is stepped through its eight input
      terminals by signals IN 2.sup.0, IN 2.sup.1, and IN 2.sup.2 from the
      timing section. (The IN 2.sup.0 signal is shown in FIG. 6A.) An analog
      sample is thus taken every 10.4 microseconds, and the signal on each
      receiver input line is sampled every 83.3 microseconds. Thus, a total of
      256 analog samples are taken of each of the eight input signals RCVR 1 -
      RCVR 8 over a memory input period of 21.3 milliseconds.
PAR  Every 10.4 microsecond period the multiplexer 11 applies an analog sample
      to the analog-to-digital converter 13 through amplifier 9. The
      analog-to-digital converter 13 is activated by a START signal from the
      timing section as shown in FIG. 6A. The analog-to-digital converter 13
      converts each analog sample to a digital sample of six bits. The six bits
      are presented in parallel at its outputs.
PA0  Memory and Memory Addressing
PAR  The memory 14 as shown in FIG. 3 employs an arrangement of twelve random
      access memories (RAMS) 81-92 for storing the six bits of each digital
      sample received from the analog-to-digital converter 13. Each RAM has
      storage locations for 1024 bits, and thus has 10 address inputs A.sub.0 -
      A.sub.9 for selecting each of the 1024 bit storage locations. In addition,
      each RAM has an enabling input labeled CE. The A.sub.0 - A.sub.9 address
      signals from the address multiplexers 70-79 of the timing and control
      logic are connected in parallel to the A.sub.0 - A.sub.9 address inputs of
      each RAM. The A.sub.10 address signal (the most significant bit) is
      applied directly to the CE input of six of the RAMS 81-85 and through an
      inverter to the CE input of the other six RAMS 86-92. In effect this
      arrangement provides a memory having 2048 sets of storage locations, each
      set of storage locations being capable of storing a 6-bit digital sample
      and being addressed by address signals A.sub.0 - A.sub.10. For purposes of
      discussion herein, the memory is considered organized as a matrix of 8 by
      256 sets of storage locations with the addresses to the sets of storage
      locations expressed as octal base numbers. A chart of this memory
      arrangement is shown in FIG. 7.
PAR  The RAMS are enabled to write in or read out data by the R/W signal from
      the timing section. The R/W signal as shown in FIG. 6A is repeated every
      10.4 microsecond data sampling period with the "write" instruction
      occurring for a short portion of the period immediately prior to the end
      of the period. Although the "read" instruction occurs during the remainder
      of each 10.4 microsecond period, data is not read out and loaded into the
      buffer 15 except during two pulses of the LOAD signal (FIG. 6A) during
      earlier portions of each 10.4 microsecond period. The LOAD pulses cause
      the buffer 15 to accept the data presented at its inputs from the outputs
      of the RAMS.
PAR  The sequence in which data is written into and read out of the memory is
      shown in detail by the table of FIG. 8. As shown by the column labeled
      "Sampling and Writing Sequence" samples are obtained by sampling each of
      the eight receiver input lines in order repeatedly. Each sample is entered
      in the memory during the same 10.4 microsecond data sampling period it was
      produced. As indicated by the addresses for the Sampling and Writing
      Sequence the samples are written into the memory in order by rows as
      illustrated in the chart of FIG. 7. The WRITE ADDRESS sequence is also
      indicated in the timing diagram of FIG. 6B. Each column of the memory as
      shown by the chart of FIG. 7 contains samples associated with a single one
      of the eight input lines. As stated previously the memory has a capacity
      of 256 samples for each of the eight input lines, a total of 2048 samples.
      The data in the memory is completely replaced every memory input period of
      21.3 milliseconds.
PAR  As shown by the column labeled Reading Sequence in FIG. 8 data is read out
      of the memory in different order. Samples associated with input line 1 are
      read out first, followed by samples associated with input line 2, and so
      on in order by lines. The samples are read out by reading down the columns
      shown in the chart of FIG. 7. The data is read out at twice the input
      rate, that is two samples are read out during each 10.4 microsecond data
      sampling period.
PAR  The data for each receiver input line is read out of the memory in order
      starting with the oldest sample. That is, during the first line readout
      period of a memory input period input line 1 data is read out starting
      with the 0 address. A sample is read out every 5.2 microseconds by
      addressing every eighth address in order during subsequent LOAD signal
      pulses. The sequences of addresses are shown in the Reading Sequence
      addressed of FIG. 8, the input 1 column of FIG. 7, and the READ ADDRESS of
      FIG. 6B. The 256 samples associated with input 1 are read out in a line
      readout period of 1.33 milliseconds.
PAR  As can be seen from FIGS. 6B and 8 by the end of the first line readout
      period new data has been entered in addresses 0 through 177. Thus upon
      completion of the first line readout period the oldest sample of input 2
      data (designated sample 17) is stored at address 201. Therefore, during
      the line readout period for input 2 data as shown under Reading Sequence
      in FIG. 8, 256 samples are read out starting at address 201 and proceeding
      to address 3771 and then from address 1 through 171.
PAR  The writing in and reading out of data proceeds in a similar manner as
      indicated in FIGS. 6B, 7, and 8 for eight line readout periods or one-half
      of a memory input period. At this time the 256.sup.th sample of input 8
      data has been read out at address 1577 and the 128.sup.th sample of new
      input 8 data has been written in at address 1777. That is, while all the
      memory storage locations have been addressed for reading out data, only
      half the storage locations have been addressed for writing in new data.
PAR  During the next half of the memory input period, data continues to be
      entered into the memory in the same manner as previously from address 2000
      to address 3777. During the second half of the memory input period the
      entire memory is read out during eight line readout periods. However,
      since the oldest sample of input 1 data is now located at the 2000
      address, that location is addressed first. During the line readout period
      256 samples are read out, from addresses 2000 to 3700 and then from
      addresses 0 to 1770.
PAR  During the second line readout period of the second half of the memory
      input period the input 2 data is read out starting with the samples stored
      at address 2201, the oldest stored sample of input 2 data at that time.
      Operation continues in this manner as shown in FIGS. 6B, 7, and 8 until
      the 256.sup.th sample of input 8 data is written in at address 3577.
PAR  As can be seen data for each input line is read out twice during a memory
      input period, and there is an overlap of 50% of the data during each line
      readout period.
PAR  The proper address information A.sub.0 - A.sub.10 is provided to the RAMS
      during the positive pulses of the LOAD signal (FIG. 6A) to read out
      samples and during the negative-going pulses of the R/W signal (FIG. 6A)
      to write in samples by the timing and control logic of FIG. 2 as explained
      hereinabove. The outputs of the stages of counters are connected in order
      to the A inputs of the address multiplexers 70-80. The WRITE ADD LSB
      signal (FIG. 6A) which determines the basic 10.4 microsecond data sampling
      rate is applied to the A input of the first address multiplexer 70.
PAR  Since the readout addresses are in order by eights, the connections from
      the outputs of the counter stages to the B inputs of the address
      multiplexers are somewhat different. The READ ADD LSB signal (FIG. 6A)
      which establishes the basic 5.2 microsecond data readout period is applied
      to the B input of the fourth address multiplexer 73 thus establishing a
      count-by-8 sequence. The first three address multiplexers 70-72 determine
      the last digit of the address and, therefore, the signals at their B input
      change only upon completion of each line readout period.
PAR  The outputs of the address multiplexers 70-80 are connected to the proper
      inputs A or B at the proper time during the LOAD and R/W signals by the
      R/W ADD SEL signal (FIG. 6A). As can be seen, during each 10.4 microsecond
      data sampling period three different combinations of address signals
      A.sub.0 - A.sub.10 are produced by the address multiplexers 70-80; two
      readout addresses and one write in address.
PA0  Digital-to-Analog Conversion and Analog Processing
PAR  During each 5.2 microsecond data readout period the six bits of a digital
      sample are read out in parallel from the memory 14 and placed in the
      buffer 15 under control of the LOAD signal. The outputs of the buffer 15
      are connected to a digital-to-analog converter 16 which converts the six
      bits of each digital sample to an analog voltage. During a line readout
      period of 1.33 milliseconds the 256 samples associated with a single
      receiver input line appear as a series of 256 analog voltage pulses at the
      output of the digital-to-analog converter 16. These 256 pulses are
      produced from samples which were obtained by the 8-input multiplexer 11
      over a period of 21.3 milliseconds. Thus, the pulses in the ANALOG signal
      from the digital-to-analog converter 16 have been speeded up, or time
      compressed, by a factor of 16.
PAR  The voltage pulses of the ANALOG signal are applied to a low pass filter 17
      as illustrated in FIG. 4. The low pass filter 17 eliminates the steps
      between pulses of the ANALOG signal and also reduces sum and difference
      frequencies generated during the sampling procedure. Thus, during each
      1.33 millisecond line readout period the output of the low pass filter 17
      is a smooth, continuous curve of signal frequencies sixteen times the
      frequencies present in the input signal from which it was derived.
PAR  The output signals of the low pass filter 17 are applied to a low band
      reject filter 18 and a high band reject filter 19 in parallel. As
      memtioned previously, in the system under discussion signal tones of 1209
      Hz, 1336 Hz, 1477 Hz, 1633 Hz, and 2600 Hz are designated high band and
      signal tones of 570 Hz, 697 Hz, 770 Hz, 852 Hz, and 941 Hz are designated
      low band. Since the incoming frequencies have been multiplied by a factor
      of 16, the low band reject filter 18 rejects frequencies of 15,056 Hz (941
      .times. 16) and below. The high band reject filter 19 rejects frequencies
      of 19,344 Hz (1209 .times. 16) and above.
PAR  The signals passing through the band reject filters 18 and 19 are applied
      to comparators 96 and 97 of the comparator and limiter arrangements 20 and
      21, respectively. The comparators 96 and 97 pass only signals from the
      band reject filters which exceed a predetermined threshold level. Thus,
      the incoming signals must be of greater amplitude than a certain minimum
      level in order to be acceptable. The limiters 98 and 99 are differential
      amplifier circuits which amplify the outputs of the comparators 96 and 97,
      respectively, to produce square waves having a fixed peak-to-peak level.
PAR  The HIGH BAND and LOW BAND signals from the limiters 98 and 99 are applied
      to tone filters as shown in FIG. 5. The HIGH BAND signal is applied in
      parallel to bandpass filters 22, 23, 24, 25, and 26 which pass frequencies
      of 41,600 Hz, 26,128 Hz, 23,632 Hz, 21,376 Hz, and 19,344 Hz,
      respectively. The LOW BAND signal is applied in parallel to bandpass
      filters 27, 28, 29, 30, and 31 which pass frequencies of 15,056 Hz, 13,632
      Hz, 12,320 Hz, 11,152 Hz, and 9,120 Hz, respectively. The outputs of the
      bandpass filters 22-26 are applied to associated comparator circuits
      102-106, respectively, and the outputs of bandpass filters 27-31 are
      applied to associated comparator circuits 107-111, respectively. The
      comparator circuits respond only to signals above a certain predetermined
      threshold level. Thus, each comparator circuit further ensures that the
      amplitude of the associated tone in the incoming signal is of sufficient
      magnitude to be a proper signal.
PAR  The outputs of the comparators 102-106 are applied to associated one-shot
      multivibrators 112-116, respectively, and the outputs of the comparators
      107-111 are applied to associated one-shot multivibrators 117-121,
      respectively. The one-shot multivibrators have a timing cycle of
      approximately 370 microseconds, and thus output pulses from the comparator
      continually retrigger its associated multivibrator to hold in ON. While a
      multivibraor 112-116 and 117-121 is ON it produces a relatively high level
      signal at its output terminal 42-46 and 47-51, respectively, indicating
      the presence of the associated signal tone in the input signal at its
      associated receiver input line.
PAR  The indicating signal appears at the output of a multivibrator during a
      line readout period of 1.33 milliseconds (plus the 370 microseconds
      operating period of the multivibrator) while the data associated with the
      input line is being read out of memory. During the 1.33 millisecond period
      that an indicating signal is present, RCVR CODE signals RCVR 2.sup.0, RCVR
      2.sup.1, and RCVR 2.sup.2 (shown in FIG. 6B) identifying the particular
      receiver input line are produced by the timing section. These signals
      indicate in binary digit form the specific receiver input line associated
      with the tone information being presented at the output terminals 42-51.
PAR  As shown in FIG. 6B a STROBE pulse is produced by the timing section near
      the end of each 1.33 millisecond line readout period. This pulse may be
      employed to strobe succeeding equipment to accept the output signals from
      the multivibrators together with the RCVR CODE. The identification of the
      receiver input line and the signalling tones present thereon may then be
      used in the usual well-known manner. Also in this particular embodiment,
      information is presented at the output terminals (with 50% overlap) during
      two separate line readout periods of a memory input period. Thus, a
      relatively large amount of data is provided to permit verification that
      the signal information is correct.
PAR  In summary, the receiver as described herein receives signalling tones on
      eight receiver input lines in parallel. The signal frequencies present on
      each line are sampled, converted to digital samples, and the digital
      samples are stored in a memory. The data is read out from the memory at 16
      times the speed it was collected, and is converted to an analog signal
      with frequencies 16 times the tone frequencies from which it was derived.
      The analog signal is processed in a manner which is standard for
      processing signalling tones, except that the frequencies are greater by a
      factor of 16. The output information on the presence or absence of each of
      the signalling tones is presented in binary form in the usual well-known
      manner. Receiver input line address information pertaining to the
      signalling tone indications is presented simultaneously with the tone
      indications for processing by other equipment of the exchange in
      accordance with standard techniques. The receiver as described provides
      for a reduction in filters and other analog signalling circuitry to
      one-eighth of that previously required for receivers handling eight input
      lines. These components are responsible for most of the weight and volume
      of a receiver assembly. The additional circuitry required, although
      complex, is digital logic circuitry and is readily available as standard
      integrated circuit components of very small size. Thus, a substantial
      saving in volume and weight is obtained.
PAR  While there has been shown and described what is considered a preferred
      embodiment of the present invention, it will be obvious to those skilled
      in the art that various changes and modifications amy be made therein
      without departing from the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Receiver apparatus for detecting the presence of signals of
      predetermined frequencies on any of a plurality of receiver input lines
      including in combination
PA1  multiplexing means for repeatedly sampling the receiver input lines in
      order and producing at its output connection analog samples of the input
      signals present on said receiver input lines;
PA1  analog-to-digital converting means coupled to the output connection of the
      multiplexing means for converting each of said analog samples to a digital
      sample;
PA1  memory means coupled to said analog-to-digital converting means for storing
      said digital samples;
PA1  memory readout means for reading out of the memory means the digital
      samples associated with each of the receiver input lines, all of the
      samples associated with a receiver input line being read out for each
      receiver input line in turn, the digital samples associated with a
      receiver input line being read out in the same order as the analog samples
      associated with that receiver input line were produced by the multiplexing
      means;
PA1  digital-to-analog converting means coupled to the memory readout means for
      converting each of said digital samples to an analog pulse;
PA1  filter means coupled to the digital-to-analog converting means for
      converting the analog pulses associated with a receiver input line to an
      analog signal, the signal frequencies present in an analog signal being
      equal to the predetermined frequencies present in the associated input
      signal times an integral multiple of the number of receiver input lines;
PA1  detecting means coupled to the filter means for determining the presence or
      absence of each of the signal frequencies in the analog signal and for
      producing indications thereof which indicate the presence or absence of
      each of the predetermined frequencies in the associated input signal;
PA1  receiver identifying means for producing receiver identifying signals
      designating the particular receiver input line with which said indications
      are associated;
PA1  said memory readout means being operable to readout in order from the
      memory means during a line readout period all the stored digital samples
      associated with a receiver input line starting with the oldest stored
      digital sample, the digital samples associated with each receiver input
      line in order being read out during successive line readout periods in a
      recurring sequence;
PA1  said filter means being operable to convert the analog pulses associated
      with a receiver input line to an analog signal during a line readout
      period;
PA1  said detecting means being operable to produce indications indicating the
      presence or absence of each of the predetermined frequencies in the
      associated input signal during a line readout period;
PA1  said receiver identifying means being operable to produce receiver
      identifying signals designating the particular receiver input line with
      which said indications are associated during the line readout period while
      said indications are being produced;
PA1  said multiplexing means being operable to sample a receiver input line and
      produce an analog sample during a data sampling period;
PA1  said analog-to-digital converting means being operable to convert the
      analog sample produced during a data sampling period to a digital sample
      during the same data sampling period;
PA1  memory input control means for writing a digital sample into the memory
      means during the same data sampling period it was produced;
PA1  a multiplicity of digital samples associated with each of the receiver
      input lines being written into the memory means during a memory input
      period equal to a line readout period times an integral multiple (M) of
      the number (N) of receiver input lines; and
PA1  said memory readout means being operable to read out a multiplicity of
      digital samples associated with a receiver input line from the memory
      means during a line readout period.
NUM  2.
PAR  2. Receiver apparatus in accordance with claim 1 including
PA1  timing means including means operable to cause said multiplexing means to
      sample a receiver input line during a data sampling period, a multiplicity
      of samples of the input signals on each of the plurality of receiver input
      lines being produced during a memory input period;
PA1  said timing means including means operable to cause said memory input
      control means to write a digital sample into the memory means during each
      data sampling period;
PA1  said timing means including means operable to cause said memory readout
      means to read out an integral number (M) of digital samples during each
      data sampling period; and
PA1  said timing means including said receiver identifying means and being
      operable to produce a combination of signals during each line readout
      period to designate the particular receiver input line associated with the
      digital samples being read out of the memory means during the line readout
      period.
NUM  3.
PAR  3. Receiver apparatus in accordance with claim 2 wherein
PA1  said memory means includes a plurality of sets of storage locations, each
      set of storage locations being capable of storing a digital sample, the
      plurality of sets of storage locations being equal to the number of
      digital samples produced during a memory input period;
PAL  and including
PA1  buffer means connected between said memory means and said digital-to-analog
      converting means for storing a single digital sample;
PA1  said timing means being operable during each of a number (M) of portions of
      each data sampling period to cause said memory readout means to read a
      digital sample out of a set of storage locations and place said digital
      sample in the buffer means, the digital samples read out during a data
      sampling period being a number (M) of samples in order associated with the
      same receiver input line; and
PA1  said timing means being operable to cause said memory input control means
      to write the digital sample being produced by the analog-to-digital
      converting means into the memory means during another portion of the data
      sampling period.
NUM  4.
PAR  4. Receiver apparatus in accordance with claim 3 including
PA1  memory address control means coupled to said sets of storage locations and
      operable to address a different one of said sets of storage locations
      during said another portion of each data sampling period of a memory input
      period, the sets of storage locations being addressed in the same order
      during each memory input period;
PA1  said memory address control means being operable to address a different one
      of said sets of storage locations during each of said number (M) of
      portions of each data sampling period of a line readout period, every
      N.sup.th set of storage locations being addressed in order during a line
      readout period where N is the number of receiver input lines; and
PA1  said memory address control means being operable to address the set of
      storage locations containing the oldest digital sample associated with a
      receiver input line during the first of the number (M) of portions of the
      first data sampling period of each line readout period, and being operable
      to address the sets of storage locations containing digital samples
      associated with a different receiver input line during each of the line
      readout periods of a sequence of N line readout periods.
NUM  5.
PAR  5. Receiver apparatus in accordance with claim 4 wherein
PA1  said detecting means includes
PA2  a plurality of bandpass filter means, the plurality being equal to the
      number of predetermined frequencies, each bandpass filter means being
      capable of passing a different one of said signal frequencies; and
PA2  a plurality of indicating means, each being coupled to a corresponding one
      of said bandpass filter means and being operable to produce a first signal
      condition at its output in response to the presence of a signal frequency
      passed by the corresponding bandpass filter means and to produce a second
      signal condition at its output in response to an absence of a signal
      frequency from the corresponding bandpass filter means.
NUM  6.
PAR  6. Receiver apparatus in accordance with claim 5 wherein
PA1  said detecting means includes
PA2  a plurality of threshold means, each being connected between one of said
      bandpass filter means and the corresponding indicating means, said
      threshold means being operable to pass a signal frequency having an
      amplitude greater than a predetermined amplitude and to block a signal
      frequency having an amplitude less than the predetermined amplitude.
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ABST
PAL  An electronic selector switch is disclosed that enables selection of one of
      a plurality of output circuits. The selector contains a plurality of
      bistable electronic switch means, each of which includes a first "set"
      input and a second "reset" input; a corresponding plurality of momentary
      contact switches; each momentary contact switch has an output connected in
      circuit with the "set" input of a corresponding one of the plurality of
      bistable electronic switch means; a corresponding plurality of logic
      circuit means with the output thereof connected to the "reset" input of a
      corresponding one of the plurality of bistable electronic switch means and
      with the inputs thereof coupled to the output of all said momentary
      contact switch means associated with all of the other electronic switch
      means, but not the output of that one of said momentary contact switch
      connected in circuit with the set input of the associated electronic
      switch, whereby operation of a selected one of said selector switch means
      enables operation of the one of said electronic switch means associated
      therewith to the "set" condition and "resets" the remainder of said
      bistable switch means. In combination therewith an additional electronic
      switch means is provided for producing an output for only a predetermined
      short interval. In this a momentary contact switch means is connected to
      the input of the last-named electronic switch for enabling said additional
      electronic switch means. And means for generating a pulse upon the release
      of said momentary contact switch means and coupling said pulse, directly
      or indirectly, to the "reset" inputs of all of the aforedescribed bistable
      electronic switch means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electronic selector and, more particularly, to
      an electronic selector useful in connection with a telephone instrument
      for selecting one of a plurality of telephone lines.
PAR  A selector switch provides the means to establish an electrical circuit
      between a given circuit and one of a plurality of other circuits as
      desired. One familiar selector switch mechanism appears as part of an
      ordinary telephone instrument, particularly those telephone stations of a
      conventional key telephone system or an individual telephone instrument
      which have more than one line to which the instrument has access. In
      either system a series of pushbuttons, usually illuminated, are provided
      at the front of the telephone which are associated with individual
      telephone extension lines. The telephone user may select an individual
      telephone line over which to establish telephone communication. An
      additional switch is provided in this application, commonly termed the
      "hold" button. While the reader may not be familiar with the exact
      details, those selector switches as appear to be presently employed are
      mechanical and electromechanical in nature, hence when the button is
      pushed to access an individual telephone line, the mechanical parts
      produce a loud click. As is conventional in telephone selector switches
      used in this application, the depression of one button through mechanical
      means results in the restoration of the buttons associated with any other
      line.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an electronic selector
      switch that can replace the mechanical type selector switch employed in
      telephone instruments for line selection and hold application. Further in
      accordance therewith it is an object of the invention to provide an
      electronic selector switch mechanism particularly for telephone
      instruments which does not require a large physical force to actuate the
      selection and which eliminates most of the noise associated with the
      operation of these types of switches.
PAR  In accordance with the foregoing objects the invention includes a plurality
      of bistable electronic switches, one of which is associated with an
      individual trunk line of a similar plurality of trunk lines. The switch
      includes a first enabling or set input, as variously termed, for setting
      the electronic switch to a first or set condition, and a second disabling
      or reset input, as variously termed, for setting the electronic switch in
      a second or reset condition. A corresponding plurality of individual
      manually operable momentary contact switches are provided. Circuit means
      are employed which are connected to the output of any one switch for
      providing an input at the enable input of the corresponding bistable
      electronics switch with which that switch is associated, and for providing
      a disabling input to the disable inputs of all of the other bistable
      electronic switches with which that switch is not associated, and means
      are provided responsive to an individual bistable electronic switch being
      in the first or set condition for connecting the individual trunk line
      associated with such bistable electronic switch in circuit with the
      telephone unit.
PAR  Additionally in accordance with a further aspect of the invention an
      additional manually operable momentary contact switch, an additional
      electronic switch means, and a pulsing means are provided. The output of
      the momentary contact switch is connected to the pulsing means and
      directly or indirectly to the electronic switch means. Responsive to the
      depression of said switch, the electronic switch means momentarily opens
      one of the telephone circuit lines to establish a hold condition and in
      response to the release of the switch the pulsing means provides an input
      directly or indirectly to the disabling input of all of the aforecited
      bistable electronic switch means of the selector to set them all in the
      second or reset condition.
PAR  The foregoing objects and advantages of the invention as well as the
      structure characteristic of the invention is better understood from a
      consideration of the detailed description of a preferred embodiment of the
      invention which follows considered together with the FIGURE of the
      drawing.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The electronic selector, schematically illustrated, is herein described in
      connection with an application in a multi-line telephone instrument of
      conventional structure in which the selector has particular usefulness. In
      such application three electrical leads are to be connected in separate
      circuit with corresponding three leads of one of a plurality of telephone
      line circuits. Typically the three leads of a telephone line are
      designated the R or ring lead, the T or tip lead, and the S or sleeve lead
      or the A lead. Thus in the FIGURE, the conventional electrical and
      electronic circuitry of the telephone instrument represented by dash lines
      9 is connected to the lines designated A, R, and T.
PAR  Similarly a plurality of trunk telephone lines are connected to the
      instrument depending upon the number of lines with which it is to have
      access. Four electrical lines are shown in the FIGURE, and each of those
      lines, as is conventional, consists of a T, R and A lead, which are
      designated T1, R1 and A1 for the first trunk line; T2, R2 and A2 for the
      second trunk line; T3, R3 and A3 for the third trunk line; and T4, R4 and
      A4 for the fourth trunk line.
PAR  In the FIGURE, five electrical switches, 1, 2, 3, 4 and 5, are illustrated.
      The switches are of conventional structure known as a "single pole single
      throw" spring return in which the switch contacts are normally open and
      which by manually depressing the "button" associated therewith closes its
      contacts to complete an electrical circuit therethrough, and, as
      designated by a spring, where upon release of the "button" the switch
      restores itself to its normally open contact position. Typically switches
      1 through 5 are mounted on a panel, not illustrated, such as the front of
      a telephone instrument, so as to have the button portion thereof
      accessible.
PAR  Another single-pole single-throw switch 7 having normally open contacts
      symbolically represents a "hookswitch." Conventional telephone instruments
      contain a switch that is responsive to the presence or absence of the
      telephone handset in its cradle, referred to in the art as a "hookswitch."
PAR  A set of four relays of conventional structure, K1, K2, K3 and K4, suitably
      electromechanical Reed type relays, are provided. Relay K1 includes a set
      of three "make" contacts, K1-1, K1-2, and K1-3; relay K2 includes a set of
      three make contacts, K2-1, K2-2 and K2-3; relay K3 includes make contact
      sets K3-1, K3-2 and K3-3; and relay K4 includes make contact sets K4-1,
      K4-2 and K4-3. A fifth relay K5 is provided and includes a break contact
      K5-1. These relays are symbolically illustrated with the relay winding
      represented by a rectangle and with the mechanical detail of parts which
      actuate the contacts under control of the winding omitted.
PAR  The make contact of each of relay contact set K1-1, K1-2 and K1-3 is
      connected to a corresponding terminal T1, R1, and A1; similarly the make
      contacts of set K2-1, K2-2 and K2-3 are connected to T2, R2 and A2,
      respectively, the make contacts of set K3-1, K3-2 and K3-3 are connected
      to T3, R3 and A3, respectively; and the make contacts of set K4-1, K4-2
      and K4-3 are connected to the terminals T4, R4 and A4, respectively. All
      of the pivot contacts of sets K1-1, K2-1, K3-1 and K4-1 are connected in
      common to lead T; all of the pivot contacts of sets K1-2, K2-2, K3-2 and
      K4-2 are connected in common to lead R and all of the pivot contacts of
      sets K1-3, K2-3 and K3-3 are connected in common to the break contact of
      set K5-1 of relay K5. The pivot contact of set K5 is connected in circuit
      with lead A.
PAR  A first pair of NAND gates, 11 and 13, are provided as illustrated with
      conventional symbols. The NAND gate is a conventional semiconductor
      electronic logic circuit device aptly described in the literature. Each of
      NAND gates 11 and 13 contains two inputs. The output of NAND gate 13 is
      electrically connected to one input of NAND gate 11. The output of NAND
      gate 11 in turn is connected to one input of NAND gate 13. Together so
      interconnected NAND gates 11 and 13 form a NAND gate "latch," which is a
      conventional bistable electronic switching device having a set input,
      designated S, and a reset input, designated R. Similarly a second pair of
      NAND gates 15 and 17 are provided and the output of NAND gate 17 is
      connected to an input of NAND gate 15 and the output of NAND gate 15 is
      connected to one of the two inputs to NAND gate 17 to form a second NAND
      gate latch. A third pair of NAND gates 19 and 21 are provided and the
      output of NAND gate 21 connected to one input of NAND gate 19 and the
      output of NAND gate 19 is connected to one input of NAND gate 21 to form a
      third NAND gate latch circuit. A fourth NAND gate latch is formed of NAND
      gate 23 and NAND gate 25. The output of NAND gate 25 is connected to one
      input of NAND gate 23 and the output of NAND gate 23 is connected in
      circuit with one input of NAND gate 25.
PAR  Transistors 12, 14, 16 and 18, of conventional structure, suitably of an
      NPN type, are provided. Each of the transistors as shown by the symbol
      includes a base, a collector and an emitter. The base of transistor 12 is
      connected electrically in series with a resistor 20 to the output NAND
      gate 11. The collector thereof is connected in series with the winding of
      relay K1 to the source +V. The emitter is connected to electrical ground
      potential. Similarly the base of transistor 14 is connected in series with
      a resistor 22 to the output of NAND gate 15 and the collector is connected
      in series with the winding of relay K2 to source +V and the emitter is
      connected to electrical ground potential. The base of transistor 16 is
      connected in series with a resistor 24 to the output of NAND gate 19; the
      collector thereof is connected electrically in series with the winding of
      relay K3 to source +V; and the emitter is connected to electrical ground
      potential. The base of transistor 18 is connected electrically in series
      with resistor 26 to the output of NAND gate 23; the collector thereof is
      connected in series with the winding of relay K4 to the source +V; and the
      emitter thereof is connected to electrical ground potential.
PAR  Diodes D1, D2, D3, and D4, which function as inductive voltage suppressors,
      are connected in shunt of relay windings K1, K2, K3, and K4, respectively,
      and are poled with their negative polarity terminal connected to the side
      of the relay winding that is connected to source +V.
PAR  Four additional NAND gates, 27, 29, 31 and 33, are provided.
PAR  Four inverters, 35, 37, 39 and 41, of conventional structure are similarly
      provided.
PAR  The input of each of the inverters is connected to the output of a
      corresponding one of the four input NAND gates. Thus the input to inverter
      35 is connected to the output of NAND gate 27; input of inverter 37 to the
      output of NAND gate 29; the input of inverter 41 is connected to the
      output of NAND gate 33. And the outputs of the inverters are connected to
      the input of the NAND gate latch circuit which I characterize as a
      "disable" input. Thus the output of inverter 35 is connected to the input
      of NAND gate 13; the output of 37 is connected to the input of NAND gate
      17; the output of inverter 39 is connected to the input of NAND gate 21;
      the output of inverter 41 is connected to the input of NAND gate 25.
PAR  A series of four resistors, 43, 44, 45 and 46, are connected at one end to
      source +V. The other end of resistor 43 is connected in circuit with the
      make contact of switch 1, and the remaining input to NAND gate 11, and to
      one input of each of NAND gates 29, 31 and 33, as illustrated by the
      wiring in the schematic. The other end of resistor 44 is connected in
      circuit with the make contact of switch 2, the remaining input to NAND
      gate 15, and to one input of each of the NAND gates 27, 31 and 33. The
      remaining end of the third resistor, resistor 45, is connected to the make
      contact of switch 3, the remaining input of NAND gate 19, and to an input
      of each of NAND gates 27, 19 and 33. The remaining end of the fourth
      resistor 46 is connected to the make contact of switch 4, the remaining
      input to NAND gate 23, and to an input of each of the NAND gates 27, 29
      and 31.
PAR  Thus the make contact of each of the switches 1, 2, 3 and 4 is connected to
      the "set" input of a corresponding one of the NAND gate latch devices and
      to the "reset" input of each of the other or noncorresponding NAND gate
      latches, indirectly by three of the four NAND gates, 27, 29, 31 and 33.
PAR  The remaining or fourth input of each of the NAND gates 27, 29, 31 and 33
      are connected electrically in common to one end of a resistor 47 and the
      other end of resistor 47 is connected to electrical ground potential.
PAR  One end of hookswitch 7 is connected to the source +V and the make contact
      thereof is connected in series with a resistor 49 to the ungrounded side
      of resistor 47. Suitably resistor 49 may be only one-tenth the resistance
      value of resistor 47.
PAR  One end of switch 5 is connected to electrical ground potential and the
      make contact thereof is connected to the input of an inverter 51. The
      input of inverter 51 is connected to the source +V in series with a bias
      resistor 53 and a capacitor 55 is connected between the input and
      electrical ground potential. The output of inverter 51 is connected to the
      anode polarity end of a diode 57. Diode 57 in turn has its cathode end
      connected to one end of a resistor 59 and in turn the other end of
      resistor 59 is connected in circuit to the base transistor 61. Transistor
      61 is of conventional structure and includes a base, collector and emitter
      and is suitably an NPN type. The collector is as illustrated connected in
      series with the winding of relay K5 to source +V. Diode D5 is poled as
      illustrated and connected across relay winding K5 as an inductive voltage
      suppressor. The emitter of transistor 61 is connected to electrical ground
      potential. A capacitor 63 is connected to the cathode end of diode 57 and
      electrical ground potential, and a resistor 65 is connected between the
      base of transistor 61 and electrical ground potential. Suitably the time
      constant of the circuit comprising capacitor 63 and resistors 59 and 65 is
      on the order of 50 milliseconds.
PAR  The output of inverter 51 is also connected in series with a capacitor 67
      to the ungrounded end of resistor 47.
PAR  Before proceeding to the description of operation of the illustrated
      embodiment of the invention it is believed helpful to refresh the
      recollection on the terminology used by one skilled in the art with
      respect to electronic switching circuits. A positive polarity voltage is
      described as a "high" and any voltage of ground potential or less is
      characterized as a "low." A NAND gate, or a "and not" gate, is a logic
      element which provides a "low" output only if all of its inputs, however
      many, are at a "high" input voltage. A transistor which is in the current
      conducting condition is said to be "on" whereas if it is in the noncurrent
      conducting condition it is said to be "off." A NAND gate latch is
      basically a bistable electronic switch--if one NAND gate is switched "on"
      the other NAND gate automatically is switched "off." And the output of the
      latch is in either one condition or the other. And an inverter is a
      conventional device which takes a "low" applied to its input and provides
      a " high" at its output, and vice versa, to essentially invert the input
      signal.
PAR  Consider now the operation of the selector switch in connection with the
      use of a telephone instrument with which this selector switch is
      associated. The telephone user desiring to make a call lifts the telephone
      handset from its cradle, the hookswitch contact 7, which functions as an
      On-Off switch for the circuit, closes and applies the voltage +V via
      resistor 49 to an input of each of NAND gates 27, 29, 31 and 33. All of
      the remaining inputs of such gates are also at a "high" supplied from
      source +V via the resistors 43, 44, 45 and 46. This changes the output
      condition of the NAND gates from a low, as represented by electrical
      ground potential through resistor 47, to a high. The part then selects the
      trunk telephone line over which he desires to communicate. Assume, by way
      of example, that the user desires a connection to first trunk line, the
      user momentarily depresses switch 1 which momentarily closes its contacts.
      This completes a circuit from ground to the set input of NAND gate 11 to
      place the input at a "low." Concurrently it is noted that three of the
      inputs to associated NAND gate 27 are at a high +V through resistor 44, 45
      and 46, and the fourth input is also at a high and as a result the output
      of NAND gate 27 is at a low. This low is inverted by inverter 35 to a high
      at its output with a corresponding high at an input of NAND gate 13.
PAR  When the low is applied to the input of NAND gate 11, the output of NAND
      gate 11 goes high since both inputs must be high to have a low output.
      This high is applied to input of the associated NAND gate 13. Since both
      inputs of NAND gate 13 are now high, the output of this NAND gate goes low
      providing a low at a second input to NAND gate 11 so that the two NAND
      gates forming a NAND gate latch are now stable or latched in the described
      condition. Accordingly the first NAND gate latch is placed in a first
      condition in which a "high" appears and is maintained at the output of
      NAND gate 11.
PAR  The low applied by switch 1 to the input of NAND gate 11 is also applied to
      an input of each of the NAND gates 29, 31 and 33 and causes the output of
      those gates to go high which is inverted to a low and applied to the reset
      input of the associated NAND gate latches by an associated inverter 37, 39
      and 41. This ensures that each of the remaining three NAND gate latches
      consisting of 15 and 17, 19 and 21, 23 and 25, is in the reset condition.
      The high at the output of NAND gate 11 is coupled via resistor 20 to the
      base of transistor 12 and transistor 12 is switched to its "on" condition.
      In so doing, current flows from source +V, relay winding K1, between the
      collector and emitter to ground. Relay K1 is energized and thereupon
      closes its make contacts K1-1, K1-2 and K1-3, to complete a circuit
      between the T1, R1 and A1 leads associated with trunk line 1 in circuit
      with the A, R and T leads associated with the user's telephone instrument.
      And a call is established or completed over the selected trunk line
      circuit.
PAR  The high at the output of NAND gate 11 is also applied to the input of NAND
      gate 13. With a high, the output of NAND gate 13 is low, hence upon
      removal or opening of switch 1, whereby the first input to NAND gate 11
      returns to high, the other input of that gate remains at low and hence the
      output of NAND gate 11 remains high. Correspondingly the low to the reset
      inputs of the remaining NAND gate latches ensures that the output of the
      NAND gates 15, 19 and 23 to be low, or to switch them into that condition.
PAR  Assuming now that the party has completed the call over trunk line 1 and
      desires to place a call over trunk line 3, perhaps to answer a call which
      has come in over trunk line 3, or to place a call thereover. The user
      simply depresses pushbutton 3 momentarily and releases same. This places a
      momentary low at the input of NAND gate 19 of the third NAND gate latch
      and places a low at an input of each of NAND gates 33, 29 and 27. With a
      low at its input, the output of NAND gate 19 goes high. This high is
      applied to the input of associated NAND gate 21 which thereupon switches
      its output to a low and this, as is shown, is applied to the other input
      of the first NAND gate 19 in the NAND gate latch circuit to retain the
      NAND gates in this condition irrespective of the operation of switch 3.
      Thus as pushbutton switch 3 is released to remove the low at the first
      input and replace it with a high, the second input of NAND gate 19 is at
      low so as to maintain or latch the output of NAND gate 19 at high.
PAR  The low applied by switch 3 to each of NAND gates 27, 29, and 33 is
      inverted to high by the corresponding inverter 35, 37 and 41, and is
      thereby applied to the reset input of each of the first, second and fourth
      NAND gate latches to maintain or switch them into the reset condition
      wherein the outputs of same at gates 11, 15 and 23 is a "low." This is the
      same sequence of operation as occurred in a previous case. With the high
      at the output of NAND gate 19, transistor 16 switches on, energizes relay
      K3, which in turn operates its contacts K3-1, K3-2 and K3-3 to complete
      the connection between leads T3, R3 and A3 of trunk line 3 and the
      corresponding T, R and A lines of the telephone instrument.
PAR  Assume now that the party completes the call and returns the handset, not
      illustrated, to its cradle in the telephone instrument. In response,
      contact 7 of the hookswitch opens and removes the high from one side of
      resistor 47, placing a low at an input to each of the NAND gates 27, 29,
      31 and 33. With a low at one input of such NAND gates the output thereof
      is high. The high is inverted by each of the inverters 35, 37, 39 and 41,
      which thereupon provides a low at their respective outputs. In turn the
      lows are applied to the corresponding reset input of NAND gates 13, 17,
      21, 25 of the respective NAND gate latch circuits. With a low at the input
      of the NAND gates 13, 17, 21 and 25, the output of same must be high and
      in turn this high is applied to the corresponding inputs of the associated
      NAND gates 11, 15, 19 and 23, which in turn switch their outputs to low.
      The foregoing serves to switch the output of any of the four bistable
      latch gates that were in the "on" or second condition to the "off" or
      first condition and ensure a low output. Transistors 12, 14, 16 and 18 are
      thus biased at their respective base to the Off condition. Accordingly the
      associated relays K1 through K4 are or remain de-energized and the
      contacts are in or restore to the normal open condition.
PAR  The selector thus serves to simply and relatively noiselessly provide
      electrical circuit connections to one of a multiplicity of output
      circuits.
PAR  The operation of the "hold" aspect of the invention is next considered.
      Reference is made to the condition of the circuit elements in which a
      connection was established to the third trunk telephone line 3 as
      presented in the preceding description. In that condition the output of
      NAND gate 19 of the third NAND gate latch is at a high, and the base of
      relay driver transistor 16 thereby biases transistor 16 in the current
      conducting condition, transistor 16 is "on" and relay K3 is energized and
      its contacts K3-1, K3-2 and K3-3 are closed. To place a call on trunk line
      3 on hold the user momentarily depresses and releases pushbutton switch 5,
      the "hold" button. Depression of the button closes contact 5 which places
      a low at the input of inverter 51 and, coincidentally, discharges
      capacitor 55. Inverter 51 inverts the low at its input to a high at its
      output. The high causes a current to flow from the output of inverter
      through diode 57 to charge capacitor 63 to a high and to apply the high
      through resistor 59 to the base of transistor 61. With a high applied to
      its base, transistor 61 switches into its On condition and causes current
      from source +V, the collector, the relay winding, the emitter to ground.
      Relay K5 is thus energized and opens its contacts K5-1 to interrupt the
      circuit between the A lead of the user's telephone instrument and the A
      lead of trunk line 3.
PAR  In a standard key telephone system, not illustrated, a hold condition is
      signaled to the system equipment by opening the A lead for an interval of
      approximately 40 or more milliseconds prior to opening or disconnect of
      the ring and tip leads, R and T. This sequence is sensed by the central
      key station equipment, not illustrated, which thereupon in a conventional
      manner places the trunk line 3 in a hold condition, so as not to
      disconnect the party at the other end of the telephone line.
PAR  Restoration of pushbutton 5 opens contact 5 and thereby removes the low
      from inverter 51 input. At the end of a short interval capacitor 55
      charges up from the high through resistor 53 and thereupon the input of 51
      is returned to high and the output of the inverter is switched to low.
      Accordingly no further current flows through diode 57 and the diode blocks
      discharge current from capacitor 63 from passing back to the inverter.
      Capacitor 63 commences to discharge through resistors 59 and 65 to
      dissipate the "high" voltage on capacitor 63 over a short interval of
      time. As the capacitor discharges, the voltage thereacross is lowered and
      the voltage across resistor 65, which is applied to the base of transistor
      61, lowers. When the voltage decreases sufficiently, through continuing
      discharge of capacitor 63, transistor 61 switches to its Off condition and
      relay K5 is thereby de-energized. Accordingly, contacts K5-1 of relay K5
      recloses to recomplete the circuit over the A lead. Concurrently, when the
      output of inverter 51 switches from a high to a low a momentary charging
      current flows from the source +V, hookswitch contact 7, through resistor
      49 and into capacitor 67 to charge the capacitor. Initially this creates a
      large voltage drop or IR drop across resistor 49 and in effect a low pulse
      is generated or appears at the ungrounded end of resistor 47 until
      capacitor 67 is essentially charged.
PAR  The voltage drop across resistor 49 reduces and the ungrounded side of
      resistor 47 returns to a high after an interval of time. This momentary
      low pulse described is applied to an input of each of the NAND gates 27,
      29, 31 and 33 via the conductive paths illustrated, and the NAND gates
      momentarily produce a high at the output, which in turn is inverted to low
      by inverters 35, 37, 39 and 41 and applied as a low to the reset input of
      the NAND gate latches, i.e. the inputs of NAND gates 13, 17, 21 and 25. As
      a result, any NAND gate latch in the set condition, such as the third NAND
      gate latch, consisting of NAND gates 19 and 21, is switched into its Off
      or reset condition, in a manner previously described. Accordingly any
      operated relay K1 through K4, such as relay K3 in the example, is
      de-energized and all of the contacts of the relays are opened. The party
      then returns the handset, not illustrated, to its cradle in the telephone
      instrument, not illustrated, and hookswitch contact 7 opens. In so doing
      the NAND gates 27, 29, 31 and 33 again have a low applied to their input.
      However since all four NAND gate latches have been restored to their first
      condition, there is no further operation of consequence.
PAR  On the other hand, the party may wish to select another trunk telephone
      line, for example, to reach the operator. By way of example, the user
      operates pushbutton No. 1 to establish a connection to trunk line 1 in the
      same manner as was described originally heretofore in connection with the
      description of selecting trunk line 1. At the completion of that call, the
      user hangs up and the selector circuit restores to normal.
PAR  Suitably by way of specific example, NAND gates 27, 29, 31 and 33 can be a
      CMOS Dual 4-INPUT NAND sold under the designation 4012; NAND gates 11, 13,
      15, 17, 19, 21, 23, and 25 can be a CMOS Quad 2-INPUT NAND sold under the
      designation 4011; inverters 35, 37, 39 and 41 can be a 4009 type CMOS Hex
      Inverter; and transistors 12, 14, 16, 18 and 61 can be a type 2N4401.
PAR  As has been described, each of the NAND gate latches is a bistable
      electronic switch that remains in the condition in which it was last set.
      By energizing an "enable" or "set" input thereof the bistable switch is
      set from a first condition to a second and when thereafter the "disable"
      input thereof is energized the bistable switch is reset back into its
      second condition.
PAR  As is apparent from the foregoing description, the selector switch permits
      selection of a desired line circuit by electronic means and that avoids
      generation of substantial noise prevalent in present telephone selectors.
      The Reed relays produce no more than an indiscernible click and the
      touch-sensitive switches 1 through 5 can be silent operating types. The
      circuit thus eliminates the complicated, noisy, mechanical switches.
PAR  The foregoing preferred embodiment of the invention has been illustrated in
      connection with a telephone instrument containing access to four trunk
      lines. As is apparent, the unit can be enlarged to provide similar
      selection for a greater number of lines. For example, to add a fifth
      circuit one might have to add an additional touch switch and an additional
      NAND gate latch, switching transistor, relay and relay contacts, and
      substitute a five-input NAND gate for the four-input NAND gates
      illustrated, and to add an additional five-input NAND gate and inverter.
      If, as is the case, a five-input NAND gate is unavailable, various
      combinations of gates can be employed to multiple this arrangement in
      order to enlarge the capacity of the system. Thus, for example, to enlarge
      the system to eight lines using only available four-input NAND gates, one
      simply connects the output of each of two four-input NAND gates through
      inverters to the input of a third four-input NAND gate, and other obvious
      variations thereof. Other modifications, additions, substitutions are thus
      apparent.
PAR  Although I have described the circuit for conciseness in terms of "low" and
      "high" as the control voltages employed or derived in operation, these
      terms are used synonymously with any distinct control voltages, such as a
      first control voltage and a distinct second control voltage, inasmuch as
      those skilled in the art understand by known change of elements the low
      and high may be reversed.
PAR  As the reader appreciates, the aforedescribed selector switch has clear
      application in other than telephone systems, and is useful wherever one
      might wish to employ circuit selection.
PAR  The foregoing description of a preferred embodiment of the invention
      clearly illustrates to one skilled in the art how to make and use the
      invention. It is however expressly understood that my invention is not
      limited to the specific details of the preferred embodiment inasmuch as
      modifications, improvements or substitutions can be made without departing
      from my invention which are apparent to those skilled in the art.
      Accordingly it is requested that my invention be broadly construed within
      the full scope and breadth of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A circuit selector comprising:
PA1  a first plurality of controlled switch means, each of said plurality having
      an input and operable from a first condition to a second condition in
      response to the application of a first signal voltage at its input for
      completing an electrical circuit during the application of said signal
      voltage;
PA1  a plurality of bistable electronic switch means,
PA1  said plurality corresponding in number to said controlled switch means with
      one bistable switch means associated with a corresponding one of said
      controlled switch means,
PA1  each bistable electronic switch means having a first enable input, a second
      disable input and an output and operable to a first condition to provide a
      first signal voltage at its output in response to a predetermined input
      signal applied at its first input and operable to a second condition to
      remove said first signal voltage at its output in response to a
      predetermined input signal applied at its second input;
PA1  means coupling said output of each said electronic switch means to input of
      a corresponding one of said controlled switch means;
PA1  a plurality of momentarily operable switch means, said plurality
      corresponding in number to said bistable electronic switch means and each
      one of said momentarily operable switch means being associated with a
      corresponding one of said bistable electronic switch means;
PA1  a plurality of electronic gate means, said plurality corresponding in
      number to said plurality of bistable electronic switch means, each one of
      said gate means having its output coupled in circuit to said second
      disable input of an associated one of said bistable switch means, and each
      of said momentarily operable switch means having an output coupled in
      circuit with the first enable input of the associated one of said bistable
      electronic switch means, and additionally coupled to an input of all of
      said gate means except that one of said gate means associated with the
      associated one of said bistable electronic switch means;
PA1  wherein the operation of a selected one of said momentarily operable switch
      means causes said bistable switch means associated therewith to become
      placed in the first condition and thereby operate an associated controlled
      switch means and concurrently to restore any of the remaining bistable
      switch means as may be in the first condition to the second condition;
PA1  an additional momentarily operable switch means having an output and
      operable momentarily from a first condition to a second condition to
      produce momentarily a predetermined output voltage at its output;
PA1  an additional controlled switch means having an input and operable from a
      first condition to a second condition in response to the application of a
      predetermined voltage to its input for interrupting an electrical circuit
      during the presence of said predetermined input voltage;
PA1  control circuit means coupled to the output of said additional momentarily
      operable switch means and responsive to the operation of said switch means
      to the second condition for providing a predetermined voltage for a
      predetermined time to the input of said additional controlled switch means
      and for providing an output to the second disable input of each of said
      bistable electronic switch means upon restoration of said additional
      switch means to its first condition to reset any of said bistable switch
      means as may be in the first condition to the second condition.
NUM  2.
PAR  2. The invention as defined in claim 1 further comprising in combination
      therewith a first common circuit, a plurality of output circuits
      corresponding in number with said controlled switch means, with one of
      said plurality being associated with one of said controlled switch means;
PA1  each one of said controlled switch means having contact means connected
      between said common circuit and a corresponding one of said output
      circuits for completing a respective circuit therebetween during the time
      when the associated controlled switch means is in its second condition;
      and
PA1  wherein said additional controlled switch means includes contacts connected
      in series circuit between said common circuit and said first plurality of
      controlled switch means for interrupting said circuit during the time when
      said additional controlled switch means is in its second condition.
NUM  3.
PAR  3. The invention as defined in claim 1 wherein said controlled switch means
      comprises:
PA1  a transistor switch; and
PA1  a relay, said relay having its winding coupled to the output of said
      transistor switch, and said relay further comprising a plurality of relay
      contacts.
NUM  4.
PAR  4. A selector having a plurality of output circuits and a common circuit
      for selectively completing a current path between said common and one of
      said output circuits comprising:
PA1  a first plurality of manually operable momentary contact switches, each of
      said first plurality being associated with one of a corresponding
      plurality of circuits to be connected to a common circuit;
PA1  a corresponding plurality of bistable electronic switch means, said switch
      means normally in a first condition and operable to a second condition,
      each of said bistable electronic switch means including:
PA1  a first input for enabling said electronic switch means to a first
      condition, and a second disable input for enabling said electronic switch
      means into a second condition;
PA1  a first plurality of output switch means, each of said switch means
      responsive to the associated one of said bistable switch means being in
      the second condition for completing an electrical circuit between a
      corresponding circuit and said common circuit;
PA1  a plurality of NAND gates, said plurality corresponding in number with said
      plurality of bistable switch means, each said NAND gate including a
      plurality of inputs and an output;
PA1  a plurality of voltage inverter means, each one of said inverter means
      connected in between the output of a corresponding one of said NAND gates
      and said disable input of a corresponding one of said bistable electronic
      switch means;
PA1  a plurality of resistor means corresponding in number to said plurality of
      bistable switch means;
PA1  means connecting each resistor means between a source of voltage at one end
      and at the other end in circuit with one said contact switch means, to the
      input of the bistable electronic switch means associated with said contact
      switch means and to a NAND gate input of the respective ones of said
      plurality of NAND gates associated with the remaining bistable electronic
      switch means;
PA1  bias resistor means connected between electrical ground potential and one
      input of each of said NAND gate means;
PA1  hookswitch means;
PA1  second resistor means having a substantially lesser resistance than said
      bias resistor means;
PA1  means connecting said hookswitch means and said second resistor means in
      series circuit between said source of voltage and said same NAND gate
      inputs as said bias resistor means;
PA1  said hookswitch means being in a normally open condition and operable when
      closed to complete a circuit between said source and said inputs to change
      the voltage thereat;
PA1  additional momentary contact switch means having a normally open position
      and operable to a closed position, one contact thereof connected to
      electrical ground potential;
PA1  voltage inverter means;
PA1  means connecting the input of said inverter to the remaining contact of
      said additional switch;
PA1  electronic switch means having an input and output and responsive to a high
      voltage at its input for switching from a first to a second condition and
      responsive to a low at its input for switching from the second condition
      to the first condition;
PA1  means responsive to said electronic switch means being in said first
      condition for interrupting the circuit between said common and a selected
      one of said outputs;
PA1  means connecting the output of said inverter to said input of said
      electronic switch means;
PA1  a capacitor;
PA1  means connecting one end of said capacitor in common circuit with said bias
      resistor means and said inputs of said NAND gates and means connecting the
      other end of said capacitor in circuit with said output of said inverter;
      and
PA1  an electric circuit whereby operation of said additional switch means
      results in an open circuit between said common circuit and said output
      circuits and restoration thereof results in the generation of a low pulse
      to the input of all said NAND gates and any bistable switch means that is
      in the first condition is restored to the second condition.
NUM  5.
PAR  5. The invention as defined in claim 4 wherein said bistable electronic
      switch means comprises a NAND gate latch circuit.
NUM  6.
PAR  6. A line selection device for coupling a telephone instrument circuit
      associated with a telephone instrument of the type having a hookswitch to
      a selected one of a plurality of trunk telephone line circuits comprising:
PA1  a first plurality of manually operable spring-return single-pole
      single-throw selection switches, each of said switches containing a pair
      of electrical contacts in a normally open circuit for closing an electric
      circuit therethrough in response to placement to the switch operate
      condition, said plurality of selection switches corresponding in number to
      the plurality of output telephone lines with one of the switches being
      associated with a corresponding one of said trunk line circuits;
PA1  a source of high voltage and a source of low reference voltage, one source
      being of a higher voltage level relative to the other;
PA1  means connecting one contact of each selection switch to said source of low
      reference voltage;
PA1  a first plurality of electromechanical relay means, said plurality
      corresponding in number to said plurality of selection switches and one of
      said relay means associated with one of said first switch means, each of
      said relay means including a winding, and a set of contacts normally open
      responsive to energization of said winding for operating to the closed
      position contact; each of said contact sets of said relays connected
      between a common circuit in said telephone instrument and a corresponding
      one of said plurality of trunk telephone line circuits;
PA1  a corresponding first plurality of NPN type transistors, each of said
      plurality being associated with a corresponding one of said relay means in
      said first plurality of relay means, each of said transistors having a
      base, a collector, and an emitter;
PA1  means connecting each relay winding electrically in series between said
      source of high voltage and the collector of a corresponding one of said
      transistors;
PA1  a plurality of NAND gate latches, said plurality corresponding in number to
      said first plurality of switches and transistors with each NAND gate latch
      being associated with a corresponding one of said transistors and said
      switches, each of said NAND gate latches including a first input, a second
      input, and a first output, each said NAND gate latch means normally in a
      first condition having a low voltage at said second output and responsive
      to a low voltage at its first input for switching to a second condition
      having a high at its said second output and further responsive to a high
      applied at its second input for switching back to said first condition;
PA1  means connecting said first output of each one of said plurality of NAND
      gate latches to the base of a corresponding one of said transistors for
      energizing said transistor means in response to the establishment of the
      corresponding NAND gate latch means in the second condition;
PA1  a first plurality of resistor means corresponding in number to the number
      of NAND gate latch means, each having a first and a second end, one end of
      each resistor means being connected to said source of high voltage;
PA1  a plurality of NAND gates corresponding in number to the plurality of NAND
      gate latches, each of said NAND gates having a plurality of separate
      inputs corresponding in number to said NAND gate latch means and an
      output, each of said NAND gates normally providing a low voltage at the
      output thereof and responsive to a low voltage at any one of its plurality
      of inputs for providing a high voltage at the output thereof;
PA1  each one of said NAND gates being associated with a corresponding one of
      said NAND gate latch means;
PA1  a first plurality of voltage inverter means, said plurality corresponding
      in number to said plurality of NAND gates, each of said inverter means
      containing an input and an output for providing a low voltage or a high
      voltage at the output thereof in response to the input thereof having
      applied thereto either a high voltage or low voltage, respectively, each
      one of said inverter means having an input coupled to the output of a
      corresponding one of said NAND gates and its output connected to said
      second input of a corresponding one of said NAND gate latch means;
PA1  means coupling said remaining end of each one of said first plurality of
      resistor means electrically in common with the remaining contact of a
      corresponding one of said selector switch means, said first input of a
      corresponding one of said NAND gate latch means and one input of each of
      those of said NAND gate means not associated with said respective one of
      said NAND gate latch means, whereby operation of a selector switch means
      associated therewith applies a low voltage to said first input of said
      NAND gate latch means associated therewith and to one input of each of the
      non-associated NAND gates;
PA1  bias resistor means connected at one end to said low source;
PA1  means connecting the remaining end of said bias resistor means electrically
      in common to one separate input of each of said NAND gate means;
PA1  means for connecting said source of high voltage in circuit with one end of
      said hookswitch of said telephone instrument, said hookswitch means,
      normally open, for closing an electrical circuit upon removal of a
      telephone handset from its cradle;
PA1  second resistor means, said second resistor means having a substantially
      lesser resistance than said bias resistor means;
PA1  means for connecting the remaining end of said hookswitch means and said
      second resistor means in an electrical series to the remaining end of said
      bias resistor.
NUM  7.
PAR  7. The invention as defined in claim 6 further comprising in combination
      therewith:
PA1  holding circuit means for momentarily interrupting any established
      telephone line circuit and for causing disengagement of said selected
      circuit connection comprising electromechanical type relay means, said
      relay having a winding and a set of normally closed contacts operable to
      the open condition in response to energization of said winding, means
      connecting said contact set electrically in series with said telephone
      instrument circuit;
PA1  transistor means of the NPN type having a collector, an emitter and a base;
PA1  means connecting said relay winding electrically in series between said
      source of high voltage and said collector and means electrically
      connecting said emitter to said source of low reference voltage;
PA1  a manually-operable normally open spring-return single-pole single-throw
      switch, said switch having a pair of electrical contacts for closing an
      electrical circuit through said contacts in response to said switch being
      in the operated condition;
PA1  voltage inverter means having an input and an output for producing a high
      voltage at its output in response to presence of a low voltage applied to
      its input;
PA1  means connecting said pair of contacts of said switch means in an
      electrical series circuit between said source of low voltage and said
      input of said inverter means;
PA1  resistor means connected between said source of high voltage and said input
      of said inverter means whereby said inverter output is normally low;
PA1  diode means having an anode and a cathode;
PA1  third resistor means;
PA1  means connecting said third resistor means between said base and said diode
      anode;
PA1  fourth resistor means connected between said base and said source of
      reference low voltage;
PA1  first capacitor means connected between said diode cathode and said source
      of reference low voltage adapted to be charged to a positive high voltage
      through said diode and to be discharged over a predetermined integral
      third and fourth resistor means;
PA1  means electrically connecting said output of said inverter means in circuit
      with said diode anode and second capacitor connecting said output of said
      inverter means to said remaining end of said bias resistor means;
PA1  whereby operation of said switch means results in operation of said relay
      means to interrupt said telephone instrument circuit for a predetermined
      interval irrespective of the operated condition of any one of said first
      plurality of relays, and whereby restoration of said switch means results
      in the generation of a pulse of low voltage which is passed from the
      remaining end of said bias resistor means to an input of each of said NAND
      gates to cause any associated NAND gate latch theretofore in its second
      condition to revert to its first condition and for the one of said first
      plurality of relay means associated therewith to be de-energized to
      restore and disengage any connection between said telephone instrument
      circuit and any telephone trunk line circuit.
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PAL  In a four-channel stereophonic reproducing system of the type in which a
      first, second, third and fourth audio signals are reproduced from two
      stereophonic composite signals which are respectively comprised of a left
      side signal consisting of a main channel signal composed of the sum of the
      first and second audio signals and a sub-channel signal obtained by
      frequency modulating or phase modulating the difference between the first
      and second audio signals, and a right side signal consisting of a main
      channel signal composed of the sum of the third and fourth audio signals
      and a sub-channel signal obtained by frequency modulating or phase
      modulating the difference between the third and fourth audio signals, a
      detector circuit for detecting each sub-channel signal is followed by a
      filter circuit for eliminating undesired higher frequencies whereby to
      eliminate higher audio frequencies including increased noise components to
      improve the S/N ratio, and at the same time a phase correction circuit is
      provided in the reproducing section for each main channel signal to
      correct for any phase distortion due to the filter circuit whereby to
      ensure a greatly improved separation.
BSUM
PAR  The present invention relates to a reproducing system for reproducing
      discrete four-channel stereophonic discs.
PAR  Discrete four-channel stereophonic discs are known in the art in which each
      main channel signal comprised of a sum signal is combined with a
      sub-channel signal comprised of a frequency-modulated or phasemodulated
      difference signal, and the resultant composite signals are recorded on a
      45.degree. - 45.degree. stereophonic disc. While, in the reproduction of
      the signals recorded on this type of disc, the S/N ratio may be generally
      improved by eliminating the frequency characteristics of the sub-channel
      signals at the higher frequencies, this simultaneously results in a
      considerable phase distortion at the higher frequencies of the sub-channel
      signal and hence a seriously deteriorated separation.
PAR  It is therefore an object of the present invention to provide a
      four-channel stereophonic reproducing system for reproducing discs of the
      above type having a pair of low-pass filters for deriving the main channel
      signals from the stereophonic composite signals, and a pair of high-pass
      filters for deriving the sub-channel signals from the stereophonic
      composite signals, wherein each of the detector circuits for detecting the
      sub-channel signals is followed by a filter circuit for eliminating higher
      frequencies to improve the S/N ratio, and a phase correction circuit is
      provided in each of the main signal reproducing sections to correct for
      any phase distortion caused by the filter circuit.
PAR  It is another object of the present invention to provide a four-channel
      stereophonic reproducing system of the above type wherein the phase
      correction circuit comprises a transistor and a series circuit of a
      resistor and a capacitor connected across the collector and emitter of the
      transistor.
PAR  It is still another object of the present invention to provide a
      four-channel stereophonic reproducing system of the above type wherein the
      phase correction circuit is constructed by utilizing the transistor
      constituting a part of the low-pass filter.
PAR  It is still another object of the present invention to provide a
      four-channel stereophonic reproducing system of the above type wherein the
      phase correction circuit is temperature compensated by a thermistor
      connected to the emitter of the transistor constituting the phase
      correction circuit.
PAR  It is still anoter object of the present invention to provide a
      four-channel stereophonic reproducing system of the above type wherein the
      resistor and the capacitor in the phase correction circuit for one signal
      reproducing section respectively have a resistance value and a capacitance
      value which are different from those of the resistor and the capacitor in
      the phase correction circuit for the other signal reproducing section
      whereby to effect the phase correction for the left and right signals
      simultaneously with the phase correction for the main and sub-channel
      signals.
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PAR  The above and other objects, features and advantages of the present
      invention will become readily apparent from considering the following
      detailed description taken in conjunction with the accompanying drawings,
      in which:
PAR  FIG. 1 is a wiring diagram showing an embodiment of a four-channel
      stereophonic reproducing system according to the present invention;
PAR  FIG. 2 is a frequency versus phase difference characteristic diagram of the
      filter circuit used in the embodiment of FIG. 1;
PAR  FIG. 3 is a frequency versus phase characteristic diagram of the phase
      correction circuit used in the embodiment of FIG. 1; and
PAR  FIG. 4 is a wiring diagram showing another embodiment of the four-channel
      stereophonic reproducing system according to the invention.
DETD
PAR  The present invention will now be described in greater detail with
      reference to the illustrated embodiments.
PAR  Referring first to FIG. 1 illustrating a first embodiment of the invention,
      numerals 1a and 1b designate left and right cartridges, 2a and 2b
      preamplifiers, 3a and 3b phase correction circuit, 4a and 4b low-pass
      filters for passing only the main channel signal components from the
      stereophonic composite signals, 5a and 5b separation adjusting volumes, 6a
      and 6b matrix circuits, 7, 8 and 9, 10 the output terminals of the matrix
      circuits 6a and 6b, 11a and 11b high-pass filters for passing only the
      sub-channel signal components from the stereophonic composite signals, 12a
      and 12b detector circuits for detecting the sub-channel signals, 13a and
      13b filter circuits for eliminating higher frequencies to improve the S/N
      ratio.
PAR  The phase correction circuits 3a and 3b respectively comprise coupling
      capacitors 14a and 14b, transistors 15a and 15b, bias resistors 16a, 17a,
      18a and 16b, 17b, 18b respectively provided for the transistors 15a and
      15b, and a series circuit of a resistor 19a and a capacitor 20a and a
      series circuit of a resistor 19b and a capacitor 20b respectively
      connected across the collector and emitter of the transistors 15a and 15b.
      The low-pass filters 4a and 4b respectively comprise capacitors 21a, 22a,
      23a and 21b 22b, 23b, transistors 24a and 24b, resistors 25a, 26a, 27a,
      28a, 29a and 25b, 26b, 27b 28b 29b, and thermistors 30a and 30b
      respectively connected to the emitter of the transistors 24a and 24b. The
      resistance value of the resistor 19a and the capacitance value of the
      capacitor 20a in the phase correction circuit 3a are selected to differ
      from those of the corresponding resistor 19b and the capacitor 20b in the
      phase correction circuit 3b.
PAR  The embodiment of FIG. 1 operates as follows. The stereophonic composite
      signals picked up by the cartridges 1a and 1b are respectively applied
      through the preamplifiers 2a and 2b to the phase correction circuits 3a
      and 3b and the high-pass filters 11a and 11b. The sub-channel signals
      passed through the high-pass filters 11a and 11b are respectively applied
      to the detector circuits 12a and 12b where the frequency-modulated or
      phase-modulated sub-channel signals are detected to produce outputs
      corresponding to the differences between the front and rear signals at the
      output terminals thereof. In this case, the sub-channel signals tend to
      include considerable noise components due to flaws, dust, dirt and the
      like on the disc and therefore considerable noise is present at the output
      terminals of the high-pass filters 11a and 11b. Consequently, in the
      present embodiment, the outputs of the detector circuits 12a and 12b are
      respectively passed through the filter circuits 13a and 13b to eliminate
      the higher frequencies including large noise components. However, as shown
      in FIG. 2, the elimination of the higher frequencies results in a
      considerable phase difference in the higher frequency range and this has a
      detrimental effect on the separation. To overcome this difficulty, the
      preamplifiers 2a and 2b are respectively followed by the phase correction
      circuits 3a and 3b each having the frequency characteristic shown in FIG.
      3. Therefore, similar to the sub-channel signals, the phases of the main
      channel signals applied to the matrix circuits 6a and 6b through the
      low-pass filters 4a and 4b are shifted to place both channels
      substantially in phase with each other. This ensures a very high degree of
      separation between the front and rear signals produced at the output
      terminals 7, 8 and 9, 10 of the matrix circuits 6a and 6b, respectively.
PAR  Further, by virtue of the fact that in this embodiment the resistance value
      of the resistor 19a and the capacitance value of the capacitor 20a which
      are connected across the collector and emitter of the transistor 15a in
      one phase correction circuit 3a are selected to differ from those of the
      resistor 19b and the capacitor 20b which are connected across the
      collector and emitter of the transistor 15b in the other phase correction
      circuit 3b, the phase correction for the left and right signals can be
      accomplished simultaneously with the phase correction for the main channel
      and sub-channel signals.
PAR  Furthermore, the stereophonic reproduction by the system according to this
      embodiment is further improved by the fact that the thermistors 30a and
      30b are respectively connected to the emitters of the transistors 24a and
      24b in the low-pass filters 4a and 4b and the low-pass filters 4a and 4b
      are thus compensated for the effects of temperature through the action of
      the thermistors 30a and 30b to stabilize the operation of the low-pass
      filters 4a and 4b.
PAR  FIG. 4 illustrates a wiring diagram of another embodiment of the
      four-channel stereophonic reproducing system according to the invention.
      In FIG. 4 showing only the circuitry for one of the left and right
      channels, the component parts which are identical in function with those
      of the embodiment shown in FIG. 1 are designated by the same reference
      numerals. In the embodiment of FIG. 4, the low-pass filter is comprised of
      resistors 31a, 32a, 34a and 35a, capacitors 37a and 38a and a transistor
      39a, and the phase correction circuit is comprised of the transistor 39a,
      resistors 34a, 35a and 36a and capacitors 40a and 41a. Namely, in this
      embodiment, the phase correction circuit is constructed by utilizing the
      transistor 39a of the low-pass filter and in this way the function of the
      low-pass filter and that of the phase correction circuit are performed by
      using the single transistor 39a. Further, the characteristic of the
      low-pass filter is determined by the resistors 31a and 32a and the
      capacitors 37a and 38a, while the resistor 36a and the capacitor 40a
      determine the characteristics of the phase correction circuit. Thus, by
      providing the same circuitry for the other channel, the circuit
      construction of the entire system can be simplified and the system can
      function identically with the embodiment shown in FIG. 1.
PAR  Further, in both embodiments, each phase correction circuit should
      preferably be constructed to correct for phase distortion only without
      changing the signal level.
PAR  It will thus be seen from the foregoing description that the system
      according to this invention has a great advantage since it is capable of
      not only improving the signal-to-noise ratio, but also ensuring a greatly
      improved separation by its novel arrangement in which in addition to the
      filter circuits for eliminating higher audio frequencies which are
      provided in the sub-channel signal reproducing sections, the phase
      correction circuits are provided in the main channel signal reproducing
      sections to correct for any phase distortion caused by the filter
      circuits.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A four-channel stereophonic reproducing system for reproducing first,
      second, third and fourth audio signals from a first stereophonic composite
      signal consisting of a main channel signal comprised of an addition of
      said first and second audio signals and a sub-channel signal obtained by
      frequency modulating or phase modulating a difference between said first
      and second audio signals, and a second stereophonic composite signal
      consisting of a main channel signal comprised of an addition of said third
      and fourth audio signals and a sub-channel signal obtained by frequency
      modulating or phase modulating a difference between said third and fourth
      audio signals, said system comprising: first reproducing means for
      reproducing said first and second signals from said first stereophonic
      composite signal; and second reproducing means for reproducing said third
      and fourth audio signals from said second stereophonic composite signal,
      each of said first and second reproducing means including main channel
      signal reproducing means having a low-pass filter for passing said main
      channel signal in said first or second stereophonic composite signal, and
      sub-channel signal reproducing means having a high-pass filter for passing
      said subchannel signal in said first or second stereophonic composite
      signal, said sub-channel signal reproducing means including a detector
      circuit for detecting the output of said high-pass filter and a filter
      circuit for eliminating higher frequencies of the output of said detector
      circuit, and said main channel signal reproducing means further including
      a phase correction circuit for producing a phase lag equal to that of the
      signal in said sub-channel signal reproducing means.
NUM  2.
PAR  2. A system according to claim 1, wherein said phase correction circuit
      comprises a transistor, and a series circuit including a resistor and a
      capacitor connected across the collector and emitter of said transistor,
      and the junction point of said resistor and said capacitor provides an
      output terminal.
NUM  3.
PAR  3. A system according to claim 1, wherein said low-pass filter in said main
      channel signal reproducing means comprises at least one transistor, and
      resistors and capacitors connected to the base of said transistor, wherein
      a series circuit of a resistor and a capacitor is connected across the
      collector and emitter of said transistor, and wherein said correction
      circuit is comprised of said transistor and said resistor and capacitor
      constituting said series circuit.
NUM  4.
PAR  4. A system according to claim 1, wherein said low-pass filter includes at
      least one transistor, and a temperature compensating thermistor is
      connected to the emitter of said transistor.
NUM  5.
PAR  5. A system according to claim 1, wherein at least one of said first
      reproducing means for reproducing said first stereophonic composite signal
      and said second reproducing means for reproducing said second stereophonic
      composite signal is provided with phase correction means to correct for a
      phase difference between said first and second stereophonic composite
      signals.
NUM  6.
PAR  6. A system according to claim 1, wherein the values of said resistor and
      said capacitor in one of said phase correction circuits provided in said
      first and second reproducing means for reproducing said first and second
      stereophonic composite signals, are selected to differ from those of said
      resistor and said capacitor in the other of said phase correction
      circuits, whereby a phase difference between said first and second
      reproducing means is corrected for by said phase correction circuits.
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ABST
PAL  An electrical switch having a plurality of means adapted to be movable
      generally sequentially for switching power through the electrical switch.
      A plurality of means are adapted to be conjointly and relatively movable
      disposed in cascaded articulated relation between the switching means at
      least some of the movable means being conjointly movable relative to at
      least some of the others thereof for effecting the sequential operation of
      the switching means. Methods and a system for generally effecting
      sequential operation of the switching means are also disclosed.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to patent application Ser. No. 433,594 filed
      Jan. 15, 1974 which is specifically incorporated herein by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electrical switches and in particular
      to those having switching means adapted to be sequentially actuated,
      methods for effecting sequential actuation of switching means, and a
      system for making a plurality of separate circuits.
PAR  In the past, various electrical switches having a plurality of means for
      switching power in the electrical switch were provided, and in some of
      these past electrical switches, the switching means were adapted to be
      sequentially operated. For instance, in German patent D.A.S. 1,143,894,
      two spring loaded switch arms are provided for sequential operation
      between their respective contacts in response to an increasing force
      applied generally centrally of an actuating lever drivingly engaged
      between the switch arms. A disadvantageous or undesirable feature of the
      German patent is that the switching arrangement is limited since it can
      operate only two switches.
PAR  Australian Pat. No. 289,072 discloses three snap-acting switches biased for
      sequential operation, and a generally centrally located rigid plate
      mounted on a force producing diaphragm is linked with the switches for
      simultaneously transmitting an actuating force thereto for effecting the
      sequential operation. One of the disadvantageous or undesirable features
      of this Australian patent is that the switches were arranged about the
      generally centrally located rigid plate wherein the number of switches
      capable of being sequentially operated by the rigid plate was necessarily
      limited if only by physical size of the structure. In other words, if an
      attempt was made to incorporate more switches for sequential operation,
      the complexity of the construction might, for all practical purposes,
      render it inoperable or at least undesirable from an economic and
      manufacturing viewpoint. Another disadvantageous or undesirable feature is
      that means for limiting motion of the switches was necessarily provided
      for each switch limiting further movement thereof in its actuated position
      when another switch associated therewith was moved to its actuated
      position.
PAR  In U.S. Pat. No. 3,701,962 there is shown a switching device which has a
      plurality of switch means sequentially operated by a wobble plate in
      response to a force applied thereto by a bimetal member adapted to be
      heated. However, it is believed that this construction has generally the
      same disadvantageous or undesirable features as discussed above with
      respect to the Australian patent.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of the present invention may be noted the
      provision of an electrical switch, methods of sequentially actuating a
      plurality of switching means, and a system for making a plurality of
      separate circuits which overcome the disadvantageous or undesirable
      features discussed above, as well as others, with respect to the prior
      art; the provision of such electrical switch, methods, and system in which
      snap-action is provided for each of the plurality of switching means
      thereof wherein contact force does not go to zero upon the opening of the
      contacts of the switching means; the provision of such electric switch,
      methods, and system having actuating means for the switching means which
      are disposed in an articulated cascaded relation between the switching
      means; the provision of such electric switch, methods, and system in which
      the actuating means for the switching means, in their articulated cascaded
      relation, are disposed generally in aligned row formation between the
      switching means; the provision of such electric switch, methods, and
      system in which the actuating means for the switching means, in their
      articulated cascaded relation, are disposed in tier formation between the
      switching means; the provision of such electric switch, methods and system
      wherein at least some of the components of the actuating means for the
      switching means are common; and the provision of such electrical switch
      which is simplistic in design, economical to manufacture, and easily
      assembled. Other objects and features will be in part apparent and in part
      pointed out hereinafter.
PAR  In general and in one form of the invention, an electrical switch has a
      plurality of means adapted to be movable generally sequentially for
      switching power through the electrical switch. A plurality of means are
      adapted to be cojointly and relatively movable and disposed in cascaded
      articulated relation between the switching means, and at least some of the
      movable means are conjointly movable relative to at least some of the
      others thereof for effecting the sequential operation of the switching
      means.
PAR  More particularly and in one form of the invention, the movable means
      include first and second levers drivingly engaged between first and second
      pairs of the switching means, one of the first and second levers being
      movable for sequentially operating the switching means of one of the first
      and second pairs thereof prior to movement of the other of the first and
      second levers for sequentially operating the switching means of the other
      of the first and second pairs thereof. Third and fourth levers are also
      drivingly engaged between the first and second levers and a third pair of
      the switching means, and the third lever is movable for sequentially
      operating one of the first lever and one of the switching means of the
      third pair thereof prior to movement of the fourth lever for sequentially
      operating one of the second lever and the other switching means of the
      third pair thereof. A fifth lever is drivingly engaged with the third and
      fourth levers for sequentially operating one thereof prior to the other in
      response to a force applied on the fifth lever.
PAR  In general and in one form of the invention, an electrical switch has a
      plurality of means adapted to be generally sequentially movable for
      switching power through the electrical switch. A plurality of means are
      disposed generally in cascaded articulated relation with each other
      between the switching means and are movable for actuating them generally
      sequentially, and means for applying a force of varying magnitude under
      preselected conditions onto the actuating means effects the switching
      means actuating movement thereof.
PAR  Also in general and in one form of the invention, there is provided a
      method for generally sequentially actuating a plurality of means for
      switching power in an electrical switch. In this method, a plurality of
      means is disposed generally in cascading articulated relation between the
      switching means for actuating engagement therewith, and a force is applied
      under preselected conditions to the actuating means for articulating them
      in a manner to distribute at least a portion of the force to each of the
      switching means for effecting the generally sequential actuation thereof.
PAR  In another form of the invention and also in general, there is provided a
      method for actuating a pair of sets of a plurality of means under
      preselected conditions for respectively switching power generally in
      sequence in an electrical switch. In this method, a variable force is
      established in response to the preselected conditions, and the variable
      force is distributed for sequentially actuating the plurality of switching
      means in one set thereof prior to sequentially actuating the plurality of
      switching means in the other set thereof.
PAR  Further and in general, a system in one form of the invention has a
      plurality of separate circuits, and a plurality of means respectively
      making the separate circuits to energize them generally sequentially. In
      combination therewith, there is also provided means for establishing a
      generally increasing force under preselected conditions. A plurality of
      means is disposed in cascaded articulated relation with each other and
      driven in response to the increasing force for predeterminately
      distributing at least portions thereof to preselected ones of the circuit
      making means thereby to effect the generally sequential energization of
      the circuits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of an electrical switch of the
      present invention in one form thereof which illustrates methods for
      sequentially actuating a plurality of switching means in one form of the
      invention and also a system for making a plurality of separate circuits in
      the invention, respectively, in one form thereof;
PAR  FIG. 2 is a schematic view of the electrical switch of FIG. 1 illustrating
      the articulated cascaded relation of the actuating means for the switching
      means of the electrical switch;
PAR  FIG. 3 is a schematic view of a thermal actuator illustrated in FIG. 1 for
      driving the actuating means of the electrical switch; and
PAR  FIG. 4 is a graphical representation illustrating the performance
      characteristics of the electrical switch of FIG. 1.
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
PAR  The following exemplifications set out herein illustrate the preferred
      embodiments of the invention in one form thereof, and such
      exemplifications are not to be construed as limiting in any manner the
      scope of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in general, there is shown at 1 an electrical
      switch having a plurality of means, such as switches or switch assemblies
      indicated generally at 3, 3a, 3b, 3c, 3d and 3e, adapted to be generally
      sequentially actuated or movable for switching power through the
      electrical switch, FIGS. 1 and 2. A plurality of means, such as
      articulators or levers 5, 6, 7, 8 and 9, are disposed generally in
      articulated cascaded relation between switching means 3-3e and are movable
      for actuating the switching means generally sequentially. Means, such as a
      thermal actuator 11 also shown in FIG. 3, is effective for applying a
      force of varying magnitude under preselected conditions onto the actuating
      means 5-levers 514 9 to effect the switching means actuating movement
      thereof.
PAR  More particularly with reference to FIGS. 1 and 2 each of switching means
      3-3e may include a like toggle device and a like pair of stationary and
      movable contact or switch operating members; however, for the sake of
      brevity and clarity only toggle device 13 and contact operating members
      15, 17 will be described hereinafter, but the letter designation of the
      other switching means will be applied to their respective toggle devices
      and contact operating numbers when specific reference is made to them.
PAR  Electrical switch 1 is provided with a lower housing or frame 19 having a
      generally horizontally extending base 21 integrally interposed between a
      pair of generally vertically extending, opposite side walls 23, 25. Toggle
      device 13 is provided with an arm 27 having a pair of opposite ends 29,
      31, and one end 29 is pivotally mounted to frame side wall 23 in a manner
      well known in the art while the other end 31 is pivotally connected to an
      end portion of a bent or generally U-shaped toggle spring 33. The opposite
      end portion of toggle spring 33 is pivotally connected to a generally
      L-shaped follower 35 which is adjustably or movably mounted in generally
      vertical and horizontal directions on lower frame 19 adjacent side wall 25
      thereof. Follower 35 is adjustably engaged by means, such as an adjustment
      screw 37 or the like, for adjusting the differential between forces
      necessary to trip and reset toggle device 13, as further discussed
      hereinafter, and the adjustment screw is, in turn, captured in a slot (not
      shown) provided therefor in frame side wall 25, as is well known in the
      art. Upon rotation of adjustment screw 37, follower 35 is moved generally
      horizontally or parallel to frame base 21 to adjust the tension of toggle
      spring 33, and the toggle spring urges arm 27 generally vertically
      upwardly with a negative gradient force, i.e., the force in the direction
      of movement of end 31 of the arm becomes greater the further upwardly the
      end 31 is moved. Follower 35 is also adjustably engaged by means, such as
      adjustment screw 39, for adjusting the force necessary to effect tripping
      or actuation of toggle device 13, as discussed hereinafter, and the
      adjustment screw is, in turn, captured in a slot (not shown) provided
      therefor in frame base 23, as is well known in the art. Upon rotation of
      adjustment screw 39, follower 35 is moved generally vertically or parallel
      to frame side wall 25 thereby to bias toggle spring 33 in a manner well
      known in the art urging arm 27 in an upward or counterclockwise direction
      about the pivotal engagement of its end 29 with frame side wall 23. It is,
      of course, understood that adjusting means, such as follower 35 and
      adjusting screws 37, 39, are disclosed merely for purposes of
      illustration, and it is contemplated that other adjusting means may be
      utilized in conjunction with toggle device 13 in an equivalent manner
      within the scope of this disclosure.
PAR  With this arrangement of parts in toggle device 13, toggle spring 33 urges
      arm 27 upwardly, as seen in FIG. 1, until such time as a net effective
      force applied on the arm by lever 5 is sufficient to overcome the toggle
      spring force and pivot the arm downwardly or in a clockwise direction
      toward a power switching, actuated or displaced position. It will be
      understood that once the applied force exerted by lever 5 becomes
      sufficiently great enough to overcome toggle device 13 and begins to pivot
      arm 27 in the clockwise direction, the decreasing force exerted by toggle
      spring 33 tends to cause arm 27 to snap through to its displaced position.
      On the other hand, when the applied force exerted by lever 5 on arm 27
      becomes insufficient to maintain the arm in its displaced position, the
      opposing force of toggle spring 33 will tend to snap the arm upwardly in
      the counterclockwise direction toward its normal operating or at-rest
      position. In this manner, snap-action pivotal movement of arm 27 about the
      pivotal engagement of its end 29 with frame side wall 23 is effected. To
      complete the description of toggle device 13, means, such as an adjustable
      actuator, driving connection, or pin 41, for adjusting and driving
      engagement with movable contact member 17 has its upper end disposed in
      abutment with the movable contact member and its lower end adjustably or
      threadedly received in arm 27.
PAR  Electrical switch 1 is also provided with an upper housing or cover 43
      which is adapted to be mounted to frame 19 by suitable connecting or
      mounting means (not shown) in a manner well known in the art. A plurality
      of grooves or recesses 45 are provided in cover 43, and stationary and
      movable contact members 15-15e and 17-17e are respectively disposed in the
      recesses respectively laterally spaced from each other generally in row
      formation or alignment. Contact members 15, 17 are attached by suitable
      means well known in the art, such as a plurality of screws 47 for
      instance, to cover 43, and a pair of electrical contacts 49, 51 are
      respectively carried by the contact members for circuit making engagement
      and circuit breaking disengagement. Quick disconnect ends 53, 55 are
      provided on stationary and movable contact members 15, 17 for respective
      connection in separate electrical circuits (not shown), and a plurality of
      openings 57 are provided in cover 43 to accommodate actuator 41 of toggle
      device 13. Actuator 41 may be adjustably threaded upwardly or downwardly
      in arm 27 of toggle device 13 for adjustably moving movable contact member
      17 relative to stationary contact member 15 to adjust or attain a desired
      spacing between contacts 49, 51 thereof.
PAR  In general and as previously mentioned, electrical switch 1 has a plurality
      of switching means 3-3e adapted to be operated or movable generally
      sequentially for switching power through the electrical switch. A
      plurality of conjointly and relatively movable means, such as levers 5-9,
      are disposed in articulated cascaded relation, as described hereinafter,
      between switching means 3-3e, and at least some of the levers are
      conjointly movable in response to the applied force thereon relative to at
      least some of the others thereof for effecting the sequential operation of
      the switching means. Further, it may also be noted that in their
      articulated cascaded relation, levers 5-9 are generally aligned in row and
      tier formation.
PAR  More particularly and with reference to FIG. 2, levers 5-9 are illustrated
      schematically for the purpose of discussing the articulated cascaded
      relation thereof. Like levers 5, 6 are provided with generally depending,
      opposite ends or end portions 61, 63 and 65, 67 which are pivotally
      engaged or jointed in abutment with arms 27, 27a and 27d, 27e of adjacent
      pairs of toggle devices 13, 13a, and 13d, 13e, respectively. Like levers
      7, 8 are disposed in articulated cascaded relation with levers 5, 6, and
      levers 7, 8 are provided with generally depending, opposite ends or end
      portions 69, 71 and 73, 75. Ends 69, 75 of levers 7, 8 are pivotally
      engaged or jointed in abutment with arms 5, 6 generally along the lengths
      thereof, and ends 71, 73 of levers 7, 8 are pivotally engaged or jointed
      in abutment with arms 27b, 27c of an adjacent pair of toggle devices 13b,
      13c, respectively. Lever 9 is disposed in articulated cascaded relation
      with levers 7, 8, and lever 9 is provided with generally depending,
      opposite ends or end portions 77, 79 which are pivotally engaged or
      jointed in abutment with levers 7, 8 generally along the lengths thereof,
      respectively. It is understood that the pivot points or lines of ends 69,
      75 of levers 7, 8 on levers 5, 6 may be any selected length ratio between
      ends 61, 63 and 65, 67 of levers 5, 6, and this ratio has been selected as
      1:1 for purposes of disclosure. Also, the pivot points or lines of ends
      77, 79 of lever 9 on levers 7, 8 may also be any selected length ratio
      between ends 69, 71 and 73, 75 of levers 7, 8, and this ratio has been
      selected as 2:1 for purposes of disclosure. In this manner, it may be
      noted that at least a selected portion of the force applied by thermal
      actuator 11 on levers 5-9 is delivered thereby to the respective switching
      means 3--3e, as discussed hereinafter. Also in order to accommodate the
      snap-action movement of toggle devices 13-13e, at least lever 9 is
      resilient and will deflect in response to a driving force applied thereto,
      as discussed hereinafter, and for purposes of disclosure, the other levers
      5-8 also have resilient characteristics and will also deflect in response
      to the applied driving force.
PAR  Referring now to FIG. 1, it may be noted that like levers 5, 6 may be
      formed from generally flat sheet steel or other suitable metal while like
      levers 7, 8 and also lever 9 are formed from a generally C-shaped channel
      of steel or other suitable metal. In this manner, levers 5, 6 are guided
      within the channel section of levers 7, 8, and lever 9 is positioned above
      levers 7, 8 wherein the levers are disposed and retained generally in both
      row and tier alignment or formation. Further, each of ends 61-79 of levers
      5-9 is provided with a tab or nipple 81 extending therefrom, respectively,
      and arms 27-27e of toggle devices 13-13e are slotted at 83-83e to receive
      tabs 81 of levers 5, 6 and one of the tabs 81 of levers 7, 8. Levers 5, 6
      are slotted at 85 to receive the other tabs 81 of levers 7, 8, and levers
      7, 8 are slotted at 87 to receive tabs 81 of lever 9. In this manner, the
      interconnection of tabs 81 within their accommodating slots 83-83e, 85 and
      87 maintains levers 5-9 against displacement from each other and from
      toggle devices 13-13e when assembled in electrical switch 1, as previously
      described. It may be noted that the interaction of tabs 81 in their
      respective slots 83-83e, 85 and 87 also maintains the articulated cascaded
      relation of assembled levers 5-9 as well as the preselected points or
      lines of pivotal engagements of lever ends 61-79, as previously described.
PAR  Means for establishing the driving force, such as thermal actuator 11, is
      provided in electrical switch 1 and is operable generally for delivering
      or applying the driving force to means, such as levers 5-9, for
      distributing such force to effect the sequential actuation of switching
      means 3-3e, as discussed in detail hereinafter. A support or plate 93 of
      thermal actuator 11 is mounted by suitable means (not shown) to cover 43
      of electrical switch 1 so as to dispose an expansible bellows 95 of the
      thermal actuator above lever 9 generally centrally thereof, and a force
      transmitting pin or link 97 may be adjustably or threadedly received in
      lever 9 having its upper end in abutting engagement with the bellows. A
      standpipe 99 is interposed in pressure fluid communication between bellows
      95 and a boiler 101, and means, such as a positive temperature coefficient
      resistor (PTCR) 103 or the like, for heating the boiler is disposed in
      heat transfer or conductive relation with the boiler. PTCR 103 is adapted
      to be connected in an electrical circuit (not shown) for selectively
      controlling energization and de-energization thereof through leads 105,
      107. While thermal actuator 11 of specific design and performance
      characteristics shown in FIG. 3 is utilized to effect actuation of
      electrical switch 1 for purposes of this disclosure, it is contemplated
      that other thermal actuators having other design and performance
      characteristics may be equivalently employed within the scope of this
      disclosure.
PAR  More particularly with reference to FIG. 3, boiler 101 is formed of a metal
      having relatively great heat conduction characteristics, as is well known
      in the art, and is provided with an annular side wall 111 which is tapered
      at 113 to define an aperture 115 in the lower end of the boiler. A closure
      member 117 is connected to the upper end of boiler side wall 111 by
      suitable means, such as soldering or the like as is well known to the art
      (not shown), and it may be noted that boiler 101 and a vaporiable liquid
      119 therein of a type well known to the art presents a relatively small
      thermal mass compared to the relatively great cooling or surface area
      thereof. Means, such as PTCR 103, for heating liquid 119 in boiler 101 to
      effect vaporization thereof is disposed in heat transfer relation with
      closure member 117, and while the PTCR may be electrically insulated by
      suitable dielectric material from the closure member if desired, the PTCR
      is shown mounted in direct heat conductive association with the upper or
      exterior end of the closure member.
PAR  Standpipe or tube 99 is provided with a passage or opening 121 therethrough
      communicating between boiler 101 and bellows 95, and the standpipe is
      formed just large enough to allow ready equalization of fluid pressure and
      small enough to minimize conduction of heat between the boiler and
      bellows. Standpipe 99 is fixedly disposed by suitable means, such as
      soldering or the like (not shown), within aperture 115 of boiler 101 and
      extends into the interior or liquid fill chamber of the boiler so that
      upper end portion 123 of the standpipe extends a selected space or
      distance S above a predetermined fill level L of liquid 119 in the boiler.
      Since upper end portion 123 of standpipe 99 is above or at least generally
      coextensive with fill level L, transfer of liquid 119 in its liquid state
      through standpipe passage 121 is obviated. A lower end portion 125 of
      standpipe 99 extends through cover 43, which generally thermally isolates
      boiler 101 and bellows 95, into fixed connection with the bellows.
PAR  Bellows 3 may be provided with a pair of generally annular, opposite end
      walls 129, 131 having an annular, expansible, resilient member 133 of
      relatively low, positive gradient, spring rate fixedly interposed
      therebetween by suitable means, such as soldering or the like (not shown),
      and an expansible chamber 135, which is filled completely with liquid 119,
      is defined within the expansible member between the end walls. Lower end
      wall 131 is movable in response to expansion of chamber 135 for applying
      or delivering an output or working force to lever 9 through force
      transmitting pin 97, and an aperture 137 is provided in upper end wall 33
      in which standpipe lower end portion 125 is fixedly received by suitable
      means such as soldering or the like (not shown). To complete the
      description of thermal actuator 11, upper end wall 129 of bellows 95 is
      fixedly secured by suitable means, such as soldering or the like well
      known in the art (not shown), to plate 93 against displacement therefrom.
      A more detailed disclosure of thermal actuator 11 and an alternative
      thermal actuator may be had by referring to copending patent application
      Ser. No. 433,594 filed Jan. 15, 1974 which is specifically incorporated
      herein by reference.
PAR  In the operation of electrical switch 1, it is assumed that the respective
      tripping or actuating forces of toggle devices 13-13e have been adjusted
      by adjusting screws 39-39e, as previously described, so that the toggle
      devices will trip sequentially as follows: toggle device 13 first, then
      13a, 13b, 13e, 13d, and 13c. Further, it is also assumed that toggle
      devices 13-13e have been adjusted by adjusting screws 37-37e, as
      previously described, to effect substantially the same force differential
      for each toggle device, i.e., the differential between the magnitude of
      the trip force and the force at which reset occurs for each toggle device.
PAR  When PTCR 103 is energized by applying power thereto through leads 105, 107
      under preselected conditions, heat therefrom is conductively or otherwise
      transmitted to boiler 101 for heating the boiler and vaporizable liquid
      119 therein to the temperature necessary to effect vaporization of the
      liquid. Upon the vaporization of liquid 119, only vapor is transferred
      through passage 121 of standpipe 99 toward bellows 95 since upper end 123
      of the standpipe extends the preselected space S above the predetermined
      fill level L of the liquid in boiler 101. Of course, an increase in
      pressure within boiler 101 predeterminately accompanies the establishment
      of vapor therein, and communication between the boiler and bellows 95
      through passage 121 of standpipe 99 serves to maintain the pressure within
      the boiler and bellows substantially equalized. Transfer of vapor from
      boiler 101 to bellows 95 continues until substantially all of liquid 119
      has been vaporized, and upon reaching the relatively cooler environs of
      the thermally isolated bellows 95, the transferred vapor condenses back to
      the liquid state. In this manner, the condensation of the transferred
      vapors serves to maintain bellows chamber 135 filled with liquid 119
      thereby to compensate for a volumetric increase in the capacity of the
      bellows chambers when the increased pressure accompanying vaporization of
      the liquid acts on the effective area of bellows 95 to create a force
      moving it generally downwardly against lever 9. In view of the foregoing,
      it may be noted that bellows 95 applies or delivers a variable force of
      increasing magnitude onto lever 9 for effecting the sequential operation
      or actuating of switching means 3-3e, as described hereinafter.
PAR  Assuming toggle devices 13-13e have been adjusted, as previously described,
      so that one set of switching means 3-3b is adapted to be sequentially
      operated prior to the sequential operation of the other set of switching
      means 3c-3e, the increasing or variable force applied by bellows 95
      generally centrally onto lever is distributed generally evenly between the
      pair of sets of the switching means 3-3b and 3c-3e. The applied force
      causes lever 9 to pivot about its end 79 and conjointly moves levers 5, 7
      relative to levers 6, 8 for effecting the sequential actuating of
      switching means 3-3b. Due to the lever ratios of levers 5, 7 which were
      preselected as previously mentioned, the applied force effects generally
      conjoint pivoting of levers 5, 7 about their ends 63, 71 to effect
      actuation or displacement movement of arm 27 of toggle device 13 against
      toggle spring 33 generally downwardly or in the clockwise direction about
      the pivotal engagement of end 29 of the arm with the frame side wall 23 to
      the displaced position of the toggle device. Snap-action is imparted to
      toggle device 13 upon the movement thereof to its displaced position, as
      previously mentioned, and pin 41 is conjointly movable with arm 27 thereby
      to permit snap-action resilient movement of movable switch member 17
      toward stationary switch member 15 effecting circuit making engagement of
      contact 51 with contact 49. Once the applied force distributed through
      levers 5, 7, 9 in their cascaded relation is increased to a value great
      enough to overcome the opposing force of toggle device 13 and effect the
      snap-action movement of switching means 3 to its power switching position,
      as above described, the applied force necessary for maintaining toggle
      device 13 actuated is predeterminately less than that needed to effect the
      actuation of the toggle device due to the negative gradient thereof.
PAR  As the applied force delivered by thermal actuator 11 to lever 9 increases
      in value, the increased applied force is distributed through levers 5, 7,
      9 in their cascaded relation to effect pivotal movement of lever 5 about
      its end 61 which, in turn, pivotally moves arm 27a generally clockwise
      against toggle spring 33a to actuate toggle device 13a and thereby impart
      snap-action to the movement of movable switch member 17a for closing
      contact 51a on contact 49a. Upon a further increase in the magnitude of
      the applied force, lever 7 is conjointly movable with lever 9 and
      pivotally movable about end 69 of lever 7. The pivotal movement of lever 7
      about its end 69 pivotally moves arm 27b generally clockwise against
      toggle spring 33b thereby to impart snap-action to the movement of switch
      member 17b for closing contact 51b onto contact 49b. From the foregoing,
      it may be noted that levers 5, 7, 9 in their cascaded relation are
      responsive to increasing magnitude of the force applied by thermal
      actuator 11 for effecting the sequential operation, movement or actuation
      of switching means 3-3b, and the switching means are generally operable in
      the same manner since they contain like or similar components.
PAR  With the set of switching means 3-3b sequentially operated, a further
      increase in the magnitude of the applied force delivered to lever 9 by
      thermal actuator 11 effects pivotal movement of the lever about its end 77
      to conjointly more levers 6, 8 about their ends 65, 73 to effect actuation
      or displacement movement of arm 27e of toggle device 13e against toggle
      spring 33e in the clockwise direction to actuate the toggle device and
      impart snap-action to the following movement of pin 41e and switch member
      17e for closing contact 51e on contact 49e. It may be noted that levers 6,
      8, 9 in their cascaded relation are conjointly movable relative to levers
      5, 7 to actuate switching means 3e of the set of the switching 3c-3e. As
      the applied force is further increased, lever 6 is further pivotally
      movable about its end 67 to pivotally move arm 27d against toggle spring
      33d to effect actuation of toggle device 13d and impart snap-action to the
      following movement of pin 41d and switch member 17d to close contact 51d
      into making engagement with contact 49d. A further increase in the
      magnitude of the applied force effects further pivotal movement of lever 8
      about its end 75 to pivotally move arm 27c against toggle spring 33c to
      effect actuation of toggle device 13c and impart snap-action to the
      following movement of pin 41c and switch member 17c to close contact 51c
      onto contact 49c. From the foregoing its may be noted that levers 6, 8, 9
      in their cascaded relation are generally conjointly movable relative to
      levers 5, 7 for sequentially operating switching means 3c-3e, and levers
      6, 8, 9 in their cascaded relation are responsive to selected values of
      the increasing magnitude of the applied force delivered thereto by thermal
      actuator 11 for effecting the sequential operation of switching means
      3c-3e which also contain similar or like components. It may also be noted
      that for purposes of disclosure, the set of switching means 3- 3b are
      sequentially operated prior to the set of switching means 3c-3e by the
      levers 5-9 in their articulated cascaded relation; however, if desired,
      any one of switching means 13-13e may be preselected for operation in
      sequence with any other one of the switching means, i.e., a preselection
      at random.
PAR  During reset of thermal actuator 11 under other preselected conditions,
      PTCR 103 is de-energized to terminate heating of boiler 101, and the
      boiler begins to cool effecting condensation of a slight amount of vapor
      therein which results in a corresponding slight decrease in pressure in
      the boiler. Upon this slight decrease in pressure, the relatively cooler
      liquid 119 in bellows 95 flows therefrom through passage 121 of standpipe
      99 returning to boiler 101 thereby to generally equalize the pressure
      between the boiler and bellows. This return flow of relatively cool liquid
      119 causes immediate additional condensation in boiler 101 by chilling
      vapor therein thus causing additional return flow of liquid 119 to the
      boiler. In this manner, the return flow of relatively cool liquid 119 from
      bellows 95 continues to further cool boiler 101 until the boiler is again
      filled to its predetermined level L. As pressure in thermal actuator 11 is
      reduced by the return flow of liquid 119 to boiler 101, as discussed
      above, the working or applied force is correspondingly reduced and
      eventually overcome by the forces to toggle springs 33-33e acting through
      levers 5-9. In this manner levers 5-9 and the components of toggle devices
      13-13e are returned to their original or at-rest positions to effect the
      opening or disengagement of contacts 51-51e from contacts 49-49e in a
      sequence substantially in reverse order of the above described sequential
      operation of switching means 3-3e.
PAR  Referring now to FIG. 4, a graphical representation of the operating
      characteristics of electrical switch 1 is shown plotting deflection in
      inches of articulated cascaded levers 5-9, as measured at lever 9, against
      the force in pounds applied thereto by thermal actuator 11. Trip forces
      T-Te necessary to effect the sequential actuation or operation of
      switching means 3-3e, as discussed hereinbefore, are compared with reset
      forces R-Re thereof, respectively, It may be recalled that the magnitudes
      of trip forces T-Te were adjustably predetermined with respect to
      switching means 3-3e by adjustably setting adjustment screws 39-39e, and
      the differential between the trip forces and reset forces R-Re for the
      switching means was adjustably predetermined by adjustably setting
      adjustment screws 37-37e, as previously described.
PAR  The portion of the curve between point a and trip force T generally
      represents the increasing magnitude of the force initially applied onto
      levers 5-9 in their articulated cascaded relation by thermal actuator 11
      to effect actuation or operation of switching means 3, as previously
      described. Upon attainment of trip force T, it may be noted from the curve
      that the applied force drops rather sharply due to the movement of toggle
      device 13 from its normal position to its tripped or actuated position.
      This rather sharp drop in the applied force is effected by the pivotal
      movement of lever 5 to actuate arm 27 of toggle device 13 against toggle
      spring 33, and this same sharp drop in force may also be noted as
      occurring upon the subsequent pivotal movements of levers 5-9 to actuate
      arms 27a-27e of toggle devices 13a-13e against toggle springs 33a-33e for
      sequentially operating switching means 3a-3e, as previously described.
PAR  After the sequential actuation of switching means 3c and the accompanying
      sharp drop in the applied force, the applied force may be increased to
      point b on the curve, but upon de-energization of PTCR 103 to effect reset
      of electrical switch 1 and thermal actuator 11, the applied force is
      decreased generally along the portion of the curve between point b and
      reset force Rc. Subsequent to the attainment of reset force Rc, there is a
      rather sharp rise in the applied force due to the movement of toggle
      devices 13-13e from their actuated positions, back to their normal or
      at-rest positions and it may be noted that this sharp rise in the applied
      force also occurs subsequent to the attainment of each reset force R-Re.
      These increases in the applied force are occasioned by the toggle springs
      33-33e assisting the release of levers 5-9, i.e., operating in opposition
      to the applied force, respectively, when toggle devices 13-13e are
      sequentially operated to effect the return of switching means 3-3e to
      their original positions in an order reverse from the sequential operation
      thereof, as previously described. After resetting of switching means 3,
      the applied force declines to point a on the curve thereby completing a
      cycle of electrical switch 1 which is now reset for subsequent cyclical
      operation.
PAR  From the foregoing, it is now apparent that a novel electrical switch 1,
      novel methods for effecting sequential actuation of switching means, and a
      novel system for making a plurality of separate circuits are provided
      meeting the objects and advantageous features set out hereinbefore, as
      well as others, and it is contemplated that changes in the precise
      configurations, connections and details of the structural components and
      changes in the precise steps of the methods, which are presented merely to
      illustrate the invention, may be made by those skilled in the art without
      departing from the spirit and scope of the invention as set out by the
      claims which follow.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In an electrical switch having a plurality of means adapted to be
      movable generally sequentially for switching power through the electrical
      switch; and a plurality of movable means adapted to be conjointly and
      relatively movable and disposed in cascaded articulated relation between
      the switching means, at least some of the movable means being conjointly
      movable relative to at least some of the others thereof for effecting the
      sequential operation of the switching means.
NUM  2.
PAR  2. In the electrical switch as set forth in claim 1, wherein the movable
      means includes at least first and second levers drivingly engaged between
      at least first and second pairs of the switching means, respectively.
NUM  3.
PAR  3. In the electrical switch as set forth in claim 1, wherein the movable
      means include at least first and second levers drivingly engaged between
      at least first and second pairs of the switching means, respectively, one
      of the first and second levers being movable for sequentially operating
      the switching means of one of the first and second pairs thereof prior to
      movement of the other of the first and second levers for sequentially
      operating the switching means of the other of the first and second pairs
      thereof.
NUM  4.
PAR  4. In the electrical switch as set forth in claim 2, wherein the first and
      second levers respectively include opposite end portions, the opposite end
      portions being respectively pivotally mounted to associated ones of the
      switching means of the first and second pairs thereof.
NUM  5.
PAR  5. In the electrical switch as set forth in claim 2, wherein the first and
      second levers respectively include opposite end portions respectively
      pivotally mounted with the switching means of the first and second pairs
      thereof, the first and second levers being initially pivotally movable
      about one of their opposite end portions for operating one of the
      switching means of the first and second pairs thereof and thereafter being
      further pivotally movable about the other of their opposite end portions
      for operating the other of the switching means of the first and second
      pairs thereof.
NUM  6.
PAR  6. In the electrical switch as set forth in claim 3, wherein the movable
      means further includes a third lever drivingly engaged between the first
      and second levers to effect the respective switching means operating
      movements thereof.
NUM  7.
PAR  7. In the electrical switch as set forth in claim 2, wherein the movable
      means further includes third and fourth levers drivingly engaged between
      the first and second levers and a third pair of the switching means,
      respectively.
NUM  8.
PAR  8. In the electrical switch as set forth in claim 2, wherein the movable
      means further includes third and fourth levers drivingly engaged between
      the first and second levers and a third pair of the switching means,
      respectively, the third lever being movable for sequentially operating one
      of the first lever and one of the switching means of the third pair
      thereof prior to movement of the fourth lever for sequentially operating
      one of the second lever and the other switching means of the third pair
      thereof.
NUM  9.
PAR  9. In the electrical switch as set forth in claim 7, wherein the third and
      fourth levers respectively include opposite end portions pivotally mounted
      to the first and second levers and the switching means of the third pair
      thereof, the third and fourth levers being pivotally movable about their
      opposite end portions for operating one of the first lever and the one
      switching means of the third pair thereof and one of the second lever and
      the other switching means of the third pair thereof, respectively.
NUM  10.
PAR  10. In the electrical switch as set forth in claim 7, wherein the movable
      means further includes a fifth lever for driving engagement with the third
      and fourth levers.
NUM  11.
PAR  11. An electrical switch comprising a plurality of means adapted to be
      generally sequentially movable for switching power through the electrical
      switch, a plurality of means disposed generally in articulated cascaded
      relation between the switching means and movable for actuating them
      generally sequentially, and means for applying a force of varying
      magnitude under preselected conditions onto the actuating means to effect
      the switching means actuating movement thereof.
NUM  12.
PAR  12. An electrical switch as set forth in claim 11, wherein at least some of
      the actuating means include means respectively engaged with the switching
      means for distributing at least a portion of the applied force on the
      actuating means to each of the switching means for effecting the
      sequential actuation thereof.
NUM  13.
PAR  13. An electrical switch as set forth in claim 11, wherein the actuating
      means includes means for respectively interconnecting the actuating means
      in their cascaded articulated relation so that at least some of the
      actuating means are conjointly movable relative to at least some of the
      others thereof during the sequential operation of the switching means.
NUM  14.
PAR  14. An electrical switch as set forth in claim 11, wherein at least one of
      the actuating means is generally resilient so as to yield upon the
      application of the applied force to the actuating means.
NUM  15.
PAR  15. An electrical switch as set forth in claim 11, wherein the actuating
      means includes a first lever drivingly engaged between a pair of the
      switching means, and a second lever drivingly engaged with the first lever
      to transmit thereto at least a portion of the applied force for effecting
      the sequential operation of the pair of the switching means.
NUM  16.
PAR  16. An electrical switch as set forth in claim 15, wherein the second lever
      includes a portion drivingly engaged with the first lever at a preselected
      distance generally along the length thereof.
NUM  17.
PAR  17. An electrical switch as set forth in claim 15, wherein the second lever
      includes a pair of opposite end portions disposed in operating engagement
      with the first lever and a third one of the switching means to transmit
      thereto at least another portion of the applied force for effecting the
      sequential operation thereof with the pair of the switching means.
NUM  18.
PAR  18. An electrical switch as set forth in claim 17, wherein the actuating
      means further includes a third lever drivingly engaged with the second
      lever generally along the length thereof between the end portions thereof.
NUM  19.
PAR  19. An electrical switch as set forth in claim 11, further comprising means
      for preselecting the sequence of the sequential operation of the switching
      means.
NUM  20.
PAR  20. An electrical switch as set forth in claim 11, wherein the plurality of
      switching means constitutes at least a pair of sets of the switching
      means, and the actuating means being responsive to the applied force
      thereon for sequentially actuating the switching means of one of the pairs
      of sets thereof generally prior to actuating the switching means of the
      other of the pair of sets thereof.
NUM  21.
PAR  21. A method of generally sequentially actuating a plurality of means for
      switching power in an electrical switch comprising the steps of:
PA1  a. disposing a plurality of means generally in cascading articulated
      relation between the switching means for actuating them; and
PA1  b. applying a force established in response to a preselected condition to
      the actuating means for articulating them in a manner to distribute at
      least a portion of the force to each of the switching means for effecting
      the generally sequential actuation thereof.
NUM  22.
PAR  22. The method as set forth in claim 21, wherein the disposing step
      comprises spanning at least one of the actuating means between a pair of
      the switching means with opposite end portions of the one actuating means
      respectively in pivoting engagement with the pair of switching means and
      positioning an end portion of another of the actuating means in pivoting
      engagement with the one actuating means generally along the length
      thereof.
NUM  23.
PAR  23. The method as set forth in claim 22, wherein the spanning and disposing
      step comprises preselecting a distance generally along the length of the
      one actuating means for the pivoting engagement therewith of the end
      portion of the other actuating means.
NUM  24.
PAR  24. The method as set forth in claim 21, wherein the disposing step
      comprises spanning a pair of the actuating means in pivoting engagement
      between first and second pairs of the switching means with an end portion
      of at least another one of the actuating means positioned in pivoting
      engagement with the pair of actuating means at a preselected distance
      generally along the lengths thereof.
NUM  25.
PAR  25. The method as set forth in claim 21, comprising the additional step of
      releasing the force on the actuating means upon the occurrence of at least
      another one of the preselected conditions.
NUM  26.
PAR  26. The method as set forth in claim 21, comprising the additional step of
      releasing the force on the actuating means under another preselected
      condition and de-actuating the switching means in a sequence generally
      reverse to the actuating sequence thereof.
NUM  27.
PAR  27. The method as set forth in claim 21, wherein the applying step
      comprises increasing pressure within an expansible container for
      delivering the force to the actuating means by vaporizing a vaporizable
      liquid in the container.
NUM  28.
PAR  28. The method as set forth in claim 27, wherein the increasing step
      comprises heating the container to effect the vaporizing of the liquid
      therein.
NUM  29.
PAR  29. The method as set forth in claim 21, comprising the preliminary step of
      adjusting a plurality of means respectively associated with the switching
      means for predetermining the sequence of actuation of the switching means.
NUM  30.
PAR  30. The method as set forth in claim 21, comprising the intermediate step
      of adjusting a plurality of means respectively associated with the
      switching means for predetermining the sequence of actuation of the
      switching means.
NUM  31.
PAR  31. A method of actuating a pair of sets of a plurality of means under
      preselected conditions for respectively switching power generally in
      sequence in an electrical switch comprising the steps of:
PA1  a. establishing a variable force in response to the occurrence of at least
      one of the preselected conditions; and
PA1  b. distributing the variable force for sequentially actuating the plurality
      of switching means in one set thereof prior to sequentially actuating the
      plurality of switching means in the other set thereof.
NUM  32.
PAR  32. The method as set forth in claim 31, wherein the distributing step
      further comprises applying the variable force to a plurality of means for
      actuating the switching means of the sets thereof, the actuating means
      being disposed generally in cascaded articulated relation between the
      switching means of the sets thereof.
NUM  33.
PAR  33. The method as set forth in claim 32, wherein the applying step
      comprises moving the actuating means in response to the variable force for
      sequentially actuating the switch means of one of the one and other sets
      thereof generally prior to the sequential actuating of the switching means
      of the other of the one and other sets thereof.
NUM  34.
PAR  34. The method as set forth in claim 31, comprising the additional step of
      releasing the variable force upon the occurrence of at least another one
      of the preselected conditions.
NUM  35.
PAR  35. The method as set forth in claim 31, comprising the additional step of
      releasing the variable force upon the occurrence of at least another one
      of the preselected conditions and de-actuating the switching means of the
      sets thereof in a sequence reverse to the actuation sequence thereof.
NUM  36.
PAR  36. The method as set forth in claim 31, wherein the establishing step
      comprises vaporizing a vaporizable liquid and increasing the pressure
      within an expansible container therefor for delivering the variable force.
NUM  37.
PAR  37. The method as set forth in claim 36, wherein the vaporizing step
      comprises heating the container for effecting the vaporizing of the liquid
      therein.
NUM  38.
PAR  38. In a system having a plurality of separate circuits, and a plurality of
      means for respectively making the separate circuits to energize them
      generally sequentially; the combination therewith comprising means for
      establishing a generally increasing force under preselected conditions,
      and a plurality of means disposed in cascaded articulated relation with
      each other and driven in response to the increasing force for
      predeterminately distributing at least portions thereof to preselected
      ones of the circuit making means thereby to effect the generally
      sequential energization of the circuits.
NUM  39.
PAR  39. A system as set forth in claim 38, wherein at least some of the circuit
      making means include means for imparting snap-action thereto upon the
      movement thereof to the power switching positions.
NUM  40.
PAR  40. A system as set forth in claim 39, wherein at least some of the
      distributing means are resilient to accommodate the snap-action movement
      of the circuit making means.
NUM  41.
PAR  41. A system as set forth in claim 38, further comprising means adjustably
      engaged with associated ones of the circuit making means for preselecting
      the sequence of actuation thereof.
NUM  42.
PAR  42. A system as set forth in claim 38, wherein the distributing means
      comprises a first lever pivotally engaged between a pair of the circuit
      making means, and a second lever pivotally engaged with the first lever
      generally along the length thereof for imparting thereto at least a
      portion of the force to effect the sequential actuation of the pair of the
      circuit making means.
NUM  43.
PAR  43. A system as set forth in claim 42, wherein the second lever is also
      pivotally engaged with a third one of the circuit making means for also
      imparting thereto at least a portion of the force to effect the actuation
      thereof in sequence with the pair of the circuit making means.
NUM  44.
PAR  44. A system as set forth in claim 43, wherein the distributing means
      further comprises a third lever pivotally engaged with the second lever
      generally along the length thereof and engaged with the force establishing
      means.
NUM  45.
PAR  45. A system as set forth in claim 38, wherein the circuit making means
      include first and second sets thereof, and at least some of the
      distributing means being driven relative to other thereof for effecting
      the sequential actuation of the circuit making means in one of the first
      and second sets thereof prior to the sequential actuation of the circuit
      making means in the other of the first and second sets thereof.
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PAL  A rotary lever operated limit switch for indicating when a device reaches a
      limiting position. The switch is comprised of a motion converter at least
      partially disposed within a first portion of a housing, and a switch
      assembly disposed within the interior of a second portion of the housing.
      The motion converter is comprised of a lever having one end adapted to
      engage the device, and a shaft assembly having one portion thereof
      attached to the other end of the lever and another portion thereof for
      providing a switch motion to open and close contacts of the switch
      assembly upon movement of the shaft assembly and the lever. A first means
      is provided for restoring the shaft assembly towards its initial position
      from a position within a range defined by a first predetermined position
      and the initial position of the shaft assembly. A second means is provided
      for restoring the shaft assembly towards its initial position if the shaft
      assembly exceeds the above defined range. The second restoring means is
      comprised of a member having a camming section mounted on the shaft
      assembly, and at least one spring loaded plug for engaging the camming
      section when movement of the shaft assembly exceeds the above defined
      range.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to limit switches, and, more particularly, to a
      rotary lever operated limit switch having mechanism for increasing the
      degree of permissible overtravel during the course of a monitoring or
      sensing operation.
PAR  2. Description of the Prior Art
PAR  Rotary lever operated limit switches have been described in U.S. Pat. Nos.
      3,252,345; 3,539,738; and 3,829,637 as having a head and a body portion
      fastened together. A shaft assembly is positioned within the head portion
      and an externally extending end thereof is attached to the lever. The body
      portion includes a switch, and the head portion includes a camming
      mechanism coupled to the shaft assembly to operate the switch in
      accordance with the rotary motion of the shaft assembly and the lever.
      After the shaft assembly has moved from its initial position to an
      actuating position in response to movement of the lever by a device being
      sensed, a mechanism is provided to return the shaft assembly to its
      initial position. This mechanism, which is described in the above referred
      to patents, is comprised of a spring loaded plunger which engages a flat
      cut away portion of the shaft assembly. In operation, as the shaft
      assembly is rotated from its initial position during a sensing operation,
      the plunger is forced to move upward into a recess within the head of the
      housing, and as the lever is released by the device, the plunger imparts a
      torque to the flat portion of the shaft assembly in a direction to return
      the shaft assembly to its initial position, whereupon a surface of the
      plunger presses against the flat portion of the shaft assembly. However,
      if the lever and shaft are moved approximately more than 60.degree. from
      its initial position, it is not always certain whether the plunger will be
      able to impart sufficient torque to the flat portion of the shaft assembly
      to return the shaft assembly to its initial position, since displacement
      of the shaft assembly beyond this 60.degree. position may cause the
      plunger to bear more against the circumference of the shaft assembly than
      against the flat portion of the shaft assembly. Thus, although the switch
      can be operated reliably within the range defined by the initial position
      and a 60.degree. angle of displacement of the shaft assembly, the
      overtravel which can be imparted to the lever and shaft assembly of the
      limit switch, while still enabling reliable operation of the switch, is
      thus undesirably limited. This limitation is undesirable, since the user
      of the limit switch is forced to be more precise in his installation of
      the switch in order to avoid damage to his equipment, if the switch is
      inadvertently or occassionally operated beyond this limit. Thus, in order
      to use this limit switch in many operations, great expense may be incurred
      by the user in order to precisely limit the maximum angular travel of the
      lever and shaft assembly of the limit switch.
PAC  OBJECT OF THE INVENTION
PAR  It is therefore an object of this invention to provide for an improved
      rotary lever operated limit switch which has an increased permissible
      range of overtravel that can be imparted to the lever and shaft assembly
      without adversely affecting the reliability of operation of the limit
      switch.
PAR  Other objects of the invention will be pointed out hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  According to a broad aspect of the invention there is provided an improved
      rotary limit switch for indicating when a device reaches a limiting
      position. The limit switch is comprised of a housing having a head and a
      body portion. A motion converter is at least partially disposed within the
      head portion of the housing. The motion converter includes a lever having
      one end thereof adapted to engage the device, and a shaft assembly having
      one portion thereof attached to another end of the lever and another
      portion thereof for providing a switch motion upon sufficient
      predetermined movement, of the shaft assembly and the lever by the device,
      in at least a first direction from an initial position. A switch assembly
      is disposed within the interior of the body of the housing. The switch
      assembly has at least a first and a second contact and operating means for
      moving the first and second contacts into and out of engagement with one
      another. Actuating means is provided for mechanically coupling the switch
      motion of the motion converter to the operating means of the switch
      assembly. A first means is provided for restoring the shaft assembly in a
      second direction opposite the first direction towards the initial position
      from a position within a range defined by a first predetermined position
      and the initial position of the shaft assembly. A second means is further
      provided for restoring the shaft assembly in the second direction towards
      the initial position from a position within a range at least defined by a
      second predetermined position and the first predetermined position of the
      shaft assembly, wherein the first predetermined position is closer to the
      initial position than is the second predetermined position as the shaft is
      returning to the initial position. When the shaft is returning to the
      initial position from a position within the range defined by the first and
      second predetermined positions, the second restoring means moves the shaft
      assembly towards the initial position until the shaft is positioned within
      the range defined by the first predetermined position and the initial
      position, and then the first restoring means continues to move the shaft
      assembly toward the initial position.
PAR  The second restoring means of the limit switch is comprised of biasing
      means, means for maintaining the biasing means within an alcove within an
      interior wall of the head of the housing, and a member fixed to the shaft
      assembly. The member has at least one camming section which is
      predeterminedly positioned to engage the biasing means when the shaft
      assembly is positioned within the range defined by the first and second
      predetermined positions.
PAR  The biasing means is comprised of at least a first spring loaded plug, and
      means for limiting movement of the first plug to prevent the shaft
      assembly from moving beyond the second predetermined position. The first
      spring loaded plug can bias the shaft assembly towards the initial
      position in the clockwise direction, and the means for limiting movement
      of the first plug is comprised of a second spring loaded plug maintained
      within the alcove. The member can have another camming section which is
      predeterminedly positioned to move the second plug toward the first plug,
      whereby the second plug can bias the shaft assembly for movement in the
      counterclockwise direction toward the initial position, while the first
      plug limits the movement of the shaft assembly and the second plug in the
      clockwise direction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an assembled front sectional view of the limit switch detailing
      the invention;
PAR  FIG. 2 is an exploded perspective view of the shaft assembly and the first
      and second restoring means in accordance with this invention;
PAR  FIG. 3 is a side sectional view of the second restoring means shown in FIG.
      1 taken along lines 3--3, and
PAR  FIG. 4 is a side sectional view of the restoring means shown in FIG. 3
      after the shaft assembly has been rotated sufficiently to encounter the
      second restoring means.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Now referring to FIG. 1, there is provided a limit switch 10 which includes
      a first or head portion 11 which is mounted on a second or body portion
      12. The particular head portion 11 illustrated in FIG. 1 includes a motion
      converter providing for switch actuation upon rotation by a device with
      which the limit switch is associated. To this end, head portion 11
      includes an actuating shaft 13 having a lever 14 journaled on a protruding
      outer end thereof and adapted for rotary movement within a bore 15 of a
      housing 16.
PAR  Body portion 12 comprises a housing 17 having a cover 18 on one side
      thereof permitting access to the housing interior. Fastening means (not
      shown) extends through cover 18 into housing 17 to secure both cover 18
      and a gasket 19 disposed therebetween. Housing 17 can be made to engage
      and be joined to housing 16 in the manner described in U.S. Pat. No.
      3,539,738.
PAR  Actuating means is provided comprising a sphere 20 which is centrally
      disposed in a recessed portion of a bottom member 20a of housing 16, and
      adapted for free, reciprocative movement therein by a retaining means
      including a cylindrical bushing 21. Inasmuch as the motion converter,
      which may be disposed in head portion 11, includes means providing the
      standard switch motion, as hereinafter described, it may readily be seen
      that the actuating means including retained sphere 20 allows placement and
      orientation of the motion converter in a variety of positions relative to
      body portion 12. Spherical actuator 20 provides a common actuating surface
      in each of the positions so that the movement coupled to a switch assembly
      within housing 17 is in all cases identical.
PAR  Bottom member 20a has a bore 22 within which cylindrical bushing 21 and
      spherical actuator 20 are disposed. Bore 22 communicates at one end
      thereof with an interior cavity 23 within which is mounted a switch
      assembly 24. A housing 25 of assembly 24 abuts a rear surface 26 of cavity
      23 and is secured to at least one projection 27 of housing 17 by a screw
      28.
PAR  A second bore 29, coaxial with bore 22, provides for communication between
      cavity 23, and a threaded hole 30 can extend between a bottom surface 31
      of housing 18 and bore 29 to receive a standard conduit.
PAR  Switch assembly 24 may be the same as described in U.S. Pat. No. 3,539,738,
      and may include any desired contact configuration, such as normally-opened
      or normally-closed contacts or any combination thereof. Electrical
      connection may be made to the stationary contacts of these combinations
      via terminals 32. Electrical leads may be soldered or otherwise secured to
      terminals 32 and drawn through bore 29 and the conduit inserted therein to
      any device capable of using the indication provided by switch assembly 24.
PAR  Movable contacts in switch assembly 24 are actuated by means of a
      reciprocative plunger 33 which extends approximately within cylinder
      bushing 21. Spherical actuator 20 engages plunger 33 through the medium of
      a gasket seal including a diaphragm 34 which completely surrounds plunger
      33 and an O-ring surface 35 which is compressed in assembly between
      bushing 21 and housing 25.
PAR  In one embodiment of switch assembly 24 suitable for use in the body
      portion 12 of this invention there is shown a normally open switch
      arrangement in FIG. 1. Housing 25 is comprised of Bakelite or other
      insulating materials, and has disposed in an interior cavity 36 thereof a
      contact arrangement. A pair of stationary contacts 37 have disposed
      therebetween a movable contact carrier 38 attached to reciprocative
      plunger 33. Movable contact carrier 38 has a contact bridge 39 attached
      thereto, wherein movable contacts 40 are fastened to the outer edges of
      contact bridge 39 so as to be in juxtaposition with stationary contacts
      37. A spring 41 attached to carrier 38 normally maintains carrier 38 and
      plunger 33 in such a raised position that movable contacts 40 do not
      engage stationary contacts 37. As plunger 33 is depressed due to actuation
      by sphere 20, movable contacts 40 are forced into engagement with
      stationary contacts 37.
PAR  It is to be clearly realized that the invention is not limited to the
      described switching mechanism and indeed may be used with a variety of
      switch assemblies, the only requirement being that the assembly fit within
      cavity 23 of housing 17. The switch can have a reciprocative plunger which
      may be inserted into a bushing 41a in housing 17.
PAR  The motion converter shown in FIGS. 1 and 2 is known as a lever operated
      rotary motion converter and generally converts a rotary motion of an
      operating shaft to a standard reciprocative switch-operating motion.
      Included within housing 16 is a cavity 42 which opens adjacent spherical
      actuator 20 in the assembly. Communicating with cavity 42, is a
      rectangular recess 43 extending into an upper portion 44 of housing 16.
      Extending through one side of housing 16 and into cavity 42 is a first
      bore 45, and coaxial therewith in a rear wall 46 of housing 16 is a second
      bore 47. Operating shaft 13 is rotatably journaled within bore 47, and a
      cylindrical sleeve is disposed within bore 45. Affixed to an outwardly
      projecting portion of shaft 13 is lever 14 carrying a pinned roller 49 for
      contact with the device with which the limit switch is associated.
PAR  Removably keyed upon a triangular shaft section 50 of operating shaft 13 is
      a member 51, which member is comprised of a plastic-like, metallic or any
      other suitable material having a camming section 52 joining an adjacent
      section 53 of relatively smaller diameter than that of camming section 52.
      Member 51 can be maintained in any one of three operating positions in the
      manner explained in U.S. Pat. No. 3,829,637, in order to enable actuation
      of the switch when the shaft is rotated in the clockwise, counterclockwise
      or both clockwise and counterclockwise directions.
PAR  After the device (not shown) is used to activate the limit switch by
      causing lever 14 to rotate shaft 13 in a first direction, a first means is
      provided for restoring the shaft assembly in a second direction opposite
      the first direction towards an initial position from a position within a
      range defined by a first predetermined position (in this instance an
      angular displacement of approximately 60.degree. from the initial
      position) and the initial position of the shaft. The first restoring means
      is comprised of a spring loaded U-shaped saddle or plunger 54, which has a
      flat cut away or recessed surface 55 pressing against a flat cut away or
      recessed surface portion 56 of a medial cylindrical part 57 of shaft 13
      when the shaft is in its initial position. A downward biasing pressure is
      maintained on plunger 54 by a pair of springs 58 and 59 which extend
      between a top surface 60 of plunger 54 and a top surface 61 bounding
      recess 43. Inasmuch as recess 43, plunger 54 and flat cut away surface 56
      are in alignment, as the shaft is rotated from its initial position by the
      device, plunger 54 moves upward into recess 43. After the lever and shaft
      have been angularly displaced in a first direction from their initial
      position within the range defined by the first predetermined position and
      the initial position, and the lever has been disengaged from the device,
      spring biased plunger 54 imparts a torque to flat surface 56 of the shaft
      to cause the shaft and lever to return in a second direction opposite the
      first direction to its initial position. As stated previously, if the
      angular displacement of the shaft and lever is greater than, in this
      instance, approximately 60.degree. from its initial position, plunger 54
      continues to rise within recess 43, but it is no longer certain whether or
      not plunger 54 can be relied upon to supply sufficient torque to flat
      surface 56 of the shaft to insure that the shaft will still return to its
      initial position, since after the shaft has been displaced beyond the
      first predetermined position, the plunger begins to bear more and more
      upon the circumference of section 57 and less and less upon flat surface
      56.
PAR  Therefore, in accordance with this invention, and in order to increase the
      permissible allowable overtravel which can be imparted to the lever and
      shaft, a second means is provided for restoring the shaft assembly in the
      second direction towards the initial position from a position within a
      range at least defined by a second predetermined position (in this
      instance the second position is at a displacement angle of approximately
      90.degree. from the initial position of the shaft) and the first
      predetermined position of the shaft, wherein the first predetermined
      position is of course closer to the initial position than is the second
      predetermined position as the shaft is returning to the initial position.
      The second restoring means is provided by a camming member 62 and a pair
      of spring loaded plugs 63 and 64, which plugs are normally separated by a
      compression spring 65. Camming member 62 is keyed and maintained on
      triangular portion 50 of shaft 13 and positioned adjacent to section 53 of
      member 51. Plugs 63 and 64 and spring 65 are normally positioned, as shown
      in FIG. 3, within an alcove 66 (shown in FIG. 1) which is located within
      an upper interior surface of housing 16 and in vertical alignment with
      camming member 62. The plugs and spring 65 are vertically maintained by a
      holding plate 67 having a first section 68 and a cup shaped second section
      69. Section 68 is mounted to an upper interior wall of housing 16 adjacent
      alcove 66, and cup shaped section 69 extends partially beneath plugs 63
      and 64 to maintain them within the alcove. Referring to FIG. 3, horizontal
      movement of plug 64 is limited in the leftward direction by a downwardly
      sloping interior wall portion 70 bounding the left side of the alcove.
      Similarly plug 63 is limited in movement in the rightward direction by a
      downwardly sloping wall portion 71 bounding the right side of the alcove.
      Camming member 62 is comprised of first and second camming ears 72 and 73.
      Camming ear 72 is predeterminedly positioned so as to engage plug 63 as
      soon as the angular displacement in the counterclockwise direction
      (referring to FIG. 3) of the shaft exceeds the first predetermined shaft
      position (approximately 60.degree. from the initial position). Similarly
      camming ear 73 is predeterminedly positioned on camming section 62 to
      engage plug 64 as soon as the angular displacement in the clockwise
      direction (referring to FIG. 3) of the shaft exceeds the predetermined
      angular displacement of approximately 60.degree. from the initial
      position. The maximum permissible angular displacement of the shaft in
      either the clockwise or counterclockwise direction defines the second
      predetermined angular displacement position for the shaft, and, in this
      instance, is approximately 90.degree. from the initial position. The
      maximum displacement of shaft 13 in the clockwise direction (referring to
      FIG. 3) is reached when plug 64 is moved by camming ear 73 clockwise, or
      in the rightward direction, until an end surface 74 of plug 64 engages an
      end surface 75 of plug 63. Similarly, referring again to FIG. 3, the
      maximum counterclockwise movement of shaft 13 is reached when end surface
      75 of plug 63 is moved leftward to an abutting position with end surface
      74 of plug 64.
PAR  In operation, when the lever and shaft assembly are moved by the external
      device to actuate the switch, and the lever and shaft assembly are
      angularly displaced from the initial position to a position within the
      range defined by the first and second predetermined shaft positions
      (between 60.degree. and 90.degree. with reference to the initial position
      of the shaft assembly) in the counterclockwise direction, as shown in FIG.
      4, camming ear 72 engages and displaces plug 63 in the leftward direction.
      When the external device releases the lever, spring loaded plug 63 imparts
      sufficient biasing force to camming ear 72 to cause shaft 13 to return
      towards its initial position in the clockwise direction, and approximately
      when camming ear 72 and plug 63 disengage, plunger 54 is biased to impart
      sufficient torque to flat surface 56 of shaft 13 to insure continued
      movement of the shaft toward its initial position. Again referring to
      FIGS. 3 and 4, when the shaft is angularly displaced during operation of
      the switch in the clockwise direction, spring loaded plug 64 and camming
      ear 73, in conjunction with plunger 54, imparts sufficient force to shaft
      13 to return it to its initial position in an analogous fashion.
PAR  Thus, as described above, when the shaft assembly is angularly displaced
      within the range defined by the first and second predetermined positions
      (between 60.degree. and 90.degree. from initial position of the shaft
      assembly), the second restoring means satisfactorily moves the shaft
      assembly towards the initial position until the shaft assembly is
      positioned within the range defined by the first predetermined position
      and the initial position, and then the first restoring means continues to
      move the shaft assembly towards the initial position. In this manner, the
      extent of permissible overtravel which can be imparted to the lever of the
      limit switch by an external device can be significantly increased without
      adversely affecting continued and reliable operation of the limit switch.
PAR  At this point it should be noted that bottom member 20a of housing 16, has
      an elongated slot 76 therethrough, shown in FIGS. 3 and 4, for allowing
      unobstructed rotational movement of camming ears 72 and 73 of camming
      member 62 therethrough.
PAR  Although the invention has been described with reference to a specific
      embodiment thereof, numerous modifications are possible without departing
      from the invention, and it is desirable to cover all modifications falling
      within the spirit and scope of this invention.
CLMS
STM    What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A rotary limit switch for indicating when a device reaches a limiting
      position, comprising:
PA1  a. a housing having first and second portions;
PA1  b. a motion converter at least partially disposed within said first portion
      of said housing, said motion converter including a lever having one end
      adapted to engage the device, and a shaft assembly having one portion
      thereof attached to another end of said lever and another portion thereof
      providing a switch motion upon movement of said shaft assembly and said
      lever by the device, in at least a first direction from an initial
      position;
PA1  c. a switch assembly disposed within the interior of said second portion of
      said housing, said switch assembly having at least a first and a second
      contact and operating means for moving said first and second contacts into
      and out of engagement with one another;
PA1  d. actuating means mechanically coupling the switch motion of said motion
      converter to said operating means of said switch assembly;
PA1  e. a first means for restoring said shaft assembly in a second direction
      opposite the first direction towards the initial position from a position
      within a range defined by a first predetermined position and the initial
      position of said shaft; and
PA1  f. a second means for restoring said shaft assembly in the second direction
      towards the initial position from a position within a range at least
      defined by a second predetermined position and the first predetermined
      position of said shaft, the first predetermined position being closer to
      the initial position than is the second predetermined position as said
      shaft is returning to the initial position, whereby when said shaft is
      returning to the initial position from a position within the range defined
      by the first and second predetermined positions, said second restoring
      means moves said shaft assembly toward the initial position until said
      shaft is positioned within the range defined by the first predetermined
      position and the initial position, and then said first restoring means
      continues to move said shaft assembly toward the initial position.
NUM  2.
PAR  2. A limit switch according to claim 1, wherein said shaft assembly
      includes a cylindrical position having a flat surface within said
      cylindrical portion.
NUM  3.
PAR  3. A limit switch according to claim 2, wherein said first portion of said
      housing has a recess therein extending upward from an interior wall
      thereof, said recess being aligned with said flat surface of said shaft
      assembly.
NUM  4.
PAR  4. A limit switch according to claim 3, wherein said first restoring means
      is comprised of a spring loaded plunger having a surface portion pressing
      against said flat surface of said shaft assembly when shaft assembly is in
      the initial position, whereby when said shaft assembly is positioned
      within the range defined by the first and second predetermined positions,
      said plunger is forced upward into said recess within said first portion
      of said housing to await movement of said shaft assembly toward the
      initial position by said second restoring means, and when said shaft
      assembly is positioned within the range defined by the first predetermined
      position and the initial position, said spring loaded plunger imparts a
      torque to said flat surface of said shaft assembly to return said shaft
      assembly to the initial position.
NUM  5.
PAR  5. A limit switch according to claim 1, wherein said first portion of said
      housing has an alcove therein extending into an interior wall thereof, and
      said second restoring means is comprised of:
PA1  a. biasing means;
PA1  b. means for maintaining said biasing means within said alcove; and
PA1  c. a member fixed to said shaft assembly, said member having at least one
      camming section predeterminedly positioned to engage said biasing means
      when said shaft assembly is positioned within the range defined by the
      first and second predetermined positions.
NUM  6.
PAR  6. A limit switch according to claim 5, wherein said biasing means is
      comprised of at least a first spring loaded plug, and means for limiting
      the movement of said first plug to prevent said shaft assembly from moving
      beyond the second predetermined position.
NUM  7.
PAR  7. A limit switch according to claim 5, wherein said means for maintaining
      said biasing means within said alcove is comprised of a plate having a
      first and a second portion, said first portion of said plate being fixed
      to an interior part of said first portion of said housing adjacent said
      alcove, and said second portion of said plate extends below said alcove to
      block removal of said biasing means from said alcove.
NUM  8.
PAR  8. A limit switch according to claim 6, wherein said first spring loaded
      plug biases said shaft assembly toward the initial position in the
      clockwise direction, and said means for limiting movement of said first
      plug is comprised of a second spring loaded plug maintained within said
      alcove.
NUM  9.
PAR  9. A limit switch according to claim 8, wherein said member is comprised of
      another camming section predeterminedly positioned to move said second
      plug toward said first plug, whereby said second plug biases said shaft
      for movement in the counterclockwise direction toward the initial
      position, and said first plug limits the movement of said shaft assembly
      and said second plug in the clockwise direction.
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ABST
PAL  A brake fluid reservoir is provided having a flexible sealing diaphragm
      closing an open end of a chamber for brake fluid. A cover retains the
      diaphragm on the chamber carries stationary contacts, and a movable
      contact responsive to movement of a fluid level float, which movable
      contact, at a predetermined low level of fluid in the chamber, bridges the
      stationary contacts to complete a low-level warning circuit. Preferably
      two chambers are provided having a single diaphragm and cover, but a set
      of contacts for each chamber.
BSUM
PAR  This invention relates to brake fluid reservoirs, suitable for motor road
      vehicles, and has for its object to provide a convenient fluid level
      indicator switch for reservoirs incorporating a flexible sealing
      diaphragm.
PAR  According to the invention a brake fluid reservoir comprises a flexible
      sealing diaphragm fitted over the peripheral rim of the wall of the
      reservoir and held in position against the rim by means of a reservoir
      cover pressed over the diaphragm; the underside of the cover having
      depending from it a casing which contains a pair of stationary electric
      contacts connected to electric leads, and which has a downwardly
      projecting guide sleeve passing through the diaphragm and within which
      sleeve is slidably mounted a rod having at its bottom end a fluid level
      float and at its top end a movable contact arranged to bridge the
      stationary contacts when the float has sunk by a given distance.
PAR  Conveniently electric leads connected respectively to the two stationary
      contacts are led out through the reservoir cover.
DRWD
PAR  The appended claims define the scope of the monopoly claimed. How the
      invention can be performed is hereinafter particularly described with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a top plan view of a brake fluid reservoir according to the
      invention;
PAR  FIG. 2 is a sectioned side elevation along the lines A--A of FIG. 1;
PAR  FIG. 3 is a sectioned elevation along the lines B--B of FIG. 2; and
PAR  FIG. 4 is a schematic electric circuit diagram for the reservoir float
      switch.
DETD
PAR  The brake fluid reservoir 1 shown in FIGS. 1 and 2 comprises two chambers
      2, 4 each having a bottom outlet neck 6 which can be press-fitted by a
      snap action into apertures in the body of a brake master cylinder (not
      shown), for supply of brake fluid from the reservoir to the master
      cylinder. For convenience of description the terms upper and lower, top
      and bottom and other terms referring to the position of parts of the
      reservoir will be considered in this specification as referring to the
      position of those parts when the reservoir is installed in a motor road
      vehicle. Each chamber 2, 4 has a wall 8 made of plastics material and the
      chambers are closed by a single plastics or sheet metal cover 10. A common
      unitary diaphragm 12, of rubber or other suitable elastomeric material, is
      provided for the reservoir 1. This diaphragm has a beaded rim 14 and this
      is pressed over an outer peripheral rim 16 of the combined chambers 2, 4.
      The cover 10 is pressed into locking engagement with the beaded rim 14 of
      the diaphragm 12 to retain the diaphragm in position and close the
      chambers 2, 4.
PAR  The diaphragm 12 has a reduced-width strap portion 18 extending between two
      parts of the diaphragm corresponding to the respective chambers 2, 4,
      thereby permitting assembly operators to handle the two parts of the
      diaphragm as one piece. The cover 10 for the chambers 2, 4 is, as
      mentioned above, made in one piece and it provides a protected air
      ventilator to the two diaphragm parts. The cover also serves to protect
      the diaphragm.
PAR  The diaphragm 12 serves as a seal for the reservoir chambers 2, 4 and
      prevents moisture from being absorbed by the brake fluid which would lower
      its boiling point and make it unsafe for use in heavy-duty brake
      applications. The diaphragm 12 is capable of being shaped into
      convolutions, as shown, which permits total use of the fluid in the
      reservoir chambers before any vacuum is developed in the brake system.
PAR  Each reservoir chamber 2, 4 has a fluid level indicator switch 20 to warn
      the vehicle driver when the brake fluid needs replenishing. Depending from
      the underside of the cover 10 are two casings 22, one above the chamber 2
      the other above the chamber 4. Each casing contains a pair of stationary
      electric contacts 24, 26 connected to leads 28, 30, and each casing has a
      downwardly projecting guide sleeve 32, passing through the diaphragm 12.
      Within each sleeve a rod 34 is slidably mounted having at its bottom end a
      fluid level float 36 and at its top end a movable contact 38 arranged to
      bridge the stationary contacts 24, 26 when the float 36 has sunk by a
      given distance. FIG. 3 shows the contacts and leads for the chamber 4, the
      same arrangement is provided for chamber 2. In FIG. 2, chamber 2 shows the
      position of the float when the fluid level has sunk by the given amount,
      the resulting downward movement of the rod 34 bringing the movable contact
      into bridging engagement with the stationary contacts 24, 26 to complete
      the warning circuit, and operate a warning means such as the light 40
      shown schematically in FIG. 4. The contacts there are shown unbridged. The
      chamber 4 in FIG. 2 shows the position of the float 36 and the movable
      contact 38 when the fluid in the chamber is at a safe level and the
      warning circuit remains open.
PAR  By the invention there is provided a brake fluid reservoir having a fluid
      level float switch in an arrangement which enables the float switch to be
      provided within the reservoir without altering the external dimensions of
      the reservoir. This has the advantage that the reservoir can be used in
      the limited space that is often all that is available for a brake master
      cylinder and its associated reservoir, and so obviates the need for
      expensive and extensive re-design of components to permit fitment of the
      reservoir and its fluid level warning switch to the vehicle. Further the
      cover protects the switch from damage which might be caused by careless
      handling of the reservoir, and removal of the cover to replenish the
      reservoir means that the switch is removed as a unit and does not have to
      be dismantled, and then re-assembled, with the risk then of damage to the
      switch.
CLMS
STM  We claim:
NUM  1.
PAR  1. A brake fluid reservoir assembly comprising:
PA1  a reservoir chamber having a base and a side wall upstanding from the base
      and terminating in a peripheral rim bounding an open end of said chamber;
PA1  a flexible sealing diaphragm fitted over said peripheral rim and closing
      said open end;
PA1  a reservoir cover fitted over said diaphragm and retaining said diaphragm
      on said peripheral rim;
PA1  a casing depending from the underside of said reservoir cover towards said
      diaphragm;
PA1  a pair of stationary electric contacts located in said casing;
PA1  electric leads of a low-fluid-level warning circuit connected to said
      contacts;
PA1  a guide sleeve projecting from said casing and passing sealingly through
      said diaphragm into said chamber;
PA1  a rod slidably mounted in said guide sleeve, and having a lower end with a
      fluid float secured thereto, the rod having an upper end upon which is
      mounted a movable contact, the rod having a length such that at one level
      of fluid in said chamber said float supports said rod with said movable
      contact above and out of engagement with said stationary contacts, and at
      a predetermined lower level of fluid in said chamber said movable contact
      comes into engagement with said stationary contacts to complete said
      low-fluid-level circuit.
NUM  2.
PAR  2. A brake fluid reservoir assembly as defined in claim 1, wherein said
      electric leads connected to said stationary contacts are led out through
      said reservoir cover.
NUM  3.
PAR  3. A brake fluid reservoir assembly comprising:
PA1  two reservoir chambers, each having a base and a side wall upstanding from
      said base and terminating in a peripheral rim bounding an open end of a
      respective one of said chambers;
PA1  a flexible sealing diaphragm fitted over said peripheral rims and closing
      said open ends;
PA1  a reservoir cover fitted over said diaphragm and clampingly retaining said
      diaphragm on said peripheral rims;
PA1  two casings depending from the underside of said reservoir cover towards
      said diaphragm,
PA1  two pairs of stationary electric contacts, located one pair in each casing;
PA1  electric leads of a low-fluid-level warning circuit connected to said
      stationary electric contacts;
PA1  a pair of guide sleeves, one of the pair projecting from one of said
      casings and passing sealingly through said diaphragm into one of said
      reservoir chambers, the other of said pair projecting from the other of
      said casings and passing sealingly through said diaphragm into the other
      of said reservoir chambers;
PA1  two rods, each slidably mounted in a respective one of the pair of guide
      sleeves, each rod having a lower end and an upper end;
PA1  two floats, one in each reservoir chamber and secured respectively to said
      lower ends of said rods in said chambers;
PA1  two movable electric contacts each mounted on a respective one of said
      upper ends of said rods;
PA1  each rod having a length such that at one level of fluid in said respective
      reservoir chamber said float supports said rod with said movable electric
      contact above and out of engagement with said stationary electric
      contacts, and at a predetermined lower level of fluid in said reservoir
      chamber said movable electric contact comes into engagement with said
      stationary electric contacts to complete said low-fluid-level circuit.
NUM  4.
PAR  4. A brake fluid reservoir assembly as defined in claim 3, wherein said
      electric leads connected to said stationary electric contacts are led out
      through said cover.
PATN
WKU  039314863
SRC  5
APN  4926560
APT  1
ART  217
APD  19740729
TTL  Pendant switch assembly for hoists
ISD  19760106
NCL  9
ECL  1
EXA  Smith; William J.
EXP  Scott; James R.
NDR  2
NFG  8
INVT
NAM  Raetz; Rolf Lutz Manfred
CTY  Essen
CNT  DT
ASSG
NAM  Eaton Corporation
STA  OH
COD  02
CLAS
OCL  200157
XCL  200153LB
EDF  2
ICL  H01H 2110
FSC  200
FSS  157;153 LB;339;61.85;5 R
FSC  338
FSS  128;130;215
UREF
PNO  3511951
ISD  19700500
NAM  Miller
OCL  200157
UREF
PNO  3704355
ISD  19721100
NAM  Lichenvort et al.
OCL  200157
UREF
PNO  3725624
ISD  19730400
NAM  Emmons
OCL  200157
UREF
PNO  3769480
ISD  19731000
NAM  Lee
OCL  200157
LREP
FRM  Teagno & Toddy
ABST
PAL  A hand-held pendant control for remotely mounted hoists has a human
      engineered control handle portion and a body portion within which various
      hoist switches are compactly mounted and actuated by a main actuator on
      the handle portion. The pendant handle is formed to conform to a hand of
      the hoist operator and has the main actuator, a single rocker member,
      recess mounted in the handle to be activated by the thumb of the hand
      holding the handle. The body portion of the pendant has a series of
      adjoining micro-switches mounted on a mounting plate which is retained
      between a pair of end formed slots within the body portion of the pendant.
      A shaft having a series of stepped sections is connected to the main
      actuator to be rotated thereby with the stepped portions actuating various
      of the micro-switches at various rotation positions. The shaft is
      springbiased toward a neutral position and has a pressure catch assembly
      for retaining the shaft in the various switch actuating positions against
      the force of the biasing spring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to pendant control assemblies generally and
      particularly to hoist pendant controls for actuating various hoist
      operations in response to a predetermined movement of a single main
      pendant control member.
PAR  2. Description of the Prior Art
PAR  Hoist pendant control assemblies are known wherein actuation of different
      main control switches by an operator will develop different hoist
      functions such as raising or lowering a load at different speeds. Such
      pendants are usually not human engineered to allow the pendant to be
      easily grasped and retained in the hand of the operator while allowing the
      thumb of the hand grasping the pendant to perform all the necessary
      hoisting operations by moving a single main actuator. The pendant is
      usually a box-like structure which is held in one hand by the hoist
      operator with his other hand being required to operate the various
      different control switches. This causes operator fatigue and allows
      improper hoist operation by accidentally actuating a different control
      switch from the one intended.
PAR  Even in known pistol grip type pendants the speed of the hoisting operation
      is controlled by one switch, usually finger operated, which switch is used
      in combination with two other hoisting direction switches, which are
      usually thumb operated. Thus, even though the pistol pendant grip is
      somewhat human engineered, the operation of the various switching
      functions is still complex and requires extraordinary manual dexterity on
      the part of the hoist operator.
PAR  Another problem with the prior art hoist pendant controls occurs in their
      assembly. The individual control elements actuated by the operator control
      switches, as well as the associated elements such as the main control
      switch, are usually individually assembled directly to the pendant
      housing. This results in a bulky and complicated pendant which is
      difficult and costly to assemble. The lack of space within the assembled
      pendant housing also makes not only assembly but troubleshooting
      difficult.
PAR  The mentioned problems of the prior art devices as well as other problems
      are overcome by the human engineered hoist pendant control of the present
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  The hoist pendant control of the present invention is human engineered to
      be easily gripped by the hand of a hoist operator and to allow control of
      all necessary hoisting functions by the normal thumb operation of a single
      rocker actuator. Further, the hoist control elements along with the rocker
      actuator are first assembled to a mounting board into a sub-assembly
      outside of the pendant housing. This sub-assembly is then easily retained
      in the pendant between a pair of grooves available for sliding the
      assembled mounting board therebetween.
PAR  To accomplish the above, the hoist pendant control assembly has a housing
      which forms a handle portion for easily grasping the pendant and a main
      body portion enclosing various hoist control elements and switches. A main
      control actuator, which could be the rocker member, is located proximately
      to the handle to allow easy movement of this actuator to a plurality of
      control positions by the thumb of the operator grasping the handle. The
      different positions of the main actuator actuate different hoist control
      switches in the body of the housing through a stepped shaft which is
      connected to the main actuator and which is located proximately to the
      various control switches.
PAR  To provide a speedy and economical assembly of the pendant control, the
      various control switches are mounted to a mounting board or base plate
      which is easily retained between a pair of grooves formed in the body
      section of the housing. Supports are further mounted on this base plate to
      retain the rocker member and the switch actuating shaft to the base plate.
      This allows the base plate sub-assembly to be easily removed and inserted
      into the pendant housing facilitating speedy and economical first assembly
      as well as troubleshooting which may require removal of the base plate
      sub-assembly.
PAR  It may thus be seen that one feature of the present invention is to provide
      a human engineered pendant control which is easily grasped and operated
      through a single actuator.
PAR  Another feature of the present invention is to provide a pendant control
      which is easily and economically assembled and disassembled.
DRWD
PAR  These and other features of the present invention will become clearer after
      due consideration of the following description of the preferred embodiment
      and its accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a lateral view of one-half of the center divided housing of the
      present invention with the control elements mounted therein.
PAR  FIG. 2 is a sectional view along line 2--2 of FIG. 1.
PAR  FIG. 3 is a schematic drawing of the electrical connections between the
      pendant switch assembly and a controlled hoist.
PAR  FIG. 4 is an enlarged longitudinal view of the actuating shaft of the
      pendant control of FIG. 1.
PAR  FIG. 5a, b and c are respective top section views of the three stepped
      sections of the actuating shaft of FIG. 4 taken along sections A'--A',
      B'--B' and C'--C'.
PAR  FIG. 6 is a schematic representation of the actuating positions of the main
      actuator of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings generally, and FIGS. 1 and 2 in particular, a
      pendant hoist control assembly 10 is shown as having a center divided
      housing 12 within which is mounted a control element sub-assembly 14.
PAR  The center divided housing 12 is formed from two matching halves 12a and
      12b which are easily assembled by screws 16. The housing is formed to have
      a handle portion which is comfortably grasped in one hand of a hoist
      operator. Formed at the opposite end of the housing 12 is a sleeve 20
      through which a control line 22 is strain relieved and through which line
      22 connects the pendant 10 to a remotely mounted hoist (not shown). Formed
      between the handle 18 and the sleeve 22 is a main body portion 24 within
      which various control elements of the control element sub-assembly 14 are
      compactly mounted to a base plate 26. The base plate 26 and consequently,
      the control element sub-assembly is easily assembled within the main body
      24 of the housing 12 by sliding the base plate into a pair of retaining
      grooves 28 formed at opposite ends of one side of the main body 24. Once
      the base plate is inserted into the grooves 28 of one of the housing
      halves 12a the other identical housing half 12b is joined to the first
      half 12a and the two are screwed together by the screws 16 to effectively
      capture the control element sub-assembly within the housing 12 of the
      pendant assembly 10.
PAR  The control element sub-assembly 14 includes hoist control elements such as
      a packaged micro-switch group 30, a condenser 32, a pair of choke coils
      34, a filter 36, and a rocker switch assembly 38. The rocker actuator
      assembly 38 has a thumb actuated rocker actuator 40 which is connected to
      an actuating shaft 42 having a series of actuating cams 44 formed at one
      end, as may be best seen in FIGS. 4 and 5. The packaged micro-switch group
      30 is mounted between a pair of supports 46 shich are affixed to the base
      plate 26 by screws 48. The choke coils 34 are directly mounted to the base
      plate at opposite ends in the free end space of the main body 24 of the
      housing 12. The condenser 32 is mounted in the free space below the switch
      group 30 while the filter 36 is mounted at one end of the same switch
      group 30. The various mentioned control elements are connected to the
      control line 22 of the hoist in a manner well known to those skilled in
      the art to provide raising and lowering of the hoist at different speeds
      as well as appropriate hoist brake actuation upon actuation of
      predetermined micro-switches of the packaged group 30.
PAR  These various micro-switches are mechanically actuated by appropriate
      engagement of the cams 44 of the actuating shaft 42 with the actuating
      levers (not shown) of the predetermined individual micro-switches of the
      packaged group 30. To accomplish such actuation the shaft 42 is connected
      to the rocker actuator assembly 38 to rotate in response to thumb rotation
      of the rocker actuator 40. The shaft 42 is mounted through bearings (not
      shown) in the supports 46 to locate the cams 44 of the shaft 42 under the
      microswitch group 30. The rocker actuator 40 is biased toward a neutral
      position by a spring 48 connected to the shaft 42 and the support 46 while
      a spring pressure catch 50 also mounted to the support 46 has mating
      surfaces, such as a detent and dimple, to retain the shaft in various
      positions other than neutral against the return force of the spring 48.
      Due to the above detailed mounting of the rocker actuator 40, the shaft 42
      and the associated spring 48 and pressure catch 50 to the support 46 it is
      seen that the control sub-assembly 14 may be easily preassembled
      externally of the housing 12 where the elements are easily reached before
      final assembly thereto. Similarly, any required troubleshooting may be
      done by simply removing the sub-assembly 14 from the housing 12 to provide
      easy connection of test equipment.
PAR  As may be best seen with particular reference to FIGS. 2 and 6, the rocker
      actuator 40 is thumb movable to two other positions on either side of the
      neutral position. The two positions on one side of neutral may be used to
      lower the hoist at a first slow speed while the second is a fast speed
      hoist lowering position. The two positions on the other side of the
      neutral position are slow and fast speed hoist raising positions. The
      pressure catch 50 retains the rocker actuator 40 in the mentioned
      positions once they are reached by the hoist operator moving the actuator
      40 thereto. To move the actuator 40 between the mentioned positions the
      operator exerts sufficient force to overcome the retaining force of the
      catch 50 at which time the biasing force of the spring 48 will move the
      actuator 40 toward the neutral position.
PAR  It is highly desirable that the pendant assembly 10 actuate a brake on the
      hoist (not shown) whenever the rocker actuator 40 is returned to the
      neutral position either from the hoist raising or hoist lowering
      positions. To accomplish this the pendant 10 is electrically wired to the
      hoist as may be best seen with particular reference to FIG. 3. One switch
      30a  of the switch package group 30 is actuated by the shaft 42 whenever
      the actuator 40 is in the neutral position. The closing of the contacts
      30a establishes a control signal from a pendant switch group 56 to a hoist
      switch group 52. This control signal actuates a brake control 54 which
      brakes the hoist.
PAR  From the foregoing it will be appreciated by those skilled in the art that
      certain modifications and improvements may be made to the present
      invention. Such modifications and improvements have been purposely deleted
      for the sake of conciseness and readability but are intended to be within
      the scope of the claims to the invention.
CLMS
STM  I now claim:
NUM  1.
PAR  1. A hoist pendant control assembly comprising:
PA1  a housing having a handle portion for grasping said housing and a main body
      for enclosing control elements therein;
PA1  a rocker actuator mounted within a recess formed in the handle portion of
      said housing to allow angular movement of the rocker by the hand of an
      operator grasping the handle, said actuator having a plurality of control
      positions;
PA1  a series of adjoining micro-switches mounted to a common base plate within
      the main body of said housing; and
PA1  a multi-stepped shaft rotatable by rotation of said rocker actuator, the
      steps of said shaft being located proximate to said micro-switches to
      allow different degrees of shaft rotation to actuate different
      micro-switches.
NUM  2.
PAR  2. A hoist pendant control assembly as set forth in claim 1 wherein the
      main body of said housing forms a pair of end located grooves for
      retaining said base plate.
NUM  3.
PAR  3. A hoist pendant control assembly as set forth in claim 1 including a
      spring assembly connected to said shaft to bias said rocker switch toward
      a neutral position.
NUM  4.
PAR  4. A hoist pendant control assembly as set forth in claim 3 including a
      pressure catch assembly connected to said shaft to retain said shaft in
      different micro-switch actuating positions.
NUM  5.
PAR  5. A hand-held pendant for operator controlling a remotely located hoist by
      movement of a single actuator to different positions comprising:
PA1  a center divided housing forming a handle portion conforming to the hand of
      the hoist operator and also forming a body portion for enclosing control
      switches;
PA1  a main actuator mounted to the handle portion of said center divided
      housing to be movable by the thumb of the operator's hand holding the
      handle;
PA1  a series of hoist control switches mounted within the body portion of said
      center divided housing for controlling various hoist operations;
PA1  coupling means for actuating various ones of said series of hoist control
      switches in response to different positions of said main actuator;
PA1  a mounting plate having said series of hoist control switches mounted
      thereto and wherein said body portion of said center divided housing has
      formed therein a pair of end located grooves for retaining said mounting
      plate therebetween; and
PA1  support means mounted to said mounting plate to retain said main actuator
      and said shaft in a proximate location to said series of control switches
      to allow said support means and said mounting plate to be retained between
      the end located grooves of said housing as a single unit.
NUM  6.
PAR  6. A hand-held pendant as set forth in claim 5 wherein said main actuator
      is a rocker member having a neutral position and two other positions on
      one side of the neutral position and wherein said series of hoist control
      switches includes a hoist brake switch, a first hoist speed switch and a
      second hoist speed switch.
NUM  7.
PAR  7. A hand-held pendant as set forth in claim 6 wherein said coupling means
      includes a shaft having three spaced step portions and being connected to
      said rocker member to rotate therewith, the step portions of said shaft
      being located proximate to said brake switch, said first switch, and said
      second switch to actuate said brake switch in the neutral position of said
      rocker member and to actuate said first switch and said second switch in
      the other two positions of said rocker member.
NUM  8.
PAR  8. A hand-held pendant as set forth in claim 7 including a return spring
      connected to said shaft to bias said shaft toward the position actuating
      said brake switch.
NUM  9.
PAR  9. A hand-held pendant as set forth in claim 8 including a pressure catch
      assembly for retaining said shaft in said first and second switch
      actuating positions to prevent the return of said shaft to said brake
      switch actuating position by said return spring.
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ABST
PAL  An electric switch comprising a casing having a base with a first central
      terminal and second and third lateral terminals mounted thereon. A
      pushbutton is slidably mounted in an opening of the casing opposite the
      base, and a metal switching member is in sliding contact with the first
      terminal and is able to be brought into contact either with the second or
      the third terminal. A spring is mounted between the switching member and
      the pushbutton and urges the push-button into a normally released position
      and pushes the switching member into contact with the first terminal and
      second terminals. An actuator is integral with the push-button and when
      the latter is depressed, it tilts the switching member around the first
      terminal to move the switching member away from the second terminal and
      into contact with the third terminal.
BSUM
PAR  The present invention relates to a momentary action electric push-button
      switch and particularly to improvements in the switch construction of my
      earlier U.S. Pat. No. 3,378,664.
PAR  According to the invention, the switch comprises a casing provided with a
      base through which pass a first terminal belonging to two electric
      circuits outside the casing, a second and third terminal belonging
      respectively to the said two circuits, said first, second and third
      terminals being integral with the base of the casing and arranged such
      that the first terminal is located between the second and the third
      terminals, the switch also comprising a push-button slidably mounted in an
      opening in the casing opposite said space, a metal switching member in
      sliding contact with the first terminal and able to be brought into
      contact either with the second terminal of with the third terminal,
      prestressed resilient connecting means mounted between the switching
      member and the push-button and which, on the one hand, urge the
      push-button into the normal undepressed position and on the other hand
      bring the switching means into contact with the first terminal and with
      the second terminal, thus normally closing the first electric circuit and
      means for rotating the switching member, integral with the push-button and
      able, when the latter is depressed, to pivot the switching member around
      the first terminal, which member separates from the second terminal and
      comes into contact with the third terminal, thus closing the second
      electric circuit.
PAR  Thus, in the inoperative position, the switching member connects the first
      terminal and second terminal, whereas when it is actuated by the
      push-button, it connects the first terminal and third terminal. In its
      first position, the switch may thus close a first circuit and in its
      second position it may supply a second circuit.
PAR  According to a particular embodiment of the invention, the resilient
      connecting means is constituted by a rod projecting under the push-button
      passing with clearance through the first terminal and through the
      switching means in its region of contact with the first terminal and
      terminating in a flared end which prevents the separation of the rod and
      the first terminal and thus the withdrawal of the push-button from the
      casing, a prestressed helical spring being wound around said rod in order
      to keep the switching member pressed against the first terminal and to
      urge the push-button into the released position.
PAR  The aforesaid drive means may be constituted by a small column projecting
      under the inner face of the pushbutton above the switching means, adjacent
      the third terminal. When the push-button is depressed, the small column
      pivots the switching member about the first terminal to bring it into
      contact with the third terminal.
DRWD
PAR  One embodiment of the invention will now be described with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is an exploded perspective view of the switch according to the
      invention; and
PAR  FIGS. 2 and 3 are respectively perspective views of the switch in the
      inoperative and active positions.
DETD
PAR  Referring to the drawings, the switch comprises a casing 1 made from
      moulded plastics material, which is open on its upper side and the base 2
      of which comprises three slots 3 through which pass a central terminal 4
      and two lateral terminals 5 and 6 penetrating the inside of the casing.
      Each terminal comprises a narrow section 7 in the region where it passes
      into the slot, which makes it possible, after the terminals have been put
      in position in the casing, to impart a twisting action to their portions
      outside the casing and thus to lock them in position. The inner ends of
      the terminals are folded back at right angles and support studs of metal
      which is a good conductor.
PAR  Slidably mounted in the opening of the casing is a push-button 8, also made
      from moulded plastics material. Fixed in a hollow lug 9 projecting from
      the inner face of the push-button is a rod 10 which terminates in a flared
      head 11 at its other end. The rod passes with clearance through a
      switching strip 12 and the stud of the central terminal 4. A prestressed
      helical spring 13, wound on the rod 10 and bearing against the push-button
      and strip 12, simultaneously urges the latter into intimate contact with
      the stud of the central terminal and pushes the push-button towards its
      upper position (FIG. 2).
PAR  The strip 12 is elongated and in its central portion comprises an angle
      portion 17 such that its ends are located at different levels. In the
      normal position, the end portion 14 at the lower level is in contact with
      the central terminal and with the lateral terminal 5, whereas the end
      portion 15 at the upper level is located above the lateral terminal 6. In
      this position, the switch closes a circuit connected to the terminals 4
      and 5.
PAR  The push-button 8 is also provided on its inner face with a small vertical
      column 16 located adjacent the end portion 15 of the strip. When the
      push-button is depressed (FIG. 3), the small column 16 causes the strip to
      pivot about the stud of the central terminal 4 in order to bring the end
      of the portion 15 of the strip into contact with the stud of the terminal
      6. Switching thus occurs towards the circuits connected to the terminals 4
      and 6 of the switch.
PAR  Naturally, numerous modifications of details may be applied to the
      embodiment described, without diverging from the framework of the
      invention. For example, the switching strip 12 could be flat. The studs of
      the terminals 4 and 5 would thus be located at the same level and the stud
      of the terminal 6 at a lower level.
CLMS
STM  I claim:
NUM  1.
PAR  1. Electric switch comprising a casing provided with a base through which
      pass a first terminal belonging to two electric circuits outside the
      casing, a second and third terminal belonging respectively to said two
      circuits; said first, second and third terminals being integral with the
      base of the casing and arranged such that the first terminal is located
      between the second and third terminals, the switch also comprising a
      push-button slidably mounted in an opening of the casing opposite said
      base, and a metal switching member in sliding contact with the first
      terminal and able to be brought into contact either with the second
      terminal or with the third terminal, prestressed resilient connecting
      means mounted between the switching member and the push-button and which,
      on the one hand, urges the push-button into a normally released position
      and, on the other hand, pushes the switching member into contact with the
      first terminal and with the second terminal, thus normally closing the
      first electric circuit and means for rotating the switching member,
      integral with the push-button and able, when the latter is depressed, to
      tilt the switching member around the first terminal such that said member
      separates from the second terminal and comes into contact with the third
      terminal, thus closing the second electric circuit, said resilient
      connecting means being constituted by a rod projecting under the
      push-button and passing with clearance through the first terminal and the
      switching member in its region of contact with the first terminal and
      terminating in a flared end which prevents the separation of the rod and
      the first terminal and thus the withdrawal of the push-button from the
      casing, and a prestressed helical spring wound around said rod in order to
      keep the switching member pressed against the first terminal and to urge
      the push-button into the released position.
NUM  2.
PAR  2. Electric switch according to claim 1, in which said switching member is
      constituted by an elongated metal strip having ends located opposite the
      second and third terminals and its a central portion against the first
      terminal.
NUM  3.
PAR  3. Electric switch according to claim 2, in which said strip comprises, in
      the vicinity of its central region, an angular portion sucn that one of
      the ends of the strip is located at a level higher than that of the other
      end, the three terminals being substantially at the same level.
NUM  4.
PAR  4. Electric switch according to claim 1 in which said drive means is
      constituted by a small column projecting under the push-button, above the
      end of the strip which is opposite the third terminal.
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ABST
PAL  The present invention relates to switches and switch actuating devices to
      be operated for purposes of arming a bomb or other missile as it is
      dropped or released from an aircraft. The particular bomb or missile in
      which this invention is applied is one in which there is a plurality of
      circuits which are to be armed by the closing of switches upon dropping or
      releasing of the bomb. The operation of the switches to closed position is
      normally accomplished by means of a pull-out wire; that is, a wire which
      is withdrawn from the bomb or missile at the time of release of the bomb,
      one end of the wire being attached to the aircraft. The conditions to be
      met are that the arming switches must be positively and surely maintained
      in open position until the bomb is released and the arming action is
      effected. The action of the pull-out wire in achieving the arming action
      must be sure and positive with minimum danger of malfunctioning, jamming
      or binding.
BSUM
PAR  In accordance with the foregoing it is the primary object of my invention
      to provide a switch assembly including multiple switches adapted for
      arming a bomb or other missile which can be conveniently operated by means
      of a pull-out wire or equivalent operating device.
PAR  Another object of the invention is to provide a multiple switch assembly
      adapted for arming a bomb or similar missile comprising a plurality of
      snap acting switches having means including a wire normally restraining
      the switches in open position, the wire being operable to be withdrawn
      longitudinally for releasing the switches to permit the operation to
      closed position.
PAR  Another object of the invention is to provide a switch assembly as in the
      foregoing object wherein each of the plurality of switches is provided
      with a resilient cantilever arm which is normally held in engagement with
      the switch actuator when the pull-out wire is in position and which moves
      away to allow the switch to operate to closed position when the pull-out
      wire is withdrawn.
DRWD
PAR  Further objects and numerous of the advantages of my invention will become
      apparent from the following detailed description and annexed drawing
      wherein:
PAR  FIG. 1 is a side elevational view partly broken away of the switch
      assembly.
PAR  FIG. 2 is an enlarged sectional view taken along the line of 2--2 of the
      FIG. 1.
DETD
PAR  Referring to FIG. 1 of the drawings, the assembly comprises a pair of end
      brackets 5 having horizontal feet as shown. Disposed between these end
      brackets in side by side relationship are the individual switch units 6,
      the assembly being held together by through bolts 7 which extend through
      openings 8 (FIG. 2) in the switch units and through aligned openings in
      the end brackets 5. Also disposed between the upper ends of the end
      brackets 5 is a rigid bar 10 which is secured in position by screws 11
      extending through the end brackets. The rigid bar 10 has downwardly
      extending ribs 12 which extend downwardly to the assembly of switch units.
PAR  Each individual switch unit 6 as may be seen in FIG. 2 comprises an
      insulative frame member 15 which has interior openings of the shape as
      shown in FIG. 2. These openings comprise a horizontal portion as shown to
      enclose a switch contact bar; intermediate cut away portions to
      accommodate a push button and operating stem, and cut away portions
      adjacent the ends to accommodate contact members as will be described.
PAR  The switching mechanism comprises a push button 16 situated in an
      intermediate cut away portion of the frame 15 and movable to a position
      above the top level of the frame 15. The push button 16 has a stem 17
      movable in a guide channel in the lower part of the frame 15. The switch
      mechanism comprises a horizontal contact bar 18 which has attached thereto
      resilient strips 20 which form toggle arms as will be described. Secured
      to the bottom of the push button 16 is an inverted U-shaped spring member
      21 and this member has crimped portions at the ends of its legs as shown
      which receive the inner ends of the toggle arms 20. Encircling the stem 17
      is a coiled biasing spring 22 the upper end of which engages a shoulder on
      stem 17 normally urging the stem and push button 16 upwardly. The contact
      bar 18 carries contacts at its ends in a position movable between upper
      and lower contacts 23 and 25 disposed within the cut away portions at the
      ends of the frame 15. The upper and lower contact members 23 and 25 are
      attached to contact strips 26 and 27 which extend outwardly through
      grooves or slots formed in the frame 15.
PAR  With the parts as shown in full lines, the contacts at the ends of the
      contact bar 18 are in engagement with the upper contacts 23. The biasing
      spring 22 normally urges the parts into the position shown in dotted
      lines. When the button 16 is released to move upwardly the parts move into
      the dotted line position and when this happens the toggle arms 20 move
      from a position deformed below the bar 18 to a position deformed above the
      bar 18 and this movement is with a snap action, the member 21 being
      resilient to permit springing inwardly of its legs.
PAR  When the snap action occurs the contacts at the ends of the bar 18 are
      snapped downwardly into engagement with the contacts 25.
PAR  As may be seen in FIG. 1 each switch unit has a cover plate 30 which
      completes the unit and the contact strips 26 and 27 engage in
      complementary slots or grooves formed in these cover plates.
PAR  Overlying each of the push buttons 16 is a resilient flat cantilever spring
      member 31 having a central bend 32 which engages the top of its respective
      push button. The fixed end of each of these springs is attached to the
      rigid cross member 10 by means of a bolt 33, the end of the spring 31
      being spaced from the cross member 10 by a spacer member as shown.
PAR  Each of the downwardly extending ribs 12 has at its lower part a pair of
      rectangular grooves or channels 35 and these channels are aligned
      transversely as respects the assembly. With the individual switches in the
      position shown in full lines the push buttons are held down by the springs
      31 and the springs 31 are restrained in position by means of an arming
      wire 36 extending through one of the series of channels 35. From the
      foregoing it can readily be observed that with the arming wire 36 in
      position all of the switches are restrained in the position as shown in
      full lines in FIG. 2, it being understood, of course, that the biasing
      spring 22 is normally urging the switches to the opposite position. Upon
      release and dropping of the bomb or missile the arming wire 36, one end of
      which is attached to the aircraft is withdrawn from the assembly and this
      releases all of the springs 31 in rapid sequence allowing the individual
      switches to operate to the opposite, that is, the dotted line position in
      which the contacts 25 are engaged for purposes of closing the various
      arming circuits. The contacts 23 may or may not be used and, if used, they
      would be effective to open various circuits upon the arming of the bomb.
PAR  From the foregoing those skilled in the art will observe that I have
      provided a very efficient and effective device for arming a plurality of
      circuits as a result of the dropping of a missile from an aircraft. The
      restraining of the switches in inactive position prior to the time of
      arming is positive and the manner of effecting arming action is positive
      without employing any parts susceptible to jamming, binding or other form
      of malfunctioning.
PAR  Various modifications and alternatives may be adopted by those skilled in
      the art without departing from the spirit and scope of the invention. For
      example, among other alternatives, the arming wire 36 while ordinarily
      being a flexible wire having considerable tensile strength, it might be in
      the form of a rigid pin or it might be a rigid pin connected at one end by
      a flexible wire or cable.
PAR  The foregoing disclosure is intended to be representative of a preferred
      form of the invention and it is intended that all proper modifications,
      alternatives and equivalents be encompassed in the scope of the claims
      appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. The combination of a plurality of push-button switches and a lock-out
      device comprising an elongated support, means affixing the switches to the
      support in adjacent relation, said switches each being in an on condition
      when the push-button is in the out position, spring means urging each of
      the push-buttons in an out position, a plurality of parallel levers, one
      each for each of said switches, each lever being supported at one end on
      said elongated support and extending transversely over and beyond the
      respective switch push-button, an elongated groove adjacent the tops of
      the switches in said elongated support, a transverse groove in said
      elongated support for each of said levers and intersecting the elongated
      groove, a lockout wire extending through said elongated groove above the
      levers in their depressed position, whereby the push-buttons are likewise
      in depressed position, said lock-out wire adapted to be withdrawn to
      release the levers and permit each push-button spring means to actuate its
      corresponding switch.
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ABST
PAL  Apparatus for welding adjacent longitudinal edges of a thin flat workpiece
      being formed into a tubular configuration is disclosed as comprising a
      single welding head and an associated welding head bracket including pivot
      means and vertical adjustment means for selectively positioning the
      welding head above the moving workpiece. The single welding head includes
      three welding electrodes having their welding tips disposed in spaced
      linear arrangement in the direction of the moving workpiece, and being
      adapted to individually receive electric power for the generation of
      separate welding arcs. Associated with each of two of the three welding
      electrodes is a tilt adjustment means for individually adjusting the
      alignment of such two electrodes during welding operation so that the
      welding baths created by such two said welding electrodes overlap the
      welding bath created by the centrally positioned third electrode. The
      single welding head is configured to be closely disposed to the output
      side of a forming station for the thin flat workpiece so that the seam of
      the tubular configuration formed may be welded prior to seam separation
      due to material resilience.
PARN
PAR  This is a continuation of application Ser. No. 412,312, filed Nov. 5, 1973,
      abandoned.
BSUM
PAR  The invention relates to a multiarc apparatus for welding together thin
      strips or sheets as they pass under a stationary welding head, and in
      particular for welding under an inert gas shield the longitudinal edges of
      a strip or sheet of metal shaped to form a tube.
PAR  In producing welded seams in the presence of an inert gas shield, use has
      been made of multiarc apparatus to improve the quality of the welded seam
      and to increase the rate of formation of such welded seam. For example, as
      shown in U.S. Pat. No. 3,242,309, several nonconsumable welding electrodes
      may be mounted in a single holding means. Such holding means is formed of
      copper block or plates separated from each other by suitable insulation.
      The electrodes are cooled by a common water circulating system and the
      holding means is provided with conduits for supplying protective gas such
      as argon to the electrodes and the welding area. The use of this type of
      multiarc welding apparatus for producing welded seams has however, led to
      some difficulties, particularly when forming welded seams in a thin metal
      strip or sheet to convert the same to tubular form. Thus for instance,
      when a metal strip or sheet is formed into a tube whose seam must be
      welded, it is vital that the welding electrodes be exactly positioned
      relative to each other and with respect to the adjacent edges of the metal
      strip or sheet forming the seam to insure precision welding while the
      material being welded moves past the welding station at high speed.
      However, this precise positioning of the welding electrodes can not be
      easily achieved with the single holding means described.
PAR  A further example of known multiarc welding apparatus for the edges of a
      strip of metal being formed into a tube is depicted in U.S. Pat. No.
      3,544,752. A preferred embodiment of this apparatus may comprise three
      electrodes, each of which is positioned in a separate electrode holder
      that may be separately adjusted both in a vertical and horizontal
      direction. This arrangement enables the individual electrodes within the
      welding apparatus to be arranged in a manner to allow for precise
      adjustment of the same to suit seam welding conditions at any given time,
      including a correlation of the same with the particular metal being
      welded, compensation for burning-off at the electrode tips, variations in
      the longitudinal seam details, energy distribution to the electrodes and
      the like. The electrode holders are generally made from ceramic substances
      having a high thermal conductivity, which act to electrically insulate the
      electrodes and form a distinct housing for each electrode.
PAR  In the manufacture of copper and aluminum tubes little difficulty has been
      experienced in utilizing multiarc welding apparatus of the type described
      in U.S. Pat. No. 3,544,752 and when three electrode configurations are
      employed an increase in welding speed of up to three (3) times that
      available with single electrode structures may be achieved. However, when
      such multiarc welding apparatus is utilized to manufacture steel tubes
      from steel strips or ribbons, and especially steel ribbon with a wall
      thickness of less than 1.5mm, satisfactory welded seams accompanied by
      desireable feed rates have not been available. This occurs because such
      steel ribbon exhibits a greater resilience than aluminum or copper strips
      or ribbons, consequently, the longitudinal, which are to be welded of
      steel ribbon formed into a tube tend to spring back in accordance with the
      ribbon's prior flat configuration as the same moves beyond the last stage
      of the forming mechanism. Furthermore, in the utilization of multiarc
      welding apparatus of the type described above, in forming steel tubes, the
      electrode most remote from the last stage of the forming station, in the
      longitudinal direction of travel of the steel ribbon is structurally
      positioned at too great a distance from the last stage of the forming
      mechanism. This means that the welding arc of this electrode is positioned
      in an area where the longitudinal edges of the steel ribbon have a strong
      tendency to spring back and to thus separate before the seam is
      constrained. The last stage of the aforesaid forming mechanism may
      comprise a forming ring of the type depicted and described in conjunction
      with the preferred embodiment of the invention of U.S. Pat. No. 3,280,609.
PAR  Therefore, it is object of this invention to provide an improved multiarc
      welding apparatus appropriate for welding the longitudinal adjacent edges
      of thin wall steel strips or ribbons at relatively high speeds as the same
      are transformed from a flat to a tubular shape.
PAR  A further object of this invention is to provide improved multiarc welding
      apparatus having a plurality of electrodes which are positioned within a
      single welding head and may be precisely adjusted for correlation with the
      characteristics of the particular metal being welded.
PAR  Various other objects and advantages of the invention will become clear
      from the following detailed description of a preferred embodiment thereof
      and the novel features will be particularly pointed out in connection with
      the appended claims.
PAR  In accordance with the teaching of this invention, multiarc welding
      apparatus comprising three linearly disposed electrodes is provided
      wherein the two outer electrodes are tilted in the direction of the center
      electrode so that the welding tips of all three electrodes tend to
      converge both outer electrodes being pivotable toward and away from the
      welding tip of the central electrode so that during a welding operation
      such outer electrodes may be adjusted to cause the welding baths created
      by their welding arcs to overlap the welding bath of the central
      electrode. The multiarc welding apparatus according to the instant
      invention enables the welding bath of an electrode furthest removed from a
      forming mechanism to be positioned substantially closer to such mechanism
      than was previously available while additionally each of the electrodes is
      individually adjustable in the vertical direction within a single welding
      head.
PAR  Further, in accordance with the teachings of the present invention, it is
      especially advantageous to have a portion of each of the outer electrodes
      disposed about a deformable material and capable of rotation about a fixed
      axis located within said deformable material. The deformable material acts
      to provide an elastic support that enables each of the outer electrodes to
      be rotated a few degrees toward or away from the central electrode. An
      especially appropriate deformable material for this purpose is
      polytetrafluoroethylene.
DRWD
PAR  The invention will be more clearly understood by reference to the following
      detailed description of a preferred embodiment thereof in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1 is a side elevational view partially in section of one form of the
      multiarc welding apparatus according to present invention, and
      schematically illustrates such apparatus operatively associated with a
      steel workpiece moving in a longitudinal direction through the last stage
      of a forming mechanism that converts a flat steel ribbon into a tubular
      configuration;
PAR  FIG. 2 is an enlarged side elevational view of the apparatus of FIG. 1 in
      section, showing in detail one of the two outer electrodes with associated
      components of such apparatus; and
PAR  FIG. 3 is a sectional view taken through III--III in FIGS. 1 and 2 showing
      in detail the cross section of the electrode holder within one of the two
      outer electrodes as well as structural components associated therewith.
DETD
PAR  Referring to FIG. 1, there is depicted a steel workpiece 20 having a wall
      thickness which may be viewed for example, as less than 1.5mm, being
      longitudinally displaced in the direction indicated by the arrow past
      multiarc welding apparatus 1 according to the instant invention. The
      exemplary multiarc welding apparatus according to the instant invention
      comprises a welding head 2 having positioned therein welding electrodes 3,
      4 and 5 whose welding tips are in spaced alignment in the direction of
      travel of the workpiece 20. The central welding electrode 4 is vertically
      orientated, while the outer welding electrodes 3 and 5 are each tilted
      from the vertical toward the central welding electrode 4 in the direction
      of the workpiece 20. The welding head 2 is connected to and supported by a
      welding head bracket 6 which provides an appropriate means for positioning
      the welding tips of the welding electrodes 3, 4 and 5 in alignment with
      the adjacent longitudinal edges of the workpiece 20 as it acquires a
      tubular configuration. In addition, the welding head bracket 6 is employed
      to position the welding head 2, as a unit, in close proximity to the
      output side of a forming ring 30 which may comprise the last stage of a
      flat strip-to-tube forming mechanism. As best shown in FIG. 2, the
      vertical positioning of the welding head 2 as a complete unit is provided
      by means of a set screw arrangement 19 incorporated within the welding
      head bracket 6 while the welding head 2 may be rotated as a unit about the
      point of attachment of the pivot assembly 21 of the welding head bracket
      6. Because the welding electrodes 3 and 5 are each tilted toward the
      central welding electrode 4 in the direction of the workpiece 20, the
      portion of the welding head 2 in the vicinity of the welding tips is
      configured to permit the entire welding head 2 to be positioned
      significantly closer to the forming ring 30, for example by 16mm. This
      allows the welding bath produced by the welding arc of the most remote
      welding electrode 5 to be placed at a position where the longitudinal
      edges of the steel workpiece 20 are sufficiently constrained by the
      forming ring 30, notwithstanding the high resilience of the steel
      workpiece 1.
PAR  Welding head 2 comprises a plastic electrode housing 8 through which the
      welding electrodes 3, 4 and 5 extend, and within which the tilt alignment
      of the outer welding electrodes 3 and 5 may be precisely adjusted.
      Referring additionally to FIGS. 2 and 3, it will be seen that such
      adjustment is made available by the cooperation of a bearing 9, which is
      preferably made of polytetrafluoroethylene and has a trunnion portion 24
      each of the welding electrodes 3 and 5 is adapted to rotate, and set screw
      10 and an opposing prestressed spring 11 adapted to engage at location
      X--X' opposite sides of an extended upper portion 15A of an electrode
      holder 15 encompassing each of the outer welding electrodes 3 and 5. The
      cross-section of the electrode holder 15 is best seen in FIG. 3 which is a
      sectional view through axis III--III. It will be appreciated that the
      setting of set screw 10 which engages the extended portion 15A of the
      electrode holder 15 at point x will cause the electrode holder 15 to
      pivotally displace about trunnion 24 to thereby control the tilt of the
      outer electrodes 3 and 5.
PAR  Referring to FIGS. 2 and 3 there is illustrated in section the mechanisms
      associated with each of the outer electrodes 3 and 5. A welding tip 12 of
      welding electrode 3 or 5 is arranged to be held under tension by a holding
      vice 13 in such a manner as to permit the welding tip 12 to protrude
      slightly beyond a protective gas nozzle 14. The vise 13 is permanently
      fastened inside the electrode holder 15 which is rotatable about axis A of
      the bearing 9 and trunnion 24 by adjustment of the set screw 10.
PAR  In addition to the precise tilt adjustment of the welding electrodes 3 and
      5, each of the electrodes 3, 4 and 5 may be longitudinally displaced along
      its longitudinal axis by means of a set screw 16, FIG. 1, which acts to
      axially adjust the vice 13 in the manner indicated by arrows D and E since
      the set screw 16 is positioned about the electrode holder 15 and engages
      same by means of a thread coupling 17. The vertical positioning of the
      welding head 2 as a complete unit is provided by means of a set screw
      arrangement 19 incorporated within the welding head bracket 6, while the
      welding head 2 may be rotated as a unit about the attachment point B of
      the pivot assembly 21 of the welding head bracket 6.
PAR  While this invention has been particularly shown and described with
      reference to a specific embodiment, it will be obvious to those skilled in
      the art that the foregoing and various other changes and modifications in
      form and details may be made without departing from the spirit and scope
      of the invention. It is therefore intended that the appended claims be
      interpreted as including all such changes and modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for welding a thin strip workpiece in motion and particularly
      for welding adjacent longitudinal edges of a moving metal strip workpiece
      being formed at a forming station into a tubular configuration, said
      apparatus including a welding head and welding head bracket means, said
      welding head bracket means including pivot means for rotating said welding
      head and vertical adjustment means for selectively positioning said
      welding head with respect to said workpiece; the improvement comprising:
PA1  first, second and third welding electrodes being similarly configurated and
      having their welding tips in a spaced linear arrangement along a common
      axis, said second electrode being disposed intermediate said first and
      third electrodes and positioned normal to said workpiece, said first and
      third electrodes being aslantly positioned with respect to said second
      electrode and inclined toward said second electrode in the direction of
      said workpiece;
PA1  first, second and third electrode holder means engaging said first, second
      and third electrodes, respectively for individually displacing each of
      said electrodes vertically toward and away from said workpiece; and
PA1  first and second tilt adjustment means coupled to said first and third
      electrode holder means, respectively, for individually adjusting the
      inclination of said first and third electrodes to permit the welding tips
      of each electrode to be closely disposed to an adjacent welding tip along
      said common axis and cause the welding baths created by said first and
      third electrodes during a welding operation to overlap the welding bath
      created by said second electrode;
PA1  said welding head having an exterior portion thereof proximate said first
      electrode configured to closely follow the inclination of said first
      electrode to enable said welding head to be closely positioned to said
      forming station and thereby place the welding bath generated by said third
      electrode at a position wherein said longitudinal edges of the workpiece
      are sufficiently constrained by said forming station.
NUM  2.
PAR  2. Apparatus in accordance with claim 1, wherein said first tilt adjustment
      means comprises a deformable bearing means coupled to a central portion of
      said first holder means for rotational movement of the latter.
NUM  3.
PAR  3. Apparatus in accordance with claim 2, wherein said deformable bearing
      means is comprised of polytetrafluoroethylene.
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ABST
PAL  To permit coating of wide area work surfaces, such as wide tapes, ribbons
      and the like, a vaporization substance is retained in an elongated trough,
      transverse to the direction of movement of the ribbon. Alongside the
      trough, the pole shoes of magnets are placed to provide a magnetic shield
      transverse to the longitudinal extent of the trough, and with respect to
      the direction of movement of the web to be coated. An electron beam is
      then impinged on the surface of the vaporization substance in the trough
      at an angle between zero and 90.degree., preferably between 30.degree. and
      60.degree. and desirably in the order of about 45.degree. with respect to
      the direction of the magnetic field, so that the magnetic field and the
      electron beam will interact to deflect the electron beam to assume a
      spiral path which penetrates the surface of the vaporization substance.
      Preferably the characteristics of the electron beam and the magnetic field
      are so matched that primary electrons dispersed from the vapor, or from
      stray gases are captured in the magnetic field, and returned to the
      vaporization substance; likewise, electrons liberated at the impingement
      points are deflected back to the vaporization substance.
BSUM
PAR  The present invention relates to electron beam vaporization apparatus, and
      more particularly to such apparatus to coat by means of electron beam
      vaporization a web of work surface, particularly wide webs. The apparatus
      operates in a vacuum, and utilizes a unidirectional magnetic field,
      generated by magnets having pole shoes located alongside of a vaporization
      vessel in which the vaporization substance is retained. The vaporization
      vessel extends approximately over the entire transverse width of the web
      to be coated by vaporization, and the magnetic field likewise extends
      approximately along the entire width of the work surface to be coated.
PAR  Electron beam vaporization apparatus has previously been proposed, in which
      the substance to be vaporized is retained within a vessel, or trough
      having a longitudinal extent matching approximately the width of the
      substance to be coated. The vaporization substance itself is heated by
      means of an electron beam which is programmed to be guided horizontally
      over the surface of the vaporization trough, between the vaporization
      substance and the workpiece. The electron beam is deflected towards the
      vaporization substance by means of a magnetic field. The beam itself is
      symmetrical with respect to rotation and is deflected cyclically. Changing
      the voltage or the current in the deflection system which generates the
      magnetic field changes the strength of the magnetic field, so that the
      electron beam is deflected by different deflection radii. The electron
      beam is moved back and forth, in longitudinal direction, across the
      evaporating vessel. The length of the evaporating vessel is limited,
      however, since otherwise the electron may be projected for too long a
      distance and, further, by the geometry of the system which requires that
      the electron beam is carried through the metal vapor, upon vaporization. A
      high power electron beam gun is, therefore, required. Due to the constant
      collision of electrons from the beam with the ions of the vaporized
      substance, which collect above the vaporization substance which is not yet
      vaporized, the energy of the beam will be different at the terminal ends
      of the trough; this difference in energy may be substantial and, as a
      result, the thickness of vaporization, and the vaporization effect is
      different at the terminal ends of the trough, and, hence, the web to be
      coated by vapor deposition is not uniformly coated if the web has a
      substantial width. The width of the web which can be coated uniformly is,
      therefore limited. Variations in thickness of coating are particularly
      apparent if the webs passing over the vaporization trough have a high
      relative speed with respect thereto, and if the permissable tolerances,
      thickness of the layer are low.
PAR  It has also been proposed to vapor deposit metallic coatings on wide
      ribbons or bands by locating a plurality of vaporization vessels or
      crucibles, located between plates forming magnetic pole shoes, and
      utilizing flat sheet-like electron beams which extend over the entire
      width of the tapes to be vaporized. Flat beam electron sources are
      provided over the entire width of the bands to be coated, and the electron
      bundles are deflected by about 180.degree. by the magnetic field. These
      arrangements require substantial expenditure for apparatus, are complex,
      and the coatings resulting therefrom still do not meet high requirements
      regarding uniformity and homogeneity of the layer or coating.
PAR  Vaporization of the vaporization substance can be obtained also by
      supplying heat from an electron beam gun which is located alongside the
      crucible or melting pot, or trough which contains the vaporization
      substance. The electron beam is in sheet or band form and is guided to the
      vaporization substance through an opening in the side wall adjacent the
      crucible, before impinging on the vaporization substance. Opposite the
      perforated side wall, at the other side of the trough, a further limiting
      wall surface is provided, the terminal walls together forming a vapor
      direction or guide system, which defines the rising cloud of vaporized
      substance, directed and deflected in the direction of the web to be coated
      by vapor deposition. Vapor which spreads in other directions is condensed
      at the confining walls and guided back into the crucible or vaporization
      trough. Such arrangements have not been found suitable for wide surfaces,
      since, on the one hand, an electron beam gun cannot be constructed which
      has wide sheet-like output, the limit being about five to ten cm;
      additionally, the band, or sheet-like electron beam tends to focus to a
      specific impingement spot upon meeting the ionized cloud of vaporized
      substance, since the ionized cloud will counteract the negative base
      charge.
PAR  It is an object of the present invention to provide an electron beam
      evaporation apparatus which can be constructed to have any desired length,
      without interference with vaporization, or spread of the vapor cloud, and
      in which constructional problems are largely eliminated.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, at least one electron beam is so arranged that it enters into a
      magnetic field alongside of an elongated evaporating trough under an angle
      between zero and ninty degrees, preferably between 30.degree. and
      60.degree. and, desirably, in the order of about 45.degree.; the magnetic
      field and the electron beam are relatively so matched to each other that
      the magnetic field deflects the electron beam into a spiral path which
      penetrates the surface of the vaporization substance.
PAR  This arrangement results in a high vapor density, and a plurality of
      electron beam guns can be used, each impinging the vaporization substance
      at a selected area, so that the length of the trough, that is, the width
      of the band to be coated by vapor, can be selected as desired. The vapor
      deposit is essentially uniform over the entire width of the surface, and
      the resulting vapor cloud is not shaded by constructional elements and
      shields arising in operation; sufficient space for the various components
      of the apparatus is readily available.
PAR  Selecting the angle in the preferred range between 30.degree. and
      60.degree. with respect to the magnetic field has the advantage that the
      speed component of the electrons, in a direction perpendicular to the
      magnetic field is sufficiently high; additionally, the openings through
      the pole shoes of the magnets will not be long. At an angular range of
      angles above 30.degree., no special requirements need to be observed for
      special focusing, or special bundling of the electron beam.
PAR  In accordance with a feature of the invention, a plurality of electron
      beams are applied to the surface of the vaporization substance, each
      passing through a cylindrical opening formed in the one, or the other, or
      both of the pole shoes. Thus, any one of the electron beams enters the
      region of the vaporization substance close to the surface thereof, and
      will not have a long path through the vapor cloud, in spite of the fact
      the magnetic field is generated by lateral pole shoes, providing an
      extended magnetic field to limit the cloud of vaporized substance. The
      pole shoes may, however, also be formed with gaps, or in plural parts, to
      permit entry of the electron beams through the gaps. The electron beam may
      also be injected laterally from a terminal edge of pole shoes. The latter
      two embodiments have slight disadvantages with respect to the capture of
      stray electrons, but are simpler to construct.
PAR  The magnetic field strength, and the spatial extent of the magnetic field,
      as well as the direction of injection of the electron beam are preferably
      so selected that primary electrons first strayed by the metal vapor, or
      gas traces in the vacuum system are captured, and do not leave the
      magnetic field; and that further electrons which are back-scattered from
      the vaporization substance at the impingement spot are deflected back to
      the vaporization substance. This substantially increases the efficiency of
      the vaporization apparatus.
PAR  The spatial arrangement is versatile; the path of the electron beam may be
      linear until the electron beam meets the magnetic field. No deflection
      magnets, and other apparatus necessary for control and deflection of the
      electron beam is required. To a certain extent, however, electron emitting
      filaments may fail too soon, due to the positive ion current to the
      source. This can be avoided by passing the electron beam, before entering
      the magnetic field over the vaporization substance, through an additional
      deflection system, or deflection field, so that positive metal vapor ions
      can reach the electron beam source only with great difficulty.
DRWD
PAR  The invention is further described by way of illustrative examples with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a highly schematic top view of of an embodiment of the present
      invention;
PAR  FIG. 2 is a cross-sectional view along line II of FIG. 1 with non-essential
      parts being omitted;
PAR  FIG. 3 is a perspective view of another embodiment of the invention;
PAR  FIG. 3a is a fragmentary view illustrating another embodiment of electron
      beam injection, the remainder of the apparatus of FIG. 3a being similar to
      that of FIG. 3; and
PAR  FIG. 4 is a perspective view illustrating another embodiment of the
      invention.
DETD
PAR  Two electron guns 10, 11 (1) generate electron beams 12, 13, respectively
      which impinge at impingement spots 14, 15 on vaporization substance 16 in
      a vaporization trough, or crucible 17. The substance 16 may, for example,
      be aluminum. The trough 17 is located between terminal pole shoes 18, 19,
      of a unidirectional magnetic system 20, for example an electro-magnet
      operated with direct current.
PAR  A web of carrier substance, to have a layer of vaporized aluminum
      evaporated thereon is schematically shown at 21, and is carried
      perpendicular to the longitudinal axis 22 of the trough 17. The entire
      system is in a vacuum, that is, enclosed in an evacuated vessel (not
      shown). Movement of the web 21 is preferably continuous. Support and
      guidance, as well as movement mechanism for web 21 have been omitted for
      clarity, and may be conventional for guiding a web transverse to a trough,
      in a vacuum.
PAR  The pole shoes 18, 19 of the magnetic system 20 extend over essentially the
      entire length of evaporating trough 17, or there beyond, and generate a
      magnetic field schematically indicated by arrows 23, transverse to the
      longitudinal axis 22 of the crucible 17. The two electron beams 12, 13
      enter under an angle .alpha., defined as 0.degree. &lt; .alpha. &lt; 90.degree.,
      with respect to the direction of the magnetic field 23, and is constrained
      by the magnetic field into a spiral path 24, in which in the drawings only
      that portion of the path up to the impingement point of the beam on the
      evaporating substance 16 is visible. The spiral path 24 of the electrons
      is so generated that the path penetrates the deep surface 25 of the
      evaporating substance 16, in operation of the system. The electron beams
      12, 13, as shown in FIG. 1, have an angle of incidence .alpha. of about
      45.degree. with respect to the magnetic field 23.
PAR  Electron beam 12 is guided laterally at the side of pole shoe 18 into the
      magnetic field 23. The pole shoe 19 is formed with an opening 26 in the
      form of a cylindrical bore with an axis parallel to the direction of the
      electron beam 13. Electron beam 13 passes through this opening. The pole
      shoes need not be unitary, continuous elements, but may be formed with
      cuts or slits; the pole shoes may be separate elements located along side
      each other and leaving a gap, as seen in FIG. 3a with respect to pole
      shoes 19a, 19b, forming a gap 26a there between. The edges of the gap may
      be in the direction of the magnetic field 23 or may be canted in the
      direction of the electron beam. The gap 26a, as shown, may accommodate a
      beam, at 45.degree. with respect to the field, and impinging the surface
      25 of the evaporating substance 16 and passing, with some vertical
      clearance, in the gap 26a. The path of the electron beams 12, 13 from the
      electron beam guns until they are deflected by the magnetic field 23 above
      the evaporating substance is about linear.
PAR  The pole shoes 18, 19 extend above the trough or crucible 17 (FIG. 2). The
      pole shoes are mechanically retained by spacers 27, 28, made of
      non-magnetic material (such as copper plate) and receive their magnetizing
      force from a dc coil 29 which generates the magnetic field 23. Coil 29 is
      located between the spaces 27, 28. The trough 17 is an elongated,
      evaporating crucible, retained in grooves for recess 30, 31 in the pole
      shoes 18, 19, for ease of replacement by longitudinal sliding out of the
      pole shoes.
PAR  The pole shoes 18, 19 are relatively high, and extend well over the top
      surface of the evaporating substance 16, even when the crucible is full.
      They provide for mechanical as well as magnetic guidance and shielding for
      the metal vapor. The pole shoes, further, serve as traps for stray
      electrons which are not returned by the magnetic field. The strenght, and
      spatial distribution of the magnetic field 23 is so adjusted that primary
      electrons 32 which are once scattered by the metal vapor, or by remaining
      gases and trace gases in the vacuum system are trapped, so that they
      cannot leave the magnetic field 23. The path of such primary electrons 32
      is indicated by the line 33. These once scattered primary electrons can
      leave the magnetic field only if they are scattered a second time, as
      indicated by the second scatter paths 34. The angle of incidence of the
      electron beams 12, 13, in this spatial distribution of the magnetic field
      23 are so selected and matched to each other that electrons 35 which are
      back-scattered from the impingement spots 14, 15 at the surface 25 of the
      evaporating substance 16 are deflected back to the evaporating substance
      16 in a path 36. This substantially increases the efficiency of the
      apparatus and decreases heating of the web 21, to be coated by vapor
      deposition, by stray or scattered electrons. The return deflecting force A
      (FIG. 2) can be derived from the laws of magnetic fields. If a moving
      electron e corresponding to the electron beam 12, or 13 has a speed vector
      component out of the plane of the drawing, then the force A is directed
      downwardly due to the field of the electron which tends rotation to the
      right and its interaction with the magnetic field 23 which has a direction
      from left to right in the drawing (FIG. 2).
PAR  The embodiment of FIG. 3; Two electron guns 37, 38 are located at one side
      of the evaporating trough, and a third evaporating gun 39 is located at
      the other side of the evaporating trough 17. The electron beams, as in the
      embodiment of FIG. 1, extend approximately rectilinearly until they enter
      the magnetic field; they are then deflected by the magnetic field in the
      manner previously explained, to the evaporating substance 16. In all other
      respects, the embodiments of FIG. 3 is similar to that of FIGS. 1 and 2
      and similar parts have been given similar reference numerals.
PAR  Embodiment of FIG. 4: Two electron guns 42, 43 generate electron beams 40,
      41 respectively. These beams do not extend linearly to the magnetic field
      but, rather, pass a deflection field M40 and M41, respectively, external
      to the pole shoe 19. The deflecting magnets (or electrostatic deflection
      plates) to effect such deflection are well known and omitted from the
      drawing for clarity. The arrangement is somewhat more complicated and more
      expensive than that of the embodiments of FIGS. 1-3, in which the electron
      beam is straight; the embodiment of FIG. 4, however, has the advantage
      that positive metal vapor ions can reach the electron guns only with great
      difficulty: such ions may damage the electron guns. In all other respects,
      the embodiment of FIG. 4 is similar to that of previous embodiments
      described and similar parts have been given similar reference numerals.
PAR  Coating of wide surfaces, such as wide, running webs, ribbons and the like
      by vapor deposition requires high density of the vapor; uniformity of
      vapor deposition over the entire width of the web is a prerequisite for
      practical utilization of the method, that is, to obtain high quality in
      the resulting vapor deposited material. In order to meet these
      requirements, a long trough or crucible, extending over the entire width
      to be vapor deposited is necessary. Emission of metal vapor should be as
      uniform as possible over its entire lenght; at least, emission of
      vaporized substance should be derived from the crucible in uniform spaced
      distances. Heating of the vaporization substance, as previously carried
      out, leads to difficulties in spatial arrangement, either because
      shielding of the vapor could not be avoided, or since room for the
      necessary apparatus and components was not available. An electron beam,
      particularly when it must penetrate metal vapor may have only a very short
      finite length; long beam paths, even if very high acceleration energy is
      used, are not feasible.
PAR  The electron beam vaporization apparatus in accordance with the present
      invention can be made at any desired length. The surface of the crucible
      is subjected to a magnetic field which is comparatively short, since it is
      transverse to the longitudinal direction, or axis of the crucible. The
      length of the necessary magnetic field is one of the essential criteria
      for the possible overall length of the crucible, if the field extends
      parallel thereto; in accordance with the present invention, the field
      extends transverse, and an essential feature of the present invention is
      the combination of the transverse field with electron beams which are
      guided to interact with the field at an angle greater than 0.degree., less
      than 90.degree., and preferably between 30.degree. and 60.degree.,
      desirably 45.degree., with respect to the direction of the magnetic field.
      Any desired number of electron guns may then be provided, each generating
      an electron beam, parallel to the next, and impinging the surface 25 of
      the vaporization substance at respective impingement points, uniformly
      spaced along the length, and ajacent each other. The electron beams, by
      interaction with the magnetic field transverse to the longitudinal
      direction of the trough, or crucible, are accelerated in a direction which
      has a speed vector transverse to the direction of the magnetic shield and
      thus will be constrained into a short, spiral path to reach the surface of
      the vaporization substance by spiraling downwardly.
PAR  Penetration of the electron beams into the magnetic field may be obtained
      by passing the electron field through one or more lateral openings in the
      pole shoes, laterally at the sides of the poles. The height of injection
      is so selected that the path of the electron beam would still be beneath
      the surface of the vaporization substance if the vaporization trough or
      crucible is only partially full, that is, the impingement point of the
      electron beam will be at the first intersection of this downwardly
      spiraling path of the electron beam with the surface of the vaporization
      substance. By suitable dimensioning of the angle of incidence of the
      electron beam, height of incidence, magnetic field strength, and the
      extent of the magnetic field, as well as the shape and direction of the
      magnetic field, and matching these characteristics to the acceleration
      voltage of the electron beam, all requirements regarding coordinates of
      the impingement point, capture of stray or scattered electrons, and
      distribution of the resulting vaporized cloud may be met. The magnetic
      field is selected to have such a spatial extent and field strength that
      scattered electrons which are scattered with primary speed at the
      impingement point of the beam are returned to the bath, that is to the
      vaporization substance, and such that those electrons which are in the
      vapor must, at least twice and at an unlikely angle, collide with each
      other in order to be able to leave the magnetic field.
PAR  The arrangement of the radiation generating system can be fitted to the
      necessary requirements; the simplest systems provide for straight line
      electron beams; these systems are, however, subject to some slight
      feedback or reaction of the vapor on the cathodes of the electron beam
      guns, particularly if the cathodes have a rather large angle with respect
      to the magnetic field. This is avoided in the embodiment of FIG. 4, in
      which the deflection angle for the electron beam 40 is 90.degree., and the
      deflection angle for the electron beam 41 from gun 43 is 135.degree..
PAR  Test example: The electron beams were accelerated with 14 kV, and are
      injected at an angle alpha = 45.degree. with respect to magnetic field 23
      at a height of 3.37 cm parallel to the surface 25 of the vaporization
      substance, through openings 26 having a diameter of 3 cm. The magnetic
      field 23 had a strength of 100 G and extended to a height of 12 cm above
      the surface 25 of the vaporization substance 16. The impingement spots 14,
      15 of the electron beams 12, 13 were spaced 3.4 cm in longitudinal
      direction and 5.3 cm in transverse direction from the entry point into the
      magnetic field 23.
PAR  Various changes and modifications may be made and features described in
      connection with any one embodiment may be used, as applicable, with any
      one of the others, within the inventive concept.
CLMS
STM  We claim:
NUM  1.
PAR  1. Electron beam vaporization apparatus to vaporize the vaporization
      substance (16) and apply such substance, in a vacuum, on a work surface
      (21) particularly wide tapes, webs, or the like, said apparatus having
PA1  an elongated evaporation substance holding vessel, or trough or crucible
      (17);
PA1  a magnet system (18, 19, 19a, 19b; 29) located alongside both sides of the
      elongated vessel (17) and generating a magnetic field (23) transverse to
      the major dimension of the vessel, and
PA1  the improvement wherein
PA1  at least one electron beam (12, 13, 40, 41) is provided, directed towards
      the substance (16) in the vessel (17) said beam being directed through
      said field to interact therewith, the direction of the beam upon
      interaction with the field being at an angle (.alpha.) greater than zero
      and less than 90.degree. with respect to the direction of the magnetic
      field (23), the strength of the magnetic field and the charge of the
      electron beem with respect to said angle having such relative values that
      the electron beam is deflected by interaction with the magnetic field to
      assume a spiral path which penetrates the surface (25) of the evaporation
      substance (16).
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the angle (.alpha.) is between
      30.degree. and 60.degree..
NUM  3.
PAR  3. Apparatus according to claim 2 wherein the angle (.alpha.) is in the
      order of about 45.degree..
NUM  4.
PAR  4. Apparatus according to claim 1 wherein at least one of the pole shoes
      (18, 19) is formed with an opening (26) and the electron beam (13, 40, 41)
      enters the magnetic field (23) through said opening.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein the opening, or at least one of
      the openings, is formed as a cylindrical bore (26).
NUM  6.
PAR  6. Apparatus according to claim 4 wherein the opening, or at least one of
      the openings is formed as a slot (26a).
NUM  7.
PAR  7. Apparatus according to claim 1 wherein the pole shoes are formed in a
      plurality of elements (19a, 19b) spaced from each other by a gap (26a) and
      the electron beam (13) enters the magnetic field through said gap.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein the electron beam (12) enters the
      magnetic field laterally adjacent the end of the pole shoe (18).
NUM  9.
PAR  9. Apparatus according to claim 1 wherein the magnetic field strength and
      the spatial distribution of the magnetic field are so dimensioned and
      arranged that primary electrons (32) first scattered from the vapor of the
      vaporizable substance, or from remaining gas traces in the vacuum are
      captured in the magnetic field and do not leave said magnetic field.
NUM  10.
PAR  10. Apparatus according to claim 1 wherein the path of the electron beam
      (12, 13, 40 41) and the spatial distribution of the magnetic field are so
      dimensioned and arranged that electrons (35) liberated at the impingement
      point of the electron beam on the surface (25) of the vaporization
      substance (16) are deflected back to the vaporization substance (16).
NUM  11.
PAR  11. Apparatus according to claim 1 wherein the path of the electron beam
      (12, 13) up to the entry of the beam into the magnetic field (23) is
      approximately straight.
NUM  12.
PAR  12. Apparatus according to claim 1 wherein the path of the electron beam
      (40, 41) up to entry of the beam into the magnetic field is curved.
NUM  13.
PAR  13. Apparatus according to claim 12 further comprising at least one beam
      deflection field (M40, M41) interacting with the electron beam (40, 41)
      outside of said transverse magnetic field (23) to deflect the electron
      beam from its source to have said direction at said angle (.alpha.) with
      respect to the direction of the transverse magnetic field (23).
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ABST
PAL  Apparatus for cutting a stack of layers of sheet material comprising a
      device for passing a laser beam or other suitable thermal cutting beam
      through the stack of material along a line of cut therein and means for
      preventing fusing of adjacent sheets at the line of cut. Such means can
      include spacers carried by the cutting head and interposed between
      adjacent sheets to maintain the sheets in spaced relation, or a spray
      device for spraying a cooling liquid onto the sheets at the line of cut or
      the presence of paper of similar combustible material, which does not
      liquefy, between adjacent sheets.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to apparatus for cutting a stack of layers of sheet
      material.
PAC  PRIOR ART
PAR  It is known to employ a laser beam for cutting material. The laser beam
      melts the material at a line of cut. If it is required to cut a plurality
      of layers of sheet material, such as foil or fabric, disposed one above
      another, in particular in the case of a stack of textile materials, a
      problem arises due to the melting and the layers of foil or fabric fuse
      together along the line of cut because in the vicinity of the line they
      pass through a liquid phase. Separation of the parts which have been cut
      is frequently possible only with difficulty. In the case of textile
      fabrics, fusing particularly occurs when the textile fabrics contain
      synthetic fibres.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide and apparatus for cutting layers
      of sheet material by means of a laser beam which avoids the fusing
      difficulty associated with the prior art.
PAR  According to one aspect of the present invention there is provided a device
      for cutting a stack of layers of sheet material comprising projecting
      means for projecting a thermal cutting beam towards said layers of sheet
      material and movable relative to said layers of sheet material thereby to
      cut said layers of sheet material along a line of cut, and spacing means
      for spacing said layers of sheet material apart in the vicinity of said
      thermal cutting beam so as substantially to prevent the thermal cutting
      process from causing the fusing together of adjacent layers of sheet
      material.
PAR  According to another aspect of the present invention there is provided a
      device for cutting a stack of layers of sheet material, the device
      comprising projecting means for projecting a thermal cutting beam towards
      said layers of sheet material and movable relative to said layers of sheet
      material, and fluid-supply means operable to supply coolant fluid to said
      layers of sheet material in the vicinity of said beam so as substantially
      to prevent the thermal cutting process from causing the fusing together of
      adjacent layers of sheet material.
PAR  According to a further aspect of the present invention there is provided
      apparatus for cutting a stack of layers of sheet material, wherein a
      thermal cutting beam is moved relative to said layers of sheet material,
      there being disposed between adjacent ones of said layers of sheet
      material laminate separating material which substantially prevents said
      layers of sheet material from being fused together by said beam in the
      vicinity of the line of cut thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In order that the invention may be clearly understood and readily carried
      into effect, reference will now be made, by way of example, to the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a cutting device for cutting layers of foil
      or fabric by means of a laser beam;
PAR  FIG. 2 is a perspective view of a focussing head of the device, and a
      spacer secured to the focussing head;
PAR  FIG. 3 is a sectional elevation view of the focussing head and the spacer
      shown in FIG. 2 in an operative condition;
PAR  FIG. 4 is a perspective view of a portion of the device shown in FIG. 1
      including a second embodiment of spacer;
PAR  FIG. 5 is a sectional elevation view of the focussing head of the device
      and the spacer of FIG. 4 in an operative condition; and
PAR  FIG. 6 is an elevation view partly in section of a portion of the cutting
      device shown in FIG. 1 including a spraying device.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 therein is seen a cutting device which comprises a
      table 1, on which a first carriage 2 is arranged to be displaceable on
      rails 3. A second carriage 4 is mounted for displacement on rails 5 on the
      first carriage 2. The first carriage 2 is driven by a motor 6. The second
      carriage 4 is driven by a further drive means (not shown). The table 1 has
      a perforated table top 7 serving as a support means on which layers of
      foil or fabric 8 to be cut are placed (see FIGS. 3 and 5).
PAR  A laser gun 9 is secured to the table 1 so as to be stationary relative to
      the table. The laser gun 9 generates laser light which is radiated, by
      means of an optical system 10, as a laser beam 11, providing a thermal
      cutting beam, to a first mirror assembly 12 mounted on the first carriage
      2. The first mirror assembly 12 reflects the laser beam to a second mirror
      assembly 13 mounted on the second carriage 4. The second mirror assembly
      13 reflects the laser beam 11 into a focussing head 14 by means of which
      the laser beam 11 is focussed onto the layers 8 of foil or fabric to be
      cut. To prevent the layers 8 from fusing together in the cutting zone, a
      spacer 20 (see FIGS. 2 and 3) is provided. The spacer 20 comprises a
      plurality of discs 21 each formed with a central hole 22. The peripheral
      edges of the discs 21 are rounded off as viewed in transverse section. The
      discs 21 are mounted concentrically with respect to the laser beam 11 on a
      rod 23 attached to one of the races of a ball bearing 24. The other race
      of the ball bearing 24 is secured to the focussing head 14. Since the
      connection between the rod 23 and the disc 21 is eccentric with reference
      to the laser beam 11, the spacer 20 will always follow the curvatures of
      the cut in such manner that the laser beam is able to pass through the
      apertures 22 in the discs 21. Alignment is effected in that the rod 23 is
      guided by the cut edges of the lavers 8. As will be realized there could
      alternatively be provided a separate drive for the spacer 20.
PAR  A different type of spacer is shown in FIGS. 4 and 5 and designated by
      numeral 30. In this case, the spacer 30 comprises flat strips 31 disposed
      one above the other each being formed with a longitudinal slot 32. The
      strips 31 are secured to the first carriage 2 for movement therewith. They
      are so aligned that the path of the laser beam 11 extends through the
      slots 32. The outer, longitudinal edges of the strips 31 are rounded off
      and are of streamlined section. They may be replaced with pairs of wires.
PAR  A further means for preventing the fusing together of the layers 8, or at
      least for reducing such fusing, is shown in FIG. 6. In this arrangement,
      there is secured to the second carriage 4 a spraying device 40 having a
      nozzle head 41. The spraying device 40 is supplied, via a hose 43, with a
      coolant liquid which is sprayed by the nozzle head 41 in the form of a
      liquid jet 42, onto the cut location. The liquid may, for example, be
      water provided with an agent reducing its surface tension and therefore
      increasing the speed and degree of penetration of the water. The water
      withdraws vaporization heat in the vicinity of the line of cut, thereby
      preventing fusing together of the layers not only in the immediate cutting
      zone but also in the adjacent zones.
PAR  Fusion between the layers 8 may also be prevented by disposing among the
      layers laminate separating material which under the heating action of the
      laser beam 11 burns but does not pass through a liquid phase. For example,
      the separating material may be paper.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for cutting a stack of layers of sheet material comprising
      projecting means for projecting a thermal cutting beam towards said layers
      of sheet material and movable relative to said layers of sheet material
      thereby to cut said layers of sheet material along a line of cut, and
      spacing means for spacing said layers of sheet material apart in the
      vicinity of said thermal cutting beam so as substantially to prevent
      fusing together of adjacent layers of sheet material, said spacing means
      comprising spaced members interspersable with said layers of sheet
      material, said spaced members having respective pre-formed apertures
      extending therethrough which are aligned with one another so as to permit
      passage of said beam therethrough and supporting means securing said
      spaced members relative to said projecting means at least in one direction
      of movement of said projecting means, said apertures being positioned
      relative to said supporting means such that said beam is aligned with said
      apertures.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein said projecting means comprises
      a beam focussing means, said spaced members being connected to said beam
      focussing means.
NUM  3.
PAR  3. A device as claimed in claim 2, in which said apertures are holes, said
      spaced members being pivotably supported about an axis passing through
      said holes.
NUM  4.
PAR  4. A device as claimed in claim 3, comprising a roller bearing including a
      first race secured to said projecting means and a second race to which
      said spaced members are secured.
NUM  5.
PAR  5. A device as claimed in claim 3, in which said spaced members have
      peripheral edges which are rounded-off in section planes containing said
      axis.
NUM  6.
PAR  6. A device as claimed in claim 1 comprising means supporting the beam
      projecting means for movement in two coordinate directions, said spaced
      members comprising a plurality of pairs of elongate members spaced apart
      for interspersion with said layers of sheet material, each pair of
      elongate members bounding an elongate slit therebetween constituting one
      said aperture, the slits being in registry with one another to permit
      passage of said beam through the slits, said pairs of elongate members
      being fixed by said supporting means relative to said beam along one of
      said two coordinates of movement of said beam, the slits extending in the
      direction of the other of said two coordinates.
NUM  7.
PAR  7. A device as claimed in claim 6, further comprising support means for
      supporting said layers of sheet material, first carriage means movable
      relative to said support means in the direction of said one of the
      co-ordinates, second carriage means mounted on said first carriage means
      and movable therealong in the direction of said other of the co-ordinates,
      said projecting means including beam focussing means mounted on said
      second carriage means, said pairs of elongate members being secured by
      said supporting means to said first carriage means for movement therewith.
NUM  8.
PAR  8. A device as claimed in claim 6, in which said elongate members are in
      the form of strips having leading and trailing edges which are
      rounded-off.
NUM  9.
PAR  9. A device as claimed in claim 8, in which said strips are of streamlined
      section.
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PAL  The thermal print head comprises a substrate, a semiconductor wafer
      fabricated thereover, a plurality of junctions formed on the semiconductor
      wafer, and electrodes to supply an inverse current to the junctions. The
      junctions are arranged so as to correspond to the pattern of the symbol,
      such as letters, to be printed. Each of the junctions is used as a heating
      element. Heat is evolved at the junction when the inverse current flows
      through the potential barrier which is formed at the junction. The heat
      evolved is used for the heating element.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a thermal print head, and more
      particularly to a novel thermal print head using a junction having a
      potential barrier as a heating element.
PAR  Non-impact printers do not use mechanical impact so that low noise and high
      speed may be readily attained in the printing operation. For this reason,
      it has been recognized that the non-impact printer is useful in
      calculation in the scientific field and in information retrieval.
PAR  The thermal printer is a kind of non-impact printer in which a matrix of
      heating elements of the print head has the elements selectively energised
      corresponding to the information to be printed to heat a thermosensitive
      paper, the print head being physically in contact with the thermosensitive
      paper when the printing is carried out. The thermal printer is the
      dry-type and has no need of developing steps in the printing process, and
      provides ease in handling, Those advantages of this printer has attracted
      a significant attention.
PAR  The thermal print head according to this invention is used in a thermal
      printer. Joule heat has been used for the heat source of the thermal print
      head of the prior art provided an ohmic resistor on a high resistance
      substrate such as glass with current flowing through the resistor for
      generating heat.
PAR  For example, there has been used for such ohmic resistor, a thin film
      resistor such as a tantalum nitride film, a nichrome film or a tin oxide
      film, a thick film resistor such as a cement film of combined glass with
      silver or palladium formed by silk-screening, a thin film cermet resistor
      such as cermet film composed of silicon monoxide and chromium formed by
      the sputtering technique, or a resistor which is diffused on a
      semiconductor slab with mesa structure such as N-type silicon diffused
      resistor. The ohmic resistors for generating heat are arranged in matrix
      on a wafer to form any pattern to be printed. In this arrangement, the
      mesa structure is often employed for the resistor to enhance thermal
      isolation among those heat generating resistors.
PAR  Thus, the thermal print head of the prior art has disadvantages as follows:
      It is necessary for each heating element or printing element to operate
      surely and uniformly in order to obtain a high quality print. As a result,
      it requires fabrication of each resistor heating element with the same
      resistance value of high accuracy. However, it is difficult to control the
      three dimensional configuration, particularly the thickness of the
      resistor. This is an obstacle to enhancement of the printing quality and
      to adaptation of the mass production thereof. Another disadvantage lies in
      the reliability and the lifetime of the heating element due to the fact
      that since ohmic contact is required between the resistor and lead wires
      connected thereto, the contact portion is subject to high temperature at
      all times, and it also is difficult to obtain an ideal and uniform
      interconnection therebetween thereby resulting in current concentration.
      The need to make current flow through the heating element in the surface
      direction thereof, particularly in the tangential direction, restricts the
      configuration of the resistor to rectangular alone. As a result, the
      printing quality is poor, particularly in printing a skewed line. Since
      the heating element resistor has no non-linearity characteristic, diodes
      components are required in forming the driving circuit of the matrix type,
      otherwise only low speed operation is permitted in the driving of the
      resistor. Particularly in the semiconductor diffused resistor the heating
      element resistor has large heat capacity in itself thereby resulting in
      poor efficiency of heat response. For this reason, a large electric power
      is necessary to obtain a proper temperature suitable for printing and a
      large sized heat radiating plate or cold plate is required to cool it; In
      addition, high speed printing operation is impossible since it has
      inherently a poor thermal response due to the heating and cooling time lag
      caused by the heat capacity thereof. When it is fabricated in the mesa
      structure, it is fragile mechanically, and the fabricating process thereof
      is complex. The thermal print head of the prior art has further
      disadvantage in that the resistor must be, to ensure the reliability
      thereof, restricted to one hundred and several tens ohms in the sheet
      resistivity. Accordingly, in order to obtain energy enough for the desired
      printing, large current is required so that a relatively great power is
      lost in lead wires.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, it will be understood that among the objects of this invention are
      the following:
PAR  To provide a thermal print head of a simple structure, of good heat
      efficiency, and of good thermal response, and further being operable with
      relatively small power;
PAR  To provide a thermal print head suitable for mass production thereof with
      good reliability and printing quality;
PAR  To provide a thermal print head capable of constructing a diode-matrix
      circuit for actuating the heating elements without using excess diodes.
PAR  To provide a thermal print head having good thermal isolation among the
      heating elements thereof;
PAR  To provide a thermal print head which is easy to fabricate and has
      excellent reliability.
PAR  In accordance with this invention, there is provided a thermal print head
      consisting of heating elements, each of which is a non-linear junction
      having potential barrier.
PAR  The junction having potential barrier is generally classified into P-N
      junction, Schottky junction, and hetero junction. It is well known that a
      large amount of heat evolves at the junction when a voltage is placed
      across the potential barrier and is unfavorable in applications such as
      the Gunn oscillation of super high frequency. In this invention, this heat
      evolved is utilized as a heat source of the thermal print head thereby
      achieving the above-stated objects and other objects to be understood from
      the explanation to be subsequently described.
PAR  For a clearer understanding of the nature and objects of this invention,
      reference may be had to the following detailed description taken in
      connection with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram to explain the principle of this invention.
PAR  FIG. 2 shows the current versus the voltage characteristic curve of the
      device illustrated in FIG. 1.
PAR  FIG. 3A is a fragmentary plan view of the thermal print head of Schottky
      junction type according to this invention.
PAR  FIG. 3B is a cross sectional view taken along the line 3B -- 3B in FIG. 3B.
PAR  FIG. 4A is a plan fragmentary of the thermal print head of P-N junction
      type according to this invention.
PAR  FIG. 4B is a cross sectional view taken on the line 4B -- 4B in FIG. 4A.
PAR  FIG. 5A is a plan view a matrix using one type of the heat elements
      according to this invention.
PAR  FIG. 5B is a plan view of another type of the heat elements according to
      this invention.
PAR  FIGS. 6 through 9 show cross sectional views of the various preferred
      embodiments of the thermal print head of this invention.
PAR  FIG. 10 shows a fabricating process of the thermal print head in FIG. 9.
PAR  FIG. 11 is a perspective view broken away in part of the thermal print head
      according to this invention.
PAR  FIG. 12A is a schematic diagram showing an actuating circuit to actuate the
      thermal print head of this invention.
PAR  FIG. 12B is a current versus voltage characteristic curve for the heating
      element of this invention useful to explain the operation of the driving
      circuit shown in FIG. 12A.
PAR  FIG. 12C is a schematic diagram showing another driving circuit to actuate
      the thermal print head of this invention.
PAR  It will be noted that, throughout those drawings, like reference numerals
      designate like or corresponding parts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, FIG. 1 illustrates a principle of the
      thermal print head of this invention. A conductive substrate 1 has a
      P-type or N-type semiconductor layer 2 thereover. The semiconductor layer
      2 is of a semiconductor material such as gallium arsenide (GaAs), gallium
      phosphide (GaP), mixture of gallium arsenide and gallium phosphide
      (GaAsP), silicon (Si), etc. A non-epitaxial layer of gallium arsenide
      (GaAs) may be employed for the layer 2 when the thermal point head is
      activated by applying an inverse voltage across the junctions of heat
      elements therein. A metal layer 4 of platinum is formed on the
      semiconductor layer 2. It will be noted that the metal layer 4 may be
      composed of any material which is capable of forming a potential barrier
      at the contact portion with the semiconductor layer 2. In this case, the
      potential barrier is formed at the junction 3 between the platinum metal
      layer 4 and the semiconductor layer 2. An electrode 5 is fabricated over
      the metal layer 4 with ohmic contact therebetween. A lead wire 6 is
      connected to the electrode 5 and leads the heating elements to the
      surrounding circuit.
PAR  This example is of the Schottky junction type which is composed of platinum
      and gallium arsenide (GaAs). It should be understood, however, that this
      instance is employed for clarity and illustration purposes only, and other
      types of junction may be applicable for this invention. The platinum layer
      is durable under high temperature of 600.degree.C to 700.degree.C. Gallium
      arsenide (GaAs) may keep its semiconductor functions even under
      400.degree.C to 500.degree.C. Thus it can be seen that the junction in
      this case is improved in the temperature stability compared to the
      conventional device of this kind.
PAR  There are two ways to generate heat at the Schottky junction; one way is to
      apply an inverse voltage across the junction, and other way is to place a
      voltage in the forward direction across it. However, in this type of diode
      construction, it is preferable to employ the former way, i.e., to apply an
      inverse voltage across the junction, because a high efficiency of heat
      generation is obtained due to a barrier. Further it is to be noted that
      heat capacity of this type of heat source is quite small compared with the
      prior art, since heat generation occurs at the boundary between two
      materials. Thus, a considerably large amount of heat per unit volume is
      obtained so that a thermal print head of high temperature can be easily
      made. Accordingly, power consumption is reduced in the thermal print head
      using this heat source as a heating element. The heating elements of this
      invention may be disposed more closely to the printing paper than that of
      the prior art utilising a semiconductor resistor. This further facilitates
      the reduction of power consumption. According to the thermal print head of
      this invention, one half the power consumption compared to that of the
      prior art is required to print.
PAR  FIG. 2 shows the current versus voltage characteristic curve of the heating
      element according to this invention. In order to generate heat at the
      point P on the characteristic curve, two driving circuits are known; one
      is a constant current driving circuit and other is a constant voltage
      driving circuit which may be formed by employing resistance increased by
      varying the distribution of impurity diffusion density. The former driving
      circuit is superior to the latter in heat generation. When a plurality of
      heating elements are simultaneously heated, the constant current driving
      circuit designed so as to drive the corresponding number of the heating
      elements, may be employed.
PAR  Next, the thermal print head of Schottky type utilizing a titanium layer in
      lieu of a platinumn layer will be described with reference to FIG. 3A and
      FIG. 3B. The substrate 1 is composed of metal such as aluminium,
      semiconductor, or ceramic and glass the surfaces of which are processed
      with conductive coating. The thickness of the semiconductor wafer 2 of
      gallium arsenide (GaAs) is 200 .mu.m, the semiconductor wafer being
      mounted on the substrate by means of proper adhesive. The metal layer 4 of
      titanium is vapor-deposited to the thickness of 1500A over the
      semiconductor wafer 2 to form a potential barrier therebetween. Reference
      numeral 3 represents the junction forming a potential barrier. A lead wire
      5 of gold (Au) is vapor-deposited to the thickness of 7000A. An electrical
      insulating layer 7 functions to electrically isolate the semiconductor
      wafer 2 from the lead wire 5, and is sputtered to the thickness of 4000A
      with silicon dioxide (SiO.sub.2). The junction 3 is formed by etching
      process into 100 .mu.m.phi. in diameter. The breakdown voltage, when the
      inverse voltage is applied between the semiconductor 2 and the lead wire
      5, is determined by the impurity density diffused in the semiconductor.
      For example, the breakdown voltage was 72 V when impurity density is 10
      .sup.16 /cm.sup.3 with gallium arsenide (GaAs) as the semiconductor layer
      and titanium (Ti) as the metal layer. A good response was observed on the
      conventional thermosensitive paper when this thermal print head is
      activated for 10 miliseconds (ms) with current of 30 to 100 mA. A similar
      good response also was observed when tungsten instead of titanium is used
      as a metal layer. In FIGS. 4A and 4B there is illustrated the structure of
      a thermal print head using the P-N junction as a non-linear barrier
      resistor. The heating element of junction is formed between P-type
      semiconductor layer 2' and N-type semiconductor layer 2. Needless to say
      that when the reference numeral 2' represents N-type semiconductor, the
      reference numeral 2 designates P-type semiconductor. Since the diffusion
      technique is employed in the P-N junction, good junction is obtained in
      the contact surfaces. In addition, a high heat resistance is obtained in
      the structure because the heat expansion coefficient is the same in both
      the semiconductor materials. A satisfactory result was observed in the
      printing operation on the thermosensitive paper when an inverse current of
      200 mA is supplied to the Zenner diode (of which breakdown voltage is 10
      volts) utilizing the breakdown on the silicon diode's characteristic in
      the inverse direction.
PAR  It should be noted that the junctions 3 of the embodiments of FIG. 3 and
      FIG. 4 are formed to be circles in configuration by etching. In a junction
      type heating element of this invention, a current flows through the
      junction in the right angle direction to the junction surface. For this
      reason, any type of configuration may be formed, although that of the
      prior art was restricted to be rectangular. FIG. 5A shows a plan view of
      the junction type of heating elements of circle configuration in which
      some of the heating elements form a numeral 2 (shaded with oblique lines).
      In FIG. 5B, there is illustrated an arrangement of an asteroid shaped heat
      elements by which an oblique line in the pattern to be printed is improved
      in visual quality.
PAR  In FIG. 6, there is shown a preferred embodiment of the thermal print head
      using a plurality of junction type heating elements in accordance with
      this invention. A substrate 1 is composed of a metal such as copper,
      aluminum, semiconductor, or glass and ceramic the surface of which are
      processed by conductive coating. The substrate 1 also serves as a heat
      radiator. A semiconductor layer 2 is grown on the substrate by expitaxial
      method. The semiconductor may be of P-type or N-type and composed of such
      material as gallium arsenide. The metal layer 4 may be composed of the
      material such as platinum to form a potential barrier with the
      semiconductor layer 2 at the junction therebetween. The reference number 3
      represents a junction which is to be a heating element. An electrode layer
      may be a material such as gold and fabricated over the metal layer 4 with
      the desired pattern as an individual dot by etching techniques, etc. A
      reference numeral 6 represents a lead wire which is led to the terminal of
      the thermal print head by means of the conductive wire 6 and 6' connected
      to other heating elements. An insulating layer 7 functions to electrically
      isolate the electrode 5 from the conductive wires 6 and 6', and to protect
      the semiconductor layer 2. The insulating layer 7 may be formed of
      material such as silicon oxide by the sputtering technique. A layer 8 of
      silicon dioxide may be sputtered to prevent the lead and conductive wires
      6, 6' and 6" from shorting each other. A wear protective layer 9 composed
      of material such as tantalum oxide (Ta.sub.2 O.sub.5) is sputtered over
      the layer 8 to prevent the thermal print head from wearing caused when the
      thermosensitive paper slides on the head. Any conventional thermosensitive
      paper 10 may be used and is supported by means of the platen 11.
PAR  In this embodiment, as apparent from the drawing, the platinum layer 4 and
      the electrode layer 5 are fabricated on the N-type semiconductor layer 2
      into the desired configuration of individual dots by the etching
      technique, the N-type semiconductor fabricated over the substrate 1 by the
      epitaxial growth being common to those heating elements specified by the
      platinum 4 and the electrode 5, respectively. Accordingly, many advantages
      result from such unique structure as follows:
PAR  1. A fabrication process is extremely simplified;
PAR  2. Considerably high reliability of the connections is obtained between the
      substrate 1 and the N-type semiconductor layer 2, and between the
      electrode layer 5 and the platinum layer 4;
PAR  3. The conductivity of the electrode 5 eliminates limitation in forming the
      electrode so as to enhance dimensional precision for avoidance of heat
      concentration and for securing the desired resistance value.
PAR  4. Electrical power is effectively utilized due to the fact that the
      thermal print head may be disposed more closely to the thermosensitive
      paper than the prior art semiconductor head of mesa type (for example, the
      span of about 2 to 3 .mu.m between the heating element and the head
      surface could be attained while the span between the heating element and
      the head surface is about 20 .mu.m in the prior art).
PAR  5. Degradation of the conductive wires is avoided due to an increased
      driving voltage, i.e., a driving voltage of 10 to 100 V according to this
      invention may be utilized in this invention while in the prior art the
      driving voltage is only 10 V at most.
PAR  Another preferred embodiment of this invention is illustrated in FIG. 7. In
      the drawing, reference numeral 1' designates a thermal insulating but
      conductive layer being formed by a thick cermet film, for example. A
      conductive layer 1" is formed by plating of gold (Au), and has an ohmic
      contact with a semiconductor 2. An electrically conductive but thermal
      insulating layer of a thick cermet film and an electrode layer of gold
      plating coated over a thick cermet film are provided between substrate
      member and semiconductor member. A thick cermet layer is made to contact
      with the substrate member. An insulating layer 12 thermally isolates
      semiconductor layers 2 from each other, and further semiconductor member
      is partitioned into a plurality of section being positioned corresponding
      to metal layer with the desired pattern as an individual dot and
      electrodes member, and may be openings formed by etching techniques or any
      thermally insulating material stuffed in the openings.
PAR  According to this embodiment, an additional advantage to those of the
      embodiment of FIG. 6 is obtained in that thermal isolation is enhanced
      among the heating elements, thus eliminating blur in the printed pattern
      with the result of excellent printing quality.
PAR  In FIG. 8, there is shown a preferred embodiment of a thermal print head
      using non-linear barrier resistors as heating elements, featured in that
      thermal isolation is improved among the heating elements, and the
      fabrication process also is improved. The thermal isolating layer 12'
      composed of material such as silicon oxide is formed by sputtering
      process. In the operation of this device, a voltage is selectively applied
      between the electrical conductor 6 and the semiconductor layer 2 according
      to the desired pattern to be printed wherein a current for generating heat
      flows through the electrode 5 of ohmic contact, the metal layer 4, the
      junction 3 and the semiconductor 2. The heat generated at the junction 3
      instantaneously diffuses through the metal layer 4 and the ohmic contact
      electrode 5 thereafter conducting to the thermosensitive paper 10 via the
      insulating layer 7, the layer 8, and wear protective layer 9. The area of
      an individual dot is equal to the contact surface between the
      thermosensitive paper 10 and the ohmic contact electrode 5 which serves to
      enlarge the heat conductive area.
PAR  In this embodiment, the junctions 3, the ohmic contact electrodes, and the
      thermally insulating layer 12'  are uniquely designed to secure a high
      degree of thermal insulation among the individual dots or the heating
      elements, the metal layers 4 are relatively small area while the thermal
      insulating layers 12' are relatively large area when the area of those
      layers are compared.
PAR  The junction 3 is made such that the area is made small so as to increase
      the thermal diffusion resistance to the semiconductor layer 2 to effect
      sufficient thermal isolation among the individual heating elements. The
      electrode 5 also functions to enlarge the thermal conductive area. For
      this function, it is composed of thermal conductive material such as gold
      (Au) and is increased in the thickness thereof to reduce the thermal
      diffusion resistance thereof. The thermal insulating layer 12' is formed
      of material of low thermal conductivity such as silicon dioxide
      (SiO.sub.2), which is thick.
PAR  For example, the thermal diffusion resistance of the junction is
      approximately 270.degree.C/watt with the area of the junction of 50
      .mu.m.phi.. The electrode 5 has about 100.degree.C/watt in the thermal
      resistance when the thickness thereof is 10 .mu.m. When the thickness of
      the thermal insulating layer 12' is 50 .mu.m, the thermal resistance is
      about 400.degree.C/watt. This shows that sufficient thermal isolation is
      secured among heating printing elements, and uniformity of temperature in
      the individual printing element is achieved to effect sharp high printing
      quality. It may also be seen that there is no need of mesa structure made
      by etching, etc., and the structure enhances mechanical strength,
      facilitates and simplifies the fabrication process, and improves the
      reliability.
PAR  In FIG. 9, there is depicted a modification of the embodiment shown in FIG.
      8.
PAR  A metal layer 4 such as platinum is fabricated over a semiconductor layer
      2. The junction as a heating element is designated by a reference numeral
      3. An electrode 6 is formed upon an insulating layer 7 and a metal layer
      4. Electrodes 6', 6" are formed on the insulating layer 7. A thermal
      conducting body 13 formed of thermal conductive material, such as gold or
      copper, is supported by means of a supporting layer 14. The thermal
      conducting body 13 functions to enlarge the thermal conducting area. The
      supporting layer 14 is composed of an electrically and thermally
      insulating material. The reference numeral 15 represents adhesive of
      solder or gold. Openings 16 are made between the supporting layer 14 and
      the insulating layer 7. Further detailed structure and features of this
      embodiment will be fully understood from FIG. 10 illustrating the
      fabricating process thereof.
PAR  A preferred fabricating process of the device shown in FIG. 9 will be
      described hereinunder with reference to FIG. 10.
PAR  A plurality of platinum layers 4 are selectively arranged on the
      semiconductor layer 2 by vapor deposition in accordance with the
      arrangement of individual printing dots for printing (10a). Silicon oxide
      is sputtered to form an insulating layer 7 of 2 .mu.m in thickness. After
      sputtering, the insulating layer over the junctions formed between the
      layer 4 and the semiconductor layer 2, is removed (10b). Lead wires 6 of
      nickel chromium alloy are vapor deposited over the silicon oxide layer 7
      (10c).
PAR  On the other hands, a supporting member 14 formed of materials such as
      glass or epoxy resin with thickness of about 50 .mu.m is prepared (10d). A
      plurality of throughholes 13' are made by laser or etching techniques at
      the positions corresponding to the junctions 3 selectively arranged on the
      semiconductor layer 2, the diameter of the througholes 13' being nearly
      equal to that of the junction 3 (10e). Gold or copper is
      electroless-plated on the surface of the supporter 14 and in the
      throughholes 13'. The thickness of the copper or gold layer plated is
      restricted to 10 to 20 .mu.m to prevent the increase of thermal
      resistance. The layer of copper or gold is etched to form the desired
      pattern of the individual printing elements. The etched layer results in
      the layer 13 to enlarge the thermal conductive area (10f). A wear
      protective layer 17 is plated over the layer 13 with nickel chromium
      (NiCr). Adhesive of solder or gold is provided on the lower surface of the
      layer 13 (10g).
PAR  As the final step of in the fabrication of the thermal print head, the
      supporting layer 14 fabricated by the process designated (10d) through
      (10g), is mounted on the semiconduct layer 2 fabricated by the process of
      (10a) through (10c) with registered position. Then, those are bonded to
      each other by the thermocompression or some other bonding way. It is to be
      noted that any number of the junction 3, or the heating element per one
      printing dot will be permitted if thermal diffusion resistor and thermal
      response which are required on the fabrication of the thermal print head,
      is secured.
PAR  FIG. 11 shows a perspective view broken away in part of the thermal print
      head constructed in accordance with the embodiment of FIG. 9, in which two
      junctions per one printing dot are employed.
PAR  From the above description, it may be seen that this embodiment has many
      advantages as follows: Improvement is achieved in thermal isolation among
      heating elements and in uniformity of temperature in a printing element
      with result of excellent printing quality; Elimination of mesa structure
      of printing head enhances the mechanical strength, improves the yield by
      lowering the rate of occurrence of devices of inferior quality in the
      fabrication, and minimize degradation of the device due to thermal stress;
      Since the lead wires are positioned under the supporting layer 14, the
      possibility of disconnection of the lead wires is low due to the fact that
      they are not subjected to the abrasive action with the thermosensitive
      paper, and lifetime and reliability of the device also is extremely
      improved.
PAR  FIG. 12 illustrates an embodiment of the driving circuit to effectively
      actuate the thermal print head of this invention. It is to be noted that
      since the heating element of this invention has a diode characteristic as
      shown in FIG. 2, the diode matrix driving circuit as seen in FIG. 12A, may
      be constructed without excess diodes.
PAR  In the operation, when the heating elements marked with black in FIG. 12A
      are actuated, actuating voltage is applied to the terminals, y3, y4, y6
      and y7 while at the same time the terminal t2 is actuated. According to
      the device of this invention, the heating element serves as both the
      heating source and the rectifier so that the number of lead wires required
      is reduced. In FIG. 12A, there is depicted an acutating circuit of 5 by 7
      matrix constructed by twelve lead lines. In the embodiment in FIG. 12A, it
      is possible to drive the circuit with the potential difference between the
      terminals Vy and Vt being larger than the breakdown voltage of the diodes
      as seen FIG. 12B. FIG. 12C illustrates another embodiment of the driving
      circuit of the thermal print head according to this invention, by which
      the time to activate the device may be reduced. According to this circuit,
      only two times for the terminals t.sub.1 and t.sub.2, for example, is
      required to actuate, by comparison with five times for the terminals
      t.sub.1, t.sub.z, t.sub.3, t.sub.4 and t.sub.5 of the circuit of FIG. 12A.
PAR  The operational point of the thermal print head of this invention is on the
      point P shown in FIG. 2. It is desirable to employ the constant current
      drive, as in the above, for driving the device at this point. However, it
      is preferable to use the driving circuit of a constant voltage when in
      practical use.
PAR  If it is desirable to speed up printing operation in the embodiments supra,
      it may be satisfied by using heating elements being alloyed or diffused
      with the alloy composited of bismuth, tellurium, and iodine. The reason
      for this is that it is possible to cool the heating elements by Peltier
      effects if forward voltage is applied to the heating elements after
      inverse voltage is placed to it for printing. Accordingly, the thermal
      print head may be made compact and printing speed of it may be improved.
PAR  The foregoing examples are offered as exemplary of the multitude of
      possible device designs which depend upon the basic teachings of this
      invention and are not to be constructed as limiting the invention. Various
      other modifications and embodiments will become apparent to those skilled
      in the art. However, all such devices are properly considered within the
      spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermal print head circuit provided with a plurality of heat sources
      capable of converting electrical energy into heat energy for printing on a
      thermosensitive medium with the heat energy converted comprising:
PA1  a multilayer device including a substrate member, a first member formed
      over said substrate member, and a plurality of second members arranged on
      said first member forming a potential barrier at the junctions between
      said first member and said second members thereon; and
PA1  potential applying means for applying an inverse voltage across said
      potential barrier for generating heat at said junction as the sole source
      of said heat energy for printing.
NUM  2.
PAR  2. A thermal print head circuit as claimed in claim 1, in which said
      junctions are arranged in a matrix and including conductors forming the
      rows and the columns of said matrix directly connected respectively to
      opposite sides of said junctions and operable to be energized to select
      the desired junction.
NUM  3.
PAR  3. A thermal print head provided with a plurality of heat sources capable
      of converting electrical energy into heat energy for printing on a
      thermosensitive medium with the heat energy converted comprising:
PA1  a substrate;
PA1  a first member formed on said substrate;
PA1  a plurality of second members formed on said first member with a potential
      barrier junction therebetween;
PA1  a plurality of electrode means ohmically formed, one on each of said second
      members;
PA1  insulating means to protect and electrically insulate said first member and
      said electrode means;
PA1  electrically conductive means connected to each of said electrode means to
      form a circuit for energizing said junction as the sole source of said
      heat for printing;
PA1  a short preventing member of insulating material to prevent short
      circuiting among said electrically conductive means;
PA1  wherein said first member and said second members forming said potential
      barriers at the junctions therebetween have said second members arranged
      corresponding to individual dots for printing information.
NUM  4.
PAR  4. A thermal print head as claimed in claim 3, wherein said substrate is
      composed of material selected from the group of metal material of copper
      or aluminium, semiconductor material, insulating material of glass or
      ceramic, the surface of which is coated with conductive layer, and thick
      cermet material.
NUM  5.
PAR  5. A thermal print head as claimed in claim 3, wherein said first member
      and said second members are composed of semiconductor of P-N junction.
NUM  6.
PAR  6. A thermal print head as claimed in claim 3, wherein said first member
      and said second members are composed of semiconductor of hetero junction.
NUM  7.
PAR  7. A thermal print head as claimed in claim 3, wherein said first member
      and said second member are composed one of metal and the other of
      semiconductor.
NUM  8.
PAR  8. A thermal print head as claimed in claim 5, wherein said semiconductor
      material is selected from the group consisting of silicon (Si), gallium
      arsenide (GaAs), gallium phosphide (GaP), and mixture of gallium arsenide
      and gallium phosphide (GaAsP).
NUM  9.
PAR  9. A thermal print head as claimed in claim 7, wherein said semiconductor
      material is selected from the group consisting of silicon (Si), gallium
      arsenide (GaAs), gallium phosphide (GaP), and mixture of gallium arsenide
      and gallium phosphide (GaAsP), while said metal material is selected from
      the group consisting of platinum (Pt), tungsten (W), and titanium (Ti).
NUM  10.
PAR  10. A thermal print head provided with a plurality of heat sources capable
      of converting electrical energy into heat energy for printing on a
      thermosensitive medium with the heat energy converted comprising:
PA1  a conductive substrate;
PA1  a wafer of gallium arsenide (GaAs) fabricated on said conductive substrate;
PA1  a plurality of platinum areas fabricated over said wafer each forming a
      junction, which are arranged corresponding to the arrangement of printing
      elements for printing information;
PA1  gold electrodes formed on each said platinum layer;
PA1  electric conductors connected to each of said electrodes to form a circuit
      for energizing said junction as the sole source of said heat for said
      printing;
PA1  an insulating layer of silicon dioxide (SiO.sub.2) located between said
      electrodes and said wafer;
PA1  a short preventing layer over said electrodes to prevent short-circuiting
      of said electrodes;
PA1  a wear protective layer of tantalum oxide (Ta.sub.2 O.sub.5) to prevent
      abrasive wear covering said short preventing layer;
PA1  wherein when an inverse current is made to flow through the junction formed
      between said platinum layers and said gallium arsenide wafer, said
      junctions function as heat elements.
NUM  11.
PAR  11. A thermal print head provided with a plurality of sources capable of
      converting electrical energy into heat energy for printing on a
      thermosensitive medium with the heat energy converted comprising;
PA1  a conductive substrate member;
PA1  a first member formed over said substrate member;
PA1  a plurality of second members each ohmically formed on said first members;
PA1  a plurality of electrodes formed on each of said second members;
PA1  an insulating member between said first member and said second members;
PA1  an electrically conductive means connected to each said electrode;
PA1  a short preventing member over said electrodes to prevent short-circuiting
      of said electrically conductive means;
PA1  wherein said first member and said second members form potential barriers
      at the junction formed therebetween as the sole source of said heat for
      printing, said second members are arranged on the said first member
      corresponding to the arrangement of individual printing elements for
      printing information, and further said first member is partitioned into a
      plurality of sections positioned corresponding to said second members and
      said electrodes members, and a thermally insulating material on said first
      member.
NUM  12.
PAR  12. A thermal print head as claimed in claim 11, wherein an electrically
      conductive but thermally insulating layer and an electrode layer coated
      over said layer are provided between said substrate member and said first
      member, said former layer being made to contact with said substrate
      member.
NUM  13.
PAR  13. A thermal print head provided with heat source capable of converting
      electrical energy into heat energy for printing on a thermosensitive
      medium with the heat energy converted comprising;
PA1  a conductive substrate member;
PA1  a semiconductor layer fabricated over substrate member;
PA1  a plurality of metal areas formed over said semiconductor layer;
PA1  a thermally insulating layer arranged between adjoining metal areas;
PA1  electrode layers formed over each of said metal areas;
PA1  electrically conductive wires formed on said electrode layers connected
      with said electrode layers;
PA1  an insulating layer positioned to protect and electrically isolate said
      electrode layers and said wires;
PA1  a short preventing layer to prevent short-circuiting of said wires;
PA1  wherein said semiconductor layer and said metal layer form potential
      barriers at the junctions formed therebetween as the sole source of said
      heat for printing, said metal layers are arranged in accordance with the
      arrangement of individual printing elements, said metal layers are of
      relatively small area while said thermally insulating layers are of
      relatively large area.
NUM  14.
PAR  14. A thermal print head being provided with heat source capable of
      converting electrical energy into heat energy, which prints on the
      thermosensitive medium with the heat energy converted comprising of;
PA1  a conductive substrate;
PA1  a semiconductor layer;
PA1  a plurality of metal layers formed on said semiconductor layer with such an
      arrangement as the individual printing elements;
PA1  insulating layers coated over each of said metal layers;
PA1  electrode layers formed on each of said metal layers thermally and
      electrically insulating members bridging between adjoining electrode
      layers;
PA1  electrically conductive members which are disposed in the void spaces
      formed by said insulating layer and said thermally and electrically
      insulating layers;
PA1  a member to enlarge a thermal conductive area, which is formed on the said
      metal layers.
NUM  15.
PAR  15. A thermal print head as claimed in claim 14, wherein an insulating
      material is filled in said void spaces.
NUM  16.
PAR  16. A thermal matrix print head comprising a row and column array of
      conductors for energizing the selected points in said matrix and a
      threshold isolation junction connected between the row and column
      conductors at each of said points, said threshold isolation junction being
      the sole source of heat for printing at said selected points when
      energized in the reverse direction beyond threshold.
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PAL  Disclosed is a technique for producing vapors of metals in containment
      vessels that experience the melting temperature but not the boiling
      temperature of the metal being vaporized. The metal is maintained in
      molten pools by the containment vessel. Pumping means such as wicks
      transfer the metal from the pools to a higher temperature region internal
      of the containment vessel where the liquid metal is boiled into a vapor.
      The generation of laser radiation from an excited metal vapor produced in
      this manner is also disclosed.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 372,116, filed June 21, 1973,
      now U.S. Pat. No. 3,863,178.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to the production of vapors and more particularly to
      the production of vapors of metals in an enclosure. The invention herein
      described was made in the course of or under a contract or subcontract
      thereunder, with the Department of the Navy.
PAR  2. Description of the Prior Art
PAR  Various devices have been utilized in the past to produce metal vapor.
      Typically, an enclosure is constructed of a material that is both
      mechanically and chemically stable at the evaporation temperature of the
      metal from which the vapor is to be produced and is wrapped with means
      which provide sufficient energy internal to the enclosure to vaporize the
      solid or liquid metal contained therein. Obviously, the enclosure material
      must be chemically nonreactive with respect to the metal and also must be
      able to satisfy the containment requirements at the evaporation
      temperature of the metal. Thus, the number of metals which can be readily
      vaporized in this manner is severely limited because the evaporation
      temperature of many metals is so high. Further, since the prior art
      systems involve heating the entire enclosure to the evaporation
      temperature of the metal, the radiative heat losses from the system are
      very large.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to produce metal vapor.
PAR  Another object of the present invention is to produce laser radiation from
      a metal vapor.
PAR  According to the present invention, a reservoir of a metal working medium
      is maintained just above its freezing temperature in a containment vessel
      and the liquid medium is transferred by suitable means from the reservoir
      to a higher temperature region for boiling and the heat of vaporization is
      added; the vapor phase medium moves rapidly to a cooler surface where it
      is condensed and the condensate gravitates back to the reservoir.
PAR  One feature of the present invention is the region maintained at or near
      the boiling temperature of the metal is significantly smaller than the
      region maintained just above the freezing temperature of the metal.
      Another feature is the region maintained at the metal boiling temperature
      is located internal to the enclosure containing the metal vapor. Also the
      evaporator imparts a high kinetic energy to the working medium particles
      and these high velocity particles traverse the space between the
      evaporator and the condensation surface.
PAR  A primary advantage of the present invention is the relatively low
      radiative heat loss from the walls of the containment vessel and the
      resulting reduction in the amount of heater power consumed. Another
      advantage is the rapid movement of the metal vapor from the boiling region
      to the condensation region. Also, the present invention permits the
      construction of containment vessels from a wider variety of materials for
      any given working medium and it is possible to produce vapors in an
      enclosure with working media which heretofore could not be suitably
      contained.
PAR  The foregoing and other subjects, features and advantages of the present
      invention will become more apparent in the light of the following detailed
      description of preferred embodiments thereof as illustrated in the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a simplified cross sectional elevation view of a metal vapor
      generator in accordance with the present invention;
PAR  FIG. 2 is a view along line 2--2 of FIG. 1; and
PAR  FIG. 3 is a simplified cross sectional elevation view of a metal vapor
      laser system in accordance with the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The present invention permits the production of a working medium vapor in
      an enclosure formed of a material having properties that can contain the
      medium at its melting temperature but may not necessarily be able to
      contain the medium at its boiling temperature. A simple structure which
      permits the invention to be described more fully is shown in FIG. 1. A
      vapor generator 10 comprises a cylindrical enclosure 12 and includes an
      internally supported heater rod 14. Electrical leads 16 connect the rod to
      a power source 18. A reservoir 20 of a suitable medium is located in the
      bottom of the enclosure and wire wicks 22 are extended between the
      reservoir and the heating rod.
PAR  In the operation of this device, the power source provides electrical power
      to the heating rod and the heat produced internal thereof by the resistive
      dissipation of the electrical power is sufficient to cause the frozen
      working medium in the reservoir to melt and assume the liquid phase. The
      liquid then travels along the wicks by capillary action up to the heater
      rod. The temperature of the rod is maintained sufficiently high to boil
      the liquid medium arriving over the wicks and the resulting vapor moves
      radially away from the rod toward the cylindrical wall 24 of the
      enclosure. By controlling the amount of electric power applied to the
      heating rod, and the amount of heat insulation if any external to the
      enclosure, the temperature of both the wall 24 and the circular end walls
      26 is stabilized just above the freezing temperature of the liquid. Thus,
      when radially moving vapor particles contact the walls, the heat of
      vaporization is released to the walls and the resulting condensate rolls
      down along the walls back to the reservoir. When the wall temperature is
      maintained too high the radiation heat losses from the system increase
      resulting in decreased efficiency. Also, the vapor pressure in the
      vicinity of the walls of the enclosure increases thereby causing a flow of
      vapor back toward the heater rod; this latter condition is especially
      undesirable in the rapidly pulsed laser system. When the wall temperature
      is maintained too low, the working medium solidifies on the walls and
      interrupts the flow of the working medium. As a practical matter the
      heater power supply is controlled by sensing the temperature of the outer
      wall and providing for suitable power adjustments as the temperature
      varies.
PAR  The primary heat loss from the generator results from the radiative losses
      at the cylindrical walls 24, as is apparent from the relative sizes and
      positioning of the heating rod and the walls shown in FIGS. 1 and 2. The
      hot region in the vapor generator is the surface of the heater rod. Some
      of the heat from this surface is conducted into the liquid thereon causing
      a liquid/vapor phase change and some of the heat is conducted to the
      reservoir through the wicks. Additional heat from the rod is radiated away
      to either the walls of the enclosure or the reservoir. Both the radiated
      and conducted heat warms the reservoir and maintains it just above the
      melting temperature of the working medium. In addition, radiated heat as
      well as the heat of vaporization which is given up when vapor condenses on
      the walls of the enclosure combine to maintain the walls temperature just
      above the freezing temperature of the working medium. The walls are the
      cool region of the vapor generator. The boiling region which is
      essentially the surface of the heater rod is much smaller than the
      condensing surface which is essentially the surface of the enclosure.
      Further, with the boiling region internal to the cooler condensing region,
      the surface area that can produce large heat losses due to its high
      temperature is minimized thereby reducing the radiative heat losses from
      this source.
PAR  One practical application for the present invention is in a metal vapor
      laser such as the one shown schematically in FIG. 3. The system is a
      copper vapor laser using a quartz cylindrical enclosure 26, the inner
      surface of which contains a chordwise portion 28. A tungsten heater
      element 30 is connected by electric wires 31 which pass through wall
      penetrators 32 to a heater power source 34; the heater surface temperature
      is normally maintained at about 1700.degree.C. During operation of the
      laser, pools 36 of molten copper maintained just above 1100.degree.C form
      in the pockets defined between a separator 28 and the end walls; tungsten
      wire wicks 38 extend between the heater element and the pools. Unless a
      separator is placed between adjacent pools having a wire wick to the
      heater element, the electric power from the source 34 takes the path of
      least electrical resistance, enters one end of the heater element, passes
      down the first wick, through the molten copper and back up the last wire
      wick. The result is that little heat energy is dissipated in the tungsten
      heater element. The laser system also includes an excitation power source
      40, a resistor element 42, a capacitor 44, a spark gap 46 and a plurality
      of electrodes 48 which penetrate the enclosure 26 through sealing plugs
      50. Each electrode 48 has a current limiting resistor 52. An optical
      cavity for producing stimulated laser radiation from a suitable gain
      medium is formed between a fully reflecting mirror 54 and a partially
      reflecting mirror 56. A window 58 penetrates each end of the enclosure
      adjacent to the mirrors; the window is quartz or sapphire, both of which
      are highly transmissive at the wavelength of the copper laser radiation.
      The radiative heat losses at 1700.degree.C are approximately five times
      greater than the radiative heat losses at 1100.degree.C. Thus, the
      decrease in heater power requirements and system overall heat loss is
      readily apparent for the copper laser example.
PAR  As is shown in FIG. 3, each of the electrodes 48 is in electrical series
      with a corresponding electrode resistor 52. The purpose of the electrode
      resistors is to limit the current through the electrode of concern in the
      event that a shorting condition of electric discharge should develop
      between the particular electrode and the heater element 30.
PAR  In the operation of the copper metal vapor laser in a pulsed mode, the
      excitation power source charges the capacitor 44 and as the spark gap 46
      breaks down, the capacitor discharges between the electrodes 48 and the
      heater element 30 which is at ground electrical potential with respect to
      the electrodes. The spark gap 46 then deionizes and the capacitor charging
      and electrode discharging procedure can be repeated. The discharge of
      electrical power in the metal vapor between the electrodes and the heater
      element creates a population inversion in the atoms of the metal vapor and
      causes stimulated emission of laser radiation which circulates in the
      resonant cavity formed between the mirrors 54, 56 and results in output
      pulses 60 of useful laser radiation. Rapid diffusion of the copper vapor
      from the heater to the enclosure walls at thermal atomic velocities
      removes undesirable discharge products such as ions and metastable atoms
      which result from the discharge and the previous laser action and
      facilitates the repeated lasing operation at rates in excess of one
      thousand times per second without pulse degradation. Transverse laser
      dimensions are typically one to a few centimeters, and the length ranges
      from several cm to more than a meter; the peak power outputs range from a
      few watts to hundreds of kilowatts.
PAR  In some laser applications, a buffer gas such as argon or helium is added
      to the enclosure in order to reduce the interaction between the metal
      vapor and the windows of the enclosure. The presence of the buffer gas
      increases the number of collisions which the metal vapor must go through
      before striking the walls of the enclosure in its travel from the heating
      element to the walls. Since the buffer gas interferes with the diffusion
      of the metal vapor away from the heater element to the condensing surface
      of the enclosure, its partial pressure is kept just high enough to
      minimize the effect on the windows and yet not so high that the diffusion
      rate suffers intolerably. For example, argon gas at a pressure of one to a
      few Torr has been found satisfactory in one typical copper vapor laser
      configuration.
PAR  Where maximum metal vapor flow rates are essential for increased removal of
      undesirable discharge products, the use of a buffer gas can be avoided by
      suitable design of the enclosure tube. For example, the tube can be made
      as a relatively long slender cylinder with the heating elements disposed
      along only a relatively short section of the centerline in the middle of
      the tube. With the heating element enclosed as described, the amount of
      metal vapor produced by the heater element and reaching the ends of the
      enclosure cylinder where the optical windows are located is quite small.
      Therefore, the interference or fogging of the windows by the metal vapor
      per se is minimized without a buffer gas. In this case metal condensed in
      the enclosure can be returned by gravity flow, wicking, or similar means
      to the heater region.
PAR  While there is no well-defined pressure differential between the boiling
      region and the condensing region in the enclosure, the vaporized particles
      move rapidly from the boiling to the condensing region due to their high
      kinetic energy which is produced at the heater element. The initial
      velocity of these particles is typically one hundred thousand centimeters
      per second in the case of copper and it is simply a function of the
      temperature of the heater and the mass of the particles involved. The
      initial velocity of the particles, somewhat referred to as their thermal
      atomic velocity, serves to speedily transfer them from the heater element
      to the condensing surfaces with substantially no interaction in transit
      between the various particles. Since no particles are reflected by the
      enclosure walls, no back pressure is created by the walls. In some cases
      when the vapor pressure is allowed to rise above a few Torr, as may happen
      if the condensing wall temperature is allowed to rise too high or a large
      amount of buffer gas is used, the particles can interact with each other.
PAR  Most of the systems involved run at very low pressure in the neighborhood
      of 1 to 5 Torr. When a buffer gas is used, the gas pressure is comparable
      to the metal vapor pressure, however, the vapor pressure of the metal
      under these circumstances is a nebulous concept and rather than attempt to
      describe the system in terms of pressure, reference is made more
      appropriately to the particle density, the actual particle density
      essentially corresponding to a gas pressure of 1 to 5 Torr. The reason the
      pressure is poorly defined in the environment of the present invention is
      due essentially to the high velocity of the vapor particles during their
      movement from the boiling to the freezing region.
PAR  While the laser embodiment shown in FIG. 3 is described in terms of a
      pulsed excitation and therefore a pulsed output device, the same basic
      device with suitable metal such as cadmium with a helium buffer gas can be
      operated to produce a continuous wave laser output. The transverse
      electric discharge which excites the vapor is maintained between the
      electrodes and the heater rod in the embodiment described in detail.
      Alternatively the transverse electric discharge can be provided between
      the electrodes and the active pools of molten metal. Other variations of
      the electric excitation technique include the use of a pair of electrodes
      to produce discharge which is axial with respect to the laser cavity and
      even multiple electrodes to produce the axial discharge.
PAR  The heater rod disclosed is tungsten although semiconductor material is a
      suitable alternate; semiconductors operate at a higher voltage and lower
      current and simplify the power supply requirements. Carbon is also a
      candidate material for the heater rod, however, the material selection in
      any given embodiment is determined to a large extent by its compatibility
      with the working medium metal.
PAR  Many metals are containable in their liquid state by available enclosure
      material and can be used as the vapor generator in accordance with the
      present invention. Quartz is a suitable material for the enclosure in many
      instances. Quartz is essentially an electrical insulator and therefore the
      penetration of the enclosure by the wires which provide power to the
      heater rod and the electrical leads which bring power to the electrodes is
      greatly simplified. Also, for the vapor laser application, quartz is
      transparent to many of the laser wavelengths of interest and therefore
      suitable windows to permit removal of laser energy from the enclosure can
      be made integral with the enclosure. Alternate enclosure materials are
      alumina and glass, or other ceramics depending upon the working medium
      selected.
PAR  The wicks which are used to transport the molten metal to the heater rod
      are generally twisted wires or mesh of tungsten, tantalum or molybdenum
      type metals. Mechanical pumping or acoustic excitation of metal droplets
      are considered practical alternate pumping techniques that could be
      substituted for the wicks. For example, mechanical or acoustic agitation
      could cause droplets of the liquid metal to splash onto the heater where
      evaporation would occur.
PAR  Although this invention has been shown and described with respect to
      preferred embodiments thereof, it should be understood by those skilled in
      the art that various changes and omissions in the form and detail thereof
      may be made therein without departing from the spirit and scope of the
      invention.
CLMS
STM  Having thus described typical embodiments of my invention, that which I
      claim as new and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. Apparatus for continuously producing vapor from a liquid and cyclically
      alternating a metal working medium between its vapor and liquid phases
      comprising:
PA1  a closed vessel for the containment of the working medium in either the
      vapor or liquid phase wherein the vessel includes an outer wall which
      defines a vapor region in the vessel and provides a surface upon which the
      vapor condenses into liquid, and a reservoir which defines a liquid region
      in the vessel and provides a sump into which flows the working medium
      condensed on the outer wall;
PA1  a heater element internal of the vessel to provide a hot surface at a
      temperature sufficient to boil liquid phase working medium which is
      brought into contact with the surface;
PA1  a power source for supplying energy to the heater element; and
PA1  liquid metal transfer means for moving the working medium in the liquid
      phase from the reservoir region to the surface of the heater element.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the transfer means comprises
      metal wicks.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein the closed vessel is
      substantially a horizontal right cylinder.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein the right cylinder contains at
      least one separator which extends radially from the lower horizontal
      surface toward the centerline of the cylinder to form liquid retainable
      pockets along the lower surface of the cylinder.
NUM  5.
PAR  5. Apparatus according to claim 2 wherein the heater element is a
      semiconductor material.
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ABST
PAL  An improved warming container which may comprise either a cup, pot, bowl or
      the like, and which includes an electric heating element built into its
      bottom and side walls, the heating element being connected to a
      rechargeable battery, thermostat and switch located on its underside and
      which are completely enclosed so to allow the vessel being fully submerged
      during washing without damage to the electric system.
BSUM
PAR  This invention relates generally to dishware vessels such as cups, soup
      bowls, tea or coffee pots and the like.
PAR  A principal object of the present invention is to provide a heating unit
      built into a dishware vessel so that the vessel content may be maintained
      warm or hot without cooling during the course of a meal.
PAR  Another object is to provide a heating unit which is battery operated so
      that there are no wires hanging from the vessel during use, and wherein
      there is also an adjustable thermostat so that any desired temperature of
      heat may be steadily maintained throughout its time of use.
PAR  Another object is to provide a heating unit which includes a manually
      operated switch for turning the heating system on or off, and which,
      although accessible to being pushed by a person's finger, is completely
      enclosed so that no water gets to the eletric system when the vessel is
      fully submerged during dish washing.
PAR  Other objects are to provide a rechargeable battery heating unit which is
      simple in design, inexpensive to manufacture, rugged in construction, easy
      to use and efficient in operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing wherein:
PAR  FIG. 1 is a side view of a cup incorporating the present invention.
PAR  FIG. 2 is a side view of a pitcher incorporating the invention.
PAR  FIG. 3 is a side cross section thereof showing a plastic ccap screw
      threaded on the bottom of the cup or pitcher, and which is fitted with a
      gasket so to seal watertight a battery and switch that controls the
      heating coil, thus allowing the cup or pitcher to be fully submerged when
      dishwashing without any danger of water getting to the electrical parts.
PAR  FIG. 3a shows the structure of FIG. 3 enlarged and showing how the switch
      plunger that operates the switch is completely outside of the cap so water
      cannot get inside, even though the plunger by means of an expandable
      accordian socket can push the switch button located inside.
PAR  FIG. 4 is a view in direction 4-4 of FIG. 3.
PAR  FIG. 5 shows how the battery is recharged, by first unscrewing the cap and
      then swinging the battery prongs down so to be engagable with a plug on a
      power cord of a house.
DETD
PAR  Referring now to the drawing in detail, the reference numeral 10 represents
      a rechargeable battery heating unit according to the present invention
      which may be incorporated either into a cup 11 as shown in FIG. 1, a tea
      or coffee pot 12 as shown in FIG. 2, or which may be incorporated in a
      soup bowl, a serving dish or any other vessel, not shown in the drawing.
PAR  The heating unit 10 includes an electric heating coil 13 that is molded
      into the bottom 14 and side wall 15 of the vessel. As shown in FIG. 3,
      wherein the vessel comprises a drinking cup, the heating coil does not
      extend up into the upper end of the side walls, so that a person will not
      burn his lips when they touch the cup while drinking therefrom.
PAR  The heating coil 13 is in an electric circuit 16 that includes a thermostat
      17 on-off switch 18 and battery 19 all of which are contained within a
      compartment 20 formed under the cup botton wall 14 by means of a bottom
      cap 21 that screws on a threaded underside flange 22 of the bottom wall.
PAR  The cap 21 is removable in order that the battery is accessible so to be
      rechared. The battery switch and thermostat are mounted on an underside of
      a plastic support place 23 secured by means of screws 24 into plugs 25
      inserted into openings on the underside of the bottom wall 14. In order
      that the height of the cap may be kept at minimum, the battery is designed
      to incorporate its own plug prongs 26 for purpose of recharging, and these
      prongs extend horizontally, instead of downward, so to not require the
      compartment to be made taller. However, when the battery is needed to be
      recharged, the cap 21 is unscrewed and removed, after which the prongs 26
      are pivoted downward about pins 27, as shown in FIG. 5 so that they can be
      plugged into female receptacle 28 on one end of an extension cord 29 which
      at its other end has a plug for connection to a household electric outlet
      socket. The receptacle 28 also incorporates a transformer so to change
      household 120v. current to a low voltage that is suitable for circuit 16.
PAR  It is to be noted that in order to allow complete submerging of the vessel
      in water during dishwashing, a rubber gasket 30 is fitted between the cap
      and vessel so to make the compartment 21 watertight. Additionally, for the
      same reason, the switch contained inside the sealed compartment is made to
      be operated from an exterior by means of a flexible accordian boot 31
      formed integrally with the semi-flexible plastic cap 21, as best shown in
      FIG. 3a. The switch button 32 of the switch abuts against the interior
      side of the boot end wall 33 while a separate button 34 located externally
      of the compartment, bears against the outer side of boot end wall 33. Thus
      the boot allows movement of the switch button 32 inside the compartment
      without allowing water to enter.
PAR  In use it is now evident that whenever the heating unit is wished to be
      used, a person needs only to depress the button 34. Whenever the battery
      is run down, the cap is unscrewed and the battery prongs are pivoted down
      for connection to receptacle 28. After being recharged the cap is
      replaced, and the device is ready for reuse.
PAR  As shown in the drawing, a flexible rubber boot 35 may be fitted
      additionally around the bottom of the vessel in order to also enclose the
      button 34 from view so that the vessel is more pleasing in appearance. The
      boot will bulge sligntly where it extends around the button, but such
      bulge will be slight, and will aid in locating the button position in
      order that it may be depressed.
PAR  While various changes may be made in the detail construction, it is
      understood that such changes will be within the spirit and scope of the
      present invention, as is defined by the appended claims:
CLMS
STM  What iss claimed is:
NUM  1.
PAR  1. In a vessel incorporating a rechargeable battery heating unit; the
      combination of a vessel formed of dielectric material and an electric
      heating system integral therewith and comprising an electric circuit
      consisting of a heating coil, thermostat, on-off switch and rechargeable
      battery, said heating coil being molded in a bottom wall and in a side
      wall of said vessel, said thermostat, on-off switch and battery being
      contained within a compartment formed below said bottom wall by a
      removable bottom cap screwed thereon and sealed water tight by a rubber
      gasket, said battery being integral with plug means consisting of a pair
      of plug prongs, said prongs being pivotable about transverse pins, thereby
      allowing said prongs to be connected to a female receptacle of an
      extension electric cord for recharging said battery, said cap being made
      of semi-flexible plastic and includes a resilient, accordian boot
      integrally formed therethrough, an inner side of an end wall of said boot
      bearing against a push button of said on-off switch, and an outside of
      said boot end wall having an external button bearing thereagainst.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein a lower end of said
      vessel is additionally enclosed within a flexible rubber boot that
      includes a bottom wall enjoined to a relatively low side wall, said side
      wall enclosing said button, and an upper edge of said boot side wall
      having a radially inwardly extending bead that snap fits in an annular
      groove formed around said vessel.
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PAL  The heating unit is particularly adapted for a stove panel and the like,
      and comprises a pan adapted to be supported on the panel, the pan having
      an opening in its side wall. A sheathed electric heating element has an
      active heating portion formed into a flat spiral, such heating portion
      being supported crosswise of the top of the pan. The heating element has
      at least two terminal portions extending downwardly from the active
      heating portion and laterally thereof, the terminal portions extending
      through the pan opening for connection to a source of electrical energy. A
      closure, formed of an elastic material, such as cured silicone rubber,
      closes the pan opening. The terminal portions extend through the closure
      and the latter cooperates with the terminal portions to provide a hinge
      about which the heating element may be pivoted to swing the active heating
      portions upwardly from its supported position on the top of the pan.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  It is an object of our invention to provide a cook-top surface unit of the
      hinged type wherein the terminals of the unit are sealed from contact with
      any fluid which may be spilled onto the unit and collected in the pan
      therebeneath. U.S. Pat. No. 3 213 266, issued Oct. 19, 1965, to Norman W.
      Kirschke, discloses a unit of this type; however, this patent utilizes a
      separate mechanical hinge in conjunction with a flexible sealing boot,
      whereas in use of our invention, the separate mechanical hinge is
      eliminated. German Pat. No. 1 236 100 utilizes a bellows-type seal which
      has limited advantages.
PAR  Our invention provides a closure for an opening in the side wall of the pan
      which supports the heating element, the closure being formed of material
      of an elastic nature. The terminal portions of the heating element pass
      through the closure and the latter provides a hinge that will permit the
      heating element to be pivoted to and from a horizontal position so that
      the pan therebeneath may be cleaned. The closure may be formed of any
      suitable material that will withstand the temperature in the terminal
      portion area of the heating element and will distort without losing
      sealing engagement with the terminal portions and the wall portion of the
      pan margining the pan opening. Thus, the closure acts not only as a means
      for sealing the terminals of the heating element from liquid that may be
      spilled on the latter, but also acts as a hinge for the heating element.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings accompanying this specification and forming a part of this
      application, there is shown an embodiment which our invention may assume,
      and in these drawings:
PAR  FIG. 1 is a vertical sectional view of a heating element construction,
      parts being shown in elevation,
PAR  FIG. 2 is a perspective view of the closure which is shown in section in
      FIG. 1,
PAR  FIG. 3 is a fragmentary perspective view of a portion of the supporting
      pan,
PAR  FIG. 4 is a side elevational view looking in the direction of the line 4--4
      of FIG. 1,
PAR  FIG. 5 is a fragmentary horizontal sectional view corresponding to the line
      5--5 of FIG. 4, and
PAR  FIG. 6 is a top plan view, drawn to a reduced scale, and looking down into
      the supporting pan.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the pan 10 has an annular upper bead 11 which rests on
      a panel 12, such as the top panel of a stove. The panel has an opening 14
      and the pan extends therethrough so that a major portion is disposed below
      the panel. The pan has a ledge 15 and a bottom wall 16 which, in the
      illustrated embodiment, forms a complete bottom closure for the pan. If
      desired, the bottom wall may have a central, slightly raised portion 17.
      At a peripheral side portion, the pan is provided with a box-like
      formation 18 to provide a plane, vertically extending wall 19 which has a
      rectangular opening 20 formed therein.
PAR  The electric heating element 21 is not disclosed in detail since it may
      take the form of any well-known sheathed elements having at least two
      terminal portions. Attention is directed to U.S. Pat. No. 3 336 466,
      wherein a single coil sheathed element is disclosed having an active
      heating portion formed into a flat spiral, with two terminal portions
      extending downwardly therefrom and laterally thereof. In the embodiment
      herein disclosed, the heating element is in the form of a double,
      interlaced coil type, having four terminal portions 25 extending
      downwardly and laterally of the flat spiralled active heating portion 26.
      A heating element of this type is shown in U.S. Pat. No. 3 183 340.
PAR  The active heating portion 26 of the heating element 21 is supported on the
      pan ledge 15, such as by means of the usual spider 27 of a type such as
      disclosed in the aforesaid patents. In the disclosed embodiment, the
      spider is connected to the heating element in any suitable manner, such as
      suggested in U.S. Pat. No. 3 183 340. Or, the heating element may merely
      rest on the spider and otherwise have no connection therewith.
PAR  As seen in FIG. 1, the terminal portions 25 extend through the pan opening
      and have terminal pins 30 disposed exteriorly of the pan for connection to
      a suitable source of electrical energy.
PAR  An elastic, non-metallic closure 31 is disposed to close the pan opening
      and to cooperate with the terminal portions 25 to provide a hinge about
      which the heating element may be pivoted to swing the active heating
      portion to a raised position shown in dot-dash lines in FIG. 1. In the
      illustrated embodiment, the spider 27 moves with the heating element and
      the latter may be raised sufficiently so that the interior of the pan 10
      is accessible for cleaning purposes.
PAR  Any suitable flexible material may be used to form the closure, such as a
      flexible, high-temperature thermoplastic. In the present embodiment, the
      closure is formed of cured, silicone rubber, and molded to the form shown
      in FIG. 2, to provide a hollow, elongated body 35 having a skirt wall 36
      extending peripherally therefrom. As suggested in FIGS. 1 and 5, the skirt
      wall is of a peripheral size which is greater than the size of the pan
      opening 20. The wall has a peripherally extending recess 37 to closely
      receive the pan wall margining the opening. If desired, a suitable cement
      may be used to hold the skirt wall 36 to the pan wall and such cement may
      be a room temperature vulcanizing silicone rubber, such as Silastic RTV.
PAR  The hollow 35 is provided with integral tubular bosses 38 through which
      respective terminal portions 25 of the heating element extend in
      close-fitting relationship. Here, again, a suitable cement may be used, if
      found necessary. To maintain alignment of the terminal portions 25 in
      predetermined relationship, a metal cross-member 40 extends cross-wise of
      all terminal portions and has openings which closely receive the terminal
      portions and maintain them in laterial alignment. The upper portion of the
      member 40 may have a horizontally extending ledge 41 (see FIG. 1) to serve
      as a drip shield.
PAR  It will be appreciated that the closure 31 will be distorted from the shape
      shown in FIG. 1, when the heating element 21 is raised, and that the
      hollow body 35 will provide for such distortion without affecting the seal
      between the closure and the pan, or the closure and the terminal portions.
      Tests have been conducted wherein the pan was filled with water with the
      heating element in any of its positions and no leakage was detected.
PAR  In order to relieve the closure 31 from any abnormal flexing action, such
      as generated if the heating element were forcibly pulled to the left (FIG.
      1) when in raised position, the pan and terminal portions are provided
      with interengaging means to prevent such abnormal flexing action. In the
      disclosed embodiment, a metal strip 45 is provided, having an intermediate
      curved portion 46 and end portions 47 and 48. The strip is disposed
      between the two innermost terminal portions 25, as seen in FIG. 5, and has
      its end portions 47-48 respectively, welded to spaced parts of the pan. A
      clip 49 is secured across the two innermost terminal portions and is in
      position to abut the curved strip portion 45 to limit movement of the
      heating element to the left, as viewed in FIG. 1.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electric heating unit for a stove panel and the like, comprising:
PA1  a pan adapted to be supported on the stove panel, said pan having an
      opening in its side wall,
PA1  a sheathed electric heating element having a flat active heating portion
      supported crosswise of the top of said pan, said element having at least
      two terminal portions extending downwardly from said active heating
      portion and laterally thereof and extending through said pan opening for
      connection to a source of electrical energy,
PA1  and an elastomeric closure connected to said pan around said pan opening
      and around the sheath of each terminal portion, said closure closing and
      sealing said pan opening, said terminal portions extending through said
      closure in sealed relation and the latter cooperating with said terminal
      portions to provide the sole hinge about which said heating element may be
      pivoted to swing said active heating portion upwardly from its supported
      position on the top of said pan, said closure providing the sole support
      for the heating element in its upward position.
NUM  2.
PAR  2. The construction according to claim 1, wherein said closure is distorted
      during hinging action of said active heating portion, without affecting
      its connections with said pan and said terminal portions.
NUM  3.
PAR  3. The construction according to claim 1, wherein said closure is a
      preformed molded product.
NUM  4.
PAR  4. The construction according to claim 3 wherein said closure comprises a
      hollow body having openings therein through which respective terminal
      portions closely extend, and a wall skirting said hollow body and of a
      peripheral size to close said pan opening.
NUM  5.
PAR  5. The construction according to claim 4 wherein said skirt wall has a
      peripherally extending marginal recess for closely receiving the wall of
      said pan margining its opening.
NUM  6.
PAR  6. The construction according to claim 2 wherein said pan and said terminal
      portions have interengaging means to relieve said hinge of stresses which
      may be applied to tend to disconnect said closure from said pan.
NUM  7.
PAR  7. The construction according to claim 5 wherein said hollow portion has an
      integral collar surrounding each opening therein to closely fit around
      respective terminal portions.
NUM  8.
PAR  8. An electric heating unit for a stove panel and the like, comprising:
PA1  a pan adapted to be supported on the stove panel, said pan having an
      opening in its side wall,
PA1  a sheathed electric heating element having a flat active heating portion
      supported crosswise of the top of said pan, said element having at least
      two terminal portions extending downwardly from said active heating
      portion and laterally thereof and extending through said pan opening for
      connection to a source of electrical energy,
PA1  and a closure formed of an elastomeric material, comprising a normally
      rectangular hollow box-like body having opposite side and end walls and a
      wall spanning such walls, and a skirt wall at the opening into said body
      extending laterally outwardly of said side and end walls and of a
      peripheral size larger than the size of said pan opening, said skirt wall
      being secured to said pan side wall to close said opening,
PA1  said spanning wall having openings therein to tightly pass respective
      terminal portions, said box-like body and said terminal portions
      cooperating to provide a hinge about which said heating element may be
      pivoted to swing said active portion upwardly from its supported position
      on the top of said pan, said box-like body distorting from its normal
      rectangular box-like formation to effect hinging action and resiliently
      returning to its normal formation when said heating element is returned to
      supported position on the top of said pan.
NUM  9.
PAR  9. The construction according to claim 8 wherein said skirt wall has a
      peripheral recess for closely receiving the wall of said pan margining its
      opening.
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PAL  A dielectric substrate is provided with a thin narrow heater strip of
      multi-layer metallic films of noble metals such as platinum and gold. The
      film heater is bonded to the substrate and it has terminal means
      comprising a silver film electrode that is spaced away from the film
      heater. A metal oxide diffusion barrier such as a tin oxide film bridges
      the gap between the film heater and the silver electrode and retards the
      electromigration and mass flow between the film heater and the electrode.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  A related design of solid plate surface unit or glass-ceramic cooktop with
      an electrical film heater pattern to obtain an even temperature
      distribution across the top surface of the heated area is described in a
      copending patent application of the present inventor, Ser. No. 468,753,
      entitled "Glass-Ceramic Cooktop With Film Heaters", now U.S. Pat. No.
      3,883,719 dated May 13, 1975. This earlier film heater design had
      terminals of relatively low resistance per unit area by using a layer of
      silver so that the terminals remain relatively cool as compared with the
      main heated portion of the film heater pattern.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an electric heating means and particularly to a
      multi-layer, electrical film heater in strip form having an improved
      terminal means.
PAR  2. Description of the Prior Art
PAR  A solid plate surface heating unit design with a multi-layer, thin film
      heater in strip form bonded to the underside of a high silica glass plate
      is described in an earlier patent of the present inventor, U.S. Pat. No.
      3,067,315, which is also assigned to the same assignee as is the present
      invention. This patent shows the film heater terminals located on a
      down-turned tongue portion near the peripheral edge of the plate beneath a
      reflector pan so as to be remote and shielded from the main heated portion
      of the film heater and to create a large temperature drop of several
      hundred degrees Fahrenheit between the heated portion and the terminals.
PAR  Another solid plate surface heating unit design with an electrical film
      heater is shown in the Brouneus U.S. Pat. No. 3,813,520. This film heater
      design includes a pair of metallic thin film terminals of a low electrical
      resistance material.
PAR  The principal object of the present invention is to provide an electrical
      thin film heater of noble metals with diffusion barrier means interposed
      between the main portion of the film heater and its electrodes.
PAR  A further object of the present invention is to provide a solid plate
      surface heating unit with a high temperature film heater of noble metals
      and barrier means to prevent electromigration between dissimilar noble
      metals at the separation plane of the electrode.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, in accordance with one form thereof, relates to a
      high temperature metallic film heater bonded to the underside of a
      dielectric substrate. The film heater is formed of noble metals, while the
      heater has electrodes of dissimilar noble metal. A diffusion barrier means
      separates the film heater from the electrodes to prevent electromigration
      between the film heater and the electrodes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention will be better understood from the following description
      taken in conjunction with the accompanying drawings and its scope will be
      pointed out in the appended claims.
PAR  FIG. 1 is a fragmentary bottom plan view of terminal means of a high
      temperature metallic film heater according to the present invention
      showing a widened end portion of the film heater, a spaced electrode and a
      barrier means bridging the film heater and its electrode. A stranded lead
      wire is joined to the electrode.
PAR  FIG. 2 is a cross-sectional elevational view through the terminal means of
      FIG. 1, taken on the line 2--2 showing the diffusion barrier lying on top
      of both the end portion of the film heater and the spaced electrode.
PAR  FIG. 3 is a cross-sectional elevational view, similar to that of FIG. 2, of
      a second modification of the present invention where the diffusion barrier
      underlies the electrode so as to provide more area for making an
      electrical connection to the electrode.
PAR  FIG. 4 is also a cross-sectional elevational view, similar to that of FIG.
      2, of a third modification of the present invention showing the diffusion
      barrier underlying the electrode, while the end portion of the film heater
      overlies an edge of the diffusion barrier, again to be able to take
      advantage of the entire area of the electrode to make an electrical
      connection therewith.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to a consideration of the drawings, and in particular to the
      fragmentary view of FIG. 1, there is shown a dielectric substrate 10 such
      as a thin plate of glassceramic material that has a high dielectric
      strength, good thermal shock resistance, chemical inertness, good abrasion
      resistance and mechanical strength. Other substrates could be used
      satisfactorily; for example, a metal plate carrying a layer of dielectric
      material on which the film heater would be bonded.
PAR  Remember that this plate 10 has been inverted. Bonded to the underside of
      this plate 10 is a thin metallic film heater 12, although only a short
      length of the heater is shown. This is because the present invention is in
      the termination means of this film heater, rather than in the film heater
      itself. It will be understood by those skilled in this art that this
      electrical film heater for use as a surface heating means would be of
      continuous strip form which is typically arranged in a serpentine or a
      spiral coil having terminals or electrodes at each end. Examples of prior
      art surface heating unit designs were identified earlier as the Hurko U.S.
      Pat. No. 3,067,315 and the Brouneus U.S. Pat. No. 3,813,520.
PAR  Of course, this invention could be used in other film heater applications
      such as printed circuits and the like, but the maximum benefits are
      derived when this invention is used in high temperature applications that
      reach maximum temperatues somewhere between 900.degree.F and
      1500.degree.F.
PAR  This film heater 12 is preferably formed of multilayers of noble metals
      such as is taught in the beforementioned Hurko U.S. Pat. No. 3,067,315.
      Bonded directly to the dielectric plate 10 is at least an inner layer of
      platinum and an outer layer of gold to form the film heater layer 12. The
      platinum inner layer has a relatively high electrical resistance between
      about 13 and 39 ohms per square. The gold outer layer has a relatively low
      electrical resistance between about 0.5 and 1.5 ohms per square. The
      platinum layer has a much higher melting point than the gold so as to
      retard the crystallization and migration of the gold. The two platinum and
      gold film layers represent electrical resistances that are arranged in a
      parallel circuit so that the total electrical resistance of the film
      heater strip is approximately equal to the low resistance of the outer
      gold layer.
PAR  The end portion 14 of the film heater 12 is widened to about twice its
      average width. Spaced from the end portion 14 is a silver electrode 16 of
      about the same width as the end portion 14. The purpose of the increased
      width of the film terminal means is to reduce the electrical resistance
      per unit area of the terminal means and thereby reduce its heating action
      and operating temperature. In the past the silver electrodes 16 have been
      deposited directly over the film heater end portions 14. However, when
      these film heaters 12 are operated at temperatures above about
      900.degree.F or 1000.degree.F a high rate of film failures may occur at
      the separation plane between the film heater of noble metals such as
      platinum and gold and its electrode of dissimilar noble metals such as
      silver. This is apparently due to the electromigration or diffusion
      process that occurs at these high temperatures. This effect, sometimes
      referred to as the Kirkendall effect, is a phenomenon of
      electromigration-induced failure of thin films of such noble metals as
      gold and silver and their alloys. The silver atoms are more mobile than
      the gold atoms, and this difference in mobility is important to the end
      result. As the diffusion process continues the silver in the electrode 16
      migrates toward the gold-platinum film heater 12 and at a greater rate of
      mass flow than the gold-platinum layer which migrates toward the silver
      electrode 16. This mass flow would be the highest at the separation plane
      between the silver and the gold. Only a small number of the voids in the
      separation plane region that are created by the silver migration are
      filled by the alternate gold migration. As a result, the film in the area
      of the separation plane develops discontinuities which eventually cause
      electrical arcing and runaway failure conditions.
PAR  This electromigration phenomenon can be avoided by the use of the present
      invention as illustrated in FIG. 1. The silver electrode 16 is spaced away
      from the end portion 14 of the film heater 12. These two members are then
      joined by a thin metal oxide film diffusion barrier 18 such as a layer of
      tin oxide. This tin oxide does not migrate to the voids created by the
      silver migration such that the film heater termination means has a long
      life span comparable to the long life of the film heater itself.
PAR  A lead wire 20 with stranded conductors 22 is shown soldered to the silver
      electrode 16 as at 24.
PAR  In the second modification of FIG. 3, the silver electrode 16 is again
      spaced from the end portion 14 of the film heater 12. However, the
      diffusion barrier 18 underlies the silver electrode 16 and overlies the
      end portion 14 of the film heater 12. This modification has the advantage
      of providing more useful area of the silver electrode 16 for making the
      connection with the lead wire 20. The film heater 12 would have to be
      deposited first onto the substrate 10. Then the tin oxide diffusion
      barrier 18 would be deposited with a slight overlap at 28. Finally, the
      silver electrode 16 would be deposited over a portion of the diffusion
      barrier 18.
PAR  The third modification of FIG. 4 is similar to the second modification of
      FIG. 3 in that the silver electrode 16 is deposited over a portion of the
      tin oxide layer 18. However, the sequence of firing the different layers
      is different. The tin oxide layer 18 is first deposited, then the silver
      electrode 16, and finally the film heater 12 with a slight overlap at 30
      over an edge of the tin oxide layer 18.
PAR  Modifications of this invention will occur to those skilled in this art.
      Therefore, it is to be understood that this invention is not limited to
      the particular embodiment disclosed but that it is intended to cover all
      such modifications which are within the true spirit and scope of this
      invention as claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical heating plate comprising a high temperature electrical
      resistance heating film bonded to a dielectric substrate, said film
      comprising a narrow continuous strip of metallic film of noble metals, the
      film having terminal means in the form of a widened end portion and a
      widened film electrode of dissimilar noble metal that is adapted to be
      bonded to the dielectric substrate, the heating film end portion being
      widely separated from said electrode, and a thin metal oxide film
      diffusion barrier overlapping both the heating film end portion and the
      film electrode and bonded to the dielectric substrate so as to bridge the
      gap between the heating film and the electrode and retard the migration
      and mass flow between the electrode and the heating film during high
      temperature operations, said widened film end portion and said widened
      film electrode reducing the electrical resistance per unit area of the
      terminal means and thereby reducing its heating action and operating
      temperature.
NUM  2.
PAR  2. An electrical heating plate comprising a high temperature electrical
      resistance heating film bonded to a dielectric substrate as recited in
      claim 1 wherein the said film terminal means comprising the film end
      portion and the electrode has about twice the width as the width of the
      main heated portion of the film.
NUM  3.
PAR  3. An electrical heating plate comprising a high temperature electrical
      resistance heating film bonded to a dielectric substrate as recited in
      claim 2, wherein the said metallic film of noble metals comprises
      multi-layers with at least one layer of platinum and one layer of gold,
      and the said film electrode comprises a silver layer.
NUM  4.
PAR  4. An electrical heating plate comprising a high temperature electrical
      resistance heating film bonded to a dielectric substrate as recited in
      claim 3 wherein the said silver film electrode has a width about twice the
      average width of the multi-layer electrical film, the end of the main
      heated portion of the heating film also being enlarged to about the width
      of the electrode, the said diffusion barrier of metal oxide also having a
      width substantially equal to the width of the electrode so as to reduce
      the electrical resistance per unit area and hence, the heating action of
      the electrodes.
NUM  5.
PAR  5. An electrical heating plate comprising a high temperature electrical
      heating film bonded to a dielectric substrate as recited in claim 4
      wherein the said metal oxide film diffusion barrier is a tin oxide film.
NUM  6.
PAR  6. An electrical heating plate comprising a high temperature electrical
      heating film bonded to a dielectric substrate as recited in claim 5 herein
      and said film diffusion barrier overlies both the film heater and the
      electrode.
NUM  7.
PAR  7. An electrical heating plate comprising a high temperature electrical
      heating film as recited in claim 5 wherein the said film diffusion barrier
      underlies the electrode and overlies the edge of the film heater.
NUM  8.
PAR  8. An electrical heating plate comprising a high temperature electrical
      heating film bonded to a dielectric substrate as recited in claim 5
      wherein the said film diffusion barrier underlies the said electrode, and
      the edge of the film heater overlies the adjacent edge of the film
      diffusion barrier.
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ABST
PAL  An automated fuel dispensing system provides semiattended operation
      utilizing a computerized credit authorization and billing technique by
      means of a direct connection to a regional credit center over
      communication lines. A control console for multiple pump dispensers
      interconnects with a local central controller for providing preliminary
      verification checks and generating an authorization request message for
      transmission to a central computer at the regional credit center. This
      initial verification is to identify a particular user with a credit
      document inserted into the control console. Following receipt of an
      authorization message from the central computer in response to an
      authorization request, a user selects one of the pump dispensers by
      actuating a push button at the control console; he then dispenses the
      amount of fuel desired. Following completion of the fuel dispensing
      routine, billing information is assembled in the local central controller
      as a message for transmission to the regional computer for credit billing
      to a particular account number. In addition to credit documents, the
      control console accepts currency and cash cards having a pre-established
      value for control of the dispensing of fuel up to the limit of the
      currency value or cash card value.
BSUM
PAR  This invention relates to an automated fuel dispensing system and more
      particularly to a system and method for dispensing fuel in an automated
      system employing local verification and central computer authorization in
      a dispensing transaction.
PAR  Recently, attempts have been made to eliminate the expense of attendants in
      retail merchandising and provide self-service facilities in the marketing
      and merchandising of certain products. One area where much activity has
      taken place is in the self-service dispensing of gasoline where the
      gasoline dispensing is controlled by credit cards, cash cards or currency.
      However, presently available systems do not provide truly self-service
      that does not require at least some attention by an attendant. Normally,
      presently available systems require separate volume readers, albeit at a
      central location, for the individual fuel dispensing pumps. In these so
      called self-service stations, the customer pumps his own gasoline and then
      goes to the attendant at the central control station for billing purposes.
PAR  As an alternative, some self-service gasoline dispensing systems utilize
      pumps equipped with apparatus for accepting and totalizing currency and
      bills deposited therein which deposit presets a selected pump to deliver
      an amount of fuel commensurate with the currency inserted into the
      machine. Such currency operated systems are usually installed in station
      areas where no attendants are present, and thus station operation may be
      maintained without interruption.
PAR  A feature of the present invention is to provide a self-service dispensing
      system wherein a transaction is completed by a customer unaided by an
      attendant. A further feature of the present invention is to provide an
      automated dispensing system wherein a credit document is locally verified
      and use thereof is regionally or nationally authorized. Still another
      feature of the present invention is to provide an automated dispensing
      system wherein the value of a completed transaction is transmitted to a
      regional or national control station for billing to an account. Yet
      another feature of the present invention is to provide an automated
      dispensing system alternately operated by a credit document, a cash card
      or currency.
PAR  In accordance with the present invention, an automatic document control
      dispensing system includes remote stations with a communication connection
      to a regional or national computer. At each of the remote stations there
      is a control console with a document reader for reading a verification
      data from the credit document inserted into the console. This verification
      data is transmitted to a local central controller wherein the authenticity
      of the presented credit document is verified. Also, for authenticated
      documents, an authorization request message is generated by the local
      controller for transmission to the regional or national computer. This
      authorization request message is transmitted to the regional or national
      computer on a polling basis and an authorization message is transmitted in
      the same manner to a selected remote station. Following receipt of an
      authorization message at a remote station, a selected article is dispensed
      to a customer.
PAR  In operation, the automatic, document controlled, dispensing system of the
      present invention initially verifies the authenticity of a credit document
      inserted into a control console at a remote station. Following
      verification of the credit document, an authorization request message is
      generated and transmitted to a regional or national computer wherein the
      account associated with the inserted credit document is reviewed. After
      the review of a particular account at the regional or national computer in
      accordance with certain standards, a credit authorization message is
      transmitted from the regional or national computer to the remote station
      that previously transmitted the authorization request message. Following
      receipt of the authorization request message, and the selection by a
      customer of an article to be dispensed, the value of the selected article
      is monitored and a value message is generated by the local controller.
      This monitored value message is then transmitted to the regional or
      national computer for recording therein to a particular account number.
PAR  In addition to credit document operation, an automatic dispensing system in
      accordance with the present invention operates by currency and cash cards.
      Operation from either the cash card or currency is similar, and the first
      step is to totalize the value of the currency or cash card. A total value
      signal is then compiled by a local central controller which monitors the
      dispensing of an article up to the desired limit or the limit of the
      currency or cash card value. When the desired limit is less than the
      recorded value, a refund receipt is printed for return to a customer.
PAR  A more complete understanding of the invention and its advantages will be
      apparent from the specification and claims and from the accompanying
      drawings illustrative of the invention.
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 is a pictorial view of a typical island in a fuel dispensing service
      station utilizing three dispensing units of two pumps each controlled by a
      single control console;
PAR  FIG. 2 is a front view of the control console showing operator interface
      controls;
PAR  FIG. 3 is a block diagram of a local central controller at a remote station
      connected to three terminal consoles each controlling six pump dispensers;
PAR  FIG. 4 is a block diagram of a communication network from a remote station
      to a regional computer;
PAR  FIG. 5 is a block diagram of a terminal console for a fuel dispensing
      island such as shown in FIG. 1;
PAR  FIG. 6 is a flow chart showing the priority sequencing for operation of the
      automated dispensing system in accordance with the present invention;
PAR  FIG. 7 shows a typical data flow pattern between a terminal console and a
      remote station computer;
PAR  FIG. 8 is a block diagram of a pump controller for one of the six pumps of
      the island of FIG. 1 and including a flow meter monitor;
PAR  FIG. 9 is an operational flow chart of the dispensing system showing the
      initial card reading sequence;
PAR  FIG. 10 is an operational flow chart showing the system sequencing for
      currency control;
PAR  FIG. 11 is an operational flow chart of the system showing the sequence for
      a credit document transaction;
PAR  FIG. 12 is an operational flow chart of a cash card sequence;
PAR  FIG. 13 is an operational flow chart of a sequence of the system when an
      expired credit document is presented to a terminal console;
PAR  FIG. 14 is an operational flow chart of a sequence of the system when an
      invalid credit document is inserted into the terminal console;
PAR  FIG. 15 is an operational flow chart of a sequence of the system of the
      present invention when a damaged credit document is inserted;
PAR  FIG. 16 is an operational flow chart of a sequence of the system for
      selecting a particular pump for dispensing of a desired amount of fuel;
PAR  FIG. 17 is a flow chart showing the system sequence for dispensing fuel;
      and
PAR  FIG. 18 is an operational flow chart showing the system sequence for
      releasing a credit document following verification and authorization of a
      dispensing transaction.
DETD
PAR  Referring to FIG. 1, there is shown a service island 10 containing a
      terminal console 12, and three dual gasoline pumps 14. Typically, an
      automated gasoline dispensing station consists of three such service
      islands each containing a terminal console 12 and three dual gasoline
      pumps 14. The three dual gasoline pumps 14 are all under the control of
      the console 12.
PAR  Also forming part of a dispensing system is a local central controller and
      data communications equipment interconnected to all of the service islands
      of a remote station. Each remote station consists of a local central
      controller, service islands, and data communication equipment for
      interconnecting to a regional or national computer that services many
      remote stations. The regional or national computer provides the added
      feature of computerized credit authorization and billing directly over
      dedicated telephone lines.
PAR  The dual gasoline pumps 14 are commercially available products commonly
      known as automatic reset computer pumps having dials to indicate the
      amount and value of fluid delivered. These pumps are automatically reset
      to zero indications before each new delivery therefrom. As will be
      explained, included in each of the pumps is a flow meter responsive to
      fuel flow and generating output pulses related thereto. Pumps of this
      design are commonly called "computer pumps".
PAR  Referring to FIG. 2, there is shown the front panel of the console 12 on
      which is arranged an array of ten push button keys in a security keyboard
      16 for use by a customer to interface with the remote station central
      controller for verification of his credit card as inserted into the
      console through a card gate 18. The keys of the keyboard 16 are marked 0-9
      to enable a user to insert his assigned identification code for
      verification of his authority to use the credit card presented to the
      machine through the card gate 18.
PAR  In addition to the keyboard 16, and the card gate 18, the front panel of
      the console 12 includes an instruction display 20 that provides for
      viewing an illuminated display message drum (not shown). As will be
      explained, the messages on this drum instruct a user in the operation of
      the system. Another user interface on the front panel of the console 12 is
      a pump selection array of push button keys 22, each push button having
      associated therewith a status indicator 24 and an identification label 26.
      The status indicator 24 for each of the six push button keys 22 is a
      selectively operated display instructing a user whether a particular pump
      of the service island 10 is in use or is ready to use. The identification
      label 26 associated with each of the six push button keys 22 identifies to
      a user the type of gasoline dispensed from the particular pump associated
      with one of the push button keys 22. The identification label 26 is a
      static display established before the system is put into operation.
PAR  In addition to the above controls and indicators, the front panel of the
      console 12 includes in a lower portion thereof a card return throat 28
      through which credit cards inserted into the card gate 18 are returned to
      a user during the completion of a credit card transaction. To the right of
      the card throat 28 there is a currency gate 30 through which a cash
      customer inserts bills for operation of the dispensing system.
PAR  In the lower left hand corner of the front panel of the console 12 there is
      a receipt throat 32 through which printed receipts are supplied to a user.
      Imprinted on each receipt is the amount of gasoline dispensed and the
      value thereof. For cash customers and customers using cash cards, the
      receipts also contain refund information when the amount deposited in the
      console 12 is greater than the amount of gasoline dispensed from one of
      the pumps 14.
PAR  Between the card throat 28 and the receipt throat 32 there is located a
      grill 34 behind which is mounted a speaker (not shown) for generating
      audio signals to alert a user to proceed with the operation of a
      dispensing transaction.
PAR  Within the enclosure of the terminal console 12 and associated with the
      currency gate 30 there is a bill reader for accepting currency inserted
      through the currency gate. Also included within the housing of the console
      12 is a card reader that accepts a credit document through the card gate
      18 for transporting past read heads and for transporting to the return
      throat 28. A printer is also provided in the console 12 for generating the
      receipt delivered to a user through the receipt throat 32.
PAR  Typically, a dispensing system in accordance with the present invention is
      activated by a standard "A" size plastic credit card, such as indicated by
      the decal 36, having embossed numeric data, a magnetically encoded data,
      or both. The embossed lettering and/or magnetic stripe contain a user's
      account number, an identification code, expiration date data, and other
      credit data as required to provide secured credit card transactions.
PAR  In an embodiment of the system using an embossed credit card, the card
      reader transports a credit card inserted through the card gate 18 on the
      console front panel to a read area wherein the raised characters are read
      and identified along with certain defined spaces between characters. This
      verification data is communicated to the remote station central controller
      for further processing. Embossed card readers of this type are
      commercially available and have the capability of capturing a fraudulent
      or altered card, or an excessively worn card. After processing, the card
      reader returns the inserted credit card to a user (if valid) through the
      return throat 28. In addition, the card reader utilized in the present
      system also accepts cash cards and reads the value thereof and this
      information is also transmitted to the local central controller.
PAR  The currency reader associated with the currency gate 30 is also a
      commercially available product and may be of the type identified as a NRI
      Model 34-04-006 Dollar Bill Reader. A dollar bill is inserted into the
      gate 30, is read, passed through the unit, and deposited in a currency
      storage chest in the lower enclosure of the console 12. The bill reader is
      self-contained and will provide contact closures each time a genuine
      dollar bill is read into the unit. These contact closures are transmitted
      to the remote station central controller where the total number of dollar
      bills accepted by the terminal is totalized.
PAR  The instruction display 20 provides for fifteen separate instruction
      messages to guide a customer through a transaction, see Table I for a list
      of the instruction messages. The mechanism itself consists of a message
      drum, a display drive motor, and message illumination lamps, and
      associated wiring.
TBL                TABLE I                                                     

     ______________________________________                                    

     1.                 Insert Credit Card                                     

                        or dollar bill                                         

     2.                 Enter your personal                                    

                        identification code                                    

     3.                 Please wait - Remove                                   

                        Credit Card when returned                              

     4.                 Press pump select                                      

                        button                                                 

     5.                 Receipt being printed -                                

                        Please note error code                                 

     6.                 Remove Credit Card                                     

                        and insert again                                       

     7.                 Go to pump                                             

                        and dispense Fuel                                      

     8.                 See attendant                                          

     9.                 When all $1 bills inserted                             

                        press pump select button                               

     10.                Receipt for pump No. 1                                 

                        now being printed                                      

     11.                Receipt for pump No. 2                                 

                        now being printed                                      

     12.                Receipt for pump No. 3                                 

                        now being printed                                      

     13.                Receipt for pump No. 4                                 

                        now being printed                                      

     14.                Receipt for pump No. 5                                 

                        now being printed                                      

     15.                Receipt for pump No. 6                                 

                        now being printed                                      

     ______________________________________                                    

PAR  A transaction receipt is printed and delivered to the receipt throat 32
      during each transaction cycle to provide both the user and the remote
      station owner with a transaction record. The printer is a self-contained
      assembly commercially available and removable as a unit.
PAR  The pump select portion of the front panel of the console 12 consists of
      the six momentarily "on" push button keys 22, six solenoid actuated pump
      status indicators 24 and the six fuel grade displays 26. The push button
      keys are numbered 1-6 and are used to select any one of the six pumps
      associated with a particular console terminal. The pump status indicators
      are two-position rotary devices, solenoid actuated, such that when
      energized, they rotate and position a message "available" in a viewing
      window. When the actuating solenoid is de-energized, the rotary device
      returns to the home "in use" position.
PAR  Referring to FIG. 3, there is shown a block diagram of a central controller
      38 interconnected to three terminal consoles 12 through data lines 40. The
      central controller (located in an attendant building) is an electronic
      module containing a computer 42 and associated subunits including a
      terminal controller 44 having three discrete input/output boards, one for
      each terminal console 12. Also associated with the computer 42 is a data
      panel 46 incorporating system status/fault monitoring, and system update
      hardware. Interconnected with the computer 42 is a memory 48 and a "modem"
      controller 50. Typically, the central controller contains a Computer
      Automation Inc., Alpha 16 Computer consisting of the following subunits:
PA1  1. A central processing unit,
PA1  2. An 8 K-16 bit memory 48,
PA1  3. A real time clock,
PA1  4. Power failure/restart circuits,
PA1  5. A power supply,
PA1  6. The modem controller 50,
PA1  7. An operator's console, and
PA1  8. Teletype interface (optional).
PAR  Any information generated in the terminal console 12 is transmitted to the
      computer 42 through the terminal control 44 used as a data
      collector/transmitter. By appropriate multiplexing circuitry, the
      controller 44 operates in such a manner such that the computer 42 appears
      to be communicating with three separate devices individually.
PAR  Also transmitted through the terminal control 44 to the computer 42 is data
      generated in the data panel 46 which contains status and fault indicators,
      an operational push button, data entry thumb wheels (such as calendar
      inputs), and various test points. Controls for the data panel 46 are used
      for data entry related to the year, month, day and time. In addition, the
      data panel includes indicators for monitoring the status of the terminal
      consoles 12. Additionally, thumb wheels on the data panel 46 enable price
      changing for all the terminals, provide station identification numbers to
      be input to the central controller, and enable the printer in each
      terminal console 12 to print out accumulated totals for the terminals. The
      system may also be reset and restarted by a thumb wheel or push button
      switch.
PAR  Each remote station is connected to a regional computer for transaction
      authorization and account crediting. To accomplish the interconnection
      between the computer 42 and the regional computer, the "modem" controller
      50 is included as a subunit for the computer. The "modem" controller is an
      asynchronous data set controller providing all signal processing, controls
      and level conversions to interface the computer 42 with a modem 52. The
      controller 50 has three buffered output signals and five input control
      signals as well as parallel-to-serial and serial-to-parallel conversion
      circuitry. The "modem" controller 50 is a commercially available unit
      associated with the Alpha 16 Computer previously identified.
PAR  Communication between a remote station and the regional computer is
      conducted over polled multi-point, multi-drop leased telephone lines 56
      connected to the modem 52. The system employs asynchronous transmission in
      half duplex using the ASCII code.
PAR  Referring to FIG. 4, there is shown a typical communication network wherein
      the central controller 38 (at a remote station identified with the dotted
      line 54) connects through output lines to the modem 52 having terminals
      coupled to the dedicated telephone line 56. Typically, the modem 52
      transmits 300 bits per second of information to a concentrator 58 through
      a modem 60. The concentrator 58 receives data from a separate remote
      station on each of the input lines 62. Concentrators of the type that may
      be used in the present system are available from Honeywell Inc. and
      identified as a Honeywell 316 Concentrator. Other concentrator circuitry
      may be utilized. Functionally, the concentrator 58 converts the relatively
      slow bit transfer rate from the modem 52 to a high speed bit transfer rate
      to the regional (or national) computer 64. Data bits from the concentrator
      58 are coupled through a modem 66 to a dedicated telephone line 68 and
      through another modem 70 to the regional computer 64. Using the example of
      300 bits per second as a transfer rate from the modem 52, the concentrator
      provides a 4800 bit per second transfer rate to the regional computer 64.
      Typically, the regional (or national) computer 64 is a properly programmed
      Univac 494 computer.
PAR  Referring to FIG. 5, the display 20 presents message No. 1 of Table 1 to a
      customer to insert his credit card into the card gate 18 or a dollar bill
      into the currency gate 30. The instruction display 20 receives energizing
      signals through a driving circuit 72 from a comparator 78. The comparator
      78 compares position data from the display 20 with position data from the
      computer 42 through a data buffer 74 and a transmission unit 76. The
      display 20 remains energized and rotates until the position data from the
      display 20 agrees with the position data from the computer 42, at which
      time the display 20 stops at the particular display message desired. This
      is the first in a sequence of step by step operating instructions leading
      to a completed transaction.
PAR  Considering only credit card operation, after the user has inserted his
      credit card a second instruction message (message No. 2 of Table I)
      appears in the display 20 to instruct a user to key in his identification
      code through the security keyboard 16. The security keyboard 16 is also
      coupled to the computer 42 through an encoder 82, the buffer 80 and the
      transmission unit 76. Keying in the user's identification code requires
      that the customer's personal identification number be entered by means of
      the numbered push button keys of the keyboard 16. By operation of the
      computer 42, in conjunction with the memory 48, the keyed-in number is
      verified with verification data read from the inserted credit card by a
      card reader 84. Verification data generated by the card reader 84 is
      coupled to the computer 42 through logic and driver circuitry 86, the
      buffer 80 and the transmission unit 76. To verify a credit card with a
      keyed-in identification code, the computer 42 compares the data from the
      card reader 84 with the security keyboard generated data. A favorable
      comparison verifies that the user has an authentic card and the sequence
      continues. As an alternate, the security keyboard 16 is eliminated and
      verification data from the card reader 84 is utilized in a verification
      routine along with data stored in the memory 48. The same verification
      process is completed in either operation.
PAR  In either case, when a verification code cannot be generated by the
      computer 42, indicating that the computer cannot authenticate the
      presented credit card, message No. 3 of Table I is displayed in the
      instruction display 20 and the credit card is returned to the user and the
      transaction completed. Alternatively, if a verification code cannot be
      generated by the computer 42, the user is instructed through the display
      20 to again insert his identification code for a second verification
      sequence. The verification sequence is then repeated and if a verification
      code again cannot be generated, the user is instructed to again insert his
      identification code. Upon the third insertion of an identification code
      and a failure to generate a verification code, the card reader 84 captures
      the credit card. In this situation, message No. 5 of Table I is presented
      at the display 20.
PAR  Following the generation of a verification code, the computer 42 generates
      an authorization request message for transmission to the regional computer
      64. The regional computer 64 checks the account as read from the credit
      card and if the account is not delinquent or otherwise flagged as a
      questionable risk, an authorization message is generated by the regional
      computer for transmission to the central controller 38 of the remote
      station originally forwarding the authorization request message.
PAR  Upon receipt of an authorization message at the controller 38, message No.
      4 of Table I is presented at the display 20 instructing a user to operate
      one of the push button keys 22 of the pump select keyboard 88. The
      selected pump signal is connected through a debounce network 90, through
      the buffer 80 and the transmission unit 76 to the computer 42. The
      computer 42 in turn sends a message through the data buffer 74 and driver
      circuitry 92 to set the status indicator 24 to the "in use" message. At
      this time, message No. 7 of Table I is presented at the display 20
      instructing a user to go to the selected pump and dispense the fuel
      desired. The pumps are activated by the computer 42 through the data
      buffer 74 and a driver network 94 controlling a relay array 96 for
      energizing the selected pump 14.
PAR  During delivery of fuel from the selected pump, a flow meter attendant with
      each pump generates quantity pulse signals coupled through a debounce
      network 98 to the computer 42 through the buffer 80. These delivered fuel
      pulse signals are utilized in the computer 42 to compose a message for
      transmission to the regional computer 64 for recording the dollar value of
      fuel dispensed to the account associated with a presented card.
PAR  Upon completion of delivery of fuel from the pump 14, the computer 42
      activates the printer 100 for printing a receipt to be delivered through
      the receipt throat 32 to the user. The printer 100 is connected to the
      computer 42 through driver logic 102. Upon completion of the print
      sequence, the computer 42 sends an instruction to the pump select keyboard
      88 to return the indicator 24 to the "now available" message.
PAR  When utilizing currency for activating the system, bills inserted through
      the currency gate 30 are read by the bill reader 104 that generates
      closure signals coupled to the computer 42 through the buffer 80 and the
      transmission unit 76.
PAR  After a user has inserted his first dollar bill, message No. 9 of Table I
      is presented at the display 20 instructing the user to insert as many one
      dollar bills as desired. After he has inserted the last bill, he activates
      one of the push button keys 22 of the pump select keyboard 88 and the
      system operates as previously described with the modification that the
      computer 42 continually monitors the fuel dispensed to deenergize the pump
      14 at the value of the bills inserted.
PAR  The buffers 74 and 80 and the transmission unit 76 comprise a format,
      priority and transmission controller (FPTC) as a logic interface between
      the terminal console 12 and the local computer 42. The FPTC provides the
      necessary circuitry for control of the peripherals of the computer 42 and
      data to the computer from the peripherals in response to a computer
      inquiry. Data may be also generated to the computer 42 from one of the
      peripherals, such as the pump select keyboard 88 or the card reader 84, as
      a result of outside stimuli. The format logic processes the data from the
      peripherals into an eight-bit data byte, and an eight-bit address byte
      which precedes the data byte as an identification of the source of the
      data or status information. No data may be transmitted either to or from
      the computer 42 without permission thereof. Therefore, an attention line
      is used to inform the computer that a peripheral is in a state to send
      data or a status to the computer. The attention priority line provides a
      sequence that allows a higher priority device (the peripheral) to send
      data before a lower priority device. Subsequent to a data transmission,
      the computer resets the line and permits selection of the next highest
      priority.
PAR  Referring to FIG. 6, there is shown the priority sequence for data
      transmission to the computer 42. The priority selection logic circuits
      108-114 are individually associated with one of the peripherals and are
      polled continuously by the FPTC until one or more of the peripherals
      requests attention of the computer 42 on an attention line 116. The
      computer 42 responds on the control line 106 thereby stopping the poll and
      enabling the peripheral having the highest priority to transmit data or
      status to the computer 42. First in priority is the pump control 118 which
      will be described subsequently. If data is to be transmitted to or from
      the pump control 118 it receives first priority over other terminal
      console peripherals. Second in priority is the card reader 84 connected to
      the priority logic 109. The priority sequence then includes the printer
      100 connected to the priority logic 110, the security keyboard 16
      connected to the priority logic 111, the pump select keyboard 88,
      connected to the priority logic 112, the instruction display 20 connected
      to the priority logic 113, and the bill reader 104 connected to the
      priority logic 114. Data from the peripherals to the computer 42 is
      transmitted over data lines 120.
PAR  The transmission unit 76 consists of differential drivers and receivers
      used by the FPTC to reliably transmit and receive signals to and from the
      computer 42.
PAR  Referring to FIG. 7, there is shown a typical data flow sequence from the
      computer 42 through the terminal controller 44 to the terminal console 12
      through the transmission unit 76. Address data command bits flow from the
      computer 42 to the terminal console 12 and direct data status bits flow
      from the terminal 12 to the computer 42. Instructions AOTD and ON along
      with TAK and ATT are transmitted from the terminal 12 to the computer 42.
      In the reverse direction, request instructions and ready instructions
      along with a reset are transmitted from the computer 42 to the terminal
      12. Other instructions and data bits may be transmitted between terminal
      12 and computer 42 when required by a particular fuel dispensing system.
PAR  Referring to FIG. 8, there is shown the pump controller 118 interconnected
      to the bill reader 104. Only the controls for pump 1 are shown in detail
      with the controls for pumps 2-6 being similar to that shown. Basically,
      the pump controller is an interface unit consisting of relays 120 for
      activating the pump 14 (including displays associated therewith).
      Additional relays within a controller 122 are activated by the pump handle
      to indicate delivery is complete. The relay from pump No. 1 is activated
      by a closure signal on a line 124.
PAR  Within the relay network 120, relay 120-a is energized to activate the
      flasher 126 and an indicator light 128. Relays 120-b and 120-c are used
      for high flow and low flow rate valves, respectively, to vary the pumping
      rate. Specifically, the relay 120-b controls a solenoid winding 130 for
      the high rate flow valve and the relay 120-c controls a solenoid winding
      132 for the low flow rate valve. Each of the relays 120 is individually
      controlled by the output of a driver amplifier 134 within the network 96.
      To monitor the amount of fuel distributed by a particular pump, each is
      equipped with a flow meter 138 generating pulse rate signals on lines 140
      to the computer 42 through the FPTC logic. As mentioned, each of the other
      pumps 2-6 is also connected to the FPTC logic through the relays 122 over
      lines 142.
PAR  Associated with the pump controller is the bill reader 104 that is enabled
      by an instruction on a line 144 to activate an amplifier 146 to drive the
      bill reader 104. The signals indicating the acceptance of a dollar bill
      submitted to the reader 104 are transmitted over a line 148 to the FPTC
      logic.
PAC  SYSTEM OPERATION
PAR  Referring to FIGS. 9-18, the operating sequence of the dispensing system of
      the present invention will now be described. After placing the system in
      an operation mode, a program initialization step 150 is completed and
      message No. 1 of Table I is displayed during a step 152. Following the
      initialization step the bill reader 104 and the card reader 84 are enabled
      at operation 154.
PAR  Three types of customer transactions are possible with the dispensing
      system including a credit card transaction, a cash (dollar bill)
      transaction and a cash card transaction. When a customer inserts a credit
      card into the card gate 18 an inquiry 156 provides a positive response and
      the card reader and bill reader are disabled during an operation 158.
      Next, the sequence advances to inquiry 160 to evaluate data read from the
      inserted credit card. If for some reason the data cannot be read from the
      inserted credit card, inquiry 160 advances the sequence to inquiry 162
      which produces a negative response on the first and second reading of the
      card. The card is then released at step 164 and message No. 6 of Table I
      is presented at the instruction display 20 as at step 166. When the card
      is removed from the throat 28, the sequence returns to the display 152 and
      the enable operation 154.
PAR  A positive response to the inquiry 162 indicates that three attempts have
      been made to read the inserted card and the sequence advances to a release
      card operation 168 of FIG. 15. At this time, message No. 3 of Table I is
      presented at the display 20 as at step 170. An error subroutine is now
      entered to establish the sequence for printing a receipt to the customer
      with an error code indicating that his card cannot be read. Following the
      subroutine 172, the message No. 5 of Table I is presented in the display
      20 at step 174. The terminal console 12 then returns to the ready state
      during operation 176 and a receipt is printed during operation 178 for
      return to the customer through the receipt throat 32. The sequence then
      returns to operation 154 with the message No. 1 of Table I presented at
      the display 20.
PAR  A negative response to the inquiry 160, indicating that data has been read
      from the credit card, advances the sequence to an operation 180 having as
      a subroutine thereto a validity check 182. During the card validity check
      182, data from the card is transferred to the computer 42 where a check
      digit is evaluated. If the check digit is valid, the authorization
      sequence begins. If the check digit is incorrect, the computer 42 causes
      message No. 3 of Table I to be presented in the display 20. For an
      incorrect check digit, the sequence of FIG. 15 is then completed.
PAR  For an invalid card, the sequence of FIG. 14 is implemented with message
      No. 3 displayed at step 184. The card is released during operation 186 and
      message No. 8 of Table I is presented at the display 20 in a step 188. A
      five second time-out is started at the step 190 and inquiry 192 is
      completed to determine when the five second time-out has elapsed.
      Completion of the five second time-out advances the sequence to operation
      194 wherein the terminal console 12 is readied for the next transaction
      and the sequence returns to the step 152 and operation 154.
PAR  During the card verification sequence, a customer also enters his personal
      identification code by means of the security keyboard 16 and this data is
      compared with a security identification code, derived from the number on
      the inserted credit card. An alternate verification routine is described
      in the U.S. Pat. No. 3,662,343 issued in the name of Kenneth S. Goldstein
      et al. and entitled Credit Card Automatic Currency Dispenser.
PAR  When the verification routine provides a valid card indication, the system
      operation proceeds from operation 180 to sequence 196 of FIG. 11. At the
      same time, message No. 3 of Table I is presented in the display 20 as at
      step 198. In the authorization sequence 196, the computer 42 sets up an
      authorization request data message and waits for a poll from the
      concentrator 58, which in turn sends a message to the regional (or
      national) computer 64.
PAR  Immediately upon completion of the setting up of the authorization request
      data message, the computer 42 sets a ten second time-out during which an
      "authorization-to-send" poll must be received at the central controller
      38. If a poll is not received during that time, a local authorization
      message is generated by the computer 42 and the sequence advances to the
      inquiry 200. If a poll is received and the authorization request data
      message sent from the terminal to the regional computer 64, the computer
      42 sets up a fifteen second time-out as a waiting period for receiving a
      credit okay authorization message from the computer 64. Alternatively, the
      message received from the computer 64 may be a request to repeat the
      authorization request data message. Up to two such requests may be
      received by the computer 42, after which further transmission is
      terminated and local authorization granted by the computer 42 with the
      sequence advancing to the inquiry 200. Upon receipt of a credit okay
      authorization message or a non-credit authorization message from the
      regional computer 64, the sequence also advances to the inquiry 200.
PAR  The receipt of a non-credit authorization message produces a negative
      response to the inquiry 200 and the sequence of FIG. 11 advances to the
      inquiry 204. If the credit card is to be captured, the sequence advances
      to capture operation 206 and from 206 to an error code subroutine 210. A
      negative response to the inquiry 204, indicating the card is not to be
      captured, increments the sequence to the release card operation 208 and
      then to the error code routine 210. Upon completion of the error code
      routine 210, a print routine 212 is then entered and the message No. 5 of
      Table I presented at the display as at step 214. Completion of the print
      routine 212 recycles the system to operation 154 and display step 152.
PAR  Any time an authorization credit message is generated either from the
      regional computer 64 or the local computer 42, the inquiry 200 produces a
      positive response and the system advances through the release operation
      202 to release the credit card to the customer and then advances to the
      pump select sequence of FIG. 16. Upon entering the pump select sequence,
      message No. 4 of Table I is presented in the display 20 at step 216 and
      two time-out periods are started during a time-out operation 218. Time-out
      inquiries 220 and 222 are then repeated until a pump is selected. If a
      pump is not selected within 30 seconds, the inquiry 222 produces a
      positive response advancing the sequence to a light flashing operation 224
      thereby activating the display 20 into a flashing mode and also energizing
      the audio alarm located on the console panel at the grill 34. At the end
      of 120 seconds, if a pump has not been selected, the inquiry 220 provides
      a positive response to advance the sequence to the error code subroutine
      226. The transaction is terminated with message No. 5 of Table I presented
      in the display 20.
PAR  Before the 120 second time-out has expired, operation 224 will have been
      initiated and the subroutine 228 turns off the audio alarm and causes the
      display of message No. 5 at step 230.
PAR  As the sequence circulates through the inquiries 220 and 222, an inquiry
      234 is made to determine if a pump has been selected. When the customer
      has selected a particular pump the inquiry 234 provides a positive
      response and the sequence advances to a cancel time-out operation 236 and
      then to a step 238 for turning off the audio alarm. Next, the sequence
      proceeds through inquiries 240 and 242 to evaluate if the selected pump is
      operational (inquiry 240) or if the selected pump is busy (inquiry 242).
      With a positive response to either of these inquiries the system proceeds
      to the operation 228 and message No. 5 is presented at the display 20 in
      step 230.
PAR  Following the subroutine 228, the sequence advances to a print record
      routine 232 to generate a receipt to the customer indicating the reason
      for the termination of the transaction. The sequence then returns to the
      operation 154 and message No. 1 of Table I is displayed at step 152.
PAR  A negative response to both the inquiries 240 and 242 advances the sequence
      to a pump disable operation 244 to deactivate the pump select keyboard 88
      and following the disable operation 244 proceed to a pump display step
      246. In the pump display step 246 an "in use" display is presented at the
      status indicator 24. Next, message No. 7 of Table I is presented in the
      display 20 at a step 250 and the step 252 is completed to return the
      terminal console 12 to the initialization step.
PAR  Referring to FIG. 17, on completion of the pump select sequence, the system
      advances to the fuel dispensing sequence commencing with the setting
      operation 254 to activate the relays of network 96 to turn on the high and
      low flow rate valves for dispensing of fuel by a customer. With the "go to
      pump and dispense fuel" message displayed, and the pump enabled, the
      central controller 38 sets up the selected pump, sets protective
      time-outs, and monitors fuel flow pulses. If the transaction is from a
      credit card, fuel is dispensed at a high rate until the pump nozzle
      trigger is released. If a cash transaction, the central controller 38 sets
      the fuel flow at a high rate until about fifty flow pulses prior to
      reaching the cash limit. At the fifty flow pulse limit, the fuel flow is
      reduced to a lower rate until the pump shuts off automatically when the
      cash limit is reached.
PAR  Following the enabling of the high and low flow rate valves set in
      operation 254, a ten minute time-out is set in step 256. This time-out is
      set to assure that the customer completes the dispensing of the desired
      fuel within a preset limit period. If this amount of time is exceeded, the
      transaction is terminated as though the customer replaced the pump nozzle
      in its stowed position. Also, as a protective feature, a maximum dollar
      limit will be allowed before terminating the transaction.
PAR  After setting the ten minute time-out at operation 256, the dispensing
      sequence proceeds to inquiry 258 which determines if the customer has
      completed his transaction by returning the pump nozzle to a stowed
      position. A "yes" response to the inquiry 258 advances the sequence to a
      release operation 260 which releases the high and low flow rate valves.
      Following the operation 260, one of the messages Nos. 10-15 will be
      presented at the display 20, depending on the pump selected. At this time,
      the sequence returns to routine 232, the print record routine, of FIG. 16.
PAR  A negative response to the inquiry 258, indicating that delivery of fuel
      has not been completed, advances the sequence to an inquiry 264 which
      evaluates when, during a cash transaction, the fifty flow pulse to
      completion limit is met. A positive response to the inquiry 264,
      indicating that the pulse limit has been reached, advances the sequence to
      a release operation 266 to change from the high flow rate to the low flow
      rate for the remainder of the fifty pulses. Upon completion of operation
      266 or a negative response to inquiry 264, the sequence advances to
      inquiry 268 for evaluating the ten minute time-out set by the operation
      256. A negative response to the inquiry 268 returns the sequence to the
      inquiry 258. A positive response initiates a release operation 270 to
      release the high and low flow rate relays 120-b and 120-c. Following the
      operation 270, the inquiry 272 is recirculated until a positive response
      advances the sequence to the display step 262.
PAR  If the transaction just completed was initiated by a credit card, billing
      data is transmitted to the regional computer 64 and automatically entered
      on a customer's account. This is completed by the computer 42 first
      generating a billing message that includes a poll code, a terminal code,
      the credit card number, the station identification code, the company code,
      a dollar amount, amount of fuel dispensed, type of fuel dispensed and an
      invoice number. In addition, tax data, unit price information and an
      end-of-transmission code is included in the billing message. A billing
      message is transmitted from the computer 42 to the regional computer 64 by
      the same polling sequence that was used for authorization requests.
PAR  A typical authorization or billing message sequence for transmitting to the
      regional computer 64 or receiving from the regional computer commences by
      the concentrator 58 polling each of the output lines 62. When a remote
      station has a message prepared to be transmitted to the regional computer
      64, that station recognizes the poll of concentrator 58 and places the
      message on the line 56. The concentrator 58 stops polling and the terminal
      transmits the authorization or billing message and sets a fifteen second
      timer. The remote station waits for a response from the concentrator 58
      while the concentrator sends the message to the regional computer 64 and
      takes the terminal off the polling schedule and resumes polling.
PAR  All the remote stations continually scan the messages from the concentrator
      58 until recognizing an identifying signature and message. The remote
      station then accepts the message and the concentrator 58 returns the
      terminal to the polling schedule. That is, after a remote station has
      transmitted either an authorization request or billing message to the
      regional computer 64, it is removed from the polling sequence. If a
      terminal has not received a message within fifteen seconds after
      transmitting an authorization request message, the transaction is
      authorized locally by the local computer 42, as explained.
PAR  In response to an authorization request message from a remote station, the
      regional computer, through the concentrator 58, transmits to the inquiring
      station, one of six messages. One of these messages is a credit okay
      authorization which is transmitted upon satisfying certain criteria for
      operating the dispensing system. A second message "unauthorized user" is
      transmitted in the situation where a credit card has been lost or stolen
      and the user does not have rightful authorization to use the card. Another
      message "retransmit" is taken by the local computer 42 as a signal to give
      local authorization for the use of a presented credit card. A fourth
      message "do not honor" is transmitted by the computer 64 under
      circumstances such as excessive credit showing on a particular account.
      Also in the case of bad payment record, the "do not honor" message is
      transmitted from the regional computer 64 to the local computer 42. Still
      another message transmitted from the computer 64 to an inquiring remote
      station is the "pick-up card" code transmitted when a particular card has,
      for example, expired. This message may also be transmitted for an
      extremely poor payment record or excessive credit charges. One final
      message is an instruction to call the regional computer facility for
      detailed instructions.
PAR  In response to transmission of a billing message from a remote station, the
      regional computer 64 generates either a "successful receipt of billing
      data" message or a "retransmit" message.
PAR  When an authorization request message has been transmitted to the regional
      computer 64, the inquiring remote station will activate the fuel
      dispensing sequence upon receipt of messages 1, 3 (repeated three times),
      and 6 in addition to expiration of the fifteen second time-out and an
      incorrect authorization response. In the case of a billing message being
      transmitted from a remote station to the regional computer 64, when a
      retransmit message has been sent to the concentrator 58, the billing
      message will be retransmitted to the regional computer.
PAR  Referring to FIG. 18, whenever in the various subroutines a release card
      subroutine is entered the system enters this routine at an open card
      throat operation 274 that opens the card throat gate 28 followed by a time
      delay initialization step 276. After setting up a time delay at step 276,
      the card reader 84 is disabled in a disable operation 278 and an inquiry
      280 is made to determine if the card has been transmitted to the throat
      28. When the card has been delivered to the throat 28, the release card
      routine sets up thirty and fifteen second time-outs in a time-out 282. Two
      time-out inquiries 284 and 286 are then recirculated until a "yes"
      response results from either, or the card is removed from the throat 28
      resulting in a positive response from the inquiry 288.
PAR  If the card is not picked up within fifteen seconds by a customer, the
      inquiry 286 produces a positive response initiating a flashing display
      operation 290, causing the display 20 to be activated into a flashing mode
      and energizing audio alarm 34. After an additional fifteen seconds, the
      inquiry 284 produces a positive response and the display 20 is changed to
      "see attendant" as at a display step 292. The error lamp operation 294 is
      also implemented upon a positive response to the inquiry 284 to turn on an
      error lamp on the data entry panel. This sets up the inquiry 296 which
      recirculates until the card has been removed from the throat 28. Removing
      a card from the throat 28 causes the routine to return to the
      initialization step of FIG. 9.
PAR  In addition to credit card actuation of the system, it is also implemented
      to be activated by dollar bills inserted into the currency gate 30. When a
      customer, in response to the instruction of the display 152 of FIG. 9,
      inserts a dollar bill, the inquiry 156 produces a negative response to
      advance the sequence to card reader disable operation 298 to disable the
      card reader 84 and advance the sequence to the routine of FIG. 10.
PAR  Initially, message No. 9 of Table I is presented at the display 20 as at
      the display step 300. Up to ten one dollar bills will be accepted by the
      system, each within a thirty second time-out as established by time-out
      step 302. Following initiation of the time-out, the inquiries 304, 305 and
      308 are made to determine first if another bill is presented, next if a
      pump has been selected, and third if the thirty second time-out has
      expired. If the thirty second time-out has not expired, the sequence
      recirculates through the inquiries 304 and 306. When the time-out has
      expired without a positive response to either inquiry 304 or 306, the
      sequence advances to a disable bill reader operation 310 and then to the
      time-out 218 of the pump select sequence.
PAR  Each time a dollar bill is entered through the currency gate 30, inquiry
      304 results in a positive response and the system advances to the inquiry
      312. The inquiry 312 determines if the ten dollar limit has been reached
      and if not, recirculates the dollar bill sequence to the step 302. If ten
      dollars has been inserted into the terminal console 12, a positive
      response results from the inquiry 312 and the sequence advances to the
      disable bill reader operation 310.
PAR  When the sequence produces a positive response to the inquiry 306,
      indicating that a customer has inserted all the dollar bills he desires,
      and has selected a pump, the sequence advances to a disable bill reader
      operation 314. Following the operation 314, the sequence advances to
      inquiry 240 of the pump select sequence of FIG. 16. Either in response to
      the operation 310 or the operation 314, the cash sequence of the system
      proceeds as previously described with regard to credit card dispensing.
PAR  In the cash transaction operation of the system, when a user has inserted
      dollar bills greater in value than the amount of gasoline dispensed, the
      print receipt sequence prints a refund receipt for use by the customer to
      obtain a cash refund from an attendant.
PAR  A third mode of operation of the system of the present invention is the use
      of a cash card, that is, a credit card having a fixed cash value. When
      such a cash card has been entered into the system in response to the
      message of step 152, the sequence advances through the routines of FIG. 9
      and from the step 180 to the routine 316 of FIG. 12. In the routine 316,
      the value of the card is entered in the computer 42 and the sequence
      advances to the operation 318 to capture the cash card and not allow its
      return to the user. After capturing the cash card, the sequence advances
      to the time-out 218 of the pump select sequence of FIG. 16 and the system
      proceeds through the pump select sequence and the fuel dispense sequence
      of FIG. 17 as in a currency transaction.
PAR  Whenever the program initialization sequence of FIG. 9 proceeds through the
      operation 180 and the presented card is not honored due to having expired,
      message No. 3 of Table I is presented at the display 20 as during step 322
      of FIG. 13. The release card operation 320 is entered followed by the
      subroutine 324. At this time, message No. 5 of Table I is presented at the
      display 20 during a display step 328. Following the ready for next
      transaction operation 326, the print record subroutine 330 is entered and
      the system returns to step 154 of FIG. 9.
PAR  While only one embodiment of the invention, together with modifications
      thereof, has been described in detail herein and shown in the accompanying
      drawings, it will be evident that various further modifications are
      possible without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic document controlled dispensing system with remote stations
      and a communication connection with a regional computer, comprising in
      combination:
PA1  reading means at a remote station for reading verification data from a
      credit document inserted into a terminal console,
PA1  verification means at the remote station coupled to said reading means and
      receiving therefrom the verification data from the terminal console and
      verifying the authenticity of an inserted credit document,
PA1  means responsive to the verification of a document for setting up an
      authorization request message for an authenticated document,
PA1  means for transmitting the authorization request message to the regional
      computer and for transmitting a credit authorization message or a refuse
      credit authorization message from the regional computer to a selected
      remote station, and
PA1  means for dispensing an article selected in response to the credit
      authorization message.
NUM  2.
PAR  2. An automatic document controlled dispensing system as set forth in claim
      1 wherein said verification means includes:
PA1  first means for storing a verification code inserted into the machine, and
PA1  second means interconnected through said first means for comparing
      verification data read from the presented document with the stored
      verification code for verification of the validity of the presented
      document.
NUM  3.
PAR  3. An automatic document controlled dispensing system as set forth in claim
      1 including means for polling each of the remote stations in sequence to
      ascertain the condition thereof to transmit an authorization request
      message to the regional computer.
NUM  4.
PAR  4. An automatic document controlled dispensing system with remote stations
      and a communication connection with a regional computer, comprising in
      combination:
PA1  reading means at a remote station for reading verification data from a
      credit document inserted into a terminal console,
PA1  verification means at the remote station coupled to said reading means and
      receiving therefrom the verification data from the terminal console and
      verifying the authenticity of an inserted credit document,
PA1  means responsive to the verification of a document for setting up an
      authorization request message for an authenticated document,
PA1  means for transmitting the authorization request message to the regional
      computer and transmitting a credit authorization message or a refuse
      credit authorization message from the regional computer to a selected
      remote station,
PA1  means for dispensing an article selected in response to the credit
      authorization message, and
PA1  means for printing a receipt at the terminal console identifying the value
      of a dispensed article.
NUM  5.
PAR  5. An automatic document controlled dispensing system as set forth in claim
      4 including means at a remote station for transmitting a dispensed article
      value message to the regional computer.
NUM  6.
PAR  6. An automatic document controlled dispensing system as set forth in claim
      4 wherein said verification means includes means for establishing a
      maximum time period for transmission of the authorization request message
      to the regional computer.
NUM  7.
PAR  7. An automatic document controlled dispensing system as set forth in claim
      6 wherein said verification means includes means actuated at the end of
      the time period when the request message has not been transmitted to
      generate a credit authorization message at the remote station.
NUM  8.
PAR  8. An automatic document controlled dispensing system as set forth in claim
      4 including means for selecting an article to be dispensed in response to
      the credit authorization message.
NUM  9.
PAR  9. An automatic document controlled dispensing system with remote stations
      and a communication connection with a regional computer, comprising in
      combination:
PA1  reading means at a remote station for reading verification data from a
      credit document inserted into a terminal console,
PA1  verification means at the remote station coupled to said reading means and
      receiving therefrom the verification data from the terminal console and
      verifying the authenticity of an inserted credit document,
PA1  means responsive to the verification of a document for setting up an
      authorization request message for an authenticated document,
PA1  means for transmitting the authorization request message to the regional
      computer and transmitting a credit authorization message from the regional
      computer to a selected remote station,
PA1  means for dispensing an article selected in response to the credit
      authorization message,
PA1  means at the terminal console for receiving currency and generating a
      currency closure signal, and
PA1  means responsive to the current closure signal to generate a currency total
      signal and actuate said means for dispensing.
NUM  10.
PAR  10. An automatic document controlled dispensing system as set forth in
      claim 9 including means for generating a currency refund receipt when the
      currency total signal exceeds the value of the dispensed article.
NUM  11.
PAR  11. An automatic document controlled dispensing system with remote stations
      and a communication connection with a regional computer, comprising in
      combination:
PA1  reading means at a remote station for reading verification data from a
      credit document inserted into a terminal console,
PA1  verification means at the remote station coupled to said reading means and
      receiving therefrom the verification data from the terminal console and
      verifying the authenticity of an inserted credit document,
PA1  means responsive to the verification of a document for setting up an
      authorization request message for an authenticated document,
PA1  means for transmitting the authorization request message to the regional
      computer and transmitting a credit authorization message from the regional
      computer to a selected remote station,
PA1  means for dispensing an article selected in response to the credit
      authorization message,
PA1  means for receiving a fixed value credit document and generating a value
      signal therefor, and
PA1  means responsive to the value signal to actuate said means for dispensing.
NUM  12.
PAR  12. An automatic document controlled dispensing system as set forth in
      claim 11 including means for generating a value refund receipt when the
      value signal exceeds the value of the dispensed article.
NUM  13.
PAR  13. An automatic credit card controlled fuel dispensing system with remote
      stations and a communication connection with a regional computer,
      comprising in combination:
PA1  a card reader at terminal console for a remote station, the card reader
      responsive to verification data on a credit card and providing a
      verification data signal,
PA1  verification means at the remote station coupled to said card reader and
      receiving therefrom the verification data signal from the terminal console
      and verifying the authenticity of an inserted credit card,
PA1  means responsive to the verification of a credit card for setting up an
      authorization request message for an authenticated credit card,
PA1  means for transmitting the authorization message to the regional computer
      and transmitting a credit authorization message from the regional computer
      to a selected remote station,
PA1  a plurality of fuel dispensing terminals connected in sets to one terminal
      console at a remote station and controlled therefrom, and
PA1  means at said terminal console for selecting one of the fuel dispensing
      terminals for dispensing of a quantity of fuel in response to a credit
      authorization message.
NUM  14.
PAR  14. An automatic credit card controlled fuel dispensing system as set forth
      in claim 13 including means at each terminal console for printing a
      receipt of a fuel dispensing transaction including the value thereof.
NUM  15.
PAR  15. An automatic credit card controlled fuel dispensing system as set forth
      in claim 13 including a currency reader at the terminal console for
      receiving currency and generating a currency closure signal, and means
      responsive to the currency closure signal to generate a currency total
      signal and actuate a selected fuel dispensing terminal.
NUM  16.
PAR  16. An automatic credit card controlled fuel dispensing system as set forth
      in claim 15 including means for generating a currency refund receipt when
      the currency total signal exceeds the value of fuel dispensed from a
      dispensing terminal.
NUM  17.
PAR  17. An automatic credit card controlled fuel dispensing system as set forth
      in claim 13 wherein said card reader includes means for receiving a fixed
      value credit card and for generating a value signal therefor, and means
      responsive to the value signal to actuate a selected fuel dispensing
      terminal.
NUM  18.
PAR  18. An automatic credit card controlled fuel dispensing system as set forth
      in claim 17 including means for generating a refund receipt when the value
      signal exceeds the value of fuel dispensed from a terminal in a dispensing
      transaction.
NUM  19.
PAR  19. In an automatic document controlled dispensing system with remote
      stations and a communication connection with a regional computer, the
      method comprising the steps of:
PA1  verifying the authenticity of a credit document inserted into said system
      at a terminal console,
PA1  setting up an authorization request message for transmission to the
      regional computer in response to the verification of a credit document,
PA1  transmitting the authorization request message to the regional computer
      upon a verification of the authenticity of the inserted credit document,
PA1  transmitting a credit authorization message or a refuse credit message from
      the regional computer to a selected remote station in response to an
      authorization request message,
PA1  monitoring the value of a selected article dispensed from the system in
      response to a credit authorization message and generating a monitored
      value message, and
PA1  transmitting the monitored value message to the regional computer for
      recording therein.
NUM  20.
PAR  20. In an automatic document controlled dispensing system as set forth in
      claim 19 including the step of generating a receipt at the terminal
      console identifying the value of an article selected and dispensed.
NUM  21.
PAR  21. In an automatic document controlled dispensing system as set forth in
      claim 19 including the step of setting up a monitored value message for
      transmission to the regional computer.
NUM  22.
PAR  22. In an automatic document controlled dispensing system as set forth in
      claim 19 including the step of polling each of the remote stations in
      sequence to transmit an authorization request message to the central
      computer.
NUM  23.
PAR  23. In an automatic document controlled dispensing system as set forth in
      claim 22 including the step of establishing a maximum time period for
      receipt of a polling of a remote station and the transmission of the
      authorization request message to the regional computer.
NUM  24.
PAR  24. In an automatic document controlled dispensing system as set forth in
      claim 23 including the step of generating a credit authorization message
      at the remote station at the expiration of the maximum time period and
      when the request message has not been transmitted to the regional
      computer.
NUM  25.
PAR  25. In an automatic document controlled dispensing system as set forth in
      claim 22 including the step of polling each remote station in sequence to
      ascertain the condition thereof to accept a credit authorization message
      or a refuse credit message from the regional computer.
NUM  26.
PAR  26. In an automatic document controlled dispensing system with remote
      stations and a communication connection with a regional computer, the
      method comprising the steps of:
PA1  reading coded data from the presented document,
PA1  comparing the coded data with a verification code inserted and stored in a
      terminal console for verification of the authenticity of the presented
      document,
PA1  transmitting an authorization request message to the regional computer upon
      a verification of the authenticity of the read presented document,
PA1  transmitting a credit authorization message or a refuse credit message from
      the regional computer to a selected remote station in response to an
      authorization request message,
PA1  selecting an article to be dispensed from the system in response to a
      credit authorization message, and
PA1  generating a dispensed article value message for transmission to the
      regional computer for recordal therein.
NUM  27.
PAR  27. In an automatic document controlled dispensing system as set forth in
      claim 26 wherein the step of comparing the read code data with a
      verification code includes the step of comparing read identification data
      with a customer's identification code inserted into the terminal console.
NUM  28.
PAR  28. In an automatic document controlled dispensing system with remote
      stations and a communication connection with a regional computer, the
      method comprising the steps of:
PA1  verifying the authenticity of a credit document inserted into said system
      at a terminal console,
PA1  transmitting an authorization request message to the regional computer upon
      a verification of the authenticity of the inserted credit document,
PA1  transmitting a credit authorization message or a refuse credit message from
      the regional computer to a selected remote station in response to an
      authorization request message,
PA1  selecting an article to be dispensed from the system in response to a
      credit authorization message, and
PA1  generating the receipt at the terminal console identifying the value of an
      article selected and dispensed.
NUM  29.
PAR  29. In an automatic document controlled dispensing system as set forth in
      claim 28 including the step of releasing a credit document inserted into
      the system upon receipt at a terminal console of a credit authorization
      message.
NUM  30.
PAR  30. In an automatic credit card controlled fuel dispensing system with
      remote stations and a communication connection with a regional computer,
      the method comprising the steps of:
PA1  reading coded data from a credit card presented to a terminal console at a
      remote station,
PA1  verifying the authenticity of the credit card inserted into said system at
      the terminal console from the read coded data,
PA1  setting up an authorization request message for transmission to the
      regional computer in response to an authenticated credit card,
PA1  transmitting the authorization request message to the regional computer,
PA1  transmitting a credit authorization message from the regional computer to a
      selected terminal console,
PA1  selecting a fuel dispenser from one of a plurality of said dispensers
      connected in sets to one terminal console at a remote station and
      controlled therefrom, and
PA1  actuating a fuel dispenser in response to a selection signal to thereby
      allow the dispensing of fuel.
NUM  31.
PAR  31. In an automatic credit card controlled fuel dispensing system as set
      forth in claim 30 including the step of timing the interval between the
      selection of a fuel dispenser and the commencing of a dispensing
      transaction, and terminating a fuel dispensing transaction when the
      elapsed time exceeds a predetermined maximum limit.
NUM  32.
PAR  32. In an automatic credit card controlled fuel dispensing system as set
      forth in claim 30 including the step of monitoring the value of fuel
      dispensed in a transaction in response to the actuation of a fuel
      dispenser.
NUM  33.
PAR  33. In an automatic credit card controlled fuel dispensing system as set
      forth in claim 32 including the step of terminating a fuel dispensing
      transaction when the monitored value exceeds a pre-established limit.
NUM  34.
PAR  34. In an automatic credit card controlled fuel dispensing system as set
      forth in claim 32 including the step of generating a receipt at the
      terminal console identifying the value of the fuel dispensed from a
      selected fuel dispenser.
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ABST
PAL  Logs which are to be divided into standard length blocks are first measured
      and their total length is displayed visually on an electronic readout
      device. Based on this length measurement, an operator selects one of
      several standard lengths and causes the log to advance relative to a
      cutoff saw where it is then cut. Total length measurement is determined by
      presetting a counter with a count representing maximum possible log
      length, down counting the counter when the trailing edge is detected and
      stopping the count when the leading edge reaches a reference position.
      Movement of the log is obtained from a tachometer generator mounted to
      rotate with a conveyor drive and an electronic circuit converts the output
      of the tachometer generator into pulses each representing a predetermined
      and convenient unit of length measurement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a conveyor control for advancing logs past a saw
      where they may be cut into smaller, selected lengths. There is an optimum
      combination of standard length blocks available from a log of a given
      length, and in order to maximize the volume of good wood which may be
      obtained from any given log, the operator must know its length accurately
      so he can choose the proper combination of smaller, standard lengths into
      which it is to be cut.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a device which displays visually the length of
      each log approaching a cutoff saw to provide the operator with information
      regarding the total length of the log, or the length of the log remaining
      after it has been cut.
PAR  A length counter is preset to a value slightly larger than the maximum
      length of the log which may be accommodated on the conveyor as a conveyor
      chair, representing the trailing edge of the log, passes a detector. The
      length counter is then down-counted until the leading edge of the log is
      detected by a stop detector. The stop detector is located a fixed distance
      from the cutoff saw, and therefore this invention provides for continuing
      to move the conveyor through this distance and then to stop it with the
      leading edge of the log in line with the saw.
PAR  In the preferred embodiment of the invention, the operator may then select
      one of three preset log lengths and cause the log to advance automatically
      relative to the saw by the selected preset length. As the log moves, the
      total length counter continues to display the length of the log which
      remains ahead of the saw.
PAR  The movement of the log is measured by means of a tachometer generator
      connected to the log conveyor. One unique feature of the invention is the
      use of a tachometer prescaler circuit which enables the output pulses
      supplied to the length counter to be adjusted to represent practically any
      preselected interval, regardless of the spacing of the pulse output from
      the tachometer generator. This enables the length measuring device to be
      installed on existing conveyor systems without extensive modification
      since the tachometer generator output may be modified to provide distances
      of movement of the log in terms of conventional units of length
      measurement by electronic means.
PAR  The tachometer prescaler circuit operates by multiplying the output of the
      tachometer or shaft encoder by an adjustable preset number (M) and
      dividing the result by another adjustable preset number (N). Therefore,
      the output frequency of the tachometer is in effect multiplied by M/N to
      provide the desired output. The tachometer has a quadrature output which
      enables the prescaler circuit to determine direction of rotation and to
      take this into account when generating output pulses.
PAR  Accordingly, it is an object of this invention to provide an improved
      control system for moving logs by a conveyor past a cutoff saw in which
      the total length of the log remaining is displayed visually by
      electro-optic devices and in which the operator may select one of several
      preset lengths to advance the log relative to the saw; to provide an
      improved electronic circuit for use with the conveyor system described
      above in which the length of the log ahead of the cutoff saw is displayed,
      continuously regardless of direction of travel of the conveyor; and to
      provide an improved electronic circuit which calibrates the output from a
      tachometer generator into pulses representing standard units of length
      measurement, regardless of the direction of rotation of the tachometer.
PAR  Other objects and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view showing the log conveyor and a block diagram of the
      control circuitry;
PAR  FIG. 2 is a block diagram of the control circuitry; and
PAR  FIG. 3A and 3B together are an electrical schematic diagram of the
      tachometer prescaler circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings which show a preferred embodiment of this
      invention, and particularly to FIG. 1, a log 10 is moved by means of a
      conveyor 12 driven by a motor 15. A manually positionable saw 17, mounted
      at the end of the conveyor 12, may be used to cut the log 10 into any
      length selected by an operator. A second conveyor 18 removes the sawn log
      blocks or sections.
PAR  Log length measurement is determined by establishing a fixed distance
      between a first detector 20 and a second detector 21. This distance is
      greater than the length of the logs carried by the conveyor 12. The
      electronic control circuit, shown generally at 25, includes a readout
      device 26 which initially displays the distance between the two detectors,
      as prerecorded in a length counter. A shaft encoder or tachometer 30,
      connected to the conveyor 12, supplies pulses representing movement to the
      circuit 25, and these pulses cause the length counter to down-count when
      the trailing edge 31 of the log, as represented by a conveyor chair 32,
      passes the first detector 20. This will continue until the leading edge 33
      of the log is detected by the second detector 21. Thus, the longer the
      log, the fewer the pulses supplied to down-count the length counter. The
      conveyor then moves the log the distance between the detector 21 and the
      saw 17 where it is stopped. During this movement, the length counter
      remains unchanged.
PAR  By knowing the total length of the log, the operator can then cut the log
      into several shorter, standard length sections or blocks and thus obtain
      maximum yield from each log. In the embodiment shown, the operator may
      select one of three preset lengths, and then cause the log 10 to advance
      that preset distance and stop so that the operator can thereafter cause
      the saw 17 to cut the log. To accomplish this, the operator has three sets
      of dials 35, 36 and 37 into which he may preset the length he wishes the
      log to travel before stopping. Selection of one of these preset distances
      may be made by depressing one of the switches 40-42.
PAR  Referring now to FIG. 2 which is a block diagram of the control circuit 25,
      the length readout device 26 is connected directly to the output of a
      length counter 50. This counter is an up-down type of counter which may be
      preset from a read-only-memory 51 to a length value which represents the
      distance between detectors 20 and 21, or the maximum length of log which
      may be accepted by the device. Upon initiation of the counting sequence by
      the detector 20, the length counter will begin downcounting from the
      preset value until the leading edge 33 is detected by detector 21. The
      count then remaining in the length counter 50, as displayed on the readout
      device 26, represents the initial length of the log.
PAR  The counter 50 down-counts due to movement of the conveyor 12 in the
      direction of the arrow in FIG. 1, as represented by pulses generated by
      the tachometer generator 30. The output of the tachometer 30 is received
      by a tachometer prescaler circuit 55 which, as has been explained,
      modifies the pulse output of the tachometer generator by the ratio M/N.
      The number M is supplied by a first or M counter 56 and the number N is
      supplied by a second or N counter 57. The output of the prescaler, which
      now represents accurate, and convenient increments of length, are then
      directed to the length counter 50 through a gate 60. The output of the
      tachometer prescaler 55 is also supplied to a work counter 65.
PAR  The work counter 65 controls the operation of the conveyor drive motor 15
      through two outputs, 66 and 67, which control relays connected to the
      drive motor. Relay K1 is energized whenever the work counter includes a
      number greater than zero, and is deenergized at a preset number,
      determined by control circuit 65a. Relay K2 is energized whenever the work
      counter approaches its zero condition to cause the motor to run at the
      slower speed and is deenergized at a preset number determined by control
      circuit 65a.
PAR  The work counter 65 may be preset with a number representing the distance
      from the detector 21 to the plane of the saw 17 from an overtravel
      read-only-memory (ROM) 68, and this is accomplished when the leading edge
      33 of the log is detected by the detector 21. Thereafter, the work counter
      will be conditioned to a count as contained in one of the three preset
      circuits 35-37 which, as explained before, may be manually adjusted by the
      operator. The count from one of these circuits is loaded into the work
      counter 65 by the operator by closing one of switches 40-42 which sets a
      corresponding flip-flop 40a-42a.  These flip-flops are connected both to
      the preset circuits 35-37 and to OR gate 69 which causes one of the
      memories to be loaded into the work counter 65. OR gate 69 also receives
      an output from the detector 21 to cause the overtravel memory 68 to be
      read into the work counter upon the initiation of the measuring sequence.
PAR  Once a length is loaded into the work counter 68, the run relay K1 will
      energize to cause the conveyor to move the log until the work counter has
      been counted down to zero. Immediately prior to the zero count, relay K2
      will cause the conveyor to slow so that the log will not overshoot the
      saw.
PAR  Thus, the operator may place several preset lengths into the preset
      circuits 35-37 and cause one to be selectively entered into the work
      counter 65 by operation of one of the switches 40-42. The log will then
      advance a distance equal to that which was preset. Since the length
      counter 50 is active in the circuit at all times, the readout device 26
      will indicate the length of the log which remains after each cut.
PAR  In the event that the operator desires to reverse the travel of the
      conveyor, he may do so and retain an indication on the readout device 26
      of the length of the log which remains ahead of the saw. This is
      accomplished by using up-down counters for both the length counter 50 and
      the work counter 65, and by providing a tachometer generator 30 which
      provides not only pulses representing distance of movement but also an
      output signal which represents the direction of movement.
PAR  Upon the detection of the trailing edge of the log by the photodetector 20,
      an output is supplied to a pulse generator or pulse forming circuit 72,
      the output of which causes the maximum length memory 51 to load the length
      counter 50 to the maximum length distance. At the same time, flip-flop 70
      is is set and allows pulses to pass through gate 60 to count down the
      length counter 50. Also, the output of the flip-flop 70 is applied to
      energize the overtravel memory 68 and allow that memory to be loaded into
      the work counter 65 so that the drive motor will continue to move the log
      the distance between the detector 21 and the saw 17 after the detector 21
      senses the leading edge of the log. Flip-flop 70 is reset when the work
      counter 65 obtains the count of all zeros. Thereafter, gate 60 is enabled
      through OR gate 71 by a signal on line 67 which is preset each time the
      work counter has set into it a length from one of the preset memories
      35-37.
PAR  Referring now to the prescaler circuit shown in FIGS. 3A and 3B, the
      tachometer generator 30 is a quadrature output shaft encoder having two
      outputs 75 and 76 which are directed through RC filters 77 and 78 to
      quantitizing amplifiers 80 and 81, the outputs of which are applied to
      flip-flop 85. Output 76 is used to steer the input of the flip-flop 85 to
      receive the pulse from line 75. In the embodiment shown, flip-flop 85 is a
      National Semiconductor Corp. type DM945 J-K flip-flop.
PAR  A delay network including inverters 86, 87 and 88 and RC network 89 is used
      to insure that the flip-flop inputs are enabled immediately prior to the
      transition of the signal on line 75. This prevents entry of erroneous
      information while the output of 75 is high.
PAR  The direction of rotation of the tachometer generator 30 will cause either
      the Q or Q output of flip-flop 85 to be high, which will direct the M
      pulses from counter 56 through either gates 91 or 92, respectively, to
      cause the N counter 57 to count up or down.
PAR  A phase-shift clock 95 supplies clock pulses at a rate higher than the
      output of the tachometer generator to the gates 91 and 92 under the
      direction of the M counter 56. The clock pulses are initiated by a single
      pulse from inverter 97 which presets the M counter 56 to a number
      determined by the M counter preset circuit 98. The M counter 56 includes
      two four bit binary counters 100 and 101, Fairchild type 9316. The clock
      95 will therefore run until it is inhibited by the terminal count output
      of counter 101 which appears on line 105. During the period when the
      terminal count inhibits the clock, the preset from circuit 98 is held on
      the counter 101 until the next negative to positive input pulse from
      inverter 97 is received.
PAR  Thus, the M counter 56 will allow a predetermined number of clock pulses
      from each tach pulse output from the generator 30 to be applied to gates
      91 and 92 and directed to the N counter 57, to cause that counter to count
      either up or down, depending upon the direction of rotation of the
      tachometer generator 30.
PAR  The N counter 57 supplies an output each time it receives a predetermined
      number of pulses, with this output being directed to the length counter
      50, as previously explained. The N counter 57 is recycled after a
      predetermined number of pulses, regardless of whether it is counting up or
      down. This permits the conveyor to move in either direction without
      causing erroneous outputs from the tachometer prescaler circuit.
PAR  The N counter 57 includes three binary count integrated circuits 110, 111
      and 112, each a National Semiconductor Corp. type DM8563 up-down binary
      counter, a preset circuit shown generally at 115, and comparator circuits
      or gates 117, 118 and 119, each a National Semiconductor Corp. type DM8200
      four bit comparator. The binary counters 110-112 are used in supplying the
      down count, on line 121 while the gate circuits 117-119 through AND gate
      123 and flip-flop 125 results in an up count on line 126 being applied to
      the length counter 50.
PAR  This circuit therefore enables the output pulses from the tachometer
      generator to be multiplied by the ratio M/N to provide a length
      measurement which may be calibrated in convenient units. Therefore a
      tachometer generator supplying output pulses representing any unit of
      length may be used and rotated in either direction and provided with the
      use of this invention an accurate and convenient indication of length
      measurement. Also, this type of circuit permits easy conversion from one
      unit of measurement to another, as for example, from inches to
      centimeters.
PAR  While the form of apparatus herein described constitutes a preferred
      embodiment of the invention, it is to be understood that the invention is
      not limited to this precise form of apparatus, and that changes may be
      made therein without departing from the scope of the invention which is
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for converting pulses representing movement in one unit of
      measurement to pulses representing another unit of measurement, including
PA1  means for generating pulses representing both distance and direction of
      movement,
PA1  clock means for supplying clock pulses at a rate higher than the pulse rate
      of said pulse generating means,
PA1  first and second adjustable counter means,
PA1  means responsive to said first counter for supplying a predetermined number
      of clock pulses to said second counter for each pulse supplied by said
      pulse generating means, and
PA1  gate means responsive to the pulse output of said pulse generating means
      for directing said predetermined number of pulses to cause said second
      counter to count either up or down, depending on the direction of movement
      of said pulse generating means,
PA1  said second counter providing one of two outputs, depending upon the
      direction of movement of said pulse generating means, whenever the number
      of pulses supplied thereto obtains a predetermined value,
PA1  whereby the output from said second counter means is determined by the
      pulses supplied from said pulse generating means as modified between ratio
      of the predetermined number preset into the first and second counter
      means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said second counter means includes
PA1  an up-down counter, said counter generating an output each time it down
      counts to zero,
PA1  coincidence gates connected to the output of said up-down counter for
      generating an output each time said counter up counts to a predetermined
      number, and
PA1  means for setting a preset number into said counter each time an output is
      generated by either said counter or said coincidence gates.
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ABST
PAL  An apparatus for counting and indicating the number of bowling games played
      in a bowling establishment having a plurality of lanes, each equipped with
      an automatic pinsetter. A count of eleven feedback counter provides a
      single output signal in response to eleven frame input signals each of
      which may be taken from the various automatic pinsetters each time a frame
      is played on any one of the lanes to convert frame signals to game
      signals. The output signal from the counter is then fed to a totalizer
      indicator which indicates the number of output pulses received as
      indicative of the number of games played in the bowling establishment.
PARN
PAR  This is a continuation of application Ser. No. 56,612 filed July 20, 1970,
      now U.S. Pat. No. 3,710,080 issued Jan. 9, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many modern bowling lane establishments are in constant operation, 24 hours
      of every day. As these establishments usually have a great many bowling
      lanes, often 50 or more, each generally is equipped with an automatic
      pinsetter. The pinsetters automatically clear the lanes of bowling pins
      which have been knocked down after the first ball of each frame and set
      ten pins after each frame. It is usually very difficult for the proprietor
      of a modern bowling lane establishment to determine accurately the actual
      use his lanes receive. Even if each pinsetter is provided with an
      individual counter for recording the number of frames or games bowled, a
      substantial amount of time is required in reading each of the many
      counters in totaling the sum of all the counters. Obviously, an accurate
      up to the minute count cannot be made of the actual number of frames
      played on all the lanes when relying on individual counters at each
      pinsetter because of the time involved in making the count.
PAR  It has therefore been proposed to use a single counter indicator that would
      indicate the number of games played in the entire establishment. The
      particular approach taken fed frame signals from each pinsetter to
      corresponding ten position stepping switches each of which was arranged to
      generate one output signal each time ten frame signals had been received
      from an associated pinsetter. The output signals from each of the stepping
      switches were then fed to a single mechanical counter-indicator which
      accumulated the number of pulses received from each stepping switch and
      indicated the number of the same as indicative of the number of games
      played in the entire establishment based on the assumption that ten frames
      on each lane constituted one game.
PAR  This approach, while successful, has not been totally satisfactory due to
      the cost of the equipment. Specifically, the cost of providing a stepping
      switch for each lane is prohibitive. Furthermore, because the approach is
      principally an electromechanical one, reliability is not as high as
      desired.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the invention to provide a new and improved
      counting and indicating device for use in counting and indicating the
      number of games played in bowling establishments having a plurality of
      lanes, each equipped with an automatic pinsetter. More specifically, it is
      an object of the invention to provide such a counter-indicator that
      eliminates many of the components heretofore believed necessary and which
      has improved reliability over the systems heretofore employed for the
      purpose.
PAR  The exemplary embodiment of the invention achieves the foregoing object
      through a principally electronic structure based about a single, four bit
      binary feedback, count by eleven counter which is adapted to provide a
      single game output pulse each time eleven frame pulses are received by the
      same. The game output pulse is fed to a one shot for shaping purposes and
      to provide a pulse having sufficient duration to drive a conventional
      mechanical counter indicator which indicates the number of games played in
      the establishment. Interposed between the one shot and the mechanical
      counter indicator is a driving network.
PAR  Input frame signals to the feedback counter are provided by a single driver
      connected to the output of a multiple input OR gate. The number of inputs
      to the OR gate correspond to the number of lanes in the establishment and
      each input is connected to a pulse rectifying, shaping and shortening
      network. The input to each network is connected to a corresponding
      automatic pinsetter to receive an alternating current frame signal of
      relatively long duration therefrom.
PAR  In operation, the alternating current signal from the automatic pinsetter
      is converted to a direct current signal of significantly shorter duration
      so as to effectively preclude frame signals from two or more lanes from
      reaching the feedback counter simultaneously. On the assumption that an
      average bowling game consists of eleven frames, the feedback counter will
      accumulate eleven pulses from one or more of the shaping and shortening
      networks and issue the aforementioned game output signal each such time
      eleven frame signals are received.
PAR  Other objects and advantages of the invention will become apparent from the
      following specification taken in conjunction with the accompanying drawing
     .
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a schematic view of one form of bowling game
      counter-indicating apparatus made according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An exemplary embodiment of a bowling game counter-indicator system made
      according to the invention is seen in the FIGURE and includes a binary
      counter, generally designated 10, formed of four bits 12, 14, 16 and 18.
      Each of the bits 12-18 is formed of a conventional JK flip-flop and the
      bits are interconnected as shown with feedback being provided by the
      output of a NAND gate 20.
PAR  As will be seen, the counter 10 converts frame impulses to game impulses
      for totalizing and indicating. More specifically, the counter 10 is
      adapted to issue a game output signal on line 22 whenever it has received
      a predetermined number of frame input signals which correspond to the
      number of frames in a game.
PAR  In an average bowling game, there are approximately 10.6 frames per game.
      The fractional frame in excess of 10 is due to the rolling of one or more
      bonus balls following a mark in the ten frame according to conventional
      rules of scoring of a bowling game promulgated by the American Bowling
      Congress. That is, if a bowler achieves a spare in the tenth frame, he is
      entitled to roll one bonus ball which, if a strike, will be an additional
      frame. In such a case, the bowler will have actually bowled eleven frames.
      If the bowler does not achieve a strike on a single bonus ball following a
      spare, it will still be indicated by a pinsetter to be a frame inasmuch as
      the pinsetter will have to be manually cycled to spot a new set of pins
      for the next bowler.
PAR  If a bowler were to roll a strike in the tenth frame, he is entitled to
      roll two bonus balls. If a strike is obtained on the first bonus ball, the
      bowler will effectively bowl two additional frames whereas if a strike is
      not obtained on the first ball, the bowler will bowl but a single
      additional frame. In any event, it is believed apparent from the foregoing
      how an average bowling game consists of more than 10 frames.
PAR  Returning to the counter 10, the feedback from the NAND gate 20 is arranged
      so that the counter 10 is a count by eleven counter. That is, each time 11
      input pulses are received, a single output pulse will be generated. A
      count by eleven counter is chosen as the integer 11 most nearly
      approximates the average number of frames in a bowling game. However, if
      desired, a standard binary coded decimal four bit feedback counter could
      be employed, in which case, it would be assumed that there are 10 frames
      to an average bowling game.
PAR  Each of the bits 12-18 includes an output lead to a corresponding driving
      transistor 24 which is operative to drive an associated lamp 26 when the
      corresponding bit in the counter 10 is set. The lamps 26 provide means for
      monitoring both the state and the performance of the counter.
PAR  Input frame signals to the counter 10 are received from a driver 28 which
      is connected to apply a pulse to the first bit 12 of the counter 10
      whenever a pulse appears on a line 30. The line 30 is the output of an OR
      gate formed by a plurality of diodes 32, one for each lane, connected in
      parallel, for purposes to be seen.
PAR  As mentioned previously, each time a frame is completed on a lane, a signal
      is generated by an automatic pinsetter operative on the lane. Conventional
      automatic pinsetters are indicated in block form at 34 and each includes a
      switch 36 connected to a source of low voltage alternating current power
      38. The switch 36 will be closed each time the pinsetter 34, in its normal
      operation, determines that a frame has been played on that lane. The
      switch 36 may be of the type described in U.S. Pat. No. 2,949,300 to Huck
      et al and specifically, the switch referred to therein as element 619.
PAR  Each time a frame is played and the automatic pinsetter 34 determines the
      same, the switch 36 is momentarily closed (mechanically speaking) to issue
      the frame signal. Electronically speaking, the signal issued is of
      relatively long duration, normally having a duration of about 3 seconds.
PAR  Since the counter 10 must be operated on direct current, and since in a
      large bowling establishment, there is a possibility that two or more of
      the pinsetters 34 will issue a frame signal substantially simultaneously,
      in order to provide an accurate indication and avoid coincidence of frame
      pulses applied to the driver 28, a pulse rectifying, shaping and
      shortening circuit, generally designated 40, is interposed between each
      diode 32 and the corresponding switch 36 in the corresponding automatic
      pinsetter 34.
PAR  In particular, there is provided a diode 42 which serves as a half wave
      rectifier and which applies the positive half of the alternating current
      signal received from the automatic pinsetter 34 to the gate of a silicon
      controlled rectifier 44. Interposed between the diode 42 and the gate of
      the silicon controlled rectifier 44 is a capacitor 46 which serves to
      shunt noise signals to ground so as to preclude the silicon controlled
      rectifier 44 from being triggered by stray noise in the automatic
      pinsetter electrical circuits.
PAR  When the silicon controlled rectifier 44 is triggered by a frame signal
      from the automatic pinsetter 34, it begins to conduct and discharges a
      capacitor 48. Initially, the total voltage on the capacitor 48 will be
      applied across a resistor 50 and drives a transistor 52 having its
      collector connected to a diode 32 into saturation to ultimately provide a
      pulse to the counter 10. Of course, as the capacitor 48 discharges,
      ultimately the transistor 52 will turn off. Generally, it is desirable to
      select the capacitor 48 and resistor 50 to drive the transistor 52 for
      approximately 100 microseconds.
PAR  The circuit also includes a resistor 54 through which the capacitor 48 may
      be recharged. After the automatic pinsetter 34 has caused the switch 36 to
      open thereby eliminating any signal at the gate of the silicon controlled
      rectifier 44, the capacitor 48 will begin to charge through the resistor
      54. Because the resistor 54 is also in circuit with the silicon controlled
      rectifier 44, its resistance is chosen to be extremely large so that the
      charging current is less than the minimum current required to keep the
      silicon controlled rectifier in its conducting state.
PAR  Typical values for the resistors 50 and 54 may be 130 ohms and 20 megohms
      respectively. The capacitor 48 may have a capacitance of 0.1 microfarads.
PAR  Each time a transistor 52 is driven into saturation, the transistor 28 is
      cut off to apply a positive pulse to the input of the counter 10. As
      mentioned previously, after 11 pulses are received, a game output signal
      will be issued on the line 22. This signal will, in conjunction with the
      NAND gate 20, reset the counter for subsequent pulses. In addition, the
      signal is fed to a one-shot 56 to momentarily drive the same into its
      unstable state. When the one-shot 56 is tripped, a transistor 58, which
      serves as an amplifier is turned on and in turn, turns on a transistor 60,
      provided for impedance matching purposes, which is connected to an
      electromechanical counter-indicator 62. The conduction of the transistor
      60 will therefore provide a driving pulse to the mechanical
      counter-indicator 62. When the one-shot 56 returns to its stable state,
      both the transistors 58 and 60 will return to a nonconducting state.
PAR  The period of the one-shot 56 is generally selected to have a proper width
      sufficient to drive the mechanical counter-indicator 62. Normally, a
      period of about 60 milliseconds will be sufficient.
PAR  Also provided between the lines of the mechanical counter-indicator 62 is a
      shunting diode 64 to protect the circuit from the large electromotive
      force produced when the magnetic field in the counter collapses.
PAR  From the foregoing, it will be appreciated that the invention provides a
      new and improved bowling game counter-indicator and is significantly
      improved over those heretofore employed for the purpose. In particular,
      one single counter such as the counter 10 may service an entire
      establishment in contrast to the multitude of stepping switches previously
      employed. Furthermore, with the exception of the automatic pinsetter
      switch 36 and the mechanical counter indicator 62, the same is entirely
      electronic in nature and therefore considerably more reliable than prior
      art systems.
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STM  I claim:
NUM  1.
PAR  1. An apparatus for counting the number of frames bowled upon a plurality
      of bowling lanes and calculating therefrom the equivalent number of games
      played upon all the lanes, comprising;
PA1  a plurality of first signal generating means each associated with one of a
      plurality of bowling lanes for generating a first electrical signal upon
      the completion of a frame on its associated lane,
PA1  counting means comprising a plurality of electrical pulse shaping circuit
      means each triggered by signals from a selected one of said first signal
      generating means for generating a second electrical signal in response to
      said first signal but very substantially shorter in time duration than
      said first signal,
PA1  means responsive to random signals from said plurality of second signal
      generating means for recording the number of equivalent games represented
      thereby, including a dividing binary counter having a single input
      connected to the outputs of said plurality of short signal generating
      circuits and operative to count frames completed on all lanes and divide
      the count by 11 to determine the equivalent number of completed games
      represented thereby.
NUM  2.
PAR  2. An apparatus which counts the frames bowled on a plurality of bowling
      lanes and calculates the number of games played from this count,
      comprising:
PA1  a plurality of signal generators, one associated with each lane for
      generating an electrical signal representative of a completed frame on
      that lane;
PA1  a plurality of pulse generators for producing shortened electrical pulses
      representative of frames completed on any lane, each pulse generator being
      discretely connected to one of the signal generators and triggered by the
      signal generator's electrical signal;
PA1  a divider binary counter for counting the electrical pulses and calculating
      the number of completed games they represent;
PA1  an OR gate connecting the pulse generators' outputs to the counter, whereby
      the pulses are conducted to the counter in the order generated; and
PA1  an indicator connected to the counter for displaying the number of games
      bowled.
NUM  3.
PAR  3. An apparatus for counting and indicating the number of bowling games
      played in a bowling establishment having a plurality of lanes comprising;
PA1  a. means associated with each lane for generating a first electrical signal
      upon the completion of a frame,
PA1  b. a plurality of pulse shortening and shaping circuits, one connected
      discretely to each of said first signal generating means to receive said
      first signal and convert the same to a signal of relatively short
      duration;
PA1  c. an OR gate having its input connected to each of said pulse shortening
      and shaping circuits and adapted to issue an output signal whenever a
      signal is received on any one of said pulse shortening and shaping
      circuits;
PA1  d. a binary feedback counter connected to receive the output signal from
      said pulse shortening and shaping OR gate and for issuing a single game
      output signal after a predetermined number of frame completed signals have
      been received from siad OR gate; and
PA1  e. counter-indicator means connected to said binary counter and responsive
      to said game output signals to count and indicate the total number of
      games bowled upon the plurality of lanes.
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ABST
PAL  A combined digital computer/analog control system for operating a boiling
      water reactor steam turbine power plant, wherein the digital computer
      provides a throttle pressure setpoint, speed error and load demand for
      controlling the plant depending upon the operational states of the system,
      is disclosed. The analog portion of the system also controls the plant in
      cooperation with the digital computer for certain operational states and
      conditions when the digital computer is in operation; and the analog
      system alone controls the plant when the digital computer is out of
      service. The transfer between such control is effected depending upon the
      operational states of the system and certain of the components therein.
      The system also includes in the digital computer portion, the provision
      for preventing a load demand which is outside the limits of the reactor
      circulation system when the reactor is in a state of automatic operation.
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PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  U.S. patent application Ser. No. 415,868 entitled "Improved System And
      Method For Operating A Boiling Water Reactor Steam Turbine Plant With Dual
      Analog Throttle Pressure Controllers" filed by L. B. Podolsky, G. W.
      Berkebile and F. Lardi concurrently herewith and assigned to the present
      assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to steam turbine plants and more particularly
      to electric power plants operated by steam turbines for which the steam
      supply is provided by a nuclear boiling water reactor.
PAR  In a boiling water nuclear reactor, the nuclear fuel is structured with a
      suitable geometry to provide for a sustained chain nuclear reaction as the
      coolant water passes through the fuel arrangement. Conventionally, the
      nuclear fuel is housed in elongated metallic tubes which are in turn
      assembled and supported in parallel arrays or bundles. The reactor core is
      formed from an assembly of the fuel bundles, and it is housed in a large
      pressure vessel with provision for coolant flow along all of the fuel
      elements. Neutron absorbing control rods are supported within the core for
      movement relative to the fuel elements.
PAR  The design of the core and other reactor parameters determine the reactor
      power rating. Mechanical, nuclear, hydraulic and other details of the
      reactor design are the result of development programs aimed at achieving
      efficient performance for the plant owner.
PAR  Since water density is a large determinant of the rate of generation of
      slow neutrons which are required for the controlled propagation of the
      chain nuclear reaction, the power operating level of the reactor is partly
      determined by the accumulation of steam voids in the core volume.
      Increased coolant flow causes faster fuel rod cooling with reduced boiling
      and, accordingly, reduced void accumulation and higher reactor power.
      Decreased coolant flow has the opposite effects. Typically, coolant flow
      control can be used to control the boiling water reactor power level
      within a range of about 20% or 25% with a preset control rod placement.
PAR  The reactor generated steam is normally directed through separators and
      dryers within the pressure vessel, and the dry saturated steam is directly
      channeled at a pressure such as 1000 psi and a temperature such as
      545.degree.F to the utilization equipment, i.e., the turbine generator
      unit(s) of the electric power plant. Separated water is combined in the
      pressure vessel with external and internal recirculation flows and with
      return and makeup feedwater flow.
PAR  Since the boiling water reactor plant is the direct cycle type and since
      outlet steam pressure and reactor vessel pressure affect the void
      accumulation in the reactor core, it is desirable to operate the turbine
      inlet valves to determine the turbine and generator load level subject to
      pressure regulating demands of the reactor. With reactor pressure
      maintenance within a relatively narrow pressure band such as about 30 psi,
      reactor power level is controlled by coolant flow control within a limited
      range or by control rod movement if a different power range is required to
      meet load demand on the turbine generator unit(s).
PAR  In general, the steam turbine energization level is determined by the flow
      of the turbine inlet steam which in turn is determined by the steam
      conditions at the outlet of the steam source and by steam inlet valve
      positioning. The turbine drive power supplied for the plant generators is
      desirably controlled to satisfy electrical load demand and frequency
      participation demand placed on the electric power plant by the plant
      operator or by an economic dispatch computer or by other means.
PAR  At substantially constant temperature throttle steam, turbine power is
      porportional to turbine steam flow, and if the throttle pressure is also
      substantially constant, the steam flow is proportional to impulse chamber
      steam pressure or the ratio of the impulse chamber steam pressure to the
      throttle steam pressure. As already indicated, positioning of the inlet
      steam valving must provide for reactor vessel pressure regulation as well
      as turbine energization level control. When the boiling water reactor
      power level corresponds to the plant load demand, the turbine inlet valves
      are positioned to produce both the desired reactor vessel pressure and the
      turbine steam flow required for satisfying plant electrical load demand.
PAR  A steam bypass system is also usually provided to direct steam flow from
      the reactor outlet to the plant condenser under certain conditions. Steam
      bypass in effect provides an interface between the boiling water reactor
      and the steam turbine during reactor startup and shutdown and during other
      periods such as during load rejection. In these cases, steam supplied by
      the reactor but not needed by the turbine is channeled to the condenser
      under control imposed on the bypass system by the throttle pressure
      control system.
PAR  To control a boiling water reactor-steam turbine plant, it has been
      customary to use the turbine follow mode of operation. After plant
      startup, corrective changes are made in the reactor power level by
      automatic or manual reactor coolant flow control or by manual or possibly
      automatic control rod operation in order to satisfy plant load demand.
      Turbine throttle pressure is sensed and the turbine inlet steam valves are
      operated in the follow mode to control the throttle and reactor vessel
      pressures and enable turbine steam flow changes to be made to correct the
      turbine load as the reactor power level is being corrected. To speed up
      the control, particularly when step changes are made in load demand, the
      setpoint of the turbine pressure control may be temporarily adjusted in
      response to the load error.
PAR  However, when the turbine and reactor are in automatic control and the
      recirculation system is either at its low or high limit, a change of load
      demand or load reference and the resultant movement of the valve position
      will not result in the desired sustained change of load level since the
      reactor output is limited. Such a condition causes an excessive deviation
      of throttle pressure and tends toward unstable reactor operation until the
      control rods are repositioned.
PAR  In the Podolsky U.S. Pat. No. 3,630,839, there is described another kind of
      control system for boiling water reactor-steam turbine plants. The
      Podolsky control is a coordinated control system which applies load demand
      directly to the turbine inlet valve controls as well as the reactor
      controls to produce better turbine and plant performance within throttle
      pressure constraints.
PAR  In the typical boiling water reactor-steam turbine application, the part of
      the control system directed to turbine valve control is principally
      mechanical and hydraulic in character with some electrical circuitry such
      as that involved in the throttle pressure sensing function. Examples of
      principally hydraulic turbine inlet valve feedback controls in nonnuclear
      applications are set forth in U.S. patents to Bryant 2,552,401 and
      Marlsand 1,777,470. A principally mechanical turbine inlet valve feedback
      control is shown in U.S. patent to Eggenberger 3,027,137 in a nonnuclear
      application. Electrohydraulic analog feedback type turbine inlet valve
      controls have been employed in nonnuclear turbine applications to achieve
      operational improvements, and examples of such controls are presented in
      U.S. patents to Bryant 2,262,560, Herwald 2,512,154, Eggenberger
      3,097,488, 3,097,489, 3,098,176 and Callan 3,097,490. Further details on
      conventional electrohydraulic control in nonnuclear applications are
      presented in a paper entitled "Electrohydraulic Control For Improved
      Availability And Operation Of Large Steam Turbines" and presented by M.
      Birnbaum and E. G. Noyes to the ASME-IEEE National Power Conference at
      Albany, New York during September 19-23, 1965.
PAR  In U.S. Patent No. 3,630,839 to Podolsky and U.S. Patent 3,671,390 to
      Hogle, there is also disclosed a control system for boiling water
      reactor-steam turbine plants in which electrohydraulic controls are
      employed to produce better plant operation than that produced by the
      typical mechanical-hydraulic controls. In the allowed U.S. Patent
      Application Serial No. 184,157 to Giras and Podolsky, there is disclosed a
      digital electrohydraulic turbine control system which employs feedforward
      control principles.
PAR  In order to attain the ultimate in flexibility of a digital system and the
      safety of operation of an analog system in the event of contingencies, it
      is desirable that such a control system for a boiling water reactor steam
      turbine plant employ both such systems to cooperate efficiently in the
      various operating modes, and to transfer from one to the other effectively
      in the event of certain contingencies of operation.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of the present invention, a boiling water
      reactor steam turbine power plant includes a recirculation system for
      varying the rate of steam generation for an existing reactor energy level.
      A load demand representation is generated for controlling the operation of
      the reactor recirculation system to change the rate of steam generation
      and the steam pressure controller for the turbine to anticipate a change
      in the rate of steam generation. In response to the detection of the
      operational capability limits of the recirculation system, a change in
      load demand which requires a rate of steam generation outside of such
      recirculation limits is prevented.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of an electric power plant operated by
      boiling water reactor and steam turbine apparatus;
PAR  FIG. 2 is a schematic diagram of the control panel of the system and
      illustrates functionally various operational states of the system;
PAR  FIGS. 3A and 3B show a schematic diagram of a combination digital and
      analog system in accordance with the present invention;
PAR  FIG. 4 is a schematic diagram of the circuitry of the throttle pressure
      controllers and the system for transferring control of the governor valves
      and bypass valves to manual in the event of certain contingencies;
PAR  FIG. 5 is a functional flow chart of the throttle pressure setpoint
      function in the digital portion of the system;
PAR  FIG. 6 is a functional flow chart illustrating the control task
      organization in the digital portion of the system;
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  More specifically, there is shown in FIG. 1 an electric power plant 10
      which is provided with a conventional electric generator 12 operated by a
      nuclear steam turbine 14 in accordance with the principles of the
      invention. A steam generating system for the turbine 14 includes a
      conventional nuclear boiling water reactor 16.
PAR  The nuclear steam turbine 14 is provided with a single output shaft 18
      which drives the generator 12 to produce speed under steady-state
      conditions. Under transient electric load change conditions, system
      frequency may be affected and conforming turbogenerator speed changes
      would result. At synchronism, power contribution of the generator 12 to
      the network is normally determined by the turbine steam flow and the
      throttle pressure at which that flow is supplied by the boiling water
      reactor 16.
PAR  In this instance, the nuclear steam turbine 14 is of the multistage axial
      flow type and includes a high pressure section 20 and a double flow low
      pressure section 22. Each of the turbine sections 20 and 22 may include a
      plurality of expansion stages provided by stationary vanes and an
      interacting bladed rotor connected to the shaft 18. In other applications,
      nuclear steam turbines operated in accordance with the present invention
      can have other forms with more or fewer sections tandemly connected to one
      shaft or compoundly coupled to more than one shaft. For example, as many
      as three or more low pressure sections might be employed, and each section
      could have single flow or double or other plural flow paths.
PAR  Steam is directed to the nuclear turbine 14 through conventional inlet
      steam valves 24. In some installations, the valves 24 may include two or
      more throttle valves (not specifically indicated) which admit steam to the
      turbine steam chest (not indicated) and typically a plurality of up to
      four or more governor control valves (not specifically indicated) which
      are arranged to supply steam to turbine inlets arcuately spaced about the
      turbine high pressure casing.
PAR  The conventional nuclear turbine startup method is employed. Thus, the
      turbine speed is raised from the turning gear speed of about 2 RPM to
      synchronous speed under throttle valve control, if provided, or governor
      valve control. Then, the power system breaker(s) is closed and the
      governor vlaves are operated to meet the load demand. On shutdown, similar
      but reverse practices can be employed or conventional coast-down procedure
      can be used. In the load control mode, plant electrical load demand is met
      when the steam flow and throttle pressure conditions cause the turbine
      energization level to correspond to the plant electrical demand.
PAR  The total turbine energization is produced by steam flow through the high
      pressure section 20 and by steam flow through the low pressure section 22.
      Steam flow between the two turbine sections is directed through steam
      separators and reheaters as indicated by block 26 in order to raise the
      steam enthalpy level to a more efficient value. Stop valve(s) are included
      in the intersection steam flow path to stop steam flow when necessary for
      turbine overspeed protection.
PAR  Vitiated steam from the low pressure turbine section 22 is directed to a
      condenser 30. Reactor feedwater flow from the condenser 30 includes any
      makeup water flow and the flow resulting from condensation of the vitiated
      turbine steam as well as that resulting from condensation of the steam
      which is controllably diverted from the turbine 14 through bypass valves
      32 directly to the condenser 30.
PAR  The feedwater flow is directed from the condenser 30 to a demineralizer 34
      where corrosion products and other impurities are removed from the fluid.
      From the demineralizer 34, the feedwater is driven by one or more
      feedwater pumps 36 through a feedwater heater system indicated in the
      block 26 and into the pressure vessel of the nuclear boiling water reactor
      16.
PAR  In the reactor 16, heat produced in the fuel rods contained within the fuel
      core is transferred to the coolant which flows along the rods. Steam is
      collected at the top of the pressure vessel and directed through one or
      more conduits to the turbine inlet valves 24 as indicated by the reference
      character 38A. Since the steam produced by the reactor 16 is used directly
      for turbine energization, the plant operation is characterized as being of
      the single or direct cycle type.
PAR  Generally, it is necessary to hold the reactor vessle pressure within a
      relatively narrow range because the vessel pressure affects the reactivity
      rate and the reactor power operating level, i.e., the power level varies
      directly with the reactor pressure. Accordingly, it is necessary that the
      turbine throttle pressure be held within a relatively narrow range or, if
      desired and if possible, at the rated value by the imposition of throttle
      pressure control on the turbine inlet vlave operation. Since turbine load
      is propertional to turbine steam flow or the ratio of impulse chamber
      pressure to throttle pressure (with the throttle steam at substantially
      constant pressure and temperature), turbine inlet valve control cannot
      satisfy load demand changes in the steady state unless changes are made in
      the steam generation rate at the steam source.
PAR  To enable turbine steam flow changes to be made to satisfy turbine and
      plant loading demand within the throttle pressure operating range, the
      reactor power operating level is changed as by changing the reactor core
      recirculation flow through controlled operation of centrifugal pumps 38
      and 40 in recirculation flow loops 42 and 44. Jet pumps (not shown) can be
      used within the reactor vessel to produce a drive flow which forces
      coolant recirculation through and about the fuel core.
PAR  When it is desired to increase reactor power, steam void accumulation is
      reduced by increasing recirculation flow. Reduced reactor power requires
      reduced recirculation flow. Typically, recirculation flow control can be
      used to vary reactor power over a range as high as 25% or more.
PAR  Larger power changes require positiion changes in conventional control rods
      46 to vary the amount of neutron absorption. Manual or possible automatic
      control rod placement would normally also be subject to implementation of
      a core burnup management program.
PAR  A conventional reactor control system designated by block 48 is provided
      for determining the operation of the recirculation flow system and the
      operation of the control rods 46. Feedback signals or data are applied to
      the reactor control system 48 from predetermined reactor system detectors
      and manually or automatically operated analog controllers or other
      suitable control means in the reactor control system 48 generate outputs
      which correctively operate the recirculation flow pumps 38 and 40, drives
      50 for the control rods 46 and other reactor system controlled devices.
PAR  In the recirculation flow control system, conventional coolant flow
      detectors (not shown) can be used to determine the flows in the loops 42
      and 44 for feedback comparison to a computer determined recirculation flow
      setpoint FSP. Similarly, suitable position detectors generate control rod
      position feedback signals for comparison with control position setpoints
      RSP which are determined in accordance with the externally determined core
      management program and, if desired, in accordance with any demand for
      reactor power change in excess of the recirculation flow control range. In
      this case, automatically operated pump controllers vary the speed of the
      recirculation pump drives for flow correction and manually operated rod
      drive controllers are used to operate the rod drives to satisfy the rod
      position setpoints RSP. When the recirculation system is either at its
      maximum flow limit or at its minimum flow limit, which can be determined
      by pump speed for example, conventional contacts can be closed or opened
      or other suitable indicating signals provided for the rubine control
      system, as hereinafter described.
PAR  Positioning of the respective turbine throttle and governor inlet valves is
      effected by operation of respective conventional hydraulic actuators 52
      under the control of respective electrohydraulic position control 54.
      Respective inlet valve position demand setpoint signals ISP are applied to
      the respective controls 54 under programmed computer control. Respective
      inlet valve position feedback signals PDIV are generated by respective
      linear differential transformer or other position detectors. Position
      error for any of the inlet valves 24 results in operation of the
      associated valve actuator 52 until the error is removed and the valve
      position demand ISP is satisfied.
PAR  Similarly, hydraulic bypass valve actuators 56 and electrohydraulic bypass
      valve position control 58 operate the bypass valves 32 to satisfy
      respective bypass valve position demand setpoint signals BSP which are
      determined by programmed computer operation. The bypass valves 32 provide
      for diverting steam not needed by the turbine 14 such as during startup
      and shutdown and during load control when load rejection conditions are
      imposed on the power plant 10. Bypass valve position feedback signals PDBV
      are generated by conventional position detectors for comparison to the
      individual setpoint signals BSP.
PAR  Each of the electrohydraulic position controls 54 or 58 includes a
      conventional analog controller (not indicated) which drives a suitable
      known actuator servo valve (not indicated) in the well known manner. In
      turn, the respective servo valves determine the operation of the valve
      actuators 52 and 56.
PAR  The reheat valve 28 are also controlled by a suitable hydraulically
      operated actuatro (not indicated). A high pressure fluid supply system
      (not indicated in FIG. 1) provides the controlling fluid for operation of
      all of the hydraulic valve actuators. A lubricating oil system (not
      indicated in FIG. 1) is separately provided for turbine and other
      lubricating requirements. Both the high pressure fluid supply and the
      lubricating oil system can be placed under computer sequencing, monitoring
      and supervisory control.
PAR  As illustrated in FIG. 2, a control and indication panel 60 is utilized for
      operating the boiling water reactor 16 and the steam turbine 14 in both
      the manual and automatic mode. Associated with each of the bypass valves
      32 and its associated actuators 56 and 58 is a bypass valve servo control
      61. Manual automatic pushbuttons 62 are operated to control the bypass
      valves through its servo 61 in either the manual or the automatic mode.
      When in the manual mode, pushbuttons 63 are operated to raise or open the
      bypass valves; and pushbutton 64 may be operated to lower or close the
      bypass valves. Pushbutton 65 when operated either lowers or raises the
      bypass valves more rapidly than normal. Associated with each of the steam
      inlet valves 24, which in this described embodiment are governor valves,
      is a servo controller 66. Pushbutton 67 is provided to manually operate
      the governor valves through its servo controller 66; and pushbuttons 68,
      69 and 70, respectively, are provided to either lower, raise or move the
      valve at a more rapid rate. Pressure controllers 71 and 72 may also be
      operated either manually or automatically by operation of the mechanism
      73. Similarly, when in manual operation, the pressure in the pressure
      controllers 71 and 72 may either be lowered, raised or operated at a more
      rapid rate by the operation of pushbuttons 74, 75 and 76, respectively.
      Position indicators 77, 78 and 79 are provided for indicating the various
      operative states of the pressure controllers 71 and 72, the governor
      valves or steam inlet valves 24 and the bypass valves 32, respectively.
      Indicator 80 is provided to inform the operator which pressure controller,
      71 or 72, is controlling the system and whether or not such pressure
      controller has failed to function. Indicator 81 is provided to inform the
      operator whether or not the load is at its high or low limit.
PAR  A digital computer structure referred to at block 82 is interfaced with the
      control and indication panel to provide information and control as more
      fully described hereinafter. The general organization of such digital
      computer may be of the type described in copendidng U.S. patent
      application Ser. No. 247,877 entitled "System And Method For Starting,
      Synchronizing, And Operating A Steam Turbine With Digital Computer
      Control" filed by T. Giras et al on Apr. 26, 1972, assigned to the present
      assignee, and is incorporated herein by reference, as though set forth at
      length herein. Only those portions of the digital computer control
      organization that are specific to the present invention are described in
      detail.
PAR  When in manual control, contact 83 closes to connect an output generally
      referred to by a dashed line 84 from the digital computer 82 to the
      pressure controllers 71 and 72. Simultaneously, a contact 85 opens to
      disconnect the manual operation of the system through the panelboard 60,
      and the condition of the pressure controllers 71 and 72 is tracked by
      apparatus 86 over line 87 in order that transfer between manual and
      automatic can be effected bumplessly. A system and organization for
      transferring between manual and automatic operation bumplessly is
      disclosed in detail in U.S. patent application Ser. No. 298,081, entitled
      "Steam Turbine System With Digital Computer Position Control Having
      Improved Automatic-Manual Interaction" filed Oct. 16, 1972 by Andrew S.
      Braytenbah, assigned to the present assignee, which application is
      incorporated herein by reference as though set forth at length herein.
      Similarly, the operation of the bypass valves is transferred to the
      digital computer upon closure of contact 88 over dashed line 89; and the
      operation of the governor valves is transferred to the digital computer 82
      upon closure of contact 90 over dashed line 91. Contacts 92 and 93
      respectively open to disconnect the operation of the bypass valves and the
      governor valves from manual control. The reactor control system 48 is
      indicated as being connected to the digital computer over dashed line 94.
PAR  Referring again to the control and indication panel 60, the operation of
      the reactor turbine system may be in several operating modes. When the
      turbine is not latched, as indicated by line 100 connecting indicator lamp
      101 to decision block 102, "reactor start" is indicated by the indicator
      101. In this operating mode, the reactor is operated manually. When the
      turbine is latched, and the circuit breaker(s) is open, indication lamp
      103 is connected to decision block 104 over line 105. When the circuit
      breaker is closed, and the reactor generation rate does not equal the
      governor valve flow, indication lamp 106 is connected to decision block
      107 over line 108 to indicate a "turbine load" mode of operation. When the
      reactor generation rate is equal to the governor valve flow, and the
      reactor is being operated manually, indication lamp 109 is connected to
      decision block 110 over line 111 to indicate to the operator that the
      operating mode is in the turbine follow operation with the reactor on
      manual. When the reactor is placed in automatic operation, the indicator
      lamp 112 is connected to the decision block 110 over line 113 to indicate
      that the system is in a turbine follow reactor automatic mode. The various
      modes of operation are described as mode 1 through mode 5 inclusive. For
      example "reactor start" is referred to as mode 1, "turbine start" mode is
      referred to as mode 2, "turbine load" is referred to as mode 3, "turbine
      follow reactor manual" load is referred to as mode 4, and "turbine follow
      reactor automatic" is referred to as mode 5 hereinafter.
PAR  The conditions necessary for placing the system in the previously described
      operating modes will be described in connection with FIG. 3. FIG. 3A is
      the digital portion of the system, and is included in the computer
      organization previously referred to at 82 in FIG. 2. FIG. 3B is the analog
      portion of the system.
PAR  In connection with the digital portion of the system (see FIG. 6) a control
      task computes governor valve analog outputs to position such valves to
      achieve the desired speed or load demand when the system is in automatic
      control. When the system is in manual control, the control task tracks the
      analog system valve position demand signals in preparation for transfer to
      automatic control. This control task, in accordance with one embodiment,
      is assigned a high priority level and is bid by an auxiliary synchronizing
      task every one-half second. Automatic control requires interacting
      feedback control system capable of compensating for dynamic conditions in
      the power system, and the turbine generator. Impulse pressure from
      transducer 120, shaft speed from transducer 121, and megawatts from the
      generator from transducer 122, are the feedback normally used to correct
      for any non-linearities and to stabilize the interactions among these
      variables. The digital system also contains provisions for high and low
      load limits represented by box 123 and 124 which can be adjusted from a
      control panel.
PAR  The control task as shown in FIG. 6, is organized as a series of relatively
      short sub-programs, executed sequentially, which address themselves to
      particular aspects of the general control system objectives. These short
      sub-programs or function include a throttle pressure setpoint function
      (see FIG. 5), a valve position limit function, a speed control function, a
      load control function, and a governor valve control function. The throttle
      pressure setpoint is computed each half second and the balance of the
      control task functions are computed each second. To achieve this, a flag
      ICONTSP is interrogated and set and reset in the auxiliary task. Referring
      again to FIG. 3, the throttle pressure setpoint function provides an
      analog output represented by block 125 to the pressure controllers 71 and
      72 located in the analog portion of the system. The speed control function
      positions the governor valves to achieve the existing speed reference with
      optimum dynamic and steady state response by using a proportional plus
      reset controller 126. The speed error between the turbine speed reference
      on line 127 and actual speed from the transducer 121 over line 128 is
      obtained from comparator 129 to drive the controller 126 to the analog
      output box 130 over line 131.
PAR  When the circuit breaker denoted by the decision block 104, is closed the
      speed demand signal from the DEH controller becomes a load demand signal
      on line 132. The limiters 123 are connected by line 133 from reactor
      circulation pumps denoted by block 134 to prevent a load demand signal
      which is in excess of the high limit of the reactor recirculation system
      or below the low limit of the reactor's recirculation system for reasons
      described in more detail hereinafter.
PAR  The load demand signal is output to a summing junction 135 over line 136.
      This summing junction includes a load bias referred to as 137 to insure
      that an increase in load demand, while in mode 5, continues to provide
      control of the governor valves by the pressure regulator 71 and 72. Speed
      error is also output to the summing junction 135 over line 138. The speed
      error is determined by comparing in block 140 rated speed referred to at
      141 and the actual speed from the transducer 121. The compared speed is
      then input to a proportional controller 142 to provide an output on line
      138 which is a predetermined portion of the input from the comparator 140.
      The output of the summing device or junction 135 is compensated with two
      feedback trim factors to account for frequency (speed) participation and
      megawatt mismatch.
PAR  When the megawatt loop is in service, the output of the summing junction
      135 is compared by a comparator 143, and the actual megawatts from the
      transducer 122 over line 144. The output of the comparator 143 is input to
      a proportional plus reset controller 145, the output of which is
      multiplied by the output of the summing junction by device 146. If the
      megawatt loop is out of service as denoted by decision block 147 the
      factor to the multiplier is one, thus making the output of the multiplier
      146 equal to the input.
PAR  The load reference, which is corrected for speed error, as previously
      described, and megawatt error if the loop is in service, becomes the
      setpoint or flow demand for the governor valves on line 148. If the
      impulse pressure feedback loop is not in service as referenced by decision
      block 150, the flow demand is output on line 151 through a proportional
      controller 152 to the analog output 130. If the impulse pressure loop is
      in service, then the flow demand signal from line 148 is compared by
      comparator 153 with the impulse pressure from the transducer 120. The
      output of the comparator 153 is connected to a proportional plus reset
      controller 154 to drive the impulse pressurer to zero on line 155 which is
      input to the analog output 130. High and low limits restrict the range of
      variation of the controller 154 to eliminate the possibility to reset
      windup.
PAR  The output of the summing junction 135 is also compared by comparator 156
      connected by line 157 with the megawatt transducer 122 by way of line 158
      to produce a megawatt compensated load demand signal for input to an
      analog output 160 through the limiter 124. The output of the summing
      junction is also connected by way of line 157 and 161 to the input of
      analog output 162. The analog output 160 controls the reactor circulation
      system including the reactor circulation pumps 134 of the analog system to
      be described hereinafter. The analog output 162 adjusts the pressure
      setpoint to the throttle pressure controllers as described hereinafter.
PAR  The analog portion of the system, which interfaces with the previously
      described digital portion is interfaced through the analog output devices
      130, 125, 160 and 162. The analog system includes the two analog pressure
      controllers 71 and 72 with separate pressure transducers 164 and 165. The
      pressure setpoint is adjustable either in automatic or manual from the
      control and indication panel as previously mentioned in connection with
      FIG. 2. When in automatic control, the pressure setpoint is applied to the
      pressure controllers 71 and 72 over line 166 coming from the digital
      controller, through the analog output 125 and the closed contact 83. When
      the pressure setpoint is adjusted manually, the contact 85 at the output
      of the manual tracking block 86 is closed to adjust the setpoint from the
      control panel of FIG. 2. A setpoint bias 167 determines which pressure
      controller 71 or 72 is in control. The other controller acts as a backup
      controller. A high signal selector 168 permits the signal from the
      pressure controller in control, depending upon the setpoint bias, to pass
      to output line 170.
PAR  The function of the analog portion of the system and its cooperation with
      the previously described digital portion of the system will be described
      in connection with the various operating modes from mode 1 through mode 5
      in both the manual and automatic modes of operation. First, when the
      turbine is not latched, the "reactor start" mode 1 indicator on the panel
      of FIG. 2 is lit. When the turbine is on turning gear and the condenser
      vacuum is of a predetermined amount, the bypass valves can be positioned
      manually with the contact 92 closed by way of line 171 and bypass valve
      servo amplifier 172. The bypass valves can also be positioned from the
      output of the pressure controllers 71 or 72 through a low signal select
      device 173, line 174, summing device 175, the closed contact 88, and the
      bypass valve servo amplifier 172.
PAR  The low signal selector 173 is provided to insure that the steam flow does
      not exceed a flow limit as determined by limiting device 176. A bypass
      valve close bias referred to at block 177 is provided as an input to the
      summing device 175 to insure that the bypass valves are closed when no
      signal is present on line 174. A contact closure output is provided on
      line 178 from the digital controller to energize a solenoid valve (not
      shown) on the bypass valve actuator 58 to energize the solenoid valve when
      the load is less than 25%. The solenoid valve normally isolates the
      actuator from the emergency trip header when energized, and permits the
      actuator to be operated to open the bypass valve even though the turbine
      may be tripped. When the solenoid valve is energized, the bypass valve
      trips open in the event of contingencies.
PAR  In mode 1, the reactor may be started manually by operation of the control
      rods and the recirculation system via the reactor master controller 180
      and the manual automatic controller 182 in its manual position. When the
      pressure setpoint is at 150 psi and the actual reactor pressure is less
      than this value, or when the manual and automatic signals for the bypass
      are equal, the automatic bypass valve control can be selected on the
      control panel. Should the reactor pressure be above 150 psi prior to
      automatic operation of the bypass valves it is necessary to adjust the
      pressure to obtain a setpoint to a value near the actual pressure so that
      a null position is existent on the bypass valve tracking meter. Should the
      digital controller stop, the pressure setpoint control automatically
      rejects to manual at the existing setpoint by the opening of contact 88
      and the closing of contact 92. Failure of both pressure transducers 71 and
      72 automatically causes the contact 88 to open and the contact 92 to close
      in a manner hereinafter described in connection with the detailed
      operation of the pressure failure control system portion of the analog
      control. In mode 1, the reactor pressure can be increased from 0 to 1000
      psig with pressure control on the bypass valves above.
PAR  When the turbine is latched and the breaker is open, (see FIG. 2), the
      "turbine start" or mode 2 on the control panel is lit. Prior to entering
      this mode, the reactor pressure and steam generation state must be of a
      sufficient level to permit roll off of the turning gear of the turbine.
      When the turbine is latched, the turbine stop valves, interceptor valves,
      and reheat stop valves, (not shown) open, and the governor valves stay in
      the closed position. The operator selects a reference for speed and an
      acceleration rate utilizing the appropriate pushbuttons on the digital
      control panel (not shown). The turbine governor valves are controlled by
      the output of the pressure controllers 71 or 72, or the analog output of
      the digital system, as determined by the low select circuit 183. Thus, as
      long as the output of the pressure controller 71 or 72 is higher than the
      speed demand, the starting up of the turbine is controlled by the digital
      system over the line 127, the comparator 129, the proportional plus reset
      controller 126, line 131, analog output 130, and line 185 to the low
      signal select circuit 183. Normally, for wide range speed control, the
      speed generation of the reactor is sufficiently high so that the output of
      the pressure controllers 71 or 72 is higher than the speed control signal
      from the analog output 130 of the digital system. This permits speed
      control of the turbine while pressure control is maintained on the bypass
      valves by way of the pressure controller as previously described.
PAR  In mode 2 the reactor remains under manual control of the operator by way
      of the manual/automatic station 182. The output of the low signal selector
      183 goes through closed contact 90 of the automatic control for the
      governor valves, a low signal select 186 which insures that such signal
      will not exceed the valve position limit referred to at 187 to the
      governor valve servo lamp 188. The output of the low signal select 186 is
      also connected to the input of the summing device 175 to the bypass valve
      servo amplifier 172 over line 190. The input from line 190 to the summing
      device 175 is of opposite polarity to the bypass control from line 174
      which tends to cancel out the effect of the bypass valve signal when in
      the mode 1 position such that the bypass valve closes as the governor
      valve servo amp opens the governor valves. If the speed demand signal from
      line 185 is too high for the generation rate and pressure of the reactor,
      which is an abnormal situation, the governor valves would open as the
      steam generation rate is increased regardless of the speed demand signal.
      If the digital controller should fail while in mode 2, the contact 90, and
      the contact 88 opens to transfer the operation of the valves to manual and
      leave such valves in the same position prior to the digital computer
      failure.
PAR  When the main generator breaker is first closed, which is referenced by the
      decision block 104, the "turbine load" or mode 3 indicator on the control
      panel is lit. A permissive is included in the circuit breaker logic to
      prevent the closure of the breaker until the steam generation level of the
      reactor is above a predetermined amount, such as 15%, for example. This
      permissive (not shown) insures that control of the pressure remains on the
      bypass valve over line 174 when the initial load is added at breaker
      closure. On breaker closure, the digital system reference becomes a load
      reference on line 132 from decision block 104. When operating in mode 3,
      the impulse chamber pressure and/or the megawatt feedback loop, previously
      described, may be placed in operation. As the operator increases the load
      demand signal, a point is reached in which the steam generation level of
      the reactor satisfies the governor valve flow. As the governor valves are
      opened by the increase in load reference over line 185, the bypass valves
      are closed by a summation of the output of the pressure controller over
      line 174, governor valve position signal over line 190, and the closing
      bias 177.
PAR  When the governor valve position signal on line 190 is equal to the
      pressure controller signal on 174, a comparator 191 detects this condition
      and initiates a transfer to mode 4, or "turbine follow reactor manual".
      The valve position limit control 187 is provided to limit the total travel
      of the governor valves in mode 3. If the governor valve position signal at
      the output of the low signal selector 186 is limited by the valve position
      limit, the bypass valves are opened correspondingly due to the summation
      of the pressure controller signal on line 174 and the limit of the valve
      position signal on line 190.
PAR  If the digital system becomes inoperative in mode 3, governor valve control
      is transferred to manual control by the automatic closing of the contact
      93 and the opening of the contact 90. The pressure controllers 71 and 72
      maintain pressure in the reactor by positioning the bypass valves over
      line 174 as long as the bypass valves remain in the automatic mode.
PAR  When the operating point at which the bypass valves are just closed is
      reached, as determined by the comparator 191, the mode 4 indicator on the
      control panel is lit. The comparator 191 also initiates logic which
      applies a bias referred to as 137 at the input of the summation junction
      135, in the digital system, which insures that the pressure controller
      signal instead of the compensated load demand signal on line 185 passes
      through the low signal selector 183 to control the governor valves in this
      mode.
PAR  The bypass valves continue to remain closed, unless the governor valve
      position signal on line 190 does not follow the pressure controller signal
      on line 174. Since these two signals are summed as an input to the summing
      device 175, the bypass valves remain closed as long as the pressure
      controller signal on line 174 is greater than the sum of the governor
      valve position signal on line 190 and the bypass valve closing bias 177.
      In mode 4, the reactor is still in manual control; and plant load can be
      increased at this time by manually increasing the reactor generation level
      either with the recirculation control or rod control. An increase in steam
      generation rate in mode 4 causes the pressure to rise and open the
      governor control valves through the proportional range of the pressure
      controllers 71 or 72. As the reactor power level is increased in mode 4,
      the load demand from the digital system on line 185 should be increased in
      order to keep the analog output from the low signal selector 183
      responsive to the pressure controller output, thus causing the pressure
      controller output to position the governor valves. If the load demand
      signal on line 185 is not increased in mode 4 as the power level is
      increased, the bypass valves open to control pressure, as the governor
      valves are limited by the load demand signal on 185 which passes through
      the low signal selector 183. When the bypass valves do open to control
      pressure the comparator 191 transfers the operation to mode 3 thus,
      removing the bias 137 from the summing junction 135 and lighting the
      indicator light on the control panel for mode 3.
PAR  When the transfer is initiated from mode 3 to mode 4 by action of the
      comparator 191, the feedback control loops of megawatts and impulse
      pressure are removed from the digital portion of the system. If the
      digital system becomes inoperative when operating in mode 4, the governor
      valves remain in automatic control from the output of the pressure
      controller 71 or 72 through the low signal selector 183, the closed
      contact 90 and the low signal selector 186. However, control of the
      pressure setpoint on line 166 is transferred to manual operation. If both
      pressure transducers 71 and 72 fail while operating in mode 4, both
      governor and bypass valve control are automatically transferred to manual
      by the opening and closing of the contacts 90 and 93, and 88 and 92
      respectively. Also, when the digital system becomes inoperable in mode 4,
      a bias such as referred to at block 192, is applied to the analog output
      130 to maintain the pressure controller signal at the output of the low
      signal select circuit in control of the governor valves.
PAR  The flow limit is adjustable on the control panel (see FIG. 2) from 90 to
      130%, for example, reactor flow. The low signal selector 173 determines
      the lower of such flow limit adjustment, and the pressure controller
      signal on line 170 from the high signal selector 168 determines the
      limiting opening and the governor or bypass valves.
PAR  When the system is operating in mode 4 and the governor and bypass valves
      are in automatic control, and a permissive signal is transmitted from the
      digital system over the line 193, for example, to the manual automatic
      reactor controller 182, the turbine follow reactor automatic indicator on
      the panel of FIG. 2 is lit. When in mode 4, it is possible to adjust the
      load demand in order to zero the load demand error signal on the line 157
      to facilitate the transfer to mode 5. In transferring to mode 5, the
      reactor control system must be in balance between the load demand error
      furnished on line 157 from the digital system and the manual automatic
      station 182.
PAR  When in mode 5, the governor valves through the governor valve servo
      amplifier 188 and the governor valve actuator 54 are under the control of
      the pressure controller 71 or 72. The load demand is used to generate a
      load demand error signal on the line 157 by comparison with actual
      megawatts at the comparator 156 of the digital system as an analog output
      to block 160 to the manual automatic controller 182 for operating the
      reactor master controller 180 in the automatic mode. As the operator
      increases the load demand while in mode 5, the load demand error signal
      acts to increase the reactor circulation control by way of the reactor
      master controller 180 which controls the reactor recirculation pumps
      referred to at block 134. This increase in the power level of the reactor
      causes the pressure controller 71 or 72 to open the governor control
      valves and pick up the turbine generator load until a balance is again
      established between actual megawatts and the load demand.
PAR  Also, in mode 5, operational changes in the load demand signal effect the
      analog output block 162 to adjust the setpoint of the pressure controllers
      71 and 72 by a derivative circuit 194. This repositions the governor
      valves in anticipation of an increase load and steam flow.
PAR  If the reactor manual automatic station 182 reverts to manual while in mode
      5, the digital system reverts to mode 4, with the governor valves being
      controlled by the pressure controllers 71 or 72. If the digital system
      becomes inoperable while in mode 5, the system reverts to mode 4 with the
      governor valves being operated by the pressure controllers 71 or 72. Also,
      the governor valves or the bypass valves transfer to manual control if the
      reactor permissive is removed while in mode 5. This action transfers the
      system to mode 4, with manual control of the governor and/or bypass
      valves. The bypass close bias 177 insures that while operating in mode 5,
      transient changes in mode which might cause the bypass valves to open do
      not transfer the system out of mode 5. If the overall digital system is
      removed from reactor automatic control (mode 5) the system transfers to
      mode 4.
PAR  As previously mentioned the load output of a boiling water reactor is a
      function of control rod position and the recirculation flow. The
      recirculation flow has a range in excess of approximately 25%. When both
      the turbine and the reactor are in automatic control or mode 5, a load
      demand for the turbine control is compared with the megawatt output of the
      generator by the comparator 156 to provide an output through the limiter
      124 to the analog output block 160 for controlling the reactor. in
      addition, as mentioned previously, the load error is used to automatically
      adjust the pressure setpoint of the pressure controllers 71 or 72 through
      the analog output block 162. When the recirculation system is at its limit
      a change of load demand will not result in the desired change of laod
      level because of the limited range of the recirculation system. Thus, in
      order to prevent an excessive deviation of throttle pressure and possibly
      unstable reactor operation, a high and low limit from the reactor
      circulation system such as from the reactor circulation pumps referred to
      at block 34 is connected by line 196 through the mode 5 decision block
      referred to at 197, the line 133 and the limiter 123 to the load demand
      line 132. This prevents the load demand from exceeding either the high or
      low limit of the recirculation system when the system is in mode 5
      operation by setting the load demand at the high load limit when such load
      demand would exceed the recirculation limit and setting the load demand at
      the low load limit when such demand would be outside the low recirculation
      limit. Thus, the load error which is connected to the reactor control
      system through the analog output block 160 is not permitted to indicate a
      load demand error greater than the actual load. When a higher or lower
      load level for automatic recirculation control range is required, the
      control rods must be positioned manually.
PAR  Referring to FIG. 4, the pressure controllers 71 and 72 each include
      identical analog circuitry. The throttle pressure transducer 164 is used
      with the pressure controller 71 and the throttle pressure transducer 165
      is used with the controller 72. The throttle pressure setpoint signal is
      input in parallel over line 201 and 202 to a summing device 203 and 204
      for the controllers 71 and 72 respectively. The setpoint signal in one
      embodiment of the invention varies between 0 and 10 volts positive, which
      corresponds to a pressure setpoint of 0 to 1200 psi. The summing device
      203 and 204 each has a gain G connected therewith. The bias signal 67 may
      be connected in a conventional manner to either the summing device 203 or
      204 to apply a predetermined positive bias to the input of either 203 or
      204. This positive bias increases the output of one controller over the
      other to the input of the high signal selector 168 (see FIG. 3) as
      previously described. Each of the throttle pressure transducers 164 and
      165 have an output of from 1 to 5 volts positive to correspond to an
      actual pressure of 0 to 1200 psi. The output of the throttle pressure
      transducers are input to amplifiers 205 and 206 over lines 207 and 208
      respectively. The output of the amplifiers 206 is inverted so that the
      input ranges from -2 to -10 volts for input to each of the amplifiers 203
      and 204. The throttle pressure transducers 164 and 165 are each biased to
      have a so called droop, that is, to insure that there is always a signal
      present at the output of the summing devices 203 and 204 in a steady state
      condition. When the signal on the output of summing devices 203 and 204 is
      negative, the valves move toward an open position; and when the signal is
      positive the valves move toward a closed position. Assuming a gain of 10
      for each of the summing devices 203 and 204, a throttle pressure setpoint
      of 5 volts for example results in a positive 50 volt output on lines 210
      and 211. However, the throttle pressure transducers 164 and 165 are each
      supplying a negative voltage of 2 volts to the input of the summing
      devices thus giving a net voltage output of a positive 30 volts which tend
      to keep the valves closed. As the throttle pressure increases the negative
      voltage increases on lines 210 and 211 and the valves will remain in the
      same position until the actual throttle pressure equals the throttle
      pressure setpoint which would correspond to an input of -6 volts with a
      resulting negative 10 volts on the outputs 210 and 211; and open the
      valves to a point corresponding to a 10% negative signal. If the
      generation rate of the reactor should be such that the pressure continues
      to increase, the negative signal on lines 210 and 211 would
      correspondingly increase, thus opening the valves further. if the
      generation rate of the reactor were such that the throttle pressure
      actually decreased from the throttle pressure setpoint, the signal would
      become positive tending to close the valve. The output of each of the
      summing devices 203 and 204 is connected to a lead lag circuit card 212
      and 213 respectively. The characteristics of the lead lag card, which form
      no part of the present invention include the provision of two individual
      power sources for each of the cards 212 and 213. One of the power sources
      for each of the lead lag cards is 24 volts and the other power source is
      26 volts. Only one of the sources is required, as the lead lag card is
      provided with conventional power auctioning. Also, each of the cards
      provides a logical signal on line 214 and 215 indicating that it has an
      "on card" power failure. For a more detailed understanding of a lead/lag
      circuit of the type mentioned, reference is made to U.S. patent
      application Ser. No. 269,000, filed by James T. Carleton on July 7, 1972,
      entitled "Compensation Apparatus and Method" and assigned to the present
      assignee.
PAR  Connected to the output of the throttle pressure transducer 164 is
      conventional analog comparator 216, and connected to the output of the
      transducer 165 is an analog comparator 217. Each of these analog
      comparators provides a logic signal in the event that the pressure
      transducer should exceed a certain value; and another logic signal in the
      event that the pressure transducer should be below a certain value. Thus,
      the analog comparators 216 and 217 provide a fail high and a fail low
      output for each respective transducer.
PAR  As mentioned previously, a bias signal is applied to one or the other
      controllers so that one controller is in control, and the other in standby
      as dictated by the input to the high signal selector 168 (see FIG. 3). The
      failure of a throttle pressure transducer in a direction that causes the
      output of the associated controller to be lower than normal transfers
      control to the other transducer, because it then has a higher output
      signal relative to the failed controller for input to the high signal
      selector 168 provided that such failure is sufficient to make such signal
      lower than the other. If the throttle pressure transducer should fail in a
      direction that causes the output level of its controller, to be higher
      than normal the valves, would tend to "close" and such controller with its
      associated failed transducer could continue in control. However, with the
      benefit of the present invention, relays 220 and 221 are normally
      energized by the analog comparators 216 and 217, respectively, when the
      associated throttle pressure transducers 164 and 165 are operating
      properly. Upon failure, of one transducer either in a high or a low
      direction, the associated relay 220 or 221 is deenergized, thus closing
      the respective contact 222 or 223, to apply a positive voltage of 15
      volts, for example, to the input of the associated summing device 203 or
      204. The application of this positive voltage, insures that the output of
      the non-failed controller is higher than the failed controller, if the
      failure is in a direction that tends to raise the controller output level,
      regardless of the direction of transducer failure.
PAR  From the foregoing description each of the pressure controllers 71 and 72
      includes a number of other components which are subject to failure in
      addition to the associated throttle pressure transducers 164 and 165;
      namely, the summing devices 203 and 204, the lead lag circuits 212 and
      213, and the power supplies on lines 225 and 227 for the lead lag circuits
      212 and 213. Should the 26 volt power supply fail, wire 225 is deenergized
      which removes energy from a NAND gate 226, which of course results in
      nothing more than the other pressure controller taking over control.
      However, if the 24 volt power supply should also fail, wire 227 is
      deenergized which causes the gate 226 to conduct, which provides a signal
      on line 228 through OR gate 230 to the input of NAND gates 231 and OR gate
      232 to transfer control of the bypass valves to manual. A failure of any
      of the components except the pressure transducers in one of the
      controllers is assumed to lower or remove the output signal, so that the
      high signal selector passes the output of the non-failed controller. If
      the system is in mode 4 or mode 5, wire 233 is deenergized and an output
      is provided through the NAND gate 231 to OR gate 234 for shifting control
      of the governor valves to manual. The shifting of the valve controls to
      manual operation may be in accordance with the previously referred to U.S.
      patent application Ser. No. 298,081 incorporated herein by reference.
PAR  In the event that both throttle pressure transducers should fail either in
      the high or low direction, an output signal appears on lines 235 or 236
      from OR gates 237 and 238. The failure of transducer 265 merely
      deenergizes an input to NAND gate 240 and 241 which has no effect on the
      system. Similarly, if only transducer 164 fails the input on line 235 is
      removed from NAND gate 242 and 240, which has no effect on the system.
      However, if both transducers fail, NAND gate 240 provides a signal on line
      243 through the OR gate 232 for manual control of the bypass valves, and
      to NAND gate 244 for transferring to manual control of the governor valves
      when input 245 is deenergized denoting that the system is in either mode 4
      or mode 5. If the lead lag circuit 212 should fail, the line 214 is
      deenergized which leads to NAND gates 241 and 246. if the lead lag circuit
      213 fails, energy is removed from the line 215 to NAND gates 246 and 241.
      Thus, if both lead lag circuits fail, NAND gate 246 conducts to transfer
      control of the bypass and governor valves as previously described to
      manual. If the transducer 165 fails and the lead lag circuit 212 fails the
      NAND gate 241 conducts to place the valves on manual control. Thus, from
      the foregoing it is seen that any combination of failures which would
      effect both transducers will transfer to manual control, the governor
      valves depending upon the mode of operation, and the bypass valves,
      regardless of the mode of operation. At the same time, a failure which
      would tend to produce a high output is converted to a failure that would
      tend to produce a low controller output, to provide for safe operation and
      transfer to the other controller when only one of the transducers or
      components has failed.
PAR  The foregoing description has been presented only to illustrate the
      principles of the invention. Accordingly, it is desired that the invention
      be not limited to the particular digital and analog embodiment described
      but rather it be accorded an interpretation consistent with the spirit and
      scope of its broad principles.
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CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electric power plant, comprising a steam turbine, an electric
      generator operated under the driving power of the turbine, a boiling water
      nuclear reactor for generating steam to drive the turbine, valve means
      operatively connecting the reactor steam outlet to the turbine steam inlet
      to control the admission of steam to the turbine, said reactor having
      control rods positionable within the reactor to vary the reactor energy
      level and having a fluid recirculation means to vary the rate of steam
      generation for an existing reactor energy level, an automatic reactor
      recirculation control means to vary the rate of steam generation in
      response to a change in a load demand representation, said system
      including a means to generate a desired load demand representation, a
      means to generate a pressure setpoint representation, a pressure control
      means to position the valve means to control the steam pressure between
      the reactor outlet and the valve means to correspond to the pressure
      setpoint representation, a means responsive to a change in the generated
      load demand representation to change the pressure setpoint representation
      in anticipation of a change in the rate of steam generation, means to
      detect the limits of operational capability of the recirculation system,
      and a means responsive to one of the detected limits to render a change in
      the generated load demand representation ineffective to operate the
      pressure control means to anticipate a change in the rate of steam
      generation beyond the limits of capability of the recirculation system.
NUM  2.
PAR  2. An electric power plant as set forth in claim 1, wherein the means to
      change the pressure setpoint representation in response to a change in the
      load demand representation is a deriviative circuit.
NUM  3.
PAR  3. An electric power plant as set forth in claim 1, wherein the automatic
      control means further includes a means to detect the megawatt output of
      the generator, and the change in load demand representation to operate the
      reactor recirculation means is an error signal determined by the generated
      load demand representation and the detected megawatt output.
NUM  4.
PAR  4. An electric power plant as set forth in claim 1 wherein the automatic
      control means includes a digital/analog system and the means responsive to
      the detected recirculation limits includes a programmed digital computer.
NUM  5.
PAR  5. An electric power plant as set forth in claim 1 wherein the capability
      limit of the recirculation system include both upper and lower limits, and
      a change in the load demand representation in the direction of the
      detected limit is prevented in response to such detected limit. l
NUM  6.
PAR  6. A system for automatically operating a combined boiling water reactor
      steam turbine power plant having a recirculation system for varying the
      rate of steam generation between the limits of its operational capability
      at an existing reactor power level comprising means to generate an
      electrical representation of load demand for the turbine, means to
      generate an electrical representation of a desired pressure setpoint for
      steam between the reactor and turbine, means to control the pressure of
      the steam to correspond to the setpoint representation, means responsive
      to a change in the load demand representation to change the pressure
      setpoint representation in anticipation of a change in the rate of steam
      generation, means responsive to a change in the load demand representation
      to operate the recirculation system to change the rate of steam generation
      within the limits of its capability, means to detect the operational
      limits of the recirculation system, and a means responsive to a detected
      operational limit of the recirculation system to render a change in the
      load demand representation ineffective to operate the pressure control
      means to anticipate a change in the rate of steam generation beyond the
      limits of capability of the recirculation system.
NUM  7.
PAR  7. A system according to claim 6, further comprising means to determine the
      megawatt output of the power plant, and the means to operate the
      recirculation system responds to a load demand error representation
      determined by the generated load demand representation and the actual
      detected megawatt output.
NUM  8.
PAR  8. A system according to claim 6 wherein the means to generate the load
      demand representation and the means responsive to the recirculation limits
      is a programmed digital computer.
NUM  9.
PAR  9. A system according to claim 6 wherein the means responsive to the
      detected limit of the recirculation system prevents a change in the
      generated load demand representation.
NUM  10.
PAR  10. A system according to claim 6 wherein the means to change the pressure
      setpoint representation is a derivative circuit.
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ABST
PAL  An apparatus for optimizing the yield of predetermined usable pieces from a
      workpiece such as a board of lumber or the like having randomly disposed
      defects designated on a plane surface thereof including means for scanning
      the workpiece to detect unusable defect containing areas on the plane
      surface, means for forming and storing a primary bit matrix corresponding
      to a pattern of scanned unusable defect containing areas, means for
      identifying predetermined combinable unusable defect containing areas and
      predetermined combinable unusable non-defect containing areas on the
      primary bit matrix, means for merging identified combinable unusable
      defect and non-defect containing areas to produce a list defining a
      pattern consisting of one or a combination of a group consisting of
      combined and uncombined unusable areas, defining usable areas, means for
      establishing and storing predetermined billing requirements, means for
      successively determining on the basis of the usable area information and
      the predetermined billing requirements, various cutting patterns for the
      workpiece, means for selecting the cutting pattern which is determined to
      produce the optimum yield for the workpiece in acordance with the billing
      requirements, and means for dividing the workpiece in accordance with the
      selected cutting pattern.
BSUM
PAR  This invention relates to an apparatus and method for optimizing the yield
      of predetermined usable pieces from a workpiece such as a board of lumber
      or the like having randomly disposed defects. This invention further
      contemplates a novel unit for scanning the defects on a workpiece and
      marking a cutting pattern thereon.
PAR  In the prior art, there have been developed various types of systems for
      optimizing the yield of usable pieces from various types of workpieces
      such as boards of lumber, sheets of glass and the like having randomly
      disposed defects. Each of such systems basically has included a scanner
      for detecting the coordinates of the defects relative to a reference axis,
      a computer which receives input data from the scanner and selects a
      cutting pattern for optimizing to certain degrees the yield of usable
      pieces from the workpiece, and various devices controlled by the computer
      for marking, cutting or otherwise treating the workpiece in accordance
      with the particular cutting pattern selected by the computer. Usually,
      such systems either are elaborate in design requiring a comparatively high
      capital investment which are operable to provide optimum cutting patterns
      or are substantially less elaborate in design requiring a comparatively
      lesser amount of capital investment which are operable to compute and
      designate cutting patterns which result in substantially less than an
      optimum yield of usable pieces from the workpieces being processed. It
      thus has been found to be desirable to provide a system or an apparatus
      for determining and designating a cutting pattern for workpieces having
      randomly disposed defects which is simple in design requiring a
      comparatively small capital investment and yet capable of determining and
      designating marking, cutting or other patterns for workpieces being
      processed, providing optimum yields.
PAR  Accordingly, it is the principal object of this invention to provide a
      novel apparatus and method for optimizing the yield of usable pieces from
      a workpiece such as a board of lumber, sheet of glass and the like having
      randomly disposed defects.
PAR  Another object of the present invention is to provide a novel apparatus and
      method for determining and designating a marking, uctting or other form of
      pattern for a workpiece having randomly disposed defects which provides an
      optimum yield of usable pieces.
PAR  A further object of the present invention is to provide a novel system or
      apparatus which is comparatively simple in design and requires a
      relatively small capital investment, and yet which is operable to
      determine and designate a cutting pattern for a workpiece having randomly
      disposed defects to provide an optimum yield of usable pieces from
      workpieces being processed.
PAR  A still further object of the present invention is to provide a novel
      system or apparatus for determining and designating a marking, cutting or
      other form of pattern for a workpiece having randomly disposed defects to
      provide an optimum yield of usable pieces from such workpiece, which
      utilizes a computer having limited storage and processing capabilities.
PAR  Another object of the present invention is to provide a novel scanning
      unit.
PAR  A further object of the present invention is to provide a novel scanning
      unit capable of sensing the coordinates of defects randomly disposed on a
      workpiece.
PAR  A still further object of the present invention is to provide a novel
      scanning unit which is capable of sensing defect designating indicia
      applied to a workpiece being processed.
PAR  Another object of the present invention is to provide a novel unit for
      scanning and marking a workpiece being processed.
PAR  A further object of the present invention is to provide a novel unit for
      sensing defect designating indicia applied to a workpiece being processed,
      and marking a selected cutting pattern of said workpiece.
PAR  A still further object of the present invention is to provide a novel
      scanning unit for sensing defect designating indicia on a workpiece being
      processed which has a high degree of reading sensitivity.
DRWD
PAR  Other objects and advantages of the invention will become more apparent to
      those persons having ordinary skill in the art to which the invention
      pertains, from the following description taken in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of a system embodying the invention;
PAR  FIGS. 2 and 2a disclose a flow diagram of a computer program utilized in
      the method practiced on the embodiment illustrated in FIG. 1;
PAR  FIG. 3 is a side elevational view of the support frame assembly and
      scanner-marker unit of the embodiment illustrated in FIG. 1, having a
      portion thereof broken away;
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 in FIG. 3;
PAR  FIG. 5 is an enlarged cross-sectional view taken along line 5--5 in FIG. 3;
PAR  FIG. 6 is an enlarged cross-sectional view taken along line 6--6 in FIG. 5;
PAR  FIG. 7 is an enlarged cross-sectional view taken along line 7--7 in FIG. 5;
PAR  FIG. 8 is an enlarged perspective view of a pair of reading heads of the
      scanner-marker unit of the embodiment illustrated in FIG. 1;
PAR  FIG. 9 is a perspective view of one of the reading heads illustrated in
      FIG. 8, taken from a different angle;
PAR  FIG. 10 is a cross-sectional view taken along line 10--10 in FIG. 8; and
PAR  FIG. 11 is a top plan view of a board of lumber having randomly disposed
      defects, having been processed through the embodiment of the invention
      illustrated in FIGS. 1 through 10 and marked with a cutting pattern to
      produce an optimum yield of usable pieces.
DETD
PAR  Referring to the drawings, there is illustrated a system or apparatus 20,
      embodying the invention, which includes a support frame assembly 21, a
      workpiece positioning assembly 22 mounted on the frame assembly, a
      scanner-marker unit 23 also mounted on the frame assembly, a computer 24
      operatively connected to the positioning assembly and scanner-marker unit,
      a terminal keyboard unit 25 operatively connected to the computer, and a
      separate assembly 20a for visibly detecting and marking randomly disposed
      defects on a workpiece to be processed by the apparatus 20, such as a
      board of lumber designated by the referenced numeral 26. The assembly 20a
      includes a roller conveyor 27 supported substantially horizontally on a
      plurality of legs 28. The conveyor 27 consists of a pair of side rails 29
      and 30 interconnected by two spaced sets of rollers 31 and 32 providing a
      center opening 33 in the roller conveyor. The side rail 29 adjacent the
      work station of the operator is provided with a plurality of
      longitudinally spaced rollers 34 which are engaged by a side edge of the
      workpiece 26 to guide the workpiece along the length of the conveyor.
      Disposed below conveyor 27 in vertical alignment with opening 33 is a
      mirror unit 35 which provides the operator with a view of the bottom side
      of the workpiece disposed at the work station.
PAR  Support frame assembly 21 generally includes a first set of longitudinally
      spaced post members 36, a second set of longitudinally spaced post members
      37, a pair of longitudinally disposed support members 38 and 39 rigidly
      secured to the transversely spaced sets of post members 36 and 37 and a
      second pair of longitudinally disposed members 40 and 41 also rigidly
      secured to the sets of post members 36 and 37 and being disposed above
      longitudinal members 38 and 39. Rigidly connecting the sets of post
      members and resting on longitudinal members 38 and 39 is a set of
      longitudinally spaced, transversely disposed cross-piece members 42.
      Similarly, a set of cross-piece members 43 rigidly interconnect the sets
      of post members and are seated on longitudinal members 40 and 41.
PAR  Seated on the upper ends of the sets of post members is a pair of
      longitudinally disposed, inwardly opening channel shaped guide members 44
      and 45. As best illustrated in FIG. 5, the channel shaped guide members
      include bottom flanges rigidly secured to the upper ends of post members
      36 and 37, vertically disposed web sections and inwardly projecting upper
      flange portions which define a pair of longitudinally disposed, inwardly
      opening guide channels 44a and 45a. Disposed within guide channels 44a and
      45a, is a pair of longitudinally disposed guide rails 46 and 47 which are
      supported on a plurality of support legs 46a and 47a secured to the lower
      flanges of guide members 44 and 45. As will be described later, the
      scanner-marker unit 23 is supported on and guided along guide rails 46 and
      47. Guide members 44 and 45 further are rigidly interconnected by a set of
      longitudinally spaced, cross-piece members 48. In addition, the end sets
      of post members are rigidly interconnected by sets of cross-piece members
      49 and 50 which are disposed below the plane of the lower flanges of guide
      members 44 and 45 and which support portions of the drive assembly for the
      scanner-marker unit, as later will be described.
PAR  A roller conveyor 51 is supported on the upper set of cross-piece members
      43 between the sets of post members 36 and 37. The conveyor generally
      consists of a pair of longitudinally disposed, transversely spaced
      channel-shaped members 52 and 53 rigidly secured to cross-piece members
      43, a plurality of transversely disposed rollers 54 mounted on the side
      rail members 52 and 53 on which a workpiece 26 is supported for
      processing, and a plurality of longitudinally spaced guide rollers 55
      mounted on the upper flange of side rail member 52, which are engagable by
      a longitudinal edge of workpiece 26 supported on rollers 54.
PAR  The workpiece positioning assembly 22 is best illustrated in FIGS. 3 and 4
      and consists primarily of an end stop mechanism 56 mounted on a
      cross-piece member 57 supported on longitudinally disposed members 38 and
      39, and a clamping mechanism 58 mounted on a bracket 59 which is rigidly
      secured to frame member 40. The end stop mechanism 56 consists of a
      vertically disposed fluid actuated piston and cylinder assembly including
      a cylinder 60 rigidly mounted at its lower end on cross-piece member 57
      and a piston 61, and a transversely disposed abutment plate 62 mounted on
      the end of the piston 61. It will be appreciated that the mechanism 56 can
      be operated to extend piston 61 as illustrated in FIG. 3 so that the
      leading end of a workpiece 26 will engage plate 62 to position the
      workpiece longitudinally on roller conveyor 51, and piston 61 may be
      retracted to move plate 62 below the lower surface of the workpiece to
      permit the workpiece to be advanced along conveyor 51.
PAR  Clamping mechanism 58 consists of a transversely disposed fluid actuated
      cylinder and piston assembly including a cylinder 63 connected at its
      outer end to mounting bracket 59 and a piston 64 disposed below the
      support plane of the workpiece, and a longitudinally disposed member 65
      rigidly connected intermediate its ends to the end of piston 64, having
      upwardly projecting clamp portions 66 and 67 which extend above the
      support plane of a workpiece supported on conveyor 51. It will be seen
      that when piston 64 is retracted, clamping portions 66 and 67 will engage
      a longitudinal edge of a workpiece and move it into clamping relation with
      the plurality of guide rollers 55 on conveyor 51 to position the workpiece
      transversely. The workpiece may be released merely by extending piston 64.
PAR  The operation of end stop mechanism 56 and clamping mechanism 58 is
      controlled by computer 24 which is responsive to various microswitches
      mounted on the support frame assembly for sensing the position of the
      workpiece on conveyor 51. It will be appreciated that when the workpiece
      is positioned on conveyor 51 with the leading end thereof engaging stop
      plate 62 and the longitudinal side edges thereof clamped between clamp
      portions 66 and 67 and guide rollers 55, the workpiece will be positioned
      for scanning by the scanner-marker unit with the leading edge thereof
      lying along a y-axis and the longitudinal edge thereof engaging guide
      rollers 55 lying along an x-axis of a pair of coordinate reference axes.
PAR  The scanner-marker unit 23 generally includes a carrier assembly 68 mounted
      on the support frame assembly, a drive assembly 69 mounted on the support
      frame assembly operatively connected to the carrier assembly, a scanning
      assembly 70 mounted on the carrier assembly and a marking assembly 71 also
      mounted on the carrier assembly. As best illustrated in FIGS. 5 through 7,
      the carrier assembly includes a housing provided with a transverse end
      panel 72, a transverse end panel 73 spaced longitudinally from panel 72, a
      pair of longitudinal side walls 74 and 75 interconnecting the end panels
      and a top panel 76. The housing further is provided with a transverse
      partition panel 77 spaced from end panel 72 to provide a compartment 78
      for housing the scanning assembly 70 and a compartment 79 for housing
      marking assembly 71 in the lower end thereof. A longitudinal reinforcing
      panel 80 is provided in the upper end of compartment 79 having the flanged
      edges thereof rigidly secured to partition panel 77, end panel 73 and side
      panels 74 and 75.
PAR  As best illustrated in FIGS. 5 and 7, the lower edge of the carrier
      assembly terminates well above the height of a workpiece supported on
      conveyor 51 so that at no time during the operation of the apparatus while
      the scanner-marker unit is moved along the length of the workpiece, does
      the carrier assembly engage the workpiece. It further will be noted that,
      as illustrated in more detail in FIGS. 5 and 7, the side edges of top wall
      76 project laterally into channels 44a and 45b and are provided with split
      bearing members 81 and 82 which engage guide rails 46 and 47 for
      supporting the scanner-marker unit on the support frame assembly and
      guiding it longitudinally along the length of a workpiece supported on
      conveyor 51.
PAR  The scanner-marker unit is adapted to be displaced along the length of a
      workpiece positioned on conveyor 51 by means of drive assembly 69 which
      includes a drive motor 83 provided with a drive sprocket 84, an idler
      sprocket 85 and a drive chain 86. Drive motor 83 is rigidly mounted on
      cross-piece members 49 so that drive sprocket 84 lies in a vertical plane
      passing through the longitudinal center line of the support apparatus. A
      bracket 87 supporting idler sprocket 85 is mounted on cross-piece members
      50 so that idler sprocket 85 is aligned transversely with drive sprocket
      84. Drive chain 86 is trained around sprockets 84 and 85 so that the upper
      flight thereof is guided along rollers 88 mounted on cross-piece members
      48 and the lower flight thereof is disposed below cross-piece members 48,
      having the free ends thereof connected to a longitudinally disposed rigid
      strap 89 secured to top wall 76 of the carrier assembly. It thus will be
      appreciated that upon operation of drive motor 83, the scanner-marker unit
      23 may be displaced along the length of a workpiece positioned on conveyor
      51. The operation and speed of drive motor 83 is controlled by the
      computer. Generally, drive motor 83 is adapted to be driven at a
      relatively low speed for moving the marker-scanner unit along the length
      of a workpiece during the scanning phase of the operation and at a
      relatively high speed for positioning the scanner-marker unit during the
      marking phase of the operation and also in returning the unit to its
      starting position.
PAR  REferring to FIGS. 6 and 7, scanner assembly 70 is provided with a housing
      91 which is movable vertically in compartment 78 of the carrier assembly.
      Housing 91 includes a pair of transverse walls 92 and 93 disposed adjacent
      carrier assembly panels 72 and 77, respectively, and a pair of
      longitudinal walls 94 and 95 which are disposed adjacent carrier assembly
      panels 74 and 75. Disposed at the lower end of housing 91 and rigidly
      secured to walls 92 and 93, inwardly from side walls 94 and 95, is a pair
      of longitudinally disposed brackets 96 and 97. Housing 91 and
      correspondingly scanning assembly 70 is displaced vertically by means of a
      pair of air actuated cylinder and piston assemblies 98 and 99 disposed
      within compartment 78, having the upper ends of the cylinder portions 989
      and 99a rigidly secured to top panel 76 of the carrier assembly and the
      lower free ends of piston portions 98b and 99b secured to brackets 96 and
      97, respectively.
PAR  A curved reflector 100 is mounted on the lower outer side of carrier
      assembly panel 72 which partially houses and supports a lamp 101 for
      illuminating workpiece 26 positioned on conveyor 51. The lamp may be of
      any conventional type such as an ultraviolet lamp and the like which is
      adapted to emit a light which will be reflected from defect designating
      indicia applied to the upper surface of workpiece 26 to activate the
      photosensitive cells of the scanning assembly. Disposed along the lower
      open end of housing 91, between brackets 96 and 97 is a bank of reading
      heads 102. As best illustrated in FIGS. 8 through 10, each of the reading
      heads is provided with a front face 103 which is relieved as at 104, a
      rear face 105, a pair of side surfaces 106 and 107, and upper and lower
      surfaces 108 and 109. The relieved portion 104 of each reading head is
      provided with a plurality of transversely spaced openings 110 in which
      photosensitive cells are mounted. Leads 111 from the photosensitive cells
      extend through the upper surface 108 and are electrically connected to an
      electrical lead carrier 112, shown in FIG. 3, which in turn is connected
      to an interface of the computer. Each of the reading heads is supported by
      a plurality of vertically disposed rods 113 which extend upwardly through
      openings in a platform panel 114 secured to panels 92 and 93 of scanning
      assembly housing 91. The upper ends of rods 113 are provided with nuts 115
      which permit reading heads 102 to be displaced upwardly relative to
      housing 91 when the scanning assembly is moved to a lower operating
      position and reading heads 102 engage the upper surface of a workpiece 26,
      thus permitting the reading heads to be displaced vertically relative to
      housing 91 as the scanner-marker unit is moved along the workpiece during
      a scanning operation and correspondingly conform to any variations in
      height of the upper surface of the workpiece due to variations in
      thickness, raised projections or warpage of the workpiece. As best
      illustrated in FIG. 7, the length of rods 113 is adjusted so that the
      reading heads normally will be caused to project below the lower end of
      housing 91 and be permitted to be displaced upwardly into the housing
      while traversing the length of the workpiece during a scanning operation.
PAR  Each of the side surfaces 106 and 107 of the reading heads is provided with
      a vertically disposed recess 116 which registers with a similar recess in
      a successive reading head. Successive reading heads are provided with ball
      bearings 117 received within adjacent recesses 116 which function to limit
      the vertical displacement of successive reading heads.
PAR  The upper and lower ends of air cylinders 98a and 99a are connected through
      appropriate valving to a supply of compressed air. Such valves are
      operated by solenoids controlled by computer output signals. In operation,
      by appropriate computer command signals to the valve solenoids, air under
      pressure will be supplied selectively to the upper or lower ends of air
      cylinders 98a and 99a to correspondingly move the scanning assembly into
      and out of engagement with workpiece 26. Under such conditions, reading
      heads 102 will engage the workpiece, lamp 101 will be disposed immediately
      forwardly of the reading heads to illuminate defect designating indicia
      applied to the upper surface of the workpiece which will be sensed by the
      photosensitive cells mounted in the reading heads and the reflector 100
      will function to focus light emitted by lamp 101 on the workpiece surface
      immediately forwardly of the reading heads and shield the workpiece
      surface being read by the reading heads from extraneous light. As the
      scanner-marker unit traverses the length of the workpiece and variations
      in height of the upper surface of the workpiece are encountered, the
      reading heads will be permitted to be displaced upwardly to continuously
      conform to the workpiece surface being scanned.
PAR  Seated on the center of cross-piece members 42 is a pair of longitudinally
      disposed lamps L, as best seen in FIGS. 1, 3 and 5. The lamps may be of
      any conventional type such as fluorescent adapted to emit light sufficient
      to activate the photosensitive cells of the scanning assembly when there
      is no intervening board.
PAR  The position of the scanner-marker unit along the length of a workpiece
      being processed, is determined from a coded reference scale disposed
      longitudinally along guide channel 45a, as best seen in FIG. 5. Reference
      scale 118 is read by a reading head 119 mounted on top wall 76 of the
      carrier assembly. Reading head 119 functions similarly to reading heads
      102 and generates an output signal to an appropriate interface of the
      computer via the electrical lead carrier 112. As best illustrated in FIG.
      3, the electrical lead carrier is adapted to be played out or taken up by
      a spring loaded reel 120 mounted at an end of the support frame assembly.
PAR  Marker assembly 71 is mounted in the lower end of compartment 79 of the
      carrier assembly and includes a pair of transversely spaced brackets 121
      and 122 which are secured to panels 73 and 77. Mounted on bracket 122 is a
      pair of positioning motors 123 and 124 provided with transversely
      disposed, threaded drive members 125 and 126 having the free ends thereof
      journaled in bracket 121. Identically mounted on threaded members 125 and
      126 are carrier blocks 127 and 128 on which there are mounted vertically
      disposed marking pens 129 and 130. The upper ends of carrier blocks 127
      and 128 are mounted on guide rods 131 and 132 for maintaining marking pens
      129 and 130 vertical.
PAR  Marking pens 129 and 130 are of the air brush type, being provided with an
      ink supply line and an air pressure line both of which are provided with
      appropriate valving controlled by the computer. In addition to the supply
      of air and ink to marking pens 129 and 130, the operation of positioning
      motors 123 and 124 is controlled by the computer.
PAR  It will be appreciated that by generating appropriate command signals from
      the computer to the controls for the main drive motor 83, positioning
      motors 123 and 124 and the valves for the compressed air and ink supply
      lines of marking pens 129 and 130, the scanner-marker unit will be
      displaced longitudinally relative to the workpiece to correspondingly
      longitudinally displace marking pens 129 and 130, carrier blocks 127 and
      128 will be displaced transversely to correspondingly transversely
      displace marking pens 129 and 130, and ink and compressed air will be
      supplied to the marking pens to correspondingly cause the marking pens to
      mark a desired pattern on the upper surface of workpiece 26.
PAR  Terminal keyboard unit 25 may be of any conventional, commercially
      available type which is capable of being operated to input desired billing
      requirements or cutting orders into computer 24. Primarily, the billing
      requirements inputted into the computer through the terminal keyboard unit
      consist of the desired sizes, quantities of sizes and priority of pieces
      required, usually for a production run.
PAR  Computer 24 consists of what commonly has been referred to as a
      "mini-computer" which has limited data storing and processing
      capabilities. An example of such a computer is the NOVA 800 computer
      manufactured by the Data General Corporation of Southboro, Massachusetts.
      The computer is provided with appropriate data storing components and
      circuitry for; storing billing requirements inputted through the terminal
      keyboard unit, forming and storing a primary bit matrix containing the
      coordinates of designated defects provided on a workpiece being processed
      as a result of input signals from the scanner-marker unit, identifying
      combinable unusable defect containing areas and combinable unusable
      non-defect containing areas on the primary bit matrix in accordance with a
      predetermined program, merging combinable unusable defect and non-defect
      containing areas in accordance with the program to produce a list
      containing the coordinates of one or a combination of a group consisting
      of unusable areas, defining usable areas, and selecting responsive to the
      stored billing requirements and the list defining unusable areas, a
      cutting pattern for the workpiece providing an optimum yield of usable
      pieces complying to at least a portion of the predetermined billing
      requirements. The computer further includes appropriate circuitry for
      transmitting command signals to main drive motor 83 for displacing the
      scanner-marker unit longitudinally and correspondingly positioning marking
      pens 129 and 130 longitudinally, to pen positioning motors 123 and 124 for
      positioning the pens transversely and to the solenoids operating the
      valves controlling the supply of compressed air and ink to the marking
      pens. In addition, the computer includes appropriate circuitry for
      reestablishing the billing requirements as the previously established
      billing requirements are at least partially satisfied.
PAR  In the operation of the system as described, assuming it is desired to mark
      boards of lumber of the type illustrated in FIG. 11, having randomly
      disposed defects D to produce an optimum yield in accordance with
      predetermined billing requirements, initially computer 24 is programmed in
      accordance with the flow diagram illustrated in FIGS. 2 and 2a to perform
      the aforementioned functions and the billing requirements are inputted
      into the computer by means of terminal keyboard unit 25. The board is then
      placed on roller conveyor 27 of assembly 20a so that a longitudinal edge
      of the board engages guide rollers 34 and the board spans opening 33. With
      the board thus positioned so that an operator may view any defects on the
      bottom side of the board on mirror unit 35, a worker encircles on the
      upper side of the board each defect containing area with a light
      reflecting material as denoted by the reference letter R in FIG. 11. When
      all of the defects on the upper and lower surfaces of the board are
      designated on the upper surface thereof, the board either is stacked for
      further processing through system 20 or is carried directly to apparatus
      20 for further processing.
PAR  Boards containing defect designating markings are processed through
      apparatus 20 by initially inserting each board through one end of the
      apparatus onto roller conveyor 51 as illustrated in FIG. 1. The operator
      then positions the board against guide rollers 55 and moves the board
      toward the opposite end thereof until the leading edge of the board
      engages stop plate 62. As the board is moved toward stop plate 62, certain
      microswitches are tripped which energize appropriate circuitry in computer
      24 to actuate end stop mechanism 56 and clamping mechanism 58 in a
      predetermined sequence. Initially, the leading edge of the board engages
      stop plate 62 to position the leading edge of the board along a y-axis and
      then clamping mechanism 58 is actuated to cause clamping plates 66 and 67
      to engage a longitudinal edge of the board and move the opposite
      longitudinal edge of the board against guide rollers 55 so that the roller
      engaging edge will be disposed along an x-axis of the predetermined
      coordinate reference axes. In such position, with the leading edge
      disposed along the y-axis and one of the longitudinal edges disposed along
      the x-axis of the coordinate reference axes, the board is properly
      positioned for scanning. The proper positioning of the board is signaled
      to the computer which responds by transmitting a command signal to main
      drive motor 83 to begin the scanning phase of the operation.
PAR  Normally, scanner-marker unit 23 will be in the position as illustrated in
      FIGS. 1 and 3 with the carrier assembly 68 disposed adjacent the leading
      edge of the board to be processed and the scanner assembly in its elevated
      or retracted position. Preceeding energization of main drive motor 83 for
      displacing carrier assembly 68 along the length of the positioned
      workpiece, the computer transmits a command signal to the solenoids
      operating the valves supplying fluid under pressure to air cylinders 98a
      and 99a to cause pistons 98b and 99b to extend and correspondingly move
      the bank of reading heads 102 into engagement with the upper surface of
      the workpiece. Simultaneously, lamp 101 will be energized to illuminate
      the upper surface of the board.
PAR  As carrier unit 68 is moved along the length of the workpiece, light
      emitted from lamp 101 and reflected by defect designating indicia R and
      light emitted from lamps L in the areas not covered by the board will be
      sensed by the photosensitive cells in the reading heads. As the
      photosensitive cells are thus activated by the reflected light, they
      operate to generate signals which are amplified and transmitted to the
      computer. Simultaneously, reading head 119 reads coded reference scale 118
      and similarly transmits a signal to the computer. It will be appreciated
      that the signals transmitted by the reading heads 102 and 119 indicate to
      the computer the x and y coordinates of the defect containing areas of the
      board being processed and of the scanned areas not covered by the board
      which appear as defects because of the light emitted from lamps L. As
      previously mentioned, the computer produces and stores a primary bit
      matrix responsive to the input signals from reading heads 102 and 119,
      corresponding to the pattern of defect containing areas sensed on the
      board being processed. In the event any of reading heads 102 encounters
      any variation in height of the upper surface of the board which may be the
      result of variations in thickness of the board or warpage, the reading
      head will be permitted to be displaced vertically relative to successive
      reading heads to conform to any such variation in height. It further will
      be noted that due to the proximity of lamp 101 to reading heads 102, the
      focusing of light onto the area being scanned immediately forwardly of the
      reading heads, and the shielding of the area being scanned from extraneous
      light, an accurate reading of the defects on the workpiece is achieved. As
      soon as the carrier assembly has traversed the full length of the
      workpiece and the reading heads drop off the end of the board, the
      computer causes appropriate command signals to be transmitted to stop the
      main drive motor, deenergize lamp 101 and lifting or retracting the
      scanner assembly. The main drive motor is then operated to return the
      carriage assembly to a position adjacent the leading edge of the
      workpiece, in position to begin the marking phase of the operation.
PAR  As soon as the primary bit matrix has been formed and stored by the
      computer, the computer next operates to scan the primary bit matrix for
      predetermined combinable unusable defect containing areas and combinable
      unusable non-defect containing areas. Such combinable unusable defect and
      non-defect containing areas then are merged to produce a list of unusable
      areas around which usable pieces may be cut. The computer then functions,
      responsive to the stored billing requirements and the usable areas defined
      by the list, to select, in accordance with the selected program, a cutting
      pattern for the board providing an optimum yield of usable pieces
      complying with at least a portion of the billing requirements. In this
      regard, it will be appreciated that by merging unusable defect and
      non-defect containing areas, the number of unusable areas on the list is
      reduced thus correspondingly decreasing the number of combinations
      required to be analyzed by the computer.
PAR  Once the cutting pattern for the board being processed has been selected by
      the computer, command signals are transmitted by the computer to main
      drive motor 83 and pen positioning motors 123 and 124 to position the
      marking pens. Simultaneously, command signals are transmitted to the
      marking pen controls so that the pens will operate to mark the selected
      cutting pattern on the workpiece, consisting of a combination of cross-cut
      and ripping lines designated by the reference letter S in FIG. 11. When
      the carrier assembly reaches the full length of its travel, such condition
      is sensed by the computer which then operates to return the carrier
      assembly to its start position and actuate mechanisms 56 and 58 to release
      the workpiece and permit it to be removed.
PAR  The apparatus as described can be modified so that once the cutting pattern
      has been selected, in lieu of transmitting command signals to the main
      drive motor and pen positioning motors to position and operate the marking
      pens, such signals could function to operate an apparatus for cutting the
      boards.
PAR  From the foregoing detailed description, it will be evident that there are
      a number of changes, adaptations and modifications of the present
      invention which come within the province of those skilled in the art.
      However, it is intended that all such variations not departing from the
      spirit of the invention be considered as within the scope thereof and as
      limited solely by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for optimizing the yield of pre-determined usable pieces
      from a workpiece such as a board of lumber or the like having randomly
      disposed defects designated on a plane surface thereof comprising means
      for supporting a workpiece; scanning means movable relative to said
      workpiece along the length thereof for detecting unusable defect
      containing areas disposed on said plane surface of said workpiece and
      correspondingly producing output signals; means movable relative to said
      workpiece along the length thereof for marking cutting lines thereon; a
      computer including means responsive to the output signals of said scanning
      means for producing and storing a primary bit matrix corresponding to a
      pattern of scanned unusable defect containing areas, means for identifying
      predetermined combinable unusable defect containing areas and
      predetermined combinable unusable non-defect containing areas, means for
      merging predetermined combinable unusable defect containing areas and
      predetermined combinable unusable non-defect containing areas to produce
      information corresponding to a pattern consisting of one or a combination
      of a group consisting of combined and uncombined unusable areas, defining
      usable areas, means for establishing and storing pre-determined billing
      requirements, programmed means responsive to said predetermined billing
      requirements and said defined usable areas for selecting a cutting pattern
      for said workpiece providing an optimum yield of usable pieces complying
      to at least a portion of said predetermined billing requirements and means
      for transmitting command signals to said marking means corresponding to
      said selected cutting pattern; and means for inputting said predetermined
      billing requirements into said computer.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said means for storing
      predetermined billing requirements is operable to store data corresponding
      to desired sizes, quantities and priorities of said usable pieces.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said computer includes means
      for reestablishing said billing requirements following the processing of
      each workpiece.
NUM  4.
PAR  4. An apparatus according to claim 3 wherein said means for storing
      predetermined billing requirements is operable to store data corresponding
      to desired sizes, quantities and priorities of said usable pieces.
NUM  5.
PAR  5. An apparatus according to claim 1 wherein said workpiece supporting
      means comprises a roller conveyor, and including means for positioning a
      workpiece along predetermined reference coordinates.
NUM  6.
PAR  6. An apparatus according to claim 1 wherein said scanning means includes
      means for illuminating defect designating indicia applied to the plane
      surface of said workpiece, a plurality of transversely disposed reading
      heads and means for moving said plurality of reading heads selectively
      into and out of engagement with said plane surface, each of said reading
      heads having a plurality of transversely disposed photosensitive cells for
      detecting said indicia and being displaceable vertically relative to
      successive reading heads to permit the position of said reading head to
      adjust vertically and conform to any variations in thickness of said
      workpiece as said scanning means traverses the length thereof.
NUM  7.
PAR  7. An apparatus according to claim 6 wherein lower leading edges of said
      reading heads are relieved and said photosensitive cells are disposed
      within said relieved surfaces.
NUM  8.
PAR  8. An apparatus according to claim 6 including means interengaging
      successive reading heads for limiting vertical displacement therebetween.
NUM  9.
PAR  9. An apparatus according to claim 1 including a coded reference scale
      disposed longitudinally on said support means, and wherein said scanning
      means includes means for reading said coded reference scale as said
      scanning means traverses along the length of said workpiece.
NUM  10.
PAR  10. An apparatus according to claim 1 wherein said marking means comprises
      at least one vertically disposed pen movable transversely.
NUM  11.
PAR  11. An apparatus according to claim 10 wherein said pen comprises an ink
      emitting air brush.
NUM  12.
PAR  12. An apparatus according to claim 10 wherein said pen is mountable on a
      transversely disposed threaded drive member.
NUM  13.
PAR  13. An apparatus according to claim 1 including a carrier assembly movable
      longitudinally above said workpiece disposed on said supporting means, and
      wherein said scanning and marking means are mounted on said carrier
      assembly.
NUM  14.
PAR  14. An apparatus according to claim 13 including means for supporting and
      guiding said carrier assembly longitudinally and a motor driven endless
      chain disposed on said support means, operatively connectable to said
      carrier assembly for displacing said carrier assembly longitudinally.
NUM  15.
PAR  15. An apparatus according to claim 13 wherein said scanning means includes
      means mounted on said carrier assembly for illuminating defect designating
      indicia applied to the plane surface of said workpiece, a plurality of
      transversely disposed reading heads mounted on said carrier assembly, and
      means mounted on said carrier assembly for moving said plurality of
      reading heads selectively into and out of engagement with said plane
      surface of said workpiece, each of said reading heads having a plurality
      of transversely disposed photosensitive cells for detecting said indicia
      and being movable vertically relative to adjacent reading heads to permit
      the position of said reading head to adjust vertically and conform to any
      variations in thickness of said workpiece as said scanning means traverses
      the length thereof.
NUM  16.
PAR  16. An apparatus according to claim 15 wherein lower leading edges of said
      reading heads are relieved and said photosensitive cells are disposed
      along said relieved surfaces.
NUM  17.
PAR  17. An apparatus according to claim 15 including means interengaging
      successive reading heads for limiting vertical displacement therebetween.
NUM  18.
PAR  18. An apparatus according to claim 13 wherein said marking means comprises
      at least one vertically disposed pen mounted on said carrier assembly and
      movable transversely thereon.
NUM  19.
PAR  19. An apparatus according to claim 18 wherein said pen comprises an ink
      emitting air brush.
NUM  20.
PAR  20. An apparatus according to claim 18 wherein said pen is mountable on a
      transversely disposed threaded member mounted on said carrier assembly.
NUM  21.
PAR  21. An apparatus according to claim 13 including a coded reference scale
      disposed longitudinally on said support means, and wherein said scanning
      means includes means for scanning said coded reference scale.
NUM  22.
PAR  22. A method of optimizing the yield of predetermined usable pieces from a
      workpiece such as a board of lumber or the like having randomly disposed
      defects designated on a plane surface thereof comprising scanning the
      workpiece to detect unusable defect containing areas on said plane
      surface, forming and storing a primary bit matrix corresponding to a
      pattern of scanned unusable defect containing areas, identifying
      predetermined combinable unusable defect containing areas and
      predetermined combinable unusable non-defect containing areas on said
      primary bit matrix, merging identified combinable unusable defect and
      non-defect containing areas to produce information corresponding to a
      pattern consisting of one or a combination of a group consisting of
      combined and uncombined unusable areas, defining usable areas,
      establishing and storing predetermined billing requirements, successively
      determining on the basis of said usable areas and said predetermined
      billing requirements various cutting patterns for said workpiece to at
      least partially satisfy said billing requirements, selecting the cutting
      pattern which is determined to produce the optimum yield from said
      workpiece in accordance with said billing requirements, and dividing said
      workpiece in accordance with the selected cutting pattern.
NUM  23.
PAR  23. A method according to claim 22 including the step of reestablishing and
      storing the billing requirements following the processing of each
      workpiece.
NUM  24.
PAR  24. A method according to claim 22 including designating said defects with
      indicia, and wherein said defect detecting includes illuminating said
      designated indicia and sensing light from said indicia.
NUM  25.
PAR  25. A method according to claim 22 wherein said dividing comprises spraying
      a jet of ink on said workpiece to provide cutting lines.
NUM  26.
PAR  26. A method according to claim 22 wherein said dividing comprises cutting
      said workpiece.
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ABST
PAL  At a measuring point serving at least one adjacent line segment
      instantaneous values of current and voltage are measured in sequential
      pairs, either continuously or at intervals by delaying these values by
      discrete amounts of delay corresponding to twice the wave propagation time
      on the line from the measuring point to a number of selected reference
      (appraisal) points along the line segment, and then combining the delayed
      value pairs corresponding to each appraisal point with a real time value
      pair. A voltage value at each appraisal point at the mid-point of the
      delay period is determined by use of delayed measured values that take
      account of line propagation characteristics such as damping. In one form
      of processing, the appraisal point voltage thus obtained is then squared
      or otherwise processed to provide a unimodal function, and then further
      processed by an average function generator to yield an evaluation function
      for the appraisal point which can effectively be compared with one or more
      limit values for control of warning and cut-off devices designed to be
      activated in case of a failure. In a second form of processing, the
      gradients of the appraisal point voltage at the two ends of the line
      segment in question are continually or sequentially calculated and their
      respective signs are compared in such a way as to activate warning and
      cut-out systems when the presence of a voltage minimum within the line
      segment is detected. The system operates without circuits of the kind that
      require measured voltages and currents to be resolved into sinusoidal
      components or proper evaluation of transients.
BSUM
PAR  This invention relates to a method and apparatus for delimiting the
      location of a failure on electrical lines and, more particularly, methods
      and apparatus for that purpose in which at least one line segment is
      monitored at a measurement point by measuring current and voltage values,
      which are analyzed or processed to detect a failure on the line segment
      being monitored and to set off a failure signal when a failure is
      detected.
PAR  The most common cause of failure to which electrical lines are subjected,
      particularly high voltage lines for long-distance power transmission in
      the open, is a drop of the shunt resistance, particularly the insulation
      resistance, below the lowest permissible value, a condition that is in
      general produced by a short-circuit between two of the line conductors or
      between one or more of them and ground. Continuous monitoring is necessary
      to deal with failures so caused, in order to make possible suitable and
      prompt switching operations for prevention of grave disturbances of
      connected installations and damage or destruction in the transmission
      system itself.
PAR  In order to switch out a line segment stricken by failure and likewise to
      switch out a line segment for repair in case of continuing insulation
      faults and the like, it is necessary or at least desired to delimit and
      confine the place of failure entirely to the stricken segment, the
      identity of which is initially still unknown and usually to provide, in
      addition, a more or less exact localization of the place of failure within
      the line segment.
PAR  The function just described is fulfilled in conventional practice by a
      remote protection system based on the use of a line simulation network
      utilizing lumped impedances connected with measuring and measurement
      responsive apparatus, the latter including remote control relays or the
      like, which in general are connected at the ends or junctions of
      individual line segments to be protected. The mode of operation of known
      methods and apparatus for remote control protection of alternating current
      transmission (which is the principal field of application for this type of
      protection) is essentially based on an analysis or approximation of the
      behavior of the momentary values of currents and voltages when a
      disturbance is present, the analysis or approximation being in terms of
      sinusoidal components, since the latter lend themselves readily to working
      with networks of postulated impedances.
PAR  An important disadvantage of the conventional remote control protection
      arises from the fact that the behavior of current and voltage in the
      decisive first phase of the disturbing event is mainly determined by
      nonsinusoidal transient effects, which requires taking account of strong
      harmonic components and application of correspondingly complicated and
      expensive evaluation and approximation methods with corresponding filter
      networks. In spite of the high circuit expense, the accuracy and
      reliability of failure localization and the speed of decision, or the time
      requirements, for automatic evaluation of the measurements up to the point
      where a suitable switching criterion can be applied, are in great need of
      improvement.
PAR  It is accordingly an object of the present invention to provide a method
      and apparatus by which a quick and reliable delimitation of the place of
      failure in a transmission line can be accomplished by reference to the
      behavior of momentary values of current and voltage at a measurement
      location, preferably at only one single place of measurement, without
      resolving the observed data into sinusoidal components.
PAC  Subject Matter of the Present Invention
PAR  Briefly, a method and apparatus is based upon the recognition that the time
      variation of the momentary values of current and voltage at a place of
      measurement where the transients resulting from the occurrence of a fault
      are observable do contain sufficient information for delimiting the place
      of failure, to the extent that certain minimum conditions are observed
      with respect to the time over which measurements are determined. At least
      one and generally two or more reference locations, hereinafter referred to
      as "appraisal points"  are taken for each line segment to be monitored
      from a given measuring point. Current and voltage simultaneously observed
      at the measuring point are determined, each determination hereinafter
      being referred to as a "value pair", and the measurement is continued,
      with reference to each appraisal point, over a time interval equal to at
      least twice the wave propagation period on the line between the measuring
      point and the appraisal point. Measured value pairs and the values derived
      therefrom are stored for each appraisal point, and likewise for such a
      time interval, so that for each appraisal point a set of two value pairs
      having a relative time displacement, between pairs of a set, equal to
      twice the aforesaid wave propagation time can then be used to compute a
      decision function which may be referred to as an evaluation function. For
      this purpose the value pairs of a time-displaced set are used to produce
      by time averaging a unimodal function of the voltage at the appraisal
      point in question, and the comparison of the evaluation function so
      obtained is compared with at least one reference value in order to
      determine whether a failure signal should be produced.
PAR  For carrying out this method, current and voltage measuring means are
      connected to the line segment being monitored at the measuring point,
      which may conveniently be one end of the segment, and the values measured
      thereby are provided to information processing means, including means for
      performing the storage above referred to and computing means for combining
      with each other current and voltage value pairs mutually time-displaced by
      twice the wave propagation period on the line segment between the
      measuring point and the particular appraisal point and computing for each
      appraisal point, in accordance with the characteristic line equations and
      by the use of at least one time-averaging operation, an evaluation
      function of the voltage at the appraisal point dependent on a time
      sequence of sets of two time-displaced value pairs combined as aforesaid.
      Finally, the evaluation function for each appraisal point thus obtained is
      compared with at least one reference value in suitable discriminator means
      controlling the provision of a failure signal to activate prearranged
      precautions for reacting to a failure, such as isolating the fault,
      providing alternate circuits, alerting personnel, etc.
PAR  In accordance with the method and apparatus above briefly described, the
      time period conditions for measurement determination in the method and
      system are essentially that for every appraisal point chosen for the line
      a plurality of sets of measured value pairs must be available of which
      each set consists of two value pairs with a relative time displacement
      equal to twice the wave propagation time between the measuring point and
      the appraisal point. Each of these sets of value pairs provides by
      corresponding evaluation a momentary value of the voltage at the appraisal
      point, which corresponds to the voltage at the moment equidistant in time
      between the times at which the two current and voltage value pairs were
      measured. A failure criterion cannot be derived for application to a
      momentary voltage at the appraisal point, however, and likewise not from a
      sequence of two or more momentary voltage values as such, if the
      disadvantages of the known method, as already described, are to be
      avoided. Consequently, as outlined briefly above, a function is generated
      from a time sequence of sets of time-displaced value pairs which is a
      function held in unimodal dependence on the voltage at the appraisal
      point, i.e. a function which always has the same sign for whatever sign
      the successive voltages at the appraisal point may have. For example a
      squared function, which may be referred to as a quadratic function, or a
      root function of the voltage at the appraisal point may be used. The
      aforesaid evaluation function is then generated by at least one averaging
      operation on this unimodal voltage function. A failure criterion can be
      provided for such an evaluation function, simply by comparison of the
      function with at least one reference value. For such a reference value,
      for example, a fixed predetermined limit value may be used, or else a
      time-displaced value of the evaluation function itself or, if desired, two
      or more of such values may be used as reference values, either in AND or
      OR combination. For example, the criterion can be carried out in the form
      of a test for a minimum. It is also possible to include the formation of a
      gradient in the process of generating the evaluation function. In
      particular, the gradient of a time average of a quadratic voltage function
      for one or more appraisal points can be formed. For the provision of the
      failure criterion, there is then available basically, again, comparison of
      the gradients with a limit value for one or more appraisal points or, on
      the other hand, a comparison of the signs of the gradients for a plurality
      of appraisal points, particularly for two appraisal points.
PAR  All the above-mentioned evaluation possibilities fall into two groups. The
      first group is distinguished by the comparison of an evaluation function
      with one or more fixed limit values. This method utilizes the fact that
      the time average of a unimodal voltage function, and also the spatial
      gradient of such an average, does not fall below a certain minimum value
      for any point of the line, under line conditions undisturbed by fault or
      failure.
PAR  The second group is based on investigation of the spatial variation of the
      evaluation function, particularly to see whether there is a minimum. Such
      a minumum of the time average of a unimodal voltage function always occurs
      at the place of a short circuit or at a place with a relatively persisting
      voltage reduction. The presence of such a minimum within the line segment
      being monitored can be determined, for example, by comparison of the
      evaluation functions of a corresponding multiplicity of appraisal points
      with each other, or else by observation of the gradient of a time average
      of the unimodal voltage function, in the latter case, for example, by
      comparison of the signs of the gradients at appraisal points in the
      neighborhood of the ends of the line segment. By selecting a sufficiently
      large number of appraisal points over the lengths of the line segment, the
      computation can be carried out to show the occurrence of secondary minima
      or maxima. This last-mentioned complication generally occurs only in
      relatively long line segments that in practice are of small significance.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a block diagram of the basic circuit of an apparatus for
      delimiting the location of a failure in accordance with the invention;
PAR  FIG. 2 is a graph giving a time-place diagram for representation of
      measurement and evaluation intervals over the length of a line for the
      apparatus of FIG. 1;
PAR  FIG. 3 is a modification of FIG. 2 for representation of a continuous mode
      of operation of the apparatus of FIG. 1;
PAR  FIG. 4 is a modification of FIG. 2 for representation of a discontinous
      mode of operation for the apparatus of FIG. 1;
PAR  FIG. 5 is a graph showing the course of an evaluation function for a
      multiplicity of appraisal points distributed over the length of a line
      when a failure is present;
PAR  FIG. 6 is a diagram with the same scales as FIG. 5 for showing a limiting
      value region of the evaluation function usable as a failure signal
      criterion;
PAR  FIG. 7 is a block diagram showing the basic circuit of a modified form of
      apparatus for localizing failures in accordance with the invention;
PAR  FIG. 8 is a time-place diagram similar to FIG. 2 for explaining the
      time-discontinuous mode of operation of the apparatus of FIG. 7;
PAR  FIG. 9 is a block diagram showing the basic circuit of a further
      modification of a failure localizing apparatus in which the evaluation
      function is generated by the formation of a gradient;
PAR  FIG. 10 is a circuit diagram of a portion of the apparatus according to the
      invention using components with an analog mode of operation for generating
      a multiplicity of values of an evaluation function or various locations
      over the line length, and
PAR  FIG. 11 is a circuit diagram of a portion of an apparatus according to the
      invention, likewise using analog mode components, for generating an
      evaluation function by the formation of a gradient.
DETD
PAR  FIG. 1 shows a line 1, typically part of an electrical transmission line
      along the length of which a number of reference points, referred to herein
      as appraisal points, designated x.sub.1 . . . x.sub.i . . . x.sub.e have
      been selected, the last appraisal point x.sub.e being at the far end of
      the line. At the beginning end of the line X.sub.0 = 0 is connected a
      measuring means 10 for sequential determination of current-voltage value
      pairs. The measured value pairs determined by the measuring means 10 are
      fed -- continuously or stepwise in time -- to an information processing
      means 20, which includes a storage device 22 and a computer 24. The
      measured value pairs are provided directly to the computer 24 over a
      connection 12 (which may represent multiple connections, of course) and,
      in parallel thereto, are provided to the computer 24 with a delay provided
      by the store 22. The individual storage stages or cells of the store 22
      respectively have a storage time T.sub.1 . . . T.sub.i . . . T.sub.e
      corresponding to the respective appraisal points x.sub.1 . . . x.sub.i . .
      . x.sub.e and the differently delayed outputs of these cells appears on
      the respective conductors of a multiplicity of transmission channels
      collectively designated as the multiple 23, which leads these outputs to
      the computer 24. The output of the computer 24, which constitutes the
      output of the information processor 20 is brought out on another channel
      multiple 25 of which the individual channels, as in the case of the
      channel multiple 23, relate to the respective predetermined appraisal
      points. The channel multiple 25 connects the output of the information
      processor 20 to a discriminator 100 for translating the computed
      information into a switching operation that activates warning and
      protection apparatus 101 when a failure is found. The apparatus 101 is
      shown symbolically in a form that is to be regarded as representing the
      conventional switching arrangements of a transmission line protection
      system.
PAR  The processing operation of such an apparatus is based on the fact that a
      magnitude v(x.sub.i, t) reproducing the momentary values of the line
      voltage u(x.sub.i, t), as subject to an exponential damping factor
      e.sup..sup.-.sup..beta. 3.sbsp.i /.sup..alpha. and with a
      time-displacement corresponding to the single wave propagation period
      between measuring point and evaluation point, can be calculated by the
      following equation:
EQU  v(x.sub.i, t) = r(t) + e.sup..sup.-.sup..beta. x.sbsp.i /x .s (t-T.sub.i)
      (1)
PAL  with the help of the auxiliary functions:
EQU  r(t) = 1/2.sup.. u.sub.o (t) - 1/2x .sup.. i.sub.o (t)     (2)
EQU  s(t) = 1/2.sup.. u.sub.o (t) + 1/2x .sup.. i.sub.o (t)     (3)
PAL  referring respectively to the actual (real) time and to a time in the past
      displaced by twice the wave propagation time on the line between measuring
      point and appraisal point. The partial functions r(t) and s(t) are
      determined entirely by voltages and currents at the measuring point. In
      the above equations:
PA1  .beta. = damping factor, or decrement
PA1  1/.alpha. = phase velocity of waves on the line.
PAR  For the calculation of these defined instantaneous values for the various
      appraisal points, the computer 24 requires storage means providing for
      each appraisal point x.sub.i a corresponding storage delay time T.sub.i =
      2.alpha.x.sub.i (assuming x.sub.o = 0). That takes place in the store 22
      with its various cells already referred to.
PAR  In the following discussion, it will accordingly be assumed that the
      transformation between v(x.sub.i, t) and u(x.sub.i, t) is in each case
      properly carried out and, according to the requirements of simplicity of
      presentation, the one or the other of these two values will be worked
      with. The generation of the function v and its transformation to u is
      carried out in the computer 24 by the use of known analog or digital
      computer components that are so well known as not to require further
      explanation here. See R. K. Richards, Arithmetic Operations in Digital
      Computers (1955) and N. R. Scott, Analog and Digital computer Technology
      (1960).
PAR  From the measured value pairs mentioned above, which are provided in sets
      of two pairs corresponding to an instantaneous value of the line voltage
      at a particular appraisal point, the computer 24 generates -- continuously
      discontinuously in sequence -- corresponding sequential values of a
      unimodal voltage function, for example a squared voltage function, and
      carries out a time averaging of this unimodal voltage function over a
      certain time range of sequential values.
PAR  In FIG. 2 this mode of operation, up to this point, is graphically shown.
      Beginning with a short circuit at the time t.sub.o at the location x.sub.f
      on the line, a time interval t.sub.1 is required before the monitoring
      operation can be brought into action in which the measuring means
      furnishes data from which calculations are quickly made to set off a
      failure signal. Then a first measured value determination I, defined in
      the previously mentioned sense, takes place over a time interval T.sub.i
      corresponding to twice the wave propagation time between x.sub.o = 0 and
      x.sub.i. This measurement comprises determination of the current and
      voltage value pairs found at the two instants t.sub.1 and t.sub.5
      respectively, from which the computer 24 determines a corresponding
      instantaneous value of voltage at the appraisal point x.sub.i at the
      intermediate instant t.sub.3 at exactly the middle of the aforesaid
      interval T.sub.s. A further measurement II, with a time displacement
      .DELTA.t with respect to the previously described measurement I likewise
      spans a time interval T.sub.s to determine the current-voltage value pairs
      for the instants t.sub.2 and t.sub.6. From these, the computer 24
      calculates an instantaneous value of the voltage at the appraisal point
      x.sub.1 for the instant t.sub.4. The current voltage value pairs from the
      instants t.sub.1 and t.sub.2 are respectively stored until the instants
      t.sub.5 and t.sub.6, in order that they may be processed at the same time
      as the current-voltage value pairs are respectively present on a real-time
      basis at the instants t.sub.5 and t.sub.6. The instantaneous values of the
      voltages at x.sub.i for the instants t.sub.3 and t.sub.4 accordingly
      become available only at the instants t.sub.5 and t.sub.6 respectively.
PAR  From the instantaneous voltage values at t.sub.3 and t.sub.4, the computer
      24 then generates a unimodal function, for example a squared voltage
      function, and then by time-averaging of the latter the desired evaluation
      function, the first value of which thus becomes available at the instant
      t.sub.4. Further measurements, not shown in FIG. 2, then follow with
      corresponding values of the evaluation function.
PAR  The foregoing relations hold directly for the provision of a time-wise
      discontinuous sequence of measured values and the generation therefrom of
      values of the evaluation function. It is to be understood, however, that
      the same basic mode of operation holds both for a continuous measurement
      and storage and for a continuous generation of the evaluation function.
      Individual measurements in the above-defined sense do not actually appear
      externally in the latter case. Rather, as shown symbolically in FIG. 3,
      there is a continuous flow of measured values that are combined with
      current-voltage value pairs produced by corresponding storage to provide
      the time displacement T.sub.i and from the thus determined sets of value
      pairs, there are generated continuously or discontinuously (in the latter
      case with a step interval .DELTA.t which is independent of the time
      displacement T.sub.i) the values of the evaluation function.
PAR  FIG. 4 shows a discontinuous sequence of measurement and generation of the
      evaluation function in which the step interval of the measurements is the
      same as the interval T.sub.i used in combining two members of a set of
      value pairs. The relationships in this case can be described by
      considering that the end of a first measurement I coincides with the
      beginning of a second measurement II.
PAR  FIG. 5 shows the result of the generation of an evaluation function B for a
      large number of appraisal points in the case of a disturbance involving an
      ideal short circuit, i.e. the vanishing (reduction to zero) of the line
      voltage at the place of failure. The solid curve in FIG. 5 is a continuous
      curve of the evaluation function B calculated by simulation with very
      small steps in the form of the time average of a quadratic voltage
      function, which has its minimum at the place of failure x.sub.f, i.e.
      between the appraisal point x.sub.6 and x.sub.7 . The values of the
      evaluation function at the discrete appraisal points define the dashed
      curve, which still yields unambiguous localization of the failure between
      the appraisal points x.sub.6 and x.sub.7.
PAR  For the case of practical importance in which a localization of the place
      of failure only to one of a number of predetermined segments of a line is
      sufficient, the procedure illustrated in FIG. 6 with a single appraisal
      point x.sub.k on the line segment is sufficient. If for example it should
      be assumed that the line segment in question is fed symmetrically from
      both ends, the normal course of the evaluation function B can be assumed
      to be limited in a region A'. Furthermore, for the extreme cases of
      failure point positions at the line beginning and line end respectively,
      curves B' and C', which are shown here for simplicity as straight lines,
      describe the course of the evaluation function. Within the region F'
      designated by shading, thus, for example, for the previously mentioned
      appraisal point x.sub.k, a fixed limit value K for the evaluation function
      can be established which is smaller than all values of the evaluation
      function within the region for normal operating conditions and greater
      than all values of the evaluation function for any possible failure point
      on the line. By comparison of the evaluation function for only a single
      appraisal point with such a limit value, it is thus possible to obtain
      immediately a criterion for determining the existence of a failure point
      at any position along the line segment under consideration. The appraisal
      point is appropriately selected at a place where the difference between
      the lower boundary of the normal operation values and the upward boundary
      of the fault disturbance region is greatest. In the case of symmetrical
      feed, therefore, such a place is more or less in the middle of the line
      segment.
PAR  The comparison of the evaluation function with one or more fixed limit
      values of the type above mentioned or a comparison of the evaluation
      functions of two or more appraisal points with each other for the purpose
      of testing for a minimum is carried out in the discriminator 100 shown in
      FIG. 1. For the corresponding selection and comparison operations, a
      multiplicity of conventional analog and digital circuits are available
      which require no further explanation in the present connection.
PAR  FIG. 7 shows a circuit with the feature of utilizing a progressive type
      storage means 30 having stages 32 coupled to each other in sequence after
      the fashion of a shift register, the stages or cells 32 again
      corresponding to the appraisal points x.sub.1 . . . x.sub.i . . . . Each
      storage cell, further, is connected on its output side with the
      corresponding appraisal point computation unit 34 receives, in addition to
      the current-voltage value pair delayed by the wave propagation time
      corresponding to the position of the particular appraisal point, the
      current-voltage pair provided in real time (at the moment) by the
      measuring means 10, for the purpose of generating the evaluation function
      therefrom for each appraisal point. The timing of the advance (shift) of
      the progressive store 30 and the corresponding transfer of measured values
      to and through the appraisal point computing units 34 is controlled by a
      common clock pulse generator 38.
PAR  In this illustrative circuit each appraisal point computing unit 34 is
      associated with a comparison unit 36 of the switching means 100 and a
      reference value provider 37. Thus for each appraisal point, a comparison
      with predetermined failure criteria can be carried out independently. The
      mode of operation of a circuit with a progressive store, as shown in FIG.
      7, is illustrated in FIG. 8 for discontinuous measurements in equal time
      steps. This illustrates, in a diagram similar to FIG. 4, that from a
      single sequence of measured value pairs, combined in sets of two or any
      desired number of appraisal points in corresponding time steps, the
      corresponding momentary values of the line voltage can be calculated.
PAR  The circuit of FIG. 9 operates with a squared voltage function as the
      evaluation function. The information processing means 20 connected to the
      measuring means 10 comprises a differentiating circuit 50 with individual
      circuits 50a and 50b for differentiating voltage and current respectively
      with respect to time and a computing and storage means 52. The latter
      generates, on the basis of the values supplied for voltage u, current i
      and the corresponding first derivatives with respect to time, here denoted
      as u.sub.t and i.sub.t , the auxiliary functions r and s in accordance
      with the equations (2) and (3) by which they were defined above, as well
      as additional auxiliary functions r' and s' defined as follows:
EQU  r' (t) = 1/2 .sup.. (.alpha..sup.2 i.sub.o.sbsb.t (t) + .beta.i.sub.o (t))
      - 1/2d u.sub.o.sbsb.t (t),
EQU  s'(t) = 1/2 .sup.. (.alpha..sup.2 i.sub.0.357 (t) + .beta.i.sub.o (t)) +
      1/2d u.sub.o.sbsb.t (t),
PAR  r' relates to the actual (real) time t and s' to the time displaced in the
      past by the interval T.sub.i. The information processor 20 also contains
      an additional computation circuit 54, consisting of two units 54a and 54b
      by which the unimodal voltage function u.sup.2 is generated and also the
      time averages and the gradients. In the illustrated case it is assumed the
      beginning and end of the line segment are selected as appraisal points.
      The discrimination logic provided in the discriminator 100 accordingly
      carries out a sign test on the gradients. In the case of a negative
      gradient at the beginning of the line and a positive gradient at the end
      of the line, it can be concluded that there is a minimum within the line
      segment and therefore that there is a point of failure in that segment.
PAR  The mode of operation of the circuit just described follows basically from
      the following relation:
      ##EQU1##
      in which M is a unimodal voltage function, J a time-average function and G
      the gradient of the time average of the unimodal voltage function, which
      gradient is here intended to serve as the evaluation function. In the
      particular case of a squared voltage function, there results as follows:
      ##EQU2##
      In the practical computation apparatus for this operation, the previously
      mentioned voltage function v(x.sub.i,t) is again introduced. For working
      out the equation (5) the spatial first derivative v.sub.x is then still
      necessary, and for it the following equation holds:
EQU  v.sub.x (x.sub.i,t) = r' (t) + e.sup.-.sup..beta..sup.x.sbsp.i
      /.sup..alpha.. s' (t + T.sub.i)                           (8)
PAL  while v itself is given by equation (1) previously set forth. Altogether it
      is therefore necessary for the circuit shown in FIG. 9 to provide the
      following input functions for the computation circuit 54:
PA1  r(t), r'(t), s(t - T.sub.i), s'(t - T.sub.i), s(t) and s'(t).
PAL  These functions are generated in the storage and computer unit 52 by means
      of conventional computation components and circuits in accordance with the
      relationships mathematically set forth above.
PAR  FIG. 10 shows an analog computation circuit for providing time averages of
      a squared voltage function as an evaluation function for comparison with
      fixed limit values and doing so for a number of appraisal points x.sub.o,
      x.sub.1, x.sub.2. . . along the line, including the measuring point
      x.sub.o simultaneously as a first appraisal point. The computation
      arrangements relating to the time initial point x.sub.o regarded as an
      appraisal point comprise a squaring circuit 40, connected directly to the
      voltage output u.sub.o of the measuring means not shown in this figure,
      and having its output connected over a resistance-capacitance averaging
      circuit 41 comprising a proportional element in the form of a shunt
      resistor 41a. At the output of the averaging circuit 41, therefore, the
      desired evaluation function is directly obtained with an integration time
      determined by the aforesaid proportional element. The computation circuit
      for the appraisal point x.sub.1 shown in FIG. 10 is representative of the
      computation circuits of all the remaining appraisal points. In the case of
      all these appraisal points not coinciding with the beginning end of the
      line, the input magnitudes u.sub.o and i.sub.o are respectively supplied
      to multipliers 42 and 43, the first of which multiplies by the factor 1/2
      and the second by the factor 1/2.alpha.. The latter is followed by an
      inverter 44, so that the two products can be subtracted to form the
      auxiliary function r and added to form the auxiliary function s for the
      actual time t in accordance with the equations (2) and (3) set forth
      above, and to furnish these auxiliary functions respectively on the
      conductors 45 and 46. Parallel channels branching off the conductors 45
      and 46 are provided for each appraisal point for supplying signals in each
      case to a summing amplifier 47, which is supplied at one input with the
      function r(t) obtained by a direct connection to the conductor 45 and is
      supplied with the signal corresponding to the second term of the
      right-hand side of equation (1), which is formed by passing the signal
      present on conductor 46 first through holding or delay circuit 48 having
      the delay time T.sub.i (in this particular case T.sub.1) and then
      subjecting it to multiplication by the exponential factor
      .sup.e.sup.-.sup..beta. x.sbsp.i/300 in the multiplier 49. The two
      additive terms which according to equation (1) form the quantity
      v(x.sub.i,t) are accordingly respectively present at the inputs of the
      summing amplifier 47, so that the output of the latter is the quantity v,
      which is then supplied to a squaring circuit 60 which generates the
      unimodal voltage function M = v.sup.2 and then to an average value
      generator 61, which generates a corresponding time average J which serves
      as an evaluation function having the integration time .DELTA.t. The term
      averaging circuit is used in a general way to describe a circuit that
      provides an intermediate value of the function from values of the function
      appearing during the integration time. The manner of operation for the
      computation circuit thus provided for a single appraisal point can be
      summarized by the following equations:
      ##EQU3##
PAR  The average value generator 61 in the illustrated case consists of an
      integration unit 62 continually summing the voltage function M over the
      integration time, for example a Miller integrator, from the direct output
      signal of which there is continually subtracted the previous output signal
      displaced backwards in time by the integration time .DELTA.t. The delayed
      output magnitude is generated in a circuit branch containing a time delay
      element 63 followed by an inverter 64, so that the combination of the
      delayed and undelayed signals in the summing amplifier 65 will produce a
      subtraction, the result of which will then be divided by .DELTA.t in a
      corresponding multiplier 66 to form a quotient at the output of the
      multiplier 66, which is the desired average value J. The comparison of the
      evaluation functions with the corresponding limit values is carried out in
      a discriminator 100, more or less as in the case of the discriminator of
      the system shown in FIG. 7.
PAR  FIG. 11 shows an analog circuit for operation in accordance with the system
      of FIG. 9 to form the gradients of an average value of a unimodal voltage
      function at both the beginning and end of a line segment, which will then
      serve as evaluation functions. The input magnitudes u.sub.o and i.sub.o
      and the corresponding time derivatives u.sub.o.sbsb.t  and i.sub.o.sbsb.t
      are here assumed to have been formed by corresponding measuring and
      computation circuits ahead of the circuit shown in FIG. 11. The upper
      circuit portion P forms the gradient G (x.sub.o) as the evaluation
      function B at the beginning of the line, and the lower circuit portion Q
      forms the gradient G (x.sub.e) as the evaluation function B for the end of
      the line. The constitution and mode of operation of the circuit portion T
      are determined by the following equation for the gradient at the beginning
      of the line:
      ##EQU4##
      while for the circuit portion Q the more general equations (1) and (8)
      already given above, in combination with the equations (1) and (2) as well
      as (4) and (5) for the auxiliary functions r,s,r' and s' hold and provide
      for determination through equation (7) of the gradient for any desired
      appraisal point spaced at some distance from the beginning of the line,
      i.e. also for the line end x.sub.e.
PAR  Accordingly, there are provided in the circuit portion P, in addition to
      the multipliers 70 and 71 respectively providing the constant factors
      .alpha..sup.2 and .beta., the function multipliers 72 and 73 for the
      generation of the two additive terms in the integrand of equation (9). The
      summing of these two terms then takes place in an amplifier 74. The
      formation of the average value over the interval .DELTA.t then takes place
      in an average value generator the constitution and operation of which
      corresponds to that of the circuit of 61 of FIG. 10, except for
      multiplication with a further factor 2 in the final multiplier, so that
      the circuit 75 needs no further explanation here. The last mentioned
      factor 2 comes from the equation (9) and is for reasons of technical
      convenience shifted to the average value generator 75, rather than
      inserted at an earlier stage.
PAR  The circuit portion Q comprises principally two circuit branches, of which
      the upper branch generates the auxiliary functions r and s in two parallel
      channels corresponding to the conductors 45 and 46 of FIG. 10, utilizing
      multipliers and amplifiers as in FIG. 10 to form the functions and to
      generate therefrom the voltage function v. The lower part of the circuit
      portion Q in a similar way generates the functions r' and s' in accordance
      with equations (4), (5) and (8) and then generates therefrom the spatial
      first derivative v.sub.x of the voltage function v.  The functions v and
      v.sub.x are then multiplied together in a function multiplier 80 to form
      the integrand in accordance with the equation (7) and this integrand is
      then supplied to an average value generator 81 for carrying out the
      integration and subsequent quotient formation for the integration period
      .DELTA.t. The average value generators 75 and 81 are identically
      constituted. At the output of the latter there accordingly appears the
      desired evaluation function for the far end of the line. Both evaluation
      functions are again supplied to a discriminator 100 which in this case
      carries out an opposed sign comparison for detection of the presence of a
      minimum of the evaluation function within the line segment being
      monitored.
PAR  Although the invention has been described with reference to particular
      illustrations and embodiments, it will be understood that variations and
      modifications may be made within the inventive concept.
PAR  Thus, the measuring means may be continuously in operation furnishing
      voltage and current voltage pairs, regardless whether the presence of a
      failure is suspected by other equipment, or it may be called into
      operation by equipment (not shown) designed to trip when a surge or
      transient arrives producing a change in current or voltage more rapid than
      a predetermined criterion. The latter type of operation was mentioned in
      connection with FIG. 2, where the progress along the line of the leading
      edge of a transient produced by a failure is indicated by the line F. In
      this case the operation of the equipment is to determine whether the
      disturbance is merely momentary, in which case the circuit may recover, or
      whether it is sufficiently persistent to warrant protective measures. On
      the other hand, the equipment can proceed with measurements whenever the
      line is in circuit, in order to be sure of catching a failure as early as
      possible.
PAR  The discriminator 100 that responds to the information processing means 20
      can be of the type which provides the same response in every case of
      failure, or it may be of the type in which the response produced by its
      operation depends upon the particular appraisal points found to be closest
      to a failure location. Thus, the location of these appraisal points may be
      displayed on a visual display and the remote switching measures put into
      play may isolate and/or bypass only a part of the line segment instead of
      all of it.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method of localizing a failure on an electrical line in which current
      and voltage values are determined at a measuring point (x.sub.o) for
      monitoring at least one line segment and calculating therefrom conditions
      at at least one appraisal point (x.sub.i) on said line segment to
      determine the presence of a failure, comprising the steps of:
PA1  a. carrying out a plurality of measured value determinations of the current
      and voltage concurrently present at the measuring point (x.sub.o) for each
      appraisal point (x.sub.i), each such measured value determination
      including at least one set of two pairs of current and voltage values
      concurrently observed at the measuring point (x.sub.o), each such set
      having a relative time displacement (T.sub.i) between the value pairs
      equal to twice the wave propagation time between the measuring point
      (x.sub.o) and the appraisal point (x.sub.i);
PA1  b. storing the first concurrent value pair of each said set of value pairs,
      or a magnitude pair derived from said value pair, for at least the time
      interval (T.sub.i) corresponding to twice the wave propagation time;
PA1  c. utilizing respective stored and just-measured value pairs determined at
      the measuring point (x.sub.o) to calculate the time-average, over a
      suitable integration time (t), of a unimodal function of the voltage at
      the appraisal point (x.sub.i) to provide an evaluation function (B); and
PA1  d. comparing said evaluation function (B) with at least one reference value
      to control the generation of a failure signal.
NUM  2.
PAR  2. A method as defined in claim 1, in which a time sequence of measured
      value determinations, each consisting of a set of two pairs of current and
      voltage measurements relatively displaced in time by twice the said wave
      propagation time are made and from such sets of value pairs a time
      sequence of values of said evaluation function (B) is generated.
NUM  3.
PAR  3. A method as defined in claim 2, in which the generation of a time
      sequence of values of said evaluation function (B) is initiated in
      response to the arrival at the measuring point of a transient disturbance
      (F, FIG. 2).
NUM  4.
PAR  4. A method as defined in claim 2, in which the measured value
      determinations are made by detecting and storing continuously succeeding
      measured values.
NUM  5.
PAR  5. A method as defined in claim 2, in which the measured value
      determinations and the generation of the evaluation function (B) is
      carried out at a sequence of discrete moments in time progression.
NUM  6.
PAR  6. A method as defined in claim 2, in which a plurality of values,
      succeeding each other in time, of a unimodal function (M) of the voltage
      (u) at at least one appraisal point (x.sub.i) is generated, said function
      having one and the same sign about the zero point of its argument, and in
      which then a time average of this unimodal voltage function (M) is
      generated to serve as an evaluation function and compared with at least
      one reference value.
NUM  7.
PAR  7. A method as defined in claim 6, in which for a plurality of appraisal
      points on the monitored line segment at least one value of said evaluation
      function (B) is generated and in which then by mutual comparison of at
      least a portion of the values of said evaluation function (B) relating to
      the different appraisal points (x.sub.i) a test for a minimum is carried
      out, and in which, further, when a minimum is found for an appraisal point
      which is spaced from both the beginning and the end of the line segment
      being monitored, a failure signal is generated as an indication of the
      presence of a failure within the monitored line segment.
NUM  8.
PAR  8. Method according to claim 7, in which a test for the presence of a
      relative minimum as an indication of a failure is carried out by comparing
      values of the evaluation function (B) corresponding to neighboring
      appraisal points.
NUM  9.
PAR  9. Method as defined in claim 7, in which a test for the presence of an
      absolute minimum as an indication of failure is made by comparison of
      values of the evaluation function (B) corresponding to all of the
      predetermined appraisal points of the monitored line segment.
NUM  10.
PAR  10. Method as defined in claim 6, in which for at least one appraisal point
      (x.sub.i) within the monitored line segment a comparison is made between
      at least one value of the evaluation function (B) and at least one
      predetermined limit value and a failure signal is produced when said
      evaluation function passes through said limit value.
NUM  11.
PAR  11. Method as defined in claim 2, in which the evaluation function (B) is
      generated by calculating a time average of a gradient of a unimodal
      function (M) of a voltage (u) at at least one appraisal point on the
      monitored line segment, said unimodal function having one and the same
      sign about the zero point of its argument, and in which method, further,
      at least one value of this evaluation function (B) is compared with a
      reference value to provide a failure test.
NUM  12.
PAR  12. Method as defined in claim 11, in which for at least two neighboring
      appraisal points a plurality of values successive in time of said unimodal
      voltage function (M) is generated and for every appraisal point a time
      average (J) of this unimodal voltage function (M) is generated and by
      combination of this time average value (J) relating to neighboring
      appraisal points a gradient (G) is generated as the said evaluation
      function (B).
NUM  13.
PAR  13. A method as defined in claim 11, in which for at least one appraisal
      point, which may be an intermediate point or either end point of the
      monitored line, at least one value of the gradient (G) generated as an
      evaluation function (B) is compared with at least one predetermined limit
      value, and in which when said gradient (G) falls below said limit value a
      failure signal is produced.
NUM  14.
PAR  14. A method as defined in claim 11, in which for at least two appraisal
      points which are located in the region of the beginning and of the end of
      the monitored line segment the sign of a gradient is determined and that
      the gradient signs of the two appraisal points are subjected to an
      inequality test to provide a failure signal when they are unequal.
NUM  15.
PAR  15. Apparatus for detecting failures on an electrical line located at
      measuring point on said line to monitor at least one segment of said line,
      comprising:
PA1  a. measuring means (10) connected to said line at said measuring point
      (x.sub.o) for determining the values of timeconcurrent voltage and current
      value pairs in time sequence;
PA1  b. information processing means (20) having as input the values of said
      value pairs supplied by said measuring means and including
PA2  i. information storage means for storing, for each of one or more
      predetermined appraisal points (x.sub.i) on said line segment, for a time
      (T.sub.i) equal to at least twice the wave propagation time over said line
      segment between the measuring point (x.sub.o) and the particular one of
      said appraisal points (x.sub.i) voltage and current value pairs determined
      by said measuring means or magnitudes derived from said value pairs, and
PA2  ii. computing means for combining with each other current and voltage value
      pairs mutually time-displaced by twice the said wave propagation time, for
      computing for each appraisal point (x.sub.i) in accordance with the
      characteristic line equations and by use of at least one time averaging
      operation, an evaluation function (B) of the voltage at the appraisal
      point (x.sub.i) dependent on a time sequence of sets of two time-displaced
      value pairs combined as aforesaid;
PA1  c. discriminator means (100) responsive to said information processing
      means (20) for comparing said evaluation function for at least one
      appraisal point with at least one reference value and controlling by the
      result of such comparison means for reacting to a failure on said line
      segment.
NUM  16.
PAR  16. Apparatus as defined in claim 15, in which said storage means comprises
      a plurality of cells each corresponding to an appraisal point and in which
      storage means value pairs determined by said measuring means are
      progressively shifted from one cell to the next in fixed succession, in
      which said appraisal points are distributed over said line segment with
      equal increments of wave propagation period along the line between them,
      and in which the progression of value pairs from one cell of said storage
      means to the next is at intervals equal to twice the value of said equal
      increments of wave propagation period, and in which said apparatus
      includes clock pulse generating means (38) for timing the progression of
      said value pairs in said storage means as aforesaid.
NUM  17.
PAR  17. Apparatus as defined in claim 15 in which said information processing
      means and its storage and computing means comprise line simulation
      circuitry being equivalent to said line segment to the extent needed to
      determine the line voltage (u(x.sub.i, t)) in each of a set of
      predetermined appraisal points (x.sub.i) or a magnitude dependent on the
      magnitude of said line voltage, and include also, in addition to said
      simulation circuitry, means for generating a time average (J) from said
      unimodal voltage function to serve as said evaluation function (B).
NUM  18.
PAR  18. Apparatus as defined in claim 15 in which said information processing
      means (20) includes computing means (50,52,54) for generating the spatial
      first derivative (M.sub.x) of a unimodal voltage function (M) of the line
      voltage (u) with respect to the line length (x) at each appraisal point
      (x.sub.i) in such a way as to provide an output corresponding to a
      time-average (J) of said first derivative (M.sub.x) for use as said
      evaluation function (B).
NUM  19.
PAR  19. Apparatus as defined in claim 18 in which one of said appraisal points,
      coinciding with said measuring point (x.sub.o), is located at the
      beginning of said line segment.
NUM  20.
PAR  20. Apparatus as defined in claim 19 in which one of said appraisal points
      is located at the end of said line segment (x.sub.e) opposite from the end
      to which said measuring point is connected.
NUM  21.
PAR  21. Apparatus as defined in claim 18 in which there is generated, as the
      output of said information processing means and hence as an evaluation
      function, the gradient of the time average of a quadratic function of the
      voltage (u) at the appraisal point (x.sub.i).
NUM  22.
PAR  22. Apparatus as defined in claim 18, in which said measuring means is
      constituted as means for continuously measuring current and voltage on
      said line segment at said measuring point, and in which said information
      processing means includes differentiating means for generating the first
      derivative with respect to time of the current and voltage so measured.
NUM  23.
PAR  23. Apparatus as defined in claim 18, in which said discriminator means is
      arranged to compare the signs of the evaluation functions for the
      respective appraisal points.
NUM  24.
PAR  24. Apparatus as defined in claim 23, in which the appraisal points are the
      ends of the line segment, one of which is also the measuring point, and in
      which said discriminator means is arranged to activate said means for
      reacting to a failure when the respective signs of said evaluation
      functions are opposite and indicate a voltage minimum between the ends of
      the line segment.
NUM  25.
PAR  25. Apparatus as defined in claim 15, in which said information processing
      means (20) includes, for computation regarding each appraisal point
      (x.sub.i), at least one parallel circuit of two information processing
      channels of which one is substantially free of delay and the other
      includes delay-producing means with a delay time of substantially twice
      the aforesaid wave propagation period (T.sub.i).
NUM  26.
PAR  26. Apparatus as defined in claim 25, in which said delay-producing means
      is in the form of a quantizing transfer-and-hold circuit with a holding
      time (T.sub.i) corresponding to twice the aforesaid wave propagation
      period.
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PAL  A combined digital computer/analog control system for operating a boiling
      water reactor-steam turbine-power plant wherein one of two analog throttle
      pressure controllers is used for controlling the inlet and bypass valves.
      One of the pressure controllers is biased to provide a higher signal than
      the other; and such nonbiased controller is the one selected to control
      the valves. Each controller includes a pressure transducer, a summing
      device and amplifier, and a lead/lag circuit together with the appropriate
      power supply.
PAL  A failure detection system is used to switch the controllers from automatic
      to manual when a predetermined combination of controller components
      becomes defective. Also, such system is so organized that a transducer
      failure for one controller causes the other controller to assume control
      regardless of whether such failure results in a higher or lower than
      proper signal.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  Ser. No. 415,869 entitled "Improved Method And System For Operating A
      Boiling Water Reactor-Steam Turbine Plant With A Combined Digital Computer
      And Analog Control"  filed by F. Lardi and L. B. Podolsky concurrently
      herewith and assigned to the present assignee, and incorporated by
      reference herein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to steam turbine plants and more particularly
      to electric power plants operated by steam turbines for which the steam
      supply is provided by a nuclear boiling water reactor.
PAR  In a boiling water nuclear reactor, the nuclear fuel is structured with a
      suitable geometry to provide for a sustained chain nuclear reaction as the
      coolant water passes through the fuel arrangement. Conventionally, the
      nuclear fuel is housed in elongated metallic tubes which are in turn
      assembled and supported in parallel arrays or bundles. The reactor core is
      formed from an assembly of the fuel bundles and it is housed in a large
      pressure vessel with provision for coolant flow along all of the fuel
      elements. Neutron absorbing control rods are supported within the core for
      movement relative to the fuel elements.
PAR  The design of the core and other reactor parameters determine the reactor
      power rating. Mechanical, nuclear, hydraulic and other details of the
      reactor design are the result of development programs aimed at achieving
      efficient performance for the plant owner.
PAR  Since water density is a large determinant of the rate of generation of
      slow neutrons which are required for the controlled propagation of the
      chain nuclear reaction, the power operating level of the reactor is partly
      determined by the accumulation of steam voids in the core volume.
      Increased coolant flow causes faster fuel rod cooling with reduced boiling
      and, accordingly, reduced void accumulation and higher reactor power.
      Decreased coolant flow has the opposite effects. Typically, coolant flow
      control can be used to control the boiling water reactor power level
      within a range of about 20% or 25% with a preset control rod placement.
PAR  The reactor generated steam is normally directed through separators and
      dryers within the pressure vessel, and the dry saturated steam is directly
      channeled at a pressure such as 1000 psi and a temperature such as
      545.degree.F to the utilization equipment, i.e., the turbine generator
      unit(s) of the electric power plant. Separated water is combined in the
      pressure vessel with external and internal recirculation flows and with
      return and makeup feedwater flow.
PAR  Since the boiling water reactor plant is the direct cycle type and since
      outlet steam pressure and reactor vessel pressure affect the void
      accumulation in the reactor core, it is desirable to operate the turbine
      inlet valves to determine the turbine and generator load level subject to
      pressure regulating demands of the reactor. With reactor pressure
      maintenance within a relatively narrow pressure band such as about 30 psi,
      reactor power level is controlled by coolant flow control within a limited
      range or by control rod movement if a different power range is required to
      meet load demand on the turbine generator unit(s).
PAR  In general, the steam turbine energization level is determined by the flow
      of the turbine inlet steam which in turn is determined by the steam
      conditions at the outlet of the steam source and by steam inlet valve
      positioning. The turbine drive power supplied for the plant generator(s)
      is desirably controlled to satisfy electrical load demand and frequency
      participation demand placed on the electric power plant by the plant
      operator or by an economic dispatch computer or by other means.
PAR  At substantially constant temperature throttle steam, turbine power is
      proportional to turbine steam flow, and if the throttle pressure is also
      substantially constant, the steam flow is proportional to impulse chamber
      steam pressure or the ratio of the impulse chamber steam pressure to the
      throttle steam pressure. As already indicated, positioning of the inlet
      steam valving must provide for reactor vessel pressure regulation as well
      as turbine energization level control. When the boiling water reactor
      power level corresponds to the plant load demand, the turbine inlet valves
      are positioned to produce both the desired reactor vessel pressure and the
      turbine steam flow required for satisfying plant electrical load demand.
PAR  A steam bypass system is also usually provided to direct steam flow from
      the reactor outlet to the plant condenser under certain conditions. Steam
      bypass in effect provides an interface between the boiling water reactor
      and the steam turbine during reactor startup and shutdown and during other
      periods such as during load rejection. In these cases, steam supplied by
      the reactor but not needed by the turbine is channeled to the condenser
      under control imposed on the bypass system by the throttle pressure
      control system.
PAR  Presently, boiling water reactor-steam turbine systems include a pair of
      redundant analog pressure controllers. These pressure controllers are
      typically conventional operational amplifiers having input circuitry that
      performs a summing function with respect to applied input signals; and are
      provided with a proportional characterization in accordance with a
      lead/lag function, for example. A bias is manually applied to one of the
      two parallel connected controllers so that the output signal of one is
      higher than the output signal of the other by the amount of the applied
      bias. The output signals of the controller are connected to a high signal
      selector, which passes only the higher of the two signals to control the
      steam throttle pressure. Thus, only one of the controllers is effectively
      controlling the system at any one time. Shifting the bias, of course,
      renders the output signal of the other controller effective to control the
      valves. Should one of the controllers become defective, the other
      controller can be manually placed in control of the system. However, if
      such malfunction results in the output signal being higher than normal,
      the defective controller would still be governing the system.
PAR  It is desirable, for such a pressure controller organization, to be so
      structured that regardless of the type of failure, the operation of either
      one of the controllers is transferred automatically to the other
      nondefective controller. Also, in the event of a malfunction of any of the
      components in both of the controllers, it is desirable that the valves be
      automatically tranferred to manual operation. With the benefit of such a
      system, reliable control of the boiling water reactor turbine control
      system can be effected; and the throttle pressure control can be
      automatically transferred to manual control of the bypass and governor
      valves immediately upon the failure of the automatic pressure control
      portion of the system. Not only is the immediate detection of pressure
      controller failures necessary for safety in the system, but it is also
      desirable that any disturbances to the system resulting from the opening
      or closing of valves due to such malfunctions be avoided.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, the present invention relates to a system and method of operating
      a boiling water reactorsteam turbine plant utilizing redundant parallel
      pressure controllers that are so connected that one of the controllers is
      in a standby condition during operation of the plant. Such a system and
      method provides for the transferring of the defective controller to a
      standby condition when the other controller is operating properly; and for
      transferring the operation of the valves to manual control upon the
      detection of a malfunction in both of the controllers.
PAR  More specifically, the present invention relates to a boiling water
      reactor-steam turbine system wherein parallel connected redundant throttle
      pressure controllers provide an output to a signal selector. Each
      controller is provided with a pressure transducer with which a throttle
      pressure setpoint signal is compared for governing the controller output.
      A bias is selectively applied to one or the other of the controllers to
      determine which controller output is to be passed through the signal
      selector. The controller organization and transducers include a failure
      detection system that detects a failure in each transducer and each
      component of both controllers. A failure detected in any of the components
      of one controller or one transducer, if effectively controlling the
      system, results in control being assumed by the other throttle pressure
      controller. A failure detected in any component or pressure transducer of
      both of the controllers automatically transfers control of the valves to
      manual operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of an electric power plant operated by
      boiling water reactor and steam turbine apparatus;
PAR  FIG. 2 is a schematic diagram of the control panel of the system and
      illustrates functionally various operational states of the system;
PAR  FIGS. 3A and 3B show a schematic diagram of a combination digital and
      analog system in accordance with the present invention;
PAR  FIG. 4 is a schematic diagram of the circuitry of the throttle pressure
      controllers and the system for transferring control of the governor valves
      and bypass valves to manual in the event of certain contingencies;
PAR  FIG. 5 is a functional flow chart of the throttle pressure setpoint
      function in the digital portion of the system; and
PAR  FIG. 6 is a functional flow chart illustrating the control task
      organization in the digital portion of the system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  More specifically, there is shown in FIG. 1 an electric power plant 10
      which is provided with a conventional electric generator 12 operated by a
      nuclear steam turbine 14 in accordance with the principles of the
      invention. A steam generating system for the turbine 14 includes a
      conventional nuclear boiling water reactor 16.
PAR  The nuclear steam turbine 14 is provided with a single output shaft 18
      which drives the generator 12 to produce speed under steady-state
      conditions. Under transient electric load change conditions, system
      frequency may be affected and conforming turbogenerator speed changes
      would result. At synchronism, power contribution of the generator 12 to
      the network is normally determined by the turbine steam flow and the
      throttle pressure at which that flow is supplied by the boiling water
      reactor 16.
PAR  In this instance, the nuclear steam turbine 14 is of the multistage axial
      flow type and includes a high pressure section 20 and a double flow low
      pressure section 22. Each of the turbine sections 20 and 22 may include a
      plurality of expansion stages provided by stationary vanes and an
      interacting bladed rotor connected to the shaft 18. In other applications,
      nuclear steam turbines operated in accordance with the present invention
      can have other forms with more or fewer sections tandemly connected to one
      shaft or compoundly coupled to more than one shaft. For example, as many
      as three or more low pressure sections might be employed, and each section
      could have single flow or double or other plural flow paths.
PAR  Steam is directed to the nuclear turbine 14 through conventional inlet
      steam valves 24. In some installations, the valves 24 may include two or
      more throttle valves (not specifically indicated) which admit steam to the
      turbine steam chest (not indicated) and typically a plurality of up to
      four or more governor control valves (not specifically indicated) which
      are arranged to supply steam to turbine inlets arcuately spaced about the
      turbine high pressure casing.
PAR  The conventional nuclear turbine startup method is employed. Thus, the
      turbine speed is raised from the turning gear speed of about 2 RPM to
      synchronous speed under throttle valve control, if provided, or governor
      valve control. Then, the power system breaker(s) is closed and the
      governor valves are operated to meet the load demand. On shutdown, similar
      but reverse practices can be employed or conventional coast-down procedure
      can be used. In the load control mode, plant electrical load demand is met
      when the steam flow and throttle pressure conditions cause the turbine
      energization level to correspond to the plant electrical demand.
PAR  The total turbine energization is produced by steam flow through the high
      pressure section 20 and by steam flow through the low pressure section 22.
      Steam flow between the two turbine sections is directed through steam
      separators and reheaters as indicated by block 26 in order to raise the
      steam enthalpy level to a more efficient value. Stop valve(s) are included
      in the intersection steam flow path to stop steam flow when necessary for
      turbine overspeed protection.
PAR  Vitiated steam from the low pressure turbine section 22 is directed to a
      condenser 30. Reactor feedwater flow from the condenser 30 includes any
      makeup water flow and the flow resulting from condensation of the vitiated
      turbine steam as well as that resulting from condensation of the steam
      which is controllably diverted from the turbine 14 through bypass valves
      32 directly to the condenser 30.
PAR  The feedwater flow is directed from the condenser 30 to a demineralizer 34
      where corrosion products and other impurities are removed from the fluid.
      From the demineralizer 34, the feedwater is driven by one or more
      feedwater pumps 36 through a feedwater heater system indicated in the
      block 26 and into the pressure vessel of the nuclear boiling water reactor
      16.
PAR  In the reactor 16, heat produced in the fuel rods contained within the fuel
      core is transferred to the coolant which flows along the rods. Steam is
      collected at the top of the pressure vessel and directed through one or
      more conduits to the turbine inlet valves 24 as indicated by the reference
      character 37. Since the steam produced by the reactor 16 is used directly
      for turbine energization, the plant operation is characterized as being of
      the single or direct cycle type.
PAR  Generally, it is necessary to hold the reactor vessel pressure within a
      relatively narrow range because the vessel pressure affects the reactivity
      rate and the reactor power operating level, i.e., the power level varies
      directly with the reactor pressure. Accordingly, it is necessary that the
      turbine throttle pressure be held within a relatively narrow range or, if
      desired and if possible, at the rated value by the imposition of throttle
      pressure control on the turbine inlet valve operation. Since turbine load
      is proportional to turbine steam flow or the ratio of impulse chamber
      pressure to throttle pressure (with the throttle steam at substantially
      constant pressure and temperature), turbine inlet valve control cannot
      satisfy load demand changes in the steady state unless changes are made in
      the steam generation rate at the steam source.
PAR  To enable turbine steam flow changes to be made to satisfy turbine and
      plant loading demand within the throttle pressure operating range, the
      reactor power operating level is changed as by changing the reactor core
      recirculation flow through controlled operation of centrifugal pumps 38
      and 40 in recirculation flow loops 42 and 44. Jet pumps (not shown) can be
      used within the reactor vessel to produce a drive flow which forces
      coolant recirculation through and about the fuel core.
PAR  When it is desired to increase reactor power, steam void accumulation is
      reduced by increasing recirculation flow. Reduced reactor power requires
      reduced recirculation flow. Typically, recirculation flow control can be
      used to vary reactor power over a range as high as 25% or more.
PAR  Larger power changes require position changes in conventional control rods
      46 to vary the amount of neutron absorption. Manual or possibly automatic
      control rod placement would normally also be subject to implementation of
      a core burnup management program.
PAR  A conventional reactor control system designated by block 48 is provided
      for determining the operation of the recirculation flow system and the
      operation of the control rods 46. Feedback signals or data are applied to
      the reactor control system 48 from predetermined reactor system detectors
      and manually or automatically operated analog controllers or other
      suitable control means in the reactor control system 48 generate outputs
      which correctively operate the recirculation flow pumps 38 and 40, drives
      50 for the control rods 46 and other reactor system controlled devices.
PAR  In the recirculation flow control system, conventional coolant flow
      detectors (not shown) can be used to determine the flows in the loops 42
      and 44 for feedback comparison to a computer determined recirculation flow
      setpoint FSP. Similarly, suitable position detectors generate control rod
      position feedback signals for comparison with control position setpoints
      RSP which are determined in accordance with the externally determined core
      management program and, if desired, in accordance with any demand for
      reactor power change in excess of the recirculation flow control range. In
      this case, automatically operated pump controllers vary the speed of the
      recirculation pump drives for flow correction and manually operated rod
      drive controllers are used to operate the rod drives to satisfy the rod
      position setpoints RSP. When the recirculation system is either at its
      maximum flow limit or at its minimum flow limit, which can be determined
      by pump speed for example, conventional contacts can be closed or opened
      or other suitable indicating signals provided for the turbine control
      system, as hereinafter described.
PAR  Positioning of the respective turbine throttle and governor inlet valves is
      effected by operation of respective conventional hydraulic actuators 52
      under the control of respective electrohydraulic position control 54.
      Respective inlet valve position demand setpoint signals ISP are applied to
      the respective controls 54 under programmed computer control. Respective
      inlet valve position feedback signals PDIV are generated by respective
      linear differential transformer or other position detectors. Position
      error for any of the inlet valves 24 results in operation of the
      associated valve actuator 52 until the error is removed and the valve
      position demand ISP is satisfied.
PAR  Similarly, hydraulic bypass valve actuators 56 and electrohydraulic bypass
      valve position control 58 operate the bypass valves 32 to satisfy
      respective bypass valve position demand setpoint signals BSP which are
      determined by programmed computer operation. The bypass valves 32 provide
      for diverting steam not needed by the turbine 14 such as during startup
      and shutdown and during load control when load rejection conditions are
      imposed on the power plant 10. Bypass valve position feedback signals PDBV
      are generated by conventional position detectors for comparison to the
      individual setpoint signals BSP.
PAR  Each of the electrohydraulic position controls 54 or 58 includes a
      conventional analog controller (not indicated) which drives a suitable
      known actuator servo valve (not indicated) in the well known manner. In
      turn, the respective servo valves determine the operation of the valve
      actuators 52 and 56.
PAR  The reheat valves 28 are also controlled by a suitable hydraulically
      operated actuator (not indicated). A high pressure fluid supply system
      (not indicated in FIG. 1) provides the controlling fluid for operation of
      all of the hydraulic valve actuators. A lubricating oil system (not
      indicated in FIG. 1) is separately provided for turbine and other
      lubricating requirements. Both the high pressure fluid supply and the
      lubricating oil system can be placed under computer sequencing, monitoring
      and supervisory control.
PAR  As illustrated in FIG. 2, a control and indication panel 60 is utilized for
      operating the boiling water reactor 16 and the steam turbine 14 in both
      the manual and automatic mode. Associated with each of the bypass valves
      32 and its associated actuators 56 and 58 is a bypass valve servo control
      61. Manual automatic pushbuttons 62 are operated to control the bypass
      valves through its servo 61 in either the manual or the automatic mode.
      When in the manual mode, pushbuttons 63 are operated to raise or open the
      bypass valves; and pushbutton 64 may be operated to lower or close the
      bypass valves. Pushbutton 65 when operated either lowers or raises the
      bypass valves more rapidly than normal. Associated with each of the steam
      inlet valves 24, which in this described embodiment are governor valves,
      is a servo controller 66. Pushbutton 67 is provided to manually operate
      the governor valves through its servo controller 66; and pushbuttons 68,
      69 and 70, respectively, are provided to either lower, raise or move the
      valve at a more rapid rate. Pressure controllers 71 and 72 may also be
      operated either manually or automatically by operation of the mechanism
      73. Similarly, when in manual operation, the pressure in the pressure
      controllers 71 and 72 may either be lowered, raised or operated at a more
      rapid rate by the operation of pushbuttons 74, 75 and 76, respectively.
      Position indicators 77, 78 and 79 are provided for indicating the various
      operative states of the pressure controllers 71 and 72, the governor
      valves or steam inlet valves 24 and the bypass valves 32, respectively.
      Indicator 80 is provided to inform the operator which pressure controller,
      71 or 72, is controlling the system and whether or not such pressure
      controller has failed to function. Indicator 81 is provided to inform the
      operator whether or not the load is at its high or low limit.
PAR  A digital computer structure referred to at block 82 is interfaced with the
      control and indication panel to provide information and control as more
      fully described hereinafter. The general organization of such digital
      computer may be of the type described in copending U.S. patent application
      Ser. No. 247,877 entitled "System And Method For Starting, Synchronizing,
      And Operating A Steam Turbine With Digital Computer Control" filed by T.
      Giras et al on Apr. 26, 1972, assigned to the present assignee, and is
      incorporated herein by reference, as though set forth at length herein.
      Only those portions of the digital computer control organization that are
      specific to the present invention are described in detail.
PAR  When in manual control, contact 83 closes to connect an output generally
      referred to by a dashed line 84 from the digital computer 82 to the
      pressure controllers 71 and 72. Simultaneously, a contact 85 opens to
      disconnect the manual operation of the system through the panelboard 60,
      and the condition of the pressure controllers 71 and 72 is tracked by
      apparatus 86 over line 87 in order that transfer between manual and
      automatic can be effected bumplessly. A system and organization for
      transferring between manual and automatic operation bumplessly is
      disclosed in detail in U.S. patent application Ser. No. 298,081, entitled
      "Steam Turbine System With Digital Computer Position Control Having
      Improved Automatic-Manual Interaction" filed Oct. 16, 1972 by Andrew S.
      Braytenbah, assigned to the present assignee, which application is
      incorporated herein by reference as though set forth at length herein.
      Similarly, the operation of the bypass valves is transferred to the
      digital computer upon closure of contact 88 over dashed line 89; and the
      operation of the governor valves is transferred to the digital computer 82
      upon closure of contact 90 over dashed line 91. Contacts 92 and 93
      respectively open to disconnect the operation of the bypass valves and the
      governor valves from manual control. The reactor control system 48 is
      indicated as being connected to the digital computer over dashed line 94.
PAR  Referring again to the control and indication panel 60, the operation of
      the reactor turbine system may be in several operating modes. When the
      turbine is not latched, as indicated by line 100 connecting indicator lamp
      101 to decision block 102, "reactor start" is indicated by the indicator
      101. In this operating mode, the reactor is operated manually. When the
      turbine is latched, and the circuit breaker(s) is open, indication lamp
      103 is connected to decision block 104 over line 105. When the circuit
      breaker is closed, and the reactor generation rate does not equal the
      governor valve flow, indication lamp 106 is connected to decision block
      107 over line 108 to indicate a "turbine load" mode of operation. When the
      reactor generation rate is equal to the governor valve flow, and the
      reactor is being operated manually, indication lamp 109 is connected to
      decision block 110 over line 111 to indicate to the operator that the
      operating mode is in the turbine follow operation with the reactor on
      manual. When the reactor is placed in automatic operation, the indicator
      lamp 112 is connected to the decision block 110 over line 113 to indicate
      that the system is in a turbine follow reactor automatic mode. The various
      modes of operation are described as mode 1 through mode 5 inclusive. For
      example "reactor start" is referred to as mode 1, "turbine start" mode is
      referred to as mode 2, "turbine load" is referred to as mode 3, "turbine
      follow reactor manual" load is referred to as mode 4, and "turbine follow
      reactor automatic" is referred to as mode 5 hereinafter.
PAR  The conditions necessary for placing the system in the previously described
      operating modes will be described in connection with FIG. 3. FIG. 3A is
      the digital portion of the system, and is included in the computer
      organization previously referred to at 82 in FIG. 2. FIG. 3B is the analog
      portion of the system.
PAR  In connection with the digital portion of the system (see FIG. 6) a control
      task computes governor valve analog outputs to position such valves to
      achieve the desired speed or load demand when the system is in automatic
      control. When the system is in manual control, the control task tracks the
      analog system valve position demand signals in preparation for transfer to
      automatic control. This control task, in accordance with one embodiment,
      is assigned a high priority level and is bid by an auxiliary synchronizing
      task every one-half second. Automatic control requires interacting
      feedback control system capable of compensating for dynamic conditions in
      the power system, and the turbine generator. Impulse pressure from
      transducer 120, shaft speed from transducer 121, and megawatts from the
      generator from transducer 122, are the feedback normally used to correct
      for any non-linearities and to stabilize the interactions among these
      variables. The digital system also contains provisions for high and low
      load limits represented by box 123 and 124 which can be adjusted from a
      control panel.
PAR  The control task as shown in FIG. 6, is organized as a series of relatively
      short sub-programs, executed sequentially, which address themselves to
      particular aspects of the general control system objectives. These short
      subprograms or function include a throttle pressure setpoint function (see
      FIG. 5), a valve position limit function, a speed control function, a load
      control function, and a governor valve control function. The throttle
      pressure setpoint is computed each half second and the balance of the
      control task functions are computed each second. To achieve this, a flag
      ICONTSP is interrogated and set and reset in the auxiliary task. Referring
      again to FIG. 3, the throttle pressure setpoint function provides an
      analog output represented by block 125 to the pressure controllers 71 and
      72 located in the analog portion of the system. The speed control function
      positions the governor valves to achieve the existing speed reference with
      optimum dynamic and steady state response by using a proportional plus
      reset controller 126. The speed error between the turbine speed reference
      on line 127 and actual speed from the transducer 121 over line 128 is
      obtained from comparator 129 to drive the controller 126 to the analog
      output box 130 over line 131.
PAR  When the circuit breaker denoted by the decision block 104, is closed the
      speed demand signal from the DEH controller becomes a load demand signal
      on line 132. The limiters 123 are connected by line 133 from reactor
      circulation pumps denoted by block 134 to prevent a load demand signal
      which is in excess of the high limit of the reactor recirculation system
      or below the low limit of the reactor's recirculation system for reasons
      described in more detail hereinafter.
PAR  The load demand signal is output to a summing junction 135 over line 136.
      This summing junction includes a load bias referred to as 137 to insure
      that an increase in load demand, while in mode 5, continues to provide
      control of the governor valves by the pressure regulator 71 and 72. Speed
      error is also output to the summing junction 135 over line 138. The speed
      error is determined by comparing in block 140 rated speed referred to at
      141 and the actual speed from the transducer 121. The compared speed is
      then input to a proportional controller 142 to provide an output on line
      138 which is a predetermined portion of the input from the comparator 140.
      The output of the summing device or junction 135 is compensated with two
      feedback trim factors to account for frequency (speed) participation and
      megawatt mismatch.
PAR  When the megawatt loop is in service, the output of the summing junction
      135 is compared by a comparator 143, and the actual megawatts from the
      transducer 122 over line 144. The output of the comparator 143 is input to
      a proportional plus reset controller 145, the output of which is
      multiplied by the output of the summing junction by device 146. If the
      megawatt loop is out of service as denoted by decision block 147 the
      factor to the multiplier is one, thus making the output of the multiplier
      146 equal to the input.
PAR  The load reference, which is corrected for speed error, as previously
      described, and megawatt error if the loop is in service, becomes the
      setpoint or flow demand for the governor valves on line 148. If the
      impulse pressure feedback loop is not in service as referenced by decision
      block 150, the flow demand is output on line 151 through a proportional
      controller 152 to the analog output 130. If the impulse pressure loop is
      in service, then the flow demand signal from line 148 is compared by
      comparator 153 with the impulse pressure from the transducer 120. The
      output of the comparator 153 is connected to a proportional plus reset
      controller 154 to drive the impulse pressurer to zero on line 155 which is
      input to the analog output 130. High and low limits restrict the range of
      variation of the controller 154 to eliminate the possibility of reset
      windup.
PAR  The output of the summing junction 135 is also compared by comparator 156
      connected by line 157 with the megawatt transducer 122 by way of line 158
      to produce a megawatt compensated load demand signal for input to an
      analog output 160 through the limiter 124. The output of the summing
      junction is also connected by way of line 157 and 161 to the input of
      analog output 162. The analog output 160 controls the reactor circulation
      system including the reactor circulation pumps 134 of the analog system to
      be described hereinafter. The analog output 162 adjusts the pressure
      setpoint to the throttle pressure controllers as described hereinafter.
PAR  The analog portion of the system, which interfaces with the previously
      described digital portion is interfaced through the analog output devices
      130, 125, 160 and 162. The analog system includes the two analog pressure
      controllers 71 and 72 with separate pressure transducers 164 and 165. The
      pressure setpoint is adjustable either in automatic or manual from the
      control and indication panel as previously mentioned in connection with
      FIG. 2. When in automatic control, the pressure setpoint is applied to the
      pressure controllers 71 and 72 over line 166 coming from the digital
      controller, through the analog output 125 and the closed contact 83. When
      the pressure setpoint is adjusted manually, the contact 85 at the output
      of the manual tracking block 86 is closed to adjust the setpoint from the
      control panel of FIG. 2. A setpoint bias 167 determines which pressure
      controller 71 or 72 is in control. The other controller acts as a backup
      controller. A high signal selector 168 permits the signal from the
      pressure controller in control, depending upon the setpoint bias, to pass
      to output line 170.
PAR  The function of the analog portion of the system and its cooperation with
      the previously described digital portion of the system will be described
      in connection with the various operating modes from mode 1 through mode 5
      in both the manual and automatic modes of operation. First, when the
      turbine is not latched, the "reactor start" mode 1 indicator on the panel
      of FIG. 2 is lit. When the turbine is on turning gear and the condenser
      vacuum is of a predetermined amount, the bypass valves can be positioned
      manually with the contact 92 closed by way of line 171 and bypass valve
      servo amplifier 172. The bypass valves can also be positioned from the
      output of the pressure controllers 71 or 72 through a low signal select
      device 173, line 174, summing device 175, the closed contact 88, and the
      bypass valve servo amplifier 172.
PAR  The low signal selector 173 is provided to insure that the steam flow does
      not exceed a flow limit as determined by limiting device 176. A bypass
      valve close bias referred to at block 177 is provided as an input to the
      summing device 175 to insure that the bypass valves are closed when no
      signal is present on line 174. A contact closure output is provided on
      line 178 from the digital controller to energize a solenoid valve (not
      shown) on the bypass valve actuator 58 to energize the solenoid valve when
      the load is less than 25%. The solenoid valve normally isolates the
      actuator from the emergency trip header when energized, and permits the
      actuator to be operated to open the bypass valve even though the turbine
      may be tripped. When the solenoid valve is energized, the bypass valve
      trips open in the event of contingencies.
PAR  In mode 1, the reactor may be started manually by operation of the control
      rods and the recirculation system via the reactor master controller 180
      and the manual automatic controller 182 in its manual position. When the
      pressure setpoint is at 150 psi and the actual reactor pressure is less
      than this value, or when the manual and automatic signals for the bypass
      are equal, the automatic bypass valve control can be selected on the
      control panel. Should the reactor pressure be above 150 psi prior to
      automatic operation of the bypass valves it is necessary to adjust the
      pressure to obtain a setpoint to a value near the actual pressure so that
      a null position is existent on the bypass valve tracking meter. Should the
      digital controller stop, the pressure setpoint control automatically
      rejects to manual at the existing setpoint by the opening of contact 88
      and the closing of contact 92. Failure of both pressure transducers 71 and
      72 automatically causes the contact 88 to open and the contact 92 to close
      in a manner hereinafter described in connection with the detailed
      operation of the pressure failure control system portion of the analog
      control. In mode 1, the reactor pressure can be increased from 0 to 1000
      psig with pressure control on the bypass valves above.
PAR  When the turbine is latched and the breaker is open, (see FIG. 2), the
      "turbine start" or mode 2 on the control panel is lit. Prior to entering
      this mode, the reactor pressure and steam generation state must be of a
      sufficient level to permit roll off of the turning gear of the turbine.
      When the turbine is latched, the turbine stop valves, interceptor valves,
      and reheat stop valves, (not shown) open, and the governor valves stay in
      the closed position. The operator selects a reference for speed and an
      acceleration rate utilizing the appropriate pushbuttons on the digital
      control panel (not shown). The turbine governor valves are controlled by
      the output of the pressure controllers 71 or 72, or the analog output of
      the digital system, as determined by the low select circuit 183. Thus, as
      long as the output of the pressure controller 71 or 72 is higher than the
      speed demand, the starting up of the turbine is controlled by the digital
      system over the line 127, the comparator 129, the proportional plus reset
      controller 126, line 131, analog output 130, and line 185 to the low
      signal select circuit 183. Normally, for wide range speed control, the
      speed generation of the reactor is sufficiently high so that the output of
      the pressure controllers 71 or 72 is higher than the speed control signal
      from the analog output 130 of the digital system. This permits speed
      control of the turbine while pressure control is maintained on the bypass
      valves by way of the pressure controller as previously described.
PAR  In mode 2 the reactor remains under manual control of the operator by way
      of the manual/automatic station 182. The output of the low signal selector
      183 goes through closed contact 90 of the automatic control for the
      governor valves, a low signal select 186 which insures that such signal
      will not exceed the valve position limit referred to at 187 to the
      governor valve servo lamp 188. The output of the low signal select 186 is
      also connected to the input of the summing device 175 to the bypass valve
      servo amplifier 172 over line 190. The input from line 190 to the summing
      device 175 is of opposite polarity to the bypass control from line 174
      which tends to cancel out the effect of the bypass valve signal when in
      the mode 1 position such that the bypass valve closes as the governor
      valve servo amp opens the governor valves. If the speed demand signal from
      line 185 is too high for the generation rate and pressure of the reactor,
      which is an abnormal situation, the governor valves would open as the
      steam generation rate is increased regardless of the speed demand signal.
      If the digital controller should fail while in mode 2, the contact 90, and
      the contact 88 opens to transfer the operation of the valves to manual,
      and leave such valves in the same position prior to the digital computer
      failure.
PAR  When the main generator breaker is first closed, which is referenced by the
      decision block 104, the "turbine load" or mode 3 indicator on the control
      panel is lit. A permissive is included in the circuit breaker logic to
      prevent the closure of the breaker until the steam generation level of the
      reactor is above a predetermined amount, such as 15%, for example. This
      permissive (not shown) insures that control of the pressure remains on the
      bypass valve over line 174 when the initial load is added at breaker
      closure. On breaker closure, the digital system reference becomes a load
      reference on line 132 from decision block 104. When operating in mode 3,
      the impulse chamber pressure and/or the megawatt feedback loop, previously
      described, may be placed in operation. As the operator increases the load
      demand signal, a point is reached in which the steam generation level of
      the reactor satisfies the governor valve flow. As the governor valves are
      opened by the increase in load reference over line 185, the bypass valves
      are closed by a summation of the output of the pressure controller over
      line 174, governor valve position signal over line 190, and the closing
      bias 177.
PAR  When the governor valve position signal on line 190 is equal to the
      pressure controller signal on 174, a comparator 191 detects this condition
      and initiates a transfer to mode 4, or "turbine follow reactor manual".
      The valve position limit control 187 is provided to limit the total travel
      of the governor valves in mode 3. If the governor valve position signal at
      the output of the low signal selector 186 is limited by the valve position
      limit, the bypass valves are opened correspondingly due to the summation
      of the pressure controller signal on line 174 and the limit of the valve
      position signal on line 190.
PAR  If the digital system becomes inoperative in mode 3, governor valve control
      is transferred to manual control by the automatic closing of the contact
      93 and the opening of the contact 90. The pressure controllers 71 and 72
      maintain pressure in the reactor by positioning the bypass valves over
      line 174 as long as the bypass valves remain in the automatic mode.
PAR  When the operating point at which the bypass valves are just closed is
      reached, as determined by the comparator 191, the mode 4 indicator on the
      control panel is lit. The comparator 191 also initiates logic which
      applies a bias referred to as 137 at the input of the summation junction
      135, in the digital system, which insures that the pressure controller
      signal instead of the compensated load demand signal on line 185 passes
      through the low signal selector 183 to control the governor valves in this
      mode.
PAR  The bypass valves continue to remain closed, unless the governor valve
      position signal on line 190 does not follow the pressure controller signal
      on line 174. Since these two signals are summed as an input to the summing
      device 175, the bypass valves remain closed as long as the pressure
      controller signal on line 174 is greater than the sum of the governor
      valve position signal on line 190 and the bypass valve closing bias 177.
      In mode 4, the reactor is still in manual control; and plant load can be
      increased at this time by manually increasing the reactor generation level
      either with the recirculation control or rod control. An increase in steam
      generation rate in mode 4 causes the pressure to rise and open the
      governor control valves through the proportional range of the pressure
      controllers 71 or 72. As the reactor power level is increased in mode 4,
      the load demand from the digital system on line 185 should be increased in
      order to keep the analog output from the low signal selector 183
      responsive to the pressure controller output, thus causing the pressure
      controller output to position the governor valves. If the load demand
      signal on line 185 is not increased in mode 4 as the power level is
      increased, the bypass valves open to control pressure, as the governor
      valves are limited by the load demand signal on 185 which passes through
      the low signal selector 183. When the bypass valves do open to control
      pressure the comparator 191 transfers the operation to mode 3, thus
      removing the bias 137 from the summing junction 135, and lighting the
      indicator light on the control panel for mode 3.
PAR  When the transfer is initiated from mode 3 to mode 4 by action of the
      comparator 191, the feedback control loops of megawatts and impulse
      pressure are removed from the digital portion of the system. If the
      digital system becomes inoperative when operating in mode 4, the governor
      valves remain in automatic control from the output of the pressure
      controller 71 or 72 through the low signal selector 183, the closed
      contact 90 and the low signal selector 186. However, control of the
      pressure setpoint on line 166 is transferred to manual operation. If both
      pressure transducers 71 and 72 fail while operating in mode 4, both
      governor and bypass valve control are automatically transferred to manual
      by the opening and closing of the contacts 90 and 93, and 88 and 92
      respectively. Also, when the digital system becomes inoperable in mode 4,
      a bias such as referred to at block 192, is applied to the analog output
      130 to maintain the pressure controller signal at the output of the low
      signal select circuit in control of the governor valves.
PAR  The flow limit is adjustable on the control panel (see FIG. 2) from 90 to
      130%, for example, reactor flow. The low signal selector 173 determines
      the lower of such flow limit adjustment, and the pressure controller
      signal on line 170 from the high signal selector 168 determines the
      limiting opening and the governor or bypass valves.
PAR  When the system is operating in mode 4 and the governor and bypass valves
      are in automatic control, and a permissive signal is transmitted from the
      digital system over the line 193, for example, to the manual automatic
      reactor controller 182, the turbine follow reactor automatic indicator on
      the panel of FIG. 2 is lit. When in mode 4, it is possible to adjust the
      load demand in order to zero the load demand error signal on the line 157
      to facilitate the transfer to mode 5. In transferring to mode 5, the
      reactor control system must be in balance between the load demand error
      furnished on line 157 from the digital system and the manual automatic
      station 182.
PAR  When in mode 5, the governor valves through the governor valve servo
      amplifier 188 and the governor valve actuator 54 are under the control of
      the pressure controller 71 or 72. The load demand is used to generate a
      load demand error signal on the line 157 by comparison with actual
      megawatts at the comparator 156 of the digital system as an analog output
      to block 160 to the manual automatic controller 182 for operating the
      reactor master controller 180 in the automatic mode. As the operator
      increases the load demand while in mode 5, the load demand error signal
      acts to increase the reactor circulation control by way of the reactor
      master controller 180 which controls the reactor recirculation pumps
      referred to at block 134. This increase in the power level of the reactor
      causes the pressure controller 71 or 72 to open the governor control
      valves and pick up the turbine generator load until a balance is again
      established between actual megawatts and the load demand.
PAR  Also, in mode 5, operational changes in the load demand signal effect the
      analog output block 162 to adjust the setpoint of the pressure controllers
      71 and 72 by a derivative circuit 194. This repositions the governor
      valves in anticipation of an increase load and steam flow.
PAR  If the reactor manual automatic station 182 reverts to manual while in mode
      5, the digital system reverts to mode 4, with the governor valves being
      controlled by the pressure controllers 71 or 72. If the digital system
      becomes inoperable while in mode 5, the system reverts to mode 4 with the
      governor valves being operated by the pressure controllers 71 or 72. Also,
      the governor valves or the bypass valves transfer to manual control if the
      reactor permissive is removed while in mode 5. This action transfers the
      system to mode 4, with manual control of the governor and/or bypass
      valves. The bypass close bias 177 insures that while operating in mode 5,
      transient changes in mode which might cause the bypass valves to open do
      not transfer the system out of mode 5. If the overall digital system is
      removed from reactor automatic control (mode 5) the system transfers to
      mode 4.
PAR  As previously mentioned the load output of a boiling water reactor is a
      function of control rod position and the recirculation flow. The
      recirculation flow has a range in excess of approximately 25%. When both
      the turbine and the reactor are in automatic control or mode 5, a load
      demand for the turbine control is compared with the megawatt output of the
      generator by the comparator 156 to provide an output through the limiter
      124 to the analog output block 160 for controlling the reactor. In
      addition, as mentioned previously, the load error is used to automatically
      adjust the pressure setpoint of the pressure controllers 71 or 72 through
      the analog output block 162. When the recirculation system is at its limit
      a change of load demand will not result in the desired change of load
      level because of the limited range of the recirculation system. Thus, in
      order to prevent an excessive deviation of throttle pressure and possibly
      unstable reactor operation, a high and low limit from the reactor
      circulation system such as from the reactor circulation pumps referred to
      at block 34 is connected by line 196 through the mode 5 decision block
      referred to at 197, the line 133 and the limiter 123 to the load demand
      line 132. This prevents the load demand from exceeding either the high or
      low limit of the recirculation system when the system is in mode 5
      operation by setting the load demand at the high load limit when such load
      demand would exceed the recirculation limit and setting the load demand at
      the low load limit when such demand would be outside the low recirculation
      limit. Thus, the load error which is connected to the reactor control
      system through the analog output block 160 is not permitted to indicate a
      load demand error greater than the actual load. When a higher or lower
      load level or for automatic recirculation control range is required, the
      control rods must be positioned manually.
PAR  Referring to FIG. 4, the pressure controllers 71 and 72 each include
      identical analog circuitry. The throttle pressure transducer 164 is used
      with the pressure controller 71 and the throttle pressure transducer 165
      is used with the controller 72. The throttle pressure setpoint signal is
      input in parallel over line 201 and 202 to a summing device 203 and 204
      for the controllers 71 and 72 respectively. The setpoint signal in one
      embodiment of the invention varies between 0 and 10 volts positive, which
      corresponds to a pressure setpoint of 0 to 1200 psi. The summing device
      203 and 204 each has a gain G connected therewith. The bias signal 167 may
      be connected in a conventional manner to either the summing device 203 or
      204 to apply a predetermined positive bias to the input of either 203 or
      204. This positive bias increases the output of one controller over the
      other to the input of the high signal selector 168 (see FIG. 3) as
      previously described. Each of the throttle pressure transducers 164 and
      165 have an output of from one to five volts positive to correspond to an
      actual pressure of 0 to 1200 psi. The output of the throttle pressure
      transducers are input to amplifiers 205 and 206 over lines 207 and 208
      respectively. The output of the amplifiers 206 is inverted so that the
      input ranges from -2 to -10 volts for input to each of the amplifiers 203
      and 204. The throttle pressure transducers 164 and 165 are each biased to
      have a so called droop, that is, to insure that there is always a signal
      present at the output of the summing devices 203 and 204 in a steady state
      condition. When the signal on the output of the summing devices 203 and
      204 is negative, the valves move toward an open position; and when the
      signal is positive the valves move toward a closed position. Assuming a
      gain of 10 for each of the summing devices 203 and 204, a throttle
      pressure setpoint of 5 volts for example results in a positive 50 volt
      output on lines 210 and 211. However, the throttle pressure transducers
      164 and 165 are each supplying a negative voltage of 2 volts to the input
      of the summing devices thus giving a net voltage output of a positive 30
      volts which tend to keep the valves closed. As the throttle pressure
      increases the negative voltage increases on lines 210 and 211 and the
      valves will remain in the same position until the actual throttle pressure
      equals the throttle pressure setpoint which would correspond to an input
      of -6 volts with a resulting negative 10 volts on the outputs 210 and 211;
      and open the valves to a point corresponding to a 10% negative signal. If
      the generation rate of the reactor should be such that the pressure
      continues to increase, the negative signal on lines 210 and 211 would
      correspondingly increase, thus opening the valves further. If the
      generation rate of the reactor were such taht the throttle pressure
      actually decreased from the throttle pressure setpoint, the signal would
      become positive tending to close the valve. The output of each of the
      summing devices 203 and 204 is connected to a lead lag circuit card 212
      and 213 respectively. The characteristics of the lead lag card, which form
      no part of the present invention include the provision of two individual
      power sources for each of the cards 212 and 213. One of the power sources
      for each of the lead lag cards is 24 volts and the other power source is
      26 volts. Only one of the sources is required, as the lead lag card is
      provided with conventional power auctioning. Also, each of the cards
      provides a logical signal on line 214 and 215 indicating that it has an
      "on card" power failure. For a more detailed understanding of a lead/lag
      circuit of the type mentioned, reference is made to U.S. patent
      application Ser. No. 269,000, filed by James T. Carleton on July 7, 1972,
      entitled "Compensation Apparatus and Method" and assigned to the present
      assignee.
PAR  Connected to the output of the throttle pressure transducer 164 is
      conventional analog comparator 216, and connected to the output of the
      transducer 165 is an analog comparator 217. Each of these analog
      comparators provides a logic signal in the event that the pressure
      transducer should exceed a certain value; and another logic signal in the
      event that the pressure transducer should be below a certain value. Thus,
      the analog comparators 216 and 217 provide a fail high and a fail low
      output for each respective transducer.
PAR  As mentioned previously, a bias signal is applied to one or the other
      controllers so that one controller is in control, and the other in standby
      as dictated by the input to the high signal selector 168 (see FIG. 3). The
      failure of a throttle pressure transducer in a direction that causes the
      output of the associated controller to be lower than normal transfers
      control to the other transducer, because it then has a higher output
      signal relative to the failed controller for input to the high signal
      selector 168 provided that such failure is sufficient to make such signal
      lower than the other. If the throttle pressure transducer should fail in a
      direction that causes the output level of its controller, to be higher
      than normal the valves, would tend to "close" and such controller with its
      associated failed transducer could continue in control. However, with the
      benefit of the present invention, relays 220 and 221 are normally
      energized by the analog comparators 216 and 217, respectively, when the
      associated throttle pressure transducers 164 and 165 are operating
      properly. Upon failure of one transducer either in a high or a low
      direction, the associated relay 220 or 221 is deenergized, thus closing
      the respective contact 222 or 223, to apply a positive voltage of 15
      volts, for example, to the input of the associated summing device 203 or
      204. The application of this positive voltage, insures that the output of
      the non-failed controller is higher than the failed controller, if the
      failure is in a direction that tends to raise the controller output level,
      regardless of the direction of transducer failure.
PAR  Each of the pressure controllers 71 and 72 includes a number of other
      components which are subject to failure in addition to the associated
      throttle pressure transducers 164 and 165; namely, the summing devices 203
      and 204, the lead lag circuits 212 and 213, and the power supplies on
      lines 225 and 227 for the lead lag circuits 212 and 213. Should the 26
      volt power supply fail, wire 225 is deenergized which removes energy from
      a NAND gate 226, which of course results in nothing more than the other
      pressure controller taking over control. However, if the 24 volt power
      supply should also fail, wire 227 is deenergized which causes the gate 226
      to conduct, which provides a signal on line 228 through OR gate 230 to the
      input of NAND gates 231 and OR gate 232 to transfer control of the bypass
      valves to manual. A failure of any of the components, except the pressure
      transducers in one of the controllers, is assumed to lower or remove the
      output signal, so that the high signal selector passes the output of the
      non-failed controller. If the system is in mode 4 or mode 5, wire 233 is
      deenergized and an output is provided through the NAND gate 231 to OR gate
      234 for shifting control of the governor valves to manual. The shifting of
      the valve controls to manual operation may be in accordance with the
      previously referred to U.S. application Ser. No. 298,081 incorporated
      herein by reference.
PAR  In the event that both throttle pressure transducers should fail either in
      the high or low direction, an output signal appears on lines 235 or 236
      from OR gates 237 and 238. The failure of transducer 265 merely
      deenergizes an input to NAND gate 240 and 241 which has no effect on the
      system. Similarly, if only transducer 164 fails the input on line 235 is
      removed from NAND gate 242 and 240, which has no effect on the system.
      However, if both transducers fail, NAND gate 240 provides a signal on line
      243 through the OR gate 232 for manual control of the bypass valves, and
      to NAND gate 244 for transferring to manual control of the governor valves
      when input 245 is deenergized denoting that the system is in either mode 4
      or mode 5. If the lead lag circuit 212 should fail, the line 214 is
      deenergized which leads to NAND gates 241 and 246. If the lead lag circuit
      213 fails, energy is removed from the line 215 to NAND gates 246 and 241.
      Thus, if both lead lag circuits fail, NAND gate 246 conducts to transfer
      control of the bypass and governor valves as previously described to
      manual. If the transducer 165 fails and the lead lag circuit 212 fails the
      NAND gate 241 conducts to place the valves on manual control. Thus, from
      the foregoing it is seen that any combination of failures which would
      effect both transducers will transfer to manual control, the governor
      valves depending upon the mode of operation, and the bypass valves,
      regardless of the mode of operation. At the same time, a failure which
      would tend to produce a high output is converted to a failure that would
      tend to produce a low controller output, to provide for safe operation and
      transfer to the other controller when only one of the transducers or
      components has failed.
PAR  The foregoing description has been presented only to illustrate the
      principles of the invention. Accordingly, it is desired that the invention
      be not limited to the particular digital and analog embodiment described
      but rather it be accorded an interpretation consistent with the spirit and
      scope of its broad principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for operating an electric power plant, comprising a boiling
      water reactor and steam turbine, a plurality of inlet and bypass valves
      for controlling steam flow from the reactor to the turbine, an electric
      generator driven by said turbine, a first and second steam throttle
      pressure detector, means for generating a throttle pressure setpoint
      signal, a first and a second analog pressure controller governed by the
      throttle pressure setpoint signal and an associated respective first and
      second detector to generate an output signal for controlling the valves,
      first circuit means including a gating means to render the operation of
      the valves responsive to the output of only the controller having a first
      distinctive condition relative to the output of the other controller,
      selection means to selectively cause the first and second controller
      output to be in said first distinctive relative condition, second circuit
      means responsive to a failure of the first pressure detector to cause the
      output of the second pressure controller to be in said distinctive
      relative condition, and third circuit means responsive to a failure of the
      second detector when the first detector is defective to render the first
      and second controllers ineffective to control the valves.
NUM  2.
PAR  2. A system according to claim 1 wherein each of the throttle pressure
      detectors are capable of becoming defective in a high pressure direction
      and in a low pressure direction, wherein the first distinctive relative
      condition is an output signal of one controller that is of greater value
      than the output signal of the other controller, and wherein the second
      circuit means is operative to lower the signal of the first controller
      below the signal of the second controller regardless of the direction of
      failure of its associated detector.
NUM  3.
PAR  3. A system according to claim 1, further comprising fourth circuit means
      responsive to a defective first controller to cause the output of the
      second controller to be in said distinctive condition.
NUM  4.
PAR  4. A system according to claim 3, wherein said distinctive relative
      condition is a predetermined relative level between the output signals,
      said gating means being operative to conduct only one of the two relative
      levels, and wherein said second circuit means is operative to change the
      relative level of the output of the first controller to be in the first
      distinctive condition.
NUM  5.
PAR  5. A system according to claim 1, wherein the third circuit means transfers
      control of the valves to manual control in response to a failure of both
      the first and second detectors.
NUM  6.
PAR  6. A system for operating an electric power plant, comprising a boiling
      water reactor and steam turbine, a plurality of inlet and bypass valves
      for controlling steam flow from the reactor to the turbine, an electric
      generator driven by said turbine, steam throttle pressure detection means,
      said throttle pressure detection means being capable of a defect in a high
      pressure direction and in a low pressure direction, means for generating a
      throttle pressure setpoint signal, at least a first and a second pressure
      control means governed by the throttle pressure setpoint signal and the
      pressure detection means to generate an output signal to position the
      valves in accordance with the throttle pressure setpoint signal, selection
      means including a biasing means to selectively change the output of one of
      the control means relative to the output of the other of the control
      means, gating means governed by the relative outputs of the control means
      to conduct the output of one of the control means to operate the valves to
      a position requirement of the one control means, means responsive to a
      failure of the pressure detection means in either the high or low
      directions for the one control means to change the relative outputs of the
      first and second control means to govern the gating means to interrupt
      conducting of the output signal of the one control means and, means to
      operate the valves in accordance with the position requirement of the
      control means
NUM  7.
PAR  7. A system according to claim 6, wherein at least one of the control means
      is an analog controller, and the means for generating the throttle
      pressure setpoint signal is structured in a programmed digital computer,
      and further comprises circuit means responsive to a failure of the
      pressure detection means for both the first and second control means to
      transfer control of the valves to manual operation.
NUM  8.
PAR  8. A system according to claim 7 wherein said circuit means is operative to
      transfer control of the bypass valves only to manual operation in response
      to a failure in the pressure detection means for both pressure control
      means at times when the rate of reactor generation is greater than the
      steam flow to the turbine.
NUM  9.
PAR  9. A system according to claim 7, wherein both of the control means are
      analog pressure controllers further comprising means to detect failures in
      selected components of both controllers, means to transfer control of the
      governor valves to manual operation in response to a detected failure in
      both pressure controllers at times when the steam flow to the turbine is
      substantially equal to the reactor generation rate, and at times when both
      bypass and governor valves are controlled by the pressure controllers.
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PAL  A system and method for controlling the security of data in a central high
      speed data processing unit (CPU) by electronically sensing and comparing
      all operating or control statements coming into the CPU from terminal
      devices with a vocabulary of all statements unacceptable for security
      reasons which unacceptable statements are stored in a remote secondary
      computer system. The security of the data is also controlled by
      electronically sensing and comparing all operating and problem steps
      loaded into the CPU from library devices with a collection of identifiers
      known to identify all correct versions. The reaction to security dangers
      found in either sensing and comparing method is to exert predetermined
      counteraction to preclude unauthorized removal, alteration, destruction or
      inspection of problem data and/or procedures.
PAL  The system includes a plurality of sensors which monitor operating control
      statements, operating and problem steps or procedures and physical
      switches on the CPU control panel. The remote secondary computer analyzes
      the sensor output and responds by a predetermined counteraction which
      includes initiating an alarm and descriptive printout at a remote location
      and indicating the source and severity of any security violation. Further,
      the secondary computer may interrupt the CPU and drain any illegal control
      statements and prevent the loading of the operating process and problem
      steps.
PARN
PAC  BACKGROUND
PAR  Field of the Invention
PAR  This application is a continuation-in-part of applicant's copending
      application, Ser. No. 224,152, filed Feb. 7, 1972 now abandoned.
BSUM
PAR  The invention relates to a method and system for preventing unauthorized
      alteration, destruction, removal or reproduction of data stored or
      processed by a data processing unit and more particularly to a data
      processing security system which provides a control technique for sensing
      information entering into the CPU and comparing the information to
      developed standards. The comparison makes possible a determination by the
      secondary computer whether unauthorized or improper use of the CPU has
      been attempted so as to violate the security of the information therein
      and if such violation is detected, to take a predetermined counteraction
      to preclude alteration, destruction, removal or reproduction of
      information.
PAR  The Prior Art
PAR  The widespread use of computers which has developed in recent years has
      given rise to a growing body of information retained in computerized form,
      some of which has enormous value. businesses have taken a variety of steps
      to protect the integrity of their valuable information. Typically,
      computer centers are kept under constant television surveillance, computer
      rooms are sealed off to all except authorized personnel and
      round-the-clock security guards are posted at critical stations. All of
      these steps limit access to the computer but do not limit opportunity to
      appropriate information from a computer by various methods of remote
      access.
PAR  There are several ways in which data can be appropriated. The first
      technique is to tamper-change computer programs and swap them for the
      originals with the objective of misrepresenting actual transactions to the
      audit department. This technique accommodates draining bank accounts,
      payment of fictitious employees, purchasing non-existent or fraudulently
      expensive materials, crediting unpaid accounts, insuring nonentites and
      collecting damages and purchasing from illegitimate suppliers.
PAR  A second and more subtle method of obtaining valuable information without
      authorization is to request a work order for the computer to reproduce the
      confidential information in such a way that loss of the information cannot
      be detected. For example, the computer can be caused to copy confidential
      files onto separate disk packs during regular business operations so that
      the disk packs can be removed from the premises at any convenient time.
      Because the data still remains in memory in the computer, there is no
      indication that the data has been stolen unless the disk packs are
      discovered leaving the premises.
PAR  A third way in which data can be violated so as to cause injury to the
      owners is to gradually substitute false data and programs until enormous
      confusion exists. Factual data upon which contracts are bid can be altered
      so as to make it unable to compete in the marketplace.
PAR  Most of the existing auditing systems are virtually incapable of detecting
      tampering internal of the CPU. By way of example, a deck of punched cards
      requesting some routine computer operation can be delivered to the
      computer dispatch desk during regular working hours as is commonly done.
      The routine card deck could contain a second card deck which functions as
      a "plant". The cards are then placed into the card reader hopper and
      processed like any other work order.
PAR  The plant can then be removed from the collection bin. The result is that
      the computer program has been altered to include a processing step not
      otherwise recognized by company management.
PAR  Thereafter, when highly confidential information (e.g. on a magnetic disk)
      is read into computer memory for processing, the entire context of the
      confidential information can be recorded by copying it to a preselected
      section of one of the other disk packs on the handler. The second disk
      pack, now having the recorded confidential information thereon, can be
      easily removed from the computer area, leaving the original one to avoid
      detection.
PAR  In this instance, it is apparent that the opportunity to steal or tamper
      the data originates with a valid work order.
PAR  A variation on the plant is to administer modifications to computer
      programming while it is resident in the program library. Since programs
      are normally kept in stored files on disk packs, they are usually entered
      individually into the computer memory only when their turns comes to run.
      Modifications which alter the program permanently are called, in this
      specification, patches.
PAR  A practical way in which data tampering or alteration of the kind described
      above can be detected is through continuous electronic surveillance of the
      operating control statements. A number of attempts have been made recently
      to provide an electronic way of preventing central processing units from
      exceeding the bounds assigned to a problem process for security purposes.
      Most prior art devices are based upon the problems of simultaneous
      multiple processing within the same CPU such as where one problem process
      encroaches into the memory areas or terminal devices of a second causing
      destruction and failure of the second process. For example, see U.S. Pat.
      Nos. 3,368,207; 3,573,855; 3,371,744; 3,328,768; and 3,473,159.
PAR  While these devices serve a functional hardware purpose in modern computer
      technology, no present prior art system continually senses operating
      control statements. Rather, they sense encroachment across physical
      address boundaries (including memory addresses, terminal device addresses
      and library device addresses). Further, none of the known prior art
      devices accommodates comparing information with predetermined standards
      and reacting to prevent unauthorized alteration, removal, destruction
      and/or inspection of information.
PAC  BRIEF DESCRIPTION AND OBJECTS OF THE INVENTION
PAR  The present invention relates to precluding unauthorized removal,
      alteration, destruction and inspection of problem data and/or procedures
      in a CPU by monitoring operating control statements with a secondary
      computer system. Because data processing has come to require the
      performance of multiple processes in complex order within a short span of
      time (problem processing) a higher level or operating process has
      developed for control.
PAR  It is a feature of the present invention to achieve data processing
      security in the problem process by controlling the operating process. The
      controlling step includes monitoring information, comparing the
      information with predetermined standards and, in selected instances,
      following a predetermined counteraction plan.
PAR  It is, therefore, a primary object of the present invention to provide a
      novel data processing security system.
PAR  It is another primary object of the present invention to provide an
      improved method for controlling problem processing in a CPU to prevent
      unauthorized tampering of information.
PAR  One still further object of the invention is to prevent program changes
      without detection and to prevent undetected processing of forbidden
      operating control statements without authority.
PAR  It is a further important object of the present invention to provide a
      novel method for monitoring the operating process (OP) of a CPU.
PAR  These and other objects and features of the present invention will become
      more fully apparent from the following description and appended claims
      taken in conjunction with the accompanying drawigns.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a functional block diagram of a general purpose digital computer
      and an associated security system.
PAR  FIG. 2 is an interconnection diagram particularly illustrating interfacing
      between the host system and the security system.
PAR  FIG. 3 is an interconnection diagram particularly illustrating interfacing
      hardware within the security system.
PAR  FIG. 4 is a detailed interconnection diagram of the modules within the
      alarm console of the security system.
PAR  FIG. 5 is a timing chart representing the queuing sequence for electronic
      modules and registers under ther supervision of the controller within the
      alarm console of the security system.
PAR  FIG. 6 is a block diagram illustrating the timing sequence within the
      security system for detecting unauthorized problem steps in the host CPU.
PAR  FIG. 7 is a block diagram illustrating the flow of information pulses upon
      initiation of IPL.
PAR  FIG. 8 is a procedural flow diagram illustrating the timing sequence of the
      security system for detecting modifications in a host CPU problem process.
PAR  FIG. 9 is a procedural flow diagram illustrating the use of authority codes
      and cards at three distinct operating times.
PAR  FIG. 10 is a perspective illustration of a presently preferred embodiment
      of the alarm console.
PAR  FIG. 11 is a fragmentary perspective illustration of a preferred embodiment
      of the register status indicator panel on the alarm console.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Reference is now made to the figures illustrating presently preferred
      embodiments of the invention, corresponding apparatus and parts thereof
      being identified with like numerals throughout.
PAC  THE OVERALL SYSTEM
PAR  Reference is now made to FIG. 1 which illustrates a host central processing
      unit (CPU) generally designated 10. The illustrated CPU has been
      schematically separated into its two principal operational subdivisions:
      the problem process 11 and the operating process 12. The problem process
      11 serves the data processing function by transforming problem data in
      bulk storage 22, taken as input, into results representing the desired
      objective by predetermined steps. These objectives can then be stored in
      the same or different bulk storage, for reuse. Thus, the problem process
      11 takes raw material (problem data input) and by predetermined steps
      accomplishes the objectives (problem results).
PAR  In the development of modern computer technology, it has become necessary
      in the problem process 11 to perform multiple processes in complex order
      within a very short span of time. In order to control the priority and
      scheduling of problem processes, an operating process 12 is included. In
      modern data processing systems, all problem processes must be governed by
      an operating process 12, which must be established first in the host CPU
      10 by an initial program load (IPL) which will be susequently more fully
      described.
PAR  The operating process responds to information given in operating statements
      to determine the priority of problem processes, bulk storage needed, and
      the problem steps (e.g. programs) needed to accomplish the problem
      process, as described above. The operating statements originate at a
      suitable control device 30 which may include, for example, a card reader
      or an operator keyboard.
PAR  In this specification, problem steps means all computer oriented subtasks
      catalogued on the library device necessary to accomplish the objective of
      a problem process including computer instruction sequences, subroutines,
      programs and any and all combinations thereof and computer operating
      control statements, punctuation, and characters and any combination
      thereof. The problem steps are loaded from the library device 23 to
      implement the problem process 11. The objective of maintaining security in
      the problem process 11 is obtained by monitoring information at the
      operating process level.
PAR  Monitored information is analyzed by a secondary computer system generally
      designated 34. The secondary computer 34 is electronically coupled to the
      host CPU 10 so as to monitor all of the operating statements from control
      devices 30. In addition, the operating statements from control devices 30.
      In addition, the secondary computer is electronically coupled to the host
      CPU 10 so as to monitor and authenticate problem steps in the library
      device 23 prior to instituting any problem process.
PAR  The secondary computer 34 may interrupt the CPU and drain or ignore any
      illegal operating statements and prevent the loading of problem steps from
      the library device 23. Additionally, or, alternatively, if desired, where
      there has been a failure of comparison between operating statements or
      problem steps and a predetermined standard, the secondary computer 34
      responds by initiating an alarm and a descriptive printout at a remote
      alarm console 46.
PAR  Referring now to FIG. 2, the central processing unit (CPU) generally
      designated 10 is a host computer which may be any one of a variety of
      known units such as, for example, the IBM 360. Conventionally, the CPU
      host is connected to a bulk storage unit 22 which represents disk packs,
      magnetic tapes or other information storage devices. A library device 23
      is illustrated connected to the CPU as a separate device to facilitate
      discussion or problem step monitoring as described in connection with FIG.
      1, above. However, devices 22 and 23 could be located together. The bulk
      storage units and library device are connected by a selector channel 24 to
      the CPU so that information in the bulk storage unit can be retrieved or
      transmitted on command of the CPU.
PAR  In addition, the CPU is connected by a multiplexer channel 26 to at least
      one control device 30. Control device 30 includes any one of a variety of
      conventional apparatus such as a card reader or operator keyboard.
PAR  Operating statements in channel 26 and problem steps stored in library 23
      are monitored by the secondary computer generally designated 34 at 25 and
      27, respectively. If desired, information from the library device 23 could
      be received in the host 10 and communicated to the secondary computer 34
      through line 32. Preferably, lines 32 and 33 are contained in a
      tamper-proof sheath so that signals in the channels are directed
      simultaneously to the CPU 10 and the secondary computer 34 without
      opportunity for alteration of the electronic signals.
PAR  The secondary computer 34 may be of any suitable variety, normally having a
      much smaller memory capacity than the CPU host 10. The PDP 11 manufactured
      by Digital Equipment Corporation has been found to be adequate. The IPL
      button 38 of the CPU initiates the operating process in the CPU through
      line 39. The electronic impulse from the IPL button is sensed by the
      secondary computer 34 through line 41.
PAR  The secondary computer 34 has a secondary or bulk storage unit 40
      comprising a magnetic tape unit which may be, for example, the DEC tape
      units manufactured by Digital Equipment Corporation.
PAR  The secondary computer is also connected to an alarm console generally
      designated 46 by line 48 which is confined in a tamper-proof sheath to
      prevent tampering with signals between the secondary computer and the
      alarm console. It is presently preferred that a conventional printing unit
      50 such as Model No. ASR33 manufactured by Teletype Corporation be
      connected through line 52 to the alarm console. The printer 50 will
      develop a printed log 54 which permanently registers events communicated
      from the secondary computer to the alarm console 46.
PAR  The keyboard 36 of the secondary computer 34 is preferably associated with
      the alarm console 46 for the purpose hereinafter more fully defined. The
      keyboard incorporated in the ASR33 manufactured by Teletype Corporation
      has been found suitable.
PAC  HOST SECONDARY COMPUTER INTERFACE
PAR  In the illustrated embodiment, an IBM 360 is interfaced to a PDP 11 as
      illustrated in FIG. 3. More specifically, the PDP 11 (secondary computer
      34) is conventionally provided with a direct memory access (DMA) channel
      60 which is, in turn, electronically coupled into interface 62. Interface
      62, for the illustrated embodiment, may be the Peri-Phonics model IU 360
      or a suitable equivalent. The interface is also coupled to the multiplexer
      channel 25 forming part of the CPU host 20. As has been heretofore
      described, the multiplexer channel is also connected to control devices
      30.
PAR  With continued reference to FIG. 3, the secondary computer 34 is interfaced
      to the alarm console 46 with teletype interfaces 64 and 66 and tamper
      interrupt interface 68. Teletype interfaces 64 and 66 are conventional
      and, for example, are manufactured by Digital Equipment Company to make
      electronic connection with the ASR33 Teletype made by Teletype
      Corporation. The information transferred between the secondary computer 34
      and the alarm console 46 is transferred bit serially. Teletype interface
      64 operates at the usual 10 characters per second (CPS) transfer rate.
      However, the teletype interface 66 is simply modified to operate at 100
      characters per second, a much higher rate than normally encountered with a
      teletype. The modification is easily accomplished by substituting higher
      rate oscillators for the 10 CPS oscillators in interface 64.
PAR  Information transferred from the secondary computer 34 to the alarm console
      46 is received by a serial to parallel interface forming part of the
      receiver module 70 illustrated in FIG. 4. This loads registers 84-87 under
      control of controller 72. Every register except 85 has a corresponding
      visual indicator 94 that is illuminated when the bit is set. When sending
      information to a particular register or module (as hereafter more fully
      described) any address byte is sent first, followed by a data byte. The
      data byte is routed according to the last address byte received by the
      controller. This sequence is shown best in FIG. 5.
PAR  In general, information transmitted to the secondary computer 34 (FIG. 4)
      by the transmitter module 82 will be from the operator keyboard 36 through
      the controller 72 to the transmitter module 82. This information will be
      in the form of an ASCII character, as in the usual teletype transfer.
      However, certain ASCII characters have been pre-empted for special
      purposes. For example, the ASCII character for ? is used to mean that the
      secondary computer is requested to read the console status register 84
      (FIG. 5). Information contained in this register 84 informs the secondary
      computer 34 the nature of a requested operation.
PAR  In addition, the alarm console contains a tamper register 76 (FIGS. 4 and
      5), the binary contents of which can also be sent to the secondary
      computer.
PAR  In this embodiment, a plurality of tamper-sensors 75 has been provided for
      connection at a variety of locations, the actual number of available
      sensors being determined by the size of register 76. If any of the sensors
      trigger because of tampering with the sensor connection, an appropriate
      bit pattern appears in tamper register 76 and an immediate interrupt
      signal is energized through line 77 to tamper interface 68. The response
      of the secondary computer is to request (by sending a request command to
      receiver module 70) the binary contents of the tamper register to be
      transmitted through controller 72 and transmitter module 82 for
      determination of the cause of the tamper condition.
PAR  The controller 72 operates by passing a "select" timing signal through each
      device which can accept or transmit data or control bytes. priority is
      determined by position in the daisy chain connection of modules and
      registers illustrated in FIG. 5. In order of priority, the address
      selector module 80 is followed by the receiver module 70, the transmitter
      module 82, the interrupt module 74, tamper register 76, console status
      register 84, console fault register 85, mode register 86, alarm register
      87 and keyboard interface 88. Registers 84-87 are illustrated as a single
      block in FIG. 4. When the select signal reaches a module or register, it
      can seize control and prepare to transmit information, or raise an "allow
      send" signal and prepare to receive information. It is clear from
      reference to FIG. 4, that certain modules can only transmit data and some
      can only receive. Once a module receives the select signal and has a
      request, it can seize control. When control is seized, the select signal
      is reset and a timing sequence is initiated by the master timing generator
      90 (FIG. 5) to provide a transfer pulse followed by a reset pulse to
      prepare all modules and registers for another cycle.
PAR  Information transferred from the alarm console 46 to the secondary computer
      34 is first passed through the transmitter module 82 (FIGS. 4 and 5) which
      comprises a parallel to serial converter so that the output from the
      transmitter module 82 is serial.
PAR  In summary, the input information to the alarm console 46 can be received
      from several sources. More specifically, the alarm console can receive
      serial information into its receiver module 70 directly from the secondary
      computer 34. The alarm console 46 can also receive a byte in parallel from
      keyboard 36 (FIG. 4) which makes the information available in parallel
      form through the interface 88. Finally, tamper sensors are connected into
      the tamper register 76. An appropriate bit pattern appears in this
      register and an interrupt signal is communicated through 77 to the
      interface 68 of the secondary computer 34. The response of the secondary
      computer to this interrupt is to read the tamper register over the serial
      lines to the interface 66 to determine the cause of the interrupt.
PAR  Outputs from the alarm console 46 can exit in three ways. First, the serial
      output to the seondary computer 34 through the transmitter module 82
      transfers information contained in the registers 84-87 as well as tamper
      and keyboard information from the register 76 and keyboard 36,
      respectively. Secondly, outputs from the alarm console 46 can be
      transferred to the visual indicators 94 (shown more particularly in FIG.
      11). Finally, the audible alert alarm 96 can be sounded by output from the
      alarm console 46.
PAC  DECONTAMINATION OF THE HOST COMPUTER
PAR  In order to obtain the objective of preventing the unauthorized alteration,
      removal, destruction or inspection of problem data and/or steps in the
      host computer, it is necessary first to establish a decontamination of the
      host 10. This can be accomplished by examining the operating process 12
      (FIG. 1) of the host and performing a comparison test against a known base
      copy of the operating process. Next, each problem step is compared against
      a known base copy. The decontamination procedure detects the presence of
      any plant or patch or other alteration in the host memory and library
      devices and establishes a clean base for monitoring subsequent
      transactions of the host 10.
PAR  The decontamination of the host 10 is not valid if the host itself performs
      the comparison because the comparing program is subject to unauthorized
      alteration. Accordingly, the secondary computer 34 is used to
      decontaminate the host CPU. The secondary computer is connected
      strategically to the multiplexer channel of the host and would require a
      base copy of the host operating process for comparison. The base copy must
      not be vulnerable to substitution itself, which means that it would have
      to be held within the secured memory of the secondary computer 34. Where
      the memory capacity of the secondary computer is small, however, it is
      observed that this is a physical impossibility because of the great size
      of the operating process of the host. Therefore, a technique called
      "checksum" may be used to compact the base copy into a unique statistical
      base that can always be calculated from the base copy.
PAC  CHECKSUMS
PAR  The term "checksum technique" is defined herein to mean a control technique
      for authenticating the legitimacy of a structurally complex arrangement
      having a measurable number of subdivisions. The checksum technique is
      performed by sensing the order of predetermined collections of
      subdivisions and comparing this order with a statistical summary of the
      expected base copy. The collection or accumulation of subdivisions is
      called herein "checksum" or sometimes "statistic". The checksum technique
      can best be understood by referring to an example of proving that a book
      is unaltered from its first published state. Without being able to compare
      the book word for word, the assignment at first seems impossible. However,
      suppose the book is considered an arrangement of words, each having a
      measurable number of letters. The order of words can be statistically
      captured by accumulating the number of letters in every 50 words in a
      finite accumulator register subject to overflow. If the words are
      accumulated in a different order, random mix of words will cause different
      filling and overflow conditions. Each sum of the letters in 50 words
      represents a statistical base or checksum in the summary of the expected
      base copy of the book. Where the sum of the letters exceeds the register
      capacity, the sum will be decreased by the amount of overflow. Clearly, if
      the book is longer than 50 words, there will be more than one checksum
      statistic for the book. The last checksum statistic covers whatever odd
      number of words are left over after the groups of 50 are removed.
      Thereafter, any copy of the book can be obtained and the letter count of
      the words accumulated in the accumulator register. If exactly the same
      checksums result, the probabilities that the book has not been altered are
      extremely high. This is particularly true if someone attempting to change
      the book copy without detection did not know how the statistics were
      counted (i.e. the number of words in each collection).
PAR  Computer problem steps are complex arrangements (of bytes) which, for
      purposes of this example, are similar to books. It is possible to
      accumulate checksums made from base copies of problem steps and operating
      processes of the host computer even in a small computer. The checksums
      are, for example, the accumulated number of information bits in a
      predetermined set number of bytes, possibly decreased by any overflow
      resulting from the finite capacity of the accumulator register. To perform
      the checksum technique, a questionable copy taken from the library device
      during initial program load (IPL), as will be subsequently more fully
      described, is resubjected to the same statistical analysis by the
      secondary computer as was applied to the base copy. If differences are
      found, an illegitimate copy is assumed and a predetermined counteraction
      may be initiated.
PAR  The checksum technique is performed by the secondary computer after any
      regeneration of the host operating process 12 or problem steps 23 (FIG. 1)
      in order to compute new statistical bases which are retained in a
      collection called sum file. The sum file must be kept secure from
      alteration or inspection.
PAR  The checksum technique, as used with the illustrated embodiment, can best
      be understood by reference to FIG. 6. At IPL, or at any other appropriate
      selected time, the secondary computer requests retrieval of problem steps
      from the host's library device 23 as at 300. The particular problem step
      to be examined is thus identified. Its expected statistical base or
      checksum is extracted from the sum file at 302 and placed in a comparator
      register at 304.
PAR  As part of the same process, the problem step subdivision is examined (as
      set forth more particulary in the description of FIGS. 7 and 8 below) at
      306 and the actual statistical base or checksum of the subdivision is
      placed in a comparator register at 308. Both the expected and actual
      statistical bases are brought together in a comparator 310.
PAR  If the actual and expected statistical bases match, the problem step
      subdivision is regarded as uncontaminated and eligible for use in
      implementing problem processes (see FIG. 1). The next problem step
      subdivision can then be examined. If the actual and expected statistical
      bases do not match, a counteraction impulse 312 is communicated to the
      alarm console. The process continues until all problem steps in the
      library devices have been examined. The operating process is handled in
      the same manner and is normally resident in a predetermined location in
      the library device.
PAC  INITIAL PROGRAM LOAD
PAR  A computer operator prepares a computer for use by making an initial
      program load (IPL). IPL retrieves a fresh copy of the operating process
      from the library device in the computer. IPL is usually made for any one
      of a number of reasons, most commonly including returning the computer to
      a secured running condition after a debugging period and also for
      recovering after a system crash. conventionally, a system crash defines
      that circumstance where the operating process has completely failed and is
      no longer usable for processing information. The IPL procedure can best be
      understood by reference to FIG. 7 Conventionally, IPL is initiated by
      actuating a button 38 (also shown in FIG. 1) at the host control panel
      thereby energizing the host hardware loader 102. The host hardware loader
      has the function of loading a starter program. The hardware within the
      loader 102 is conventionally a read-only memory within the host which in
      turn reads three load-unit switches set on the operating panel (not
      shown). A starter series of instructions are then read by the read-only
      memory from the device indicated by the load-unit switches (not shown)
      which device in turn retrieves a fresh copy of the operating process. The
      described process of serially implementing larger and more complex
      programs with the next preceding program is called boot-strapping.
PAR  When the secondary computer 34 is coupled to monitor the CPU host 10,
      additional functions are inserted into the IPL procedure which have the
      principal purpose of authenticating the new operating process copy against
      a known statistical base (determined by checksums) in order to be certain
      that it is legitimate.
PAR  The secondary computer 34, in the FIG. 7 embodiment, is the device referred
      by the host load-unit switches described above. The starter series of
      instructions 104 from the secondary computer 34 are loaded from the host
      hardware loader 102 establishing a toehold in the host 10. The starter
      instructions are such that they perform a checksum technique essentilly
      the same as that described in FIG. 6 except that the statistical base may
      be carried with the starter instructions rather than stored in the sum
      file.
PAR  After authentication, the starter instructions initiate loading of the
      operating process from the library device 12 into the host at 106. If
      authentication fails, a response is sent to the alarm console 46.
PAR  The first operation of the operating process is to establish the loading of
      a resident representative program 108 normally retained in the secondary
      computer and sent to the host 10 in response to the load request. The
      function of program 108 is to transmit the sum file at 314 from the
      library device 23 to the secondary computer 34 (see also FIG. 1). The
      structure accommodating the checksum technique which begins at this point
      can best be understood by reference to FIG. 8.
PAR  The secondary computer 34 retrieves the sum file base table 318 from the
      host library device 23 using the services of the resident representative
      108. The sum file base table 318 is stored in the memory 320 of the
      secondary computer. Using the sum file table 318, the secondary computer
      selects the next problem process name and statistical base at 322 and
      extracts the name from the sum file base table in the secondary memory and
      requests the steps of this problem process at 324 from the resident
      representative (see FIG. 7). The secondary computer 34 then extracts the
      statistical base and stores same in register 304 (see also FIG. 6). The
      expected statistical base is now stored in comparator register 304.
PAR  When the process steps 316 are received from the host 10, they are examined
      at 306 and the actual statistical base of this copy of the problem process
      is placed in register 308. The actual and expected statistical bases are
      compared in comparator 310. If they match, the process is continued at
      326. If they do not match, the alarm console counteraction 312 takes place
      and an impulse is transferred to the alarm console 46. Also, where
      desired, loading of the problem process is suppressed at 328 in the host
      10. Causing the suppression in the host 10 is one of the functions of the
      resident representative 108.
PAR  Referring again to FIG. 7, once the operating process has been established
      as legitimate, every problem step stored by the host 10 on its library
      device 23 is read and authenticated against their known statistical bases
      to prove they are unaltered from their original state. Authenticating
      problem steps and the operating process is defined herein to mean
      decontamination of the host.
PAR  When the normal IPL has been completed, the normal data processing
      operations begin. In the event the load unit switches were set to a unit
      other than the secondary computer, it will not be selected to supply
      starter instructions. The host 10 recognizes this condition because it
      receives an impulse from IPL button 38 and after a reasonable delay,
      issues an alarm at 46 that the secondary computer 34 was not selected for
      IPL.
PAC  THE SUM FILE BIAS
PAR  As previously mentioned, the statistical bases used during the checksum
      technique are stored in the sum file on library device 23. The sum file is
      initialized at the time that a new version of the operating system in the
      host is generated at the completion of the generation process. The sum
      file is built into the host library device 23 in the form of a large
      binary table wherein each position in the table carries the name of a
      problem step and its statistical base quantities.
PAR  In order to protect the sum file from alteration without contamination in
      the host library device 23, each statistical base is given a periodic
      bias. The sum file bias is a code initiated at the security keyboard 36
      (see FIG. 3) and transmitted through the resident representative 108 to
      the host 10. The sum file bias is used because the statistical bases are
      placed in an environment where illegitimate programs may exist in the host
      computer 10. Accordingly, it is conceivable that the statistical base for
      any particular program could be detected, altered and/or counterfeited.
      This opportunity is minimized by requiring a sum file bias.
PAR  The sum file bias can best be understood by observing the example where the
      statistical base is stored in a six-place shift register in binary form.
      For example, the value of a register representing a statistical base may,
      for example, be numerically represented as follows:
TBL  2.sup.5                                                                   

           2.sup.4 2.sup.3 2.sup.2                                             

                                 2.sup.1                                       

                                       2.sup.0                                 

     ______________________________________                                    

     1     1       0       0     1     1      = 51                             

     ______________________________________                                    

PAR  As can be readily observed, the value of this shift register numerically is
      equal to 51. The sum file bias represents a rotation of the positions from
      the illustrated normal position. For example, a parameter given to the
      security keyboard 36 during IPL to the resident representative 108 could
      be 8, which is used as the number of rotational positions from the normal.
      This means that the statistical base is revolved through eight positions
      after it is computed so that it would be represented in the shift register
      as follows:
TBL  2.sup.5                                                                   

           2.sup.4 2.sup.3 2.sup.2                                             

                                 2.sup.1                                       

                                       2.sup.0                                 

     ______________________________________                                    

     1     1       1       1     0     0      = 60                             

     ______________________________________                                    

PAR  Clearly, because of the sum file bias, the numerical value represented by
      the shift register differs depending upon which particular bias is used
      even though the statistical bases remain identical. Unless the sum file
      bias is known, the actual statistical base recorded in memory with its
      corresponding name cannot successfully be used without causing checksum
      failure.
PAR  There is no restriction on the frequency or extent of additions,
      alterations or deletions within the system of the host computer. However,
      it is required to call a checksum program to compute new statistical bases
      for inclusion in the sum file after each revision or update or
      introduction of a new problem process step.
PAC  MONITORING OF OPERATING STATEMENTS
PAC  Computer Command Authority
PAR  Once the host 10 has been decontaminated, it is necessary to maintain the
      state of decontamination. This is accomplished by monitoring or scanning
      all operating statements from control device 30 as shown in FIG. 1.
PAR  In general, operating statements are divided into two categories: those
      which are never permitted and those which are permitted if the proper
      degree of authority can be shown. Any number of levels of authority can be
      predetermined, ranging from a classification "maximum" to a classification
      "minimum" (including "none").
PAR  Any operating statement found to be prohibited causes an alarm and
      descriptive message to be transmitted to alarm console 46, and normally
      causes the offending statement to be suppressed before its effect is
      allowed to take place in the host 10.
PAR  Any other operating statement is acceptable only if accompanied by the
      appropriate corresponding authority. Without the proper authority, these
      statements are handled in the same manner as the forbidden statements
      described above.
PAR  In the illustrated embodiment of the invention, where operating statements
      are made through punched cards, rules are imposed upon the deck of punched
      cards to allow authority to be shown. Any request from the card deck for
      compilation or loading of programs in the CPU is a forbidden statement,
      regardless of any authority and will trigger an alert to the secondary
      computer as will be subsequently more fully described. The purpose for
      these prohibited steps is to prevent untested programs from entering the
      decontaminated domain in the host. Every step or execute card must be
      accompanied by an authority card. Each authority card is recognized by a
      unique passcode which must be given or an alarm will be registered at the
      secondary computer alarm console and the statement normally will be
      prevented from taking effect. The described authority policy may, if
      desired, include a variety of authority degrees based on passcode
      assignments.
PAR  A suitable authority card is preferably designed to prohibit counterfeiting
      or re-use of cards that may be lost or stolen. The authority cards are
      prepared by punching passcodes into the cards, each card having a
      different passcode. The cards may, for example, be punched by the CPU host
      based on enabling codes submitted by a security officer through the
      keyboard of the secondary computer. These same codes are retained in the
      secondary computer as a means for authenticating the legitimacy of
      authority cards. It is recommended that special card stock be used which
      is prominently marked so as to distinctive from other cards. Moreover, the
      punched authority card deck should be carefully guarded to prevent card
      theft and authority codes should be changed at unpredictable times to
      minimize counterfeiting.
PAR  The authority cards may be used only once, If an attempt is made to re-use
      an authority card, an alarm will be transferred to the secondary computer
      in a manner subsequently more fully described. Thus, it is not necessary
      to recollect the authority cards or extract them from the job decks. In
      one presently preferred embodiment, the authority serial number consists
      of four hexidecimal digits punched into the card at variable column
      positions from column 16, surrounded by as many as 12 false cover punches
      to conceal its actual location. An authority deck covers a serial code
      range starting with the lowest allowed passcode. However, the deck,
      punched in random (non-serial) order, omits the use entirely of a given
      digit which may be deleted to minimize predictability. For example, if the
      digit 7 were removed, the numbers 7, 17, 77, 710 and all other numbers
      with the digit 7 would be bypassed.
PAR  The process of authorizing operating statements is defined herein as
      authority card technique. The structure accommodating the authority card
      technique can be best understood by reference to FIG. 9. FIG. 9
      illustrates operation which can take place at three possibly distinct time
      periods 500, 502 and 504.
PAR  At IPL or some other convenient time, enabling codes are typed into the
      alarm console 46 and are received by the secondary computer 34 and an
      authority code table at 400 is developed for storage in memory 402. The
      authority code table is developed by providing four enabling codes: (a)
      the lowest allowed passcode, (b) the number of authority cards needed, (c)
      the digit to be deleted, and (d) the concealed position on the card. The
      code table is a sequential assignment of passcodes beginning at the lowest
      and excepting omissions caused by the deleted digit.
PAR  When the table is developed the cards are punched correspondingly at 401 to
      form a deck 403, there being only one punched card for each passcode in
      the table. This deck 403 is then guarded until its use, as described
      above.
PAR  At some other time (see 502) a statement authority card deck 405 is
      prepared as the enabling deck defining the authority policy, i.e. which of
      all possible statements are prohibited or require a specific authority
      level. These statements are developed into a statement authority table at
      404 and stored in memory 406. This table remains in memory more or less
      permanently and is changed only as specific circumstances warranting same
      are required.
PAR  The host problem processing 11 takes place in time period 504 and attention
      is again drawn to FIG. 1. It will be remembered that the problem processes
      11 of the host 10 are controlled by monitoring the operating process 12.
      This process is shown also in FIG. 7 at the termination of the IPL.
PAR  Referring again to FIG. 9, operating statements 30 are transferred to
      comparator 408 which requests the authority table from memory 406. If
      there is no match, the operating statement is acceptable without authority
      and the secondary computer moves to the next statement. If there is a
      match, then the statement is either forbidden or requires authority. The
      secondary computer then scans for an accompanying authority card 412 which
      is brought to comparator 410 for comparison against authority code table
      402.
PAR  If a corresponding authority passcode is found, the operating statement is
      accepted. If not found at 415, an impulse is sent to the alarm console 46
      for counteraction, as at 416 (FIG. 7). This will normally result in
      suppression of the statement and prevent its taking effect in the host 10.
PAR  At 413 (FIG. 9) each authority passcode as found in authority code table
      402 is so marked that it may not be used again. At 409 (FIG. 9) if a match
      is found but the statement is forbidden regardless of authority, the
      counteraction is taken in alarm console 46, immediately.
PAC  JCL-TSO SCANNING
PAR  Two typical types of operating statement languages are given by the IBM job
      control language (JCL) and the IBM timesharing option language (TSO).
      These and any other operating statement languages can be scanned or
      monitored as above described. Authority is shown by interspersing
      authority passcodes among the operating statements at the required points.
      In the case of JCL, the authority passcodes are punched into authority
      cards as described and physically inserted into the operating statement
      punch card deck on the required locations.
PAR  In the case of TSO, the equivalent of authority cards are typed among
      operating statements at a user keyboard terminal.
PAC  ALARM CONSOLE STRUCTURE
PAR  The secondary computer 34 communicates with an authorized person at a
      secure alarm station which is preferably remote from the host computer 10
      and, if desired, may be remote from the secondary computer (see FIG. 2).
      The alarm station includes the alarm console 46 schematically illustrated
      in FIG. 10. With continued reference to FIG. 10, the alarm console 46
      comprises a keyboard 36 which may be a conventional teletype keyboard as
      described above. Also included is a numerical button array 37 which is an
      extension on the numerikeys on keyboard 36 and which accommodates
      communication of numerical codes and the like into the alarm console 46
      and also the secondary computer 34 (FIG. 2). A screen 204 may be used to
      accommodate backlight instructions or, where desired, may present a
      cathode ray tube for displaying the output of television surveillance
      cameras at other locations such as at the site of the host 10.
PAR  Indicator lights generally designated 206 are arranged in an array for
      communicating information to the operator. The array 206 is best
      illustrated in FIG. 11. The meaning and function of the array and its
      components will be discussed more particularly hereafter. Preferably, the
      console 46 has a teletype printout 50 which records all or selected
      portions of the information communicated to the console 46.
PAR  The secondary computer is placed in the response-required mode by typing in
      an appropriate code on the numeric array 37 of the console 46. In the
      response-required mode, the console 46 must be monitored continuously by a
      security person. To assure this, the control console 46 makes an attendant
      check from time to time by lighting the attendant check light 210. The
      attendant responds to the challenge by typing his identification code
      number into the console at 37 (FIG. 10). The use of an attendant is
      recommended for periods of high security precaution only. If desired, the
      secondary computer may be placed in a response-not-required mode which
      will then not require the consistent presence of an attendant. The
      attendant check light 210 comprises one of a series of five status lights
      in row 212. The row of lights at 214 indicates the alarm console mode and
      the row of lights at 216 indicates alarm levels. In addition to the alarm
      level lights in row 216, alarm tones may be provided by the console, each
      tone having a different pitch corresponding to a specific alarm condition.
PAC  ALARM LEVELS
PAR  The alarm console 46 has three alarm levels that indicate an increasing
      severity of security violation. Each alarm level is accompanied by a typed
      message from the teletype portion 50 of the console 46. The higher alarm
      levels may be accompanied by warning lights and audible tones. Each level
      of alarm requires resetting of the alarm console by one or more persons
      who have knowledge of a predetermined reset sequence.
PAR  As the operating statements are monitored from control device 30, the
      console 46 makes no acknowledgment statements that do not violate security
      but writes these on a magnetic tape log 40 (FIG. 2). Thus, all of the
      operating statements can be retained for audit.
PAR  When minor deviations are detected in operating statements that are being
      transferred to the host, a level 1 alarm is registered. The level 1 alarm
      includes a light at 218 in row 216 and a briefly sounded tone such as the
      margin bell on a typewriter. This signal alerts an authorized person that
      minor deviations in operating statements are being communicated to the
      host without authority. The captured mag tape log 40 (FIG. 2) assigns a
      special character ahead of the statement to identify the precise deviating
      statement. The deviating statement can be easily reviewed by an authorized
      security person.
PAR  A level 2 alarm is higher level alert. It could be caused by any one of a
      wide variety of faults, depending upon the established authority policy.
      In a level 2 alarm, a light appears at 219. The mag tape 40 records a
      description of the particular fault or error and precedes the description
      with a suitable designation for alarm levels. Both the security person and
      a data processing supervisor must punch their own personal clearing codes
      into the console 46 in order to reset the alarm at levels 2 and 3.
PAR  A level 3 alarm is the highest level as specified by the authority policy.
      The level 3 alarm triggers an illuminator at 220. The alert light at 217
      may accompany the level 2 and 3 alarms and may produce an audible tone.
      The tone ceases when the acknowledge light 221 is energized by supplying a
      proper identification code.
PAR  All of the foregoing alarm signals are activated both when the alarm
      console is in the response-required and not-required mode.
PAR  As a special operational authority policy, codes input at 37 can require a
      full authority indicated at 223 which overrides the statement authority
      table 406 (FIG. 9) or any other authority policy thereby requiring an
      authority passcode for every operating statement. This allows a temporary
      maximum surveillance condition that may trap any offenders of the
      authority policy who are familiar with the system. Nevertheless, the mag
      tape continues to capture all operating statements as well as all alarms
      that occur.
PAR  When any identification or other codes are entered into the console 46, the
      code is checked for validity against an authorized table in a manner
      analagous to the authority passcode technique described with FIG. 9. When
      desired, the accumulated magnetic tape log can be typed on printer 50 or
      transferred to storage from the host.
PAR  It should be recognized that the invention lies in the electronic system
      defined by the claims. However, a certain amount of programming is
      required to adapt the data security system to a particular use. In order
      to fully disclose one embodiment of the invention, the following program
      listings are submitted. The first source program has been found desirable
      when an IBM-360 computer is the host system. The second source program has
      been employed for a Digital PDP-11 operating as the secondary computer.
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PAR  Of course, many other programming languages could be used to meet the
      requirements set out in this specification and claims.
PAR  In addition, it should be noted that any ordinarily skilled systems
      programmer may construct source programs which would accomplish the same
      ends within the scope of the claims as are accomplished by the preceding
      program embodiments.
PAR  The invention may be embodied in other specific forms without departing
      from its spirit or essential characteristics. The described embodiments
      are to be considered in all respects only as illustrative and not
      restrictive and the scope of the invention is, therefore, indicated by the
      appended claims rather than by the foregoing description. All changes
      which come within the meaning and range of equivalency of the claims are
      to be embraced within their scope.
CLMS
STM  What is claimed and desired to be secured by United States Letters Patent
      is:
NUM  1.
PAR  1. An electronic system for preventing undetected alteration, destruction,
      removal or reproduction of data available to a central processing unit
      (CPU) of a computer implementing at least one problem process and an
      operating process comprising:
PA1  means for monitoring operating statements communicated to the CPU for the
      operating process and means for monitoring problem steps to be used by the
      operating process in governing the problem process, both said monitoring
      means electronically reflecting the nature of the information monitored;
PA1  means for comparing the monitored information with predetermined standards
      comprising representations of operating statements and problem steps; and
PA1  means for initiating a predetermined counteraction when the comparing means
      electronically indicates that the monitored information is outside the
      limits defined by the predetermined standards.
NUM  2.
PAR  2. A system as defined in claim 1 comprising control and library devices
      and data channels connecting the CPU and corresponding control and library
      devices and wherein both said monitoring means comprise means for
      electronically reflecting electric signal pulses transferred along the
      data channels to the comparing means without altering or interrupting the
      flow of signal pulses between the control and library devices and the CPU.
NUM  3.
PAR  3. A system as defined in claim 1 wherein said comparing means is
      encompassed within a secondary computer comprising:
PA1  a memory device controlled by the secondary computer, the memory device
      storing a collection of representations of statements and problem steps
      requiring special authority; and
PA1  means comprising the comparing means and communicating with the memory
      device for electronically retrieving the representations from the memory
      device for comparison with information monitored by at least one of the
      operating statement and problem step monitoring means.
NUM  4.
PAR  4. A system as defined in claim 1 wherein said initiating means comprises
      means for recording events identifying the monitored information which is
      found outside limits defined by the predetermined standards and means for
      energizing a humanly discernable alarm.
NUM  5.
PAR  5. A system as defined in claim 1 wherein said initiating means comprises
      means for suppressing unauthorized operating statements and problem steps
      before the effect thereof inheres in the operating process of the CPU.
NUM  6.
PAR  6. A system as defined in claim 1 further comprising means for sensing
      physical tampering at at least one location in the system and developing
      an electronic tamper signal, means communicating the tamper signal to the
      initiating means and means comprising part of the initiating means for
      generating a tamper alert counteraction in response to the tamper signal.
NUM  7.
PAR  7. A method for preventing undetected alteration, removal, destruction or
      inspection of data available to a central processing unit (CPU) comprising
      the steps of:
PA1  establishing a problem process in the CPU for processing problem data to
      problem results;
PA1  governing the problem process with an operating process, which operating
      process responds to operating statements and implements program steps;
PA1  sensing first electric pulse representations of the operating statements to
      develop a corresponding electric pulse sequence which represents the
      actual operating statements used;
PA1  sensing second electric pulse representations of the problem steps to
      develop a corresponding electric pulse sequence which represents the
      actual problem steps used;
PA1  comparing at least one of the corresponding electric pulse sequences with a
      predetermined standard comprising electric pulse representations of
      corresponding standard operating statements and standard problem steps;
      and
PA1  electronically initiating predetermined counteraction when any part of the
      pulse sequence is found outside the limits defined by the predetermined
      standard.
NUM  8.
PAR  8. A method as defined in claim 7 wherein said comparing step is preceded
      by creating a comparative standard by developing a table of expected
      statistics comprising a collection of electronic pulse representations
      indentifying permissible operating statements and problem steps and
      storing the table of expected statistics in a memory which is separate
      from the CPU.
NUM  9.
PAR  9. A method as defined in claim 8 wherein said predetermined counteraction
      comprises suppressing all operating statements and problem steps.
NUM  10.
PAR  10. A method as defined in claim 8 wherein said predetermined counteraction
      comprises generating a humanly discernable alarm and recording the
      identification of the illegitimate operating statement or problem step.
NUM  11.
PAR  11. A method for electronically monitoring operating statements to prevent
      undetected alteration, removal, destruction, or inspection of data
      available to a central processing unit (CPU), the steps of:
PA1  preparing a vocabulary of operating statements which are permitted only by
      special authority;
PA1  developing a collection of authority codes which is associated with the
      prepared vocabulary of operating statements and electronically storing the
      collection;
PA1  accompanying each authorized operating statement communicated to the CPU
      with an authority code;
PA1  scanning all operating statements submitted to the CPU to detect the
      existence and identity of the authority code;
PA1  comparing the data bit representation of the authority code with the data
      bit representation of the collection of codes to determine if the
      authority code is found accompanying the operating statement; and
PA1  initiating a predetermined electronically responsive counteraction where
      the operating statement is not accompanied by an authority code which is
      found in the collection of codes.
NUM  12.
PAR  12. A method as defined in claim 11 wherein said preparing step comprises
      requiring operating statements to be accompanied by any one of a range of
      authority levels represented by a unique code corresponding to the nature
      of the operating statement, including no authority represented by the
      absence of an authority code as a lower bound of the range.
NUM  13.
PAR  13. A method as defined in claim 11 wherein said accompanying step is
      preceded by entering a plurality of enabling codes into a card punch
      device and mechanically punching a unique code in each of a plurality of
      cards; concealing the punched code in an array of punches; and placing at
      least one of the encoded cards so as to be associated with cards carrying
      operating statements to be transferred to the CPU.
NUM  14.
PAR  14. A method as defined in claim 13 wherein said punching step comprises
      omitting a selected digit from the range of authority codes to minimize
      predictability of the codes.
NUM  15.
PAR  15. A method as defined in claim 11 wherein said accompanying step
      comprises entering authority codes at a keyboard terminal so as to be
      associated with corresponding operating statements transmitted to the CPU.
NUM  16.
PAR  16. A method as defined in claim 11 wherein said electronically storing
      step comprises accumulating authority codes in a bit register, each bit
      being specifically identified to a unique authority code; and setting the
      corresponding bit in the register for each of the codes detected in the
      scanning step thereby preventing use of a single authority code more than
      once.
NUM  17.
PAR  17. A method as defined in claim 11 further comprising:
PA1  identifying a vocabulary of operating statements, each statement in the
      vocabulary being restricted;
PA1  collecting the vocabulary of restricted operating statements in a table and
      electronically storing the table;
PA1  comparing the data bit representation of each operating statement submitted
      to the CPU with the table prior to scanning the operating statements for
      an accompanying authority code; and
PA1  initiating a predetermined counteraction when the operating statement
      submitted to the CPU is found in the vocabulary of restricted operating
      statements.
NUM  18.
PAR  18. A system for electronically monitoring operating statements in a
      digital computer to prevent undetected alteration, removal, destruction or
      inspection of data available to a central processing unit (CPU)
      comprising:
PA1  means compiling a vocabulary of data bit representations of operating
      statements permitted only by special authority;
PA1  means identifying each of the data bit representations of the operating
      statements in the vocabulary with an authority code;
PA1  means storing the vocabulary of data bit representations of operating
      statements and associated authority codes in an electronically retrievable
      form;
PA1  means scanning all data bit representations of operating statements
      submitted to the CPU to detect the existence and identity of any authority
      code associated with the operating statements submitted;
PA1  means comparing authority codes associated with the submitted
      representations of operating statements with the authority code associated
      with the corresponding stored representations of operating statements; and
PA1  means initiating a predetermined electronically responsive counteraction
      when the scanned authority code does not match the stored authority code
      for corresponding operating statements.
NUM  19.
PAR  19. A system as defined in claim 18 further comprising:
PA1  additional means collecting a vocabulary of data bit representations of
      restricted operating statements and means electronically storing the data
      bit representations of the restricted operating statements in a
      retrievable form;
PA1  means comparing the representation of each operating statement submitted to
      the CPU with the stored vocabulary of representations of restricted
      operating statements; and
PA1  means initiating a predetermined electronically responsive counteraction
      when the representations of the operating statements submitted to the CPU
      are found in the vocabulary of representations of restricted operating
      statements.
NUM  20.
PAR  20. A system as defined in claim 18 comprising means for mechanically
      punching authority codes in random order in card stock; means for
      communicating enabling codes to the punching means; and means for
      assembling the cards into a deck.
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ABST
PAL  A program controlled data processing system which includes two data
      manipulation units generally operated in parallel. The two data
      manipulation units, however, by design react differently in the execution
      of certain program order words. The system includes a circuit arrangement
      which compares data generated by the two data manipulation units and
      generates comparison signals indicating the identity or lack of identity
      of the compared data. The comparison signals are utilized in the detection
      of faults and errors and in the determination of conditions as defined by
      the program.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to data processing systems which comprise a
      plurality of data manipulation units generally operating in parallel to
      detect system faults and errors.
PAC  FIELD OF THE INVENTION
PAR  The use of two or more data manipulation units which operate upon identical
      data in parallel in response to common program order words is known in the
      art. In such prior art systems all data manipulation units comprise
      identical hardware and react in a uniform manner when executing a common
      set of program order words. The comparison of both intermediate and end
      products of processing generated by the plurality of data processing units
      is a common technique in the detection of faults and errors. Where two
      units are operated in parallel a mismatch of an intermediate or end
      product is taken to represent a system error or fault, and where more than
      two units are in operation majority logic is utilized when there is a
      failure of agreement between the data generated by the various units. Such
      priorly known arrangements are effective to detect system errors and
      faults and in certain situations to continue data processing even in the
      presence of such faults and errors.
PAR  By their very nature the data manipulation units of such prior art
      arrangements react identically in the execution of each program order word
      applied in common to them. Thus nonidentical responses to program order
      words are not permitted.
PAR  It is an object of the present invention to reduce the complexity of the
      data manipulation units and to augment the data processing system's error
      and fault detection capability by arranging the data manipulation units to
      react in a nonidentical manner in the execution of common program order
      words.
PAC  SUMMARY OF THE INVENTION
PAR  A data processing system in accordance with the present invention comprises
      two data manipulation units which are arranged to react in nonidentical
      manners while operating in parallel in the execution of certain program
      order words.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1 and 2, arranged and shown in FIG. 3, comprise a data processing
      system embodying the present invention;
PAR  FIG. 4 is a representation of program order words executed by the data
      processing system of FIGS. 1 and 2;
PAR  FIG. 5 is a timing diagram; and
PAR  FIG. 6 is a detailed drawing of a register circuit located in the data
      processing system.
DETD
PAC  DETAILED DESCRIPTION
PAR  The data processing system embodying the present invention, shown in FIGS.
      1 and 2, comprises a control unit 1, data manipulation units 2 and 3, and
      a peripheral unit 4. Data manipulation units 2 and 3 operate substantially
      in synchronism in response to program order words and clock signals from
      control unit 1 to produce signals for controlling peripheral unit 4. The
      general nature of peripheral unit 4 and its control are discussed in
      detail later herein.
PAR  In the drawing the components of data manipulation unit 2 are given
      reference numerals having a one in the hundreds place. The components of
      data manipulation unit 3 have a two in the hundreds place. Also,
      components which perform the same or related functions in data
      manipulation units 2 and 3 are assigned a reference numeral with the same
      tens and units place. By way of example, data manipulation unit 2 includes
      a general purpose register 106 which performs the same function as general
      purpose register 206 of data manipulation unit 3. Due to the similarity of
      data manipulation units 2 and 3 only the arrangement of data manipulation
      unit 2 is described herein in detail to aid in the understanding of the
      invention. However, when related components of data manipulation units 2
      and 3 do not operate in the same manner their dissimilarities are
      described.
PAR  Data manipulation unit 2 includes a program address register 105 and a
      plurality of general purpose registers 106 and 107 for storing
      information. Data manipulation unit 2 also includes an arithmetic logic
      unit 108 and an accumulator 109 to enable the performance of arithmetic
      and logic operations on data. All of the registers store 8 bits of data.
PAR  Program address register 105, general purpose registers 106 and 107, and
      accumulator 109 are comprised of eight D-type flip-flops which respond to
      the falling edge of a signal applied to the clock input T to store the
      signal applied to their data inputs. The information stored by these D
      flip-flops cannot be altered until another falling edge signal is applied
      to the clock input T. In the present embodiment the transition from a
      logical 1 to a logical 0 constitutes a falling edge signal. A more
      detailed description of a D flip-flop which responds to a logical 1 to
      logical 0 transition at its clock input is located in G. Maley, Manual of
      Logic Circuits, page 251 (1970).
PAR  Clock signals which maintain synchronism in system operation are generated
      by a clock circuit 26 located in control unit 1. Control unit 1 also
      includes a memory 24 which stores program order words and data. Memory 24
      is accessed by a 14-bit address, the generation of which is described
      below, to apply the program order word defined by that address to data
      manipulation units 2 and 3 via an order word bus 13. The output signals of
      memory 24 remain as DC conditions on order word bus 13 until the
      application of a new 14-bit address to memory 24 causes another program
      order word to be accessed.
PAR  Data is transmitted between register 105 through 107, the arithmetic logic
      unit 108, and accumulator 109 via an 8-bit data bus 110. The source and
      destination of data to be transmitted are selected by a source decoder 111
      and a destination decoder 112, respectively. These selections are based on
      the program order words transmitted from control unit 1 to source decoder
      111 and destination decoder 112 via order word bus 13. Source decoder 111
      is a 1-out-of-n decoder which responds to program order words by applying
      a logical 1 to an output conductor defined by that program order word.
      Source decoder 111 selects the source of data for data bus 110 by applying
      logical 1 output signals to an appropriate AND gate in accordance with
      Table 1. It should be noted that a program order word on order word bus 13
      can also be a source of data for both data manipulation units 2 and 3.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Data Source               AND Gate                                        

     ______________________________________                                    

     Program Address Register 105                                              

                               114                                             

     General Purpose Register 106                                              

                               115                                             

     General Purpose Register 107                                              

                               116                                             

     Accumulator 109           117                                             

     Order Word Bus 13         118                                             

     ______________________________________                                    

PAL  Although AND gates 114 through 118 are shown and referred to as individual
      gates each comprises eight AND gates operating in parallel. Additionally,
      data manipulation unit 2 includes an all zeros generator 146 which may be
      selected by source decoder 111 in response to program order words to place
      a zero on each bit position of data bus 110.
PAR  Destination decoder 112 is also a 1-out-of-n decoder responsive to program
      order words to apply a logical 1 to an output conductor defined by the
      program order word. Destination decoder 112 selects data destinations by
      applying its logical 1 output signal to an appropriate AND gate in
      accordance with Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Destination               AND Gate                                        

     ______________________________________                                    

     Program Address Register 105                                              

                               119                                             

     General Purpose Register 106                                              

                               120                                             

     General Purpose Register 107                                              

                               121                                             

     ______________________________________                                    

PAL  And gates 119 through 121, upon receipt of a logical 1 from destination
      decoder 112, connect the signals from clock circuit 26 to the clock input
      T of their associated register. Due to the operation of the D flip-flops
      which make up each register, the register selected as a destination is not
      operative to store the data at its inputs until a logical 1 to logical 0
      transition in the applied clock signals occurs. Additionally, destination
      decoder 112 can enable an AND gate 122 to transmit the signals from clock
      circuit 26 to the clock input T of accumulator 109. This causes the result
      of an arithmetic or logic operation from arithmetic logic unit 108 to be
      gated into accumulator 109 when the logical 1 to logical 0 transition in
      the clock signal occurs.
PAR  The program order words transmitted to the data manipulation unit 2 also
      control the particular arithmetic or logic function to be performed by the
      arithmetic logic unit 108. When a defined arithmetic or logic function
      requires only one operand, the contents of accumulator 109, which are
      applied directly to arithmetic logic unit 108 via a conductor 123, are
      employed as that operand. In situations where two operands are required,
      the contents of accumulator 109 are used as one operand and the data on
      data bus 110, as selected by source decoder 111, are used as the other
      operand. The corresponding output conductors of source decoder 111 and
      source decoder 211 are not all connected to control similar gating
      circuits. Similarly, the corresponding output conditions of destination
      decoders 112 and 212 are not all connected to control similar gating
      circuits. Thus, in response to some program order words nonidentical
      operations are performed in data manipulation units 2 and 3. Examples of
      such nonidentical operations are included later herein.
PAR  As previously stated, program order words are accessed from memory 24 in
      response to a 14-bit address. The high order 8 bits of each program store
      address are obtained from program address register 105 of data
      manipulation unit 2 via a conductor 39 and the low order 6 bits are
      obtained from a displacement register 25 located at control unit 1. It
      should be noted that the high order 8 bits come only from the program
      address register 105 of data manipulation unit 2 and not from data
      manipulation unit 3.
PAR  FIG. 4 shows the general arrangement of program order words. Bit positions
      0 through 5 comprise a 6-bit displacement address which is used in a
      manner described later herein to form the contents of displacement
      register 25 and thereby the low order 6 bits of the address for subsequent
      memory accesses. Bit 6 is a parity predict bit intended to represent the
      parity of the next program store address. Bit 7 is a parity bit encoded
      from the address of the program order word which contains it. Bit 8 is
      employed to control the generation of inhibit signals based on the
      mismatch of data generated by data manipulation units 2 and 3. Bits 9
      through 19, 22, and 23 comprise the data and operation code portion of the
      program order word. Bit position 20 and 21 and 23 comprise the data and
      operation code portion of the program order word. Bit positions 20 and 21
      are parity bits encoded over the information contained in bit positions 8
      through 19 of the program order word.
PAR  Signals generated by clock circuit 26 maintain synchronism in the operation
      of the system. FIG. 5 represents the output signals of clock circuit 26.
      Each machine cycle, defined by the clock signals, comprises a memory
      "read" cycle indicated by a logical 0 and an "execute" cycle indicated by
      a logical 1. During the read portion of a machine cycle a program order
      word is selected and applied to the outputs of memory 24. Such a program
      order word remains at the outputs of memory 24 during the execute cycle.
      Bit positions 0 through 6 of this program order word are employed in a
      manner described later herein to produce a portion of the next program
      store address. Bit positions 8 through 21 of the output program order word
      are applied to a parity check circuit 28 which compares parity bits 20 and
      21 with the parity of bits 8 through 19 to detect parity errors in the
      program order word in a manner well known in the art. If such an error is
      detected, an inhibit signal is transmitted to clock circuit 26 via an OR
      gate 29.
PAR  The bits 9 through 19, 22, and 23 are directly coupled to source decoders
      111 and 211, destination decoders 112 and 212, and the arithmetic logic
      units 108 and 208 of data manipulation units 2 and 3 via order word bus
      13. Arithmetic logic units 108 and 208, source decoders 111 and 211, and
      destination decoders 112 and 212 respond to program order words when they
      are received which may occur before the execute cycle begins. The execute
      portion of a machine cycle is long enough so that data is applied to the
      data buses 110 and 210 and arithmetic and logic operations are performed
      on such data prior to the end of the execute cycle.
PAR  Source decoder 111 responds to program order words to enable a selected one
      of AND gates 114 through 118 causing the contents of the selected data
      source to be placed on data bus 110. Arithmetic logic unit 108 responds to
      program order words by performing a defined operation on the contents of
      accumulator 109 and, when so defined, on the information on data bus 110.
      Destination decoder 112 responds to program order words by enabling a
      selected one of AND gates 119 through 122. The data destination associated
      with the enabled AND gate does not immediately receive the information on
      data bus 110. Instead, it receives such information when the signals from
      clock circuit 26 which are coupled to the selected destination by the
      enabled AND gate change from the logical 1 execute to the logical 0 read
      portion of a machine cycle. More specifically, the selected data
      destination responds to the transition from the logical 1 execute portion
      of a machine cycle to the logical 0 read portion of the next machine cycle
      to receive the information on data bus 110. Additionally, displacement
      register 25, which is also comprised of edge triggered D flip-flops,
      responds to the logical 1 to logical 0 transition of the clock signal to
      store the signals at its inputs.
PAR  It must be noted that memory 24 is designed with input delay so that it
      does not change the program order word at its outputs until after the
      selected data destinations have received information. By the end of the
      read portion of a machine cycle, memory 24 has at its outputs the program
      order word located at the program store address indicated by the new
      contents of displacement register 25 which are based on bits 0 through 5
      of the preceding order word, and the contents of program address register
      105 of data manipulation unit 2.
PAR  As previously mentioned, bit position 6 of each program order word predicts
      the parity of the address of the next program order word while bit
      position 7 of each program order word indicates the parity of its own
      address. A parity check of memory addresses is performed during each
      machine cycle using this information. During the execute portion of a
      machine cycle bit 6 of displacement register 25, which is based on the
      parity predicting bit 6 of the preceding program order word, should
      predict the parity of the address of the program order word then applied
      to the outputs of memeory 24. Address parity is checked by applying bit 6
      of displacement register 25 and the parity bit 7 of the output program
      order word to an Exclusive-OR circuit 30. If the two do not match, an
      inhibit signal is transmitted to clock circuit 26 via OR gate 29.
PAR  Clock circuit 26 responds to inhibit signals only during the execute
      portion of a machine cycle. When an inhibit signal is received by clock
      circuit 26 during the execute portion of a machine cycle the output signal
      of clock circuit 26 remains the logical 1  of an execute portion. In the
      absence of an inhibit signal, clock circuit 26 continues to operate.
PAR  Control unit 1 also includes an 8-bit comparator 31 which continuously
      compares the information on data buses 110 and 210 of data manipulation
      units 2 and 3, respectively, and generates a logical 0 output when the
      compared quantities are not identical and a logical 1 otherwise. The
      output signals of comparator 31 are applied to two edge triggered D
      flip-flops 32 and 33 which, in response to signals from clock circuit 26,
      assume the value of the output signals of comparator 31 at the time the
      clock signals change from the execute to the read portion of a machine
      cycle. Thus, if the comparator 31 is indicating a mismatch at the end of
      an execute cycle flip-flops 32 and 33 will store a logical 0.
PAR  Since each mismatch detected by comparator 31 is not necessarily an error
      it is necessary to distinguish, within control unit 1, a mismatch which
      indicates an error from a mismatch which does not. Bit 8 of each program
      order word controls the generation of clock inhibit signals in response to
      mismatch indications from comparator 31. The output signals of comparator
      31 are delayed by flip-flops 32 and 33 so that bit 8 of any given program
      order word controls the generation of inhibit signals based on the
      mismatch of information generated by the preceding program order word. Bit
      8 is a logical 1 when a mismatch of the contents of data buses 110 and
      210, in response to the immediately preceding program order word,
      indicates an error and it is a logical 0 when such a mismatch is not to be
      considered an error.
PAR  The information contained by bit 8 of each program order word is determined
      when the program is prepared. Bit 8 of any given program order word is set
      to a logical 0 when the program order word which immediately precedes it
      defines that nonidentical operations are to be performed by data
      manipulation units 2 and 3. This is implemented by checking each program
      order word to determine if it defines nonidentical operations for data
      manipulation units 2 and 3. If the program order word being checked does
      define such nonidentical operation a logical 0 is placed in bit 8 of the
      program order word stored at the location given by bits 0 through 5 of the
      checked program order word. In all other situations bit position 8 is a
      logical 1.
PAR  The outputs of flip-flops 32 and 33 are complemented by a respective one of
      inverters 47 and 48 and applied as inputs to an AND gate 34. Bit 8 of the
      program order word presently at the output of memory 24 is also applied as
      an input to AND gate 34. When the complemented outputs of flip-flops 32
      and 33 are logical 1s, indicating a mismatch, and bit position 8 of the
      program order word is also a logical 1, AND gate 34 applies a logical 1
      inhibit signal to clock circuit 26 via OR gate 29. No such inhibit signal
      is generated when either the complemented output of flip-flops 32 and 33
      is not a logical 1 or when bit 8 of the program order word is not a
      logical 1.
PAR  The output signals of comparator 31 are alos used in certain situations to
      modify the displacement address to be used during the next program store
      read operation. To implement this function a pair of AND gates 35 and 36
      which both receive as inputs the output signals from comparator 31 are
      employed. AND gates 35 and 36 also receive as inputs signals from
      destination decoders 112 and 212 of data manipulation units 2 and 3,
      respectively. When destination decoders 112 and 212, in response to a
      program order word, apply a logical 1 to AND gates 35 and 36 the signal at
      the output of comparator 31 is applied to an Exclusive-OR gate 37 and an
      OR gate 38. The outputs of Exclusive-OR gate 37 and OR gate 38 are applied
      as inputs to bit positions 6 and 0, respectively, of displacement register
      25.
PAR  Bit position 6 of the present program order word is applied as a second
      input to Exclusive-OR 37 and bit position 0 of the present program order
      word is applied as a second input to OR gate 38. Thus, if AND gates 35 and
      36 are enabled when the clock signals enable displacement register 25 it
      receives the logical OR of the outputs of comparator 31 and bit position 0
      of the present program order word in bit position 0, and the Exclusive-OR
      of the bit position 6 of the present program order word and the output of
      comparator 31 in bit position 6.
PAR  On the other hand, if AND gates 35 and 36 are not enabled when the clock
      signals enable displacement register 25, bit positions 0 and 6 of
      displacement register 25 receive the outputs of memory 24 at bit positions
      0 and 6, respectively. Regardless of whether AND gates 35 and 36 are
      enabled or not, bit positions 1 through 5 of displacement register 25
      receive the outputs of memory 24 at bit positions 1 through 5,
      respectively, when displacement register 25 is enabled.
PAR  If address modification in response to comparator 31 is desired it is
      necessary that bit 0 of the program order word defining such modification
      be a logical 0. If this bit position were allowed to be a logical 1 the
      output signals of comparator 31 could not modify the address to be stored
      in displacement register 25. In order to implement the operations which
      define address modification each program order word is checked before the
      assignment of memory addresses to determine if it defines an address
      modification operation. If it does, the program order word which is to be
      next executed when no address modification occurs is assigned a memory
      address having a logical 0 in bit position 0. The address having a logical
      0 in bit position 0 is then stored in bit positions 0 through 5 of the
      program order word found to define the address modification operation.
      Operation in the above manner allows the modification of program store
      addresses based on the outputs of comparator 31.
PAR  Peripheral unit 4 can be any type of remotely controlled arrangement which
      receives control signals via one or more registers. A remote display
      device is one example of such an arrangement. Peripheral unit 4 includes a
      plurality of peripheral unit registers of which peripheral unit registers
      40 and 41 are shown in FIG. 1. Peripheral unit registers 40 and 41 which
      are comprised of D flip-flops of the type above described are connected in
      parallel to selectively receive information from data manipulation unit 2
      via a bus 42 and to a selectively transmit information to data
      manipulation units 2 and 3 via buses 43 and 44, respectively. Buses 42 and
      43 are directly connected to data bus 110 of data manipulation unit 2 and
      bus 44 is directly connected to data bus 210 of data manipulation unit 3.
      The particular peripheral unit register which is to transmit information
      to data manipulation unit 2 and 3 is selected by source decoder 111 of
      data manipulation unit 2 in response to program order words in the same
      manner that registers internal to that data manipulation unit are
      selected. The particular peripheral unit register which is to be a
      destination for data on data bus 110 is selected by destination decoder
      112 of data manipulation unit 2 in the same manner as destinations within
      data manipulation unit 2 are selected.
PAR  The following examples illustrate the operation of the disclosed data
      processing system. In the course of these examples consecutive program
      order words are denoted "program order word 1", "program order word 2",
      etc. Similarly, machine cycle portions are referred to as "read 1" and
      "execute 1" for the memory access of, and operation in accordance with,
      "program order word 1" and "read 2" and "execute 2" with respect to
      "program order word 2". In the first example a "program order word 1",
      which is read from memory 24 during cycle portion "read 1", defines that
      the contents of general purpose register 106 are to be added to the
      contents of accumulator 109. "Program order word 1" which is an arithmetic
      instruction defines that identical operations should be performed by data
      manipulation units 2 and 3. Thus, with respect to data manipulation unit 2
      "program order word 1" defines that the contents of the accumulator 209
      and general purpose register 206 are to be added. During the machine cycle
      portion "execute 1" a parity check is performed by parity check circuit 28
      and the predicted parity bit 6 of displacement register 25 is compared
      with the actual address parity indicated by bit 7 of the instruction. If
      either of these parity checks fail, clock circuit 26 is inhibited as
      previously described.
PAR  "Program order word 1" is also applied to source decoder 111, destination
      decoder 112, and arithmetic logic units 108 via the program order word bus
      13. Source decoder 111 responds to "program order word 1" by gating the
      contents of general purpose register 106 onto the data bus 110. Arithmetic
      logic units 108 respond to "program order word 1" by adding the contents
      of accumulator 109 to the information on data bus 110 during the "execute
      1" portion of the machine cycle. Additionally, destination decoder 112
      responds to "program order word 1" by enabling AND gate 122 to apply clock
      signals to accumulator 109. Similar functions are performed by data
      manipulation unit 3. Also during "execute 1" comparator 31 compares the
      information on the data buses 110 and 210 to determine if this information
      is identical.
PAR  When the transition occurs between "execute 1" and "read 2" accumulator 109
      responds to the change in clock signals by storing the outputs of
      arithmetic logic unit 108, which represent the sum of the general purpose
      register 106 and the accumulator 109. Flip-flops 32 and 33 also respond to
      the transition from "execute 1" to "read 2" by storing the outputs of
      comparator 31.
PAR  If during the "execute 1" portion the information on data buses 110 and 210
      is identical, which it will be unless an error has occurred, flipflops 32
      and 33 receive and store a logical 1. This logical 1 has no effect on
      subsequent machine operations. Alternatively, if the information on data
      buses 110 and 210 is not identical, comparator 31 generates a logical 0
      output which is stored by flip-flops 32 and 33 when the "execute 1" to
      "read 2" transition occurs. The function of comparator 31 in arithmetic
      operations is to detect errors and faults in the operation of the data
      manipulation units 2 and 3. For this reason bit position 8 of "program
      order word 2" which is read from memory 24 during "read 2" is a logical 1.
      This logical 1 in bit position 8 is then combined with the complemented
      outputs of flip-flops 32 and 33 in AND gate 34 during "execute 2" and the
      clock circuit 26 will be inhibited if flip-flops 32 and 33 are storing the
      logical 0 indicating a mismatch.
PAR  The next example illustrates one operation of the disclosed data processing
      system in which the data compared by a comparator 31 is generated by data
      manipulation units 2 and 3 in a nonidentical manner. When nonidentical
      operation is defined by a given program order word, bit 8 of the
      immediately subsequent program order word is set to logical 0 since a
      mismatch detected by comparator 31 may not be an error and consequently
      the machine should not be inhibited. As previously described the value
      stored by bit position 8 is determined when the program is being prepared.
PAR  In the present example "program order word 1" defines the operation "check
      accumulator for all zeros". This program order word defines a transfer on
      condition operation during which data manipulation units 2 and 3 operate
      in a nonidentical manner. During "read 1" of the present example, "program
      order word 1" which defines the operation "check accumulator for all
      zeros" is read from memory 24. For reasons previously described, "program
      order word 1" includes a displacement address having a 0 least significant
      bit. Source decoder 111 of data manipulation unit 2 responds to "program
      order word 1" by gating the contents of accumulator 109 to data bus 110
      during the "execute 1" portion of a machine cycle. The outputs of source
      decoder 211 of data manipulation unit 3, however, are connected to enable
      zero generator 246 to apply all 0s to its data bus 210 in response to
      "program order word 1". Thus the contents of accumulator 109 of data
      manipulation unit 2 are compared with all 0s from data manipulation unit 3
      by comparator 31. Destination decoders 112 and 212 respond to "program
      order word 1" by enabling AND gates 35 and 36 during the "execute 1"
      machine cycle.
PAR  If accumulator 109 of data manipulation unit 2 is equal to 0 AND gates 35
      and 36 transmit the logical 1 output of comparator 31 to Exclusive-OR 37
      and OR gate 38. The logical 1 applied to OR gate 38 causes bit position 0
      of displacement register 25 to store a logical 1 when it is enabled by the
      clock signals. Further, the logical 1 applied to Exclusive-OR 37 will
      complement bit 6 of the present program order word. This complemented bit
      6 is also stored by displacement register 25 when it is enabled by the
      clock signals. On the other hand, if accumulator 109 does not contain all
      zeros a logical 0 is applied to Exclusive-OR 37 and OR gate 38. This
      logical 0 will not modify the outputs 0 through 6 of memory 24. The
      contents of displacement register 25 will then be bit position 0 through 6
      of the "program order word 1". The contents of displacement register 25
      are then employed as a program store address during "read 2". Thus, if
      accumulator 109 is not equal to all 0s a displacement address, given by
      "program order word 1" is employed during "read 2"; however, if
      accumulator 109 is equal to 0 a modified displacement address is used
      resulting in a transfer of control. In situations where comparator 31
      determines that accumulator 109 does not equal all 0s, flip-flops 32 and
      33 will have been set to contain a logical 0. The logical 0 of flipflops
      32 and 33 is precluded from inhibiting clock circuit 26 by a logical 0
      which was placed in bit position 8 of "program order word 2" in the manner
      previously described.
PAR  Program address register 205 of data manipulation unit 3 is constructed as
      shown in FIG. 6 so that any information applied to its inputs is applied
      first to an Exclusive-OR 45. The other input to Exclusive-OR 45 is the
      information stored by program address register 205. Thus, when program
      address register 205 of data manipulation unit 3 is an information
      destination the information actually stored is the Exclusive-OR of the new
      information and the prior contents of the program address register 205.
PAR  Nonidentical operation of data manipulation units 2 and 3 and the circuit
      arrangement of program addess register 205 of data manipulation unit 3 are
      used to advantage to determine if the proper address has been placed in
      program address register 105 and 205. The following example describes the
      change in contents of program address registers 105 and 205 from an
      address A to an address B. "Program order word 1" of this sequence gates
      address B from a selected source to the program address registers 105 and
      205 of data manipulation units 2 and 3, respectively. This results in the
      address B being stored in program address register 105 of data
      manipulation unit 2 and the Exclusive-OR of addresses A and B being stored
      in program address register 205 of data manipulation unit 3. "Program
      order word 2" is retrieved from memory 24 at the combination of address B
      given by program address register 105 of data manipulation unit 2 and bits
      0 through 5 of "program order word 1" obtained from displacement register
      25. Data manipulation unit 3 responds to "program order word 2" by gating
      the data portion of "program order word 2" which is actually address A to
      its program address register 205. Data manipulation unit 2, however,
      responds to "program order word 2" by gating the data portion of "program
      order word 2" onto data bus 110 but no destination is selected for it.
      When address A is read into program address register 205 it is
      Exclusive-Ored with the Exclusive-OR of address A and B previously stored
      in the register. The result of this logical operation is that program
      address register 205 of data manipulation unit 3 now contains address B.
      "Program order word 3" then checks the identity of the contents of program
      address register 105 and 205 by gating their contents to their respective
      data buses 110 and 210.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A data processing arrangement comprising:
PA1  a plurality of program controlled data manipulation units arranged to react
      in nonidentical manners in the execution of certain classes of program
      order words;
PA1  a memory containing program order words and data;
PA1  means for communicatiing program order words and data from said memory to
      said data manipulation units;
PA1  a comparison circuit for comparing data produced by said data manipulation
      units, including data produced in the execution of said certain classes of
      program order words and for generating match and mismatch signals
      indicating the identity and lack of identity of said compared data,
      respectively,
PA1  inhibiting means, connected to said comparison circuit and to said data
      manipulation units and responsive to said mismatch signals for inhibiting
      further operation of said data processing arrangement; and
PA1  means coupled to said memory and to said inhibiting means and responsive to
      program order words obtained from said memory for generating control
      signals for precluding said inhibiting means for inhibiting the operation
      of said data processing arrangement.
NUM  2.
PAR  2. In a data processing arrangement which includes two program controlled
      data manipulation units, a control unit comprising:
PA1  a memory containing program order words and data;
PA1  means for communicating program order words and data obtained from said
      memory to both of said data manipulation units;
PA1  means for comparing data produced by said data manipulation units in
      response to a first program order word and for generating mismatch signals
      indicating lack of identity of the compared data;
PA1  inhibiting means connected to said means for comparing and to said data
      manipulation units and responsive to said mismatch signals for inhibiting
      the further operation of said data processing arrangement; and
PA1  means connected to said memory and to said inhibiting and responsive to a
      portion of a second program order word obtained from said memory after
      said first program order word for precluding said mismatch signals from
      inhibiting further operation of said data processing arrangement.
NUM  3.
PAR  3. The data processing arrangement of claim 2 wherein said data
      manipulation units respond to certain of said program order words to
      produce said data for comparison in a nonidentical manner.
NUM  4.
PAR  4. The data processing arrangement of claim 3 wherein said control unit
      further includes storage means for storing an address for use in obtaining
      program order words from said memory and means responsive to said mismatch
      signals for modifying the address stored in said storage means.
NUM  5.
PAR  5. A data processing arrangement comprising:
PA1  a first and second program controlled data manipulation unit;
PA1  a memory containing program order words and data;
PA1  means for communicating program order words and data from said memory to
      both of said data manipulation units;
PA1  a comparator for comparing information produced by said data manipulation
      units and for generating comparator signals indicating the identity or
      lack of identity of the compared information;
PA1  inhibiting means connected to said comparator and to said first and second
      data manipulation units and responsive to said comparator signals
      indicating a lack of identity for inhibiting further operation by said
      data processing arrangement;
PA1  means in said first data manipulation unit responsive to a first program
      order word for communicating data to said comparator;
PA1  means in said second data manipulation unit responsive to said first
      program order word for communicating a preset constant to said comparator;
      and
PA1  means connected to said memory and to said inhibiting means and responsive
      to a portion of a second program order word, accessed from said memory
      after said first program order word for precluding said comparator signals
      indicating a lack of identity from inhibiting further operation by said
      data processing arrangement.
NUM  6.
PAR  6. The data processing arrangement of claim 5 further including storage
      means for storing an address for use in obtaining program order words from
      said memory and means responsive to said first program order word for
      modifying the address stored in said storage means in accordance with said
      comparator signals indicating identity.
NUM  7.
PAR  7. The data processing arrangement of claim 6 wherein said storage means
      further stores a parity bit indicating the parity of the address stored in
      said storage means, further including means responsive to said first
      program order word for modifying said parity bit to conform to the
      modified address stored in said storage means.
NUM  8.
PAR  8. A data processing arrangement comprising:
PA1  a first and a second program controlled data manipulation unit each
      including a respective one of a first and a second storage resgister;
PA1  a memory containing program order words and data;
PA1  means for communicating program order words and data from said memory to
      both of said data manipulation units;
PA1  a circuit arrangement associated with said first storage register for
      generating output signals representing the Exclusive-OR of the contents of
      said first storage register and data applied to the inputs of said circuit
      arrangement and for storing said output signals in said first storage
      register;
PA1  means responsive to a first program order word for applying a first data
      word to the inputs of said circuit arrangement;
PA1  means responsive to said first program order word for storing said first
      data word in said second storage register;
PA1  means responsive to a second program order word occurring after said first
      program order word for applying a second data word to the inputs of said
      circuit arrangement; and
PA1  means responsive to a third program order word comparing the contents of
      said first and said second storage register to determine if they are
      identical.
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ABST
PAL  A method and apparatus for automatic, programmed, in-circuit component
      testing and functional testing. A multi-mode measurement unit having an
      exciter circuit, computing circuit, and a converter circuit is provided
      for measuring electrical signals. The measurement unit is controlled by a
      program-commanded measurement unit controller. A plurality of device
      connection switches are provided for connecting, by a program-commanded
      switch controller, the computing circuit to selected nodes of a circuit
      under test. The switch controller and the measurement unit controller
      receive commands from a programmed processor which executes stored
      programs of instruction. The programs contain subroutines which correlate
      with commanded measurement parameters and sequences within the measurement
      unit.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  1. CAPACITOR TEST APPARATUS AND METHOD, Ser. No. 537,253, filed Dec. 30,
      1974, invented by Douglas W. Raymond, and assigned to Zehntel, Inc.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to measuring and testing methods and
      apparatus and more particularly to programmable, automatic circuit testers
      and in-circuit component testers.
PAR  The testing of circuits and components may be classified into the general
      categories of analog and digital testing although distinctions between the
      categories is at times imprecise.
PAR  The category of analog testing refers to excitation with and measurement of
      signals that are quantitative and continuous in nature. For example,
      measurements of voltage, current, frequency and time are typically
      classified as analog measurements. Analog testing is sometimes referred to
      as dynamic testing when time or some other dynamically variable parameter
      is involved or is sometimes referred to as static testing when a fixed,
      non-dynamically variable parameter is involved.
PAR  The category of digital testing refers to the examination of logic patterns
      to determine whether they are binary 1's or 0's without regard to their
      quantitative values as long as as they fall within gross threshold ranges.
      Digital testing is sometimes referred to as pattern testing.
PAR  Components are building blocks for forming circuits. For example,
      resistors, capacitors, inductors, delay lines, amplifiers, logical gates,
      and integrated circuits on semi-conductor chips are all typical
      components. Components are characterized by having terminals for use in
      connecting the components into a larger circuit.
PAR  Circuits are a plurality of interconnected components which operate to
      perform functions. The points at which components are connected in a
      circuit are called nodes. Circuits perform functions by receiving input
      signals on one or more selected input nodes to produce output signals on
      one or more selected output nodes. The input and output nodes are called
      external nodes. The input and output nodes may or may not be the same
      nodes or either input or output nodes may not be present.
PAR  In addition to the input and output (I/O) nodes, circuits typically
      includes one or more internal nodes which are the connection points for
      components which are not utilized to conduct input or output signals to or
      from the circuits. Components such as semiconductor chips typically
      include component circuits fabricated on a single wafer from a plurality
      of nondiscrete internal components such as diodes and transistors. Many of
      the internal nodes within integrated circuit chips typically are not
      utilized for connection of input or output signals. A limited number of
      I/O nodes (external nodes) are available from a semiconductor chip for
      connection of the chip in a larger circuit where the larger circuit
      typically includes other chips and components. Of course, if desirable,
      chips, may be constructed with one or more internal nodes having
      connections which, like I/O nodes, are available for external connection.
PAR  The relationship between non-discrete components and a semiconductor chip
      is the same relationship as between discrete components and a circuit
      board on which the discrete components are mounted and connected. The I/O
      nodes (external nodes) on the semiconductor chip and the I/O nodes on a
      circuit board must be available for connection of signals. The internal
      nodes of semiconductor chips and of circuit boards are generally not
      available for making connections. Although circuit boards are more readily
      adapted, using test fixtures, for connections to internal nodes,
      semiconductor chips can be designed to make internal nodes available for
      connection.
PAR  The process of functional testing consists of applying at the input
      terminals of a device under test, (either a circuit or a component) the
      same signals normally applied in its intended application and determining
      whether or not the signals on the output terminals are acceptable for
      normal operation. In digital functional testing, a digital output is
      examined to determine if it matches the expected pattern of 1's and 0's.
      In analog functional testing, the output signals are measured so it can be
      determined if their incremental levels fall within acceptable limits of
      time, voltage, current or other parameters.
PAR  The process of component in-circuit testing consists of testing a component
      while it is connected in its normal manner within a circuit. The
      in-circuit testing of a component requires access to the nodes by which
      the component is interconnected in the circuit. The nodes may be internal
      or external or both.
PAR  Whenever a component is in-circuit tested, special problems arise because
      of the interaction of the component with the remainder of the circuit to
      which it is interconnected. Generally, some form of isolation or guarding
      is required in order to satisfactorily in-circuit test components.
      Additionally, a judicious selection of the test signals must be made in
      order to insure that either the component under test or the circuit it is
      interconnected with is not damaged.
PAR  Because of the high number of components and circuits which are
      manufactured, test equipment to be fully useful and economical must be
      automated, high-speed, highly reliable, and flexible. Automated testers
      have been available for the functional testing of circuits and components.
PAR  There is a need, however, for improved test apparatus and methods for the
      automatic, programmed, in-circuit testing of components either alone or in
      combination with the functional testing of circuits and components.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a method and apparatus for the automatic,
      programmed, in-circuit testing of components in a circuit under test. A
      measurement unit having an exciter circuit, a computing circuit, and a
      converter circuit is provided, which operates in one or more selectable
      modes, for measuring voltages or currents. The measurement unit operates
      under control of a measurement unit controller to select the mode and
      carry out one of a number of test sequences. A plurality of device
      connection switches are provided for selectively connecting the computing
      circuit under program control to selected nodes of a circuit on a device
      under test. The selection of which nodes are connected to the computing
      circuit is under control of a device connection switch controller. Both
      the device connection switch controller and the measurement unit
      controller are in turn controlled by a programmable processor. The
      programmable processor operates in accordance with stored programs of
      instruction where the programs contain subroutines which correlate with
      and command measurement sequences within and measurement parameters for
      the measurement unit.
PAR  In an embodiment, where there are N nodes (internal and external) in the
      circuit under test, the device connection switches include first and
      second 1-of-N selection switches each for connecting one of the N nodes in
      the circuit under test to the computing circuit of the measurement unit.
PAR  In an embodiment where isolation (guarding) is desired, the device
      connection switches also include an M-of-N selection switch which connects
      M of the N nodes in common to the computing circuit.
PAR  The 1-of-N and the M-of-N switches are automatically operable to select the
      desired node connections under command of the device connection switch
      controller and the programmed processor.
PAR  The device connection switches are operated under control of a switch
      controller. The switch controller includes a plurality of storage units
      for storing switch control information in response to program commands.
PAR  The measurement unit, with the computing circuit selectively interconnected
      with the circuit under test through the device connection switches, is
      selectively connected to the exciter circuit to receive selected
      excitation signals. In response to the excitation signals, the computing
      circuit provides an measured output signal. A converter circuit is
      provided for converting the measured output signal to a digital signal
      representing an in-circuit measurement associated with a component on the
      device under test. The measurement unit including the exciter circuit, the
      computing circuit and the converter circuit is commanded to perform
      predetermined test sequences with commanded test parameters under program
      control.
PAR  The measurement unit is under control of a measurement unit controller
      which receives and decodes commands from the processor for controlling
      measurement parameters and measurement sequences of the measurement unit.
      In a preferred embodiment, the measurement unit controller includes a
      plurality of interconnected control circuits. A decoder is included for
      decoding commands from the processor. Exciter control circuitry is
      included for controlling the exciter circuit of the measurement unit.
      Reset, transfer and safety control circuitry is included for controlling
      the basic timing of the measurement unit. Mode control circuitry is
      included for controlling measurements in five modes and three computing
      circuit configurations. Measurement scale control circuitry is included
      for setting the measurement scale of the measurement unit. Measurement
      timing control circuitry is included for defining measurement timing
      sequences for measurement unit measurements. Internal data register
      control circuitry is included for communicating with the processor.
PAR  The in-circuit tester includes a program addressable register for storing
      information concerning a particular test of the measurement unit. For
      example, the register is addressable for storing the identity of a
      component or node under test.
PAR  The in-circuit tester includes a transfer circuit for transferring the
      device connection switches for connection to an alternate tester such as a
      functional tester.
PAR  In accordance with the above summary, the present invention achieves the
      objective of providing an improved tester including an automatic
      in-circuit tester and method for in-circuit testing of components where
      the tester is automatically operable under program control and wherein
      program subroutines are correlated with predetermined tests carried out by
      the tester.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiments of the invention
      have been set forth in detail in conjunction with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts a schematic block diagram of an in-circuit tester and a
      functional tester together connected to a programmable processor in
      accordance with the present invention.
PAR  FIG. 2 depicts a schematic representation of the device connection switch
      controller (DCS CTRL) which forms a part of the in-circuit tester of FIG.
      1.
PAR  FIG. 3 depicts a schematic representation of the E, F and G device
      connection switches (DCS) which form part of the in-circuit tester within
      the FIG. 1 apparatus.
PAR  FIG. 4 depicts a schematic representation of the measuring unit (MEAS UNIT)
      including the exciter circuit, the computing circuit, and the converter
      circuit of the in-circuit tester within the FIG. 1 apparatus.
PAR  FIGS. 5 through 11 depict a schematic representation of the circuits which
      constitute the measurement unit controller of the in-circuit tester within
      the FIG. 1 apparatus.
PAR  FIG. 5 depicts a schematic representation of the decoder of the measurement
      unit controller.
PAR  FIG. 6 depicts a schematic representation of the exciter circuit control of
      the measurement unit controller.
PAR  FIG. 7 depicts a schematic representation of the reset, transfer and safety
      control circuitry of the measurement unit controller.
PAR  FIG. 8 depicts a schematic representation of the mode control circuitry of
      the measurement unit controller.
PAR  FIG. 9 depicts a schematic representation of the measurement scale
      selection control circuitry of the measurement unit controller.
PAR  FIG. 10 depicts a schematic reresentation of the measurement timing control
      circuitry of the measurement unit controller.
PAR  FIG. 11 depicts a schematic representation of the internal data register
      control circuitry of the measurement unit controller.
PAR  FIG. 12 depicts a schematic representation of the measuring unit of FIG. 4
      when connected in the V mode where the excitation signal is voltage and
      the measured signal is voltage.
PAR  FIG. 13 depicts a schematic representation of the measuring unit of FIG. 4
      when connected in the Z mode where the excitation signal is current and
      the measured signal is voltage.
PAR  FIG. 14 depicts a schematic representation of the measurement unit of FIG.
      4 when connected in the Y mode where the excitation signal is voltage and
      the measured signal is current.
PAR  FIG. 15 depicts a sample circuit to be tested by the method and apparatus
      of the present invention.
PAR  FIG. 16 depicts an electrical schematic representation of an alternate
      embodiment of the transfer circuit 17 of FIG. 1.
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PAC  DETAILED DESCRIPTION
PAC  OVERALL SYSTEM -- FIG. 1
PAR  In FIG. 1, the device under test (DUT) 8 includes circuits and components
      to be tested by the in-circuit tester 2 or by the functional tester 4. The
      testing of the device under test 8 by the testers 2 and 4 is controlled by
      a programmable processor 6. The results of the test are output from the
      processor 6 to any conventional output device such as a conventional
      display 7.
PAR  The processor 6 in a preferred embodiment is the controller of a TESTPAC
      system manufactured and sold by Zehntel, Incorporated of Concord, Calif.
      However, the processor 6 can be any conventional processor which functions
      under program control to output commands. Typically the commands are
      output through an input/output portion of the controller (I/O CTLR) such
      as controller 6' in FIG. 1 which operates with an ASCII code. The
      processor 6 connects to the functional tester 4 through a plurality of
      data and control lines 38 and to the in-circuit tester 2 through a
      plurality of data and control lines 38'. The processor communicates with
      tester 2 or tester 4 by means of a programmed address. For example in the
      present embodiment, in-circuit tester 2 is assigned address 04 and
      functional tester 4 is assigned address 09. Any instruction which
      specifies address 04 will cause processor 6 to communicate with in-circuit
      tester 2 over lines 38'. Similarly, any instruction which specifies
      address 09 will cause processor 6 to communicate with functional tester 4
      over lines 38.
PAR  The functional tester 4 includes a plurality of stimulation sources (S1, S2
      and S3) 34 which are selectable one at a time by a source switch (SW) 35.
      The stimulation sources 34 are conventional signal generators which
      provide, for example, controlled timing pulses, voltage levels, and other
      signals of an AC or DC nature.
PAR  The switch 35 functions to connect one of the sources 34 to the input
      terminals of the device under test 8 or to the EFG bus which connects to
      and from the transfer switch 17 of the in-circuit tester 2. When commanded
      by the processor 6, an excitation signal is applied to input terminals of
      the device under test 8 through switch 35. The device under test
      responsively produces output measurement signals on output terminals. The
      output terminals are connected as an input to the metering switch (M SW)
      36. The metering switch selects, under command of the processor 6, one of
      the plurality of metering devices (M1, M2 and M3) 37 to receive the
      measurement signals from the device under test. Switch 36 is also
      operative under processor control to connect the measurement signals to
      the EFG bus of in-circuit tester 2. The measured value from one of the
      connected metering devices 37 is returned to the processor 6 via the
      16-bit DATA OUT BUS.
PAR  The functional tester 4 and the processor 6 in a preferred embodiment are a
      TESTPAC system marketed by Zehntel, Incorporated.
PAR  In FIG. 1, the in-circuit tester 2 includes a node connector (NODE CONNECT)
      14 which connects to N nodes in the device under test 8. In a preferred
      embodiment, N is equal to from 0 to 1000 (000 to 999). The N nodes which
      are connected by the node connector 14 include both internal and external
      nodes. Node connector 14 is a conventional device for making connection to
      printed circuit boards and is frequently referred to as a "bed-of-nails"
      fixture. The fixture operates by means of spring-loaded contacts
      juxtaposed a printed circuit board. The circuit board is clamped to the
      fixture to make the "nails" contact the nodes, one nail per node. Each of
      the N nodes from the node collector 14 are connected to the device
      connection switches (DCS) 9.
PAR  The device connection switches 9 include the E switch (E SW) 10, the F
      switch (F SW) 11 and the G switch (G SW) 12. The connection switches 9
      each are connected in common to the N lines from the node connector 14.
      Each of the switches 9 provides a single line switch output to the
      transfer circuit (TRANS CIR) which is connected to one or more of the N
      node lines depending upon the selected or not-selected state of the
      switches 9. Specifically, the E switch 10 provides the E switch output
      line 197, the F switch 11 provides the F switch output line 198 and the G
      switch 12 provides the G switch output line 199. The function of the E, F
      and G switches is to respectively select one or more of the N node lines 5
      as the E, F and G switch outputs 197, 198 and 199.
PAR  The switch controller (SW CTRL) 16 provides selection lines to the
      connection switches 9 for selecting or not-selecting the connection
      switches. The controller 16 determines which of the N lines from the
      device under test 8 are connected to the respective E, F and G switch
      outputs. The switch controller 16 provides N select lines 29 to the E
      switch 10. One out of N of the lines 29 are selected at any one line.
PAR  The switch controller 16 provides N-P selection lines 30, P selection lines
      31 and a F-INVERT* line 27 to the F switch 11. The controller 16 functions
      to select one of the N lines 30 and 31 or to select the N-P lines 30
      depending on the state of the F-INVERT* line 27. In a preferred
      embodiment, P is a non-variable, fixed quantity less than N. Nowever, P
      can be made program variable.
PAR  The switch controller 16 provides N selection lines 32 and the G-UNLATCH*
      line 28 to the G switch 12. The G-UNLATCH* line 28 functions to unlatch
      all previously selected (latched) switches in switch 12.
PAR  The switch controller 16 is operated by commands from the processor 6 on a
      7-bit DATA IN bus. The DATA IN bus is conventional which, in a preferred
      embodiment, receives data from processor 6 in the American Standard Code
      for Information Interchange ASCII) format. Data is placed on the DATA IN
      bus by the processor 6 when a signal on the IN-READY line from the
      controller 16 is present. Processor 6 signals the presence of information
      on the DATA IN bus by a signal on the IN-STROBE line input to controller
      16.
PAR  The switch controller 16 functions, under commands on the DATA IN bus to
      energize a commanded one of the switch selection lines 27 through 32. The
      E, F and G switches responsively are closed to select E, F and G switch
      outputs from the N node lines 5.
PAR  The transfer circuit 17 functions to connect the E, F and G switch outputs
      197, 198 and 199 from the connection switches 9 either to the computing
      circuit 20 in the measurement unit 18 or to the functional tester 4. The
      transfer circuit 17 connects the switch outputs either to the computing
      circuit 20 in the measurement unit 18 or to the functional tester 4 under
      control of the 1-bit TRANS line from the measuring unit controller (MEAS
      UNIT CTRL) 24.
PAR  The measurement unit (MEAS UNIT) 18 receives the E, F, G switch outputs
      from the transfer circuit 17 to connect the device under test 8 to the
      computing circuit (COMP CIR) 20. The computing circuit 20 thereby becomes
      connected to the program selected nodes in the device under test. The
      computing circuit 20 also receives an excitation signal on line 39 from
      the exciter circuit (EXC CIR) 19. The computing circuit 20 in response to
      that excitation signal performs a computation on the device under test and
      forms a measurement signal output on line 40. The measurement signal is
      input to the AC and analog-to-digital converter (AC-A/D CONVERT CIR) 21.
      The converting circuit 21 functions to detect and convert the measurement
      signal on line 40 to digital form on line 41.
PAR  The excitation circuit 19, the computing circuit 20, and the converter
      circuit 21 are responsive to the measurement unit controller 24 to perform
      a plurality of predetermined tests. The predetermined test involves
      setting up predetermined measurement conditions and parameters in the
      measurement unit 18. Thereafter, the measurement unit functions to perform
      a test sequence for testing the device under test with the present
      conditions and parameters. The output of the test sequence appears as a
      digital measurement value on 13-bit bus 41.
PAR  The measurement controller (MEAS UNIT CTRL) controls the measurement unit
      18 by many signals and lines which are only schematically represented in
      FIG. 1. The measurement controller 24 is itself controlled by the
      processor 6 via the 7-bit DATA IN bus. When the controller is ready to
      receive information on the DATA IN bus, controller 24 provides a signal on
      the IN-READY line. When processor 6 places command information on the DATA
      IN bus, it provides a signal on the IN-STROBE line to the controller 24.
      After predetermined conditions and parameters have been commanded to the
      controller 24 preparatory to a test sequence, the test sequence is
      initiated by the processor 6 through a signal on the MEAS TRIG line. After
      a test sequence has been performed and the results of the measurement are
      ready to be returned to the processor 6, controller 24 provides a signal
      on the OUT-READY line. At that time, data from the in-circuit tester 2 is
      made available on the 16-bit DATA OUT bus.
PAR  The bus 42 provides an output from either the measurement bus 41 or from
      the J register (J REG) 22 via bus 43. The selection of bus 41 or bus 43 is
      under control of the select out circuit (SEL OUT) 23 which is controlled
      by the ADC SEL* line from the controller 24. When measurement information
      is to be output, bus 41 is selected by the circuit 23.
PAR  The J register 22 is utilized in connection with the performance of
      instructions by the processor 6. The J register is utilized to store the
      identity of components or other circuit information relating to the
      measurement being made by the measurement unit. Information is loaded into
      the J register 22 directly from the DATA IN bus under the command of a J
      ENA line from the controller 24.
PAR  The J register 22 is serially loaded with the four low-order bits BIT O,
      BIT 1, BIT 2, and BIT 3 of the DATA IN bus under control of a J ENA clock
      from controller 24. Each of those four lines goes to a separate 4-bit
      stage of the 16-bit J register. Those sixteen bits appear as outputs on
      bus 33 for selection by the circuit 23 onto the DATA OUT bus 42.
PAC  EFG SWITCH CONTROLLER -- FIG. 2
PAR  In FIG. 2, the 7-bit DATA IN bus and the timing line IN-STROBE are input to
      the conventional decoder 51. Decoder 51 develops a plurality of control
      signals as indicated in FIG. 2 where a + symbol designates a logical OR
      and the * symbol designates a logical complement. The particular switch of
      the device connection switches 9 in FIG. 1 which is to be selected at any
      given time is stored in the flip-flops 55 of the controller of FIG. 2.
      Under command from the DATA IN bus, decoder 31 is initially operative to
      clear the flip-flops 55 by application of the CLEAR* signal. In addition
      to clearing the flip-flops 55, the initial CLEAR* signal clears the digit
      shift register (D SREG) 56 and the BCD latches (BCD LAT) in the selection
      circuits 72, 73 and 74. With these elements cleared, the C output from the
      shift register 56 is a 0 which places an 0 on the K inputs of all the
      flip-flops 55 except the XA, GA and I flip-flops which receive their K
      inputs directly from the decoder 51.
PAR  Any of the flip-flops 55 having a K input of 0 which thereafter receives a
      1 on its J input at a time when the CLOCK signal is present is clocked to
      store a 1 on the Q output and a 0 on the Q* output.
PAR  The E flip-flop 55 becomes set by the E+I signal which is present whenever
      an E or a I signal is programmed to appear on the DATA IN bus. The E
      flip-flop 55 through its Q output enables the digit decoders comprising
      the three NAND gates 57 which decode the outputs from the shift register
      56.
PAR  With the Q output of the E flip-flop 55 set to a 1, the decoder NAND gates
      57 are enabled to decode the output of the register 56 each time a CLOCK
      signal enables the AND gates 64. The gates 57 sequentially and one at a
      time clock the 4-bit BCD latches 67, 68 and 69 in response to each step of
      register 56. Each of latches 67, 68 and 69, when clocked, parallel stores
      the 4 bits, BIT O, BIT 1, BIT 2 and BIT 3 from the DATA IN bus. While the
      4-bit latches have been selected to define 1000 nodal points (N equal to
      1000), any number of latches could be employed to make N any magnitude.
PAR  The decoder 70 receives the parallel outputs of the latches 67, 68 and 69
      to selectively energize one of the N select lines 29. The energized one of
      the lines 29 is active as long as the latches 67, 68 and 69 are not
      cleared or until a new value is loaded from the DATA IN bus.
PAR  The F flip-flop 55 is set in the same manner as the E flip-flop 55 whenever
      decoder 51 detects a programmed F signal or a programmed I signal. The Q
      output of F flip-flop 55 functions to enable the decoder gates 58 for
      storage of BCD digits in latches (not shown) in the F selection circuitry
      (F SEL) 73 in the same manner as the latches described in the E selection
      circuitry 72. The F selection circuitry 73 is identical to the E selection
      circuitry 72 except that the decoder in the F selection circuitry 73 has
      its output divided into two groups. The first group includes the N-P lines
      30 and the other group includes the P lines 31. In a preferred embodiment,
      for economy purposes, the value of N is 1000 and the value of P is 500.
      The value of P can be made a variable under program control by inserting a
      gating tree on the output of the F selection circuitry 73 and controlling
      the size of P by a P out of N decoder. The value of P is then controlled
      by a register loaded from the DATA IN bus inn the same manner as latches
      67, 68 and 69 are loaded.
PAR  The I flip-flop 55 is set in the same manner as the E and F flip-flops 55
      whenever a 1 is decoded for the I signal connected to the J input of the I
      flip-flop 55 while both E and F are programmed to be 0. The Q* output of
      the I flip-flop 55 provides the F-INVERT* signal on line 27. The GA
      flip-flop 55 stores a 1 on its Q output whenever G on the J input is
      programmed as 1 provided that the K input is a 0. The K input to GA
      flip-flop 55 receives the [BIT 7].sup.. [(,)+G]* signal from decoder 51.
      The K input is, therefore, a 0 whenever BIT 7 is a 0 or when the quantity
      [(,)+G]  is a 1. The Q output of the GA flip-flop 55 functions through
      NAND gates 59 to enable BCD latches in the G select (G SEL) circuitry 74
      in the same manner described in connection with the E selection circuit
      72.
PAR  The GB flip-flop 55 is set in the same manner as the other flip-flops 55
      whenever G is programmed to present a 1 on the J input. The Q* output from
      the GB flip-flop provides the G-UNLATCH* signal on line 28. The line 28
      signal is employed to hold all of the switches selected one at a time by
      the outputs on lines 32 in the latched condition until the GB flip-flop 55
      is cleared or clocked to a 1 on its Q* output.
PAR  The XA flip-flop 55 is set when the X line from decoder 51 provides a 1 to
      the J input whenever the K input is a 0. The K input receives the [X*]
      .[BIT 7] line from decoder 51. The K input to the XA flip-flop 55 is a 0
      whenever X is a 1 or BIT 7 of the DATA IN bus is a 0.
PAR  In FIG. 2, the digit shift register D SREG) receives a load signal
      [E+F+I+G+(,)]* line from the decoder 51. Whenever that line is a 0, a 1 is
      loaded through the L input of the shift register 56 into the A stage
      whenever a clock signal is provided from NAND gate 65. Gate 65 functions
      to provide clock signals to shift register 56 provided that XA flip-flop
      55 is reset with a 1 on its Q* output. The 1 loaded into shift register 56
      occurs on the trailing edge of the first CLOCK signal so that the A output
      of shift register 56 enables one of the AND gates 64. The enabled one of
      the gates 64 passes the second CLOCK signal and enables one of the NAND
      gates 57 to enable the BCD latch 67. At the trailing edge of that second
      CLOCK signal, the L input to shift register 56 goes to 0 to load a 0 into
      stage A while the 1 in stage A is shifted to stage B. During the third
      CLOCK signal, the BCD latch 68 is enabled. During the fourth CLOCK signal,
      the A and B outputs are 0, the C output from shift register 56 is 1 which
      enables the third BCD latch 69. The 1 is loaded through the L input of
      shift register 56 at the same time that one of the flip-flops 55 is set.
PAR  In FIG. 2, the X latch 52 receives bits BIT O, . . . , BIT 3 from the DATA
      IN bus and stores them whenever the X store (X STR) command is output from
      the decoder 51. The contents of latch 52 are decoded in the conventional X
      decoder (X DEC) 53. The outputs from decoder 53 are utility outputs which
      can be used for any purpose. For example, the signal sources 34 for the
      metering units 37 in FIG. 1 may be turned on or off through use of outputs
      from decoder 53.
PAC  Device Connection Switches -- FIG. 3
PAR  In FIG. 3, the device connection switches 9 of FIG. 1 are shown in detail.
      The E switch (E SW) 10 includes N read relay switches (R1) 44. The switch
      44-1 is shown in detail as typical. The coil 48 is connected to receive
      one of the N selection lines 29 from the E selection circuitry 72 in FIG.
      2. Whenever the selection line to the coil 48 of switch 44-1 is energized,
      the associated contact 49-1 is closed. When contact 49-1 is closed, the
      connected one of the N node lines 5 from the node connector 14 of FIG. 1
      becomes connected as the E switch output 197. The output 197 is input to
      the transfer circuit 17 of FIG. 1. Since only one of the N lines 29 is
      selected at any given time, only one of the N contacts in the E switches
      44 is closed at any one time. Accordingly, only one of the N lines 5
      becomes connected as the E switch output 197 at any one time. Whenever the
      selection lines 29 are all returned to logical 0, as occurs when the BCD
      latches in the selection circuitry 72 of FIG. 2 are cleared, all of the
      contacts in the E switch relays 44 are open so that none of the lines 5
      are connected as the E switch output 197.
PAR  In FIG. 3, the F switch (F SW) 11 also includes N relays (R1) 44. The N
      relays 44 include N contacts for selectively connecting the N lines 5 from
      the node connector 14 as the F switch output on line 198. The operation of
      the relays 44 in the F switch is the same as in the E switch.
PAR  The relays 44 in the F switch 11 are organized into a first group of N-P
      which receive the N-P selection lines 30 through N-P EXCLUSIVE-NOR gates
      47. The other inputs to the gates 47 are derived from the F-INVERT* line
      27.
PAR  The P selection lines 31 connect directly to the coil inputs of P relays 44
      without connection through EXCLUSIVE-NOR gates and operate in the same
      manner as all the relays in the E switch 10.
PAR  Whenever the F-INVERT* signal on line 27 is a 1 and one of the N-P lines 30
      is selected with a 1, the corresponding relay 44 has its contact closed
      connecting the connected one of the lines 5 as the F switch output 198.
      Similarly, whenever one of the P select lines 31 is energized, the
      connected one of the relays 44 has its contact closed thereby connecting
      one of the N lines 5 as the F switch output 198. Whenever the F-INVERT*
      signal on line 27 is 1, the F switch 11 operates as if the EXCLUSIVE-NOR
      gates 47 were not present so that the F switch 11 is essentially a 1 out
      of N selector.
PAR  Whenever the F-INVERT* signal on line 27 is 0, the selection process in the
      relays 44 associated with the N-P selection lines 30 is inverted.
      Specifically, if one of the N-P lines 30 is selected with a 1, then the
      associated contact in the relay 44 is not closed while all other N-P-1
      contacts are closed and connected in common to the F switch output 198.
      The F switch 11 is therefore a switch for selecting one out of N lines
      whenever the F-INVERT* signal is a 1 and the F switch 11 is a switch for
      selecting N-P-1 lines in common whenever the F-INVERT* signal is a 0.
PAR  In FIG. 3, the G switch (G SW) 12 includes N relays (R2) 45 which are
      respectively associated with the N selection lines 32 from the G selection
      circuitry 74 of FIG. 2. The relay 45-1 is shown as typical of the N relays
      45. Relay 45-1 includes a coil 48 and to responsively actuated contacts 77
      and 49-2. The contact 49-2 connects one of the N lines 5 as the G switch
      output 199. The second contact 77 is connected to the G-UNLATCH* line 28
      which functions to hold the contacts 77 and 49-2 closed once they have
      been initially closed by operation of one of the selection lines 32. The
      second contact 77 in each of the relays 45 allows a plurality of the
      contacts 49-2 in the R2 relays 45 to be closed simultaneously even though
      the selection lines 32 are only selected one at a time. The holding of the
      relays in the latched state occurs whenever the G-UNLATCH* signal on line
      28 is a 1. Whenever the signal on line 20 is a 0, all of the relays 48
      become deenergized except any relay associated with any energized one of
      the N selection lines 32. The G switch 12 is, therefore, a M out of N
      selection switch whenever the G-UNLATCH* signal is a 1. Similarly, the G
      switch 12 is a 1 out of N selection switch whenever the G-UNLATCH* is a 0.
PAC  Measurement Unit -- FIG. 4
PAR  In FIG. 4, the measurement unit 18 of FIG. 1 is shown in detail. The
      exciter circuit (EXC CIR) 19 includes a plurality of signal sources
      including a first oscillator (OSC 1) 80, a second oscillator (OSC 2) 81,
      the +DC reference (+DC REF) 82, a -DC reference (-DC-REF) 83 and an
      external oscillator (EXT OSC) 84. The signal sources 80 through 84 are
      selected one at a time by the source selection circuit (S SEL) 85.
      Selection circuit 85 is a conventional multiplexor which provides on its
      output 94 one of its input signals under control of the 3-bit STIM A, STIM
      B, STIM C line from FIG. 9.
PAR  The selected signal on line 94 is provided directly to a multiplying
      digital-to-analog converter (MPLY DAC) 87 unless inhibited by the
      inhibiting circuit (INH) 86. Inhibiting circuit 86 is a conventional gate
      or other switch which is controlled in the conduction state by a 1 from
      the Q output of the excitation (EXC) flip-flop 90. Whenever asynchronous
      operation is desired, flip-flop 90 is held in a set state, with a 1 on the
      Q output, by the ASYN GATE signal input to the set (S) input from FIG. 6.
      Whenever synchronous operation is desired a SYN GATE signal from FIG. 6 is
      applied to the reset (R) and D inputs of flip-flop 90. Thereafter, the Q
      output of flip-flop 90 is 0 until the detector (ZERO DET) 89 provides a
      clocking signal to produce a 1 on the Q output. The 0 on the Q output of
      flip-flop 90 inhibits any signal on line 94 from being input to the
      multiplier 87. The 0 detector 89 is a conventional device for detecting
      the 0 crossing of the signal on line 94. The 0 detector 89 is used only
      for synchronous operation during AC excitation.
PAR  When a signal is input from line 94 to the multiplier 87, multiplier 87
      functions to multiply the magnitude of the input signal from circuit 86 by
      a program selected multiplication factor. The magnitude of the
      multiplication factor is controlled by the 10-bit binary BMC signal from
      FIG. 6. The multiplier 87 is a conventional device which in a preferred
      embodiment is a 7520 DAC manufactured by Analog Devices Corporation. The
      output signal from the multiplier 87 is input through the operational
      amplifier 88 to provide the desired excitation signal on line 39 which is
      input to the computing circuit 20.
PAR  In FIG. 4, the computing circuit (COMP CIR) 20 receives the excitation
      signals on line 39. Also the computing circuit 20 receives the E, F, and G
      switch outputs from the device connection switches of FIG. 3 when
      connected through the transfer circuit 17 of FIG. 1. Circuit 20 produces a
      measurement signal on output line 40. Circuit 20 is connectable in a
      number of modes for measurement using one of six W resistors 92. Resistors
      92 in a preferred embodiment range from 10 ohms to 1M ohms in decade
      increments.
PAR  The selection of which of the W resistors 92 is utilized in the computing
      circuit and the selection of the configuration of the computing circuit is
      under control of a plurality of relay contacts K1 through K11 and K15
      through K24. The determination of which of the K contacts are closed is
      under control of the K selection (K SEL) circuitry 91. Circuitry 91 may
      typically include a plurality of relay coils which together with the K
      contacts constitute reed relays. Of course, any selectable switch may be
      employed. Depending upon the closure of the K contacts in the computing
      circuit 20, circuits with many variations may be achieved. The three
      principal modes of operation are the V mode, Z mode, and the Y mode which
      are schematically represented in simplified form hereafter in FIGS. 12, 13
      and 14, respectively.
PAR  The contacts K1 through K6 are selectively energized for connecting one of
      the W resistors 92 into the computing circuit. The selection of which one
      of the resistors 92 is connected under control of the 6-bit R SEL* bus
      from FIG. 9.
PAR  The K7 contact is utilized under control of the SQUELCH* signal from FIG. 7
      to clamp a 100-ohm resistor across and to thereby squelch the amplifier
      93.
PAR  The K8 contact is utilized to contact a 0.001 microfarad compensating
      capacitor across the computing amplifier 93 under control of the COMP CAP*
      signal from FIG. 9.
PAR  The K9 and K24 contacts are closed when the computing circuit is in the Y
      or the Z mode under control of the (Y+Z)* signal from FIG. 9.
PAR  The K10 and K21 contacts are closed to connect the computing circuit in the
      V mode under control of the V* signal from FIG. 9.
PAR  The K11 contact is employed to connect the excitation ground (shown in FIG.
      4 as three lines) to the computing circuit ground (shown in FIG. 4 as a
      triangle) under control of the COM GND* signal from FIG. 8.
PAR  The K15 contact is employed during DC testing to bypass the charging
      capacitor 33 under control of the DC* signal from FIG. 9.
PAR  The K16 contact is utilized for AC blanking under control of the AC BLANK*
      signal from FIG. 10.
PAR  The K17 contact is utilized during the Z or the V mode under control of the
      (Z+V)* signal from FIG. 9.
PAR  The K18 and K20 contacts are utilized in the Y mode and are closed under
      control of the Y* signal from FIG. 9.
PAR  The K19 contact is utilized in the Z mode and is controlled under control
      of the Z* signal from FIG. 9.
PAR  The K22 contact is normally closed and is opened during the V mode under
      control of the V signal from FIG. 9.
PAR  The K23 contact is utilized to connect the anti-parallel diodes across the
      computing amplifier 93 under control of the AMP BOUND* signal from FIG. 9.
PAR  The signal K9-24 INH from FIG. 10 is utilized to inhibit the closure of any
      of the contacts which exist from K9 through K24.
PAR  In FIG. 4, the converting circuit (CONV CIR) 21 receives the analog output
      on line 40 from the computing circuit 20 and converts it to a digitally
      encoded value on bus 41.
PAR  The analog input signal on line 40 is connected to the conventional scaling
      circuit (SCALE) 95 which includes four switches for connecting one at a
      time one of four scaling resistors in series with the signal on line 40.
      In this manner, circuit 95 selects a voltage range of 100 millivolts, 1
      volt, 10 volts or 100 volts under control of the four input select lines
      S0 through S3, respectively.
PAR  The output from the scaling circuit 95 connects to the full-wave rectifier
      (FW RECT) 96. The full-wave rectifier 96 is a conventional device which
      develops a full-wave rectified signal on output line 103. The signal on
      line 103, for DC measurement, is input directly to selection circuit 98.
      For AC measurements, signal on line 103 is input through a peak detector
      (PEAK DET) 97 which has its output connected as an input to the selection
      circuit 98. The full-wave rectifier 96 has associated with it a polarity
      detector (POLAR DET) which senses the input signal to the full-wave
      rectifier 96 and produces an output signal on line 104 which is logical 1
      for a negative input signal and a logical 0 for a positive input signal to
      form the V&lt;0 signal on line 104. The polarity signal on line 104 is input
      to the selection circuit 98.
PAR  The peak detector 97 receives the full-wave rectified signal on line 103 to
      produce an AC measurement signal which is input to the selector 98. Peak
      detector 97 initiates a peak detection measurement by a PD RESET signal.
PAR  The selection circuit 98 functions to select the AC measurement signal from
      the peak detector 97 for output on line 105 under control of the AC signal
      from FIG. 9. Alternatively, the selection circuit 98 selects the DC
      measurement signal on line 103 from full-wave rectifier 96 for output on
      line 105. Whenever the DC signal is selected, selection circuit 98 also
      selects the polarity detector output on line 104 and provides a polarity
      signal V&lt;0 on line 106.
PAR  The output from the selection circuit on line 105 is input directly to the
      selection circuit 101 and is input to the analog divider (ANALOG DIV) 99.
      The analog divider provides an output voltage having a magnitude which is
      proportional to the reciprocal of the magnitude of the voltage on line
      105. During a shorthand mode test (R or C), the output from the analog
      divider is directly proportional to the actual valve of the resistor or
      capacitor under test. The proportionality constants are different for
      resistors and capacitors, hence one bias level is used for a capacitor
      test as selected by the C TEST signal and another is used at other times
      as selected by a C TEST* signal.
PAR  The selector 101 connects the output of the analog divider to the A-to-D
      converter 102 via line 107 for R or C tests which are performed in
      shorthand mode under control of the SHORT signal. In longhand mode (Y, Z,
      or V modes), selector 101 connects the voltage on line 105 as an input to
      the A-to-D converter under control of the LONG signal. The signal on line
      107 is input to an analog-to-digital converter (A/D CONV) 102. Converter
      102 is a conventional device for converting a signal on line 107 to a
      digitally encoded value on 13-bit bus 41. Converter 102 is timed to
      commence a conversion under control of a ADC START signal from FIG. 10.
      After completing a conversion, converter 102 provides an output signal ADC
      COMP* to indicate when the conversion is complete.
PAR  While conventional circuitry may be employed within the converter circuit
      21 as described a preferred embodiment of a suitable converter is
      described in the above-identified, cross-referenced application.
PAC  Measurement Unit CTRL Decoder -- FIG. 5
PAR  In FIG. 5, a decoder 110 which receives the 7-bit DATA IN bus and the
      IN-STROBE line from FIG. 1 is shown. Decoder 110 produces a plurality of
      control signals as a direct decode of the DATA IN bus in ASCII code. The
      CLOCK signal is directly energized by the IN-STROBE signal. The identity
      and function of the control signals from decoder 110 are further defined
      in the description of FIGS. 6 through 11.
PAC  Exciter Circuit Control - FIG. 6
PAR  In FIG. 6, the digital register (DAC REG) 114 receives the four bits BIT 0
      through BIT 3 of the DATA IN bus from FIG. 5. In this manner, the register
      114 is loaded with information for controlling the type and magnitude of
      stimulation to be provided by the exciter circuit 19 of FIG. 4. Register
      114, in a preferred embodiment, includes four 4-bit BCD shift register
      stages. Each of the stages receives one of the four input lines BIT 0
      through BIT 3. Information is shifted into the stages by shift pulses from
      NAND gate 112. The stages are all cleared under control of a clear signal
      from NAND gate 113. The high-order bit of each of the four stages in
      register 114 is output on the 4-bit DAC REG bus 117 to FIG. 9.
PAR  Those high-order bits on line 117 are decoded in FIG. 9 to provide the
      three signals STIM A, STIM B, STIM C which are returned to the FIG. 6
      circuitry and to FIG. 4 circuitry to select the type of excitation as
      discussed in connection with the exciter circuit 39. The 3-bit STIM A,
      STIM B, STIM C bus from FIG. 9 is input to the FIG. 6 circuitry to
      energize one of two gating signals. The SYN GATE signal is generated
      through a NAND gate 118 and an optical isolator (O/I) 120 by the
      stimulation signals through the inverted output of AND gate 122. NAND gate
      118 is energized only when the PD RESET signal and the ACV* signal from
      FIG. 10 are 1's and the SQUELCH* signal from FIG. 7 is a 1. In a similar
      manner, the NAND gate 119 receives the non-inverted output from gate 122,
      with the same control input from FIG. 7 and FIG. 10 to produce through
      isolator 121, the ASYN GATE signal when DC operation is to be employed.
      The SYN GATE and ASYN GATE signals from FIG. 6 control the EXC flip-flop
      90 in the exciter circuit 39 of FIG. 4 as previously described.
PAR  The BCD output of the DAC register 114 is also converted to a binary value
      in the BCD-to-binary converter (BCD/B CONV) 115 where the 10-bit output
      bus from converter 115 is connected through the optical isolator (O/I) 115
      as the 10-bit bus BMC. The 10-bit bus BMC from FIG. 6 connects to the
      multiplier 87 in FIG. 4 to select a multiplication factor as previously
      described.
PAR  The stepping of bits into the DAC register 115 is under control of the NAND
      gate 112 which in turn is controlled by the logically combined decoder
      outputs from FIG. 5 and a DAC flip-flop 111. Flip-flop 111 is set with a 1
      on its Q output (to enable NAND gate 112) by a CLOCK signal whenever gate
      123 signifies that an A, R, C or D signal from the decoder of FIG. 5 is
      present by applying a 1 on the J input of flip-flop 111 when the K input
      is 0. The K input of flip-flop 111 is controlled by the gate 124 and is 0
      whenever ALPHABETICS* is 1 and one of the inputs to gate 123 is 0.
      Flip-flop 111 is reset with a 0 on the RESET* signal from FIG. 9 and is
      clocked to 0 on its Q output if the K input is 1 and the J input is 0.
PAC  Reset, Transfer and Safety Control -- FIG. 7
PAR  The basic timing of the measurement unit 18 of FIG. 1 and FIG. 4 is
      controlled in part by the FIG. 7 circuitry. Prior to the measurement
      cycle, the decoded commands from FIG. 5 and FIG. 6 are input to establish
      an initial condition of the measurement unit and the measurement
      controller. Under program command the decoder of FIG. 5 produces a 0 for
      1, the B* signal simultaneously with a CLOCK signal which, after a 55
      millisecond delay in the RESET DELAY single-shot 126, provides an output
      through gate 133. Also, gate 133 provides an output whenever power for the
      system is turned on as detected by the POWER ON RESET NETWORK 131.
PAR  A 0 output from gate 133 is operative to set the transfer flip-flop (TRANS)
      127 with a 1 on its Q output. A 1 on the Q output of flip-flop 127
      provides a TRANS signal to the transfer circuit 17 of FIG. 1. A 1 on the Q
      output of flip-flop 127 switches the transfer circuit 17 to connect the
      switch outputs 197, 198 and 199 for connection to the switches in the
      functional tester 4 of FIG. 1. Thereafter, whenever a Y, Z, V, A, R, C or
      D is programmed and detected by the decoder of FIG. 5, the K input of
      flip-flop 127 is set to a 1 so that on the next CLOCK signal, flip-flop
      127 is clocked to produce a 0 on its Q output. The 0 output to the
      transfer circuit 117 of FIG. 1 causes the switch outputs 197, 198 and 199
      to be connected respectively to the inputs 197', 198' and 199' of the
      computer circuit 20 of FIG. 1.
PAR  Each CLOCK signal from the decoder of FIG. 5 causes a SQUELCH flip-flop 130
      to be set with a 1 on its Q output and a 0 on its Q* output. A 0 for the
      SQUELCH* signal from the Q* output of flip-flop 130 is input to the
      selection circuit 91 of FIG. 4 to close the contact K7 and hold the
      computing amplifier 93 in an inactive state until flip-flop 130 is clocked
      to provide a 1 on its Q* output.
PAR  Referring to FIG. 7, the measurement cycle commences with a MEAS TRIG
      signal from FIG. 11 at a time when the ADC SEL signal from FIG. 11 is
      present. Those signals from FIG. 11 cause the SQUELCH DROP DELAY
      single-shot 129 to be fired to produce an output after two milliseconds.
      After the delay in single-shot 129, the SQUELCH flip-flop 130 is clocked
      to produce a 1 on its Q* output to remove the squelch condition previously
      present to hold the measuring unit in an inactive state.
PAR  The RECONNECT DELAY single-shot 128 receives the Q output from the
      flip-flop 127 which is a 1 after a 0 B* signal has caused the transfer
      flip-flop 127 to be set. At that time, when the output from the NAND gate
      134 is a 0 at CLOCK time, RECONNECT DELAY single-shot 128 is fired to
      produce a 25 millisecond delay during which its Q* output is 0. The Q*
      output from single-shot 128 inhibits, through NAND gate 135, the IN-READY
      signal for 25 milliseconds. Thereafter, provided the outputs from gate 133
      and single-shot 132 are 1's, the IN-READY signal is transmitted to the
      processor 6 of FIG. 1 allowing the processor to send a command to the
      measurement unit controller. NAND gate 135 does not provide the IN-READY
      signal if the SAFETY DELAY single-shot 132 is timing-out for its
      2-millisecond period by after being fired by the SAFETY* signal from FIG.
      10 and a 0 output from gate 134.
PAC  Mode Control -- FIG. 8
PAR  In FIG. 8, the mode control circuitry of the measurement unit controller 24
      is shown in detail. The measurement unit 18 of FIGS. 1 and 4 is commanded
      to be in one of three configurations, a V mode, a Y mode and a Z mode. The
      V mode command from the processor is stored in the V flip-flop 137 when
      the flip-flop has a 1 on its Q output. The Y mode command from the
      processor is stored in the Y flip-flop 138 when it has a 1 on its Q
      output. The Z mode occurs when both the V and the Y flip-flops 137 and 138
      have 0's on their Q outputs.
PAR  The flip-flops 137 and 138 are clocked to a 1 or 0 state by the decoded
      commands from the decoder of FIG. 5 in a conventional JK flip-flop manner.
      Specifically, the Y* signal is inverted and input to the J input of
      flip-flop 138. The V* signal is inverted and input to the J input of the V
      flip-flop 137. The Z* input is inverted and input to the K inputs of
      flip-flops 137 and 138.
PAR  The H flip-flop 139 is utilized to open and close the common ground contact
      K11 in the computing circuit 20 of FIG. 4. Whenever the measuring unit is
      in the V mode, indicated by a 1 on the Q output of flip-flop 137, the H
      flip-flop 139 is set to a 1 on its Q output by a programmed 0 for the H*
      signal from FIG. 5. A 1 for the Q output forces the COM GND* signal to a 0
      thereby closing the contact K11 in FIG. 4 by operation of the contact
      selection circuit 91 of FIG. 4.
PAR  Whenever the measuring unit is not in the V mode, the Q* output of V
      flip-flop 137 is a 1 which through NOR gate 148 also forces the COM GND*
      signal to a 0 thereby holding contact K11 closed. Accordingly, in the V
      mode, the closure or opening of the contact K11 in FIG. 4 is program
      controllable by the H* command while in the Y or Z modes K11 is always
      closed.
PAR  In FIG. 8, the multiplier latch (MTLY LAT) 136 functions to store three
      bits which signify the magnitude and type of measurement to be performed.
      For resistive inputs, the O*, K*, or M* signals are selected to specify
      ohms, kilohms, or megohms, respectively. The P*, N*, and U* inputs are
      selected to specify picofarads, nanofarads or microfarads, respectively.
      Those inputs are applied through NOR gates 142 to the 3-bit latch 136.
PAR  The multiplier latch 136 stores the type and magnitude of measurement and
      provides on its output three of the five bits for the shorthand mode (SHM)
      bus. The latch 136 stores the 3 bits output from the NOR gates 142 when a
      clocking signal is provided by AND gate 143.
PAR  The other 2 bits of the 5-bit SHM bus are derived from a decimal point
      counter (DEC PT CTR) 140. The counter 140 stores a count which specifies
      the location of the decimal point in a 3-digit number "XXX" where each "X"
      is any integer from 0 to 9. The decimal point can be in one of four
      locations, namely .XXX, X.XX, XX.X, or XXX. The location of the decimal
      point is stored as a count which is counted into the counter 140 through
      NAND gate 145 whenever the decimal point (DEC PT) flip-flop 141 has a 1 on
      its Q output. The flip-flop 141 has a 1 on its Q output whenever an R or a
      C input is commanded concurrently with a NUMERIC input to provide a 0 to
      the K input and a 1 to the J input. In the absence of an R or c1 command,
      NAND gate 149 loads counter 140 to a zero count. If no decimal point is
      programmed, counter 140 stops counting after the last numeric digit is
      loaded thereby placing the decimal point after the last numeric digit.
PAR  The magnitude and type of measurements, specified by the information in
      latch 136, and the location of the decimal point, specified by the count
      in counter 140, together form the 5-bit SHM bus which is employed to
      address the read-only memory 151 in FIG. 9.
PAC  Measurement Scale Control -- FIG. 9
PAR  In FIG. 9, the read-only memory (ROM) 151 functions to produce an output on
      eight output lines as a function of the 5-bit SHM bus which addresses
      memory 151. Memory 151 is enabled to provide an output whenever there is a
      0 on a Q* of a shorthand (SHORT) flip-flop 152. Flip-flop 152 is set with
      a 0 on its Q* output by the presence of a R or c1 commanded by the decoder
      of FIG. 5 and appearing on the J input of flip-flop 152 when its K input
      is 0 as occurs in the absence of a 1 for Y, Z or V.
PAR  The output on line 154 from memory 151 establishes a 0 for the Z* signal to
      signify the Z mode to the FIG. 4 circuitry. The three output lines 155
      from the memory 151 are input to a binary-coded-decimal to decimal
      (BCD/DEC) converter 156. Converter 156 selects one of the 6-bit R SEL* bus
      output lines for selecting one of the six measuring resistors (W) 92 in
      the computing circuit of FIG. 4. The two output lines 158 from memory 151
      are input to the meter scale decoder (METER SCALE DEC) 157. Decoder 157
      decodes those lines to select one of the four output lines S0*, S1*, S2*
      and S3*. The S0* through S3* lines connect to the scale circuit 95 of FIG.
      4. The remaining two output lines from memory 151 connect as inputs to the
      optical isolators (O/I) 147 providing the STIM A and STIM B signals to
      FIGS. 4 and 6.
PAR  Whenever the SHORT flip-flop 152 has a 0 on its Q output, a S register 160
      has its 2-bit output functioning as the input to the meter scale decoder
      157 in lieu of the output on lines 158 from memory 151. Similarly, the
      3-bit output from the W register 159 is input to the converter 156 in lieu
      of the 3-bit output 155 of memory 151. The W and S registers 159 and 160
      are program settable during the longhand mode (flip-flop 152 having a 1 Q*
      output) for commanding measurement parameters to the measurement unit of
      FIG. 4. During the shorthand mode (flip-flop 152 having a 1 on its Q
      output) read-only memory 151 provides preestablished measurement
      parameters without the need for additional programming. Of course, memory
      151 can be a writable read-only memory to allow the preestablished
      shorthand mode measurement parameters to be changed under program command.
PAR  The inputs to the W register are BIT 0, BIT 1 and BIT 2 of the DATA IN bus
      of FIG. 5. The enabling of an input to the W register 159 is under control
      of the W flip-flop 161. Flip-flop 161 is set with a program commanded W*
      signal from the decoder of FIG. 5.
PAR  The S register 160 is enabled to store information from BIT 0 and BIT 1 of
      the DATA IN bus under control of the F flip-flop 162. The S flip-flop 162
      is set under program command by the S* signal from the decoder of FIG. 5.
PAC  Measurement Timing Control -- FIG. 10
PAR  In FIG. 10, the MEAS TRIG signal from the processor 6 of FIG. 1 initiates a
      timing sequence. The MEAS TRIG signal is present for between 1 microsecond
      and 1 millisecond.
PAR  The FIG. 10 circuitry is operable to time the measurement sequence in a
      plurality of modes. The modes include DC measurement with DC stimulation,
      AC measurement with AC stimulation, AC measurement with DC stimulation, DC
      measurement with AC stimulation with retriggering after the first MEAS
      TRIG signal, and capacitance (C) mode measurements.
PAR  The various single-shots and flip-flops in FIG. 10 participate in
      controlling the different measurement modes in the following way. The ACV
      single-shot 162 functions during an AC measurement, signified by NAND gate
      170 during a V mode, signified by a 0 VFF* signal from FIG. 9, to provide
      an ACV* 0 output for 25 milliseconds after the leading edge of the MEAS
      TRIG signal. The ACV* 0 connects from FIG. 10 through logic in FIG. 7, to
      provide a 0 AC BLANK* signal which connects to the circuitry 91 in
      computing circuit 20 of FIG. 4 to close contact K16 and thereby allow the
      charging of the block capacitor 33 for 25 milliseconds. A 0 Q* output from
      flip-flop 130 also closes contact K16 for the same purpose.
PAR  A peak detector reset (PK DET RESET) single-shot 163 has a 2 millisecond
      time-out which via the line PD RESET functions to reset the peak detector
      97 in the converter circuit 21 of FIG. 4. The 2 millisecond time-out of
      the detector 163 is commenced by gate 172 when an AC measurement is
      indicated by NAND gate 170 and the ACV single-shot 162 has timed out. Also
      the PD RESET* signal is propagated to the NAND gate 118 in FIG. 6 to
      generate, when otherwise proper, the SYN GATE signal which is connected to
      the reset input of the excitation flip-flop 90 at the termination of the 2
      millisecond time-out of single-shot 163. Also after the time-out of the
      peak detector single-shot 163, the AC2 DELAY single-shot 165 is fired to
      give a 2 millisecond delay before firing an ADC START single-shot 169.
      Depending on the type of stimulation as controlled by the FIG. 9
      circuitry, an AC delay signal from FIG. 9 may be employed to fire a 15
      millisecond AC1 DELAY single-shot 164 for providing a longer delay before
      firing the ADC single-shot 169.
PAR  The ADC START single-shot 169 fires for one microsecond to provide the ADC
      START signal to the A/D converter 102 in the converting circuit 21 of FIG.
      4. During the AC mode, single-shot 169 is fired by the output from the NOR
      gate 173 while the Q* output of the DC READ single-shot 166 is 1. During
      the DC mode, the AC input to single-shot 169 from gate 173 is maintained
      at a 1 so that the single-shot 169 is fired when the Q* output from
      single-shot 166 returns to a 1 after a 3 millisecond time-out. The
      single-shot 166 is enabled to be fired during the DC measurement mode
      through operation of AND gate 171. Gate 171 or gate 170 operate through
      gate 173 to set MEAS BSY flip-flop 167 with a 1 on its Q output which in
      turn fires the DC READ flip-flop 166 for a 3 millisecond period. If the DC
      mode has been selected, the ADC START single-shot 169 is immediately
      fired. If the AC mode is in progress, then the AC1 or AC2 delays from
      single-shots 164 or 165 must be waited until the ADC single-shot 169 is
      fired. The MEAS BSY flip-flop 167 is clocked to a 0 in its Q output
      whenever a 0 ADC COMB* signal is provided from the A/D converter 102 in
      FIG. 4.
PAR  The SAFE flip-flop 168 is reset by the operation of either NAND gate 170 or
      NAND gate 171 through gate 173 at the commencement of a DC measurement or
      an AC measurement. Flip-flop 168 is clocked to a 0 on its Q* output
      whenever a NEW MODE signal occurs from the FIG. 8 circuitry. With
      flip-flop 168 with a 0 on its Q* output, the signal K9-K24 INH is 1
      thereby holding all of the existing contacts K9 through K24 open to insure
      that no unintended connections occur while the computing circuit 20 is
      being changed from one mode to another. When a new mode has occurred, a 0
      SAFETY* signal is input to the SAFETY single-shot 132 in FIG. 7 to delay
      the IN-READY signal which connects to the processor of FIG. 1.
PAC  Internal Data Register Control -- FIG. 11
PAR  In FIG. 11, the T/Q flip-flop 179 is set on program command under control
      of the T* and Q* signals from the decoder of FIG. 5. Whenever flip-flop
      179 is set with a 1 on its Q output, a 1 ADC SEL signal is provided to
      FIGS. 7 and 10 to enable the measurement sequence to commence. The ADC
      SEL* signal from the Q* output of flip-flop 179 controls the SEL OUT
      circuitry 23 in FIG. 1.
PAR  The L flip-flop 178 is settable under program control in response to the L*
      signal from the decoder of FIG. 5. The L flip-flop 178 is utilized for
      enabling the FLAG flip-flop 177 to store the data on BIT 0 of the DATA IN
      bus from FIG. 5. The Q output of the FLAG flip-flop 177 is connected
      through AND gate 80 to provide a bit of information on the DO-0 line which
      connects to the DATA OUT bus 42 in FIG. 1.
PAR  The J flip-flop 176 in FIG. 11 is set under program command by the J* and
      NUMERICS* signals from the decoder of FIG. 5. Whenever the Q output of
      flip-flop 176 is a 1, NAND gate 181 is enabled to pass the CLOCK signal
      under appropriate input conditions of the J* and NUMERICS* signals. When
      NAND gate 181 passes CLOCK signals, J ENA stepping signals are provided to
      load the shift register stages of the J register 22 of FIG. 1 as
      previously described.
PAC  V Connection Mode -- FIG. 12
PAR  In FIG. 12, a simplified schematic relationship is shown to indicate the
      manner in which the in-circuit tester 2 of FIG. 1 is configured when
      commanded to be in the V connection mode. The exciter circuit 19 connects
      through a W resistor in the computing circuit of FIG. 4 through the E
      switch 10 to a selected node in the device under test 8. The F switch 11
      and the G switch 12 each connect a respective selected node in device 8 to
      the converter 21. The machine ground (triangle) is connected to the
      excitation ground (three bars) depending upon whether or not the contact
      K11 is closed or open under program control.
PAC  Z Connection Mode -- FIG. 13
PAR  In FIG. 13, a simplified schematic representation of the manner in which
      the in-circuit tester connects the device under test 8 in the Z mode and R
      mode is shown. The exciter circuit 19 connects through a W resistor as an
      input to the computing amplifier 93. The F switch 11 connects the left
      node of the in-circuit component C1 of the device under test 8 also as an
      input to the computing amplifier 93 via switch output 198. The E switch 10
      connects the other node of the component C1 to the output of the computing
      amplifier 93 via switch output 197'. The G switch 12 connects the node
      between components C3 and C2 to ground via the switch output 199'. In this
      manner, the circuits C3 and C2 are guarded from interfering with the
      in-circuit measurement of the component C1. The output of the computing
      amplifier 93 is connected as the measurement signal into the converter 21
      along with the ground line. In the Z mode, the excitation ground and the
      machine ground are the same.
PAC  Y Connection Mode -- FIG. 14
PAR  In FIG. 14, a simplified schematic representation of the manner in which
      the in-circuit tester 2 is connected in the Y mode and C mode is shown.
      The circuit under test 8 includes the components C1 through C5. The
      component C1 is to be in circuit tested. The E switch 10 connects the
      excitation signal from exciter 19 via line 197' to one node of the C1
      component. The F switch 11 connects the other node of the component C1 via
      line 198' as an input to the computing amplifier 93. The W resistor is
      connected across the computing amplifier 93. The G switch 12 connects the
      ground terminal via line 199' to the node between components C3 and C2 and
      to the node between components C5 and C4. In this manner, the C2, C3 and
      C4 components are guarded from interfering with the measurement of the C1
      component. The output from the computing amplifier 93 and the ground
      connection are input to the converter 21.
PAC  Sample Circuit Under Test -- FIG. 15
PAR  In FIG. 15, a circuit is shown comprising diodes CR1, CR2 and CR3,
      transistors Q1 and Q2, capacitor C1, and having nodes 000, 001, 002, . . .
      , 010.
PAL  Processor Program Control
PAR  The processor 6 of FIG. 1 may be any general purpose programmed processor.
      In a preferred embodiment, however, the processor 6 and I/O controller 6'
      are the Testpac system marketed by Zehntel, Incorporated of Concord, Cal.
      In that system, the programming symbols employed are defined by the
      following TABLE I.
PAR  The TABLE I symbols are utilized in conjunction with the functional tester
      4 in FIG. 1 and the in-circuit tester 2 of FIG. 1. When utilized in
      conjunction with the in-circuit tester 2, the program includes the
      additional symbols utilized in connection with Measurement Programming,
      Switch Programming, and Function Programming.
PAL  Measurement Programming
PAR  Operating Mode. In order to specify the operating mode, the symbols Z, R,
      C, Y and V are employed.
PAR  The Z symbol specifies the configuration of FIG. 13 in which the voltage of
      an in-circuit component under test is measured.
PAR  The R symbol defines the configuration of FIG. 14 for measuring a resistor
      value. The R symbol is followed a 3-digit value for specifying the
      magnitude of the resistor under test.
PAR  The C symbol specifies the configuration of FIG. 13 for measuring a
      capacitor value. The symbol C is followed by a 3-digit value for
      specifying the capacitance of the capacitor under test.
PAR  The Y symbol specifies the configuration of FIG. 14 for measuring current
      through the component under test.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Description    Symbol    Purpose                                          

     __________________________________________________________________________

     NON-EXECUTE SYMBOLS:                                                      

     START OF TEST  &lt;   Identifies start of test sequence                      

     END OF TEST    &gt;   Identifies end of test sequence                        

     BEGINNING OF FIELD                                                        

                    (   Allows setup data entry                                

     DELAY          :   Produces time delay                                    

     TEXT - START   "   Beginning of text message                              

     STOP           "   End of text message                                    

     END OF SKIP    $   End of skipped portion                                 

     SET OR CLEAR SWITCH                                                       

                    ,   "Set" if switch No. preceded by "S"                    

                        "Clear" if switch No. preceded by "C"                  

     FIND SUBROUTINE                                                           

                    ;   Jump to subroutine & store return address              

     RETURN FROM SUBROUTINE                                                    

                    *   Return to point in program where the last              

                        subroutine was called                                  

     GO TO          %   Go to title stored in Field (98                        

     EXECUTE SYMBOLS:                                                          

     PROCEED TO NEXT STEP                                                      

                    )   Allows test to proceed automatically                   

                        regardless of result                                   

     STOP           /   Causes test to stop regardless of result               

     STOP ON FAILURE                                                           

                    ?   Allows operator action on failure                      

     STOP & RECYCLE #   Allows adjustment                                      

     SKIP ON ACCEPT &   Allows diagnostic message when test                    

                        step fails                                             

     SKIP ON FAIL   !   Allows test steps to be skipped when                   

                        test step fails                                        

     __________________________________________________________________________

PAR  The V symbol specifies the configuration of FIG. 12 for measuring output
      voltage.
PAR  There are three basic operating configurations as indicated in FIGS. 12, 13
      and 14 and there are five basic operating modes.
PAR  Program Excitation. The symbol D is utilized to specify DC excitation. The
      symbol D may be followed by any value from +000 to +999 indicating any
      value between +0.00 volts to +9.99 volts or may be followed by -000 to
      -999 indicating any value from -0.00 volts to -9.99 volts.
PAR  The symbol A designates AC excitation. The symbol A is followed by a 1
      designating a first frequency, for example 159.15 Hz or by a symbol 2
      indicating a second frequency, for example 1591.5 Hz. The combined symbols
      A1 or A2 are followed by any three digits between 000 and 999 specifying a
      peak-to-peak value of between 0.00 volts to 9.99 volts.
PAR  Program Resistor. The symbols W1, W2, . . . , W6 are utilized to specify
      one of the six W resistors 92 in the computing circuit 20 of FIG. 4. The
      symbols W1, . . . , W6 specify resistive values 10.sup.1 ohms, . . . ,
      10.sup.6 ohms, respectively.
PAR  Read-Out Measurement Scale. The symbols S0, S1, S2, and S3 are utilized to
      control the scaling of the scale circuit 95 in the converter circuit 21 of
      FIG. 4. The full scale range is specified as follows: S0 indicates 0 to
      9.99 volts, S1 indicates 0 to 9.99 volts, S2 indicates 0 to 999
      millivolts, and S3 indicates 0 to 99.9 millivolts. R Mode Multiplier. The
      symbols O, K, and M are utilized following a 3-digit component value which
      in turn follows an operating mode symbol R. The symbol O indicates an
      ohmic multiplier of 10.sup.0. The symbol K indicates an ohmic
      multiplication of 10.sup.3. The symbol M indicates an ohmic multiplier of
      10.sup.6.
PAR  C Mode Multiplier. The symbols U, N and P are utilized following a 3-digit
      component value which in turn follows an operating mode symbol C. The
      symbol U specifies microfarads and is a 10.sup..sup.-6 multiplier. The
      symbol N specifies nanofarads and is a 10.sup..sup.-9 multiplier. The
      symbol P specifies picofarads and is a 10.sup..sup.-12 multiplier.
PAL  Switch Programming
PAR  The device connection switches 9 in FIG. 1 and other connection functions
      are performed under program control using the symbols E, F, G, I and X.
PAR  The symbol E specifies that the E switch 10 is selected to connect a node
      in the device under test 8 to the E switch output 197. The E symbol is
      followed by a digit address which specifies one out of a thousand possible
      nodes from 0000 to 9999. In the present case the E switch is a 1 of the N
      selection switch where N is 1,000. Of course, N can be made any value by
      appropriate addition or deletion of circuits for a fewer or greater number
      of address digits after the E symbol.
PAR  The F symbol is utilized to designate the F switch 11. The F symbol is
      followed by a 3-digit node address which specifies one of N nodes to be
      connected to the F switch output 198.
PAR  The G symbol is utilized to designate selection by the G switch 12. The G
      symbol is followed by one or more 3-digit node addresses. Each 3-digit
      node address following the G symbol specifies a different one of the nodes
      on the device under test 8 which is to be connected in common to the G
      switch output 199. G switch 12 therefore makes an M out of N selection. N
      is 1,000 in a preferred embodiment and M is any number of 3-digit
      addresses following a G symbol where M must be less than N.
PAR  The I symbol is utilized to specify the connection of one node to the E
      switch 10 output 197 and the connection of all other N-P nodes in common
      to the F switch output 198. The one node which is connected to the E
      switch output 197 is specified by a 3-digit node address following the I
      symbol.
PAR  The X symbol is utilized to specify single digit addresses in an X latch 52
      in the switch controller of FIG. 2. The X latch contents can be decoded in
      decoder 53 for any utility purpose desired. For example, the excitation
      sources 80 through 83 in the exciter circuit 19 of FIG. 4 may have their
      power turned on or off by means of a connection from the X decoder 53 to
      appropriate on/off switches (not shown).
PAL  Function Programming
PAR  Additional functions are programmed with the symbols L, J, H, T, Q, and B.
PAR  The L symbol is utilized to set the L latch 178 when the FLAG flip-flop 177
      in FIG. 11 designates a failed test. The indication in the flip-flop 177
      of a failed test allows programming examination of failures at a later
      time.
PAR  The J symbol is utilized to set the flip-flop 176 in FIG. 11 for inputting
      information into the J register 22 of the in-circuit tester 2 of FIG. 1.
PAR  The J symbol is followed by a 4-digit number to be stored in the J register
      22.
PAR  The H symbol is utilized during the V mode to set the H flip-flop 139 in
      FIG. 9 and cause closure of the common ground contact K11 in the computing
      circuit 20 of FIG. 4.
PAR  The T symbol is utilized to set the T/Q flip-flop 179 in FIG. 11 to cause
      the selection out-circuitry 23 of FIG. 1 to select the contents of the J
      register 22 as the output on the DATA OUT bus 42.
PAR  The Q symbol is utilized to set the T/Q flip-flop 179 in FIG. 11 after it
      has been reset by the T symbol thereby returning the select out circuitry
      23 to place the converter bus 41 output on the DATA OUT bus 42.
PAR  The B symbol is utilized to fire the singleshot 126 in FIG. 7 and thereby
      set the transfer flip-flop 127 to cause the transfer circuit 17 in FIG. 1
      to shift the device connection switch outputs to the functional tester 4
      rather than to the computing circuit 20.
PAC  Programmed Operation
PAR  In order to test the sample device under test of FIG. 15, the program
      presented in the following TABLE II is employed. In TABLE II, there are 35
      steps, S1 through S35. Each time processor 6 completes a step, signified
      by ";" symbol, a program step counter in processor 6 is incremented by one
      to the next step address. In S1 the symbol "&lt;" specifies the start of the
      test sequence and the "(" indicates that the setup data for the test
      identified as 001 should be entered. For the present example, the test 001
      commences at step S2. In step S2, the "(" signifies the setup of
      controller 6' to communicate with test equipment which is identified by
      the code 04. The I/O controller 6' recognizes the 04 code to call the
      in-circuit tester 2 of FIG. 1 and direct all commands and detect all
      returned signals over lines 38'.
PAR  In step S2, the J symbol causes the J flip-flop 176 in FIG. 11 to be set
      enabling the J register 22 to be loaded from the DATA IN bus. The 01
      symbol following the J symbol causes the decoder of FIG. 5 to produce
      NUMERICS* as a 0, thereby enabling the NAND gate 181 in FIG. 11 to load
      the 01 value into the J register 22.
TBL                                    TABLE II                                

     __________________________________________________________________________

     S1  &lt;(001                                                                 

     S2  (04J01I001(98S;                  ---S3    (04J02I002;                 

     S4  (04J03I003;                                                           

     S5  (04J04I004;                                                           

     S6  (04J05I005;                                                           

     S7  (04J06I006;                      SHORTS TEST                          

     S8  (04J07I007;                                                           

     S9  (04J08I008;                                                           

     S10 (04J09I009;                                                           

     S11 (04J10I010;                      --                                   

     S12 (04E000F002J01(98D;                                                   

     S13 (04E008F009J02;                  DIODE TESTS                          

     S14 (04E009F003J03;                  --                                   

     S15 (04E005F002G001,003,004J01(98Q;                                       

     S16 (04E004G001,003.005;             TRANSISTOR TESTS                     

     S17 (04E008F005G001,003.006,007J02;                                       

     S18 (04E007G001,003,006,008;         --                                   

     S19 (04E002F001J01R10.0K(98R;                                             

     S20 (04E003F002G005J02R33.0K;        RESISTOR TESTS                       

     S21 (04E006F004G002,005J03R1.20K;                                         

     S22 (04G005,008J04R8200;             --                                   

     S23 (04E007F010J01C50.0N(98C;        CAPACITOR TEST                       

     S24 &gt;                                                                     

     S25 (99S(04ZD+010W2S3(019999(020500&(19"NODE"(98N;(19"SHORT"              

                                          --98S*                               

     S26 (99D(98F;&(98A;$(98J;&(98A;$(98D*                                     

     S27 (99F(010900(020650(04ZD+100W2S3*                                      

     S28 (99J(010100(020000(04YD+300W4S2* SUBROUTINES                          

     S29 (99Q(98F;&(98B;$(98J;&(98B;$(98Q*                                     

     S30 (99R(010110(020090&(19"R"(98N;$(98R*                                  

     S31 (99C(010180(020080&(19"C"(98N;$*                                      

     S32 (99A(19"CR"(98N;*                                                     

     S33 (99B(19"Q"(98N;*                                                      

     S34 (99N(04T(90(190011)*                                                  

     S35 &gt;                                                                     

     __________________________________________________________________________

PAL  That value in the J register specifies that the first node, 01, is the one
      under test.
PAR  In step 2, the I is utilized by the decoder in FIG. 2 to set the I
      flip-flop 55 in FIG. 2. With the I flip-flop 55 storing a 0 on its Q*
      output, the F-INVERT* signal of line 27 is input to the F switch 11.
      Decoder 51 of FIG. 2 also outputs a 1 for the E+I and F+I signals thereby
      setting the E and F flip-flops 55. With the B, F and I flip-flops 55 of
      FIG. 2 set, the latches in the E selection and F selection circuits 72 and
      73 are ready to receive the three digits following the I symbol in the S2
      step. The three digits are 001 which are loaded into BCD latches 67, 68
      and 69, respectively of the E selection circuitry 72 and simultaneously
      into corresponding latches of the F selection circuitry 73. The 001 is
      loaded via the DATA IN bus by sequential stepping of the shift register 56
      all in the manner previously described in connection with FIG. 2.
PAR  With the latches in selection circuits 72 and 73 appropriately loaded with
      the 001 value, decoder 70 enables one of the N outputs of bus 29. The one
      enabled is the one associated with node 001 in the circuit under test of
      FIG. 15. At the same time, the F selection circuitry 73 also enables the
      one of the N-P lines 30 which is also associated with node 001 in the FIG.
      15 circuit. In FIG. 3, because of the 0 for the F-INVERT* signal, the
      EXCLUSIVE-NOR gates 47 function to close the contacts in all of the
      connected relays 44 except that contact associated with the enabled one of
      the lines 30, that is, the contact connected to node 001. Therefore, the F
      switch 11 of FIG. 3 functions to connect in common all of the nodes from
      002 through 0010 of the FIG. 15 circuit.
PAR  In step S2, the symbol (following the 001 number commands a search for a
      subroutine located at an address one greater than 98 and identified by S.
      The ; symbol causes the processor to jump to 99S which is located in step
      S25 of TABLE II, and to store the return address.
PAR  In step S25, the symbol (99S commands that data will be setup for the
      shorts (S) subroutine. The symbol (04 specifies the calling of the
      in-circuit tester 2 of FIG. 1 for setup data. The symbol Z specifies the Z
      mode causing the measurement unit to be configurated in the FIG. 13
      manner. The D symbol indicates DC excitation. The +010 symbols indicate
      that the DC excitation is to be +10 volts. The W2 symbol indicates
      selection of the W2 resistor in the computing circuit which is equal to
      100 ohms. The S3 symbol designates a measurement scale, in the scaler 95
      of FIG. 4, in the 100 volt range. The (01 symbol designates that the
      high-order limit will follow. The symbol 9999 designates the high-order
      limit which, because of the S3 symbol, is 99.99 volts. The (02 symbol
      designates that the following number is the low-order limit. Because of
      the S3 symbol, the following number 0500 is 05.00 volts. At this point,
      with all setup information commanded to the in-circuit tester, the
      processor outputs a MEAS TRIG signal which commences a measurement
      sequence. The "&" causes the program to skip forward to the "$" if no
      short is detected, that is, if the detected signal from converter 102 on
      bus 41 is between the high and low limits of 99.99 and 5.00 volts. The
      actual measured value on bus 41 is communicated directly to the DATA OUT
      bus 42 through selection circuit 23 and is compared with the high and low
      limits by the processor. Assuming no short, the next code "(90S*" commands
      the program to return to step 3 of the program. Steps S3 through S11 are
      executed in the same manner as step S2 with a branch to the short
      subroutine of step S25 at each symbol ;.
PAR  In step S25, if a short is detected at the & then the display 7 of FIG. 1
      is called by the command (19 and the word "NODE" is displayed by display
      7. Thereafter, the display subroutine is called by the symbol (98 N and
      the program jumps to S34 on the ; command. The S34 subroutine functions to
      set the T/Q flip-flop 179 in FIG. 11 to enable the output from the J
      register 22. The J register stores the particular node under test and
      causes it to be gated to the processor 6 and written by the display 7
      after the word NODE. The * at the end of step S34 returns the program to
      the S25 step where the notation (19 causes the word "SHORT" to be
      displayed. Accordingly, for a node 01 short, display 7 displays NODE 01
      SHORT. Thereafter, the program returns via the commands (98S* to perform
      the next short test (step 3 if step 2 was the last performed) as
      previously indicated.
PAR  After the S11 step, the program commences step S12 to perform a diode test.
      The three diodes are tested in steps S12, S13 and S14, respectively, where
      at the end of each step the diode subroutine is called by the command
      (98D. The diode subroutine appears in step S26 where the forward drop
      voltage and the reverse leakage current of the diodes CR1, CR2, CR3 are
      tested.
PAR  In steps S15 and S16, the emitter/base and collector/base junctions of
      transistor Q1 are tested for forward drop voltage and reverse leakage
      current. In steps S17 and S18, the same parameters are tested for
      transistor Q2.
PAR  In steps S19 through S22, the resistors R1 through R4, respectively, are
      tested for .+-.10 percent tolerance.
PAR  In step S23, the capacitance C1 is tested for .+-.80 percent of its stated
      value of 50 nanofarads.
PAR  In step S24, the end of the test sequence for the circuit of FIG. 15 is
      indicated.
PAR  In steps S25 through S34, the subroutines utilized for testing the FIG. 15
      circuit are listed. The S subroutine is for short test, the D for diode
      test, the F for junction voltage test, the J for junction reverse leakage
      test, the Q for transistor test, the R for resistor test, the C for
      capacitor test, the A for failed diode display, the B for failed
      transistor display, the N for display of component number.
PAR  In FIG. 16, an alternate embodiment of the transfer circuit 17 of FIG. 1 is
      shown. In FIG. 16, the three input lines 197, 198 and 199 from the device
      connection switches 9 of FIG. 1 are connected by 3-pole switch TS in the
      shown position to the lines 197', 198' and 199' respectively, of the
      computing circuit 20 of the measurement unit of FIG. 1. When the transfer
      switch TS is thrown to the phantom position, lines 197, 198 and 199 are
      connected to the E, F and the G lines, respectively, of the functional
      tester 4. The position of the switch TS is controlled through a relay by
      the TRANS signal from the measurement unit controller 24 of FIG. 1 as
      previously described. The operation of the transfer switch TS in FIG. 16
      is identical to the operation of transfer circuit 17 in FIG. 1 with the
      following exceptions.
PAR  In FIG. 16, an X switch 214 is located in the output line 199 from the G
      switch 12 of FIG. 1. In the closed position, switch 214 connects line 199
      to the 3-pole transfer switch TS so that in this position, the operation
      is the same as if no switch 214 were present. In the phantom position,
      switch 214 disconnects line 199 from switch TS and connects it directly to
      the G line which connects to the functional tester 4 in FIG. 1. The
      control of the position of the switch 214 is by a coil which is energized
      under control of an X1 signal. The X1 signal is derived from the X latch
      (X LAT) 52 and the X decoder (X DEC) 53 in the switch controller of FIG.
      2. As previously explained, the X latch 52 is loaded under program control
      so that switch 214 is actuated under program control.
PAR  An example of the use of the X switch 214 occurs with switch 214 in the
      phantom position and switch TS in the shown position. Under these
      conditions, the E and F switch outputs on lines 197 and 198 are connected
      to the lines 197' and 198', respectively, as inputs to the computing
      circuit. However, the G switch output on line 199 does not connect to line
      199' in the computing circuit. Rather, the G switch output line 199
      connects to the G line of the functional tester 4. In a typical example,
      the G line in the functional tester 4 is connected through the S switch of
      FIG. 1 to one of the sources 34. In this manner, a functional tester
      source is utilized to supply an excitation signal to one or more nodes of
      the device under test through the G switch 12 of FIG. 1. At the same time,
      the E and the F switches 10 and 11 select the measurement points which
      provide an input to the computing circuit 20 which in turn performs a
      measurement.
PAR  As another typical example, the G line, connected through the phantom
      terminal of switch 214 to line 199, is connected directly to ground (or
      other voltage level representing a logical 0). When connected to a ground,
      a logical 0 is applied through the G switch 12 to one or more nodes. In
      this manner, the device under test receives a digital pattern of 0's at
      nodes selected by the G switch 12. At the same time, the E and F switches
      connect an output signal to the measurement unit in the manner previously
      described.
PAR  While the above examples utilize an X switch in the G switch line 199,
      program controllable X switches, like switch 214, can be used in
      connection with any of the input and output lines of the transfer switch
      TS. For example, where it is desired to connect an output signal from the
      device under test 8 through the M switches 36 to a metering unit 37, an X
      switch like switch 214 can be inserted in the line 197 for connecting line
      197 to the E line of functional tester 4.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof it will be understood by those
      skilled in the art that various changes in form and details may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A testing apparatus for testing electrical properties of a circuit under
      test formed by a plurality of components interconnected at nodes
      comprising,
PA1  a plurality of selectable connection switches having switch outputs for
      connection to selected nodes of the circuit under test,
PA1  connection switch controller means for controlling said connection switches
      to connect said switch outputs to said selected nodes,
PA1  controllable measurement unit means connected to receive said switch
      outputs for measuring electrical properties of the circuit under test with
      predetermined tests,
PA1  measurement unit controller means for controlling said measurement unit
      means to perform predetermined tests,
PA1  program controlled processor means for processing a program of
      instructions, including subroutines of instructions correlated to
      predetermined tests in said measurement unit, said processor connected to
      said connection switch controller to cause said switch outputs to be
      connected to said selected nodes and said processor connected to said
      measuring unit controller for controlling said measurement unit to perform
      a selected one of the predetermined tests in accordance with a correlated
      subroutine.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said circuit under test includes N
      nodes, wherein each of said connection switches includes N lines connected
      to said N codes, and wherein at least two of said connection switches each
      includes means for selecting one of said N lines as one of said switch
      outputs.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said circuit under test includes N
      nodes, wherein each of said connection switches includes N lines connected
      to said N nodes, wherein at least one of said connection switches includes
      means for selecting one of said N lines as one of said switch outputs and
      wherein at least one of said selection switches includes means for
      connecting (N-1) of said N lines in common as one of said switch outputs.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said circuit under test includes N
      nodes, wherein each of said connection switches includes N lines connected
      to said N nodes, wherein at least one of said connection switches includes
      means for selecting one of said N lines as one of said switch outputs, and
      wherein at least one of said connection switches includes means for
      selecting (N-P-1) of said N lines in common as one of said switch outputs
      where P is an integer less than N.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said circuit under test includes N
      nodes, wherein each of said connection switches includes N lines connected
      to said N nodes, and wherein said connection switches include,
PA1  a first switch for selecting one of said N lines as one of said switch
      outputs,
PA1  a second switch for selecting one of said N lines as one of said switch
      outputs,
PA1  a third switch for selecting M of said N lines in common as one of said
      switch outputs, where M is any integer less than N.
NUM  6.
PAR  6. The apparatus of claim 1 including a functional tester connected to said
      processor means for performing functional tests on said circuit under
      test, said functional tester comprising,
PA1  a plurality of program selectable signal sources for providing excitation
      signals under program control,
PA1  first switch means for connecting a selected one of said signal sources to
      one or more nodes of said circuit under test,
PA1  a plurality of selectable measuring devices selectable under program
      control for measuring signals in said circuit under test in response to an
      excitation signal provided by the selected one of said signal sources,
PA1  second program selectable switch means for connecting output nodes from
      said circuit under test to said selected one of said measurement devices.
NUM  7.
PAR  7. The apparatus of claim 6 including transfer circuit means for
      transferring, under program control said switch output from said measuring
      unit means to said functional tester.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said measurement unit means includes
      exciter circuit means having a plurality of excitation sources for
      providing excitation signals for exciting said circuit under test and
      includes means for selecting one of said sources under program control.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said sources include an AC source for
      providing an AC excitation signal and a DC source for providing a DC
      excitation signal and wherein said exciter circuit means includes a
      digital multiplier for multiplying a selected one of said excitation
      signals by a program commanded digital value.
NUM  10.
PAR  10. The apparatus of claim 1 wherein said measuring unit means includes a
      signal source for providing an excitation signal and a multiplying
      digital-to-analog converter connected to multiply said excitation signal
      by a quantity specified by a digital input and wherein said measurement
      unit controller means includes means for providing said digital input
      under program control.
NUM  11.
PAR  11. The apparatus of claim 10 including inhibit means for selectively
      inhibiting said excitation signal from said digital-to-analog converter
      until a zero crossing of said excitation signal occurs and zero detection
      means for detecting zero crossing of said excitation signal.
NUM  12.
PAR  12. The apparatus of claim 1 wherein said measurement unit means includes
      an excitation means for providing excitation signals under program
      control, includes computing circuit means connected under program control
      to said circuit under test by said device connection switches and
      responsive to said excitation signal to provide a measurement signal, and
      includes converter means for converting said measurement signal to a
      digital representation under program control.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said computing circuit means includes
      at least one computing resistor, a computing amplifier and a plurality of
      selectable configuration switches for connecting under program control and
      computing resistor, said computing amplifier and said switch outputs of
      said connection switches in a plurality of connection modes.
NUM  14.
PAR  14. The apparatus of claim 13 including a plurality of computing resistors
      and a plurality of associated resistor switches selectable one at a time
      under program control for selecting the magnitude of the computation to be
      performed by said computing circuit.
NUM  15.
PAR  15. The apparatus of claim 13 wherein said device connection switches
      include a first switch, a second switch and a third switch, and wherein
      said computing circuit means includes,
PA1  means for connecting said circuit under test in a first mode including
      means to connect the switch output from said first switch in series with
      said computing resistor to connect said excitation means to said circuit
      under test and including means to connect the switch outputs from said
      second and third switches to said converter,
PA1  means for connecting said circuit under test in a second mode including
      means for connecting said computing resistor between said excitation means
      and said computing amplifier, including means for connecting the switch
      output from said first and second switches to the input and output of said
      computing amplifier, respectively, whereby a component in said circuit
      under test is connected under program control across the input and output
      of said computing amplifier, and including means for connecting the switch
      output from said third switch to ground whereby components in said circuit
      under test are isolated,
PA1  means for connecting said circuit under test in a third mode including
      means for connecting the switch output from said first switch to said
      excitation means whereby said first switch under program control connects
      a first node of a component in said circuit under test to said excitation
      means, including means for connecting the switch output from said second
      switch as an input to said computing amplifier whereby said second switch
      under program control connects a second node of said component under test
      as an input to said computing amplifier, including means for connecting
      said computing resistor between the input and output of said computing
      amplifier, including means for connecting the switch output from said
      third switch to ground whereby components in said circuit under test are
      isolated, and including means for connecting said computing amplifier to
      said converter.
NUM  16.
PAR  16. The apparatus of claim 12 wherein said excitation means is referenced
      to a first ground and said converter means is referenced to a second
      ground so that the excitation means is floated with respect to said
      measurement unit means and wherein said measurement unit means includes
      means, under program control, for connecting said first and second grounds
      in common.
NUM  17.
PAR  17. The apparatus of claim 12 wherein said converter circuit means includes
      scaling means operable under program control for scaling said measurement
      signal, includes a fullwave rectifier for rectifying the scaled
      measurement signal and includes an analog-to-digital converter for
      converting the scaled and rectified measurement signal to a digital value.
NUM  18.
PAR  18. The apparatus of claim 1 including register means, accessible under
      program control by said processor means, for storing information relating
      to the current test being performed by the measurement unit means.
NUM  19.
PAR  19. The apparatus of claim 18 including selection means for selecting an
      output from either said register means or from said measurement unit means
      to provide a data input to said processor means.
NUM  20.
PAR  20. The apparatus of claim 19 including flag store means accessible under
      program control by said processor means for storing a flag bit to signify
      when an output from said measurement unit means does or does not fall
      within limits stored by said processor means.
NUM  21.
PAR  21. An apparatus for the in-circuit measuring of electrical properties of
      components connected in an electrical circuit comprising,
PA1  program commanded connection means for making electrical connection to
      nodes of a selected component,
PA1  program commanded exciter means for providing a selected excitation signal,
PA1  program commanded computing means connected to said selected component and
      responsive to said excitation signal to provide a measurement signal,
PA1  program commanded converter means responsive to said measurement signal to
      provide an output proportional to the electrical property being measured,
PA1  processor means for processing stored instructions for commanding said
      connection, exciter, computing and converter means; said processor means
      operable during the execution of said instructions to call subroutines for
      commanding said computing means and said converter means as a function of
      the type of electrical property under test for said selected component.
NUM  22.
PAR  22. A tester apparatus for testing for shorts in a circuit under test
      formed by a plurality of components interconnected at N nodes comprising,
PA1  a plurality of selectable connection switches having switch outputs for
      connection to selected nodes of the circuit under test, said connection
      switches including a first connection switch having means for selecting
      one of said N nodes as a first one of said switch outputs, and including a
      second connection switch having means for selecting (N-P-1) of said N
      nodes in common as a second one of said switch outputs where P is an
      integer less than N,
PA1  connection switch controller means for controlling said connection switches
      to connect said switch outputs to said selected nodes,
PA1  controllable measurement unit means connected to receive said switch
      outputs for measuring the resistance between said first one and said
      second one of said switch outputs as shorts tests,
PA1  measurement unit controller means for controlling said measurement unit
      means to perform said shorts test,
PA1  program controlled processor means for processing a program of
      instructions, including a shorts subroutine for commanding a shorts tests,
      said processor connected to said connection switch controller to cause
      said switch outputs to be connected to said selected nodes and said
      processor connected to said measuring unit controller for controlling said
      measurement unit to perform said shorts test in accordance with said
      shorts subroutine.
NUM  23.
PAR  23. In a testing apparatus for the in-circuit measuring of electrical
      properties of components connected in an electrical circuit, the method
      comprising the steps of,
PA1  connecting, under program command, nodes of a selected component to a
      measurement unit,
PA1  exciting, under program command, said selected component and said
      measurement unit to provide a measurement signal unique to an electrical
      property of said selected component,
PA1  converting, under program command, said measurement signal to provide an
      output signal proportional to the electrical property being measured,
PA1  processing stored instructions for commanding said connecting step, said
      exciting step, and said converting step; said processing including the
      execution of a subroutine as a function of the type of electrical property
      being measured for said selected component,
PA1  repeating said connecting step, said exciting step, said converting step
      and said processing step for a number of selected components in said
      electrical circuit.
NUM  24.
PAR  24. In the method of claim 23, the additional step of connecting selected
      nodes of said circuit in common to isolate components from said selected
      component during said exciting and said converting steps.
NUM  25.
PAR  25. A testing apparatus for testing electrical properties of an electrical
      circuit formed by a plurality of components interconnected at nodes
      comprising,
PA1  a program controllable in-circuit tester including selectable connection
      switches having switch outputs for connecting selected nodes of a selected
      component of said circuit to a program controllable measurement unit
      operable to measure electrical properties of said selected component,
PA1  a program controllable functional tester including selectable signal
      sources for providing excitation signals to said circuit to produce
      measurement signals; including selectable measuring devices for measuring
      said measurement signals and including switch means for connecting
      selected ones of said signal sources and said measuring devices to said
      circuit,
PA1  program controllable transfer switch means for connecting selected ones of
      said switch outputs in said in-circuit tester to said switch means in said
      functional tester whereby said in-circuit tester and said functional
      tester are interactively connected for concurrent operation,
PA1  processor means for processing instructions for controlling said in-circuit
      tester, said functional tester and said transfer switch means.
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ABST
PAL  A greatly simplified calculator circuit implemented, for example, utilizing
      I.sup.2 L technology, is fabricated on a relatively small semiconductor
      chip resulting in high yield. A unique feature of such calculator which
      provides power-up clear to reset the calculator to a "zero" idle state
      when the calculator power is initially turned on is smaller and more
      reliable than the conventional open loop power-up clear circuits which
      rely entirely on an RC time constant thereby permitting fabrication on the
      smaller chip. The power-up clear circuit is a latch which forces the input
      of the program counter shift register to an initial logical state. The
      latch is reset by the logical NAND of the program counter outputs.
BSUM
PAR  This invention relates to calculators and, in particular, to digital
      electronic calculators fabricated as integrated circuit systems.
PAR  This application discloses subject matter related to that disclosed and
      claimed in the following U.S. patent applications, all filed herewith and
      assigned to Texas Instruments Incorporated, the assignee of this
      invention: Ser. Nos. 527,456, 527,505, 527,506, 527,507, 527,508, and
      527,510 all filed on Nov. 26, 1974.
PAR  Integrated circuit technology has advanced to the stage where an entire
      calculator system is fabricated on a single chip of semiconductor material
      including all interface circuitry to an input keyboard, output drivers and
      display and power supply. These integrated circuit chips have been
      fabricated, for example, utilizing MOS technology and, more recently, CMOS
      technology. Reduction of cost in fabricating such integrated calculator
      systems is directly related to yield. Circuitry embodied in the calculator
      system of the present invention which is implemented, for example,
      utilizing injection logic I.sup.2 L technology is directly related to
      yield in that, by eliminating the R-C circuitry normally required to
      perform the power-up clear for the calculator system, the chip size is
      considerably reduced and hence the yield increased. The I.sup.2 L
      calculator system in addition provides for a lower operating voltage
      supply of 0.7 volt for the chip and 4.5 for the LED display and provides
      for the digit drivers to be provided on the single chip.
PAR  It is therefore an object of the present invention to provide a greatly
      simplified calculator circuit on a relatively small semiconductor chip.
PAR  It is another object of the invention to provide a semiconductor integrated
      circuit calculator system in higher yields than presently achieved.
PAR  It is still a further object of the invention to provide a bipolar
      injection logic I.sup.2 L integrated circuit calculator system.
PAR  Still another object of the invention is to provide a more positive and
      accurate power-up clear than presently available in digital electronic
      calculators.
PAR  A still further object of the invention is to provide a power-up clear in
      an electronic digital calculator without the R-C circuit conventionally
      associated with this function.
PAR  These and other objects are provided in accordance with an embodiment of
      the invention in which a greatly simplified calculator circuit is
      implemented, for example, utilizing injection logic I.sup.2 L technology.
      The integrated circuit calculator system is fabricated on a single
      relatively small semiconductor chip resulting in low cost and high yield.
      A unique feature of such calculator which provides power-up clear to reset
      the calculator to a "zero" idle state when the calculator power is
      initially turned on is smaller and more reliable than the conventional
      open loop power-up clear circuits which rely entirely on an RC time
      constant thereby permitting fabrication on the smaller chip. The power-up
      clear circuit is comprised of an electronic latch which forces the input
      of a program counter shift register to an initial logical state when the
      power switch is initially turned "on." The latch is reset by the logical
      NAND of the program counter outputs when the desired initialized condition
      is reached.
DRWD
PAR  Still further objects and advantages of the invention will become apparent
      from the detailed description and claims when read in conjunction with the
      appended drawings wherein:
PAR  FIG. 1 is a perspective view of a digital electronic calculator employing
      the present invention;
PAR  FIG. 2 is a block diagram of a digital electronic calculator system
      embodying the present invention;
PAR  FIGS. 3A and 3B comprise a block diagram of the circuitry comprising the
      digital electronic calculator of FIG. 2;
PAR  FIGS. 4A-I form a detailed logic diagram of the calculator system; and
PAR  FIG. 5 is a circuit diagram of the digit and segment drivers employed in an
      embodiment of the calculator system.
DETD
PAR  An example of a calculator employing the present invention is illustrated
      in FIG. 1 The calculator includes a display 12A which has, for example,
      seven or nine digit positions for the display of a sign and six or eight
      numeric characters, respectively, and a keyboard 11A comprised of numeric
      keys 0-9 and function keys such as plus, minus, multiply, divide, equal,
      clear, etc. The display 12A and keyboard 11A, as well as a power supply
      13A, comprised of batteries, for example, and a switch which couples the
      batteries to the integrated calculator system are shown in FIG. 2. The
      integrated calculator system 14A is preferably an I.sup.2 L integrated
      circuit system fabricated on a single semiconductor chip of relatively
      small size. The I.sup.2 L circuitry requires lower operating voltages than
      MOS or CMOS circuits. For example, the I.sub.2 L calculator circuits
      described herein require a system operating voltage of approximately 0.7
      volt and the LED display requires an operating voltage of approximately
      4.5 volts.
PAR  The calculator system is illustrated in greater detail with reference to
      the block diagram of FIG. 3 comprised of sections 3A and 3B and in still
      greater detail in the logic diagram of FIG. 4 comprised of sections 4A-I.
      Referring then to FIGS. 3 and 4, the calculator system is controlled by a
      programmed ROM 20A which is coupled to and addressed by program counter
      19A. Program counter 19A provides a 9-bit address BIT.sub.0 -BIT.sub.8 to
      the ROM 20A. The ROM, which in this embodiment, is a five hundred twelve
      word by eleven bit programmed memory with outputs I.sub.0 -I.sub.10, in
      conjunction with the other circuitry of the calculator system, causes the
      system to operate in a particular manner upon activation of each key or
      sequence of keys from keyboard 11A. An example of a ROM program for the
      calculator of FIG. 1 is described in Tables I and II.
PAR  A single set of digit lines D.sub.0 -D.sub.6 are utilized to multiplex the
      display and to scan the keyboard. During the normal display, every digit
      line D.sub.0 -D.sub.6 is scanned and every key input line K.sub.1 -k.sub.4
      is sensed by the key latch 17A. The key latch 17A is comprised of
      cross-coupled NAND gates 804 and 805 and receives inputs from the key
      input lines K.sub.1 -K.sub.4 via NAND gates 800, 1202 and 1203. By means
      of the instruction "test key" which is also fed into the universal
      condition latch 15A, at the end of every six digit times, the key latch is
      tested to determine whether a key is being actuated or not.
PAR  In order to compensate for key bounce which is typically about 8
      milliseconds, the ROM program causes testing of the key latch 17A three
      consecutive times to insure that a key is actually being actuated.
      Scanning at, for example, 72 instructions per cycle provides for
      approximately a 5 millisecond delay. After the key latch 17A has been
      tested for the third time, and it is determined that the key latch is
      still latched, the digit lines beginning with D.sub.6 are scanned and each
      K line is individually tested during each digit time until a positive test
      sets the universal condition latch 15A.
PAR  The universal condition latch 15A, comprised of cross-coupled NAND gates 60
      and 71, is a unique feature of the calculator system described herein. In
      prior art calculators, a condition latch was utilized to test the results
      of a compare operation and/or the carry from the arithmetic unit. The
      state of the universal condition latch disclosed herein is additionally
      set by the logical OR of up to four flags in the RAM after a test flag
      instruction, testing of the RAM for other purposes such as for all 0's,
      and testing the logical OR of the keyboard input lines K.sub.0 -K.sub.3
      after a test key instruction. These additional inputs provided to the
      universal condition latch circuitry 15A saves a large number of
      instructions and contributes to the smaller high yield chip where the
      calculator system is implemented as an integrated circuit. The universal
      condition latch will later be referred to with respect to the memory test,
      flag test, carry output, compare and other operations carried out
      utilizing the universal condition latch. Referring to FIG. 4, the key
      input lines K.sub.1 -K.sub.4 are coupled to the universal condition latch
      by means of NOT gates 810-813, 56-59, NAND gates 49-52, and NAND gate 53.
      The output of gate 53 is the logical OR of the key inputs K.sub.1 -K.sub.4
      as controlled by gates 45, 46, 55 and 54.
PAR  A positive test determines which of the keys is actuated and the ROM causes
      the calculator to act according to the actuated key. For example, if a
      numerical key is being actuated, the condition latch 15A is set (in this
      particular instance to a 0) and the subroutine register 18A, by means of
      the branch and call logic 16A coupled to the universal condition latch
      15A, cause a branch to the number entry routine and enters the number,
      corresponding to the actuated key, in the next location in RAM 25A. Where
      the actuated key is a function key, the condition latch 15A is set to a
      logical 0 and the subroutine register branches to the particular routine
      to carry out the function for that actuated key. At digit time D.sub.1,
      the key latch is disabled and reset. As can be seen from the above
      description, utilization of the universal condition latch 15A and key
      latch 17A coupled to the key input lines K.sub.1 -K.sub.4 provides for
      less ROM lines to decode an actuated key. Utilization of the key latch
      avoids the necessity of testing each individual K line during each normal
      cycle. The use of the universal condition latch circuitry avoids the
      necessity of a programmed logic array which is utilized in prior art
      calculators in conjunction with additional programming.
PAR  The output of the condition latch circuitry 15A is connected to the branch
      and call logic circuitry 16A. The branch and call logic circuitry 16A
      includes gate 221 which circuitry determines whether the instruction is a
      branch or a call instruction and also checks the condition of condition
      latch 15A to determine whether it is set to a logical "1" or 0. If
      condition latch 15A is set to a logical 1 the branch or call is executed;
      if it is set to a logical 0 it is not executed. With condition latch 15A
      set to a logical 1, gate 897 is forced to input the instruction word ROM
      address BIT.sub.0 -BIT.sub.8 which is the new location to branch to or
      call to into the program counter 19A. The ROM instruction branch or call
      has two bits I.sub.9 and I.sub.10. A logical 1 in I.sub.10 determines that
      the instruction is a branch or a call instruction and a logical 1 in
      I.sub.9, in conjunction with a logical 1 in I.sub.10, determines that it
      is a call rather than a branch. If the instruction is a call instruction,
      then a logical 0 output is provided for gate 221; if it is a branch or a
      call, a logical 1 at the output of gate 229 and if it is a call, then a
      logical 1 appears on ROM output line I.sub. 9 to the input of gate 13
      along with the logical 1 from gate 229. Thus, under normal conditions each
      of the stages of the subroutine register 18A, comprised of a set of gates
      B.sub.1 -B.sub.4 for each stage, is loaded with the information contained
      in a previous program counter stage comprised of a set of gates A.sub.1
      -A.sub.4 for each stage so that the next address from that contained in
      program counter 19A is normally being stored in subroutine register 18A.
      When a call occurs, the "load subroutine register" latch, comprised of
      gates 14 and 15, disables the normal loading of the subroutine register
      18A. A branch to the new location occurs and, at the same time, the
      address of the location that next would have been executed is saved in
      subroutine register 18A. Thus, in the call mode, the output of gate 14 is
      coupled to return gate 223. If a return instruction is decoded, then the
      output of gate 223 goes to a logical "0" and through paths 228 and 230
      forces the program counter to be set to the location stored in the
      subroutine register (via gate A.sub.6 on all stages). After that is
      accomplished, it allows the subroutine register to return to its normal
      state and begin loading a new address from the program counter 19A.
PAR  Every call after the initial call is treated as a branch by the called
      program in order to save words in the program. Thus, if a call appears
      within a call, the program returns to the initial return address; this is
      the same as a branch.
PAR  A power up clear latch 21A comprised of cross-coupled NAND gates 17 and 18
      are coupled to program counter 19A by means of gate 19 and program counter
      19A is coupled back to the power up clear latch 21A through reset NAND
      gate 16.
PAR  The power up clear latch is another unique feature of the disclosed
      calculator which provides power up clear to reset the calculator to a 0
      idle state when the calculator power, provided by power supply 13A, is
      initially switched on. The power up clear latch 21A disclosed herein is
      smaller and more reliable than the conventional open loop power up clear
      circuits which rely entirely on an RC time constant. Elimination of the
      relatively large capacitor and other associated circuitry contributes to
      the fabrication of the present system on the smaller semiconductor chip.
      The power up clear latch comprised of cross-coupled gates 17 and 18 forces
      the input to the program counter 19A at the output of gate 19 to a logical
      1. This causes program counter 19A to increment. When an initial logical
      state is reached, as indicated by the output of the program counter (in
      this embodiment all logical 1's), the logical NAND gate 16 coupled to the
      program counter outputs causes the power up clear latch to be reset.
PAR  In the preferred I.sup.2 L embodiment, the gates A13 and 18 automatically
      and accurately power up low (logical 0) when the power is turned on. This
      is accomplished by increasing the size of the injectors of gates A13 and
      18 relative to those of 14 and 17. The injectors are made larger by
      approximately a factor of 4 so that when the power is turned on, the
      output of gate 18 is a logical 0, the output of gate 19 is a logical 1,
      and each stage of the program counter will, in turn, change to a logical
      1. In other MOS or bipolar embodiments, a relatively small capacitor may
      be utilized in lieu of the enlarged gates to power the gates up in a
      particular logic state. When all of the stages of the program counter have
      changed to logical 1's, gate 16 resets the latch comprised of gates 17 and
      18 on the next phase 2 clock pulse and the ROM address is set at an
      initial IFF ready to accept the first key entry.
PAR  Flag data stored in random access memory 25A is tested by flag test
      circuitry 22A comprised of NAND gates 40-44. Gates of 40-43 provide the
      logical OR of up to four flags at the output of gate 44 which is utilized
      to set the condition of universal condition latch 15A after a test flag
      instruction. NAND gate 44 is coupled to condition latch gates 60-71 by
      means of gates 47 and 53. Gate 47 is enabled by the decoding of a test
      flag instruction from ROM outputs to gates 45-47.
PAR  Random access memory 25A, in this particular embodiment, is 28 locations by
      4 bits addressed by a 5-bit address word provided by means of address
      selector 26A. The address selector 26A is a unique feature of the
      calculator system described herein in that both direct and indirect RAM
      addressing is provided while the number of ROM instructions required for
      calculator operation is reduced. Thus, by reducing the number of ROM
      instructions required, the direct and indirect addressing feature
      contributes to a reduced size of the ROM to permit fabrication on the
      smaller semiconductor chip. Address selector 26A includes inputs RA.sub.0
      -RA.sub.3 from the RAM address register 33A to apply the address stored in
      the RAM address register to an input of NAND gates 192, 189, 186 and 183.
      The first four bits of the instruction word from ROM 20A is applied to an
      input of NAND gates 190, 188, 184 and 182. NAND gates 191, 187, 185 and
      181 provide the first four bits of the RAM address as either the contents
      of the RAM address register 33A or the first four bits of the instruction
      (I.sub.0 -I.sub.3) contained in the address ROM word depending upon the
      logical state of the seventh (I.sub.6) bit of the instruction word
      contained in the ROM. The state of instruction bit I.sub.6 enables either
      the set of gates 192, 189, 186 and 183 or the set of gates 190, 188, 184
      and 182. The fifth bit of the RAM address is always provided by the fifth
      bit (I.sub.4) of the ROM instruction word.
PAR  Indirect addressing, that is, enabling RAM address selector 26A to select
      the address from RAM address register 33A, is particularly useful for
      register type adds or shifts where it is desired to use the exact same
      instruction from the ROM but with the address of the RAM incremented by
      one so as to perform the exact same function to each of a series of digits
      by incrementing from digit to digit. Thus, for example, a particular
      operation such as adding digits or shifting may be accomplished by
      initializing the RAM address to 0, performing the function on digit 0,
      incrementing the RAM address register and then testing to determine if the
      RAM address register has reached the last digit (for example, digit 7). If
      the RAM address register does not contain a 7, the operation is performed
      on the addressed digit (which in this case would be digit 1). The digit is
      then incremented, tested for last digit, function performed, incremented,
      etc. Direct addressing, on the other hand, provides for addressing of the
      RAM by the permanently stored contents of the first five bits of the ROM
      instruction. By the use of a single location in the ROM, an operation is
      performed on eight or nine different digits, for example, providing in
      essence the equivalent of eight or nine different instructions. By
      utilization of the indirect addressing feature, the number of ROM
      instructions is thereby decreased. Additionally, the direct addressing is
      directly from the ROM without disturbing the contents of RAM address
      register 33A. A location does not have to be extracted from the ROM and
      loaded into the RAM. address register to indirectly address the RAM 25A by
      means of RAM address register 33A as is done in some prior art
      calculators. Testing operations are therefore conveniently carried out by
      utilization of the direct addressing feature. For example, while the RAM
      address register is incrementing from digit to digit, the ROM word may be
      utilized to directly address some known location like the location of the
      first digit without disturbing the contents of the RAM address register.
      The contents of the RAM address register does not have to be temporarily
      stored, reset and restored.
PAR  A further example of the use of the direct and indirect addressing feature
      is illustrated with respect to the multiply routine in which the final
      digit is checked and a binary one is continually subtracted from the least
      significant digit in the multiplier and the multiplicand is continually
      added to the partial product. Once the least significant digit becomes a
      0, the partial product multiplicand and multiplier are shifted and the
      operation continues on the next digit with the adding of the multiplicand
      to the partial product. Each time the least significant digit of the
      multiplier is to be checked, the least significant digit is directly
      addressed without affecting the contents of the RAM address register 33A
      from which a 1 is continually being subtracted. In division, a 1 is
      continually added to the quotient and, as long as the dividend can be
      subtracted from the divisor, directly puts the result in the accumulator,
      adds 1 to it, and returns the result without changing any of the address
      selects.
PAR  The direct and indirect addressing feature is also particularly useful in
      this display cycle, saving additional ROM memory locations. During the
      display cycle, in order to light up the decimal point, for example, the
      condition latch 15A is set to a particular logical level (logical 0) and
      two instructions take place before a load output. With direct addressing,
      the digit being scanned is stored in the accumulator, compared to the
      decimal point value, which value is determined by directly addressing the
      memory at the decimal point location, and on the next instruction taking
      the next digit to be displayed in the particular D time by indirectly
      addressing RAM 25A from the RAM address register 33A and storing the digit
      in the accumulator. On the next instruction "load output" the correct D
      time is stored in RAM address 33A and the correct digit has been loaded in
      accumulator register 34A.
PAR  Another unique feature of the calculator system is the particular structure
      of the adder 30A. The adder 30A is comprised of four 1-bit adders 32A-D.
      Each 1-bit adder includes first and second half adder stages as shown in
      FIG. 4G. The first half adder stage of first 1-bit adder section 32A is
      comprised of NOT gate 103 which receives the first A input bit from A
      input selector 27A, NOT gate 108 which receives the first B input bit from
      B input selector 28A, NAND gates 104-106 which add the first A input bit
      to the first B input bit, and NOT gate 107 which transfers the carry to
      the second half adder stage of second 1-bit adder 32B. In this particular
      embodiment, first adder section 32A does not include a second half adder
      stage and the output from NAND gate 106 is applied directly to an output
      latch comprised of NOT gate 602 and NAND gates 194-197 which store the
      adder output during a phase 1 clock pulse. A carry input is omitted
      because it eliminates about six gates thereby contributing to the reduced
      size of the semiconductor chip. The input carry function is provided by
      the ROM instruction which adds a one to any constant of the accumulator
      when it is loaded. The first half adder stage of second 1-bit adder
      section 32B is comprised of NOT gate 109 which receives the second A input
      bit from A input selector 27A, NOT gate 117 which receives the second B
      input bit from B selector 28A, NAND gates 110-112 which add the second A
      input bit to the second B input bit, and NAND gate 141 which transfers the
      C.sub.2 carry to the second half adder stage of third 1-bit adder section
      32C. The second half adder stage of second 1-bit adder section 32B
      includes NAND gates 142-143 and NOT gates 145 and 146 which add the
      C.sub.1 carry applied from NOT gate 107 of first adder section 32A when
      NAND gate 147 is enabled in accordance with the logical state of
      instruction bit 5 (I.sub.5) from ROM 20A. The first half adder stage of
      third 1-bit adder section 32C is comprised of NOT gate 116 which receives
      the third A input bit from A input selector 27A, NOT gate 118 which
      receives the second B input bit from B input selector 28A, NAND gates
      113-115 which add the third A input bit and the third B input bit and NAND
      gate 134 which transfer the C.sub.4 carry bit to the second half adder
      stage of fourth 1-bit adder section 32D. The second half adder stage of
      third adder section 32C is comprised of gates 135-139 which add the
      C.sub.2 carry applied from NAND gate 141 of second adder section 32B when
      NAND gate 140 is enabled in accordance with the logical state of
      instruction bit 5 as discussed with respect to NAND gate 147. The first
      half adder stage of fourth 1-bit adder section 32D includes NOT gate 119
      for receiving the fourth A input bit from A input selector 27A, NOT gate
      123 for receiving the fourth B input bit from B input selector 28A, NAND
      gates 120-122 for adding the fourth A and B input bits, and NAND gate 124
      for generating the C.sub.8 carry output. The second half adder section of
      fourth adder section 32D is comprised of gates 128-133 which add the
      C.sub.4 carry from adder section 32C. NAND gate 133 is enabled in
      accordance with the logical state of instruction bit 5 from ROM 20A and
      operates in the same manner as gates 140 and 147. The output latch of
      adder sections 32B-D are identical to the output latch of section 32A.
      Thus, adder 30A comprised of sections 32A-D including carry C.sub.1  from
      section 32A to 32B carry C.sub.2 from section 32B to 32C and carry C.sub.4
      from section 32C to 32D when a logical 1 enable signal is applied to NAND
      gates 133, 140 and 147 by instruction bit 5 from ROM 20A. If instruction
      bit 5 is a logical 0 NAND gates 133, 140 and 147 disable the carries from
      adder section to adder section so that the adder sections 32A-32D operate
      as individual non-carry 1-bit adders. In this manner, adder 30A
      selectively functions dually as a multi-bit word adder and also as a
      plurality of single bit adders. The dual function adder is utilized, for
      example, to perform bit operations for use in flagging and 2's complement
      addition for subtraction operation as well as normal multi-bit word
      addition. With the carry disabled, a 1 can be added to any bit without
      having it carry bit to bit so that selected bits are toggled individually
      by adding 1 to those bits. Flags are toggled in this manner. For example,
      utilizing indirect addressing, a particular RAM address is selected by RAM
      address register 33A. The RAM data applied to the A input selector 27A is
      added to selected binary 1's from first four bits of the ROM instruction
      word applied through B input selector 28A with the carry disabled by
      instruction bit 5 to selectively and individually toggle one or more
      flags. The altered RAM flag data is then returned to the RAM at the same
      address without the contents of the accumulator being altered.
PAR  Disabling of the carry is also utilized in this embodiment to perform
      subtraction utilizing 2's complement as indicated above. In order to
      generate the 2's complement of the data in the accumulator, a numerical 15
      from a ROM instruction at the A input selector 27A is added to the
      contents of the accumulator transferred through B input selector 28A with
      carry enable gates 133, 140 and 147 disabled by bit 5 of the instruction.
      In this manner every bit of the accumulator is toggled and a one is added
      to the results to obtain the 2's complement. Feedback of the complement of
      the accumulator and the carry is not required thereby reducing the number
      of interconnects and selector gates on the front end of the adder and
      contributing to the smaller sized chip. Adder 30 also includes NAND gate
      148 for performing a compare of the outputs from the first adder stages to
      generate a C compare output to condition latch 15A.
PAR  As previously mentioned, there are A and B inputs to the adder with the A
      input provided by A input selector 27A and the B input provided by B input
      selector 28A. A input selector 27A selects as the A input to adder 30A
      either the 4-bit data from the RAM (MEM1, MEM2, MEM4, MEM8) or the first
      four bits of the ROM instruction (I.sub.0 -I.sub.3) depending upon the
      state of instruction bit 7. The A input selector is comprised of NAND
      gates 100-102 for selection of the first bit, NAND gates 97-99 for
      selection of the second bit, NAND gates 94-96 for selection of the third
      bit, and 91-93 for selection of the fourth bit to adder 30. B input
      selector 28A selects as the B input to adder 30A either the 4-bit output
      of RAM address register 33A (RA.sub.0 -RA.sub.3) or the four bits of
      accumulator 24A (ACC.sub.1, ACC.sub.2, ACC.sub.4, ACC.sub.8) depending
      upon the logical states of ROM bits 6 and 7 to NAND gate 180 to NOT gate
      179. The input selector 28A includes NAND gates 167-169 for selection of
      the first bit, NAND gates 170-172 for selection of the second bit, NAND
      gates 173-175 for selection of the third bit and 176-178 for selection of
      the fourth bit to adder 30.
PAR  Zero selector 29A comprised of NAND gates 163-166 couples B input selector
      28A to the B inputs of adder 30A. The zero selector provides for the
      generation of all zeros at the B adder inputs in order to load a constant
      from the ROM by means of A input selector 27A to the A adder inputs. The
      zeros are generated when the instruction bit 9 to gates 163-166 is a
      logical 1.
PAR  The 4-bit output Y from adder 30A, which does not include the carry output
      C.sub.8, is stored in either RAM address register 33A or accumulator
      register 34A. In general, RAM address register 33A is utilized to store
      RAM addresses as previously discussed with respect to indirect addressing.
      Four identical sections are provided, one corresponding to each of the
      adder sections, to store the 4 bits. Each of the sections is comprised of
      a latch such as that provided by cross-connected NAND gates 199 and 200
      shown for the first section and input gates such as NAND gates 198 and 201
      also shown only for the first section. The input gates 198-201, etc. are
      controlled by the load address register enable signal (LDR) generated by
      instruction decoder NAND gates 149-151. Decoder NAND gates 149-151 decode
      selected bits from the instruction word and generate the LDR enable signal
      so that the adder output is loaded into RAM address register 33A for
      instructions which cause the calculator system to operate on RAM
      addresses. The outputs RA.sub.0 -RA.sub.3 of RAM address register 33A are
      coupled to RAM address selector 26A for providing the RAM address to RAM
      25A when indirect addressing is selected by instruction bit 6 to RAM
      address selector 26A. The outputs RA.sub.0 -RA.sub.3 are also fed back to
      B input selector 28A to adder 30A so that the RAM address may be
      selectively incremented by the adder. The output bits from the four adder
      sections 32A-32D are also coupled to accumulator register 34A as indicated
      above for storing all other data received from the adder. Each section of
      accumulator register 34A is identical and comprised of two cross-coupled
      NAND gates such as 203 and 204 shown only for the first section and two
      input gates such as 202 and 205 also shown only for the first section. The
      input gates 202 and 205 transfer the data from the adder outputs to the
      latch as controlled by the load accumulator enable signal (LDA)
      transferred from decoder NAND gates 814, 125 and 126 up to the gates 202,
      205, etc. by means of NOT gates 127. The decoder gates 814, 125 and 126
      are coupled to and decode selected bits of the ROM instruction so that the
      input gates of the accumulator are enabled for all instructions requiring
      the adder output to be stored in the accumulator register 34A. The output
      bits ACC.sub.1, ACC.sub.2, ACC.sub.4 and ACC.sub.8 from accumulator
      register 34A are coupled to the corresponding bits of the RAM data input
      (BIT1, BIT2, BIT4 and BIT8, respectively) for the storage of data in RAM
      25A. The accumulator outputs ACC.sub.1, ACC.sub.2, ACC.sub.4 and ACC.sub.8
      are also fed back to adder 30A by means of B input selector 28A so that
      additional operations are carried out on data stored in accumulator
      register 34A by adder 30A.
PAR  The ACC.sub.1, ACC.sub.2, ACC.sub.4 and ACC.sub.8 accumulator register
      outputs are also coupled to segment decoder 35A. Segment decoder 35A is
      illustrated in detail in FIG. 4C as a programmed logic array which accepts
      the 4-binary or binary coded decimal output of accumulator register 34A,
      stores it in latches and converts it to one of, for example, seven
      segments SA-SG. The SH or DP output is provided for the decimal point. The
      segment decoder of the illustrated embodiment is unique in that the
      segment outputs are latched at the input to the programmed logic array.
      Latching of the segments allows the display to be continuous during the
      time in which the calculator is performing other operations. Latching of
      the decoder at its input rather that at its output reduces the number of
      gates and latches required to perform the function thereby contributing to
      the smaller size of the higher yield semiconductor chip. NAND gates 870,
      873 and NOT gate 874 input the first bit from the accumulator which is
      stored in the first latch comprised of cross-coupled NAND gates 871 and
      872. Gates 870A-874A provide the same function for the second bit, gates
      870B-874B for the third bit, and gates 870C-874C for the fourth bit. The
      output section is comprised of NAND gates 829-846 with inverter drivers
      S.sub.1 -S.sub.17 for the segment outputs SA-SH.
PAR  Digit scanning is provided in the present embodiment by the output state of
      the three output bits RA.sub.0 -RA.sub.2 of RAM address register 33A which
      is decoded by digit decoder 36A. Digit decoder 36A stores the three bits
      and decodes them into one of six, seven or eight unique digit output
      signals D.sub.0 -D.sub.6. The first bit from the RAM address register is
      input to NAND gate 870F and NOT gate 874F to NAND gate 874F and stored in
      the latch comprised of cross-coupled NAND gates 871F and 872F. Gates
      870E-874E provide the same function for the second bit and gates 870D-874D
      for the third bit. The latches allow a digit output to be on while the
      calculator is performing other operations and are provided for the same
      reason as the input latches to the segment decoder 35A. NAND gates 817-825
      and 847-848 provide the unique digit line outputs from the digit decoder
      36A to the inverter drivers 1D-21D for digit outputs D.sub.0 -D.sub.6.
PAR  In the preferred I.sup.2 L single chip integrated circuit embodiment of the
      described calculator system, the inverter drivers 1S-17S and 1D-21D are of
      the grounded emitter type. The segment drivers 8S-14S and 17S are shunt
      type drivers as illustrated in FIG. 5. Each of the light emitting diode
      segments of each digit such as L.sub.1 is coupled to the digit line
      associated with that particular digit D.sub.0, D.sub.1, D.sub.2, etc. and
      to the common segment line for that particular segment SA, SB, SC, etc.
      The digit drivers 15D, 16D, 17D, etc. each include an emitter grounder
      transistor Q.sub.2. The segment drivers 8S, 9S, 10S, etc. each include an
      emitter grounded transistor Q.sub.1, a shunt resistor R.sub.2 and a load
      resistor R.sub.1 with load resistor R.sub.1 coupled to power supply 13A
      (VCC). To turn off the segment, transistor Q.sub.1 pulls the voltage down
      at node N.sub.1 to the point where the light emitting diode L.sub.1 is not
      forward biased. It required more current to keep the light emitting diode
      L.sub.1  turned off than it does to drive the diode L.sub.1. In accordance
      with the described embodiment, in order to reduce the current drawn by
      those drivers for which the segment is turned off, whenever all segments
      of a particular digit are blank, the digit driver is turned off (even if
      it would otherwise be time for that particular digit to be on) and all of
      the segment drivers are turned off. In that manner, no current flows
      through resistors R.sub.1 and R.sub.2 because the digit is off and the
      segment driver is off thereby conserving a considerable amount of power
      for blank digits.
PAR  With the above scheme, for blank digits, all segments are allowed to be on
      but the digit line turned off, instead of the normal mode in which the
      digit line is turned on and the segments are turned off. Without the digit
      outputs D.sub.0 -D.sub.6 being turned on for the blanked digits, the
      keyboard 11A is checked only by means of the special automatic blanking
      circuit of 38A. The automatic blanking circuit switches back to the normal
      mode for one half of an instruction cycle out of twelve, for example,
      instruction cycles per D (digit) time for the key input to be tested.
PAR  The autoblanking, minus sign and decimal point latch circuitry 38A is shown
      in FIG. 4B and provides several unique functions for the calculator. The
      segment decoder, in addition to decoding the segments, decodes a 15 (1111)
      to determine whether the digit is blank and generates a BLANK signal to
      NAND gate 910 of automatic blanking circuit 38A. A disable latch comprised
      of NAND gates 887 and 888 is controlled by the BLANK signal to NAND gate
      910 and also by inputs from NAND gates 889, 890 and 1202. A disable signal
      is applied to NAND gate 815 and NOT gate 816 by the disable latch to block
      all segment outputs SA-SG at the output side of the segment decoder PLA
      and block all digit outputs D.sub.1 -D.sub.6 at the output side of the
      digit decoder PLA thereby providing blank digits to the display 12A in the
      minimum power mode. Gates 890 and 891 decode selected instruction bits and
      gate 889 detects a phase 1 clock pulse (.phi..sub.1) so that on the first
      phase 1 clock pulse of a load output instruction the digit line is
      activated as in the normal mode and all segment outputs are forced to
      their load state so that the display is blank for a blank digit due to the
      segments being blank. During this same half clock pulse, the key latch
      comprised of NOT gate 802 and NAND gates 803-805 is enabled to be set if a
      key is actuated. Then, at the phase 2 clock pulse which is detected by one
      input of NAND gate 910, if the digit is not D.sub.6 (indicating a possible
      minus sign) and the digit is a blank as indicated by the BLANK signal, the
      output of gate 910 causes latch 887, 888 to shut off all of the digit and
      segment outputs so that the drivers are drawing no current for the next
      eleven instruction cycles to take place during the particular D time.
PAR  Circuitry 38A also includes a minus sign latch comprised of NAND gates
      893-901 which is set by negative numbers and a decimal point latch
      comprised of NAND gates 902-905.
PAR  NAND gates 806-808, 822, 24, 26, and 28 provide means for directly
      outputting the contents of RAM 25A, condition latch 17 and ROM instruction
      bits 8-10 via digit decoder gates 848-853 for test purposes. This is
      accomplished by providing a test enable signal (T) to terminal T.sub.14.
      In a like manner, the test enable signal gates 840-846 of segment decoder
      35A to output ROM instruction bits 0-7 for test purposes.
PAR  The I.sup.2 L calculator system as described above is controlled by a two
      phase clock system provided by oscillator 40A. The oscillator is comprised
      of inverter gates C1-C25, NAND output gates C27 and C28, and output
      inverter gates C29-C34. The inverter gates C1-C25 are an odd number so
      that the logic level of gate C27, for example, goes to one at the input
      from gate C1 when the pulse is at gate C1. When the pulse reaches gate
      C14, gate C27 is switched to zero. The pulse continues to travel around
      the loop to gate C1 again and gate C27 is switched back to a logical 1
      thereby providing clock pulses of phase 1 (.phi..sub.1). Gate C28 which
      operates in a similar manner is out of phase with the first phase clock
      pulses, receiving its input from gates C2 and C7 to produce the clock
      pulses of the second phase (.phi..sub.2).
PAR  As mentioned previously, the calculator system operates in accordance with
      a program stored in ROM 20A. The instruction set for the illustrated
      embodiment of the calculator system is given in Table I. An example of a
      specific program for the four function calculator illustrated in FIG. 1 is
      given in its entirety in Table II.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     INSTRUCTION SET                                                           

     ROM CODE                                   Action and                     

     Mnemonic                                                                  

          I.sub.10                                                             

              I.sub.9                                                          

                 I.sub.8                                                       

                    I.sub.7                                                    

                       I.sub.6                                                 

                           I.sub.5                                             

                              I.sub.4                                          

                                  I.sub.3                                      

                                     I.sub.2                                   

                                        I.sub.1                                

                                           I.sub.0                             

                                                Description                    

     __________________________________________________________________________

     AKRA 0   1  0  0  1   1  1   K.sub.8                                      

                                     K.sub.4                                   

                                        K.sub.2                                

                                           K.sub.1                             

                                              K+RAMAD .fwdarw. RAMAD --        

                                              A four bit constant K.sub.8      

                                              -K.sub.1                         

                                              is added to the contents         

                                              -            RA 3- RA 0 of RAM   

                                              address                          

                                              register 33A and the results     

                                              stored in register 33A. If       

                                              a carry output (C8) is pro-      

                                              duced condition latch 15A        

                                              is set to 0 for one instruction  

                                              cycle.                           

     AKAC 0   1  0  0  0   CE 0   K.sub.8                                      

                                     K.sub.4                                   

                                        K.sub.2                                

                                           K.sub.1                             

                                              K+ACC.fwdarw.ACC -- A four bit   

                                              constant K.sub.8 -K.sub.1 is     

                                              added to                         

                                              the contents ACC.sub.8 -ACC.sub.1

                                              1                                

                                              of accumulator register 34A      

                                              and the results stored in        

                                              register 34A. CE is adder        

                                              carry enable; 1 = enable.        

                                              If a carry (C8) is produced      

                                              condition latch 15A is set       

                                              to 0 for one instruction         

                                              cycle.                           

     CKRA 0   1  1  0  1   0  0   K.sub.8                                      

                                     K.sub.4                                   

                                        K.sub.2                                

                                           K.sub.1                             

                                              K=RAMAD -- A four bit            

                                              constant K.sub.8 -K.sub.1 is     

                                              compared                         

                                              to the contents of RAM           

                                              address register 33A. If         

                                              they compare (C) condition       

                                              latch 15A is set to 0 for one    

                                              instruction cycle.               

     CKAC 0   1  1  0  0   0  0   K.sub.8                                      

                                     K.sub.4                                   

                                        K.sub.2                                

                                           K.sub.1                             

                                              K=ACC -- A four bit constant     

                                              K.sub.8 -K.sub.1 is compared to  

                                              the                              

                                              contents of accumulator          

                                              register 34A. If they com-       

                                              pare (C) condition latch         

                                              15A is set to 0 for one          

                                              instruction cycle.               

     LKRA 0   0  0  0  1   0  1   K.sub.8                                      

                                     K.sub.4                                   

                                        K.sub.2                                

                                           K.sub.1                             

                                              K.fwdarw.RAMAD -- A four bit     

                                              constant K.sub.8 -K.sub.1 is     

                                              stored                           

                                              in RAM address register          

                                              33A.                             

     LKAC 0   0  0  0  0   0  0   K.sub.8                                      

                                     K.sub.4                                   

                                        K.sub.2                                

                                           K.sub.1                             

                                              K.fwdarw.ACC -- A four bit con-  

                                              stant K.sub.8 -K.sub.1 is stored 

                                              in                               

                                              accumulator register 34A.        

     LKAR 0   0  0  0  1   1  1   K.sub.8                                      

                                     K.sub.4                                   

                                        K.sub.2                                

                                           K.sub.1                             

                                              K.fwdarw.RAMAD; K.fwdarw.ACC --  

                                              A four bit constant K.sub.8      

                                              -K.sub.1                         

                                              is stored in both RAM            

                                              address register 33A and         

                                              accumulator register 34A.        

     AMAC 0   1  0  1  ADS 1  R.sub.16                                         

                                  R.sub.8                                      

                                     R.sub.4                                   

                                        R.sub.2                                

                                           R.sub.1                             

                                              MEM+ACC.fwdarw.ACC               

                                              The contents of RAM 25A          

                                              at a specified address is        

                                              added to the contents of         

                                              accumulator register 34A         

                                              and the results are stored       

                                              in register 34A. If a            

                                              carry (C8) is produced           

                                              condition latch 15A is set       

                                              to 0 for one instruction         

                                              cycle. *The specified            

                                              address is R.sub.16 -R.sub.1 if  

                                              ADS                              

                                              is 1 (direct address) or         

                                              R.sub.16, RA3-RA0 if ADS is      

                                              0 (indirect address).            

     CMAC 0   1  1  1  ADS 0  R.sub.16                                         

                                  R.sub. 8                                     

                                     R.sub.4                                   

                                        R.sub.2                                

                                           R.sub.1                             

                                              MEM=ACC -- The contents          

                                              of RAM 25A at a specified        

                                              address* is compared to          

                                              the contents of accumulator      

                                              register 34A. If they com-       

                                              pare (C) condition latch         

                                              15A is set to 0 for one          

                                              instruction cycle.               

     MTOA 0   0  0  1  ADS 0  R.sub.16                                         

                                  R.sub.8                                      

                                     R.sub.4                                   

                                        R.sub.2                                

                                           R.sub.1                             

                                              MEM.fwdarw.ACC -- The contents   

                                              of RAM 25A at a specified        

                                              address* is stored in            

                                              accumulator register 34A.        

     ATOM 0   1  1  1  ADS 1  R.sub.16                                         

                                  R.sub.8                                      

                                     R.sub.4                                   

                                        R.sub.2                                

                                           R.sub.1                             

                                              ACC.fwdarw.MEM -- The con-       

                                              tents of accumulator             

                                              register 34A is stored in        

                                              RAM 25A at a specified           

                                              address*.                        

     EXAM 0   0  0  1  ADS 1  R.sub.16                                         

                                  R.sub.8                                      

                                     R.sub.4                                   

                                        R.sub.2                                

                                           R.sub.1                             

                                              MEM.revreaction.ACC -- The con-  

                                              tents of accumulator             

                                              register 34A and the con-        

                                              tents at a specified             

                                              address* of RAM 25A are          

                                              exchanged.                       

     MTRA 0   0  1  1  ADS 0  R.sub.16                                         

                                  R.sub.8                                      

                                     R.sub.4                                   

                                        R.sub.2                                

                                           R.sub.1                             

                                              MEM.fwdarw.RAMAD -- The          

                                              contents of RAM 25A at           

                                              a specified address* is          

                                              stored in RAM address            

                                              register 33A.                    

     BRNC 1   0  A.sub.8                                                       

                    A.sub.7                                                    

                       A.sub.6                                                 

                           A.sub.5                                             

                              A.sub.4                                          

                                  A.sub.3                                      

                                     A.sub.2                                   

                                        A.sub.1                                

                                           A.sub.0                             

                                              BRANCH if condition latch        

                                              is equal to 1. A.sub.8 -A.sub.0  

                                              is                               

                                              the branch address.              

     CALL 1   1  A.sub.8                                                       

                    A.sub.7                                                    

                       A.sub.6                                                 

                           A.sub.5                                             

                              A.sub.4                                          

                                  A.sub.3                                      

                                     A.sub.2                                   

                                        A.sub.1                                

                                           A.sub.0                             

                                              CALL if condition latch is       

                                              equal to 1. A.sub.8 -A.sub.0 is  

                                              the                              

                                              call address.                    

     RETN 0   0  1  0  1   1  0   0  0  0  0  RETURN if in CALL mode,          

                                              otherwise NO-OP.                 

     TSTF 0   0  1  0  0   0  R.sub.16                                         

                                  F.sub.4                                      

                                     F.sub.3                                   

                                        F.sub.2                                

                                           F.sub.1                             

                                              Test Flag -- F.sub.4 -F.sub.1    

                                              are                              

                                              flag test select bits. A         

                                              flag test is performed on        

                                              each bit of a RAM word           

                                              at a specified location          

                                              for which the select bit         

                                              is a 1. Any bit or the           

                                              logical OR of any com-           

                                              bination of bits selected        

                                              by the flag test select          

                                              bits of the addressed            

                                              RAM word are tested.             

                                              The specified location           

                                              is, in this instance,            

                                              always the indirect              

                                              address R.sub.16, RA3-RA0.       

     TSTK 0   0  1  0  1   0  0   K.sub.4                                      

                                     K.sub.3                                   

                                        K.sub.2                                

                                           K.sub.1                             

                                              Test key Line -- K.sub.4         

                                              -K.sub.1                         

                                              are the key line select          

                                              bits. Any key line can           

                                              be tested. If the test is        

                                              true, condition latch 15A        

                                              remains 1. For a special         

                                              TSTK instruction (TSTKF)         

                                              in which I.sub.3 -I.sub.0 =      

                                              1111, the                        

                                              key latch is checked. If         

                                              the key latch is set to 1,       

                                              it indicates a key being         

                                              detected since the last          

                                              TSTKF instruction and            

                                              condition latch 15A is           

                                              set to 0 for one instruc-        

                                              tion cycle.                      

     LOUT 0   0  1  0  1   1  1   1  0  0  0  Load Outputs                     

     SMIN 0   0  1  0  1   1  0   1  0  0  0  Set Minus Sign                   

     __________________________________________________________________________

                                              Latch                            

PAC  TABLE II
PAC  Example of ROM Program
      ##SPC1##
      ##SPC2##
      ##SPC3##
      ##SPC4##
      ##SPC5##
      ##SPC6##
      ##SPC7##
      ##SPC8##
PAR  A calculator system embodying the present invention has now been described
      in detail. It is anticipated that various modifications may be made to the
      described system such as increasing its bit capacity, modifying,
      increasing, or decreasing the instruction set given by way of example in
      Table I in order to perform other functions and/or modifying, increasing
      or decreasing the specific program steps stored in ROM 20A as given by way
      of example in Table II in order to cause the system to operate in a
      different manner.
PAR  In addition, the preferred embodiment has been described as utilizing
      I.sup.2 L circuitry; however, it is contemplated that one of ordinary
      skill in the act could easily fabricate the same circuitry utilizing other
      bipolar technology, metal insulator semiconductor technology, CMOS
      technology, etc.
PAR  Since it is obvious that many additional changes and modifications can be
      made in the above described details without departing from the nature and
      spirit of the invention, it is understood that the invention is not to be
      limited to said details except as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a calculator system having data storage means, an arithmetic unit for
      performing operations on data and control circuitry including addressable
      instruction storage means for providing commands which define the
      operation of the system, a power-up clear circuit arrangement comprising:
PA1  a. bistable latch means responsive to initial power applied to said system
      to be set in a first predetermined state;
PA1  b. program counter means for generating addresses of said instruction
      storage means, said program counter means including means responsive to
      the initial application of power to said system for selectively
      incrementing said program counter means; and
PA1  c. logic gate means coupled to the output of said program counter means and
      to said latch means for setting said latch means to a second predetermined
      state in response to a predetermined address generated by said program
      counter means.
NUM  2.
PAR  2. The circuit arrangement according to claim 1 wherein said predetermined
      address causes said control circuitry to be in an idle state waiting for
      keyboard entry.
NUM  3.
PAR  3. The circuit arrangement according to claim 1 wherein said calculator
      system is fabricated as an injection logic semiconductor circuit system
      and wherein said latch means includes at least one injector relatively
      larger than the other injectors whereby said latch is always set in said
      first predetermined state when power is initially applied to said system.
NUM  4.
PAR  4. The circuit arrangement according to claim 3 including a selected
      plurality of gates throughout said system having injectors relatively
      larger than the other injectors whereby said selected gates are always set
      to a predetermined state when power is initially applied to said system.
NUM  5.
PAR  5. The circuit arrangement according to claim 1 wherein said bistable latch
      is comprised to two cross-coupled NAND gates.
NUM  6.
PAR  6. In a calculator system having data storage means, an arithmetic unit for
      performing operations on data and control circuitry including addressable
      instruction storage means for providing commands which define the
      operation of the system, a power-up clear circuit arrangement comprising:
PA1  a. terminal means for applying power to said system;
PA1  b. a bistable latch having first and second predetermined states;
PA1  c. means coupling said power terminal means to said bistable latch means
      for setting said latch means to said first predetermined state each time
      power is initially applied to said terminal means;
PA1  d. address generator means for generating addresses of said instruction
      storage means, said address generator means including program counter
      means and means responsive to the first predetermined state of said
      bistable latch means for selectively incrementing said program counter
      means; and
PA1  e. logic gate means coupled to the output of said program counter means and
      to said latch means for resetting said latch means in response to a
      preselected address generated by said program counter means.
NUM  7.
PAR  7. The circuit arrangement according to claim 6 wherein said logic gate
      means includes a logical AND gate for detecting the first or last address
      of said instruction storage means.
NUM  8.
PAR  8. The circuit arrangement according to claim 6 wherein said preselected
      address causes said control circuitry to be in an idle state waiting for
      keyboard entry.
NUM  9.
PAR  9. The circuit arrangement according to claim 6 wherein said calculator
      system is fabricated as an injection logic semiconductor circuit system
      and wherein said latch means includes at least one injector relatively
      larger than the other injectors whereby said latch is always set in said
      first predetermined state when power is initially applied to said terminal
      means.
NUM  10.
PAR  10. The circuit arrangement according to claim 6 wherein said means
      coupling said terminal means to said latch includes charge storage means
      for causing said latch means to set to said first predetermined state.
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ABST
PAL  An electronic taximeter for fare computation is supplemented in such manner
      as to be able to add any additional charges or surcharges to the normal
      fare upon actuation of a predetermined input means the result of such
      addition being indicated as a sum on the electronic indicating means. Upon
      release of the input means or upon actuation of other input means this sum
      is decomposed by subtraction to the original amounts of the normal fare
      and the surcharges. The input means may be the key provided for switching
      off the waiting time charge at the end of a trip or it may be a special
      key for this purpose.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The improvement in this application relates to an electronic taximeter
      disclosed in copending application Ser. Nos. 323,907, now Pat. No.
      3,860,807, and 323,908, now Pat. No. 3,860,806, respectively filed Jan.
      19, 1973 and Jan. 19, 1973, and respectively entitled ELECTRONIC TAXIMETER
      HAVING SERIALLY ENERGIZED INDICATOR MEANS and ELECTRONIC TAXIMETER HAVING
      INTERCHANGEABLE CONSTANT FURNISHING MEANS.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an electronic taximeter. In particular it
      relates to an electronic taximeter which has input means activated by the
      driver for generating function control signals. The meter further
      comprises control means connected to the input means for furnishing
      control signals corresponding to the so-furnished function signal. Storage
      means having first storage location for storing data for computing the
      fare based on distance travelled and waiting time, second storage
      locations for storing the so-computed fare, and third storage locations
      for storing data representing additional charges. The electronic taximeter
      further has computer means responsive to said control signals for
      computing the fare from data in said storage means. Finally the electronic
      meter has indicator means having a plurality of indicator positions, each
      connectable to a corresponding one of said storage locations in said
      storage means under control of said control signals, for furnishing a
      visual indication of the data stored in said corresponding ones of said
      storage locations. The above-described taximeter is an electronic meter
      which already represents a great advance over the standard mechanical
      taximeters. The latter, as commercially available today, generally have
      two indicators, one for indicating the fare resulting from distance
      travelled and waiting time and the other for indicating additional charges
      or surcharges (it should be noted that the latter two expressions are used
      interchangeably in this application). The cylinders in the first indicator
      operate continuously during the trip while the second indicator may be
      activated by activation of a key which is coupled to either mechanical or
      electromechanical linkages. At the end of the trip the passenger must of
      course pay the sum of the two indicated amounts. The additional charges of
      course are fixed either by the local authorities in the tariff
      regulations. These additional charges may for example include a fixed
      charge per suitcase or a fixed charge for additional persons being carried
      by the cab over and above a given number of passengers. Unfortunately the
      taxi driver often has difficulties to convince the customer who may not be
      familiar with all the regulations that it is true that the price he has to
      pay is not only the above-mentioned fare based on waiting time and
      distance travelled but also the sum of the various additional charges.
      Further the actual carrying out of the addition may lead to some
      difficulty.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to prevent the above-mentioned
      arguments between passenger and driver by allowing the driver to furnish
      an indication of the total price including the additional charges to the
      passenger. This also of course eliminates the necessity for having the
      driver carry out the addition on paper or in his head which of course can
      lead to errors and further disputes.
PAR  The present invention resides in a taximeter as described under the
      background of the invention and comprises switch means in said input means
      for furnishing a total fare signal upon external activation. It further
      comprises control circuit means in said control means for furnishing a
      computer control signal in response to said total fare signal for
      controlling said computer means to add said fare stored in said second
      storage locations to said data stored in said third storage locations,
      furnish a corresponding sum signal, and transfer said sum signal to said
      corresponding ones of said storage locations connectable to said indicator
      locations, whereby visual indication of said sum signal may be furnished.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the taximeter in block diagram form; and
PAR  FIGS. 2a and 2b are circuit diagrams of the input and control means added
      for the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A preferred embodiment of the present invention will now be described with
      reference to the drawing.
PAR  First, the taximeter pictured in block diagram form in FIG. 1 will be
      discussed. As shown in FIG. 1, the taximeter comprises a storage means 1
      which are a matrix storage having sufficient storage locations as are
      required to calculate the fare based on distance travelled and waiting
      time during the trip and further to form other totals as may be required
      as for example the sum of all the prices charged for individual trips, the
      number of trips, the actual distance travelled, the sum of the distances
      travelled with a passenger in the cab, the sum of the various additional
      and surcharges, etc. Specifically, this storage means has first storage
      locations, generally five storage locations wherein the fare is
      continually stored. It should be noted here that the term "storage
      locations" as used in this application does not necessarily imply only a
      single bit. A storage location encompasses as many bits as are required to
      represent a particular digit.
PAR  The input means of the taximeter have reference numeral 2. They comprise a
      plurality of keys 3 which serve to control the input operations and a
      further plurality of keys 4, which controls the output operations. Keys 3
      will comprise keys which indicate an empty taxi, keys for a plurality of
      rates applicable during the drive and during waiting time, further keys
      which indicate that the trip is finished and the final computations are to
      take place and still a further key for allowing the entry of surcharges.
      The keys 4, as mentioned above, control the output operations, that is
      they may, upon activation, furnish at the indicator a signal corresponding
      to the sum of the distance travelled during the day, the number of trips
      the taxi driver has made, the total of the surcharge over all the trips,
      etc. Keys 3 and 4 may of course be replaced by rotary switches having as
      many positions as there are keys. The indicator means are indicated by
      reference numeral 5 and comprise a first portion 6 and a second portion 7.
      The portion 6 which, in the embodiment shown in the Figure, has five
      places serves to indicate the fare based on distance travelled and waiting
      time which of course changes continually during a trip. Portion 7 of the
      indicator serves to indicate the surcharges while the taxi is in operation
      transporting passengers and, when the taximeter is not so employed may
      serve to indicate the various quantities called out by the operation of
      the above-mentioned keys 4.
PAR  The indicator, as discussed in great detail in the copending applications
      referenced above, is an electronic indicator which furnishes the
      indications by a sequential energization of each individual indicating
      element, these individual indicating elements each comprising seven
      segments which are selectively energizable to form the various numbers.
      Since the energization of the indicator elements takes place cyclically at
      a sufficiently rapid speed, visual persistance causes the indication to
      seem to be continuous. However, since the indication is such a cyclical
      indication, it is of course necessary that the values to be indicated are
      continually available. Thus a buffer storage 8 is provided which stores
      only those numbers which are to be indicated. Buffer storage 8 is
      connected to the indicator via lines c1-c7 and is connected to the storage
      1 through lines b.sub.1 -b.sub.4. Of course the number of storage
      locations in storage 8 is much less than that in storage 1 since, as
      mentioned above, only those values which are to be furnished to the
      indicator are stored therein. Buffer storage 8 contains the second and
      third storage locations as set forth in the claims, and of course the
      "corresponding storage locations" set forth in the claims. Storage 1 also
      contains storage locations storing the same values as are stored in buffer
      storage 8 and further of course also contains the first storage locations
      which store the data required for computing the fare. The number of
      storage locations in buffer storage 8 corresponds to the number of
      indicator elements in indicator 5. As shown, buffer storage 8 will have
      ten storage locations. A decoding arrangement 9 is arranged between buffer
      storage 8 and the indicator 6 in order to convert the four-bit binary
      representation in each location in buffer storage 8 to the seven-bit
      representation required to energize the indicator elements. A counter 10
      which forms part of the control means serves to address the buffer storage
      locations 8 in a determined sequence so that the above-mentioned seemingly
      continuous indication on indicator 5 results.
PAR  The control means further comprise a counter 11 for cyclically addressing
      the storage locations in storage 1. This of course has to have sufficient
      capacity to address 40 to 50 locations through the fixed address lines
      a.sub.1 -a.sub.6. Further, a computer 12 cooperates with storage 1. This
      computer 12 contains the two parts 13 and 14 of a parallel full adder also
      discussed in detail in the above-references applications and a register 15
      which in a preferred embodiment, is a four-bit flip-flop register. It
      should further be noted that adder 13-14 will add upon receipt of an "add"
      signal and will subtract the value stored in part 14 from that in part 13
      upon receipt of a "subtract" signal. Storage 1 is connected to the portion
      13 of the full adder through lines e.sub.1 -e.sub.4 in such a way that the
      four bits of a particular storage location are transferred in parallel to
      part 13 of the adder. Lines e.sub.1 -e.sub.4 are also connected to lines
      f.sub.1 -f.sub.4 which form the input to the above-mentioned register 15.
      The output of register 15 is connected to part 14 of this full adder
      through lines g.sub.1 -g.sub.4. Part 14 of the full adder is also
      connected through lines h.sub.1 -h.sub.4 to constant furnishing means 16.
PAR  The constant furnishing means 16 which are also described in detail in the
      above-referenced applications are, in a preferred embodiment, a
      commercially available storage into which fixed values may be wired or
      otherwise entered. Lines a.sub.1 -a.sub.6 which serve to address locations
      in storage 1 also serve to address corresponding locations in the constant
      furnishing means 16. Any so addressed storage location in constant
      furnishing means 16 furnishes a four-bit binary output signal on lines
      h.sub.1 -h.sub.4 to part 14 of the full adder.
PAR  The taximeter further comprises a central control means 17 which is
      connected to counter 11 and counter 10 via a line k.sub.1. It is further
      connected to register 15 through a line k.sub.2 and to part 14 of the full
      adder through a line k.sub.3. Its connection with the constant furnishing
      means 16 is indicated by a line k.sub.4. It should be noted that all of
      these lines are symbolic connections taking the place of what is in the
      most part, a plurality of lines.
PAR  Control means 17 are a complicated logic network which comprises input
      registers for the waiting time pulses and distance travel pulses. These
      are furnished on lines k.sub.6 and k.sub.7. Further, the clock
      synchronizing all the operations of the taximeter is also contained
      therein. Specifically, the clock furnishes the signals which advance
      counters 10 and 11 in cyclical fashion. The count on the counters of
      course determines the read-out of storage 1 and storage 8 and the
      indication on the indicator 5. Of course the storage location addressed in
      storage 1 also controls what is added in adder 13-14 and what constants
      are furnished by the constant furnishing means 16. It should be noted that
      the signals supplied from the input means 2 which are applied to the
      control means are furnished on a line k.sub.5 (actually of course a
      plurality of lines) and are herein referred to as the function signals.
      The signals on lines k.sub.1 -k.sub.4 are herein referred to as the
      control signals.
PAR  The function of the taximeter will now be described in general terms before
      the present invention is discussed in detail. The waiting time pulses and
      distance travel pulses are, as mentioned above, furnished on lines k.sub.6
      and k.sub.7 to control means 17. First these are stored separately under
      control of one of the keys of the input means, for example a key 3 which
      signifies a first fare rate. The activation of the key for "fare rate 1"
      causes a corresponding signal to be stored in contro1 means 17, which in
      turn initiates a determined sequence of functions at determined times
      within the cycle for storage 1. Thus, in correspondence to a constant
      stored in constant furnishing means 6 which corresponds to "fare rate 1"
      the number of incoming distance travelled pulses is divided by the
      constant furnished by constant furnishing means 16, that is only one pulse
      is counted for a predetermined number of pulses ariving on line k.sub.7.
PAR  Previously, at the start of the trip, the flag-down fare is entered into
      the second storage locations, for example storage locations 1-5. This
      value, which may for example be 85 cents, is also transferred through
      buffer storage 8 to indicator 6. Further, if the passenger has, for
      example, also brought a suitcase, that key 3 which corresponds to the
      surcharge is activated by the driver and the constant furnishing means are
      addressed causing the correct data to be entered into the third storage
      locations, for example, locations 6-10 in storage 1. There are also
      transferred through buffer storage 8 and code converter 9 to the
      indicator, and more specifically to the indicator portions 7. During the
      trip of course the waiting time pulses and distance travelled pulses are
      both counted, reduced by the factor corresponding to the fare rate, and
      then are used to advance the data in storage locations 1-5 after a number
      of pulses corresponding to the flag-down fare has been received. The value
      in storage location 1, and thus the indicated value, is advanced whenever
      a predetermined number of pulses corresponding to the particular fare rate
      being used has been received. For example the price will advance by a
      particular fare increment such as for example 35 cents after a given
      number of pulses, either waiting time or distance travelled, has been
      received. The final fare value based on distance travelled and waiting
      time, is always stored in locations 1-5.
PAR  Of course adder 13-14 serves to add to the values stored in storage 1 in
      dependence upon the value furnished by constant furnishing means 16 and in
      dependence upon the incoming pulses on lines k.sub.6 and k.sub.7.
      Specifically, the data stored in one particular location in storage 1 is
      first transferred to part 13 of the adder while the values of the constant
      furnished by the constant furnishing means is stored in part 14. However,
      the detailed operation of the adder is not a part of the present invention
      and will not be discussed here in detail. Further information can be
      obtained in the above-identified copending applications.
PAR  For explanation of the invention it must now be remembered that the second
      storage locations in storage 1 (assume locations 1-5) carry the fare based
      on waiting time and distance travelled which is being indicated in portion
      6 of indicator 5. Further, the third storage locations (6-10) carry the
      data which signifies the total surcharge. This of course is simultaneously
      shown on indicator 7. It must further be kept in mind that one of the keys
      3 is the key which is activated by the driver at the end of the trip in
      order to indicate the final fare and the value of the surcharge to the
      passenger. However in accordance with the present invention, the
      activation of this key also furnishes a function signal, herein referred
      to as a total tarif signal to control means 17. This causes the control
      means to initiate an addition of the value stored in locations 1-5 to that
      stored in locations 6-10. Of course the key which causes the generation of
      the total tarif signal need not necessarily be the above-mentioned key but
      may be a special key for this purpose. The key is shown as key 20 in FIG.
      2a and will be discussed in greater detail in relationship to FIGS. 2a and
      2b. Simultaneously, a control signal is furnished which activates register
      15 which comprises four flip-flops. During the first cyclic activation of
      storage 1, the data stored in storage location 1 is transferred both to
      part 13 of the full adder and to register 15. The portions stored in part
      13 of the adder is retransferred into storage location 1 of the storage 1,
      while the same signal stored in register 15 remains therein. It should be
      noted that storage location 1 stores the value of the lowest place in the
      fare, while the highest place value is stored in location 5. Thereafter of
      course locations 2-5 are sequentially addressed, transferred to part 13 of
      adder 13-14 and retransferred into storage 1. The value stored in register
      5 remains without change. However, when storage location 6 is
      interrogated, that is when the lowest place value of the surcharge is
      addressed, then a transfer takes place simultaneously from register 15 to
      part 14 of the adder. Thus at this point the lowest place value of the
      surcharge is stored in part 13 while the lowest place value of the fare
      based on waiting time and distance travelled is stored in part 14. An
      addition takes place and the sum signal is retransferred to storage
      locations 6. Next, locations 7-10 are addressed in sequence. The values
      are transferred into part 13 of the full adder and retransferred back into
      the original storage location without any computation being carried out.
      The remaining storage locations in storage 1 are also addressed without
      any action except the restoring of the originally stored values back into
      the storage positions. However, during the next cycle, the value stored in
      storage location 2 is transferred both into part 13 of the adder and into
      register 15. When the location 7 of the surcharges is interrogated, an
      addition again takes place and the second sum signal namely for the
      secondly significant place is transferred back into position 7. After five
      complete cycles, the total price for the trip, that is the sum of the fare
      based on waiting time and distance travelled and the surcharges, is stored
      in locations 6-10. The value of the fare alone, based on waiting time and
      distance travelled, is of course still stored in locations 1-5.
PAR  Since locations 6-10 in storage 1 are always cyclically connectable to
      indicator connections 7 through buffer storage 8 and decoder 9, at the end
      of the above-mentioned cycles the total price for the trip will be
      indicated in indicator part 7. It is of course equally possible to control
      the system so that the indication takes place in indicator part 6.
PAR  Under some conditions it may be desirable that the full price again be
      split up into the value of the fare based on distance and waiting time and
      the surcharge. This may particularly be the case if a dispute arises
      between the driver and the passenger regarding an individual item as for
      example part of the surcharge. In this case the arrangement may operate so
      that activation of the key causes the addition which furnishes the total
      price and causes this total price to be exhibited in one part of indicator
      5, while activation of another key causes the value stored in the other
      part of the indicator to be subtracted from this total price. This causes
      the fare again to be indicated in indicator 6 and the surcharges to appear
      separately in indicator portion 7. In a further preferred embodiment of
      the present invention the addition is carried out under control of the
      activation of a key, while the subtraction takes place when the key is no
      longer pressed down by the driver.
PAR  This will be described in greater detail with reference to FIGS. 2a and 2b.
      Shown in FIG. 2a are two keys labelled 20 and 21. A depression of key 20
      causes a positive signal to be applied to the reset input of a flip-flop
      22 while depression of key 21 causes a signal to be applied to the set
      input of flip-flop 22. When flip-flop 22 is set, the output signal is the
      signal which controls adder 13-14 to add. Since the subtract signal should
      not be furnished whenever flip-flop 22 is reset, but only when it goes
      from the set to the reset state, a differentiating circuit including a
      capacitor 23 and a resistor 24 is furnished as is a diode 25 which
      suppresses the negative going pulses generated when the flip-flop changes
      from a reset to a set state. The signal furnished at the output of diode
      25 is the subtract signal. In response to the subtract signal the same
      process takes place as was described for the addition of the data in
      locations 1-5 to that in the locations of 6-10, but now the value stored
      in storage locations 1-5 is subtracted from that stored in storage
      locations 6-10, that is the fare based on waiting time and distance
      travelled is subtracted from the total price. The resulting difference
      signal which is the signal representing the surcharges is transferred back
      into storage positions 6-10 for indication on indicator portion 7. At the
      end of the subtraction process the fare based on waiting time and distance
      travelled is again indicated in indicator portion 6 while the surcharges
      are indicated in indicator portion 7.
PAR  An alternate embodiment of the circuit of FIG. 2a is shown in FIG. 2b. Here
      keys 20, 21 are replaced by a single key 20'. The signal furnished by key
      20' when depressed is directly applied to the set input of a flip-flop 22'
      and is applied to the input of an inverter 31 whose output energizes the
      reset input of flip-flop 22'. The remainder of the circuit is identical to
      that shown in FIG. 2a and operates in the same fashion. It should be noted
      that there is some advantage of the circuit of FIG. 2b relative to that of
      FIG. 2a in that the flip-flop will automatically return to the reset state
      when the button 20' is no longer pressed down. This of course is desirable
      since the subtract signal is furnished only during the transition and the
      flip-flop, when in the reset state otherwise does not interfer with the
      remaining control circuitry.
PAR  Of course it is also possible that one forgets about indicating the
      surcharges as such during the trip. Under these conditions the value of
      the surcharges are entered into storage 1 upon activation of the
      corresponding keys 3. Upon depression of a key such as key 20', the
      surcharge value is added to the fare and the resulting sum signal is
      applied to a single indicator.
PAR  While the invention has been illustrated and described as embodied in
      specific circuits for furnishing the "subtract" and "add" signals, it is
      not intended to be limited to the details shown, since various structural
      and circuit changes may be made without departing in any way from the
      spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In an electronic taximeter having input means for furnishing function
      signals under external activation, control means connected to said input
      means for furnishing control signals corresponding to the so-furnished
      function signals, storage means having first storage locations for storing
      data required for computing the fare based on distance travelled and
      waiting time, second storage locations for storing the so-computed fare
      and third storage locations for storing data representing additional
      charges, computer means operative under control of said control signals
      for carrying out computations on data supplied thereto, and indicator
      means having a plurality of indicator positions each connected to a
      corresponding one of said storage locations in said storage means under
      control of said control signals, for furnishing a visual indication of the
      data stored in said corresponding ones of said storage locations, the
      improvement, comprising, in combination, switch means in said input means
      for furnishing a total tariff signal upon external activation; and control
      circuit means in said control means for furnishing control signals in
      response to said total tariff signal, for supplying data stored in said
      second and third storage locations to said computer means, controlling
      said computer means to add said data stored in said third storage
      locations to said data stored in said second storage locations and furnish
      a corresponding sum signal, and for transferring said sum signal to said
      corresponding ones of said storage locations connectable to said indicator
      locations, whereby visual indication of said sum signal is furnished under
      control of said control signals.
NUM  2.
PAR  2. A taximeter as set forth in claim 1, wherein said taximeter has a key
      operable by the driver at the end of the trip for terminating the fare
      computation on the basis of waiting time; and wherein said switch means in
      said input means is said key.
NUM  3.
PAR  3. A taximeter as set forth in claim 1, wherein said corresponding ones of
      said storage locations in said storage means are said third storage
      locations; wherein said switch means in said input means further comprise
      means for furnishing a subtract signal; and wherein said control circuit
      means comprise bistable circuit means having a first state in response to
      said tariff signal, for controlling said computer means to add said fare
      stored in said second storage locations to said data stored in said third
      storage locations and a second stable state in response to said subtract
      signal for causing said computer means to subtract said data stored in
      said second storage locations from said data stored in said third storage
      locations.
NUM  4.
PAR  4. A taximeter as set forth in claim 3, wherein said switch means comprise
      a first and second key, and means connecting said first and second key to
      said bistable circuit means in such a manner that operation of said first
      key switches said bistable circuit means to said first stable state and
      operation of said second key switches said bistable circuit means to said
      second stable state.
NUM  5.
PAR  5. A taximeter as set forth in claim 3, wherein said switch means comprise
      a single key, and means for connecting said key to said bistable circuit
      means in such a manner that depression of said key switches said bistable
      circuit means to said first stable state and release of said key switches
      said bistable circuit means to said second stable state.
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ABST
PAL  Signal processing apparatus wherein true correlation or convolution of
      signals is obtained by a third order nonlinear parametric acoustic wave
      interaction in a piezoelectric medium.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to signal processing apparatus and,
      more particularly, to signal processing apparatus arranged to perform
      certain operations, such as correlation and convolution, utilizing the
      nonlinear parametric interaction of acoustic waves.
PAC  BACKGROUND OF THE INVENTION
PAR  Acoustic waves have been successfully utilized to perform both convolution
      and correlation of two signals in real time. For example, in U.S. Pat. No.
      3,760,172 issued Sept. 18, 1973 to Calvin F. Quate, oppositely-propagating
      acoustic waves generated by the application of two signals to a
      piezoelectric medium are arranged to provide a second order parametric
      interaction adjacent an output electrode to provide the physical
      realization of convolution C.sub.n of two time functions f(t) and g(t)
      which is mathematically expressed as
EQU  C.sub.n = .intg.f(.tau.) g(t-.tau.) d.tau.
PAL  t being representative of the time displacement between the two functions.
      The time translation of the two functions is realized because of the
      opposite propagation directions of the two waves, the indicated
      multiplication is achieved by the nonlinear parametric interaction and the
      integration by the coupling of the product function to the output
      electrode. In the mentioned Quate U.S. Pat. No. 3,760,172, the process is
      achieved specifically with bulk acoustic waves, but surface acoustic waves
      can also be utilized as explained by Gordon S. Kino in U.S. patent
      application Ser. No. 190,342, and now U.S. Pat. 3,816,753. Furthermore,
      the nonlinearities obtained in the acoustic medium are relatively weak and
      various techniques have been subsequently developed to improve the
      efficiency of operation, such as utilization of the nonlinear properties
      of semiconductors as explained in the article "Signal Processing by
      Parametric Interactions in Delay-Line Devices" by Kino et al. in IEEE
      Transactions, Vol. MTT-21, No. 4, April 1973 (pp. 244-255).
PAR  Correlation, the time-reversed operation mathematically represented by
EQU  C.sub.r = .intg. f(.tau.) g(.tau.-t) d.tau.
PAL  Is particularly significant for utilization in so-called "correlation"
      radars and pattern recognition, but is not so simply achieved because of
      the time-reversal requirement. Typically, it requires a two-step
      operation, first a time reversal of a signal and then a convolution
      operation as briefly described, one specific example being described in
      detail in the above-mentioned Kino U.S. patent application Ser. No.
      190,342.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  Accordingly, it is the general objective of the present invention to
      provide signal processing apparatus enabling the realization of true
      convolution or correlation in a single step employing a third order
      nonlinear parametric interaction of acoustic waves.
PAR  To achieve such objective, the two signals to be processed, that is
      convolved or correlated, are introduced by appropriately disposed
      electroacoustic transducers on a piezoelectric medium to generate two
      acoustic wave signals which propagate so as to attain an overlap position.
      At such overlap position and precisely at the time of signal overlap, a
      switching signal is applied, thus providing, through establishment of the
      known frequency conservation and phase matching conditions, a third order
      nonlinear parametric interaction of the signals, the resultant product
      function being then coupled to an output transducer which performs the
      integration function, thus to provide an output signal which is the true
      convolution or correlation of the input signals.
PAR  The position of the input transducers will, of course, determine the
      propagation paths of the two acoustic signals and their relative positions
      on the same or opposite sides of a predetermined axis will consequently
      determine whether the output will constitute the convolution or
      time-reversed correlation of the signals, as will be explained in detail
      hereinafter.
PAR  The switching signal can be generated by a transducer at the time and
      position of input signal overlap, thus to generate an acoustic signal
      representative of the product function of the input signals which
      propagates toward an appropriately positioned output transducer which in
      the well-known fashion couples out the acoustic signal so as to integrate
      the same.
PAR  Alternatively, the switching signal can itself be generated as an acoustic
      wave which in timed relation intersects the position of signal wave
      overlap thus to provide the third order parametric interaction with the
      resultant product function of the signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The stated objective of the invention and the manner in which it is
      achieved, as summarized hereinabove will be more fully understood by
      reference to the following detailed description and operational
      explanation of the exemplary embodiment of the invention diagrammatically
      illustrated in a single top plan view in the accompanying drawing.
DETD
PAC  DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENT OF THE INVENTION
PAR  As shown in the drawing, for a correlation operation, a first radio
      frequency signal constituting a time function f.sub.1 (t) is applied to a
      first interdigital transducer 12 of well known design on a piezoelectric
      medium 10 so as to generate a surface acoustic wave signal which
      propagates toward a central position at the intersection of the X
      (vertical) and Z (horizontal) axes on the piezoelectric material.
PAR  A second radio frequency signal f.sub.2 (t) to be correlated with the first
      is, in turn, applied to another interdigital transducer 14 located in an
      angularly symmetrical position on the opposite side of the X axis so as to
      generate a second surface acoustic wave signal which propagates toward the
      central position previously defined at the intersection of the X and Y
      axes. If, as illustrated, the two transducers 12, 14 are equidistant from
      the central position and the signals are simultaneously applied, they will
      reach the central position simultaneously so as to overlap at such
      position. Such overlap at the central position is essential to
      interaction, but if different transducer positions are needed for any
      reason, a variation in the time of signal introduction will still enable
      the required signal overlap.
PAR  At the central signal overlap position, a third interdigital transducer 16
      is disposed with its fingers in parallelism to the X axis, the transducer
      having sufficient overall spatial extent in the X and Z directions so that
      the entire overlapping input acoustic signals are encompassed thereby.
PAR  Precisely at the time of signal overlap, a switching signal in the form of
      a short radio frequency pulse .delta. (t) having a frequency determined by
      the frequencies of the input signals and the locations of the transducers
      12, 14, as will be explained hereinafter, is applied to the central
      transducer 16 from a tunable radio frequency pulse generator 18 to provide
      a third order nonlinear parametric interaction of the three signals. An
      output acoustic wave signal representative of the product function of the
      two input signals in the manner explained in detail in the previously
      referred to Patent, patent application and article, is generated to travel
      to the left in the -Z direction towards an output interdigital transducer
      20 which couples out the acoustic signal in a fashion which integrates the
      same to provide the ultimate correlation output radio frequency signal,
      f.sub.3 (.tau.', 0).
PAR  By way of explanation, if the switching signal .delta. (t) constitutes a
      pulse of width .DELTA.t and amplitude A, and is applied at the time of
      signal overlap (t=0), the output signal can be represented by
      ##EQU1##
      where
      ##EQU2##
      k, being wavevector and .omega., the radian frequency of signal f.sub.1
      (t), and e.sub.x the unit vector along direction X.
PAL  .eta..sub.12, .eta..sub.2x, .eta..sub.32 are the corresponding quantities
      for other waves in the indicated X and Z directions
PAL  t = t
PAL  .tau. = t - .eta..sub.1x X - .eta..sub.1z Z
PAL  .tau.' = t - .eta..sub.3z Z and
PAL  I = is a "window" function which determines the limits of integration
      (normally .+-..infin.)
PAR  If, as shown, both input signals propagate in the same "X" direction,
      .eta..sub.2x /.eta..sub.1x is positive, and correlation will result. On
      the other hand, if the input waves propagate in opposite X directions,
      .eta..sub.2x /.eta..sub.1x is negative, and the operation, as indicated by
      substitution in the above equation will be convolution. Specifically, if
      .vertline..eta..sub.2x /.eta..sub.1x = 1, the correlation or convolution
      will be "true." Accordingly, in the illustrated embodiment, if
      .eta..sub.2x = .eta..sub.1x, true correlation will result.
PAR  Additionally, the frequency .omega. of the ratio frequency pulse .delta.
      (t) can be varied to meet the necessary conditions for parametric
      interaction, frequency conservation and phase matching, dependent upon the
      input signal frequencies and the transducer dispositions. By way of
      example, if the transducers 12, 14 are symmetrically located at 45.degree.
      relative to the X axis, as specifically illustrated, and input signal
      frequencies .omega..sub.1 and .omega..sub.2 are the same, then the pulse
      frequency will be .sqroot.2 .omega..sub.1. It is to be noted that in this
      specific case, the periodicity of the transducer 16 is zero and can thus
      take the form of a plate transducer in the manner explained in the
      referred to Kino patent application Ser. No. 190,342. In turn, the output
      signal frequency .omega..sub.3 will also be equal to .sqroot.2
      .omega..sub.1.
PAR  A similar third order parametric interaction can also be obtained, as will
      be apparent to those skilled in the art, by a slight operational variation
      wherein the "switching" function is achieved by introduction of the
      switching pulse to the transducer 20 so as to propagate towards the
      central transducer 16 and arrive thereunder simultaneously with the two
      input signals from the transducers 12 and 14, the central transducer 16
      then extracting the interacted signals thus to perform the integrating
      function and provide the correlation output signal.
PAR  If one desires to perform the convolution operation, as previously
      indicated, the value of .eta..sub.2x /.eta..sub.1x must be negative, which
      can be easily achieved by introduction of a time function signal f.sub.4
      (t) to a transducer 22 located above the Z axis and to the right of the X
      axis by an angular amount of 45.degree. so as to lie opposite the first
      signal transducer 12. In all other respects the operation is the same and
      need not be repeated.
PAR  With the specific structure as described, the lattice nonlinearities in the
      piezoelectric medium 10 are utilized to provide the parametric
      interaction, but it will be clear that such interaction can also be
      achieved in other well established manners such as the charge
      nonlinearities obtained through use of an associated semiconductor as
      explained in the mentioned Kino et al article.
PAR  Accordingly, various alterations or modifications in the specifically
      described arrangement can obviously be made within the spirit of the
      invention, and the scope of the invention is to be construed only as
      recited in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Signal processing apparatus which comprises
PA1  a piezoelectric medium,
PA1  a pair of input transducers disposed adjacent said medium in positions to
      enable the coupling of two electromagnetic input signals into said medium
      to generate first and second acoustic wave signals which propagate at
      different angles and overlap at a predetermined position,
PA1  means for applying a switching signal to said medium so as to
      parametrically interact with the overlapped acoustic wave signals, and
PA1  output transducer means on said medium at a position to couple energy from
      the parametrically interacted signals to provide an integrated output
      signal.
NUM  2.
PAR  2. Signal processing apparatus according to claim 1 wherein
PA1  said pair of input transducers are disposed on the same side of said output
      transducer.
NUM  3.
PAR  3. Signal process apparatus according to claim 1 wherein
PA1  said pair of input transducers are disposed on opposite sides of said
      output transducer.
NUM  4.
PAR  4. Signal processing apparatus according to claim 1 wherein
PA1  said input transducers are symmetrically disposed at equal angular
      positions relative to the position of parametric interaction.
NUM  5.
PAR  5. Signal processing apparatus according to claim 1 wherein
PA1  said switching signal applying means includes a transducer located at the
      predetermined position of input signal overlap.
NUM  6.
PAR  6. Signal processing apparatus according to claim 1 wherein
PA1  said switching signal applying means includes means for applying a radio
      frequency pulse of predetermined frequency to establish the conditions for
      parametric interaction.
NUM  7.
PAR  7. Signal processing apparatus according to claim 6 wherein
PA1  said switching signal applying means includes a tunable radio frequency
      pulse generator.
PATN
WKU  039315100
SRC  5
APN  4871049
APT  1
ART  236
APD  19740712
TTL  Equalization storage in recirculating memories
ISD  19760106
NCL  13
ECL  1
EXP  Ruggiero; Joseph F.
NDR  4
NFG  6
INVT
NAM  Kmetz; Allan R.
CTY  Richardson
STA  TX
ASSG
NAM  Texas Instruments Incorporated
CTY  Dallas
STA  TX
COD  02
CLAS
OCL  235193
XCL  307221D
XCL  333 70T
XCL  340173RC
EDF  2
ICL  G11C 1140
ICL  H03K  5159
FSC  235
FSS  193;152
FSC  307
FSS  221 R;221 C;221 D;304
FSC  333
FSS  18;28;70 T
FSC  357
FSS  24
FSC  340
FSS  173 R;173 RC
FSC  328
FSS  167
UREF
PNO  3474260
ISD  19691000
NAM  Frohbach
OCL  307221
UREF
PNO  3746883
ISD  19730700
NAM  Kovac
OCL  307221D
UREF
PNO  3775685
ISD  19731100
NAM  Eggimann et al.
XCL  333 18
UREF
PNO  3809923
ISD  19740500
NAM  Esser
OCL  307221D
UREF
PNO  3819958
ISD  19740600
NAM  Gosney
XCL  307221D
LREP
FR2  Levine; Harold
FR2  Comfort; James T.
FR2  Honeycutt; Gary C.
ABST
PAL  A dispersion compensated CTD controlled data display where a
      serial-parallel-serial CTD is loaded at a low data rate with clock means
      to shift data from the CTD at a high data rate. A transversal filter is
      connected in series with the CTD to provide a dispersion corrected output
      of the data. The output is applied to the input of the CTD at the high
      data rate and to a display unit with reloading of the CTD to change the
      display.
BSUM
PAR  This invention relates to recirculation of information in charge transfer
      devices with compensation for dispersion.
PAC  BACKGROUND OF THE INVENTION
PAR  Charge coupled devices, hereafter referred to as CCDs and bucket brigade
      devices (BBDs) are both charge transfer devices (CTD) capable of handling
      analog information. Continuous recirculation is required for long term
      memories. As is known, upon each transfer of a given charge packet, a
      small amount of charge is left behind. The amount depends upon the charge
      transfer efficiency of each device. This action progressively diminishes
      the amplitude of the original charge packet and erroneously increases the
      charge in subsequent packets. Therefore, since charge transfer efficiency
      is not perfect, analog information becomes smeared out along the device.
      In addition to dispersion distortion, a constant accumulation of dark
      current will eventually saturate all of the packets. Thus, simple
      recirculation of analog information in an analog CCD shift register
      normally fails because of the amplitude and phase distortion due to
      transfer inefficiency and the accumulation of dark current.
PAR  Dispersion effects can be compensated by use of a transversal filter.
      Losses and the distortion of information in the shift register may be
      compensated by use of a series transversal filter. The transfer function
      H(eq) for the equalization may be expressed in terms of a gain factor and
      a phase factor proportional to the charge transfer inefficiency:
      ##EQU1##
      WHERE .beta.IS A GAIN FACTOR,
PA1  .xi.is transfer inefficiency,
PA1  n is the number of transfers in the CCD,
PA1  fc is the clock frequency, and
PA1  f is the frequency of the analog signal sampled and applied to the CCD
      input.
PAR  As to dark current, the charge in each packet contributed thereby is
      temperature dependent, doubling in magnitude in typical devices for each
      10.degree.C change. Dark current may be compensated by a shift in the D.C.
      level of the signal. However, both the dispersion effect and the dark
      current effect cannot be compensated simply by gain.
PAC  SUMMARY OF THE INVENTION
PAR  To evaluate dispersion distortion, a known signal such as an impulse is
      inserted to the CTD input and the output monitored as dispersion is
      adjusted to obtain an impulse out. Dark current compensation is adjusted
      to remove any level shift from input to output.
PAR  In obviating manual adjustments and to compensate for changes with
      operation conditions such as temperature, a transversal filter preferably
      employed is an adaptive equalizer in which the CTD input periodically is
      connected to a known signal such as impulse of known amplitude. The output
      is used to set the tap weights of the transversal filter. Closed loop
      adjustment of the dark current compensation also is provided. Thereafter,
      normal operation provides compensated storage of analog information.
PAR  In accordance with the invention, a dispersion compensated CTD controlled
      data display system is provided wherein a serial-parallel-serial CTD is
      loaded with data under control of clock means which is also operable to
      shift data from the CTD at a high data rate. An adaptive transversal
      filter is connected in series with the CTD to provide a dispersion
      corrected output of the data from the CTD. The filter output is applied to
      the input of the CTD and to a display unit. Means are provided
      periodically to relaod the CTD.
DRWD
PAR  The novel features believed characteristic of the invention are set forth
      in the appended claims. The invention itself, however, as well as further
      objects and advantages thereof, will best be understood by reference to
      the following detailed description of an illustrative embodiment taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a diagram of a CCD display system embodying the invention;
PAR  FIG. 2 illustrates waveforms from FIG. 1;
PAR  FIG. 3 is a block diagram of the system using a variable tap weight
      convolution filter for automatic dispersion correction;
PAR  FIG. 4 is a schematic diagram of a charge coupled device shift register
      with means for compensating the output of the charge coupled device;
PAR  FIG. 5 illustrates waveforms used in the system of FIG. 4; and
PAR  FIG. 6 is a schematic diagram showing generation of the weighting function
      stored in register SR2 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As set forth above, the present invention employs charge transfer devices,
      which include charge coupled devices and bucket brigade devices, for
      compensating for dispersion, utilizing a transversal filter having
      variable tap weights. CTD devices are used as shift registers. One shift
      register functions to store tap weights from a control signal, and another
      shift register for receiving the signal to be compensated for dispersion.
PAR  In general a CCD stores charges in potential wells, beneath electrodes at
      and insulated from a semiconductor surface, moving these wells from
      electrode to electrode in order to transfer the charge with the resulting
      shift register function occurring.
PAR  A BBD commonly comprises a row of insulated gate field effect transistors
      (IGFETs) having their channels in series and storage capacitance provided
      between the gate and the drain of each transistor. In integrated circuit
      form, a common doped region provides the drain for one transistor and the
      source for the next succeeding transistor, as well as providing an
      interconnection between them. The gate electrodes of the transistors are
      extended to overlap the respective drain regions sufficiently to provide
      the required gate-drain capacitances. The BBD transfers charge by
      providing a potential difference between storage capacitors at the site
      from which and the site to which the charge is to be transferred. When the
      potential difference is large enough the charge transfers from one
      capacitor to the next.
PAR  It is understood that any combination of CCD's or BBD's may be used in the
      present invention.
PAR  Essentially a device according to the present invention is illustrated by
      the block diagram of FIG. 1. FIG. 1 illustrates use of a
      serial-parallel-serial CCD 10 having serial input sections 10a and 10b,
      and a parallel section 10c; in a display system employing a cathode ray
      tube 11. Normally, strings of data are delivered to the CCD 10 by way of a
      low bandwidth low data rate input line 12. For example, data on telephone
      lines may be of the order of 1,000 to 2,000 bits per second. In contrast,
      the display 11 utilizes data at the rate of about four mega bits per
      second. By the present invention provision is made for refresh and display
      of the data utilizing a CCD 10.
PAR  Input line 12 is connected by way of an input selector shown in the form of
      a switch 13a to supply data to the serial input section 10a of CCD 10.
      Output section 10c is connected by way of a summing unit 14 to a
      transversal filter 15. A plurality of output taps of filter 15 are of
      adjustable weights and are connected to the inputs of a summing amplifier
      16. Filter 15 with weighted outputs has an impulse response the inverse of
      the dispersion in CCD 10. The output of amplifier 16 is connected by way
      of a switch 13b to terminal 5 of switch 13a.
PAR  CCD 10 is driven from a clock source 20. Source 20 is a multi phase
      generator having an output pulse rate selector switch 13c. Capacitors 20a
      and 20b represent frequency controlling elements in source 20. Capacitor
      20a, when effective in the source circuit causes an output at a low rate,
      capacitor 20b at a high rate. CCD 10 operates at the low data rate
      harmonius with the data flow over line 12 and at a high rate harmonius
      with the requirements of display unit 11 when the clock source 20 is
      controlled by capacitors 20a and 20b, respectively. Source 20 is connected
      not only to the sections 10a, 10b and 10c of the CCD 10, but also to the
      transversal filter 15, to a differential amplifier 21, to a pulse source
      22 and to a weighting unit 23 which is adapted to adjust the transversal
      filter output.
PAR  Switch 13d serves to connect the output of amplifier 16 to the input of
      differential amplifier 21. The output of amplifier 21 is connected to an
      integrator 24 and thence by way of an inverter 25 to the second input of
      the summing unit 14 to cancel dark current.
PAR  The waveforms of FIG. 2 have been illustrated to show the inputs from
      switch 13a to the CCD 10 for each of the four positions.
PAR  In switch position 1, no data is input to the CCD 10 while operating under
      the control of the clock pulses from source 20 at the high rate. Dark
      current output will be sampled. The magnitude of the dark current is
      indicated by the magnitude of the output samples represented by curve 49a
      FIG. 2. This voltage then accumulates on a capacitor 22 to adjust an
      output to be applied to summation unit 14 to reduce the dark current
      component of the CCD output to zero.
PAR  More particularly the output dark current 49 of CCD 10 is sensed by the
      differential amplifier 21. A voltage is stored on capacitor 22 in
      integrator 24 which is proportional to the dark current generated in the
      CCD 10. This is proportional to the amplitude of the output 49, FIG. 2.
      The voltage from integrator 24 is then inverted in unit 25 and applied to
      summation unit 14 and is thus held at this level until switches 13a-e are
      again in position 1. Thus, the dark current is compensated reducing the
      output of the transversal filter 15 to zero level for zero signal input.
PAR  In switch position 2, widely spaced pulses 50 are applied to the input of
      the CCD 10. As the pulse is shifted through the CCD, a trailing series 51
      are left behind by reason of poor transfer efficiency. In switch position
      2, the outputs of the register 15 are applied to unit 23 automatically to
      adjust, by way of linkage 23a, the magnitudes or levels of resistances
      coupling the transversal filter output to the summing amplifier 16.
      Basically, the outputs from unit 15 are multiplied by a weighting factor
      so that the output of the CCD 10 will be fully restored, i.e., pulse 50
      will be restored and trailing packets reduced to zero. The trailing
      packets are modified and summed in unit 16 with suitable weighting.
PAR  In switch position 3, the input signal in the form of sample pulses 52a
      appears on line 12. This signal is applied through switch 13a to CCD 10.
      Clock source 20 shifts the data at a rate compatible with the input data
      on line 12, i.e., at a much lower rate. This operation continues until CCD
      10 is loaded.
PAR  In switch position 4, the system again operates at the high clock rate.
      Signal output pulses 53 of amplifier 16 are applied to display unit 11 and
      through switch 13a to the input to CCD 10 so that the data is circulated
      and constantly refreshed rendered free from dispersion effects.
PAR  In one aspect of the invention, switches 13a-e are controlled by a control
      unit 30 which may be a conventional multi-position control switch. While
      switches 13a-e have been shown in conventional form, they preferably are
      active circuit devices such as are well known. Gated field effect
      transistors, for example, would be preferred. In this case, the control
      unit 30 may comprise a transistor logic switch arrangement for applyling
      gating pulses to operate appropriate ones of the field effect transistors.
      FIG. 1 has been shown to protray the funtion.
PAR  CCD 10 and the filter 15 together with the amplifier 16 and the weighted
      resistors may be incorporated on a single semiconductor chip. The weights
      for filter 15 in accordance with one aspect of the invention may be
      precalculated and preset. In such case, the filter 15 would not be an
      active filter but would be constructed to have set impulse response which
      is the inverse of the dispersion.
PAR  In executing the invention, with particular reference to large size
      integrated circuit system, MOS devices preferably will be employed. The
      manner in which such devices would be implemented is illustrated in FIGS.
      3 and 4 with appropriate voltage waveforms being shown in FIG. 5.
PAR  Referring to FIG. 3, two charge transfer device shift registers SR1 and SR2
      are provided; these may both be CCD or BBD shift registers; alternatively
      one may be a CCD and the other a BBD shift register. Analog signals
      V.sub.1 and V.sub.2 are sampled and clocked into shift register SR1 and
      SR2 respectively and propagated along those shift registers in
      conventional manner. The sampled values of V.sub.2 provide tap weights for
      the transversal filter operation to be performed. Signal levels stored at
      corresponding stages of each shift register are non-destructively detected
      and applied as inputs to multipliers M which provide outputs proportional
      to the products of the sampled values at each shift register stage. The
      outputs of the multipliers M are simultaneously summed or accumulated by a
      summation amplifier 16 to provide a convolved output signal. The outputs
      from register SR2 are weighting functions and are adjusted while switch
      13e is in switch position 2 and remain constant for all other operations.
PAR  Referring further to FIG. 3, the pulse source 22 is connected to switch
      position 2 of switch 13a to apply a single isolated pulse 50 (FIG. 2) to
      CCD 10. At the same time, pulse 50 is applied to a flip-flop 60 to enable
      a gate 61. The outputs of the clock source 20 are connected to a gate 62.
      The .phi..sub.1 output is connected through gate 61 to a counter 63.
      Counter 63 is preset to a count equal to the number of cells in CCD 10
      plus the six cells in filter 15. When counter 63 reaches this count, an
      output state appears on the output channel 64. This is connected back to
      reset flip-flop 60 to disable gates 61 and 62. It is also applied as an
      enable signal to the weighting generator unit 23. The six outputs from SR1
      are applied by way of channels 65 to the unit 23 causing the five analog
      weighting functions to appear as V.sub.2 samples on the input to the SR2
      register. The latter samples are clocked into SR2 register where they are
      held for nondestructive sampling in the application to the multipliers M.
PAR  FIG. 4 illustrates in greater detail a portion of a system as shown in FIG.
      3 using CCD shift registers SR1 and SR2. Associated clock pulse timing
      diagrams are illustrated by FIG. 5. The CCD shift registers SR1 and SR2
      are illustrated in FIG. 3 as 3-phase registers with the transfer
      electrodes connected to clock pulse phase lines as shown. However, any
      polyphase CCD shift register system could be used, the choice being
      determined by the particular application involved. In both shift
      registers, each stage incorporates a floating gate amplifier for
      non-destructive detection or sampling of the signal level stored at that
      stage. Thus, in each stage of the shift registers SR1 and SR2, a floating
      electrode FE (i.e., an electrode not connected to a clock pulse phase) is
      located between the .phi..sub.2 and .phi..sub.3 phase transfer electrodes.
      Considering the A components of SR1 and SR2, the floating electrodes FE
      thereof are connected to (or extended to form) the gate electrodes of
      respective IGFETs Q.sub.1 and Q.sub.2, the source of transistor Q.sub.1
      being connected to the drain of transistor Q.sub.2 with an output taken
      from the source of transistor Q.sub.2 so that transistors Q.sub.1 and
      Q.sub.2 function as a source follower amplifier. Respective preset IGFET
      transistors Q.sub.3 have their drains connected to the gates of
      transistors Q.sub.1 and Q.sub.2, the gate of each transistor Q.sub.3 being
      connected to receive preset pulses PS. For clarity, FIG. 4 illustrates a
      structural configuration and a circuit schematic for the floating gate
      amplifier just described.
PAR  The drain of transistor Q.sub.1 of all the stages of the shift register SR1
      are connected to a common drain supply .sup.V.sub.DD while the sources of
      transistors Q.sub.2 of all the stages of shift register SR.sub.2 are
      connected as a common input to a current summation amplifier 16 having an
      output terminal OUT.
PAR  Operation of the system illustrated by FIG. 4 may be explained as follows.
      With clock signal .phi..sub.2 on, signal sample related charges are stored
      beneath the .phi..sub.2 electrodes in shift registers SR1 and SR2. During
      a portion of the on period of clock pulse .phi..sub.2 that does not
      overlap the associated .phi..sub.1 pulse period, a short precharge pulse
      PS is applied to the gates of transistors Q.sub.3 to precharge the
      floating gate nodes N1A and N2A of shift registers SR1 and SR2 to a
      predetermined voltage. When clock pulse 0.sub.2 switches to an off
      condition, charges corresponding to the signal levels previously stored
      beneath the phase .phi..sub.2 electrodes are transferred to beneath the
      floating gate electrodes FE in the respective shift registers SR1 and SR2,
      giving rise to corresponding gate voltages V.sub.Si at transistor Q.sub.1
      and V.sub.Gi at transistor Q2. The resulting current I.sub.i through the
      transistors Q.sub.1 and Q.sub.2 is thus proportional to the product
      V.sub.Gi .times.V.sub.Si. The nodes N1A and N2A are subsequently reset to
      zero potential prior to occurrence of the next .phi..sub.1 pulse.
PAR  The product currents I.sub.i for all of the stages of the shift registers
      are applied as a common input to the current summing amplifier 16 to
      produce a dispersion compensated output signal at the output terminal OUT.
PAR  In FIG. 5, the same waveform is shown for nodes N1A and N2A for the sake of
      simplicity; however, it will be appreciated that the actual voltages of
      these nodes will normally differ, depending on the respective values of
      signal related voltages V.sub.Si and V.sub.Gi.
PAR  In place of a floating gate amplifier as described with reference to FIG.
      4, a floating diffusion amplifier may be used. In that case, doped (e.g.,
      diffused) regions would be formed in the semiconductor substrate at
      locations coresponding to the floating electrodes FE which would be
      omitted. The doped regions would extend beyond the transfer electrodes in
      a direction laterally of the signal propagation direction along the shift
      registers, and the gate electrodes of transistors Q.sub.1 and Q.sub.2
      would be extended to ohmically connect with the corresponding doped
      regions in the shift registers SR1 and SR2, respectively.
PAR  FIG. 6 illustrates circuitry that may be employed in the weighting function
      generator 23. When the enable signal on channel 64 is applied to circuit
      23 (see FIG. 3), the components illustrated in FIG. 6 are activated to
      produce six output weighting functions h.sub.1 -h.sub.6. The latter
      comprise the six outputs of the weighting unit 23 which are to be
      successively sampled and stored in register SR2, FIG. 3.
PAR  In order to provide correction for dispersion in CCD 10, it will be
      understood that the six output samples from filter 15 appearing on lines
      65 (FIG. 3) are the samples S1, S2, S3, S4, S5 and S6. These samples are
      portrayed immediately above register 15 in FIG. 3. The relative amplitudes
      thereof as appearing at the output of amplifier 15 are applied to the
      circuit of FIG. 6 by way of the bus 65, as above noted. The six output
      weighting functions h.sub.1 -h.sub.6 are then generated in accordance with
      the following relationships.
      ##EQU2##
PAR  Thus, in accordance with Equation (1), the H.sub.1 output on line 71 is the
      unmodified amplitude of the signal S1 from the last cell of register 15.
PAR  The h.sub.2 output appearing on line 72 is produced by dividing S2 by S1
      and changing the sign thereon.
PAR  The h.sub.3 output appearing on the channel 73 involves use of the signals
      S3, S2 and S1 in the relationship shown in Equation (3) and as implemented
      in the circuit leading to line 73.
PAR  The h.sub.4 output appearing on line 74 involves utilization of the signals
      S1, S2, S3 and S4 in the relationship indicated in Equation (4) and as
      implemented in the circuitry leading to line 74.
PAR  The h.sub.5 output appearing on line 75 involves measurement of the
      amplitudes of the signals S1-S5 in the relationship indicated in Equation
      (5) and implemented in the circuitry in leading to line 75.
PAR  Finally, the h.sub.6 output appearing on line 76 involves utilization of
      all of the outputs S1-S6 in the relationship indicated in Equation (6) and
      implemented in the circuitry leading to line 76.
PAR  It will be appreciated that the transversal filter section 15 of the CCD is
      of but limited length. In the example here given, only six cells are
      utilized. Equations (1)-(6) are thus tailored to the six cell transversal
      filter. It will be appreciated that a greater number or even a fewer
      number than six cells may be used, in which case the same relationships as
      set forth in Equations (1)-(6) would apply. If a greater number of cells
      are employed, then the additional outputs would be multiplied by a
      weighting factor which includes one additional component as indicated by
      the pattern of successively increasing terms in the Equations (1)-(6).
PAR  Switches 13a-e may be cycled to execute the four modes shown in FIG. 2 as
      frequently as desired. This could be done as often as once for each load
      and display cycle. That is, the switches might be repeatedly actuated to
      run through the dark current adjustment, the filter adjustment, loading
      the CTD with data and then reading out the data at the high data rate for
      display purposes. Alternatively, the adjustment modes 1 and 2 might be
      done once for every 10, 100 or 1,000 or 1,000,000 cycles of mode 3 and/or
      4.
PAR  The filter can be made to correct dispersion to any order in the charge
      loss parameter .alpha.(.alpha.= charge loss per stage). Loss per transfer
      may be .alpha.= 2 or 3 for a two or three phase charge transfer device,
      respectively. It can be seen, however, that a correction to the kth order
      requires tapping k sequential delay stages.
PAR  The manner in which taps may be made to a transversal filter section of a
      CTD is described in U.S. patent application Ser. No. 320,347, filed Jan.
      2, 1973, entitled "Dispersion Compensation Circuitry For Analog Charged
      Systems", now U.S. Pat. No. 320,347 assigned to the assignee of the
      present invention.
PAR  The charge coupled device may be constructed in accordance with known
      procedures, such as described in U.S. Pat. No. 3,756,924.
PAR  The display unit 11 may utilize sufficient data to provide a conventional
      TV display of 525 lines or it may utilize a CTD tailored to a more limited
      display of, for example, where register 10 would have 160 registers each
      of 100 cells.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a data handling system, the combination comprising:
PA1  a. a CTD analog shift register having data input means and data output
      means,
PA1  b. a CTD transversal filter section of limited length connected to the
      output of said analog shift register, said transversal filter section
      comprising a plurality of cells and tap weight means for weighting outputs
      from said cells by weighting functions to compensate dispersion distortion
      due to one pass of an analog signal through said analog shift register,
PA1  c. linear amplifier means connected to sum weighted outputs from the cells
      of said transversal filter section, and
PA1  d. means selectively operable to connect the output of said amplifier means
      to the data input means of said analog shift register.
NUM  2.
PAR  2. The combination set forth in claim 1 in which:
PA1  a. means are provided periodically to apply to the data input means of said
      CTD shift register a known amplitude signal, and
PA1  b. means automatically to set the tap weights of said transversal filter in
      accordance with the output from shift register of said known amplitude
      signal.
NUM  3.
PAR  3. The combination set forth in claim 1 in which a summation means is
      provided in series with said CTD and said filter and means which senses
      dark current components in the output from said CTD and adjusts the D.C.
      level of said output through said summation means to eliminate the dark
      current component from the output of said filter.
NUM  4.
PAR  4. The combination set forth in claim 1 in which a control means cycles
      said shift register successively through a filter weighting mode, a data
      load mode and a display mode.
NUM  5.
PAR  5. The combination set forth in claim 4 in which said control means
      includes said weighting mode on selected cycles only.
NUM  6.
PAR  6. The combination set forth in claim 4 in which said control means
      includes in said display mode multiple read outs from said CTD within each
      said cycle.
NUM  7.
PAR  7. A dispersion compensated CTD controlled data display system which
      comprises:
PA1  a. a serial-parallel-serial CTD,
PA1  b. means to load said CTD at a low data rate,
PA1  c. clock means to shift said data from said CTD at a high data rate,
PA1  d. an adaptive transversal filter connected in series with said CTD to
      provide a dispersion corrected output of the data from said CTD,
PA1  e. means for selectively applying said dispersion corrected output to the
      input of said CTD at said high data rate,
PA1  f. a data display unit,
PA1  g. means for applying said dispersion corrected output to said display unit
      at said high data rate, and
PA1  h. means for periodically reloading said CTD at said low rate.
NUM  8.
PAR  8. The combination set forth in claim 7 in which said transversal filter
      comprises a terminal set of cells in said CTD shift register with means to
      multiply outputs from said cells by weighting factors to compensate for
      dispersion of signals passing through said CTD analog shift register, and
      means to sum the results of said multiplication.
NUM  9.
PAR  9. The combination set forth in claim 8 in which the order k of correction
      for dispersion is about six.
NUM  10.
PAR  10. The method of compensating dispersion in a CTD analog shift register
      which comprises:
PA1  a. sensing the magnitudes of successive output signal samples after each of
      said signal samples has completed one complete path through said analog
      shift register,
PA1  b. adjusting the magnitudes of said sensed signal samples by a weighting
      function representative of the inverse of the dispersion function of said
      CTD analog shift register,
PA1  c. summing the outputs resulting from each said adjustment, and
PA1  d. feeding back said respective summed outputs to the input of said analog
      shift register for recirculation through said shift register.
NUM  11.
PAR  11. In the method set forth in claim 10 the step which comprises shifting
      the D.C. level of said output signal samples to correct for dark current
      produced in said CTD analog shift register.
NUM  12.
PAR  12. In the method set forth in claim 10, the steps which comprise
      periodically interrupting flow of analog input data to said CTD shift
      register, applying a reference pulse as an input to said shift register
      during such interruption and adjusting the values of said weighting
      functions in dependence on the output from said CTD of said reference
      pulse and of k-l trailing dispersion produced pulses.
NUM  13.
PAR  13. In a dispersion compensated CTD controlled data display system, the
      combination comprising:
PA1  a. a CTD analog shift register;
PA1  b. clock means for selectively operating said shift register at low and
      high data rates, respectively;
PA1  c. CTD adaptive transversal filter means connected in series with said
      shift register and having adjustable tap weights for providing a
      dispersion corrected output of data from said shift register;
PA1  d. data input means selectively connectible to said shift register to input
      data into said shift register;
PA1  e. data display means;
PA1  f. summation means selectively connectible between the output of said
      transversal filter means and the output of said shift register for sensing
      dark current components in the output from said shift register and
      adjusting the D.C. level of said output from said summation means to
      substantially eliminate said dark current component from the output of
      said shift register;
PA1  g. dispersion correction means selectively connectible to said shift
      register and transversal filter means to apply to the input of said shift
      register a known amplitude pulse and means automatically to set said tap
      weights of said transversal filter in accordance with the output from said
      shift register in response to said known amplitude input pulse; and
PA1  h. switch means selectively operable to
PA0  1. disconnect said data input means from said shift register, to connect
      said summation means to the output of said transversal filter means, and
      to connect said clocking means to operate said shift register at said high
      data rate;
PA0  2. connect said dispersion correction means to said shift register and
      transversal filter means;
PA0  3. connect said data input means to said shift register, and to connect
      said clocking means to operate said shift register at said low data rate;
      and
PA0  4. connect the output of said transversal filter means to said data display
      means and to the input of said analog shift register, and to connect said
      clocking means to operate said shift register at said high data rate for
      recirculation of data through said analog shift register at said high data
      rate.
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PAL  A vehicle headlamp has a paraolic mirror with a lamp having a dipped beam
      filament disposed in front of the focus of the mirror. A front lens is
      adapted to be rigidly secured to the vehicle body whilst an auxiliary lens
      is mounted between the front lens and the lamp. The auxiliary lens is
      rigidly connected to the mirror so as to be movable therewith.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to vehicle headlamps. The Applicant's U.S. Ser. No.
      3,849,642 issued on Nov. 19, 1974 to Olivier PUYPLAT relates to a motor
      vehicle headlamp comprising a parabolic mirror, a lamp having a dipped
      beam filament disposed in front of the focus of the mirror, the mirror
      having a central part immediately surrounding the lamp and a peripheral
      part surrounding the central part, a front lens provided whith relief
      patterns to intercept and disperse at least a part of the reflected dipped
      beam, and an auxiliary lens positioned between the lamp and the front lens
      and provided with relief patterns to intercept and disperse at least that
      part of the dipped beam which is reflected by the central part of the
      parabolic mirror.
PAR  It is disclosed in the U.S. patent referred to above that the front lens
      and the auxiliary lens are both rigidly connected to the mirror or to the
      mirror support so as to form an optical unit which can be introduced into
      a vehicle body.
PAR  The proposed function of the front lens of the system described above is to
      engage closely with the shape of the vehicle body so as to prevent a break
      of styling lines such as would occur if conventional headlamps were used
      since a break of this kind is bound to impair the aesthetics and
      streamlining of the body. However, in the case of body shapes which are
      very inclined to the headlamp optical axis, the optical system embodied by
      the front lens, auxiliary lens and mirror tends to become of substantial
      size and weight so that it is difficult to secure or mount the unit on the
      body. The problems are even greater if it is desired to introduce
      mechanism for compensating the horizontal inclination of the reflector
      axis in dependence inter alia on vehicle attitude since compensation of
      this kind leads to considerable movement of the optical system. Also the
      bulk and weight of the optical system causes difficulties in the
      construction of compensating systems since these must allow for the
      inertia and considerable overhang of the unit and the weight of the front
      lens and of the air pressure acting thereon.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a vehicle headlamp comprises a parabolic
      mirror, a lamp having a dipped beam filament disposed in front of the
      focus of the mirror, see page 2, a front lens provided with relief
      patterns to intercept and disperse at least a part of the reflected dipped
      beam, an auxiliary lens positioned between the lamp and the front lens and
      provided with relief patterns to intercept and disperse at least a part of
      the light reflected by the central part of the mirror, the front lens
      being adapted to be rigidly connected to the vehicle and the auxiliary
      lens being rigidly connected to the mirror so as to be movable therewith.
PAR  Specifically in the headlamp according to the invention the front lens may
      be rigidly connected to the vehicle and the auxiliary lens is rigidly
      connected to the reflector so as to be movable therewith by any known
      adjustment means in dependence inter alia upon vehicle attitude.
PAR  Clearly, if this feature is used, an appropriate distribution of relief
      patterns on the lens can help to provide a headlamp whose front lens can
      be fixed in position but whose photometry remains satisfactory despite
      relatively large angular movements of the parabolic mirror. The inertia of
      the moving system embodied by the mirror and the auxiliary lens remains
      low, thus simplifying problems connected with the construction of the
      automatic compensator if it is required to correct headlamp tilt, inter
      alia in dependence upon vehicle attitude. Also the fixed mounting of the
      front lens simplifies the problems of securing into the bodywork, removes
      the elements of the compensating device, if provided, from the effects of
      air pressure and moreover facilitates the possible fitting of a headlamp
      wiper or the like.
PAR  In one specific embodiment the lamp has in addition a main beam filament
      disposed near the focus of the mirror and the auxiliary lens has two lower
      side zones having relatively slight relief patterns for the dipped beam
      range, and a central zone having more marked relief patterns and serving
      mainly to provide the major width of the dipped beam and of the main beam,
      and the front lens having two top lateral zones formed with relatively
      slight relief patterns and serving mainly to provide the intermediate
      width of the two beams.
PAR  Alternatively the headlamp may be provided with a secondary parabolic
      mirror having its own lamp and disposed inside the first named mirror to
      form a main beam, the auxiliary lens having two lateral zones having
      relatively slight relief patterns to provide the dipped beam range and a
      top central zone having more marked relief patterns to provide the major
      width of the dipped beam, and the front lens having two top lateral zones
      providing the intermediate width of the dipped beam and two lower lateral
      zones serving mainly to control the long-range illumination of the main
      beam, the width thereof being controlled by one of the bottom central zone
      of the auxiliary lens and the bottom central zone of the front lens.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention may be carried into practice in various ways but two specific
      embodiments will now be described by way of example with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic sectional side elevation of a motor vehicle
      headlamp according to the present invention;
PAR  FIG. 2 is a front elevation with certain parts broken away of the headlamp
      of FIG. 1;
PAR  FIG. 3 is an exploded perspective view of part of the system shown at III
      in FIG. 2;
PAR  FIG. 4 is a diagrammatic sectional side elevation of an alternative
      embodiment; and
PAR  FIG. 5 is a view similar to FIG. 2 of the second embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring firstly to FIGS. 1 to 3, a parabolic mirror 10 is rigidly secured
      to a metal support member or frame 12 and is provided with a central part
      11 surrounded by a peripheral part 13. In the form shown the mirror
      surface is provided by the application of an appropriate reflecting
      substance on the concave inside surface of the member 12. However, it is
      to be understood that the mirror 10 can, of course, be independent and
      may, for example, be provided by a reflecting surface on a rigid injection
      moulded body and can be secured to the member 12 by any appropriate means.
      The forwardly facing open end 14 of the member 12 is provided with an
      auxiliary lens 16 advantageously made of transparent plastics material
      which has on its inside surface at least one system of grooves or similar
      relief patterns 17 adapted to provide a predetermined dispersion of at
      least a part of the light beam reflected by the central part 11 of the
      mirror and generated by the dipped beam filament 19 of a lamp 18 which
      filament is positioned appropriately on the optical axis of the mirror 10
      in front of the focus F thereof. The detail of the lens 16 will be
      described shortly.
PAR  The headlamp also comprises a front lens 10 which has on its inside surface
      at least one system of grooves or similar relief patterns 21 for providing
      a predetermined dispersion of at least a part of the light beam emitted by
      the filament 19 and reflected by the mirror 10. In the example shown in
      FIG. 1 the lamp 18 is a twin filament lamp, one filament 19 being disposed
      in front of the focus F of the mirror 10 and serving to produce a dipped
      beam while the other filament (not being shown in the drawings) is
      disposed near the focus and provides the main beam.
PAR  The front lens 20 is adapted to be rigidly secured to the vehicle bodywork
      23 by any appropriate means (not shown), whilst the auxiliary lens 16 is
      rigidly secured to the mirror 10 so as, where applicable, to be movable
      therewith by any known automatic or manual adjusting means 25. In
      particular the orientation of the axis of the mirror 10 can be controlled
      by the appropriate compensating means 25 to the positions shown by the
      dotted lines in FIG. 1, for instance in dependence on vehicle attitude or
      in dependence on the orientation of the steering wheels (not shown) of the
      vehicle.
PAR  In the construction shown in FIG. 1 the front lens 20 is hermetically
      sealed to a metal shell or housing 22 adapted to be fitted to the bodywork
      23 of the vehicle so that the optical system embodied by the lens 20 and
      the moving member 12 form a unitary device. Alternatively, however, the
      front lens 20 can be completely independent of the member 12 and can be
      directly secured to the peripheral edge of an aperture in the vehicle body
      receiving the vehicle headlamp. In this case the member 12 is adapted to
      be moved inter alia angularly in accordance with the intended control.
PAR  If there is to be no impairment of the photometry of the resulting
      headlamp, notwithstanding movements of the member 12 relatively to the
      front lens 20, the light distributing and dispersing grooves 17 - 21 must
      be carefully distributed between the fixed lens 20 and the movable
      auxiliary lens 16. Preferably the grooved zones used to produce the
      cut-off of the dipped beam and the grooves, where there is considerable
      dispersion of the light flux of the two beams, i.e. the dipped beam and
      the main beam, are associated with the auxiliary lens 16.
PAR  FIG. 2 shows one example of how the grooves can be distributed between the
      two lenses 16 and 20. In this example the lens 16 has two lower lateral
      zones 24a and 24b formed with slight grooving to produce the long-range
      effect; in other words that part of the beam which provides long-range
      illumination, of the light reflected by the mirror 10, such light forming
      the dipped beam of the headlamp. The lens 16 also has a central zone 26
      whith more marked grooves (prisms or similar reliefs) the top part 26a of
      the zone 26 producing the major width or, in other words, that part of the
      beam providing very short-range illumination of the road, of both the
      dipped and main beams. In contrast the lower part 26b of the central zone
      26 produces the major width of the main beam.
PAR  Referring to the right-hand side of FIG. 2, the front lens 20 has two top
      lateral zones 28b of which one is shown, which have slight grooving which
      is responsible mainly for the intermediate width, in other words that part
      of the beam providing medium-range illumination of the road of the two
      beams produced by the lamp 18.
PAR  FIG. 3 shows one example of a mounting facility used for securing the
      auxiliary lens 16 to the flanged edge 14 of the member 12. Three of these
      facilities are used for this purpose in the embodiment shown in FIGS. 1
      and 2. Each facility mainly comprises a metal clip 30, shown in FIG. 3,
      having at one end a bent edge 32 adapted to abut the flange 14 of the
      member 12. At its other end the clip 20 has a gripping member 34 provided
      with a central resilient finger 36 adapted to grip the corresponding edge
      of the auxiliary lens 16. Two other fingers 38 have bent edges 40 which
      cooperate with appropriately shaped slots 42 in the lens 16 to obviate any
      risk of tangential movement between the lens 16 and the member 34. Also a
      finger 44 can, as shown in FIG. 3, be provided on the lens 16 near a slot
      42 in order to take up an dimensional differences or expansions occuring
      between the edges 40 and the slots 42.
PAR  FIGS. 4 and 5 show a second embodiment basically similar to the one
      described and like references denote like elements as used in FIGS. 1 to
      3. The main difference between the two embodiments arises from the use, in
      the second embodiment, of a secondary parabolic mirror 46 with which is
      associated a main beam lamp 48. The mirror 46 is placed inside the support
      member 12 for the mirror 10 and the lamp 18 in this case has only a single
      filament (i.e. filament 19) to form simply the dipped beam in cooperation
      with the mirror 10.
PAR  In this embodiment the auxiliary lens 16 can do no more than disperse at
      least a part of the dipped beam, the function of the front lens 20 being
      to define the appropriate dispersion of the main beam and to supplement
      the dispersion of the dipped beam. FIG. 5 shows front elevations of the
      lenses 16 and 20. The auxiliary lens 16 has two lateral portions 24a and
      24b formed with relatively slight grooving to provide long-range
      illumination provided by the dipped beam. A top central portion 26a has
      more marked grooving and is reponsible for dipped beam width. The lower
      edge of the auxiliary lens 16 participates in producing the dipped beam
      cut-off whilst the front lens 20 has two finely grooved lateral zones of
      which one is shown at 28b and which are responsible for producing the
      intermediate width of the dipped beam. The lens 20 also has two bottom
      lateral zones, of which one is shown at 52b, which are responsible for
      producing the long-range illumination of the main beam emitted by the lamp
      48 and reflected by the mirror 46. The main beam width can be controlled
      either by the bottom central section 54 of the front lens 20, as shown, or
      by an extension 56 shown in chain lines of the auxiliary lens 16.
CLMS
STM  What we claim as our invention and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A motor vehicle headlamp comprising an parabolic mirror, a lamp having a
      dipped beam filament disposed in front of the focus of the mirror, the
      mirror having a central part surrounding the lamp and a peripheral part
      surrounding the central part, a front lens provided with relief patterns
      to intercept and disperse at least a part of the reflected dipped beam, an
      auxiliary lens positioned between the lamp and the front lens and provided
      with relief patterns to intercept and disperse at least a part of the
      light reflected by the central part of the mirror, the front lens being
      rigidly connectable to the vehicle and the auxiliary lens being rigidly
      connected to the mirror so as to be movable therewith.
NUM  2.
PAR  2. A headlamp as claimed in claim 1 in which the lamp has in addition a
      main beam filament disposed near the focus of the mirror and the auxiliary
      lens has two lower side zones having relatively slight relief patterns for
      the dipped beam range, and a central zone having more marked relief
      patterns and serving mainly to provide the major width of the dipped beam
      and of the main beam, and the front lens having two top lateral zones
      formed with relatively slight relief patterns and serving mainly to
      provide the intermediate width of the two beams.
NUM  3.
PAR  3. A headlamp as claimed in claim 1 and comprising a secondary parabolic
      mirror having its own lamp and disposed inside the first named mirror to
      form a main beam, the auxiliary lens having two lateral zones having
      relatively slight relief patterns to provide the dipped beam range and a
      top central zone having more marked relief patterns to provide the major
      width of the dipped beam, and the front lens having two top lateral zones
      providing the intermediate width of the dipped beam and two lower lateral
      zones serving mainly to control the long-range illumination of the main
      beam, the width thereof being controlled by one of the bottom central zone
      of the auxiliary lens and the bottom central zone of the front lens.
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PAL  A system for the transmission of television signals comprising a light
      emitter diode or diodes feeding an optical transmission line, the light
      output from the optical transmission line being applied to light sensitive
      semiconductor devices for re-conversion to analogue television signals.
BSUM
PAR  This invention relates to line data transmission and more especially to
      television transmission.
PAR  According to the present invention a data transmission system suitable for
      television transmission comprises means for converting data signals to
      corresponding light signals, optical transmission line means fed at one
      end from the said means for converting and feeding from the other end
      thereof means for reconverting the light signals to corresponding
      electrical data signals.
PAR  The system may comprise a light emitting diode L.E.D. coupled for the
      transmission of the light signals to one end of an optical fibre in
      response to the application of the analogue electrical television signal
      to the diode, the other end of the fibre being coupled to feed the light
      signals to a light detector for recoverting the light signals to analogue
      electrical television signals.
PAR  The light detector may be a reverse biased silicon junction detector and
      the optical transmission line may be any conventional multimode type of
      optical fibre.
PAR  The television signals transmitted in the system may be any or all of the
      components of a standard colour television signal. A plurality of channels
      may be contemporaneously transmitted over one fibre each by modulation of
      a different light colour, each channel having its own L.E.D. and detector
      operatively associated with filter means chosen in accordance with the
      particular colour light appertaining to the channel concerned.
PAR  Alternatively the system may be arranged to operate on a time shared
      multiplex basis whereby a plurality of channels are transmittable. A
      further alternative mode of operation would be a combination of colour
      multiplex transmission, and time shared multiplex transmission.
PAR  A system according to the present invention may include an optical negative
      feedback arrangement, whereby operation of the system or parts thereof is
      linearised. The feedback arrangement may comprise one or more detectors
      positioned to receive light fed to the optical transmission line and to
      produce in dependence thereon a feedback electrical signal which is
      amplified and utilised for negative feedback purposes.
PAR  The detector or detectors used for negative feedback purposes may be
      positioned adjacent the light emitting diode to collect overspill light,
      i.e. light intended for transmission but not collected by the optical
      fibre. Alternatively this detector or these detectors utilised for
      negative feedback may be positioned adjacent the fibre with an index
      matching medium interposed therebetween so that some of the light
      transmitted through the fibre can be bled off and utilised for feedback
      purposes.
DRWD
PAR  Some exemplary embodiments of the invention will now be described with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a generally schematic sectional front elevation of an optical
      fibre coupled to a light emitting diode and showing light detectors used
      for feedback purposes;
PAR  FIG. 2 is a generally schematic front elevation of an alternative
      arrangement to FIG. 1;
PAR  FIG. 3 is another generally schematic front elevation of a further
      alternative arrangement to the arrangement of FIG. 1, and
PAR  FIG. 4 is a generally schematic circuit diagram of an electrical feedback
      system.
DETD
PAR  Referring now to FIG. 1 a system for the optical transmission of analogue
      television (T.V.) signals comprises a light emitting diode 1 fed with
      analogue electrical T.V. signals and providing corresponding light signals
      which are transmitted along an optical fibre 2 to a light detector 3. The
      light emitting diode 1 may be of any conventional type and the light
      detector 3 is conveniently a reverse biased silicon junction detector. The
      optical fibre 2 is a conventional multimode type having a glass core of a
      first refractive index surrounded by a glass annulus or cladding having a
      different refractive index.
PAR  In operation of the system, light produced as a result of electrical
      signals applied to the L.E.D. 1 is transmitted along the fibre 2 through
      the core and cladding and collected at the detector 3 to be re-converted
      to electrical television signals. In order to linearise operation of the
      L.E.D. a feedback detector 4, 5 of annular form is provided which collects
      overspill light from the junction between the L.E.D. and the end of the
      optical fibre 2. Light from the detector 4, 5 is suitably amplified as
      will hereinafter be described and applied to the L.E.D. in a suitable
      phase so as to provide the advantageous linearising effects well known to
      be associated with a negative feedback. The annular photo detector 4, 5
      might conveniently be a mesa.
PAR  Referring to FIG. 2 an alternative arrangement is shown in which a
      conventional new annular photo detector 6 is provided to collect light
      overspilling from an L.E.D. 7 which is arranged to feed an optical fibre
      8.
PAR  As an alternative to utilising overspill light for feedback purposes as
      hereinbefore described with reference to FIGS. 1 and 2 an arrangement may
      be provided in which a photo detector 9 is optically coupled through a
      refractive index matching medium 10 to an optical fibre 11 which is fed
      from an L.E.D. 12. In this case a proportion of the light normally
      intended for transmission from the L.E.D. 12 through the cladding of the
      optical fibre 11 passes through the index matching medium and is utilised
      by the photo detector 9 for feedback purposes.
PAR  A typical feedback circuit is shown schematically in FIG. 4 where overspill
      light from an L.E.D. 13, stimulated by electrical T.V. analogue signals,
      is collected by a reverse biased photo detector 14 and fed via an
      amplifier 15 the gain of which is defined by a resistor 16 to the L.E.D.
      13 as a negative feedback signal, the electrical analogue T.V. input
      signals being fed to input terminal 17. Instead of using the single
      amplifier 15 to provide the required phase change two amplifiers may be
      serially connected to produce a similar result.
PAR  A system according to the invention is workable over line lengths of up to
      four kilometres depending upon fibre attenuation. The system is suitable
      for T.V. video signals, or alternatively the signal used may occupy a
      frequency band of 0.5 to 6.5 megahertz for example, and this would have
      the advantage that distortion which may be caused by thermal effects at
      lower frequencies i.e. below 15 megahertz would be avoided. Additionally
      it would enable a.c. and d.c. drives for the L.E.D. as would be required
      if a system operating to d.c. were used, to be separated resulting in
      improved drive efficiency. The bias may with this arrangement be provided
      by circuits not involved in providing the power drive for the L.E.D. and
      by using transformers a higher drive voltage may be used with a
      corresponding saving in drive current. The L.E.D. may be permanently
      bonded to a short length of fibre prior to installation or it may have a
      channel provided to guide the optical fibre to the active area. The light
      detector may be similarly constructed and may incorporate a
      trans-impedance amplifier.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A data transmission system comprising, in combination, a light emitting
      diode for producing light signals in response to electrical signals
      supplied thereto, an optical fiber transmission line having one end
      disposed adjacent said diode to form a junction for receiving and
      transmitting said light signals, a light detector of annular configuration
      surrounding said transmission line disposed adjacent said junction for
      collecting the overspill light emanating from said diode adjacent said
      junction and for converting said collected light to electrical signals and
      negative feedback circuit means including an amplifier connected to the
      output of said light detector for applying said collected light electrical
      signals to said diode in a predetermined phase relationship therewith to
      control and linearize the operation of said diode.
NUM  2.
PAR  2. A data transmission system in accordance with claim 1 wherein said light
      detector is a reverse biased silicon junction detector.
NUM  3.
PAR  3. A data transmission system in accordance with claim 2 wherein said
      optical fiber transmission line is of a multimode type.
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ABST
PAL  A circuit for sensing beginning of tape (BOT) and end of tape (EOT) tape
      position markers on digital magnetic tape includes an illumination source
      disposed to emit controlled illumination onto a marker sense position
      along the length of a tape path, a pair of photosensors disposed to sense
      illumination from the illumination source which is reflected from
      different positions across the width of a tape lying in the tape path, a
      control circuit coupled to control the illumination intensity emitted by
      the illumination source to maintain a predetermined illumination intensity
      at the photosensor receiving the least intense illumination, and a
      comparator connected to sense and indicate substantial differences in
      light intensities received by the two photosensors. The utilization of a
      feedback signal dependent on actually sensed illumination intensity
      permits the controlled illumination source to drive the photosensors with
      a predetermined reflected illumination intensity irrespective of the
      reflective characteristics of the magnetic tape over wide temperature
      variations. Adjustment of the gain for at least one photosensor amplifier
      readily permits compensation at the time of manufacture for deviations
      from symmetry in positioning the illumination source and photosensors as
      well as compensation for tolerance variations in circuit components.
GOVT
PAR  The invention herein described was made in the course of a contract with
      the United States Government.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a tape position marker sensing circuit for
      sensing EOT and BOT markers on magnetic tape and more particularly to a
      position marker sensing circuit which controls the energization of an
      illumination source to maintain the intensity of illumination reflected
      from a magnetic tape at a reference level.
PAR  2. Description of the Prior Art
PAR  Digital magnetic tape transports utilize reflective markers positioned a
      few feet from the beginning and end of a reel of tape to delimit the
      region along the length of the tape on which information may be written.
      Sensing of a beginning of tape (BOT) marker indicates that reading or
      writing may commence in a forward direction and indicates that the initial
      end of the tape is being approached as tape is being rewound. The sensing
      of an end of tape (EOT) marker indicates that the end of the tape is
      approaching and that reading or writing in the forward direction should be
      terminated.
PAR  The reflective EOT and BOT markers are typically about an inch in length
      and are disposed adjacent the back or nonoxide side of the tape with one
      being disposed across a first or left hand half of the tape and the second
      being disposed across a second or right hand half of the tape. A light
      source is disposed to shine light on a marker sense position along the
      length of the tape and first and second photosensors are disposed to
      receive light from the light source which reflects from the left and right
      half respectively of a tape lying in the tape path. The outputs of the two
      photosensors are compared to a reference and the photocell signal greater
      than the reference indicates that a photocell is receiving an increased
      intensity of reflected light due to the presence of a tape marker at the
      marker sensing position. An increased intensity at one cell indicates the
      presence of the marker.
PAR  These tape marker sensing circuits must function under a variety of
      operating conditions which affect circuit operation. One of these
      conditions is temperature, which tends to affect all circuit components,
      but has a greatest effect on the intensity of illuminated light where a
      light emitting diode is utilized as the illumination source. Because of
      this temperature dependence, a reference level that is selected for one
      temperature may not be suitable for a substantially different temperature
      because of uncompensated changes in the light source and photosensors with
      temperature. As a result, either temperature isolation or temperature
      compensation must be employed to permit the circuit to operate properly
      over a wide range of temperatures.
PAR  Another operating condition which substantially affects circuit operation
      is the color or reflective characteristics of magnetic tape which is being
      sensed by the circuit. A tradeoff must be established in presetting the
      reference level for best noise immunity for sensing tape position markers.
      A dark or non-reflective tape provides the best noise immunity and permits
      the reference level to be set relatively low to permit a reflective marker
      to be readily sensed. Alternatively, a light or highly reflective tape
      requires the sensing reference level to be set somewhat higher with an
      attendant decrease in the noise immunity due to the fact that there is
      less difference in the sensed intensity of light reflected from the tape
      and the position markers. If the intensity sensing level is selected to
      accommodate more reflective tapes, the better noise immunity of less
      reflective tapes cannot be fully utilized. On the other hand, if the
      reference is placed at a lower level to utilize the better noise immunity
      of less reflective tapes, it may not be possible to utilize the circuit
      with the more highly reflective tapes. Other problems are encountered when
      minor asymmetry in the actual positioning of the illumination source and
      sensors results in deviation of the sensed reflected illumination
      intensity from that which is expected and when long term variations
      develop in the intensity of emitted illumination.
PAC  SUMMARY OF THE INVENTION
PAR  A tape position marker sensing circuit in accordance with the invention
      senses the presence of reflective EOT and BOT markers on digital magnetic
      tape and includes a controlled illumination source disposed to illuminate
      a marker sense position along the length of a magnetic tape path, a pair
      of illumination sensors disposed to receive emitted light which is
      reflected from different positions across the width of the magnetic tape
      path, an illumination control circuit coupled to control the illumination
      source to maintain the least intense of the two reflected illuminations at
      a predetermined level, and a comparator coupled to indicate substantial
      differences in the intensities of illumination which are received by the
      illumination sensors. With silicon solar cells, which have reasonably good
      temperature stability over a wide range of temperatures, used as the
      illumination sensors, the use of optical feedback to control the
      illumination source in accordance with sensed illumination permits use of
      an LED for the illumination source even where wide temperature variations
      which affect light emitting characteristics may be encountered. The
      optical feedback in effect stabilizes the output of the LED to the
      considerably more temperature stable outputs of the solar cells. An output
      which is dependent upon a combination of characteristics of the
      electro-optical apparatus is stabilized by comparison with a reference
      signal. Because the circuit controls the intensity of the illumination
      which is actually reflected from a magnetic tape, the circuit
      automatically adjusts to utilize the better noise immunity available from
      less reflective tapes while permitting satisfactory operation when more
      reflective tapes are employed. Furthermore, the provision of a gain
      adjustment in at least one of the illumination sensing circuits readily
      permits factory compensation for variations in symmetry which result from
      non-exact alignment of the illumination source and illumination sensors.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the invention may be had from a consideration of
      the following Detailed Description taken in conjunction with the
      accompanying drawing which provides a schematic diagram representation of
      a tape position marker sensing circuit in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Making reference to the drawing, there is shown a tape marker sensing
      circuit 10 which includes first and second illumination sensing circuits
      12, 14 and an illumination control circuit 16 coupled to control an
      illumination source 18 to maintain the intensity of reflected illumination
      which is received by the illumination sensing circuit 12 or 14 which
      receives the least intense illumination at a predetermined level, and a
      differential amplifier circuit 20 which is coupled to compare illumination
      intensity signals and to generate an output signal which is indicative of
      substantial differences in illumination intensities as sensed by the
      illumination sensing circuits 12, 14. The illumination sensing circuit 12
      includes a photosensor 30 such as a silicon solar cell and an amplifier 32
      while the illumination sensing circuit 14 similarly includes a photosensor
      34 and an amplifier 36 having an adjustable gain. The photosensors 30, 34
      are disposed adjacent a marker sense point along the length of a tape path
      38 at different positions across the width of the tape path 38 to sense
      reflective EOT and BOT reflective markers 40, 42 respectively. A gain
      adjustment potentiometer 44 for amplifier 36 permits factory compensation
      for alignment errors in the positioning of the photosensors 30, 34 and a
      light emitting diode 46. Potentiometer 44 also permits compensation for
      gain differences in the two illumination sensing circuits 12, 14 which may
      result from ordinary component tolerances. The amplifiers 32, 36 receive
      first and second light intensity signals from the photosensors 30, 34
      respectively and provide first and second amplified light intensity
      signals at their respective outputs. Amplifier 20 is coupled to receive
      the first and second amplified light intensity signals as inputs and
      generate an output signal Vout, in response thereto. The magnitude of the
      signal Vout is within threshold values 48, 50 so long as the first and
      second amplified light intensity signals are substantially equal, as when
      no reflective marker is in the vicinity of one of the photosensors 30, 34.
      The presence of the EOT reflective marker 40 in the vicinity of
      photosensor 30 causes photosensor 30 to generate more current which is
      applied to the negative input of the amplifier 32 and causes the first
      amplified light intensity signal output therefrom to become substantially
      more negative than the second amplified light intensity signal. The first
      amplified light intensity signal is applied to the negative input of
      amplifier 20 to drive signal Vout positive beyond threshold 50 to indicate
      the presence of the EOT reflective marker 40 at the marker sensing
      position. Similarly, the presence of the BOT reflective marker 42 at the
      marker sensing position causes photosensor 34 to generate an increased
      output to drive the second amplified light intensity signal more negative.
      This signal is applied to the positive input of amplifier 20 to drive
      signal Vout more negative beyond the threshold 48.
PAR  The illumination control circuit 16 responds to the first and second
      amplified intensity signals to generate an illumination control signal at
      point 56 which is responsive to the least negative of the first and second
      amplified intensity signals and becomes increasingly negative as the least
      negative amplified intensity signal becomes more negative as the light
      intensity increases at the appropriate photosensors 30 or 34. Control
      circuit 16 includes a third, noninverting amplifier 58 and a first diode
      60 having the anode thereof connected to the output of amplifier 58 and
      the cathode connected to signal point 56. A fourth, noninverting amplifier
      62 is responsive to the second amplified light intensity signal and drives
      the anode of a second diode 64 having the cathode thereof connected to
      signal point 56. Signal point 56 is also connected through a resistance 66
      to a negative voltage source to ensure that at least one of the diodes 60,
      64 is forwarded biased. Because of the selected polarity for the diodes 60
      and 64, the voltage at signal point 56 follows the voltage commanded by
      the least active photosensor 30 or 34 with the diode corresponding thereto
      conducting and the diode corresponding to the photocell which receives the
      most reflective light being reverse biased.
PAR  So long as no reflective marker is present at the marker sensing position,
      the first and second amplified light intensity signals are at
      substantially the same voltage level and diodes 60 and 64 are driven with
      substantially the same signals to generate a voltage of approximately
      V.sub.REF = -2 volts at signal point 56. However, if one of the reflective
      markers 40 or 42 reaches the marker sensing position, the corresponding
      amplified light intensity signal becomes substantially more negative to
      drive the anode of the corresponding diode more negative to reverse bias
      that diode. For example, if the EOT reflective marker 40 reaches the
      marker sense position, the first amplified light intensity signal from
      amplifier 32 becomes substantially more negative than the second amplified
      light intensity signal from amplifier 36. Amplifier 58 responds by driving
      the anode of diode 60 negative with respect to the anode of diode 64 to
      reverse biase diode 60. Diode 64 then remains forward biased to generate
      the light intensity control signal appearing at signal point 56 in
      response to light which is reflected from the magnetic tape 38 as opposed
      to light which is reflected from a reflective marker. Alternatively, if
      the BOT marker 42 appears in the vicinity of the marker sense position,
      diode 64 becomes reverse biased and the light intensity control signal
      appearing at circuit point 56 is generated through forward biased diode
      60. In this way the light received by the photosensors 30 or 34 which
      receives the least intense reflected illumination controls the
      energization of the light source to maintain the intensity of illumination
      which is reflected from the tape 38 itself at a predetermined reference
      level over a wide range of temperature and tape reflectivity conditions.
PAR  In addition to the light emitting diode 46 which is disposed to reflect
      substantially equal light intensities from an end of tape sensing position
      at the left side of tape 38 onto photosensor 30 and from a beginning of
      tape sensing position at the right half of tape 38 onto photosensor 34,
      the illumination source 18 includes a PNP current control transistor 70
      and a differential amplifier 72. The inverting input to amplifier 72 is
      coupled through a resistance 74 to the circuit point 56 to receive the
      illumination control signal and is also coupled through a capacitor 76 to
      the output of amplifier 72. The resistor 74 and capacitor 76 provide
      frequency compensation to prevent oscillation of the reflective marker
      sensing circuit 10. The positive input to amplifier 72 is connected
      through a resistance to a -2 volt reference voltage, V.sub.REF. The
      cathode of light emitting diode 46 is coupled to a negative voltage
      source, -V while the anode is coupled to the collector of transistor 70.
      The emitter of transistor 70 is coupled through a resistance 78 to a
      positive voltage source +V. The base of transistor 70 is coupled to the
      output of amplifier 72.
PAR  During operation, the light emitting diode 46 is driven with sufficient
      energization to maintain the illumination control signal at circuit point
      56 at approximately the reference voltage of -2 volts. If the illumination
      intensity which is emitted by diode 46 tries to decrease, one of the
      photosensors 30, 34 which receives reflected light from the tape 38 and
      not one of the markers 40, 42 receives decreased light intensity and
      generates a lower output current. For instance, if no reflective marker is
      present beneath sensor 30, a decreased light intensity signal is input to
      the negative input of amplifier 32 to drive the first amplified light
      intensity signal more positive. This signal is amplified by amplifier 58
      to drive the anode of diode 60 more positive and therefore the cathode of
      diode 60 more positive. The cathode of diode 60 determines the voltage of
      the light intensity control signal at circuit point 56 to drive the
      negative input of amplifier 72 more positive and cause the output thereof
      to become more negative. As the output of amplifier 72 drives the base of
      transistor 70 more negative, the emitter of transistor 70 must also become
      more negative to permit current to flow through the transistor. As the
      emitter of the transistor 70 becomes more negative the voltage drop across
      resistance 78 must increase and this means that more current flow through
      resistance 78 and hence diode 46. This increased diode current opposes the
      tendency of LED 46 to emit decreased light intensity. In a similar manner,
      if the illumination emitted by diode 46 tends to decrease, the current
      therethrough is increased to maintain the intensity of emitted
      illumination at a predetermined, controlled level.
PAR  While there has been shown and described above a tape marker position
      sensing circuit in accordance with the invention for the purpose of
      enabling a person of ordinary skill in the art to make and use the
      invention, it will be appreciated that the invention is not limited
      thereto. Accordingly any modifications, variations or equivalent
      arrangements within the scope of the accompanying claims should be
      considered to be within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tape position marker sensor for sensing reflective markers at
      different positions across a magnetic tape path for a magnetic tape
      transport, the sensor comprising:
PA1  a light source disposed to illuminate the tape path with an illumination
      intensity which is dependent upon an illumination command signal;
PA1  a pair of photo detectors disposed to detect the intensities of
      illumination from the light source which are reflected from different
      positions across the width of the tape path and generate light intensity
      signals indicative thereof; and
PA1  control circuit means for generating an illumination command signal in
      response to the light intensity signals to command a light source
      illumination of proper intensity to maintain the light intensity signal
      from the photo detector receiving illumination of least intensity at a
      predetermined level.
NUM  2.
PAR  2. The tape position marker sensor as set forth in claim 1 above further
      comprising a comparator connected to compare the light intensity signals
      from the pair of photo detectors and indicate a significant difference in
      the compared light intensity signals.
NUM  3.
PAR  3. The tape position marker sensor as set forth in claim 2 above, wherein
      the photo detectors are silicon solar cells.
NUM  4.
PAR  4. The tape position marker sensor as set forth in claim 3 above, wherein
      the light source includes a single light emitting diode providing all of
      the illumination which is emitted from the light source.
NUM  5.
PAR  5. A tape position marker sensor circuit for detecting the presence of a
      marker appearing on a length of tape at a marker sense position along a
      tape path therefor, the marker being more reflective than the tape and
      extending across only a portion of the width of the tape, the tape
      position sensor comprising:
PA1  an illumination source disposed to illuminate the marker sense position
      with illumination of controlled intensity;
PA1  an illumination controller connected to sense the intensity of illumination
      which is reflected from the tape from at least two positions across the
      width of the tape at the marker sense position and control the
      illumination source to maintain the least intense sensed illumination at a
      predetermined intensity of sensed illumination in response thereto; and
PA1  a marker sensor disposed to sense an intensity of illumination reflected
      from the marker sense position which is different from the intensity of
      illumination which is reflected from the tape and generate a tape marker
      output signal in response thereto.
NUM  6.
PAR  6. The tape position marker sensor circuit as set forth in claim 5 above
      wherein the illumination controller includes at least two illumination
      sensors disposed to sense reflected illumination intensity from at least
      two different positions across the width of the tape path and generate
      sensed illumination intensity signals indicative of illumination intensity
      sensed thereby.
NUM  7.
PAR  7. The tape position marker sensor circuit as set forth in claim 6 above,
      wherein at least one of the illumination sensors includes an amplification
      circuit with an adjustable gain control.
NUM  8.
PAR  8. The tape position marker sensor circuit as set forth in claim 6 above,
      wherein the marker sensor includes a comparator connected to compare the
      sensed intensity signals generated by a pair of illumination sensors and
      generate a tape marker output signal in response to a substantial
      difference in the sensed signals.
NUM  9.
PAR  9. The tape position marker sensor circuit as set forth in claim 8 above,
      wherein each illumination sensor includes a silicon photocell disposed
      along the tape path to receive illumination from the illumination source
      only after reflection from a selected position across the width of the
      tape path.
NUM  10.
PAR  10. A circuit for sensing a reflective marker occupying a portion of the
      width of a tape passing along a tape path, the circuit comprising:
PA1  first and second photosensors disposed to receive light reflected off
      different first and second positions respectively across the width of a
      tape lying in the tape path and generate light intensity signals
      indicative of received light intensities;
PA1  first and second amplifiers connected to receive and amplify the light
      intensity signals of the first and second photosensors respectively to
      generate first and second amplified light intensity signals, the amplified
      light intensity signals becoming increasingly negative with increasing
      light incident upon the respective photosensors;
PA1  first and second rectifiers having their cathodes coupled together and
      their anodes coupled to the first and second amplified light intensity
      signals respectively;
PA1  a light source disposed to illuminate the tape path with light that
      reflects off first and second positions across the width of a tape lying
      in the tape path to the first and second photosensors respectively, the
      light source being responsive to the coupled cathodes of the first and
      second rectifiers by increasing the intensity of emitted light as the
      coupled cathodes become more positive; and
PA1  a comparator coupled to compare the amplified light intensity signals and
      generate a tape marker output signal in response to a substantial
      difference therebetween.
NUM  11.
PAR  11. The circuit as set forth in claim 10 above, further comprising a
      resistance coupled between the coupled cathodes of the first and second
      rectifiers and a negative voltage source.
NUM  12.
PAR  12. The circuit as set forth in claim 11 above, wherein the light source
      comprises a third differential amplifier having an output, positive and
      negative inputs and a capacitor coupled between the output and the
      negative input, the negative input being coupled through a resistance to
      the coupled cathodes of the first and second rectifiers and the positive
      input being coupled to a negative reference voltage, the light source
      further comprising a PNP transistor having an emitter coupled through a
      resistance to a positive voltage source, a base coupled to the output of
      the third amplifier and a collector, and a light emitting diode coupled to
      conduct current from the collector to a negative voltage source.
NUM  13.
PAR  13. The circuit as set forth in claim 11 wherein at least one of said first
      and second amplifiers includes circuitry for adjusting the gain thereof to
      compensate for differences in positional symmetry of the light source and
      photosensors and differences in circuit components.
NUM  14.
PAR  14. The circuit as set forth in claim 11 above, further comprising a third,
      non-inverting amplifier coupled to drive the anode of the first rectifier
      in response to the first amplified light intensity signal and a fourth,
      non-inverting amplifier coupled to drive the anode of the second rectifier
      in response to the second amplified light intensity signal.
NUM  15.
PAR  15. The circuit as set forth in claim 12 above, wherein the comparator
      comprises a third, differential amplifier having an output providing the
      tape marker output signal, a negative input coupled through a resistance
      to the first amplified light intensity signal and coupled through a
      feedback resistance to the output and a positive input coupled through a
      resistance to the second amplified light intensity signal.
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ABST
PAL  In an optical switching system having a transmitter and a receiver
      optically coupled together via a fiber optic light guide, the transmitter
      utilizes a piezoelectric device which provides an electrical signal to a
      light emitting device when a mechanical strain is imparted to the
      piezoelectric device. The light emitted by the light source is provided at
      the receiver via the fiber optic guide. The receiver generates a signal in
      response to the light received thereat via the fiber optic guide. This
      generated signal is used to control the power flowing to a load via a
      switching device so that, for example, one generated signal is used to
      turn on the switching device and the next succeeding generated signal is
      used to turn off the switching device.
BSUM
PAR  The present invention generally relates to an optical switching system and
      more particularly to an optical switching system utilizing a piezoelectric
      device, a fiber optic guide, a light responsive circuit and a switching
      device to control the flow of power to a load.
PAR  There are many applications for an optical switching system of the type
      described herein. One of the most important of these applications is in
      the area of home or commercial lighting systems. More specifically, a
      particularly advantageous application for the present invention is in
      overhead lighting. At the present time, copper wire and labor for the
      installation of a wall switch, wiring and an overhead fixture are costly.
      Utilization of a system in accordance with the present invention is a
      relatively inexpensive alternative to the present day wired overhead
      arrangement. The transmitter, to be described more fully herein,
      corresponds to the present day wall switch. The receiver, which will also
      be described more fully herein, corresponds to the overhead fixture and
      the fiber optic light guide would replace the copper wiring from the
      switch to the overhead fixture.
PAR  Another feature of a lighting system utilizing the teaching of the present
      invention is that the transmitter does not require the presence of the
      house power at the transmitter location. Thus, the electrical shock hazard
      at the transmitter is substantially eliminated in contradistinction to the
      potential shock hazard at the wall switch in a conventional system.
      Although the system described herein is advantageously utilized in a
      lighting system, it will be clear that such a system can be used in a
      plurality of switching type applications.
PAR  In accordance with the present invention, a system is described for
      controlling the power provided to a load from a source of power. The
      system comprises a transmitter, a receiver and a fiber optic light guide
      operatively coupling the transmitter to the receiver. The transmitter
      comprises a piezoelectric device coupled to a light source. The light
      source emits light in response to the operation of the piezoelectric
      device. The fiber optic light guide is positioned to receive the light
      from the light source on one end of the guide. The receiver comprises a
      light detection means positioned to detect the light from the light source
      provided at the other end of the guide. The light detection means provides
      a switching signal in response to the detected light. The receiver further
      comprises a switching means which is connected in circuit with the load
      and the source of power. The switching means responds to a given
      occurrence of the switching signal for enabling the flow of power to the
      load. The switching means also responds to the occurrence of the switching
      signal following the given occurrence for preventing the flow of power to
      the load.
DRWD
PAC  IN THE DRAWING:
PAR  FIG. 1 is a block diagram of one embodiment of the present invention; and
PAR  FIG. 2 is a detailed schematic drawing of the system shown in the block
      diagram of FIG. 1.
DETD
PAR  Referring now to FIG. 1 there is shown generally a transmitter 100 and a
      receiver 102 operatively coupled to each other via a fiber optic light
      guide 104.
PAR  The transmitter 100 shown in FIG. 1 comprises a piezoelectric device 106
      which is contained within a mechanical strain imparting device 108. The
      device 108 is arranged such that when the plunger 110 is pressed the
      piezoelectric device 106 has applied thereto a momentary mechanical
      strain. That is, the device 108 is spring loaded in such a fashion that
      the piezoelectric device 106 receives a momentary type of impact.
PAR  When the plunger 110 is depressed and the piezoelectric device 106 receives
      a momentary mechanical strain the device 106 provides, in this case, a
      pulse of voltage. This sharp pulse of voltage is provided across the
      terminals of a light source 112. The pulse-like voltage across the light
      source 112 is effective to cause the light source 112 to generate a pulse
      of light. The pulse of light which is generated by the light source 112 in
      the transmitter 100 is picked up on one end of the fiber optic light guide
      104. The light guide 104 transmits by way of internal reflections the
      pulse of light so generated at the transmitter 100 and provides this light
      at a light detector 114 located within the receiver 102.
PAR  The light detector 114 detects the presence of the light from transmitter
      100 at the other end of the fiber optic light guide 104 and provides an
      electrical signal in response thereto. The electrical signal provided by
      the light detector 114 is provided at a preamplifier circuit 116.
      Preamplifier circuit 116 raises the amplitude level of the electrical
      signal provided by the detector 114 to a level which will be compatible
      with the circuitry to be described.
PAR  The amplified electrical signal which is a pulse-type signal from
      preamplifier 116 is provided to a pulse shaping circuit 118. Pulse shaping
      circuit 118 is designed to square up the pulse provided at the input
      terminal thereof. The squared up pulse from circuit 118 is provided at the
      input terminal of one-shot circuit 120. Circuit 120 imparts a particular
      pulse width to the pulses provided from the pulse shaping circuit 118. The
      time duration of the pulses provided by circuit 120 is designed for
      optimum operation of the circuitry which follows the oneshot circuit 120.
PAR  The electrical pulses which have been squared up and widened out and
      provided at the output of the circuit 120 are provided at the input
      terminal of a flip-flop circuit 122. Flip-flop circuit 122 is designed
      such that upon the application of one pulse thereto from circuit 120 the
      output signal of circuit 122 will go to a high voltage level. Upon the
      very next application of a pulse to the input terminal of circuit 122 the
      output terminal will go to a low voltage level. The next pulse applied to
      circuit 122 causes the output terminal to once again go high. Thus, the
      output terminal of flip-flop circuit 122 has two stable states, that is, a
      high and a low voltage stable state, which will change from one state to
      the other upon the application of a pulse to the input terminal of
      flip-flop 122. The output terminal of flip-flop 122 is connected to a
      driver circuit 124. Driver circuit 124 responds to the two previously
      mentioned stable states to provide control signals to switch 126. Switch
      126 is connected in circuit with a load 128 and a pair of terminals 130
      and 132 which are adapted for connection to a source of AC power. Also
      shown in FIG. 1 is a power supply 134 which supplies operating potentials
      for much of the circuitry within the receiver 102. Power supply 134
      operates directly from the AC supply connected to terminals 130 and 132
      via line 136.
PAR  In the present embodiment of the invention shown in block diagram form in
      FIG. 1, the transmitter 100 is preferably located on a wall very much in
      the fashion of a common wall switch in a wired lighting system. The user
      simply depresses the plunger 110 of the device 108 to impart a momentary
      impact on the pieozelectric device 106. This operation generates a pulse
      signal causing the light source 112 to emit a pulse of light. This short
      duration pulse of light is transmitted via the fiber optic light guide 104
      from the transmitter 100 to the light detector 114 located at the receiver
      102. The receiver 102 is preferably located within the overhead receptacle
      or mount for a standard incandescent light bulb. That is to say, the load
      128 is a light bulb and the circuitry contained within the receiver 102 is
      preferably located in physical proximity with the load 128. The light from
      the fiber optic light guide is transformed into an electrical pulse via
      the light detector 114. This electrical pulse is amplified, shaped and
      stretched via the circuits 116, 118 and 120 respectively. The voltage
      state at the output terminal of flip-flop 122 is sent to the high state,
      assuming it had been previously in the low state, and the driver circuit
      124 is enabled such that a control signal is provided to the switch 126
      which renders switch 126 into a low impedance condition. When switch 126
      is in this fashion rendered into its low impedance state, current flow is
      enabled in the series circuit comprising terminals 130, 132, the load 128
      and the main terminals of switch 126. In this manner the light represented
      by the load 128 is turned on.
PAR  When the user desires to turn off the light represented by the load 128, he
      merely depresses the plunger 110 in the transmitter 100. Once again a
      light pulse is conveyed to the receiver 102 which is converted into an
      electrical signal and is processed as before. Now flip-flop 122 changes to
      the low stable state causing the driver circuit 124 to send a turn off
      command to switch 126. Upon the receipt of a turn off command from the
      driver 124, the switch 126 is rendered into a high impedance condition and
      in this fashion prevents the flow of current through the load 128 from the
      terminals 130 and 132. In this manner, the light represented by the load
      128 is turned off.
PAR  Thus, it will be seen that the arrangement shown in FIG. 1 provides an
      optical switching system having a one pulse-on one pulse-off
      characteristic. It will be noted that in the arrangement so described
      there is no AC or DC power provided at the transmitter 100. Thus, the
      potential shock hazard at the location where the user has the most contact
      with the system is greatly reduced if not totally eliminated. In addition,
      it will be noted that the circuitry both in the transmitter 100 as well as
      the receiver 102 is generally operated on a pulse basis which is very
      helpful in extending the useful life of the individual components making
      up the system.
PAR  Referring now to FIG. 2, a detailed schematic drawing for the system shown
      in FIG. 1 is provided. In FIG. 2 a pair of transmitters 100A and 100B are
      shown. This illustrates the manner in which the system may be utilized to
      control the operation of a load such as a light from two separate
      locations. The receiver 102 will accept and process light pulses from
      either of the transmitters 100A or 100B. If so desired, additional
      transmitters may be employed. For each additional transmitter an
      additional fiber optic light guide, such as those shown as 104A and 104B
      must also be employed. Thus, the limitation on the number of transmitters
      which may be used is the available surface area of the light detector
      located within the receiver 102.
PAR  In FIG. 2 the transmitter 100A utilizes a piezoelectric device 106A which
      is a commercially available device designated as model P/N 165239-4. This
      device operates to provide a pulse of voltage when a momentary mechanical
      strain is applied thereto. The voltage pulse supplied by device 106A is
      provided across the main terminals of a neon lamp model NE 2E. The neon
      lamp 112A is the light source for the transmitter 100A. In some
      applications it may be desirable to substitute a light emitting diode
      (LED) in place of the neon bulb.
PAR  The fiber optic light guide is preferably a plastic fiber commercially
      available under the trade name CROFON. These fibers have a core of
      polymethyl methacrylate sheathed with a very thin transparent polymer of
      lower refractive index. Light is transmitted by the fiber via the
      phenomenon of total internal reflection. The fiber optic light guide has a
      typical diameter of 20 mils, but is available for use in this application
      in both larger and smaller diameters. The light detector in FIG. 2 is a
      phototransistor Q1. The light from the fiber optic light guides such as
      104A and 104B impinges on the light sensitive area of transistor Q1.
PAR  The collector electrode of transistor Q1 is connected to terminal 140. The
      emitter electrode of transistor Q1 is connected to terminal 142 via
      resistor R1. The emitter electrode of transistor Q1 is also connected to
      the base electrode of transistor Q2 via capacitor C1. The base electrode
      of transistor Q2 is connected to terminal 140 via resistor R2 and the base
      electrode of transistor Q2 is also connected to terminal 142 via resistor
      R3. The collector electrode of transistor Q2 is connected to terminal 140
      via resistor R4 and the emitter electrode of transistor Q2 is connected to
      terminal 142 via resistor R5. The collector electrode of transistor Q2 is
      also connected to the base electrode of transistor Q3 via capacitor C2.
      The base electrode of transistor Q3 is connected to terminal 140 via
      resistor R6. The collector electrode of transistor Q3 is connected to
      terminal 140 via resistor R7 and the emitter electrode of transistor Q3 is
      connected directly to terminal 142. Transistors Q2 and Q3 are both NPN
      type transistors. Transistors Q2 and Q3 provide the amplification function
      described with respect to the pre-amp circuit 116 in FIG. 1.
PAR  The pulse shaping circuit 118 and the one-shot circuit 120 are implemented
      in FIG. 2 by the utilization of a commercially available digital
      integrated circuit IC1, model No. CD4001. The collector electrode of
      transistor Q3 is connected to terminals 1 and 2 of the digital IC1.
      Terminal 3 of IC1 is connected to terminals 5 and 6 and terminal 4
      corresponds to the output terminal of the pulse shaping circuit 118. In
      FIG. 2 the pulse shaping function is provided by the two inverters 144 and
      146 which are both found within IC1.
PAR  The one-shot circuit 120 is also formed from circuitry within IC1. Terminal
      4 is connected to terminal 8. Terminal 6 is connected to terminal 140 via
      capacitor C3 and resistor R8. Terminals 12 and 13 of IC1 are connected to
      the junction between capacitor C3 and resistor R8. Terminal 14 of IC1 is
      connected to terminal 140 and terminal 7 of IC1 is connected to terminal
      142. Terminal 9 of IC1 is connected to terminal 11 of IC1. The output
      signal from the one-shot circuit 120 is provided at IC1 terminal 11.
PAR  The flip-flop circuit 122 is formed from half of the circuitry found on the
      commercially available IC2, designated as Model No. CD 4013. The input
      terminal of flip-flop 122 corresponds to IC2 terminal 3. Terminals 4, 6
      and 7 of IC2 are connected together and are subsequently connected to
      terminal 142. Terminals 2 and 5 of IC2 are connected together. Terminal 14
      of IC2 is connected to terminal 140 and the output terminal of the
      flip-flop circuit 122 corresponds to terminal 1 of IC2.
PAR  The output terminal of flip-flop 122 is connected to the base electrode of
      the driver transistor Q4 via resistor R9. The collector electrode of
      driver transistor Q4 is directly connected to terminal 140. The emitter
      electrode of transistor Q4 is connected to one end of resistor R10. Driver
      transistor Q4 is an NPN type transistor designated as 2N2102.
PAR  The other end of resistor R10 is connected to the gate electrode of
      thyristor Q5 which functions as the switch 126. Thyristor Q5 is in the
      present embodiment a triac designated as model No. 40526. One main
      electrode of thyristor Q5 is connected to terminal 142. The other main
      electrode of thyristor Q5 is connected to one terminal of the load 128
      which is in this case an incandescent light bulb. Load 128 is connected to
      the AC line terminal 130. The other line terminal 132 is connected
      directly to terminal 142.
PAR  FIG. 2 also shows the details for the implementation of power supply 134.
      Power supply 134 comprises resistor R11 in series with diode D1,
      designated as 1N3254, both being connected in series with resistor R12
      between terminal 130 and terminal 140. The power supply 134 further
      comprises a capacitor C4 connected between terminal 140 and terminal 142.
      A Zener diode Z1 is connected across capacitor C4. A second Zener diode Z2
      is connected between terminal 142 and the junction of diode D1 and
      resistor R12. Zener diodes Z1 and Z2 are designated as UZ706 and UZ712 and
      have a Zener breakdown voltage of 6 volts and 12 volts respectively.
      Capacitor C5 is connected directly across Zener diode Z2.
PAR  Table I shows the values of the resistors and capacitors for the system
      shown in FIG. 2 as well as the designations for the transistors, diodes
      and integrated circuits used in FIG. 2.
TBL                TABLE I                                                     

     ______________________________________                                    

     Piezoelectric Device 106                                                  

                           P/N165239-4 -R1 1K ohms                             

     R2                    68K ohms                                            

     R3                    10K ohms                                            

     R4                    27K ohms                                            

     R5                    270 ohms                                            

     R6                    470K ohms                                           

     R7                    5.6K ohms                                           

     R8                    100K ohms                                           

     R9                    5.6K ohms                                           

     R10                   470 ohms                                            

     R11                   2K ohms                                             

     R12                   390 ohms                                            

     C1                    470pf                                               

     C2                    .1.mu.f                                             

     C3                    1.mu.f                                              

     C4                    100 .mu.f                                           

     C5                    50 .mu.f                                            

     Q1                    MT-1                                                

     Q2                    2N4124                                              

     Q3                    2N4124                                              

     Q4                    2N2102                                              

     Q5                    40526                                               

     IC1                   CD4001                                              

     IC2                   CD 4013                                             

     Z1                    UZ 706                                              

     Z2                    UZ 712                                              

     D1                    IN3254                                              

     ______________________________________                                    

PAR  Thus, FIG. 2 shows a practical implementation of the general optical
      switching system shown in block diagram form in FIG. 1 as it pertains to a
      system for turning on and turning off an electric light. It will be seen
      that the components used to make the practical system of FIG. 2, are
      readily available and that the system is not complex or costly to
      implement.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A switching system for controlling the power provided to a load from a
      source of power comprising:
PA1  a transmitter comprising a piezoelectric device coupled to a light source,
      said light source emitting light in response to the operation of said
      piezoelectric device;
PA1  a fiber optic light guide positioned to receive on one end thereof the
      light emitted from said light source; and
PA1  a receiver comprising:
PA1  light detection means positioned to detect the light emitted from said
      light source from the other end of said fiber optic light guide and for
      providing a switching signal in response thereto;
PA1  a switching means connected in circuit with said load and said source of
      power and responsive to a given occurrence of said switching signal for
      enabling the flow of power to said load and responsive to the occurrence
      of said switching signal following said given occurrence for preventing
      the flow of power to said load.
NUM  2.
PAR  2. The switching system according to claim 1 wherein said light source
      comprises a neon lamp.
NUM  3.
PAR  3. The switching system according to claim 1 wherein said light source
      comprises a light emitting solid state device.
NUM  4.
PAR  4. The switching system according to claim 1 wherein said light detection
      means comprises a solid state light responsive device.
NUM  5.
PAR  5. The system according to claim 1 wherein said switching means comprises a
      flip-flop circuit having first and second stable states, said flip-flop
      circuit being placed in said first stable state in response to said given
      occurrence of said switching signal and being placed in said second stable
      state in response to the occurrence of said switching signal following
      said given occurrence.
NUM  6.
PAR  6. The switching system according to claim 5 further comprising a solid
      state switching device having first and second main electrodes and a
      control electrode, said control electrode being connected in circuit with
      said flip-flop circuit, said main electrodes being connected in circuit
      with said load, said switching device exhibiting a low impedance between
      said main electrodes in response to said first stable state of said
      flip-flop circuit and a high impedance between said main electrodes in
      response to said second stable state of said flip-flop circuit.
NUM  7.
PAR  7. A switching system for controlling the power provided to a load from a
      source of power, said system comprising:
PA1  a transmitter comprising:
PA2  a piezoelectric device;
PA2  a light source connected across said piezoelectric device; and
PA2  means for imparting a mechanical strain to said piezoelectric device;
PA1  at least one fiber optic light guide, one end of said fiber optic light
      guide being positioned with respect to said transmitter for receiving the
      light emitted from said light source at said one end; and
PA1  a receiver comprising:
PA1  a light detection means positioned in relation to the other end of said at
      least one fiber optic light guide to receive and detect the occurrence of
      light emitted from said light source and for providing a first electrical
      signal in response to the detection of said occurrence of light;
PA1  signal conditioning means, responsive to said first electrical signal for
      providing a second electrical signal having a desired amplitude level;
PA1  a flip-flop circuit having an input and an output terminal, said flip-flop
      circuit exhibiting a first stable voltage level at said output terminal
      thereof in response to given occurrences of said second electrical signal
      applied to the input terminal thereof and exhibiting a second stable
      voltage level in response to other occurrences of said second electrical
      signal applied to the input terminal thereof; and
PA1  a switching means connected in circuit with said load and said source of
      power and responsive to said first stable voltage level for enabling the
      flow of power from said source to said load and responsive to said second
      stable voltage level for preventing the flow of power from said source to
      said load.
NUM  8.
PAR  8. The switching system according to claim 7 comprising a plurality of
      transmitters and a corresponding plurality of fiber optic light guides,
      the other end of each one of said plurality of fiber optic light guides
      being positioned such that the light from the corresponding light source
      is received and detected by said light detection means.
NUM  9.
PAR  9. The switching system according to claim 7 wherein said piezoelectric
      device is responsive to momentary mechanical strain imparted by said means
      for imparting a mechanical strain.
NUM  10.
PAR  10. The switching system according to claim 9 wherein said light detection
      means comprises a light responsive transistor.
NUM  11.
PAR  11. The switching system according to claim 10 wherein said signal
      conditioning means comprises an amplification means and a pulse forming
      means.
NUM  12.
PAR  12. The switching system according to claim 11 wherein said switching means
      comprises:
PA1  a driver circuit responsive to said first and second stable voltage levels
      for providing corresponding first and second driving signals respectively;
      and
PA1  a solid state switching device having first and second main electrodes and
      a control electrode, said main electrodes thereof being connected in a
      series circuit with said load and said power source, said control
      electrode having said first and second driving signals applied thereto,
      said switching device exhibiting a low impedance between said main
      electrodes in response to said first driving signal and exhibiting a high
      impedance between said main electrodes in response to said second driving
      signal.
NUM  13.
PAR  13. The switching system according to claim 12 wherein said switching
      device comprises a thyristor.
NUM  14.
PAR  14. The switching system according to claim 13 wherein said light source
      comprises a neon bulb connected across said piezoelectric device.
NUM  15.
PAR  15. The switching system according to claim 13 wherein said light source
      comprises a light emitting diode connected across said piezoelectric
      device.
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PAL  Optical detecting, tracking and indicating apparatus for producing a target
      angular position signal independent of target intensity. A photoconductive
      detector element has four outer electrodes disposed in a rhombic pattern
      and a centrally disposed inner electrode. A pair of quadrantly phased,
      alternating current primary bias signals are coupled to oppositely
      disposed electrode pairs. The central electrode is coupled through a load
      impedance and a source of secondary bias signal at a second frequency
      differing from the first bias signal frequency. A composite signal
      including both phase and frequency components of the primary bias signals
      appears in the output. The composite signal varies with target position
      and intensity. A secondary output signal at the second frequency varies
      only with intensity. A divider circuit divides the composite signal by the
      secondary signal to produce an output signal which varies only in
      accordance with the relative position of radiant energy impingent on the
      photoconductor.
PARN
PAR  This application is a continuation-in-part of my copending TRACKING CIRCUIT
      application, Ser. No. 272,181, filed Apr. 5, 1963.
BSUM
PAR  The present invention relates generally to radiant energy sensing apparatus
      and devices. More particularly the invention relates to optical and
      near-optical sensing apparatus and devices. More especially the invention
      relates to infrared tracking apparatus and devices for detecting and
      tracking infrared signals.
PAR  This application presents an improvement relating to copending applications
      entitled RADIANT ENERGY DETECTOR, Ser. No. 253,503, filed Jan. 23, 1963;
      TRACKING SYSTEM, Ser. No. 253,504, filed Jan. 23, 1963, now abandoned; and
      TRACKING CIRCUIT, Ser. No. 272,181, filed Apr. 5, 1963.
PAR  The application further relates to co-pending application filed of even
      date herewith entitled DIVIDER CIRCUIT, Ser. No. 398,897, now U.S. Pat.
      No. 3,292,013, invented by Yehuda Golahny and having a common assignee.
PAR  Detector elements which change electrical characteristics in response to
      radiation are broadly useful in the invention. Passive detector elements
      which change in an impedance characteristic as well as active elements
      which produce a voltage, current, or, indeed, emission of charged
      particles have application herein. Of particular use in the preferred
      embodiment are detector elements having a variable impedance or
      resistivity, or conversely, conductivity, in response to radiation. The
      change in impedance may be due to the well-known photoelectric effect or
      to energy absorption in the atomic or quantum mechanical sense.
PAR  Photoelectric devices for sensing the presence of infrared energy are
      broadly classified photovoltaic and photoconductive. The photovoltaic
      infrared detectors produce a voltage in response to the presence of
      infrared. The photoconductive detectors provide a variable conductivity in
      response to the presence of infrared energy.
PAR  Radiation absorption materials of the type used for bolometers for
      radiation intensity measurements epitomize an absorption-type detector.
      Resistive materials of this character are marketed under the name
      "Thermistor" by Barnes Engineering Company, Stamford, Connecticut.
PAR  The expression "radiation responsive, variable impedance", as used herein,
      includes, but is not limited to, impedance changes due to electromagnetic
      radiation in its various forms impingent, e.g., upon a detector element.
      The terms thermoelectric, thermovoltaic, thermoconductive and
      thermosensitive, as used herein, are analogous to photoelectric,
      photovoltaic, photoconductive, and photosensitive in that a variation in
      an electrical characteristic takes place in response to radiation of a
      thermal or optical character. Thermoconductive materials vary in impedance
      due to absorption of energy whatever the radiation frequency. Such
      materials, in the first order, vary in impedance with temperature. Since
      the temperature varies with radiation absorption, the impedance varies in
      response to radiation. While the invention is typically utilized in
      conjunction with optical and near-optical frequencies, it will be apparent
      that many types of radiation are well within the scope of the inventions.
      Other examples include electromagnetic particle radiation such as atomic
      and sub-atomic particles.
PAR  Typical prior art circuits use a photoconductive infrared detector placed
      in series with a direct current bias source and a load impedance. The
      impingement of infrared energy upon the infrared detector cell has the
      effect of increasing its conductivity to produce a higher voltage across a
      load impedance. In effect, the cell and the load impedance provide a
      potentiometer to produce an output direct current signal which is a
      function of the amount of infrared energy impingent on the cell.
PAR  To provide an indication of the location of a target, prior art systems
      typically utilize a rotating vane or reticle which partially obscures the
      cell and rotates about the central axis of the cell. The system produces a
      null error signal when the target is precisely on boresight, that is,
      along the central axis of the optical cell and its associated optical
      system. The output voltage across the load impedance is a constant. While
      the target is located off the axis, the exposure of the cell to infrared
      energy varies with the position of the vane. In effect, the rotating vane
      provides a modulation which appears as an alternating current component
      across the load impedance. The amplitude of the modulating signal is a
      function of the degree of offset of the target from the boresight axis.
PAR  This prior art system is primarily a null seeking system. When the target
      image is displaced from the boresight axis, an error signal is produced.
      The error signal is an alternating signal superimposed on the direct
      current signal. The phase of the error signal indicates, when compared
      with a reference signal, the error in direction, and the amplitude, the
      degree of displacement or offset from the boresight axis.
PAR  Such prior art systems are subject to the disadvantages of rotating
      mechanical devices. These disadvantages include lack of reliability and a
      limitation on the possible information rate. The mechanical limitations on
      infrared information rate, for example, are quite important in the
      presence of an intermittent source of radiation. Furthermore, variations
      in target intensity produce an ambiguity in the output signal as a true
      indication of the target direction. The position of the target image is
      indicated in the plane of the cell as the distance or radius R from a
      reference origin and angle .theta. of the radius relative to a pair of
      orthogonal reference axes, e.g., azimuth and elevation or horizontal and
      vertical. IP IX XY is the plane of the cell and Z is the boresight axis,
      the direction of an object O located at X.sub.o, Y.sub.o, and Z.sub.o in
      space is a function of the angle A of the object O relative to the
      boresight or Z axis and the plane of the cell. The object direction,
      however, is also a function of the angle .theta. of the radius R in the XY
      plane. The radius R is representative of the boresight displacement angle
      A and is represented by the amplitude of an output signal. While the
      amplitude of an output signal is a function of the radius R, it is also a
      function of the intensity I of the target image. Thus, variations in
      intensity produce an uncertainty as to the true direction of the object O.
PAR  In my co-pending TRACKING CIRCUIT application noted above, sensing
      apparatus and devices and tracking systems are disclosed which produce an
      output signal in accordance with the position of a radiation source. The
      above noted TRACKING CIRCUIT application relates to an improvement
      directed to the production of an output signal in accordance with a
      plurality of radiation characteristics, such as, for example, intensity
      level and amplitude modulation signals as well as, position. Thus the
      circuit embodying the tracking circuit invention tracks a source of
      radiation while simultaneously demodulating amplitude variations through a
      common aperture.
PAR  The co-pending TRACKING CIRCUIT application is subject to the same
      ambiguity problem in providing spot position indications. More
      particularly since impingent energy on the cell may vary in intensity and
      the output signal from the cell is a function of intensity as well as
      position, an ambiguity in the output information exists. This ambiguity
      for prior art systems can be overcome by removing one of the variables of
      the system, for example, the intensity. There are a number of parameters
      associated with the target image. Its position, for example, is determined
      by X and Y coordinates or so-called azimuths and elevation coordinates.
      Other parameters related to the radiant energy are the size of the image,
      the frequency, the range, and the velocity. In the preferred embodiments
      of particular concern are the position coordinates and the intensity. The
      co-pending TRACKING CIRCUIT application presents a composite signal having
      X, Y and I information, i.e., azimuth, elevation and intensity
      information, respectively. Variations in intensity of the target affect
      the apparent indications of positions. It is highly desirable therefore,
      to eliminate the intensity as an active factor in the system to provide
      pure position indication. In this manner a true spot position indicator is
      derived.
PAR  It is, therefore, an object of the invention to provide an improved radiant
      energy detection apparatus for producing an output signal in which
      variation occur independently of variations in a selected parameter of the
      radiant energy.
PAR  Another object of the invention is to provide an improved radiant energy
      detection apparatus for producing a true indication of the direction of a
      remote source of radiation or target without mechanically moving parts
      while simultaneously producing indications of target intensity variations.
PAR  A further object of the invention is to provide an improved radiant energy
      detection apparatus of the character described which is reliable in
      operation.
PAR  Yet another object of the invention is to provide an improved radiant
      energy detection apparatus of the character described which is capable of
      a relatively high information rate.
PAR  Still another object of the invention is to provide an improved radiant
      energy detection apparatus of the character described having substantially
      increased flexibility.
PAR  A still further object of the invention is to provide an improved radiant
      energy detection apparatus of the character described responsive to
      radiation through a common aperture.
PAR  In accordance with the invention there is provided a radiant energy
      detection apparatus. The apparatus includes a radiation responsive
      detector means for producing a composite signal representative of a
      plurality of parameters of the radiant energy. Means are coupled to the
      detector means for producing a reference signal representative of a
      selectd one of the plurality of parameters. Computer means are responsive
      to the composite and reference signals for producing an output signal
      representative of the quotient between the composite and reference
      signals. In this manner, variations of the output signal occur
      independently of variations of the selected one of the plurality of
      parameters.
PAR  The term "parameters of said radiant energy" as used herein includes, but
      is not limited to, parameters of the radiant energy relative to the
      radiation responsive detector means such as the location of the energy at
      the detector means.
PAR  In one form of the invention the detection apparatus includes a radiation
      responsive, variable impedance means, having a detector element with four
      input ohmic bias terminals arranged in a peripheral equidistant pattern
      and an output ohmic terminal centrally disposed with respect to the
      pattern. The element is adapted to vary in impedance in response to the
      radiation for producing a composite signal representative of a plurality
      of parameters of the radiant energy in accordance with the variation of a
      detector element 20 impedance with respect to another detector impedance.
      An example of the parameters include X or azimuth information, Y or
      elevation and I or intensity.
PAR  Primary biasing means are coupled to the element through the input terminal
      for coupling a pair of alternating current bias signals through the
      element. The bias signals are in phase quadrature and each bias signal is
      coupled through a pair of diagonally opposed input terminals. Load
      impedance means are coupled to the element through the output terminal for
      developing a reference signal representative of a selected one of the
      plurality of parameters in accordance with the variation of the detector
      element impedance with respect to the load impedance. Secondary biasing
      means are coupled to the element through all the terminals, the primary
      biasing and the load impedance means for coupling a secondary bias signal
      therethrough. Computer means are coupled to the detector and load means
      through the output terminal for producing, in response to the composite
      and reference signals, an output signal representative of the quotient
      between the composite and the reference signals. In this manner variations
      in the output signal occur independently of variations in the selected one
      of the plurality of parameters. Balancing means are coupled to the biasing
      means between the element and the biasing means for each bias signal and
      include a variable voltage control for producing a variable reference
      voltage level to balance the bias and output signals with respect to a
      reference level.
PAR  Other and further objects of the invention will be apparent from the
      following description of the invention, taken in connection with the
      accompanying drawings, and its scope will be pointed out in the appended
      Claims.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram of a radiant energy detection
      apparatus embodying the invention;
PAR  FIG. 2 is an equivalent circuit of the apparatus in FIG. 1;
PAR  FIG. 3 is an equivalent circuit of a portion of the circuit in FIG. 2 with
      particular emphasis on the secondary bias;
PAR  FIG. 4 is a schematic block diagram of a radiant energy position indicator
      apparatus embodying the invention;
PAR  FIG. 5 is a schematic block diagram of a radiant energy detection and
      tracking apparatus embodying the invention; and
PAR  FIG. 6 is a detailed circuit diagram of a divider circuit useful in the
      invention.
DETD
PAC  PRINCIPLES OF OPERATION
PAR  In the conventional detection circuit, a photoconductive detector element,
      for example, a lead sulphide cell, forms part of a voltage divider.
      Modulated light impinging on the cell produces an electrical output. The
      voltage gradient across such a cell is linear and the equipotential lines,
      i.e., lines of equal voltages, are perpendicular to the direction of the
      current flow.
PAR  The sensing apparatus of the present invention as distinguished from the
      prior art provides in effect a rotating field detector. This result is
      obtained by introducing a pair of alternating current bias signals which
      are differing in phase, preferably in phase quadrature. By employing a
      cell having four ohmic terminals connected to the cell in a rhombic
      pattern, opposing pairs of terminals provide orthogonal axes. With an
      ohmic terminal disposed at the center of the rhombic pattern, an
      alternating signal applied to a pair of diagonally opposed co-linear
      terminals produces zero output unless an impedance unbalance occurs
      between the central terminal and one of the opposed bias terminals. This
      result in effect produces an output error signal the amplitude of which
      provides necessary information to determine the degree of offset or
      displacement of a source of radiation from the boresight or central axis
      of the cell. This, of course, is true for one of a pair of orthogonal
      axes. By introducing another alternating current across an axis physically
      orthogonal to the first axis as defined by the terminals, the information
      may be obtained for the other of a pair of orthogonal reference axes.
PAR  The effect of introducing a pair of quadrature phased bias alternating
      current signals to such a cell is to produce a rotating field. Because of
      the rotating field, a target image off the reference axes produces an
      error signal which varies in phase as well as amplitude. This phase
      variation enables the resolution from the resultant output error signal of
      orthogonal signal components, e.g., vertical and horizontal or azimuth and
      elevation.
PAR  The phase bias signals are preferably phased in quadrature for resolution
      with respect to orthogonal reference axes. The phase bias signals may
      differ in phase any degree for use with corresponding reference axes.
      Orthogonally phased output error signals may be produced by introducing
      appropriate phase correction in the circuitry following the cell. Under
      dark current or uniform background illumination conditions the cell
      produces no signal output. When radiation is received along the boresight
      axes, no unbalance, and, hence, no output signal is produced. The
      apparatus thus fails to produce an output signal in response, for example,
      to radiation intensity or to amplitude modulated radiation.
PAR  The functional requirement on the system to produce an output signal in
      response to amplitude variations of radiation on boresight appears to be
      inconsistent with the requirement to produce no error signal output in
      response to radiation received on boresight. In terms of the cell, it
      would appear that it must be balanced to respond to radiation on boresight
      and unbalanced to respond to variations in amplitude of radiation received
      on boresight.
PAR  This apparent paradox is overcome by introducing a secondary bias signal
      and external load impedance. The secondary bias signal is distinguishable
      from the phase bias signals, for example, by using direct current or a
      different frequency. For position error signal output, e.g., the system
      responds to a change in detector impedance with respect to itself. For
      variations in intensity of radiation received on boresight, e.g., the
      system responds to a change in detector impedance with respect to an
      external load impedance.
PAR  As noted above, the position error signals are also a function of
      intensity. For a system in which the primary bias signal may be designated
      f.sub.1 and the secondary bias signal a differing frequency f.sub.2, the
      signal f.sub.1 includes X, Y and I information, i.e., azimuth, elevation
      and intensity. The signal derived from such a detector includes both
      f.sub.1 and f.sub.2 signals. The f.sub.1 signal is itself a composite
      signal including X, Y and I information. On the other hand the f.sub.2
      signal is derived by virtue of the variation in impedance of the entire
      detector element against an external load impedance. Thus, essentially,
      the f.sub.2 signal is a function purely of intensity and excludes the
      position information. By effectively dividing the composite f.sub.1 signal
      by the f.sub.2 signal, an output signal is produced which is
      representative only of position information. In this manner one obtains a
      true spot position indicator. The output signal which is representative
      only of a position varies independently of the intensity as opposed to the
      composite f.sub.1 signal which is ambiguous in its indication of position
      information because of the variation in intensity.
PAR  The output signal thus derived is substantially constant for all possible
      positions on the cell of a given target image above a selected signal
      threshold. In contrast, the amplitude of the composite signal along, for
      example, a 45.degree. axis on the cell, differs from that for a target
      image on the vertical or horizontal axis. In a tracking system this
      characteristic becomes exceedingly important.
PAC  DESCRIPTION AND EXPLANATION OF THE DETECTION APPARATUS IN FIGS. 1, 2 AND 3.
PAR  Referring now to the drawings and with particular reference to FIG. 1,
      there is here illustrated a schematic circuit diagram of a sensing
      apparatus embodying the principles of the invention. Here a radiation
      responsive, variable impedance detector element, such as a photoconductive
      or thermoconductive element, provides the basic sensing element for the
      circuit. The element is shown coupled to a pair of alternating current
      primary bias signal generators of differing phase, here phase quadrature.
      Primary balancing means potentiometers are coupled in parallel with the
      bias generators. A secondary bias signal generator and an external load
      impedance are coupled between the primary bias signal generators and the
      detector element.
PAR  Thus a photoconductive detector element 20 having four input ohmic bias
      terminals 21-24, inclusive, peripherally disposed in a square, or more
      generally a rhombic pattern and a centrally disposed, output ohmic
      terminal 25 provides the basic sensing element. Primary biasing means, for
      example, a horizontal bias signal generator and vertical bias signal
      generator, are each coupled to a pair of diagonally opposed input bias
      terminals. The horizontal and vertical generators correspond with
      generators 26 and 27 here designated as f.sub.1, .theta.=0.degree. and
      f.sub.1, .theta.=90.degree., respectively. The legend f.sub.1 indicates a
      predetermined frequency and the legend .theta. indicates the relative
      phase of the bias signals. The generator 26 couples a reference or
      0.degree. phase bias signal to the diagonally opposed input bias terminals
      22 and 24 of the element 20. The generator 27 couples a quadrature or
      90.degree. phase bias signal to the other two input bias terminals 21 and
      23. The bias signals are thus in phase quadrature. A secondary biasing
      means, here a generator 38 designated f.sub.2, is coupled to the element
      20 through a load impedance means or resistor 41 to the element 20 through
      its output terminal 25.
PAR  A primary balancing means, here shown including potentiometer stators 28
      and 29, are coupled respectively between the biasing means generators 26
      and 27 and the element 20. The potentiometers or variable resistors have
      variable electrical connections 30 and 31 coupled respectively to the
      stators 28 and 29. The variable connections are joined at a junction
      indicated as X. The primary balancing means, including the potentiometer
      stators 28 and 29 and the variable connections 30 and 31, are thus coupled
      to the bias means including the generators 26 and 27, between the element
      20 and the primary biasing means including the generators 26 and 27 for
      each of the bias signals. The balancing means, hence, include a variable
      voltage control for each of the bias signals to produce a variable
      reference bias signal and an independently variable quadrature bias signal
      relative to a first reference voltage level to balance the phase bias and
      output signals with respect to the reference level.
PAR  A secondary balancing means includes a potentiometer stator 39 coupled in
      parallel with the secondary bias signal generator 38. The generator 38 and
      the stator 39 are connected to the junction X and, through the resistor
      41, to a junction designated as Y connected to the detector terminal 25.
      The secondary potentiometer has a variable electrical connection 40
      coupled to the stator 39 and connected to an output terminal 33. An output
      signal E.sub.0 is developed between an output terminal 32 connected to the
      junction Y and the terminal 33.
PAR  The internal equivalent resistance of the detector element or photocell is
      indicated in dashed lines by the phantom lumped constant resistors 34-37
      connected between the element output terminal 25 and the input bias
      terminals 21-24, respectively. The resistors 34-37 are also indicated as
      .+-.R.sub.V and .+-.R.sub.H as shown. The phantom resistors are helpful in
      describing a physical pair of orthogonal reference axes with respect to
      which the position of a point of received energy may be indicated.
PAR  The output E.sub.0 at the terminals 32 and 33 represents an output signal
      which includes both the composite f.sub.1 and f.sub.2 signals. The
      terminal 32 is coupled to a divider 102. The output of the divider is
      coupled to an f.sub.1 bandpass filter 101 and in parallel to an f.sub.2
      bandpass filter 103. The output of the filter 102 is coupled back to the
      divider 102. The output of the filter 101 provides an output signal
      representative of position and containing both X and Y information to
      provide an indication of the azimuth and elevation of a target.
PAR  Referring now to FIG. 2, the equivalent circuit of the circuit in FIG. 1 is
      illustrated. In FIGS. 1-8, like elements have like reference numerals. The
      circuit in FIG. 2 illustrates particularly the independence of control of
      the phase bias signal circuits with respect to the junctions X and Y. The
      effect of the secondary bias signal is particularly illustrated in FIG. 3
      as will be described below. Here a pair of bridge circuits representing
      the equivalent resistances of the phase bias and detector element circuits
      illustrates the independence of control or adjustment of each of the phase
      bias signal circuits at the junction Y relative to the reference voltage
      level at the junction X.
PAR  The potentiometer stators 28 and 29 are shown with the elements .+-.R.sub.0
      and .+-.R.sub.90 variable in an inversely coupled manner to correspond
      with the variation in resistance attributable to motion of the variable
      electrical connections 30 and 31 respectively. The resistors marked
      .+-.R.sub.V and .+-.R.sub.H are equivalent lumped constant resistors which
      vary in accordancce with impingent radiant energy.
PAR  The secondary bias signal generator 38 marked f.sub.2 is connected in
      parallel with the potentiometer 39. The generator 38 and potentiometer 39
      are connected in series with the load impedance resistor 41 marked
      Z.sub.0. The stator of the potentiometer has resistor sections marked
      .+-.R.sub.S for reference in FIG. 3. The variable potentiometer electrical
      connection 40 provides a second reference voltage level indicated at S.
PAR  Referring now to FIG. 3, the equivalent circuit of the circuit in FIG. 2 is
      illustrated. Here a variable resistor 42 represents the entire bridge
      circuit between the points X and Y. The discussion which follows is with
      reference to FIGS. 2 and 3.
PAR  With no optical signal impingent on the photocell 20, that is, under dark
      current conditions, the output signal E.sub.0 between the terminals 32 and
      33 can be any predetermined amount. The signal represented by E.sub.0
      includes both horizontal and vertical information, or, more generally,
      orthogonally resolvable phase components of frequency f.sub.1 as well as a
      data bearing signal of frequency f.sub.2. For the case wherein f.sub.2 = 0
      or direct current, the signal f.sub.1 becomes data bearing by virtue of
      variations in a selected characteristic other than phase, e.g., in
      amplitude.
PAR  The system must be balanced for purposes of providing a position reference
      for impingent radiant energy with respect to which a position error signal
      is produced. This requirement is apparently incompatible with producing a
      signal in accordance with, e.g., variations in amplitude of impingent
      energy. The discussion which follows describes how the system is balanced
      for purposes of position error signals and unbalanced for amplitude
      variation signals.
PAR  In the simplest case the variable potentiometer electrical connection 31
      may be varied to balance the vertical bias signal and output signal
      E.sub.0 relative to the reference voltage level at the point X to produce,
      for example, zero vertical voltage output therebetween. Similarly, the
      variable connection 30 may be adjusted to produce a zero horizontal
      voltage output between X and Y. In this manner the quadrature and output
      signals are balanced relative to the reference voltage level at the point
      X. Note that with respect to the point X the reference or horizontal bias
      signal can be adjusted independently from the quadrature or vertical bias
      signal.
PAR  Having balanced the bridge circuit between points X and Y, the secondary
      bias signal may be adjusted to produce a predetermined output signal
      E.sub.0, e.g., of zero volts, between the terminals 32 and 33.
PAR  For the bridge circuit between X and Y, the dark current condition and
      uniform illumination at the cell 20 produces no unbalance, and, hence, no
      output position error component in the output signal E.sub.0. If the dark
      current condition is used as a standard, uniform illumination of the cell
      unbalances the circuit of FIG. 3 to produce an output data bearing signal
      component in the output signal E.sub.0. Note that with respect to the
      point Y, the secondary bias signal f.sub.2 may be adjusted independently
      of the phase bias signals f.sub.1.
PAR  The bridge circuit as illustrated responds to an unbalance signal of some
      kind in order to produce an output position error signal component. The
      bridge circuit balance condition described above is determined for the
      purpose of producing an output signal in response to an unbalance
      condition caused by an impingent optical signal off boresight. A spot of
      light falling on the boresight axis illuminates the surrounding area
      uniformly and symmetrically to produce no unbalance in the cell. A spot of
      light falling between the terminals 25 and 21 along the vertical axis has
      the effect of reducing the resistance +R.sub.V to produce unbalance in the
      cell since the resistance -R.sub.V is unaffected.
PAR  Assume an input voltage, for example, of 100 volts appearing between the
      terminals 21 and 23, then the voltage potentials across the resistors
      +R.sub.V, +R.sub.90 and -R.sub.V, -R.sub.90 for a balanced condition will
      be equal and opposite with respect to the points X and Y. Assume
      instantaneous voltage polarities of negative or minus terminal 21 and
      positive or plus terminal 23. For the balanced condition, the potential
      across each resistor is 50 volts. Starting with Point Y, the voltage
      across the resistor +R.sub.V is equal and opposite to the voltage across
      the resistor +R.sub.90.
PAR  Now consider an unbalance between the phase bias voltages appearing across
      the resistors .+-.R.sub.90, for example, a voltage across +R.sub.90 of 10
      volts. Then the voltage across -R.sub.90 is 90 volts. Starting from point
      Y the voltage across +R.sub.V is +50 volts added to the negative 10 volts
      across +R.sub.90 to produce a voltage between X and Y of +40 volts. Going
      the other way from the point Y the voltage across -R.sub.V is -50 volts in
      series with the +90 volts across -R.sub.V to produce again +40 volts. Note
      that the reference voltage level in this condition may be taken to be 40
      volts. If the resistance .+-.R.sub.V were internally unbalanced
      correspondingly in the same proportion, 10 volts would appear across
      +R.sub.V and 90 volts across -R.sub.V to produce zero volts between X and
      Y for no signal condition.
PAR  For the condition in which the voltages across .+-.R.sub.V are balanced,
      light impinging in the region between the terminal 25 and the terminal 21
      along the vertical axis tends to decrease the resistance +R.sub.V.
      Assuming that the voltage across the resistor +R .sub.V is +40 volts and
      across the resistor -R.sub.V is -60 volts, the voltage between X and Y
      becomes 10 volts. It may seem that the vertical signal component in the
      output signal E.sub.0 is a function of the variation in impedance in
      response to radiant energy of +R.sub.V relative to -R.sub.V.
PAR  The resultant 10 volt output signal for an unbalance of 10 volts across
      .+-.R.sub.V with .+-.R.sub.90 balanced, may be determined by adding the
      voltages in a similar manner. The +40 volts across +R.sub.V and the -50
      volts across R.sub.90 yield -10 volts output; the -60 volts across
      -R.sub.V and the +50 volts across R.sub.90 yield again -10 volts.
PAR  Noting that the phase bias signal f.sub.1 is indeed a composite signal
      including both the vertical and horizontal complement, the above analysis
      is equally appropriate to the circuit associated with the reference or
      horizontal bias signal generator 26. Once the system is balanced as, for
      example, by a predetermined setting, the output signal between X and Y is
      a function of the unbalance impedance, e.g., due to the displacement of a
      light spot off origin. Note that in the region between, but not including,
      the terminals 25 and 21 a light spot of given intensity may move up and
      down the axis and vary the output signal in accordance with the
      sensitivity curve of a given cell configuration. The circuit responds also
      to a variation on intensity at a given point. For a given intensity the
      output position error signal amplitude responds in accordance with
      displacement from the origin.
PAR  To illustrate the operation of the secondary bias signal, in FIG. 3, assume
      f.sub.2 input of 100 volts between X and the junction -R.sub.S, Z.sub.0,
      with point X negative or minus instantaneous voltage polarity. The output
      signal E.sub.0 appears between the points Y and S and at the output
      terminals 32 and 33.
PAR  Because the voltage across X and Y produced by phase bias signal f.sub.1 is
      distinguishable from the secondary bias signal f.sub.2, the circuit of
      FIG. 3 need be analyzed only with respect to f.sub.2. The operation of the
      circuit in FIG. 3 is independent of the bridge circuit between X and Y
      with respect to adjustments in the bias signals f.sub.1 and f.sub.2.
PAR  For dark current condition, no radiation impingent on the cell, the f.sub.1
      voltage from X to Y is zero for a balanced condition. The voltage from Y
      to S may then be adjusted, e.g., to zero. Variations in intensity of
      impingent radiation produce correspondence impedance variations in
      resistor 42. Such variations unbalance the circuit in FIG. 3 to produce an
      output data bearing signal component in the output signal E.sub.0.
PAR  Thus, for an input of 100 volts across stator 39, the voltages across
      .+-.R.sub.S are 50 volts and the voltages across X-Y and Z.sub.0 are 50
      volts, assuming Z.sub.0 is equal to the resistance of resistor 42. The
      voltage potentials across X-Y and +R.sub.S are equal and opposite;
      similarly across Z.sub.0 and -R.sub.S. The output signal E.sub.0 is then
      zero.
PAR  With energy impingent on the cell along the boresight axis, no output is
      produced across X-Y. However, resistor 42 decreases in resistance, i.e.,
      the cell bridge circuit impedance varies with respect to Z.sub.0. If the
      voltage across X-Y decreases to 45 volts, the voltage across Z.sub.0
      increases to 55 volts. Tracing from point Y to point S, .+-.45 volts
      across X-Y algebraically adds to -50 volts across +R.sub.S to produce -5
      volts between Y and S. The -55 volts across Z.sub.0 adds to the +50 volts
      across -R.sub.S to again produce -5 volts out. Thus an output signal
      component at f.sub.2 is produced regardless of the relative position of a
      spot or point of radiation impingent on the cell.
PAR  If Z.sub.0 differs in resistance from resistor 42, the potentiometer 39 may
      be adjusted by moving the variable connection 40 to balance the circuit
      and provide a secondary reference voltage level. If, under dark current
      condition, the voltaage across X-Y were 45 volts and the voltage across
      Z.sub.0 were 55 volts, the connection 40 is varied to provide equal and
      opposite voltages across .+-.R.sub.S, respectively, to produce an output
      zero volts.
PAR  It will be apparent from the description of FIG. 3 that the invention has
      application to a single dimension circuit. By removing the connection from
      the f.sub.1, .theta.=0.degree. generator 26 to the input terminals 22 and
      24, e.g., the circuit may be used for vertical errors signals only.
PAC  DESCRIPTION AND EXPLANATION OF THE BLOCK DIAGRAM OF FIG. 4
PAR  Referring now to FIG. 4, there is here illustrated a schematic circuit
      block diagram of a spot position indicator embodying the invention. The
      cell 20 is shown coupled to an f.sub.1 track bias circuit 106
      corresponding to the circuits associated with the generators 26 and 27 of
      FIG. 1 and to an f.sub.2 radiometer bias circuit 105 corresponding to the
      generator circuit 38 of FIG. 1. The output of the cell 20 is coupled from
      the central terminal 25 to an amplifier 107 and then to the divider 102.
      The divider output is coupled through the f.sub.1 pass filter 101 and an
      amplifier 108 to a phase shift control 109. The phase shift control 109 is
      coupled to a phase sensitive rectifier 111 which produces azimuth
      information in accordance with the zero degree phase components of the
      divided f*.sub.1 signal. The output of the azimuth phase sensitive
      rectifier 111 is coupled to the x-axis or azimuth terminal of a display
      oscilloscope 112. The other output of the shift control 109 is coupled to
      elevation phase sensitive rectifier 110 which is in turn coupled to the
      Y-axis or elevation control of the scope 112.
PAR  The f.sub.2 error signal, .DELTA.f.sub.2, is coupled from the output of the
      divider 102 to the f.sub.2 pass filter 103 and then to an amplifier 113
      back to the divider 102. Another output of the amplifier 107 provides an
      f.sub.2 radiometer signal which may be demodulated and applied to an
      output indicator. The output of the cell 20 at the terminal 25 as
      described above is a composite f.sub.1 signal including X, Y and I
      information as well as the separable f.sub.2 signal which contains just
      the I information. The two signals are amplified and applied to the
      divider 102. At the output of the divider 102 is a divided f*.sub.1 signal
      which contains only the X and Y information, the I information having been
      divided out. Since the signals are separated in frequency, the f.sub.1
      being, for example, 400 cycles, and the f.sub.2 signal being, for example,
      1300 cycles, the filter 101 passes only the f*.sub.1 signal and rejects
      substantially all other signals. Similarly, the filter 103 passes only the
      f.sub.2 signal and rejects all others. The f*.sub.1 output of the filter
      101 is amplified by the amplifier 108 and applied to the phase shift
      correction circuit 109. The orthogonal X and Y components of the f*.sub.1
      signal are resolved by the phase sensitive rectifiers 110 and 111 into
      elevation and azimuth or vertical and horizontal signals applied to the X
      and Y axes respectively of the oscilloscope 112. The apparent position of
      a target image on the face of the oscilloscope is unambiguous in angle and
      displacement from the origin.
PAR  The .DELTA.f.sub.2 error signal is coupled through the amplifier 113 and
      applied to the divider 102 to provide a variable gain control signal in
      the manner to be described more particularly below.
PAC  DESCRIPTION AND EXPLANATION OF THE APPARATUS IN FIG. 5
PAR  Referring now to FIG. 5, there is here illustrated a radiant energy
      detection and tracking apparatus embodying the invention. A source 44 of
      radiation directs radiant energy to a detector element of the type shown
      in FIG. 1. The element is carried by a movable member 47 gimballed for
      motion in elevation and azimuth or vertical and horizontal, respectively.
      The intensity of radiation varies, for example, due to the motion of the
      source 44, variation in its aspects or variations in atmospheric
      conditions. A mounting plate 48 carries an azimuth servo motor 49. The
      motor 49 is coupled to a rotatable shaft 50 of a gimbal yoke 51 which
      carries the member 47. The member 47 is rotatable about an axis
      perpendicular to the axis of the shaft 50. The yoke 51 is coupled to an
      elevation servo motor 55 which moves in azimuth with the yoke. A pedestal
      plate 56 carries the motor 55 and is attached to the yoke 51. The
      rotatable shaft of an elevation pinion gear 52 extends through bearing
      supports in the yoke 51 and is attached to the member 47. The gear 52 is
      coupled to a planar elevation driving gear 53 coupled through a rotatable
      shaft 54 to the elevation servo drive motor 55.
PAR  The member 47 carries a focusing optical system to capture the radiation
      and focus a convergent beam to provide a point or spot image on the
      detector element. For clarity the focusing system, load impedance and
      detector element are omitted from FIG. 5.
PAR  The detector element derives input phase bias signals from the generators
      26 and 27. The phase signals have a designated frequency f.sub.1 and are
      in phase quadrature. The reference or azimuth phase is .theta.=0.degree.
      and the quadrature or elevation phase is .theta.=90.degree.. The element
      derives a secondary bias signal from the generator 38. The secondary
      signal has a frequency designated f.sub.2 distinct from f.sub.1. In one
      form of the invention f.sub.2 = 0 = DC.
PAR  The f.sub.1 drive signals are coupled through a divider 102 and f.sub.1
      pass filter 101 to a drive signal amplifier circuit 58. The circuit passes
      only f.sub.1 signals and rejects substantially all other signals. The
      amplifier 58 is coupled to an azimuth amplifier circuit 59 and, in
      parallel, to a separate elevation amplifier circuit 60. The azimuth
      amplifier 59 is coupled to the azimuth servo drive motor 49; the elevation
      amplifier 60, to the elevation motor 55.
PAR  The composite f.sub.1 signal contains X, Y and I information. The f.sub.2
      signal is coupled through the divider 102 to an f.sub.2 bandpass filter
      103. The output of the filter 103 is coupled back to the divider 102. The
      divided f.sub.1 signal contains position information, X and Y which is
      coupled to the drive system. The f.sub.2 signal component from the member
      47 is coupled through a second f.sub.2 pass filter 150 to a demodulator
      148 and output meter 149 to provide a simultaneous indication of the
      intensity of the target image, here denoted radiometer output.
PAR  The tracking circuit is a null-seeking system which aligns the central axis
      of the member 47 with the boresight axis to the source 44. The tracking
      apparatus operates in response to position error signals derived from the
      azimuth and elevation circuits 59 and 60. Position error signals are
      produced, for example, in the manner described with respect to FIGS. 1-3.
PAC  DESCRIPTION AND EXPLANATION OF THE DIVIDER CIRCUIT IN FIG. 6
PAR  Referring now to FIG. 6, there is here illustrated a detailed schematic
      circuit diagram of a divider circuit useful in the present invention. The
      circuit as here illustrated broadly corresponds to the divider 102, filter
      103 and amplifier 113 in FIG. 4. An input signal is applied to the
      terminals 32 and 33 including a composite f.sub.1 signal representing
      horizontal, vertical and intensity, X, Y and I, information and an F.sub.2
      signal representing intensity, I, information. The signal is coupled
      through a capacitor 114 and appears across a resistor 115 connected
      between the base of a transistor 118 and ground. The base is connected
      through a resistor 116 to a dropping resistor 132 to a source of positive
      voltage labeled B+. The emitter of the transistor 118 is connected through
      a field effect or unipolar transistor 147 to ground. The collector of the
      transistor 118 is coupled through a resistor 117 to B+. The output of the
      transistor 118 is connected through a capacitor 119 and resistor 120 to an
      f.sub.2 pass filter 121. Another output of the transistor 118 is coupled
      through the capacitor 119 to a divider f*.sub.1 pass filter 148 to output
      terminals 149 and 150.
PAR  The output of the filter 121 is coupled through a two stage resistance
      coupled amplifier associated with a pair of transistors 126 and 136. The
      filter 121 is coupled through a resistor 122 to ground and through a
      capacitor 123 to the base of transistor 126. The base of the transistor
      126 is connected through a base resistor 125 to ground and through a
      dropping resistor 124 to B+. The collector is coupled through a load
      resistor 130 to B+. A decoupling capacitor 131 is connected between the
      resistors 130 and 132 and ground. The emitter of the transistor 126 is
      connected through a degenerative bias resistor 127 and bias resistor 128
      to ground. In parallel with the resistor 128 is a by-pass capacitor 129.
      The collector of the transistor 126 is coupled through a capacitor 133 to
      a base resistor 134 of the transistor 136. The base is connected through a
      dropping resistor 135 to B+. The emitter is connected through a bias
      resistor 138 and parallel bypass capacitor 139 to ground. The collector is
      connected through a load resistor 137 to B+ and is coupled through a
      capacitor 140 to a discharge diode 141 to ground. The capacitor 140 is
      connected in parallel to a rectifying diode 142 and to a
      resistance-capacitance filter comprising the series resistor 144 and
      by-pass capacitors 143 and 145 as shown. The junction between the
      capacitor 145 and the resistor 144 is connected to the gate or grid of the
      field effect transistor 147. A grid load resistor 146 is connected between
      the grid of the transistor 147 and ground. The cathode or source of the
      transistor 147 is grounded and the plate or drain is connected directly to
      the emitter of the transistor 118.
PAC  OPERATION
PAR  Since f.sub.1 is a function of azimuth, elevation and intensity, i.e., X, Y
      and I, and f.sub.2 is a function of intensity, I, the purpose of the
      circuit is to provide a voltage ratio of the form: Equation (1):
      ##EQU1##
      where e.sub.1 and e.sub.2 are distinct and separable signals
      representative of f.sub.1 and f.sub.2 respectively, and e.sub.3 is
      representative of f*.sub.1. Given an amplifier having a transfer function
      with gain A such that: Equation (2): Ae.sub.2 = e.sub.0 = constant,
PAL  then Equation (3):
      ##EQU2##
PAR  By applying an input signal e.sub.1 through the amplifier, we obtain:
PAL  Equation (4):
EQU  e.sub.3 = Ae.sub.1.
PAL  Substituting from Equation (3) above, we obtain: Equation (5):
      ##EQU3##
      where c any gain constant and can be made equal to 1.
PAR  It is then necessary that the amplifier have sufficient gain to maintain
      the amplified signal e.sub.2 equal to a constant over the operating range.
      With reference to the circuit in FIG. 6, the composite signal f.sub.1 and
      the intensity signal f.sub.2 are impressed on the terminals 32 and 33 and
      coupled to the transistor 118. The bipoplar transistor 118 has a variable
      gain characteristic which is determined by the impedance in the emitter
      circuit as provided by the field effect transistor 147. If f.sub.2 were
      not present, the circuit associated with the transistor 118 amplifies the
      f.sub.1 signal to saturation amplitude and provides in its output the
      composite f.sub.1 signal. Given the presence, however, of an f.sub.2
      signal, a .DELTA. f.sub.2 signal is coupled through a filter 121 and
      amplified by two stages of amplification associated with the transistors
      126 and 136 to apply an amplified .DELTA.f.sub.2 signal to the rectifying
      diode 142.
PAR  The rectified signal is coupled to the circuit comprising the resistor 144
      and capacitors 143 and 145 to apply a DC voltage across the grid resistor
      146 of the field effect transistor 147. In closed loop operation, the DC
      voltage variations are relatively compressed. As the amplitude of the
      .DELTA. f.sub.2 signal tends to increase the impedance of the transistor
      147 increases to decrease the gain of the amplifier associated with the
      transistor 118. The decrease in gain is in accordance with the incremental
      increase in amplitude of the f.sub.2 signal representative of intensity.
      As the amplification or gain of the transistor 118 goes down the output
      signal f*.sub.1 decreases in amplitude; inversely with the intensity.
      Thus, effectively the composite signal f.sub.1 is divided by the intensity
      signal f.sub.2 to produce an output signal f*.sub.1 which is independent
      of the intensity.
PAR  In a divider circuit which was actually built and tested, there follows a
      list of circuit elements which were used in the circuit of FIG. 6. It will
      be understood that these circuit elements are representative only of a
      particular embodiment and may be varied greatly without departing from the
      scope of the invention. Capacitor 114, 22 microfarads; resistor 115, 33
      kilohm; resistor 116, 390 kilohms; transistors 118, 126 and 136, 2N929;
      transistor 147, 2N2Y98; resistor 117, 4.7 kilohms; capacitor 119, 15
      microfarads; resistor 120, 5.6 kilohms; filter 121, 1300 cycles bandpass
      filter as manufactured by United Transformer Corp.; resistor 122, 10
      kilohms; capacitor 123, 10 microfarads; resistor 124, 220 kilohms;
      resistor 125, 68 kilohms; resistor 127, 100 ohms; resistor 128, 3.3
      kilohms; capacitor 129, 39 microfarads; resistor 130, 3.3 kilohms;
      capacitor 131, 20 microfarads; resistor 132, 1 kilohm; capacitor 133, 15
      microfarads; resistor 132, 33 kilohms; resistor 135, 120 kilohms; resistor
      137, 3.3 kilohms; resistor 138, 1 kilohm; capacitor 139, 39 microfarads;
      capacitor 140, 6.8 microfarads; diodes 141 and 142, 1N628; capacitor 143,
      6.8 microfarads; resistor 144, 10 kilohms; capacitor 145, 1 microfarad;
      resistor 146, 68 kilohms; B+, 12 volts; filter 148, 400 cycles bandpass
      filter manufactured by United Transformer Corp.
PAR  From the foregoing discussion, it will be apparent that the invention has
      broad application in the field of radiant energy detection and tracking.
      The invention is applicable to the problem of a tracking radiometer where
      the temperature of a moving object can, for example, be continuously
      monitored while the spot position relative to the boresight axis is
      continuously indicated.
PAR  While there has herinbefore been presented what is at present considered to
      be the preferred embodiment of the invention, it will be apparent to those
      of ordinary skill in the art that many modifications and changes may be
      made thereto without departing from the true spirit and scope of the
      invention. It will be considered, therefore, that all those changes and
      modifications which fall fairly within the scope of the invention will be
      a part of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Radiant energy detection apparatus, comprising:
PA1  radiation responsive, variable impedance detector means having a detector
      element adapted to vary in impedance in response to said radiation for
      producing a composite signal representative of a plurality of parameters
      of said radiant energy in accordance with the variation of a detector
      element impedance with respect to another detector element impedance, said
      element having four input ohmic terminals arranged in a rhombic pattern
      and a centrally disposed output terminal;
PA1  primary biasing means coupled to said detector means for coupling a pair of
      quadrature phased, alternating current primary bias signals through said
      element through said input terminals;
PA1  load impedance means coupled to said detector means for developing a
      reference signal representative of a selected one of said plurality of
      parameters in accordance with the variation of said detector element
      impedance with respect to said load impedance;
PA1  secondary biasing means coupled to said detector means for coupling a
      secondary bias signal through said load impedance and said element through
      all of said terminals; and
PA1  computer means coupled to said detector and load means for producing, in
      response to said composite and reference signals, an output signal
      representative of the quotient between said composite and reference
      signals, whereby variations in said output signal occur independently of
      variations in said selected one of said plurality of parameters.
NUM  2.
PAR  2. Radiant energy detection apparatus, comprising:
PA1  radiation responsive, variable impedance detector means having a detector
      element adapted to vary in impedance in response to said radiation for
      producing a composite signal representative of a plurality of parameters
      of said radiant energy in accordance with the variation of a detector
      element impedance with respect to another detector element impedance, said
      element having four input ohmic terminals arranged in a rhombic pattern
      and a centrally disposed output terminal;
PA1  primary biasing means coupled to said detector means for coupling a pair of
      quadrature phased, alternating current primary bias signals through said
      element through said input terminals;
PA1  load impedance means coupled to said detector means for developing a
      reference signal representative of a selected one of said plurality of
      parameters in accordance with the variation of said detector element
      impedance with respect to said load impedance;
PA1  secondary biasing means coupled to said element and said load means for
      coupling a secondary bias signal along a direct current path through said
      load means and said element through each of said terminals; and
PA1  computer means coupled to said detector and load means for producing, in
      response to said composite and reference signals, an output signal
      representative of the quotient between said composite and reference
      signals, whereby variations in said output signal occur independently of
      variations in said selected one of said plurality of parameters.
NUM  3.
PAR  3. Radiant energy detection apparatus, comprising:
PA1  radiation responsive, variable impedance detector means having a detector
      element adapted to vary in impedance in response to said radiation for
      producing a composite signal representative of a plurality of parameters
      of said radiant energy in accordance with the variation of a detector
      element impedance with respect to another detector element impedance;
PA1  primary alternating current biasing means coupled to said detector means
      for coupling a primary bias signal through said element through said input
      terminals;
PA1  load impedance means coupled to said detector means for developing a
      reference signal representative of a selected one of said plurality of
      parameters in accordance with the variation of said detector element
      impedance with respect to said load impedance;
PA1  secondary alternating current biasing means coupled to said element and
      said load means for coupling a secondary bias signal through said load
      means and said element through all of said terminals; and
PA1  computer means coupled to said detector and load means for producing, in
      response to said composite and reference signals, an output signal
      representative of the quotient between said composite and reference
      signals, whereby variations in said output signal occur independently of
      variations in said selected one of said plurality of parameters.
NUM  4.
PAR  4. Radiant energy detection apparatus, comprising:
PA1  radiation responsive, variable impedance means having a detector element
      with four input ohmic bias terminals arranged in a peripheral equidistant
      pattern and an output ohmic terminal centrally disposed with respect to
      said pattern, said element being adapted to vary in impedance in response
      to said radiation for producing a composite signal representative of a
      plurality of parameters of said radiant energy in accordance with the
      variation of a detector element impedance with respect to another detector
      element impedance;
PA1  primary biasing means coupled to said element through said input terminals
      for coupling a pair of alternating current primary bias signals through
      said element, said bias signals being in phase quadrature and each said
      bias signal being coupled through a pair of diagonally opposed input
      terminals;
PA1  load impedance means coupled to said element through said output terminal
      for developing a reference signal representative of a selected one of said
      plurality of parameters in accordance with the variation of said detector
      element impedance with respect to said load impedance;
PA1  secondary biasing means coupled to said element through all of said
      terminals, said primary biasing and said load impedance means for coupling
      a secondary bias signal there through;
PA1  computer means coupled to said detector and load means through said output
      terminal for producing, in response to said composite and reference
      signals, an output signal representative of the quotient between said
      composite and reference signals, whereby variations in said output signal
      occur independently of variations in said selected one of said plurality
      of parameters; and
PA1  balancing means coupled to said biasing means between said element and said
      biasing means for each said bias signal and including a variable voltage
      control for producing a variable reference voltage level to balance said
      bias and output signals with respect to said reference level.
NUM  5.
PAR  5. The apparatus of claim 1 wherein: said detector element includes
      quadrant sectors.
NUM  6.
PAR  6. The apparatus of claim 5 wherein: said detector element is a
      photoconductor.
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PAL  Mass spectrometry apparatus for analyzing the composition of moving
      microscopic particles includes a capacitor having a front electrode upon
      which the particles impinge, a back electrode, and a solid dielectric
      sandwiched between the front and back electrodes. In one embodiment, the
      electrodes and dielectric are arcuately shaped as concentric peripheral
      segments of different spheres having a common center and different radii.
      The front electrode and dielectric together have a thickness such that an
      impinging particle can penetrate them. The front electrode is negatively
      biased relative to the back electrode so that an impinging particle causes
      the front and back electrodes to become electrically connected to form a
      discharge spark between the electrodes. The discharge spark causes
      ejection from the front electrode of positive ions of elements in the
      impinging particle. An electric field is formed in front of the front
      electrode by a grid that is pervious to the particles and ions. The grid
      is negatively biased relative to the front electrode to draw the ejected
      positive ions away from the front electrode, so they impinge on a positive
      ion detector target. The arrival time of different ions is measured to
      complete the analysis. In a second embodiment, the capacitor has planar,
      parallel electrodes, in which case the ejected positive ions are deflected
      downstream of a planar grid by a pair of spaced, arcuate capacitor plates
      having a region between them through which the ejected ions travel.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 STAT
      435; 42 USC 2457).
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to analyzers for microscopic
      particles, and more particularly, to a microscopic particle analyzer
      including a charged capacitor for ejecting positive ions of the
      microscopic particles impinging on an electrode of the capacitor.
PAC  BACKGROUND OF THE INVENTION
PAR  Devices have been developed to determine and analyze the composition of
      microscopic particles, such as interplanetary micrometeoroids, cometary
      dust, galactic dust, solar dust, particles orbiting a planet (such as the
      particles in the rings of Saturn), droplets in clouds of planetary
      atmospheres, and earth orbiting debris from any one of (1) nuclear weapon
      explosions, (2) rocket exhaust, (3) explosions of spacecraft, (4) rockets,
      (5) volcano eruptions, as well as ejecta from hypervelocity impacts of
      missiles or jet engine exhaust. The composition of these particles has
      been determined by utilizing mass spectrometry apparatus for analyzing the
      abundancy of elements and isotopes of the elements in the particles. Such
      analyzers are disclosed in my U.S. Pat. No. 3,715,590, as well as in the
      article entitled "Detection Technique For Micrometeoroids Using Impact
      Ionization," written by Siegfried Auer and Kurt Sitte, which appeared in
      Earth and Planetary Science Letters, 1968, Volume 4, Pages 178-183.
PAR  In the prior art devices, a microscopic particle impacts on a front face of
      an electrically biased metallic surface, which may be tungsten. In
      response to the impact, positive ions are derived from the front face and
      directed to an ion detector by an electrostatic field established by a
      particle and ion pervious grid electrode that is negatively biased
      relative to the impact surface. The kinetic energy of an impacting
      particle on the metal surface results in a portion of the particle being
      vaporized and ionized. Since only the kinetic energy of an impacting
      particle causes vaporization and ionization, the prior art device has a
      relatively low efficiency, particularly for relatively slow impact
      velocities (less than five kilometers per second). The conversion of
      particle material to vapor and ions is considered to be of relatively low
      efficiency because only a small fraction (considerably less than one
      percent and approximately 0.001 percent) of the atoms in an impacting
      particle are ionized.
PAR  A further deficiency in the prior art detector is that solid fragments of
      the particle may impact on metal parts, other than the impact surface,
      that are located in a housing for the impact surface. In response to an
      impact on metal parts other than the impact surface, fragmentary particles
      are produced that have a tendency to reach the impact surface slightly
      after the impact of the main part of the particle; thereby, ions are
      derived from the impact surface at slightly displaced time intervals.
      Because of the different travel times of ions of different elements from
      the impact surface to an ion detector, it is difficult, and frequently
      impossible, to distinguish between ions derived from the main part of the
      particle and from fragments, with a resultant confusion in analysis of the
      particle composition. Thus, a phenomenon known as 'ghost " is frequently a
      problem with the prior art devices.
PAR  A further deficiency in the prior art device is that the elements in the
      particle which can be ionized most readily are over-represented in a mass
      spectrum derived from the ions. In particular, alkaline metals are always
      over-represented, except for particles having very high impact velocities
      (in excess of approximately twenty kilometers per second). Because
      alkalines are always over-represented, large corrections and therefore
      uncertainties, are necessary, based on considerations of plasma
      equilibrium conditions, to determine the correct proportions of the
      elements in the impacting particles. Alkaline elements are always
      over-represented with the prior art device because the particles almost
      invariably have some alkalines therein. The alkalines have a lower work
      function than other elements in the particle and are, thereby, more easily
      ionized. Once one alkaline ion is generated, it has a tendency to ionize
      additional alkaline atoms in the particle, with a resulting regenerative
      effect.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, a major fraction (between 10 and
      100 percent) of the atoms in a microscopic particle impacting on a
      particle receiving surface are ionized. The result is achieved by adding
      the potential energy of a charged capacitor to the kinetic energy of the
      impacting particle. The capacitor includes a front electrode upon which
      the particle impacts, a rear electrode, and a solid dielectric sandwiched
      between the front and rear electrodes. The front electrode and dielectric
      together have a thickness such that an impinging microscopic particle can
      penetrate them, a result preferably achieved by forming the front
      electrode from a thin metal film, having a thickness typically on the
      order of one-tenth micron, which is deposited on an oxide dielectric
      layer, having a thickness between 0.4 and 1 micron, that is formed on a
      doped semiconductor substrate that comprises the rear electrode. In
      response to a particle impacting on the front electrode, the front and
      back electrodes become electrically connected to form a discharge spark
      between the two electrodes. The discharge spark causes positive ions to be
      ejected from the front electrode. The positive ions are of elements in the
      impinging particle, as well as elements contained in the materials of the
      capacitor. Thereby, it is preferable to employ capacitor materials that do
      not include elements that are normally expected in the particles to be
      analyzed. If the particles to be analyzed are of outer space origin, the
      metal film may, therefore, be a noble metal, the back electrode may be a
      P-doped germanium substrate and the dielectric a germanium oxide, such as
      GeO. A narrow oxide dielectric layer is also advantageous in this regard
      because it contains a relatively small number of oxygen atoms and there is
      consequently a relatively small number of oxygen ions ejected from the
      front electrode. The use of germanium and germanium oxide as the back
      electrode and dielectric is preferable because of the advanced state of
      the technology for these materials, and because germanium is believed to
      be virtually non-existent in outer space.
PAR  To enable positive ions to be ejected from the front electrode of the
      capacitor, the front electrode is negatively biased relative to the back
      electrode. The positive ions ejected from the front electrode are drawn
      from the front electrode by an electric field that is provided in front of
      the front electrode. The electric field is established by a grid that is
      pervious to the particles, as well as to the ions, and which is positioned
      between the front electrode and an ion detector that is biased so that
      substantially all ions passing through the grid travel to the ion
      detector. In a preferred configuration, the front and back electrodes, as
      well as the dielectric and grid, are arcuately shaped as concentric
      peripheral segments of different spheres having a common center and
      different radii. The detector is located approximately at the common
      center of the different spheres so that substantially all of the ions
      ejected from the front electrode impinge on the ion detector with a
      minimum amount of focusing required.
PAR  I am aware of capacitor-type micrometeoroid detectors being used in the
      past to indicate the presence of a micrometeoroid. The capacitor
      electrodes have been biased so that the front electrode was positive
      relative to the rear electrode so that positive ions could not be derived
      from the front electrode in response to micrometeoroid impacts. It was,
      apparently, not previously appreciated that biasing the front electrode
      negatively relative to the back electrode would produce positive ions that
      could be drawn from the front electrode and enable the composition of an
      impacting particle to be determined.
PAR  The structure of the present invention provides for the substantial
      elimination of ghost images which were prevalent in the prior art. This is
      because of the relatively slow response time of the capacitor, whereby the
      capacitor is so completely discharged in response to an impacting particle
      that it cannot recover for approximately ten to one hundred milliseconds
      subsequent to the impact. Thereby, ions derived from the front electrode
      as a result of fragments of the same particle which caused an initial
      ionization are not produced in sufficient quantities relative to the
      number of ions resulting from the initial impact to be detected.
PAR  By converting a major fraction, and perhaps all, available atoms in the
      particle into ions, the signal-to-noise ratio of the detected mass
      spectrum is improved by orders of magnitude over the prior art. Thereby,
      the need for complex and costly electronic circuitry is obviated. Also,
      because of the large quantity of ions derived, mass spectrometers having a
      high resolving power but low transmission, such as mass spectrometers
      including ion deflecting means, can be utilized.
PAR  In contrast to the prior art, the chemical constituents of an impacting
      particle are represented by the generated ion mass spectrum in
      approximately the correct proportions, particularly if the capacitor is
      fabricated from compositions other than those which are normally expected
      in the particles to be analyzed.
PAR  The present invention is also applicable to analyzing particles having
      relatively low impact velocity (as low as or probably lower than one
      kilometer per second) because the capacitor supplies potential energy to
      the impacting particle, which is added to the relatively low kinetic
      energy of such particles.
PAR  It is, accordingly, an object of the present invention to provide a new and
      improved mass spectrometry apparatus for analyzing the composition of
      microscopic particles moving relative to the apparatus.
PAR  An additional object of the invention is to provide a relatively efficient
      device for analyzing the composition of relatively low velocity
      microscopic particles.
PAR  Another object of the invention is to provide an apparatus for analyzing
      the composition of microscopic particles wherein the kinetic energy of the
      particle is combined with the potential energy of a capacitor to effect
      conversion of a relatively large number of atoms in the particles into
      ions.
PAR  A further object of the invention is to provide a new and improved
      apparatus for analyzing the composition of microscopic particles wherein
      the effects of ghost mass spectra are substantially eliminated.
PAR  Still another object of the invention is to provide an apparatus for
      analyzing the composition of microscopic particles wherein ions derived in
      response to the particles impinging on the apparatus accurately represent
      the constituents of the particle.
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of several specific embodiments thereof, especially
      when taken in conjunction with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side-sectional view of a first embodiment of the present
      invention; and
PAR  FIG. 2 is a side-sectional view of a second embodiment of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Reference is now made to FIG. 1 wherein there is illustrated a
      side-sectional view of one embodiment of a capacitor 11 for ionizing a
      significant portion of microscopic particles, such as micrometeoroid 12,
      which move relative to the capacitor 11 and impinge thereon. Capacitor 11
      includes a front electrode 13, a back electrode 14 and a dielectric layer
      15 sandwiched between electrodes 13 and 14. Electrode 13 and dielectric
      layer 15 together have a thickness such that impinging particle 12 can
      penetrate them. A typical thickness for electrode 13, which is preferably
      formed as a thin metallic film that is deposited, e.g., by vacuum vapor
      techniques on layer 15, is on the order of 0.1 microns. A typical
      thickness of dielectric layer 15, which is preferably an oxide of a
      substrate forming electrode 14, is in the range of 0.4 to 1 microns.
      Dielectric layer 15 is formed on substrate 14 by typical firing or
      sintering oxidation techniques. Substrate 14 is preferably a P-doped
      semiconductor having sufficient conductivity to enable it to function as
      an electrode.
PAR  The materials employed in capacitor 11 preferably differ from those
      expected in the particle 12 to be analyzed. If the device is employed for
      analyzing outer space particles, where noble metals and germanium do not
      occur, film 13 is preferably selected from any of the noble metals, while
      substrate 14 is P-doped germanium and oxide layer 15 is an oxide of
      germanium, e.g., GeO. Gold is particularly well suited for film 13 because
      of its ability to adhere to layer 15.
PAR  To enable positive ions to be ejected from front electrode 13 in a
      direction toward the source of particle 12, capacitor 11 is biased so that
      front electrode 13 is at a negative potential relative to back electrode
      14, a result achieved by connecting the negative and positive terminals of
      D.C. power supply 16 to electrodes 13 and 14, respectively, so that a D.C.
      voltage of approximately forty volts exists between the electrodes. A
      particle 12 impacting on front electrode 13 penetrates through layers 13
      and 15 causing electrodes 13 and 14 to be electrically connected together,
      whereby a spark discharge is formed between the electrodes. The spark
      discharge causes positive ions to be ejected in a direction away from
      front electrode 13 and layer 15, i.e., in a direction generally toward the
      origin of particle 12.
PAR  To draw the ejected positive ions away from the front electrode, a metal
      grid 17, pervious to particle 12 and the positive ions ejected away from
      electrode 13, is positioned in front of electrode 13. Grid 17 is biased
      negatively relative to electrode 13, a result achieved by respectively
      connecting positive and negative terminals of D.C. power supply 18 to
      electrode 13 and 17. Grid 17 and D.C. power supply 18 thereby establish an
      electric field in front of front electrode 13 to positively draw the
      positive ions away from front electrode 13 and into the region to the
      right of grid 17, as viewed in FIG. 1.
PAR  The positive ions passing through grid 17 are directed to an ion detector
      19 that is at a focal point for ions ejected from front electrode 13. Ions
      passing through grid 17 drift to ion detector 19, a result achieved by
      maintaining a housing of the ion detector at the same potential as grid
      17, as is accomplished by connecting the housing to the negative terminal
      of power supply 18 through relatively large resistor (e.g., 1 megohm) 20.
      In the alternative, ions penetrating grid 17 are accelerated to ion
      detector 19, a result achieved by biasing the housing of ion detector 19
      negatively relative to grid 17.
PAR  In experiments that have been conducted, it has been found that the number
      of positive ions ejected away from front electrode 13 toward grid 17 is
      approximately equal to the number of atoms in a microscopic particle 12
      impacting on front electrode 13 and penetrating through dielectric layer
      15. The positive ions produce an ion current pulse that has been found to
      have a peak value on the order of ten to fifty amperes and a duration on
      the order of 100 nano-seconds. The ten to 50 ampere ion current is to be
      contrasted with ion currents of approximately 100 nano-amperes, as derived
      by prior art devices which relied exclusively on kinetic energy of an
      impinging particle, rather than a combination of the kinetic energy of the
      particle and the potential electric energy between electrodes 13 and 14.
      The ion current can generally be considered as having two approximately
      equal contributions respectively derived from atoms in particle 12, and
      atoms spewed from elements in capacitor 11. By forming capacitor 11 of
      materials that are not expected to be in the particle, it is possible to
      easily distinguish between the two different types of ions because the
      masses thereof are different, with a resulting difference in arrival times
      at ion detector 19 of the ions of the particle and capacitor. Since the
      elements of the capacitor are known the responses thereof from the ion
      detector can be ignored.
PAR  To provide simple apparatus for focusing of ions ejected from front
      electrode 13, the front and back electrodes 13 and 14, as well as
      dielectric 15 and grid 17, are arcuately shaped as concentric peripheral
      segments of different spheres having a common center and different radii.
      Preferably, to enable capture of the greatest number of particles, all of
      the elements of the capacitor and grid 17 are hemispherical in shape. Ion
      detector 19 is located at the common center of the segmented spheres
      forming electrodes 13 and 14, dielectric 15 and grid 17. Ion detector 19
      is preferably a Faraday couple formed as a metal plate positioned behind a
      screen through which the ions can easily penetrate. The plate may be
      formed as a honeycomb structure for trapping secondary electrons emitted
      in response to the ions impinging on the plate. The plate is connected to
      a center conductor of a coaxial cable 22 that is connected between input
      terminals of a high input impedance amplifier 23.
PAR  Amplifier 23 is connected to a suitable pulse time detecting analyzer 24,
      either via a hard wire connection or through an R.F. link. A typical
      analyzer is a Tektronix transient digitizer type R-7912, which includes a
      storage tube having a face on which pulses are derived in a pair of
      orthogonal, X-Y directions. The output of amplifier 23 is applied to a Y
      input terminal of the storage tube, while a time base sweep in the x
      direction is instigated in response to particle 12 impinging upon
      ionization source 11. To instigate the time base sweep, analyzer 24
      includes a start input terminal that is connected to be responsive to the
      output of amplifier 25, having an input connected to electrode 14, whereby
      a pulse is supplied by electrode 14 to the input of amplifier 25
      immediately upon particle 12 impinging upon ionization source 11.
PAR  Ions of different mass impinge on ion detector 19 at different times,
      whereby pulses are supplied to the Y input of the storage tube included in
      analyzer 24 at different times. The time of arrival of the pulses at ion
      detector 19 relative to the impact time of particle 12 provides an
      indication of the mass of the ions received by detector 19 and thereby of
      the constituent atoms of particle 12. The spherical configuration of the
      capacitor forming ionization device 11, in addition to providing a simple
      apparatus for focusing ions on detector 19, provides a constant distance
      from all portions of electrode 13 to ion detector 19. Thereby, all ejected
      ions have the same travel distance to ion detector 19 and a very precise
      representation of the constituent elements in particle 12 can be
      determined by comparing the occurrence times of a pulse detected from
      electrode 14 and the pulse arrival times at ion detector 19.
PAR  In response to a particle impacting on electrode 13 and penetrating through
      layer 15, there is a substantial dissipation of the charge existing
      between electrodes 13 and 14 prior to the impact. In experiments that have
      been conducted, it has been determined that between ten and one hundred
      milliseconds are required to recharge electrodes 13 and 14 to a potential
      that enables a high percentage of the atoms in an impacting particle to be
      ionized. Because of the relatively long recovery time of capacitor 11
      before it can again assist in materially ionizing additional particles,
      ghost spectra are avoided. This is because ions or particles which may
      impinge on electrode 13 as a result of fragments from the particle 12
      impinging on other parts of the device result in a relatively small number
      of ions being ejected from front electrode 13 to ion detector 19.
PAR  Experiments conducted with the apparatus of FIG. 1 have revealed that,
      aside from the ions resulting from the materials in capacitor 11, the
      number of ions for the different masses in particles 12 are approximately
      proportional to the number of atoms in the particle. Alkaline ions were
      not found to exist, unless alkaline atoms were in the particle, in
      contrast to the prior art devices. If alkaline atoms exist in the
      particle, the number of alkaline ions was found to be proportional to the
      number of alkaline atoms therein, and not over represented, as in the
      prior art.
PAR  In accordance with a further embodiment of the invention, as illustrated in
      FIG. 2, there is provided a parallel plate capacitor 35 including front
      thin film, metal electrode 36, rear P-doped semiconductor electrode 37 and
      a solid semiconductor oxide dielectric layer 38, instead of arcuately
      shaped capacitor 11. Positioned in front of electrode 36 is planar screen
      grid 39. Electrodes 36 and 37, and screen grid 39 are all parallel to each
      other to enable the mass of positive ions ejected from capacitor 35 to be
      detected. Ions of different masses are deflected by differing amounts by
      providing an ion deflection means 40 that comprises a pair of spaced,
      arcuate, metal capacitor plates 41 and 42 having a region between them
      through which the positive ions travel. Plates 41 and 42 provide
      approximately a 130.degree. rotation for positive ions ejected from
      capacitor 35 that traverse an entrance plane between plates 41 and 42 that
      is parallel to the plane of electrode 36 and therefore generally
      transverse to ions crossing the entrance plane. Each of plates 41 and 42
      includes a curved circular segment immediately downstream of the entrance
      plane. The two curved segments are peripheral segments of circles having
      different radii and a common center, with both curved segments subtending
      an arc of approximately 130.degree.. Outer plate 41 is positively biased
      relative to inner plate 42 by a suitable D.C. source 43. Plates 41 and 42
      include parallel straight portions downstream of the curved portions to
      guide the deflected positive ions to detector 45, which can be constructed
      identically to detector 19.
PAR  While there have been described and illustrated several specific
      embodiments of the invention, it will be clear that variations in the
      details of the embodiments specifically illustrated and described may be
      made without departing from the true spirit and scope of the invention as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for enabling an analysis to be performed of the composition of
      microscopic particles moving relative to the apparatus comprising a
      capacitor having: a front electrode upon which the particles impact, a
      back electrode, and a solid dielectric sandwiched between the front and
      back electrodes, said front electrode and the dielectric together having a
      thickness such that an impinging particle can penetrate them; means for
      biasing said front electrode negatively relative to said back electrode,
      whereby an impinging particle results in positive ions of the impacting
      particle being ejected from the front electrode, means for providing an
      electric field in front of the front electrode to draw the ejected
      positive ions derived from the front electrode away from the front
      electrode, and a positive ion detector located to be responsive to the
      ions drawn from the front electrode.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said front and back electrodes and said
      dielectric are arcuately shaped as concentric peripheral segments of
      different spheres having a common center and different radii, said
      detector being located approximately at the common center.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said means for providing the electric
      field includes a metal grid positioned in front of the front electrode,
      said grid being pervious to the particles and ions, said grid being
      arcuately shaped as a peripheral segment of a further sphere having the
      same center as the common center and a radius less than the radii of the
      electrodes and dielectric.
NUM  4.
PAR  4. The apparatus of claim 1 further including means for analyzing the
      transit time between the front electrode and detector of different
      positive ions resulting from the same impacting particles.
NUM  5.
PAR  5. The apparatus of claim 4 further including means connected to the
      capacitor for deriving a start signal in response to formation of the
      spark, wherein said means for analyzing includes means for instigating a
      time base in response to the start signal.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said means for providing the electric
      field includes a metal grid positioned in front of the electrode and
      pervious to the particles and ions, means for biasing the grid negatively
      relative to the front electrode, and means for biasing the ion detector so
      that substantially all ions passing through the grid travel to the
      detector.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the means for biasing the ion detector
      establishes an ion drift region between the grid and detector.
NUM  8.
PAR  8. The apparatus of claim 1 wherein the electrodes and dielectric are
      fabricated from compositions other than those normally expected in the
      particles to be analyzed.
NUM  9.
PAR  9. The apparatus of claim 8 wherein the particles are micrometeoroids, the
      back electrode is P-doped germanium and the dielectric is an oxide of
      germanium.
NUM  10.
PAR  10. The apparatus of claim 9 wherein the front electrode is a noble metal
      thin film.
NUM  11.
PAR  11. The apparatus of claim 1 further including means positioned between the
      front electrode and detector for deflecting ejected positive ions having
      different masses by differing amounts.
NUM  12.
PAR  12. The apparatus of claim 11 wherein the deflecting means includes a pair
      of spaced, arcuate capacitor plates having a region between them through
      which the positive ions travel.
NUM  13.
PAR  13. The apparatus of claim 11 wherein the electrodes and dielectric are
      flat and lie in parallel planes.
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ABST
PAL  A field emission gun in which a field emission tip for generating charged
      particles is axially aligned with apertures in an intermediate electrode
      and a main electrode. A field electrode is placed in juxtaposition to the
      field emission tip for developing a particle generation field. This
      electrode is located relative to the field emission tip and the
      intermediate electrode to effect a predetermined focal distance and level
      of electron beam intensity. Use of a field electrode permits utilization
      of lower focusing and acceleration voltages and renders the device less
      sensitive to variations in field emission tip design and performance.
PARN
PAR  This is a division of application Ser. No. 225,970, filed Feb. 14, 1972,
      now abandoned; and this application is a continuation in part of parent
      copending application Ser. No. 46,425, filed June 15, 1970 and which has
      matured into U.S. Pat. No. 3,678,333.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates, in general, to field optical systems and more
      particularly to a field emission gun capable of producing an intense beam
      of focused particles.
PAR  In the applicant's co-pending patent application, Ser. No. 46,425, filed
      June 15, 1970 which issued as U.S. Pat. No. 3,678,333 there is described a
      scanning electron microscope employing a field emission tip as its source
      of electrons, which application is herein incorporated by reference. An
      electron microscope belongs to the family of devices known generically as
      microprobes, each member of which can utilize the field emission tip of
      the present invention. The use of the field emission tip allows the
      formation of a high intensity focused beam of charged particles providing
      the illumination needed in scanning microscopy. The electron gun of the
      co-pending application provides and maintains the high vacuum requirements
      of a field emission tip and incorporates a high degree of voltage
      discharge protection which, in the past, have been significant problems in
      the application of field emission tips to scanning electron microscopes.
      In implementing the high voltage protection of the field emission gun, a
      shield electrode placed about the tip periphery and a field electrode
      placed in the neighborhood of the field emission tip were added to the
      system. In the context of discharge protection the presence of the field
      electrode permits control of emission current and particle acceleration,
      thus returning the operation of the gun to the condition as found prior to
      incorporating the high voltage discharge protection shield.
PAR  It is often desirable to operate a field emission electron gun as a
      self-focusing electron accelerating system without the use of additional
      de-magnification lenses, i.e., the gun is utilized to form a focused image
      of the electron beam in an appropriate image plane without any additional
      lenses other than that provided by a main acceleration electrode and an
      intermediate electrode.
PAR  In prior art field emission guns employing only two electrodes, viz.
      intermediate and main electrodes, the self focusing mode of operation may
      require high extraction voltages on the intermediate electrode to achieve
      sufficient field strength to produce a useful level of current in the
      focused spot and commensurately high acceleration voltages on the main
      electrode to achieve acceptable focal distances. It also demanded
      extremely fine geometry of the field emission tip, generally a diameter of
      less than 1000A. If the tip exceeded this size it was necessary to place
      it closer to the intermediate electrode with concomitant unacceptable
      dislocation of the image plane.
PAR  Related to the foregoing problems, in prior art field emission guns any
      changes in the operational performance of the field emission tip itself
      such as geometrical deterioration or changes in work function of the
      emitting surface due to contamination manifested a significant alteration
      in microscope operation. The intensity of the beam as well as the location
      of the image plane were altered and needed system adjustment to return to
      an acceptable or desirable performance condition.
PAR  It is, therefore, an object of this invention to provide an improved field
      emission particle gun. It is another object of this invention to provide a
      self-focusing field emission electron gun. Another object of this
      invention is to provide a field emission electron gun less sensitive to
      variations in field emission tip performance and configuration. Yet
      another object of this invention is to provide a field emission electron
      gun producing minimum contamination in the area contiguous with the field
      emission tip. Yet another object of this invention is to provide a field
      emission electron gun capable of performing at minimum levels of focusing
      and acceleration voltages. It is still another object of this invention to
      provide a field emission electron gun in which the field emission tip is
      protected from high voltage discharges.
PAC  SUMMARY OF THE INVENTION
PAR  As contemplated by the applicants' invention, a field emission tip acts as
      a source or generator of charged particles. Electrode means aligned with
      the field emission tip apply appropriate focus and acceleration fields to
      form a beam of the charged particles. Voltage means are connected to the
      electrode means for supplying electical potential to establish the focus
      and acceleration fields. A field electrode is connected to the voltage
      means and placed in juxtaposition to the field emission tip for developing
      a particle generation field. It is located at a distance from the field
      emission tip selected so as to effect a predetermined focal distance and
      level of beam intensity.
PAR  For a better understanding of the present invention together with other and
      further objects thereof, reference is had to the following description
      taken in connection with the accompanying drawings while its scope is
      pointed out in the appended claims. It is emphasized that the preferred
      embodiments herein described are intended to be illustrative of the
      applicants' invention and in no way delimiting of its scope.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a functional schematic diagram of a field emission scanning
      microscope embodying the applicants' invention;
PAR  FIG. 2 is a partial cross-sectional view of a typical field emission
      scanning electron microscope showing features in accordance with the
      applicants' invention.
DETD
PAR  Conventional symbols are used throughout the drawings and like numbers are
      used for like or similar parts in each view. The drawings are intended to
      be illustrative and exemplary of the invention and thus may not always
      conform to actual practical embodiments but rather are shown to best point
      out and amplify the applicants' novel contribution to the state of the
      art.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The electron optical system of FIG. 1 is in the form of a scanning electron
      microscope 10 embodying therein a field emission gun capable of conforming
      to the applicants' invention. It is significant to point out that while
      the illustrated field emission gun is used to produce electrons as the
      illuminating particles, it is possible that the same source be used to
      produce other charged particles, e.g. positively charged particles such as
      ions. In using positively charged ions it is necessary that the extraction
      voltages and focusing fields be reversed to provide the necessary
      emission, acceleration and focusing forces. It is further required that an
      ionizable gas be admitted to the chamber by suitable valve and regulator
      means, well known in the art.
PAR  Ancillary to the scanning electron microscope, there is shown a potential
      source or voltage means 11 which provides the various levels of operating
      voltages to the electrodes of the scanning electron microscope 10. A
      second unit, the video receiver and scanning control 29 in combination
      with the scanning and detector portions of the scanning electron
      microscope 10 display the desired view of the specimen undergoing
      interrogation.
PAR  The field emission tip 21 constitutes the main feature of field emission
      scanning microscopy systems. It produces a highly coherent, high intensity
      supply of electrons capable of being focused to a spot of desired size at
      an image plane containing a specimen 18. Specimen 18 is shown mounted to a
      specimen holder 17 which positions it with respect to the focused beam 13.
      The beam of charged particles, or, as in the system configuration of FIG.
      1, electrons, is primarily formed by electrode means comprising electrode
      23 and electrode 24. Electrode 23 constitutes an intermediate electrode
      interposed between the field emission tip 21 and a main electrode 24
      located distally of intermediate electrode 23 with respect to the field
      emission tip 21. Both electrodes 23 and 24 have apertures axially aligned
      with the field emission tip 21 for focusing and accelerating the electrons
      forming the beam of charged particles 13. In the broad context of a field
      emission system wherein the emitted corpuscular particles may be either
      positive (ions) or negative (electrons) members 23 and 24 are generally
      denoted electrodes. In the context of a reference to a field emission
      device wherein the emitted particles are electrons, electrodes 23 and 24
      are commonly referred to as anodes. See, for example, the parent
      application, now U.S. Pat. No. 3,678,333.
PAR  The main accelerating voltage V.sub.0 28 is supplied to electrode 24 and
      its magnitude is selected relative to the potential of field emission tip
      21. Normally, when used as an electron source, the field emission tip 21
      is placed at a potential below system ground with the main accelerating
      electrode held at ground. Intermediate electrode 23 is supplied by voltage
      source V.sub.1 27 which potential is lower than the potential of electrode
      or anode 24 with respect to the charged particles forming beam 13. The
      magnitude of voltage V.sub.0 is, of course, indicative of final particle
      energy while the ratio of the intermediate electrode 23 voltage V.sub.1
      and V.sub.0 is essentially determinative of the focal distance of the beam
      below anode 24, which distance is indicated as S in FIG. 1. As previously
      stated, the intermediate voltage V.sub.1 is almost exclusively
      determinative of the level of beam 13 current.
PAR  Extraction electrode 22, is in juxtaposition to field emission tip 21 and
      has centrally located apertures axially aligned with apertures of
      electrodes 23 and 24 and the field emission tip 21; thus the electrons
      extracted from field emission tip 21 pass through the apertures of
      extraction electrode 22 and anodes 23 and 24 to be finally focused upon
      specimen 18. The portion of electrode 22 proximal to the field emission
      tip 21 is at a distance d from field emission tip 21 and its aperture
      provides a large entrance angle so that a portion of the beam of electrons
      extracted from field emission tip 21 pass therethrough without substantial
      interference. The distal aperture portion 12 of extraction electrode 22 is
      placed relatively close to electrode 23 and its aperture is considerably
      smaller thus being determinative of the ultimate beam 13 size. The distal
      portion of extraction electrode 22 is placed a distance d.sub.1 from
      electrode 23.
PAR  Shield electrode 20 is utilized to prevent high voltage discharges from the
      outer chamber of the field emission gun to the field emission tip 21. This
      shield 20 is essentially an annular shaped metal electrode located
      peripherally about the field emission tip 21 and the extraction electrode
      22. It is the presence of shield electrode 20 that establishes one
      function of field electrode 22. Without the field produced by field
      electrode 22 within the area defined by the shield 20, it would be
      difficult to achieve desirable operation of the device.
PAR  In addition to its function as a discharge protector for field emission tip
      21, the shield 20 acts as a condensing structure for titanium or other
      metal of suitable character sublimated from the coil 19. This action of
      the coil 19 and the shield 20 constitutes a vacuum pump in the
      neighborhood of the field emission tip 21 thereby maintaining the
      essential high vacuum necessary to proper operation of field emission
      devices. The vacuum pumping afforded by this system in conjunction with
      the inherent ion pumping provided by the combination of the extraction
      electrode 22 and the field emission tip 21 i.e., ionization by primary
      beam and secondary electrons, permits the attainment of vacuum levels in
      the order of 10.sup.-.sup.9 to 10.sup.-.sup.11 Torr in the neighborhood of
      the field emission tip 21. The potential of field electrode 22 is supplied
      from the voltage means 11 by V.sub.e 26. V.sub.e is selected to provide a
      field strength in the neighborhood of the field emission tip 21 necessary
      to generate or extract the electrons or charged particles. Sublimation
      coil 19 is supplied with voltage V.sub.s 25 from the voltage means or
      source 11. Extraction electrode 22 is connected to intermediate electrode
      23 through impedance Z 34, thereby preventing the extraction voltage from
      rising to the main acceleration voltage in the event of discharge between
      intermediate electrode 23 and electrode 24.
PAR  The lens system 16 is primarily intended for control of beam 13 to scan the
      specimen 18 in a programmed manner. Essentially, it constitutes deflection
      coils synchronized to the scanning system for control of video receiver 29
      thereby locking the scan of the specimen 18 and the scan of the video
      field of the receiver 29. Detector 14 is typical of any number of
      detectors which may be placed so as to receive or detect information
      obtained from the surface or transmitted through the specimen 18.
      Information may be obtained by detecting transmitted electrons, as in the
      case of a transmission electron microscope, secondary electrons, reflected
      electrons, absorbed electrons, photons or x-rays, any and all of which are
      generated by or from the electron or charged particle beam 13.
PAR  Referring to FIG. 2, there is shown in partial cross-section a typical
      structural implementation of the applicants' invention.
PAR  Previously referred to co-pending application Ser. No. 46,425 amply sets
      out the structural details of a typical field emission electron gun of
      similar construction. Electrodes 23 and 24 may be shaped field lenses
      having centrally located and aligned apertures. The geometry of electrodes
      23 and 24 may conform generally to the shapes calculated by J.W. Butler
      and described in a paper by A. V. Crewe, D. N. Eggenburger, J. Wall, and
      L. M. Welter entitled "Electron Gun Using a Field Emission Source," Volume
      39, Number 4, the Review of Scientific Instruments, April 1968, page 580.
      The field emission tip 21 is shown mounted to an insulator post 26
      centrally aligned with the apertures of electrodes 23 and 24. The
      necessary electrical connections are brought to it through vacuum
      insulated connectors extending through the outer housing 10 of the field
      emission electron gun and the shield electrode 20, shown extending about
      both the field emission tip 21 and the insulator post 26. The location of
      the tip 21 is axially adjustable which mechanism is described in
      co-pending application Ser. No. 46,425 and may be accomplished by any
      suitable means well known in the art.
PAR  Sublimation coil 19 is shown extending about the outer surface of a
      depending flange which acts as a geometrical shield preventing T.sub.i
      from coating the tip or apertures or insulators of shield electrode 20
      surrounding a portion of the insulator post 26. Again, appropriate voltage
      connections to the sublimator coil 19 are made through insulated
      connectors.
PAR  Electrode 22 is shown as having two main members, an upper member 23 in
      juxtaposition to field emission tip 21 with a wide angle aperture
      centrally aligned with the apertures of electrodes 23 and 24. A second
      lower member 32 is placed distally of field emission tip 21 in close
      proximity to electrode 23 and contains a second centrally located aperture
      12 usually having a substantially smaller diameter in the neighborhood of
      20 to 400 microns, which aperture is determinative of beam 13 size. The
      entire structure of extraction electrode 22 is mounted to insulator 31 by
      means of threaded members 30. The side walls or peripheral portions of
      extraction electrode 22 are essentially open to permit passage of ionized
      particles and contaminants therethrough.
PAR  Both the aperture of member 35 as well as that of member 32 are raised
      above the surrounding surface of their respective members. This plateaued
      structure creates a well area about the periphery of the apertures serving
      to capture and retain contaminant materials. When transversely dispersed
      portions of the field current strike the aperture surface significant
      contamination is generated which if not properly controlled may affect
      aperture as well as tip 21 performance.
PAR  In considering the operational characteristics of a field emission scanning
      electron microscope employing the applicants' novel contribution,
      reference will again be had to FIG. 1. In operating the field emission
      electron gun as a self-focusing electron accelerating system, i.e.,
      without the use of any additional lenses other than that provided by
      electrodes 23 and 24, the prior art requires high values of accelerating
      voltages V.sub.0 and V.sub.1. For tips with diameter of &gt;2000 A voltage
      V.sub.0 is in excess of 20,000 volts while the potential of intermediate
      electrode 23 V.sub.1 is in the range of 3500 volts. The use of these high
      potentials, of course, as previously indicated, creates problems with
      respect to high voltage discharge to the field emission tip 21 as well as
      to tip 21 location, performance and configuration. It is the use of shield
      electrode 20 and extraction electrode 22 which principally obviates these
      difficulties. Referring to the applicants' co-pending application Ser. No.
      46,425, there is contained full diclosure and teaching as to both the
      structural and operational requirements of shield electrode 20, extraction
      electrode 22, and voltage means 11 (action of Z34) toward the discharge
      protection of field emission tip 21 and related performance of the field
      emission electron gun.
PAR  The applicants' have discovered that use of extraction electrode 22 also
      greatly simplified operation of the gun and allowed selection of
      reasonable beam current Ib, image plane distance and accelerating voltage
      V.sub.0 with relative ease and over a wide range. To reiterate, the prior
      art to achieve this result necessitated the use of difficult-to-make and
      delicate tips having diameters of less than 1000A placed in close position
      to the intermediate electrode 23 and the use of relatively high
      acceleration and focus voltages to achieve acceptable levels of Ib and
      image plane locations. With the addition of field electrode 22 it becomes
      possible to obtain needed beam current at practical S distances
      (approximately between 5 and 20 cm) while using a blunter tip located
      farther from intermediate electrode 23. Also, therefore, the spot size of
      the beam 13 and ultimately the resolution is improved.
PAR  It is important to realize that axial location Z of the tip 21 farther from
      intermediate electrode 23 reduces the required focusing and thus the ratio
      of V.sub.1 to V.sub.0. This ratio reduction of course leads to lower
      acceleration voltages and minimizing of discharge problems. It further
      allows generation of lower energy beams where desirable. In operation of
      the applicants' system it is possible to maintain Ib level and image plane
      distance S by minor adjustment of tip 21 to electrode 22 distance d,
      voltages V.sub.1 and V.sub.0 or both. Further, tip 21 diameters in the
      range of 1500A to 3000 A may be successfully used thereby greatly
      simplifying their fabrication. The distance d.sub.1 between field
      electrode 22 and intermediate electrode 23 is generally held constant but
      may be altered to achieve special purposes. Its separation from
      intermediate electrode 23 permits the interposing of an insulator member
      31, further adding to the high voltage discharge protection of the system.
PAR  In normal operation, field electrode voltage V.sub.e is approximately equal
      to the intermediate electrode 23 voltage V.sub.1. It is possible to place
      this field electrode 22 quite close to the tip 21 thereby necessitating
      only a low emission voltage V.sub.e to obtain the desired field emission
      from the field emission tip 21. When placed at distance d between
      approximately 0.5 millimeter and six millimeters of the field emission tip
      21, normal emission levels and focusing of beam 13 may be attained with
      the use of relatively low voltages for V.sub.e, V.sub.1 and V.sub. 0 with
      respect to the prior art. Typical approximate performance values are:
TBL  Ib = 1.times.10.sup..sup.-10 amps                                         

                       S = 5 - 20cm                                            

     V.sub.e = 2000 - 3000                                                     

                       d = 0.1 - 5mm                                           

     V.sub.1 = 2000 - 3000                                                     

                       Z =  .5 - 10 cm                                         

     V.sub.0 = 5000 - 20,000                                                   

                       Spot Size = 100A - 2000A                                

PAR  As the extraction voltage V.sub.e is lowered, the voltage V.sub.0 may be
      significantly lowered requiring only that the ratio of V.sub.1 to V.sub.0
      remain appropriate to establish the desired focal plane distances.
PAR  The applicants' have further discovered, when using the electrode structure
      of FIG. 2, it is possible to obtain substantially larger beam current 13
      at the same resolution.
PAR  An absolute increase in beam current 13 of course permits the attaining of
      smaller beam 13 spot size at lower current values, therefore improving the
      inherent resolution capabilities of the system.  In quantitative terms an
      approximately 9 to 1 increase in beam current for the same spot size has
      been achieved.
PAR  The basis for the increase in beam 13 intensity is not at this time
      understood although it is believed to be related to the creation of a
      field free, drift region between the upper member 35 and lower aperture
      control member 32 of field electrode 22. This region is normally
      approximately 2 cm in axial length but may be substantially varied without
      significantly affecting the improved performance.
PAR  It is important to realize that to achieve improved performance regarding
      only control of beam intensity and focal plane, field electrode 22
      structure may simply comprise a single member, similar to upper mamber 35
      and that shown in Application Ser. No. 46,425 containing a beam defining
      aperture for providing the appropriate emission field. It is to be further
      noted, as described in co-pending application Ser. No. 46,425 filed
      6/15/70, that differential pumping between chamber regions 41b and 41a
      proceeds through the aperture of intermediate electrode 23 thereby
      maintaining them at different vacuum levels. In the electron generation
      mode upper region 41a is of course at a lower pressure while in an ion
      mode, where gas is introduced, the opposite is true due to the partial
      pressure of the gas and differential pumping proceeds in a reverse
      direction.
PAR  The use of field electrode 22 also makes possible the introduction of a
      second lens into the system. If voltage V.sub.e is controlled
      independently of V.sub.1 a focusing field may be created between field
      electrode 22 and intermediate electrode 23 thereby altering the focal
      length of the system as well as beam 13 spot size.
PAR  Recalling that successful operation of a field mission tip electron gun
      requires a high of degree of vacuum and cleanliness in the vicinity of the
      tip 21, features of the applicants' invention relative to this important
      aspect are now described. The pumping arrangement, as previously
      mentioned, in the area of the tip 21 may be considered a form of ion
      pumping and trapping. Other techniques of stopping ions from bombarding
      the tip 21 also result in improved tip stability and system reliability.
      To enhance this purpose, a cylindrical member 33 of FIG. 2 is mounted on
      the tip column 26 concentric with the axis of field emission tip 21 and
      coextensive therewith and connected to a voltage source V.sub.g. When ions
      are produced at the surface of the upper portion of field electrode 22,
      they are attracted toward the member 33. Since member 33 is a
      substantially open structure many of the attracted ions can pass through
      the screen and ultimately be trapped on the shield electrode 20 operating
      in combination with the sublimator coil 19. This results in fewer ions
      hitting the tip 21 and thus less geometric distortion, improved local
      pressure and ultimately improved stability.
PAR  Another feature of the applicants' invention directed toward minimizing tip
      contamination is the use of a large entrance angle aperture in the upper
      portion of field electrode 22 thereby preventing any significant portion
      of beam 13 current hitting the extraction electrode 22 and causing the
      release of contamination in the area of the field emission tip 21. The
      fact that the field emission tip 21 is placed relatively close to the
      field electrode 22 enhances this feature of the field emission gun 10 and
      further limits impingement of the beam 13 on field electrode 22. Other
      means may be employed in achieving this desired result such as axially
      collimating the current from field emission tip 21 e.g., by coating the
      tip with zirconium or other high work function metal or appropriately
      altering the tip geometry such that the main emission is derived from a
      smaller than normal source.
PAR  After passing through the upper aperture of field electrode 22, the beam 13
      is allowed to impinge upon the lower aperture structure 12, thus
      delimiting the size of the beam to a desired diameter and containing the
      creation of contaminants to a point distally removed from the field
      emission tip 21. Therefore, upper aperture member 35 of extraction
      electrode 22 is principally used to extract electrons from the field
      emission tip 21, the electrons are controlled to pass substantially
      through the upper aperture and allowed to bombard surface further
      downstream removed from the field emission tip 21. The field emission tip
      21 is then protected from pressure and ions produced by impingement of the
      beam 13 on aperture 12 by utilization of any one or combination of
      magnetic ion trapping, electrostatic ion trapping or mechanical ion
      shielding. As shown in the embodiment of this application, electrostatic
      ion trapping, mechanical ion shielding and the use of sublimation
      techniques are employed. It is significant to note that the connection of
      chamber portion 41a and 41b through the aperture of intermediate electrode
      23 permits differential pumping between those two areas and maintenance of
      portion 41a at a higher vacuum level.
PAR  In summary, the applicants have introduced to the state of the art an
      improved field emission charged particle gun. It incorporates a uniquely
      structured and located extraction electrode permitting the use of lower
      accelerating and focusing voltages in a self focusing mode. The unique
      structure of the applicants' further enhances the stability and
      reliability of the system by achieving improved vacuum pumping and
      contamination-free operation in the area contiguous with the field
      emission tip. It is reiterated that the applicants' invention as set forth
      herein is exemplary and illustrative of the apparatus and techniques
      employed and is not intended to be delimiting of its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a charged particle microprobe system including a housing defining a
      vacuum chamber, a field emission tip disposed in said chamber for
      generating said charged particles, electrode means for establishing
      focusing and accelerating fields for forming a beam of said charged
      particles and a shield electrode disposed such that said field emission
      tip is within the region of said shield and voltage means connected to
      said electrode means, said shield electrode and said field emission tip
      for supplying electrical potential to said electrode means to establish
      said focusing and accelerating field, the improvement comprising a member
      disposed generally radially about said field emission tip and
      substantially coextensive therewith intermediate said tip and said shield,
      means connecting said member to said voltage means to establish a field
      for attracting stray particles in the region contiguous said field
      emission tip.
NUM  2.
PAR  2. The improvement accroding to claim 1 wherein said member is
      substantially cylindrical in shape and axially aligned with said tip.
NUM  3.
PAR  3. The improvement according to claim 2 wherein said member is composed of
      a material substantially penetrable by said particles.
NUM  4.
PAR  4. The improvement according to claim 3 wherein said member is screen-like.
NUM  5.
PAR  5. The improvement according to claim 1 including means disposed in said
      shield region for subliming a layer of getter material on said shield
      whereby said stray particles are captured thereon.
NUM  6.
PAR  6. The improvement according to claim 5 wherein said sublimation means
      includes a filament of said getter material located within said region.
NUM  7.
PAR  7. The improvement according to claim 6 wherein said getter material is
      titanium.
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ABST
PAL  In an optical fiber power tap, signal power is coupled out of an optical
      fiber waveguide by a dielectric body disposed in a coupling relationship
      laterally offset from an intermediate length of the fiber, and is
      converted to a representative electrical signal suitable for utilization
      by a photodetector disposed adjacent to the dielectric body. In accordance
      with the disclosed invention, the operation of the fiber tap is improved
      by combining therewith means for coupling a portion of the signal power in
      the fiber from lower order modes to higher order modes. The mode coupling
      means illustratively comprises a pair of corrugated plates which is
      pressed against the fiber to periodically deform a region of the fiber
      just preceding the fiber tap. Provided the spatial periodicity of the
      corrugations in the plates is properly selected, and the pressure exerted
      on the plates is sufficiently large, the periodic deformation of the fiber
      causes the desired higher order mode coupling, and assures that there is
      sufficient power distributed in the higher order modes of the fiber for
      the dielectric coupling body of the fiber tap to couple out. The mode
      coupling means can be employed to provide an adjustable optical fiber tap,
      and can facilitate the tapping of clad fiber waveguides.
BSUM
PAC  RELATED APPLICATIONS
PAR  This application is related to the concurrently filed applications of J. E.
      Goell, T. Li and W. M. Muska, Ser. No. 522,577, and of W. M. Muska, Ser.
      No. 522,518, both of which are assigned to the assignee hereof.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to optical fiber communication systems and, more
      particularly, to an arrangement for tapping optical power from an optical
      fiber waveguide without requiring that the fiber be terminated or broken.
PAR  Rapid progress has been made in the past few years in the design and
      fabrication of optical fiber wave-guiding structures. There are now
      available several different fiber structures which are capable of
      transmitting large quantities of information via modulated optical waves
      or pulses with transmission losses as low as two decibels per kilometer.
      It is expected that some day such fibers will replace, at least in part,
      the wire pairs, coaxial cables and metallic waveguides now used in
      conventional communication systems. The advantages of fiber systems over
      conventional systems include the small physical size and light weight of
      the fiber waveguides, the broad bandwidth capabilities which afford
      flexibility in the selection of a bandwidth to be utilized in any given
      system, the nonconductive, noninductive properties of the fiber
      waveguides, and the potentially low cost of fiber materials and
      fabrication. The prospects of future use of the fiber systems are indeed
      wide-ranging, and continue to expand.
PAR  One early implementation of fiber systems is likely to involve
      multi-terminal information transfer over short distance optical fiber
      links using light-emitting diodes, which have now been developed to the
      point of having sufficiently long operating lives, as the signal sources.
      Because of the light weight and the immunity to electromagnetic
      interference of fiber systems, fiber optical data bus links have been
      proposed for the transmission of control and intercom signals on board
      aircraft and ships. Other potential applications include interoffice
      trunks, such as those interconnecting telephone central offices within a
      city, "on premise" distribution links within a building or between
      adjacent buildings, and data bus links in computer or industrial-control
      systems.
PAR  In the longer range future, fiber systems are likely to be used for the
      high capacity transmission of digital information over long distance fiber
      links, with lasers as the signal source. Intercity telecommunication links
      may thus some day be provided using optical fibers. It appears likely that
      repeater spacings of several kilometers or more and information
      transmission rates up to the gigabit range will become technically
      feasible with such systems.
PAR  Whatever the application, it is clear that arrangements will be required
      for extracting signal wave information from the optical fiber waveguides.
      To monitor and control the transmission through a fiber link, for example,
      it may be required to sample the signal propagating through the individual
      fiber waveguides periodically along the link. Optical data bus links will
      require that signals be extracted for utilization at numerous selected
      points along the link. In most instances, it would be desirable if a
      portion of the signal propagating through the fiber could be tapped
      therefrom without breaking or terminating the fiber. Fiber terminations
      can add unwanted optical losses to the system, and would unfavorably
      increase the need for highly precise fiber splicing and interconnecting
      arrangements.
PAR  In the concurrently filed applications of J. E. Goell, T. Li and W. M.
      Muska, Ser. No. 522,577, and of W. M. Muska, Ser. No. 522,518, there is
      disclosed a variety of arrangements for tapping signal power from an
      intermediate portion of an optical fiber waveguide without requiring that
      the fiber be terminated or broken. In each illustrative embodiment of the
      optical fiber power tap disclosed in the cited applications, power is
      coupled out of the fiber waveguide by a dielectric body disposed in a
      coupling relationship with an intermediate length of the fiber, and is
      converted to a representative electrical signal suitable for utilization
      by a photodetector disposed adjacent to the dielectric body. To tap clad
      fiber waveguides, all or most of the outer cladding is removed from the
      fiber in the vicinity of the fiber tap so that the dielectric body of the
      tap can extract power directly from the inner core. The dielectric body of
      the tap is disposed at least within about three optical wavelengths of the
      inner core to achieve the desired coupling relationship. Alternatively,
      the fiber is bent in the vicinity of the fiber tap to cause a portion of
      the optical power to radiate out of the inner core into the outer cladding
      from which it can be extracted by the dielectric body. In either case,
      some fraction of the power is tapped from the fiber, provided the index of
      refraction of the dielectric body is approximately equal to, or greater
      than, the index of refraction of the outer cladding of the fiber.
PAR  With multimode fiber waveguides, that is, with fiber waveguides in which
      the optical power is distributed among a plurality of propagating modes of
      different orders, the dielectric coupling body of the fiber tap tends to
      extract only the higher order mode power from the fiber at the point where
      it is attached. Accordingly, when one or more fiber taps are added further
      along the fiber, there is typically less power in the higher order modes
      for the additional taps to couple out. Systems requiring multiple taps
      closely spaced along a single fiber could thus be difficult to implement.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the optical fiber power taps
      disclosed in the above-cited Goell et al and Muska applications are
      improved by combining therewith means for coupling optical power
      propagating in an optical fiber waveguide from lower order modes to higher
      order modes. The mode coupling means illustratively takes the form of one
      or more corrugated plates which are pressed against the fiber to
      periodically deform a region of the fiber just preceding the fiber tap.
      Provided the spatial periodicity of the corrugations in the plates is
      properly selected, and the pressure exerted on the plates is sufficiently
      large, the periodic deformation of the fiber causes the desired higher
      order mode coupling, and assures that there is sufficient power
      distributed in the higher order modes of the fiber for the dielectric
      coupling body of the fiber to couple out. Multiple tapping along a single
      fiber can thus be accomplished simply by providing each fiber tap with its
      own mode coupling means.
PAR  In accordance with a specific feature of the invention, it has been found
      that the mode coupling means can be used to provide an adjustable optical
      fiber power tap. Specifically, by adjusting the pressure that the plates
      exert against the fiber, it is possible to adjust the degree of higher
      order mode coupling that takes place in the fiber. This, in turn, provides
      a convenient way of adjusting the amount of power that is tapped from the
      fiber by the dielectric coupling body of each fiber tap.
PAR  Additionally, the mode coupling means of the invention can be used to
      facilitate the tapping of clad fiber waveguides. As is well known, clad
      fiber waveguides include an inner core of a low optical loss material
      surrounded by a lower refractive index outer cladding. The optical power
      in such fibers is essentially confined within the inner core, with little
      power in the outer cladding.
PAR  In the above-cited Goell et al and Muska applications, clad fiber
      waveguides are tapped either by removing all or most of the outer cladding
      from the fiber in the vicinity of the fiber tap, or alternatively, by
      bending the fiber in the vicinity of the fiber tap to cause power to
      radiate out of the inner core into the outer cladding.
PAR  In contrast, in accordance with an illustrative embodiment of the present
      invention, the mode coupling means is used to couple a portion of the
      optical power in the fiber from core modes to cladding modes. The
      embodiment can thus be used to tap clad fiber waveguides without requiring
      that the cladding be removed, or that the fiber be bent, in the vicinity
      of the fiber tap.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other features and advantages of the invention will be better
      understood from the following detailed description taken in conjunction
      with the accompanying drawing in which:
PAR  FIG. 1 is an exploded, perspective view of an illustrative embodiment of
      the optical fiber power tap disclosed in the above-cited applications of
      Goell et al and of Muska, respectively, reproduced herein for convenience;
PAR  FIG. 2 is a side view of an illustrative embodiment of the present
      invention combining a mode coupling means with an optical fiber power tap;
PAR  FIG. 3 is an illustration of the mode distribution as a function of phase
      constant in a multimode fiber waveguide, included herein for purposes of
      explanation; and
PAR  FIGS. 4A and 4B are orthogonal views of another illustrative embodiment of
      the present invention useful as an adjustable optical fiber power tap.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 is an exploded perspective view of an illustrative embodiment of the
      optical fiber power tap, which is disclosed in the above-cited
      applications of Goell et al and of Muska, respectively. It will be assumed
      for present purposes that optical fiber 12 is an intermediate length of a
      clad multimode fiber waveguide from which all or most of the cladding has
      been removed in the vicinity of the tap. As noted hereinabove, a multimode
      fiber waveguide is one that is capable of guiding a plurality of modes of
      propagation of different orders. Photodetector 14 is illustratively a
      solid state photodiode of the p-i-n form, such as the SGD 100A, 100 mil,
      silicon p-i-n photodiode manufactured and offered commercially by E. G. &
      G., Inc. It is designed to respond to the wavelength of the optical signal
      propagating through fiber 12, which is illustratively about one micrometer
      (.mu.m).
PAR  As shown in FIG. 1, fiber 12 is sandwiched between dielectric bodies 17 and
      18, each of which is illustratively in the shape of a disk having a
      cross-sectional area larger than the cross-sectional area of the fiber.
      Disk 17 is illustratively formed of a relatively hard dielectric material,
      such as a glass or hard plastic, having an index of refraction less than
      that of disk 18 and less than that of the fiber cladding material. Disk
      18, which serves to couple optical power out of fiber 12, is
      illustratively formed of a relatively compliant dielectric material, such
      as a soft plastic, having an index of refraction approximately equal to or
      greater than that of the outer cladding of fiber 12. Specifically, as
      noted in the cited Goell et al and Muska applications, disk 18 has an
      index which is in the range of about 0.8 times the index of the fiber
      cladding material and greater.
PAR  When disks 17 and 18 are forced together with fiber 12 between them, the
      fiber is made to deform the upper surface of disk 18 and to provide a
      relatively large area of contact therewith. Disk 18 can thus extract power
      from fiber 12, which power is in turn intercepted and detected by
      photodetector 14. Generally, the amount of power extracted from the fiber
      increases as the index of refraction of disk 18 is increased.
      Illustratively, disks 17 and 18 have a diameter of about one millimeter
      (mm).
PAR  The assembly of disks 17 and 18, fiber 12 and photodetector 14 is inserted
      in a specially designed holder 19 which, in turn, is fixed to a suitably
      perforated support 13. Holder 19, which is illustratively formed of a
      metal, such as brass, serves to maintain good optical contact and
      alignment among the respective tapping elements during the handling and
      use of the fiber tap. Clamping bar 15 is illustratively fastened to holder
      19 after disks 17 and 18, fiber 12 and spacer 16 are inserted in the
      holder. Screw adjustment 11 in clamping bar 15 allows the pressure exerted
      on disk 17 to be varied. Spacer 16 prevents damage to disk 17 during the
      tightening of screw adjustment 11.
PAR  For a more detailed description of the structure and operation of this and
      other illustrative embodiments of the optical fiber power tap, reference
      should be made to the above-cited Goell et al and Muska applications.
PAR  As noted hereinabove, the dielectric coupling body in this and other
      embodiments of the fiber tap (e.g., coupling disk 18 in FIG. 1) is such
      that it tends to extract only the higher order mode power from the fiber
      at the point where it is attached. The higher order mode power is, in
      general, concentrated closer to the exterior surface of the fiber core
      than the lower order mode power. Additionally, the evanescent fields of
      the higher order mode power extend through greater distances beyond the
      exterior surface of the fiber core than do the evanescent fields of the
      lower order mode power. The higher order mode power is thus more readily
      accessible to the coupling body and is more readily coupled out thereby.
      This fact can give rise to problems under certain circumstances. For
      example, if there is relatively little power distributed in the higher
      order modes of the fiber that is to be tapped, there is relatively little
      power present in the fiber for the coupling body to couple out. The tapped
      signal could thus be relatively weak, and subsequent taps made at the same
      point along the fiber could extract different fractions of the power from
      the fiber depending, for example, upon whether or not the fiber is
      unintentionally disturbed or bent in a way to induce mode coupling
      therein. Moreover, if multiple taps are closely spaced along a single
      fiber waveguide, such as in an optical data bus link having a
      multi-terminal output, the amount of power extracted by each tap would
      typically decrease with distance along the fiber. To provide equal taps
      along the link, techniques for compensating for the decrease in higher
      order mode power along the fiber would be required.
PAR  The present invention is intended to improve the operation of the optical
      fiber power tap under these and other circumstances by combining therewith
      means for coupling the optical power in a fiber waveguide from lower order
      modes to higher order modes.
PAR  FIG. 2 is a side view of an illustrative embodiment of the invention.
      Optical fiber power tap 20, which is shown in assembled form attached to
      multimode optical fiber waveguide 22, is illustratively identical to the
      fiber tap shown in FIG. 1. Wave energy is assumed to be propagating in
      fiber 22 from left to right in the figure. The mode coupling means of the
      embodiment comprises a pair of corrugated plates 24 and 25 which are
      pressed against fiber 22 to periodically deform a region of the fiber
      preceding fiber tap 20. Plates 24 and 25 can be pressed against a region
      of fiber 22 from which all or most of the outer cladding has been removed,
      as shown, or, alternatively, can be pressed directly against a region of
      the fiber which includes its outer cladding. In either case, the spatial
      periodicity of the corrugations in plates 24 and 25, and the pressure that
      the plates exert on fiber 22 (e.g., pressure is illustratively applied to
      plate 24 in the direction of arrow 27 in FIG. 2), are selected so that a
      periodic deformation results in the cross-sectional dimensions of the
      inner core of fiber 22, or in the direction of the axis of the inner core
      of fiber 22, or both. The desired higher order mode coupling occurs in
      fiber 22 provided the spatial periodicity of the corrugations in plates 24
      and 25, and thus of the deformation in fiber 22, is properly selected.
PAR  The selection of the appropriate spatial periodicity for the mode coupling
      means is made in accordance with the theory set forth in the articles by
      D. Marcuse and by D. Marcuse and R. M. Derosier, respectively, published
      in Volume 48 of the Bell System Technical Journal, pages 3187-3232
      (December 1969). FIG. 3 of the drawing shows a typical mode distribution
      in a multimode fiber waveguide as a function of phase constant. In
      general, there is a distribution of discrete guided modes M.sub.1,
      M.sub.2. . . M.sub.n having phase constants .beta..sub.1, .beta..sub.2. .
      . .beta..sub.n, respectively. There is, in addition, a continuum of
      radiation modes starting at phase constant .beta..sub.4 that is less than
      the phase constants of the guided modes, as represented by the area
      bounded by curve 30. In order to couple from a lower order mode, such as
      M.sub.1, to a higher order mode, such as M.sub.n, the spatial periodicity
      .LAMBDA. of the deformation in the fiber is selected to be approximately
      equal to the beat wavelength .lambda..sub.b of the two modes as follows:
      ##EQU1##
      where .beta..sub.1 and .beta..sub.n are the phase constants of the M.sub.1
      mode and M.sub.n mode, respectively. In general, it is sufficient if the
      spectrum of the spatial periodicity .LAMBDA. of the deformation includes
      components at the beat wavelength .lambda..sub.b of the two modes to be
      coupled, and may include many other components. Coupling among all guided
      modes in the fiber (i.e., M.sub.1 through M.sub.n) can be achieved by
      selecting the spatial periodicity .LAMBDA. of the deformation to
      approximate a random superposition of the respective beat wavelengths
      between each of the guided modes in the fiber.
PAR  Although the respective phase constants for the individual modes in a
      multimode fiber depend upon the specific fiber dimensions, the relative
      core-cladding refractive indices, and the wavelength of the propagating
      optical signal, the spatial periodicities .LAMBDA. suitable for inducing
      higher order mode coupling in a fiber typically range from about 0.01 to
      10 millimeters (mm). As a specific numerical example of the selection of
      an appropriate spatial periodicity for the mode coupling means, consider a
      fiber having an inner core diameter of about 50 .mu.m, a core index of
      1.5, and a core-cladding index difference of 1 percent. Then at a
      wavelength of 1 .mu.m the coupling period for coupling between adjacent
      lowest order mode is 10 mm and for adjacent modes near cut-off is 0.7 mm;
      the period for coupling between core modes and cladding modes is in the
      range 0.06 mm to 1.0 mm.
PAR  A variety of materials and techniques can be used in the fabrication of
      mode coupling plates 24 and 25. Of course, the structure and materials of
      plates 24 and 25 should be such that they provide the desired periodic
      deformation of the fiber core without otherwise damaging (e.g., breaking
      or scratching) the fiber. For this reason, corrugations in plates 24 and
      25 having smooth, or rounded, ridges, of the type shown in FIG. 2, are
      preferred over corrugations having sharp points. Suitable mode coupling
      plates can be fabricated, for example, by gluing a plurality of metal
      balls (e.g., ball bearings) of the appropriate diameter to a plastic or
      metal plate with a layer of epoxy. Mode coupling plates can also be
      fabricated by embossing corrugations into plastic plates with a die of the
      appropriate spatial periodicity, much as is done in the fabrication of
      phonograph records. Additionally, although two corrugated plates 24 and 25
      are shown in FIG. 2, it should be noted that only one corrugated plate is
      necessary to provide the desired periodic deformation in the fiber. For
      example, one of plates 24 and 25 could be flat surfaced plate of a
      relatively compliant material, such as a soft plastic, while the other of
      the plates is corrugated, as described above.
PAR  As shown in the cited papers by Marcuse and by Marcuse and Derosier, the
      fractional power coupled into any particular higher order mode from any
      particular lower order mode due to a periodic deformation of the fiber
      core of a spatial periodicity .LAMBDA. approximating the beat wavelength
      .lambda..sub.b between these modes is related to the amplitude a of the
      deformation and the length L of the region of the deformation in the fiber
      generally as follows:
      ##EQU2##
      where P is the power incident in the lower order mode and .DELTA.P is the
      power coupled to the higher order mode from the lower order mode. Assuming
      that the coupling length L is selected to be constant, the degree of
      higher order mode coupling in the fiber is determined primarily by the
      amplitude a of the mode coupling deformation that is induced therein. As
      noted earlier, the amount of power that is tapped from the fiber by the
      fiber tap can be controlled by controlling the amount of power that is
      distributed in the higher order modes of the fiber. It is accordingly
      possible to provide an adjustable fiber tap by including therewith a mode
      coupling means capable of inducing an adjustable amplitude of deformation
      in the fiber.
PAR  FIGS. 4A and 4B show an illustrative version of an adjustable fiber tap
      embodied in accordance with this invention. Fiber tap 40 of FIG. 4A, shown
      in assembled form attached to multimode fiber 42, is illustratively
      identical to the fiber tap shown in FIG. 1. Corrugated mode coupling
      plates 44 and 45, like plates 24 and 25 of FIG. 2, are pressed against
      fiber 42 to provide, in a region of the fiber preceding fiber tap 40, a
      periodic deformation of an appropriate spatial periodicity .LAMBDA. for
      mode coupling. The amplitude a of the deformation induced in fiber 42 is
      controlled by adjustment apparatus 48. As shown more clearly in the
      orthogonal view of FIG. 4B, adjustment apparatus 48 illustratively
      comprises two L-shaped brackets 49.1 and 49.2 illustratively formed of a
      metal, such as brass, which are fastened to support 43. Corrugated plates
      44 and 45 with fiber 42 disposed therebetween are placed between brackets
      49.1 and 49.2 of the adjustment apparatus. A clamping bar 51, also
      illustratively formed of a metal, is then fastened across brackets 49.1
      and 49.2, as shown in the figures. Clamping bar 51 includes a centrally
      disposed threaded hole into which screw adjustment 52 is inserted and can
      be tightened. By tightening screw adjustment 52, the downward pressure
      exerted on plate 44 is increased, increasing the amplitude a of the
      deformation induced in fiber 42. The amount of power distributed in the
      higher order modes of fiber 42 in the vicinity of fiber tap 40 is thereby
      increased. This, in turn, increases the amount of power tapped from fiber
      42 by fiber tap 40. By selecting the appropriate setting of screw
      adjustment 52, the desired fraction of signal power can be tapped from the
      fiber.
PAR  In addition to coupling power among guided modes in the fiber, it is
      possible to couple power from guided modes to radiation modes provided the
      spatial periodicity .LAMBDA. of the mode coupling means is properly
      selected. Specifically, by selecting the spatial periodicity
      ##EQU3##
      where .beta..sub.n is the phase constant for the n.sup.th guided mode and
      .beta..sub.4 is the cut-off in phase constant for radiation modes, as
      illustrated in FIG. 3, optical power will be coupled from a guided mode to
      radiation modes. This fact can be of particular significance in the
      tapping of clad fiber waveguides. The effect in a clad fiber waveguide is
      to couple optical power out of the fiber core into its outer cladding.
      Once optical power is distributed in the outer cladding of the fiber, it
      can be extracted directly therefrom by the coupling body of the fiber tap
      (e.g., coupling disk 18 of the embodiment of FIG. 1). Clad fiber
      waveguides, both of the multimode variety and of the single mode variety,
      can thus be tapped directly using a mode coupling means of the type
      disclosed herein without requiring that all or most of the outer cladding
      be removed from the fiber in the vicinity of the fiber tap. For the case
      of a single mode fiber, .beta..sub.n of Equation (3) is the phase constant
      of the single guided mode in the fiber, while .beta. .sub.r is the cut-off
      in phase constant for radiation modes. Optical fibers 22 and 42 in the
      illustrative embodiments of FIGS. 2 and 4A and 4B, respectively, can thus
      be clad fiber waveguides which can be tapped without stripping the outer
      cladding therefrom, provided the spatial periodicity of mode coupling
      plates 24 and 25, and 44 and 45, is selected in accordance with Equation
      (3) above. For the specific fiber structure illustratively described
      hereinabove, the spatial periodicity ranges from about 0.06 to 1.0 mm to
      provide the desired core to cladding coupling.
PAR  It is to be understood that the above-described embodiments are
      illustrative of but a few of the many possible specific embodiments which
      can represent applications of the principles of the invention, as defined
      by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An arrangement for tapping optical power from an intermediate portion of
      a multimode optical fiber waveguide without requiring that the fiber be
      terminated or broken, said fiber including a guiding region in which the
      optical power is essentially confined and a cladding medium surrounding
      the guiding region, said arrangement being characterized by:
PA1  means disposed at a first intermediate longitudinal position along said
      fiber for enhancing mode coupling from lower order modes in said fiber to
      higher order modes in said fiber;
PA1  a body of dielectric material disposed in a coupling relationship laterally
      offset from a second intermediate longitudinal position along said fiber
      spaced along the wave path from said first longitudinal position for
      coupling optical power out of said guiding region of said fiber, said body
      having an index of refraction which is approximately equal to or greater
      than the index of refraction of the medium surrounding said guiding region
      of said fiber; and
PA1  a photodetector responsive to the wavelength of the optical signal to be
      propagated through said fiber and disposed adjacent to said dielectric
      body, said photodetector being oriented to intercept the optical power
      coupled out of said guiding region of said fiber by said dielectric body.
NUM  2.
PAR  2. The tapping arrangement of claim 1 in which said mode coupling means
      comprises at least one corrugated plate which is pressed against said
      first intermediate longitudinal position of said fiber to periodically
      deform said guiding region of said fiber, said deformation having a
      spatial periodicity equal to the beat wavelength between a pair of guided
      modes in said fiber.
NUM  3.
PAR  3. An arrangement for tapping optical power from an intermediate portion of
      an optical fiber waveguide without requiring that the fiber be terminated
      or broken, said fiber comprising an inner core formed of a low optical
      loss material in which the optical power is essentially confined, said
      inner core being surrounded by an outer cladding having an index of
      refraction less than that of said inner core, said arrangement being
      characterized by:
PA1  means disposed at a first intermediate longitudinal position along said
      fiber for coupling a portion of the optical power in said fiber from said
      inner core to said outer cladding;
PA1  a body of dielectric material disposed in contact with a second
      intermediate longitudinal position along said fiber spaced along the wave
      path from said first longitudinal position for coupling optical power out
      of said outer cladding of said fiber, said body having an index of
      refraction which is approximately equal to or greater than the index of
      refraction of said outer cladding of said fiber; and
PA1  a photodetector responsive to the wavelength of the optical signal to be
      propagated through said fiber and disposed adjacent to said dielectric
      body, said photodetector being oriented to intercept the optical power
      coupled out of said outer cladding of said fiber by said dielectric body.
NUM  4.
PAR  4. The tapping arrangement of claim 3 in which mode coupling means
      comprises at least one corrugated plate which is pressed against said
      first intermediate longitudinal position of said fiber to periodically
      deform said inner core of said fiber, said deformation having a spatial
      periodicity equal to the beat wavelength between a core mode and a
      cladding mode in said fiber.
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ABST
PAL  A field emission gun in which a field emission tip for generating charged
      particles is axially aligned with apertures in an intermediate electrode
      and a main electrode. A field electrode is placed in juxtaposition to the
      field emission tip for developing a particle generation field. This
      electrode is located relative to the field emission tip and the
      intermediate electrode to effect a predetermined focal distance and level
      of electron beam intensity. Use of a field electrode permits utilization
      of lower focusing and acceleration voltages and renders the device less
      sensitive to variations in field emission tip design and performance.
PARN
PAR  This is a division, of application Ser. No. 225,970; filed Feb. 14, 1972,
      now abandoned, which application is a continuation in part of parent
      copending application Ser. No. 46,425, filed June 15, 1970, and which has
      matured into U.S. Pat. No. 3,678,333.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates, in general, to field optical systems and more
      particularly to a field emission gun capable of producing an intense beam
      of focused particles.
PAR  In the applicant's co-pending patent application, Ser. No. 46,425, filed
      June 15, 1970 which issued as U.S. Pat. 3,678,333, there is described a
      scanning electron microscope employing a field emission tip as its source
      of electrons, which application is herein incorporated by reference. An
      electron microscope belongs to the family of devices known generically as
      microprobes, each member of which can utilize the field emission tip of
      the present invention. The use of the field emission tip allows the
      formation of a high intensity focused beam of charged particles providing
      the illumination needed in scanning microscopy. The electron gun of the
      co-pending application provides and maintains the high vacuum requirements
      of a field emission tip and incorporates a high degree of voltage
      discharge protection which, in the past, have been significant problems in
      the application of field emission tips to scanning electron microscopes.
      In implementing the high voltage protection of the field emission gun, a
      shield electrode placed about the tip periphery and a field electrode
      placed in the neighborhood of the field emission tip were added to the
      system. In the context of discharge protection the presence of the field
      electrode permits control of emission current and particle acceleration,
      thus returning the operation of the gun to the condition as found prior to
      incorporating the high voltage discharge protection shield.
PAR  It is often desirable to operate a field emission electron gun as a
      self-focusing electron accelerating system without the use of additional
      de-magnification lenses, i.e., the gun is utilized to form a focused image
      of the electron beam in an appropriate image plane without any additional
      lenses other than that provided by a main acceleration electrode and an
      intermediate electrode.
PAR  In prior art field emission guns employing only two electrodes, viz.
      intermediate and main electrodes, the self focusing mode of operation may
      require high extraction voltages on the intermediate electrode to achieve
      sufficient field strength to produce a useful level of current in the
      focused spot and commensurately high acceleration voltages on the main
      electrode to achieve acceptable focal distances. It also demanded
      extremely fine geometry of the field emission tip, generally a diameter of
      less than 1000A. If the tip exceeded this size it was necessary to place
      it closer to the intermediate electrode with concomitant unacceptable
      dislocation of the image plane.
PAR  Related to the foregoing problems, in prior art field emission guns any
      changes in the operational performance of the field emission tip itself
      such as geometrical deterioration or changes in work function of the
      emitting surface due to contamination manifested a significant alteration
      in microscope operation. The intensity of the beam as well as the location
      of the image plane were altered and needed system adjustment to return to
      an acceptable or desirable performance condition.
PAR  It is, therefore, an object of this invention to provide an improved field
      emission particle gun. It is another object of this invention to provide a
      self-focusing field emission electron gun. Another object of this
      invention is to provide a field emission electron gun less sensitive to
      variations in field emission tip performance and configuration. Yet
      another object of this invention is to provide a field emission electron
      gun producing minimum contamination in the area contiguous with the field
      emission tip. Yet another object of this invention is to provide a field
      emission electron gun capable of performing at minimum levels of focusing
      and acceleration voltages. It is still another object of this invention to
      provide a field emission electron gun in which the field emission tip is
      protected from high voltage discharges.
PAC  SUMMARY OF THE INVENTION
PAR  As contemplated by the applicants' invention, a field emission tip acts as
      a source or generator of charged particles. Electrode means aligned with
      the field emission tip apply appropriate focus and acceleration fields to
      form a beam of the charged particles. Voltage means are connected to the
      electrode means for supplying electrical potential to establish the focus
      and acceleration fields. A field electrode is connected to the voltage
      means and placed in juxtaposition to the field emission tip for developing
      a particle generation field. It is located at a distance from the field
      emission tip selected so as to effect a predetermined focal distance and
      level of beam intensity.
PAR  For a better understanding of the present invention together with other and
      further objects thereof, reference is had to the following description
      taken in connection with the accompanying drawings while its scope is
      pointed out in the appended claims. It is emphasized that the preferred
      embodiments herein described are intended to be illustrative of the
      applicants' invention and in no way delimiting of its scope.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a functional schematic diagram of a field emission scanning
      microscope embodying the applicants' invention;
PAR  FIG. 2 is a partial cross-sectional view of a typical field emission
      scanning electron microscope showing features in accordance with the
      applicants' invention.
PAR  Conventional symbols are used throughout the drawings and like numbers are
      used for like or similar parts in each view. The drawings are intended to
      be illustrative and exemplary of the invention and thus may not always
      conform to actual practical embodiments but rather are shown to best point
      out and amplify the applicants' novel contribution to the state of the art
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The electron optical system of FIG. 1 is in the form of a scanning electron
      microscope 10 embodying therein a field emission gun capable of conforming
      to the applicants' invention. It is significant to point out that while
      the illustrated field emission gun is used to produce electrons as the
      illuminating particles, it is possible that the same source be used to
      produce other charged particles, e.g. positively charged particles such as
      ions. In using positively charged ions it is necessary that the extraction
      voltages and focusing fields be reversed to provide the necessary
      emission, acceleration and focusing forces. It is further required that an
      ionizable gas be admitted to the chamber by suitable valve and regulator
      means, well known in the art.
PAR  Ancillary to the scanning electron microscope, there is shown a potential
      source or voltage means 11 which provides the various levels of operating
      voltages to the electrodes of the scanning electron microscope 10. A
      second unit, the video receiver and scanning control 29 in combination
      with the scanning and detector portions of the scanning electron
      microscope 10 display the desired view of the specimen undergoing
      interrogation.
PAR  The field emission tip 21 constitutes the main feature of field emission
      scanning microscopy systems. It produces a highly coherent, high intensity
      supply of electrons capable of being focused to a spot of desired size at
      an image plane containing a specimen 18. Specimen 18 is shown mounted to a
      specimen holder 17 which positions it with respect to the focused beam 13.
      The beam of charged particles, or, as in the system configuration of FIG.
      1, electrons, is primarily formed by electrode means comprising electrode
      23 and electrode 24. Electrode 23 constitutes an intermediate electrode
      interposed between the field emission tip 21 and a main electrode 24
      located distally of intermediate electrode 23 with respect to the field
      emission tip 21. Both electrodes 23 and 24 have apertures axially aligned
      with the field emission tip 21 for focusing and accelerating the electrons
      forming the beam of charged particles 13. In the broad context of a field
      emission system wherein the emitted corpuscular particles may be either
      positive (ions) or negative (electrons) members 23 and 24 are generally
      denoted electrodes. In the context of a reference to a field emission
      device wherein the emitted particles are electrons, electrodes 23 and 24
      are commonly referred to as anodes. See, for example, the parent
      application, now U.S. Pat. No. 3,678,333.
PAR  The main accelerating voltage V.sub.0 28 is supplied to electrode 24 and
      its magnitude is selected relative to the potential of field emission tip
      21. Normally, when used as an electron source, the field emission tip 21
      is placed at a potential below system ground with the main accelerating
      electrode held at ground. Intermediate electrode 23 is supplied by voltage
      source V.sub.1 27 which potential is lower than the potential of electrode
      or anode 24 with respect to the charged particles forming beam 13. The
      magnitude of voltage V.sub.0 is, of course, indicative of final particle
      energy while the ratio of the intermediate electrode 23 voltage V.sub.1
      and V.sub.0 is essentially determinative of the focal distance of the beam
      below anode 24, which distance is indicated as S in FIG. 1. As previously
      stated, the intermediate voltage V.sub.1 is almost exclusively
      determinative of the level of beam 13 current.
PAR  Extraction electrode 22, is in juxtaposition to field emission tip 21 and
      has centrally located apertures axially aligned with apertures of
      electrodes 23 and 24 and the field emission tip 21; thus the electrons
      extracted from field emission tip 21 pass through the apertures of
      extraction electrode 22 and anodes 23 and 24 to be finally focused upon
      specimen 18. The portion of electrode 22 proximal to the field emission
      tip 21 is at a distance d from field emission tip 21 and its aperture
      provides a large entrance angle so that a portion of the beam of electrons
      extracted from field emission tip 21 pass therethrough without substantial
      interference. The distal aperture portion 12 of extraction electrode 22 is
      placed relatively close to electrode 23 and its aperture is considerably
      smaller thus being determinative of the ultimate beam 13 size. The distal
      portion of extraction electrode 22 is placed a distancce d.sub.1 from
      electrode 23.
PAR  Shield electrode 20 is utilized to prevent high voltage discharges from the
      outer chamber of the field emission gun to the field emission tip 21. This
      shield 20 is essentially an annular shaped metal electrode located
      peripherally about the field emission tip 21 and the extraction electrode
      22. It is the presence of shield electrode 20 that establishes one
      function of field electrode 22. Without the field produced by field
      electrode 22 within the area defined by the shield 20, it would be
      difficult to achieve desirable operation of the device.
PAR  In addition to its function as a discharge protector for field emission tip
      21, the shield 20 acts as a condensing structure for titanium or other
      metal of suitable character sublimated from the coil 19. This action of
      the coil 19 and the shield 20 constitutes a vacuum pump in the
      neighborhood of the field emission tip 21 thereby maintaining the
      essential high vacuum necessary to proper operation of field emission
      devices. The vacuum pumping afforded by this system in conjunction with
      the inherent ion pumping provided by the combination of the extraction
      electrode 22 and the field emission tip 21 i.e., ionization by primary
      beam and secondary electrons, permits the attainment of vacuum levels in
      the order of 10.sup..sup.-9 to 10.sup..sup.-11 Torr in the neighborhood of
      the field emission tip 21. The potential of field electrode 22 is supplied
      from the voltage means 11 by V.sub.e 26. V.sub.e is selected to provide a
      field strength in the neighborhood of the field emission tip 21 necessary
      to generate or extract the electrons or charged particles. Sublimation
      coil 19 is supplied with voltage V.sub.s 25 from the voltage means or
      source 11. Extraction electrode 22 is connected to intermediate electrode
      23 through impedance Z 34, thereby preventing the extraction voltage from
      rising to the main acceleration voltage in the event of discharge between
      intermediate electrode 23 and electrode 24.
PAR  The lens system 16 is primarily intended for control of beam 13 to scan the
      specimen 18 in a programmed manner. Essentially, it constitutes deflection
      coils synchronized to the scanning system for control of video receiver 29
      thereby locking the scan of the specimen 18 and the scan of the video
      field of the receiver 29. Detector 14 is typical of any number of
      detectors which may be placed so as to receive or detect information
      obtained from the surface or transmitted through the specimen 18.
      Information may be obtained by detecting transmitted electrons, as in the
      case of a transmission electron microscope, secondary electrons, reflected
      electrons, absorbed electrons, photons or x-rays, any and all of which are
      generated by or from the electron or charged particle beam 13.
PAR  Referring to FIG. 2, there is shown in partial cross-section a typical
      structural implementation of the applicants' invention.
PAR  Previously referred to co-pending application Ser. No. 46,425 amply sets
      out the structural details of a typical field emission electron gun of
      similar construction. Electrodes 23 and 24 may be shaped field lenses
      having centrally located and aligned apertures. The geometry of electrodes
      23 and 24 may conform generally to the shapes calculated by J. W. Butler
      and described in a paper by A. V. Crewe, D. N. Eggenburger, J. Wall, and
      L. M. Welter entitled "Electron Gun Using a Field Emission Source," Volume
      39, Number 4, the Review of Scientific Instruments, April 1968, page 580.
      The field emission tip 21 is shown mounted to an insulator post 26
      centrally aligned with the apertures of electrodes 23 and 24. The
      necessary electrical connections are brought to it through vacuum
      insulated connectors extending through the outer housing 10 of the field
      emission electron gun and the shield electrode 20, shown extending about
      both the field emission tip 21 and the insulator post 26. The location of
      the tip 21 is axially adjustable which mechanism is described in
      co-pending application Ser. No. 46,425 and may be accomplished by any
      suitable means well known in the art.
PAR  Sublimation coil 19 is shown extending about the outer surface of a
      depending flange which acts as a geometrical shield preventing T.sub.i
      from coating the tip or apertures or insulators of shield electrode 20
      surrounding a portion of the insulator post 26. Again, appropriate voltage
      connections to the sublimator coil 19 are made through insulated
      connectors.
PAR  Electrode 22 is shown as having two main members, an upper member 23 in
      juxtaposition to field emission tip 21 with a wide angle aperture
      centrally aligned with the apertures of electrodes 23 and 24. A second
      lower member 32 is placed distally of field emission tip 21 in close
      proximity to electrode 23 and contains a second centrally located aperture
      12 usually having a substantially smaller diameter in the neighborhood of
      20 to 400 microns, which aperture is determinative of beam 13 size. The
      entire structure of extraction electrode 22 is mounted to insulator 31 by
      means of threaded members 30. The side walls or peripheral portions of
      extraction electrode 22 are essentially open to permit passage of ionized
      particles and contaminants therethrough.
PAR  Both the aperture of member 35 as well as that of member 32 are raised
      above the surrounding surface of their respective members. This plateaued
      structure creates a well area about the periphery of the apertures serving
      to capture and retain contaminant materials. When transversely dispersed
      portions of the field current strike the aperture surface significant
      contamination is generated which if not properly controlled may affect
      aperture as well as tip 21 performance.
PAR  In considering the operational characteristics of a field emission scanning
      electron microscope employing the applicants' novel contribution,
      reference will again be had to FIG. 1. In operating the field emission
      electron gun as a self-focusing electron accelerating system, i.e.,
      without the use of any additional lenses other than that provided by
      electrodes 23 and 24, the prior art requires high values of accelerating
      voltages V.sub.0 and V.sub.1. For tips with diameter of &lt;2000A voltage
      V.sub.0 is in excess of 20,000 volts while the potential of intermediate
      electrode 23 V.sub.1 is in the range of 3500 volts. The use of these high
      potentials, of course, as previously indicated, creates problems with
      respect to high voltage discharge to the field emission tip 21 as well as
      to tip 21 location, performance and configuration. It is the use of shield
      electrode 20 and extraction electrode 22 which principally obviates these
      difficulties. Referring to the applicants' co-pending application Ser. No.
      46,425, there is contained full disclosure and teaching as to both the
      structural and operational requirements of shield electrode 20, extraction
      electrode 22, and voltage means 11 (action of Z34) toward the discharge
      protection of field emission tip 21 and related performance of the field
      emission electron gun.
PAR  The applicants' have discovered that use of extraction electrode 22 also
      greatly simplified operation of the gun and allowed selection of
      reasonable beam current Ib, image plane distance and accelerating voltage
      V.sub.0 with relative ease and over a wide range. To reiterate, the prior
      art to achieve this result necessitated the use of difficult-to-make and
      delicate tips having diameters of less than 1000A placed in close position
      to the intermediate electrode 23 and the use of relatively high
      acceleration and focus voltages to achieve acceptable levels of Ib and
      image plane locations. With the addition of field electrode 22 it becomes
      possible to obtain needed beam current at practical S distances
      (approximately between 5 and 20 cm) while using a blunter tip located
      farther from intermediate electrode 23. Also, therefore, the spot size of
      the beam 13 and ultimately the resolution is improved.
PAR  It is important to realize that axial location Z of the tip 21 farther from
      intermediate electrode 23 reduces the required focusing and thus the ratio
      of V.sub.1 to V.sub.0. This ratio reduction of course leads to lower
      acceleration voltages and minimizing of discharge problems. It further
      allows generation of lower energy beams where desirable. In operation of
      the applicants' system it is possible to maintain Ib level and image plane
      distance S by minor adjustment of tip 21 to electrode 22 distance d,
      voltages V.sub.1 and V.sub.0 or both. Further, tip 21 diameters in the
      range of 1500A to 3000A may be successfully used thereby greatly
      simplifying their fabrication. The distance d.sub.1 between field
      electrode 22 and intermediate electrode 23 is generally held constant but
      may be altered to achieve special purposes. Its separation from
      intermediate electrode 23 permits the interposing of an insulator member
      31, further adding to the high voltage discharge protection of the system.
PAR  In normal operation, field electrode voltage V.sub.e is approximately equal
      to the intermediate electrode 23 voltage V.sub.1. It is possible to place
      this field electrode 22 quite close to the tip 21 thereby necessitating
      only a low emission voltage V.sub.e to obtain the desired field emission
      from the field emission tip 21. When placed at distance d between
      approximately 0.5 millimeter and 6 millimeters of the field emission tip
      21, normal emission levels and focusing of beam 13 may be attained with
      the use of relatively low voltages for V.sub.e, V.sub.1 and V.sub.0 with
      respect to the prior art. Typical approximate performance values are:
PA1  Ib = 1.times.10.sup..sup.-10 amps
PA1  S = 5 - 20cm
PA1  V.sub.e = 2000 - 3000
PA1  d = 0.1 - 5mm
PA1  V.sub.1 =  2000 -3000
PA1  z = .5 - 10 cm
PA1  V.sub.0 =  5000 - 20,000
PA1  spot Size = 100A - 2000A
PAR  As the extraction voltage V.sub.e is lowered, the voltage V.sub.0 may be
      significantly lowered requiring only that the ratio of V.sub.1 to V.sub.0
      remain appropriate to establish the desired focal plane distances.
PAR  The applicants' have further discovered, when using the electrode structure
      of FIG. 2, it is possible to obtain substantially larger beam current 13
      at the same resolution.
PAR  An absolute increase in beam current 13 of course permits the attaining of
      smaller beam 13 spot size at lower current values, therefore improving the
      inherent resolution capabilities of the system. In quantitative terms an
      approximately 9 to 1 increase in beam current for the same spot size has
      been achieved.
PAR  The basis for the increase in beam 13 intensity is not at this time
      understood although it is believed to be related to the creation of a
      field free, drift region between the upper member 35 and lower aperture
      control member 32 of field electrode 22. This region is normally
      appproximately 2 cm in axial length but may be substantially varied
      without significantly affecting the improved performance.
PAR  It is important to realize that to achieve improved performance regarding
      only control of beam intensity and focal plane, field electrode 22
      structure may simply comprise a single member, similar to upper mamber 35
      and that shown in Application Ser. No. 46,425 containing a beam defining
      aperture for providing the appropriate emission field. It is to be further
      noted, as described in co-pending application Ser. No. 46,425 filed June
      15, 1970, that differential pumping between chamber regions 41b and 41a
      proceeds through the aperture of intermediate electrode 23 thereby
      maintaining them at different vacuum levels. In the electron generation
      mode upper region 41a is of course at a lower pressure while in an ion
      mode, where gas is introduced, the opposite is true due to the partial
      pressure of the gas and differential pumping proceeds in a reverse
      direction.
PAR  The use of field electrode 22 also makes possible the introduction of a
      second lens into the system. If voltage V.sub.e is controlled
      independently of V.sub.1 a focusing field may be created between field
      electrode 22 and intermediate electrode 23 thereby altering the focal
      length of the system as well as beam 13 spot size.
PAR  Recalling that successful operation of a field emission tip electron gun
      requires a high degree of vacuum and cleanliness in the vicinity of the
      tip 21, features of the applicants' invention relative to this important
      aspect are now described. The pumping arrangement, as previously
      mentioned, in the area of the tip 21 may be considered a form of ion
      pumping and trapping. Other techniques of stopping ions from bombarding
      the tip 21 also result in improved tip stability and system reliability.
      To enhance this purpose, a cylindircal member 33 of FIG. 2 is mounted on
      the tip column 26 concentric with the axis of field emission tip 21 and
      coextensive therewith. When ions are produced at the surface of the upper
      portion of field electrode 22, they are attracted toward the member 33.
      Since member 33 is a substantially open structure many of the attracted
      ions can pass through the screen and ultimately be trapped on the shield
      electrode 20 operating in combination with the sublimator coil 19. This
      results in fewer ions hitting the tip 21 and thus less geometric
      distortion, improved local pressure and ultimately improved stability.
PAR  Another feature of the applicants' invention directed toward minimizing tip
      contamination is the use of a large entrance angle aperture in the upper
      portion of field electrode 22 thereby preventing any significant portion
      of beam 13 current hitting the extraction electrode 22 and causing the
      release of contamination in the area of the field emission tip 21. The
      fact that the field emission tip 21 is placed relatively close to the
      field electrode 22 enhances this feature of the field emission gun 10 and
      further limits impingement of the beam 13 on field electrode 22. Other
      means may be employed in achieving this desired result such as axially
      collimating the current from field emission tip 21 e.g., by coating the
      tip with zirconium or other high work function metal or appropriately
      altering the tip geometry such that the main emission is derived from a
      smaller than normal source.
PAR  After passing through the upper aperture of field electrode 22, the beam 13
      is allowed to impinge upon the lower aperture structure 12, thus
      delimiting the size of the beam to a desired diameter and containing the
      creation of contaminants to a point distally removed from the field
      emission tip 21. Therefore, upper aperture member 35 of extraction
      electrode 22 is principally used to extract electrons from the field
      emission tip 21, the electrons are controlled to pass substantially
      through the upper aperture and allowed to bombard a surface further
      downstream removed from the field emission tip 21. The field emission tip
      21 is then protected from pressure and ions produced by impingement of the
      beam 13 on aperture 12 by utilization of any one or combination of
      magnetic ion trapping, electrostatic ion trapping or mechanical ion
      shielding. As shown in the embodiment of this application, electrostatic
      ion trapping, mechanical ion shielding and the use of sublimation
      techniques are employed. It is significant to note that the connection of
      chamber portion 41a and 41b through the aperture of intermediate electrode
      23 permits differential pumping between those two areas and maintenance of
      portion 41a at a higher vacuum level.
PAR  In summary, the applicants have introduced to the state of the art an
      improved field emission charged particle gun. It incorporates a uniquely
      structured and located extraction electrode permitting the use of lower
      accelerating and focusing voltages in a self focusing mode. The unique
      structure of the applicants' further enhances the stability and
      reliability of the system by achieving improved vacuum pumping and
      contamination-free operation in the area contiguous with the field
      emission tip. It is reiterated that the applicants' invention as set forth
      herein is exemplary and illustrative of the apparatus and techniques
      employed and is not intended to be delimiting of its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a charged particle microprobe system including a field emission gun
      having a housing defining a vacuum chamber, a field emission tip disposed
      in said chamber for generating said charged particles, electrode means for
      establishing focusing and accelerating fields for forming a beam of said
      charged particles, voltage means connected to said electrode means and
      said field emission tip for supplying electrical potential to said
      electrode means to establish said focusing and accelerating fields, an
      extraction electrode in juxtaposition to said tip and voltage means
      connected to said tip and extraction electrode for developing an electric
      field for generating said charged particles, the improvement comprising an
      electrical insulator member disposed intermediate said extraction
      electrode and said focusing and accelerating electrode means, said
      insulator member having a lateral extent at least as great as the lateral
      extent of at least one of said extraction electrode and said focusing and
      accelerating electrode means and having a centrally located aperture
      aligned with said beam of charged particles whereby said vacuum chamber is
      divided by said insulator substantially forming an extraction electrode
      chamber and a focusing and accelerating electrode chamber.
NUM  2.
PAR  2. The improvement according to claim 1 wherein said insulator is adapted
      to be mounted on said electrode means for focusing and accelerating said
      charged particles.
NUM  3.
PAR  3. The improvement according to claim 2 wherein said insulator is adapted
      to receive in mounting relationship said field electrode.
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ABST
PAL  Apparatus for use in alpha particle counting with such as photomultiplier
      tubes, comprising a platform and linkage mechanism whereby samples are
      moved in linear manner toward and away from ends of the photomultiplier
      tubes.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The invention relates to a sample carrier apparatus for use in alpha
      particle counting.
PAR  A problem associated with a prior art sample holders for presenting samples
      to the sensitive alpha particle detecting phosphor on the photocathode end
      of photomultiplier tubes is the background detected by the radiation
      detecting phosphor deriving from adjacent metal surfaces. Other
      disadvantages include the mode of presenting the sample of the end of the
      photomultiplier tube such that the tubes and housing were easily
      contaminated requiring subsequent disassembly and decontamination of a
      relatively complex apparatus or device. Constant disassembly aggravated
      the problem of retaining a seal against light leakage into the container.
      Additionally, some prior art apparatuses required that the samples be
      positioned on the holder in almost the exact location in which they would
      be tested since the apparatus design allowed for only very little vertical
      movement of the samples. The further presented contamination problems.
PAR  The net result of these disadvantages in that error was introduced into
      analysis creating incorrect results, and further, compensatory measures
      could be required to compensate for the background and geometry readings.
PAC  SUMMARY OF INVENTION
PAR  In view of the foregoing disadvantages, it is an object of this invention
      to reduce the background detected by radiation detecting devices, such as
      photomultiplier tubes and solid state detectors.
PAR  It is a further object of this invention to provide a novel apparatus which
      reduces the background for which compensatory measures would ordinarily be
      required.
PAR  It is a further object of this invention to provide a sample lifting
      apparatus having relatively flat, parallel lift configuration and vertical
      movement of the samples permitting accurate and repeatable placement of a
      plurality of samples for analysis by a corresponding number of
      photomultiplier tube or other detecting units.
PAR  Various other objects and advantages will become apparent from the
      following description of this invention and the most novel features will
      be particularly pointed out hereinafter in connection with the appended
      claims. It will be understood that various changes in the details,
      materials and steps of the process, which are herein described and
      illustrated in order to explain the nature of the invention, may be
      effected by those skilled in the art without departing from the scope of
      this invention.
PAR  The invention comprises apparatus for use in association with alpha
      particle counting using appropriate detecting devices such as
      photomultiplier tubes, which apparatus has a planar base, a planar sample
      carrier or platform, and swivel or rotatable means for converting
      reciprocable movement of base to lateral movement of said platform
      relative to the base thereby positioning samples in alignment with and a
      spaced distance from a detecting device such as the photocathode end of
      the photomultiplier tube.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  FIG. 1 illustrates a partially cross-sectional, cut-away perspective view
      of an embodiment of this invention.
PAR  FIG. 2 is a partially cross-sectional cut-away view of a portion of an
      embodiment of this invention after activation of the swivel means to a
      sample analysis position.
PAR  FIG. 3 illustrates a cut-away view of another embodiment of the sample
      carrying table.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in FIG. 1, a radiation sampling apparatus or module 10 has
      contained therein a sample carrying table or platform 12 which is adapted
      to be raised and lowered for radiation analysis of the samples by an alpha
      counter system which may include detecting devices such as photomultiplier
      tubes or detectors 13a, 13b. Module 10 may include suitable enclosure or
      housing 11 comprising bottom wall 20, top wall 21, sides walls 22a, 22b,
      rear wall 23 and front wall 24, for providing a light protected and
      radiation shielded environment in chamber 25 for radiation detection
      analysis.
PAR  Platform 12 is movably fastened to and carried by a planar base member 26
      which slides into and out of chamber 25 in a reciprocating or drawer
      fashion while resting on or being supported between guides 16 on each side
      of planar base member 26, which guides are rigidly attached to housing 11
      by suitable means such as weld joints or the like (not shown). Guides 16
      may have slanted or inwardly projecting flanges 17 again on each side of
      planar base member 26, which flanges cooperate to form a reduced or
      restricted passageway such that the base 26 and platform 12 may not be
      inadvertently tilted to damage or contaminate photocathode ends 14a, 14b
      of the photomultiplier tubes or detectors 13a, 13b respectively.
PAR  Platform 12, base 26, and the hinge means or rotatable link member
      discussed hereinbelow for converting or translating the linear sliding
      motion of base 26 to a lateral up-down motion of platform 12 relative to
      base member 26, combine to form lift apparatus or mechanism 30. Housing 11
      front wall 24 has an opening or aperture 31 for insertion of lift
      mechanism 30 into housing 11 and chamber 25, and removal therefrom. The
      planar base 26 of lift mechanism 30 aligns lift mechanism 30 into housing
      11 chamber or enclosure 25 by means of guides. Base 26 may have, at one
      end thereof, a wall 36 which is appropriately connected or attached to
      base 26 with a plane at about 90.degree. to the plane of base 26. If
      desired, wall 36 may be a part of base 26 such as by forming a bend 32
      which forms wall 36 for engagement to the opening cover 38. Cover 38 may
      be rigidly attached to wall 36 through any suitable means, including
      retaining handle 40 in position through apertures 41 in cover 38 with wall
      36 by suitable means such as nuts 42 on threaded end portions 43 of handle
      40.
PAR  Material, such as rubber, for sealing light passage from chamber 25 may be
      disposed as a gasket or seal 44 between cover 38 and front wall 24. Seal
      44 may be maintained in alignment with cover 38 using a retaining handle
      40 as described above by supporting seal 44 intermediate cover 38 and wall
      36. It should be obvious that various other methods may be used to attach
      a cover to base 26 and also to provide a light seal, such as by attaching
      an adhesive gasket to either the front wall 24 or cover 38 to effectively
      seal light passage from chamber 25 upon closure of cover 38.
PAR  Base 26 supports or carries a planar sample carrier or platform 12 by
      suitable rotatable link members or swivel means such as double swivel
      hinges or pivotal link members 48a, 48b. Each hinge or link member 48a,
      48b may have a pair of end members (49a, 49b), (49c, 49d) respectively
      pivotally joined by an intermediate connecting member 51a, 51b
      respectively with pivot pins (50a, 50b), (50c, 50d) respectively.
      Intermediate interconnecting members 51a, 51b are of a length which
      permits, in the "down" mode of the platform, passage under the
      photomultiplier tubes and in the "up" mode, placement of the carried
      samples at about 0.25 inches from the ends of the photomultiplier tubes. A
      preferred length of these members is from about 0.50 to about 0.75 inches.
      Hinges 48a, 48b may be rigidly attached to mechanism 30, such as by
      welding one end 49a, 49c to base 26 and an opposite end thereof, 49 b,
      49d, to platform 12. The rotatable link members interconnect base 26 and
      platform 12 for translating the platform laterally with respect to the
      base member concomitant with reciprocal movement of the base.
PAR  Planar sample carrier or platform 12 may have an end wall 52 rigidly
      attached at an angle of about 90.degree. with respect to platform 12 such
      as by welding or other connecting means at one end thereof. As shown in
      the drawing, a possible alternative is for platform 12 to have a bend 54
      to form the upright portion or wall 52 having a plane which meets the
      plane of platform 12 at suitable angle, such as an angle of about
      90.degree.. A roller 60 made of a material such an nylon or the like is
      supported in a rotatable position by means of fingers or supports 56 which
      engage pins or shaft 62 extending from the end walls of roller 60. Fingers
      or supports 56 are suitably attached to wall 52 by such means as mounting
      screws 58 or the like. Also mounted on platform 12 in tapped bores may be
      screws 66a, 66b, as shown in FIG. 1, which may be selectively settable to
      maintain a predetermined distance between platform 12 and base 26 to
      insure a proper lifting movement or action being produced from interaction
      of mechanism 30 and wall 23. As shown, screws 66a, 66b are resting on base
      26 preventing further downward movement of platform 12 by means of hinges
      or pivot members 48a, 48b.
PAR  A stop and guide member is placed in the path of movement of a portion of
      platform 12 for terminating the inward portion of the reciprocal motion of
      the platform and translating the continued inward motion of base 26 into
      substantially straight vertical movement of the platform 12 and samples
      carried by the platform toward the photomultiplier tube ends, and then
      away from the photomultiplier tube ends in the outward portion of the
      reciprocal motion of base 26. As shown in FIGS. 1 and 2, this stop and
      guide member may be rear wall 23.
PAR  Mounted on platform 12 may be one or more sample holders 70a, 70b. Threaded
      stems 72 are rigidly engaged with sample holders 70a, 70b and are disposed
      in tapped bores 74 through platform 12 and locking plate 75. Threaded
      engagement of stem 72 with platform 12 and locking plate 75 allows for
      vertical adjustment of sample holders 70a, 70b and thereby compensate for
      different thicknesses of sample 76. Plate 75 may be used to provide
      greater surface contact to stems 72 to aid or further protect against
      rotation movement, wobble, or the like of sample holders 70a, 70b. Plate
      75 may be appropriately attached to platform 12 such as by an adhesive or
      other means such as screws 79, and further may be made of any suitable
      material such as polyethylene, polypropylene or the like. The thickness of
      plate 75 may vary but may be between about 1/8 and 1/4 inch thick.
PAR  A plurality of retainers or guides 78 laterally extending from platform 12
      may be disposed at the periphery of each sample holder 70a, 70b. These
      retainers 78 may be metal tabs or the like rigidly engaged with platform
      12 by suitable means such as screws 79, or the retainers may themselves be
      appropriate screws disposed in tapped bores on platform 12. Retainers 78
      perform the function of aligning the samples with the photomultiplier
      tubes, and further, prevent sample 76 which may be disposed on the sample
      holders from moving out of alignment of appropriate holders and
      photomultiplier tubes. As shown in the art, appropriate coaxial connectors
      (not shown) or the like may be used to provide a means for passing an
      electrical current or other signal through a wall of the housing to the
      detection device used.
PAR  FIG. 1 generally illustrates the lift mechanism 30 in an inactivated
      position. As shown, cover 38 and gasket 44 have not made contact with
      front panel 24, and hinges 48a, 48b are in a down mode. Roller 60 has
      contacted rear wall 23 such that further inward sliding motion which may
      be transmitted to base 26 results in an upward vertical movement of
      platform 12.
PAR  FIG. 2 illustrates the activated mode of the lift mechanism or apparatus 30
      wherein a light seal has been effected by means of gasket 44 around the
      periphery of opening 30 in front panel 24. Further, the force exerted upon
      cover 38 to effect the seal resulted in inward movement of base 26 and
      pivoting of hinges 48a, 48b around hinge pins 50a, 50b, 50c, 50d in
      relation to base 26 so as to effect an upward, vertical movement of sample
      76 and sample holders 70a, 70b to a closer proximity to ends of
      photomultiplier tubes 13a, 13b. Roller 60, which is in abutment with rear
      wall 23 permits the upward vertical movement of platform 12 by rolling
      along wall 23 as base 26 is inserted into chamber 25. The height to which
      the samples are raised by the vertical movement of platform 12 to
      photomultiplier tubes 13a, 13b may be controlled or selectively
      established by adjusting the height of sample holders 70a, 70b. As shown
      in the drawing, the lift mechanism 30 may be designed such that the
      desired height of sample 76 is achieved when cover 38 makes contact with
      front wall 24 through gasket 44 by having platform 12 in abutment with
      cover 38 or wall 36 as shown in FIG. 2. It will be obvious that various
      other means, such as stop pins, may be used to locate the platform 12 in a
      desired spatial relationship with the photomultipliers 13a, 13b or other
      detecting devices whereby the sample holders are positioned in such
      relationship to the photomultiplier tubes as to provide most efficient and
      accurate alpha particle detection. As shown in the drawings, the samples
      are in coaxial alignment with the photocathode ends of the photomultiplier
      tubes. It is also obvious that appropriate locking or latching means may
      be employed to retain cover 38 against front wall 24 and thus prevent
      light passage therethrough and that, although alpha particle detection is
      discussed, this invention is suitable to other radiation or the like
      detection or analysis systems.
PAR  FIG. 3 illustrates the use of restraining or biasing means, as shown by
      springs 92a, 92b, which assist in retracting or urging platform 12 to the
      down position by providing a downward bias. The use of these springs or
      restraining members also extends the application of this invention to
      geometries other than those wherein the axis of the photomultiplier tubes
      is vertical i.e., the axis of the photomultiplier tubes could be
      horizontal and this invention, could still be used by including springs
      92a, 92b to urge platform 12 down to the base 26. The springs in this case
      act as a gravity substitute.
PAR  This invention permits the use of several detecting devices such as
      photomultiplier tubes in a module for analyzing several samples since it
      translates planar reciprocating motion to uniform lateral motion that is
      perpendicular to the plane of the reciprocating motion. This invention
      further results in a reduction of background in analyzing samples since
      the invention permits the samples to be brought simultaneously and
      uniformly into close proximity of the cathode detector end of the
      photomultiplier tube. The movement of the platform lateral to the
      reciprocal movement of the base member which results in the generally
      vertical raising and lowering of the samples to and from the detector
      device used, eliminates or extensively reduces the contamination problems
      previously encountered and concurrently provides accurate and repeatable
      geometrical alignment of each sample station with the respective detection
      devices being used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for use in alpha-particle counting by moving samples toward
      and away from the ends of photomultiplier tubes comprising a reciprocally
      movable base member, a platform adjacent said base member, sample holder
      means carried by said platform for retaining and positioning samples to be
      counted; a rotatable link member interconnecting said base member and said
      platform for reciprocal movement of said platform with said base member
      and for translating said platform and sample holder means generally
      perpendicularly with respect to said base member concomitant with
      reciprocal movement of said base member to present samples into close
      proximity to said ends of the photomultiplier tubes and remove them
      therefrom, guide means for positioning and guiding said base member during
      reciprocal movement thereof, and a stop and guide member in the path of
      movement of a portion of said platform for terminating the reciprocal
      movement of said platform and effecting substantially straight movement of
      said platform and sample holders toward and away from said photomultiplier
      tube ends.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said sample holder means comprises a
      sample holder, a threaded shaft rigidly engaged to said sample holder,
      said threaded shaft supported within a tapped bore on said platform to
      selectively set the height of said sample holder from said platform; guide
      means projecting from said platform adjacent the periphery of said sample
      holder for guiding said holder and positioning said holder in coaxial
      alignment with one of said photomultiplier tube ends.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said rotatable link member comprises a
      pair of spaced apart links, each of said links being from about 0.50 to
      about 0.75 inches long, and a swivelable pin interconnecting said platform
      and said link at one end of each of said links and another swivelable pin
      interconnecting said base member and said link at an opposite end of each
      of said links.
NUM  4.
PAR  4. The apparatus of claim 1 together with selectively adjustable means for
      positioning said platform in spaced relation from said base.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said photomultiplier tubes are housed
      in a walled enclosure including back and front walls, said front wall has
      an opening for said apparatus, said reciprocal motion of said base member
      is into and out of said opening in said front wall, said stop and guide
      member in the path of movement of a portion of said platform comprises
      said back wall of said enclosure, roller is rotatably mounted on said
      platform for coacting with said back wall to translate linear reciprocal
      motion of said base member to generally perpendicular reciprocal motion of
      said platform.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said enclosure houses a plurality of
      photomultiplier tubes disposed along the reciprocating movement path of
      said base and said platform.
NUM  7.
PAR  7. The apparatus of claim 1 together with a locking plate at a thickness of
      from about one eighth to about one fourth inch selected from the group
      consisting of polyethylene and polypropylene disposed on the underside of
      said platform intermediate said rotatable link members.
NUM  8.
PAR  8. The apparatus of claim 7 together with retaining means interconnecting
      said platform and said base member biasing said platform toward said base
      member.
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ABST
PAL  Disclosed is a fire and explosion detection system wherein long wavelength
      radiant energy responsive signals are processed in one channel and
      compared to short wavelength radiant energy responsive signals which are
      processed in a second channel. When these signals are coincident in
      response to a fire or explosion of a predetermined threshold magnitude, an
      output fire suppression signal is generated.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to fire and explosion detection and
      suppression systems and more particularly to a fast acting long and short
      wavelength responsive multichanel radiation detector.
PAC  BACKGROUND
PAR  Fire detection systems which respond to the sudden presence of either a
      flame or an explosion to thereby generate an output control signal are
      generally known. Such systems have a very significant utility, for
      example, in applications with a variety of explosive or fuel transport
      storage tanks, and these systems normally function to trigger the
      operation of a fire suppression mechanism within a few milliseconds after
      the initiation of a fire or explosion. It is frequently desirable to wire
      these fire detectors into military armored personnel carrier vehicles
      which transport various arms and explosives. A possible explosion commonly
      desired to be suppressed by these types of fire detection systems is one
      which is produced in a fuel tank by a high energy anti-tank round of
      ammunition fired into the fuel tank from a remote location.
PAC  PRIOR ART
PAR  Hitherto, fire detection and suppression systems of the above type employed
      one or more photon responsive short wavelength photodetectors. These
      photodetectors sense the energy from radiation, such as infrared or
      ultraviolet radiation in a particular spectral band and characteristic of
      certain chemical elements or compounds within a given fire or explosion.
      Signals from these photodetectors are properly compared and processed in
      order to generate a fire control output signal. A disadvantage with this
      type of prior art fire detection system is that the system is wholly
      dependent for its proper operation upon receiving the proper photon energy
      within a given spectral band and from the true source of interest, namely
      the fire. As a result, these prior art fire detection systems are
      frequently subject to false operation in response to extraneous noise or
      other source radiation which are not associated with a fire or explosion.
PAR  Various circuit techniques have been devised to discriminate against these
      latter sources of extraneous radiation. But these techniques have not been
      totally practical or satisfactory for all conditions of operation and in
      the many noisy environments in which the fire detection system must be
      capable of operating.
PAR  The general purpose of this invention is to provide a fire detection system
      which is totally immune to false triggering from short wavelength
      radiation alone, and which possesses many, if not all, of the advantages
      of similarly employed prior art detection systems, while possessing none
      of their aforedescribed significant disadvantages. To attain this purpose,
      I have devised a multichannel fire detection system which is responsive to
      a combination of radiant energy in the 7-30 micron (long wavelength)
      spectral band and radiant energy in the 0.7-1.2 micron (short wavelength)
      spectral band to generate an output control signal for suppressing the
      fire or explosion. In my system, the long wavelength radiation from a fire
      or explosion must be present in combination with the short wavelength
      radiation from the fire or explosion in order to generate the output
      signal utilized for actuating a fire control mechanism. Thus, the present
      system cannot be falsely triggered solely by short wavelength sources of
      radiation.
PAR  To specifically accomplish the above novel operation, the present invention
      utilizes a long wavelength energy responsive thermal detector in one
      signal processing channel and utilizes a short wavelength responsive
      infrared photodetector in another signal processing channel. The use of a
      thermal detector, such as a thermopile, in this manner is a complete
      departure from conventional radiation sensing techniques of any prior art
      fire detection system known to me. One of the reasons that thermal devices
      have not hitherto been attractive in fire detection systems is that the
      responsivity of these thermal devices begins to roll off rather steeply at
      approximately 3.0 Hertz. However, in accordance with the present
      invention, this latter problem has been solved by the use of a unique
      frequency compensating amplifier which is connected to the output of the
      thermal detector. This amplifier provides a substantially constant overall
      signal gain between the input of the detector and the output of the
      amplifier for the input frequency range of interest.
PAR  Accordingly, an object of the present invention is to provide a new and
      improved highly sensitive fire and explosion detection system.
PAR  Another object is to provide a detection system of the type described which
      is highly responsive to the presence of a combination of long and short
      wavelength radiant energy from a fire or explosion to in turn generate an
      output control signal within a minimum elapsed time after the initiation
      of the fire or explosion.
PAR  Another object is to provide a detection system of the type described which
      is free from false operation solely by short wavelength sources of
      radiation.
PAR  Another object is to provide a detection system of the type described which
      is relatively simple and economical in construction and reliable and
      durable in operation.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a block diagram representation of the fire and explosion
      detection system according to the invention;
PAR  FIG. 2 is a graph showing the responsivity and gain versus frequency
      characteristics of the detector and amplifier, respectively, in the long
      wavelength responsive signal processing channel of FIG. 1;
PAR  FIG. 3 is a schematic diagram of the input detector and amplifier circuitry
      of the system shown in FIG. 1; and
PAR  FIG. 4 is a waveform diagram illustrating the multichannel switching action
      in FIG. 1 in response to long and short wavelength radiant energy from a
      fire or explosion.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the multichannel fire detector, designated
      generally 10, includes a short wavelength radiation responsive channel 12
      and a long wavelength radiation responsive channel 14 coupled respectively
      to receive radiant energy 16 from a nearby or remote fire or explosion 18.
      The system is typically designed so that it is highly responsive to high
      energy fuel-type explosions out to distances on the order of 6 yards. The
      radiant energy 16 of interest in channel 12 is that radiation in the near
      infrared region of the electromagnetic frequency spectrum, whereas the
      radiant energy from source 18 of interest in channel 14 lies in the far
      infrared region of the electromagnetic frequency spectrum.
PAR  The short wavelength channel 12 includes a suitable conventional optical
      filter 20 for passing radiation wavelengths only in the spectral band of
      interest, which in the present embodiment is on the order of 0.7-1.2
      microns. The radiation thus passed impinges on a detector 22, such as a
      silicon photodetector, which generates an output detection signal at the
      input of an amplifier 24. The amplifier 24 has its output connected as
      shown to one input 26 of a NOR and threshold gate 28.
PAR  The long wavelength channel 14 also includes a conventional optical filter
      30 for passing radiation wavelengths in the range of 7-30 microns, and the
      energy thus passed impinges on a thermal detector 32. This detector may
      advantageously be either a thermistor, thermopile, or any other detector
      sensitive to these wavelengths for generating an output signal which is
      coupled to an input of a frequency compensating amplifier stage 34. The
      latter amplifier has its output connected to a second input 36 of the NOR
      and threshold gate 28, and this latter gate is operative in response to
      input signals on lines 26 and 36 to generate an output pulse on line 38,
      as will be further described. This output pulse on line 38 triggers a
      monostable multivibrator 40 which is internally connected with appropriate
      RC time constants in its feedback network to generate an output pulse of a
      predetermined time duration. The latter output pulse is further processed
      in driver electronics (not shown) for driving and triggering a suitable
      fire suppression mechanism.
PAR  The system shown in FIG. 1 is thus operative to compare the radiant energy
      in two different spectral bands of the frequency spectrum and generate an
      output signal on line 42 only during the presence of both long and short
      wavelength energy from source 18 at levels above a chosen threshold level
      or levels. This threshold level may, of course, be controlled internally
      in either the electronics of the amplifiers 24 and 34 or the internal
      electronics of the NOR and threshold gate 28. Thus, the system in FIG. 1
      will discriminate against radiant energy from short wavelength only
      sources or from long wavelength only sources and against any other radiant
      energy sources which generate radiation below a given preestablished
      energy threshold. The system in FIG. 1 was specifically conceived to
      respond to fires or explosions where there is always the presence of a
      combination of long and short wavelength radiation above given thresholds.
      The wavelength of the photon radiation received in channel 12 is
      frequently dependent upon the characteristic radiation of the elements or
      compounds within the chemical matter burned or exploded.
PAR  As previously mentioned, the detection channel 12 was designed to respond
      to short wavelength radiation in the 0.7-1.2 micron range, whereas channel
      14 is responsive to 7-30 micron radiation. The main reason for choosing
      the 7-30 micron band was to optimize the overall signal to noise ratio
      (S/N) of the system; the signal being the fire and the noise being the sun
      and other radiation sources. Typical hydrocarbon fires radiate the
      greatest amount of IR energy in the 2-6 micron band; but the sun also
      emitts a great deal of energy in the same band, and as a result, the sun
      is capable of falsely triggering the detection system. Such false
      triggering would occur, for example, (and in the absence of channel 12) if
      some object were to pass between the sun and the detector 32 to thereby
      produce a time varying signal at detector 32 and acceptable by the
      bandwidth of channel 14. The same false triggering could be produced, for
      example, by portable heaters, hot exhaust manifolds, or other steady state
      sources of radiation in the bandwidth of channel 14 and capable of
      producing a time varying signal at detector 32 when momentarily shielded
      by a moving object. This possibility of false triggering has been
      eliminated herein by the use of channel 12 whose 0.7-1.2 bandwidth
      response is below that of all steady state radiation sources capable of
      generating an output signal in channel 14.
PAR  It has been found that the signal-to-noise ratio of the system when
      operating in the 2-6 micron band could vary from 0.4 to 10:1 depending
      upon the size of the fire and the kind of material burning. However, it
      was observed that if the 7-30 micron band was used, the S/N ratio of the
      system would vary from 15 to 60:1, depending upon the size of the fire and
      material burning. Thus, by operating channel 14 in the 7-30 micron band as
      compared to the 2-6 micron band, a system S/N improvement of greater than
      10:1 can be realized.
PAR  For explosive type fires, the S/N improvement discussed above is not
      necessary. However, most military requirements demand that the fire
      detection system be capable of sensing small pan type fires on the order
      of one square foot in addition to explosive type fires. This requirement,
      therefore, demands that the system operate in the 7-30 micron wavelength
      region.
PAR  The reason for choosing the 0.7-1.2 micron spectral band for the detection
      channel 12 is that the responsivity of silicon photodetectors, e.g. 22,
      peaks at approximately 0.9 micron, and these photodetectors are readily
      and commercially available, relatively low in cost, and have adequate S/N
      ratios which are compatible with my dual channel system.
PAR  Referring now to FIG. 2, the thermal detector 32 was not an obvious choice
      for providing the necessary radiation detection in one of the two
      channels. This is partially a result of its responsivity (R) versus
      frequency characteristic 44, which has a substantially flat response 46
      for a limited frequency range, but begins to roll off in R rather steeply
      at point 48 corresponding to approximately 3.0 Hertz. Since the thermal
      detector 32 must respond to electrical frequencies in excess of
      approximately 100 Hertz, a frequency compensating amplifier 34 with a
      compensating gain versus frequency characteristic 52 is utilized in order
      to provide a substantially constant overall sensitivity for the two stages
      32 and 34 in the frequency range of interest. This range extends from
      approximately 0.001 Hertz out to frequencies as high as 500 Hertz.
PAR  The gain versus frequency characteristic 52 increases asymptotically
      initially at region 54 up to a substantially constant value 56 where it
      remains flat out to a point 58 corresponding to the point 48 on the
      responsivity versus frequency characteristic of the detector 32. At point
      58, the gain of the amplifier 34 begins increasing sharply as noted at
      slope 60 until reaching a point 62 where it again begins to flatten out
      somewhat as indicated. The combined effect of these two responsivity and
      gain versus frequency characteristics 44 and 52 is shown in the overall
      channel sensitivity curve 64 for the two stages 32 and 34. The latter
      curve is substantially constant out to an upper frequency value at point
      66, which may be typically anywhere from between 200 and 500 Hertz,
      depending upon the specific type of amplifier and detector used.
PAR  The above-described composite channel sensitivity curve 64 illustrated in
      FIG. 2 has been achieved by the use of the amplifier circuitry which is
      illustrated schematically in FIG. 3. The frequency compensating amplifier
      stage 34 includes a first differential operational amplifier 68 which is
      cascaded as shown to the input of a second differential operational
      amplifier 70. These two amplifiers 68 and 70 are connected with
      appropriate individual amplifier feedback shown. The initial amplifier
      stage 68 provides the necessary DC signal amplification whereas the second
      op amp stage 70 provides the necessary gain versus frequency compensation
      for matching the thermopile detector 32.
PAR  The thermal sensor 32 is preferably a thermopile detector consisting of a
      series of thermocouples which are made by a thin film evaporation process.
      The thermopile detector 32 produces a voltage output signal when radiant
      energy is radiated onto its collector (not shown), and the transfer
      function or responsivity, R, of the detector 32 was approximately 20 volts
      per watt for a thermopile actually used. This thermopile was made by the
      Santa Barbara Research Center of Goleta, California, and is a
      bizmuth-antimony type detector with an approximately 2 millimeter round
      sensing area.
PAR  The thermopile detector 32 is connected through a gain adjustment resistor
      74 to one differential input 76 of the operational amplifier 68. The other
      input 78 of this amplifier 68 is connected through an input resistor 80 to
      a point 82 of approximately 6.8 volt reference potential. The signal
      feedback path for the amplifier 68 includes a resistor 84 and a capacitor
      86 connected as shown, and a resistor 88 interconnects the amplifier stage
      68 to the regulated B+ supply voltage on line 72. The line 72 carries +17
      volts bias for the two operational amplifiers 68 and 70, and this line is
      resistively connected via the voltage dropping resistor 124 to the point
      82 of 6.8 volt reference potential.
PAR  The output terminal 90 of the operational amplifier 68 is connected by way
      of series resistors 92 and 93 to the input of a first RC network
      consisting of resistor 94 and capacitor 96. A second RC network consisting
      of resistor 98 and capacitor 100 interconnects the amplified signal at
      junction 99 to one input 102 of the second differential operational
      amplifier 70. The other input 104 of this latter amplifier 70 is connected
      through a resistor 106 to the point 82 of 6.8 volt reference potential,
      and a capacitor 108 is connected as shown in parallel with the resistor
      106. The feedback path for the amplifier 70 includes a resistor 110 and a
      capacitor 112 connected in parallel as shown, and the output signal from
      the amplifier 70 is coupled via line 114 to the input 36 of the NOR gate
      28 shown in FIG. 1. Each of the two amplifiers 68 and 70 are connected to
      ground through two 100 pf frequency compensation capacitors 109 and 111,
      respectively.
PAR  The resistor 124, zener diode 122 and capacitors 118 and 120 generate the
      +6.8 volt reference voltage at point 82, and the capacitors 118 and 120
      decouple the B+ supply voltage from the amplifier signal path. The
      resistor 88 and diode 116 form a negative voltage clamp on the output of
      operational amplifier 68 and prevent AC differentiation of cold to warm
      background signals which could cause false triggering.
PAR  The operational amplifier 68 is a DC amplifier which provides an initial
      stage of gain, and the two RC networks (components 94, 96, 98, 100) in
      combination with the operational amplifier 70 provides the gain versus
      frequency characteristic 52 as shown in FIG. 2. The point 54 on this
      characteristic is controlled by the value of components 94 and 100; point
      58 is controlled by the values of components 94 and 96 and point 62 is
      controlled by the values of components 92, 93, and 96.
PAR  In the embodiment of the invention actually reduced to practice, detector
      22 was a silicon photodiode type S601-35 made by Electro Nuclear
      Laboratories, Inc., of Menlo Park, Calif. The output signal from this
      photodiode 22 is coupled through an input coupling capacitor 126 to the
      base of a PNP transistor 128. The transistor 128 and an output NPN
      transistor 130 are cascaded as shown to provide the necessary
      amplification for the photodiode signal, which, when amplified, is coupled
      via line 132 to the other input 26 of the NOR gate 28. The transistors 128
      and 130 are connected to the necessary and conventional bias, feedback and
      current limiting resistors 134, 136, 138, 140 and 146 for biasing these
      transistors to non-conduction in the absence of an input signal from the
      diode 22. The resistor 142 is adjustable in order to vary the overall
      sensitivity of this detector 22. The gain of amplifier 24 is controlled by
      the values of resistors 138 and 148. A DC supply voltage for the stage 24
      is connected at terminal 144 to provide the necessary operating power for
      this amplifier stage, and a filter capacitor 150 is connected across
      resistor 146 for the purpose of decoupling the bias supply from the
      circuit.
PAR  Referring now to FIG. 4, there are shown a series of signal waveform
      diagrams at various circuit points and illustrated successively in FIGS.
      4a-4f. The overall system operation of the above-described fire and
      explosion detector will be described with reference to these figures. At
      the instantaneous initiation of a fire or explosion, when time t=0, the
      long wavelength radiation received in channel 14 will cause the output
      voltage of the detector 32 to fall as shown in FIG. 4a. Simultaneously,
      the short wavelength radiation causes the output voltage of the
      photodetector 22 to fall as shown in FIG. 4b.
PAR  The output signals in FIGS. 4a and 4b generate the corresponding decreasing
      voltages shown in FIGS. 4c and 4d, respectively, at the output of the
      respective amplifiers 34 and 24. Once the voltages in FIGS. 4c and 4d both
      fall below the indicated +3.5 threshold voltage (Vt and Vt') of NOR gate
      28, the output NOR gate 28 is switched from a low or ground logic level to
      a +8 volt, high logic level at time t.sub.1. Vt and Vt' denote the
      threshold voltage levels sufficient to produce an output signal when these
      voltage levels are properly compared in the NOR gate 28. The output
      voltage of the NOR gate 28 remains at this +8 volt level until the first
      of the two signals applied thereto (FIG. 4d) again rises above +3.5 volts
      (on line 26) at time t.sub.2. At this time the output voltage on line 26
      drives the NOR gate 28 back down to its low or ground logic state, thus
      completing the output pulse shown in FIG. 4e.
PAR  The instant the output voltage on line 38 goes positive as shown in FIG.
      4e, it triggers the monostable multivibrator 40. The R-C components (not
      shown) within the feedback loop of the multivibrator 40 determine the
      duration of the output pulse shown in FIG. 4f and appearing on line 42.
      For the present design, the pulse width in FIG. 4f was approximately 100
      milliseconds. This output pulse may typically be used to trigger various
      electromechanical means necessary to initiate the fire or explosion
      suppression mechanism (not shown).
PAR  While the invention described above is designed to operate in the disclosed
      preferred specific 0.7-1.2 micron and 7-30 micron wavelength ranges, the
      true scope of the invention is not limited to these ranges.
PAR  For example, it may be preferred to operate the photodiode channel 12 at
      wavelengths shorter than 0.7 microns, provided that cheaper detectors with
      shorter wavelength response become available. Furthermore the wavelength
      response of channel 14 could be changed to operate from 6 to 13 microns,
      if this more limited wavelength range is compatible with a particular
      system signal to noise ratio requirement.
PAR  It should also be emphasized at this point that under certain and proper
      conditions of operation, a single channel system wherein only channel 14
      is utilized to generate an output signal is entirely satisfactory and, we
      believe, novel per se. Mention has previously been made of the reason for
      having a second channel 14 in order to prevent time varying signals
      chopped from steady state radiation sources from producing an extraneous
      output signal at the output of channel 14. However, if this chopping
      possibility could be eliminated, for example, by suitably mounting the
      detection system in the engine compartment of a vehicle, then the second
      channel 12 may be entirely unnecessary.
PAR  Finally, it is to be understood that the present invention is not limited
      to the particular type of detectors used. For example, germanium, lead
      selenide, and lead sulphide detectors, and thermistor bolometers can be
      used in the short wavelength channel 14, whereas mercurycadmium-telluride,
      zinc-doped germanium, or copper-doped germanium detectors can be used in
      the long wavelength channel 14. As more and more detectors become
      available, in the future it is possible that it will be desirable from a
      cost and performance standpoint to replace the detectors 12 and 32
      disclosed herein with these other types of detectors.
PAR  It should also be understood that the present invention is not limited in
      its use to any particular type of output fire suppression means. One
      suitable technique for suppressing fires and explosions which is most
      compatible for use with the detection system described above utilizes a
      plurality of pressurized freon gas bottles, each of which are
      electro-mechanically driven by a count down (not shown) register at the
      output of the above described system. Each successive output pulse
      generated by the system can be utilized to drive the count down register
      (which is of conventional design), so as to activate a separate bottle
      each time there is a fire or explosion. In this manner the system can be
      used to fully guard against a condition where the system operates to
      extinguish an initial fire, and then is not equipped for further response
      to a delayed or secondary fire, or even to a second primary fire which
      occurs later at the same location. As a practical matter, the pressurized
      bottles of freon are presently commercially available and contain the
      necessary gas exit orifices, so that the freon gas exits these orifices
      under a very high pressure and completely empties the bottle in about 10
      milliseconds or less.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical detection system responsive to a fire or explosion for
      generating an output signal, including in combination:
PA1  a. long wavelength channel means responsive to radiant energy in a
      predetermined spectral band above about six microns of electromagnetic
      radiation and received from a fire or explosion for generating a first
      logic signal,
PA1  b. short wavelength channel means responsive to radiant energy in a
      predetermined spectral band less than about two microns of
      electro-magnetic radiation and received from said fire or explosion for
      generating a second logic signal, and
PA1  c. output gate means coupled to receive both said first and second logic
      signals and responsive thereto to generate said output control signal
      which may be further processed to control the suppression of said fire or
      explosion.
NUM  2.
PAR  2. The system defined in claim 1 wherein said long wavelength channel means
      is responsive to radiation in the 7-30 micron range and said short
      wavelength channel means is responsive to radiation in the 0.7-1.2 micron
      range.
NUM  3.
PAR  3. The system defined in claim 1 wherein said long wavelength channel means
      includes:
PA1  a. a far infrared radiation detector connected at the input of said channel
      means and responsive to fire or explosion induced changes in temperature
      for generating a low level detection signal, and
PA1  b. a frequency compensating amplifier coupled between said far infrared
      radiation detector and said output gate means and having a gain versus
      frequency characteristic which substantially compensates for the roll off
      in the gain versus frequency characteristic of said detector, thereby
      maintaining a substantially constant signal gain between the input of said
      detector and the output of said compensating amplifier over a
      predetermined frequency range.
NUM  4.
PAR  4. The system defined in claim 1 wherein said short wavelength channel
      means includes a radiation detector sensitive only to radiation less than
      about 1.2 microns.
NUM  5.
PAR  5. The system defined in claim 1 wherein:
PAR  a. said long wavelength channel means includes a thermal detector
      responsive to radiation in the far infrared region of the electromagnetic
      frequency spectrum, and
PAR  b. said short wavelength channel means includes a silicon photodetector
      responsive to short wavelength radiation in the near infrared region of
      the electromagnetic frequency spectrum, whereby short wavelength and long
      wavelength radiation changes are electrically compared before an output
      signal is generated.
NUM  6.
PAR  6. The system defined in claim 1 wherein said output gate means is a
      digital logic gate connected to drive a monostable multivibrator or other
      driver circuit, whereby said multivibrator or other suitable driver
      circuit is operative to generate an output pulse for ultimately
      controlling a fire suppression mechanism.
NUM  7.
PAR  7. The system defined in claim 1 wherein:
PA1  a. said long wavelength channel means includes a thermal detector
      responsive to radiation source temperature changes for generating an
      output detection signal,
PA1  b. a frequency compensating amplifier connected to the output of said
      thermal detector and having a gain versus frequency characteristic which
      substantially compensates for the roll off in the gain versus frequency
      characteristic of said thermal detector, whereby the overall gain of said
      thermal detector and said frequency compensating amplifier is
      substantially constant over a predetermined frequency range, and
PA1  c. said short wavelength radiation channel means includes a semiconductive
      photodetector for generating an output detection signal proportional to
      the photon induced carrier recombination therein, whereby both of the
      above said detectors must generate an output signal in order to produce a
      corresponding output signal at the output of said output gate means.
NUM  8.
PAR  8. The system defined in claim 7 wherein:
PA1  a. said thermal detector is a thermopile detector responsive to source
      temperature changes induced by radiation in the far infrared region of the
      electromagnetic frequency spectrum, and
PA1  b. said photodetector is a silicon photodetector responsive to photon
      energy from radiation in the near infrared region of the electromagnetic
      frequency spectrum.
NUM  9.
PAR  9. The system defined in claim 8 wherein said output gate means includes
      threshold means for providing a predetermined threshold level therein
      which must be exceeded by said first and second logic signals in order to
      generate said output signal.
NUM  10.
PAR  10. An electrical system responsive to radiation generated by a fire or
      explosion including, in combination:
PA1  a. an optical filter for passing electromagnetic radiation in a
      predetermined wavelength range of the electromagnetic frequency spectrum,
PA1  b. a thermopile detector optically coupled to said filter and responsive to
      ambient temperature changes induced by infrared radiation above 6 microns
      in wavelength and received from said filter for generating an output
      signal, and
PA1  c. means for processing said output signal from said thermopile detector
      and for utilizing same to control the suppression of said fire or
      explosion/./, said signal processing means includes a frequency
      compensating amplifier stage coupled to said thermopile detector and which
      compensates for the roll off in responsivity of said thermopile detector.
NUM  11.
PAR  11. The system defined in Claim 10 which further includes:
PA1  a. a second optical filter for passing infrared radiation in another
      predetermined wavelength range of the electromagnetic frequency spectrum,
PA1  b. a photon detector coupled to said second optical filter for generating a
      photon energy dependent output voltage, and
PA1  c. gate means within said signal processing means for comparing the output
      signals of said thermopile and photon detectors and generating an output
      control signal upon the coincidence of said detector output signals above
      a preestablished threshold.
NUM  12.
PAR  12. The system defined in claim 11 which further includes amplifier means
      coupled between said photon detector and said gate means for providing
      appropriate signal amplification for said photon energy.
NUM  13.
PAR  13. The system defined in claim 11 wherein said first named optical filter
      passes radiation wavelengths between about 7 and 30 microns and said
      second optical filter passes radiation wavelengths between about 0.7
      and1.2 microns.
NUM  14.
PAR  14. A detection system for generating an output signal in response to a
      fire or an explosion and comprising: long wavelength channel means
      including a thermopile detector responsive to radiant energy in a
      predetermined spectral band above 6 microns wavelength of electromagnetic
      radiation and received from said fire or explosion, said long wavelength
      channel means further including a frequency compensating amplifier coupled
      to said detector and having a gain versus frequency characteristic
      selected to compensate for the roll off in responsivity of said thermopile
      detector and to thereby provide a substantially constant sensitivity to
      radiation received in a predetermined frequency range, and said long
      wavelength channel means further including means coupled to said frequency
      compensating amplifier for generating a logic signal capable of triggering
      means to suppress or control said fire or explosion.
NUM  15.
PAR  15. The system defined in claim 14 wherein said long wavelength channel
      means is responsive to radiation in the 7-30 micron wavelength range.
NUM  16.
PAR  16. The system defined in Claim 15 wherein:
PA1  a. said thermopile detector is a far infrared radiation detector connected
      at the input of said long wavelength channel means and responsive to fire
      or explosion induced changes in incident radiation for generating a
      relatively low level frequency dependent detection voltage, and
PA1  b. frequency compensating amplifier means coupled between said far infrared
      radiation detector and an output gate means and having a
      gain-versus-frequency characteristic which substantially compensates for
      the roll off in the gain-versus-frequency characteristic of said detector,
      thereby maintaining a substantially constant signal gain between the input
      of said detector and the output of said frequency compensating amplifier
      means over a predetermined frequency range.
NUM  17.
PAR  17. The system defined in claim 16 wherein said far infrared radiation
      detector is responsive to radiation in the 7-30 micron wavelength range.
NUM  18.
PAR  18. A process for detecting fires or explosions which includes the steps
      of:
PA1  a. sensing changes in incident short wavelength energy in the 0.7 - 1.2
      micron range and resulting from said fire or explosion,
PA1  b. simultaneously sensing changes in incident long wavelength energy in the
      7 - 30 micron range and resulting from said fire or explosion, and
PA1  c. electrically comparing the changes in incident short wavelength energy
      and long wavelength energy to thereby generate an output fire or explosion
      suppression signal once said changes simultaneously exceed a predetermined
      threshold level.
NUM  19.
PAR  19. The process defined in claim 18 which further includes:
PA1  a. generating a frequency-dependent signal voltage in response to changes
      in signal voltage, said long wavelength energy, and
PA1  b. amplifying said signal voltage in a manner to compensate for
      frequency-dependent amplitude variations in said signal voltage.
PATN
WKU  039315223
SRC  5
APN  5099714
APT  1
ART  256
APD  19740927
TTL  Period meter for reactors
ISD  19760106
NCL  5
ECL  1
EXP  Dixon; Harold A.
NDR  1
NFG  1
INVT
NAM  Rusch; Gordon K.
CTY  Downers Grove
STA  IL
ASSG
NAM  The United States of America as represented by the United States Energy
      Research and Development Administration
CTY  Washington
STA  DC
COD  06
CLAS
OCL  250390
XCL  176 19J
XCL  176 19EC
XCL  250392
EDF  2
ICL  G01T  300
FSC  250
FSS  390;391;392
FSC  176
FSS  19 J;19 EC
UREF
PNO  3038847
ISD  19620600
NAM  Hartin
OCL  250392
LREP
FR2  Carlson; Dean E.
FR2  Churm; Arthur A.
FR2  Gottlieb; Paul A.
ABST
PAL  An improved log N amplifier type nuclear reactor period meter with reduced
      probability for noise-induced scrams is provided. With the reactor at low
      power levels a sampling circuit is provided to determine the reactor
      period by measuring the finite change in the amplitude of the log N
      amplifier output signal for a predetermined time period, while at high
      power levels, differentiation of the log N amplifier output signal
      provides an additional measure of the reactor period.
GOVT
PAC  CONTRACTUAL ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the UNITED STATES ATOMIC ENERGY COMMISSION.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The reactor period, T, is the time required for the power level of a
      nuclear reactor to increase by a factor e (the base of natural
      logarithms). When the reactor period becomes too short, i.e. the power
      level is increasing too quickly, a reactor scram should be initiated. A
      log N amplifier type reactor period meter for measuring T includes an
      ionization chamber whose output current I is a measure of the neutron flux
      from the reactor and therefore the current I is proportional to the
      reactor power level. The output of the ionization chamber is applied to a
      logarithmic or log N amplifier whose output V(t) will be proportional to
      the log of the reactor power level, i.e.
EQU  (1) V(t) = V.sub.o - (A/A+1) .gamma. ln (I/I.sub.o)
PAL  Where V.sub.o is the log N amplifier output voltage at some reference time,
      A is the open loop gain of the amplifier, .gamma. is the voltage change
      across the logarithmic element or equivalent resistance of the log N
      amplifier due to each factor e increase in current through the logarithmic
      element, and I.sub.o is the ionization chamber output current at the
      reference time. The reactor period T can be obtained by differentiating
      equation (1) with respect to time,
EQU  (2) 1/T = [dV(t)/dt] /.gamma.
PAL  Prior art period meters have applied the V(t) signal to a conventional
      analog differentiator element to obtain a dV( t)/dt signal representative
      of reactor period. When the dV( t)/dt signal exceeds a particular value,
      indicating a low T, a scram signal is generated by a scram generator. It
      is characteristic of this system to tend to be more vulnerable to
      electrical and statistical noise when the V( t) signal is small, which
      corresponds to low reactor power levels. This noise can be of such
      amplitude as to induce the scram generator to develop a spurious scram
      signal, causing unnecessary reactor shutdown.
PAR  It is therefore an object of this invention to provide an improved reactor
      period meter.
PAR  Another object of this invention is to provide a reactor period meter with
      reduced probability of spurious reactor scrams.
PAC  SUMMARY OF THE INVENTION
PAR  An improved log N type nuclear reactor period meter is provided. With the
      reactor at low power, a sampling circuit which measures finite changes in
      the V(t) signal over predetermined time intervals is provided, giving
      .DELTA. V/.DELTA. t, an arithmetic approximation of the slope of the V(t)
      signal, which is used to determine the reactor period. With the reactor at
      high power, conventional analog differentiation of the V(t) signal from a
      log N amplifier provides the dV(t)/dt reactor period output. With either
      of the reactor period signals, dV(t)/dt or .DELTA. V/.DELTA. t, above a
      predetermined value, a scram signal generator develops a reactor scram
      signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a block diagram of the improved reactor period meter.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawing, there is shown an improved reactor period meter.
      An ionization chamber 10, such as a neutron sensitive ionization chamber
      used in the current mode, positioned in the reactor (not shown) develops
      an output signal I which is proportional to the neutron flux density of
      the reactor and which is therefore nominally proportional to the reactor
      power level. The output signal I is fed to a logarithmic amplifier 12
      whose output V(t) is of the form of equation (1) as previously described.
PAR  To obtain a signal representative of reactor period, it is possible to
      differentiate V(t) with respect to time, i.e. as shown by equation (2)
      above. It has been observed that the reactor period output signal
      developed by applying the V(t) signal to a conventional analog
      differentiator is very noisy with I at a relatively low value, even though
      the V(t) signal is well behaved at both high and low signal levels. Thus,
      the conventional analog differentiator decreases the signal-to-noise ratio
      at low reactor power levels. Utilization of the well behaved V(t) signal
      to generate period information at low power will tend to reduce
      noise-induced scrams.
PAR  When the reactor power level is rising on an asymptotic period, the V(t)
      signal of equation (1) is linear so the reactor period can be obtained by
      determining the linear slope between any two points along the V(t) signal
      line on either side of the particular point. This may be done by
      periodically establishing initial conditions, i.e. V(0) and t = 0 and
      subsequently monitoring the finite changes in the V(t) signal over a
      predetermined time interval. A period scram level can be established by
      selecting an allowable increase .DELTA. V of V(t) over some prescribed
      time interval t = .delta.. Since the change in V(t) is the significant
      parameter because it is related to the increase in reactor power level
      which will occur before scram action is initiated, the change of its value
      .DELTA. V with reference to V(0) is selected first. The value of .delta.
      is then chosen to achieve a scram when the reactor period decreases to
      some prescribed value T.sub.i.
PAR  In particular, referring to the drawing there is shown a circuit in which
      the conventional analog differentiator scram signal is developed by dV/dt
      scram circuit 13 which is limited to developing scram signals at high
      power levels and in which low power scram signals are developed by
      .DELTA.V/dt circuit 20 which monitors finite changes in the V(t) signal
      over a predetermined time interval. The high power level scram signal
      generation is developed by dV/dt scram circuit 13. The V(t) signal
      developed by amplifier 12 is fed to a conventional differentiator 14 where
      it is differentiated with respect to time to produce the dV/dt reactor
      period signal to be utilized at high power. The output of differentiator
      14 is applied to comparator circuit 15. A comparator circuit is a logic
      device which compares the value of a first input signal to that of a
      second input signal. If it is a "greater than" comparator circuit, it
      generates a positive logical output signal with the value of the first
      signal greater than the value of the second and if it is a "lesser than"
      comparator circuit, it generates a positive logical output signal with the
      value of the first signal less than the value of the second. In all other
      cases the output of the circuit is zero. Comparator 15 is a "greater than"
      circuit intended to determine if the reactor period T is below a
      predetermined value. Since according to equation (2), T is inversely
      proportional to dV/dt, comparator 15 generates an output having a positive
      logical state with the dV/dt signal greater than the value of the output
      of period trip setting 16 which is also applied to comparator circuit 15.
      A setting circuit, such as period trip setting circuit 16 is an element
      whose output signal has a predetermined programmable or settable value.
      The programmed value of period trip setting circuit 16 is the
      predetermined value of dV/dt at which a scram signal should be generated.
      Note that while the disclosure herein deal with positive logic circuitry,
      of course, to those skilled in the art, negative or other types of logic
      circuitry are equally applicable.
PAR  As the positive signal developed by comparator 15 is developed with
      undesirable frequency at low reactor power due to the noise in the dV/dt
      signal, means are provided to limit the high reactor power level scramming
      of the reactor in response to the positive state of comparator 15.  The
      V(t) signal from amplifier 12 is also fed to a "greater than" comparator
      17 which compares the value of V(t), which is proportional to reactor
      power level, to the output of reference power level setting 18. The value
      of the output of power level setting 18 is programmed to a particular
      value of V(t) corresponding to a particular power level so that comparator
      circuit 17 generates an output of positive logical state only when the
      particular reactor power level is exceeded. The output signals from
      comparator circuits 15 and 17 are applied to AND circuit 19 which will
      develop a positive logical output only when both inputs are in a positive
      logical state simultaneously. Thus, AND circuit 19 will allow the scram
      signal developed by comparator circuit 15 to be passed on only when
      comparator circuit 17 is simultaneously indicating that the reactor power
      level is above a particular value. The particular value of the reactor
      power level programmed into power level setting 18 is determined by the
      noise condition of the dV/dt signal from differentiator 14. It has been
      observed that the range of programmed values for power level setting 18
      corresponds with the value of the I signal from ionization chamber 20
      typically being between 10.sup.-.sup.7 amps and 10.sup.-.sup.4 amps. Best
      results were obtained with the programmed value of the reactor power level
      setting 18 corresponding to a value of the I signal of 10.sup.-.sup.5
      amps.
PAR  Generation of a reactor scram with reduced noise induced scram is provided
      by .DELTA.V/.DELTA.t circuit 20, which utilizes the V(t) signal, less
      noisy at low power levels than the dV/dt signal, to monitor changes in the
      V(t) signal over a predetermined time interval.  Low power scram signal
      detection, i.e. below the reactor power level trip setting of reference
      power level setting 18 is developed by .DELTA. V/.DELTA. t circuit 20.
      Circuit 20 includes two separate sampling circuits to monitor the finite
      changes, .DELTA. V, in the value of V(t) over continuously repeated
      predetermined time intervals of t = .delta.. The repeated time intervals
      covered by the two circuits are made to overlap each other so that one
      sampling circuit is monitoring V(t) for a time period which ends in the
      middle of the time period monitored by the other circuit. This is done so
      that there is no dead time while the sampling circuits rezero themselves
      at the end of each predetermined time period. In all other aspects these
      two circuits are identical. They each include gate circuits 22 and 32 to
      which the V(t) signal is fed. Gate circuits 22 and 32 are parts of sample
      and hold circuits which apply the value of V(t) to analog memories 24 and
      34, respectively, whenever they receive a gate pulse from gate pulse
      sources 23 and 33, respectively. Gate pulse sources 23 and 33 are devices
      which continuously generate pulses at predetermined programmable time
      intervals of .delta. and are coupled together so that the timing of their
      outputs may be synchronized. Thus, every time interval .delta., gate
      circuit 22 is opened and the existing value of V(t) at the instant is
      stored in analog memory 24 as an updated value of V(0). The same procedure
      follows for gate circuit 32 and analog memory 34 over an overlapping time
      interval. Low power period trip settings 25 and 35 develop a programmed
      output whose value is .gamma..delta./T.sub.1, where .gamma. is the
      constant associated with the logarithmic element of log N amplifier 12 as
      described in equation (1), T.sub.1 is the reactor period at which a scram
      should be generated and .delta. is the time interval associated with the
      reactor period T.sub.1 for a given finite change .DELTA.V in V(t). The
      output of period trip settings 25 and 35 and of analog memories 24 and 35
      are constantly applied to adding amplifiers 27 and 28, respectively, whose
      outputs will therefore be V(0) + .gamma..delta./T.sub.1 with V(0) in each
      sampling circuit being continually updated each time interval .delta.. The
      V(t) signal is applied to comparators 29 and 39, both being "greater than"
      comparators. Comparators 29 and 39 constantly compare the value of V(t)
      with the output of adding amplifiers 27 and 37, respectively, and each
      generates a positive logic state of scram signal with V(t) greater than
      V(0) + .gamma..delta./T.sub.1. Note that the value of the outputs of
      adding amplifiers 27 and 37 is constantly changed each time interval
      .delta..
PAR  The value of .delta. is arbitrary being defined by .delta.V for a given
      T.sub.1 and vice versa. Of course, the longer .delta., the greater the
      finite change in V(t) from V(0) and the shorter .delta. selected the
      smaller the finite change. For T.sub.1 .apprxeq. 10 sec, typical values
      for .delta. for acceptable results are within the range of 1-20 sec.
PAR  The outputs of comparator circuits 29 and 39 which have low noise induced
      positive states at low power, and AND circuit 26 19, which is limited to
      being in the positive state only at high power, all of which are either in
      a scram or no scram condition are applied to OR circuit 40. If any of
      comparator circuits 29 and 39 or AND circuit 19 indicate a scram
      condition, then OR circuit 40 develops an output indicating scram
      condition and the reactor is scrammed by scram generator 42.
PAR  Note that the .DELTA.V/.DELTA.t circuit 20 is used over the entire spectrum
      of reactor power levels while the dV/dt circuit 13 is used only at high
      power levels. This is done to provide the safety factor of redundancy and
      increases response time since in certain rare instances at high power the
      .DELTA.V/t circuit detects a scram faster than the dV/dt circuit.
PAR  Further, it is important to note that the frequency response of the
      .DELTA.V(t)/.DELTA.t system can be significantly improved over the
      conventional dV/dt system because the signal-to-noise ratio associated
      with the .DELTA.V(t)/.DELTA.t signal is considerably greater than that
      associated with the dV/dt signal developed by a conventional
      differentiator. Also, the power level increase factor as well as the
      transient response may be adjusted to minimize the effects of noise or to
      otherwise optimize the V(t) circuit performance. This is an additional
      parameter to govern the performance of the circuit not otherwise available
      in the conventional analog differentiator circuit.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a device for developing a reactor scram signal in response to a
      reactor period T less than a specific value, the device including means
      for measuring the neutron flux density of the reactor and developing a
      first output signal which is a function of the neutron flux density, a
      differentiator coupled to the means for measuring for diffentiating the
      first output signal to develop a second output signal and a first
      comparator coupled to the differentiator and being responsive to the
      second output signal greater than a particular value to develop a first
      alarm signal, an apparatus for reducing noise induced scrams comprising:
PA1  a second comparator coupled to the first comparator and the means for
      measuring and being responsive to first output signal greater than a
      predetermined value and coincidentally the first alarm signal to develop a
      second alarm signal, a first gate circuit coupled to the means for
      measuring, a first signal storage circuit coupled to said first gate
      circuit, a timing circuit for developing periodically a first timing
      signal coupled to said first gate circuit, said first gate circuit being
      responsive to said first timing signal to couple the first output signal
      to said first signal storage circuit, said first signal storage circuit
      acting to continuously develop a third output signal equal to the first
      output signal at the instant said first output signal is coupled to said
      first storage circuit plus a particular quantity with said third output
      signal being updated each time said first output signal is coupled to said
      first signal storage circuit in response to said first timing signal, a
      third comparator coupled to the means for measuring and said first signal
      storage circuit and being responsive to the first output signal greater
      than said third output signal to develop a third alarm signal, and an OR
      gate coupled to said second and third comparators and being responsive to
      an alarm signal developed thereby to develop a reactor scram signal.
NUM  2.
PAR  2. The device of claim 1 wherein said means for measuring includes means
      for developing an I signal whose value is proportional to the neutron flux
      density of the reactor, and a log N amplifier responsive to said I signal
      to develop the first output signal proportional to the natural log of said
      I signal, said first timing circuit developing said first timing signal
      periodically every time interval t, said particular quantity being equal
      to t.gamma./T where .gamma. is a constant associated with said log N
      amplifier.
NUM  3.
PAR  3. The device of claim 2 wherein said means for developing an I signal is a
      neutron sensitive ionization chamber used in the current mode and wherein
      said predetermined value to which said first output signal is compared by
      said second comparator corresponds to the value of said I signal being
      between the range of 10.sup.-.sup.7 and 10.sup.-.sup.4 amps.
NUM  4.
PAR  4. The device of claim 3 wherein said predetermined value corresponds to
      the value of said I signal being about 10.sup.-.sup.5 amps.
NUM  5.
PAR  5. The device of claim 1 further including a second gate circuit coupled to
      the means for measuring and said timing circuit, a second signal storage
      circuit coupled to said second gate circuit, said timing circuit further
      developing periodically a second timing signal in the intervals between
      each of said first timing signals, said second gate circuit being
      responsive to said second timing signals to couple the first output signal
      to said second signal storage circuit, said second signal storage circuit
      acting to continuously develop a fourth output signal equal to the first
      output signal at the instant said first output signal is coupled to said
      second storage circuit plus said particular quantity with said fourth
      output signal being updated each time said first output signal is coupled
      to said second signal storage circuit in response to said second timing
      signal, and a fourth comparator coupled to the means for measuring and
      said second storage circuit and being responsive to the first output
      signal greater than said fourth output signal to develop a fourth alarm
      signal, said OR gate being coupled to said fourth comparator and being
      responsive to said fourth alarm signal to develop said reactor scram
      signal.
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PAL  An activation neutron detector made as a moulded and cured composition of a
      material capable of being neutron-activated. The material is selected from
      a group consisting of at least two chemical elements, a compound of at
      least two chemical elements and their mixture, each of the chemical
      elements being capable of interacting with neutrons to form radioactive
      isotopes having different radiation energies when disintegrating. The
      material capable of being neutron-activated is distributed throughout the
      volume of a polycondensation resin inert with respect to neutrons and
      capable of curing.
BSUM
PAR  The present invention relates to neutron dosimetry, and more particularly
      to an activation neutron detector.
PAR  Activation neutron detectors are used to measure integrated fluxes of
      thermal and fast neutrons during the irradiation of a sample, as well as
      neutron-field intensities.
PAR  In what follows, by an activation neutron detector is meant a detector made
      as a material capable of being neutron-activated and including
      neutron-sensitive elements, the radioactivity of which can be measured
      after irradiation by methods commonly used for measuring ionizing
      particles, and data obtained as a result of such measurements can be used
      to calculate the neutron flux at the point where a sensing element has
      been irradiated.
PAR  Activation neutron detectors are known in which chemically pure elements
      are used as the detecting material. Such activation detectors are made in
      the form of tablets, thin foils, wires, films sputtered onto substrates
      inert with respect to neutrons, or as a mixture with a polymer binder.
PAR  Also known is an activation neutron detector made as a moulded and cured
      composition comprising an element capable of being neutron-activated and
      distributed throughout the volume of a cured polycondensation resin inert
      with respect to neutrons.
PAR  These known detectors, however, suffer from a number of disadvantages. Each
      of them comprises only one neutronsensitive element serving, after
      irradiation, as a source of information on the parameters of the neutron
      field.
PAR  As a consequence, the irradiation of one detector, followed by measuring
      its radioactivity, furnishes information, according to the
      neutron-sensitive element, either on the thermal-neutron flux at the point
      of irradiation or on the integral fast-neutron spectrum having an energy
      above the effective threshold energy for the given neutron-sensitive
      element of the detector under consideration.
PAR  To obtain a full fast-neutron spectrum with the aid of the above detectors,
      a plurality of them has to be irradiated in succession and their
      radioactivity measured, also in succession.
PAR  "Sandwiches" made up by superposing individual detectors with different
      neutron-sensitive elements are not used, because various elements therein
      are in dissimilar conditions with respect to neutrons. In this case, the
      inner layers of the "sandwiches" are in a neutron-deficient flux due to a
      partial absorption of neutrons by the outer layers. The foregoing holds
      true for the detectors of all the above-mentioned types. What is more,
      some widely used detectors that contain sulphur, phosphorus or other
      elements easily melt, inflame and are unstable.
PAR  Besides, in detectors made as moulded and cured compositions, namely solid
      solutions of a neutron-sensitive element in a polycondensation resin,
      there occurs a thermalization of fast neutrons on the nuclei of the
      hydrogen which enters into the composition of the resin.
PAR  This effect rules out the possibility of using "sandwiches" produced by
      superposing individual detectors based on polycondensation resins.
PAR  On the other hand, in most cases, information on both thermal and
      fast-neutron fluxes or on a fast-neutron spectrum should be acquired at
      the same time from a single irradiated detector.
PAR  It is an object of the present invention, therefore, to provide detectors
      of such a composition which make it possible, as a result of measuring the
      activity of a single irradiated detector, to obtain information on both
      thermal and fast-neutron fluxes or on the fast-neutron spectrum at a time.
PAR  Another object of the invention is to reduce the concentration of hydrogen
      in detectors and attenuate the thermalization of fast neutrons.
PAR  Still another object of the invention is to enhance the thermal stability
      of detectors containing such neutron-sensitive elements which are normally
      unstable and easily melt, oxidize and inflame.
PAR  These and other objects are achieved in an activation neutron detector made
      as a moulded and cured composition of a material capable of being
      neutron-activated and distributed throughout the volume of a
      polycondensation resin inert with respect to neutrons and capable of
      curing, wherein the material consists of at least two chemical elements,
      each forming radioactive isotopes that have different radiation energies
      when spontaneously disintegrating under the effect of neutrons as a result
      of activation, the elements being in the form of chemically free
      substances, or in the form of substances having these elements in a bound
      form, or a combination of the form of chemical elements.
PAR  It is yet another object of the invention to eliminate the drawbacks of
      prior-art detectors.
PAR  To measure high integrated neutron fluxes of up to 10.sup.20 n/cm.sup.2 it
      is preferable that the detectors be made as a moulded and cured
      composition of a solid solution of a neutron-sensitive element producing,
      when neutron-irradiated, a long-lived isotope, and of a powdered oxide of
      a neutronsensitive element having a melting point above 300.degree.C and
      producing, when irradiated with fast neutrons, a short-lived radioactive
      isotope. The isotopes thus produced have different radiation energies when
      disintegrating and can be measured separately.
PAR  It is also possible to use detectors made as a moulded and cured
      composition in which the material capable of being neutron-activated is
      alumina, for the measurement of integrated fast-neutron fluxes in hard
      neutron spectra.
PAR  It is expedient to use detectors containing magnesium oxide as the material
      capable of being neutron-activated.
PAR  It is also expedient to use detectors made as a moulded and cured
      composition which is a solid solution of a salt formed by a metal, such as
      cobalt, nickel or iron, and a an acid radical inert with respect to
      neutrons, in a polycondensation resin, mixed with alumina.
PAR  If a detector containing alumina and a salt of cobalt is used to measure
      radioactivity, it provides information on the integrated thermal-neutron
      flux.
PAR  If a detector containing alumina and salts of nickel and iron is used to
      measure radioactivity, the information furnished thereby will be on the
      integrated fast-neutron flux with threshold energies below that of
      aluminium.
PAR  It is advisable to use a detector containing a solid solution of a salt
      formed by a metal, such as cobalt, nickel or iron, and an acid radical
      inert with respect to neutrons, in a polycondensation resin, mixed with
      magnesium oxide.
PAR  The substitution of part of the polycondensation resin in a composition
      with an oxide of a metal reduces the hydrogen content therein, hence
      attenuates the thermalization of fast neutrons. The presence of an oxide
      of a metal in the polymer composition increases the radiation resistance
      up to 10.sup.20 n/cm.sup.2.
PAR  It is also advisable to use a detector made as a moulded and cured
      composition of a solid solution of a salt formed by indium or mercury and
      an acid radical inert with respect to neutrons, in the copolymer of
      phenol-formaldehyde resol resin with meta-chlorophenol-formaldehyde resin
      in combination with a mixture of aluminum, nickel, iron and thallium
      oxides.
PAR  It is expedient that the content of chlorine in the
      metachlorophenol-formaldehyde resin be 5% by weight.
PAR  In this case, to have an almost equal activity from different isotopes, the
      content of the composition components should preferably be as follows (in
      weight parts):
TBL  alumina                                                                   

                             15                                                

                             nickel oxide                                      

                              10                                               

                             iron oxide                                        

                              3                                                

                             thallium oxide                                    

                              1                                                

                             indium nitrate                                    

                              0.03                                             

                             mercuric nitrate                                  

                              0.1                                              

                             copolymer of phenol-formaldehyde                  

                              resol resin with meta-chlorophe-                 

                              nol-formaldehyde resin contain-                  

                              ing 5% Cl by weight                              

                              10                                               

PAR  Such a detector should be used for obtaining the fast-neutron spectrum by
      calculations based on the data acquired as a result of measurement of the
      isotope gamma spectrum by means of a multichannel pulse analyzer with a
      semiconductor sensor having a resolving power of about 2 to 5 kev.
PAR  An activation detector whose gamma spectrum can be measured after
      irradiation by means of a simple multichannel device, in which a crystal
      scintillator of the NaJ(Tl) type is used as the sensor, should be based on
      a composition made up of a solid solution of inidum nitrate in a
      polycondensation resin in combination with a mixture of oxides of nickel
      and aluminum. In such a detector, to have an almost equal activity from
      different isotopes after its irradiation in the uranium fission spectrum,
      the content of the composition components should preferably be as follows
      (in weight parts):
TBL  nickel oxide                                                              

     25                                                                        

     alumina                                                                   

     40                                                                        

     indium nitrate                                                            

      2.5                                                                      

     polycondensation resin                                                    

     50                                                                        

PAR  It is also possible to use a detector made as a moulded and cured
      composition in which mercury sulphide or ferrous sulphide powder used as
      the material capable of being neutron-activated.
PAR  It is expedient to use this activation detector as a double heat-resistant
      threshold detector.
PAR  The radioactivity of a detector containing ferrous sulphide is measured,
      after irradiation, by the gamma activity of Mn.sup.56 and, after the decay
      of Mn.sup.56, by the beta activity of P.sup.32.
PAR  A detector containing mercuric sulphide can also be used as a double
      threshold detector with mercury and sulphur. In this case, the
      neutron-sensitive elements of mercury and sulphur, which easily melt and
      volatilize under normal condition, mixed in this composition with a
      polycondensation resin, are resistant to heat up to 250.degree.C, and the
      mouldability and stability of the detector are best ensured with the
      following content of the composition components (in weight parts):
TBL  mercuric sulphide                                                         

     80                                                                        

     polycondensation resin                                                    

     20                                                                        

PAR  For the measurement of the neutron gas temperature a detector is used made
      as a moulded and cured composition of a solid solution of a salt of
      lutecium with an acid radical inert with respect to neutrons, in a
      polycondensation resin, mixed with red phosphorus.
PAR  In such a detector, the content of the composition components should be as
      follows (in weight parts):
TBL  red phosphorus                                                            

     25                                                                        

     lutecium nitrate                                                          

      2                                                                        

     polycondensation resin                                                    

     73                                                                        

PAR  The introduction of new neutron-sensitive elements into the composition of
      a known activation neutron detector is conducive to an attenuation of the
      thermalization of fast neutrons in the detector and increases the amount
      of information on the neutron field parameters; the radiation resistance
      of the detector improves as well.
PAR  The geometrical dimensions of the detector containing several chemical
      elements make it convenient in use.
PAR  These properties of the proposed detectors permit of extending the field of
      their application.
PAR  The proposed activation neutron detectors are prepared as follows.
PAR  An alcoholic solution is prepared of a polycondensation resin capable of
      curing. Then, an alcoholic solution of salts is introduced into this
      solution namely of a metal capable of being neutron-activated with acid
      radicals inert with respect to neutrons. The solution is intimately mixed
      and the alcohol is topped therefrom. As a result, there is produced a
      resol syrup which is a true solution of salts in the resol. The syrup is
      partially cured under a vacuum of about 10 to 50 mm Hg at a temperature of
      about 80.degree.C for 2 to 3 hours to form melted insoluble product known
      as resitol. The porous resitol thus obtained is cooled to room temperature
      and crushed to a fine powder from which tablets are pressed under 200 to
      2,000 kg/cm.sup.2. These tablets are placed in a thermostat and held there
      at a temperature of 120.degree. to 150.degree.C for 3 hours, as a result
      of which they are cured to a non-melting non-soluble state, thus forming
      resite. In this state, they attain vitreous structure and high mechanical
      strength.
PAR  When a detector contains powders of free elements of oxides and sulphides
      of iron or mercury which are not soluble in alcohol, these powders are
      mechanically mixed with an alcoholic solution of either resol or resol
      with salts dissolved therein, whereafter the mixture is used to prepare
      tablets in a manner as described above.
PAR  This preparation process ensures a uniform distribution of salts of such
      neutron-sensitive elements, the content whereof in the detector must be
      low as determined by the activation conditions of these elements and the
      conditions of measurement of the activity of the isotopes formed therein.
PAR  The deviation of the element concentration in individual detectors from the
      mean value does not exceed 0.3 to 0.5%.
PAR  For a better understanding of the invention, specific examples of preparing
      individual activation neutron detectors are given below.
DETD
PAC  EXAMPLE 1
PAR  An activation neutron detector is made as a moulded and cured composition
      of a solid solution of indium and nickel nitrates in phenol-formaldehyde
      resol resin.
PAR  In this composition, the content of its components is as follows (in weight
      parts):
     indium nitrate                                                            

                            0.5                                                

                            nickel nitrate                                     

                             15                                                

                            phenol-formaldehyde resol resin                    

                             84.5                                              

PAR  This detector is prepared as follows.
PAR  0.5 weight parts of In(NO.sub.3).sub.3 and 15 weight parts of
      Ni(NO.sub.3).sub.3 are placed in a flask to which are added 200 weight
      parts of rectified ethyl alcohol, and the contents of the flask are heated
      until they are completely dissolved. The resulting solution is passed
      through a porous glass filter, the filtrate is transferred to a
      round-bottom flask, and 169 weight parts of a 50% solution of
      phenol-formaldehyde resol in ethyl alcohol are introduced thereinto.
PAR  The alcohol is topped from the mixture under vacuum and the resulting
      homogeneous resol syrup is heated under a vacuum of about 50 mm Hg at a
      temperature of about 80.degree.C for a period of three hours. In so doing,
      the resol syrup partially cures, passing into resitol. After cooling to
      room temperature, the resitol is crushed to fine powder from which tablets
      are pressed under 200 to 2,000 kg/cm.sup.2, which tablets finally cure as
      the resin passes into resite at a temperature of about 150.degree.C.
PAR  The tablets thus obtained have a high mechanical strength (a microhardness
      of about 30 kg/mm.sup.2), a heat resistance of up to 250.degree.C and a
      radiation resistance to an integrated fast neutron flux of about 10.sup.19
      n/cm.sup.2.
PAR  Since the material of the detector is a solid molecular solution of salts
      of indium and nickel in resol, these elements are uniformly distributed in
      the resin, and the specific content of the elements is practically the
      same in all the detectors of a batch.
PAR  A tablet measuring approximately 8 .times. 1.5 mm weighs 100 mg.
PAR  After irradiation with a fast neutron flux of about 10.sup.16 n/cm.sup.2,
      the detector is allowed to stand for about 24 hours, then its activity is
      measured with a multichannel pulse analyzer. In this case, a crystal
      scintillator NaJ(Tl) is used as the sensor for separately determining the
      activity of isotopes In.sup.115m and Co.sup.58 formed from the indium and
      the nickel.
PAR  Calculated from the activity of In.sup.115m is the integrated fast neutron
      flux with an energy of more than 1.15 Mev, while calculated from the
      activity of Co.sup.58 is the integrated fast neutron flux with an energy
      of more than 2.55 Mev.
PAR  Thus, the irradiation of a single detector furnishes information on
      integrated neutron fluxes with two above-mentioned energies.
PAC  EXAMPLE 2
PAR  An activation neutron detector is made as a moulded and cured composition
      of a solid solution of a mixture of any nitrate in phenol-formaldehyde
      resol resin. Therewith, each of the metals is a threshold detector forming
      a gamma-active isotope with different photopeak energies render the effect
      of fast neutrons.
PAR  The total amount of all the salts in the resin, calculated as metal, does
      not exceed 3% of the resin weight.
PAR  Such a detector can be prepared as specified in Example 1.
PAR  After irradiation in a fast neutron flux, the activity of the detector is
      measured with a multichannel analyzer, the sensor whereof provides for
      resolving all the photopeaks of the radioactive isotopes formed in the
      detector. The activation data obtained as a result of the measurement of
      the activity of such a detector are used to determine the fast neutron
      spectrum in the irradiated region.
PAC  EXAMPLE 3
PAR  An activation neutron detector is made as a moulded and cured composition
      of a solid solution of a mixture of acetates of any element in
      aniline-formaldehyde resin. Otherwise, this detector is similar to the one
      described in Example 2.
PAC  EXAMPLE 4
PAR  An activation neutron detector is made as a moulded and cured composition
      which is a conglomerate of powdered compounds of neutron-sensitive
      elements and a solid solution of salts of neutron-sensitive elements in a
      polyblend containing two weight parts of phenol-formaldehyde resin and one
      weight part of phenol-benzaldehyde novolak resin. Elementary sulphur is
      used as the powder, and the solid solution is based on ferrous nitrate.
      The content of the composition components is as follows (in weight parts):
TBL  polyblend                                                                 

     25                                                                        

     ferrous nitrate                                                           

      4                                                                        

     elementary sulphur                                                        

     71                                                                        

PAR  After irradiation in a fast neutron flux, measurements are made of the
      activity of Mn.sup.56 formed from iron as a result of the nuclear reaction
      Fe.sup.56 (n, p)Mn.sup.56. Then, 48 hours after the decay of Mn.sup.56,
      there is measured the activity of P.sup.32 formed as a result of the
      reaction S.sup.32 (n, p)P.sup.32.
PAR  The data thus obtained are used for the calculation of the fast neutron
      fluxes in the irradiated region.
PAC  EXAMPLE 5
PAR  An activation neutron detector is made as a moulded and cured composition
      which is a conglomerate of an oxide of a metal plus a solid solution of
      nitrates of metals.
PAR  In this particular case, oxides perform a number of functions: the metals
      in these oxides are neutron-sensitive, therefore they can provide
      information on neutron fluxes; the oxides increase the radiation
      resistance of the solid solution of salts in a polymer to an integrated
      neutron flux of about 10.sup.20 n/cm.sup.2 against 10.sup.19 n/cm.sup.2
      for compositions containing no oxides; and a high content of oxides
      attenuates the thermalization of fast neutrons on nuclei of the hydrogen
      forming part of the resin.
PAR  Tabulated below are compositions of detectors containing oxides of metals
      and a solution of other elements in phenol-formaldehyde resol resin (in
      weight parts).
TBL  ______________________________________                                    

     Oxides Content   Content   Content of other elements                      

            of oxides of resin  in a solid solution thereof                    

                                in resin                                       

     ______________________________________                                    

     TiO.sub.2                                                                 

            50        49        Zn(NO.sub.3).sub.2                             

     Al.sub.2 O.sub.3                                                          

            80        19.9      Co(NO.sub.3).sub.2                             

     0.1                                                                       

     Al.sub.2 O.sub.3                                                          

            80        18.9      Ni(NO.sub.3).sub.2                             

     1.1                                                                       

     MgO    90        9.99      Co(NO.sub.3).sub.2                             

     0.01                                                                      

     ______________________________________                                    

PAR  These oxide-containing detectors should preferably be used as monitors with
      samples irradiated with integrated neutron fluxes of about 10.sup.20
      n/cm.sup.2.
PAC  EXAMPLE 6
PAR  An activation neutron detector is made as a composition with the same
      neutron-sensitive elements as in Example 5, and with melamine-formaldehyde
      resin used as the polycondensation resin. The properties of this detector
      are similar to those of the detector of Example 5.
PAC  EXAMPLE 7
PAR  An activation neutron detector is made as a composition with the same
      neutron-sensitive elements as in Example 5, and with resorcin-formaldehyde
      resin used as the polycondensation resin. The properties of this detector
      are similar to those of the detector of Example 5.
PAC  EXAMPLE 8
PAR  An activation neutron detector is made as a moulded and cured composition
      which is a conglomerate of alumina and a solid solution of nickel acetate
      in phenol-formaldehyde resol resin.
PAR  The content of the composition components is as follows (in weight parts):
TBL  phenol-formaldehyde resol resin                                           

     10                                                                        

     alumina                                                                   

     89.5                                                                      

     nickel acetate                                                            

      0.5                                                                      

PAR  This detector can be prepared in the following manner.
PAR  Introduced into 40 weight parts of a 25% solution of resol are 0.5 weight
      parts of nickel acetate dissolved in alcohol. Then, added to the resulting
      mixture is a fine powder of chemically pure alumina taken in an amount of
      89.5 weight parts. The mixture is thoroughly stirred and the alcohol is
      evaporated therefrom at a temperature of 60.degree. to 70.degree.C.
PAR  The residue is cooled to room temperature, crushed to fine powder and
      sifted through a sieve with a mesh of not more than 100 mu. Tablets are
      pressed from this powder, which finally cures at a temperature of about
      150.degree.C. These tablets make detectors which can advantageously be
      used to measure integrated fast neutron fluxes.
PAC  EXAMPLE 9
PAR  An activation neutron detector is made as a moulded and cured composition
      which is a conglomerate of magnesium oxide and a solid solution of
      cobaltous propionate in phenol-formaldehyde resol resin.
PAR  The content of the composition components is as follows (in weight parts):
     magnesium oxide                                                           

     74.995                                                                    

     cobaltous propionate                                                      

      0.005                                                                    

     phenol-formaldehyde resol resin                                           

     25                                                                        

PAR  This detector can be prepared as follows.
PAR  0.005 weight parts of an alcoholic solution of cobaltous propionate are
      introduced into 50 weight parts of a 50% alcoholic solution of
      phenol-formaldehyde resol resin. The alcohol is evaporated from the
      mixture thus obtained, and the residue is crushed to fine powder as in
      Example 1. The resulting resitol powder is mixed with 75.995 weight parts
      of powdered chemically pure magnesium oxide, and tablets are pressed from
      the mixture, which are then cured at 150.degree.C for 2-3 hours.
PAR  This detector is used to measure integrated thermal neutron fluxes of about
      10.sup.20 n/cm.sup.2 at, a temperature of no more than 300.degree.C, in
      the irradiated region.
PAC  EXAMPLE 10
PAR  An activation neutron detector is made as a moulded and cured composition
      which is a conglomerate of alumina and a solid solution of ferrous nitrate
      in phenol-formaldehyde resol resin.
PAR  The content of the composition components is as follows (in weight parts):
TBL  alumina                                                                   

     97                                                                        

     ferrous nitrate                                                           

      0.05                                                                     

     phenol-formaldehyde resol resin                                           

      2.95                                                                     

PAR  The detector is prepared as in Example 8. It is used to measure integrated
      neutron fluxes of 10.sup.21 n/cm.sup.2 at a temperature of not more than
      1,400.degree.C.
PAC  EXAMPLE 11
PAR  An activation neutron detector is made as a composition with the same
      neutron-sensitive elements as in Example 10 and with a mixture of
      phenol-formaldehyde resol, and anilineformaldehyde resins used as the
      polycondensation resin, which resins are taken in the ratio 1:1. The
      properties of this detector are similar to those of the detector of
      Example 10.
PAC  EXAMPLE 12
PAR  An activation neutron detector is made as a moulded and cured composition
      which is a conglomerate of a mixture of oxides of aluminium (Al.sub.2
      O.sub.3), nickel (Ni.sub.2 O.sub.3), iron (Fe.sub.2 O.sub.3) and thallium
      (Tl.sub.2 O), and a solid solution of salts of indium (In.sup.3.sup.+) and
      mercury (Hg.sup.2.sup.+) with acid radicals inert with respect to
      neutrons, in a copolymer of phenol-formaldehyde resol resin with
      meta-chlorophenol-formaldehyde resin.
PAR  The content of the composition components is as follows (in weight parts):
TBL  alumina                                                                   

     15                                                                        

     nickel oxide                                                              

     10                                                                        

     iron oxide                                                                

      3                                                                        

     thallium oxide                                                            

      1                                                                        

     indium nitrate                                                            

      0.03                                                                     

     mercuric nitrate                                                          

      0.1                                                                      

     copolymer, with 5% Cl by weight                                           

     10                                                                        

PAR  This detector is prepared in the following manner.
PAR  30 weight parts of alumina, 20 weight parts of nickel oxide, 6 weight parts
      of iron oxide and 2 weight parts of thallium oxide are mixed with 20
      weight parts of a 25% alcoholic solution of the copolymer of
      phenol-formaldehyde resol and meta-chlorophenol-formaldehyde resins, the
      latter resin containing 10% Cl by weight.
PAR  The mixture is thoroughly stirred, then the alcohol is topped therefrom and
      the mixture is cured till it passes into resitol. The resulting
      conglomerate is crushed, at room temperature, to a fine powder which is
      sifted through a sieve with a mesh of not more than 50 mu. 34 weight parts
      of this powder are taken to be mixed with 5.13 weight parts of the powder
      which is a solid solution of 0.1 weight parts of mercuric nitrate and 0.03
      weight parts of indium nitrate in 5 weight parts of phenolformaldehyde
      resol resin in the resitol stage (the process of preparing a solid
      solution of salts in a polycondensation resin is described in Example 1).
PAR  The powders are intimately mixed, then the resulting mixture is pressed to
      tablets which are cured at a temperature of 150.degree.C.
PAR  The detectors thus prepared are irradiated in the fast neutron spectrum
      with an integrated neutron flux of about 10.sup.17 n/cm.sup.2 (the
      detector weighs 100 mg).
PAR  To eliminate thermal neutron contribution, the detectors are enclosed in
      hermetic sheaths made from metallic cadmium.
PAR  As a result of fast-neutron irradiation, threshold nuclear reactions occur
      on In, Hg, Ni, Fe, Al, Tl and Cl.
PAR  Multichannel radiometric devices with semiconductor crystals having high
      resolving power are used to separately measure the activity of each
      isotope produced by the reactions. The activity of P.sup.32 formed as a
      result of the reaction C.sup.35 (n, .alpha. P.sup.32 is measured by beta
      radiation.
PAR  The activation data thus obtained are used to determine the fast neutron
      spectrum in the irradiated region.
PAC  EXAMPLE 13
PAR  An activation neutron detector is made as a moulded and cured composition
      which is a conglomerate of a mixture of oxides Ni.sub.2 O.sub.3 and
      Al.sub.2 O.sub.3 with a solid solution of indium nitrate in
      phenol-formaldehyde resol resin.
PAR  The content of the composition components is as follows (in weight parts):
TBL  nickel oxide                                                              

     25                                                                        

     alumina                                                                   

     40                                                                        

     indium nitrate                                                            

      2.5                                                                      

     phenol-formaldehyde resol resin                                           

     50                                                                        

PAR  The detector is prepared according to the process of Example 12.
PAR  After the detector, enclosed in a cadmium sheath, has been irradiated, its
      activatity in the fast neutron spectrum is measured with the sensor, a
      crystal scintillator NaJ(Tl), of a multichannel pulse analyzer. The data
      thus obtained provide information on the energy distribution of fast
      neutrons in the core of a nuclear reactor.
PAC  EXAMPLE 14
PAR  An activation neutron detector is made as a moulded and cured composition
      with the following content of its components (in weight parts):
TBL  alumina                                                                   

     15                                                                        

     nickel oxide                                                              

     10                                                                        

     iron oxide                                                                

      3                                                                        

     thallium oxide                                                            

      1                                                                        

     mercuric nitrate                                                          

      0.1                                                                      

     indium nitrate                                                            

      0.03                                                                     

     copolymer of phenol-formaldehyde                                          

      resin with meta-chlorophenol-                                            

      formaldehyde resin containing                                            

      2.5% Cl by weight                                                        

     20                                                                        

PAR  The properties of this detector are similar to those of the detector of
      Example 12.
PAC  EXAMPLE 15
PAR  A detector is made as a composition with the same neutron-sensitive
      elements as in Example 13, and with resorcin-formaldehyde resol resin used
      as the polycondensation resin.
PAR  This detector is similar in properties to that of Example 13.
PAC  EXAMPLE 16
PAR  An activation neutron detector is made as a moulded and cured composition
      which is a conglomerate of powdered ferrous sulphide and
      phenol-formaldehyde resol resin.
PAR  The content of the composition components is as follows (in weight parts):
TBL  ferrous sulphide                                                          

     75                                                                        

     phenol-formaldehyde resol resin                                           

     25                                                                        

PAR  This detector is used as a double threshold detector. In this case, a gamma
      quantum analyzer is used to measure, after irradiation, the activity of
      Mn.sup.56 formed as a result of the nuclear reaction Fe.sup.56 (n,
      p)Mn.sup.56. Then the detector is allowed to stand for 24 to 48 hours and
      measurements are taken of the activity of P.sup.32, resulting from the
      reaction S.sup.32 (n, p)P.sup.32, by beta radiation.
PAR  A detector containing FeS is used in the air up to a temperature of
      400.degree.C and in vacuum or in an inert gas medium up to 800.degree.C.
PAC  EXAMPLE 17
PAR  An activation neutron detector is made as a moulded and cured composition
      which is a conglomerate of powdered mercuric sulphide and
      phenol-formaldehyde resol resin.
PAR  The content of the composition components is as follows (in weight parts):
TBL  mercuric sulphide                                                         

     80                                                                        

     phenol-formaldehyde resol resin                                           

     20                                                                        

PAR  This detector is used as a mechanically strong and heat-resistant (up to
      250.degree.C) double threshold detector with mercury and sulphur.
PAC  EXAMPLE 18
PAR  An activation neutron detector is made as a composition with the same
      content of its components as in Example 16 with the difference that
      aniline-formaldehyde resin is used as the polycondensation resin.
PAR  The properties of this detector are similar to those of the detector of
      Example 16.
PAC  EXAMPLE 19
PAR  An activation neutron detector is made as a moulded and cured composition
      which is a conglomerate of powdered red phosphorus and a solid solution of
      lutecium acetate in phenol-formaldehyde resol resin.
PAR  The content of the composition components is as follows (in weight parts):
TBL  red phosphorus                                                            

     25                                                                        

     lutecium acetate                                                          

      2                                                                        

     phenol-formaldehyde resol resin                                           

     73                                                                        

PAR  This detector can operate at temperatures up to 300.degree.C and is
      non-flammable when subjected to friction or shocks. It can be most
      advantageously used for measuring neutron gas temperature.
PAC  EXAMPLE 20
PAR  An activation neutron detector having the same composition as the one
      described in Example 19 with the difference that lutecium nitrate
      Lu(NO.sub.3).sub.3 is used as the salt of lutecium with an acid radical
      inert with respect to neutrons. The properties and application of this
      detector are similar to those of the detector of Example 18.
PAC  EXAMPLE 21
PAR  An activation neutron detector having the same composition as the one
      described in Example 18 with the difference that a mixture containing 30%
      of phenol-formaldehyde novolak resin and 70% of resorcin-formaldehyde is
      used as the polycondensation resin.
PAR  The detectors of Examples 18 to 20 are used to measure neutron gas
      temperature. They can operate at temperatures up to 300.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An activation neutron detector in the form of a molded and cured
      composition, comprising a polycondensation resin inert to neutrons, and a
      material capable of being activated by neutrons to form a radioactive
      isotope, and distributed over the entire volume of said resin, said
      material consisting of at least two chemical elements, each forming
      radioactive isotopes that have different radiation energies when
      spontaneously disintegrating under the effect of neutrons as a result of
      activation, said elements being in the form of chemically free substances,
      of substances having said elements in a bound form, or a combination
      thereof.
NUM  2.
PAR  2. The detector as defined in claim 1, wherein said material is in the form
      of oxides of neutron-sensitive elements having a melting point above
      300.degree.C.
NUM  3.
PAR  3. The detector as defined in claim 2, wherein said material is alumina.
NUM  4.
PAR  4. The detector as defined in claim 2, wherein said material is magnesium
      oxide.
NUM  5.
PAR  5. The detector as defined in claim 1, wherein said material is a powder of
      mercuric sulphide.
NUM  6.
PAR  6. The detector as defined in claim 5, wherein the content by weight of the
      components in said composition is as follows:
TBL  80 parts of HgS, and                                                      

     20 parts of polycondensation resin.                                       

NUM  7.
PAR  7. The detector as defined in claim 1, wherein said material is a powder of
      ferrous sulphide.
NUM  8.
PAR  8. The detector as defined in claim 1, wherein said composition is a solid
      solution of a salt formed by a metal selected from the group consisting of
      cobalt, nickel and iron, and an acid radical inert to neutrons, in a
      polycondensation resin mixed with said material.
NUM  9.
PAR  9. The detector as defined in claim 8, wherein said material is aluminum.
NUM  10.
PAR  10. The detector as defined in claim 8, wherein said material is magnesium
      oxide.
NUM  11.
PAR  11. The detector as defined in claim 1, wherein said composition is a solid
      solution of a salt formed by a metal selected from the group consisting of
      indium and mercury, and an acid radical inert to neutrons, in a copolymer
      of phenol-formaldehyde resol resin with meta-chlorophenol-formaldehyde
      resin, in combination with a mixture of oxides of aluminum, nickel, iron
      and thallium, the latter oxides constituting said material.
NUM  12.
PAR  12. The detector as defined in claim 11, wherein said
      meta-chlorophenol-formaldehyde resin contains 5% by weight of Cl.
NUM  13.
PAR  13. The detector as defined in claim 12, wherein said salt solution is
      selected from the group consisting of indium nitrate and mercuric nitrate,
      and the content by weight of the components in said composition is as
      follows:
TBL          15 parts of Al.sub.2 O.sub.3 ;                                    

             10 parts of Ni.sub.2 O.sub.3 ;                                    

              3 parts of Fe.sub.2 O.sub.3 ;                                    

              1 parts of Tl.sub.2 O;                                           

              0.1 parts of Hg(NO.sub.3).sub.2 ; and                            

              0.03 parts of In(NO.sub.3).sub.3,                                

PAL  with said meta-chlorophenol-formaldehyde resin.
NUM  14.
PAR  14. The detector as defined in claim 1, wherein said composition is a solid
      solution of indium nitrate in a polycondensation resin, in combination
      with a mixture of oxides of nickel and aluminum, the latter oxides
      constituting said material.
NUM  15.
PAR  15. The detector as claimed in claim 14, wherein the content by weight of
      the components in said composition is as follows:
TBL  25 parts of Ni.sub.2 O.sub.3 ;                                            

     40 parts of Al.sub.2 O.sub.3 ;                                            

     2.5 parts of In(NO.sub.3).sub.3 ; and                                     

     50 parts of polycondensation resin.                                       

NUM  16.
PAR  16. The detector as defined in claim 1, wherein said composition is a solid
      solution of a salt formed by lutecium, and an acid radical inert to
      neutrons, in a polycondensation resin mixed with red phosphorus, the
      latter constituting said material.
NUM  17.
PAR  17. The detector as claimed in claim 16, wherein the content by weight of
      the components in said composition is as follows:
TBL  2 parts of Lu(NO.sub.3).sub.3 ;                                           

     25 parts of red phosphorus; and                                           

     73 parts of polycondensation resin.                                       
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ABST
PAL  There is disclosed apparatus for scanning a concave coded record which is
      adapted to be disposed in the inside of an open-ended tube. A rotor
      carries a source of illumination which illuminates the record. Light
      reflected from the record is reflected onto a mirror carried by the rotor
      and passes along the axis of rotation of the rotor through a suitable lens
      or lenses and is focused on a mask. The mask has an aperture through which
      light passes to a light receptor such as a photodetector. The light
      receptor is stationarily mounted to the frame. The frame also mounts a
      motor for driving the rotor and bearings for rotatably mounting the rotor.
      A cover adapted to abut the end of the tube is mounted for movement
      between one position in which the cover is in the reflected light path and
      another position in which the cover is out of the reflected light path. A
      spring normally urges the cover into the one position but when the cover
      is moved into contact with the end of the tube the cover is moved to the
      other position at which the light receptor can receive light reflected
      from the coded record.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation of application Ser. No. 425,395,
      filed Dec. 21, 1973, now abandoned. Certain subject matter disclosed and
      claimed in the present application is also disclosed in copending U.S.
      application Ser. No. 425,396, filed Dec. 21, 1973, owned by the assignee
      of the present application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the art of optical readers.
PAR  2. Brief Description of the Prior Art
PAR  The prior art includes the optical reader disclosed in U.S. Pat.
      application Ser. No. 104,894, filed Jan. 8, 1971, now abandoned, and
      continuation application Ser. No. 330,937, filed Feb. 9, 1973, now U.S.
      Pat. No. 3,809,893 owned by the assignee of the present application, and
      the following U.S. patent Nos.: 2,899,856; 3,211,593; 3,279,460;
      3,286,087; 3,418,456; 3,474,234; 3,585,367; 3,636,317; 3,685,723;
      3,689,744; and 3,720,193.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of the invention is to provide apparatus capable of reading or
      scanning a concave coded record such as a label adhered to the inner
      surface of a circular cylindrical, open-ended tube. A specific embodiment
      of the apparatus comprises a rotor rotatable in bearings about a
      rotational axis, an electric motor or driving the rotor, a light source
      carried by the rotor, a mirror rotatable as a unit together with the
      rotor, a lens for gathering reflected light and imaging the light on a
      mask, the mask having a light aperture through which light passes to a
      light receptor such as a stationary photoamplifier, and a tip for
      facilitating entry of the rotor into the tube. The rotor comprises a tube
      in which the mirror and lens are mounted, there being means for focusing
      the lens. The apparatus further comprises a frame having a handle by which
      the apparatus can be manually moved toward and into reading relationship
      relative to the coded record.
DRWD
PAC  Brief Description of the Drawings
PAR  FIG. 1 is a perspective view of apparatus in accordance with a specific
      embodiment of the invention, together with a tube having a concave coded
      label extending in a circumferential direction on the inner surface of a
      circular cylindrical tube;
PAR  FIG. 2 is a sectional elevational view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is an elevational view showing the front end of the apparatus
      received in an open-ended tube;
PAR  FIG. 4 is a fragmentary perspective view of a cover shown in FIGS. 1, 2 and
      3;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 2; and
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 2.
DETD
PAC  Detailed Description of the Preferred Embodiment
PAR  Referring initially to FIG. 1, there is shown an optical reader 10 for
      reading or scanning coded data on a record 11 disposed on the inside of an
      open-ended circular cylindrical tube 12. The data is shown to be comprised
      of code bars 13 disposed parallel to the tube axis. The record 11, in the
      illustrated embodiment, is a pressure-sensitive label adhered to the inner
      surface of the tube 12 and extends in the circumferential direction. As
      such, the record 11 has a concave configuration.
PAR  The optical reader 10 is shown to have a frame generally indicated at 14
      comprised of mating sections 15 and 16. The sections 15 and 16 receive a
      generally circular cylindrical tube 17. The tube 17 receives and mounts
      annular, spaced-apart, mounting members 18 and 19. The mounting members 18
      and 19 mount respective ball bearings 20 and 21. The bearings 20 and 21
      rotatably mount a rotor generally indicated at 22. In the illustrated
      embodiment the rotor 22 is shown to include a tube 23 and a holder 24 for
      a light source comprised of light bulbs or light emitting diodes 25 and
      26. The holder 24 is comprised of a pair of sections 27 and 28 received
      about the tube 23 and suitably adhered to each other. The portion of the
      tube 23 near the front end of the apparatus 10, that is, to the left of
      the ball bearing 20 as viewed in FIG. 2, is generally square at its outer
      surface. The sections 27 and 28 have respective internal holes 29 and 30
      which are correspondingly generally square. This non-circular
      configuration prevents the sections 27 and 28 from rotating relative to
      the tube 23.
PAR  An electric constant speed motor 31 is secured to the section 15 by a
      bracket 32 as by screws 33. The motor 31 drives a pinion gear 34 which
      meshes with and drives a gear 35. The gear 35 receives and is suitably
      secured against rotation relative to a sleeve 36. The sleeve 36 in turn
      receives and is suitably secured against rotation relative to the tube 23.
      Inner race 37 of the ball bearing 20 abuts a shoulder 38 of the tube 23
      and one end of the sleeve 36. Inner race 39 of the bearing 21 abuts a
      C-ring 40 and the other end of the sleeve 36.
PAR  The tube 23 also carries a mirror 41 provided by coating a base or support
      42 with a highly reflective material. The base 42 is adjustable lengthwise
      of the tube 23 along its rotational axis 43. The tube also mounts a lens
      44 and a mask 45. A system of one or more lenses can be employed, if
      desired. The mask 45 has a light aperture 46. A light receptor 47 in the
      form of a commercially available photoemplifier is stationarily secured to
      the inside of the tube 17 by a bracket 48. Clearance is provided so that
      the rotor 22 does not contact the light receptor 47 as the rotor 22
      rotates. In that the light receptor 47 is stationary any possibility of
      electrical noise as would be created by using slip rings is obviated.
PAR  A cover 49 is movably mounted on the tube 17. The cover 49 is
      telescopically disposed relative to the tube 17. A bearing sleeve 50 is
      disposed between the tube 17 and the cover 49. The cover 49 has a
      generally circular cylindrical configuration. The front end of the cover
      49 has a circular cylindrical section 51 and an annular shoulder 52. A
      spring 53 disposed between the end of the tube 17 and a flange 54 normally
      urges the terminal end of the cover section 51 against the rear end of a
      generally hemispherical converging tip 55. The tip 55 is rotatably mounted
      on the end portion of the tube 23 by a ball bearing 56.
PAR  Electrical energy is supplied to the pair of multielement brushes 57 and 58
      via conductors 59 and 60. The brushes 57 and 58 are mounted on a brush
      holder 18 secured to mounting members 18. The brushes contact a slip ring
      61 having a pair of annular contacts 62 and 63. The slip ring 61 is
      secured to the tube 23. The contacts 62 and 63 are connected by conductors
      64 and 65 to the lamps or light emitting diodes 25 and 26. When the tip 55
      is inserted into the tube 12, the shoulder 52 abuts the end of the tube 12
      and the force exerted by the tube 12 causes the compression spring 53 to
      compress as the cover 49 is moved to the position shown in FIG. 3. There
      is a sufficient amount of clearance between the inside of the tube 12 and
      the maximum diameter of the tip 55 to enable the tip 55 to be freely
      inserted to the FIG. 3 position. Light from the lamps 25 and 26 is
      directed at and illuminates the coded record 11 to read the coded data.
      Light reflected from the record 11, passes through a passageway 66, onto
      the mirror 41, and the mirror 41 bends the reflected light along the
      rotational axis 43. The reflected light is gathered by the lens and is
      imaged on the mask 45. Some of the imaged light can pass through the
      aperture 46 onto the light receptor 47. Electrical energy is conducted to
      the light receptor or photoamplifier 47 by some of conductors 67 and an
      analog signal 47 generated by the photoamplifier 47 is conducted from the
      photoamplifier 47 by the remaining conductors 67. The conductors 59, 60
      and 67 are connected to a multi-element electrical connector 68.
PAR  It is noted that although the apparatus 10 includes a handle H, the
      apparatus 10 can be mounted in an apparatus that is moved mechanically
      relatively toward and away from a tube 12.
PAR  The mirror 41 is adjustable in the direction of the rotational axis 43 by
      loosening set screw 69, shifting the base 42 relative to the lens 44, and
      thereafter tightening the screw 69. This adjustment of the mirror 41 can
      be used to focus the lens so that the light is more clearly imaged on the
      mask 45. If desired, focusing of the lens 44 can also be accomplished by
      adjusting the lens 44 or the mask 45. Although the mirror 41 is
      illustrated as bending the reflected light through an angle of 90.degree.,
      as is preferred, the light can be bent at other angles so long as the
      light reflected from the mirror or other light bending device is passed
      along the axis of rotation 43. While a light bending device such as a
      prism (not shown) can be employed instead of a mirror this is not the
      preferred construction.
PAR  If desired the lens 44 and the mask 45 can be stationarily mounted.
PAR  So long as the cover 49 is in the position shown in FIG. 2 the cover
      section 49 is in the reflected light path. But as soon as the cover 49 is
      moved into the position shown in FIG. 3, the cover 49 moves out of the
      reflected light path and the record 11 is read as the rotor 22 and the
      mirror 41 which it carries rotate.
PAR  A record 70 having code bars 71 is adhered to the inner surface of the
      cover section 51. The data on the record 70 is check data which indicates
      to the utilization device (not shown) which receives the analog signal
      that the apparatus is functioning.
PAR  It is noted that the tube 17 has certain cut-outs 72, 73 and 74 to allow
      space for the motor 31 and gear 34, and the conductors 59 and 60, and 67.
PAR  Instead of using lamp or light emitting diodes 25 and 26, light can be
      brought from an annular stationary, light diffusing ring (not shown)
      composed of a plastics or glass material such as is sold commercially
      under the name Lucite. The ring can be suitably lighted and can be
      disposed at the end of the tube 23 adjacent the ring. Optical fibers (not
      shown) extending through and rotatable as a unit with the rotor tube 23
      and the rotor 24 would be optically coupled to the ring and would direct
      light onto the record adjacent the open end of the passageway 66.
PAR  By way of example, not limitation, the electric motor continuously rotates
      the rotor 22 through between about 30 and 240 revolutions per minute.
PAR  Other embodiments and modifications of this invention will suggest
      themselves to those skilled in the art, and all such of these as come
      within the spirit of this invention are included within its scope as best
      defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for scanning a concave coded record, comprising: a rotor
      having a rotational axis, means carried by the rotor for illuminating the
      coded record, a light receptor in alignment with the rotational axis,
      means carried by the rotor for receiving light reflected from the concave
      record inwardly toward the rotational axis and for bending the reflected
      light toward the light receptor, and means for driving the rotor to scan
      the concave record.
NUM  2.
PAR  2. Apparatus as defined in claim 1, wherein the means for receiving and
      bending the reflected light includes a mirror, lens means disposed between
      the mirror and the light receptor, and a mask having an aperture disposed
      between the lens means and the light receptor.
NUM  3.
PAR  3. Apparatus as defined in claim 1, wherein the means for receiving and
      bending the reflected light includes a mirror, a mask disposed between the
      mirror and the light receptor and having an aperture disposed along the
      rotational axis, lens means disposed between the mirror and the mask for
      imaging reflected light on the mask, and means for enabling adjustment of
      the position of the mirror to focus the image on the mask.
NUM  4.
PAR  4. Apparatus as defined in claim 1, wherein the means for receiving and
      bending the reflected light includes a mirror.
NUM  5.
PAR  5. Apparatus as defined in claim 1 and adapted to read the coded record
      while on the inside surface of a tube, a converging tip for facilitating
      entry of the light receiving and bending means into the tube, and means
      for rotatably mounting the tip on the rotor.
NUM  6.
PAR  6. Apparatus as defined in claim 1, wherein the light receptor is
      stationarily mounted.
NUM  7.
PAR  7. Apparatus as defined in claim 1, wherein the rotor comprises an
      elongated tube, ball bearings for rotatably mounting the tube, the light
      receiving and bending means being disposed in the tube, and an opening in
      the tube through which the reflected light passes to the light receiving
      and bending means.
NUM  8.
PAR  8. Apparatus as defined in claim 7, wherein the light receptor is
      stationarily mounted.
NUM  9.
PAR  9. Hand-held apparatus for scanning a concave coded record, comprising: a
      frame having a handle, a rotor mounted by the frame and having a
      rotational axis, an electric motor drivingly connected to the rotor, means
      carried by the rotor for illuminating the coded record, a stationary light
      receptor mounted by the frame in alignment with the rotational axis, and
      means carried by the rotor for receiving light reflected from the concave
      record inwardly toward the rotational axis and for bending the reflected
      light toward the light receptor.
NUM  10.
PAR  10. Hand-held apparatus as defined in claim 9, wherein the rotor comprises
      an elongated tube, the light receiving and bending means comprises a
      mirror disposed in the tube, lens means disposed in the tube between the
      mirror and the light receptor, and a mask mounted in the tube between the
      lens means and the light receptor and having a light aperture disposed
      along the rotational axis.
NUM  11.
PAR  11. Apparatus for scanning a concave coded record, comprising: a frame, a
      rotor having a rotational axis, means for rotatably mounting the rotor on
      the frame, an electric motor mounted on the frame, means for drivingly
      connecting the electric motor and the rotor, the rotor comprising an
      elongated tube, the tube having a first opening disposed radially outward
      of the rotational axis and a second opening disposed in alignment with the
      rotational axis, lens means mounted in the tube, a mirror mounted in the
      tube, means carried by the rotor for illuminating the coded record, a
      light receptor aligned with the second opening, the lens means being
      disposed between the mirror and the light receptor, the mirror and the
      first opening being in optical alignment relative to the rotational axis
      and the mirror being disposed to reflect the light from the coded record
      along the rotational axis onto the light receptor.
NUM  12.
PAR  12. Apparatus as defined in claim 11, wherein the light receptor is mounted
      on the frame.
NUM  13.
PAR  13. Apparatus as defined in claim 11, wherein the light receptor as a
      photoamplifier.
NUM  14.
PAR  14. Apparatus as defined in claim 11, including means for focusing the lens
      means.
NUM  15.
PAR  15. Apparatus for scanning a concave coded record, comprising: a frame, a
      rotor having a rotational axis, means for rotatably mounting the rotor on
      the frame, an electric motor mounted on the frame, means for drivingly
      connecting the electric motor and the rotor, the rotor comprising an
      elongated tube, the tube having a first opening disposed radially outward
      of the rotational axis and a second opening disposed in alignment with the
      rotational axis, lens means mounted in the tube, a mirror carried by the
      rotor, means for illuminating the coded record, a light receptor aligned
      with the second opening, the lens means being disposed between the mirror
      and the light receptor, the mirror and the first opening being in optical
      alignment relative to the rotational axis and the mirror being disposed to
      reflect the light from the coded record along the rotational axis onto the
      light receptor.
NUM  16.
PAR  16. Apparatus as defined in claim 15, wherein the light receptor is mounted
      on the frame.
NUM  17.
PAR  17. Apparatus as defined in claim 15, wherein the light receptor is a
      photoamplifier.
NUM  18.
PAR  18. Apparatus as defined in claim 15, including means for focusing the lens
      means.
NUM  19.
PAR  19. Apparatus for scanning a concave coded record, comprising: a frame, a
      rotor mounted by the frame and having a rotational axis, an electric motor
      drivingly connected to the rotor, means for illuminating the coded record,
      a stationary light receptor mounted by the frame in alignment with the
      rotational axis, a mirror carried by the rotor for receiving light
      reflected from the concave record inwardly toward the rotational axis and
      for bending the reflected light toward the light receptor, and a lens
      carried by the rotor and disposed between the mirror and the light
      receptor.
NUM  20.
PAR  20. Apparatus for scanning a concave coded record, comprising: a frame, a
      rotor mounted by the frame and having a rotational axis, an electric motor
      drivingly connected to the rotor, means for illuminating the coded record,
      a stationary light receptor mounted by the frame in alignment with the
      rotational axis, a mirror carried by the rotor for receiving light
      reflected from the concave record inwardly toward the rotational axis and
      for bending the reflected light toward the light receptor, a lens carried
      by the rotor and disposed between the mirror and the light receptor, and a
      mask carried by the rotor between the lens means and the light receptor
      and having a light aperture disposed along the rotational axis.
PATN
WKU  039315258
SRC  5
APN  394980&
APT  1
ART  256
APD  19730907
TTL  Detection of blemishes in surfaces
ISD  19760106
NCL  10
ECL  1
EXP  Stolwein; Walter
NDR  2
NFG  8
INVT
NAM  Clarke; Graham Morley
CTY  Edinburgh
CNT  SC
ASSG
NAM  Ferranti, Limited
CTY  Hollinwood
CNT  EN
COD  03
PRIR
CNT  UK
APD  19720921
APN  43838/72
CLAS
OCL  250572
XCL  250216
XCL  356200
EDF  2
ICL  G01N 2132
FSC  250
FSS  562;563;572;216;236
FSC  356
FSS  200;237;201;239
UREF
PNO  2806401
ISD  19570900
NAM  Demuth et al.
OCL  356237
UREF
PNO  3061731
ISD  19621000
NAM  Thier et al.
OCL  250563
UREF
PNO  3396281
ISD  19680800
NAM  Blackman
OCL  250239
UREF
PNO  3549264
ISD  19701200
NAM  Christie
OCL  356210
UREF
PNO  3572947
ISD  19710300
NAM  Sepall
XCL  356239
UREF
PNO  3675016
ISD  19720700
NAM  Blaisdell et al.
XCL  250236
UREF
PNO  3723747
ISD  19730300
NAM  Steele
XCL  250239
LREP
FRM  Cameron, Kerkam, Sutton, Stowell & Stowell
ABST
PAL  A detector of blemishes in a surface comprises a transmitting station from
      which a beam of light is caused to scan a moving surface to produce a
      raster pattern thereon. Light specularly reflected from, or transmitted
      by, the surface is collected at a receiving station after being diffused
      by a sheet of translucent material disposed in the path of this light. The
      diffused light in the receiving station is collected and directed by
      reflective surfaces towards a photodetector such that when the beam
      engages a blemish in the surface, the amount of light detected falls. The
      detector combines the sensitivity of collecting large amounts of
      specularly reflected light with a simple optical system associated with
      the collecting of diffused light.
BSUM
PAR  This invention relates to the detection of blemishes in surfaces.
PAR  Detectors of blemishes in surfaces are known and particularly detectors of
      blemishes in the surface of moving webs. In such detectors a beam of light
      is brought to a focus at the surface of the moving web and is scanned over
      the surface repetitively and transversely to the direction of motion of
      the web. Light reflected from, or transmitted by, the surface is collected
      in a receiver and any change in its intensity, caused by a blemish in the
      surface, is detected and counted.
PAR  Reflected light has a component due to specular reflection and a component
      due to diffuse reflection, and the proportion of either component is
      dependent on the nature of the surface. For detecting diffusely reflected
      light a photo-detector has to make a collection of most of the available
      diffusely reflected light and requires only a simple optical arrangement,
      although the light is collected at a low level of intensity. Because of
      this low-level working, steps must be taken to prevent any high intensity
      specularly reflected light from being collected. Specularly reflected
      light, while being of high intensity at the specular angle, and therefore
      desirable to be collected in a blemish detector, is difficult to collect
      completely because of the continuous variation of the specular angle
      throughout the scan. Known receivers of specularly reflected light require
      complex optical arrangements but are generally of high sensitivity.
      Similar considerations apply to light transmitted by a surface.
PAR  It is an object of the present invention to provide a detector of blemishes
      in a surface, which detector is of simple optical construction.
PAR  According to the present invention a detector of blemishes in a surface
      comprises a scanning station, the detector and surface being movable
      relative to one another, the detector including a transmitting station
      comprising a source of a beam of electromagnetic radiation and scanning
      means operable to cause the beam to scan the surface transversely to the
      direction of said relative motion and a receiving station comprising
      radiation diffusing means disposed so as to intercept radiation specularly
      reflected from the surface and radiation detection means responsive to a
      reduction in the level of the radiation diffused by said diffusing means
      to provide an output signal indicative of the engagement of a blemish by
      the beam.
DRWD
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a sectional end elevation of a blemish detector according to the
      present invention,
PAR  FIG. 2 is a sectional elevation of the transmitting station of the detector
      of FIG. 1,
PAR  FIG. 3 is a sectional elevation of the receiving station of the detector of
      FIG. 1,
PAR  FIG. 4 is a sectional elevation showing an alternative form of the
      receiving station of FIG. 3,
PAR  FIG. 5 is a sectional end elevation of an alternative arrangement of the
      blemish detector of FIG. 1,
PAR  FIGS. 6 and 7 are sectional end and side elevations respectively of a
      modified form of receiving station, and
PAR  FIG. 8 is a further alternative arrangement of the blemish detector of FIG.
      1 for use with a transmissive surface.
DETD
PAR  Referring to FIG. 1 there is shown a blemish detector 10 adjacent to a
      surface 11 of a web of material caused to move past the blemish detector
      in the direction of the arrow 12.
PAR  The detector 10 comprises two adjacent stations 13 and 14 both extending
      across the width of the web. The station 13, and also shown in FIG. 2, is
      a transmitting station. This comprises an enclosure 15, a laser 16, an
      optical system 17 and a rotatable multifaceted mirror 18.
PAR  In operation light, emitted in a continuous beam by the laser 16, is
      brought to a focus at the surface 11 by the optical system 17 and after
      reflection from the mirror 18. The mirror 18 is caused to rotate at a high
      speed and as each facet of the mirror passes through the beam, the beam is
      caused to scan across the web from side to side. The axis of rotation of
      the mirror 18 is inclined to the plane of the surface 11 such that the
      beam approaches the surface 11 at an incident angle.theta. to the normal
      to the plane.
PAR  Depending on the surface, radiation is reflected or transmitted, but the
      following description relates to reflection only.
PAR  Depending upon the nature of the reflective surface, light is to some
      extent specularly and diffusely reflected. For instance, steel and glazed
      paper produce mainly a specular reflection with some diffuse reflection,
      whereas coarse paper and cloth produce mainly diffuse reflection with some
      specular reflection. The detector of the present invention is primarily
      intended for use with surfaces of the first mentioned type.
PAR  Referring also to FIG. 3, there is shown a light receiving station 14 which
      is particularly suited to receive light specularly reflected from the
      surface. This comprises an enclosure 19, similar to that of the
      transmitting station and also extending across the width of the surface 11
      (which moves into the plane of the drawing). Light is only able to enter
      the enclosure 19 by way of an opening 20 extending across the bottom of
      the enclosure adjacent the surface 11. The opening 20 is occupied by a
      light diffuser 21 parallel to the surface 11. The end walls 22 and 23 of
      the enclosure have mirrored surfaces and the upper portion of the
      enclosure has curved reflecting surfaces 24 and 25. The photodetector 26
      is mounted at the centre of the curved wall opposite to the diffuser 21.
PAR  Light from the laser 16, incident on the surface at said angle .theta. to
      the normal and specularly reflected from the surface, travels also at
      angle .theta. to the normal towards the diffuser 21 through which it
      passes to the enclosure in a diffused form. The diffused light is
      collected by the photodetector 26 which gives an output signal in
      dependence on the amount of light collected. Ideally the diffused light is
      completely non-directional but in practice light passing through the
      diffuser at an oblique angle retains some directivity. In FIG. 3 the
      response of the diffuser 21 to beams 27 and 28 is shown in terms of polar
      diagrams 29 and 30 respectively. The beam 27 approaching the diffuser
      normally is diffused by transmission but with the greatest portion of the
      light continuing in the same general direction towards the photo detector
      26. The beam 28 approaching the diffuser 21 at an oblique angle is
      diffused by transmission with the greatest portion of the diffused light
      continuing in the same direction and not towards the photodetector; the
      reflecting wall 22 directs the light towards the photodetector and
      compensates for a reduction in light level towards the end of the scan
      that would result if the wall 22 absorbed the light reaching it. The
      curved surfaces 24 and 25 between the end walls and the photodetector
      compensate for variations in the amount of light reaching the
      photodetector throughout the scan.
PAR  The reflecting end walls 22 and 23 and the curved surfaces 24 and 25
      approximate to the conic-section reflector that would be required to
      direct a non-diffused beam towards the photodetector. However, the system
      requires no great optical accuracy and the curved surfaces 24 and 25 may
      be adequately replaced by plane mirrors 31 and 32 as shown in FIG. 4. The
      plane mirrors 31 and 32 are advantageous as the inclination of the mirrors
      may be changed to suit the reflective characteristics of the surface being
      scanned.
PAR  Referring to FIG. 5 there is shown an alternative arrangement of the
      blemish detector wherein the transmitting station and the receiving
      station are widely separated. The transmitting station is inclined at a
      large angle .phi. to the normal to the surface and the receiving station
      is inclined also at an angle .phi. to the normal, on the other side of the
      normal, in a plane parallel to the direction of movement of the surface
      11. The light diffuser 21 is now disposed so as to be struck normally by
      the beam after reflection at the surface.
PAR  To decrease the amount of diffusely reflected light received by the
      photodetector in relation to light specularly reflected, a slit element 33
      may be placed in the path of the reflected light adjacent the light
      diffuser 21. Such a slit increases the sensitivity of the blemish detector
      to local deformations of the surface which are not accompanied by changes
      in reflectivity. The use of such a slit is subject to the arrangement
      employing it not being too sensitive to surface flatness, because the
      surface may not be held steady during transport past the blemish detector.
PAR  In the receiving stations described above the reflecting arrangements have
      corresponded to a conic section with the photodetector at the focus but of
      the crude geometrical form permitted by the use of the diffuser. Referring
      to FIGS. 6 and 7 there is shown a more compact form of receiving station
      14'. The station comprises an enclosure 19' containing a photodetector 26'
      and a diffuser 21'. The photodetector 26' is directed away from the
      diffuser 21' towards mirrors 34 and 35 inclined so as to direct light
      reflected from end walls 22' and 23' towards the photodetector. In this
      way the intensity of light in the envelope and directed towards the
      photodetector is uniform throughout the scan. Also because the light paths
      are `folded` the overall height of the receiving station may be reduced;
      this is particularly advantageous in the case of physically separated
      transmitting and receiving stations. The diffuser 21' is shielded from
      ambient light by a hood 36. The hood may comprise hinged flaps 37 and 38,
      which flaps may be positioned so as to provide the effect of the slit
      element 33 shown in FIG. 5.
PAR  Thus the blemish detector combines the simple light collection optics
      associated with the collection of diffusely reflected light while having
      the sensitivity associated with the intensity of specularly reflected
      light.
PAR  The light source may comprise a non-coherent lamp -- such as a xenon lamp
      or a source operating outside of the visible part of the spectrum, that
      is, in the near infra-red or near ultra-violet, depending on the surface.
PAR  The detector of blemishes has been described with reference to a surface
      which is totally reflecting of incident radiation. Some surfaces are
      transmissive of radiation while others are capable of transmitting or
      reflecting radiation in dependence on the angle of incidence of the beam.
      Referring to FIG. 8 there is shown a sectional end view of a transmitting
      station 13 and a receiving station 14, the stations being on opposite
      sides of a transparent web 39. Visible radiation from the transmitting
      station scans the surface in a beam and in the absence of a blemish passes
      through the web and enters the receiving station by way of the diffuser
      21. Diffused light is collected and detected in the usual way until a
      blemish prevents the surface from transmitting it. The detection means
      distinguishes the reduction in light and indicates the presence of a
      blemish. The transmitting station 13 may be inclined at an angle to the
      surface but account must then be taken of the refractive properties of the
      material in determining the position of the receiving station.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A detector of blemishes in a surface, the detector and surface being
      movable relative to one another, the detector including a transmitting
      station comprising a source of a beam of electromagnetic radiation,
      focussing means operable to focus the beam to a spot at the surface, the
      spot having an area of the same order of magnitude as the smallest blemish
      to be detected, and scanning means operable to cause the beam to scan the
      surface transversely to the direction of said relative motion, and a
      receiving station comprising radiation detection means inside a light
      integrating enclosure having an aperture extending across the width of the
      scan to collect light substantially only specularly reflected from said
      surface, and diffusing means mounted in, and coextensive with, said
      aperture, and through which said reflected light passes, the radiation
      detection means being responsive to a reduction in the level of diffused
      light in the enclosure to provide an indication of a blemish at the
      corresponding position of the beam.
NUM  2.
PAR  2. A detector of blemishes as claimed in claim 1 in which the radiation
      diffusing means is disposed so as to intercept that portion of the beam
      specularly reflected from the surface.
NUM  3.
PAR  3. A detector of blemishes as claimed in claim 2 in which the transmitting
      and receiving stations are located adjacent each other.
NUM  4.
PAR  4. A detector of blemishes as claimed in claim 1 in which the source of the
      beam of radiation is a laser.
NUM  5.
PAR  5. A detector of blemishes as claimed in claim 1 in which the radiation is
      in the visible part of the electromagnetic spectrum.
NUM  6.
PAR  6. A detector of blemishes as claimed in claim 5 in which the radiation
      diffusing means comprises a sheet of translucent material arranged to
      extend substantially normally to the plane of the beam emanating from the
      surface.
NUM  7.
PAR  7. A detector of blemishes as claimed in claim 1 in which the enclosure
      containing the detection means comprises side walls which extend along
      opposite sides of said diffusing means and generally parallel to the
      direction of scan of the beam, and end walls entending between said side
      walls at each end of the diffusing means and generally perpendicular to
      the direction of scan of the beam, said end walls having internal surfaces
      arranged to reflect diffused radiation incident thereupon towards said
      detection means.
NUM  8.
PAR  8. A detector of blemishes as claimed in claim 7 in which the detection
      means is arranged within the enclosure so as to receive only radiation
      reflected from said end walls.
NUM  9.
PAR  9. A detector of blemishes as claimed in claim 7 in which the enclosure
      contains further radiation reflective surfaces, disposed between said end
      walls and said detection means, arranged so as to direct radiation
      incident thereon towards the detection means.
NUM  10.
PAR  10. A detector of blemishes as claimed in claim 9 in which said further
      reflective surfaces comprise parts of a conic section, said detection
      means being arranged substantially at the focus of the section.
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PAL  A device for measuring transmission factors is comprised of an emitter of
      light impulses located at a distance from a main photoreceiver. The
      emitter and the main photoreceiver are optically conjugated by mirrors. An
      auxiliary photoreceiver located adjacent to the light emitter receives a
      constant portion of the flux emitted by this emitter and a flux coming
      from the ambient light. By establishing the ratio between the impulse-type
      electric signals transmitted by these photoreceivers, a value proportional
      to the transmission factor measured between the emitter and the main
      photoreceiver is obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a process for measuring transmission
      factors and more particularly to a process for measuring atmospheric
      transmission factors and a device employing this process.
PAR  2. Description of the Prior Art
PAR  As is disclosed in the monograph No. 76 of the French National
      Meteorological Service published in August 1970, the transmission factor T
      is defined for a light beam as the ratio of the light fluxes at the
      beginning and end of an optical path of specified length in a dim
      atmosphere. This factor is sometimes known as the transmittance .tau. for
      a defined path of predetermined length. Devices for measuring the
      transmission factor of the atmosphere are generally known as
      transmissometers. The basic principle of a transmissometer consists in
      measuring the average transmissivity of the atmosphere along a
      predetermined path. In practice this involves arranging a projector with a
      constant flux having perfectly defined optical and mechanical features so
      that it illuminates a receiver which also has a well defined geometry and
      which is situated at a distance D from the projector. The current or
      output voltage of the receiver enables the transmittance of the density of
      the interposed atmosphere and thus its average transmissivity to be
      determined, the transmissivity being the transmission factor per unit of
      length.
PAR  A device of this type can also be graduated directly in terms of
      meteorological visibility by using formulae linking these quantities to
      transmission factors. The visibility is the maximum distance at which a
      reference can be identified by an average observer.
PAR  A distinction is drawn between the daytime meteorological visibility and
      nighttime meteorological visibility. The daytime meteorological visibility
      or visibility by contrast is defined as the greatest distance at which a
      dark object of suitable dimensions situated close to the earth can be seen
      and identified when it is observed against a background of mist or sky on
      a generally horizontal plane. The nighttime meteorological visibility
      which is a physical feature of the atmosphere is determined from
      observation of specific light sources as being the distance at which the
      coefficient of extinction reaches a certain value. According to the
      Koschmieder theory the relationship between the transmission factor T and
      the visibility by contrast V for a path having the length D is the
      following:
      ##EQU1##
      where .epsilon. is the coefficient of extinction for which the value
      ##EQU2##
      is generally selected for meteorological purposes and the value
      ##EQU3##
      for aeronautical purposes. According to the Allard theory the relationship
      between the transmission factor and the nighttime visibility V' (or the
      visibility of a light source) is the following:
      ##EQU4##
      where I is the intensity of the light source and E.sub.t a threshold of
      visual illumination, this value E.sub.t being based on the ambient light
      according to the defined norms. This visibility measurement is especially
      useful for airports, highways or motorways.
PAR  If the principle of measuring transmittance indicated above were applied
      directly to a transmissometer, gross errors would result. In the first
      place, the flux emitted is not known precisely. It is a function of the
      dispersion of the active emission elements and the time and temperature.
      Secondly, the flux received is a function of the gain of the
      photoreceiving cell, and it also depends on the features of these cells
      and on their variation with time and temperature. In addition, the flux
      received has also been contributed to by the ambient light which tends to
      falsify any measurement.
PAR  Various types of transmissometers have been proposed in the prior art to
      obviate these disadvantages. Firstly there are transmissometers in which a
      calibration of the emitting lamp is first obtained by using a reference
      path between this lamp and the photoreceiving cell and by effecting the
      switching operation between these two paths by mechanical means. There is
      no need to enumerate at this point the disadvantages of these mechanical
      devices which result essentially from the permanent maintenance which they
      require. Static devices were then developed. All these devices are based
      on the idea that it is necessary to free the emitters and receivers from
      variations and the light fluxes emitted are modulated to separate them
      from the ambient light fluxes. For example, it is possible to cite a
      device comprising a double emitter- receiver unit designed to correct
      errors due to the aberrations of these various elements. One obvious
      disadvantage of a device of this kind is the complexity of its elements.
      There are other devices where there is an optical coupling between the
      emitter and the remote receiver. This optical coupling involving constant
      losses is constituted, for example, by means of optical fibers. One
      disadvantage of this type of device consists in the very need for an
      optical coupling which requires very long optical fibers when there is a
      fair distance between the receiver and the emitter. Very long optical
      fibers of this type are in fact expensive and their length is by necessity
      dictated by the limits of current technology.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is thus to provide a process
      for measuring static transmission factors which does not involve any of
      the above disadvantages.
PAR  Another object of the present invention is to provide a transmissometer in
      which the coupling between the main emitter and the main receiver is
      effected by electronic means and not optical means.
PAR  Another object of the present invention is to provide a transmissometer
      which is also capable of providing a measurement of the ambient light.
PAR  A further object of the present invention is to provide a sufficiently
      simple and compact computing means which can be integrated in the sensing
      element of the transmissometer itself, thereby permitting determination in
      situ of the visibility.
PAR  To obtain these objects and others, the measuring process according to the
      present invention consists in using a main light emitter and a main
      photoreceiver situated at a desired distance D from one another. As is
      known, this distance is a function of the range of visibility distances
      which it is wished to measure. An auxiliary photoreceiver is provided
      adjacent to the main emitter and it provides an electric signal which is
      proportional to the light flux emitted by the main emitter. The optical
      path between the emitter and this auxiliary photoreceiver is either
      loss-free or subject to constant losses. The auxiliary photoreceiving cell
      and the main photoreceiving cell are such that they possess dynamic gains,
      the ratio of which is constant in respect of the illumination, temperature
      and time, that is, their dynamic gain characteristics are linear and
      stable. Consequently, if an electronic process is selected so that the
      main and auxiliary photoreceivers separate the electric signals R and r,
      respectively, coming from the light flux .phi..sub.E emitted by the main
      emitter, from the parasitic light fluxes coming, for example, from the
      ambient light, the ratio R/r equal to K.phi..sub.R /K'.phi..sub. r, is
      proportional, according to a known proportionality factor, to the ratio
      defining the transmittance: .phi..sub.R /.phi..sub.E since .phi..sub.r is
      proportional to .phi..sub.E, K and K' being the dynamic gains of the main
      photoreceiver and the auxiliary photoreceiver respectively. .phi..sub.R
      and .phi..sub.r are the fluxes received by the main and auxiliary photo
      receivers respectively and associated with the flux .phi..sub.E emitted by
      the main emitter. If, as has been previously stated, the auxiliary and
      main receivers have dynamic gains of constant ratio, the ratio K/K' is
      constant and a quantity is obtained with great precision proportional to
      the ratio of the flux received by the main receiver to the flux emitted by
      the main emitter. This quantity does not depend on the variation in the
      power of emission but solely on the reliability of the main and auxiliary
      receivers with respect to their dynamic gain characteristics. The
      auxiliary photoreceiving cell also enables ambient light to be received
      independent of any optical means and over a fairly wide aperture angle.
PAR  According to the present invention it is also proposed to provide a
      plurality of memories, possibly in the electronic circuit of the
      transmissometer, each of these memories containing different visibility
      values, with different addresses corresponding to different values of the
      transmission factor. Each of these memories is validated by the validation
      circuits as a function of the other parameters involved which are cited
      above, such as the ambient light and the intensity of a landing lights.
      Thus it is possible to consider each memory as comprising a visibility
      curve as a function of the transmission factor for a given value of
      different parameters.
PAR  The circuit incorporated in the sensor may also comprise interface means
      for transmitting by way of a telephone line, for example, output data from
      the memories to a control station. This interface means comprises
      parallel-to-series word conversion means.
DRWD
PAR  These and other objects features and advantages of the present invention
      will be made apparent from the following detailed description of the
      preferred embodiment thereof provided with reference to the accompanying
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view representing essentially the optical part of
      a transmissometer according to the present invention.
PAR  FIG. 2 shows the electrical wave forms emitted by the main light emitter
      and received by the main and auxiliary photoreceivers.
PAR  FIG. 3 shows a diagram of the electronic circuit adapted for the present
      transmissometer, and
PAR  FIG. 4 shows a diagram of the electronic circuit to be connected to the
      circuit of FIG. 3 to provide visibility data.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows an embodiment of the present invention. A main light emitter 1
      emits a light beam in the direction of the main photoreceiver 2 by way of
      optical conjugation means. In this embodiment, the conjugation means
      consist of spherical or parabolic mirrors 3 and 4, at the focal points of
      which are located the main emitter and the main photoreceiving cell
      respectively. A mirror 6 may possibly be used depending on the source
      employed. An auxiliary photoreceiving cell is located at the center of the
      mirror 3 which is transparent at this point. This cell which is located
      immediately adjacent to the main emitter produces an electric signal B on
      a terminal 11. This signal B is the superposition of an electric signal r
      resulting from the light flux coming from the main emitter and of a second
      electric signal produced by the ambient light. The main receiver 2 also
      produces an electric signal A on the terminal 12. This signal is the
      super-position of a first signal associated with the flux emitted by the
      main emitter and disturbed by the optical medium crossed and of a second
      signal produced by ambient disturbances. To separate these two types of
      signals received respectively by the main receiver and the auxiliary
      receiver, a feed signal is supplied to a terminal 10 of the main emitter
      in such a way that the emission is effected in the form of impulses. In a
      preferred embodiment of the invention this main emitter is a photodiode
      emitting in the domain of the near infrared. Detailed studies have shown
      that in the majority of concrete cases visibility measured in the infrared
      is the same as visibility measured in the visible.
PAR  In FIG. 2, the curve a represents the flux emitted by the source 1. This
      flux is emitted during gaps of short duration in relation to the
      repetition rate. Curve b represents the electric signal B emitted by the
      auxiliary photoreceiver 5. This signal is the superposition of a
      continuous signal and of impulses of height r proportional to the flux
      .phi..sub.r received by the cell 5 from the emitter 1, that is,
      proportional to .phi..sub.E. Curve c represents the signal A emitted by
      the photoreceiving cell 2. This signal is the superposition of a
      continuous base and an impulse signal of height R. The signal R is
      produced by the flux emitted by the source 1 and reflects disturbances
      arising in the optical medium traversed.
PAR  A preferred embodiment of an electronic circuit intended to provide the
      relationship between R and r will now be described in reference to FIG. 3.
      This circuit comprises two input terminals 11 and 12 which are the output
      terminals of the auxiliary and main photoreceivers respectively. A filter
      31 is connected to the terminal 11 and a signal which is proportional to
      the ambient light is obtained at the output 13 of this filter 31. No
      optical system is placed in front of the auxiliary photoreceiving cell and
      its aperture angle is broad. In addition, the contribution of the signal r
      is very slight in view of the low form factor of this signal. This output
      signal proportional to the ambient light is accessible on a terminal 13.
      The signal obtained at this terminal 13 may be used directly or
      transmitted to a computing element to determine the visual threshold of
      illumination E.sub.t introduced in formula (2). Thus a transmissometer
      according to the present invention associated with a suitable computing
      element enables the meteorological daytime or nighttime visibility as
      defined above to be calculated.
PAR  A circuit known as the ground clamping circuit 32 which is of a type known
      per se is also connected to the input terminal 11. Impulses r referenced
      on the ground are obtained at the output of this ground clamping circuit.
      These impulses r are transmitted to a hybrid multiplier 33 which is also
      connected to a counter 34 with N stages. The output of the hybrid
      multiplier 33 is connected to a first input terminal of a comparator 35.
      The other input terminal of this comparator 35 is connected to the output
      of a second ground clamping circuit 36, the input of which is connected to
      the terminal 12. This ground clamping circuit produces the signal R
      referenced to ground. Amplifiers or reducers which are not shown may also
      be inserted in one or other of these input chains. When the product of r
      by a number n obtained at the output of the hybrid multiplier 33 is equal
      to R, the comparator 35 transmits a transfer order to a shift register 37
      connected to the counter 34. As the gains in the input and output chains
      are known, this number n is proportional to the transmittance, for
      example, it can provide directly the value of the transmissivity in per
      cent, in terms of a thousand, or in any other desired unit. The precision
      of the measurement is associated with the number N of stages in the shift
      register, that is, also with the capacity of the counter and of the hybrid
      multiplier.
PAR  An output 14 of the shift register provides the value of the transmission
      factor directly in digital form. The output of the shift register may also
      be transmitted to a digital/analog converter 38 and then to a filter 39
      designed to obtain an average in time of the transmittance value. A
      terminal 15 at the output of this filter 39 may be connected to any analog
      measuring or recording device. The possibility of obtaining a digital
      value associated with the transmittance on the terminal 14 itself enables
      calculations providing the visibility values corresponding to the
      transmittance measured to be effected by means of a small computer without
      any intermediate measures. A time measurement circuit which is not shown
      is connected to the terminal 10 of the source 1, to the ground clamping
      circuits 32 and 36, to the counter 34 and to the shift register 37 to
      ensure that these different devices operate in synchronism. The electronic
      circuit as represented in FIG. 3 provides a precision which in all cases
      may be greater than the precision resulting from the parts of the
      measurement chain. In a preferred embodiment N= 2.sup.8 = 256. Thus the
      relative precision is then 4.sup.. 10.sup.-.sup.3.
PAR  According to the present invention, to increase the precision of the
      measurement, the temperature of the unit comprising the emitter 1 and the
      auxiliary receiver 5 is roughly stabilized and the main receiver 2 is
      governed by the unit to ensure that it is permanently at the same
      temperature as the first unit. This precaution is generally not necessary.
      In fact, the emitter and the main receiver are generally located at
      distances in the order of some tens of meters and as a result their
      temperatures are approximately identical. Furthermore, it is an illusion
      to want to increase the precision of the measurement at all costs owing to
      the fact that this measurement is basically known to comprise an error
      owing to the irregularity of mists or other disturbances -- the effects of
      which on the transmission factor of a light beam it is wished to measure.
PAR  In addition, a number of safety devices are provided for permanently
      ensuring that the transmissometer according to the present invention
      operates correctly and to authenticate the measurements taken. Firstly,
      the highest value of the impulse r provided by the auxiliary photoreceiver
      is recorded in the memory and compared to a threshold value and if the
      emission power decreases more than 20% an alarm is triggered. This alarm
      is also triggered if the feed voltage ceases to flow. Secondly, in the
      case of dense fog it is possible to perceive a practically zero level at
      the main receiver. To check that this receiver is operating correctly, an
      emitting light source having a controlling function is disposed adjacent
      to the main photoreceiver which thus constantly receives a minimum light
      level which corresponds to a minimum electric signal emitted by this main
      photoreceiver. Consequently, the electric output signal from the main
      photoreceiver is constantly compared to a threshold value and an alarm is
      triggered if it falls below this threshold value. This alarm is also
      raised if the feed voltage of the main photoreceiver ceases to flow. Other
      alarm signals are provided to ensure the correct operation of the series
      processing. More particularly, as the unit is operated on a general time
      basis, any hold-up in this time schedule produces an alarm signal at the
      main emitter. To check the series processing part, an alarm is triggered
      if the counter 34 does not attain the state 1 with each measuring cycle.
      An alarm signal is also triggered if the feed voltage which is constantly
      compared to a threshold value set by a Zener diode falls more than 20%.
      All these alarm elements are assembled on a filtered hysteresis relay
      having a regulatable time constant. Thus the device comprises a general
      alarm signal which is free of interference in the event of any fluctuation
      of the parameters about the limit values. This signal may be
      telecommunicated by wire or radio.
PAR  The present invention may be used in particular for obtaining visibility
      measurements at airports, on roads and motorways, in ports and channels.
      It can also be used to study pollution, for example, in underground
      passages or in pipelines. It should be noted that the extreme precision,
      which is provided by a transmissometer according to the present invention
      and which is voluntarily limited when this is used solely for measuring
      visibility may be rendered more precise when it is used for other
      applications (this precision may be greater than 0.5%).
PAR  With reference to FIG. 4, the reference numerals 13 and 14 represent the
      input terminals of the ambient light signal in analog form and of the
      signal of the transmission factor in digital form respectively (these
      terminals 13 and 14 are the same as those shown in FIG. 3). The terminal
      14 is connected by way of a line (bus) 40 to the address inputs of the
      memories M.sub.1 - M.sub.16. These memories are generally MOS memories.
PAR  In the embodiment described, there are sixteen memories M.sub.1 - M.sub.16.
      In fact, one of the important aspects of the present invention consists in
      the discovery by the Applicant of the fact that it is senseless to try to
      obtain a high degree of precision in the final visibility values and that
      at all events it is senseless to attempt to obtain precisions in excess of
      10% owing to the variations in the physiological parameters involved in
      determining visibility. The Applicant has discovered that by quantizing
      the different values of the ambient light at four levels and by quantizing
      the levels of light source illumination, like wise at four levels, it is
      possible to obtain adequate precision. Thus, from an ambient light signal
      reaching the terminal 13 from the transmissometer described hereinabove
      and from a representative signal of the light source illumination reaching
      the terminal 51, it is possible to quantize these two signals respectively
      with the validation device 50 at four levels and thus to validate one of
      the memories M.sub.1 - M.sub.16.
PAR  By way of example, it is possible to cite a suitable quantization for the
      levels of ambient light as consisting in choosing four ranges: L.sub.1,
      L.sub.2, L.sub.3, L.sub.4, such that:
EQU  L.sub.1 &lt; 50 cd/m.sup.2
EQU  50 &lt; L.sub.2 &lt; 1000 cd/m.sup.2
EQU  1000 &lt; L.sub.3 &lt; 12.000 cd/m.sup.2
EQU  L.sub.4 &gt; 12.000 cd/m.sup.2
PAR  Thus one of the memories M.sub.1 - M.sub.16 is validated. This memory
      receives as an address signal the value of the transmission factor. Owing
      to the values prerecorded in this address the memory provides at its
      output the visibility value corresponding to the value of the transmission
      factor, of the ambient light and of the light source (such as landing
      lights) illumination.
PAR  The digital visibility output is transmitted to a terminal 62 of an
      interface 60 which also receives value signals of the transmission factor
      14 at a terminal 61 and other selected signals at the terminals 63,64 . .
      . This interface 60 puts all the data into digital form and effects a
      parallel-to series word conversion to permit transmission to a central
      station. It is also possible to provide indication means on the
      transmissometer itself.
PAR  In a preferred embodiment a central indicator unit interrogates the
      interface 60 and provides it with the value of the illumination of the
      strip, and this interface 60 responds by sending 8 words, each comprising
      8 bits. Each word comprises 4 address bits and 4 information bits. By way
      way of example, the following are possible address signals:
TBL  Address 0000                                                              

                : illumination of a runway                                     

     Address 0001                                                              

                : background illumination                                      

     Address 0010                                                              

                : alarms and written order of visibility                       

     Address 0011                                                              

                : first half word of visibility                                

     Address 0100                                                              

                : second half word of visibility                               

     Address 0101                                                              

                : first half word of the transmission                          

     Address 0110                                                              

                : second half word of the transmission factor.                 

     Address 0111                                                              

PAR  To restrict the consumption of the memories (which is in the order of 40
      milliamps for each according to current technology) feed out only takes
      place during the time needed to transmit the visibility data.
PAR  The present invention is not limited to the embodiments which have been
      described but it can also be modified in manner apparent to the person
      skilled in the art without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for measuring the atmospheric transmission factor between two
      points defining a fixed measurement path of predetermined distance and for
      determining the intensity of the ambient light, comprising:
PA1  an emitter of light impulses located at one end of said measurement path,
PA1  a main photoreceiving cell located at the other end of said measurement
      path for receiving light from said emitter through said measurement path
      and producing a first electrical signal,
PA1  an auxiliary photoreceiving cell for receiving light from said emitter and
      ambient light and producing a second electrical signal, said main and
      auxiliary photoreceiving cells having linear and stable dynamic gain
      characteristics,
PA1  a first mirror having a first focus,
PA1  a second mirror having a second focus, said emitter being located at the
      focus of said first mirror and directing a substantially parallel light
      beam towards said second mirror, said main photoreceiving cell being
      located at the focus of said mirror, said auxiliary photoreceiving cell
      being located substantially at the apex of said first mirror whereby said
      auxiliary photoreceiving cell receives ambient light through a large
      aperture,
PA1  filtering neams connected to said auxiliary photoreceiving cell for passing
      a d.c. signal component in said second electrical signal which is
      representative of the ambient light and,
PA1  means connected to said main and auxiliary photoreceiving cells for
      dividing a pulsed signal component in said first electrical signal by a
      pulsed signal component in said second electrical signal to produce an
      output signal which is representative of said transmission factor.
NUM  2.
PAR  2. A device according to claim 1, wherein said emitter of light impulses is
      an electro-luminescent diode emitting in the near infrared and said main
      and auxiliary photoreceiving cells are receiving diodes sensitive to the
      wave length emitted by said emitter.
NUM  3.
PAR  3. A device according to claim 1, wherein said means for dividing
      comprises:
PA1  a first ground clamping circuit connected to the output of said auxiliary
      photoreceiving cell for passing a pulsed signal component referenced to
      ground,
PA1  a hybrid multiplier connected to receive as one input the output of said
      first ground clamping circuit and as the other input a signal representing
      a binary number, said hybrid multiplier generating an output signal
      proportional to the product of the pulsed signal component from said first
      ground clamping circuit and said binary number,
PA1  a counter connected to receive the pulsed signal component from said first
      ground clamping circuit for accumulating a count,
PA1  a second ground clamping circuit connected to the output of said main
      photoreceiving cell for passing a pulsed signal component reference to
      ground,
PA1  a comparator having first and second input terminals, the outputs of said
      hybrid multiplier and said second ground clamping circuit being connected
      to said first and second input terminals, respectively, of said
      comparator,
PA1  a shift register connected to receive the count accumulated by said counter
      in response to an output signal of said comparator which provides a
      transfer order to said shift register, the output of said shift register
      being connected to said other input of said hybrid multiplier as a result
      of which at the output of said shift register a digital value is obtained
      directly, this value representing the transmission factor between said
      emitter and said main photoreceiving cell.
NUM  4.
PAR  4. A device according to claim 3, wherein said filtering means is an
      average value filter connected to the output of the auxiliary
      photoreceiving cell and providing a signal proportional to the ambient
      light.
NUM  5.
PAR  5. A device according to claim 4, further comprising computing means for
      determining the digital value of the visibility as a function at least of
      the digital value of the transmission factor and the signal proportional
      to the ambient light.
NUM  6.
PAR  6. A device according to claim 5, wherein said computing means comprises a
      plurality of memories, and a validation circuit, one of said memories
      being selectively validated at a given instant by a signal coming from
      said validation circuit receiving said ambient light signal, the digital
      signal of the transmission factor being transmitted to the address input
      of the memory validated which contains the value of the corresponding
      visibility.
NUM  7.
PAR  7. A device according to claim 6, further comprising interface means for
      providing at least the values of the transmission factor of the ambient
      light and of the visibility.
NUM  8.
PAR  8. A device according to claim 5, wherein said computing means receives as
      another parameter an electric signal corresponding to the lighting power
      of light sources such as landing lights on a runway.
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PAL  There is provided an ignition circuit for a vehicle occupant protecting
      system whereby in case of a collision a heating element such as a filament
      is ignited to actuate the occupant protecting system. Switch means is
      connected in parallel with the heating element and another switch means is
      connected in series with the parallel circuit of the heating element and
      the first switch means, whereby when at least one of said switch means is
      damaged, the ignition of the filament is rendered impossible.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an ignition circuit for vehicle occupant
      protecting system which is used for actuating a vehicle occupant
      protecting system such as a gas bag system.
PAR  2. Description of the Prior Art
PAR  Ignition circuits for vehicle occupant protecting systems are known in the
      art in which in response to the output signal of a collision detecting
      sensor for detecting a collision, a heating element such as a filament is
      ignited through a single switch means to actuate the detonator of a gas
      bag.
PAR  A disadvantage of this type of ignition circuit is that if the final stage
      switch for igniting a filament is broken down, there is a substantial
      danger of causing the filament to be ignited and thus causing the gas bag
      to operate spontaneously. Particularly, where the switch means comprises
      contactless switch means which consists of a semiconductor element which
      is connected in series with a filament, there is involved a very great
      danger in consideration of the fact that most of such semiconductor
      elements tned to conduct current when they are broken.
PAR  In the other hand, where the switch means consists of the contacts of a
      mechanical switch such as an acceleration/deceleration sensor switch,
      there is also similar danger of the gas bag operating erroneously when the
      switch means is exposed to harmful environments, such as sea water or
      atmosphere containing salt, which causes the contacts to become faulty and
      remain in the conductive state.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an ignition circuit for
      a vehicle occupant protecting system in which switch means is connected in
      parallel with a filament and another switch means is connected in series
      with the filament whereby when either one of the two switch means is
      damaged the ignition of the filament is prevented and which is thus
      capable of operating with a very high degree of safety.
PAR  The ignition circuit according to the present invention has among its great
      advantages the fact that it is capable of preventing the supply of current
      to a heating element even when switch means is damaged and left in the
      conducting state and thus preventing a vehicle occupant protecting system
      such as a gas bag system from being actuated erroneously by the operation
      of the ignition circuit other than in collisions of the vehicle.
PAR  Another great advantage of the circuit of this invention is the use of a
      fault detecting circuit by which when either one of the two switch means
      becomes faulty, the fault is detected to generate a fault detection signal
      and fault warning means for giving warning upon occurrence of a fault
      detection signal, whereby the occurrence of a fault in the ignition
      circuit for the vehicle occupant protecting system can be immediately
      conveyed to the occupants to prevent the danger of the vehicle from being
      driven by the driver without any knowledge of the fault in the ignition
      circuit and thus running into any trouble.
PAR  Still another great advantage of the circuit of this invention is the use
      of a fault detecting circuit by which when either one of the two switch
      means becomes faulty, the fault is detected to generate a fault detection
      signal and heating element power supply stopping means for interrupting an
      ignition power supply path to a heating element upon ocurrence of a fault
      detection signal, whereby when the ignition circuit for the vehicle
      occupant protecting system is left in the fault condition, this hardly
      gives rise to a dangerous situation in which for some reason or other the
      fault condition of the ignition circuit gives rise to an erroneous
      ignition causing a sudden explosion of an occupant protecting system such
      as a gas bag system.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic wiring diagram for explaining the principle of the
      present invention.
PAR  FIG. 2 is a wiring diagram showing an embodiment of an ignition circuit for
      the vehicle occupant protecting system according to the present invention.
PAR  FIG. 3 is a wave form diagram showing the voltage waveforms generated at
      various points in the ignition circuit of FIG. 2 for explaining the
      operation thereof.
PAR  FIG. 4 is a block diagram of a gas bag system.
PAR  FIG. 5 is a wiring diagram showing the first timing generating circuit used
      in the ignition circuit of FIG. 2.
PAR  FIG. 6 is a wiring diagram showing the second timing generating circuit
      used in the ignition circuit of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention will now be described in greater detail with
      reference to the illustrated embodiment.
PAR  In FIG. 1 showing a schematic diagram which is useful for explaining the
      principle of the invention, symbol B designates a power source, F a gas
      bag igniting filament as a heating element, 31a first switch means, and
      32a second switch means. To inflate the gas bag, the first switch means 31
      is switched to its nonconductive state and the second switch means 32 is
      switched to its conductive state. In other words, if the second switch
      means 32 is damaged and thus held on or conductive under the conditions
      where the operation of the occupant protecting system is not required, the
      first switch means 31 remains in its conductive state. As a result, the
      current from the power source B flows through the first and second switch
      means 31 and 32 amd hence the filament F is not ignited. Similary, if the
      first switch means 31 is damaged and thus held conductive, the ignition of
      the filament F is also prevented. Further, if the second switch means 32
      is damaged and thus held off or nonconductive, the ignition of the
      filament F is of course prevented.
PAR  In FIG. 4, there is illustrated a gas bag system which is a kind of vehicle
      occupant protecting system. In FIG. 4, numeral 100 designates an electric
      circuit device for detecting a collision and generating a valve operating
      command. The electric circuit device 100 is identical with the ignition
      circuit for occupant protecting system shown in FIG. 2 except that the
      filament F is eliminated. Numeral 200 designates a valve operating
      mechanism comprising a detonator having the filament F and means for
      breaking a sealing plate and opening a valve, 300 a cylinder containing
      gas under pressure, 400 a gas bag for protecting vehicle occupants, and
      500 an occupant to be protected.
PAR  In FIG. 2 illustrating a circuit diagram of the entire ignition circuit for
      the occupant protecting system according to the invention, numeral 1
      designates a first sensor switch for detecting a collision which may, for
      example, be an acceleration/deceleration sensor for sensing the
      deceleration in case of a collision. Numeral 2 designates a resistor for
      supplying a bias current to the first sensor switch 1, 3 a second sensor
      switch for detecting a collision, 4 a resistor for supplying a bias
      current to the second sensor switch 3, 5 a first timing generating circuit
      for introducing a time interval, 6 a current limiting resistor for the
      filament F, and 7 a fuse constituting heating element power supply
      stopping means. Numeral 8 designates a current circuit separating diode, 9
      and 10 voltage drop compensating diodes, 11 a current limiting resistor,
      and 12 a bias resistor connected across the base and emitter of a
      transistor S.sub.2 to prevent the transistor S.sub.2 from being turned on
      by a temperature rise. Numeral 13 designates a current detecting resistor
      for the transistor S.sub.1, 14 an inverter, 15 a NAND element, 16 a second
      timing generating circuit, 17 a current limiting resistor, and 18 a fuse
      melting transistor constituting, along with the second timing generating
      circuit 16 and the NAND element 15, a fault detecting circuit. Numeral 19
      designates a filament burn-out detecting resistor, 20 a lamp constituting
      a fault warning device, 21 a current limiting resistor. The transistor
      S.sub.1 constituting a first switch means is connected in parallel with
      the filament F constituting the heating element, and the transistor
      S.sub.2 constituting a second switch means is connected in series with the
      parallel circuit of the transistor S.sub.1 and the filament F.
PAR  As will be apparent from the foregoing, the transistors S.sub.1 and S.sub.2
      correspond respectively to the first and second switch means 31, 32 in
      FIG. 1, and further the filament F corresponds to the gas bag igniting
      filament F in FIG. 1.
PAR  With the construction described above, the ignition circuit for the
      occupant protecting system according to the invention operates as follows.
      In FIG. 3 showing a waveform diagram for explaining the operating
      conditions of the ignition circuit during a collision, symbol t designates
      time, G the deceleration in a collision, g.sub.1 the voltage waveform
      generated at one end A of the first sensor switch 1, g.sub.2 is the
      voltage waveform generated at one end B of the second sensor switch 3,
      T.sub.i1 the voltage waveform generated at an output terminal C of the
      first timing generating circuit 5, f the waveform of current flowing
      through the filament F, T.sub.i2 the output waveform generated at an
      output terminal D of the second timing generating circuit 16, and fu the
      current flowing through the fuse 7.
PAR  When, at the time t = t.sub.1, the deceleration due to a collision exceeds
      a level G.sub.1 shown in FIG. 3, the sensor switch 1 is opened. When this
      occurs, the output of the first timing generating circuit 5 goes to a low
      level for a predetermined time T.sub.1 (the low level is hereinafter
      referred to as an "L" level and the high level as an "H" level).
      Consequently, the transistor S.sub.1 is turned off and thus the ignition
      circuit becomes to be in condition to supply current to the filament F.
      When, at t = t.sub.2, the deceleration becomes greater than a
      predetermined second deceleration level G.sub.2, the second sensor switch
      3 is opened. When this happens, the transistor S.sub.2 is instantly turned
      on and the current from the power source B flows through the fuse 7, the
      resistor 6, the filament F, the diodes 9 and 10 and the transistor S.sub.2
      to ignite the filament F. Consequently, the detonator in the valve
      operating mechanism for the gas bag is ignited and thus the gas in the
      cylinder is introduced into the gas bag to inflate it and protect the
      occupant.
PAR  Under normal driving conditions, it is very dangerous to allow the gas bag
      to inflate by any erroneous ignition. The ignition circuit of this
      invention is capable of preventing the occupant protecting system from
      coming into operation erroneously under normal driving conditions and
      exposing the occupants to danger.
PAR  With the ignition circuit according to the present invention, when there is
      at least any one of the faults resulting in (1) the opening of the first
      sensor switch 1, (2) the turning off of the transistor S.sub.1, (3) the
      opening of the second sensor switch 3, (4) the turning on of the
      transistor S.sub.2, and (5) the burning out of the filament F, the power
      supply path to the filament F is interrupted and simultaneously the
      occupants are warned of the fault.
PAR  In other words, when at least any one of the above-mentioned fault
      conditions (1)-(5) occurs, the output of the NAND element 15 goes to the H
      level. If the output of the NAND element 15 remains at the H level even
      after the expiration of a predetermined time T.sub.2, the output of the
      second timing generating circuit 16 goes to the H level as shown in FIG.
      3-T.sub.i2 and this H level output causes the fuse melting transistor 18
      to become conductive to burn out the fuse 7. FIG. 3-fu shows the waveform
      of the current through the fuse 7. When the fuse 7 is burnt out, current
      flows to the lamp 20 and the lamp 20 is lighted to warn the occupants of
      the occurrence of the fault in the ignition circuit for occupant
      protecting system. While, in FIG. 3-T.sub.i2, the predetermined time
      T.sub.2 begins at the operating time t.sub.1 of the first sensor switch 1,
      this is only for the purpose of the following description of the second
      timing generating circuit 16 when the ignition circuit for occupant
      protecting system operates normally. Thus, the predetermined time T.sub.2
      begins at the instant that the output of the NAND element 15 goes to the H
      level after the occurrence of a fault. As mentioned earlier, the output of
      the NAND element 15 goes to the H level when the ignition circuit for
      occupant protecting system comes into operation normally. However, since
      the predetermined time T.sub.2 is sufficiently greater than the time
      required for the gas bag to complete its operation, the filament F is
      ignited to inflate the gas bag, after which the fuse 7 is melted.
      consequently, during the normal operation of the ignition circuit, the
      fault detecting circuit has the function of extinguishing the filament 7
      after the actuation of the gas bag, and therefore it is useful in
      preventing the occurrence of a fire and it has no detrimental effect on
      the normal functioning of the ignition circuit.
PAR  Referring now to FIG. 5 illustrating the first timing generating circuit 5
      in detail, numeral 51 designates a timing generating resistor, 52 a timing
      generating capacitor. The predetermined time T.sub.1 is determined by the
      time constant of the resistor 51 and the capacitor 52. Numerals 53 and 54
      designate inverters constituting, along with resistors 55 and 58, a
      Schmitt circuit. Numeral 56 designates an inverter, 57 an EXCLUSIVE OR
      element whereby only when its two input signals are different from each
      other, an H level signal is generated at a point C.
PAR  FIG. 6 illustrates the second timing generating circuit 16 in detail, and
      its predetermined time T.sub.2 is determined by the time constant of a
      resistor 161 and a capacitor 162. Numerals 163 and 164 designate inverters
      constituting, along with resistors 165 and 166, a Schmitt circuit. The
      point C in FIG. 5 and the point D in FIG. 6 respectively show the points C
      and D in FIG. 2.
PAR  While, in the embodiment of the invention described above, the contactless
      switch means each comprising a transistor are used, mechanical contact
      type switch means with contacts may be substituted for the contactless
      switch means. In this case, since contact type switch means of the like
      construction usually show the same fault mode if they are arranged close
      to each other, the similar effect to that expected for the contactless
      switch means of the present invention can be fully expected. In addition
      to transistors, the contactless switch means may be thyristors, for
      example.
CLMS
STM  We claim:
NUM  1.
PAR  1. An ignition circuit for a vehicle occupant protecting system comprising:
PA1  a heating element for actuating by the action of heat generation thereof an
      occupant protecting system installed in a vehicle;
PA1  first normally closed switch means connected in parallel with said heating
      element and adapted to open in response to a collision of a vehicle;
PA1  second normally open switch means connected in series with a parallel
      circuit of said heating element and said first switch means, means for
      closing said second switch means in response to a collision of said
      vehicle, and
PA1  a power source for supplying electric power to said heating element through
      said second normally open switch means upon the closing thereof when a
      collision occurs.
NUM  2.
PAR  2. An ignition circuit according to claim 1, wherein each of said first and
      second switch means comprise contact type switch means.
NUM  3.
PAR  3. An ignition circuit according to claim 1, wherein each of said first and
      second switch means comprise contactless type switch means.
NUM  4.
PAR  4. An ignition circuit according to claim 1, wherein said heating element
      is a filament.
NUM  5.
PAR  5. An ignition circuit according to claim 2, wherein said heating element
      comprises a filament.
NUM  6.
PAR  6. An ignition circuit according to claim 3, wherein said heating element
      comprises a filament.
NUM  7.
PAR  7. An ignition circuit according to claim 6, wherein said contactless type
      switch means comprises a transistor.
NUM  8.
PAR  8. An ignition circuit according to claim 1 further comprising:
PA1  a fault detecting circuit for detecting a fault in at least either one of
      said first and second switch means and for generating a fault detection
      signal, and
PA1  fault warning means connected to said fault detecting circuit for giving a
      warning in response to said fault detection signal from said fault
      detecting circuit.
NUM  9.
PAR  9. An ignition circuit according to claim 1 further comprising:
PA1  a fault detecting circuit for detecting a fault in at least either one of
      said first and second switch means and for generating a fault detection
      signal, and
PA1  heating element power supply stopping means connected to said fault
      detecting circuit for interrupting an igniting power supply path to said
      heating element in response to said fault detection signal from said fault
      detecting circuit.
NUM  10.
PAR  10. An ignition circuit according to claim 8 further comprising:
PA1  heating element power supply stopping means for interrupting an igniting
      power supply path to said heating element in response to said fault
      detection signal from said fault detecting circuit.
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ABST
PAL  A pulse generator adapted for providing electrical pulses to a reactive
      load circuit. First and second energy storage circuits are coupled to the
      reactive load circuit and to each other by means of switching devices such
      that energy initially stored within the first energy storage circuit is
      sequentially circulated to the reactive load, then to the second energy
      storage circuit and back to the first energy storage circuit. In
      accordance with a second embodiment of the invention which is especially
      adapted for high repetition rate applications, a plurality of the above
      described pulse producing circuits are coupled in parallel and are
      controlled to operate in multiphase operational cycles so that each
      section produces one output pulse during each operational cycle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to pulse generators and is particularly
      adapted for providing high repetition rate pulse trains with rapid
      transition on leading and trailing pulse edges and having a readily
      controllable duty factor.
PAR  In many applications it is necessary to provide pulse trains of signals
      having a high repetition frequency, rapid pulse rise and fall times and
      substantial energy content. One example of such application is the pulse
      train used to drive the electro-optical switch in high pulse rate laser
      units. Prior approaches to producing such pulse trains include the
      discharging of a pulse forming network through a silicon controlled
      rectifier (SCR) and a pulse transformer to the load circuit. This approach
      has the disadvantage of no or minimal control of the duty factor of the
      pulses which are produced and is generally limited to producing pulse
      trains of relatively low repetition rates. Another approach which has been
      implemented to provide such pulse trains is to use transistors either as
      normal pulse amplifiers or in their avalanche mode to generate a signal
      which is transformer coupled to the load circuit. However, in accordance
      with this just mentioned technique the use of conventional transistors
      results in pulses whose rise and fall times are too slow for many
      applications, while the use of avalanche type transistor switches suffers
      from poor duty factor control and low repetition rates.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of the subject invention is to provide an improved pulse
      generator for reactive loads which is capable of producing pulses having
      rapid rise and fall times.
PAR  Another object of the invention is to provide a pulse generator capable of
      producing pulses with duty factors approaching 100% and which is not
      limited as to its duty factor by normal circuit constraints.
PAR  A further object of the invention is to provide an improved pulse generator
      capable of high repetition rate operation and whose repetition rate is
      limited only by the rise and fall times of the pulses.
PAR  Yet another object of the invention is to provide an improved pulse
      generator having high efficiency in terms of the total input power
      compared to the amount of energy being transferred into and out of the
      load circuit.
PAR  According to one preferred embodiment of the subject invention, first and
      second energy storage circuits are coupled to a reactive load circuit and
      to each other by switching devices which are controlled in such a manner
      that a charge initially stored in one of the energy storage circuits is
      sequentially circulated to said reactive load circuit, then to the other
      energy storage circuit and back to the first energy stored circuit. The
      duration of the pulse applied to the reactive load circuit is determined
      by control of the switching devices; and rapid rise and fall times for the
      output pulses are achieved by implementation of resonant charging for the
      transfer of energy between the energy storage circuits and the reactive
      load circuit. Increased stability is provided by the use of clamping
      circuits coupled to one of the energy storage circuits so as to insure
      that the energy stored therein is within a preselected range of values.
      Energy losses occurring in the pulse generator are compensated for by
      means for periodically supplementing the charged stored within one of the
      energy storage circuits.
PAR  In accordance with another embodiment of the invention pulse trains of very
      high repetition rates may be produced by implementing a plurality of pulse
      producing sections with each section comprising first and second energy
      storage circuits; means for applying an initial charge to the first energy
      storing circuit; a first switching device coupled between the first energy
      storing circuit and the reactive load; a second switching device coupled
      between the reactive load and the second energy circuit and a third
      switching device coupled between the first and second energy storage
      circuits. Switch control means control the switching devices in each of
      the pulse producing sections such that the first switching device in each
      section is conductive during a plurality of different sequential time
      periods, the second switching device in each of the pulse producing
      section is conductive during different sequential time periods and the
      third switching device in each of the plurality of pulse producing
      sections is conductive during different sequential time periods. In this
      manner the charge initially stored in the first energy storage circuit of
      a particular pulse producing section is sequentially circulated to the
      reactive load circuit, then to the corresponding second energy storage
      circuit and then back to the corresponding first energy storing circuit.
      The timing of the switch control signals is such that each of the pulse
      producing sections provides one pulse to the reactive load during the
      interval between the enabling of its first and second switching devices
      and each of the sections provide one pulse to the reactive load during a
      complete cycle of operation of all of the sections.
PAR  In the disclosed embodiments the energy storage sections and the reactive
      load exhibit capacitive reactance and resonant charging during energy
      transfer between these devices is implemented by means of inductors
      coupled in the paths for transferring the energy between the devices. The
      switches between the various energy storage sections and the reactive load
      are implemented by means of silicon controlled rectifiers with transformer
      coupling between the gate and cathode terminals thereof. The
      unidirectional transfer of energy within the device is further insured by
      incorporation of diodes in series with each of the switching devices.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features of this invention, as well as the invention itself, will
      be better understood from the accompanying description taken in
      conjunction with the accompanying drawings in which like reference
      characters refer to like parts and in which:
PAR  FIG. 1 is a block and schematic diagram of one preferred embodiment of the
      subject invention;
PAR  FIG. 2 is a block and schematic diagram of a second embodiment of the
      subject invention wherein multiphase operation is implemented so as to
      allow a higher repetition frequency for the train of output pulses;
PAR  FIG. 3 is a diagram of voltage versus time waveforms which are useful for
      explaining the operation of the subject invention;
PAR  FIG. 4 is a block and schematic diagram of a third embodiment of the
      subject invention wherein a square wave generator is employed so as to
      provide the input energy requirements; and
PAR  FIG. 5 is a diagram of voltage versus time waveforms which are useful for
      explaining the operation of the embodiment of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first primarily to FIG. 1, as there shown, first and second
      energy storage circuits are implemented by means of capacitors 10 and 12,
      respectively. Capacitor 10 is coupled through an inductor 14, a switching
      device 1 and a diode 18 to a reactive load designated 20. Switching device
      1 comprises a high speed SCR 22 having the secondary winding of a
      transformer 24 coupled across its gate and cathode terminals. Reactive
      load 20 may be an electro-optical switch such as a Pockels cell used
      within a high repetition rate laser unit, for example. Other examples of
      reactive loads suitable for being energized by pulse generators in
      accordance with the subject invention include "magic resonant line
      modulators," and switchable color filters such as the type adapted for use
      in liquid crystal display units.
PAR  The reactive load 20 is coupled through an inductor 26, a switch device 2,
      and diode 30 to capacitor 12 of the second energy storing circuit. Switch
      2 comprises an SCR 32 having the secondary winding of a transformer 34
      coupled between its gate and cathode terminals.
PAR  A diode 36 is coupled between capacitor 12 and a positive reference
      potential source designated E.sub.3 ; and a diode 38 is coupled between
      capacitor 12 and ground. The circuitry associated with diodes 36 and 38
      function as a clamp circuit and adds stability to the subject pulse
      generator by preventing oscillatory type energy build-up on capacitor 12.
      With the clamping circuit of FIG. 1, the potential on capacitor 12 cannot
      exceed the voltage of source E.sub.3 by more than the forward voltage drop
      of diode 36 nor can the potential on capacitor 12 become more negative
      than the forward drop of diode 38.
PAR  Capacitor 12 is also coupled through an inductor 40, a switching device 3
      and a diode 44 to the upper terminal of capacitor 10. Switching device 3
      includes an SCR 46 having the secondary winding of a transformer 48
      coupled between its gate and cathode terminals.
PAR  A DC power source 50 is coupled through a switching device 4 and a diode 54
      to capacitor 10. Switching device 4 includes an SCR 56 which has the
      secondary winding of a transformer 58 coupled between its gate and cathode
      terminals. Switches 1, 2, 3 and 4 are controlled by signals S.sub.11,
      S.sub.21, S.sub.31, and S.sub.41, respectively, applied from a switch
      control unit 60. The control signals from unit 60 are shown in waveform 62
      of FIG. 3.
PAR  For explaining the operation of the pulse generator of FIG. 1, it is
      convenient to assume that capacitor 10 is initially charged to a value
      representing or related to the amount of charge to be placed on reactive
      load 20, which could be a Pockels cell of the type used in laser devices,
      for example. Switch 1 is enabled, i.e., switched to a conductive state, in
      response to the application of the signal S.sub.11 applied to the primary
      winding of transformer 24 at the time reactive load 20 is to be energized
      and results in transferring the charge from capacitor 10 by means of
      resonant charging to the capacitance of the reactive load. As used herein,
      the term "resonant charging" refers to the circuit condition wherein the
      energy stored in a capacitive device is transferred to a second capacitive
      device through an intermediate inductive device. The current flow through
      the devices is essentially a half sine wave, and for equal value
      capacitive devices and for zero circuit resistance, the energy transfer is
      complete, the efficiency is 100% and the peak current is controlled. The
      peak current is related to the rise time of the voltage across the load
      device and can be chosen by selection of the correct inductor value.
PAR  After the charge from capacitor 10 is transferred to the Pockels cell,
      diode 18 and SCR 22 become back-biased. No further action occurs and the
      voltage on the Pockels cell remains in the "pulse present" condition until
      terminated by the triggering of switching device 2, i.e., switching the
      device to its conductive state. In response to the application of trigger
      pulse S.sub.21 to the primary winding of transformer 34, switch 2 is made
      conductive and the charge from the Pockels cell is transferred by resonant
      charging into capacitor 12. This results in the voltage on the Pockels
      cell returning to zero and except for losses, the voltage on capacitor 12
      is equal to the voltage initially stored on capacitor 10. In response to
      trigger pulse S.sub.31 applied to switch 3 the energy from capacitor 12 is
      transferred by resonant charging back to capacitor 10. Prior to the
      generation of the next output pulse, any losses within the system may be
      compensated for by a supplemental charge added to capacitor 10 by means of
      power source 50 and switching device 4. As shown in waveform 62 of FIG. 3,
      switch 4 is enabled, i.e., made conductive, prior to the second output
      pulse by application of the trigger pulse S.sub.41 to the primary winding
      of transformer 58. It is noted that power source 50 may also be used to
      initially apply energy to capacitor 10.
PAR  In the embodiment of FIG. 1 the just described sequence of operation is
      repeated sequentially such that switches 1, 2, 3, and 4 are conductive
      during first, second, third, and fourth sequential timing periods and as a
      result thereof the charge initially stored on capacitor 10 is sequentially
      circulated to the reactive load and then to capacitor 12 and finally back
      to capacitor 10. The duration of pulse supplied to the reactive load, e.g.
      Pockels cell, is determined by the interval between trigger pulses
      S.sub.11 and S.sub.21.
PAR  For applications requiring higher pulse repetition rates than can be
      conveniently implemented by the one phase system of FIG. 1, the embodiment
      of FIG. 2 is recommended. In the embodiment of FIG. 2 a plurality of pulse
      producing sections, each of which are substantially identical to the
      section shown in FIG. 1, are implemented in a multiphase configuration. In
      the interest of maintaining clarity of the drawing only two such sections,
      i.e. .phi..sub.1 and .phi..sub.n are shown in FIG. 2. However, it will be
      understood that as many such sections can be implemented as required for a
      given pulse repetition rate. In FIG. 2, the elements of pulse producing
      sections .phi..sub.1 are given the same reference numeral as corresponding
      elements of FIG. 1; while the elements of section .phi..sub.n are
      identified in FIG. 2 by corresponding reference numerals with the addition
      of a prime superscript.
PAR  So as to clarify the description of the operation of a multiphase system,
      FIG. 3 illustrates the output pulses and the switch control signals
      (triggering pulses to the switches) which would be used for a pulse
      generator embodiment having three parallel pulse producing sections.
      Waveform 64 of FIG. 3 depicts the output pulses provided to the reactive
      load, e.g. a Pockels cell, by pulse producing section .phi..sub.1 ;
      waveform 66 depicts the output pulses provided by sections .phi..sub.2
      (not specifically shown in FIG. 2) and waveform 70 the output pulses
      supplied by section .phi..sub.3 (not specifically shown in FIG. 2). The
      combination of the output pulses provided by all of these sections is
      applied to the reactive load as a high frequency train of pulses such as
      depicted by waveform 74.
PAR  In the operation of the multisection embodiment of the invention, the first
      output pulse designated 76 in FIG. 3 is initiated by the triggering pulse
      labeled 78 and is terminated when the energy stored in the reactive load
      is transferred to capacitor 12 upon the application of the triggering
      pulse designated 80. The next pulse applied to the reactive load is
      indicated by reference numeral 82 in FIG. 3. This pulse, which is applied
      from the section .phi..sub.2, is initiated by triggering pulse 84 and is
      terminated upon the application of triggering pulse 86. Similarly the
      third pulse applied to the reactive load is produced by section
      .phi..sub.3 in response to triggering pulse 90 and is terminated in
      response to pulse 92. This completes one cycle of operation of a
      three-phase configuration of the subject pulse generator. As shown in FIG.
      3, following the pulse produced by section .phi..sub.3 the next pulse 94
      is generated within section .phi..sub.1 and the operation of the system
      continues with the pulse 96 provided by section .phi..sub.2 and the pulse
      98 by section .phi..sub.3. It is noted that the multiphase configuration
      can be implemented so as to allow ample time for the switching units in
      each of the pulse producing section to recover before that section is
      again required to perform an " output pulse cycle."
PAR  For example, referring to section .phi..sub.1 shown in FIG. 2, after
      recovery of switches 1 and 2 and prior to the need for an additional
      output pulse from section .phi..sub.1, switch 3 is triggered in response
      to signal S.sub.31 and thereby transfers the charge stored on capacitor 12
      back to capacitor 10. This transfer of energy takes place sufficiently in
      advance of the next cycle of section 1 that switch 3 has time to recover
      before switches 1 and 2 of section .phi..sub.1 are again enabled. Further,
      the transfer of energy from capacitor 12 to capacitor 10 is sufficiently
      prior to the start of a new cycle that switch 4 may be enabled and recover
      before the start of the next cycle, i.e., the enabling of switch 1. As
      noted above, the function of switch 4 after the initial charging of the
      capacitor is to supplement the charge stored on capacitor 10 so as to
      compensate for any loss of energy during the transfer of energy through
      the system. It is noted that normally the current through switch 4, and
      hence its recovery time, is small.
PAR  To summarize the above discussed operation in a timing sequence, section
      .phi..sub.1 will supply a pulse to the reactive load in response to the
      enabling of switches 1 and 2 in rapid succession, the charge being
      transferred from capacitor 10 of section .phi..sub.1 to the reactive load
      and from the load to capacitor 12. During the time between output pulses
      from section .phi..sub.1 the charge is retained on capacitor 12 for
      approximately half the time that section .phi..sub.1 is in a recovery
      condition and is then transferred to capacitor 10 through switch 3 for the
      other half of the time; thereby allowing ample time for each switch to
      recover before it is required to hold off voltage in its forward
      direction. The number of sections to be implemented may be chosen
      arbitrarily large so as to allow sufficient time for the recovery of the
      switches for each of the sections and yet obtain any arbitrarily high
      output pulse repetition frequency. SCR elements may be cascaded in each of
      the switching devices so that very high energy, high frequency pulse
      trains can be provided. For example, 1 kilovolt pulses with a 20
      nanosecond rise time and with a 20 nanosecond fall time can be generated.
      The timing of the control signals to switches 1 and 2 in each section can
      be varied to vary the duty factor, i.e., pulse duration, of the output
      pulses.
PAR  The structure of the embodiment of FIG. 4 differs from that described above
      relative to FIG. 1 inasmuch as in FIG. 4 the lower terminal of capacitor
      10 is connected to the signal output terminal of a square wave generator
      50'; and power source 50 and switch 4 are not required in the embodiment
      of FIG. 4.
PAR  The output signal produced by square wave generator 50' is illustrated by
      waveform 97 of FIG. 5 and the values of voltages E.sub.1 and E.sub.2 are
      selected such that E.sub.1 and E.sub.2 are each very much less than
      voltage E.sub.3. The timing of the output signal from square wave
      generator 50' is such that the voltage -E.sub.2 is applied to capacitor 10
      during a period encompassing the time energy is transferred from capacitor
      12 to capacitor 10 in response to trigger pulse S.sub.31 (see waveforms
      62' of FIG. 5). Also, as illustrated in FIG. 5 the output signal from
      square wave generator 50' is such that the voltage +E.sub.1 is applied to
      capacitor 10 during a period encompassing the time energy is transferred
      from capacitor 10 to load 20 in response to trigger pulse S.sub.11.
PAR  The negative potential (-E.sub.2) applied to the lower terminal of
      capacitor 10 during the transfer of energy to capacitor 10 from capacitor
      12 adds energy to the system as well as providing for a more complete
      transfer of energy from capacitor 12 to capacitor 10. The positive
      potential applied to the lower terminal of capacitor 10 during the
      transfer of energy from capacitor 10 to load 20 also adds energy to the
      system. The value of voltages E.sub.1 and E.sub.2 are selected such that
      the added amount of energy is slightly greater than energy losses during a
      corresponding operating period. The slight excess of added energy is
      removed by the clamp circuit which includes diode 36. Trigger pulse
      S.sub.11 is applied to square wave generator 50' and in response thereto
      the output signal from square wave generator 50' is maintained in
      synchronism with the trigger pulses which control switches 1 through 3.
      "Triggered" square wave generators suitable for use as element 50' are
      well known in the art.
PAR  In the embodiment of FIG. 4, the initial charge on capacitor 10 is "built
      up" during a relatively short initial operating period of the pulse
      generator. In applications which require the output pulse to load 20 to be
      at full value before the end of such a "build up" period, an initial
      charge may be applied to capacitor 10 by a circuit similar to the
      configuration of elements 50 and 4 of FIG. 1.
PAR  In the embodiment of FIG. 4, voltage E.sub.3 is slightly less than the
      output voltage E.sub.0 and the potential levels of the signal from square
      wave generator 50' are very much smaller than the output signal E.sub.0.
      One of the advantages of the embodiment of FIG. 4 is that the voltages
      E.sub.1 and E.sub.2 which provide energy to the pulse generator are
      relatively low potentials while the output signal to load 20 (E.sub.0) is
      very high.
CLMS
STM  Thus having described a new and improved pulse generator for reactive
      loads, what is claimed is:
NUM  1.
PAR  1. A pulse generator adapted for providing electric pulses to a reactive
      load circuit, said pulse generator comprising:
PA1  first and second electric energy storage circuits;
PA1  means for applying electric energy to said first energy storage circuit;
PA1  first energy transfer means for providing a transfer of electric energy
      from said first energy storage circuit to said reactive load circuit upon
      the application of an enabling signal to said first energy transfer means;
PA1  second energy transfer means for providing a transfer of electric energy
      from said reactive load circuit to said second energy storage circuit upon
      the application of an enabling signal to said second energy transfer
      means;
PA1  third energy transfer means for providing a transfer of electric energy
      from said second energy storage circuit to said first energy storage
      circuit upon the application of an enabling signal to said third energy
      transfer means;
PA1  switch control means for applying enabling signals to said first, second,
      and third energy transfer means during first, second, and third sequential
      time periods, respectively;
PA1  whereby electric energy stored in said first energy storage circuit is
      sequentially circulated to said reactive load circuit, to said second
      energy storage circuit and back to said first energy storage circuit, and
      whereby the duration of the pulse supplied to said reactive load circuit
      is a function of the interval between said first and second sequential
      time periods.
NUM  2.
PAR  2. A pulse generator according to claim 1 and adapted for providing
      electric pulses to a capacitive type load, and wherein said first and
      second energy storage circuits comprise first and second capacitors,
      respectively.
NUM  3.
PAR  3. A pulse generator according to claim 2 wherein the values of capacitance
      of said load circuit, said first capacitor and said second capacitor are
      substantially the same.
NUM  4.
PAR  4. A pulse generator according to claim 2 wherein said first, second and
      third energy transfer means include first, second and third inductors,
      respectively; and wherein the values of said first, second and third
      inductors are such that the transfer of energy to and from said capacitors
      and the reactive load circuit is accomplished by resonant charging.
NUM  5.
PAR  5. A pulse generator according to claim 1 wherein said means for applying
      electric energy to said first energy storage circuit comprises a power
      source; and fourth energy transfer means for providing a transfer of
      electric energy from said power source to said first energy storage
      circuit upon the application of an enabling signal to said fourth energy
      transfer means; and wherein said switch control means further comprises
      means for applying an enabling signal to said fourth energy transfer means
      during a fourth time period which follows said third time period; whereby
      supplemental charge is added to said first energy storage circuit so as to
      compensate for energy losses.
NUM  6.
PAR  6. A pulse generator according to claim 2 wherein said means for applying
      energy to said first energy storage circuit comprises a square wave
      generator coupled to one terminal of said first capacitor.
NUM  7.
PAR  7. A pulse generator according to claim 6 further comprising voltage
      clamping means coupled to one of said energy storage circuits such that
      the amount of energy stored therein is restricted to a preselected range
      of values.
NUM  8.
PAR  8. A pulse generator according to claim 1 further comprising voltage
      clamping means coupled to one of said energy storage circuits such that
      the amount of energy stored therein is restricted to a preselected range
      of values.
NUM  9.
PAR  9. A pulse generator according to claim 1 wherein each of said energy
      transfer means comprises a silicon controlled rectifier and a transformer,
      with the secondary winding of the transformer being electrically connected
      between the gate and cathode terminals of the associated silicon
      controlled rectifier.
NUM  10.
PAR  10. A pulse generator according to claim 9 wherein each of said energy
      transfer means comprises a diode connected so as to be in series with the
      energy transferred by said energy transfer means.
NUM  11.
PAR  11. A pulse generator adapted for providing electric pulses to a reactive
      load circuit, said pulse generator comprising:
PA1  a plurality of pulse producing sections, each section comprising first and
      second energy storage circuits, means for applying electric energy to said
      first energy storage circuit, first energy transfer means for providing a
      transfer of electric energy from said first energy storage circuit to said
      reactive load circuit upon the application of an enabling signal to said
      first energy transfer means, second energy transfer means for providing a
      transfer of electric energy from said reactive load circuit to said second
      energy circuit upon the application of an enabling signal to said second
      energy transfer means, and third energy transfer means for providing a
      transfer of electric energy from second energy storage circuit to said
      first energy storage circuit upon the application of an enabling signal to
      said third energy transfer means; and
PA1  switch control means for applying enabling signals to said energy transfer
      means in each of said pulse producing sections during different sequential
      time periods such that electric energy stored in the first energy storage
      circuit of a particular pulse producing section is sequentially circulated
      to said reactive load circuit, then to the corresponding second energy
      storage circuit and back to the corresponding first energy storage
      circuit, and with the timing of the control of the energy transfer means
      being such that each of said sections provide a pulse to the reactive load
      circuit during a different time interval of each cycle of operation of
      said pulse generator.
NUM  12.
PAR  12. A pulse generator according to claim 11 and adapted for providing
      electric pulses to a capacitive type load, and wherein the first and
      second energy storage circuits in each said pulse producing sections
      comprise first and second capacitors, respectively.
NUM  13.
PAR  13. A pulse generator according to claim 12 wherein the values of
      capacitance of said load circuit, said first capacitor and said second
      capacitor are substantially the same.
NUM  14.
PAR  14. A pulse generator according to claim 12 wherein said first, second and
      third energy transfer means include first, second and third inductors,
      respectively; and wherein the values of said first, second and third
      inductors are such that the transfer of energy to and from said capacitors
      and the reactive load circuit is accomplished by resonant charging.
NUM  15.
PAR  15. A pulse generator according to claim 11 wherein said means for applying
      electric energy to said first energy storage circuit comprises a power
      source and wherein each of said pulse producing sections comprises fourth
      energy transfer means for providing a transfer of electric energy from
      said power source to said first energy storage circuit upon the
      application of an enabling signal to said fourth energy transfer means;
      and wherein said switch control means further comprises means for applying
      an enabling signal to said fourth energy transfer means during a time
      period which follows the transfer of electric energy from said second
      energy storage circuit to said first energy storage circuit; whereby
      supplemental charge is added to said first energy storage circuit so as to
      compensate for energy losses.
NUM  16.
PAR  16. A pulse generator according to claim 12 wherein said means for applying
      electric energy to said first energy storage circuit comprises a square
      wave generator coupled to one terminal of said first capacitor.
NUM  17.
PAR  17. A pulse generator according to claim 11 wherein each of said pulse
      producing sections further comprises voltage clamping means coupled to one
      of said energy storage circuits such that the amount of energy stored
      therein is restricted to a preselected range of values.
NUM  18.
PAR  18. A pulse generator according to claim 11 wherein each of said energy
      transfer means comprises a silicon controlled rectifier and a transformer,
      with the secondary winding of the transformer being coupled between the
      gate and cathode terminals of the associated silicon controlled rectifier.
NUM  19.
PAR  19. A pulse generator according to claim 11 wherein each of said energy
      transfer means includes a diode connected so as to be in series with the
      energy transferred by said energy transfer means.
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ABST
PAL  A turn signal for use on a motorcycle which incorporates means for
      automatic cancellation of the signal during completion of a turn. A
      normally open momentary contact push button switch is located on each side
      of the handle of the motorcycle, with each such push button switch in
      series with a self-latching relay that when energized switches on the
      appropriate turn indicator lamp. A mercury, normally closed, switch in
      series with the relay coil is mounted on each side of the handle and opens
      the relay coil circuit under the momentum of a turn to open the indicator
      lamp circuit.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a control device for a vehicle turn signal, and
      particularly to a control device for the turn signals for motorcycles. A
      N.O. momentary contact push button switch is mounted on each side of the
      motorcycle handlebar. When either switch is closed, it causes a connected
      layer to latch, activating the flasher unit, and energizing the
      appropriate turn indicator lamp. The relay is deenergized by the opening
      of an N.C. mercury switch located in the push-button housing, which opens
      under the momentum of a turning vehicle. A capacitor is connected in
      parallel with the mercury switch contacts, serving as an anti-jitter
      element, by preventing the unit from de-activating as a result of a
      momentary change in switch position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a side elevation view of switch housing on handlebar;
PAR  FIG. 2 is a side sectional view of the switch housing; and
PAR  FIG. 3 is a schematic drawing of the circuit of one side of the device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1
      and 2 illustrate a switch housing 10 fastened by clamps 11 and screws 12
      to each handle 13 of the handlebar of a motorcycle. A momentary
      push-button switch 14, with normally open contacts, and a mercury switch
      15 with normally closed contacts are contained in the housing 10. Wire
      leads 16 from the housing 10 lead to a control box with a circuit as shown
      in FIG. 3 connected to each set of leads 16.
PAR  As shown in FIG. 3, the N.O. contacts of each switch 14 are connected in
      series between the ground and the coil 20 of a relay 40. One set of N.O.
      contacts 21 of a relay 40 are in series with the power supply and flasher
      device 24 and an indicator light 23. The other N.O. contact 22 of the
      relay 40 acts to latch the relay 40 in the ON mode is series with the N.C.
      mercury switch 15. A condensor 25 is located in parallel with mercury
      switch 15 to prevent momentary operation of mercury switch 15 from
      breaking the circuit to coil 20.
PAR  The circuit of FIG. 3 is duplicated for each side of the equipped vehicle,
      with one circuit connected to through wires 16 to the switch unit 10 on
      the right handle 13 and to the right side indicator light 23 and the other
      circuit connected to the switch unit 10 and indicator light 23 on the left
      side of the vehicle.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A turn signal indicator switch assembly for use on a motor cycle
      comprising
PA1  a housing fitted with clamps for fastening to a motorcycle handlebar,
      adjacent to a hand grip of the handlebar
PA1  a momentary contact push button, normally open switch mounted in said
      housing, with the switch button projecting beyond the housing, and a
      mercury switch mounted in said housing, in the normally closed position
      for the installed position of the assembly, such that the normally open
      push button switch may be connected in series with the coil of a
      self-latching relay that controls an electrical turn indication signal and
      the mercury switch may be connected in series with the self-latching
      circuit of the said relay so that
PA1  momentary actuation of the push button switch causes the self-latching
      relay to close and remain close, thus actuating the turn indicator signal
      and movement of mercury in the mercury switch, responsive to turning
      motion of the handlebar, causes the said relay to open and turn off the
      said indicator signal.
NUM  2.
PAR  2. The combination as recited in claim 1, in which the mercury switch is
      connected in parallel with a condensor to provide a time-delay action so
      that transient momentary operation of the mercury switch will not cause
      the relay, in the latched position, to open.
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ABST
PAL  In apparatus for controlling the supply of power from an alternating
      current electrical supply of at least three phases to a resistive load,
      the load is so arranged that there exist current paths both between each
      phase connection of the load and two adjacent phase connections of the
      load and between each phase connection of the load and a common point
      which is directly connected to the neutral of the supply. The switching
      means for connecting each phase of the load to the corresponding phase of
      the supply is arranged to change from a non-conducting to a conducting
      state only when the voltage across such switching means is substantially
      zero, and to change from a conducting to a non-conducting state only when
      the current through each switching means is substantially zero.
BSUM
PAR  This invention relates to apparatus for controlling the supply of power to
      a resistive load. It has particular, but by no means exclusive application
      to controlling the power supply for an electrode boiler or water heater.
PAR  An electrode boiler consists of an enclosure for a liquid to be heated and
      means for causing an electric current to flow through the liquid.
      Frequently, such boilers are arranged to be powered from a three-phase
      supply and have three electrodes, each connected to a respective phase and
      each of which is surrounded by a so-called neutral shield which is
      connected to the neutral point of the three-phase supply. It will be
      obvious that alternating current must be used in order to prevent
      electrolysis from taking place. It has been found that, where one or more
      of the products of electrolysis is a gas, it is necessary to ensure that
      the alternating current supply does not contain components of frequency
      less than 10Hz if production of gas is to be avoided. It will be
      appreciated that, in the case of water, hydrogen and oxygen would be
      evolved at each electrode in alternate half cycles, producing an explosive
      mixture.
PAR  Up to now, control of the power supplied to an electrode boiler has been
      effected by having mechanically movable insulating sheaths which can be
      moved over the electrodes to reduce the surface area confronting the
      corresponding neutral shield. This requires machinery to move the sheaths
      and can be prone to water leakage where this machinery passes through the
      boiler wall.
PAR  According to the invention, apparatus for controlling the supply of power
      from an alternating current electrical supply of at least three phases to
      a resistive load comprises means for so connecting the load that there
      exist current paths both between each phase connection of the load and two
      adjacent phase connections of the load and between each phase connection
      of the load and a common point which is directly connected to the neutral
      of the supply, respective switching means for each phase for selectively
      connecting the phase connection of the load to the corresponding phase of
      the supply and control means for operating the switching means in a
      selected sequence and arranged to change each switching means from a
      non-conducting to a conducting state only when the voltage across such
      switching means is substantially zero, and to change each switching means
      from a conducting to a non-conducting state only when the current through
      each switching means is substantially zero.
PAR  The switching means for each phase may comprise a pair of oppositely poled
      thyristors connected in parallel. Alternatively, it may comprise a triac.
PAR  One of the problems with a resistive load such as an electrode boiler is
      that since the load has no significant reactance, a current transient is
      drawn from the supply if the switching means is switched on when any
      significant voltage is present across the switching means. In accordance
      with the invention this is avoided by ensuring that the thyristors or
      triacs are only fired when the voltage across them is substantially zero.
      They will, of course, cut off only when the current flowing through them
      falls substantially to zero.
PAR  Existing methods of integral half-cycle control also adopt zero-voltage
      switching as above but when used for single phase loads can only produce a
      substantial number of intermediate power levels when the conduction
      sequence extends over many periods of the supply. A conduction pattern
      occupying N periods produces, in the worst circumstances, a supply current
      having a component at 1/Nth of the supply frequency. Components of current
      at frequencies below 25Hz and particularly in the region of 10Hz create
      severe problems of lamp flicker caused by voltage drops produced by these
      currents flowing in the supply impedance.
PAR  Three phase loads connected as three single phase loads in a star or in a
      delta configuration suffer from the same disadvantages.
PAR  In accordance with the invention, a load having both star and delta
      configurations in conjunction with a four-wire supply enables a much
      larger variety of conduction sequences, and hence power levels, to be
      obtained when the conduction sequences occupy only three supply periods.
      For conduction sequences occupying three periods of the supply there are
      38 discrete conduction sequences with corresponding intermediate power
      levels. Of these there is a substantial proportion of sequences which
      generate lamp flicker at or above two-thirds of the supply frequency which
      is not noticeable.
DRWD
PAR  In order that the invention may be more readily understood, an embodiment
      thereof, applied to an electrode boiler, will now be described with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a cross-sectional view of an electrode boiler arranged for
      operation in accordance with the invention;
PAR  FIG. 2 is a circuit diagram showing the equivalent circuit of the electrode
      boiler shown in FIG. 1; and
PAR  FIG. 3 is a waveform diagram of a three-phase supply, illustrating
      thyristor firing times.
DETD
PAR  Referring first to FIG. 1, an electrode boiler consists of a cylindrical
      boiler shell 10 which is electrically earthed. Approximately coaxial with
      the boiler shell 10 is an electrically conductive neutral shield 12 which
      is connected to the neutral of the electrical supply. Within the shield 12
      are three uniformly spaced electrodes 14, 16 and 18, one for each phase of
      the supply. All the heat is, of course, produced within the neutral
      shield. The boiler is preferably arranged with its cylindrical axis
      vertical and the neutral shield 12 constructed so that it does not reach
      the end faces of the boiler. This enables convection currents in the
      liquid to cause flow upwards within the neutral shield 12 and downwards
      outside it thereby ensuring mixing of the heated liquid from within the
      neutral shield with other liquid in the rest of the boiler. If for some
      reason it is desired to operate the boiler with its cylindrical axis
      horizontal, apertures must be provided in the neutral shield 12 to allow
      convection currents to flow.
PAR  Referring to FIG. 2, it will be seen that the equivalent circuit of the
      electrode boiler consists of three phase-to-phase resistances 20, 22 and
      24 and three phase-to-neutral resistances 26, 28 and 30. The electrode 14
      is connected to the A-phase terminal of the supply via thyristors 32 and
      34, the electrode 16 to the B-phase via thyristors 36 and 38, and the
      electrode 18 to the C-phase via thyristors 40 and 42. The neutral shield
      is connected to the neutral N of the supply.
PAR  FIG. 3 shows the possible times during each cycle of the supply when gating
      signals may be applied to the thyristors. Thyristors 32, 36 and 40 can
      conduct during positive half-cycles and gating signals may be applied
      during time intervals A, B and C respectively. Thyristors 34, 38 and 42
      can conduct during negative half-cycles and gating signals may be applied
      during time intervals A, B and C respectively. A thyristor to which a
      gating signal is applied fires as soon thereafter as it ceases to be
      reverse biased. The time at which this happens depends on which of the
      other thyristors are already conducting.
PAR  If in any sequence a phase contributes zero power, severe imbalance occurs.
      This situation is unavoidable for the two lowest power levels but the
      elimination of other sequences to which this applies leaves 31 still
      acceptable.
PAR  The following table shows twenty four gating sequences (plus zero power and
      full power) which have been selected both to minimise lamp flicker and so
      that they all end with the same thyristor conducting, thus allowing any
      two sequences to be linked together as is required when a change of power
      is to be effected.
TBL  __________________________________________________________________________

     Gate Signals     R.M.S. Currents (%)                                      

     Power A C B A C B A C B                                                   

                      Phase A                                                  

                            Phase B                                            

                                  Phase C                                      

     __________________________________________________________________________

     0.00  0 0 0 0 0 0 0 0 0                                                   

                      0.    0.    0.                                           

     6.54  0 0 0 0 0 0 0 0 1                                                   

                      0.    33.99 0.                                           

     12.76 0 1 0 0 0 0 0 0 1                                                   

                      0.    33.41 33.41                                        

     18.99 0 1 0 1 0 0 0 0 1                                                   

                      33.41 33.41 32.82                                        

     25.22 0 1 0 1 0 1 0 0 1                                                   

                      32.82 47.24 32.82                                        

     30.40 1 1 0 0 0 0 0 0 1                                                   

                      62.45 49.06 49.06                                        

     31.74 0 1 0 1 1 0 0 0 1                                                   

                      51.47 33.41 61.36                                        

     36.63 0 1 1 1 0 0 0 0 1                                                   

                      49.06 70.83 48.66                                        

     36.94 0 0 1 1 1 0 0 0 1                                                   

                      62.45 59.68 49.06                                        

     37.66 0 1 1 0 1 0 1 0 1                                                   

                      32.82 61.04 61.04                                        

     38.58 1 0 0 0 1 1 0 0 1                                                   

                      51.85 73.32 51.85                                        

     41.51 1 1 1 0 0 0 0 0 1                                                   

                      60.16 69.38 60.16                                        

     42.86 0 1 0 1 1 1 0 0 1                                                   

                      48.66 59.36 70.55                                        

     47.74 0 1 1 1 1 0 0 0 1                                                   

                      60.16 68.81 69.10                                        

     48.05 1 1 1 0 0 1 0 0 1                                                   

                      60.16 77.26 60.16                                        

     49.38 1 0 1 1 1 0 0 0 1                                                   

                      80.93 71.10 49.06                                        

     49.69 1 0 0 1 1 1 0 0 1                                                   

                      71.38 71.38 62.45                                        

     52.62 1 1 1 1 0 0 0 0 1                                                   

                      77.63 77.63 57.78                                        

     53.66 1 1 1 0 1 0 1 0 1                                                   

                      68.53 68.82 68.53                                        

     55.30 1 0 1 1 1 0 1 0 1                                                   

                      87.33 70.83 48.66                                        

     60.49 1 0 1 1 1 1 0 0 1                                                   

                      79.17 86.39 60.16                                        

     63.73 1 1 1 1 1 0 0 0 1                                                   

                      85.08 75.80 75.80                                        

     69.65 1 1 1 1 1 0 1 0 1                                                   

                      91.19 75.54 75.54                                        

     74.84 1 1 1 1 1 1 0 0 1                                                   

                      83.41 90.29 83.41                                        

     85.65 1 1 1 1 1 1 1 0 1                                                   

                      96.57 96.57 81.71                                        

     100.00                                                                    

           1 1 1 1 1 1 1 1 1                                                   

                      100   100   100                                          

     __________________________________________________________________________

PAR  The precise percentage power levels obtained with each sequence vary with
      the ratio of phase-to-phase resistance to phase-to-neutral resistance of
      the electrode boiler. This ratio is, of course, determined by the diameter
      of the neutral shield 12 relative to the distances between the electrodes
      14, 16 and 18. The values shown in the table are those obtained when this
      ratio is 0.7.
PAR  All of the sequences shown in the table repeat over three cycles. Only half
      of each sequence is shown, the second half being the converse of the first
      half so that if gate signal A is 0 at the beginning of the first half of
      the sequence for example, gate signal A is 0 at the beginning of the
      second half of the sequence. This ensures that there is no d.c. component
      in any phase. If the temperature in the electrode boiler is being
      maintained at a particular value or changing in accordance with a
      particular profile under automatic control, there may well be frequent
      changes between adjacent power levels. The time constant of most thermal
      loads is such that hunting of this nature usually takes place at
      frequencies below 1Hz. At these frequencies, lamp flicker is perceptible
      if the resulting voltage fluctuation is sufficiently large. Voltage
      fluctuation due to switching between power levels can be minimised by
      minimising the resulting r.m.s. current change in each phase. Accordingly,
      it is preferable to choose the required number of different power levels
      from among those shown in the table such that the difference in r.m.s.
      currents in each phase between adjacent power levels is as uniform as
      possible.
PAR  Gating sequences which repeat over four cycles or five cycles can be used
      to obtain a greater variety of power levels. However, they impose a more
      severe constraint on the supply impedance if perceptible lamp flicker is
      to be avoided.
PAR  In FIG. 2 the thyristors are selectively fired by means of control means 44
      which include a store holding the sequences shown in the preceding table,
      circuits for selecting and changing from one sequence to another and
      circuits for generating firing signals for the thyristor from the sequence
      selected. The circuits for generating firing signals are arranged to
      supply such signals to a thyristor only when the voltage across the
      thyristor is substantially zero. Since these circuits and the store may be
      of known types readily accessible to those familiar with this field, they
      are not described in detail. Firing signals pass along channels 46 and 48
      shown by single lines in FIG. 2.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for controlling the supply of power from an alternating
      current electrical supply of at least three phases and a neutral to a
      resistive load comprising:
PA1  means for connecting the load as a combined star-delta load having current
      paths both between (a) each phase connection of the load and two adjacent
      phase connections of the load and (b) between each phase connection of the
      load and a common point which is directly connected to said neutral,
PA1  a plurality of switching means connected to the supply, one for each phase,
      for selectively connecting the phase connection of the load for that phase
      to the corresponding phase of the supply, each said switching means having
      a conducting and a non-conducting state, and
PA1  control means connected to said switching means for changing the various
      switching means from their non-conducting stages to their conducting
      states and vice versa in a selected sequence and for changing the sequence
      selected, said control means including means for changing each switching
      means from its non-conducting to its conducting state only when voltage
      across that switching means is substantially zero, each switching means
      changing from its conducting to its non-conducting state only when current
      through that switching means is substantially zero.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, in which the switching means for each
      phase comprises a pair of oppositely poled thyristors connected in
      parallel.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, in which the resistive load comprises
      an electrode boiler including the connecting means comprising a respective
      electrode for each phase of the supply, the electrodes being uniformly
      spaced and disposed symmetrically within an electrically conductive member
      which is connected to the neutral of the supply.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said control means includes means
      for causing each said selected sequence to have a duration of three cycles
      of the supply current.
NUM  5.
PAR  5. Apparatus according to claim 1 further including said load.
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ABST
PAL  A counter circuit counts all transitions of two or more overlapped out of
      phase bi-level signals under control of a start signal by combining the
      input signals via an exclusive OR circuit into a single signal having the
      transitions of all input signals. The levels of this single signal are
      applied to a polarity hold circuit and the level present upon the
      occurrence of an asynchronously occurring start signal is stored therein.
      The polarity hold circuit provides a pair of gating signals to a logical
      AND/OR network having an output containing both the positive and negative
      transitions of the single signal. The detected transitions are fed into a
      binary counter whose first stage consists of the AND/OR network.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to counter circuitry and more particularly to
      counter circuitry for counting all transitions of two or more overlapped
      out of phase bi-level signals.
PAR  The invention finds particular utility in position control systems. For
      example, it can be used to control the operation of a stepping motor. It
      is not uncommon for stepping motors to operate in a fashion where out of
      phase emitter pulses taken from an emitter driven by the stepping motor
      are fed back to further drive the stepping motor. The stepping motor
      continues to operate until it has taken a predetermined number of steps.
      The counter of this invention can be used to keep track of the number of
      steps taken by the stepping motor. The stepping motor can be connected to
      position any element and, for example, could be used to operate a paper
      carriage for advancing continuous forms in a printer. Assume that it takes
      16 steps to advance the continuous forms one line space. Then, after the
      printer completes a line of printing, a control unit would issue a start
      signal to the stepper motor. The stepper motor would step continuously
      until the start signal is dropped. The start signal would drop after the
      counter counts 16 overlapped transitions from the emitter driven by the
      stepper motor.
PAR  2. Description of the Prior Art
PAR  Heretofore, signal transitions of two or more overlapped out of phase
      bi-level signals were counted by applying the separate signals to separate
      counters and then the outputs of the separate counters were logically
      combined to provide an overall count of the transitions. In other
      instances a sequence detector and reversible counter are used in
      combination. The sequence detector logically combines the incoming signals
      into phase pairs and examines the sequence thereof to determine the
      direction for advancing the counter. Such an arrangement is represented by
      U.S. Pat. No. 3,165,680 dated Jan. 12, 1965, for "Digital Position Control
      Servosystem". Other prior art approaches utilize analog circuitry such as
      differential networks and clipping circuitry to develop the counter
      advance pulses. All of the aforementioned approaches are more complex and
      thus involve either more circuitry in the case of the prior art digital
      approaches or in the case of analog approaches require more expensive
      circuitry. In any event the prior art approaches are more costly than the
      present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The principal objects of the invention are to provide improved counter
      circuitry for counting transitions of two or more overlapped out of phase
      bi-level signals which:
PA1  a. has a minimal number of logic elements,
PA1  b. uses standard digital logic elements, and
PA1  c. is relatively inexpensive.
PAR  The foregoing objects are achieved by logically combining the separate
      overlapped signals into a single signal having all of the transitions of
      the separate signals. The level of the single signal at the occurrence of
      an asynchronous start signal is stored and used to gate the subsequent
      changes in level of the single signal into a counter for counting the
      transition occurring in the separate signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrating the invention embodied to count
      transitions occurring in two out of phase overlapped input signals;
PAR  FIG. 2 is a schematic logic circuit diagram illustrating the embodiment of
      FIG. 1 in greater detail;
PAR  FIG. 3 is a timing diagram illustrating the relationship of the input
      signals, the single signal, the asynchronously occurring start signal, the
      stored level of the single signal and the counter outputs for the circuit
      of FIG. 2;
PAR  FIG. 4 is a schematic diagram illustrating the invention incorporated into
      a control system for controlling a stepping motor; and,
PAR  FIG. 5 is a timing diagram illustrating a single signal containing all of
      the transitions of n overlapped out of phase bi-level signals.
DETD
PAC  DESCRIPTION
PAR  With reference to the drawings and particularly FIGS. 1 and 3, the
      invention is illustrated by way of example as having signals A and B, FIG.
      3, applied to terminals 10 and 11 of FIG. 1. Terminals 10 and 11 are
      connected to inputs of exclusive OR circuit 15. The output of exclusive OR
      circuit 15 is a signal C as shown in FIG. 3 which has all of the
      transitions occurring in signals A and B. The output of exclusive OR
      circuit 15 is applied to a polarity hold or bistable latch circuit 30
      which also receives an asynchronous start signal applied to terminal 12.
PAR  The start signal is also applied to AND circuits 37 and 38 to condition the
      same. Out-of-phase outputs from polarity hold 30 are applied to AND
      circuits 37 and 38 respectively. Polarity hold circuit 30 also provides an
      inverted signal of the output from exclusive OR circuit 15 to AND circuit
      37 whereas the output of exclusive OR circuit 15 is directly applied to
      AND circuit 38. The outputs of AND circuits 37 and 38 are logically
      combined by OR circuit 39 which provides an advance signal to counter 40
      and an output Q0 representing the first stage of counter 40. It should be
      noted that counter 40 is maintained reset until the occurrence of the
      start signal.
PAR  Exclusive OR circuit 15 consists of AND circuits 16, 17 and 18 and OR
      circuit 19 connected as shown in FIG. 2. The wedge-shape at the input or
      output of a logic element represents a down level condition for satisfying
      the requirements of the logic element. The output of exclusive OR circuit
      15 is taken from OR circuit 19 and it is applied to inverter 31, AND
      circuit 32 and AND circuit 38. The output of inverter 31 is applied to AND
      circuits 33 and 37. AND circuits 32 and 33 are conditioned by the output
      of inverter 36 which is connected to start terminal 12. The outputs of AND
      circuits 32 and 33 feed OR circuits 34 and 35 respectively, which are
      interconnected to form the latch portion of polarity hold circuit 30. The
      output of OR circuit 34 is fed to AND circuit 37 while the output of OR
      circuit 35 is applied to AND circuit 38. It is seen that inverter 31 is
      used to provide the inverted output of exclusive OR circuit 15. The
      inverted signal from inverter 31 is applied to both polarity hold circuit
      30 and AND circuit 37. The inverted signal insures that the proper state
      is stored in polarity hold circuit 30 and insures that the proper phase
      transitions are applied to counter 40.
PAR  As previously stated, AND circuits 37 and 38 feed OR circuit 39. The output
      of OR circuit 39 provides the Q0 output of counter 40 and also feeds
      inverter 41 which has its output connected to the clock input of trigger
      42. The set output of trigger 42 provides the Q1 output of counter 40. The
      reset output of trigger 42 feeds the clock input of the next stage of the
      counter, which in this instance is shown as the n th stage represented by
      trigger 43.
PAR  The counting of the transitions in signals A and B is shown in FIG. 3. It
      is seen in FIG. 3 that all of the transitions occurring in signals A and B
      also occur in signal C. It is also seen that the outputs of OR circuits 34
      and 35 follow the transitions of signal C until the occurrence of the
      start signal. The start signal is shown as occurring at two different
      times so as to illustrate the different signal levels held by polarity
      hold circuit 30. In one instance, the start signal is shown as occurring
      when the output of OR circuit 34 is at an UP level and the output of OR
      circuit 35 is at a DOWN level. The up and down levels of OR circuits 34
      and 35 respectively, are then held by the polarity hold circuit as counter
      40 counts the transitions occurring in signal C which of course is the
      output of exclusive OR circuit 15. This arrangement insures that the first
      transition occurring after the occurrence of the start signal will be
      counted and that both negative and positive transitions will be counted.
      The other start signal is shown to occur when the output of OR circuit 34
      is at a down level and the output of OR circuit 35 is at an up level.
      These up and down levels are then held by polarity hold circuit 30 in a
      manner as previously indicated.
PAR  In FIG. 4 transition counter 60 counts the transitions occurring in signals
      A and B coming from emitter and amplifiers 70 where the emitter is driven
      by stepping motor 75. The signals A and B from amplifiers 70 are also fed
      to motor drivers 80 which are controlled by a start signal from controller
      85. Motor drivers 80 provide signals on lines 81-84 inclusive for driving
      stepper motor 75. Signals for driving stepper motor 75 are provided by
      motor drivers 80 so long as there is a start signal from controller 85.
      Controller 85 receives transition counts from counter 60 and after a
      predetermined number of transitions have been counted, controller 85 drops
      the start signal. Stepper motor 75 is illustrated as operating driven
      element 90 which, as previously indicated, could be a carriage for
      advancing continuous forms in a printer. In this particular example,
      transition counter 60 provides outputs Q0-Q3 inclusive to controller 85.
      This provides controller 85 with the capability of dropping the start
      signal any time after the occurrence of a predetermined number of
      transitions, up to 16 transitions in this particular example.
PAR  The invention, of course, is not limited to the particular embodiment or
      application illustrated. The number of overlapped out-of-phase bi-level
      signals can be increased to n so long as there exists two n combined logic
      level states and signal C contains the same number of transitions
      occurring in the n input signals. This is illustrated in FIG. 5.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A counter circuit for counting signal transitions of overlapped out of
      phase bi-level signals in response to an asynchronously occurring start
      signal comprising
PA1  means responsive to said overlapped out of phase bi-level signals for
      generating a single signal having signal transitions for every signal
      transition, positive and negative, occurring within said overlapped
      signals,
PA1  means responsive to said start signal for storing the level of said single
      signal at the time said start signal occurs,
PA1  binary counter means, and
PA1  logic means responsive to said single signal and said stored level to
      provide counter advance signals to said binary counter means for each
      signal transition in said single signal.
NUM  2.
PAR  2. The counter circuit of claim 1 wherein said means for generating a
      single signal having signal transitions for every signal transition
      occurring within said overlapped signals is logical exclusive OR
      circuitry.
NUM  3.
PAR  3. The counter circuit of claim 2 wherein said logical exclusive OR
      circuitry comprises
PA1  a first AND circuit connected to receive said overlapped out of phase
      bi-level signals,
PA1  a second AND circuit connected to the output of said first AND circuit and
      connected to receive one of said out of phase bi-level signals,
PA1  a third AND circuit connected to the output of said first AND circuit and
      connected to receive another of said out of phase bi-level signals, and
PA1  an OR circuit connected to the outputs of said second and third AND
      circuits to provide an output at one level when the outputs of said second
      and third AND circuits are at levels different from each other and to
      provide an output at another level when the outputs of said second and
      third AND circuits are at the same level.
NUM  4.
PAR  4. The counter circuit of claim 1 wherein said means for storing the level
      of said single signal at the time said start signal occurs is a polarity
      hold circuit.
NUM  5.
PAR  5. The counter circuit of claim 4 wherein said polarity hold circuit
      comprises
PA1  a first AND circuit connected to receive said single signal and said start
      signal,
PA1  inverter means for inverting said single signal,
PA1  a second AND circuit connected to receive said inverted single signal and
      said start signal, and
PA1  a pair of OR circuits connected to each other to form a latch and connected
      to outputs of said first and second AND circuits whereby the level of said
      single signal is stored upon the occurrence of said start signal in the
      latch formed by said OR circuits.
NUM  6.
PAR  6. The counter circuit of claim 1 wherein said logic means for providing
      said counter advance signals to said binary counter means forms the first
      stage of said binary counter means.
NUM  7.
PAR  7. The counter circuit of claim 1 wherein said logic means for providing
      counter advance signals comprises
PA1  a first AND circuit connected to receive said stored level, said single
      signal in inverted form and said start signal,
PA1  a second AND circuit connected to receive said stored level, said single
      signal and said start signal, and
PA1  an OR circuit connected to outputs of said first and second AND circuits to
      provide counter output signals for both negative and positive transitions
      occurring in said single signal.
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ABST
PAL  A thermoelectric power system particularly adaptable for use in outer space
      in which a nuclear reactor heats a working fluid, which in turn supplies
      heat to a plurality of thermoelectric generators spaced about a
      ring-shaped support. A first heat pipe is employed to couple heat between
      the hot fluid and hot junction of the thermoelectric element of each
      generator, and a second heat pipe couples heat away from the cold junction
      of each thermoelectric element. Each of the second heat pipes are
      elongated flexible units adapted to be folded upon launch of the system of
      a space vehicle and thereafter extended in space to provide a substantial
      area of radiation of heat to be discharged.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by an employee of the United States
      Government and may be manufactured and used by or for the Government of
      the United States of America for governmental purposes without the payment
      of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to thermoelectric power systems and particularly to
      a system of this category adapted for employment in outer space.
PAR  2. General Description of the Prior Art
PAR  A previous system for producing power in outer space with thermoelectric
      elements employed two liquid loops. In one, a heated fluid was circulated
      to provide heat to a hot junction of a thermoelectric element, and in the
      other, a coolant fluid was circulated to engage and carry heat away from
      the cold junction of the thermoelectric element. Several difficulties were
      experienced with the system. The system was quite complex with each power
      module of the system consisting of 20 thermoelectric elements. Pumps were
      required in both heating and cooling loops. The power modules were massive
      because of the number of elements, resulting in high launch stresses and
      requiring heavy restrainers. Thermal gradients existed in both the hot and
      cold coolant loops, preventing thermoelectric elements from each producing
      the same amount of electrical energy. The thermal gradients also produced
      thermal stresses resulting in structural failures.
PAR  It is, accordingly, an object of this invention to provide an improved
      thermoelectric power system for use in outer space which is more
      effective, more efficient, and of lighter weight for the same power
      generation capability than prior systems.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a thermoelectric power system is
      constructed wherein a first heat pipe receives heat from a hot fluid and
      conveys the heat to the hot junction of a thermoelectric generator. The
      cold junction of the thermoelectric generator is surrounded by a second
      and larger heat pipe which receives heat from the cold junction and
      discharges the heat by radiation from the exterior surface of the second
      heat pipe. Typically, such a system would be employed wherever radiation
      of heat would be the most effective means of discharging heat, such as
      would be the case of operation in outer space.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial view of the general arrangement of components in the
      embodiment of the invention.
PAR  FIG. 2 is a pictorial view, with a portion broken away, of a thermoelectric
      generating unit as contemplated by this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring initially to FIG. 1, nuclear reactor 10 (or other source of heat)
      is centrally mounted upon a cylindrical coolant plenum chamber or
      reservoir 12. Coolant reservoir plenum chamber 12 is heat coupled to
      atomic reactor 10 by means not shown, and it functions to heat the working
      fluid of the system, typically liquid sodium and potassium (NaK). An array
      of thermoelectric power generating units are mounted on support ring 14,
      in turn attached to coolant plenum chamber 12 by a plurality of fluid
      lines 16. Fluid lines 16 provide mechanical support between heat exchanger
      12 and thermoelectric generating units 18, and each line 16 provides a
      passageway for a hot fluid to be supplied to the thermoelectric generating
      units for the generation of power. After releasing heat to a
      thermoelectric generating unit, fluid flows through discharge line 20 to
      sump 22. From sump 22 the fluid is recirculated by electromagnetic pump 24
      through line 26 to plenum chamber 12 where it is reheated and the fluid
      cycle repeated, whereby all of the thermoelectric generating units are
      continuously supplied heat to thus provide a continuous source of
      electrical power. Line 26 and lines 16 provide mechanical support which
      function with lines 20 to rigidly connect power units of the system
      together. If the power system is to be man rated, plenum chamber 12 would
      be replaced with heat exchangers at the expense of extra pumping power and
      mass.
PAR  FIG. 2 illustrates the details of one of the thermoelectric generating
      units. Power generation is by means of a thermoelectric element 28 of a
      known type responsive to heat being applied to a hot junction 30 and
      discharged from a cold junction 32. The heated fluid enters a chamber 33
      formed at the intersection of pipes 16 and 20 and having been conducted
      through lines 16 to heat pipe 34, and then by heat pipe 34 to hot junction
      30 of thermoelectric element 28. Heat pipe 34 is generally conventional in
      construction and encloses a wick 36 about its inner periphery 38 which
      extends the length of the pipe. The heat pipe contains a heat transfer
      fluid, typically mercury. Heat is absorbed in end region 40 of pipe 34,
      causing the mercury to vaporize and move under expanding pressure to the
      right along the length of heat pipe 34, giving up its latent heat to heat
      the hot junction 30 of thermoelectric element 28. This loss of heat causes
      the mercury to condense, and by means of capillary flow, returns along
      peripheral internal wick 36 to end region 40 of heat pipe 34 where it is
      again reheated and the cycle repeated.
PAR  Thermoelectric generating unit 28 is supported by virtue of a wall region
      42 of ring 14, wall region 42 being attached to and surrounding heat pipe
      34 in a manner which provides a fluid seal between chamber 33, the region
      housing the left portion of heat pipe 34, and a second heat pipe, flexible
      heat pipe 44, which serves to discharge heat from cold junction 32 of
      thermoelectric element 34.
PAR  Flexible heat pipe 44 is formed from two thin elongated nichrome sheets 46,
      to the inner sides of which are welded layers of screen wire mesh 48. The
      nichrome sheets are formed into trough-like members which are welded along
      mating longitudinal edges 50. The outer end of heat pipe 44 is fitted with
      a solid head or a closed wall 52 which is sealably welded to longitudinal
      members 46. A typical working fluid for this heat pipe is potassium, and
      it is heated and vaporized by heat from cold junction 32 of thermoelectric
      element 28. To facilitate this, the outer periphery of cold junction 32 is
      covered by a metallic wick 54. The vaporized potassium expands outward in
      the direction of arrows 56 and generally permeates pipe 44 under vapor
      pressure. Vapor is then condensed along the inner surface 58 of pipe 44,
      releasing heat which is radiated by the outer surface of pipe 44 into
      space. The condensate is then returned to end region 60 by capillary flow
      along wick 48 after which it is reheated and vaporized by thermoelectric
      element 28 and the cycle repeated. Electrical power output from each
      generating unit is obtained through power leads 62 which may be connected
      in series or in parallel with leads of the other thermoelectric generating
      units to provide a desired output voltage.
PAR  Referring back to FIG. 1, flexible heat pipe 44 would typically be folded
      during launch, as shown on the left side of the drawing, and then when the
      system is lifted out of the atmosphere, heat pipes 44 would be extended
      radially as shown on the right side of the drawing.
PAR  From the foregoing, it will be appreciated that the applicant has
      determined a significantly improved thermoelectric power system for use in
      outer space. It is compact, relatively light, and of a configuration
      particularly adaptable to be carried aloft by a space vehicle. It is
      extremely efficient in view of the heat pipe coupling in both the hot and
      cold junctions of the thermoelectric elements. It is particularly of note
      that in the employment of the heat pipe used as a heat radiator that no
      power is consumed in discharging heat from the cold junction of the
      thermoelectric element.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermoelectric power system comprising:
PA1  a heat means having a fluid inlet and fluid outlet for receiving a fluid at
      said inlet, heating said fluid, and providing it as a heated fluid at said
      outlet;
PA1  at least one thermoelectric generator assembly, each comprising:
PA2  a fluid chamber having an inlet coupled to the outlet of said heat means
      and a fluid outlet, said chamber being heated by fluid from said heat
      means,
PA2  first and second heat pipes, each comprising an elongated closed tube
      having a wick along the interior surface of said tube and containing a
      working fluid,
PA2  a mounting means for sealably extending one end region of said first heat
      pipe into said chamber and the opposite end region of said first heat pipe
      into said second heat pipe,
PA2  a thermoelectric element having a hot junction and a cold junction, said
      thermoelectric element being positioned within said second heat pipe and
      being positioned with its cold junction in engagement with said working
      fluid of said second pipe, and
PA2  radiation means coupled to said second heat pipe for radiating into space
      heat absorbed by said second heat pipe from said cold junction of said
      thermoelectric element; and
PA1  pumping means interconnecting said heat means and said chamber of each said
      assembly for pumping heated fluid from the outlet of said heat means
      through each said chamber and back to said heat means, whereby heat is
      transferred from said heat means by fluid flow to each said chamber,
      thence by said first heat pipe to a said hot junction, thence from said
      cold junction to said second heat pipe, and thereafter disposed of by
      radiation.
NUM  2.
PAR  2. A thermoelectric power system as set forth in claim 1 wherein said
      radiation means comprises an outer surface of said second heat pipe.
NUM  3.
PAR  3. A thermoelectric power system as set forth in claim 2 wherein said
      second heat pipe is flexible and foldable.
NUM  4.
PAR  4. A thermoelectric power system as set forth in claim 3 comprising a
      plurality of said thermoelectric generator assemblies and further
      comprising:
PA1  a supporting ring;
PA1  mounting means for positioning said plurality of said thermoelectric
      generator assemblies upon and around said ring in spaced relation and
      wherein each said second heat pipe extends radially outward from said
      ring;
PA1  supporting means for mounting said heat means at a point spaced from but
      along a line concentric with the center of said ring;
PA1  a plurality of fluid couplers, each said fluid coupler being connected to
      said outlet of said heat means and to an inlet of a said chamber of one of
      said thermoelectric generator assemblies, whereby heated fluid is supplied
      individual said assemblies from said heat means;
PA1  a sump centrally positioned with respect to said ring and having a
      plurality of fluid inlets and a fluid outlet, said fluid inlets being
      connected respectively to fluid outlets of said chambers, whereby fluid
      from said chambers may flow to said sump; and
PA1  a pump coupled between the outlet of said sump and the inlet of said heat
      means whereby fluid collected in said sump from each of said chambers is
      pumped back to said heat means.
NUM  5.
PAR  5. A thermoelectric power system as set forth in claim 1 wherein each said
      thermoelectric element is concentrically positioned on said first heat
      pipe.
NUM  6.
PAR  6. A thermoelectric power system as set forth in claim 5 further comprising
      a plurality of fins attached to said first named end region of each said
      first heat pipe.
NUM  7.
PAR  7. A thermoelectric power system as set forth in claim 6 wherein said
      plurality of fins comprises a first plurality of fins extending
      circumferentially around an inner portion of said end region of said first
      heat pipe and second plurality of fins extend longitudinally along an
      outer portion of said end region of said first heat pipe.
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ABST
PAL  A controllable frequency ultrasonic signal generator for driving an
      ultrasonic transducer via a switching type output circuit for the
      efficient transfer of energy thereto. The signal generator includes a
      phase lock loop feedback control for locking the operation of the
      oscillator to the resonant frequency of the transducer for following
      variations in transducer resonant frequency due to loading changes,
      temperature changes, tool tip variations, and the like.
BSUM
PAC  BACKGROUND ON THE INVENTION
PAR  This invention pertains to electrical circuits for driving ultrasonic
      transducers, and more particularly to controllable oscillator circuits for
      energizing ultrasonic transducers at their resonant frquency and for
      following any changes therein.
PAR  Ultrasonic devices have a wide variety of uses in the form of hand held
      tools for drilling, cleaning, etc., surfaces such as, for example, dental
      ultrasonic scalers. The hand tool generally includes a transducer for
      driving a vibratory tip and a circuit for energizing the transducer. The
      transducer can be a magnetostrictive type including an energizing coil, or
      a piezoelectric type to which electrical ultransonic signals are directly
      applied. Since the tool is handheld, it is important that the tool, when
      energized, remains at a comfortable temperature, particularly when used
      over extended periods of time. This is particularly true in the case of
      the dental ultrasonic scalers due to the exacting nature of the work
      involved.
PAR  A coolant, such as water, is generally circulated through the hand tool to
      maintain the temperature of the hand tool comfortable. In the case of
      dental ultrasonic scalers, the water is projected out from the end of the
      hand tool and along the tip to provide a flushing action to enhance
      cleaning. However, care must be taken so that the flow of water into the
      patient's mouth is not greater than the evacuation capacity of the dental
      system. If the water flow is greater than the capacity of the evacuation
      system, the dentist, or his assistant, is required to periodically shut
      off the tool and allow the water to be drawn off. This is particularly
      true in the case of older type dental chairs wherein the evacuation
      capacity may be insufficient. This requirement for periodically stopping
      the cleaning procedure is annoying to the dentist, is also inefficient
      requiring additional time for the cleaning procedure, and perhaps
      uncomfortable to the patient.
PAR  The combination of the transducer (coil and magnetostrictive element) and
      tool tip generally has a natural resonant frequency characteristic. the
      resonant frequency characteristic generally has a bell shape. A low "Q"
      curve exhibits a wider frequency range with lower amplitude than a high Q
      curve. The transducer is driven within the resonant frequency
      characteristic. The higher the Q of the transducer the greater the
      excursion for a given input power level and therefore greater efficiency.
      Hence, it is highly desirable to use as high a Q transducer as possible
      and drive the tool within the resonant frequency band to assure high
      efficiency of operation and less power dissipation. In the case of a coil
      driven magnetostrictive unit, it is desirable to reduce the resistance of
      the coil as low as possible to increase the Q of the transducer and to
      also reduce the power dissipated within the coil.
PAR  The resonant frequency characteristic of the combined transducer and tip
      varies for a variety of reasons. For example, loading of the tool tip and
      temperature variations tend to vary its resonant frequency characteristic
      both amplitude and frequency wise. In addition, depending upon the type of
      operation to be performed, tool tip changes may be required or desired.
      The hand tool often includes several different types of tips that can be
      interchanged to provide the desired operating function. Any change in the
      tip structure will also change the resonant frequency characteristic of
      the combination.
PAR  In the prior art, the transducer and tip combination were designed as a
      compromise so that the transducer can be driven by an oscillator without
      resulting in a lockout condition, i.e., insufficient power transfer load
      to assure resonance. A U.S. Pat. No. 3,629,726 entitled "Oscillator and
      Oscillator Controlled Circuit", issued on Dec. 21, 1971, to Gabriel
      Popescu, disclosed an oscillator circuit including current and voltage
      feedback circuits that functioned to allow the band pass of the transducer
      and tip combination to be narrowed from that previously used, by
      controlling the frequency of an oscillator to the resonant frequency of
      the transducer. Although the circuit disclosed in the cited patent did
      provide improved power transfer and allowed the use of higher Q circuits,
      it still did not provide the degree of efficiency desired to assure that
      the temperature of the hand tool would be maintained within the
      comfortable range, nor did it provide for a low level of water flow so
      that the tool can be used continuously even with the older type dental
      chairs. Furthermore, in the arrangement disclosed, high voltage and high
      currents levels are required, further adding to the power level
      requirements and to the cost of the control devices needed to assure long
      life operation under such conditions.
PAR  It therefore would be highly advantageous if a higher Q transducer could be
      efficiently driven by a low voltage level generator circuit and that could
      accurately follow small variations in the resonant frequency
      characteristic due to loading effects, temperature changes, tip changes,
      and the like, and maintain the operation of the transducer at higher
      efficiency to reduce heating effects in the hand tool.
PAR  It is therefore an object of this invention to provide a new and improved
      ultrasonic signal generator for use with higher Q ultrasonic transducers.
PAR  It is also another object of this invention to provide a new and improved
      ultrasonic signal generator for providing for the more efficient transfer
      of energy to an ultrasonic transducer and thereby reducing heating of the
      transducer.
PAR  It is still a further object of this invention to provide a new and
      improved ultrasonic signal generator that accurately follows small changes
      in the resonant frequency characteristic of a connected transducer due to
      loading affects, temperature changes, tool changes, and the like.
PAR  It is still a further object of this invention to provide a new and
      improved ultrasonic lower voltage level signal generator that accurately
      follows small changes in the resonant frequency characteristic of a
      connected transducer due to loading affects, temperature changes, tool
      changes and the like.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  An ultrasonic signal generator for an ultrasonic hand tool including a
      transducer responsive to electrical ultrasonic signals for transmitting
      ultrasonic moments to the hand tool output tip. The ultrasonic signal
      generator includes a controllable oscillator circuit that is responsive to
      control signals applied thereto to control the frequency of oscillation.
      The controllable oscillator is connected to energize the transducer.
      Feedback means provides a feedback signal at the frequency at which the
      transducer responds to the oscillation signals. The frequency of the
      feedback signal is compared with the frequency of oscillation for applying
      the control signal to the oscillator so that the frequency of oscillation
      maintains a substantially constant phase difference between the feedback
      signal and the frequency of oscillation. As a result, the oscillation
      circuit automatically follows the operation of the transducer within the
      resonant frequency characteristic and changes therein due to loading,
      temperature changes and changes in configuration of the tool tip.
PAR  In accordance with an embodiment of the invention, a phase lock loop
      feedback system is provided wherein the oscillator circuit accurately
      tracks the resonant frequency of the transducer to assure that the
      generator is operating within a small portion of a cycle of the resonant
      frequency of the transducer.
PAR  In accordance with a further feature of the invention, the oscillator
      circuit is coupled to the transducer via a switching circuit that is
      alternately driven between cut-off and saturation thereby allowing the
      efficient use of lower voltages and still provide the power level output
      necessary to drive the transducer. As a result, the resistance of a
      transducer coil is reduced thereby increasing the Q of the transducer for
      more efficient power transfer and reducing the heating of the hand tool.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a block diagram of an ultransonic hand tool including the
      ultrasonic signal generator of the invention.
PAR  FIG. 2 includes a schematic diagram of a switching circuit interconnecting
      the voltage controlled oscillator of FIG. 1 to the transducer in
      accordance with a further feature of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As illustrated in FIG. 1, an ultransonic transducer 10 is connected to an
      output unit 12, such as for example a dental scaler tip. The combination
      of the transducer 10 and the scaler tip 12 has a bell shaped resonant
      frequency characteristic of the type disclosed in the U.S. Pat. No.
      3,629,726. The transducer 10 can, for example, include a magnetostrictive
      element with one end rigidly fastened to the hand tool casing and the
      other end attached to the scaler tip 12 and with a coil surrounding the
      magnetostrictive element to impart electromagnetic signals thereto. The
      magnetostrictive element is responsive to the electromagnetic signals to
      expand and contract at ultrasonic frequency to provide the desired
      vibratory motion to the tool tip 12.
PAR  The ultrasonic electrical signals for driving the transducer 10 are
      generated by a voltage controlled oscillator 14, which can for example
      provide a square wave type output signal. The output of the voltage
      controlled oscillator is applied via a buffer circuit 16, a phase shift
      circuit 18, a threshold circuit 19, and a saturable power output amplifier
      circuit 20, to the transducer 10. The frequency of oscillation of the
      voltage controlled oscillator 14 is controlled by a phase shift detector
      circuit 22. A feedback circuit 24 generates a feedback signal having the
      same frequency as the resonant frequency of the transducer 10. The
      feedback signal is applied to the phase shift detector 22, which in turn,
      compares the phase of feedback signal with the phase of the output signal
      from the voltage controlled oscillator 14 to apply a control signal to the
      oscillator 14 to maintain a substantially constant present phase relation
      between the oscillation signal and the feedback signal. The combination of
      the phase shift detector 22, error amplifier 27, and the voltage control
      oscillator 14 (enclosed within the dashed block 26) are standard
      commercially available components, the operation of which is well known.
      The buffer circuit 16, the amplifier 20 and the threshold circuit 19
      provide a switching type of drive circuit at the oscillator frequency
      thereby providing a low power dissipation drive circuit including
      inexpensive low power type components. The phase shift circuit 18 provides
      a ninety degree phase shift needed for phase lock loop operation.
PAR  The system of FIG. 1 controls the frequency of oscillation by resonant
      frequency of the transducer 10 thereby provides a highly accurate tracking
      arrangement assuring that the transducer 10 is always driven at its
      resonant frequency despite changes in loading, changes in temperature, and
      the like. The system of FIG. 1 also automatically compensates for changes
      in resonant frequency due to changes in the configuration of the scaler
      tip 10.
PAR  As illustrated in FIG. 2, the output from the voltage control oscillator 14
      is applied to the bases of the transistors 30 and 32, connected as a high
      gain complimentary emitter follower buffer circuit that provides a low
      impedance drive that follows the square wave signals from the oscillator
      14. The output from the transistors 30 and 32 is applied via an AC
      coupling capacitor 36 and a divide clamp 46 to the phase shift circuit 18
      illustrated as an integrating circuit including the resistors 40 and 42
      and a capacitor 44. The diode clamp 46 provides a ground reference for the
      phase shift circuit. The phase shift circuit 18 converts the square wave
      output from the transistors 30 and 32 into a sawtooth integrated type wave
      which is phase shifted in the order of ninety degrees relative to the
      oscillator circuit output.
PAR  The output signal from the phase shift circuit 18 is applied to the
      threshold circuit 19 including a transistor 50 connected as a high gain DC
      amplifier. The arrangement is such that when a sawtooth wave from the
      phase shift circuit 18 exceeds the threshold bias level of the transistor
      50, the transistor 50 is driven from saturation to cut off. The transistor
      50 is switched on and off at the frequency of the oscillator output
      signal, but phase shifted by ninety degrees. The output signal from the
      transistor 50 is directly coupled to the power amplifier stage 20, which
      includes a pair of transistors 52 and 54 connected as a direct coupled
      Darlington pair. Resistors 56 and 58 provide the bias circuit for the
      transistor 52 and 54. The collectors of the transistors 52 and 54 are
      connected via a potentiometer 60 to a transducer coil 62 for exciting the
      transducer 10 in the ultrasonic frequency range. The other end of the coil
      62 is connected to a power supply terminal 64. The potentiometer 60
      functions as an excursion control for the transducer 10. A capacitor 66 is
      connected between the power terminal 64 and the collectors of the
      transducer 52 and 54 to form a parallel tuned circuit and tune out the
      inductive component of the coil 62. The diode 68 functions as a
      commutating diode to protect the transistor 52 and 54 from excessive
      reverse voltage excursions. The opposite ends of the coil 62 are connected
      to a power terminal 70 and 71 of an isolated low voltage power supply to
      bias the coil 62 in a linear portion of its hysteresis curve for maximum
      permeability and therefor maximum flex excursions with minimum AC input.
      The transistors 52 and 54 are alternately driven between cut off by the
      threshold circuit 19 to provide a non-linear switching type of direct
      circuit for the transducer 10. As previously mentioned, since the
      transistors 50, 52 and 54 are driven between cut-off and saturation, the
      transistors operate to dissipate a minimum amount of power and therefor
      low cost standard transistors and components can be used in the drive
      circuit minimizing the cost thereof. In addition to the foregoing, it has
      been found that by using the switching type output amplifier 20, the
      output circuit could operate at substantially lower voltage levels than
      the circuit of the U.S. Pat No. 3,629,726 and still provide the needed
      amount of power to the transducer. As a result, its was found that fewer
      turns of greater diameter wire could be included in the coil 62 thereby
      reducing its resistance. Hence, the Q of the transducer could be increased
      wherein greater excursions could be provided for a given drive signal
      thereby increasing the efficienty of operation, and that the reduced
      resistance also resulted in reduced power dissipation in the coil and
      therefor less heating of the hand tool.
PAR  The feedback circuit 24 includes a transistor 72 connected via a resistor
      74 to the emittor electrode of the transistor 54. Since the current flow
      through the emitter resistor 58 is in phase with the current flow through
      the coil 62, the transistor 72 provides an output signal across a resistor
      76 that is in phase with the resonant frequency of the transducer. The
      feedback signal developed across the resistor 76 is applied to the phase
      shift detector 22 via a filter circuit including a capacitor 78 and a
      resistor 80.
PAR  The phase lock loop system provides a high gain and accurate arrangement
      for continuously locking the frequency of the transducer drive signal to
      that of the resonant frequency of the transducer. Should the resonant
      frequency of the transducer 10 for any reason change such as for example,
      loading, temperature changes, and tip change, etc., the phase lock system
      of the invention automatically shifts the output of the oscillator to that
      of the resonant frequency, assuring that the output of the oscillator is
      continuously energized at the resonant frequency and thereby providing a
      highly accurate tracking function. Since the switching type drive circuit
      allows the use of lower resistance coils, the Q of the transducer can now
      be increased. The accurate type tracking system assures that the
      transducer is continuously driven at its resonant frequency, even dispite
      changes therein, providing for the continuous efficient transfer of power
      thereto, reducing power losses in the transducer and thereby reducing the
      heating effects in the hand tool. As a result the flow of water through
      the hand tool can be controlled to provide the degree of flushing affect
      desired without overcoming the evacuation capabilities in the older type
      dental chairs. In addition to the foregoing, since lower voltage can be
      used with the switching type output circuit, an added safety factor is
      gained by the signal generator of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical ultrasonic signal generator for a hand tool including a
      transducer responsive to electrical ultrasonic signals to transmit
      ultrasonic moments to a tool attached thereto comprising:
PA1  controllable oscillator circuit means responsive to a control signal
      applied thereto for controlling the frequency of oscillation;
PA1  circuit means for applying the oscillator circuit means signals to said
      transducer;
PA1  feedback circuit means for generating feedback signals at the frequency at
      which said transducer responds to the oscillator circuit means signals;
      and
PA1  control circuit means for comparing phase of the feedback signals with the
      said phase oscillator circuit means signals for applying a control signal
      to said oscillator circuit means that is a function of the phase
      difference between the feedback and oscillator circuit means signals to
      maintain the oscillation circuit means signals at a substantially constant
      preset phase relation with the feedback signals;
PA1  wherein said circuit means for applying the oscillator circuit means
      signals to said transducer includes;
PA1  amplifier circuit means responsive to the oscillator circuit means signals
      for alternately switching between saturation and cut off to apply
      substantially square wave signals to said transducer.
NUM  2.
PAR  2. An electrical ultrasonic generator as defined in claim 1 wherein:
PA1  said circuit means for applying the oscillator circuit means to said
      transducer includes a phase shift circuit for shifting the phase of the
      oscillator circuit means signals applied to said transducer; and
PA1  said control circuit means maintains the preset phase relation
      corresponding to phase shift introduced by said phase shift circuit.
NUM  3.
PAR  3. An electrical ultrasonic generator as defined in claim 2 wherein:
PA1  a threshold circuit is connected between said phase shift circuit and said
      amplifier circuit means for applying phase shifted square wave type
      signals to said amplifier circuit means for switching said amplifier
      circuit means between saturation and cut off.
NUM  4.
PAR  4. An electrical ultrasonic generator as defined in claim 3 wherein:
PA1  said feedback circuit means detects the current flow through said
      transducer to produce the feedback signal.
NUM  5.
PAR  5. An electrical ultrasonic generator as defined in claim 4 wherein:
PA1  said oscillator circuit means is a voltage controlled oscillator for
      producing substantially square wave signals, the frequency of which is a
      function of the magnitude and polarity of a direct current control signal
      applied thereto, and
PA1  said control circuit means applies the direct current signals to said
      voltage controlled oscillator.
NUM  6.
PAR  6. An electrical signal generator for ultrasonic dental scalers having a
      hand tool with an ultrasonic transducer mounted therein, wherein said
      transducer includes a mangetostrictive element for connection to a scaler
      tip and a coil surrounding magnetostrictive element for applying
      ultrasonic electromagnetic signals thereto, said electrical signal
      generator comprising:
PA1  controllable oscillator circuit means responsive to a control signal
      applied thereto for controlling the frequency oscillation;
PA1  power amplifier circuit means for applying electrical signals to the
      transducer coil;
PA1  phase shift circuit means for phase shifting the oscillation circuit means
      signals;
PA1  threshold circuit means connected between said phase circuit means and said
      power amplifier circuit means for applying switching signals to said power
      amplifier circuit means for alternating switching said power amplifier
      circuit means between saturation and cut off at the frequency of said
      oscillator circuit means signal;
PA1  feedback circuit means for detecting the current flow through said
      transducer coil and generating a feedback signal at the frequency at which
      said transducer responds to the signals from said power amplifier circuit
      means, and
PA1  control circuit means for comparing the phase of the feedback signal with
      the phase of the oscillator circuit means signal for applying a control
      signal to said oscillator circuit means that is a function of the phase
      difference between the feedback and the oscillation circuit means signals
      to maintain a substantially constant phase relation between the oscillator
      circuit means signals and the feedback signals, whereby the frequency of
      oscillation is controlled by the resonant frequency of the transducer.
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ABST
PAL  A vibrating motor comprising a main frame and a center clamp between which
      the vibrator bars are secured for relative vibration of the main frame and
      the center clamp. Each of the main frame and the center clamp are formed
      as a fabricated construction of metal plate elements that are secured to
      each other in the respective assemblies by welding. Each of the main frame
      and the center clamp that is constructed in this manner is sufficiently
      rigid to securely hold the vibrator bars and their spacers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to vibrating motors, and more particularly to a
      novel construction of a main frame and center clamp for vibrating motors.
PAR  2. Description of the Prior Art
PAR  The vibrating motors to which this invention relates are characterized by a
      main frame and a center clamp with a stack of vibrator bars interposed
      between the main frame and the center clamp. The opposite ends of the
      vibrator bars are fixedly secured to the main frame, and the center clamp
      is fixedly secured to the vibrator bars at a position intermediate the
      opposite ends thereof. The stack of vibrator bars secured in this manner
      to the main frame and to the center clamp constitute the flexible element
      in the vibrating motor, which permits the relative vibratory movement of
      the main frame and the center clamp.
PAR  In the main frame there is a stator, which is an electromagnet, that is
      alternately energized and de-energized, to periodically magnetically
      excite the stator. In the center clamp there is an armature that is
      disposed opposite the stator, with a small air gap between the stator and
      the armature. When the stator is energized, during one-half period of
      magnetic excitation, the armature and the center clamp are drawn towards
      the stator, flexing the vibrator bars in the direction of the stator. When
      the stator is de-energized, during the other half period when the stator
      is not magnetically excited, the armature and the center clamp are
      released from the magnetic force, whereby the vibrator bars spring back
      and flex in the opposite direction. Such alternate flexing action of the
      spring bars produces the vibration of the main frame and the center clamp
      relatively to each other.
PAR  In a typical construction of the vibrating motor, the main frame is made as
      the heavy element, which is relateively heavier than the center clamp and
      the part to which the center clamp is attached. A typical use of a
      vibrating motor is for a vibrating feeder, in which there is a feeding
      trough attached to the center clamp, and this feeding trough with the
      material that is in the trough then becomes part of the vibrated mass.
PAR  It has been customary to form the main frame and the center clamp as
      relatively heavy castings to provide the desired strength and rigidity,
      and also to form the main frame as the relatively heavier element of the
      assembly, whereby the vibration will manifest itself in the vibration of
      the center clamp and the working element which is secured to the center
      clamp. In the case of the vibrating feeder, the feeder trough is secured
      to the center clamp and is the working element. Such a construction is
      illustrated in the patent to Weyandt, U.S. Pat. No. 2,356,961, issued Aug.
      29, 1944, for Vibratory Electric Motor. In this patent the main frame is
      formed as a massive casting, and the center clamp similarly is formed as a
      casting in the typical manner of the construction of such vibrating
      motors.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, it is an object to provide a main frame
      construction and a center clamp construction for a vibrating motor which
      are of relatively lighter weight and greater strength than the typical
      main frame and center clamp constructions which have been used for such
      motors. Such improved main frame and center clamp constructions are formed
      of metal plate elements, rather than as massive castings. The metal plate
      elements are joined in the assembly of the main frame and in the assembly
      of the center clamp by welding, to form these as rigid structures of
      sufficient strength and rigidity to securely hold the vibrator bars which
      are interposed between the main frame and the center clamp.
PAR  It is another object of the invention to provide an improved main frame and
      center clamp construction in which these parts are made of a fabricated
      construction with sufficient strength and rigidity to securely hold the
      vibrator bars.
PAR  It is still another object of the invention to provide an improved main
      frame and center clamp construction in which these parts are constructed
      of metal plate elements that are secured to each other in the respective
      assemblies by welding.
PAR  It is yet another object of the invention to provide an improved fabricated
      main frame construction in which there is a frame element which is the
      principal supporting element for a seat block and a clamping block between
      which the vibrator bars of the vibrating motor are fixedly secured.
PAR  It is still another object of the invention to provide an improved
      construction of the center clamp in which there is a principal frame
      element for holding the seat block and the clamping block between which
      the vibrator bars of the vibratory motor are disposed and by which the
      center clamp is fixedly secured to the vibrator bars.
PAR  Other objects of the invention will appear hereinafter, the novel features
      and combinations being set forth in the appended claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of a vibrating feeder, which includes a
      vibrating motor attached to the feeding trough,
PAR  FIG. 2 is a side elevational view of the vibrating motor of FIG. 1, with
      the side of the vibrating motor being partially open,
PAR  FIG. 3 is a plan view of the vibrating motor illustrated in FIG. 2, with
      the top of the vibrating motor being partially open,
PAR  FIG. 4 is a plan view of the main frame of the vibrating motor,
PAR  FIG. 5 is a side elevational view of the main frame of the vibrating motor,
PAR  FIG. 6 is a plan view of the center clamp of the vibrating motor, and
PAR  FIG. 7 is a side elevational view of the center clamp.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  There is illustrated in FIG. 1 a vibrating feeder comprising a vibrating
      motor 10 and a feeding trough 11. The vibrating motor 10, has a main frame
      12 and a center clamp 13, the latter being secured to the feeding trough
      11. There is a sub-frame 14 on the underside of the feeding trough 11, and
      the center clamp 13 extends into the sub-frame 14 and is secured to the
      latter by a plurality of bolts 15, 15.
PAR  There is a more detailed illustration of the vibrating motor 10 in FIGS. 2
      and 3. The main frame 12 and the center clamp 13 are connected by a
      plurality of vibrator bars 16, 16 which are arranged in a stack with
      suitable spacer elements 17, 17 between the individual vibrator bars 16,
      16. The spacer elements 17, 17 provide suitable spacing between the
      individual vibrator bars 16, 16 to permit these to flex back and forth to
      provide the vibrating action of the main frame 12 and the center clamp 13
      relatively to each other.
PAR  The opposite ends of the vibrator bars 16, 16 are fixedly secured in the
      main frame 12 by locking screws 18, 18 at opposite sides of the main frame
      12. The center clamp 13 is secured to the stack of vibrator bars 16, 16 at
      a position mid-way between the ends thereof, and the center clamp 13 is
      fixedly secured to the vibrator bars 16, 16 by a locking screw 19 which is
      turned down against the vibrator bars 16, 16, with suitable spacer
      elements 17, 17 therebetween.
PAR  In the main frame 12 there is a stator 20 which comprises a core 21 made of
      magnetically permeable material, and coils 22, 22 on the poles of the core
      21. The coils 22, 22 are alternately energized to periodically magnetize
      the core 21, and de-energized to periodically demagnetize the core 21.
      Current is supplied to the coils 22, 22 by electrical leads 23, 23. The
      stator 20 is contained within a housing 24 that is secured in the main
      frame 12 by a plurality of bolts 25, 25 on opposite sides of the main
      frame 12.
PAR  The center clamp 13 has an armature 26 which is disposed opposite the
      stator 20, with a small air gap separating the stator 20 and the armature
      26. The armature 26 is made of magnetically permeable material so as to be
      attracted to the stator 20 when it is magnetized, and released from the
      stator 20 when it is demagnetized. The armature 26 is disposed within a
      housing 27 formed at the rear end of the center clamp 13.
PAR  When the armature 26 is attracted to the stator 20, the vibrator bars 16,
      16 are flexed in the direction of the stator 20. When the armature 26 is
      released from the stator 20, the vibrator bars 16, 16 are free to flex in
      the opposite direction. Such alternate action of the stator 20 and the
      armature 26 produces the back and forth flexing movement of the vibrator
      bars 16, 16 in the vibrating motor 10. This in turn produces the relative
      vibrating movement of the main frame 12 and the center clamp 13. The main
      frame 12 is made as a relatively heavier element than the center clamp 13,
      whereby the principal vibrating movement manifests itself in the center
      clamp 13 and the working element which is attached to the latter, which
      may be a feeding trough 11 of a vibrating feeder, or another vibrating
      element. By the vibrating movement of the feeding trough 11, the material
      which is delivered to the feeding trough 11 is regularly fed along the
      length thereof and discharged from the open end of the feeding trough 11.
PAR  The main frame 12 is of a fabricated construction of metal plate elements
      as best illustrated in FIGS. 4 and 5. There is an upper frame element 30
      and a lower frame element 31 which are of the same configuration and are
      spaced from each other. Each of the frame elements 30, 31 is of a somewhat
      T configuration as seen in FIG. 4. The vibrator bars 16, 16 are secured in
      the arms of the T configured frame elements 30, 31, while the stator 20 is
      disposed in the leg of the T configured frame elements 30, 31. The main
      frame 12 has the same construction at opposite sides thereof, as seen at
      the top and bottom of the illustration in FIG. 4, and therefore, the
      description will proceed with respect to one side only of the main frame
      12, it being understood that the description applies as well to the
      opposite side.
PAR  There is an upright seating block 32 which stands between the upper and
      lower frame elements 30, 31. A clamping block 33 is spaced from the
      seating block 32 and also stands between the upper and lower frame
      elements 30, 31 at a position that is opposite the seating block 32. There
      is an upper spacer block 34 and a lower spacer block 35, which are spaced
      from each other and are interposed between the seating block 32 and the
      clamping block 33. The spacer block 34 stands against the upper frame
      element 30, and the spacer block 35 stands against the lower frame element
      31. The upper and lower frame elements 30, 31, the seating block 32, the
      clamping block 33, and the spacer blocks 34, 35 are secured to each other
      in an assembly by welding these elements to each other as illustrated in
      the drawings, thus forming a rigid assembly of the elements.
PAR  The seating block 32, the clamping block 33, and the spacer blocks 34, 35
      are spaced from each other so as to provide an opening 36 therebetween in
      which the ends of the vibrator bars 16, 16 are received. The seating block
      32 has a recessed seat 37 machined in its surface against which the
      vibrator bars 16, 16 are disposed with suitable spacers 17, 17. The
      clamping block 33 is formed with a threaded opening 38 for the clamping
      screw 18. The clamping screw 18 is turned into the threaded opening 38 and
      bears against the stack of vibrator bars 16, 16 and the spacers 17, 17. By
      tightening up on the screw 18 the ends of the vibrator bars 16, 16 are
      securely clamped against the seating block 32. Threaded holes 39, 39 are
      tapped into the end of the seating block 32, and similarly threaded holes
      40, 40 are tapped into the end of the clamping block 33 for securing a
      cover plate 41 over the opening 36 by a plurality of bolts 42, 42, as seen
      in FIG. 3.
PAR  Behind the seating block 32 and extending into the leg of the upper and
      lower frame elements 30, 31 there is an upright side wall 45, which
      extends rearwardly from the seating block 32. The side wall 45 is secured
      to the upper and lower frame elements 30, 31 by welding, as illustrated in
      the drawings, to form a rigid assembly. A shelf 46 extends laterally
      inwardly from the side wall 45 and is secured to the latter and to the
      seating block 32 by welding. The shelf is formed with elongated apertures
      47, 47 for the bolts 25, 25 by which the stator 20 and its housing 24 are
      secured in the leg part of the main frame 12. The elongation of the
      apertures 47, 47 permits sliding adjustment of the position of the stator
      20 to adjust the air gap between the stator 20 and the armature 26, the
      magnetic force between the stator 20 and the armature 26 being a function
      of the air gap. The side wall 45 has an opening 48 to provide access to
      the bolts 25, 25 for positioning the stator 20 and securing it in
      position. A plurality of threaded holes 49, 49 are tapped into the
      sidewall 45 to receive the bolts 50, 50 by which a cover 51 is secured
      over the opening 48 to close the latter. There is also an opening 52 in
      one side wall 45 through which the electrical leads 23, 23 are directed to
      the stator 20.
PAR  At the rear of the main frame 12, the upper and lower frame elements 30, 31
      are provided with threaded holes 53, 53, and at the rear of each sidewall
      45 there is a threaded hole 54, all for the reception of the plurality of
      bolts 55, 55 by which an end plate or cover 56 is secured to the end of
      the main frame 12 to close the latter. The several covers 41, 51, 56
      provide a means for closing the main frame 12 and sealing the latter. This
      prevents the entrance of dust and other contaminating materials into the
      main frame 12 which could affect the operation of the elements. It may
      also provide an electrically permissable construction where this is
      required, as in some mining applications.
PAR  There is also an upright post 57 which is secured by welding, as
      illustrated in the drawings, in the corner between the seating block 32
      and the sidewall 45. Approximately midway in the height of the post 57
      there is a threaded opening 58 in which there may be secured any eye bolt
      or similar element to provide an element to lift the main frame 12, or to
      suspend or otherwise to support the main frame 12 and the vibrating motor
      10. At the front of the main frame 12 there is a strip 59 below the upper
      frame element 30 and extending between the clamping blocks 33, 33 that is
      secured in place by welding. There is another strip 60 above the lower
      frame element 31 and between the clamping blocks 33, 33 which is also
      secured in place by welding. The strips 59, 60 provide an additional
      surface area for a seal between the center clamp 13 and the main frame 12,
      as will be explained hereinafter.
PAR  The center clamp 13 is illustrated in FIGS. 6 and 7, and is of a fabricated
      construction made of metal plate elements. The center clamp 13 has an
      upper frame element 65 and a lower frame element 66, which have the same
      configuration and are disposed opposite each other in spaced disposition.
      In the intermediate part of the center clamp 13, and between the upper and
      lower frame elements 65, 66 there is a seating block 67 against which the
      vibrator bars 16, 16 and the spacers 17, 17 are disposed. There is a
      clamping block 68 which is opposite the seating block 67 and is spaced
      from the latter. The seating block 67 and the clamping block 68 stand
      between the upper and lower elements 65, 66. There is an upper spacer
      block 69 and a lower spacer block 70, which extend between the seating
      block 67 and the clamping block 68 to space the latter from each other.
      The spacer block 69 stands against the upper frame element 65, and the
      spacer block 70 stands against the lower frame element 66. The upper and
      lower frame elements 65, 66, the seating block 67, the clamping block 68,
      and the spacer blocks 69, 70 are secured in the assembly by welding the
      parts to each other.
PAR  The seating block 67 has a recessed seat 73, which is machined in the
      surface of the seating block 67, to provide the seat for the vibrator bars
      16, 16 and the spacer 17, 17. In the clamping block 68 there is a threaded
      opening 74 for the clamping screw 19 by which the center clamp 13 is
      firmly secured to the vibrator bars 16, 16. Between the seating block 67
      and the clamping block 68 and the spacer blocks 69, 70 there is an opening
      75 through which the vibrator bars 16, 16 extend.
PAR  The forward end of the center clamp 13, which is seen to the right in FIGS.
      6 and 7, is a widened part of the center clamp 13 for attachment to the
      working element that is to be vibrated. At each side of the center clamp
      13 there is an upright plate 75 which stands between the upper and lower
      frame elements 65, 66, and is secured to the latter by welding the parts
      to each other. Each plate 75 is formed with a plurality of apertures 76,
      76, which may be six in number, for the reception of the bolts 15, 15 by
      which the center clamp 13 may be attached to the vibrated working element,
      such as the feeding trough 11 illustrated in FIG. 1. Behind each upright
      plate 75 there is another plate member 77 which extends diagonally from
      the upright plate 75 to the clamping block 68. The plate members 77 are
      structural elements, and also function to close off an access area to the
      vibrating motor 10 through which dust and other contaminants might enter
      the vibrating motor 10. There is yet another plate member 78 at each side
      of the center clamp 13 which stands between the upper and lower frame
      elements 65, 66 and is secured to the latter by welding. The plate members
      78, 78 are also secured to the respective plate members 77, 77 by welding,
      and extend rearwardly therefrom.
PAR  There is a perimetal plate 79 which surrounds the upper and lower frame
      elements 65, 66, and the plate members 78, 78 for the purpose of a seal 80
      between the main frame 12 and the center clamp 13. This seal 80 is best
      illustrated in FIGS. 2 and 3. The seal 80 is a perimetal seal which is
      disposed between the perimetal plate member 79 and the adjacent parts of
      the main frame 12, the latter including the edges of the clamping blocks
      33, 33, the ends of the upper and lower frame elements 30, 31, and the
      aforementioned strips 59, 60, as best seen in FIGS. 4 and 5. It will thus
      be seen that the main frame 12 is completely enclosed and sealed. The seal
      80 is of a substantial thickness and resilience so that it does not in any
      way impede the relative vibrating movement of the main frame 12 and the
      center clamp 13.
PAR  At the rear of the center clamp 13 there is a housing 27 for the armature
      26. The housing 27 is formed by a widened part of each of the upper and
      lower frame elements 65, 66 at the rear of the center clamp 13. There are
      plates 81, 82 at opposite sides of the center clamp 13 which are bent to
      the widened configuration of the upper and lower frame elements 65, 66 and
      are secured to the latter by welding, thereby to form an enclosure between
      the upper and lower frame elements 65, 66 and the plates 81, 82 that is
      the housing 27 for the armature 26.
PAR  The main frame 12 and the center clamp 13 are thus formed of a fabricated
      construction of metal plate elements that are welded to each other. The
      main frame 12 and the center clamp 13 are of a sufficiently rigid
      construction to securely hold the vibrator bars 16, 16 and the spacers 17,
      17. The main frame 12 is made to be heavier than the center clamp 13 and
      the working element that is attached to the center clamp 13 so that the
      relative vibration will manifest itself in the center clamp 13 and the
      working element.
PAR  Obviously, those skilled in the art may make various changes in the details
      and arrangements of parts, without departing from the spirit and scope of
      the invention as defined by the claims hereto appended, and applicant,
      therefore, wishes not to be restricted to the precise construction herein
      disclosed.
CLMS
STM  Having thus described and shown an embodiment of the invention, what it is
      desired to secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A vibrating motor comprising a main frame; a center clamp; a leaf spring
      between said main frame and said center clamp for vibration of said main
      frame and said center clamp relatively to each other, said main frame
      having means to secure each end of said leaf spring to the main frame
      including, a seat block for each end of said leaf spring, a clamping block
      spaced opposite said seat block, a spacer block between said seat block
      and said clamping block, and clamping means in said clamping block to
      clamp said one end of the leaf spring against said seat block, wherein
      said seat block, said clamping block and said spacer block are welded to
      an element of the main frame and form a rigid assembly for holding said
      end of the leaf spring in securely clamped position; and means to secure
      said center clamp to said leaf spring intermediate the ends thereof.
NUM  2.
PAR  2. A vibrating motor as recited in claim 1 including upper and lower spacer
      blocks which are spaced from each other to provide an opening between the
      spacer blocks and between the seat block and the clamping block to receive
      said end of a leaf spring.
NUM  3.
PAR  3. A vibrating motor as recited in claim 2 in which said frame element is
      an upper frame element that overlies the seat block, the clamping block
      and said upper spacer block, and a lower frame element opposite the upper
      frame element that overlies the seat block, the clamping block and said
      lower spacer block.
NUM  4.
PAR  4. A vibrating motor as recited in claim 3 including a cover secured to
      said seat block, said clamping block, said upper frame element and said
      lower frame element to close the main frame at the end of the leaf spring.
NUM  5.
PAR  5. A vibrating motor as recited in claim 3 in which said upper frame
      element and said lower frame element each extend rearwardly from said seat
      block, and means in the rearwardly extending parts of said upper and lower
      frame elements to hold a stator.
NUM  6.
PAR  6. A vibrating motor as recited in claim 5 including a side wall secured to
      the rearwardly extending parts of said upper and lower frame elements and
      an inwardly extending shelf on the side wall to hold the stator.
NUM  7.
PAR  7. A vibrating motor as recited in claim 2 in which each of said block,
      clamping block and upper and lower spacer blocks is formed of a plate,
      said frame element is formed of a plate that overlies the seat block, the
      clamping block and the upper spacer block, a second frame element that is
      opposite the first said frame element and is formed of a plate that
      overlies the seat block, the clamping block and the lower spacer block,
      and welding to secure each of said seat block, clamping block, upper and
      lower spacer blocks, first frame element and second frame element to each
      other in a rigid assembly.
NUM  8.
PAR  8. A vibrating motor as recited in claim 1 in which said clamping means
      comprises a screw that is threaded through the clamping block and bears
      against the leaf spring.
NUM  9.
PAR  9. A vibrating motor as recited in claim 1 including a plurality of leaf
      springs disposed in a stack, upper and lower elongated spacer blocks which
      are spaced from each other to provide an elongated opening between the
      spacer blocks and between the seat block and the clamping block to receive
      the ends of the stacked leaf springs.
NUM  10.
PAR  10. A vibrating motor as recited in claim 9 in which said leaf springs
      extend transversely to opposite sides of the main frame, and said seat
      block, clamping block and spacer blocks are at each side of the main frame
      to secure the opposite ends of the leaf springs.
NUM  11.
PAR  11. A vibrating motor as recited in claim 1 in which each of said seat
      block, clamping block and spacer block is formed of a plate, and said
      frame element is formed of a plate that overlies the seat block, the
      clamping block and the spacer block, and welding to secure each of said
      seat block, clamping block, spacer block and said frame element to each
      other in a rigid assembly.
NUM  12.
PAR  12. A vibrating motor as recited in claim 2 in which said seat block, said
      clamping block, said upper spacer block and said lower spacer block are at
      each side of the main frame for the opposite ends of the leaf springs,
      said frame element is an upper frame element that overlies the seat block,
      the clamping block and the upper spacer block at opposite sides of the
      main frame, a lower frame element that overlies the seat block, the
      clamping block and the lower spacer block at opposite sides of the main
      frame, said upper and lower frame elements extending rearwardly from said
      seat blocks, a side wall at each side of the rearwardly extending parts of
      the upper and lower frame elements, and a shelf extending inwardly from
      each side wall to support a stator in the main frame between said side
      walls and between the rearwardly extending parts of the upper and lower
      frame elements.
NUM  13.
PAR  13. A vibrating motor comprising a main frame; a center clamp, a leaf
      spring between said main frame and said center clamp for vibration of said
      main frame and said center clamp relatively to each other; means to secure
      said center clamp to said leaf spring intermediate the ends thereof
      including, a seat block for each leaf spring, a clamping block spaced
      opposite said seat block, a spacer block between said seat block and said
      clamping block, and clamping means in said clamping block to clamp said
      leaf spring against said seat block, wherein said seat block, said
      clamping block and said spacer block are welded to a frame element of the
      center clamp to form a rigid assembly for holding the leaf spring in
      securely clamped position; and means on said main frame to secure each end
      of said leaf spring to the main frame.
NUM  14.
PAR  14. A vibrating motor as recited in claim 13 including upper and lower
      spacer blocks which are spaced from each other to provide an opening
      between the spacer blocks and between the seat block and the clamping
      block to receive the leaf spring.
NUM  15.
PAR  15. A vibrating motor as recited in claim 14 in which each of said seat
      block, clamping block and upper and lower spacer blocks is formed of a
      plate, said frame element is formed of a plate that overlies the seat
      block, the clamping block and the upper spacer block, a second frame
      element that is opposite the first said frame element and is formed of a
      plate that overlies the seat block, the clamping block and the lower
      spacer block, and welding to secure each of said seat block, clamping
      block, upper and lower spacer blocks, first frame element and second frame
      element to each other in a rigid assembly.
NUM  16.
PAR  16. A vibrating motor as recited in claim 14 in which said frame element is
      an upper frame element that overlies the seat block, the clamping block
      and said upper spacer block, and a lower frame element opposite the upper
      frame element that overlies the seat block, the clamping block and said
      lower spacer block.
NUM  17.
PAR  17. A vibrating motor as recited in claim 16 in which said upper frame
      element and said lower frame element each extend rearwardly from said seat
      block, and means in the rearwardly extending parts of said upper and lower
      frame elements to hold an armature.
NUM  18.
PAR  18. A vibrating motor as recited in claim 13 in which said clamping means
      comprises a screw that is threaded through the clamping block and bears
      against the leaf spring.
NUM  19.
PAR  19. A vibrating motor as recited in claim 13 including a plurality of leaf
      springs disposed in a stack, upper and lower elongated spacer blocks which
      are spaced from each other to provide an elongated opening between the
      spacer blocks and between the seat block and the clamping block to receive
      the stacked leaf springs.
NUM  20.
PAR  20. A vibrating motor as recited in claim 13 in which each of said seat
      block, clamping block and spacer block is formed of a plate, and said
      frame element is formed of a plate that overlies the seat block, the
      clamping block and the spacer block, and welding to secure each of said
      seat block, clamping block, spacer block and said frame element to each
      other in a rigid assembly.
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ABST
PAL  A single rotor, motor-generator set with motor and generator stators and
      one rotor turning adjacent the two stators. Preferably, the rotor is
      between the two stators. The rotor has a first rotor periphery facing the
      motor stator periphery and a second rotor periphery facing the generator
      stator periphery. There are driver means on the motor periphery and driven
      means on the rotor first periphery. Also there is a layer of permanent
      magnet material at least on the rotor second periphery. Furthermore, there
      is at least one magnetizing station along the generator stator periphery
      with magnet forming means thereat disposed to form permanent magnets in
      the rotor permanent magnet material as the rotor second periphery turns
      past said station with frequency excitation means coupled to said magnet
      forming means and, there is at least one set of power takeoff elements
      disposed at least partially around the periphery of the generator stator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a motor-generator set and more
      particularly to a three-phase constant frequency motor-generator having
      only one single rotor for both the motor and the generator, the output
      frequency of the generator being constant notwithstanding the fact that
      the rotational speed of the rotor may vary.
PAC  BRIEF REVIEW OF THE PRIOR ART
PAR  In the John F. Roesel, Jr., U.S. Pat. No. 3,521,149 there is shown how an
      A.C. generator can provide an A.C. output at a constant frequency with an
      input shaft rotating at varying speeds.
PAR  Although the description and drawings of the aforesaid U.S. Patent describe
      for the purpose of simplicity, a simple, single phase generator, the
      fundamental principals described therein apply to a motor generator which
      can be either a single phase or a polyphase machine. However, the
      expression "motor-generator" brings to mind two machines, namely: a motor
      and a generator. Also it brings to mind two similar machines in tandem
      with two separate rotational shafts. Indeed, taking the single phase
      machine described in the aforementioned John F. Roesel, Jr., U.S. Patent,
      and making use of these teachings for a three phase frequency converter
      motor generator, it is possible to build a three phase motor-generator
      which in outward appearances resembles present day machines in much the
      same way that a horseless carriage of 1900 resembled the horse drawn
      carriage. Thus, you can have a motor driven by a 50 Hz line driving a
      generator (wired for three phase) very similar to that shown in U.S. Pat.
      No. 3,521,149 to provide a 400 Hz output, the motor being in tandem with
      the generator. The present invention contemplates a complete departure
      from this antiquated concept since instead of two machines in tandem, the
      present invention contemplates one single integral unit serving as both a
      motor and a generator. The motor and generator portions of the machine may
      be coaxial or in tandem.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, the present invention contemplates a single rotor
      motor-generator wherein there is a cylindrical motor stator coaxial or in
      tandem with a cylindrical generator stator and a rotor turning which may
      be coaxial and preferably located between the motor and the generator
      stators. The rotor has driven means such as squirrel cage windings along
      the periphery facing the motor stator while the rotor periphery facing the
      generator stator is made of high retentivity permanent magnet material.
      The motor stator has driving means such as windings which will couple with
      the driven means, e.g., squirrel cage windings on one periphery of the
      rotor whereas the generator stator has a magnetizing head with frequency
      excitation means which will print magnets on the other periphery of the
      rotor at a predetermined frequency, and coils wound around the generator
      stator into which will be induced the electric current created by the
      magnetic field formed by these printed magnets. Even if there are changes
      in speed of the rotor caused by variations of the motor stator drive
      frequency, or generator loading, the frequency of the generator will
      remain constant for the reasons herein provided. If the generator is a
      three-phase generator, then the generator stator has first, second and
      third phase power output takeoff coils sequentially spaced thereon. There
      is at least one magnetizing head in the generator stator with frequency
      excitation means to supply a desired frequency to the magnetizing head so
      that as the rotor rotates, permanent magnets with poles are endlessly
      imprinted in the permanent magnet material as the rotor periphery facing
      the generator passes before the magnetizing head. As in a three phase
      machine, these permanent magnets then sequentially induce power in the
      first, second and third phase power output takeoff coils, and these
      permanent magnets are then partially erased from the permanent magnet
      material as these magnets again pass before a magnetizing head at which
      time new permanent magnets are imprinted in the permanent magnet material.
      In a three phase machine, voltage regulation is accomplished by sensing
      means, sensing the voltage in the power output takeoff coils, a feedback
      loop between the power output takeoff coils, and, the electric excitation
      means which controls the magnetic strength of the imprinted permanent
      magnets.
DRWD
PAR  The invention, as well as other objects and advantages thereof, will be
      more apparent from the following detailed description when taken together
      with the accompanying drawings in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic explanation of the inventive concept;
PAR  FIG. 2 shows a perspective view of the principal components of the three
      phase motor-generator contemplated herein;
PAR  FIG. 3 presents a sectional view of a motor-generator set similar to FIG.
      2, but with the positions of the motor and generator being reversed;
PAR  FIG. 4 shows a sectional view of a motor stator and generator stator in
      tandem with one rotor outside of both of them;
PAR  FIG. 5 again illustrates the opposite of FIG. 4, namely a rotor on the
      inside with a motor and a generator stator on the outside;
PAR  FIG. 6 depicts in cross-section the motor and generator stator laminations
      as well as the rotor used in the motor-generator set of FIG. 2;
PAR  FIG. 7 is a cross-sectional view of the motor generator in a plane normal
      to that shown in FIG. 3a;
PAR  FIG. 8 shows a top perspective view of one magnetizing head of the
      generator contemplated herein;
PAR  FIG. 9 is a sectional view of the magnetizing head of the generator
      contemplated herein, shown in FIG. 4;
PAR  FIG. 10 is a diagram of the excitation and feedback loop circuitry;
PAR  FIG. 10a presents a view of the power supply portion of the circuitry shown
      in FIG. 10;
PAR  FIG. 10b is a circuit diagram of the frequency determination portion shown
      as a block of FIG. 10;
PAR  FIG. 10c shows the D.C. to A.C. inverter of the corresponding block in FIG.
      10;
PAR  FIG. 10d provides the regulation circuitry of the corresponding block of
      FIG. 10;
PAR  FIG. 11 shows a three-phase constant frequency generator having three
      excitation heads;
PAR  FIG. 12 shows a two-excitation head arrangement of the inside-out type and,
PAR  FIG. 13 illustrates a block diagram of a control arrangement for the
      three-phase arrangement of FIG. 11 illustrating the system.
DETD
PAC  DETAILED DESCRIPTION
PAC  Theory--Single Phase
PAR  Before going into the mechanical components required to construct the
      apparatus of the invention, it is first necessary to understand the
      fundamental principles involved with regard to the generator portion of
      the motor-generator set herein contemplated.
PAR  As is well known, the fundamental equation for a-c machines is given by the
      equation:
EQU  f = rps .times. P/2
PAL  where
PA1  f is the frequency in cycles per second,
PA1  rps is the revolutions per second, and,
PA1  P/2 is the number of poles divided by two
PAL  which for the purpose of the present invention will be referred to as pole
      pairs.
PAR  Let us imagine a wheel turning past a sensing station. To one side of the
      wheel is a loading station. Located next to the loading station are a
      series of pole pairs of progressively increasing sizes. The loading
      station will load pole pairs around the periphery of the wheel so that the
      pole pairs are sequentially adjacent to one another. If we assume that the
      speed of wheel is 4 rps and a frequency of sixty cycles per second is to
      be sensed at the sensing station, it is quite obvious that in accordance
      with the equation shown, the loading station must load poles of such a
      size that 15 pole pairs are on the wheel periphery. If the rotational
      speed is 2 rps then 30 pole pairs must be loaded on the wheel periphery
      and at 1 rps, 60 pole pairs must be loaded on the periphery. These pole
      pairs which are loaded on the wheel periphery are caused to travel past
      the sensing station. They are then unloaded at the unloading station.
      Therefore, the required number of pole pairs are not necessairly loaded
      all around the periphery, just so long as the correct size of pole pairs
      are first loaded, then pass the sensing station and are then unloaded. As
      the wheel rotational speed increases, less pole pairs are required, since
      the periphery of the wheel must be filled with pole pairs, these pole
      pairs must be of increasing length. If the rotational speed increases, the
      loading station must change the size of the pole pairs accordingly, i.e.,
      the angle that the arc of the pole pairs subtend must be greater so that
      the amount of pole pairs loaded on the periphery multiplied by the
      rotational speed of the wheel, equals 60 or the desired frequency.
PAR  Briefly stated therefore, if there is a rotor disposed adjacent to a
      magnetizing head (similar to a "write" head of a tape recorder) which will
      print magnets on the periphery of the rotor, these magnets will then cause
      a flow of current in a sensing station or power take-off winding as the
      rotor revolves. Then, as the imprinted magnet comes back around it is
      erased by the same magnetizing head that printed the magnet in the first
      instance. This erasing is done at the same time that the magnetizing head
      prints another magnet at the spot where the first magnet was located
      (i.e., is being erased). Continuing with the assumption that the
      magnetizing head is operating (i.e., printing magnets) at 60 times a
      second, then if the rotor makes one revolution per second, sixty small
      magnets will have been printed thereon. When the speed increases to 2 rps,
      30 magnets will be printed thereon, and, considering increasing the
      rotational speed of the rotor while going back to the fundamental equation
      hereinbefore given, it will be seen that as the rotor speed (rps)
      increases, the number of pole pairs (P/2) decreases in exact proportion
      thereto.
PAR  When considering the description of the invention given herein, it must be
      remembered that the expression "permanent magnet" as used herein is used
      as this term is customarily understood in the art. Thus, a material
      becomes a permanent magnet if it will retain its magnetic characteristics
      indefinitely once it has been magnetized, unless acted upon by some
      outside influence. In the present invention, permanent magnets are erased
      from the rotor. Nevertheless, for the short time that these magnets are on
      the rotor they are permanent since if they had not been erased they would
      have remained there indefinitely.
PAR  Therefore, as described in U.S. Pat. No. 3,521,149 a single phase electric
      A.C. generator for producing an output of constant A.C. frequency from a
      rotational input of varying speed may be constructed using a rotor member,
      with a drive shaft and a core of high permeability magnetic material
      supported by the shaft, with a defined periphery on the rotor member.
      There is a layer of permanent magnet material on this periphery which,
      when imprinted upon by a magnetizing head will become permanently
      magnetized. Disposed adjacent the outer periphery is a magnetizing head to
      create a magnet field across the travel path of the permanent magnet
      material. The magnetizing head includes excitation means to create an A.C.
      excitation of a desired frequency in the magnetizing head so that
      permanent magnets with poles are endlessly imprinted in the permanent
      magnet material as the rotor periphery passes adjacent the magnetizing
      head, these permanent magnets are then erased therefrom as they again pass
      before the magnetizing head at which time new permanent magnets are
      imprinted in the magnet material to maintain proper rotor pole spacing in
      order to achieve constant poles per second past power output means for any
      speed of the rotor. The power output means are angularly disposed about
      the rotor periphery away from the magnetizing head and generally comprise
      a take-off coil with output leads so disposed that electric power is
      induced in the take-off coil as the imprinted permanent magnets pass
      opposite to the take-off coil.
PAC  Theory--One Rotor Coaxial Motor-Generator
PAR  FIG. 1 shows the principal components of the inventive concept in schematic
      form, namely, the motor stator 11 being the outer cylinder, the generator
      stator 15 being the inner cylinder. The rotor 13 rotates between the two
      stators. On the inner periphery of the motor stator are windings 17 and
      opposite motor stator 11 on the outer periphery of the rotor are rotor
      conductor bars 19 so that the combination of the motor stator 11 and the
      rotor 13 with their respective windings and bars 17 and 19 form a squirrel
      cage induction motor. The generator stator 15 and the rotor 13 taken
      together (and for the moment ignoring the motor stator 11) represent an
      inside-out type of wound machine. This type of machine is known in the art
      (see FIG. 2, S. Saslow et al., U.S. Pat. No. 3,196,940). Disposed around
      the generator stator 15 are coil windings 21a, 21b, 21c wound 120.degree.
      apart to form a three phase output. Only a portion of these coils are
      shown in FIG. 1.
PAR  In one portion of the generator stator 15 there is a magnetizing head 23
      which prints magnets on magnetic material 12 of the rotor 13. These
      magnets then pass before the three sets of coils and sequentially inducing
      power in windings 21a, 21b, 21c separated in phase by 120.degree..
PAR  In the motor-generator set depicted in FIG. 1, the motor stator, or more
      properly, the driver stator 11 and the rotor 13 with the respective
      windings 17 and bars 19 form a conventional squirrel cage motor whereas
      the same rotor 13 revolving around the generator stator 15 with takeoff
      coils 21a, 21b, 21c and with a magnetizing head 23 forms a constant
      frequency (three-phase) generator as described in the aforementioned John
      F. Roesel, Jr., U.S. Pat. No. 3,521,149.
PAC  Mechanical Construction--One Rotor Motor-Generator
PAR  A practical embodiment of FIG. 1 is depicted in FIGS. 2, 6, 7, 8, 9 showing
      an outer cylindrical housing 25. Housing 25 is divided into a solid state
      electronics upper housing (FIG. 7) 27 and an electro-mechanical lower
      housing 29. In the lower housing 29 there is a central dish-like stand 31
      held to the housing 25 by bolts 33. Stand 31 supports a stationary
      threaded support shaft 41 which passes through the lower housing 29 and is
      journaled in a plate 37 which separates the upper and lower housings. The
      threads 39 at the upper part of the shaft are visible in FIG. 2 and FIG.
      6. Mounted on the upper part of the shaft 41 is a stator boss which
      supports the generator stator 15. At the lower part of shaft 41 is the
      rotor boss 43 around which is the rotor bearing structure 45 with sealed
      ball bearings 47a and 47b. The rotor bearing structure supports the rotor
      hub 51 of a rotor cup 53. Radially outwards of the rotor cup 53 is the
      motor or driver stator 11, which is held to the lower housing 29. Around
      the outer periphery of the rotor cup 53 are the squirrel cage bars 19
      which face corresponding coils 17 on the inner periphery of the driver
      stator 11. On the outer periphery of the generator stator 15 are the
      generator coils 21.
PAC  Cooling and Electronic Packaging
PAR  Disposed over the lower housing is an upper housing 27 (FIG. 7) which will
      house the solid state electronic voltage regulator and frequency control
      equipment hereinafter described. These components together with the motor
      generator components hereinbefore described are cooled by a blower 55
      extending radially outwards from the rotor hub. The cooling air which is
      suctioned through the machine by blower 55 enters the machine through the
      upper housing 27, which has an air inlet filter 57 around the upper
      housing. Air entering the air inlet filter 57 circulates across the upper
      housing, through inlet passages 59, and down around both sides of the
      rotor to the blower 55. The air exits the blower 55 from an air outlet 63.
      The cooling air is circulated throughout the lower housing by the rotation
      of the rotor.
PAC  One-Rotor Motor Generator Electro-Mechanical Features
PAR  The electro-mechanical features of the machine are best understood from
      FIG. 7 showing the two stators with the rotor in between. As in all
      motor-generator sets, this one consists of two machines: a motor and a
      generator. The motor portion can be considered as a standard squirrel cage
      induction with a standard outer stack having inner peripheral slots filled
      with windings 68. This portion of the machine requires little explanation
      since squirrel cage motors are well known in the art. It is the generator
      portion of the machine with which we are primarily concerned.
PAR  The generator portion of the machine is of the inside-out type with the
      generator stator 15 inside the rotor 13, the rotor 13 being so disposed as
      to rotate around the outside of the stator. The generator stator has a
      cylindrical stack made of thin sheets of laminations. These sheets are
      stamped out as discs (FIG. 6) with peripheral radial slots 58 for the
      windings and a large peripheral slot 60 for the magnetizing head 23. There
      is also a central axial aperture 62 for the rotor support shaft and holes
      for bolts. A number of discs held together by a shim and bolts form the
      stack. The slots are so assembled in a stack as to form grooves in the
      cylinder. The number of grooves so formed will be chosen for best magnetic
      coupling at the desired speed range. The magnetizing head slots however
      are offset in the stack so that the magnetizing head is at an angle to the
      rotor axis. Disposed around the periphery of stack in appropriate slots
      (FIG. 9) 58a, 58b, 58c are coils 21a, 21b, 21c. Since the slots 58 are
      axial, (FIG. 8) the portion of the coil in the slot is also axial.
PAR  Passing through the center axial aperture 62 is the stationary support
      shaft 41 for the rotor. The rotor is cup shaped as previously explained
      having a central rotor bearing structure 45 and coupling rotor hub 51 to
      support shaft 41.
PAC  Inside-Out; Outside-In; In Tandem
PAR  As illustrated in FIG. 3, the physical locations of the motor and generator
      stators can be reversed. In FIG. 3, the motor stator 17a is on the inside,
      the rotor 13a, turns outside of the motor stator 17a and has a squirrel
      cage 19a facing the motor stator, the generator stator 15a is radially
      outwards of both the motor stator 17a, and the rotor 13a, and the magnetic
      material 12a is on the outer periphery of the rotor facing the generator
      stator 15a. It is also possible to have the motor and generator stators in
      tandem with the rotor revolving either radially inwards (FIG. 5) or
      radially outwards (FIG. 4) of the stators. The stators can actually be one
      stator with two elements or two separate units, as shown in FIGS. 4 and 5.
PAR  As shown in FIG. 4, the tandem stack single rotor is a compact
      motor-generator converter concept. The motor stator 17b and the generator
      stator 15b are mounted in tandem on a fixed shaft 41b. The single rotor
      13b revolves around the motor stator l7b and the generator stator 15b. For
      cooling, air holes or vanes 51c are placed along the periphery of the
      rotor. The air holes or vanes act as a centrifugal air pump drawing air in
      through the air holes 51b near the center of each end and through each
      stator. Electrical conductors from each stator are fed through holes in
      the fixed shaft. The single rotor concept applies also when the motor
      stator and generator stator are outside and the rotor turns inside (FIG.
      5). This is an alternate tandem configuration motor generator converter
      concept when the motor winding 17c and the generator winding 15c are fixed
      on the stationary outer case of the converter. The motor squirrel cage 19c
      adjacent to the motor stator 17c and the magnetic material layer 12c
      adjacent to the generator stator 15c are mounted on and outwards of a
      common laminated steel rotor structure 13c turning on a rotating shaft.
      Air passages through the rotor 13c and around the stators provide paths
      through which the internal fans can draw and circulate air.
PAR  Having hereinbefore shown that it is possible to have the motor and
      generator stators either in tandem, as one unit, or coaxial, either one
      being on the inside or outside, it is readily apparent that by using a
      cup-shaped rotor, the rotor can be disposed to turn outside or inside of
      both motor and generator stators which are disposed coaxially. True, the
      motor machine herein shown has been an electric motor, but it is possible
      to use a non-electric, e.g. gasoline, engine for the motor where the
      driver means and driven means are pistons, cam shafts and gearing. With a
      gear drive machine such as an aircraft engine and using a cup-shaped rotor
      on the radial inside of both the motor and generator stators, a high
      torque and high speed output is obtained capable of rapidly driving a
      large heavy rotor around the inner periphery of the generator stator so as
      to obtain a very high voltage. All the electronic package hereinafter
      described, together with heavy duty power output leads, are radially
      outwards of the fast-spinning rotor which can be properly cooled by fan
      blades on the rotor and air cooling passages in the machine.
PAR  Undesired harmonics can be eliminated by the construction of the
      magnetizing head as shown in FIG. 8. In assembling the stack, the slot
      opening for the magnetizing head is machined into the large slot 60 and
      the magnetizing head has a winding 64 around the main body 23 of the head
      with a pole face 65 disposed at an angle to the axis of rotation (see FIG.
      8). This angle will enhance the performance for particular rotational
      speeds. Although, in theory, the machine should operate at any range of
      rotational speeds, in practice the speed will vary only within a certain
      range and the angle of the pole face to the axis will depend on the speed
      range of the machine. The construction of the pole face at an angle will
      help form a better sine wave shape for the output voltage pattern.
PAC  Electronic Package
PAR  The necessary electronics to operate the generator are located in the
      electronics package in the upper housing 27. For ease of explanation,
      these circuits are herein described as if they were outside the housing.
      As is well known in the art, these circuits are solid state circuits and
      are carded and packaged so as to fit in the uppper housing 27.
PAR  The electronic circuitry is explained in FIG. 10. In theory, the excitation
      frequency for the magnetizing head could be supplied by a battery coupled
      to a D.C. to A.C. inverter with a crystal frequency. In practice, however,
      although a battery is sometimes used as an auxiliary power source, if the
      main power fails, the principal power source is line power 87 which is
      running the motor portion of the motor-generator. This line power is
      rectified in an A.C. to D.C. rectifier system 89 which is fed to a
      frequency standard and countdown frequency divider unit 91 and also to
      D.C. to A.C. inverter 93. The frequency standard and countdown dividers
      receive a low D.C. voltage of about five volts while the D.C. to A.C.
      inverter receives about 12 volts and about 40 v. The D.C. to A.C. inverter
      therefore delivers the desired excitation frequency to the excitation head
      23 in excitation slot 60 across a resonant circuit 94. Also, a regulator
      97 in series with the exciter head drive circuit is controlled by a signal
      sensor from the output of the generator.
PAR  To summarize, therefore, to supply excitation at a fixed frequency to the
      excitation head, from a line voltage 87, there is an A.C. to D.C. inverter
      89 feeding low voltage on one side to a frequency standard and countdown
      dividers 91 and feeding power to a D.C. to A.C. inverter 93. The frequency
      standard and countdown dividers 91 are coupled to the D.C. to A.C.
      inverter 93. The D.C. to A.C. inverter supplies the excitation frequency
      to the excitation head 23 across a resonant circuit 94. The excitation
      head in turn is controlled by a regulator 97.
PAC  Power Supply
PAR  The A.C. to D.C. rectifier system 89 connected to the power line 87 is
      shown in FIG. 10a. It has three transformer secondaries 99, 100, 101, each
      connected to a diode bridge 103, 104, 105, forming high and low voltage
      stages. The stages have filter capacitors 107, 108, 109, one low voltage
      stage includes a voltage regulator 111.
PAC  Frequency Source
PAR  As hereinbefore explained, it is necessary to provide an excitation
      frequency corresponding to the desired frequency out-put of the generator.
      This excitation frequency is provided by the frequency standard and
      countdown dividers shown in FIG. 10b. This stage is supplied by the low
      voltage five volts. Frequency is fixed by a crystal 115 in series with a
      capacitor 117 providing feedback to NPN transistor 119. Transistor 119
      also has bias components 121 and 123 and is connected to the base of a
      second NPN transistor 125 using coupling capacitors 127 and 129.
      Transistor 125 operates a set of frequency dividers 131. These are solid
      state integrated circuit units purchased commercially, e.g., from Motorola
      or other makers, and will divide the crystal frequency by 1/2; 1/4; 1/8;
      1/16, etc. The result therefore is that the desired frequency is fed to
      the D.C. to A.C. inverter. In the divider chain, the selectability of
      desired frequencies, i.e., 50H, 60H, 400H, is easily accomplished by
      connector switches 130 routing the desired frequencies to drive
      transistors 133 and 135.
PAC  D.C. to A.C. Inverter
PAR  Four individual drive secondaries (FIG. 10c) 170 are supplied by the one
      primary 132. The driver stage (FIG. 10b) consists of the two power
      transistors 133 and 135 driven by the countdown dividers 131. Power from
      the transistors is supplied to the primary 132 (FIG. 10c) which is
      connected by a center tap to the 12 volt side of the A.C. to D.C.
      rectifier system. The two power transistors 133 and 135 (FIG. 10b) have
      their collectors connected to each primary and their bases biased by a
      diode 137 and resistors 138, 140 and 141, and a coupling capacitor 139.
      Transistors 133, 135 are fed by the countdown dividers. They, in turn,
      control a four transistor bridge 172 (FIG. 10c) coupled to excitation head
      23 in series with a resonant tuning capacitor circuit 94, i.e., the
      resonant circuit 94 is fed by a transistor bridge 172 having four
      transistors, 172a, 172b, 172c, 172d. The transistor bridge is fed by four
      individual drive secondaries 170. These transistors are so biased that
      transistors 172a, 172d, pass current on one half cycle, while transistors
      172b, 172c, pass current on the next half cycle.
PAC  Power Regulator
PAR  The power regulator functions effectively as a variable resistance in the
      resonant exciter head excitation drive circuit. Transistor 145 (FIG. 10d)
      is a power transistor operated in the linear region whose conductance is
      controlled by the base current level. Resistor 147 is a power resistor
      across transistor 145 to limit the maximum resistance which can appear
      across the regulator A.C. terminals when the transistor 145 is cut off.
      Power rectifier bridge 143 is provided to allow the bi-directional A.C.
      current in the excitation circuits to be controlled by a unidirectional
      transistor 145. Diode 145a between the emitter and base prevents excessive
      reverse base voltage from damaging the base emitter junction of transistor
      145 and base resistor 145b in a current limiting resistors to couple the
      output of a gain amplifier 159 to the base of transistor 145.
PAR  The +12v and -12v supplied from the A.C. to D.C. rectifier system are
      coupled to a gain amplifier arrangement 159. Reference diode 155 and a
      resistor arrangment form a negative reference voltage level. The output
      A.C. voltage level is sensed by a 3-phase sensing transformer 151 and
      rectified by bridge 149 and filtered by resistor 150 and capacitor 152 to
      develop a positive D.C. voltage sample whose amplitude is proportional to
      the average output A.C. voltage levels of the generator winding.
PAR  Variable resistor 154 and resistor 154, 156 form a voltage divider between
      the output sample voltage which has been rectified and filtered and the
      negative reference voltage established by a reference diode 155. Junction
      157 is the input voltage to the gain amplifier arrangement 159 which is a
      high gain operational amplifier well known in the art. Resistors 161 and
      162 serve to limit the feedback gain of the amplifier arrangement 159
      which is a high gain operational amplifier well known in the art.
      Resistors 161 and 162 serve to limit the feedback gain of the amplifier.
      Gain can be adjusted by variable resistor 161.
PAR  In operation, the D.C. sample of the average output level of the generator
      is compared to the negative reference level by divider 154 and 156. If the
      output level is too high, amplifier input 157 goes positive from ground
      and the amplifier output is reduced. This reduces the conduction of
      transistor 145, thereby increasing the resistance of the regulator in the
      exciter circuit, reducing the "Q" and thereby reducing the excitation
      drive, hence reducing the generator output. If the generator output were
      to go too low, the opposite of the above sequence would occur. Thus the
      regulator operates in a closed loop manner to maintain the generator
      output level at the desired level. Varying of resistor 154, the voltage
      setting potentiometer, will allow the regulator's quiescent state to be
      reached at different output levels of the generator thereby allowing a
      voltage setting position. Increasing resistor 161 increases the
      regulator's sensitivity, reducing the voltage error excursion of the
      generator output.
PAC  Plural Magnetizing Heads
PAR  Although in the machine hereinbefore described, only one magnetizing head
      is used, it is possible to have a plurality of magnetizing heads, and also
      as shown in FIG. 11, it is possible to have the generator stator on the
      outside and the motor stator on the inside. The machine there shown has
      three slots 261a, 261b, 261c for three magnetizing heads 265a, 265b, 265c.
PAR  Also, there are three sets of excitation coils 212, 214 and 216, and three
      sets of output coils 221a, 221b and 221c, all on the outside. As magnetic
      material 218 on rotor 210 passes before the first phase magnetizing head
      265a, a magnet is imprinted thereon. This magnet then induces a current in
      the output coil 221a. Magnet 218a then passes before excitation head 265b
      which erases as necessary the magnet printed on rotor 210 and prints a new
      magnet as necessary thereon. This new magnet then induces a current in
      coil 221b. The same thing then happens as the rotor periphery rotates past
      excitation head 265c and output coil 221c.
PAR  The excitation coils 212, 214 and 216 are independent from one another so
      that the current induced in output coil 221a is dependent on the field
      strength as corrected, of the magnet induced by excitation coil 212. The
      same is true for the two other poles. The periphery of the rotor is made
      of material having a high degree of magnetic memory and the three
      excitation coils 212, 214, 216 and spaced 120.degree. apart around the
      rotor. These excitation coils are comparatively quite narrow and span only
      a few degrees of arc. Next to each excitation coil 212, 214, 216 is the
      corresponding output coil 221a, 221b, 221c. The output coils span the
      larger part of the 120.degree. between the excitation coils. One advantage
      of a 3-excitation head, 3-phase machine in this configuration is that the
      phase angles between phases of the output voltage do not vary greatly with
      changes in the rotor speed.
PAR  Since the three phases act independently, it is therefore necessary to
      control the three phases to obtain an output voltage within certain
      predetermined limits.
PAR  A block diagram of such a control arrangement is depicted in FIG. 13
      showing the first, second and third phase exciter inverters 213, 215, 217
      fed by power supply 287 and oscillator divider driver circuit 291. The
      output coils 221a, 221b, 221c are connected in a WYE arrangement 220. The
      output in the WYE arrangement is fed to first, second and third voltage
      regulators 297a, 297b, 297c. If there is a voltage charge on the first
      phase, this charge is sensed. Likewise, the charge on the second and third
      phases are sensed, providing control to each exciter head independently.
      In FIG. 11, the motor portion 11a is of the inside-out type (see FIG. 2,
      S. Saslow et al., U.S. Pat. No. 3,196,940). As shown in FIG. 12 it is
      possible to have the motor portion 11b on the outside and the plural
      excitation heads 265d, 265e, two being shown in this embodiment, on the
      inside of the rotor. These two excitation heads 265d, 265e are 180.degree.
      apart, as shown in FIG. 12. This improves the voltage regulation since the
      voltage reduction effect which would ordinarily occur due to pole overlap
      with changes in speed is minimized by the use of multiple excitation
      heads. Usually, when there is a change in speed, there is what can best be
      described as a tendency towards voltage disagreement, or a voltage
      disagreement effect. This tendency is reduced at least partially by
      multiple excitation heads.
PAC  Overall Concept
PAR  It is to be observed therefore that the present invention provides for a
      single rotor, motor-generator set with the rotor turning adjacent to and
      preferably between the two stators. The rotor has a first rotor periphery
      facing the motor stator and a second rotor periphery facing the generator
      stator periphery. These are driver elements, e.g., coils, gear teeth,
      etc., on the motor periphery and corresponding driven elements, squirrel
      cage bars, coils, driven gear teeth, on the rotor first periphery. Also,
      there is a layer of permanent magnet material at least on the rotor second
      periphery.
PAR  Furthermore, there is at least one magnetizing station along the generator
      stator periphery with magnet forming means thereat disposed to form
      permanent magnets in the rotor permanent magnet material as the rotor
      periphery turns past the magnetizing station. Frequency excitation means
      are coupled to the magnet forming means, and there is at least one set of
      power takeoff elements disposed at least partially around the periphery of
      the generator stator.
PAR  Generally speaking, the positions of the motor and generator stators are as
      a practical matter not only interchangeable, but it is also possilbe to
      have a rotor on the inside or outside with coaxial generator and motor
      stators. The motor stator can be either radially inwards or outwards of
      the rotor. The generator is then radially outwards or inwards, as the case
      may be, of the rotor. The generator stator can have first, second and even
      third phase power output takeoff coils spaced thereon. The motor and
      generator stators can be in tandem with the rotor inside or outside. This
      does not mean two units, a motor and a generator, but two stators, with
      only one rotor.
CLMS
STM  I claim:
NUM  1.
PAR  1. A single rotor, motor-generator set, providing a constant output AC
      generator frequency notwithstanding rotation at a varying speed by the
      motor, comprising in combination:
PA1  a. a rotor and stator means, said stator means including motor and
      generator stator elements having motor and generator peripheries defined
      thereon, said peripheries of said motor and generator stator elements
      being in close proximity to said rotor which is located for rotation close
      to the two stator elements and so disposed that magnet lines of force can
      couple between the rotor and the generator stator element;
PA1  b. a first rotor periphery adjacent the periphery of the motor stator
      element and a second rotor periphery facing the periphery of the generator
      stator element with driven means on the motor stator element periphery and
      driven means on the rotor first periphery;
PA1  c. a layer of permanent magnet material on said rotor second periphery;
PA1  d. at least one magnetizing station along said generator stator element
      periphery with magnet forming means thereat disposed to form permanent
      magnets in said permanent magnet material as said rotor periphery turns
      past said station with frequency excitation means coupled to the magnet
      forming means said magnet forming means being responsive to the frequency
      of said frequency excitation means and forming magnets at said frequency;
PA1  e. at least one set of power takeoff elements disposed at least partially
      around the periphery of said generator stator elements angularly separated
      from said magnetizing station; and,
PA1  f. a feedback loop between the power takeoff elements and the magnet
      forming means for maintaining the output voltage at a desired level by
      controlling the strength of the permanent magnets formed in said permanent
      magnet material.
NUM  2.
PAR  2. A motor-generator set as claimed in claim 1 wherein said motor stator
      element is radially inwards and said generator stator element is radially
      outwards of said rotor, said two elements and said rotor being coaxially
      disposed.
NUM  3.
PAR  3. A motor-generator set as claimed in claim 1 wherein said motor stator
      element is radially outwards and said generator stator element is radially
      inwards of said rotor, said two elements and said rotor being coaxially
      disposed.
NUM  4.
PAR  4. A motor-generator set as claimed in claim 1 wherein said stator means is
      one elongated unit with the motor stator element on one side and the
      generator stator element on the other side, said rotor being coaxial with
      said unit and radially outwards of said unit.
NUM  5.
PAR  5. A motor-generator set as claimed in claim 1 wherein said stator means is
      one elongated unit with the motor stator element on one side and the
      generator stator element on the other side, said rotor being coaxial with
      said unit and radially inwards of said unit.
NUM  6.
PAR  6. A motor-generator set as claimed in claim 1 wherein said motor stator
      element, said generator stator element and said rotor are all coaxial.
NUM  7.
PAR  7. A motor-generator set as claimed in claim 1 wherein said generator
      stator element has at least first and second phase power output take-off
      coils sequentially spaced thereon.
NUM  8.
PAR  8. A motor-generator set as claimed in claim 7 wherein said generator
      stator element has at least two magnetizing stations along said generator
      stator periphery with magnet forming means thereat disposed to form
      permanent magnets in said rotor permanent magnet material.
NUM  9.
PAR  9. A motor-generator set as claimed in claim 1 including second and third
      magnetizing heads about 120.degree. apart.
NUM  10.
PAR  10. A motor-generator set as claimed in claim 1 including a second
      magnetizing head 180.degree. from said first head, more or less.
NUM  11.
PAR  11. A motor-generator set as claimed in claim 6 wherein said generator
      stator has at least first and second phase power output takeoff coils
      sequentially spaced thereon.
NUM  12.
PAR  12. A motor-generator set as claimed in claim 11 wherein said generator
      stator has at least two magnetizing heads along said generator stator
      periphery with magnet forming means thereat disposed to form permanent
      magnets in said rotor permanent magnet material.
NUM  13.
PAR  13. In a motor-generator set having a drum-shaped rotor with a drive shaft
      and an extended core of high permeability magnetic material supported by
      said shaft with a rotor periphery of defined width on the rotor having a
      layer of permanent magnet material on said rotor periphery, in combination
      therewith:
PA1  a. a generator-stator element with a stator periphery adjacent to said
      rotor periphery and coaxial therewith, said stator element having first,
      second and third phase power output takeoff coils sequentially spaced
      thereon;
PA1  b. at least one magnetizing unit housing in said stator element having an
      elongated magnetizing slot in said stator periphery angulary disposed with
      regard to said drive shaft across said rotor periphery width;
PA1  c. at least one magnetizing unit in said housing with frequency excitation
      means and a magnetizing head in said magnetizing housing, said frequency
      excitation means supplying a desired frequency to said magnetizing head so
      that as said rotor member rotates, permanent magnets with poles are
      endlessly imprinted in the permanent magnet material as said rotor
      periphery passes before the magnetizing head, which permanent magnets then
      sequentially induce power in said first, second and third phase power
      output takeoff coils, said permanent magnets being erased from said
      permanent magnet material as said magnets again pass before a magnetizing
      head at which time new permanent magnets are imprinted in said permanent
      magnet material; and,
PA1  d. electrical quantity sensing means sensing electric quantity in the power
      output takeoff coils, with a feedback loop between said power output
      takeoff coils and said electric excitation means controlling the magnetic
      strength of the imprinted permanent magnets in accordance with the sensed
      electrical quantity.
NUM  14.
PAR  14. A motor-generator set as claimed in claim 13 including second and third
      magnetizing units 120.degree. apart.
NUM  15.
PAR  15. A motor-generator set as claimed in claim 13 including a second
      magnetizing unit 180.degree. from said first unit.
NUM  16.
PAR  16. A motor-generator set as claimed in claim 1 wherein said driver means
      and driven means are electric-magnetic driver and driven elements, said
      motor stator element being so disposed with respect to said rotor that
      electric lines of force from said motor element can likewise couple onto
      said rotor.
NUM  17.
PAR  17. In a motor-generator set, the generator being of the type wherein a
      rotor with a high retentivity permanent magnet material on at least the
      periphery thereof is disposed for rotation adjacent to a magnetizing head
      located on stator means which magnetizing head includes frequency
      excitation means coupled thereto causing said magnetizing head to print
      magnets on the rotor periphery at a predetermined frequency, and wherein a
      power takeoff means is disposed along the circular travel path of the
      rotor angularly displaced from the magnetizing head so that as said rotor
      passes said magnetizing head, permanent magnets at said predetermined
      frequency are endlessly imprinted on said rotor periphery on the first
      rotation cycle and, which permanent magnets are substantially erased as
      the imprinted magnets again pass before said magnetizing head on the next
      rotation cycle at which time new permanent magnets are imprinted on said
      rotor periphery so as to cause to travel past said power takeoff means a
      quantity of permanent magnets corresponding to said predetermined
      frequency thereby inducing into said power takeoff means an alternating
      frequency corresponding to the predetermined frequency of said frequency
      excitation means, in combination
PA1  a. a first section on said rotor with driven means on said first section
      disposed for being driven by corresponding means when coupled thereto;
PA1  b. motor means disposed in close proximity to said rotor said motor means
      having driver means disposed for coupling with said driven means so as to
      turn said rotor;
PA1  c. a second section on said rotor including said high retentivity material
      so disposed that said high retentivity material faces said generator
      stator element so that magnetic lines of force emanating from said
      magnetizing head will couple into and form permanent magnets in said rotor
      high retentivity material and the permanent magnets so formed will couple
      into said power takeoff means inducing an alternating electric current
      thereon as said rotor turns.
NUM  18.
PAR  18. A motor-generator set as claimed in claim 17 wherein said motor means
      is radially inwards and said generator stator means is radially outwards
      of said rotor, said motor means, generator stator means and said rotor
      being coaxially disposed.
NUM  19.
PAR  19. A motor-generator set as claimed in claim 17 wherein said motor means
      is radially outwards and said generator stator means is radially inwards
      of said rotor, said motor means, generator stator means and said rotor
      being coaxially disposed.
NUM  20.
PAR  20. A motor-generator set as claimed in claim 17 wherein said motor means
      and said generator stator means is one elongated unit with the motor means
      on one side and the generator stator means on the other side, said rotor
      being coaxial with said stator means and radially outwards of said unit.
NUM  21.
PAR  21. A motor-generator set as claimed in claim 17 wherein said motor means
      and generator stator means is one elongated unit with the motor means on
      one side and the generator stator means on the other side, said rotor
      being coaxial with said unit and radially inwards of said unit.
NUM  22.
PAR  22. A motor-generator set as claimed in claim 17 wherein said motor, said
      generator stator means and said rotor are all coaxial.
NUM  23.
PAR  23. A motor-generator set as claimed in claim 17 wherein said generator
      stator means has at least first and second phase power output takeoff
      coils sequentially spaced thereon.
NUM  24.
PAR  24. A motor-generator set as claimed in claim 23, wherein said generator
      stator means has at least two magnetizing heads along said generator
      stator means periphery with magnet forming means thereat disposed to form
      permanent magnets in said rotor permanent material.
NUM  25.
PAR  25. A motor-generator set as claimed in claim 17 including second and third
      magnetizing head 120.degree. apart.
NUM  26.
PAR  26. A motor-generator set as claimed in claim 1 including a second
      magnetizing head about 180.degree. from said first head.
NUM  27.
PAR  27. A motor-generator set as claimed in claim 22 wherein said generator
      stator means has at least first and second phase power output takeoff
      coils sequentially spaced thereon.
NUM  28.
PAR  28. A motor-generator set as claimed in claim 27 wherein said generator
      stator means has at least two magnetizing heads along said generator
      stator means periphery with magnet forming means thereat disposed to form
      permanent magnets in said rotor permanent magnet material.
NUM  29.
PAR  29. A motor-generator set as claimed in claim 17 wherein said driver means
      and driven means are electro-magnetic driver and driven means, said motor
      means being so disposed with respect to said rotor that electric lines of
      force from said motor means will couple onto said rotor.
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ABST
PAL  The arc tube of an electric discharge lamp is surrounded by a reflective
      filter. The filter selectively reflects arc discharge radiation outside
      the visible range to which the arc tube wall is transparent and to which
      the arc plasma is optically thick, so that the reflected radiation is
      preferentially absorbed by the plasma and not by the arc tube wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to electric arc discharge lamps containing light
      emitting metals the desired radiation of which is in the visible region of
      the spectrum.
PAR  2. Description of the Prior Art
PAR  It is known, in the field of electric discharge lamps, to employ filters or
      reflectors which are transparent to desired visible radiation and
      reflective of undesired radiation, e.g., infrared radiation. See, for
      example, U.S. Pat. Nos. 3,221,198, 3,400,288 and 3,662,203 which disclose
      the use of thin metal layers, tin oxide coatings and titanium oxide
      coatings for such purposes.
PAR  Such reflectors are generally broad band; they improve lamp efficiency by
      returning the reflected radiation to the arc tube wall, thereby reducing
      the amount of power required to maintain a predetermined minimum wall
      temperature. However, such reflectors do not efficiently reflect radiation
      directly back to the arc plasma itself, that is, radiation to which the
      arc plasma is optically thick.
PAR  It is an object of this invention to provide a high intensity discharge
      lamp having a reflective filter which improves lamp efficiency more than
      prior art broad band reflectors do, by reflecting particular undesired
      radiation directly to the arc plasma.
PAC  SUMMARY OF THE INVENTION
PAR  Any radiating material, solid, liquid or gas, radiates energy at a rate P
      given by
      ##EQU1##
      where T is the temperature in .degree.K, e.sub..lambda..sub.T is the
      spectral emissivity of the material and is a function of
      .lambda.(wavelength) and T, and C.sub.1 and C.sub.2 are constants. The
      emissivity can vary between 0 and 1.0.
PAR  The amount of radiation in any wavelength band is determined by the
      temperature of the radiator and the emissivity of the radiator in that
      wavelength region.
PAR  A lamp designer seeks to concentrate as much of the radiation as possible
      from a lamp in a particular wavelength band. For general illumination this
      band is determined by the eye sensitivity and is about 400 to 700
      nanometers. For other applications, such as photo polymerization, the band
      is determined by the action spectrum of the irradiated material.
PAR  Arc discharges differ from solid radiation sources such as tungsten
      filaments in that their emissivity varies greatly with wavelength.
      Materials for the discharge gas are chosen to give high emissivity (strong
      spectral lines) in the wavelength band of interest.
PAR  Ideally the emissivity should be high in the wavelength band of interest
      and zero everywhere else. This condition would minimize the energy lost as
      useless radiation. Unfortunately many materials commonly used in arc
      discharge lamps have strong spectral lines, and thus high emissivity,
      outside the wavelength band of interest.
PAR  This invention is intended to reduce the effective emissivity of the lamp
      in regions outside the wavelength band of interest by reflecting the
      useless radiation back into the arc. The reflector is selective in that it
      only returns energy of those wavelengths at which the arc emissivity is
      high but are in the useless wavelength region. The reflector passes energy
      in the desired wavelength band from the lamp.
PAR  The return of energy to the arc is effective only for wavelengths at which
      the arc is a strong absorber. The arc is a stron absorber of energy, i.e.,
      is optically thick, at the wavelengths at which it has a high emissivity.
      The selective reflector must reflect those wavelengths with high
      emissivity back into the arc in order to effectively return energy to the
      arc.
PAR  In general the only reflectors which are sufficiently selective to pass the
      desired wavelengths and reflect those with high emissivity outside the
      desired wavelength band are dichroic reflectors. As a rule dichroic
      reflectors are simpler and cheaper if they are only required to reflect
      strongly over relatively narrow bands of wavelength. One advantage of this
      invention is that the dichroic reflector need only reflect strongly at
      those useless wavelengths which are strongly emitted by the arc.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE in the drawing is an elevational view, partly in section,
      of a high pressure sodium (HPS) arc discharge lamp in accordance with this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the drawing, one embodiment of an arc discharge lamp in
      accordance with this invention comprises a cylindrical alumina arc tube 1
      disposed within a cylindrical transparent glass envelope 2. Arc tube 1
      contains the usual HPS fill of sodium, mercury and an inert starting gas.
      Arc tube 1 is supported within envelope 2 by the usual lead-in wire
      assembly 3, which provides the electric current path from the usual
      screw-type base 4 to the electrodes 7 at the ends of arc tube 1.
PAR  Disposed on the outer surface of envelope 2 is a dichroic reflector 5.
      Reflector 5 is formulated to efficiently transmit visible radiation and to
      efficiently reflect nonvisible radiation to which the arc discharge plasma
      is optically thick. In a typical HPS lamp, only 43% of the radiation is in
      the visible range and there is substantial radiation at four wavelength
      regions outside the visible. These are at 810, 1140, 1840 and 2200
      nanometers; the respective absorption coefficients of the arc plasma at
      these wavelengths are 0.95, 0.64, 0.50 and 0.84. Reflector 5 was
      formulated to efficiently reflect radiation at these wavelength regions.
      Thus reflector 5 was simpler and less expensive to apply than, say, a
      broad band dichroic reflector, such as disclosed in the prior art for
      incandescent lamps, which reflect infrared radiation over a wide range.
      Such prior art broad band reflectors are, also, inefficient reflectors of
      the near infrared radiation such as at 810 and 1140 nanometers.
PAR  Reflector 5 consisted of thirteen quarter-wave alternate layers of vacuun
      deposited TiO.sub.2 and SiO.sub.2, sandwiched between eighth-wave layers
      of SiO.sub.2. The reflection curve of reflector 5 was fairly narrow-band,
      having a reflection of less than 5 percent over the visible range (400 to
      700 nanometers), about 95 percent over the range of 800 to 1200
      nanometers, and a peak reflection at 1800 to 2200 nanometers of about 25
      percent. The calculated improvement in lamp efficiency was 26.6 percent.
PAR  Although this reflector is more efficient in reflecting the 810 and 1140
      radiation to the plasma than the 1840 and 2200 radiation, the arc tube
      emits more of the former radiation than the latter. The respective
      relative emitted peak power outputs for 810, 1140, 1840 and 2200 radiation
      are 0.43, 0.08, 0.06 and 0.04.
PAR  If desired, opaque and reflectors 6 may be disposed within envelope 2 at
      the ends of arc tube 1 in order to prevent end radiation, thereby
      improving lamp efficiency even further.
CLMS
STM  We claim:
NUM  1.
PAR  1. A high intensity arc discharge lamp comprising an arc tube containing a
      light emitting metal and having electrodes at its ends, the arc tube
      emission including both desired and undesired radiation, and a selective
      reflector surrounding said arc tube, said reflector efficiently
      transmitting desired radiation and efficiently reflecting portions of the
      undesired radiation to which the arc tube wall is transparent and to which
      the discharge plasma is optically thick, the reflection being sufficient
      to substantially improve lamp efficiency, said efficienctly reflected
      portions of undesired radiation including radiation at 810 and 1140
      nanometers.
NUM  2.
PAR  2. The lamp of claim 1 wherein said selective reflector is a dichroic
      coating.
NUM  3.
PAR  3. The lamp of claim 2 wherein said coating comprises alternate layers of
      TiO.sub.2 and SiO.sub.2.
NUM  4.
PAR  4. The lamp of claim 3 comprising, in addition, a light-transmitting jacket
      surrounding said arc tube, said coating being deposited on said jacket.
NUM  5.
PAR  5. The lamp of claim 4 wherein said arc tube is made of alumina.
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PAL  A gas discharge display panel having row and column electrodes for
      displaying a plurality of patterns arranged in rows and columns comprises
      a pair of dielectric plates on which the row and column electrodes are
      respectively formed. The column electrodes are divided into groups
      assigned to the patterns in the respective columns. Terminal areas
      connected to the column electrodes of every other groups are disposed
      along different edge portions of the plate disposed parallel to the rows,
      whereby the terminal areas are spaced wider than the electrodes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a gas discharge display panel having matrix
      electrodes for displaying a plurality of patterns, such as numerals,
      letters, and/or symbols, arranged along at least one row and to a
      dielectric plate for use in manufacturing a gas discharge display panel on
      which one set of the matrix electrodes is formed.
PAR  For a gas discharge display panel having matrix electrodes, such as an
      external electrode gas discharge display usually referred to as a plasma
      display panel, use is made of a pair of plates, each made of an
      electrically insulating material. The plates are formed of glass or other
      insulating material, and have parallel electrodes formed thereon for use
      as the matrix row or column electrodes. Terminal areas are also formed on
      each of the plates and connected to the electrodes formed thereon. Since
      the electrodes are closely spaced, the terminal areas are also crowded and
      of a narrow width as shown in FIG. 1 of U.S. Pat. No. Des. 222,543 issued
      Nov. 2, 1971. This makes it difficult to connect the terminal areas to an
      external circuit, such as a driving circuit for the panel, with sufficient
      mechanical strength. In an attempt to overcome this difficulty i.e., the
      fragile connection between the panel and the external circuit, every other
      electrode is connected to terminal areas disposed along one edge portion
      of the plate, and the remaining electrodes are connected to terminal areas
      disposed along the opposite edge portion of the plate. This reduces the
      congestion at the terminal areas. The difficulty of effecting connections
      is not overcome, however, because there are no criteria for identifying
      the terminal areas connected to a particular electrode. This is not only
      true on making initial connections between the terminal areas and an
      external circuit, but also in locating the terminal corresponding to any
      electrode which fails to contributing to proper production of a
      corresponding elemental area of a display for trouble diagnosis and/or
      repair.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a matrix
      electrode gas discharge display panel, wherein terminal areas connected to
      the electrodes on the panel are readily connected to an external circuit.
PAR  It is another object of this invention to provide a display panel of the
      type described, which may be reliably connected to an external circuit.
PAR  It is still another object of this invention to provide a display panel of
      the type described, wherein the terminal area connected to any specific
      one of the electrodes may be readily identified.
PAR  A matrix electrode gas discharge display panel for displaying a plurality
      of patterns arranged in rows and columns comprises a first and a second
      plate of an electrically insulating material. The first plate has a
      plurality of row electrodes formed thereon runing parallel to the rows and
      terminal areas connected on the plate to the respective row electrodes.
      Similarly, the second plate has a plurality of column electrodes formed
      thereon running parallel to the matrix columns and terminal areas
      connected on the second plate to the respective column electrodes. In
      accordance with the instant invention, the row electrodes are divided into
      a first set of groups. The terminal areas connected to row electrodes of
      each group are spaced apart from the terminal areas connected to the row
      electrodes of the other groups. Similarly, the column electrodes are
      divided into second set of groups. The terminal areas connected to the
      column electrodes of each of the second set of groups are spaced apart
      from the terminal areas connected to the column electrodes of the other
      groups. The display panel may be an external electrode gas discharge
      display panel having a central dielectric plate or one not having such a
      central plate. Preferably, the first set of groups are assigned to the
      patterns arranged along the respective rows while the second set of groups
      are assigned to the patterns arranged along the respective columns.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 schematically shows in sectional view a matrix electrode gas
      discharge display panel to which the instant invention is applicable, the
      thickness of the dielectric plates and the elements disposed thereon being
      exaggerated;
PAR  FIG. 2 is a schematic front view of a portion of the matrix electrodes for
      an embodiment of the present invention;
PAR  FIG. 3 schematically shows one of the dielectric plates having electrodes
      and terminal areas formed thereon in accordance with the principles of the
      present invention; and
PAR  FIG. 4 similarly depicts the other of the dielectric plates and the
      corresponding elements formed thereon in accordance with this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  Referring to FIGS. 1 through 4, an external matrix electrode gas discharge
      display panel for displaying a plurality of patterns arranged in rows and
      columns comprises a pair of first and second plates 11 and 12, herein
      called dielectric plates, formed of an electrically insulating material.
      At least one of the plates 11 and 12 should be sufficiently transparent to
      permit viewing the display therethrough. The first plate 11 has a
      plurality of column electrodes 16 formed thereon running parallel to the
      display columns, terminal areas 17 disposed on the plate 11 and connected
      to the respective column electrodes 16, and a layer 18 of a dielectric
      material covering the column electrodes 16. The second plate 12 has a
      plurality of row electrodes 21 formed thereon running parallel to the
      display rows, terminal areas 22 thereon connected to the respective row
      electrodes 21, and a layer 23 of a dielectric material covering the row
      electrodes 21.
PAR  The plates 11 and 12 having the above-described elements disposed thereon
      are sealed together by a mass 26 of a sealing agent, such as glass frit,
      with a spacer 27 being disposed therebetween. The elements formed on the
      first plate 11 should face the elements formed on the second plate 12
      across an intermediate space. The space is evacuated and then filled with
      neon or a like ionizable gas to provide a gas discharge space 29.
PAR  In operation, a high-frequency voltage is applied between selected row and
      column electrodes to produce a gas discharge at each of the cross points
      of the selected electrodes. The dots of the gas discharge thus produced
      are viewed as a display of the desired pattern or patterns. It is
      therefore necessary to render the pitch (inter-electrode spacing) between
      the parallel electrodes 16 or 21 as small as possible to increase the
      resolution of the display panel. Accordingly, the terminal areas 17 or 22
      are also crowded resulting in various difficulties discussed herein above.
PAR  Referring more specifically to FIGS. 2 through 4, the column and row
      electrodes 16 and 21 are divided into groups 31 and 32 assigned to the
      respective patterns in accordance with this invention. In the specific
      embodiment illustrated, each column electrode group 31 consists of seven
      column electrodes 16 while each row electrode group 32 consists of nine
      row electrodes 21. This grouping of the electrodes 16 and 21 enables the
      terminal areas 17 and 22 for the electrodes 16 and 21 of each group 31 or
      32 to be spaced apart from the terminal areas 17 or 22 for the other
      corresponding groups 31 or 32. This similarly enables each terminal area
      17 or 22 to be wider than the corresponding electrodes 16 or 21. In
      addition, such an organization facilitates identification of a terminal
      area 17 or 22 connected to a particular one of the electrodes 16 or 21.
      Preferably, the distance between the groups 31 or 32 is made wider than
      the pitch between the electrodes 16 or 21.
PAR  Further, the terminal areas 17 for alternate column electrode groups 31 are
      arranged along one of the edge portions of the first plate 11 parallel to
      the rows, while the terminal areas 17 for the remaining groups 31 are
      disposed along the other of such edge portions. Similarly, the terminal
      areas 22 for every other row electrode group 32 are aligned on one of the
      edge portions of the second plate 12 parallel to the matrix columns, while
      the remaining terminal areas 22 are arranged along the other edge portion.
PAR  It will readily be understood that this invention is equally applicable to
      a matrix electrode gas discharge display panel for displaying a plurality
      of patterns arranged along only one of the rows and columns, and to one
      having matrix electrodes spatially intersecting at angles other than right
      angles. It will also be apparent that the grouping of the electrodes 16
      and 21 need not necessarily correspond to with the patterns to be
      displayed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A matrix electrode gas discharge display panel for displaying a
      plurality of patterns arranged in rows and columns, wherein the
      improvement comprises:
PA1  a first plate of an electrically insulating material having a plurality of
      first electrodes formed thereon in a direction parallel to said rows, and
      first terminal areas on said plate connected to said first electrodes,
      contiguous ones of said first electrodes and said first terminal areas
      being divided into plural first groups, the terminal areas connected to
      the first electrodes of each of said groups being spaced apart from the
      terminal areas connected to the first electrodes of the others of said
      groups, and
PA1  a second plate of an electrically insulating material having a plurality of
      second electrodes formed thereon in a direction parallel to said columns,
      and second terminal areas on said second plate connected to said second
      electrodes, contiguous ones of said second electrodes and said second
      terminal areas being divided into plural second groups, the terminal areas
      connected to the second electrodes of each of said second groups being
      spaced apart from the terminal areas connected to the second electrodes of
      the others of said second groups, wherein said first and second electrodes
      spatially intersect at plural gas filled cells, at least one of said
      electrodes being transparent, wherein:
PA1  said first terminal areas connected to said first electrodes are disposed
      along both edge portions of said first plate disposed in a direction
      parallel to said columns, the terminal areas disposed along each of said
      edge portions being connected to the first electrodes of alternate ones of
      said first groups, and
PA1  the second terminal areas connected to said second electrodes are disposed
      along both edge portions of said second plate disposed in a direction
      parallel to said rows, the terminal areas disposed along each of said row
      direction edge portions being connected to the second electrodes of
      alternate ones of said second groups.
NUM  2.
PAR  2. In a matrix electrode gas discharge display panel for displaying a
      plurality of patterns arranged in a row, comprising a first plate of an
      electrically insulating material, a plurality of first electrodes formed
      on said first plate parallel to said row, a second plate of an
      electrically insulating material, a plurality of parallel second
      electrodes formed in groups on said second plate spatially transverse to
      said first electrodes and with a predetermined pitch, means for
      hermetically sealing said first and second plates to provide a gas
      discharge space between said first and second electrodes with an ionizable
      gas sealed in said space, first terminal areas formed on said first plate
      along an edge portion thereof and connected to said first electrodes,
      groups of second terminal areas formed on said second plate along both
      edge portions thereof and connected to said second electrodes, and means
      for supplying a voltage between selected ones of said first and second
      terminal areas to produce gas discharges in said space in accordance with
      said patterns, at least one of said first and second plates being
      sufficiently transparent to allow said gas discharges to be viewed
      therethrough, the improvement wherein the second electrodes of one of said
      electrode groups are spaced on said second plate from the electrodes of
      adjacent electrode groups by a distance wider than said pitch and are not
      interposed between the electrodes of other electrode groups, and said
      second terminal area groups are connected to the second electrodes of
      alternate ones of said electrode groups and made wider than said electrode
      groups, each of said second terminal area groups being spaced apart from
      other terminal groups, each of said electrode groups being associated with
      a respective one of said patterns.
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PAL  Signal detector consisting of a flip-flop that is provided with at least a
      pair of inverters with the output of each inverter connected with the
      input of the other through a positive feedback loop and means to trigger
      said flip-flop at arbitrary times, the input of one of said inverters
      being connected to the signal line with both inverters designed to be
      electrically unbalanced between themselves.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a signal detector, for example, to detect signals
      on the sense lines from a semiconductor memory.
PAR  In the semiconductor memory, the higher the density of the integrated
      circuit, the smaller the area of a memory cell and the larger the capacity
      of the load line. A smaller area for the memory cell means that the
      driving power of such a cell becomes lower. As the integration of the
      circuit progresses, therefore, it becomes necessary for a memory cell with
      a small driving power to drive a load with a large load capacity (for
      example, the capacity of the sense line), so that signals that appear at
      the output become necessarily small and it takes time for signals with a
      sufficient amplitude to appear on the load line, thereby lowering the read
      out speed of the memory.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic circuit diagram of a conventional sense amplifier;
PAR  FIG. 2 illustrates a timing chart for signals of the circuit of FIG. 1;
PAR  FIG. 3 illustrates a circuit diagram of an embodiment of a signal detector
      according to our invention;
PAR  FIG. 4 illustrates a timing chart for signals of the circuit of FIG. 3; and
PAR  FIGS. 5 and 6 are schematic circuit diagrams of other embodiments of a
      signal detector according to our invention, respectively.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  These problems of the prior art are explained below by referring to the
      example of the conventional sense amplifier as illustrated in FIG. 1. The
      information in the form of a signal level of 1 or 0 is stored in memory
      cell M depending on whether a high level V.sub.H or a low level V.sub.L
      voltage is applied across capacitor Cm on the gate of the MOS transistor
      Q.sub.1. Supposing that such an applied voltage is set at the high level
      V.sub.H, the sense line S that is charged beforehand at the high level
      V.sub.H starts to discharge through MOS transistors Q.sub.1 and Q.sub.2 to
      the low level V.sub.L (ground level in the figure) as soon as readout line
      R is set at the high level V.sub.H. Such a voltage change on the sense
      line S is detected by the MOS transistor Q.sub.3 of the sense amplifier
      SA. On the other hand, supposing that the gate voltage of transistor
      Q.sub.1 is equivalent to the low level V.sub.L, the voltage of the sense
      line S is left at the high level V.sub.H since the transistor Q.sub.1 is
      nonconducting. Thus, the condition required for the state 1 to be detected
      at transistor Q.sub.3 is that, with the gate voltage of transistor Q.sub.1
      set at the high level V.sub.H, the voltage of sense line S is lowered by
      discharge below the threshold voltage V.sub.th of the transistor Q.sub.3.
      As is clear from FIG. 2, therefore, for a sufficient pulse width of the
      signal on the readout line R, the time period t.sub.1 is not enough, but
      time period t.sub.2 must be selected, whereby the voltage on the sense
      line S can drop lower than V.sub.th. The time required for such discharge
      is proportional to the capacity C.sub.s of the sense line and the area of
      the transistor circuit on the memory cell M. Since a large capacity for
      the memory is associated with a large value of capacity C.sub.s and small
      areas for the transistors Q.sub.1 and Q.sub.2, it is not rare that the
      time of discharge accounts for more than half of the access time for the
      memory. Speed-up of the readout of the memory is therefore not feasible
      with the conventional amplifier.
PAR  An object of the present invention is to provide a signal detector
      including a flip-flop which is capable of eliminating the difficulties
      mentioned above.
PAR  Embodiments of this invention are described in detail below in reference to
      several exemplary circuits.
PAR  FIG. 3 illustrates an example of the signal detector in accordance with
      this invention, where it is used as a sense amplifier. In FIG. 3, SA is a
      sense amplifier comprising a flip-flop that consists of four MOS
      transistors Q.sub.3 to Q.sub.6. FIG. 4 illustrates signal waveforms to be
      observable at respective indicated points P, S, R, and AS expressing the
      precharge voltage, sense line voltage, readout line voltage, and control
      signal, respectively.
PAR  Now, if the precharge voltage P is set at the high level V.sub.H to make
      MOS transistors Q.sub.7 and Q.sub.8 conductive so that the high level
      V.sub.H is applied to the gates of transistors Q.sub.3 and Q.sub.4,
      thereby to make this pair of transistors conductive, both source voltages
      of the transistors Q.sub.5 and Q.sub.6 are lowered to the low level
      V.sub.L (ground level in FIG. 3). With no signal input at the control lead
      AS, however, transistors Q.sub.5 and Q.sub.6 are non-conducting, so that
      the positive feedback loop remains interrupted for the sense amplifier SA.
      In this state, even if precharge voltage P is set off (i.e., lowered to
      low level V.sub.L), the high impedances of the MOS transistors maintain
      sense line S at the high level V.sub.H for a long time across capacity
      C.sub.s1 of sense line S.
PAR  Next, if the content of the memory cell is read out by readout signal R and
      if the gate voltage of MOS transistor Q.sub.1 is equivalent to V.sub.H,
      transistors Q.sub.1 and Q.sub.2 both conduct and sense line S starts to
      discharge current from the high level V.sub.H to the low level V.sub.L.
      Then, if control signal AS is switched on after the voltage of sense line
      S reaches an intermediate level V.sub.M therebetween, the inverter circuit
      consisting of transistors Q.sub.4 and Q.sub.6 becomes more conducting than
      the inverter circuit consisting of transistors Q.sub.3 and Q.sub.5, for
      the MOS transistor has a property that the higher the gate voltage, the
      larger the conductance, i.e., the smaller the dynamic resistance. This is
      because the gate voltage of transistor Q.sub.4 and that of transistor
      Q.sub.3 are equivalent to the high level V.sub.H and intermediate level
      V.sub.M, respectively, at the instant when the control signal AS is
      switched on. The discharge of current to the low level that is going on
      along sense line S is therefore accelerated, and with lowering of the gate
      voltage of transistor Q.sub.3 that occurs simultaneously therewith,
      transistors Q.sub.3 and Q.sub.5 are more and more driven into the
      nonconducting state until the drain voltage of transistor Q.sub.5, i.e.,
      the gate voltage of transistor Q.sub.4, reaches a high voltage level and
      stays there. That is, the voltage on sense line S is driven acceleratingly
      from the intermediate level V.sub.M to a low level V.sub.L through the
      positive feedback loop by control signal AS that is switched on, with a
      result that sense line S is switched to the low level V.sub.L.
PAR  Next, supposing that the gate voltage of transistor Q.sub.1 that belongs to
      memory cell M is equivalent to the low level V.sub.L, transistor Q.sub.1
      stays non-conducting even with a readout signal on lead R, so that the
      voltage on sense line S is kept at the high level V.sub.H. If sense
      amplifier SA operates with arrival of a control signal at lead AS so as to
      switch sense line S to the low level V.sub.L, identification of whether
      the gate voltage of transistor Q.sub.1 lies at a high or a low level
      cannot be performed accurately.
PAR  In order to discern between the "1" and "0" states of memory cell M with
      the sense amplifier SA with sufficient margin, therefore, supposing that
      the gate voltage of transistor Q.sub.1 is set equal to low level V.sub.L,
      the source voltage of transistor Q.sub.7 must be switched to the low level
      V.sub.L by the incoming signal at control lead AS, while the voltage of
      sense line is maintained at the high level V.sub.H that has originated
      from precharge P. Such a requirement can be satisfied if it is arranged
      that the inequality C.sub.s1 &gt; C.sub.s2 holds, where C.sub.s2 is the
      capacity between the source of transistor Q.sub.7 and ground. Under such
      conditions and supposing that the gate voltage of transistor Q.sub.1 is
      set at the low level V.sub.L, the voltage of sense line S is difficult to
      change because the capacity C.sub.s1 is larger than C.sub.s2, even if the
      control signal AS is introduced to activate the feedback loop of the
      flip-flop after the voltage of sense line S and the source voltage of
      transistor Q.sub.7 are both elevated to a high level V.sub.H by the
      precharge voltage P. On the other hand, the source voltage of transistor
      Q.sub.7 is more liable to change, so that it results from the positive
      feedback that the voltage on the sense line S is maintained at a high
      level V.sub.H, while the source voltage of transistor Q.sub.7 is switched
      to the low level V.sub.L. It follows necessarily that with the gate
      voltage of transistor Q.sub.1 set at the high level V.sub.H, control
      signal AS can be successfully applied after the voltage on sense line S
      reaches a voltage level (expressed above by V.sub.M) that can overcome the
      unbalance between said capacities.
PAR  As described above, such a sense amplifier can detect small voltage changes
      on the sense line at high speed with a positively electrically-unbalanced
      flip-flop.
PAR  FIG. 5 illustrates another embodiment of the sense amplifier in accordance
      with this invention, where the feedback loop of the flip-flop is initially
      interrupted by fixing control signal AS at the high level V.sub.H until
      the voltage on sense line S drops to a certain level during the period to
      read out the voltage from the memory cell. Thereafter, the flip-flop is
      switched on by setting the control signal at the low level V.sub.L. It is
      noted that transistors Q.sub.5 and Q.sub.6 are omitted in this example.
PAR  FIG. 6 illustrates one more embodiment of the sense amplifier in accordance
      with this invention, the flip-flop of which consists of bipolar
      transistors T.sub.1, T.sub.2 and resistors r.sub.1, r.sub.2 and the
      precharge circuit of which consists of transistors T.sub.3, T.sub.4, to
      which are applied the precharge voltage P and supply voltage V.sub.s.
PAR  As is clear from the operating requirements of the circuit, it is only
      required that the flip-flop is designed in a proper state of unbalance.
      Thus, instead of the unbalance between capacitors the unbalance of
      conductance gm between transistors comprising the flip-flop or the
      unbalance of the precharged voltage level between sense line S and the
      emitter of transistor T.sub.3 suffices for this type of circuit.
PAR  Descriptions have been given for a signal detector used as a sense
      amplifier in all the above embodiments, but the detector is not limited to
      such use. As a matter of course, it is usable in general for the
      high-speed detection of voltage changes on the signal line.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A signal detector comprising: a flip-flop formed of at least a pair of
      inverters, the output of each inverter being connected to the input of the
      other inverter through a positive feedback loop; and means for selectively
      actuating said feedback loop of said flip-flop at a predetermined time;
      the input of one of said pair of inverters being connected to a signal
      line, and said pair of inverters being positively electrically unbalanced;
      said pair of inverters including first, second, third and fourth
      transistors each having first, second and third terminals; said first
      terminals of said first and third transistors each being connected to said
      actuating means; said second terminals of said first and third transistors
      being connected to said third terminals of said second and fourth
      transistors, respectively; said third terminals of said first and third
      transistors being connected to said first terminals of said fourth and
      second transistors, respectively; said first terminal of said fourth
      transistor being connected to said signal line; and said second terminals
      of said second and fourth transistors being grounded.
NUM  2.
PAR  2. A signal detector according to claim 1, in which said first, second,
      third, and fourth transistors comprise MOS transistors.
NUM  3.
PAR  3. A signal detector according to claim 1, wherein said actuating means
      comprises a source of control pulses.
NUM  4.
PAR  4. A signal detector according to claim 1, further comprising a memory cell
      connected to said signal line for controlling the discharging thereof; and
      means for selectively applying a readout signal to said memory cell at a
      first predetermined time to initiate the discharge of said signal line;
      wherein said actuating means, when actuated, accelerates said discharge of
      said sense line initiated by said selectively applying means.
NUM  5.
PAR  5. A sensing circuit for a memory arrangement having at least one sense
      line, comprising
PA1  a flip-flop formed of at least a pair of inverter circuits, the output of
      each inverter circuit being connected to the input of the other inverter
      circuit through a positive feedback loop, the input of one of said
      inverter circuits being connected to said sense line,
PA1  means for selectively applying a voltage to the inputs of said inverter
      circuits at a first predetermined time,
PA1  means for selectively actuating said feedback loop of said flip-flop at a
      second predetermined time, and
PA1  a memory cell connected to said sense line for controlling the discharging
      thereof,
PA1  said pair of inverter circuits being positively electrically unbalanced and
      including first, second, third and fourth transistors each having first,
      second and third terminals; said first terminals of said first and third
      transistors each being connected to said actuating means; said second
      terminals of said first and third transistors being connected to said
      third terminals of said second and fourth transistors, respectively; said
      third terminals of said first and third transistors being connected to
      said first terminals of said fourth and second transistors, respectively;
      said first terminal of said fourth transistor being connected to said
      sense line; and said second terminals of said second and fourth
      transistors being grounded.
NUM  6.
PAR  6. A sensing circuit according to claim 5, in which said first, second,
      third, and fourth transistors comprise MOS transistors.
NUM  7.
PAR  7. A sensing circuit according to claim 6, wherein said voltage applying
      means includes fifth and sixth transistors each having first output
      terminals and an input terminal connected together to a control voltage
      source and having second output terminals connected to the inputs of
      respective inverter circuits.
NUM  8.
PAR  8. A sensing circuit according to claim 7, wherein said pair of inverter
      circuits are unbalanced by providing unequal capacitance to ground from
      the outputs of the respective inverter circuits.
NUM  9.
PAR  9. A sensing circuit for a memory arrangement including only one sense line
      and at least one memory cell connected thereto, said circuit comprising:
PA1  a flip-flop formed of at least one pair of inverter circuits, the output of
      each inverter circuit being connected to the input of the other inverter
      circuit through a positive feedback loop, only the input of one of said
      inverter circuits being connected to said sense line, and said inverter
      circuits being positively electrically unbalanced with each other;
PA1  means for selectively applying a voltage to the inputs of said inverter
      circuits at a first predetermined time to charge said sense line;
PA1  means for selectively applying a readout signal to said memory cell at a
      second predetermined time to initiate the discharge of said sense line;
      and
PA1  means for selectively actuating said feedback loop of said flip-flop at a
      third predetermined time to accelerate said discharge of said sense line.
NUM  10.
PAR  10. A sensing circuit for a memory arrangement including at least one sense
      line and at least one memory cell connected thereto, said circuit
      comprising:
PA1  a flip-flop formed of at least one pair of inverter circuits, the output of
      each inverter circuit being connected to the input of the other inverter
      circuit through a positive feedback loop, only the input of one of said
      inverter circuits being connected to said sense line and said inverter
      circuits being positively electrically unbalanced with each other;
PA1  means for selectively applying a voltage to the inputs of said inverter
      circuits at a first predetermined time to charge said sense line;
PA1  means for selectively applying a readout signal to said memory cell at a
      second predetermined time to initiate the discharge of said sense line;
      and
PA1  means for selectively actuating said feedback loop of said flip-flop at a
      third predetermined time to accelerate said discharge of said sense line;
PA1  said at least one pair of inverter circuits including first, second, third
      and fourth transistors each having first, second and third terminals;
PA1  said first terminals of said first and third transistors each being
      connected to said actuating means;
PA1  said second terminals of said first and third transistors being connected
      to said third terminals of said second and fourth transistors,
      respectively;
PA1  said third terminals of said first and third transistors being connected to
      said first terminals of said fourth and second transistors, respectively;
PA1  said first terminal of said fourth transistor being connected to said sense
      line; and
PA1  said second terminals of said second and fourth transistors being grounded.
NUM  11.
PAR  11. A sensing circuit as defined in claim 10, wherein said first, second,
      third and fourth transistors comprise MOS transistors.
NUM  12.
PAR  12. A sensing circuit as defined in claim 10, wherein said voltage
      supplying means includes fifth and sixth transistors each having first
      output terminals and an input terminal connected together to a control
      voltage source and having second output terminals connected to the
      respective inputs of said inverter circuits.
NUM  13.
PAR  13. A sensing circuit as defined in claim 10, wherein said pair of inverter
      circuits are unbalanced by providing unequal capacitance to ground from
      the outputs of the respective inverter circuits.
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ABST
PAL  A superorthicon-type television camera tube with a photoelectric cathode, a
      target spaced opposite the cathode and including a film and a fine mesh
      grid arranged between the film and the cathode. A coating is provided on
      both the grid and the film and is constituted of a semiconductor material
      having an inelastic electron reflection factor lower than that of the
      material of the target. The coating of semiconductor material is on the
      film and on the grid on the side facing the cathode.
BSUM
PAR  The present invention relates to television engineering and, more
      particularly to superorthicon-type television camera tubes designed for
      high-quality color and black-and-white television broadcasting, for
      systems used for recording television images, etc.
PAR  Known in the art are television camera tubes of the superorthicon type
      which employ a target-grid assembly comprising a target consisting of a
      glass film and a fine-mesh metal grid.
PAR  These television camera tubes have the following disadvantages: a
      comparatively low signal-to-noise ratio, a narrow range of illumination of
      half tones transmitted without distortion (in particular, dark half tones
      are poorly transmitted), inadequate contrast of the fine details of the
      image, critical tuning when selecting the working illumination, and an
      adverse influence of the white on the quality of the picture being
      transmitted. All these disadvantages result from the fact that the
      secondary current excited by the photoelectric current from the film and
      grid of the target has an essential portion of high-speed electrons which
      under the effect of the electric field return back to the target in the
      form of a scattered flow resulting in a secondary emission from the film
      with a coefficient higher than unity. As a result, an additional
      (spurious) charge is stored not only on the portions of the target
      corresponding to the illuminated areas of the photoelectric cathode, but
      also on these which correspond to the non-illuminated areas of the
      photoelectric cathode, and this leads to a decrease in the contrast of the
      picture charge at the target.
PAR  Also known in the art are television camera tubes of the superorthicon type
      whose target is made in the form of a fine-mesh metal grid and a very thin
      film of magnesium of aluminum.
PAR  The disadvantage of these tubes consists in fragility of the thin films
      which are subject to microphonic interference. Furthermore, these targets
      are transparent to photoelectrons, and this adversely affects the quality
      of the television image when increasing the illumination.
PAR  Superorthicon-type television camera tubes are also known in which in order
      to increase the signal-to-noise ratio, the target as viewed from the
      photoelectric cathode is coated with a layer of material which features a
      lower secondary emission coefficient than that of the film, for example, a
      layer of silver.
PAR  However, any decrease of the secondary-emission factor of the film results
      in a drop in the sensitivity of the television camera tube due to the
      reduced amplification of the photoelectric current at the target.
PAR  An object of the present invention is to provide a television camera tube
      of the superorthicon type which is free  pg,3 from the above
      disadvantages.
PAR  A specific object of the invention is to provide television camera tubes of
      the superorthicon type which have a higher signal-to-noise ratio, a wider
      illumination range of undistorted television transmission, better telecast
      of half tones of the image, particularly dark half tones, higher contrast
      when transmitting fine details of the television picture, and which at the
      same time are not so critical to any change in the illumination and to any
      variation in the white color content in the scene being telecast the
      latter fact being very important for high-quality television broadcasting,
      especially for color television.
PAR  This object has been accomplished by providing a superorthicon-type
      television camera tube in which the film and fine-mesh metal grid have a
      coating which, according to the invention, is made of a semiconducting
      material having an inelastic electron reflection factor lower than that of
      the material of the film.
PAR  It is advantageous that a secondary electron emission factor of the
      employed semiconductor material is not lower than the secondary electron
      emission factor of the material of the uncoated film. In this case the
      resistivity of the material of the coating should not be higher than that
      of the material of the film.
PAR  For example, oxides of magnesium, aluminum or lithium as well as various
      combinations of these oxides may be used as the semiconductor material.
DRWD
PAR  Other more specific objects and advantages of the invention will be
      apparent from the following description of some embodiments thereof taken
      in conjunction with the appended drawings, in which:
PAR  FIG. 1 schematically shows a superorthicon-type television camera tube,
      according to the invention; and
PAR  FIG. 2 is a sectional view of a target provided with a coating according to
      the invention.
DETD
PAR  The superorthicon-type television camera tube comprises in an evacuated
      envelope E photoelectric cathode 1 (FIG. 1), a target grid assembly 2
      consisting of a grid 3 and a film 4, a gun 5, a secondary emission
      multiplier 6, an accelerating electrode 7, a focusing electrode 8 and a
      cylinder 9 of the multiplier 6.
PAR  FIG. 2 illustrates the target 2 having a coating 10 applied onto the grid 3
      and film 4.
PAR  The superorthicon-type television camera tube operates in the following
      manner.
PAR  The focused optical image of the picture being transmitted is projected
      onto the photoelectric cathode 1. In accordance with the distribution of
      the light and shades on the photoelectric cathode, the photoelectronic
      image under the action of the accelerating and focusing electric fields is
      focused on the target 2 causing a secondary emission from the surfaces of
      the film 4 and grid 3 of the target 2 which are irradiated by the
      photoelectrons. As a result, the useful charge is stored on the film 4 of
      the target 2. The charge stored on the target is read off when being
      commutated by the beam of low-speed electrons produced by the gun 5. The
      back current of the beam, modulated by the picture charge on the target 4,
      is fed to the secondary emission multiplier 6 and after amplification
      therein produces a video signal at the output of the superorthicon.
PAR  The coating 10 (FIG. 2) of semiconducting material, having an inelastic
      electron reflection factor lower than that of the film and applied on the
      grid 3 and film 4 of the target 2 on the side of the photoelectric cathode
      1, decreases the percentage of high-speed electrons in the secondary
      current excited by the photoelectrons from the grid 3 (FIG. 1) and film 4
      of the target 2, and correspondingly reduces the spurious charge
      decreasing the contrast in the picture charge on the target 4 and in the
      output video signal, narrowing the illumination range of the undistorted
      telecast, deteriorating the transmission of the dark half tones and detail
      contrast, and leading to that the quality of the television picture is
      strongly affected by the white color content in the scene being
      transmitted. The critical tuning in selecting the working illumination is
      also due to this spurious charge on the target. Therefore, by using a
      suitable coating of on the film and grid of the target on the side facing
      the photoelectric cathode, the disadvantages of the known superorthicon
      television camera tubes can be almost completely eliminated.
PAR  When selecting a required coating material, it is advisable to use the
      known relationship between the inelastic electron reflection factors and
      the effective atomic numbers of the elements or compounds. It is clear
      from this relationship that the elements and compounds having the least
      effective atomic numbers possess the least inelastic electron reflection
      factors. In order to keep constant (or to increase) the sensitivity of the
      tube with the coating used, the secondary-electron emission factor of the
      selected material should be no less than the secondary-electron emission
      factor of the uncoated film of the target. To maintain the serviceability
      of the tube with a coated target film under the prescribed resolution
      conditions, the resistivity of the coating should not exceed that of the
      uncoated film. The coating material is constituted of a semiconductor
      material having an inelastic electron reflection factor lower than that of
      the material of the film. The resistivity of the material does not exceed
      that of the material of the film.
PAR  Oxides of magnesium, aluminum, lithium and their various compounds meet all
      these requirements.
PAR  The coating of the film and grid of the target with the selected
      semiconductor material can be effected by means of vacuum evaporation of
      this material and deposition of the vapors of the semiconductor material
      onto the assembled target on the side facing the grid both before and
      after mounting the grid into the tube.
PAR  The basic advantage of the present invention consists in that the use of
      the proposed coating for the grid and film of the target on the side
      facing the photoelectric cathode makes it possible to increase the
      signal-to-noise ratio by 40 percent, to widen the illumination range of
      the undistorted telecast by a factor of 5 to 10, to considerably improve
      the transmission of the dark half tones and to drastically increase the
      contrast when transmitting the fine details of the television image. A
      very important advantage of the proposed tubes consists in that they are
      much less critical to the white color content in the scene being telecast
      as well as to the selection of the working illumination when tuning the
      tube.
PAR  Though the present invention has been described with reference to a
      preferred embodiment thereof, it is understood that various changes and
      modifications can be made in the construction and arrangement of parts
      without departing from the scope of the present invention as defined by
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A superorthicon-type television camera tube comprising a photoelectric
      cathode, a target spaced opposite the cathode, said target including a
      film, said film being subject to secondary emission upon exposure to a
      photoelectric image and storing a resulting charge, a fine-mesh metal grid
      between said film and said cathode, a coating on both said grid and film
      of the target and of a semiconductor material having an inelastic electron
      reflection factor lower than that of the material of said film,
      semiconductor material being selected from the group comprising oxides of
      magnesium, aluminum, lithium and compounds of said oxides, said grid
      having a side facing the cathode and a side facing the target, said
      coating being on the side of the grid facing said cathode, an electron gun
      for scanning said target, and an evacuated envelope in which said cathode,
      target and gun are located.
NUM  2.
PAR  2. A television camera tube as claimed in claim 1, wherein the
      semiconductor material is a material having a secondary-emission factor
      not less than the secondary-emission factor of the material of said film.
NUM  3.
PAR  3. A television camera tube as claimed in claim 1, wherein the
      semiconductor material is a material having resistivity not higher than
      that of the material of said film.
NUM  4.
PAR  4. A television camera tube as claimed in claim 1, wherein said grid is
      spaced from said film.
NUM  5.
PAR  5. A television camera tube as claimed in claim 1, wherein said target is a
      glass film.
NUM  6.
PAR  6. A television camera tube as claimed in claim 1, wherein the coating on
      the film is spaced from the coating on the grid.
NUM  7.
PAR  7. A television camera tube as claimed in claim 1, wherein the film has a
      side facing the cathode and a side facing away from the cathode and the
      coating on the film is on the side of the film facing the cathode.
NUM  8.
PAR  8. A television camera tube as claimed in claim 1, wherein the coating on
      the grid is solely on the side facing the cathode.
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ABST
PAL  In a shadow mask assembly comprising a substantially rectangular shallow
      dish shaped shadow mask, a rectangular reinforcing frame having a side
      surface adapted to engage the periphery of the shadow mask and a
      transverse flat surface formed by a flange bent inwardly at right angles
      with respect to the side surface, and a plurality of leaf springs for
      supporting said shadow mask assembly, there are provided a plurality of
      depressions formed on the frame at points corresponding to the leaf
      springs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a shadow mask assembly adapted to be incorporated
      into a color cathode ray tube and more particularly to a flat shadow mask
      assembly.
PAR  Generally, a shadow mask assembly comprises a shadow mask, a reinforcing
      frame to fit and support the shadow mask and leaf springs secured to the
      frame for supporting the assembly.
PAR  More particularly, as shown in FIG. 1, a prior art cathode ray tube for use
      in a color television receiving set comprises an envelope having a face
      panel 1 with its inner surface coated in the conventional manner with a
      film of phosphor in the form of a plurality of phosphor dots, and a shadow
      mask assembly 2, shown in exploded perspective. The shadow mask assembly
      includes a rectangular shallow dish-shaped shadow mask 3 provided with a
      large number of small perforations, for example from 100,000 to 400,000, a
      reinforcing frame 4 made of a metal strip having an L-shaped
      cross-section, and an electron shield 5 secured to the reinforcing frame
      4, which is fitted in the opening of shadow mask 3 to support the same.
PAR  A reinforcing frame, such as frame 4, is generally prepared by drawing a
      bending line along the length of a flat metal strip cut to a predetermined
      length, bending the strip along the bending line into an L-shaped
      cross-section, bending the strip into a rectangular configuration and
      welding together the opposite ends of the strip. Since the strip is bent
      within a common plane, each side of the completed frame tends to bulge
      outwardly due to the resiliency of the strip. Thus, the completed
      reinforcing frame is somewhat elliptical, resulting in strain or
      deformation of the shadow mask held thereby. Moreover, since the
      peripheral edge of the electron shield 5 secured to the reinforcing frame
      4 extends outwardly beyond the periphery of the reinforcing frame, it is
      impossible to project the leaf springs 41 forwardly, as viewed in FIG. 1,
      beyond the periphery of the electron shield, which leaf springs 41 are
      secured to the reinforcing frame for the purpose of mounting the shadow
      mask assembly on the face plate 1. For this reasons, when mounting the
      shadow mask assembly upon the face plate, it is difficult to mount the
      assembly by grasping the leaf springs.
PAR  One approach to this problem is the use of a curved reinforcing frame, as
      shown in FIG. 2. The four sides of the reinforcing frame 6 are bent to
      conform to the curved front surface of the shadow mask 3. To prepare such
      a curved frame, since three dimensional bending operations are required,
      the tendency of the reinforcing frame to spring back is small so that the
      frame does not impart any strain or deformation to the shadow mask fitted
      therein. With this construction, since it is possible to project the free
      ends of leaf springs 61 secured to the periphery of the frame 6 beyond the
      edge of the electron shield, the shadow mask assembly can be mounted upon
      the face panel by grasping these projected ends. However, with this
      construction, it is also necessary to form the electron shield to be
      mounted on the reinforcing frame so that it has curved sides. Further, it
      is necessary to form notches on the periphery of the electron shield to
      receive the projecting ends of the leaf springs. Such notches permit
      electrons to pass thus off-setting the purpose of the electron shield.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved shadow mask
      assembly formed by bending operations in a common plane and is free from
      the spring back characteristic of the blank from which the frame is
      fabricated whereby the frame does not strain and deform the shadow mask.
PAR  Another object of this invention is to provide an improved shadow mask
      assembly so constructed that it is possible to grasp the leaf springs
      secured to the reinforcing frame when mounting the shadow mask assembly
      upon the face plate even when the electron shield which is fixed to the
      reinforcing frame formed by the bending operation takes the form of a flat
      plate.
PAR  Still another object of this invention is to provide a novel shadow mask
      assembly which can be readily fabricated with a configuration and
      dimension of high accuracy.
PAR  According to this invention, in a shadow mask assembly of the class
      comprising a substantially rectangular flat shallow dish-shaped shadow
      mask, a rectangular reinforcing frame having an annular side surface
      adapted to engage the periphry of the shadow mask and a transverse surface
      formed by a flange bent inwardly at right angles with respect to the side
      surface, and a plurality of springs for supporting the shadow mask
      assembly, one end of the leaf springs being secured to the side surface,
      there are provided a plurality of depressions formed on the flange at
      points corresponding to the leaf springs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and advantages of the invention will become apparent from
      the following description of the invention when taken in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1 shows an exploded perspective view of a prior art shadow mask
      assembly utilizing a plane-type reinforcing frame;
PAR  FIG. 2 shows a prior art curved reinforcing frame of the shadow mask
      assembly;
PAR  FIG. 3 is an exploded perspective view of a shadow mask and a reinforcing
      frame embodying the invention;
PAR  FIG. 4 is a side view of the shadow mask assembly shown in FIG. 3; and
PAR  FIG. 5 is a front view, partly broken away, of the novel shadow mask
      assembly, as seen in the direction of travel of the electron beam.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The novel shadow mask assembly shown in FIGS. 3 to 5 comprises a shadow
      mask 10 having a rectangular shallow disc configuration which is formed by
      drawing a thin metal plate and providing the plate with a plurality of
      small perforations formed by a conventional photoetching technique, for
      example. As is well known in the art, the shadow mask 10 has an outer
      dimension slightly smaller than the inner dimension of the face plate of
      the cathode ray tube. The novel reinforcing frame 20 is in the form of a
      flat rectangular frame which is fabricated by the steps of bending a metal
      strip along a longitudinal bending line to have an L-shaped cross-section,
      and then bending the strip in a common plane at predetermined intervals
      into a rectangular frame. These bending operations are identical to those
      described in connection with the reinforcing frame 4 shown in FIG. 1.
PAR  The spacings between bending points of the L-shaped frame are determined by
      the inner dimension of the opening defined by the periphery 12 of the
      shadow mask 10. For the sake of description, the reinforcing frame 20 of
      rectangular cross-section is shown as including side surfaces 21 adapted
      to fit in the shadow mask, and transverse flange surfaces 22 on the flange
      bent inwardly at right angles with respect to the side surfaces 21. Inner
      ends of springs 23 for supporting the shadow mask assembly are secured to
      the vertical surface 21, as by spot welding. The outer ends of the leaf
      springs are provided with openings 24 for receiving pins (not shown)
      secured to the inner wall of the face plate.
PAR  The invention is characterized by the provision of depressions 25 toward
      the width of the side surface 21 on the flange surface 22. Such
      depressions or notches 25 may be formed by press working, concurrently
      with or independently of the bending operation of the reinforcing frame
      20. Projections 26 are formed on the lower edge of the frame as a result
      of the press working during the forming of the depressions 25. These
      depressions on the reinforcing frame eliminate the spring back property of
      the flat reinforcing frame, thus preventing it from deforming or bulging
      outwardly into a round or elliptical configuration.
PAR  As shown in FIGS. 3 to 5, since the free ends of leaf springs 23 are in
      alignment with depressions 25, it is possible to grasp these leaf springs
      through these depressions when mounting the shadow mask assembly upon the
      face panel, thus simplifying the assembling operation. Thus, it will be
      clear that the depressions provided in accordance with the invention not
      only improve the accuracy of configuration and dimension of the
      reinforcing frame, but also eliminate the inconvenience encountered in the
      mounting operation of the prior art shadow mask assembly utilizing the
      plane-type frame.
PAR  While the invention has been shown and described in terms of a preferred
      embodiment, it should be understood that the invention is not limited to
      this particular embodiment. Thus, for example, it is not always necessary
      to provide one depression for each one of four sides of the rectangular
      frame, but any number of such depressions may be formed on any side.
      However, due consideration should be given to the accuracy of the
      configuration and the rigidity of the reinforcing frame and the number of
      leaf springs used. Instead of a trapezoid, the depression may take any one
      of many other configurations, for example, an arc, rectangle or triangle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a shadow mask assembly of the type including a substantially
      rectangular shallow dish-shaped shadow mask, a rectangular reinforcing
      frame of L-shaped cross-section having an annular side surface adapted to
      engage the periphery of said shadow mask and a transverse flat surface
      formed by a flange bent inwardly at right angles with respect to said side
      surface, and a plurality of leaf springs for supporting said shadow mask
      assembly, one end of each of said leaf springs being secured to said side
      surface, the improvement in which portions of the side surface of said
      frame in alignment with the free end of at least one pair of leaf springs
      are deformed to provide a protrusion extending toward the shadow mask and
      a depression in alignment with said portrusion with said transverse flat
      surface following said depressions.
NUM  2.
PAR  2. The shadow mask assembly according to claim 1, wherein said depressions
      have the configuration of a trapezoid.
NUM  3.
PAR  3. The shadow mask assembly according to claim 1, wherein the entire width
      of the transverse flat surface of said frame is discontinuous in the areas
      of said deformed portions.
PATN
WKU  039315410
SRC  5
APN  5742374
APT  1
ART  252
APD  19750505
TTL  Connective means for a cathode ray tube mask-panel assembly
ISD  19760106
NCL  1
ECL  1
EXP  Segal; Robert
NDR  1
NFG  4
INVT
NAM  Brenner, Jr.; Kurt H.
CTY  Seneca Falls
STA  NY
ASSG
NAM  GTE Sylvania Incorporated
CTY  Stamford
STA  CT
COD  02
RLAP
COD  71
APN  464495
APD  19740426
PSC  03
CLAS
OCL  313407
XCL  313451
EDF  2
ICL  H01J 2906
ICL  H01J 2902
FSC  313
FSS  402;403;404;405;406;407;408
UREF
PNO  3404303
ISD  19681000
NAM  Levin
OCL  313406
UREF
PNO  3502942
ISD  19700300
NAM  Khan et al.
OCL  315 31
UREF
PNO  3541373
ISD  19701100
NAM  Barr
OCL  313407
UREF
PNO  3543072
ISD  19701100
NAM  McNeil
OCL  313407
UREF
PNO  3588567
ISD  19710600
NAM  MacLean et al.
OCL  313402
UREF
PNO  3621318
ISD  19711100
NAM  Lewinson
OCL  313405
LREP
FR2  O'Malley; Norman J.
FR2  Rinn; Frederick H.
FR2  Krenzer; Cyril A.
ABST
PAL  An improvement is provided in a color cathode ray tube mask-panel assembly
      to assure positive electrical contact between the apertured mask member
      and the sidewall portion of the viewing panel. Resilient electrical
      contactor means positioned in the spacing between the mask member and the
      panel, is maintained in a flexed attitude with the attachment portion
      thereof affixed to the frame and an integral flexural contact portion so
      oriented to effect constant pressured contact with the conductively coated
      sidewall of the panel.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of Ser. No. 464,495, filed Apr. 26,
      1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical connective means within a cathode ray
      tube and more particularly to electrical contactor means for improving the
      electrical connection between the mask-member and the associated
      conductively coated panel of a color cathode ray tube.
PAR  Color cathode ray tubes as conventionally employed in television
      applications, usually have encompassing envelopes comprising integrations
      of neck, funnel, and face panel portions whereof the face panel includes
      an extensive viewing area upon which a patterned cathodoluminescent screen
      is disposed. The face panel is conventionally formed to have a
      substantially upstanding perimetrical sidewall therearound, the edge of
      which is hermetically joined to the seating edge of a compatibly shaped
      funnel portion by a sealing procedure during tube manufacturing. The
      interior of the panel, including the screen and the surrounding panel
      sidewall is usually metallized with a film of aluminum after formation of
      the patterned screen. This metallic film serves two functions: first, it
      provides a segment of the electrical conductive path for the screen
      potential, and secondly, the presence of the reflective film upon the back
      of the screen enhances the brightness of the color-emitting phosphors
      comprising the patterned imagery emanating therefrom. Spatially positioned
      within the face panel, is a multiple-opening mask member formed of a
      substantially domed apertured member, the edge of which is peripherally
      supported by an attached circumscribing framing member. This composite
      mask structure is supported within the face panel, in spaced relationship
      to the viewing area, by a plurality of suitable positional means attached
      about the frame member in a manner to mate with supporting studs embedded
      in and projecting from the wall of the panel.
PAR  Upon completion of the screen forming process, the mask-panel assembly is
      hermetically sealed to the funnel portion of the envelope. Electron
      generating means in the form of a structure embodying one or more electron
      guns, is then positioned and sealed within the neck portion of the
      envelope, whereupon the tube is subsequently evacuated and processed.
PAR  Under conventional operating conditions, the screen potential in a
      shadow-mask color cathode ray tube is substantially that of the final
      anode electrode of the electron gun structure, such being achieved by a
      diverse internal conductive path within the tube envelope. The final anode
      electrode of the gun structure usually makes electrical contact by
      supportive snubber means with an electrically conductive coating, such as
      Aquadag, which is applied to the interior surface of the funnel portion of
      the tube envelope. A relatively high voltage electrical potential is
      conventionally applied to this conductive coating by means of a
      button-type connection oriented in the wall of the aforesaid funnel
      portion. The other differential voltages required for the successful
      operation of the electron gun structure, are supplied to the respective
      electrodes therein by specific electrical conductive means terminating at
      the connective pins traversing the base portion. These pins, in turn, are
      connected to suitable voltage sources external of the tube. The final
      anode voltage, which is supplied to the conductive coating on the internal
      surface of the funnel, is connected to the apertured mask by a resilient
      contact member attached to the frame of the mask and extended therefrom to
      make pressured contact with the coating. Electrical connection between the
      mask and the screen of the tube is consummated through the spaced-apart
      mask positioners in conjunction with the mating supporting studs
      protruding from the panel sidewall and the aluminized film disposed
      thereon. The studs are usually kept free of aluminum to avoid the
      prevalence of metallic flakes resultant of subsequent mask positioning in
      the panel. Since the mask positioning means per se makes riding contact
      with the supporting studs, electrical connection between the mask and the
      aluminized panel is provided by applying an area of an additional
      conductive coating, such as Aquadag, to at least a portion of the stud
      proper to assure electrical contact between the stud and the adjacently
      disposed aluminum film on the panel sidewall. However, deleterious effects
      have been noted in the form of erosion between the Aquadag and the
      aluminum film, accidental splashing of Aquadag on the mask or screen, and
      the undesirable prevalence of loose particles and flakes of Aquadag in the
      vicinity of the mask and screen.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the invention to reduce and obviate the aforementioned
      disadvantages evidenced in the prior art. Another object of the invention
      is to provide an improved electrical connection between the mask and the
      aluminized sidewall of the face panel. A further object of the invention
      is to provide improved electrical connection means between the mask and
      panel portions of a color cathode ray tube that is free of extraneous
      coating materials.
PAR  These and other objects and advantages are achieved in one aspect of the
      invention wherein electrical contact means formed as a substantially
      longitudinal member of resilient metallic material is comprised of an
      attachment portion and an integral flexural contact portion. When
      incorporated into the mask-panel assembly, the flexural portion is located
      in the spacing existent between the mask frame and the panel sidewall in a
      substantially flexed position. In this attitude, the attachment portion is
      oriented against the frame of the mask wherein it is suitably affixed. The
      flexed positioning of the integral flexural portion effects constant
      pressured contact with the sidewall of the panel to provide a positive
      electrical connection between the mask and the conductive film covering at
      least a portion of the sidewall area of the panel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially sectioned view of a color cathode ray tube wherein
      the invention is utilized;
PAR  FIG. 1A is an enlarged section of FIG. 1 detailing the region of the
      invention;
PAR  FIG. 2 is a perspective of one embodiment of the electrical contactor means
      of the invention prior to incorporation in the mask-panel assembly; and
PAR  FIG. 3 is a sectional enlarged fragmentation of the mask-panel structure
      detailing another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following specification and appended claims in connection with
      the aforedescribed drawings.
PAR  With particular reference to FIG. 1, there is shown a cathode ray tube 11
      having an envelope 13 comprised of neck, funnel, and face panel portions,
      15, 17, and 19 respectively, whereof the panel portion 19 is hermetically
      joined to the funnel portion 17 along the seal line 21. The face panel 19
      has a viewing portion 23 and a substantially perimetrical sidewall portion
      25 which extends angularly from a transitional zone thereon, the sidewall
      portion being terminated by the sealing edge 20. Formed on the interior
      surface of the viewing panel 23 is a patterned cathodoluminescent screen
      29 formed of a plurality of discrete areas of color-emitting phosphor
      materials. Usually a thin metallized film 31, such as aluminum, is
      disposed over the interior surface of the screen and at least a portion of
      the adjacent sidewall area of the panel. A discretely apertured structure
      or mask member 33 is spatially related to the patterned screen 29, being
      predeterminately positioned within the face panel 19 by usual means such
      as supporting stud-like members embedded in the sidewall of the panel and
      projecting therefrom to mate with locators integral with the mask member.
      For purposes of clarity, the conventional stud-like supporting members and
      mask locators have been eliminated from the drawings. Attached to the mask
      member 33 is a peripheral strip-like beam shielding means 35 which is
      located to extend from the frame of the mask 37 in a bridging manner to
      make contact with the panel sidewall thereby protecting the
      cathodoluminescent screen from deleterious electron excitation resultant
      from the peripheral overscan of electron beams, such as for example 37 and
      39, emanating from a beam generating source, not shown, positioned in the
      neck portion 15 of the tube envelope.
PAR  From an operational consideration, the final anode or screen potential is
      usually applied to the tube through an electrically conductive metallic
      button 43 hermetically sealed in the wall of the funnel portion 17 of the
      envelope. Internally, the button makes connection with an electrically
      conductive coating 45, such as Aquadag, which is applied to the interior
      surface of the funnel portion 17 usually extending thereover into the
      forward area of the neck portion and thence to a line adjacent the panel
      seal 21. The electrical connection between the funnel disposed Aquadag
      coating 45 and the apertured mask member 33 is conventionally achieved by
      a resilient snubber means, not shown, which is usually attached to the
      frame 37 of the mask member and extended therefrom into the funnel portion
      17 to make contact with the conductive coating 45 thereon.
PAR  The invention relates to an improvement in the mask-panel assembly of a
      color cathode ray tube wherein electrical contactor means 47 provides
      enhanced electrical connection between the mask member 33 and the
      metallized sidewall 25 of the panel. The electrical contactor 47 is formed
      as a substantially longitudinal member of flexible resilient metallic
      material, such as stainless steel. The contactor comprises an attachment
      portion 49 and an integral flexural contact portion 51. As shown in FIG.
      1A, the flexural portion 51 is positioned in the spacing between the mask
      frame and the panel sidewall in a flexed attitude in a manner
      substantially parallel with and adjacent to the side portion of said mask
      frame whereby the attachment portion 49 is oriented toward and against the
      planar ledge of the frame 37 whereon it is affixed. Such flexured
      positioning of the contactor means, being substantially perpendicular to
      the planar ledge of the frame, effects pressured contact with the
      metallized film 31 on the sidewall of the panel 25 to provide a positive
      electrical connection between the mask and the panel-disposed conductive
      film 31, which in a shadow mask type of tube substantially covers the
      sidewall of the panel and the related cathodoluminescent screen.
PAR  Reference is directed to FIG. 2 wherein the contactor means 47 is shown in
      greater detail. The perspective view illustrates the configurative shaping
      of the contactor means prior to incorporation into the mask-panel
      assembly. In the embodiment shown, the attachment portion 49 is formed in
      a configurative manner to provide a substantially conventional clip-on
      feature that is compatible with a respective portion of the mask frame 37
      to effect positive frictional engagement and affixation therewith. The
      integral flexural contact portion 51 is delineated in this embodiment as
      having a plurality of resilient fingers 53 extremitally formed and
      fashioned to provide multiple contact with the panel sidewall when
      incorporated into the mask-panel assembly. As shown, the flexural contact
      portion 51 has a slight transverse crease or apexially defined bend 55
      formed therein in a manner to provide at least two areas of pressurized
      contact such as 57 and 59 with the panel sidewall 25 when positioned for
      utilization therewith. The angular formation of this definitive crease 55
      is designated by the obtuse angle .angle.A. The effects of this angular
      formation is clearly shown in FIG. 1 wherein the multiple contact areas 57
      and 59 are clearly evidenced.
PAR  Another embodiment of the invention 47' is shown in FIG. 3, wherein the
      attachment portion 49' of the contactor means is a substantially flat
      tongue-like terminal portion formed for positioning on a substantially
      planar portion of the mask framing member 37 to facilitate affixation
      therewith by bonding means such as spot welding. It is essential when
      utilizing weld-bonding that extreme care be exercised to avoid deleterious
      spattering of metallic material in the mask and screen environment.
PAR  After positioning and effecting attachment of the electrical contactor
      means 47 within the mask-panel assembly, peripherally-oriented strip-like
      beam shielding means 35 are positionally attached to the mask frame in a
      manner to bridge the spacing between the frame 37 and the panel sidewall
      25 to prevent the overscan of electron beams from reaching the screen 29.
      This shielding means is suitably affixed to the mask by conventional
      means, such as bonding or clip-type fasteners, not shown. In such an
      arrangement, the attachment related portion of the contactor means 47/47'
      is substantially sandwiched between the beam shielding means 35 and the
      mask frame 37. Since the beam shielding means is comprised of a
      substantially light weight metallic material, it readily conforms to the
      presence of the contiguous contactor and is in no manner hampered thereby.
PAR  While only one contactor means is shown in the drawings, a plurality may be
      utilized if so desired. It is readily evident that a substantial upgrading
      of the reliability and quality of the finished tube are distinct
      advantages effected by use of the contactor of the invention which
      provides a much greater area of contact surface than that normally
      achieveable between the conventional mask supporting means and the
      positioning studs in the panel sidewall.
PAR  Although the electrical contactor means of the invention is herein
      exemplarily described and shown in a shadow mask color tube environment,
      the breadth of concept is not intended to be limited thereto. For example,
      the contactor concept is equally applicable to a post deflection cathode
      ray tube utilization, wherein a specific electrical potential may be
      applied solely to the mask member through the medium of an insulated band
      of conductive material, applied to a discrete area of the panel sidewall,
      making contact therewith through a related button connection therein.
PAR  While there has been shown and described what are at present considered the
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improvement in a color cathode ray tube mask-panel assembly whereof
      the face panel includes a forwardly oriented viewing area with a
      cathodoluminescent screen interiorly formed thereon and a perimetrical
      wall therearound having an interiorly disposed electrically conductive
      film thereon, and whereof the mask portion of the assembly spatially
      supported within the panel includes a peripheral frame having a
      substantially planar ledge therearound wherefrom peripheral beam shielding
      means extend to substantially contact the panel wall, said improvement
      being enhanced electrical connective means within said assembly
      comprising:
PA1  metallic electrical contactor means formed as a resilient conductive member
      having an attachment portion and an integral flexural contact portion,
      said attachment portion being affixed to the planar ledge of said frame in
      a manner sandwiched between said frame and said shielding means, with said
      flexural portion being flexed substantially perpendicular thereto to
      effect substantially parallel positioning to the side portion of said
      frame in the spacing between said mask frame and the adjacent panel
      sidewall extending in a forwardly directed manner toward said viewing
      area, said flexed contact portion being formed as a plurality of parallel
      resilient fingers each making at least two areal regions of constant
      pressured contact with the panel sidewall to provide a plurality of
      positive areal electrical connections between the mask and the conductive
      film disposed on the wall of said panel.
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ABST
PAL  An improved apparatus and method for energizing materials in a free-burning
      electric arc is provided by radially disposing a plurality of anodes
      around an extension of the cathode axis. The anodes are inclined at an
      angle ranging from about 45.degree. to about 135.degree.. The current to
      each of the anodes is adjusted whereby the anode jets merge with the
      cathode jet to provide a unidirectional tail flame.
PARN
PAC  CROSS REFERENCES
PAR  This application is a continuation of copending application Ser. No.
      374,519, filed June 28, 1973, now abandoned, which in turn was a
      continuation-in-part of Ser. No. 165,473, filed July 26, 1971, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved method and apparatus for producing
      chemical and physical changes in substances by exposing them to the direct
      current of an electric arc. More particularly, the present invention
      relates to a method and apparatus for enhancing the stability of a
      free-burning electric arc into which various substances are forcefully
      injected to produce chemical and physical changes in those substances.
PAR  Various techniques are known for generating a continuous stream of plasma
      by means of an electric arc. As would be expected, there are practical
      problems associated with each technique for generating the plasma.
      Moreover, each method of generation affects the character of the plasma
      produced. Utilization of the plasma to bring about physical and chemical
      changes in various substances is even more complex.
PAR  A novel and very effective technique for efficiently energizing reactant
      materials in the conduction column of a free-burning electric arc involves
      forcefully injecting a substance along a cathode having a conical tip,
      into the contraction zone of the conduction column. This technique takes
      advantage of the so-called cathode jet effect due to the contraction of
      the arc column near the cathode. In effect, under the right conditions the
      plasma moves away from the cathode with a concomitant decrease in the
      pressure at the base of the contraction zone so that the arc in this
      region aspirates gas from the surrounding atmosphere to form a continuous
      cathode jet. The contraction zone serves as an "injection window" across
      which materials may be injected directly into the arc column at
      substantially improved flow rates without disturbing the stability of the
      arc by virtue of the forced convection to which it is subjected. This is
      particularly true when the anode and cathode are directly opposed in a
      co-linear configuration.
PAR  Unfortunately, opposing such a cathode and anode in a co-linear
      configuration presents myriad of operational problems which must be
      overcome in order to achieve a commercially reliable process involving the
      use of an electric arc to promote chemical and physical changes. For
      example, when the cathode jet is allowed to impinge directly on a
      non-consumable solid anode the anode displays excessive wear and high heat
      losses are observed rendering the process generally inefficient. More
      importantly, if the material fed into the arc contains an entrained solid,
      the anode surface adjacent to and surrounding the anode spot, i.e., the
      area of the anode receiving the arc current, quickly becomes coated with a
      layer of solid. Deposition of the solid on the anode soon interferes with
      stable arc operation and contributes significantly to anode corrosion.
PAR  One technique employed in an attempt to overcome anode corrosion involves
      raising the current density at the anode spot sufficiently to vaporize the
      anode material thus generating a copious flow of vapor away from the anode
      spot. The anodes are consumed in this high intensity arc type of
      discharge.
PAR  In another high intensity arc type of discharge a porous anode is used
      through which a gas is transpirated to provide a continuous stream of gas
      away from the anode spot. These porous anodes used in this technique are
      referred to as fluid transpiration anodes.
PAR  Nothwithstanding the ability of the aformentioned technique to keep the
      anode spot clear of deposited material, extreme difficulty has been
      encountered with the high intensity mode of operation in controlling the
      arc effluent. When the anode and cathode are opposed in co-linear
      configuration, the arc effluent flares radially outward in all directions
      at the point where the two jets collide and hence a well defined
      unidirectional effluent jet is not obtained. When the cathode is inclined
      at a sufficiently large angle to the anode to allow the two jets to merge
      smoothly the arc column is enormously elongated and the effluent is not
      well defined. Moreover, when it is desired to quench the arc effluent, the
      jet of quench gas tends to interfere with the arc stability owing to the
      elongated column. Consequently, there is a need for improved methods and
      apparatus for energizing fluid materials in a plasma jet that efficiently
      utilize the energy of the arc while at the same time maximize arc
      stability.
PAC  SUMMARY OF THE INVENTION
PAR  In one aspect, the present invention provides improved means for energizing
      a fluid medium in the conduction column of a free-burning arc discharge.
      According to the present invention, a plurality of anodes are radially
      disposed around an extension of the cathode axis whereby the anode jets
      are merged smoothly with the cathode jet thus forming a single effluent
      stream along the extension of the cathode axis. The anodes are inclined at
      an angle ranging from about 45.degree. to about 135.degree. with respect
      to the cathode axis.
PAR  In a preferred embodiment of the present invention, three anodes are
      symmetrically arranged in a plane perpendicular to the extension of the
      cathode axis. Each anode is provided with a separate power source and the
      current to each anode is adjusted by suitable external controls to
      maintain the conduction column and tail flame as a substantially linear
      extension, along the cathode axis. In the case of a fluid transpiration
      anode, of course, the flow of working fluid will also be adjusted in
      addition to the current supplied to each electrode.
PAR  The anodes employed in the present invention may be solid non-consumable
      anodes, such as water cooled copper anodes, high intensity arc consumable
      anodes, such as carbon anodes, and porous non-consumable fluid
      transpiration anodes. It is particularly preferred in the present
      invention to use fluid transpiration anodes.
PAR  In yet another aspect of the present invention, a process is provided for
      energizing reactive materials by striking an arc between a cathode having
      a conical tip and a plurality of anodes radially disposed around an
      extension of the cathode axis. Next, the current to each of the anodes is
      adjusted to provide a substantially linear conduction column and tail
      flame. Thereafter reactive material is forcefully projected substantially
      parallel to the surface of the cathode through the contraction zone of the
      arc column whereby the desired unidirectional tail flame is obtained and
      the material fed into the column is immersed in hot plasma not only for
      the entire length of the arc column but also for the entire length of the
      tail flame.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrating the arc column contraction by
      the angle .alpha. in the vicinity of the cathode having a conical tip.
PAR  FIG. 2 is a schematic diagram illustrating the arrangement of three fluid
      transpiration anodes vis-a-vis an extension of the cathode axis in
      accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, when an arc is struck between an anode and a cathode
      having a conical tip there occurs a contraction in the current carrying
      area in the transition region beween the cathode 1 and the arc column
      proper 2. This contraction is indicated as contraction zone 3. The
      contraction of the current carrying area in the transition region between
      cathode 1 and column proper 2 may also be described by the angle .alpha.
      which is determined by extending lines into the column boundary at the
      points of inflection 25 on the boundary of the contraction zone. The angle
      .alpha. is a measure of the degree of contraction. This contraction causes
      the natural cathode jet effect as will be explained subsequently.
PAR  Referring to FIG. 1, the current density, and therefore the self-magnetic
      field due to the arc current increases toward the cathode as a result of
      the contraction of the current carrying area. This non-uniform magnetic
      field exerts a body force on the electrically conducting plasma propelling
      it in the direction of maximum decrease of the magnetic field, i.e. along
      the arc axis away from the cathode tip. The streaming of plasma away from
      the cathode tip decreases the local pressure in the immediate vicinity of
      the cathode tip which pressure decrease causess the arc to aspirate gas
      from the surrounding atmosphere. This mechanism establishes the well-known
      natural cathode jet effect. Such a jet has been observed to flow along the
      axis of the column away from cathodes having conical tips.
PAR  In view of the fact that there exists an inwardly directed pressure
      gradient in the vicinity of the cathode tip, contraction zone 3 can serve
      as an injection window through which materials may be injected directly
      into arc column 2. Indeed feed flow rates of a magnitude much greater than
      that aspirated naturally can be injected into the column through the
      injection without disturbing the stability of the arc by the vigorous
      forced convection.
PAR  To provide a well defined conduction column and unidirectional tail flame
      into which a reactive material may be injected without disturbing the
      stability of the arc, it has been discovered that if a plurality of anodes
      are arranged radially around an extension of the cathode axis and the
      current to each anode is properly adjusted, the anode jets will merge
      smoothly with the cathode jet forming a single effluent stream along the
      extension of the cathode axis. Indeed when the anodes are in a plane
      perpendicular to an extension of the cathode axis, it has been discovered
      that very little cathode jet momentum is required to turn the anode jets
      through 90.degree. causing them to merge smoothly with the cathode jet.
      Illustrative of this particular arrangement is FIG. 2 wherein three fluid
      transpiration anodes are arranged symmetrically in a plane perpendicular
      to an extension of the cathode axis shown as broken line 30. Separate
      power sources to each anode are not shown.
PAR  The anodes may be inclined at an angle ranging from about 45.degree. to
      about 135.degree. with respect to the cathode axis. At an anode
      inclination below about 45.degree. the current conduction path increases
      requiring additional voltage and the effluent jet becomes more sensitive
      to the influence of quench gas. On the other hand at an anode inclination
      greater than about 135.degree. the effluent jet flares outwardly losing
      the well defined unidirectional character. Consequently, it is
      particularly preferred to arrange the anodes symmetrically in a plane
      perpendicular to the extension of the cathode axis thereby achieving
      maximum control over the conduction column and tail flame character.
PAR  In operation of the process of the invention, an arc is struck between the
      anodes and cathode. The current to each anode is adjusted to provide a
      substantially linear conduction column. Thereafter reactive material is
      forcefully injected substantially parallel to the conical cathode surface
      into the injection window. Reactive material may be any gas which is
      capable of undergoing chemical reactions at the temperatures of the arc
      and may also include entrained, condensed material which is capable of
      undergoing physical and/or chemical changes at the temperature of the arc
      column. If fluid transpiration anodes are used, the flow of gas through
      each anode also is adjusted by suitable external controls, e.g., a
      metering valve for each anode.
PAR  In employing fluid transpiration anodes in the present invention, a
      reactive gas may be introduced into the arc through the porous anode
      surface. Optionally and preferably, however, a gas which is not chemically
      active at the prevailing anode temperatures is introduced through the
      porous anode surface. Typical of such gases are argon, helium, nitrogen
      and the like.
PAR  By use of the aforementioned technique many chemical and physical reactions
      can be conducted over long periods of time without detrimental effect to
      the anode surfaces. Moreover, the present arrangement permits operation of
      the arc over a wide range of cathode column lengths and flow rates, anode
      flow rates and arc power. Indeed, the arrangement has permitted operation
      of a free-burning arc even when heavy loads of refractory powder were
      contained in a feed gas and fed into the arc by projecting the solids in
      an entraining medium parallel the surface of the conical cathode and into
      the cathode column via the injection window.
PAR  As will be readily appreciated by those skilled in the art the present
      arrangement provides for increased residence time of materials in the hot
      plasma, since the material will remain in the plasma for the length of the
      cathode column and for the length of the tail flame.
PAR  Illustrative of the apparatus and method of the present invention is the
      following example. The device utilized in this example is shown
      diagrammatically in FIG. 2. It consists of a half inch copper rod
      containing a tungsten insert three/sixteenths of an inch in diameter in
      the form of a conical tip with a 45.degree. cone angle as the cathode 1.
      Surrounding the cathode is a conical shroud 4 defining an annular passage
      15. Shroud 4 also has a cone angle of 45.degree. so that it mates with the
      conical surface of the cathode tip. Annular passage 15 is provided for the
      delivery of fluid material containing entrained solid along a path
      parallel to the surface of the conical tip into the contraction zone of
      the arc discharge. Shroud 4 is fabricated from copper and is provided with
      internal water cooling.
PAR  The anodes 40, 41 and 42 comprise a solid copper cylinder into which is
      inserted porous carbon plugs having an area of 1 cm.sup.2. One such plug
      is shown as 41a. Means (not shown) are provided for injecting a gas into
      each of the anodes through the porous carbon surfaces and for metering and
      adjusting gas flow rates. Means are also provided for controlling the
      current to each anode.
PAR  The arc is ignited as follows:
PAR  1. An anode is brought into close proximity to the cathode. A moderate flow
      of gas is started. The arc is then ignited using a momentary high
      frequency spark to form a conductive path between the cathode and anode.
      With the main power supply turned on a rapid spark to arc transition
      occurs. The anode is retracted and the other two anodes are ignited in
      seriatum by bringing them into close proximity to the cathode. After
      igniting and retracting each anode to its desired operation position, the
      gas flow to each anode is adjusted to position the conduction column as
      near as possible in a vertical path equidistant from each anode.
PAR  2. Next the current to each anode is adjusted to further straighten the
      conduction column so that the central axis of the conduction column is
      substantially co-linear with the extension of the cathode axis.
PAR  3. Further trimming of gas flows and anode current are made if required to
      provide a stable condition.
PAR  4. When optimum conditions are obtained, that is, when the three anode jets
      are balanced and the cathode flow and arc current are set at a
      predetermined value, a solid material is entrained in the cathode fluid
      and introduced into the arc via annular passage 15. The amount of solid
      material entrained is kept initially low and slowly increased until the
      fraction of mass flow comprising the solid material is comparable to that
      of the cathode fluid.
PAR  The following parameters have been employed in starting and maintaining a
      stable operation of the arc:
     Arc current   50-750 amps                                                 

     Arc voltage   50-165 volts                                                

     Arc gap       0.3-1.0 cm      (start-up)                                  

                    8-20 cm        (operation)                                 

     Total mass flow of                                                        

     cathode fluid and                                                         

                    10-50 gm./min.                                             

     entrained solid                                                           

PAR  In some instances the anode currents were substantially equal. More often
      than not, however, the anode current supplied to each of the anodes varied
      considerably. For example, in one run the following currents were supplied
      to each of three anodes: 100 amps; 135 amps and 155 amps. Surprisingly,
      adjusting the anode currents had a profound effect on the positioning of
      the arc relative to the extension of the cathode axis. In order to assure
      that material projected through the injection window stays within the
      conduction column and tail flame for their entire length, the conduction
      column and tail flame must be co-linear with the cathode axis, i.e., the
      column must be "straight" and the tail flame unidirectional. If the column
      is inclined at an angle with respect to the cathode axis, the momentum of
      the material projected through the injection window is sufficient to carry
      the material out of the column. Adjusting the gas flows to the anodes does
      not have as dramatic an effect on straightening the arc column but
      advantage is taken of the ability to adjust gas flow with fluid
      transpiration anodes. Stable operation has been achieved with gas flows
      for each anode ranging from 18 grams/minute up to 37 grams/minute and
      undoubtedly other flows can be used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for energizing materials in a free-burning electric arc column
      comprising in combination: a cathode having a conical tip; at least three
      anodes radially disposed and substantially equally spaced around an
      extension of the cathode axis, said anodes being inclined at an angle of
      from about 45.degree. to about 135.degree. with respect to the cathode
      axis; means for individually adjusting the current to each anode; and
      means for forcefully projecting fluid material along a path parallel to
      the surface of the cathode and into and through the arc column.
NUM  2.
PAR  2. The apparatus of claim 1 wherein three anodes are symmetrically arranged
      in a plane perpendicular to the extension of the cathode axis.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said anodes are fluid transpiration
      anodes.
NUM  4.
PAR  4. The apparatus of claim 3 including means for adjusting the flow of
      fluids to each of the fluid transpiration anodes.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said anodes are non-consumable anodes.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said anodes are consumable high
      intensity arc anodes.
NUM  7.
PAR  7. In the process of energizing materials by means of an arc discharge
      between an anode and cathode having a conical tip, the improvement
      comprising providing at least three anodes radially disposed and
      substantially equally spaced around an extension of the cathode axis at an
      angle ranging from about 45.degree. to about 135.degree. with respect to
      said axis; individually adjusting the current to each of the anodes to
      provide a conduction column which is co-linear with the cathode axis;
      forcefully projecting said material along a path parallel to the surface
      of the cathode into and through an arc column whereby a unidirectional
      tail flame is obtained and whereby said material is immersed in hot plasma
      throughout the length of the arc column and the length of the
      unidirectional tail flame.
NUM  8.
PAR  8. In generating a free-burning electric arc, the improvement comprising:
      striking an arc between a cathode having a conical tip and at least three
      anodes radially disposed and substantially equally spaced around an
      extension of the cathode axis; thereafter individually adjusting the
      supply of current to each of said anodes whereby the anode jets merge
      smoothly with the cathode jet to provide an effluent column substantially
      co-linear with the cathode axis.
NUM  9.
PAR  9. The process of claim 8 wherein three fluid transpiration anodes are
      symmetrically arranged in a plane perpendicular to an extension of cathode
      axis and the flow of working fluid to each of the anodes is individually
      adjusted.
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ABST
PAL  Circuits are disclosed for starting and operating a high pressure sodium
      vapor lamp in combination with another gaseous discharge lamp of low
      voltage breakdown characteristics. The sodium vapor lamp is connected in
      series with a ballast induction coil, while the low voltage breakdown
      lamp, a portion of the ballast coil at its input side, and a capacitor are
      connected in a series discharge loop to produce high frequency, high
      voltage pulses for starting the sodium vapor lamp, and providing for
      operation of both lamps. A ballast capacitor is connected in series with
      the low voltage lamp to provide a lead ballast circuit therefor.
BSUM
PAR  The present invention relates to gaseous discharge lamp starting and
      operating circuits, and especially those including a discharge lamp
      requiring a starting voltage substantially higher than its operating
      voltage.
PAR  It is an object of the invention to provide a lighting system including a
      starting and operating circuit for a plurality of gaseous discharge lamps
      including a high voltage starting lamp wherein the circuit is simple,
      reliable and economical to manufacture.
PAR  It is a particular object of the invention to provide a lighting system of
      the above type which avoids light flicker in the composite illumination
      produced by the light sources.
PAR  Still another object of the invention is to provide a lighting system of
      the above type which provides for improved color of illumination, good
      operating efficiency, and long lamp life.
PAR  Another object of the invention is to provide a lighting system of the
      above type which is adapted to accommodate gaseous discharge lamps of
      widely differing operating voltages and other properties.
PAR  Other objects and advantages will become apparent from the following
      description and the appended claims.
PAR  With the above objects in view, the present invention in one of its aspects
      relates to a starting and operating circuit for gaseous discharge lamps,
      comprising, in combination, a source of alternating current, ballasting
      means including an induction coil connected at its input side to the
      alternating current source, the induction coil comprising an input portion
      and an output portion, a first gaseous discharge lamp having high voltage
      starting characteristics connected to the output side of the induction
      coil, a second gaseous discharge lamp having low voltage breakdown
      characteristics connected to the input portion of the induction coil, and
      a high frequency discharge capacitor connected to the second gaseous
      discharge lamp and the input coil portion and forming a series discharge
      loop therewith for providing high frequency, high voltage, low energy
      pulses for starting the first discharge lamp.
DRWD
PAR  The invention will be better understood from the following description
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a circuit diagram showing an embodiment of the circuit of the
      invention for starting and operating a pair of high intensity gaseous
      discharge lamps, including lead and lag ballast circuits;
PAR  FIG. 2 is a circuit diagram showing a modification of the FIG. 1 circuit;
PAR  FIG. 3 is a circuit diagram similar to the FIG. 1 circuit incorporating an
      inductive reactance element in the lead ballast circuit;
PAR  FIG. 4 is a circuit diagram of a modification of the FIG. 1 circuit adapted
      to accommodate gaseous discharge lamps of widely differing operating
      voltages;
PAR  FIG. 5 is a circuit diagram showing modification of the FIG. 2 circuit
      having a different arrangement of the high voltage generating circuit;
PAR  FIG. 6 shows a modification of the FIG. 4 circuit having an auxiliary
      induction coil forming a part of the autotransformer; and
PAR  FIG. 7 shows an embodiment of the circuit of the invention incorporating an
      isolation transformer.
DETD
PAR  Referring now to the drawings, and particularly to FIG. 1, there is shown a
      lamp starting and operating circuit constructed in accordance with the
      invention and including lamp 1 such as a sodium or other type of vapor
      lamp, which requires a relatively high voltage, low energy pulse in order
      to be ignited and which thereafter operates at a lower voltage. Lamp 1,
      which is referred to herein generally as a high voltage starting lamp, is
      typically a high intensity gaseous discharge lamp of high pressure sodium
      vapor type, such as is available commercially under the registered
      trademark LUCALOX. Lamp 1 is connected by line conductors 3 and 4 across
      terminals 2 of an alternating current source, typically of 220 volts, with
      inductive reactance ballast 5 in the form of an iron core induction coil
      connected in series therewith to provide a current limiting impedance, as
      is conventional in discharge lamp circuits. Connected at the input side of
      ballast coil 5, in accordance with the invention, is lamp 7 which is
      typically a mercury vapor or metal halide gaseous discharge lamp of known
      type having a relatively low breakdown voltage, e.g., about 220 volts, and
      referred to herein generally as a low voltage breakdown lamp. In the
      illustrated embodiment, lamp 7 is connected at one side to a tap 8 on
      ballast coil 5 so as to divide the latter into an input portion 5a and an
      output portion 5b. High frequency discharge capacitor 6 is connected to
      the input side of coil 5 and the other side of lamp 7 so as to be arranged
      across the combination of coil turns 5a and lamp 7 as shown, and forming
      therewith a series discharge loop which serves to generate high voltage,
      low energy pulses for starting lamp 1 and to provide other functions as
      described below.
PAR  While the particular arrangement of capacitor 6 and lamp 7 as shown in FIG.
      1 is preferred, it is contemplated in accordance with the invention that,
      where appropriate, the positions of these two components may be
      interchanged.
PAR  The number of turns tapped off in input coil portion 5a should be
      sufficient to completely couple in an autotransformer action the high
      voltage produced across the entire winding of ballast reactor 5. In a
      typical arrangement in the embodiment illustrated, the ratio of total
      turns to tapped turns may be about 15 to 1, which usually suffices to
      provide good coupling and adequate peak output voltage for starting lamp
      1.
PAR  In the operation of the circuit thus described, capacitor 6 is initially
      charged by the input voltage from the alternating current source. As the
      voltage across capacitor 6 rises, it reaches the breakdown potential of
      lamp 7, so that the latter conducts current between its electrodes and
      becomes illuminated. When this occurs, capacitor 6 discharges through
      tapped turns 5a placing, say, 220 volts across those turns, resulting in a
      step-up by reactor coil 5 acting as an autotransformer to a voltage of,
      say, about 3000 volts which appears across the total turns of reactor 5.
      High frequency negative-going pulses of this high voltage level are
      thereby produced across lamp 1 by the pulse generating circuit described.
      The pulse voltage thus appears across discharge lamp 1 on each half cycle
      until lamp 1 starts. When lamp 1 starts and warms up to operating wattage,
      the high voltage pulses are dampened by the resistive loading effect of
      lamp 1, and lamp 7 continues to operate and provide illumination.
PAR  By virtue of arranging the high voltage starting circuit at the input side
      of ballast 5 and the use of a low voltage breakdown lamp 7 of high
      intensity discharge type, improved reliability and longer life of the
      circuit components are achieved as compared to arrangements where other
      forms of voltage breakdown switching means are employed.
PAR  Further, the described arrangement dispenses with the need for protective
      resistance or inductance components in the starting circuit since the high
      voltage generated thereby does not appear across the discharge network.
PAR  The described circuit permits relatively independent operation of the two
      gaseous discharge lamps, and in the event one or both lamps are
      extinguished due, for example, to a momentary drop in the source voltage,
      both lamps will re-start because the hot re-start recovery time for the
      low voltage breakdown lamp 7 typically used is always longer than that of
      lamp 1. It has also been found that if the operation of lamp 1 is
      interrupted for some reason, the operating high intensity discharge lamp 7
      provides adequate pulsing for re-starting the cooling lamp 1.
PAR  The provision of two lamps in the described circuit in accordance with the
      invention enables the use of mixed lamp illumination to produce the
      desired color merely by selecting a suitable combination from various
      types and wattages of known discharge lamps.
PAR  To enhance flicker-less operation of the two-lamp lighting system
      described, ballast capacitor 9 is preferably connected between line
      conductor 4 and the junction of capacitor 6 and lamp 7 as shown. As a
      result, lamp 7 is ballasted by a lead-type ballast whereas lamp 1 is
      ballasted by a lag-type ballast, so that the currents in the respective
      lamp circuits are out of phase, with the net effect of markedly reducing
      any composite light ripple on the work surfaces being illuminated by both
      lamps.
PAR  As will be evident, the high voltage generating circuit described serves a
      number of functions. It starts lamp 1, it aids in providing ballasting for
      both lamps 1 and 7, and it provides auxiliary illumination in the
      operation of lamp 7.
PAR  FIG. 2 shows a modification of the FIG. 1 circuit which may be employed to
      provide positive-going starting pulses on lamp 1 where the particular
      design or characteristics of the latter lamp makes this desirable. In this
      embodiment, lamp 7 is connected to the input lead of ballast coil 5
      whereas high frequency discharge capacitor 6 is connected to tap 8 on coil
      5. This circuit operates substantially in the same manner as that of FIG.
      1, except that in contrast to the latter arrangement, the high voltage
      pulse will be initially positive-going across lamp 1 for the input
      sinewave instantaneously going positive.
PAR  FIG. 3 shows another modification of the FIG. 1 circuit wherein an
      induction coil 10 is arranged in series with lamp 7 as shown to provide
      additional inductive reactance for ballasting lamp 7, where this provision
      is necessary or desirable. The total inductive reactance for lamp 7 thus
      comprises input portion 5a of coil 5 and induction coil 10.
PAR  FIG. 4 shows another embodiment of the circuit of the invention which is
      adapted for accommodating lamps having widely different operating
      voltages, as, for example, where lamp 1 is a 55 volt high pressure sodium
      vapor lamp and lamp 7 is a 135 volt mercury vapor lamp. In this circuit,
      autotransformer 12 is connected to line conductors 3 and 4 across supply
      terminals 2a, 2b, and another supply terminal 2c is connected to a tap 13
      on autotransformer 12, with lamp 1 also connected to tap 13 as shown. When
      terminals 2a, 2b are connected to a 240 volt a-c supply, this voltage is
      available in the illustrated circuit for operating lamp 7, while
      autotransformer 12 serves to step down the voltage to, say, 120 volts for
      operating lamp 1. When terminals 2b and 2c are connected to a 120 volt a-c
      supply, this voltage is employed for operating lamp 1 by virtue of the
      circuit arrangement shown, while autotransformer 12 serves to step up this
      supply voltage for operating lamp 7.
PAR  Capacitor 11 connected between the lead to terminal 2c and line conductor 4
      serves, when a 240 volt supply is used as described, to by-pass the
      inductive drop across the lower portion of autotransformer 12 as ignition
      pulses are applied to lamp 1. This avoids the possibility of undesired
      pulsing of the autotransformer windings.
PAR  FIG. 5 shows a modification of the circuit in FIG. 2, wherein high
      frequency discharge capacitor 6 is connected to line conductor 4, instead
      of to the junction of ballast capacitor 9 and lamp 7. In the FIG. 5
      arrangement, the series discharge loop thus comprises input coil portion
      5a, lamp 7, ballast capacitor 9, and high frequency by-pass capacitor 6.
      This arrangement provides a high frequency, low energy discharge loop for
      initial ionization of lamp 1 by action of the lamp 7 voltage collapsing
      from 220 to 20 volts, and, in addition, a higher energy component of
      voltage is maintained across lamp 1 as lamp 7 continues to draw RMS
      current through ballast capacitor 9. This higher energy voltage step-up
      across ballast coil 5 and applied to lamp 1 aids in providing the
      re-ignition peak voltage of lamp 1 on each half-cycle.
PAR  FIG. 6 shows a somewhat different embodiment of the circuit wherein an
      autotransformer 15 connected to the voltage supply is provided with an
      auxiliary winding 15a to serve as a portion of the ballast for lamp 7. In
      this circuit, the 120 volt supply conductor 4 and lamp 1 are connected to
      a tap on autotransformer 15, similar to the arrangement shown in FIG. 4,
      while lamp 7 is connected across the total turns of autotransformer 15 so
      that a stepped-up operating voltage may be applied thereto. The provision
      of an auxiliary coil winding 15a, as shown, magnetically coupled to
      autotransformer 15 serves to provide a higher open circuit voltage across
      lamp 7 to enable the use of a higher operating voltage lamp. While reactor
      ballast coil 5 is shown diagrammatically as a separate component in the
      illustrated circuit, it may in practice form a part of and be magnetically
      coupled to autotransformer 15, and thereby provide a higher operating RMS
      open circuit voltage for the particular type of lamp 1 employed, where
      this is desirable or necessary.
PAR  FIG. 7 shows an embodiment of the circuit wherein an isolation transformer
      is used to transform the supply voltage from the primary to the secondary
      to which the lamp circuits of the invention are connected. In the circuit
      illustrated, isolation transformer 16 has a primary 16a comprising two
      windings which are connected to terminals 2 of an alternating current
      supply and which may be alternatively interconnected in a manner well
      understood in the art to be either in series or in parallel to accommodate
      two different source voltages. Secondary winding 16b of transformer 16 is
      connected to reactor ballast 5 with associated high voltage pulse
      generating circuit as shown, it being understood that ballast coil 5 may,
      where desired, be magnetically coupled to secondary winding 16b as
      described in connection with the FIG. 6 circuit. Such a circuit may be
      employed, for example, where it is desired to electrically isolate the
      lamp sockets in the secondary from the primary voltage supply.
PAR  While the present invention has been described with reference to particular
      embodiments thereof, it will be understood that numerous modifications may
      be made by those skilled in the art without actually departing from the
      scope of the invention. Therefore, the appended claims are intended to
      cover all such equivalent variations as come within the true spirit and
      scope of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A starting and operating circuit for gaseous discharge lamps comprising,
      in combination, a source of alternating current, ballasting means
      including an induction coil connected at its input side to said
      alternating current source, said induction coil comprising an input
      portion and an output portion, a first gaseous discharge lamp having high
      voltage starting characteristics connected to the output side of said
      induction coil, a second gaseous discharge lamp having low voltage
      breakdown characteristics connected to the input portion of said induction
      coil, and a high frequency discharge capacitor connected across said
      second gaseous discharge lamp and said input coil portion and forming a
      series discharge loop therewith for providing high frequency, high
      voltage, low energy pulses for starting said first discharge lamp.
NUM  2.
PAR  2. A circuit as defined in claim 1, including a ballast capacitor connected
      in series with said second gaseous discharge lamp.
NUM  3.
PAR  3. A circuit as defined in claim 1, and auxiliary inductance means
      connected to said second gaseous discharge lamp in series therewith.
NUM  4.
PAR  4. A circuit as defined in claim 1, said input and output portions of said
      ballast induction coil each having a predetermined number of coil turns,
      said ballast induction coil stepping up the voltage produced across said
      input portion by operation of said series discharge loop.
NUM  5.
PAR  5. A circuit as defined in claim 1, including a tap on said induction coil
      dividing the same into said input and said output portions, one of said
      second gaseous discharge lamp and said high frequency discharge capacitor
      being connected to said tap and the other being connected to the input
      side of said induction coil.
NUM  6.
PAR  6. A circuit as defined in claim 5, wherein said second gaseous discharge
      lamp is connected to said tap.
NUM  7.
PAR  7. A circuit as defined in claim 5, wherein said high frequency discharge
      capacitor is connected to said tap.
NUM  8.
PAR  8. A circuit as defined in claim 6, including a ballast capacitor connected
      in series with said second gaseous discharge lamp, said high frequency
      discharge capacitor being connected to the junction of said second gaseous
      discharge lamp and said ballast capacitor.
NUM  9.
PAR  9. A circuit as defined in claim 2, said high frequency discharge capacitor
      being connected across said input coil portion, said second gaseous
      discharge lamp and said ballast capacitor and forming a series discharge
      loop therewith.
NUM  10.
PAR  10. A circuit as defined in claim 1, including an autotransformer connected
      across said alternating current source at the input side of said induction
      coil, said first gaseous discharge lamp connected to said autotransformer
      intermediate its ends, said second gaseous discharge lamp being connected
      to opposite ends of said autotransformer.
NUM  11.
PAR  11. A circuit as defined in claim 10, including ballast capacitance means
      and ballast inductance means connected in series with said second gaseous
      discharge lamp.
NUM  12.
PAR  12. A circuit as defined in claim 11, said induction coil being
      magnetically coupled to said autotransformer.
NUM  13.
PAR  13. A circuit as defined in claim 12, said ballast inductance means being
      magnetically coupled to said autotransformer.
NUM  14.
PAR  14. A circuit as defined in claim 10, said second gaseous discharge lamp
      being connected to the input side of said induction coil.
NUM  15.
PAR  15. A starting and operating circuit for gaseous discharge lamps
      comprising, in combination, a source of alternating current, ballasting
      means including an induction coil connected at its input side to said
      alternating current source, said induction coil comprising an input
      portion and an output portion, a first gaseous discharge lamp having high
      voltage starting characteristics connected to the output side of said
      induction coil, a second gaseous discharge lamp having low voltage
      breakdown characteristics connected to the input portion of said induction
      coil, and a high frequency discharge capacitor connected to said second
      gaseous discharge lamp and said input coil portion and forming a series
      discharge loop therewith for providing high frequency, high voltage, low
      energy pulses for starting said first discharge lamp, including an
      isolation transformer having a primary winding connected to said
      alternating current source and having a secondary winding connected to the
      input side of said induction coil and to said first gaseous discharge
      lamp.
NUM  16.
PAR  16. A circuit as defined in claim 15, said second gaseous discharge lamp
      being connected to the junction of said induction coil and said secondary
      winding.
NUM  17.
PAR  17. A circuit as defined in claim 16, said induction coil being
      magnetically coupled to said secondary winding.
NUM  18.
PAR  18. A starting and operating circuit for gaseous discharge lamps
      comprising, in combination, a source of alternating current, ballasting
      means including an induction coil connected at its input side to said
      alternating current source, said induction coil comprising an input
      portion and an output portion, a first gaseous discharge lamp having high
      voltage starting characteristics connected to the output side of said
      induction coil, a second gaseous discharge lamp having low voltage
      breakdown characteristics connected to the input portion of said induction
      coil, and a high frequency discharge capacitor connected to said second
      gaseous discharge lamp and said input coil portion and forming a series
      discharge loop therewith for providing high frequency, high voltage, low
      energy pulses for starting said first discharge lamp, including an
      autotransformer connected across said alternating current source at the
      input side of said induction coil, said first gaseous discharge lamp
      connected to said autotransformer intermediate its ends, said second
      gaseous discharge lamp being connected to opposite ends of said
      autotransformer, and including means for alternatively connecting said
      autotransformer to current sources of different voltages.
NUM  19.
PAR  19. A circuit as defined in claim 18, said connecting means comprising a
      pair of terminals respectively connected to opposite ends of said
      autotransformer and another terminal connected to said autotransformer
      intermediate its ends.
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ABST
PAL  An electronic ballast circuit for reducing the warm up time of high
      intensity discharge (HID) lamps wherein lamp current flow is abruptly
      reduced by a switching means responsive to load voltage variations upon
      attainment of power in an amount sufficient to activate the HID lamp.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electronic ballast circuits for high intensity
      discharge (HID) lamps and more particularly to an electronic ballast
      circuit for effecting a relatively rapid activation of a HID lamp.
PAR  Generally, high intensity discharge (HID) lamps, such as mercury-arc lamps,
      for example, have a negative resistance impedance where its maintaining
      voltage is a function of the arc tube's temperature. Ordinarily, a ballast
      inductor is employed which limits the current flow with respect to lamp
      voltage. As a result the power available at the lamp is limited and a
      relatively long warm-up period is required before the desired lighting is
      attained. Moreover, the ballast inductor type circuitry is relatively
      inefficient and subject to poor power regulation in the event of line
      voltage fluctuations.
PAR  In an attempt to overcome the above-mentioned disadvantages, electronic
      ballast circuitry evolved and a lengthy discussion of such circuitry is
      contained on pages 594-606 of an article entitled "Power Transistors
      Application Note AN-3616" issued by RCA Solid State Division. Therein,
      electronic ballast circuits such as a ringing-choke converter, a push-pull
      inverter, and a switching regulator are discussed in detail.
PAR  In the above-mentioned discussion, it is noted that the ringing-choke
      converter has a relatively poor operating efficiency while the push-pull
      inverter suffers from relatively poor regulation and requires an excessive
      amount of magnetic components. Thus, the preferred electronic ballast
      circuit is the switching regulator type of circuitry.
PAR  As to the switching regulator type of ballast circuitry, it has been a
      common practice to provide circuitry to gradually decrease the current
      flow through the lamp as the voltage across the lamp increases. As a
      result, power in an amount sufficient to effect lighting eventually
      appears at the lamp. However, it has been found that such circuitry does
      leave something to be desired as to complexity of the circuit as well as
      an undesired relatively long warm-up period before the desired lighting is
      achieved.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide enhanced ballast circuitry
      for high intensity discharge (HID) lamps. Another object of the invention
      is to provide relatively simple and inexpensive but improved ballast
      circuitry for HID lamps. Still another object of the invention is to
      provide improved ballast circuitry for effecting a reduction in warm-up
      time of HID lamps.
PAR  These, and other objects, advantages and capabilities are achieved in one
      aspect of the invention by an electronic ballast circuit wherein load
      current provided by an oscillator means is sampled and utilized to control
      a first switching means which, in turn, controls the oscillator and a
      second switching means which is utilized to abruptly alter the flow of
      current through an HID lamp in accordance with the potential applied
      thereto whereby the rate of application of power to the lamp is increased
      causing a desired decrease in warm-up time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a preferred embodiment of the
      invention;
PAR  FIG. 2 is a graphic illustration of the warm-up characteristics of a prior
      art form of electronic ballast; and
PAR  FIG. 3 is a graphic illustration of the warm-up characteristics of the
      embodiment of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following disclosure and appended claims in connection with
      the accompanying drawings.
PAR  Referring to FIG. 1 of the drawings, an AC potential source is coupled to
      the oscillator circuit 7. A current sampling means 9 is coupled to the
      oscillator circuit 7 and to a first switching circuit 11. Also, a second
      switching means 13 is coupled to the rectifier and voltage doubler means
      5, to the oscillator circuit 7, and to the first switching circuit 11.
      Moreover, a HID lamp circuit 15 is coupled to the oscillator circuit 7 and
      to the first switching circuit 11.
PAR  The rectifier and voltage doubler means 5 includes a pair of
      oppositely-poled diodes 17 and 19 connected to one input of the AC source.
      The other input of the AC source is coupled by a capacitor 21 to the one
      diode 17 and by another capacitor 23 to another diode 19.
PAR  The oscillator circuit 7 includes a transistor 25 having a collector
      coupled to a first inductive winding 27 connected by a charge storage
      means or capacitor 29 and shunted by a diode 31 to the rectifier and
      voltage doubler means 5. The emitter of the transistor 25 is connected to
      ground via the current sampling means 9 in the form of a resistor 33 and
      to the first switching circuit 11. The base of the transistor 25 is series
      connected by a resistor 35 and zener diode 37 to the rectifier and voltage
      doubler means 5. Also, the base of the transistor 25 is connected to
      circuit ground via a resistor 39 shunted by a diode 41 in series with a
      resistor 43 shunted by a capacitor 45 and a second inductive winding 47.
PAR  The first switching circuit 11 includes a first transistor 49 having an
      emitter coupled to the emitter of the transistor 25 of the oscillator
      circuit 7 and via a capacitor 51 to the collector of the transistor 25,
      the first inductive winding 27, and the diode 31 of the oscillator circuit
      7. The collector of the transistor 49 is coupled to circuit ground by a
      resistor 53 and to the base of a second transistor 55 having a grounded
      emitter and a collector connected to the base of the transistor 25 of the
      oscillator circuit 7.
PAR  The base of the transistor 49 of the first switching circuit 11 is coupled
      to a series connected resistor 57 and zener diode 59 shunted by a
      capacitor 61 and connected to circuit ground. The junction of the resistor
      57, capacitor 61, and base of the transistor 49 is coupled by a zener
      diode 63 to the collector of a transistor 65 of the second switching means
      13. The transistor 65 has a base coupled to the junction of the resistor
      35 and zener diode 37 and an emitter connected by a resistor 67 to the
      rectifier and voltage doubler means 5. Also, the emitter of the transistor
      65 is connected to a diode 69 coupled by a resistor 71 to the junction of
      the first inductive winding 27 and the charge storage means 29. Moreover,
      another diode 73 couples the emitter of the transistor 65 to the junction
      of the resistor 35 and zener diode 37.
PAR  Additionally, the HID lamp circuit 15 has one terminal connected to the
      rectifier and voltage doubler means 5 and the other terminal connected to
      the junction of the first inductive winding 27 and the charge capacitor
      29. Thus, the HID lamp circuit 15 is essentially shunted across the charge
      capacitor 29.
PAR  As to operation, activation of the system causes application of the AC
      potential to the rectifier and voltage doubler means 5 wherein the AC
      potential is rectified by the diodes 17 and 19 and filtered by the
      capacitors 21 and 23. Thus, a DC potential source appears at the junction
      of the diode 17 and capacitor 21.
PAR  A bias network includes the zener diode 37 connected to the DC potential
      source and by a resistor 35 to the base of the transistor 25 of the
      oscillator means 7. Also, the base of the transistor 25 is coupled to
      circuit ground via the series connected resistor 39, resistor 43, and
      second inductive winding 47. Thus, the transistor 25 is forward biased
      whereupon current flow therethrough is increased.
PAR  As current flow through the transistor 25 increases, current flow through
      the first inductive winding 27 increases. In turn, an increased current
      flow in the first inductive winding 27 effects an increased current flow,
      due to the magnetic coupling, in the second inductive winding 47.
      Thereupon a saturation condition is effected for the transistor 25 and a
      charge is built up on the charge capacitor 29.
PAR  Further, increased current flow through the transistor 25 causes
      development of an increased potential across the resistor 33. When the
      voltage as the resistor 33 exceeds the voltage available at the capacitor
      61, transistor 49 becomes forward biased and conductive. The conduction of
      the transistor 49 causes development of an increased potential at the
      resistor 53 which forward biases the transistor 55.
PAR  Conduction of the transistor 55 reduces the current flow to the base of the
      transistor 25 due to the current path which includes the second inductive
      winding 47, the resistor 43, the capacitor 45, the resistor 39, the diode
      41, and the transistor 55. Thus, conductivity of the transistor 55 causes
      a limiting of current flow through the transistor 25.
PAR  Since current flow through the transistor 25 has been limited, current
      stored in the first inductive winding 27 flows through the diode 31 to
      effect maintainance of a charge on the capacitor 29. Moreover, the voltage
      developed across the second inductive winding 47, due to the magnetic
      coupling, is reversed whereupon the transistor 25 of the oscillator means
      7 is rendered non-conductive or cut off. As the current flow through the
      inductive winding 27 reaches zero, the transistor is again forward biased
      by way of the bias network including the zener diode 37, the resistor 35,
      the resistor 39, resistor 43, and second inductive winding 47. Thus, the
      cycle is repeated and the transistor 25 again becomes conductive.
PAR  As to the fast warm-up capabilities of the circuitry, the transistor 65 of
      the second switching means 13 is biased on by the zener diode 37 and
      resistor 67 so long as the voltage across the lamp circuit 15 is
      relatively low, below 100.sup.v for example.
PAR  As long as this load voltage remains relatively low, current flows through
      the transistor 65 and resistor 57 causing an increase in the potential
      appearing at the junction of the capacitor 61 and resistor 57. Therefore,
      a higher voltage is required across the resistor 33 whereupon the peak
      current flow through the transistor 25 and lamp circuit 15 remains
      relatively high.
PAR  When the voltage applied to the lamp circuit 15 and available across the
      charge capacitor 29 reaches a given value, such as 100.sup.v for example,
      the diode 69 is rendered conductive. Thereupon, the base to emitter
      voltage of the transistor 65 is reduced turning the transistor 65 off or
      non-conductive and current flow therethrough decreases rapidly. Once the
      current flow through the transistor 65 and resistor 57 has decreased, the
      potential at the capacitor 61 decreases whereupon the threshold of
      conductivity of the transistors 49 and 55 is reduced causing a reduction
      in the peaks of the current flowing through the transistor 25. Therefore,
      a reduction in the peak currents flowing through the transistor 25 causes
      an abrupt reduction in current flow to the lamp circuit 15.
PAR  In summary, the current flow through the lamp circuit 15 is maintained at a
      relatively high value with the transistor 65 of the second switching means
      13 in a conductive state as the potential of lamp circuit 15 gradually
      increases. When the potential of lamp circuit 15 and the transistor 65
      reaches a given value, 100-volts for example, the transistor 65 is
      rendered non-conductive and current flow to the lamp circuit 15 abruptly
      decreases. However, the combined relatively high current flow and
      potential of lamp circuit 15 provide power in an amount sufficient to
      reduce the time period required to effect activation of the lamp circuit
      15.
PAR  In order to clarify the above explanation, reference is made to FIGS. 2 and
      3 of the drawings. FIG. 2 is a graphic illustration of the warm-up
      characteristics of a prior art form of ballast circuit for HID lamps. As
      can be seen, the voltage Vm of a lamp circuit in a magnetic ballast
      circuit is of a relatively high value, 200-volts for example, initially
      until the gas in the HID lamp ionizes whereupon the voltage Vm decreases
      rapidly to a relatively low value and then gradually increases until a
      steady-state condition is reached. Also, the current Im applied to the
      lamp circuit rapidly increases to a relatively high value and gradually
      decreases to a steady-state condition. Moreover, the power applied to the
      lamp circuit, as illustrated by the curve marked Pm, is a product of the
      above-mentioned voltage Vm and current Im and gradually increases to a
      steady-state condition in an amount sufficient to effect energization of
      the lamp circuit.
PAR  As can be seen in the graphic illustration of FIG. 3, a ballast circuit
      such as described for effecting a fast warm-up period, provides a current
      Ie to the lamp circuit 15 which increases rapidly to a relatively high
      value and is maintained thereat for a period of time. The voltage Ve of
      the lamp circuit 15 has a relatively high initial value, decreases rapidly
      to a relatively low value, and gradually increases.
PAR  After a given period of time, the voltage Ve of the second switching means
      13 is of an amount such that transistor 65 therein switches from a
      conductive to a non-conductive state whereupon the current Ie applaied to
      the lamp circuit 15 is abruptly reduced. However, the power Pe applied to
      the lamp circuit 15 reaches a value sufficient to activate the lamp
      circuit 15 in a period which is relatively short as can be seen on the
      graphic illustration of FIG. 3.
PAR  Thus, there has been provided a unique fast warm-up ballast circuit for a
      HID lamp circuit. The ballast circuit is simple and inexpensive of
      components while greatly reducing the period required to activate a lamp
      circuit by known apparatus.
PAR  While there has been shown and described what is at present considered a
      preferred embodiment of the invention, it will be obvious to those skilled
      in the art that various changes and modifications may be made therein
      without departing from the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ballast circuit for a high pressure arc lamp comprising:
PA1  a potential source;
PA1  oscillator means coupled to said potential source;
PA1  current sampling means coupled to said oscillator means;
PA1  first switching means coupled to said current sampling means and to said
      oscillator means;
PA1  load circuit means coupled to said potential source and to said oscillator
      means; and
PA1  second switching means coupled to said potential source and load circuit
      means and to said first switching means, said second switching means
      effecting an abrupt shift in current flow through said load circuit means
      in accordance with attainment of a threshold level of voltage of said load
      circuit means.
NUM  2.
PAR  2. The ballast circuit of claim 1 wherein said potential source includes a
      voltage rectifier means coupled to an AC voltage source.
NUM  3.
PAR  3. The ballast circuit of claim 1 wherein said oscillator means includes an
      electron discharge device having an output electrode coupled by a first
      inductive winding and a charge storage means shunted by a uni-directional
      conduction device to said potential source.
NUM  4.
PAR  4. The ballast circuit of claim 1 wherein said oscillator means includes an
      electron device having an electrode coupled to said first switching means
      and via said current sampling means to a potential reference level.
NUM  5.
PAR  5. The ballast circuit of claim 1 wherein said first switching means
      includes a second inductive winding magnetically coupled to said first
      inductive winding and electrically coupled to said oscillator means.
NUM  6.
PAR  6. The ballast circuit of claim 1 wherein said oscillator means includes a
      first inductive winding coupled to a charge storage means shunted by said
      load circuit means.
NUM  7.
PAR  7. The ballast circuit of claim 1 wherein said second switching means
      includes an electron device having one electrode coupled to said
      oscillator means and to a charge storage means and another electrode
      coupled to an impedance and to said first switching means whereby
      attainment of a given threshold potential on said charge storage means
      renders said electron device non-conductive and an abrupt reduction in
      current flow through said load circuit means.
NUM  8.
PAR  8. The ballast circuit of claim 1 wherein said oscillator means includes a
      first inductive winding, said first switching means includes a second
      inductive winding with said first and second inductive windings
      magnetically coupled to provide a positive feedback circuit for said
      oscillator means.
NUM  9.
PAR  9. The ballast circuit of claim 1 wherein said second switching means
      includes an electron device coupled by a unidirectional conduction device
      to said oscillator means whereby development of a potential above a given
      threshold level at said oscillator means effects conductivity of said
      uni-directional conduction device and electron device to abruptly reduce
      current flow through said load circuit means.
NUM  10.
PAR  10. A fast warm-up electronic ballast circuit for a high intensity
      discharge (HID) lamp comprising:
PA1  an AC potential source;
PA1  rectifier and voltage doubler means coupled to said AC potential source and
      providing a DC potential source;
PA1  oscillator means having a first inductive winding coupled to said rectifier
      and voltage doubler means;
PA1  current sampling means coupling said oscillator means to a potential
      reference level;
PA1  load circuit means coupled to said rectifier and voltage doubler means and
      to said oscillator means;
PA1  first switching means coupled to said oscillator and current sampling
      means; and
PA1  second switching means coupled to said oscillator and rectifier and voltage
      doubler means and to said first switching means whereby a potential
      available at said oscillator means above a given threshold level alters
      said second switching means to cause an abrupt reduction in current flow
      through said load circuit means.
NUM  11.
PAR  11. The fast warm-up electronic ballast circuit of claim 10 including a
      charge storage means shunted by said load circuit means and coupling said
      first inductive winding of said oscillator means to said DC potential
      source of said rectifier and voltage doubler means.
NUM  12.
PAR  12. The fast warm-up electronic ballast circuit of claim 10 wherein said
      second switching means includes an electron device having one electrode
      coupled via a uni-directional conduction device to said first inductive
      winding of said oscillator means and to a charge storage means, a second
      electrode coupled by a second uni-directional conduction device to said
      one electrode, and a third electrode coupled to an impedance and to said
      first switching means whereby application of a potential above a given
      threshold value to said second switching means alters conductivity thereof
      which effects abrupt alteration of current flow through said load circuit
      means.
NUM  13.
PAR  13. The fast warm-up electronic ballast circuit of claim 10 wherein said
      current sampling means and first and second switching means form a
      negative feedback circuit for said oscillator means.
NUM  14.
PAR  14. The fast warm-up electronic ballast circuit of claim 10 wherein said
      oscillator means includes a first inductive winding coupled to an electron
      device and via a charge storage means to said rectifier and voltage
      doubler means and said first switching means includes a second inductive
      winding magnetically coupled to said first inductive winding whereby a
      positive feedback circuit is provided.
NUM  15.
PAR  15. The fast warm-up electronic ballast circuit of claim 10 wherein said
      second switching means includes an electron device having an output
      electrode coupled to an impedance shunted by a capacitor and to said first
      switching means whereby a change in current flow through said second
      switching means effects change in current flow through said oscillator
      means and an abrupt change in current flow through said load circuit
      means.
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PAL  The current flowing through the horizontal deflection coil of a cathod ray
      tube is controlled by a transistor which is switched between saturation
      and cut off by a circuit having a pulse generator for generating a pulse
      in response to a horizontal synchronizing pulse. The leading edge of the
      generated pulse is delayed before being applied to the controlling
      transistor which switches sometime thereafter due to the storage time of
      the transistor. To insure that the blanking of the electron beam of the
      tube takes place during the retrace time, the blanking interval is set to
      occur a period of time after the horizontal synchronizing signal which is
      less than the sum of the storage time of the transistor and the time which
      the leading edge of the generated pulse is delayed.
BSUM
PAR  This invention pertains to the cathode ray tube displays and more
      particularly to the horizontal drive circuits of such displays.
PAR  In many cathode ray tube monitors as well as television receivers the
      horizontal magnetic deflection of the electron beam is provided by a
      "resonant recovery" circuit wherein a transistor is switched to control
      the current flow through the circuit to establish the retrace and sweep
      intervals of each line scan. In order to minimize power dissipation in the
      transistor, it operates as a saturated switch which is cut off to start
      the retrace interval that is immediately and automatically followed by the
      sweep interval. However, cut off of the transistor does not immediately
      follow the application of a cut off controlling signal derived from the
      conventional horizontal synchronizing signal. There is a delay resulting
      from the inherent storage time of the transistor. This storage time is
      among other things dependent on the degree and length of time the
      transistor was in saturation. Thus, it should be apparent that the start
      of each sweep interval is a function of the storage time of the
      transistor.
PAR  If the horizontal retrace interval in a raster-scan CRT monitor does not
      occur at precisely the same point in time from one horizontal line to the
      next, the start of the sweep interval will vary in time and noticeable
      distortion of the displayed image will result. This distortion is
      especially noticeable with digital displays where the video signal is
      composed of a sequence of dots forming the displayed character. In such
      displays, the sequence of dots in each horizontal line represents the
      video signals for that line and typically range in frequency from 15 KHZ
      to 15MHZ. It is not uncommon to find that these video signals interfere
      with the performance of certain circuit components associated with the
      horizontal deflection circuits. When this interference manifests itself as
      high frequency, or shortterm jitter in the horizontal sweep, distortion of
      the displayed image results. Conventional methods of minimizing this
      interference invariably add cost to the monitor, and undesirable
      complexity to the layout and construction of circuit components.
PAR  In order to blank the horizontal retrace lines from appearing on the
      screen, a blanking pulse is applied to the video circuit of the display
      during the retrace interval. If the blanking pulse is made to commence
      with the admission of a horizontal synchronizing pulse, the blanking pulse
      must be slightly longer than the sum of the storage time of the transistor
      and the retrace time interval.
PAR  The retrace time interval is determined by the components of the resonant
      recovery circuit driven by transistor and is typically on the order of 7
      usec. The storage time of the transistor is a function of the transistor
      used and the magnitude of horizontal deflection current required. This is
      typically less than 4 usec but can be as much as 6 usec for certain types
      of transistors commonly employed in this circuit. Consequently, a blanking
      interval slightly larger than 11 to 13 usec would be required to
      accomodate this storage time plus the normal retrace time.
PAR  In standard resolution (525-line) monitors the horizontal sweep period is
      approximately 64 usec. In high resolution (1000-line) monitors this period
      is reduced to approximately 32 usec. Obviously, a blanking interval at
      least 13 usec would be inefficient and highly undesirable. This follows
      from the fact that the larger the blanking interval the smaller will be
      the visible portion (sweep) of each horizontal line scan. Assuming that
      the circuit components have been optimized to minimize the retrace time,
      several methods have been developed to eliminate the effect of transistor
      storage times so that the blanking interval need only be slightly larger
      than the retrace time interval. For example, for a retrace time of 7 usec,
      a blanking interval of, say, 8 usec would be required to adequately
      evenlop the entire retrace period.
PAR  A method commonly used in digital display monitors to eliminate the effect
      of transistor storage times consists of allowing the blanking interval to
      commence in coincidence with a horizontal synchronizing pulse but to delay
      the cut off of the transistor by a period of time equal to the entire
      sweep period less the storage time of the transistor. A typical circuit
      for performing this method consists of essentially two monostable
      multivibrators operated in tandem and pulsed by the horizontal
      synchronizing pulse applied to the lead multivibrator. The transistor is
      cutoff at the termination of the pulse generated by the trailing
      multivibrator. Due to the transistor storage time, the actual retrace
      interval occurs within the blanking interval of the subsequent sweep
      cycle. By making the time constant of the lead multivibrator adjustable,
      variations in storage time of different transistors used for the switching
      transistor can be compensated for.
PAR  Although this method is functional and commonly employed, it is very
      vulnerable to the above described display distortion resulting from
      horizontal sweep jitter. This follows from the fact that monostable
      multivibrators are regenerative devices acting on specific threshold
      levels internal to the device. Unwanted noise from external or adjacent
      sources, or unavoidable interference from the wide range of video
      frequencies, mixes with the internal signal waveforms so that the device
      regenerates at slightly different times from one cycle to the next. This
      results in high frequency or short timer, jitter on their nominal time
      delays. Normally, this small amount of jitter is insignificant, being on
      the order of 0.1 percent. However, the pulse times of the multivibrators
      in this method are in order of approximately 15 usec each in high
      resolution monitors so that 0.1 percent of 15 usec is 15 nanoseconds.
      Since a single dot period in the digital displays can be as little as 60
      nanoseconds, a 15 nanosecond jitter in the horizontal sweep signal
      respresents a 25 percent physical displacement on the CRT screen. This is
      very noticeable, producing annoying display distortion.
PAR  It is a general object of the invention to provide a horizontal drive
      circuit which produces jitter free sweeps despite the unavoidable video
      signal interference common in the low-cost raster scan, cathod-ray tube
      monitors.
DRWD
PAR  Other objects, the features and advantages of the invention will be
      apparent from the following detailed description of the invention when
      read with the accompanying drawing which shows the presently preferred
      embodiment of the invention. In the drawing:
PAR  FIG. 1 shows schematically a cathode-ray tube display system utilizing the
      invention; and
PAR  FIG. 2 shows waveforms a particular points in the system of FIG. 1.
DETD
PAR  The cathode ray tube display system centers around conventional cathod-ray
      tube CRT energized by operating voltage sources OVS to accelerate the
      electron beam which is intensity modulated by video circuits VC,
      vertically deflected by vertical deflection circuits VDC driving yoke
      coils VY, horizontally deflected by horizontal deflection circuits HDC
      driving yoke coils HY, and blanked by blanking circuits BC. Since
      operating voltage source OVS, vertical deflection circuits VDC and video
      circuits VC are conventional and form no part of the present invention
      they will not be discussed further.
PAR  Horizontal synchronizing pulse source HSP of conventional design
      periodically generates pulses which are emitted on line (a). See also FIG.
      2 wherein the waveforms are identified by letters corresponding to the
      same letter-referenced lines of FIG. 1. The horizontal synchronizing
      pulses on line (a) are fed to blanking circuits BC and to horizontal
      deflection circuits HDC. According to the invention blanking circuits BC
      generates a blanking pulse of duration t.sub.b on line (b) a predetermined
      period of time t.sub.a after each horizontal synchronizing pulse is
      received on line (a). Thus, the horizontal synchronizing pulses are set to
      occur in advance of the blanking pulses by a fixed-time which is chosen to
      be slightly greater than the maximum storage time anticipated in the
      switching transistor.
PAR  In response to each horizontal synchronizing pulse on line (a) horizontal
      deflection circuits HDC, comprising resonant recovery circuit RRC, delay
      network DN, differentiator DF, retriggerable monostable multivibrator RMV,
      and OR-circuit B1, generates a sawtooth current, (line i of FIG. 2) which
      results in the horizontal retrace and sweep of the electron beam.
PAR  In particular, leading edge of the pulse on line(a) because of
      differentiation by capacitor C5 and resistor R4 passes through one input
      of OR-circuit B1 to trigger retriggerable monostable multivibrator RMV
      which in response thereto starts emitting a positive going voltage on line
      (c). Multivibrator RMV which can can be a Fairchild 9602 emits a pulse of
      given duration each time it receives a trigger pulse. The leading edge of
      the pulse is delayed by delay network DN and fed via line (e) and coupling
      transformer T1 to resonant recovery circuit RRC, and via differentiator DF
      (comprising capacitor C4 and resistor R3), line (f) and a second input of
      OR-circuit B1 to again trigger multivibrator RMV which is still emitting
      the positive going voltage. However, a new internal timing period starts.
      Thus, multivibrator RMV emits a pulse having a duration established by the
      time constant of the multivibrator plus the delay t.sub.d introduced by
      delay network DN. Note delay network DN is so constructed that only the
      leading edge of the pulse is delayed. This type of delay is accomplished
      by transistor Q2 having a grounded emitter, a collector connected to the
      primary winding of coupling transformer T1 and a base connected to line
      (c) with three parallel branches connected between the base and emitter.
      The series combination of capacitor C3 and potentiometer R2 acts as an
      adjustable integrator to delay the turn on of transistor Q2 by effecting a
      controllable "stored charge" condition at the base of the transistor. The
      positive voltage output impedance of the multivibrator RMV is much larger
      than the grounding (short-circuit) impedance. Consequently, only the
      leading (positive) portion of the signal is delayed via the R2-C3 network
      which effects a controllable stored charge condition at the base of
      transistor Q2. Note that diode D2 prevents negative voltages from
      appearing at base of transistor Q2 due to a.c. coupling at the output of
      multivibrator RMV.
PAR  Coupling transformer T1 inverts the pulse on line (e), the output of
      transistor Q2, and feeds it to resonant recovery circuit RRC. Circuit RRC
      comprising switching transistor Q1 having a base connected via the
      secondary winding of transformer T1 to ground, a grounded emitter and a
      collected connected via winding L1 of the flyback transformer to operating
      voltage V. Connected across the emitter-collector circuit there are three
      parallel branches comprising diode D1, capacitor C2 and the series
      combination of capacitor C1 and horizontal deflection coil HY.
PAR  Just before the pulse is applied to the base of transistor Q1 it is
      saturated and conducting. The total collector current is the current
      throught winding L1 from source V and from capacitor C1 via horizontal
      deflection coil HY. The direction and increasing amplitude of the current
      through coil HY cause the electron beam to linearly move from left to
      right when viewing the CRT screen. When a horizontal synchronizing pulse
      is generated on line (a), transistor Q1 is cut off by the pulse on line
      (g). Note, this pulse occurs at a time t.sub.d + t.sub.s after the
      synchronizing pulse. Delay time t.sub.d was intentionally introduced by
      delay network DN but delay time t.sub.s is due to the storage time of the
      base emitter circuit of transistor Q1. As transistor Q1 is rapidly cut off
      and because of the larger inductive reaction of the flyback primary coil
      L1, the series resonant circuit comprising capacitors C1 and C2 and
      deflection coil HY is shock excited. The damping diode D1 permits only the
      first lobe of the oscillation to occur on line (h). Thereafter, when
      transistor Q1 again conducts the series resonant circuit changes to
      include only the much larger capacitor C1, thus reducing the frequency of
      the oscillation during the larger portion of the cycle. Note that during
      the first or high frequency portion of the cycle the current through the
      coil (line i) rapidly reverses from a maximum positive to a maximum
      negative value effecting a rapid retrace during time t.sub.r which is
      followed by a slow-change from a maximum negative to a maximum positive
      value effecting a linear sweep during time t.sub.w.
PAR  Close examination of the waveforms presented in FIG. 2 will reveal that due
      to the retriggerable action of the retriggerable multivibrator RMV and the
      fact that the time t.sub.c is constant, the long term duty cycle of the
      waveform appearing at the collector of transistor Q2 (waveform e) is
      maintained constant -- although delayed from the horizontal sync pulse by
      the adjustable time t.sub.d. Consequently, the transformer coupled
      waveforms to the base of transistor Q1 is maintained constant in duty
      cycle which, in turn, results in a constant base current waveform and,
      hence, a constant storage time of transistor Q1 for given collector
      currents dictated by the resonant-recovery circuit. Since the cut-off of
      transistor Q1 begins at the end of the time delay t.sub.d, it follows that
      the actual retrace begins at a time t.sub.d + t.sub.s after the horizontal
      sync pulse. Since time t.sub.s can be any value up to a value less than or
      equal to time t.sub.a, time t.sub.d is adjusted so that the entire retrace
      interval time t.sub.r occurs within the blanking interval time t.sub.b.
      For example, if t.sub.r = 6 usec, t.sub.b = 8 usec, t.sub.s = 2 usec and
      t.sub.a is fixed at 5 usec, t.sub.d is adjusted so that:
      ##EQU1##
      or
EQU  t.sub.d = 4 usec
PAL  Consequently, the retrace interval is centrally located within the blanking
      interval. So long as time t.sub.s is less than or equal to t.sub.a, a
      value of t.sub.d exists to properly locate the retrace interval within the
      blanking interval indepedent of actual value of the storage time t.sub.s.
PAR  Since the delay network DN and the transistor Q2 stage is a
      non-regenerative configuration, the portion of the waveforms controlling
      the cut-off of transistor Q1 and hence the retrace portion of the cycle,
      is not subject to jitter, or short term interference. Although the
      retriggerable monostable multivibrator RMV is a regenerative device and
      subject to jitter at the termination of its time delay, indicated by arrow
      j, such jitter only affects the time at which transistor Q1 is allowed to
      start conducting. Since this jitter has no affect on the point in time
      where transistor Q1 is cut off, the retrace interval is perfectly
      repeatable, and therefore, jitter-free.
PAR  In conclusion, the disclosed horizontal deflection apparatus compensates
      for storage time in order to minimize the blanking time required to
      envelop a given retrace interval. This is accomplished without
      vulnerability to horizontal sweep jitter by:
PA1  1. Requiring the horizontal synchronizing pulse to occur in advance of the
      blanking pulse by a fixed time that is slightly greater than the maximum
      storage time anticipated or allowed as acceptable;
PA1  2. Employing a retriggerable monostable multivibrator in the manner shown
      so that the pulsed waveform applied to the output transistor Q1 is
      adjustably delayed from the synchronizing pulse but fixed in duty cycle.
      The fixed duty cycle fixes the storage time of transistor Q1;
PA1  3. providing an adjustable delay in a nonregenerative type of configuration
      so that the high frequency interference, from any source, cannot result in
      high frequency or short term, jitter of the resulting horizontal sweep,
      and
PA1  4. Using a regenerative device in such a manner so that its jitter-prone
      output occurs at an innocuous portion of the sweep cycle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a cathode ray tube display device having a horizontal deflection coil
      through which current flows under control of a first transistor which is
      switched between a saturation state and a cut off state to establish the
      sweep and retrace portions of a line scan, apparatus for controlling the
      switching of the first transistor between the states and for generating a
      blanking signal which occurs during the retrace portions of the line scans
      comprising means for generating a horizontal synchronizing signal, means
      for generating a blanking signal of a given time duration and at a first
      predetermined period of time after the generation of a horizontal
      synchronizing signal, said first predetermined period of time being
      greater than the maximum storage time of the first transistor, a pulse
      generator means having an input terminal and an output terminal for
      generating a pulse at said output terminal each time a signal is received
      at said input terminal, a passive delay means connected to said output
      terminal for delaying at least the leading edge of a pulse generated by
      said pulse generator means for a second predetermined period of time, and
      applying means for applying the pulse delayed by said passive delay means
      to said first transistor to control the switching thereof, said second
      predetermined period of time being chosen so that the sum of the storage
      time of said first transistor plus the said second predetermined period of
      time is greater than said first predetermined period of time.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said pulse generator means comprises a
      retriggerable monostable multivibrator having an input terminal which is
      the input terminal of said pulse generator means and further comprising
      means for applying a signal associated with the leading edge of the pulse
      delayed by said passive delay means to said input terminal of said
      retriggerable monostable multivibrator.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said passive delay means only delays
      the leading of the pulse generated by said retriggerable monostable
      multivibrator.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said passive delay means includes means
      for controllably varying the delay time.
NUM  5.
PAR  5. The apparatus of claim 2 wherein said passive delay means comprises a
      further transistor having an emitter, a collector and a base, means for
      applying operating potentials to said further transistor, a resistor
      connected between said emitter and said base, a network including a
      capacitor and a second resistor and a diode connected between said base,
      and the output of said retriggerable monostable multivibrator, and
      connecting means for connecting said collector to the input terminal of
      said retriggerable monostable multivibrator.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said connecting means comprises a
      signal differentiating means.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said applying means comprises a
      transformer having a primary winding connected to the collector of said
      further transistor and a secondary winding connected to the base of said
      first transistor.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said connecting means comprises a
      capacitor connecting the collector of said further transistor to the input
      terminal of said retriggerable monostable multivibrator and a resistor
      connecting the junction of said capacitor and said input terminal to a
      voltage source.
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ABST
PAL  An over-voltage protection circuit for an electric generating machine
      having a controlled rectifier for shunting the output winding of the
      machine in the event of an over-voltage condition includes impedance means
      connected in series with the controlled rectifier and regulation circuitry
      responsive to current flowing through the impedance means for preventing
      the excitation of the field when the controlled rectifier is conductive.
      An improved triggering circuit including a Zener diode and a transistor
      switch is employed to assure proper triggering of the controlled
      rectifier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electric generating power systems and,
      more particularly, to over-voltage supression circuits for electric
      alternators.
PAR  Several techniques for providing over-voltage supression for electric
      generating machines are known. Such systems generally employ a plurality
      of silicon controlled rectifiers connected to the output windings of the
      machine for shunting the output windings in the event that an over-voltage
      condition occurs. Such representative prior art systems are described in
      U.S. Pat. Nos. 3,488,560 issued Jan. 6, 1970 to Richard L. Konopa and
      3,581,150 issued Apr. 8, 1970 to Thomas F. Kirk et al.
PAR  An over voltage condition on an electric machine may occur, for example, as
      a result of a rapid change in the electrical load connected to the
      machine. Such a change may occur, for example, in an automobile alternator
      system when the battery has been accidently or otherwise disconnected, and
      subsequently a heavy current consuming device such as a blower motor is
      switched off. When the over-voltage condition is sensed by the normal
      voltage regulating system, the field excitation to the alternator is
      terminated. However, due to the inductance of the field winding and
      residual magnetism present in the alternator, a high voltage transient may
      be generated even though field excitation has ceased.
PAR  Accordingly, voltage protection systems have been developed for isolating
      the output windings of the alternator from the load connected thereto to
      prevent the over-voltage condition from damaging the accessories connected
      to the alternator, such as, in the case of an automobile, light bulbs and
      the radio and the like. The isolation is generally provided by connecting
      an electronic shunt switch across the output windings of the alternator to
      shunt the output voltage to a source of common potential upon the
      occurence of the over-voltage condition. Series switching systems have
      also been used to disconnect the alternator from the load when the
      over-voltage condition occurs.
PAR  Because of the high speed nature of the over voltage transients, the
      response time of the over-voltage protection circuitry must be made
      sufficiently fast to insure that the output windings are isolated from the
      load before any damage to the load can occur. In addition, particularly in
      voltage regulated systems, provision must be made to assure that the
      excitation of the field is terminated when the over-voltage protection
      circuitry is activated to prevent undue dissipation of power by the
      alternator and by the protection circuitry.
PAR  In prior art systems, particularly in those employing controlled rectifiers
      in the transient protection circuitry, a Zener or avalanche diode is
      generally employed to sense the output-voltage of the machine. The
      avalanche device is generally connected to the control or gate electrode
      of the controlled rectifier, and the output voltage of the machine
      operates to avalanche or break down the diode in the reverse direction
      when a predetermined level has been reached. The avalanche current flows
      through the diode and is applied to the gate electrode of the controlled
      rectifier to render the controlled rectifier conductive. The voltage
      regulator for the machine is provided with means for sensing the output
      voltage of the machine and for terminating the excitation of the field
      when the over-voltage condition occurs to prevent excessive power
      dissipation by the controlled rectifiers.
PAR  While these techniques provide over-voltage protection for an electric
      generating machine, problems may arise as a result of an undesired
      triggering of the protection circuitry occurring when no over-voltage
      condition is present. Such an undesired triggering may occur as the result
      of a voltage transient, heat or by a failure of one of the components in
      the protection circuit. In addition, due to the high surge currents being
      switched, a controlled rectifier may exhibit a delayed turn off
      characteristic and remain conductive for several cycles following the
      termination of a proper gate triggering signal. In prior art circuits,
      when an undesired triggering in the absence of an over-voltage condition
      or a delayed turn off occurs, the field excitation is not terminated by
      the voltage regulator because the triggering of a controlled rectifier
      causes the output voltage to drop below the regulating voltage. Under such
      circumstances, full field excitation is provided to the alternator,
      thereby causing the full output current of the alternator to be applied to
      the protection system, a condition which could result in damage to the
      protection system or to the alternator.
PAR  Other problems associated with prior circuits occur as a result of the
      substantial voltage drop across the avalanche device which triggers the
      controlled rectifiers. Because all of the triggering current for the
      controlled rectifiers must flow through the avalanche device, a relatively
      high power Zener diode must be used. In addition, the voltage appearing
      across the Zener diode results in a lower voltage drive to the controlled
      rectifiers, thereby making the triggering of the controlled rectifiers
      marginal in some cases.
PAR  Accordingly, it is an object of the present invention to provide an
      improved over-voltage supression circuit having an improved triggering
      system.
PAR  It is another object of the present invention to provide an improved
      over-voltage protection system that deenergizes the field of the machine
      whenever the over-voltage protection system is activated, regardless of
      the cause of the activation.
PAR  Another object of the present invention is to provide an over-voltage
      protection system for an electric machine that is more reliable than
      systems according to the prior art.
PAR  In accordance with the preferred embodiment of the invention, a plurality
      of controlled rectifiers are connected to the output windings of the
      machine to shunt the output windings to a source of common potential when
      the controlled rectifiers are rendered conductive. Impedance means, such
      as a low value resistor or semiconductor diodes are connected in series
      with the controlled rectifiers to provide a means for sensing the current
      flowing through the controlled rectifiers. The voltage regulator is
      connected to the impedance means and is responsive to current flowing
      therethrough to prevent excitation of the field when the controlled
      rectifiers are in a conductive state.
PAR  The triggering circuit for the controlled rectifiers comprises a sensing
      circuit including a Zener diode or other breakdown device and a transistor
      switch connected to the sensing circuit and to the control electrodes of
      the controlled rectifiers.
PAR  When the output voltage of the machine reaches a value sufficient to break
      down the Zener diode, the transistor switch is rendered conductive to
      provide a gate control signal to the controlled rectifiers, thereby
      rendering the gate controlled rectifiers conductive. The current flowing
      through the controlled rectifiers causes a voltage to appear across the
      impedance means, and this voltage is sensed by the voltage regulator to
      prevent further excitation of the field. Sensing the conduction of each
      controlled rectifier at the output terminal thereof provides a positive
      indication of current flow through the controlled rectifier, thereby
      causing the excitation of the field to be terminated regardless of the
      event that caused the rectifier to become conductive. The transistor
      switch provides a positive gate control signal to the controlled
      rectifiers to assure positive turn-on.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a detailed schematic diagram showing the over-voltage protection
      system according to the invention used in conjunction with a voltage
      regulated three-phase alternator;
PAR  FIG. 1a is a partial schematic diagram of the circuit of FIG. 1 showing an
      alternative embodiment of the impedance means connected in series with the
      controlled rectifiers; and
PAR  FIG. 2 is a partial schematic diagram of an alternative embodiment system
      according to the invention utilizing a common impedance means and an
      alternate form of the breakdown means for the triggering circuit.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Having reference now to the drawings, and initially to FIG. 1, there is
      illustrated an alternator circuit designated as a whole by the reference
      numeral 10. In the illustrated arrangement, the alternator 10 is a three
      phase machine having a field or excitation winding 12 and three wye
      connected output windings 14, 16 and 18. In order to apply a rectified DC
      voltage to the ground and relatively positive output terminals of the
      machine when the field winding 12 is energized, six diode rectifiers 21-26
      are connected in conventional fashion between the output windings 14, 16
      and 18 and the alternator output terminals. Since the alternator 10 is
      intended for use with an automobile or other vehicle, a storage battery 29
      and a load 27 representing the various electrically-powered components of
      the vehicle are connected in parallel with one another across the
      alternator output terminals. The excitation of the field winding 12 is
      controlled by means of a voltage regulator circuit generally designated by
      the reference numeral 28.
PAR  In accordance with an important feature of the present invention, the
      alternator 10 is provided with a novel over-voltage protection circuit
      generally designated as 37. In general, the over-voltage protection
      circuit 37 includes a thyristor section generally designated as 31 for
      shunting the alternator output in response to over-voltage conditions,
      together with a novel trigger circuit generally designated as 33 for
      operating the thyristor section in response to an over-voltage condition.
      In accordance with another feature of the invention, there is provided a
      control circuit generally designated as 35 for disabling the regulator
      circuit 28 in response to operation of the thyristor section 31.
PAR  Proceding now to a more detailed description of the illustrated embodiment
      of the invention, the thyristor section 31 includes thyristor means,
      embodied in FIG. 1 by the silicon controlled rectifiers 30, 32 and 34,
      connected to the output windings 14, 16 and 18, respectively. Although
      silicon controlled rectifiers are used as the thyristor means in this
      embodiment, it should be appreciated that any triggerable electronic
      switching device that remains conductive after triggering for as long as
      current flow through the main electrodes is maintained, such as, for
      example a triac or other controlled rectifier can be used. Impedance
      means, comprising in this embodiment resistors 36, 38 and 40 are connected
      in series circuit with one of the main terminals of the controlled
      rectifiers 30, 32 and 34. In the embodiment shown, the resistors are
      connected between the cathodes of the controlled rectifiers and ground,
      however they may be connected anywhere in the series circuit containing
      the controlled rectifiers. Bias resistors 42, 44 and 46 are connected
      between the gate and cathode electrodes of the controlled rectifiers 30,
      32 and 34, respectively.
PAR  The improved triggering circuit 33 for the rectifiers 30, 32 and 34
      comprises switch means including a transistor 48 having an emitter
      connected to the positive output terminal of the alternator and a
      collector connected to each of the gates of the controlled rectifiers by
      means of diodes 56, 58, 60 and resistors 62, 64, 66. Voltage sensing
      means, including a breakdown or avalanche device such as a Zener diode 54,
      are connected in a series circuit including a pair of resistors 50 and 52
      between the output terminals of the alternator. The base of the transistor
      48 is connected to the junction of the resistors 50 and 52.
PAR  The voltage regulator circuit 28, which may be of a conventional design,
      comprises in this embodiment, transistors 68, 70 and 72 and associated
      components, and serves as a means for energizing the field coil 12. The
      collector of the transistor 68 is connected to the field winding 12, and
      the base of the transistor 70 is connected to the resistors 36, 38,40 by
      means of diodes 74, 76, 78 and a low pass filter including resistors 80,
      82 and a capacitor 84 for filtering switching transients.
PAR  In operation, the transistor 48 is normally maintained in a non-conductive
      state by the resistor 50. Upon the occurrence of an over-voltage transient
      of sufficient magnitude to break down or avalanche the Zener diode 54,
      current flows through the series combination of the base-emitter junction
      of transistor 48, the resistor 52 and the diode 54. The current flowing
      through the base emitter junction of the transistor 48 forward biases the
      junction to render the transistor 48 conductive. Although not absolutely
      necessary, in a preferred embodiment, the transistor 48 is driven into
      saturation, thereby raising the collector potential of the transistor 48
      to substantially the potential of the positive output terminal of the
      alternator 10. The positive drive potential from the collector of the
      transistor 48 causes the gates of the controlled rectifiers 30, 32 and 34
      to be forward biased, thereby rendering the controlled rectifiers
      conductive effectively to shunt the output windings 14, 16 and 18 to
      substantially ground potential.
PAR  The shunting of the output windings causes current to flow through each of
      the controlled rectifiers and the respective impedance means connected in
      series therewith. For example, when the controlled rectifier 30 is
      rendered conductive, current flows through the loop comprising the series
      combination of the diode 25, the windings 14, 16, the controlled rectifier
      30 and the resistor 36. The current flowing through each of the resistors
      36, 38 and 40 from the respective controlled rectifiers 30, 32 and 34
      causes a positive voltage (with respect to ground) to appear at the
      cathode electrode of each of the controlled rectifiers 30, 32 and 34. The
      positive voltage is sensed by means of the diodes 74, 76 and 78 and
      applied to the voltage regulator to terminate the excitation of the field.
PAR  In the voltage regulator circuit 28 shown in FIG. 1, the transistor 68 is
      rendered conductive to apply excitation currents to the field 12 when the
      output voltage of the alternator 10 drops below a predetermined value. The
      voltage regulator operates in a conventional fashion such that when the
      voltage drops below a predetermined value determined by the ratio of the
      resistors 86 and 88 and the breakdown voltage of the Zener diode 90, the
      transistor 72 is rendered non-conductive and, in turn, renders transistor
      70 non-conductive. The transistor 68 is then rendered conductive by
      current flowing from the positive terminal of the alternator 10 through
      the resistors 92 and 96 and the diode 94. Conversely, when the output
      voltage exceeds the predetermined value, the Zener diode 90 is driven into
      a breakdown or avalanche region and provides bias current to the
      transistor 72 to render the transistors 70 and 72 conductive. When the
      transistor 70 is rendered conductive, the current flowing through the
      resistor 92 is shunted to ground, thereby removing the forward biasing
      potential from the base-emitter junction of the transistor 68 and
      rendering transistor 68 non-conductive. The remaining components in the
      voltage regulator circuit are conventional and serve to provide the
      functions of transient supression and bias.
PAR  The voltage appearing at the cathode of any of the controlled rectifiers
      30, 32, 34 that is rendered conductive is sensed and used to cause the
      voltage regulator to terminate excitation of the field 12. By sensing the
      output voltage at one of the main terminals such as the cathode of one of
      the controlled rectifiers, the conductive condition of the controlled
      rectifier may be sensed regardless of the mechanism that caused the
      controlled rectifier to become conductive. For example, if the rectifier
      30 is rendered conductive as a result of an over-voltage condition or for
      any other reason, the current flowing through the rectifier 30 will result
      in a voltage at the cathode thereof. The voltage at the cathode of the
      rectifier 30 is applied to the base of the transistor 70 by means of the
      diode 74 and the low pass network including the resistors 80, 82 and the
      capacitor 84. The application of the positive voltage to the base of the
      transistor 70 renders the transistor 70 conductive and causes the
      transistor 68 to be rendered non-conductive, thereby terminating the field
      excitation current. Similarly, if either of the controlled rectifiers 32
      and 34 is rendered conductive, the positive voltage occuring at the
      cathode thereof will render the transistor 70 conductive and the
      transistor 68 non-conductive to terminate field excitation. The diodes 74,
      76 and 78 serve as isolation diodes to prevent interaction between the
      controlled rectifiers 30, 32 and 34 which may occur when only one or two
      of the controlled rectifiers is rendered conductive.
PAR  Referring to FIG. 1a, there is shown an alternate embodiment of the
      impedance means that is connected in series with the controlled rectifiers
      30, 32 and 34. In the embodiment of FIG. 1a, resistors 36, 38 and 40 have
      been replaced by the series connected diode pairs 102, 104; 106, 108; and
      110, 112. In the embodiment of FIG. 1a, current flowing through the series
      connected diodes causes a voltage to appear at the cathode of the
      controlled rectifiers proportional to the forward junction drop of each of
      the series connected diodes and the number of such diodes connected in
      series. Any number of series connected diodes may be used provided that
      the voltage at the cathode of the controlled rectifiers is of a sufficient
      amplitude to overcome the forward junction drops of the emitter-base
      junction of the transistor 70 and the diodes 74, 76 and 78.
PAR  The embodiments heretofore described have employed a separate impedance
      means for each controlled rectifier to be monitored. In an alternate
      embodiment, it is possible to use a single sensing means to detect the
      conductivity of any one of the controlled rectifiers. Such an embodiment
      is shown in FIG. 2. The embodiment of FIG. 2 shows an alternator denoted
      generally as 210 having a field winding 212; output windings 214, 216,
      218; rectifier diodes 221-226; controlled rectifiers 230, 232, 234; and
      associated triggering and biasing circuitry. The function of the
      alternator system of FIG. 2 is similar to that of FIG. 1, and in general,
      components in FIG. 2 that are analogous to similar components in FIG. 1
      are indicated by numbers that are greater by 200 than similarly denoted
      parts in FIG. 1. For example, the alternator 210 of FIG. 2 is analogous to
      the alternator 10 of FIG. 1.
PAR  The embodiment of FIG. 2 uses a single impedance means, in this embodiment
      the resistor 114 connected to the cathodes of each of the controlled
      rectifiers 230, 232, 234 to sense the conduction of any one of the
      last-mentioned controlled rectifiers. The junction of the controlled
      rectifiers and the resistor 114 is coupled to the transistor 70 of the
      voltage regulator by means of a diode 116 to terminate the excitation of
      the field as in the case of the circuit of FIG. 1.
PAR  The circuit shown in FIG. 2 also shows another embodiment for the
      triggering circuit for the controlled rectifiers. The trigger circuit of
      FIG. 2 shows a switching transistor 248 connected to a pair of resistors
      250, 252 analogous to the transistor 48 and resistors 50, 52 of FIG. 1,
      respectively. The Zener diode 54 is replaced by the circuitry 254 which
      comprises a pair of resistors 118 and 120, transistors 122, 126 and a
      Zener diode 124.
PAR  In operation, the output voltage applied to the load is sensed by the
      resistive divider network comprising the resistors 118 and 120. When the
      output voltage reaches the predetermined maximum level, the voltage at the
      junction of the resistors 118 and 120 has sufficient amplitude to break
      down the Zener diode 124, thereby rendering the transistors 122 and 126
      conductive. When transistor 126 is rendered conductive, the transistor 248
      is also rendered conductive to provide a triggering signal to the
      controlled rectifiers 230, 232, 234.
PAR  A reliable triggering source for the controlled rectifiers is particularly
      necessary in circuits such as the one shown in FIG. 2 which use a single
      impedance means for sensing the conductance of the controlled rectifiers.
      For example, suppose the controlled rectifier 230 were rendered conductive
      due to an over-voltage condition, and the controlled rectifiers 232 and
      234 had not yet been rendered conductive because of the phase of the
      voltages at the anodes thereof. Under such conditions, the current flowing
      through the controlled rectifier 230 would result in a positive voltage
      appearing at the cathodes of the controlled rectifiers 232 and 234. In
      order to trigger a controlled rectifier, the gate electrode must be raised
      to a potential higher than the cathode electrode. Hence, the gate
      potential required to trigger the controlled rectifiers 232 and 234 is
      higher when the rectifier 230 is conductive. Since the triggering circuit
      according to the invention uses a saturated transistor, such as
      transistors 48 and 248, to trigger the controlled rectifiers,
      substantially the full output voltage of the alternator is applied to the
      gate of the controlled rectifiers to assure proper triggering. Such proper
      triggering is difficult to achieve in systems utilizing a Zener diode in
      series with the gate electrodes due to the voltage drop appearing across
      the Zener driode and the resistor 114.
PAR  Although particular preferred embodiments have been described in the
      specification and shown in the drawings, it should be noted that
      modifications which may be readily made by one skilled in the art still
      fall within the scope and spirit of the invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. For use with an electric generating machine having an excitation
      winding, a pair of power output terminals and an output winding
      electrically coupled to said output terminals, an overvoltage protection
      system comprising:
PA1  energizing means for applying excitation current to said excitation
      winding;
PA1  thyristor means having main electrodes connected in a series circuit with
      said output winding, and a control electrode;
PA1  voltage sensing means connected to said control electrode, said voltage
      sensing means being responsive to voltage generated by said output winding
      for rendering said thyristor means electrically conductive between said
      main electrodes when said voltage reaches a predetermined level; and
PA1  current sensing means coupled to one of said main electrodes for sensing
      the current flow through said main electrodes, said current sensing means
      being further connected to said energizing means and including impedance
      means connected in a series circuit with said main electrodes, wherein
      said impedance means includes a semiconductor diode connected in series
      with said main electrodes, said diode being responsive to the current flow
      through said main electrode for providing a voltage thereacross
      representative of said current flow, said energizing means being
      responsive to said current sensing means for preventing the application of
      excitation current to said excitation winding when the current flowing
      through the main electrode reaches a predetermined level.
NUM  2.
PAR  2. For use with an electric generating machine having an excitation
      winding, a pair of power output terminals and an output winding
      electrically coupled to said output terminals, an overvoltage protection
      system comprising:
PA1  energizing means for applying excitation current to said excitation
      winding;
PA1  thyristor means having main electrodes connected in a series circuit with
      said output winding, and a control electrode;
PA1  voltage sensing means connected to said control electrode, said voltage
      sensing means being responsive to voltage generated by said output winding
      for rendering said thyristor means electrically conductive between said
      main electrodes when said voltage reaches a predetermined level; and
PA1  current sensing means coupled to one of said main electrodes, said current
      sensing means including impedance means connected in a series circuit with
      said main electrodes for sensing the current flow through said electrodes,
      said current sensing means being further connected to said energizing
      means, said energizing means being responsive to said current sensing
      means for preventing the application of excitation current to said
      excitation winding when the current flowing through said main electrode
      reaches a predetermined level,
PA1  said energizing means including switch means having a conductive and a
      nonconductive condition of operation connected to said excitation winding
      and second voltage sensing means connected to said switch means and to
      said output terminals, said second voltage sensing means being responsive
      to output voltage at said output terminals for altering the condition of
      operation of said switch means in response to the output voltage to
      maintain said output voltage substantially constant, said switch means
      being connected to said impedance means and operable to said nonconductive
      condition of operation in response to current flow through said impedance
      means.
NUM  3.
PAR  3. A system as recited in claim 2 wherein said impedance means includes a
      resistor.
NUM  4.
PAR  4. A system as recited in claim 2 wherein said thyristor means includes a
      controlled rectifier having gate, cathode and anode electrodes.
NUM  5.
PAR  5. A system as recited in claim 4 wherein said impedance means is connected
      to one of said cathode and anode electrodes and one of said output
      terminals.
NUM  6.
PAR  6. A system as recited in claim 5 wherein said voltage sensing means
      includes transistor switch means connected to said gate electrode.
NUM  7.
PAR  7. A system as recited in claim 2 wherein said switch means includes a low
      pass filter.
NUM  8.
PAR  8. A system as recited in claim 7 wherein said switch means includes a
      transistor.
NUM  9.
PAR  9. A system as recited in claim 2 further including a second output winding
      electrically coupled to said output terminals, and second thyristor means
      connected in series with said impedance means.
NUM  10.
PAR  10. A system as recited in claim 2 wherein said switch means includes
      transistor means having base, emitter and collector electrodes, said
      emitter and collector electrodes being connected in series with said field
      coil and said base electrode being connected to said voltage sensing
      means.
NUM  11.
PAR  11. A system as recited in claim 2 wherein said voltage sensing means
      includes breakdown means including a Zener diode connected in a series
      circuit with said output winding.
NUM  12.
PAR  12. A system as recited in claim 11 wherein said voltage sensing means
      includes transistor means connected to said Zener diode and to said
      thyristor means, said transistor being responsive to a breakdown of said
      Zener diode for rendering said thyristor means conductive when the voltage
      generated by said output winding reaches said predetermined level.
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ABST
PAL  The amplitude is detected of both the input and output signals of the
      circuit (such as an audio amplifier) it is desired to protect. When, for
      example, a short circuit occurs across the load being driven, there is a
      sudden change in the ratio of these amplitudes and in response to this
      change, the signal to the output driver stage of the circuit is shunted to
      ground.
BSUM
PAR  This invention relates generally to protection circuits.
PAR  Many short circuit protection circuits known in the art are designed to
      limit the current through an amplifier device, or limit the voltage
      applied to the input terminal of the device, in the event of a short
      circuit across the output terminal of the device. For example, Teshirogi
      U.S. Pat. No. 3,564,338 discloses an overvoltage and undercurrent
      protective circuit for a transistor amplifier. The current passing through
      the amplifier is sensed and a voltage proportional thereto obtained. When
      this voltage differs from the voltage applied to the input terminal of the
      amplifier by more than a given amount, a protective transistor at the
      input terminal of the amplifier is switched to its conductive condition.
      This shorts the input terminal of the amplifier to ground.
PAR  However, shorting the input circuit to the amplifier does not turn off the
      output stage of the amplifier; it only limits the current of this stage to
      a predetermined level. Such limiting may prevent catastrophic failure of
      the device in the event of a short circuit across the output terminal of
      the device, but the output stage of the device will still draw a finite
      current, and dissipate power as a result. The initial short circuit
      current, followed by the limited current flow through the device, may
      cause the device to heat to temperatures exceeding its thermal design, and
      become damaged or fail. Further, such protection circuits can, in some
      cases, cause damage to the signal source connected to the input terminal
      of the amplifier, due to transients or current overload.
PAR  In the circuits of the present application, the voltage across the load,
      rather than the current passing through an amplifier, is sensed. When the
      ratio between this voltage and that present at the input terminal of the
      amplifier driving the load drops to lower than a given value, as would
      occur, for example, when the load impedance changed to lower than a given
      value, the output stage of the amplifier is effectively disabled. This may
      be accomplished by placing a low impedance path across the input terminals
      of the final stage.
DRWD
PAR  The invention is illustrated in the drawing, the sole FIGURE of which is a
      schematic diagram of a short circuit protection circuit embodying the
      present invention.
DETD
PAR  With reference to the drawing, the short circuit protection circuit
      includes a first peak detector 1, a second peak detector 3, a pair of
      voltage comparators 5, and a pair of transistor switches 7.
PAR  The first peak detector 1 is a half-wave peak detector, and includes an
      operational amplifier 9 having a non-inverting input terminal 11, an
      inverting input terminal 13, and an output terminal 15. A feedback
      resistor 17 is connected between the inverting input terminal 13 and
      output terminal 15 of operational amplifier 9; a bias resistor 19 is
      connected between the inverting input terminal 13 and a point of reference
      potential such as ground. The non-inverting input terminal 11 of
      operational amplifier 9 is connected through a bias resistor 21 to ground
      and through a non-polar coupling capacitor 23 to a signal input terminal
      25. The output terminal 15 of operational amplifier 9 is connected to the
      anode of a rectifying diode 27 whose cathode is connected through a peak
      detector capacitor 29 to ground and to the input terminal 31 of a
      resistive voltage divider. The latter includes a resistor 33 connected
      with one end to input terminal 31 and its other end to output terminal 37
      and through a second resistor 35 to ground.
PAR  The second peak detector 3 is a full-wave peak detector, and includes first
      and second operational amplifiers 39 and 47. The first operational
      amplifier 39 has an inverting input terminal 41, a non-inverting input
      terminal 43, and an output terminal 45. Similarly, the second operational
      amplifier 47 has a non-inverting input terminal 49, an inverting input
      terminal 51, and an output terminal 53.
PAR  Operational amplifier 39 has its output terminal 45 connected through
      feedback resistor 55 to its inverting input terminal 41; its output
      terminal is also connected to the anode of a rectifying diode 57, the
      cathode of the diode 57 being connected to one terminal of a peak
      detecting capacitor 59, the other terminal of which is connected to
      ground. The inverting input terminal 41 is also connected through an input
      resistor 61 to the connection between one end of a sensing resistor 63, an
      end of a coupling capacitor 65, and an end of an input resistor 67.
      Resistor 67 is connected at its other end to the non-inverting input
      terminal 49 of operational amplifier 47. The non-inverting input terminal
      43 of amplifier 39 is connected through an input resistor 69 to ground;
      the other end of the sensing resistor 63 is also grounded. The other end
      of coupling capacitor 65 being connected through a resistor 71 to ground
      and through a resistor 73 to a signal input terminal 75.
PAR  Operational amplifier 47 has its output terminal 53 connected through a
      feedback resistor 77 to its inverting input terminal 51; its output
      terminal 53 is also connected to the anode of a rectifying diode 79, the
      cathode of diode 79 being connected to the cathode of diode 57; its
      inverting input terminal 51 is also connected through an input resistor 81
      to ground. The joint connection of the cathodes of the rectifying diodes
      57, 79 and capacitor 59 is connected to an input terminal 83 of a
      resistive voltage divider including a resistor 85 having one end connected
      to the input terminal 83, and another end connected through a resistor 87
      to ground; the junction of resistors 85 and 87 is connected to an output
      terminal 89, output terminal 89 being the signal output terminal 89 of the
      full-wave peak detector 3.
PAR  The pair of voltage comparators 5 includes two operational amplifiers 91
      and 93. Operational amplifier 91 has an output terminal 95, a
      non-inverting input terminal 97, and an inverting input terminal 99. A
      feedback resistor 101 is interconnected between the output terminal 95 and
      inverting input terminal 99. Similarly, operational amplifier 93 has an
      output terminal 103, inverting input terminal 105, and a non-inverting
      input terminal 107, its output terminal 103 being connected through a
      feedback resistor 109 to its inverting input terminal 105.
PAR  The pair of voltage comparators 5 also includes a pair of signal input
      terminals 111 and 113. Signal input terminal 111 is connected through an
      input resistor 115 to the inverting input terminal 99 of operational
      amplifier 91, and through another input resistor 117 to the non-inverting
      input terminal 107 of operational amplifier 93. Signal input terminal 113
      is connected through an input resistor 119 to the non-inverting input
      terminal 97 of operational amplifier 91, and through another input
      resistor 121 to the inverting input terminal 105 of operational amplifier
      93. Signal input terminal 111 is also connected to signal output terminal
      89 of the peak signal detector 3; and signal input terminal 113 is also
      connected to the signal output terminal 37 of the peak voltage detector 1.
PAR  The switching means 7, that is, the pair of output switches 7 includes a
      pair of input terminals 123, 125; a pair of output terminals 127, 129;
      four diodes 131, 133, 135, 137; two grounding resistors 139, 141; two
      parasitic oscillation shunt capacitors 143, 145; an NPN transistor 147;
      and a PNP transistor 149.
PAR  NPN transistor 147 operates as a transistor switch. Its emitter electrode
      is grounded, its collector electrode is connected to the cathode of diode
      133, and its base is connected through grounding resistor 139 to ground
      and also to the cathode of diode 131. The anode of diode 133 is connected
      to output terminal 127; capacitor 143 is connected across diode 133. The
      anode of diode 131 is connected to the input terminal 123.
PAR  PNP transistor 149 is connected at its emitter electrode to ground, at its
      collector electrode to the anode of diode 137, and at its base electrode
      through resistor 141 to ground and to the anode of diode 135. The cathode
      of diode 137 is connected to output terminal 129; capacitor 145 is
      connected in parallel with diode 137. The cathode of diode 135 is
      connected to the input terminal 125.
PAR  The input terminal 123 of transistorized switching means 7 is connected
      through resistor 151 to the output terminal 95 of operational amplifier 91
      of voltage comparator 5; the other input terminal 125 is connected through
      resistor 153 to output terminal 103 of operational amplifier 93 of voltage
      comparator 5.
PAR  The circuit described can be used to protect various electronic devices
      against short circuits across their output terminals, such devices
      including audio amplifiers, DC-DC converters, and so forth. The circuit
      can also be used in ground or phase connection loss sensing.
PAR  For example, to protect an audio amplifier such as 154 against short
      circuits, the signal input terminal 25 of peak detector 1 is connected to
      the signal input terminal 26 of the audio amplifier, and the signal ground
      connection of the audio amplifier is connected to the signal ground
      terminal 155 of the short circuit protection circuit. The positive or
      "hot" output terminal 28 of the amplifier, or the hot terminal of the
      speaker, is connected to the signal input terminal 75 of peak detector 3,
      while the ground terminal 157 of peak detector 3 is connected to the
      ground side of the output terminal of the amplifier or the ground side of
      the speaker input terminal. The amplifier 154, as is well understood, has
      a number of amplification stages. Only the last such stage is shown, in
      part, at the right of the FIGURE, by the phantom showing of the
      complementary transistors 128, 130 of this stage. Note that terminal 127
      is connected to the base of NPN transistor 128 and terminal 129 to the
      base of PNP transistor 130.
PAR  If the amplifier has a biasing network for the output stage, such as, for
      example, a V.sub.BE multiplier transistor (not shown), and that transistor
      is an NPN transistor, then output terminal 127 of switching means 7 should
      be connected to the collector of the NPN V.sub.BE transistor, and output
      terminal 129 of switching means 7 would be connected to the emitter of the
      V.sub.BE multiplier transistor. If the V.sub.BE transistor were a PNP
      transistor (not shown), then output terminal 127 would be connected to the
      emitter of the V.sub.BE transistor, and the output terminal 129 would be
      connected to the collector of the V.sub.BE PNP transistor.
PAR  The voltage divider formed by resistors 73 and 71 of peak detector 3, the
      resistors being connected in series between the signal input terminal 75
      and ground of the peak detector 3, must be adjusted in value to provide
      for interconnection to either the output terminal of the amplifier or the
      input terminal of the speaker. The resistors 71 and 73 serve as a voltage
      divider across the input circuit of the peak detector 3 to permit voltage
      monitoring, while limiting the monitoring level to within the common mode
      range of the operational amplifiers 39 and 47 of the peak detector 3.
PAR  The short circuit protection circuit operates to protect, for example, an
      audio amplifier against short circuits in the following manner. The peak
      detector 1 monitors the audio signal input to the amplifier and produces
      at its output terminal 37 a DC voltage signal proportional to the peak
      amplitude of this signal input. The peak signal detector 3 monitors the
      output signal of the amplifier, and provides a DC output signal at its
      output terminal 89 proportional to the peak amplitude of the output signal
      of the amplifier. The peak signals detected by peak detector 1 and peak
      detector 3 are compared by operational amplifiers 91 and 93. If a short
      circuit develops across the output terminals of the audio amplifier, the
      signal output from the peak detector 3 will drop in magnitude. If during
      the same period the audio signal input to the amplifier remains present,
      the peak signal output from the peak detector 1 will remain relatively
      unchanged in magnitude. The change in the relative magnitudes of the peak
      signals developed across the output terminals 111, 113 of the peak signal
      detectors 3, 1 will cause the voltage comparators 91, 93 to operate to
      drive the transistor switches 147, 149 into saturation.
PAR  When transistor 147 is operated at saturation, the base of the NPN driver
      transistor (shown in phantom view at 128) of the audio amplifier is
      connected to ground through diode 133 and the collector-emitter path of
      the NPN switching transistor 147, causing any driving signals supplied to
      the NPN transistor of the amplifier to be shunted to ground. Similarly,
      the saturation of the PNP transistor 149 provides a ground path from the
      base of the PNP driver transistor (shown in phantom view at 130) of the
      audio amplifier through diode 137 and the collector-emitter path of
      transistor 49 to ground, so that any drive signals applied to the base of
      the PNP driver transistor of the amplifier are shunted to ground. In this
      manner, drive signals to the output stage of the amplifier are shunted to
      ground by the short circuit protection circuit whenever the ratio of the
      peak output signal of the amplifier to the peak magnitude of the input
      signal of the amplifier decreases to below a predetermined value.
PAR  The predetermined value is controlled by the value of the resistances of
      the resistors 85 and 87 of the voltage divider of the peak detector 3, and
      the resistors 33 and 35 of the resistive voltage divider of the peak
      detector 1.
PAR  If the output terminals 127 and 129 of the switching means 7 were connected
      across the collector and emitter electrodes of a V.sub.BE multiplier
      transistor, as previously suggested, the short circuit protection circuit
      would operate upon the occurrence of a short circuit across the output of
      the audio amplifier to disable the V.sub.BE multiplier transistor of the
      amplifier, which in turn would remove drive signals from the output driver
      stage of the audio amplifier. When the output driver stage of the audio
      amplifier is so disabled, no current will flow through the output
      transistors of the output stage, thereby providing full protection of the
      audio amplifier against any short circuits occurring across its output
      terminals. Upon removal of the short circuit and momentary removal of the
      input signal to the amplifier the short circuit protection circuit will
      automatically reset itself and permit normal operation of the amplifier.
PAR  In other words, the short circuit protection circuit provides short circuit
      protection to an audio amplifier by simultaneously sensing the voltages
      developed across the input terminals of a loudspeaker or across the output
      terminal of the audio amplifier, and at the input terminals of the audio
      amplifier. The output voltage of the audio amplifier is amplified through
      operational amplifiers 39 and 47 of peak detector 3, then full-wave
      rectified through diodes 57 and 79 of peak detector 3. The amplified and
      rectified output voltage of the audio amplifier is used to charge the
      capacitor 59 of peak detector 3 to a voltage proportional to the peak
      amplitude of the output signal of the audio amplifier. Similarly, the
      input voltage to the amplifier is amplified through the operational
      amplifier 9 of the peak detector 1, rectified by the diode 27, and
      connected to charge capacitor 29 to a voltage proportional to the peak
      amplitude of the signal input voltage to the amplifier. The peak voltage
      across the capacitor 59 of peak detector 3 is divided down by the voltage
      divider formed by the resistors 85 and 87, and the peak voltage across
      capacitor 29 of peak detector 1 is divided down by the resistive voltage
      divider formed by the resistors 33 and 35. The resistance values of the
      resistors of the voltage dividers of the peak voltage detectors 1 and 3
      are adjusted to insure that the peak voltage detected across the output
      terminal 89 of peak detector 3 is normally always greater than the peak
      voltage developed across the output terminal 37 of peak detector 1.
PAR  In normal operation, the output signal of operational amplifier 91 will be
      negative, and the voltage output signal from operational amplifier 93 will
      be positive, thereby maintaining NPN transistor 147 and PNP transistor 149
      of switching means 7 in a cutoff condition. If the output terminals of the
      audio terminals of the speaker driven by the audio amplifier output signal
      become short circuited, while there is a voltage across (a signal present
      at) the input terminals of the amplifier, the peak signal output voltage
      at the output terminal 89 of peak detector 3 drops in amplitude. This
      output voltage at 89 reduces to zero for a direct short circuit or a very
      low resistance short, while the voltage at 37 remains at its initial
      value. In response to this condition, operational amplifiers 91 and 93 of
      the voltage comparator 5 operate to change the polarities of the voltages
      at their output terminals 95 and 103. The signal at output terminal 95
      goes positive causing NPN transistor 147 to saturate. The signal at output
      terminal 103 goes negative, causing PNP transistor 149 to saturate.
PAR  If no input signal is being applied to the input terminal of the audio
      amplifier, at a time when a short circuit occurs across the output
      terminals of the audio amplifier or across the input terminals of the
      loudspeaker, the short circuit protection circuit will be inoperative, and
      switching transistors 147 and 149 will remain in their cutoff condition.
PAR  In a similar manner, the short circuit protection circuit can be used to
      protect a DC-DC converter. To protect such a converter with the protection
      circuit, the input terminal 25, of the peak detector 1 is connected to the
      output terminal of the oscillator driver of the converter; the input
      terminal 75 of the peak detector 3 is connected to the output terminal of
      the converter or power supply to monitor the output signals of the supply
      in the voltage mode only; and either one or both of the output terminals
      127 and 129 of the transistors switches 147 and 149 are connected in such
      a manner to the converter, that whenever the output of the converter is
      shorted, the short circuit protection circuit will operate to remove the
      drive signals connected to the oscillator driver of the converter.
PAR  It should be noted that although peak detector 3 is shown in the drawing
      and described herein as a full-wave detector, this is a preferred
      embodiment. Peak detector 3 can also be configured in a half-wave
      configuration, but false triggering of the pair of transistor switches 7
      may occur at such times that peak detector 1 responds more quickly to
      changes in its input signal than peak detector 3. To prevent such false
      triggering, peak detector 3 is configured as a full-wave peak detector,
      ensuring that it will always have a faster response time to changes in its
      input signal than the half-wave peak detector configuration of peak
      detector 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A short circuit protection circuit for an audio amplifier which includes
      an input terminal, an output terminal, an NPN driver transistor having a
      base electrode, and a PNP driver transistor having a base electrode, said
      circuit comprising:
PA1  first sensing means coupled to the input terminal of said audio amplifier
      for producing an output voltage proportional in magnitude to the magnitude
      to the signal at said input terminal;
PA1  second sensing means coupled to the output terminal of said audio amplifier
      for producing an output voltage proportional in magnitude to the magnitude
      of the signal appearing at said output terminal;
PA1  comparator means coupled to said two sensing means for comparing their
      output voltages and for producing an output signal manifestation
      indicative of the sense of the difference between these voltages; and
PA1  switching means responsive to said signal manifestation for providing
      relatively low impedance paths between said base electrodes and a point of
      reference potential when said output voltages differ in one sense and
      relatively high impedance paths when said output voltages differ in the
      opposite sense.
NUM  2.
PAR  2. The short protection circuit of claim 1, wherein said first sensing
      means includes a first peak signal detector, for detecting the peak signal
      amplitude of signals appearing at the input terminal of said audio
      amplifier.
NUM  3.
PAR  3. The short circuit protection circuit of claim 2, wherein said second
      sensing means includes a second peak detector, for detecting the peak
      signal amplitude of signals appearing at the output of said amplifier.
NUM  4.
PAR  4. A circuit for protecting an electronic device having an input terminal
      receptive of an alternating signal, and output terminals, when a short
      circuit occurs between its output terminals, said device including a
      driver state which applies signals between said output terminals,
      comprising:
PA1  first rectifying means coupled to said input terminal for producing a
      rectified output signal proportional in magnitude to the signal present at
      said input terminal;
PA1  second rectifying means coupled to said output terminals, for producing a
      rectified output signal proportional in magnitude to the signal present
      between said output terminals;
PA1  comparator means responsive to the output signals produced by said first
      and second rectifying means, for producing a signal manifestation
      indicative of the ratio between said output signals; and
PA1  means responsive to said signal manifestation for inactivating the driver
      stage when said ratio reduces to lower than a given value.
NUM  5.
PAR  5. A circuit as set forth in claim 4, wherein said first and second
      rectifying means each comprises a peak signal detection circuit.
NUM  6.
PAR  6. A circuit as set forth in claim 4, wherein said first rectifying means
      comprises a half-wave rectifier having an input terminal connected to said
      input terminal of said device, and an output terminal for providing a DC
      output signal proportional in magnitude to said input signal to said
      device; and
PA1  said second rectifying means comprises a full-wave rectifier having input
      terminals connected across said output terminals of said device, and an
      output terminal for providing a DC output signal proportional in magnitude
      to the output signal of said device.
NUM  7.
PAR  7. Apparatus for protecting an electronic device when a low impedance
      appears across its output terminals, the electronic device having an input
      terminal receptive of an alternating signal, and an output stage which
      supplies output signals to said output terminals, comprising:
PA1  means for rectifying the alternating signal present at said input terminal;
PA1  means for rectifying the output signal present across said output
      terminals;
PA1  means for comparing the amplitude of the rectified output signal with that
      of the rectified input signal; and
PA1  means for inactivating said output stage, when the ratio of the rectified
      output signal amplitude to the rectified input signal amplitude decreases
      to lower than a predetermined value.
NUM  8.
PAR  8. Apparatus as set forth in claim 7, wherein said output stage includes an
      input circuit, and wherein said means for inactivating said output stage
      comprises means for placing a low impedance across said input circuit.
NUM  9.
PAR  9. Apparatus as set forth in claim 7 wherein each means for rectifying
      comprises means for peak signal detecting.
NUM  10.
PAR  10. Protection means for protecting a circuit from damage when the
      effective impedance of the load driven by the circuit reduces to a value
      substantially lower than its normal value, the circuit including input
      terminals to which an alternating input signal may be applied, and an
      output driver stage receptive of a drive signal and having two output
      terminals between which the load may be connected, said protection means
      comprising:
PA1  means coupled to said input terminals for rectifying said input signal;
PA1  means coupled to said output terminals for rectifying the signal present at
      said output terminals;
PA1  means responsive to said rectified input and output signals for producing a
      signal manifestation indicative of the ratio between the signal present
      between said output terminals that present between said input terminals;
      and
PA1  means responsive to said signal manifestation for removing the signal from
      said driver stage, when said manifestation indicates a ratio lower than a
      given value.
NUM  11.
PAR  11. Protection means as set forth in claim 10 wherein each means for
      rectifying includes means for peak value detecting each signal.
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ABST
PAL  An over voltage protection circuit for preventing excessive high voltages
      which exceed the X-ray isodose limits for human beings when the high
      voltage primary winding, the tuning coil, or the high voltage primary
      driving winding opens. The B+ voltage for the driving oscillator or
      horizontal driver is derived at a point in the circuit such that when
      circuit elements fail, the B+ voltage is removed thus turning off the
      drive to the high voltage circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to protection circuits and in particular
      to an overvoltage protection circuit for high voltage television circuits.
PAR  2. Description of the Prior Art
PAR  In television sets the horizontal output transformer has been driven in a
      manner such that in the event the high voltage primary winding or the
      tuning coil of a harmonically tuned high voltage transformer open
      circuits, the high voltage rises to values far above the X-ray isodose
      limits. Such condition is dangerous to human beings as exposure to
      excessive high radiation dosage is unsafe.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a protection circuit such that in the event
      of failure of circuit elements such as the high voltage primary winding,
      the tuning coil of a harmonically tuned high voltage transformer, and/or
      the high voltage primary driving winding will result in the B+ voltage for
      one of the driving circuits going to zero or to a low value so as to turn
      off the driving circuit thus eliminating the production of unsafe high
      voltages which would cause X-ray radiation above the safe limits.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of the improved invention.
PAR  FIG. 2 illustrates the prior art circuit, and
PAR  FIG. 3 is a schematic view of a modification of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 2 is an electrical schematic of a prior art circuit in which a
      horizontal output transistor T.sub.2 has its emitter electrode connected
      by diode D.sub.1 to its collector. An inductor L.sub.18, and an inductor
      L.sub.17 are connected in series between the emitter and the base.
      Inductor L.sub.17 is the secondary of a transformer and the primary is
      connected to a suitable driving voltage not shown. A pair of condensers
      C.sub.7 and C.sub.8 are connected in parallel between the collector and
      emitter of transistor T.sub.2. The collector of transistor T.sub.2 is
      coupled through winding L.sub.11 to winding L.sub.15 which is the high
      voltage primary and to winding L.sub.14 which is connected to the end of
      L.sub.15 and which supplies a tripler 13 that provides a high voltage
      output on terminal 9. Resistors R.sub.4, R.sub.5, and R.sub.6 are
      connected between one terminal of the tripler 13 and ground and a wiper
      contact 15 engages resistor R.sub.5 and is connected to focus control
      through a resistor R.sub. 7. A tuning coil L.sub.16 is connected in
      parallel with a capacitor C.sub.10 and has one side connected to L.sub.15
      and the other side connected to L.sub.12 which has its opposite end
      connected to the collector of transistor T.sub.2. A condenser C.sub.9 is
      connected between a junction point between the tuning coil and inductor
      L.sub.12 and ground. A resistor R.sub.3 is connected from the tuning coil
      L.sub.16 to an inductor L.sub.41 and has its other side connected to the
      collector of transistor T.sub.2 to supply B+ voltage. A capacitor C.sub.6
      has one side connected to ground and the other side connected to parallel
      connected yokes L.sub.8 and L.sub.9 which have their other side connected
      to one end of winding L.sub.10 which has its other side connected to
      winding L.sub.11. A convergence output is provided by winding L.sub.13
      connected between ground and an output convergent point.
PAR  In the circuit shown, the voltage at the junction point between windings
      L.sub.14 and L.sub.15 might be 1140 volts, and the voltage at the junction
      between the yokes L.sub.8 and L.sub.9 and the winding L.sub.10 might be
      1280 volts. If the tuning coil winding L.sub.16 opens or if the high
      voltage primary winding L.sub.15 opens, a B+ will still be derived from
      the resistor R.sub.3 and will keep transistor T.sub.2 turned on; however,
      the high voltage output of the tripler will go far above the X-ray isodose
      limits which produces a dangerous hazard to humans and animals under this
      condition.
PAR  The present invention eliminates this hazard with the circuits illustrated
      in FIGS. 1 and 3 which are two different modifications and utilize the
      features wherein in the event a faulty high voltage primary or tuning coil
      exists, the turn-on B+ voltage to the horizontal driver will be turned off
      such that the dangerous high voltage does not cause X-ray radiation so as
      to endanger life.
PAR  FIG. 1 illustrates the embodiment of the invention wherein a horizontal
      output transistor T.sub.1 receives a driving signal on its base and has
      its emitter connected to ground. Its collector is connected to drive the
      horizontal output transformer comprising windings L.sub.2, L.sub.3,
      L.sub.4, and L.sub.5. Tripler 13 is connected to the end of winding
      L.sub.2 and provides high voltage output at its output terminal 9. The
      yoke comprises windings L.sub.6 and L.sub.7 connected in parallel between
      the winding L.sub.4 and a capacitor C.sub.4 which has its opposite side
      connected to ground. One end of the winding L.sub.5 is connected to ground
      through a capacitor C.sub.5 and the B+ voltage is applied to terminal 12
      between capacitor C.sub.5 and winding L.sub.5. A tuning circuit comprises
      inductor L.sub.1 and capacitor C.sub.2 connected in parallel between one
      end of winding L.sub.3 and a capacitor C.sub.3 which is connected between
      ground and one end of winding L.sub.1 and this junction point supplies
      horizontal driver B+ voltage through a resistor R.sub.1 and a winding
      L.sub.42.
PAR  If the high voltage primary winding L.sub.3 opens or the inductor tuning
      coil L.sub.1 opens, the B+ voltage for the horizontal driver T.sub.4 goes
      to a value which will turn off transistor T.sub.4 thus assuring that in
      the event of the failure of the high voltage winding or the tuning coil
      L.sub.1, dangerous X-ray radiation does not occur.
PAR  A modification of the invention is illustrated in FIG. 3, wherein
      oscillator, driver 21 receives its supply voltage through L.sub.48,
      R.sub.10 and primary driving winding L.sub.20 which has its other side
      connected to the coil L.sub.33 and condenser C.sub.15 connected in
      parallel. The other side of the coil L.sub.33 is connected to the high
      voltage primary L.sub.34 which has its other end connected to the tripler
      13 which supplies high voltage output at terminal 9. The midpoint of the
      high voltage primary L.sub.34 is connected to a collector of transistor
      T.sub.3 which is the horizontal output transistor and which has its
      emitter connected to the parallel connected resistor R.sub.25 and
      capacitor C.sub.13 with the opposite end connected to a winding L.sub.24
      which has its other end connected to the base of transistor T.sub.3
      through the inductor L.sub.23. A diode D.sub.3 is connected between the
      emitter and collector of transistor T.sub.3. A condenser C.sub.12 is
      connected in parallel with the diode D.sub.3. Yoke windings L.sub.26 and
      L.sub.27 are connected between the collector of transistor T.sub.3 and a
      condenser C.sub.16 which has its opposite side connected to the emitter of
      transistor T.sub.3. A winding L.sub.56 is connected between the emitter of
      transistor T.sub.3 and ground. A source power B+ point 18 is connected to
      a suitable B+ source and is connected to one end of winding L.sub.21 which
      has its other end connected to winding L.sub.22 which is connected to the
      collector of transistor T.sub.3 and to the A point of winding L.sub.34.
      Windings of the yokes L.sub.30 and L.sub.31 are connected between the
      capacitor C.sub.16 and the connection point between windings L.sub.21 and
      L.sub.22.
PAR  A winding L.sub.48 has one end connected to the oscillator, driver 21, and
      its other side connected to ground through a capacitor C.sub.21. A
      resistor R.sub.10 is connected from winding L.sub.48 to the oscillator,
      driver 21 to supply B+ voltage.
PAR  The oscillator, driver 21 receives current through the high voltage primary
      driving winding L.sub.20, the tuning coil L.sub.33, the high voltage
      winding L.sub.34, and if any of these windings open, the B+ source to
      oscillator, driver 21 is turned off and the oscillator driver is rendered
      inactive such that high voltage does not cause X-ray radiation which is
      hazardous to personnel.
PAR  It is seen that this invention provides means for assuring that high level
      X-ray radiation does not occur in the event of failure of components in a
      high voltage circuit thus assuring the safety of personnel. Although the
      invention has been described with respect to preferred embodiments, it is
      not to be so limited as changes and modifications may be made which are
      within the full intended scope as defined by the appended claims.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An overload protection circuit for a high voltate television circuit
      comprising an oscillator driver, a high voltage primary driving winding
      connected to said oscillator driver, a tuning coil connected in series
      with said high voltage primary driving winding, a high voltage primary
      connected in series with said tuning coil and driving winding, a
      horizontal driver connected to said high voltage primary, a B+ source
      connected in series with said primary driving winding, said tuning coil,
      and said high voltage primary and connected to said oscillator driver to
      provide supply voltage therefor.
NUM  2.
PAR  2. An overload protection circuit for a high voltage circuit for a
      television receiver comprising, a horizontal driver transistor, a
      horizontal output transistor, a high voltage transformer connected to said
      horizontal output transistor, a tuning coil, a B+ voltage source, a high
      voltage primary driving winding connected in series with said tuning coil
      and said high voltage transformer, said B+ source being removed from said
      horizontal driver transistor if said driving winding, said tuning coil or
      said high voltage transformer open circuit, and conductor means connecting
      said B+ voltage source to said horizontal driver transistor.
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ABST
PAL  An electronic circuit including a transistor which is biased to conduction
      is provided to initiate actuation of an electromagnetic transducer. The
      transducer has first and second coils one of which actuates the sounder. A
      potential is induced in the other coil and this induced potential is used
      to cut off the transistor. The next cycle of operation is initiated when
      the induced potential falls below a predetermined value in response to the
      reduction of the magnetic flux which, in turn, was the result of the
      transistor having been cut off.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a driving circuit for an electrically
      operated sound producing device and in particular to a direct current
      actuated vibratory horn. A wide variety of devices of this class have been
      designed to meet specific requirements of size, operating voltage, desired
      sound volume and/or frequency content, cost and other considerations. The
      described structure is one which can be mass produced economically and be
      responsive to a relatively wide range of applied direct current potential
      to produce an exceptional sound output for the power consumed.
PAR  The mechanical structure of the sound producing device may be somewhat
      similar to that disclosed in the co-pending Charles Berns application,
      Ser. No. 431,802 filed, Jan. 8, 1974, and entitled Buzzer Construction and
      Method of Adjusting the Same.
PAR  More particularly, the present invention relates to an electronic means for
      controlling an electromechanical transducer and vibrating the diaphragm
      thereof at a frequency of the order of 2,200 Hertz.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention uses an electronic circuit for driving an
      electromechanical transducer. The electronic circuit employs a single
      transistor, biasing resistors, a capacitor and the winding of the
      electromechanical transducer which has been divided into two separate
      windings on a common core. The primary winding of the transducer has
      several times more turns than the secondary winding of the transducer. The
      windings are coupled for series conduction when the transistor is turned
      on and in a sense for the secondary winding to have induced therein an
      electromotive force which is in opposition to that of the primary winding.
      In response to the build-up of the magnetic flux in the core of the
      transducer a potential is induced in the secondary winding and this
      potential reverse biases the transistor to cut it off and terminate one
      cycle of operation. No mechanical interruption is required but could be
      used for intermittent operation.
PAR  It is an object of the invention to provide a new and improved
      electromechanical transducer.
PAR  It is a more specific object of the invention to provide a new and improved
      electromechanical transducer which is controlled by an electronic circuit.
PAR  It is an even more specific object of the invention to employ the inductive
      circuit of the transducer in the control circuit for the transducer.
PAR  It is another object of the invention to employ an induced voltage in a
      secondary winding of the transducer to control the current in the
      transducer.
PAR  It is another object of the invention to employ a voltage induced in a
      secondary winding of the transducer to cut off a transistor and terminate
      the flow of current in the transducer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing objects and advantages together with other objects and
      features of the invention will be more readily perceived when the
      following description is considered together with the accompanying drawing
      in which;
PAR  FIG. 1 is a cross-section view of a transducer using the present invention;
PAR  FIG. 2 is a bottom view of the transducer housing;
PAR  FIG. 3 constitutes a circuit diagram of the circuit for controlling the
      operation of the transducer; and
PAR  FIG. 4 is an enlarged view of a portion of FIG. 1 showing a modified form
      of the structure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention can function with a wide variety of electromechanical
      transducers, bells, buzzers, and similar devices. FIG. 1 illustrates a
      typical electromechanical transducer 100 which may be employed. The
      illustrated transducer comprises a cup-shaped lower housing 101 and a
      saucer-shaped cover 102. The lower housing 101 has a lip 103. The cover
      102 may be joined to the lower housing 101 by crimping an edge 104 of the
      cover 102 over the lip 103. Clamped between the cover 102 and the lower
      housing 101 is a diaphragm 105 which, in this sounder, is the vibratory
      sound producing element. The diaphragm may advantageously be supported to
      bias it to a concave position although it may also be planar. The cover
      102 and/or lower housing 101 may have sound transmitting holes (not
      shown). The diaphragm 105 will be excited into vibration in response to a
      build-up and decay of magnetic flux between the core 106 and the diaphragm
      105. The magnetic circuit for actuating the diaphragm includes the core
      106, the lower housing 101, the diaphragm 105 and the air gap 113. The
      magnetic flux is generated in response to an electric current in the coil
      surrounding the core 106. The coil of the transducer 100 comprises two
      portions; an inner coil, or primary winding 107, and an outer coil, or
      secondary winding 108. The arrangement of these coils on the core 106 may
      vary in accordance with engineering and design considerations. For
      example, the secondary winding 108 could be close to the core 106 and the
      primary winding 107 could be wound on top of the secondary winding 108. Or
      the primary winding 107 could be at one end of the core 106 and the
      secondary winding 108 at the other end of the core 106. The important
      consideration is the characteristics of the primary winding with respect
      to the secondary winding. In the circuit considered herein, the primary
      coil 107 has a number of turns which are approximately five or six times
      the number of turns on the secondary coil 108. Because of differences in
      wire sizes, the primary winding has a resistance between two and four
      times that of the secondary 108. The primary coil 107 and the secondary
      coil 108 are wound on a bobbin 109 which surrounds the core 106 and has an
      upper flange 110 and a lower flange 111. The lower bobbin flange 111 has a
      diameter which is significantly greater than the upper bobbin flange 110
      and which nearly equals the interior diameter of the lower housing 101.
      The extra surface of the lower bobbin flange 111 is used for mounting
      circuit components and making electrical connections. An alternate
      structure using a printed circuit board for the components could be
      employed.
PAR  The bobbin 109 together with the primary and secondary coils 107 and 108
      and other electrical components (to be described more fully hereinbelow)
      which are mounted on the lower bobbin flange 111 comprise a coil assembly
      112. The coil assembly 112 is mounted on the core 106 and this
      sub-assembly is secured to the lower housing 101.
PAR  The dimensions are such that after assembly there is a space 113 between
      the face of the core 106 and the diaphragm 105. Tolerances are such that
      the space is acceptable or a little too large. If the space 113 is too
      large, it may be reduced by a means similar to that disclosed in the cited
      co-pending application of Charles Berns. More specifically, as seen in
      FIG. 2, which constitutes a bottom view of the lower housing 101, the
      lower housing includes four slots 114 and a hole 115. As previously
      suggested, the core 106 is inserted through the hole 115 and peened over
      to secure it to the lower housing 101. Final adjustment of the space 113
      is made by applying power to the circuit and pressing in so that a portion
      of the lower housing 101 is deformed and the core 106 moved closer to the
      diaphragm 105. The elongated slots 114 facilitate this adjustment. The
      techniques, either manual or automatic, may be similar to those set forth
      in the cited Charles Berns application. Hole 116 is provided for bringing
      out the wires 138 and 139 to connect the circuit to a power supply.
PAR  Considering now FIG. 3., there is shown therein a schematic circuit for
      driving the transducer 100. Components which have been identified in FIG.
      1 and which are schematically indicated in FIG. 3 are identified by the
      same numbers in both figures. In a similar manner, elements to be
      identified in FIG. 3 may also be identified in FIG. 1 with the same
      numbers.
PAR  Considering now more specifically the circuit of FIG. 3, it will be seen
      that it comprises the primary winding 107 and the secondary winding 108
      wound on the core 106. It should be particularly observed that the two
      coils are wound in an opposite sense. That is, if current flows through
      the coil 107 from the top to the bottom and generates a magnetic flux in
      the direction indicated by arrow 126, then a current flowing in secondary
      coil 108 from top to bottom will generate a magnetic flux indicated by the
      arrow 127 which is in opposition to the flux generated by the primary coil
      107. That is, the magnetic fluxes generated by the two coils 107 and 108
      will oppose each other and the resultant magnetic force will be equal to
      the difference between the two fluxes. As will be seen as the description
      proceeds, the primary and secondary coils 107 and 108, respectively, are
      essentially in series, and therefore, will normally have the same current.
      However, since the primary winding 107 has significantly more turns than
      the secondary winding 108 and since the magnitude of the magnetic flux 126
      and 127 is a function of the ampere turns of their respective coils, it
      will be seen that the primary winding 107 will generate a significantly
      larger magnetic flux 126 than that generated by the secondary winding 108.
      Accordingly, the resultant flux will be in the direction indicated by the
      arrow 126.
PAR  The circuit includes a transistor 128 having a base 129, a collector 130,
      and an emitter 131. The lower end of the winding 107, as viewed in FIG. 3,
      is coupled to the collector 130 of the transistor 128, and the upper end
      of the primary 107 is coupled to the base 129 of the transistor 128
      through a resistor 132. The upper end of the secondary winding 108 is
      coupled to the emitter 131 of the transistor 128 while the lower end of
      the secondary winding 108 is coupled to the base 129 of the transistor 128
      through resistor 133. A capacitor 134 is coupled across the primary
      winding 107. The resistor 132 is approximately ten times that of the
      resistor 133. Two leads, 138 and 139, are provided for coupling the
      circuit of FIG. 3 to an external direct current power source 140.
      Terminals may be used instead of leads 138 and 139.
PAR  When switch 141 is closed, direct current will flow from the positive
      terminal of direct current potential source 140 through resistors 132 and
      133 and back to the source 140 through switch 141. This will place the
      base 129 of the transistor 128 at a potential which is slightly positive
      relative to the negative potential of the source 140. The emitter 131 of
      the transistor 128 will be at the negative potential of the source 140 at
      time t = 0 (i.e. at the instant of closing the switch 141) and before any
      current has started to flow through the transistor 128. The transistor 128
      is an NPN type and, therefore, when the switch 141 is closed the base 129
      will be positive, with respect to the emitter, which is the condition for
      turning on the transistor 128 and initiating conduction from the collector
      130 to the emitter 131. With the transistor 128 biased to conduction,
      current will attempt to flow from the positive terminal of source 140
      through lead 138 and through the parallel combination of capacitor 134 and
      primary coil 107 to the collector 130 of transistor 128 and to the emitter
      131, through secondary winding 108 and back through lead 139 and switch
      141 to the negative terminal of source 140. At time t = 0 + .DELTA.t the
      inductance of the secondary winding 108 will inhibit the flow of current
      and relatively little current will flow. The inductance of the primary
      winding 107 will have the same effect but, in addition, the capacitor 134
      shunts the primary winding 107 and the initial current is through
      capacitor 134. However, as soon as any current starts to flow through
      capacitor 134, it no longer serves as a zero impedance shunt and some
      current will also flow through primary coil 107. As time advances, the
      capacitor 134 will become fully charged and the current through the
      primary and secondary coils 107 and 108, respectively, will build up and
      there will be a resultant flux in the direction shown by arrow 126. As the
      current is increasing and the flux is changing, a potential will be
      induced in the secondary winding 108. As a consequence of the mentioned
      turns ratio of the two coils and the sense in which the two coils are
      connected, the voltage induced in coil 108 will be such as to place a
      positive potential at the upper terminal coil 108. By an appropriate
      choice of applied potential 140, base biasing as provided by resistors 132
      and 133, together with a consideration of the characteristics of the
      primary and secondary coils 107 and 108, respectively, it will be possible
      to cause the induced voltage in secondary coil 108 to reverse bias the
      transistor 128 and terminate conduction thereof. With transistor 128
      turned off, current will still circulate in the series circuit comprising
      primary coil 107 and capacitor 134 to dissipate the inductive energy
      stored in coil 107. However, due to the inherent resistance of the
      circuit, the current in coil 107 will decay and the magnetic flux will be
      reduced. The changing magnetic flux density will continue to induce a
      voltage in the secondary winding 108. Eventually the current in the
      primary winding 107 will be greatly reduced, there will be very little
      magnetic flux, and the potential induced in the secondary winding 108 will
      be inadequate to hold the transistor 128 cut-off. Accordingly, conduction
      through the transistor 128 will resume and the cycle described will be
      repeated.
PAR  The movement of the diaphragm 105 towards the core 106 and the concomitant
      reduction in the air gap 113 will tend to reduce the reluctance of the
      magnetic circuit and thereby provide an increase in flux density which
      will have an additional tendency to increase the potential induced in coil
      108. The transistor 128 serves as a potential sensing means. That is, when
      the induced voltage across coil 108 rises sufficiently, the transistor 128
      will be biased to cut-off.
PAR  As is well known a diaphragm, such as diaphragm 105, will have a natural
      frequency of vibration which depends upon various physical characteristics
      of the diaphragm and the mode of mounting, etc. In a similar manner, the
      choice of transistor, together with the magnitude of the potential,
      resistor and capacitor values and characteristics of the coils will
      produce a circuit which has a natural cyclical repetition rate. For
      optimum operation, the electrical and mechanical vibration rates should be
      selected to be compatible. For example, at approximately the time that the
      electrical circuit had produced sufficient magnetic flux for the required
      length of time to move the diaphragm 105 nearly its maximum amount towards
      the core 106, the transistor should be turned off for approximately the
      period of time to allow the diaphragm 105 to spring away from the core 106
      and travel approximately the same distance the other side of its neutral
      position. The particular electromechanical transducer, for which the
      present system was developed, vibrated at a frequency of approximately
      2,200 Hertz. With a 2N3417 transistor, resistances of 120 kilo ohms and 15
      kilo ohms for resistors 132 and 133, respectively, primary and secondary
      coils having approximately 1,350 and 250 turns, respectively, a direct
      current potential within the range of approximately 6 to 30 volts and a
      capacitor of approximately 0.040 micro-farads, a reasonably stable
      frequency was obtained with a sound output of over 80 decibels measured at
      a distance of 1 foot. The shape of the potential wave across coil 107 is
      approximately sinusoidal.
PAR  In FIG. 4 an alternate design is illustrated which includes a permanent
      magnet 120 so that there is always a residual flux in the magnetic circuit
      of the electromechanical transducer. With this structure, the magnitude of
      the space 113 is less critical, and therefore little, if any, adjustment
      of the space 113 may be required.
PAR  While there has been shown and described what is considered at present to
      be the preferred embodiment of the invention, modifications thereto will
      readily occur to those skilled in the applicable arts. For example, it
      would be relatively simple to modify the circuitry and use a PNP
      transistor instead of an NPN transistor. Or instead of a vibratory
      diaphragm, a reciprocating armature could be employed to strike a gong. It
      is believed that no further analysis or description is required and that
      the foregoing so fully reveals the gist of the present invention, that
      those skilled in the related arts can adapt it to meet the exigencies of
      their specific requirements. It is not desired, therefore, that the
      invention be limited to the specific embodiments shown and described, and
      it is intended to cover in the appended claims all such modifications as
      fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit for driving an electromagnetic transducer comprising:
PA1  a. a transistor having base, collector and emitter electrodes:
PA1  b. a direct current potential source;
PA1  c. an electromagnetic transducer having first and second inductively
      coupled coils for producing opposing and unequal magnetomotive forces in
      response to a flow of direct current from said direct current potential
      source through said coils;
PA1  d. said first coil being in a circuit between one terminal of said
      potential source and said collector electrode and said second coil being
      in a circuit between the other terminal of said potential source and said
      emitter electrode;
PA1  e. first bias means for coupling a control potential derived from said
      potential source to said base electrode for biasing said base to a
      predetermined potential; and
PA1  f. second bias means including inductive action between said first and
      second coils for biasing said transistor.
NUM  2.
PAR  2. The combination as set forth in claim 1, wherein said first coil has
      substantially more turns than said second coil so that the magnetomotive
      force generated by said first coil is significantly greater than the
      magnetomotive force generated by said second coil.
NUM  3.
PAR  3. The combination as set forth in claim 2, wherein the inductive coupling
      between said first and second coils induces a potential in said second
      coil in response to current changes in said first coil for biasing said
      transistor to cut off.
NUM  4.
PAR  4. The combination as set forth in claim 1, wherein a capacitor is coupled
      across said first coil.
NUM  5.
PAR  5. An electromagnetic transducer having a driving circuit comprising:
PA1  a. first and second windings on a common magnetic core coupled in a series
      circuit and in a sense for inducing a potential in said second winding
      which is in opposition to the potential across said first winding when a
      current flows in said series circuit;
PA1  b. said first winding having a number of turns which is significantly
      greater than the number of turns of said second winding;
PA1  c. a potential source coupled to said series circuit for producing a flow
      of current in said series circuit; and
PA1  d. potential sensing means coupled to said series circuit to sense when the
      potential across said second winding exceeds a predetermined value and for
      terminating the flow of current in said series circuit in response to the
      potential across said second coil exceeding said predetermined value.
NUM  6.
PAR  6. The combination as set forth in claim 5, wherein said potential sensing
      means is a transistor which is biased to cut-off when said predetermined
      potential value is exceeded.
NUM  7.
PAR  7. The combination as set forth in claim 6 and including a capacitor in
      parallel with said first winding.
PATN
WKU  039315509
SRC  5
APN  5269997
APT  1
ART  212
APD  19741125
TTL  Electronic latching relay control
ISD  19760106
NCL  2
ECL  1
EXP  Envall, Jr.; R. N.
NDR  1
NFG  1
INVT
NAM  Dalpee; Joseph A.
CTY  New Carrollton
STA  MD
ASSG
NAM  The United States of America as represented by the Secretary of the Navy
CTY  Washington
STA  DC
COD  06
CLAS
OCL  3171485R
XCL  317DIG4
EDF  2
ICL  H03H  900
FSC  317
FSS  123;148.5 R;135 R;135 A;149;DIG. 4
UREF
PNO  3267482
ISD  19660800
NAM  Moore, Jr.
OCL  317DIG.4
LREP
FR2  Sciascia; R. S.
FR2  Branning; A. L.
FR2  Brown; N. V.
ABST
PAL  A circuit for latching and unlatching of a relay by use of only one control
     ine and a unipolar pulse. The circuit causes an associated relay to
      alternately latch and unlatch upon receipt of each unipolar pulse.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to switching apparatus and more particularily
      to latching switching circuits which may be controlled by a unipolar pulse
      in conjunction with only one control line (in addition to a ground line).
PAR  Although in most instances, it is desirable to minimize the number of lines
      necessary to control operation of the switching circuit and to operate a
      switching circuit with only pulses of a unipolar nature, previous
      switching methods generally have required a polarity reversing switch used
      in conjunction with a bipolar signal. Alternatively, they have required
      use of two control lines (in addition to a ground line).
PAR  The present invention overcomes the prior inefficiencies and disadvantages
      inherent in utilization of more than one control line or bipolar pulses.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a switching circuit which functionally performs as
      a double-throw latching relay controllable by a unipolar control pulse
      transmitted on only one control line (in addition to a ground line).
PAR  Each control pulse triggers a change in state of a bistable device utilized
      in conjunction with logic circuitry. The logic circuitry controls the
      state of output driving devices. An associated voltage actuated device may
      be coupled to the outputs of the output driving devices.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a functional-schematic diagram of an embodiment of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  A computer 10 or other device capable of producing a unipolar pulse is
      connected to an input terminal 12 of the embodiment of the present
      invention. A capacitor 14 is connected between the input terminal 12 and
      an input terminal of a "one-shot" or pulse producing device 16. An output
      terminal 18 of one-shot device 16 is connected to an input terminal 20 of
      a flip-flop device 22. Flip-flop 22 has first and second output terminals
      24 and 26 for signals Q and Q respectively.
PAR  An AND-driver device 30 (which is a combination of an AND device and an
      amplifier) has a first input terminal 32 connected to one-shot output
      terminal 18, and a second input terminal 34 connected to the output of an
      inverting amplifier 36 whose input is connected to first flip-flop output
      terminal 24. In a similar manner a second AND-driver device 40 has a first
      input terminal 42 connected to one-shot output terminal 18, and a second
      input terminal 44 connected to first flip-flop output terminal 24.
PAR  An output driving transistor 50 has its base terminal 52 connected through
      a resistor 54 to second AND-driver input terminal 44. A collector terminal
      56 of driving transistor 50 is connected to an output terminal 58 of first
      AND-driver 30, while the emitter terminal 57 of transistor 50 is connected
      to ground. A second output driving transistor 60 has its base terminal 62
      connected through a resistor 64 to the AND-driver second input terminal
      34, while its emitter terminal 67 is connected to ground. The collector
      terminal 66 of second transistor 60 is connected to an output terminal 68
      of the second AND-driver 40.
PAR  The AND-driver output terminals 58, 68 are adapted to receive the coil 100
      of a latching relay.
PAR  As an optional addition, a switch position indicator circuit 70 may be
      included in the present invention. Indicator 70 is comprised of a latching
      flip-flop lamp driver 72 having two input terminals respectively connected
      to the first and second flip-flop output terminals 24 and 26. Flip-flop
      driver 72 has first and second output terminals 74 and 76. Indicator
      lights 78 and 80 each have one terminal connected to a + voltage source
      and the other terminals are respectively connected to output terminals 74
      and 76.
PAR  Another optional addition to the present invention is a momentary contact
      switch 82 connected between a positive voltage source and input terminal
      12. A resistor 84, used in conjunction with the switch 82, is connected
      between input terminal 12 and ground.
PAR  All elements utilized in the embodiment of the present invention are
      conventional integrated circuits. For example, the one-shot device 16 is a
      type MC 9601. The flip-flop 22 is a type SN 7474, while the latching
      flip-flop lamp-driver 72 is a type 7407. The inverting amplifier 36 is a
      type SN 7404. The two AND-drivers 30, 40 are each a type NH-0005-CN. The
      output driving transistors are each type 2N657.
PAR  In operation, a control pulse (typically 4 volts) is received at the input
      terminal 12. The positive going transition of the leading pulse edge is
      passed through capacitor 14 (which acts to block the dc component of the
      control pulse) causing one-shot device 16 to produce a fixed-duration
      output pulse. The duration of this pulse is adjustable to allow for
      varying characteristics of relay control coils that are to be used in
      conjunction with the present invention. In the embodiment of the present
      invention the duration the one-shot output pulse is typically chosen to be
      40 mili-seconds. The associated latching relay coil 100 is a voltage
      actuated device, typically actuated in the voltage range of from 6 to 60
      volts dc, and with device actuation current to 3 amps.
PAR  In response to a one-shot device output pulse, the state of output signals
      Q, Q of flip-flop 22 reverses (i.e. a "high" Q signal changes to "low,"
      while a low Q signal changes to high). The inverting amplifier operates
      functionally as a logic signal inverter. That is to say, it changes a high
      level signal present at its input terminal to a low level signal at its
      output terminal, and conversely, changes a low level signal at its input
      terminal to a high level signal at its output terminal. Assume now that
      signal Q is high and signal Q is low.
PAR  The high Q signal passes through inverter 36 causing a low voltage signal
      at the inverter output. This low level inverter output signal is applied
      to the first AND-driver input terminal 34 and to the second transistor
      base terminal 62 (causing it to remain biased in a shut-off condition).
      The high signal Q is also applied to the second AND-driver second input
      terminal 44 and to the first transistor base terminal 52 providing it with
      a saturation bias voltage.
PAR  The signal pulse from one-shot 16, applied to the first AND-driver first
      input terminal 32, is of opposite level (i.e. low) as that of high Q
      signal at second input terminal 34. The opposite level signals applied to
      the first AND-driver 30 cause it to have a low output voltage. At the same
      time, the pulse from one-shot 16 is applied to the second AND-driver first
      input terminal 42. Since both AND terminals are high, the output voltage
      from second AND-driver 40 becomes high.
PAR  Current flows (in the direction of arrow 102) from second AND-driver output
      terminal 68, through the relay coil 100, the collector-emitter (of first
      output transistor driver 50), to ground, thereby energizing the relay coil
      in a first direction.
PAR  When the one-shot pulse goes to zero, both AND-drivers 30, 40 are caused to
      have a low output voltage, the output transistors 50, 60 then become
      non-conductive, and the relay coil current ceases.
PAR  A second control pulse causes bistable flip-flop 22 output signal Q to
      change to low, and complimentary signal Q to change to high. The low Q
      signal passes through inverter 36 causing a high voltage at the inverter
      output. This inverter high level output signal is applied to the first
      AND-driver input terminal 34 and to the second transistor base terminal
      62, causing it to remain biased in a saturation condition. The low signal
      Q is also applied to the second AND-driver second input terminal 44, and
      to the first transistor base terminal 52 providing it with a cutoff bias
      voltage.
PAR  The signal pulse from one-shot 16, applied to the first AND-driver first
      input terminal 32 is of the same level (i.e. high) as that of the inverted
      low Q signal at second AND-driver second input terminal 34. The high level
      signals applied to first AND-driver 30 causes it to have a high output
      voltage. At the same time, the pulse from one-shot 16 is applied to the
      second AND-driver first input terminal 42. Since signals levels at the
      input terminals of second AND-driver 40 input terminals are of opposite
      signal level, the output voltage of second AND-driver 40 will be low. The
      above described reversal of signals Q, Q thus results in establishing an
      activating voltage (across the voltage actuated device 100) and a
      sustaining current (arrow 103) in the direction opposite to that
      established before the control pulse causing reversals of signals Q, Q. Of
      course the opposite direction of current in relay coil 100 causes
      associated switch contacts to switch to opposite terminal sets.
PAR  The optional signal indicator 70 indicates the state of the output of
      flip-flop 22, which is indicative of the state of latching relay coil 100.
      A high Q signal from first output terminal 24 applied at a corresponding
      input of latching flip-flop lamp driver 72 causes corresponding light bulb
      78 to light. Alternately, a high Q (corresponding to a low Q signal)
      signal from second output terminal 26 (applied at the corresponding input
      of latching flip-flop lamp driver 72) causes a corresponding light bulb 80
      to light.
PAR  It should be noted that when compared to the level of the output signal Q,
      the signal at the output of the inverting amplifier 36 is of the same
      level as that at the complimentary output signal Q. Therefore the
      inverting amplifier 36 could be omitted and connections made to its output
      terminal then would be connected to bistable flip-flop complimentary
      output signal terminal 26.
PAR  The optional switch arrangement may be used to manually trigger the
      switching function of the embodiment of the present invention. Closing of
      switch 82 causes a connection of resistor 84 to the voltage source,
      resulting in a control signal present at input terminal 12. The positive
      going transition of this signal is treated in the same way and has the
      same affect as the previously described control signal.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by letters patent of the United
      States is:
NUM  1.
PAR  1. A switching control circuit for providing, under control of a control
      signal, actuating voltages and sustaining currents for actuating a voltage
      actuated device comprising:
PA1  conditioning means for producing an output pulse upon the occurence of said
      control signal;
PA1  bistable means connected to the output of said conditioning means for
      providing an output signal and complimentary output signal respectively to
      an output terminal and a complimentary output terminal, each of said
      output signals having complimentary values at a given time, said values
      alternating upon the occurence of said output pulse;
PA1  first AND decision means for generating one of said actuating voltages,
      having a first input terminal coupled to the output of said conditioning
      means, a second input terminal coupled to said bistable means so as to
      energize said first AND-driver second input terminal with a high level
      signal only upon the occurence of said complimentary output signal, and an
      output terminal;
PA1  second AND decision means for generating one of said actuating voltages,
      having a first input terminal coupled to the output of said conditioning
      menas, a second input terminal coupled to said bistable means so as to
      energize said second AND-driver second input terminal with a high level
      signal only upon the occurence of said output signal, and an output
      terminal;
PA1  first output means for providing one of said sustaining currents, having a
      control terminal coupled to said second AND-driver second input terminal
      and having output terminals connected between the circuit ground and said
      first AND decision means output terminal;
PA1  second output means for providing one of said sustaining currents, having a
      control terminal coupled to said first AND-driver second input terminal
      and having output terminals connected between the circuit ground and said
      second AND decision means output terminal;
PA1  means connected to said output and complimentary output signal terminals
      for indicating the state of said output and complimentary output signals;
      and
PA1  means connected to the input of said conditioning means for producing a
      control signal;
PA1  whereby said first AND decision means produces an actuating voltage
      establishing current through said voltage actuated device in a first
      direction only upon the joint occurence of said output pulse and said
      complimentary signal, and whereby said second output means is in a
      conducting state and supplies a sustaining current through said voltage
      actuated in said first direction only during the occurence of said
      complimentary output signal, and further whereby said second AND decision
      means produces an actuating voltage establishing current through said
      voltage actuated device in a second direction only upon the joint
      occurence of said output pulse and said output signal, and whereby said
      first output means is in a conducting state and supplies a sustaining
      current in said second direction only during the occurence of said output
      signal.
NUM  2.
PAR  2. A switching control circuit for providing, under control of a control
      signal, actuating voltages and sustaining currents for a voltage actuated
      device comprising:
PA1  a one-shot device generating a predetermined fixed duration output pulse at
      an output terminal upon the occurence of a control signal received at its
      input terminal;
PA1  bistable means coupled to the output of said one-shot device producing
      alternate output and complimentary output signals at respective first and
      second output terminals;
PA1  a first AND-driver device having a first input terminal coupled to said
      one-shot device output terminal, and a second input terminal coupled to
      said bistable means so as to energize said first AND-driver second input
      terminal with a high level signal only upon the occurence of said
      complimentary output signal, and an output terminal;
PA1  a second AND-driver device having a first input terminal coupled to said
      one-shot device output terminal, and a second input terminal coupled to
      said bistable means so as to energize said second AND-driver device second
      input terminal with a high level signal only upon the occurence of said
      output signal, and an output terminal:
PA1  a first output transistor having a base terminal coupled through a resistor
      to said second AND-driver second input terminal, a collector terminal
      coupled to said first AND-driver device output terminal, and an emitter
      terminal coupled to the circuit ground; and
PA1  a second output transistor having a base terminal coupled through a
      resistor to said first AND-driver device second input terminal, a
      collector terminal coupled to said second AND-driver device output
      terminal, and an emitter terminal coupled to the circuit ground;
PA1  whereby said first AND-driver device produces an actuating voltage
      establishing current through said voltage actuated device in a first
      direction only upon the joint occurence of said output pulse and said
      bistable device complimentary signal, and whereby said second output
      transistor is in a conducting state and supplies a sustaining current in
      said first direction only during the occurence of said bistable device
      complimentary signal and
PA1  further whereby said second AND-driver device produces an actuating voltage
      establishing current through said voltage actuated device in a second
      direction only upon the joint occurence of said output pulse and said
      bistable device output signal, and whereby said first output transistor is
      in a conducting state and supplies a sustaining current in said second
      direction only during the occurence of said bistable device output signal.
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ABST
PAL  A control circuit for a double acting electromagnet has two capacitors
      connecting opposite ends of the electromagnet to one supply line. The ends
      of the electromagnet can also be connected to the other supply line by way
      of a two position contact and a normally open switch. The capacitors
      control energisation of the electromagnet.
BSUM
PAR  This invention relates to control circuits for double acting
      electromagnets.
PAR  A control circuit according to the invention comprises in combination first
      and second terminals for connection to a d.c. source, a pair of capacitors
      connecting opposite ends respectively of the electromagnet to the first
      terminal, discharge paths for the capacitors, a two position contact
      operable by the electromagnet, and a normally open switch, said contact
      serving in its two positions respectively to connect opposite ends of the
      electromagnet by way of the switch to the second terminal.
DRWD
PAR  The accompanying drawing is a circuit diagram illustrating one example of
      the invention.
DETD
PAR  Referring to the drawing, there are provided positive and negative supply
      lines 11, 12, the line 12 conveniently being earthed. There is further
      provided a push button switch 14 which is spring loaded to its open
      position, and serves to connect the line 12 to a two-position movable
      contact 15 which in the position shown completes a circuit to the line 11
      by way of a capacitor 16, and in its alternative position completes a
      circuit to the line 11 by way of a capacitor 17. The capacitors 16, 17 are
      bridged by resistors 18, 19 respectively, and the fixed contact engageable
      by the contact 15 are bridged by an electromagnet 21. When energised, the
      electromagnet 21 moves the contact 15 from one position to its alternative
      position, and also controls a contact 22 connected in series with a load
      23 between the lines 12, 11. The contacts 22 and 15 have associated
      therewith a permanent magnet 24 which when the contact 22 is moved to its
      closed position, and the contact 15 is moved to its alternative position,
      holds the contacts 22 and 15 in their closed and alternative positions
      respectively until the contacts are moved back to the positions shown by
      the electromagnet 21.
PAR  Assuming that the contact 15 is in the position shown, then closing of the
      switch 14 will cause the capacitor 16 to charge instantaneously, and the
      capacitor 17 to charge more slowly by way of the winding 21. As a result,
      the winding 21 is energised for a sufficient time to move the contacts 15
      and 22 to their alternative and closed positions respectively. By the time
      the contact 15 is in its alternative position, both the contacts 15 and 22
      will be under the control of the permanent magnet 24. Assuming that the
      switch 14 is now allowed to open, then the contacts 15 and 22 remain in
      their alternative and closed positions respectively, and the capacitors 16
      and 17 discharge by way of their resistors 18 and 19 respectively. If the
      switch 14 is now closed again, the capacitor 17 charges instantaneously,
      and the capacitor 16 charges more slowly by way of the winding 21. The
      current flow through the winding 21 is in the opposite direction from
      previously, and so the winding 21 now moves the contacts 15 and 22 against
      the action of the magnet 24 to the position shown.
PAR  If the switch 14 is held closed for too long, the capacitors 16 and 17 in
      conjunction with the contact 15 ensure that the circuit does not operate
      for a second time. Thus, consider the situation when the contacts 15 and
      22 have moved respectively to their alternative and closed positions. In
      this situation, the capacitor 16 is almost fully charged. Because the
      capacitor 16 is almost fully charged, current does not flow through the
      winding 21 to charge the capacitor 16, and so the circuit does not operate
      again. The capacitors 16 and 17 will not of course discharge until the
      contact 14 is opened. Similar considerations apply when the contacts 15
      and 22 have just been moved to the position shown.
PAR  It will be appreciated that with an arrangement of the form described, when
      the contact 15 moves from the position shown to its alternative position,
      then at the instant when the contact 15 moves out of connection with its
      fixed contact, its momentum is such that it will continue to move into
      engagement with the other fixed contact, assisted by the magnet 24. When
      the contact 15 is moving back to the position shown, then by the time it
      has moved out of contact with the fixed contact, its momentum is such that
      it will move out of the influence of the magnet 24 sufficiently to cause
      the contact 15 to move back to the position indicated in the drawing.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a double acting electromagnet, a load circuit
      controlled by the electromagnet, and a source of electrical energy having
      first and second terminals, the improvement comprising a control circuit
      for controlling the energization of the electromagnet from the source of
      electrical energy including first switch means operable at least between
      first and second positions, first and second energy storage means coupled
      to said first switch means at one terminal thereof and to the first
      terminal of the source of energy at the other terminal thereof, said first
      switch means being coupled to the second terminal of the source of energy,
      the electromagnet being connected to said one terminal of each said first
      and second energy storage means, said first energy storage means being
      connected to directly charge from the source of energy and said second
      energy storage means being connected to charge through the electromagnet
      when said first switch means is in said first position, and said second
      storage means being connected to charge directly from the source of energy
      and said first storage means being connected to charge through the
      electromagnet from the source of energy when said first switch means is in
      said second position, a second switch means connected between the source
      and the electromagnet and said storage means for controlling the current
      flow in the electromagnet, said first switch means reversing the current
      through the electromagnet upon successive actuations of said first switch
      means, holding means for retaining said first switch means in the last
      position thereof between actuations of said second switch means, and means
      forming an independent discharge path for each of said first and second
      storage means between actuations of said second switch means.
NUM  2.
PAR  2. The improvement of claim 1 wherein said first and second storage means
      are capacitors.
NUM  3.
PAR  3. The improvement of claim 2 wherein said first and second capacitors are
      connected in series with said first and second switch means.
NUM  4.
PAR  4. The improvement of claim 2 wherein said discharge path forming means is
      a resistor connected across each capacitor.
NUM  5.
PAR  5. The improvement of claim 4 wherein said electromagnet and said switch
      means controls current flowing in a load circuit connected across the
      source of energy by means of a third switch connected in controlling
      relation therewith.
NUM  6.
PAR  6. The improvement of claim 5 wherein said holding means is a permanent
      magnet acting on said first switch means.
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ABST
PAL  Chromate radicals are used in a capacitor electrolyte comprising a polar
      organic solvent containing an ionizable salt in order to improve the
      elevated temperature properties, shelf life and storage life of
      electrolytic capacitors.
PARN
PAR  This is a division of application Ser. No. 804,986, filed Mar. 6, 1969, now
      abandoned.
BSUM
PAR  This invention relates to capacitor electrolytes and capacitors made
      therefrom, and to a method of improving elevated temperature properties,
      shelf life, and storage life of electrolytic capacitors.
PAR  It has been observed that electrolytic capacitors often degrade if allowed
      to stand for long periods of time without the application of voltage. This
      degradation may take the form of a change in effective capacitance and/or
      higher D.C. leakage current after application of voltage. In some
      instances application of rated voltage after capacitors have been allowed
      to stand too long may permanently damage the capacitor.
PAR  It has been found that these undesirable effects of storing are caused by
      changes which the dielectric oxide has undergone during storage and/or
      shelf life.
PAR  Also, one of the most important environments in which electrolytic
      capacitors must operate is at elevated temperatures. As the temperature
      increases the insulating ability of many dielectrics breaks down. This in
      turn lowers the useful working voltage of the capacitor. This problem has
      also been traced to changes which the dielectric oxide has undergone.
PAR  Furthermore, the storage at elevated temperature results in a compounding
      of the degrading effects of storage and temperature.
PAR  It is one object of the present invention to provide a capacitor
      electrolyte which will give long storage shelf life.
PAR  It is another object of the present invention to provide a capacitor
      electrolyte which will not suffer dielectric oxide changes after long
      periods of storage.
PAR  It is another object of the present invention to provide a capacitor
      electrolyte which will withstand elevated temperatures for long periods of
      time.
PAR  It is another object of the present invention to provide an electrolytic
      capacitor which will not suffer dielectric change or break down during
      operation at elevated temperature.
PAR  It is another object of this invention to provide an electrolyte for
      capacitors wherein the effective capacitance of the capacitors does not
      change substantially after being stored for long periods of time without
      the application of voltage.
PAR  It is another object of the present invention to provide a capacitor
      electrolyte which will reduce the increse in the D.C. leakage current
      after being allowed to stand for long periods of time without the
      application of voltage.
PAR  It is another object of the present invention to provide a capacitor
      electrolyte which will reduce dielectric oxide degradation after the
      capacitor is stored for extended periods of time at elevated temperature.
PAR  Other objects of the present invention will be apparent from the following
      description.
PAR  It has been found according to the present invention that chromate radicals
      when at least partially dissolved in the capacitor electrolyte will
      substantially reduce and/or eliminate the previously mentioned problems
      and achieve the foregoing objects.
PAR  The chromate radicals may be placed in the electrolyte in any convenient
      manner, such as by adding chromate containing salts, acids or complexes
      which are at least partially soluble in the electrolyte. Useful radicals
      include both chromate radicals and dichromate radicals. It is believed
      that when the radicals are dissolved in the electrolyte, they are at least
      partially ionized.
PAR  The concentration of chromate radicals in the electrolyte must be from
      about 0.01% to about 2.5% by weight of the electrolyte dissolved in the
      electrolyte. Preferably the concentration is 0.1 to 1% by weight dissolved
      in the electrolyte.
PAR  The electrolyte additive of the present invention can be used in
      practically any of the known types of liquid electrolyte capacitors. This
      includes, for example, the wound cartridge type, the sintered slug type,
      the impregnated type, the gel type, the impregnated cartridge type, etc.
PAR  The additive of the present invention may be used in any liquid or
      semi-liquid electrolyte comprising an organic polar solvent containing an
      ionizable solute dissolved therein. Such electrolytes are known in the
      capacitor art. For example, suitable organic solvents include the glycol
      ethers, particularly lower alkyl (1-6 carbon atoms) glycol mono and di
      ethers having up to about 20 carbon atoms, for example including ethylene
      glycol monomethyl and dimethyl ethers, ethylene glycol monoethyl and
      diethyl ethers, ethylene glycol monopropyl and dipropyl ethers, ethylene
      glycol monobutyl and dibutyl ethers, diethylene glycol monoethyl and
      diethyl ethers, diethylene glycol monomethyl and dimethyl ethers,
      diethylene glycol monopropyl and dipropyl ethers, diethylene glycol
      monobutyl and dibutyl ethers, cyclic organic alcohols, particularly
      monocyclic 5 and 6 membered ring alcohols including cyclohexanol,
      benzylalcohol, tetrahydrofurfuryl alcohol, also nitrogen mono and
      disubstituted amide compounds particularly substituted lower alkyl groups
      attached to the nitrogen according to the formula
      ##EQU1##
      where R.sub.1, R.sub.2 and R.sub.3 may be hydrogen or lower alkyl groups
      (having 1 to 6 carbon atoms). Examples include dimethylformamide and
      diethylacetamide.
PAR  The ionizable solute may be made for example by neutralizing or partially
      neutralizing an acid. Exemplary inorganic acids include boric acid,
      phosphoric acid and mixtures thereof. Exemplary organic acids which may be
      neutralized for this purpose include mono and dicarboxylic acids, having
      up to about 12 carbon atoms, including maleic acid, malonic acid, benzoic
      acid, picric acid and tartaric acid and mixtures thereof.
PAR  These acids may be neutralized with ammonia, aliphatic amines, particularly
      alkyl amines having up to 12 carbon atoms such as triethyl amine,
      trimethyl amine, tributyl amine, alkanol amines having up to 12 carbon
      atoms such as monoethanol amine, diethanolamine amine, monopropanolamine,
      dipropanolamine and tripropanol amine. Still other neutralizing agents
      include nitrogen base compounds such as guanidine type compounds
      ##EQU2##
      R.sub.4 and R.sub.5 are lower alkyl, aryl or H, and cyclic nitrogen
      compounds including pyridines and substituted pyridines such as mono and
      disubstituted pyridines, more particularly lower alkyl substituted
      pyridines, for example lutidine and picoline.
PAR  The amount of solute used may vary from a very small amount; for example
      0.01% by weight of the solvent, all the way up to the solubility limit of
      solvent and slight excesses above the solubility limit may be permitted in
      some applications.
PAR  The anode and the cathode of the capacitor may be made of any of the known
      valve metals including for example aluminum, titanium, niobium and
      tantalum. However, the preferred valve metal for wound impregnated
      cartridge capacitors is aluminum.
PAR  The chromate and dichromate radicals may be added as acids or be present in
      the electrolyte as acids which are at least partially soluble in the
      electrolyte such as chromic acid. The radicals may also be added or be
      present in the electrolyte as chromate or dichromate salts or complexes.
      While some chromate and dichromate metallic salts such as alkali metal
      salts, alkaline earth metal salts, etc. may be used to provide the
      chromate radicals, in general these salts are somewhat less soluble in the
      electrolyte than are the non-metallic salts. Additionally when metallic
      salts are used in some cases there is some tendency for metallic ions to
      plate out at the cathode, which may cause undesired shorting. For these
      reasons, non-metallic salts and complexes are preferred. Exemplary
      non-metallic salts include ammonium chromates, amine chromates and amine
      chromate complexes including aliphatic and aromatic amine chromates
      particularly aryl and alkyl amine chromates, dichromates and complexes and
      alkanol amine chromates and dichromates and complexes and mixtures thereof
      having up to 20 carbon atoms, also in the electrolyte, the chromate
      radicals may be complexed with ammonia and/or the amines, and/or a portion
      of the polar organic solvent and/or the ionizable salt including both the
      acid and base portion thereof used in the neutralization reaction to form
      the ionizable salt. From a practical standpoint the most preferred salts
      are ammonium chromate, ammonium dichromate, ammonium chromate complexes
      and mixtures thereof.
PAR  The properties of the capacitors utilizing the electrolyte additive and
      electrolyte of the present invention may very widely. The capacitors may
      be made so as to withstand a wide range of voltages from 1 volt up to 500
      volts, and higher, and have capacitances varying widely from about 1
      microfarad to 1 farad or higher, if desired.
PAR  The capacitors may be operated throughout a wide temperature range, for
      example at temperatures at -75.degree.C to +175.degree.C.
PAR  Capacitors utilizing electrolyte of the present invention have a high
      reliability of having a storage or shelf life of at least two years at
      room temperature and shelf lives as long as three to five years and longer
      are very common.
PAR  The shelf life at elevated temperatures of capacitors utilizing the
      additive and electrolyte of the present invention is also very good. At
      temperatures of 25.degree. to 50.degree.C a shelf life of two years and
      longer may be expected with high reliability; at 50.degree.-85.degree.C a
      high reliability after one year storage and longer is obtained. At
      85.degree.-125.degree.C a high reliability after 6 months and longer is
      obtained.
DETD
PAC  EXAMPLE I
PAR  Twelve capacitors rated at 10 microfarads at 150 volts D.C. were
      impregnated with the following electrolyte system: 95 grams
      diethylformamide, 6.0 grams boric acid, 0.5 grams maleic acid, 0.5 grams
      malonic acid, 0.2 grams phosphoric acid, 0.1 grams ammonium dichromate.
      Tributylamine was added to raise the pH to 5.7.
PAR  A second group of capacitors was impregnated with the same solution except
      no ammonium dichromate was contained in the solution.
PAR  All the capacitors were tested at room temperature before exposure and
      after exposure to 250.degree. hours at 85.degree.C, and cooling to room
      temperature. The results are shown in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     85.degree.C Exposure                                                      

     with ADC          without ADC                                             

     I (Micro-amps)    I (Micro-amps)                                          

     Before   After 250 Hr.                                                    

                           Before   After 250 Hr.                              

     Exposure Exposure     Exposure Exposure                                   

     ______________________________________                                    

     .37      3.6          .36      7.8                                        

     .23      2.6          .36      5.1                                        

     .94      3.4          .60      9.4                                        

     .24      4.3          .48      5.0                                        

     .56      3.5          .41      5.4                                        

     .78      2.4          .41      4.9                                        

     .23      3.2                                                              

     ______________________________________                                    

PAC  EXAMPLE II
PAR  Twelve capacitors rated at 10 microfarads at 150 volts D.C. were
      impregnated with the following electrolyte system: 95 grams
      dimethylformamide, 6.0 grams boric acid, 0.5 grams maleic acid, 0.5 grams
      malonic acid, 0.2 grams phosphoric acid, 0.1 grams ammonium dichromate.
      Tributylamine was added to raise the pH to 5.7.
PAR  A second group of capacitors was impregnated with the same solution except
      no ammonium dichromate was contained in the solution.
PAR  All the capacitors were tested at room temperature before exposure and
      after exposure to 250 hours at 125.degree.C, and cooling to room
      temperature. The results are shown in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     125.degree.C Exposure                                                     

     with ADC          without ADC                                             

     I (Micro-amps)    I (Micro-amps)                                          

     Before   After 250 Hr.                                                    

                           Before   After 250 Hr.                              

     Exposure Exposure     Exposure Exposure                                   

     ______________________________________                                    

     .45      22.2         .38      32.2                                       

     .24      18.9         .16      31.0                                       

     .52      26.6         .23      49.7                                       

     .27      18.4         1.38     35.9                                       

     .74      21.1         .68      38.8                                       

     .25      24.5         1.39     25.1                                       

     .75      22.8                                                             

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A liquid or semi-liquid electrolyte capacitor including anode electrode
      means of a valve metal, a valve metal oxide in contact with the anode
      electrode means, cathode electrode means, and electrolyte means contacting
      the valve metal oxide and the cathode electrode means, the electrolyte
      means comprising an organic solvent including glycol monoethers or
      diethers having up to 20 carbon atoms or amides having the formula
      ##EQU3##
      where R.sub.1, R.sub.2 and R.sub.3 are H or lower alkyl and mixtures
      thereof, the organic solvent has dissolved therein an ionizable solute of
      0.01 wt.% up to the solubility limit of the organic solvent, the ionizable
      solute including acid at least partially neutralized and a neutralizing
      agent, the acid including boric acid or phosphoric acid or mono and
      dicarboxylic acids having up to 12 carbon atoms and mixtures thereof, the
      neutralizing agent including ammonia or alkyl and alkanol amines having 4
      to 12 carbon atoms or guanidine type compounds having the formula
      ##EQU4##
      where R.sub.4 and R.sub.5 are lower alkyl or aryl or H, cyclic nitrogen
      compounds including pyridine or substituted pyridines and mixtures
      thereof, and a substance separate from the ionizable solute including
      acids or non-metal salts or chromium oxygen complexes and mixtures
      thereof, the substance yielding in solution chromate radicals having at
      least some solubility in the electrolyte to the extent of about 0.01% to
      about 2.5% by weight of the electrolyte.
NUM  2.
PAR  2. The capacitor of claim 1, wherein the nonmetallic salt of the
      electrolyte means includes ammonium salts or aliphatic amine salts having
      up to 20 carbon atoms or aromatic amine salts having up to 20 carbon atoms
      and mixtures thereof.
NUM  3.
PAR  3. The capacitor of claim 2, wherein the aliphatic amine salt of the
      electrolyte means includes alkyl and alkanol amine salts and mixtures
      thereof.
NUM  4.
PAR  4. The capacitor of claim 1, wherein the complex of the electrolyte means
      is formed with a substance including ammonia or amines or the organic
      solvent or the ionizable solute and mixtures thereof.
NUM  5.
PAR  5. The capacitor of claim 1, wherein the chromate radical of the
      electrolyte means is present as a chromate or dichromate and mixtures
      thereof.
NUM  6.
PAR  6. The capacitor of claim 1, wherein the non-metal salt of the electrolyte
      means is an ammonium salt.
NUM  7.
PAR  7. The capacitor of claim 1, wherein the amide of the electrolyte means
      includes dimethylformamide or diethylacetamide and mixtures thereof.
NUM  8.
PAR  8. The capacitor of claim 1, wherein the carboxylic acid of the electrolyte
      means includes succinic acid or tartaric acid or picric acid or maleic
      acid or malonic acid and mixtures thereof.
NUM  9.
PAR  9. The capacitor of claim 1, wherein the electrolyte means consists
      essentially of 95 parts diethylformamide, 6 parts boric acid, 0.5 parts
      maleic acid, 0.5 parts malonic acid, 0.2 parts phosphoric acid, 0.1 parts
      ammonium dichromate and tribulylamine in an amount sufficient to effect a
      pH of about 5.7 in the solution.
NUM  10.
PAR  10. A method of improving the shelf life and storage life of a capacitor by
      using in the capacitor the electrolyte of claim 1.
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ABST
PAL  An n-phase electronically commutated motor has a stator with n angularly
      displaced phase windings, each of which comprises a pair of power
      windings, and each power winding is connected in series with a transistor
      power switch across an electric power source so that the power windings of
      each phase generate magnetic fluxes in opposite directions and operate in
      push-pull. A capacitive rotor sensor coupled to the motor rotor derives
      n-phase square wave rotor position signals displaced 360/n degrees apart
      at a frequency proportional to rotor speed and n sets of logic gates
      receive the rotor position signals and control the conduction interval of
      the power transistors. The logic gates are opened during rotor position
      signals which energize the power switches in a sequence that generates a
      rotating magnetic field within the stator.
PARN
PAR  This is a division, of application Ser. No. 278,577 filed Aug. 7, 1972.
BSUM
PAR  This invention relates to brushless motors and more particularly to a
      variable speed electronically commutated motor.
PAC  BACKGROUND OF THE INVENTION
PAR  Commutation in a conventional direct current motor is essentially a
      mechanical switching operation in which) brushes and a segmented
      commutator cyclically reverse current through the armature conductors in a
      sequence as a function of rotor position, and such commutation results in
      friction wear and sparking with attendant generation of radio frequency
      noise. In order to eliminate such defects, brushless D.C. motors have been
      developed provided with electronic commutation means for controlling the
      armature current in accordance with the rotational position of the rotor.
      Brushless D.C. motors are also known which employ a permanently magnetized
      rotor and wherein the stator windings are energized in a cyclical sequence
      through semiconductor power switches which are sequentially gated in
      accordance with the rotational position of the rotor. Variable speed
      synchronous motors are also known wherein a synchro coupled to the motor
      rotor derives phase-displaced sine wave control signals at a frequency
      proportional to motor speed which regulate a cycloconverter for energizing
      the stator windings, and the phase angle and magnitude of the control
      signals are varied as a function of motor speed to advance motor torque
      angle at higher motor speeds.
PAR  Prior art electronically commutated motors which use optical or magnetic
      rotor position sensors are, in general, unnecessarily expensive and
      complicated and have relatively low sensitivity and relatively high
      temperature drift. Known electronically commutated motors using magnetic
      rotor position sensors have problems with D.C. offsets, while those
      employing optical rotor position sensors have problems with dirt and
      vibration. Also, prior art brushless D.C. motors do not have the desirable
      torque and speed characteristics of conventional direct current motors,
      while known variable speed synchronous motors either require complicated
      and expensive synchros for generating phase-displaced sine wave control
      signals or necessitate complicated and expensive analog circuits.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide an electric motor having no
      mechanical commutator in which a plurality of stator windings are
      sequentially energized in push-pull through transistor power switches to
      produce a driving torque on the motor, with facility for reversal and
      speed regulation.
PAR  It is a further object of the invention to provide an improved brushless
      motor having electronic commutation means for controlling armature current
      in accordance with the rotational position of the rotor and which has
      speed and torque characteristics comparable to those of a conventional
      D.C. motor while eliminating the above disadvantages of mechanical
      commutation. Another object of the invention is to provide an improved
      electronically commutated motor which has high stall torque and operates
      over a wide speed range with smooth control of speed. A still further
      object of the invention is to provide an improved electronically
      commutated motor which permits smooth regenerative braking and smooth
      reversal of the direction of motor rotation. Still another object is to
      provide such a electronically commutaed motor in which efficiency is high
      and which is relatively low in cost and simple to manufacture. A further
      object of the invention is to provide such an improved electronically
      commutated motor which is particularly adapted to drive a vehicle and
      which, upon failure of a power switch, will not cause the vehicle to
      become uncontrollable, but rather will still drive the vehicle to a repair
      area. Still another object is to provide an improved battery-energized,
      electronically commutated traction motor which consumes less energy in
      operation so that the range of the vehicle driven thereby is increased.
PAR  Another object of the invention is to provide an improved electronically
      commutated motor using transistor power switches which do not require
      commutators, which can easily be paralleled to attain high current
      capacity, and which tolerate high temperatures without damage. A further
      object is to provide such an improved electronically commutated motor
      having a plurality of stator phase windings each comprising a pair of
      power windings energized in push-pull through respective semiconductor
      power switches which are turned on by rotor position signals that the
      complements of each other and vary in frequency in accordance with rotor
      angular velocity.
PAC  SUMMARY OF THE INVENTION
PAR  A electronically commutated electric motor having n angularly displaced
      phase stator windings is energized, in accordance with the invention, from
      a power source through transistor power switches which are sequentially
      enabled during rotor position signals displaced 360/n electrical degrees
      apart derived by a rotor position sensor coupled to the motor rotor to
      generate a rotating magnetic field within the stator. Each stator phase
      winding preferably comprises a pair of power windings, and the power
      windings in each phase are connected through the transistor power switches
      so that they generate magnetic fluxes in opposite direction and operate in
      push-pull when they are enabled by rotor position signals which are
      complements of each other. Base drive is provided to each power switch
      through a drive winding on the stator inductively coupled to the
      associated power winding so that base current is fed back to sustain power
      switch conduction, and if collector current becomes high enough to pull a
      power switch out of saturation, then the base current drive decreases due
      to transformer action and degenerative current limit turn-off of the power
      switch occurs. A logic gate set associated with each phase power winding
      comprises a plurality of logic gates which receive different
      time-displaced rotor position signals and have their output commoned and
      coupled to the associated power switch, and the logic gates are
      sequentially enabled during rotor portion signals which result in
      generation of a rotating magnetic field within the stator.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of the invention will be more
      readily apparent from the following detailed description when considered
      in conjunction with the accompanying drawing wherein:
PAR  FIG. 1 is a schematic diagram in block form of the electronically
      commutated motor of a preferred embodiment of the invention;
PAR  FIG. 2 is a schematic wiring diagram of the rotor position sensor, the
      square wave generator, and the synchronous pulse generator of FIG. 1;
PAR  FIG. 3a illustrates the three-phase output square waves from the square
      wave generator which indicate rotor position; FIG. 3b illustrates the
      train of 60.degree. spaced apart timing pulses P from the synchronous
      pulse generator whose frequency is a function of motor speed; FIG. 3c
      illustrates the train of delay pulses P' after they have been delayed
      30.degree. in the variable delay circuit; FIG. 3d illustrates the "logic"
      signals c2 from delay gating circuit 22 fed over lead C2 to interface
      circuit IFC2 as a result of the delay pulses P' shown in FIG. 3c; and FIG.
      3e illustrates the current pulses CC2 conducted by power switch PSC2 as a
      result of the logic signals c2 shown in FIG. 3d;
PAR  FIG. 4 is a schematic wiring diagram of the variable delay circuit;
PAR  FIG. 5 is a schematic wiring diagram of the speed switch;
PAR  FIG. 6 is a schematic wiring diagram of the speed-direction circuit, the
      angle-direction gating circuit, and the delay gating circuit;
PAR  FIGS. 7a, 7b, 7c and 7d show the rotor position signals which enable power
      switches PSA1 and PSA2 for, respectively: (a) forward motor rotation and
      0.degree. torque angle; (b) reverse rotation and 0.degree. torque angle,
      (c) forward rotation and 60.degree. leading torque angle, and (d) reverse
      rotation and 60.degree. leading torque angle;
PAR  FIG. 8 is a schematic wiring diagram of power switch PSC2 and interface
      circuit IFC2;
PAR  FIG. 9 is a partial cross section view through a preferred embodiment of
      the capacitive position sensor;
PAR  FIGS. 10 and 11 are views taken along line X--X and XI--XI, respectively,
      of FIG. 9, and
PAR  FIG. 12 shows the field current regulator characteristics.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawing, the motor of the preferred embodiment of the
      invention may have the frame (not shown) of a conventional synchronous
      motor with the stator winding schematically shown in FIG. 1 similar to
      that of a three-phase, wye connected, push-pull transformer. The stator
      has one centertapped winding per phase, and the wye configuration is made
      by connecting together the center taps of the three phase windings. Stator
      phase A winding comprises a winding section A1P, termed a "power winding,"
      connected in series with an oppositely polarized winding section, or power
      winding A2P and with the center tap therebetween connected to the positive
      terminal of the battery and being commoned to the center tap between power
      windings B1P and B2P of phase B stator winding and also common to the
      center tap between power windings C1P and C2P of phase C stator winding.
      (In this system of notation, the first symbol designates the phase, the
      second symbol designates the polarity group, and the third symbol
      designates the type of winding, power or drive). The two power windings
      (i.e., winding sections) of each phase stator winding are of opposite
      polarity, e.g., winding A1P is of opposite polarity to winding A2P,
      winding B1P is oppositely polarized from winding B2P. Each power winding
      A1P, A2P, B1P, B2P, C1P, and C2P is connected to a power switch which
      preferably is a silicon transistor, e.g., power winding A1P is coupled to
      the collector of power switch PSA1, power winding A2P is coupled to the
      collector of power switch PSA2, etc. Only one power switch PSC2 is shown
      in detail in FIG. 8.
PAR  When the two power switches of a phase, such as PSA1 and PSA2 of phase A,
      are operated alternately to energize the oppositely polarized power
      windings such as A1P and A2P, the direction of magnetic flux in the motor
      stator is reversed, even though the direction of current from the battery
      through windings A1P and A2P is unchanged. Thus the power windings of each
      phase, such as A1P and A2P of the phase A stator winding, in conjunction
      with the associated power switches PSA1 and PSA2 are arranged in push-pull
      in a manner similar to a push-pull converter. Because of the polarities of
      the two power windings per phase, such as A1P and A2P, each carrying
      unidirectional current, an alternating flux is established in each phase
      of the motor stator, and the six power switches PSA1, PSA2, PSB1, PSB2,
      PSC1 and PSC2 conduct at the correct time to maintain the desired
      direction rotational velocity of the stator rotating magnetic field.
PAR  The motor rotor R is shown schematically in FIG. 1 and may be similar to a
      conventional synchronous motor rotor with four non-salient field poles and
      a field winding FLD energized with direct current from a field current
      regulator FCR to generate a direct current magnetic field which reacts
      with the rotating magnetic field generated by the stator power windings
      A1P-C2P to produce torque on the rotor R. FIG. 1 illustrates that the
      rotor field winding FLD is energized through brushes, but it will be
      appreciated that brushes may be eliminated if the field winding is
      energized from a unidirectional source including a rotating transformer
      (not shown) having the transformer secondary winding and the rectifiers
      mounted on the motor rotor in the manner disclosed in U.S. Pat. No.
      3,351,396 to La Rose having the same assignee as this invention, or if the
      motor is of the synchronous inductor type wherein magnetic poles are
      generated in a windingless ferromagnetic rotor by a field winding on the
      stator such as disclosed in U.S. Pat. No. 3,584,276 to W. L. Ringland et
      al.
PAR  The motor stator also has a center-tapped "base drive" winding in each
      phase with the center taps connected in wye to provide six winding
      sections, termed "drive" windings A1D, A2D, B1D, B2D, C1D, and C2D each of
      which is inductively linked with the corresponding power winding of the
      same phase, e.g., drive winding A1D is inductively linked to power winding
      A1P, etc. The drive windings of each phase are connected through the power
      switches so that they generate magnetic fluxes in opposite directions,
      e.g., winding A1D is oppositely polarized from winding A2D, and each drive
      winding supplies base drive power to the corresponding transistor power
      switch and derives such power from the corresponding power winding by
      transformer action.
PAC  POWER SWITCH
PAR  The power transistor switches PSA1, PSA2, PSB1, PSB2, PSC1 and PSC2 for
      power windings A1P, A2P, B1P, B2P, C1P and C2P respectively are shown in
      block form in FIG. 1 and are identical to power transistor switch PSC2 for
      power winding C2P shown in detail in FIG. 8 comprising a plurality of
      paralleled power transistors Q1-Q8. The number of paralleled transistors
      Q1-Q8 is determined by the required current rating, and the series of dots
      in FIG. 8 indicates that any desired number of power trnasistors may be
      utilized in the transistor power switch PSC2. The collectors of
      transistors Q1-Q8 are commoned and connected to stator power winding C2P.
      The emitters of paralleled transistors Q1-Q8 are commoned and connected to
      the negative terminal -B of the battery. The bases of transistors Q1-Q8
      are connected through similar resistors (only R1, R3 and R15 being shown)
      to the negative terminal -B of the battery and are also connected through
      similar resistors (only R2, R4 and R16 being shown) to a base lead DR to
      the interface circuit IFC2 for power switch PSC2. The base resistors
      R1-R16 insure base current sharing by the power transistors Q1-Q8. A diode
      D1 connected across emitter and collector of power transistors Q1-Q8 in
      opposite polarity thereto functions as a free-wheeling diode and
      regenerative path during the time the motor is acting as a generator to
      conduct currents flowing in the direction opposite to the current supplied
      by power switch PSC2 to stator winding C2P, such as may be generated
      during braking of the motor. A diode D2 coupled to a TRANS SUPP lead
      clamps the collectors of the power transistors Q1-Q8 to a common transient
      suppressor circuit (not shown) which is shared by all six power switches
      PSA1-PSC2.
PAC  INTERFACE CIRCUIT
PAR  The interface circuits IFA1, IFA2, IFB1, IFB2, IFC1 and IFC2 which drive
      the power switches PSA1, PSA2, PSB1, PSB2, PSC1 and PSC 2, respectively,
      are shown in block form in FIG. 1 and are similar to interface circuit
      IFC2 (see FIG. 8) which drives power switch PSC2. The principal funtion of
      the interface circuits IFA1-IFC2 is to step up the power level efficiently
      between the "logic" output from delay gating circuit 22 and the bases of
      the power switches PSA1-PSC2, and the interface circuits IFA1-IFC2 also
      protect the power switches by interrupting the "logic" signal from delay
      gating circuit 22 when abnormal voltages are sensed across the power
      switches. The base drive lead DR from power switch PSC2 is coupled to the
      emitter of a base drive transistor Q9 having its collector coupled through
      a diode D3 to drive winding C2D (which is inductively coupled to power
      winding C2P). The base of transistor Q9 is connected through a resistor
      R18 to the negative terminal -B of the battery and also to the emitter of
      a transistor Q10 having its collector coupled through a resistor R19 to
      the positive battery terminal. The collector of transistor Q9 is also
      coupled through a diode D4 and over a lead D0 to a drive oscillator shown
      in block form in FIG. 1. The base of transistor Q10 is coupled to a VCL
      lead from a variable current limit circuit 21 shown in block form in FIG.
      1 and is also coupled through a resistor R21 to the collector of a
      transistor Q11. The emitter of transistor Q11 is connected to a positive
      five volt direct voltage regulator source +5V, and bhe base of PNP
      transistor Q11 is connected through a resistor R22 to a lead C2 from delay
      gating circuit 22. Interface circuit IFC2 is arranged so that a logical 0
      voltage signal over lead C2 from the delay gating circuit 22 will result
      in turning on transistors Q11, Q10 and Q9 with the result of turning power
      switch PSC2 on (and so that a logic 1 signal on lead C2 will result in
      turning power switch PSC2 off).
PAR  When a power switch such as PSC2 is conducting, base current is fed back
      from the associated inductively linked power and drive windings C2P and
      C2D to sustain conduction of the power switch PSC2, and the magnitude of
      such feedback base drive current is a function of the drive winding
      voltage, the base-emitter voltage of the transistor power switch, and
      other voltage drops in the circuit. If the collector current of a power
      transistor switch becomes high enough to pull the power transistor switch
      out of saturation, then the base current drive to the power transistor
      switch will decrease and degenerative turn-off of the power transistor
      switch will occur. In other words, the increase of collector current to
      the power transistor switch pulls it into the active region and
      consequently increases its collector-to-emitter voltage, thereby
      decreasing the input to the power winding and also decreasing the output
      voltage from the corresponding drive winding and the base current drive to
      the power transistor. Such degenerative current limiting increases until
      the base drive transistor Q9 for the transistor power switch turns off and
      prevents the power transistor switch from assuming a stable operating
      point in the active region where it would eventually be destroyed because
      of the generation of excessive heat.
PAR  In an alternative embodiment the base drive is derived from a tap on the
      power winding rather than from a separate drive winding.
PAR  Each phase A, B and C of the motor has two identical circuits, one for each
      power switch, and the conducting periods of the two power switches per
      phase (e.g., PSC1 and PSC2 for phase C) are displaced 180.degree. so that
      a squre wave is produced across the corresponding motor stator power
      windings such as C1P-C2P for full conduction. The other two phases A and B
      produce similar square waves with 120.degree. displacement between phases
      for the three-phase output.
PAR  Logic 0 voltage and logic 1 voltage square wave signals over leads A1, A2,
      B1, B2, C1, and C2 from delay gating circuit 22 to interface circuits
      IFA1, IFA2, IFB1, IFB2, IFC1 and IFC2 respectively control the allowable
      "window" during which the power switches PSA1, PSA2, PSB1, PSB2, PSC1 and
      PSC2 may conduct. The initiation (and reinstatement) of power switch
      conduction is dependent upon pulses generated by drive oscillator 20.
      Drive oscillator 20 is triggered by a pulse over lead 78 from variable
      delay circuit 15 so that initiation of conduction by the power switches
      PSA1-PSC2 will coincide with the leading edges of the "logic" wave forms
      over leads A1, A2, B1, B2, C1 and C2 from delay gating circuit 22. Drive
      oscillator 20 generates a train of periodic pulses to reinstate conduction
      by the power switches after turn-off by current limiting.
PAR  The forward bias for power switch PSC2 is generated by drive winding C2D
      and is coupled through diode D3 of interface circuit IFC2 and the
      collector-emitter circuit of transistor Q9 of the base of power switch
      PSC2, while the reverse bias for the power switch PSC2 is also generated
      across drive winding C2D and is coupled to the base of power switch PSC2
      through diode D6 in series with a resistance R23. The initial pulse from
      drive oscillator 20 over lead D0 is coupled through diode D4 and the
      collector-emitter circuit of base drive transmitter Q9 of interface
      circuit IFC2 to the base drive lead DR and the bases of power transistors
      Q1-Q8 of power switch PSC2 to turn them on. As explained above, the
      initial pulse from drive oscillator 20 is coincident with a "logic" signal
      from delay gating circuit 22, and the negative-going logic 0 square wave
      pulse over lead C2 from delay gating circuit 22 is coupled to the base of
      PNP transistor Q11 to turn it on. The change of voltage on the collector
      of transistor Q11 turns on transistor Q10 and base drive transistor Q9.
      Transistors Q11 and Q10 raise the power level of the square wave
      negative-going "logic" pulses from delay gating circuit 22 and apply them
      to the base of base drive transistor Q9. Regeneration occurs through
      inductively coupled power and drive windings C2P and C2D, diode D3 and the
      collector-emitter circuit of base drive transistor Q9 to maintain power
      transistors Q1-Q8 in saturation, and power switch PSC2 remains conducting
      after the trigger pulse from drive oscillator 20 disappears. The power
      switch PSC2 will remain conducting until the coupled positive feedback can
      no longer support switch PSC2 in saturation. The train of periodic pulses
      (not shown) from drive oscillator 20 will continue for the duration of the
      square wave "logic" pulses c2 (see FIG. 3d) over lead C2 from delay gating
      circuit 22, and if power switch PSC2 should current limit and turn off
      during the conduction interval, conduction will be resumed at the next
      pulse from drive oscillator 20 which is coupled through diode D4 and
      transistor Q9 to the base of power transistors Q1-Q8.
PAR  Once the logic 0 square wave c2 over lead C2 from delay gating network 22
      disappears and logic 1 reappears on lead C2 and the pulses from drive
      oscillator 20 cease, the regenerative feedback through windings C2P and
      C2D can no longer support the power switch PSC2 in saturation because
      transistor Q9 is not conducting. The collector-to-emitter voltage of
      transistors Q1-Q8 of power switch PSC2 consequently increase and thereby
      decrease the voltage input to power winding C2P. Resistor R23 in series
      with diode D6 of interface circuit IFC2 provides a path for turn-off
      current to power switch PSC2 in shunt to transistor Q9, and when power
      switch PSC2 turns off, the polarity of drive winding C2D reverses and
      provides reverse bias through diode D6 and resistance R23 to the bases of
      the power transistors Q1-Q8 of power switch PSC2.
PAC  GENERAL THEORY OF SPEED AND DIRECTION CONTROL
PAR  The two power switches in each phase, such as power switches PSA1 and PSA2
      of phase A, conduct 180.degree. apart to provide unidirectional current to
      the two oppositely polarized power windings A1P and A2P respectively of
      phase A to thus establish an alternating flux in each phase of the motor.
      Capacitive position sensor 11 determines the instantaneous motor rotor
      position and provides a three-phase square wave output A, A, B, B, C and C
      shown in FIG. 3a at a frequency proportional to motor speed and which is
      indicative of rotor position and thus of the position of the rotor field
      with respect to the stator phase windings. The three-phase position sensor
      output establishes the correct stator sequence with respect to the rotor
      so that the six power switches PSA1-PSA2 conduct at the right time and in
      the right sequence to maintain the desired direction and rotational
      velocity of the stator rotating field which will keep the rotor field
      locked therewith. Control of the motor is accomplished by delaying the
      turning on of the power switches PSA1-PSC2 so that they are on for less
      than their full conduction period.
PAR  If the three phase square wave output A, A, B, B, C and C of the position
      sensor 11 (shown in FIG. 3a), which is synchronized to the rotor position,
      were applied without delay and directly over leads A1, A2, B1, B2, C1 and
      C2 from delay circuit 22 to interface circuits IFA1, IFA2, IFB1, IFB2,
      IFC1 and IFC2 respectively, the motor rotor R would rotate in the forward
      direction at full conduction of power switches PSA1-PSC2 and with the
      conduction window of the power switches PSA1-PSC2 in phase with the
      counter e.m.f. generated in the stator power windings by the magnetic flux
      of the resultant ampere turns (i.e., the resultant of the rotor field
      winding ampere turns and the armature reaction ampere turns). Motor speed
      and torque are selectively controlled by varying the duty cycle of the
      power switches PSA1-PSC2, i.e., the portion of the conduction window
      during which the power switches conduct. As the duty cycle of the power
      switches is increased, the average current carried by the power windings
      is increased and consequently motor torque and rotor speed are likewise
      increased.
PAR  The rotor position sensor output square waves A, A, B, B, C and C shown in
      FIG. 3a are inputs to the angle-direction circuit 19 and determine the
      allowable window during which the power switches PSA1-PSC2 may conduct.
      The point of the beginning of conduction within the conduction window by
      the power switches PSA1-PSC2 is determined by the setting of a power
      control potentiometer PCP which is an input over lead 74 to variable delay
      circuit 15. Synchronous pulse generator 14 derives a train of timing
      pulses P shown in FIG. 36 at a frequency proportional to motor speed, and
      variable delay circuit 15 delays the pulses through a phase angle
      proportional to the setting of power control potentiometer PCP to derive
      delay pulses P' shown in FIG. 3c which initiate conduction by power switch
      PSC2. The train of drive pulses over lead DO are coupled through diode D4
      and transmitter Q9 of interface circuit IFC2 to the bases of power
      transistors Q1-Q8 of power switch PSC2.
PAR  Each delay pulse P' (shown in FIG. 3c) from variable delay circuit 15 (and
      thus the train of drive pulses from drive oscillator 20) is continuous
      until the next synchronizing pulse P from pulse generator 14 is applied to
      variable delay circuit 15. Thus the power control potentiometer PCP sets
      the delay which can vary the conduction of the power switches PSA-PSC2
      from full-on to full-off.
PAR  The synchronous pulse generator 14 produces a timing pulse P (shonw in FIG.
      3b) at every square wave edge of the three-phase square wave output of
      rotor position sensor 11. For each of these timing pulses P, the delay
      circuit 14 regulated by the power control potentiometer PCP begins a delay
      period. There are three delay periods for each half cycle (180.degree.
      electrical) of the rotor position square wave because a timing pulse P is
      generated at each square wave edge of the three-phase square wave. The
      control range of this delay period is from zero to one-third of a half
      cycle, i.e., 60.degree. electrical, and such a delay period controls the
      opening of gates NAND47 - NAND52 (FIG. 6) in the delay gating circuit 22
      so that the output of delay gating circuit 22 over lead C2 to interface
      circuit IFC2 is three square wave segments c2 per half cycle (see FIG. 3d)
      each of which can be modulated from 0.degree. t0 60.degree. of the half
      cycle. Assuming 30.degree. delay, the resulting three current pulses CC2
      from power switch PSC2 per half cycle are shown in FIG. 3e.
PAR  In a conventional synchronous motor the torque angle between the voltage
      applied to the stator windings and the counter e.m.f. generated by the
      flux of the resultant ampere turns varies from zero degrees at stall to
      almost 90.degree. at a higher motor speed. The phase relation (torque
      angle) of the conduction by the power switches PSA1-PSC2 with respect to
      the counter e.m.f. generated in the stator power windings A1P-C2P (by the
      ampere turns which produce the air-gap flux) determines whether the motor
      is operating as a generator or a motor and also determines at what power
      level the motor is operating.
PAR  At low motor speed and small displacement (torque) angles between counter
      e.m.f. and power switch conduction, such as occur at a stall condition,
      the stator winding looks like substantially pure resistance to the low
      frequency square waves produced by the power switches, while at higher
      speeds the synchronous reactance increases and the stator winding appears
      more like pure inductance to the battery. Consequently, it is desirable
      that the torque angle (i.e., the phase angle between the initiation of
      power switch conduction window and the counter e.m.f. generated in the
      stator windings by the resultant ampere turns) be small at low speeds so
      that stator field will be in step with the rotor and also that the torque
      angle be leading at higher motor speeds (with consequent higher
      synchronous reactance and lagging stator currents) so that the rotor field
      stay in synchronism with the rotating stator field.
PAR  The aforementioned U.S. Pat. No. 3,584,276 to W. L. Ringland et al
      discloses a variable speed synchronous motor drive system in which the
      displacement angle of the terminal voltage applied to the stator winding
      relative to the magnetic poles generated in the rotor is continuously
      varied as a function of the motor speed to maintain the output power of
      the motor constant over the speed range.
PAR  In the preferred embodiment, the torque angle is limited to two discrete
      values, namely 0.degree. and 60.degree.. Such variation in phase angle at
      which power switch conduction is initiated can be either for forward or
      reverse rotation of the motor and is in addition to the variable delay in
      initiation of power switch conduction as a function of the setting of
      power potentiometer PCP provided by variable delay circuit 15. A torque
      angle of 0.degree. is used only at very low speeds and is necessary to
      maintain stall torque. A 60.degree. leading torque angle is a slight
      compromise since it is used over a wide speed range in which torque angles
      of other than 60.degree.  would yield greater horsepower output from the
      motor, but it is a desirable compromise since the power output with
      60.degree. torque angle at maximum speed is approximately 85 percent of
      that obtained with the optimum 90.degree. torque angle.
PAR  The speed direction circuit 16 provides signals to angle-direction circuit
      19 which determine the direction of rotation of the motor (as manually
      selected by the direction switch DS) and also determine the proper torque
      angle of 0.degree. or 60.degree. as a function of motor speed. The phase
      angle selection information is derived from the speed switch 17 which
      determines whether the motor is turning faster or slower than a
      predetermined initial speed at which the motor power output for a torque
      angle of 60.degree. is equal to that for a 0.degree. torque angle. This
      equalization is necessary for a smooth transition upon changing the torque
      angle. The preferred embodiment is for a wound rotor synchronous motor,
      but the invention is also applicable to a variable speed brushless
      synchronous motor wherein magnetic poles are induced in a ferromagnetic
      rotor carrying no windings by a field winding on the motor stator.
PAC  CAPACITIVE POSITION SENSOR
PAR  The capacitive rotor position sensor 11 is disclosed in the copending
      application of Frederick A Stich, Ser. No. 266,286, filed June 26, 1972,
      entitled Capacitive Position Sensor and having the same assignee as this
      invention, and establishes the correct sequence of enabling of the power
      switches PSA1-PSC2 with respect to the motor rotor. Another way of stating
      this function is that capacitive rotor position sensor 11 establishes the
      correct stator field sequence with respect to the rotor field. Capacitive
      rotor position sensor 11, in combination with square wave generator 12,
      derives a three-phase train of square waves A, A, B, B, C and C at a
      frequency proportional to rotor angular position.
PAR  Capacitive position sensor 11 may have 2pn equals twelve stationary
      metallic capacitor plates, or electrodes 31 (see FIGS. 1, 2, 10 and 11)
      disposed side-by-side and forming an annular disk (where n is the number
      of phases and p is the number of rotor pole pairs) mounted on the motor
      stator. A rotatable capacitor plate shown in FIGS. 1 and 2 as comprising
      two electrically commoned, elongated and narrow metallic electrodes 36
      aligned along a diameter of the circular disk 15 is operatively connected
      to the motor rotor R for movement therewith and is mounted for rotation
      adjacent the stationary capacitor plates 31.
PAR  The rotatable position sensor electrodes 36 are schematically shown in FIG.
      2 as electrically connected to each other and by a conductor 37 to a
      movable electrode 38 of a coupling capacitor C1 having a stationary
      electrode 39 coupled to the output of a position sensor relaxation
      oscillator 10 which is capable of producing fast time-rise pulses. As
      disclosed in the aforementioned application Ser. No. 266,286 and shown in
      FIGS. 10 and 11, the stationary metallic position sensor electrodes 31 may
      be copper plates in the shape of a sector of a ring affixed by suitable
      means to a stationary annular stator board 40 mounted by fastening means
      41 to the end bell 42 of the motor stator. The stationary electrode of
      coupling capacitor C1 may be a thin annular copper ring 39 affixed to
      stationary stator board 40 radially inward from electrodes 31. The movable
      electrode of coupling capacitor C1 may be a thin annular copper ring 39
      affixed to stationary stator board 40 radially inward from electrodes 31.
      The movable electrode of coupling capacitor C1 may be a thin annular
      copper member 38 affixed to a rotating annular rotor board 43 fastened to
      the motor rotor R. Movable electrode 38 of the coupling capacitor C1 may
      have thin diametrically opposed fingers 36 integral therewith extending
      radially outward which constitute the rotatable plates 36 of the
      capacitive position sensor 11.
PAR  The high frequency pulses generated by relaxation oscillator 10 are coupled
      through rotatable capacitor electrodes 36 to the adjacent stationary
      plates 31 and the load connected thereto. Oscillator 10 provides
      "read-out" pulses to the rotatable capacitor plates 36, and these read-out
      pulses are distributed to the fixed capacitor plates 31. The high
      frequency components of the read-out pulses readily couple through
      adjacent movable and fixed plates 36 and 31 into the load connected to the
      fixed plates 31. Inasmuch as the preferred embodiment has a four-pole
      rotor, diametrically opposite plates 31 are displaced 360 electrical
      degrees and are electrically connected together. The output from the fixed
      plates 31 of capacitive rotor position sensor 11 are converted by square
      wave generator 12 into the set of three-phase square waves A, A, B, B, C
      and C shown in FIG. 3a which are at a frequency proportional to motor
      speed and are indicative of the position of the rotor field relative to
      the stator phase windings.
PAC  SQUARE WAVE GENERATOR
PAR  Square wave generator 12 includes three identical differential amplifiers
      61A, 61B, and 61C (see FIG. 2) which are associated with the phases A, B
      and C respectively and produce the output for said phase. Square wave
      generator 12 converts the read-out pulses received on the rotor position
      sensor stationary plates 31a, 31b, 31c, 31d, 31e and 31f into the set of
      three-phase square waves A, B and C and their complements A, B and C shown
      in FIG. 3a having a frequency which is a function of the rotational
      velocity of the motor rotor.
PAR  Square wave generator 12 also includes three NAND gate latch circuits LCA,
      LCB and LCC each of which is associated with one of the phases and the
      differential amplifier for that phase. For example, differential amplifier
      61A and latch circuit LCA are associated with phase A and together
      generate the square wave pulse A for phase A shown in FIG. 3a and its
      negation A (which is the inverse of A).
PAR  Differential mplifier 61A provides a low voltage or logic 0 output on the
      collector of that transistor Q23 or Q24 having its base coupled to the
      three pairs of position sensor stationary plates 31a, 31b, 31c or 31d,
      31e, 31f having the greatest coupling to the rotatable electrodes 36,
      thereby giving an indication of the position of the motor rotor R. For
      example, if rotatable plates 36 are in a position where the sum of the
      read-out pulses received on the pairs of plates 31a, 31b, and 31c,
      designated A, is greater than the sum of the pulses received on pairs of
      stationary plates 31d, 31e, and 31f, designated A, transistor Q23 will be
      turned on and the voltage on its collector will be low and transistor Q24
      will be turned off and its collector potential will be relatively high.
PAR  Differential amplifiers 61A, 61B, and 61C enhance the "one-to-zero" ratio
      of the inputs from capacitive position sensor 11 and control NAND gate
      latch circuits LCA, LCB, and LCC, respectively, which convert the enhanced
      pulses into the square waves A, A, B, B, C and C.
PAC  SYNCHRONOUS PULSE GENERATOR
PAR  Synchronous pulse generator 14 receives the three-phase rotor position
      square waves A, B and C and their complements A, B and C from square wave
      generator 12 and generates a timing pulse P shown in FIG. 3b at every
      square wave edge of the output from square wave generator 12. Synchronous
      pulse generator 14 thus forms a pulse train wherein each timing pulse P
      corresponds to a change of state in position sensor 11. Inasmuch as there
      are six edges per cycle of the three-phase square waves A, A, B, B, C and
      C, six timing pulses P are derived by synchronous pulse generator 14 at a
      frequency proportional to motor speed for each cycle of the three-phase
      square wave output from square wave generator 12.
PAC  VARIABLE DELAY CIRCUIT
PAR  If the three phase rotor position output A, B, C, A, B, C of square wave
      generator 12 directly controlled the power switches PSA1-PSC2, the motor
      would rotate in the forward direction at full conduction and with the
      conduction window of the power switches in phase with the voltages
      generated by the rotor position sensor 11. Control of motor speed and
      torque is accomplished by "phasing back," or delaying the power switches
      from their full conduction. Stated in another way, speed and torque of the
      motor are selectively controlled by varying the duty cycle of the power
      switches PSA1-PSC2, i.e., the portion of the conduction window during
      which the power switches conduct. It will be appreciated that as the duty
      cycle of the power switches is increased, the average current carried by
      the stator windings A1P, A2P, B1P, B2P, C1P and C2P, the torque on the
      rotor, and the speed of the rotor R are correspondingly increased.
PAR  The initiation (and reinstatement) of conduction by power switches
      PSA1-PSC2 is determined by pulses from drive oscillator 20. Timing pulses
      P (see FIG. 3b) from synchronous pulse generator 14 appearing in conductor
      75 are delayed in a variable delay circuit 15 through a phase angle which
      is a function of the setting of power control potentiometer PCP to form
      the train of delay pulses P' shown in FIG. 3c which trigger drive
      oscillator 20 and enable gates NAND47 - NAND52 of the delay circuit 22
      (see FIG. 6).
PAR  In the preferred embodiment the timing pulse P from synchronous pulse
      generator 14 shown in FIG. 3b are 60.degree. apart, the variable delay
      circuit 15 generates three delay pulses P' per half cycle which are
      illustrated in FIG. 3c as having been delayed 30.degree. relative to the
      timing pulses P from synchronous pulse generator 14, and the power switch
      PSC2 conducts three current pulses CC2 of 30.degree. duration in each half
      cycle as illustrated in FIG. 3e. Inasmuch as there are three current
      pulses CC2 per half cycle, if each delay pulse P' is delayed by 0.degree.
      to 60.degree., the net duty cycle of the power switches PSA1-PSC2 will
      cary from 0.degree. to 180.degree..
PAR  Variable delay circuit 15 is shown in FIG. 4 and includes an input latch
      circuit 76 comprising NAND gates NAND3 and NAND4. Input latch circuit 76
      is "set" to form the trailing edge of a delay pulse P' (shown in FIG. 3c)
      each time a negativegoing pulse P from synchronous pulse generator 14 on
      lead 75 is applied to the A input of gate NAND3. Input latch circuit 76 is
      "reset" after a time delay to form the leading edge of a positive-going
      delay pulse P' (shown in FIG. 3c) each time a transistor Q28 conducts and
      changes its collector voltage from high to low to provide logic 0 on the B
      input to gate NAND4. The delay pulses P' generated at the output of gate
      NAND4 appear on output lead 78 which is connected to drive oscillator 20
      and to delay gating circuit 22.
PAR  Variable delay circuit 15 is disclosed in detail in the copending
      application of Allois F. Geiersbach and Frederick A. Stich Ser. No.
      266,286, filed June 26, 1972, entitled Control For Commutatorless Motor
      and having the same assignee as this invention now U.S. Pat. No.
      3,784,888.
PAR  Inasmuch as synchronous pulse generator 14 derives a timing pulse P at each
      edge of the three-phase square wave output from square wave generator 12,
      three delay pulses P' will be provided by the variable circuit 15 during
      each 180.degree. conduction window, and FIG. 3e illustrates current pulses
      CC2 conducted by power switch PSC2 resulting from 30.degree. phase shift
      of the delay pulses P'  from variable delay circuit 15.
PAR  The torque angle, or displacement angle, between the voltage applied to the
      stator winding and the counter e.m.f. generated by the air gap flux
      ideally be varied from zero to stall to ninety degrees at a higher speed,
      but in the preferred embodiment the torque angle is limited to two
      discrete values, namely 0.degree. and 60.degree. by varying the phase
      angle between the initiation of the power switch conduction window and the
      rotor position as a function of motor speed. Stated another way, different
      angularly displaced rotor position signals selectively control the
      conduction windows of the power switches in order to change torque angle
      as a function of motor speed. This is in addition to the variation of the
      point of initiation of conduction within the conduction window for the
      purpose of regulating motor speed and torque.
PAR  The speed-direction circuit 16 provides output signals on leads S'F, S'F'
      S'F and S'F which determine the direction of rotation of the motor, as
      manually selected by the direction switch DS, and also determine the
      proper torque angle of 0.degree. or 60.degree. as a function of motor
      speed. The torque angle information is derived from the speed switch 17
      which determines whether the motor is turning faster or slower than a
      predetermined initial speed at which the motor power output for a torque
      angle of 60.degree.  is equal to that for a 0.degree. torgue angle.
PAC  SPEED SWITCH
PAR  Speed switch 17 shown in FIG. 5 and disclosed in the aforemention copending
      applicaton Ser. No. 266,286 of A. F. Geiersbach now U.S. Pat. No.
      3,784,888, detects when the motor speed is equal to the predetermined
      critical speed at which the torque angle is changed between 0.degree. and
      60.degree.. The critical motor speed is set by a relaxation oscillator 83
      which generates a train of pulses at a reference frequency. The input to
      speed switch 17 is the train of negative-going timing pulses P over
      conductor 75 from the synchronous pulse generator 14. Logic 1 on output
      lead S indicates that the timing pulses P are coming in faster from the
      synchronous pulse generator 14 than pulses from the reference oscillator
      83 and that the motor rotor is above the critical speed.
PAR  In a similar manner the output of gate NAND11 on the S lead to
      speed-direction circuit 16 is set to logic 1 when the pulses from the
      reference oscillator 83 occur faster than the timing pulses P from the
      synchronous pulse generator 14.
PAC  DIRECTION SWITCH
PAR  FIG. 1 schematically illustrates that a plus five volt (logic 1) source is
      connected through resistors R50 and R51 respectively to the F and F leads
      and that direction switch DS has normally closed contacts 90 that clamp
      the F lead to ground when the switch is in the forward position and are
      opened to provide plus 5 volts (or logic 1) on the F lead when the switch
      DS is operated to the reverse position. Direction switch DS also has
      normally open contacts 91 which permit the F lead to be at logic 1
      potential when the switch DS is in the forward position and are closed to
      clamp the F lead to ground (and logic 0) when the switch DS is operated to
      the reverse position.
PAC  SPEED-DIRECTION CIRCUIT
PAR  The speed-direction circuit 16 receives logic 1 on the S lead from speed
      switch 15 when the motor speed is above the critical speed and a
      60.degree. torque angle is desired. Speed-direction circuit 16 receives
      logic 1 on the F lead when the direction switch DS is operated to provide
      forward motor rotation and receives logic 1 on the F lead when direction
      switch DS is operated to reverse the direction of rotation of the motor.
PAR  The speed-direction circuit 16 (see FIG. 6) is disclosed in detail in the
      aforementioned copending application Ser. No. 266,286 of A. F. Geiersbach
      now U.S. Pat. No. 3,784,888 and provides information to the
      angle-direction circuit 19 concerning the desired direction and torque
      angle signals. The torque angle information is derived from speed switch
      17 and the direction information is derived from direction switch DS, and
      speed-direction circuit 16 provides logic 1 on the S'F output lead when
      forward rotation below the critical speed is desired; it provides logic 1
      on the S'F lead when reverse rotation below the critical speed is desired;
      it provides logic 1 on the S'F lead when forward rotation is desired and
      the motor speed is above the critical speed; and it provides logic 1 on
      the S'F lead when reverse rotation is desired and the motor speed is above
      the critical speed.
PAR  Speed-direction circuit 16 also provides for proper braking action should
      the direction switch DS be reversed. Speed direction circuit 16 includes a
      memory latch 93 having a pair of three-input NAND gates NAND14 and NAND15
      which lock the latch 93 in the condition existing when the signal on the S
      lead from the speed switch 15 goes from logic 0 to logic 1, i.e., when the
      motor exceeds the critical speed. Below the critical motor speed, logic 1
      exists on the S lead and logic 0 exists on the S lead and the memory latch
      93 will respond to the signals on the F and F leads from the direction
      switch DS to vary the logic signals on the S'F, S'F, S'F and S'F leads to
      angle-direction circuit 19 and thus change torque angle and motor
      direction. Thus, if the direction switch DS is reversed, the signals on
      leads F and F reverse to change the direction of motor rotation, and the
      state of memory latch 93 can change as long as the signal on lead S is 1
      and the signal on lead S is logic 0. As the motor speed rises above the
      critical value, the signal on lead S becomes logic 1 and that on lead S
      becomes logic 0 locking the memory latch 93 and recording the status of
      direction switch DS at the time. As long as motor speed remains above the
      critical speed, a change in the direction switch DS will not change the
      state of the memory latch 93 and thus will not change the direction of
      mtor rotation.
PAR  The three-input NAND gates NAND14 and NAND15 compare the status of memory
      latch 93 with the status of direction lever DS when the motor is above the
      critical speed. If the memory latch 93 and direction switch DS both agree,
      either both forward or both reverse, then the 60.degree. torque angle is
      allowed as indicated by S' equals logic 1.
PAR  If, however, the latch 93 and direction lever DS disagree, as would occur
      if the vehicle were going forward above the critical speed and the
      operator changed the direction switch DS to call for reversal of the
      motor, then the torque angle is changed to 0.degree. to provide braking
      action even though the speed switch 17 provides logic 1 on the S lead.
      This is necessary because at high speeds motor operation with a
      120.degree. torque angle can be similar to that at a 60.degree. torque
      angle, and changing the direction switch DS from forward to reverse
      displaces the phase angle by 180.degree., thereby converting the
      60.degree. torque angle to 120.degree.. Consequently, if the operator
      reversed the direction switch DS to reverse vehicle direction when the
      motor was above the critical speed, the vehicle would not respond with
      braking and subsequent reversing action if S' remained logic 1, but rather
      would continue to drive in the forward direction and might even go faster.
      The speed-direction circuit 16 corrects this by changing the torque angle
      from  60.degree. to 0.degree. when the direction switch DS is reversed and
      motor speed is above the critical speed.
PAR  Reversal of the direction switch DS under such high speed conditions
      provides logic 0 on the F lead and logic 1 on the F lead, the output of
      gate NAND16 remains logic 1 and the output of gate NAND17 remains logic 1
      so memory latch 93 does not change states. The output of gate NAND14
      remains logic 1 since it has logic 0 on its B input from gate NAND18, but
      the output of gate NAND15 becomes logic 1 when lead F becomes logic 0. The
      logic 1 output from both gates NAND14 and NAND15 provide logic 0 from gate
      NAND24 on the S' lead and logic 1 on the output of gate NOT7 and the S'
      lead. The logic 1 on the S' and F leads provides logic 0 output from gate
      NAND21 which is converted to logic 1 on the S'F lead to call 0.degree.
      torque angle and for braking of the motor.
PAR  The logic 1 output of gate NAND15 when the motor is rotating forward above
      the critical speed and direction switch DS is reversed is thus a braking
      signal which provides logic 1 on the S'F lead (or on the S'F lead of the
      motor is rotating in the reverse direction) and results in braking of the
      motor. In alternative embodiments different means such as a manually
      operated braking lever derive a braking signal, and the speed-direction
      circuit is responsive to such braking signal to change torque angle into a
      different quadrant to accomplish braking of the motor.
PAR  If the operator should change his mind and return direction switch DS to
      the forward position, the memory latch 93 would not change states, but the
      output of gate NAND14 would become logic 0, and the output of gate NAND24
      on the S' lead would become logic 1, thereby providing logic 0 on the
      output of gate NAND22 and logic 1 on the S'F lead. This ability to change
      the torque angle above the critical speed can be utilized by the vehicle
      drive to obtain flexibility in operation of the vehicle.
PAR  In similar manner the operator can change the torque angle from 60.degree.
      to 0.degree. to brake the vehicle when the motor is operating in the
      reverse direction above the critical speed by actuating the direction
      switch DS to the forward position.
PAC  ANGLE-DIRECTION CIRCUIT
PAR  Angle-direction gating circuit 19 shown in FIG. 6 selects one of four
      different signal patterns for the output voltage phase displacement with
      respect to the rotor position in accordance with the information on the
      S'F, S'F, S'F and S'F leads from the speed-direction circuit 16. The rotor
      position signals A, A, B, B, C and C are utilized to determine the
      conduction windows for the power switches PSA1-PSC2 and thus control the
      phase angle of output voltage relative to rotor position, and one of four
      possible rotor position signals from the group A, A, B, B, C or C is
      coupled (after delay) to the interface circuits for the pair of power
      switches associated with each phase of the motor in accordance with the
      information on the S'F, S'F, S'F, and S'F leads to provide: (a) 0.degree.
      torque angle, forward rotation; (b) 0.degree. torque angle, reverse
      rotation; (c) 60.degree. torque angle, forward rotation; or (d) 60.degree.
      torque angle, reverse rotation.
PAR  Angle-direction gating circuit 19 includes twelve NAND gates NAND30 through
      NAND41 each of which has an A input connected to one of the S'F, S'F, S'F,
      or S'F leads from the speed-direction circuit 16 and a B input connected
      to one of the A, A, B, B, C or C leads from square wave generator 12. Four
      gates NAND 30-33 are associated with phase A of the motor and power
      switches PSA1 and PSA2; four gates NAND 34-37 are associated with phase B
      of the motor and power switches PSB1 and PSB2; and four gates NAND 38-41
      are associated with phase C of the motor and power switches PSC1 and PSC2.
      The outputs of the four gates NAND 30-33 associated with phase A are
      inputs to a four-input NAND gate NAND42. The outputs of the four gates
      NAND 34-37 associated with phase B of the motor are inputs to a four-input
      NAND gate NAND43, and the outputs of the four gates NAND 38-41 associated
      with phase C of the motor are inputs to four-input NAND gate NAND44.
PAC  FORWARD ROTATION BELOW CRITICAL SPEED
PAR  The output of gate NAND42 designated A' is logic 1 whenever any one of the
      four gates NAND 30-33 is enabled, or opened so that its output is logic 0,
      and thus the A' output of gate NAND42 can be any one of the four rotor
      position signal inputs A, A, B, or C to the gates NAND30, NAND31, NAND32
      or NAND33, respectively. The A' output of gate NAND42 is the rotor
      position signal A when logic 1 appears on the S'F lead calling for forward
      rotation of the motor at 0.degree. torque angle, and the logic 1 output A'
      is converted by NAND gate 47 of delay gating circuit 22 to logic 0 input
      over lead A1 to interface circuit IFA1 and results (assuming no time
      delay) in conduction by power switch PSA1 for the duration of the A rotor
      position signal as represented by the current pulses CA1 from power switch
      PSA1 shown in FIG. 7a. The B' and C' outputs of gates NAND43 and NAND44
      are the rotor position signals B and C respectively when logic 1 exists on
      the S'F lead, (forward rotation below critical speed) and under these
      conditions (assuming no time delay), the outputs of gates NAND48 and
      NAND49 of delay gating circuit 22 are logic 0 on the B1 and C1 leads to
      interface circuits IFB1 and IFC1, respectively, and power switches PSB1
      and PSC1 will conduct for the duration of the rotor position sensor output
      waves B and C, respectively.
PAC  REVERSE ROTATION BELOW CRITICAL SPEED
PAR  The A' output of gate NAND42 is the rotor position signal A when logic 1
      appears on the S'F lead from speed-direction circuit 16 (calling for
      reverse direction of the motor below critical speed at 0.degree.  torque
      angle) and the A' = A output from gate NAND42 is converted by gates NAND47
      and NAND50 of delay gating circuit 22 to logic 0 input over lead A1 to
      interface circuit IFA1 and logic 1 input over lead A2 to interface circuit
      IFA2 and results (assuming no time delay) in conduction by power switch
      PSA1 and turning off of power switch PSA2 and for the duration of the A
      rotor position signal as represented by current pulses CA1 from power
      switch PS1A shown in FIG. 7b. The B' and C' outputs of gates NAND43 and
      NAND44 will similarly be rotor position signals B and C when logic 1
      exists on the S'F' lead calling for reverse rotation at 0.degree. torque
      angle, and the gates NAND48 and NAND49 of delay gating circuit 22 will
      convert these signals to logic 0 on leads B1 and C1, respectively, and the
      gates NAND51 and NAND52 will provide logic 1 on leads B2 and C2,
      respectively, sot that power switches PSB1 and PSC1, respectively, are
      enabled to conduct and power switches PSB2 and PSC2, respectively, turn
      off (assuming no delay) for the duration of the rotor position signals B
      and C. This results in the stator rotating magnetic field being shifted
      180 electrical degrees relative to the rotor and causes rotor R to reverse
      its direction of rotation. Reversal of rotor direction causes rotor
      position sensor 11 to generate rotor position signals in the sequence A,
      B, C, A, B, C with time plotted to the left as shown in FIG. 3 so that the
      power switches are enabled in the sequence PSA2, PSB1, PSC2, PSA1, PSB2
      and PSC1 during the duration of rotor position signals A, B, C, A, B, C,
      respectively, when logic 1 appears on the S'F lead.
PAC  FORWARD ROTATION ABOVE CRITICAL SPEED
PAR  The A' output of gate NAND42 is the rotor position sensor output wave B
      when logic 1 exists on the S'F lead from speed-direction circuit 16
      (calling for forward rotation at 60.degree. torque angle above the
      critical speed) and the output of gate NAND32 becomes logic 0 when B
      equals logic 1. The A' = B (logic 1) output from gate NAND42 is converted
      by gate NAND47 of delay gating circuit 22 to logic 0 input over lead A1 to
      interface circuit IFA1 and results (assuming no time delay) in conduction
      by the power switch PSA1 for the duration of the B position sensor output
      signal as represented by the current pulses CA1 from power switch PSA1
      shown in FIG. 7c. It will be noted that rotor position signal B leads
      signal A by 60.degree. so that conduction by power switch PSA1 is shifted
      60.degree. relative to the rotor R, and consequently the torque angle is
      60.degree. leading. The B' and C' outputs of gates NAND43 and NAND44,
      respectively, will similarly be the rotor position signals C and A when
      logic 1 exists on the S'F lead calling for forward rotation above the
      critical speed, and (assuming no delay) the switches PSB1 and PSC1 will
      conduct for the duration of the C and A rotor position signals. These
      signals are converted by gates NAND48 and NAND49 to logic 0 on the B1 and
      C1 leads and will also be converted by gates NAND51 and NAND52 to logic 0
      on the B2 and C2 leads so that power switches PSB1 and PSC1 respectively,
      will conduct (and power switches PSB2 and PSC2 respectively, will be
      turned off) for the duration of the C and A rotor position signals. The
      power switches conduct in the sequence PSA2, PSB1, PSC2, PSA1, PSB2, PSC1
      during (assuming no delay) the duration of the rotor position signals B,
      C, A, B, C, A, respectively, and accomplish 60.degree. electrical leading
      phase shift of the conduction window for the power switches and forward
      rotation of the rotor R.
PAC  REVERSE ROTATION ABOVE CRITICAL SPEED
PAR  The A' output of gate NAND42 is the rotor position signal C when logic 1 on
      the S'F lead (calling for reverse direction at 60.degree. leading torque
      angle above the critical speed) and provides logic 0 output from gate
      NAND33 during the duration of the C signal. The resulting A' = C (logic 1)
      output from gate NAND42 is converted by gate NAND47 to logic 0 on the A1
      lead and by gate NAND50 to logic 1 on the A2 lead and results (assuming no
      delay) in enabling power switch PSA1 to conduct and turning off power
      switch PSA2 for the duration of the C rotor position signal as represented
      by current pulses CA1 from power switch PSA1 shown in FIG. 7d. It will be
      noted that for reverse rotation the rotor position signal C leads signal A
      by 60.degree. electrical (to the left in FIG. 3) to thus accomplish
      60.degree. leading phase shift of the current conduction by power switch
      PSA1 relative to the rotor position. The B' and C' outputs of gates NAND43
      and NAND44 will be the rotor position signals A and B, respectively, when
      logic 1 exists on the S'F lead. Gates NAND48 and NAND49 will convert the
      B' = A and C' = B signals to logic 1 inputs over leads B1 and C1 to
      interface circuit IFB1 and IFC1, respectively, and gates NAND51 and NAND52
      will convert th B' = A and C' = B rotor position signals to logic 0
      outputs on leads B2 and C2 to interface circuits IFB2 and IFC2.
      Consequently, power switches PSB1 and PSC1, respectively, will be turned
      off and PSB2 and PSC2, respectively, will conduct during the duration of
      the A and B rotor position signals. The power switches will be enabled to
      conduct in the sequence PSC1, PSA1, PSB1, PSC2, PSA1, and PSB2 during the
      rotor position signals B, C, A, B, C, A to accomplish reverse 60.degree.
      leading phase shift of the rotating magnetic field relative to rotor
      position and thus rotate rotor R in the reverse direction with 60.degree.
      leading torque angle.
PAC  DELAY GATING CIRCUIT
PAR  Delay gating circuit 22 includes three NAND gates NAND47, NAND48 and NAND49
      having a first input connected respectively to the A', B' and C' leads
      from the angle-direction circuit 19 and a second input connected to lead
      78 from variable delay circuit 15 in which the delay pulses P' (see FIG.
      3c) appear that are delayed as a function of the setting of power control
      potentiometer PCP. The outputs of gates NAND47, NAND48 and NAND49 are
      connected respectively to the A1, B1 and C1 leads to the interface
      circuits IFA1, IFB1 and IFC1 where they are amplified to trigger power
      switches PSA1, PSB1 and PSC1 into conduction. The outputs of gates NAND47,
      NAND48 and NAND49 are also coupled to first inputs of NAND gates NAND50,
      NAND51 and NAND52, respectively, each of which has a second input
      connected to lead 78 in which the train of delay pulses P' appears and
      which have their outputs respectively coupled to the A2, B2, and C2 leads
      to the interface circuits IFA2, IFB2 and IFC2 for gating power switches
      PSA2, PSB2 and PSC2, respectively.
PAR  Gates NAND 47-52 are not opened or enabled until the logic 1 voltage of
      delay pulses P' (see FIG. 3c) is applied to their inputs, and consequently
      the rotor position square waves A, A, B, B, C and C which appear on the
      A', B' and C' leads are not applied to the interface circuits to trigger
      power switches PSA1-PSC2 into conduction until the delay pulses P' are
      applied to the inputs to NAND gates 47-52, thereby varying the conduction
      time by the power switches PSA1-PSC2 and consequently regulating motor
      torque and speed. The duration of the signals A1, A2, B1, B2, C1 and C2
      from NAND gates 47-52 of delay gating circuit 22 is determined by the
      width of the P' delay pulses from variable delay circuit 15, and the
      conduction time of the power switches PSA1-PSC2 is a function of the time
      interval that NAND gates 47-52 are open. Inasmuch as three delay pulses P'
      occur during each half cycle (i.e., each 180 electrical degrees), each
      signal A1-C2 from gates NAND 47-52 can vary in width from 0.degree. to
      60.degree.,  and consequently power conduction by the power switches
      PSA1-PSC2 is regulated from zero conduction to full 180.degree. power
      switch operation. NAND gates 47-49 generate the three wave segments per
      half cycle (such as CC2 shown in FIG. 3e) which control gating of power
      switches PSA1, PSB1 and PSC1, and NAND gates 50-52 generate the three
      complements of such wave segments which control gating of power switches
      PSA2, PSB2 and PSC2.
PAR  Assume that logic 1 exists on the S'F lead calling for forward rotation
      below the critical speed and that the power control potentiometer PCP is
      adjusted to accomplish 30.degree. delay of the pulses P' from variable
      delay circuit 15. The A' output of gate NAND42 becomes logic 1 at the
      leading edge of the A wave, but the outputs of gates NAND47 and NAND50
      remain logic 1 because of logic 0 on lead 78 so that interface circuit
      IFA1 does not trigger power switch PSA1 into conduction until 30.degree.
      later when the logic 1 delay pulse P' changes the output of gate NAND47 to
      logic 0 to turn on transistor Q11 of interface circuit IFA1 and thus
      trigger power switch PSA1 into conduction. The logic 0 output from gate
      NAND47 is coupled to one input of gage NAND50 and thus maintains its
      output at logic 1 which is applied to the A2 lead to interface circuit
      IFA2 so that power switch PSA2 does not conduct.
PAR  While only a single embodiment of the invention has been illustrated and
      described, it should be understood that we do not intend to be limited to
      the single embodiment for many modifications and variations thereof will
      be obvious to those skilled in the art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An electronic commutation system comprising, in combination, an electric
      motor having a stator and a rotor rotatable within said stator and n
      angularly displaced stator phase windings each of which comprises a pair
      of power windings, where n is an integer greater than one,
PA1  means for generating magnetic poles in said rotor,
PA1  an electric power source,
PA1  a pair of controllable semiconductor power switches associated with each
      stator phase winding each of which is connected in series with one of said
      power windings and said power source so that the magnetic fluxes generated
      by said power windings of each phase are in opposite directions, whereby
      said power windings operate in push-pull,
PA1  means for deriving a plurality of time-displaced rotor position signals at
      a frequency which is a function of rotor angular velocity during rotation
      of said rotor through 360 electrical degrees each of which is indicative
      of a different position of said rotor within said stator, and
PA1  means for turning on each of said power switches during a different rotor
      position signal so that the magnetic field generated by said stator phase
      windings rotates in synchronism with said rotor poles, the power switches
      associated with said pair of power windings of each stator phase being
      turned on during rotor position signals which are complements of each
      other.
NUM  2.
PAR  2. In the combination of claim 1 wherein the pair of power windings of each
      stator phase winding are joined at a midtap and all of said midtaps are
      commoned.
NUM  3.
PAR  3. An electronic commutation system in accordance with claim 1 and
      including means for selectively varying the portion of said rotor position
      signals during which said power switches conduct to thereby control the
      speed and torque of said motor.
NUM  4.
PAR  4. An electronic commutation system in accordance with claim 1 wherin said
      n stator phase windings are displaced 360/n electrical degrees apart and
      each said stator phase winding has a center tap and each half thereof
      constitutes one of said power windings and the center taps of all of said
      stator phase windings are commoned and coupled to one side of said
      electrical power source.
NUM  5.
PAR  5. An electronic commutation system in accordance with claim 1 wherein said
      electric power source is direct current, said power switches are power
      transistors, said rotor position signal deriving means generates discrete
      square wave signals, and including means for varying the duty cycle of
      said power transistors to thereby control the speed and torque of said
      motor.
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ABST
PAL  A reciprocating motor compressor assembly includes a pair of opposed
      pistons or diaphragms actuated by a reciprocating armature. The armature
      is fabricated from laminations of ferromagnetic material and includes a
      pair of electrically conductive induction rings disposed about the ends of
      the laminations in coaxial relationship with a longitudinal axis of the
      armature. A two coil stator is disposed in coaxial relationship with the
      armature and the coils are alternately energized by a multivibrator or a
      pair of oppositely poled half wave rectifiers connected to a source of
      alternating current voltage. In order to increase the duty cycle of the
      energizing current, each stator coil is provided with two coaxially wound
      parallel connected windings and a phase shifting capacitor connected in
      series with one of the windings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to pumps and compressors, and more
      particularly, to electrically powered pumps and compressors of the
      reciprocating type.
PAR  Present day pumps and compressors are generally comprised of two basic
      types. These two basic types may be divided into rotary and reciprocating
      types. The rotary types comprise strictly rotary compressors such as gear
      pumps and impeller pumps, and the more common types wherein a crank shaft
      is employed to convert the rotary motion into reciprocating motion. The
      reciprocating types generally employ a linear motor having a two coil
      stator and an armature, and a pair of opposed pistons attached to the
      armature. The armature may be fabricated from a magnetic material, or may
      be a wire wound type. When a wire wound armature is used, the armature is
      engergized with alternating current, and when a magnetic armature is used,
      the stator coils ar alternately energized with direct current by means of
      a switch mechanically coupled to the armature.
PAR  While a large variety of pumps and compressors may be provided utilizing
      the conventional rotary and reciprocating techniques, pumps employing
      rotary techniques tend to have a large number of moving parts and hence,
      tend to be relatively costly and require periodic maintenance. Prior art
      pumps and compressors of the reciprocating type, while being less complex
      than rotary type pumps, tend to be inefficient in operation and limited in
      power.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved reciprocating compressor.
PAR  A further object of the present invention is to provide an improved
      reciprocating compressor that is more efficient and more powerful than
      reciprocating compressors of the prior art.
PAR  Yet another object of the present invention is to provide a self-contained
      compressor useable for refrigeration purposes.
PAR  Another object of the present invention is to provide a compact, low cost
      reciprocating structure useable as a compressor or a pump.
PAR  In accordance with a preferred embodiment of the invention, an elongated
      reciprocating armature having a pair of conductive induction rings at
      opposite ends thereof is fabricated from laminations of ferromagnetic
      material. A pair of opposed pistons or diaphragms are attached to the ends
      of the elongated armature by a rod made from nonmagnetic material. A pair
      of stator coils are disposed in coaxial relationship about the armature,
      and a laminated magnetic structure is employed to complete a magnetic path
      between the stator coils and the armature. A two piece housing, split
      along a longitudinal axis, is provided for supporting the stator coils and
      the magnetic structure. The armature is supported in coaxial relationship
      with the stator coils by the pistons or diaphragms which are supported at
      opposite ends of the housing.
PAR  The stator coils are alternately energized on alternate cycles of an
      alternating current wave applied thereto. The energizing current is
      applied to the stator coils by means of a pair of oppositely poled half
      wave rectifier diodes, each rectifier diode being connected to a source of
      alternating current voltage and to one of the stator coils. Alternatively,
      a switching circuit such as a flip-flop may be connected to a source of
      direct current voltage and to each of the stator coils to alternately
      provide energizing current thereto.
PAR  When the half wave rectifier diodes are used to energize the stator coils,
      each stator coil is provided with two windings, one winding being
      connected directly in series with one of the rectifier diodes and the
      other winding being connected in series with the same rectifier diode and
      a phase shifting capacitor. The phase shifting capacitor shifts the phase
      of the current flowing through one of the windings to increase the duty
      cycle of the energizing current flowing through each stator coil to
      increase the mechanical output power available from the reciprocating
      armature. The conductive induction rings disposed about the ends of the
      armature further increase the mechanical output power by generating a
      magnetic field that reacts with the field produced by the stator coils to
      increase the magnetic force available to move the armature.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The invention, and its method of operation, together with further objects
      and advantages thereof, will best be understood by reference to the
      following specification taken in connection with the accompanying drawing
      in which:
PAR  FIG. 1 is a side view, partially in cross section, showing a self-contained
      opposed piston reciprocating compressor according to the invention;
PAR  FIG. 2 is a side view, partially in cross section, of a self-contained
      reciprocating opposed diaphragm pump according to the invention;
PAR  FIG. 3 is an exploded perspective view of a valve assembly for use with the
      compressor of FIG. 1;
PAR  FIG. 4 is a perspective view showing the laminated magnetic structure for
      use with the compressor or pump of FIGS. 1 and 2;
PAR  FIG. 5 is a perspective view of the stator windings for use with the
      compressor or pump of FIGS. 1 and 2;
PAR  FIG. 6 is a perspective view of the laminated armature for use with the
      compressor and pump of FIGS. 1 and 2 showing a pair of conductive
      induction rings affixed to the ends of the armature;
PAR  FIG. 7 is a simplified diagram of the magnetic structure and armature of
      the reciprocating motor used in the compressor and pump of FIGS. 1 and 2;
PAR  FIG. 8 is a schematic circuit diagram of the energizing circuit for the
      stator coils of FIG. 5 showing a two winding embodiment of the stator
      coils and a pair of oppositely poled half wave rectifier diodes for
      energizing the stator windings; and
PAR  FIG. 9 is a schematic circuit diagram showing an alternative method for
      energizing the stator coils from a source of direct current potential and
      shows a single winding embodiment of the stator coils of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAC  A. General
PAR  Referring now to the drawing, with particular reference to FIG. 1, there is
      shown a compressor unit generally designated as 10 constructed in
      accordance with the principles of the present invention. The compressor 10
      includes a two piece housing having a base portion 12 and an upper portion
      14. A channel 13 is provided in the base portion 12 for supporting a lower
      member 16 of a laminated magnetic structure 17 (FIG. 4). An upper member
      18 of the magnetic structure 17 is supported in a similar channel 15 in
      the upper portion 14 of the housing. Two stator coils 20 and 22 are
      supported by the magnetic structure members 16 and 18. A pair of cylinder
      liners 24 and 26 are supported by the housing portions 12 and 14 and serve
      to support a pair of opposed pistons 28 and 30. The opposed pistons 28 and
      30 are connected together by a nonmagnetic shaft 32. The pistons 28 and 30
      may be attached to the shaft 32 by means of threads 34 and 36 (FIG. 6) or
      any other suitable mounting method. If threads are employed to secure the
      pistons 28 and 30 to the shaft 32, a pair of flats 38 and 40 (FIG. 1) may
      be relieved in the skirts of the pistons 28 and 30 to provide gripping
      surfaces for tightening the pistons onto the shaft 32.
PAR  A laminated armature 42 is attached to the shaft 32. The armature 42 is
      supported in coaxial relationship with the stator coils 20 and 22 by the
      pistons 28 and 30, and requires no bearings or other supporting structure.
      Two armature travel limiting washers 44 and 46 are supported by the two
      housing portions 12 and 14, and serve to limit the maximum travel of the
      armature 42. A pair of shock absorbing springs 48 and 50 are attached to
      the ends of the armature 42 and serve to cushion the impact between the
      armature 42 and the limiting washers 44 and 46. A pair of conductive
      induction rings 52 and 54 (FIG. 6), fabricated from a conductive
      nonmagnetic material such as copper, are affixed to opposite ends of the
      armature 42. The function of the induction rings will be described in a
      subsequent portion of the specification.
PAR  Two cylinder heads 56 and 58 are disposed at opposite ends of the
      compressor unit 10. A valve mechanism 60 is interposed between the
      cylinder head 58 and the housing portions 12 and 14. A similar valve
      mechanism 62 is interposed between the head 56 and the opposite ends of
      the housing portions 12 and 14. Each of the heads 56 and 58 is affixed to
      the housing portions 12 and 14 by means of four bolts 64. Inlet 66 and 68
      and outlets 70 and 72 are attached to the heads 56 and 58, respectively.
PAR  A more detailed drawing of the valve mechanism 60 is shown in FIG. 3. The
      valve mechanism 60 comprises a pair of reed valves 74 and 76. A spacer
      plate 78 is interposed between the reed valves 74 and 76. The reed valves
      74 and 76 and the spacer plate 78 each have four holes 80 for receiving
      the four bolts 64. The spacer 78 also has a pair of inlet holes 82 and a
      pair of outlet holes 84. A reed 86 is formed in the valve 74 and a reed 88
      is formed in the valve 76. A pair of apertures 90 are formed in the valve
      74 in alignment with the outlet holes 84. Similarly, a pair of apertures
      92 are formed in the valve 76 in alignment with the inlet holes 82.
PAR  In operation, as the piston 30 (FIG. 1) is moved away from the cylinder
      head 58, the vacuum created in the cylinder deflects the reed 86 away from
      the inlet holes 82 to allow fluid in the form of liquid or a gas from the
      inlet 68 to enter the cylinder through the apertures 82 and 92 in the
      valve mechanism 60. Simultaneously, the reed 88 is drawn against the
      spacer 78 and covers the holes 84 to prevent fluid from leaking into the
      cylinder from the outlet 72. As the piston is moved toward the cylinder
      head during the following stroke, the pressure build up in the cylinder
      causes the reed 86 to be pressed against the plate 78 to seal the holes
      82, while simultaneously the reed 88 is deflected away from the spacer 78
      to allow the fluid to pass through the holes 90 and 84 and into the outlet
      72. Because of the high pressure generated during the compression stroke
      of the piston 30, a travel limiting member 94 is provided adjacent the
      reed 88 to prevent excessive travel and possible damage to the reed 88.
      Operation of the valve mechanism 62 is similar to that of the mechanism 60
      and need not be discussed in detail.
PAR  The reciprocating compressor unit 10 has been designed for ease of
      assembly. In order to assemble the unit, the lower magnetic structure
      member 16 is first placed in the channel 13 of the base portion 12 of the
      housing. The spring 48 and 50, the limiting washers 44 and 46, and the
      stator coils 20 and 22 are then placed over the armature 42 and the shaft
      32. The pistons 28 and 30 are affixed to the shaft 32 and the cylinder
      liners 24 and 26 are placed over the pistons 28 and 30, respectively. The
      assembly thus prepared is then placed into the base portion 12 of the
      housing, and the coils, cylinder liners and limiting washers are aligned
      with recesses in the base portion 12 provided to receive these components.
      The upper magnetic structure member 18 is then placed in the upper portion
      14 of the housing and the two housing portions 12 and 14 are secured by
      means of four bolts 96 which pass through the upper portion of the housing
      15 and into threaded holes (not shown) in the base portion 12. Finally,
      the valve assemblies 60 and 62, and the heads 56 and 58 are secured to the
      two halves of the housing by the bolts 64.
PAR  The assembled unit is completely self-contained and has no surfaces moving
      with respect to each other except for the pistons 28 and 30 moving within
      the cylinder liners 24 and 26. To reduce friction and provide an adequate
      seal between the pistons and the cylinder liners, two pairs of piston
      rings 98 and 100 are carried by the pistons 28 and 30, respectively. The
      piston rings 98 and 100 may be made of a self-lubricating material such as
      carbon or an oil impregnated metallic substance, to eliminate the need for
      any lubrication during the life of the compressor unit.
PAR  The compressor unit 10 described in the foregoing utilizes opposed pistons
      to pump high pressure fluids such as Freon and other substances used in
      air conditioning applications. The same priniciples may be employed to
      pump fluids at low pressure, and when low pressure fluids are being
      pumped, the pistons 28 and 30 of FIG. 1 may be replaced by a pair of
      diaphragms 102 and 104 (FIG. 2). FIG. 2 shows a typical low pressure pump
      10a employing the same driving mechanism used to drive the compressor unit
      10 of FIG. 1. Accordingly, for purposes of clarity, whenever the same
      components are used in the apparatus of FIG. 1 and FIG. 2, they will be
      designated by the same reference numeral, and similar components serving
      an analagous function will be designated by the same reference numeral
      followed by the suffix a. Thus, the housing portions 12a and 14a (FIG. 2)
      are analagous to the housing portions 12 and 14 (FIG. 1), but have been
      modified to accept a pair of diaphragms 102 and 104 rather than the
      cylinder liners 24 and 26. The heads 56a and 58a are analagous to the
      heads 56 and 58, respectively, the main difference being the use of low
      pressure valves 106, 108, 110 and 112 in place of the reed valve
      mechanisms 60 and 62.
PAR  The intake valves 106 and 108 are pivotally mounted over a pair of inlets
      66a and 68a in the heads 56a and 58a, respectively. Each of the intake
      valves 106 and 108 is pivoted such that it is opened by the decrease in
      pressure occurring when the respective one of the diaphragms 102 and 104
      is moved away from the head, and closed by the increase in pressure
      occuring when the diaphragm is moved toward the head. A pair of outlet
      valves 110 and 112 is mounted in the heads 56a and 58a and hinged in the
      opposite direction in order to open when the pressure in the diaphragm
      chamber increases and close when the pressure in the diaphragm chamber
      decreases. Although the valves 106, 108, 110 and 112 are self-actuating,
      due to the high speed of operation of the pump 10a, in a preferred
      embodiment, a set of springs 114 is employed to bias the valves in a
      closed position to assure that the valves are properly closed after each
      stroke.
PAC  B. Reciprocating Motor
PAR  FIG. 4 shows the magnetic structure members 16 and 18 in greater detail.
      The members 16 and 18 are fabricated from E-shaped laminations of magnetic
      material. The E-shaped laminations are insulated from each other to reduce
      eddy currents and the three pole pieces extending from the E have curved
      surfaces to conform to the curvature of the armature 42. The curved
      surfaces are formed by varying the lengths of the laminations forming the
      pole pieces.
PAR  The stator coils 20 and 22 (FIG. 5) are wound around a pair of bobbins
      having radially extending flanges. The magnetic structure 17 is provided
      with a series of notches adjacent to the pole pieces to receive the
      flanges of the bobbins to secure the stator coils 20 and 22 in place. Each
      of the stator coils 20 and 22 may contain a single winding or a plurality
      of windings. The considerations for determining whether one or a plurality
      of windings will be used will be discussed in a subsequent portion of the
      specification.
PAR  FIG. 6 shows the armature 42 in greater detail. The armature is fabricated
      from laminations of ferromagnetic material which may be held together by a
      set of rivets 120. The conductive induction rings 52 and 54 are affixed to
      the ends of the armature 42 by means of a press fit. Alternatively, rivets
      or other methods may be employed to affix the induction rings to the
      armature. Two collars 122 and 124 extend from opposite ends of the
      armature 42 and serve to retain the springs 48 and 50 (FIG. 4) in place.
      The collars 122 and 124 may be separately fabricated from tube stock as
      shown in FIGS. 6 and 7, or may be formed by extensions of the laminations
      forming the armature 42 as shown in FIGS. 1 and 2. The threaded portions
      34 and 36 of the shaft 32 are used to secure the pistons or diaphragms in
      place, however, other securing methods may be used.
PAR  Referring now to FIG. 8 in conjunction with FIG. 7, two half wave rectifier
      diodes 126 and 128 are connected in series with the stator coils 20 and
      22, respectively, and a source of alternating current potential. In a
      preferred embodiment, solid state rectifier diodes such as silicon diodes
      are used, however, any suitable diodes having a sufficient current
      carrying capacity to energize the stator coils 20 and and 22 may be
      employed.
PAR  In the embodiment shown in FIG. 8, each of the stator coils 20 and 22
      includes two windings 20a and 20b, and 22a and 22b, respectively. A phase
      shifting capacitor 130 is connected in series with the windings 20b and
      22b for shifting the phase of the current through the windings 20b and 22b
      with respect to the respective windings 20a and 22a. The aforementioned
      phase shift serves to increase the duty cycle of the current flowing
      through the stator coils 20 and 22 to thereby increase the power output of
      the reciprocating armature. Generally, the windings 20b and 22b will have
      fewer turns than the windings 20a and 22a, but the number of turns in each
      winding may be selected in accordance with the increase in power desired.
PAR  Operation is as follows. When a positive potential is applied to the
      junction of the diodes 126 and 128, the diode 128 is rendered conductive
      to cause current to flow through the stator coil 22. Due to the inductance
      of the winding 22a, the current through the winding 22a lags the voltage
      applied thereto. The capacitor 130 is connected in series with the winding
      22b, and the capacitive reactance of the capacitor 130 tends to cancel the
      effects of the inductive reactance of the winding 22b. As a result,
      current begins to flow through the winding 22b sooner than through the
      winding 22a. Depending on the value of the capacitor 130, the current
      through the winding 22b can be made to lead or lag the alternating current
      voltage applied to the input terminals.
PAR  As the instantaneous voltage across the input terminals continues to build
      up during the first half cycle of the alternating current wave, the
      current through the stator coil 22 will also continue to build up, the
      build up of the current through the winding 22b following the voltage of
      the alternating current source more closely than the current through the
      winding 22a. As the instantaneous voltage of the alternating current
      source begins to decrease, the current through the winding 22b will begin
      to decrease. However, due to the inductive reactance of the winding 22a,
      the current through the winding 22a will continue to flow after the
      current flow through the winding 22b has ceased. As a result, a magnetic
      field is maintained within the coil 22 for a longer period of time than
      would be achieved with a single winding coil, the winding 22b providing
      the magnetic field at the beginning of the half cycle of the alternating
      current wave, and the winding 22a providing the magnetic field near the
      end of the half cycle.
PAR  After the first half of the alternating current cycle has been completed,
      the junction of the diodes 126 and 128 is rendered negative, thereby
      rendering the diode 128 nonconductive and the diode 126 conductive. When
      the diode 126 is rendered conductive on negative half cycles of the
      alternating current wave, the coil 20 is energized in a manner similar to
      the energization of the coil 22. When the coil 20 is energized, current
      flows initially through the winding 20b connected in series with the
      capacitor 130, and subsequently through the winding 20a, in a manner
      similar to the operation of the windings 22a and 22b. On positive half
      cycles the coil 22 is again energized, and the diodes 126 and 128 serve to
      alternately energize the coils 20 and 22 to cause the armature 42 to
      reciprocate at the alternating current rate.
PAR  In a preferred embodiment, when a source of alternating current is used to
      energize the stator coils 20 and 22, the coils are wound in opposite
      directions to maintain the direction of the magnetic field through the
      magnetic structure in the same direction. The maintenance of a
      unidirectional magnetic field reduces the hysteresis losses in the
      magnetic path and increases the output power of the motor for the reasons
      explained below. Referring to FIG. 7, the three pole pieces extending from
      the magnetic structure member 18 will be designated as 18a, 18b and 18c,
      and the three pole pieces extending from the magnetic pole member 16 will
      be designated as 16a, 16b and 16c. The coils 20 and 22 are wound such that
      the pole pieces 16a and 18a become south magnetic poles, and the pole
      pieces 16b and 18b become north magnetic poles when the coil 20 is
      energized. Similarly, the coil 22 is wound such that the pole pieces 16b
      and 18b become south magnetic poles and the pole pieces 16c and 18c become
      north magnetic poles when the coil 22 is enenrgized. As a result, the
      magnetic flux flowing through the magnetic structure 17 will always flow
      in the same direction.
PAR  As the coils are alternately energized, the armature 42 will be moved
      toward the energized coil as the magnetic field generated applies force to
      the armature in an effort to close the magnetic path around the energized
      coil. For example, when the coil 20 is energized, the armature 42 will be
      moved toward the pole pieces 16a and 18a in an effort to complete the
      magnetic path between the pole pieces 16a and 16b, and 18a and 18b.
      Conversely, as the coil 22 is energized, the armature 42 will be moved
      toward the pole pieces 16c and 18c. Accordingly, as the coils 20 and 22
      are alternately energized, the armature 42 will reciprocate in synchronism
      with the energization of the coils.
PAR  In addition to the magnetic effects described above, the changing magnetic
      field flowing through the armature 42 causes current to be induced in the
      conductive induction rings 52 and 54. The current thus induced generates
      magnetic poles at opposing ends of the armature 42 in a direction opposite
      to the direction of the magnetic field produced by the coils 20 and 22.
      The magnetic poles thus generated at the opposing ends of the armature are
      alternately attracted to the poles 16a and 18a and 16c and 18c to further
      increase the output power of the reciprocating motor.
PAR  For example, when the armature is positioned as shown in FIG. 7 and the
      coil 22 is energized, the induced current flowing through the conductive
      induction ring 54 produces a south magnetic pole at the end of the
      armature positioned between the pole pieces 16b, 18b and 16c, 18c. The
      south pole thus generated is repelled away from the south pole generated
      at the pole pieces 16b and 18b and attracted toward the north pole at the
      pole pieces 16c and 18c. This action reinforces the magnetic forces
      attracting the armature 42 toward the pole pieces 16c and 18c. Similarly,
      when the coil 20 is energized, the current induced in the conductive
      induction ring 52 aids the forces attracting the armature 42 toward the
      pole pieces 16a and 18a.
PAR  The embodiments discussed in the foregoing have all utilized a source of
      alternating current potential to energize the reciprocating motor. The
      system may also be energized from a source of direct current potential if
      an appropriate switching arrangement for alternately energizing the coils
      20 and 22 is provided. One such system is shown in FIG. 9. In the
      embodiment of FIG. 9, the coils 20 and 22 are energized by a battery 132
      or other source of direct current potential. A flip-flop 134 is used to
      alternately connect one of the coils 20 and 22 to the battery 132 in
      response to a signal from an oscillator circuit 136. The flip-flop 134 may
      comprise a standard solid state flip-flop or a switching relay or the
      like. Any oscillator or astable multivibrator suitable for driving the
      flip-flop 134 may be used in the oscillator circuit 136. The frequency at
      which the flip-flop 134 is switched may be set at any desired frequency,
      depending on the desired frequency of reciprocation of the reciprocating
      motor. Because the pulse from the flip-flop 134 may be tailored to suit
      the particular reciprocating motor used, single winding coils may be used
      for the coils 20 and 22 if desired. However, due to the unidirectional
      voltage provided by the flip-flop, the coils 20 and 22 should be wound in
      the same direction if a unidirectional flux is desired in the magnetic
      structure.
PAR  Although particular embodiments of the invention have been illustrated, it
      should be noted that the illustrated embodiments are not intended to limit
      the scope of the invention, and that other embodiments and modifications
      occurring to those skilled in the art still fall within the scope and
      spirit of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reciprocating system comprising:
PA1  an armature;
PA1  means connected to opposing ends of said armature for supporting said
      armature for lateral movement over a predetermined range;
PA1  first and second laterally displaced electromagnetic coils disposed about
      said armature, each of said first and second coils having first and second
      parallel windings alternate energization of said electromagnetic coils
      being effective to cause said armature to reciprocate;
PA1  first and second unidirectional rectifying means each connected in a first
      series circuit with one of said first windings of a respective one of said
      first and second electromagnetic coils and in a second series circuit with
      the second winding of said respective one of said first and second
      electromagnetic coils for alternately energizing said first and second
      coils in response to an alternating current voltage applied thereto and;
PA1  means for shifting the phase of the current through said second windings
      connected in series with each of said second windings and said first and
      second unidirectional rectifying means.
NUM  2.
PAR  2. A reciprocating system as recited in claim 1 wherein said supporting
      means includes means for pumping fluids in response to the reciprocation
      of said armature.
NUM  3.
PAR  3. A reciprocating system as recited in claim 1 wherein said first and
      second unidirectional rectifying means include first and second half wave
      rectifier diodes, respectively, said first half wave rectifier diode being
      connected to supply half wave rectified current to the first and second
      windings of said first electromagnetic coil, and said second half wave
      rectifier diode being connected to supply half wave rectified current to
      the first and second windings of said second electromagnetic coil, said
      first and second half wave rectifier diodes being poled in opposite
      directions for alternately supplying half wave rectified current pulses to
      said respective windings in response to said alternating current voltage.
NUM  4.
PAR  4. A reciprocating system as recited in claim 3 wherein said phase shifting
      means includes a capacitor, and wherein each of said first windings is
      connected in one of said first series circuits with a respective one of
      said first and second half wave rectifier diodes, and each of said second
      windings is connected in one of said second series circuits with said
      capacitor and a respective one of said first and second half wave
      rectifier diodes.
NUM  5.
PAR  5. A reciprocating system as recited in claim 3 wherein each of said coils
      is adapted for inducing magnetic flux into said armature, and said coils
      are wound in opposite directions for inducing a unidirectional flux into
      said armature.
NUM  6.
PAR  6. A system as recited in claim 1 further including a conductive induction
      ring affixed to said reciprocating armature for reciprocation therewith,
      said induction ring being responsive to magnetic flux flowing therethrough
      for generating a circulating current therein.
NUM  7.
PAR  7. A reciprocating system as recited in claim 1 further including:
PA1  a housing having a base portion and an upper portion;
PA1  a laminated magnetic structure member supported by said base portion;
PA1  means for supporting said first and second laterally displaced coils within
      said housing in proximity to said laminated magnetic structure member for
      inducing a magnetic flux therein;
PA1  means for securing said base portion to said upper portion; and
PA1  means for supporting said pumping means at opposite ends of said housing.
NUM  8.
PAR  8. A reciprocating system as recited in claim 7 further including a second
      laminated magnetic structure member supported within said upper portion of
      said housing.
NUM  9.
PAR  9. A reciprocating system as recited in claim 8 wherein said pumping means
      includes a piston coupled to each opposing end of said armature, and said
      supporting means includes a tubular cylinder liner disposed over each
      piston, said cylinder liners being supported between said upper and said
      base portions of said housing at opposite ends thereof.
NUM  10.
PAR  10. A reciprocating system as recited in claim 9 further including a carbon
      piston ring affixed to each of said pistons for reciprocation therewith.
NUM  11.
PAR  11. A reciprocating system as recited in claim 8 wherein said pumping means
      includes a diaphragm coupled to each opposing end of said armature and a
      diaphragm chamber disposed over each diaphragm, and said supporting means
      includes means for securing said diaphragms and diaphragm chambers to
      opposite ends of said housing.
NUM  12.
PAR  12. A reciprocating system comprising:
PA1  first and second coaxially disposed and axially displaced stator coils each
      having first and second parallel windings;
PA1  a magnetic armature mounted for reciprocation relative to said stator
      coils;
PA1  a magnetic member cooperating with said stator coils and said armature to
      provide a magnetic path between said stator coils and said armature;
PA1  means coupled to said first and second stator coils for energizing the
      windings in said first coil in alternation with the windings of said
      second coil; and
PA1  means connected in circuit with the second windings of each of said first
      and second stator coils for shifting the phase of the current flowing
      through each of said second windings with respect to the current flowing
      through each of said respective first windings.
NUM  13.
PAR  13. A reciprocating system as recited in claim 12 further including means
      connected to opposite ends of said armature for pumping fluids in response
      to the reciprocation of said armature.
NUM  14.
PAR  14. A reciprocating system as recited in claim 12 wherein said phase
      shifting means includes a capacitor connected in two series circuits, each
      of said series circuits including said capacitor and one of said second
      windings.
NUM  15.
PAR  15. A reciprocating system as recited in claim 14 wherein said alternate
      energizing means includes first and second oppositely poled rectifier
      diodes, said first rectifier diode being connected in a first series
      circuit with said first winding and in a second series circuit with said
      second winding of said first stator coil and said second rectifier diode
      being connected in a third series circuit with said first winding and in a
      fourth series circuit with said second winding of said second stator coil.
NUM  16.
PAR  16. A reciprocating system as recited in claim 1 wherein said first and
      second coils each include first and second parallel windings.
NUM  17.
PAR  17. A reciprocating system as recited in claim 16 further including first
      and second bobbins for supporting said first and second electromagnetic
      coils, said first and second windings of said first coil being wound on
      said first bobbin and said first and second windings of said second coil
      being wound on said second bobbin.
NUM  18.
PAR  18. A reciprocating system as recited in claim 12 further including a pair
      of conductive induction rings disposed at opposite ends of said armature,
      said induction rings being responsive to the flow of magnetic flux
      therethrough for generating a circulating current therein.
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PAL  A digital pulse source generates a frequency analog of a desired velocity
      to which a d-c motor is accelerated. The acceleration circuit comprises a
      circuit means for converting a frequency analog signal to a frequency
      dependent direct voltage and a sawtooth voltage. A comparison circuit
      generates a motor drive signal having a duty cycle dependent on the
      relative voltage levels of the direct and sawtooth voltages. The
      comparative duty cycle of motor drive signal for two different velocities
      is regulated to be proportional to the square of the ratio of the two
      velocities.
PARN
PAR  This is a continuation-in-part application of a pending application, Ser.
      No. 317,017, filed Dec. 20, 1972, of George J. Dohanich, Jr., John C.
      Rohde and Gary A. Trudgen for "Acceleration Control System for a D-C
      Motor" and now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a motor control system and particularly to a
      system for controlling the acceleration of a d-c motor through a fixed
      angle of rotation.
PAR  While not necessarily limited thereto this invention has particular
      application to a control system for motors which drive a print element of
      the type used for endorsing moving unit record documents.
PAR  2. Description of the Prior Art
PAR  In document handling machines, unit record documents such as checks or the
      like are endorsed by a rotatable type element driven by a motor. The type
      element is usually in the form of a type segment which is rotated by the
      motor through a fixed angle usually from a predetermined initial position
      at rest to a predetermined velocity which approximates the speed of travel
      of the document to be endorsed. For good legibility, as well as precise
      location of the endorsement onto the check, the acceleration of the drive
      motor should be very precisely controlled. Various systems for controlling
      the acceleration of the motor have been provided such as shown on pages
      1918 - 1919 of the IBM Technical Disclosure Bulletin, Vol. 14, No. 6,
      dated November 1971. Prior systems while being capable of accurate
      acceleration of the d-c motor have certain limitations under some
      operating conditions. For example, should the velocity of the document to
      be endorsed be substantially changed such as when the document handling
      machine is in the process of starting up or shutting down, then the
      location of the endorsement and its legibility could be seriously
      disturbed unless the motor is capable of being controlled to meet the
      changing velocity conditions.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of this invention to provide an improved d-c motor
      control system.
PAR  It is a specific object of this invention to provide an improved d-c motor
      control system capable of accelerating a motor to plural velocities very
      precisely through a predetermined angle of rotation.
PAR  The above, as well as other objects, are obtained in accordance with this
      invention by providing a d-c motor control system which utilizes a source
      of digital pulses for generating a frequency analog signal representing
      the desired velocity of the motor. The frequency analog signal is then
      converted to two voltage analog control signals, one of which is a direct
      voltage whose voltage level is proportional to the desired velocity, and
      the second of which is a frequency analog control signal whose frequency
      rate is proportional to the desired velocity. Motor drive control signals
      are generated on the basis of a comparison of the voltage level of the
      first and second voltage analog control signals. The acceleration of the
      d-c motor using the driver control signals is dependent on the duty rate
      of the drive control signal. It is a feature of this invention that the
      duty rate of a first velocity is a function of the square of the second
      velocity to the first velocity. Using this relationship very precise
      acceleration control can be obtained over a d-c motor and particularly
      when the desired motor velocity is changing. A further element of the
      control system comprises means for terminating the application of drive
      control signals of the predetermined duty rate upon completion of the
      rotation of the d-c motor to the predetermined angle of rotation. It is a
      further feature of this invention that the frequency rate of the drive
      control signals supplied for motor drive is a submultiple of the frequency
      rate of the digital pulse source. The submultiple is a selectable one and
      would be determined by the frequency of resonance of the motor and/or its
      associated mechanical system.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention, as illustrated in the accompanying
      drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic of a document handling machine utilizing the motor
      control system of this invention;
PAR  FIG. 2 is a logic circuit diagram of the acceleration control portion of
      the motor control system of FIG. 1;
PAR  FIGS. 3a - 3c are waveforms illustrating various operation levels of the
      motor control system of FIG. 2;
PAR  FIGS. 4a and 4b show circuit details of the acceleration control portion of
      the motor control system of FIG. 2;
PAR  FIGS. 5 and 6 show details of the angle detector used with this invention;
PAR  FIG. 7 is a circuit diagram of the motor drive circuit used with this
      invention; and
PAR  FIG. 8 is a circuit diagram showing details of the digital servo and detent
      elements of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a d-c motor 13 is mechanically connected to a type
      sector 12 which is accelerated from a rest position to a predetermined
      velocity to endorse record documents such as checks (not shown) being fed
      seriatim toward the sector 12 along a document transport 11. The checks
      are fed along transport 11 by feed rolls including roll 10 driven by a
      belt drive system including belt 14. Check feeding devices including
      transports, belt drives, as well as endorsing mechanisms, are wellknown in
      the art and are illustrated herein in brief schematic merely to show one
      application of this invention. A timing disk 18 having transparent timing
      slots 21 is mechanically connected to rotate with the drive roll 10. A
      frequency analog signal representing the velocity of the checks and hence,
      the desired velocity of the drive motor 13 and type sector 12 is produced
      by rotation of the disk 18 so that radiation from light source 19 passing
      through slots 21 of moving disk 18 is sensed by a photocell 20 thereby
      generating a stream of digital pulses having a frequency directly
      proportional to the rate of rotation of drive roll 10 which in turn is
      proportional to the velocity of the documents to be endorsed. Of course,
      it is understood that when drive roll 10 is rotating at a constant speed,
      the frequency analog signal comprises a stream of electrical pulses
      occurring at a constant frequency rate. However, drive roll 10 rotates at
      a changing velocity and the pulse rate of the frequency analog signal
      changes accordingly. The frequency analog signals from the photocell 20
      pass through a waveshaper circuit 22 and are then applied to an
      acceleration control circuit 23, which is part of the control means for
      d-c motor 13, which will be described in detail hereinafter. While the
      source of the frequency analog signal for acceleration control of drive
      motor 13 is illustrated as being a rotating disk with transparent slots
      for producing pulses in a photocell, other digital pulse sources tied to
      roll 10 for indicating desired velocity may be used. In accordance with
      this invention, the acceleration control circuit 23 converts the frequency
      analog signal to provide frequency and pulse width modulated drive signals
      which are applied through logic circuits comprising AND gates 24 and OR
      gates 25 and 26 to motor drive circuit 17 which has outputs 27 and 28
      connected to the d-c motor 13 to regulate the acceleration of motor 13 to
      a desired velocity. In practicing this invention, the d-c motor 13 may
      take various forms but is preferably a permanent magnet d-c servo motor.
      Likewise, the motor drive circuits 17 may take various forms, however, a
      preferred form of drive circuit particularly useful for controlling d-c
      motors for driving type sector 12, is shown in detail in FIG. 7. As shown
      in FIGS. 1 and 7, the motor drive circuits 17 have input drive connections
      for both forward and reverse, high and low power acceleration. The inputs
      for upper and lower forward high power drive are UFHI and LFHI,
      respectively. The symbol URHI identifies the upper reverse high power
      input while LR identifies the lower reverse input for both high and low
      power. UFLO and URLO identify the upper forward and upper reverse low
      power connections, respectively.
PAR  The specific manner in which the motor drive circuits are energized to
      accelerate and decelerate motor 13 can best be seen by reference to FIG.
      7. Acceleration, as previously stated, occurs when there is a combination
      of UFHI and LF signals. These signals respectively turn on transistors 110
      and 112. Transistor 110 in turn turns on transistor 111 causing current to
      flow from the 60 volt supply through resistor 113, resistor 114, motor 13,
      and transistor 112 to ground. For deceleration URHI and LR signals are
      applied to respectively turn on transistors 115 and 116. Transistor 117 is
      turned on causing current from supply source through resistor 113 to
      transistor 117, resistor 118 through motor 13 in the reverse direction,
      and transistor 116 to ground. Likewise, a UFLO signal and an LF signal
      respectively turn on transistors 119 and 112 to operate motor in a first
      direction at low power. A URLO signal turns on transistor 120 in
      combination with an LR signal turning on transistor 116 to operate motor
      13 in the reverse direction from their low power. For detenting purposes
      an LR and LF signal applied to transistors 116 and 112 respectively ground
      the terminals of motor 13 to hold it at a fixed position.
PAR  In the particular application illustrated in FIG. 1, the type sector 12 is
      rotated intermittently by motor 13 in a clockwise direction as shown by
      arrow 31 from a position of rest, i.e., the "home" position. In the
      particular embodiment shown, type sector 12 is provided with two type
      faces 29 and 30. In each cycle of operation the acceleration control 23,
      in accordance with this invention, applies a series of drive pulses to the
      UFHI and LF inputs of the motor drive circuits 17 as described to
      accelerate motor 13 so that the respective type faces 29 and 30 of type
      sector 12 move from the "home" position to a velocity which matches the
      linear velocity of the check moving on transport 11. When the type sector
      12 has rotated to a predetermined angle and reached the desired velocity,
      the drive pulses applied by acceleration control 23 to the UFHI and LF
      inputs of drive circuit 17 are shut off allowing motor 13 to coast and to
      be driven along with the sector 12 by the document as it is fed through
      the endorsement station by the feed rolls. When the type sector 12 has
      rotated through the endorsement angle, drive pulses from acceleration
      control 23 are then applied to the URHI and LR inputs of motor circuit 17
      as described to decelerate motor 13 until it comes to rest at the home
      position prior to the arrival of the next document to be endorsed by the
      alternate type face of segment 12. Both upon the termination of
      deceleration and when the machine is first started up, motor 13 is located
      at "home" position and retained there by operation of the detent and
      homeseek circuit 16 upon signal from the angle detector 33.
PAR  The means for determining the "home" position and the acceleration, coast,
      and deceleration phases of operation of motor 13 comprises an angle
      detector 33 operably connected to motor 13. In the preferred embodiment,
      as shown in FIGS. 5 and 6, the angle detector 33 comprises a circular disk
      95 mounted to be rotated with motor 13 in a clockwise direction, as seen
      in FIG. 5. Disk 95 which is generally opaque is provided with a plurality
      of transparent arcs 96, 97 98, and 99. Transparent arcs 96 and 98 are
      acceleration arcs while the transparent arcs 97 and 99 are the
      deceleration arcs. The arcuate length of the acceleration arcs 96 and 98
      correspond with the angular distance type sector 12 must rotate from
      "home" position to the point where the related type faces 29 and 30 make
      initial contact with a document on transport 11. The opaque sector of disk
      95 between accelerate arc 96 and decelerate arc 99 has an angular length
      corresponding with the angular length of one of the type faces 29 and 30
      of type sector 12. Similarly, the opaque sector of disk 95 between
      accelerate arc 98 and decelerate arc 97 has an arcuate length
      corresponding with the length of the second of the type faces of type
      sector 12. Arcs 96 and 97 have a small angular overlap (e.g.
      1.degree.-1.5.degree.) to define a first "home" position for type sector
      12, as indicated by broken line 100. Similarly, acceleration arc 98 and
      deceleration arc 99 have the same small angular overlap to define a second
      "home" position for type sector 12 when the overlap is located on line
      100. Disk 95 is also provided with a plurality of transparent position
      notches 101 which are uniformly spaced around the entire periphery of the
      disk. The position notches 101 serve to indicate the position of the motor
      13 at all times including the acceleration, deceleration and coasting
      phases of operation. Transducers for sensing the acceleration and
      deceleration arcs and the position notches are located along the "home"
      position line 100. As seen best in FIG. 6, the acceleration, deceleration
      and position transducers respectively comprise photosensitive elements
      102, 103 and 104 located on one side of disk 95 while light emitting
      elements 105, 106 and 107 are located on the opposite side. Photosensitive
      elements 102 - 104 are respectively connected by leads 91, 90 and 93 to
      the digital servo 32 and the detent and homeseek circuit 16, as shown in
      FIG. 1.
PAR  As described, the overlap of the arcs 96 and 97 defines home position. The
      combination of signals from photosensors 102 and 103 on lines 90 and 91
      define the "home" position, as well as the direction in the vicinity of
      that position for the operation of the detent and homeseek circuit 16. A
      single output signal on line 90 defines the acceleration phase to digital
      servo 32 and produces a gate 1 signal on the F output to the corresponding
      AND gate 24 to gate drive pulses from acceleration control 23 to UFHI AND
      LF. A single input on line 91 from photosensor 102 defines the
      deceleration phase of the machine cycle and causes the digital servo 32 to
      produce a gate signal at the R output to a related AND gate 24 for
      connecting drive pulses from the acceleration control 23 to the URHI and
      LR inputs of the drive circuits 17. The absence of signals on lines 90 and
      91 indicate the coast phase of motor 13 and causes the digital servo 32 to
      remove the F signal from the AND gate 24 and UFHI - LF inputs of motor
      drive circuits 17. Position signals from the photosensor 104 of angle
      detector 33 on line 93 is used by a digital servo 32 to gate acceleration
      or deceleration pulses in accordance with desired motor operating
      characteristics.
PAR  For the initiation of the acceleration phase, as previously described, a
      document sense signal from sensor 15 on line 92 is applied simultaneously
      to the detent and homeseek circuit 16 and digital servo 32. If the motor
      13 is in the "home" position as indicated above, the FHI and RHI outputs
      of the detent and homeseek circuit 16 are down thereby releasing the power
      from drive circuit 17. With the outputs on lines 90, 91 and 93 digital
      servo 32 is activated to apply a gate signal on its F output to the
      corresponding AND gates 24 and OR gates 25 and 26, thus, conditioning
      these logic circuits to permit the application of drive pulses from
      acceleration control 23 to UFHI and LF inputs of drive circuits 17. Thus,
      the acceleration phase is initiated to permit pulses from waveshaper 22,
      the digital servo 32 and acceleration control 23 to apply drive pulses to
      the drive circuit 17.
PAR  While the digital servo 32 can take various forms, in the preferred form it
      also is a displacement servo which monitors the displacement of motor 13
      (and sector 12) to periodically determine its location during the
      acceleration and deceleration phases relative to the desired location. As
      seen in FIG. 8, the digital servo circuit 32 comprises a first counter 121
      which receives timing pulses from the timing disk 18 connected to the feed
      rolls of the document transport. Counter 121 is a multistage digital
      counter having outputs from each stage connected to a decode circuit 122.
      The decode circuit 122 converts the count of counter 121 and supplies an
      output to a counter 123 whose output is connected to a comparator 124. The
      count from counter 123 represents the desired position of motor 13 during
      the acceleration and deceleration phases. Also provided by the digital
      servo circuit is a counter 125 which has an input connected to the
      photosensor 104 which reads the position notches 101 on disk 95. Counter
      125 has a count output connected to a second input of comparator 124. The
      output from counter 125 represents the actual position of motor 13 during
      the acceleration, coast, and deceleration phases. The comparator circuit
      124 functions to compare the desired position of motor 13 with the actual
      position during the course of the acceleration and deceleration phases. If
      the actual position of motor 13 as represented by the count of counter 125
      is equal to or less than the desired position as represented by the count
      of counter 123, an output signal from comparator 124 is applied to AND
      gates 126 and 127 which are connected to the F and R outputs of digital
      servo 32 to AND gates 24 (see FIG. 1) for gating acceleration or
      deceleration pulses to the motor drive circuits 17, as previously
      described. Further details of operation of the digital servo circuit 32
      can be understood by reference to the previously mentioned publication in
      the IBM Technical Disclosure Bulletin.
PAR  In accordance with this invention the digital servo circuit 32 is further
      provided with phase latches 129 and 130. Latch 129 has its set input
      connected through line 92 (see FIG. 1) to document detector 15. The reset
      input of latch 129 is connected through inverter 131 and lead 90,
      transducer 103 of disk 95 of the angle detector 33. Thus, when a document
      is sensed by detector 15 after an accelerate signal from transducer 103 to
      inverter 131 which has reset latch 129, latch 129 is set to supply an
      output on line 132 which conditions decode 122 to operate in the
      accelerate mode and applies a signal to AND gate 127 in preparation for a
      gating signal from comparator 124 to produce an F output to AND gate 24 to
      initiate the acceleration of motor 13. Latch 130 has its set input
      connected through line 91 to transducer 102 which senses the deceleration
      arcs 97 and 99 of disk 95 of the angle detector 33. The reset input of
      deceleration latch 130 is connected to the output from AND gate 133. As
      previously described, when the motor 13 is in the "home" position,
      transducers 102 and 103 will generate signals on lines 90 and 91 to AND
      gate 133 to produce an output to reset latch 130. During the deceleration
      phase the output from transducer 102 on line 91 sets decelerate latch 130
      which applies an output signal to convert decode circuit 122 to the
      decelerate phase and to gate a signal from comparator 124 to AND circuit
      126 to produce an output signal on the R output of digital servo 32 (see
      FIG. 1) for gating decelerate drive pulses through AND gate 24 to the URHI
      and LR terminals of the motor drive circuit 17. At the end of the
      deceleration phase when the disk 95 indicates that motor 13 is in the
      "home"  position, a pulse from AND gate 133 resets decelerate latch 130
      and removes the output from AND gate 126. The output from AND gate 133
      also sets a detent latch 134 which produces an output signal DETENT ENABLE
      which is applied to the detent and homeseek circuitry 16 which holds the
      motor 13 in the "home" position until released by a reset signal from
      document detector 15 at the beginning of the acceleration phase of
      operation. The details of operation of the detent homeseek circuit 16 may
      be more fully understood by reference to the U.S. Pat. No. 3,541,418 of G.
      J. Agin et al, issued on Nov. 17, 1970.
PAR  As previously indicated, this invention comprises acceleration control
      circuit means which converts the frequency analog signal to a pair of
      analog control signals. A logic diagram shown in FIG. 2 illustrates the
      organization of such conversion circuit. The frequency analog signal on
      line 34 is applied to single shot 35 to a low pass filter 36 connected to
      one input of a voltage comparison circuit 37. The frequency analog signal
      on line 34 is also applied to a frequency divider circuit 38 (in this case
      counter 121 in digital servo 32) where the frequency rate is reduced to a
      level determined by the resonant frequency of the motor drive system and
      the electrical time constant of the motor. This reduced frequency analog
      control signal is applied to single shot 39, which is used to drive a high
      speed switch 40, which is connected to a second input of voltage
      comparison circuit 37. Basically, the single shot 35 changes the digital
      pulse of the frequency analog signal to rectangular control pulses of
      substantially uniform width. These control pulses are then converted by
      the low-pass filter 36 to a direct voltage signal whose magnitude is
      dependent on the frequency rate of the control pulses. Single short 39
      also changes the submultiple digital pulses from a frequency divider 38 to
      the rectangular control pulses of substantially uniform width. These
      pulses are then used to operate high-speed switch 40, which applies a
      pulsating voltage signal to the second input of voltage comparison circuit
      37. As previously stated, the preferred form of the pulsating analog
      control signal is a sawtooth signal. The means for generating this signal
      is a sawtooth generator which includes capacitor 41, which is regulated to
      receive charge from current source 42 by the high-speed switch 40,
      operated by the single shot 39. Thus, the frequency rate of the sawtooth
      generator is controlled by the frequency rate of the digital signal from
      single shot 39. The voltage level of the sawtooth pulse, however, is
      determined by the current source 42 and the capacitor 41. A diode 43 is
      connected across a current source to the output of low pass filter.
PAR  The further details of the acceleration control circuitry 23 is seen in
      FIGS. 4a and 4b. In FIG. 4b, transistors 50, 51 and 52 are connected to
      form a single shot 35 having an input connected to line 34 for connection
      to the digital pulse source which generates the frequency analog velocity
      indicating signals. Capacitor 53 connected across voltage sources to the
      collector of transistor 50 and through diode 54 to a base of transistor 51
      to determine the astable time of the single shot 35. The output from
      single shot 35 is connected to transistor 55, which inverts the single
      shot signal and applies it to the base of transistor 56, which coacts with
      capacitor 57 and resistor 75 which form low-pass filter 36. The output
      from the low-pass filter 36 is applied on line 58 to the base of
      transistor 59 of voltage comparison circuit 37.
PAR  The second means for converting the frequency analog signal from the
      digital pulse generator, as shown in FIG. 2, comprises a frequency divider
      38 connected to a single shot 39. The details of the circuit for frequency
      divider 38 are omitted since such circuitry is well-known in the art.
      Likewise, the details of single shot 39 are not shown since they are
      substantially identical to the single shot circuitry for single shot 35,
      as shown in FIG. 4b. The output from single shot 39 generates a RESET
      signal on line 44, which is connected to the base of transistor 60, which
      with transistor 61 forms high-speed electronic switch 40. The collector of
      transistor 61 is connected through resistor 62 to capacitor 41 and to
      current source 42 comprising transistors 63 and 64. The high-speed switch
      40, capacitor 41, current source 42 coact to generate a sawtooth wave
      having a frequency rate equal to the frequency of the control signal
      generated by single shot 39. The sawtooth wave is applied on lead 65 to
      the base of transistor 66 of voltage comparison circuit 37. The slope of
      the ramp of the sawtooth signal is regulated in accordance with the
      current in d-c motor 13. For this purpose a current sensing element such
      as resistor 113, FIG. 7, in the motor circuitry is connected to the base
      of transistor 64 in current source circuit 42.
PAR  As previously stated, the voltage comparison circuit 37 functions to
      compare the direct voltage from the low-pass filter 36 on line 58 with the
      voltage of the sawtooth wave on line 65. When the voltage of the sawtooth
      wave reaches the level of the direct voltage analog signal on line 58,
      comparison circuit 37 generates a signal on output 67 for operating the
      d-c motor 13. In the preferred embodiment of this invention, the capacitor
      41 and current source circuit 42 are selected so that a voltage level for
      the sawtooth wave is at least equal to and preferably slightly greater
      than the maximum direct voltage from low-pass filter 36. Transistor 76 is
      connected across input lines 65 and 58 to voltage comparison circuit 37 to
      clamp the sawtooth signal to the same voltage level as the direct voltage
      from low-pass filter 36.
PAR  Essentially, transistor 76 performs the function of diode 43 shown in FIG.
      2. Basically, voltage comparison circuit 37 is a high gain differential
      amplifier in which transistors 59 and 64 and transistors 66 and 71 are
      connected as Darlington pairs in combination with current source 70. The
      output 67 from the voltage comparison circuit 37 is connected to the base
      of transistor 72, which has its collector connected to the base of the
      second transistor 73. Transistors 72 and 73 are connected for amplifying
      the motor drive control signals. In the preferred embodiment the output
      from transistor 73 is connected to an inverter-latch 74 whose output 75 is
      connected to the motor drive circuit.
PAR  The operation of the d-c motor control of this invention can be best
      understood by reference to FIGS. 2, 4a and 4b, along with reference to the
      waveform shown in FIGS. 3a, 3b and 3c. As the digital pulses are generated
      from disk 18, light source 19 and photocell 20 to produce a frequency
      analog signal applied to the acceleration control circuit on line 34, a
      square-wave signal from single shot 35 is converted by low-pass filter 36
      to a direct voltage whose level is dependent on the frequency rate of the
      frequency analog signal. Low-pass filter 36 has a bandpass much lower than
      the repetition rate of single shot 35. Therefore, the output of low-pass
      filter 36 represents the average value of the input. Since single shot 35
      provides uniform width, constant amplitude pulses; the output is dependent
      on frequency. At the same time capacitor 41, high-speed switch 40 and
      current source 42 operate to generate the sawtooth wave 80, which is
      applied to second input 65 of voltage comparison circuit 37. As previously
      indicated, the frequency rate of signal 80 is proportional to the
      frequency of the reset signal 81 coming from single shot 39. As seen in
      FIG. 3a, if the voltage level of the direct voltage signal on input 58 is
      equal to or greater than the peak voltage of sawtooth wave 80, the duty
      cycle of the output voltage on line 67 from voltage comparison circuit 37
      is also a direct voltage. In other words, the voltage comparison circuit
      which is normally on does not get turned off by the sawtooth wave and has
      a 100 percent duty cycle. As seen in FIGS. 3b and 3c, however, when the
      direct voltage from low-pass filter 36, as shown by broken line 83, is
      less than the peak voltage of sawtooth 80, diode 43 clamps the voltage
      applied to line 65 when the sawtooth ramp reaches the level of the voltage
      from low-pass filter 36. So long as the sawtooth wave has a voltage level
      less than the level of the voltage from low-pass filter 36, an output
      voltage appears on lead 67 from comparison circuit 37. When the ramp
      voltage of the sawtooth wave 80 reaches the level of the voltage from
      low-pass filter 36, the output on line 67 is turned off and remains off
      until the next cycle of sawtooth generator, namely, the arrival of reset
      pulse from single shot 39, which discharges capacitor 41.
PAR  In accordance with a feature of this invention, the duty cycle of the
      output signal from comparison circuit 37 for two different desired
      velocities is proportional to the square of the ratio of these velocities.
      This is illustrated in FIG. 3b where output signal 84 has a duty cycle
      which is 25 percent or 1/4 of the output signal 85 in FIG. 3a, where the
      direct voltage of curve 82 is twice the level of voltage of curve 83. FIG.
      3c shows the condition for velocity which is one third (1/3) the velocity
      of FIG. 3a. In FIG. 3c the direct voltage line 86 which represents the
      direct voltage from low-pass filter 36 is one third the direct voltage
      (line 82) of FIG. 3a. Consequently, the duty rate of output signal 87
      (FIG. 3c) is one ninth (1/9) the duty rate of output signal 85 (FIG. 3a).
      By charging duty rate in accordance with this relationship, drive pulses
      applied to motor 13 by drive circuit 17 accelerate the motor more
      precisely to the desired velocity at the desired angle of rotation.
PAR  While in the particular example illustrated the operation of the invention
      involves acceleration of d-c motor 13. The principles of the invention
      would apply for deceleration. Also while motor 13 preferably is
      accelerated from a rest condition for the specific application, it could
      also be accelerated or decelerated in accordance with this invention from
      a dynamic state.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A motor control system comprising in combination
PA1  a rotatable d-c motor, and
PA1  drive control means for said motor including means for selectively
      accelerating said motor to various desired velocities within a
      predetermined angle of rotation of said motor including,
PA1  an external source of digital pulses for generating a frequency analog
      signal representing desired motor velocity,
PA1  and acceleration control means for supplying to said motor drive control
      signals having a duty rate which varies in accordance with the square of
      said desired motor velocity comprising
PA1  means for converting said frequency analog signal to first and second
      control signals,
PA1  said first control signal being a direct voltage signal representing a
      desired motor velocity,
PA1  said first control signal having a voltage level dependent on the frequency
      of said digital pulses,
PA1  said second control signal being a periodic signal having a frequency
      representing said desired motor velocity,
PA1  said second control signal having a predetermined peak voltage level equal
      to at least the voltage level of the maximum desired velocity and a
      frequency dependent on said frequency analog signal,
PA1  and means for generating said drive control signals at said duty rate in
      accordance with the comparative voltage levels of said first and second
      control signals.
NUM  2.
PAR  2. A motor control system in accordance with claim 1 in which
PA1  said means for converting said frequency analog signal to said first
      control signal comprises
PA1  a first conversion circuit including
PA1  first means for changing said digital pulses from said external source to
      rectangular control pulses of substantially uniform width, and
PA1  means for converting said rectangular control pulses to said direct voltage
      signal,
PA1  said direct voltage signal having a voltage level dependent on the
      frequency rate of said rectangular control pulses, and said means for
      converting said frequency analog signal to said second control signal
      further comprises
PA1  second means for changing said digital pulses from said external source to
      rectangular control pulses of substantially uniform width, and
PA1  means for converting said rectangular control pulses of said second means
      to a sawtooth periodic control signal,
PA1  said sawtooth signal having a predetermined maximum peak voltage and having
      a frequency rate proportional to the frequency rate of said rectangular
      control pulses of said second means, and
PA1  said means for generating said drive control signals includes a comparison
      circuit means operable for generating a drive control signal having a duty
      rate dependent on said voltage level of said direct voltage compared with
      the voltage level of said sawtooth periodic control signal.
NUM  3.
PAR  3. A motor control system in accordance with claim 2 in which.
PA1  said first means of said first conversion circuit for converting said
      digital pulses to rectangular control pulses comprises a first signal
      shot, and
PA1  said means for converting said rectangular control pulses from said first
      single shot to a direct voltage control signal comprises a low-pass
      filter,
PA1  said low-pass filter being connected to a first input of said comparison
      circuit means.
NUM  4.
PAR  4. A motor control system in accordance with claim 3 in which
PA1  said second means of said second conversion circuit for converting said
      digital pulses to said rectangular control pulses comprises a second
      single shot, and
PA1  said means for generating said sawtooth control signal comprises a
      capacitor circuit and switch means therefor operable in the control of
      said second single shot,
PA1  said capacitor being connected to a second input of said comparison circuit
      means.
NUM  5.
PAR  5. A motor control system in accordance with claim 4 in which
PA1  said means for providing said drive control signal to said motor further
      comprises
PA1  means connected to said first and second inputs of said comparison circuit
      means for clamping the voltage level of said low-pass filter to said
      capacitor.
NUM  6.
PAR  6. A motor control system in accordance with claim 1 in which
PA1  said periodic control signal converted from said digital pulses has a
      frequency rate which is a submultiple of the frequency rate of said
      digital pulses.
NUM  7.
PAR  7. A motor control system in accordance with claim 2 in which
PA1  said second conversion circuit means includes a frequency divider for
      converting the digital pulses to said periodic control signal at said
      frequency rate which is proportional to said submultiple of said frequency
      rate of said digital pulses.
NUM  8.
PAR  8. A motor control system in accordance with claim 1 in which said
      acceleration control means further comprises
PA1  means for determining the angle of rotation of said motor, and
PA1  means responsive to said angle determining means for terminating the
      application of said motor drive control signals from said acceleration
      control means.
NUM  9.
PAR  9. A motor control system in accordance with claim 8 in which
PA1  said angle determining means comprises decode means operably connected for
      rotation with said d-c motor for generating a termination signal to said
      acceleration control means upon completion of rotation of said d-C motor
      through said predetermined angle.
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ABST
PAL  For driving a direct-current motor in tune with the frequency of an
      external synchronizing signal regardless of any abrupt change in the load
      or in the synchronizing signal frequency, a rotor position signal is
      produced in the form of a succession of pulses in phased relationship to
      the rotation of the motor. A first control circuit is provided to initiate
      the supply of electrical energy from a DC power supply to the motor in
      response to each pulse of the synchronizing signal and to suspend the
      supply of electrical energy in response to each pulse of the rotor
      position signal. This first control circuit is combined with second and
      third control circuits adapted to modify the operation of the first
      control circuit in event the motor has fallen out of synchronism. Thus,
      when the actual speed of the motor becomes higher than the required
      synchronous speed, the second control circuit operates to permit the motor
      to be fed continuously from the DC power supply, and when the actual motor
      speed becomes lower than the synchronous speed, the third control circuit
      operates to prevent the motor from being fed from the DC power supply,
      until the motor is pulled back into synchronous operation. Several other
      embodiments are disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electric motors, and more specifically
      to a system for controlling the speed of a direct-current  motor by an
      external synchronizing signal so as to maintain the same at synchronous
      speed in spite of possible rapid changes in the load or in the frequency
      of the synchronizing signal.
PAR  As is well known, synchronous motors have a distinct advantage over other
      types of motors, in that their speed of rotation is easily controllable in
      step with the frequency of an AC supply system to which they are
      connected. However, the synchronous motors are difficult of self-starting
      and, moreover, are forced to stop when they fall out of synchronism due to
      a rapid change in the load or in the AC supply frequency.
PAR  These disadvantages of the synchronous motors are totally non-existent in
      direct-current motors, which have no substantial starting problems and
      which do not stop in spite of rapid changes in the load or in the supply
      voltage. However, the direct-current motors have their own drawback in
      connection with the difficulties involved in their speed control.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the listed advantages and disadvantages of the synchronous
      motors and direct-current motors of known construction, it is an object of
      this invention to provide a novel and advanced system for speed control of
      a direct-current motor in step with an external synchronizing signal, such
      that the motor operates asynchronously during a starting period and runs
      on load substantially as a synchronous machine, thereby combining the
      advantages of both types of motors.
PAR  Another object of the invention is to provide a DC motor speed control
      system whereby the motor when loaded is caused to run in synchronism with
      an external synchronizing signal by being fed from a DC power supply as
      regulated by the pulses of the synchronizing signal and of a rotor
      position signal which is produced in phased relationship to the rotation
      of its rotor.
PAR  A further object of the invention is to provide a DC motor speed control
      system including means for preventing the motor from making quasi-stable
      rotation at speed corresponding to an integral multiple or integral
      measure of the required synchronous speed due to a rapid change in load,
      in supply voltage, or in synchronizing signal frequency, such that the
      supply of electrical energy from the DC power supply to the motor is
      suspended in event the actual speed of the motor has become higher than
      the required synchronous speed, and is maintained in event the actual
      motor speed has become lower than the synchronous speed, until the motor
      is pulled back into synchronism.
PAR  A further object of the invention is to provide a DC motor speed control
      system whereby the fact that the motor has fallen out of synchronism is
      immediately sensed by either of a pair of monostable circuits to
      correspondingly regulate the supply of electrical energy from the DC power
      supply to the motor without any substantial delay, so that the motor speed
      can almost always be maintained in tune with the synchronizing signal
      frequency.
PAR  A further object of the invention is to provide a DC motor speed control
      system such that the entire control system can easily be provided in the
      form of integrated circuitry.
PAR  A still further object of the invention is to provide a DC motor speed
      control system including means for causing the motor to produce both
      driving torque and retarding torque as dictated by the synchronizing
      signal and the rotor position signal, whereby the motor can be faithfully
      maintained at synchronous speed under varying load conditions.
PAR  These and other objects, features and advantages of the invention will be
      apparent from the following description of some preferred embodiments
      taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an explanatory nature showing the
      construction of an example of direct-current motor to which is directed
      this invention;
PAR  FIG. 2 is a schematic developed view of the commutator and associated means
      in the exemplified direct-current motor of FIG. 1 which are adapted for
      the production of a rotor position signal;
PAR  FIG. 3 is a view explanatory of alternative means for the production of the
      rotor position signal;
PAR  FIG. 4 is a schematic electrical diagram showing a circuit for driving a
      direct-current motor in step with the frequency of a synchronizing signal
      by way of explanation of the fundamental principles of this invention;
PAR  FIGS. 5A, 5B and 5C are graphic representations of motor driving pulses as
      formed by the rotor position signal and a synchronizing signal, the graphs
      being explanatory of the various operating conditions of the motor;
PAR  FIG. 6 is a graph explanatory of the driving pulses generated in the event
      of the beating of the rotor position signal and the synchronizing signal;
PAR  FIG. 7 is a schematic electrical diagram of the DC motor speed control
      system configured by way of a preferred embodiment of the invention;
PAR  FIGS. 8A, 8B, 8C and 8D are graphic representations of outputs from a pair
      of monostable circuits provided in the system of FIG. 7;
PAR  FIG. 9 is a schematic electrical diagram of another preferred embodiment of
      the invention;
PAR  FIGS. 10A, 10B and 10C are graphic representations of driving pulses and
      retarding pulses as formed by the rotor position signal and the
      synchronizing signal in the embodiment of FIG. 9; and
PAR  FIG. 11 is a schematic electrical diagram of still another preferred
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Direct-current motors to which is directed this invention may be either of
      the usual type comprising a commutator and brushes or of brushless type.
      An exemplified direct-current motor indicated by the numeral 1 in FIG. 1
      includes a shaft 2 carrying a commutator 4. A housing 3a is adapted to
      accommodate the commutator 4 together with the usual brushes, not shown in
      FIG. 1, riding thereon.
PAR  As illustrated in more detail in FIG. 2, the commutator 4 is divided into
      segments 4-1 to 4--4 by slits 4a and 4b. The brush 6 rides on these
      commutator segments, while the other brush 7 rides on the portion 4-5 of
      the commutator functioning substantially as a slip ring. The brush 6 is
      connected directly to a terminal 5-3 and, via a resistance 5a, to a
      negative DC supply terminal 5-2. The brush 7 is connected directly to a
      positive DC supply terminal 5-1. Hence, as the commutator 4 rotates in the
      direction of the arrow A, a succession of rectangular pulses are developed
      across the terminals 5-2 and 5-3. These pulses are of course in phased
      relationship to the rotation of the rotor in the DC motor 1 and are
      therefore referred to as "rotor position signal" or "rotor position
      pulses" in this specification and in the claims appended thereto.
PAR  Such rotor position signal can also be generated by the configuration shown
      in FIG. 3, in which a rotor 3 in the form of a cylindrical magnet is
      fixedly mounted on the motor shaft 2. This rotor has alternating north and
      south poles N and S formed circumferentially thereon at angular spacings
      of 45.degree.. Mounted opposite to the rotor 3 with an appropriate spacing
      therebetween is a pickup including an induction coil 8a such that an
      alternating voltage utilizable as the rotor position signal is induced in
      the coil with the rotation of the motor. The induction coil 8a is
      replaceable by other means or elements known in the art.
PAR  Although not illustrated, it will be understood that a similar rotor
      position signal is likewise obtainable in the form of pulses derived from
      inductance as the commutator segments are short circuited by the brushes.
      In the case of a tripolar motor of well known construction, six equally
      spaced pulses will be produced for each complete revolution of its rotor.
PAR  The fundamental concepts underlying the synchronous speed control of a DC
      motor are best illustrated in FIG. 4. A pair of transistors 8 and 9
      constitute in combination a flip-flop circuit. A multivibrator or
      oscillator including a unijunction transistor is provided at 21 to produce
      the synchronizing signal, and the frequency of its oscillations is
      regulatable as by the manual turn of a knob 22 provided thereto. The
      output from the oscillator 21 is delivered to a differentiator 20, and
      each negative one of the train D of "differentiated" synchronizing pulses
      therefrom is delivered to the base of the transistor 8 thereby causing
      conduction therethrough and nonconduction through the other transistor 9.
PAR  A transistor 10 is connected in series with the DC motor 1 across a pair of
      DC supply terminals 5-1 and 5-2 to control the flow of current from the DC
      power supply to the motor. This transistor 10 becomes conductive as its
      base voltage rises upon conduction of the transistor 8, thereby initiating
      the supply of electrical energy to the motor. As the DC motor 1 is thus
      set in rotation, the aforesaid rotor position signal is delivered to a
      pair of terminals 18 from the means shown in FIG. 2 or 3. This rotor
      position signal is shaped into a rectangular wave at a waveform shaping
      circuit 17, and the rectangular wave output from the circuit 17 is
      delivered to a differentiator 16. Each negative pulse produced by this
      differentiator is impressed to the base of the transistor 9 to cause
      conduction therethrough. The flip-flop circuit consisting of the
      transistors 8 and 9 is now switched, and the transistors 8 and 10 are both
      rendered nonconductive to discontinue the supply of electrical energy to
      the motor 1.
PAR  As will be understood from the foregoing description of the fundamental
      circuit of FIG. 4, the supply of electrical energy to the motor 1 is
      initiated by each pulse of the external synchronizing signal and is
      suspended by each pulse of the rotor position signal. Thus, the motor
      normally runs in synchronism with the frequency of the external
      synchronizing signal, as hereinafter explained in more detail with
      reference to FIG. 5A.
PAR  In the graph of FIG. 5A the arrow T indicates the lapse of time. The pulses
      44-1, 44-2 and 44-3 represent the synchronizing signal, and the pulses
      45-1, 45-2 and 45-3 the rotor position signal. Accordingly, the current
      pulses delivered to the motor 1 to cause its rotation (hereinafter
      referred to as "driving pulses") can be represented by those indicated as
      43-1, 43-2 and 43-3. During a starting period, the synchronizing pulses
      44-1, 44-2 . . . only are supplied consecutively to permit the motor to be
      fed continuously from the DC power supply. The motor speed up until the
      pulses of the synchronizing signal and the rotor position signal are
      produced alternately, whereupon the motor starts running at synchronous
      speed as in the graph of FIG. 5A.
PAR  If now the load to which is connected the drive shaft of the motor 1
      increases, the rotor position pulses 45-1, 45-2 . . . will be produced at
      correspondingly delayed time with respect to the synchronizing pulses
      44-1, 44-2 . . . thereby increasing the durations of the driving pulses
      43-1, 43-2 . . . during which the motor is fed from the DC power supply.
      Synchronous motor speed is thus maintained. On the other hand, if the load
      decreases, the rotor position pulses will be produced in such a manner
      that the durations of the driving pulses are shortened to maintain the
      synchronous motor speed. Such automatic readjustment of motor speed takes
      place without any substantial delay. Moreover, in case the frequency of
      the external synchronizing signal is increased or decreased, the phase of
      the synchronizing pulses 44-1, 44-2 . . . correspondingly shifts with
      respect to that of the rotor position pulses 45-1, 45-2 . . . to increase
      or decrease the durations of the driving pulses 43-1, 43-2 . . . , so that
      the motor is accelerated or decelerated as required so as to be held at
      synchronous speed.
PAR  It may be noted, however, that the normal synchronous operation of the
      motor set forth in the preceding paragraph is possible only where the
      changes in the load in the frequency of the synchronizing signal are
      carried out under normal operating conditions with regard to torque
      output, rotor inertia and so forth. The motor may pull out of synchronism
      in the event of too abrupt changes in the load or in the frequency of the
      synchronizing signal, especially during the starting period, as
      hereinafter discussed in further detail.
PAR  If n synchronizing pulses are produced consecutively between two adjacent
      rotor position pulses, the motor is in rotation at 1/n the required
      synchronous speed. Conversely, if n rotor position pulses are produced
      consecutively between two adjacent synchronizing pulses, the motor is in
      rotation at n times the synchronous speed. The former condition represents
      quasi-stable motor operation under heavy load, and the latter represents
      quasi-stable motor operation under light load.
PAR  The phenomenon known as "beating" must also be taken into consideration, as
      explained hereinbefore with reference to FIG. 5B which is plotted on the
      assumption that the load is decreasing rapidly. In the graph of FIG. 5B,
      pulses 47-1, 47-2 . . . represent the synchronizing signal, and pulses
      48-1, 48-2 . . . the rotor position signal. Since the motor speed
      increases in inverse proportion to the decreasing load, the rotor position
      pulses are so produced as to gradually shorten the durations of the
      driving pulses 46-1, 46-2 . . . It is assumed that in spite of the
      shortened durations of these driving pulses, the motor does not decelerate
      correspondingly, due for example to the presence of great inertial forces.
      The durations of the driving pulses are thus gradually shortened from 46-1
      through 46-2 to 46-3, until at last the rotor position pulse 48-4 is
      produced earlier than the synchronizing pulse 47-4. As the two rotor
      position pulses 48-3 and 48-4 are thus supplied consecutively, the control
      circuit shown in FIG. 4 succeedingly produces a driving pulse 46-4 of the
      maximum duration. The durations of the succeedingly produced driving
      pulses become gradually shorter again until the next driving pulse of the
      maximum duration is produced again. This is wat is referred to in this
      specification as the "beating" of the synchronizing signal and the rotor
      position signal.
PAR  The foregoing description of the beating phenomenon is best illustrated in
      the graph of FIG. 6, in which the axis of abscissas represents time and
      the axis of ordinates the durations of the driving pulses. As will be seen
      from this graph, the driving pulse durations gradually decrease with time,
      suddently rise to the maximum, and then gradually decrease again, as
      indicated by the numerals 49-1 and 49-2. The mean current value of these
      driving pulses produced as a result of the beating of the synchronizing
      signal and the rotor position signal is at one half the maximum height of
      the triangular waves as indicated by the line 50 in FIG. 6.
PAR  This means that the motor speed is being controlled in accordance with the
      load imposed on the motor. It is accordingly apparent that the motor is
      not running at the desired synchronous speed. Since the mean value of the
      driving pulses during synchronous operation under light load must be at
      about the line 52 in the graph of FIG. 6, the actual motor speed upon
      beating of the synchronizing signal and the rotor position signal will be
      appreciably higher than the synchronous speed. The mean driving pulse
      value during synchronous operation under heavy load, on the other hand,
      must be at about the line 51 in FIG. 6, so that the actual motor speed
      will be lower than the synchronous speed in the event of the beating of
      the two signals. In either case the actual motor speed considerably
      deviates from the desired synchronous speed.
PAR  In order to eliminate such deficiencies of the fundamental control circuit
      shown in FIG. 4, there is provided according to the invention a second and
      a third control circuit in combination with a first control circuit which
      is similar to the circuit of FIG. 4, as illustrated in FIG. 7 by way of a
      preferred embodiment of the invention. The reference characters V, V and
      V-1 denote positive DC supply terminals adapted to deliver a constant
      voltage of 5 volts in this particular embodiment of the invention, and E
      and E denote grounding terminals which serve the purposes of negative DC
      supply terminals. As previously mentioned with relation to FIG. 4, a
      unijunction transistor 23 is adapted to produce the synchronizing signal
      29-1 at a frequency determined by capacitor 24 and variable resistor 25,
      the synchronizing signal being in the form of a train of negative pulses.
PAR  Also as briefly set forth with relation to FIG. 7, an inductance 53 is
      serially connected with the DC motor 1 in order to produce via capacitor
      54 the rotor position signal in the form of a train of negative pulses
      30-1. A pair of NAND circuits 29 and 30 constitute a flip-flop circuit
      such that the output from the NAND circuit 29 turns positive in response
      to the synchronizing signal 29-1 and negative in response to the rotor
      position signal 30-1. The waveform of the output from this NAND circuit is
      therefore as indicated at 29-2. Since transistor 50 and 51 are rendered
      conductive only by positive pulses, it will be understood that the flow of
      current from the DC power supply to the motor is initiated by each
      synchronizing pulse and is suspended by each rotor position pulse. A
      resistance 52 is connected in parallel with the transistor 51 so as to
      permit the flow of current of appropriately small magnitude to the motor 1
      when the transistor 51 is nonconductive, in order that the rotor position
      signal may be produced unceasingly.
PAR  The above described operation of the first control circuit in this
      embodiment of FIG. 7 is exactly the same as that of the fundamental
      circuit of FIG. 4, so that the synchronous operation of the DC motor 1 is
      subject to the various deficiencies previously set forth. The second
      control circuit designed to eliminate part of such deficiencies includes a
      pair of NAND circuits 31 and 32 connected as seen in FIG. 7 to form a
      monostable circuit. The NAND circuit 31 is caused to produce pulses as
      graphically represented at 31-1, the durations of these output pulses
      being determined by variable resistor 33 and capacitor 34. Since a
      resistance 35a is connected to the positive DC supply terminal V-1, the
      negative pulses 30-1 of the rotor position signal are delivered to the
      NAND circuit 31 to trigger the production of its output pulses 31-1.
PAR  It is important to note that the time constant of the circuit consisting of
      the variable resistor 33 and the capacitor 34 is so determined that during
      normal synchronous operation of the motor 1, the output pulses 31-1 from
      the NAND circuit 31 have longer durations than the spacings of the rotor
      position pulses 30-1 and are therefore produced in overlapping
      relationship so as to be substantially in the form of a positive DC
      voltage. As the actual motor speed decreases out of synchronism as upon
      beating of the rotor position signal and the snynchronizing signal,
      however, the output from the NAND circuit 31 separates into discrete
      pulses.
PAR  Such forms of the output from the NAND circuit 31 are graphically
      represented in FIGS. 8A and 8B. The overlapping relationship of the output
      pulses 88-1, 88-2 . . . is seen in FIG. 8B, in which the dotted lines
      89-1, 89-2 . . . indicate the instants at which the respective rotor
      position pulses are impressed to the NAND circuit 31. As the actual motor
      speed drops out of synchronism, the output pulses 88-1, 88-2 . . . are
      separated into discrete form by the rotor position pulses as in FIG. 8A.
PAR  Referring back to FIG. 7, the substantial DC output produced from the NAND
      circuit 31 during the normal synchronous operation of the motor is
      inverted by NOT circuit 33 to the level of ground potential and thus
      exerts no electrical influence upon the transistor 50. However, as the
      motor falls out of synchronism due to its rapid drop in speed as upon
      beating of the rotor position signal and the synchronizing signal, the
      output from the NAND circuit 31 takes the form of the discrete pulses 31-3
      as above stated. The corresponding output from the NOT circuit 33 is as
      shown at 33-1, and this pulse output is caused to charge the capacitor 42,
      with the result that the transistor 50 is thereafter held conductive.
PAR  The motor 1 is thus fed continuously from the DC power supply until it
      accelerates sufficiently close to the synchronous speed, whereupon the
      output from the NOT circuit 33 returns to the level of ground potential.
      Hence, as the motor is pulled back into synchronism, the transistor 50
      becomes unaffected by the output from the NOT circuit, so that synchronous
      motor operation is thereafter carried out in the usual manner by the first
      control circuit. It will have been understood that although the motor when
      heavily loaded inevitably decelerates and falls out of synchronism upon
      beating of the rotor position signal and the synchronizing signal, the
      signal voltage automatically produced then by the NOT circuit 33 serves to
      cause the motor to immediately accelerate up to the synchronous speed.
PAR  When under light load, on the other hand, the motor will accelerate and
      also fall out of synchronism upon beating of the two signals. This defect
      is overcome according to the invention by the third control circuit also
      illustrated in FIG. 7. The third control circuit likewise includes a pair
      of NAND circuits 35 and 36 constituting a monostable circuit. The rotor
      position signal 30-1 formed by the inductance 53 and capacitor 54 is
      delivered to the NAND circuit 35. The output from this NAND circuit 35
      during the normal synchronous operation of the motor 1 is as graphically
      represented in FIG. 8C, in which the dotted lines 91-1, 91-2 . . .
      indicates the instants at which the respective rotor position pulses are
      impressed to the NAND circuit. The circuit consisting of variable resistor
      38 and capacitor 39 has such time constant that the output from the NAND
      circuit 35 is produced in the form of discrete pulses 90-1, 90-2 . . . as
      in the graph of FIG. 8C during the normal synchronous operation of the
      motor. However, as the motor accelerates and falls out of synchronism, the
      output pulses from the NAND circuit 35 are produced in overlapping
      relationship as in the graph of FIG. 8D.
PAR  In FIG. 7 the output pulses produced by the NAND circuit 35 during normal
      synchronous motor operation are indicated at 35-1. These output pulses are
      inverted by NOT circuit 37 into the waveform shown at 37-1, and this
      output from the NOT circuit 37 is caused to charge capacitor 41, with the
      result that transistor 40 is rendered nonconductive. Hence, as long as the
      motor 1 is running at synchronous speed, the transistor 50 is held
      electrically unaffected by the third control circuit.
PAR  As the motor accelerates and falls out of synchronism upon beating of the
      rotor position signal and the synchronizing signal, the NAND circuit 35 of
      the third control circuit produces the substantial DC output of FIG. 8D as
      previously mentioned, thereby causing the output from the NOT circuit 37
      to drop to ground potential. Conduction is then initiated through the
      transistor 40 to decrease the base voltage of the transistor 50. As this
      transistor 50 is thus rendered nonconductive, the supply of DC power to
      the motor 1 is thereafter held suspended until the motor decelerates
      sufficiently close to the synchronous speed. It will be apparent that the
      motor is pulled back into synchronism as the transistor 40 is rendered
      nonconductive upon production of the pulse output 37-1 from the NOT
      circuit 37. Diodes 50-1 and 50-2 seen in FIG. 7 are adapted to ensure the
      above described operation of the transistor 50.
PAR  As may be understood from the foregoing description of the second and third
      control circuits, it is appropriate that the NOT circuits 33 and 37 be
      caused to produce the output signals utilized to modify the operation of
      the transistor 50 only in event the motor 1 has accelerated or decelerated
      out of the speed range within which the motor can be pulled back into
      synchronism.
PAR  Reference is now directed to FIG. 5C in order to briefly describe the
      combined operation of the first and third control circuits of FIG. 7 in
      terms of the various voltage and current pulses produced. As the motor
      starts accelerating due for example to the rapid decrease in the load,
      with the resultant beating of the synchronizing pulses 47-1, 47-2 . . .
      and the rotor position pulses 48-1, 48-2 . . . , the NOT circuit 37 of the
      third control circuit produces its output signal to hold the transistor 50
      nonconductive and hence to prevent the motor 1 from being fed from the DC
      power supply. The supply of the DC power to the motor is not resumed by
      the synchronizing pulses 47-4 to 47-6 that are produced while the
      transistor 50 is thus held nonconductive. The motor is caused to
      decelerate in the meantime. As the motor speed drops sufficiently close to
      the synchronous speed, the transistor 50 becomes electrically unaffected
      by the output signal from the NOT circuit 37, so that the driving pulses
      46-6 . . . are produced again in the usual manner by the synchronizing
      pulses 47-7 . . . and the rotor position pulses 48-7 . . . thereby driving
      the motor at the desired synchronous speed. It will be apparent that the
      aforementioned quasi-stable motor operation at n times or 1/n the
      synchronous speed is prevented in a similar manner.
PAR  FIG. 9 illustrates another preferred embodiment of the invention which in
      fact is a modification of the first control circuit shown in FIG. 7. The
      armature (rotor) of the DC motor under consideration is shown at 65a and
      the field coil at 70. A transistor 66a connected in parallel with the
      armature 65a has its base terminal 66-1 adapted to receive the output
      30-2, FIG. 7, from the output terminal 30-3 of the NAND circuit 30.
      Another transistor 67a connected in series with the armature 65a has its
      base terminal 67-1 adapted to receive the output from the transistor 51 so
      as to be switched in step with the synchronizing signal frequency. As may
      be seen from FIG. 7, the output 30-2 from the NAND circuit 30 is 180
      electrical degrees out of phase with the output 29-2 from the NAND circuit
      29, so that the conducting periods of the transistors 66a and 67a
      alternate.
PAR  During conduction of the transistor 67a the armature 65a is fed from the DC
      power supply to cause the motor to produce driving torque. During
      conduction of the other transistor 66a the armature is prevented from
      being fed from the DC power supply by the transistor 67a, but then the
      power generated electromagnetically by this armature is released via the
      transistor 66a to cause the motor to produce retarding torque. A variable
      resistor provided at 66-1 is adapted to regulate the retarding torque thus
      produced. A chopper 69a including a transistor oscillator is adapted to
      interrupt the input to the base of the transistor 66a at regular time
      intervals. Since the frequency of the oscillations by the transistor
      oscillator is set higher than the frequency of the synchronizing signal,
      the flow of the retarding current is thereby made intermittent. Upon
      termination of the flow of the retarding current, a high electromotive
      force is generated in the direction of the arrow C in FIG. 9 due to the
      magnetic energy that has been stored. The energy thus obtained by the
      deceleration of the motor is fed back to the power supply via diode 68a.
PAR  FIG. 10A graphically represents the driving pulses 43-1, 43-2 . . .
      produced during the normal synchronous operation of the DC motor
      controlled by this second preferred embodiment of the invention. As will
      be seen from the graph of FIG. 10A, the supply of DC power to the motor is
      initiated by the respective synchronizing pulses 44-1, 44-2 . . . and is
      suspended by the respective rotor position pulses 45-1, 45-2 . . . The
      hatched portions 43a-1, 43a-2 . . . between the driving pulses 43-1, 43-2
      . . . represent what at hereinafter referred to as "retarding pulses" that
      are produced by the circuit arrangement of FIG. 9. It will accordingly be
      understood that the motor can be caused to vary its torque output in step
      with changing load conditions more faithfully than that of the first
      described embodiment of the invention.
PAR  Also as in the preceding embodiment, the motor is set in motion with high
      starting torque by being fed continuously from the DC power supply. No
      retarding torque is produced during this starting period. The beating of
      the synchronizing signal and the rotor position signal will not occur
      easily because motor speed is controlled more strictly by virtue of the
      retarding pulses. However, in the event the beating has somehow taken
      place between the two signals, the mean torque output of the motor will
      markedly decrease due to the retarding pulses. If the dashed line 50a in
      the graph of FIG. 6 is assumed to represent such markedly decreased torque
      output of the motor, it will be apparent that the actual motor speed
      always becomes lower than the synchronous speed in the event of the
      beating of the synchronizing signal and the rotor position signal, either
      when the motor is under heavy or light load. However, since then a number
      of synchronizing pulses become interposed between the adjacent rotor
      position pulses, the motor can be easily accelerated up to the synchronous
      speed. While the beating of the two signals is more likely to occur when
      the motor is under light load, the motor speed can then be automatically
      readjusted as in the preceding embodiment.
PAR  In this second embodiment of the invention it may relatively frequently
      happen that the motor rotates at 1/2, 1/3, or 1/4 the synchronous speed
      when heavily loaded. When, for example, the motor is in rotation at one
      half the synchronous speed, the spacing between adjacent rotor position
      pulses 78-1, 78-2 . . . is twice as long as the spacing between adjacent
      synchronizing pulses 77-1, 77-2 . . . as seen in FIG. 10B. Two consecutive
      synchronizing pulses are therefore interposed between the adjacent rotor
      position pulses. This is particularly likely to occur at the time of motor
      starting. It will be understood that the resulting driving pulses 75-1,
      75-2 . . . also shown in FIG. 10B would be produced if the arrangement of
      FIG. 9 were combined with the fundamental circuit of FIG. 4, without
      provision of the second control circuit shown in FIG. 7.
PAR  More specifically, such undesirable driving pulses would be produced if the
      output from the transistor 8 of FIG. 4 were delivered to the base of the
      transistor 67a of FIG. 9. In that case the signal which has rendered the
      transistor 8 of FIG. 4 conductive is used to cause conduction through the
      transistor 67a of FIG. 9 thereby initiating the supply of electrical
      energy to the armature 65a. The signal which has rendered the transistor 9
      of FIG. 4 conductive and the transistor 8 nonconductive is used to render
      the transistor 66a of FIG. 9 conductive and the transistor 67a
      nonconductive thereby suspending the supply of electrical energy to the
      armature and also causing the production of the above explained retarding
      torque to be initiated. By the succeeding synchronizing pulse the
      conducting periods of the transistors 8 and 9, FIG. 4, and of the
      transistors 66a and 67a, FIG. 9, are so switched that the motor is fed
      from the DC power supply while the production of the retarding torque is
      suspended. In this manner the driving pulses 75-1, 75-2 . . . and the
      retarding pulses 76-1, 76-2 . . . are produced alternately, causing the
      motor to make quasi-stable rotation at one half the required synchronous
      speed.
PAR  This defect is overcome according to the invention by combining the
      arrangement of FIG. 9 with the first and second control circuits shown in
      FIG. 7. FIG. 10C graphically represents the desired driving pulses that
      are actually produced by this second preferred embodiment of the
      invention. The two consecutive synchronizing pulses 77-1 and 77-2
      interposed between the adjacent rotor position pulses indicates that the
      motor is in rotation at one half the required synchronous speed. As the
      motor has decelerated or starts decelerating to this speed, the NAND
      circuit 31 of the second control circuit produces its output signal to
      cause the transistors 50 and 51 to be held conductive. The driving pulse
      produced during this conducting period of the transistors 50 and 51 is
      shown at 75. The NAND circuit 31 terminates the production of the output
      signal when the motor speed comes sufficiently close to the synchronous
      speed. The motor is then automatically pulled back into synchronism, and
      the synchronizing pulses 77-6 . . . and the rotor position pulses 78-6 . .
      . are thereafter produced alternately to provide the driving pulses 75-1,
      75-2 . . . and the retarding pulses 76-2, 76-3 . . . in the normal
      fashion.
PAR  This second embodiment of the invention may not be provided with the third
      control circuit comprising the NAND circuits 35 and 36, the NOT circuit 37
      and so forth as shown in FIG. 7, because the beating of the rotor position
      signal and the synchronizing signal is highly unlikely to happen and
      because the motor speed will not rise to an integral multiple of the
      required synchronous speed. However, in case the retarding torque produced
      by the arrangement of FIG. 9 is relatively small, that is, in case the
      value of the variable resistor 66-2 is relatively high, it will be
      appropriate that the third control circuit be also provided. It is a
      notable advantage of this second embodiment that if the production of the
      synchronizing signal is discontinued during motor operation, the retarding
      pulses only are to be delivered to the motor to cause the same to make a
      rapid stop. Furthermore, if the frequency of the synchronizing signal is
      gradually lowered during motor operation, the durations of the retarding
      pulses will become correspondingly longer to cause the motor to decelerate
      rapidly.
PAR  FIG. 11 illustrates a further preferred embodiment of the invention in
      which the retarding torque is not produced electromagnetically as in the
      preceding embodiment but is provided in the form of counter torque. As
      illustrated, four transistors 79, 80, 81 and 82 are connected in the form
      of a bridge circuit across the pair of DC supply terminals. The armature
      coil 85 of the DC motor under control is connected between a point of
      junction of the series connected transistors 79 and 81 and a point of
      junction of the series connected transistors 80 and 82.
PAR  Upon application of a voltage to terminal 79-1 the transistor 79 becomes
      conductive thereby causing the transistor 80 to become nonconductive via
      resistances 83-1 and 83-2. The transistor 82 also becomes conductive
      because then its base voltage is elevated via resistances 84-3 and 84-4,
      while the transistor 81 becomes nonconductive because its base voltage is
      lowered via resistances 84-1 and 84-2. As a consequence, the current from
      the DC power supply flows through the armature coil 85 from the left to
      the right as seen in FIG. 11 thereby causing the motor to produce forward
      or driving torque.
PAR  When the delivery of the signal to the terminal 79-1 is terminated, the
      transistor 79 becomes nonconductive, with the result that the transistors
      80 and 81 both become conductive and the transistor 82 nonconductive.
      Thereupon the current from the DC power supply flows through the armature
      coil 85 from the right to the left thereby causing the motor to produce
      counter or retarding torque. It will accordingly be apparent that if the
      output from the transistor 51, FIG. 7, is delivered to the terminal 79-1,
      the motor can be driven synchronously by the driving pulses and retarding
      pulses produced as in the graph of FIG. 10A. The retarding torque supplied
      in the form of counter torque as above stated is particularly effective to
      ensure synchronism at low motor speed.
PAR  If the counter torque produced by the arrangement of FIG. 11 is so
      regulated by diode 86 and resistance 87 as to approximate the forward
      torque of the motor, it will result in highly effective retarding torque
      so that the beating of the synchronizing signal and the rotor position
      signal will hardly take place. As in the preceding embodiment of FIG. 9,
      however, the motor when heavily loaded might make quasi-stable rotation at
      one half the synchronous speed. This possibility can be eliminated by the
      provision of the second control circuit of FIG. 7, which functions in the
      manner previously set forth to accomplish the objects of the invention.
PAR  Although the DC motor speed control system according to the invention has
      been shown and described hereinbefore in terms of several specific
      embodiments thereof, it will be easy for those skilled in the art to
      devise many modifications or changes of such specific embodiments, and in
      some instances some features of the invention may be employed without
      corresponding use of other features. It is therefore appropriate that the
      invention be construed broadly and in a manner consistent with the fair
      meaning or proper scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for driving a direct-current motor in synchronism with an
      external synchronizing signal in the form of a train of pulses, said
      system comprising:
PA1  a DC power supply for feeding said motor;
PA1  means for producing said synchronizing signal;
PA1  means for producing a rotor position signal in phased relationship to the
      rotation of said motor, said rotor position signal being also in the form
      of a train of pulses;
PA1  a first control circuit for initiating the flow of current from said DC
      power supply through said motor in a forward direction thereof to cause
      the latter to produce driving torque in response to each pulse of said
      synchronizing signal and for terminating the flow of current from said DC
      power supply to said motor in response to each pulse of said rotor
      position signal;
PA1  a second control circuit for modifying the operation of said first control
      circuit, said second control circuit including:
PA2  first sensing means for producing an output signal upon sensing a first
      state in which the actual speed of said motor is lower than synchronous
      speed; and
PA2  first circuit means responsive to said output signal from said first
      sensing means, said first circuit means being effective to cause said
      first control circuit to permit said motor to be fed continuously from
      said DC power supply as long as said output signal is being produced by
      said first sensing means; and
PA1  a third control circuit for modifying the operation of said first control
      circuit, said third control circuit including:
PA2  second sensing means for producing an output signal upon sensing a second
      state in which the actual speed of said motor is higher than the
      synchronous speed; and
PA2  second circuit means responsive to said output signal from said second
      sensing means, said second circuit means being effective to cause said
      first control circuit to prevent said motor from being fed from said DC
      power supply as long as said output signal is being produced by said
      second sensing means.
NUM  2.
PAR  2. The system as recited in claim 1, wherein said first sensing means of
      said second control circuit includes a first monostable circuit adapted to
      produce output pulses of prescribed durations by being triggered by the
      respective pulses of said rotor position signal, and wherein said second
      sensing means of said third control circuit also includes a second
      monostable circuit adapted to produce output pulses of prescribed
      durations by being triggered by the respective pulses of said rotor
      position signal.
NUM  3.
PAR  3. The system as recited in claim 2, including means for setting the
      durations of said output pulses from said first monostable circuit longer
      than the spacings between the pulses of said rotor position signal
      appearing during the normal synchronous operation of said motor, said
      output pulses from said first monostable circuit being in overlapping
      relationship as long as said motor is running in synchronism with said
      synchronizing signal; means for setting the durations of said output
      pulses from said second monostable circuit shorter than the spacings
      between the pulses of said rotor position signal appearing during the
      normal synchronous operation of said motor, said output pulses from said
      second monostable circuit being discrete as long as said motor is running
      in synchronism with said synchronizing signal.
NUM  4.
PAR  4. The system as recited in claim 3, wherein said first sensing means
      initiates the production of said output signal when said output pulses
      from said first monostable circuit start to be produced in discrete form
      due to the decrease in the speed of said motor out of synchronism with
      said synchronizing signal, and wherein said second sensing means initiates
      the production of said output signal when said output pulses from said
      second monostable circuit start to be produced in overlapping relationship
      due to the increase in the speed of said motor out of synchronism with
      said synchronizing signal.
NUM  5.
PAR  5. The system as recited in claim 4, wherein said first control circuit
      comprises:
PA1  a flip-flop circuit including a first NAND circuit adapted to produce an
      output signal by being triggered by the respective pulses of said
      synchronizing signal, and a second NAND circuit adapted to produce an
      output signal by being triggered by the respective pulses of said rotor
      position signal; and
PA1  a switching element connected between said DC power supply and said motor
      to control the flow of current from the former to the latter, said
      switching element being rendered conductive in response to said output
      signal from said first NAND circuit of said flip-flop circuit and to said
      output signal from said first sensing means of said second control circuit
      and being rendered nonconductive in response to said output signal from
      said second NAND circuit of said flip-flop circuit and to said output
      signal from said second sensing means of said third control circuit.
NUM  6.
PAR  6. The system as recited in claim 5, wherein said first control circuit
      further includes a second switching element connected in parallel with the
      armature of said motor, said second switching element being controlled by
      said flip-flop circuit of said first control circuit so as to be held
      nonconductive during conduction of the first recited switching element of
      said first control circuit and to be held conductive during nonconduction
      of said first switching element, whereby upon conduction of said second
      switching element the electromotive force induced in said armature is
      released to cause said motor to produce retarding torque.
NUM  7.
PAR  7. The system as recited in claim 6, including a chopper adapted to
      interrupt at regular intervals the output from said flip-flop circuit of
      said first control circuit to said second switching element.
NUM  8.
PAR  8. The system as recited in claim 1, wherein the armature coil of said
      motor is connected between a point of junction of first and second
      transistors connected in series across the terminals of said DC power
      supply and a point of junction of third and fourth transistors also
      connected in series across the terminals of said DC power supply, said
      first and said third transistors being rendered conductive and
      nonconductive alternately with said second and said fourth transistors in
      response to the operation of said first control circuit in order to cause
      the current from said DC power supply to flow through said armature coil
      in alternately opposite directions whereby said motor is caused
      alternately to produce driving torque and counter torque.
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ABST
PAL  A series of electrical signals of a frequency directly proportional to the
      speed of a motor controlled by a speed control circuit of the type which
      completes an energizing circuit for the motor through the current carrying
      electrodes of a switching transistor is generated. These signals are
      employed to produce a direct current reference potential signal which
      increases rapidly in magnitude when the motor becomes stalled. The
      reference potential signal is applied across the series combination of a
      Zener diode and the base-emitter electrodes of an NPN transistor for
      supplying base-emitter drive current to the transistor when the potential
      level thereof reaches a magnitude equal to the inverse breakdown potential
      of the Zener diode. The collector-emitter electrodes of the NPN transistor
      are connected in circuit with the motor speed control circuit in such a
      manner that the control circuit switching transistor is maintained not
      conductive while base-emitter drive current is supplied to the NPN
      transistor.
BSUM
PAR  This invention is directed to a motor stall protection circuit and, more
      specifically, to a circuit of this type which maintains the switching
      transistor of an associated motor speed control circuit not conductive
      during motor stall conditions.
PAR  There are many applications which require the speed of an electrical motor
      to be adjustable or to be regulated within narrow limits. Prior art motor
      speed control or regulating circuits provided motor and output device
      protection under stalled motor conditions by limiting motor current or, in
      the case of integrated circuit controllers, by "thermal shutdown". If the
      motor current is limited to some safe maximum value, then the maximum
      torque of the motor is materially reduced. This increases the starting
      time and results in a sluggish system response to torque variation. With
      integrated circuit speed controllers, motor stall condition protection is
      generally provided by "thermal shutdown" circuits. These circuits remove
      the drive to the output device if the integrated circuit chip temperature
      exceeds a predetermined maximum limit. With this method of motor stall
      conditions protection, there must be a compromise on the thermal
      resistance of the controller. If the thermal resistance is low enough to
      provide a wide margin of safety for package dissipation, then the "thermal
      shutdown" circuit may never operate or operate slowly at low ambient
      temperatures. Therefore a motor stall protection circuit which allows the
      control system to supply maximum motor torque and which allows a
      conservative integrated circuit system package and which shuts the system
      down under sustained abnormal loads or motor stall conditions is
      desirable.
PAR  It is, therefore, an object of this invention to provide an improved motor
      stall protection circuit.
PAR  It is another object of this invention to provide an improved motor stall
      protection circuit which is responsive to a direct current reference
      potential signal which increases rapidly in magnitude when the controlled
      motor has become stalled to extinguish an associated motor speed control
      system output switching transistor connected in series with the controlled
      motor.
PAR  In accordance with this invention, an improved motor stall protection
      circuit is provided wherein a direct current reference potential signal
      which increases rapidly in magnitude when the motor becomes stalled is
      applied across the series combination of a Zener diode and the
      base-emitter electodes of an NPN output transistor to trigger this device
      conductive, with motor stall conditions, through the collector-emitter
      electrodes which are connected in circuit with an associated speed control
      circuit for extinguishing the speed control circuit output switching
      transistor.
DRWD
PAR  For a better understanding of the present invention, together with
      additional objects, advantages and features thereof, reference is made to
      the following description and accompanying drawing in which:
PAR  FIG. 1 sets forth, in schematic form, the motor stall protection circuit of
      this invention in combination with an associated motor and motor speed
      control circuit; and
PAR  FIG. 2 sets forth, in schematic form, the motor stall protection circuit of
      this invention in combination with an associated controlled motor and an
      alternate motor speed control circuit.
DETD
PAR  In FIGS. 1 and 2 of the drawing, like elements have been assigned like
      characters of reference.
PAR  As the point of reference or ground potential is the same point
      electrically throughout the system, it has been illustrated in FIGS. 1 and
      2 by the accepted schematic symbol and referenced by the numeral 5.
PAR  Referring to FIG. 1 of the drawing, the motor stall protection circuit of
      this invention is set forth in schematic form in combination with a supply
      potential source, which may be a battery 3 or any other direct current
      potential source, having a positive polarity supply output terminal and a
      negative polarity return output terminal, an electric motor 4 and a motor
      speed control circuit. Without intention or inference of a limitation
      thereto, one example of a motor speed control circuit suitable for use
      with the motor stall protection circuit of this invention is set forth
      schematically within dashed rectangle 20 of FIG. 1. It is to be
      specifically understood that alternate well known motor speed control
      circuits of the type which complete an energizing circuit for the
      controlled motor across the supply potential source through the current
      carrying electrodes of an output switching transistor may be employed
      without departing from the spirit of the invention.
PAR  To provide electrical signals indicative of the speed of motor 4, a
      tachometer generator 6 having an armature driven by the armature of motor
      4 and of the type which produces a series of alternating current output
      signals of a frequency directly proportional to the speed of motor 4 may
      be employed. It is to be specifically understood that other arrangements
      for supplying electrical signals indicative of the speed of motor 4 may be
      employed without departing from the spirit of the invention. It is only
      necessary that the arrangement provides a series of electrical signals of
      a frequency directly proportional to motor speed or a signal which may be
      converted to a series of electrical signals of a frequency directly
      proportional to motor speed. If desirable, the output signals of
      tachometer generator 6 may be shaped to a substantially square waveform by
      a conventional wave shaper circuit 7 and the shaped output waves of wave
      shaper circuit 7 may be applied to the input of a conventional monostable
      multivibrator circuit 8. Monostable multivibrator circuit 8 produces a
      series of output signals of a substantially square waveform and a constant
      pulse width at a repetition rate or frequency directly proportional to the
      speed of motor 4. As wave shaper circuit 7 and monostable multivibrator
      circuit 8 may be any of the several wave shaper and monostable
      multivibrator circuits of common design well known in the electronics art,
      each has been illustrated in FIG. 1 in block form.
PAR  The series of electrical output signals of monostable multivibrator circuit
      8 of a frequency directly proportional to the speed of motor 4 is
      converted to a direct current potential level signal of a magnitude
      directly proportional to the speed of motor 4 by resistor 21 and parallel
      connected capacitor 22. This direct current potential level signal of a
      positive polarity upon junction 24 with respect to point of reference or
      ground potential 5, is applied across the base-emitter electrodes of NPN
      transistor 23 through current limiting resistor 25. Transistor 23 is
      biased for Class A operation by series resistors 26 and 27, consequently,
      the degree of collector-emitter conduction through transistor 23 is
      directly proportional to the magnitude of the direct current potential
      level signal appearing across junction 24 and point of reference or ground
      potential 5. The potential of battery 3 is applied across the series
      combination of collector resistor 28 and potentiometer 29 connected in
      parallel with the collector-emitter electrodes of transistor 23 and the
      potential appearing across movable contact 30 of potentiometer 29 and
      point of reference or ground potential 5 is applied across the
      base-emitter electrodes of NPN transistor 31. While the level of this
      potential is of a sufficient magnitude to produce base-emitter drive
      current through transistor 31, this device is conductive through the
      collector-emitter electrodes as the collector-emitter electrodes thereof
      are connected across battery 3 through collector resistor 32 and positive
      polarity lead 36 and point of reference or ground potential 5,
      respectively. While transistor 31 is conductive through the
      collector-emitter electrodes, a circuit is completed thereby through which
      emitter-base drive current is supplied to PNP transistor 33, the amount of
      emitter-base drive current supplied to transistor 33 being determined by
      the degree of conduction of transistor 31. While the circuit through which
      emitter-base drive current is supplied to transistor 33 is completed
      through the collector-emitter electrodes of transistor 31, transistor 33
      is conductive through the emitter-collector electrodes to supply
      base-emitter drive current to output switching transistor 35 through
      current limiting resistor 34. While output switching transistor 35 is
      conductive through the collector-emitter electrodes, an energizing circuit
      for motor 4 is completed across battery 3 through a circuit which may be
      traced from the positive polarity output supply terminal of battery 3,
      through positive polarity lead 36, motor 4, the collector-emitter
      electodes of output switching transistor 35 and point of reference or
      ground potential 5 to the negative polarity return terminal of battery 3.
      The speed of electric motor 4, therefore, is determined by the degree of
      collector-emitter conduction through transistor 35. The magnitude of the
      direct current potential level signal across junction 24 and point of
      reference or ground potential 5 increases and decreases as the speed of
      motor 4 increases and decreases, respectively. An increase of the direct
      current potential level of this signal with an increase of speed of motor
      4 produces an increase of the degree of conduction through transistor 23.
      An increase of the degree of conduction through transistor 23 results in a
      decrease of potential across movable contact 30 of potentiometer 29 and
      point of reference or ground potential 5, consequently, the degree of
      conduction through transistor 31 decreases. A decrease of the degree of
      conduction through transistor 31 decreases the amount of emitter-base
      drive current supplied to and, consequently, the degree of conduction
      through transistor 33. A decrease of conduction through transistor 33
      decreases the amount of base-emitter drive current supplied to output
      switching transistor 35. The decrease of base-emitter drive current
      supplied to output switching transistor 35 reduces the degree of
      collector-emitter conduction therethrough, a condition which tends to
      reduce the speed of motor 4. A decrease of the direct current potential
      level of this signal with a decrease of the speed of motor 4 produces a
      decrease of the degree of conduction through transistor 23. A decrease of
      the degree of conduction through transistor 23 results in an increase of
      potential across movable contact 30 of potentiometer 29 and point of
      reference or ground potential 5, consequently, the degree of conduction
      through transistor 31 increases. An increase of the degree of conduction
      through transistor 31 increases the amount of emitter-base drive current
      supplied to and, consequently, the degree of conduction through transistor
      33. An increase of conduction through transistor 33 increases the amount
      of base-emitter drive current supplied to output switching transistor 35.
      The increase of base-emitter drive current supplied to output switching
      transistor 35 increases the degree of collector-emitter conduction
      therethrough, a conduction which tends to increase the speed of motor 4.
      The speed of motor 4 is regulated within narrow limits by the direct
      current potential level signal appearing across junction 24 and point of
      reference or ground potential 5 which establishes the degree of conduction
      through transistor 23. The speed of motor 4 may be selectively adjusted by
      adjusting movable contact 30 of potentiometer 29 which changes the degree
      of conduction through transistors 31, 33 and 35.
PAR  The motor stall protection circuit of this invention is schematically set
      forth within dashed rectangle 10 and is comprised of an NPN output
      transistor 11, a resistor 12 and a capacitor 13 connected in series across
      battery 3 through positive polarity lead 36 and lead 37, a Zener diode 14
      connected in an inverse polarity relationship across the control or base
      electrode of transistor 11 and junction 15 between resistor 12 and
      capacitor 13 and a second NPN transistor 16 having the collector-emitter
      electrodes thereof connected across capacitor 13 through series collector
      resistor 17 and series emitter resistor 18, respectively.
PAR  The series of electrical output signals of monostable multivibrator 8 of a
      frequency directly proportional to the speed of motor 4 are applied
      through lead 38, an amplifier circuit 9 and current limiting resistor 19
      to the control or base electrode of NPN transistor 16. As the series of
      output signals of monostable multivibrator circuit 8 are of a positive
      polarity with respect to point of reference or ground potential 5, these
      signals are applied to the control or base electrode of NPN transistor 16
      in the proper polarity relationship to produce base-emitter drive current
      therethrough. Amplifier circuit 9 is not absolutely necessary and may or
      may not be required, depending upon the potential level magnitude of the
      output signals of monostable miltivibrator circuit 8.
PAR  Capacitor 13 is charged through resistor 12 from battery 3. While motor 4
      is being operated by control circuit 20 in the normal operating mode, each
      of the series of electrical output signals of monostable multivibrator
      circuit 8 supplies sufficient base-emitter drive current to transistor 16
      to produce collector-emitter saturation. Consequently, capacitor 13
      charges through resistor 12 for the period of time between each of the
      series of output signals of monostable multivibrator circuit 8 and
      discharges through the series combination of resistor 17, the
      collector-emitter electrodes of transistor 16 and resistor 18 during the
      period of each of the output signals of monostable multivibrator circuit
      8. Resistors 12, 17 and 18 are so proportioned that the capacitor 13
      charge circuit RC time constant is greater than the period between
      successive output electrical signal pulses of monostable multivibrator
      circuit 8 and the capacitor 13 discharge circuit RC time constant is less
      than the period of each of the output signals of monostable multivibrator
      circuit 8. Therefore, capacitor 13 will not become charged to a direct
      current potential level of a sufficient magnitude to be equal to the
      inverse breakdown potential of Zener diode 14 while motor 4 is operating
      normally. With these conditions, transistor 11 is maintained in the cutoff
      or not conductive mode and the circuit operates normally. Should nortor 4
      become stalled and while in the stall mode, tachometer generator 6 does
      not produce output signals and, consequently, monostable multivibrator
      circuit 8 does not produce the series of electrical output signals applied
      to the base electrode of transistor 16 to periodically trigger transistor
      16 conductive through the collector-emitter electrodes. Consequently,
      capacitor 13 does not become discharged and continues to charge through
      resistor 12. When the charge upon capacitor 13 has increased to a direct
      current potential level of a magnitude equal to the inverse breakdown
      potential of Zener diode 14, this device breaks down and conducts in the
      reverse direction. As the charge upon capacitor 13 increases with
      conditions of motor stall, the combination of resistor 12, capacitor 13,
      resistors 17 and 18 and transistor 16 provide circuitry which employs the
      series of electrical signals produced by tachometer generator 6 to produce
      a direct current reference potential signal which increases rapidly in
      magnitude when the motor becomes stalled. While Zener diode 14 is
      conducting in the reverse direction, base-emitter drive current is
      supplied therethrough to NPN transistor 11 in the proper polarity
      relationship to trigger this device conductive through the
      collector-emitter electrodes thereof. The collector-emitter electrodes of
      transistor 11 are connected in circuit with speed control circuit 20 in
      such a manner that while transistor 11 is conductive through the
      collector-emitter electrodes, output switching transistor 35 of the motor
      speed control circuit 20 is extinguished. That is, the collector-emitter
      electrodes of transistor 11 are connected in circuit with speed control
      circuit 20 for extinguishing output switching transistor 35 thereof while
      transistor 11 is conducting through the collector-emitter electrodes. With
      the motor speed control circuit 20 of FIG. 1, the collector-emitter
      electrodes of transistor 11 are connected across the control or base
      electrode of output switching transistor 35 of motor speed control circuit
      20 and point of reference or ground potential 5. Consequently, while
      transistor 11 is conducting through the collector-emitter electrodes
      thereof with conditions of motor stall, baseemitter drive current is
      diverted from output switching transistor 35 to extinguish this device and
      to maintain it not conductive to remove power from the motor 4 and the
      system is maintained disenabled.
PAR  The combination of capacitor 13 and resistor 12 is selected to provide a
      delay period so that control circuit 20 is disenabled only under
      conditions of motor stall and resistor 12 is kept small enough in ohmic
      value to supply sufficient base-emitter drive current to transistor 11.
      The "beta" of transistor 11 and the value of resistor 12 must allow
      transistor 11 to sink all of the base drive current supplied to output
      switching transistor 35 by motor speed control circuit 20. Resistor 17
      limits the peak collector-emitter current flow through transistor 16 and
      must be small compared to resistor 12 to maintain the charge upon
      capacitor 13 less than the inverse breakdown potential of Zener diode 14
      with normal motor operating conditions. Resistor 18 may be provided to
      increase the input impedance to the base electrode of transistor 16 and
      may or may not be required depending upon the input impedance requirements
      of transistor 16. Zener diode 14 is selected to have an inverse breakdown
      potential near the minimum supply potential of battery 3 thereby
      permitting the use of smaller values for resistor 12 and capacitor 13 for
      a selected time delay. In this regard, Zener diode 14 may be replaced by a
      series diode stack, if desired.
PAR  With the motor speed control circuit 40 of FIG. 2, the output switching
      transistor 45 is of the PNP type which is driven by NPN transistor 31. As
      with the circuit of FIG. 1, the magnitude of the direct current potential
      level signal across junction 24 and point of reference or ground potential
      5 increases and decreases as the speed of motor 4 increases and decreases,
      respectively. An increase of the direct current potential level of this
      signal with an increase of speed of motor 4 produces an increase of the
      degree of conduction through transistor 23. An increase of the degree of
      conduction through transistor 23 results in a decrease of potential across
      movable contact 30 of potentiometer 29 and point of reference or ground
      potential 5, consequently, the degree of conduction through transistor 31
      decreases. A decrease of the degree of conduction through transistor 31
      decreases the amount of emitter-base drive current supplied to output
      switching transistor 45. The decrease of emitter-base drive current
      supplied to output switching transistor 45 reduces the degree of
      emitter-collector conduction therethrough, a condition which tends to
      reduce the speed of motor 4. A decrease of the direct current potential
      level of this signal with a decrease of the speed of motor 4 produces a
      decrease of the degree of conduction through transistor 23. A decrease of
      the degree of conduction through transistor 23 results in an increase of
      potential across movable contact 30 of potentiometer 29 and point of
      reference or ground potential 5, consequently, the degree of conduction
      through transistor 31 increases. An increase of the degree of conduction
      through transistor 31 increases the amount of emitter-base drive current
      supplied to output switching transistor 45. The increase of emitter-base
      drive current to output switching transistor 45 increases the degree of
      emitter-collector conduction therethrough, a condition which tends to
      increase the speed of motor 4. As with the motor speed control circuit 20
      of FIG. 1, the collector-emitter electrodes of transistor 11 are connected
      in circuit with speed control circuit 40 in such a manner that while
      transistor 11 is conductive through the collector-emitter electrodes,
      output switching transistor 45 of the motor speed control circuit 40 is
      extinguished. That is, the collector-emitter electrodes of transistor 11
      are connected in circuit with speed control circuit 40 for extinguishing
      output switching transistor 45 thereof while transistor 11 is conducting
      through the collector-emitter electrodes. With the motor speed control
      circuit 40 of FIG. 2, the collector-emitter electrodes of transistor 11
      are connected across the control of base electrode of driver transistor 31
      and point of reference or ground potential 5. Consequently, while
      transistor 11 is conducting through the collector-emitter electrodes
      thereof with conditions of motor stall, base-emitter drive current is
      diverted from driver transistor 31 to extinguish this device and to
      maintain it not conductive. While driver transistor 31 is not conductive
      through the collector-emitter electrodes, emitter-base drive current is
      not supplied to output switching transistor 45, consequently, this device
      extinguishes to remove power from the motor 4 and the system is maintained
      disenabled.
PAR  In the circuits set forth schematically in FIGS. 1 and 2 of the drawing,
      the output signals of monostable multivibrator circuit 8 are shown to be
      applied across the base-emitter electrodes of transistor 16 of motor stall
      protection circuit 20. It is to be specifically understood that it is not
      necessary to the invention that the signals applied across the
      base-emitter electrodes of transistor 16 be the output signals of
      monostable multivibrator circuit 8. The output signals of wave shaper
      circuit 7 or, through a proper buffer circuit, the output signals of
      tachometer generator 6 may be applied across the base-emitter electrodes
      of transistor 16 without departing from the spirit of the invention. It is
      only necessary that the signals applied across the base-emitter electrodes
      of the transistor selected to correspond to transistor 16 be of the proper
      polarity to produce base drive current therethrough, be repetitive in
      nature and be provided only with normal motor operating conditions.
PAR  The motor stall protection circuit of this invention has been described in
      this specification in combination with a motor speed control circuit of
      the direct current amplifier type which controls the degree of conduction
      through the output switching transistor. It is to be specifically
      understood that the stall protection circuit of this invention is equally
      suitable for use in combination with direct current motor speed control
      circuits of the type which provide discrete "on and off" switching of the
      output switching transistor.
PAR  While a preferred embodiment of the present invention has been shown and
      described, it will be obvious to those skilled in the art that various
      modifications and substitutions may be made without departing from the
      spirit of the invention which is to be limited only within the scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A motor stall protection circuit comprising in combination with a supply
      potential source, an electric motor and a speed control circuit therefor
      of the type which completes an energizing circuit for the motor across the
      supply potential source through the current carrying electrodes of a
      switching transistor: an NPN transistor having base, collector and emitter
      electrodes, said collector-emitter electrodes being connected in circuit
      with said speed control circuit for extinguishing said switching
      transistor while said NPN transistor is conductive through said
      collector-emitter electrodes; means for producing a direct current
      reference potential signal which increases rapidly in magnitude when the
      controlled motor has become stalled; a Zener diode; and means for applying
      said direct current reference potential signal across the series
      combination of said Zener diode and said base-emitter electrodes of said
      NPN transistor for supplying base drive current to said NPN transistor
      while the level of said direct current potential is of a magnitude equal
      to the inverse breakdown potential level of said Zener diode.
NUM  2.
PAR  2. A motor stall protection circuit comprising in combination with a supply
      potential source, an electric motor and a speed control circuit therefor
      of the type which completes an energizing circuit for the motor across the
      supply potential source through the current carrying electrodes of a
      switching transistor while base drive current is supplied thereto; means
      for producing a series of electrical signals of a frequency directly
      proportional to motor speed; an NPN transistor having base, collector and
      emitter electrodes, said collector-emitter electrodes being connected in
      circuit with said speed control circuit in such a manner that while said
      NPN transistor is conductive through said collector-emitter electrodes,
      base drive current is removed from said switching transistor; means
      responsive to said series of electrical signals for producing a direct
      current reference potential signal which increases rapidly in magnitude
      when the controlled motor has become stalled; a Zener diode; and means for
      applying said direct current reference potential signal across the series
      combination of said Zener diode and said base-emitter electrodes of said
      NPN transistor while the level of said direct current potential is of a
      magnitude equal to the inverse breakdown potential level of said Zener
      diode.
NUM  3.
PAR  3. A motor stall protection circuit comprising in combination with a supply
      potential source, an electric motor and a speed control circuit therefor
      of the type which completes an energizing circuit for the motor across the
      supply potential source through the current carrying electrodes of a
      switching transistor while base drive current is supplied thereto: means
      for producing a series of electrical signals of a frequency directly
      proportional to motor speed; a first transistor having a control electrode
      and two current carrying electrodes for disenabling said speed control
      circuit when conductive through said current carrying electrodes during
      motor stall conditions, said current carrying electrodes being connected
      in circuit with said speed control circuit in such a manner that while
      said first transistor is conductive, base drive current is removed from
      said switching transistor; a resistor; a capacitor; means for connecting
      said resistor and capacitor in series across said supply potential source
      whereby said capacitor is charged through said resistor; a Zener diode;
      means for connecting said Zener diode in a reverse polarity relationship
      across said control electrode of said first transistor and the junction
      between said resistor and capacitor whereby base drive current is supplied
      to said first transistor when the charge upon said capacitor reaches a
      potential level equal to the inverse breakdown potential level of said
      Zener diode; a second transistor having a control electrode and two
      current carrying electrodes; means for applying said series of electrical
      signals to said control electrode of said second transistor in the proper
      polarity relationship to produce base drive current therethrough; and
      means for connecting said current carrying electrodes of said second
      transistor across said capacitor for periodically providing a discharge
      circuit for said capacitor at a frequency proportional to motor speed.
NUM  4.
PAR  4. A motor stall protection circuit comprising in combination with a supply
      potential source having supply and return terminals, an electric motor and
      a speed control circuit therefor of the type which completes an energizing
      circuit for the motor across the supply potential source through the
      current carrying electrodes of an NPN switching transistor while drive
      current is supplied to the base electrode thereof; means for producing a
      series of electrical signals of a frequency directly proportional to motor
      speed; a first transistor having a control electrode and two current
      carrying electrodes for disenabling said speed control circuit when
      conductive through said current carrying electrodes during motor stall
      conditions, said current carrying electrodes being connected across said
      base electrode of said switching transistor and said return terminal of
      said supply potential source; a resistor; a capacitor; means for
      connecting said resistor and capacitor in series across said supply
      potential source whereby said capacitor is charged through said resistor;
      a Zener diode; means for connecting said Zener diode in a reverse polarity
      relationship across said control electrode of said first transistor and
      the junction between said resistor and capacitor whereby base drive
      current is supplied to said first transistor when the charge upon said
      capacitor reaches a potential level equal to the inverse breakdown
      potential level of said Zener diode; a second transistor having a control
      electrode and two current carrying electrodes; means for applying said
      series of electrical signals to said control electrode of said second
      transistor in the proper polarity relationship to produce base drive
      current therethrough; and means for connecting said current carrying
      electrodes of said second transistor across said capacitor for
      periodically providing aa discharge circuit for said capacitor at a
      frequency proportional to motor speed.
NUM  5.
PAR  5. A motor stall protection circuit comprising in combination with a supply
      potential source having supply and return terminals, an electric motor and
      a speed control circuit therefor of the type which completes an energizing
      circuit for the motor across the supply potential source through the
      current carrying electrodes of a PNP switching transistor while base drive
      current is supplied thereto through the current carrying electrodes of an
      NPN driver transistor while drive current is supplied to the base
      electrode thereof; means for producing a series of electrical signals of a
      frequency directly proportional to motor speed; a first transistor having
      a control electrode and two current carrying electrodes for disenabling
      said speed control circuit when conductive through said current carrying
      electrodes during motor stall conditions, said current carrying electrodes
      being connected across said base electrode of said driver transistor and
      said return terminal of said supply potential source; a resistor; a
      capacitor; means for connecting said resistor and capacitor in series
      across said supply potential source whereby said capacitor is charged
      through said resistor; a Zener diode; means for connecting said Zener
      diode in a reverse polarity relationship across said control electrode of
      said first transistor and the junction between said resistor and capacitor
      whereby base drive current is supplied to said first transistor when the
      charge upon said capacitor reaches a potential level equal to the inverse
      breakdown potential level of said Zener diode; a second transistor having
      a control electrode and two current carrying electrodes; means for
      applying said series of electrical signals to said control electrode of
      said second transistor in the proper polarity relationship to produce base
      drive current therethrough; and means for connecting said current carrying
      electrodes of said second transistor across said capacitor for
      periodically providing a discharge circuit for said capacitor at a
      frequency proportional to motor speed.
NUM  6.
PAR  6. A motor stall protection circuit comprising in combination with a supply
      potential source, an electric motor and a speed control circuit therefor
      of the type which completes an energizing circuit for the motor across the
      supply potential source through the current carrying electrodes of a
      switching transistor: a control transistor having base, collector and
      emitter electrodes, said collector-emitter electrodes being connected in
      circuit with said speed control circuit for extinguishing said switching
      transistor while said control transistor is conductive through said
      collector-emitter electrodes; means for producing a direct current
      reference potential signal which increases rapidly in magnitude when the
      controlled motor has become stalled; a Zener diode; and means for applying
      said direct current reference potential signal across the series
      combination of said Zener diode and said base and emitter electrodes of
      said control transistor for supplying base drive current to said control
      transistor while the level of said direct current potential is of a
      magnitude equal to the inverse breakdown potential level of said Zener
      diode.
NUM  7.
PAR  7. A motor stall protection circuit comprising in combination with a supply
      potential source, an electric motor and a speed control circuit therefor
      of the type which completes an energizing circuit for the motor across the
      supply potential source through the current carrying electrodes of a
      switching transistor while base drive current is supplied thereto; means
      for producing a series of electrical signals of a frequency directly
      proportional to motor speed; a control transistor having base, collector
      and emitter electrodes, said collector-emitter electrodes being connected
      in circuit with said speed control circuit in such a manner that while
      said control transistor is conductive through said collector-emitter
      electrodes, base drive current is removed from said switching transistor;
      means responsive to said series of electrical signals for producing a
      direct current reference potential signal which increases rapidly in
      magnitude when the controlled motor has become stalled; a Zener diode; and
      means for applying said direct current reference potential signal across
      the series combination of said Zener diode and said base and emitter
      electrodes of said control transistor for supplying base drive current to
      said control transistor while the level of said direct current potential
      is of a magnitude equal to the inverse breakdown potential level of said
      Zener diode.
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ABST
PAL  A circuit is disclosed for controlling and regulating the speed of a D.C.
      motor fed from a single-phase A.C. supply. A full-wave power bridge using
      two diodes and two silicon controlled rectifiers (SCR's) supplies
      unfiltered rectified A.C. to the motor. A first programmable unijunction
      transistor (PUT) is used to trigger the SCR's in response to a timing
      capacitor voltage applied to its anode. The timing capacitor is charged
      from a zener-regulated, full-wave bridge source through a speed-control
      resistor and thus provides triggering of the SCR's at a phase angle
      determined by said speed-control resistor. To obtain consistent triggering
      at the same phase angle, a second PUT is used to reset the voltage on the
      timing capacitor to zero at the end of each half cycle of the A.C. voltage
      to insure that the initial charge condition of said capacitor is always
      the same. A third SCR is triggered into conduction at the same that each
      bridge SCR is triggered and is connected to clamp the zener-regulated
      voltage to a low value during the conduction period. This prevents the
      possibility of the timing capacitor recharging to the trigger voltage a
      second time in the same half cycle and thus causing false triggering.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many prior art speed control circuits for D.C. motors using SCR's are
      unsuitable for applications where the motor is used to power a tool for
      quality cutting of material. This is because, at certain speed settings,
      the circuit goes into a pulsing mode wherein torque is applied at spaced
      time intervals and results in a vibratory hammering action of the cutter
      which produces poor quality cuts and spoilage of material. In hand-held
      tools, this vibration makes it difficult to hold the tools in a firm
      position which merely compounds the difficulties.
PAR  An analysis of this problem has shown that best results are obtainable by
      using full-wave circuits and making sure that an alternate SCR is
      triggered during every half cycle at the same phase angle with respect to
      the A.C. line voltage or does not trigger at all. Further, it is essential
      that the SCR's having triggered during any given half cycle, should not
      trigger again until the proper phase angle is reached during the next half
      cycle.
PAR  Insofar as I am aware, no prior art circuit provides means for functionally
      satisfying the above-defined criterion.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide stabilization
      circuitry for a full-wave SCR motor speed control system which assures SCR
      triggering in accordance with the criterion defined above.
PAR  In attaining the objects of this invention in a preferred embodiment
      thereof, a second programmable unijunction transistor (PUT) is connected
      so that its anode-cathode circuit forms a low-impedance path in shunt with
      the timing capacitor and so that, when the (PUT) is triggered into
      conduction, the capacitor is discharged substantially to zero voltage. The
      anode gate voltage for the (PUT) is obtained from a voltage divider
      connected across an unfiltered zener-regulated supply so that at the end
      of each half-cycle as the anode gate voltage follows the zener-regulated
      voltage toward zero, the (PUT) will be triggered and any voltage left on
      the timing capacitor will be discharged to ground through the
      anode-cathode circuit. Thus, at the beginning of each half-cycle, the
      timing capacitor starts charging from the same initial zero voltage
      condition so that the time for charging to the trigger voltage is fixed
      for any given value of the speed-control resistor and this insures that
      triggering, if it occurs at all, will occur consistently at the same phase
      angle with respect to the A.C. line voltage. This satisfies the first
      condition of the criterion defined above.
PAR  Further stabilization circuitry of the present invention includes a third
      (SCR) arranged to be triggered into conduction when either of the bridge
      SCR's are triggered. The anode-cathode circuit of this third SCR, when
      conducting, provides a low-impedance path which effectively clamps the
      zener-regulated voltage to a value well below the zener value during the
      conduction period. This prevents the timing capacitor from recharging to
      the trigger voltage within the same half cycle and thus satisfies the
      second condition of the criterion.
DRWD
PAC  DESCRIPTION OF THE INVENTION
PAR  The single FIGURE of the drawing is a schematic circuit diagram
      illustrating a preferred embodiment of this invention. Referring to the
      figure, a D.C. motor 2, preferably of the permanent magnet type, is
      connected to the D.C. output of a full-wave power bridge rectifier made up
      of diodes, 3 and 4, and SCR's 5 and 6. The input of the bridge is
      connected by lines, 7 and 8, to a source, L.sub.1 and L.sub.2 of single
      phase A.C. voltage.
PAR  A second bridge rectifier, made up of diodes 9, 10, 11 and 12, has its
      input connected through an isolating transformer T to the A.C. voltage
      source L.sub.1 and L.sub.2. The output of this bridge is fed through
      dropping resistor 13 to a positive bus 14 and through lead 15 to a
      negative bus 16 which may be considered as the system ground. A
      conventional zener diode 17 clips the tops of the full-wave voltage
      appearing on bus 14 to the zener value thus providing a stable reference
      voltage for the control circuitry now to be described.
PAR  A timing capacitor 18 is connected in series with resistors 19, 20 and 21
      across the reference bus 14, 16 and resistor 22 is in shunt with resistor
      19. Resistors 20 and 22 are the high and low speed trim potentiometers for
      factory setting of these limits if desired. Resistor 21 is a current
      limiting resistance and 19 is the speed-control resistor. It will be seen
      that the above constitutes a simple RC charging circuit with the
      speed-control resistor 19 controlling the time rate at which the capacitor
      18 is charged toward the zener voltage.
PAR  The trigger device for the SCR's 5 and 6 is a first programmable
      unijunction transistor (PUT) 20 having its anode connected to the top of
      capacitor 18 and its cathode connected through limiting resistors 21 and
      22 to the respective gates of SCR's 5 and 6. The anode gate of PUT 20 is
      connected to junction 23 between resistors 24 and 25 connected as a
      voltage divider in series with blocking diode 26. A storage capacitor 27
      holds the D.C. voltage at the zener value across the series resistors 24
      and 25.
PAR  A second PUT 28 has its anode connected to the top of capacitor 18 and its
      cathode is connected through limiting resistor 29 to the negative bus 16.
      The anode gate of PUT 28 is connected to the junction 30 of resistors 31
      and 32 connected in series across buses 14 and 16 as a voltage divider.
PAR  A third SCR 33 has its anode connected through a limiting resistor 34 to
      the zener regulated bus 14 and its cathode is connected to bus 16. The
      gate of SCR 33 is connected through resistor 35 to the cathode of PUT 20
      and is also connected through resistor 36 to the bus 16. It will be seen
      that the SCR 33 receives a trigger pulse from PUT 20 at the same time that
      SCR's 5 and 6 receive their trigger pulses.
PAR  A feedback resistor 37 in series with a resistor 38 is connected between
      the negative terminal of the motor 2 and the top of capacitor 18. The
      junction 44 between resistors 37 and 38 is connected through resistor 39,
      zener diode 40 and blocking diode 41 to the bus 16.
PAR  A load resistor 42 keeps the bridge (9,10,11,12) in conduction continuously
      during each half cycle. A "free wheeling" diode 43 is connected across the
      terminals of the motor 2 and conducts during the time both SCR's 5 and 6
      are turned off. This prevents either SCR from conducting into the next
      half cycle and thereby interfering with the proper circuit action. It is
      well known that, without the diode 43, it is possible for the inductive
      motor load to prevent proper SCR commutation.
PAC  OPERATION
PAR  The PUT 20 is a well-known trigger device and its known characteristics are
      that a blocking state exists as long as the positive anode voltage is
      below the positive gate voltage. However, when the anode voltage goes
      slightly above the gate voltage, the device is triggered into conduction
      and the anode-cathode path assumes a very low forward impedance.
PAR  Thus the timing capacitor 18 is charged toward the voltage on bus 14,
      determined by zener diode 17, at a time rate determined by the setting of
      the speed-control resistor 19. At some point in the half cycle, this
      voltage will just exceed the gate reference voltage at junction 23,
      determined by the voltage divider, (24,25). At this point, the PUT 20 goes
      into conduction and supplies a trigger pulse to the gates of SCR's 5,6,
      and 33. If SCR 5 and diode 4 are forward biased at this time, they will go
      into conduction and supply current to the motor 2. Otherwise, they will be
      back biased and SCR 6 and diode 3 will conduct. Each SCR will remain
      conducting to the end of its half cycle when it is turned off by A.C.
      commutation as is well known.
PAR  In this manner, power current is supplied in uni-directional pulses to the
      motor 2 which then provides torque to a load (not shown). If the
      speed-control resistor 19 is reduced in value, the capacitor 18 charges
      faster and the PUT 20 is triggered earlier in each half cycle which
      triggers the SCR's 5 and 6 earlier in the appropriate half cycle resulting
      in increased current to the motor and a corresponding increase in speed
      for a given load. Thus, far, the operation described is ordinary A.C.
      phase control as is well known in this art.
PAR  In order to supply speed regulation and particularly in order to make the
      speed vs torque characteristic of the system flatter at lower speed
      settings, the charging rate of the timing capacitor 18 is modified by the
      back E.M.F. of the motor 2, which E.M.F. is proportional to the motor
      speed. This is accomplished as follows:
PAR  During the time when both SCR 5 and 6 are blocking, the motor supplies a
      back E.M.F. proportional to its speed. This speed voltage, which is
      negative at the top terminal of the motor 2, as shown, is fed back through
      resistors 37 and 38 to the top of the timing capacitor 18. Since the speed
      feedback voltage is of opposite polarity from that of the zener voltage on
      bus 14, some charge will be subtracted from capacitor 18 as it charges.
      If, because of an increasing motor load, the motor speed decreases, the
      feedback voltage will decrease in magnitude allowing the capacitor 18 to
      charge faster. This allows the PUT 20 to trigger sooner at a smaller phase
      angle and effectively supplies more voltage to the motor which tends to
      compensate for the increased load and holds the speed more constant than
      without the feedback circuit.
PAR  It has been found that more load compensation is required at low speeds
      than at high speeds and this is accomplished as follows:
PAR  At low speeds, the back E.M.F. of motor 2 is low. If it is sufficiently low
      enough that the voltage appearing at the junction 44 between resistors 37
      and 38 is lower in magnitude than the zener voltage of the zener diode 40,
      then the zener diode 40 will not conduct and the full back E.M.F. of motor
      2 will be applied to capacitor 18 through resistors 37 and 38 and maximum
      compensation is effected.
PAR  However, when the voltage at junction 44 exceeds the zener voltage of zener
      diode 40, it goes into conduction drawing current through resistor 39. If
      resistors 37 and 39 are of the same value and of a much lower resistance
      than resistor 38, then a change in the back E.M.F. will appear about half
      as great at the junction 44 as it did before the zener diode 40 began to
      conduct. The feedback then, with diode 40 conducting, is approximately
      half of that before diode 40 conducts. This results in a high feedback
      effect at low speeds and a relatively low feedback effect at high speeds.
      The blocking diode 41 prevents zener diode 40 from conducting in the wrong
      direction.
PAR  In order to assure circuit stability, it is necessary first, that the PUT
      20 triggers during every half cycle at the same phase angle with respect
      to the A.C. voltage, or that it does not trigger at all. That is to say,
      PUT 20 must not trigger every second, third, fourth, etc., half cycle.
      Secondly, having triggered during any given half cycle, the PUT 20 should
      not trigger again until the proper phase angle is reached during the next
      half cycle. The first problem is handled by the second PUT 28 and the
      second problem is handled by the third SCR 33.
PAR  The resistor voltage divider comprising resistors 31 and 32 provides a
      reference voltage for the gate of PUT 28 from the zener reference voltage
      on bus 14. However, this gate voltage is selected to be well above the
      gate voltage of PUT 20 during zener conduction so that PUT 28 will not
      trigger during the time that PUT 20 is to trigger. At the end of each half
      cycle, as the voltage on bus 14 falls below the zener value, any voltage
      left on capacitor 18 will be discharged to ground through PUT 28 and
      resistor 29. This occurs because the gate voltage of PUT 28 falls as the
      voltage on bus 14 drops from the zener value. The PUT 20 does not
      retrigger during this time since capacitor 27 holds the voltage for its
      divider resistors 24 and 25 at a constant value approximately equal to the
      zener value of zener diode 17. Diode 26 blocks the discharge of capacitor
      27 and isolates it from the rest of the circuitry during the time that the
      voltage on bus 14 is below its zener value.
PAR  Thus PUT 28 operates to reset the charge on capacitor 18 at the end of each
      half cycle. If the RC time constant is longer than a half cycle to charge
      capacitor 18 to the trigger voltage of PUT 20, then, because PUT 28
      triggers at the end of each half cycle, resetting capacitor 18 to
      approximately zero volts, PUT 20 will never trigger, thus preventing a
      pulsing mode where SCR triggering happens during every second, third or
      fourth, etc., half cycle. During normal trigger operation, since the
      capacitor 18 has its voltage reset at the end of every half cycle, the
      time to charge during each half cycle is the same. This keeps a highly
      stable triggering mode occurring consistently cycle after cycle.
PAR  One other problem can occur. At certain speed settings, the capacitor 18
      can recharge within the same half cycle causing a secondary triggering
      within that half cycle and this would upset the triggering stability. It
      was noted previously in the circuit description that the third SCR 33
      receives a trigger pulse from the PUT at the same time that SCR's 5 and 6
      receive their trigger pulses. Thus, SCR 33 can be made to trigger
      synchronously with the triggering of SCR's 5 and 6. When the SCR 33 goes
      into conduction, it clamps the reference voltage of bus 14 to well below
      the zener value by conduction through resistor 34. This prevents the
      capacitor 18 from recharging to a trigger value within the same half
      cycle. As with the SCR's 5 and 6, the SCR 33 will commutate off at the end
      of the half cycle and will not turn on again until its gate is once again
      triggered.
PAR  From the above, it will be apparent that, in accordance with this
      invention, there is provided stabilization circuitry for a D.C. motor
      speed control and speed regulating system in which stable triggering of
      SCR's is accomplished. This prevents erratic triggering which would
      normally make such a system unsuitable for use as a drive for cutting
      tools where quality cutting is desired over a wide range of speeds.
PAR  While the invention has been described by means of a specific embodiment,
      it is not intended to be limited thereto, and obvious modifications will
      occur to those skilled in the art without departing from the spirit and
      scope of the invention as set forth in the following claims.
CLMS
STM  Having set forth the nature of this invention, what is claimed herein is:
NUM  1.
PAR  1. A system for controlling the speed of a D.C. motor fed from an A.C.
      voltage source using first and second silicon controlled rectifiers
      (SCR's) in a full-wave configuration, comprising a full-wave, unfiltered,
      zener-controlled reference voltage, a timing capacitor, adjustable
      resistor means for charging said capacitor from said reference voltage at
      time-controlled rates, a first trigger device operative responsively to
      the attainment of a predetermined voltage on said capacitor to apply a
      trigger pulse to said first and second SCR's a second trigger device
      operative responsively to a predetermined low value of the reference
      voltage substantially at the end of each half cycle of the A.C. voltage to
      provide a low-impedance discharge path for said capacitor to assure that
      said capacitor is substantially discharged at the beginning of each half
      cycle.
NUM  2.
PAR  2. A system in accordance with claim 1, wherein said first trigger device
      is a programmable unijunction transistor having its anode voltage supplied
      by said capacitor, and its anode gate voltage supplied from a
      substantially constant source of D.C. voltage.
NUM  3.
PAR  3. A system in accordance with claim 1, wherein said second trigger device
      is a programmable unijunction transistor having its anode voltage supplied
      by said capacitor, and its anode gate voltage supplied from said
      unfiltered reference voltage.
NUM  4.
PAR  4. A system in accordance with claim 1, including a third SCR operative to
      conduct responsively to said trigger pulse from said first trigger device
      to clamp the unfiltered reference voltage to a low value during its
      conduction period.
NUM  5.
PAR  5. A system in accordance with claim 1, including means for applying to
      said capacitor a motor speed voltage of polarity opposed to said charging
      voltage to modify the charging rate responsively to the motor load.
NUM  6.
PAR  6. In a motor speed control system for supplying controlled D.C. voltage to
      a D.C. motor from an A.C. voltage, means including first and second
      silicon controlled rectifiers (SCR's) for supplying full-wave rectified
      A.C. to said motor, means supplying a full-wave, zener-controlled
      reference voltage, means including a timing capacitor and an adjustable
      speed-control resistor for charging said capacitor from said reference
      voltage at an adjustable time rate, first trigger means for alternately
      triggering said first and second SCR's into conduction during successive
      half cycles of said A.C. voltage responsively to the charging voltage on
      said capacitor and at a point in each half cycle determined by said speed
      control resistor, a third SCR operative responsively to said first trigger
      means to clamp said reference voltage to a low value each time said first
      or said second SCR is triggered into conduction, and a second trigger
      means operative responsively to a programmed low value of the reference
      voltage near the end of each half cycle to discharge said capacitor
      substantially to zero volts so that said capacitor is always charged from
      the same initial condition in each half cycle.
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ABST
PAL  A malfunction detector circuit for use in conjunction with a pump-off
      control circuit which is periodically actuated by a timer and which
      monitors the current drawn by the drive motor of a liquid well pump. The
      malfunction circuit monitors the operation of the timer, pump-off control
      circuit, and drive motor of the well pump for detecting any abnormalities
      in operation and provides a signal if a malfunction occurs. The
      malfunction circuit is actuated by the pump-off circuit timer unless the
      pump-off circuit gains control of the driver motor and interlocks the
      malfunction output. A counter is provided to count a predetermined number
      of sequential failures before a malfunction is indicated. In addition, an
      excessive current measuring circuit detects malfunctions such as parted
      rods, split tubings, stuck valves and other abnormal situations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Generally, various control circuits known as pump-off control circuits have
      been proposed, such as in my copending patent applications Ser. No.
      331,804, filed Feb. 12, 1973 and Ser. No. 437,833, filed Jan. 30, 1974 to
      shut off the power to the pump drive motor when the supply of liquid in
      the well has been pumped dry to prevent damage to the equipment and the
      use of unnecessary power. Generally, such pump-off control circuits are
      initially actuated by a timer at periodic intervals, after which the
      control circuit is initiated, to control the power to the pump drive motor
      and shut off the power when the well has been pumped dry. The pump-off
      control circuit senses either the current or power drawn by the pumping
      unit and utilizes the fact that the power required by the pump drive motor
      is less when no liquid is being produced from the well than when liquid is
      being produced to turn off the pump drive motor.
PAR  The present invention is directed to a malfunction detector circuit which
      is used in conjunction with any suitable pump-off control circuit for
      example such as described in the foregoing applications, for providing an
      indication as to whether the pump-off control circuit is operating
      satisfactorily, and whether or not there are other abnormal conditions in
      the well which should be noted. The present malfunction detector monitors
      the current drawn by the drive motor and detects such malfunctions as
      parted rods, split tubing, worn pumps, stuck traveling valves or standing
      valves and other abnormal situations.
PAC  SUMMARY
PAR  The present invention is directed to a malfunction detector circuit for use
      in combination with a pump-off control circuit which is periodically
      actuated by a timer and which monitors the current drawn by the drive
      motor of a well pump. Since the oil well pump is generally at remote
      locations, it is desirable to provide an indication that s malfunction has
      occurred or to shut down the pumping unit completely, if desired. The
      present malfunction circuit monitors various abnormal situations which may
      occur in the operation of an oil well pumping unit.
PAR  One of the features of the present invention is the provision of a
      malfunction detector circuit used in combination with a pump-off control
      circuit which senses if the control circuit gains control of the pump
      motor which indicates that the well is pumping fluid. Furthermore, the
      detector circuit can be set to count a desired number of sequential
      failures of the pump-off control circuit to gain control of the pump
      motor, and only provide an indication of malfunction after a predetermined
      number of failures.
PAR  Another object of the present invention is a malfunction detector circuit
      which monitors the electrical current to the drive motor for detecting
      malfunctions which would cause the motor to draw excessive current. The
      malfunction detector circuit of the present invention is valuable in
      detecting such malfunctions as parted rods, split tubing, worn pumps,
      stuck traveling valves or standing valves, and other abnormal situations.
PAR  A still further object of the invention is the provision of a logic circuit
      for receiving a signal from the timer, a signal from the pump-off control
      circuit indicating its operation, and a signal from the current monitoring
      transformer and which will detect and report any of several malfunctions
      occurring at the pumping unit.
PAR  Other and further objects, features and advantages will be apparent from
      the following description of the presently preferred embodiment of the
      invention, given for the purpose of disclosure and taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an electrical schematic of one form of a pump-off control
      circuit, and
PAR  FIG. 2 is an electrical schematic of the malfunction circuit of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  While the malfunction detector circuit of the present invention can be used
      with various types of pump-off control circuits, for purposes of
      illustration only, the present invention will be described in use with the
      pump-off control circuit disclosed in my copending patent application Ser.
      No. 437,833, filed Jan. 30, 1974.
PAR  Referring now to the drawing, and particularly to FIG. 1, the reference
      numeral 10 generally indicates a pump-off control circuit for turning off
      the power to a drive motor 12 of a conventional oil well pumping unit 14.
      The electrical power supply to the motor 12 may include one or more
      electrical supply lines 16, 18 and 20. A conventional timer such as timer
      70 which may be of the type shown in U.S. Pat. No. 3,509,824, is provided
      which turns the power on to the motor 12 after the unit has been turned
      off for a preset period of time. The timer 70 through its output connected
      to line 73' turns on power to the motor by supplying a current to
      transistor 101. This causes a relay 102 to close its contact 104 which
      supplies power to the motor contactor coil 24 for actuating the power
      contacts 26. The timer 70 will keep the power supplied to the pumping unit
      motor 12 for a predetermined time. During this time the control circuit 10
      must determine if the well is pumping fluid or is in a pumped-off state.
      If the well is pumping fluid as desired, then the control circuit 10 will
      keep the relay 102 energized and maintain electrical power to the pumping
      motor 12.
PAR  A current transformer 30 is provided which senses the current drawn by the
      pumping motor 12 which is an indication of the load exerted by the pumping
      unit 14. A voltage transformer 60 is provided which measures the
      instantaneous voltage across one phase of the motor 12 supply voltage. The
      transformer 60 supplies the instantaneous output to an input 52 of a four
      quadrant multiplier 50 of a conventional type. The current transformer 30
      supplies an AC voltage proportional to the current drawn by the motor 12
      to a second input on line 51 of the four quadrant multiplier 50. The
      multiplier 50 produces an output on line 53 having an instantaneous value
      which is the product of the instantaneous values existing at the inputs on
      lines 51 and 52 of the multiplier 50 and thus is proportional to the
      instantaneous power supplied to the motor 12.
PAR  The output 53 from the multiplier 50 is fed through an RC network
      consisting of a resistor 40 and a capacitor 42. The time constant of the
      RC circuit is greater than the time required for the pump to complete one
      full pumping cycle so that the voltage across the capacitor approaches the
      average of the voltage at the output 53 of the multiplier 50. The voltage
      across the capacitor 42 accurately senses the average power drawn by the
      motor 12.
PAR  The voltage across the capacitor 42 is fed to the minus input on line 44 of
      a comparator 46. A stable reference voltage is fed to the plus input on
      line 48 of the comparator 46 and is obtained from a resistor 72, a
      resistor 73 and a temperature compensated zener diode 66. The reference
      voltage remains stable and can be compared with the input line 44 for
      determining when the average power to the motor 12 decreases below a
      preset level.
PAR  The output which is connected to line 80 of the comparator 46 is fed to a
      transistor 82 which is connected to act as a zener diode. When the input
      connected to line 44 of comparator 46 is more positive than input
      connected to line 48 of the comparator 46, then the output connected to
      line 80 of the comparator 46 will go low. When the output 80 goes low,
      transistor 82 will turn on transistor 90. Transistor 90 will conduct
      through diode 92 which is a light emitting diode and provides an
      indication that the control circuit 10 has gained control of the pumping
      motor 12. The current also turns on a transistor 100 keeping relay 102
      energized which keeps contacts 104 closed to continue to supply power to
      the motor 12. At the same time, a signal is also supplied over line 71 to
      the timer 70 which causes the timer 70 to recognize that the control
      circuit 10 is in control of the power and the timer 70 will turn off and
      not be actuated until the control circuit 10 recognizes that the well is
      pumped off.
PAR  When the well is pumped off, transistor 100 will be turned off, relay 102
      will be de-energized and contact 104 will open causing the power contactor
      24 to be de-energized which removes electrical power from the pumping unit
      motor 12. The pumping unit will stay off for the preset time on the timer
      70. At the end of the preset time, the timer 70 will supply current to
      transistor 101 and again energize relay 102 which in turn closes contact
      104 which in turn causes the motor contactor 24 to close and apply power
      to the pumping unit motor 12. The control cycle is then repeated.
PAR  The above description of the pump-off control circuit is generally
      described in my copending patent application Ser. No. 437,833, filed Jan.
      30, 1974.
PAR  Generally, the malfunction detector circuit, as best seen in FIG. 2, is
      generally indicated by the reference numeral 105 and may include four
      inputs. The input 110 is a timer signal receiving input which receives a
      signal from the timer 70 (FIG. 1) which indicates when the power is
      applied to the pumping unit motor 12 on startup. Input 112 is a control
      circuit signal input which receives a signal derived from the pump-off
      control circuit 10 which indicates when the pump-off control circuit has
      gained control of the drive motor 12. Input 114 is a current measuring
      circuit input and is derived from the current transformer 30 and is used
      to detect when the current exceeds a specific value above the normal.
      Input 116 is a reset input to which a signal is applied when the entire
      system is first turned on. Output line 144 provided with an output signal
      from the malfunction detector circuit 105 which indicates that a
      malfunction has occurred. This system will go high when the malfunction
      occurs and will remain high until it is reset by the application of signal
      to input 116 by switch 118. The output applied to line 144 can be used to
      shut down the pumping unit completely or just give an indication that a
      malfunction has occurred and lets the pumping unit continue to operate.
PAR  When the timer 70 in the pump-off circuit 10 turns the pumping unit 12 on,
      a signal is supplied from the timer 70 to the timer signal receiving input
      means 110. The signal is a low going signal and the timer signal receiving
      input means 110 may include interlocking means such as an R-S flip-flop
      comprised of NAND gates 120 and 121. The timer signal causes the R-S
      flip-flop to set such that the output of gate 120 is a high level. After
      the pumping unit 14 has been pumping for a short period of time, for
      example within three to five minutes, the pump-off control circuit 10
      should gain control of the well and provide a signal to the control
      circuit signal input means 112 and to the input of inverter 12. The output
      of inverter 122 is fed into the input of gate 121 which resets the R-S
      flip-flop comprised of gates 120 and 121. Since this is the normal
      operation of the control circuit 10, nothing further occurs.
PAR  However, if the pump-off control circuit 10 fails to gain control within
      the specified minimum pumping time, then no signal will be present at the
      control circuit receiving means 112, and therefore the R-S flip-flop
      comprised of gates 120 and 121 will not be reset. This means that the
      output of gate 120 will remain high and the output of gate 121 will remain
      low. When the timer 70 has indicated that the minimum pump time has been
      completed, the timer will provide a high signal to the timer signal
      receiving input means 110. Therefore, with the signal at 110 high which is
      an input to a NAND gate 125 and with the output of gate 121 low which is
      being fed through an inverter 123 which produces a high output into the
      other input of gate 125. The output connected to line 127 of gate 125 will
      now be low. A low going output on line 127 of the gate 125 causes a
      counter 130 to advance one count. The counter 130 can be set to count the
      desired number of sequential failures of the pump-off control circuit 10
      to gain control of the pump 14 and produce an output on line 131 which is
      an indication that a malfunction has occurred. Frequently it may be
      desirable to require that the pump-off control 10 try to gain control of
      the pump 14 for several successive times before indicating that a
      malfunction has occurred.
PAR  When the timer 70 has indicated that the down time has been completed and
      turns on the pumping unit 14 again a low signal will appear on the input
      110 and cause the output on line 127 of the gate 125 to go high. If no
      control circuit signal has been received at input 112, to indicate that
      the pump-off control circuit 110 has gained control of the well, the R-S
      flip-flop comprised of gates 120 and 121 will not be reset and as a result
      when the input 110 goes low indicating that the minimum pump time has been
      completed, the output on line 127 of gate 125 will cause the counter 130
      to advance one more count. In the event that the pump-off control circuit
      10 does gain control of the well during the minimum pump time, a signal
      will be received at input 112 and will pass through inverter 122 and reset
      the R-S flip-flop 120 and 121. When the R-S flip-flop 120 and 121 is
      reset, the output of gate 120 goes low and this output is fed to an
      inverter 124 which has an output on line 126 that will be high. The high
      output on line 126 will reset the counter 130 to zero.
PAR  In the event the counter 130 reaches the desired number of counts, an
      output on line 131 will be generated. This output will be fed into one
      input of a NOR gate 140. The output on line 141 of the NOR gate 140 is fed
      into the input of gate 142. Gate 142 is one-half of an R-S flip-flop
      comprised of gates 142 and 143. When the output of gate 140 is fed into
      the input gate 142, the R-S flip-flop of gate 142 and 143 will change
      state and will produce a high output on line 144. The output on line 144
      will remain high until a reset signal is received on input 116 by action
      of a reset button 118 to supply a signal at the input of gate 143.
PAR  The above description describes the operation of the malfunction detector
      circuit 105 when the pump-off control circuit fails to gain control of the
      well. However, other types of malfunctions exist which cause the motor to
      draw excessive current. One such malfunction is that the pumping rods part
      near the surface of the well. In that case, the motor will draw excessive
      current on the downstroke. Excessive current to the motor 12 is also an
      indication of other malfunctions. These malfunctions may be detected by
      receiving a current signal at input 114 of the excessive current measuring
      circuit. The current signal passes through a diode 150 and a resistor 151
      and charges a capacitor 152. When the voltage across the capacitor 152
      exceeds the breakdown voltage of a zener diode 153, a voltage equal to the
      difference between the zener breakdown voltage and the voltage across the
      capacitor 152 is developed across resistor 154. This differential voltage
      across resistor 154 is fed into the second input of the NOR gate 140 and
      to the R-S flip-flop comprised of gate 142 and 143 to again indicate a
      malfunction at the output on line 144. After a malfunction, the reset
      input 116 may be reset by pushbutton 118 to again place the malfunction
      detector circuit 105 back into operation. As previously mentioned, the
      output on line 144 may be used to completely shut down the pumping unit or
      merely give an indication that a malfunction has occurred.
PAR  The present invention, therefore, is well adapted to carry out the objects
      and attain the ends and advantages mentioned as well as others inherent
      therein. While a presently preferred embodiment of the invention has been
      given for the purpose of disclosure, numerous changes in the details of
      construction and arrangement of parts may be made without departing from
      the spirit of the invention and the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A malfunction detector circuit in combination with a pump-off control
      circuit which is periodically actuated by a timer and which monitors the
      average current drawn by the drive motor of a well pump and includes an
      output comprising,
PA1  timer signal receiving means connected to and receiving a signal from the
      timer when the pump-off control circuit is actuated by the timer,
PA1  output means connected to and actuated by the timer signal receiving means
      for indicating that a malfunction has occurred,
PA1  control circuit signal receiving means connected to the output of the
      pump-off control circuit for monitoring when the control circuit is
      controlling the drive motor instead of the timer,
PA1  interlocking means connected between the timer signal receiving means and
      the control circuit signal receiving means, said interlocking means
      actuated by the control circuit signal receiving means and controlling the
      output of the timer signal receiving means whereby the output means will
      only be actuated in the event the control circuit receiving means fails to
      receive a signal.
NUM  2.
PAR  2. The combination of claim 1 including,
PA1  an excessive current measuring circuit connected to and measuring the
      current drawn by the drive motor, and
PA1  means connected between the current measuring circuit and the output means
      for actuating the output means when the current exceeds a predetermined
      amount.
NUM  3.
PAR  3. The combination of claim 1 including,
PA1  counting means connected between the output means and the timer signal
      receiving means, said counting means requiring a plurality of actuations
      by the timer signal receiving means prior to actuating said output means.
NUM  4.
PAR  4. A malfunction detector circuit in combination with a pump-off control
      circuit which is periodically actuated by a timer and which monitors the
      average current drawn by the drive motor of a well pump and includes an
      output comprising,
PA1  an R-S flip-flop including first and second NAND gates, the input of the
      first gate connected to the timer, the input of the second of the gates
      connected to the output of the pump-off control circuit,
PA1  a third NAND gate having two inputs, the first input of which is connected
      to the timer, and the second input of which receives the output of the
      second gate,
PA1  an inverter connected between the output of the second gate and the second
      input of the third NAND gate,
PA1  a counter connected to the output of the third NAND gate, the output of the
      counter indicating a malfunction.
NUM  5.
PAR  5. The combination of claim 4 including, an inverter connected between the
      counter and the output of the first NAND gate for resetting the counter.
NUM  6.
PAR  6. The combination of claim 4 including,
PA1  an excessive current measuring circuit measuring the current drawn by the
      drive motor, said current measuring circuit connected to the output of the
      counter to indicate an excessive current malfunction.
NUM  7.
PAR  7. The combination of claim 4 including,
PA1  a NOR gate having two inputs, the first input of which is connected to the
      output of the counter,
PA1  an excessive current measuring circuit measuring the current drawn by the
      drive motor, said current measuring circuit connected to the second input
      of the NOR gate,
PA1  a second R-S flip-flop including fourth and fifth NAND gates, the input of
      the fourth gate connected to the output of the NOR gate, and the output
      from the fourth gate being an indication of a malfunction, and
PA1  a reset switch connected to the input of the fifth NAND gate.
PATN
WKU  039315606
SRC  5
APN  4143957
APT  1
ART  217
APD  19731109
TTL  Motor control system and electrical switch constructions therefor or the
      like
ISD  19760106
NCL  3
ECL  1
EXP  Dobeck; B.
NDR  2
NFG  4
INVT
NAM  Willson; James R.
CTY  Trumbull
STA  CT
ASSG
NAM  Robertshaw Controls Company
CTY  Richmond
STA  VA
COD  02
RLAP
COD  74
APN  216685
APD  19720110
PSC  01
PNO  3787793
CLAS
OCL  318481
XCL  318452
XCL  318473
XCL  307118
XCL   62158
EDF  2
ICL  H02H  508
FSC  318
FSS  481;473;452
FSC  307
FSS  118
FSC  417
FSS  12
FSC   62
FSS  158
UREF
PNO  2461076
ISD  19490200
NAM  Neeson
XCL  318481
UREF
PNO  2749495
ISD  19560600
NAM  Walley
XCL  318481
UREF
PNO  2981195
ISD  19610400
NAM  Payne
OCL  417 12
UREF
PNO  3050003
ISD  19620800
NAM  Edwards
OCL  417 12
UREF
PNO  3237848
ISD  19660300
NAM  Pihl et al.
XCL  318481
UREF
PNO  3290576
ISD  19661200
NAM  Jensen et al.
XCL  318481
UREF
PNO  3321669
ISD  19670500
NAM  Rhodes
XCL  318473
LREP
FRM  Candor, Candor & Tassone
ABST
PAL  A control system for a motor having a required oil pressure for the safe
      operation thereof, the system having a time delay switch for
      interconnecting an electrical source to the motor to operate the same each
      time the time delay switch is initially activated by being placed across
      the power source. The time delay switch has a time delay bimetal means
      that is adapted to move and open the switch if the oil pressure of the
      motor does not reach the required value within a predetermined time period
      from the initial activation of the time delay switch. An oil pressure
      responsive switch is operatively interconnected to the time delay bimetal
      means and to the motor to terminate the switch opening movement of the
      time delay bimetal means if the oil pressure reaches the predetermined
      value thereof during the predetermined time period so that the motor will
      be continuously operated as long as the system is not manually or
      automatically turned off or the oil pressure does not fall below the
      predetermined value thereof.
PARN
PAR  This is a division of application Ser. No. 216,685, filed Jan. 10, 1972,
      now U.S. Pat. No. 3,787,793.
BSUM
PAR  This invention relates to an improved control system for a motor to insure
      that the same has a required oil pressure therefor for safe operation
      thereof as well as to improved switch constructions for such a control
      system or the like.
PAR  It is well known that many motor systems require a sufficient oil pressure
      for the motor during the operation thereof so that such motor can properly
      function for its intended purpose. For example, such a motor can be the
      compressor motor of a refrigerating system or the like.
PAR  Accordingly, one of the features of this invention is to provide an
      improved control system for such a motor wherein the initial starting of
      the operation of the motor will only continue for a predetermined time
      period thereof and be automatically terminated at the end of such time
      period if the oil pressure of the thus operating motor does not reach a
      required oil pressure level for safe operation thereof.
PAR  Another feature of this invention is to provide a time delay switch means
      for accomplishing the above function with such switch means having a time
      delay bimetal means that is adapted to open the switch that interconnects
      the motor to an electrical power source if the oil pressure of the motor
      does not reach the required value within the predetermined time period
      from the initial activation of the switch to its on position.
PAR  Another feature of this invention is to provide an oil pressure responsive
      switch that is operatively interconnected to such time delay bimetal means
      and the motor to terminate the switch opening movement of the time delay
      bimetal means if the oil pressure reaches the predetermined value thereof
      during the predetermined time period.
PAR  In particular, one embodiment of this invention provides a control system
      for a motor having a required oil pressure for safe operation thereof, the
      system comprising an electrical power source and a time delay switch means
      having a switch for interconnecting the power source to the motor to
      operate the same each time the time delay switch means is initially
      activated by being placed across the power source. The switch means has a
      time delay bimetal means that is adapted to move and open the switch if
      the oil pressure of the motor does not reach the required value within the
      predetermined time period from the initial activation of the switch means.
      An oil pressure responsive switch is operatively interconnected to the
      time delay bimetal means and to the motor to terminate the switch opening
      movement of the time delay bimetal means if the oil pressure reaches the
      predetermined value thereof during the predetermined time period.
PAR  Such time delay bimetal switch means of this invention can comprise a frame
      means carrying two pairs of cooperating switch blades one of which when
      disposed in the closed position thereof will interconnect the motor to the
      power source and the other of which when in a closed condition thereof
      will interconnect a heater means of a first bimetal member across the
      power source to cause the first bimetal member to move from one position
      thereof where the same is holding the one pair of switch blades in an open
      condition thereof while being out of engagement with the other pair of
      said switch blades to another operating position thereof where the first
      bimetal member is out of engagement with the one pair of switch blades so
      that the same can be disposed in a closed position while holding the other
      pair of switch blades in an open condition thereof and thereby terminating
      that particular circuit for the heater means thereof. However, the
      aforementioned pressure responsive switch when closed by sensing the
      required oil pressure value for the motor will now complete a circuit
      through the heater means of the first bimetal member to maintain the same
      in its other position. A second bimetal member is carried by the frame
      means and upon the actuation of the electrical switch construction, a
      heater means thereof is energized to cause the second bimetal member to
      latch the other pair of switch blades in its open condition even though
      the oil pressure value may not reach its predetermined pressure value so
      that the entire system must be turned off and then turned on again in
      order to again attempt to start the motor.
PAR  The pressure operated switch construction of this invention can comprise a
      housing that is divided into two separate chambers, one of the chambers
      having an electrical switch therein adapted to be disposed in an open
      condition thereof or a closed condition thereof and the other chamber
      having a condition responsive means responsive to the oil pressure value
      of the motor. The condtion responsive means can comprise a bellows
      construction that expands upon an increase in the oil pressure value of
      the operating motor and can carry magnet means which when positioned a
      certain distance toward the switch chamber, will cause the switch means to
      be disposed in one of the opened or closed conditions thereof when the oil
      pressure value is above the required oil pressure value.
PAR  Accordingly, it is an object of this invention to provide an improved
      control system for a motor or the like, the control system having one or
      more of the novel features set forth above or hereinafter shown or
      described.
PAR  Another object of this invention is to provide improved electrical switch
      constructions for such a control system or the like.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description, which proceeds with reference to the
      accompanying drawings forming a part thereof and wherein:
PAR  FIG. 1 is a schematic view illustrating the control system of this
      invention with the electrical switch constructions of this invention being
      shown in cross section;
PAR  FIG. 2 is a view similar to FIG. 1 and illustrates the control system in
      one of its initial operating conditions.
PAR  FIG. 3 is a view similar to FIG. 1 and illustrates the control system in
      its normal continuous operating condition.
PAR  FIG. 4 is a view similar to FIG. 1 and illustrates the control system upon
      failure of the oil pressure value of the motor to reach the predetermined
      value within the predetermined time period following the initial
      activation of the control system.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted to provide structure for the
      control system of a motor, it is to be understood that the various
      features of this invention can be utilized singly or in any combination
      thereof to provide structure for other control systems as desired.
PAR  Therefore, this invention is not to be limited to only the embodiment
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety of uses of this invention.
PAR  Referring now to FIG. 1, the improved motor control system of this
      invention is generally indicated by the reference numeral 10 and the
      improved switch constructions of this invention are generally indicated by
      the reference numerals 11 and 64, the control system 10 being utilized to
      control an electrically operated motor 12, such as a motor for operating
      the compressor of a refrigerating system, that requires that the oil
      pressure thereof be at a predetermined pressure value in order to insure
      safe operation of the motor 12. An electrical power source 13 is provided
      for the system 10 and comprises three power source lines L1, L2, and L3
      for respectively being interconnected to terminals 14, 15, and 16 of the
      motor 12 through interconnecting leads 17, 18 and 19 having normally open
      contactor switches 20, 21 and 22 therein which are closed only when
      current flows through an operating winding 23 of the motor 12. The winding
      23 has one side 24 thereof interconnected by a lead 25 to the power source
      lead L2. The other side 26 of the winding 23 is interconnected by a lead
      27 to a terminal 28 of the electrical switch construction 11.
PAR  The electrical switch construction 11 comprises a sealed housing 29 having
      a chamber 30 formed therein and carrying not only the terminal 28, but
      also terminals 31, 32, 33 and 34 disposed in spaced parallel relation with
      the terminals 28, 31, 32 and 33 projecting exteriorally of the housing 29.
PAR  Two electrical switches 35 and 36 are provided in the housing 29 and are
      respectively formed by two pairs of cooperating switch blades 37, 38 and
      39, 40 respectively carried in cantilevered fashion by the housing 29 and
      being respectively electrically interconnected to the terminals 28, 31, 33
      and 34 as illustrated.
PAR  The switch blade 38 of the switch 35 is substantially rigid while the
      switch blade 37 is substantially flexible and has a normal bias toward the
      switch blade 38 so that contacts 41 and 42 of the respective switch blades
      37 and 38 normally tend to be disposed in electrical contact with each
      other as illustrated in FIG. 2. Similarly, the switch blade 39 of the
      switch 36 is substantially rigid while the switch blade 40 thereof is
      substantially flexible and has a normal bias toward the switch blade 39 so
      as to always tend to place its electrical contact 43 into electrical
      contact with a contact 44 of the switch blade 39 as illustrated in FIGS. 1
      and 2.
PAR  A first bimetal member 45 is carried in cantilevered fashion by the housing
      29 and is secured to the housing 29 at the same location as electrical
      terminal 32. An insulating rod or abutment means 46 is carried by the free
      end 47 of the bimetal member 45 and has opposed ends 48 and 49 disposed on
      opposite sides of the bimetal member 45 for respectively engaging against
      the switch blades 37 and 40 of the switches 35 and 36 for a purpose
      hereinafter described. However, when the bimetal member 45 is in a "cold"
      or normal ambient temperature condition thereof as illustrated in FIG. 1,
      the normal bias of the bimetal member 45 is the position illustrated in
      FIG. 1 where the abutment means 46 engages against the blade 37 of the
      switch 35 and holds the same out of electrical contact with the blade 38
      so that the switch 35 is normally in an opened condition thereof. In this
      condition of the bimetal member 45, the abutment means 46 thereof is
      disposed out of contact with the blade 40 of the switch 36 so that the
      switch 36 is in a normally closed condition as illustrated in FIG. 1.
      However, when the bimetal member 45 is heated by an electrical current
      flowing through an electrical heater means 50 carried by the housing 29
      adjacent the bimetal member 45, the heated bimetal member 45 warps
      upwardly as illustrated in FIG. 2 and causes the abutment means 46 thereof
      to engage against the switch blade 40 only after the same has moved away
      from the switch blade 37 of the switch 35 whereby the switch blade 37
      makes electrical contact with the switch blade 38 to close the switch 35
      as illustrated in FIG. 2 before the switch 36 is opened. The heated
      bimetal member 45 thereafter continues warping upwardly to engage against
      and move the switch blade 40 out of electrical contact with the switch
      blade 39 as illustrated in FIG. 2 whereby as long as the heater 50 remains
      energized, the bimetal member 45 will maintain the switch 35 in its closed
      condition and the switch 36 in its open condition as illustrated in FIG. 3
      for a purpose hereinafter described.
PAR  The heater means 50 for the bimetal member 45 has one side 51 thereof
      interconnected to the terminal 32 by a lead 52 and the other side 53
      thereof interconnected to the terminal 33 by a lead 54.
PAR  A second bimetal member 55 is carried in cantilevered fashion by the
      housing 29 and has a spring latch member 56 carried at the free end 57
      thereof for being disposed under the switch blade 40 when the same is in
      its open position as illustrated in FIG. 3 when the bimetal member 55 has
      been heated by an electrical heater means 58 also carried by the housing
      means 29. Thus, as long as the heater means 58 remains energized, the
      heater 58 maintains the bimetal member 55 in the warped condition
      illustrated in FIG. 3 to have the extension or latch member 56 thereof
      disposed under the switch blade 40 to hold the same in its open position
      should the bimetal member 45 which moved the switch blade 40 to its open
      condition subsequently warp away from the blade 40 as illustrated in FIG.
      4. In this manner, it can be seen that it requires a deenergizing of the
      heater means 58 in order for the switch blade 40 to be unlatched from its
      open position to again cause closing of the switch 36 as illustrated in
      FIGS. 1 and 2.
PAR  The electrical heater 58 has the side 59 thereof interconnected by a lead
      60 to the terminal 32 while the other side 61 of the heater 58 is
      interconnected by a lead 62 to the terminal 31, the terminal 31 also being
      electrically interconnected by a lead 63 to the terminal 34.
PAR  The pressure responsive switch construction 64 of this invention is
      provided for the system 10 and includes a housing means 65 having two
      chambers 66 and 67 formed therein and separated from each other by an
      inner wall 68 so that the chambers 66 and 67 are completely sealed from
      each other. The housing 65 can be carried by the motor 12 and has the
      chamber 67 thereof interconnected to the low pressure side of the oil
      compartment means of the motor 12 by a passage 69 while the high pressure
      side of the oil compartment for the motor 12 is interconnected to a
      passage 70 in the housing 65 that leads to the interior of a bellows
      construction 71 having one end 72 fastened to the housing 65 and the other
      end 73 projecting into the chamber 67 and carrying a magnet or magnet
      armature 74 on the free end 73 thereof.
PAR  A pair of switch blades 75 and 76 respectively project into the chamber 66
      of the housing 65 and carry contacts 77 and 78 which are adapted to
      cooperate with each other when the switch blades 75 and 76 are moved
      together under the magnet force produced by the magnet 74 when the magnet
      74 is disposed against the wall 68 as illustrated in FIG. 3. Thus, the
      bellows construction 71 must expand through an increase in the pressure
      differential acting across the same to cause the movable end 73 thereof to
      move toward the wall 68 and have the magnet 74 engaged thereagainst in
      order for the magnet 74 to have an influence on the switch blades 75 and
      76 to cause closing of the switch blades 75 and 76 and, thus, closing of
      the pressure responsive switch construction 64. However, the bellows 73 is
      only expanded against the wall 68 to cause closing of the switch blades 75
      and 76 when the oil pressure reaches the predetermined pressure value for
      safe operation of the motor 12. As long as the pressure value of the oil
      for the motor 12 is below such required pressure value, the bellows 71
      cannot expand in opposition to the natural collapsing bias of the bellows
      71 close enough to the wall 68 to have the magnet 74 cause closing of the
      switch blades 75 and 76. Thus, as long as the pressure value of the oil
      for the motor 12 is below the predetermined value, the switch blades 75
      and 76 are disposed in an open condition thereof.
PAR  The terminal 33 of the switch construction 11 is interconnected by the lead
      79 to the switch blade 76 of the pressure responsive switch 64. The other
      switch blade 75 of the pressure responsive switch 64 is interconnected by
      a lead 80 to the terminal 31 of the switch construction 11.
PAR  The terminal 32 of the switch construction 11 is interconnected by the lead
      81 to the power source lead L2.
PAR  The power source lead L1 is interconnected to the terminal 31 of the switch
      construction 11 by the lead 82, the lead 82 having an operating control 83
      disposed therein that includes a switching means 84 for opening and
      closing the line 82. The control means 83 can be initially moved to a
      closed condition by an operator manually actuating an on-off switch means
      85 of the system 10 to cause closing of the switch blade 84 as illustrated
      in FIG. 2 and the control means 83 can also be under the control of a
      thermostatic means 86 which is utilized for automatically controlling the
      motor 12 in performing its function, such as operating a compressor in a
      refrigerating system. Thus, as long as the thermostat 86 demands that the
      motor 12 be operating, the thermostatic means 86 will tend to maintain the
      switch blade 84 in its closed condition when the manual control 85 is in
      an on position thereof. However, if the motor 12 is operating and the
      thermostatic means 86 should subsequently determine that the motor 12
      should cease operating, the thermostatic means 86 will open the switch
      blade 84 until the thermostatic means 86 again determines that the motor
      12 should be operating.
PAR  The operation of the control system 10 and switch constructions 11 and 64
      as utilized therein will now be described.
PAR  As illustrated in FIG. 1, the control means 83 has its switch blade 84
      disposed in the open position because the on-off control 85 is in its
      "off" position and the bimetal members 45 and 55 are in their "cool" or
      ambient temperature conditions. Thus, the latching bimetal member 55 is to
      the left of the switch blade 40 and the bimetal member 45 has its abutment
      means 46 maintaining the switch 35 in its open condition. Also, since the
      motor 12 is not operating, the pressure responsive switch 64 is in its
      open condition.
PAR  When the operator initially turns on the system 10 by operating the means
      85 to its "on" position to cause the control means 83 to move the switch
      blade 84 to its closed position as illustrated in FIG. 2, the heater
      element 58 for the bimetal member 55 is placed across the power source
      leads L1 and L2 by way of lead 82, switch blade 84, terminal 31, lead 62,
      heater 58, lead 60, terminal 32 and lead 81 whereby such heater means 58
      begins to heat the bimetal member 55 and cause the same to tend to warp to
      the right in the drawings.
PAR  The heating element 50 for the bimetal member 45 is also initially
      energized by being placed across the power source leads L1 and L2 through
      lead 82, closed switch blade 84, terminal 31, lead 63, terminal 34, switch
      blade 40, switch blade 39, terminal 33, lead 54, heater 50, lead 52,
      terminal 32 and lead 81.
PAR  The thus energized heater 50 heats the bimetal member 45 and as the
      temperature of the heated bimetal member 45 increases, the bimetal member
      45 flexes or warps upwardly carrying the abutment means 46 therewith. As
      the abutment means 46 is moving upwardly, the switch blade 37 of the
      switch 35 follows the abutment means 46 until the contact 41 of the switch
      blade 37 is placed into contact with the contact 42 of the switch blade 38
      to cause closing of the switch 35 as illustrated in FIG. 2. This closing
      of the switch 35 takes place before the abutment means 46 makes contact
      with the switch blade 40 of the switch 36 whereby, as illustrated in FIG.
      2, both switch means 35 and 36 are disposed in their closed positions. The
      closing of the contacts 41 and 42 of the switch 35 now places the winding
      23 of the motor contactor across the power source leads L1 and L2 by way
      of lead 82, closed switch blade 84, terminal 31, switch blade 38, switch
      blade 37, terminal 28, lead 27, coil 23 and lead 25. This energizing of
      the winding 23 causes the contact means 20, 21 and 22 to close whereby the
      power source leads L1, L2 and L3 are respectively interconnected to the
      terminals 14, 15 and 16 of the motor 12 and place it into operation.
PAR  The bimetal member 45 continues to warp upwardly from the position
      illustrated in FIG. 2 due to the heating thereof by the heater 50 and
      causes the abutment means 46 thereof to abut against the switch blade 40
      and move the same upwardly to the position illustrated in FIG. 3 and
      thereby open the switch 36. During this upward warping of the bimetal
      member 45, the heater means 58 for the bimetal member 55 has caused the
      bimetal member 55 to warp or flex to the right in FIG. 3 and carry the
      spring element or latch member 56 therewith with the length of the latch
      member 56 being such that as the switch blade 40 is being carried upwardly
      by the abutment means 46 of the bimetal member 45 to open the switch 36,
      the upper end of the latch member 56 is positioned beneath the blade 40 to
      prevent the blade 40 from thereafter moving downwardly should the element
      46 of the bimetal member 45 subsequently move downwardly by failure of the
      pressure switch 64 to close during such upward movement of the bimetal
      member 45 after the switch means 35 has been closed to initial operate the
      motor 12.
PAR  With the opening of the switch 36 by the bimetal member 45 moving upwardly,
      the circuit through the heater means 50 for the bimetal member 45 has been
      terminated so that should the pressure responsive switch 64 remain in its
      open condition, due to the fact that the oil pressure in the motor system
      12 has not increased to the required predetermined value thereof, the
      bimetal member 45 begins to cool because the heater 50 is no longer
      energized and will start a downward warping movement. During such downward
      movement of the bimetal member 45 from the position illustrated in FIG. 3
      toward the position illustrated in FIG. 4, the compressor motor 12 remains
      energized so it is still possible for the oil pressure therein to develop
      to a sufficient value to close the switch 64 to reenergize the heater 50
      and thereby cause the bimetal member 45 to move back upwardly before the
      same has moved downwardly a sufficient distance to open the switch 35.
      Alternately, the oil pressure of the system 10 may have developed to a
      sufficient value to cause the pressure responsive switch 64 to close the
      contact blades 75 and 76 prior to the initial opening of the switch 36 by
      the bimetal member 45 and such closing of the switch 64 will maintain or
      place the heater 50 across the power source leads L1 and L2 because the
      pressure responsive switch 64 is in parallel with the contacts 43 and 44
      of the switch 36. For example, the heater 50 for the bimetal member 45 is
      placed across the power source leads L2 and L1 by way of lead 81, terminal
      32, lead 52, heater 50, lead 54, terminal 33, lead 79, closed contact
      blades 76 and 75, lead 80, terminal 31 and lead 82 through closed switch
      blade 84 when the pressure responsive switch construction 64 is closed.
PAR  However, in the event that the oil pressure of the motor means 12 has not
      caused the pressure responsive switch 64 to close prior to the initial
      opening of the contacts 43 and 44 of the switch 36 due to the upward
      movement of the bimetal member 45 and the pressure responsive switch 64
      does not close during the downward movement of the bimetal member 45
      caused by the deenergizing of the heater 50 upon opening of the contacts
      44 and 43, the abutment means 46 of the cooling bimetal member 45 will
      carry the switch blade 37 of the switch 35 downwardly opening the contacts
      41 and 42 of the switch 35 as illustrated in FIG. 4. The opening of the
      switch 35 thus causes the contact winding 23 for the motor 12 to be
      deenergized to open the contact switches 20, 21 and 22 to terminate the
      operation of the motor 12. Since the operating control 83 for the system
      10 remains closed, the heater 58 for the bimetal member 55 remains
      energized so that the switch 36 remains latched in its open condition as
      illustrated in FIG. 4. Such a situation would also exist following the
      opening of the pressure responsive switch 64 during a successful prior
      operation of the motor means 12 because the pressure responsive switch 64
      may subsequently open due to a loss of oil pressure due through a
      malfunction in the motor means 12.
PAR  Under the conditions of FIG. 4, it can be seen that the system 10 is locked
      out and it is necessary to open the switch blade 84 of the control 83 by
      moving the actuation 85 to its "off" position in order to cause the heater
      58 of the bimetal member 55 to be deenergized so that the subsequent
      cooling of the bimetal member 55 will warp the same to the left and permit
      the unlatching of the switch blade 40 so that the same can return to the
      position illustrated in FIG. 1. With the system 10 now returned to the
      condition illustrated in FIG. 1, the operation of the system 10 can then
      be again attempted by causing the closing of the switch 84 of the
      controller 83 to once again place the time delay switch device 11 in
      operation in the manner previously described.
PAR  Once the system 10 has been placed in operation and the proper oil pressure
      is being maintained at the motor means 12 to maintain the switch 64 in the
      closed position thereof, the time delay switch device 11 will be cycled in
      accordance with the opening and closing of the switch 84 for the control
      means 83 under the influence of the thermostat 86. Thus, if the system 10
      has been placed in operation to position the time delay switch
      construction 11 in the condition shown in FIG. 3, the system will continue
      to operate until the temperature demand being sensed by the thermostat 86
      has been satisfied whereby the switch blade 84 of the control 83 will
      automatically open causing the power to the heater means 58 to be
      terminated and will open the circuit to the contactor winding 23 to
      terminate the operation of the motor 12. The termination of the operation
      of the motor 12 will of course cause a loss of oil pressure and
      consequently the opening of the oil pressure switch 64 so that the heater
      50 for the bimetal member 45 is deenergized allowing the bimetal member 45
      to cool and move downwardly to open the contacts 41 and 42 of the switch
      35. The deenergizing of the heater 58 for the bimetal member 55 causes the
      bimetal member 55 to warp to the left and permit the switch blade 40 to
      move downwardly and close the contacts 43 and 44 of the switch 36 whereby
      the system 10 will return to the position illustrated in FIG. 1. When the
      switch blade 84 of the control 83 is again closed by the thermostat 86 now
      sensing a demand for the motor means 12 to be operated, the heaters 58 and
      50 for the bimetal members 55 and 45 are again energized in the manner
      previously described to begin the time delay period provided by the time
      delay switch 11 whereby the operation of the time delay switch 11 is the
      same as has been previously described and will permit operation of the
      motor 12 provided the oil pressure is developed to the predetermined
      pressure value to cause the switch 64 to close during the time delay
      period provided by the switching device 11.
PAR  Thus, it can be seen that the time delay device 11 provides the
      predetermined time period that the motor means 12 will be operated to
      cause its oil pressure to reach the predetermined safe value thereof as
      being the time period that the bimetal member 45 moves upwardly from the
      position illustrated in FIG. 1 through a heating thereof and then moves
      downwardly from the position illustrated in FIG. 3 to the position
      illustrated in FIG. 4 through the cooling thereof before the attempt to
      start the system 10 has been terminated and requires another start attempt
      therefor.
PAR  While it can be seen that there are many advantages of the above-described
      system 10 and the parts thereof, the aforementioned full cycle time delay
      utilizes both the heating and cooling cycles of the bimetal member 45
      during the timing sequence whereby this feature is believed to make it
      easier to control longer delay periods. The full cycle time delay is
      believed to also make the device less subject to temperature and voltage
      variations. Another advantage of the full cycle time delay is that no
      delay time is required between timing cycles so this should simplify timer
      checking and thus reduce costs.
PAR  The remote differential pressure sensor 64 for the motor 12 consists of a
      simple bellows in an enclosure and a sealed, magnetically operated switch
      outside of the enclosure. Thus, it is believed that the pressure
      responsive switch 64 is a simple and reliable device and has the advantage
      that the switch 64 is only required to carry bimetal heater current of
      about 5 watts and it is never required to "make" this current and it will
      almost never break it.
PAR  The bimetal 45 and heater 50 of the switch device 11 integrate signals from
      the pressure sensor switch 64 so that the switch snap action is not
      critical and will not be adversely influenced by vibration. The bellows 71
      for the pressure responsive switch 64 can be stopped against the wall 68
      of the housing 65 for over pressure protection so that the stop wall 68
      for the bellows 71 will help to make the bellows 71 less subject to
      vibrations.
PAR  The whole system of the pressure responsive switch 64, as well as the time
      delay switch 11, are hermetically sealed so that the switch 64 can be
      submerged in water along with the compressor motor 12.
PAR  Some of the overall advantages of the system characteristics of this
      invention are believed to be that the system will be low in cost, loose
      connections or broken wires will interrupt motor current so that the same
      is fail-safe, the bimetals do their work in a closed movement direction to
      avoid creep, reset is accomplished by interrupting current whereby this
      makes it possible to reset either at the control panel or at some remote
      location, the timing relay 11 gives an approximately 15 second delay
      before energizing the motor contactor 23 whereby this will help to
      eliminate control dial "twiddling" as a problem and the two-part system
      should make installation easier.
PAR  From the above, it can be seen that this invention not only provides an
      improved motor control system, but also this invention provides improved
      switch means for such a control system or the like.
PAR  While the form of the invention now preferred has been disclosed as
      required by the patent statutes, other forms may be utilized, all coming
      within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control system for a motor having a required oil pressure value for
      safe operation thereof comprising an electrical power source, a time delay
      switch means having a switch for interconnecting said source to said motor
      to operate the same each time said switch means is initially activated by
      being placed across said power source, said switch means having a time
      delay bimetal means that is adapted to move and open said switch if said
      oil pressure of said motor does not reach said required value within a
      predetermined time period from the initial activation of said switch
      means, and an oil pressure responsive switch operatively interconnected to
      said time delay bitmetal means and said motor to terminate the switch
      opening movement of said time delay bimetal means if said oil pressure
      reaches said predetermined value thereof during said predetermined time
      period, said bimetal means comprising a bimetal member and an electrical
      heater for heating said bimetal member when said heater is operatively
      interconnected to said power source, said pressure responsive switch
      terminating said switch opening movement of said bimetal member by
      continuously interconnecting said power source to said heater as long as
      said oil pressure is above said predetermined value, said switch means
      having means for initially interconnecting said heater to said power
      source when said switch means is initially activated by being placed
      across said power source whereby the energized heater causes movement of
      said bimetal member and, thus, the start of said predetermined time
      period, said switch means having a first switch for interconnecting said
      power source to said motor, said bimetal member opening said first switch
      when at ambient temperature and closing said first switch when being
      heated by said heater, said switch means having a second switch that
      initially interconnects said power source to said heater when closed and
      disconnects said heater from said power source when opened, said bimetal
      member opening said second switch when heated to a certain amount by said
      heater.
NUM  2.
PAR  2. A control system as set forth in claim 1 wherein latch means is provided
      for said switch means which latches said second switch in the open
      position thereof when said second switch is opened by said bimetal member.
NUM  3.
PAR  3. A control system as set forth in claim 2 wherein said latch means
      comprises another bimetal member and an electrical heater therefor.
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ABST
PAL  A milling or grinding machine for shaping a workpiece is disclosed wherein
      a shaping tool is displaced relative to a rotatable workpiece in
      accordance with coded displacement values of a series of signals stored on
      a perforated tape. The signals are extracted from the tape serially and
      are translated into command signals, which are applied to a stepping motor
      for imparting displacement to means supporting the shaping tool. The
      stored signals are extracted from the tape in response to output pulses
      derived from a frequency divider network, the input of which is connected
      to a pulse generator. The pulse generator is so coupled to means for
      rotating the workpiece as to provide a plurality of pulses for each
      predetermined angular displacement of the workpiece. The frequency divider
      network includes a plurality of successively connected frequency divider
      devices, each of which is manually settable to provide output pulses equal
      in number to the number of pulses applied to the input of the selected
      frequency divider device divided by the respective divider ratio to which
      the selected divider device is set. By adjusting the divider ratios set at
      the respective divider devices, the angular displacement of the workpiece
      is correlated with the displacement of the shaping tool in a predetermined
      manner.
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PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to curve milling or curve grinding machines.
PAR  On machines of this kind, cam discs or cam cylinders are manufactured which
      have a curved surface conforming to a predetermined law. This conformity
      of the curve will be briefly designated as "the law of the curve". In some
      applications, the circumferential surface of a cam disc cylinder may
      describe an archimedean spiral.
PAR  Such machines have a workpiece spindle, on which the workpiece is firmly
      clamped and which is slowly rotated by a drive motor while the workpiece
      is machined by a suitable tool. The tool, such as a milling or grinding
      tool, is carried by a tool support, which is displaced in dependence upon
      the law of the curve to be machined on the rotating workpiece, while the
      workpiece spindle rotates about a fixed axis. The tool support is
      displaced relative to the axis of the workpiece spindle in dependence upon
      the displacement relationship predetermined by the law of the curve. Thus,
      each variation of the position of the workpiece due to the rotation of the
      workpiece spindle must be accompanied by an associated displacement of the
      tool support; when the desired curve in a definite region, the so called
      "dwell", has a constant radius, then the displacement of the tool during
      this period is, of course, zero.
PAR  It is known to store the mutually associated values corresponding to the
      angular displacement of the workpiece and to the displacement or stroke of
      the tool for a particular curved surface to be formed on the workpiece on
      a punched tape, or on a magnetic drum or other similar means and to let
      the angular displacement of the spindle and the linear stroke displacement
      of the tool take place in accordance with such stored data. This procedure
      is known as the so called "path control". The numerical storage values are
      in this case converted into analogue values to interpolate between
      consecutive predetermined angular dispositions of the spindle and
      consecutive predetermined locations of the tool support.
PAR  It is known that a single master template may be utilized to control the
      displacement of the tool support in a machine tool when curved surfaces
      are to be produced on respective workpieces which differ from each other
      only in scale. In such a known machine, the displacement of the master
      template takes place in proportion to angular displacement of the
      workpiece spindle in an analogue fashion and the transmission of the
      requisite corresponding displacement to the tool support, which
      displacement is determined by the shape of the master template, also takes
      place in an analogue fashion. The stroke scale factor is set by a linkage
      effective in the scanning of the master template, while the angle scale
      factors are embodied by different time control curves. This machine
      requires for each curve law only a single master template. This machine
      requires for each curve law only a single master template. The
      displacement of the master template is controlled by a time control curve
      having a shape dependent on the particular angular extents of the
      individual rise, fall and dwell sections of the cam profile to be produced
      by the machine. Thus, although only a single master template is required
      to produce each cam profile of a family of cam profiles, each having the
      same curve law, each different cam profile requires a different time
      control curve. However, a time control curve is substantially simpler to
      manufacture than a master template.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a shaping machine
      comprising tool support means displaceably mounted on a frame, workpiece
      support means rotatably mounted on the frame, first displacement means to
      rotatably displace the workpiece support means, a control member
      displaceably mounted on the frame, second displacement means to displace
      the control member relative to the frame, coupling means to so couple the
      control member to the tool support means as to impart displacement of the
      tool support means in dependence upon the displacement of the control
      member, a repetitious signal generator coupled to the first displacement
      means to generate a predetermined number of repetitious signals on each
      predetermined angular displacement of the workpiece support means, divider
      means to provide an output signal on the generation of each of a
      predeterminable number of the repetitious signals, selectably operable
      setting means to set the divider means to determine the numerical value of
      the predeterminable number, storage means to store a series of signals
      each coded to represent a respective predetermined displacement of the
      tool support means, extractor means selectively connected to the divider
      means and responsive to successive ones of the signals output from the
      divider means and applied to the extractor means to serially extract the
      stored signals, and translator means connected to the extractor means to
      receive the signals extracted thereby, to translate the extracted signals
      into command signals each corresponding to the displacement represented by
      a respective one of the extracted signals, and to apply the command
      signals to the second displacement means.
PAR  The storage means may comprise a loop of either perforated or magnetic
      tape.
PAR  The second displacement means may comprise either an electrically operable
      stepping motor or a disc moving device with position control.
PAR  The repetitious signal generator may comprise an electrical pulse
      generator.
PAR  The divider means may comprise a plurality of selectively selectable
      divider devices each having respective input means and respective output
      means, each divider device providing a plurality of said output signals at
      the respective output means corresponding to the number of the repetitious
      signals applied to the respective input means divided by a respective
      divider ratio settable by the setting means.
PAR  The repetitious signal generator may comprise pneumatic means coupled to
      the first displacement means to generate a predetermined number of
      repetitious pneumatic signals on each predetermined angular displacement
      of the workpiece support means.
PAR  The repetitious signal generator may comprise hydraulic means coupled to
      the first displacement means to generate a predetermined number of
      repetitious hydraulic signals on each predetermined angular displacement
      of the workpiece support means.
PAR  The repetitious signal generator may comprise a light source, and means
      responsive to light from the source and coupled to the first displacement
      means to generate a predetermined number of repetitious optical signals on
      each predetermined angular displacement of the workpiece support means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention will now be more particularly described with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 shows a block schematic diagram of an automatically controlled
      machine tool for grinding or milling a curved surface on a workpiece in
      accordance with a first embodiment of the invention; and
PAR  FIG. 2 shows a block-schematic diagram of an automatically controlled
      machine tool for grinding or milling a curved surface on a workpiece in
      accordance with a second embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 of the drawings show tool support means 10 and workpiece
      support means 12 of a machine tool. The tool support 10 includes a
      slidable table 14, which is of settable height, to effect the application
      of a milling tool 16 to a workpiece mounted on a rotatable workpiece
      clamping means provided on a drive shaft 30. In the schematic diagram
      shown in FIG. 1, the tool support means 10 is mechanically coupled via a
      link cross-slide coupling of which the component parts are indicated by
      the reference numerals 117, 118, 119 and 120 to sensing means 26 and is
      vertically and/or horizontally displaceable relative to a supporting frame
      of the machine, which has been omitted from the drawing in the interests
      of clarity. However, the vertical and/or horizontal displacement of the
      tool support means 10 may be effected by hydraulically, pneumatically or
      other suitably operated means responsive to the displacement inparted to
      the sensing means 26. In the embodiment described with reference to the
      drawings, the tool support means 10 is displaced vertically. However, the
      tool support means 10 may alternatively, or additionally, be displaced
      horizontally, or even in three mutually perpendicular directions
      simultaneously.
PAR  As shown in FIG. 1, a pivotably mounted lever or control member 26 is
      angularly displaced in response to actuation of a stepping motor 109. The
      stepping motor 109 is coupled to the lever 26 via gearing 110, a threaded
      spindle 111 carrying a nut 113 provided with a slotted guide member 114,
      which is restrained from rotating with the spindle 111 by a fixed guide
      member 112. The slot in the guide member 114 engages a roller 115
      rotatably mounted on the lever 26. The coupling arrangement is such that
      rotation imparted to the threaded spindle 111, causes the nut 113 to be
      displaced up or down the threaded spindle 111 in accordance with the
      direction of rotation of the latter. This vertical displacement of the nut
      113 and the slotted guide member 114 causes angular displacement to be
      imparted to the lever 26. The lever 26 is coupled to the table 14 by
      sensing means including a feeler 22 which contacts the upper surface of
      the lever 26. The horizontal disposition of the feeler 22 relative to the
      lever 26, and hence the transmission ratio of the coupling arrangement,
      may be pre-set by adjusting the cross-slide members 117 and 119. The
      vertical position of the feeler member 22 may be pre-set by adjusting the
      cross-slide members 118 and 120.
PAR  FIG. 2 shows a block-schematic diagram which is very similar to that shown
      in FIG. 1 and corresponding components in these Figures are indicated by
      the same reference numerals.
PAR  The arrangement shown in FIG. 2 differs from that shown in FIG. 1 only in
      respect of the means for coupling the stepping motor, which is indicated
      in FIG. 2 by the reference numeral 309, to the feeler 22. In FIG. 2, the
      stepping motor 309 is coupled via gearing 310 to a threaded spindle 311. A
      nut on the threaded spindle 311 is secured to a wedge or control member
      313 which is slidable to and fro along a guide groove provided in a fixed
      guide member 312. The upper side of the wedge 313 in the drawing is
      provided with a linear surface forming the floor of a slot in which a
      roller 315 runs.
PAR  In the embodiment illustrated in FIG. 2, the displacement means for
      vertically displacing the tool support means 10 relative to a support
      shaft 116 is controlled by control means (not shown) which is suitably
      responsive to control signals generated in response to the displacement of
      the sensing means 326. In the schematic diagram shown in the drawing, the
      sensing means comprises a pivotally mounted lever 326 which is coupled to
      the tool support means 10 via the feeler 22 and the displaceable
      cross-slide coupling member 117-120. The feeler 22 may be displaced along
      the length of the lever 326 to vary the displacement imparted to the tool
      support means 10 for a given angular movement of the sensing means 326.
      Also, as shown in FIGS. 1 and 2, mounted on the slidable tool support
      table is a direct current motor 18, which drives the milling tool 16 at a
      predetermined rate of rotation via suitable gearing means (not shown). The
      coupling arrangement which has been described above with reference to FIG.
      2 is preferred in some applications to that which has been described in
      FIG. 1, since the arrangement including the wedge 313 shown in FIG. 2
      enables the stroke of the displacement imparted to the tool 16 to be
      varied between wide limits. Thus, by altering the slope of the wedge
      surface sensed by the feeler 22, the length of the stroke imparted to the
      feeler 22, and hence to the tool 16, for a given displacement of the
      stepping motor 309 may be varied between wide limits.
PAR  This adjustment is additional to that provided in both FIG. 1 and FIG. 2 by
      varying the position of the feeler 22 relative to the lever 26 or 326.
      Also, with the coupling arrangement shown in FIG. 2, the slope of the
      wedge 313 may be made non-linear, thereby superimposing an additional
      component on the tool displacement imparted in response to each step
      displacement of the stepping motor 309.
PAR  As will subsequently be described, the feeler 22 will be displaced to
      impart such displacement to the milling tool 16 as will conform with the
      law of the curve to be milled on a workpiece for example, an acceleration
      trapezium, in the shape of a normalised feed (which can be varied in scale
      by adjustment of the coupling members 117-120 relative to the sensing
      means 26 or 326) distributed over a normalised displacement path.
PAR  By way of example, the operations for milling the circumferential surface
      of a workpiece to produce a camming surface will now be described.
PAR  A first portion of the peripheral surface of the disc workpiece is milled
      to provide an arcuate surface of constant radius, this portion corresponds
      to the upper dwell of a follower co-operating with the finished cam. A
      second portion, the fall portion, is a curved surface predetermined by the
      shaped profile of the template and is formed by lowering the milling tool
      16 until it reaches its lowest position. A third portion, the lower dwell
      portion, is of constant radius. A fourth portion, the rise portion, is a
      curved surface formed by raising the milling tool in accordance with the
      displacements imparted to the sensing means on displacement of the lever
      26 or 326 in a direction opposite to that followed during the formation of
      the first portion. A family of many different cam discs, each different in
      two variables, may be milled. The individual cam discs provided may differ
      in the distance between their upper and lower dwell portions -- these are
      individually set for each cam disc to be produced by pre-setting the
      coupling ratio between the sensing means 26 or 326 and the tool support
      means 10. The individual discs in the family may also differ in the
      angular extents of the respective upper dwell, fall, lower dwell and rise
      portions in each individual disc. The "upper" and "lower" dwell portions
      are simply portions of constant radius, during the formation of which the
      sensing means remains stationary at a terminal value.
PAR  For the determination of the angular extents of the respective cam
      portions, a relationship between the vertical movement of the tool 16 and
      the rotation of the workpiece, must be predetermined. In the example which
      has been described, this relationship is individually settable for each of
      the four portions of the cam disc. In the embodiment of the invention
      described with reference to the drawing, an "electronic gearing" is
      provided which is adjustable to predetermine this relationship for each
      portion.
PAR  The workpiece support means 12 comprises at least one drive shaft on which
      the workpiece is firmly clamped. In the embodiment shown in the drawing,
      two mutually perpendicular drive shafts 30 and 32 are provided to enable
      curve discs and curve cylinders to be milled or ground. Both these drive
      shafts are coupled to a common direct current drive motor 34, via stepdown
      gearing (not shown in detail). The mutually perpendicular drive shafts 30
      and 32 may be replaced by a single drive shaft which is so mounted that it
      may be angularly displaced through 90.degree..
PAR  Connected to the shaft of the drive motor 34 is a repetitious signal
      generator in the form of a pulse generator 36, which for each rotation of
      the shaft delivers a predetermined number of pulses --for example 2000
      pulses --  in uniform time sequence, the pulse repetition frequency being
      dependent on the speed of rotation of the shaft. The output of the pulse
      generator 36 is connected to the respective inputs of four frequency
      dividers 40, 41, 42, and 43, the dividing ratios of which are manually
      settable. A further frequency divider 50 will be referred to subsequently.
      A pulse store 38, is connected as shown to the outputs of the frequency
      dividers 40 to 43. The storage capacity of the store 38 has a
      predetermined value, for example 72,000 pulses.
PAR  The store is so connected together with the frequency dividers 40 to 43
      that on the store 38 being counted down to zero, the next frequency
      divider is connected to the store 38 via an electronic switch --
      symbolically represented by a switch contact 44a. The store 38 is counted
      down to zero four times for each complete curved profiled cam disc to be
      produced by output pulses appearing at the output of each of the dividers
      40 to 43. The dividers 40-43 are connected successively by the switch
      contact 44 during the formation of the four portions of the cam profile
      described, the switch contact 44 being displaced in response to control
      signals derived in per se known manner from the store 38. Selected ones of
      the pulses which drive the store 38 simultaneously drive, via switch 44b
      and a connection 46, electrical drive means (not shown) of a tape feeder
      104 which, in the preferred embodiment, is provided with a loop of
      perforated tape 105. In response to the output pulses applied via the
      connection 46, a perforated tape drive motor (not shown) displaces the
      perforated tape loop 105 past a tape reader 101 to cause signals stored on
      the tape to be extracted and passed to translator means in the form of a
      control unit 107. During the formation of the upper and lower "dwell"
      portions of the workpiece profile, the application of pulses output from
      the divider devices 41 and 43 to the tape reader 101 is inhibited by the
      switch 44b. However, the pulses output from the divider devices 41 and 43
      are applied during these dwell periods to count-down the store 38, thereby
      to determine the angular extent of the dwell portions of the workpiece
      profile.
PAR  The perforated tape 105 carries information relating the movement of the
      tool 16 to the law of the curve to be milled. The tape 105 is in the form
      of a closed tape loop which is guided over rollers 102 and 103. The
      precise form in which the tool displacement instructions are coded on the
      tape will not be described, since any one of a large number of suitable
      coding systems (patterns of perforation) per se known to those skilled in
      the art may be employed. By means of the perforated tape loop 105 are
      stored a plurality of successively arranged coded signals, each signal
      representing a respective incremental vertical displacement of the tool
      16. Thus, the signals stored on the tape 105 represent successive ordinate
      or incremental ordinate values of a curve defining the successive
      requisite vertical displacements necessary to cause the tool 16 to mill a
      predetermined camming surface on the rotating workpiece 30. These values
      are expressed in suitably coded form, in terms of the number of
      incremental steps to be performed by motor 109 or 309 in order to impart
      an angular displacement to the lever 26 or 326 corresponding to the
      respective value stored on the tape 105. The coding system may be either
      analogue or digital. The actual vertical displacement imparted to the tool
      16 in response to each step displacement of the motor 109 or 309 is
      determined by the ratio of the gearing 110 or 310, the pitch of the thread
      on the spindle 111 or 311, the distance between the roller 115 or 315 and
      the axis about which the lever 26 or 326 pivots, and the position of the
      point of contact between the feeler 22 and the lever 26 or 326.
      Additionally, in the arrangement shown in FIG. 2, the slope of the upper
      side of the wedge 313 will effect the displacement transmission ratio
      between the stepping motor 309 and the feeler 22.
PAR  The displacement values read from the tape 105 by the tape reader 101 are
      applied in the form of electrical pulses via a conductor 106 to the input
      of a control unit 107. The control unit or command amplifier 107
      translates these electrical pulses into corresponding command signals
      determining the number of step displacements to be imparted to the
      stepping motor 109 or 309 for each coded incremental displacement value
      read from the tape 105. These command signals are suitably amplified in an
      amplifier 107a. Thus, the transmission ratio is suitably chosen, by
      adjusting the disposition of the feeler 22 relative to the lever 26 or
      326, and a series of displacements are imparted to the tool 16 at times
      determined by the transmission of control pulses via the conductor 46. In
      the circuit arrangements shown in FIGS. 1 and 2, the control pulses fed
      via the conductor 46 are applied to gating means associated with the tape
      reader 101. These control pulses also control the displacement of the tape
      105 by tape drive means, which are not shown in the drawings.
PAR  The times at which these control pulses are generated are related, by means
      of the electronic circuit including the frequency dividers 40 to 43 and
      50, to the angular rotation of the workpiece drive shaft 30 or 32.
PAR  The displacement signals recorded in coded form on the tape 105 may be
      directionally coded so as to effect displacement of the stepping motor 109
      or 309 in both a forward and a reverse direction, thereby controlling both
      upward and downward displacements of the tool 16. Thus, it is not
      necessary to reverse the direction of movement of the tape 105. The
      instructions successively recorded over the length of the closed tape loop
      correspond to complete the set of displacements to be imparted to the tool
      16 as the workpiece is rotated through a complete revolution.
PAR  As will be appreciated by those skilled in the art, the perforated tape 105
      may be replaced by other storage means, for example, magnetic tapes, or
      any other suitable storage means for storing a plurality of successively
      accessible coded values.
PAR  Also, the stepping motors 109 and 309 may be replaced by any suitable
      displacement means, such as a disc moving device with exact position
      control. Such a disc moving device comprises a rotatable disc coupled to
      disc position control means which is responsive to each command signal to
      impart an incremental angular displacement to the disc corresponding to
      the displacement represented by the extracted signal from the tape 105.
PAR  The wedge-shaped template 313 is displaced via a stepdown gear, which is so
      arranged that it is displaced through its entire length by exactly 72000
      of the pulses applied to the stepping motor 309.
PAR  The stepdown between the shaft of the motor 309 and the workpiece spindle
      30 amounts to 12960 : 1 = 36 .times. 360. That means, that the motor shaft
      needs 36 revolutions for one degree of workpiece rotation and the pulse
      generator 36 delivers 36 .times. 2000 = 72000 pulses for one degree of
      workpiece rotation. One recognises that in these circumstances, the set
      dividing ratios of the dividers 40 to 43 correspond to the number of the
      degrees of angle through which the workpiece is turned while the store 38
      is counted down to zero. The setting of the angular displacements of the
      workpiece for which the upward or downward displacement of the slidable
      table 14 is to be effected and for which this is to stand still, is to be
      numerically equal to the respective divider ratios to which the dividers
      40 to 43 are set. Thus, no converting calculations are required.
PAR  For switching over between the forward and return stroke displacements of
      the template 313, the stepping motor 309 is switched over from forward to
      reverse rotation. This switching over is carried out by switch means (not
      shown), which are associated with the stepping motor and which between
      "forward drive" and "reverse drive" positions are provided with a "no
      drive" position. The swtich means are operated in response to switch-over
      pulses derived at the outputs of the respective dividers, when coincidence
      with the respective resetting pulse derived from the store 38 is present.
      Thus, such a switch-over pulse is derived from the output pulse from the
      divider 42 which is coincident with the resetting pulse from the store 38,
      to cause the switching means associated with the stepping motor 309 to be
      switched to its no drive position. The switching means is maintained in
      this condition, to inhibit the application of pulses derived during the
      formation of the lower dwell portion of the workpiece to the stepping
      motor 309, until a further switch-over pulse is applied to the switch
      means. Such a further switch-over is derived from the divider 43 in
      coincidence with the last pulse preceding the upward displacement of the
      slidable table 14, that is the pulse coincident with the resetting pulse
      from the store 38. This latter switch-over pulse causes the switching
      means associated with the stepping motor 309 to be positioned in the
      forward drive position. Correspondingly, switch-over pulses are derived at
      the end of the formation of the rising portion of the workpiece profile
      and at the end of the formation of the upper dwell portion of the
      workpiece profile.
PAR  There is also provided a fifth frequency divider 50 which, for example,
      permits the milling of an archimedean spiral when the template is
      constructed as a simple triangle. According to the setting of the divider
      50 -- which can selectably be connected in circuit in place of the
      dividers 40 to 43 by means of the switch 52 -- the spiral extends over a
      definite predetermined angle, for example 360.degree. with a dividing
      ratio of 36 pre-set at the divider 50. Here again, the angular degrees
      according to their digits correspond to the setting of the dividers.
PAR  One recognises, that the template 313 is displaced that much more rapidly
      as the angle over which the total displacement is distributed becomes
      smaller. That means, that the whole cam profile is accurately produced,
      irrespective of whether the stroke alters rapidly or slowly so long as the
      displacement of the template 313 does not take place in too large steps.
      With a total length of template of 200 millimeters, which distance is
      traversed in 72000 steps, the template is moved through increments of 1/36
      millimeter or about 0.03 millimeter. With a stepdown ratio of 10 : 1 of
      the coupling means coupling the sensing means to the tool support means
      and a maximum inclination of the template of 45.degree., this results in a
      tool displacement in increments of 0.003 milimeter for each step of the
      motor 309. Thus, the incremental displacements of the tool support means
      should lie below the surface irregularity of the miller. The number of the
      increments though theoretically unlimited in a template, is however
      determined by the incremental interrogation. By choice of other numerical
      values, one can of course still further improve the accuracy, particularly
      when the workpiece is to be ground rather than milled.
PAR  In the embodiment which has been described, each of the pulses coming from
      the pulse generator 36 represents by virtue of its duration (or
      separation) an incremental angular displacement of the workpiece attached
      to the spindle 30; the faster the workpiece spindle 30 rotates, the higher
      is the pulse repetition frequency. If one were to apply this pulse
      sequence directly to the stepping motor 309, then a different template (or
      a different pulse generator) would be needed for each desired angular
      extent; this approach, although it could be taken, would be impractical,
      since the equipping time would be appreciable. By means of the pulse
      frequency dividers 40 to 43 (one of which is co-ordinated as described to
      each portion of the complete curved profile to be formed) the ratio
      between the angle of rotation of the workpiece and the advance of the
      template is settably modified, since according to the division ratio set
      at the selected divider only each n.sup.th pulse is applied to the tape
      drive motor, wherein n represents the set division ratio. In order to be
      able to accommodate several curve portions on one and the same cam disc, a
      corresponding plurality of frequency dividers is provided.
PAR  In the embodiment of the invention which has been described above
      electronic components are utilised to relate the displacement of the
      template to the angular displacement of the workpiece. However, components
      which do not operate electronically, for example, pneumatic optical or
      hydraulic components, may be utilised for this purpose. Arrangements
      utilising different means for transmitting information to correlate the
      displacement of the template with the angular displacement of the
      workpiece fall within the scope of the invention.
PAR  In one such further embodiment, pneumatically operated means are coupled to
      the shaft of the motor 34 which are arranged to generate a predetermined
      number of repetitious pneumatic signals on each revolution of the motor
      shaft. Also, hydraulically operated means may be utilised to generate the
      repetitious signals. Similarly, hydraulically operated means may be used
      to displace the template 313, these means either being coupled to the
      repetitious signal generator via hydraulic components or being coupled via
      suitable transducing means to the electrical pulse generator and frequency
      divider devices.
PAR  In another embodiment, the repetitious signal generator comprises a light
      source and means responsive to light from the source to generate the
      repetitious signals.
CLMS
STM  I claim:
NUM  1.
PAR  1. A shaping machine comprising, in combination:
PA1  a frame;
PA1  tool support means displaceably mounted on said frame;
PA1  workpiece support means rotatably mounted on said frame;
PA1  first displacement means to rotatably displace said workpiece support
      means;
PA1  a control member displaceably mounted on said frame;
PA1  second displacement means to displace said control member relative to said
      frame;
PA1  coupling means to couple said control member to said tool support means,
      thereby to impart displacement to said tool support means in dependence
      upon the displacement of said control member;
PA1  a repetitious signal generator coupled to said first displacement means to
      generate a predetermined number of repetitious signals on each
      predetermined angular displacement of said workpiece support means;
PA1  divider means to output a signal on the generation of each of a
      predeterminable number of said repetitious signals, said divider means
      comprising a plurality of divider devices each having respective input
      means and respective output means, each said divider device providing a
      plurality of said output signals at said respective output means
      corresponding to the number of said repetitious signals applied to said
      respective input means divided by a respective divider ratio;
PA1  selectably operable setting means to set each said divider device to said
      divider ratio and thereby to determine the numerical value of said
      predeterminable number;
PA1  first storage means to store said output signals derived from said divider
      means;
PA1  means to derive control signals from said first storage means in dependence
      on the state thereof;
PA1  first connector means responsive to said control signals to connect the
      respective output means of each said divider device successively to said
      first storage means;
PA1  second storage means to store a series of signals each coded to represent a
      respective predetermined displacement of said tool support means;
PA1  extractor means;
PA1  second connector means responsive to said control signals to successively
      connect the respective output means of selected ones of said divider
      devices to said extractor means, said extractor means being responsive to
      successive ones of said signals output from said divider means and applied
      to said extractor means to serially extract respective ones of said stored
      signals from said second storage means; and
PA1  translator means connected to said extractor means to receive said signals
      extracted therefrom, to translate said extracted signals into command
      signals each corresponding to the displacement represented by a respective
      one of said extracted signals, and to apply said command signals to said
      second displacement means.
NUM  2.
PAR  2. A machine as defined in claim 1, wherein said second storage means
      comprises a plurality of serially accessible storage locations each
      storing a respective one of said coded signals, and said extractor means
      comprises read-out means displaceable relative to said locations to
      serially extract said stored signals in response to said signals output by
      said divider means and applied to said extractor means.
NUM  3.
PAR  3. A machine as defined in claim 2, wherein said second storage means
      comprises a loop of perforated tape.
NUM  4.
PAR  4. A machine as defined in claim 2, wherein said second storage means
      comprises a loop of magnetic tape.
NUM  5.
PAR  5. A machine as defined in claim 1, wherein said second displacement means
      comprises a stepping motor, and said command signals generated by said
      translator means each comprise a plurality of pulsed signals corresponding
      in number to the incremental displacement represented by the respective
      one of said extracted signals.
NUM  6.
PAR  6. A machine as defined in claim 1, wherein said second displacement means
      comprises a rotatable disc coupled to disc position control means, said
      position control means being responsive to each said command signal to
      impart an incremental angular displacement to said disc corresponding to
      the displacement represented by the extracted signal corresponding to the
      respective command signal.
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ABST
PAL  A control circuit for a step motor includes means for stepping the motor at
      a speed at which it can not be reliably stopped at a given step. The
      control circuit also includes a motor deceleration circuit that includes a
      bistable device, a pulse delay circuit with a given delay time and
      controlled by the bistable device, and a gating circuit all of which
      cooperate to decelerate the motor by supplying stepping pulses to the
      motor stator windings with a one step delay.
PARN
PAR  This application is a continuation of application Ser. No. 856,672, filed
      Sept. 10, 1969, and now abandoned.
BSUM
PAR  The invention relates to an electric driving arrangement including a
      stepping motor having at least three stator windings or winding parts
      energized by a corresponding number of amplifiers which are controlled by
      a ring counter having a corresponding number of positions. The stepping
      motor drives a member which at each step generates a step measuring pulse
      which is fed back to the ring counter in a manner such that after a first
      starting pulse has been applied to the ring counter the stepping motor is
      accelerated in an optimum manner and attains a speed at which it can no
      longer be stopped within one step with certainty.
PAR  Such a device is known from U.S. Pat. No. 3,374,410 in the name of
      Cronquist et al., Mar. 19, 1968. In this device the stepping motor is
      braked in an optimum manner by initiating the energizing cycle for the
      opposite direction of rotation. This technique requires that special means
      must be used to prevent the motor from stepping back immediately before
      reaching the desired stopping position. Hence the entire arrangement
      becomes comparatively complicated and expensive.
PAR  It is an object of the invention to provide a driving arrangement of the
      type defined in the first paragraph in which optimum deceleration of the
      stepping motor is effected in a simpler and cheaper manner, especially in
      respect of the final and stopping stage of the deceleration.
PAR  The device according to the invention is characterized in that it further
      includes: a bistable switch which responds to the starting pulse to be
      moved to a running position in which it allows the transmission of the
      step measuring pulses to the ring counter, a pulse delay circuit having a
      minimum delay time which is slightly shorter than the time interval
      between two successive step measuring pulses at a given deceleration speed
      of the stepping motor at which it can be stopped within a given step with
      certainty. The delay circuit is rendered inoperative by the bistable
      switch in the said running position and is rendered operative in the other
      position of this switch, i.e. the deceleration-stop position, and each
      time is reset to an operative position by the step measuring pulses. The
      device further includes a gate circuit controlled by the pulse delay
      circuit in a manner such that it transmits the step measuring pulse to the
      ring counter in the operative condition of this circuit so that the
      stepping motor is decelerated to the chosen decelerating speed in an
      optimum manner by the current pulses which, after the bistable switch has
      been switched to its deceleration position, are applied to the stator
      windings with a delay of one step.
PAR  In this arrangement the stepping motor is decelerated by introducing at the
      instant of deceleration a fixed phase shift of the energizing cycle, the
      value of this shift being chosen so that the motor assumes a stepping
      speed at which it can be stopped within one step. Depending upon the load
      variations to be expected the instant of deceleration is chosen so that
      the motor has been decelerated to the desired final stepping speed exactly
      one or a few steps short of the desired stop position.
DRWD
PAR  The invention will now be described more fully with reference to the
      accompanying drawing the single FIGURE of which shows an embodiment of the
      driving arrangement according to the invention in block schematic form.
DETD
PAR  The electric driving arrangement shown comprises a stepping motor 1 having
      three windings X, Y and Z energized by a corresponding number of
      amplifiers 2 which are controlled by a ring counter 3 which has the same
      number of positions and which together with the amplifiers 2 forms a
      commutation device for the motor 1. The amplifiers 2 may alternatively be
      included in the ring counter 3 and, for example, in the case of a ring
      counter having four positions, each amplifier may energize one half of a
      centre-tapped winding.
PAR  The motor 1 drives a load 11 and also a movable member 12 of a step
      measuring pulse generator. As is shown in the FIGURE the member 12 may be
      an apertured disc mounted for rotation between a source of light 13 and a
      photocell 14, a step measuring pulse G being generated at each step taken
      by the motor 1.
PAR  The step measuring pulses G are fed back as counting pulses D to the ring
      counter 3 so as to advance it one position at each step. This is effected
      by way of pulse gates 4 and 5 so that the step measuring pulse transfer is
      made to depend on several conditions.
PAR  The step measuring pulses G are also applied to a control member 10 in
      which they are counted and compared with the number of steps the stepping
      motor 1 has to travel. For the sake of convenience, various conventional
      control functions have been grouped together in control box 10. Apparatus
      suitable for counting and comparing and for generating a deceleration
      pulse F followed by a stop pulse W are shown in U.S. Pat. Nos. 3,435,314
      (Bradley et al., Mar. 25, 1969), 3,328,658 (Thompson, June 27, 1967) and
      the above cited Cronquist patent. For example, the Bradley patent shows a
      counter preloaded with a count equal to the number of increments (steps)
      through which his motor is to be incremented. Step pulses synchronized to
      the motor shaft rotation are fed back to the counter input. When the
      number of steps counted equals the preloaded count in the counter, the
      counter produces a stop signal at a terminal labelled 0, which is used to
      signal the system to stop the motor. A number of steps before the desired
      stop point, depending on the motor speed, Bradley's counter generates a
      deceleration pulse which is passed by a given AND gate, determined by the
      motor speed, to signal the system to decelerate or slow the motor to a
      speed at which it can stop without any overshoot. The AND gate to be
      energized can be set to match the inertia of the load 11. A similar
      counter arrangement can be used in my control box 10, preloaded to a
      desired count and stepped along by step pulses G. The counter outputs for
      generating the deceleration pulse F could be gated by a plurality of AND
      gates as shown in Bradley, or alternatively by means of a multiposition
      switch preset as a function of the load inertia to start the deceleration
      cycle at a time sufficient to slow the motor to the desired final stepping
      speed within one or a few steps short of the desired stop position. The
      use of a multiposition switch to select a given output of a counter is
      described in U.S. Pat. Nos. 3,448,251 and 3,568,070.
PAR  The control member 10 is designed so that when the driving arrangement is
      started it will, under the control of a starting command applied to it,
      generate a starting pulse E which is applied to the pulse gate 4 and
      through this to the ring counter 3 as a first counting pulse. The control
      member is further designed so as to close the pulse gate 4 when a stopping
      condition W has been satisfied in that the number of received step
      measuring pulses G has become equal to the chosen number of steps to be
      taken by the motor 1. The start pulse E may be generated by any one of a
      number of conventional circuits, e.g., by means of a one-shot
      multivibrator (not shown) controlled by one output of a Flip-Flop (not
      shown). One input ("set" input) of the Flip-Flop may be controlled by a
      manual switch to set the Flip-Flop and thereby energize the one-shot
      multivibrator. The output of the one-shot MV is then connected to terminal
      E of control box 10. The stop condition W is generated by the counter (not
      shown) when the number of input pulses G applied thereto equals a
      preloaded count set into the counter and equal to the chosen number of
      steps to be taken by the motor. This can be conveniently implemented by
      connecting the counter output to the "reset" input of the aforesaid
      Flip-Flop and connecting terminal W of control box 10 directly to said one
      output of the Flip-Flop.
PAR  By means of the device so far described the motor 1 is accelerated in an
      optimum manner by feedback through the pulse gates 5 and 4, assuming the
      gate 5 to be always open. Gate 5 may conveniently be a conventional
      coincidence or AND gate, examples of which are well known in the art. For
      example, see U.S. Pat. Nos. 3,422,254, 2,951,951, 3,515,900 and 3,180,977.
      The motor speed quickly reaches a value at which the motor together with
      the load 11 mechanically connected to it can no longer be stopped within a
      single step with certainty and under certain conditions this speed
      increases until it attains a limit value which depends on the switching
      time of the stator windings X, Y and Z of the motor 1 and on its load 11,
      especially on the total inertia of the rotating parts and on the friction.
PAR  If under these conditions the stopping condition W is suddenly satisfied in
      that the number of counted step measuring pulses G becomes equal to the
      chosen number of steps to be travelled, the control member 10 transmits
      the stopping condition W and the pulse gate 4 is closed, but the motor 1
      together with its load 11 travels on one or more steps owing to the
      inertia of the moving parts.
PAR  In order to prevent such an overshoot the device further includes:
PAR  1. A bistable switch 6 which by the starting pulse E from the control
      member 10 is set to a running state in which it allows the transmission of
      the step measuring pulses G to the pulse gate 4 and the ring counter 3
      through the AND gate 5, by a transmission condition S being fulfilled.
      This bistable switch 6 is set to its other state (deceleration state) by a
      deceleration pulse F from the counter (not shown) of the control member
      10. In this deceleration state a deceleration condition R is satisfied.
PAR  2. A pulse delay circuit 7 having a minimum delay time .tau. which is
      slightly smaller than the time interval t between two successive step
      measuring pulses G at a chosen deceleration speed of the stepping motor 1
      at which it can be stopped with certainty within a single step. This pulse
      delay circuit 7 is cut off by the bistable switch 6 in its running state
      and is rendered conductive by the deceleration condition R being satisfied
      in the other state of the switch, i.e. its deceleration and stop state. In
      this conductive state the delay circuit is reset to an operative state by
      each of the step measuring pulses G, in which state it transmits a
      transmission condition T. As long as the delay time .tau. exceeds the time
      interval t between two successive step measuring pulses G, the
      transmission condition T will always remain satisfied in the deceleration
      and stop state of the pulse delay circuit 7.
PAR  3. A pulse gate 8 to which the step measuring pulses G are applied and
      which is controlled by the output of the pulse delay circuit 7 so that,
      when the condition T is satisfied, it transfers the step measuring pulses
      G as output pulses H. Gate 8 also may be a conventional AND gate similar
      to gate 5 and well known in the art.
PAR  4. An or-gate 9 to which the output pulses H of the pulse gate 8 and the
      output of the pulse delay circuit 7 are applied and which transmits the
      pulses H or the trailing edge of the transmission condition T to the pulse
      gate 4.
PAR  Thus, the pulse gate circuit 4 transmits to the ring counter 3 as counting
      pulses D: first the start pulse E from the control member 10, then the
      step measuring pulses G from the pulse gate 5 and finally the "delayed"
      step measuring pulses H from the or-gate 9, until the pulse gate 4 is
      closed by the control member 10 when the stopping condition W is
      satisfied. Gate circuit 4 may comprise any conventional logic circuit that
      satisfies the Boolean functional requirement thereof, i.e. D = (E+G+H)
      (W), for example a conventional 3-input OR gate with the 3 inputs
      connected respectively to the E terminal of control member 10, the output
      of gate 5 and the output of OR gate 9. Gate 4 may further include an AND
      gate with one input connected to the output of said 3-input OR gate and a
      second input connected to the stop terminal W of control member 10 via an
      inverter. The output of the latter AND gate supplies the step pulses D to
      the ring counter 3. One form of logic circuit of the type described is
      shown on page 312 of the textbook Digital Computer and Control Engineering
      by R. S. Ledley (McGraw Hill--1960). Other conventional logic circuits
      also may be used to provide the functions of gate circuit 4 since each
      Boolean function may be expresed in its variables in an infinite number of
      equivalent ways.
PAR  When the control member 10 receives a start instruction (forwards or
      backwards) it generates a start pulse E which is transmitted to the ring
      counter 3 through the pulse gate 4 and to the bistable switch 6 and sets
      the latter to its running state (satisfying the condition S).
      Simultaneously the control member 10 transmits a directional condition U
      to the ring counter 3 so that the counter commences counting in the
      desired direction. Apparatus for driving a step motor in either a
      clockwise or counter-clockwise direction by means of a reversible ring
      counter in combination with a diode gating arrangement is described at
      pages 271-274 of the 1968 edition of The Digital Logic Handbook Flip Chip
      Modules by the Digital Equipment Corp., Maynard, Mass. (1968). Also see
      U.S. Pat. Nos. 3,487,381, 3,345,547, 3,386,018, 3,359,474, 3,374,410 and
      3,324,467.
PAR  By means of the start pulse E the ring counter is advanced one position,
      for example, from X to Y, while the bistable switch 6 cuts off the pulse
      delay circuit 7 and opens the pulse gate 5. The stepping motor 1 now is
      accelerated from the stationary position associated with energisation of
      the winding X to the next position associated with energisation of the
      winding Y. When it reaches this next position the step measuring pulse
      generator 12, 13, 14 generates a first step measuring pulse G which
      reaches the ring counter through the pulse gates 5 and 4. As a result, the
      ring counter is advanced from Y to Z so that the motor 1 is immediately
      accelerated to the position associated with energisation of the winding Z,
      and so on.
PAR  Thus, the motor runs in an optimum manner to the highest possible stepping
      rate, as has been described hereinbefore. As a rule, after even a few
      steps the stepping rate has increased to a value such that the motor 1
      together with its load can no longer be stopped within a single step with
      certainty. The arrangement described then ensures optimum deceleration
      without the likelihood of errors.
PAR  A certain number of steps before the motor 1 has reached the desired new
      position the control member 10 generates a deceleration pulse F. The said
      number of steps can be set in the control member 10, for example, so as to
      match a changed load 11 (increased or decreased total inertia). This
      deceleration pulse switches the bistable switch 6 to its deceleration
      state in which it closes the pulse gate 5 and renders the pulse delay
      circuit 7 conductive. The delay time .tau. of this circuit now is much
      greater than the time interval t between two successive step measuring
      pulses G, because the motor 1 runs at a comparatively high stepping rate.
      If, for example, the deceleration pulse F has been generated after the
      passage through zero from the position associated with energisation of the
      winding X (position X) to the position Y associated with the energisation
      of the winding Y, the next step measuring pulse G associated with the
      position Y is no longer transmitted to the ring counter 3 because the
      pulse gate 5 now is closed, but it sets the conductive pulse delay circuit
      7 to its operative state in which the condition T is satisfied.
PAR  Consequently, the ring counter 3 remains in its position Y and the motor 1
      is decelerated to a maximum extent during its travel from Y to Z because
      its winding Y remains energized. Since the time delay .tau. is greater
      than the time interval t.sub.yz between the step measuring pulses G.sub.y
      and G.sub.z corresponding to the positions Y and Z, the condition T
      remains satisfied and the pulse gate 8 passes the next step measuring
      pulse G.sub.z corresponding to the position Z. Hence a corresponding pulse
      H.sub.z is passed as counting pulse D through the or-gate 9 and the pulse
      gate 4 to the ring counter 3. The motor 1 which is travelling from its
      position Z to its position X consequently is again decelerated as rapidly
      as possible owing to the energisation of its winding Z by the ring counter
      3. The step measuring pulse G.sub.z also causes the pulse delay circuit 7
      to be reset to its operative state so that the beginning of the delay time
      .tau. again coincides with the step measuring pulse G.sub.z and the
      deceleration process can be repeated at the next step measuring pulse
      G.sub.x. Thus, as long as .tau. remains greater than t.sub.xy, t.sub.yz or
      t.sub.zx, the motor 1 is decelerated to a maximum degree because it is
      effectively held or retained in the preceding position.
PAR  When the motor 1 has been decelerated to a degree such that the time
      between two successive step measuring pulses G (for example, t.sub.xy)
      first becomes greater than .tau., the ring counter 3 on receiving the
      counting pulses D.sub.x corresponding to the step measuring pulse G.sub.x
      is again set to its position X and the delay time .tau. commences again
      while the motor 1 runs on from its position X to its position Y. However,
      .tau. terminates before the next step measuring pulse G.sub.y appears and
      the descending trailing edge of the condition T is passed in the form of a
      counting pulse D.sub.y delayed by a time .tau. to the ring counter 3
      through the or-gate 9, which only passes negative going edges, and the
      pulse gate 4. As a result, the ring counter 3 is advanced to its position
      Y just before the step measuring pulse G.sub.y appears. The motor now is
      effectively drawn into its position Y. Since the condition T is no longer
      satisfied, the step measuring pulse G.sub.y can only reset the pulse delay
      circuit 7 to its operative state, in which this condition is again
      satisfied, but this pulse is not passed by the pulse gate 8. During the
      travel of the motor 1 from its position Y to its position Z the energizing
      winding Z is energized only after a time delay .tau., and so on.
      Consequently, the motor 1 assumes a deceleration speed which depends only
      on the delay time .tau., but it cannot step back because always the
      winding corresponding to the next position is in turn energized, be it
      only after a delay .tau..
PAR  This deceleration or final speed must be attained a few steps or at least
      one step before the desired stop position is reached. The control number
      10, which directly receives all the step measuring pulses G, then can stop
      the ring counter 3 by closing the pulse gate 4 when the desired stop
      position is reached, by satisfying the stop condititon W. Thus, the motor
      1 stops in the position corresponding to the final or stop state of the
      ring counter 3 because its speed now is equal to a deceleration speed at
      which it can be stopped within a single step.
PAR  By means of the above-described comparatively simple arrangement, which
      mainly consists of a small number of logic units, a stepping motor having
      at least three stator windings or winding parts is accelerated and
      decelerated in a really optimum manner, i.e. in the shortest possible time
      and with the minimum number of acceleration and deceleration steps.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electric controller for a stepping motor having at least three stator
      windings or winding parts comprising, means for energizing said windings
      that includes a ring counter having an equal number of positions, means
      for applying a first starting pulse to the counter, the stepping motor
      driving a member which at each step generates a step measuring pulse,
      feedback means for coupling said pulse back to the input of the ring
      counter in a manner such that after said first starting pulse has been
      applied to the ring counter the stepping motor is accelerated by the step
      pulses in an optimum manner and attains a speed at which it can no longer
      be stopped with certainty within a single step, a bistable switch
      connected to control the pulse transmission path through the feedback
      means, means for applying the start pulse to the bistable switch to set
      same to a running state in which it allows the transmission of the step
      measuring pulses to the ring counter, means for actuating said bistable
      switch to a second deceleration state, a pulse delay circuit coupled to
      said pulse generating member, said delay circuit having a minimum delay
      time which is slightly smaller than the time interval between two
      successive step measuring pulses at a chosen deceleration speed of the
      stepping motor at which it can be stopped with certainty within a single
      step, means for coupling the bistable switch to the delay circuit so that
      the delay circuit is cut off by the bistable switch in said running state
      and is actuated in the deceleration state of the switch so as to be reset
      to an operative state by each of the step measuring pulses, and a gate
      circuit connected to receive said step pulses and controlled by the pulse
      delay circuit in a manner such that the gate circuit, in the operative
      state of the delay circuit, allows the step measuring pulses to pass to
      the ring counter so that the ring counter energizes the stator windings
      with a one step delay whereby the stepping motor is decelerated to the
      chosen deceleration speed in an optimum manner.
NUM  2.
PAR  2. A controller as claimed in claim 1, characterized in that the pulse
      delay circuit is designed so that it is reset to its operative state by
      the trailing edges of the step measuring pulses.
NUM  3.
PAR  3. A controller as claimed in claim 1 characterized in that it further
      includes an or-gate through which the trailing edge of the output signal
      of the pulse delay circuit is passed to the ring counter in the form of a
      pulse of the same polarity as the step measuring pulses so that the
      stepping motor runs on at the chosen deceleration speed until the supply
      of further pulses to the ring counter is interrupted, and means for
      interrupting the pulses supplied to the ring counter.
NUM  4.
PAR  4. An electric controller for a step motor having a plurality of stator
      windings comprising, means for producing driving pulses coupled to said
      stator windings to energize same in sequence, a pulse generator operated
      in synchronism with the motor shaft to produce step pulses as the motor is
      stepped along, a first feedback transmission circuit for coupling the step
      pulses to the input of said pulse producing means to trigger same, control
      means for generating a start pulse and subsequently a deceleration pulse,
      means for supplying the start pulse to said pulse producing means, a
      second feedback transmission circuit coupled between the output of the
      pulse generator and the input of the pulse producing means, a bistable
      switch coupled to said control means to receive said start pulse and
      subsequently the deceleration pulse whereby the switch is operated into
      first and second states, respectively, means for coupling said bistable
      switch to said first and second feedback circuits so as to control the
      transmission of pulses therein, said first and second feedback circuits
      being open and closed, respectively, in the first state of the switch and
      being closed and open, respectively, in the second state of the switch,
      and said second feedback circuit includes a pulse delay circuit having a
      delay time which is greater than the time interval between step pulses
      when the motor is driven at its normal operating speed whereby the step
      pulses are passed to the pulse producing means with one step delay when
      the switch is in the second state.
NUM  5.
PAR  5. A controller as claimed in claim 4 wherein said second feedback
      transmission circuit further comprises, a first gating means connected
      between the output of the delay circuit and the input of the pulse
      producing means, and means for coupling the output of the pulse generator
      to an input of said first gating means.
NUM  6.
PAR  6. A controller as claimed in claim 5 wherein said second feedback
      transmission circuit further comprises second gating means having a first
      input directly coupled to the output of the delay circuit, a second input
      coupled to the output of the first gating means, and an output coupled to
      the input of the pulse producing means for supplying said delayed step
      pulse thereto.
NUM  7.
PAR  7. A controller as claimed in claim 4 further comprising a gate circuit
      having a first input coupled to the output of the first feedback circuit,
      a second input coupled to the output of the second feedback circuit, a
      third input coupled to the control means to receive the start pulse, and
      an output coupled to the input of the pulse producing means to selectively
      apply thereto the start pulse, undelayed step pulses and delayed step
      pulses.
NUM  8.
PAR  8. A controller as claimed in claim 7 wherein said control means includes
      means for supplying a stop pulse to a fourth input of said gate circuit to
      close same at the desired step position of the motor.
NUM  9.
PAR  9. A controller as claimed in claim 4 wherein said control means includes,
      a counter for storing a count corresponding to the desired number of steps
      of the motor, means for supplying a stop pulse to the pulse producing
      means when the motor has been stepped the desired number of steps, and
      means for coupling the step pulses to an input of said control means to
      provide an indication of the step position of the motor.
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ABST
PAL  An improved force commutated cycloconverter is provided by selectively
      switching a DC chopper to different groups of main thyristors including a
      thyristor to be commutated in the controlled sequence of thyristor
      commutations. The DC chopper is self-commutating. The forced commutating
      circuit is applied to various configurations of cycloconverters.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present application is related to the following concurrently filed
      patent application which is assigned to the same assignee as the present
      application:
PAR  Ser. No. 509,185, which was filed on Sept. 25, 1974 by Eric J. Stacey.
PAC  BACKGROUND OF THE INVENTION
PAR  It has long been realized that the force commutated cycloconverter is best
      suited for suppplying variable frequency AC power to control the speed of
      AC machines. That it can be advantageously used for other applications in
      view of its unique properties, has also been established.
PAR  A cycloconverter is comprised of a multiplicity of electronic "switches"
      (e.g., transistors, thyristors) used to fabricate an AC output voltage
      waveform from a multiphase input source. This is accomplished by
      sequentially switching segments of the input voltage waves to the output,
      so that the desired output waveform is produced. The operating principle
      of a cycloconverter is well-known in the art and is described in a book
      entitled "Thyristor Phase-Controlled Converters And Cycloconverters" by B.
      R. Pelly, published in 1971 by John Wiley and Sons. For the force
      commutated cycloconverter the output waveform is fabricated in such a
      manner that the "switches" have the ability to interrupt the flow of
      current at any time independently of the instantaneous input source
      voltages and of the load current.
PAR  In practice, the switches may be realized either by devices having
      intrinsic turn-off ability (i.e., transistors or gate controlled
      switches), or SCR devices often called thyristors with the additional
      force commutating circuitry which is necessary to terminate the conduction
      of this latter type of switches. Unfortunately, adequately rated
      "turn-off" devices which are workable in high power systems are not
      presently available, therefore the second type of switches, e.g.
      thyristors, must generally be used.
PAR  In the last decade considerable effort has been expended to devise
      techniques for force commutating thyristors in cycloconverters. However,
      most of the circuits developed to date have serious shortcomings, and are
      suitable only for rather limited applications. In view of the great
      potential advantage of the forced commutated cycloconverter, it is
      desirable to improve on the present commutating circuits, especially for
      the commutation of the "Unrestricted Frequency Changer" (U.F.C.) with
      three-phase output, since this system has been shown to be most practical
      and economical in industrial applications. (For a broad definition of the
      Unrestricted Frequency Changer see in "Electronics Engineers' Handbook,"
      First Edition, 1975, McGraw-Hill Co., Section 15-42, page 15-52 under
      "Power Frequency Changers" by L. Gyugyi. A typical unrestricted frequency
      changer has been described in U.S. Pat. No. 3,170,107 of R. D. Jessee.).
PAR  There are basically three approaches to force commutation of the main
      thyristors of a cycloconverter:
PA1  1. Individual switch commutation (i.e., commutating each conducting switch
      separately),
PA1  2. Input line commutation (i.e., commutating all switches at the input
      lines),
PA1  3. Load commutation (i.e., commutating all switches at the load).
PAR  These approaches have relative advantages and disadvantages.
PAC  1. INDIVIDUAL SWITCH COMMUTATION
PAR  Individual switch commutation provides for separate commutation of each
      switching element in the cycloconverter. Separate commutation of
      individual switches may be accomplished by two basic arrangements. The
      first arrangement (as shown in FIG. 1 described hereinafter), consists in
      using for each switch two thyristors connected in antiparallel in the
      power path and in providing a commutating circuit in parallel thereto. The
      second arrangement (as shown in FIG. 2 described hereinafter) consists in
      having the power thyristor to be commutated mounted in the central branch
      of a rectifier bridge connected in the power path, and providing a
      commutating circuit in parallel thereto. A force commutated cycloconverter
      which is typical of a first mode of individual switch commutation applied
      to cycloconverters is disclosed in U.S. Pat. No. 3,302,093 of C. J. Yarrow
      issued Jan. 31, 1967. This circuit combines natural and forced commutation
      depending on the voltage direction between the thyristor to be turned off.
      Forced commutation is achieved in the Yarrow patent by adding only passive
      components to the basic cycloconverter. The operation is automatic, forced
      commutation occurring at each required instant as a result of firing the
      next pair of aniti-parallel thyristors in sequence. This is an advantage.
      However, the voltage charging the commutating capacitors is determined by
      the difference between two instantaneous input voltages at he moment of
      firing. This difference may be small when the load current is large.
      Consequently, the commutating capability of the Yarrow circuit varies over
      the output cycle and it depends upon the load. This requires restricting
      the operation conditions in order to be able to maintain commutating
      ability. In a second known form of individual force commutation (as
      illustrated in FIG. 4 described hereinafter) firing pulses are applied to
      thyristors of a positive bank of thyristors when the load is positive, to
      the thyristors of a negative bank of thyristors when the load is negative,
      when the conditions are right so that natural commutation occurs;
      otherwise, force commutation is effected with commutating capacitors which
      are charged to some voltage prior to the instant of commutation. In
      contrast to the first form of individual force commutation the capacitors
      here do not follow the instantaneous voltage difference between phases but
      keep their maximum voltage. Therefore, the commutation capability of the
      second form of individual force commutation just mentioned is superior to
      the one of the Yarrow circuit previously mentioned. However, much higher
      ratings are required for the thyristors. Also, the commutating ability is
      still dependent upon operating conditions of the cycloconverter, which for
      this reason must be restricted accordingly.
PAR  A third form of individual force commutation applied to cycloconverters has
      been described by L. J. Ward and W. Sinclair in a paper entitled
      "Production of Constant Frequency Electrical Power for Aircraft Using
      Static Equipment," presented in 1962 at a joint conference in England of
      the Royal Aeronautical Society and the Institution of Electrical
      Engineers. (This circuit is illustrated in FIG. 5 hereinafter described).
      In such case, the main switching thyristors of the cycloconverter must
      always be force commutated. A capacitor is charged during conduction of
      one thyristor, discharged when the other is fired to turn off the first
      one and charged to a reverse polarity to turn off the second one. When the
      first thyristor is again fired, the capacitor is discharged and brought
      back to the original charge and polarity, ready for the next force
      commutation. With this arrangement the number of main cycloconverter
      thyristors and commutating capacitors is halved by comparison to the
      previous form of individual commutation. However, this circuit is also
      load sensitive. There is also the inconvenience of reversing the voltage
      of the commutating capacitor for the next commutation, since it entails
      two operations of the discharge circuit for one conduction interval. This
      increases the losses and the rating of the thyristor.
PAR  More generally, the above-mentioned three circuits of the prior art have in
      common the disadvantage that their commutation capability is load
      dependent. Therefore, for a reliable operation under all conditions,
      additional components are required.
PAC  2. INPUT LINE COMMUTATION
PAR  With this type of commutation of a commutating circuit is connected, as
      illustrated in FIGS. 6 and 7 described hereinafter between the phase lines
      of the power source, for a cycloconverter in a Bridge or Wye
      configuration. To commutate, it is necessary that the commutation circuit
      decrease the input line voltage to the thyristor to be turned off below
      the line voltage to the thyrsitor to be fired.
PAR  At each commutation instant the voltage of the input line feeding the
      conducting "outgoing" thyristor must be forced to drop below that of the
      line feeding the "oncoming" thyristor. If one considers a three phase
      cycloconverter it is clear that each output phase should be treated as a
      separate single-phase unit and that the inputs to each unit be isolated
      from the others to prevent undesirable interaction of the commutation
      circuits. In general, such operation is not desired. Input line
      commutation requires that either separate commutating circuits be provided
      for each input line, or that several common commutating circuits be used
      and connected appropriately to each input line by "steering" thyristors.
PAC  3. Load Commutation
PAR  One typical known mode of load commutation with cycloconverters provides
      full commutating capability under all operating conditions. A single
      commutating circuit achieves commutation of all main thyristors for one
      phase, thus giving a good utilization of commutating components.
PAR  It appears from the preceding enumeration of the three basic arrangements
      for a forced commutation cycloconverter that in both individual and input
      line commutation, the commutation pulse is applied at a separate point for
      each main thyristor. This requires many individual commutating circuits.
      Also for a reliable operation, independent from load current and
      instantaneous voltage levels, each individual commutating circuit would
      have to include many components, the total number of which would be
      excessive.
PAR  With load commutation however, the commutation pulse is applied at a point
      common to a number of main thyristors, and the number of separate
      commutation circuits required is therefore reduced. With the number of
      commutating circuits and thyristors reduced the basic control can also be
      simpler. The present invention makes generally use of this third approach
      to commutation, and therefore affords the advantages derived therefrom.
      However, this particular approach does not exclude the use of the input
      line commutation approach whenever the cycloconverter is used in a
      condition of reverse flow of power for a particular application, for
      instance in an aircraft electrical plant which can be used both in flight
      with the engine as the source of power and on the ground with a local
      source of power for the purpose of starting the engine, the alternator
      coupled to the engine being the load in the later instance.
PAR  One object of the present invention is to provide an unrestricted static
      frequency changer system of improved capability through the use of forced
      commutation.
PAR  Another object of the present invention is to provide an improved force
      commutated cycloconverter of the type using load commutation.
PAR  Still another object of the present invention is to provide a
      cycloconverter of the forced commutation type using a DC chopper
      commutation circuit in conjunction with the switches of the
      cycloconverter.
PAR  A further object of the present invention is to apply a DC chopper
      commutation circuit to selected types of cycloconverters for forced
      commutation thereof.
PAR  One object of the invention is to provide forced commutation in
      cycloconverters which is independent from load conditions.
PAR  An additional object of the present invention is to provide a
      cycloconverter of the forced commutation type which is free from the usual
      restrictions of operation for commutating capability.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides for a novel and unique type of force commutated AC
      to AC state frequency changer apparatus specially suited for the
      unrestricted frequency changer type of operation. Self-commutating DC
      chopper means is associated with all the cyclically and temporarily
      controlled switches of a group within the frequency changer, that they be
      naturally commutated or not. Single phase and three phase configurations
      are considered specifically with a view of the best utilization of the
      force commutation circuit and of its use in common with several groups of
      main switches in the apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 represent two basic arrangements of the prior art for
      individual switch commutation;
PAR  FIGS. 3, 4 and 5 represent three prior art circuits illustrative of
      individual switch commutation of a cycloconverter;
PAR  FIGS. 6 and 7 show two basic arrangements of the prior art for input line
      commutation, one for the Wye configuration (FIG. 6) the other for the
      bridge configuration (FIG. 7);
PAR  FIGS. 8 and 9 are typical of load commutation, FIG. 8 for a Wye
      configuration while FIG. 9 is typical of load commutation for the bridge
      configuration;
PAR  FIG. 10 shows a prior art circuit which is typical of load commutation of a
      cycloconverter, and FIG. 11 provides the curves illustrating operation of
      the circuit of FIG. 10;
PAR  FIG. 12 shows commutation by an auxiliary high frequency AC voltage source
      of cycloconverter and FIG. 13 illustrates how the three input phases are
      brought under favorable voltage relation for commutation by the AC voltage
      source of FIG. 12;
PAR  FIG. 14 shows the basic DC chopper forced commutation circuit used in
      accordance with the present invention on the positive bank of a
      cycloconverter;
PAR  FIG. 15 depicts with curves the operation of the basic chopper forced
      commutation circuit of FIG. 14;
PAR  FIG. 16 shows a basic cycloconverter bridge configuration;
PAR  FIG. 17 shows a single phase bridge of cycloconverter using DC chopper
      commutation in accordance with the present invention;
PAR  FIGS. 18, and 19 show two more configurations of a single phase bridge
      cycloconverter using DC chopper commutation;
PAR  FIG. 20 shows a six pulse cycloconverter configuration using a double Wye
      connection with an interphase transformer;
PAR  FIGS. 21 and 22 show two configurations of the DC chopper commutation
      circuit in the single phase, Wye connected cycloconverter of FIG. 20;
PAR  FIG. 23 shows the typical output currents of a three-phase balanced load
      system in a cycloconverter;
PAR  FIGS. 24, 26 and 27 depict three different configurations of a three-phase,
      bridge connected, cycloconverter employing DC chopper commutation in
      accordance with the present invention;
PAR  FIG. 25 is typical of the conduction sequence of the switches of a force
      commutated cycloconverter using pulsewidth modulation for output voltage
      control which can be used in conjunction with the force commutation
      circuit in accordance with the present invention;
PAR  FIG. 28 depicts a three-phase, Wye connected, UFC cycloconverter using DC
      chopper commutation in accordance with the present invention;
PAR  FIG. 29 shows a dual power flow electrical system embodying the present
      invention;
PAR  FIG. 30 shows the basic conduction sequence of the main switches of a force
      commutated cycloconverter of the unrestricted frequency changer type with
      the switches being in the three phase "bridge" configuration shown in FIG.
      25.
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PAC  REVIEW OF FORCED COMMUTATION SYSTEM FOR CYCLOCONVERTERS OF THE PRIOR ART
PAC  A.sub.1 Individual Switch Commutation
PAR  FIGS. 1 and 2 show two basic arrangements for Individual Switch
      Commutation. In FIG. 1, a commutating circuit 1 is connected in parallel
      to two thyristors A1, A2 mounted in antiparallel in the power path between
      the power source, V.sub.1, V.sub.2 and a load 3. FIG. 2 shows a
      commutating circuit 1 associated with a thyristor A connected in the
      central branch of a rectifier bridge comprising rectifiers R.sub.1 to
      R.sub.4 and mounted in the power path between the power source V.sub.1,
      V.sub.2 and a load 3.
PAR  FIG. 3 illustrates the forced commutation circuit which is typical of the
      above-mentioned Yarrow arrangement. The thyristors are gated on in pairs
      and continuous drive is provided. It is seen that under appropriate
      conditions the circuit commutates "naturally." For Example, assume
      thyristor A+ is ON and the phase voltages are such that V.sub.B &gt;V.sub.A &gt;
      0. Then upon firing the second thyristor pair (B+, B-), thyristor A+ will
      turn off and thyristor B+ will take over conduction naturally. When the
      conditions for natural commutation are not met, for instance assuming A+
      is ON and the phase voltages are such that V.sub.A &gt; V.sub.B &gt; 0, firing
      the second thyristor pair (B+, B-) a short circuit between phases A and B
      would establish via thyristors A+ and B+. However, at this time capacitor
      C2 is charged to V.sub.C2 (right hand plate positive) while C1 has no
      charge (V.sub.Cl = 0). As thyristor B- turns ON, voltage V.sub.C2 is
      impressed on the upper winding of inductor L. The induced voltage in the
      lower winding of the inductor appears across thyristor A+ with a polarity
      to turn it off. Since positive current was initially assumed (A+ was
      conducting) after the commutation transient (when the resonant current
      becomes equal to the load current) thyristor B+ will take over the
      conduction.
PAR  Forced commutation is achieved here by adding only passive components to
      the basic cycloconverter. Operation is automatic, forced commutation
      occurring at each required instant as a result of firing the next
      thyristor in sequence. However, since the voltage on the commutating
      capacitors is determined by the instantaneous difference between two
      appropriate input voltages, at the moment of firing, this difference may
      be small when the load current is large. Consequently, the commutating
      capability of the circuit varies over the output cycle and is dependent on
      the load. Therefore the operating conditions must be restricted so that
      sufficient commutating ability is always retained.
PAR  FIG. 4 depicts a forced commutation circuit of the above-mentioned second
      mode of individual switch commutation where one load is energized from a
      positive and a negative bank underphases V.sub.A, V.sub.B, V.sub.C of the
      power supplies, with a neutral line N. Firing pulses are applied to the
      thyristors of the "positive bank" when the load current is positive; the
      thyristors of the negative bank are fired when the load current is
      negative. When conditions are right the circuit operates with "natural
      commutation," for instance, assuming thyristor A+ is ON, and with a
      current I.sub.o &gt; 0, the phase relation is V.sub.B &gt; V.sub.A &gt; 0. Then,
      firing thyristor B+ will effectively turn off thyristor A+.
PAR  Forced commutation is based upon the principle that the commutating
      capacitors are charged to some (maximum) voltage prior to the instant of
      commutation. The capacitors, in contrast to the preceding circuit do not
      follow the instantaneous voltage difference between phases but keep their
      "maximum" voltage.
PAR  Assuming now that while thyristor A+ is ON the phases have the relation
      V.sub.A &gt; V.sub.B &gt; 0. It is obvious that if capacitor C2 were to hold no
      charge (or without C2), thyristor B+ could not be rendered conductive.
      However, during the conduction intervals of thyristor C+ and thyristor A+,
      V.sub.0 the potential at the junction of the banks to the load has been
      more positive than V.sub.B and thus capacitor C2 has been charged through
      diode D4 and inductor L2 to a potential of 2 (V.sub.0 - V.sub.B). The
      charge thus acquired on C2 is preserved when V.sub.B becomes greater than
      V.sub.0, because the discharge path is blocked by D3. B+ is fired (V.sub.A
      &gt; V.sub.B), the sum V.sub.B + V.sub.C2 = V.sub.B ' must be greater than
      V.sub.A to insure commutation. This condition is assumed to be generally
      satisfied.
PAR  The commutation capability of this circuit is greater than the preceding
      arrangement because of the preserved maximum charge of the commutating
      capacitor. However, considerably higher voltage ratings are required for
      the thyristors employed in this circuit. Also, the commutation ability
      here is still dependent on operating conditions which must be suitably
      restricted.
PAR  FIG. 5 shows the third above-mentioned known arrangement of individual
      switch commutation.
PAR  In this arrangement the main switching thyristors of the cycloconverter
      must always be force commutated. The operation of this circuit can be
      understood by assuming that thyristor TH1 is conducting and capacitor C is
      charged as indicated (top plate negative). When thyristor TH2 is fired,
      capacitor C starts to discharge via thyristor TH2, inductor L and
      thyristor TH1. Thyristor TH1 turns off and current continues to flow via
      rectifiers D2, D4 and D1, D3. The capacitor C becomes charged to a voltage
      of reverse polarity and TH2 turns off. When TH1 is fired the next time in
      the normal operating sequence, C discharges via D5 and L; its voltage
      assumes the original polarity (shown in FIG. 5) and the circuit is ready
      for the next commutation.
PAR  With this arrangement, the number of main cycloconverter thyristors and
      commutating capacitors is halved, compared to the preceding circuit. This
      results in slightly better component utilization. However, this circuit is
      also load sensitive. It is clear that as soon as TH1 turns off, the load
      current (assuming an inductive load) will continue flowing via D2, D1 (or
      D4, D3) and the commutating circuit. The final charge on C is therefore
      dependent upon the load current. The other disadvantage is that the
      polarity of the capacitor voltage must be reversed for the next
      commutation (i.e., the LC circuit must be operated twice for each
      conduction interval of TH1). This increases the losses within the
      commutation circuit and also the rating for TH1.
PAR  Beside specific disadvantages the above circuits have a common disadvantage
      in that their commutation capability is load dependent. Therefore, for
      reliable operation under all conditions additional components would be
      required.
PAC  B. Input Line Commutation
PAR  Basic input line commutation arrangements for a cycloconverter in a Bridge
      or Wye configuration are shown in FIGS. 6 and 7 respectively. The
      operation of the commutation circuit in each arrangement is basically the
      same. Consider for the sake of discussion the Wye configuration (FIG. 6)
      and assume thyristor A+ is conducting and the phases are in the relation
      V.sub.A &gt; V.sub.B &gt; 0. Suppose now that one wished to turn B+ ON and
      commutate thyristor A+ OFF.
PAR  To commutate thyristor A+ OFF, it is necessary that the commutation circuit
      decrease the input line voltage, V.sub.A, below V.sub.B in order to
      reverse bias thyristor A+. Similarly at each commutation instant the
      voltage of the input line feeding the conducting "outgoing" thyristor must
      be forced to drop below that of the line feeding the "oncoming" thyristor.
      If one considers a three phase cycloconverter it is clear that each output
      phase should be treated as a separate single-phase unit and that the
      inputs to each unit be isolated from the others to prevent undesirable
      interaction of the commutation circuits. In general, such operation is not
      desired. Input line commutation requires that either separate commutating
      circuits be provided for each input line, or that several common
      commutating circuit be used and connected appropriately to each input line
      by "steering" thyristors.
PAR  For the above reasons it is felt that any technique based upon input line
      commutation will require an excessive number of components and, therefore,
      this approach was not investigated any further.
PAC  C. Load Commutation
PAR  Basic load commutation arrangements for a cycloconverter in Wye and Bridge
      configurations are shown in FIGS. 8 and 9, respectively.
PAR  FIG. 10 shows a known circuit which is typical of load commutation. This
      circuit has been described by L. Gyugyi in "A Study on the Application of
      the Force Commutated Cycloconverter for Variable Speed Control of A.C.
      Machines" M. Sc. Thesis - Universtiy of Pittsburgh, 1967. The operation of
      this circuit is illustrated by the waveforms shown in FIG. 11. It is
      assumed that the load current (I.sub.o) is positive and that its magnitude
      remains constant throughout the commutation interval, that an initial
      voltage V.sub.c, greater than the peak line to line voltage, is present on
      capacitor C with the polarity as indicated, and that thyristors A1+ and
      B2+ are conducting when commutation from thyristors B2+ to thyristor C2+
      is to be effected.
PAR  To initiate commutation, auxiliary thyristors X.sub.1 and Y.sub.2 are fired
      at time T1. Thyristors A1+ and B2+ are reversed biased and turned off. The
      load current continues to flow via X.sub.1, L.sub.1, C and Y.sub.2, and
      begins to discharge capacitor C.
PAR  After sufficient time for recovery of the main cycloconverter thyristors,
      at time T2, the next thyristors in sequence, A1+, A1- and C2+, C2- are
      fired. Since a positive load current is assumed, thyristors A1+ and C2+
      will conduct placing V.sub.A-C across the load. At this time thyristor
      X.sub.2 is also fired causing the current in L.sub.1 and X.sub.1 to
      decrease to zero. Therefore, X.sub.1 turns off, while the current in
      L.sub.2 and X.sub.2 resonantly builds up. Due to this resonant current
      flowing in L.sub.2, X.sub.2, Y.sub.2 and C, the voltage on C is therefore
      reversed. The firing of X.sub.2 is important because it ensures than now
      the original state of the circuit can be re-established due to the action
      of a "clamped resonant recharging circuit," independently of the load.
      Firing X.sub.2 insures that the voltage on C will be of opposite polarity
      (negative) prior to firing thyristor R. Under this condition the
      recharging circuit consisting of thyristor R, diode D1, inductor L3 and
      the DC supply E can restore the original voltage of the commutating
      capacitor.
PAR  At time T3, thyristor R is fired. Since the voltage on C has been reversed
      (bottom plate positive), the capacitor starts to charge resonantly to a
      voltage higher than 2E. The voltage across the left hand side winding of
      L3 cannot however increase above E because at this voltage, diode D1
      starts to conduct. The energy stored in L2 therefore ceases to charge C
      any further and thyristor R turns off at time T4. The remaining energy
      stored in L3 is then fed back to the DC supply, it decays to zero at time
      T5. The final result is that the commutation capacitor is now charged back
      to the original potential (2E). The circuit is now ready for the next
      commutation.
PAR  Operation of this circuit is such that the full commutating ability is
      always available independent of the operating conditions, and a good
      utilization of commutating components is achieved since a single
      commutating circuit achieves commutation of all main thyristors (in a
      single phase system).
PAR  It is recalled in both individaul and input line commutation, that the
      commutation pulse was applied at a separate point for each main thyristor
      of the cycloconverter. This requires that many individual commutating
      circuits be used. For this operation to be reliable, independent of load
      current and instantaneous voltage levels, each individual commutating
      circuit would have to comprise many components and the total number of
      commutating components would become excessive. With load commutation
      however, the commutation pulse is applied at a point common to a number of
      main thyritors, and the number of separate commutation circuits required
      is therefore reduced. With the number of commutating circuits and
      thyristors reduced the basic control can also be simpler.
PAC  THE BASIC FORCE COMMUTATION CIRCUIT OF THE INVENTION
PAR  Firstly, the commutation circuit according to the present invention
      generally belongs to the category load commutation, that is, forced
      commutation is applied at the load or output side of the main
      cycloconverter switches although it is susceptible of being applied to the
      input side in sequential instances, for instance, under the cycloconverter
      is used in the reverse direction of power flow.
PAR  Secondly, commutation is effected according to the present invention by an
      auxiliary source providing a commutating voltage which is switched in at
      the appropriate moment to commutate OFF one main cycloconverter thyristor
      and assume conduction of the load current momentarily until the next
      thyristor in sequence can be turned ON.
PAR  These two features of the present invention will appear more clearly from
      the following description of the basic circuit and of several possible
      configurations of a cycloconverter so commutated which will be discussed
      in detail hereinafter.
PAR  Nearly all commutating circuits actually depend either directly or
      indirectly on the use of a predetermined voltage to effect forced
      commutation. The commutating circuit which is the main feature of the
      cycloconverter according to the present invention makes use of the chopper
      technique. A DC voltage is switched in circuit at the moment of
      commutation in order to apply the DC voltage at a common output of all the
      thyristors of the cycloconverter of a group including the thyristor to be
      turned OFF. Many different circuit configurations are possible. Chopper
      commutation is directly applied to the cycloconverter output and can be
      used for either "Bridge" or "Wye" connections.
PAR  The present invention calls for an auxiliary voltage source having a
      potential higher than the peak line to neutral input voltage, applied to
      the main switch to be commutated. The auxiliary source is switched in and
      out, to momentarily assume the load current between two consecutive
      conduction periods of the main cycloconverter thyristors. In order to
      obtain good thyristor utilization, the main thyristors of a cycloconverter
      are usually divided into three pulse groups, which sequentially switch
      three equally (120.degree.)displaced input voltages to the load. Each
      three pulse group comprises three thyristors to provide positive load
      current, and three more to provide negative load current. Considering a
      set of thyristors used to provide one polarity of load current, a
      condition that must be met for natural commutation to occur is that the
      "oncoming" thyristor be fed from an input at a higher potential than the
      "outgoing" thyristor. If this is not the case, a fourth auxiliary
      thyristor added to the three pulse group can be used to momentarily switch
      in an auxiliary input voltage of higher potential and appropriate
      polarity, to cause the previously conducting main thyristor to turn off.
      The auxiliary voltage source would then supply the output current until
      the auxiliary thyristor itself could be commutated off. By using such an
      arrangement the problem of commutation is effectively transferred from
      each of the main cycloconverter thyristors in turn, to the auxiliary
      thyristor. To insure that the auxiliary thyristor will always turn off,
      two basically different approaches are considered.
PAR  In the first approach natural commutation of the auxiliary thyristor is
      made to occur by using a high frequency auxiliary voltge source 2 having a
      magnitude P greater than the main cycloconverter input C as illustrated in
      FIGS. 12 and 13. Auxiliary thyristors X.sub.1, X.sub.2 are used to switch
      the high frequency voltage source to the common point of the main
      thyristors A.sub.1, A.sub.2 to C.sub.1, C.sub.2. Realization of this
      approach is practical if the required instants of commutation were to
      occur at regularly spaced intervals at some sub-multiple of the high
      frequency auxiliary source, i.e., as in the Unrestricted Frequency Changer
      (U.F.C.); alternatively the frequency of the auxiliary source could be
      made very high so that commutation could be made to occur almost at any
      desired instant.
PAR  This train of thought leads to the following approach in which a "source"
      is used to provide commutating pulses at any isntant required. In this
      alternative approach a DC auxiliary voltage source is used and a self
      commutating "chopper" arrangement is used to provide a means of forced
      commutation for the auxiliary thyristor as shown in FIG. 14. FIG. 14 shows
      a typical type of "DC chopper" suitable for forced commutation of a
      cycloconverter in accordance with the present invention. However, it is
      understood that other chopper circuits can be used for the same purpose.
      The basic circuit illustrated in FIG. 14 pertains only to a portion of a
      cycloconverter, comprising three phases V.sub.A, V.sub.B, V.sub.C
      supplying AC power to a load, although a set of thyristors A, B, and C for
      the respective phase. The junction point 2 at the cathod side of the three
      thyristors is connected to one end of the load 1 through line 7 of the
      interposition of an inductance L.sub.1, although inductance L.sub.1 is not
      necessary to the proper operation of the commutating circuit. The second
      end of the load is connected to the neutral N of the AC power source
      through a line 8. The chopper proper is comprising a DC source E.sub.1
      applying a positive voltage (+E) to point 4 which is the anode side of a
      commutating thyristor X, the cathode side of which is 5 connected to line
      7 via a diode D.sub.1. Thus whenever thyristor X is fired, the voltage
      (+E) of source E.sub.1 is applied to point 3, thus to point 2 at the
      cathode side of all the main thyristors A, B, or C. Associated with the
      chopper so essentially defined, is a self-commutating circuit for the
      purpose of turning thyristor X OFF after commutation of the main
      thyristors has been completed. The particular chopper circuit shown on
      FIG. 14 uses a resonant circuit for self-commutation of the choper. A
      capacitor C is connected between the + side of source E at 4 and the
      negative side at 6 connected to the cathode of a diode D3, having its
      anode side connected to a second source E.sub.2 of voltage -E, which is
      connected by its positive side to the neutral line 8. Thus between points
      4 and 6 the voltage applied to capacitor C is limited to 2E. In addition,
      an inductor L.sub.2 having an inductance which is in resonance with the
      capacitance of capacitor C is provided between point 5 and 6 to be in
      series with capacitor C and thyristor X when the latter is conductive. An
      anti-parallel diode D.sub.2 is also mounted between points 4 and 5 in
      order to limit a reverse voltage to thyristor X when the self-commutating
      circuit CL.sub.2 rings back, thereby to cut-off thyristor X at the proper
      time. The operation of such a "DC chopper" applied to force commutation of
      a three pulse single polarity group of thyristors will now be explained. A
      single DC chopper can be used to force commutate three thyristors of a
      three pulse group which carry one polarity of load current. Consider for
      the moment only those thyristors which carry the positive load current
      ("positive bank") and their associated commutating circuit as shown in
      FIG. 14.
PAR  Assume that initially thyristor A is carrying the load current, I.sub.o.
      Also assume that capacitor C is precharged to a voltage V.sub.c with the
      polarity indicated. The level of V.sub.C being equal to 2E where E is
      greater than the peak line-to-neutral voltage. The operation of the
      commutation circuit is illustrated by the waveforms shown in FIG. 15.
      Throughout the commutation interval, it is assumed that the load current
      remains essentially constant.
PAR  When it is desired to commutate thyristor A, at time T.sub.1, X is fired.
      The load current is "picked up" by the positive DC source +E through
      thyristor X and diode D1 at a rate determined by the input inductor L1;
      when X carries the full load current thyristor A then becomes reverse
      biased and ceases to conduct. In addition to the load current, thyristor X
      also carries the resonant discharge current of capacitor, C, which flows
      in inductor L2. This resonant current changes polarity when the capacitor
      voltage reaches its negative peak, and ceases to flow in thyristor X when
      the magnitude becomes equal to the load current, at time T2. During the
      interval form T2 to T3 the negative discharge current exceeds the load
      current and the excess current flows in diode D2, creating a forward drop
      across D2 which reverse biases thyristor X causing it to cease conducting.
      At time, T3, the resonant current has fallen in magnitude to equal the
      load current (thus ending the commutation period for thyristor A) and
      diode D2 ceases to conduct. The load current is now supplied from the
      lower plate of the capacitor through inductor L1, and the capacitor
      continues recharging. The final charge on capacitor, C, is limited to its
      original value at time T4, after which the clamping diode D3 conducts the
      load current I.sub.o until the next main thyristor in sequence, B, is
      fired at time T5. Thyristor B then takes over conduction of the load
      current at a rate limited by the inductors L1 and L2.
PAR  It may be noticed that the load current is drawn from the positive supply
      during the interval from T1 to T4, and charges the negative supply during
      the interval from T4 to T5. Since the interval from T4 to T5 can be
      controlled by changing the instant at which thyristor B is fired, all the
      energy drawn from the positive supply can be transferred to the negative
      supply. As a result, if a cycloconverter consisting of two similarly
      commutated positive and negative current carrying groups of thyristors is
      operated in this manner the DC supplies can be replaced with DC reservoir
      capacitors (i.e., electrolytic capacitors). However, to minimize the total
      commutation period, as may be desired in high frequency applications, the
      interval from T4 to T5 must be kept to a minimum and external DC sources
      are required.
PAR  A basic bridge cycloconverter consists of two inverse parallel connected
      thyristor bridges as shown in FIG. 16. Since each bridge can provide load
      current of only one polarity, it can be regarded as a "bank." Only one
      bank is allowed to conduct at any instant. The normal conduction sequence
      for each bank is such that each device conducts for one third of the time,
      and is commutated in the sequence A1, C2, B1, A2, C1, B2, A1, and so on.
      The "upper" devices (index.sub.1) are commutated alternately with the
      "lower" devices (index.sub.2).
PAR  Three alternate connections of the chopper commutation circuit for a single
      phase bridge cycloconverter are presented in FIGS. 17, 18 and 19.
PAR  For a single phase bridge operation with the DC chopper combination of FIG.
      17, two separate chopper commutating circuits are used. Here the main
      thyristors are commutated off in pairs. Thus, in this arrangement for
      instance A.sub.1 and C.sub.2 are conducting together at the instant of
      commutation for thyristor A.sub.1, C.sub.2 will automatically be turned
      OFF by the commutation of A.sub.1. At the next sequence B.sub.1 and
      C.sub.2 being together to be conductive, C.sub.2 must be refired at the
      same time as B.sub.1.
PAR  With the "DC chopper" commutation of FIG. 18, four separate chopper
      commutating circuits are provided identified by letters which are similar
      to those used in FIG. 14. As a result, the upper and lower thyristors of
      each main cycloconverter bridge can be separately commutated. Although
      more components are required, the pulse repetition frequency (P.R.F.) of
      the individual commutating circuits is halved, therefore, this arrangement
      is suitable for higher frequency operation.
PAR  The arrangement of FIG. 19 uses only two basic "chopper" commutating
      circuits. Separate commutation of the upper and lower devices can still be
      retained, and thus "refiring" is not needed. However, four "steering"
      thyristors, S1 to S4, are now required.
PAR  In a single phase cycloconverter comparatively poor utilization of the
      commutation circuit is obtained because of the time varying output
      current; at cetain instants the circuit must be capable of commutating the
      peak currents, while at other times it will not be fully used. This
      shortcoming can be overcome in certain three phase applications where
      commutating circuits common to three output phases can be employed as
      explained hereinafter by reference to FIG. 23.
PAC  SINGLE PHASE WYE CONFIGURATIONS
PAR  In order to obtain good device utilization and low output ripple, a dual
      three phase "(six phases) usually called 6 pulse system," with a single
      interphase transformer IPT centrally tapped to the load can be used to
      provide six-pulse output on the load 1 from the central tap of the
      interphase transformer IPT as illustrated in FIG. 20.
PAR  To provide an alternating current output two groups or "banks," of
      thyristors are used. The positive bank carries the positive load current
      and the negative bank carries the negative load current, only one bank is
      allowed to conduct at a time. The normal conduction sequence for the
      thyristors in each bank is A through F, with devices A, B, C being
      alternately commutated with devices D, E, F. In order to effect force
      commutation in the required sequence separate commutation pulses are
      alternately provided to each three pulse group of thyristors in each bank.
PAR  The selected commutating circuits as applied to a single phase Wye
      connected cycloconverter are presented in FIGS. 21 and 22.
PAR  Since only a single interphase transformer IPT is used in each arrangement,
      the polarity of the output current is sensed at each end of the interphase
      transformer by devices T.sub.1 and T.sub.2 as shown, and only the
      appropriate commutating thyristors are fired.
PAR  In the circuit shown in FIG. 21 four DC chopper commutating circuits are
      used, one for each three pulse group of thyristors. It is possible to
      eliminate the need for two of these commutating circuits, as shown in FIG.
      22. However this would necessitate the use of four additional thyristors
      such as S.sub.1 -S.sub.4 in FIG. 19 for steering of the commutation
      pulses.
PAC  THREE PHASE CONFIGURATIONS
PAR  The circuitry of the force commutated cycloconverter can be considerably
      reduced in certain three phase configurations.
PAR  In the special case of the U.F.C. type cycloconverter operation with
      balanced loading, considerable circuit simplification and more effective
      utilization of the commutating components can result when using a "DC
      chopper" for force commutation. The reasons for the improvement may best
      be explained by examining the basic relationship between the three phase
      balanced sinusoidal cycloconverter output currents, as illustrated in FIG.
      23. At any instant the sum of the currents which are positive, are equal
      in magnitude (but opposite in polarity) to the sum of the currents which
      are negative. These "sum" currents (heavy lines) are relatively constant
      for a given load and do not exceed the magnitude of a single phase output
      current (dashed lines). When unrestricted type cycloconverter (U.F.C.)
      type of operation is employed, commutations occur simultaneously on the
      three output phases. Therefore by suitably connecting a basic force
      commutation circuit having the same component values as required for
      single phase, it may be used to simultaneously commutate all those outputs
      having the same polarity current at a given instant, although a complete
      three phase cycloconverter requires at least two such force commutating
      circuits, as illustrated in FIG. 24. In this particular case while the two
      commutating circuits are easily identified between FIG. 14 and FIG. 24 by
      like numeral and letter references, it is observed that diode D.sub.1
      appears here as a thyristor R.sub.1 (or R.sub.1 ') for steering the proper
      ones of the output phases I, II or III.
PAR  the "DC chopper" commutation circuits described can be readily modified to
      accommodate different operating condition and circuit configurations. For
      instance, to provide as generally known voltage control in the
      cycloconverter by pulse width modulation in a high frequency system as
      illustrated in FIG. 25, the commutating circuit may have to be duplicated.
PAR  Some more alternative three phase connections are illustrated in FIGS. 26,
      27 and 28.
PAR  FIG. 26 shows four DC chopper forced commutating circuits applied to a
      three phase bridge connected cycloconverter where there are simultaneous
      commutators applied to all main thyristors of all phases. The conduction
      pattern is well-known and as illustrated by FIG. 30 for U.F.C.
      cycloconverter operation. It is observed that with this simultaneous
      commutation there is no need for sensing the polarity of the load current.
      It is also noted that after each commutation there is a need for firing
      all main thyristors in accordance with the sequence pattern of FIG. 30.
      The forced commutating circuits are shown in FIG. 26 with like letters as
      compared to FIG. 14. However, the D.sub.1 diodes are here used three in
      prallel for one particular force commutating circuit.
PAR  FIG. 27 differs from FIG. 26 in that the diodes, D.sub.1 are now replaced
      by thyristors R.sub.1 and R.sub.1 ' in order to apply the commutation
      selectively according to the direction of load current in each output
      phase. The load current polarity sensing devices are shown at S.sub.1,
      S.sub.2, S.sub.3. Thus with this arrangement we no loner have simultaneous
      commutation of all thyristors but only of those selected in banks which
      carry the load current just prior to commutation.
PAR  FIG. 28 is an example of a six pulse output provided by an interphase
      transformer such as IPT on FIG. 20 but here the circuit is adapted for
      three-phase operation. It is observed that in each set of these positive
      or negative banks, the two associated forced commutating circuits are
      alternately fired but for both positive and negative banks simultaneously.
      Thus, the non-prime type of forced commutating circuit for the positive
      and negative sides are fired together and the prime type of forced
      commutating circuit for the positive and negative sides are fired
      together, the second alternately with the first.
PAR  FIG. 29 shows a dual power flow electrical system including an improved
      cycloconverter embodying the teachings of the present invention. Two
      three-phase terminals A, B, C and 1, 2, 3 of a cycloconverter 60 are
      connected with electrical installations, respectively 50 and 51 which
      under a selected condition of operation are in the relation of power
      generator to load. Thus 50 may be a three-phase AC source when 51 is a
      motor, and 50 may be a load when 51 is an electrical generator. This
      situtation is encountered in practice with the electrical system of an
      aircraft. In a first mode, when the aircraft is on the ground, a local
      source of energy at 60 Hz can be used as the source 50 to be converted to
      a frequency from 0 up to 800 Hz inorder to start the engine when coupled
      to a motor as the load 51. In such mode, the cycloconverter is operated in
      the reverse mode. The forced commutation circuit 61 is connected between
      the three phases A, B, C and the neutral N. As it appears force
      commutation is with this first mode of the input line type. In the second
      mode, the source 51 is the alternator on board of the aircraft powered by
      the engine. The load is now the electrical installation on board of the
      aircraft which is connected on the output side A, B, C as the load 50,
      after conversion to a constant frequency of 400 Hz from a variable
      alternator frequency around 1200 Hz, for instance. Here, the forced
      commutation circuit according to the present invention is of the load
      commutation type. The cycloconverter 60 is represented with the main
      thyristor A.sub.1, A.sub.2, A.sub.3, B.sub.1, B.sub.2, B.sub.3 and
      C.sub.1, C.sub.2, C.sub.3. The configuration of the commutation circuit 61
      could be the one shown in FIG. 24.
PAR  From basic considerations of the different approaches for applying forced
      commutation it was determined that the most practical approach would use
      commutating circuits common to several thyristors, and connected to the
      load side of the cycloconverter.
PAR  The force commutated cycloconverter has some very desirable characteristics
      for application in variable speed AC motor drives, and certain other
      applications.
PAR  In general it has been concluded that most known approaches for force
      commutating cycloconverters have severe operating restrictions rendering
      their use unsuitable for practical applications. The new approach of using
      a "DC chopper" appears to be more economical. It is simple in operation
      and can be used most effectively with balanced three phase "Unrestricted
      Frequency Changer" (U.F.C.) type cycloconverters, where considerable
      simplification can be achieved. The "chopper" approach requires as few as
      two fast turn-off thyristors (and twelve slower ones) to accomplish forced
      commutation of a three phase, six pulse U.F.C. type cycloconverter; it is
      capable of relatively high frequency operation, and it generally offers
      practical and economical solutions for the forced commutation of static
      frequency changes.
CLMS
STM  I claim:
NUM  1.
PAR  1. An AC to AC static frequency changer apparatus for developing an AC
      output voltage across a load, comprising in combination, an AC polyphase
      input power source, a plurality of unilateral main switches cyclically and
      temporarily controlled for conduction under associated phases of said
      input power source; a DC voltage source, DC chopper means coupled between
      said DC voltage source and said plurality of main switches, said DC
      chopper means including cyclically controlled unilateral auxiliary
      switching means for applying a reverse voltage represented by the
      difference between said DC voltage and the line to neutral input voltage
      to said main switches, said reverse voltage being larger than the incoming
      line voltage for any conducting one of said main switches and with said
      auxiliary switching means being controlled for conduction at an instant
      subsequent to conduction of one of said main switches to apply said
      reverse voltage thereto and to establish a temporary path for the load
      current in derivation to said conductive one of said main switches,
      thereby to commutate conduction from said one main switch to the next main
      switch being controlled for conduction.
NUM  2.
PAR  2. An AC to AC static frequency changer apparatus according to claim 1
      wherein said chopper means includes means for naturally switching off said
      auxiliary switching means in relation to said one main switch being
      commutated and said next main switch being controlled for conduction.
NUM  3.
PAR  3. An AC to AC static frequency changer apparatus according to claim 2
      wherein said off-switching means includes capacitor means responsive to
      said load current for charging and to said auxiliary switching means for
      discharging.
NUM  4.
PAR  4. An AC to AC static frequency changer apparatus according to claim 3
      wherein said off-switching means includes inductive means resonantly
      coupled to said capacitors for self-commutating said auxiliary switching
      means.
NUM  5.
PAR  5. An AC to AC static frequency changer apparatus according to claim 4
      wherein said auxiliary switching means is unilateral and said
      off-switching means includes means responsive to said inductance means for
      applying a reverse voltage to said auxiliary switching means.
NUM  6.
PAR  6. An AC to AC static frequency changer apparatus according to claim 1
      wherein said means for applying a reverse voltage to said auxiliary
      working means includes first diode means connected in antiparallel
      thereto.
NUM  7.
PAR  7. An AC to AC static frequency changer apparatus according to claim 6
      wherein said DC voltage source is connected in parallel to said main
      switching and in series with one of said load and AC power source.
NUM  8.
PAR  8. An AC to AC static frequency changer apparatus according to claim 7
      wherein second diode means is provided in series with said auxiliary
      switching means having a direction opposing current flow from said main
      switch.
NUM  9.
PAR  9. An AC to AC static frequency changer apparatus according to claim 8
      wherein said DC voltage source includes first and second DC means of
      opposite polarity connected in voltage aiding relation with respect to
      said capacitor means, said inductance means and said capacitor means
      having one end at a junction point, third diode means being provided
      between said second DC means and said junction point, the other end of
      said capacitor means being connected to one end of said first DC means and
      of said second diode means, the other end of said inductance means being
      connected to the other end of said auxiliary switching means and of said
      second diode means.
NUM  10.
PAR  10. An AC to AC static frequency changer apparatus according to claim 9
      wherein said capacitor means is recharged to a limit defined by said
      second DC means.
NUM  11.
PAR  11. An AC to AC static frequency changer apparatus according to claim 10
      wherein said temporary path includes said first DC means and said second
      diode means.
NUM  12.
PAR  12. An AC to AC static frequency changer apparatus according to claim 11
      wherein the resonant combination of said capacitor means and said
      inductance means rings back via said first diode means.
NUM  13.
PAR  13. An AC to AC static frequency changer apparatus according to claim 9
      wherein said unilateral main switches are associated in pairs for each
      phase of said AC input power source, a first main switch of such pair
      being oriented to pass current in the direction of said load and a second
      main switch of such pair being oriented to pass current in a direction
      from said load, wherein said auxiliary switching means and said second
      diode means are applied to at least the plurality of one of said first and
      second main switches.
NUM  14.
PAR  14. An AC to AC static frequency changer apparatus according to claim 9
      wherein two groups of said main switches are provided one positive said
      group being in a positive bank and one negative said group being in a
      negative bank, at least two of said DC chopper means being associated
      respectively with said two groups of main switches, and wherein said first
      and second DC means are connected in circuit with the respective positive
      and negative banks to serve as said first DC means in one bank and as said
      second DC means in the other bank.
NUM  15.
PAR  15. An AC to AC static frequency changer apparatus according to claim 9
      wherein said chopper means and DC voltage source are connected between one
      end of said load and a neutral connection common to said polyphase AC
      power source and the other end of said load.
NUM  16.
PAR  16. An AC to AC static frequency changer apparatus according to claim 14
      wherein four chopper means are provided each associated with one plurality
      of said main switches of one type, said DC voltage source being common to
      said four chopper means.
NUM  17.
PAR  17. An AC to AC static frequency changer apparatus according to claim 16
      wherein said third diode means is interposed in each of said four chopper
      means and is connected to said common DC voltage source.
NUM  18.
PAR  18. An AC to AC static frequency changer apparatus according to claim 16
      wherein said first and second DC means within said common DC voltage
      source are serving as said first DC means in one bank and said second
      means in the other bank.
NUM  19.
PAR  19. An AC to AC static frequency changer apparatus according to claim 9
      wherein said neutral line is connected between said polyphase power source
      and the junction point between said first and second DC means.
NUM  20.
PAR  20. An AC to AC static frequency changer apparatus according to claim 9
      wherein said power source includes two three phase inputs, and
      corresponding main switches being connected in wye via an interphase
      transformer having a central tap, said load being connected from said
      central tap to the junction of said first and second DC means in a common
      DC voltage source and to the neutral line of said AC power source; and
      wherein four said chopper means are provided between said common DC
      voltage source and the respective ends of said reactor.
NUM  21.
PAR  21. An AC to AC static frequency changer apparatus according to claim 20
      wherein two said chopper means are provided between said common DC voltage
      source and the respective ends of said transformers.
NUM  22.
PAR  22. An AC to AC static frequency changer apparatus according to claim 9
      wherein said frequency changer apparatus has three output phases each
      having a positive and a negative bank, at least two said chopper means
      being associated with the main switches of the respective banks in
      accordance with the polarity thereof.
NUM  23.
PAR  23. An AC to AC static frequency changer apparatus according to claim 22,
      wherein said first and second DC are associated respectively with said two
      chopper means in reciprocal fashion with respect to one and the other of
      said two chopper means.
NUM  24.
PAR  24. An AC to AC static frequency changer apparatus according to claim 23
      wherein said two chopper means are operated simultaneously on all of said
      main switches for all phases.
NUM  25.
PAR  25. An AC to AC static frequency changer apparatus according to claim 22
      wherein four chopper means are provided selectively controlled to
      commutate selected phases of said main switches.
NUM  26.
PAR  26. An AC to AC static frequency changer apparatus according to claim 25
      wherein said first diode means are replaced by controlled unidirectional
      switches selectively controlled in accordance with the selected phases of
      said main switches.
NUM  27.
PAR  27. An AC to AC static frequency changer apparatus according to claim 9
      wherein means is provided for sensing the polarity of the load current
      through zero crossing and wherein said unilateral auxiliary switching
      means is responsive to said sensing means.
NUM  28.
PAR  28. An AC to AC static frequency changer apparatus having first and second
      terminals for developing a polyphase AC output voltage of a predetermined
      frequency at one of said first and second terminals from a polyphase AC
      input voltage of a given frequency applied at the other of said first and
      second terminals for power flow therebetween comprising a plurality of
      unilateral main switching means cyclically and temporarily controlled for
      conduction, said main switching means being associated in pairs with the
      respective phases of the input terminals, and a DC voltage source, DC
      chopper means coupled between said DC voltage source and said plurality of
      main switches, said DC chopper means including cyclically controlled
      unilateral auxiliary switching means for applying a reverse voltage
      represented by the difference between said DC voltage and the line to
      neutral input voltage to said main switches, said reverse voltage being
      larger than the incoming line voltage for any conducting one of said main
      switches and with said auxiliary switching means being controlled for
      conduction at an instant subsequent to conduction of one of said main
      switches to apply said reverse voltage thereto and to establish a
      temporary path for the load current in derivation to said conductive one
      of said main switches, thereby to commutate conduction from said one main
      switch to the next main switch being controlled for conduction.
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ABST
PAL  Apparatus for converting the output of a high voltage D.C. source to a
      lower voltage and a higher current comprising a plurality of power
      conversion modules connected electrically in series across the D.C. source
      output so that each of the power conversion modules receives only a
      portion of the high voltage, each power conversion module including means
      for converting the high voltage portion to an A.C. signal and transformer
      means for reducing the voltage and increasing the current of such A.C.
      signal, the outputs of all of the transformer means being connected
      electrically in parallel. Each of the power conversion means includes a
      pair of capacitors which are charged by the high voltage D.C. source and
      which are alternately, periodically only slightly discharged to convert
      the D.C. voltage to an A.C. signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the direct conversion of the kinetic
      energy of charged particles and, more particularly, to a method and means
      for generating electrical energy in usable forms utilizing the kinetic
      energy of charged particles, such as those emitted by radioactive
      isotopes.
PAR  2. Description of the Prior Art.
PAR  Large amounts of radioactive fission products are produced each year in
      nuclear reactors. With the constantly decreasing availability of energy
      from conventional sources, there is a tremendous need to develop systems
      which utilize these fission products as sources of electrical energy.
PAR  Today's radioactive isotope power supplies first convert the nuclear energy
      to thermal energy whereupon the thermal energy is converted to electrical
      energy. Such systems are limited by the Carnot cycle efficiency inherent
      in heat cycles and need to operate at high temperatures. For example, the
      most commonly used radioisotope power supply is the radioisotope powered
      thermoelectric generator with efficiencies in the 11/2% to 5% range. The
      high temperature thermionic converter has operated at up to 14% efficiency
      for short periods. Brayton cycle and Rankine cycle turbine systems have
      also operated at such high efficiencies, but are expensive and have
      relatively short unattended operating lives.
PAR  Since some radioactive radiations are largely electrical in nature, it is
      desirable that such electrical energy be converted directly to electrical
      energy of usable form. For example, beta particle emission comprises
      negatively charged particles having energies varying from low values to
      the order of two million volts. A preferred and widely available isotope
      is strontium-90, Sr-90, a beta emitter. This material is a fission product
      which is produced whenever uranium or plutonium fissions in a nuclear
      reactor. It has been estimated that the U.S. Atomic Energy Commission has
      presently 61/2 billion curies of the waste by-product, Sr-90, stored in
      underground containers. Furthermore, current trends indicate that by 1980,
      commercial power reactors in this country alone will be producing Sr-90 at
      the rate of 1 billion curies per year. Operation of reactors to produce
      plutonium for military purposes is a continuing large source of supply of
      Sr-90.
PAR  In spite of the availability of Sr-90 and other radioisotopes, prior
      attempts to generate electrical energy directly therefrom, without resort
      to a heat cycle, have been expensive and inefficient. The reason for this
      is that the efficiency of nuclear batteries is sharply dependent on their
      operating voltages and voltages in excess of 300 kV have been required to
      achieve reasonable efficiencies. In the past, systems proposed for
      converting the high voltage produced in the battery to usable ranges allow
      the battery to drift out of its desirable performance region. More
      specifically, means suggested for reducing the high battery voltages to
      more convenient levels have included gas glow devices which have been used
      to modulate the high voltages thus producing alternating currents which
      can be stepped down in transformers to reasonable voltages. However, the
      circuits proposed in the past have permitted the battery to completely
      discharge so that the battery spends a portion of its cycle operating very
      inefficiently. Thus, when the battery is charging up, as it does following
      a discharge, the energetic particles emitted by the fuel have only a
      moderate field to climb and reach the anode with most of their energy
      left. This energy is simply wasted in heating the anode. Furthermore,
      because this type of battery tends to have a fairly long charge-up time,
      on the order of seconds, it would be caused to spend a great deal of time
      operating inefficiently. This system inefficiency raises the fuel
      requirement and the overall system cost.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is proposed a method and means
      for the direct conversion of the kinetic energy of charged particles, such
      as the particles emitted by radioactive isotopes, which solves the
      problems encountered heretofore. The present system does not resort to the
      heat cycle which characterizes radioisotope powered thermoelectric,
      thermionic, Brayton cycle, or Rankine cycle converters. The present system
      is not, therefore, limited by the Carnot cycle efficiency inherent in heat
      cycles and does not require high temperature operation with its attendant
      materials problems.
PAR  The present system maintains a good operating characteristic even with one
      or more stages shut down, thus having a high part-load reliability.
      Utilization of the present invention will make feasible the economic use
      of fission product radioisotope radiation energy. This is accomplished
      because the high voltage power produced by the present apparatus is
      efficiently modulated and transformed to a usable range.
PAR  The present system permits the battery to operate in a narrow voltage range
      where its efficiency and other operating characteristics are most
      desirable. This is achieved by distributing the high voltage potentials
      generated by the nuclear battery over a cascade of power conversion
      modules, each module being capable of withstanding but a portion of the
      total battery voltage generated. Each power conversion module converts the
      small battery current and high voltage to an A.C. signal which can then be
      stepped down in individual transformers to useful currents and voltages.
      Furthermore, each power conversion module performs this function while
      discharging only a small amount of the portion of the total battery
      voltage applied thereacross so that the voltage across the battery remains
      within a narrow operating range. The A.C. output of each module is
      rectified to a D.C. signal and the module outputs are connected
      electrically in parallel. The combined D.C. output can be filtered to
      provide energy in commercially usable forms.
PAC  OBJECTS
PAR  It is therefore an object of the present invention to provide apparatus for
      the direct conversion of the kinetic energy of charged particles.
PAR  It is a further object of the present invention to provide a method and
      means for generating electrical energy in usable form utilizing the
      kinetic energy in particles emitted by radioactive isotopes.
PAR  It is a still further object of the present invention to directly convert
      kinetic energy to electrical energy.
PAR  It is another object of the present invention to provide apparatus for the
      direct conversion of the kinetic energy of charged particles which does
      not resort to a heat cycle.
PAR  It is still another object of the present invention to provide power
      conversion means which has a high part-load reliability.
PAR  Another object of the present invention is the provision of a method and
      means for generating electrical energy in usable form from a nuclear
      battery where the battery operates in a narrow voltage range where its
      efficiency and other operating characteristics are most desirable.
PAR  Still other objects, features, and attendant advantages of the present
      invention will become apparent to those skilled in the art from a reading
      of the following detailed description of the preferred embodiment
      constructed in accordance therewith, taken in conjunction with the
      accompanying drawings wherein like numerals designate like parts in the
      several figures and wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an idealized graph of the efficiency of a nuclear battery as a
      function of output voltage;
PAR  FIG. 2 is a schematic block diagram of the present apparatus for the direct
      conversion of the kinetic energy of charged particles;
PAR  FIG. 3 is a schematic diagram of a preferred embodiment of power conversion
      module for use in the apparatus of FIG. 2;
PAR  FIG. 4 is a diagram showing the virtual components of a portion of the
      circuit of FIG. 3; and
PAR  FIG. 5 is a graph showing several of the voltages encountered in the
      circuit of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  While any radioactive material which emits charged particles can be used to
      fuel the present invention, the preferred radioisotope is strontium-90,
      Sr-90, a beta emitter. Strontium-90 decays with a half-life of 28.6 years,
      emitting beta particles with a maximum energy of 540 KeV. The product
      resulting from the above process is yttrium-90, Y-90, which decays with a
      half-life of 64 hours, emitting electrons with a maximum energy of 2.28
      MeV. The stable end product is zirconium-90, Zr-90. Thus, for each Sr-90
      atom that disintegrates, one stable Zr-90 atom is ultimately produced
      along with two electrons.
PAR  The efficiency of a nuclear battery using strontium-90 is shown in FIG. 1
      as waveform 5 where theoretical efficiency in % is plotted versus battery
      voltage in megavolts. FIG. 1 shows a theoretical case which disregards
      such losses as leakage, self absorption in the fuel, and secondary
      electron emission losses. It is significant to note that the efficiency of
      the battery increases with increasing voltage up to a maximum efficiency
      of approximately 40% at 0.85 MV. At low voltages, the efficiency is quite
      low. Therefore, a major difficulty with the practical utilization of beta
      cells is the extremely high voltages that one must operate at to achieve
      reasonable levels of efficiency. Available circuit elements have proven
      incapable of withstanding the total generated battery voltage.
PAR  Prior means which have been suggested for reducing the high battery
      voltages to more convenient levels have included means for modulating the
      high voltages, thus producing alternating currents which can be stepped
      down to reasonable voltages. However, systems proposed heretofore have
      typically permitted a battery to charge to a certain value, to
      subsequently discharge, and to then charge up again. As can be seen from
      FIG. 1, while the battery is charging, it operates very inefficiently.
PAR  Referring now to FIG. 2, there is shown a preferred form of apparatus,
      generally disignated 10, for directly converting the kinetic energy of
      charged particles emitted within a nuclear battery or any other high
      voltage D.C. source 11. Nuclear battery 11 is connected in series with a
      plurality of identical power conversion modules 12. As will be described
      more fully hereinafter, each power conversion module 12 is capable of
      withstanding only a portion of the total voltage generated by battery 11.
      Each power conversion module 12 includes means for converting its portion
      of the voltage of battery 11 to an A.C. signal and transformer means for
      reducing the voltage and increasing the current of the A.C. signal to a
      useful level. Each module 12 also includes means for rectifying the
      transformed A.C. signal to a D.C. signal. The outputs of modules 12 are
      connected electrically in parallel to output lines 13 and 14. The combined
      D.C. output of modules 12 may be filtered in circuit means 15 to provide
      energy in commercially usable forms.
PAR  Referring now to FIG. 3, there is shown a preferred embodiment of power
      conversion module 12 including a pair of voltage divider capacitors 20 and
      21 connected in series across the input of module 12. Thus, each power
      conversion module includes two capacitors, all of the capacitors being
      connected electrically in series, thus dividing the output voltage of
      battery 11 by the number of capacitors. Therefore, regardless of which
      power conversion module 12 is being used at any given time, the total
      voltage across battery 11 is shared and divided by capacitors 20 and 21 in
      modules 12.
PAR  In general, modules 12 will act to pass a charge of electrons, module by
      module, from the negative terminal up to the positive terminal of system
      10. As will appear more fully hereinafter, the key to efficient operation
      is that none of capacitors 20 or 21 discharges more than a small portion
      of its charge so that the voltage of battery 11 is maintained in an
      efficient range.
PAR  In each module 12, the junction 22 between capacitors 20 and 21 is
      connected to one side of the parallel combination of a capacitor 23 and a
      resistor 24, the other side of which is connected to the center tap 25 of
      the primary 26 of a transformer 27. The opposite ends of primary 26 are
      connected to first electrodes of a pair of gas glow tubes 30 and 31, the
      other electrodes of which are connected to the other sides of capacitors
      20 and 21, respectively. Gas glow tube 31 has a switch 32 connected
      thereacross to short tube 31 for reasons which will appear more fully
      hereinafter. Finally, transformer 27 has a secondary 28 which is connected
      to the inputs of a conventional diode bridge 33, the outputs of which are
      connected to lines 13 and 14.
PAR  Referring now to FIGS. 2 and 3, before battery 11 is turned on, switches 32
      of all modules 12 are closed. This means that capacitors 23 will all be
      charged in the same direction as voltage divider capacitors 21. When
      battery 11 or other high voltage source is connected to modules 12,
      switches 32 are opened and operation can commence.
PAR  Prior to breakdown, the voltage across gas glow tube 30, V.sub.5, is equal
      to the voltage across capacitor 20, V.sub.1, plus the voltage across
      capacitor 23, V.sub.2, approximately equal to the sum of the voltages
      across capacitors 20 and 21 in series. The current from battery 11 causes
      the voltage V.sub.1 across capacitor 20 to increase until V.sub.5 rises
      above the breakdown voltage of gas glow tube 30, V.sub.B. When this
      occurs, tube 30 fires, passing current through the upper half of primary
      26 of transformer 27. This generates a current in secondary 28 of
      transformer 27, which current is increased over the primary current by the
      turns ratio of transformer 27. The current in secondary 28 is rectified by
      bridge 33 and added in parallel to the outputs of the other modules 12 and
      is then passed to filter circuit 15. Diode bridge 33 is also necessary to
      decouple the different modules 12 from each other and from filter circuit
      15.
PAR  The current passing through the upper half of primary 26 also induces a
      voltage in the lower half, which voltage is applied across glow tube 31 in
      a direction which prevents the firing thereof during this portion of the
      cycle. This will appear more fully hereinafter during the discussion of
      the waveforms of FIG. 5.
PAR  The voltage across tube 30 decreases as the gas glow current increases
      until the region of glow discharge with "normal" cathode fall is reached.
      At that point, the gas glow voltage remains constant with changes in
      current. Once the normal glow region is reached, the current can increase
      or decrease but the voltage V.sub.5 across tube 30 remains constant.
PAR  The current passing through tube 30 and the active upper half of primary 26
      of transformer 27 charges up capacitor 23 while slightly discharging
      capacitor 20. In this regard, the value of capacitor 20 is much greater
      than the value of capacitor 23 so that capacitor 23 charges much more
      rapidly than capacitor 20 discharges. As capacitor 23 becomes more highly
      charged, the voltage across each half of transformer primary 26 drops to
      zero and may slightly overshoot. It is essential that the amount of
      overshoot be kept to less than the cathode fall of tubes 30 and 31. If the
      voltage overshoot is ever more than the cathode fall, the voltage induced
      in the inactive transformer half becomes sufficient to turn on the
      inactive gas glow tube, leading to the simultaneous operation of both of
      tubes 30 and 31. This would lead to the substantial discharge of both of
      capacitors 20 and 21 in a single module 12, with a corresponding reduction
      in the output voltage of battery 11, just the situation the present
      invention is designed to prevent.
PAR  On the other hand, each power conversion module 12 is designed so that
      capacitor 23 becomes fully charged in a direction opposite to that of the
      original charge at the instant that the voltage V.sub.3 across the upper
      half of transformer primary 26 is at its most negative value, and the gas
      glow current is zero. Under these conditions, gas glow tube 30 ceases to
      conduct. The magnetic field of transformer 27 then collapses, releasing
      the residual energy stored in both halves of primary 26 into secondary 28
      from which it is rectified by bridge 33 and passed to output lines 13 and
      14.
PAR  During this time, capacitor 21, which had previously been slightly
      discharged during its active portion of the cycle, is gradually being
      charged due to the current of battery 11. Eventually, gas glow tube 31 is
      ignited by the sum of the voltages across capacitor 21 and the newly
      charged capacitor 23. The second half of the cycle is thus quite similar
      to the first. During the operation of gas glow tube 31, capacitor 20,
      which had been slightly discharged during the operation of tube 30, as
      explained previously, begins to recharge so that it is ready to recycle at
      a later time.
PAR  In practice, switch 32 can be any of a variety of means for initially
      charging capacitor 23. Since apparatus 10 is designed primarily for long
      term operation, start-up will occur only once in a matter of years.
      Various start-up methods include optical firing of alternate gas glow
      tubes 31, use of a firing grid in each of tubes 31, or the use of burn-out
      wires. An rf signal passed through a coil of wire surrounding gas glow
      tubes 31 may also be used to turn them on.
PAR  Resistor 24 in parallel with capacitor 23 is used to stabilize the circuit
      of each power conversion module 12. If there is an imbalance between the
      circuit halves, resistor 24 will preferentially bleed off during the half
      cycle which would otherwise cause the greatest voltage across capacitor 23
      to build up, eventually leading to excessive voltage across capacitor 23
      and one of the capacitors 20 or 21.
PAR  Referring now to FIGS. 4 and 5, a more detailed analysis of the operation
      of each of power conversion modules 12 will be provided. Advantage is
      taken of the fact that a center tapped transformer circuit can be studied
      in halves, each half being a mirror image of the other. Thus, FIG. 4 shows
      such a circuit half including capacitors 20 and 23, resistor 24, and gas
      glow tube 30. Advantage is also taken of the fact that a transformer
      primary, with a resistive load in the secondary, may be accurately
      represented by an inductance 40 in shunt with a parasitic capacitance 41
      and a resistive load which is reflected back from the secondary and
      designated by resistor 42. The voltage across capacitor 20 will be
      designated V.sub.1, the voltage across capacitor 23 will be designated
      V.sub.2, the voltage across the shunt combination of inductance 40,
      capacitance 41, and resistance 42 will be designated V.sub.3, the combined
      voltage across capacitor 23 and inductance 40, V.sub.2 +V.sub.3, will be
      designated V.sub.4, and the voltage across gas glow tube 30 will be
      designated V.sub.5.
PAR  Considering first gas glow tube 30, it may be a conventional voltage
      breakdown tube containing a gas, such as argon, at a low pressure such as
      20-45 mm of Hg. Such a tube might contain two parallel copper disc
      electrodes, spaced 15 centimeters apart. When the voltage across such a
      tube reaches the breakdown voltage, V.sub.B, the current suddenly
      increases with a decrease in interelectrode voltage. The voltage decreases
      to a value called the "normal" cathode fall. At that point, the gas glow
      voltage remains constant with changes in current up to the so-called
      abnormal glow condition, which is reached at about 10.sup.-.sup.2 amperes,
      depending on the cathode area. Such operation is not contemplated in the
      present design.
PAR  With reference to FIG. 5, V.sub.1 is shown as waveform 51, V.sub.2 is shown
      as waveform 52, V.sub.3 is shown as waveform 53, V.sub.4 is shown as
      waveform 54, and the current I.sub.5 through gas glow tube 30 is shown as
      waveform 55. It should also be noted that V.sub.5 is the difference
      between V.sub.1 and V.sub.4. In the following discussion, it will be
      assumed that V.sub.B is 5,000 volts and that the normal cathode fall is
      200 volts.
PAR  The power producing pulse will be described in three phases, indicated as
      Phase 1, Phase 2, and Phase 3. Prior to the start of Phase 1, the voltage
      across capacitor 23, V.sub.2, will be assumed to be at -2,400 volts, for
      reasons which will appear more fully hereinafter. At this time, the
      voltage across capacitor 20, V.sub.1, having previously been slightly
      discharged, continues to charge towards +2,600 volts. When V.sub.1 reaches
      2,600 volts, the voltage across gas glow tube 30, V.sub.5, which is the
      sum of V.sub.1 and V.sub.2, reaches 5,000 volts, the breakdown voltage,
      V.sub.B, and tube 30 turns on.
PAR  When gas glow tube 30 turns on, at t.sub.0, marking the beginning of Phase
      1, so that current I.sub.5 flows therethrough, a voltage appears across
      inductance 40. This current permits charge to accumulate on capacitor 41
      (see waveform 53). Furthermore, a similar, equal and opposite voltage
      appears across the inactive half of transformer primary 26, permitting a
      similar charge to accumulate in the other parasitic capacitance. A current
      is also produced in resistance 42 producing the useful output of the
      present circuit.
PAR  Since the value of parasitic capacitance 41 is much smaller than that of
      capacitance 23 which, in turn, is smaller than that of capacitance 20, the
      voltage V.sub.3 across capacitor 41 rises rapidly, at 60, much faster than
      any change in voltages V.sub.1, at 61, or V.sub.2, at 62. The combined
      voltage across capacitors 23 and 41, V.sub.4, rises during Phase 1, as
      seen at 63, to +2,400 volts at which point the normal cathode fall portion
      of the gas glow characteristic is reached. Because of the rapid change in
      the voltage across capacitor 41, the point of zero resistance, i.e. no
      voltage change for a given current change, across gas glow tube 30 is
      reached with the original charge across capacitors 20 and 23 only slightly
      changed.
PAR  In Phase 2, which begins at t.sub.1 when the voltage V.sub.5 across gas
      glow tube 30 reaches the normal cathode fall, at 64, current flowing
      through inductance 40, as seen at 65, gradually charges capacitor 23 to
      the full +2,400 volts, as seen at 66, while the voltage V.sub.3 across
      capacitor 41 drops to a small value, as seen at 67. During this time, the
      voltage V.sub.5 across tube 30 remains constant. It is essential that the
      combination of capacitors 20, 23, and 41, inductance 40, and resistance 42
      be sufficiently damped so that inductance 40 is limited in the amount of
      reverse voltage it can put across capacitance 41. In other words, if the
      voltage across capacitance 41 is ever greater than the normal cathode
      fall, the inactive portion of primary 26 of transformer 27 can turn on the
      inactive gas glow tube 31 and the system would malfunction. If this does
      not occur, the peak reverse voltage across inductance 40, at 68,
      corresponds to zero gas glow tube current, at 69, which turns off tube 30,
      thus marking the start of Phase 3, at t.sub.2. In Phase 3, the transformer
      magnetic field collapses and the half cycle is completed, leaving
      capacitor 23 now charged to +2,400 volts, as seen at 70. When capacitor 21
      becomes fully charged to -2,600 volts, at 71, the voltage across gas glow
      tube 31 reaches 5,000 volts, V.sub.B, and the other half of the cycle
      commences.
PAR  It can thus be seen that each discharge of tubes 30 and 31 can be separable
      into three phases. In Phase 1, the current increases rapidly after the
      breakdown voltage has been reached. The current characteristics are
      largely determined by the gas glow dynamics. Once the voltage V.sub.4
      across capacitors 23 and 41 has risen sufficiently to reduce the gas glow
      tube voltage to that of the cathode fall, the zero resistance region of
      the gas glow curve has been reached. In Phase 2, inductance 40 will
      continue to dump its charge into capacitance 23 and will continue to pass
      charge from capacitance 20 through gas glow tube 30, also into capacitance
      23. The result is that the voltage V.sub.3 across capacitance 41 gradually
      drops, the voltage V.sub.2 across capacitance 23 rises, the voltage
      V.sub.1 across capacitance 20 drops slightly, while the voltage V.sub.5
      across gas glow tube 30 remains constant. During this time, the current
      I.sub.5 through tube 30, now independent of gas glow characteristics, is
      determined entirely by the circuit parameters. Finally, the damped circuit
      causes the current to drop to zero and gas glow tube 30 turns off,
      initiating the start of Phase 3. In Phase 3, the energy left in both the
      active and inactive inductances 40 and in capacitors 41 is passed out to
      the secondary.
PAR  It can therefore be seen that in accordance with the present invention,
      there is provided a method and means for the direct conversion of the
      kinetic energy of charged particles, such as the particles emitted by
      radioactive isotopes, which solves the problems encountered heretofore.
      The present system does not resort to the heat cycle which characterizes
      radioisotope powered thermoelectric, thermionic, Brayton cycle, or Rankine
      cycle converters. The present system is not, therefore, limited by the
      Carnot cycle efficiency inherent in heat cycles and does not require high
      temperature operation with its attendant materials problems.
PAR  The present system maintains a good operating characteristic even with one
      or more stages malfunctioning, thus having a high part-load reliability.
      Utilization of the present invention will make feasible the economic use
      of fission product radioisotope radiation energy. This is accomplished
      because the high voltage power produced by the present invention is
      efficiently modulated and transformed to a usable range.
PAR  In apparatus 10, battery 11 is permitted to operate in a narrow voltage
      range where its efficiency and other operating characteristics are most
      desirable. This is achieved by distributing the high voltage potential
      generated by battery 11 over a cascade of power conversion modules 12,
      each module 12 being capable of withstanding but a portion of the total
      battery voltage generated. Each module 12 converts the small battery
      current and high voltage to an A.C. pulse which can then be stepped down
      in individual transformers 27 to useful currents and voltages.
      Furthermore, each module 12 performs this function while discharging only
      a very small amount of its portion of the total battery voltage applied
      thereacross so that the voltage across battery 11 remains within a narrow
      operating range. The A.C. output at each module 12 is rectified to a D.C.
      signal and the module outputs are connected electrically in parallel to
      output lines 13 and 14. The combined D.C. output can be filtered to
      provide energy in commercially usable forms.
PAR  While the invention has been described with respect to a preferred physical
      embodiment constructed in accordance therewith, it will be apparent to
      those skilled in the art that various modifications and improvements may
      be made without departing from the scope and spirit of the invention. For
      example, it will be obvious that other circuit arrangements can be
      utilized in modules 12 to achieve the results obtainable with the specific
      circuit shown. Accordingly, it is to be understood that the invention is
      not to be limited by the specific illustrative embodiment, but only by the
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for converting the output of a high voltage D.C. source to a
      lower voltage and a higher current comprising a plurality of power
      conversion means, each of said power conversion means including:
PA1  a pair of capacitors, all of the capacitors of said plurality of power
      conversion means being connected electrically in series across said D.C.
      source output, said D.C. source charging said capacitors, each of said
      power conversion means receiving only a portion of said high voltage;
PA1  transformer means including a primary and a secondary; and
PA1  means for alternately, periodically discharging only a small portion of the
      charges on said capacitors for converting said high voltage portion to an
      A.C. signal, said discharging means comprising:
PA2  a second capacitor connected between the junction between said pair of
      capacitors and the center of said primary of said transformer means; and
PA2  a pair of switching means connected between the other sides of said pair of
      capacitors and the opposite ends of said primary of said transformer
      means, said switching means comprising gas glow tubes, said transformer
      means reducing the voltage and increasing the current of said A.C. signal,
      the secondaries of said transformer means of each of said power conversion
      means being connected electrically in parallel.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the capacitance value of each
      capacitor of said pair of capacitors is much greater than that of said
      second capacitor.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein each of said power conversion
      means further includes:
PA1  means coupled to said secondary of said transformer means for electrically
      isolating the output of said transformer means of each power conversion
      means from the outputs of the other power conversion means.
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ABST
PAL  An inverter circuit, having a dc input and an ac output, has an input
      circuit portion which includes an isolating diode and an input filter
      including a choke and a polarized capacitor across the dc input. The
      dc-chopper portion of the inverter circuitry may either be centre-tapped
      -- where half of the primary winding is in the circuit at any time -- or
      bridge-type -- where all of the primary winding is in the circuit. In any
      event, the chopper portion uses SCR's, and has 180 electrical degree
      commutation; with a commutation capacitor across the primary winding of
      the output transformer and a commutation choke in series with the SCR's.
      Feedback is provided by feedback diodes which may be connected to taps on
      the primary winding of the transformer, or which may be in parallel with
      the commutation choke, and which in any event are connected in
      counter-polarity to the polarized input capacitor. The SCR's of the
      chopper circuitry may be isolated by diodes in series with them, from the
      primary winding of the output transformer.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to inverter circuitry whereby direct current input
      is converted to an alternating current output; and in particular, this
      invention teaches circuits for inverters having 180 electrical degree
      fixed firing, with direct current commutation, where the commutation and
      frequency of the circuit are independent of the load conditions on the
      inverter. A feature of the present invention is that inverter circuits
      according hereto have closed loop feedback which is electrically isolated
      from the inverter load.
PAC  BACKGROUND OF THE INVENTION
PAR  It has long been known to convert dc power to ac power; and such power
      converters -- known as inverters -- which convert constant voltage,
      regulated dc to ac, using SCR's, have been known. However, SCR operated
      inverters having very high power ratings at low, industrial frequencies
      (generally 60 Hz or 400 Hz) have tended to be unstable or to have wide
      frequency variations beyond an acceptable level. Inverters of the prior
      art have included circuitry having closed loop feedback control where the
      ac output is sensed and the dc firing is controlled thereby, and have
      included generations of inverters having phase angle controlled firing,
      pulse modulated firing, and pulse modulated and phase angle controlled
      with pulse shaping, etc. For example, the firing angle of transistors or
      triacs used in a dc-chopper circuit may be controlled so as to assure a
      constant average output voltage, such as by controlling the pulse width
      and/or the pulse amplitude, while sensing the ac output and controlling
      the chopper having the dc input. It is usual, in the prior art inverter
      technology, to provide combination LC series/parallel resonant ac waveform
      filters or, in the case of pulse modulated firing, capacitor filters.
PAR  However, the prior art inverter circuitry such as that discussed above, has
      had a number of disadvantages. For example, in using capacitor filters
      with inverters having other than the very smallest power ratings, filter
      banks which are physically very large have been required. More especially,
      however, is the fact that while the electronic sensing of the ac output of
      an inverter is very fast, and control of SCR firing can be equally as fast
      -- in the order of a few milliseconds -- the response time of a
      series/parallel LC filter may be quite sluggish in comparison -- in the
      order of three to thirty cycles of inverter operation, depending upon
      frequency and power rating. If the inverter is subject to a dynamic load,
      i.e. one which may vary rapidly as to its power requirements or its power
      factor, or if the inverter circuit is subject to fluctuations or sudden
      changes in its dc input voltage level, the ac output voltage may vary
      considerably in level and, indeed, in frequency. What may happen,
      therefore, is that the ac output may tend to overshoot or undershoot, the
      ac output may ring or the chopper output may ring, hunting may occur and
      feedback loop instability results. The output may then collapse, the SCR's
      may misfire, and the inverter fails.
PAR  In addition, as the load on an inverter changes or its power factor
      changes, which may be following by a period of ringing of the inverter
      output or instability of the feedback and control loops within the
      inverter, there may be very high power radio frequency noise generated in
      the dc-chopper. Additionally, the firing circuit for the SCR's in the
      chopper may, itself, become subject to RF interference.
PAR  In the instance when two or more inverters may be connected in parallel,
      reliability and stability problems are encountered because, for example,
      it is difficult to predict the precise manner in which an inverter output
      may ring, or to overcome or suppress loop instabilities. In addition,
      difficulties occur when two or more inverters are either connected to the
      same dc source, or even when a single inverter is switched from one dc
      source to another having a slightly different level. To overcome some of
      these difficulties, designers have been obliged to assure that each
      inverter has its own dc supply and that no other noise creating dc loads
      are connected to that supply.
PAR  In addition, none of the prior art inverters provide inherent current
      limiting and short circuit proof performance; and current limiting in such
      inverters must be established electronically. This means, of course, that
      in the case of an electronic failure, SCR's might be short circuited, and
      diodes and fuses can be overloaded, and damage of failure to the inverter
      occurs; which, in any event, requires a period of non-operating time for
      repair or replacement.
PAR  Akamatsu, in U.S. Pat. No. 3,683,267 issued Aug. 8, 1972, teaches a power
      control system having an inverter which includes at least two thyristors
      or SCR's, and where a non-linear reactor is connected in series with each
      thyristor. A commutating capacitor is connected between the thyristors,
      and at any instant one of the thyristors is fired so as to apply the
      voltage which is accumulated on the commutator capacitor to the other of
      the thyristors, in the reverse bias direction, so as to effect
      commutation. However, the Akamatsu circuits are particularly adapted for
      use at relatively high operating frequencies, and are devised so as to
      reduce commutation current and absorption of feedback power, thereby
      increasing the efficiency of the inverter. The Akamatsu circuits, however,
      do not lend themselves to parallel operation, either from different
      sources or from the same source; and the circuits are such that the output
      may, under rapidly changing load conditions, have a high harmonic content.
PAR  Wurst, et al, in U.S. Pat. No. 3,702,432 issued Nov. 7, 1972, teach an
      inverter which uses SCR's, and where bifilar choke is used having one
      winding in series with each of the SCR's and off the end of a
      centre-tapped output transformer so as to prolong the discharge time of
      the commutation capacitor and thereby prevent high peak currents during
      commutation. The Wurst et al circuits, however, not only require the use
      of a special choke -- rather than "off-the-shelf" components -- but the
      Wurst et al circuit may tend to have frequency instability.
PAR  What applicant does herein, is to provide a group of inverter circuits --
      which may operate either with a centre-tapped transformer connected to a
      dc-chopper or with a bridge-type chopper across a transformer -- and which
      in any event have high reliability and a completely isolated dc input
      circuit from the ac output circuit, including an isolated dc feedback
      loop. The circuits of the present invention have choppers which operate
      over 180 electrical degrees on each side so that the inverter output
      frequency is substantially constant and is independent either of the load
      or of the input dc voltage.
PAR  The circuits of the present invention are particularly adapted to be
      operated with a ferroresonant voltage regulating circuit of the sort which
      is taught in applicant's U.S. Pat. No. 3,824,449. In the circuits of the
      present invention, the commutation capacitor may be decoupled from the
      dc-chopper transformer, by means of series diodes; and in such circuits,
      because the 180 electrical degree commutation effectively frees the
      inverter from effects of changes of power factor of the load, current and
      voltage stresses within the commutation circuits of the inverter are
      substantially constant and are predictable.
PAR  Other features of the present invention are the inclusion of input
      circuitry which limits in-rush current and permits very fast start up of
      the inverter. Such "soft start" circuitry creates less stress on the dc
      power source, and on the components in the commutation circuits.
PAR  Thus, the present invention comprises an inverter circuit, as described
      above, having the combination of at least:
PA1  a. an input diode connected to the dc source for the inverter, and having
      its polarity arranged so as to be normally conductive;
PA1  b. an input filter choke in series with the dc input and the input diode;
PA1  c. an input, polarized capacitor across the dc input;
PA1  d. a pair of SCR's facing in the same direction with respect to the input
      and having an unpolarized commutation capacitor facing the SCR's on the
      side of each thereof which is remote from the dc source;
PA1  e. a drive circuit for the SCR's arranged so that, at any time, one or the
      other of the SCR's is conductive;
PA1  f. a transformer -- which is essentially a dc-chopper transformer --
      arranged with its primary winding connected so that at any instant of time
      at least a portion of the primary winding is in series with the SCR which
      is conductive at that instant -- the ac output of the basic inverter
      circuitry being taken from the secondary winding of the transformer;
PA1  g. a pair of de-coupling diodes, each connected to the primary winding of
      the transformer so as to have 100% of that winding between their
      connection points, with the other sides of each of the de-coupling diodes
      being connected in series to one each of the SCR's; the unpolarized
      commutation capacitors being connected between the common points of the
      series connection of the pairs of SCR's and de-coupling diodes;
PA1  h. a commutation choke in series with the SCR's and connected in such a
      manner that each of the SCR's is in series with at least a portion of the
      commutation choke;
PA1  i. and a feedback circuit which comprises at least one diode arranged in
      counter polarity to the polarized input capacitor and connected to the
      opposite polarity side of the polarized input capacitor, with the other
      side of the diode facing the primary winding of the transformer.
PAR  The above is a basic description of the principle arrangement of basic
      circuits according to the present invention. For example, a dc-chopper
      transformer may be a centre-tapped transformer where each of the SCR's
      faces one or the other of the ends of the primary winding of the
      transformer, and the primary winding is centre-tapped to one side of the
      dc input; or the dc-chopper may be of the bridge variety having two pairs
      of SCR's where both SCR's of each pair face in the same direction and the
      pairs are oppositely faced with respect to the dc input, and where each of
      the SCR's in each pair faces one or the other of the ends of the primary
      winding of the transformer. In the latter circumstances -- i.e., in the
      case of a bridge-type dc-chopper -- one or the other of each of the pairs
      of SCR's is conductive at any instant of time, in a manner so that both
      ends of the primary winding of the dc-chopper transformer face a
      conductive SCR at all times.
PAR  A number of variations with respect to the basic circuits according to this
      invention are discussed hereafter. Such variations include direct-coupled
      commutation capacitors, soft-start input circuits, forced commutation of
      both centre-tapped chopper circuits and bridge-type chopper circuits,
      alternative feedback arrangements, etc.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The major purpose of this invention is to provide improved inverter
      circuitry which may be used in single or multi phase, at relatively low
      frequencies and with high power ratings, where the circuits themselves may
      be built up from substantially "off-the-shelf" components and have high
      reliability -- i.e., high MTBF (Mean Time Between Failures) rating -- for
      such purposes as remote installations or installations with delicate power
      loads such as computers or telecommunications equipment.
PAR  A feature of the present invention is that dc-chopper circuits of either
      the centre-tapped or bridge-type design may be utilized, while retaining
      the principles of operation of the basic circuit concepts, including
      improved input circuitry and completely isolated feedback circuitry.
PAR  An object of this invention is, therefore, to provide inverter circuitry
      such that the dc-chopper is substantially independent of the load, and
      that its operation is substantially independent of load or power factor
      changes in the ac output.
PAR  A still further object of the present invention is to provide an inverter
      having very low noise and low harmonic content in its ac output.
PAR  Yet another object of this invention is to provide inverter input circuits
      which preclude very high dc in-rush currents to the inverter as it is
      starting or restarting after a dc power outage.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other features of the present invention are described in more
      detail hereafter, in association with the accompanying drawings, in which:
PAR  FIG. 1 illustrates a basic circuit in accordance with this invention;
PAR  FIG. 2 shows an alternative input portion of the circuit of FIG. 1;
PAR  FIG. 3 shows yet another alternative input portion of the circuit of FIG.
      1;
PAR  FIG. 4 shows an alternative chopper and feedback arrangement for the
      circuit of FIG. 1;
PAR  FIG. 5 shows yet another alternative chopper and feedback arrangement;
PAR  FIG. 6 shows an alternative chopper arrangement;
PAR  FIG. 7 shows an alternative commutation choke arrangement;
PAR  FIG. 8 shows an alternative commutation capacitor arrangement;
PAR  FIG. 9 shows another alternative chopper arrangement having forced
      commutation;
PAR  FIG. 10 shows yet another chopper arrangement;
PAR  FIG. 11 is the circuit of a preferred embodiment of a centre-tapped chopper
      arrangement according to this invention;
PAR  FIG. 12 is a basic showing of a bridge-type chopper arrangement of the
      basic circuit according to this invention;
PAR  FIG. 13 shows an alternative commutator choke arrangement;
PAR  FIG. 14 shows an alternative feedback arrangement;
PAR  FIG. 15 shows yet another alternative feedback arrangement;
PAR  FIG. 16 shows an alternative chopper circuit and commutation arrangement;
PAR  FIG. 17 shows a further alternative chopper arrangement; and
PAR  FIG. 18 is the circuit of a preferred embodiment of a bridge-type chopper
      arrangement according to this invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As noted above, a major object of this invention is to provide a high
      reliability inverter circuit which may have either a centre-tapped
      dc-chopper or a bridge-type dc-chopper. In any event, the inverter has 180
      electrical degree SCR control, so that one or another of at least a pair
      of SCR's is conductive at any instant. The ac output from the inverter
      circuitry may be fed to a ferroresonant circuit which forms no part of
      this invention, but which may be similar to that taught in applicant's
      abovementioned U.S. Pat. No. 3,824,449.
PAR  The circuit which is shown in FIG. 1 is a basic circuit with reference to
      its major features of the present invention, as explained hereafter. There
      are certain designated pairs of terminals which delineate certain sections
      or portions of the inverter circuitry, some of which portions or sections
      are illustrated in other figures of the drawings with the object in mind
      of showing alternative arrangements for such portions of the circuitry,
      which might be adapted to other alternative arrangements of other portions
      of the circuitry still within the ambit of the present invention. Thus,
      the dc input to the inverter circuitry according to this invention is at
      terminals 1--1; an input polarized capacitor is across the input at
      terminals 2--2; and the SCR's in the dc-chopper portion of the inverter
      circuitry are connected to terminals 3--3.
PAR  In the basic circuit 10 illustrated in FIG. 1, an input diode 12 is
      connected to the direct current source at one of the terminals 1--1, and
      is arranged so as to be conductive under normal operating conditions of
      the inverter. An input filter choke 14 is connected in series with the
      input diode 12, and is therefore in series with the dc input. A polarized
      capacitor 16 is connected between terminals 2--2, across the direct
      current input, with the positive side of the polarized capacitor 16 facing
      the positive side of the dc input.
PAR  An alternative arrangement of the input section of inverter circuitry
      according to this invention is illustrated in FIG. 2; and it comprises the
      input diode 12, a dual input choke 13.1 and 13.2, and the polarized
      capacitor 16. The input choke 14 of FIG. 1 has therefore been replaced by
      the dual choke 13.1 and 13.2, which has one coil in series with each side
      of the dc input at terminals 1--1.
PAR  A pair of silicon controlled rectifiers 18 and 20, which are facing in the
      same direction with respect to the direct current input, are connected to
      terminals 3--3. Connected between the sides of the SCR's 18, 20 which are
      remote from the dc source is an unpolarized commutation capacitor 22; and
      as noted hereafter, the commutation capacitor 22 may be directly connected
      to the SCR's or connected so as to be facing the sides of the SCR's which
      are respectively remote from the dc input.
PAR  A drive circuit 24 is provided, and is connected to the gates of the SCR's
      18 and 20 so as to drive them in a manner such that, at any time, one or
      the other of the SCR's 18, 20 is conductive. In other words, the drive
      circuit 24 is connected to the gates of the SCR's 18 and 20 in such a
      manner that, having regard to the ac output of the dc-chopper which
      comprises the SCR's, each of the SCR's is driven for 180 electrical
      degrees with respect to that output. The nature of the drive circuit is
      not material to the present invention, and the drive circuit may be of any
      suitable sort which is adapted to drive the SCR's which may have very high
      power ratings, and which may operate at standard power frequencies such as
      60 Hz or 400 Hz.
PAR  A chopper transformer is connected with its primary winding 26 on the side
      facing the SCR's 18 and 20, and its secondary winding 28 facing the ac
      load on the inverter, or such ferroresonant voltage regulating circuitry
      or other filter and similar circuitry as might be required. In the circuit
      of FIG. 1, which shows a centre-tapped dc-chopper; the primary winding 26
      is tapped at 30; and the arrangement of the primary winding 26 is such
      that at any instant at least a portion of the primary winding 26 is in
      series with whichever of the silicon controlled rectifiers 18 and 20 is
      conductive at that instant.
PAR  A commutation choke 32 is shown in FIG. 1 in series with the SCR's 18 and
      20. An alternative arrangement for the commutation choke 32 is shown in
      FIG. 7, where a dual choke 31.1 and 31.2 is shown between points 3--3, and
      is connected at its common point 33 to the negative one of the terminals
      2--2 in the same manner as one end of the commutation choke 32 is
      connected to the negative one of the terminals 2--2 in FIG. 1. Where the
      commutation choke is a dual choke such as shown in FIG. 7, at least a
      portion of the commutation choke is in series with each of the SCR's 18
      and 20. The commutation choke shown in FIG. 7 may also be a differential
      choke, a non-linear inductor, a saturable core reactor, a magnetic
      amplifier, or a flux reset reactor having either single or dual cores and
      with the winding polarities properly connected so as to preclude high
      commutation currents.
PAR  The basic circuit shown in FIG. 1 has a feedback circuit which comprises a
      pair of diodes 34 and 36 which are connected to taps 38 and 40
      respectively of primary winding 26 of the dc-chopper transformer. It will
      be noted that taps 38 and 40 are on either side of the centre-tap 30. The
      diodes 34 and 36 are connected so as to be in counter-polarity to the
      polarized input capacitor 16 -- i.e., the anodes of diodes 34 and 36 as
      shown in FIG. 1 are connected to the negative side of the polarized
      capacitor 16. The other side of the diodes, remote from the polarized
      capacitor, face the primary winding 26 of the transformer.
PAR  Alternative feedback arrangements are shown in FIGS. 4 and 5. In FIG. 4,
      the commutation choke 31.3 has an iron core 44 and a second winding 42 on
      that core. The coil 42 -- which may be considered as a secondary winding
      on the iron core 44 -- is in series with a single feedback diode 46 which
      is connected to the polarized capacitor 16 in counter-polarity thereto.
      That is to say, the anode of feedback diode 46 is connected to the
      positive side of the polarized input capacitor 16.
PAR  Yet another alternative feedback arrangement is shown in FIG. 5, where a
      feedback diode 46.1 is connected across the commutator choke 32. Once
      again, the feedback diode 46.1 is connected to the polarized capacitor 16
      in counter-polarity thereto, with the anode of the diode being connected
      to the negative side of the polarized capacitor. The feedback arrangement
      of FIG. 5 is less efficient with respect to power recovery than the
      feedback arrangements illustrated in FIGS. 1 and 4, and leads to heating
      of the choke 32.
PAR  With respect to any of the feedback arrangements discussed above, it will
      be seen that the feedback circuit is a closed diode loop within the
      inverter, isolated from the load and independent thereof. The operation of
      the feedback circuits is premised on the fact that the inverter operation
      can accommodate an inductive to resistive load, and that in any event
      there is an inductive reactance commutation choke in series with the
      SCR's, or at least in series with the SCR which is conducting at any
      instant in time.
PAR  In the preferred arrangement of the SCR's 18 and 20 with respect to the
      primary winding 26 of the centre-tapped chopper transformer, the SCR's 18
      and 20 are de-coupled therefrom -- and thus from the load as it may be
      reflected into the primary winding -- by diodes 52 and 54. The de-coupling
      diodes are connected to the primary winding, in this instance, so as to
      have 100% of the primary winding between their connection points; and they
      are facing in the same direction as the SCR's 18 and 20. De-coupling diode
      52 is in series with SCR 18, and de-coupling diode 54 is in series with
      SCR 20. The commutation capacitor 22 is connected between the common
      points of the series connections of diode 52 and SCR 18 and of diode 54
      and SCR 20, so that the commutation capacitor 22 is de-coupled from the
      primary winding 26 of the chopper transformer by the de-coupling diodes 52
      and 54. Thus, the 180 electrical degree commutation of the inverter
      circuitry of the present invention is not influenced by the power factor
      of the load on the inverter, or the transformer inductance. Therefore,
      instantaneous current and voltage stresses in the commutation circuit are
      substantially constant, and may be predicted and designed for.
PAR  What has been discussed, so far, are the basic components of inverter
      circuits according to this invention, where an inverter is provided which
      is substantially fail-safe, particularly with respect to commutation
      failure due to heavy load switching; and which is also substantially free
      of the effects of variation of the dc input voltage, or of power factor or
      changing power factor of the ac load. The dc input is completely isolated
      from the ac output, as is the feedback loop. Because of the 180 electrical
      degree fixed firing of the SCR's, it is possible to obtain an output
      frequency from the inverter circuits according to this invention which is
      independent of the ac load or of the dc input voltage level.
PAR  The reactive load which is reflected into the primary winding of the
      chopper transformer is fed back and recovered as rectified, dc power, by
      use of the feedback circuits discussed above. The efficiency of the
      inverter circuits is thereby increased.
PAR  Another major innovation which may be added to the inverter circuitry of
      the present invention is the input circuit shown in FIG. 3. That circuit
      provides for a soft-start as the inverter first begins operation or
      recovers after a complete power outage, and comprises a resistor 48 in
      series with the polarized input capacitor 16 and a diode 50 connected in
      counter-polarity to the dc input and in parallel with the resistor 48.
      Thus, the cathode of the diode 50 faces the cathode of the input diode 12,
      and the anode of the diode 50 faces the positive side of the polarized
      capacitor 16. By this arrangement, even when the full ac load is connected
      to the inverter at the startup, dc in-rush currents may be limited to from
      3 to 6 times nominal dc current during operation with that load, while at
      the same time permitting a startup of the inverter in as few as 4 cycles
      of operation thereof.
PAR  In the event of failure of the dc input, the input diode 12 prevents
      discharge of the capacitor 16 backwards to the dc source. During startup,
      as the capacitor 16 is being charged, high in-rush currents cause a
      voltage drop across the resistor 48 up to the clamping level of the diode
      50, whereby current limiting is effected. The input circuitry of FIG. 3,
      when associated with an inverter -- particularly according to this
      invention -- thereby assures a "soft start" i.e. that extremely high
      in-rush currents are precluded.
PAR  When the inverter circuit is first connected to its dc power source, or in
      the event of a momentary or even prolonged interruption of the dc power
      source, a fast and soft start or re-start is assured by the circuit of
      FIG. 3 -- and in the event of short dc power interruptions, a
      substantially continuous ac output is assured. At startup, the firing
      pulses for the SCR's are firmly established by the firing circuit. When
      the inverter circuitry has been operating for a short period of time, the
      time constant of the LC filter which comprises the input choke 14 and the
      input capacitor 16 is long, so that when the capacitor 16 has been fully
      charged, operation of the dc-chopper circuit is maintained over a few
      cycles of operation as determined by the time constant of the LC filter.
      Also, the isolating diode 12 precludes feedback of energy from the input
      capacitor 16 to the dc source in the event that the voltage of the dc
      source fails or collapses.
PAR  It should be noted that, in the present discussion in association with the
      drawings, it is understood that connections of the SCR's or other
      components -- particularly such as feedback diodes or de-coupling diodes
      -- which are made to the primary winding of the chopper transformer, may
      be made at taps such as illustrated in FIG. 1 at 38 and 40. Such taps are
      normally arranged so as to provide from 60 to 100% of the primary voltage
      between them. It should also be noted that an overwind coil may also be
      placed on the primary winding or the transformer, as discussed hereafter
      with respect to FIGS. 8, 9 and 17. As mentioned previously, the secondary
      winding 28 of the chopper transformer, whose output is substantially
      sinusoidal, may be connected to voltage regulator or other circuits such
      as taught in the aforementioned U.S. Pat. No. 3,824,449.
PAR  FIG. 6 shows an un-decoupled dc-chopper circuit, where the SCR's 18 and 20
      are directly coupled to the primary winding 26 of the chopper transformer.
      However, in order that there be good operation of the circuit, large
      commutation capacitors 22 may be required; especially if there is a highly
      inductive load, which may otherwise result in incomplete or faulty
      commutation -- all of the reactive power being absorbed by the capacitors
      -- and heating of the chopper transformer.
PAR  FIG. 8 illustrates yet another alternative arrangement for the commutation
      capacitor 22 in a direct-coupled chopper whereby lower average commutation
      currents may be achieved. In this circuit, the SCR's 18 and 20 are
      directly coupled the primary winding 26.2, and an overwind coil having
      coil portions 56 and 58 is placed on the primary winding 26.2 so that the
      portions 56 and 58 are in series therewith. The commutation capacitor 22
      is connected across the overwind coil and the primary winding.
PAR  The circuit of figure 9 is one in which the SCR's 18 and 20 are joined by a
      second pair of SCR's 60 and 62, where SCR 60 is in parallel with SCR 18
      and SCR 62 is in parallel in SCR 20. SCR's 60 and 62 face in the same
      direction as SCR's 18 and 20. The gates of the SCR's 60 and 62 are
      connected to the same drive circuit 24 as the gates of SCR's 18 and 20,
      and they are connected in such a manner so that when SCR 18 is fired, SCR
      62 is fired; and when SCR 20 is fired, SCR 60 is fired. That is, the
      connection of SCR's 18, 20 60 and 62 is such that one of each of the pairs
      of SCR's 18, 20, and 60, 62 is always conductive. A pair of capacitors
      23.1 and 23.2 is connected so that one of each of the capacitors is
      between one each of the pairs of SCR's 18, 20 and 60, 62, as shown. The
      SCR's 18 and 20 are connected to the primary winding 26.2, and the SCR' s
      60 and 62 are connected through diodes 53 and 55 to the outer ends of
      portions 57 and 59 respectively of an overwind coil which is placed on the
      primary winding 26.2. The circuit of FIG. 9 is an auxilliary commutated
      dc-chopper, i.e., one having forced commutation; and in this circuit
      commutation is forced, regardless of the load on the inverter. The
      capacitors 23.1 and 23.2, and the diodes 53 and 55, provide a bias network
      for the auxilliary SCR's 60 and 62. Preferably the terminals 3-3 are
      connected to the dual coils of a differential commutation choke, as shown
      in FIG. 7.
PAR  The circuit which is shown in FIG. 10 is a basic, de-coupled chopper
      circuit, except that commutation diodes 64 and 66 are connected in
      parallel across SCR's 18 and 20 respectively, and in counter-polarity
      thereto. The commutation diodes 64 and 66 may be used to reduce the
      voltage stress across the SCR's 18 and 20 during commutation.
PAR  The circuit which is shown in FIG. 11 is a preferred embodiment of an
      inverter circuit according to this invention having 180 electrical degree
      commutation and a centre-tapped chopper transformer. It will be noted that
      the circuit includes the isolating diode 12, input chokes 13.1 and 13.2,
      polarized input capacitor 16 and the soft-start circuitry in series with
      capacitor 16, namely resistor 48 and diode 50. The commutator choke 32 is
      in series with SCR's 18 and 20, de-coupling diodes 52 and 54 are in series
      with SCR's 18 and 20 respectively and the commutating capacitor 22 is
      de-coupled from the primary winding 26 of the chopper transformer. The
      feedback circuit includes diodes 34 and 36 connected from taps 38 and 40
      respectively of the primary winding 26, and connected in counter-polarity
      to the input polarized capacitor 16. The operation of the circuit of FIG.
      11 is as discussed above.
PAR  Turning now to FIG. 12, there is shown an alternative basic circuit of the
      present invention, having a bridge-type dc-chopper rather than the
      centre-tapped chopper arrangement of the circuits of FIGS. 1, 4 to 6, and
      8 to 11. The operation of the circuit of FIG. 12 is essentially the same
      as the operation of the circuit of FIG. 1; and indeed the circuit of FIG.
      12 includes the isolating diode 12, input filter choke 14 and input
      polarized capacitor 16 across the dc source. SCR's 18.1 and 20.1, which
      face in the same direction with respect to each other, are connected so
      that each of the SCR's is across the primary winding 26 of the chopper
      transformer. However, a further pair of SCR's 68 and 70 is also connected
      in parallel with each other and facing in the same direction with respect
      to each other, and across the primary winding 26 so that SCR's 20.1 and 68
      are connected to one end of the primary winding 26, and SCR's 18.1 and 70
      are connected to the other end of the primary winding 26. A pair of
      commutation capacitors 22.1 and 22.2 are connected so that each is across
      the primary winding 26, with commutation capacitor 22.1 being connected
      between SCR's 18.1 and 20.1 and commutation capacitor 22.2 being connected
      between SCR's 68 and 70. The drive circuit 24.1 is connected to the gates
      of the SCR's in a manner so that one of each of the pairs of SCR's 18.1,
      20.1 and 68, 70 is always conductive and so that the primary winding 26 is
      always in the circuit. Thus, SCR's 18.1 and 68 are fired at the same time,
      and SCR's 20.1 and 70 are fired at the same time; and 180 electrical
      degree commutation is again achieved by the choppered circuit of FIG. 12.
PAR  The commutation choke arrangement in FIG. 12 includes a commutation choke
      32.1 connected to terminals 3a--3a and in series with the pair of SCR's
      18.1, 20.1; and commutation choke 32.2 connected to terminals 3b--3b, and
      in series with the pair of SCR's 68 70.
PAR  The feedback arrangement from the primary winding 26 of the chopper
      transformer in the circuit of FIG. 12 includes a dc bridge as shown in
      FIG. 12, or it may include at least two diodes connected in
      counter-polarity with respect to the input polarized capacitor 16, as
      discussed hereafter in association with FIGS. 14 and 15. In any event, the
      feedback circuit shown in FIG. 12 includes a bridge having diodes 72, 74,
      76 and 78 which are connected in such a manner that the cathodes of diodes
      72 and 78 are connected to the positive side of polarized capacitor 16,
      and the anodes of diodes 74 and 76 are connected to the negative side of
      the polarized capacitor 16. The bridge connections 73 and 77 which are
      between diodes 72 and 74 and diodes 76 and 78 respectively are connected
      to taps 38.1 and 40.1 of the primary winding 26 of the chopper
      transformer.
PAR  De-coupling diodes 52.1 and 54.1 are in series with SCR's 18.1 and 20.1,
      respectively, and de-coupling diodes 80 and 82 are in series with SCR's 68
      and 70, respectively. The commutation capacitors 22.1 and 22.2 are, in
      each case, de-coupled from primary winding 26 of the chopper transformer.
PAR  Referring to FIGS. 14 and 15, they illustrate comparable feedback circuits
      for a bridge-type chopper as the feedback circuits which are illustrated
      in FIGS. 4 and 5 respectively for the centre-tapped chopper circuit
      version of the inverter circuitry of the present invention. Thus, the
      commutator chokes 32.1 and 32.2 of FIG. 12 are replaced by a first dual
      choke having an iron core 44.1 and primary and secondary windings 32.3 and
      32.4 and a second similar choke having an iron core 44.2 and primary and
      secondary windings 32.5 and 32.6 respectively. The windings 32.3 and 32.4
      are connected to terminals 3a--3a, and the windings 32.5 and 32.6 are
      connected to the terminals 3b--3b. The ends of windings 32.4 and 32.6
      which are moved from terminals 3a--3a and 3b--3b  respectively are
      connected to feedback diodes 46.2 and 46.3 respectively, each of which is
      then connected to the input polarized capacitor 16 in counter-polarity
      thereto.
PAR  In the circuit of FIG. 15, which shows a low efficiency feedback
      arrangement similar to that of FIG. 5, feedback diodes 46.4 and 46.5 are
      connected in counter-polarity to the input polarized capacitor 16 and
      across the commutator chokes 32.1 and 32.2 respectively.
PAR  Needless to say, the input circuit arrangement of FIGS. 2 and 3 can be
      utilized in the input of FIG. 12, and are shown in FIG. 18 which shows a
      preferred circuit of the bridge-type chopper version of the inverter
      circuitry according to the present invention, in a similar manner as the
      circuit of FIG. 11 shows a preferred circuit of a centre-tapped chopper
      arrangement, as discussed above.
PAR  FIG. 13 shows the use of dual chokes having windings 31.3 and 31.4 to
      replace commutator choke 32.1 of FIG. 12, and windings 31.5 and 31.6 to
      replace commutator choke 32.2 of FIG. 12. The operation of the circuit of
      FIG. 14 is otherwise identical with that of the circuit of FIG. 7.
PAR  The circuit of FIG. 16 is similar to the circuit of FIG. 8, except that it
      is adapted for use with a bridge-type chopper, and shows a direct-coupled
      chopper circuit with a single, direct-coupled commutator capacitor 22.3
      connected across the primary winding 26.1 which has an overwind coil with
      portions 56.1 and 58.1 thereon. Once again, the operation of the circuit
      of FIG. 16 is similar to the operation of the circuit of FIG. 8, as
      discussed above.
PAR  The circuit of FIG. 17 shows the bridge-type version of the circuit of FIG.
      10. That is, the circuit of FIG. 17 includes two pairs of commutation
      diodes 64.1, 66.1 and 64.2, 66.2 respectively, which are connected in
      parallel but in counter-polarity to SCR's 18.1, 20.1, 68 and 70
      respectively.
PAR  As mentioned above, the circuit of FIG. 18 shows the preferred embodiment
      of a bridge-type inverter circuit according to this invention, including a
      similar input circuit to that of FIG. 11, a de-coupled bridge-type chopper
      with de-coupled commutator capacitors and a bridge-type feedback from the
      primary winding of the chopper transformer.
PAR  Obviously, because of the time constant of the LC circuit comprising the
      commutation choke and the commutation capacitors in the chopper circuits
      discussed above, and because of the 180 electrical degree commutation,
      relatively low average power is consumed in the firing pulse of each SCR.
      Reliable commutation is also assured.
PAR  Because the control of the inverter circuitry discussed above in
      independent of the load, and in most cases the commutation capacitors are
      de-coupled from the chopper transformer, two or more inverters of the
      present invention can be parallel connected where the only requirement for
      a common control between the parallel inverters is requirement for common
      firing of the SCR's. This may be arranged through the use of a single
      oscillator or a dual, redundant oscillator, slave firing or through
      synchronization of the drive circuits to an ac line.
PAR  Another possibility of multiple connections of inverters according to the
      present invention is in a multi-phase system such as a three-phase power
      system. In that instance, three dc-chopper circuits which are displaced
      120 electrical degrees from one another are parallel-connected, operating
      from a common dc source, with their ac outputs being fully isolated and
      connected in a three-phase wye output having either three or four wires.
      In this manner, reliable three-phase inverter circuitry is assured even
      when the phases are imbalanced; and fixed frequency operation which is
      independent both of the load and of the dc power source is provided.
PAR  In like manner, because of the fixed frequency output and because the
      operation of the chopper circuits is independent of the load or of the dc
      source, having 180 electrical degree commutation, it is possible to
      provide two or more output circuits from a single chopper. For example, a
      single phase 120-0-120 volt system may easily be provided, using two
      ferroresonant regulated a-c output circuits.
PAR  The inverter circuitry of the present invention provides reliable
      operation, using off-the-shelf components. The ac output voltage of the
      inverter circuitry of the present invention is regulated by closed-loop dc
      feedback and may be arranged with remote sensing means to provide very
      precise output control at the load terminals where such loads are voltage
      sensitive. The response time of the inverter circuitry according to the
      present invention is within one to three cycles of chopper operation.
      Because of the LC circuit provided by the commutator choke and the
      commutator capacitors, low overshoot or undershoot is assured, hunting is
      reduced, and RF or high harmonic distortion is essentially precluded.
PAR  At the same time, inverter circuitry according to the present invention,
      because of the input choke and polarized input capacitor, is capable of
      operating from unclean or unfiltered dc source, possibly having high
      harmonic content. Further, the input circuit including the isolating diode
      is such as to prevent or suppress feedback of harmonics from the
      dc-chopper to the dc source, and also to prevent electrical noise such as
      RF interference in the dc input circuits.
PAR  If any fault occurs in the chopper circuits of the present invention, the
      fault current which may result therefrom cannot be instantly reflected
      into either the ac output or the dc input to the inverter because of the
      inherent time constants of the commutation LC circuit or the input LC
      circuit. Thus, when several inverters according to this invention are
      operating in parallel, individual inverters may be switched into or out of
      the ac system or connected or dis-connected from the dc system without
      interruption or disturbance. Indeed, in the case of failure of an
      inverter, that inverter can be isolated from the ac and dc systems to
      which it was otherwise connected by means of conventional breakers or
      contactors which, however, can operate with "before the fact" fault
      sensing. Such a system can operate by sensing the failure of an SCR to
      fire, for example, at a time while there is still an ac output from the
      inverter due to the time constant of the ac output filter.
PAR  The commutator chokes which may be used in inverters according to the
      present invention may be linear or non-linear reactors, or they may have a
      differential or centre-tapped design such as contemplated in the circuits
      of FIGS. 7 and 14. Peak commutation in-rush current may also be smoothed
      out by inserting a small inductance such as an air choke in series with
      the commutation capacitor.
PAR  The operating characteristics of feedback diodes can be predicted and
      therefore optimized, when the characteristics of the ac regulator circuit
      are known. In like manner, the operating characteristics of the SCR's may
      be optimized especially when they are de-coupled from the primary winding
      of the transformer, and off-the-shelf components may be used throughout.
PAR  Additional regulating circuits may be connected to the inverter circuits of
      the present invention, if desired. Other modifications and amendments may
      be made, without departing from the spirit and scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an inverter circuit having a direct current input and an alternating
      current output, the combination comprising:
PA1  a. an input diode connected to said direct current source with its polarity
      arranged so as to be conductive under normal operating conditions of said
      inverter;
PA1  b. an input filter choke in series with said direct current input and said
      input diode;
PA1  c. a polarized capacitor across said direct current input and said input
      diode and input choke, with the positive side of said capacitor facing the
      positive side of said direct current source;
PA1  d. a pair of silicon controlled rectifiers facing in the same direction
      with respect to said direct current input, and an unpolarized commutation
      capacitor connected so as to be facing the side of each of said silicon
      controlled rectifiers which is remote from said direct current source;
PA1  e. a drive circuit connected to the gates of said silicon controlled
      rectifiers so as to drive said silicon controlled rectifiers in a manner
      so that, at any time, one or the other of them is conductive;
PA1  f. a transformer having a primary and a secondary winding, where said
      primary winding is connected so that at any instant at least a portion
      thereof is in series with the silicon controlled rectifier which is
      conductive at that instant, and where said alternating current output is
      from said secondary winding;
PA1  g. a pair of de-coupling diodes, each connected to said primary winding so
      as to have 100% of the primary winding between their connection points,
      the other sides of said de-coupling diodes being connected to said silicon
      controlled rectifiers so that one de-coupling diode and one silicon
      controlled rectifier are in series at each end of said primary winding;
      said unpolarized commutating capacitor being connected between the common
      points of each of said series connections of said de-coupling diodes and
      said silicon controlled rectifiers;
PA1  h. a commutation choke in series with said silicon controlled rectifiers
      and connected so that each of said silicon controlled rectifiers is in
      series with at least a portion of said commutation choke;
PA1  i. and a feedback circuit comprising at least one diode arranged so as to
      be in counter-polarity to said polarized capacitor and connected to the
      opposite polarity side of said polarized capacitor at one side of said
      diode, and facing the primary winding of said transformer at the other
      side of said diode;
PA2  said inverter circuit thereby having fixed frequency, 180 electrical
      degrees, direct current commutation, where the commutation is independent
      of the load conditions on said inverter; and said inverter further having
      closed loop feedback which is electrically isolated from the load on said
      inverter.
NUM  2.
PAR  2. The inverter circuit of claim 1 where said input choke is a dual choke
      with one coil in series with each side of said direct current input.
NUM  3.
PAR  3. The inverter circuit of claim 1, further comprising a resistor in series
      with said polarized capacitor; and a diode connected in counter-polarity
      to said direct current input and in parallel with said resistor.
NUM  4.
PAR  4. The inverter circuit of claim 3 where said primary winding of said
      transformer is centre-tapped, with the centre tap in series with one side
      of said direct current input, and with the ends of said primary winding
      being each in series with one of said silicon controlled rectifiers.
NUM  5.
PAR  5. The inverter circuit of claim 4 where said commutation choke has a
      single coil portion.
NUM  6.
PAR  6. The inverter circuit of claim 4 where said commutation choke has two
      coil portions, one of each of which is in series with one of said silicon
      controlled rectifiers.
NUM  7.
PAR  7. The inverter circuit of claim 4 where said feedback circuit comprises
      two feedback diodes each connected to said primary winding so as to have
      60 to 100% of the primary winding between their connection points, the
      other sides of said feedback diodes being connected to each other and to
      said polarized capacitor.
NUM  8.
PAR  8. The inverter circuit of claim 4 where said commutation choke comprises a
      dual coil on an iron core with one coil as a secondary winding; said
      primary winding being in series with a common connection of said silicon
      controlled rectifiers; and where said feedback circuit comprises said
      choke coil secondary winding in series with said common connection and
      with a feedback diode which is connected to said polarized capacitor in
      counter-polarity thereto.
NUM  9.
PAR  9. The inverter circuit of claim 4 where said commutation choke comprises a
      coil in series with a common connection of said silicon controlled
      rectifiers; and where said feedback circuit comprises a feedback diode
      connected across said coil between said common connection and said
      polarized capacitor, and connected to said polarized capacitor in
      counter-polarity thereto.
NUM  10.
PAR  10. The inverter circuit of claim 4 where said de-coupling diodes are
      replaced by an overwind coil on said primary winding of said transformer,
      and said unpolarized commutation capacitor is connected across said
      overwind coil and said primary winding.
NUM  11.
PAR  11. The inverter circuit of claim 4 further comprising a second pair of
      silicon controlled rectifiers, each one of said pair being in parallel
      with one of said first-mentioned pair of silicon controlled rectifiers and
      facing in the same direction thereas; where the gates of all of said
      silicon controlled rectifiers are connected to said drive circuit in a
      manner so that one of said first-mentioned pair of silicon controlled
      rectifiers and the one of said second pair of silicon controlled
      rectifiers which is in parallel with the other of said first-mentioned
      pair of silicon controlled rectifiers, are driven so as to be conductive
      at the same time, and so that one or the other of each of said pairs of
      silicon controlled rectifiers is always conductive;
PA1  the side of each of said second pair of silicon controlled rectifiers which
      is remote from said commutation choke being connected to one of the ends
      of an overwind coil on said primary winding of said transformer;
PA1  and a pair of capacitors, each connected between the ends of one of each of
      said first-mentioned silicon controlled rectifiers and the one of said
      second pair of silicon controlled rectifiers which is parallel thereto, so
      that each of said silicon controlled rectifiers is between said one of
      said unpolarized capacitors and said commutation choke.
NUM  12.
PAR  12. The inverter circuit of claim 4 further including a pair of commutation
      diodes each connected so as to be in parallel with and in counter-polarity
      to one of said silicon controlled rectifiers.
NUM  13.
PAR  13. In an inverter circuit having a direct current input and an alternating
      current output, the combination comprising:
PA1  a. an input diode connected to said direct current source with its polarity
      arranged so as to be conductive under normal operating conditions of said
      inverter;
PA1  b. an input filter choke in series with said direct current input and said
      input diode;
PA1  c. a polarized capacitor across said direct current input and said input
      diode and input choke, with the positive side of said capacitor facing the
      positive side of said direct current source;
PA1  d. a pair of silicon controlled rectifiers facing in the same direction
      with respect to said direct current input, and an unpolarized commutation
      capacitor connected so as to be facing the side of each of said silicon
      controlled rectifiers which is remote from said direct current source;
PA1  e. a drive circuit connected to the gates of said silicon controlled
      rectifiers so as to drive said silicon controlled rectifiers in a manner
      so that, at any time, one or the other of them is conductive;
PA1  f. a transformer having a primary and a secondary winding, where said
      primary winding is connected so that at any instant at least a portion
      thereof is in series with the silicon controlled rectifier which is
      conductive at that instant, and where said alternating current output is
      from said secondary winding;
PA1  g. a pair of de-coupling diodes, each connected to said primary winding so
      as to have 100% of the primary winding between their connection points,
      the other sides of said de-coupling diodes being connected to said silicon
      controlled rectifiers so that one de-coupling diode and one silicon
      controlled rectifier are in series at each end of said primary winding;
      said unpolarized commutating capacitor being connected between the common
      points of each of said series connections of said de-coupling diodes and
      said silicon controlled rectifiers;
PA1  h. a commutation choke in series with said silicon controlled rectifiers
      and connected so that each of said silicon controlled rectifiers is in
      series with at least a portion of said commutation choke;
PA1  i. a feedback circuit comprising at least one diode arranged so as to be in
      counter-polarity to said polarized capacitor and connected to the opposite
      polarity side of said polarized capacitor at one side of said diode, and
      facing the primary winding of said transformer at the other side of said
      diode;
PA1  j. a further pair of silicon controlled rectifiers facing in the same
      direction with respect to each other and in series following with respect
      to said first-mentioned pair of silicon controlled rectifiers so as to
      form a bridge circuit having said first pair of silicon controlled
      rectifiers as first and second legs and said further pair of silicon
      controlled rectifiers as third and fourth legs, respectively; said primary
      winding of said transformer being connected across said bridge circuit so
      that one of each of said first pair and said further pair of silicon
      controlled rectifiers is connected to each end of said primary winding;
PA1  k. a further unpolarized commutation capacitor connected so as to be facing
      the side of each of said further pair of silicon controlled rectifiers
      which is remote from said direct current source;
PA1  l. the sides of each of said first-mentioned and said further commutation
      capacitors being connected to each face one end of the primary winding of
      said transformer;
PA1  m. the gates of said further pair of silicon controlled rectifiers being
      connected to said drive circuit in a manner so that, at any time, one of
      each of said first-mentioned pair and said further pair of silicon
      controlled rectifiers is conductive;
PA1  n. a further commutation choke in series with said further pair of silicon
      controlled rectifiers and connected so that each of said further pair of
      silicon controlled rectifiers is in series with at least a portion of said
      further commutation choke;
PA1  o. said feedback circuit comprising at least two feedback diodes arranged
      so that each of them is connected to one or the other side of said
      polarized capacitor in counter-polarity thereto, at one side of each of
      said feedback diodes; and so that the other side of each of said feedback
      diodes faces the primary winding of said transformer;
PA1  p. and two pairs of de-coupling diodes, each of said pairs being connected
      to said primary winding so as to have 100% of the primary winding between
      their respective connection points, the other sides of said de-coupling
      diodes being connected to said silicon controlled rectifiers so that one
      de-coupling diode and one silicon controlled rectifier from each pair of
      diodes and silicon controlled rectifiers are in series at each end of said
      primary winding; and where each said unpolarized commutation capacitor is
      connected between the common points of said series of connections of said
      de-coupling diodes and first-mentioned pair of silicon controlled
      rectifiers and said further pair of silicon controlled rectifiers,
      respectively.
NUM  14.
PAR  14. The inverter circuit of claim 13 where said input choke is a dual choke
      with one coil in series with each side of said direct current input.
NUM  15.
PAR  15. The inverter circuit of claim 13, further comprising a resistor is
      series with said polarized capacitor; and a diode connected in
      counter-polarity to said direct current input and in parallel with said
      resistor.
NUM  16.
PAR  16. The inverter circuit of claim 15 where each of said commutation chokes
      has a single coil portion.
NUM  17.
PAR  17. The inverter circuit of claim 15 where each of said commutation chokes
      has two coil portions, one of each of which is in series wiht one each of
      said first-mentioned silicon controlled rectifiers and said further pair
      of silicon controlled rectifiers, respectively.
NUM  18.
PAR  18. The inverter circuit of claim 15 where said feedback circuit comprises
      two pairs feedback diodes where each pair of feedback diodes is connected
      to said primary winding so as to have 60 to 100% of the primary winding
      between their respective connection points; the other sides of each of
      said pairs of feedback diodes being connected to said polarized capacitor
      so that one of each of said pairs of feedback diodes is connected to each
      side of said polarized capacitor and in counter-polarity thereto.
NUM  19.
PAR  19. The inverter circuit of claim 15 where said commutation chokes each
      comprises a dual coil on an iron core with one coil as a secondary
      winding; each of said primary windings being in series with a common
      connection of one of said first-mentioned pair of silicon controlled
      rectifiers; and said further pair of silicon controlled rectifiers,
      respectively; and where said feedback circuit comprises each of said choke
      coil secondary windings in series with one of said common connections and
      with a feedback diode which is connected to one side of said polarized
      capacitor in counter-polarity thereto.
NUM  20.
PAR  20. The inverter circuit of claim 13 where each of said commutation chokes
      comprises a coil in series with a common connection of one of said
      first-mentioned pair of silicon controlled rectifiers and said further
      pair of silicon controlled rectifiers, respectively; and where said
      feedback circuit comprises a feedback diode connected across each said
      commutation choke coil between the respective one of said common
      connections and said polarized capacitor, and connected to said polarized
      capacitor in counter-polarity thereto.
NUM  21.
PAR  21. The inverter circuit of claim 13 where said de-coupling diodes are
      replaced by an overwind coil on said primary winding of said transformer,
      and a single unpolarized commutation capacitor is connected across said
      overwind coil and said primary winding.
NUM  22.
PAR  22. The inverter circuit of claim 13, further including two pairs of
      commutation diodes each connected so as to be in parallel with and in
      counter-polarity to one each of said first-mentioned pair of silicon
      controlled rectifiers and said further pair of silicon controlled
      rectifiers, respectively.
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ABST
PAL  A converter power supply is provided with a novel current regulating
      circuit. A magnetoresistive element is disposed in flux coupling proximity
      to the output inductor of a power supply for providing a control signal
      corresponding to the output current thereof. The element is mounted in the
      air gap of the split-loop core of the inductor.
BSUM
PAR  This invention relates generally to power supplies and more particularly to
      a power supply incorporating a novel current sensing circuit.
PAR  A regulated power supply is normally provided with a current sensing
      circuit so that its output current may be held within predetermined
      limits. A conventional means of sensing the output current of a power
      supply circuit is to connect a resistance element in series with one of
      the output leads. The voltage drop across the resistance element is
      monitored and the series pass transistor is controlled accordingly to
      allow more or less current to flow therethrough. However, because this
      resistance element is in series with the output lead of the supply, a
      power loss occurs across it, causing the resistance characteristic of the
      element to vary with the amount of current drawn from the supply. This
      resistance variation must be compensated by the regulator circuitry.
PAR  It has been found that the current sensing function at the output of a
      power supply may be provided by a novel current sensing device
      incorporating a magnetoresistive element. Magnetoresistive elements have
      been known for a few years. Magnetoresistors are semiconductors whose
      resistance characteristic varies with the intensity of the magnetic field
      to which they are exposed. Such elements have been used mostly in
      laboratory measuring instruments. More specifically, they have been used
      as replacements for Hall-effect devices in such applications as
      amplifiers, polyphase wattmeters, modulators and voltage multipliers. In
      the last few years, magnetoresistive elements have been proposed for use
      in magnetic bubble memories as detectors for the movement of the bubble
      domains in ferrite sheets. On the other hand, our invention results in a
      practical device which may be used to control the output current of almost
      any power supply.
PAR  In accordance with the invention, a current sensing device for a power
      supply is obtained by connecting an inductor comprising a coil wound on a
      magnetic core having a gap, in series with an output terminal of the
      supply. A magnetoresistive element positioned in flux coupling proximity
      to the inductor provides a control signal corresponding to the current
      flowing through the coil of the inductor to the current control circuit of
      the supply.
PAR  This circuit exhibits the advantage that the current sensing element of the
      power supply is isolated from the output current path thereof.
PAR  The resistance of a magnetoresistor is also proportional to the ambient
      temperature to which it is subjected. Therefore, if more accurate current
      regulation of the supply is required, a second magnetoresistor may be
      secured in heat sensing contact to the core of the inductor in such a way
      that it is substantially unaffected by the flux therein. The terminals of
      this resistor may then be connected into the current control circuit in a
      manner such that thermal drift of the circuitry is compensated.
DRWD
PAR  An example embodiment of the invention will now be described in conjunction
      with the drawings in which:
PAR  FIG. 1 is a schematic block diagram of a power supply incorporating a
      current sensing circuit in accordance with the invention; and
PAR  FIG. 2 is a pictorial view of an example embodiment of the current sensing
      circuit shown in FIG. 1.
DETD
PAR  FIG. 1 illustrates a switched converter power supply embodying a current
      sensor circuit in accordance with the invention. The input voltage to the
      supply is applied to the emitter electrode of a series-pass transistor 10
      via a fuse 11 and an inductor 12 which together with a capacitor 13 form
      an input filter for the supply. The collector electrode of transistor 10
      is connected to an output terminal 14 via a choke 15 which together with
      capacitor 16 form an output filter for the supply, and an inductor 17
      which together with a capacitor 18 normally form a spike suppression
      circuit for a switched power supply. The inductor 17 is also part of a
      current sensing circuit 30 which will be described later. A diode 19 is
      also connected between ground and the collector electrode of the
      transistor 10 for providing a path for the load current to flow when the
      transistor 10 is cut-off or blocking.
PAR  A control circuit 20 is connected to the base electrode of transistor 10
      for controlling the current therethrough. As is well known in the art, the
      control circuit 20 comprises a pulse modulator 21 having its output
      connected to the base electrode of transistor 10 and one of its inputs
      connected to an oscillator 22. Another input of the control circuit 20 is
      connected to a voltage error amplifier 23 through a diode 24 and to a
      current limit amplifier 25 through a resistance element 26. A first input
      terminal of amplifier 23 is connected to a source of reference voltage
      whereas a second input terminal thereof is connected to the output
      terminal 14 of the power supply. The input terminal of the current limit
      amplifier 25 is connected to the current sensing circuit 30.
PAR  The current sensing circuit 30 comprises the inductor 17 which as mentioned
      above may be part of the spike suppressor circuit normally found in a
      switched power supply. The inductor 17 includes a magnetic core 31 as
      described further below. A first magnetoresistive element 32 is positioned
      in flux coupling proximity to the inductor 17 and a second
      magnetoresistive element 33 is mounted in heat-sensing contact with the
      core 31 but substantially outside its flux path. The elements 32 and 33
      are connected in series between ground and a source of voltage through a
      variable resistance element 34. The latter may be used to vary the current
      flowing through the magnetoresistive elements 32 and 33. The junction of
      the elements 32 and 33 is connected to the input terminal of the current
      limit amplifier 25.
PAR  FIG. 2 shows a practical embodiment of the sensing circuit of FIG. 1. The
      split loop core 31 is shown to be two identical C-type cores joined
      together at their mating surfaces to provide a pair of gaps 35 and 36.
      Although the core 31 is shown as being of the double C-type, it should be
      understood that any type of magnetic core which provides a gap may be
      used. For instance a core formed with a U-shaped member and an I-shaped
      member (U-I core) is suitable. The material of the core may be a ferrite
      or a lamination of steel plates. For example, the embodiment shown in FIG.
      2 was realized using a laminated core of 0.002 inch thick 3% grain
      oriented silicon steel plates. The outside dimensions of the core were 1/4
      inch wide, 1/2 inch long and 0.125 inch thick.
PAR  The magnetoresistive element 32 is sandwiched between the halves of core 31
      into the gap 36 with the large flat surfaces of the element being placed
      in intimate contact with the mating surfaces of the core. In order for the
      mating surfaces of the gap 36 to be flat against the surfaces of element
      32, the gap 35 may be filled with a spacer 37 having approximately the
      same thickness as the element 32. For maximum magnetoresistive effect, the
      flat surface of the element 32 should be normal to the lines of flux in
      core 31. The second magnetoresistive element 33 is mounted on a surface of
      the core 31 and in intimate contact therewith. The magnetoresistive
      elements 32 and 33 may be commercially available units such as may be
      obtained from American Aerospace Controls Incorporated, Farmingdale, New
      York, under the code name of MRI-101. The winding 17 consists of a few
      turns of wire which may be conveniently wound on a plastic spool (not
      shown). The two parts of core 31 may be held securely in place with the
      use of epoxy resin and the entire unit may then be potted in the
      conventional manner.
PAR  In operation, the circuit of FIG. 1 functions in the manner conventional
      for a switched converter power supply. The control circuit 20 receives
      control signals from the sensing circuit 30 and the output terminal 14 and
      responds thereto by allowing more or less current to flow through the
      current control transistor 10. The current flowing from the transistor 10
      to the output terminal 14 also flows through the inductor 17. The flux
      generated in the core 31 of the inductor 17 is proportional to the current
      therethrough. The resistance of the magnetoresistor element 32 which is
      placed in the gap 36 of the core varies with the quantity of flux therein.
      Since the element 32 is connected in a voltage divider or bridge circuit,
      the control signal fed at the input of the current limit amplifier 25
      varies in accordance with the output current of the supply. If the output
      current increases, the control signal informs the control circuit 20 to
      allow less current through the transistor 10. Conversely, if the output
      current decreases, the series transistor is allowed to pass more current.
      It may also be seen that under a different control circuit configuration,
      the circuit may be arranged to turn off the power supply completely when
      the output current reaches a predetermined amount. The resistance of the
      second magnetoresistive element 33, which is mounted in heat sensing
      contact with the core 31, varies with its temperature. Therefore, as the
      temperature of the core 31 varies with the current passing through the
      inductor 17, the resistance of the element 33 varies accordingly. Since
      the element 33 is connected in the same bridge circuit as the element 32,
      the change in the control circuit due to the first element 32 is
      counteracted to a predetermined extent by the change in the control signal
      due to the second element 33 thereby providing regulation of the output
      current of the supply due to temperature drift.
PAR  It may be noted that in many cases, the use of the second magnetoresistive
      element 33 may not be necessary. In this case, the element 33 may simply
      be replaced with a normal resistance element or its absence compensated
      for with an adjustment of resistor 34.
PAR  It should also be observed that the abovedescribed current sensing circuit
      may be incorporated into almost any type of power supply. In mnay cases it
      may be possible to incorporate the circuit of the invention into existing
      power supplies by redesigning the core of the output inductor thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a current regulator for a power supply having a current control means
      connected serially between an input terminal and a corresponding output
      terminal of the power supply and a control circuit connected to the
      control means for controlling the current therethrough, a current sensing
      circuit for providing a control signal to said control circuit,
      comprising, an inductor connected between said control means and said
      output terminal of the power supply, said inductor comprising a coil wound
      on a magnetic core, a first magnetoresistive element positioned in flux
      coupling proximity to said inductor for varying said control signal in
      accordance with the current flowing through the inductor, and a second
      magnetoresistive element mounted in heat sensing contact with said core
      but substantially outside the flux path thereof, said second
      magnetoresistive element being responsive to the temperature of the core
      for varying said control signal thereby to compensate for thermal drift of
      the power supply.
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ABST
PAL  In a DC power supply, a switching transistor and an inductor are connected
      in series between an unregulated DC supply and a DC output terminal. The
      output DC voltage is a function of the on to off ratio of the switching
      transistor. The switching period of the switching transistor is controlled
      by a load feedback circuit which compares the output voltage, as sensed by
      the voltage drop of the current through the switching transistor, with a
      sawtooth voltage from a synchronized oscillator. An overload detection
      circuit includes a diode and integrator coupled to a junction between the
      inductor and the switching transistor. When the switching transistor is
      turned off, the load current which was flowing through the switching
      transistor is diverted to the diode. The current through the diode is thus
      directly proportional to the load current. The load current is detected
      and causes disabling of the load feedback circuit when the load current
      rises above a predetermined level.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a DC power supply having feedback circuits for
      load voltage regulation and overload protection.
PAR  DC power supplies are known which use a switching transistor to pass
      current pulses to a filter network such as a series choke inductor for
      smoothing the gated current pulses. A feedback network controls the
      switching period of the transistor to maintain a high degree of voltage
      regulation and low output ripple. It has been known to protect the
      switching transistor from high voltage pulses created by the choke
      inductor by use of a blocking diode, such as shown by U.S. Pat. No.
      3,068,392 to Santelmann, Jr. It is also known to use the high voltage
      pulses created by the choke inductor to control regulation by causing the
      transistor to conduct in a manner which follows a reference voltage, as
      shown in U.S. Pat. No. 3,246,229 to Lloyd.
PAR  In power supplies using a choke inductor and a switching device, it would
      be desirable to provide a simplified overload protection circuit which is
      responsive to the actual load current. Such a device should desirably
      require a minimum number of components, and should not be placed in series
      with the switching device. Furthermore, it would be preferable to have a
      common ground between the unregulated supply and the regulated output. It
      also would be desirable to provide improved regulation of the switching
      device in accordance with the sensed load current.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a DC power supply includes
      improved load current sensing for overload protection. The DC power supply
      is of the type using a switching semiconductor device for passing a
      switched waveform to a choke inductor which smooths the output current.
      The DC output voltage is a function of the on to off ratio of the
      switching device. The current through the switching device is also a
      function of the output voltage. The current through the choke inductor,
      when the switching device is turned off, is sensed by an overload
      protection circuit and disables the switching device when the magnitude of
      output current exceeds a predetermined current output level. A feedback
      circuit is responsive to the sensed DC output voltage and a reference
      level developed by a synchronized sawtooth oscillator, for controlling the
      period of the switching device. The arrangement allows a common ground
      between the unregulated supply and the DC output circuit.
PAR  One object of the present invention is the provision of an improved DC
      power supply of the type including a switching device and a choke
      inductor, including an output voltage sensing circuit responsive to the
      load current for controlling the switching device. A feedback circuit is
      responsive to the sensed load voltage for controlling the period of the
      switching device.
PAR  Another object of this invention is the provision of a DC power supply
      including an overload protection circuit for disabling the switching
      device when an overload condition is sensed.
PAR  Other objects and features of the invention will be apparent from the
      following description, and from the drawings. While an illustrative
      embodiment of the invention is shown in the drawings and will be described
      in detail herein, the invention is susceptible of embodiment in many
      different forms and it should be understood that the present disclosure is
      to be considered as an exemplification of the principles of the invention
      and is not intended to limit the invention to the embodiment illustrated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partly block and partly schematic diagram of the novel DC power
      supply with overload current protection;
PAR  FIGS. 2A-2D are waveforms taken at various points in the circuit of FIG. 1;
PAR  FIGS. 3A-3D are waveforms taken at the same points as the waveforms in
      FIGS. 2A-2D, for a different load current output; and
PAR  FIG. 4 is a schematic diagram illustrating in detail the DC power supply of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning to FIG. 1, a DC power supply includes a three terminal
      semiconductor switching device 20 and a reactive impedance such as a choke
      inductor 22 connected in series between an unregulated DC supply 24 and an
      output terminal 26. The unregulated DC supply 24 receives power from an
      unregulated DC input voltage across an input terminal 28 and a ground
      terminal 30 which connects with a source of reference potential or ground.
      A smoothing capacitor 32 is connected to ground 30 at the output side of
      the choke inductor 22.
PAR  To provide DC regulation, a feedback circuit includes a pair of voltage
      divider resistors 34 and 36 connected between the output terminal 26 and
      ground 30. A voltage feedback line 38, connected to the junction between
      resistors 34 and 36 produces a DC feedback voltage having a magnitude
      corresponding to the magnitude of the output voltage at terminal 26.
      Feedback line 38 is coupled to a reference amplifier 40 which has another
      input from a synchronized sawtooth oscillator 42. As a sawtooth waveform
      from oscillator 42 exceeds the DC reference level on feedback line 38, the
      reference amplifier 40 produces a squarewave output which is amplified by
      a driver 44 and controls the switching period of the switching device 20.
      For example, if the output voltage increases, the reference amplifier
      reduces the switching period in order to maintain the output voltage
      constant.
PAR  An overload protection circuit is coupled to a junction 50 between the
      switching device 20 and the choke inductor 22. The junction 50 is coupled
      through a diode rectifier 52 sometimes referred to as a commutating diode
      and a resistor 54 of very low resistance to ground 30. As the switching
      device 20 is driven off, the load current through inductor 22 cannot go to
      zero instantaneously and a potential is developed across the inductor
      which forward biases rectifier 52. The load current which was flowing
      through the switching device 20 and the inductor 22 is coupled through
      diode 52 and resistor 54 to ground, producing across resistor 54 a voltage
      waveform which is proportional to the output current. The resistor 54 is
      coupled through a diode 56 to a filter network or integrator including a
      series resistor 58 and a pair of capacitors 60 and 62 shunted to ground
      30. The filter network is coupled to a load current control 64 which
      disables the reference amplifier 40 when the output load current, as
      indicated by the level of the voltage waveform across capacitor 62 exceeds
      a predetermined value. One advantage of this arrangement is that a common
      ground between the input and output terminals of the regulator can be
      used, whereas with the conventional method of a resistor in series with
      the load for sensing an overload, this was not possible.
PAR  The operation of the DC power supply of FIG. 1 may be better understood
      with reference to FIGS. 2 and 3 which show waveforms occurring at various
      points in the FIG. 1 circuit. FIGS. 2A-2D show waveforms occurring during
      normal regulation, and FIGS. 3A-3D show waveforms occurring at the same
      circuit points but during an overload condition. The oscillator 42
      produces a reference sawtooth voltage 70, illustrated in FIGS. 2A and 3A.
      The DC feedback signal on line 38 produces a DC reference level 72 which
      varies depending on the output voltage at terminal 26.
PAR  The reference amplifier 40 generates an output squarewave pulse, shown in
      FIGS. 2B and 3B, which is initiated at time interval 74 when the sawtooth
      voltage 70 just exceeds the level of the feedback voltage 72. The
      squarewave pulse from reference amplifier 40 terminates at time interval
      76, when the sawtooth voltage 70 is negative going at the end of each
      cycle. Thus, the width of the squarewave pulse produced by reference
      amplifier 40 depends on the magnitude of the feedback voltage 72. The
      squarewave pulse, after being amplified by driver 44, turns on the
      switching device 20 and passes current to the series choke inductor 22,
      resulting in the output current pulse shown in FIGS. 2C and 3C. The output
      current begins at an intermediate level, and increases along a ramp to a
      peak level I.sub.O at time interval 76.
PAR  As the switching device 20 is driven off, an inductive voltage kick is
      produced across the choke inductor 22 as the output current collapses. The
      negative going inductive voltage kick forward biases diode 52 and causes
      the load current which had been flowing through the switching device 20 to
      flow through diode 52 and resistor 54 to ground 30. This current has a
      peak value I.sub.D, as shown in FIGS. 2D and 3D and is equal to the output
      current I.sub.O which had been flowing through the choke inductor 22. Whe
      the integrated diode current exceeds a predetermined value, the load
      current control 64 disables the reference amplifier 40. The sensed signal
      can be used to either limit the load current to a predetermined level or
      to turn off the regulator when a predetermined load current level is
      exceeded.
PAR  In FIG. 4, the DC power supply of FIG. 1 is illustrated in detail.
      Reference amplifier 40 includes a comparator transistor 90 having its base
      coupled to the DC feedback line 38, its emitter coupled through a resistor
      92 to the wiper of a voltage set potentiometer 94, and its collector
      coupled to the base of transistor 102. Potentiometer 94 can be adjusted to
      raise or lower the voltage bias of the emitter of transistor 90, thereby
      affecting the voltage level 72 and the width of the pulse 76. The sawtooth
      oscillator 42 is coupled to the base of transistor 102 by means of
      capacitor 98 and resistor 96 and forward biases the transistor 102 which
      forms with transistor 110 a pulse generator to generate the squarewave
      pulses shown in FIGS. 2B and 3B. The collector of transistor 102 is
      coupled through a resistor 104 to a stabilized low voltage power supply
      line 106 which is bypassed to ground through a large capacitor 108. The
      collector of transistor 102 is also coupled through an RC network to the
      base of transistor 110.
PAR  The squarewave pulse from transistor 110 is coupled through a pair of
      voltage dividing resistors 112 and 114 and forward biases a driving
      transistor 44. The collector output pulse from 44 is coupled over a line
      116 to the primary 118 of a gating transformer having a secondary 119
      coupled between the base or control terminal and the emitter of the three
      terminal switching transistor 20. As transistor 44 is driven into a
      conductive state, the pulse transformer drives the switching transistor 20
      hard into conduction allowing the output seen in FIGS. 2C and 3C to pass
      through its pair of output terminals to inductor 22. A change in output
      voltage at terminal 26 appears as a change in voltage across resistor 36.
      This change is coupled through the feedback line 38 to the base of the
      comparator transistor 90. The comparator transistor 90 then alters the
      base-emitter potential of transistor 102. The squarewave initiated by
      transistor 102 must then begin at a different portion of the sawtooth wave
      form developed by the sawtooth generator 42, i.e., the length of the
      squarewave initiated by transistor 102 is altered in a manner such that
      the altered conduction time of transistor 20 will restore the desired
      output voltage at terminal 26.
PAR  Oscillator 42 consists of three transistors 122, 123 and 124 connected to
      form a sawtooth generator. The free running period of the sawtooth
      generator 42 is selected to be slightly greater than the horizontal
      synchronizing period of the horizontal oscillator in a television
      receiver. The oscillator 42 is synchronized to the horizontal sync pulses
      on an output sync line 126 through an RC network coupled to the base of
      transistor 124 and the collector of transistor 123. The oscillator is
      synchronized to the horizontal oscillator to minimize interference with
      the video reproduction as the switching transistor is switched during the
      blanking period of the television signal. As a result, the period of the
      sawtooth waveform 70 in FIGS. 2A and 3A is equal to the horizontal
      deflection rate of the television receiver. The sawtooth waveform is
      coupled through capacitor 98 to the squarewave generator 102 in the
      reference amplifier 40.
PAR  The overload protection circuit includes a pair of diodes 52 which pass
      current from the choke inductor 22 to ground through the resistor 54 when
      current through the switching transistor 20 is interrupted. This produces
      a voltage across resistor 54 which is proportional to the load current. A
      single diode may be used in place of the two diodes 52. The voltage
      creates a current which flows through a resistor 130 and the rectifier
      diode 56 to the integrator filter network consisting of capacitor 60 and
      62 and resistor 58. The diode current through the diode 56, shown in FIGS.
      2D and 3D, has a peak value equal to the peak current through the choke
      inductor 22. When the voltage across capacitor 62 exceeds a predetermined
      level, thereby indicating excessive output current is being drawn, a pair
      of transistors 140 and 142, connected in a regenerative circuit, are
      forward biased to create a low impedance to ground at line 144. A
      capacitor 145 is coupled across the emitter and base electrodes of
      transistor 140. The regenerative switching circuit formed by transistors
      140 and 142 divert the current otherwise coupled to the base of transistor
      102 (from the sawtooth generator 42), thereby disabling the pulse
      generator in the reference amplifier 40. The output voltage at terminal 26
      becomes zero and no current flows through the load. The pair of
      regenerative transistors 140 and 142 become unlatched when the input power
      at terminal 28 is momentarily interrupted. Normal operation is then
      restored if the excessive load current demand has been removed.
PAR  Current through the commutating diodes 52 is shown as the waveform D in
      FIGS. 2 and 3. The peak current I.sub.D is proportional to the DC current
      through the load. Current through the diodes at reference time 74 is also
      proportional to load current but is influenced by pulse width and is
      therefore not useful. The diode 56 is employed to select only the waveform
      shown as I.sub.D.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a DC power supply having an input terminal for unregulated DC input
      voltage and an output terminal for regulated DC output voltage the
      improvement comprising:
PA1  a switching device for interrupting the DC input current to produce current
      pulses;
PA1  reactive impedance means for smoothing the current pulses produced by the
      switching device to produce the DC output voltage;
PA1  rectifier means connected to the reactive impedance means for maintaining
      current flow through the impedance when the switching device is
      non-conductive;
PA1  current sensing means connected to the rectifier means for developing a
      control signal proportional to the current pulses through the rectifiers;
PA1  control circuit means for varying the switching period of the switching
      device to regulate said output voltage comprising;
PA1  first and second transistors having the collector of the first transistor
      coupled to the base of the second transistor and having their emitters
      connected together,
PA1  a source of reference potential connected to said emitters,
PA1  oscillator means connected to the base of the second transistor,
PA1  voltage sensing means connected to said output terminal for developing a
      signal indicative of the power supply output voltage, said voltage sensing
      means being connected to the base of the first transistor, said control
      circuit operable to generate a signal for controlling the conduction
      period of the switching device, and
PA1  overload protection means comprising semiconductor switch means connected
      to said current sensing means and to the base of the second transistor and
      operable to disable said control circuit and shutdown said power supply
      when said control signal exceeds a predetermined level.
NUM  2.
PAR  2. The improvement of claim 1 wherein the reactive impedance comprises an
      inductor coupled in series between the switching device and the output
      terminal.
NUM  3.
PAR  3. The DC power supply of claim 1 wherein the source of reference potential
      comprises a potentiometer having one terminal connected to ground and
      having its adjustable contact connected to the emitter of the first
      transistor.
NUM  4.
PAR  4. The DC power supply of claim 1 wherein a resistor is connected between
      the emitter of the first transistor and the emitter of the second
      transistor and wherein a resistor is connected between the emitter of the
      first transistor and the source of reference potential.
NUM  5.
PAR  5. The DC power supply of claim 1 wherein the switch means comprises two
      transistors connected in a regenerative circuit which latches in the On
      condition when said control signal exceeds a predetermined level.
NUM  6.
PAR  6. In a DC power supply having an input terminal for unregulated DC input
      voltage and an output terminal for regulated DC output voltage the
      improvement comprising:
PA1  a switching device for interrupting the DC input current to produce current
      pulses,
PA1  reactive impedance means for smoothing the current pulses produced by the
      switching device to produce the output voltage,
PA1  rectifier means connected to the reactive impedance means for maintaining
      current flow through the impedance when the switching device is
      non-conductive,
PA1  current sensing means connected to the rectifier means for developing a
      control signal proportional to the current pulses through the rectifiers,
PA1  control circuit means for varying the switching period of the switching
      device to regulate the power supply output voltage comprising first and
      second transistors and a source of DC reference potential wherein the
      collector of the first transistor is coupled to the base of the second
      transistor and the emitter of the first transistor is coupled to the
      source of reference potential and to the emitter of the second transistor,
      the base of the first transistor being connected to the power supply
      output terminal to receive a signal which is indicative of the power
      supply output voltage, and the base of the second transistor being
      connected to a source of control signals which vary in periodic fashion,
      said first and second transistors operating to generate a control signal
      for the switching device, and
PA1  overload protection means comprising semiconductor switching means
      connected to the current sensing means and to the base of the second
      transistor and actuated when said control signal exceeds a predetermined
      level to connect the control means input signal to ground to disable said
      control circuit and shutdown said power supply.
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ABST
PAL  Drivers (PNP transistors) are switched to ground by NPN transistors which
      e triggered by logic inputs. The drivers are connected in series with
      diodes so as to bias the diode to an on or off condition.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  A plurality of series fed switched line diodes have their switching
      transistors controlled by drive transistors. The switching transistors are
      PNP transistors and the drive transistors are NPN transistors. In this way
      the switching transistor can be controlled by the opening or closing of
      its base circuit by the drive transistor which is connected in series
      therewith. The drive transistor is a NPN transistor and receives its
      control from a logic input. The logic "1" will cause the drive transistor
      to turn on; therefore completing a circuit path from the base of the
      switching transistor to ground. This will turn on the switching
      transistor. If the logic input is a logic "0" the drive transistor will be
      turned off and will open circuit the path from the base of the switching
      transistor to ground. This will turn off the switching transistor. By the
      use of this biasing scheme, the amount of power dissipated will be small
      compared to other biasing schemes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a circuit diagram of a biasing scheme; and
PA1  Fig. 2 shows a circuit diagram of an improved biasing scheme embodying the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  This disclosure describes an improved method to bias series-fed switched
      line diodes. In order to be able to cover a large amount of volume and
      also to keep the amount of original RF power required to a reasonable
      level but still obtain a large amount of equivalent peak power, a
      phased-array radar will have many, many modules. Because of the large
      number of modules required, it is highly desirable to keep all quantities
      such as power dissipation, size, weight, volume, number of parts, and cost
      per module as low as possible. The series-fed diode goes a long way toward
      lowering the dissipation of the diodes and diode drivers in the module, in
      that only one current is generated instead of as many currents as there
      are bits.
PAR  The DC circuit for the method to bias the diodes is shown in FIG. 1. Each
      of the diodes 1 and 2 represents 2 parallel PIN diodes. Transistor Q1 is
      turned on and saturated by Q2's turning off, and Q3 is held off by Q4's
      being on and bringing Q3's base down to ground. To reverse the state of
      the bit, the logic inputs to Q2 and Q4 are reversed, thus steering the
      common current through the other pair of diodes. Although this
      configuration offers a significant power savings over the conventional
      approach wherein an independent current is generated and switched to the
      correct half of the bit for each bit, it is not optimum because there is a
      significant amount of power dissipated in the collector resistors 4 and 5
      of transistors Q2 and Q4. In order to drive enough base current to
      saturate Q1 and Q3, the collector resistors will be rather small.
      Unfortunately, the smaller the resistor the more power it dissipates for a
      given power supply +E.
PAR  The value of E is (for example) 10 volts. To provide enough drive current
      to saturate the switching transistors Q1 and Q3 in the current path, the
      collector resistors 4 and 5 are 2000 ohms. This means that there were
      (10.sup.2 /2000 - 0.05) 50 milliwatts dissipated in the collector
      resistor. This is a DC dissipation because one or the other of the
      switching transistors is off all the time, and there is one such
      dissipating collector resistor for each bit.
PAR  As can be seen in FIG. 2, the switching transistors Q5 and Q6 have been
      changed from NPN to PNP transistors. In order to turn the switch off now,
      all that is required is to open the base. In order to open the base, all
      that is required is to turn the drive transistors Q7 and Q8 off. Since
      drive transistors are NPN (as before), this merely means returning there
      base to ground. Since the module must have some logic, returning the base
      of the driving NPN to a zero logic output is adequate to turn the NPN off,
      and to open the PNP, thus forcing the diode current to seek another path,
      i.e. the other side of the bit. The PNP transistor Q5 or Q6 is turned on
      by turning the NPN drive transistor Q7 or Q8 on.
PAR  The base resistors 7 and 8 in the PNP must be of such a value to saturate
      the PNP when the NPN turns on and saturates. The base current from the PNP
      switch Q5 or Q6 is the only current flowing in the base resistor 7 or 8,
      and the dissipation can be made small compared to the 50 milliwatts the
      collector resistor dissipates in FIG. 1. The base resistors 9 and 10 in
      the NPN drive transistors Q7 and Q8 also need not dissipate much power in
      that its emitter is grounded and it is a high gain transistor requiring
      little base drive to saturate it. In any event, this part of the circuit
      is identical to FIG. 1, and this resistor's dissipation is also identical.
PAR  FIG. 2 only shows one bit of the scheme. A large number of modules
      containing the circuit of this bit will be used in the practical
      application of the present invention. These modules will be connected in
      series as indicated by FIG. 2. A source of DC power 13 is converted to the
      first bit and to ground so as to provide a voltage potential across the
      various elements. Logic outputs may be derived from the circuit by
      connections (not shown) to points between the diodes and the switching
      transistors. These connections will be buffered by high impedance
      amplifiers so as not to drain the circuit.
CLMS
STM  We claim:
NUM  1.
PAR  1. A circuit comprising a first transistor having emitter, collector and
      base elements; supply means connected to said first transistor so as to
      provide a voltage potential across its elements; switching means connected
      between the supply means and the base element of said transistor so as to
      control the operation of said transistor; said switching means is a second
      transistor having emitter, collector and base elements; the collector of
      said second transistor being connected to the base of said first
      transistor; the emitter of said second transistor being connected to said
      supply means; a control voltage input connected between the base and
      emitter of said second transistor; said first transistor is a PNP
      transistor; said second transistor is a NPN transistor; said supply
      voltage is a DC supply voltage; a third PNP transistor having emitter,
      collector base elements; first and second diodes; said first diode being
      connected in series with an emitter collector path of said first
      transistor; said second diode being connected in series with an emitter
      collector path of said third transistor; the combination of said first
      diode and said first transistor collector emitter path being connected in
      parallel with the combination circuit of said second diode and said third
      transistor emitter collector path; a fourth NPN transistor having emitter
      collector and base elements; said fourth transistor having its emitter
      collector path connected in series between the base of said third
      transistor and said supply means; said control voltage input being a
      binary logic control voltage input; and one side of the control voltage
      input being connected to the base circuit of said second transistor and
      the other side of the control voltage input being connected to the base
      circuit of said fourth transistor.
NUM  2.
PAR  2. A circuit as set forth in claim 1 further comprising a plurality of
      transistors and diodes connected as said forth above; each of these
      circuits being connected in series with each other between the supply
      voltage means.
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ABST
PAL  An EPR spectrometer of high sensitivity and low cost particularly adapted
      for studying liquid samples of high dielectric loss such as water. A
      microwave cavity is employed oscillating either in the rectangular
      TE.sub.lOn or cylindrical TM.sub.lmO mode, where l, m, and n are integers.
      The cavity dimension corresponding to zero index is small, of the order of
      2 mm for a spectrometer operating at 10 GHz, resulting in (1) the cavity
      frequency is unchanged (2) the cavity Q is unusually low (3) the cavity
      filling factor for 1 mm inner diameter cylindrical sample tubes is
      unusually high. The product of the Q and the filling factor, which product
      determines the EPR sensitivity, is as high a value as is found in larger
      high Q cavities. The requisite magnet gap is unusually small, thus greatly
      lowering the weight and cost of the magnet required. Rather noisy
      inexpensive low quality microwave sources can be used without degradation
      in sensitivity because of the low Q. Low Q lessens demodulation of
      microwave oscillator FM noise or enhancement of AM noise. An alternative
      aqueous cell of flat cuvette shape can be used oriented perpendicular to
      the cavity dimension corresponding to the zero index yielding improved
      sensitivity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Prior art research-type EPR spectrometers have generally included a high Q
      resonant cavity excited by a high quality, relatively noise-free source. A
      high Q cavity requires a high cavity volume to cavity wall surface ratio,
      which in turn necessitates a relatively large volume of polarizing
      magnetic field, thereby requiring a large magnet weighing 1000 kg or more.
      Heretofore these spectrometers have been designed to obtain a flexible
      instrument of high sensitivity for a wide variety of samples in a wide
      variety of applications. This objective has resulted in research-type
      equipment which is generally considered very expensive.
PAR  There are three types of aqueous sample cell geometries that have been used
      in the past for EPR experiments. In many different cavities at a frequency
      of 10 GHz a capillary of about 1 mm diameter has proven to be optimum when
      operating within the constraint that it is desirable to use a cylindrical
      tube to contain the sample. 1 mm capillaries are furthermore convenient
      because they are readily available, inexpensive, and precise in size,
      permitting accurate quantitative measurements. A second type, the
      so-called flat cell, is described by L. G. Stoodley, J. Electronics and
      Control, 14, 531 (1963).
PAR  Stoodley analyzes a rectangular TE.sub.102 cavity having a nodal plane of
      zero microwave electric field and maximum microwave magnetic field
      considering the aqueous sample to be a slab coincident with this plane but
      of finite thickness extending slightly into regions of finite electric
      field intensity.
PAR  A third type of cell has been described by J. S. Hyde, Rev. Sci. Instru.,
      43, 629 (1972). Hyde shows that samples with high dielectric loss can be
      inserted into regions of high microwave electric field intensity providing
      that the electric field vectors are perpendicular to the surface of the
      cell. Polarization charges on the surface of the cell tend to prevent the
      electric field from penetrating the sample.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is described an EPR
      spectrometer designed from the point of view of arriving at a high
      sensitivity instrument for examining aqueous samples or other liquid
      samples of relatively high dielectric loss at room temperature. This
      invention has provided sensitive, low-cost apparatus for this restricted
      range of applications.
PAR  This invention is directed particularly to EPR spectrometers utilizing
      rectangular TE.sub.102 or cylindrical TM.sub.110 modes, although it can be
      extended readily to TE.sub.l0n or TM.sub.lm0 modes where l, n, and m are
      any integers, and to other modes as well. As is well known, the polarizing
      magnetic field for electron paramagnetic resonance is parallel to the
      cavity dimension that corresponds to the zero index, and the magnitude of
      this cavity dimension does not affect the resonant frequency of the
      cavity. In accordance with the present invention the cavity dimension
      corresponding to the zero index is made small, of the order of the outer
      diameter of the optimum capillary sample tube outer diameter, i.e., 2 mm
      if the inner diameter is 1 mm, for apparatus designed to operate at 10
      GHz. It has been found that the sensitivity of the apparatus of this
      invention is as high as or somewhat higher than that obtained from high Q
      cavities of conventional design where the dimension corresponding to the
      zero index is typically 15 mm at 10 GHz.
PAR  This apparently surprising result can be understood when one recognizes
      that the Q of a cavity is approximately proportional to the dimension
      corresponding to the zero index and that the sensitivity is proportional
      to the product of the filling factor U and the cavity Q. Moreover, if the
      sample tube diameter is held constant it can be shown that the filling
      factor U is inversely proportional to the dimension corresponding to the
      zero index. Thus the product UQ is independent of this cavity dimension.
PAR  In further accordance with the present invention the polarizing magnet,
      either an electromagnet or a permanent magnet, that is employed is very
      much smaller than magnets heretofore required; for example, the magnet gap
      in one apparatus constructed according to this invention has a gap of 1 cm
      and a weight of 10 kg. This is to be compared with the conventional magnet
      for EPR. The conventional magnet for the same 3300 gauss field has a gap
      of 10 cm and a weight of 1000 kg. In design of magnets for magnetic
      resonance the following design criteria must be considered. The
      homogeneity of the magnetic field for a fixed magnet pole piece diameter
      and fixed field improves as the magnet gap is decreased. For a fixed
      number of ampere turns exciting an electromagnet, the strength of the
      magnetic field in the magnet gap increases as the gap is decreased.
      Likewise, for a fixed magnetic field the required number of ampere turns
      decreases as the gap decreases. For a smaller number of ampere turns the
      amount of iron required in the magnet yoke in order to avoid magnetic
      saturation of the iron is smaller. An approximate rule of thumb is that
      the weight of a magnet of constant pole piece diameter and constant
      magnetic field intensity varies in proportion to the third power of the
      magnet gap. Generally, these statements can also be made for a permanent
      magnet.
PAR  In further accordance with the present invention it is possible and
      advantageous in the EPR spectrometer of this invention to utilize a
      microwave source of relatively low quality and high noise with
      commensurate low cost, such as a Gunn semiconductor oscillator. In the
      prior EPR spectrometers it has generally been the practice to employ
      cavities having unloaded Qs on the order of 7000. In constrast, the
      unloaded Q of the smaller cavity of the present invention is on the order
      of 1000. The noise associated with a microwave source may be divided into
      AM and FM noise. When FM noise is incident on a highly reactive microwave
      element such as a high Q resonant cavity it is demodulated and lowers the
      sensitivity of equipment employing such elements. This noise effect has
      been analyzed by Feher, Bell Systems Tech. J., March 1957. Under
      appropriate approximations, solutions of the equation shown there indicate
      that the demodulated noise varies as the square of the cavity Q. In
      addition, it is shown in the book Electron Spin Resonance Spectrometers by
      T. H. Wilmshurst, Adam Hilger Ltd., London (1967), p 86, that AM noise is
      also enhanced by a high Q cavity. In other words, a low Q cavity
      introduces less distortions due to deviations from pure sinusoidal
      waveform of the excitation. By utilizing the smaller dimensional cavity
      having a lower Q, as described here among the other advantages,
      substantial decrease in the quality of the microwave source and therefore
      in the cost of the microwave source is permissible without a corresponding
      increase in the spectrometer noise characteristics.
PAR  Although the use of 1 mm capillaries for EPR studies has great practical
      convenience, it is desirable on occasion to use more specialized cells to
      achieve higher sensitivity. Prior art flat cells that constrain the sample
      to the nodal surface in TM.sub.110 and TE.sub.102 cavities are of no
      benefit in the small cavity spectrometer described in the present
      invention because the sensitivity increases approximately as the square
      root of the dimension that corresponds to zero index. However, a further
      feature of the present invention is that an aqueous sample cell operating
      on the principle enunciated by Hyde and cited above can be used. Thus a
      flat cell so oriented that its plane is perpendicular to the lines of
      microwave electric field and also perpendicular to the lines of polarizing
      magnetic field is consistent with the design of the spectrometer of this
      invention and permits an increase in sensitivity expressed in moles of
      paramagnetic species per liter of water (molarity) relative to the optimum
      cylindrical capillary of about a factor of 2.5.
PAR  It is, accordingly, an object of the present invention to provide a new and
      improved EPR spectrometer.
PAR  Another object of the invention is to provide an EPR spectrometer employing
      a relatively small, lightweight, inexpensive magnet by virtue of its
      having a relatively small air gap in which the spectrometer resonant
      cavity is located.
PAR  Another object of the invention is to provide an EPR spectrometer having
      desirable characteristics although driven by a microwave source of
      relatively poor quality with considerable noise.
PAR  A further object of the invention is to provide a new and improved EPR
      spectrometer which can be driven by a semiconductor microwave oscillation
      source, such as a Gunn oscillator.
PAR  A further object of the invention is to provide an EPR spectrometer in
      which a relatively large amplitude signal can be derived even though the
      spectrometer includes a resonant cavity having a relatively low Q.
PAR  A further object of the invention is to provide an EPR spectrometer
      employing a relatively low Q resonant cavity in combination with a sample
      holder that is particularly designed to enable the electric field vector
      of the cavity to intercept a large planar area of the sample at
      substantially right angles.
PAR  A further object of the invention is to provide an EPR spectrometer having
      a relatively low Q resonant cavity and a relatively large filling factor.
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of several specific embodiments thereof, especially
      when taken in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of the present invention;
PAR  FIGS. 2 and 3 are top and side views of an EPR spectrometer rectangular
      resonant cavity excited to the rectangular TE.sub.102 mode and carrying a
      cylindrical sample holder.
PAR  FIGS. 4 and 5 are side and top views of an EPR spectrometer cylindrical
      resonant cavity excited to the cylindrical TM.sub.110 mode and carrying a
      cylindrical sample holder;
PAR  FIGS. 6 and 7 are top and side views of an EPR spectrometer rectangular
      resonant cavity containing a relatively thick sample holder having a
      substantial planar area symmetrically intercepted by oppositely polarized
      electric field vectors;
PAR  FIG. 8 is a side view of an EPR spectrometer resonant cavity containing a
      pair of planar, parallel sample holders;
PAR  FIG. 9 is a side view of sample cell having convex sides;
PAR  FIG. 10 is a side view of an EPR spectrometer resonant cavity having
      concave parallel sides; and
PAR  FIG. 11 is a side view of an EPR spectrometer resonant cavity containing a
      cross-shaped sample holder.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Reference is now made to FIG. 1 of the drawing wherein there is illustrated
      a microwave resonant cavity 11 that has inserted therein a hollow low loss
      dielectric sample holder 12. Sample holder 12 preferably contains a high
      loss dielectric liquid sample to be analyzed by EPR spectroscopy
      techniques. As discussed infra, sample 12 may take many configurations and
      orientations within resonant cavity 11.
PAR  Resonant cavity 11 has a relatively low Q, a result achieved by providing
      the cavity with a pair of parallel side walls 13 and 14 that are spaced
      from each other by a distance considerably less than a quarter wavelength
      of the energizing frequency for the cavity; typically, the separation
      between parallel walls 13 and 14 is on the order of 1/10 of a wavelength
      of the energizing microwave frequency for cavity 11. Walls 13 and 14 are
      positioned and the cavity 11 is excited in such a way that microwave
      electric field vectors extend in a direction at right angles to the walls
      and therefore extend between the walls.
PAR  Extending in the same direction as the microwave electric field within
      resonant cavity 11 is flux from a relatively strong magnetic field that
      includes a dc component on which is imposed a small ac component. The DC
      magnetic field is established by permanent magnet 15 having pole faces 16
      and 17 that lie in planes parallel to cavity walls 13 and 14. Because of
      the small distance between parallel walls 13 and 14, there is a relatively
      small gap between pole faces 16 and 17, thereby considerably enabling the
      size and weight of magnet 15 to be reduced. The AC magnetic field
      component is provided by coils 18 and 19, respectively, positioned between
      pole face 16 and wall 13 and between wall 14 and pole face 17. Coils 18
      and 19 are connected to AC source 20, which typically has a frequency on
      the order of 100 KHz.
PAR  Microwave energy is coupled to cavity 11 from microwave source 22 that
      drives homodyne fm detector bridge 23. Source 22 can be a relatively noisy
      microwave source, such as derived from a semiconductor oscillator, of the
      Gunn oscillator type. Varian Associates, a manufacturer of klystrons, Gunn
      diodes and also EPR spectrometers, finds that typical Gunn diodes show an
      FM noise between 10-50 Hz rms, normally about 20 Hz rms in a 1 KHz
      bandwidth 10 KHz from the carrier. (Technical data from Varian Associates,
      Solid State West, on VSX-9001 Solid State Oscillator, Bulletin 3012,
      August 1973.) Two-cavity klystrons specified for EPR spectrometers can
      exhibit FM noise as low as 0.1 Hz rms in a 1 KHz bandwidth 10 KHz from the
      carrier, but normally have noise between 0.3 to 0.6 Hz rms in this band
      (See "Noise Spectrum Characteristics of Low-Noise Microwave Tubes and
      Solid State Oscillators" by S. L. Johnson, B. H. Smith and D. A. Calder,
      Proc. IEEE, 54, 258, 1966.) External cavity low noise reflex klystrons of
      the type previously used for EPR spectrometers exhibit more FM noise than
      two-cavity klystrons, as between 6 and 10 Hz rms in the same band, but
      their noise characteristic is generally better than FM noise from Gunn
      diodes. Hand-picked Gunn diodes can be found which exhibit the same FM
      noise specifications as poor quality reflex klystrons but generally off
      the shelf items can be expected to show a difference of a factor of about
      3. Klystron AM noise is similarly known to be much better than available
      from semiconductor oscillators. For purposes of this application, RF
      sources having a noise spectrum equal to or comparable to a Gunn
      oscillator are preferably used.
PAR  In one embodiment the Gunn oscillator is operated at a frequency of 9.4
      GHz. Surprisingly, the use of a homodyne bridge 23 in combination with the
      relatively low Q resonant cavity 11 and a relatively inexpensive, high
      noise Gunn oscillator results in a high performance inexpensive EPR
      spectrometer.
PAR  Homodyne bridge 23 includes a variable microwave attenuator 28 that drives
      a three port circulator 29. An intermediate port 31 of circulator 29 is
      connected to waveguide 32 that excites cavity 11 through adjustable iris
      33 that controls the match of waveguide 32 to cavity 11. The microwave
      attenuator 28 is preferably adjusted so that the liquid in sample holder
      12 is driven to the "brink of saturation." However, in certain instances
      the microwave attenuator can be adjusted so that the sample being analyzed
      is driven to saturation, while in other arrangements the sample can be
      excited by the microwave source so that it is unsaturated and not
      particularly close to saturation.
PAR  Energy reflected from cavity 11 is coupled back through iris 33 and
      waveguide 32 to circulator 29 and thence to output arm 34 of the
      circulator. The energy in output arm 34 is detected by diode detector 38
      in output arm 34. The signal derived from diode 38 is fed to a suitable
      output device, such as a chart recorder. A slight mismatch of variable
      iris 33 provides a microwave reference signal at diode detector 38, or a
      separate reference arm could be employed. As is well known to those
      skilled in the art, when resonance occurs in the sample of holder 12,
      energy is reflected from cavity 11, thereby unbalancing bridge 23 and
      providing a finite output from diode detector 38.
PAR  In an embodiment of the invention actually constructed, a Gunn oscillator
      having a frequency of 9.4 GHz was employed to excite cavity 11 to the
      cylindrical TM.sub.110 mode. The cavity had the usual diameter for this
      mode, approximately 1.5 inch, and a thickness between parallel walls 53
      and 54 of approximately 1/10 of a wavelength, approximately 0.150 inch.
      The gap between the pole faces 16 and 17 was approximately 0.375 inch with
      a resulting weight of permanent magnet 15 of approximately 15 lbs. In
      conventional prior art rectangular configurations, the distance between
      parallel walls 13 and 14 is on the order of 1/3 wavelength, approximately
      0.4 inch, and the gap between pole faces 16 and 17 is in excess of 1.75
      inch, requiring a magnet weight in excess of 200 lbs.
PAR  With reference to FIGS. 4 and 5, excitation of resonant cavity 11 to the
      cylindrical TM.sub.110 mode results in electric field vectors 58 extending
      between and at right angles to relatively closely spaced cavity walls 53
      and 54. A null electric field vector exists along median plane 59 of
      cavity 11, midway between iris 33' and cavity wall 42'. On opposite sides
      of median plane 59 finite, non-zero symmetrical, oppositely polarized
      electric field vectors 58 extend. The magnitude of the electric field
      vectors progressively increases from the median plane 59 to a maximum
      value that subsists approximately halfway between the median plane and
      each of iris 33' and end wall 42'. At iris 33' and end wall 42' the
      electric field vector is substantially a null. Extending in the same
      direction as the electric field vectors 58 is flux 45 from the low
      frequency magnetic field established by permanent magnet 15 and the
      magnetic field established by coils 18 and 19. The microwave magnetic
      field within resonant cavity 11 includes two sets of flux paths 59 and 60
      that are symmetrical with median plane 59 as illustrated in FIG. 5. Flux
      paths 59 and 60 are polarized in the same direction but extend in opposite
      directions in planes at right angles to the median plane 59.
PAR  Positioned equidistant from walls 53 and 54 and symmetrically with respect
      to median plane 59 is a low loss dielectric sample holder 51. In the
      embodiment of FIGS. 4 and 5, sample holder 51 is formed as a capillary
      tube containing a high dielectric constant lossy liquid to be analyzed. In
      one particular device actually constructed the sample holder is a 1 mm
      diameter capillary tube which finds particular utility in certain
      applications, such as analysis of urine for morphine.
PAR  The TM.sub.110 mode is excited in cavity 11 by providing the cavity with an
      iris 33' that is connected to waveguide 55 along a wall of the cavity that
      is parallel to end wall 42'. Substantially the same electric field pattern
      can be excited in a rectangular cavity 52, as illustrated in FIGS. 2 and
      3, by exciting the cavity in the cylindrical TE.sub.102 mode. Cavity 52 is
      dimensioned similarly to cavity 11 in that it includes relatively closely
      spaced parallel walls 13 and 14 which are separated from each other by
      approximately 1/10 of a wavelength of the microwave excitation source.
      Cavity 52 typically has a diameter on the order of one wavelength,
      approximately 1.5 inch, and is excited in response to microwave energy
      coupled to waveguide 32 and thence through iris 33. The TE.sub.102 mode
      establishes symmetrical electric field vectors 43 and 44 on the opposite
      sides of median plane 41 in substantially the same manner as the electric
      field vectors 58 are excited in the TM.sub.110 mode. Similarly, the
      magnetic field vectors 46 and 47, FIG. 2, are established in cavity 52 in
      substantially the same manner as the magnetic field vectors 59 and 60 are
      established. Cavity 52 is placed in the gap between pole faces 17 and 18
      so that cavity walls 13 and 14 are parallel to the magnet pole faces, and
      the relatively low frequency magnetic field flux is established in cavity
      52 so that it extends in a direction parallel to the microwave electric
      field vectors 43 and 44.
PAR  Sample holder 51 is inserted in cavity 52 in median plane 41 in the same
      way as the sample holder is inserted in median plane 59 in the cylindrical
      cavity 11. Thereby the microwave magnetic and electric fields and the low
      frequency magnetic field have the same effect on the sample in the
      cylindrical cavity as in the rectangular cavity and the same results are
      achieved.
PAR  Increasing the sample volume in the resonant cavity relative to the total
      volume of the resonant cavity increases the filling factor and thereby
      provides an output signal having larger amplitude. The volume of the
      sample can be increased by utilizing a larger sample holder 61, as
      illustrated in FIGS. 6 and 7. Large sample holder 61 is a right
      parallelepiped symmetrically located in rectangular cavity 52 about median
      plane 41, with parallel faces 62 and 63 equidistant from cavity walls 13
      and 14. The symmetry of hollow sample holder 61 enables the oppositely
      polarized electric field vectors 43 and 44 to be substantially
      perpendicular to a large planar area of the sample equally on either side
      of medial plane 41. Similarly the microwave magnetic field flux lines 46
      and 47 are equal in the sample in holder 61 on either side of the medial
      plane 41. In a typical situation, sample cell 61 has a length parallel to
      walls 13 and 14 on the order of 1/4 wavelength of the microwave source,
      approximately 0.4 inch for the described configuration.
PAR  The larger cell 61 illustrated in FIGS. 6 and 7 is at right angles to the
      orientation of a typical sample cell of the prior art. The longitudinal
      axis of the cell generally had heretofore been placed coincident with the
      null electric field vector, i.e., in the median plane 41 of the resonant
      cavity. The use of the larger sample cell of FIG. 7 having a
      parallelepiped configuration provides a signal having a magnitude of
      approximately 2.5 times that of the capillary sample holder 51 of FIGS. 2
      and 3.
PAR  The cell 61 has a thickness between parallel walls 62 and 63 on the order
      of 0.05 .lambda. which causes a distortion and bending of the microwave
      electric field vectors extending through it, see FIG. 7. Thereby, the
      microwave vectors are not quite perpendicular to the boundary surface of
      the liquid sample in cell 61 resulting in attenuation of the microwave
      electric field as it propagates through the sample. That component of the
      electric field vector that is perpendicular to the sample disposed in cell
      61 is terminated by the polarization charges in the sample and tends not
      to penetrate the sample, but that component of the electric field vector
      tangent to the surface of the sample disposed in cell 61 is continuous
      across the sample boundary inaccordance with well-known behavior of
      electromagnetic field vectors, resulting in absorption of microwave power
      in the cavity because of dielectric loss thereby lowering the cavity Q.
      Said distortion increases as the sample cell thickness increases resulting
      in an optimum sample cell thickness of about 0.25 mm inner dimension. This
      optimum results from a compromise between the increase in filling factor
      as the cell thickness increases and the decrease in cavity Q as the cell
      thickness increases.
PAR  One way to reduce the losses due to the E field distortion in connection
      with the thick cell 61 illustrated in FIG. 7 is to provide a cell having a
      pair of parallel sections 64 and 65, as illustrated in FIG. 8. Each of
      cells 64 and 65 is formed as a right parallelepiped having faces 66 of
      large area to define sample boundary surfaces, each of which is parallel
      to resonant cavity walls 13 and 14. Cells 64 and 65 are symmetrical about
      median plane 41 and a further mediam plane 67 that bisects end wall 42 and
      extends parallel to walls 13 and 14. In tests that applicant has conducted
      he has found that the distortion and losses for a pair of parallel cells
      64 and 65 are less than those introduced by a single cell 61 wherein the
      combined thicknesses of the samples in the pair of cells equal the
      thickness of the sample in the single cell.
PAR  The effect of parallel cells 64 and 65 can be attained by providing a
      single sample holder having two or more parallel enclosures that are
      shaped and positioned the same as cells 64 and 65. The space between the
      enclosures is filled by a low loss dielectric. To this end the two
      parallel sample holders 64 and 65 of FIG. 8 can be replaced by a single
      sample holder having rectangular enclosures with the same configuration as
      the hollow portions of holders 64 and 65. The facing inner walls of the
      enclosures are separated by a low loss dielectric.
PAR  The tendency for the microwave electric field vectors to be distorted at
      the boundary surface of the liquid sample can be compensated by bending
      the electric field prior to entry of the field into the sample. This
      result can be achieved by introducing suitable low loss dielectrics in the
      vicinity of the cell or by appropriately shaping the cell or the resonant
      cavity, as respectively illustrated in FIGS. 9 and 10.
PAR  In FIG. 9 the sample cell 68 is provided with a pair of opposed convex,
      dielectric wall 69. Walls 69 are provided with a curvature such that the
      electric field vectors between walls 13 and 14 intercept the cell
      perpendicularly so that any component of the electric field vector tangent
      to the surface is reduced toward zero resulting in lower dielectric
      losses.
PAR  In the embodiment of FIG. 10, opposed relatively closely spaced walls 71 of
      the resonant cavity are curved so that they have a concave shape whereby
      the electric field vectors 73 extend between the walls along curved paths.
      The electric field vectors 73 intercept the side walls 62 and 63 of
      parallelepiped sample holder 61 perpendicularly, thereby reducing
      microwave dielectric losses.
PAR  In the embodiments of FIGS. 9 and 10 the sample holders 61 and 69 are
      symmetrically located about medial planes 41 and 67 to provide the same
      interaction between the sample and the microwave electric and magnetic
      fields as is provided by the embodiment of FIGS. 6 and 7.
PAR  In accordance with a further embodiment of the invention, as illustrated in
      FIG. 11, a rectangular resonant cavity 11, as illustrated in the
      embodiments of FIGS. 2, 3 and 6-9, is employed in conjunction with a
      sample holder 74 having a cross configuration. Sample holder 74 includes
      two sets of mutually orthogonal equal length arms 75 and 76. Arms 75 are
      coaxial with the null electric field medial plane 41, while arms 76 are
      coaxial with medial plane 67. The cross configuration of FIG. 11 provides
      for a relatively large filling factor. The portion of the sample is
      disposed in arms 75 in the conventional prior art manner whereby the
      electric field vectors 43 and 44 intercept the sample in the arms 76 with
      equal amplitude but opposite polarizations.
PAR  While the embodiments of FIGS. 6-11 are illustrated as being excited in the
      rectangular TE.sub.102 mode, it is to be understood that the principles of
      the invention are equally applicable in these embodiments to the
      cylindrical TM.sub.110 excitation mode. Such excitation is provided in the
      manner illustrated and described in conjunction with FIGS. 4 and 5.
PAR  While there have been described and illustrated several specific
      embodiments of the invention it will be clear that variations in the
      details of the embodiments specifically illustrated and described may be
      made without departing from the true spirit and scope of the invention as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An EPR spectrometer comprising a microwave resonant cavity, means for
      exciting the cavity with RF energy, said cavity being so configured that a
      resonant mode is established when said cavity is excited by said RF
      energy, said mode having a unidirectional electric field vector and at
      least one plane parallel to said unidirectional vector where the magnitude
      of said vector is zero, means for applying a polarizing, relatively steady
      magnetic field to the cavity in a direction parallel to said
      unidirectional vector, means for supporting a low loss sample holder in
      said cavity so that the holder has a longitudinal axis aligned
      perpendicular to said unidirectional vector and lies in one of said
      planes, said cavity and the space for the sample within the holder having
      approximately the same dimensions in the direction of said unidirectional
      vector so that there is provided a relatively high filling factor for the
      sample in the cavity between pole faces of the means for applying the
      magnetic field, said dimensions being much less than one-half of a
      wavelength of the RF energy exciting the cavity so that the cavity has a
      relatively low unloaded Q.
NUM  2.
PAR  2. The apparatus fo claim 1 including an oscillator having a noise spectrum
      equal to or comparable to a Gunn oscillator as the RF source.
NUM  3.
PAR  3. In an EPR spectrometer including a source of RF energy, a resonant
      cavity, said cavity being coupled to said source of RF energy and having a
      pair of closely spaced approximately parallel walls between which an
      electric microwave field vector extends in response to excitation by the
      RF energy source, means for providing a high DC magnetic field and a
      relatively low frequency magnetic field flux extending in the cavity in
      the same direction as the microwave electric field vector, said closely
      spaced walls being spaced a distance of no greater than approximately
      0.25.lambda., where .lambda. = microwave resonant wavelength of the
      cavity, said cavity having a relatively low unloaded Q of the order of
      1000, an aqueous sample holder, said cavity including means to support
      said sample holder, said sample holder being positioned in the cavity
      about a median axis of the cavity so that high magnitude electric field
      vectors intercept the sample holder walls at right angles at substantially
      all points on the surface of said sample holder exposed to non-minimal
      electric field vectors, the interior volume of said holder substantially
      filling a volume of the cavity between the walls along the median axis,
      the means for providing a high DC magnetic field having pole faces in
      close proximity to the walls of the cavity.
NUM  4.
PAR  4. The spectrometer of claim 3 wherein a sample holder including a
      plurality of sample enclosures is provided and each of said sample
      enclosures has boundary surfaces defining a substantially planar body,
      said holder being configured so that the samples are in parallel positions
      relative to each other.
NUM  5.
PAR  5. The spectrometer of claim 3 wherein said holder is made of a selected
      shaped dielectric body to compensate for the tendency of the sample to
      distort the direction of the electric field intercepting it, at least one
      of said holder or cavity being shaped so that the electric field vector
      intersects the sample surface perpendicularly at substantially all points
      exposed to non-minimal electric field vector.
NUM  6.
PAR  6. The spectrometer of claim 5 wherein said holder includes convex faces
      through which the electric field extends so that substantially parallel
      lines of the electric field pass through the sample to remove the
      distortion tendency.
NUM  7.
PAR  7. The spectrometer of claim 5, said cavity having concave faces for
      boundaries of the electric field so that substantially parallel lines of
      the electric field pass through the sample to remove the distortion
      tendency.
NUM  8.
PAR  8. The EPR spectrometer of claim 3 wherein said source of RF energy has an
      FM noise of the order of 20 Hz RMS in a 1 KHz bandwidth 10kHz from the
      carrier of the RF energy source.
NUM  9.
PAR  9. The spectrometer of claim 8 wherein the source comprises a semiconductor
      oscillator.
NUM  10.
PAR  10. The spectrometer of claim 9 wherein the semiconductor oscillator
      comprises a Gunn type oscillator, and wherein said means for providing a
      high DC magnetic field has a gap dimension which is of the order of 0.25
      .lambda..
NUM  11.
PAR  11. The spectrometer of claim 8 further including means for detecting the
      electron resonance of a sample comprising a balanced homodyne microwave
      detector bridge employing a single detector diode.
NUM  12.
PAR  12. An EPR spectrometer comprising a relatively low Q microrwave resonant
      cavity for containing a sample to be analyzed, the unloaded Q of said
      cavity being of the order of 1000, a source of RF energy for exciting the
      cavity, said source including a semiconductor oscillator for deriving the
      RF excitation energy, said oscillator having a noise spectrum equal to or
      comparable to a Gunn oscillator, and means for polarizing the sample with
      a relatively steady magnetic field.
NUM  13.
PAR  13. The spectrometer of claim 12 further including means for detecting the
      electron resonance of a sample, said detecting means including a homodyne
      microwave detector bridge having a single detector diode.
NUM  14.
PAR  14. The EPR spectrometer of claim 1 wherein said cavity dimension is
      approximately 0.1.lambda., where .lambda. = the wavelength of the RF
      energy.
NUM  15.
PAR  15. The EPR spectrometer of claim 1 wherein said sample holder is a
      capillary tube.
NUM  16.
PAR  16. The EPR spectrometer of claim 15 wherein said capillary tube has inner
      and outer diameters of 1 millimeter and 2 millimeters resectively, the RF
      energy has a frequency of the order of 10 GHz, and said dimensions are of
      the order of 0.150 inches so that the cavity has a Q on the order of 1000.
NUM  17.
PAR  17. The EPR spectrometer of claim 16 wherein an aqueous sample is located
      in the capillary tube.
NUM  18.
PAR  18. In an EPR spectrometer including a source of RF energy, a resonant
      cavity, said cavity being coupled to said source of RF energy and having a
      pair of closely spaced approximately parallel walls between which an
      electric mirowave field vector extends in response to excitation by the RF
      energy source, means for providing a high DC magnetic field and a
      relatively low frequency magnetic field flux extending in the cavity in
      the same direction as the microwave electric field vector, the improvement
      comprising, said closely spaced walls being spaced a distance of no
      greater than approximately 0.25.lambda., where .lambda. 32  microwave
      resonant wavelength of the cavity, said cavity having a relatively low
      unloaded Q of the order of 1000, an aqueous sample holder, said cavity
      including means to support said sample holder, said sample holder being
      positioned in the cavity about the median axis so that high magnitude
      electric field vectors intercept the sample holder walls at right angles
      at substantially all points on the surface of said sample holder exposed
      to non-minimal electric field vectors, said holder being made of a
      selected shaped dielectric body to compensate for the tendency of the
      sample to distort the direction of the electric field intercepting it, at
      least one of said holder or cavity being shaped so that the electric field
      vector intersects the sample surface perpendicularly at substantially all
      points exposed to a non-minimal electric field vector, said holder
      comprising a cross-shaped interior cross section, said cross shape having
      first and second sets of mutually orthogonal arms, the first set of arms
      extending in a direction parallel to the direction of the electric field
      and positioned so that a longitudinal axis of the first set of arms is
      coaxial with a null plane of the electric field, the second set of arms
      extending on both sides of the first set of arms and being positioned in
      the cavity so that oppositely polarized vectors of the electric field
      symmetrically intercept the sample portion therein substantially at right
      angles.
NUM  19.
PAR  19. The spectrometer of claim 1 wherein the cavity is configured and the
      frequency of exciting means are such that only one resonant mode is
      established in the cavity in response to excitation by said RF energy.
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PAL  A method of and associated apparatus for measuring cell volume in a gravure
      printing surface including the steps of positioning a probe including a
      pair of magnetic reaction devices over an engraved area with one device
      over an area with cells and the other device over an area without cells,
      providing a magnetic field to be sensed by the magnetic reaction devices,
      sensing the relative reduction in the strength of the magnetic field due
      to the presence of non-ferrous metal to provide a differential signal
      proportional to cell volume, and conditioning and recording the
      differential signal, as desired.
BSUM
PAR  The present invention relates to gravure printing, and more specifically to
      a method and apparatus for measuring cell volume in a gravure cylinder or
      plate.
PAR  In gravure printing, the optical density of a given portion on the printed
      product (paper) depends upon the combined volume of the cells which have
      been chemically etched or mechanically engraved in a corresponding portion
      of the gravure cylinder or plate.
PAR  For a given screen size, i.e., a given number of cells per unit area, cells
      of small volume will result in a print-out of low density called a
      highlight, cells of intermediate volume will result in a print-out having
      medium density called a midtone, and cells of large volume will result in
      a print-out of high density called a shodow. Cells having very small
      volume may not print-out at all or very unreliably. Cells having an
      excessive volume may lead to spilling of ink beyond the borders of the
      engraved areas on the print, causing ink drying problems and excessive ink
      consumption. It is thus important to accurately control cell volume to
      achieve the desired print-out densities.
PAR  In order to be able to ascertain the accuracy of chemical etching and the
      validity of subsequent proofing operations, control patches are frequently
      etched along with the images into the gravure cylinder or plate. The
      control patches are small areas having cells with volumes corresponding
      either to highlights, midtones or shadows. These control patches are often
      located so that when the final printed product is cut to size, the
      printing resulting from the patches is trimmed away. Generally, after
      etching, the depths and in some cases the widths of the cells in these
      patches are measured with a gravure microscope.
PAR  In mechanical engraving, practiced with a gravure engraving machine such as
      the Helio-Klischograph manufactured by the firm, Dr. Ing. Rudolf Hell in
      Kiel, Germany, the cells are cut into the rotating cylinder by means of a
      vibrating stylus located in an engraving head. The depths and thus the
      volumes of the cells are controlled by moving the center of vibration of
      the stylus closer to or away from the cylinder surface.
PAR  An engraving machine may include a plurality of engraving heads, each of
      which requires periodic checking and adjustment. The circuits which
      control the styli also require periodic checking and adjustment. Such
      checks and adjustments are made by engraving patches corresponding to
      highlights, midtones and shadows either into a cylinder which is
      exclusively used for checking and adjustments, or into a cylinder which
      will be subsequently used in production printing. The width of the cells
      in the different patches are then measured with a gravure microscope and
      electrical and mechanical adjustments are made accordingly on the
      engraving machine.
PAR  Cell measurements made with a gravure microscope suffer from the following
      disadvantages:
PAR  1. When measuring the depth of etched cells, the microscope is first
      focused on the surface of the gravure cylinder and then focused on the
      bottom of the cell. The difference in the relative positions of the
      microscope barrel is read on a dial and taken to be the depth of the cell.
      It is difficult to determine exactly when the cylinder surface and cell
      bottom are in focus, so that the resulting determination of cell depth is
      quite subjective.
PAR  2. Microscopic cell measurements are limited to a very small number of
      cells which may not be representative of the average cell depth in the
      control patch.
PAR  3. It has been determined that print-out density is largely dependent upon
      the cell volume per unit area. Measurements of widths and depths of etched
      cells are only representative of cell volume for a given cell shape.
PAR  4. With mechanically engraved cells, cell width is only a measure of the
      cell volume per area if the cross sectional shape of the cutting stylus as
      well as the number of cells per unit area are known. Due to material and
      manufacturing imperfections, as well as wear, the stylus may deviate from
      its specified dimensions. With different cylinder diameters and different
      axial advances during rotation of the engraving heads on the cylinder, the
      number of cells per unit area can vary. To validate the relation of cell
      width to cell volume per unit area, these factors must be considered.
PAR  5. Microscopic cell measurements are tedious and time consuming, and at
      present represent a large portion of the time consumed to check and
      calibrate mechanical engravers.
PAR  Prior devices have employed a magnetic reaction device to control the
      etching process while etching is in progress. An initial reading of the
      gravure cylinder is taken before the etching process begins; this initial
      reading is stored in the memory of a computer. The initial reading is
      subtracted from subsequent readings taken during the etching process.
      During etching, the rotating cylinder is covered with a soft, fragile,
      gelatinous etching resist which cannot be disturbed, so that the magnetic
      reaction device cannot be located on the cylinder surface, but rather is
      mounted on the frame of the etching machine. Generally, the magnetic
      reaction device is placed at least 0.040 inches away from the surface of
      the gravure cylinder so as not to interfere with the etching process.
      Because the spacing between the magnetic reaction device and the surface
      of the cylinder has to be maintained with a very high degree of accuracy,
      the cylinder as well as the bearing of the etching maching must be
      accurately manufactured to avoid mechanical run out.
PAR  It is an object of the present invention to provide a method and apparatus
      for measuring cell volume per unit area after etching or engraving of the
      gravure printing surface is completed.
PAR  It is a further object of the present invention to provide an apparatus for
      measuring cell volume per unit area which is located directly on the
      surface of a gravure cylinder.
PAR  It is a still further object of the present invention to provide apparatus
      for accurately locating a magnetic reaction probe relative to the surface
      of a gravure cylinder.
PAR  It is a still further object of the present invention to provide an output
      signal directly related to the combined cell volumes per area of the
      etched or engraved patches.
PAR  Other objects, aspects, and advantages of the present invention will be
      apparent when the detailed description is considered with the drawings.
PAR  Briefly, the apparatus of the present invention includes a portable support
      for positioning directly on the surface of the gravure cylinder and a dual
      magnetic reaction probe which may include series connected Hall devices or
      pick-up coils, positioned above and in close proximity to an engraved
      (etched) and non-engraved (non-etched) portion of the surface of the
      gravure cylinder. An alternating current of suitable frequency 4,000 to
      50,000 Hz is passed through a magnetizing coil within the probe to produce
      an alternating magnetic field. This field is weakened by eddy currents
      which are produced in the gravure cylinder (non-ferrous metal) by the
      induction between the coil and the surface of the cylinder. The Hall
      device positioned over the unengraved area of the cylinder is subjected to
      a maximum reduction in the field strength by eddy currents. The Hall
      device positioned over the engraved area, e.g., an area where metal has
      been removed by etching or mechanical engraving, is subjected to a lesser
      reduction in the field strength. The two magnetic reaction devices are
      connected in such a manner that the signals of the two magnetic reaction
      devices opppose each other, so that the resulting output signal provides a
      measure of the difference in the reduction in field strength and is a
      direct measure of the volume of metal that has been removed. To avoid
      stray field effects it is necessary to accurately position the dual
      magnetic reaction probe close to the gravure cylinder in a repeatable
      fashion which is achieved by the support apparatus of the present
      invention.
DRWD
PAR  The present invention is illustrated in the drawings in which:
PAR  FIG. 1 is a perspective view of the support apparatus of the present
      invention;
PAR  FIG. 2 is an exploded view of FIG. 1 with parts removed to facilitate
      description;
PAR  FIG. 3 is a block diagram of the dual magnetic reaction probe and
      associated electrical apparatus.
PAR  Referring to FIG. 1, the probe support apparatus is generally indicated at
      10. The apparatus 10 includes a probe beam 12 having affixed at its one
      end 14 a dual magnetic reaction probe 16 and a probe positioning member
      18.
PAR  The probe 16 includes an excitation coil 19, see FIG. 3, having an inside
      diameter of about 1/4 inch with two Hall devices 20 and 22 located inside
      the coil 19 and spaced about 1/8 inch apart. Such a probe 19 is
      commercially available from F. W. Bell, Inc., Columbus, Ohio, as Model No.
      MRP-211.
PAR  The opposite or back end 24 of the probe beam 12 includes a back end
      support 26, e.g., of plastic, mounted thereon via a pivot shaft 36. The
      probe positioning member 18 and back support 26 are dimensioned to
      position the probe beam 12 parallel to the cylinder surface and place the
      bottom end 27 of the probe 16 from about 0.002 to about 0.010 inches above
      the surface 28 of the gravure cylinder 30.
PAR  The back end 24 of the probe beam 12 is connected to the support frame 38
      by an I-shaped link 32 which pivots in the support frame 38 about shaft 34
      and pivots in the probe beam about shaft 36. This pivoting action permits
      the back end 24 of the probe beam 12 a sufficient amount of play in the
      vertical direction, so that the back end support 26 and the probe
      positioning member 18 will rest on the surface of the gravure cylinder 30,
      regardless of small deviations in diameter between different gravure
      cylinders.
PAR  The support frame 38 includes a pair of inverted Y-shaped end members 40
      and 42, a body member 44, a transverse handle 46 extending between the
      inverted Y-shaped end members 40 and 42, and a pair of transverse support
      rods 47 and 48 affixed to opposite sides of the inverted Y-shaped end
      members 40 and 42. Moreover, the transverse support rods 47 and 48
      advantageously include plastic end members 50 and 52, and 54 and 56,
      respectively, to prevent abrasion of the surface 28 of the gravure
      cylinder 30. Support rods 47 and 48 ensure that the support frame 38 and
      by means of the link 32 the probe beam 12 are aligned parallel to the axis
      of the gravure cylinder 30.
PAR  Referring also to FIG. 2, a cam lever 58 and latch lever 60 cooperate with
      a cam 62 and latch 64, respectively, to properly position the probe 16 and
      maintain its position adjacent the gravure cylinder 30 as will be more
      fully explained below.
PAR  In operation, the apparatus 10 is manually positioned on the gravure
      cylinder 30 with the probe beam 12 in the axial direction of the cylinder
      30 and the transverse support rods 47 and 48 engaging the surface 28 of
      the gravure cylinder 30. The probe 16 is initially held away from the
      surface 28 of the cylinder 30 by the cam 62. The probe beam 12 is held in
      its "up" position by the cam 62 which is mechanically coupled to an arm 66
      having a biasing spring 68 coupling the arm 66 to the body member 44, see
      FIG. 2. In this position, the cam 62 engages a cam follower or lug 72
      affixed to the probe beam 12 to maintain the probe beam 12 in the "up"
      position and hold the probe 16 away from the surface 28 of the gravure
      cylinder 30. The apparatus 10 is moved over the surface 28 of the gravure
      cylinder 30 so that the one of the Hall devices, e.g., 22 in FIG. 3, is
      located over the engraved area of a control patch and the other Hall
      device, 20 in FIG. 3, is located over the unengraved area next to the
      control patch.
PAR  Clockwise rotation or depression of the cam lever 58, which is mechanically
      coupled to the cam 62 and arm 66 through a rotatable shaft 70, will rotate
      the cam 62 and allow the cam follower 72 to slide along the cam 62 causing
      a lowering of the probe beam 12 until the probe positioning member 18
      engages the surface 28 of the gravure cylinder 30, see FIG. 1. Continued
      or further depression of the cam lever 58 will cause the arm 66 to engage
      the latch 64 to maintain the cam 62 and probe beam 12 in the "down"
      position, preventing the biasing spring 68 from returning the cam 62 and
      probe 16 to the "up" position when the operator removes his hand. Thus,
      the operator need not have his hand on the cam lever 58 while measurements
      are taken.
PAR  Depression or clockwise rotation of the latch lever 60, which is
      mechanically coupled to the latch through a shaft 74, causes the latch 64
      to release the arm 66, enabling the force of the spring 68 to rotate the
      cam 62 to lift the probe beam 12 and probe 16 to its original or "up"
      position. Likewise, when the apparatus 10 is removed from the surface 28
      of the gravure cylinder 30, the link 32 will pivot downwardly (clockwise)
      with respect to the support frame 38 about pivot 34 allowing pullrod 77
      inside a latch spring 76, coupling the link 32 to the latch 64, to rotate
      the latch 64, causing release of the arm 66 and return of the probe 16 to
      its "up" position. This automatic release feature protects the probe 16
      and gravure cylinder 30 from damage in future use.
PAR  Referring to FIG. 3, the differential Hall output voltage from the probe
      16, after the coil 19 has been energized, is amplified and filtered in a
      differential magnetic reaction analyzer 78 such as Model 1390 available
      from F. W. Bell, Inc., Columbus, Ohio. The A.C. signal from the
      differential magnetic reaction analyzer 78 is further amplified, as
      desired, by amplifier 80 and is demodulated and filtered in demodulator
      and filter 82 to yield a D.C. signal proportional to the engraved cell
      volume of the control patch. With proper instrument calibration and
      adjustment, a scaling network 84, and a digital meter 86, equivalent
      engraving volume of the control patch can be read directly from the
      digital meter 86. A digital recorder 88 may be used, as desired, to
      provide a permanent record of the measurement.
PAR  It should be understood by those skilled in the art that various
      modifications may be made in the present invention without departing from
      the spirit and scope thereof as described in the specification and defined
      in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for measuring the volume of gravure printing cells which is
      positioned directly on a gravure printing surface comprising:
PA1  a frame;
PA1  engaging means coupled to said frame for engagement with the gravure
      printing surface;
PA1  a probe beam movable coupled to said frame;
PA1  back end support means mounted on said probe beam for contacting the
      gravure printing surface;
PA1  a magnetic reaction probe mounted on said probe beam;
PA1  a probe positioning member coupled to said probe beam; and
PA1  means for lowering said probe beam so that said probe positioning member
      engages the gravure printing surface and said magnetic reaction probe is
      positioned a predetermined distance from the gravure printing surface.
NUM  2.
PAR  2. The apparatus recited in claim 1 including:
PA1  means for locking said probe beam in its lowered position.
NUM  3.
PAR  3. The apparatus recited in claim 2 including:
PA1  link means pivotally coupling said frame and said probe beam and coupled to
      said locking means to release said locking means and return said probe
      beam to its up position upon removal of the apparatus from the gravure
      printing surface.
NUM  4.
PAR  4. The apparatus recited in claim 1 wherein:
PA1  said engaging means and said back end support means include plastic
      surfaces for engagement with the gravure printing surface.
NUM  5.
PAR  5. The apparatus as recited in claim 1 wherein:
PA1  the gravure printing surface is in the form of a cylinder.
NUM  6.
PAR  6. The apparatus recited in claim 1 wherein:
PA1  said lowering means includes a cam lever, a cam, biasing means, and a shaft
      mechanically coupling said cam lever and said cam, said cam engaging a cam
      follower affixed to said probe beam.
NUM  7.
PAR  7. The apparatus recited in claim 2 wherein:
PA1  said locking means includes a latch lever, a latch and a shaft mechanically
      coupling said latch lever and said latch, said latch being capable of
      engaging an arm coupled to said lowering means to prevent raising of said
      probe beam when said probe positioning member is in engagement with the
      gravure printing surface.
NUM  8.
PAR  8. The apparatus recited in claim 7 including:
PA1  a link means mechanically coupled to said latch to rotate said latch and
      release said arm from engagement with said latch when said link means
      pivots upon removal of the apparatus from the gravure printing surface.
NUM  9.
PAR  9. The apparatus recited in claim 1 wherein:
PA1  said magnetic reaction probe includes an excitation coil and a pair of
      magnetic reaction devices.
NUM  10.
PAR  10. The apparatus recited in claim 1 wherein:
PA1  said probe positioning member is dimensioned to position said magnetic
      reaction probe from about 0.002 to about 0.010 inches above the surface of
      the gravure printing surface when said probe positioning member engages
      the gravure printing surface.
NUM  11.
PAR  11. An apparatus for measuring the volume of gravure printing cells which
      is positioned directly on a gravure cylinder, comprising:
PA1  a frame;
PA1  a pair of transverse members coupled to said frame for engagement with the
      surface of the gravure cylinder;
PA1  a probe beam movably coupled to said frame;
PA1  a magnetic reaction probe mounted on one end of said probe beam, said
      magnetic reaction probe including an excitation coil and a pair of Hall
      devices;
PA1  a probe positioning member coupled to said one end of said probe beam
      adjacent said magnetic reaction probe, said probe positioning member being
      dimensioned to position said magnetic reaction probe from about 0.002 to
      about 0.010 inches above the surface of the gravure cylinder when said
      probe positioning member engages the surface of the gravure cylinder;
PA1  probe beam supporting means coupled to said probe beam for engagement with
      the surface of the gravure cylinder;
PA1  means for lowering said probe beam so that said probe positioning member
      engates the surface of the gravure cylinder, said lowering means including
      a cam lever, a cam, biasing means, and a shaft mechanically coupling said
      cam lever and said cam, said cam engaging a cam follower affixed to said
      probe beam;
PA1  means for locking said probe beam in its lowered position, said locking
      means including a latch lever, a latch, and a shaft mechanically coupling
      said latch lever and said latch; and
PA1  link means pivotally mounted on said frame and said probe beam, said link
      means being mechanically coupled to said latch of said locking means to
      release said locking means and return said probe beam to its up position
      upon removal of the apparatus from the surface of the gravure cylinder.
NUM  12.
PAR  12. An apparatus for measuring the volume of gravure printing cells which
      is positioned directly on a gravure printing surface, comprising:
PA1  a frame;
PA1  engaging means coupled to said frame for engagement with the gravure
      printing surface;
PA1  a movable probe support coupled to said frame;
PA1  a magnetic reaction probe coupled to said movable probe support;
PA1  probe positioning means for contacting the gravure printing surface and
      maintaining a predetermined spaced relationship between the magnetic
      reaction probe and the gravure printing surface; and
PA1  lever means coupled to said movable probe support for lowering said
      magnetic reaction probe to a fixed spaced position relative to the gravure
      printing surface, which fixed spaced position is determined by contact of
      said probe positioning means with the gravure printing surface when said
      magnetic reaction probe is lowered.
NUM  13.
PAR  13. The apparatus recited in claim 12, wherein:
PA1  said magnetic reaction probe includes an excitation coil and a pair of
      magnetic reaction devices.
NUM  14.
PAR  14. The apparatus recited in claim 12, including:
PA1  lock means for locking said magnetic reaction probe in its lowered
      position.
NUM  15.
PAR  15. The apparatus recited in claim 12, wherein:
PA1  the gravure printing surface is a gravure cylinder.
NUM  16.
PAR  16. The apparatus recited in claim 12, wherein:
PA1  said probe positioning means is dimensioned to position said magnetic
      reaction probe from about 0.002 to about 0.010 inches above the gravure
      printing surface when said probe positioning member engages the gravure
      printing surface.
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PAL  A flaw detecting device responding to variations in eddy currents induced
      in a surface under test includes an oscillatory circuit comprising a tuned
      detector circuit including a detector coil. The detector circuit is in
      series with an inductor and preferably capacitors are in parallel with the
      detector coil and with the detector coil and inductor respectively. The
      oscillatory circuit includes also a two stage amplifier with zero phase
      shift and a capacitor between the output of the amplifier and earth. The
      oscillatory circuit operates to successively decrease its output amplitude
      when the detector is moved from free air to adjacent a flawless surface
      and then adjacent a flaw in the surface.
BSUM
PAR  This invention relates to detectors for flaws in metal, and more especially
      eddy current detectors for cracks in or near to the surface of a metal
      object.
PAR  The invention consists in a device for detecting flaws in metal comprising
      means for establishing an oscillatory electromagnetic field, and for
      exploring a metal surface by moving said field adjacent to said surface,
      means adapted to detect a variation of reaction between said field and the
      metal surface over which it is moved, arising from a flaw, such as a crack
      or other discontinuity, in said metal surface, and to provide a signal
      which is substantially in linear proportion to a dimension of said flaw,
      for the purpose of actuating indicating or measuring means to identify the
      flaw.
PAR  The exploration may be effected by an instrument incorporating a small
      tuned electric circuit driven by a finely-tuned oscillatory circuit. The
      oscillatory circuit may be adapted to be preset when the exploratory means
      are associated with a flawless metal standard. The indicating or measuring
      signal may be obtained by integration technique to sum small variations of
      the individual oscillations over a short period of time. A discrimination
      circuit may be incorporated to block passage of a signal unless it exceeds
      a pre-arranged value (which may be adjustable).
DRWD
PAR  The invention will be clearly understood from the following description of
      one form, (given, however, merely by way of example) which it may assume,
      and this description will be more readily followed by reference to the
      accompanying drawings wherein
PAR  FIG. 1 represents in perspective a probe for surface exploration of a metal
      object when incorporated in a detector in accordance with the invention;
PAR  FIG. 2 represents a block circuit diagram of a detector in accordance with
      the invention;
PAR  FIG. 3 represents details of the tuned circuit used for investigation;
PAR  FIGS. 4, 5 and 6 represent circuit characteristics of the apparatus in use;
      and
PAR  FIG. 7 provides full circuit details of a detector in accordance with the
      invention.
DETD
PAR  In carrying the invention into effect in one convenient manner, as shown in
      the aforesaid drawings, a detector for locating flaws, and more especially
      cracks, in a metal object comprises a detector 1 (FIGS. 1-3) driven by a
      tuned oscillator 2 (FIG. 2), a converter 3 functioning to integrate
      variations of the signal received from the oscillator 2, and to exercise
      discrimination in respect thereof, and an amplifier 4 feeding
      flaw-indication or measuring signals to a display device 5. Provision may
      also be made for signals from the converter 3 to be fed to an audio
      generator 6 to enable an operator to detect signal changes due to detected
      flaws by means of earphones 7 or the like.
PAR  The detector may be in the form of a manually-operable probe comprising a
      tubular casing 8 (FIG. 1) in which at its tip is mounted a coil L1 wound
      on a ferrite core 9, in circuit with a capacitor C1 housed inside the
      casing, the casing being formed with a handle 10 through which pass leads
      for connection to the main circuit unit, in which, by way of a variable
      inductance L2 and a capacitor C2 it is connected to an amplifier A (FIG.
      3).
PAR  The mode of operation of a detector in accordance with the invention will
      be appreciated by reference to FIGS. 1-3.
PAR  Alternating current generated by the oscillator 2 drives the tuned circuit
      of the probe 1, and the latter, located adjacent to a metal surface (FIG.
      1) generates eddy currents in the metal which react with the
      electromagnetic field established by the probe. The strength of the field
      set up by the eddy currents depends inter alia upon the conductivity of
      the metal, and also upon continuity or homogeneity of the metal in the
      vicinity of the probe. If, therefore, as the probe traverses the metal
      surface the coil L1 comes into the vicinity of a discontinuity, such as a
      crack, in the adjacent metal the action of the eddy currents on the field
      of the probe is modified, (e.g. causes a change of amplitude and frequency
      of an output signal) and this variation is employed to locate and measure
      the flaw.
PAR  Initially the oscillator is adjusted, while the probe is applied to a
      sound, unflawed, metal object of similar character to the object being
      investigated, in order to compensate for differing surface conductivities
      and the like, and the sample under test is thereafter superficially
      explored by traversing the probe over its surface.
PAR  When the probe rides over a crack the output signal from the amplifier A is
      modified in both amplitude and frequency. Since the variation in amplitude
      of the individual oscillations of the signal is small, an integration
      technique is employed to provide a summation of variation of individual
      oscillations over a short period of time, and the output from the
      summation circuit (which may incorporate an amplifier having a
      pre-arranged gain factor) is fed to a discrimination circuit in the
      converter 3, in which the gain factor is adjustable. The function of this
      discrimination circuit is to compare the value of voltage of the incoming
      signal with a pre-set voltage in order to determine the difference. As
      long as the incoming signal voltage is less than the pre-set value, no
      signal is passed to the meter 5, but when the incoming signal voltage
      exceeds the pre-set value, the difference, after amplification in the
      amplifier 4, is fed to the meter 5 causing a deflection thereof
      proportioned to the difference between the two voltages. The circuit is
      designed to ensure linear proportionality of the signals passed through
      successive stages, to ensure that when the circuit is correctly set
      initially, the meter reading is directly proportional to the depth of a
      crack, at least for a simple, unbranched, tight crack, (although factors
      such as branching and different width-to-depth ratios in cracks may, as
      usual, affect linearity of readings to some extent).
PAR  If it is desired also to provide an audio facility in the apparatus an
      output from the summation circuit amplifier may be fed from the converter
      3 to an audio generator 6 which comprises an amplifier incorporating a
      threshold control passing a signal to a voltage-to-frequency converter.
      This circuit provides for the headphones 7 a signal at an audible
      frequency which varies in accordance with variation of the voltage from
      the threshold control, and in linear relation thereto, from zero when the
      voltage applied to the amplifier reaches the threshold value, to
      frequencies increasing in direct proportion to excess value of the applied
      voltage above the threshold value. Thus the frequency of the audio signal
      is in linear relation to the depth of a crack located by the probe. The
      sensitivity of the circuit (in proportion to the ratio of the inductive
      coils L1 and L2, FIG. 3) can be increased by increasing the inductance of
      coil L1.
PAR  The characteristics of the tuned circuit under different conditions are
      illustrated in FIG. 4 representing voltage gain (V2/V1 in FIG. 3) as
      ordinate values for varying applied frequencies as abscissa, of a probe in
      accordance with the invention. When the probe circuit is set into
      oscillation in free air it supplies an output of maximum gain at a
      resonant frequency f0. When the probe is applied to an uncracked metal
      surface the "Q" reduces and the gain is reduced, and the resonant
      frequency increases to a value f2. If in traversing the metal surface the
      probe identifies a crack the "Q" is still further reduced, and the
      resonant frequency falls to a value f1 below f2, but not necessarily below
      f0.
PAR  The phase characteristics of the amplifier and tuned circuit are
      represented in FIG. 5 showing phase as ordinate in relation to frequency
      as abscissa. It can be seen that the condition for oscillation which
      occurs when the overall phase shift between V1 and V3 (FIG. 3) is zero is
      established at a frequency f0', which is higher than the resonant
      frequency f0 of the tuning circuit.
PAR  The resultant functioning of the circuit can be seen from FIG. 6, where the
      operating point moves from X when the tuning circuit is in free air, to Y
      when the tuning circuit is adjacent to an unflawed metal surface, and to Z
      when the tuning circuit traces a crack, and when the amplitude of the
      oscillator output voltage falls to a low value.
PAR  The complete circuit diagram of a crack detector in accordance with the
      invention is shown in FIG. 7, where the components (shown as mounted on
      two boards I and II) are represented by symbols laid down in British
      Standards Leaflet No. 3939. The oscillatory circuit L1, C1, and L2, C2 is
      connected to an amplifier having two stages TR1 and TR2--(corresponding to
      the amplifier A shown in FIG. 3), with adjustable gain to allow initial
      setting up of the probe. The circuit incorporates components R9 and R10,
      which can be included in, or excluded from, the circuit. Each in
      association with components R7, R8 and C9 constitute fixed gain components
      to set the device for variations between ferrous and non-ferrous specimens
      under test. A continuously variable gain component R4 may also be provided
      to allow adjustment for varying individual specimens under test. The tuned
      circuit and amplifier constitute an oscillator functioning at the
      frequency (f0', FIG. 5) at which the overall phase shift is zero. When
      setting up the unit an operator adjusts the gain of the amplifier, and
      hence the voltage amplitude of the oscillator to a desired value, and
      thereafter the apparatus functions as described above with reference to
      FIG. 6.
PAR  Transistors TR3 and TR4 with their associated components form an
      integration or summation circuit (reference 3, FIG. 2) applying an output
      voltage at collector connection of TR4 inversely proportional to the
      amplitude of the output voltage of the oscillator, so that when the probe
      encounters a crack the voltage at collector connection of TR4 increases.
PAR  The threshold detector or discrimination circuit in the converter 3
      referred to above, is represented by transistors TR6 and TR9, a
      conventional integrated circuit IC1, with their associated components. The
      resistors R16 and R17 provide a reference voltage for the second pin of
      the circuit IC1 and base connection of transistor TR6.
PAR  When the unit is correctly set up with the probe in the vicinity of
      unflawed metal the voltage at non-inverting input pin 3 of the circuit IC1
      is equal to the voltage at inverting input pin 2 of the same circuit, and,
      by virtue of the characteristics of the circuit IC1, the voltage at output
      pin 6 of the same circuit is also of the same value as that at pins 2 and
      3. Thus the voltage at the base connection of transistor TR9 is at the
      same value as that of transistor TR6. Thus in these circumstances no
      voltage is developed across resistor R23 and no current flows through
      transistor TR9 and resistor R27.
PAR  When the probe 1 encounters a crack the value of voltage applied to pin 3
      of circuit IC1 is increased, and hence the value of the voltage at pin 6
      of the same circuit is increased in linear relationship therewith. In
      consequence an increased voltage develops across the resistor R23, and the
      value of current flowing through transistor TR9 and resistor 23 is
      proportionately increased. This current develops a voltage across resistor
      R27, which determines the current flowing through the meter 5.
PAR  Any decrease in voltage at the pin 3 of circuit IC1 (due, for example, to
      removal of the probe from a metal object, or to the probe reaching the
      edge of specimen) causes a corresponding decrease in voltage at the pin 6
      of circuit IC1, but this change of voltage is of the wrong polarity to
      cause flow of current through transistor TR9, and no indication is
      presented on the meter 5. Thus it will be seen that indications on the
      meter represent cracks, and have values directly proportional to the
      depths of cracks, with the range for which the meter is calibrated.
PAR  The abovementioned audio facility is provided by the circuit shown in the
      lower part of FIG. 7 connected to the resistor R14, and passing signals to
      earphones 7, with volume control provided by a variable resistor R38, and
      a variable threshold limiting resistor R25.
PAR  From the above description it will be seen that the invention provides a
      useful, linear-reading crack detector for metal specimens, but it should
      be understood that the invention is not limited solely to the details of
      the form described above, which may be modified, in order to meet various
      conditions and requirements encountered, without departing from the scope
      of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a device for detecting flaws in a surface of the kind having a
      detector coil for responding to variations in eddy currents induced in
      said surface; an oscillator circuit for establishing an oscillatory
      electromagnetic field at said coil and generating an output signal varying
      with the impedance of said coil; and means actuated by said output signal
      to provide an indicator signal which is substantially in linear proportion
      to a dimension of the flaw for the purpose of actuating indicating or
      measuring means to identify the flaw, the improvement consisting in that
      the oscillator circuit includes:
PA1  a tuned detector circuit comprising said detector coil,
PA1  an inductor in series with said tuned circuit,
PA1  a two-stage amplifier with adjustable gain, connected to said inductor,
PA1  a feedback circuit maintaining zero phase shift between the said amplifier
      stages, and
PA1  a capacitor providing capacitive reactance between the output of the
      amplifier and earth, means to adjust the oscillator so that the amplitude
      of the output signal decreases successively when the detector coil is
      moved from free air to adjacent a flawless part of the surface and then
      adjacent a flaw in the surface, said actuated means including a
      discriminator circuit whose discrimination level is set to pass only those
      oscillator signals whose amplitudes are less than or about equal to the
      amplitude of the output signal when the detector is adjacent a flawless
      part of the surface.
NUM  2.
PAR  2. The device according to claim 1 in which the tuned circuit includes a
      capacitor in parallel with the detector coil.
NUM  3.
PAR  3. The device according to claim 2 in which another capacitor is in
      parallel with the detector coil and inductor.
NUM  4.
PAR  4. The device according to claim 3 which also comprises a converter
      circuit, connected between said oscillator output and the discriminator
      circuit, including AC to DC converter means to convert the oscillator
      output to a DC output having a voltage directly proportional to the
      amplitude of said oscillator output.
NUM  5.
PAR  5. The device according to claim 4 wherein said converter circuit also
      includes inverting amplifier means to convert said DC output to a second
      DC output inversely proportional to the amplitude of the oscillator
      output.
NUM  6.
PAR  6. The device according to claim 1 wherein a probe in the form of a tubular
      casing houses the components of the tuned detector circuit.
NUM  7.
PAR  7. The device according to claim 4 wherein the converter circuit includes
      integrating means to integrate the variations of individual oscillations
      of the oscillator output over a pre-arranged short period of time.
NUM  8.
PAR  8. A detector as claimed in claim 7 comprising an indicating or measuring
      device connected to said converter circuit and responsive to the value of
      the output signal provided by the converter circuit.
NUM  9.
PAR  9. A detector as claimed in claim 7 comprising means for providing an audio
      signal controlled by and proportional to the output of said converter
      circuit.
NUM  10.
PAR  10. A detector as claimed in claim 9 comprising an audio-generator
      incorporating threshold control, adapted to deliver an audible signal when
      the voltage supplied to the audio-generator from the converter circuit
      exceeds a pre-arranged threshold value.
NUM  11.
PAR  11. A detector as claimed in claim 10 wherein the audiogenerator is adapted
      to provide an output signal of frequency which varies with, and in
      proportion to, the value of the voltage applied thereto above the
      threshold value.
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PAL  This invention relates to methods of measuring magnetic fields and a
      magnetometer for performing the method.
PAL  According to the method an alternating magnetic field is applied to a thin
      magnetic film along its axis of difficult magnetization.
PAL  The alternating magnetic field applied to the film has an amplitude which
      is less than the anisotropy field of the film, the direction of
      magnetization of the film then undergoing an oscillation without reversal.
PAL  An electrical signal representing variations per unit of time of the
      magnetic induction in the film is withdrawn and analyzed and to effect the
      analysis the component of the magnetic field is measured at any of the odd
      harmonic frequencies of the electrical signal. The electrical signal is
      obtained by collecting the voltage at the terminals of a conducted loop
      surrounding the film and having its axis directed along the easy axis of
      the film.
BSUM
PAR  This invention relates to a method of measuring magnetic fields and a
      magnetometer for performing the method.
PAR  It has already been proposed to measure a magnetic field by means of a
      probe consisting of a core of ferromagnetic material having a hysteresis
      cycle and a coil enabling the core to be subjected to an alternating
      periodic magnetic field of an amplitude such that it brings the core to
      saturation; the value of the magnetic field under measurement can be
      derived from the amplitude of the even harmonics of the signals collected
      by a second coil which is also associated with the core. This method and
      the magnetometers for performing it do not satisfy the conditions required
      for accurate measurement of magnetic fields of very small value, because
      they are not free from considerable background noise which masks the
      useful signal as soon as the latter becomes weak.
PAR  Magnetic field measuring devices have also been proposed in which the
      sensitive element used is a thin ferromagnetic strip having an axis of
      easy magnetization. Associated with this strip are: a pumping winding
      which delivers an alternating field oriented along the axis of easy
      magnetization; and a detection winding whose axis is perpendicular to the
      axis of easy magnetization. This system delivers an output signal on the
      detection winding, said signal being dependent upon the component of the
      field perpendicular to the axis of easy magnetization. The phenomenon used
      in this device is a reversal of the magnetization of the strip on each
      alternation of the field delivered by the pumping winding. This changeover
      is effected by displacement of the walls bounding the magnetic domains of
      the strip, and this gives rise to considerable Barkhausen noise and limits
      the sensitivity; in practice, this device cannot be used for measuring
      fields less than about ten gamma (1 gamma = 10.sup.-.sup.5 oersted).
PAR  Magnetometers have also been proposed which comprise a thin ferromagnetic
      film, an excitation winding whose axis is parallel to the axis of
      difficult magnetization, and an output winding whose axis is parallel to
      the axis of easy magnetization. These magnetometers make use of the
      existence of a plurality of domains in which magnetizations have one or
      other of two opposite directions. Domains adjacent to opposite directions
      of magnetization are separated by walls. When the field under measurement
      is zero, the sum of the magnetizations extending in one direction is equal
      to the sum of the magnetizations extending in the other direction. On each
      half-cycle of the excitation field the magnetizations are reversed in each
      of the domains. If the field under measurement is not zero, it gives
      preference to one of the two directions of magnetization and one of the
      two types of domain expands at the expense of the other. The preferential
      domains alternate on each half-cycle, and this produces a movement of the
      walls at a frequency of twice the excitation frequency. These
      magnetometers therefore detect a second harmonic of the excitation
      frequency whose amplitude is a function of the field under measurement.
PAR  These magnetometers therefore also suffer from considerable Barkhausen
      noise as a result of their principle of operation (reversal) of
      magnetization and displacement of walls twice per cycle).
PAR  More recently, a method and device have been proposed which obviate the
      disadvantages of the previous devices because they use a phenomenon which
      has a very low background noise (French Patent No. PV 769 489 of 10
      October 1968 for "Method of and device for measuring low magnetic fields"
      - Commissariat a l'Energie Atomique). This phenomenon is the reversal of
      the direction of induction in a thin ferromagnetic film by coherent
      rotation. As compared with the reversal mechanism making use of the
      displacement of walls, this reversal mechanism has the advantage of having
      no Barkhausen noise. The magnetometer of this type uses a magnetic film of
      the inverted type, i.e. a film in which the critical coherent rotation
      curve is completely inside the critical wall displacement curve, unlike
      the films conventionally used. Associated with this film are a pumping
      winding which delivers an alternating field oriented along the axis of
      easy magnetization, a detection winding whose axis is parallel to the axis
      of easy magnetization, and a bias winding whose axis is perpendicular to
      the axis of easy magnetization, this winding fixing the zone of operation
      of the magnetic film. This device delivers to the detection winding an
      output signal which depends upon the component of the field parallel to
      the axis of easy magnetization.
PAR  This invention relates to a method of measuring magnetic fields and a
      magnetometer which also enable very small magnetic fields to be measured
      because they also obviate the formation of Barkhausen noise due to
      displacement of the walls; according to the invention, and unlike the
      above-mentioned devices, the phenomenon of reversal of the direction of
      magnetization is not used and instead use is made of just an oscillation
      of said direction between two limits. For this purpose, an alternating
      pumping field is used whose amplitude is insufficient for magnetization to
      be reversed, and this in practice is equivalent to applying a field of an
      amplitude less than the anisotropy field of the film. This excitation
      field is applied along the axis perpendicular to the axis of easy
      magnetization. Since the magnetization does not undergo two reversals on
      each cycle, it is no longer necessary to analyse the second harmonic of
      the detected signal as in the prior art magnetometers. It is possible
      advantageously to analyse the odd harmonics, for example, as will be
      indicated hereinafter.
PAR  Although in its above form the magnetometer according to the invention is
      subject to only very low Barkhausen noise and such noise is in any case
      much less than that of the prior art magnetometers operating on the second
      harmonic, said noise can be reduced still further by using a thin
      ferromagnetic film which is monodomain, so that said film has no walls.
      This monodomain film may advantageously be in the form of a cylindrical
      film, the axis of difficult magnetization of which is parallel to the axis
      of the supporting cylinder and the axis of easy magnetization is
      circumferential, hence closed on itself. In such a film, the change of
      direction of the magnetization is effected without displacement of any
      walls, and hence without Barkhausen noise.
PAR  In addition to the advantages concerning the reduction or even the absence
      of Barkhausen noise, the magnetometer according to the invention also has
      the advantage of giving an analysis electrical signal substantially
      proportional to the component of the field under analysis, such component
      being, as will be shown hereinafter, the component parallel to the axis of
      difficult magnetization and not, as in the prior art magnetometers, the
      component parallel to the easy axis.
PAR  More specifically, the invention relates to a method of measuring the
      component of a magnetic field, in which there is applied to a thin
      ferromagnetic film having an axis of easy magnetization, an axis of
      difficult magnetization, and a field of anisotropy, an alternating
      magnetic field of frequency F in the direction of difficult magnetization,
      and in which there is withdrawn an electrical signal representing the
      variations per unit of time of the magnetic induction in the said film,
      and the said electrical signal is analyzed, characterized in that an
      alternating magnetic field is applied whose amplitude is less than the
      said anisotropy field, the direction of magnetization of the film then
      undergoing an oscillation without reversal and in that to effect the said
      analysis the component is measured at either of the frequencies F and 3F
      of the said electrical signal whose amplitude is representative of the
      component of the field under measurement along the axis of difficult
      magnetization.
PAR  According to a second variant, the method according to the invention is
      also characterized in that an alternating magnetic field is applied whose
      amplitude is less than the said anisotropy field, the direction of
      magnetization of the film then undergoing an oscillation without reversal
      and in that a cylindrical thin ferromagnetic film is used having a
      circumferential easy axis and in that the said electrical signal is taken
      by collecting the voltage at the terminals of at least one conductive loop
      surrounding the said film and having its axis directed along the easy
      axis.
PAR  Preferably, use is made of:
PAL  a monodomain this ferromagnetic film
PAL  a thin ferromagnetic film saturated by any suitable means, more
      particularly by the application -- in an initial stage of the method -- of
      a magnetic field along the axis of easy magnetization. To collect the said
      electrical signal, the useful signal is taken from the terminals of at
      least one conductive loop surrounding the said ferromagnetic film and
      having its axis coinciding with its axis of easy magnetization.
PAR  The invention also relates to a magnetometer for performing the
      above-described method and of the type comprising a thin ferromagnetic
      film having an axis of easy magnetization, an axis of difficult
      magnetization, and a specific anisotropy field value, an excitation
      winding whose axis is parallel to the direction of difficult magnetization
      and fed by an alternating current at the frequency F by means of a current
      generator, means for withdrawing an electrical signal representing the
      variations per unit of time of the magnetic induction in the said film and
      electronic means for analyzing the said electrical signal, characterized
      in that the alternating current passing through the said excitation
      winding has a smaller amplitude than the amplitude which would be produced
      by a magnetic field of an amplitude equal to the said anisotropy field and
      in that the means for analyzing the electrical signal comprise: a first
      selective amplifier tuned to a frequency f and receiving the said
      electrical signal; a synchronous detector connected to the said amplifier
      and giving the amplitude of the amplified voltage at the frequency f, it
      being possible for said frequency f to assume either of the values F of
      3F; means for reading the said amplitude which represents the component of
      the magnetic field under measurement along the axis of difficult
      magnetization.
PAR  According to a second embodiment, the magnetometer according to the
      invention is also characterized in that the alternating current passing
      through the said excitation winding has an amplitude less than the
      amplitude which would be produced by a magnetic field of an amplitude
      equal to the anisotropy field, and in that the said film is cylindrical
      with a circumferential easy axis and in that the said means for
      withdrawing the electrical signal are formed by at least one conductive
      loop surrounding the said film and having its axis directed along the easy
      axis.
DRWD
PAR  Other features and advantages of the invention will be more readily
      apparent from the following description of exemplified embodiments given
      by way of explanation without any limiting force with reference to the
      accompanying drawings wherein:
PAR  FIG. 1 shows a cylindrical monodomain thin magnetic film on its support and
      defines the axes of magnetization, the co-ordinates used and the
      dimensions;
PAR  FIG. 2 is the Stoner-Wohlfarth astroid, which is the critical curve giving
      the intensity of the applied magnetic field for various orientations with
      respect to the axis of easy magnetization, from which there is only one
      possible stable state for magnetization;
PAR  FIG. 3 illustrates the standardized sensitivity curves of a magnetometer
      using either the first harmonic or the third harmonic;
PAR  FIG. 4 is a diagram showing the principle of the useful signal output
      system;
PAR  FIG. 5 is a synoptic diagram of the analysis means in the case in which the
      fundamental is used;
PAR  FIG. 6 diagrammatically illustrates a magnetometer connected as an
      oscillator;
PAR  FIG. 7a shows a probe assembly and 7b is a cross section therethrough.
DETD
PAR  Referring to FIG. 1, a thin monodomain magnetic film 2 is shown on a
      cylindrical support 4; the magnetic anisotropy of this thin film is
      characterized by its axis of easy magnetization, hereinafter referred to
      as the "easy axis", by its axis of difficult magnetization ("difficult
      axis") and by the value of the anisotropy field H.sub.K. The difficult
      axis is parallel to the axis Z of the support cylinder, and the easy axis
      is circumferential; it is therefore closed on itself and hence there is
      only a single domain in the film. As indicated above, the absence of any
      wall means that any changes of direction in magnetization are effected
      without any displacement noise.
PAR  The other characteristics of the film are as follows: its saturation
      magnetization I.sub.S, the thickness e of the film, the radius a of the
      support, the length l of the film. The system of co-ordinates best suited
      to this geometry is of course the conventional cylindrical co-ordinates
      system r, .theta. and z, which are defined in FIG. 1. The easy axis is
      denoted by AF and the difficult axis by AD.
PAR  According to a variant of the method of the invention, the monodomain thin
      film can be saturated along its easy axis by temporarily applying a
      magnetic field H.sub.FI  greater than the anisotropy field H.sub.K and in
      the direction of the easy axis, i.e., by applying a field whose lines of
      force are circular. This field may be created by a current flowing
      parallel to the axis Z, for example in the support 4 if the latter is
      conductive.
PAR  The magnetization intensity vector then extends along the easy axis with
      the value of the saturation magnetization intensity I.sub.S as the module.
      When the saturation field H.sub.FI is eliminated, the vector I.sub.S
      assumes a position which depends on the field H.sub.D along the difficult
      axis and on the field H.sub.F along the easy axis.
PAR  To simplify calculations, we shall consider only the component along the
      easy axis. The field H applied to the probe is therefore equal to the
      projection on to the difficult axis, i.e. H.sub.D. The magnetic induction
      B in the volume of the thin layer is then given by:
EQU  B = .mu. (I.sub.S + H.sub.D).
PAR  If the field H.sub.D varies, I.sub.S and B vary also. The variations in the
      induction B induce a voltage in a loop enlacing the film and with its axis
      parallel to its easy axis, said voltage being given by the following
      equation:
      ##EQU1##
PAR  According to the invention, the component H.sub.D on the difficult axis is
      considered as the sum of the two fields: the component h along the
      difficult axis of the field to be measured and the field h.sub.o cos.
      .omega. t, created artificially at the probe.
EQU  H.sub.D =  h + h.sub.o cos. .omega. t with .omega. = 2.pi.F
PAR  In order to prevent the application of sinusoidal field from causing
      reversal of the magnetization, ho is made less than H.sub.K. The
      magnetization therefore oscillates between two directions forming angles
      +.alpha.' and -.alpha." with respect to the easy axis.
PAR  The field along the difficult axis therefore varies in rhythm with the
      auxiliary alternating field and hence causes the magnetization component
      I.sub.S.sub..theta. to vary. FIG. 2 enables this variation of the
      projection of the magnetization intensity on to the easy axis to be
      calculated. This figure shows the Stoner-Wohlfarth astroid which is well
      known in the study of thin film ferromagnetism; this curve is plotted in a
      system of axes in which the abscissae correspond to the easy axis AF and
      the ordinates correspond to the difficult axis AD; this astroid is the
      critical curve giving the intensity of the applied magnetic field for
      various orientations with respect to the easy axis, from which there is
      only one possible stable state for magnetization in the film. According to
      a known geometric construction it enables the orientation of the
      magnetization to be determined from a field H applied to the film. For
      this purpose all that is required is to plot the tangent to the astroid
      from the end of the vector H, and this enables an angle .alpha. to be
      determined with respect to the easy axis, said angle being the angle
      assumed by the magnetization with respect to the easy axis. The apices of
      this astroid define the anisotropy field, which is designated by H.sub.K ;
      H.sub.FI denotes the saturation field applied momentarily to the layer in
      order initially to saturate the magnetization in the direction of the easy
      axis. The construction of FIG. 2 therefore enables the angle .alpha.
      between the magnetization intensity and the easy axis to be calculated; we
      find:
EQU  tg .alpha. = (H.sub.D /H.sub.K) [1 - (H.sub.D /H.sub.K).sup.2 ] .sup.1/2
PAR  This expression enables the two end orientations +.alpha.' and -.alpha."
      between which the magnetization oscillates to be calculated. With this
      expression it is also possible to calculate the time derivative of the
      projection of the magnetization intensity on to the easy axis and hence
      the voltage at the ends of the means for withdrawing the electrical signal
      representing the variation per unit of time of the magnetic induction in
      the magnetic film. Assuming that the square of the amplitude of the
      magnetic field along the difficult axis (H.sup.2.sub.D) is very much less
      than the square of the amplitude of the anisotropy field (H.sup.2.sub.K),
      we find that the voltage V is composed of signals at the frequency F, 2F,
      3F and 4F. In particular, the signal V.sub.3F
      ##EQU2##
      and the amplitude of the second harmonic is given by the following:
      ##EQU3##
PAR  If, in addition, we assume that the square of the amplitude of the field
      under measurement, h.sup.2, remains very small with respect to the square
      of the amplitude of the anisotropy field H.sup.2.sub.K, the signal V.sub.F
      at the fundamental frequency F is also expressed by a linear equation in
      respect of h:
      ##EQU4##
PAR  If we allow for the component H.sub.F along the difficult axis, the
      calculations are more complex but the result is substantially the same so
      that such calculations add nothing to an understanding of the invention as
      compared with the above simplified calculations.
PAR  If the field under measurement is zero, the magnetization oscillates
      symmetrically about the easy axis and .alpha.' = .alpha.". Due to
      symmetry, there are no odd harmonics. This is indicated by the above
      formulae if we take h = 0. The existence of a component along the
      difficult axis destroys the symmetry and results in the odd harmonics
      whose amplitude is proportional to the component under measurement.
PAR  It will therefore be apparent that the magnetometer according to the
      invention differs fundamentally from the above-described prior art
      magnetometers, both in its principle and in its performance. With regard
      to principle, the excitation field does not produce any reversal of the
      magnetization, but an ocsillation which does not give the second harmonic
      any preferential part, but which does give preferential treatment to the
      odd harmonics: and in respect of performance the magnetometer according to
      the invention differs due to the absence of any displacement of the walls.
PAR  The above formulae show that the sensitivity of the measurement depends
      firstly on the excitation through the agency of the amplitude h.sub.o and
      secondly on the value of the anisotropy field H.sub.K. It is apparent that
      it is advantageous to make h.sub.o as large as possible to increase the
      value of the electric signal. However, the critical astroid curve, the
      equation of which is:
      ##EQU5##
      shows that the value of h.sub.o must be necessarily limited; if we
      consider that H.sub.F cannot exceed the maximum value of the terrestrial
      field, which is 0.7 Oe, the limiting value for h.sub.o is given by the
      following:
EQU  h.sub.o.sup. 2/3  .ltoreq.  HK.sup. 2/3  - (0.7).sup.  2/3
PAL  Also, the ratio h.sub.o /H.sub.K must be made as large as possible by
      making H.sub.K as small as possible, and this reduces the top limit of
      h.sub.o. These two opposite conflicting requirements mean that the
      sensitivity K = V/h passes through a maximum when H.sub.K varies. This is
      shown in FIG. 3, which illustrates the standardized sensitivity curves
      with respect to the maximum sensitivity, for a magnetometer using either
      the first harmonic (curve K.sub.F) or the third harmonic (curve K.sub.3F).
      These curves show that for the specific value H.sub.K = 3.6 Oe, 90% of the
      maximum value of the sensitivities K.sub.F and K.sub.3F are obtained in
      both cases. These sensitivities are also different since their ratio is
      given by the following:
      ##EQU6##
PAR  Since h.sub.o /H.sub.K is smaller than 1, there is less sensitivity taking
      the third harmonic than the fundamental. In particular, when H.sub.K = 3.6
      Oe, the ratio of the sensitivities is: 0.1; however, the use of the third
      harmonic enables the excitation frequency (F) and the frequency of the
      detected signal (3F) to be separated distinctly.
PAR  When the values H.sub.K and h.sub.o have been selected, the theoretical
      sensitivity of the magnetometer then depends only on the excitation
      frequency F, the dimensions of the probe (a and l) and the magnetization
      intensity of the material I.sub.S.
PAR  Referring to FIG. 4, we shall now describe the principle of the preferred
      useful signal sampling device. The support 12 used is an insulating hollow
      tube inside which extends a conductive lead 18. This lead forms a loop
      surrounding the magnetic film 10 and the useful signal V is collected from
      its terminals. This configuration is particularly advantageous when there
      are several turns of conductive lead 18 around the film 10. The useful
      signal is in fact than multiplied by the number of turns, so that the
      signal-noise ratio can be increased. In fact, the noise due to the
      magnetic film, which is greatly reduced as compared with prior art systems
      because of the different type of operation and because, where necessary, a
      monodomain configuration is used, is undoubtedly multiplied by the same
      factor but the noise of the following electronic circuits remains
      constant.
PAR  The construction of the actual probe having been specified more
      particularly with reference to FIGS. 1 and 4, we shall now examine in
      greater detail the means of analyzing the voltage V collected. These means
      are shown in FIG. 5, which is a synoptic diagram of an analysis circuit
      used, for example, in a case in which the fundamental frequency is used.
      Referring to this figure, the excitation winding for the probe 20 is fed
      by circuit 22 connected to a first oscillator 24 of frequency F. The
      voltage at the ends of the magnetic film is collected and amplified by a
      selective amplifier 26 tuned to the frequency F; a second oscillator 28 of
      frequency F' .noteq. F feeds the mixer 30, which delivers at its output an
      intermediate signal at frequency .vertline.F - F'.vertline.; the selective
      amplifier 32 tuned to the frequency .vertline.F - F'.vertline., amplifies
      this intermediate signal and is connected to a synchronous detector 34
      which also receives a reference signal of frequency .vertline.F -
      F'.vertline. generated in a second mixer 36 which is fed by the two
      oscillators 24 and 28. An indicator instrument 101 may be connected to the
      output 37 to show the value of the d.c. voltage which appears there and
      which is proportional to the value of the component of the magnetic field
      under measurement along the difficult axis of the probe.
PAR  In an alternative embodiment corresponding to the circuit shown in broken
      lines in FIG. 5, the d.c. voltage appearing at the connection 37 is taken
      and amplified in a d.c. amplifier 38 and re-injected into the excitation
      winding of the probe 20 with a sign such that the magnetic field is
      compensated. This gives an output voltage control.
PAR  If it is desired to improve the protection against the excitation signal at
      the frequency F and to draw from the terminals of the probe only the
      signals which are related to the existence of a magnetic field h, it is
      advantageous to use two thin magnetic films, the difficult axes of which
      are parallel, and which are fed by one excitation coil and are surrounded
      by two useful signal output windings which are connected in opposition, or
      a thin magnetic film fed by two excitation coils connected in opposition
      and surrounded by one suitably disposed useful signal output winding; the
      voltages induced at the frequency F due to the excitation then compensate
      for one another, but the voltages induced in the thin films and related to
      the presence of the magnetic field under measurement are added together.
PAR  According to a second embodiment of the magnetometer according to the
      invention, the third harmonic of the signal detected at the terminals of
      the probe is analyzed. The analysis circuit is obtained from that shown in
      FIG. 5 by replacing the amplifier 26 by a selective amplifier tuned to the
      frequency 3F. This variant results in lower sensitivity as shown above,
      but does away with the signals at the frequency F which may be induced in
      the analysis device by the excitation signals.
PAR  As already indicated in connection with FIG. 3, if it is required to
      analyze both the fundamental and the third harmonic, all that is required
      is the provision of two corresponding analysis networks, and it is
      advantageous to make the anisotropy field H.sub.K in the region of the
      value 3.6 Oe, at which the two sensitivities K.sub.F and K.sub.3F are
      equal to 90% of their maximum values.
PAR  According to a different embodiment, the output voltage V is amplified and
      is used for magnetization of the excitation winding, which forms part of
      an oscillatory circuit so that the system forms an oscillator. This is
      shown in FIG. 6, which the probe 20 is excited by the winding 40 connected
      in parallel with the capacitor 42 and fed by the voltage generated in the
      thin magnetic film and amplified by the amplifier 44. In this oscillatory
      circuit, the value of the magnetic field h is derived from the amplitude
      of the oscillations.
PAR  The functioning of the apparatus of FIG. 6 is the following. It consists of
      a device self-oscillating consisting of an oscillating circuit constituted
      by coil 40 and a condenser 42. If there exists an electrical oscillation
      in such a circuit the magnetic field produced by the coil 40 generates an
      oscillation in the direction of magnetization in the probe 20. This probe
      is equipped with means for taking off an electrical signal not shown in
      detail but which can be identical to lead 18 in FIG. 4. The electrical
      signal taken off by these means is amplified by circuit 44 and reinjected
      in the oscillating circuit. Such a circuit is self-oscillating, which
      signifies that it becomes the base of an oscillation whose amplitude is
      such that the losses in the circuit are exactly compensated by the gain of
      the amplifier 44. It is thus not necessary to excite the ferromagnetic
      layer by an exterior apparatus since the layer is a part of the
      oscillating circuit.
PAR  One can grossly compare this circuit with an oscillating circuit which
      would include, in addition to an inductance and a capacitance, a
      transformer, the inductance being wound around the primary and the supply
      voltage of this inductance being taken off the taps of the secondary and
      amplified. This is only an analogy intended to make better understood the
      structure of the apparatus. The frequency of oscillation of such a circuit
      is determined by the values in the inductance 40 and capacitance 42 as in
      a classic LC circuit. This frequency of oscillation is not the interesting
      characteristic of the circuit since we are interested primarily in the
      amplitude of the oscillation, this amplitude being a function of the
      component of the magnetic field to be measured along the axis of difficult
      magnetization.
PAR  If the approximation h.sup.2 &lt;&lt;H.sup.2.sub.K.sub.' -- which entails
      proportionality of the voltage at the fundamental frequency V.sub.F and
      the amplitude of the magnetic field to be measured h -- is not satisfied
      for some magnetic fields under measurement, it may be advantageous to
      satisfy it by the use of a compensatory winding whose axis is parallel to
      the difficult axis and carries a d.c. producing a magnetic field opposed
      to the field under measurement, in which case the probe indicates the
      difference between the magnetic field under measurement and the
      compensatory field, which is assumed to be known. The compensation of the
      field under measurement may be complete, in which case the direct current
      is adjusted manually so that, for example, output voltage V measured by
      the indicator instrument 101 is zero; in this zero method, the value of
      the magnetic field is derived from the current flowing in the compensatory
      winding and measured by the current meter 102.
PAR  By way of explanation, FIG. 7 shows a specific probe assembly; the wire 50
      supporting the thin film 10 and the measuring winding 52 are introduced
      into an insulating tube 54, for example of glass, on which the excitation
      winding 56 is wound; the wire 58 is used for initial saturation; (it could
      be dispensed with and the measuring winding 52 could be used for this
      purpose); the supply to the winding 56 is made via the coaxial conductor
      60; the signal taken from the ends of the probe is carried by the coaxial
      cable 62. The system may, if required, be moulded in a material 64 which
      improves the mechanical stability of the probe. The wire 50 is itself an
      insulating hollow tube, for example of quartz, inside which passes the
      measuring winding 52. Although only one wire has been shown, said winding
      advantageously comprises a plurality of turns as was indicated above and
      has the general shape of a torus wound around the support 50 bearing the
      film 10. Applicant has made a probe of this kind, the sensitivity of which
      was about 70 nanovolts/gamma and the noise was of the order of 2
      nanovolts/gamma, corresponding to 3 centigamma.
PAR  The above description relates to a system comprising thin ferromagnetic
      films on a cylindrical support, because this arrangement enables a
      monodomain film configuration to be obtained most easily to minimize
      noise. The invention is, of course, more general and covers a system
      comprising non-cylindrical films, e.g. plane, provided that the
      arrangements of the axes of the excitation winding, of the field under
      measurement and of the useful signal output circuit in relation to the
      easy axis of the film are observed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of measuring the component of a magnetic field comprising the
      steps of:
PA1  applying as an excitation to a thin ferromagnetic film having an axis of
      easy magnetization, an axis of difficult magnetization, and a field of
      anisotropy, a first electrical signal for producing an alternating
      magnetic field of frequency F in the direction of difficult magnetization
      said alternating field having an amplitude less than the said anistropy
      field so that the direction of magnetization of the said film undergoes an
      oscillation without reversal;
PA1  detecting from the easy axis of said film for analysis a second electrical
      signal representing the variation in the magnetic induction B within the
      said film, said signal containing analyzable odd harmonics of the
      excitation frequency F, said harmonics existing only in the presence of
      said component under measurement; and
PA1  analyzing any of the odd harmonic frequencies of the said electrical signal
      whose amplitude is representative of the component of the field under
      measurement along the axis of difficult magnetization.
NUM  2.
PAR  2. A method according to claim 1, characterized in that the said thin film
      is monodomain.
NUM  3.
PAR  3. A method according to claim 1, characterized in that the said film is
      initially saturated by the application of a magnetic field along the axis
      of easy magnetization.
NUM  4.
PAR  4. A method according to claim 1 characterized in that the said second
      electrical signal is collected from the terminals of at least one
      conductive loop surrounding the said film and having its axis coinciding
      with the axis of easy magnetization of said film.
NUM  5.
PAR  5. The method of claim 1 wherein the magnetic film is cylindrical, having a
      circumferential easy axis and wherein the said second electrical signal is
      taken by collecting the voltage at the terminals of at least one
      conductive loop surrounding the said film and having its axis directed
      along the easy axis.
NUM  6.
PAR  6. The method of claim 5 wherein the said cylindrical film is also
      monodomain.
NUM  7.
PAR  7. A method according to claim 1, characterized in that a known magnetic
      field is applied along the axis of difficult magnetization to reduce the
      field under measurement.
NUM  8.
PAR  8. A method according to claim 7, wherein said magnetic field applied along
      the axis of difficult magnetization cancels the field under measurement,
      said second electrical signal becoming zero.
NUM  9.
PAR  9. A magnetometer comprising:
PA1  a thin ferromagnetic film having an axis of easy magnetization and axis of
      difficult magnetization and a specific anistropy field value;
PA1  a single excitation winding with an axis parallel to the direction of
      difficult magnetization;
PA1  current generator means for feeding said winding with a first electrical
      signal comprising an alternating current having only the single frequency
      F, and having an amplitude less than that which would produce a magnetic
      field of amplitude equal to the said anisotropy field for varying the
      magnetic induction B in said film at frequencies which are harmonics of F;
PA1  means for detecting from the easy axis of said film a second electrical
      signal representative of said variation in said magnetic induction B
      within the said film and containing analyzable odd harmonics of F, said
      harmonics existing only in the presence of an external field component
      under measurement;
PA1  means for analyzing said second electrical signal including a first
      selective amplifier tuned to the frequency F and receiving said electrical
      signal, and a synchronous detector connected to the output of said
      amplifier and set for detecting the amplitude of the amplified voltage of
      said electrical signal at the frequency F; and
PA1  means for reading said amplitude, which represents the magnitude of the
      field under measurement along the difficult axis.
NUM  10.
PAR  10. The magnetometer of claim 9 wherein said thin film is cylindrical with
      a circumferential easy axis.
NUM  11.
PAR  11. The magnetometer of claim 9 wherein said means for detecting the second
      electrical signal comprises at least one conductive loop surrounding the
      said film and having its axis directed along the said easy axis.
NUM  12.
PAR  12. The magnetometer of claim 11 wherein the said film is deposited on an
      insulating wire.
NUM  13.
PAR  13. The magnetometer of claim 9 wherein said film is deposited on a hollow
      support and output wherein said means for detecting the second electrical
      signal comprises a conductive loop passing inside the said support.
NUM  14.
PAR  14. The magnetometer of claim 9 further including means for saturating the
      film along its easy axis.
NUM  15.
PAR  15. The magnetometer of claim 14 wherein the said film is deposited on a
      hollow support and said saturating means includes a conductor wire passing
      inside the said support.
NUM  16.
PAR  16. The magnetometer of claim 9 characterized in that the said analysis
      means also comprise the following after the first selective amplifier: an
      oscillator of frequency f' .noteq. F; a first mixer which receives the
      output signal from the said first selective amplifier and the output
      signal from the said second oscillator; a second selective amplifier tuned
      to the frequency .vertline.F - f'.vertline. and connected to the output of
      the said first mixer, a second mixer which receives the output signal from
      the first oscillator at frequency F and the output signal from the second
      oscillator at frequency f' and which delivers a reference signal at the
      frequency .vertline.F - f'.vertline., and in that the synchronous detector
      receives the output signal of the second selective amplifier at the
      frequency .vertline.F - f'.vertline. and the reference signal of the said
      second mixer and delivers a d.c. signal proportional to the component of
      the field under measurement.
NUM  17.
PAR  17. The magnetometer of claim 9 further including: feedback circuit means
      including a d.c. amplifier for amplifying the signal detected by said
      detector to produce a d.c. signal proportional to said detected signal and
      feeding said amplified detected signal back into said excitation winding.
NUM  18.
PAR  18. The magnetometer of claim 9 further including a compensation winding
      having its axis parallel to the axis of difficult magnetization and fed by
      a controllable d.c. generator.
NUM  19.
PAR  19. The magnetometer of claim 18 further including a zero detector
      instrument connected to the terminals of the electrical signal output
      means and an indicating instrument for the current passing through the
      said compensation winding.
NUM  20.
PAR  20. The magnetometer of claim 9 wherein said analyzing means further
      includes a second amplifier tuned to a frequency of 3F for amplifying said
      second electrical signal and a second synchronous detector connected to
      the output of said amplifier and set for detecting the amplitude of the
      signal at the said output of said amplifier at the frequency 3F, and
      wherein said anisotropy field is set at about 3.6 Oe.
NUM  21.
PAR  21. A magnetometer comprising:
PA1  a thin ferromagnetic film having an axis of easy magnetization an axis of
      difficult magnetization and a specific anisotropy field value;
PA1  a single excitation winding with an axis parallel to the direction of
      difficult magnetization;
PA1   current generator means for feeding said winding with an alternating
      current having only the single frequency F, and having an amplitude less
      than that which would produce a magnetic field of amplitude equal to the
      said anisotropy field for varying the magnetic induction in said film at
      frequencies which are harmonics of F,
PA1  means for withdrawing from said film an electrical signal representative of
      said variation in said magnetic induction;
PA1  means for analyzing said electrical signal including a first selective
      amplifier tuned to the frequency 3F and receiving said electrical signal,
      and synchronous detector connected to the output of said amplifier and set
      for detecting the amplitude of the amplified voltage of said electrical
      signal at the frequency 3F; and
PA1  means for reading said amplitude.
NUM  22.
PAR  22. A method of measuring the component of a magnetic field using an
      oscillatory circuit comprising a winding and a capacitance, comprising the
      steps of:
PA1  inserting in said winding a thin ferromagnetic film having an axis of easy
      magnetization, an axis of difficult magnetization, and a field of
      anisotropy,
PA1  withdrawing from the easy axis of said film an electrical signal
      representing the variations per unit of time of the magnetic induction in
      said film,
PA1  amplifying said electrical signal,
PA1  feeding said winding by said amplified electrical signal, said signal
      generating a magnetic field whose amplitude is less than the said
      anisotropy field, the direction of magnetization of the film then
      undergoing an oscillation without reversal;
PA1  and measuring the amplitude of the electrical oscillation generated in said
      oscillatory circuit by said feeding of said winding.
NUM  23.
PAR  23. A magnetometer for measuring the component of a magnetic field,
      comprising:
PA1  an oscillatory circuit with a winding and a capacitance,
PA1  a thin ferromagnetic film having an axis of easy magnetization, an axis of
      difficult magnetization, and a field of anisotropy, said film being
      inserted in said winding,
PA1  means for withdrawing from said film an electrical signal representing the
      variations per unit of time of the magnetic induction in said film,
PA1  means for amplifying said electrical signal,
PA1  means for feeding said winding with said amplified electrical signal to
      produce an electrical oscillation in said oscillatory circuit and to
      generate, a magnetic field whose amplitude is less than the said
      anisotropy field, the direction of magnetization of the film then
      undergoing an oscillation without reversal,
PA1  means for measuring the amplitude of said electrical oscillation.
NUM  24.
PAR  24. A method of measuring the component of a magnetic field comprising the
      steps of:
PA1  applying to a thin ferromagnetic film having an axis of easy magnetization,
      an axis of difficult magnetization, a field of anisotropy, a single
      alternating magnetic excitation field of frequency F in the direction of
      difficult magnetization, said alternating field having an amplitude less
      than the said anisotropy field of said film so that the direction of
      magnetization undergoes an oscillation without reversal;
PA1  withdrawing from the easy axis of said film a single, unmodulated
      electrical signal containing only harmonics of F and representing the
      variations per unit of time of the magnetic induction in the said film;
      and
PA1  analyzing any of the odd harmonic frequencies of the said electrical signal
      whose amplitude is representative of the component of the field under
      measurement along the axis of difficult magnetization.
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PAL  A detection device for electromagnetic radiation uses strips of thin
      resistive films connected in electrically conductive paths with the area
      of spacing between adjacent ones of the strips being greater than the area
      of the strips to achieve an impedance which is largely resistive over a
      broad band of radio frequencies. The strips are mounted in dielectric
      material and exposed to free space radiation. A radiation hazard meter is
      produced with thermally sinked thermocouple elements forming the resistive
      strips.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to radiation detection devices for electromagnetic
      radiation, and particularly to such devices which are useful for a broad
      band of frequencies and generally isotropic.
PAR  On application of this invention is as a radiation hazard meter. The
      increasing use of high power radio frequency and microwave power sources
      in military, commercial and consumer applications has resulted in a
      corresponding increase in concern regarding the potential biological
      hazards of human exposure to electromagnetic radiation. Although there is
      some disagreement as to the threshold radiation level which causes serious
      physiological damage, most medical and bio-engineering researchers agree
      that this level is far below that which can be sensed by exposed human
      beings.
PAR  For many years, researchers and military and industrial safety personnel
      have employed several types of instruments for measuring radiation
      intensity levels in terms of milliwatts per square centimeter. Generally,
      these instruments are basically r-f power sensing devices with some form
      of antenna pick-up to intercept the electromagnetic field; see, for
      example, U.S. Pat. Nos. 1,923,916 and 3,641,439. This instrument type
      suffers from one or more of several disadvantages. Realizable antennas
      place limitations on bandwidth, particularly in the lower frequency ranges
      and do not provide a constant "effective aperture." One instrument employs
      seven antennas to circumvent this problem. In addition, antennas employ
      conducting surfaces which, because of interaction effects, degrade the
      reliability of near field measurements. Since it is to be anticipated that
      people will be increasingly exposed to radiation fields of many
      frequencies, a broadband instrument is desirable which is practical in
      size. Moreover, the instrument should be generally effective without
      limitation on its orientation to the polarized radiation field.
PAR  The monitoring of r-f radiation by resistive sensors, instead of antennas,
      is described in U.S. Pat. No. 2,496,879 and in the paper, "Thin-Film
      Spherical Bolometer for Measurement of Hazardous Field Intensities from
      400 MH.sub.z to 40 GH.sub.z " by Fletcher and Woods, published in
      "Non-ionizing Radiation," Sept. 1969, which cites a British Patent
      965,559/64 to Woods. The use of thermocouples in waveguides for measuring
      radiation at radio frequencies is described in U.S. Pat. Nos. 3,384,819,
      3,147,436 and 2,106,768.
PAC  SUMMARY OF THE INVENTION
PAR  It is among the objects of this invention to provide a new and improved
      radiation detector.
PAR  Another object is to provide a new and improved detector for radiation
      fields in free space which is effective over a broadband of radio
      frequencies.
PAR  Another object is to provide a new and improved radiation detector which is
      generally isotropic in detecting polarized radiation fields in free space.
PAR  Another object is to provide a new and improved radiation hazard meter
      which is generally effective in detecting polarized fields over a
      broadband of radio frequencies.
PAR  Another object is to provide a new and improved radiation hazard meter
      which has a generally fast time response to detected radiation and is
      generally insensitive to ambient thermal conditions.
PAR  In one form of the invention, a radiation detection device uses thin
      resistive films for absorbing the electromagnetic radiation in free space.
      The thin resistive films are arranged in spaced strips and connected in
      electrically conductive paths with the area of spacing between adjacent
      ones of the strips being greater than the area of the strips to achieve an
      impedance of the order of that free space which is largely resistive over
      a broadband of radio frequencies. The strips are mounted in dielectric
      material for exposure to free space radiation and insulation from
      infra-red. In one embodiment, a radiation hazard meter is produced with
      thermally sinked thermocouple elements forming the resistive strips. The
      thermocouple strips are arranged in two planar arrays that are
      transversely oriented to detect electric fields having a component in the
      plane of the arrays. A third, orthogonal array is used in another
      embodiment for fully isotropic detection.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing and other objects of this invention, as well as the various
      features thereof, will be more fully understood from the following
      description when read together with the accompanying drawing, in which:
PAR  FIG. 1 is a perspective view of a radiation detector or space probe for
      near-field applications embodying this invention;
PAR  FIG. 2 is a perspective view of the radiation detector or probe with a
      lapel clip which may be used as a radiation hazards meter for far-field
      and personnel safety applications;
PAR  FIG. 3 is a side elevation view of the detector shown in FIGS. 1 and 2;
PAR  FIG. 4 is a top view of the detector of FIG. 3, with parts broken away;
PAR  FIG. 5 is an exploded view of a detector unit similar to that of FIG. 4,
      but with modification, and as seen from the bottom of the unit;
PAR  FIG. 6 is an enlarged top view of the elements of the detector unit of FIG.
      5 in relation to other parts;
PAR  FIG. 7 is an idealized diagram of a portion of the grid of FIG. 6 used in
      the explanation of the invention;
PAR  FIG. 8 is a perspective view of a modified form of the invention;
PAR  FIG. 9 is an idealized graphical diagram used in the explanation of the
      invention; and
PAR  FIG. 10 is also an idealized graphical diagram used in the explanation of
      the invention.
PAR  In the drawing, corresponding parts are referenced throughout by similar
      numerals.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In FIG. 1, a radiation-detector probe 12 is shown having a detector unit 14
      at the end thereof together with a handle 16 for operator manipulation,
      with a dielectric extension rod 18 connecting the detector unit 14 to the
      handle 16. The handle 16 may be made in hollow form to serve as an
      instrument housing for various parts of the electrical circuitry and
      metering (including batteries) that are customarily used with the probe
      and connected to it by wires through rod 18. As shown in FIG. 2, the
      detector unit 14 may be secured to a pocket or lapel by means of a clip
      20, with suitable cabling 22 connecting the detector unit 14 to batteries
      and instrumentation that may be carried in the user's pockets.
PAR  As shown in FIGS. 3, 4, 5 and 6, the detector unit 14 includes a dielectric
      housing 24, which may be suitably constructed of a plastic such as
      styrofoam, which is used to absorb infra-red radiation and limit its
      passage to the internal sensitive element. The cup-shaped housing element
      24 has a cover plate 26 of similar material secured to it, which
      completely encloses the sensitive element therein. Another plastic housing
      28 (e.g. of phenylenoxide) provides structural strength to the dielectric
      enclosure and has a cover 30 which completely encloses the sensitive
      element that forms the detector. In one form of the invention, it has been
      found suitable to replace the two plastic housings 24-30 by a single
      molded styrofoam unit which has the desired structural strength and which
      is sufficiently massive to provide a large thermal constant for the
      overall device. This has a low dielectric constant to avoid interference
      with the radiation field to be measured and a low dissipation factor for
      low absorption of that radiant energy. Thus, no highly conductive metals
      are used in the housing (except for connectors) and spurious diffraction
      effects are avoided.
PAR  Within the plastic housings 24 and 28 are two detector elements 32 and 34,
      retained between two dielectric discs 86 and 88. The elements 32 and 34
      are fabricated of a dielectric substrate 36 on which are formed thin-film
      resistive strips 38 and 39, respectively, of thermoelectric material, each
      of which is arranged in a zig-zag array 41 of thermocouple elements. That
      is, the sequences of rows or strips 38, 38', 38" and 39, 39' and 39" of
      resistive material for the two detector elements 32 and 34 are connected
      as an array of thermocouples. Each strip 38 or 39 includes a plurality of
      thermocuples formed by alternating rectangular layers 40, 42 (FIG. 6) of
      two dissimilar thermoelectric materials, suitable forms of which are
      bismuth and nichrome. These resistive layers are preferably formed of thin
      films of resistive metals or metallic alloys, deposited by appropriate
      vacuum deposition techniques or the like through masks onto the dielectric
      substrate 36 that forms the structural support for each of the two
      elements 32 and 34. The thickness of the layers is small with respect to
      skin depth at the highest frequencies of the operating bandwidth to ensure
      broadband operation. Each pair of resistive layers 40 and 42 overlap at
      their ends to form a hot junction 44, and overlap with layers of the
      opposite types of material at their other ends to form cold junctions 46.
      The thermocouples in one strip 38 are connected to those in another strip
      38' adjacent to it by means of still another thermocouple formed from a
      pair of layers 40 and 42 connected between the two rows. Thereby, each of
      the two elements 32 and 34 contains a zig-zag array 41 in planar form of
      thermocouples deposited as overlapping thin films. The arrays 41 in the
      two elements 32 and 34 are substantially identical, except that (as may be
      seen in FIGS. 4, 5 and 6) the two arrays are arranged in transverse
      orientation, with one rotated 90.degree. to the other to form together a
      grid which is best illustrated in the plan view of FIG. 6, and in
      idealized form in FIG. 7.
PAR  The lower array 34 has on its outer (lower, as viewed in FIG. 5) face thin
      film depositions of silver or other highly conductive material to form two
      conductive legs 48 and 50 respectively between terminals 52 and 54 and
      terminals 56 and 58, extending generally radially outward from the center
      where the terminals 52 and 56 form connections for engagement with a pair
      of connector pins 60 and 62. The latter are used for electrical circuit
      connections to an external metering device in the form of a d-c amplifier
      64, having a high impedance input, and a meter 66 (FIG. 2) via twisted
      wires 68 connected through a dielectric plug 70 to the connector pins 60
      and 62 in the embodiment of FIG. 5. The plug 70 has a flat side to form a
      D-shape which mates with a similarly shaped hole 71 through disc 88. On
      the lower face of element 34 are also formed a pair of terminals 72 and 74
      which are interconnected by a multi-legged conductive strip 76.
PAR  The terminals 54, 58, 72 and 74 on element 34 are formed about holes in the
      substrate 36, which have a conductive plating to provide corresponding
      terminals on the opposite face of element 34. Thereby, terminals 58 and 74
      are connected to the extreme ends of the zig-zag array 41 on the opposite
      face of element 34. The other terminals 54 and 72 respectively connect by
      pressure contact to conductive terminals 78 and 80 formed on the inside
      (lower, in FIG. 5) face of element 32.
PAR  The electrical circuit formed by the interengagement of the terminals 54
      and 72 to 78 and 80 may be traced starting at the terminal 52, which is
      engaged by external connector pin 60 and which connects via conductive leg
      48 to terminal 54. From the latter, a pressure connection is made to
      terminal 78 on element 32, which in turn is connected through a
      plated-through hole to the opposite face of that element and to one end of
      the zig-zag array 41 of thermocouple strips 38 thereon. At the opposite
      end of the array 41 on element 32, terminal 80 connects via a
      plated-through hole and pressure engagement, to terminal 72 on element 34,
      which in turn is connected via leg 76 to the plated-through hole and
      terminal 74 at the end of the array of strips 39 on the opposite face of
      element 34. The connection through those strips 39 is to terminal 58, and
      via a plated-through hole and leg 50 to the terminal 56 which contacts the
      other external connector pin 62.
PAR  The elements 32 and 34 are retained under pressure between the two
      dielectric discs 86 and 88. The latter have formed thereon a plurality of
      square projections or pads 82, each in an identical square array at
      locations to contact the corresponding cold junctions 46 of the elements
      32 and 34 in association therewith. The arrays 41 are oriented and
      precisely positioned by suitable means such as indexing holes 90 in the
      substrates and pins (not shown) on discs 86 and 88. Thereby, the cold
      junctions 46 of the two arrays 41 are aligned at the cross-over points of
      those arrays and retained between the opposing pairs of pressure pads,
      which are also aligned. In addition, a large projection 84 at the center
      of the element 86 forms a pad over which lie the central terminals 52 and
      56 whereby a pressure point connection can be made to those terminals with
      pins 60 and 62 by the pressure insertion of plug 70 in hole 71.
      Alternatively, as shown in FIG. 3, fixed connector pins 60', 62' may be
      similarly located at the center of the unit and pass through the housing
      members 24 and 30 to a socket 92 formed in the lower part of the housing
      24.
PAR  The dielectric discs 86 and 88 are formed of a material having a low
      dielectric constant to avoid diffraction effects on the fields, and a high
      thermal conductance. A preferred material for this purpose is boron
      nitride; other suitable materials, but somewhat less effective, are
      beryllium oxide and alumina. The cuts between the square pads 82 are made
      rather deep (e.g. about 15 mils deep) to provide large air spaces that
      further lower the equivalent dielectric constant of the unit. The bulky
      discs 86 and 88 provide a substantial thermal sink for the cold junctions;
      the pads 82 are in good thermal contact with the cold junctions, directly
      in the case of disc 86 and element 32, and through the thin substrate 36
      (e.g. 1/4 mil Kapton) in the case of disc 88 and element 34. In the latter
      case, there is good thermal conductance through the thin substrate.
PAR  In operation, the thermocouples of the two arrays or elements 32 and 34 are
      connected, as outlined above, in series aiding fashion. With heating of
      the hot junctions 44 relative to the cold junctions 46, upon absorption of
      radiation (as explained hereinafter) the thermoelectric effect for each
      thermocouple results in the generation of a proportional direct voltage.
      The cumulative effect of these voltages, in aiding relation, results in a
      direct output voltage across the terminals 52, 56 which is supplied to the
      metering circuit as a measure of the absorbed radiation. However, if all
      of the cold junctions were not at substantially the same reference
      temperature, there would be higher temperatures in some regions and lower
      in others. This operating condition would lead to one or more temperature
      reversals from the proper relationships, and consequently the voltages
      would not all be in aiding relation; thus, if outputs of some
      thermocouples oppose those in others, an erroneous output would be
      produced. By means of the discs 86, 88, the cold junctions are in good
      contact with a thermal sink and retained at the same reference
      temperature, whereby reliable measurements are assured.
PAR  With the insertion of the detector unit 14 in a radiation field, infra-red
      radiation is absorbed by the styrofoam shell 24 and 26, and radiation at
      radio frequencies is passed unimpeded to the resistive arrays of strips 38
      and 39 that form a grid-like configuration shown in idealized form in FIG.
      7.
PAR  The interaction with the radiation field of the detector unit 14, and
      particularly arrays 41, is "ohmic" in nature, i.e., absorptive and
      minimally reflective. Consequently, the performance is broadband, inasmuch
      as any time derivatives of the field quantities involved that would tend
      to produce a real radiation resistance are negligible. Furthermore,
      interaction effect of the arrays 41 in the near field is greatly reduced
      and tends to simulate the effect experienced by the human body. The
      thermal effects of the direct absorptive interaction process of the
      radiation with the resistive strips are utilized by means of the sequences
      of thermocouples to gauge the intensity of the impinging radiation. A
      further implication of the ohmic interaction process is the fact that it
      takes place via the E component of the radiation field by producing a
      current to flow resistively along the interface. This same mechanism,
      namely, the effect of an oscillating electric field on the human body,
      seems to be the only type of hazardous interaction presently known to
      exist. The absorptive character of the interface or medium tends to be
      substantially constant with respect to frequency. Although the human body
      does not quite meet this characteristic, this requirement is important
      from the standpoint of any absolute measurement of the intensity of
      radiation, which is the basis for comparative measurements. The thin
      metallic films used in the thermocouples (contrasted to bulk substances)
      meet this requirement of constancy with frequency. In addition, this is
      achieved with a unit which is extremely small in size, for example, a
      couple of inches in diameter, while the frequency band can be up to at
      least X-band and beyond in the microwave spectrum. In particular, a
      theoretical continuous thin film screen in free space with a surface
      resistivity equal to 377 ohms per square would reflect 10%, absorb 45%,
      and transmit 45% of the power incident upon it. It appears that the human
      body, too, reflects about 10% of the incident radiation over a reasonably
      wide frequency range. As a result of the broadband operational
      characteristic, the detector unit 14 furnishes a measurement of the power
      density of any frequency of radiation that is applied, and of a composite
      band of microwave frequencies, for example, where several sources
      contribute to the radiation fields.
PAR  The conversion of radiated energy into heat which occurs in the thin film
      is conveniently and reliably indicated through the mechanism of the
      thermoelectric microwave power measuring devices. There are two features
      of the thermolectric process; namely, the fact that an electrical signal
      is directly generated by the thermal conversion process, and that this
      signal is, to a first order, independent of the absolute temperature. The
      geometrically-parallel interconnected resistive thin film strips 38 and 39
      afford a good approximation of the theoretical continuous screen due to
      sensitivity and thin-film stability, and thereby the use of the
      thermocouple measurement technique is made practical. Although, as a
      result of this use of spaced strips, a certain radiation resistance is
      introduced which is frequency sensitive, this effect is small so long as
      the ohmic strip resistance per unit length is large relative to the
      radiation resistance per unit length, a condition which is readily met.
      All dielectric materials employed in the construction of the device are
      preferably of low dielectric constant or relatively thin in the direction
      of propagation of the wave. Thereby, frequency sensitive scattering
      effects are minimized, and a better approximation of the free space
      environment for the thin film surface is achieved. The time response of
      the detector strips 38 and 39 to the microwave frequencies is rapid and
      will quickly detect a large step in radiation. However, the unit has a
      slow response to large ambient temperature changes by reason of the bulky
      styrofoam housing and thermal sink discs 86 and 88.
PAR  As noted above, in order to measure the radiation intensity over a wide
      band of frequencies, the fraction of power absorbed by the probe must
      remain substantially constant with frequency. Although this condition of
      presenting a constant effective aperture to the radiation field is not
      achievable with metallic transducers of the conventional antenna variety,
      it is possible to achieve this result, or come close to it, by letting the
      field directly interact with a properly chosen resistive screen.
PAR  Consider a plane wave at normal incidence on an infinite screen of zero
      thickness and of surface resistance R.sub.o, normalized to that of free
      space. Any unit square of that screen can be characterized by an
      equivalent absorptive cross section A.sub.a, and a reflective cross
      section A.sub.r, which (by analysis of the equivalent circuit) may be
      shown to be represented by:
      ##EQU1##
      and
      ##EQU2##
      Although A.sub.a and A.sub.r are seen to be independent of frequency, the
      use of a homogeneous resistive film does not lead to a practical design of
      a radiation probe, due to the high impedance required of such a film. The
      term absorptive (or reflective) cross-section means the ratio of absorbed
      (or reflective) energy per unit square to the incident energy per unit
      square.
PAR  The long and narrow unit resistive strip 38 or 39 of width w and length a
      (FIG. 7) is the substantial equivalent of the unit square 114 (of area
      a.sup.2). That is, if the normalized resistance per unit square area of
      the unit strip of length a is R, and the associated inductive reactance is
      X.sub.L, then the above expressions for a plane wave E.sub.1 or E.sub.2
      polarized along the strip as shown in FIG. 7 become
      ##EQU3##
      and
      ##EQU4##
      Although the above expressions show a frequency dependence on account of
      X.sub.L, it is seen that this change is within 10% if
EQU  X.sub.L .ltoreq. 0.16 + 0.32 R                             [5]
PAL  Now in order to satisfy equation 5, as well as other practical constraints,
      the unit square dimension cannot be arbitrarily chosen. Thus, from the
      standpoint of good sensitivity, low reflectivity and compatible noise
      level, it becomes evident that R should be chosen somewhere between 1 and
      2 (or higher), corresponding to absorptive cross sections of 44.5% and 32%
      (or less) respectively, and to reflective cross sections of 11% and 4% (or
      less) respectively, as shown by the curves A.sub.a and A.sub.r (FIG. 10)
      and of A'.sub.a which represents the edge-lit case noted below (dots and
      crosses on curves of FIG. 10 represent calculated values using the
      indicated formulas). Furthermore, if the effect of the absorbed power is
      detected by thermoelectric means, then it is highly desirable to limit
      oneself to practical surface resistances not in excess of 50 ohms per unit
      square, corresponding to the values of a/w .gtoreq. 8 for R = 1.
PAR  Now the inductance (in nanohenries) of the strip of length a is
      approximately given by
      ##EQU5##
      where a is in centimeters. Thus, for the case of R = 1, a/w = 8, and
      operating through X band with less than 0.5 dB of degradation in
      sensitivity as in equation 5, a is about 0.15 inch. Having thus determined
      the unit square dimensions, it is seen that an equivalent of the resistive
      homogeneous screen is the set of parallel strips 38 or 39 of width W,
      separated by a distance a, and of resistance R per unit square. The above
      equivalence of a series of unit squares 114 and the parallel strips 38 is
      true for a plane wave E.sub.1 polarized as in FIG. 7. Similarly, that
      equivalence for the strips 39 is true for the plane wave E.sub.2. By
      resort to two orthogonal sets of the strips 38 and 39, all plane waves at
      normal incidence have components along one or the other of the two arrays
      of strips 38 and 39, which components are proportionately absorbed
      thereby.
PAR  The arrays of strips 38 and 39 in FIG. 7 have finite overall dimensions
      and, due to diffraction effects, there is current discontinuity at the
      boundary as contrasted to the constant-current distribution of the
      unbounded array. While this diffraction effect is very difficult to
      compute, it is evident that it decreases as R is increased (i.e., the
      screen becomes more transparent to the field and the effects of
      discontinuities become less). Since the distribution of the actual current
      in the resistive strips 38 and 39 due to the absorbed field should be
      approximately expressable by a constant term and a sinusoidal type of
      distribution, the latter should be expected to have its greatest effect
      when the length of the strip is approximately half the wavelength. At
      higher frequencies, the integrated value of the absorbed energy should
      converge to that of the constant term. This general behavior is shown in
      the data of FIG. 9, which shows the theoretical operation of the detector
      unit 14 as a plot of equation 3 to show variations of sensitivity over a
      broad band of frequencies, as well as the operation of two such units
      having films of different resistance, namely, R.sub.o of 0.865 and 1.25
      For the higher resistance films, the deviations from the response given by
      the theoretical equation 3 are seen to be considerably smaller, as
      expected. Considering the radiation resistance of the unit strip 38 or 39
      of length a relative to R.sub.o for a uniform current distribution through
      X band, it may be shown that it is substantially less than 10% of the
      constant ohmic resistance (say of 377 ohms). Thereby, it may be concluded
      that the absorption characteristics for the grid are essentially
      independent of frequency.
PAR  In order to get a low reflectivity of radiation from the detecting surface,
      as well as a substantial absorption by the surface (as may be seen from
      the curves of FIG. 10), the surface should have a high resistive value of
      ohms per square. At R.sub.o = 1, the impedance is 377 ohms per square with
      a transmission, absorption and reflection of 45%, 45% and 10%,
      respectively. For optimum operation, impedances of the order of 1,000 ohms
      per square are desirable, which (from the curves of FIG. 10) would provide
      a reasonably transparent absorbent screen in grid form having a
      transmission of about 60%, with a sufficiently large absorption and low
      reflection. Thereby, the operation over a broadband improves with the
      resistance going from about R.sub.o and lower to 2 R.sub.o and higher. In
      order to do this with practical films of suitable thinness and moderate
      resistance, stability and workability, the strips 38 and 39 are used. That
      is, the width of the film strip is much less than that of the unit square
      114 (or the area of the strip is less than the area of spacing between
      strips), and with such strips the desired overall high ohms-per-square
      characteristic is achieved. That is, the strips have a practical thickness
      and a width to provide its own resistance of, say, 50 ohms per square. The
      overall resistance of each unit square 114 represented by the crossed unit
      strips 38 and 39 therein attains the high resistance that is required,
      but, due to the open space between strips, it is achieved with a narrow
      low-resistance strip instead of a uniform surface covering the entire
      area. Metallic films of the required high impedance for the entire unit
      area are not available, but thin film thermocouples of 50 ohms per square
      are known in the art.
PAR  Using the thermocouples, a gain effect is achieved in the voltage
      generation and the high sensitivity of many thermocouples in each strip 38
      or 39 and in each array 41 of strips. Were a bolometer material to be used
      instead to measure the thermal effect of the absorbed radiation, only a
      single long zig-zag strip for each of two transverse elements would serve
      the purpose. With a bolometer, the strips may be connected in a bridge
      circuit to measure resistive changes with absorption. and a reference
      strip would be used to balance against the detecting strip in the
      customary fashion. If diode chips were introduced (for example, to obtain
      a rectification of the absorbed microwave fields), they would have to be
      matched to the resistance of the absorbent material and would be utilized
      at a number of points along each strip by breaking the strip and inserting
      the chips (e.g., at locations similar to the hot junctions 44). Thereby, a
      d-c voltage would be produced with a cumulative effect of the individual
      diode chips. Such diodes would respond directly to the applied electric
      field to produce a corresponding current flow. The thermocouples and
      bolometer elements respond to the thermal effects of the absorbed radiant
      energy and thereby would provide a measure of the power density of the
      radiant field.
PAR  The detector unit has a substantially isotropic operation. As shown in FIG.
      7, with a plane wave at normal incidence to the planar array of strips 38
      and the electric field E.sub.1 along the strips 38, the radiant energy is
      absorbed by those strips. There is substantially no absorption by
      transverse strips 39 since there is a high transverse impedance due to the
      transverse capacitance of the air space. Similarly, in the case of the
      field normally incident and the electric field E.sub.2 along strips 39,
      the latter absorb the field's energy. For a normally incident field, with
      the electric field along some intermediate direction, components of that
      field are along both the strips 38 and the transverse strips 39, the
      absorption in each array is of the parallel component of polarization to
      produce a proportionate voltage output. The voltage outputs of the two
      arrays of strips 38 and 39 are added by their series aiding connection to
      provide a correct measure of the total power density.
PAR  In a second type of case, the E vector is in the plane of the two arrays of
      strips 38 and 39, but the H vector may make any angle with the arrays. The
      extreme example of this situation is the edge-lit case illustrated by the
      vector E.sub.3 with the H vector transverse to the plane and the incidence
      of the wave represented by arrow 115. Analysis by analogy to a waveguide
      approximation of the free space situation with equivalent impedances and
      measurements with unit 14 indicates that the absorption of radiation is
      relatively insensitive to the angle of incidence. The variation of
      absorption for the edge-lit case is negligible at low frequencies up to
      about 3 gH.sub.z, and is about 2 db below that of normal incidence at high
      frequencies. Thus, if the probe unit 14 is rotated about any of its
      principal axes in a fixed field, variations of measurement of 2 db may
      occur. But in each direction, except with the E field perpendicular, a
      substantial output is produced. For intermediate angles of incidence, the
      absorption is similarly insensitive to the direction, and to frequency as
      well. The edge-lot absorption characteristic A'.sub.a is shown in FIG. 10,
      and tends to approach that of A.sub.a for the broadside or normal
      incidence. Where the H vector is parallel to the film, the absorption
      pattern is close to a cosinusoidal variation based on the angle of the E
      vector to array plane. Where the E vector is perpendicular to the plane of
      the film, no currents are generated and no absorption takes place;
      however, by using a third array in a perpendicular plane, as in the
      embodiment of FIG. 8, a fully isotropic response is achieved. For the
      edge-lit case in this situation of the H vector in the plane of the arrays
      and the E vector non-perpendicular, the film does interact with the
      magnetic field and a component of the E vector along the thin film strips
      38 or 39, and the strips extract energy from the propagating wave.
PAR  The human body and the resistive thin films react and interact with the
      external field in similar ways, namely, in an absorptive manner via the E
      field component. For near field measurements, the plane of the array can
      be considered as receiving plane waves originating from different
      directions, since the total electromagnetic field in the vicinity of the
      source is rather complex, being made up of infinite sets of modal
      functions of different varieties. In this near field complexity, the
      arrays of resistive strips 38 and 39 are largely insensitive to
      orientation and its absorption represents a reasonable measure of the
      total integrated radiation exposure. The volume absorption in the human
      body is likewise isotropic, so that exposure measurements with the
      resistive films are directly related. In contrast, an antenna structure
      with its lossless conductors is non-isotropic and has a strong interaction
      with the source.
PAR  The construction embodied in FIG. 8 contains three planar arrays for three
      orthogonal directions of field polarization. A detector unit 102 is made
      up of a pair of detector elements retained between a pair of thermal-sink
      discs similar to the unit 14 shown in FIG. 5. In addition, a unit 104 is
      provided which consists of a single detector element and a single
      thermal-sink disc (similar to the element 32 and disc 86). The plane of
      the element of unit 104 and the parallel resistive strips of its array are
      orthogonal to the plane of the unit 102 and to the strips 38 and 39,
      whereby an E vector normal to the plane of unit 102 is along the strips of
      unit 104 to be absorbed thereby. A support structure 106 is provided which
      has two arms to support the two units 102 and 104 in the desired
      orthogonal relationship. Shoulders 109 in one arm retain the unit 102 in
      place, and shoulders 110 at right angles in the other arm retain the unit
      104 in proper orientation. The connection of contacts to the active
      thermocouple elements of the arrays in the two units 102 and 104 may be
      made in any desired fashion, for example, in a manner similar to that
      shown in FIGS. 3 or 5. The thermocouples in the two units 102 and 104 are
      connected by means of such contact or connector elements in series aiding
      relation so that all three arrays of thermocouples are in such a relation
      and a single pair of twisted connector wires are provided through the
      support structure 106 externally via a suitable cable 108. The entire
      structure is encased in a styrofoam insulation 100 to provide the desired
      thermal isolation from the ambient in the manner described above. In
      operation, the double array unit 102 operates in the same fashion as that
      described above for unit 114, and the single array unit 104 likewise
      operates in the same fashion as described above for but a single element.
      The combined effect is that any radiation will have components in one or
      more of the three arrays of strips and will be thereby absorbed by those
      arrays to produce an omnidirectional response to the radiation.
PAR  The outside dimensions of the detector unit 14 are quite small, for
      example, a couple of inches in diameter, which makes it very convenient
      and compact in handling or in wearing on the person. Moreover, unlike a
      detector system based on the use of an antenna with its lossless metallic
      conductors which are essentially opaque to radiation, there is no
      dimensional-frequency relationship in the relatively transparent thin-film
      resistive strips 38 of unit 14. That is, the dimensions of antenna
      structures are strongly frequency dependent in the frequency range where
      the ratio of the antenna dimensions to wavelength is very much less than 1
      (for example, in the effective aperture of horns or in the effective
      length of dipoles). The average dimension or length (e.g. about an inch or
      less) of a strip 38 or 39 is very much less than the wavelength at the low
      frequency end of the broadband spectrum (e.g. 1 megaHerz) and very much
      greater than the wavelength at the high frequency end. Actually, a wide
      range of practical values can be used for the dimensions of the detector
      unit 14 without impairing the broadband character of its operation.
PAR  The thermal time constant of the relatively bulky styrofoam housing and
      thermal-sink discs is of the order of minutes, while that of the detector
      element 32 or 34 with its extremely thin substrate and thin films is a
      fraction of a second. Thus, rapid response is assured to the radiant
      fields to be measured, while there is a slow response to changes in the
      ambient temperature. With the sensitivity of the detector unit to
      extremely small field density levels, it can be used to give an alarm to a
      radiation field transient of about 100 microwatts or less.
PAR  The calibration of the detector unit can be done using known techniques for
      calibrating thin-film thermoelectric calorimeters for microwave power
      meters. An audio signal, e.g. 1 kH.sub.z, may be used as the calibrating
      signal applied to the terminals of the unit 14, and the generated d-c
      voltage at those terminals is measured at the same time. From the voltage
      and current of the audio, the input power is determined and it represents
      the power absorbed by the thin films. In addition, the percentage of
      absorption of the radiant field is known by the geometry and dimensions of
      the strip, so that the corresponding densities of the radiation field can
      be determined for the different audio power levels, and the d-c voltage
      output correspondingly calibrated.
PAR  Various modifications of this invention will be apparent to those skilled
      in the art from the above description of an illustrative embodiment of the
      invention. For example, a circular form has been found suitable for the
      detector unit 14 due to the general convenience in engineering such
      shapes. Square and other shapes are also suitable. For example, in the
      detector elements 32 and 34 shown in FIG. 6 the zig-zag arrays 41 take on
      a generally octagonal shape to present a tapered edge so as to minimize
      reflections of an E field having an edge-lit incidence; other
      configurations are also suitable. Likewise, the planar form of the arrays
      41 is generally more practical from an engineering standpoint. For some
      applications, it may be desirable to form the grid on a spherical or other
      shaped surface.
PAR  From the above description, it is seen that a new and improved radiation
      detector is provided by this invention. That is, the arrays of parallel
      strips 38 and 39 serve as a fairly transparent resistive screen in space
      for extracting and absorbing a substantially constant fraction of the
      incident power flow from the radiant field. The power densities of
      incident waves can be measured in terms of the fractional power absorbed
      by that screen. Sufficient transparency of the screen keeps the effects of
      reflection and diffraction at a minimum, and the almost purely resistive
      nature of the screen assures the substantial constancy of the fractional
      absorption with frequency to achieve an ultra broadband radiation probe.
      An additional feature of this probe is that, unlike an antenna, it does
      not disturb the near field. Moreover, the probe's operation is especially
      suitable as a radiation hazard meter, in that the probe absorbs radiation
      via the electric field component on a substantially isotropic basis just
      as does the human body, and without disturbance of the near field. For the
      measurement of the absorbed power, the thin-film strips 38 and 39 as
      thermocouples are effective to furnish a proportional electrical signal
      and as strips they are readily connected in electrical paths for
      cumulative development of the individual thermocouple signals as well as
      to external measurement circuits.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical circuit device for detecting free space radio frequency
      radiation fields, said device including:
PA1  a plurality of spaced conductive strips in the form of thin resistive films
      whose thickness is small compared to the skin depth at the radio
      frequency, said strips being connected in an electrically conductive path,
PA1  and a non-metallic housing for said strips including means for surrounding
      said strips with dielectric material for passing said radiation fields to
      said strips,
PA1  the area of spacing between adjacent ones of said strips being greater than
      the area of said strips so that the impedance of said strips is largely
      resistive over a broad band of radio frequencies.
NUM  2.
PAR  2. A radiation detecting device as recited in claim 1 wherein said strips
      have thermal characteristics so that changes in temperature with
      absorption of radiation can be detected.
NUM  3.
PAR  3. A radiation detecting device as recited in claim 2 wherein said strips
      include thermoelectric materials forming thermocouples.
NUM  4.
PAR  4. A radiation detecting device as recited in claim 2 wherein each of said
      strips includes a plurality of thermocouples connected in series-aiding
      relation, and said strips are connected in series-aiding relation.
NUM  5.
PAR  5. A radiation detecting device as recited in claim 4 wherein a first
      plurality of said strips are parallel and are arranged to be transverse to
      a second plurality of said strips to be respectively responsive to two
      transverse components of an electric field.
NUM  6.
PAR  6. A radiation detecting device as recited in claim 5 wherein a third
      plurality of said strips are parallel and are arranged to be transverse to
      the strips of said first and second pluralities to be responsive to a
      third transverse component of an electric field.
NUM  7.
PAR  7. A radiation detecting device as recited in claim 5 wherein the strips of
      said first and second pluralities cross each other at the cold junctions
      thereof; and further comprising dielectric means having a high thermal
      conductivity and connected in thermally conductive relation to said cold
      junctions to provide a substantially uniform reference temperature for
      said cold junctions.
NUM  8.
PAR  8. An electrical circuit device for detecting radio frequency radiation,
      said device including:
PA1  a plurality of spaced conductive strips in the form of thin resistive films
      whose thickness is small compared to the skin depth at the radio
      frequency, said strips having substantial resistance and being connected
      in an electrically conductive path, a first group of said strips being
      parallel and a second group of said strips being parallel and transverse
      to said first strips to form a grid,
PA1  the spacing between adjacent ones of said parallel strips being greater
      than the width of said strips, so that the impedance of said grid of
      strips to free space radio frequency radiation is largely resistive over a
      broad band of radio frequencies,
PA1  and dielectric means for mounting said strips for exposure to free space
      radiation fields.
NUM  9.
PAR  9. A radiation detecting device as recited in claim 8 wherein the
      resistance of each of said strips is less than 100 ohms per square, and
      the equivalent resistance of said grid of strips to free space radio
      frequency radiation is greater than 300 ohms per square.
NUM  10.
PAR  10. A thermoelectric device for radiation detection comprising:
PA1  a plurality of conductive means forming thermocouples formed of different
      thin resistive films connected in a sequence of alternatingly different
      films connected to form a plurality of cold junctions and hot junctions
      therebetween;
PA1  and dielectric means spaced from said hot junctions and having a high
      thermal conductivity and connecting said cold junctions in thermally
      conductive relation to provide a substantially uniform reference
      temperature for said cold junctions.
NUM  11.
PAR  11. A radiation detecting device as recited in claim 10 wherein said
      conductive means includes a thin dielectric planar substrate with said
      films deposited thereon; said dielectric means includes a block of
      dielectric material having a plurality of projecting pads for engaging
      said substrate at said cold junctions.
NUM  12.
PAR  12. A radiation detecting device as recited in claim 11 wherein said
      dielectric material is boron nitride.
NUM  13.
PAR  13. A radiation detecting device as recited in claim 10, wherein said
      dielectric means has a substantial bulk and forms a thermal sink for said
      cold junctions.
NUM  14.
PAR  14. An electrical circuit device for detecting free space radio frequency
      radiation fields, said device including:
PA1  a plurality of spaced conductive strips in the form of thin resistive films
      whose thickness is small compared to the skin depth at the radio
      frequency, said strips being connected in an electrically conductive path,
PA1  and a non-metallic housing for said strips including means for surrounding
      said strips with dielectric material for passing said radiation fields to
      said strips,
PA1  said strips being arranged to present a generally resistive impedance
      substantially greater than that of free space to said radio frequency
      radiation fields and having a negligible reflective characteristic,
PA1  said detecting device having the property that, for a value of ohms per
      square equal to free space, power absorption from free space by said
      strips is not a maximum.
NUM  15.
PAR  15. A radiation detecting device as recited in claim 14 wherein said
      transverse strips have a transmission characteristic to transmit at least
      about half of said radiation field to which said strips are exposed.
NUM  16.
PAR  16. A radiation transformer for radiation fields at radio frequencies
      comprising:
PA1  a non-metallic housing containing a plurality of spaced resistive strips
      with the spacing between said strips being large compared to the width of
      the strips,
PA1  and means for deriving electrical signals from said strips;
PA1  said transformer having the property that, for a value of ohms per square
      equal to free space, power absorption from free space by the transformer
      is not a maximum.
NUM  17.
PAR  17. A radiation transformer as recited in claim 16, and further comprising
      a second plurality of spaced resistive strips having a construction
      similar to that of the first mentioned plurality of resistive strips and
      oriented transversely thereto and connected electrically to said first
      plurality of strips.
NUM  18.
PAR  18. A radiation transformer as recited in claim 16, wherein said strips
      each include a plurality of thermocouples.
NUM  19.
PAR  19. A device for detecting free space radio frequency radiation, said
      device comprising:
PA1  an electrically continuous resistive strip with, separate portions
      extending in transverse directions over an area and having a largely
      resistive impedance effective over said area to free space radio frequency
      radiation and substantially greater than that of free space and having a
      negligible reflective characteristic,
PA1  said detecting device having the property that, for a value of ohms per
      square equal to free space, power absorption from free space by the
      detecting device is less than a maximum.
NUM  20.
PAR  20. A free space radiation detecting device as recited in claim 19, wherein
      said separate portions extend at substantially right angles corresponding
      respectively to orthogonal components of the free space radiation.
NUM  21.
PAR  21. A device for detecting free space radio frequency radiation as recited
      in claim 19, wherein said strip includes an additional portion extending
      transversely to said separate portions.
NUM  22.
PAR  22. A device for detecting free space radio frequency radiation, as recited
      in claim 21, wherein said separate and additional portions respectively
      extend along three orthogonal axes corresponding respectively to
      orthogonal components of free space radiation.
NUM  23.
PAR  23. A device for detecting free space radio frequency radiation as recited
      in claim 19, wherein said resistive impedance is a plurality of times that
      of free space.
NUM  24.
PAR  24. A device for detecting free space radio frequency radiation as recited
      in claim 19, wherein said resistive impedance is about 1,000 ohms.
NUM  25.
PAR  25. A device for detecting free space radio frequency radiation as recited
      in claim 19, and further comprising a dielectric and thermally insulating
      enclosure for said strip to permit the passage of free space radio
      frequency radiation and to isolate said strip from external infra-red
      radiation.
NUM  26.
PAR  26. A device for detecting free space radio frequency radiation as recited
      in claim 19, and further comprising means for connecting said resistive
      strip in a measuring circuit.
NUM  27.
PAR  27. A device for detecting free space radio frequency radiation as recited
      in claim 19, wherein said resistive strip has electrical characteristics
      that vary with the amount of radiation absorbed thereby.
NUM  28.
PAR  28. A device for detecting free space radio frequency radiation as recited
      in claim 27, wherein each of said separate strip portions includes a
      thermocouple.
NUM  29.
PAR  29. A device for detecting free space radio frequency radiation as recited
      in claim 28, wherein each of said separate strip portions includes a
      plurality of series connected thermocouples extending in the direction of
      the strip portion.
NUM  30.
PAR  30. A device for detecting free space radio frequency radiation as recited
      in claim 19, wherein said separate strip portions extend along orthogonal
      sides of a unit square, and the width of said strip is substantially less
      than the length of a side of said unit square.
NUM  31.
PAR  31. A device for detecting free space radio frequency radiation as recited
      in claim 30, wherein the length of said unit square side is many times the
      width of said strip.
NUM  32.
PAR  32. A radiation detecting device as recited in claim 10, wherein said
      dielectric means includes a substantially solid member for thermally
      isolating said thermocouples from external infra-red radiation.
NUM  33.
PAR  33. A free space radiation detecting device as recited in claim 32, wherein
      said dielectric means further includes a second substantially solid member
      similar to the first-mentioned solid member for enclosing said
      thermocouples.
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ABST
PAL  This invention is directed to a test module for and method of testing
      integrated circuit connections (i.e., wire wrap, multilayer printed
      circuit boards, etc.) to determine whether or not the circuits are
      correctly wired and whether or not there are any short circuits or broken
      connections, as well as any other electrical problems. The system confirms
      the validity of the electrical interconnections by a visual comparison of
      the lighted light emitting diodes and the assembly plan; if the correct
      comparison is not made, an error in the manufacturing process is
      indicated. Failure of any of the expected light emitting diodes to light
      indicates missing or electrically bad connections; extra lighted light
      emitting diodes indicate extraneous connections or short circuits on the
      board.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to testing electrical circuit interconnections and
      more particularly to an electrical circuit tester for wire wrap boards as
      well as other types of electrical interconnections such as multilayer
      printed circuit boards, etc.
PAR  Heretofore electrical interconnections between integrated circuit socket
      pins have been visually checked in the case of single or double sided
      printed circuit boards or checked through point-to-point continuity
      verification as in the case of wire wrap. Further electrical test circuits
      have been used through use of a sequence of signal patterns applied in
      succession to input terminals of the boards under test. Other test systems
      have been set forth in Pats. Nos. 3,673,397 and 3,824,462. These test
      systems are complicated and require considerable parts and equipment.
PAC  SUMMARY OF THE INVENTION
PAR  A plurality of 14 or 16 dual in-line small reusable plug-in test modules
      each including a light emitting diode or similar device for each pin are
      connected to a common wire. The pin arrangement is such that they may be
      inserted into integrated circuit socket pins of each location of a wire
      wrap board. The wire wrap board is wired in accordance with an original
      design schematic of desired electrical circuitry which may be plugged into
      a panel of an electrical system. The plug-in test modules are connected
      together to all common points with one contact connected to one side of a
      power supply. A probe is connected to the other side of the power supply
      and touched to one pin in each circuit chain and the chain is checked in
      accordance with the circuitry design. The diodes in a completed circuit
      chain will light up to indicate no problems in that chain or short
      circuits to other chains.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates an angular view which illustrates the relative parts.
PAR  FIG. 2 illustrates a plurality of test elements in use on a wire wrap
      board.
PAR  FIG. 3 is a typical schematic wiring diagram.
DETD
PAC  DETAILED DESCRIPTION
PAR  The test device shown by the illustration in FIG. 1 is used to test the
      various electrical connections of a wire wrap board. A wire wrap board is
      well-known in the art. A wire wrap board is a combination printed circuit
      board with extended integrated circuit socket pins some of which contact
      the printed circuit. These may be made in different ways. Small printed
      circuit board construction is made with the printed circuitry formed about
      equally spaced rows of linearly aligned holes each of which may be
      provided with an electrically conductive sleeve or socket. Some sleeves
      are in electrical contact with the printed circuit. The integrated circuit
      socket pins that pass through the holes in the board are formed onto an
      insulating block with the socket end within the isulating block forming a
      sleeve or socket. These may be made as either 16 or 14 pin, dual, in-line
      integrated circuit sockets. These 16 or 14 pin, dual, in-line integrated
      circuit sockets are placed on the printed circuit board with pins
      extending through the printed circuit board. Electrical contact with the
      printed circuit and/or pins may be made by printed circuit connection
      terminals 11 as shown in FIG. 2. Terminals are on the bottom surface also
      and are in electrical contact with the contacts 12, as shown in the
      drawings.
PAR  Other wire wrap boards may be made in which the printed circuit boards have
      the pins secured to the board with the socket ends secured in the board.
      These pins are arranged in linearly aligned spaced pin groups of 16 or 14
      (each group contain two rows of 8 or 7 pins) surrounded by the printed
      circuit on the board. One or more pins of each group may be electrically
      connected to the printed circuit. In addition to the integrated circuit
      socket groups of pins, two rows of pins are provided one each for each of
      the terminals. Thus, the wire wrap board provides a high density circuit
      board due to the use of wires that are connected to the pins in a
      particular design. The wires are insulated from each other and can cross
      over each other. A printed circuit board does not permit cross over of one
      line over the other because of a short circuit. Thus, wire wrap boards may
      provide greater numbers of different circuitry in a closer space than that
      allowed by ordinary printed circuits.
PAR  The device or plug-in test module of this invention will plug into the
      sockets of the integrated circuit sockets or into the sockets of the pins
      extending from a printed circuit board.
PAR  Electrical circuits are completed in accordance with a planned design or
      instructions by connecting wires from certain pins to other pins in
      combination with the printed circuit on the board. A completed circuit
      from pin to pin is known as a chain. Each wire wrap board comprises a
      plurality of chains which may include input or output terminals that make
      contact with a plug-in-type connector.
PAR  The test device includes an insulating material block 21 which has two rows
      of spaced pins 22 extending from the bottom with matching pin sockets 23
      extending from the upper surface. The pins in each row are equal in number
      and equally spaced from each other with their spacing in each row less
      than the spacing between the two rows. The test device is made with either
      16 or 14 pins (two rows of 8 or 7 pins) to match a like dual, in-line
      integrated circuit socket in the wire wrap board. Each pin extending above
      the insulating block is electrically connected with the cathode of a MV55
      light emitting diode 24. The anodes of adjacent pairs of light emitting
      diodes are connected to one side of a 910 ohm, 1/8 watt, resistor 25 with
      the opposite side of the resistor connected to an electrical conductor 26
      common to each resistor connecting each pair of diodes. The schematic
      diagram of the electrical circuitry is shown in FIG. 3.
PAR  As shown in FIG. 1, the resistors are assembled between the pins extending
      above the insulating block 21 and an upper insulating block 27 upon which
      the diodes are assembled. The diodes are assembled in two spaced rows
      corresponding to the pins 21 below the insulating block to which their
      cathodes are electrically connected. Each end of the common electrical
      conductor 26 is connected with up standing pole connectors 28 including
      sockets therein for easily connecting a plurality of test devices in
      series in an electrical circuit with a power supply for conducting the
      test.
PAR  In conducting a test, a plug-in test module is mated with each integrated
      circuit socket of a completed wire wrap card or panel irregardless to
      keying normally used. Each test module is connected in series with each
      other with a jumper wire 29 connected between poles 28 of adjacent test
      modules with the connector post of one end module connected to one side of
      a battery power supply 31. A wire having a needle point probe 32
      electrically connected to one end thereof is connected at the opposite end
      to the other side of the power supply. The probe is then touched to one
      pin of one test module to complete the circuit through all of the test
      modules. Since every test module is connected in series to each other, the
      pins inserted into the integrated circuit sockets will complete different
      chains of electrical circuits. Thus, when the probe is touched to one pin
      in an electrical chain each diode in that chain will light-up to present a
      visual indication representative of the pins connected to each other in
      the electrical circuit chain. All light emitting diodes actually wired in
      that chain will light, giving a visual indication of which pins are
      actually wired. The checker will then compare the locations of the lit
      diodes with the wiring instructions. If all locations are not lit, the
      checker knows which one is not lit and the problem is found, such as a
      wire not connected to the pin in the socket. Also, too many diodes may be
      lit, this will indicate a short or that a wire has been connected to the
      wrong pin. If the diodes for each pin of the chain are lit in accordance
      with the wiring instructions and no others are lit, then the circuit chain
      is proper. The checker then probes another pin in a different chain and
      repeats the check for each pin connected chain of the wire wrap board.
      Through this process, the checker can check the validity of the wired wire
      wrap board against the assembly plan by probing the first pin in each
      chain. No other test is required for a properly wired wire wrap board.
PAR  In carrying out the above test, broken or deleted connections may be found.
      Extraneous connections due to either extra wires not called for or
      possible shorts caused by small wire clippings left on the board unnoticed
      or shorts in the printed circuit board or shorts caused by the possible
      cold flow of the wire insulation may be determined. Further, an indication
      of possible wiring instruction errors may be determined by two or more
      chains having a wrong common tie point.
PAR  Not only do these test modules save time in checking, the entire circuitry,
      they indicate errors not readily found when probing each separate pin of
      the wire wrap board and its connected wire. A determination of short
      circuits or a wrong wire connection may save great damage to expensive
      components with which the wire wrap boards are to be used. Short circuits,
      broken wires, etc., may be located with the wire wrap boards from
      operational equipment by use of these test modules.
PAR  There may be instances where instructions for an already wired board are
      lost. The test modules may be used to generate an instruction list by
      testing as noted above and then listing the corresponding pins in the
      lighted chains. Thus, the wired chains of wire wrap boards may be
      determined and duplicated for use on other boards.
PAR  The test module has been set forth including light emitting diodes for
      visual inspection. Other light emitting or light reflective or light
      transmissive devices may be used instead of diodes. Also, the test modules
      have been set forth as usable with 16 or 14 pin dual in-line integrated
      circuit sockets. The teaching may be applied for any socket configuration
      such as the mini-dip and TO-5 type socket, the 24 pin DIP sockets, etc.
      The important thing is that the test module mate with the integrated
      circuit socket.
PAR  FIG. 3 represents one wiring circuit design. A resistor 25 may be connected
      to each diode rather than two diodes to one resistor. Also, more than two
      diodes could be connected to one resistor shown. Further the diodes may be
      reversed from that shown.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by letters patent of the United
      States is:
NUM  1.
PAR  1. A reuseable plug-in test module for testing wire wrap board electrically
      interconnected circuits which comprises:
PA1  a base made of electrically insulating material;
PA1  a pair of rows of linearly aligned equally spaced socket pins secured in
      said base and insulated from each other;
PA1  said pins extending above and below said base,
PA1  a plurality of visual light emitting means electrically connected with one
      each of said spaced socket pins above said base;
PA1  an electrical conductor common to each of said light emitting means;
PA1  a resistor means electrically connected between each said light emitting
      means and said common electrical conductor;
PA1  an electrical conductor post connected with each end of said common
      electrical conductor;
PA1  a thin insulator board secured above the upper ends of said socket pins in
      said base and supported thereby,
PA1  said insulator board supporting said plurality of visual light emitting
      means, said resistor means, said common electrical conductor, and said
      electrical posts connected with each end of said common electrical
      conductor.
NUM  2.
PAR  2. A reusable plug-in test module as claimed in claim 1; wherein each said
      light emitting means is a diode.
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ABST
PAL  A transceiver, adapted for use as either a master or a slave in a duplex
      pair, has a single, voltage-tunable, solid-state oscillator to provide the
      carrier frequency wave, a small portion of which is mixed with the
      received wave and applied therewith to a single ended mixer; an automatic
      gain-controlled loop cancels transmitter input modulation from the
      receiver output. The desired oscillator carrier frequency of the master
      transceiver is locked to a frequency within the pass band of an RF filter
      at the receiver input and separated from the center frequency of the
      filter by one-half the receiver IF frequency. The slave transceiver is
      first locked to a frequency within the pass band of the filter on the
      opposite side of its center frequency and separated therefrom by one-half
      the IF frequency (the slave thus offset from the master by their common IF
      frequency). Thereafter, upon sensing output from its IF amplifier (from
      the master), the slave is switched to operate in response to AFC developed
      by the received signal, such that the master and slave transceivers are
      locked together at frequencies differing by their common IF frequency. The
      RF filter also limits the signals to which the receiver can respond. An
      integrating amplifier provides demodulator and AFC filtering and, together
      with a bistable device, initial sweeping of the oscillator control voltage
      in respective directions depending on being in the master mode or the
      slave mode. Internal auxiliary modulation provides for pre-transmission
      transmitter modulation cancellation and frequency stability.
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PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This invention is an improvement on and employs some of the claimed
      features of my commonly owned copending basic application Ser. No. 501,721
      filed on Aug. 29, 1974and entitled SINGLE OSCILLATOR MICROWAVE
      TRANSCEIVER, a continuation of Ser. No. 337,609, filed on Mar. 2, 1973,
      now abandoned. The subject matter and disclosure herein is in part similar
      to that of my commonly owned copending application Ser. No. 501,727, filed
      on Aug. 29, 1974, and entitled FREQUENCY STABILIZED SINGLE OSCILLATOR
      TRANSCEIVER.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to transceivers, and more particularly to identical
      transceivers adapted for one in a slave mode to lock onto a frequency
      offset from the frequency of a related transceiver in a master mode by
      their common IF frequency.
PAR  2. Description of the Prior Art
PAR  A recent innovation in communications has been the utilization of microwave
      transceivers for line-of-sight transmission, typically as an alternative
      to hardwired connections between transmitting and receiving units. The
      apparatus may be utilized at extremely high frequencies, with carriers in
      the millimeter wave bands, thus providing them with a rather directional
      transmission characteristic which renders them useful in providing
      relatively secure transmission as well as avoiding interference with
      adjacent units in crowded areas (such as in building-to-building
      installations in cities).
PAR  In order to maximize utilization of such units, the cost thereof has been
      minimized in some cases by employing single oscillator designs in which a
      portion of the transmitter oscillator energy is coupled to the receiver as
      a substitute for a local oscillator to provide the beat frequency for
      generating the IF. In my aforementioned basic application, the use of a
      single solid state oscillator necessitates cancellation of the transmitter
      input modulation from the receiver output, particularly in the case of
      transmission and reception of data where any amount of crosstalk is
      intolerable. This is accomplished therein by controlling the gain of the
      transmitter input modulation amplifier in such a fashion as to null the
      transmitter input modulation from the receiver output on a closed-loop,
      AGC basis. However, the gains in the circuit are not properly adjusted
      until some time after transmitter input modulation is received.
PAR  Furthermore, depending upon the characteristics of the solid state
      oscillator in use, it may have insufficient open loop stability to meet
      FCC carrier frequency stability requirements. Such devices also frequently
      have an extremely wide tuning range. The frequency of oscillation of the
      voltage tunable solid state oscillator may readily be stabilized by means
      of a feedback loop including a resonant device together with means for
      initially sweeping the tuning voltage until the oscillator can lock onto
      the resonant frequency. In my aforementioned similar application, the
      frequency is stabilized by means of a resonant cavity feeding a
      synchronous demodulator, the transmitter input modulation being applied to
      the oscillator appears as sidebands in the wave passed through the cavity,
      which sidebands provide polarity or sense to the correction voltage such
      that it nulls the oscillator to the desired frequency as indicated by the
      cavity. However, in this case also, the stabilizing of oscillator
      operation at a desired frequency with respect to the resonant cavity
      cannot be established until transmitter input modulation is applied to the
      transceiver. In the case of covert operation, it is of course desirable to
      have both the frequency of oscillation and the closed loop AGC gain (for
      cancellation of unwanted receiver modulation) fully stabilized before it
      is desired to transmit.
PAR  In the case of matched transceivers which are designed for duplex
      operation, there are additional problems with the slave transceiver, which
      is typically locked (by AFC) to a frequency separated from the master
      transceiver frequency by the IF frequency of both transceivers, such that
      the slave receiver operates on the upper sideband of the master
      transmitter frequency while the master receiver operates on the lower
      sideband of the slave transmitter (or vice versa). The slave transceiver
      must have its oscillator swept in frequency until it can lock onto an AFC
      signal generated in its receivers, as a result of reception of a signal
      having a frequency separated from the master transmitter by the IF
      frequency. However, the sweeping of the input voltage which controls the
      frequency of a slave oscillator can cause it to lock onto other
      transceivers operating at extremely divergent frequencies, rather than to
      the master transceiver with which it is designed to operate as a pair.
      Even with limited voltage ranges custom designed for individual
      oscillators, the slave may lock onto the opposite sideband of a
      transceiver operating at a frequency separated by substantially twice the
      IF frequency of the pair. As a distinct problem, any receiver can respond
      to the joint transmissions of any two other transmitters operating in the
      same area and separated in frequency by an amount nearly the same as the
      IF frequency of the receiver, even if it doesn't lock on to either of
      them.
PAC  SUMMARY OF INVENTION
PAR  Objects of the present invention include provision of improved transceivers
      with increased probability that a slave transceiver will lock onto the
      frequency of a related master transceiver, reduced likelihood of any
      receiver responding to unwanted inputs from other proximate transmitters,
      and stabilized quiescent operation.
PAR  According to the present invention, a transceiver employinig a
      voltage-tunable oscillator includes a bandpass RF filter at the receiver
      input, the output of the receiver mixer being used to generate a frequency
      control voltage which tunes the oscillator to a frequency separated from
      the center frequency of the RF filter by one-half of the IF frequency of
      the transceiver. When in a master mode, the transceiver remains locked to
      the frequency thus established; when in a slave mode, the transceiver will
      shift to AFC operation once the receiver has received a sufficiently
      strong signal (from a related transceiver operating in a master mode) to
      generate a substantial AFC voltage. According further to the invention,
      the RF filter at the receiver input limits the signals to which the
      receiver can respond to not only those separated by the IF frequency of
      the receiver, but those whose absolute RF frequencies are within the
      bandpass of the filter, thereby mitigating the opportunity to receive
      false signals from other transmitters and the opportunity for the slave
      transceiver to lock onto a frequency other than a related transceiver with
      which it is working in a duplex pair.
PAR  In accordance further with the present invention, auxiliary internal
      modulation is provided to permit utilizing a modulation frequency
      stability loop and modulation-responsive closed loop AGC cancellation of
      unwanted transmitted modulation in the receiver output while in a
      quiescent state.
PAR  The present invention is implementable in a wide range of configurations
      utilizing technology and components which are readily available in the
      art. The invention avoids the necessity of transmitting prior to the
      stabilization of oscillator frequency and prior to stabilization of closed
      loop AGC gain control over unwanted transmitter modulation in the
      receiver.
PAR  The invention, by using an RF filter at the receiver input, severely limits
      the opportunity for interference from other transmitters operating close
      by, and by means of a stability loop dependent upon the receiver mixer
      output, achieves the aforementioned advantage from the same resonant
      device as provides frequency stability to the transmitter when in a master
      mode, and for slave mode start-up.
PAR  Other objects, features and advantages of the present invention will become
      more apparent in the light of the following detailed description of
      preferred embodiments thereof, as illustrated in the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of a preferred embodiment of the present
      invention;
PAR  FIG. 2 is a schematic block diagram of frequency control apparatus included
      in the transceiver embodiment of FIG. 1; and
PAR  FIG. 3 is an illustration of operating characteristics of the embodiment of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An exemplary embodiment of the present invention is illustrated in a
      fashion which is commensurate with the illustrations in my aforementioned
      applications, and elements herein which are the same as or similar to
      corresponding elements of my aforementioned basic application are
      identified with the same reference numerals. Description of the inventive
      portions follows presentation of the underlying embodiment.
PAR  In FIG. 1, information to be transmitted by the transceiver, which may
      comprise either voice or other analog signals on a line 200 or digital
      data signals on a line 202 combined in a summing device 204, is applied to
      a transmitter input line 2 and is referred to hereinafter as transmitter
      input modulation. These signals may be provided by limiters or AGC
      controlled amplifiers (not shown) so that the amplitude excursion is
      carefully regulated, if desired, in order to limit the FM excursion of
      transmissions, as described hereinafter. The modulation on the line 2 is
      applied to a variable gain amplifier 4, the gain of which is controlled by
      an AGC signal on a line 6 in a manner which is described more fully
      hereinafter. The amplifier 4 has a pair of bipolar outputs 100, 102 which
      are referred to herein as + and - in an arbitrary fashion simply for
      reference purposes, the significance simply being that they are opposite
      and by virtue of the positioning of a related switch 44 into either a
      master (M) or slave (S) position, can bear a known relationship to the
      polarity and/or phase of other signals, as described hereinafter. From the
      switch 44, the amplifier output is AC coupled, such as through a capacitor
      106 and over a line 8 to a summing device 10, to be added to a DC carrier
      frequency control voltage on a line 12 so as to provide a frequency
      control voltage to a voltage-tunable oscillator 14 (such as a varactor
      tuned Gunn oscillator) over a line 16.
PAR  Output coupled from the oscillator 14 is provided over a waveguide or other
      suitable transmission line 108 to an isolator 110 and over a waveguide 18
      to an orthomode transducer 20. The isolator 110 prevents reflected waves
      which may be generated in the waveguide 18, as a result of impedance
      mismatching, from feeding back to the oscillator 14 and causing frequency
      variations therein. The isolator 110 may comprise a well known circulator
      in which only two ports are utilized, and any additional ports are
      provided with a lossy termination. The orthomode transducer couples the
      transmitted wave from the oscillator 14 to an antenna means 22, as
      indicated by the arrow 24. The orthomode transducer 20 also couples waves
      received by the antenna means 22 to a waveguide 26a as indicated by an
      arrow 28. A small amount of the transmitter wave from the oscillator 14 is
      also coupled to the waveguide 26a as indicated by the broken arrow 30.
      This portion of the transmitter wave is used to mix with the received wave
      in the waveguide 26a, a resonant means such as a bandpass RF filter 205
      and a waveguide 16b so as to provide a beat frequency in a single ended
      mixer 32 such that the output thereof, on a suitable transmission line 34
      (which may preferably comprise coaxial cable) will be at the IF frequency
      of a receiver 36.
PAR  The receiver 36 typically includes a matching preamplifier 36a designed to
      interface properly with the output of the single ended mixer, followed by
      a bandpass filter 36b, for noise rejection, and an AGC IF amplifier 36c,
      having its gain controlled by another AGC signal on a line 36d. The AGC
      signal is developed by a detector 36e feeding a differential amplifier 36f
      which has a reference for comparison with the detector output, in
      conventional fashion. The gain-controlled output of the amplifier 36c
      feeds a limiter/discriminator stage 36g which consists of a suitable
      number of amplitude-limiting IF amplifier stages followed by an FM
      discriminator which supplies the desired audio or video output. However,
      the output of the receiver 36 contains not only the audio or video
      relating to the modulation on the carrier wave received at the antenna 22
      from a similar, remote transceiver, but also includes the modulation of
      the transmitter wave from the oscillator 14 in this transceiver, which is
      leaked through the orthomode transducer 20 to serve as a local oscillator
      signal. The transmitter modulation must be cancelled from the receiver
      output in order to provide a receiver output signal on a line 40 which is
      a faithful reproduction of the signal received at the antenna 22 from the
      remote transmitter.
PAR  IN order to achieve transmitter modulation cancellation, the output of the
      receiver 36 is applied over a line 42 through a resistor 50 to a junction
      with another resistor 52 for application to the input of an operational
      amplifier 48. The resistor 52 receives signals from a low pass filter 112
      which provides the same pulse shaping characteristics to signals passed by
      an amplifier 113 from a line 53 as the bandpass filter 36b provides to the
      modulation passing through the receiver 36. This is not necessary in the
      case of low frequency analog modulation or low data rates of digital
      modulation, but as data rates increase, and bit times decrease, for
      maximum cancellation characteristics, an approximate equalization of pulse
      shapes is required, and therefore the matching of the transmitter input
      modulation applied by the low pass filter 112 with that applied by the
      receiver 36 becomes more and more critical.
PAR  The signal on the line 53 is provided by a delay unit 54 which is in turn
      responsive to the transmitter input modulation signal on the line 2. The
      delay period of the delay unit 54 is set to equal circuit propagation time
      from the line 2, through the variable gain amplifier 4, the osciallator
      14, the transducer 20, the mixer 32 and the receiver 36 so that the phase
      of the modulation as it passes through the resistor 50 to the input of the
      amplifier 48 will be exactly opposite to the phase of the signals applied
      through the resistor 52 to the input of the amplifier 48. This causes
      cancellation of the transmitter input modulation, providing only that the
      amplitudes are the same. In order to provide equal amplitudes, the output
      of the amplifier 48 is applied through a bandpass amplifier 206 to the
      signal input of a phase sensitive demodulator (or synchronous demodulator)
      56 which provides synchronous full wave rectification of the output of the
      amplifier 48. The rectification is in phase with a reference signal on a
      line 53b delayed in a delay unit 54a (by the same delay as the unit 54)
      from a reference signal on a line 53a from an auxiliary modulation
      osciallator 208 which also provides a signal to the summing device 204.
      The auxiliary modulation oscillator 208 provides, during all modes and
      conditions of operation, a low level signal for modulating the oscillator
      14 in order to permit stabilizing the frequency of the oscillator 14 (as
      described hereinafter) and stabilizing cancellation of transmitter input
      modulation in the receiver without any input modulation being present on
      the lines 200, 202.
PAR  This is an important aspect of the invention. Any auxiliary modulation
      remaining in the output of the receiver 48 will cause a time varying DC
      signal to pass, after smoothing by a low pass filter 56a, to the gain
      control input of the amplifier 4 over the AGC line 6. This, in turn,
      adjusts the gain of modulation provided to the oscillator 14 either
      upwardly or downwardly in such a fashion that the auxiliary modulation is
      totally cancelled at the output of the amplifier 48. Since the transmitter
      input modulation and the auxiliary modualtion affect the loop in the same
      fashion, the transmitter input modulation is also cancelled. The delay
      units 54, 54a may be tapped or continuously variable delay units if
      desired, so as to permit precise adjustment thereof, particularly at high
      data rates. However, for analog or low rate digital modulation, the delay
      usually can be readily determined for one unit and fixed delay units of an
      appropriate characteristic may thereafter be utilized; and the delay unit
      54a can also be eliminated in some cases. Provision of the amplifier 113
      between the low pass filter 112 and the delay unit 54 provides a rough
      adjustment of the level of the cancellation signal through the resistor 52
      in contrast with the desired magnitude of the reference signal on a line
      53 and the desired ratio of modulation voltage to DC control voltage in
      the oscillator 14, for a proper frequency excursion in the FM
      transmission. On the other hand, the cancellation function of the
      amplifier 113 may be achieved by suitable adjustment of the values of the
      input resistors 50, 52, although this could cause discrepancies in the
      cancellation at other than nearly a null. Provision of automatic gain
      control to the amplifier 4 in response to nulling of auxiliary modulation
      at the output of the operational amplifier 48 thereby provides for closed
      loop, complete cancellation of transmitter input modulation from the
      receiver output signal on the line 40. It also provides closed-loop
      control over the oscillator frequency excursion, to the same degree as the
      amplitude of the transmitter input modulation on line 2 (such as by AGC or
      limiter circuits, not shown) and the scale factor of the discriminator are
      maintained.
PAR  The receiver output on the line 40 may be passed through respective filters
      210, 212 so as to provide separate signals on a voice output line 214 and
      on a data output line 216. Except for these filters, the separate voice
      and data inputs 200, 202, the auxiliary modulation oscillator 208, the
      bandpass amplifier 206, and the bandpass RF filter 205, the underlying
      embodiment described thus far is the same as that described in may
      aforementioned similar application, and is based on the principles of my
      aforementioned basic application.
PAR  Another aspect of the present invention is the manner in which closed loop
      frequency stability is provided for the oscillator 14. The output of the
      mixer 32 provides a detected, A.M. signal on a line 122a which has zero
      amplitude when the carrier frequency f.sub.o of the oscillator 14 is
      adjusted to the peak of the gain curve of the filter (at and near its
      resonant frequency, f.sub.c), and has amplitude proportional to the amount
      by which f.sub.o differs from f.sub.c with polarity dependent upon whether
      the oscillator is turned below the peak of the cavity or above the peak of
      the cavity. This is applied to a bandpass video amplifier 124a, which is a
      portion of a frequency control circuit 126. The output of the amplifier
      124a is applied on a line 134 to the signal input of a phase sensitive
      demodulator 136. The reference input to the phase sensitive demodulator
      136 comprises the reference signal on the line 53a. As is known, if there
      is modulation on the RF signal (as is true in the present case), the phase
      sensitive demodulation of the mixer output will provide a frequency
      dependent signal on a line 138 with amplitude proportional to the amount
      by which the oscillator frequency varies from the frequency of the tuning
      cavity 116, and with polarity indicative of the sense of the frequency
      error. Such a frequency modulation stabilizer is described in Section
      19.2.2 of Harvey, A. F., MICROWAVE ENGINEERING, Academic Press: New York
      and London, 1963. This signal is smoothed in a sweep and integrator
      circuit 140a (the details of which are discussed hereinafter with respect
      to FIG. 2) for application as the DC carrier frequency controlling voltage
      on the line 12.
PAR  A master/slave switch 62 is provided so that the video amplifier 124a can
      be rendered ineffective by a signal on a line 142 when the transceiver is
      operating in a slave mode, but not when in the master mode. When it is
      desired to operate in the slave mode, the signal on the line 142 enables
      operating in response to an AFC error signal on the line 42, and also
      serves to disable the video amplifier 124a. The switch 62 is fed by the
      output of a delay unit 144 which may provide any suitably long delay, such
      as several seconds, which in turn responds to a threshold detector 146
      that senses the level of the AGC signal on the line 36d The AGC signal is
      proportional to the level of signal passed to the IF amplifier 36c by the
      bandpass filter 36b. The threshold detector 146 may comprise a Schmidt
      trigger or the like, and the delay circuit 144 may comprise a Schmidt
      trigger with an integrator at its input, to delay toggling. When the delay
      circuit toggles, it indicates that the receiver 36 is (and has been,
      during the delay) receiving a significant signal from a related,
      remotely-located transmitter so that the oscillator 14 of this transceiver
      (operating in a slave mode) may be locked to the remote transmitter offset
      therefrom by the IF frequency of the receiver 36, such that the oscillator
      14 acts as the local oscillator to produce the IF frequency in the single
      ended mixer 32. This also causes the transmission of this transceiver to
      be offset from the oscillator of the remote transceiver by its IF
      frequency, since they have the same design IF. The delay circuit 144 is
      provided in order to avoid response to noise, other unrelated
      transceivers, or other spurious signals. When there is an output from the
      delay circuit 144 and the switch 62 is in the slave position as shown in
      FIG. 1, a signal on the line 142 will enable an AFC input circuit 152 to
      provide the AFC signal from the AFC circuit 42 to a line 154 for filtering
      in the sweep and integrator circuit 140a and application as the carrier
      frequency controlling DC voltage on the line 12.
PAR  Referring now to FIG. 2, the frequency control circuitry 126 is shown in
      the same fashion as in FIG. 1 except that additional detail is shown with
      respect to the video amplifier 124, the sweep and integrator circuit 140a,
      and the AFC input control circuit 152.
PAR  The video amplifier 124a (FIG. 2) comprises a pair of bandpass video
      amplifier stages 156a, 158a connected by a resistor 160. The input to the
      amplifier 158a is connected through an NPN transistor 162 to a line 164 at
      a suitable reference potential. The reference potential on the line 164
      may be ground in some circumstances, or may be base bias voltage of an
      operational amplifier 166 within the sweep and integrator circuitry 140a,
      as is described more fully hereinafter. The transistor 162 is connected
      through a resistor 168 to the line 142 such that when the slave enable AFC
      signal appears on the line 142, the transistor 162 operates, pulling the
      input of the amplifier 158a down, thereby reducing its gain to a point
      where its output is no longer significant in the sweep and integrator
      circuit 140a, as is described more fully hereinafter.
PAR  The AFC input control circuit 152 similarly comprises a PNP transistor 170
      which is connected through a resistor 172 to the slave enable AFC line
      142. The transistor 170 normally conducts so as to cause the AFC input
      line 154 to be brought to the reference potential of the line 164, so as
      to render the AFC signal ineffective in the sweep and integrator circuitry
      140a as described hereinafter. When the signal appears on the line 142, it
      causes cut-off of the transistor 170 so that the AFC signal is applied to
      the amplifier 166. The AFC input circuitry 152 also includes a buffer
      resistor 174 to buffer the AFC error signal on the AFC circuit 42 from the
      reference potential on the line 164 when the transistor 170 is conducting.
PAR  The sweep and integrator circuitry 140a comprises the operational amplifier
      166, which is connected in an inverting configuration, and a feedback
      capacitor 176 which together comprise an active integrator, or integrating
      amplifier, in the well known fashion. The output of the amplifier 166 is
      also connected to the input of a suitable bistable device, such as a
      Schmidt trigger 178, an output of which is in turn connected to a pair of
      input resistors 180a, 180b which together with a pair of other resistors
      182, 184, comprise a summing amplifier input summing junction. As is
      known, the Schmidt trigger output will vary between an upper voltage level
      and a lower voltage level. Assuming there are no inputs on either of the
      resistors 182, 184 at any moment in time, the Schmidt trigger will be at
      one or the other voltage level, which is applied through the resistors
      180a, 180b to the integrating amplifier 166. This causes the output to
      either increase or decrease, substantially linearly if the time constant
      represented by the resistors 180a, 180b and the capacitor 176 is
      sufficiently large, until the output of the operational amplifier 166
      reaches the opposite threshold voltage to toggle the Schmidt trigger 178.
      When the trigger 178 toggles, the opposite voltage of its output will be
      passed through the resistors 180a, 180b to the input of the integrating
      amplifier 166, causing it to commence integration in the opposite
      direction. The resistor 180a is made to be quite small in contrast with
      the resistor 180b (on the order of ten times smaller or more) such that a
      negative output of the Schmidt trigger will forward bias a diode 180d
      thereby effectively shunting the resistor 180b. Thus, negative inputs to
      the amplifier 166 will be quite large (illustration (a), FIG. 3) and cause
      a significantly smaller time constant for the integration such that the
      output of the amplifier 166 in response thereto is a rapidly rising
      voltage as shown at the left side of illustration (b) of FIG. 3. However,
      with the switch 180c remaining in the position shown, when the Schmidt
      trigger output goes positive, the diode 180d is reversed biased so that
      the resistor 180a is not in the circuit; thus, with the switch 180c as
      shown the Schmidt trigger output when positive must pass through the
      resistor 180b which is much larger, thereby providing a smaller effective
      input to the operational amplifier 166 and a larger time constant so that
      the output of the amplifier 166 is a very slow decay as shown in
      illustration (b) of FIG. 3, and the output of the integrating amplifier
      166 will be substantially a sawtooth. In fact, the value of the resistor
      180a can be chosen in conjunction with the capacitance of the capacitor
      176 so as to cause the positive swing to be so rapid that there is no
      opportunity for a frequency lock-on during the positive sweep of the
      output voltage of the amplifier 166. With the switch 180c reversed so as
      to be in the master position, the converse is true; that is, the negative
      swings will be too rapid to lock onto, but the positive rises will be slow
      and gentle (just the inverse, in the sense of polarity, from illustration
      (b) of FIG. 3). The provision of the time varying voltage on the line 12
      will cause commensurate slewing of the frequency of the oscillator 14
      (FIG. 1) so that by the end of a full cycle of slewing in response to the
      sawtooth, the oscillator 14 will at some point be tuned to a frequency
      within the pass band of the RF filter 205 (illustration (c), FIG. 3) so
      that there will be a significant output from the mixer 32 (illustration
      (d), FIG. 3) applied on the line 122a to the bandpass amplifier 124a (FIG.
      2). Assuming that the slave enable AFC signal is not present on the line
      142, the transistor 162 will not be conducting, so that the full output of
      the amplifier stage 156a will be provided to the input of the amplifier
      stage 158a, and over the line 134 to the signal input of the phase
      sensitive demodulator 136, thereby to provide a signal to the resistor 182
      which indicates, by its amplitude and polarity, the magnitude and sense of
      the error of the oscillator center frequency with respect to the tuning
      cavity resonant frequency. This will occur at a time when the Schmidt
      trigger has a positive output (illustration (a), FIG. 3), and the voltage
      applied by the phase sensitive demodulator 136 through the resistor 182
      (illustration (c), FIG. 3) will be added (illustration (e)), to the
      voltage then being provided by the Schmidt trigger 178 through the
      resistor 180b in a proportion related to the ratio of the resistors 180b,
      182. By causing the resistor 180b to be properly related to the resistance
      of the resistor 182, the proportion of the input signal relating to the
      phase sensitive demodulator 136 can be on the same order of magnitude as
      that relating to the Schmidt trigger 178. This causes the input to the
      operational amplifier 166 to be near a null with an output on the line 12
      which tunes the oscillator 14 (FIG. 1) to a frequency separated by one
      half the IF frequency from the center frequency of the RF filter 205
      (illustration (c), FIG. 3) and since this is in a closed loop, any
      tendency of the Schmidt trigger 178 input to integrate through the
      amplifier 166 and to cause the oscillator frequency to deviate from the
      desired frequency will be nulled by the closed loop operation through the
      phase sensitive demodulator 136. Thus, the output of the integrating
      amplifier 166 on the line 12 will quickly stabilize at a voltage which
      causes the oscillator 14 to assume a frequency in the pass band of the RF
      filter and off center by half the IF frequency.
PAR  The operation of the frequency control circuit 126 (sweeping until the
      oscillator is locked to the filter frequency) is further illustrated with
      respect to FIG. 3. At any arbitrary point in time, the Schmidt trigger may
      have been providing a negative output so that the DC frequency controlling
      voltage on the line 12 is integrating positively (due to the inversion of
      the amplifier 166). When it reaches the input threshold of the Schmidt
      trigger, the trigger will toggle, thus providing a positive output to the
      resistor 180, as seen in illustration (a), FIG. 3. This will cause the
      output of the amplifier 166 to begin integrating in a negative direction
      as shown in illustration (b) of FIG. 3. At some point in time, the DC
      voltage on the line 12 is such as to cause the oscillator frequency to be
      within the response characteristic (illustration (c)) of the RF filter,
      and therefore also within the output characteristic of the phase sensitive
      demodulator (illustration (d)). Thus, the phase sensitive demodulator 136
      starts to have an output as shown in illustration (d). This is added with
      the output of the Schmidt trigger (illustration (a)), so as to provide an
      increase in the error voltage input to the amplifier 166 (illustration
      (e)), which in turn causes the DC output on line 12 (illustration (b)) to
      begin integrating negatively in a more rapid fashion. Then, after the peak
      of the demodulator response, the integrator continues to integrate in a
      negative fashion at a less rapid rate until the demodulator response
      reaches zero at about the center frequency (f.sub.c) of the cavity
      characteristic; integration will then become positive due to the negative
      input of the demodulator response characteristic (illustration (d)) and
      therefore the demodulator output (illustration (d)); when this has reached
      a point that just offsets the Schmidt input, the input to the integrator
      becomes zero and the output of the integrator on the line 12 (illustration
      (b)) will remain constant, such that the oscillator is tuned to a
      frequency in the center of the desired slave spectrum, offset from the
      center frequency of the RF filter by half the IF frequency. The amount of
      this offset is determined by the open loop gain of the operational
      amplifier 166 which can be extremely high (on the order of thousands) and
      a commensurate adjustment between the value of the resistors 180b, 182,
      all in a known fashion.
PAR  Notice that the polarities are such that, regardless of whether the voltage
      on the line 12 is increasing (master) or decreasing (slave), it will
      approach the voltage required to tune the oscillator to a desired
      frequency with the demodulator output aiding the sweep voltage and driving
      the cavity toward zero until it has passed the center frequency of the
      cavity. If, for some reason, a noise input causes a sufficient input to
      the integrator to drive the oscillator off of resonance, it will
      automatically be returned to resonance due to this polarity relationship.
      The difference in the input voltage to the amplifier 166 relating to the
      Schmidt output and that relating to the demodulator output may be much
      greater than would appear from the illustrations of FIG. 3.
PAR  The sense of the output of the video amplifier 124 is chosen to be correct
      with respect to the sense of the transmitter modulation as determined by
      the switch 44 since it is necessary that the demodulated signal on the
      line 138 has a correct sense to null the difference between the
      frequencies of the oscillator 14 and the desired frequency.
PAR  When in the master mode, the switch 180c is reversed so the oscillator is
      swept in the opposite direction approaching the desired lower-offset
      frequency within the bandpass of the RF filter 205 from the high end,
      locking to the negative response of the demodulator. The operation just
      described (consisting of slewing the oscillator until the desired
      frequency is reached, after which closed loop control through the RF
      filter and the phase sensitive demodulator balances the effect of the
      sweep circuit, and the oscillator becomes locked to the desired frequency)
      is used whether the transceiver unit is switched for operation in the
      slave mode or in the master mode. When in the master mode, this stabilized
      operation continues indefinitely, and the AFC input through the resistor
      184 is not permitted since the transistor 170 conducts and causes the AFC
      input line 154 to be at the reference potential of the line 164 (which as
      illustrated herein is taken to be the base bias voltage potential of the
      amplifier 166) such that there is substantially no current through the
      resistor 184 and it has no effect on the output of the operational
      amplifier 166.
PAR  However, when the transceiver unit has its switches in the positions shown
      in FIGS. 1 and 2 to cause operation in the slave mode, not only does the
      foregoing operation of sweeping and locking on to the desired frequency
      occur, but thereafter an additional function is provided by means of the
      slave enable AFC signal on the line 142 which will become present when the
      transceiver starts to receive significant transmissions from a related,
      remotely-located transceiver operating in the master mode. Because the RF
      filter 205 (FIG. 1) in one transceiver of a duplex pair is adjusted to
      have the same center frequency and passband as the RF filter in the other
      transceiver in the same duplex pair, the one of the transceivers which is
      operating in the slave mode can first lock its oscillator to the upper
      offset frequency of its own RF filter, which should be exactly the same as
      the frequency required of its oscillator in order that the portion of the
      oscillator energy leaked through the orthomode transducer to the single
      ended mixer will cause a beat frequency at the IF frequency. In other
      words, once the slave receiver is locked to its own RF filter, it may then
      transfer to AFC operation so that it will precisely track the frequency of
      the related transceiver, with practically no chance of jumping to another
      frequency at which some other transceiver is operating. This is achieved
      in the present case by preventing the slave transceiver from operating in
      response to AFC until at least several seconds after the device is in
      operation and a signal has been sensed through its own receiver,
      indicating that it is getting transmissions from its related transceiver
      and that its oscillator is tuned to approximately the correct frequency as
      determined by its RF filter and the sweep and integrator circuit 140a.
      When this happens, the delay unit 144 provides, through the switch 62, the
      slave enable AFC signal on the line 142 which removes the shunt effect of
      the transistor 170 (FIG. 2) thereby allowing AFC input to the integrating
      amplifier 166 while at the same time it shunts out the input of the RF
      filter loop by means of the transistor 162 (FIG. 2). Thus, AFC operation
      cannot result from other than an IF signal derived from mixing a received
      wave with the leakage from the oscillator 14 after the slave oscillator
      has locked on to the correct offset frequency within the pass band of the
      RF filter 205, since any IF signals spuriously received while the
      oscillator is tuning will be ignored due to the delay unit 144.
PAR  This is a significant aspect of the present invention since it nearly
      guarantees that the oscillator of a slave transceiver will lock onto only
      the correct transceiver which is assigned thereto in a duplex pair, by
      having the same RF filter and offset frequencies adjusted to be separated
      by the design IF frequency of both units. It is immaterial whether the
      master oscillator frequency is higher or lower than the slave oscillator
      frequency since either can operate on either the upper or the lower
      sideband. What is desired, however, is that both transceivers will be able
      to cancel modulation at the operational amplifier 48 (FIG. 1) by providing
      a correct polarity of discriminator output, which in turn is achieved by
      relating the polarity of the output of the variable gain amplifier 4 to
      the fact that the slave is higher or lower than the master in its assigned
      carrier frequency. If these happen to be reversed, then the signals on the
      resistors 50, 52 will add rather than subtract from one another since they
      will be of the same polarity. This is easily corrected by reversing the
      polarities of the output of the variable gain amplifier 4.
PAR  The relationship between the polarity at the output of the bandpass video
      amplifier 124a to the polarity of the output of the variable gain
      amplifier 4 is maintained by correct polarity of the master and slave
      positions of the switches 180c, 44 so that the output of the phase
      sensitive demodulator 136 will be of a sense that it will drive the
      frequency of the oscillator 14 in the manner described with respect to
      FIG. 3 hereinbefore, when in the slave mode (and oppositely when in the
      master mode).
PAR  An additional aspect of the present embodiment is that the integrating
      amplifier provided by the operational amplifier 166 and its feedback
      capacitor 176 automatically functions as a low pass filter to filter the
      output of the phase sensitive demodulator 136 and to filter the AFC output
      from the discriminator 36g, thereby avoiding the need for additional
      filter circuits.
PAR  The bandpass amplifiers 124a, 206 assure that the signals applied to the
      respective demodulators 136, 56 are limited to substantially only the
      auxiliary modulation, thereby to avoid error due to components of other
      modulation, and also prevent overdriving the demodulator inputs. The
      auxiliary modulation is of a relatively low level so its effect in a
      related transceiver can be ignored; choice of its frequency can be used to
      mitigate any interference with intelligence signals. Even though the slave
      cannot be AFC locked to the master prior to transmission, it will be set
      to the nominal correct frequency so that all transmissions can be
      perceived, and it will quickly lock on to the master. The reference input
      to the phase sensitive demodulators 56, 136 may be taken from the line 53
      rather than from the line 53a; in such case, the delay is provided by the
      unit 54. However, it may be desirable to filter the reference signals at
      the frequency of the auxiliary modulation, thereby to significantly reduce
      input modulation from the reference signal so as to avoid overdriving the
      demodulators. Also, some delay may then be required in the stability loop
      (such as at the input or the output of the bandpass amplifiers 124a) since
      there is less propagation delay in this loop than through the receiver.
      Contrarywise, in the implementation of a transceiver as shown herein, some
      small delay may be desired at the reference input to the demodulator 136,
      but it is not necessary since any constant phase difference will only
      result in a very minor frequency offset which may be ignored and easily
      compensable in adjusting gains, scale factors and the like in the
      stability loop.
PAR  The exemplary embodiment disclosed herein is readily implemented with known
      technology utilizing components available in the market. The oscillator 14
      may comprise a varactor tuned oscillator of a known type which includes a
      suitably biased Gunn-effect solid state device in a cavity which includes
      a varactor diode tuning loop controlled by the input voltage. One such
      device which is useful for carrier frequencies on the order of 40 GHz is
      sold under the designation VSQ-9021 by VARIAN, Palo Alto, Calif. On the
      other hand, as disclosed in my aforementioned basic application, it may
      instead comprise a voltage variable Gunn oscillator, comprising simply a
      Gunn device in which the bias is used for frequency control. The
      voltage/frequency characteristic -- particularly polarity -- may vary from
      that shown herein. Exemplary sources for the orthomode transducer, the
      single ended mixer, a suitable FM receiver, and the variable gain
      amplifier are given in my aforementioned basic application.
PAR  In place of the orthomode transducer 20, circulators which are readily
      available in the marketplace may be utilized. Similarly, the precepts of
      the present invention do not require the use of a single ended mixer, in
      which case a circulator without any controlled leakage may be used in
      place of the orthomode transducer and a separate waveguide feedpath
      provided to a balanced mixer from the output of the oscillator 14, in a
      way which is more nearly commensurate with the teachings of the prior art.
PAR  Similarly, the RF filter 205 may simply comprise a cylindrical waveguide
      resonant transmission cavity having a suitably low Q, the characteristics
      of which may include a center frequency on the order of tens of GHz, with
      half power points on the order of .+-.10 MHz from the center frequency to
      support a 20 MHz IF frequency, with waveguide input and output. Such
      devices are available off-the-shelf, such as model VA-1278 (17 GHz) from
      VARIAN, Palo Alto, Calif. The amplifiers, demodulators, threshold
      detector, delay circuits and other components are similarly well-known and
      available as off the shelf catalog offerings from a variety of sources.
PAR  Thus, although the invention has been shown and described with respect to a
      preferred embodiment thereof, it should be understood by those skilled in
      the art that the foregoing and various other changes, omissions and
      additions thereto may be made therein without departing from the spirit
      and the scope of the invention.
CLMS
STM  Having thus described a typical embodiment of my invention, that which I
      claim as new and desired to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. A transceiver, adapted for use in a duplex transceiver system including
      a pair of such transceivers settable for operation with one in a master
      mode and one in a slave mode, said transceiver comprising:
PA1  a single, voltage-tunable oscillator having means for providing a
      frequency-controlling voltage input thereto;
PA1  an FM receiver having the same IF frequency in the master mode as in the
      slave mode and including an RF mixer that drives said FM receiver and that
      provides a frequency-determining feedback signal;
PA1  antenna means for transmitting and receiving microwave energy;
PA1  an RF filter, having a center frequency and having a pass band greater than
      said IF frequency, the output of said RF filter coupled to said RF mixer;
PA1  means for coupling energy from said oscillator to said antenna means for
      transmission thereby and for simultaneously coupling energy received at
      said antenna means and a small portion of the energy of said oscillator to
      the input of said RF filter; and
PA1  frequency control means including means providing an initial frequency
      sweep controlling voltage to the input of said oscillator to thereby sweep
      the frequency of said oscillator to a frequency within said band of
      frequencies, and having an input connected for response to the feedback
      signal output of said RF mixer, for providing a frequency control voltage
      to the frequency-controlling voltage input means of said oscillator in
      response to said feedback signal and to said initial frequency sweep
      controlling voltage to establish operation of said oscillator at a
      frequency separated from said center frequency by one half of said IF
      frequency, and further including means settable to designate said
      transceiver for operation in the master mode or the slave mode, and
      operable when set in the slave mode to provide said frequency control
      voltage to establish operation of said oscillator at one side of said
      center frequency and operable when set in the master mode to provide said
      frequency control voltage to establish operation of said oscillator at the
      other side of said center frequency.
NUM  2.
PAR  2. A transceiver adapted for use in a duplex transceiver system including a
      pair of transceivers, said transceiver comprising:
PA1  a single, voltage-tunable microwave oscillator having means for providing a
      frequency-controlling voltage input thereto;
PA1  an FM receiver having a mixer with the same design IF frequency in both of
      such transceivers in the pair;
PA1  antenna means for transmitting and receiving microwave energy;
PA1  means for coupling energy from said oscillator to said antenna means for
      transmission thereby, and for simultaneously coupling energy received at
      said antenna means and a small portion of the energy of said oscillator to
      the input of said FM receiver;
PA1  input means for receiving transmitter input modulation and providing an
      input modulation signal;
PA1  auxiliary modulation means for providing internally-generated modulation;
PA1  combining means connected to said input means and to the output of said
      auxiliary modulation means for providing a combined modulation signal as
      the combination of said input modulation signal and said
      internally-generated modulation signal;
PA1  means responsive to said combining means for providing a modulation control
      signal to said frequency-controlling voltage input means for controlling
      the frequency of oscillation of said microwave oscillator in response to
      said combined modulation signal; and
PA1  frequency modulation stabilizer means connected for response to the output
      of said FM receiver for controlling the oscillator with said auxiliary
      modulated oscillator signal for providing to said frequency-controlling
      voltage input means a closed loop frequency stability voltage.
NUM  3.
PAR  3. A transceiver adapted for use in a duplex transceiver system including a
      pair of transceivers, said transceiver comprising:
PA1  a single, voltage-tunable microwave oscillator having means for providing a
      frequency-controlling voltage input thereto;
PA1  an FM receiver having a mixer with the same design IF frequency in both of
      such transceivers in the pair;
PA1  antenna means for transmitting and receiving microwave energy;
PA1  means for coupling energy from said oscillator to said antenna means for
      transmission thereby, and for simultaneously coupling energy received at
      said antenna means and a small portion of the energy of said oscillator to
      the input of said FM receiver;
PA1  input means for receiving transmitter input modulation and providing an
      input modulation signal;
PA1  auxiliary modulation means for providing internally-generated modulation;
PA1  combine means responsive to said auxiliary modulation means and to said
      input means for providing modulation signals to said frequency-controlling
      voltage input means as a function of said internally-generated modulation;
PA1  a resonant filter means connected for response to the output of said
      oscillator to provide a modulated signal having its phase dependent on
      whether the frequency of the output of said oscillator is above or below
      the resonant frequency of said resonant means and its amplitude dependent
      on the amount of difference therebetween, within a band of frequency
      differences; and
PA1  frequency control means including a phase sensitive demodulator having its
      signal input connected for response to the output of said resonant means
      and its reference input connected to said auxiliary modulation means for
      providing to said frequency-controlling voltage input means a closed loop
      frequency stability voltage derived from said modulated signal.
NUM  4.
PAR  4. In a transceiver, adapted for use in a duplex transceiver system
      including a pair of such transceivers settable for operation with one in a
      master mode and one in a slave mode, said transceiver comprising:
PA1  a single voltage-tunable microwave oscillator;
PA1  an FM receiver;
PA1  antenna means for transmitting and receiving microwave energy;
PA1  means for coupling energy from said oscillator to said antenna means for
      transmission thereby, and for simultaneously coupling energy received at
      said antenna means and a small portion of the energy of said oscillator to
      the input of said FM receiver;
PA1  transmitter input means for receiving a transmitter modulation signal and
      providing a modulation input signal;
PA1  auxiliary modulation means providing a low-level internal modulation
      signal;
PA1  control means including a combiner and a variable gain amplifier responsive
      to said transmitter input means and to said auxiliary modulation means for
      controlling the frequency of oscillation of said microwave oscillator in
      response to the sum of said input modulation signal and said internal
      modulation signal;
PA1  cancellation means responsive to the output of said FM receiver and to said
      auxiliary modulation means for cancelling similar modulation from the
      output of said FM receiver and for thereby providing a receiver output
      signal; and
PA1  gain control means responsive to said cancellation means for controlling
      the gain of said variable gain amplifier, in a manner to null the internal
      modulation in the receiver output signal to zero.
NUM  5.
PAR  5. In a transceiver, adapted for use in a duplex transceiver system
      including a pair of such transceivers settable for operation with one in a
      master mode and one in a slave mode, said transceiver comprising:
PA1  a single microwave oscillator having frequency-controlling voltage input
      means;
PA1  an FM receiver;
PA1  antenna means for transmitting and receiving microwave energy;
PA1  means for coupling energy from said oscillator to said antenna means for
      transmission thereby, and for simultaneously coupling energy received at
      said antenna means and a small portion of the energy of said oscillator in
      mixed fashion to the input of said FM receiver;
PA1  transmitter input means for receiving a transmitter modulation signal and
      providing a modulation input signal;
PA1  auxiliary modulation means providing an internal modulation signal;
PA1  combining means connected to said input means and to the output of said
      auxiliary modulation means to provide a combined modulation signal as the
      combination of said input modulation signal and said internal modulation
      signal;
PA1  a variable gain amplifier having a signal input and a gain control input,
      said signal input being connected to said combining means, the output of
      said variable gain amplifier being connected to said frequency-controlling
      voltage input of said oscillator;
PA1  delay means responsive to said combining means for providing a delayed
      combined modulation signal which is delayed by a period of time
      substantially equal to the signal propagation time from the input of said
      variable gain amplifier through said FM receiver;
PA1  cancellation means responsive to the output of said FM receiver and to the
      output of said delay means for selectively combining said delayed combined
      modulation signal with the output of said FM receiver in voltage combining
      relationship to provide a receiver output signal having transmitter input
      modulation and internal modulation substantially cancelled therefrom; and
PA1  means responsive to the receiver output signal of said cancellation means
      and to said delayed internal modulation signal for providing a gain
      control signal to the gain control input of said variable gain amplifier,
      said gain control signal adjusting the gain of said variable gain
      amplifier so that the magnitude of internal modulation included in the
      output of said FM receiver is adjusted with respect to the magnitude of
      delayed internal modulation provided by said delay unit so that the
      combined modulation in said receiver output signal is substantially nulled
      to zero.
NUM  6.
PAR  6. A transceiver adapted for use in a duplex transceiver system including a
      pair of transceivers, said transceiver comprising:
PA1  a single, voltage-tunable microwave oscillator having means for providing a
      frequency-controlling voltage input thereto;
PA1  an FM receiver having the same design IF frequency in both of such
      transceivers in a pair;
PA1  antenna means for transmitting and receiving microwave energy;
PA1  means for coupling energy from said oscillator to said antenna means for
      transmission thereby, and for simultaneously coupling energy received at
      said antenna means and a small portion of the energy of said oscillator to
      the input of said FM receiver;
PA1  input means for receiving transmitter input modulation and providing an
      input modulation signal;
PA1  auxiliary modulation means for providing internally-generated modulation;
PA1  combining means connected to said input means and to the output of said
      auxiliary modulation means for providing a combined modulation signal as
      the combination of said input modulation signal and said
      internally-generated modulation signal;
PA1  means including a variable gain amplifier responsive to said combining
      means for providing a modulation control signal to said
      frequency-controlling voltage input means for controlling the frequency of
      oscillation of said microwave oscillator in response to said combined
      modulation signal;
PA1  cancellation means responsive to the output of said FM receiver and to said
      combining means for cancelling similar modulation from the output of said
      FM receiver and for thereby providing a receiver output signal;
PA1  gain control means responsive to said cancellation means and to said
      auxiliary modulation means for controlling the gain of said variable gain
      amplifier in a manner to null the internal modulation in the receiver
      output signal to zero; and
PA1  frequency control means connected for response to the output of said
      oscillator and to said auxiliary modulation means for providing to said
      frequency-controlling voltage input means a closed loop frequency
      stability voltage.
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ABST
PAL  An intermediate frequency amplifier stage includes a tuned circuit which is
      shunted by a transistor utilized as an emitter follower, the emitter
      follower being responsive to the amplitude of a detected signal to lower
      the "Q" of the tuned circuit as the amplitude of the detected signal
      increases and to increase the "Q" of the tuned circuit as the amplitude of
      the detected signal decreases, thus effecting the gain of the intermediate
      frequency amplifier stage inversely respective the amplitude of the
      detected signal.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to an improved automatic gain control circuit as
      utilized in radio receivers, and more particularly to a circuit wherein an
      intermediate frequency amplifier tank circuit is loaded by a variable
      impedance element in shunt with the tank circuit to control the gain of an
      intermediate frequency amplifier responsive to an incoming signal being
      processed by the radio receiver.
PAC  BACKGROUND OF THE INVENTION
PAR  Automatic gain control circuits as utilized in radio receivers are well
      known in the art, and in general are circuits utilized to automatically
      vary the amplification of a signal being processed by the receiver in
      accordance with the changing strength or intensity of the signal at the
      input to the receiver to provide a substantially constant output power for
      large variations of signal strength at the input to the receiver. The
      automatic gain control circuit, in one aspect, consists of a means for
      taking, at the detector of the receiver, a voltage proportional to the
      strength of the incoming carrier signal being processed by a receiver and
      applying the same as a bias to an intermediate frequency amplifier of the
      receiver to reduce the gain of the intermediate frequency amplifier as the
      voltage proportional to the incoming signal being processed increases. In
      another aspect, the "Q" of a portion of the circuit in an intermediate
      frequency amplifier of a receiver may be varied by utilizing the voltage
      proportional to the incoming carrier signal being processed by the
      receiver to vary the Q of the particular circuit.
PAR  Typical prior art automatic gain control circuits utilized components such
      as electrolytic capacitors and ceramic capacitors which types of
      capacitors are not suitably fabricated by state of the art integrated
      circuitry. In the aforementioned prior art circuits, the direct current
      component of a detected intermediate frequency signal, representative of
      the radio frequency strength of the incoming signal, is utilized to
      control the collector current of the intermediate frequency amplifier,
      which reacts with an overload diode to lower or increase the Q of a tuned
      circuit in the intermediate frequency amplifier. Lowering of the Q of the
      tuned circuit in the intermediate frequency amplifier by the prior art
      leads to degradation of the received signal.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is generally associated with and presents a new and
      improved circuit for automatic gain control in a receiver wherein the
      circuit provides a variable impedance in shunt with a parallel tuned
      resonant circuit of one of the intermediate frequency amplification stages
      of the receiver. A parallel tuned circuit or tank circuit of the
      intermediate frequency amplification stage is loaded by means of an
      emitter follower output, which emitter follower output provides a variable
      impedance across the parallel tuned circuit by processing a signal at the
      receiver detector stage in a manner to effect variation in the Q of the
      parallel tuned circuit and accomplish the desired automatic gain control
      effect.
PAR  In carrying out the present invention, a tank circuit of an intermediate
      frequency coupling transformer is shunted by the output impedance of an
      emitter follower circuit. The emitter follower is responsive to the
      presence of a direct current bias controlled by the detector of the
      receiver, said emitter follower presenting a high impedance across the
      tank circuit of the intermediate frequency coupling transformer in the
      absence of a detected signal, and a lower impedance inversely as the
      strength of a carrier detection of the signal.
DRWD
PAR  A more detailed description of the invention may be obtained by reference
      to the specification when taken with the drawing wherein the FIGURE is a
      circuit diagram of a portion of an AM radio receiver embodying the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring more particularly to the FIGURE of the drawing, there is shown a
      portion of a complete radio comprising an intermediate frequency amplifier
      stage "A", a detector "D" and an automatic gain control circuit "G". The
      active components of intermediate frequency amplifier A comprise a first
      semiconductor 10 having a base 10b, a collector 10c and an emitter 10e,
      and a second semiconductor 12 having a base 12b, a collector 12c and an
      emitter 12e. The illustrative circuitry of intermediate frequency
      amplifier A includes the common connection of emitters 10e and 12e to a
      potential reference line or ground line 14 through a resistor 16. Base 10b
      and base 12b are each connected to one of the opposing ends of an
      inductance 18. Base 12b is further connected to a means for applying a
      source of B+ potential through a resistor 20 and to ground line 14 through
      a diode array 22. Collector 10c is connected directly to the means for
      applying a source of B+ potential, and collector 12c is connected to the
      same means for applying a source of B+ potential through a parallel tuned
      circuit 23 comprising inductor 24 and capacitor 26.
PAR  Input to the intermediate frequency amplifier A is provided between
      terminals T.sub.1 and T.sub.2 and coupled to a parallel tuned circuit 27
      comprising an inductance 28 and capacitor 30 by means of a coupling
      capacitor 32 connected between a first end of the parallel tuned circuit
      27 and terminal T.sub.1 and by connecting the other end of the parallel
      tuned circuit 27 to ground line 14.
PAR  Output from the intermediate frequency amplifier A is obtained by
      inductively coupling inductor 34, here shown as part of detector D, to
      inductor 24. One end of inductor 34 is connected to ground line 14 with
      the other end connected to one element, the cathode 36 of detector diode
      38. The other element of detector diode 38, the anode 40, is connected to
      a filter network for obtaining the desired audio output, and obtaining a
      direct current voltage component representative of the radio frequency
      signal strength of signal being processed by the diode detector 38.
PAR  The filter network comprises capacitors 42 and 44, respectively, and
      resistors 46 and 48. Capacitor 42 is connected between anode 40 and ground
      line 14. Resistors 46 and 48 are also serially connected between anode 40
      and ground line 14. Capacitor 44 is connected between the common junction
      of resistors 46 and 48 and ground line 14. Audio output as well as an
      automatic gain control signal is developed at the common junction of
      resistors 46 and 48.
PAR  The automatic gain control circuit in box G includes a first transistor 50
      having a base 50b, a collector 50c and an emitter 50e, and wherein the
      automatic gain control signal is applied from the common junction of
      resistors 46 and 48 through a resistor 52 to the base 50b of transistor 50
      as well as to the common junction of a serially connected resistor 54 and
      capacitor 56. The resistor 54 is connected at its remaining end to the
      positive source of a supply designated B+ and the capacitor 56 is
      connected at its remaining end to the ground line 14. The emitter 50e of
      transistor 50 is connected to ground line 14.
PAR  A second transistor 58 having a base 58b, a collector 58c and an emitter
      58e also forms part of the automatic gain control circuit, and has base
      58b connected to the collector 50c of transistor 50. Bias from a source
      denominated C+ is applied to the common junction of collector 50c and base
      58b through a resistor 60, and the common junction is further connected to
      ground line 14 through a capacitor 62. The collector 58c of transistor 58
      is connected to a source of supply B+ and the emitter 58e of transistor 58
      is connected to the common junction of capacitor 32 and tuned parallel
      circuit 27.
PAR  In operation, absent a signal input between terminals T.sub.1 and T.sub.2
      and with the proper bias applied to diode 38 and transistor 50 through
      choice of values for resistors 46, 48, 52 and 54, as is well known in the
      art, transistor 50, which acts to amplify signals representative of the
      amplitude of the carrier of a detected signal, is in a saturated condition
      and the emitter follower transistor 58, which acts as a shunt across tuned
      circuit 27, has no substantial shunt effect on said tuned circuit 27.
PAR  In the presence of a signal applied between terminals T.sub.1 and T.sub.2,
      a voltage is developed at the detector in a direction to cause the base
      current of transistor 50 to decrease and thereby cause an increase in the
      voltage appearing at base 58b of transistor 58, causing said transistor 58
      to turn on. As transistor 58 becomes more conductive, the shunt effect
      across tuned circuit 27 becomes more pronounced, lowering the Q of circuit
      27 and decreasing the effective amplification of the amplifier A. The
      greater the amplitude of the signal applied between terminals T.sub.1 and
      T.sub.2, the greater the shunt effect provided by transistor 58 across the
      tuned circuit 27, thus obtaining the object of automatic gain control of
      amplifier A.
PAR  The present invention has been described with particular reference to the
      accompanying drawing but it should be obvious that other and further
      modifications apart from that shown and suggested within the above
      specification may be made within the spirit and scope of this invention as
      defined in the appended claims.
CLMS
STM  What is new and novel and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A radio receiving apparatus including an intermediate frequency
      amplifier stage and a detector stage coupled to said amplifier stage and
      means for varying the gain of said intermediate frequency amplifier stage
      inversely respective the amplitude of a carrier wave being processed
      through said intermediate frequency amplifier stage and said detector,
      said intermediate frequency amplifier including a tuned circuit, and said
      detector including means for developing a voltage proportional to the
      amplitude of a carrier wave being processed by said detector, and said
      means for varying the gain of said intermediate frequency amplifier
      including a first transistor in a normally saturated conductivity
      condition in the absence of a processed carrier wave and coupled to said
      detector for receiving said detector developed voltage to decrease the
      conductivity of said first transistor in the presence of a processed
      carrier wave, a second transistor connected in an emitter follower circuit
      configuration including an emitter follower output and coupled to the
      output of said first transistor, said second transistor being
      non-conductive during the saturated condition of said first transistor and
      becoming increasingly conductive as the conductivity of said first
      transistor decreases, said emitter follower output being connected to said
      tuned circuit of said intermediate frequency amplifier to decrease the Q
      of said tuned circuit and thereby reduce the gain of said intermediate
      frequency amplifier as said conductivity of said second transistor
      increases.
NUM  2.
PAR  2. The radio receiving apparatus as defined in claim 1 and wherein said
      tuned circuit comprises a capacitor and inductor in parallel and the
      emitter of said second transistor is connected to said inductor whereby
      the current flowing in said emitter follower output flows through said
      inductor.
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PAL  A receiver protection arrangement in which a voltage dependent on aerial
      voltage and a voltage dependent on aerial current are aggregated and
      applied to means responsive to a predetermined aggregate level to
      effectively short circuit the aerial lead. Additional means may be
      provided to dissipate energy in the input stage of a protected receiver to
      cause a reduced impedance to be reflected across the output of the
      protective arrangement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to a radio receiver protection arrangement which
      is capable of protecting the receiver from RF overloads at the aerial
      terminal, such as may be experienced, for example, when receivers are
      operated in close proximity to transmitters.
PAR  The problem of protecting receivers from damagingly-high inputs from nearby
      transmitters is not a new one, and the situation worsened with the
      introduction of receivers employing transistors as the active elements. It
      is known that damage can be caused to a receiver whether the receiver is
      operating or not, so that a successful protection arrangement must
      function satisfactorily in either case.
PAR  The Applicant is aware of several earlier attempts to provide the kind of
      protection required, but all the earlier arrangements of which he is aware
      are in his opinion unsatisfactory to some degree and do not afford the
      complete and certain protection required today.
PAR  One object of this invention is to provide a radio receiver protection
      arrangement which provides swift and sure protection for a receiver in all
      situations. A further object of this invention is to provide a radio
      receiver protection arrangement of improved performance which is
      completely passive in the sense that no power supply is required, all the
      energy required to operate the arrangement being derived from a
      potentially damaging voltage and/or current overload at the input of the
      protected receiver.
PAC  SUMMARY OF THE INVENTION
PAR  A receiver protection arrangement in accordance with this invention
      comprises a peak rectifier arrangement detecting an aerial voltage on an
      aerial lead and providing a unidirectional voltage the magnitude of which
      is dependent on the magnitude of the aerial voltage, a
      transformer-rectifier arrangement detecting an aerial current on the
      aerial lead and providing a unidirectional voltage the magnitude of which
      is dependent on the magnitude of the aerial current, means aggregating the
      two unidirectional voltages and means responsive to a predetermined
      aggregate level to close an electronic switch and so effectively place a
      short circuit on the aerial lead.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 of the accompanying drawings shows a protection circuit according to
      an embodiment of the invention;
PAR  FIG. 2 shows an example of a trigger circuit for use in the arrangement of
      FIG. 1, and
PAR  FIG. 3 shows a further protection circuit for use in conjunction with the
      arrangement of FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The protection system, which is shown in basic form in FIG. 1 of the
      accompanying drawings, comprises aerial voltage and current detectors, a
      trigger circuit, and a triac shunt switch. The triac may of course be
      replaced with another device or group of devices exhibiting similar
      operating characteristics. The object of the arrangement is to short
      circuit the receiver input when large overload signals appear at that
      input.
PAR  The arrangement shown in FIG. 1 is intended to be interposed between an
      aerial connected to terminal 1 and a receiver, connected to terminal 2.
PAR  The voltage detector in this example comprises the diodes D1, D2, the
      capacitors C1, C2 and resistor R1. Diodes D1, D2 function as a peak
      detector to rectify the aerial voltage and charge capacitor C2. The
      current detector in this example comprises the diode D3, capacitor C2,
      resistor R2 and current transformer T1. Transformer T1 produces a voltage
      across resistor R2 by current flowing in its secondary winding, when a
      current is present in the primary winding. This voltage is rectified by
      diode D3 to charge capacitor C2. It is seen therefore that the charge on
      capacitor C2 is dependent on the aerial voltage and/or the aerial current.
PAR  The voltage across capacitor C2 is used to actuate a trigger circuit Tr
      when the voltage reaches a predetermined level. In this example a
      potential divider consisting of resistors R3, R4 is interposed between the
      capacitor and the trigger circuit. Activation of the trigger circuit in
      turn fires a triac Q1 into conduction, effectively placing a short circuit
      between the aerial lead and ground, that is, across the receiver input.
PAR  A capacitor C3 is optionally provided for DC isolation at the terminal 1
      input, and a capacitor may similarly be used at the output terminal 2. It
      is noted that the power required to operate the protective circuit as
      described so far is derived from the overload signal input. The circuit
      will maintain the effective short circuit through the triac Q1 as long as
      the overload persists, and will reset to the normal condition immediately
      the overload is removed. It will be seen that an overload consists of
      either an aerial voltage or an aerial current exceeding a predetermined
      amount or an aggregation of both which exceeds a predetermined amount.
PAR  In an alternative arrangement to that shown in FIG. 1, the non-earthy anode
      of the triac Q1 is connected to the aerial lead on the input side rather
      than the output side of transformer T1. This prevents large overload
      currents flowing through the transformer primary, and also provides
      protection for the trigger circuit by limiting the output from the
      transformer secondary, that is, the DC voltage produced by diode D3.
PAR  In the "off" condition the capacitance of the triac is in shunt with the
      receiver input. At operating frequencies where this becomes significant, a
      bias voltage can be applied to the triac, represented by terminal 3 and
      choke L1 in FIG. 1, to reduce the off capacitance. Alternatively the
      capacitance may be combined with the inductance of the output lead
      connected to terminal 2 to form a low-pass filter. Adjustment of bias
      voltage may be employed to "trim" the capacitance of the triac, for
      example, to compensate for variations in lead inductance.
PAR  One example of a trigger circuit Tr is shown in greater detail in FIG. 2.
      Transistors Q2, Q3, together with resistors R3 and R6 form a programmable
      unijunction switch. The zener diode D4 and resistor R7 limit the voltage
      across transistor Q2 and the charge on capacitor C4. Capacitor C5
      functions as a filter at the output of the potential divider formed by
      resistors R3 and R4.
PAR  At a predetermined level of overload, the unijunction switch is activated
      and triggers the triac Q1 into conduction as capacitor C4 discharges
      through resistor R6. In the alternative connection of the triac Q1 to the
      input side of the current transformer T1, it may be desirable to provide
      filtering means in the gate lead of the triac to prevent the RF voltage
      developed across the primary impedance of the transformer firing the
      triac.
PAR  The protection arrangement as described so far operates at a speed which is
      dependent on the size of the overload, a larger overload producing a
      faster response time. Circumstances can be envisaged where the speed of
      response or the level at which response occurs is too slow or too low
      respectively to afford full protection under all circumstances.
PAR  In a situation of the kind described and in accordance with a further
      development of this invention, means are provided in the receiver which
      not only provides fast initial protection for the input stage of the
      receiver, but also accelerate the operation of the protective arrangement
      as described so far. This further development of the invention comprises
      means responsive to the presence of a signal in excess of a predetermined
      amplitude in the input stage of a protected radio receiver to limit signal
      peaks and dissipate the energy therein, said means being so arranged that
      the dissipation of energy causes a substantially reduced impedance to be
      reflected across the output of the earlier-described protective
      arrangement. One example of this further development will now be
      described.
PAR  FIG. 3 shows a typical input circuit of a radio receiver employing varactor
      diode tuning and transistor amplifying devices, ignoring the obvious
      band-switching arrangements. The input RF signal is applied to the primary
      of the first selector filter transformer T2, the secondary of which is
      tuned by varactor diodes D5, D6. The tuning voltage for these diodes is
      applied in the usual way from a terminal 4 through a filter consisting of
      resistor R8 and capacitor C6. The input to the first amplifier is tapped
      onto the transformer secondary, the centre tap of which is grounded.
PAR  The protection means in this example consists of two further diodes D7, D8,
      a zener diode D9 and means for biassing the zener diode including a
      resistor R9, a capacitor C7 and a bias source represented by terminal 5.
      The zener diode voltage limits the peak RF voltage that can appear across
      the secondary of transformer T2, because when the RF voltage exceeds the
      zener voltage, the diodes D7 and D8 will conduct, thus limiting the peak
      secondary voltage to a safe value. The tapping point for the first
      amplifier stage on the secondary of transformer T2 can be chosen, inter
      alia, so that with the now-limited voltage across the secondary, the level
      applied to the first amplifier will lie within permissible limits.
PAR  The passage of peak currents in the diodes D7, D8 causes a considerable
      reduction in the input impedance of the circuit, that is, the impedance
      which is connected to terminal 2 in FIG. 1. By allowing a greater current
      to flow through the arrangement of FIG. 1, its operation is accelerated.
      It will be clear that the operation of the additional fast initial
      protection and the main protection described earlier can be organised by
      those skilled in the art into one smoothly-operating and highly effective
      protection arrangement. It will also be clear that, with particular
      reference to the receiver input circuit used as an example in FIG. 3, the
      organisation of this method of overload protection in other configurations
      of input circuit will be obvious to those skilled in the art. For example,
      for a protection arrangement which was required to be independent of the
      receiver the transformer T2 of FIG. 3 could be made aperiodic, followed by
      a normal input to the receiver. Alternatively again, a plurality of such
      aperiodic transformers could be provided, remotely selected from the
      receiver band selection arrangement. Thus whilst in the example described
      here the protection arrangement encompasses part of the protected
      receiver, this is not always the case.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A radio receiver protection arrangement comprising:
PA1  an aerial input terminal;
PA1  an output terminal adapted to be coupled to the input of a radio receiver;
PA1  an aerial lead connected between said input and output terminals;
PA1  rectifier means connected to said aerial lead for providing a first
      unidirectional signal representative of peak voltage on said aerial lead;
PA1  rectifier means coupled to said aerial lead for providing a second
      unidirectional signal representative of current through said aerial lead;
PA1  means for combining said first and second signals to form a third signal
      representative of the aggregate levels of said first and second signals;
PA1  an electronic switch connected between said aerial lead and ground; and
PA1  means responsive to said third signal for closing said electronic switch to
      shunt said input signal therethrough at a predetermined level of said
      third signal.
NUM  2.
PAR  2. The radio receiver protection arrangement recited in claim 1 wherein:
PA1  said rectifier means for providing a first signal comprises a solid state
      peak rectifier;
PA1  said rectifier means for providing said second signal comprises:
PA2  a transformer employing a portion of said aerial lead as its primary;
PA2  a resistor connected across the secondary of said transformer; and
PA2  a second solid state rectifier in series with said resistor;
PA1  said means for combining said first and second signals comprises a
      capacitor connected to the output of said peak rectifier, said second
      rectifier and said resistor being connected across said capacitor.
NUM  3.
PAR  3. The radio receiver protection arrangement recited in claim 1 wherein:
PA1  said means for closing said electronic switch comprises a trigger circuit
      coupled between said means for forming a third signal and said electronic
      switch.
NUM  4.
PAR  4. The radio receiver protection arrangement recited in claim 1 wherein a
      selector filter transformer of said radio receiver is coupled to said
      output terminal, said protection arrangement further comprising:
PA1  means coupled across the secondary of said selector filter transformer for
      limiting the peak RF voltage across said secondary when the peak RF
      voltage exceeds a predetermined safe value, said limiting means
      comprising: a zener diode, means for biasing said zener diode to a
      predetermined level and diode means coupled between said diode means and
      ground;
PA1  whereby current through said rectifier means for providing a second signal
      is increased causing said means for closing said electronic switch to
      operate to thereby close said electronic switch.
NUM  5.
PAR  5. The radio receiver protection arrangement recited in claim 4 wherein
      said diode means comprises a pair of diodes, said zener diode being
      coupled between a point common to said pair of diodes and ground.
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PAL  A single, non-bandswitched local oscillator in a UHF, VHF, CATV television
      receiver tuner system is employed with frequency multiplying and, or
      frequency dividing to obtain the required IF frequencies. The tuner
      operates in a double frequency conversion mode at UHF frequency with a
      tuned VHF RF amplifier dual functioning as a UHF IF amplifier. A UHF
      preselector and the VHF RF amplifier are gang-tuned with the local
      oscillator. The tuner operates in a single frequency conversion mode at
      VHF and CATV frequencies, and one of the local oscillator frequency
      dividing or doubling stages is utilized to distinguish the VHF low band
      from the high VHF-CATV tuning band.
BSUM
PAR  My invention relates to a multiple frequency band receiver tuner system,
      and in particular, to a television receiver tuner operating in a double
      frequency conversion mode at UHF frequencies and utilizing a single
      non-bandswitched local oscillator with frequency multiplication and
      division to derive the required IF frequencies.
PAR  UHF television tuners presently employ a high Q preselector and UHF local
      oscillator to obtain single (frequency) conversion from the UHF RF to the
      receiver IF frequency. Very high Q is required in the tuned circuits to
      insure oscillator stability and rejection of local oscillator and image
      frequencies in the preselector stage. This Q is difficult to obtain when
      utilizing electronic tuning means such as varactors or digital capacitors
      in place of the conventional mechanical tuning capacitors primarily due to
      the higher electrical losses therein resulting from their solid state
      fabrication. Thus, a television tuning system is needed which reduces
      these high Q requirements to values which are practical for electronic
      tuning elements.
PAR  In addition, television receivers of the near future will be required to
      tune all frequencies used in cable television (CATV) systems. These CATV
      frequencies span the frequency band of 120-270 MHz, and thus a system is
      required to tune this frequency range and UHF frequencies (470-890 MHz) as
      well as the VHF frequencies (54-216 MHz) in an efficient and optimum
      manner.
PAR  Prior art television tuner systems have employed the double (frequency)
      conversion principal but, in general, such systems utilize two completely
      independent local oscillators for the two (UHF and VHF) converter stages.
      Oscillator stability and spurious responses are typical problems
      associated with such prior art double conversion systems. Television set
      top converters for UHF and CATV bands are well known, and these units form
      double or triple conversion systems when used with a VHF television
      receiver. The first intermediate frequency (IF) of these above-identified
      tuning systems is, in general, a fixed frequency, and no component serves
      the dual function of a UHF IF amplifier and VHF-CATV RF amplifier as in my
      invention.
PAR  However, several prior art patents are related to my invention in the
      following manner. U.S. Pat. No. 2,787,703 to Lubben discloses a television
      tuner using a single oscillator with the third harmonic thereof being
      utilized at UHF. However, Lubben's system uses only single conversion for
      both the VHF and UHF and there is no tunable first IF stage in his system
      as the basic distinguishing features from my tuning system. U.S. Pat. No.
      3,662,271 to Nakanishi discloses the use of the VHF IF amplifier stage and
      mixer stage as cascaded IF amplifier stages when receiving a UHF
      television signal to thereby obtain an additional IF gain for UHF
      reception. However, the Nakanishi system utilizes two separate oscillators
      as one of the major distinctions from my tuning system U.S. Pat. No.
      3,324,396 to Schneider discloses a single oscillator and a plurality of
      multipliers to provide different frequencies for different mixer stages in
      a multiple conversion transceiver. However, the Schneider system does not
      provide a dual use for his first IF amplifier and obtains only a single
      frequency band receiver even though the system is of the dual conversion
      type. U.S. Pat. No. 2,505,043 to Guanella discloses a single oscillator
      producing a plurality of mixer frequencies by means of various frequency
      multipliers obtaining multiples of the basic oscillator frequency.
      However, the Guanella system does not provide for dual use of the first IF
      or for multiple frequency bands. Finally, U.S. Pat. No. 1,647,609 to
      Cotter is similar to the Schneider patent in that it discloses a multiple
      conversion receiver with harmonically related local oscillators and
      tunable IFs. Again, however, the Cotter system does not provide for dual
      use of the first IF, i.e., does not utilize the high frequency band IF
      amplifiers as RF amplifiers in the lower frequency bands. In summary, the
      prior art patents disclose the general concept of using a single
      oscillator to provide a plurality of different frequencies to effect
      mixing of frequencies in different frequency bands and to produce a single
      IF output signal. Also, the prior art patents disclose the use of a
      portion of the VHF circuitry in a television tuner for processing a UHF
      signal; however, the prior art does not teach the use of a single local
      oscillator to provide a frequency to a UHF mixer to convert the UHF signal
      to a VHF frequency whereby it can be processed through a VHF tuner and
      mixed as though it were a VHF signal with a second frequency from the same
      local oscillator to produce an output signal at a constant IF frequency.
      Thus, my invention is novel over the prior art in that there is a dual use
      of a tuned VHF RF amplifier as a tunable first IF amplifier stage in a UHF
      double conversion receiver, multiple frequency bands are received,
      frequency multiplication of the single oscillator output is utilized for
      reception of UHF, and frequency division of the oscillator output for the
      VHF low band.
PAR  Therefore, one of the principal objects of my invention is to provide an
      improved receiver tuner system having a double conversion mode of
      operation.
PAR  Another object of my invention is to provide the tuner system with a single
      non-bandswitched local oscillator which is employed with frequency
      multiplying and, or dividing to obtain the required IF frequencies in the
      various received frequency bands.
PAR  A further object of my invention is to provide the tuner system as an all
      frequency television tuner in a UHF, VHF, CATV receiver.
PAR  A still further object of my invention is to obtain dual use of the VHF RF
      amplifier in the tuner as a tunable first IF amplifier in the UHF portion
      of the receiver.
PAR  Another object of my invention is to provide an improved television tuner
      system which has reduced Q requirements in the UHF section to values
      practical for use with electronic tuning elements.
PAR  Another object of my invention is to provide the tuner system having a
      single conversion mode of operation at VHF and CATV frequencies.
PAR  Briefly summarized, and in accordance with the objects of my invention, I
      provide a multiple frequency band receiver tuner system adapted to operate
      in a double frequency conversion mode and employing a single
      non-bandswitched local oscillator. In a television receiver embodiment of
      my tuner system, frequency multiplying and, or frequency dividing stages
      are connected to the output of the local oscillator to provide the UHF and
      VHF-CATV mixer circuits with appropriate local oscillator frequencies to
      develop the desired IF frequencies. The received UHF signal is applied to
      a tunable UHF preselector and RF amplifier and the output thereof is
      connected to a first input of the UHF mixer. The doubled frequency output
      of the local oscillator is applied to a second input of the UHF mixer, and
      the UHF IF frequency at the output thereof is in the frequency band used
      for CATV signals. The output of the UHF mixer is selectively connected to
      the input of a tunable VHF-CATV RF amplifier to obtain dual use thereof as
      a tunable UHF IF amplifier. The output of the VHF-CATV RF amplifier is
      connected to a first input of the VHF-CATV mixer, and the output of the
      local oscillator (for the CATV and VHF high bands), or a frequency
      divided-by-two output thereof (for the VHF low band) is selectively
      connected to the second input of the VHF-CATV mixer. The output of the
      VHF-CATV mixer includes the receiver fixed IF frequency. The UHF
      preselector, tuned VHF-CATV RF amplifier and local oscillator are
      gang-tuned and the tuner operates in the double conversion mode at UHF
      frequency and in the single conversion mode a VHF and CATV frequencies.
      The tuned VHF-CATV RF amplifier is internally bandswitched in the
      above-described embodiment for operation in the VHF low band or the CATV
      and VHF high bands. In a second embodiment, the VHF low band signals are
      applied to a third mixer circuit and the upper sideband of the mixer
      output is selected, which is the frequency range of the CATV band, and
      applied to the tuned VHF-CATV RF amplifier that now is not internally
      bandswitched since its frequency tuning range is limited to the CATV and
      VHF high bands.
PAR  The features of my invention which I desire to protect herein are pointed
      out with particularity in the appended claims. The invention itself,
      however, both as to its organization and method of operation, together
      with further objects and advantages thereof, may best be understood by
      reference to the following description taken in connection with the
      accompanying drawing wherein:
DRWD
PAR  FIG. 1 is a block diagram of a frist embodiment of my television tuner
      system; and
PAR  FIG. 2 is a block diagram of a second embodiment of the VHF-CATV band
      portion of the tuner system in FIG. 1.
DETD
PAR  Referring now to FIG. 1, there is shown a tuner system which is applicable
      to any multiple frequency band, double conversion receiver system wherein
      double conversion is defined as a first conversion from the received
      signal radio frequency (RF) to a first intermediate frequency (IF)
      followed by a second frequency conversion from the first IF frequency to a
      second, and generally lower, IF frequency. Although my system is
      applicable to any multiple frequency band receiver tuning system employing
      such double conversion principle, it will be specifically described with
      reference to a tuner for a UHF, VHF, CATV television receiver. The tuning
      system may be manufactured with vacuum tube or transistor devices, and is
      especially appropriate for manufacture as a solid state tuner utilizing
      electronic tuning means such as varactors and digital capacitors instead
      of the conventional mechanical tuning capacitors.
PAR  The signal in the highest frequency band for which my tuning system is
      designed, is applied, after being received by a suitable antenna, cable or
      other means, to an input of a tunable preslector and R.F. amplifier
      circuit 10 which in the case of a television tuner system is a tuned UHF
      preselector and R.F. amplifier. The R.F. amplifier portion of circuit 10
      need not be tunable, and in such case would be a broad band amplifier.
      Although the tuned preselector-amplifier 10 is not an essential component
      in my tuning system, it would generally be utilized in order to reduce
      signal interference problems as well as to provide amplification of the
      desired input signal. The tuned preselector-R.F. amplifier 10 may
      typically consist of a UHF amplifying transistor and input and output
      tuning elements employing solid state tuning capacitors.
PAR  The output of the tuned preselector-R.F. amplifier 10 is connected to a
      first input of a first input of a first mixer circuit 11. The second input
      to mixer 11 is a suitable local oscillator frequency for developing at the
      output of mixer 11, among other signals, a desired first IF frequency
      signal (which is selected and amplifier in tuned circuit 15) and is
      included within the frequency band of one or more other lower frequency
      band input signals that alternately with the highest frequency band signal
      may be introduced into the tuner system beyond the mixer stage 11. The
      second input to mixer 11 can be directly from the output of a tunable
      local oscillator, however, in the particular preferred embodiment
      illustrated in FIG. 1, the input is connected from the output of a
      frequency multiplier circuit 12 which in the television tuner application
      doubles the frequency of a tunable local oscillator 13 connected to the
      input of the frequency doubler. The mixer circuit 11 is of conventional
      design typically consisting of one or more solid-state diodes and coupling
      transformers functioning as an unbalanced, single balanced or doubly
      balanced mixer, and in the television tuning system, mixer 11 is the UHF
      mixer. The frequency multiplier (doubler) circuit 12 is also of
      conventional type and typically includes two diodes or transistors
      connected in a full wave or push-pull doubler configuration. The tuned
      local oscillator circuit 13 typically may be a transistor oscillator
      employing a stable (preferably solid-state) electronically tunable tank
      circuit for its frequency selection means.
PAR  The output of mixer 11 is connected to a first position (1), designated
      UHF, of a multi-position switch 14. Signals in lower frequency bands than
      that applied to circuit 10 are applied to one or more other positions of
      switch 14. Thus, in the television tuner, the VHF signals are applied to a
      second position (2) of switch 14 and the CATV signals are applied to a
      third position (3). The fixed end of the selector arm of switch 14 is
      connected to the input of a tunable RF amplifier stage 15 having a
      frequency tuning range which includes the frequency bands of the signals
      applied to switch 14 other than the position 1 band and having a bandwidth
      of at least 6 MHz in the television tuner application so that it is
      sufficient to accept the desired input signal. Alternatively, switch 14
      may be a two-position switch and the VHF and CATV signals are supplied to
      the second position thereof, with an additional switch (not shown)
      preferably utilized for selectively connecting the output of the VHF
      antenna or CATV cable to the second position of switch 14. The tuning
      range of tuned RF amplifier 15 by being sufficient to include the
      frequency band used for the lower frequency R.F. signals applied to the
      second and third positions of switch 14 thereby also includes the
      frequency band of the desired IF signals applied to the first position of
      switch 14 from the output of the first mixer stage 11 and thus obtains
      dual function of circuit 15 as a UHF IF amplifier and VHF-CATV RF
      amplifier in the television tuner application of the tuning system. The
      tuned RF amplifier 15 is a tuned VHF-CATV RF amplifier in that it has a
      frequency tuning range that covers the VHF and CATV input signals. RF
      amplifier 15 typically includes three or more tuned frequency selector
      circuits coupled to one or more solid-state amplifying devices such as the
      dual-gate FET.
PAR  The tuned VHF-CATV RF amplifier 15 is internally switched in accordance
      with conventional VHF RF amplifier practice for operation either in the
      VHF low band corresponding to channels 2-6, or the VHF high band
      corresponding to channels 7-13, the latter band being included within the
      CATV frequency band. The three tunable circuits 10, 13 and 15 are
      gang-tuned in order to obtain the correct tracking of the three
      corresponding tuned circuit systems contained in circuits 10, 13 and 15.
      Although conventional mechanical tuning capacitors may be utilized in the
      tuned circuits, it is preferably to use varactors, digital capacitors, or
      other solid-state means for varying the tuning of circuits 10, 13, 15 so
      that the tuner may be fabricated as a solid-state component. RF amplifier
      15 is connected to a first input of a second mixer circuit 16 which in the
      television application is identified as the VHF-CATV mixer. The second
      input to mixer 16 is connected to the fixed end of the selector arm of a
      two-position second switch 17 having a first position (1) connected to the
      output of tunable local osciallator 13 and a second position (2) connected
      to the output of a frequency divider circuit 18 which has its input
      connected to the output of the tuned local oscillator. Mixer circuit 16 is
      a conventional circuit typically consisting of one or more bipolar
      transistors or FETs operating in a nonlinear mixing mode, with a fixed
      tuned output IF frequency selector circuit. The frequency divider circuit
      18 is also a conventional circuit which typically may consist of a
      transistor flip-flop circuit. In the first position (1) of switch 17, the
      output of local oscillator 13 is directly connected to mixer 16 and this
      connection in the television tuner application corresponds to the UHF,
      CATV or VHF high band mode of operation thereof whereas switch 17 in the
      second position (2) corresponds to the VHF low band operating mode, and
      frequency divider 18 provides a divide-by-two function.
PAR  The output of second mixer stage 16 includes a desired second IF frequency
      signal which is selected and amplified by one or more fixed tune stages
      (not shown) of IF amplification. Thus, it is evident that the highest
      frequency band RF input signal is applied to the tuned
      preselector-amplifier circuit 10 and undergoes two frequency conversions
      in that it is first converted to first IF frequency signal at the output
      of mixer 11 which, in general, is lower in frequency than the RF input
      signal, and such first IF signal is converted to a second, and generally
      lower frequency, IF frequency signal at the output of the second mixer
      stage 16. The other (lower frequency band) RF input signal(s) are applied
      to the input of tuned RF amplifier 15 and undergo only a single frequency
      conversion as in conventional tuning systems. In the specific application
      of my invention as a multiple frequency band television receiver tuner for
      UHF, VHF and CATV, the UHF RF input to circuit 10 is presently in the
      frequency range 470-890 MHz, the VHF low band (channels 2-6) is in the
      frequency range 54-88 MHz, the VHF high band (channels 7-13) is in the
      frequency range 174-216 MHz and the CATV input is presently in the
      frequency range 120-270 MHz. Local oscillator circuit 13 is tunable over a
      frequency range 166-310 MHz such that the output of the frequency doubler
      stage 12 is in the range 332-620 MHz of which only the frequency band
      344-620 MHz is required for mixing with the UHF band. The output of the
      frequency divider-(by-two) stage 18 is in the range 83-155 MHz of which
      only the frequency band 100-128 MHz is required for mixing with the
      VHF-CATV band frequencies in order to obtain the desired VHF IF frequency
      band of 40-46 MHz. The tuning range of tunable amplifier 15 is 54-270 MHz
      to cover the VHF and CATV bands. The output of the UHF mixer stage 11 is
      in the UHF IF frequency band of 126-270 MHz which is seen to be included
      within the CATV band thereby permitting dual use of the tuned circuit 15
      as a VHF-CATV RF amplifier and as a UHF IF amplifier.
PAR  The use of a frequency double circuit 12 and frequency divider-by-two
      circuit 18 is the preferred approach in obtaining the desired local
      oscillator frequencies that are applied to the first and second stage
      mixers 11 and 16, respectively. However, it should be obvious that the
      desired local oscillator frequencies could also be obtained by
      substituting a tunable local oscillator having a frequency tuning range of
      332-620 MHz for the frequency doubler 12 in FIG. 1, substituting a second
      frequency divider-by-two circuit for the local oscillator 13 in order to
      obtain the 166-310 MHz band and the first frequency divider-by-two circuit
      18 functioning as it did before. In a second alternative approach for
      obtaining the desired local oscillator frequencies, a tunable local
      oscillator having a frequency tuning range of 83-155 MHz is substituted
      for the frequency divider-by-two circuit 18, a second frequency doubler
      circuit is substituted for the tuned local oscillator 13 and the first
      frequency doubler stage 12 functions as it did before. In each of the
      above two alternatives, the local oscillator would again be only a single
      oscillator and be non-bandswitched.
PAR  Circuit operation of the tuning system illustrated in FIG. 1 with specific
      application to the television tuner is as follows: In the UHF operating
      mode, switches 14 and 17 are each in the first position. The signal from
      the UHF antenna is applied to the UHF preselector 10, which is tuned to
      the frequency of the particular UHF RF input signal desired to be
      received, in order to obtain rejection of undesired frequencies. The
      selected UHF RF signal may also be amplified in circuit 10, if desired.
      The output of the tuned UHF preselector-amplifier 10 (in the frequency
      range 470-890 MHz) is applied to the UHF mixer circuit 11 to which is also
      applied a UHF local oscillator signal tuned to a particular frequency in
      the range 344-620 MHz to obtain a desired first (the UHF) IF frequency
      signal in the frequency range 126-270 MHz. This UHF IF signal is
      preselected and amplified by the tunable RF amplifier 15 which is
      gang-tuned with local oscillator 13 and UHF preselector 10 (as indicated
      by the dashed lines). The output of RF amplifier 15 (now operating as a
      UHF IF amplifier) is applied to the VHF-CATV mixer 16 to which is also
      applied a VHF-CATV local oscillator signal tuned to a frequency one-half
      that of the UHF local oscillator frequency. Both the UHF and VHF-CATV
      local oscillator signals are derived from the same signal source 13. The
      output of the second mixer 16 (i.e., after the second frequency
      conversion) includes the fixed second IF (VHF IF) frequency band of 40-46
      MHz which is applied to the conventional television IF amplifier stages
      for further selection and amplification of this desired IF frequency band.
      The VHF IF frequency band used in the description of my invention is 40-46
      MHz, which is slightly different from the standard 41-47 MHz used in
      present day television receivers. This slight shift in the IF frequency
      band is made in order to have the various frequency numbers be more
      conveniently derived and to reduce the required tuning positions, although
      there is no fundamental reason why the standard 41-47 MHz band could not
      be retained.
PAR  In the VHF high band CATV operating mode, switch 14 is in the second or
      third position, depending upon whether VHF or CATV is being received from
      the VHF antenna or CATV cable so that the input signal is applied directly
      to the input of tunable RF amplifier 15 thereby bypassing the UHF
      circuits, and switch 17 is in the first position. The tuner system now
      operates as a single conversion system as in conventional television
      receivers. Since the VHF high band CATV frequency range of 120-270 MHz is
      almost identical with the 126-270 MHz frequency range at the UHF mixer 11
      output, it is seen that the VHF high band CATV tuner provides the dual
      function of a tunable VHF-CATV RF amplifier as well as a tunable UHF IF
      amplifier thereby considerably reducing the tuning requirement of the UHF
      preselector 10 when my tuner operates in the UHF mode. This feature is
      especially important since lower frequency (VHF-CATV) tuners have
      significantly improved selectivity over higher frequency (UHF) tuners.
PAR  In the VHF low band operating mode of my television tuning system, switches
      14 and 17 are in the second position and the circuit continues operation
      as a single conversion system. However, the VHF RF amplifier 15 is now
      internally bandswitched from the VHF high band to the low band in
      accordance with conventional practice, or a completely separate tunable
      low band VHF RF amplifier may be switched into the circuit in place of
      amplifier 15. The latter alternative has several practical advantages in
      that no tuned circuits are thereby switched and each amplifier can be
      optimized for its own (VHF high or low band) frequency tuning range. This
      feature is of significance since the switching of tuned circuits results
      in the Q being decreased a great amount due to the losses introduced by
      such switch whereas with separate amplifiers the switching thereof results
      only in relatively low switching losses. The local oscillator 13 is not
      internally switched when changing from the VHF high to low band mode of
      operation, the required VHF low band local oscillator frequency being
      obtained via switch 17 and the frequency divider 18 connected to the
      output of oscillator 13 in order to provide the desired local oscillator
      signal in the frequency range of 100-128 MHz.
PAR  Another alternative for the VHF low band operating mode is illustrated in
      FIG. 2. In this VHF-CATV portion of a second embodiment of my television
      tuner having the same UHF circuits as illustrated in FIG. 1, a
      three-position third switch 20 is utilized for selecting the mode of
      operation of the tuning system wherein position (1) is the VHF low band,
      position (2) is the VHF high band and CATV, and position (3) is the UHF
      band selection. The VHF signals from the VHF antenna, or the CATV signals
      from a CATV cable, are supplied to the input of a suitable filter or
      two-position selector switch 21 for providing at a first output thereof
      the VHF low band of 54-88 MHz or at a second output the high VHF and CATV
      bands of 120-270 MHz. Band selector 21 in the case of a filter would
      typically be a high pass-low pass cross-over filter of conventional
      design. The VHF low band signals from the output of band selector 21 are
      supplied to the input of a simple VHF low band preselector circuit 22
      which may be tunable and typically is a single tunable circuit or may be a
      fixed tuned band pass filter of 54-88 MHz. Preselector 22 provides
      protection from signals outside the 54-88 MHz frequency band. The output
      of preselector 22 is applied to the first input of a first VHF mixer
      circuit 23 and the second input thereto is supplied from the output of the
      frequency divider (by two) circuit 18 which in turn is supplied from the
      tuned local oscillator 13 having the same frequency range as in the FIG. 1
      embodiment, i.e., 166-310 MHz. As distinguished from all of the other
      mixer stages herein described, the first VHF mixer 23 is an up-converter
      in that the upper side band of its output, which is in the frequency range
      of 154-216 MHz, is selected in a tunable VHF high band CATV RF amplifier
      24 that has a frequency tuning range of 120-270 MHz and is gang-tuned with
      circuits 10, 13 and 22. All of the other mixer circuits 11 and 16 are
      down-converters in that the lower side bands of their outputs are
      selected. The output of tuned VHF high band-CATV RF amplifier 24 is
      applied to a first input of a second VHF-CATV mixer circuit 16 having a
      second input connected from the output of tuned local oscillator 13. The
      lower side band of the mixer 16 output is selected in the tuned VHF IF
      amplifiers (not shown) so that with the required local oscillator signal
      in the frequency range of 200-256 MHz, the output of VHF-CATV mixer 16 is
      downconverted to the fixed VHF IF frequency band of 40-46 MHz. The
      advantage of the FIG. 2 embodiment of my invention is the elimination of
      band switching internal of the tuned VHF-CATV RF amplifier as is required
      in circuit 15 in FIG. 1. This elimination of band switching permits design
      of the tuned RF amplifier 24 so that it can be optimized for one
      relatively narrow frequency band (120-270 MHz) rather than the two bands
      (54-88 and 120-270 MHz) or the single broader band (54-270 MHz) as in the
      case of amplifier 15 in FIG. 1. Thus, tuned amplifier 24 serves a triple
      duty (tunable UHF IF amplifier, tunable high band VHF-CATV RF amplifier,
      or tunable low band VHF RF amplifier) in the FIG. 2 embodiment.
PAR  In the second (VHF high band) position of switch 20, the VHF high band-CATV
      signal is passed from the output of band selector 21 to the input of tuned
      RF amplifier 24, and it is noted that the frequency tuning range of the
      tuned RF amplifier 24 corresponds to the frequency range of the VHF high
      band-CATV signals. The VHF high band-CATV signals are then combined in
      mixer 16 with the output of the local oscillator (tunable over the full
      oscillator frequency range of 166-310 MHz) in order to obtain at the
      output thereof the fixed VHF IF frequency band of 40-46 MHz.
PAR  In the case of a UHF signal input, switch 20 is in the third (UHF) position
      and the UHF circuits function in the identical manner as the circuits 10,
      11 illustrated in FIG. 1 in that the tuned local oscillator output is
      passed through a frequency doubler circuit 12 in order to obtain the
      proper local oscillator frequency at the input to the UHF mixer 11. Thus,
      the output of the UHF mixer, i.e., the UHF IF signal is again in the range
      126-270 MHz which is within the tuning range of tuned RF amplifier 24. And
      again, as in the case of the FIG. 1 embodiment, the UHF signal undergoes a
      second frequency conversion upon its passage through the VHF-CATV mixer
      circuit 16 in order to be converted to the fixed VHF IF frequency band of
      40-46 MHz.
PAR  The local oscillator in both the FIGS. 1 and 2 embodiments is not
      bandswitched in order to obtain improved frequency stability. Band
      switching results in the addition of lossee (I.sup.2 R) into the tuned
      circuit of the oscillator thereby decreasing its operating Q and
      stability. Frequency multiplication and division is an operation external
      to the oscillator and therefore does not affect the oscillator frequency
      stability and is thus preferred for obtaining the desired local oscillator
      frequency bands.
PAR  The following table is a partial listing of the local oscillator
      frequencies used in my tuning system for all of the present day television
      channels, including VHF, UHF and CATV in the 54-890 MHz range. In the
      table, the first column designates the representative channels, the second
      column lists for 6 MHz bandwidths thereof, the third column lists the
      frequency of local oscillator 13 required for the respective channels and
      the fourth column lists the actual local oscillator frequency utilized in
      the first frequency conversion for the respective channels. It should be
      noted in the table that the listed CATV and VHF high band (channels 7-13)
      channels have identical local oscillator frequencies in the third and
      fourth columns, which is to be expected since the output of oscillator 13
      is applied directly to mixer 16 in this mode of operation. For the VHF low
      band (channels 2-6), the oscillator frequencies in the fourth column are
      one-half that in the third column due to the frequency division step.
      Finally, for the UHF band, the local oscillator frequencies in the fourth
      column are twice that in the third column due to the frequency
      multiplication step. The reduction of required tuning settings resulting
      from the doubling and tripling (i.e., channels 5, 11, 50 and 6, 13, 56) of
      channels for some local oscillator frequencies is obvious and this is the
      reason for using a VHF IF frequency band of 40-46 MHz since the standard
      IF band of 41-47 MHz would require separate settings for each and every
      UHF, VHF and CATV channel.
TBL  __________________________________________________________________________

     LOCAL OSCILLATOR FREQUENCIES REQUIRED FOR TELEVISION CHANNELS             

     (40-46 MHz IF Frequency)                                                  

     (Partial Listing)                                                         

                                Required Local                                 

     Channel                                                                   

            Channel RF                                                         

                      Local Oscillator                                         

                                Oscillator                                     

     Number Frequency (MHz)                                                    

                      Frequency (MHz)                                          

                                Frequency (MHz)                                

     __________________________________________________________________________

     CATV A 120-126   166       166                                            

     CATV B 126-132   172       172                                            

     UHF 14 470-476   172       344                                            

     UHF 15 476-482   174       348                                            

     UHF 16 482-488   176       352                                            

     CATV C 132-138   178       178                                            

     UHF 17 488-494   178       356                                            

     UHF 18 494-500   180       360                                            

     VHF 2  54-60     200       100                                            

     UHF 28 554-560   200       400                                            

     CATV G 156-162   202       202                                            

     UHF 29 560-566   202       404                                            

     VHF 7  174-180   220       220                                            

     UHF 38 614-620   220       440                                            

     UHF 39 620-626   222       444                                            

     VHF 4  66-72     224       112                                            

     UHF 40 626-632   224       448                                            

     VHF 8  180-186   226       226                                            

     UHF 41 632-638   226       452                                            

     VHF 5  76-82     244       122                                            

     VHF 11 198-204   244       244                                            

     UHF 50 686-692   244       488                                            

     VHF 6  82-88     256       128                                            

     VHF 13 210-216   256       256                                            

     UHF 56 722-728   256       512                                            

     CATV J 216- 222  262       262                                            

     UHF 59 740-746   262       524                                            

     CATV R 264-270   310       310                                            

     UHF 83 884-890   310       620                                            

     __________________________________________________________________________

PAR  The rule for determining the required local oscillator frequency for a UHF
      channel is to calculate the required frequency for single conversion
      operation and then dividing by three. This results in proper signal
      spectrum inversion at the 40-46 MHz IF frequency. For example, channel 83
      has a frequency band of 884-890 MHz, the single conversion local
      oscillator frequency is 930 MHz, and one third of 930 is 310 MHz which is
      the required operating frequency of local oscillator 13. The first
      conversion (i.e., actual) local oscillator frequency utilized at UHF is
      310 doubled or 620 MHz.
PAR  Required frequency stability of the local oscillator on a percentage basis
      (.DELTA.f/f for UHF operation of my tuner system is the same as that of a
      single conversion UHF oscillator. The local oscillator operates at one
      third of the local oscillator frequency required in the UHF mixer in the
      double conversion system, and since electronic tuning elements such as
      transistors, digital capacitors and other solid state devices exhibit
      higher Q values at lower frequencies, the local oscillator stability is
      significantly improved over operation at the required higher local
      oscillator frequency in a single conversion system.
PAR  From the foregoing description, it can be appreciated that my invention
      attains the objectives set forth in that it provides an improved multiple
      frequency band receiver tuner system utilizing a single non-bandswitched
      local oscillator and a double frequency conversion mode of operation for
      at least one band of signal frequencies. The double conversion mode of
      operation permits operation of the local oscillator at a much lower
      frequency wherein the Q requirements are not nearly as high as for
      operation at a higher local oscillator frequency if only single conversion
      was utilized. This reduced Q requirement in the high frequency portion of
      the tuning system renders the tuner practical for use with electronic
      tuning devices so that the tuner may be fabricated as a solid-state
      component. In the specific application of the tuning system as a
      television tuner, the tuner operates as a double conversion receiver at
      UHF frequencies with both the UHF RF and VHF RF frequencies being tunable
      to thereby minimize spurious signal interference problems inherent in
      conventional double conversion systems and also simplifying the local
      oscillator circuitry. The dual use of the VHF RF amplifier as a tunable
      UHF IF amplifier in the double conversion mode of operation results in an
      all frequency television tuner fabricated of a minimum of components and
      yet having superior operating characteristics as compared to conventional
      all frequency television tuners using solid state tuning.
PAR  Having described several embodiments of my tuner, it is believed obvious
      that my invention is appropriate to other multiple frequency band receiver
      tuner systems besides the television receiver. The various preselector,
      amplifier, mixer, oscillator, and frequency multiplier and divider
      circuits may be of any conventional type other than that described. And
      additional stages of frequency multiplication or division may be utilized
      in order to obtain the required local oscillator frequency as a particular
      harmonic or subharmonic of the local oscillator 3 frequency. It is,
      therefore, to be understood that changes may be made in the particular
      embodiments of my invention described which are within the full intended
      scope of the invention as defined by the following claims.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A multiple frequency band receiver tuner system comprising
PA1  a first mixer circuit having a first input adapted to be connected to a
      first source of received radio frequency signals in a first frequency
      band,
PA1  a first radio frequency amplifier circuit tunable over a second frequency
      band,
PA1  a single non-bandswitched local oscillator circuit tunable over a selected
      third frequency band for generating a fixed frequency radio frequency
      signal and being gangtuned with said first amplifier, said first mixer
      having a second input in communication with an output of said local
      oscillator so that a first intermediate frequency signal in a fourth
      frequency band is developed at an output of said first mixer,
PA1  first switch means connected between the output of said first mixer and an
      input to said first amplifier for selectively connecting the input of said
      first amplifier to the output of said first mixer in a first operating
      mode of said first switch means, and for connecting the input of said
      first amplifier to a second source of received radio frequency signals in
      a fifth frequency band which provides separate signals in at least two
      separate portions of said fifth frequency band in a second operating mode,
PA1  a second mixer circuit having a first input connected to an output of said
      first amplifier and a second input in communication with the output of
      said local oscillator so that a second intermediate frequency signal in a
      sixth frequency band is developed at an output of said second mixer, and
PA1  means connected between the output of said local oscillator and at least
      one of the second inputs to said first and second mixers for changing the
      local oscillator frequency applied thereto by at least a factor of two so
      that the local oscillator frequency signals applied to said first and
      second mixers differ in frequency by at least a factor of two,
PA1  second switch means interconnected between the output of said local
      oscillator and an output of said local oscillator frequency changing means
      and the second input of said second mixer for selectively connecting the
      second input of said second mixer to the output of said local oscillator
      in a first operating mode of said second switch means when a radio
      frequency signal in a first of at least two separate portions of the fifth
      frequency band is being received, and for connecting the second input of
      said second mixer to an output of said local oscillator frequency changing
      means in a second operating mode of said second switch means when a radio
      frequency signal in a second of the at least two separate portions of the
      fifth frequency band is being received,
PA1  the second frequency band including the fourth frequency band so that said
      first amplifier provides a dual function as a tunable radio frequency
      amplifier for the received signals in the fifth frequency band in the
      second operating mode of said first switch means, and as a tunable
      intermediate frequency amplifier for the signals in the fourth frequency
      band in the first operating mode of said switch means, and said tuner
      system therefore operates in a single frequency conversion mode with said
      first switch means in the second operating mode and in a double frequency
      conversion mode with said first switch means in the first operating mode.
NUM  2.
PAR  2. The multiple frequency band receiver tuner system set forth in claim 1
      and further comprising
PA1  a preselector circuit gang-tuned with said local oscillator and first
      amplifier and being tunable over the first frequency band, said
      preselector having an input connected to the first source of received
      radio frequency signals, and an output connected to the first input of
      said first mixer.
NUM  3.
PAR  3. The multiple frequency band receiver tuner system set forth in claim 2
      and further comprising
PA1  a second radio frequency amplifier circuit having an input connected to an
      output of said preselector and an output connected to the first input of
      said first mixer, said second amplifier having a frequency range including
      the first frequency band.
NUM  4.
PAR  4. The multiple frequency band receiver tuner system set forth in claim 3
      wherein
PA1  said preselector and second amplifier form an integral circuit so that said
      second amplifier is also tunable over the first frequency band and
      gang-tuned with said local oscillator and first amplifier.
NUM  5.
PAR  5. The multiple frequency band receiver tuner system set forth in claim 3
      wherein
PA1  said preselector and second amplifier are separate circuits and said second
      amplifier is of the broad band nontunable type.
NUM  6.
PAR  6. The multiple frequency band receiver tuner system set forth in claim 1
      wherein
PA1  the first of the at least two separate portions of the fifth frequency band
      is an upper frequency portion thereof, and the second portion is a lower
      frequency portion thereof, and
PA1  said second switch means having a first input connected to the output of
      said local oscillator, a second input connected to an output of said local
      oscillator frequency changing means, and an output connected to the second
      input of said second mixer.
NUM  7.
PAR  7. The multiple frequency band receiver tuner system set forth in claim 6
      wherein
PA1  said local oscillator frequency changing means comprises
PA1  a frequency multiplier circuit having an input connected to the output of
      said local oscillator, and an output connected to the second input of said
      first mixer so that with said first and second switch means each in the
      first operating mode a corresponding harmonic of the local oscillator
      frequency is applied to said first mixer and the fundamental frequency is
      applied to said second mixer when the radio frequency signals in the first
      frequency band are being received,
PA1  with said first and second switch means respectively in the second and
      first operating modes the fundamental frequency of the local oscillator is
      applied to said second mixer when the radio frequency signals in the upper
      frequency portion of the fifth frequency band are being received, and
PA1  a frequency divider circuit having an input connected to the output of said
      local oscillator, and an output connected to the second input of said
      second switch means so that with said first and second switch means, each
      in the second operating mode, a corresponding subharmonic of the local
      oscillator frequency is applied to said second mixer when the radio
      frequency signals in the lower frequency portion of the fifth frequency
      band are being received.
NUM  8.
PAR  8. The multiple frequency band receiver tuner system set forth in claim 1
      wherein
PA1  the second source of received radio frequency signals in the fifth
      frequency band provides separate signals in at least two separate portions
      of the fifth frequency band,
PA1  and further comprising
PA2  frequency band selector means having an input connected to the second
      source of received radio frequency signals in the fifth frequency band, a
      first output selectively providing the received radio frequency signals in
      a first portion of the at least two separate portions of the fifth
      frequency band, and a second output selectively providing the received
      radio frequency signals in a second portion of the fifth frequency band,
PA2  a preselector circuit gang-tuned with said local oscillator and first
      amplifier and being tunable over the first portion of the fifth frequency
      band, said preselector having an input connected to the first output of
      said frequency band selector means, and
PA2  a third mixer circuit having a first input connected to an output of said
      preselector circuit, and a second input connected to an output of said
      local oscillator frequency changing means,
PA1  said first switch means having a first input connected to the output of
      said first mixer corresponding to the first operating mode of said first
      switch means, and having a second input connected to the second output of
      said frequency band selector means corresponding to a second operating
      mode for receiving the radio frequency signals in the second portion of
      the fifth frequency band, and having a third input connected to an output
      of said third mixer corresponding to a third operating mode for receiving
      the radio frequency signals in the first portion of the fifth frequency
      band, and having an output connected to the input of said tunable first
      amplifier,
PA1  the tunable frequency range of said first amplifier including the upper
      sideband of the output of said third mixer so that said third mixer
      functions as an up-converter mixer and said first amplifier provides a
      triple function as a tunable radio frequency amplifier for the received
      signals in the second portion of the fifth frequency band in the second
      operating mode of said first switch means, as a tunable intermediate
      frequency amplifier for the signals in the fourth frequency band in the
      first operating mode, and as a tunable intermediate frequency amplifier
      for the received signals in the first portion of the fifth frequency band
      in the third operating mode, and said tuner system therefore operates in a
      single frequency conversion mode with said first switch means in the
      second operating mode and in double frequency conversion modes with said
      first switch means in the first and third operating modes.
NUM  9.
PAR  9. The multiple frequency band receiver tuner system set forth in claim 8
      wherein
PA1  said local oscillator frequency changing means comprises
PA2  a frequency doubler circuit having an input connected to the output of said
      local oscillator, and an output connected to the second input of said
      first mixer, and
PA2  a frequency divider-by-two circuit having an input connected to the output
      of said local oscillator, and an output connected to the second input of
      said third mixer so that the fundamental frequency of the local oscillator
      is applied to said second mixer, the second harmonic thereof is applied to
      said first mixer, and half the fundamental frequency is applied to said
      third mixer.
NUM  10.
PAR  10. A multiple frequency band television receiver tuner system adapted for
      UHF, VHF and CATV bands and comprising
PA1  a UHF mixer circuit having a first input adapted to be connected to a UHF
      antenna for receiving radio frequency signals in the UHF frequency band,
PA1  a first radio frequency amplifier circuit tunable over a second frequency
      band,
PA1  a single non-bandswitched local oscillator circuit tunable over a selected
      third frequency band for generating a fixed frequency radio frequency
      signal and being gang-tuned with said first amplifier, said UHF mixer
      having a second input in communication with an output of said local
      oscillator so that a first intermediate frequency signal in a fourth
      frequency band of approximately 126-270 MHz is developed at an output of
      said UHF mixer,
PA1  a frequency doubler circuit having an input connected to the output of said
      local oscillator, and an output connected to the second input of said UHF
      mixer so that the second harmonic of the local oscillator frequency is
      applied to said UHF mixer,
PA1  first switch means connected between the output of said UHF mixer and an
      input to said first amplifier for selectively connecting the input of said
      first amplifier to the output of said UHF mixer in a first operating mode
      of said first switch means, and for connecting the input of said first
      amplifier to a second source of received radio frequency signals which
      include the VHF and CATV frequency bands in a second operating mode,
PA1  a VHF-CATV mixer circuit having a first input connected to an output of
      said first amplifier and a second input in communication with the output
      of said local oscillator so that a second intermediate frequency signal in
      a frequency band of approximately 40-46 MHz is developed at an output of
      said VHF-CATV mixer,
PA1  a frequency divider-by-two circuit having an input connected to the output
      of said local oscillator, and an output connected to the second input of
      said VHF-CATV mixer so that half the fundamental frequency of the local
      oscillator is applied to said second mixer, and
PA1  the second frequency band including the fourth frequency band so that said
      first amplifier provides a dual function as a tunable VHF and CATV RF
      amplifier in the second operating mode of said first switch means, and as
      a tunable UHF IF amplifier in the first operating mode of said first
      switch means, and said tuner system therefore operates as a single
      frequency conversion mode VHF-CATV tuner with said first switch means in
      the second operating mode and as a double frequency conversion mode UHF
      tuner with said first switch means in the first operating mode.
NUM  11.
PAR  11. The multiple frequency band television receiver tuner system set forth
      in claim 10 and further comprising
PA1  a preselector circuit gang-tuned with said local oscillator and first
      amplifier and being tunable over the UHF frequency band, said preselector
      having an input connected to the UHF antenna, and an output connected to
      the first input of said UHF mixer.
NUM  12.
PAR  12. The multiple frequency band television receiver tuner system set forth
      in claim 11 and further comprising
PA1  a second radio frequency amplifier circuit having an input connected to an
      output of said UHF preselector and an output connected to the first input
      of said UHF mixer, said second amplifier having a frequency range
      including the UHF frequency band.
NUM  13.
PAR  13. The multiple frequency band television receiver tuner system set forth
      in claim 12 wherein
PA1  said UHF preselector and second amplifier form an integral circuit so that
      said second amplifier is also tunable over the UHF frequency band and
      gang-tuned with said local oscillator and first amplifier.
NUM  14.
PAR  14. The multiple frequency band television receiver tuner system set forth
      in claim 12 wherein
PA1  said UHF preselector and second amplifier are separate circuits and said
      second amplifier is of the broad band nontunable type.
NUM  15.
PAR  15. The multiple frequency band television receiver tuner system set forth
      in claim 10 wherein
PA1  the second source of received radio frequency signals provides radio
      frequency signals in the VHF high band, VHF low band and CATV frequency
      bands, and further comprising
PA1  second switch means having a first operating mode input connected to the
      output of said local oscillator, and a second operating mode input
      connected to the output of said frequency divider-by-two circuit, and an
      output connected to the second input of said VHF-CATV mixer for
      selectively connecting the second input of said VHF-CATV mixer to the
      output of said local oscillator in the first operating mode of said second
      switch means when a radio frequency signal in the UHF, VHF high band or
      CATV band is being received, and for connecting the second input of said
      VHF-CATV mixer to the output of said frequency divider-by-two circuit in
      the second operating mode of said second switch means when a radio
      frequency signal in the VHF low band is being received so that the local
      oscillator frequency signals applied to said VHF-CATV mixer differ in
      frequency by a factor of two between the first and second operating modes
      of said second switch means,
PA1  said first amplifier having a frequency tuning range of approximately
      54-270 MHz which includes the VHF and CATV frequency bands.
NUM  16.
PAR  16. The multiple frequency band television receiver tuner system set forth
      in claim 10 and further comprising
PA1  frequency band selector means having an input connected to the second
      source of received radio frequency signals in the VHF and CATV frequency
      bands, a first output selectively providing the received radio frequency
      signals in the VHF low frequency band, and a second output selectively
      providing the received radio frequency signals in the VHF high band and
      CATV frequency bands,
PA1  a preselector circuit gang-tuned with said local oscillator and first
      amplifier and being tunable over the VHF low frequency band, said
      preselector having an input connected to the first output of said
      frequency band selector means, and
PA1  a third mixer circuit having a first input connected to an output of said
      preselector circuit, and a second input connected to an output of said
      local oscillator frequency changing means,
PA1  said first switch means having a first input connected to the output of
      said UHF mixer corresponding to the first operating mode of said first
      switch means, and having a second input connected to the second output of
      said frequency band selector means corresponding to a second operating
      mode for receiving the radio frequency signals in the VHF high band and
      CATV frequency bands, and having a third input connected to an output of
      said third mixer corresponding to a third operating mode for receiving the
      radio frequency signals in the VHF low frequency band, and having an
      output connected to the input of said tunable first amplifier,
PA1  the tunable frequency range of said first amplifier including the upper
      sideband of the output of said third mixer so that said third mixer
      functions as an up-converter mixer and said first amplifier provides a
      triple function as a tunable VHF high band and CATV RF amplifier in the
      second operating mode of said first switch means, as a tunable UHF IF
      amplifier in the first operating mode, and as a tunable VHF low band IF
      amplifier in the third operating mode, and said tuner system therefore
      operates in a single frequency conversion mode with said first switch
      means in the second operating mode and in double frequency conversion
      modes with said first switch means in the first and third operating modes.
NUM  17.
PAR  17. The multiple frequency band television receiver tuner system set forth
      in claim 16 wherein
PA1  said local oscillator frequency changing means comprises
PA2  a frequency doubler circuit having an input connected to the output of said
      local oscillator, and an output connected to the second input of said UHF
      mixer, and
PA2  a frequency divider-by-two circuit having an input connected to the output
      of said local oscillator, and an output connected to the second input of
      said third mixer so that the fundamental frequency of the local oscillator
      is applied to said VHF-CATV mixer, the second harmonic thereof is applied
      to said UHF mixer, and half the fundamental frequency is applied to said
      third mixer,
PA2  said first amplifier having a frequency tuning range of approximately
      120-270 MHz which includes the VHF high band and CATV frequency bands.
NUM  18.
PAR  18. A multiple frequency band television receiver tuner system adapted for
      UHF, VHF and CATV bands comprising:
PA1  a UHF mixer circuit having a first input connectable to a source of UHF
      television signals in a first frequency band;
PA1  a VHF-CATV mixer having a first input;
PA1  a second input connectable to a source of VHF-CATV television signals in a
      second frequency band;
PA1  switch means operative to connect said first input of said VHF-CATV mixer
      alternately to said second input or to an output of said UHF mixer;
PA1  local oscillator circuit means tunable over a third frequency band and
      having a first output in a first output frequency band and a second output
      in a second output frequency band, said second output frequency band being
      double said first output frequency band;
PA1  said first output of said local oscillator circuit means connected to a
      second input of said VHF-CATV mixer and said second output connected to a
      second input of said UHF mixer;
PA1  said first output frequency band selected so that the output of said UHF
      mixer circuit is characterized by television signals in a frequency band
      substantially coextensive with said second frequency band.
NUM  19.
PAR  19. The television tuner of claim 18 further comprising a tuned radio
      frequency amplifier tunable over the frequency range including said
      VHF-CATV frequency band connected between said VHF-CATV mixer and said
      switch means so that in a first mode said tuned radio frequency amplifier
      functions as a tunable intermediate frequency amplifier connected between
      said UHF mixer and said VHF-CATV mixer, and in a second mode functions as
      a first stage radio frequency amplifier at said VHF-CATV frequency bands.
NUM  20.
PAR  20. A multiple frequency band television receiver tuner system adapted for
      UHF, VHF and CATV bands comprising:
PA1  a UHF mixer circuit having a first input connectable to a source of UHF
      television signals in a first frequency band;
PA1  a VHF-CATV mixer having a first input;
PA1  a second input connectable to a source of VHF-CATV television signals in a
      second frequency band;
PA1  switch means operative to connect said first input of said VHF-CATV mixer
      alternately to said second input or to an output of said UHF mixer;
PA1  local oscillator circuit means suitable over a third frequency band and
      having a first output in a first output frequency band and a second output
      in a second output frequency band, said second output frequency band being
      double said first output frequency band;
PA1  said first output of said local oscillator circuit means connected to a
      second input of said VHF-CATV mixer and said second output connected to a
      second input of said UHF mixer;
PA1  said local oscillator circuit means further including a third output and a
      third output frequency band characterized by a frequency one-half that of
      said first output frequency band; and
PA1  second switch means connecting said second input of said VHF-CATV mixer
      alternatively with said first or third outputs of said local oscillator
      circuit means.
NUM  21.
PAR  21. The television tuner of claim 20 further comprising a tuned radio
      frequency amplifier tunable over the frequency range including said
      VHF-CATV frequency band connected between said VHF-CATV mixer and said
      switch means so that in a first mode said tuned radio frequency amplifier
      functions as a tunable intermediate frequency amplifier connected between
      said UHF mixer and said VHF-CATV mixer, and in a second mode functions as
      a first stage radio frequency amplifier at said VHF-CATV frequency band.
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PAL  A signal recognizing television tuning system employing a varactor tuner
      and a channel number computer for supplying derived channel numbers and
      intrachannel fractions, based upon the local oscillator frequency, to a
      comparator which controls a ramp voltage source for the varactor tuner. A
      digital counter supplies a selected channel number to the comparator and
      the ramp voltage is changed until (1) equality exists between both derived
      and selected channel numbers and (2) the intrachannel fraction is within
      predetermined limits such that the system is tuned to receive only signals
      falling within a restricted frequency range. If no signal is recognized,
      the counter supplies a next adjacent channel number to the comparator.
      Signal recognition means stop further operation of the counter upon
      recognition of a signal within the restricted frequency range.
BSUM
PAC  CROSS REFERENCE TO RELATED PATENT APPLICATIONS
PAR  This application is related to U.S. Pat. No. 3,851,254, issued Nov. 26,
      1974, entitled "Digital System and Method for Determining and Displaying a
      Television Channel Number" in the name of Richard G. Merrell and Akio
      Tanaka and assigned to the assignee of the present application. This
      application is closely related to application Ser. No. 430,446, filed Jan.
      3, 1974, entitled "Channel Seeking Tuning System" in the name of Akio
      Tanaka and assigned to the assignee of the present application which is
      hereby incorporated by reference. For convenience, the application Ser.
      No. 430,446 will be referred to as the Tanaka application.
PAR  This application is also related to the following applications all of which
      are assigned to the assignee of the present application: Ser. No. 466,579,
      filed May 3, 1974, entitled "All Electronic Digital Tuner System with
      Memory" in the names of John Ma and Akio Tanaka; Ser. No. 484,475, filed
      July 1, 1974, entitled "Band Decoder for all Channel Digital Tuning
      System" in the name of Akio Tanaka; Ser. No. 492,365, filed July 29, 1974,
      entitled "Signal Seeking Tuning System with Illegal Channel Detection" in
      the name of Akio Tanaka; Ser. No. 503,122, filed Sept. 4, 1974, entitled
      "Television Tuning System with Varactor Malfunction Detection" in the name
      of Akio Tanaka; Ser. No. 504,638, filed Sept. 9, 1974, entitled
      "Multi-Speed Ramp for a Varactor Tuning System" in the names of Melvin C.
      Hendrickson and Richard G. Merrell, and Ser. No. 511,837, filed Oct. 3,
      1974, entitled "Television Tuning System Indicator" in the name of Akio
      Tanaka.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to television tuning systems and
      more particularly to such systems which operate to "seek" broadcast
      television signals, as distinct from normal television tuning systems
      which are tuned in response to a viewer channel selection in the form of
      an identifying channel number.
PAR  2. Description of the Prior Art
PAR  A problem which is indigenous to all-channel television tuning systems is
      that the FCC television channel frequencies are allocated in four
      disconnected frequency bands, whereas the corresponding channel
      identification numbers (exclusively used by viewers for identification)
      run serially, without regard to the frequency band interruptions. In any
      given locale the allocated television channels may be widely dispersed
      throughout the VHF and UHF frequency bands, thus burdening the viewer with
      becoming familiar with an irregular sequence of non-related channel
      numbers for ordinary viewing.
PAR  Mechanical and electromechanical television tuning systems have been in use
      for many years. They are, however, slow-acting, tend to be noisy and are
      best suited to limited-channel systems, as distinct from all-channel
      systems. The development of varactor tuners, which are controllable by
      simple application of a DC voltage, has eliminated these drawbacks and
      made possible silent, high speed all-channel tuning. Varactor tuning
      systems still require fine tuning to compensate for design tolerances,
      component aging, signal transmission, etc. and, even in limited-channel
      applications, the receiver must be "set-up" for the particular channels
      desired.
PAR  As fully detailed in the above mentioned Tanaka application many digitally
      controlled tuning systems have been proposed for eliminating set-up
      problems and in general, simplifying tuning for the viewer. In summary,
      there are two principal types of proposed all-channel digital tuning
      systems employing varactor tuners: an indirect type which uses error
      signal information to drive the tuner until proper tuning is achieved; and
      a direct type which applies a selected voltage to tune the tuner
      independently of a received signal.
PAR  Examples of the indirect type of digital system include one described by
      Doyle and Mills in BTR, Volume 15, Number 2, July, 1969, in which the
      detection methods are a frequency synthesizer and a marker (or birdy)
      synchronizing synthesizer. With either detection method, a comparator
      compares the incoming signal frequency with the input channel number
      information and, at equality, operates to send a stop signal to a tuner
      ramp voltage drive.
PAR  A paper by Dexter appearing in the June 18, 1970, issue of ELECTRONIC
      DESIGN describes an indirect type, which is independent of the received
      signal, in which an electronic counter is employed to measure the local
      oscillator frequency, by counting with respect to a known time base, and a
      comparator is used for comparing the last digit in the counter with a
      preselected number. At equality, a signal is produced to terminate
      adjustment of the local oscillator frequency. Thus, fine tuning is related
      to the allocated frequency of the television broadcast station and
      achieved without reference to the incoming signal.
PAR  Examples of the direct type, (but limited-channel) tuning system include
      that described in U.S. Pat. No. 3,654,557, issued Apr. 7, 1972, which uses
      an arbitrarily selected binary encoding of channel numbers to designate
      and address a limited number of invidual potentiometers for supplying
      corresponding preset voltages to a varactor tuner. Each channel position
      has a unique binary encoded number which determines the location of its
      preset potentiometer for coupling to the varactor tuner. A paper by
      Sakamoto and Ichinohe in BTR, Volume 18, Number 3, August, 1972, discusses
      an improvement using an eight bit binary encoded signal stored in a shift
      register which, through a series of logic gates, activates the
      potentiometer corresponding to the selected channel number. As the author
      suggests, an all-channel system may be obtained by adding a separate
      potentiometer for each channel.
PAR  There have also been all-channel direct type binary systems proposed which
      incorporate PROM's (Programmable Read-Only Memories) to develop
      appropriate tuning voltages for each channel in the tuning spectrum.
PAR  The above-mentioned patent, U.S. Pat. No. 3,851,254, issued Nov. 26, 1974
      to Merrill and Tanaka, is directed to a channel number computer and
      discloses method and apparatus for deriving the channel number of a
      broadcast television signal by sampling the local oscillator frequency
      with a counting system. The output of a logic gate, in which a reference
      clock signal gates a local oscillator signal, is used to drive a modular
      scaler, a units counter and a tens counter to decode the local oscillator
      output signal into its corresponding channel number.
PAR  All of the proposed tuning systems above had various deficiencies which
      were solved by the system disclosed in the above-mentioned Tanaka
      application. That application discloses and claims method and apparatus
      for a television tuning system employing a comparator for comparing an
      asynchronously counted local oscillator frequency (expressed in terms of
      channel numbers and modular residue corresponding to intrachannel
      fractions) with encoded input channel number information. A voltage ramp
      drives the tuner until a condition of equality exists between the derived
      and desired channel numbers and the modular residue is within
      predetermined limits. Thus the tuning system responds to a two digit
      channel number input to tune to a restricted frequency range or "window"
      about the frequency corresponding to the designated channel number. With
      this system fine tuning is not required, and programming or set-up of the
      receiver is unnecessary.
PAR  Many signal seeking tuning systems have been proposed in the past,
      primarily to avoid the channel number problem and the inconvenience of
      tuning through non-operating channels or channel positions. No such system
      has, however, been commercialized, due in part to many of the same
      problems solved by the Tanaka application system. In many of the proposed
      systems a ramp voltage generator, under control of a signal detector,
      supplies a voltage controlled oscillator for scanning of the appropriate
      frequencies. The received signal is usually filtered and a frequency
      discriminator is employed to produce a control potential (error signal)
      whose magnitude and polarity are the analog of the detected difference
      between the proper IF frequency and the actual signal frequency translated
      by the IF portion of the receiver. The error signal is used to correct the
      voltage of the ramp to adjust the tuner in the proper direction to "lock"
      to the signal. A threshold circuit may be used to skip over signals which
      are too weak for satisfactory viewing. These systems are confronted with
      the conflicting requirements of a "capture" range broad enough to pick up
      signals during sweeping and narrow enough to lock to proper signals only.
      This imposes significant limits on the sweeping speed.
PAR  In addition, in a signal seeking system the combined effects of capture
      range, lock range and the heterodyne process make it possible for an
      unwanted signal to "beat" with the local oscillator signal to produce a
      signal in the IF amplifier of proper frequency. These spurious or unwanted
      signals may be in the form of noise, image frequencies, or adjacent
      channel carriers. Many elaborate detection arrangements have been proposed
      to cope with spurious signals in signal seeking tuning systems. Most
      require responses to more than one signal characteristic and there are
      some in the patent literature which detect as many as four distinct signal
      characteristics in an effort to preclude recognition of an erroneous
      signal.
PAR  Indirect digital type tuning systems are capable of great tuning accuracy,
      since by employing additional counters, the tuning frequency range may be
      narrowed to any degree desired. Unfortunately, extremely accurate tuning
      systems are not commercially acceptable and may, in many cases, be totally
      inoperative over the range of broadcast signals available. Such highly
      accurate systems are wholly unacceptable for signal seeking systems of
      even moderate ramp speed because a fairly broad capture range is desired
      to avoid missing a legitimate signal. Practically speaking, because of
      this broad capture range, and the difficulty in distinguishing between
      desired and undesired signals, signal seeking systems have not been
      feasible.
PAC  OBJECTS OF THE INVENTION
PAR  An object of this invention is to provide a novel television tuning system
      and method.
PAR  Another object of this invention is to provide an improved all-electronic,
      all-channel tuning system and method.
PAR  It is still another object of this invention to provide a novel, high speed
      television signal seeking system.
PAR  It is a more specific object of this invention to provide a signal seeking
      television system having the capability of ignoring spurious signals.
PAR  It is still a more specific object of this invention to provide a signal
      seeking tuning system needing minimal signal recognition apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the inventive apparatus, a television tuning system
      includes a voltage controllable oscillator for tuning a plurality of fixed
      frequency bandwidth television channels, ramp voltage generator means for
      changing the tuning frequency of the oscillator, means encoding the tuning
      frequency of the oscillator into channel number information of the
      corresponding receivable channels, and channel number selection means for
      sequencing through channel numbers. Comparison means, which control the
      ramp voltage generator means, compare the information from the channel
      number selection means with the information from the oscillator to
      determine existence of a preselected condition, which occurs only when the
      system is tuned to accept signals within a restricted frequency range
      about the frequency corresponding to the designated channel number. Signal
      recognition means cause the channel number selection means to sequence to
      another channel number if no television signal is recognized.
PAR  The inventive method comprises the steps of encoding the tuning frequency
      of the local oscillator, initiating the channel number selection means to
      produce a change to an adjacent channel number, driving the voltage
      controllable oscillator from the ramp voltage generator means, comparing
      the information from the channel number selection means with the
      information from the oscillator to determine the existence of the
      preselected condition and changing to an adjacent channel number if no
      television signal is recognized.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The invention,
      together with further objects and advantages thereof, may best be
      understood by reference to the following description taken in conjunction
      with the accompanying drawings, in the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 depicts, in block diagram form, a tuning system employing the
      invention;
PAR  FIG. 2 shows the circuitry of blocks 43, 44, 45, 46 and 53 of FIG. 1 which
      comprise the keyboard input arrangement, the function-number decoder and
      the channel selection control system;
PAR  FIG. 3 shows the units and tens counters of block 57, the illegal channel
      number detector of block 59 and the decoding and display circuitry in
      block 49; and
PAR  FIG. 4 shows comparator 51.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a block diagram depicting a tuning system constructed in
      accordance with the invention. A keyboard 43 includes means for entering
      either specific channel number information for tuning to a specific
      channel or Up and Down tuning commands to begin searching for a television
      signal. The keyboard information is encoded into a special binary
      representation in encoder 44, supplied to a zero converter 47 and, both
      directly and through a time delay system 45, to a function/number decoder
      46. The purpose of time delay system 45 is to prevent operation with
      spurious signals which might be generated by keyboard contact bounce. A
      channel counter 57 has inputs coupled to zero converter 47,
      function/number decoder 46 and a channel selection control 53. The
      directly supplied information to function/number decoder 46 assists in the
      operation of channel selection control 53. As will be explained later in
      detail, zero converter 47 functions to alter the special binary
      representation used in binary encoder 44 to the standard binary
      representation employed in the remainder of the system. The output of zero
      converter 47 supplies channel number information in standard binary form
      to channel counter 57 and to channel selection control 53.
PAR  The keyboard input may be either a channel number digit or an Up or Down
      tuning command. This feature allows direct access to the tuning system by
      a specific channel number input rather than seeking an adjacent broadcast
      signal. The word "command" is used throughout to indicate an Up or Down
      signal input. The function/number decoder firstly determines which of an
      Up or Down command has been given and secondly distinguishes between
      commands and channel numbers. If an Up or Down command is entered at the
      keyboard, the channel selection control is initiated causing the signal
      seeking process to begin in the selected direction. Connected to the
      output of channel counter 57 is a decode display 49 which provides a
      visual indication of the selected channel number.
PAR  An illegal channel number detector 59 is coupled to an output of channel
      counter 57 and to an input of channel selection control 53. Channel
      selection control 53 has inputs coupled to a clock pulse generator 58 and
      to a signal recognition means 61.
PAR  Another output of channel counter 57 is connected to a band decoder 52
      which determines, from the encoded channel information in channel counter
      57, (1) in which of the several discontinuous frequency bands the selected
      channel is; (2) which of UHF or VHF circuitry in the tuner is activated;
      and (3) the preset information supplied to the channel computing means for
      decoding of the oscillator frequency. Thus, an output of band decoder 52
      is connected to a varactor tuner 54 and another output is connected in
      common to a modular scaler 62, a units counter 64 and a tens counter 66. A
      conventionally derived automatic frequency control voltage source (AFC) 55
      is coupled to a ramp voltage source 68 for maintaining the oscillator
      frequency tuned to the received signal picture carrier frequency.
PAR  The output of a local oscillator frequency (LOF) scaler 56 and the output
      of clock pulse generator 58 are coupled to the inputs of a logic gate 60.
      The signal on the output of gate 60 constitutes the tuning information and
      comprises a train of oscillator frequency-related pulses in fixed time
      intervals. The oscillator frequency is determined by counting the number
      of pulses in an interval. 64 output of logic gate 60 is connected to
      modular scaler 62 which, in turn, is connected to units counter 64, which,
      in turn, is connected to tens counter 66. On a time sample basis, the
      tuning information is supplied to the appropriately preset modular scaler
      and units and tens counters which determine the channel number
      corresponding to the television frequency to which the tuner is tuned. The
      circuitry from the LOF scaler to the comparator constitutes the channel
      computing means.
PAR  The outputs of modular scaler 62 and counters 64 and 66 are connected to a
      comparator 51 which has a modular section 51C, a units section 51B and a
      tens section 51A. Sections 51B and 51A are also supplied the desired or
      selected channel number from channel counter 57. The derived (computed)
      channel number is compared with the desired channel number and signals
      dependent upon the condition of comparator 51 are coupled to ramp voltage
      source 68 for controlling both the tuning voltage direction and rate of
      change. The output voltage from ramp voltage source 68 drives tuner 54 to
      make corrective changes in its local oscillator frequency, until
      comparator 51 indicates equality between the derived channel number and
      desired channel number and, as will be described, that the tuned signal is
      within a range of frequencies preselected by the window.
PAR  After a predetermined delay, information from comparator 51 is analyzed for
      coincidence with a signal from recognition means 61 in channel selection
      control 53. If there is no coincidence, a signal is sent to channel
      counter 57 to cause sequencing to the next designated channel number
      during a .phi..sub.1 compare interval. If there is coincidence (indicating
      tuning to a broadcast signal of that channel number), channel counter 57
      is not sequenced and searching is terminated.
PAC  DEFINITIONS
PAR  For simplicity, only logic connections are shown in the figures and only
      voltage sources and grounds necessary to establish the logic control
      signal levels are shown. Positive logic is used throughout and logic gates
      are simply referred to by their function names, i.e., AND, NAND, OR and
      NOR, without the word "gate". A 1 represents a high logic (or signal
      voltage) level and a 0 corresponds to a low logic level. Thus, an AND gate
      has its output at 1 only if all inputs are at 1; a NAND gate has its
      output at 0 only if all inputs are at 1; an OR gate has its output at 1 if
      any input is at 1; and a NOR gate has its output at 0 if any input is at
      1. Inverters function to interchange the 1 and 0 levels.
PAR  All binary representations are conventionally arranged in descending powers
      of 2 from left to right. Leads labelled D, B, C and A and D' and C'
      interchangeably represent binary digits or bits as well as lead
      identification. Similarly leads may be identified by the functional
      signals they carry.
PAR  The terms "input" and "output" generally indicate the device terminal
      unless signal is specified. An open circle on an input terminal designates
      a negative edge triggered device. .phi. represents a timing pulse signal
      and .phi. its inverse or complement. If .phi. is 0, .phi. is 1 and
      vice-versa. The term "inhibit" indicates the condition in which a gate
      output is no longer dependent upon signals applied to its remaining
      inputs. The term "enable" designates the condition in which a gate output
      is dependent upon the signals applied to the remaining inputs. As far as
      practical, the various portion of the tuning system will be described in
      detail on a functional basis. Complete detailed descriptions of the
      channel computing means ramp generator (two speed) band decoder and clock
      are in the Tanaka application, which is incorporated by reference herein.
      For simplicity, however, these details will not be repeated here.
PAC  KEYBOARD 43 AND BINARY ENCODER 44 (FIGURE 2)
PAR  FIG. 2 shows the channel number selection circuitry and includes binary
      encoder 44 comprising a diode matrix for encoding digits entered at
      keyboard 43. A source of positive voltage +V is applied to a parallel
      arrangement of switches, bearing appropriate identification in the form of
      digits 0-9 and Up and Down commands. The switches shown are single pole,
      single throw momentary contact type, but may be of any other suitable
      type. Each switch is selectively coupled by the diode matrix to an
      arrangement of four resistors 101, 103, 105 and 107 which are returned to
      ground. Switch operation establishes voltages on the resistors which
      correspond to the binary bit representation of the identifying digit or
      command associated with the selected switch. Voltages established on
      resistors 101, 103, 105 and 107 correspond respectively to the A, B, C'
      and D' special binary bit representations.
PAR  Assume channel 29 is desired. The switch corresponding to the digit 2 is
      momentarily depressed and connects +V, through the appropriate diode in
      the matrix, to resistor 103. Resistor 103 is connected to lead B, which
      now has +V thereon (ignoring the small voltage drop across the diode), the
      remaining leads A, C' and D' being at ground potential. Thus the digit 2
      is encoded, the configuration of binary bits being 0010for D', C', B and
      A, respectively, where 1 represents +V and 0 represents ground.
PAR  The switch designated by the digit 9 is now momentarily depressed, which
      places +V, through the diode matrix, on resistor 107 and resistor 101.
      These resistors are connected, respectively, to the D' and A leads. Thus
      the binary representation for the digit 9 is 1001. In similar fashion,
      keyboard 43 and diode matrix 44 function to encode the remaining digits
      and commands. The UP command is encoded as binary 1101for D'C'BA and the
      Down command as binary 1110.
PAC  ZERO CONVERTER 47 (FIGURE 2)
PAR  The special keyboard binary representation does not conform to the standard
      binary representation upon which the comparator and other system
      components operate. Since it is desirable for the keyboard to have a rest
      position with no signal level being established, the standard binary
      configuration corresponding to the digit zero is chosen. Hence at rest,
      zero voltage levels are established on leads D'C'BA. For digit zero the
      standard binary representation for the decimal number 12 is used, namely
      1100.
PAR  Zero converter 47 re-encodes the D'C'BA representation into standard DCBA
      form. C' and D' connect to the inputs of a NAND 100. C' and the output of
      NAND 100 connect to the inputs of an AND 102 and the output of NAND 100
      connects to an input of an AND 104, with D' connecting to its other input.
      The output of AND 102 appears on lead C and the output of AND 104 appears
      on lead D, both corresponding to their counterparts C and D in the
      standard binary representation DCBA.
PAR  As mentioned above, the digit 9 keyboard binary representation on leads D',
      C', B and A is 1001. C' is at 0 and D' is at 1 and hence the inputs of
      NAND 100 are at 0 and 1. The output of NAND 100 is thus at 1 and the
      corresponding inputs of AND 102 and AND 104 are at 1. The two inputs of
      AND 102 are now at 0 and 1 and its output is at 0, while the inputs of AND
      104 are both at 1 and its output is at 1. Leads C and D are respectively
      at 0 and at 1. Thus the leads D, C, B and A are respectively 1001 and the
      zero converter has had no effect.
PAR  However, a zero input digit has the keyboard binary representation 1100. C'
      and D' are both at 1. The inputs of NAND 100 are both at 1 and its output
      is at 0. One input each of AND 102 and AND 104 is at 0 and their outputs
      are at 0. The corresponding standard C and D binary bits are zero. Since
      the A and B binary bits are not affected by the zero converter, they are
      still at 0 and the keyboard special representation of zero (1100) is
      converted to the standard binary representation of 0000.
PAC  TIME DELAY 45 (FIGURE 2)
PAR  As mentioned, a time delay is provided to delay interpretation of the
      keyboard binary signal to preclude response to false signals due to
      contact bounce. Time delay 45 employs a five stage counter 112 which
      delays the enabling of subsequent logic gates for thirty increments of 1
      level pulses of the clock output timing signal .phi..sub.1. .phi..sub.1 is
      selected for convenience but any other suitable pulse recurring each clock
      cycle may be employed for this purpose. Leads A, B, C' and D' are
      connected to the input of a NOR 110 whose output is connected to the reset
      terminal (R) of time delay counter 112. The Q1 output of counter 112
      connects to one input of a NAND 118 and, after coupling through an
      inverter 114, connects to an input of an AND 116. The Q2-Q5 outputs of
      counter 112 connect to the four inputs of an AND 120. The output of AND
      120 is coupled to the second input of each of AND 116 and NAND 118. The
      output of NAND 118 and clock signal .phi..sub.1 connect to the inputs of a
      NAND 119 whose output is connected to the clock terminal (C) of counter
      112. The circle on the input terminal of counter 112 indicates that it is
      a negative edge triggered device, a convention employed throughout the
      description. The output of AND 116 connects to one input each of an AND
      134 and an AND 136 for enabling these gates after the desired time delay.
PAR  A keyboard input which does not correspond to the rest position of 0000
      causes NOR 110 to go to a 0 level output signal which resets counter 112.
      The Q5-Q1 outputs of counter 112 indicate its count status in standard
      binary form and upon reset, are all at 0. For this condition and during 29
      subsequent .phi..sub.1 at 1 time pulses, the output of AND 116 is at 0,
      inhibiting gates 134 and 136. During this period, the output of AND 120 is
      at 0 and NAND 118 has a 1 level signal output which is applied with each 1
      level .phi..sub.1 clock pulse on the inputs of NAND 119. For each
      occurrence of .phi..sub.1 at 1, the resulting 0 level output signal from
      NAND 119 is coupled to the clock input terminal of counter 112 and
      advances the counter one binary count.
PAR  The enabling of subsequent logic gates is delayed until counter 112 reaches
      a predetermined status. When counter 112 achieves the binary number, 11110
      (Q5-Q1 respectively), which is a decimal count of 30, the normally 0
      signal level output of AND 120 becomes a 1 signal level since outputs of
      Q2-Q5 are now all at 1. The 0 signal level at the Q1 output is coupled
      through inverter 114, resulting in the second input of AND 116 being at 1
      and in AND 116 producing a 1 level output signal for enabling AND's 134
      and 136. These gates remain enabled for one complete clock period, i.e.,
      from the 30th to the 31st .phi..sub.1 at 1 pulse, which also determine the
      length of the "initiate" pulses in subsequent circuitry. Note that binary
      number 11110 in counter 112 is the only possible enabling count for gates
      134 and 136 since no other count in the permissible range between 00000
      and 11111 will result in both inputs of AND 116 being at 1. When the
      counter reaches 11111 the enabling pulse is terminated and the counter
      remains at this status awaiting another reset condition. Thus, the desired
      time delay is achieved.
PAC  FUNCTION/NUMBER DECODER 46 (FIG. 2)
PAR  Function/number decoder 46 firstly distinguishes Up from Down commands and
      secondly channel number digit inputs from commands. An inverter 122, an
      AND 124, an AND 126, a NOR 128 and a NOR 130 form circuitry for
      distinguishing an Up from a Down command. NOR 128 and NOR 130 form a
      direct coupled RS flip/flop. The flip/flop remains in either of its two
      stable states, as indicated by the output signal level of NOR 128, until
      the signals at its inputs are changed to correspond to the other state.
      Its input signal levels are determined by two of the four possible
      combinations of 0 and 1 signal levels at the outputs of AND 124 and AND
      126. When both inputs are at the same signal level (i.e., 0-0) no change
      in state occurs. The output of NOR 128 is at 1 for an Up command and at 0
      for a Down command. For timing considerations an Up or Down command
      determination is made prior to differentiating between commands and
      digits.
PAR  The output of NAND 100 in zero converter 47 is connected through inverter
      122 to one input each of AND 124 and AND 126. Lead A is connected to the
      second input of AND 126 and Lead B is connected to the second input of AND
      124. The output of AND 124 connects to one input of an OR 132 and one
      input of NOR 128. The output of AND 126 is connected to the second input
      or OR 132 and to one input of NOR 130. The outputs of NOR 128 and 130 are
      cross-connected to their second inputs. An UP/DN signal is taken from the
      output of NOR 128 and supplied to units counter 175 and tens counter 177
      for determining their direction of advancement. The counters do not count
      or sequence at this time however. The output signal of OR 132 provides a
      reset pulse signal labelled RESET, which will be explained later.
PAR  Assume an Up command input (keyboard representation 1101). C' and D' are at
      1 and the output of NAND 100 is at 0. The 0 signal level, through inverter
      122, results in the corresponding inputs of AND 124 and AND 126 being at
      1. Since B is at 0 and A is at 1, the second input of AND 124 is at 0 and
      the second input of AND 126 is at 1, making the outputs of AND 124 and AND
      126 at 0 and 1, respectively. With these signals supplied to the
      flip/flop, the output of NOR 128 is at 1, indicating an Up command.
PAR  Similarly, with a Down command (keyboard representation 1110) the output of
      NOR 128 attains a 0 signal level. The Down and Up keyboard representations
      differ in that the A and B signal levels are interchanged with A at 0 and
      B at 1. Consequently, the second input of AND 126 is at 0, and the second
      input of AND 124 is at 1, resulting in the outputs of AND 124 and AND 126
      being at 1 and 0, respectively. With these signals supplied to the
      flip/flop, the output of NOR 128 is at 0, indicating a Down command.
PAR  Since, for all other allowable input signals from the keyboard, at least
      one input each of AND 126 and AND 124 is at 0, these signals have not
      effect on the state of the flip/flop, which is solely determined by Up and
      Down commands.
PAR  As mentioned, an Up command results in the outputs of AND 124 and AND 126
      being at 0 and 1, respectively, causing the output of OR 132 (RESET) to
      assume a 1 level. A Down command results in the output of AND 124 and AND
      126 being at 1 and 0, respectively, and the output of OR 132, is also at a
      1. However, it may be shown that for any other keyboard input the output
      of OR 132 and the corresponding RESET signal is at 0. Thus, the units and
      tens flip/flop 162 of FIG. 3, which receives the RESET pulse signal, is
      reset when an Up or a Down command is entered at the keyboard. The only
      other binary input which could produce a 1 level RESET signal is 1111,
      which input is not possible with the keyboard circuit arrangement.
PAR  Function/number decoder 46 further distinguishes commands from digits. The
      output of OR 132 is connected to a second input of AND 134 and through an
      inverter 133 to the second input of AND 136. It will be recalled, that the
      first inputs of AND 134 and AND 136 receive the time-delayed enabling
      signals from the output of AND 116. The output of AND 134, labelled U/DI
      is an up or down initiate pulse. It has a 1 level for the period between
      the 30th and 31st .phi..sub.1 at 1 pulses when a command has been
      received. At all other times U/DI is at 0. U/DI at 1 causes a five stage
      mode counter 756 in channel selection control 53 to be reset and,
      operating through an inverter 752, inhibits an AND 794 during its
      duration. The output of AND 134 is also connected to one input of a NOR
      138. The output of AND 136, labelled WI for "write initiate", is a 1 level
      pulse during the period between the 30th and 31st .phi..sub.1 at 1 pulses
      when a digit has been entered at the keyboard and at all other times, WI
      is at 0.
PAR  The output of AND 136 is also supplied to one input of a NOR 140, which
      together with a NOR 138, form a second direct coupled RS flip/flop. NOR
      140 assumes and maintains a 1 signal level output for commands and a 0
      signal level output for digits. One input of NOR 138 is connected to the
      output of AND 134 and the outputs of NOR 138 and NOR 140 are
      cross-connected to form second inputs. The state of the flip/flop is
      indicated by the signal level on the output of NOR 138, labelled W, and
      when W is at a 1 level inhibits NAND 782 which is part of the logic for
      the channel selection control.
PAR  For a digit input, the output of OR 132 is at 0 and in conjunction with a
      signal level of 1 on the output of AND 116 in time delay circuit 45,
      results in the outputs of AND 134 and AND 136 being at 0 and 1,
      respectively. Under these input conditions to the flip/flop, the output of
      NOR 138 (W) is at 1. Thus W is at 1 for a digit input and W is at 0 for a
      command input.
PAR  A command input results in the output of OR 132 being at 1 which causes the
      outputs of AND 134 and AND 136 to be at 1 and 0, respectively, and the
      output of 138 to be at 0. As described for the first RS flip/flop, 0 on
      the outputs of AND 134 and AND 136 (which occurs for the keyboard rest
      condition input of 0000) has no effect upon the state of the flip/flop.
      Thus the output of NOR 138 (U/D signal) is at 0 for Up or Down commands
      and a 1 for digit inputs.
PAC  CHANNEL SELECTION CONTROL 53 (FIG. 2)
PAR  FIG. 2 also shows the circuitry for channel selection control 53 which when
      initiated causes channel counter 57 to sequence to the next adjacent
      channel number. It comprises a five stage binary mode counter 756 whose
      states are divided into three groups defining operational modes. The first
      mode consists only of the zero state of the mode counter; the second mode
      is only the 1 state; and the third mode comprises advancement through the
      remaining states until the mode counter reaches its last state.
PAR  When an Up (or Down) command is given mode counter 756 is reset to its zero
      state, which is its first mode. A single pulse is sent to channel counter
      57 to sequence the number in the direction designated by the command
      entered at the keyboard. This new channel number is analyzed to determine
      if it corresponds to an FCC allocated channel number. If it does not, mode
      counter 756 remains in mode 1 (0 state) and additional pulses are sent to
      channel counter 57 until an allocated (legal) channel number is generated.
      When a legal channel number has been generated mode counter 756 is
      advanced to mode 2 by operation of a NAND 754. Counter 756 remains in its
      second mode or 1 state until a ramp equality signal is received from
      comparator 51, which occurs only when the receiver is tuned to receive
      signals falling within a restricted frequency range or window about the
      picture carrier frequency of the selected channel.
PAR  Upon occurrence of this ramp equality condition the mode counter is
      advanced to mode 3. In this mode the counter continues to count under
      control of clock 58 to provide a delay. At a suitable selected count the
      output of signal recognition means 61 is analyzed to determine if a
      television signal has been recognized within the frequency window. If a
      television signal is recognized, a state retention device inhibits further
      advancement of the mode counter and, as a result, no change is permitted
      for channel counter 57. This corresponds to normal viewing of the receiver
      with a conventional AFC acting to maintain the receiver locked to the
      signal in the window. If no signal is recognized the mode counter is
      advanced to mode 1 (zero state) and the procedure is repeated for another
      channel number.
PAR  The U/DI signal from AND 134 is supplied to the reset terminal (R) of mode
      counter 756 and through an inverter 752 to one input of an AND 794. A
      .phi..sub.2 timing signal is supplied to one input of NAND 754 whose
      output is coupled to the clock terminal (C) of mode counter 756, causing
      it to advance one state or count whenever the output of NAND 754 goes to a
      0 level. Mode counter 756 has 32 states designated as 00000 through 11111.
      The outputs of the mode counter, corresponding to standard binary
      representation, are labelled Q1 through Q5, with Q5 representing the most
      significant bit. The Q1 output terminal is connected to one input of an
      AND 772, one input of an AND 776 and, through an inverter 758, to one
      input of an AND 760. AND 760 operates as a "zero" state (mode 1)
      recognition gate and AND 772 operates as a "one" state (mode 2
      )recognition gate, as will be more fully explained later.
PAR  Outputs Q2 through Q5 are coupled respectively, through a group of
      inverters 762, 764, 766 and 768 to the inputs of an AND 770 and also
      directly to the inputs of an AND 774. The output of AND 770 is connected
      to a second input of AND 772 and a second input of AND 760. The output of
      AND 774 is connected to the second input of AND 776. The output of AND 760
      is coupled to one input of an AND 778, a second input of AND 794, one
      input of a NOR 792 and, through an inverter 780, to an input of AND 782.
      The signal labelled IL, which is supplied by the output of a NAND 189 in
      illegal channel number detector 59, is coupled to the second input of AND
      778. The output of AND 778 connects to an input of a four input NOR 796.
PAR  NOR 796 has four inputs, which may inhibit its output. Its output may be
      inhibited by (1) an illegal channel number, (2) entry of a digit at the
      keyboard, (3) a ramp equality indication and (4) recognition of a
      television signal. Whenever NOR 796 is inhibited, mode counter 756 is
      prevented from advancing.
PAR  The W signal from NAND 138, is supplied to the second input of AND 782, the
      output of which connects to a second input of NOR 796. The output of AND
      772 is connected to one input of an AND 784, whose other input is
      supplied, through an inverter 786, with a signal, labelled RE, from AND
      728 in modular comparator 51C. The output of AND 784 is connected to a
      third input of NOR 796. The output of NOR 796 is connected to a second
      input of NAND 754. The output of signal recognition means 61, labelled
      AGC, is connected to a third input of AND 776 whose output connects to one
      input of a NOR 790.
PAR  NOR 790 and NOR 792 are cross-connected to form an RS type flip/flop with
      the output of NOR 790 being connected to an input of NOR 792 and the
      output of NOR 792 being connected to an input of NOR 790 and also to the
      fourth input of NOR 796. Timing signal .phi..sub.1 (.phi..sub.1 at 1
      defines the compare interval for comparator 51) is supplied to the third
      input of AND 794 whose output supplies a signal labelled CL to channel
      counter 57. When CL is at 1, channel counter 57 is sequenced to its next
      count in a direction determined by the UP/DN signal.
PAR  When an Up or Down command is entered at the keyboard the U/DI pulse resets
      mode counter 756 to mode 1 (Q1 through Q5 at 0). The U/DI pulse, through
      inverter 752, also inhibits AND 794 and prevents (for its duration) any CL
      pulses from being sent to channel counter 57, which is conditioned to
      count in either an Up or Down direction by the UP/DN signal from NOR 128.
      At the next .phi..sub.1 at 1 timing interval, a CL pulse is produced which
      advances channel counter 57 to the next channel number. This is the
      beginning of the channel search process and the ramp is driven to tune the
      receiver to the window about the picture carrier frequency corresponding
      to the new channel number. One input of AND 760 is at 1 due to Q1 being at
      0. Confirmation that mode counter 756 is in its zero state is provided by
      AND 760. Q2-Q5 are coupled through inverters to AND 770 whose output is at
      1 only for the zero and one states in mode counter 756. Since the output
      of AND 770 is coupled to an input of AND 760, the output of AND 760 is at
      1 only for the zero state. Thus, upon recognition of the zero state and
      termination of the U/DI pulse, AND 794 is enabled to provide a positive CL
      signal at the next .phi..sub.1 at 1 timing interval. The 1 level signal
      output of AND 760 operates NOR 792 which sets the state of the NOR 790-NOR
      792 flip/flop to zero as indicated by the output signal level at NOR 792.
      It should be noted that positive CL pulses can only be generated when the
      U/DI pulse is terminated, mode counter 756 is in mode 1 and .phi..sub.1 is
      at 1.
PAR  The output signal of AND 760 and the IL signal, which is at a 1 level for
      unallocated channel numbers, are coupled to the inputs of AND 778. If the
      new channel number in channel counter 57 is illegal, AND 778 will have a 1
      level output which inhibits NOR 796 from having a 1 level output which, in
      turn, inhibits NAND 754 from having the 0 level output required to enable
      advance of mode counter 756 at the next .phi..sub.2 at 1 pulse. Mode
      counter 756 remains in mode 1 and clock pulses are sent to channel counter
      57 to generate new channel numbers. Channel counter 57 sequentially
      produces channel numbers, one at a time, until the IL signal is at 0,
      indicating a number corresponding to an FCC allocated channel. For a legal
      channel, AND 778 has a 0 level output, NOR 796 a 1 level output and NAND
      754 is enabled to operate when .phi..sub.2 is at 1 to advance mode counter
      756.
PAR  In the second state of mode counter 756 (Q5 to Q1: 00001), which is
      produced by the generation of a legal channel number in channel counter
      57, the output of AND 770 is at 1 and, in conjunction with Q1 at 1, causes
      AND 772 to have a 1 level output. Thus, AND 772 recognizes counter mode 2
      by enabling AND 784 to respond to an equality signal (RE at 1 ) from
      modular comparator 51C. During advancement of the ramp, RE is at 0 and
      both inputs to AND 784 are at 1 causing its output to be at 1 which
      inhibits NOR 796. At ramp equality the RE at 1 signal, through inverter
      786, causes the output of AND 784 to be at 0 and, through NOR 796 and NAND
      754, enables mode counter 756 to advance to mode 3.
PAR  In mode 3, mode counter 756 sequentially advances through its remaining
      states under control of the .phi..sub.2 timing signal from clock 58 until
      it reaches its final state of 11111. At this state all inputs of AND 774
      are at 1, its output is at 1 and thus one input of AND 776 is at 1. Q1 at
      1 insures that the second input of AND 776 is at 1. The third input of AND
      776 is supplied from signal recognition means 61 and if it is at 1 during
      this 11111 state of mode counter 756, the output of AND 776 is at 1. This
      output drives the RS flip/flop whose output (NOR 792) assumes a 1 level
      and stops advance of mode counter 756 by inhibiting NOR 796. If the third
      input of AND 776 is not at 1 (indicating no television AGC signal of the
      appropriate level), the RS flip/flop does not change status and mode
      counter 796 is advanced to the next state (00000 or mode 1) and the
      process is repeated.
PAC  SIGNAL RECOGNITION MEANS 61
PAR  Signal recognition means 61 may employ any of a number of well-known AGC
      circuits, preferably the regular AGC circuit of the television receiver.
      The AGC circuit responds to vary the receiver gain in accordance with
      signal carrier strength and may have a minimum threshold level detector to
      preclude response to signals that are too weak to provide satisfactory
      viewing. In the circuitry of signal recognition means 61 (not shown)
      occurrence of a satisfactory level AGC signal provides a voltage level
      which will be recognized as a 1 level logic voltage by the tuning system.
      As described signal recognition means 61 is active at all times but is
      only interrogated for coincidence with a ramp equal signal at AND 776
      during the 11111 state of mode counter 756.
PAR  It will be appreciated that practice of the invention is totally
      independent of the type of signal recognition means employed. It has been
      found that a simple AGC circuit response is sufficient to identify a
      television signal because the system will only respond to signals falling
      within the narrow window about the picture carrier frequency corresponding
      to the selected channel number. Restricting the window to 1 MHz, for
      example, as illustrated in the Tanaka application, obviates adjacent
      channel signals, wrong carrier recognition, etc. This window may be skewed
      relative to a selected principal signal as is described for modular
      comparator 51C.
PAC  DECODE DISPLAY SYSTEM 49 (FIG. 3)
PAR  Decode display 49 comprises circuitry for identifying units and tens digits
      from keyboard 43, based on their order of entry, and for activation of the
      appropriate write-enable signals which permit information to be directly
      accessed to the corresponding units and tens counters which make up
      channel counter 57. The circuitry also controls blanking and illuminating
      of the channel number display.
PAR  The WI pulse signal generated at the output of AND 136 (FIG. 2) is applied
      along with the .phi..sub.2 timing signal from the clock pulse generator to
      the inputs of an AND 160. The output of AND 160 is connected to a clock
      terminal (C) of a flip/flop 162 and to one input each of an input of an
      AND 164 and of an AND 166. The Q output of flip/flop 162 connects to the
      second input of AND 164 and to one input of an OR 168. The P output of
      flip/flop 162 supplies a units display control signal, labelled UL, which
      is coupled to a decoder divider 178 and to the second input of AND 166.
      The output of AND 164, labelled WU, connects to units counter 175 and the
      output of AND 166, labelled WT, connects to tens counter 177. The WU and
      WT signals correspond to the writeenable commands for the units and tens
      counters, respectively. These signals assume a 1 level when permitting
      writing directly into the counters from the keyboard and a 0 level when
      preventing writing into the counters.
PAR  The output of a NOR 170, labelled ZU, is connected to one input of an AND
      150. The output of a NOR 172, labelled ZT, is connected to the second
      input of AND 150 and, through an inverter 167, to the second input of OR
      168. The output of AND 150 is also connected to the third input of OR 168.
      The output of OR 168, labelled TL, connects to a decoder driver 182 to
      provide control of the tens display 184. A UL and TL signal level of 1
      enables display of the respective units and tens digits while a 0 signal
      level causes blanking.
PAR  Channel counter 57 consists of a units counter 175 and a tens counter 177.
      Units counter 175 has output leads UA', UB', UC' and UD' connected to NOR
      170 for supplying the ZU signal and tens counter 177 has output leads TA',
      TB', TC' and TD' connected to NOR 172 for supplying the ZT signal. The ZU
      and ZT leads indicate the presence of 0000 in the counters. Thus, when the
      selected channel number includes a 0 units or tens digit, the
      corresponding ZU and ZT lead is at a 1 level.
PAR  Decoder driver 178 is also connected to the output leads of units counter
      175 and drives a display device 180 for visually displaying the units
      digit. Similarly, the output leads of tens counter 177 are coupled to a
      decoder driver 182 which, through its display device 184, permits visual
      display of the tens digit. Any appropriate combination of decoder driver
      and display device may be used. Suitable units are manufactured by the
      Sperry Corporation under the model numbers DD700 and SP752, respectively.
PAR  Flip/flop 162 is a two state device which distinguishes tens from units
      digits based on their order of entry at a keyboard. Whenever a number is
      entered, it will be recalled that a 1 level WI pulse signal is generated.
      This, together with a 1 level .phi..sub.2 pulse (during the compare
      interval) at the input of AND 160 provides a 1 level output pulse to
      flip/flop 162. The trailing edge of this latter pulse changes the state of
      the flip/flop. Flip/flop 162 may also receive a RESET signal from the
      output of OR 132 in FIG. 2 which will cause it to assume a particular
      state so that the next digit received will be treated as a tens digit. The
      state of the flip/flop is determined by the signal levels at its Q output
      and P output. For the first state, the Q output is 0 and correspondingly
      the P output is at 1, while the second state has the reverse relationship.
      It will be recalled from the discussion of FIG. 2 that the RESET signal is
      produced only by entry of an Up or Down command at keyboard 43. When such
      a command is given, flip/flop 162 has its P output at a 1 level and is in
      its first state ready for entry of a tens digit.
PAR  The channel number displays operate in a predetermined sequence in response
      to entry of successive digits. The tens display is blanked for all
      complete channel numbers less than 10 and the units display is blanked
      whenever a tens digit is entered. This arrangement serves as a valuable
      tuning aid for the viewer. Blanking of the tens display avoids a
      non-standard tens-position 0 for channel numbers less than 10. Thus, while
      channel 2 is entered at the keyboard as 02, it is displayed as 2.
PAR  The units display is directly controlled by the UL signal from the P output
      of flip/flop 162. When P is at 1 (first state of flip/flop 162) the units
      digit is displayed. Upon entry of a first (tens) digit, the WI signal
      (through AND 160) drives flip/flop 162 to its second state; P is now at 0
      and the units display is blanked. Upon entry of a second (units) digit,
      flip/flop 162 resumes its first state (P at 1) and enables display of the
      units digit. The tens digit is blanked when all inputs of OR 168 are at 0.
      This condition is met when flip/flop 162 is in its second state (Q at 0),
      ZT is at 1 and either ZU or ZT is at 0.
PAR  Leads A, B, C and D are directly connected to units counter 175 and to tens
      counter 176. If the keyboard input is a command, no WI pulse signal is
      produced, and neither the units or the tens counters receive a
      write-enable (WU or WT) signal to permit direct access. In signal seeking
      mode the display could function during the entire process but the channel
      computer system operates so rapidly that the only number discernible from
      the display will be the channel number of the signal which is finally
      tuned in.
PAC  THE ILLEGAL CHANNEL NUMBER DETECTOR 59 (FIG. 3)
PAR  The illegal channel number detector monitors the status of tens counter 177
      and units counter 175 to detect occurrence of any of the numbers; 00, 01,
      and 84-99, which numbers have not been allocated by the FCC.
PAR  Output lead TD' is connected to one input of a NAND 173 and one input of a
      NAND 187. TA' connects to the second input of NAND 173 whose output is
      connected to one input of a NAND 189. The output leads UD' and UC' are
      connected to the inputs of a NOR 179 whose output is coupled to one input
      of a NAND 183 and, through an inverter 185, to a second input of NAND 187.
      The output lead UB' is coupled through an inverter 181 to the second input
      of NAND 183. The output of NOR 172 which is the signal labelled ZT is
      connected to the third input of NAND 183. The output of NAND 187 is
      connected to the second input of NAND 189 and the output of NAND 183 is
      connected to the third input of NAND 189. The output of NAND 189 is the
      illegal channel signal IL which is at 1 whenever the units and tens
      counters have generated one of the unallocated FCC channel numbers listed
      above.
PAR  The operation of the illegal channel number detector is as follows. The
      tens counter will represent a decimal 9 when leads TA', TD' are at 1.
      Under this condition NAND 173 has a 0 level output on an input of NAND 189
      thus providing a 1 level IL signal for channel numbers 90 through 99.
PAR  For the 00 and 01 channel numbers, tens counter 177 will have all outputs
      at a 0 level causing signal ZT (output of NOR 172) to be at 1. For channel
      numbers with units digits between zero and three, UC' and UD' are both at
      0 which establishes the output of NOR 179 at a 1 level. The UB' lead is at
      a 0 level for channel numbers 00, 01, 04, 05, 08 and 09 and at a 1 level
      for all other channel numbers. Thus the output of NAND 183 will be at 0
      only for channel numbers 00 and 01, and through NAND 189, producing a 1
      level illegal channel number signal IL.
PAR  Tens counter 177 has a 1 level established on TD' for a tens digit of
      either 8 or 9. UC' is at a 1 level only for numbers 4 to 7 in units
      counter 175 and UD' will be at a 1 level only for digits 8 and 9 in units
      counter 175. Either UC' or UD' is at 1 for units digits of 4 through 9.
      Thus, NOR 179 is at 0 for channel numbers 4 through 9. The output of NOR
      179, coupled through inverter 185, places a 1 level signal on an input of
      NAND 187, which together with the 1 level signal on its other input for
      numbers 80 and 90, places its output at 0 for channels in the two
      sequences 84 to 89 and 94 to 99. (The latter is ignored because of a
      separate determination of channels with a tens digit of 9.) The output of
      NAND 187 is also coupled to NAND 189 and a 1 level IL signal is produced
      for channel numbers in the range of 84 to 89. Thus, a 1 level IL signal is
      developed whenever the counter generates any of the listed unallocated FCC
      channel numbers.
PAC  CHANNEL COUNTER 57 (FIG. 3)
PAR  Units counter 175 and tens counter 177 are four stage binary types
      appropriately interconnected to provide parallel clocking so that they
      represent two digit channel numbers. The UP/DN signal from NOR 128 is
      connected to an input terminal labelled DIR on each counter for
      determining direction of sequencing. The CL signal from AND 794 is coupled
      to the C input terminal of each counter and provides the pulses for
      advancing the counters to the next channel number.
PAR  The signal levels on leads ABCD are applied to both counters 175 and 176
      but are not effective until a write-enable (WU or WT) signal is received.
      A 1 level at the WU input of units counter 175 and at the WT input of tens
      counter 177, permits entering (writing) channel number information into
      the respective counters directly from the keyboard. An output (CO) of
      units counter 175, is connected to an input (CI) of tens counter 177. This
      interconnection enables digit carryover when the separate units and tens
      counters are counting in the selected direction. The UA', UB', UC' outputs
      of units counter 175 correspond to the binary representation of the units
      digit. Similarly, the outputs of tens counter 177 labelled TA', TB', TC'
      and TD' correspond to the binary representation of the number in the tens
      counter. The outputs of both counters are supplied to appropriate inputs
      of comparator 51.
PAR  In the actual embodiment of the tuning system incorporating the invention,
      two RCA type CD4029A counters are employed. RCA publication SSD-203A
      "COS/MOS Digital Integrated Circuits" in the 1973 edition on page 146
      shows a diagram of the parallel clocking arrangement of such counters. The
      DIR and C terminals in this application correspond respectively to the
      UP/D and CL terminals in the publication. It is obvious that many other
      standard components may be selected and appropriately arranged to provide
      the same counting function and accessibility, and the counters themselves,
      as distinct from the means incorporating them into the invention, are not
      part of the present invention.
PAC  COMPARATOR 51 (FIG. 4)
PAR  FIG. 4 shows the tens and units comparator circuitry which compares the
      binary representation of the tens and units digits of the derived channel
      number from the channel number computer with the binary representation of
      the tens and units digits from channel counter 57 and the modular
      comparator which determines when the intrachannel fraction is within the
      window established by the two preselected modular comparator residues.
      Appropriate signals indicative of the state of comparator are sent to ramp
      voltage source 68 for controlling tuner 54.
PAR  Both units comparator 51B and tens comparator 51A are of the sequential bit
      types having four bit-comparison stages, with each stage comprising two
      AND gates whose outputs are coupled to a NOR gate. In addition each stage
      has an appropriate output coupled to corresponding OR gates whose outputs
      indicate whether the larger bit string occurs in the derived channel digit
      from the channel computer or in the selected digit from the channel
      counter.
PAR  A complete discussion of an essentially identical comparator is in the
      above-mentioned Tanaka application. The only difference is that an RE
      signal (output of AND 728) is taken from modular comparator 51C for the
      signal seeking mode. A very brief summary of comparator operation follows.
      The BA and TD signals to the tri-flop of tens comparator 51A are for
      prevention of an illogical condition resulting from a varactor failure
      mode and these signals may be ignored. (They are fully discussed in the
      Tanaka application.)
PAR  Sequential comparison is achieved by inhibiting the AND's and NOR gates of
      subsequent comparator stages until equality exists in the higher order
      stages (corresponding to more significant bits). This procedure determines
      the direction of the difference in the bit strings. The tens comparator
      51A includes a tri-flop (three state device) which monitors the comparator
      during the compare interval and retains the last determined state until
      the next comparison which occurs at the .phi..sub.1 timing pulse. The
      outputs of the tri-flop indicate that the binary signal from the LOF tens
      counter 66 is greater than, less than, or equal to the corresponding
      binary signal from tens counter 177 of channel counter 57 and are labelled
      TRD, TRE and TRU. These signals are sent to ramp voltage source 68 and to
      the input stage of units comparator 51B.
PAR  Units comparator 51B is also a four stage sequential bit comparator similar
      to the tens comparator with the exception that is does not include
      tri-flop circuitry. It compares information from LOF units counter 64 and
      units counter 175 in channel counter 57. The tens comparator overrides
      units comparison so that if inequality is determined in the tens digit, a
      simultaneous equality determination (or inequality in the opposite
      direction) in a units digit will not affect control. As before control is
      sequentially transferred from stage to stage depending upon comparison of
      the bit strings and the last stage has three outputs labelled URD, URE and
      URU to indicate the status of the comparison. These output signals are
      supplied to the input of modular comparator 51C.
PAR  Modular comparator 51C monitors two leads from modular scaler 62 to
      determine the value of the modular residue. Unlike the previous comparator
      sections the modular comparator does not have four stages for binary
      string comparisons. Rather it identifies the residue (indicated by leads
      PB and PC) from modular scaler 62 as being less than, equal to, or greater
      than the two preselected residues selected to define the frequency window.
      This determination is retained with tri-flop circuitry similar to that
      incorporated in tens comparator 51A.
PAR  The frequency window may be skewed relative to the channel picture carrier
      frequency by selection of appropriate residues. In addition, as described
      in the Tanaka application, the base of the modular scaler may be increased
      (preferably by a multiple of six) and a new set of two or more residues
      chosen to tailor the window as desired.
PAR  As is true for the units comparator, the modular comparator is overridden
      when an inequality exists between the units (or tens digits). Thus, a
      determination of inequality in the units comparator overrides the modular
      comparator, and it only controls the ramp voltage source when there is
      equality between both the tens and units digits of the derived and desired
      channel number. The state of the modular comparator is monitored by
      tri-flop circuitry whose outputs RD, RE and RU are at 1 levels for ramp
      down, ramp equal and ramp up determinations, respectively. The RD and RU
      signals are supplied directly to ramp voltage source 68. The signal RE is
      supplied to an input of inverter 786 in channel selection control 53 as
      previously discussed.
PAR  The invention disclosed provides an all-channel electronic signal seeking
      television tuning system for sweeping through the television frequency
      spectrum by tuning a tuner to narrowly defined frequency windows
      corresponding to FCC allocated channel numbers and terminating the sweep
      whenever a television signal is recognized. The disclosed arrangement
      combines the speed and precision of a digital electronic system and the
      signal recognition characteristics of a signal seeking system to provide
      an improvement over prior systems' conflicting requirements of a capture
      range broad enough to provide large pull in capability yet narrow enough
      to provide positive lock on a desired signal.
PAR  While a particular embodiment of the invention has been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from the invention in its
      broader aspects, and, therefore, the aim in the appended claims is to
      cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a television tuning system including a voltage controllable
      oscillator for selectively tuning a plurality of fixed frequency bandwidth
      television channels in a predetermined range of frequencies, channel
      number selection means for sequencing through channel numbers, comparison
      means, voltage generating means for changing the tuning frequency of said
      voltage controllable oscillator under the control of said comparison
      means, and signal recognition means, the method of operating said tuning
      system comprising the steps of:
PA1  encoding on a sample basis the tuning frequency of said oscillator into
      channel number information related to the channel number of corresponding
      receivable television channels;
PA1  initiating the channel number selection means to produce a change to an
      adjacent channel number;
PA1  driving said voltage controllable oscillator from said voltage generator
      means;
PA1  comparing the channel number information from said channel number selection
      means with the encoded channel number information from said oscillator to
      determine a preselected condition in said comparison means, said
      preselected condition occurring only when said oscillator tuning is within
      a restricted frequency range about the frequency corresponding to the
      channel number from said selection means; and
PA1  reinitiating the channel number selection means to produce a change to
      another channel number if no television signal is recognized by said
      signal recognition means during the existence of said preselected
      condition.
NUM  2.
PAR  2. The method as recited in claim 1 wherein said driving step produces an
      incrementally changing oscillator output.
NUM  3.
PAR  3. The method of claim 2 wherein said driving step is performed by
      establishing corresponding incremental changes in said voltage generating
      means.
NUM  4.
PAR  4. The method of claim 3 wherein said voltage generating means drives said
      voltage controllable oscillator until said preselected condition exists in
      said comparison means.
NUM  5.
PAR  5. The method as recited in claim 4 wherein said initiating and
      reinitiating steps are performed by changing the channel number by one.
NUM  6.
PAR  6. The method as recited in claim 5 further including the step of
      determining coincidence between the occurrence of said predetermined
      condition and recognition of a television signal.
NUM  7.
PAR  7. The method as recited in claim 6, wherein reinitiating said channel
      number selection means is delayed until said coincidence determination is
      performed.
NUM  8.
PAR  8. A television tuning system, comprising:
PA1  a voltage controllable oscillator for selectively tuning a plurality of
      fixed frequency bandwidth television channels in a predetermined range of
      frequencies;
PA1  voltage generator means for changing the tuning frequency of said voltage
      controllable oscillator;
PA1  means for encoding on a sample basis the tuning frequency of said
      oscillator into channel number information related to the channel number
      of the corresponding receivable television channel;
PA1  channel number selection means for sequencing through channel numbers;
PA1  comparison means, controlling said voltage generator means, for comparing
      the channel number information from said channel number selection means
      with the encoded channel number information from said oscillator to
      determine a preselected condition in said comparison means, said
      preselected condition occurring only when said oscillator tuning is within
      a restricted frequency range about the frequency corresponding to the
      channel number from said selection means; and
PA1  signal recognition means for enabling said channel number selection means
      to change to another channel number if no television signal is recognized.
NUM  9.
PAR  9. The television tuning system of claim 8 wherein the oscillator frequency
      output is incrementally changed.
NUM  10.
PAR  10. The television tuning system of claim 9 wherein said comparison means
      stops said voltage generator means upon occurrence of said preselected
      condition, said voltage generating means maintaining its last generated
      voltage.
NUM  11.
PAR  11. The television tuning system of claim 10 wherein said channel number
      selection means includes a digital counter for successively sequencing
      through channel numbers.
NUM  12.
PAR  12. The television tuning system of claim 11 further including a
      coincidence gate having a first input coupled to said comparison means, a
      second input coupled to said signal recognition means and an output
      coupled to said channel number selection means, said gate disabling said
      selection means and arresting further sequencing of channel numbers upon
      simultaneous occurrence of said preselected condition and recognition of a
      television signal.
NUM  13.
PAR  13. The television tuning system of claim 12 further including delay means
      delaying sequencing of said channel number selection means after
      occurrence of said preselected condition.
NUM  14.
PAR  14. The television tuning system of claim 13 wherein said delay means are
      coupled between said comparison means and said coincidence gate.
NUM  15.
PAR  15. The television tuning system of claim 14 wherein said signal
      recognition means is operated continuously and includes a signal level
      threshold detection means.
NUM  16.
PAR  16. A television tuning system comprising:
PA1  a voltage controllable local oscillator for selectively tuning a plurality
      of fixed frequency bandwidth television channels in a predetermined range
      of frequencies;
PA1  clock generator means producing recurrent and distinct timing intervals;
PA1  channel number selection means comprising a two digit counter for
      sequencing through channel numbers;
PA1  oscillator frequency counting means, controlled by said clock generator
      means, producing channel number information and intrachannel spacing
      information;
PA1  comparison means, controlled by said clock generator coupled between said
      channel number selection means and said oscillator frequency counting
      means for comparing respective channel number information from said
      selection means and from said counting means and including means for
      comparing said intrachannel spacing information with predetermined spacing
      information, said comparison means producing a first control signal only
      when said oscillator tuning is within a restricted frequency range about
      the frequency corresponding to the channel number from said selection
      means;
PA1  voltage generator means, controlled by said comparison means, for changing
      the tuning frequency of said voltage controllable oscillator until said
      first control signal is generated by said comparison means;
PA1  signal recognition means producing a second control signal when a
      television signal is received; and
PA1  coincidence means coupled to said signal recognition means, responsive to
      said first and second control signals being simultaneously present for
      disabling said channel number selection means to arrest further sequencing
      of channel numbers.
NUM  17.
PAR  17. The television tuning system of claim 16 wherein said coincidence means
      includes a coincidence gate, and time delay means delaying enabling of
      said coincidence gate.
NUM  18.
PAR  18. The television tuning system of claim 17 wherein said coincidence gate
      and said time delay means are an integral part of said channel number
      selection means.
NUM  19.
PAR  19. The television tuning system of claim 18 wherein said time delay means
      include a binary counter coupled to said clock generator means; and said
      coincidence gate includes an AND gate.
NUM  20.
PAR  20. The television tuning system of claim 19 wherein said signal
      recognition means includes means for determining the magnitude of said
      received television signal and threshold means for establishing a minimum
      signal magnitude for recognition.
NUM  21.
PAR  21. The television tuning system of claim 20 wherein said oscillator
      frequency counting means includes units and tens counters for producing
      channel numbers, for producing said intrachannel spacing information and a
      modular scaler in the form of residues corresponding to fractional
      intrachannel frequencies.
NUM  22.
PAR  22. The television tuning system of claim 21 wherein said oscillator
      frequency counting means is asynchronously gated by said clock generator
      means, said preselected condition being determined by the occurrence of
      selected adjacent residues in said modular scaler.
NUM  23.
PAR  23. The television tuning system of claim 22 wherein the modulus of said
      modular scaler is a multiple of six providing residues corresponding to
      intrachannel frequencies of a submultiple of 1 MHz.
NUM  24.
PAR  24. The television tuning system of claim 23 wherein said adjacent residues
      define a restricted frequency range which is non-symmetrically disposed
      relative to the frequency of the picture carrier.
NUM  25.
PAR  25. The television tuning system of claim 24 wherein said restricted
      frequency range is located to discriminate against lower adjacent channel
      signals, and wherein the said restricted frequency range is substantially
      1 MHz wide.
NUM  26.
PAR  26. The television tuning system of claim 25 wherein said signal
      recognition means comprises an automatic gain control circuit.
NUM  27.
PAR  27. The television tuning system of claim 26 further including automatic
      frequency control means for maintaining said voltage controlled oscillator
      locked to received television signals.
NUM  28.
PAR  28. The television tuning system of claim 27 further including illegal
      channel number detection means in said channel number selection means for
      skipping numbers not corresponding to FCC allocated channel numbers.
NUM  29.
PAR  29. The television tuning system of claim 27 wherein said channel number
      selection means further includes a flip/flop coupled to said coincidence
      gate for maintaining a predetermined state corresponding to the
      recognition of a received television signal within said restricted
      frequency range.
NUM  30.
PAR  30. The television tuning system of claim 27 wherein said channel number
      selection means further include illegal channel number detection means for
      skipping numbers not corresponding to FCC allocated channel numbers and a
      flip/flop coupled to said coincidence gate for maintaining a predetermined
      state corresponding to the recognition of a received television signal
      within said restricted frequency range.
NUM  31.
PAR  31. The television tuning system of claim 30 further including keyboard
      means coupled to said channel number selection means for initiating said
      channel number selection means to produce a change to an adjacent channel
      number.
NUM  32.
PAR  32. The television tuning system of claim 31 wherein said keyboard means is
      coupled to the two digit counter of said channel number selection means,
      said keyboard means further providing for the direct input of two digit
      channel numbers to override the signal seeking operation and tune the
      tuner to the restricted frequency range corresponding to the direct input
      channel number.
NUM  33.
PAR  33. The television tuning system of claim 20 wherein said channel number
      selection means further include illegal channel detection means for
      skipping numbers not corresponding to FCC allocated channel numbers.
NUM  34.
PAR  34. The television tuning system of claim 31 wherein said illegal channel
      detection means comprises logic circuitry coupled to said counter for
      sequencing said counter to an adjacent count when numbers 00, 01, and
      83-99 occur.
NUM  35.
PAR  35. The television tuning system of claim 20 wherein said channel number
      selection means further includes state retention means for maintaining a
      predetermined state corresponding to operation of said coincidence gate.
NUM  36.
PAR  36. The television tuning system of claim 33 wherein said state retention
      means consists of a flip/flop.
NUM  37.
PAR  37. The television tuning system of claim 20 wherein said channel number
      selection means further include illegal channel number detection means for
      skipping numbers not corresponding to FCC allocated channel numbers and a
      flip/flop coupled to said coincidence gate for maintaining a predetermined
      state corresponding to the recognition of a received television signal
      within said restricted frequency range.
NUM  38.
PAR  38. The television tuning system of claim 37 further including keyboard
      means coupled to said channel number selection means for initiating said
      channel number selection means to produce a change to an adjacent channel
      number.
NUM  39.
PAR  39. The television tuning system of claim 38 wherein said keyboard means is
      coupled to the two digit counter of said channel number selection means,
      said keyboard means further providing for the direct input of two digit
      channel numbers to override the signal seeking operation and tune the
      tuner to the restricted frequency range corresponding to the direct input
      channel number.
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ABST
PAL  A digital line receiver circuit which incorporates a slope detector in the
      form of a differential voltage comparator. The two inputs to the
      comparator receive a composite digital video signal but the signal on the
      second input is modified by a delay and biasing arrangement such that the
      output gives a representation of the time positions of polarity changes of
      the digital input.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The instant invention relates to digital line receiver circuits and more
      particularly circuits capable of representing polarity changes of a
      digital signal which has been transmitted over a long cable and is thereby
      substantially distorted by the attenuation of the high frequency
      components of the pulses by the skin effect phenomenon in the center
      conductor of the transmitting cable. The invention is particularly useful
      for the reception of composite digital video signals since such signals
      have a wide range of pulse width. The varying pulse width prevents the use
      of a single threshold level which can allow detection of the short as well
      as the long pulses. Even is such detection were feasible, it would cause
      severe distortion of the time duration of the detected pulses. Such time
      duration distortion would be very noticeable on a television screen.
PAR  It has been found that, although there is severe amplitude attenuation of
      the short pulses by the transmitting cable, one property of the pulses is
      faithfully transmitted by the cable. This property is the relative time at
      which the input signal to the cable changed state (i.e., from a logical
      one to a logical zero or vice versa). At the output end of the cable, a
      change of state of the input signal produces a change in the sign of the
      slope of the output signal (i.e., the slope changes from a positive value
      to a slope with a negative value or vice versa).
PAC  SUMMARY OF THE INVENTION
PAR  In order to allow detection of the property of the relative time at which
      time the input signal to the cable changes state the instant invention
      provides a differential amplifier arrangement with a time delay mechanism
      on one of the two inputs to the differential amplifier. The differential
      amplifier, so arranged, detects a change in the slope of a signal. It has
      been found that, for a steady state signal at the two inputs of the
      differential amplifier, an indeterminate output might result. To prevent
      such a condition a biasing arrangement is provided such that one of the
      inputs can never attain the maximum voltage of the other input in a steady
      state condition. Further, since the instant invention was primarily
      directed to the reception of composite video signals, it was considered
      desirable to remove the effect of the negative sync pulses from the signal
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other features of the instant invention may be better understood
      by referring to the following specification including the drawings in
      which:
PAR  FIG. 1 is a schematic diagram of a preferred embodiment of the instant
      invention.
PAR  FIG. 2 is a waveform diagram showing voltage relationships between a
      transmitted composite digital video signal and signals as received and
      modified by the circuit of FIG. 1.
PAR  FIG. 3 is a waveform diagram showing voltage relationships between signals
      at the input and output of the circuit of the invention.
PAR  FIG. 4 is a schematic diagram of an alternate embodiment of the invention.
PAR  FIG. 5 is a waveform diagram showing voltage relationships between signals
      at the input and output of the circuit of the alternate embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 of the drawings discloses a circuit according to the instant
      invention. A composite video signal is applied at the input terminal of
      the circuit, 4. The signal is divided and carried on two separate lines
      through balancing resistors to the positive and negative inputs of a
      differential voltage amplifier 10. A suitable amplifier device is
      manufactured by Texas Instruments and is designated SN75107A. Appropriate
      voltages are applied to the amplifier device as shown by the plus 5 and
      minus 5 volts DC notations. The video signal appearing at the positive
      input to the differential amplifier 10 is substantially the same as that
      received at the receiving end of the cable. The signal received at the
      negative terminal of the differential amplifier, however, is modified
      through the use of a capacitor 12 which provides a time delay in the
      signal when a change in polarity of the signal is detected.
PAR  The negative input to the amplifier is further biased by a biasing circuit
      which includes a five volt DC positive voltage source and a voltage
      divider consisting of a 100 ohm resistor 14 and a 10 ohm resistor 16.
      Connected between the biasing circuit and the negative amplifier input is
      a resistor 18 in parallel with a diode 20, the function of which will be
      discussed later. Also associated with a common connection of the diode 20
      and resistor 18 is an electrolytic capacitor 22 which functions merely as
      a filtering capacitor to remove power supply transients from the biasing
      circuit.
PAR  Waveform A in FIG. 2 is representative of a typical composite video digital
      signal appearing at the input end of a cable. Shown in that waveform are
      the video pulses which are of varying width and a negative horizontal
      synchronization pulse which is associated with video signals. In a
      preferred embodiment, as envisioned by the instant disclosure, the
      shortest pulse transmitted may be on the order of 90 nanoseconds. The
      longest pulse, on the other hand, may be as long as one fourth millisecond
      in duration. It should be noted that these figures are only approximate
      and are not necessarily limiting. They merely are presented here to
      provide an illustration of the substantial range of pulse widths which may
      be encountered in signals for which this circuit is useful.
PAR  The waveform shown at FIG. 2B is a representation of the waveform of FIG.
      2A after having been transmitted through a length of coaxial cable (for
      example, 1000 feet). In order to detect the positions of the changes of
      state of the video pulses in such a signal, it is obvious that it is not
      possible to merely establish a single threshold level which would allow
      detection of the shorter pulses, particularly since the presence of a
      relatively wide pulse tends to raise the mean level of the subsequent
      pulses in the pulse chain. Even if such detection were feasible, it would
      cause severe distortion of the time duration of the detected pulses which
      would be quite noticeable on a television screen. The distortion of the
      pulses shown in FIG. 2B is primarily due to the attenuation of the high
      frequency components of the pulse by skin effect phenomenon in the center
      conductor of the coaxial cable.
PAR  As previously noted, although severe amplitude attenuation of the short
      pulses exists, one property of the pulses is faithfully transmitted by the
      cable. This property is the relative time at which the input signal to the
      cable changed state (i.e., from a logical one to a logical zero or vice
      versa).
PAR  In order to detect the change in slope of the signal, a time-delay
      capacitor is necessary on one of the two inputs to the differential
      amplifier 10. Both inputs of the amplifier 10 would tend to follow the
      input but the negative input tends to lag the positive input because of
      the capacitor 12. If the input voltage has a positive rate of change, then
      the positive input exceeds the negative input and the output of the
      amplifier 10 is positive. However, if the rate of change of the input
      voltage becomes negative, then the positive input will be less positive
      then the negative input and the output of the amplifier 10 will be
      negative. FIG. 3 shows representative waveforms which would be produced
      merely by using the capacitor 12 as set forth above. FIG. 3A shows the
      inputs to the positive and negative input connections of the amplifier 10.
      The waveform of FIG. 3B shows the resultant output waveform of the
      amplifier 10 which would appear at terminal 24 (the waveforms as shown in
      FIGS. 3A and 3B are, again, merely representative and do not depict
      precisely the waveform of a signal to be detected by the device of the
      instant invention).
PAR  It is possible that, for a steady state signal at the input of the circuits
      having only a capacitor 12 on  the negative input to the amplifier 10 an
      indeterminate output might result. To prevent such a condition, a resistor
      18 is added which, in the most basic case, could merely be terminated by a
      reference voltage, for example, plus 0.5 volt DC. Resistor 18 forms a
      voltage divider with the 1K resistor on the negative lead of the amplifier
      and applies the bias input to the negative input terminal of the amplifier
      10. With such an arrangement, if the input takes on a steady state value
      greater than the reference level (in this case greater than 1/2 volt) the
      output of the amplifier 10 is positive. If the input voltage is less than
      the reference voltage, then the output is negative. However, for a
      non-steady state condition, resistor 18 does not significantly change the
      operation of the circuit from that shown by the waveforms of FIG. 3. In
      the preferred embodiment, however, the 100 ohm and 10 ohm resistor voltage
      divider is used to provide biasing. This voltage divider is of
      sufficiently low impedance to be considered a pure voltage source.
PAR  Additionally, it is desirable to strip the signal of FIG. 2B of the
      negative synchronization pulses. To this end, a diode 20 is provided in
      parallel with the resistor 18. The resulting output signal to the
      amplifier 10 is shown in FIG. 2 and is represented as the waveform 2C.
PAR  When receiving signals over a cable of substantial length, noise can
      present a problem. It is therefore desirable to have a threshold on the
      detector such as that shown in FIG. 4 which is an alternate embodiment of
      FIG. 1 further including a pair of parallel opposed diodes, 26 and 28. The
      circuit as shown in FIG. 4 allows the input to change approximately one
      diode voltage drop before the output voltage of the amplifier can change.
      The action of the threshold detector is shown in FIG. 5 in the waveform of
      FIG. 5A. FIG. 5A shows an input signal on the positive side of the
      differential amplifier and the modified input signal which is presented to
      the negative input of the operational amplifier. The waveform of FIG. 5B
      shows the output of the amplifier 10. It should be noted that the addition
      of the noise threshold circuit does provide some distortion of pulse time
      duration, but so long as the threshold level is held reasonably close to
      the input voltage level, the distortion will have a negligible effect on
      the television screen display.
PAR  Obviously, many modifications of the present invention are possible in
      light of the above teaching. It is therefore to be understood that, in the
      scope of the appended claims, the invention may be practiced other than as
      specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit for detecting the state changes of a digital video waveform
      comprising:
PA1  a. a differential amplifier having a first and second input and an output,
PA1  b. means for applying a digital signal to said first and second inputs, and
PA1  c. said second input having connected thereto
PA2  1. time delay means to delay the application of said waveform to said
      second input,
PA2  2. biasing means to prevent the voltage at said second input to reach the
      voltage at said first input during steady state operation, and
PAR  3. means for preventing negative voltages from appearing at said second
      input.
NUM  2.
PAR  2. A circuit as set forth in claim 1 further comprising threshold means
      connected to said second input to reduce noise effects associated with
      said digital waveform.
NUM  3.
PAR  3. A circuit as set fourth in claim 1 wherein said biasing means is a
      voltage divider.
NUM  4.
PAR  4. A circuit as set forth in claim 1 wherein said means for preventing
      negative voltages is a diode.
NUM  5.
PAR  5. A circuit as set forth in claim 2 wherein said threshold is a pair of
      parallel opposed diodes.
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ABST
PAL  A switching power amplifier for use in low-frequency sonar applications.
       s amplifier comprises a set of four switching transistors arranged in a
      bridge configuration for switching a power source through a highly
      resonant, low-frequency, underwater transducer. The signal to be amplified
      is taken from a signal generator, filtered, converted to voltage logic
      levels, delayed and modified a predetermined amount in time to prevent a
      power short circuit through the bridge due to slow transistor switching,
      and applied to a set of four voltage transformers. A different voltage
      transformer is coupled to each of the switching transistors in the bridge
      circuit. These voltage transformers are coupled to switch their respective
      bridge transistors only when their primary currents are collapsing, thus
      effectively decoupling the bridge transistors and the power source from
      the signal conditioner and driver delay circuitry.
PAL  An inductance is connected in electrical series with the underwater
      transducer to form a series resonant circuit with the transducer's shunt
      capacitance. This resonant circuit converts the squarewave output from the
      bridge to its sinewave fundamental so that it may be applied to drive the
      transducer. This resonant circuit also protects the transducer from short
      circuit currents and voltages.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention is related generally to electronic amplifiers and in
      particular to high-power, switching amplifiers.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Sonar applications are generally restricted to the lower frequencies due to
      the better water transmission characteristics at these frequencies.
      Low-frequency, highly resonant transducers must be used for sonar
      transmissions at these low frequencies. Presently, push-pull power
      amplifiers with center-tap transformers are used to drive the
      highly-resonant transducers. The basic problem with the use of this type
      of amplifier is that it is highly inefficient power-wise. The primary
      cause of the inefficiency is the high primary-to-primary leakage
      inductance normally found in this type of transformer configuration. This
      leakage inductance slows down considerably the switching of the power
      transistors. This slow switching increases the transistor power losses,
      since the power transistors operate in a high-energy dissipation region.
PAR  A further problem arises with the use of push-pull power amplifiers in that
      high voltage spikes induced by this leakage inductance of the
      center-tapped transformer can damage the power transistors. To prevent
      such damage, Zener diodes must be used to hold the voltage constant across
      the power transistors. These Zener diodes also dissipate power during
      switching.
PAR  A related problem with this type of amplifier configuration occurs due to
      the absence of any failure protection circuitry. Thus the occurrence of a
      short circuit almost anywhere in the driving circuitry can damage the
      power transistors and even the transducer itself.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention comprises a high-efficiency, bridge,
      amplifier system for driving a transducer with a paticular frequency or
      with a noise signal.
PAR  The system comprises:
PA1  A signal conditioner for converting a desired transmission signal to
      voltage logic levels;
PA1  A driver delay circuit connected to the output of the signal conditioner
      for inserting a predetermined time delay before the occurrence of each new
      voltage logic level;
PA1  A set of switching means arranged in a bridge configuration for connecting
      a power source to the transducer load; and
PA1  A set of voltage transformers, a different one coupling to each switching
      means, the set of voltage transformers being connected to the driver delay
      logic so that the voltage transformers coupled to the switching means in
      opposite arms of the bridge are energized together in accordance with the
      logic levels from the driver delay circuit.
PAR  The delay inserted by the driver delay circuit is for the purpose of
      preventing a short circuit through the bridge due to the slow turn-off
      time of the bridge switching means. The voltage transformers coupled to
      the switching means are for the purpose of isolating the driver circuitry
      from the switching means. The senses of the windings for each of the
      voltage transformers are chosen so that the switching means coupled to
      that transformer is only switched when the current in its respective
      primary is collapsing. This feature prevents a driver short circuit from
      damaging the switching means.
PAR  A series resonant circuit is located at the input to the transducer to
      convert the squarewave output from the bridge to its sinewave fundamental
      to drive the transducer at this frequency. This resonant circuit also
      functions to protect the transducer from short circuits since it presents
      a high impedance when it is no longer at resonance.
PAC  OBJECT OF THE INVENTION
PAR  An object of the present invention is to drive a transducer load with a
      high-power, bridge, switching amplifier.
PAR  A further object is to increase the efficiency of a high-power, bridge
      amplifier.
PAR  A still further object is to safeguard the driver and amplifier stages and
      the transducer from short-circuit currents and voltages.
PAR  Other objects, advantages, and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of the switching power amplifier of the present
      invention.
PAR  FIGS. 2a and 2b are a schematic circuit diagram of one embodiment of the
      present invention.
PAR  FIG. 3 is a voltage vs time plot of the voltage logic level signals.
DETD
PAR  Referring to the drawings, FIG. 2a and 2b present a schematic circuit
      diagram of a high-power, switching amplifier that may be used to drive an
      underwater transducer in accordance with a desired voltage signal. The
      switching means (i.e., power transistors) 10, 12, 14, and 16 (see FIG. 2b)
      form a power, bridge circuit for connecting a voltage source 32 through a
      transformer-coupled transducer load to a ground 38. it is to be understood
      that the number of transistors per arm of the bridge is not restricted to
      one transistor, but for clarity, only one transistor is shown in each arm.
PAR  The power transistors 10 and 12 are connected so that they are driven
      simultaneously. Likewise, the power transistors 14 and 16 are connected so
      that they are driven simultaneously. A transducer load connected at the
      terminals 34 is coupled to the line 30 by way of the voltage transformer
      36.
PAR  This transformer 36 is energized by the power source 32 in the following
      manner. When the transistors 10 and 12 are biased on simultaneously, a
      current path exists from the power source 32, through the collector and
      emitter of the transistor 10, down the line 30, through the transformer
      36, up line 28, through the collector and the emitter of the transistor
      12, and back to the ground 38. Likewise, when the transistors 14 and 16
      are biased on simultaneously, a current path exists from the power source
      32, down the line 20, through the collector and the emitter of the
      transistor 16, up the line 30, through the transformer 36, down the line
      26, through the collector and the emitter of the transistor 14, and back
      to the ground 38. Thus the voltage polarity at the transformer 36 is
      reversed upon switching of the power transistor pairs.
PAR  The use of a switching bridge circuit to drive a transducer load has a
      number of advantages. There is no inductance leakage since no
      center-tapped, push-pull, transformers are used. Thus the transistor
      switching is much faster than in the common push-pull, power amplifier
      since there is no primary-to-primary inductance leakage to oppose the
      transistor voltage changes. Furthermore, the problem of high-voltage
      spikes induced by the leakage inductance is obviated.
PAR  A basic, power-efficiency problem arises when a switching bridge circuit is
      used to switch a power source to a load. This problem is due to the fact
      that transistors can be switched to a conducting state much faster than
      they can be switched off. Thus, if the transistors 10 and 12 have been
      biased on for a predetermined time (pulse-time) and then they are suddenly
      biased off and the transistors 14 and 16 are biased on, there is a short
      time period during which there exists a short circuit to ground 38 by way
      of the line 28 and the transistor 12. Thus, a certain amount
      (approximately 10%) of power is lost directly to ground until the
      transistor 12 stops conducting.
PAR  Likewise, when the transistors 14 and 16 have been conducting and they are
      switched off and the transistors 10 and 12 switched on, there exists a
      short circuit to the ground 38 down the line 26 and through the still
      conducting transistor 14. Thus, on every switching of the two transistor
      pairs, an initial amount of power is lost to ground, giving this
      configuration a low-efficiency, power rating.
PAR  In order to obviate this short-circuit problem, a logic delay circuit is
      inserted in the drive circuitry providing switching voltages to the bridge
      transistors. This drive circuitry preceding the bridge will now be
      described. The signal to be transmitted is applied at the lead 40 (see
      FIG. 2a) from a voltage generator or transmitter (not shown). The lead 40
      is coupled directly to a voltage-follower, buffer amplifier 44 shown with
      its attendant biasing circuitry in the dashed line box 42. This buffer
      amplifier supplies the proper impedance matching between the signal
      generator (not shown) and the filter circuitry.
PAR  The output from the buffer amplifier 44 is applied to an electrical filter
      (dashed line box 46), to restrict the voltage to a desired band of
      frequencies. An active, two-stage, two-pole, Butterworth filter may be
      used, for example, to restrict the voltage waveform to a desired frequency
      band. This type of filter is shown within the dashed line box 46. This
      filter is implemented through the use of the operational amplifiers 47 and
      48.
PAR  The output from the filter 46 is applied to a set of voltage limiters 50
      and 54 shown with their attendant biasing circuitry within the dashed-line
      box 52. These limiters 50 and 54 form a two-stage amplifier/clipper which
      prevents signal jitter during the power-amplifier-switching action. The
      amplifier/clipper 52 receives the filtered signal from the filter 46 and
      may, for example, converts it to a +1/2 volt pulse if it has a positive
      polarity, and to a -1/2 volt pulse if the signal has a negative polarity.
PAR  This positive/negative clipped signal is applied to a voltage comparator 58
      enclosed with all of its attendant biasing circuitry in the dashed-line
      box 56. This comparator 58 merely transforms this positive/negative,
      clipped signal to positive logic levels so that standard logic modules may
      be used in the driver delay circuitry following. Thus, if the signal is at
      +1/2 volt, then it may be converted to +5 volts, for example, while if it
      is at -1/2 volt, then it may be converted to 0 volts.
PAR  These logic level signals from the comparator 58 are applied to a logic
      delay circuit as mentioned above for the purpose of inserting a sufficient
      delay between power switching events so that a direct-current,
      short-circuit directly to ground (due to slow transistor turn-off time) in
      the bridge circuit cannot occur. The required delay in switching is
      determined by the transistor-turn-off time for the transistor 10, 12, 14,
      and 16 used in the power amplifier bridge configuration. For example, a
      3.mu.sec.turn-off time requires a 3.mu.sec.delay insertion. This is
      illustrated in FIG. 3 with a 400 Hz signal (2500.mu.sec.period). The
      positive voltage pulse 150 is applied to the transistors 10 and 12. At the
      time t.sub.1 the pulse drops down to 0 volts. Due to the 3.mu.sec.
      transistor turn-off time (chosen for this example), the transistors 10 and
      12 are still conducting. Thus a 3.mu.sec.delay is inserted so that the
      pulse 152 is applied to the transistors 14 and 16 at time t.sub.2. This
      delay permits the transistor 12 to turn-off thus preventing a short
      circuit to ground. Likewise, when the pulse 152 drops to 0 volts at the
      time t.sub.3, a 3.mu.sec.delay is inserted before the pulse 154 is applied
      to the transistors 16 and 18, thus preventing a short-circuit through the
      transistor 14.
PAR  This predetermined delay is inserted before each voltage level change in
      the following manner. The logic level signals (0 and 5 volts in this
      example) are applied to a shift register 60. If a 3.mu.sec.delay is to be
      inserted, a four-stage shift register may be used. A 1 megahertz clock
      signal generated by the clock 62 is applied to one terminal of the shift
      register 60 to shift the voltage levels through the register stages. The
      first and fourth stage values are sampled by the lines 64 and 66
      respectively and applied to the two inputs of a positive NAND gate 68. The
      output from this gate 68 is then applied through a positive NAND gate 74.
PAR  The output from the gate 74 is applied to the transistor 86 in a relay
      driver chip 84. The transistor 86, when biased off, biases, in a manner to
      be discussed later, the bridge transistors 10 and 12 into a conductive
      state. The driver chip may be, for example, a TEXAS Instruments SN7541
      driver chip.
PAR  The signal on the line 64 is also applied via line 65 to a positive NAND
      gate 70, while the signal on the line 66 is applied via line 67 to a
      positive NAND gate 72. The outputs from gates 70 and 72 are applied to
      first and second inputs of a positive NAND gate 78, and the output of gate
      78 is applied to the input of a positive NAND gate 80.
PAR  This logic gate circuitry operates as follows. When a +5 volt pulse is
      applied to the first stage of the shift register 60 for approximately
      1250.mu.sec., it is applied by the line 64 to the positive NAND 68 for
      this same length of time. The clock 62 shifts this voltage level after
      1.mu.sec. to the second stage of the register 60, after 2.mu.sec. to the
      third stage, and after 3.mu.sec. to the fourth stage. When this voltage
      level reaches the fourth stage after 3.mu.sec., it is applied via the line
      66 to the positive NAND gate 68. Since both the inputs to the gate 68 are
      now energized, a zero output voltage is applied by the gate 68 to the
      positive NAND gate 74. The gate 74 converts this 0 to a 1. Thus a positive
      logic 1 pulse is sent down the line after a 3.mu.sec. delay to bias the
      transistor 86 into conduction, and thus eventually to bias to transistors
      10 and 12 into conduction.
PAR  When a 0 volt pulse is applied to the first stage of the shift register 60
      for approximately 1250.mu.sec., the gate 68 immediately changes its output
      signal to a +1 (since the line 64 is no longer a positive voltage). This
      +1 volt level is converted to a 0 volt level by the gate 74 and is then
      applied to the relay driver chip to turn-off the transistor 86.
PAR  This 0 volt level in the first stage of the register 60 is also applied via
      the lines 64 and 65 to the positive NAND gate 70. where it is converted to
      a +1 voltage level and applied to the positive NAND gate 78 as one input.
      After 3.mu.sec. have elapsed and this 0 volt level has been shifted
      through the register to its fourth stage, a 0 volt level is applied via
      the lines 66 and 67 to the positive NAND gate 72. The gate 72 converts
      this 0 volt level to a +1 volt level and applies it as the second input to
      the gate 78. Since both of the inputs to the gate 78 are +1 volt levels,
      the gate 78 generates a 0 volt level and applies it to the positive NAND
      gate 80 which converts the signal back to a +1 volt level. This +1 volt
      level is applied to the base of the transistor 88 to bias it into a
      conductive state thus permitting the eventual biasing of the bridge
      transistors 14 and 16 into a conductive state by the flux change caused by
      the shutting-off of the transistor 88 (to be explained later).
PAR  It is to be understood that a delay of almost any length may be inserted
      before a positive pulse merely by using a faster or slower clock and/or by
      changing the number of stages in the shift register 60.
PAR  The actual coupling of the relay driver 84 to the bridge transistors will
      now be discussed. This circuitry is designed basically to isolate the
      driver circuitry and the amplifier power source. To accomplish this, a set
      of four transformers are used. Each of the power transistors 10, 12, 14,
      and 16 is coupled to the secondary winding of the voltage transformers 90,
      92, 94, and 96, respectively. A power source 98 of, for example, 28 volts
      is connected through the primaries of each of the transformers and through
      the relay driver 84 to a ground potential 106. Specifically, the power
      source 28 is connected by way of the lines 100 and 102, the primaries of
      the transformers 90 and 92, the collector and emitter of the transistor 86
      of the relay driver 84, to ground 106. Likewise, the power source 28 is
      coupled by way of the lines 100 and 104, the primaries of the transformers
      96 and 94, and the collector and emitter of the transistor 88 of the relay
      driver 84, to ground 106. The diodes 110 and 108, connected across the
      transformer primaries of the transformers pairs 90 and 92, and 94 and 96
      respectively, provide a current path back to the voltage source 98, so
      that when the relay driver transistor for either one of the pairs of
      primaries shuts off, the voltage across that pair of primaries dissipates
      in a gradual manner, thus inducing a moderate opposing voltage in the
      secondaries for that pair of primaries.
PAR  The operation of this circuitry is as follows. When a positive voltage
      pulse biases the transistor 86 into a conductive state for 1250.mu.sec.
      (assuming a 400 Hz frequency), the current has a path from the power
      source 98 through the primary windings of the transformers 90 and 92, the
      transistor 86, to the ground 106. The change in flux due to the charging
      of these primaries induces a voltage opposing this flux change in the
      respective secondaries of these transformers. The sense of the windings of
      the transformer secondaries is chosen so that this initial induced voltage
      biases the transistors 10 and 12 to a nonconductive state. When the
      voltage biasing the transistor 86 switches from a positive value to zero,
      the transistor 86 becomes nonconductive, and the current path through the
      primaries of the transformers 90 and 92 from power source 32 is broken.
      Thus these primaries stop charging and their flux field begin to collapse,
      with the effect of inducing a voltage opposed to this flux change in the
      respective secondaries of these transformers. This induced secondary
      voltage opposing this flux collapse in the primary is sufficient to bias
      the transistors 10 and 12 into a conductive state for approximately
      1250.mu.sec. (asuming a 400 HZ frequency), thus switching the power on
      from the power source 32, through the transistor 10, the line 30, the
      primary of the transformer 30, the line 28, the transistor 12, to the
      ground 38. Likewise, when the transistor 88 is biased into a conductive
      state by a positive voltage (1250.mu.sec. for 400 Hz frequency) the
      current has a path from the power source 98 through the primary windings
      of the transformers 94 and 96, the transistor 88, to the ground 106. Due
      to this current charging of the primaries of the transformers 94 and 96, a
      voltage opposing this primary flux change is induced in their respective
      secondaries. The sense of the windings of the transformer secondaries is
      again chosen so that this initial, induced, secondary voltage biases the
      transistors 14 and 16 to a nonconductive state. When the positive voltage
      to the transistor 88 changes to zero voltage, the transistor 88 becomes
      nonconductive and the current path through the primaries of the
      transformers 94 and 96 from power source 32 is broken. Thus the flux field
      in these primaries beings to collapse, with the effect ofinducing a
      voltage opposed to this flux changes in the respective transformer
      secondaries. This induced voltage biases the transistors 14 and 16 into a
      conductive state thus switching the power from the power source 32 through
      the transistor 16, the line 30, the primary of the transformer 36, the
      line 26, the transistor 14, to the ground 38. This conductive state lasts
      for approximately 1250.mu.sec. The diodes 112, 114, 116, and 118 connected
      across the collector and the emitter of the transistors 10, 12, 14, and 16
      respectively, provide a path back to the power source 32 when all of these
      transistors are in a nonconductive state. This path back to the power
      source provides an outlet for the stored energy in the transformer 36.
PAR  The use of this type of circuitry in the coupling between the driver and
      the bridge has a number of advantages. First, the relay driver 84 is
      isolated from the main power source 32 by the transformers 90, 92, 94, and
      96. Second, due to the choice of the sense of the transformer windings, if
      there is a short circuit from the voltage source 98 through one of the
      pairs of transformer primaries to the ground 106, the secondary windings
      for those respective primaries bias their respective transistors further
      into a nonconductive state. Thus the switching transistors 90, 92, 94, and
      96 are protected from any short circuits in the driver circuitry since the
      switching transistors are only biased on when the primary current is
      collapsing. A third feature of this circuitry is that it provides for a
      positive turn-off of the bridge amplifier stage in the no-signal case.
      This feature provides turn-on protection and safe operation of the bridge
      in the case of a driving signal loss.
PAR  A fourth advantage to the use of these transformer couplings is that they
      reduce the power losses in the driver circuitry by allowing for higher
      voltages with lower currents. The fifth advantage, mentioned again for
      emphasis, is that this circuitry permits (through the elimination of the
      need for a center-tapped transformer) a very high speed switching of the
      power transistors 10, 12, 14, and 16 (less than 1.mu.sec) thereby reducing
      the time during which power dissipation in the bridge amplifier can occur.
      Not only are the power transistor losses minimized by this stratagem, but
      also these transistors, when providing 20 watts of output power, show no
      detectable temperature rise even when no heat sinks are used.
PAR  The output stage to the transducer load 34, as mentioned previously,
      consists of a step-up transformer 36. A d.c. blocking capacitor 37 is
      located in the line 30 to block any low frequency components.
PAR  Underwater transducers generally may be driven most efficiently with a
      sinewave. Thus it is clearly desirable to convert the squarewave output on
      line 30 from the transistor bridge to a sinewave. This is accomplished by
      placing a tuned coil 39 in electrical series with the transducer 34. The
      tuned coil 39 combines with the inherent shunt capacitance of the
      transducer 34 to form a series resonant circuit which may be tuned to the
      desired squarewave fundamental. This resonant circuit, by suppressing the
      squarewave harmonics and passing only the squarewave fundamental, converts
      the squarewave output to the sinewave fundamental before its application
      to the transducer 34.
PAR  This tuned coil 39 also provides protection for the transducer in the event
      of a short circuit. This is accomplished because, when there is a short
      circuit, the tuned coil 39 and the transducer shunt capacity are no longer
      at resonance and thus a high impedance is presented to this short-circuit
      current thus reducing the current to a safe value.
PAR  It should be noted at this point that this design lends itself directly to
      transformerless (output) design thereby making possible improved
      efficiency and reduced weight. Since the output transformer 36 is
      primarily for the purpose of stepping-up the voltage to the transducer, a
      transformerless output design may be implemented merely by providing a
      higher power source voltage and switching transistors which operate at
      this higher source voltage. Such a transformerless design is not feasible
      with a push-pull switching system since such a system inherently includes
      an output transformer.
PAR  This high-efficiency, switching-amplifier design may be used in a plate or
      pulse width modulation system, or simply as a noise transmitter.
PAR  To summarize the basic system, a block diagram of the switching amplifier
      is shown in FIG. 1. A signal generator 41 for generating a frequency, or
      set of frequencies to drive an underwater transducer 34 may be, for
      example, a pulse width modulator system or merely a noise generator. The
      signal from the generator 41 is applied to a signal conditioning system
      comprising a voltage follower 42 for impedance matching, a filter 46 for
      passing only a particular band of frequencies, a signal limiter 52 for
      clipping, a comparator 56 for converting the clipped voltages to a set of
      two voltage logic levels, and a timing and delay circuit 65 driven by a
      clock 62 for inserting a predetermined time delay before each change to a
      new voltage level.
PAR  The delayed, voltage, logic levels are applied to a driver 84 for switching
      its driver current in accordance with these voltage logic levels. This
      drive current energizes the transformers coupled to the arms of the
      switching amp 15 for switching a power source through this amplifier 15 to
      the transducer 34 in accordance with the switching of the driver 84. The
      output from the amplifier 15 is matched to the transducer 34 by the
      matching network 36 (transformer 36).
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A switching, power amplifier comprising:
PA1  signal conditioner means for receiving a signal to be transmitted and
      converting said signal to a plurality of voltage logic levels;
PA1  power source means;
PA1  electrical load means;
PA1  a plurality of switching means, arranged in a bridge configuration for
      switching a current from said power source means through said electrical
      load means to a ground potential;
PA1  a plurality of voltage-transforming means, a different,
      voltage-transforming means coupled to each of said switching means for
      switching its respective switching means in accordance with a
      predetermined signal condition;
PA1  driver means for receiving said plurality of voltage logic levels from said
      signal conditioner means and,
PA1  energizing opposite pairs of voltage-transforming means in accordance with
      each voltage logic level change by first removing the power from the
      previously energized pair of voltage-transforming means and after a
      predetermined time delay approximately equal to the turn-off time of said
      switching means energizing the opposite pair of voltage-transforming
      means, said energized voltage-transforming means switching their
      respective switching means when those voltage-transforming means have
      reached said predetermined signal condition.
NUM  2.
PAR  2. A switching power amplifier as defined by claim 1, wherein said
      switching means comprises a transistor.
NUM  3.
PAR  3. A switching power amplifier as defined by claim 1, wherein said
      electrical load means comprises:
PA1  transducer means; and
PA1  inductive reactance means coupled in electrical series with said transducer
      means to form a series resonant circuit at a desired fundamental
      frequency.
NUM  4.
PAR  4. A switching, power amplifier as defined by claim 1, wherein said signal
      conditioner comprises:
PA1  a buffer amplifier,
PA1  a bandpass filter coupled to the output of said buffer amplifier; and
PA1  a voltage limiter coupled to said bandpass filter for converting the output
      from said bandpass filter to two voltage logic levels.
NUM  5.
PAR  5. A switching power amplifier as defined in claim 1, wherein said voltage
      transforming means is a voltage transformer with at least one secondary
      winding and one primary winding.
NUM  6.
PAR  6. A switching power amplifier as defined in claim 5, wherein said driver
      means comprises:
PA1  a gate logic circuit including a shift register for adding a time delay to
      said voltage logic levels received from said signal conditioner means;
PA1  an electrical switch connected to the output from said gate logic circuit
      and energized in accordance with said voltage logic levels; and
PA1  a second power source coupled through the primaries of said plurality of
      voltage transformers and through said electrical switch to a ground
      potential.
NUM  7.
PAR  7. A switching power amplifier as defined in claim 5, wherein the senses of
      said primary and secondary windings of said plurality of voltage
      transformers are chosen so that said switching means coupled to each
      voltage transformer is switched only when the current is collapsing in the
      primary of its respective voltage transformer.
NUM  8.
PAR  8. A method for switching the switching means contained in the arms of a
      power amplifier bridge, each arm of said bridge being coupled to the
      signal to be transmitted through a voltage transformer having at least one
      primary winding, the voltage transformers in opposite arms of said bridge
      being connected to operate simultaneously as a pair, the method comprising
      the steps of:
PA1  receiving a signal to be transmitted;
PA1  converting said signal to be transmitted to voltage logic levels;
PA1  inserting a predetermined time delay before each voltage logic level change
      to prevent a bridge short circuit due to slow switching of said switching
      means;
PA1  running a current alternately through the primaries of the pairs of voltage
      transformers in accordance with said delayed, voltage logic levels; and
PA1  upon the collapse of the current running through the primaries of a pair of
      transformers, switching into a conductive state said switch means coupled
      to those transformers.
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PAL  A DC amplifier circuit with transformer coupled isolation comprises a DC
      amplifier, an electronic switching element connected to the output
      terminal of the DC amplifier, a pulse generator for driving the electronic
      switching element, a small pulse transformer having a primary winding and
      secondary winding. To the primary winding of the small transformer
      pulsating signals from the electronic switching element are applied, and
      two substantially identical circuits each having a diode and a condenser
      in series are connected respectively across the primary winding and the
      secondary winding of the small pulse transformer. Means for feeding back
      the smoothed signals from the circuit across the primary winding of the
      small pulse transformer is connected to a negative input terminal of the
      DC amplifier.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an isolated DC amplifier circuit and, in
      particular, to a DC amplifier circuit with transformer coupled isolation,
      which is employed for transmitting DC signals from the input side to the
      output side of a circuit whose potentials with respect to ground differ
      from each other.
PAR  For the above purpose, a magnetic operational amplifier circuit, a
      modulation type DC amplifier circuit with modulation feedback, and a pulse
      width transmission type DC amplifier circuit have been employed. However,
      these circuits are complex, large in size and power consumption, and slow
      in operating speed. Further, these circuits are significantly influenced
      by noise because of a large stray capacitance caused by numerous
      insulating portions and the large size of the circuit. Still further,
      these circuits cannot be used in severe conditions, because of a great
      many circuit elements, some of which have their operating characteristics
      changed by ambient conditions.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide an isolated DC amplifier
      circuit, in which sag and incomplete back swing of DC pulse transmitted
      through a pulse transformer of the circuit cannot damage the precision of
      the circuit.
PAR  Another object of the present invention is to provide an isolated DC
      amplifier circuit having a high operational speed.
PAR  A further object of the present invention is to provide an isolated DC
      amplifier circuit which is hardly affected by variations in the duty ratio
      of the waveform of driving signals.
PAR  Still a further object of the present invention is to provide an isolated
      DC amplifier circuit employing an extremely small pulse transformer as its
      circuit element.
PAR  Still a further object of the present invention is to provide an isolated
      DC amplifier circuit little influenced by noise.
PAR  Still another object of the present invention is to provide a simple
      isolated DC amplifier circuit.
PAR  Yet a further object of the present invention is to provide an isolated DC
      amplifier circuit with a limited power consumption.
PAR  An additional object of the present invention is to provide an isolated DC
      amplifier circuit useful under severe conditions.
PAR  Still a further object of the present invention is to provide an isolated
      DC amplifier circuit with relatively high precision without the need for
      any adjustment.
PAR  The present inventors attempted to use an extremely small size pulse
      transformer for rendering an isolated DC amplifier circuit smaller and
      also for reducing the cost thereof. For this purpose, a symmetrical
      circuit was sought so that the circuit would not be influenced by the sag
      and incomplete back wing of DC pulse signals transmitted through the pulse
      transformer; in other words, the circuit was constructed so that waveforms
      fed back to a DC amplifier are substantially identical to those applied to
      a load.
PAR  A principal operation of an isolated DC amplifier circuit of the present
      invention is to compare amplitudes of pulse voltages, not the average
      thereof, appearing in a primary winding and a secondary winding of the
      pulse transformer, which is driven or energized by a pulse source with
      driving source impedance apparently equal to zero.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 through 7 show seven separate respective embodiments of the present
      invention.
PAR  FIG. 8 shows one application circuit of the present invention to a digital
      to analog converter for performing a time sharing and multiplexing
      operation.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 is a basic circuit of the present invention.
PAR  DC signals are applied to DC signal input terminal 10, and then transmitted
      to a negative input terminal of a DC amplifier 14, for instance a
      differential DC amplifier made of a semiconductor integrated circuit
      having a small power consumption, through a input resistor 12. The
      amplification of the DC amplifier 14 is from 10.sup.3 to 10.sup.6.
PAR  A pulse generator 18 controls operation of an electronic switch 16, for
      instance, an ordinary transistor switch or a field effect transistor
      switch connected to the output terminal of the DC amplifier 14; in other
      words it periodically interrupts the operation of the electronic switch
      16.
PAR  The periodically interrupted DC signals from the electronic switch 16 are
      applied to a primary winding 22 of a small size pulse transformer 20. DC
      pulse signals generated in a secondary winding 24 of the pulse transformer
      20 are rectified and smoothed by a diode 30 and condenser 32 and supplied
      to a load 34. The DC voltages applied to the primary winding 22 are
      simultaneously rectified and smoothed through a diode 26 and a condenser
      28 and then negatively fed back to the negative input terminal of the DC
      amplifier 14 through a feedback resistor 36. The polarity of the primary
      winding 22 and the secondary winding 24 of the pulse tranformer 20 are
      shown by dots in the Figure.
PAR  When positive (with respect to ground of a power source) input voltages are
      applied to the DC signal input terminal 10, the input voltages are then
      added to the inverse input terminal of the DC amplifier 14 through the
      input resistor 12. Negative output voltages are generated at an output
      terminal of the DC amplifier 14. The negative output voltages are
      periodically interrupted by the electronic switch 16, and a series of
      negative pulses is applied to the primary winding 22 of the pulse
      transformer 20. Induced pulse voltages in the secondary winding 24 of the
      pulse transformer 20 charge the condenser 32 and at the same time supply
      DC voltage to the load 34 across the condenser 32 after being rectified by
      the diode 30.
PAR  Simultaneously, the voltages appearing at the primary winding 22 of the
      pulse transformer 20 negatively charge the condenser 28 through the diode
      26. Since the negative voltage appearing across the condenser 28 is
      negatively fed back to the inverse input terminal of the DC amplifier 14,
      the input voltage to the DC amplifier 14 eventually reaches ground
      potential (zero voltage) and the circuit is balanced.
PAR  The isolated output voltage E.sub.0 appearing across the load 34 in this
      circuit is defined as follows:
      ##EQU1##
      where E.sub.1 = Input voltage,
PA1  N.sub.1 = number of turns of the primary winding 22 of the pulse
      transformer 20.
PA1  N.sub.2 = number of turns of the secondary winding 24 of the pulse
      transformer 20.
PA1  R.sub.12 = amount of resistance of the input resistor 12.
PA1  R.sub.36 = amount of resistance of the feed back resistor 36.
PAR  The gain (E.sub.0 /E.sub.1) of the circuit is changeable by changing the
      above turn ratio and/or the above resistance ratio; however, for
      maintaining the precision of the circuit the resistance ratio is
      preferably changed by setting the turn ratio at one (1).
PAR  Since the electronic switch 16 is in a closed loop in the circuit, a
      variation of the conductive resistance of the electronic switch 16 never
      causes errors in the circuit.
PAR  FIG. 2 shows another isolated DC amplifier circuit of the present
      invention. The same or equivalent parts as in the circuit of FIG. 1 are
      designated with the same numerals as those in FIG. 1, and the same is true
      for the remaining circuits shown in FIGS. 3 - 8.
PAR  Since the operating principle of the circuit shown in FIG. 2 is
      substantially identical to that of FIG. 1, only the essential features of
      this circuit will be explained.
PAR  DC signals are directly applied to a positive input terminal of the DC
      amplifier 14; in other words, input terminals of the DC amplifier are used
      differentially a higher input impedance is obtained of the circuit, which
      eliminates the input or operational resistor 12 and feed back resistor 36
      from the circuit. The values of these resistors must be selected with an
      extremely high precision.
PAR  A transistor switch connected in parallel with the primary winding 22 of
      the pulse transformer 20 is employed as the electronic switch 16 for
      facilitating the driving of the switch 16, however, which necessitates
      driving resistor 38 and 40 connected in series; on the otherhand, the
      driving resistor 38 and 40 cause a relatively large loss of driving
      voltage. The circuit shown in FIG. 2 is not applicable to a circuit
      requiring a large output.
PAR  The input impedance of the circuit becomes substantially equal to that of
      the common mode impedance of the DC amplifier 14. The amount of the input
      impedance of the circuit easily reaches on the order of 1000M.OMEGA.
      however, in this circumstance, since the impedance of the negative or
      inverse input terminal of the DC amplifier, to which the feedback signals
      are applied, increases, and a responsive characteristic of the circuit
      decreases because of a large time constant for discharging the condenser
      28, a discharge resistor 42 is added in parallel with the condenser 28,
      the amount of resistance of the resistor 42 being adjusted to correspond
      to the amount of resistance of the load 32, for instance within a few 10%
      of the load resistance.
PAR  FIG. 3 shows still another isolated DC amplifier circuit with plural DC
      signal input terminals of the present invention.
PAR  Since plural DC signal input terminals 110, 112, 114 and 116 and
      corresponding operational resistors 120, 122, 124 and 126 are connected in
      common to the inverse input terminal of the DC amplifier 14, the circuit
      performs an adding operation for the plural input DC signals.
PAR  Further, the pulse transformer 20 including a feedback winding 44 in
      addition to the primary winding 22, and a series circuit formed by the
      diode 26 and the condenser 28 are connected across the feedback winding
      44; as a result, an influence of the exciting current flowing through the
      primary winding 22 is eliminated from the feedback signals supplied to the
      inverse input terminal of the DC amplifier.
PAR  FIG. 4 shows still another isolated DC amplifier circuit of the present
      invention.
PAR  An input pulse transformer 200 having a primary winding 202 and a secondary
      winding 204 is further added on the input side of the DC amplifier 14 for
      further increasing the isolation property of the circuit.
PAR  Input DC signals are applied to terminals 210 and 212 so that terminal 210
      is positive and the terminal 212 is negative, and charge a condenser 214
      to the same voltage as the input voltage. Since diode 216 is connected
      inversely, discharge current hardly flows through the diode 216 and the
      circuit is kept in a high impedance state.
PAR  Since a slightly positive potential, for initiating operation, is applied
      to the positive input terminal of the DC amplifier 14 from a biasing
      source (not shown), a continuous DC output signal of positive polarity
      appears at the output terminal of the DC amplifier 14. The positive DC
      output signal is then applied to the primary winding 22 of the pulse
      transformer 20 and simultaneously to the primary winding 202 of the input
      pulse transformer 200 through a resistor 206, after being converted to a
      series of DC pulse voltages by the electronic switch 16.
PAR  Voltages appearing across both primary windings 22 and 202 are respectively
      rectified and smoothed through the diode 26 and condenser 28 and a diode
      220 and a condenser 222, then fed back respectively to the inverse input
      terminal and the positive input terminal of the DC amplifier 14 through
      the feedback resistor 36 and a feedback resistor 224.
PAR  The charged voltage of the condenser 28 is negatively fed back to the DC
      amplifier 14 after being divided by the feed back resistor 36 and the
      operational input resistor 12, and also, the charged voltage of the
      condenser 222 is positively fed back to the DC amplifier 14 after being
      divided by the feedback resistor 224 and an operational input resistor
      226.
PAR  Since the diode 216 is rendered conductive when the voltage appearing
      across the secondary winding 204 of the input pulse transformer slightly
      exceeds the charged voltage of the condenser 214, the voltage appearing
      across the primary winding 202 of the input pulse transformer 200 is
      limited to the charged voltage of the condenser 214, that is the input
      voltage. Consequently, the maximum charged voltage of the condenser 222 is
      defined by the input voltage.
PAR  When the amounts of positive and negative feedback signals respectively
      through the feedback resistor 36 and 224 become equal or, in other words,
      when the charged voltage of the condenser 222 is limited to the input
      voltage, the DC amplifier is balanced.
PAR  As a result, an isolated output voltage appearing across the load 34
      corresponding to the isolated input voltage is obtained.
PAR  The following advantages are obtained by this particular embodiment shown
      in FIG. 4,
PA1  1. since a filter circuit is provided at the input, the circuit greatly
      eliminates the influence of noise signals and, additionally, an extremely
      high input impedance is obtained.
PA1  2. When the amplitude characteristic of the primary winding 202 with
      respect to the secondary winding 204 of the input pulse transformer 200 is
      defined to be the same as that of the primary winding 22 with respect to
      the secondary winding 24 of the pulse transformer 20, the difference of
      amplitude between the both pulse transformers 200 and 20 is completely
      compensated and an isolated DC amplifier circuit with a higher precision
      is attained.
PA1  3. The breakdown voltage of the circuit is doubled and the influence of
      noise voltages is cut in half.
PAR  FIG. 5 shows still another isolated DC amplifier circuit of the present
      invention.
PAR  The circuit shown in FIG. 5 simultaneously generates symmetric output
      voltages having opposite polarities with respect to zero potential across
      a load 50. The circuit is particularly useful as a power source for a
      precise amplifier or as a reference voltage for a signal generator.
PAR  A second pulse transformer 60 having a primary winding 62 and a secondary
      winding 63 are additionally provided. The primary winding 62 of the first
      pulse transformer 60 is connected in parallel with the primary winding 22
      of the first pulse transformer 20. A series circuit formed of a diode 70
      and a condenser 72, with substantially the same characteristic as that
      formed of the diode 30 and the condenser 32, is connected across the
      secondary winding 64 of the second pulse transformer 60.
PAR  Since the preformance characteristics of the first and second transformers
      20 and 60 are selected to be substantially identical and simultaneously
      driven or controlled by the common electronic switch 16, a positive and a
      negative voltage having the same absolute values are simultaneously
      obtained appearing over the respective condensers 32 and 72.
PAR  FIG. 6 shows still another isolated DC amplifier circuit of the present
      invention.
PAR  A series circuit of a diode 94 and common condenser 28 is connected across
      the primary winding 62 of the second pulse transformer 60, and a series
      circuit of a diode 80 and a condenser 82 is also connected across the
      secondary winding 64 of the second pulse transformer 60. Parallel
      resistors 90 and 92 are respectively connected to the condensers 32 and 92
      for transmitting the output signal voltage to the load 34.
PAR  A diode 96 is connected between the output terminal of the electronic
      switch 16 and one terminal of the primary winding 22 of the first pulse
      transformer 20. A diode 98 is connected between the output terminal of the
      electronic switch 16 and one terminal of the primary winding 62 of the
      second pulse transformer 60.
PAR  The polarity of the diodes 96 and 98 is defined so as to selectively
      energize either the first pulse transformer 20 or the second pulse
      transformer 60, depending upon the polarity of the input signal voltage
      applied at the DC signal input terminal 10. Accordingly, the circuit
      generates, across the load 34, either a positive or negative output
      voltage corresponding to the applied input voltage through the resistor 90
      and 92.
PAR  FIG. 7 shows still another isolated DC amplifier circuit of the present
      invention.
PAR  The circuit also generates across the load 34, either a positive or
      negative output voltage corresponding to the applied input voltage.
PAR  Bidirectional field effect transistors (hereinafter identified as FETs)
      130, 132 and 134 are employed in the place of the electronic switch 16,
      the diodes 26 and 94 and the diodes 30 and 80; as a result, the second
      pulse transformer 60 shown in FIG. 7 is eliminated. However, a driving
      pulse transformer 140 having a primary winding 142 and a secondary winding
      144 is added for driving the FET 134.
PAR  The gates of the FETs 130 and 132 are connected to the pulse generator 18,
      and one terminal of the primary winding 142 of the driving pulse
      transformer 140 is also connected to the pulse generator 18. One terminal
      of the secondary winding 144 of the driving pulse transformer 140 is
      connected to a gate of the FET 134. Accordingly, the FETs 130, 132, and
      134. are simultaneously opened or closed, and an isolated output voltage
      of either positive or negative is generated across the load 34 depending
      upon the polarity of the applied input signal voltage.
PAR  In FIG. 8, N identical isolated DC amplifier circuits are employed for a
      digital-analog converter (hereinafter identified as D-A converter) 300
      through FETs 310A, 310B, - - - , and 310N for use in a multiplexer.
      Suffices A, B, .about. N are added after the same circuit elements with
      same numerals for the respective isolated DC amplifier circuits of the
      present invention.
PAR  Since differential comparators with a strobe are employed for respective
      isolated DC amplifiers 14A-14N, the electronic switch 16 shown in FIGS.
      1.about.7 is eliminated.
PAR  Digital signals from a digital signal source, for instance, a computer, are
      consecutively applied to an input terminal 330 of the D-A converter, where
      the digital signals are converted to analog signals. Then, one of the
      multiplexer switches 310A, 310B, - - - and 310N of the corresponding
      channel, for instance 310A is closed for a short interval and the analog
      signals converted are stored in a corresponding memory condenser 320A.
      Next, for instance, the multiplexer switch 310B is closed for a short
      interval for storing the analog signals converted in a corresponding
      memory condenser 320B, depending upon signals applied to the input
      terminal 330. The same operation as described above is repeated for
      storing analog signals to respective memory condensers 320A, 320B, - - - ,
      and 320N, in other words, respective multiplexer switches 310A, 310B, - -
      - and 310N are closed for a short interval by sharing the time and
      distributed digital signals converted to respective corresponding channels
      while synchronizing the operation of the D-A converter 300.
PAR  The voltage signals stored, for instance, the voltage signals stored in the
      memory condenser 320A, are applied to the positive input terminal of the
      differential comparator with the strobe 14A whose input impedance is quite
      high, and the differential comparator 14A generates a series of positive
      pulses during when strobe signals are supplied thereto from the pulse
      generator 18. The series of positive pulses are transmitted to the primary
      winding 22A of the pulse transformer 20A and the isolated DC output signal
      voltages are supplied to the load 34A. Simultaneously, therewith the
      voltages appearing in the primary winding 22A of the pulse transformer 20A
      charge the condenser 28A through the diode 26A. Since the voltage
      appearing across the condenser 28A is negatively fed back to the inverse
      input terminal of the differential comparator 14A, to the input voltage to
      the differential comparator 14A eventually reaches to ground potential and
      the circuit is balanced.
PAR  The operation of the other isolated DC amplifier circuits is the same as
      explained above.
PAR  The circuit shown in FIG. 8 is able to keep supplying analog signal
      voltages corresponding to respective digital voltages to plural output
      terminals with different potentials with respect to ground through only
      one D-A converter, which is very useful for multiplexing direct digital
      controls in computer control systems.
PAR  The driving frequency of the isolated DC amplifier circuits of the present
      invention reaches an order of 1MH.sub.z ; accordingly, the operating speed
      of the circuit is quite improved.
PAR  In the embodiments explained above, the signal voltages transmitted through
      the pulse transformer are those of the normal interval (not the fly-back
      interval); however, the voltages of fly-back interval may be used as
      signal voltages to be transmitted. This will be explained in connection
      with the isolated DC amplifier circuit shown in FIG. 1.
PAR  The circuit shown in FIG. 1 has to be reconstructed, so that when the
      electronic switch 16 is ON, the diodes 26 and 30 are OFF and when the
      electronic switch 16 is OFF, the diodes 26 and 30 are ON. As a result, a
      higher isolated output voltage than that of the DC amplifier 14 is
      obtained, and further, the influence of the voltage drop by the exciting
      current through the pulse transformer is eliminated.
PAR  While we have shown and described several embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to a person skilled in the art, and We, therefore, do not wish to be
      limited to the details shown and described herein but intend to cover all
      such changes and modifications as are obvious to one of ordinary skill in
      the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. An isolated DC amplifier circuit comprising:
PA1  a DC amplifier;
PA1  an electronic switching element connected to the output terminal of said DC
      amplifier;
PA1  a pulse generator connected to said electronic switching element;
PA1  a pulse transformer having a primary winding and a secondary winding, one
      terminal of the primary winding being connected to the output terminal of
      said electronic switching element;
PA1  a first rectifier, one terminal of which being connected to the one
      terminal of the primary winding of said pulse transformer;
PA1  a first condenser, one terminal of which is connected to the other terminal
      of said first rectifier, and the other terminal of said first condenser
      being connected to the other terminal of the primary winding of said pulse
      transformer;
PA1  feedback means connected between the junction point of said first rectifier
      and said first condenser, and a negative input terminal of said DC
      amplifier;
PA1  a second rectifier, one terminal of which is connected to one terminal of
      the secondary winding of said pulse transformer, the polarity of the
      primary winding and secondary winding of said pulse transformer being
      defined so that both said first and second rectifiers are simultaneously
      rendered conductive, when said pulse transformer is energized; and
PA1  a second condenser one of which terminal being connected to the other
      terminal of said second rectifier, and the other terminal of said second
      condenser being connected to the other terminal of the secondary winding
      of said pulse transformer.
NUM  2.
PAR  2. An isolated DC amplifier circuit defined in claim 1, further comprising
      a resistor connected across said first condenser, the amount of resistance
      of said resistor being adjusted substantially equivalent to a load
      connected across said second condenser.
NUM  3.
PAR  3. An isolated DC amplifier circuit defined in claim 1, further comprising:
PA1  an input pulse transformer having a primary winding and a secondary
      winding, one terminal of the primary winding of said input pulse
      transformer being connected to a positive input terminal of said DC
      amplifier through a first resistor;
PA1  a first diode connected to the other terminal of the primary winding of
      said input pulse transformer;
PA1  a third condenser connected to the other terminal of said first diode and
      the other terminal of said third condenser being connected to the one
      terminal of the primary winding of said input pulse transformer;
PA1  a second resistor connected between the junction point of said first diode
      and said third consenser and the positive input terminal of said DC
      amplifier;
PA1  a third resistor connected between the other terminal of the primary
      winding of said input pulse transformer and the one terminal of said first
      rectifier;
PA1  a second diode connected to one terminal of the secondary winding of said
      input pulse transformer; and
PA1  a fourth condenser, one terminal of which is connected to the other
      terminal of said second diode and the other terminal of said fourth
      condenser being connected to the other terminal of the secondary winding
      of said input pulse transformer.
NUM  4.
PAR  4. An isolated DC amplifier circuit comprising:
PA1  a DC amplifier;
PA1  an electronic switching element connected to the output terminal of said DC
      amplifier;
PA1  a pulse generator connected to said electronic switching element;
PA1  a first and a second pulse transformer, each having a primary winding and a
      second winding, both primary windings of said first and second pulse
      transformers being connected in parallel and one terminal of the primary
      winding of said first pulse transformer being connected to the output
      terminal of said electronic switching element;
PA1  a first rectifier, one terminal of which is connected to the one terminal
      of the primary winding of said first pulse transformer;
PA1  a first condenser, one terminal of which is connected to the other terminal
      of said first rectifier, and the other terminal of said first condenser
      being connected to the other terminal of the primary winding of said first
      pulse transformer;
PA1  feedback means connected between the junction point of said first rectifier
      and said first condenser, and a negative input terminal of said DC
      amplifier;
PA1  a second rectifier, one terminal of which is connected to one terminal of
      the secondary winding of said first pulse transformer;
PA1  a second condenser, one terminal of which is connected to the other
      terminal of said second rectifier and the other terminal of said second
      condenser being connected to the other terminal of the secondary winding
      of said first pulse transformer;
PA1  a third rectifier, one terminal of which is connected to one terminal of
      the secondary winding of said second pulse transformer;
PA1  the polarity of the respective primary windings and secondary windings of
      said first and second pulse transformers being defined so that said first,
      second and third rectifiers are simultaneously rendered conductive when
      said first and second pulse transformers are energized;
PA1  a third condenser, one terminal of which is connected to the other terminal
      of said third rectifier and the other terminal of said third condenser
      being connected to the other terminal of the secondary winding of said
      second pulse transformer; and
PA1  a resistor connected across said first condenser, the amount of resistance
      of said resistor being adjusted substantially equivalent to respective
      loads connected across said second and third condenser.
NUM  5.
PAR  5. An isolated DC amplifier circuit comprising:
PA1  a DC amplifier;
PA1  an electronic switching element connected to the output terminal of said DC
      amplifier;
PA1  a pulse generator connected to said electronic switching element;
PA1  a first and a second pulse transformer, each having a primary winding and
      secondary winding, one terminal of the primary winding of said first pulse
      transformer being connected to the output terminal of said electronic
      switching element through a first diode, one terminal of the primary
      winding of said second pulse transformer being also connected to the
      output terminal of said electronic switching element through a second
      diode, and the other terminals of the respective primary windings of said
      first and second pulse transformers being connected in common, either said
      first pulse transformer or said second pulse transformer being energized
      depending upon the polarities of DC signals applied to an input terminal
      of said DC amplifier;
PA1  a first rectifier connected to the one terminal of the primary winding of
      said first pulse transformer;
PA1  a second rectifier connected to the one terminal of the primary winding of
      said second pulse transformer, the other terminals of said first and
      second rectifiers being connected in common;
PA1  a first condenser one terminal of which is connected to the other terminal
      of said first rectifier and the other terminal of said first condenser
      being connected to the other terminal of the primary winding of said first
      pulse transformer;
PA1  feedback means connected between the junction point of said first rectifier
      and said first condenser and a negative input terminal of said DC
      amplifier;
PA1  a third rectifier connected to one terminal of the secondary winding of
      said first pulse transformer;
PA1  a fourth rectifier connected to one terminal of the secondary winding of
      said second pulse transformer, the other terminals of the respective
      secondary windings of said first and second pulse transformers being
      connected in common;
PA1  a second condenser, one terminal of which is connected to the other
      terminal of said third rectifier and the other terminal of said second
      condenser being connected to the other terminal of the secondary winding
      of said first pulse transformer; and
PA1  a third condenser, one terminal of which is connected to the other terminal
      of said fourth rectifier and the other terminal of said third condenser
      being connected to the other terminal of the secondary winding of said
      second pulse transformer.
NUM  6.
PAR  6. An isolated DC amplifier circuit comprising:
PA1  a DC amplifier;
PA1  a first bidirectional switching element connected to the output terminal of
      said DC amplifier;
PA1  a pulse generator connected to a gate of said first bidirectional switching
      element;
PA1  a pulse transformer having a primary winding and secondary winding, one
      terminal of the primary winding of said pulse transformer being connected
      to the output terminal of said first bidirectional switching element;
PA1  a second bidirectional switching element connected to the one terminal of
      the primary winding of said pulse transformer, a gate of said second
      bidirectional switching element being connected to said pulse generator;
PA1  a first condenser one terminal of which being connected to the other
      terminal of said second bidirectional switching element and the other
      terminal of said first condenser being connected to the other terminal of
      the primary winding of said pulse transformer;
PA1  feedback means connected between the junction point of said second
      bidirectional switching element and said first condenser and a negative
      input terminal of said DC amplifier;
PA1  a driving pulse transformer having a primary winding and a secondary
      winding, one terminal of the primary winding of said driving pulse
      transformer being connected to said pulse generator;
PA1  a third bidirectional switching element one of which terminal being
      connected to one terminal of the secondary winding of said pulse
      transformer, a gate of said third bidirectional switching element being
      connected to one terminal of the secondary winding of said driving pulse
      transformer;
PA1  a second condenser, one terminal of which is connected to the other
      terminal of said third bidirectional switching element, and the other
      terminal of said second condenser being connected to the other terminal of
      the secondary winding of said pulse transformer; and
PA1  a resistor connected across said first condenser, the amount of resistance
      of said resistor being adjusted substantially equivalent to a load
      connected across said second condenser.
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ABST
PAL  A wideband differential amplifier comprises a pair of differentially
      connected control devices, for example transistors, having a pair of
      semiconductor junction input devices coupled thereto for receiving
      complementary input currents. The input devices exhibit logarithmic
      characteristics substantially compensating for nonlinear properties of the
      pair of differentially connected control devices, whereby a linear rather
      than a nonlinear amplified current output is produced. Multipliers,
      cascaded amplifiers, and other useful circuit configurations are provided.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 258,111 filed May 30, 1972,
      now abandoned, which is a division of application Ser. No. 27,765, filed
      Apr. 13, 1970, which is a continuation-in-part of my application Serial
      No. 701,257, filed January 29, 1968, entitled "Wideband Differential
      Amplifier", and now abandoned, as well as my application Serial No.
      835,558, filed June 23, 1969,entitled "Wideband Differential Amplifier",
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Most wideband amplifiers comprise not only active elements such as
      transistors or vacuum tubes, but also a plurality of other components,
      employed, for example, to define the stage gain or to shape the response
      of the circuit so as to improve circuit linearity or to compensate for
      non-linearities in other circuits or devices. Wideband amplifiers of this
      type are not well adapted to semiconductor integrated circuit techniques,
      particularly those fabricated with PN junctions as a means of isolating
      the collector areas from the substrate material, because of the high
      capacitances associated with such structures. These capacitances in
      conjunction with the circuit impedances seriously limit the bandwidth of
      the usual amplifier converted to an integrated circuit structure.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a wideband amplifier well adapted to
      integrated circuit techniques comprises a differentially connected pair of
      control devices, e.g. transistors, having a pair of input devices coupled
      respectively to the input terminals of such control devices. The input
      devices each exhibit a logarithmic voltage versus current characteristic
      which causes the output of the differential circuit to become a linear and
      amplified function of input. The aforementioned input devices suitably
      comprise transistors having their base-emitter junctions essentially
      coupled across the input or control terminals of the aforementioned
      control devices to provide such logarithmic characteristic. The input
      devices are desirably connected such that complementary input currents
      applied thereto are also added to the stage output currents whereby to
      increase current gain. For example, input devices in the form of
      transistors suitably have their collector terminals connected to
      respective control transistor collector terminals, in an additive phase
      relation.
PAR  Amplifier stages according to the present invention may be cascaded, the
      current outputs from one stage constituting the current inputs to the next
      stage. Substantially no intercoupling elements are included in the overall
      cascaded amplifier, such amplifier primarily comprising only control
      devices and input devices.
PAR  The circuitry according to the present invention exhibits current gain
      without appreciable voltage swing whereby capacitance problems are
      substantially eliminated. Sub-nanosecond stage rise times have been
      demonstrated. The circuit gain is stable and linear over a wide range of
      operating conditions, and is very insensitive to temperature changes. The
      gain is, in fact, directly proportional to one or more currents and may be
      precisely set, while the gain-bandwidth of a circuit stage approaches the
      f.sub.T of the transistors.
PAR  It is accordingly an object of the present invention to provide an improved
      current amplifier circuit characterized by a high gain-bandwidth product
      and adapted to fabrication by integrated circuit techniques.
PAR  It is another object of the present invention to provide an improved and
      uncomplicated amplifier circuit adapted to integrated circuit techniques,
      which amplifier is linear in operation and wherein voltage swings are
      virtually eliminated to reduce the effect of integrated circuit
      capacitance.
PAR  Another object of the present invention is to provide an improved linear
      amplifier adapted to integrated circuit techniques wherein the gain may be
      accurately predetermined.
PAR  It is another object of the present invention to provide an improved
      amplifier circuit adapted to integrated circuit techniques wherein passive
      interstage coupling elements are virtually eliminated.
PAR  It is another object of the present invention to provide an improved
      amplifier employing almost entirely active elements, such as transistors,
      wherein such amplifier is very stable and realizes the maximum possible
      gain-bandwidth product.
PAR  It is another object of the present invention to provide an improved
      high-linearity current amplifier adapted to integrated circuit fabrication
      techniques wherein circuit gain is substantially independent of
      temperature.
PAR  It is another object of the present invention to provide an improved
      amplifier particularly suited to planar integrated circuit processes.
PAR  It is another object of the present invention to provide an improved
      differential amplifier having enhanced linearity and adapted to operate at
      relatively high current levels despite the presence of ohmic resistance.
PAR  It is another object of the present invention to provide an improved and
      linear multiplier circuit.
PAR  It is a further object of the present invention to provide an improved and
      linear multiplier circuit adapted to integrated circuit techniques and
      wherein the effect of ohmic resistance is substantially compensated.
PAR  The subject matter which I regard as my invention is particularly pointed
      out and distinctly claimed in the concluding portion of this
      specification. The invention, however, both as to organization and method
      of operation, together with further advantages and objects thereof, may
      best be understood by reference to the following description taken in
      connection with the accompanying drawings wherein like reference
      characters refer to like elements.
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PAC  DRAWINGS
PAR  FIG. 1 is a schematic diagram of a circuit employed in explaining the
      present invention;
PAR  FIG. 2 is a schematic diagram of a first differential amplifier circuit
      according to the present invention;
PAR  FIG. 3 is a schematic diagram of a second differential amplifier according
      to the present invention;
PAR  FIG. 4 is a plot of the linear response characteristic of a circuit
      according to the present invention, in comparison with that of a prior
      circuit;
PAR  FIG. 5 is a schematic diagram of a third and preferred differential
      amplifier circuit according to the present invention;
PAR  FIG. 6 illustrates an alternating current output for a circuit according to
      the present invention, with circuit gain being varied;
PAR  FIG. 7 is a schematic diagram of a cascaded amplifier according to the
      present invention;
PAR  FIG. 8 is a schematic diagram for a feedback circuit in accordance with the
      present invention for rendering circuit amplification substantially
      independent of transistor beta;
PAR  FIG. 9 is a schematic diagram of a differential four-quadrant multiplier
      circuit in accordance with the present invention;
PAR  FIG. 10 is a schematic diagram of a circuit according to the present
      invention wherein gain is controlled to be substantially independent of
      supply currents;
PAR  FIG. 11 is a schematic diagram of an alternative form of an amplifier
      circuit according to the present invention, which circuit may be employed
      as a four-quadrant multiplier;
PAR  FIG. 12 illustrates an alternating current output for a four-quadrant
      multiplier;
PAR  FIG. 13 is a schematic diagram of an alternative form of cascaded amplifier
      according to the present invention;
PAR  FIG. 14 is a schematic diagram of another differential amplifier according
      to the present invention;
PAR  FIG. 15 is a schematic diagram of yet another differential amplifier
      according to the present invention comprising a plurality of stages;
PAR  FIG. 16 is a schematic diagram of an additional four-quadrant multiplier
      according to the present invention;
PAR  FIG. 17 is a schematic diagram of a differential circuit for alternative
      use according to the present invention;
PAR  FIG. 18 is a plan view of a semiconductor integrated circuit embodiment of
      one component of an embodiment of the present invention;
PAR  FIG. 19 is a cross section taken at 6-6 in FIG. 18;
PAR  FIG. 20 is a plan view of a semiconductor integrated circuit embodiment of
      another component of an embodiment of the present invention;
PAR  FIG. 21 is a schematic diagram of a circuit according to the present
      invention for generating complex arithmetic functions;
PAR  FIG. 22 is a schematic diagram of another circuit according to the present
      invention for generating complex arithmetic functions;
PAR  FIG. 23 is a schematic diagram of a power finding circuit according to the
      present invention;
PAR  FIG. 24 is a schematic diagram of a root finding circuit according to the
      present invention, and
PAR  FIG. 25 is a schematic diagram of a circuit according to the present
      invention for providing the square root of the sum of the squares of two
      quantities.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates a differential amplifier circuit which will be
      preliminarily discussed in explaining the operation of the present
      invention. The FIG. 1 circuit includes a pair of control devices or
      transistors 10 and 12 having their common emitter terminals connected
      together at 14. An input voltage, v, is provided at the control terminal
      or base terminal of transistor 10 while the control or base terminal of
      transistor 12 may be provided with an input voltage complementally related
      to v, or which may be grounded as indicated by dashed lines at 16. A
      common current I.sub.o is supplied to terminal 14, while current outputs
      I.sub.cl and I.sub.c2 are produced at the output or collector terminals of
      transistors 10 and 12. The respective output currents, for the circuit
      with the base of transistor 16 grounded, are given by the following
      expressions:
      ##EQU1##
      wherein q = charge on an electron, t is absolute temperature, k is
      Boltzmann's constant, and e is the base of natural logarithms. The FIG. 1
      circuit produces a controlled differential current output, but clearly the
      control function produced by the FIG. 1 circuit is nonlinear and is very
      temperature sensitive.
PAR  Now, consider the circuit as illustrated in FIG. 2. This circuit also
      includes differentially connected control devices or transistors 10 and 12
      having their common emitter terminals connected together at 14. The common
      terminal 14 is again supplied with a current I.sub.o. In addition, a first
      input device, here comprising transistor 18, is coupled to the control or
      base terminal of transistor 10. The collector and base terminals of
      transistor 18 are connected to the base of transistor 10, and the emitter
      of transistor 18 is grounded. The input device transistor 18 is thereby
      connected to provide a semiconductor junction, i.e. the transistor 18
      base-emitter junction, coupled substantially in parallel with the input to
      transistor 10. As hereinafter more fully described, input device
      transistor 10 operates according to a logarithmic characteristic acting to
      improve appreciably the linearlity of the amplifying circuit according to
      the present invention.
PAR  A second input device here comprising a transistor 20 is connected in a
      like manner to the control or base terminal of transistor 12, while
      suitable input currents xI.sub.D and (1-x)I.sub.D are coupled respectively
      to the base terminals of transistors 18 and 20. The input currents are
      complementary, it being understood that x varies between 0 and 1. The
      value of x, then, is the actual variable input to the stage and may be
      thought of as a modulation index for current I.sub.D, the latter desirably
      being constant. Alternatively, the base terminal of transistor 12 may be
      grounded and the emitters of transistors 18 and 20 may be returned to a
      suitable source of current. By means of such alternative configuraton, a
      single-sided input can be converted to a differential output.
PAR  Now, consider the voltages across the base-emitter junction of the various
      transistors, as illustrated in FIG. 2, with input currents xI.sub.D and
      (1-x)I.sub.D applied as indicated. The input current xI.sub.D produces an
      input voltage Q between the base terminal and ground of transistor 18, and
      a voltage R is produced across the base-emitter junction of transistor 10.
      Similarly voltages T and S exist across the base-emitter junctions of
      transistors 20 and 12. It will be understood that with moderate transistor
      input current ratios, that is for moderate values of x, the voltage swings
      involved are very small, e.g. on the order of a few millivolts. The
      junction voltages may be expressed as follows:
      ##EQU2##
      In the above equations, k, t, and q have previously defined meanings, and
      i.sub.s refers to the junction saturation currents which will be
      substantially the same when the devices 10, 12, 18, and 20 are realized
      upon the same planar monolithic integrated circuit structure. Logarithms
      are to the base e. Furthermore, considering the voltage drops, around the
      loop starting at ground, Q - R = T - S.                   (7)
PAL  and therefore
      ##EQU3##
      or
      ##EQU4##
      Therefore, xI.sub.D (I.sub.o -I.sub.1) = (1-x)I.sub.D I.sub.1 (10) or,
      xI.sub.D I.sub.o = I.sub.1 [(l-z)I.sub.D + xI.sub.D ]     (11) As a
      result, I.sub.1 = xI.sub.o
PAR  Thus the current appearing at the output or collector terminal of
      transistor 10 is equal to the input index, x multiplied by the common
      emitter current, I.sub.o, substantially independent of the value of
      I.sub.D, and independent of temperature. The circuit provides linear gain
      whereby the output at the collector of transistor 10 is a linear and
      amplified function of x while the complementally related output at the
      collector of transistor 12 equals (1-x)I.sub.o. The circuit is
      non-complex, and linear current gain is achieved without resorting to
      complicated feedback methods.
PAR  The above mathematical analysis assumes I.sub.D is small or the same order
      of magnitude as I.sub.o, I.sub.D ordinarily being somewhat smaller than
      I.sub.o. The above analysis also assumes that the transistors employed
      have quite high betas, and that
      ##EQU5##
      where v is a particular junction voltage. Moreover, the transistors should
      have low bulk resistances in the base-emitter junction. The gain of the
      stage is, so far as the input factor x is concerned, equal to (I.sub.o /
      X.sub.D with the output being understood to be taken as a current
      differential between the output or collector terminals of transistors 10
      and 12.
PAR  FIG. 3 illustrates a circuit according to the present invention wherein the
      input currents, xI.sub.D and (1-x) I.sub.D are provided from complementary
      negative sources. This configuration is quite useful as will hereinafter
      become more evident. Similar components in this embodiment are referred to
      with the same reference numerals employed above. The collector currents
      are, respectively, (1-x)I.sub. o and xI.sub.o. As in the case of the FIG.
      2 circuit, only the ratio of input currents is important in determining
      the output.
PAR  FIG. 4 plots the transfer characteristic 22 for a voltagedriven pair such
      as illustrated in FIG. 1, with the transfer characteristic 24 for the
      modified current-driven pair being illustrated, for example, in FIG. 3.
      This plot was taken from an oscilloscope representation, and the improved
      linearity provided is quite apparent.
PAR  FIG. 5 illustrates a preferred embodiment of the present invention having
      improved gain. In this circuit the input device transistors, here numbered
      18' and 20', are connected to add input currents, xI.sub.D and
      (1-x)I.sub.D to the amplifier output currents. In the illustrated
      embodiment, the collector of transistor 18', instead of being connected to
      the grounded base of the transistor, is connected to the output or
      collector terminal of transistor 12'. Similarly, the collector terminal of
      transistor 20' is connected to the collector terminal of transistor 10'.
      The input currents are thereby combined with the output currents in an
      additive phase sense whereby outputs at output terminals 26 and 38
      respectively become x(I.sub.D + I.sub.e) and (1-x) (I.sub.D +I.sub.e),
      thereby providing additional gain for the circuit. Thus, even at I.sub.e =
      0, the current gain of the circuit is nearly unity, but for a finite
      I.sub.e the gain becomes (1+I.sub.e /I.sub.D), this value being accurate
      for fairly small ratios of I.sub.e /I.sub.D. FIG. 6 illustrates an
      alternating current output provided between terminals 26 and 28, as the
      gain of the circuit is varied from 1 to 4, that is as I.sub.e /I.sub.D is
      varied from 0 to 3.
PAR  It is desirable in the FIG. 5 circuit, as in the previous circuits, that
      the stage gain be kept fairly small because as the ratio I.sub.e /I.sub.D
      rises, the effects of transistor beta are more pronounced, and it is
      desired that operation be substantially beta independent. Furthermore, the
      effects of bulk resistance are small for small ratios of I.sub.e /I.sub.D.
      Therefore, the additional gain provided by adding input currents to output
      currents is of some importance.
PAR  The amplifier circuits according to the present invention are
      advantageously cascaded, with the output currents of one stage
      constituting the input currents for the next. In particular, the preferred
      circuit configuration of FIG. 5 is advantageously cascaded as illustrated
      in FIG. 7. While several supply voltages are employed, very little supply
      voltage difference per stage is required. In a constructed embodiment,
      there was only 36 millivolts of voltage swing at the input points for
      changes in the index, x, from 0.2 to 0.8. Therefore the supply voltage
      differentials needed may be small, exemplary values being given in FIG. 7.
PAR  FIG. 7 illustrates a typical 3-stage amplifier wherein similar elements are
      referred to with like reference numerals, each stage of the amplifier
      substantially corresponding to the circuit according to the FIG. 5
      embodiment. The rise time with a constructed version was 0.6 nanoseconds
      per stage, and the peak output swing at the final current output terminals
      30 and 32 was .+-.100 milliamperes.
PAR  The cascaded circuit of FIG. 7 is also suitably provided with load
      resistors 34 and 36 coupling terminals 30 and 32 respectively to a
      positive power supply terminal 38 for providing an output voltage swing at
      terminals 30 and 32. If desired, a pair of isolating transistors (not
      shown) may be included between load resistors 34 and 36, and the remainder
      of the circuit. For example, the collector-emitter path of one such
      transistor may be inserted between resistor 34 and terminal 30 while the
      collector-emitter path of another such transistor may be inserted between
      resistor 36 and terminal 32. The bases of these transistors would then be
      connected to an appropriate positive voltage source which in the FIG. 7
      example would be approximately 6 volts.
PAR  It should be observed that no interconnecting components or coupling
      elements are employed by the stages in the FIG. 7 circuit. Therefore, the
      cascaded amplifier is ideally adapted to planar NPN semiconductor
      integrated circuit fabrication. Of course, PNP transistor elements or the
      like may alternatively be employed. Since no intercoupling elements are
      employed, the disadvantages of such components in integrated circuit
      construction are avoided. Furthermore, since the voltage swings occurring
      in the circuit tend to be quite small, capacitance problems are also
      substantially avoided or eliminated.
PAR  The input currents to the amplifier of FIG. 7 are suitably provided by
      first pair of transistors 40 and 42 wherein the base of transistor 40 is
      connected to circuit input terminal 44 and wherein the base of transistor
      42 is suitably grounded. The emitters of transistors 40 and 42 are
      connected to common terminal 46 by resistors 48 and 50, respectively, to
      provide emitter degeneration, and terminal 46 is connected to a first
      supply current, I.sub.1. Resistors 48 and 50 cooperate to provide
      complementary currents at the collectors of transistors 40 and 42 in
      response to an input voltage applied at terminal 44. The gain of this
      circuit can be controlled by controlling I.sub.1 and by controlling the
      ratio of supply currents, I.sub.4, I.sub.3, and I.sub.2 with respect to
      I.sub.1.
PAR  An additional advantage contributed by the FIG. 7 cascaded circuit relates
      to its minimum power dissipation. Quiescent conditions are automatically
      satisfied since the quiescent current in each successive stage increases
      at exactly the same rate as the signal swing. Therefore, minimum power
      dissipation takes place to realize a given output current swing, and all
      stages limit at the same input level. Also, of course, the voltage across
      each stage is low, and therefore the circuit can be operated at reasonably
      high current levels without encountering dissipation problems. Moreover,
      collector saturation with its attendant overload recovery time does not
      occur in this circuitry.
PAR  Also, according to the circuitry of the present invention, an optimum
      number of stages can be cascaded for realizing maximum bandwidth, assuming
      a single pole on the real axis at each stage can be calculated. For modest
      gains, say from 10 to 50 times in current, the optimum number may be three
      to five stages. With ordinary circuitry, the optimum number of stages may
      not be used because of the prohibitive cost of fast transistors, and
      therefore bandwidth may suffer. In employing the circuitry herein
      disclosed, fabricated with integrated circuit techniques, such a
      disadvantageous compromise need not be made because the cost of extra
      stages in the case of a complete circuit on one die is trivial, the main
      cost arising in packaging.
PAR  A circuit similar to the FIG. 7 circuit is illustrated in FIG. 13 wherein
      similar elements are referred to by like reference numerals. In the FIG.
      13 circuit, multiple intermediate voltage supply points are eliminated.
      Returning for a moment to the FIG. 7 circuit, the control device
      transistors 10' and 12' operate at effectively higher collector voltages
      than do input device transistors 18' and 20', due to the emitter-base
      voltages of transistors 10' and 12'. The FIG. 13 circuit takes advantage
      of this voltage differential, and the collectors of input device
      transistors 18" and 20" are connected respectively in "parallel" to
      terminals 30 and 32, in additive phase relation, rather than being
      connected in series with the next input device transistor. Otherwise, the
      circuit is substantially the same as the similarly numbered portion of
      FIG. 7.
PAR  FIG. 8 illustrates a circuit compensating for the effect of transistor beta
      on overall gain. Although this effect is small, particularly when the
      value of beta is high and when the hereinbefore mentioned current ratio
      I.sub.e /I.sub.D is small, the feedback circuit according to FIG. 8 may be
      employed to substantially eliminate the effect of beta. Referring to the
      FIG. 8 circuit, block 52 comprises the cascaded amplifier stages as
      illustrated in FIG. 7 and driver 54 corresponds to the transistors 40 and
      42 in FIG. 7. A voltage divider comprising resistors 56 and 58 connected
      in series is disposed between output terminals 30 and 32. The center tap
      60 between resistors 56 and 58 will develop a common mode voltage that is
      beta dependent. It is a property of the amplifier that the common mode
      gain is beta dependent in proportion to beta dependence of differential
      gain. Terminal 60 is connected to a null amplifier 62 which develops an
      output on connection 64 proportional to the common mode signal. Lead 64 is
      then connected in a negative feedback sense to the cascaded amplifier
      stages in block 52. For example, lead 64 may be coupled in a negative
      feedback sense to change the current applied to a terminal 14' or to
      change current I.sub.1. (See FIG. 7.)
PAR  FIG. 9 illustrates a four-quadrant multiplier according to the present
      invention employing a first differential amplifier 70. A first signal
      input, which we shall designate M, is applied as an input to differential
      amplifier 70 for proportioning a substantially constant M tail current 66
      differentially between two outputs 68 and 69. A first pair of
      differentially connected transistors 72 and 74 have their emitters
      connected together and connected to the output 68. Similarly, a second
      differential pair of transistors 76 and 78 include emitter terminals
      connected to the aforementioned output 69. The first and second pairs of
      differentially connected transistors have their collector terminals
      cross-connected to load resistors 80 and 82 through which supply current
      flows from a positive source. Thus the collectors of transistors 72 and 76
      are connected to resistor 80, while the collectors of transistors 74 and
      78 are connected to resistor 82. The output is derived between terminals
      84 and 86 connected respectively to the ends of the load resistors
      opposite the power supply.
PAR  A second differential amplifier 90 is employed for producing differential
      output currents 91 and 92 proportional to an N input signal. Output
      currents 91 and 92 total a substantiaaly constant N tail current at 88.
      Output current 92 is connected to the base terminals of transistors 74 and
      76, while the output current 91 is connected to the base terminals of
      transistors 72 and 78. Each of the differential amplifiers 70 and 90 is a
      type of circuit well known to those skilled in the art, and may, for
      example, correspond to the emitter-degenerative diffferential amplifier
      comprising transistors 40 and 42 in FIG. 7, with the base of transistor 40
      receiving the input signal while the base of transistor 42 is connected to
      a bias voltage level or ground. Alternatively, amplifier 70 may comprise a
      linearized amplifier of the type illustrated in FIG. 2, receiving current
      input or inputs.
PAR  A pair of input device transistors 96 and 98 have their collector terminals
      connected to a positive source, their base terminals grounded, and their
      emitter terminals connecting respectively to the collector terminals of
      transistors 88 and 90. The FIG. 9 circuit is effective for producing an
      output between terminals 84 and 86 proportional to the product of input
      signals M and N, taking the respective sign of M and N into consideration.
      Thus, a four-quadrant multiplier is provided having substantially no
      inter-circuit coupling components and which is readily adapted to
      integrated circuit techniques. Moreover, input device transistors 96 and
      98 effect linearization of the output with respect to the N input signal
      in the same manner as hereinbefore described in connection with the
      amplifier circuits. Thus, transistors 96 and 98 form the input devices for
      control device transistors 72, 74, 76, and 78.
PAR  Considering the multiplying operation of the FIG. 9 circuit in greater
      detail, each of the differential pairs 72-74 and 76-78 has the property of
      performing a multiplying function. For instance, the transistor pair 72-74
      will apportion the current on lead 68 between the transistor collectors in
      accordance with the product of such current and the differential voltage
      applied to the transistor bases.
PAR  Multiplication depends upon a nonlinear or exponential characteristic of
      the transistors. The transconductance from base to collector of each of
      the transistors 72 and 74 is proportional to the emitter tail current.
      Therefore, as the current on lead 68 is increased, the differential output
      procured with transistors 72 and 74, in response to differential base
      voltage input, is multiplied in proportion to the current on lead 68.
      Although the circuit multiplies as a result of a nonlinear operating
      characteristic, the multiplication is accomplished without distortion. The
      base voltages are "pre-distorted" by means of transistors 96 and 98 such
      that the multiplication is accomplished without distortion as to the "N"
      signal input factor. Thus, transistors 96 and 98 receive current outputs
      at 92 and 91 producing voltages across transistors 96 and 98 which are
      logarithmically related to the input currents. The ensuing exponential
      distortion in transistors 72 and 74 is cancelled by such legarithmic
      conversion. Multiplication is nonetheless accomplished because of the
      nonlinear operation of the transistor 72-74 pair.
PAR  Of course, one pair of transistors does not accomplish four-quadrant
      multiplier operation. For this purpose, transistor pair 76-78 is also
      utilized, with the outputs of the two pairs being reversely connected.
      Each pair will have an opposite effect on the output. The "sign" of the
      ultimate output at 84-86 depends upon which pair output predominates, that
      is, upon which pair receives the larger emitter current from differential
      amplifier 70 and delivers the same to resistors 80 and 82. If the "M"
      input is at bias level, no differential output is produced. If the "M"
      input signal is above the bias level of amplifier 70, one of the leads 68,
      69 will deliver more current than the other producing an output in a first
      sense. If the "M" input signal is below the bias level of amplifier 70,
      the opposite one of leads 68, 69 will deliver more current. The ultimate
      output will then depend not only on the magnitude but also on the sign of
      the "M" input.
PAR  Since each pair, e.g. transistors 72-74, is a differential circuit, the
      output "sign" will depend also on the "sign" of the "N" signal input
      relative to the bias level of differential amplifier 90. E.G., if the "N"
      signal input is at ground, and the bias level of amplifier 90 is ground,
      equal outputs will be delivered at 91 and 92 whereby neither the output of
      transistor 72 nor the output of transistor 74 will predominate. Similarly,
      neither the output of transistor 76 nor the output of transistor 78 will
      predominate. However, if the "N" signal is above or below bias level, the
      sense or sign of the output at terminals 84 and 86 will be governed
      accordingly. The magnitude of the output will be proportional to the "N"
      input.
PAR  FIG. 10 illustrates a circuit according to the present invention for
      producing precise gain in spite of possible changes in supply current. The
      circuit is based upon the circuit illustrated in FIG. 2, and like
      components are referred to with like reference numerals. An input current
      xI.sub.1 is provided at terminal 100 and a complementary input current
      (1-x)I.sub.1 is provided at terminal 102. In this circuit, the emitters of
      transistors 18 and 20 are connected together and therefore the current
      I.sub.1 flows through diode-connected transistor 104 employed for voltage
      dropping purposes. The current I.sub.1 similarly flows through
      diode-connected transistor 106 and resistor 108 to common return terminal
      110. The juncture between the emitter of transistor 104 and the
      base-collector connection of transistor 106 is connected to the base
      terminal of amplifier transistor 112, the latter having its emitter
      connected to common return terminal 110 through resistor 114. A gain
      factor of the circuit including transistor 112 is designated as G and is
      here equal to the ratio of the resistance of resistor 114 to that of
      resistor 108. Therefore a current GI.sub.1 flows in the collector circuit
      of transistor 112. The collector of transistor 112 is connected to
      terminal 14, so the common current to transistors 10 and 12 is equal to
      GI.sub.1. It will be seen, then, that the output currents at terminals 116
      and 118, connected respectively to the collectors of transistors 10 and
      12, will equal GxI.sub.1 and G(1-x)I.sub.1. The amplification of the
      circuit with respect to the input index, x, equals G, and is not affected
      by changes in the supply current I.sub.1.
PAR  FIG. 11 illustrates another circuit according to the present invention
      which is similar to the amplifier stage illustrated in FIG. 5. Referring
      to FIG. 11, differentially connected transistors 120 and 122 have their
      emitter terminals connected together for receiving a current I.sub.e at
      terminal 124. The output for this stage is differentially provided between
      terminals 126 and 128 connected to the collectors of transistors 120 and
      122. Input device transistors 130 and 132 have their emitters connected to
      the base terminals of transistors 120 and 122 respectively, with their
      base terminals being grounded. Complementary input currents xI.sub.D and
      (1-x)I.sub.D are provided at the emitter terminals of transistors 130 and
      132. The circuit as thus far described operates in the same manner as the
      circuit illustrated in FIG. 3 to provide linear amplified complementary
      output currents in response to complementary input currents. The current
      from the collector of transistor 120 equals (1-x)I.sub.e and the current
      from the collector of transistor 122 equals xI.sub.e. However, in the
      circuit according to FIG. 11, the input currents xI.sub.D and (1-x)I.sub.D
      are added in an out-of-phase sense to the output currents. The collector
      of transistor 130 is connected to the collector of transistor 120, and the
      collector of transistor 132 is connected to the collector of transistor
      132, this being essentially the reverse of the FIG. 5 configuration.
PAR  Consideration of the FIG. 11 circuit will reveal that if I.sub.e equals
      I.sub.D, the differential output between terminals 126 and 128 will be
      zero. However, the output will become larger if I.sub. e is increased or
      decreased from the value of I.sub.D. The circuit according to FIG. 11 may
      be employed to provide four-quadrant multiplier operation. For this
      purpose the circuit output must be taken differentially between terminals
      126 and 128.
PAR  FIG. 12 illustrates an alternating current output as derived between output
      terminals of a four-quadrant multiplier, e.g. such as the one illustrated
      in FIG. 9. It is seen that the polarity of the output signal changes as
      the polarity of I, corresponding to an input signal, changes.
PAR  Referring to FIG. 14, another differential amplifier according to the
      present invention comprises first and second control devices 210 and 212,
      here comprising NPN transistors, differentially coupled, with their
      emitters connected at terminal 214. A pair of input devices 218 and 220,
      here comprising diode-connected NPN transistors, are dispoed across the
      base-emitter junctions of transistors 210 and 212. Thus, the base and
      collector of transistor 218 are connected to the base of transistor 210
      while the emitter of transistor 218 is connected to terminal 214.
      Transistor 220 is similarly coupled with respect to transistor 212. The
      base of transistor 210 is connected to circuit input terminal 222 while
      the base of transistor 212 is connected to circuit input terminal 224. The
      collector of transistor 210 is connected to circuit output terminal 226
      while the collector of transistor 212 is connected to circuit output
      terminal 228.
PAR  In the case of transistors 210 and 212, the collector is considered the
      output terminal, and the base comprises a control terminal while the
      emitter is denominated a common or return terminal. It is understood that
      other control devices as well as input devices having similar
      characteristics may be substituted for the transistors shown in some
      embodiments of the present invention.
PAR  Transistors 210 and 218 have the same characteristics and are desirably
      formed as parts of the same integrated circuit structure. Each
      semiconductor junction, for example the base emitter junction of
      transistor 910, is characterized by a logarithmic voltage versus current
      relationship. The diode-connected transistor 218 is also characterized by
      a logarithmic voltage versus current relationship. Thus, if n linearly
      changing current is provided at terminal 222, which flows through
      transistor 218 to terminal 214, the voltage appearing across the
      base-emitter junction of transistor 218 is proportional to the logarithm
      of such current. If a linearly changing voltage was applied between the
      base and emitter of transistor 210, the output current in the collector of
      transistor 210 would be exponentially proportional to the base-emitter
      voltage. However, as stated above, the voltage applied across the
      base-emitter junction of transistor 210 is logarithmically related to
      current supplied at terminal 222, and therefore the output current at
      terminal 226 is linearly related to the current applied at terminal 222.
      The remainder of the circuit operates similarly with the logarithmic and
      exponential characteristics around the circuit of FIG. 14 cancelling one
      another to provide a differential current output at terminals 226 and 228
      which is linearly responsive to the current differentially applied between
      terminals 222 and 224. As a consequence of the matching of logarithmic
      characteristics of the devices and of the differential circuit
      configuration, the circuit provides very linear gain and high bandwidth.
PAR  Let us assume the transistor emitter areas may be different, e.g. with the
      emitter of transistor 210 having an area A times the emitter area of
      transistor 218, while the areas of transistors 212 and 220 are similarly
      related. The application, A, in the FIG. 14 circuit is proportional to the
      ratio of emitter areas in each pair of transistors 210-218 and 212-220.
      The currents in the emitters of transistors 210 and 212 are A times larger
      than the input currents which flow in transistors 218 and 220. The
      terminal 214 is supplied with a current (1 + A)I. When a differential pair
      of input currents xI and (1 -x)I are applied at terminals 222 and 224,
      output currents AxI and A(1 - x)I appear at terminals 226 and 228. These
      defferential output currents are an amplified version of the differential
      input currents. "x" may be considered an input index.
PAR  Although the gain of this amplifier is equal to the area ratio, A, and is
      not readily changed electronically, the amplifier of FIG. 14 can have
      certain advantages over the differential amplifiers hereinbefore
      described. The current from the common emitter connection is forced to
      ratio, i.e. between transistors 210 and 218, in accordance with the
      emitter areas. As a result, certain problems regarding bulk resistance are
      avoided when the transistor bulk resistances are not as low as might be
      desired. The current densities are the same for all transistors. The
      base-emitter voltage in a transistor,
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      wherein q = charge on an electron, T is absolute temperature, k is
      Boltzmann's constant, I.sub.s is area related junction saturation current,
      I.sub.E is the emitter current, .beta. is transistor beta, and r.sub.b is
      the bulk resistance in the base of the transistor. The first, or
      logarithmic term in the above equation is the desired logarithmic term
      which is to appear across transistor 218, for example, thus providing the
      desired base voltage applied to transistor 210. The second term in the
      expression (13) can produce an error at different input values, as in the
      case of my previous circuits, unless this second term is the same in the
      case of both transistors. It will be appreciated that an excess and
      variable voltage across one transistor junction as compared to the other
      could do quite a lot towards detracting from the desired logarithmic
      characteristics. If this term is the name in both transistors, then a
      balancing or cancelling will take place because the same voltages
      corresponding to the second term in expression (13) above will appear in
      the case of both transistors 210 and 218. In the FIG. 14 amplifier circuit
      according to the present invention, bulk resistances as between
      transistors 210 and 218 are substantially inversely proportional to
      emitter areas, while the currents ratio in proportion to emitter areas,
      whereby to provide equal values for the second term in expression (13) for
      transistors 210 and 218.
PAR  Steps are taken to insure the bulk resistances are inversely proportional
      to emitter area. Thus, referring to FIGS. 18 and 19 illustrating a
      transistor in an integrated circuit structure, this transistor comprises a
      P type substrate 230 supporting an N type epitaxial layer 232. A P type
      base diffusion 234 is provided between an emitter diffusion 236 and
      epitaxial layer 232, and connections 238 and 240 are made respectively to
      the emitter diffusion and the base diffusion. The epitaxial layer 232
      provides the collector with connection being made thereto by means not
      shown.
PAR  The transistor of FIGS. 18 and 19 represents transistor 218 in FIG. 14.
      Suppose it is desired that transistor 210 have an emitter area twice as
      large providing twice as large a current therethrough with a bulk
      resistance that is half that of transistor 218 whereby the voltage drops
      across the bulk resistances of transistors 210 and 218 will balance.
      Accordingly, a transistor such as illustrated in FIG. 20 may be formed,
      e.g. on the same substrate, having an emitter 236' which is twice as
      large. Emitter 236' is provided with connections 238a and 238b which are
      interconnected by means not shown. Base connections 240a and 240b are here
      provided at either side of enlarged emitter 236' in order to duplicate
      twice over the resistive paths found in the transistor as illustrated in
      FIGS. 18 and 19. The resistance paths principally contributing to bulk
      resistance will be duplicated twice over in the case of the FIG. 20
      circuit principally because of its symmetry. Just simply doubling the
      emitter area would not necessarily halve the base resistance unless double
      the cross sectional path is provided from the base connection to and under
      the emitter in the resistive base region. Other symmetrical configurations
      and the like will occur to those skilled in the art for assuring that the
      bulk resistances are inversely proportioned to emitter area. The bulk
      resistances are thereby scaled to be always inversely proportional to the
      ratio of currents therethrough. As a result of this, and with the common
      emitter connection permitting current division, the circuit of FIG. 14
      will be essentially bulk-resistance independent, thereby providing
      enhanced linearity for the circuit. The voltage drops across the bulk
      resistances (e.g. as referred to the emitter) are always equal and have
      been essentially eliminated from consideration. So far as the logarithmic
      term in expression (13) is concerned, it is noted that the temperature
      dependence of the logarithmic characteristic is the same for each
      transistor, so the output is substantially independent of temperature.
      Construction on an integrated circuit structure is preferred, and the
      temperature will then be essentially the same for each transistor.
PAR  The differential amplifier circuit of FIG. 14 may be considered as
      comprising a pair of differentially connected circuits, each having three
      terminals, i.e. an input terminal, an output terminal, and a common
      terminal. In the FIG. 14 amplifier, one such circuit is comprised of
      transistors 210 and 218 while the other such circuit comprises transistors
      212 and 220. In the 210-218 circuit, terminal 222 comprises the input
      terminal, terminal 226 is the output terminal, and terminal 214 is the
      common terminal, which, in this case, also forms the common terminal for
      the 212-220 circuit. Each of the differentially connected circuits is
      adapted to provide an output current linearly proportional to its input
      current while being characterized by a logarithmic operating
      characteristic relating voltage to current in said circuit.
PAR  In FIG. 15 a cascaded differential amplifier includes a number of circuits
      of the FIG. 13 type intercoupled in cascaded relation to enhance the
      overall amplification. A first circuit in FIG. 15 includes a transistor
      242 having its base connected to input terminal 244. Diode-connected
      transistor 246 is disposed across the base-emitter junction of transistor
      242. A second such circuit, completing a first differential stage,
      comprises a similar transistor 248 having a diode-connected transistor 250
      disposed across the base-emitter junction thereof. The base of transistor
      248 is connected to input terminal 252. Differential input currents, xI
      and (1 - x)I are applied between input terminals 244 and 252.
PAR  The common return terminal of the circuit 242-246 is connected to the input
      terminal of a third circuit comprising similarly connected transistors 254
      and 256. Likewise, the common terminal of the circuit 248-250 connects to
      the input terminal of a circuit comprising transistors 258 and 260. The
      collectors of transistors 242, 254, 260, and 248 are suitably connected to
      a common positive voltage terminal. As thus appears, a differential pair
      comprising circuit 242-246 and circuit 248-250 differentially drives the
      circuits 254-256 and 258-260. A differential output stage comprises a
      first circuit including transistors 262 and 264 and a second circuit
      comprising transistors 266 and 268, connected as hereinbefore described.
      The common terminals for both the last mentioned circuits are connected to
      a common current terminal 270, while the collectors of the transistors 262
      and 266 provide differential output currents. Output terminals 272 and
      274, to which the collectors of transistors 262 and 266 respectively
      connect, are suitably returned to a positive voltage point through a pair
      of load resistors (not shown) whereby a differential voltage output will
      then be provided between terminals 272 and 274.
PAR  The circuit of FIG. 15 not only provides the linearity and bandwidth of the
      FIG. 1 circuit, with bandwidths of several hundred megacycles being
      typical, but the FIG. 15 circuit further provides increased gain by virtue
      of the cascading of stages. Also, the FIG. 15 circuit shifts the voltage
      level negatively by V.sub.BE for each differential stage, where V.sub.BE
      is the base-emitter voltage for a transistor. This feature of DC negative
      shifting is normally difficult to achieve in a wideband amplifier
      employing NPN components. The collectors of earlier stages, e.g. the
      collectors of transistors 254 and 260, can also be connected to output
      terminals 272 and 274 if so desired, but at the expense of bandwidth and
      level shifting.
PAR  For the FIG. 15 circuit, the emitter area of the control transistors, such
      as the emitter area of transistor 242, need not be larger than the emitter
      area of the input transistors, for example the emitter area of transistor
      246. If the areas are equal in each case, the circuit will achieve a gain
      of two for each stage. In any case, the bulk resistances should be ratioed
      inversely to the emitter areas as discussed in connection with the circuit
      of FIG. 14. A circuit such as that of FIG. 15 is well adapted to
      integrated circuit techniques as are other circuits disclosed herein.
PAR  In FIG. 16 is illustrated a four-quadrant multiplier composed of circuits
      of the type employed in FIG. 14, each providing an output current linearly
      proportional to input current while being characterized by a logarithmic
      operating characteristic relating voltage in said circuit to input
      current. One such circuit is indicated within dashed lines at 276 and
      comprises a transistor 278 having its base-emitter junction shunted by a
      diode-connected transistor 280. A second such circuit, differentially
      connected to the first, is indicated within dashed lines at 282 and
      includes a transistor 284 having its base-emitter junction shunted by
      diode-connected transistor 286. The emitters of transistors 278, 280, 284,
      and 286 are connected to a first current terminal 288. Further similarly
      connected pairs of transistors 290-292 and 294-296 are also disposed in
      differential relation having the emitters of the last-mentioned
      transistors connected to a second current terminal 298. Current terminals
      288 and 298 are suitably differentially driven by a differential circuit
      comprising transistor pairs 300-302 and 304-306, the emitters of which are
      connected at terminal 308 through which a tail current I flows. The
      collectors of transistors 300 and 304 are connected respectively to
      current terminals 298 and 288, while the base of transistor 304 is
      connected to a voltage reference, V, typically a few tenths of a volt
      negative. The emitter areas in the FIG. 16 circuit are assumed equal. One
      multiplier input, y, is proportional to one of the factors to be
      multiplied, with 1.gtoreq.y.gtoreq.0. The current y1/2 is applied to the
      base of transistor 300.
PAR  A second input, x, is proportional to a second factor to be multiplied,
      where 1.gtoreq.x.gtoreq.0. A current x1/4 is applied at terminal 310 with
      respect to ground, terminal 310 being connected in common to the base of
      transistor 278 and the base of transistor 290. The base terminals of
      transistors 286 and 294 are grounded. Therefore, the current value
      representative of a second factor to be multiplied is applied between
      input terminals of the circuits 278-280 and 284-286, as well as between
      the input terminals of circuits 290-292 and 294-296.
PAR  The output terminals of the circuits are cross-connected, and are further
      coupled to output terminals 312 and 314. Thus, the collectors of
      transistors 294 and 278 are connected to output terminal 312, while the
      collectors of transistors 290 and 284 are connected to terminal 314. The
      outputs at terminals 312 and 314 are supplied as differential currents and
      may be transformed into voltages by means of resistors (not shown)
      disposed between terminals 312 and 314 respectively, and a source of
      voltage. The output connections are crossed to provide an output wherein
      the differential circuits oppose one another in out-of-phase relation
      relative to the x factor input. With the circuit balanced, that is in the
      zero input condition, both x and y factors equal 1/2. If the y input
      remains balanced and the x input is changed, the respective outputs from
      the two differential circuits will still cancel since they are in
      opposition. On the other hand, if the x input remains balanced, and the y
      input is unbalanced, it can be seen that the outputs will also cancel as
      should be the case for four-quadrant sultiplication. Now, if the x and y
      inputs are both unbalanced, either the differential output from the
      differential stage 316-318 or from the differential stage 276-282 will
      predominate and produce a net output according to the value of the y
      input. The x input similarly determines the differential imbalance in each
      of the stages 316-318 or 276-282. It will be seen that the resultant
      output will agree with the product in both absolute value and sign.
PAR  Consideration of the circuit will show that the collector currents are as
      follows: I.sub.300, the collector current from transistor 300, = yI/2;
      I.sub.304, the collector current from transistor 304, = (1 - y) I/2;
      I.sub.290, the collector current from transistor 290, = xy I/4; I.sub.294,
      the collector current from transistor 294, = (1 - x) yI/4; I.sub.278, the
      collector current from transistor 278, =x(1 - y) I/4; and I.sub.284, the
      collector current from transistor 284, = (1-x)(1-y) I/4. Summing the
      currents at output terminals 312 and 314 shows that the differential
      output is XYI/4 where X = 2x - 1, and Y = 2y - 1, where X lies in the
      range, +1 to -1, and so does  Y.
PAR  The multiplicative output of the FIG. 16 circuit is much more insensitive
      to bulk resistance than is the case in prior circuits. Thus, the output
      currents are very linearly related to the x and y signals. This is
      notwithstanding the fact that a non-linear characteristic is employed in
      each of the circuits 276, 282, 318, and 318 for achieving multiplication.
      As indicated, the x signal, for example, is predistorted logarithmically
      in transistor 280, for example, providing a logarithmic voltage at the
      base of transistor 278. Then transistor 278 produces an output current
      which is exponentially related to this logarithmic voltage.
PAR  Multiplication takes place with respect to the current provided to the
      emitter of transistor 278, for example, inasmuch as the transconductance
      from base to collector of transistor 278 is proportional to the emitter
      tail current. Nevertheless, the multiplication is accomplished without
      distortion as to the n factor. In the FIG. 16 circuit, the differential
      stage comprising circuits 300-302 and 304-306 linearly transforms a y
      current input into a differential current signal for application to
      current terminals 288 and 298.
PAR  As will be noted, the differential stages 276-282 and 316-318 correspond to
      the differential stage illustrated in FIG. 14. The multiplier of FIG. 16
      thereby attains advantages of being substantially bulk
      resistance-independent inasmuch as the control device transistors (e.g.
      transistor 278) and the input device transistors (e.g. transistor 280) are
      connected together and to a common differential return in each case. As a
      result of this bulk resistance independence, the present circuit is found
      to exhibit improved linearity as regarding this bulk-resistance factor.
PAR  Although the circuit of FIG. 16 is highly efficacious as regards wide
      bandwidth and ultra-linear operation, a further step in the linearization
      is provided employing the differentially connected circuits as illustrated
      in FIG. 17. These circuits, 320 and 324, may also each be described as
      receiving a current input and providing a current output linearly related
      thereto while being characterized by a logarithmic operating
      characteristic relating voltage to current. Each of the circuits 320 and
      324 is further of the type disclosed and claimed in the copending
      application of George R. Wilson, entitled, "Current Regulating Circuit",
      U.S. Ser. No. 704,106, filed Feb. 8, 1968, and assigned to the assignee of
      the present invention. The stage of FIG. 17 may be substituted for the
      differential stages in FIG. 16, for example, for providing enhanced
      independence from changes in effective transistor beta inasmuch as the
      resultant transistor beta in the FIG. 4 circuit is quite high.
PAR  Referring to FIG. 17, differential circuit 320 comprises a first NPN
      transistor 334 having its emitter connected to the anode of the diode 336
      and having its base connected to circuit input terminal 328, while the
      collector of transistor 334 is is connected to circuit output terminal
      346. The cathode of diode 336 is connected to common terminal 326 as well
      as to the emitter of a second NPN transistor 338 having its base connected
      to the anode of the diode and its collector connected to the base of
      transistor 344. A second circuit 324 employs transistors 340 and 344 as
      well as the diode 342 which are similarly connected with respect to
      circuit input terminal 330, circuit output terminal 348, and common
      terminal 326. The semiconductor junction diodes 336 or 342 may comprise
      diode-connected transistors if desired, and such is usually advantageous
      in an integrated circuit embodiment of the invention.
PAR  In each of the junction devices of circuit 320, for example, a linearly
      changing current through the junction produces a logarithmically changing
      voltage thereacross. Thus, this is true of the voltage across diode 336 as
      the current at terminal 328 increases linearly. This voltage is applied to
      the base of transistor 338 and such logarithmically changing voltage then
      appears at the base of transistor 334. The current in transistor 338
      changes linearly with the change in input current, and the output current
      through terminal 346 changes linearly with change in input current. The
      feedback amplification employed in the FIG. 17 circuit enhances the
      effective beta of the circuit and causes operation of the circuit to be
      largely beta-independent.
PAR  Referring again to FIG. 2, it will be apparent that this circuit as well as
      the other circuits according to the present invention may be considered as
      a closed loop circuit having a node such as a ground point and including
      semiconductor junctions arranged in cancelling pairs around the loop. Each
      of the semi-conductor junctions obey the same exponential law or have the
      same exponential characteristic, e.sup.qv/kt relating voltage to current
      as can be seen in expressions (1) through (6). Means provide input current
      through at least one such semiconductor junction in the loop, causing
      substantially all the junctions to be conducting at the same time, while
      other means provide an output from at least one junction, either as a
      current through a junction or as a voltage at a junction with respect to a
      node. As a result of operation of the circuit it can be said the product
      of currents in junctions, whose voltage polarities are positive with
      respect to a loop node, is essentially proportional to the product of the
      currents in junctions whose polarities are negative with respect to the
      same node. This result can be concluded from expression (7) et seq., and
      particularly expression (10). The constant of proportionality is the ratio
      of the product of the saturation currents of the former set of junctions
      to the latter set of junctions. Generally this constant of proportionality
      is chosen to be one, particularly in the case of integrated circuit
      embodiments. A further circuit utilizing these properties is illustrated
      in FIG. 21 wherein a differential pair of transistors 410 and 412 each
      have their emitters returned to common terminal 414 through N series
      connected junctions indicated at 425 and 427. The number N includes the
      emitter junctions of transistors 410 and 412. Furthermore, a set of M
      series connected junctions 413 is disposed between the base of transistor
      410 and ground while M series connected junctions 430 are disposed between
      the base of transistor 412 and ground. The junctions are all substantially
      identical and exhibit the same exponential characteristics. The output, a,
      is the proportion of the current I.sub.2 provided at terminal 414
      appearing at the collector of transistor 410.
PAR  If M-N-1, the circuit reduces to the FIG. 2 circuit and operates in a
      substantially similar manner. The same results obtain if M-N. However, if
      the ratio of M/N is different than one, other useful results can be
      produced. For example, if M/N equals 2, then
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      Other functions may be provided by other ratios of M/N, and combinations
      of functions may be produced by combinations of circuits of the FIG. 21
      type.
PAR  Another useful circuit is illustrated in FIG. 22 comprising a differential
      circuit composed of transistors 410 and 412 receiving a common current
      I.sub.E at the common emitter connection 414. An input device comprising a
      transistor 431 has its emitter connected to the base of transistor 410
      while its collector is grounded. Similarly, the emitter of input device
      transistor 437 is connected to the base of transistor 412 and the
      collector of transistor 437 is grounded. Thus far, the circuit is similar
      to that illustrated in FIG. 3, and operates in a similar manner.
PAR  The FIG. 22 circuit additionally includes cascaded transistors 429-430
      wherein the base of transistor 428 is grounded and the emitter of each of
      these transistors drives the base of a following transistor. The
      collectors of transistors 428-430 are grounded and the emitters receive
      currents I.sub.1, I.sub.2, and I.sub.3, respectively. The connection 432
      from the emitter of transistor 430 to the base of transistor 431 is dashed
      to indicate the possible insertion of additional transistors connected in
      a similar manner. The emitter current for transistor 431 is indicated as
      I.sub.n. Likewise, transistors 434-436 are connected with the base of
      transistor 434 grounded and the emitter of each of these transistors
      driving the base of a subsequent transistor. The transistor collectors are
      grounded and the emitters are respectively provided with currents I.sub.a,
      I.sub.b, and I.sub.c. This circuit makes use of the fact that the gain of
      the outer transistors, for example transistors 428, 430, and 434-436,
      allows input current to control only one junction voltage. For example,
      I.sub.3 affects only the voltage across transistor 430. It is also noted,
      for example, that the emitter junctions of transistors 428, 429, and 430
      are serially disposed between the base of transistor 431 and a ground node
      at the base of transistor 428.
PAR  The connection 438 between the emitter of transistor 436 and the base of
      transistor 437 is illustrated by dashed lines to indicate the possible
      inclusion of further transistors, with the emitter current of transistor
      437 being I.sub.m. In the actual circuit, the collector of transistor 412
      is connected by means of lead 440 to the emitter of transistor 428 such
      that the current I.sub.1 for the emitter of transistor 423 is supplied
      from the collector of transistor 412. However, for the moment, consider
      the circuit without connection 440.
PAR  Employing the aforementioned analysis, i.e. setting the product of currents
      through junctions of a first polarity equal to the product of currents
      through junctions of a second polarity, the following equation results:
EQU  (I.sub.1 I.sub.2 I.sub.3 . . . I.sub.n)aI.sub.E = (I.sub.a I.sub.b I.sub.c
      . . . I.sub.m)(1-a)I.sub.E                                (14)
PAL  The term (1-a)I.sub.E is awkward, and we can eliminate the same by
      connecting the output of transistor 412 to provide the current I.sub.1 via
      connection 440 as hereinbefore indicated. As a result,
EQU  (I.sub.2 I.sub.3 . . . I.sub.n)aI.sub.E = (I.sub.a I.sub.b I.sub.c . . .
      I.sub.m),                                                 (15)
PAL  and
      ##EQU8##
      Thus, one can generate a multiple product/quotient in one step. The
      circuit has the practical advantage of using many common collector devices
      which can be fabricated in a small area. One of the important features of
      the circuit is the use of the connection 440 from the output of one side
      of the differential circuit to an input device on the opposite side of the
      differential circuit. This connection will be spoken of as feedback
      connection. A useful circuit of this general type is also illustrated in
      FIG. 23.
PAR  Referring to FIG. 23, a power finding circuit is illustrated. That is, this
      circuit is capable of providing an output proportional to the square,
      cube, or the like, of an input current. To the extent applicable,
      corresponding elements are referred to by means of the same reference
      numerals utilized for the FIG. 22 circuit. In this circuit, the input
      devices for transistor 412 comprise a series connection of n diodes 442
      each having the same exponential characteristic as exhibited by the base
      emitter junction of transistor 412. In fact, each of the diodes 442 may
      comprise a diode-connected transistor formed on the same integrated
      circuit structure as the other transistors in the circuit. An input zI is
      provided through the series diodes 442 from ground.
PAR  The input device connection for transistor 410 comprises the
      collector-emitter path of transistor 444 in series with diodes 446 between
      ground and a current source I. A series of (n-1) junctions includes diodes
      446 and the base-emitter junction of transistor 444. The feedback
      connection 440 couples the collector of transistor 412 to the base of
      transistor 444, and through a diode 446 to ground. Diode 446 is poled in
      the same polarity direction with respect to ground as the base emitter
      junction of transistor 444, i.e. the anode of diode 446 is grounded.
PAR  The loop equation from ground to ground can be written for the FIG. 23
      circuit in the aforementioned manner, i.e. where the product of currents
      through junctions of a first polarity is set equal to the product of
      currents in the junctions of the reverse polarity. The equation is given
      as follows:
EQU  (1-a)I.sub.E (I).sup.n.sup.-1 aI.sub.3 = (1-a)I.sub.E (xI).sup.n (17)
PAL  or,
      ##EQU9##
      For the usual case where I.sub.E = I, a = x.sup.n. Of course, if n = 2,
      this circuit is a squaring circuit.
PAR  A very simple polynomial generator can be built by tapping off voltages
      down the chain of diodes 442. Furthermore, a polynomial generator can be
      provided employing a plurality of circuits of the FIG. 23 type. For
      example, one circuit can generate the squared term, another circuit can
      generate a cubed term, etc., and the outputs are then added.
PAR  FIG. 24 illustrates an n root finder. Elements in this circuit are referred
      to employing reference numerals designating corresponding elements in the
      previous embodiments. In this circuit, a series of diodes 425 and 427 is
      disposed between the emitters of transistors 410 and 412, respectively,
      and terminal 414 where a current I.sub.E is supplied. n junctions are
      included in each emitter leg, with the emitter itself forming one such
      junction. A feedback connection 441 is here employed between the collector
      of transistor 410 and the base of input device 437. A series connection of
      n diodes 448 is disposed between connection 441 and ground. Also, a
      similar series connection of n diodes 450 is interposed between the base
      of transistor 431 and ground, these diodes carrying a current I from a
      current source. Again, all semiconductor junctions have substantially
      identical exponential characteristics. It is noted three junctions,
      including the emitter junctions of transistors 431 and 437, are disposed
      between each of the bases of transistors 410 and 412, and ground. A
      current I is also provided at the emitter of transistor 437, and a current
      xI is provided at the emitter of transistor 431 wherein x is the input
      variable.
PAR  The loop equation from ground to ground for the FIG. 24 circuit is:
EQU  (I).sup.n xI(1-a).sup.n I.sub.E.sup.n = a.sup.n I.sub.E.sup.n I(1-a).sup.n
      I.sub.E.sup.n                                             (19)
PAL  or,
      ##EQU10##
      or, for I.sub.E = I, a = x                                (21) When n = 2,
      a square root circuit is provided. The output is a, or a proportion of the
      current I.sub.E delivered at the collector of transistor 412.
PAR  The embodiment of FIG. 25 combines the circuits of the FIG. 23 and FIG. 24
      type, to result in means for forming the square root of the sum of the
      squares of a pair of inputs here designated x and y.
PAR  Referring to FIG. 25, corresponding reference numerals are employed for
      components corresponding to those disclosed in FIGS. 23 and 24, with the
      components in FIG. 25 being further designated by the letters a, b, and c,
      according to the particular circuit indicated. The circuit including
      differential transistors 410a and 412a receives an input current xI
      flowing through a pair of series connected diodes 442a, and delivers an
      output Ix.sup.3 at the collector of transistor 410a. This circuit thus
      corresponds to the FIG. 23 circuit wherein n = 2.
PAR  Similarly, the circuit comprising differential transistors 410b and 412b
      receives a current yI flowing through diodes 442b, and delivers a current
      Iy.sup.2 at the collector of transistor 410b. This circuit again
      corresponds to the FIG. 23 circuit with a equaling 2. The outputs Ix.sup.2
      and Iy.sup.3 are added at terminal 452 to provide a combined current
      I(x.sup.2 +y.sup.2).
PAR  The last mentioned current is provided as an input at the emitter of
      transistor 431 of a root finding circuit including differential
      transistors 10c and 412c. The latter circuit corresponds to the circuit
      disclosed in FIG. 24, with a equaling 2, whereby the square root is
      extracted and provided at terminal 454 connected to the collector of
      transistor 412c. A supply of +1 volt is conveniently provided at terminal
      455 connected to series diode chains 448 and 450 so as to supply the
      proper bias for these diodes. The output of the FIG. 20 circuit at
      terminal 454 is thus I.sqroot.x.sub.2 +y.sup.2.
PAR  Numerous other arithmetic circuits are possible according to the concept of
      the present invention, i.e. employing a closed loop of semiconductor
      junctions arranged in cancelling pairs wherein the semiconductor junctions
      are each characterized by the same exposential operating law. Various
      combinations of such junctions is the closed loop circuit will result in
      differing mathematical results.
PAR  There is thus provided according to the present invention a wide band
      differential amplifier exhibiting linear gain and wherein voltage swings
      are virtually eliminated. The gain-bandwidth product of the amplifier
      approaches f.sub.T for the transistors. The circuitry according to the
      present invention is well adapted to integrated circuit techniques since
      no interstage coupling elements need be employed, and integrated circuit
      capacitance presents no problem. The circuit is very stable, but the gain
      thereof may be adjusted when desired and preset by means of varying an
      externally applied current. Furthermore, the circuit may be adapted to
      provide multiplier action wherein one of the terms multiplied is such
      externally supplied current. Many other arithmetic functions are also
      achieved. The circuit is also uncomplicated and very insensitive to
      temperature changes.
PAR  The circuitry according to the present invention is well adapted to planar
      integrated circuit fabrication processes. As a matter of fact, a number of
      advantages of the present circuit are made possible by fabrication in this
      manner. For example, the saturation current i.sub.s hereinbefore described
      is substantially the same for transistors on the same die. Moreover,
      thermal coupling is very tight. Also, the successful implementation of
      cascaded circuits according to the present invention is aided by
      utilization of transistors having low collector saturation voltages, which
      can be the case with integrated circuit devices.
PAR  When the term amplifier is used in the present application, it is not meant
      to imply that in every case a gain of more than one is indicated. For some
      applications, the present circuits are useful for linear transfer even
      though a gain of one or less is procured. Such will be the case for the
      differential amplifier stages employed in the multiplier, for example.
PAR  While I have shown and described preferred embodiments of my invention, it
      will be apparent to those skilled in the art that many changes and
      modifications may be made without departing from my invention in its
      broader aspects. I therefore intend the appended claims to cover all such
      changes and modifications as fall within the true spirit and scope of my
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An integrated circuit wide band differential amplifier comprising:
PA1  a. a pair of differentially coupled transistors having normally non-linear
      current and voltage output characteristics as a function of an input
      voltage applied thereto, said differentially coupled transistors being
      disposed in a unitary semiconductor substrate, the emitters of which are
      coupled together to a reference voltage through a suitable source of
      current, each transistor also having a base terminal and a collector
      output terminal, and
PA1  b. a pair of input devices receiving differential input currents, each
      input device coupled to a different one of said base terminals, said input
      devices each comprising an input transistor having a p-type region and an
      n-type region forming a p-n junction, one of said p and n-type regions of
      said input transistor of said input devices being coupled to the base of
      one of said differentially coupled transistors and the other of said p and
      n-type regions of each said input transistor being coupled to said source
      of reference voltage, said differentially coupled transistors and said
      input transistors having substantially identical current and voltage
      output characteristics as a function of input voltage applied thereto.
NUM  2.
PAR  2. An integrated circuit wide band differential amplifer as set forth in
      claim 1 wherein each of said input transistors is disposed on the same
      substrate as said differentially coupled transistors.
NUM  3.
PAR  3. An integrated circuit wide band differential amplifier as set forth in
      claim 1 wherein each of said input transistors includes a base-emitter
      junction, the base terminal thereof being coupled to the base of the
      associated differentially coupled transistor and the emitter of said input
      and differentially coupled transistors being coupled together through a
      source of current.
NUM  4.
PAR  4. An integrated circuit wide band differential amplifier as set forth in
      claim 2 wherein each of said input transistors includes a base emitter
      junction, the base terminal thereof being coupled to the base of the
      associate differentially coupled transistor and the emitter of each of
      said input and differentially coupled transistors being coupled together
      through a source of current.
NUM  5.
PAR  5. An integrated circuit wide band differential amplifier as set forth in
      claim 1 wherein each of said input transistors includes a base-emitter
      junction, the emitter terminal thereof being coupled to the base of the
      associated differentially coupled transistor and the base of each of said
      input transistors and the emitters of each of said differentially coupled
      transistors being coupled together through a source of current.
NUM  6.
PAR  6. An integrated circuit wide band differential amplifier as set forth in
      claim 2 wherein each of said input transistors includes a base-emitter
      junction, the emitter terminal thereof being coupled to the base of the
      associated differentially coupled transistor and the base of each of said
      input transistors and the emitters of each of said differentially coupled
      transistors being coupled together through a source of current.
NUM  7.
PAR  7. An integrated circuit wide band differential amplifier as set forth in
      claim 5 wherein the collector of each of said input transistors is
      connected to the collector of the one of the transistors of said
      differentially coupled transistors whose base is coupled to the other of
      the input transistors.
NUM  8.
PAR  8. An integrated circuit wide band differential amplifier as set forth in
      claim 6 wherein the collector of each of said input transistors is
      connected to the collector of the one of the transistors of said
      differentially coupled transistors whose base is coupled to the other of
      the input transistors.
NUM  9.
PAR  9. An integrated circuit wide band differential amplifier on a single
      semiconductor substrate which comprises:
PA1  a. a first transistor having emitter, base and collector terminals,
PA1  b. a second transistor having emitter, base and collector terminals and
      having substantially identical voltage and current output characteristics
      as a function of input voltage as said first transistor,
PA1  c. a third transistor having emitter, base and collector terminals and
      having substantially identical voltage and current output characteristics
      as a function of input voltage as said second transistor,
PA1  d. a fourth transistor having emitter, base and collector terminals and
      having substantially identical voltage and current output characteristics
      as a function of input voltage as said third transistor,
PA1  e. the emitters of said first and second transistor each being coupled
      together,
PA1  f. the base and collector of said third transistor being coupled to the
      base of said first transistor,
PA1  g. the base and collector of said fourth transistor being coupled to the
      base of said second transistor, and
PA1  h. the emitters of said third and fourth transistors each being coupled to
      a source of reference potential.
NUM  10.
PAR  10. An integrated circuit wide band differential amplifier on a single
      semiconductor substrate which comprises,
PA1  a. a first transistor having emitter, base and collector terminals,
PA1  b. a second transistor having emitter, base and collector terminals and
      having substantially identical voltage and current output characteristics
      as a function of input voltage as said first transistor,
PA1  c. a third transistor having emitter, base and collector terminals and
      having substantially identical voltage and current output characteristics
      as a function of input voltage as said second transistor,
PA1  d. a fourth transistor having emitter, base and collector terminals and
      having substantially identical voltage and current output characteristics
      as a function of input voltage as said third transistor,
PA1  e. the emitters of said first and second transistors each being coupled
      together,
PA1  f. the emitter of said third transistor being coupled to the base of said
      first transistor,
PA1  g. the emitter of said fourth transistor being coupled to the base of said
      second transistor, and
PA1  h. each of the base and collector of said third and fourth transistors
      being coupled to a common source of reference potential.
NUM  11.
PAR  11. An integrated circuit wide band differential amplifier on a single
      semiconductor substrate which comprises,
PA1  a. a first transistor having emitter, base and collector terminals,
PA1  b. a second transistor having emitter, base and collector terminals and
      having substantially identical voltage and current output characteristics
      as a function of input voltage as said first transistor,
PA1  c. a third transistor having emitter, base and collector terminals and
      having substantially identical voltage and current output characteristics
      as a function of input voltage as said second transistor,
PA1  d. a fourth transistor having emitter, base and collector terminals and
      having substantially identical voltage and current output characteristics
      as a function of input voltage as said third transistors,
PA1  e. the emitters of said first and second transistors each being coupled
      together,
PA1  f. the emitter of said third transistor being coupled to the base of said
      first transistor,
PA1  g. the emitter of said fourth transistor being coupled to the base of said
      second transistor,
PA1  h. the base of each of said third and fourth transistors being coupled to a
      common source of reference voltage;
PA1  i. the collector of said third transistor being coupled to the collector of
      said second transistor, and
PA1  j. the collector of said fourth transistor being coupled to the collector
      of said first transistor.
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ABST
PAL  An Automatic Gain Control responsive to an input analog signal having a
      significantly varying power level provides an output analog signal of
      substantially constant power level. An analog-to-digital converter samples
      the output analog signal and expresses the amplitude of the samples in
      digital words characterized by bits including a Most Significant Bit. The
      Automatic Gain Control is responsive to the digital characteristics of at
      least the Most Significant Bit of the digital words to amplify the output
      analog signal to the substantially constant power level. This permits
      amplification of the input signal to a level approaching the maximum level
      expressible by the digital words and significantly reduces the
      quantization noise of the converter by maximizing the number of digital
      words which are available to express the signal amplitude.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Automatic Gain Controls are widely used to automatically change the gain or
      amplification of an input signal to provide an output signal having a
      substanially constant power level. For example the power level of an input
      signal might vary within a range of 40 db while the power level of the
      output signal of a typical Automatic Gain Control might vary within a
      range of only .+-. 3 db.
PAR  These Automatic Gain Controls typically include an amplifier followed by an
      attenuator which has a plurality of taps adjacent pairs of which are
      separated, for example, by a signal attenuation of 6 db. If the input
      signal varies from zero to -40 db, the amplifier will typically have a
      constant amplification of +40 db. This will provide at the output of the
      amplifier a signal having a power level which varies between zero and +40
      db.
PAR  By monitoring either the power or the RMS value of the input signal, the
      particular tap in the attenuator is chosen which most closely approximates
      the 0 db level. In the worst case, this zero db level may be centered
      between two taps which are separated, for example, by a power level of 6
      db. Under these circumstances, chosing either of the taps would provide
      the signal at the output of the Automatic Gain Control with a power level
      which is 3 db off the desired 0 db level.
PAR  In this manner, the Automatic Gain Controls of the prior art have reduced
      power level variation from a relatively high level such as -40 db to a
      relatively low level such as .+-. 3 db. Even with this significant
      reduction, the .+-. 3 db power level variations are undesirable and
      particularly adverse in digital applications.
PAR  In digital systems, the Automatic Gain Control is typically followed by an
      analog-to-digital converter. This converter samples the analog signal at
      the output of the Automatic Gain Control and provides a plurality of
      digital symbols or words each expressing the amplitude of the associated
      sample. The digital words or symbols are processed in the remaining
      portions of the digital system to detect the data transmitted. Each of the
      digital words includes digits or bits the number of which determine the
      maximum word length.
PAR  One problem with a significant power level variation in the output signal
      from the Automatic Gain Control is that, under certain conditions, the
      digital samples are grossly inaccurate. For example in some systems the
      maximum word length of the converter is used to express the peak level of
      a 0 db signal from the Automatic Gain Control. Theoretically this is
      desirable to increase the accuracy with which the amplitude of the samples
      are expressed. However, in the worst case where the power level of the
      signal from the Automatic Gain Control varies, for example, + 3 db, the
      converter attempts to express the resulting peak sample in a digital word
      having a length greater than the maximum word length. This undesirable
      result, which is commonly referred to as overflow or saturation produces
      grossly inaccurate symbols.
PAR  One method of reducing the probability of overflow or saturation is to
      reduce the amplification of the input signal so that extreme fluctuations
      in the power level do not exceed the maximum word length of the digital
      symbols. In this manner a particular portion of the word length is
      reserved to accommodate this undesirable power level fluctuation. This
      reduces the probability that a high noise signal would produce a digital
      symbol greater than that which could be expressed by the available word
      length.
PAR  By reserving a portion of the word length to reduce overflow, however, the
      remaining portion of the word length devoted to expressing the actual
      signal level is reduced. As a consequence, fewer digital words are
      available to express the actual signal level. This in turn results in an
      undesirable increase in the quantization noise of the sampler.
PAR  To express the signal strength more accurately, the word length of the
      symbols has been increased. However, increases in the word length are
      particularly expensive to implement since all portions of the system have
      been updated to accommodate symbols with additional bits per word.
      Furthermore, the increased word length does not reduce the quantization
      noise which has remained a significant source of performance degradation
      in these digital systems.
PAC  SUMMARY OF THE INVENTION
PAR  With the present invention, power level fluctuations at the output of the
      Automatic Gain Control are significantly reduced to a level such as
      .+-.0.5 db. Although the reduction in power level fluctuations at the
      output of the Automatic Gain Control is generally desirable, it is
      particularly desirable for digital applications in that the problems
      discusssd hereinabove can be easily and inexpensively solved.
      Specifically, when the present invention is used in a digital system, a
      much smaller portion of the available word length can be used to
      accommodate overflow and saturation. This advantageously increases that
      portion of the symbol word length available to express the magnitude of
      the signal and thereby insures the most efficient use of the word length.
      By increasing the number of digital words available to express the signal
      level, the quantization noise of the sampler is significantly reduced.
PAR  With the Automatic Gain Control of this invention, a substantial reduction
      in power level fluctuations at the output is obtained by employing a
      plurality of Automatic Gain Control units such as a coarse Automatic Gain
      Control unit and a fine Automatic Gain Control unit. The coarse Automatic
      Gain Control unit receives an analog input signal which may have a power
      level which varies as much as 40 db. This coarse gain control provides a
      first signal with a power level which varies, for example, only .+-. 3 db.
      In response to this first signal, the fine Automatic Gain Control unit
      provides a second signal having a power level which varies, for example,
      only .+-. 0.5 db. Thus the quantization noise in the output signal of the
      analog-to-digital converter following the fine Automatic Gain Control unit
      is significantly reduced.
PAR  Substantial reductions in power level fluctuations at the output of the
      Automatic Gain Control can be obtained in other ways. However, the use of
      a plurality of Automatic Gain Control units is relatively inexpensive and
      more accurate than other methods which may be employed. Moreover, with a
      plurality of Automatic Gain Controls, each can be controlled independently
      in a manner to obtain the best possible results. Of course, any number of
      Automatic Gain Control units can be employed in order to obtain the
      desired reduction in power level fluctuations at the output, and the use
      of two such units as discussed herein is purely illustrative.
PAR  The present invention is based, in part, upon the recognition that
      substantial advantages are obtainable by digitally controlling the
      Automatic Gain Control. To accomplish this, the gain of the Automatic Gain
      Control can be adjusted in accordance with signals derived from a sampler
      which converts the analog signal from the Automatic Gain Control to a
      digital format.
PAR  The gain of the Automatic Gain Control can be adjusted by monitoring the
      Most Significant Bit (MSB) of the digital word. For a given type of data,
      it can be statistically determined how often the Most Significant Bit
      occurs in a particular interval of time. Using this number as a threshold
      level, the number of times the Most Significant Bit occurs can be counted
      and compared to the threshold level. If the count is greater than the
      threshold level, it is indicative of a power level greater than that
      desired. Under these circumstances the gain of the Automatic Gain Control
      can be reduced. In contradistinction, if the threshold level is greater
      than the count, the gain of the Automatic Gain Control can be increased.
PAR  If the Automatic Gain Control includes a plurality of Automatic Gain
      Control units, digital control can be utilized for any or all of the
      units. However, where coarse and fine Automatic Gain Control units are
      employed, the coarse Automatic Gain Control unit would be less capable of
      benefiting from the highly accurate digital control due to the relatively
      wide db separation of its taps. Accordingly, it is preferred to control
      the corase Automatic Gain Control unit in accordance with conventional
      practice. However, digital control of the fine Automatic Gain Control
      unit, whose taps are more finely divided, can provide a high degree of
      accuracy in response to the highly accurate digital control.
PAR  In addition, digital control is uniquely compatible with the fine Automatic
      Gain Control unit which provides relatively low power level fluctuations
      at the output. This allows a significantly greater portion of the word
      length of the sampler to be devoted to expressing the amplitude of the
      samples. As a result, the signal levels can be expressed more accurately
      without increasing the word length. This greatly reduces the quantization
      noise of the sampler and provides a more accurate digital control signal
      for the fine Automatic Gain Control unit.
PAR  These and other features and advantages of the present invention will be
      more apparent with a detailed description of the preferred embodiments
      discussed with reference to the associated drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a transmitter and a receiver of the present
      invention including an Automatic Gain Control and an analog-to-digital
      converter;
PAR  FIG. 2 is a graph illustrating waveforms of signals at the input and output
      of the Automatic Gain Control of FIG. 1;
PAR  FIG. 3 is a block diagram illustrating in greater detail one embodiment of
      the receiver illustrated in FIG. 1;
PAR  FIG. 4 is a graph illustrating a signal at the input to the
      analog-to-digital converter and the effect of power level variations on
      the symbols provided by the converter;
PAR  FIG. 5 is a graph illustrating the relationship between signal power level
      and quantization noise; and
PAR  FIG. 6 is a block diagram of a further embodiment of the receiver
      illustrated in FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A transmitter is shown in block diagram form in FIG. 1 and designated by
      the reference numeral 11. The transmitter 11 provides an analog output
      signal that is transmitted over a channel, such as a telephone line 13, to
      a receiver 15.
PAR  In many such systems, a different telephone line, such as the line 13, is
      dialed for each transmission by the trasnmitter 11. Since each line has
      its own characteristics, the power level of the signal at the input to the
      receiver may vary as much as 40 db. Even in a system employing a single
      channel, such as the telephone line 13, there may be significant variation
      in the power level of the input signal.
PAR  These characteristics of the input signal are illustrated in FIG. 2 by a
      pair of waveforms 21 and 23. It will be noted that the waveforms 21 and 23
      have coincident peaks which differ only in their magnitudes. Thus, the
      waveforms 21 and 23 have the same signal characteristics but different
      power levels. The peaks of the waveform 21, which are relatively low,
      provide the associated signal with the relatively low power level. In
      contrast, the relatively high peaks of the waveform 23 provide the
      associated signal with a relatively high power level. As noted, in a
      particular embodiment, the power levels of input signals having waveforms
      such as the waveforms 21 and 23 may vary as much as 40 db.
PAR  Throughout the remainder of the description, the signals and their
      associated waveforms will be referred to interchangeably and designated by
      the same reference numeral.
PAR  An Automatic Gain Control (AGC) 17 is included in the receiver to reduce
      fluctuations in the power level of the input signal. In response to the
      input signal, the Automatic Gain Control 17 provides an output signal
      which has a substantially constant power level. The substantially constant
      power level makes it possible to standardize manipulations of the signal
      throughout the remainder of the receiver 15.
PAR  It is a purpose of the AGC 17 to amplify the input signal, such as that
      shown by the waveforms 21 and 23, and to provide the signal at the output
      of the AGC 17 with a substantially constant power level. Such a gain
      controlled signal might have a waveform such as that shown at 25 in FIG.
      2. As will be explained below, the AGC 17 is of even further advantage in
      a receiver, such as the receiver 15, which includes an analog-to-digital
      converter or sampler 19. In such a receiver, the sampler 19 converts the
      signal at the output of the AGC 17 from an analog format to a digital
      format.
PAR  In the past, Automatic Gain Controls have been responsive to power level
      fluctuations in the input signal to provide the gain controlled signal
      with fluctuations within a range of .+-. 3 db. These Automatic Gain
      Controls have monitored the power or RMS value (hereinafter referred to as
      the power level) of the input signal, and amplified this signal in
      accordance with a variable gain to provide a signal with reduced power
      level fluctuations.
PAR  The AGC 17 of the present invention includes a coarse AGC 27 of the
      conventional type. Thus the coarse AGC 27 is responsive to variations in
      the power level of the input signal to provide a coarsely controlled
      signal having a power level which may fluctuate within a range of .+-. 3
      db. This coarsely controlled signal is then introduced to a fine AGC 29
      which provides a finely controlled signal having a power level which
      varies within a range of only .+-. 0.5 db. After the input signal has been
      provided with coarse and fine adjustments in the AGC 17, the finely
      controlled signal is introduced to the sampler 19 on a conductor 31.
PAR  In the sampler 19, the finely controlled signal from the Automatic Gain
      Control 17, having a waveform such as that shown at 25 in FIGS. 2 and 4,
      is periodically sampled and the amplitude of each of the samples is
      expressed in a digital format as a digital word or symbol. At the output
      of the sampler 19, these digital words are typically stored in a register
      20.
PAR  Each of the possible digital words is associated with a different threshold
      level such as those shown by the lines 33 in FIG. 4. Although only seven
      lines 33 are illustrated in FIG. 4, in a preferred embodiment there are
      511 threshold levels. To express these different threshold levels, the
      digital output words, such as those shown at 35 adjacent to the associated
      threshold levels or lines 33, include a plurality of digits or bits each
      having a particular digital characteristic. For example, in a preferred
      embodiment, the digital output words 35 are characterized by ten digital
      bits including a Sign Bit 37 and a Most Significant Bit (MSB) 39. Ten bit
      digital words can express .+-. 511 different threshold levels.
PAR  In FIG. 4, the sampling times are illustrated by the vertical lines 41. At
      these sampling times 41, the analog waveform 25 from the AGC 17 is sampled
      and the magnitude or height of the sample is expressed as the particular
      digital word 35 associated with the nearest threshold level 33.
PAR  If there were no variations in the power level and no distortion in the
      input signal, the waveform 25 would pass through points defined by the
      intersection of the lines 33 and 41. A pair of these points are designated
      by the reference numerals 43 and 45 in FIG. 4. Under these circumstances
      the samples would have values which corresponded exactly to the quantities
      expressed by the digital words 35.
PAR  Unfortunately there are variations in the power level of the signal 25 even
      at the output of the AGC 17. Thus at the sampling times 41, the samples
      may have amplitudes which vary somewhat from the threshold levels 33
      expressed by the digital words 35. These variations in the magnitudes of
      the samples from the accurate thresold levels result from what is commonly
      referred to as quantization noise.
PAR  An example of quantization noise is illustrated in FIG. 5. The even numbers
      from zero to ten along the left-hand side of FIG. 5 correspond to
      different threshold levels in an analog-to-digital converter such as the
      sampler 19. Plotted with respect to these threshold levels are various
      signal peaks 61, 63, and 65 which might typically occur in different
      signals, such as the signal 25. These signal peaks 61, 63, and 65 are
      illustrated together in FIG. 5 only as a basis for comparison.
PAR  The peak 61 is illustrative of the concept of quantization noise. It will
      be noted that the peak 61 extends to a level between the threshold levels
      marked "6" and "8" at the sampling time shown by the line 41. Although the
      magnitude of the resulting sample should be "7", the sampler 19 in this
      example only has the capacity to express the sample as a "6" or an "8". It
      is the difference between the actual magnitude of the sample, such as 7,
      and the number used to express that magnitude, such as 6, which is
      commonly referred to as quantization noise. It can be seen that the
      maximum quantization noise is equal to one half the difference between the
      magnitudes of the adjacent threshold levels.
PAR  With respect to the present invention, the quantization noise is
      particularly undesirable at a maximum level of the waveform 25 such as
      that shown by a peak 47 in FIG. 4. Since the magnitude of the peak 47
      varies with the power level of the signal at the output of the AGC 17, the
      peak 47 may be higher with a positive db variation as shown by the dotted
      line 49, or lower with negative db variation as shown by the dotted line
      51.
PAR  Ideally the power level at the output of the AGC 17 would be constant so
      that maximum peaks, such as the peak 47, in the waveform 25 would extend
      to a maximum threshold level as shown by the particular threshold level
      53. A sample of this maximum peak would correspond to the maximum digital
      word such as the 10 bit word 1111111111. Under these noiseless
      circumstances a maximum peak in an analog signal could be expressed by the
      maximum digital word. This is desirable since it provides for maximum
      utilization of the bits in the digital words 35. In other words, each of
      the possible digital words 35 could be used to express a particular signal
      level without regard to noise.
PAR  Of course there are variations in the power level of the signal 25; and a
      maximum peak, such as the peak 47, which is permitted to extend to the
      line 53 at a nominal zero db level, could actually extend beyond line 53
      with positive decibel variation in the power level. This is particularly
      undesirable in the receiver 15 since the ten-bit register 20 providing the
      digital words 35 in the embodiment of the converter 19 would attempt to
      express the signal level as an 11 bit digital word such as 10000000000.
      Since only the last 10 bits would appear in the register 20, however, the
      actual level of the signal 26 would be expressed as the last ten bits of
      the 11 bit digital word, 0000000000. This is commonly referred to as
      overflow or saturation. Since the digital word 0000000000 is indicative of
      a sample having no amplitude, it can be seen that the overflow or
      saturation produces a digital word which is highly inaccurate. Instead of
      indicating a sample slightly greater than the maximum peak, the digital
      word shows the sample to have a peak of 0 amplitude.
PAR  For this reason the amplification of the signal by the AGC 17 is commonly
      limited so that at a nominal 0 db level the peaks of the signal 25 do not
      actually extend to the maximum positive and negative threshold levels 53
      and 54 respectively. In FIG. 4, for example, a positive limit is shown by
      the dotted line 55, a negative limit is shown by the dotted line 57, and
      the signal 25 at a nominal zero db level is amplified to vary between the
      dotted lines 55 and 57.
PAR  The distance between the lines 53 and 55 and the distance between the lines
      54 and 57 are referred to as the margins of the sampler 19. Each of these
      margins has a width which corresponds to fluctuations in the power level
      of the finely controlled signal at the output of the AGC 17. If the power
      level fluctuates .+-. 3 db, the margins will be six times as great as
      margins corresponding to power level fluctuations of only .+-. 0.5 db.
      Thus even a particular maximum peak, such as the peak 47, which is
      amplified to extend to the limit line 55 at a 0 db level and which might
      further extend beyond the limit line 55 as a result of positive power
      level variations, would still not extend beyond the maximum threshold
      level as shown by the line 53. In this manner, the margins insure that
      power level variations do not cause overflow and saturation.
PAR  It is desirable that the margins defined by the lines 53, 55 and 54, 57 be
      as narrow as possible so that the number of digital words reserved to
      accommodate power level variations can be minimized. This provides for
      maximum utilization of the bits in the digital words 35 in a manner which
      can be understood with reference to FIG. 5.
PAR  It will be noted that the maximum signal peaks 63 and 65 have different
      power levels. Although each of the peaks 63 and 65 is a maximum peak
      extending 100% of the maximum amplitude of the associated signal, the peak
      65 is taller than the peak 63 because the power level of its associated
      signal is greater.
PAR  Of particular interest in this comparison is the magnitude of the
      quantization noise which can result from the different power levels of the
      peaks 63 and 65. As noted with reference to the peak 61, the maximum
      quantization noise is equal to one half the difference between the
      adjacent threshold levels. This is the maximum extent to which the digital
      expression for a sample can differ from the actual sample level. It will
      be noted with respect to the peak 63, that this one difference between the
      adjacent threshold levels corresponds to 25% of the maximum peak 63. In
      comparison the maximum quantization noise which can occur with reference
      to the peak 65 is equal to only 121/2% of the height of the peak 65. It
      follows that as the general rule, the lower power levels produce a higher
      quantization noise than that produced by the higher power levels. This
      results from the fact that there are fewer digital words available to
      express the samples of the low level signals than are available to express
      the samples of the high level signals.
PAR  In the present invention the fine AGC 29 is responsive to the
      characteristics of the digital words 35 and therefore is capable of
      tracking slight deviations in the power level of the signal 25. This makes
      it possible for the fine AGC 29 to minimize power level fluctuations so
      that the size of the margins defined by the lines 53, 55 and 54, 57 can be
      significantly reduced.
PAR  In a two's compliment system, the Sign Bit 37 and the Most Significant Bit
      39 in the digital words 35 occur as a digital ZERO and a digital ONE
      respectively for the higher positive threshold levels including that
      designated by the line 53. For the higher negative threshold levels, the
      bit 37 will be a digital ONE and the bit 39 will be a digital ZERO as
      shown in FIG. 4. Thus, the digital characteristics of the bits 37 and 39
      in the digital words 35 can be monitored to provide an indication of the
      power level of the signal 25.
PAR  For a given type of data, it can be statistically ascertained the number of
      times the digital ZERO-ONE and ONE-ZERO occur in the respective bits 37
      and 39 for a given power level and over a particular interval of time. For
      example in a given type of data, it may be ascertained that for a signal
      having a 0 db power level at the limit line 55, the ZERO-ONE and ONE-ZERO
      combinations of the bits 37 and 39 respectively may occur one hundred
      times in a period corresponding to 1,000 samples.
PAR  Referring now to FIG. 3, it will be noted that in a preferred embodiment a
      counter 59 is coupled to the register 20 through an exclusive OR gate 60.
      The digital characteristics of the Sign Bit 37 in the register 20 are
      monitored by a conductor 56 which provides one input to the gate 60. The
      digital characteristics of the Most Significant Bit 39 in the register 20
      are monitored by a conductor 58 which provides another input to the gate
      60. At the output of the gate 60, a digital ONE is provided each time a
      ZERO-ONE or ONE-ZERO combination occurs in the Sign Bit 37 and the Most
      Significant Bit 39 of the register 20. The digital ONEs occurring at the
      output of the gate 60 are counted by the counter 59 and the resulting
      count is introduced to the positive input terminal of the comparator 61. A
      threshold count which typically is equal to the number of times the
      ZERO-ONE and ONE-ZERO combination should occur over the particular
      interval of time and at the particular power level is introduced to the
      negative input terminal of the comparator 61.
PAR  In a particular embodiment, the threshold count may be 100. If, in the
      particular interval of time, the count of the counter 59 exceeds the
      threshold count, the comparator 61 will provide a positive output signal
      on a conductor 63. If the count of the counter 59 is less than the
      threshold count, the comparator 61 will provide a negative output signal
      on the conductor 63. In response to a positive output signal on the
      conductor 63, the Fine AGC 29 can decrease the power level of the signal
      25. Similarly in response to a negative signal on the conductor 63, the
      Fine AGC 29 can increase the power level of the signal 25. In this
      embodiment, the count of the counter 59 is reset to zero after each
      particular interval of time, such as that corresponding to 1,000 samples
      of the sampler 19.
PAR  It will be apparent to those skilled in the art that any combination of the
      digits including the digit corresponding to the Most Signficant Bit 39 can
      be monitored to control the amplification of the AGC 17. It is desirable
      that the digit corresponding to the Most Significant Bit 39 be included
      among the digits monitored, since it is the digit more closely associated
      with the maximum power level of the signal 25.
PAR  In an embodiment of the sampler 19 wherein the digital words 35 are
      expressed in a "sign-magnitude" system the positive 10 bit digital words
      35 increase in value from 0000000000 to 0111111111. The negative ten-bit
      digital words 35 decrease in value from 0000000000 to 1111111111. In such
      an embodiment a digital ONE in the Most Significant Bit 39 corresponds not
      only to a high positive peak in the signal 25 but also to a high negative
      peak. It follows that in such a system an indication of power level can be
      provided by monitoring the digital characteristics of only the Most
      Significant Bit 39. In such an embodiment, the conductor 58 can be
      introduced directly to the counter 59 and the gate 60 can be eliminated.
      This direct connection is illustrated in FIG. 6.
PAR  In a "2's compliment" system the positive ten-bit digital words 35 increase
      in value from 0000000000 to 0111111111. The negative 10 bit digital words
      35 decrease in value from 1111111111 to 10000000001. In such a system, a
      digital ONE occurs in the Most Significant Bit 39 of the register 20 in
      response to the high positive peak in the signal 25 but also in response
      to a low negative peak in the signal 25. Therefore the monitoring of only
      the Most Significant Bit 39 in the "2's compliment" system is not
      indicative of power level. However, as previously explained, the ZERO-ONE
      and ONE-ZERO combinations in the Sign Bit 37 and Most Significant Bit 39
      respectively occur only in response to the high positive and negative
      peaks respectively of the signal 25. These particular combinations can be
      monitored by the exclusive OR gate 60 as previously explained.
PAR  Thus a particular threshold count introduced to the comparator 61 will vary
      not only with the particular type of data, the power level, and the
      particular interval of time, but will also vary with the particular
      digital notation used to express the negative values of the signal 25.
PAR  By directly monitoring the digital characteristics of the digital output
      words 35, the fine AGC 29 is provided with a capability for tracking
      minute fluctuations in the power level of the signal 25. This makes it
      possible for the fine AGC 29 to reduce power level fluctuations from a
      magnitude of .+-. 3 db in the coarsely controlled signals to only .+-. 0.5
      db in the finely controlled signal. In the manner previously discussed
      this decreases the margins defined by the lines 53, 55 and 54, 57,
      increases the maximum utilization of the bits in the digital words 35, and
      therefore reduces the quantization noise of the sampler 19.
PAR  Although these embodiments of the invention have been described with
      reference to the telephone line 13, it will be apparent that the AGC 17
      can be advantageously used to correct power fluctuations in any signal
      without regard to the type of channel. Also, though the invention has been
      described with reference to the output words 35, having 10 bits, this
      particular number of digits is clearly a matter of design. From this
      discussion, other emmbodiments of the invention will now be apparent to
      those skilled in the art so that the scope of the invention should be
      ascertained only with reference to the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An automatic gain control system adapted to receive a first analog
      signal having a first fluctuating power level comprising:
PA1  coarse automatic gain control means responsive to the first analog signal
      to amplify the first analog signal by a first gain to provide a second
      analog signal having a second power level which fluctuates less than said
      first fluctuating power level;
PA1  fine automatic gain control means responsive to said second analog signal
      to amplify the second analog signal by a variable gain to provide a third
      analog signal having a third power level, said third power level
      fluctuating less than said second power level;
PA1  first means responsive to said third analog signal for providing a digital
      signal related to the power level of said third signal;
PA1  said digital signal having a characteristic which statistically should
      occur a first number of times during a predetermined interval for the
      power level of the third analog signal;
PA1  means for counting the actual number of times said characteristic actually
      occurs during said interval;
PA1  means for comparing said first number with said actual number and for
      providing a gain control signal in response to such comparison; and
PA1  said fine automatic gain control means being responsive to said gain
      control signal for varying the gain of said fine automatic gain control
      means to thereby adjust the power level of said third signal.
NUM  2.
PAR  2. A system as defined in claim 1 wherein said digital signal includes a
      plurality of pairs of sign bits and most significant bits and said
      characteristic includes a pre-determined combination of values of the sign
      bit and the most significant bit of each of said pairs of bits.
NUM  3.
PAR  3. A system as defined in claim 1 wherein said digital signal has a sign
      bit and said characteristic includes said sign bit.
NUM  4.
PAR  4. A system as defined in claim 1 wherein said digital signal has a most
      significant bit and said characteristic includes said most significant
      bit.
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ABST
PAL  A high-accuracy phase comparison system for noise-contaminated
      fixed-frequency input signals, such as Omega radionavigation signals,
      employs a pair of phaselock loops in which output pulses from a
      high-frequency oscillator are deleted at the frequency of a
      variable-frequency oscillator which is responsive to the detected phase
      difference between the associated input signal and an associated reference
      signal, thereby to provide a high-frequency intermediate signal which is
      frequency-divided to produce the reference signal continuously and free of
      noise. The relative phase of the input signals may be determined by
      phase-comparing the reference signals of the two phaselock loops or, to
      provide even higher precision, by phase-comparing the variable-frequency
      signals of the two loops.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to phaselock loops and phase comparators and, more
      particularly, to high precision phaselock tracking loops and phase
      comparison systems for fixed-frequency signals which may be deeply
      embedded in noise.
PAR  Precise phaselock tracking of noise-contaminated fixed-frequency signals
      has important applications in radionavigation, in the reception of time
      reference signals, and in other fields. With respect to time reference
      signals, the National Bureau of Standards and similar organizations in
      foreign countries broadcast signals which are phaselocked to standard
      time. When received at locations remote from the transmitters, these
      signals may have noise levels so high that the accuracy of tracking such
      signals by prior art phaselock loop apparatus is severely limited. In
      radionavigation systems such as Decca,Loran C and Omega, radio signals
      received from several ground transmitters are tracked and phase-compared
      to calculate the position of the receiver. Because the operating ranges of
      such transmitters may be very long (of the order of 6,000 miles in the
      Omega Navigation System, for example), the accuracy of the calculated
      position information depends upon the ability of precisely track weak
      signals which may be deeply embedded in noise.
PAR  In certain applications accurate phase tracking of noise-contaminated
      signals is further complicated by the discontinuous or intermittent nature
      of the signals. For example, the radio signals in the Omega
      Radionavigation System consist of pure continuous wave emissions for
      periods of approximately one second followed by nine seconds of silence.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide improved
      phaselock loop apparatus for precisely tracking a continuous or
      intermittent fixed-frequency signal having high noise content and for
      generating a stable, continuous, noise free signal which is both
      frequency- and phase-locked to the tracked signal.
PAR  Another object of the invention is to provide phaselock loop apparatus of
      the above-described type which enables tracking of rapid short-term phase
      changes while maintaining a high degree of long-term stability.
PAR  Another object of the invention is to provide improved apparatus for
      tracking multiple signals which employs a single precision reference
      oscillator.
PAR  A further object of the invention is to provide improved apparatus for
      measuring the phase difference between two noise-contaminated signals
      without introducing measurement jitter or otherwise contributing to phase
      measurement errors, thereby to provide exceptionally high resolution.
PAR  Briefly stated, in a phaselock loop in accordance with the invention a
      noise-free, continuous reference signal which is phase-locked to a
      noise-contaminated input signal is derived from a signal having a
      frequency which varies in accordance with the phase difference between the
      reference signal and the input signal and from a signal having a fixed
      frequency higher than the frequency of the variable-frequency signal. In
      the preferred embodiment, the fixed-frequency signal is modified in
      accordance with the variable-frequency signal to produce an intermediate
      signal having a frequency higher than the input signal, the intermediate
      signal being frequency-divided to produce the reference signal. This is
      accomplished by deleting pulses from a pulse train having a fixed
      frequency higher than the frequency of the input signal in accordance with
      the phase difference between the input signal and the reference signal.
      The pulse train has a frequency which is much higher than that of the
      input signal and many orders of magnitude greater than the frequency of
      the variable-frequency signal. When a pair of such phaselock loops is
      employed for tracking two input signals, the relative phase of the input
      signals may be measured by phase-comparing either the reference signals or
      the variable-frequency signals.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described in conjunction with the
      accompanying drawings, which illustrate preferred and exemplary
      embodiments, and wherein:
PAR  FIG. 1 is a block diagram of a phaselock tracking loop in accordance with
      the invention;
PAR  FIGS. 2A-2C are timing diagrams illustrating the operation of a pulse
      deletion circuit employed in the phaselock loop;
PAR  FIG. 3 is a diagram, partly in block form and partly in schematic, showing
      a pulse deletion circuit which may be employed in the phaselock loop;
PAR  FIG. 4 is a explanatory waveform diagram;
PAR  FIG. 5 is a block diagram of a phase comparison system in accordance with
      the invention which employs a pair of phaselock loops of the type shown in
      FIG. 1;
PAR  FIG. 6 is a diagram, partly in block form and partly in schematic, showing
      a digital incremental phase comparator for use in the phase comparison
      system of FIG. 5;
PAR  FIGS. 7A-7C are timing diagrams illustrating the operation of the
      incremental phase comparator; and
PAR  FIG. 8 is a block diagram of an analog incremental phase comparator which
      may be employed in the phase comparison system of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For the purpose of illustration, the phaselock tracking loop in accordance
      with the invention and the phase comparison system of the invention
      employing a pair of such phaselock loops will be described with reference
      to the Omega Navigation System, in which a plurality of transmitting
      stations located in different parts of the world transmit the same Omega
      frequencies (10.2 kHz, for example) which are phase-locked to each other,
      each station transmitting its signal in an assigned 1-second time slot at
      10-second intervals. Measurement of the phase differences between Omega
      signals transmitted by several stations permits a navigator to locate his
      position with the aid of charts showing families of hyperbolic equi-phase
      lines corresponding to different pairs of the stations.
PAR  FIG. 1 illustrates a preferred embodiment of a phaselock loop in accordance
      with the invention for tracking a noise-contaminated input signal of
      frequency f.sub.s, which may comprise a 10.2 kHz fixed-frequency Omega
      signal provided by receiving apparatus (not shown) of known construction.
      This signal is applied to one input 10 of a phase detector 12 of
      conventional design, which produces a phase error signal at output 14
      representative of the phase difference between the 10.2 kHz Omega signal
      and a reference signal 16. Because the received Omega signal is
      discontinuous or intermittent, consisting of a 1-second burst of 10.2 kHz
      frequency followed by 9 seconds of silence, a switch 18 is controlled in a
      known manner conventional in Omega receivers to close in synchronism with
      reception of the Omega signal so that the phase error signal at output 14
      is applied through compensation network 20 to the control input of a
      voltage-controlled, variable-frequency oscillator 22 only when the Omega
      signal is present. The compensation network is a transfer function network
      of the type typically employed in phaselock loops for introducing lead
      and/or lag to the phase error signal in order to provide the desired
      dynamic performance of the tracking loop. For reasons which will become
      apparent hereinafter, the compensation network may include an integrator.
PAR  Voltage-controlled oscillator 22 is responsive to the error signal for
      generating at output 24 a square-wave output signal 24' (FIG. 2B) which
      varies in frequency in accordance with the phase difference between the
      received Omega signal and the reference signal at 16, and which provides
      output No. 1 of the phaselock loop (FIG. 1). The oscillator preferably has
      an operating frequency far below the 10.2 kHz frequency of the Omega
      signal, and may have a nominal frequency f.sub.o of 100 Hz and a frequency
      range of 90-110 Hz, for example.
PAR  A crystal reference oscillator 28 provides at 30 a high-frequency
      square-wave signal or pulse train 30' (FIG. 2A) having a frequency f.sub.r
      which is preferably many orders of magnitude greater than the nominal
      frequency f.sub.o of oscillator 22 and much higher than the frequency
      f.sub.s of the Omega signal. The frequency of signal 30' is related to the
      frequencies of the input signal and the frequency of signal 24' in the
      following manner:
EQU  f.sub.r = N.sub.fs + f.sub.o,
PAL  where N is preferably a large integer, such as 1000. Thus, for a 10.2 kHz
      Omega input signal, a nominal frequency f.sub.o of 100 Hz and N equal to
      1000, the reference oscillator frequency f.sub.r equals 10,200.1 kHz.
PAR  The reference signal at 16 is derived from the variable-frequency output
      signal 24' of voltage controlled oscillator 22 and from the
      fixed-frequency pulse train output 30' of crystal reference oscillator 28
      by a pulse deletion circuit 26 and a digital frequency divider 34. The
      pulse deletion circuit 26 (described in detail later) modifies the
      frequency of pulse train 30' (FIG. 2A) by deleting pulses therefrom in
      accordance with the frequency of variable-frequency signal 24' (FIG. 2B),
      thereby to provide an intermediate signal 32' (FIG. 2C) having a frequency
      preferably higher than the 10.2 kHz frequency of the Omega signal and
      which varies in accordance with the phase difference between the Omega
      signal at 10 and the reference signal at 16. This intermediate signal is
      then frequency-changed by digital divider 34 to produce the reference
      signal at 16, the reference signal forming output signal No. 2 of the
      phaselock loop. To provide a reference signal having a 50% duty cycle, the
      last stage of the divider comprises a divide-by-two stage.
PAR  Specifically, when the phaselock loop is precisely phase-locked to the 10.2
      kHz (f.sub.s) Omega signal, pulses are deleted from the 10,200.1 kHz
      (f.sub.r) pulse train 30' at the nominal, 100 Hz frequency (f.sub.o) of
      variable-frequency signal 24', thereby to provide an intermediate signal
      32' having a frequency of 10,200 kHz (f.sub.r -f.sub.o, or N times
      f.sub.s, where N = 1000), the intermediate signal being frequency-divided
      by 1000 (i.e., N) to provide a continuous, noise-free 10.2kHz reference
      signal at 16 which is precisely phase-locked to the Omega signal.
PAR  FIG. 3 illustrates a suitable pulse deletion circuit, which includes a dual
      input AND gate 36 having an output 32 for providing the intermediate
      signal 32'. One input receives the high-frequency output signal 30' of
      reference oscillator 28 at 30. The other input of the AND gate is provided
      by output Q.sub.2 of a high-speed edge-triggered J-K flip-flop 38 (for
      example, Texas Instruments type SN74S112) which, together with an
      identical flip-flop 40, provides an AND gate control circuit. Inputs
      J.sub.1 and J.sub.2 of flip-flops 40 and 38, respectively, are connected
      to a source of positive potential of +5 volts. Input K.sub.1 of flip-flop
      40 is connected to a source of ground potential, and input K.sub.2 of
      flip-flop 38 is connected to output Q.sub.1 of flip-flop 40. The clocking
      input CK.sub.1 of flip-flop 40 receives the variable-frequency oscillator
      signal 24' and 24, while the clocking input CK.sub.2 of flip-flop 38
      receives the reference oscillator signal 30' at 30.
PAR  Referring to FIGS. 2A-2C, the falling edge of the variable frequency
      oscillator signal 24' causes the normally low output Q.sub.1 of flip-flop
      40 to go high so that the input K.sub.2 of flip-flop 38 also goes high.
      This permits the next falling edge of the reference oscillator signal 30'
      to cause the normally high output Q.sub.2 of flip-flop 38 to go low, which
      prevents the next pulse of the reference oscillator signal 30' from
      appearing at the output of the AND gate. The fall in Q.sub.2 is also
      communicated through an RC network 42 to the clear input (CLR.sub.1) of
      flip-flop 40, which causes Q.sub.1 to return to its normally low
      condition. The next falling edge of the reference signal causes Q.sub.2 to
      return to its normally high condition so that the reference oscillator
      pulses appear at the output of the AND gate until the sequence described
      above is repeated in response to the next falling edge of the
      variable-frequency oscillator signal. An "initial clear" signal at 41 is
      provided in a known manner to set the initial state of flip-flop 38.
PAR  Once phaselock is achieved, any subsequent shift in the phase of the Omega
      signal relative to the reference signal causes the error signal at 14 to
      increase or decrease, depending on the direction of the relative phase
      shift, thereby causing the output frequency of the variable-frequency
      oscillator 22 to be shifted upwardly or downwardly. This shift in the
      output frequency of the oscillator 22 results in a corresponding increase
      or decrease in the rate at which pulses are deleted from the pulse train
      output 30' of reference oscillator 28 so that the frequencies of
      intermediate signal 32' and of the reference signal at 16 are changed
      accordingly, thereby effectively shifting the phase of the reference
      signal in the direction for maintaining phaselock to the Omega signal.
PAR  The phaselock tracking loop of the present invention provides an ability to
      detect and track infinitesimal phase changes, because the deletion of
      pulses from the high-frequency pulse train 30' of the reference oscillator
      at the frequency of the variable-frequency signal 24' introduces a cyclic
      phase dither into the reference signal. This ensures that phase detector
      12 always provides a finite phase error signal at 14 for measurement, even
      when the reference signal is precisely phase-locked to the Omega signal.
      As shown in FIG. 4, the phase of the reference signal varies linearly
      between - .pi./N radians and + .pi./N radians at the output frequency of
      the variable-frequency oscillator, the nominal period T of the dither
      being the reciprocal of f.sub.o, which is the nominal frequency of the
      variable-frequency oscillator 22.
PAR  The phaselock loop of the invention also greatly reduces the stability
      requirement for the voltage-controlled variable-frequency oscillator 22 in
      comparison with the stability required of such oscillators in prior art
      phaselock loops. If the required stability of the crystal reference
      oscillator 28 is one part in 10.sup.X, the required stability of the VCO
      is given by the following equation:
      ##EQU1##
      Thus, for a reference oscillator stability of one part in 10.sup.8,
      f.sub.o equal to 100 Hz and f.sub.r equal to approximately 10.sup.7 Hz,
      the required VCO stability is only one part in 10.sup.3.
PAR  When the compensation network 20 includes an integrator, the phaselock loop
      of the invention provides exact cancellation of any fixed drift in crystal
      reference oscillator 28, because the integrator provides a control signal
      to the variable-frequency oscillator 22 which results in a change in its
      output frequency which exactly cancels the fixed error in the output of
      the reference oscillator.
PAR  Referring to FIG. 5, a phase comparison system in accordance with the
      invention for phase-comparing a pair of noise-contaminated signals A and
      B, such as 10.2 kHz Omega signals, employs a pair of phaselock tracking
      loops 46 and 48 of the type shown in FIG. 1, both tracking loops sharing a
      single crystal reference oscillator 50 substantially identical to
      oscillator 28 of FIG. 1. Outputs No. 1 and No. 2 of the phaselock loops
      are designated 1A and 2A, and 1B and 2B, respectively. When it is desired
      to measure the phase difference between discontinuous or intermittent
      signals (such as Omega signals, which are transmitted during different
      one-second time slots), the switch 18 (FIG. 1) in each phaselock loop is
      controlled in known manner to be closed in synchronism with its associated
      input signal.
PAR  Corresponding signals from the phaselock loops may be compared to determine
      the phase difference between input signals A and B. For example, outputs
      2A and 2B, which comprise noise-free continuous reference signals
      frequency- and phase-locked to incoming signals A and B, respectively, can
      be applied to a conventional phase meter 52 to directly measure the phase
      difference between the input signals.
PAR  An alternative phase comparison technique in accordance with the invention
      involves phase-comparing the variable-frequency output signals 1A and 1B
      of the phaselock loops. A phase change of 2.pi. radians between output
      signals 1A and 1B of the phaselock loops corresponds to a phase change of
      2.pi./N radians between input signals A and B. When the input signals
      comprise 10.2kHz Omega signals and when N = 1000, a phase difference of
      2.pi. radians between output signals 1A and 1B corresponds to a phase
      difference of 0.36.degree. between the Omega signals. Thus, by counting
      the number of increments of 2.pi. radians between the phases of output
      signals 1A and 1B, the phase difference between the Omega signals can be
      measured to a resolution of 2.pi./N radians or 0.36.degree. . Referring to
      FIG. 5, apparatus for effecting such counting may comprise an up/down
      counter 54 of known construction controlled by an incremental phase
      comparator 56 (described in detail hereinafter), which initiates an "up"
      count when it detects a relative phase shift of 2.pi. radians between the
      variable-frequency signals in a first direction and a "down" count when it
      detects a relative phase shift of 2.pi. radians between those signals in
      the opposite direction. Because outputs 1A and 1B are incremental, it is
      necessary to initialize the up/down counter 54 to the correct value of
      phase at the start of counting. This is most easily accomplished by
      applying a " clear" (to zero) signal simultaneously to the up/down counter
      and to the digital divider 34 (see FIG. 1) in each of phaselock loops 46
      and 48 when the system is first turned on.
PAR  FIG. 6 illustrates a preferred digital incremental phase comparator
      including "D" flip-flops 58, NAND gates 60, EXCLUSIVE OR gate 62, OR gates
      64, and a low-pass filter 66, which are interconnected as shown. Each time
      the phase of output signal 1A (FIG. 7A) of phaselock loop 46 shifts 2.pi.
      radians in a first direction relative to the phase of output signal 1B
      (FIG. 7B) of phaselock loop 48, an "up" count pulse 67 (FIG. 7C) is
      generated at output 68. Conversely, a "down" count pulse is generated at
      output 70 each time the phase of signal 1b shifts 2.pi. radians in the
      same direction relative to the phase of signal 1A. The construction of
      this circuit eliminates the possibility of spurious generation of counts
      due to any noise or phase jitter which may be present. The circuit
      elements 58, 60 and 62 are conventional types, and may comprise the
      following Texas Instruments types: DUAL "D" FLIP-FLOP SN7474; QUAD NAND
      GATE SN7400; and QUAD EXCLUSIVE OR GATE SN7486. circuit element 64 is
      typically a SIGNETICS QUAD or GATE SP 384.
PAR  FIG. 8 illustrates an analog embodiment of the incremental phase
      comparator, in which the signals 1A and 1B are applied to low pass filters
      72 and 74, respectively, to obtain sine waves which are then applied to
      the reference and control phase inputs, respectively, of a two-phase servo
      motor 76. As is well known, a phase change of 2.pi. radians of one of the
      signals relative to the other produces one complete revolution of the
      servo motor rotor 78, the direction of the phase change being indicated by
      the direction of rotation of the rotor.
PAR  For extremely high precision phase measurement, outputs 1A and 1B can be
      phase-compared by a conventional phase meter (not shown) to a resolution
      of 2.pi./M radians (where M may be of the order of 100, for example) so
      that the input signals A and B can be phase-compared with a total
      resolution of
      ##EQU2##
      radians. Thus, for N = 1000 and M = 100, the 10.2 kHz Omega signals can be
      phasecompared to one part in 10.sup.5, which provides a resolution of
      0.0036.degree..
PAR  While preferred embodiments of the invention have been shown and described,
      it will be apparent to those skilled in the art that changes can be made
      in these embodiments without departing from the principles and spirit of
      the invention, the scope of which is defined in the appended claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. Phaselock loop apparatus comprising:
PA1  means for producing an error signal representative of the phase difference
      between an input signal and a reference signal;
PA1  means responsive to said error signal for generating a signal having a
      frequency which varies in accordance with said phase difference;
PA1  means for generating a pulse train signal having a pulse repetition
      frequency which is orders of magnitude higher than the frequency of said
      variable-frequency signal; and
PA1  means for deriving said reference signal from said variable-frequency
      signal and said further signal, said deriving means including a pulse
      deletion circuit which deletes pulses from said pulse train signal in
      response to said variable-frequency signal.
NUM  2.
PAR  2. Apparatus as set forth in claim 1, wherein the deletion of pulses from
      said pulse train signal produces an intermediate signal having a frequency
      different from the frequency of said input signal and wherein said
      deriving means includes means for changing the frequency of said
      intermediate signal to produce said reference signal.
NUM  3.
PAR  3. Apparatus as set forth in claim 2, wherein said intermediate signal has
      a frequency which is an integral multiple of the frequency of said input
      signal, and wherein said frequency-changing means comprises a frequency
      divider.
NUM  4.
PAR  4. Apparatus as set forth in claim 2, wherein said means for generating
      said pulse train signal comprises a stable oscillator.
NUM  5.
PAR  5. Apparatus as set forth in claim 2, wherein the frequency of said pulse
      train signal is substantially equal to an integral multiple of the
      frequency of said input signal plus the nominal frequency of said
      variable-frequency signal, wherein said intermediate signal has a
      frequency which is substantially equal to said integral multiple of the
      frequency of said input signal, and wherein said frequency-changing means
      comprises means for dividing the frequency of said intermediate signal to
      provide said reference signal having a frequency equal to that of the
      input signal.
NUM  6.
PAR  6. Apparatus as set forth in claim 2, wherein said input signal comprises a
      10.2 kHz Omega radionavigation signal.
NUM  7.
PAR  7. Apparatus as set forth in claim 1, wherein said deriving means includes
      means for imparting a cyclic phase dither to said reference signal.
NUM  8.
PAR  8. Apparatus as set forth in claim 1, wherein said means for generating
      said variable-frequency signal comprises a voltage-controlled oscillator,
      and wherein said apparatus further comprises means for integrating said
      error signal to provide the control signal for said oscillator.
NUM  9.
PAR  9. Apparatus as set forth in claim 2, wherein the frequency of said
      variable-frequency signal is orders of magnitude below the frequency of
      said input signal.
PATN
WKU  039315860
SRC  5
APN  5607477
APT  1
ART  252
APD  19750321
TTL  Scanning oscillator stabilization
ISD  19760106
NCL  4
ECL  1
EXP  Grimm; Siegfried H.
NDR  3
NFG  8
INVT
NAM  Carpenter; Ralph A.
CTY  Temple Hills
STA  MD
ASSG
NAM  The United States of America as represented by the Secretary of the Navy
CTY  Washington
STA  DC
COD  06
CLAS
OCL  331  1R
XCL  331  1A
XCL  331 19
XCL  331 25
XCL  331 30
XCL  331178
EDF  2
ICL  H03B  304
ICL  H03B 2300
FSC  331
FSS  1 R;1 A;4;19;25;30;178
FSC  328
FSS  185
UREF
PNO  3221266
ISD  19651100
NAM  Vitkovits, Jr.
XCL  331  4
UREF
PNO  3621450
ISD  19711100
NAM  Blair et al.
XCL  331178
UREF
PNO  3872406
ISD  19750300
NAM  Grafinger
OCL  331178
LREP
FR2  Sciascia; R. S.
FR2  Branning; A. L.
FR2  Brown; N. V.
ABST
PAL  Linear accuracy of the output-signal frequency of a scanning oscillator is
     aintained through monitoring the location in a shift register of a pulse
      whose position is indicative of the frequency error from a desired
      scanning oscillator output-signal frequency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to scanning-oscillators, and more
      particularly to scanning-oscillator control-systems.
PAR  Scanning-oscillator devices have diverse application in fields including
      communications and signal processing, and find particular utility in
      compressive-receivers and pulse-compression radar systems.
PAR  A scanning-oscillator device is a frequency generator whose output-signal
      frequency is continuously varied over a particular frequency range as a
      function of time, as controlled by a scanning-oscillator controller. It is
      often important to have the output-signal frequency change at a constant,
      or linear, rate. Implementation of this linear sweep rate has been the
      subject of various prior designs. The prior attempts demonstrate that
      indeed it previously has been both difficult and costly to produce a
      scanning-oscillator having a highly accurate output-signal  frequency
      characteristic and having an output-signal frequency variable in a highly
      linear fashion. Another major problem related to control of a scanning
      oscillator is one of not knowing how accurately the oscillator is
      performing while operating.
PAR  The present invention overcomes the prior disadvantages. An embodiment of
      the present invention accurately determines the amount of deviation of the
      output-signal frequency from the desired frequency, as well as providing
      an error-magnitude signal to the oscillator-controller indicating to what
      extent to alter or adjust the sweep rate.
PAR  It is therefore an object of the present invention to control a scanning
      frequency oscillator so as to minimize the difference between the
      scanning-oscillator output signal-frequency and a desired output
      signal-frequency.
PAR  It is a still further object of the present invention to control a
      frequency scanning-oscillator by comparing the time the oscillator output
      frequency reaches a particular reference-frequency with the desired time
      that the oscillator signal would be at the particular reference-frequency.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a functional block diagram showing an embodiment of the present
      invention.
PAR  FIG. 2 illustrates typical actual and typical desired frequency-time
      characteristics of the output signal of a scanning frequency oscillator,
      and also illustrates the frequency spectrum of a series of signal lines
      generated by a line spectrum generator of embodiments of the present
      invention.
PAR  FIGS. 3a, 3b, 3c, and 3d illustrate signal components present at various
      points in the embodiment of the present invention described below.
PAR  FIGS. 4a and 4b, indicate the position in time of pulses corresponding to
      frequency intersections depicted in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, a scanning oscillator 20 has an output terminal 22
      and a control terminal 24. A heterodyne mixer device 30 has a first input
      terminal 32 coupled to scanning-oscillator output terminal 22 and a second
      input terminal 34 connected to the output of a conventional spectrum (line
      frequency) generator 36. The output terminal 38 of heterodyne mixer 30 is
      connected to the input terminal of a combined low-pass filter-detector
      device 40. A quantizer-shaper device 42 has its input terminal connected
      to the output terminal of filter-detector 40. A shift register 44,
      comprised of a number n stages 46 has an input terminal 48 connected to a
      quantizer-shaper output terminal 50. A clock 100 is connected to a clock
      input terminal of shift register 44. A number M of coincidence circuits
      52, (e.g., AND-gates) each have a first input terminal 54 connected to
      quantizer output terminal 50 and a second input terminal 56 connected to a
      register-stage tap lead 58 of a shift register stage 46. Each coincidence
      circuit 52 has an output terminal 60 connected to an input terminal 62 of
      a signal-weighting device 64. An output terminal 66 of weighting device 64
      is connected to an input terminal of an integrator device 68, whose output
      terminal is connected to a first input terminal 70 of a summing device 72.
PAR  Summing device 72 has a second input terminal connected to the output
      terminal 74 of a conventional scan controller 76, which has a start
      command input terminal 77. An output terminal of summing device 72 is
      connected to the scanning-oscillator control terminal 24.
PAR  Referring now to FIGS. 1 and 2, scanning-oscillator 20 produces an
      output-signal 90 at its output terminal 22 whose frequency, w, increases
      in a generally linear fashion with time t. It is desired that the change
      in frequency w be linear with time, as indicated by the dashed line 92.
PAR  The frequency w of oscillator output-signal 90 is determined by a command
      or control signal applied at control input terminal 24, which signal is
      generated by controller 76 modified by summing device 72, as later
      described.
PAR  In order to form "correction crossing regions" (e.g., typical regions 14,
      15), a series of frequency reference lines 102, depicted in FIG. 2, is
      generated by spectrum generator 36. These frequency lines 102 are
      generated in a conventional manner over the scanning-oscillator
      frequency-range R = w.sub.f -  w.sub.s  at intervals spaced in frequency.
      The frequency spacing between these reference lines 102 is determined by
      the frequency range R to be monitored, and by the number of correction
      crossing regions desired within range R. The frequency-reference lines 102
      are combined with oscillator output-signal 90 in heterodyne-mixer device
      30. Mixer 30 produces output signal components equal to the difference and
      to the sum of its input signals.
PAR  Turning now to FIG. 3, a typical crossing region 14 is depicted in greater
      detail in FIG. 3a. The desired output-signal 92 would reach a typical
      frequency-reference line 102 of frequency f.sub.k at a time t.sub.d, but
      the actual oscillator signal 90 (in need of correction) reaches the
      frequency f.sub.k at a time t.sub.x. The output signal from mixer 30 is
      depicted by line 93 (in FIG. 3b) during the time immediately before and
      after oscillator signal 90 crosses frequency f.sub.k.
PAR  Filter-detector 40 has an output signal which is essentially zero for
      input-signal frequencies greater than frequency f.sub.lp, and which is
      essentially a constant for input-signal frequencies less than f.sub.lp.
      Thus, low-pass filter-detector 40 detects and indicates only difference
      frequencies, f.sub..delta., between frequency-reference lines 102 and
      oscillator output-signal 90 which are below a frequency f.sub.lp. It can
      readily be seen from FIG. 3a and 3b that as oscillator output signal 90
      crosses frequency line f.sub.lp, the difference frequency, f.sub.lp, goes
      from greater than f.sub.lp, through zero, and then increases to a
      frequency greater than f.sub.lp. The filter-detector output-signal 94
      corresponding to the hetero-dyne mixer output-signal 93 is depicted in
      FIG. 3c.
PAR  Quantizer-shaper 42 generates a narrow output reference-pulse 95 (FIG. 3d)
      upon each change from zero to constant amplitude of detector output signal
      94.
PAR  In this manner a reference-pulse 95 is produced whenever the frequency of
      scanning oscillator output-signal 90 crosses a reference-frequency line
      102.
PAR  It should be noted that a frequency discriminator circuit or other
      equivalent circuit may also be utilized to perform the function of
      detector 40-quantizer 42, i.e., for detecting the moment in time that the
      frequency of scanning-oscillator signal 90 crosses a frequency reference
      line 102.
PAR  FIG. 4a shows a series of time spaced reference-pulses 95 corresponding to
      crossings of the scanning-oscillator output-signal 90 with reference
      frequency lines 102 (i.e., time points t.sub.x). For purposes of
      discussion, the desired time of crossing of reference frequency lines 102
      scanning-oscillator output-signal 90 (i.e., time points t.sub.d) is
      illustrated by time-check lines 96 shown in FIG. 4b. Time-check lines 96
      indicate where in time corresponding reference-pulses 95 would occur if
      the scanning-oscillator output-signal 90 followed the desired signal
      characteristic 92 (as indicated in FIGS. 2 and 3a).
PAR  Each reference-pulse 95 is applied to the shift-register input-terminal 48,
      and to the first input-terminal 54 of each coincidence circuit (AND-gate)
      52.
PAR  Clock 100 causes a pulse stored in one shift-register stage to be shifted
      to the next adjacent atage. The time taken for a pulse stored in the first
      shift-register stage 80 to progress to a central, or uncompensated,
      register stage 82, is termed the pulse transit-period. The uncompensated
      stage is a stage not connected to any of the coincidence circuits 52. The
      period between adjacent output pulses 95 is termed the check-period. The
      period of time between time-check lines 96 (i.e., the period between each
      successive t.sub.d occurrence) is termed the desired occurrence period.
      The clock rate is adjusted so as to cause the pulse transit-period to be
      equal to the desired occurrence period. Then the clock is adjusted in this
      manner, a reference pulse 95 occuring at the beginning of the
      scanning-oscillator sweep cycle and present at first shift-register stage
      80 will be shifted so as to be located at uncompensated stage 82 when the
      next reference-pulse 95 arrives at first shift register stage 80, as long
      as scanning-oscillator output-signal 90 is following exactly the desired
      linear characteristic 92. If the ouput signal 90 deviates from the desired
      linear characteristic 92, the time  t.sub.x at crossing will be different
      from the desired crossing time t.sub.d, and the output pulse 95
      corresponding to the crossing t.sub.x will, at the end of the
      pulse-transit period, not be located at uncompensated stage 82 but at a
      state to either side of it. For example, the output 90 in region 14 is
      seen to cross frequency f.sub.k reference line 102 at time t.sub.x, before
      the desired time t.sub.d. Thus the corresponding output pulse 95 (for a
      typical crossing region 14) will occur prematurely, as depicted in the
      dotted-encircled pair 97 of FIG. 4. Each coincidence device 52 will
      produce an output signal, termed a pulse-position indication signal, if it
      simultaneously receives a reference pulse 95 at its first input terminal
      54 and senses a prior reference pulse 95 present in its corresponding
      register stage (sensed through corresponding tap 58).
PAR  The pulse-position signal is weighted by weighting network 64, which
      generates an error signal whose magnitude (and sign) is related to the
      position in the shift-register of a reference pulse 95 when a subsequent
      reference pulse 95 arrives at first register stage 80. The further away a
      particular register-stage is from the uncompensated stage 82, the greater
      weighting is made of the corresponding pulse-position indication signal.
      The pulse-position indication signal is weighted with a "+" (plus) if its
      corresponding stage is to the right of uncompensated stage 82, and with a
      "-" if its corresponding stage is to the left. Thus, the weighted pulse
      indication signal indicates the magnitude and sense of the error present
      in scanning oscillator output signal 90, (i.e., deviation from desired
      linear behavior characteristic 92).
PAR  Integrator 68 then integrates the weighted pulse position error signal over
      time to produce an integrated error signal. The integrated error signal is
      summed by summing device 72 with the output signal from scan-controller
      76, producing an adjusted scanning-oscillator control-signal. The adjusted
      control-signal directs scanning-oscillator 20 to modify its rate of
      change, causing it to be more in conformance with the desired output
      signal 92.
PAR  The error detection circuit may also be implemented by analogue means by
      use of conventional phase discriminator circuitry wherein the time of
      occurrence of a pulse generated by the scanning socillator's crossing a
      frequency-reference line 102 is compared with the phase of the clock
      oscillator. The integrated output of such conventional phase discriminator
      is proportional to the time error with appropriate polarity to indicate
      the direction of error. Typical implementations of this nature are
      described, for example in Electronic and Radio Engineering by R. E,
      Terman, McGraw Hill (1955) at page 610.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by letters patent of the United
      States is:
NUM  1.
PAR  1. In a control-system for a scanning-oscillator having a frequency
      scanning-range R, said oscillator being controlled by a signal from a
      scanning-oscillator controller, the improvement comprising:
PA1  means connected to the output of said scanning-oscillator for generating a
      crossing-signal upon the frequency of the scanning-oscillator
      output-signal crossing each of a set of equally spaced in frequency
      check-frequencies within said scan range R;
PA1  means connected to the output of said crossing-signal generating means for
      delaying each said crossing-signal by a time, termed the desired time,
      between the occurrence of said crossing-signals when said output signal is
      following a desired linear change in frequency;
PA1  means connected to the output of said crossing-signal generating means and
      to said delaying means for determining when the time difference between
      the occurrence of two successive ones of said crossing signals is
      different by at least a predetermined threshold amount from said desired
      time, and for generating an error signal having a magnitude proportional
      to said difference and a sign indicative of the sense of said difference;
PA1  means, having a first input terminal connected to the output of said time
      difference determining error signal generating means; a second input
      terminal connected to the output of said scanning-oscillator controller,
      and an output terminal coupled to the control input of said scanning
      oscillator for combining said error signal and the signal from said
      controller;
PA1  whereby said signal form said controller is modified by combination with
      error signal.
NUM  2.
PAR  2. The scanning oscillator control system of claim 1 wherein said delaying
      means comprising a shift register and a clock means connected thereto, and
      wherein the clock rate is adjusted so as to shift a value present in the
      first stage of said shift register to an uncompensated stage in a time
      equal to said desired time.
NUM  3.
PAR  3. The scanning oscillator control system of claim 2 wherein said time
      difference determining means comprises a plurality of coincidence
      detection circuits each having one input terminal connected to the output
      terminal of said crossing-signal generating means, and each having a
      second input terminal connected to a corresponding stage of said shift
      register.
NUM  4.
PAR  4. The scanning oscillator control system of claim 3 wherein said crossing
      signal generating means comprises:
PA1  means for generating a series of equally spaced in frequency lines over the
      scanning range R;
PA1  means, having a first input terminal connected to the output of said
      scanning oscillator and a second input terminal connected to the output of
      said frequency line generating means, for generating a signal having a
      frequency equal to the difference between the frequencies of the signals
      applied at its first and second input terminal; and,
PA1  means connected to the output terminal of said difference frequency
      generating means for producing a pulse whenever said difference frequency
      passes through zero;
PA1  whereby said coincidence-means determines the position of said pulse in
      said shift register as an indication of the deviation of the scanning
      oscillator output signal from a desired linear characteristic.
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PAL  Disclosed is a microwave power accumulator including a plurality of coaxial
      oscillator circuits, each tightly coupled to a single common output
      combining resonant cavity. Each of the coaxial circuits includes a
      negative resistance diode at one end and a lossy terminating (microwave
      absorbing) material at the other end which absorbs and suppresses resonant
      modes within each coaxial circuit. This feature enables the cavity
      resonance of the common output combining cavity to dominate all of the
      individual coaxial circuits spaced therearound. The spacing of these
      coaxial circuit modules around a common cylindrical output combining
      cavity permits a high packing density and good individual heat sinking for
      the accumulator.
PARN
PAR  This is a continuation of application Ser. No. 324,938, filed Jan. 19, 1973
      and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to microwave power sources and more
      particularly to an improved microwave power accumulator which uniquely
      combines a plurality of individual coaxial modules with a common
      cylindrical resonant cavity.
PAC  BACKGROUND
PAR  Over the past several years, the development of solid state microwave power
      sources has advanced rapidly; these sources now demonstrate excellent
      performance, reliability and durability in many applications requiring
      modest power levels. At the present time, however, power levels above a
      few watts at X-band (and proportional power levels at other frequencies)
      are the exclusive domain of electron tubes. It is obviously desirable to
      increase the power levels obtainable from solid state sources in order to
      realize their advantageous features in a broader range of applications.
      Since there are fundamental factors that limit the power obtainable from
      individual devices, a present approach to increasing microwave power
      levels is to combine or accumulate the power from a multiplicity of
      discrete devices. Generally, there are two ways in which this can be done,
      and these involve power accumulation at the device level and at the
      circuit level, respectively.
PAC  PRIOR ART
PAR  One prior technique for accumulating power at the device level involves
      mounting several solid state microwave diodes, such as IMPATTS or
      TRAPATTS, on a common heat sink and connecting these devices in series or
      parallel. By arranging these devices in clusters on a common
      electrically-insulating heat sink of a material with a high thermal
      conductivity, such as type IIA diamond, a high thermal conductivity from
      these devices can be obtained. At the same time a relatively high output
      power and a high source impedance can be maintained for this series
      connection. Approximately ten watts output at X-band have been obtained at
      this device accumulation level. A parallel connection of many diodes
      inserted in this manner can result in a desirable high thermal
      conductivity. But this connection is electrically equivalent to a single
      device with area equal to the sum of the areas for the individual devices,
      and hence generally results in an undesirably low impedance level.
PAR  At the circuit level, several approaches have been tried in attempts to
      accumulate power from a number of separate microwave diode sources. One of
      these approaches involves coupling a plurality of diode oscillators,
      respectively, to a plurality of serially cascaded microwave circulators. A
      signal is fed into the input one of the series connected circulators, and
      an amplified output signal is derived from the last circulator in the
      series connection. While this circuit technique may be used to increase
      power levels from input to output signal, the primary reason for using
      this particular connection is to increase the linear gain of the input
      signal. This approach is limited by the power handling capability of the
      last or output circulator of the above cascaded circulator connection.
PAR  Another prior circuit approach for increasing microwave power levels
      utilizes a so-called waveguide "tree" configuration wherein individual
      pairs of microwave oscillators form the lowest power level of the
      configuration and have their outputs combined in a next higher level of
      the waveguide tree structure. Then the combined outputs at this latter
      power level are further combined with other like outputs in successively
      higher power levels, until reaching a single waveguide output for the tree
      configuration. While this technique serves to provide relatively high
      output microwave power levels, the above-described waveguide combining
      structure is very bulky, lossy, and inefficient in the transmission of
      microwave power.
PAR  A third prior approach for accumulating microwave power at the circuit
      level involves mounting a plurality of diodes at spaced positions around a
      large elliptical waveguide cavity into which separate input and output
      coaxial lines feed at the two foci of the cavity, respectively. An input
      signal which is fed into the input coaxial line provides injection locking
      for the plurality of diodes, and the microwave energies propogated from
      each of these diodes are reflected from the vertical walls of the
      elliptical cavity and arrive substantially in phase at one (output) foci
      of the cavity. The disadvantage of this prior structure is that there is
      some interaction between the microwaves emanating from adjacent diodes,
      and such interaction has the effect of altering the phase of adjacent
      microwaves propagated in the elliptical cavity. This causes the energies
      propagated along separate paths of the elliptical cavity to arrive out of
      phase at the output foci and therefore not be totally additive.
      Furthermore, the above elliptical cavity structure produces undesirable
      resonant modes of oscillation during its operation.
PAR  A fourth prior circuit approach utilizes a plurality of coaxial oscillator
      circuits, each spaced predetermined distances apart along the walls of a
      rectangularly shaped combining cavity resonator. Power from the individual
      coaxial oscillator circuits is combined in the common central cavity
      resonator. Such a power accumulation scheme is described, for example, by
      Kurokawa et al, Proceedings of the IEEE, January 1971, pages 102-103. A
      disadvantage with this latter approach resides in the criticality of the
      spacing of the individual oscillator circuits along the walls of the
      rectangular combining cavity in order to achieve proper single frequency
      CW operation. A further disadvantage of the latter approach is that a
      large rectangular resonant cavity is required. The number of resonant
      modes increases with the volume of the cavity, and the volume of the
      Kurokawa et al rectangular cavity is quite large. These undesirable
      resonant modes will not properly couple to all of the diodes in the power
      combining structure, resulting in spurious modes of oscillation under
      certain conditions. A further disadvantage of the above Kurokawa et al
      scheme is that the diodes placed close to the output port of this
      structure see stronger fields than those further removed from the output
      of the structure.
PAC  THE INVENTION
PAR  The general purpose of this invention is to provide a novel alternative
      approach to the above prior art approaches. The present invention
      possesses most, if not all, of the advantages of these prior art power
      accumulation schemes, while possessing none of their aforedescribed
      disadvantages. To attain this purpose, a coaxial oscillator structure is
      provided wherein a plurality of individual coaxial oscillator circuits
      (modules) are selectively spaced within the structure and around a common
      cylindrical output combining resonant cavity which tightly couples to each
      coaxial circuit. Each of these coaxial circuits is provided with a
      negative resistance microwave diode element at one end for sustaining
      microwave oscillations in the frequency band of interest. A lossy
      terminating element of predetermined geometry is spaced a chosen distance
      within the circuit from the microwave diode to provide suppression of
      undesirable resonances therein. The combining cavity presents each diode
      in the above oscillator circuits with the proper impedance for oscillation
      only in a narrow frequency band centered at the resonant frequency of the
      combining cavity. The spacing of these coaxial circuits around the
      combining cavity is not critical for producing single frequency CW
      oscillations free of spurious resonances. And, the above overall coaxial
      construction especially lends itself to a high packing density and to good
      heat sinking for the individual diodes. Furthermore, individual D.C.
      operating bias can be readily applied to each of the coaxial circuits; and
      these circuits may also be easily and individually tuned to the resonant
      frequency of the combining cavity.
PAR  It is, therefore, an object of the present invention to provide a new and
      improved microwave power accumulator for efficiently combining the output
      powers of a plurality of individual microwave sources.
PAR  Another object is to provide a power accumulator of the type described,
      characterized by a combining cavity which is a fundamental mode resonator
      and whose operation permits no spurious resonances.
PAR  Another object is to provide a microwave power accumulator of the type
      described which may be easily tuned by a single tuning adjustment and in
      which harmonics and spurious resonances are very effectively suppressed.
PAR  Another object is to provide a power accumulator of the type described
      whose novel construction lends itself to a high packing density and to
      good heat sinking properties.
PAR  Another object is to provide a power accumulator of the type described
      which does not require critical spacing of the individual oscillators
      therein relative to an output combining cavity.
PAR  Another object is to provide a power accumulator of the type described
      which is compact and light weight, economical of construction and reliable
      and durable in operation.
PAR  Another object is to provide a power accumulator of the type described
      which can also be fabricated as a strip line microwave integrated circuit
      or which may be operated either as a microwave power source (oscillator)
      or, in the alternative, used as an amplifier to replace traveling wave
      tubes.
PAR  A feature of the invention is the provision of a solid state power
      accumulator which, to date, has produced more continuous wave (CW) X-band
      power than any other known prior power accumulator.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a schematic diagram of only one of the plurality coaxial
      oscillator circuits of the power accumulator embodying the invention. This
      diagram illustrates the connection of this oscillator circuit to a common
      combining cavity;
PAR  FIG. 2 is an equivalent circuit of FIG. 1;
PAR  FIG. 3A is an elevational view, partly in cross-section, of a coaxial
      structure embodying the power accumulator and power accumulation concepts
      of the invention; and
PAR  FIG. 3B is a cross-section plan view of FIG. 3A taken along lines B--B of
      FIG. 3A.
DETD
PAR  Referring now to FIG. 1, there is shown a coaxial oscillator circuit 10
      which is integrally formed at the opening 11 with a central cylindrical
      waveguiding structure 12. The common cylindrical waveguiding structure 12
      forms a resonant cavity for the oscillator circuit 10 and it has an
      opening 14 in the top wall thereof for coupling power out of the structure
      as will be further described below with reference to FIG. 3A. This output
      coupling from the resonant cavity 12 may be by way of a coaxial output
      connection 16 or by way of a waveguide output connection (not shown), the
      detailed structures for which are well-known in the art.
PAR  Each coaxial oscillator circuit 10 includes a microwave diode source 18,
      such as an impact avalanche transit time (IMPATT) diode, at one end of the
      circuit serially connected via transformer 20 to the center coaxial
      conductor 22 of the oscillator. IMPATT diodes are generally well-known in
      the microwave art and are described, for example, in detail in Sze,
      Physics of Semiconductor Devices, John Wiley & Sons, 1969, pages 200 et
      seq. The transformer 20 is a quarter wave (.lambda./4) impedance
      transformer which is coupled and via the coaxial inner conductor 22 to a
      cylindrical terminating absorber element 24 at the other end of the
      coaxial structure. The inner coaxial conductor 22 passes through the
      ferrite absorber 24 and extends outwardly from the coaxial structure 10 as
      shown and connects to a D.C. bias connection 26 for receiving a D.C.
      operating voltage from the supply 27. The cylindrical terminating member
      24 is spaced as shown approximately one wavelength from the end of the
      quarter wave impedance transformer 20, and it suppresses spurious
      resonances and harmonics which would otherwise be reflected from this end
      of the coaxial circuit 10. Since the center of the opening 11 is
      approximately three-quarters of a wavelength (3.lambda./4) from the IMPATT
      diode 18, the necessary low to high impedance coupling is provided by the
      transformer 20 between the low impedance diode 18 and the opening 11 of
      the high impedance resonant cavity 12.
PAR  Referring now to FIG. 2, there is shown the equivalent circuit of the
      coaxial oscillator 10. The equivalent inductance, L.sub.o, and the
      equivalent capacitance, C.sub.o of the cavity 12 connect the 50 ohm
      impedance Z.sub.24 of the termination element 24 to the 2 ohm impedance of
      the output load R.sub.L. At circuit resonance, the reactance of L.sub.o
      and C.sub.o exactly cancel, so the 2 ohm load impedance R.sub.L is
      connected directly to the 2 ohm resistance of the diode 18, resulting in
      maximum power transfer in the circuit. The 50 ohm load Z.sub.24 of the
      termination has little effect and absorbs very little power at resonance.
      When the cavity 12 is off resonance, the 50 ohm load Z.sub.24 prevents the
      diode 18 from oscillating.
PAR  The combination of the .lambda./4 transformer 20, the cylindrical
      termination 24, and the exact wavelength (.lambda.) spacings therebetween
      in the circuit 10 is believed novel in the art of microwave power
      accumulation and insures optimum and efficient circuit performance and
      single frequency CW operation. The latter is due in part to the one
      wavelength (.lambda.) spacing between the closest edges of the two circuit
      elements 20 and 24 and the fact that the termination element 24 appears as
      a low impedance only to signals of wavelength .lambda., which corresponds
      to the resonant frequency of the cavity 12. Oscillations at this single CW
      frequency are enhanced, since the termination element 24 is seen by the
      diode as a large resistance at this cavity resonant frequency. At other
      frequencies, the termination element 24 appears to the diode as an
      impedance larger than the maximum negative resistance of diode impedance
      -- a condition which will prevent oscillations at other frequencies.
      Therefore, the .lambda. spacing between these elements 20 and 24, and the
      cylindrical shape of the termination element 24 provide the novel
      frequency selectivity of the invention.
PAR  Referring now to FIGS. 3A and 3B, a plurality of the coaxial oscillator
      circuits 10 previously described are mounted as shown within an outer
      metal housing 32 and spaced symmetrically about the central axis thereof.
      The housing 32 may advantageously be made of aluminum and it is secured to
      a heat sink 34 by means of a plurality of screws 36. The heat sink 34 is
      of conventional metal construction and is provided with cooling ducts (not
      shown) for increasing the thermal dissipation capability of this
      structure. The metal housing 32 is further secured to a cylindrical metal
      cover 38 by means of additional screws 40 which extend vertically as shown
      into threaded engagement with the cylindrical housing 32.
PAR  Each of the coaxial oscillator circuits 10 has its inner conductor 22
      spring biased by means of a coil spring 42 which is positioned as shown
      between a flange 43 on the conductor 22 and an insulating sleeve 44 in a
      top plate 45 of the cover 38. This spring biasing insures that good
      electrical contact is maintained at all times within each coaxial
      oscillator circuit 10. Each oscillator circuit 10 is also provided with a
      pair of reactive tuning screws 46 and 48 of conventional construction; and
      these tuning screws 46 and 48 may be individually adjusted to vary the
      shunt impedance of each coaxial oscillator circuit 10 and thereby provide
      a means for critically tuning each of the oscillator circuits 10 to the
      resonant frequency of the central combining cavity 12. Output tuning for
      the power accumulator is provided by means of a central tuning plunger 54
      which is adjustably threaded as shown to a central portion 55 of the metal
      housing 32. This central tuning plunger 54 extends vertically as shown
      into the combining cavity 12. A locking screw 56 is coaxial with the
      tuning screw 54 and is threaded in the same opening of housing 55 as is
      the tuning screw 54. The lower end of the locking screw 56 has a shoulder
      portion 57 which fits tightly against an offset 59 wall in the heat sink
      34. Thus, the locking screw 56 provides the central interlocking and
      support between the housing members 34 and 55. Further, an opening 61 is
      provided in the locking screw 56 so that the slot 63 of the tuning screw
      54 is made accessible for tuning purposes.
PAR  The impedance, Z.sub.24, of the hollow cylindrical ferrite termination
      member 24 is approximately one-half of the coaxial line impedance Z.sub.o
      (combined impedance of L.sub.o and C.sub.o) as a result of the high
      dielectric constant of the ferrite. For frequencies at cavity resonance,
      the impedance discontinuity produced by both the ferrite material of
      member 24 and by the abrupt interface 65 at the lower end thereof serves
      to reduce the power absorbed by Z.sub.24 at the fundamental resonant
      frequency and also to reflect harmonics of the fundamental frequency in
      the proper phase to enhance oscillations in the circuit. The above has the
      resultant effect of increasing the power delivered to R.sub.L at the
      fundamental frequency and suppressing oscillations "out of band" or
      shifted in frequency from the resonant frequency of the cavity 12.
PAR  FIG. 3B shows the uniform and symmetrical spacing of (16) coaxial
      oscillator circuits 10 within the metal housing 32. Each of the oscillator
      units is shown with the reactive tuning screw 46 through which the
      cross-section view in FIG. 3B is taken. Additionally, each coaxial
      oscillator circuit 10 is centrally positioned within a scalloped or
      semi-circular peripheral wall portion 60 of the outer accumulator housing
      32. This scalloped wall geometry is a convenient construction for
      machining the coaxial circuits 10 in the common housing members 32 and 38
      and provides a minimum amount of physical discontinuities in these
      housings and this minimizes the spurious resonances in the structure.
PAR  An output coupling probe or loop 58 is centrally positioned as shown within
      the output coaxial transmission line 16, and the coaxial line 16 includes
      a suitable insulating material 69 such as Teflon between the probe 58 and
      its outer conductor. The coaxial line is secured in its position shown in
      FIG. 3A by means of a hollow screw 71 which is threaded at 73 to the cover
      member 38 and which carries a hollow head 75 thereon for receiving the
      coaxial line 16 and for securing same in the vertical upright position
      shown. The coupling probe 58 provides a means for coupling microwave power
      out of the central resonant cavity 12. We have found that the output power
      for the power accumulation structure shown in FIG. 3A increases
      substantially linearly with an increase in the number of individual
      coaxial oscillator units 10 used. Thus, using 1 diode per each of 16
      coaxial oscillator circuits, we have obtained an output power of
      approximately 15 watts CW at X band from 16 approximately 1 watt X band
      Hughes IMPATT diodes.
PAR  Many modifications may be made in the aforedescribed embodiment of the
      invention without departing from the true scope thereof. For example, the
      present invention is not limited to the use of IMPATT diodes, and may also
      be used with other power generating negative resistance devices, such as
      TRAPATT diodes, which are well-known in the art. Additionally, the
      invention is not limited to the use of a single diode per coaxial
      oscillator circuit. Instead, a plurality of diodes, when properly mounted
      and connected in a single coaxial oscillator circuit, may be utilized to
      replace the single diode 18 in each of the coaxial circuits 10. In using
      this latter proposed multiple diode configuration, care must be taken to
      position and connect the diodes in each coaxial oscillator circuit in a
      manner to prevent intolerable spurious resonances as a result of the
      interaction between the closely spaced diodes in a single circuit.
CLMS
STM  We claim:
NUM  1.
PAR  1. A microwave power accumulator including, in combination:
PA1  a. a plurality of coaxial circuits, each having a longitudinal axis of
      predetermined length and further having at least one solid state microwave
      diode at one end of said axis and a lossy termination element at the other
      end thereof, and conductor means connecting said diode and said element,
      said coaxial circuits operative to generate microwave power which is
      substantially free of spurious harmonics,
PA1  b. a central power combining cavity being defined in part by a periphery
      enclosing a given space and having a central axis at the center of said
      periphery,
PA1  c. said coaxial circuits positioned around said periphery of said cavity
      and having their longitudinal axes spaced an equal distance from said
      central axis of said cavity,
PA1  d. said cavity further having an output port therein centrally disposed
      with respect to said coaxial circuits for receiving the combined power
      outputs from all of said coaxial circuits, and
PA1  e. said diode in each coaxial circuit being electromagnetically coupled to
      said cavity, and the resonance of said cavity causing the oscillation of
      said coaxial circuits at a predetermined frequency.
NUM  2.
PAR  2. The power accumulator defined in claim 1 wherein said diodes are impact
      avalanche transit time (IMPATT) diodes.
NUM  3.
PAR  3. The power accumulator defined in claim 1 wherein each of said coaxial
      circuits includes a quarter wave (.lambda./4) impedance transformer
      coupling each diode to a central coaxial conductor in each of said
      circuits.
NUM  4.
PAR  4. The power accumulator defined in claim 1 wherein said combining cavity
      is spaced an odd multiple of .lambda./4 from said diodes, where .lambda.
      is the wavelength corresponding said predetermined frequency, said cavity
      providing efficient coupling of the power output from said coaxial
      circuits to an output load.
NUM  5.
PAR  5. The power accumulator defined in claim 3 wherein said termination
      element is a solid ferrite cylinder, having one end thereof spaced a
      multiple of .lambda./2 from said quarter wave impedance transformer, where
      .lambda. is the wavelength corresponding to said predetermined frequency,
      said termination element enhancing oscillation at the resonant frequency
      of said cavity and suppressing all other harmonic modes of oscillation in
      each coaxial circuit.
NUM  6.
PAR  6. The power accumulator defined in claim 1 wherein said coaxial circuits
      are mounted in scalloped semi-cylindrical recesses in a housing at the
      periphery of said cavity to thereby insure optimum additive coupling of
      microwave energy from each of said coaxial circuits to said combining
      cavity.
NUM  7.
PAR  7. The power accumulator defined in claim 6 wherein said combining cavity
      is spaced an odd multiple of .lambda./4 from diodes in each coaxial
      circuit, where .lambda. is the wavelength corresponding to said
      predetermined frequency, said cavity providing efficient coupling of power
      from the individual coaxial circuits to an output load.
NUM  8.
PAR  8. The power accumulator defined in claim 7 wherein said diodes are impact
      avalanche transist time (IMPATT) diodes.
NUM  9.
PAR  9. The power accumulator defined in claim 8 wherein:
PA1  a. each of said coaxial circuits includes a quarter wave (.lambda./4)
      impedance transformer which couples said diodes in each circuit to said
      cavity, and
PA1  b. said termination element is a ferrite cylinder with the end thereof
      spaced a multiple of .lambda./2 from said quarter wave impedance
      transformer, where is the wavelength corresponding to said predetermined
      frequency, said termination element enhancing oscillation at the resonant
      frequency of said cavity and suppressing other harmonic modes of
      oscillation in each coaxial circuit.
NUM  10.
PAR  10. A microwave power accumulator comprising:
PA1  a. a plurality of negative resistance electromagnetic oscillator circuits
      each capable of producing both microwave and millimeter wave power and
      each tuned to couple a power output signal to an output port thereof
      substantially free of spurious harmonics,
PA1  b. a central power combining cavity including spaced apart top and bottom
      walls having outer edges thereof joined to said plurality of negative
      resistance electromagnetic circuits at the respective output ports thereof
      and enclosing a region of predetermined volume which defines a central
      electromagnetic wave propagating region, and
PA1  c. said top wall having a centrally disposed output port therein from which
      the combined power outputs from all of said negative resistance
      electromagnetic oscillator circuits are derived.
NUM  11.
PAR  11. The power accumulator defined in claim 10 wherein said output port in
      said top wall lies on the central axis of said electromagnetic wave
      propagating region, and said plurality of said negative resistance
      electromagnetic circuits all have longitudinal axis spaced an equal
      distance from the central axis of said electromagnetic wave propagating
      region.
NUM  12.
PAR  12. The power accumulator defined in claim 10 wherein each of said
      electromagnetic circuits includes an impact avalanche transit time
      (IMPATT) diode.
NUM  13.
PAR  13. The power accumulator defined in claim 12 wherein each of said
      electromagnetic circuits includes a quarter wave (.lambda./4) impedance
      transformer coupling each IMPATT diode to a central coaxial conductor in
      each of said electromagnetic circuits and to an output port therefor.
NUM  14.
PAR  14. The power accumulator defined in claim 12 wherein said electromagnetic
      wave propagating region is spaced an odd multiple of .lambda./4 from said
      diodes, where .lambda. is the length of the waves propagated in said
      central electromagnetic wave propagating region, and said region providing
      efficient coupling of power output from each of said electromagnetic
      circuits to said output port in said top wall.
NUM  15.
PAR  15. The power accumulator defined in claim 13 which further includes a
      termination element comprised of a solid-ferrite cylinder at one end of
      said electromagnetic circuits opposite to said diode therein, with the one
      end of said cylinder spaced a multiple of .lambda./2 from said quarter
      wave impedance transformer, where .lambda. is the wavelength of waves
      propagated in said central electromagnetic wave propating region, said
      termination element enhancing the oscillation of said electromagnetic
      circuits at the resonant frequency of said electromagnetic wave
      propagating region and operative to suppress other harmonic modes of
      oscillation in each electromagnetic circuit.
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ABST
PAL  An odd number of cascaded inverter stages are connected in a ring
      configuration. Each stage has a control terminal associated therewith. The
      signal propagation delay time through a particular stage is controlled by
      the application of control signals to the control terminal. The frequency
      of the output signal is determined by the delay per stage and the number
      of stages in the ring configuration. The output signal can be taken from a
      point between any two cascaded stages in the ring.
BSUM
PAR  The present invention relates generally to voltage controlled oscillators
      and more specifically to voltage controlled oscillators comprising a
      plurality of stages connected in a ring configuration.
PAR  In the prior art there are several examples of oscillators which are formed
      by cascading several amplifier stages in a ring configuration. The
      frequency determining elements of the prior art usually take the form of
      crystals or RC networks connected in the ring. In some cases one or more
      of the frequency determining elements may be mechanically or electrically
      controllable in response to the application of a suitable control signal.
      The utilization of crystals, RC networks or other similar types of
      frequency determining elements hinders the fabrication of these prior art
      voltage controlled oscillators in totally integrated circuit form.
PAR  The present invention provides a voltage controlled oscillator configured
      in a ring of cascaded stages where the frequency of the oscillator is
      controlled by the application of control signals to the stages in the
      ring. The signal propagation delay of each of the stages is controlled in
      response to the control signals applied thereto. The frequency of the
      oscillator of the present invention is controlled without the use of
      crystals or RC networks. As will be seen, the present invention is readily
      adaptable to large scale integration (LSI) techniques.
PAR  In accordance with the present invention, a voltage controlled oscillator
      is provided comprising an odd number of cascaded stages connected in a
      ring configuration. Means are provided for applying operating biasing
      voltages to each of the stages. Each stage has a control terminal which is
      adapted for connection to a source of control signals. The signal
      propagation delay of a given stage is controlled in response to the
      control signals applied to the control terminal associated with the given
      stage. An output terminal is connected at a point between two of the
      stages in the ring to provide an output signal having a frequency which is
      controllable.
DRWD
PAR  In the Drawing:
PAR  FIG. 1 is a schematic drawing of one stage of a voltage controlled
      oscillator in accordance with the present invention;
PAR  FIG. 2 is a representation of the transfer characteristic of the stage
      shown in FIG. 1;
PAR  FIG. 3 is a representation of the signal propagation delay associated with
      the stage shown in FIG. 1;
PAR  FIG. 4 is a block diagram of a voltage controlled oscillator utilizing an
      odd number N of the stages shown in FIG. 1;
PAR  FIGS. 5-9 are waveform diagrams helpful in explaining the operation of the
      oscillator shown in FIG. 4; and
PAR  FIG. 10 is a representation of the output frequency versus applied control
      voltage for the oscillator shown in FIG. 4.
DETD
PAR  The circuit shown in FIG. 1 is fully disclosed in three United States
      Patent Applications having serial numbers 365,834, 365,836, and 365,837
      assigned to the assignee of the present invention. The circuit shown in
      FIG. 1 comprises field-effect transistors (FET's) 10, 12, 14 and 16.
      Transistors 10 and 12 are P conductivity type devices and transistors 14
      and 16 are N conductivity type devices. Each of the transistors 10, 12, 14
      and 16 have two main electrodes and a control electrode. The main
      electrodes of transistors 10, 12, 14 and 16 are connected together in the
      order named to form a series string of devices. A biasing voltage Vdd is
      applied to terminal 18 which is connected to one main electrode of
      transistor 10. A biasing voltage Vss is applied to terminal 20 which is
      connected to one main electrode of transistor 16. The control electrodes
      of transistors 12 and 14 are joined together and connected to terminal 22
      which may be regarded as the stage input terminal. The control electrodes
      of transistors 10 and 16 are joined together and connected to terminal 24
      which may be regarded as the stage control terminal. Finally, a point
      between the main electrodes of transistors 12 and 14 is connected to
      terminal 26 which may be regarded as the stage output terminal.
      Transistors 10, 12, 14 and 16 may, if desired, be constructed on a single
      integrated circuit substrate 28 using metal-oxide semiconductor (MOS) or
      silicon-on-sapphire (SOS) fabrication techniques.
PAR  The circuit of FIG. 1 has a transfer characteristic represented by the
      curve shown in FIG. 2. When the input voltage, Vin, applied to terminal 22
      is near Vss, the output voltage, Vout, appearing at terminal 26 will be
      near the voltage Vdd. When the voltage applied to terminal 22 is near Vdd,
      the output voltage at terminal 26 is near Vss. In a practical example, the
      voltage Vdd may be plus 5 volts and the voltage Vss may be minus 5 volts.
      Thus, in the example given, when the input voltage at terminal 22 is at
      plus 5 volts, the output voltage at terminal 26 will be minus 5 volts.
      Hence, the circuit of FIG. 1 acts as a signal inverter when operated in
      the manner just described.
PAR  Transistors 10 and 16 may be thought of as two variable impedance devices.
      The control signals applied to terminal 24 may be thought of as
      controlling the impedance represented by transistors 10 and 16. That is,
      for relatively positive voltages applied to terminal 24, transistor 16
      tends toward a low impedance level and transistor 10 tends towards a high
      impedance level. Similarly, for a relatively negative voltage applied to
      terminal 24 transistor 10 tends toward a low impedance level and
      transistor 16 tends toward a high impedance level. The control voltage
      signals, Vc, applied to terminal 24 along with the voltage difference
      between Vdd and Vss affects the gain-bandwidth product of the stage.
PAR  In addition, it has been found that the stage shown in FIG. 1 exhibits a
      signal propagation delay such as that shown in FIG. 3. In FIG. 3 it is
      assumed that the voltage difference between Vdd and Vss is held constant.
      The gain-bandwidth product of the stage is now controlled by the control
      voltage Vc. The gain-bandwidth product of the stage is related to the
      signal propagation delay of the stage. It will be seen from FIG. 3 that
      when the control voltage is midway between Vdd and Vss, the stage exhibits
      a minimum delay. As the voltage Vc increases or decreases from the
      midpoint voltage, the delay of the stage increases.
PAR  In FIG. 4 an odd number of identical stages, 1 through N are connected in
      cascade to form a ring configuration. An odd number of stages, that is
      stages such as those shown in FIG. 1, are used to form the voltage
      controlled oscillator shown in FIG. 4 for reasons which will be explained
      more fully herein.
PAR  The individual voltage control terminals for each of the stages are, in the
      embodiment of FIG. 4, joined together at a common point 30 to which
      voltage control signals Vc are applied. Similarly, the individual stage
      biasing terminals are brought together at common points 32 and 34 where
      the voltages Vdd and Vss are applied respectively. An output terminal 36
      is also provided. Terminal 36 is connected to a point between the output
      terminal of one stage, stage N in this case, and the input terminal of the
      next stage in the ring, that is, stage 1 in this case. Terminal 36 could
      have been connected to a point between any two consecutive stages with the
      same result. Stages 1 through N may be provided on an integrated circuit
      substrate such as substrate 38.
PAR  The operation of the circuit of FIG. 4 is as follows. The voltages Vdd and
      Vs are applied to the biasing terminals 32 and 34 respectively. In the
      following example, Vdd is plus five volts and Vss is minus 5 volts. The
      control voltage Vc is initially set at the value which causes minimum
      delay per stage, in this case approximately zero volts. When the
      aforementioned voltages are applied, assume that the input terminal of the
      first stage goes high, that is to a value near Vdd which may correspond to
      a logic 1 state. The output terminal of stage 1 goes low in response to
      the voltage appearing at the input terminal thereof. A logic 0 at the
      output terminal of stage 1 is also a logic 0 at the input terminal of
      stage 2. A logic 0 at the input terminal of stage 2 causes a logic 1 to
      appear at the output terminal of stage 2. Thus the logic inversion
      continues and after a given time period corresponding to the sum of the
      delay times associated with the N stages, the input terminal of stage 1
      has a logic 0 applied thereof. The process continues, with each stage
      performing its inverter function. After another time period corresponding
      to the sum of the delay times associated with the N stages, the input
      terminal of stage 1 has a logic 1 applied thereto. At this point in time,
      a full period of a signal wave has been generated in the circuit of FIG.
      4. That is, looking at a point between the output terminal of stage N and
      the input terminal of stage 1, the waveform has progressed from a logic 1,
      to a logic 0 and back to a logic 1 state. Therefore, the period of the
      signal is equal to twice the sum of the delay times from all of the
      cascaded stages.
PAR  FIGS. 5-9 help to further illustrate this point. In FIGS. 5-9 it is assumed
      that there are five stages involved in the configuration of the voltage
      controlled oscillator. FIGS. 5-9 represent the waveforms which would
      appear at the input terminals of the five stages respectively. In FIG. 5,
      td represents the propagation time delay for each stage. That is td is the
      time it takes for the output signal of a given stage to change in response
      to a change in the input signal of that stage. In FIG. 5, To represents
      the period of the waveform at the input terminal of stage 1. It will be
      seen that once around the ring corresponds to half the period and twice
      around the ring corresponds to the full period To. Since each of the
      stages exhibits the same characteristics, the signal at any one of the
      input terminals will have the same period, i.e., To.
PAR  It was assumed in FIGS. 5-9 that the delay per stage was set at a minimum
      which resulted in a periodic signal having a period of To, or a frequency
      Fo which equals 1/To. Now, if a positive control signal Vc is applied to
      each of the stages in FIG. 4 via terminal 30, the delay per stage will
      increase as will be seen in the curve of FIG. 3. This causes the period of
      the output signal to increase and thus the frequency of the output signal
      to decrease. The output frequency versus control voltage, Vc, for the
      circuit of FIG. 4 is shown in FIG. 10. It will be noted that if the
      control voltage applied to terminal 30 is decreased, or goes negative,
      from the initially assumed point of zero volts, the delay per stage
      increases and the frequency of the output signal again decreases. Thus,
      when the control voltage Vc starts from the minimum delay point, it is
      possible to decrease the output frequency with either polarity of control
      voltage Vc.
PAR  The curve of FIG. 10 also demonstrates that there are two areas 40 and 42
      wherein the output frequency bears a very nearly linear relation to the
      applied control voltage. Thus, if in some application it is desired to
      operate the oscillator in a range where a linear relationship exists
      between applied control voltage and output frequency, it is possible in
      operate in such a mode in region 40 or in region 42 on the curve of FIG.
      10.
PAR  Throughout the discussion it has been assumed that each of the odd numbered
      stages in the oscillator of FIG. 4 have experienced the same delay factor.
      In some application it may be desired to impart different time delays to
      different stages. This may be accomplished by imparting different control
      voltages to the stages according to the desired result.
PAR  In a practical example, 15 stages, similar to that shown in FIG. 1, were
      fabricated on a single integrated circuit chip in accordance with the
      circuit shown in FIG. 4. Voltages of plus five volts and minus five volts
      were used for Vdd and Vss respectively. The minimum delay per stage at a
      control voltage, Vc, of approximately zero volts, was 1.33ns. This
      corresponds to a frequency of approximately 25 MHz. With the control
      voltage set at approximately plus or minus 4 volts, the output frequency
      was about 2 MHz. The curve corresponding to FIG. 10 for this practical
      example showed a very linear characteristic, in the two regions such as 40
      and 42 over a frequency range of 6MHz to 21 MHz.
PAR  Thus, a voltage controlled oscillator has been described which is readily
      provided in integrated circuit form, is especially useful for LSI
      applications and does not require external frequency determining
      components for its operation. This voltage controlled oscillator may be
      operated in an open loop manner and is particularly useful when operated
      in a closed loop arrangement such as a phase locked loop where the system
      error signals may be coupled to the control terminal 30 to control the
      output frequency.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A voltage controlled oscillator comprising:
PA1  an odd number of cascaded inverter stages connected in a ring
      configuration:
PA1  means for applying operating biasing voltages to each of said stages;
PA1  each of said stages comprising two semiconductor devices of one
      conductivity type and two semiconductor devices of another conductivity
      type, each of said devices having first and second main electrodes and a
      control electrode, each stage having a control terminal connected to a
      common point adapted for connection to a source of control signals, the
      signal propagation delay of a given stage being controlled by control
      signals applied to the control terminal associated therewith with each
      stage of said ring configuration providing substantially the same delay
      with respect to one another in response to the control signals applied to
      said common point; and
PA1  an output terminal connected to a point between two of said stages for
      providing an output signal having a controllable frequency.
NUM  2.
PAR  2. The voltage controlled oscillator according to claim 1 wherein in each
      of said stages the main electrodes of each of said devices are connected
      in a series string, the two devices of one conductivity type being the
      first two devices in said string, the two devices of the other
      conductivity type being the second two devices in said string, the control
      electrodes of the first and last device in said string being connected to
      the control terminal of the stage, the control electrodes of the second
      and third devices being connected to a point forming the input terminal of
      the stage, a point between the connection of the main electrodes of the
      second and third devices forming the output terminal of the stage.
NUM  3.
PAR  3. The voltage controlled oscillator according to claim 2 wherein said
      plurality of stages are provided on a common substrate.
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ABST
PAL  An improved ion-laser system utilizing a cold, perforated-wall
       hollow-cate electron-beam discharge to produce a high energy, high
      intensity self-collimated electron-beam to provide a high efficiency, high
      power continuous wave or pulsed ion-laser oscillations in both visible and
      ultra-violet ranges.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to laser devices, and more particularly to
      ion-laser devices employing hollow cathode electrode structures.
PAR  For ion-lasers, the pertinent transitions of energy states necessary for
      laser action are associated with the excited states of singly or multiply
      ionized gas. To cause these excited states it is necessary that the
      density of charged particles (i.e., ions) present in the laser as well as
      the degree of their ionization (and hence the current density) be very
      high.
PAR  To achieve laser action with relatively modest currents, conventional
      ion-lasers generally use either a water-cooled quartz capillary, a
      refractory material capillary, a graphite annulus, or segmented metal
      rings to both constrict the discharge current and to provide the requisite
      high degree of ionization and excitation rate. Conventional lasers
      constructed in this manner suffer from serious deficiencies that make them
      inefficient, relatively shortlived, and unreliable.
PAR  The high input power density that is used creates a severe thermal
      dissipation problem which ultimately limits the maximum attainable optical
      output power of the device. For example, the interface between the quartz
      capillary and the cooling medium is of very small area; since quartz is a
      notoriously poor conductor of heat, a limitation is placed on the power
      dissipation that can be tolerated per unit length of capillary. An even
      more serious problem is physical change of the quartz itself -- such as
      erosion, sputtering, strains, and eventual destruction of the capillary
      walls caused by contact with the high temperature plasma and by ion
      bombardment in a high current density discharge. In the pressure range in
      which the capillary tubes are operated, the ion mean-free-path is
      comparable to the bore of the discharge tube. As a result, an ion can be
      accelerated into the capillary wall with a kinetic energy of several
      electron volts. Collision of these high energy ions with the walls causes
      the quartz to gradually decompose and darken, thereby imposing a serious
      limitation on the useful life of ion lasers. Gas cleanup and cathophoresis
      are also related serious problems.
PAR  More importantly, since the surface-to-volume ratio of the discharge column
      is extremely large, and since in these prior art devices the plasma is in
      physical contact with the wall, a high rate of both energy dissipation and
      ion depletion (through surface recombination) will result, thereby
      reducing considerably the overall efficiency of existing ion lasers.
PAR  As is well known for continuous wave ion lasers, both gain and beam power
      output increase rapidly with increasing discharge current density. But
      since the current density J of conventional ionlasers must be limited to
      relatively low levels because of the limited thermal dissipation capacity
      of the quartz capillary, these lasers are operated under conditions which
      do not result in favorable output efficiencies. For example, in a 4880A
      argon ion-laser, the output power varies exponentially with current
      density J as J.sup.6 at low current densities falling off to J.sup.4 at
      high current densities (on the order of 100 amp/cm.sup.2). At still higher
      current densities, both the gain and the output power display a J.sup.2
      dependence. This indicates that the production of radiating ionic states,
      such as the laser levels, proceeds by electron excitation of ions to the
      optical state from the ion ground state or from the ion metastable state,
      or both. Therefore the density of excited ions in the upper laser state
      increases quadratically with electron density and thus with discharge
      current density.
PAR  Trapping of resonance radiation from the lower laser level to the ion
      ground state (reabsorption of radiation by ground state ions to bring the
      ion back to an excited lower level of the lasering transition which occurs
      at extremely high current density (on the order of 10.sup.3 amp/cm.sup.2)
      can destroy the population inversion necessary for laser operation and
      thus reduce the output power to zero.
PAR  Operation at the current density corresponding to peak gain and peak output
      power is not possible for prior CW ion lasers because of the serious
      above-described material problems associated with thermal dissipation and
      ion bombardment.
PAR  Other problems which arise from the requirement for the necessary plasma
      include maintenance of ionization of the gas and the related problem of
      the choice of a suitable E/p ratio for the particular laser gas. In
      addition, because of the high power per unit volume normally associated
      with high power lasers, removal of heat through walls of the discharge
      tube is another related problem of prior art devices. Further, in some
      prior art devices it is necessary to cool the laser gas itself. Also, the
      requirement for a high density of electrons (and for particular values of
      E/p) usually results in occurrence of large plasma currents which strain
      the electrodes.
PAR  In molecular gas lasers there is a tendency for the plasma to become
      unstable, particularly at higher pressures. In this event the plasma will
      constrict and form filaments which concentrate on limited portions of the
      cathode. The unstable plasma will not uniformly fill the laser area; in
      many cases it will reduce the output of the laser.
PAR  Another object of the instant invention is to contain a plasma region in a
      gas laser so that the plasma is not in contact with containing walls.
PAR  Yet another object of the present invention is to maintain an abnormal glow
      discharge within a hollow cathode structure by use of a coaxially-mounted
      auxiliary anode surrounding the cathode.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows in pictorial cross section a gas laser in accordance with the
      present invention.
PAR  FIGS. 2a, b, c and d show a schematic representation of the electron
      distribution function, ionization cross section, and the product of the
      two for prior art devices (FIGS. 2a and b) and for the present invention
      (FIG. 2c and d).
PAR  FIG. 3 shows in pictoral cross section another embodiment of the present
      invention utilizing the differential pressure feature of the present
      invention.
PAR  FIG. 4 shows in pictorial cross section the keep-alive Auxiliary Electrode
      feature of the present invention.
PAR  FIG. 5a shows the use of a collecting electrode in a gas laser system.
PAR  FIG. 5b is a graphical representation of the electric field along the beam
      axis of the embodiment of FIG. 5a.
PAR  FIG. 6 illustrates the operation of the hollow cathode in more detail.
DETD
PAC  DETAILED DESCRIPTION
PAR  In general, the primary goal in laser operation is efficient excitation of
      optical states. In the case of ion and gas lasers this excitation is
      accomplished primarily by energy derived from electrons. In order to
      achieve a high-output optical power-per-unit-volume as well as a high
      inverted-state population necessary for gain, a high density of electrons
      is required. Associated with the high density of electrons is a negative
      space charge forming a self-electric field which can significantly inhibit
      introduction of additional electrons unless an extremely high energy
      electron beam is utilized. Thus, associated with the presence of a high
      density of electrons is a requirement for neutralization of the negative
      space-charge. The neutralization is accomplished by utilization of
      positive ions. This combination of electrons and ions with approximate
      charge equality constitutes a plasma.
PAR  In a laser plasma, the essential component (besides the gas) is a high
      density of energetic electrons (on the order of 1 to 10 e.v) to provide
      necessary energy for excitation of the optical states. In general the
      presence of positive ions is a by-product (the mere presence of high
      energy electrons in a gas will produce ions through the usual plasma
      ionization process) -- except in ion laser devices where it is more
      desirable to excite positive ions to the optical state than to excite the
      ground state of neutral gas atoms. Thus in ion laser devices, the presence
      of ions is necessary to its fundamental operation and not merely for
      negative space-charge neutralization; these ions are produced by means of
      high energy electrons in the plasma. For the most efficient operation of
      gas lasers, a source of a high density of electrons with optimum valves of
      electron energy is necessary. Electrons having high energy levels are very
      useful for ion lasers, while electrons of lower energy are most useful for
      molecular gas lasers.
PAR  One way of producing a plasma is to apply an electric field across a gas at
      a value sufficient to produce ionization of the gas. At least three
      factors are important to creation and sustaining of plasma usable in gas
      lasers: First, the applied electric field must be of sufficient value
      relative to the gas pressure and composition to produce enough ionization
      to maintain a plasma. Secondly, the electric field must be tailored to
      maintain a stable plasma, since plasmas in general are unstable. Thirdly,
      the electric field must be adjusted to maintain a plasma which has
      appropriate operating parameters (e.g. E/p) to efficiently excite the
      optical states necessary for the laser action. These three constraints in
      general cannot be optimally satisfied by the same electric field and set
      of operating parameters.
PAR  The present invention treats separately the production of the plasma and
      the optimization of the plasma for laser action. Production of an
      efficient plasma maintainable over a wide range of operating conditions is
      accomplished by the hollow cathode electrode of the present invention.
      Since the plasma is then relatively independently produced and maintained
      over a wide variation of laser operating conditions, particular optimum
      conditions for lasing conditions relatively independent) can be very
      important in providing a high-power, high-efficiency gas laser.
PAR  The presence in the laser enclosure of a lasing gas at a pressure p, and
      the presence of an electric field E for accelerating electrons (i.e.,
      increasing the energy of the electrons) implies a ratio of electric field
      to pressure, (E/p). This ratio is an important descriptive parameter for
      the laser plasma, and has an optimum value for each gas and for each
      particular excitation state.
PAR  The pressure has an effect on the average mean distance between ions; it
      thus is indicative of the distance an electron will travel (and therefore
      its energy gained by acceleration) before it collides with an ion. The E/p
      value is also important to maintenance of the plasma by ionization of the
      gas.
PAR  It is important to note that for prior ion-laser devices the same E/p value
      usually is not an optimal value for both excitation and ionization, and
      therefore a compromise value must be utilized. The present invention
      avoids this compromise.
PAR  By introduction of electrons into the plasma in accordance with the present
      invention, optimum E/p conditions for optical excitation may be utilized
      while at the same time maintaining the plasma by means of external
      electrodes. The freedom to choose optimum E/p conditions for optical
      excitation as afforded by the present invention is a highly important
      improvement respecting ion lasers.
PAR  Also, characteristics of the laser relating to excitation of optical states
      require excitation by electrons having a particular energy for a
      particular gas and excitation state.
PAR  Since the active discharge column is contained in a kind of "electrostatic
      tubing", it is therefore physically removed from any solid boundary. Thus
      the energy loss to the wall is reduced giving a higher efficiency. The
      damage to the wall is also reduced. It is known that for perforated wall
      hollow cathode discharges, 75% to 95% of the input power resides in the
      electron beam. Because, in the present invention the electron beam is
      electrostatically confined and is not in physical contact with any
      surface, there is very little loss to the walls of the discharge tube. A
      large portion of the beam power is dissipated by excitation and ionization
      collisions, and the remaining power is delivered to the hollow anode which
      can be conveniently cooled. This anode power loss can be reduced to a
      minimum by a scheme involving a depressed anode bias technique sometimes
      used in microwave operations. In the "depressed anode" technique, an
      accelerating anode is used to accelerate the electrons. Once the electrons
      are accelerated, there is no need to collect them on the accelerating
      anode. These electrons are collected on another anode operated at a
      depressed (or lower) voltage so that less power is taken from the power
      supply for completing the electron flow circuit.
PAR  By use of the present invention, all of aforesaid disadvantageous aspects
      of prior gas laser devices can be significantly reduced if not completely
      eliminated.
PAR  One embodiment of the present invention is shown in FIG. 1. A cold cathode
      structure 20 in the form of a perforated hollow cylinder is supported
      within an elongated laser enclosure 60 by conductive rod 26 so that the
      axis of the cylinder is generally coincident with the axis of the
      elongated portion of the laser enclosure. Conductive rod 26 is surrounded
      by insulator 62 which also serves as a support and as a passageway for
      conductive support rod 26 to pass through the wall of laser enclosure 60.
      Conductive rod 26 is connected to a source of negative operating potential
      82. The cathode is constructed of a perforated material such as a mesh
      wire screening of Cu, Mo, Al or stainless steel having a transparency on
      the order of 80%-90% except for an aperture 22 in each of two end plates
      through which an electron beam 40 may pass. Attached to the exterior of
      the cathode element 20 are two focusing tubes 28 which surround the
      apertures 22. The cathode 20 is approximately 3 inches long and has a
      diameter of approximately 1 inch; the apertures 22 are generally circular
      with an approximate diameter of 1/8 inch; the focusing tubes are
      approximately 1/2  inch long and have a diameter of 1/4  inch.
PAR  Surrounding the cathode 20 is a conductive metal shield or auxiliary anode
      24, constructed of any suitable material such as stainless steel, etc. The
      shield or auxiliary anode 24 completely surrounds the cathode 20 and is
      kept at a uniform distance (e.g. 1/32 inch) from the cathode except that
      openings are provided to allow the focusing tubes 28 and conductive
      support rod 26 to pass. Insulator 62 also serves to support shield or
      auxiliary anode 24 and to provide a passageway for conductor 25 to connect
      the shield auxiliary anode 24 to a source of operating potential 80 such
      as ground.
PAR  Attached to each end of elongated laser enclosure 60 is a field anode 42
      having an aperture 44 in its center to allow a laser beam 38 to pass. Each
      field anode 42 is connected to a source of positive operating potential
      84. Thus, the field anode 42 is generally at a positive voltage potential
      with respect to the shield or auxiliary anode 24 which is at a positive
      potential with respect to cathode 20.
PAR  As an optional feature electric coils 58 are placed around the elongated
      portion of laser enclosure 60, connected to a source of operating current
      (not shown), and arranged to produce a magnetic field B. Permanent magnets
      can also be used to provide an axial magnetic field, which may or may not
      have an alternating magnetic polarity (N-S, S-N, N-S, S-N, etc.).
PAR  The laser enclosure 60 is constructed from any suitable material such as
      glass or quartz, and forms a complete enclosed chamber. A suitable,
      relatively inert gas such as H.sub.2, He, N.sub.2, Ar, Ne, CO.sub.2, air,
      etc. is allowed to enter the laser enclosure 60 through input port 64 at a
      rate determined by regulator 68 from supply 69. A pump 70 exhausts the gas
      through outlet port 66 and, in combination with regulator 68 maintains a
      predetermined desired constant pressure on the order of one to one
      thousand microns Hg.
PAR  On the end of enclosure 60 outside of each hollow field anode 42 is a
      Brewster angle window 54 which form the ends of the laser enclosure and
      allows laser beam 38 to pass out of the tube. Along the optic axis of
      laser beam 38 and outside laser enclosure 60 are located beam splitting
      mirrors 50 and concave feedback laser mirrors 46.
PAR  Operation of the present invention will now be described. On application of
      an high negative D.C. potential from cathode potential supply 82 through
      conducting rod 26 to the cathode 29, wellcollimated electron beams 40 are
      formed. Electron beams 40 emanate from the two apertures 22 of the hollow
      cathode 20 and terminate at the two hollow accelerating or field anodes 42
      located at both ends of the laser discharge tube 60. Current density of
      the electron beams 40 can be further augmented by the longitudinal
      magnetic field B generated by the external field windings 58. This
      magnetic field is provided by electric coils 58 arranged and operated so
      as to produce a magnetic field B directed axially from the center of the
      laser enclosure toward each accelerating or field anode 42.
PAR  Positive ions are formed in the path of electron beam 40 by collisions of
      high energy electrons with gas atoms. The high energy electrons within the
      beam further excite the ions to various levels to produce laser
      oscillations, and the resulting optical output is obtained either from one
      of the two confocal mirrors 46 which may be transmissive (e.g. 90%), thus
      allowing a portion of the beam to pass or from beam splitter 50, coated
      with a reflective coating allowing a portion 39 of the beam 39 to be
      reflected.
PAR  When the cathode of a hollow cathode structure having apertures is
      subjected to a high negative potential with respect to an anode and with
      proper cathode geometry and pressure level in the hollow chamber, a well
      defined pencil beam of high current density, high energy electrons
      emanates from the apertures.
PAR  The hollow cathode has a cathode fall region adjacent to its external
      surface. The electrons for the beam are obtained, however, from a plasma
      generated by an intense discharge within the chamber enclosed by the
      cathode. If the aperture through which the electron beam 40 emerges is
      then so shaped to where at least one cross-sectional dimension is less
      than the size of the cathode fall region, an electrostatic focusing effect
      on the electrons is obtained and a well-defined electron beam is produced.
PAR  The laser enclosure 60 is evacuated and then filled with a suitable gas
      such as helium to a suitable pressure (e.g. 5 .times. 10.sup.-.sup.2
      Torr.). A glow discharge is started by bringing the cathode assembly 20 to
      a sufficiently negative potential (e.g. 2.5 kilovolts). Initially,
      outgassing of the cathode assembly 20 and heating of the gas occurs, but
      if the pressure is reduced by further restricting the flow of the gas into
      the enclosure 60, then at a critical pressure (e.g. 4 .times.
      10.sup.-.sup.2 Torr.), the glow discharge changes to a hollow cathode
      discharge accompanied by beam of electrons 40 which pass through apertures
      22. The energy of the beam is increased by making the potential of the
      cathode assembly 20 more negative.
PAR  The cold, hollow cathode is of central importance to the improved ion laser
      of the present invention. This cathode produces a discharge generally
      characterized by three discharge regions: The interior region inside the
      hollow cathode 20 contains a plasma which serves as the source region for
      the electron beam 40. The exterior region outside of and surrounding the
      anode structure 24 maintains an abnormal glow discharge which accelerates
      and shapes the electron beam 40, and supplies some ballistic ions through
      the perforated wall to sustain the interior discharge. The region in the
      vicinity of cathode aperture 22 forms the third discharge region.
      Electrons escaping through the beam aperture 22 are accelerated into the
      plasma positive column in essentially a rectilinear flow. This last
      discharge region also supplies energetic ions to sustain the (hollow)
      (negative glow) discharge. Hence, the apertures 22 serve as sources of
      ions for the hollow discharge and electrons for the abnormal glow
      discharge.
PAR  The plasma inside the cathode may be considered as a virtual cathode
      populated by electrons and ions. This plasma is highly ionized and is
      sustained by ionization of the gas caused by electrons originating at the
      interior cathode surface and energetic ions entering through the
      perforated cathode wall and the apertures. Ions diffusing to the plasma
      boundary are accelerated across the internal sheath and continuously
      bombard the cathode surface with energies of a few hundred volts. As a
      result, an electron current emanates from the inside of the cathode walls
      due to secondary emission. Because of the low quantum yield of the cathode
      material, photo-emission accounts for about 5% of the total emission
      current.
PAR  After penetrating the internal cathode sheath, the emitted electrons have a
      kinetic energy corresponding to the sheath potential drop. These fast
      electrons may simply traverse the plasma and strike the opposite cathode
      surface, where they recombine with ions--unless some elastic or inelastic
      collision occurs in transit. If such an interaction takes place, the
      electron loses some of its energy, with the result that it is trapped
      within the plasma. The trapped electron then loses more energy by
      inelastic collisions with the gas. The probability that an electron
      emitted at the cathode surface will be trapped in the plasma is determined
      by the cathode geometry and the mean-free-path of interaction within the
      hollow cathode. Since this trapping efficiency is high, the degree of
      ionization of the plasma is very high. A relatively high concentration of
      ions exists at the cathode aperture due to the influx of ions from the
      beam. The resulting space-charge field extracts electrons from the
      internal plasma by essentially lowering the height of the potential
      barrier that an electron experiences in the vicinity of the aperture.
      Thus, electrons with sufficient energy to surmount this reduced barrier
      will emerge from the aperture to form the beam.
PAR  The electron beam obtained from the perforated wall hollow cathode
      discharge remains quite well collimated as it traverses the positive
      column, even though there is a high current density. This electron beam is
      marked by the luminosity of excited atoms and ions in its path. With no
      auxiliary focusing, the beam cross-section is usually dictated by the size
      of the dominant cathode aperture; the beam cross section can be made
      smaller by adjustment of pressure and cathode bias. It should be noted
      that utilization of an Einzel lens construction along the laser axis of
      the laser tube can help control the electrostatic field and assist in
      making it independent of the wall boundaries. Also, an alternating
      gradient magnetic field along the axis of the plasma (electron) beam may
      be utilized alternatively to or in conjunction with the Einzel lens
      construction for the purpose mentioned above. This magnetic field can be
      provided by disk permanent magnets with alternating polarities such as
      North-South, South-North, North-South, etc.
PAR  This important property of self-focusing of the plasma electron beam is due
      to the combined action of positive-ion spacecharge both near the aperture
      and in the beam path, and the electrostatic lensing property of an
      aperture separating regions of differential potential gradients. The
      electron space charge, which is responsible for beam spreading and mutual
      repulsion of electrons in a conventional high vacuum beam, is completely
      neutralized by the ion space charge present in the gas laser of the
      present invention.
PAR  FIG. 6 shows in detail important portions of a feature of the present
      invention which include a hollow cathode, focusing structure, and other
      aspects, all especially useful in a gas-ion laser, as described in the
      following.
PAR  This is accomplished by a focusing electrode 302 shown in FIG. 6,
      electrically connected and attached and mounted outside an aperture 304 to
      a perforated hollow cathode structure 306, located within a laser
      enclosure 320 represented pictorically in dashed line. The laser enclosure
      is filled with a lasing gas (i.e., a noble gas such as Helium) and a
      voltage difference is applied between the hollow cathode 306 (constructed
      of a perforated metal such as stainless steel mesh of 85% transparency)
      and an auxiliary electrode 308 located in the vicinity of cathode 306.
      This causes a plasma 310, containing electrons 324 and ions 326, to form
      within the hollow cathode structure 306. A portion of this plasma leaves
      the cathode along a beam axis 312 through the aperture 304, and is
      attached to and accelerated by accelerating anode 313. Accelerating anode
      313 is generally aligned along the electron-laser beam axis 312, and has
      an opening 325 therein through which a laser beam 323 may pass.
PAR  Focusing electrode 302 acts to shape the electrostatic field (as
      represented by electric field lines 305) in such a way that it forms an
      electrostatic lens which focuses the electron plasma beam 314 as it leaves
      the hollow cathode and launches the electron-plasma beam 314 in a tight,
      highly directional manner. As soon as the electrons emerge from the
      electrostatic lens-focusing electrode 302, the space charge of the
      electron beam in general would cause the beam to become defocused.
      However, since the electrons 324 are emerging with an accelerated velocity
      into a region 318 where there are gas atoms 322, a considerable portion of
      the gas atoms in the path of the electron-plasma beam 314 will become
      ionized. The resulting space-charge field produced by these ions will tend
      to neutralize the high energy electron beam coming out and thus prevent
      the electronplasma beam 314 from diverging.
PAR  Since the electron-plasma beam can remain collimated in the vicinity of the
      extraction region (aperture 304- focusing electrode 302) of the
      electrostatic lens, the electron beam then propagates along the beam axis
      312 in a collimated form in the direction of the accelerating anode 313.
      This collimated electronbeam ionizes gas atoms in its path, which in turn
      provide the necessary ions for further space-charge neutralization of the
      electron-plasma beam as the beam propagates. Thus the pressure of the gas
      322 in the path of the electron-plasma beam 314 provides the ions
      necessary to keep the beam from defocusing, at the same time it provides
      the ions necessary to form the positively charged components of the
      plasma.
PAR  The composition of the electron-plasma beam 314 is essentially a plasma
      determined by the equilibrium between the volume ionization within the
      plasma and the loss of positive and negative charges to the boundary 315
      of the plasma. In general the loss of charges proceeds through ambipolar
      diffusion (free diffusion) where the lower mass of the electrons gives
      them much larger random velocity than that of the positive ions.
      Therefore, the electrons tend to leave the plasma more readily than the
      ions; as a result the electron-plasma beam has a slight accumulation of
      positive charge--in some instances on the order of a fraction of a
      percent. As a result of this slight excess of positive charge in the
      electron-plasma beam, the center of the beam is slightly positively
      charged with respect to the exterior of the beam (the potential difference
      being on the order of 2 to 20 electron volts). The positive discharge
      tends to pull the electrons toward the center of the beam, thus providing
      a self-collimating mechanism.
PAR  In this way, the present invention provides for a method of extracting
      electrons from a hollow cathode structure in a sufficiently focused beam
      so that the resulting ions produced from collisions of electrons with the
      lasing gas are sufficiently concentrated in order to achieve propagation
      of the electron beam in a concentrated form.
PAR  The conventional ion-laser, when operating with an electrical power input
      of 8 to 15 amps at approximately 200 volts and an operating pressure of a
      few hundred microns Hg, has an average electron energy of about 4-5 ev.
      Since the ionization potentials and the upper laser levels of most gases
      used in ion-lasers are in general considerably larger than this average
      energy, ionization and excitation must rely on the minor group of
      electrons having high energy values.
PAR  In the case of hollow cathode discharges, because of high voltage operation
      and the associated large E/p value, the beam electrons are characterized
      by a displaced Maxwellian distribution with their directed velocity
      greater than their random velocities. Thus, for the hollow-cathode
      discharge ion-laser of the present invention, almost all electrons within
      the electron beam are energetically capable of causing ionization and
      excitation.
PAR  The average energy of the beam electrons can be estimated by following a
      method developed by von Engle and Steenbeach, ("electrische
      Gasentladungen, ihre Physils v. Technik" Vol. 2, Springer, Berlin 93
      (1934)) for analysis of positive columns of glow and arc discharges. By
      this technique, when applied, for example, to an argon gas laser operated
      in a pressure range between approximately 10.sup.-.sup.3 and
      10.sup.-.sup.2 Torr utilizing the perforated wall hollow cathode of the
      present invention, it may be seen that the average electron energy is very
      high; therefore a high degree of ionization can be achieved within the
      electron beam even with a relatively low current density.
PAR  The current density of the electron beam can conveniently be adjusted by
      changing the grid bias, the gas pressure, the cathode potential, the
      longitudinal magnetic field strength, or the size of the dominant cathode
      aperture.
PAR  The average energy of beam electrons will be determined by balancing the
      rate of electron loss through ambipolar diffusion and the rate of electron
      production by volume ionization. The effect of electrons with a displaced
      Maxwellian distribution interacting in the process of ionization by
      electron impact with atoms is indicated in FIG. 2. The electron
      distribution function f.sub.e, the ionization cross-section .sigma..sub.i,
      and the product .sigma..sub.i f.sub.e having a displaced Maxwellian
      distribution are schematically shown in FIG. 2a and b for the conventional
      discharge used by existing ion lasers, and in FIG. 2c and d for the hollow
      cathode discharge in accordance with the present invention for use in
      ion-lasers.
PAR  The derivation of these distribution curves is as follows:
PAR  The rate of ion production can be expressed as:
      ##EQU1##
      where k.sub.i is the ionization rate constant, and n.sub.+ , n.sub.e, and
      n.sub.a are respectively the density of ions, electrons, and neutral
      (atoms) (number).
PAR  Because of the mass disparity between an electron and an atom, the relative
      speed (which is a factor governing all binary collision processes) can be
      approximated by the electron random speed. From this it follows that the
      microscopic rate constant for ionization is directly proportional to the
      electron random speed v and the ionization cross-section .sigma..sub.i
      (v.sup.2). For electrons with a velocity distribution function f.sub.e (v,
      V.sub.d, T.sub.e) the average rate constant for ionization can be defined
      as follows:
EQU  k.sub.i = v.sigma..sub.i (v.sup.2)
PAR  It should be noted that for conventional ion lasers, the electron drift
      velocity is usually small, so that ionization is accomplished by a small
      group of electrons at the high energy tail of the distribution function,
      whereas in the ion laser of the present invention, electrons have large
      drift energy and practically all electrons within the beam are able to
      participate in the ionization process.
PAR  The degree of ionization in the beam is high but because of the electron
      runaway process electrons are not scattered by collisions. In electron
      runaway the scattering cross section decreases fast enough with respect to
      electron velocity so that the electron finds it easier and easier to gain
      energy. The electrons will gain energy at an even increasing rate. This is
      because of the strong energy dependence of the Rutherford scattering law
      (which states that the electron-ion momentum transfer cross-section is
      inversely proportional to the square of the electron kinetic energy). The
      electron will gain energy at an ever increasing rate. Further, its drift
      velocity is not bounded by a terminal value, but it grows monotonically
      with time. The growth of electron energy is eventually inhibited by
      collisions with ionic cores. At high energies, incident electrons with
      impact paramters comparable to the ionic dimension can reach and penetrate
      the bound electronic structure of the ion.
PAR  Thus, the energetic beam electrons collide only with ionic cores to excite
      the ion, and with atoms to produce an excited ion. Population inversion
      and laser action will result when suitable gases, such as Ar, Xe, Kr, Ne,
      Cl.sub.2, Br.sub.2, S, P, Hg, etc., are introduced.
PAR  Radiation trapping (i.e.., radiation resulting from a transition from lower
      laser levels to the ion ground state) causes saturation of the laser
      output power-per-unit-area of the active discharge column; therefore the
      total output power of a continuous wave ion laser can be increased by
      merely making the diameter of the plasma column larger. But the size of
      the plasma column has no bearing on radiation trapping in the case of a
      continuous wave ion laser. It is important to note that that the scheme
      for increasing the total laser output power by increasing the plasma
      diameter is not particularly helpful in the case of conventional prior art
      continuous wave lasers because of thermal and other limitations such as
      imposed for example by the quartz capillary previously described.
PAR  The situation for the hollow cathode ion-laser of the present invention is
      different. Output power of an ion-laser in accordance with the present
      invention appears unlimited, at least with respect to the above
      limitations. For higher laser outputs, larger cathodes with larger beam
      apertures can be used. Operation of a high power laser utilizing the
      present invention may, for example, be at beam currents ranging up to 2
      amps for a 3 inch cathode operated at 20 K V with an argon gas (equivalent
      to an input power of 80 KW for the particular embodiment discussed above).
      The maximum power injected appears primarily limited only by the capacity
      of the power supply used.
PAR  The efficiency of a conventional continuous wave ion laser is generally
      less than 0.2%. By utilization of the present invention laser efficiency
      can be considerably higher due to the absence of appreciable wall losses
      and surface recombination, especially in relation to the high efficiency
      achieved by CO.sub.2 lasers for which the surface-to-volume ratio of the
      discharge column, (and hence wall loses) are relatively small. Thus, for
      example, an ion-laser in accordance with the present invention using a 3
      inch perforated wall hollow cathode operated at 20 K V with two electron
      beams each drawing a current of approximately 2 amps, an overall
      efficiency on the order of 1% to 2% is estimated with output power the
      order of 800 watts.
PAR  The gas ion laser of the present invention is also suitable for operation
      in a pulsed mode. With the device operating at relatively low beam power
      to keep the plasma alive, a high energy pulse can be applied to take
      advantage of a large momentary inversion during a short duration pulse
      (e.g., less than 10 microseconds) before radiation trapping and beam
      instability (i.e. divergence) occur.
PAR  A feature of the present invention is the use of a differentially pumped
      cathode laser region, as illustrated in the embodiment shown pictorically
      in part in FIG. 3. In this embodiment, a differentially pumped hollow
      cathode structure 120 passes through and is held rigidly in place by
      insulating wall 130. The hollow cathode 120 has a cavity 122 in which a
      glow discharge 124 may be contained. Apertures 126 are present in the wall
      of cathode 120 forming passageways for an electron beam 140 to pass from
      the cavity 122. In the central portion of the cathode 120 is a tubular
      passageway 138 connecting either another cavity symmetric about the center
      of wall 170 or to a laser mirror 168. Communicating with tubular
      passageway 128 is another passageway 129 which forms a passageway from
      tubular passageway 128 to the interior portion 131 of insulating wall 130.
      The interior portion 131 of insulating wall 130 forms a chamber for
      receiving a gas 132 from a gas supply 134. Regulator 136 and tubing 138
      provide the means whereby the laser gas in introduced and by which the
      pressure of gas 130 is maintained.
PAR  A cathode glow power supply 142 is connected with and provides an operating
      potential to cathode 120. Electron beam 140 is directed toward a discharge
      chamber 150 having a tubular structure 152 having its axis generally
      coincident with electron beam 140. The tubular structure 152 is held
      rididly in place by an annular shaped end wall 154 constructed of
      refractory insulating material. End wall 154 is fitted and attached within
      the end of a cylindrical water jacket 156, constructed from any suitable
      material such as plastic. A vacuum flange 158 is attached around water
      jacket 156 by a Goddard fitting 160.
PAR  Passing through and attached to another annular end wall 162 located at the
      end of jacket 156 and opposite end wall 154 is a cylindrical electrode 164
      constructed out of a suitable conductive material such as aluminum. One
      end of electrode 164 is embedded into and attached to end wall 154 while a
      laser window 166 such as a Brewster angle window is attached at the other
      end of electrode 164. A Brewster laser mirror 168 is placed outside of
      electrode 164 and laser window 166 in line with the optical discharge path
      of the discharge chamber and generally coincident with the axis of the
      electron beam 140 path.
PAR  The insulator wall 130 is attached to a suitable metal wall 170, for
      example aluminum, which is connected to vacuum flange 158 thereby forming
      an easled enclosure for the hollow cathode 120-glass tube 152 region. In
      this embodiment of the present invention, the differential pressure
      feature may be seen to operate as follows: A difference in pressure is
      maintained between the cathode cavity 122 and the laser plasma region 150.
      The cavity 122 of cathode 120 is operated at a pressure higher than that
      of the laser plasma column 150. Alternatively, the gas feed line 138 may
      be connected to an exhaust pump, in which event the hollow cathode 120 can
      then be maintained at a lower pressure than the laser plasma column 150.
      This may be accomplished by means of the differential pumping at the
      aperture 126, thereby isolating the hollow cathode 120 and the laser
      plasma region 150. In this embodiment the anode 164 is water cooled by
      pumping water around electrode 164 inside water jacket 156. A catophoresis
      mode of differential pumping may be utilized to implement this feature of
      the present invention.
PAR  Another feature of the present invention is the use of an auxiliary
      electrode used to maintain a virtual plasma cathode. An embodiment of this
      feature is illustrated in FIG. 4.
PAR  A cathode structure 200 is indicated in phantom in FIG. 4. This structure
      is comprised of a main cathode structure 220 and an auxiliary electrode
      structure 222 disposed in close relationship to the main cathode structure
      220. The cathode structure is arranged so as to allow an electron beam 240
      to emanate therefrom along an axis 241 in the direction of an anode 242.
PAR  A source of operating potential 281 is connected through current limiting
      resistor 284 so that its positive terminal is connected to the auxiliary
      electrode 222 and its negative terminal is connected to the main cathode
      220. Another source of operating potential 282 is connected with its
      negative terminal connected to the main cathode 220 and its positive
      terminal connected through current limiting resistor 286 to anode 242.
PAR  The axis 241 is coincident with the laser discharge axis along which a
      laser beam output occurs and along which the usual laser components, such
      as laser mirrors 246 are arranged.
PAR  Operation of this feature is as follows:
PAR  By use of the auxiliary cathode, the plasma cathode may be maintained
      independently of the main discharge so that the potential applied to the
      main anode can be optimized for production of a stable plasma and electron
      source, while at the same time optimizing the main power supply potential
      to maximize laser output power and efficiency.
PAR  In addition, the auxiliary cathode may also be differentially pumped to
      maintain the pressure in the plasma cathode region at values best suited
      to maintain the plasma, and the pressure in the plasma laser region
      maintained at pressures best for laser operation.
PAR  A feature of this invention is utilization of secondary or collecting
      electrode utilized to collect the electron beam in a gasion laser.
PAR  An embodiment of this feature is illustrated in FIG. 5a. A gas laser
      enclosure 502 indicated generally by the dashed line has laser mirrors 504
      at either end along the laser axis 506. The enclosure is filled with a
      lasing gas, such as Helium, Neon, Argon, Kripton, Xenon, etc. An electron
      beam generating structure 508 indicated in phantom comprises a structure
      from which when properly operated emanates an electron beam 510 along an
      electron beam laser axis 506.
PAR  Although this electron beam structure may be of any type desired for a
      specific purpose, a particular structure is shown in the embodiment
      illustrated in FIG. 4. The embodiment illustrates another feature of the
      present invention. The structure is made up of a cathode electrode 220 and
      a keep-alive auxiliary electrode 222.
PAR  The keep-alive auxiliary electrode 222 acts to maintain the plasma--like a
      pilot light. This makes it possible to maintain the plasma without regard
      to the voltage of any other electrode such as that of accelerating
      electrode 242. In this way modulation of accelerating electrode becomes
      possible (and thus modulation of the laser beam) without regard to the
      voltage on the other electrodes required in prior art devices to maintain
      the plasma. When an appropriate potential (e.g. 400 volts) is maintained
      between them (such as by a potential source 281 acting through a current
      limiting resistor 284), an electron-plasma region is formed between
      cathode 220 and the keep-alive electrode 222.
PAR  It may be seen in FIG. 5a that a portion of the plasma may then be allowed
      to emanate through an opening to the cathode structure 200. When a
      potential 528, positive with respect to the electron beam generating
      structure 526 (e.g., more positive than the potential of auxiliary
      electrode 516) is supplied through current limiting resistor 530. To
      accelerate electrode 512 generally symmetrical around about the beam axis
      506, the electron-plasma beam 570 is accelerated to auxiliary electrode
      512. This electrode is so arranged that the electron beam is not collected
      by it. For this purpose a secondary, or collecting anode 532 is arranged
      generally symmetrically about the electron beam axis 506. A potential 534
      is applied to this electrode through current limiting resistor 536. It is
      important that the potential applied to the secondary or collecting anode
      532 be of a value that is less positive than the potential applied to the
      accelerating anode 512 but more positive than the electron-beam generating
      structure 526. A deflection device may optionally be utilized to deflect
      the electron beam away from the path 506 and towards the surface of the
      secondary anode element 532. This deflection device may take the form, for
      example, of an electric coil 538 surrounding the secondary anode 532, and
      be connected to a source of operating potential (not shown), and operated
      so as to produce a magnetic field which causes a desired electron
      deflection path.
PAR  FIG. 5b indicates the magnitude of the electric field along the electron
      beam axis of the embodiment of FIG. 5a.
PAR  Thus the present invention provides an improved gas-ion laser having a cold
      hollow cathode structure and utilizes such features as a plasma keep-alive
      electrode to maintain the plasma, depressed operation of a collecting
      electrode to reduce power required for operation, and various means to
      assist in containing the electron-plasma beam which include a magnetic
      field, an alternative field gradient, and Einzel lens arrangements.
      Differential pumping of the hollow cathode region with respect to the
      discharge region is also an important feature, as is accomplishing this by
      catophoresis techniques.
PAR  The present invention minimizes the problem of thermal dissipation and ion
      bombardment leading to degradation and early failure of prior gas-ion
      laser devices. The present invention also minimizes the high rates of
      energy loss and ion recombination on the capillary wall resulting from
      prior art direct physical contact between the active discharge column and
      the quartz tubing which in the present invention avoids higher output
      power and higher efficiency obtained by the present invention are
      important advantages achieved by the laser of the inventions. Obviously,
      many modifications and variations of the present invention are possible in
      light of the above teachings. It is therefore to be understood that within
      the scope of the appended claims the invention may be practised otherwise
      than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gas laser comprising:
PA1  elongated laser enclosure means having a lasing axis running lengthwise
      through said enclosure, said laser enclosure being filled with a suitable
      gas for lasing at a predetermined pressure;
PA1  hollow cathode means with perforated walls located within said laser
      enclosure means, said cathode means having at least two apertures axially
      aligned along said lasing axis;
PA1  auxiliary anode means positioned near said cathode means and arranged so as
      not to obstruct said cathode apertures;
PA1  said cathode means and said auxiliary anode means each being adapted to
      receive a voltage potential, the potential difference between the voltages
      applied to said cathode means and auxiliary anode means being sufficiently
      high so that a plasma of electrons and ions is situated within the
      interior of said hollow cathode means;
PA1  accelerating anode means positioned within said laser enclosure means
      axially along said lasing axis and energized with a sufficient voltage
      potential relative to said auxiliary anode means so that a collimated beam
      of high energy electrons and ions is drawn from one of said apertures in
      said cathode means, the high energy electrons of said beam causing a
      population inversion sufficient to form a laser beam along said lasing
      axis, said accelerating anode means having a central opening to permit the
      passage therethrough of both the laser beam and said beam of electrons and
      ions; and
PA1  feedback-output means positioned along said lasing axis for reflecting a
      portion of said laser beam back along said laser axis, and for allowing
      the remaining portion of said laser beam to be emitted from said gas
      laser.
NUM  2.
PAR  2. A laser apparatus as defined by claim 1 wherein said enclosure means is
      divided into a cathode chamber enclosing a hollow cathode structure with
      at least one hollow cavity therein, and at least one laser discharge
      chamber, and means for maintaining a pressure difference between said
      cavity and said discharge chamber.
NUM  3.
PAR  3. A laser apparatus in accordance with claim 2 wherein said pressure
      difference is maintained by catophoresis differential pumping.
NUM  4.
PAR  4. A laser apparatus in accordance with claim 1 wherein said gas is any
      noble gas.
NUM  5.
PAR  5. A gas laser as defined in claim 1, wherein said cathode means has a
      focusing electrode means attached to and surrounding the apertures of said
      cathode means and extending outward therefrom along said lasing axis, said
      focusing electrode means being electrically connected to said cathode
      means.
NUM  6.
PAR  6. A gas laser as defined in claim 1, wherein said enclosure means further
      comprises means for introducing a flow of said suitable gas at a
      predetermined pressure through the interior of said enclosure means.
NUM  7.
PAR  7. A gas laser as defined in claim 1, further comprising:
PA1  means for generating a magnetic field along said lasing axis in order to
      further confine said electronion beam.
NUM  8.
PAR  8. A gas laser as defined in claim 7, wherein said means for generating a
      magnetic field comprises:
PA1  a plurality of electric coils spaced along said lasing axis about said
      electron-ion beam; and
PA1  means for supplying an operating current to said electric coils.
NUM  9.
PAR  9. A gas laser as defined in claim 7, wherein said means for generating a
      magnetic field comprises:
PA1  means for generating an alternating gradient magnetic field along said
      lasing axis.
NUM  10.
PAR  10. A gas laser as defined in claim 1, comprising:
PA1  Einzel lens means positioned about said lasing axis for further collimating
      said electron-ion beam.
NUM  11.
PAR  11. A gas laser as defined in claim 1, further comprising:
PA1  secondary anode means aligned along said lasing axis and positioned on the
      opposite end of said accelerating anode means from said cathode means for
      collecting the electrons from said electron-ion beam passing through the
      central opening of said accelerating anode means.
NUM  12.
PAR  12. A gas laser as defined in claim 11, wherein said secondary anode means
      has a central opening for passing a laser beam therethrough and electric
      coil means surrounding said secondary anode means for deflecting the
      electrons away from the lasing axis.
NUM  13.
PAR  13. An electrode structure for use in a gas-ion laser apparatus including a
      laser enclosure and means for introducing a gas flow at a predetermined
      pressure through the interior of said enclosure comprising:
PA1  hollow cathode means, focusing electrode means, and auxiliary anode means
      positioned within said enclosure:
PA2  said cathode means being in the shape of a hollow structure having at least
      one aperture, said cathode means being constructed from a material that is
      highly porous to electron-ion plasma;
PA2  said focusing electrode means attached to said cathode means, surrounding
      the aperture of said cathode means and extending outward therefrom for
      focusing an electronion beam emanating therefrom;
PA2  said auxiliary anode means located in the general vicinity of said cathode
      means; and
PA1  connection means for supplying operating potential to said cathode means
      and to said auxiliary anode means.
NUM  14.
PAR  14. The electrode structure of claim 13 wherein said hollow cathode is
      substantially symmetric about an axis and has a cross section
      perpendicular to said axis described by a conic section.
NUM  15.
PAR  15. The electrode structure of claim 14 wherein said conic section is a
      circle.
NUM  16.
PAR  16. The laser apparatus of claim 14 wherein said conic section is an
      ellipse.
NUM  17.
PAR  17. The electron structure of claim 13 wherein said cathode is in the form
      of a hollow sphere.
NUM  18.
PAR  18. The electrode structure of claim 13 wherein said cathode is in the form
      of a hollow rectangular volume.
NUM  19.
PAR  19. The electrode structure of claim 13 wherein said cathode has a
      transparency in the range of 60 to 99 percent.
NUM  20.
PAR  20. The electrode structure of claim 13 wherein said cathode is constructed
      from stainless steel mesh.
NUM  21.
PAR  21. A method of generating a laser beam in a gas-ion laser apparatus
      including a laser enclosure with a laser axis running therethrough;
PA1  a hollow cathode structure within said enclosure having at least one
      aperture substantially aligned along said laser axis of said enclosure;
PA1  an auxiliary anode structure located in the general vicinity of said
      cathode structure and having at least one anode aperture, said anode
      aperture being larger than and substantially aligned with said cathode
      aperture;
PA1  an accelerating anode located along said laser axis facing said cathode
      aperture, said accelerating anode having an aperture through which said
      laser beam may pass; and
PA1  optical feedback means substantially aligned along said laser axis, said
      method comprising the steps of:
PA2  introducing a lasing gas flow at a particular pressure into said enclosure;
PA2  generating a high energy electron beam having a velocity distribution that
      is high enough so that most of the electrons in said electron beam are
      capable of causing lasing gas ionization and excitation by applying a
      highly negative voltage to said cathode structure and a positive voltage
      to said auxiliary anode structure, and maintaining an electric field
      between said cathode and said accelerating anode by applying a positive
      potential between said accelerating anode and said cathode so that said
      electron beam emanates from said cathode aperture;
PA2  ionizing and exciting to an upper energy state said gas by collisions with
      the electrons of said plasma beam; and
PA2  maintaining a laser beam by optical feedback from said optical feedback
      means.
NUM  22.
PAR  22. An improved gas laser device having a laser enclosure;
PA1  means for introducing a flow of noble gas at a predetermined pressure;
PA1  means for generating a high energy electron beam capable of causing a
      population inversion in said noble gas sufficient to generate a laser
      beam;
PA1  an accelerating electrode structure aligned with said electron beam
      generating means for drawing out and for accelerating said electron beam,
      said electrode structure having connections for supplying to said
      accelerating electrode structure a positive potential;
PA1  a secondary anode electrode structure aligned with said electron-beam
      generating means for collecting said electrons of said electron beam; and
PA1  connections for supplying to said anode structure a positive potential
      whose value is less positive than potential applied to said accelerating
      electrode.
NUM  23.
PAR  23. A method for accelerating and collecting an electron beam in a laser
      device having a laser enclosure with a laser axis running therethrough, an
      accelerating electrode positioned along said laser axis, and a secondary
      anode for collecting the electrons from said electron beam, said method
      comprising the steps of:
PA1  introducing a gas suitable for lasing into said laser enclosure at a
      predetermined pressure;
PA1  generating an electron-ion plasma from said gas in said enclosure;
PA1  applying a positive potential to said accelerating electrode for drawing
      out and accelerating an electron beam from said plasma along said laser
      axis; and
PA1  applying a lower positive potential to said secondary anode, said lower
      potential being less positive than said potential applied to said
      accelerating electrode.
NUM  24.
PAR  24. An electron-plasma beam focusing device for focusing an electron plasma
      beam along a beam axis within a gas filled enclosure comprising:
PA1  a cold mesh-type hollow cathode structure having a pair of opposed openings
      aligned with said beam axis therein which are larger than the aperture in
      said mesh and are suitable for passing an electron-plasma beam
      therethrough;
PA1  a focusing electrode electrically connected and attached to said cathode
      and arranged generally symmetric about said beam axis;
PA1  an auxiliary anode located generally near said cathode;
PA1  connections to said auxiliary anode and cathode for supplying a potential
      to said auxiliary anode which is positive with respect to said cathode;
PA1  an accelerating anode located on said beam axis having an opening therein
      through which a laser beam may pass; and
PA1  connections for supplying a potential to said accelerating anode which is
      positive with respect to said auxiliary anode.
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ABST
PAL  An improved Q-switched neodymium laser in which uranium as
      UO.sub.2.sup.+.sup.2 and a uranium oxidizing agent such as cerium in a
      host body such as glass serve as either an external or an internal
      Q-switching device for the laser.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 65,894,
      filed Aug. 21, 1970 now U.S. Pat. No. 3,865,747, which is a
      continuation-in-part of application Ser. No. 673,614, filed Oct. 9, 1967,
      now abandoned. The present application claims priority from said earlier
      filed applications under 35 U.S.C. 120 as well as the benefits of 35
      U.S.C. 121.
BSUM
PAR  The present invention relates to lasers and it has particular relation to a
      Q-switching device for glass lasers.
PAR  A laser, by definition, is a device that amplifies light by stimulated
      emission of radiation and is specifically adapted to produce
      high-intensity, coherent, monochromatic light in a narrow beam. Light, in
      this definition, is not limited to radiation in the visible region of the
      spectrum. Lasers in the form of glass or crystalline rods are well known.
      In such form the glass or crystal acts as a host for an element which
      radiates energy at particular wavelengths at a greatly amplified level
      (above and beyond that of fluorescence) due to the manner in which a laser
      acts.
PAR  The action of a glass laser is described in several publications. These
      include a book entitled Introduction to Laser Physics written by Bela A.
      Lengyel and published in 1966 by John Wiley and Sons, Inc. of New York,
      New York - Library of Congress, Catalog Card No. 65-27659, and an article
      entitled "Glass Lasers" by Dr. E. Snitzer starting at page 1487, Volume 5,
      No. 10, Applied Optics, October 1966.
PAR  A number of elements have been found to lase in glass. These include
      Nd.sup.+.sup.3, Yb.sup.+.sup.3, Er.sup.+.sup.3 and Ho.sup.+.sup.3.
      Neodymium is the most important of these because it can be operated at
      room temperature as a four-level laser. A number of glass and crystal
      compositions have been developed to act as hosts or lasing elements,
      particularly neodymium. These compositions are set forth in the above
      references as well as in the following patents:
     U.S. 3,225,306    (CaWO.sub.4)                                            

     U.S. 3,250,721    (Phosphate)                                             

     U.S. 3,252,103    (Y.sub.3 Al.sub.5 O.sub.12)                             

     U.S. 3,254,031    (Borate)                                                

     U.S. 3,257,625    (Molybdate)                                             

     U.S. 3,258,715    (CaF.sub.2)                                             

     U.S. 3,220,290    (Lime-soda-silica)                                      

     British 1,015,057 (Barium Crown)                                          

PAL  For purposes of understanding the present invention, a brief description of
      laser action is provided. A more detailed explanation is set forth in the
      book and article mentioned above.
PAR  Light is produced in a laser by photonic emission from the active atoms of
      a body composed of a so-called laser material. This emission occurs
      incident to the transition of the atoms from an excited, high energy level
      to a lower energy level. Accordingly, laser operation essentially involves
      exciting active atoms in the laser body to a high energy level, and
      inducing the emissive transition of the excited atoms in a manner
      controlled to utilize the light thereby emitted to provide the desired
      laser output pulse. The nature and number of inter-level transitions which
      must be effected in a complete atomic cycle of laser operation are
      dependent on the properties of the particular laser material used.
PAR  One conventional form of laser structure includes a rod-shaped body
      composed of a suitable solid laser material, such as synthetic crystalline
      ruby (3-level) or neodymium glass (4-level), surrounded concentrically by
      a helical gaseous discharge tube (commonly called a flash tube), which is
      adapted to emit a pulse of light specifically including light in the
      wavelengths of absorption bands of the laser material. When the flash tube
      is actuated, the light pulse enters the transmissive laser body, pumping
      the body with energy of such wavelengths. This pumping excites active
      atoms in the laser body to shift from an initial ground level in a series
      of inter-level transitions, typically involving a first energy-absorptive
      transition to a very unstable high energy level and an immediately
      subsequent spontaneous and non-radiative transition from this unstable
      level to a somewhat more stable high energy level (intermediate in energy
      between the aforementioned ground and unstable levels) and from which
      fluorescent transition occurs. The pumping pulse provides the excitation
      step in laser operation creating a very large population of active atoms
      at the high energy, fluorescent level in the laser body. The system can
      lase when the population of active atoms at the fluorescent level exceeds
      that of the terminal level. This is population inversion.
PAR  For effecting induced light-emissive transition from this high energy level
      to complete the atomic cycle of laser operation, the laser body of the
      structure is disposed coaxially within a resonant cavity defined between
      opposed internally reflective cavity ends. A portion of the light emitted
      by the spontaneously emitting atoms passes through the resonant cavity to
      the ends thereof, and is thence reflected back and forth through the
      cavity between the reflective cavity ends, passing and repassing in
      multiple bidirectional reflections. This bidirectional reflected light
      induces other atoms at the fluorescent level to undergo emissive
      transition to the terminal level, producing more light which augments the
      bidirectionally reflected light in the cavity to induce still further
      emissive transitions from the fluorescent level population. In such
      fashion, a rising pulse of bidirectionally reflected light quickly
      develops within the cavity, reaching a quantitatively large value as the
      induced emissive transition of atoms from the fluorescent level population
      becomes massive. Light of high intensity is accordingly created in the
      form of a pulse as a result of the pumping.
PAR  To permit emission of a portion of the large bidirectionally reflected
      light pulse from the laser cavity, one reflective end of the cavity is
      made partially transmissive. The fraction of the bidirectionally reflected
      light escaping therethrough constitutes the laser output pulse.
PAR  In laser operation of the foregoing character, the energy-pumping pulse is
      of finite duration. Excitation of atoms to the fluroescent energy level
      occurs throughout this finite pumping period. However, with a laser cavity
      maintained internally reflective at both ends, light emitted by
      spontaneous emission from atoms in the fluroescent level population begins
      to reflect back and forth in the cavity and in so doing induces emissive
      transitions of other fluorescent level atoms in significant number and
      initiates the laser output pulse substantially before the end of the
      pumping period. During the pumping period, the effect of the pumping pulse
      in augmenting the fluorescent level population is offset by the depletion
      of the latter population due to lasing transitions and fluorescence. The
      net result is that the number of atoms at the fluorescent level diminishes
      instead of continuing to increase to an even greater population inversion
      as would otherwise be possible in the absence of induced emission and
      fluorescence.
PAR  It can therefore be seen that the same pumping pulse could create a
      significantly larger maximum fluorescent level population in the laser
      body if the transition-inducing state created by multiple light
      reflections could be retarded until a later time in the pumping period.
      Such delay of the latter state would be desirable, because the magnitude
      of the peak power attained by the laser output pulse is directly related
      to the magnitude of this maximum fluorescent level population, and it is
      often regarded as very desirable to obtain as large a peak power output as
      possible for optimum laser utility. In other words, the prevention of
      premature bidirectional light reflections, thereby allowing development of
      a larger fluorescent level population, would enable attainment of a peak
      power output advantageously greater than that produced with the
      non-retarded laser operation described above.
PAR  It has been found that the multiple bidirectional reflections of
      spontaneously emitted light can be delayed in the desired manner by a
      technique hereinafter referred to as Q-switching. This technique is also
      sometimes referred to as Q-spoiling or giant pulse creation. The Q, or
      quality factor, of the laser resonant cavity is proportional to the ratio
      of wave energy storage to wave energy dissipation per wave cycle therein.
      When one end of the cavity-providing structure is nonreflective, the
      resultant structure is said to be in a low Q condition, because light
      emitted by spontaneous transition of fluorescent level atoms in the laser
      body cannot reflect back and forth in multiple reflections through the
      structure, but is instead dissipated at the nonreflective end after at
      most two passes through the structure. In this condition, bidirectional
      light reflections cannot build up to induce emissive transition of high
      level atoms in significant number.
PAR  The Q-switching operation involves maintaining the cavity-providing
      structure in a low Q condition during that portion of the pumping pulse
      required for the fluorescant level population to reach a high value (which
      is substantially larger than the population of atoms attained in the non
      Q-switched operation). Then, when a high population inversion is achieved,
      the previously nonreflective end of the cavity structure is caused to
      become reflective, thereby switching the structure to a so-called high Q
      condition. Multiple bidirectional reflection of light produced by
      spontaneous emission in the laser body begins upon such switching, and
      quickly rises by induced emission from atoms in the very large fluorescent
      level population previously established. The resultant laser output pulse
      is much faster in rise time, and very desirably higher in peak power, than
      the pulse produced in the non-Q-switched laser operation.
PAR  An example of apparatus which includes a Q-switching device is shown in
      U.S. Pat. No. 3,281,712. In this apparatus, the Q-switching is
      accomplished mechanically by means of a shutter composed of a plane opaque
      member having a surface of minimal reflectivity and an aperture or slit.
      The shutter is disposed in the laser apparatus between the laser and one
      reflective surface so as to prevent bidirectional reflection of light
      therethrough except when the aperture in the shutter is in line with the
      light transmitted from the laser.
PAR  Another example of a Q-switching device is the use of a glass in place of
      the shutter described in U.S. Pat. No. 3,281,712. The glass is
      characterized by having the property of saturable absorption at the lasing
      wavelength. Q-switching can also be accomplished internally by
      incorporating an element in the laser glass which causes self Q-switching.
      This is described by N. T. Melamed, C. Hirayama and P. W. French in an
      article published in Applied Physics Letters, Volume 6, Number 3, dated
      Feb. 1, 1965, page 43.
PAR  The Q-switching phenomenon is generally described as a consequence of
      saturable absorption at the lasing wavelength by some ionic species other
      than the active lasing ion. The incorporation of uranium in a neodymium
      glass permits the neodymium glass to self Q-switch. This occurs because of
      excited state saturable absorption in the UO.sub.2.sup.+ .sup.2 energy
      scheme. The UO.sub.2.sup.+ .sup.2 species of uranium is of special
      interest because it also serves as a sensitizer (energy transfer) in
      Nd.sup.+.sup.3 glasses and in Nd.sup.+.sup.3 plus Yb.sup.+.sup.3 glasses.
      The function of the uranium as a sensitizer is to absorb energy from the
      energizing source and transfer it to the neodymium after a suitable
      build-up. The neodymium is said to be sensitized by the uranium in this
      case.
PAR  The present invention is concerned with an improvement in a Q-switched
      laser employing a lasing element such as neodymium in combination with
      uranium. The uranium can serve as an external Q-switcher by being in a
      glass separate from the neodymium glass or as an internal Q-switcher by
      being incorporated in the neodymium glass. In accordance with the present
      invention, it has been found that the valence state of the uranium is
      critical as far as the efficiency of its sensitizing and Q-switching
      functions are concerned.
PAR  Uranium is present in a glass in a plurality of valence states, namely
      U.sup.+.sup.4, U.sup.+.sup.5 and UO.sub.2.sup.+ .sup.2 (uranyl). It has
      been found that the ground state absorption of uranium at 1.06 microns
      wavelength is influenced by the valence state of the uranium. This is
      important since it is the radiation of neodymium at 1.06 microns which is
      the lasing radiation. Catastrophic ground state absorption losses at 1.06
      microns wavelength occur in a uranium glass melted in the absence of a
      strong redox oxidizing agent. These ground state absorption losses are
      less as more of the uranium is present in its fully oxidized state, namely
      UO.sub.2.sup.+ .sup.2.
PAR  In accordance with the present invention, a uranium glass is provided in
      which the proportion of the uranium which is present in the UO.sub.2.sup.+
      .sup.2 state is greatly enhanced. This is accomplished by incorporating in
      the glass an element which serves to establish and/or maintain the uranium
      during the melting of the glass in its most fully oxidized state, namely
      UO.sub.2.sup.+ .sup.2. One means of accomplishing this is to include
      cerium in the glass in an amount which is sufficient to insure that
      approximately 91 percent of the uranium is in the desired valence state in
      the glass after melting and cooling to room temperature. The glass is
      annealed during cooling to serve the particular laser use according to
      conventional practice.
DETD
PAR  The invention in its embodiment as an external Q-switching device is shown
      diagrammatically in the accompanying drawing. Referring to the drawing, a
      cylindrically shaped laser rod 10 of neodymium-containing glass is shown.
      The rod has opposed, plane, parallel end faces perpendicular to its long
      axis. One end face of the rod 10 is silvered as indicated at 11, to make
      it internally reflective. The other end is substantially nonreflective.
PAR  A source of pumping light energy for the rod is provided by a helical flash
      tube 13 disposed to surround the rod concentrically for substantially the
      entire length of the rod, but in spaced relation to the rod. This flash
      tube functions on the gaseous discharge principle, and is specifically
      adapted to emit pulses of light including light in the wavelengths of the
      absorption bands of the laser material. It is powered from an appropriate
      power source 14, of conventional design and including a high-voltage
      source of electric current and capacitors for energy storage, which are
      connected through leads 15, 16 to the opposite end electrodes of the tube.
      Typically, such a power source for a laser system flash tube may be
      adapted to provide an input to the flash tube of about 1000 joules, at a
      voltage input of about one kilovolt.
PAR  The pulse-producing discharge in the flash tube is initiated by means of a
      trigger circuit 17, shown as encircling the turns of the helical flash
      tube in proximity thereto and powered from a suitable control
      instrumentality indicated at 18. The character and arrangement of these
      elements is such that with sufficient charge energy developed in the power
      source 14, an electrical pulse passed through the trigger circuit 17 by
      the control instrumentality 18 will cause such pulse-producing discharge
      in the flash tube, and thus produce an input of pumping light energy to
      the laser rod at a time controlled by the instrumentality 18.
PAR  The laser rod 10 and flash tube 13 are surrounded concentrically by an
      open-ended hollow cylindrical member 19 having a reflective inner surface,
      to concentrate the pumping light emitted by the flash tube on the rod 10.
PAR  An external resonator 20 is located in axially spaced relation to the rod
      at the end opposite from the end of the rod containing the silvered
      surface 11. Intermediate to the rod 10 and the resonator 20 there is
      located an external Q-switching device 21. The device 21 is positioned
      within the reflective member 19 and power source 14 in order to be excited
      by the energy from the power source 14. Alternatively, the device can be
      pumped by a separate power source (not shown) if the device is located
      external to the pumping source 14. The device 21 is composed of a
      uranium-containing glass and has plane, parallel, polished surfaces which
      are perpendicular to the axis of the rod. It functions as a Q-switching
      device in this set-up by preventing multiple reflection of the emitted
      photons along the axial path of the laser rod. It prevents this reflection
      by absorbing substantially all of the photons which would be reflected by
      the resonator 20. This absorption continues until the glass is saturated
      at the lasing wavelength. Thereafter, the photons, at 1.06 microns, pass
      through the glass and multiple reflections can occur, thereby permitting
      high energy or high power lasing.
PAR  An example of glass that can be used in accordance with the present
      invention as an external Q-switching device is described in the following
      example.
PAC  EXAMPLE I
PAR  The following batch ingredients are utilized:
TBL  Ingredient      Parts by Weight                                           

     ______________________________________                                    

     SiO.sub.2 (Kona Sand)                                                     

                     352.5                                                     

     CaCO.sub.3      101                                                       

     Na.sub.2 CO.sub.3                                                         

                     143.8                                                     

     K.sub.2 CO.sub.3                                                          

                     1.5                                                       

     Al.sub.2 O.sub.3                                                          

                     24.0                                                      

     UO.sub.2 (NO.sub.3).sub.2.6H.sub.2 O                                      

                     9.5                                                       

     CeO.sub.2       2.5                                                       

     ______________________________________                                    

PAR  The sand is leached in 4N HCl plus 4 percent by weight of 52 percent by
      weight HF to lower the Fe.sub.2 O.sub.3 content from about 50 parts per
      million to about 4 to 5 parts per million based upon the weight of the
      sand. This treatment is carried out over a period of about one week. The
      other batch ingredients are chosen to minimize the iron content of the
      batch since iron adversely affects the ability of the laser glass to
      operate properly. Thus reagent grade batch materials are selected whenever
      possible. The batch materials are mixed and handled in iron-free
      containers to prevent the possibility of iron contamination.
PAR  The batch materials are heated in a platinum-rhodium (80-20) crucible in an
      electric furnace at 2600.degree.F. under oxidizing atmospheric conditions.
      The molten glass is poured into a stainless steel mold, removed from the
      mold upon solidification and cooled gradually from 930.degree.F. to room
      temperature over a period of about 16 hours. The glass has a calculated
      composition as follows:
TBL  Ingredient   Percent by Weight                                            

     ______________________________________                                    

     SiO.sub.2    67.1                                                         

     CaO          10.7                                                         

     Na.sub.2 O   16.0                                                         

     K.sub.2 O    0.2                                                          

     Al.sub.2 O.sub.3                                                          

                  4.6                                                          

     UO.sub.2.sup.+.sup.2                                                      

                  0.95                                                         

     CeO.sub.2    0.48                                                         

                  100.03                                                       

     ______________________________________                                    

PAL  The uranium is calculated as though all of it is present as UO.sub.2.sup.+
      .sup.2, however, some of the uranium is not present in this state as will
      be described hereinafter.
PAR  The valence states of the uranium in the glass are determined by comparing
      the absorption spectra of this glass and a glass produced in the same
      manner, but omitting cerium. The molar absorption coefficient is
      determined to be 32 square centimeters per mole at 0.41 micron which is
      the major UO.sub.2.sup.+ .sup.2 absorption band. From this and Beers law,
      the concentration of uranium which is actually present as UO.sub.2.sup.+
      .sup.2 in the cerium-containing glass is 91 percent of the total uranium
      content. It is only 63 percent in the cerium-free analog glass.
PAR  The ground state absorption coefficient of the glass at 1.06 microns is
      critical when the glass is to be used as an external Q-switcher for a
      neodymium glass laser. In this regard, it is the absorption by reduced
      states of uranium such as U.sup.+.sup.4 and U.sup.+.sup.5 states that is
      important. The U.sup.+.sup.5 absorption band which is centered at 0.92
      micron wavelength has a long wavelength tail which imparts an absorption
      loss at 1.06 microns. Similarly U.sup.+.sup.4 has a ground state
      absorption band centered at about one micron. The ground state absorption
      coefficient of the cerium-containing glass is 0.003 per centimeter and for
      the same glass without the cerium is 0.035 per centimeter. Thus the
      cerium-containing glass acts as a better "window" for permitting passage
      of the photons after the saturable absorption state is reached as
      heretofore described in this Example I.
PAC  EXAMPLE II
PAR  The best mode of carrying out the invention involves an internal
      Q-switching device. In this mode, an increased amount of the uranium is
      caused to be present in its fully oxidized state (UO.sub.2.sup.+ .sup.2)
      in a neodymium-containing glass by including an oxidizing agent such as
      cerium in the glass. The following batch ingredients are utilized:
TBL  Ingredient      Parts by Weight                                           

     ______________________________________                                    

     SiO.sub.2 (Kona Sand)                                                     

                     3500                                                      

     BaCO.sub.3      1671                                                      

     K.sub.2 CO.sub.3                                                          

                     1310                                                      

     UO.sub.2 (NO.sub.3).sub.2.6H.sub.2 O                                      

                     57.9                                                      

     CeO.sub.2       28.5                                                      

     Nd.sub.2 O.sub.3                                                          

                     235                                                       

     ______________________________________                                    

PAR  The sand is leached as described in Example I. The other batch ingredients
      are chosen to minimize the iron content of the batch, thus, reagent grade
      materials are selected. The batch materials are mixed and handled in
      iron-free containers to prevent the possibility of iron contamination.
PAR  The batch materials are charged over a period of time into a
      platinum-lined, refractory, 8-inch pot situated in an electric melting
      furnace having an atmospheric temperature of 2,510.degree.F. Approximately
      12 pounds of batch are charged in the following amounts over the following
      schedule at the given temperatures.
TBL  ______________________________________                                    

     Time                           Amount                                     

     (Minutes from Start)                                                      

                    Temperature (.degree.F.)                                   

                                    (Pounds)                                   

     ______________________________________                                    

     Start          2510.degree.F.  6                                          

      55            2550.degree.F.  2                                          

      80            2550.degree.F.  2                                          

     125            2560.degree.F.  1                                          

     155            2570.degree.F.  1                                          

     230            2750.degree.F.  --                                         

     ______________________________________                                    

PAL  The batch is then stirred at 2750.degree.F. by means of a platinum stirrer
      for about 3 hours, held at 2650.degree.F. overnight for about 16 hours
      without stirring, and then stirred for about 4 hours at 2750.degree.F. and
      for 21/2 hours while the interior temperature of the furnace is reduced
      gradually to 2450.degree.F. All of the above is done while the furnace is
      in an oxidizing condition.
PAR  Thereafter the glass is removed from the furnace and cast as a square slab
      approximately 14 .times. 14 inches by 11/2 inches in thickness. The glass
      is then cooled to room temperature, reheated to 1080.degree.F. and
      annealed slowly over a period of 240 hours from 1080.degree.F. to room
      temperature at a rate of about 2.degree. to 10.degree.F. per hour.
PAR  The calculated and chemically analyzed compositions of the glass are as
      follows:
TBL               Parts by Weight                                              

     Ingredient     Calculated                                                 

                              Analyzed                                         

     ______________________________________                                    

     SiO.sub.2      58.5      57.94                                            

     BaO            21.7      21.25                                            

     K.sub.2 O      14.92     15.14                                            

     UO.sub.2.sup.-.sup.2                                                      

                    0.48      0.75                                             

     CeO.sub.2      0.48      0.54                                             

     Nd.sub.2 O.sub.3                                                          

                    3.92      3.56                                             

     Other          --        0.72                                             

                    100.00    100.00                                           

     ______________________________________                                    

PAL  The uranium is calculated as though all of it is present as UO.sub.2.sup.
      2, however, some minor proportions of the uranium, preferably none, is not
      present in this state.
PAR  The glass is then ground and polished by conventional means to form laser
      rods measuring 1/4 inch in diameter and 6 inches in length.
PAR  A glass prepared as above is compared with a glass made in the same manner,
      but without cerium. The static absorption loss at 1.06 microns for the
      cerium-containing glass is 0.003 per centimeter and for the glass without
      cerium is 0.0187 per centimeter. Characteristics of these self Q-switched
      laser glasses at several energy inputs using 85 and 99 percent confocal
      resonators and a rod size of 1/4 inch diameter by 6 inches length, are
      shown in the following Table I wherein glass No. 1 is the glass containing
      cerium and glass No. 2 is the glass without cerium.
TBL                                    Table I                                 

     __________________________________________________________________________

         Input                                                                 

              Average Average                                                  

                             Spiking                                           

                                    Threshold                                  

     Glass                                                                     

         Energy                                                                

              Pulse Width                                                      

                      Peak Power                                               

                             Frequency                                         

                                    Energy                                     

     No. (Joules)                                                              

              (Nanoseconds)                                                    

                      (Megawatt)                                               

                             (Kilohertz)                                       

                                    (Joules)                                   

     __________________________________________________________________________

     1    576 186     0.5    31     70.4                                       

     2    576 247     0.1    45     144                                        

     1   1089 119     1.5    28     70.4                                       

     2   1089 145     0.4    30     144                                        

     __________________________________________________________________________

PAR  The results in Table I reveal improved giant spike operation, pulse width
      reduction of about 20 percent and an increase of peak power of about 300
      percent to 500 percent in glass No. 1. The threshold energy input is
      lowered by about 50 percent in glass No. 1.
PAC  EXAMPLE III
PAR  Conventional neodymium laser glasses contain Sb.sub.2 O.sub.3, which serves
      as a fining agent and inhibits solarization. For this reason, additional
      melts of the preferred glass were made with Sb.sub.2 O.sub.3 added and
      with differing amounts of uranium and oxidizing agents (including none) to
      determine the effect of having antimony in these glasses. The results of
      tests of these glasses with respect to the important property of ground
      state absorption loss at 1.06 microns are shown in Table II.
TBL                Table II                                                    

     ______________________________________                                    

     Nominal Doping (Percent by Weight)                                        

                               Absorption                                      

     Glass                                 Per                                 

     No.   Nd.sub.2 O.sub.3                                                    

                    UO.sub.2.sup..sup.-2                                       

                             Sb.sub.2 O.sub.3                                  

                                    CeO.sub.2                                  

                                           Centimeter                          

     ______________________________________                                    

     1     4        0.5      0      0.5    0.003                               

     2     4        0.5      1      0      0.0187                              

     3     4        0.5      1      0.5    0.0137                              

     4     4        0.5      1      0      0.0187                              

     5     4        1.0      1      0.5    0.0193                              

     6     4        1.0      1      0      0.026                               

     7     4        1.5      1      0.75   0.0252                              

     8     4        1.5      1      0      0.057                               

     ______________________________________                                    

PAL  From the results in Table II, it can be seen that apparently Sb.sub.2
      O.sub.3 interferes with the oxidation of UO.sub.2.sup.+ .sup.2 to some
      extent, although significant reductions in ground state absorption of 25
      percent to 50 percent are still obtained.
PAR  The ground state absorption at 1.06 microns in the laser glass is in part
      directly proportional to the uranium in the glass. There should be
      sufficient cerium present to oxidize the uranium in the glass to the
      UO.sub.2.sup.+ .sup.2 state to as great an extent as possible. For
      example, in Example I the percentage of uranium present as UO.sub.2.sup.+
      .sup.2 was increased from about 63 percent to about 91 percent when cerium
      was added. This reduced the ground state absorption by an order of
      magnitude. Larger amounts of cerium are required as larger amounts of
      uranium are employed in order to obtain maximum reduction in ground state
      absorption.
PAR  The amount of the essential ingredients can vary in percent by weight from
      0 to 30 percent Nd.sub.2 O.sub.3, 0.01 percent to 15 percent
      UO.sub.2.sup.+ .sup.2  and 0.01 to 20 percent CeO.sub.2 based upon the
      weight of the glass. When the invention is employed as an external
      Q-switching device, there need be no neodymium in the glass. When the
      invention is employed as an internal Q-switching device, the glass can
      contain 0.01 to 30 percent by weight of neodymium oxide.
PAR  Although the invention has been described with respect to two specific
      glasses as the best modes contemplated by the inventor for carrying out
      the invention, the practice of the invention is by no means limited to
      these particular glasses. When the host glass is a barium crown glass, the
      glass may contain 20 to 70 percent SiO.sub.2, 5 to 30 percent BaO, 5 to 40
      percent K.sub.2 O, 0 to 2 percent Sb.sub.2 O.sub.3, as well as 0.01 to 15
      percent UO.sub.2.sup.+ .sup.2 and 0.01 to 20 percent CeO.sub.2 as the
      essential ingredients. The host glass may alternatively be glasses such as
      lime-soda-silica glass, high silica borosilicate glass, flint glass and
      lead silicate glass.
PAR  The raw materials or glass batch materials which are used in making the
      above-identified glasses are, as has been indicated earlier in the
      specification, reagent grade ingredients, such as reagent grade sodium
      carbonate, sodium hydroxide, potassium carbonate, potassium hydroxide,
      calcium carbonate, calcium oxide, magnesium carbonate, magnesium oxide,
      aluminum oxide, aluminum carbonate, zinc oxide, zinc carbonate, barium
      oxide, barium carbonate, lead oxide, lead carbonate, boric acid, specially
      purified silica as described above, and meta-silicic acid.
PAR  The uranium salt which is used in the practice of the invention is selected
      from those uranium salts which under melting conditions employed in the
      invention will be converted to the UO.sub.2.sup.+ .sup.2 valence state,
      that is, at least 91 percent of the uranium will be in the UO.sub.2.sup.+
      .sup.2 valence state in the final glass article. The uranium salt should
      not contain a reducing anion such as acetate or formate. Suitable uranium
      salts contain oxidizing anions and include uranyl nitrate and uranyl
      sulfate.
PAR  The term "glass" is intended to include in its broadest sense inorganic
      rigid materials which are of an amorphous nature having a non-periodic
      atomic structure as distinguished from materials having their atoms in an
      orderly periodic array.
PAR  Although the invention has been described with regard to specific details
      of certain preferred embodiments of the invention, it is not intended that
      such details be considered as limitations on the scope of the invention
      except insofar as included in the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A Q-switching device for use in combination with a laser composed of a
      host body of glass containing a lasing element, said Q-switching device
      consisting essentially of the reaction product of a mixture of glass batch
      materials, a uranium salt reactive therewith and cerium dioxide, said
      cerium dioxide and uranium salt being present in amounts sufficient to
      provide a product containing from 0.01 to 20 percent CeO.sub.2 based on
      the weight of the glass, and a total uranium content, expressed as
      UO.sub.2.sup.+ .sup.2, of from 0.01 to 15 percent based on the weight of
      the glass, wherein at least 91 percent is present in the valence form
      UO.sub.2.sup.+ .sup.2.
NUM  2.
PAR  2. A laser containing a Q-switching device as described in claim 1 wherein
      the Q-switching device is external to the host body containing the lasing
      element.
PATN
WKU  039315916
SRC  5
APN  4341562
APT  1
ART  115
APD  19740117
TTL  Q-switching device for glass lasers
ISD  19760106
NCL  1
ECL  1
EXP  McCarthy; Helen M.
NDR  1
NFG  1
INVT
NAM  Greenberg; Charles B.
CTY  Murrysville
STA  PA
ASSG
NAM  PPG Industries, Inc.
CTY  Pittsburgh
STA  PA
COD  02
RLAP
COD  74
APN  65894
APD  19700821
PSC  01
PNO  3865747
RLAP
COD  82
APN  673614
APD  19671009
PSC  03
CLAS
OCL  331 945E
XCL  106 47
XCL  106 52
XCL  106 53
XCL  106 54
XCL  2523011L
XCL  350160P
EDF  2
ICL  C03C  304
ICL  C03C  310
ICL  H01S  310
FSC  331
FSS  94.5
FSC  252
FSS  301.1 L
FSC  106
FSS  50;52;53;54;47
UREF
PNO  3365678
ISD  19680100
NAM  Maurer
OCL  331 94.5Q
UREF
PNO  3471408
ISD  19691000
NAM  Young
XCL  106 52
UREF
PNO  3473144
ISD  19691000
NAM  Shiner
OCL  331 94.5Q
OREF
PAL  Melamed et al., Laser Action in Uranyl-Sensitized Nd-Doped Glass, Appl.
      Phys. Letters, Vol. 6, No. 3 (Feb. 1, 1965), pp. 43-45.
PAL  Gandy et al., Laser Oscillations and Self Q-Switching in Triply Activated
      Glass, Appl. Phys. Letters, Vol. 7, No. 9 (Nov. 1, 1965), pp. 233-236.
PAL  Weyl, W. A. - Coloured Glasses - Pub. by Dawson's of Pall Mall, London
      (1959), p. 5, p. 211, pp. 229-230.
LREP
FR2  Millman; Dennis G.
FR2  Uhl; William J.
ABST
PAL  An improved Q-switched neodymium laser in which uranium as
      UO.sub.2.sup..sup.+2 and a uranium oxidizing agent such as cerium in a
      host body such as glass serve as either an external or an internal
      Q-switching device for the laser.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application has been filed pursuant to a requirement for restriction
      in parent application Ser. No. 65,894, filed Aug. 21, 1970, now U.S. Pat.
      No. 3,865,747 which is a continuation-in-part of application Ser. No.
      673,614, filed October 9, 1967, now abandoned. The present application
      claims priority from said earlier filed applications under 35 U.S.C. 120
      as well as the benefits of 35 U.S.C. 121.
BSUM
PAR  The present invention relates to lasers and it has particular relation to a
      Q-switching device for glass lasers.
PAR  A laser, by definition, is a device that amplifies light by stimulated
      emission of radiation and is specifically adapted to produce
      high-intensity, coherent, monochromatic light in a narrow beam. Light, in
      this definition, is not limited to radiation in the visible region of the
      spectrum. Lasers in the form of glass or crystalline rods are well known.
      In such form the glass or crystal acts as a host for an element which
      radiates energy at particular wavelengths at a greatly amplified level
      (above and beyond that of fluorescence) due to the manner in which a laser
      acts.
PAR  The action of a glass laser is described in several publications. These
      include a book entitled Introduction to Laser Physics written by Bela A.
      Lengyel and published in 1966 by John Wiley and Sons, Inc. of New York,
      New York -- Library of Congress, Catalog Card No. 65-27659, and an article
      entitled "Glass Lasers" by Dr. E. Snitzer starting at page 1487, Volume 5,
      No. 10, Applied Optics, October 1966.
PAR  A number of elements have been found to lase in glass. These include
      Nd.sup..sup.+3,Yb.sup..sup.+3, Er.sup..sup.+3 and Ho.sup..sup.+3.
      Neodymium is the most important of these because it can be operated at
      room temperature as a four-level laser. A number of glass and crystal
      compositions have been developed to act as hosts or lasing elements,
      particularly neodymium. These compositions are set forth in the above
      references as well as in the following patents:
TBL  U.S. 3,225,306      (CaWO.sub.4)                                          

     U.S. 3,250,721      (Phosphate)                                           

     U.S. 3,252,103      (Y.sub.3 Al.sub.5 O.sub.12)                           

     U.S. 3,254,031      (Borate)                                              

     U.S. 3,257,625      (Molybdate)                                           

     U.S. 3,258,715      (CaF.sub.2)                                           

     U.S. 3,220,290      (Lime-soda-silica)                                    

     British 1,015,057   (Barium Crown)                                        

PAL  For purposes of understanding the present invention, a brief description of
      laser action is provided. A more detailed explanation is set forth in the
      book and article mentioned above.
PAR  Light is produced in a laser by photonic emission from the active atoms of
      a body composed of a so-called laser material. This emission occurs
      incident to the transition of the atoms from an excited, high energy level
      to a lower energy level. Accordingly, laser operation essentially involves
      exciting active atoms in the laser body to a high energy level, and
      inducing the emissive transition of the excited atoms in a manner
      controlled to utilize the light thereby emitted to provide the desired
      laser output pulse. The nature and number of inter-level transitions which
      must be effected in a complete atomic cycle of laser operation are
      dependent on the properties of the particular laser material used.
PAR  One conventional form of laser structure includes a rod-shaped body
      composed of a suitable solid laser material, such as synthetic crystalline
      ruby (3-level) or neodymium glass (4-level), surrounded concentrically by
      a helical gaseous discharge tube (commonly called a flash tube), which is
      adapted to emit a pulse of light specifically including light in the
      wavelengths of absorption bands of the laser material. When the flash tube
      is actuated, the light pulse enters the transmissive laser body, pumping
      the body with energy of such wavelengths. This pumping excites active
      atoms in the laser body to shift from an initial ground level in a series
      of inter-level transitions, typically involving a first energy-absorptive
      transition to a very unstable high energy level and an immediately
      subsequent spontaneous and non-radiative transition from this unstable
      level to a somewhat more stable high energy level (intermediate in energy
      between the aforementioned ground and unstable levels) and from which
      fluorescent transition occurs. The pumping pulse provides the excitation
      step in laser operation creating a very large population of active atoms
      at the high energy, fluorescent level in the laser body. The system can
      lase when the population of active atoms at the fluorescent level exceeds
      that of the terminal level. This is population inversion.
PAR  For effecting induced light-emissive transition from this high energy level
      to complete the atomic cycle of laser operation, the laser body of the
      structure is disposed coaxially within a resonant cavity defined between
      opposed internally reflective cavity ends. A portion of the light emitted
      by the spontaneously emitting atoms passes through the resonant cavity to
      the ends thereof, and is thence reflected back and forth through the
      cavity between the reflective cavity ends, passing and repassing in
      multiple bidirectional reflections. This bidirectional reflected light
      induces other atoms at the fluorescent level to undergo emissive
      transition to the terminal level, producing more light which augments the
      bidirectionally reflected light in the cavity to induce still further
      emissive transitions from the fluorescent level population. In such
      fashion, a rising pulse of bidirectionally reflected light quickly
      develops within the cavity, reaching a quantitatively large value as the
      induced emissive transition of atoms from the fluorescent level population
      becomes massive. Light of high intensity is accordingly created in the
      form of a pulse as a result of the pumping.
PAR  To permit emission of a portion of the large bidirectionally reflected
      light pulse from the laser cavity, one reflective end of the cavity is
      made partially transmissive. The fraction of the bidirectionally reflected
      light escaping therethrough constitutes the laser output pulse.
PAR  In laser operation of the foregoing character, the energy-pumping pulse is
      of finite duration. Excitation of atoms to the fluorescent energy level
      occurs throughout this finite pumping period. However, with a laser cavity
      maintained internally reflective at both ends, light emitted by
      spontaneous emission from atoms in the fluorescent level population begins
      to reflect back and forth in the cavity and in so doing induces emissive
      transitions of other fluorescent level atoms in significant number and
      initiates the laser output pulse substantially before the end of the
      pumping period. During the pumping period, the effect of the pumping pulse
      in augmenting the fluorescent level population is offset by the depletion
      of the latter population due to lasing transitions and fluorescence. The
      net result is that the number of atoms at the fluorescent level diminishes
      instead of continuing to increase to an even greater population inversion
      as would otherwise be possible in the absence of induced emission and
      fluorescence.
PAR  It can therefore be seen that the same pumping pulse could create a
      significantly larger maximum fluorescent level population in the laser
      body if the transition-inducing state created by multiple light
      reflections could be retarded until a later time in the pumping period.
      Such delay of the latter state would be desirable, because the magnitude
      of the peak power attained by the laser output pulse is directly related
      to the magnitude of this maximum fluorescent level population, and it is
      often regarded as very desirable to obtain as large a peak power output as
      possible for optimum laser utility. In other words, the prevention of
      premature bidirectional light reflections, thereby allowing development of
      a larger fluorescent level population, would enable attainment of a peak
      power output advantageously greater than that produced with the
      non-retarded laser operation described above.
PAR  It has been found that the multiple bidirectional reflections of
      spontaneously emitted light can be delayed in the desired manner by a
      technique hereinafter referred to as Q-switching. This technique is also
      aometimes referred to as Q-spoiling or giant pulse creation. The Q, or
      quality factor, of the laser resonant cavity is proportional to the ratio
      of wave energy storage to wave energy dissipation per wave cycle therein.
      When one end of the cavity-providing structure is nonreflective, the
      resultant structure is said to be in a low Q condition, because light
      emitted by spontaneous transition of fluorescent level atoms in the laser
      body cannot reflect back and forth in multiple reflections through the
      structure, but is instead dissipated at the nonreflective end after at
      most two passes through the structure. In this condition, bidirectional
      light reflections cannot build up to induce emissive transition of high
      level atoms in significant number.
PAR  The Q-switching operation involves maintaining the cavity-providing
      structure in a low Q condition during that portion of the pumping pulse
      required for the fluorescant level population to reach a high value (which
      is substantially larger than the population of atoms attained in the non
      Q-switched operation). Then, when a high population inversion is achieved,
      the previously nonreflective end of the cavity structure is caused to
      become reflective, thereby switching the structure to a so-called high Q
      condition. Multiple bidirectional reflection of light produced by
      spontaneous emission in the lasser body begins upon such switching, and
      quickly rises by induced emission from atoms in the very large fluorescent
      level population previously established. The resultant laser output pulse
      is much faster in rise time, and very desirably higher in peak power, than
      the pulse produced in the non-Q-switched laser operation.
PAR  An example of apparatus which includes a Q-switching device is shown in
      U.S. Pat. No. 3,281,712. In this apparatus, the Q-switching is
      accomplished mechanically by means of a shutter composed of a plane opaque
      member having a surface of minimal reflectivity and an aperture or slit.
      The shutter is disposed in the laser apparatus between the laser and one
      reflective surface so as to prevent bidirectional reflection of light
      therethrough except when the aperture in the shutter is in line with the
      light transmitted from the laser.
PAR  Another example of a Q-switching device is the use of a glass in place of
      the shutter described in U.S. Pat. No. 3,281,712. The glass is
      characterized by having the property of saturable absorption at the lasing
      wavelength. Q-switching can also be accomplished internally by
      incorporating an element in the laser glass which causes self q-switching.
      This is described by N. T. Melamed, C. Hirayama and P. W. French in an
      article published in Applied Physics Letters, Volume 6, Number 3, dated
      Feb. 1, 1965, page 43.
PAR  The Q-switching phenomenon is generally described as a consequence of
      saturable absorption at the lasing wavelength by some ionic species other
      than the active lasing ion. The incorporation of uranium in a neodymium
      glass permits the neodymium glass to self Q-switch. This occurs because of
      excited state saturable absorption in the UO.sub.2 .sup..sup.+2 energy
      scheme. The UO.sub.2 .sup..sup.+2 species of uranium is of special
      interest because it also serves as a sensitizer (energy transfer) in
      Nd.sup..sup.+3 glasses and in Nd.sup..sup.+3 plus Yb.sup..sup.+3 glasses.
      The function of the uranium as a sensitizer is to absorb energy from the
      energizing source and transfer it to the neodymium after a suitable
      build-up. The neodymium is said to be sensitized by the uranium in this
      case.
PAR  The present invention is concerned with an improvement in a Q-switched
      laser employing a lasing element such as neodymium in combination with
      uranium. The uranium can serve as an external Q-switcher by being in a
      glass separate from the neodymium glass or as an internal Q-switcher by
      being incorporated in the neodymium glass. In accordance with the present
      invention, it has been found that the valence state of the uranium is
      critical as far as the efficiency of its sensitizing and Q-switching
      functions are concerned.
PAR  Uranium is present in a glass in a plurality of valence states, namely
      U.sup..sup.+4, U.sup..sup.+5 and UO.sub.2 .sup..sup.+2 (uranyl). It has
      been found that the ground state absorption of uranium at 1.06 microns
      wavelength is influenced by the valence state of the uranium. This is
      important since it is the radiation of neodymium at 1.06 microns which is
      the lasting radiation. Catastrophic ground state absorption losses at 1.06
      microns wavelength occur in a uranium glass melted in the absence of a
      strong redox oxidizing agent. These ground state absorption losses are
      less as more of the uranium is present in its fully oxidized state, namely
      UO.sub.2 .sup..sup.+2.
PAR  In accordance with the present invention, a uranium glass is provided in
      which the proportion of the uranium which is present in the UO.sub.2
      .sup..sup.+2 state is greatly enhanced. This is accomplished by
      incorporating in the glass an element which serves to establish and/or
      maintain the uranium during the melting of the glass in its most fully
      oxidized state, namely UO.sub.2 .sup..sup.+2. One means of accomplishing
      this is to include cerium in the glass in an amount which is sufficient to
      insure that approximately 91 percent of the uranium is in the desired
      valence state in the glass after melting and cooling to room temperature.
      The glass is annealed during cooling to serve the particular laser use
      according to conventional practice.
DETD
PAR  The invention in its embodiment an an external Q-switching device is shown
      diagrammatically in the accompanying drawing. Referring to the drawing, a
      cylindrically shaped laser rod 10 of neodymium-containing glass is shown.
      The rod has opposed, plane, parallel end faces perpendicular to its long
      axis. One end face of the rod 10 is silvered as indicated at 11, to make
      it internally reflective. The other end is substantially nonreflective.
PAR  A source of pumping light energy for the rod is provided by a helical flash
      tube 13 disposed to surround the rod concentrically for substantially the
      entire length of the rod, but in spaced relation to the rod. This flash
      tube functions on the gaseous discharge principle, and is specifically
      adapted to emit pulses of light including light in the wavelengths of the
      absorption bands of the laser material. It is powered from an appropriate
      power source 14, of conventional design and including a high-voltage
      source of electric current and capacitors for energy storage, which are
      connected through leads 15, 16 to the opposite end electrodes of the tube.
      Typically, such a power source for a laser system flash tube may be
      adapted to provide an input to the flash tube of about 1000 joules, at a
      voltage input of about one kilovolt.
PAR  The pulse-producing discharge in the flash tube is initiated by means of a
      trigger circuit 17, shown as encircling the turns of the helical flash
      tube in proximity thereto and powered from a suitable control
      instrumentality indicated at 18. The character and arrangement of these
      elements is such that with sufficient charge energy developed in the power
      source 14, an electrical pulse passed through the trigger circuit 17 by
      the control instrumentality 18 will cause such pulse-producing discharge
      in the flash tube, and thus produce an input of pumping light energy to
      the laser rod at a time controlled by the instrumentality 18.
PAR  The laser rod 10 and flash tube 13 are surrounded concentrically by an
      open-ended hollow cylindrical member 19 having a reflective inner surface,
      to concentrate the pumping light emitted by the flash tube on the rod 10.
PAR  An external resonator 20 is located in axially spaced relation to the rod
      at the end opposite from the end of the rod containing the silvered
      surface 11. Intermediate to the rod 10 and the resonator 20 there is
      located an external Q-switching device 21. The device 21 is positioned
      within the reflective member 19 and power source 14 in order to be excited
      by the energy from the power source 14. Alternatively, the device can be
      pumped by a separate power source (not shown) if the device is located
      external to the pumping source 14. The device 21 is composed of a
      uranium-containing glass and has plane, parallel, polished surfaces which
      are perpendicular to the axis of the rod. If functions as a Q-switching
      device in this set-up by preventing multiple reflection of the emitted
      photons along the axial path of the laser rod. It prevents this reflection
      by absorbing substantially all of the photons which would be reflected by
      the resonator 20. This absorption continues until the glass is saturated
      at the lasing wavelength. Thereafter, the photons, at 1.06 microns, pass
      through the glass and multiple reflections can occur, thereby permitting
      high energy or high power lasing.
PAR  An example of glass that can be used in accordance with the present
      invention as an external Q-switching device is described in the following
      example.
PAC  Example I
PAR  The following batch ingredients are utilized:
TBL  Ingredient          Parts by Weight                                       

     ______________________________________                                    

     SiO.sub.2 (Kona Sand)                                                     

                         352.5                                                 

     CaCO.sub.3          101                                                   

     Na.sub.2 CO.sub.3   143.8                                                 

     K.sub.2 Co.sub.3    1.5                                                   

     Al.sub.2 O.sub.3    24.0                                                  

     UO.sub.2 (NO.sub.3).sub.2.6H.sub.2 O                                      

                         9.5                                                   

     CeO.sub.2           2.5                                                   

     ______________________________________                                    

PAR  The sand is leached in 4N HCl plus 4 percent by weight of 52 percent by
      weight HF to lower the Fe.sub.2 O.sub.3 content from about 50 parts per
      million to about 4 to 5 parts per million based upon the weight of the
      sand. This treatment is carried out over a period of about one week. The
      other batch ingredients are chosen to minimize the iron content of the
      batch since iron adversely affects the ability of the laser glass to
      operate properly. Thus reagent grade batch materials are selected whenever
      possible. The batch materials are mixed and handled in iron-free
      containers to prevent the possibility of iron contamination.
PAR  The batch materials are heated in a platinum-rhodium (80-20) crucible in an
      electric furnace at 2600.degree.F. under oxidizing atmospheric conditions.
      The molten glass is poured into a stainless steel mold, removed from the
      mold upon solidification and cooled gradually from 930.degree.F. to room
      temperature over a period of about 16 hours. The glass has a calculated
      composition as follows:
TBL  Ingredient        Percent by Weight                                       

     ______________________________________                                    

     SiO.sub.2         67.1                                                    

     CaO               10.7                                                    

     Na.sub.2 O        16.0                                                    

     K.sub.2 O         0.2                                                     

     Al.sub.2 O.sub.3  4.6                                                     

     UO.sub.2.sup..sup.+2                                                      

                       0.95                                                    

     CeO.sub.2         0.48                                                    

                       100.03                                                  

     ______________________________________                                    

PAL  The uranium is calculated as though all of it is present as UO.sub.2
      .sup..sup.+2, however, some of the uranium is not present in this state as
      will be described hereinafter.
PAR  The valence states of the uranium in the glass are determined by comparing
      the absorption spectra of this glass and a glass produced in the same
      manner, but omitting cerium. The molar absorption coefficient is
      determined to be 32 square centimeters per mole at 0.41 micron which is
      the major UO.sub.2 .sup..sup.+2 absorption band. From this and Beers law,
      the concentration of uranium which is actually present as UO.sub.2
      .sup..sup.+2 in the cerium-containing glass is 91 percent of the total
      uranium content. It is only 63 percent in the cerium-free analog glass.
PAR  The ground state absorption coefficient of the glass at 1.06 microns is
      critical when the glass is to be used as an external Q-switcher for a
      neodymium glass laser. In this regard, it is the absorption by reduced
      states of uranium such as U.sup..sup.+4 and U.sup..sup.+5 states that is
      important. The U.sup..sup.+5 absorption band which is centered at 0.92
      micron wavelength has a long wavelength tail which imparts an absorption
      loss at 1.06 microns. Similarly U.sup..sup.+4 has a ground state
      absorption band centered at about 1  micron. The ground state absorption
      coefficient of the cerium-containing glass is 0.003 per centimeter and for
      the same glass without the cerium is 0.035 per centimeter. Thus the
      cerium-containing glass acts as a better "window" for permitting passage
      of the photons after the saturable absorption state is reached as
      heretofore described in this Example I.
PAC  Example II
PAR  The best mode of carrying out the invention involves an internal
      Q-switching device. In this mode, an increased amount of the uranium is
      caused to be present in its fully oxidized state (UO.sub.2 .sup..sup.+2)
      in a neodymium-containing glass by including an oxidizing agent such as
      cerium in the glass. The following batch ingredients are utilized:
     Ingredient          Parts by Weight                                       

     ______________________________________                                    

     SiO.sub.2 (Kona Sand)                                                     

                         3500                                                  

     BaCO.sub.3          1671                                                  

     K.sub.2 CO.sub.3    1310                                                  

     UO.sub.2 (NO.sub.3).sub.2.6H.sub.2 O                                      

                         57.9                                                  

     CeO.sub.2           28.5                                                  

     Nd.sub.2 O.sub.3    235                                                   

     ______________________________________                                    

PAR  The sand is leached as described in Example I. The other batch ingredients
      are chosen to minimize the iron content of the batch, thus, reagent grade
      materials are selected. The batch materials are mixed and handled in
      iron-free containers to prevent the possibility of iron contamination.
PAR  The batch materials are charged over a period of time into a
      platinum-lined, refractory, 8-inch pot situated in an electric melting
      furnace having an atmospheric temperature of 2510.degree.F. Approximately
      12 pounds of batch are charged in the following amounts over the following
      schedule at the given temperatures.
TBL  ______________________________________                                    

     Time                           Amount                                     

     Minutes from Start)                                                       

                     Temperature (.degree.F.)                                  

                                    (Pounds)                                   

     ______________________________________                                    

     Start           2510.degree.F. 6                                          

      55             2550.degree.F. 2                                          

      80             2550.degree.F. 2                                          

     125             2560.degree.F. 1                                          

     155             2570.degree.F. 1                                          

     230             2750.degree.F. --                                         

     ______________________________________                                    

PAL  The batch is then stirred at 2750.degree.F. by means of a platinum stirrer
      for about 3 hours, held at 2650.degree.F. overnight for about 16 hours
      without stirring, and then stirred for about 4 hours at 2750.degree.F. and
      for 2-1/2 hours while the interior temperature of the furnace is reduced
      gradually to 2450.degree.F. All of the above is done while the furnace is
      in an oxidizing condition.
PAR  Thereafter the glass is removed from the furnace and cast as a square slab
      approximately 14 .times. 14 inches by 1-1/2 inches in thickness. The glass
      is then cooled to room temperature, reheated to 1080.degree.F. and
      annealed slowly over a period of 240 hours from 1080.degree.F. to room
      temperature at a rate of about 2.degree. to 10.degree.F. per hour.
PAR  The calculated and chemically analyzed compositions of the glass are as
      follows:
TBL  ______________________________________                                    

                  Parts by Weight                                              

     Ingredient     Calculated    Analyzed                                     

     ______________________________________                                    

     SiO.sub.2      58.5          57.94                                        

     Bao            21.7          21.25                                        

     K.sub.2 O      14.92         15.14                                        

     UO.sub.2.sup..sup.+2                                                      

                    0.48          0.75                                         

     CeO.sub.2      0.48          0.54                                         

     Nd.sub.2 O.sub.3                                                          

                    3.92          3.56                                         

     Other          --            0.72                                         

                    100.00        100.00                                       

     ______________________________________                                    

PAL  The uranium is calculated as though all of it is present as UO.sub.2
      .sup..sup.+2, however, some minor proportion of the uranium, preferably
      none, is not present in this state.
PAR  The glass is then ground and polished by conventional means to form laser
      rods measuring 1/4 inch in diameter and 6 inches in length.
PAR  A glass prepared as above is compared with a glass made in the same manner,
      but without cerium. The static absorption loss at 1.06 microns for the
      cerium-containing glass is 0.003 per centimeter and for the glass without
      cerium is 0.0187 per centimeter. Characteristics of these self Q-switched
      laser glasses at several energy inputs using 85 and 99 percent confocal
      resonators and a rod size of 1/4 inch diameter by 6 inches length, are
      shown in the following Table I wherein glass No. 1 is the glass containing
      cerium and glass No. 2 is the glass without cerium.
TBL                                    Table I                                 

     __________________________________________________________________________

         Input                                                                 

              Average Average                                                  

                            Spiking                                            

                                   Threshold                                   

     Glass                                                                     

         Energy                                                                

              Pulse Width                                                      

                      Peak Power                                               

                            Frequency                                          

                                   Energy                                      

     No. (Joules)                                                              

              (Nanoseconds)                                                    

                      (Megawatt)                                               

                            Kilohertz)                                         

                                   (Joules)                                    

     __________________________________________________________________________

     1    576 186     0.5   31     70.4                                        

     2    576 247     0.1   45     144                                         

     1   1089 119     1.5   28     70.4                                        

     2   1089 145     0.4   30     144                                         

     __________________________________________________________________________

PAR  The results in Table i reveal improved giant spike operation, pulse width
      reduction of about 20 percent and an increase of peak power of about 300
      percent to 500 percent in glass No. 1. The threshold energy input is
      lowered by about 50 percent in glass No. 1.
PAC  Example III
PAR  Conventional neodymium laser glasses contain Sb.sub.2 O.sub.3, which serves
      as a fining agent and inhibits solarization. For this reason, additional
      melts of the preferred glass were made with Sb.sub.2 O.sub.3 added and
      with differing amounts of uranium and oxidizing agents (including none) to
      determine the effect of having antimony in these glasses. The results of
      tests of these glasses with respect to the important property of ground
      state absorption loss at 1.06 microns are shown in Table II.
TBL                Table II                                                    

     ______________________________________                                    

     Nominal Doping (Percent by Weight)                                        

                               Absorption                                      

     Glass Nd.sub.2 O.sub.3                                                    

                    UO.sub.2 .sup..sup.+2                                      

                             Sb.sub.2 O.sub.3                                  

                                    CeO.sub.2                                  

                                           Per                                 

     No.                                   Centimeter                          

     ______________________________________                                    

     1     4        0.5      0      0.5    0.003                               

     2     4        0.5      1      0      0.0187                              

     3     4        0.5      1      0.5    0.0137                              

     4     4        0.5      1      0      0.0187                              

     5     4        1.0      1      0.5    0.0193                              

     7     4        1.0      1      0      0.026                               

           4        1.5      1      0.75   0.0252                              

     8     4        1.5      1      0      0.057                               

     ______________________________________                                    

PAL  From the results in Table II, is can be seen that apparently Sb.sub.2
      O.sub.3 interferes with the oxidation of UO.sub.2 .sup..sup.+2 to some
      extent, although significant reductions in ground state absorption of 25
      percent to 50 percent are still obtained.
PAR  The ground state absorption at 1.06 microns in the laser glass is in part
      directly proportional to the uranium in the glass. There should be
      sufficient cerium present to oxidize the uranium in the glass to the
      UO.sub.2 .sup..sup.+2 state to as great an extent as possible. For
      example, in Example I the percentage of uranium present as UO.sub.2
      .sup..sup.+2 was increased from about 63 percent to 91 percent when cerium
      was added. This reduced the ground state absorption by an order of
      magnitude. Larger amounts of cerium are required as larger amounts of
      uranium are employed in order to obtain maximum reduction in ground state
      absorption.
PAR  The amount of the essential ingredients can vary in percent by weight from
      0 to 30 percent Nd.sub.2 O.sub.3, 0.01 percent to 15 percent UO.sub.2
      .sup..sup.+2  and 0.01 to 20 percent CeO.sub.2 based upon the weight of
      the glass. When the invention is employed as an external Q-switching
      device, there need be no neodymium in the glass. When the invention is
      employed as an internal Q-switching device, the glass can contain 0.01 to
      30 percent by weight of neodymium oxide.
PAR  Although the invention has been described with respect to two specific
      glasses as the best modes contemplated by the inventor for carrying out
      the invention, the practice of the invention is by no means limited to
      these particular glasses. When the host glass is a barium crown glass, the
      glass may contain 20 to 70 percent SiO.sub.2, 5 to 30 percent BaO, 5 to 40
      percent K.sub.2 O, 0 to 2 percent Sb.sub.2 O.sub.3, as well as 0.01 to 15
      percent UO.sub.2 .sup..sup.+2 and 0.01 to 20 percent CeO.sub.2 as the
      essential ingredients. The host glass may alternatively be glasses such as
      lime-soda-silica glass, high silica borosilicate glass, flint glass and
      lead silicate glass.
PAR  The raw materials or glass batch materials which are used in making the
      above-identified glasses are, as has been indicated earlier in the
      specification, reagent grade ingredients, such as reagent grade sodium
      carbonate, sodium hydroxide, potassium carbonate, potassium hydroxide,
      calcium carbonate, calcium oxide, magnesium carbonate, magnesium oxide,
      aluminum oxide, aluminum carbonate, zinc oxide, zinc carbonate, barium
      oxide, barium carbonate, lead oxide, lead carbonate, boric acid, specially
      purified silica as described above, and meta-silicic acid.
PAR  The uranium salt which is used in the practice of the invention is selected
      from those uranium salts which under melting conditions employed in the
      invention will be converted to the UO.sub.2 .sup..sup.+2 valence state,
      that is, at least 91 percent of the uranium will be in the UO.sub.2
      .sup..sup.+2 valence state in the final glass article. The uranium salt
      should not contain a reducing anion such as acetate or formate. Suitable
      uranium salts contain oxidizing anions and include uranyl nitrate and
      uranyl sulfate.
PAR  The term "glass" is intended to include in its broadest sense inorganic
      rigid materials which are of an amorphous nature having a non-periodic
      atomic structure as distinguished from materials having their atoms in an
      orderly periodic array.
PAR  Although the invention has been described with regard to specific details
      of certain preferred embodiments of the invention, it is not intended that
      such details be considered as limitations on the scope of the invention
      except insofar as included in the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self Q-switching laser device including means for pumping
      Nd.sup..sup.+3 ions, comprising a glass article consisting essentially of:
PA1  a. a conventional host glass selected from the group consisting of:
      soda-lime-alumina-silica glass, soda-lime-silica glass, high silica
      borosilicate glass, germanate glass, flint glass, and lead silicate glass;
PA1  b. from 0.01 to 30 percent by weight Nd.sub.2 O.sub.3 lasing element;
PA1  c. from 0.01 to 15 percent by weight uranium expressed as UO.sub.2
      .sup..sup.+2, at least 91 percent of the uranium content being in the
      UO.sub.2 .sup..sup.+2 valence form, and serving as the Q-switcher;
PA1  d. from 0.01 to 20 percent by weight CeO.sub.2 to maintain at least 91
      percent of the uranium ions in the UO.sub.2 .sup..sup.+2 valence state.
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ABST
PAL  Tuning a laser with a piezoelectric crystal having a reflective surface,
       rein surface acoustic waves (SAW) deform the reflective surface of the
      crystal to create a diffraction grating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the field of lasers, tunable lasers are gaining prominence because of
      their versatility and the applications to which they can be applied, such
      as, communications systems, radars, and range finders. Numerous tuning
      techniques have recently been developed, including those invented by the
      inventor of the present invention. None, however, have heretofore employed
      the surface acoustic wave phenomenon as a tuning technique.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a method and apparatus for tuning a tunable laser
      wherein a crystal having a reflective coating is positioned in the laser
      cavity and acoustic waves are caused to occur on the crystal surface. Thus
      the laser beam is diffracted and the diffraction angle is determined by
      the frequency of the acoustic surface wave.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational plan view showing a surface wave supporting
      crystal which may be employed in the preferred embodiment of the present
      invention;
PAR  FIG. 2 is a plan view of a preferred embodiment of the present invention;
      and
PAR  FIG. 3 is a plan view of an alternate preferred embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a descriptive, elevational view of the reflective crystal used
      in the exemplary embodiments of FIG. 2 and FIG. 3. The crystal is a
      piezoelectric crystal wherein a reflective material, such as alumimum, has
      been fixedly attached to, or embedded in, one surface of the crystalline
      material. As with prior surface acoustic wave devices, interdigital,
      tuning fingers, that are interlacing, non-contacting electrodes, are
      fixedly attached by, such as, microelectronic techniques near one end of
      the surface over which the waves are to be propagated. When a positive
      voltage is applied to one set of fingers, and a negative to the other, an
      acoustic wave having a half-wavelength equal to the spacing between
      adjacent fingers (or a wavelengh equal to the spacing between like-charged
      fingers), is propagated down the surface of the material. Since, in the
      present invention, the surface accommodating the waves has been coated
      with a reflective material, the surface and the reflective material are
      deformed by the moving wave, in a manner similar to ripples in the surface
      of a pond.
PAR  The surface acoustic waves (SAW) generated by the input to the tuning
      fingers, produce a periodic deformation in the crystal and, as a result
      the reflective surface, or mirror, becomes a phased grating for the laser
      beam. Thus, a means for deflecting a laser beam is provided and the
      deflection angle is determined by the frequency of the acoustic surface
      wave. The angular deflection .THETA. is given by:
EQU  .THETA..sub.m = sin.sup.-.sup.1 (m.lambda./.OMEGA.)
PAL  Where:
PA1  m is the diffraction order
PA1  .lambda. is the wavelength of the laser
PA1  .OMEGA. is the wavelength of the acoustic wave
PAR  The resultant diffraction of light impinging on the reflective surface will
      be a function of the acoustic wave propagated in the surface, and
      ultimately a function of the signal applied to the tuning fingers.
PAR  FIG. 2 shows a plan view of one of the preferred embodiments of the present
      invention. The crystal, with its reflective surface, is placed near one
      end of the laser resonant cavity, in alignment with the laser beam. The
      laser material may be of any suitable lasing material, including suitable
      flourescent dyes presently being developed in the art. The present
      invention is intended to be applied to any tunable laser, including the
      organic dye variety. At the other end of the laser cavity is the output
      mirror which permits a percentage of the beam intensity impinged thereon
      to be transmitted and provided as the system output.
PAR  The beam impinging on the reflective surface of the crystal is directed by
      the surface toward the diffraction grating which acts as the fully
      reflective mirror to complete the resonant cavity. The diffraction grating
      is a tuning device providing retroreflection of a wavelength for each
      angle of incidence of the light impinging thereon. That is, because of the
      special characteristics of a diffraction grating, each frequency of light
      has a corresponding impingement angle at which it will be retroflectively
      reflected back along the path from which it came, and each angle of
      impingement has a corresponding frequency or narrow band of frequencies
      that will be retroflectively reflected. As a result, a portion of the beam
      is directed back into the cavity, and laser action is maintained, as the
      laser is tuned, without the necessity to reposition the components and
      redirect the reflections.
PAR  In the system of FIG. 2 the crystal deflector works in conjunction with the
      fixed diffraction grating to produce a high Q laser cavity for a very
      narrow specified band. The wavelength at which laser action can occur
      depends on the angle of incidence that the intracavity beam makes upon the
      fixed grating. This angle of incidence, and, hence, the laser wave length,
      is varied by varying the acoustic surface wave frequency, in the
      reflective surface of the crystal, which is controlled by the frequency of
      the input to the tuning fingers. The angular deflection change for small
      angles is given by:
      ##EQU1##
      Where: .lambda. is the laser beam wavelength
PA1  .DELTA.f is a change in acoustic frequency
PA1  v is the acoustic wave velocity
PA1  M is the angle magnification factor (= 1 for FIG. 2)
PA1  .THETA..sub.l is the angle of incidence upon fixed diffraction grating FIG.
      3 shows a plan view of an alternate preferred embodiment of the present
      invention. In this embodiment the crystal occupies the position of the
      fully reflective mirror in conventional lasers, which with the laser
      material and output mirror complete the resonant cavity. In this
      configuration the acoustic surface waves which generate a reflection
      grating are used to provide a tunable retroreflection. The grating
      equation for the retroreflection case is:
EQU  m .lambda. = 2d sin .THETA.
PAL  Where:
PA1  m is the diffraction order
PA1  .lambda. is the wavelength of the laser
PA1  d is the acoustic wavelength = acoustic velocity/frequency
PA1  .THETA. is the angle of incidence (is fixed for this application)
PAL  Thus, by changing the acoustic wavelength in the surface of the crystal,
      with the angle of incidence .THETA. maintained at a fixed value, the
      retroreflection wavelength A can be changed. Thus, one can sweep the
      acoustic wavelength, and, thereby, cause the laser output wavelength to be
      swept.
PAR  In both embodiments described the laser is tuned by the acoustical waves
      set up in the surface of the reflectively coated crystal, which are
      generated by the tuning fingers, attached to the crystal near one end of
      the reflective surface, in response to a selectable frequency, electrical
      input within a prescribed bandwidth. Tuning is accomplished by diffraction
      in accordance with the equation given above. The advantages of the present
      invention over prior devices and techniques include the employment of
      fewer components, and, as a result, is lower in cost, than other
      electronically tunable lasers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tunable laser, comprising:
PA1  an optically resonant cavity bounded at one end by a partially reflective
      mirror through which is provided the output beam of said laser, including
      a source of laser light in said cavity; and
PA1  tuning means in the optical path of said cavity for acousto-optically
      tuning the laser to oscillate at selected wavelengths in response to an
      electrical signal, comprising an electrical signal, a piezoelectric
      crystal in the optical path of said light opposite said partially
      reflective mirror from said source having at lease one reflective surface
      for reflecting said light, and interdigitized fingers on the reflective
      surface of said crystal for receiving said electrical signals and
      generating surface acoustic waves in said surface in response to said
      signals;
PA1  wherein the laser is tuned at least in part by said surface acoustic waves.
NUM  2.
PAR  2. The laser of claim 1 wherein the spacing of adjacent fingers of said
      interdigitized fingers is equal to a half-wavelength of the wavelength of
      said acoustic wave.
NUM  3.
PAR  3. The laser of claim 2 wherein the reflective surface of said crystal
      acoustic waves cause said surface to act as a phased grating, deflecting
      said laser beam in accordance with,
      ##EQU2##
      wherein .THETA. is the angular deflection, m is the diffraction order,
      .lambda. is the wavelength of the laser, and .OMEGA. is the wavelength of
      the acoustic wave.
NUM  4.
PAR  4. The laser of claim 3 wherein the grating of said reflective surface of
      said crystal is retroreflective by said acoustic waves in accordance with
EQU  m .lambda. = 2d sin .THETA.
PAL  wherein m is the diffraction order, .lambda. is the wavelength of the
      laser, d is the acoustic wavelength, and .THETA. is the angle of incidence
      of the beam with the surface.
NUM  5.
PAR  5. The laser of claim 3 wherein said cavity is bounded on the end opposite
      the partially reflective mirror by a reflective diffraction grating, and
      said reflective crystal surface is positioned in said cavity optically
      between said laser source and said diffraction grating.
NUM  6.
PAR  6. The laser of claim 5 wherein the angular deflection change for small
      angles is given by:
      ##EQU3##
      wherein .lambda. is the wavelength of the laser, .DELTA.f is the change in
      acoustic frequency by a change in said signal, v is the velocity of the
      acoustic wave, and .THETA..sub.L is the angle of incidence of the beam
      upon the diffraction grating.
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PAL  A shutter and beam expander for diverting the output of a high power laser
      into an absorption body comprises a onepiece metallic structure having a
      convex spherically shaped portion adapted to be moved into the beam path
      for simultaneously reflecting and expanding the beam into energy
      absorption material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved shutter controlling the beam of a
      high power laser.
PAR  When the output beam of a high power continuously operating laser is
      temporarily switched off or interrupted in the normal operation of
      associated apparatus or systems, dissipation of energy during the
      interruption period presents a problem simply because of the extremely
      high power densities involved. For example, the Nd:YAG type laser on which
      this device was first used produces a 6 mm diameter beam having a power
      density of up to 4.4 killowatts per square centimeter. Prior art practice
      has been to move a reflector into the beam path and reflect the beam
      through a fixed optical expander lens into an appropriate absorber such as
      oxidized aluminum. The expander lens effectively reduces the power density
      in the beam to a level that may be dissipated safely and without damage to
      the absorber. The expander lens is not only an expensive component but
      also tends to collect dust particles which interfere with the dissipation
      function. Furthermore, mounting and alignment of the lens between the
      reflector and absorber is an additional cost factor in the construction of
      the associated apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  A general object of this invention is the provision of a simplified low
      cost beam reflector and expander for a high power laser.
PAR  This and other objects are achieved with a reflector and expander which are
      combined into a unitary structure in which the reflecting surface is
      spherically contoured.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a laser system employing a shutter plate
      embodying this invention;
PAR  FIG. 2 is a plan view of the shutter plate shown in FIG. 1; and
PAR  FIG. 3 is a section taken on line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to the drawings, a high power laser 10 produces an output beam 11
      which is directed as indicated by the arrow toward a utilization apparatus
      or item, not shown. In order to interrupt the beam 11 as may be required
      in the operation of the utilization apparatus, a reflecting shutter 12
      supported on the shaft 13 of a rotary solenoid 14 is selectively rotated
      about the shaft axis 15 by energization of the solenoid between an
      operative position in the beam path as shown in solid lines and the
      inoperative position out of the beam path as shown in broken lines. In the
      beam blocking position, shutter 12 extends across the incident beam at an
      obtuse angle with respect to the beam axis so as to reflect the beam out
      of its initial path into a pad 16 of energy absorbing material such as
      oxidized aluminum.
PAR  Shutter 12 preferably comprises an opaque plate of a readily shapable
      reflecting material such as thin aluminum sheet having a convexospherical
      surface 18 on the side of incidence of the laser beam. Spherically shaped
      surface 18 performs two functions: (1) it reflects the laser beam and (2)
      simultaneously expands the beam as indicated at 11a for dissipating the
      energy over a relatively wide area of absorber 16. Thus the need for a
      separate expanding lens is eliminated without the loss of its function.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination
PA1  a high power laser having an output beam directed along an axis,
PA1  an opaque shutter extending across the beam path at an obtuse angle with
      respect to the incident beam to define an operative reflecting position
      and movable to an inoperative position out of the beam path,
PA1  said shutter having a convexospherical surface at the point of incidence of
      said beam when the shutter is in the operative position whereby to reflect
      and expand said beam,
PA1  energy absorber means in the path of said reflected beam, and
PA1  means selectively to rotate said shutter between said operative and
      inoperative positions.
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PAL  The cell of a liquid laser is defined between the rounded, parallel edges
       four coaxial cylinder sectors of fused quartz. The narrow gaps
      circumferentially bounded by the flat, converging side faces of the
      sectors provide conduits for rapid flow of dye liquid into and out of the
      cell which extend over the full axial length of the cell. The light of a
      flash tube is directed toward the cell through the cylindrically arcuate
      outer face of each sector.
BSUM
PAR  This invention relates to lasers employing a fluid filled cell, and more
      particularly to a transverse-flow cell and to a laser arrangement
      including the cell of the invention.
PAR  In its more specific aspects, the invention is concerned with an
      improvement in a transverse-flow laser cell of the basic type disclosed by
      M. Boiteux et al (Applied Optics 9, February 1970, pp. 514-515).
      Transverse flow laser cells have important, well-recognized advantages
      over cells in which a fluid flows in the direction of the laser beam
      generated in the cell by radiant pumping energy. The effective flow
      section of a transverse-flow cell for the laser fluid can be made many
      times greater than the cross section of the laser beam, thereby avoiding
      the problems resulting from insufficiently rapid change of the fluid in
      the cell.
PAR  It is a shortcoming of the known transverse-flow cells that they require a
      pumping arrangement symmetrical relative to a longitudinal plane through
      the cell axis. When the flash tubes of such an arrangement are precisely
      focused in the cell, the generally desirable basic mode of the laser is
      suppressed. If sharp focusing of the pumping light source is avoided by
      the use of diffuse reflectors, pumping energy does not penetrate the fluid
      in the cell deeply enough, and the resulting inhomogeneous distribution of
      the pumping energy in the laser fluid again causes suppression of the
      basic mode.
PAR  An important object of the invention is the provision of a laser cell which
      may be assembled with three or more sources of pumping energy
      symmetrically arranged about the longitudinal cell axis so as to enhance
      the basic mode of laser radiation. A concomitant object is the provision
      of a cell which further strengthens the advantages of the known
      transverse-flow cells over the earlier longitudinal flow cells.
PAR  According to this invention, there is provided a laser cell which comprises
      at least three substantially wedge-shaped elements permeable to radiant
      pumping energy. Two side faces of each element converge toward an edge
      which is elongated in a direction common to all elements. The edges
      jointly define there-between a cavity elongated in the afore-mentioned
      direction and having a longitudinal axis. Each side face and an adjacent
      side face of another element define therebetween a conduit communicating
      with the cavity. The circumferential width of the conduit relative to the
      axis is but a small fraction of the radial and axial dimensions of the
      conduit. End walls fixedly connect the elements and seal the conduits and
      the cell cavity in an axial direction, the wall portion sealing the cavity
      in at least one axial direction being permeable to visible light.
PAR  According to another aspect of this invention, a source of radiant pumping
      energy is associated with each of the wedge-shaped elements. A rear face
      connects the two afore-mentioned side faces of each element, and the
      pumping energy of the associated source enters the element through the
      rear face and is directed to the cell cavity through the edge.
DRWD
PAR  Other features, additional objects, and many of the attendant advantages of
      this invention will readily be appreciated from the following detailed
      description of a preferred embodiment when considered in connection with
      the appended drawing in which:
PAR  FIG. 1 shows a laser arrangement including a transverse-flow cell of the
      prior art in section at right angles to the cell axis and the longitudinal
      plane of symmetry;
PAR  FIG. 2 illustrates a laser arrangement of the invention in a section
      analogous that of FIG. 1; and
PAR  FIG. 3 illustrates the cell of the laser arrangement of FIG. 2 in plan view
     .
DETD
PAR  Referring initially to FIG. 1, there are shown basic components of a known
      transverse-flow laser cell and associated elements of a laser. The cell
      basically consists of two flat quartz plates 1, 2 elongated at right
      angles to the plane of FIG. 1. A dye solution 3 enters the area between
      two pumping light sources 5 whose light is focused on the flowing liquid
      by reflectors 6, and the dye solution 4 partly decomposed in the cell
      leaves the cell as indicated by arrows. The laser arrangement is
      symmetrical only relative to a single plane at right angles to the plane
      of FIG. 1 and including the longitudinal axis of the cell.
PAR  A laser arrangement of the invention is shown in FIGS. 2 and 3. The cell
      cavity 9, elongated at right angles to the plane of FIG. 2, as is evident
      from FIG. 3, is surrounded by four identical wedge-shaped elements 11, 12,
      13, 14 of solid, transparent quartz. Each element has two side faces 17
      which converge toward a rounded edge 21, and a rear face 22. The four rear
      faces 22 are cylindrically arcuate about the axis of the cell cavity 9,
      and the latter is defined by the four edges 21 which are elongated in a
      common direction and parallel to the axis of the cell cavity.
PAR  The edges 21 are cylindrically convex, and the optically flat side faces 17
      are smoothly tangential to the associated edge 21. The side faces 17 of
      two circumferentially consecutive elements define therebetween a conduit
      18 which is axially as long as the cavity 9 (see FIG. 3). The four
      conduits 18 flare in a radially outward direction at small apex angles so
      that the sum of the angles enclosed by the four pairs of side faces is
      smaller than 360.degree., though much greater than 270.degree..
PAR  The axial ends of the four quartz elements 11, 12, 13, 14 are connected by
      transverse, optically flat end walls 15, 16 of quartz transparent to
      visible light, particularly the laser radiation generated in the cell
      cavity 9. They may be joined to optically flat end faces of the
      wedge-shaped elements by sintering, as is conventional in itself.
PAR  The laser cell consisting entirely of fused quartz is mounted in an
      assembly of four identical mirror elements 8 and four identical connectors
      30. The four connectors 30 have internally threaded tubulures 31 and
      define respective ducts 19, 19' , 20, 20' whose effective flow sections
      vary in shape from the tubulures 31 to the radially outer orifices of
      respective associated conduits 18, but are approximately uniform in
      magnitude. As shown more explicitly in the afore-mentioned paper by
      Boiteux et al, the ducts 19, 19' , 20, 20' are of approximately circular
      cross section contiguously adjacent the tubulures 31, and their cross
      sections contiguously adjacent the conduits 18 are narrow rectangles
      conforming to the orifices of the conduits, as seen in FIG. 3. An inner
      circumferential face of each connector 30 is sealed to two adjacent rear
      faces 22 by means of silicone rubber gaskets, not shown.
PAR  The mirror elements 8 span the circumferential gaps between the connectors
      30. Each mirror element 8 has a concavely cylindrical reflecting face 8'
      offset in a radially outward direction from the rear face 22 of an
      associated wedge-shaped elements 11-14, and a xenon flash tube 7 extending
      over the full length of the cell cavity 9 is arranged between the
      reflecting face 8' and the associated rear face 22 so that a very high
      proportion of the beams 10 of pumping light radiated by the tube 7 is
      reflected toward the rear face 22 in a direction radial relative to the
      latter and is further focused by the rounded edge 21 on the cell cavity.
PAR  The latter is supplied with a dye solution through two tubulures 31 and the
      associated conduits 19, 19' and withdrawn from the cavity 9 through
      conduits 20, 20' and the tubulures 31 associated with the latter by a
      circulating pump and other devices known in themselves and not shown.
      Because of the outward flaring configuration of the conduits 19, 19' , 20,
      20' , the rate of flow in the cell cavity 9 is extremely high.
PAR  Optically flat surfaces are preferred on the side faces 17 not only for
      reasons of optical performance, but to obtain the highest possible flow
      rate through the laser cell. The basically conventional configuration of
      the ducts in the connectors 30 is chosen for the same reason. The rounded
      edges 21 tangentially merging with the side faces 17 avoid turbulence in
      the cell cavity, but the edges additionally function as condensing lenses
      for the pumping radiation. In the illustrated laser arrangement, they are
      preferably cylindrically convex about respective axes spacedly parallel to
      the axis of the cylinder cavity 9, but an elliptical or parabolical
      curvature in radial section may be chosen instead of the illustrated
      circular curvature.
PAR  Wedge-shaped cell elements which are sectors of a quartz cylinder and whose
      rear faces 22 have the same radius of curvature are very conveniently
      prepared with the necessary precision, but rear faces of different shape
      are entirely feasible. The wedge-shaped elements 11-14 thus may be
      replaced by three-sided prisms having side faces 17 and edges 21 as
      illustrated, but flat rear faces connecting the radially outer edges of
      the side faces. Similarly, the reflecting faces 8' need not be
      cylindrical, and the number of wedge-shaped elements and associated
      sources of pumping radiation may be different from four, at least three
      being sufficient to achieve the advantages of this invention to some
      extent. If properly matched, the several wedge-shaped bodies and their
      associated sources of pumping energy need not be identical, but no
      advantages are apparent at this time from departing from an arrangement of
      identical units uniformly distributed about the cell axis in such a manner
      that the laser arrangement has more than one plane of symmetry, the axis
      of the cell cavity being entirely located in each of the planes.
PAR  It should be understood, therefore, that the foregoing disclosure relates
      only to a preferred embodiment of the invention, and that it is intended
      to cover all changes and modifications of the example of the invention
      herein chosen for the purpose of the disclosure which do not constitute
      departures from the spirit and scope of the invention set forth in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transverse-flow cell for a laser comprising:
PA0  a. at least three substantially wedge-shaped elements permeable to radiant
      pumping energy,
PA1  1. each element having two side faces converging toward an edge elongated
      in a direction common to the edges of said elements,
PA1  2. said edges jointly defining therebetween a cavity elongated in said
      direction and having a longitudinal axis,
PA1  3. each side face and an adjacent side face of another element defining
      therebetween a conduit communicating with said cavity, the circumferential
      width of said conduit relative to said axis being but a small fraction of
      the radial and axial dimensions of said conduit; and
PA0  b. end wall means fixedly connecting said elements and sealing said cavity
      in said common direction,
PA1  1. said end wall means including a wall portion permeable to visible light
      and sealing said cavity in one longitudinal direction.
NUM  2.
PAR  2. A cell as set forth in claim 1, wherein each of said edges is convexly
      arcuate in cross section.
NUM  3.
PAR  3. A cell as set forth in claim 2, wherein said edge is circularly arcuate
      in cross section.
NUM  4.
PAR  4. A cell as set forth in claim 1, wherein each of said elements has a rear
      face connecting said side faces and cylindrical about said axis.
NUM  5.
PAR  5. A cell as set forth in claim 4, wherein said rear faces have the same
      radius of curvature.
NUM  6.
PAR  6. A cell as set forth in claim 1, wherein the two side faces of each
      element define an apex angle, the combined magnitude of said apex angles
      being less than 360.degree., but greater than 270.degree..
NUM  7.
PAR  7. A cell as set forth in claim 6, wherein said side faces are flat.
NUM  8.
PAR  8. A laser arrangement comprising a transverse-flow cell as set forth in
      claim 1, each of said elements having a rear face connecting said side
      faces, a source of pumping radiation associated with each of said
      elements, and mounting means mounting each source radially outside the
      rear face of the associated element.
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PAL  An optical waveguide modulator is disclosed which uses single crystals of
      TlGaSe.sub.2 or TlInS.sub.2. The optical waveguide modulator is used to
      impress a signal upon a light beam traveling in a waveguide. Monochromatic
      light is guided along a thin plate of the crystal. Acoustic waves are
      generated which move across the thickness of the crystal, modulating the
      light. The frequency, polarization, or mode of the light can be modulated
      by the acoustic waves.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The discovery of glass fibers which can conduct light with very small
      losses, of low-cost solid-state diode lasers, and of techniques for
      masking and etching surfaces by an electron beam to form structures of
      micron size, has created a demand for solid-state optical waveguide
      modulators. An optical waveguide modulator alters the frequency,
      intensity, or polarization of a beam of light traveling in a waveguide.
      This can be accomplished by guiding the light through a specific material,
      which may be a single cyrstal, and generating acoustic waves in this
      material.
PAR  Crystals which are useful in optical waveguide modulators are those which
      are highly efficient at modulating light with an acoustic wave. A measure
      of this efficiency is given by the opto-acoustic figure of merit, M.sub.2,
      which is equal to
EQU   n.sup.6 p.sup.2 /.rho.v.sup.3
PAL  Where n is the refractive index, p is the photo-elastic coefficient, .rho.
      is the density, and v is the acoustic velocity. Large values of figure of
      merit are obtained in materials with a large refractive index and a low
      acoustic velocity.
PAR  In addition to a high opto-acoustic figure of merit, a good crystal should
      exhibit a low attenuation of high frequency sound waves so that the
      crystal can be used to modulate a wide band of light frequencies. The
      modulation of a wide band of light frequencies requires the propagation of
      acoustic waves at high frequencies, but in most materials high frequency
      acoustic waves are absorbed after traveling only a very small distance.
      Therefore, a material which can be made in very thin single crystal layers
      can be used to modulate a wider band of light frequencies since high
      frequency acoustic waves cross the cyrstal before being absorbed. However,
      it is very difficult to make a very thin single crystal layer of most
      suitable materials by sputtering, vacuum evaporation, or other available
      techniques since usually a polycrystalline layer is produced instead of a
      single crystal. The polycrystalline layers produced this way are optically
      very lossy. Cleavage of the material into very thin plates is not possible
      with most otherwise-suitable materials since their crystal structures do
      not permit such cleavage to occur.
PAR  Finally, the crystal should have good optical quality and a transparency
      range which includes the wavelengths of common solid-state light diodes.
PAR  A good summary of thin film waveguide devices can be found in an article by
      P. K. Tien in the April, 1974  issue of Scientific American, titled
      "Integrated Optics."
PAC  PRIOR ART
PAR  U.S. Pat. No. 3,110,685 discloses the preparation of polycrystalline
      samples of TlGaSe.sub.2 and TlInS.sub.2 for photoconductor and
      semiconductor applications. Large, single crystals were not prepared and
      opto-acoustic properties were not investigated.
PAR  An article by H. Hahn and B. Wellmann in Naturwissenschaften, Vol. 54, page
      42 (1967) titled "On Ternary Chalcogenides Of Thallium, With Gallium And
      Indium" describes the preparation of polycrystalline samples of
      TlGaSe.sub.2 and TlInS.sub.2.
PAR  An article titled "On Some properties Of TlInS.sub.2 (Se.sub.2, Te.sub.2)
      Single Crystals" by G. D. Guseinov, E. Mooser, E. M. Kerimova, R. S.
      Gamidov, I. V. Alekseev, and M. Z. Ismailov in Phys. Stat. Sol., Vol. 33,
      pages 33 to 44 discusses the preparation of large, single crystals of
      .beta.-TlInS.sub.2. Opto-acoustic properties are not mentioned.
PAR  An article titled "About A Group Of Three-Component Compounds Being
      Analogous to Binary Semiconductors Of The A.sup.III B.sup.VI Type" by G.
      D. Guseinov, A. M. Ramazanzade, E. M. Kerimova and M. Z. Ismailov
      discusses the preparation of single crystals of InTlS.sub.2 and
      InTlSe.sub.2. Opto-acoustic properties are not mentioned.
PAR  Also of interest in an article by G. B. Brandt, M. Gottlieb and J. J.
      Conroy is Applied Physical Letters, Vol. 23, No. 2, pages 53 to 54 (July
      15, 1973), titled "Bulk Acoustic Wave Interaction With Guided Optical
      Waves," which describes an optical waveguide modulator in which the guided
      light interacts with bulk acoustic waves in a layer of sputtered, high
      refractive index glass.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered that crystals of TlGaSe.sub.2 and TlInS.sub.2 have
      excellent opto-acoustic properties which make them very useful in optical
      waveguide modulators. These crystals both cleave to form very thin plates
      so that they can be used for wide band optical waveguide modulators. The
      TLGaSe.sub.2 crystal has a high figure of merit and the figure of merit of
      TlInS.sub.2 is expected to be comparable. The crystals are of good optical
      quality and have a useful transparency range extending into the infrared.
      A wideband optical waveguide modulator can be used to combine many signals
      onto a single optical carrier by using known multiplexing techniques.
DRWD
PAC  DESCRIPTION OF THE INVENTION
PAR  The accompanying drawing is an isometric view of a certain presently
      preferred embodiment of an optical waveguide modulator according to this
      invention. Other optical waveguide modulator configurations can also be
      used.
DETD
PAR  In the drawing, a substrate 1 acts as a support for optical waveguide
      modulator 2 and various other thin-film waveguide devices such as
      switches, prisms, lasers, etc. (not shown) which may be mounted on the
      substrate. The substrate should be flat, should not absorb light from the
      modulator, and should have a lower refractive index than the crystal in
      the modulator to prevent light from leaking out of the modulator. Typical
      substrates are made of glass or quartz, but other materials such as
      plastics could also be used. The modulator can be cemented to the
      substrate by any suitable optical cement.
PAR  Modulator 2 consists of single crystal 3, optical fibers 4 and 5, and
      transducer 6. Optical fibers 4 and 5 are examples of waveguides which
      transmit light into and away from the crystal, respectively. The ends of
      these fibers which contact the crystal must be very flat and smooth in
      order to avoid loss of light. The ends may be attached to the crystal by
      means of any suitable optical cement. The optical fibers are typically
      made of glass, silica, or plastic although other suitable materials could
      also be used. Light can also be passed through the crystal by means of a
      thin film waveguide deposited on the substrate which contacts the
      crystals.
PAR  In between transducer 6 and crystal 3 is a film 7 of a material which has a
      lower refractive index than the crystal. This film is placed on the
      crystal to prevent the transducer electrode from absorbing light from the
      crystal. This film is typically about 3000 to about 4000 A thick and can
      be deposited, for example, by vacuum evaporation. Suitable materials
      include most alkali or alkaline-earth metal fluorides, plastics such as
      polytetrafluoroethylene, etc.
PAR  The transducer is a device which produces sound waves in the crystal in
      response to an electrical signal. In the drawing transducer 6 consists of
      a first conducting layer 8 to which is attached a wire 9, a layer of a
      piezoelectric material 10, such as zinc oxide, which responds to an
      electric field by producing an acoustic wave, and a second conducting
      layer 11 to which is attached wire 12. An electrical field is applied to
      material 10 through wires 9 and 12 to produce an acoustic wave. Typically,
      about 100 to about 500 mW are required to operate the transducer. The
      frequency of the wave is determined by the thickness of the transducer.
      The type of acoustic wave generated is determined by the orientation of
      material 10 used in the transducer. For example, shear waves are produced
      by Y- or AC-cut quartz and X-cut lithium niobate, and longitudinal waves
      are produced by X-cut quartz. The shear waves may be parallel or
      perpendicular to the light beam, depending on the orientation of the
      transducer. The construction and operation of acoustic wave-generating
      transducers is a well-known technology.
PAC  OPERATION OF THE MODULATOR
PAR  To operate the modulator a beam of light is passed down optical fiber 4
      into the crystal. This light should be monochromatic in order to avoid the
      effects of dispersion which limit the bandwidth of the signal which can be
      propagated. The light need not be coherent, but coherent light is
      preferred as it is available in high intensity and high monochromaticity.
      The light may be polarized or not, as desired.
PAR  When light is incident on the end of a waveguide it is found that it will
      propagate in the waveguide only at certain angles of incidence
      corresponding to discrete modes. The number of said modes which may
      propagate in the waveguide depends upon the refractive indices of the
      waveguide material and the substrate, and upon the thickness of the
      waveguide--the thicker the waveguide is, the greater is the number of
      propagation modes. If a large number of modes are present, the light will
      spontaneously change modes as it propagates which will distort the output
      signal. Such a distortion may be tolerated if the signal is of a narrow
      bandwidth, but it prohibits the use of large bandwidth signals. Therefore,
      it is preferred to use a waveguide thin enough so that the light has only
      a small number (i.e., 1 to 6) of modes.
PAR  The type of modulation of the light beam which occurs depends upon the type
      of acoustic wave. Perpendicular shear acoustic waves result in mode
      conversion, (i.e., polarization), and frequency modulation. Intensity
      modulation can, of course, be obtained by passing the output light beam
      through a polarizer. Parallel shear waves and longitudinal waves produce
      only frequency modulation and therefore perpendicular shear waves are
      preferred. There is no lower limit on the acoustic frequency that will
      produce an interaction. The upper acoustic frequency limit depends upon
      the thickness of the crystal. Using a value of 3dB as a maximum tolerable
      attenuation, the upper frequency limit (in MHz) is equal to 3.6 .times.
      10.sup.2 divided by the square root of the thickness in centimeters. This
      formula was established by measuring the attenuation coefficient at low
      frequency and assuming an f.sup.2 dependence of attenuation on frequency.
PAC  THE CRYSTALS
PAR  For use in an optical waveguide modulator, the crystal should be 1 to about
      50.mu.m in thickness. A crystal less than 1.mu.m would be too fragile to
      work with, and a crystal thicker than about 50.mu.m would absorb high
      frequency acoustic waves and therefore prevent the use of wide band
      modulations. The crystals should be at least about 3mm in any other
      direction, to provide a sufficient length for efficient light modulation
      to occur; about 3mm to about 1cm is a practical range of sizes for width
      and length.
PAR  The crystal TlGaSe.sub.2 has space group P2.sub.1 /m, with a =  b = 7.60
      .+-.  0.08 A, c = 31.36 .times.  2 .+-.  0.08 A, and .beta. = 90'  20'
      .+-. 5'. It is pseudo-tetragonal; thus, although it is actually
      monoclinic, for practical purposes it can be treated as tetragonal. The
      cell volume is 1811 .times. 2 A.sup.3 and there are 16 molecules per cell.
      The density (measured) is 6.4g/cm.sup.3. The crystal is optically biaxial
      and its refractive index is about 2.7. The transparency range is about 0.6
      to about 20.mu.m, and its acoustic-optic figure of merit, M.sub.2,
      measured relative to fused quartz at a light wavelength of 0.632
      micrometers is 260. The figure of merit depends upon the orientation of
      the crystal and the type of waves used. Longitudinal waves parallel to the
      c-axis were used to obtain the above figure. The acoustic properties of
      the crystal were measured by the conventional pulse echo technique. The
      longitudinal wave velocities are 2.5 .times. 10.sup.5 cm/sec for
      propagation parallel to the c-axis and 3.3 .times. 10.sup.5 cm/sec for
      propagation perpendicular to the c-axis and the shear wave velocities are
      7.5 .times. 10.sup.4 cm/sec for propagation parallel to the c-axis, and 1
      .times. 10.sup.5 cm/sec for propagation to the c-axis. The crystal has a
      deep red color and melts at 779.degree..+-. 3.degree.C.
PAR  Most importantly, the TlGaSe.sub.2 crystal possesses the highly unusual
      property of cleaving into very thin plates perpendicular to its c-axis.
      Additional information can be found in an article in the October 1973
      issue of the Journal of Applied Crystallography, Vol. 6, Part 5 by T. J.
      Issacs titled "Crystal Data For Thallium Gallium Diselenide,
      TlGaSe.sub.2."
PAR  The compound TlInS.sub.2 was believed to be dimorphic (see the
      previously-cited article by H. Hahn) but is actually tetramorphic. The
      alpha form may occur at low temperatrue (i.e. &lt; 500.degree.C) and is
      conducting and opaque. There are one triclinic and two monoclinic "beta"
      forms and all are produced at temperatures over 500.degree.C. Any one of
      the beta forms can exist at room temperature although it is very difficult
      for the highest temperature form. The beta forms are yellow, transparent,
      and have high resistivity. The beta forms melt at 777.degree..+-.
      5.degree.C and have a transparency range of about 0.526 to about 25.mu.m,
      but above about 15.mu.m absorption begins to increase.
PAR  .beta.-TlInS.sub.2 also possesses the unusual property of cleaving to very
      thin plates. Its figure of merit, M.sub.2, has not been measured but is
      expected to be comparable to the M.sub.2 of TlGaSe.sub.2. The longitudinal
      wave velocities are 2.5 .times. 10.sup.5 cm/sec for propagation parallel
      to the c-axis and 3 .times. 10.sup.5 cm/sec perpendicular to the c-axis,
      and the shear wave velocities are 8.3 .times. 10.sup.4 cm/sec for
      propagation parallel to the c-axis and 1.0 .times. 10.sup.5 cm/sec for
      propagation parallel to the b-axis.
PAR  The composition having optimum properties for both crystals appears to be
      stoichiometric, but compositions within 5% of stoichiometry are
      contemplated within the scope of this invention. Other crystals having
      related compositions have been found to be unsuitable for optical
      waveguide modulators. For example, TlGaS.sub.2 is too soft and
      TlInSe.sub.2 does not cleave to form thin plates. The crystals can be
      grown by the Stockbarger technique illustrated by the examples.
PAC  EXAMPLE I
PAR  8.1748g. thallium, 2.7888g. gallium, and 6.3168g. selenium, all of purity
      in excess of 99.999 wt%, were reacted together in an evacuated
      silica-glass tube at about 900.degree.C. The tube was kept at that
      temperature for about 6 hours with periodic shaking, and then cooled to
      room temperature. The TlGaSe.sub.2 compound was broken up and placed in an
      8mm diameter silica-glass crystal-growing tube under a pressure of 0.8
      atm. of pure, dry argon. The tube had a necked-in section of approximately
      1mm to initiate growth of a single crystal. The tube was placed in a
      two-zone furnace and slowly (17.5mm/day) lowered from a temerature zone of
      about 820.degree.C to a temperature zone of about 600.degree.C at a
      temperature gradient of about 15.degree.C/mm. The single crystal grew at
      an angle of about 30.degree.to the tube and was about 1/2 cm in diameter
      by about 2cm long. The crystal cleaved easily at the 30.degree.angle to
      produce elliptical plates about 1/2 cm by 3/4 cm and as thin as about
      10.mu.m. It is expected that thinner plates can be produced with
      sophisticated cleaving equipment.
PAR  A plate of the crystal about 75.mu.m thick was cemented to a glass
      substrate 1/4 inch by 1/4 inch by 1 inch long using phenyl salylicilate
      cement. Glass fibers 5 mils in diameter having very flat, smooth ends were
      cemented to the edge of the crystal plate as shown in the drawing using
      Canada balsam cement. A layer of MgF about 0.3.mu.m thick was vacuum
      deposited on the crystal. A layer of chromium about 0.05.mu.m thick was
      vacuum deposited on the MgF layer, followed by a vacuum deposited layer of
      gold about 0.2.mu.m thick; the chromium is used to aid in the adherence of
      the gold. A layer of zinc oxide about 5.mu.m thick and about 2mm square
      was deposited on the gold by sputtering and additional chromium and gold
      layers were vacuum deposited as before. Wires were soldered to the two
      gold electrodes.
PAR  Light from a helium-neon laser was focused into the input end of one of the
      light fibers. A photomultiplier was placed at the end of the other light
      fiber to monitor the output. A radio-frequency pulse having a frequency of
      400 MHz was sent through the electrode and a modulation of the light was
      observed.
PAC  EXAMPLE II
PAR  Example I was repeated using 10.2185G. thallium, 5.7410g. indium, and
      3,2064g. sulphur. The compound .beta.-TlInS.sub.2 was made by heating the
      elements at about 900.degree.C for several hours with periodic shaking.
      The compound was cooled, broken up, and placed in a crystal-growing tube
      under 0.8 atm. pure, dry argon and the crystal grown at a rate of
      12.7mm/day by lowering the tube through the melting point (777.degree..+-.
      5.degree.C) at a steep temperature gradient. The crystal of .beta.
      -TlInS.sub.2 grew vertically and was about 1/2 cm thick by about 1/2 cm
      wide by about 3/4 cm long. It was cleaved lengthwise to produce plates
      about 50 to about 150.mu.m thick and about 1/2 cm wide by about 3/4 cm
      long. Plates of this cyrstal can be used to form an optical waveguide
      modulator as described in Example I.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An optical waveguide modulator comprising
PA1  1. a single crystal selected from the group consisting of TlGaSe.sub.2 and
      .beta.-TlInS.sub.2 which is 1 to about 50 microns thick and at least about
      3mm in width and length;
PA1  2. means for generating an acoustic wave in said crystal moving across the
      thickness of said crystal; and
PA1  3. means for passing a monochromatic light beam from an incoming waveguide
      through said crystal along the length of said crystal, then back into an
      outgoing waveguide.
NUM  2.
PAR  2. An optical waveguide modulator according to claim 1 wherein said crystal
      is TlGaSe.sub.2.
NUM  3.
PAR  3. An optical waveguide modulator according to claim 1 wherein said crystal
      is .beta.-TlInS.sub.2.
NUM  4.
PAR  4. An optical waveguide modulator according to claim 1 wherein said means
      for generating an acoustic wave is a transducer mounted on said crystal.
NUM  5.
PAR  5. An optical waveguide modulator according to claim 4 wherein said
      transducer is a shear wave generating transducer which is mounted on said
      crystal so that the shear waves generated by it are perpendicular to the
      path of said light beam in said crystal.
NUM  6.
PAR  6. An optical waveguide modulator according to claim 1 wherein said
      incoming waveguide is an optical fiber having a flat end which is cemented
      to one end of said crystal, and said outgoing waveguide is an optical
      fiber having a flat end which is cemented to the opposite end of said
      crystal.
NUM  7.
PAR  7. An optical waveguide modulator according to claim 1 wherein said crystal
      is mounted on a flat substrate which has a lower refractive index than
      said crystal.
NUM  8.
PAR  8. A method of modulating light comprising
PA1  1. passing a monochromatic light beam from an incoming waveguide through
      the length of a crystal selected from the group consisting of TlGaSe.sub.2
      and .beta.-TlInS.sub.2 which is 1 to about 50 microns thick and at least
      about 3mm in width and length, then coupling, said light beam to an
      outgoing waveguide; and
PA1  2. generating an acoustic wave in said crystal moving across the thickness
      of said crystal.
NUM  9.
PAR  9. A method according to claim 8 wherein said crystal is TlGaSe.sub.2.
NUM  10.
PAR  10. A method according to claim 8 wherein said crystal .beta.-TlInS.sub.2.
NUM  11.
PAR  11. A method according to claim 8 wherein said acoustic wave is generated
      by means of a transducer mounted on said crystal.
NUM  12.
PAR  12. A method according to claim 11 wherein said acoustic wave is a shear
      wave propagated perpendicular to the path of said light beam in said
      crystal.
NUM  13.
PAR  13. A method according to claim 8 wherein said incoming waveguide is an
      optical fiber having a flat end which is cemented to one end of said
      crystal, and said outgoing waveguide is an optical fiber having a flat end
      which is cemented to the opposite end of said crystal.
NUM  14.
PAR  14. A method according to claim 8 wherein said light is coherent and has 1
      to about 6 modes.
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ABST
PAL  Ideally, when a signal is quantized, the range of the quantizer should be
      matched to the power of the signal. Disclosed herein is adaptive quantizer
      apparatus which utilizes a particular quantizing scheme for those
      communications where the power of the signal to be quantized is unknown,
      but remains constant for the duration of a communication. The amplitude
      range of an adaptive quantizer is adjusted during an initial training
      period to a value appropriate to the power of the applied input signal.
      This is accomplished by successively altering the amplitude range by a
      multiplicative quantity that depends upon the amplitude of the quantizer
      output signal and upon the time elapsed since the onset of the training
      period.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to signal processing systems and, more
      particularly, to adaptive quantization apparatus.
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous schemes have been proposed for apparatus using adaptive
      quantization techniques. See, for example, the article entitled "Adaptive
      Quantization in Differential PCM Coding of Speech" authored by P.
      Cummiskey, N. S. Jayant and J. L. Flanagan, Bell System Technical Journal,
      Vol. 52, September 1973, pp. 1105-1118, hereinafter referred to as the
      B.S.T.J. article. Such schemes have in common the objective of continually
      tracking changes in signal power level. As a consequence, even if the
      signal power level happens to remain constant, the quantizer decision
      levels fluctuate randomly according to short-term estimates of the current
      power level and thus the quantizer characteristic is constantly being
      altered. Ideally, a quantizer for a given constant signal power level
      should have a constant characteristic matched to that power level.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with our invention, an adaptive quantizer is adjusted, during
      a training period, to the appropriate amplitude range when a new constant
      signal power communication is established. Upon completion of the training
      period, the quantizer characteristic is fixed for the duration of the
      communication. Accordingly, the quantization error is substantially
      reduced because the quantizer amplitude range is adjusted, during the
      initial training period, to a value near optimum for the signal even
      though the signal power is unknown a priori. More particularly, at each
      sample time, during the training period, the amplitude range is adjusted
      by a multiplicative quantity that depends upon the quantized output signal
      and upon the time elapsed since the onset of training. Assuming
      independent identically distributed inputs, it may be shown that the
      quantizer range converges to a fixed multiple of the rms value of the
      input signal.
DETD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of an adaptive differential pulse code modulation
      circuit of the prior art;
PAR  FIG. 2 depicts the characteristic of an adaptive quantizer;
PAR  FIG. 3 depicts a first embodiment of an adaption logic control network
      utilized in the practice of this invention; and
PAR  FIG. 4 depicts a second embodiment of an adaption logic control network
      utilized in the practice of this invention.
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 depicts a prior art adaptive differential pulse code modulation
      (ADPCM) system, which is described in detail in the above-cited B.S.T.J.
      article by P. Cummiskey, N. S. Jayant and J. L. Flanagan, and which
      illustrates one application, among others, of an adaptive quantizer. In
      the ADPCM system of FIG. 1, differential input amplifier 11 develops an
      output signal proportional to the difference between an applied signal
      E.sub.IN and a signal which is an estimate of the applied signal. This
      difference signal is quantized in adaptive quantizer 12. The output of
      quantizer 12, after encoding by encoder 10, constitutes the digital output
      signal transmitted to a distant receiver. The output signal of quantizer
      12 is also applied to summing amplifier 14. Summing amplifier 14, in
      conjunction with first order prediction network 15, is utilized to develop
      an estimate of the incoming signal. If the estimate of the input signal is
      fairly accurate, then the difference signal emanating from amplifier 11
      will be small, and thus more accurately represented by a fixed number of
      bits than the input signal itself. The difference signal, although not
      nearly as redundant as the original signal, still exhibits a wide
      amplitude range. In order to make efficient use of the available
      quantization levels of quantizer 12, the quantizer range should be matched
      to the signal. Accordingly, the need for adaptive quantization is
      apparent; adaption logic network 16 utilizes the output signals of the
      system to determine appropriate quantization steps. That is, network 16
      monitors the output of encoder 10 or, alternatively, quantizer 12, and
      provides for adaption of the quantizer step size on the basis of the most
      recently quantized output. For example, if the quantized output
      corresponds to one of the higher quantizer levels, the quantizer is likely
      to be overloaded and the step size is increased. On the other hand, if the
      quantized output corresponds to one of the lower levels, the step size is
      decreased. Step size adaption effectively compensates for signal
      variations with the result that the quantizer attempts to treat low level
      signals the same as high level signals. The objective is that each of the
      quantizer levels be used a significant portion of the time regardless of
      the average power level of the incoming signal.
PAR  The characteristic of an adaptive quantizer with 2N output levels is shown
      in FIG. 2. It is characterized by a set of N decision levels {x.xi..sub. b
      }, 0 .ltoreq.  i .ltoreq. N-1, and a set of N quantization levels,
      {x.eta..sub.i }, 1 .ltoreq. i .ltoreq. N. For a nonnegative input, z, the
      output of the quantizer is
EQU  Q(z) = x.eta..sub.i for 0 .ltoreq. x.xi..sub.i.sub.-1 .ltoreq. z &lt;
      x.xi..sub.i
PAL  i = 1,2, . . . ,N where .xi..sub.0 = 0, .xi..sub.N.sub.-1 = 1, and
      .xi..sub.N = .infin.. Because of symmetry, the response to a negative
      input is
EQU  Q(z) = -Q(-z) for z &lt; 0
PAL  It is assumed that the parameters .xi..sub.i and .eta..sub.i have been
      selected for the desired quantizer shape while the range scale factor x (x
      &gt; 0), determines the dynamic range.
PAR  In a fixed quantizer, the amplitude range scale factor x, is a constant
      chosen to provide a compromise between the goal of accommodating a wide
      range of signal levels (x large) and the goal of achieving high resolution
      (x.xi..sub.i -x.xi..sub.i.sub.-1 small). In previously known adaptive
      quantizers, x is adjusted in response to the immediate quantized output
      level. For example, in the apparatus 0 in the above-mentioned B.S.T.J.
      article, at each sample time the amplitude range is adjusted by a
      multiplicative quantity that depends upon the magnitude of the most
      recently quantized output signal. Adaptive quantizers have the common
      objective of tracking changes in signal power level on a continual basis.
      As a consequence, even if the power level happens to be constant, the
      quantizer decision levels fluctuate randomly according to short-term
      estimates of the power level.
PAR  In a number of applications, however, where the signal power is unknown but
      constant, it is desirable to adjust the quantizer to the appropriate
      signal level when a new communication is established and then hold the
      quantizer characteristic fixed for the duration of the communication. In
      accordance with this invention, at each sample time during a training
      period, the amplitude range is adjusted by a multiplicative quantity that
      depends upon the quantizer output, e.g., the most recently quantized
      output signal, and upon the time elapsed since the onset of training.
PAR  Thus, a specific adaption rule is utilized which allows the quantizer,
      during the training period, to approach an optimum characteristic for a
      given applied signal. More particularly, with each sample z.sub.k (k =
      0,1,2, . . . ), of the input sequence, the range scale x of the quantizer
      characteristic is changed by a multiplicative factor controlled by the
      magnitude of the output level associated with z.sub.k. Specifically, the
      sequence of range values x.sub.k (k = 1,2, . . . ) evolves from a
      predetermined initial value x.sub.O and the rule,
EQU  M.sub.i.sup.a.sbsp.k x.sub.k
EQU  i = 1,2, . . . ,N                                          (1)
PAL  the multipliers satisfy the inequalities
EQU  1 &gt; M.sub.1 .ltoreq. M.sub.2 .ltoreq. . . . .ltoreq. M.sub.N &gt; 1 (2)
PAL  and the exponents {a.sub.k } comprise a non-negative sequence that is
      independent of the input process. It is noted that this sequence is time
      dependent, possibly changing value for each sample time, as discussed
      hereinafter.
PAR  Thus, the multiplicative quantity, M.sub.i.sup.a .sbsp.k, depends upon the
      amplitude of the quantized signal and upon the time elapsed since the
      onset of the training mode. The multiplier ordering follows from the goal
      of increasing the range on evidence that the present range is too small.
      Such evidence is provided by the occurrence of an input in an outer
      quantization interval. [Q(z.sub.k) = .+-.x.sub.k .eta..sub.i with i near
      N.] Conversely, the adaptation scheme decreases the range on evidence that
      the range is too large [Q(z.sub.k) = .+-.x.sub.k .eta..sub.i with i near
      1].
PAR  In the apparatus of the above-mentioned B.S.T.J. reference, adaptation
      proceeds in a "tracking" mode, i.e., equivalently, a.sub.k = 1 for all k.
      Thus, adaption in that system is not a function of time. When the input to
      the tracking adaptive quantizer is an independent stationary process, the
      range, x.sub.k, approaches a stationary (or cyclostationary) random
      process. In the "training" mode adaptive quantizer of this invention, the
      sequence of exponents {a.sub.k } selectively converges to zero with time,
      and in the limit x.sub.k tends toward a constant because M.sub.i.sup.a
      .sbsp.k .fwdarw. 1 for all i as k .fwdarw. .infin..
PAR  The advantages of the training mode quantizer of this invention evolve from
      the fact that when .sigma. is the rms value of the input, x.sub.k
      approaches .sigma..sub.y with the probability one, and that the
      range-to-rms value ratio, y, depends only on the normalized input
      distribution and the multipliers M.sub.i. Thus, a designer may determine
      multipliers that cause the quantizer range to converge to a value
      appropriate to the actual input power, even though that power is unknown
      in advance.
PAR  Let the quantizer input {z.sub.k } be an independent identically
      distributed random process with variance .sigma..sup.2 and normalized
      magnitude distribution:
EQU  .phi.(t) = Pr{.vertline.z.sub.k .vertline./.sigma. .ltoreq. t}(3)
PAL  It is assumed that the designer knows .phi.(t), but the value of the
      variance, .sigma..sup.2, is unknown. For any range x = .sigma.y, (y &gt; 0),
      denote by p.sub.i (y) the probability that the input magnitude falls in
      the i.sup.th quantization interval:
EQU  p.sub.i (y) = Pr{.sigma.y.xi..sub.1.sub.-1 .ltoreq. .vertline.z.vertline. &lt;
      .sigma.y.xi..sub.i } = .phi.(y.xi..sub.i) - .phi.(y.xi..sub.i.sub.-1) (4)
PAL  which is independent of .sigma.. Define .beta.(y), the adaption bias
      function, by
      ##EQU1##
      Let y be the desired range-to-signal ratio so that if .sigma. were known
      to the designer he would fix the range at .sigma.y. It may be shown that
      if the multipliers M.sub.i are chosen to satisfy Eq. (2) and the constrain
      .beta.(y) = 0, and if the exponents a.sub.k are selected, in accordance
      with this invention, to converge to zero so slowly with time that
      ##EQU2##
      is infinite but rapidly enough that .SIGMA.a.sub.k.sup.2 is finite, then
      x.sub.k converges to .sigma.y with probability one.
PAR  The significance of this is that a designer may attain a desired
      range-to-signal ratio, y, simply by calculating p.sub.1 (y) and selecting
      multipliers satisfying .SIGMA.p.sub.i (y) log M.sub.i = 0.
PAR  Conversely, because .beta.(y) = 0 has a unique root, y, one may predict the
      final quantizer range that will result from any choice of multipliers
      satisfying Eq. (2).
PAR  Although the range, x.sub.k, converges to .sigma.y as k .fwdarw. .infin., a
      practical adaptive quantizer operates in the training mode for only a
      limited time period, e.g., K samples, after which adaptation terminates
      and the range remains fixed at x.sub.K. Although a low value of K (fast
      adaption) is desirable, it is clear that (a) the distance of x.sub.K from
      .sigma.y designated .epsilon..sub.K, and (b) the size, S.sub.K, of the set
      of signal powers to which the quantizer can adapt, both depend on K. As K
      becomes large, .epsilon..sub.K goes to zero and S.sub.K goes to infinity.
      However, for K fixed, there is a trade-off between these two quality
      measures. Letting
EQU  log M.sub.i = .gamma.L.sub.i,                              (6)
PAL  the design parameter .gamma. is introduced which reflects this trade-off.
      By adjusting .gamma., a designer can obtain a desired compromise between
      .epsilon..sub.K and S.sub.K.
PAR  First it is observed that the asymptotic or ultimate range, .sigma.y, is
      independent of .gamma. because Eq. (5) may be written
      ##EQU3##
      and y is the unique solution of .beta.(y) = 0. Therefore, one can assume
      that L.sub.i is selected to provide the correct y and can consider the
      effect of .gamma. on S.sub.K and .epsilon..sub.K. One measure of the size
      of the set of signal powers to which the quantizer can adapt is the ratio
      of the maximum range attainable, after K operations of the quantizer, to
      the minimum attainable range. The maximum range at time K arises when the
      magnitudes of the first K input samples are all quite high, falling in the
      outermost quantization intervals. In this event,
      ##EQU4##
      Conversely, the minimum range at time K occurs when the first K input
      magnitudes are low and
      ##EQU5##
      where Eqs. (2) and (6) imply L.sub.1 &lt; 0. Defining, S.sub.K = log(max
      x.sub.K /min x.sub.K), we obtain
      ##EQU6##
      which shows that S.sub.K goes to infinity as K .fwdarw. .infin. and that
      for a fixed training time, the quantizer adapts to a set of signal powers
      which size proportional to .gamma..
PAR  On the other hand when x.sub.K is near .sigma.y, the range "hunts" for
      .sigma.y by taking multiplicative steps proportional to e.sup..gamma..
      This observation suggests that the smaller the value of .gamma., the
      smaller is the expected distance of x.sub.K from .sigma.y, provided
      .sigma..sup.2 is within the set of signal powers to which the quantizer
      can adapt. A stochastic approximation theorem shows that the exponent
      sequence, {a.sub.k = 1/k}, has certain optimal properties and that with
      this sequence
EQU  log x.sub.K - log .sigma.y
PAL  is asymptotically (for K large) normal with variance no less than
      c.gamma./K where c is a constant that depends on the input distribution.
      If .epsilon..sub.K is defined to be the rms value of log (x.sub.K
      /.sigma.y), the theorem suggests that
EQU  .epsilon..sub.K &gt; (c.gamma./K).sup.1/2
PAL  which, along with Eq. (7), indicates the nature of the compromise between
      the size of the adaptive interval after K samples and the accuracy of
      adaptation.
PAR  In choosing multipliers M.sub.i and exponents, a.sub.k, a designer will be
      influenced by considerations of economy and circuit precision as well as
      by the performance parameters y, K, .epsilon..sub.K, S.sub.K. Suppose that
      these considerations suggest a quantizer that operates with a limited
      number of possible ranges.
PAR  We refer to an illustrative example to show how multipliers and exponents
      can be chosen to provide adaptation, within a limited set of ranges,
      toward a desired final range. To simplify the quantizer, let there be only
      two distinct multipliers:
EQU  1 &gt; M.sub.1 = M.sub.2 = . . . M.sub..nu.; M.sub..nu. .sub.1 =
      M.sub..nu..sub.+ .sub.2 = . . . = M.sub.N &gt; 1.
PAL  The adaptation rule is
EQU  x.sub.k.sub.+1 = M.sub.1.sup.a.sbsp.k x.sub.k if .vertline.z.sub.k
      .vertline..ltoreq.x.sub.k .xi..sub..nu. = M.sub.N.sup.a.sbsp.k x.sub.k if
      .vertline.z.sub.k .vertline. &gt; x.sub.k .xi..sub..nu.      (8 )
PAL  and the bias function becomes
      ##EQU7##
PAR  Consider now adaptive quantizers in which .nu. can be chosen so that
      L.sub.1 = -1, L.sub.N = 2 provides a desirable y. In these quantizers
EQU  -Pr {.vertline.z.sub.k .vertline. .ltoreq. .sigma.y.xi..sub..nu.} + 2 Pr {
      .vertline. z.sub.k .vertline. &gt; .sigma.y.xi..sub..nu.} = 0
PAL  or
EQU  Pr {.vertline. z.sub.k .vertline. .ltoreq. .sigma.y.xi..sub..nu.} = 2/3,
      (9)
PAL  where we have substituted in Eq. (8a) the numerical values of L.sub.1 and
      L.sub.N and used .beta.(y) = 0. In the simplest such quantizer, with N = 2
      (4-level quantization), .mu. = .xi..sub.1 = 1 by definition. If z.sub.k is
      a Gaussian process, Eq. (9) implies y = 0.97, quite close to the
      mean-square optimum value, 0.996, associated with 2-bit uniform
      quantization.
PAR  For this quantizer, a useful sequence of exponents, which meet the
      above-mentioned requirements for a.sub.k is
EQU  a.sub.k = 1,1/2,1/2,1/4,1/4,1/4,1/4,1/8, . . . . . . 1/8, 1/16 . . . . (10)
PAL  If the duration of the training mode is K = 2.sup.J -1 time intervals,
      where J is a positive integer, we have
      ##EQU8##
      so that the size of the set of powers to which the quantizer can adapt
      becomes
EQU  S.sub.K = 3 .gamma. log.sub.2 (K+1)
PAR  fig. 3 depicts an embodiment of adaptive logic network 16 of FIG. 1 which
      incorporates the above principles. Referring to Eq. (1), if y = log x, m =
      log M, then
EQU  y.sub.k.sub.+1 = y.sub.K + a.sub.k m.sub.i                 (11)
PAL  Recalling from Eq. (1), that the range scale x changes by a multiplicative
      factor determined by the magnitude of the output level associated with
      z.sub.k, read-only memory (ROM) 17, responsive to the output signals of
      adaptive quantizer 12 of FIG. 1, develops the appropriate multiplicative
      constant m.sub.i. That is, read-only memory 17 generates a plurality of
      signals representative of the values of m.sub.i in response to the
      magnitude of the signals appearing on lead 13. Simultaneously, read-only
      memory 31 sequentially generates a plurality of signals representative of
      the sequence a.sub.k. The duration of the training mode is determined by
      the length of sequence a.sub.k. Both ROMs 17 and 31 are under control of
      clock 28 which is synchronized with the system clock of FIG. 1 (not
      shown). Multiplier 29 develops a signal representative of the product of
      m.sub.i and a.sub.k. ROMs 17 and 31 and multiplier 29 may be of any
      conventional type. The output of multiplier 29 is applied to accumulator
      21 which, in cooperation with its feedback loop, develops a signal
      proportional to y.sub.k.sub.+1. If so desired, an initial value for y may
      be supplied to accumulator 21. Exponential transformation circuit 22,
      which may be any conventional antilog multiplier circuit, develops the
      inverse logarithm of the output signal of accumulator 21 to develop
      control signal x.sub.k.sub.+1, defined by Eq. (1). This control signal is
      applied to adaptive quantizer 12 of FIG. 1.
PAR  If only two distinct multipliers are used to achieve the desired quantizer
      range, as per Eq. (8), the apparatus of FIG. 3 may be considerably
      simplified. For example, suitable values for m.sub.1 and m.sub.N,
      corresponding to the logarithms of M.sub.1 and M.sub.N, respectively, are
      (-1,1) and (-1,2). If the first set, i.e., (-1,1), is selected, read-only
      memory 17 may be realized by a binary device, responsive to the magnitude
      of the output signal of quantizer 12, which generates either a +1 signal
      or a -1 signal. If the values of sequence a.sub.k are selected in
      accordance with Eq. (10), the multiplication of factor m.sub.i by a.sub.k
      may be accomplished by a simple shift right operation. FIG. 4 depicts a
      second embodiment of the adaptive logic network 16 of FIG. 1 which
      utilizes a shift operation to perform the desired multiplication. Elements
      identical to those of FIG. 3 have been identically labelled. In FIG. 4,
      the output of read-only memory 17 is applied to shift register 18 under
      control of clock 28. Sequence a.sub.k in Eq. (10) implies shifting m.sub.i
      to the right by zero bits at the first sample time, k = 1, by one bit at
      the second and third sample times, k = 2,3, by two bits when k = 4,5,6,7,
      and by three bits when k = 8, . . . , etc. Thus, the number of bits that
      m.sub.i must be shifted may be determined by the location of the most
      significant bit in a binary counter. Counter 27 of FIG. 4 performs this
      function under the control of clock circuit 28. AND circiut 24 detects the
      presence of a most significant bit in the second stage of counter 27, AND
      circuit 25 detects the presence of a most significant bit in this third
      stage of counter 27, and lead 38 is utilized to detect the presence of a
      most significant bit in the fourth stage of counter 27. Of course, counter
      27 may comprise an arbitrary number of stages but, for illustrative
      purposes, a four-stage counter is depicted which thus determines the
      training period to be equal to K = 15 samples. In practice, a value of K
      equal to approximately 500 has been found suitable. When a signal
      representative of m.sub.1 is applied to shift register 18 by ROM 17, no
      shift right signal is applied to register 18, so its contents are directly
      read out by gate 19 and applied to accumulator 21. Gate 19 is activated by
      clock 28 via delay network 35. Delay is introduced to allow shift register
      18 sufficient time to perform its loading and shifting operations. At the
      next sample time, a most significant bit appears in the second stage of
      counter 27, AND circuit 24 is activated, and pulse generator 32 applies a
      single pulse to OR circuit 23. The output of OR circuit 23 in turn causes
      the contents, m.sub.2, of register 18, supplied by ROM 17, to be shifted
      to the right by one bit. Likewise, at the third sample time, m.sub.3 is
      shifted by one bit to the right, via activation of register 18 by AND
      circuit 24, pulse generator 32 and OR circuit 23. At the 4th, 5th, 6th,
      and 7th sample times, a most significant bit appears in the third stage of
      counter 27. Accordingly, AND circuit 25 activates pulse generator 33 which
      in turn, via OR circuit 23, shifts the contents of register 18 by two bits
      to the right. In order to accomplish this, pulse generator 33, of
      conventional type, develops two shift pulses whenever activated by AND
      circuit 25. Similarly, at the 8th, 9th, etc., sample times, pulse
      generator 34 is activated by the presence of a most significant bit in the
      last stage of counter 27, and develops three pulses which are utilized via
      OR circuit 23 to shift the contents of register 18 three bits to the
      right. Summarizing the operation of the apparatus of FIG. 4, the
      multipliers, m.sub.i, of ROM 17 are sequentially applied to shift register
      18. The number stored in shift register 18 is shifted the appropriate
      amount to the right to perform the required multiplication operation, and
      the shifted number in register 18 is then applied via gate 19 to
      accumulator 21. Accumulator 21 and exponential converter circuit 22
      perform in the same manner as described for FIG. 3.
PAR  It will be apparent to those skilled in the example, that many
      applications, in addition to that illustrated, exist for the subject
      invention. Furthermore, many modifications incorporating the principles of
      this invention are possible. For example, if there is a limited number of
      possible quantizer ranges and a limited number of distinct multipliers, it
      is possible to consider each range as a "state" and prepare a table
      showing the next preferred state for each present state and each desired
      multiplier. Such a table may be stored in a read-only memory or,
      alternatively, standard techniques are available for synthesizing logic
      circuits which would implement such a table. For examlpe, in the
      above-cited B.S.T.J. article, realization of an adaption logic circuit is
      achieved, for 21 possible range states and three distinct multipliers,
      using logic circuits and current multipliers. The same principles are of
      course applicable to the adaption logic control circuit of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for controlling an adaptive quantizer wherein the improvement
      comprises: means responsive to the output signal of said adaptive
      quantizer for altering the range scale of said quantizer by a
      multiplicative factor which is a function of the magnitude of the output
      signal of said quantizer and a function of time which is independent of
      the input signal to said quantizer.
NUM  2.
PAR  2. The improvement defined in claim 1 wherein said multiplicative factor is
      M.sub.i.sup.a .sbsp.kwhere M.sub.i is dependent upon the magnitude of said
      adaptive quantizer output signal and a.sub.k is a sequence of time
      dependent exponents that converges to zero with time.
NUM  3.
PAR  3. The improvement defined in claim 2 wherein said means for altering said
      quantizer range scale includes:
PA1  first means responsive to said quantizer output signal for sequentially
      developing a signal proportional to the logarithm of M.sub.i ;
PA1  second means for sequentially developing said time dependent sequence
      a.sub.k ;
PA1  third means for sequentially multiplying each proportional logarithm signal
      with a term of said time dependent sequence;
PA1  fourth means for accumulating said multiplied signals; and fifth means for
      developing a signal proportional to the inverse logarithm of said
      accumulated signals.
NUM  4.
PAR  4. Apparatus for varying the amplitude range of an adaptive quantizer
      wherein the improvement comprises:
PA1  means responsive to the output signal of said adaptive quantizer for
      altering the range scale of said quantizer by a multiplicative factor
      dependent upon the amplitude of the most recently quantized output signal
      of said quantizer and upon the time elapsed since the first alteration of
      said range scale, said multiplicative factor converging with time toward a
      substantially constant value.
NUM  5.
PAR  5. The improvement defined in claim 4 wherein said multiplicative factor is
      M.sub.i .sup.a.sbsp.k where M.sub.i is dependent upon the amplitude of the
      most recently quantized output signal of said adaptive quantizer and
      a.sub.k is a sequence of time dependent exponents that converges to zero
      with time.
NUM  6.
PAR  6. The improvement defined in claim 5 wherein said means for altering said
      quantizer range scale includes:
PA1  first means responsive to said quantizer output signal for developing a
      signal m.sub.i = log M.sub.i ;
PA1  second means for sequentially developing signals representative of said
      time dependent sequence a.sub.k ;
PA1  third means for multiplying each signal m.sub.i with a signal
      representative of the sequence a.sub.k to develop a signal a.sub.k m.sub.i
      ;
PA1  fourth means for accumulating said signal a.sub.k m.sub.i to develop a
      signal y.sub.k.sub.+1, where y.sub.k = log x.sub.k and x.sub.k is the
      range scale of said quantizer; and
PA1  fifth means for developing the inverse logarithm of said signal
      y.sub.k.sub.+1.
NUM  7.
PAR  7. Apparatus for controlling an adaptive quantizer responsive to a time
      dependent input signal z.sub.k, wherein the improvement comprises:
PA1  means responsive to the output signal Q(z.sub.k) of said adaptive quantizer
      for altering the range scale x.sub.k of said quantizer in accordance with
      x.sub.k.sub.+1 = M.sub.i .sup.a.sbsp.k x.sub.k if Q(z.sub.k) = .+-.x.sub.k
      .sigma..sub.i, where .sigma..sub.i is a predetermined constant, k = 1,2, .
      . . , i = 1,2, . . . N, the exponents a.sub.k comprise a non-negative
      sequence independent of z.sub.k which converges to zero so slowly with
      time that
      ##EQU9##
      is infinite but rapidly enough so that
      ##EQU10##
      is finite, and the multipliers M.sub.i satisfy the inequalities 1 &gt;
      M.sub.1 .ltoreq. M.sub.2 .ltoreq. . . . .ltoreq. M.sub.N &gt; 1.
NUM  8.
PAR  8. The improvement defined in claim 7 wherein said means for altering said
      range scale x.sub.k includes:
PA1  first means responsive to said quantizer output signal Q(z.sub.k) for
      developing a signal m.sub.i = log M.sub.i ;
PA1  second means for sequentially developing signals representative of said
      time dependent sequence a.sub.k ;
PAR  third means for multiplying each signal m.sub.i with a sequence signal
      a.sub.k to develop a signal a.sub.k m.sub.i ;
PA1  fourth means for accumulating said signal a.sub.k m.sub.i to develop a
      signal y.sub.k.sub.+1, where y.sub.k = log x.sub.k ; and fifth means for
      transforming said signal y.sub.k.sub.+1 to obtain said signal
      x.sub.k.sub.+1.
NUM  9.
PAR  9. The improvement defined in claim 8 wherein said sequence
EQU  a.sub.k = 1,1/2,1/2,1/4,1/4,1/4,1/4,1/8, . . . . . . 1/8,1/16 . . . .
NUM  10.
PAR  10. The improvement defined in claim 9 wherein said second means further
      comprises binary counter means responsive to an applied clock signal and
      means responsive to said counter means for developing control signals
      representative of the location of the most significant bit in said
      counter; and said third means comprises shift register means responsive to
      the output signal of said first means and responsive to said control
      signals for shifting said first means output signal a predetermined number
      of bits to the right.
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ABST
PAL  Apparatus and method for phase-encoding electro-acoustic electro-acoustic
      elements, elements of an acoustic surface wave device to provide
      preselected transducer characteristics. By altering the position of a
      transducer element or portions of a transducer element, the phase of the
      acoustic wave propagated from, or the phase of the electrical signal
      received by the transducer element can be varied by an amount determined
      by the velocity of propagation of the acoustic wave.
PAL  By altering the location of the electro-elements, or portions thereof, from
      a position determined for example by amplitude-encoding techniques, a
      resultant signal produced by a plurality of electro-acoustic elements,
      element portions, or combination of elements and element portions can
      provide the preselected transducer characteristics. In addition, the
      elements or element portions can be located such that the overlap
      amplitude between adjacent electro-acoustic elements is substantially a
      constant, providing increased directionality for acoustic waves orignating
      at the transducer.
PAL  According to one embodiment, each electro-acoustic transducer can be
      phase-encoded permitting both an input and an output transducer to be
      phase-encoded with preselected characteristics.
PAL  According to a second embodiment, the elements or portions thereof of a
      first transducer are displaced relative to elements or portions thereof of
      a second transducer to provide appropriate device phase-encoding.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to acoustic surface wave devices and more
      particularly to techniques for synthesizing desired device frequency
      characteristics. The desired frequency characteristics are provided in the
      present invention by appropriate phase-encoding of the transducer elements
      as contrasted with the amplitude-encoding of the transducer elements of
      the prior art.
PAR  2. Description of the Prior Art
PAR  In acoustic surface wave devices, varying electric signals, applied to
      properly-positioned transducer electrodes deposited on a piezoelectric
      substrate, generate acoustic waves which propagate along the substrate
      surface. Correspondingly, the passage of acoustic waves on the surface of
      a piezoelectric substrate through a region in which properly-positioned
      transducer electrodes have been deposited, will generate an electric
      signal at the output of the transducer. These phenomena can be used to
      provide a group of electronic devices having predetermined
      transfer-function characteristics.
PAR  To provide specified frequency characteristics in an acoustic surface wave
      device, the desired characteristics, which are typically specified in the
      frequency domain, are transformed into a time domain representation. The
      time domain representation is chosen because of the correspondence to the
      physical situation in which an acoustic wave propagates with a velocity
      characteristic of the device substrate and interacts with the
      electro-acoustic elements of a transducer in an acoustic surface wave
      device. The propagation of the acoustic surface wave in the device
      corresponds to propagation along the time axis in the time domain
      representation.
PAR  The characteristics of the transducer elements, with which the propagating
      acoustic surface wave interacts, are chosen to produce an electrical
      analog of the function displayed in the time domain representation. In
      particular, one set of transducer elements, assigned an arbitrary
      polarity, is associated with the local time domain maxima, while a second
      set of transducer elements, arbitrarily assigned the opposite polarity, is
      associated with the local time domain minima. The magnitude of local
      maxima and minima of the time domain representation is reproduced in the
      acoustic surface wave device by appropriate amplitude of overlap between
      adjacent transducer elements of the two transducer elements sets,
      resulting in an amplitude-encoding of the transducer elements.
PAR  In reproducing the characteristics specified in the time domain
      representation, the interactive region of the acoustic surface wave
      transducer (i.e., the region of element overlap) typically increases from
      zero, reaches a maximum and decreases to zero. Thus a transducer, when
      used to generate acoustic surface waves, provides a relatively diffuse
      wave pattern. The generation of acoustic surface waves is therefore
      generally restricted in the prior art to a series of uniformly overlapping
      transducer elements to provide a relatively narrow region of propagation
      of the surface waves about a center frequency and is not suitable for
      imposition of specified characteristics. Such characteristics can
      typically be imposed only on the output transducer of an acoustic surface
      wave device.
PAR  It is therefore an object of the present invention to provide an improved
      acoustic surface wave device.
PAR  It is another object of the present invention to provide a method of
      modulating an acoustic surface wave device.
PAR  It is further object of the present invention to provide a method of
      achieving specific frequency characteristics for a device transfer
      function.
PAR  It is a still further object of the present invention to provide a method
      of phase-encoding of transducer elements in an acoustic surface wave
      device.
PAR  It is yet another object of the present invention in which desired
      frequency characteristics can be specified for both an input and an output
      transducer of the acoustic surface wave device.
PAR  It is still another object of the present invention to provide a method of
      generating acoustic surface waves having specified frequency
      characteristics in which the direction of propagation of the surface waves
      is approximately perpendicular to the transducer elements.
PAR  It is a more particular object of the present invention to provide acoustic
      surface wave transducers which produce signal components, generated by an
      associated transducer element group, having specified characteristics.
PAR  It is yet another particular object of the present invention to provide an
      acoustic surface wave device in which a phase-encoded electro-acoustic
      transducer is functionally equivalent to an amplitude-encoded
      electro-acoustic transducer.
PAR  It is still another object of the present invention to control the phase of
      a signal associated with an element of an electro-acoustic transducer by
      altering the element position.
PAR  It is yet a further object of the present invention to alter the phases of
      signals associated with elements of an electro-acoustic transducer,
      wherein a combination of the phase-altered signals produces a signal of
      preselected phase and amplitude.
PAC  SUMMARY OF THE INVENTION
PAR  The aforementioned and other objects of the present invention are
      accomplished by providing an electro-acoustic transducer comprised of a
      conducting material deposited on a piezoelectric material. The transducer
      includes groups of interleaved elements or groups of portions of
      interleaved elements which are generally displaced from a position
      indicated for an amplitude-encoded transducer by a time domain
      representation of desired device characteristics. The vector combination
      of the signals from the element or element sections of a transducer
      element pair provides, by appropriate location relative to an
      amplitude-encoded transducer element, a resulting signal of the phase and
      amplitude indicated in the time domain representation.
PAR  The elements or element sections of an electro-acoustic transducer are
      disposed so as to be generally parallel to adjacent elements or element
      sections along the entire element length, thereby increasing the
      directionality of generated acoustic waves. Directionality of wave
      generation is compromised, in the prior art, by variable overlap of
      adjacent elements typically required for producing a specified frequency
      response.
PAR  A first electro-acoustic transducer, exchanging signals with a second
      electro-acoustic transducer, can be comprised of a plurality of transducer
      sections. The location of the transducer section elements relative to the
      second electro-acoustic transducer elements can contribute to producing
      the specified frequency response.
PAR  These and other features of the invention will be understood upon the
      reading of the following description in conjunction with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the transformation between the frequency
      domain and the time domain.
PAR  FIG. 2 is a schematic representation of the implementation characteristics
      specified in the time domain by prior art amplitude-encoded transducer
      elements in an acoustic surface wave device.
PAR  FIG. 3 is a schematic representation of the implementation of
      characteristics specified in the time domain by phase-encoded transducer
      elements in an acoustic surface wave device according to one embodiment of
      the present invention.
PAR  FIG. 4 is a schematic representation of the implementation of
      characteristics specified in the time domain by separated phase-encoded
      transducer sections in an acoustic surface wave device according to a
      second embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Detailed Description of the Figures
PAR  Referring first to FIG. 1, a schematic representation of a transformation
      of a function in the frequency domain, i.e. a relationship between
      amplitude and frequency, into the time domain, i.e. a relationship between
      amplitude and time, is demonstrated. This transformation is typically
      effected by means of the techniques of Fourier analysis. The significance
      of this transformation is based on the fact that the desired
      characteristics for a device are generally more conveniently specified in
      the frequency domain. The device design, on the other hand, is frequently
      more easily synthesized from characteristics specified in the time domain.
PAR  Referring next to FIG. 2, the use of characteristics, specified in the time
      domain, to design the transducer element configuration according to the
      prior art is shown. The first step is to relate the time domain
      characteristics to characteristics associated with the acoustic surface
      wave device. This relationship, shown on the axis of the time domain
      representation, is accomplished by multiplying the coordinates along the
      time axis by v.sub.o, the propagation velocity of acoustic surface wave in
      the device.
PAR  Transducer electrodes are typically associated in the prior art with local
      maxima and minima of the desired device characteristic. One set of
      transducer elements deposited on Substrate 5 and coupled to a common
      Conducting Region 30 are associated with local maxima. Another set of
      electrodes, coupled to a common Conducting Region 20, are associated with
      local minima. The Conducting Regions are also assigned polarities which
      are arbitrary as will be clear to one skilled in the art.
PAR  Two adjacent electrodes, e.g. Electrode 31 coupled to Conducting Region 30,
      and Electrode 21 coupled to Conducting Region 20, respond to an acoustic
      wave pulse located momentarily between Electrode 31 and Electrode 21 by
      generating an electrical signal between Terminal 60, coupled to Conducting
      Region 30, and Terminal 70, coupled to Conducting Region 20. In the
      preferred embodiment, the direction of propagation of an acoustic wave
      traversing the Transducer Region 15 generally perpendicular to the
      electrodes, while the wave front has a generally uniform amplitude. Thus
      the acoustic wave pulse located between Electrode 21 and Electrode 31
      produced a signal between Terminal 60 and Terminal 70 substantially
      proportional to the amplitude of the overlapping regions of the two
      adjacent electrodes. In designing the surface device therefore, the
      overlap amplitude of Electrode 31 and Electrode 21 provide a quantity
      proportional to the amplitude of the curve in the time domain between
      local maxima a and local minima b.
PAR  When the propagating acoustic wave pulse is momentarily located between
      Electrode 21 and Electrode 33 an electric signal of polarity opposite to
      that generated when the surface wave pulse is located between Electrode 31
      and Electrode 21, is generated across Terminal 60 and Terminal 70. In this
      case, in order that the amplitude of the signal generated by Electrode 33
      and Electrode 21 has a proper amplitude for reconstruction of the time
      domain function, the amplitude of the overlap between Electrode 33 and
      Electrode 21 has the same ratio to the amplitude of the overlap between
      Electrode 21 and Electrode 31 as the amplitude between maxima d and minima
      b has to the amplitude between minima b and maxima a.
PAR  The remaining Electrodes 22, 23, 24, 25, 26, 32, 34, and 35 are specified
      in a similar manner. The result in designing the Electrodes according to
      this procedure is that a reproduction of the function in the time domain,
      and consequently of the frequency domain, is obtained for the transducer.
      That is, the response to acoustic surface wave by the transducer or the
      generation of surface waves by the transducer will have the response
      specified in the frequency domain.
PAR  Referring next to FIG. 3, the implementation of specified time domain
      characteristics by a transducer according to one embodiment of the present
      invention is shown. In this embodiment of the present invention, Terminal
      10 and Terminal 11 provide electrical coupling to one electro-acoustic
      transducer, shown schematically as being comprised of Electrode Elements
      12, 13, and 14, while Terminal 70 and Terminal 60 provide electrical
      coupling to a second electro-acoustic transducer. Conducting Region 20 is
      coupled to Terminal 70 and arbitrarily assigned a first polarity while
      Conducting Region 30 is coupled to Terminal 60 and arbitrarily assigned a
      second polarity. An Electrode 51, coupled to Conducting Region 30, is
      associated with the position of the largest of a local maxima a. Referring
      next to minima b of the time domain, an Electrode 42 is positioned at the
      minima and in the preferred embodiment extends nearly to the Conducting
      Region 30. The electric signal generated by an acoustic wave in the region
      between Electrode 42 and Electrode 51 is proportional to the amplitude
      between local maxima a and local minima b.
PAR  The Electrode adjacent to Electrode 42 and corresponding to local maxima d
      is divided into Electrode Section 52 and a substantially equal Electrode
      Section 53. In the preferred embodiment of this configuration, these two
      Electrode Sections are coupled together and are symmetrically displaced
      about the position specified by maxima d in the time domain. However,
      other arrangements will be clear to those skilled in the art. The
      Electrode Sections extend substantially the entire length of adjacent
      Electrode 42. Therefore the amplitude of the overlap between adjacent
      Electrodes is substantially equal.
PAR  In addition, the Electrode corresponding to the symmetrical local maxima
      and symmetrical local minima of the time domain representation both have
      Electrode Sections displaced by an equal amount and in the same direction.
      As the Electrodes are farther removed from the center of the transducer,
      the displacement of the Electrode sections becomes increasingly larger.
PAR  Referring next to FIG. 4, a second embodiment of the present invention is
      illustrated. In this Figure, Terminals 10 and 11 provide electrical
      coupling to two substantially identical transducers comprised of Electrode
      Elements 12, 13, and 14. As illustrated in FIG. 4, these two transducers
      represent Portions of an Output Transducer. However, it will be clear to
      one skilled in the art that these transducers can represent portions of an
      input transducer.
PAR  Conducting Region 20 is coupled to Terminal 70 while Conducting Region 30
      is coupled to Terminal 60. Electrode Sections 91, 76, 90, 74, and 78 are
      coupled to Conducting Region 30 while Electrode Sections 88, 84, 81, 80,
      82, and 86 are coupled to Conducting Region 20. In the preferred
      embodiment, the set of Electrode Sections coupled to Conducting Region 20
      and to Conducting Region 30 extend approximately half the distance between
      Conducting Region 30 and Conducting Region 20. Furthermore, the positions
      of these Electrode Sections are substantially the positions indicated by
      the local maxima and local minima of the time domain diagram. Each of the
      Electrode Sections has another Electrode Section coupled to it. For
      example, Section 87 is coupled to Section 86, but displaced from Section
      86. Similarly, Section 89 is coupled to Section 88. Furthermore, Section
      89 is displaced from Section 88 by the same amount and in the same
      direction as Section 87 is displaced from Section 86. Similarly, each
      Electrode Section coupled to a Conducting Region is coupled to another
      Electrode Section. When the second Electrode Section coupled to the first
      Electrode Section is displaced therefrom, then another second Electrode
      Section is displaced for another first Electrode Section, the first
      Electrode Section symmetrically located with respect to portions of the
      Output Transducer, by an equal amount and in the same direction. The
      portions of the Output Transducer, similarly, are located symmetrically
      with respect to the undisplaced Sections of the Input Transducer. The
      second Electrode Section extends for substantially the distance remaining
      from the first Electrode Section to the opposite Conducting Region. Except
      for a small region coupling the first and second Electrode Sections, the
      Electrodes coupled to the conducting regions extend substantially the
      entire distance between the Conducting Regions and are substantially
      parallel to the other Electrodes.
PAC  Operation of the Preferred Embodiment
PAR  The operation of the preferred embodiment shown in FIG. 3 can be understood
      by considering the result of application of an electrical signal of the
      design center frequency between Terminals 60 and 70. The acoustic surface
      waves, launched toward Transducer Electrode Elements 12, 13, and 14, will
      have two components, one for each Electrode Section. Where the
      displacement from the position typically indicated by the local maxima or
      minima of the time domain representation is labeled d, then the acoustic
      surface wave generated by one Electrode Section will be retarded by time
      d/v.sub.o relative to an acoustic surface wave generated from the
      electrode of the prior art, while an acoustic surface wave generated by
      the second Electrode Section will be generated in advance of the acoustic
      surface wave generated by the electrode of the prior art, by a time
      d/v.sub.o. Both the advanced and the retarded wave will be combined by the
      Electrode Elements 12, 13, and 14. The amplitude, because of the vectorial
      signal addition, will be diminished, while the symmetry of the
      displacement will produce a resulting signal at Terminal 10 and 11 which
      is in phase with a signal generated at the average Electrode Section
      position, i.e. at the position designated by the local maxima or minima of
      the time domain representation.
PAR  It will be clear to those skilled in the art that neither the symmetry of
      Electrode Section length nor the symmetry of Electrode Section
      displacement from the average position is essential. The essential feature
      is that the vector addition of acoustic surface waves generated by the
      electrode section results in the generation of an electrical signal which
      is of the proper phase and amplitude.
PAR  Referring to FIG. 4, an embodiment of phase-encoded surface wave devices is
      shown in which a coupled pair of transducers exchange surface waves with a
      first transducer. Electrode Section 89 and Electrode Section 87 are
      positioned equidistant from a first and a second of the coupled
      transducers respectively. In addition, Section 89 and Section 87 are
      equidistant from the second and the first of the coupled portion of the
      Output Transducers respectively. Coupled to Section 87, Electrode Section
      86 is displaced toward the first and away from the second coupled
      transducer. Similary, Electrode Section 88, coupled to Section 89 is
      displaced toward the first and away from the second transducer. Because of
      the difference in the length of the propagation region, the acoustic
      surface waves, generated by Section 87 and 89 arrive at each of the
      coupled portions of the Output Transducers in-phase, while the acoustic
      surface wave generated at Section 86 arrives at a first portion of the
      coupled Output Transducer in advance of the in-phase signal and the
      acoustic surface wave generated at Section 88 arrives at a second portion
      of the coupled Output Transducer retarded from the in-phase signals.
PAR  Because the magnitude of the displacement of Section 86 from Section 87 is
      equal to the displacement of Section 88 from Section 89, and because
      Section 88 and 86 are substantially the same length, the signal generated
      by the coupled transducer will provide an in-phase signal of diminished
      amplitude. The amplitude can be arranged to provide an amplitude
      determined by the corresponding local maxima of the time domain
      representation for electrical signals of the design center frequency.
      Similarly, the entire time domain representation can be provided by
      appropriate displacement of the Electrodes Sections not located at the
      local maxima or minima indicated by the local maxima and minima of the
      time domain representation.
PAR  It will be apparent to one skilled in the art that Electrode Sections 86
      and 88 can extend substantially the entire distance between Conducting
      Region 20 and Conducting Region 30. In such an embodiment, the
      displacement would have to be varied appropriately to provide the correct
      amplitude for the vector combination signal.
PAR  In either embodiment of the phase-encoding of the surface wave device, the
      Electrode elements are substantially parallel, except possibly for a small
      Electrode Section coupling region and extend substantially the entire
      distance between the Conducting Regions. This arrangement provides
      generated surface waves with greater directionality than can be achieved
      with the amplitudeencoded transducers.
PAR  It will be apparent to those skilled in the art that the phase-encoding of
      the transducer elements to provide predetermined characteristics without
      determining the amplitude-encoded transducer associated with the
      predetermined characteristics. The amplitude-encoded transducer has been
      used to clarify the operation of the instant invention.
PAR  The above description is included to illustrate the operation of the
      preferred embodiment and is not meant to limit the scope of the invention.
      The scope of the invention is to be limited only by the following claims.
      From the above discussion, many variations will be apparent to one skilled
      in the art that would yet be encompassed by the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electro-acoustic transducer for providing predetermined frequency
      characteristics, comprising:
PA1  an acoustic-wave propagating medium;
PA1  a first group of electrically-coupled conducting elements being
      substantially perpendicular to a first bus bar region connecting all the
      conducting elements of the first group, said first element group
      mechanically coupled to said medium;
PA1  a second group of electrically-coupled conducting elements being
      substantially perpendicular to a second bus bar region connecting all the
      conducting elements of the second group, said second element group
      mechanically coupled to said medium, wherein said first group of elements
      and said second group of elements are interleaved, a plurality of elements
      of said first and said second group of elements including
      electrically-coupled element sections, wherein at least one of said
      coupled sections of the plurality of elements is displaced from a
      predetermined position so as to be in a plane parallel to the element
      section to which it is electrically-coupled; and
PA1  said predetermined position corresponds to a local maxima of a time domain
      diagram for each of said elements of said first group and wherein said
      predetermined position is related to local minima for each of said
      elements of said second group.
NUM  2.
PAR  2. An electro-acoustic transducer for providing predetermined frequency
      characteristics, comprising:
PA1  an acoustic-wave propagating medium;
PA1  a first group of electrically-coupled conducting elements being
      substantially perpendicular to a first bus bar region connecting all the
      conducting elements of the first group, said first element group
      mechanically coupled to said medium;
PA1  a second group of electrically-coupled conducting elements being
      substantially perpendicular to a second bus bar region connecting all the
      conducting elements of the second group, said second element group
      mechanically coupled to said medium, wherein said first group of elements
      and said second group of elements are interleaved, a plurality of elements
      of said first and said second group of elements including
      electrically-coupled element sections, wherein at least one of said
      coupled sections of the plurality of elements is displaced so as to be in
      a plane parallel to the element section to which it is
      electrically-coupled; and wherein displacement of said at least one
      coupled section results in a signal of preestablished amplitude for one of
      said plurality of elements including said at least one coupled section,
      and wherein said preestablished amplitude corresponds to a local maxima of
      a time domain representation for an element of said first group.
NUM  3.
PAR  3. An electro-acoustic device for providing predetermined frequency
      characteristics, comprising:
PA1  an acoustic-wave propagating medium;
PA1  a first transducer coupled to said medium, said first transducer including
      a first and a second group of electrodes, wherein said first and said
      second group of electrodes are interleaved;
PA1  a second transducer coupled to said medium for exchanging acoustic-wave
      signals with said first transducer, said second transducer including a
      third and a fourth group of electrodes which are substantially
      perpendicular to a first and second conducting region respectively,
      wherein said third and said fourth group of electrodes are interleaved, a
      plurality of said fourth group of electrodes having at least a coupled
      portion offset in alignment from another coupled portion; and
PA1  wherein adjacent electrodes in said first transducer are substantially
      identical in length, and wherein adjacent electrodes in said second
      transducer are substantially identical in length.
NUM  4.
PAR  4. The electro-acoustic device of claim 3 wherein signals relating to the
      second group of electrodes having at least an offset coupled portion
      combine to produce a signal of preselected phase and amplitude.
NUM  5.
PAR  5. The electro-acoustic device of claim 3 wherein said first transducer
      includes a first section and a second symmetrically located with respect
      to said second transducer, one electrode of said second group of
      electrodes displaced from a preselected distance toward said first
      section, a second of said group of electrodes equally displaced from a
      distance equal to said preselected distance away from said second section.
NUM  6.
PAR  6. In a surface wave device of the type including a transducer with
      interleaved electrodes, an improved method of encoding said surface wave
      transducer with preestablished frequency characteristics, the interleaved
      electrodes being substantially perpendicular to a conducting bus bar
      region, wherein the improvement comprising the steps of:
PA1  a. determining relative locations of transducer electrodes and overlap
      amplitudes for adjacent transducer electrodes from a time domain
      representation of said preestablished frequency characteristics;
PA1  b. dividing a plurality of said electrodes into coupled electrode sections;
PA1  c. positioning said coupled electrode sections on a surfacewave propagating
      material about said determined electrode locations, said coupled electrode
      sections positioned to provide a combined signal amplitude related to an
      overlap amplitude for a corresponding electrode section; and
PA1  d. positioning undivided electrodes on said surface wave propagating
      material at said determined locations.
NUM  7.
PAR  7. In a surface wave device including transducers with interleaved
      electrodes which are substantially perpendicular to a conducting bus bar
      region, an improved method of phase-encoding said surface wave device with
      preestablishing frequency characteristics, wherein the improvement
      comprises the steps of:
PA1  a. determining relative location of transducer electrodes and overlap
      amplitudes for adjacent transducer electrodes from a time domain
      representation of said preestablished frequency characteristics;
PA1  b. positioning at least a portion of a plurality of said electrodes on a
      surface-wave propagating material displaced from said electrode relative
      location, said positioning of said electrodes resulting in a signal
      determined by said overlap amplitude; and
PA1  c. positioning undisplaced electrodes at said determined relative
      locations.
NUM  8.
PAR  8. The electro-acoustic transducer of claim 7 wherein each electrode
      extends substantially a predetermined distance along an adjacent
      electrode.
NUM  9.
PAR  9. An electro-acoustic transducer for providing preestablished frequency
      characteristics; comprising
PA1  an acoustic-wave propagating medium;
PA1  a first group of electrodes coupled to said medium and being substantially
      perpendicular to a first conducting region;
PA1  a second group of electrodes coupled to said medium and being substantially
      perpendicular to a second conducting region, wherein said second group of
      electrodes interleaves with said first group of electrodes, a portion of a
      plurality of electrodes from said first and said second group displaced
      from positions determined by a time domain representation of said
      preestablished frequency characteristics.
NUM  10.
PAR  10. An electro-acoustic device for providing preestablished frequency
      characteristics comprising:
PA1  an acoustic-wave propagating medium;
PA1  a first group of electrodes coupled to said medium;
PA1  a second group of electrodes coupled to said medium wherein said first and
      said second group of electrodes are interleaved;
PA1  a third group of electrodes coupled to said medium and being substantially
      perpendicular to a first conducting region;
PA1  a fourth group of electrodes coupled to said medium and being substantially
      perpendicular to a second conducting region, wherein said third and said
      fourth group of electrodes are interleaved, wherein said third and said
      fourth group of electrodes are disposed to receive acoustic waves
      propagated by said first and said second group of electrodes, wherein at
      least a portion of each of a plurality of electrodes of said third and
      said fourth group are displaced from preselected positions by
      predetermined amount whereby the vector addition of signals generated by
      the third and fourth group of electrodes provide the preestablished
      frequency characteristics.
NUM  11.
PAR  11. The electro-acoustic device of claim 10 wherein said predetermined
      amount is chosen to provide a desired amplitude.
NUM  12.
PAR  12. The electro-acoustic device of claim 10 wherein said preselected
      positions and a desired amplitude are derived from a time-domain
      representation of said preestablished frequency characteristics.
NUM  13.
PAR  13. The electro-acoustic device of claim 11 wherein an amount of overlap
      between adjacent electrodes of said third and said fourth group is
      substantially constant.
NUM  14.
PAR  14. An electro-acoustic device having encoding of preestablished frequency
      characteristic, comprising:
PA1  a first group of electrodes;
PA1  a second group of electrodes, wherein said second group of electrodes is
      interleaved with said first group of electrodes, said first group of
      electrodes including a first plurality of sets of portions of electrodes,
      individual signals generated by each of said sets producing a preselected
      combined signal; said first and second group of electrodes being
      substantially perpendicular to a first and second conducting region
      respectively;
PA1  an acoustic-wave propagating medium, said first and said second group of
      electrodes being coupled to said medium; and
PA1  wherein said preselected combined signal is determined by a time-domain
      representation of said preestablished frequency characteristics.
NUM  15.
PAR  15. An electro-acoustic device having preestablished frequency
      characteristics, said preestablished frequency characteristics specifying
      preestablished signal phases and preestablished amplitudes, comprising:
PA1  an acoustic wave propagating medium;
PA1  a first transducer coupled to said medium, said first transducer including
      a first plurality of interleaved electrodes substantially perpendicular to
      a first conducting region;
PA1  a second transducer coupled to said medium, said second transducer
      including a second plurality of electrodes substantially perpendicular to
      a second conducting region, said second plurality of electrodes
      interleaved with said first plurality of electrodes wherein said second
      transducer produces output electrical signals in response to acoustic
      waves, said acoustic wave generated by input electrical signals to said
      first transducer, wherein electrodes in a plurality of sets of electrodes
      located in at least one of said first transducer and said second
      transducer produces signals having an amplitude intermediate to an
      amplitude produced by other electrodes combined intermediate signals of
      each set producing a composite signal having a phase and amplitude
      determined by said preestablished frequency characteristics.
NUM  16.
PAR  16. An electro-acoustic device for providing predetermined frequency
      characteristics, comprising:
PA1  an acoustic-wave propagating medium;
PA1  a first electro-acoustic transducer mechanically coupled to said medium;
      and
PA1  a second electro-acoustic transducer mechanically coupled to said medium,
      said second transducer including a multiplicity of interleaved electrodes
      substantially perpendicular to a conducting region, a plurality of said
      electrodes having a first portion and a second portion, wherein said first
      and second portions of electrodes of each group are positioned to produce
      a composite electrical signal of amplitude and time delay at said first
      transducer determined by said predetermined frequency characteristics upon
      electrical excitation of said each group.
NUM  17.
PAR  17. The electro-acoustic device of claim 16 wherein adjacent interleaved
      electrodes have a substantially constant overlap amplitude.
NUM  18.
PAR  18. An electro-acoustic device for providing predetermined frequency
      characteristics comprising:
PA1  an acoustic-wave propagating medium;
PA1  an electro-acoustic transducer mechanically coupled to said medium, said
      transducer including a multiplicity of interleaved electrodes, a plurality
      of said electrodes having a first portion and a second portion said
      electrodes arranged to respond to passage of a selected acoustic wave by
      generating a combined electrical signal of determined amplitude and phase
      having said predetermined frequency characteristics; and
PA1  wherein said combined signal of determined amplitude and phase corresponds
      to a time domain representation of said predetermined frequency
      characteristics.
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ABST
PAL  Surface acoustic waves on a piezoelectric crystal substrate beat with the
      bulk shear wave energy generated by the incident surface wave and which
      pass through the thickness of the substrate to produce a beat signal which
      is collected and is useful in pulse systems.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to acoustic surface wave devices employing
      piezoelectric crystal substrates.
PAR  Acoustic delay lines, particularly suitable for microwave frequencies and
      utilizing surface waves on the face of a piezoelectric crystal substrate
      are known. In such delay lines, the surface waves may be launched by an
      interdigital type of input transducer having electrode fingers affixed to
      the propagation surface by standard photolithographic techniques.
      According to one such known device described in Electronic Letters, Volume
      8, Number 6, published Aug. 10, 1972 the surface waves travel over the
      propagation surface through a grating consisting of numerous parallel
      arranged electrodes spaced from one another by grooves the spacings of
      which increase as a function of the distance from the interdigital
      electrode input transducer.
PAR  I have observed that there is an unexpected beating of a surface acoustic
      wave signal with a spurious signal believed to be caused by the bulk shear
      wave generated by interaction of the surface wave with a metal electrode
      pattern. FIG. 1 shows how a surface acoustic wave is incident on an
      interdigital electrode pattern common to surface acoustic wave
      transducers, and how a scattered shear wave is generated in a direction
      normal (at right angles) to the plane of the surface along which the
      launched or transmitted surface waves travel for a particular surface
      electrode or finger spacing.
PAR  A problem with the reflective array compressor (RAC) described and
      illustrated in the Electronic Letters article is that the acoustic beam is
      critically controlled by the orientation of the scatterers (etched
      grooves) which scatter energy in the plane of the surface wave. These
      electrode fingers in the arrays must be at about 45.degree. with respect
      to the beam direction. Misorientation in the prior art with respect to the
      crystal axis requires angle compensation in the form of metal film wedges.
      This last compensation is an involved and tedious process. Also, the
      scattering angle is temperature dependent, which makes the opeeration
      vulnerable to temperature changes.
PAR  The delay line of the present invention does not suffer from the foregoing
      problem because the waves are guided by the planar surface, and oppositely
      disposed surfaces of the crystal substrate of the invention are used to
      form the legs which the beams must traverse and the scatterers
      (electrodes) must also be on these same surfaces. The device of the
      invention has the additional advantage of requiring only half of the
      volume of the piezoelectric substrate because both oppositely disposed
      surfaces or faces of the substrate are used. Because the delay of the
      invention scatters energy at right angles to the plane of the surface wave
      and through the thickness of the piezoelectric crystal substrate, there is
      an ease of fabrication and operation which is lacking in the foregoing
      known type of reflective array compressor.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a dispersive delay line of very large
      time-bandwidth product which makes use of the conversion of the acoustic
      surface wave to the bulk shear wave which passes through the thickness of
      a piezoelectric crystal substrate. The substrate preferably is lithium
      niobate (LiNbO.sub.3). The interdigital input transducer is affixed to one
      planar surface of the substrate and the interdigital output transducer is
      affixed to the other planar surface of the substrate. Electrode gratings
      whose spacing increase as a function of distance from the transducers are
      affixed to opposite planar surfaces of the substrate in such manner that
      the electrodes of the input transducer are precisely in line with the
      electrodes of the output transducer and the electrodes of oppositely
      disposed gratings are also precisely in line with one another. At
      different points on the surface containing the input transducer some
      frequency component is scattered through the substrate as a shear bulk
      wave to the grating on the opposite surface which, in turn, converts or
      scatters the bulk shear wave into another surface wave which proceeds to
      output transducer where it can be detected. In like fashion the center and
      lower frequency components would be operated upon. The different path
      lengths for different components yield the different delays and hence the
      frequency components are dispersed.
PAR  An object of the invention is to convert a surface acoustic wave to a bulk
      wave and vice versa in a piezoelectric crystal substrate to produce a
      controlled delay line having a large time-bandwidth product.
PAR  Another object of the invention is to provide a new and improved surface
      wave dispersive delay line which utilizes the launched surface wave to
      produce a scattered bulk shear wave which is reflected downward through
      the thickness of the piezoelectric crystal substrate and then converted
      back to a surface wave.
PAR  Other objects, advantages and features of the invention will appear from a
      reading of the following detailed description when taken in conjunction
      with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is given by way of explanation and shows how a surface acoustic wave
      is incident on an interdigital electrode pattern common to surface
      acoustic wave transducers; and
PAR  FIG. 2 is a perspective view of an embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates how the incident surface wave 10 is scattered into a
      bulk shear wave 12. The bulk shear wave is at right angles (normal) to the
      incident surface wave when the spacing d between electrodes or fingers 14
      is equal to .lambda., where .lambda. is the wavelength of the surface
      wave. The scattering is the result of the impedance mismatch introduced by
      the conductive electrodes on the normally insulative surface of the
      piezoelectric substrate 16. The amount of energy scattered into the bulk
      wave 12 is related directly to the number of electrode fingers present of
      spacing d= .lambda.. The scattering of the electrodes into the shear mode
      removes energy from the surface wave.
PAR  The invention, as shown in the embodiment of FIG. 2, utilizes the shear
      wave energy which goes down into the piezoelectric crystal substrate 12 at
      right angles to the direction of propagation to cause the shear wave at
      the bottom surface of the substrate to be reflected and then converted
      back to a surface wave. There are two types of acoustic waves,
      longitudinal and shear. The conversion of surface waves to shear wave is
      utilized to produce a dispersive delay line of very large time-bandwidth.
      Because the scatterers (electrode fingers) lie on both flat parallel
      surfaces of the piezoelectric substrate, the surfaces form the legs which
      the beam must traverse, and there is avoided any problem of misorientation
      with respect to the axis of the piezoelectric crystal substrate such as is
      encountered in the prior art delay line described in the foregoing
      Electronics Letters article.
PAR  The solid piezoelectric substrate 12 is preferably lithium niobate
      (LiNbO.sub.3) because of its negligible propagation loss in the very high
      frequency range of upward of 10 MHZ and its high piezoelectric constant
      which increases scattering efficiency. Interdigital (IDT) type of input
      and output transducers 20 and 22 are respectively affixed on the upper and
      lower surfaces or faces of the substrate. An electromagnetic input signal
      of wide range, for example 10 MHZ to 300 MHZ, is applied from source 18 to
      the fingers of the input transducer 20, and a receiver, not shown, is
      adapted to be connected to the output transducer 22 for detecting the
      output surface wave. Other devices according to the invention may have
      input signals ranging from 300 MHZ to 1,000 MHZ. The interdigital
      transducer is an efficient means for generating and sensing surface waves
      in piezoelectric media, and may be fabricated on the piezoelectric
      substrate 12 by regular photo-etching processes. The number of fingers of
      the transducers shown in the FIG. 2 is merely for purposes of illustration
      and may be twenty or thirty (not too material) since the number is a
      function of the frequency spectrum and bandwidth requirements. The
      substrate 16 converts an electric wave into a mechanical stress and vice
      versa. The fingers of input IDT 20 generates an electric-field-induced
      stress which propagates, much like ripples in a lake, along the surface of
      the substrate. The contribution from each finger pair is proportional to
      the applied voltage signal from source 18 and a function of the finger
      spacing. On both surfaces along the length of the substrate there are
      positioned etched grooves 24 separated by metal electrodes 26 placed on
      these surfaces by a regular photo-etching process. The spacings between
      the metal electrodes 26 on both surfaces, as well as their widths increase
      as a function of distance from the transducers if a negative dispersion is
      required and the spacings and widths would decrease if a positive
      dispersion is required. At the high frequency end, that is, the location
      nearest the transducers, the spacing .lambda. 1 between fingers
      corresponds to the mean wavelengths of the higher frequencies; at the
      intermediate frequency range in the center of the substrate the spacing
      between fingers corresponds to the mean wavelength of the intermediate
      frequencies, while at the low frequency range at the end of the substrate
      farthest from the IDT transducers 20 and 22 the spacing .lambda. n
      corresponds to the mean wavelength at the low frequencies in the frequency
      spectrum range, in the illustration of FIG. 2.
PAR  Both end edges of the solid single crystal piezoelectric substrate are
      provided with layers 28 and 30 of lossy coatings, such as wax, to absorb
      energy at these respective end edges to reduce the amount of multiple pass
      reflections of energy therefrom which contribute spurious signals. The
      substrate 16 is not limited to the rectangular shape shown. Typical
      dimensions for the rectangular-shaped substrate would be 0.1cm to 10cm
      wide, 0.1cm to 100cm long and 0.1cm to 2cm thick.
PAR  The electrode finger spacings and widths may vary in the manner hereinabove
      described and this causes the dispersion in the delay line; i.e. some
      frequencies are more or less delayed than others. For dispersion, the
      phase is quadratic with frequency while the time versus frequency is
      linear. It should be noted that the electrode fingers and grooves at the
      bottom surface of the LiNbO.sub.3 substrate are precisely in line with and
      have the same widths as the fingers and grooves on the top surface
      immediately thereabove. The beam-width of the incident wave front is equal
      to or less than the width of the electrodes, for example nominally 10
      wavelengths or more.
PAR  In the operation of the dispersive delay line of the invention it is
      believed that the changing electrode spacing is principally responsible
      for the reflection; therefore, the wave will tend to deflect in the
      direction of increased spacing. The incident surface wave launched at the
      top surface of the crystal substrate shown in FIG. 2 will travel in a
      direction 32 from the input transducer 20 toward the absorbent layer 30.
      Shear waves indicated diagramatically by arrows 34, 36 and 38 at different
      points along the length of the electrode finger array travel down through
      the substrate, are reflected by the bottom surface and are converted back
      to the bottom surface to surface waves which travel in the direction of
      the arrow 40 back to the output transducer 22.
PAR  By means of the invention, and by way of illustration only and not by way
      of limitation a 50 MHZ bandwidth over a 100 .mu.sec differential delay is
      feasible with a time bandwidth product of 5000:1.
PAR  It should be understood that the theoretical explanation given above is
      merely for purpose of exposition and in order that the invention may be
      better appreciated. While this theoretical explanation is believed to be
      correct, it is not of necessity complete, nor does the operation of the
      invention depend upon its accuracy or otherwise.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An acoustic wave device comprising:
PA1  a piezoelectric substrate having oppositely disposed flat surfaces;
PA1  an input transducer on one surface of said substrate for launching acoustic
      surface waves traveling down said surface;
PA1  an output transducer on the other opposite surface of said transducer for
      collecting acoustic surface waves traveling on said opposite surface in a
      direction opposite to the direction of travel on said one surface;
PA1  said input and output transducers comprising metallic electrodes, the
      electrodes of said input transducer being in line with corresponding
      electrodes of said output transducer;
PA1  arrays of electrode fingers on each of said surfaces, each said array
      having spacings between adjacent electrodes thereof which vary along the
      length of the substrate over which the acoustic surface wave is adapted to
      travel; the widths of the electrodes and the spacings between them of both
      arrays being the same with corresponding electrodes and spacings of both
      arrays on said opposite surfaces being in line with each other.
NUM  2.
PAR  2. An acoustic wave device according to claim 1, wherein said:
PA1  transducers are of the interdigital type,
PA1  the spacings between the electrode fingers of both arrays similarly
      increasing with distance from said transducers.
NUM  3.
PAR  3. An acoustic wave device according to claim 1, wherein:
PA1  said transducers are of the interdigital type,
PA1  the spacings between the electrode fingers of both arrays similarly
      decreasing with distance from said transducers.
NUM  4.
PAR  4. An acoustic wave device according to claim 1, wherein:
PA1  said substrate is rectangular in shape and made of lithium niobate, said
      substrate being 0.1cm to 10cm wide, 0.1cm to 100cm long, and 0.1cm to 2cm
      thick,
PA1  the ends of said substrate being covered with absorbent material to reduce
      reflections therefrom,
PA1  said input and output transducers being positioned near the same end of
      said substrate,
PA1  means for applying a wide range of very high frequencies to said input
      transducer, and
PA1  receiver means coupled to said output transducer.
NUM  5.
PAR  5. An acoustic wave device according to claim 1, wherein said oppositely
      disposed flat surfaces are parallel to each other.
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ABST
PAL  A microwave hybrid junction with two of the four terminal pairs terminated
      with matched switchable impedances driven by interconnected circuitry such
      that if one of the impedances is in its high impedance state, the other is
      always in its low impedance state and vice versa, providing high energy
      transfer over a wide band with selectable phase inversion of the output.
      In combination with other hybrid junctions, a wide and flexible variety of
      input and output conditions can be obtained by switching the switchable
      impedances.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to circuit arrangements of hybrid junction devices.
PAR  2. Description of the Prior Art
PAR  While there are many radio frequency systems that operate at a single
      frequency, most operate on a band of frequencies or even a number of
      bands. The value of a given component is thus often greatly increased when
      it can be used over an extended range of frequencies.
PAR  Off-on rf switching and phase-shifting devices show increasing frequency
      sensitivity particularly above 300 megahertz. H. Seidel in U.S. Pat. No.
      3,559,108 discusses the problem to some extent. As described by Seidel, a
      four-port hybrid junction in which two ports are connected as input and
      output terminals and the remaining two ports are terminated with diode
      switches, is much less affected by phase discrepancies at the switched
      terminals. For his purposes, Seidel discloses operating the two switches
      in opposite conductivity for one condition and in equal conductivity for
      the other condition.
PAR  If the quadrature junction circuit of Seidel were to be used as a phase
      inverter, then the diodes would have to have symmetrical conductivity for
      both phases, opposite conductivity being an "open switch" condition. The
      term "phase inverter" as used herein is defined to mean a device which can
      selectably change the phase of its output signal between two phases
      180.degree. apart and implies no specific relation to the phase of the
      input signal.
PAR  Presently available diodes exhibit a reactance change with change in
      conductivity. This reactance change shows up as frequency sensitivity in
      conventional diode-switched junctions introducing phase-shift error and
      reducing switching efficiency away from the design center frequency.
PAR  Even in selected diodes, turn-on and turn-off will vary from the optimum
      differently with frequency change. Thus, though a system can be corrected
      for any given frequency, wide band operation is difficult to achieve.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a hybrid-T junction is provided as a
      broad band 180.degree. phase inverter. With matched diode switches across
      the two main arm ports and a generator in the shunt H-arm port,
      asymmetrical switching at the main arm ports produces 180.degree. phase
      shifts in output at the E-arm port. In this configuration, the reversal in
      states of the two diode switches always produces a 180.degree. phase shift
      at the output. Phase errors due to imperfect switching on departure from
      the design frequency will cause a change in the phase of the reflections
      in the main arms, but since the switch always produces the same change in
      reversal for both switch conditions, the output phase shift remains
      constant. Deterioration shows up eventually only as losses due to
      increased VSWR. The accurate 180.degree. phase inverter thus provided
      readily combines into a multitude of circuits for phase shifting, on-off
      switching, switched directional coupling, modulating, attenuating and the
      like. The input and output of the hybrid-T can be reversed and various
      other hybrid junction configurations suited to the reversible asymmetric
      diode switching can be utilized.
PAR  Thus it is an object of the invention to provide a novel 180.degree. phase
      inverter in the form of a diode-switched hybrid junction.
PAR  It is a further object of the invention to provide hybrid junction
      switching circuits using reversible asymmetrical diode switching.
PAR  Further objects and features of the invention will become apparent upon
      reading the following description together with the Drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of a hybrid-T phase switch according to the
      invention.
PAR  FIG. 2 is a schematic diagram of a four-T hybrid junction switching circuit
      using the phase switch of FIG. 1.
PAR  FIG. 3 is a schematic diagram of a second embodiment of a hybrid junction
      switching circuit using the phase switches of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  While the inventive concept relates to various types of hybrid couplers in
      waveguide, coaxial line, microstrip and stripline, the following
      description is in terms of four-port waveguide hybrids. The description is
      readily visualized in terms of two types of hybrid couplers. One is the
      H-plane phase quadrature hybrid symbolized by two lines connected by an
      encircled H. The other is the hybrid-T symbolized by a block containing
      the letters HYB-T and having four connecting terminals. The hybrid-T is
      suitably an H-plane Tee having a series E arm and a shunt H arm indicated
      by letters E and H on the respective terminals.
PAR  FIG. 1 depicts hybrid-T 10 connected as a phase inverter. H arm 11 is shown
      as the input and E arm 12 as the output. Port 14 is shunted by PIN diode
      15 and port 16 is shunted by PIN diode 17. Diodes 15 and 17 are biased by
      complementary outputs 0 and 1 of flip-flop 18. The 0 output is connected
      through rf filter 20 to the anode of diode 15 and the 1 output is
      connected through rf filter 21 to the anode of diode 17. The anodes of
      diodes 15 and 17 are dc isolated from hybrid 10 by capacitors 22 and 24
      respectively. Ground reference connection 26 for the cathodes of diodes 15
      and 17 and for filters 20 and 21 are depicted by common reference symbols.
      Flip-flop 18 provides a positive voltage at one output terminal and a zero
      or reference voltage at the other terminal. At each trigger input at
      terminal 25, the output voltages reverse in complementary fashion. The
      entire switching circuit, including diodes, filters and flip-flop,
      connected to arms 14 and 16 is designated by the numeral 27. The
      trigger-in may be applied by a simple mechanical switch or any suitable
      trigger source. Likewise, flip-flop 18 is only exemplary and may be a
      mechanical reversing switch connected to a suitable voltage source.
PAR  Operation of hybrid-T 10 with all arms terminated with the characteristic
      impedance and the generator in H arm 11 would divide the input signal
      evenly and in phase between arms 14 and 16 with no coupling to E arm 12.
      With diodes 15 and 17 connected as terminations of arms 14 and 16, one
      diode conducting and one nonconducting, the signals in arms 14 and 16 are
      reflected in antiphase thus adding at E arm 12. When flip-flop 18 is then
      switched so that the states of diodes 15 and 17 are reversed, the signals
      in arms 14 and 16 are still reflected in antiphase, but the phase
      relationships are reversed so that they add at E arm 12 with a 180.degree.
      phase reversal. Thus each trigger to flip-flop 18 produces a 180.degree.
      phase shift in the energy at E arm 12. It follows, of course, that if
      flip-flop 18 is deenergized, both diodes will become nonconducting and the
      reflections at arms 14 and 16 will be in phase and will cancel at E arm
      12.
PAR  To the extent there is imperfect switching of diodes 15 and 17, an error
      angle will occur. However, only antiphase signals reflected from arms 14
      and 16 will add at the output while other signals are reflected back to
      the input. With diodes 15 and 17 matched, reversing their states at a
      given frequency will yield the same imperfections on switching in reverse.
      Thus the antiphase signals reflected from the two arms will add to the
      same result with a 180.degree. phase shift. The phase relation to the
      input signal will change due to error angle from switching, but any energy
      that would have produced a change from perfect 180.degree. inversions of
      the output is reflected back to the input.
PAR  It should be noted that, although diodes 15 and 17 are poled alike, one can
      be reversed. With one of the diodes reversed, the switching voltage
      applied to both diodes would be the same since it would reverse one and
      forward bias the other. To effect this, flip-flop 18 would be replaced by
      a switch with a common pole connected to both filters 20 and 21 and
      switchable to either a positive or negative voltage source connection.
PAR  FIG. 1 thus depicts a broad band phase inverter which will transmit energy
      in either of two 180.degree. displaced phases and can also be turned off.
      The two "on" conditions having substantially equivalent broad band
      frequency characteristics.
PAR  FIGS. 2 and 3 depict circuits using four hybrid junctions. They can accept
      a signal at any one of four terminals and transmit it to a selected output
      terminal in either of two 180.degree. displaced phase relationships. The
      terminal choices and phase can be changed as fast as the switching diodes
      can switch. PIN or similar multilayer diodes having high speed triggering
      characteristics are commonly used.
PAR  FIG. 2 uses four hybrid Tees, 30, 31, 32 and 33. Hybrid Tees 30 and 33 are
      connected as input/output couplers while Tees 31 and 32 are connected as
      phase inverters in the manner of FIG. 1.
PAR  In FIG. 2 the E and H, series and shunt arms of Tees 30 and 33 are
      connected as the four input/output terminals. For most purposes unused
      ones of these four terminals are terminated with their characteristic
      impedance. The main arms of Tee 30 are connected to the H, shunt arms of
      Tees 31 and 32 respectively. The main arms of Tee 33 are connected to the
      E, series arms of Tees 31 and 32 respectively. The main arms ports of Tees
      31 and 32 are numbered 35, 36, 37 and 38.
PAR  Switching circuit 40, identical to circuit 27 of FIG. 1 is connected to
      ports 35 and 36 of Tee 31. Similarly switching circuit 41 identical to
      circuit 27 is connected to ports 37 and 38 of Tee 31. Switching control
      for the circuit of FIG. 2 is trigger logic 42 which provides the
      appropriate trigger sequences to the trigger inputs of circuits 40 and 41
      in response to signals on its control input terminals 44.
PAR  Following is a truth table for FIG. 2:
TBL  TRUTH TABLE FOR FIG. 2                                                    

                                              OUTPUT                           

     PORTS:  35    36    37   38   IN/OUT     PHASE                            

     Condition                     Path       DIFFERENCE                       

     ______________________________________                                    

     I       N     C     N    C    30 H to 33 H                                

                                              180.degree.                      

     II      C     N     C    N    30 H to 33 H                                

     III     C     N     N    C    30 H to 33 E                                

     IV      N     C     C    N    30 H to 33 E                                

                                              180.degree.                      

     V       N     N     N    N    30 H to 30 H                                

     ______________________________________                                    

PAL  In the above table, the letters N and C indicate that the diodes connected
      across the indicated ports are Nonconducting (N) or Conducting (C). The
      IN/OUT path designations are the item numbers of the couplers together
      with H for the H shunt arm and E for the E series arm. The phase angles
      are given only relative to each other for the bracketed pairs and not
      referenced to the input phase angle or to other pairs.
PAR  Condition V in the table is with no power to circuits 40 and 41 so that all
      diodes are nonconducting and all energy is reflected back to the input.
      Interestingly, if the diodes at ports 35 and 36 are placed in the same
      conductivity state while the diodes at ports 37 and 38 are both in the
      opposite conductivity state, operation is still excellent with the output
      at 30 E. This is because the reactances presented to the main arm ports of
      Tee 30 are asymmetrical but perfectly reversible in accordance with the
      invention.
PAR  In FIG. 3 the input/output junctions are two phase quadrature hybrid
      junctions 50 and 53. The diode-switched junctions are two hybrid-Ts 51 and
      52. The switched ports of hybrid-Ts 51 and 52 are main arm ports 55, 56,
      57 and 58 as in FIG. 2. Input/output ports of junction 50 are 60 and 61
      while input/output ports of junction 53 are 62 and 63. The remaining two
      ports of junction 50 are each connected to the shunt H-arm port of a
      respective one of junctions 51 and 52. The series E-arm ports of junctions
      51 and 52 are connected each to one of the remaining ports of junction 53.
PAR  Diode switching circuits 65 and 66 are essentially identical to that of
      FIG. 1 except that mechanical dpdt switches 67 and 68 are used instead of
      flip-flops. Dptt switches may also be used with the third throw as an off
      position with no bias to either diode.
TBL  ______________________________________                                    

     TRUTH TABLE FOR FIG. 3                                                    

     PORTS:  55     56     57   58   IN/OUT   OUTPUT                           

     Condition                       Path     PHASE                            

                                              DIFFERENCE                       

     ______________________________________                                    

     I       N      C      N    C    60 to 63 180.degree.                      

     II      C      N      C    N    60 to 63                                  

     III     C      N      N    C    60 to 62                                  

     IV      N      C      C    N    60 to 62 180.degree.                      

     V       N      N      N    N    60 to 61                                  

     ______________________________________                                    

PAR  As in the table for FIG. 2 N and C indicate nonconducting and conducting
      for the diodes terminating the indicated ports. The output phase
      indications are each relative to each of the other outputs but not
      relative to the inputs. Condition V is relatively narrow band and would
      normally be an "open switch" condition with port 61 terminated by its
      characteristic impedance.
PAR  The particular advantage of the FIG. 3 configuration is that its symmetry
      guarantees the capability of switching the output between port 62 and port
      63 with a 0.degree. or 180.degree. phase shift as selected.
PAR  In both FIGS. 2 and 3 a certain amount of symmetry is required. In FIG. 2
      the connection between junction 30 and junction 31 must equal the
      electrical length of the connection between junction 30 and junction 32.
      Likewise the electrical length of the connection between junction 31 and
      junction 33 must equal the electrical length between junction 32 and
      junction 33. The same requirements exist for the analogous connections in
      FIG. 3. To the extent this symmetry does not exist, perfect 180.degree.
      switching may not occur.
PAR  In FIG. 2 the input/output terminals are on asymmetrical arms of a
      hybrid-T. Due to this asymmetry it is difficult to obtain an absolute
      fixed phase relation when switching the output between these two arms. The
      FIG. 3 configuration on the other hand has perfect symmetry between the
      input/output terminals. This provides the advantage of a fixed phase
      relationship when switching between terminals as indicated in the table.
PAR  While the invention has been described with relation to specific
      embodiments it is applicable to all circuits or devices using any type of
      hybrid junction in which two of the branches are terminated with
      respective switchable impedances exhibiting different reactance and where,
      upon switching, the different reactances are exactly reversed between the
      two branches. Although some sources describe a hybrid junction as a
      waveguide arrangement, there is conflict in the literature on this point
      and for purposes of the present invention the hybrid junction includes
      analogous arrangements in coaxial line, strip line and the like. Thus it
      is the intention to cover the full scope of the invention as set forth in
      the appended claims. I claim:
CLMS
NUM  1.
PAR  1.  A hybrid junction phase inverter comprising:
PA1  a. a hybrid-T junction having a first pair of branches connected as
      input/output terminals and a second pair of branches connecting as
      switching terminals;
PA1  b. first and second switchable impedances connected to provide opposite and
      reversible impedance terminations of said second pair of branches; and
PA1  c. switching means for reversing the impedance states of said switchable
      impedances.
NUM  2.
PAR  2. A hybrid junction phase inverter according to claim 1 wherein said
      switching means is a flip-flop having first and second complementary
      outputs, said first complementary output being connected to switch said
      first switchable impedance and said second complementary output being
      connected to switch said second switchable impedance.
NUM  3.
PAR  3. A hybrid junction phase inverter according to claim 1 wherein said
      switchable impedances are diodes and one is always biased to high
      conductivity while the other is biased to low conductivity.
NUM  4.
PAR  4. A hybrid junction phase inverter according to claim 3 wherein said
      second pair of branches are symmetrical branches of said hybrid-T junction
      and reversing the impedances shifts the phase of a signal at the output
      terminal of said first pair of branches by 180.degree..
NUM  5.
PAR  5. A hybrid junction switching configuration comprising:
PA1  a. first, second, third and fourth hybrid junctions each having first,
      second, third and fourth branches:
PA1  b. means to connect the second and third branches of the first hybrid
      junction to the first branches of said second and third hybrid junctions
      respectively;
PA1  c. means to connect the fourth branches of said second and third hybrid
      junctions to the second and third branches respectively of said fourth
      hybrid junction;
PA1  d. first, second, third and fourth impedances connected as terminations of
      the second and third branches respectively of the second and third hybrid
      junctions respectively; and
PA1  e. means to switch said impedances between relatively low and high
      impedance states asymmetrically with respect to each of said second and
      third hybrid junctions whereby one of the second and third branches of
      each of said second and third hybrid junctions is terminated in a high
      impedance while the other is terminated in a relatively low impedance and
      switching reverses the impedance conditions for at least one of said
      second and third hybrid junctions.
NUM  6.
PAR  6. A hybrid junction switching configuration according to claim 5 wherein
      said first and fourth hybrid junctions are phase quadrature hybrid
      junctions and said second and third hybrid junctions are hybrid-T
      junctions.
NUM  7.
PAR  7. A hybrid junction switching configuration according to claim 5 wherein
      said first, second, third and fourth hybrid junctions are all hybrid-T
      junctions.
NUM  8.
PAR  8. A hybrid junction switching configuration according to claim 7 wherein
      said means to switch said impedances comprises first and second flip-flops
      and a trigger logic circuit for triggering said flip-flops in a logical
      sequence said first flip-flop having complementary outputs connected to
      the respective impedances of said second hybrid junction and said second
      flip-flop having its complementary outputs connected to the respective
      impedances of said third hybrid junction.
NUM  9.
PAR  9. A method providing a broad band 180.degree. microwave phase shift
      comprising:
PA1  a. terminating two symmetrical branches of a hybrid-T junction with
      semiconductor diodes;
PA1  b. connecting a signal source to a third branch of said junction;
PA1  c. connecting a signal receiver to a fourth branch of said junction; and,
PA1  d. switching said two semiconductor diodes asymmetrically so that a high
      conductivity condition in one is always matched by a low conductivity
      condition in the other and the conductivity conditions are reversed upon
      switching.
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ABST
PAL  In a mechanical filter, a pair of transducer elements of truncated circular
      cross-section are disposed at the input and output sides respectively, and
      they are mechanically connected in cascade to each other by means of a
      coupler member. The areas of the truncated cross-section of the transducer
      elements are made different from each other. Between said pair of
      transducer elements may be provided one or more resonator elements each
      provided with a recess and connected to each other and to said transducer
      elements by said coupler member. Each of the transducers and resonators
      are mounted on a mount base plate by means of a bent wire-like support
      member having a pair of legs. The foregoing mechanical filter is
      accommodated in a container which is pressure-reduced and hermetically
      sealed.
BSUM
PAR  This invention relates to a mechanical filter of the type which comprises a
      pair of electromechanical transducer elements and a coupling member
      connecting said transducer elements, wherein one or more mechanical
      resonator elements may be provided between said transducer elements and
      connected to each other and to said transducer elements through said
      coupling member. Furthermore, this invention relates to a container for
      such a filter. Still furthermore, this invention relates to a support
      mechanism for each of said elements.
PAR  Various mechanical filters have heretofore been proposed and the resonator
      elements used therewith have been in various forms. For example, in a
      mechanical filter wherein a coupler is inserted through apertures formed
      at the nodal points of resonator elements whereby the latters are
      twist-coupled together, rod-like members of square or rectangular
      cross-section have been used as the resonator elements because of their
      advantage of increased machining precision. However, in a mechanical
      filter of the type wherein a coupler is spot-welded or otherwise secured
      to the surfaces of resonator elements and these resonator elements are
      cascade-connected by longitudinal mode coupling or by flexural mode
      coupling, the use of rod-like members square or rectangular in
      cross-section as the resonator elements would prevent the coupler from
      being secured to the predetermined points of the resonator elements
      because the coupling points of the coupler to the resonator elements lie
      on the flat surfaces of the resonator elements, the result of which would
      be equivalent to an irregularity produced in the constant of the coupler,
      thus failing to provide a desired transmission characteristic. In order to
      avoid such problem, it is known to use round-rod like resonator elements
      in lieu of the square or rectangular rod-like elements such as described
      above. However, this would offer a new problem that when the round
      rod-like resonator elements effect bending resonance, a number of
      resonance frequencies present diametrically thereof will appear in the
      form of spurious resonance.
PAR  On the other hand, the use of flexural mode resonator elements as the
      mechanical resonator elements forming a mechanical filter is known to be
      advantageous in reducing the size and weight of the filter. The natural
      resonance frequency of a flexural mode resonator may freely be set to any
      desired value by suitably selecting the cross-sectional shape and length
      of the resonator, whereas there are problems as to the machining
      precision, the supporting precision and the like which greatly affect the
      characteristic of the resultant filter.
PAR  Thus, where the machining precision should be taken into consideration, the
      use of round rod-like resonators would be advantageous because of their
      easier tooling, improved precision, reduced machining cost, etc.
      Nevertheless, if such round rod-like resonators are directly used for the
      mechanical filter and a coupler and support wires are attached to these
      resonators, the mass of the coupler and of the support wires would result
      in production of resonances in a direction perpendicular to the direction
      of resonance of the resonators, i.e. spurious resonances whose frequencies
      are so close to the frequency of the working resonance as would
      deteriorate the transmission characteristic of the filter.
PAR  In the mechanical filter of the described type wherein a coupler is
      mechanically coupled to resonators and the opposite ends of the coupler
      are connected to electro-mechanical transducer elements, the resonance
      mode of the resonators including the transducer elements and of the
      coupler can freely be selected but will necessarily be limited by the
      requirements of the equipments to which the filter is applied.
      Particularly, where the size reduction is required, the use of flexural
      (bending) resonators would be advantageous while the resonance mode of the
      coupler is often determined by the specific band width of the filter
      characteristic required, and more specifically, longitudinal mode
      resonance is generally preferred for a wide band type and twist or
      flexural mode resonance is preferred for a narrow band type. However, the
      flexural mode resonator, as will be seen from its resonance mode, has its
      resonance readily restricted by the resistance and resonance of the
      ambient air. More particularly, where a plurality of flexural mode
      resonators are disposed in closely spaced, parallel relationship,
      resonance of one of the resonators will propagate through the air
      (air-resonance) to affect the resonance in other resonators. Also, where
      resonators are contained within a single casing, sound wave produced by
      each resonator will be reflected by the inner walls of the casing to
      affect the resonance of that resonator itself and of other resonators,
      thus deteriorating the frequency characteristic of the filter. In case of
      the other mode resonances than the flexural mode resonance, for example,
      in case of longitudinal mode resonance, there is not so marked influence
      but problems may occur depending on the standard of characteristic
      required. To avoid this, it has heretofore been proposed that some
      acoustic material or irregular reflection material be inserted in the
      casing, whereas it has been found that such method cannot ensure reliable
      operation.
PAR  Further, where an resonator of the bending resonance type is employed for a
      resonator, its mechanical and electrical characteristics are governed by
      the manner in which the resonator is mechanically supported with respect
      to the resonator. Therefore, this must be sufficiently taken into account.
      The heretofore most popular supporting method for straight, planar
      resonator has comprised the steps of forming apertures in the resonator at
      the nodal points thereof, securing the upper ends of metal support rods to
      such apertures by threading or soldering and securing the lower ends of
      the support rods to a mount base plate. Thus, such method has involved
      cumbersome procedures during manufacture and incurred a high machining
      cost.
PAR  It is therefore an object of the present invention to provide a novel and
      improved mechanical filter which employs round rod-like mechanical
      resonators and which is provided with means for spacing the
      above-mentioned spurious resonance frequencies away from the working
      frequency and for preventing matching between the spurous resonance
      frequencies produced by the respective mechanical resonators to thereby
      avoid the aforementioned deterioration of the transmission characteristic
      and the adverse effect imparted by the spurious resonances.
PAR  It is another object of the present invention to provide an improved
      mechanical filter in which the aforementioned spurious resonances may be
      separated far away from the working frequency to improve the transmission
      characteristic. According to the present invention, a recess is formed in
      the center portion (loop portion) of a round rod-like resonator whereby
      the resonance frequencies perpendicular to the direction of resonance of
      the resonator may be detuned out of the filter band. In addition, the
      present invention ensures the resonator to attain the required machining
      precision and also permits mass production to be carried out with a
      reduced machining cost.
PAR  It is a further object of the present invention to provide a container for
      mechanical filter in which the internal pressure is reduced to prevent
      propagation in the air of sound waves to thereby prevent deterioration of
      the filter characteristic which would otherwise result from the sound
      waves being reflected by the inner walls of the container, and
      particularly, such a container which permits such pressure-reduction to be
      achieved simply and reliably and enables effective hermetic sealing to be
      realized.
PAR  It is still a further object of the present invention to provide a support
      mechanism for bending mode resonator which does not reduce the mechanical
      and electrical performances of the resonator and which is easy to
      manufacture and suited for mass production.
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PAR  Other objects, advantages and features of the present invention will become
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings.
PAR  FIG. 1 is a schematic perspective view of the mechanical filter according
      to a first embodiment of the present invention.
PAR  FIG. 2 is a schematic perspective view showing an electro-mechanical
      transducer used with the mechanical filter of FIG. 1.
PAR  FIGS. 3A and B are an end view and a side view, respectively, of a
      mechanical resonator usable in the embodiment of FIG. 1.
PAR  FIGS. 4, 5 and 6 are graphs useful to illustrate the embodiment of FIG. 1.
PAR  FIG. 7 is a view similar to FIG. 1 but showing a modification to the
      mechanical filter shown in FIG. 1.
PAR  FIG. 8 is a schematic perspective view of the mechanical filter according
      to a second embodiment of the present invention.
PAR  FIGS. 9A and B are an end view and a side view, respectively, of a
      mechanical resonator usable with the embodiment of FIG. 8.
PAR  FIGS. 10, 11 and 12 are graphs useful to illustrate the embodiment of FIG.
      8.
PAR  FIG. 13 is a schematic cross-sectional view of the container according to a
      further embodiment of the present invention and also showing the
      mechanical filter contained therein.
PAR  FIG. 14 is a view similar to FIG. 13 but showing a modification to the FIG.
      13 embodiment.
PAR  FIG. 15 is a side view for illustrating a step in the method of forming the
      support mechanism according to still a further embodiment of the present
      invention.
PAR  FIG. 16 is a side view showing the support mechanism constructed by the
      method of FIG. 15.
PAR  FIG. 17 is a schematic perspective view showing an application of the
      inventive support mechanism of FIGS. 15 and 16 to a round rod-like bending
      mode resonator.
PAR  FIGS. 18A and B, 19A and B, and 20A and B are end views and side views,
      respectively, of further forms of the mechanical resonator according to
      the present invention.
DETD
PAR  FIG. 1 is a schematic perspective view of the mechanical filter according
      to an embodiment of the present invention. In this embodiment, a mount
      base plate 1 mounts thereon an input side electromechanical transducer 2a
      and an output side electromechanical transducer 2b by means of fixtures
      2a' and 2b', respectively, the two transducers being disposed in
      substantially parallel, spaced relationship with each other. A mechanical
      resonator 3 is likewise mounted on the base plate 1 between the
      electromechanical transducers 2a and 2b, by means of fixtures 3'. Although
      only one mechanical resonator 3 is shown for the purpose of illustration,
      it will be apparent that more than one such resonator 3 may be disposed in
      substantially parallel, spaced relationship, if desired. Alternatively,
      such resonator may entirely be eliminated.
PAR  The input and output side electro-mechanical transducers 2a and 2b and the
      mechanical resonator 3 are mechanically cascade-connected by a coupler 4
      capable of flexural resonance. A piezo-electric ceramic plate 5a is
      secured to the flattened surface of the input side electro-mechanical
      transducer 2a. A similar piezo-electric ceramic plate 5b is secured to the
      flattened surface of the output side electromechanical transducer 2b, and
      although not shown, input and output terminals are led out from these
      piezoelectric ceramic plates, respectively. In the present embodiment, the
      transducers 2a and 2b are shown to be opposed to each other with their
      flattened surfaces facing outwardly, whereas they may also be disposed
      with their flattened surfaces facing inwardly, as shown in FIG. 7.
PAR  Referring to FIG. 2, it particularly shows the electro-mechanical
      transducer 2a or 2b according to the present invention. This element is
      formed as a round rod-like member of generally truncated circular
      cross-section having a flattened surface 2a" or 2b", and the
      above-described piezoelectric ceramic plate 5a or 5b is secured to the
      flattened surface 2a" or 2b".
PAR  Referring now to FIG. 3, it particularly shows the mechanical resonator 3
      according to the present invention, which resonator comprises a metal
      rod-like member of generally circular cross-section and has an axially
      extending recess 6 formed in the underside thereof. It should particularly
      be noted that this recess 6 functions to detune spurious resonance
      frequencies from the working frequency.
PAR  In the above-described construction, where the number of the mechanical
      resonators 3 disposed between the input and output side transducers 2a and
      2b is as small as zero to three, it has been found that even when a
      spruious frequency f.sub.t ' is detuned by using the transducer 2a or 2b
      of such truncated circular cross-section as described, there is
      unavoidably produced a spurious resonance as indicated by a phantom circle
      in FIG. 4.
PAR  As a result of various experiments and studies carried out to find out the
      cause, the inventors have ascertained that such spurious resonance occurs
      when the ratio of d to D in FIG. 2, i.e. d/D, is equal between the input
      and output side electromechanical transducer and that by providing
      different values of such ratio for the two elements, production of such
      spurious resonance can be completely avoided. Thus, according to the
      present invention, the d/D of the electro-mechanical transducer is made to
      differ between the input side and the output side. In other words, the
      area of the truncated circular cross-section of the element differs from
      the input side to the output side.
PAR  In the present embodiment, the mechanical resonator 3 is formed with the
      recess 6 to detune the spurious frequencies of the resonator. Let the
      length and diameter of the resonator be L and D, respectively, and let the
      length and depth of the recess 6 be l and H, respectively. Then, the
      relationship between the conditions of the recess 6 and the ratio of the
      spurious frequency f.sub.t ' to the working frequency f.sub.0 has proved
      to be such as shown in FIG. 5. FIG. 6 illustrates the tendency of the
      transmission characteristic realized by the construction of the present
      invention, with the abscissa representing the frequency and the ordinate
      representing the amount of attenuation in dB. It will thus be apparent
      that the present invention can avoid production of spurious frequencies
      and realize an excellent transmission characteristic.
PAR  FIG. 8 is a schematic perspective view showing a mechanical filter
      according to another embodiment of the present invention. In this
      embodiment, a mount base plate 11 such as a printed base plate mounts
      thereon an input side electro-mechanical transducer 14a comprising a
      resonator 12a of generally truncated circular cross-section capable of
      flexural made resonance and a piezoelectric ceramic plate 13a secured to
      the flattened surface 12a' of the resonator, and an output side
      electro-mechanical transducer 14b of similar construction, by means of
      perpective pairs of support wires 15a, 15a' and 15b, 15b', in such a
      manner that the two transducers 14a and 14b are in parallel, spaced
      relationship with each other. Disposed between these transducers are
      parallel, spaced, round rod-like, mechanical resonators R.sub.1 to R.sub.n
      capable of flexural mode resonance and mounted on the base plate 11 by
      respective bent wires having a pair of legs 16-1 and 16-1', . . ., 16-n
      and 16-n' respectively, in the same manner as described for the
      transducers. A coupler 17, capable of longitudinal resonance, extends on
      and perpendicularly to the axes of the transducers 14a, 14b and the
      resonators R.sub.1 to R.sub.n in the loop portion of the resonator, and is
      secured thereto as by spot-welding.
PAR  FIGS. 9A andB are an end view and a side view, respectively, showing the
      mechanical resonator R.sub.n of the present invention and the manner in
      which it is mounted with respect to the base plate 11. It is seen in these
      figures that the resonators R.sub.1 to R.sub.n have recesses 18-1 to 18-n
      formed in the loop portion thereof on the side opposite to that side at
      which the coupler is secured, these recesses facing the top surface of the
      base plate 11. Further, the support wires 15a and 15a', 15b and 15b', 16-1
      and 16-1', . . . , 16-n and 16-n' are located at the nodal points on the
      side opposite to that side at which the coupler 17 is secured, and are
      secured to the base plate 11 by means of securing material such as solder
      or the like, in the manner as shown in FIG. 9.
PAR  The working frequency which determines the characteristic of the mechanical
      filter is in the direction as indicated by f.sub.r in FIG. 9A, i.e. the
      lateral direction, and the resonance in the direction of f.sub.t
      perpendicular thereto provides spurious resonance. In this instance, the
      recess formed in each of the resonators acts as a minute mass reduction
      with respect to the direction of f.sub.t and as a variation in the
      cross-sectional configuration with respect to the direction of f.sub.r,
      and thus produces a great reduction in the frequency on the same principle
      as the so-called stepped bar resonator, whereby there is established the
      relation that f.sub.r &gt;f.sub.t. Where the length and diameter of each
      mechanical resonator R.sub.1, . . . , R.sub.n are L and D, respectively,
      and the length and depth of each recess 18-1, . . . , 18-n are l and H,
      respectively, FIG. 10 illustrates the relation between f.sub.r and f.sub.t
      with respect to the configuration of the recess.
PAR  FIG. 11 illustrates the tendency of the transmission characteristic of the
      filter employing mechanical resonators formed with no such recess as
      described above, with the abscissa representing the frequency and the
      ordinate representing the attenuation amount of dB. In this instance,
      spurious resonance often tends to occur to the frequency f.sub.t as
      indicated within a phantom circle. However, if each mechanical resonator
      is formed with a recess in accordance with the present invention, the
      spurious resonance f.sub.t is expelled out of the lower band of the filter
      so that the transmission characteristic is improved as illustrated in FIG.
      12. The spurious resonance expelled out of the band may be suppressed by
      the input and output side electro-mechanical transducers 14a, 14b and
      matching circuit, not shown. If the recess is formed laterally with
      respect to the axis of the mechanical resonator, the spurious resonance
      may be expelled out of the upper band of the filter to provide the same
      effect as described above, but in this case, if the band width of the
      filter is wide, the dimensions of the recess would have to be larger and
      this would lead to disadvantages in machining precision, machining cost,
      etc.
PAR  Referring to FIG. 13, an embodiment of the mechanical filter container
      according to the present invention is shown in connection with the manner
      in which its pressure-reduction and hermetic sealing is effected. In FIG.
      13, the container accommodater an example of mechanical filter wherein
      there are provided input and output side electro-mechanical transducers
      101a and 101b which respectively comprise resonators 102a and 102b of
      truncated circular crosssection capable of flexural mode resonance and
      piezoelectric ceramic plates 103a and 103b attached thereto. Disposed
      between these transducers 101a and 101b are round rod-like flexural mode
      resonators 104a, 104b and 104c. The transducers and the resonators are
      mechanically cascade-connected by a coupler 105. The electro-mechanical
      transducers 101a, 101b and the resonators 104a, 104b, 104c are mounted on
      a mount base plate 107 such as printed base plate by means of support
      wires 106. A mechanical filter thus formed by the above-described
      components is generally designated by F.
PAR  In this embodiment, an open-bottomed box-like member 110 is prepared which
      has a recess 108 formed in the top wall and provided with a
      through-aperture 109, and the box-like member 110 is hermetically fitted
      to the bottom wall 111 to which is adhesively or otherwise secured the
      base plate 107 having the above-described mechanical filter F mounted
      thereon. A sheet 112, for example, of one-side or both-side adhesive vinyl
      tape, is attached to the recess 108 so as to cover the through-aperture
      109.
PAR  The box-like member 110 now with the mechanical filter F contained therein
      is disposed within a pressure-reducing kiln (not shown) connected to a
      vacuum pump through a cock or like opening-closing means, and then the
      pressure in the kiln is reduced to a predetermined value by the vacuum
      pump. This causes the air within the box-like member 110 to be drawn from
      the aperture 109 through a clearance between the sheet 112 and the surface
      of the recess in the box 110, so that the internal pressure of the box 110
      assumes the same level as that within the kiln. When the cock is opened to
      momentarily admit the air into the kiln, the pressure of such air urges
      the sheet 112 into contact with the surface of the recess 108 in the box,
      thus providing complete sealing of the aperture 109. To provide and
      maintain further complete sealing of the aperture, a sealing material 113
      such as silicone, epoxy or the like may be introduced into the recess 108
      from above the sheet 112. Since the through-aperture is formed through the
      bottom of the recess 108 and such recess is filled with the sealing
      material 113, it may be avoided that the sealing material bulges outwardly
      of the major top surface of the box 110 to increase the outside dimensions
      of that portion. Thus, the pressure reduction and hermetic sealing of the
      mechanical filter may be achieved by a simple construction, whereby
      deterioration of the filter characteristic may be effectively prevented.
PAR  FIG. 14 shows a modification of the FIG. 13 embodiment. It is similar to
      the embodiment of FIG. 13 except that a recess 118' is formed in the
      bottom wall 111' of a box 110' and that a base plate 107' rests on a pair
      of support members 114 and 115 on the bottom wall 111', which support
      members may be formed of a shock-absorbing material such as rubber, sponge
      or the like.
PAR  Referring now to FIGS. 15 to 17, there is shown an embodiment of the
      support mechanism for the resonator according to the present invention. In
      this embodiment, metal wires 203a, and 203b are spot-welded at the center
      thereof to a bending mode resonator 201 at its nodal points 202a and 202b,
      and then the metal wires 203a and 203b are bent about their spot-welded
      points in such directions that the bent portions of each wire come toward
      each other, i.e. in the directions as indicated by opposed arrows in FIG.
      15, until the bent portions become substantially perpendicular to the axis
      of the resonator 201 and come into intimate contact with each other so as
      to form a pine-needle configuration, whereafter the free ends of the metal
      wires 203a and 203b are secured to a mount base plate 205 such as printed
      base plate, in the manner as indicated at 204a and 204b in FIG. 16.
PAR  FIG. 17 shows an application of the present invention to a round rod-like
      bending mode resonator 211.
PAR  Thus, in accordance with the present invention, the necessity of forming
      apertures at the nodal points of the bending mode resonator and the
      cumbersome precedures of threading or soldering may all be eliminated and
      the only step required is simply to have the support metal wires
      spot-welded to the resonator and to bend such wires in the manner
      described above. This permits low cost of the manufacture and is suitable
      for mass production, and in addition, the resultant support mechanism does
      not reduce the mechanical and electrical characteristics of the filter or
      other devices to which the support mechanism is applied.
PAR  FIGS. 18A and B to FIGS. 20A and B show, in end view and side view,
      respectively, further embodiments of the mechanical resonator according to
      the present invention. The resonator 301 of FIG. 18A and B is formed with
      a recess 302 whose cross-sectional shape in a plane parallel to the
      longitudinal axis thereof is triangular. The resonator 401 of FIGS. 19A
      and B is formed with a recess 402 whose cross-sectional shape in a plane
      parallel to the longitudinal axis thereof is semi-circular. The resonator
      501 of FIGS. 20A and B is formed with a recess 502 comprising a
      combination of a recess whose cross-sectional shape in a plane parallel to
      the longitudinal axis of the resonator is square, and an upper
      pyramid-shaped recess contiguous to the square recess. Any of these
      resonators has provded to be suitable for application to the mechanical
      filter of the present invention.
PAR  While the invention has been shown and described with respect to some
      specific embodiments, it should be understood that the invention is not
      restricted to such embodiments but includes all changes and modifications
      which will fall within the spirit and scope of the invention as defined in
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mechanical filter comprising an input electromechanical transducer
      element and an output electro-mechanical transducer element, each of
      truncated circular cross-section and disposed in predetermined,
      substantially parallel, spaced relationship, and a coupler element, having
      a flexural or longitudinal mode resonance characteristic, mechanically
      cascade-connecting the electro-mechanical transducer elements, wherein the
      ratio of d to D of the input electro-mechanical transducer element is made
      to differ from that of the output electro-mechanical transducer element,
      where d represents the maximum width in the direction perpendicular to the
      truncated edge of each of said transducer elements and D indicates the
      maximum width in the direction parallel to the truncated edge of each of
      said transducer elements.
NUM  2.
PAR  2. A mechanical filter according to claim 1, further comprising one or more
      resonator elements of circular cross-section disposed between said
      electro-mechanical transducer elements and in predetermined spaced
      relationship to each other and to said transducer elements, said resonator
      elements being formed with a recess and connected to each other and to
      said transducer elements through said coupler element.
NUM  3.
PAR  3. A mechanical filter according to claim 2, wherein the cross-sectional
      shape of said recess taken in a plane parallel to the longitudinal axis of
      said resonator is square.
NUM  4.
PAR  4. A mechanical filter according to claim 2, wherein the cross-sectional
      shape of said recess taken in a plane parallel to the longitudinal axis of
      said resonator is triangular.
NUM  5.
PAR  5. A mechanical filter according to claim 2, wherein the cross-sectional
      shape of said recess taken in a plane parallel to the longitudinal axis of
      said resonator is semi-circular.
NUM  6.
PAR  6. A mechanical filter according to claim 2, wherein said recess comprises
      a combination of a recess whose cross-sectional shape taken in a plane
      parallel to the longitudinal axis of said resonator is square, and an
      upper pyramid-shaped recess contiguous to said square recess.
NUM  7.
PAR  7. A mechanical filter according to claim 2, wherein the cross-sectional
      shape of said recess taken in a plane parallel to the longitudinal axis of
      said resonator is rectangular.
NUM  8.
PAR  8. A mechanical filter according to claim 2, wherein said recess comprises
      a combination of a recess whose cross-sectional shape taken in a plane
      parallel to the longitudinal axis of said resonator is rectangular, and an
      upper pyramid-shaped recess contiguous to said rectangular recess.
NUM  9.
PAR  9. A mechanical filter comprising an input side and an output side
      electro-mechanical transducer element parallel to each other, each of said
      transducer elements comprising a resonator of truncated circular
      cross-sectional capable of flexural mode resonance, each of said
      transducer elements having a piezoelectric ceramic member attached
      thereto, at least one round rod-like flexural mode resonator disposed
      between said electro-mechanical transducer elements and in a predetermined
      parallel, spaced relationship, and a coupler of longitudinal mode
      resonance property extending on and perpendicularly to the axes of said
      electro-mechanical transducer elements and said flexural mode resonator
      and secured thereto, said flexural mode resonator having a recess formed
      in the loop portion thereof opposed to said coupler secured to said
      flexural mode resonator, each of said electro-mechanical transducer
      elements and said flexural mode resonator being mounted on a mount base
      plate by means of a bent wire-like support member having a pair of legs,
      at the nodal points on the side opposite to that side at which said
      coupler is secured.
NUM  10.
PAR  10. A mechanical filter according to claim 9, wherein the cross-sectional
      shape of said recess taken in a plane parallel to the longitudinal axis of
      said resonator is square or rectangular.
NUM  11.
PAR  11. A mechanical filter according to claim 9, wherein the cross-sectional
      shape of said recess taken in a plane parallel to the longitudinal axis of
      said resonator is triangular.
NUM  12.
PAR  12. A mechanical filter according to claim 9, wherein the cross-sectional
      shape of said recess taken in a plane parallel to the longitudinal axis of
      said resonator is semi-circular.
NUM  13.
PAR  13. A mechanical filter according to claim 9, wherein said recess comprises
      a combination of a recess whose cross-sectional shape taken in a plane
      parallel to the longitudinal axis of said resonator is square rectangular,
      and an upper pyramid-shaped recess contiguous to said square recess.
NUM  14.
PAR  14. A mechanism for supporting a bending mode resonator for mechanical
      filter comprising support metal wires spot-welded substantially centrally
      thereof to said resonator at the nodal points thereof, each of said
      support metal wires being bent about said spot-welded point so as to be
      substantially perpendicular to the axis of said resonator, the free ends
      of said metal wires so bent being secured to a support base plate.
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ABST
PAL  A duplex receptacle model GFCI device having preformed bus conductors of
      generally U-shaped configuration disposed on edge and one nested within
      the other preformed clip receptacles and support means for circuit breaker
      contacts are integral with the preformed bus conductors and form
      respective unitary conductors which are placed edgewise into slots molded
      into the case of the device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years considerable interest has been shown in ground fault
      circuit interrupter (GFCI) devices that provide additional protection to
      humans against electrical shock which may occur because of faults in
      electrical equipment and in electrical supply and distribution systems.
      GFCI protection devices have been constructed in a form suitable for
      mounting in the conventional circuit breaker panel box at the input to the
      electrical distribution system of a residence, for example. GFCI
      protection devices also are provided in the form of a duplex receptacle
      model which replaces the conventional two receptacle electrical outlet
      commonly mounted in a box at the lower portion of a wall. The receptacle
      model GFCI commonly provides two electrical outlet receptacles, and also
      houses the GFCI electronics and circuit breaker means for detecting a
      fault condition and for interrupting the supply circuit upon detection of
      a fault condition.
PAR  At the present time the installation of many duplex receptacle model GFCI
      devices is in the nature of a retrofit of existing receptacles and
      therefore must physically fit within existing standard mounting boxes.
      Because the present standard mounting boxes were made in a size to
      accomodate only the two plug receptacles and the necessary wire
      connections thereto, the space available in a box is quite restricted for
      accommodating a receptacle model GFCI having included therewith the
      electronic fault detecting circuitry and circuit breaker. This space
      limitation has resulted in considerable difficulty in the design and
      manufacture of receptacle model GFCI devices and has appreciably
      contributed to the cost of the devices.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The duplex receptacle model GFCI device of the present invention is
      constructed and arranged in a manner to require a minimum of parts and
      labor to assemble, and the device is electrically and physically sound. In
      the construction of devices of this invention, two rigid, preformed bus
      conductors of relatively flat, metal are insertable edgewise in the cover
      case of the receptacle model device and provide respective electrical
      connections between the two "hot" and neutral female receptacle connectors
      of the duplex device. The preformed bus conductors are formed in a
      generally U-shaped configuration and one bus connector nests within the
      U-shaped configuration of the other one, thereby eliminating the need for
      one bus conductor to cross over the other. This arrangement greatly
      reduces the number of weld or solder connections that must be madeduring
      manufacture of the device. The preformed bus conductors also include as an
      integral part thereof, respective female clip receptacles for the two plug
      receptacles and a stationary contact for the circuit breaker.
PAR  The GFCI electronic circuitry is potted within a dielectric plastic
      material to form an integral module which is retained in a separate
      compartment of the device. The device has three wires emanating from it.
      The wires connect, respectively, to the hot, neutral and ground conductors
      of the electrical supply system.
PAR  Upon detection of a fault in an electrical circuit connected to one of the
      plug receptacles of the device, the GFCI circuitry produces a fault signal
      which energizes the solenoid of the circuit breaker within the receptacle
      device. The solenoid actuates a trip mechanism which opens contacts to the
      hot and neutral bus conductors of the device, thus disconnecting the two
      plug receptacles from the electrical source.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a duplex receptacle model GFCI constructed
      in accordance with the present invention;
PAR  FIG. 2 is a simplified wiring diagram of a device constructed in accordance
      with the present invention;
PAR  FIG. 3 is a simplified and partially exploded perspective illustration of
      the bus conductors and the major portion of the circuit breaker of a
      device of this invention;
PAR  FIG. 4 is a plan view looking into the back of the front case of the device
      of FIG. 1;
PAR  FIG. 5 is a simplified perspective illustration, partially broken away, of
      the circuit breaker portion of a device of this invention; and
PAR  FIGS. 6 and 7 are simplified perspective and plan views, respectively,
      showing an alternative construction and arrangement of bus conductors for
      a duplex receptacle model GFCI constructed in accordance with the present
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the perspective view of FIG. 1 the duplex receptacle GFCI device 10 is
      comprised of a molded plastic front case 11 which is a hollow five-sided
      rectangular member. The face 14 of front case 11 has two sets of spaced
      slots or apertures which comprise receptacles 16 and 17 for respectively
      receiving the three prongs of male plugs. Reset button 18 and test button
      19 extend outward through front face 14.
PAR  It will be noted, and it will be explained below, that the two patterns of
      apertures for receptacels 16 and 17 are angularly oriented 180.degree.
      with respect to each other.
PAR  A molded plastic back case 20 is attached by screws or rivets to the back
      side of front case 11. Back case 20 is a hollow rectangular member which
      encloses within it a potted module which comprises the electronic
      circuitry of the ground fault sensor. As used herein, ground fault sensor,
      or ground fault current interrupter, GFCI, may or may not include
      circuitry for detecting a ground connection on the load side of the
      neutral conductor. This invention does not involve the details of the
      ground fault sensing circuit itself, and accordingly, any known type of
      circuitry may be employed in the device of this invention.
PAR  Electrical leads 21, 22, 23 extend outwardly from apertures in back case 20
      and constitute, respectively, the hot, neutral and ground conductors which
      are to be connected to corresponding conductors of the electrical supply
      system.
PAR  Mounting brackets 24a and 24b are provided for mounting the receptacle
      device in a wall box.
PAR  FIG. 2 is a simplified wiring diagram of the device 10 and shows hot,
      neutral and ground conductors 21, 22 and 23 leading into the case.
      Included within the device 10, and shown within respective broken line
      rectangles, are the potted module 25 of the GFCI circuitry and a two pole
      electromagnetic circuit breaker 27 which may be of conventional design.
PAR  A preformed, generally U-shaped, hot bus conductor 30 of relatively thick
      and rigid, flat conductive material electrically connects the female clip
      connectors 16a and 17a of receptacles 16 and 17, and a similarly shaped
      and constructed, but somewhat shorter neutral bus conductor 31
      electrically connects the female clip receptacles 16b and 17b. The bus
      conductors 30 and 31 will be described in further detail below. The ground
      clip receptacles 16c and 17c are electrically connected by conductor 33
      which may be a conventional wire conductor. The hot and neutral bus
      conductors 30 and 31 have formed as an integral and unitary part thereof
      the short branch conductors 30a and 31a. Stationary contacts 36 and 37 of
      circuit breaker 27 are respectively secured to the free ends of branch
      conductors 30a and 31a.
PAR  Hot and neutral lead wires 21 and 22 pass through a toroid transformer 40
      in the potted module 25 and then connect to the respective movable
      contacts 42 and 43 of circuit breaker 27.
PAR  A fault signal produced in the GFCI electronic circuitry 44 within potted
      module 25 is coupled over lead 45 to solenoid 47 of the circuit breaker.
      The other end of solenoid 47 is coupled by lead 50 to branch conductor 30a
      of hot bus conductor 30.
PAR  The physical configuration of preformed bus conductors 30 and 31 and their
      positioning relative to one another and relative to circuit breaker 27 are
      shown in the simplified illustration of FIG. 3. The positioning of those
      components within front case 11 is illustrated in FIG. 4, which is a view
      looking into the back of front case 11, and assuming that back case 20 is
      removed. Referring to both of those figures, it is seen that the inside of
      the plastic front cover 11, FIG. 4, has molded therein a number of
      partition walls such as walls 51 and 52 which are of various heights but
      none of which are the full height of the outer side walls of front case
      11. Hot bus conductor 30 generally has a U-shaped configuration comprised
      of two side legs joined by a crossover portion. The bottom one of the side
      legs is shorter than the other one. Adjacent the outer ends of each of the
      two legs of hot bus conductor 30 are female clip receptacles 16a and 17a,
      FIG. 3, which are preformed from the same stock material as the bus
      conductor. At the crossover portion of bus conductor 30 branch conductor
      30a rises vertically a short distance and then bends over and extends
      substantially horizontally a short distance. Bus conductor 30, female clip
      receptacles 16a and 17a, and branch conductor 30a all are fashioned from a
      unitary sheet of relatively thick, flat conductive material so that no
      welding or soldering is required for this rigid, integral, preformed
      member. Contact head 36 of the circuit breaker is secured at the outer
      extremity of branch conductor 30a.
PAR  Neutral bus conductor 31 also is of a generally U-shaped configuration but
      its two legs and crossover portion therebetween are somewhat shorter than
      corresponding portions of bus conductor 30 so that neutral bus conductor
      31 nests within the configuration of hot conductor 30. As seen in FIG. 4,
      the crossover portions of the two bus conductors 30 and 31 are parallel
      and relatively closely spaced. A U-shaped partition wall 51 within plastic
      front cover 11 extends between the flat sides of the two bus conductors to
      help maintain them in position and electrically insulated from each other.
      A second U-shaped partition wall 52 is on the inside of neutral bus
      conductor 31 to help maintain that conductor in position. Branch conductor
      31a passes over the top edge of the crossover portion of partition wall 52
      and supports at its outer end a stationary contact 37 of circuit breaker
      27.
PAR  Because bus conductors 30 and 31 are shaped so that they may be inserted
      edgewise into respective slots formed by a side wall and the two partition
      walls 51 and 52 the bus conductors may be nested closely adjacent each
      other and thus require a minimum of valume within front case 11. As seen
      in FIG. 4, the free ends of bus conductors 30 and 31 are received in
      corresponding supports formed in molded front case 11.
PAR  As seen in FIGS. 3 and 5, but not illustrated in FIG. 4 in order not to
      obscure other parts of that figure, movable contacts 42 and 43 of the
      circuit breaker 27 and disposed at the outer ends of arms that are held
      within a pivot member 55 which is made of a dielectric plastic material.
      Pivot pins 56 and 57 extend from opposite sides of pivot member 55 and are
      received within open recesses 58 and 59 formed in the upper edge of a
      U-shaped bracket 60 which forms the frame of the circuit breaker 27.
      Solenoid 47 is affixed to the crossover portion of bracket 60. A flat
      armature 62 is pivotally supported on a pin 63 which extends between the
      side legs of bracket 60. A plastic block 65 also extends between the side
      legs of bracket 60. Block 65 has an aperture 66 extending therethrough
      within which circuit breaker reset button 18 is located, see FIGS. 1 and
      4.
PAR  As illustrated in FIG. 5, pivot member 55 has a cavity in its top surface
      for receiving helical springs 70 and 71. When assembled as illustrated in
      FIG. 1, the top ends of helical springs 70 and 71 of FIG. 5, are held in
      compression against a removable cover plate of back case 20. The springs
      therefore tend to rotate pivot member 55 in a clockwise direction about
      pivot pins 56 and 57, thus tending to move the circuit breaker contacts
      36, 37 and 42, 43 to the open contacts position, see FIG. 3. In the set
      condition of the circuit breaker 27, flat armature 62 is spring biased in
      a counterclockwise direction about its pivot pin 63, and its upper edge is
      held against the bottom surface of a detent 73 formed on pivot member 55.
      In the set arrangement just described the circuit breaker contacts 36, 37
      and 42, 43 will be in their contacts closed position.
PAR  To set circuit breaker 27 to the contacts closed condition, reset button 18
      on the face 14 of front cover 11 is pressed inwardly. Button 18 engages
      the back portion of pivot member 55 and raises its back edge to allow
      spring biased flat armature 62 to come into engagement with the bottom of
      detent 73.
PAR  Upon occurrence of a fault signal, solenoid 47 is energized and flat
      armature 62 is attracted toward solenoid core 47a, thereby moving out of
      contact with detent 73 on pivot member 55. Compression springs 70 and 71
      then cause pivot member 55 to rotate in a clockwise direction to disengage
      movable contacts 42 and 43 from stationary contacts 36 and 37, thus
      disconnecting the hot and neutral bus conductors 30 and 31 from the hot
      and neutral leads 21 and 22 of the electrical supply system.
PAR  As seen in FIG. 4 a short, resilient conductive strip 56 is secured to the
      free end of branch conductor 30a. This strip 56 is in contact with the
      bottom end of test button 19. Although not illustrated since it forms no
      part of the present invention, a contact extends from back cover 20 into
      closely spaced relationship to the free end of strip 56. The
      nonillustrated contact connects to a test resistor in the GFCI circuitry
      within back case 20. To test the operation of the GFCI device, the circuit
      breaker is set and test button 19 is pressed to close a test circuit which
      connects the input neutral line 22 and hot bus conductor 30. This
      represents a short circuit across the lines and should produce a fault
      signal in the GFCI circuit.
PAR  From the preceding description it is seen that the duplex receptacle model
      GFCI is relatively simple to manufacture and assemble. One of the
      advantageous features of the device is that the hot and neutral bus
      conductors 30 and 31 include the short branch conductors 30a and 31a for
      supporting contacts 36 and 37, and also include a integral parts thereof
      the clip receptacles 16a, 17a and 16b, 17b, respectively. Additionally, by
      arranging the plug recpetacles 16 and 17 so that the receptacle clips of
      the two are angularly oriented 180.degree. with respect to each other it
      is possible to form the bus conductors 30 and 31 in U-shaped
      configurations and to nest one within the other in front case 11. This
      eliminates the necessity for one bus conductor to pass over or under the
      other and reduces the number of welds and/or solder connections and
      joints, thus greatly simplifying the manufacture and assembly of the
      devices. The assembly of devices constructed in accordance with this
      invention is relatively simple. The bus conductors 30 and 31 are merely
      inserted on edge within closely fitting slots or channels formed by a side
      wall and the U-shaped partition walls 51 and 52 which are molded into the
      front case 11. Short tabs on the free ends of the bus conductors rest on
      corresponding supports also molded into front case 11, thus further
      supporting and positioning the bus conductors.
PAR  The concept of the present invention is not limited to the exact
      configuration and arrangement illustrated in FIGS. 1-5. Another embodiment
      of the invention is illustrated in FIGS. 6 and 7. In these figures, parts
      corresponding to those of the embodiment of FIGS. 1-5 have corresponding
      primed reference numerals.
PAR  In FIGS. 6 and 7 it is seen that bus conductors 30' and 31' also are
      preformed from flat, relatively rigid conductive stock material and each
      has a generally U-shaped configuration. In this arrangement the receptacle
      clips 16c' and 17c' for the ground pin of the male plugs are centered mid
      way between the side walls of the case and are positioned above and below,
      respectively, the hot and neutral receptacle clips. In other words, the
      pairs of hot and neutral clip receptacles 16a', 16b' and 17a', 17b' are
      adjacent each other on a line parallel to the narrow side wall of front
      case 11' while in the first embodiment, see FIG. 4, the pairs of clip
      receptacles 16a, 16b and 17a, 17b are adjacent each other on respective
      lines that are parallel to the longer side walls of the front case 11. It
      will be seen that the bus conductors 30' and 31' illustrated in FIGS. 6
      and 7 otherwise are quite similar to the bus conductors 30 and 31
      illustrated in FIGS. 3 and 4.
PAR  In FIG. 7 the clip receptacles for the ground wire pin of male plugs have
      not been illustrated, but the corresponding apertures 16c" and 17c" in the
      front face of case 11' have been illustrated.
PAR  While the invention has been illustrated and described in its perferred
      embodiments, other embodiments may be made without departing from the
      concept of the invention and without departing from the scope of the
      accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a receptacle model ground fault circuit interrupter device, wherein
      said device includes at least first and second electrical plug receptacles
      and circuit breaker means for disconnecting said receptacles from an
      electrical source, and further includes ground fault circuit interrupting
      means for actuating said circuit breaker means upon sensing a ground
      fault, improved means for electrically connecting said receptacles in
      parallel and connecting the parallel connected receptacles to said circuit
      breaker means, said improvement comprising
PA1  a case having four side walls and a front face,
PA1  first and second spaced receptacle means ins said front face for receiving
      prongs of at least two male electrical plugs,
PA1  first and second preformed bus conductors of generally U-shaped
      configuration disposed within said case, said bus conductors being
      preformed from relatively rigid and flat stock metal,
PA1  each bus conductor having two legs with a crossover portion therebetween,
      the crossover portion of the second bus conductor being shorter than that
      of the first one,
PA1  insulating partition means within said case for holding said first bus
      conductor in a fixed position with its crossover portion adjacent one side
      wall of the case,
PA1  additional insulating partition means within the case for holding the
      second bus conductor in a fixed position nested at least partially within
      said first bus conductor with the crossover portions of the two bus
      conductors closely adjacent and substantially parallel,
PA1  a pair of female clip receptacles located, respectively, adjacent the free
      ends of the two side legs of each bus conductor,
PA1  said free ends of the two bus conductors and said clip receptacles being
      constructed and arranged to receive prongs of electrical male plugs
      inserted through said receptacle means in said front face.
NUM  2.
PAR  2. The combination claimed in claim 1 wherein said receptacle means in said
      front face comprises first and second sets of apertures through said front
      face,
PA1  said two sets of apertures being angularly oriented 180.degree. with
      respect to each other.
NUM  3.
PAR  3. The combination claimed in claim 1 wherein
PA1  said case is a molded plastic case and wherein
PA1  said two insulating partition means are integral an unitary portions of
      said molded case and extend normally from the back surface of said front
      face.
NUM  4.
PAR  4. The combination claimed in claim 3 wherein said two insulating partition
      means are relatively thin U-shaped partitions,
PA1  the crossover portion of the first U-shaped partition being spaced from
      said one side wall of the case to hold the crossover portion of the first
      bus conductor on edge therebetween,
PA1  the crossover portion of said second U-shaped insulating portion being
      spaced from that of the first insulating partition to hold the crossover
      portion of said second bus conductor on edge therebetween.
NUM  5.
PAR  5. The combination claimed in claim 1 and further including
PA1  first and second preformed branch conductors extending, respectively, from
      the crossover portions of the first and second bus conductors,
PA1  contact means on said branch conductors for making and breaking with
      movable contacts of said circuit breaker means.
NUM  6.
PAR  6. The combination claimed in claim 5 wherein
PA1  said branch conductors extend transversely from the bus conductors and are
      bent to extend in the direction parallel to said side legs.
NUM  7.
PAR  7. The combination claimed in claim 5 wherein
PA1  each of said bus conductors and its associated clip receptacles and branch
      conductors are preformed as an integral unit from a unitary sheet of flat
      stock metal.
NUM  8.
PAR  8. In a duplex receptacle model ground fault circuit interrupter device for
      mounting in a duplex receptacle wall box, the combination comprising
PA1  a front cover member comprised of four side walls and a front wall,
PA1  two sets of three apertures in said front wall defining two plug receiving
      means for receiving three-pronged electrical plugs, two apertures of each
      set adapted to receive plug prongs corresponding to hot and neutral
      conductors, and the third aperture adapted to receive a third prong
      corresponding to a ground conductor,
PA1  said two sets of apertures being arranged in patterns that are angularly
      oriented 180.degree. relative to each other,
PA1  a first relatively rigid bus conductor preformed in a generally U-shaped
      configuration disposed within said front cover,
PA1  the crossover portion of the U-shaped first bus conductor being disposed
      along one of said side walls of the front cover, first and second female
      clip receptacles disposed adjacent the free ends of the two legs of the
      first bus conductor, said two clip receptacles being preformed unitary and
      integral parts of said bus conductor,
PA1  a branch conductor extending transversely from the crossover portion of
      said bus conductor,
PA1  said branch conductor being a performed unitary and integral part of said
      first bus conductor,
PA1  stationary contact means affixed to said branch conductor,
PA1  a second relatively rigid bus conductor preformed in a generally U-shaped
      configuration and disposed within said front cover,
PA1  the crossover protion of said second bus conductor being shorter in length
      than that of the first bus conductor,
PA1  the second bus conductor being disposed in nested, spaced relationship with
      respect to the first bus conductor and with its crossover portion
      substantially parallel to that of the first bus conductor,
PA1  one side leg of the second bus conductor being shorter than the other side
      leg,
PA1  third and fourth female clip receptacles disposed adjacent the free ends of
      the two legs of the second bus conductor, said third and fourth clip
      receptacles being preformed unitary and integral parts of said second bus
      conductor,
PA1  a second branch conductor extending transversely from the crossover portion
      of said second bus conductor and disposed in spaced relationship to said
      first branch conductor,
PA1  said second branch conductor being a preformed unitary and integral part of
      the second bus conductor,
PA1  a second stationary contact affixed to said second branch conductor,
PA1  said first and second clip receptacles being constructed and arranged to be
      in registration with and thereby receive the same hot or neutral prongs of
      corresponding electrical plugs inserted through the two sets of apertures
      in said front wall of the front cover member,
PA1  said third and fourth clip receptacles being constructed and arranged to be
      in registration with and thereby receive the other ones of the hot or
      neutral prongs of electrical plugs inserted through the two sets of
      apertures in said front wall of the cover case,
PA1  fifth and sixth female clip receptacles disposed in said front cover member
      and each constructed and arranged to be in registration with and thereby
      receive a corresponding ground prong of an electrical plug inserted
      through said front wall,
PA1  circuit breaker means within said four side walls and including two movable
      contacts for cooperating with said first and second contacts on said
      branch conductors to provide circuit breaker action therebetween,
PA1  a back cover member adapted to mate with said front cover member,
PA1  ground fault sensing circuit means within said back cover member,
PA1  means coupling a ground fault signal from said sensing circuit means to
      said circuit breaker means,
PA1  hot an neutral conductors extending from the exterior of said device and
      coupled to the movable contacts of the circuit breaker means and to said
      ground fault sensing circuit means.
NUM  9.
PAR  9. The combination claimed in claim 8 and further including,
PA1  insulating partition means formed as part of said front cover means and
      disposed between said two bus conductors for maintaining said two bus
      conductors on edge in fixed spaced relationship to each other.
NUM  10.
PAR  10. The combination claimed in claim 9 wherein
PA1  said first branch conductor of the first bus conductor extends parallel to
      a surface of said partition means and then extends transversely across
      said partition means and said second bus conductor.
NUM  11.
PAR  11. The combination claimed in claim 10 wherein said first and second
      preformed bus conductors have widths considerably greater than their
      thicknesses and have a U-shaped configuration looking edgewise at the
      thickness dimension.
NUM  12.
PAR  12. The combination claimed in claim 11 wherein said crossover portions of
      the two bus conductors are disposed closer said front wall of the front
      cover member than are the side legs thereof.
NUM  13.
PAR  13. In a duplex receptacle model ground fault circuit interrupter device,
      the combination comprising
PA1  a plastic case having four side walls and a front face to form a five-sided
      case,
PA1  said front face being characterized by having at least three adjacent
      regions thereon,
PA1  first and second sets of apertures respectively located in two of said
      regions on the front face, the apertures of each set being adapted to
      receive the prongs of an electrical male plug and the pattern of apertures
      of one set being angularly oriented 180  with respect to that of the other
      set,
PA1  an insulating partition having a U-shaped configuration extending normally
      from the back surface of said front face,
PA1  the crossover portion of the U-shaped partition being closely adjacent one
      side wall of said case and the two legs of the partition extending
      transversely between two side walls,
PA1  siad insulating partition defining three side-by-side sections within said
      case, the end ones of the three sections being in registration with a
      respective set of apertures in said front face,
PA1  a second U-shaped insulating partition extending normally from the back
      surface of the front face,
PA1  the crossover portion of the second partition being disposed parallel to
      and closely spaced from the crossover portion of the first partition on
      the side thereof opposite said one wall of the case,
PA1  the side legs of the second partition extending in parallel spaced
      relationship to the side legs of the first partition,
PA1  first and second preformed bus conductors of generally U-shaped
      configuration when viewed edgewise,
PA1  said bus conductors being preformed from relative rigid and flat stock
      metal,
PA1  each U-shaped bus conductor having one side leg shorter than the other side
      leg,
PA1  said second bus conductor having a shorter crossover portion than that of
      the first bus conductor,
PA1  said first bus conductor being inserted edgewise within said case with its
      crossover portion disposed between said one side wall and said first
      insulating partition and with each side leg in a respective end section
      within said case,
PA1  said second bus conductor being inserted edgewise within said case with its
      shorter crossover portion disposed between the crossover portions of the
      two insulating partitions and having each side leg within a respective end
      section within said case,
PA1  the side legs of said two bus conductors being substantially parallel,
      whereby the second bus conductor nests within the first bus conductor with
      no crossovers therebetween,
PA1  a female clip receptacle disposed at the free end of each side leg of each
      of said bus conductors,
PA1  said clip receptacles being located in registration with a corresponding
      aperture in said front face.
PATN
WKU  039316025
SRC  5
APN  552668&
APT  1
ART  212
APD  19750224
TTL  Thermal limiter for one or more electrical circuits and method of making
      the same
ISD  19760106
NCL  2
ECL  1
EXA  Bell; Fred E.
EXP  Miller; J. D.
NDR  7
NFG  39
INVT
NAM  Plasko; Emil Robert
CTY  Washington Township
STA  OH
ASSG
NAM  Micro Devices Corporation
CTY  Dayton
STA  OH
COD  02
RLAP
COD  72
APN  490732
APD  19740722
PSC  04
RLAP
COD  84
APN  321753
APD  19730108
PSC  01
PNO  3839692
RLAP
COD  82
APN  217927
APD  19720114
PSC  01
PNO  3764948
RLAP
COD  82
APN  101848
APD  19701228
PSC  01
PNO  3649942
RLAP
COD  82
APN  62369
APD  19700810
PSC  03
CLAS
OCL  337163
XCL  337166
XCL  337186
XCL  337222
EDF  2
ICL  H01H 8502
FSC  337
FSS  163-165;182;186;222
FSC  219
FSS  501
UREF
PNO  1361396
ISD  19201200
NAM  Mooers et al.
OCL  337184
UREF
PNO  2672542
ISD  19540300
NAM  Fisher
XCL  337163
UREF
PNO  3764948
ISD  19731000
NAM  Plasko
OCL  337163
FREF
PNO  417,732
ISD  19670200
CNT  CH
LREP
FRM  Biebel, French & Bugg
ABST
PAL  This invention relates to a self-contained thermal limiter construction
      which can be used to limit one or more electrical circuits and comprises a
      thermally responsive device having leads for being interconnected into
      such electrical circuit or circuits and one or more of electrically
      operated heaters disposed adjacent the device and each being adapted to
      cause the device to open the circuit or circuits when heated by the
      respective heater a certain amount.
PARN
PAR  This application is a Continuation-in-Part application of its copending
      parent patent application, Ser. No. 490,732, filed July 22, 1974, which in
      turn, is a divisional application of its copending parent patent
      application, Ser. No. 321,753, filed Jan. 8, 1973, now U.S. Pat. No.
      3,839,692, which, in turn, is a continuation-in-part application of its
      copending parent application, Ser. No. 217,927, filed Jan. 14, 1972, now
      U.S. Pat. No. 3,764,948, which, in turn, is a continuation-in-part
      application of its copending parent application, Ser. No. 101,848, filed
      Dec. 28, 1970, now U.S. Pat. No. 3,649,942, which in turn, is a
      continuation-in-part application of its copending parent application, Ser.
      No. 62,369, filed Aug. 10, 1970, and abandoned in favor of its
      continuation-in-part application, all of which are assigned to the same
      assignee to whom this application is assigned.
BSUM
PAR  This invention relates to a thermal limiter construction for one or more
      electrical circuits and to method for making such a construction or the
      like.
PAR  For example, one embodiment of the thermal limiter construction of this
      invention can be used to limit multiple circuits in which a primary
      circuit energizes or controls one or more secondary circuits, such as a
      transformer having a primary circuit and secondary circuits. The limiter
      construction of this invention is a unitary construction which can be
      connected to such primary and secondary circuits in an efficient manner.
PAR  One feature of this invention is to provide a thermal limiter construction
      having a controlled delay action in the operation thereof to prevent
      accidental circuit limiting, such controlled delay action being provided
      by a fixed and controlled location of the heater element or elements
      relative to the limiter sensing element as will be apparent hereinafter.
PAR  In addition, other features of the limiter construction of this invention
      is to permit the selection of the heater element in its output
      temperature, the selection of the sensing element for the required sensed
      temperature for opening the circuit, and the selection of the desired
      characteristics of the insulating mass that secures the limiter parts
      together, such characteristics being the thermal conductivity of the mass
      material, the size of the mass utilized, etc. Other selectable variables
      of the limiter construction of this invention will be apparent
      hereinafter.
PAR  For example, one embodiment of a thermal limiter construction of this
      invention for at least one electrical circuit comprises a thermally
      responsive fuse and lead means operatively interconnected to the fuse for
      coupling the fuse in a desired electrical circuit. An electrical circuit
      heater means is disposed in a selected position relative to the fuse and
      an insulating mass covers and secures the heater means and the fuse in
      such selected position thereof with the lead means having at least
      portions thereof exposed from the mass whereby the insulating mass and the
      selected positioning of the heater means relative to the fuse, once the
      desired variables of the fuse, mass and heater have been selected,
      provides a controlled time delay in the heater means being adapted to
      cause the fuse to blow and thereby open the one electrical circuit.
PAR  Another thermal limiter construction of this invention can be of the above
      type except that the insulating mass can be eliminated or only be utilized
      to secure one of the fuse and heater therefor in the selected position
      thereof.
PAR  Another such thermal limiter construction of this invention has a plurality
      of electric circuit heater means disposed in selected positions on the
      fuse and being in different spaced relations relative thereto by the
      insulating mass which covers and secures the heater means and the fuse in
      such selected positions thereof while the lead means for the fuse and the
      heater means have portions thereof exposed from the insulating mass for
      interconnection to desired electrical circuits. If desired, such heater
      means can comprise heater wires coiled about the fuse in different
      stratified layers thereon.
PAR  Another thermal limiter construction of this invention has a plurality of
      electrically operated heater means disposed adjacent the thermally
      responsive device with such heater means merely being supported in
      selected positions relative to the device by support means, with or
      without the previously described insulating mass, each heater means being
      adapted to cause the device to open an electrical circuit coupled thereto
      when the device is heated by the respective heater means a certain amount.
PAR  This invention also includes a method of making the thermal limiter
      construction of this invention.
DRWD
PAR  Many other features, advantages and objects will become obvious from this
      description, the appended claimed subject matter, and the accompanying
      drawings in which:
PAR  FIG. 1 is a side view of a plural circuit wire attachment toothed comb or
      comblike member to be used in this invention;
PAR  FIG. 2 is a cross section along the line 2--2;
PAR  FIG. 3 is an opposite side view of FIG. 1;
PAR  FIG. 4 is a view showing a partial assembly in the production of this
      invention and showing circuit wires secured to the free ends of the teeth
      of the comb members and with a thermally responsive fuse supported by two
      of said circuit wires;
PAR  FIG. 5 is a view similar to FIG. 4, but showing a completed form of the
      invention;
PAR  FIG. 5A is an end view of FIG. 5;
PAR  FIG. 6 is a diagrammatic view of the invention used as a multiple circuit
      temperature limiter in the circuit wires of a part of a transformer
      circuit;
PAR  FIG. 7 is a diagrammatic view showing a transformer circuit somewhat
      similar to the circuit of FIG. 6 but in which the temperature is limited
      by separate limiters which can be eliminated by this invention.
PAR  FIG. 8 is a top perspective view of a housing structure for another
      multiple circuit thermal limiter of this invention.
PAR  FIG. 9 is a cross-sectional view taken on line 9--9 of FIG. 8.
PAR  FIG. 10 is a top view of the housing structure illustrated in FIG. 8 and
      illustrates the fuse, heater wires and terminals assembled therein.
PAR  FIG. 11 is a cross-sectional view taken on line 11--11 of FIG. 10.
PAR  FIG. 12 is a cross-sectional view taken on line 12--12 of FIG. 10 and
      illustrates the structure of FIG. 10 after the insulating mass has been
      received in the housing means.
PAR  FIG. 13 is a side view of the completed multiple circuit thermal limiter of
      this invention as coupled to a plural circuit wire lead attachment means.
PAR  FIG. 14 is a top perspective view of another thermal limiter construction
      of this invention.
PAR  FIG. 15 is an exploded perspective view of the various parts forming the
      thermal limiter of FIG. 14.
PAR  FIG. 16 is a top view of the parts of FIG. 15 in their assembled position
      and before the insulating mass has been disposed in the housing thereof.
PAR  FIG. 17 is a cross-sectional view taken on line 17--17 of FIG. 16 and
      illustrates the thermal limiter after the insulating mass has been placed
      in the housing means of FIG. 16.
PAR  FIG. 18 is a cross-sectional view taken on line 18--18 of FIG. 17.
PAR  FIG. 19 is a schematic view illustrating an electrical circuit which can be
      utilized in combination with the thermal limiter of FIG. 14.
PAR  FIG. 20 is a perspective view of another thermal limiter of this invention
      before the same has been covered and secured in position by an insulating
      mass.
PAR  FIG. 21 illustrates the thermal limiter of FIG. 20 in its completed form
      after the insulating mass has been disposed thereon.
PAR  FIG. 22 is a perspective view of another thermal limiter construction of
      this invention wherein a plurality of heater means are secured in
      different spaced relations relative to the fuse by an insulating mass.
PAR  FIG. 23 is a perspective view of the fuse part of the device of FIG. 22.
PAR  FIG. 24 is a perspective view of the device of FIG. 23 with an insulating
      sleeve disposed over the same.
PAR  FIG. 25 is a perspective view of the device of FIG. 24 with a first heater
      coil coiled on the insulating sleeve of the fuse.
PAR  FIG. 26 is a perspective view similar to FIG. 25 and illustrates the first
      heater wire being covered by an insulating mass.
PAR  FIG. 27 is a perspective view of the device of FIG. 26 with an insulating
      sleeve disposed over the first insulating mass thereof.
PAR  FIG. 28 is a perspective view similar to FIG. 27 and illustrates another
      heater wire coiled on the outer insulating sleeve.
PAR  FIG. 29 is a perspective view similar to FIG. 28 and illustrates a covering
      mass over the outer coiled heater wire and another heater device being
      disposed against such outer insulating mass covered heater wire.
PAR  FIG. 30 is a fragmentary perspective view of another thermal limiter
      construction of this invention.
PAR  FIG. 31 is a cross-sectional view taken on line 31--31 of FIG. 30.
PAR  FIG. 32 is a view similar to FIG. 30 and illustrating the thermally
      responsive device before the same is assembled in position.
PAR  FIG. 33 is a view similar to FIG. 30 and illustrates another thermal
      limiter construction of this invention.
PAR  FIG. 34 is a view similar to FIG. 14 and illustrates another self-contained
      thermal limiter construction of this invention.
PAR  FIG. 35 is an exploded perspective view of the various parts forming the
      thermal limiter construction of FIG. 34.
PAR  FIG. 36 is a top view of the parts of FIG. 35 in their assembled position
      with an insulating mass of the thermal limiter construction removed.
PAR  FIG. 37 is a cross-sectional view taken on line 37--37 of FIG. 36 and
      illustrates the thermal limiter construction in its completed form with
      the insulating mass included therein.
PAR  FIG. 38 is a cross-sectional view taken on line 38--38 of FIG. 37.
DETD
PAR  While the various features of this invention are hereinafter described as
      being particularly adapted to provide a thermal limiter construction for
      various specific systems, it is to be understood that the various features
      of this invention can be utilized singly or in any combination thereof to
      provide thermal limiter construction for any suitable system as desired.
PAR  Therefore, this invention is not to be limited to only the embodiments
      illustrated in the drawings as the drawings are merely utilized to
      illustrate some of the wide variety of uses of this invention.
PAR  Referring now the the drawings, a plural circuit wire attachment toothed
      comb or comblike member 10, FIGS. 1, 2 and 3, may be an article of
      manufacture now on the market and may have an electrically insulative base
      12 carrying a plurality of electrically conductive wire attachment teeth
      or lead means 14. These teeth 14 may have wire attaching base supported
      tooth ends 16 secured to the base 12. The teeth 14 may also have wire
      attaching free tooth ends 18 extending away from said base 12.
PAR  The base 12 may be a relatively rigid insulative board strip made of any
      suitable material.
PAR  The wire attachment teeth 14 may have wire attachment openings 20 embedded
      in said insulative base 12 and other wire attachment openings 22 at the
      free ends of the teeth.
PAR  The base 10 may be a stiff insulative strip of any suitable material to
      which the base supported tooth ends 16 are secured by hollow rivets 24.
      These hollow rivets may be square tubes punched out of the tooth ends 16
      so that the tubes pass through the strip 10 and have their punched ends
      formed into rivets with outward tongues 26 for attachment of circuit wires
      thereto. The free ends 18 of the teeth may have the wire attachment
      openings 22 punched therein.
PAR  Suitable L-shaped support brackets 19 may be similarly riveted to the board
      strip or base 12.
PAR  The article shown in FIGS. 1, 2 and 3 may be used in making the multiple
      circuit limiter shown in FIGS. 4, 5 and 5A which is suitable for
      simultaneously limiting or breaking multiple circuits such as the primary
      circuit 28 of a transformer arrangement 30 and one or more secondary
      circuits 32 and 34 of the transformer arrangement 30, which transformer
      may be a transformer for a television set.
PAR  The multiple circuit limiter or breaker shown in FIG. 5 may include an
      insulative coating structure 36 which covers and separates the various
      circuit wires which are mounted on the free ends 18 of the teeth 14. Such
      structure 36 may also cover a thermal fuse 38 and other parts to be
      described. The fuse 38 may be of the thermally collapsible pellet type
      with the pellet 39 at one end of the fuse, such as disclosed in P. E.
      Merrill U.S. Pat. No. 3,180,958, patented April 1965. The result is that
      the mass 36 may be heated by any one of the heating wires 40, 42 and 44 so
      that the heated mass 36 causes the thermal fuse 38 to open or blow the
      primary circuit 28 of the transformer 30 and thereby also deenergize the
      secondary circuits 32 and 34 and prevent damage to the transformer
      arrangement or the like.
PAR  It may be that one or more other secondary circuits 46 may be energized by
      the primary circuit 28 of transformer 30. However, such secondary circuit
      46 may be of such current characteristics that it cannot be embodied in
      the mass 36. Under such conditions, a separate circuit breaker 48 may be
      provided in the secondary circuit 46 which has a thermal fuse 50. The
      wires 52 and/or pins 54 may be made with sufficient resistance to blow the
      fuse 50 and also break the one or more additional secondary circuits
      without breaking the transformer circuit arrangement previously described.
PAR  The insulative mass 36 may be formed as shown in FIGS. 4, 5 and 5A.
PAR  For example, any suitable insulative heat shrinkable sleeve 56, FIG. 4, may
      be placed around the fuse 38 and the circuit wires 40 and 58 also partly
      inside the sleeve 56 and extend out of said sleeve. The circuit wire 40
      may be electrically resistive sufficiently to blow the fuse 38 when wire
      40 is overloaded. The wire 58 is sufficiently conductive not to blow the
      fuse. A substantially electrically nonresistive splice 60 may connect wire
      40 and fuse 38. The collapsible pellet 39 is sufficiently close to the
      heating wire 40 to be blown if the wire 40 is overloaded.
PAR  Thereafter, the ends of the wires 40 and 58 may be secured to the free
      tooth ends 18A and 18B.
PAR  Then a heating circuit wire 42 is placed adjacent to and outside the sleeve
      56 and is secured to free tooth ends 18C and 18D so that the main body of
      heating wire 42 is sufficiently close to fuse 38 to blow the fuse if the
      wire 42 is overloaded.
PAR  Thereafter, a heating circuit wire 44 is placed adjacent to and outside
      sleeve 56 and also spaced from wire 42, but with its main body adjacent
      the fuse 38 sufficiently close to the fuse to blow the same if the wire 42
      is overloaded. The ends of the wire 44 are secured to the free tooth ends
      18E and 18F.
PAR  The insulative sleeve 56 may be made of any suitable heat shrinkable
      polyester such as mylar which is wrapped around parts of the wires 42 and
      58 and is then lightly heat shrunk, if desired.
PAR  The assembly, as so far assembled in FIG. 4, is then dipped in any well
      known ceramic or epoxy cement to form the insulative mass 64 around the
      sleeve 56 and around the wires 40, 42, 44 and 58. The mass 64 may be
      somewhat oblong when viewed transversely, as in FIG. 5A, with parts
      extending to cover substantially all of said wires 40, 42, 44 and 58 and
      the free ends 18A, 18B, 18C, 18D and 18E of the comb teeth. In this
      manner, the solidified mass 64 holds the heating wires, 40, 32 and 34 in a
      fixed position relative to the pellet 39 of the fuse 38 for a purpose
      hereinafter set forth.
PAR  FIG. 7 shows a transformer circuit somewhat similar to that shown in FIG.
      6. However, the limiters in FIG. 7 are individual to their respective
      primary and secondary circuits. These limiters have been individually
      mounted within the television cabinet or the like in a manner to require
      experienced service means to provide service on the parts rather than
      permit the owner to try and correct a blown circuit by mere fuse
      replacement and not correct service on the malfunctioning part.
PAR  The parts on the circuit of FIG. 7 have been marked with reference numerals
      of FIG. 6 to indicate how the parts are unified by this invention.
PAR  In FIG. 6, the transformer primary circuit may be connected to a plug-in
      structure 68 so that the primary circuit energizes a plurality of
      secondary circuits 32, 34 and 46, or more.
PAR  The finished product shown in FIG. 5 may be placed anywhere in the primary
      circuit so that all the heater wires 40, 42 and 44 can heat the insulative
      mass 64 which acts as a heat sink in a controlled manner to cause the fuse
      38 to blow if any of the heater wires are overloaded.
PAR  In particular, the position of the heating wires 40, 32 and 34 as held by
      the mass 64 in relation to the pellet 39 of the fuse as well as the heat
      conductive characteristics of the mass 64 are so selected that the fuse 38
      will not immediately blow but will blow only after a certain time period
      from the initial heating of one or more wires 40, 32 and 34 and the
      continued heating thereof in order to prevent inadvertent blowing of the
      fuse 38 should the serviceman accidently cause a temporary short
      circuiting by a screwdriver engagement during a service check, etc.
PAR  Any isolated secondary circuit such as 46 can be broken by an individual
      thermal fuse or current breaker 48.
PAR  Thus, it is to be seen that this invention includes an improved multiple
      circuit thermal limiter 66, FIG. 5, which can be combined with a multiple
      circuit such as a transformer circuit as shown in FIG. 6. An efficient
      method of making such limiter is also provided.
PAR  Another multiple circuit thermal limiter of this invention is generally
      indicated by the reference numeral 70 in FIG. 13 and comprises a housing
      means or base 71 formed of suitable insulating material and carrying a
      plurality of quick connect and disconnect sleeve-like lead members 72 for
      effectively receiving bayonet type lead strips 73 carried on an
      electrically insulating base or strip 74 adapted to be mounted to a
      desired supporting structure 75 by suitable leg means 76 whereby the
      thermal limiter 70 of this invention is adapted to be coupled to the lead
      attachment strips 73 of the board or vase 74 by merely having the lead
      sleeves 72 telescoped over the projecting portions of the lead strips 73
      so that the thermal limiter 70 of this invention can be coupled into a
      desired circuit means interconnected to the lead strips 73 in a
      conventional manner.
PAR  The multiple circuit thermal limiter 70 of this invention has the housing
      means 71 thereof provided with a substantially rectangular base portion 77
      with a cavity 78 formed therein and defining a closed end wall means 79,
      opposed side wall means 80 and 81 and opposed end walls 82 and 83 of the
      housing means 71 with the side wall 81 having an extension 84 angled
      therefrom in the manner illustrated in FIGS. 8, 9 and 10. The angled wall
      84 has a plurality of pockets 85 formed therein and defined between
      outwardly extending ridge means 86 utilized for snap fitting and retaining
      the sleeve-like lead means 72 in a pre-assembled position relative
      thereto.
PAR  For example, each lead means 72 comprises an upper sleeve-like portion 87
      adapted to slip into a pocket means 85 under inwardly directed ears 88 of
      the cooperating ridge means 86 so as to be held flat against the angled
      wall 84 with the lower end 89 of the sleeve 87 abutting against locating
      shoulder means 90 on the ridge means 86 as illustrated in FIG. 12 whereby
      a lower wire attaching means 91 of the lead means 72 extends into the
      chamber or recess 78 of the housing means 71. In this manner, the
      sleeve-like lead means 72 of the thermal limiter 70 can be disposed in the
      pocket means 85 of the housing means 71 so that the same will be uniformly
      positioned relative thereto by the stop means or shoulders 90 and ears 88
      of the ridge means 86 whereby the sleeve-like lead means 72 will be in
      proper positions relative to the lead strips 73 of the insulating base 74
      when it is desired to couple a thermal limiter 70 of this invention
      thereto.
PAR  If desired, the spacing between the pockets 85 on the angled side wall 84
      of the housing means 71 can be so spaced relative to each other that the
      same will be compatible with like spacing of the strips 73 on the
      insulating board 74 so that the thermal limiter 70 can be only coupled to
      the strips 73 on the board 74 when the limiter 70 is held in a certain
      position relative thereto so that wrong connecting to the board 74 will be
      prevented. For example, it can be seen that the spacing between the middle
      two sleeve members 72 of the thermal limiter 71 of this invention is
      greater than the spacing between any other adjacent pair of lead means 72
      so as to be compatible with like spacing between the lead strips 73 on the
      base 74.
PAR  The end or bottom wall 79 of the housing means 71 of the thermal limiter 70
      has upwardly extending longitudinal dividers 92 and 93 formed integrally
      therewith and dividing the recess 78 into three chambers 94, 95 and 96 as
      illustrated in FIG. 11 whereby the chamber 95 is adapted to receive a
      temperature responsive fuse 97 formed in the same manner as the fuse 38
      previously described and be electrically interconnected to the two
      outboard lead means 72 by supporting wires 98 and 99 as illustrated in
      FIG. 10, the wire 99 being a heater wire in the same manner as the heater
      wire 40 previously described and being coupled to the right side 100 of
      the fuse 97 by a substantially electrically non-resistive splice member
      101 in the same manner as the splice member 60 previously described.
PAR  A heater wire 103 can be disposed in the chamber 94 and have its opposed
      ends 104 and 105 respectively interconnected to the next two inboard lead
      means 72. Another heater wire 106 is adapted to be disposed in the chamber
      96 and have its opposed ends 107 and 108 respectively interconnected to
      the two innermost lead sleeves 72 as illustrated in FIGS. 10 and 12.
PAR  In this manner, it can be seen that the dividers 92 and 93 separate the
      heating wires 103 and 106 from the thermal fuse 97 as well as the lead
      attachment wires thereof during the assembly operation as illustrated in
      FIG. 10.
PAR  Thereafter, the desired insulative mass 109 is disposed in the recess 78 of
      the housing means 71 to fill the same to the desired level, which in the
      embodiment illustrated in the drawings is to the top of the end walls 82
      83 and side walls 77, so as to not only cover and secure the heating wires
      99, 103 and 106 in the desired selective positioning thereof relative to
      the fuse 97 when the mass 109 hardens, but also to cover the lower ends 91
      of the lead means 72 so as to secure the lead means 72 in their assembled
      relation in the pockets 85 so that the same cannot be subsequently moved
      relative to the housing means 71.
PAR  In this manner the completed thermal limiter 70 of this invention is
      adapted to be coupled to the lead board 74 in the manner previously
      described and be uncoupled thereto by merely telescoping or untelescoping
      the sleeve means 70 thereof to or from the lead strips 73 of the board 74
      in a simple and effective manner.
PAR  Thus, it can be seen that the thermal limiter 70 of this invention is
      adapted to have the fuse 97 thereof open a circuit connected to the
      outermost pair of terminals 72 thereof when any one of the heating means
      99, 103 and 106 generates sufficient heat to be conducted to the fuse 97
      by the thermal mass 109 to cause the fuse 97 to blow, it being understood
      that the selection of the positioning of the heating wires relative to the
      fuse 97 as well as the conductive characteristics of the mass 109 are so
      selected that accidental blowing of the fuse 97 will not take place until
      the overloaded or short circuited condition is in existence for a length
      of time which would require a circuit opening.
PAR  If desired, the thermal limiter 70 can be utilized in the same manner as
      the thermal limiter 66 previously described or in other circuit means for
      like purposes.
PAR  Another thermal limiter or thermal limiter construction of this invention
      is generally indicated by the reference numeral 110 in FIG. 14 and
      comprises an electrically insulating housing means or base 111 having a
      recess 112 interrupting the top surface 113 thereof and receiving a
      heating means 114 and a thermal fuse 115 therein to be selectively
      positioned therein and subsequently covered and secured in such selective
      positioning by suitable insulating means or mass 116 so that three lead
      means 117, 118 and 119 respectively extend outwardly from the mass 116 for
      coupling circuit 127 is adapted to be utilized for an air conditioner or
      the like wherein an electrically operated drive clutch 128 is provided for
      the compressor and is adapted to have its side 129 interconnected to a
      suitable power source 130 by a lead means 131 interconnected by the
      conventional air conditioning on-and-off temperature responsive switch 132
      to the terminal 119 of the thermal limiter 110 of this invention while the
      other terminal 117 thereof is interconnected by a lead 133 to the side 129
      of the clutch means 128. The other side 134 of the clutch means 128 is
      interconnected by a lead 135 to ground in the same manner that the other
      side of the source 130 is interconnected to ground.
PAR  The terminal 118 of the thermal limiter 110 is interconnected to a
      loss-of-charge sensor switch 136 which is in normally open condition as
      long as there is no loss of refrigerant of the air conditioning unit
      utilizing the circuit 127.
PAR  Thus, it can be seen that the electrically operated clutch means 128 is
      adapted to function as long as the switch 136 is in an open condition
      since the clutch means 128 is placed across the power source by the
      thermal limiter 110 of this invention when the switch 132 is closed to
      demand that the compressor be operating.
PAR  However, if the loss-of-charge switch 136 closes due to the refrigerant
      escaping from the refrigerant system, the compressor would burn out within
      a few minutes because the same would not receive sufficient lubrication
      whereby the heating means 114 now operatively interconnected to the source
      130 will heat up sufficiently to cause the fuse 115 to blow and, thus,
      open the circuit that operates the clutch 128 so that the clutch 128 can
      no longer operate until the thermal limiter 110 in a desired circuit, such
      as the electrical circuit illustrated in FIG. 19 and hereinafter
      described.
PAR  The heating means 114 includes a heating wire 120 mounted on a rod 121 and
      has its opposed ends respectively interconnected to the terminals 117 and
      118 having the lower portions 122 and 123 thereof disposed in coiled
      fashion about the rod 121 to be rigidly secured thereto.
PAR  The thermal fuse 115, similar to fuse 38 previously described, has opposed
      lead wires 124 and 125 extending therefrom with the lead wire 125 being
      secured to the terminal means 119 and with the lead wire 124 being
      interconnected to the terminal 117 as illustrated, the wires 124 and 125
      being of sufficient strength to support the fuse 115 in spaced relation
      relative to the heating means 114 in the manner illustrated in FIG. 16
      when the same are disposed in the housing means 111 against a bottom wall
      means 126 thereof in the manner illustrated in FIG. 16 so that the
      insulating mass 116 can be subsequently disposed in the housing means 111
      to cover and secure the fuse 115 and heating means 114 in the selected
      positioning thereof as illustrated, the insulating mass 116 being disposed
      between the fuse 115 and the heating means 114 as illustrated in FIG. 18
      to provide insulation therebetween in the same manner as the divider walls
      92 and 93 of the housing means 71.
PAR  The thermal limiter 110 of FIG. 14 is adapted to be utilized in the
      particular electrical circuit 127 of FIG. 19 in a manner now to be
      described, but it is to be understood that the thermal limiter 110 can be
      utilized for other purposes as desired.
PAR  As illustrated in FIG. 19, the electrical thermal limiter 110 is replaced.
PAR  However, in a normally performing air conditioning system, the
      loss-of-charge switch 136 can close for a minute or so under some unusual
      weather conditions whereby it would not be desired for the thermal limiter
      110 to blow and, thus, require a serviceman to replace the same before the
      air conditioner can be operated. Thus, the thermal limiter 110 of this
      invention has been so constructed and arranged in the positioning of the
      heating means 114 relative to the fuse 115 as well as in the selection of
      the thermal mass 116 to permit the loss-of-charge switch 136 to be
      temporarily closed only for a minute or so without causing the fuse 115 to
      blow during the unusual weather conditions, but will assure that the fuse
      115 will blow should the loss-of-charge switch 136 be closed for a time
      short of an adverse situation wherein the compressor would burn out or the
      like.
PAR  Thus, it can be seen that the thermal limiter 110 of this invention is
      adapted to protect an air conditioning system in the manner illustrated in
      FIG. 9 through a controlled time delay thereof.
PAR  While the thermal limiter construction 110 has been previously described as
      having the insulating mass 116 completely covering and securing the fuse
      115 and heater 120 in the selected positioning thereof for the reasons
      previously set forth, a similar self-contained thermal limiter
      construction could be provided wherein the insulating mass could be
      completely eliminated or the same can be utilized to merely secure one of
      the fuse 115 and the heating means 114 in the selected positioning
      thereof.
PAR  For example, such a modified thermal limiter construction is generally
      indicated by the reference numeral 110A in FIGS. 34-38 and parts thereof
      similar to the self-contained thermal limiter construction 110 of FIGS.
      14-18 are indicated by like reference numerals followed by the reference
      letter "A".
PAR  As illustrated in FIGS. 34-38, the thermal limiter construction 110A is
      substantially identical to the thermal construction 110 previously
      described except that the cup-shaped housing 111A is substantially deeper
      than the housing 111 previously described and the terminals 117A, 118A and
      119A are substantially longer and so constructed and arranged that the
      heater means 114A is adapted to be disposed in the housing 111A against
      the bottom wall 126A thereof and have the projecting portions of the
      terminals 117A and 118A extend out of the open end 113A of the housing
      111A substantially the same distance that the terminals 117 and 118 of the
      thermal limiter construction 110 extend out of the housing 111 thereof so
      that the thermal limiter constructions 110A and 110 can be interchangeable
      in the system 127 of FIG. 19.
PAR  The fuse 115A has its lead wires 124A and 125A respectively secured to the
      terminals 117A and 119A in such a manner that the fuse 115A is supported
      in a selected position above the heater means 114A in the manner
      illustrated in FIGS. 37 and 38 so that subsequently an insulating mass
      116A can be disposed in the housing 111A to completely cover and secure
      the heater means 114A in its selected position in the housing 111A as well
      as to secure the middle terminal 119A at the lower end thereof in its
      fixed aligned position with the other terminals 117A and 118A as
      illustrated in FIG. 37 so that the fuse 115A is disposed above the mass
      116A but is held in its selected position relative to the heater means
      114A by its lead wires 124A and 125A that are respectively secured to the
      terminals 117A and 119A that are respectively held in the assembled
      aligned relation with the terminal 118A by the insulating mass 116A as
      illustrated.
PAR  While the fuse 115A is disposed above the insulating mass 116A and, thus,
      out of contact therewith, it can be seen that the same is fully protected
      by the housing means 111A as the same is disposed below the top surface
      113A of the housing 111A whereby the leads 117A, 118A and 119A can be
      utilized to couple the self-contained thermal limiter construction 110A in
      the system 127 of FIG. 19 in substantially the same manner as the
      terminals 117, 118 and 119 of the thermal limiter construction 110 for the
      previously described purpose. However, it is to be understood that the
      selected positioning of the heater means 114A and fuse 115A as well as the
      selection of the insulating mass 116A is such that the same will provide a
      controlled time delay in the opening of the fuse 115A during the
      energizing of the heater means 114A for the purposes previously set forth.
PAR  Accordingly, it can be seen that the thermal limiter constructions 110 and
      110A of this invention are substantially self-contained units that
      respectively have the terminals 117-119 and 117A-119A disposed in aligned
      relation so that the thermal limiter construction 110 and 110A can be
      utilized interchangeably in a system constructed to respectively receive
      the terminals 117-119 and 117A- 119A in their aligned relation as
      illustrated when it is desired to replace a blown unit 110 or 110A as the
      case may be.
PAR  Another thermal limiter or thermal limiter construction of this invention
      is generally indicated by the reference numeral 137 in FIG. 21 and is
      formed of the parts illustrated in FIG. 20 wherein a thermal fuse 138,
      similar to the fuse 38 previously described, has opposed leads 139 and 140
      extending from opposed sides thereof for completing a circuit therethrough
      and has a heating wire 141 coiled upon the same with the opposed ends 142
      and 143 of the heating wire 141 so disposed that the lead 143 is coupled
      to the fuse 138 in the same manner as the lead wire 139 whereas the lead
      wire 142 extends away from the fuse 138 as illustrated. Subsequently, an
      insulating mass 144, formed in any suitable shape, is disposed about the
      assembly illustrated in FIG. 20 so as to secure and cover the fuse 138 and
      heating wire 141 to hold the same in the selected positioning illustrated
      in FIG. 20 so that the lead means 139, 142 and 140 extend outwardly from
      the mass 144 for coupling into a desired circuit. For example, the thermal
      limiter 137 is adapted to be utilized in place of the thermal limiter 110
      in FIG. 19 and serve the same function thereof wherein the lead 142 is
      interconnected to the loss-of-charge switch 136 and the leads 139 and 140
      are adapted to be respectively interconnected to the on/off switch 132 and
      the electrical clutch 128.
PAR  While the device 137 previously described has only one heater wire 141
      coiled thereon, it is to be understood that the fuse 138 could have a
      plurality of heater wires disposed thereon and be secured thereto and
      covered by the mass 144 in various selected positions relative to the
      device 138.
PAR  For example, reference is now made to FIG. 22 wherein another thermal
      limiter or thermal limiter construction of this invention is generally
      indicated by the reference numeral 145 in FIG. 22 and is formed of various
      parts in the manner illustrated in FIGS. 23-29 and as hereinafter
      described wherein it can be seen that a thermal fuse 146 similar to the
      fuse 38 previously described has opposed leads 147 and 148 extending from
      opposed sides thereof in the manner illustrated in FIG. 23. The lead 147
      can be interconnected to a plug-in type of lead member or element 149
      which can be subsequently mounted in a suitable opening 150 of a plug-in
      terminal block 151 that can be coupled to other electrical leads in a
      plug-in manner that is well known in the art.
PAR  A sleeve 152 of insulating material such as plastic sheathing or the like,
      can be telescoped over the thermal fuse 146 in the manner illustrated in
      FIG. 24 so as to space a heater wire 153 subsequently coiled thereon from
      the fuse 146 a predetermined amount in the manner illustrated in FIG. 25.
      The coil 153 has one end 154 thereof coiled on the lead 148 so as to be in
      electrical connection therewith while the other end 155 of the coiled
      heater wire 153 is interconnected to another plug-in terminal element 156
      to be received in a hole 157 of the terminal block 151. In this manner, it
      can be seen that the coiled part of the heater wire 153 is spaced from the
      thermal element 146 by the insulating sleeve 152 with the insulating
      sleeve 152 also electrically spacing the heater wire 153 therefrom.
      However, since the end 154 of the heater wire 153 is in electrical contact
      with the lead 148 of the thermal device 146, it can be seen that the
      heater wire 153 is disposed in series with the thermal fuse 146 by being
      disposed between the lead 156 and the thermal element 146 so that a
      circuit between the plug-in elements 149 and 156 includes the thermal
      element 146 and heater wire 153 in series.
PAR  After the heater wire 153 has been coiled on the thermal fuse 146 in the
      manner illustrated in FIG. 25, an insulating mass 158 is disposed on the
      assembly of FIG. 25 in the manner illustrated in FIG. 26 to completely
      cover the coiled portion of the heater wire 153 on the sleeve 152 as well
      as to completely cover and insulate the interconnection between the coiled
      end 154 of the heater wire 153 an the lead 148 of the thermal fuse 146 as
      illustrated. In this manner, it can be seen that the insulative mass 158
      in combination with the insulating sleeve 152 holds and spaces the heater
      coil 153 from the thermal fuse 146 in a desired manner for the reasons
      previously set forth.
PAR  Thereafter, another insulating sleeve 159 can be telescoped over the mass
      covered coiled heater wire 153 in the manner illustrated in FIG. 27 so as
      to permit another heater wire 160 of FIG. 28 to be coiled thereon and
      thereby be further spaced from the thermal fuse 146 by a distance equal to
      the thickness of the two sleeves 152 and 159 as well as by the spacing and
      securing mass 158 previously described.
PAR  The opposed ends 161 and 162 of the coiled heater wire 160 are respectively
      interconnected to plug-in elements 163 and 164 respectively being adapted
      to be disposed in holes 165 and 166 of the plug-in terminal block 151 as
      illustrated in FIG. 22, whereby the heater wire 160 would be responsive to
      an electrical circuit placed across the plug-in terminals 163 and 164.
PAR  After the heater wire 160 has been coiled on the sleeve 159 in the manner
      illustrated in FIG. 28, the coiled portion thereof is covered by another
      insulating mass 167 in the manner illustrated in FIG. 29 so as to secure
      and hold the heater wire 160 in the position illustrated in FIG. 28.
PAR  If desired, another heater wire or resistance element 168 can then be
      positioned against the mass covered outer coiled heater wire 160 in the
      manner illustrated in FIG. 29 and be subsequently secured thereto by
      another insulating mass 169 in the manner illustrated in FIG. 22.
PAR  The heater wire or resistance element 168 has the opposed leads 170 and 171
      thereof respectively interconnected to the plug-in terminals 172 and 173
      adapted to be disposed in holes 174 and 175 of the terminal block 151 in
      the manner illustrated in FIG. 22 whereby it can be seen that the
      resistance member 168 is spaced from the thermal fuse 146 by the distance
      comprising the thickness of the sleeves 152, 159 and the covering
      insulative masses 158 and 167.
PAR  Thus, the three heater means 153, 160 and 168 are held in different
      positions relative to the thermal fuse 146 by the insulating masses 158,
      167 and 169 so that, in effect, the heater means are in different
      stratified positions relative to the fuse 146 for the reasons previously
      set forth.
PAR  While all of the previously described thermal limiter constructions of this
      invention have the heater means and the thermally responsive device
      therefor secured in a selected positioning thereof by an insulating mass,
      it is to be understood that a thermal limiter construction of this
      invention can be provided wherein the selected positioning of the heater
      means and the thermally responsive device are maintained by means other
      than the insulating mass even though the insulating mass could
      additionally be utilized, if desired.
PAR  For example, reference is now made to FIGS. 30-32 wherein another thermal
      limiter construction of this invention is generally indicated by the
      reference numeral 180 and comprises an electrically insulating support
      means 181 for supporting a plurality of electrically operated heater means
      182 and 183 in fixed positions relative to a thermally responsive device
      184 that is also supported on the support means 181.
PAR  The support means 181 can carry conductive spring clips 185 and 186
      respectively electrically interconnected to lead means 187 and 188
      comprising an electrical circuit that is to be protected by the thermally
      responsive device 184, which can be of the fuse type previously described
      and has conductive cylindrical ferrules 189 and 190 secured to the outer
      ends of the opposed conductors 191 and 192 of the thermally responsive
      device 184 so as to readily permit the same to be detachably secured to
      the spring clips 185 and 186 by being snap fitted between the opposed
      spring legs 193 and 194 thereof in the manner illustrated in FIGS. 30 and
      32.
PAR  Thus, it can be seen that when the thermally responsive device 184 has its
      conductive ferrules 189 and 190 respectively snap fitted to the spring
      clips 185 and 186, the thermally responsive device 184 is disposed in
      series between the leads 187 and 188 to protect the circuit thereof should
      one or more of the heater means 182 and 183 be operating for a certain
      amount of time to heat and thereby cause the fuse or thermally responsive
      device 184 to open the circuit therethrough in the manner previously
      described.
PAR  The electrical heater means 182 and 183 illustrated in FIGS. 30-32 comprise
      cylindrical, carbon resistance devices respectively having their
      longitudinal axes supported in a spaced apart parallel relation by having
      the leads 195, 196 and 197 and 198 thereof secured to the support means
      181 in the manner illustrated so that the thermally responsive device 184,
      when having its ferrules 189 and 190 properly inserted in the spring clips
      185 and 186, will nest in abutting contact between the heater means 182
      and 183 in the manner illustrated in FIG. 31. Thus, it can be seen that
      the thermally responsive device 184 is also substantially cylindrical and
      has its longitudinal axis parallel with the longitudinal axes of the
      heater means 182 and 183.
PAR  If desired, an insulative sleeve 199 can be disposed over the thermally
      responsive device 184 in the same manner that the sleeve 152 is disposed
      over the thermally responsive device 146 of the embodiment illustrated in
      FIG. 24.
PAR  The operation of the thermal limiter construction 180 will now be
      described.
PAR  As long as the thermally responsive device 184 is electrically
      interconnecting the leads 187 and 188 together, the circuit comprising the
      leads 187 and 188 can continue to operate but should one or both of the
      heater means 182 and 183 be electrically operated for a certain length of
      time so that the heat thereof causes the thermally responsive device 184
      to open, the thus opened thermally responsive device 184 will terminate
      the operation of the electrical circuit being protected thereby.
PAR  Accordingly, if the thermally responsive device 184 is a fuse that blows
      when heated to a certain degree by one or more of the heater means 182 and
      183, then such blown thermally responsive device 184 must be removed from
      the support means 181 and a new thermally responsive device 184 must be
      replaced therefor before the circuit means 187, 188 can be operated in the
      manner previously described.
PAR  Thus, by having the ferrules 189 and 190 on the conductors 191 and 192 of
      the thermally responsive device 184, such arrangement together with the
      spring clips 185 and 186 readily permits the support means 181 to
      detachably support the thermally responsive device 184 in the proper
      position for sensing the heat of the heater means 182 and 183 should the
      same subsequently be turned on.
PAR  Of course, it is to be understood that if it is desired to place an
      insulating mass over the arrangement illustrated in FIG. 30, such
      insulating mass can be provided if desired for the reasons previously set
      forth.
PAR  Further, while the arrangement of the heater means 182 and 183 and the
      thermally responsive device 184 in the embodiment of FIGS. 30-32 all have
      the longitudinal axes thereof disposed parallel to each, it is to be
      understood that the heater means could be arranged in different directions
      if desired.
PAR  For example, reference is now made to FIG. 33 wherein another thermal
      limiter construction of this invention is generally indicated by the
      reference numeral 200 and comprises a support plate 201 and spring clips
      202 and 203 for carrying a thermally responsive device 204 on the support
      means 201 for the same purpose that the thermally responsive device 184
      was carried on the support means 181 previously described. However, the
      plurality of electrically operated cylindrical heater means 205, 206 and
      207 of the thermal limiter construction 200 illustrated in FIG. 33 all
      have their axes disposed parallel to each other in an aligned side-by-side
      arrangement and transverse to the longitudinal axis of the thermally
      responsive device 204 while still being disposed in abutting relation
      therewith.
PAR  Thus, it can be seen that the thermally responsive device 204 is adapted to
      be activated by the heat from one or more of the heater means 205, 206 or
      207 to open the circuit being protected by the device 204 should the
      device 204 be heated a certain amount.
PAR  While it has been stated throughout the previous description of the various
      embodiments of this invention that the device sensing the heat of the
      various heater means, whether the same be wires or resistors, is a
      thermally responsive fuse which blows when sensing a certain temperature
      for a certain period of time, it is to be understood that such fuse could
      be merely a thermally responsive thermostat which when heated to a certain
      temperature will open an electrical circuit, but when subsequently cooled,
      will again complete the electrical circuit so that the same will not be a
      throw-away device once the circuit has been opened thereby, but still
      would be a thermal limiter under the control of the various heaters being
      secured thereto by the insulative mass for the reasons previously set
      forth.
PAR  Therefore, the term "thermally responsive device" is intended to cover not
      only fuses, thermostats, etc., but also other means for opening circuits
      through the sensing of a certain temperature for a certain desired period
      of time whether such time period be substantially instantaneous or
      delayed.
PAR  Further, while the term "heater wires" is utilized throughout this
      description for the various embodiments of the thermal limiters of this
      invention, it is to be understood that the heater wires could be merely
      other forms of resistors and not necessarily just wires themselves.
PAR  In view of the above, it can be seen that this invention not only provides
      an improved thermal limiter wherein a controlled time delay thereof is
      provided by selective positioning of the heating means and the fuse
      together with the desired heat conductive characteristics of the securing
      mass, but also this invention provides an improved method of making such a
      thermal limiter or the like.
PAR  While the forms and methods of this invention have been described and
      illustrated as required by the Patent Statutes, it is to be understood
      that other forms and methods can be utilized and still come within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self contained thermal limiter construction for at least one
      electrical circuit comprising a thermally responsive device; an electrical
      heater means disposed in a selected position relative to said device;
      three blade-like lead members having their narrow dimension disposed in
      aligned relation along a substantially straight line with one of said lead
      members being operatively interconnected to one end of each of said device
      and said heater means and the other two lead members being respectively
      operatively interconnected to the other ends of said device and said
      heater means; a cup-shaped, rectangular housing having an open end
      receiving said heater means and said device therein with all of said lead
      members having at least portions thereof exposed from said housing, and an
      insulating mass covering and securing said heater means without contacting
      said device, whereby said selected positioning provides a controlled time
      delay between application of electrical current to said heater means and
      actuation of said device for opening of said electrical circuit.
NUM  2.
PAR  2. A self-contained thermal limiter construction as set forth in claim 1
      wherein said device is disposed intermediate and spaced from said open end
      of said housing and said insulating mass in said housing.
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ABST
PAL  A temperature responsive electrical switch construction having a housing
      provided with a chamber therein. A pair of spaced apart contacts project
      into the chamber and are adapted to be bridged by a bridging member
      disposed in the chamber and being operatively interconnected to a bimetal
      member also disposed in the chamber whereby movement of the bridging
      member relative to the contacts is in relation to the sensed temperature
      of the bimetal member. The housing has a threaded adjusting arrangement
      for initially adjusting the contact pressure between the contacts and the
      bridging member when the bimetal member is sensing a certain temperature
      without effecting the operating temperature of the electrical switch
      construction.
BSUM
PAR  This invention relates to an improved temperature responsive electrical
      switch construction as well as to an improved method of making such a
      switch construction or the like.
PAR  It is well known that temperature responsive electrical switch
      constructions have been provided wherein each has the electrical switch
      thereof opened and closed by a temperature sensing bimetal member.
PAR  It is a feature of this invention to provide an improved temperature
      responsive electrical switch construction of the above type wherein the
      switch construction has means for initially adjusting the contact pressure
      of the switch when the bimetal member is sensing a certain temperature
      without effecting the operating temperature of the electrical switch
      construction.
PAR  In particular, one embodiment of this invention provides a temperature
      responsive electrical switch construction having a housing means provided
      with the chamber therein. A pair of spaced apart contacts are carried by
      the housing means and project into the chamber. A movable bridging member
      is disposed in the chamber for bridging the contacts when disposed against
      the same. A bimetal member is also disposed in the chamber and is
      operatively interconnected to the bridging member to control movement
      thereof relative to the contacts in relation to the sensed temperature of
      the bimetal member. The housing means had adjusting means for initially
      adjusting the contact pressure between the contacts and the bridging
      member when the bimetal member is sensing a certain temperature without
      effecting the operating temperature of the electrical switch construction.
      Such adjusting means can comprise a threaded relationship between two
      housing parts of the housing means respectively carrying the pair of
      contacts and the bridging member.
PAR  Accordingly, it is an object of this invention to provide an improved
      temperature responsive electrical switch construction having one or more
      of the novel features set forth above or hereinafter shown or described.
PAR  Another object of this invention is to provide an improved method of making
      a temperature responsive electrical switch construction, the method of
      this invention having one or more of the novel features set forth above or
      hereinafter shown or described.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description which proceeds with reference to the
      accompanying drawings forming a part thereof and wherein:
PAR  FIG. 1 is a cross-sectional view illustrating one embodiment of the
      temperature responsive electrical switch construction of this invention.
PAR  FIG. 2 is an enlarged fragmentary view of the electrical switch portion of
      the switch construction of FIG. 1 and illustrates the electrical switch
      construction in an open condition thereof.
PAR  FIG. 3 is a view similar to FIG. 2 and illustrates the switch construction
      in a closed condition thereof as well as in an overrun condition thereof.
PAR  FIG. 4 is an exploded perspective view of certain parts of the electrical
      switch construction of FIG. 1.
PAR  FIG. 5 is a view similar to FIG. 1 and illustrates another embodiment of
      this invention.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted to provide a temperature
      responsive electrical switch construction for immersion in a fluid bath
      for sensing the temperature thereof, it is to be understood that the
      various features of this invention can be utilized singly or in any
      combination thereof to provide a temperature sensing device for other
      structures as desired.
PAR  Therefore, this invention is not to be limited to only the embodiment
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety of uses of this invention.
PAR  Referring now to FIGS. 1-4, one embodiment of the temperature responsive
      electrical switch construction of this invention is generally indicated by
      the reference numeral 10 and comprises a housing means 11 formed from a
      plurality of housing parts 12, 13 and 14 secured together in a manner
      hereinafter described to define a chamber 15 in the housing means 11 that
      contains a temperature responsive electrical switch that is generally
      indicated by the reference numeral 16 and which is adapted to complete an
      electrical circuit between a pair of external leads 17 and 18 when the
      electrical switch 16 is in the closed position as illustrated in FIG. 1 or
      to break the electrical circuit between the leads 17 and 18 when the
      electrical switch 16 is in the open condition as illustrated in FIG. 2.
PAR  The housing part 12 is externally threaded at 19 to permit the electrical
      switch construction 10 to be threaded in a suitable opening of a container
      (not shown) so that at least the housing part 14 is immersed in the fluid
      of the container. In this manner, the housing part 14 will sense the
      temperature thereof, the housing part 14 being a substantially cylindrical
      and cup-shaped and having its open end 20 sealed and secured to the lower
      end 21 of the housing part 12 by selding means 22 or the like.
PAR  The cylindrical housing part 14 has a closed end 23 that is bowed outwardly
      as illustrated at one end of the chamber 15 whereby the housing part 14
      defines a bulb-like temperature sensing part of the housing means 11 in a
      manner hereinafter described.
PAR  The housing part 12 has a bore or opening 24 passing therethrough with a
      portion 25 of the bore 24 being internally threaded while another portion
      26 of the bore 24 defines an inwardly projecting annular stop shoulder 26'
      against which the open end 20 of the housing part 14 abuts and against
      which the other housing part 13 is adapted to abut as will be apparent
      hereinafter.
PAR  The housing part 13 is formed from electrical insulating material and has
      an externally threaded portion 27 adapted to be disposed in threaded
      relation with the threaded portion 25 of the housing part 12 as
      illustrated so that the axial position of a lower wall 28 of the housing
      part 13 can be adjusted relative to the end wall 23 of the housing part 14
      for a purpose hereinafter described, the annular shoulder 26' of the
      housing part 12 limiting the amount of threaded insertion of the housing
      part 13 into the housing part 12 as the threaded portion 27 will abut the
      same if the housing part 13 is threaded into the housing part 12 to too
      great an extent.
PAR  The housing part 13 carries a pair of contact pins 29 and 30 respectively
      having enlarged contact ends 31 and 32 respectively abutting against the
      end surfaces 28 of the housing part 13 while the shank portions of the
      pins 29 and 30 respectively pass through openings 33 and 34 formed in the
      housing part 13 to project out of the other end wall 35 of the housing
      part 13 into a chamber 36 disposed in the outer part of the opening 24 of
      the housing part 12 as illustrated.
PAR  The leads 17 and 18 are adapted to be respectively interconnected to the
      outer projecting pin ends 37 and 38 of the contact pins 29 and 30 by
      slip-on lead connectors 39 and 40 of the leads 17 and 18 in a manner well
      known in the art so that the leads 17 and 18 are respectively
      interconnected to the enlarged contact heads 31 and 32 that are disposed
      in the chamber 15 of the housing means 11.
PAR  The chamber 36 is subsequently filled with an electrical insulating
      material, such as a resin material that is indicated by the reference
      numeral 41 in FIG. 1, to not only electrically seal the interconnection
      between the leads 17 and 18 and the contact pins 29 and 30 as illustrated,
      but also to secure the housing parts 12 and 13 in the desired threaded
      relationship therebetween for a purpose hereinafter described.
PAR  A bimetal snap disc 42 is disposed in the chamber 15 with its outer
      peripheral edge 43 disposed adjacent the juncture of the end wall 23 of
      the housing part 14 with the remainder of the housing part 14, the bimetal
      disc 42 being held in place by an annular spring member 44 also disposed
      in the chamber 15 and engaging the outer peripheral edge 43 of the bimetal
      disc 42.
PAR  An insulating post 45 has one end 46 fixed to the central portion of the
      bimetal disc 42 and has its other end 47 projecting loosely through an
      opening 43 formed in an electrically conductive bridging member 49 that
      has an outer annular flange 50 for contacting against the enlarged contact
      heads 31 and 32 to bridge the same when the bimetal member 42 is disposed
      in the snapped position illustrated in FIG. 1 when the bimetal member 42
      is sensing at least a certain operating temperature thereof.
PAR  A compression spring 51 is disposed between an insulating washer 42' on the
      bimetal member 42 and the bridging member 49 to tend to urge the same
      against a retaining ring 52 that defines an enlarged end of the post 45 so
      that bridging member 49 would normally be spaced from the bimetal member
      42 by the spring 51 a certain distance limited by the enlarged end or
      retaining ring 52 of the post 45 while the loose connection between the
      post 45 and the bridging member 49 permits an overrun condition as will be
      apparent hereinafter.
PAR  Since the bridging member 49 is loosely disposed on the end 47 of the post
      45 while being urged toward the enlarged end or retaining ring 52 thereof
      by the compression spring 51, the contact pressure of the bridging member
      49 against the contact heads 31 and 32 can be initially adjusted during
      the assembly of the temperature responsive electrical switch construction
      10 of this invention.
PAR  In particular, the housing part 13 can be threaded into the threaded
      portion 25 of the housing part 12 when the bimetal member 42 is sensing a
      certain temperature that causes the same to be in the bowed condition
      illustrated in FIG. 1 and tending to close the electrical switch 16. Thus,
      the housing part 13 is threaded into the housing part 12 until the desired
      contact pressure of the spring 51 forcing the bridging member 49 against
      the contacts 31 and 32 is obtained as the bridging member 49 slides on the
      post 45 toward the bimetal member 42 in opposition to the force of the
      compression spring 51 during such threading together of the housing parts
      12 and 13. Once the desired threaded relationship between the housing
      parts 12 and 13 is obtained, the threaded relationship is secured by the
      resin material 41 subsequently being disposed in the chamber 36 which not
      only electrically seals the leads 17 and 18 to the contact pins 29 and 30,
      but also secures the housing parts 12 and 13 in the set threaded
      relationship therebetween for maintaining the desired contact pressure of
      the bridging member 49 against the contacts 31 and 32 during all
      subsequent operation of the electrical switch construction 10.
PAR  This initial adjustment of the contact pressure of the bridging member 49
      with the contacts 31 and 32 does not effect the operating temperature of
      the bimetal member 42 as the operation of the bimetal member 42 is
      independent of the adjustment between the housing parts 12 and 13. Thus,
      the operating temperature of the temperature responsive electrical switch
      construction 10 of this invention is determined by the actual operating
      condition of the bimetal member 42 itself as will be apparent hereinafter.
PAR  Thus, it can be seen that the temperature responsive electrical switch
      construction 10 of this invention can be formed of a relatively few parts
      and permit an adjustment of the switch contact pressure thereof for
      maintaining good electrical contact between the leads 17 and 18 whenever
      the switch 16 is in its closed condition.
PAR  The operation of the temperature responsive electrical switch construction
      10 of this invention will now be described.
PAR  Assuming that the bimetal member 42 is to open the switch 16 of the
      temperature responsive electrical switch construction 10 when the bulb
      portion 14 of the housing means 11 is sensing a certain temperature or
      below and is to close the switch 16 when the bulb portion 14 is sensing
      the certain temperature or slightly above the certain temperature, the
      bimetal member 42 will be sensing substantially the same temperature as
      the bulb portion 14 of the housing means 11 when the housing means 11 is
      immersed in a fluid being monitored by the electrical switch construction
      10.
PAR  Thus, as long as the temperature of the fluid being sensed by the bulb 14
      is at the certain temperature or below, the bowed condition of the snap
      disc 42 is as illustrated in FIGS. 1 and 3 whereby the bridging member 49
      maintains electrical contact between the contacts 31 and 32 and, thus,
      between the leads 17 and 18 and even though the bimetal member 42 is
      bowing a greater amount as illustrated in FIG. 3 over the amount
      illustrated in FIG. 1 because of sensing a lower temperature in FIG. 3,
      the overrun condition between the post 45 and the opening 48 of the
      bridging member 49 permits this excessive bowing condition of the bimetal
      member 42 without damage to the bimetal member 42.
PAR  However, when the temperature of the fluid being monitored by the
      temperature responsive electrical switch construction 10 reaches the
      certain operating temperature of the bimetal member 42, the bimetal member
      42 snaps from the position illustrated in FIG. 1 to the position
      illustrated in FIG. 2 and the post 45 carries the bridging member 49 out
      of contact with the contacts 31 and 32 to thereby open the switch 16 and
      terminate the interconnection between the leads 17 and 18 until the
      temperature of the bimetal member 42 again falls to the certain
      temperature or slightly below the same at which time the bimetal member 42
      snaps back to the condition illustrated in FIG. 1 to again close the
      bridging member 49 against the contacts 31 and 32.
PAR  Thus, it can be seen that the temperature responsive electrical switch
      contruction 10 is adapted to have the switch 16 opened and closed in
      relation to the sensed temperature of the bimetal member 42 so that the
      bimetal member 42 will cause the switch 16 to close at a certain
      temperature and to open at a certain temperature regardless of the
      previously adjusted contact pressure that exists between the bridging
      member 49 and the contacts 31 and 32 when the switch 16 is in a closed
      condition thereof.
PAR  Another temperature responsive switch construction of this invention is
      generally indicated by the reference numeral 10A in FIG. 5 and parts
      thereof similar to the temperature responsive electrical switch
      construction 10 prefiously described are indicated by like reference
      numerals followed by the reference letter "A".
PAR  The temperature responsive electrical switch construction 10A is
      substantially identical to the switch construction 10 previously described
      except that the post 45A is formed of conductive material and is separated
      from the bridging member 49A by an interposed insulating member 60 whereby
      the insulating member 60 insulates the bridging member 49A from the post
      45A, bimetal member 42A and housing part 14A whereas the electrical switch
      construction 10A operates in the same manner as the switch construction 10
      previously described.
PAR  Of course, the bimetal members 42 and 42A for the constructions 10 and 10A
      could be chosen to close the switches 16 and 16A upon falling temperature
      rather than on rising temperature as previously described.
PAR  Therefore, it can be seen that this invention not only provides an improved
      temperature responsive electrical switch construction, but also this
      invention provides an improved method of making such an electrical switch
      construction or the like.
PAR  While the forms and methods of this invention now preferred have been
      described and illustrated as required by the Patent Statute, it is to be
      understood that other forms and method steps can be utilized and still
      come within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A temperature responsive electrical switch construction comprising a
      housing means having a chamber therein, a pair of spaced apart contacts
      carried by said housing means and projecting into said chamber, a movable
      bridging member disposed in said chamber for bridging said contacts when
      disposed against the same, a bimetal member disposed in said chamber and
      being operatively interconnected to said bridging member to control
      movement thereof relative to said contacts in relation to the sensed
      temperature of said bimetal member, said housing means having adjusting
      means for initially adjusting the contact pressure between said contacts
      and said bridging member when said bimetal member is sensing a certain
      temperature, and interconnection means interconnecting said bimetal member
      to said bridging member, said interconnection means having overrun means
      to prevent excessive load on said bimetal member during adjustment of said
      contact pressure, said interconnection means comprising a post carried by
      said bimetal member and projecting loosely through said bridging member to
      provide lost motion therebetween in a contact closing direction.
NUM  2.
PAR  2. A temperature responsive electrical switch construction as set forth in
      claim 1 wherein said housing means has a sealed bulb-like portion, said
      chamber being in said bulb-like portion of said housing means.
NUM  3.
PAR  3. A temperature responsive electrical switch construction as set forth in
      claim 2 wherein said bimetal member comprises a bimetal snap member
      disposed in the end of said bulb-like portion.
NUM  4.
PAR  4. A temperature responsive electrical switch construction as set forth in
      claim 3 wherein said bulb-like portion is substantially cylindrical, said
      bimetal snap member being a substantially circular disc disposed in said
      end of said cylindrical bulb-like portion of said housing means.
NUM  5.
PAR  5. A temperature responsive electrical switch construction as set forth in
      claim 1 wherein said adjusting means of said housing means comprises a
      first housing part that carries said bimetal member and said bridging
      member threaded to a second housing part that carries said contacts.
NUM  6.
PAR  6. A temperature responsive electrical switch construction as set forth in
      claim 5 wherein locking means locks said threaded parts of said housing
      means in the desired adjusted position thereof.
NUM  7.
PAR  7. A temperature responsive electrical switch construction as set forth in
      claim 6 wherein said locking means comprises a sealing compound.
NUM  8.
PAR  8. A temperature responsive electrical switch construction as set forth in
      claim 1 and including a compression spring disposed between said bridging
      member and said bimetal member to tend to urge said bridging member away
      from said bimetal member.
NUM  9.
PAR  9. A temperature responsive electrical switch construction as set forth in
      claim 8 wherein said compression spring is a coiled compression spring
      disposed about said post.
NUM  10.
PAR  10. A method of making a temperature responsive electrical switch
      construction comprising the steps of forming a housing means with a
      chamber therein, disposing a pair of spaced apart contacts in said housing
      means to project into said chamber, disposing a movable bridging member in
      said chamber for bridging said contacts when disposed against the same,
      disposing a bimetal member in said chamber to be operatively
      interconnected to said bridging member to control movement thereof
      relative to said contacts in relation to the sensed temperature of said
      bimetal member, forming said housing means with adjusting means for
      initially adjusting the contact pressure between said contacts and said
      bridging member when said bimetal member is sensing a certain temperature,
      interconnecting said bimetal member to said bridging member with
      interconnection means that has overrun means to prevent excessive load on
      said bimetal member during adjustment of said contact pressure, and
      forming said interconnection means from a post carried by said bimetal
      member and projecting loosely through said bridging member to provide lost
      motion therebetween in a contact closing direction.
NUM  11.
PAR  11. A method of making a temperature responsive electrical switch
      construction as set forth in claim 10 and including the step of forming
      said housing means with a sealed bulb-like portion having said chamber
      therein.
NUM  12.
PAR  12. A method of making a temperature responsive electrical switch
      construction as set forth in claim 11 and including the steps of forming
      said bimetal member as a bimetal snap member, and disposing said bimetal
      member in the end of said bulb-like portion.
NUM  13.
PAR  13. A method of making a temperature responsive electrical switch
      construction as set forth in claim 12 and including the steps of forming
      said bulb-like portion substantially cylindrical, and forming said bimetal
      snap member as a substantially circular disc disposed in said end of said
      cylindrical bulb-like portion of said housing means.
NUM  14.
PAR  14. A method of making a temperature responsive electrical switch
      construction as set forth in claim 10 wherein said step of forming said
      adjusting means of said housing means comprises the steps of forming a
      first housing part that carries said bimetal member and said briding
      member, and threading said first housing part to a second housing part
      that carries said contacts.
NUM  15.
PAR  15. A method of making a temperature responsive electrical switch
      construction as set forth in claim 14 and including the step of locking
      said threaded parts of said housing means in the desired adjusted position
      thereof with locking means.
NUM  16.
PAR  16. A method of making a temperature responsive electrical switch
      construction as set forth in claim 15 and including the step of forming
      said locking means from a sealing compound.
NUM  17.
PAR  17. A method of making a temperature responsive electrical switch
      construction as set forth in claim 10 and including the step of disposing
      a compression spring between said bridging member and said bimetal member
      to tend to urge said bridging member away from said bimetal member.
NUM  18.
PAR  18. A method of making a temperature responsive electrical switch
      construction as set forth in claim 17 and including the steps of forming
      said compression spring as a coiled compression spring, and disposing said
      coiled compression spring about said post.
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ABST
PAL  An automatic transversal equalizer is provided wherein the input signal is
      sampled and stored on a series of capacitors. The capacitor voltages are
      sequentially recalled for application to an analog multiplier which also
      receives a sequence of coefficient voltages which have been stored by a
      second series of capacitors. The single analog multiplier performs the
      functions of the plural voltage controlled attenuators of prior art
      equalizers.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to automatic transversal equalizers.
PAC  BACKGROUND OF THE INVENTION
PAR  The transversal equalizer is an electronic device which is widely employed
      in data sets (which transmit digital data over telephone lines) to
      equalize the amplitude response and envelope delay characteristics of the
      line. Reference is made to the article "Transversal Filters", Proc. of
      IRE, July 1940, pages 302 to 310, and to U.S. Pat. Nos. 3,292,110;
      2,379,744; 2,719,270; 3,414,819; 3,368,168; 3,414,845 and 3,648,171, for a
      discussion and examples of such equalizers. In recent years transversal
      equalizers have been developed which are internally adjusted by closed
      loop control systems to provide automatic equalization for any telephone
      line to which the equalizer and the associated data set are connected.
PAR  Tranversal equalizers have been implemented using both analog and digital
      circuits. In analog implemented equalizers two basic electronic circuit
      components are characteristically employed, viz., tapped delay lines and
      voltage controlled attenuators. Typically, an eleven tap baseband
      equalizer, such as shown, for example, in U.S. Pat. No. 3,629,736, employs
      eleven or more voltage controlled attenuators and ten or more delay line
      sections. When such an equalizer is employed for line equalization the
      number of voltage controlled attenuators is doubled for each tap (see U.S.
      Pat. Nos. 3,400,332 and 3,727,136). It is these two circuit components,
      i.e., the delay lines and attenuators, which make up most of the hardware
      of automatic equalizers. Fully digital equalizers do not require these two
      circuit components but such digital equalizers are both large and
      expensive unless implemented with large scale MOS custom integrated
      circuits. Such digital equalizers typically employ ten bit words to
      represent voltage levels and use shift registers to provide the required
      delays. In such equalizers, the function of the voltage controlled
      attenuators is provided by fully digital multipliers. Reference is made to
      U.S. Pat. Nos. 3,633,014; 3,633,105; 3,651,376; and 3,699,321 for examples
      of digital transversal equalizers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a transversal automatic equalizer is
      provided which by employing digital techniques provides a substantial
      reduction in component hardware as compared with prior art equalizers and
      which can be implemented at relatively low cost. For example, the
      equalizer of the invention requires only one voltage controlled attenuator
      as compared with the ten or more required by prior art systems.
PAR  Generally speaking, the equalizer of the invention provides sampling and
      storing of the input signal on capacitors and sequential recalling of the
      stored samples for processing. More particularly, the data input signal to
      the equalizer is sampled, and is stored by a first series of capacitors, a
      series of internally generated coefficient voltages being stored by a
      second series of capacitors. The voltages stored by the data sample
      capacitors and the coefficient voltages are applied in a predetermined
      sequence to respective inputs of an analog multiplier to produce a
      sequence of pulses which are representative of the products of the data
      sample and coefficient voltages. The output of the multiplier is connected
      to an analog integrator which functions as a summing device. A sample and
      hold circuit is connected to the output of the integrator.
PAR  The coefficient voltages stored on the second series of capacitors are
      generated and updated by internal circuits of the equalizer which derive
      their input from the output signal. Thus, the equalizer is an automatic,
      closed loop device.
PAR  As stated, the equalizer of the invention can be implemented at relatively
      low cost, the cost reduction resulting from the use of integrated circuit
      multiplexers employing MOS transistors.
PAR  Other features and advantages of the invention will be set forth in, or
      apparent from, the detailed description of the preferred embodiments which
      follows hereinbelow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram of a conventional, one sample per
      baud, transversal equalizer;
PAR  FIG. 2 is a schematic circuit diagram of an automatic transversal equalizer
      in accordance with the invention;
PAR  FIGS. 3(A) to 3(C) are exemplary voltages waveforms appearing at several
      points in the equalizer of FIG. 2;
PAR  FIGS. 4(A) and 4(M) are further voltage waveforms and timing diagrams used
      in explaining the operation of the equalizer of FIG. 2;
PAR  FIG. 5 is a schematic circuit diagram, similar to that of FIG. 1, of a two
      sample per baud equalizer;
PAR  FIGS. 6(A) to 6(D) are timing diagrams used in demonstrating the
      coefficient and data sample timing relationships for a five-tap, two
      sample per baud equalizer;
PAR  FIGS. 7(A) to 7(D) are timing diagrams used in demonstrating the
      coefficient and data sample timing relationships for a five-tap, four
      sample per baud equalizer;
PAR  FIG. 8 is a schematic circuit diagram of a standard eight-channel MOS
      integrated circuit multiplexer;
PAR  FIG. 9 is a schematic circuit diagram of a multiplexer such as shown in
      FIG. 8 incorporated in a practical embodiment of the coefficient circuit
      of the invention;
PAR  FIGS. 10(A) to 10(F) are voltage waveforms and other timing diagrams
      associated with the circuit of FIG. 9;
PAR  FIG. 11 is a schematic circuit diagram, similar to that of FIG. 9, of a
      practical embodiment of the data sample circuit of the invention; and
PAR  FIGS. 12(A) to 12(L) are voltage waveforms and other timing diagrams
      associated with the circuit of FIG. 11.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The present invention is perhaps best understood by considering the
      operation of a prior art transversal equalizer and then demonstrating how
      the equalizer of the invention provides the same function with digital
      samples. The basic analog system simulated by the invention is shown in
      FIG. 1 and comprises a transversal filter comprising a delay line, denoted
      10 and usually of the active type, which is made up of a series of
      incremented delay networks, represented by blocks 12, which provide a
      delay .tau.  for a data set baud rate of 1/.tau.. Thus, referring to FIG.
      1, a signal at a point D was transmitted .tau. seconds before that at
      point E, a signal at point C was transmitted 2.tau. seconds before that at
      point E and so on. Conventional analog multipliers (or attenuators) are
      represented by circles 14 and are adapted to receive internally generated
      control signals 1c to 5c for optimally equalizing the system. The output
      of the first analog multiplier on the right, at the point P, is the
      product of the signal at A times the d.c. or slowly varying control signal
      1c which forms the second input to that multiplier. Thus, for example, if
      the control input 1c = 0 volts, P = 0 volts, and if 1c = +1 volts, P = A
      and if 1c = -1 volts, P = A but inverted in polarity. The outputs of all
      of the multipliers 14 are summed by a summing network indicated at 16.
      Although a simplified five-tap equalizer such as shown in FIG. 1 is being
      discussed here, it will be understood that typical transversal equalizers
      employ a minimum of seven taps with some equalizers employing as many as
      64 taps. As will become more apparent hereinafter, the economic advantage
      of the present invention is greatest when the number of taps is high.
PAR  Considering the operation of the transversal equalizer of FIG. 1, at a
      particular instant of time, denoted t.sub.o, the signal at point A is a
      voltage which will be denoted 1, that at point B is voltage 2, that at C a
      voltage 3, at D a voltage 4 and at E a voltage 5. It will be understood
      that the numbers given to the voltages are used merely to indicate
      sequence and not necessarily magnitude. After an interval .tau. seconds,
      equal to the delay provided by each section 12 of delay line 10, the
      signal at A is voltage 2, at B is voltage 3, at C is voltage 4 and at D is
      voltage 5, while point E receives the next input which is denoted 1'. This
      voltage could also be properly denoted 6 but the number 1' is convenient
      for discussion purposes. After a time 2.tau. seconds after t.sub.o, the
      voltages at the various points are as indicated in FIG. 1. The voltages
      for the time t.sub.o + 3.tau. are also indicated in FIG. 1.
PAR  Returning now to the initial time t.sub.o, the output of the first
      multiplier 14, i.e., the output at point P in FIG. 1, is the product of
      the control coefficient 1c and the voltage 1. Similarly, the output of the
      second multiplier is 2c .times. 2. The table hereinbelow, which is derived
      from FIG. 1, shows the various multiplier outputs for the times t.sub.o,
      t.sub.o + .tau., t.sub.o + 2.tau. and t.sub.o + 3.tau..
TBL  __________________________________________________________________________

     TIME  FRAME                                                               

                OUTPUT                                                         

     __________________________________________________________________________

     t.sub.o                                                                   

           1    (1c .times. 1) + (2c .times. 2) + (3c .times. 3)               

                                  + (4c .times. 4)                             

                                          + (5c .times. 5)                     

     t.sub.o + 1.tau.                                                          

           2    (1c .times. 2) + (2c .times. 3) + (3c .times. 4)               

                                  + (4c .times. 5)                             

                                          + (5c .times. 1')                    

     t.sub.o + 2.tau.                                                          

           3    (1c .times. 3) + (2c .times. 4) + (3c .times. 5)               

                                  + (4c .times. 1')                            

                                          + (5c .times. 2')                    

     t.sub.o + 3.tau.                                                          

           4    (1c .times. 4) + (2c + 5) + (3c .times. 1')                    

                                  + (4c .times. 2')                            

                                          + (5c .times. 3')                    

     __________________________________________________________________________

PAR  The circuit of FIG. 1 is an analog circuit and we know from sampling theory
      that analog voltages can be sampled and used, and, if desired, can be
      restored to analog form, by filtering or, more efficiently, by applying a
      pulse sample to a sample and hold circuit and then filtering. In
      accordance with the present invention, the analog signals are sampled and
      the signal samples are multiplied by appropriate coefficient samples to
      produce voltage samples which are then summed to provide the desired
      outputs indicated in the table above.
PAR  Referring to FIG. 2, a basic form of the equalizer of the invention is
      shown. The equalizer of FIG. 2 includes an input terminal 20 which is
      connected through a first switch S-1 to a second switch S-2 which provides
      a connection through terminals 1 to 5 to a corresponding series of data
      sample capacitors, which are collectively denoted 22 and individually
      denoted DS1 to DS5. The output of switch S-1 is also connected to a unity
      gain amplifier A-1 to a first, "data sample" input of an analog multiplier
      24. Amplifier A-1 provides a high impedance to ensure that the discharge
      of the data sample capacitors 22 is negligible. A coefficient update
      terminal 26 is connected through a third switch S-3 to a fourth switch
      S-4. Switch S-4 is selectively connected through terminals 1c to 5c to a
      corresponding series of coefficient capacitors which are collectively
      denoted 28 and individually denoted CC1 to CC5. The output of switch S-3
      is connected through a further unity gain amplifier A-2 to a second,
      "coefficient" input to analog multiplier 24.
PAR  The output of analog multiplier 24, which is denoted P, is connected
      through a switch S-5 to a ramp integrator circuit 30 formed by a further
      amplifier A-3 and a capacitor C.sub.3 connected across amplifier A-3.
      Integrator 30 functions as a summer and produces a linearly varying
      voltage proportional to the amplitude of the pulse input, this voltage
      level being held when the pulse is removed from input P'. A switch S-6 is
      connected across capacitor C.sub.s. The output, Q, of integrator 30 is
      connected through a further switch S-7 to a shunt storage capacitor
      C.sub.o. The non-grounded plate of storage capacitor C.sub.o is connected
      through a further amplifier A-4 to the equalizer output terminal 32.
PAR  Considering the operation of the equalizer circuit of FIG. 2, it is assumed
      that all data sample capacitors 22 and coefficient capacitors 28 are
      charged to proper values by previous timing cycles and that all switches
      S-1 to S-7 are in the initial positions illustrated in FIG. 2. Following
      the operation in sequence, switch S-3 first closes and injects a small
      current into first coefficient capacitor CC1. This current may be positive
      or negative and produces a relatively small amount of change in the
      voltage on capacitor CC1. The voltages on the coefficient capacitors 28
      are essentially d.c. and it takes a large number of update cycles to
      produce a significant change in capacitor voltage.
PAR  After capacitor CC1 receives its update current, switch S-3 opens and
      switch S-5 closes. The voltage on data sample capacitor DS1, which
      contains data sample 1, is applied through unity gain amplifier A-1 to one
      input of analog multiplier 24 while the voltage of coefficient capacitor
      CC1 is applied through amplifier A-2 to the other input of multiplier 24.
PAR  The output P of analog multiplier 24 is a pulse having an amplitude
      proportional to the product of the voltage data sample capacitor DS1 and
      the voltage on coefficient capacitor CC1. An exemplary waveform is
      illustrated in FIG. 3(A). The pulse output of multiplier 24 is applied
      through switch S-5 to integrator (ramp generator) circuit 30 which, as
      stated above, produces a linearly varying voltage proportional to the
      amplitude of the pulse input. The voltage level is held when the pulse is
      removed and, thus, at the end of each pulse, the voltage change at the
      output of integrator 30 is proportional to the product output of
      multiplier 24 which, for the positions of switches S2 and S4 just
      considered and using the nomenclature used above, is the product of the
      data sample voltage 1 and the coefficient capacitor voltage 1c.
PAR  Continuing the discussion of the operation of the equalizer of FIG. 2,
      switches S-2 and S-4 are next moved to terminal positions 2 and 2c,
      respectively. Switch S-3 then closes briefly to slightly update
      coefficient capacitor CC2 and then opens. As described above, the voltage
      on data sample capacitor DS2, which corresponds to data sample 2, is
      applied to one input of multiplier 24 and the voltage on coefficient
      capacitor CC2 is applied to the other input so that, at this time, the
      output of multiplier 24 is the product of data sample 2 and coefficient
      2c. Switch S-5 now closes and the output of integrator 30 changes by a
      voltage equal to the product 2 .times. 2c. At the end of this ramp time,
      the output of Q is proportional to the sum of products (1 .times. 1c) + (2
      .times. 2c).
PAR  Switches S-3 and S-4 then move in sequence through terminal positions 3 to
      5 and 3c to 5c, respectively, so that the products 3 .times. 3c, 4 .times.
      4c, and 5 .times. 5c are formed. At the end of this sequence the output Q
      of integrator 30 is proportional to the sum (1 .times. 1c) + (2 .times.
      2c) + (3 .times. 3c) + (4 .times. 4c) + (5 .times. 5c) which corresponds
      to the analog equivalent voltage at the time t.sub.o given in the table
      above. The output Q of integrator 30 for an exemplary sequence is shown in
      FIG. 3(B). Switch S-7 now closes to provide storage of this voltage on
      storage capacitor C.sub.o and hence an output voltage through amplifier
      A-4. The waveform at R, i.e., the voltage on capacitor C.sub.o, is shown
      in FIG. 3(C), the first level representing that of the previous sample and
      the second level the sample and hold waveform, a level equal to the sum of
      the products set forth above. Switch S-7 then opens so as to hold the
      output voltage at the value given above while the next sum of products is
      formed. Switch S-6 closes to discharge capacitor C.sub.s and then opens to
      permit the next summation.
PAR  A new data sample is then stored. (It is noted that, of course, such a data
      storage step necessarily preceded the starting point of the description
      above.) Storage of a new data sample here occurs when S-2 moves to
      position 1, and switch S-1 quickly closes to charge data storage capacitor
      DS1 to the new data sample voltage and then opens. During this period,
      switch S-3 is closed and switch S-4 is in terminal position 1c. A small
      update current is applied to coefficient capacitor 1c, switch S-3 opens
      and switch S-4 moves to position 2. Switch S-5 now closes and the product
      of data sample 2 and coefficient 1c produced at the output of analog
      multiplier 24 is applied to integrator 30. Switch S-5 then opens, and
      switch S-2 moves to terminal position 3 and switch S-4 to terminal
      position 2c. Switch S-3 quickly closes to update capacitor 2c and then
      opens. Switch S-5 closes and the product of data sample 3 and coefficient
      2c is formed. This operation continues as S-4 moves through terminal
      positions 3c, 4c and 5c  and switch S-2 simultaneously moves through
      terminal positions 4, 5 and 1. At the end of the sequence the output of
      integrator circuit 30 is proportional to the sum of the products: (1c
      .times. 2) + (2c .times. 3) + (3c .times. 4) + (4c .times. 5) + (5c
      .times. 1'). This is, of course, the sum shown for the time t.sub.o +
      .tau. in the table above.
PAR  As the operation continues the sums of products listed for t.sub.o +
      2.tau., t.sub.o + 3.tau., etc. are formed.
PAR  Referring to FIGS. 4(A) to 4(L), further timing diagrams for the equalizer
      of FIG. 2 are shown. In these figures time is indicated along the abscissa
      in FIG. 4(M) and, as indicated, is normalized to .tau./5 seconds. A frame
      scale is given in FIG. 4(M) below the time scale, these frames lasting
      5.tau. seconds. With the exception of data capacitor selection, all timing
      functions reoccur cyclically each frame. Considering the other timing
      diagrams and typical waveforms generally, FIGS. 4(A) to 4(C) indicate the
      switch positions for the capacitors described above, FIGS. 4(D) to 4(G)
      the read, clear, store and data sample timing, and FIGS. 4(H) to 4(K)
      typical waveforms for one frame.
PAR  Referring to FIG. 4(A), it will be seen that the action of switch S-4 in
      selecting coefficient capacitors 28 is cyclic with selections 1, 2, 3, 4,
      5; 1, 2, 3, 4, 5; and so on, occurring repetitively. The timing diagram of
      FIG. 4(B) indicates that the coefficient capacitors 28 are updated during
      the first half time that switch S-4 has selected a given capacitor. The
      coefficient capacitor voltages are used during the second half time that
      switch S-4 has selected a given capacitor and this is shown by the timing
      diagram of FIG. 4(D). FIG. 4(C) indicates the sequence of operation of
      switch S-2 of the data sample capacitors 22.
PAR  Referring to FIG. 4(F), this depicts the time of closure of switch S-7
      which corresponds to the store sum function. This repetitive sample and
      storage occurs after five coefficients have occurred and, will be seen to
      be a short interval at the end of the fifth coefficient. FIG. 4(E) is a
      timing diagram for the closing of switch S-6 which corresponds to the
      clear sum function and which occurs immediately after the store sum
      function (FIG. 4(F)). When switch S-6 closes, the integrator circuit 30,
      which, as stated, functions as a summer, is reset to zero so that the next
      sequential sum can be accumulated. FIG. 4(G) illustrates the timing of the
      operation of switch S-1 which controls the sample input.
PAR  Briefly comparing the equalizer of FIG. 2 with the analog equalizer of FIG.
      1, the data sample capacitors 22 and switch S-1 corresponds to the four
      delay sections, the single analog multiplier 24, which is time shared,
      corresponds to the five analog multipliers, the integrator 30 formed by
      amplifier A-3, capacitor C.sub.s and switch S-6 corresponds to the summer
      16, and the switch S-4 and coefficient capacitors 28, to analog
      integrators which are not shown in FIG. 1 but which would include five
      operational amplifiers and five capacitors. There are no elements in the
      analog equalizer of FIG. 1 which correspond to switch S-7, capacitor
      C.sub.o and amplifier A-4.
PAR  All selections considered so far have been repetitive for each frame. The
      data samples, however, are not repetitive. The reason for this is apparent
      from the table given above which shows that for the four frames presented,
      coefficient lc multiplies sample 1 for frame 1, sample 2 for frame 2 and
      so on. It is also noted from this table that a new data sample, indicated
      as 1', 2' and so on must be employed for the last coefficient
      multiplication (5c of the table). Timing diagram 4(C), as stated above,
      shows the sequence of switch S-2 in selecting data sample capacitors 22.
      As shown, in frame 1, during coefficient 1 time, capacitor 5 is selected
      and a new data sample is stored thereby. This storage occurs only during
      the first half of coefficient 1, i.e., the time during which coefficient
      capacitor CC1 is being updated. During the second half of coefficient time
      1 of frame 1, switch S-2 selects capacitor 1 and the previously stored
      data sample is applied to one input of multiplier 24, the voltage on
      coefficient capacitor CC1 being applied to the multiplier input as set
      forth hereinabove. Next, the data samples 2 through 5 are sequentially
      applied to multiplier 24 by switch S-2, also as discussed. Without going
      into further detail, it can be seen from the timing diagram of FIG. 4(A)
      and 4(C) that coefficient capacitors 28 are switched in a 1 to 5 sequence
      but that the data sample capacitors 22 are sequenced through six. The
      following table illustrates the data sample capacitor sequence of switch
      S-2:
TBL  FRAME    STORE      READ                                                  

     ______________________________________                                    

     1        5          1 2 3 4 5                                             

     2        1          2 3 4 5 1                                             

     3        2          3 4 5 1 2     Sequence                                

     4        3          4 5 1 2 3                                             

     5        4          5 1 2 3 4                                             

     6        5          1 2 3 4 5                                             

                                       Repeat above                            

     7        1          2 3 4 5 1     sequence                                

     ______________________________________                                    

PAR  Considering the sampled waveforms of FIGS. 4(H) to 4(L), FIG. 4(H) is an
      example of a typical data sample sequence applied to the multiplier 24,
      this sequence being obtained from the data sample capacitors 22 as switch
      S-2 sequences through terminal positions 1 to 5. Similarly, FIG. 4(I)
      shows a typical coefficient sequence which is generated as switch S-4
      sequences through terminal positions 1c to 5c. (FIG. 4(J) represents the
      output of multiplier 24 which is equal to the product of inputs H and I
      (times an appropriate scale factor, in this case 1/2). FIG. 4(J), of
      course, corresponds to FIG. 3(A) with different inputs to multiplier 24.
      FIG. 4(K) (which corresponds to FIG. 3(B)) depicts the output of summer or
      integrator circuit 30. Waveform J of FIG. 4(J), of course, forms the input
      to integrator 30 and during pulse a of input waveform J the output K ramps
      up to the value shown and then holds this value while the input goes to
      zero. During input pulse b of waveform J the output of integrator 30 ramps
      down to the value shown and then holds this value until pulse c. This
      operation continues until the end of pulse e of waveform J. At this time,
      the output voltage of integrator (summer) 30, which is indicated at g, on
      waveform K represents the algebraic sum of the five preceding input
      pulses. This voltage is sampled at a time indicated in the timing diagram
      of FIG. 4(F) and the voltage waveform L of FIG. 4(L) is presented to
      output terminal 32.
PAR  The equalizer discussed to this point is primarily adapted for use with
      amplitude modulated data sets in which the received line signal is
      demodulated and filtered before application to the equalizer. The output
      of this equalizer is a series of voltage levels or steps from which data
      can be derived and the output occurs at the baud rate of the signal so
      that there is one signal sample per baud. There are instances, however, in
      which the signal between baud samples is employed for clock recovery and
      reference is made to U.S. Pat. No. 3,746,800, for a discussion of such a
      system. In such systems, two data samples per baud are required and under
      these circumstances the number of data sample capacitors and switch
      positions is twice that required for the one sample per baud considered
      above. The sequence of data sample selection is also changed.
PAR  Referring to FIG. 5, a prior art two sample per baud equalizer is
      represented in a manner similar to that of FIG. 1 with each of the delay
      sections 12 being broken down into two sections 12A and 12B. The further
      corresponding elements in FIG. 5 are given the same numbers with primes
      attached. The equalizer of FIG. 5 would be implemented in the same manner
      as illustrated in FIG. 2 except that ten data sample capacitors 22 are
      required and switch S-2 would be a 10-position switch. The changed or new
      data selection is shown in FIG. 6(A) to 6(D) which respectively show the
      coefficient capacitor switching sequence, the data sample capacitor
      switching sequence, the time (.tau./10), and the frame, and the reason for
      the sequence change is apparent from the sample numbering shown in FIG. 5.
PAR  The automatic equalizer technique of the invention can also be employed to
      equalize before signal demodulation in quadrature AM (See U.S. Pat. No.
      3,400,322) and phase modulated (See U.S. Pat. No. 3,727,136) data sets. In
      such cases, several factors must be considered regarding the data sampling
      rate. First, the sampling rate must be a multiple of the baud rate to
      ensure proper delay. Second, the sampling rate must be at least two times
      the highest line frequency to prevent "aliasing". Third, the equalizer
      output will usually be filtered to return the signal to a full analog
      signal. To meet the preceding three requirements and to assure that the
      output filter is relatively simple, it is generally found that the signal
      must be sampled at four times the baud rate. For a five tap equalizer with
      four samples per baud, switch S-2 of FIG. 2 becomes a twenty position
      switch and the number of data sample capacitors is increased from five to
      twenty. The data selection sequence is illustrated in FIGS. 7(A) to 7(D)
      which respectively show the coefficient capacitor switching sequence, the
      data sample capacitor switching sequence, the time (.tau./20) and the
      frame.
PAR  The circuit of FIG. 2 is made practical by the use of low cost metal oxide
      semiconductor (MOS) analog multiplexer integrated circuits. FIG. 8 shows a
      block diagram of a standard eight-channel MOS integrated circuit
      multiplexer. The multiplexer includes a one-of-eight selector circuit 40
      having logic control input lines 41 marked 2.sup.0, 2.sup.1, 2.sup.2 and
      an output enable input 42. The eight outputs are connected to internal MOS
      transistors 44 which are each connected to a common connection 46 as well
      as to a corresponding one of eight outputs. A selection table for the
      circuit of FIG. 8 illustrating how the logical control input lines
      2.sup.0, 2.sup.1, 2.sup.2 select each of the eight positions of the switch
      is shown below.
TBL  ______________________________________                                    

     Logic Level                Common Connected                               

     2.sup.0                                                                   

            2.sup.1                                                            

                    2.sup.2                                                    

                           Output Enable                                       

                                      to Selector No.                          

     ______________________________________                                    

     0     0       0       1          1                                        

     1     0       0       1          2                                        

     0     1       0       1          3                                        

     1     1       0       1          4                                        

     0     0       1       1          5                                        

     1     0       1       1          6                                        

     0     1       1       1          7                                        

     1     1       1       1          8                                        

     X     X       X       0          All switches open                        

     ______________________________________                                    

PAR  Referring to FIG. 9, a specific practical embodiment of the coefficient
      circuit of FIG. 2 is illustrated. The circuit includes a MOS analog switch
      corresponding to switch S-4 of FIG. 2 with coefficient capacitors CC1,
      CC2, CC3, CC4 and CC5 connected to five of the outputs. A divide by five
      digital counter circuit produces the logic control selector inputs to
      switch S-4 and is formed by three "D" flip-flops 51 to 53 and a dual input
      Nand gate 54. The digital counter 50 drives the analog switch S-4 so as to
      connect the capacitors CC1 to CC5 in proper sequence. The relevant
      waveforms as shown in FIGS. 10(A) to 10(E) which respectively illustrate
      the baud clock waveform and the waveforms of flip-flops 51 to 53 and gate
      54. FIG. 10(F) shows the coefficient capacitor selected.
PAR  It will be noted that FIGS. 10(A) to 10(F) that the digital output of the
      counter 50 is one less than the assigned number of the capacitors CC1 to
      CC5. For example, when capacitor CC4 is selected, the reading of counter
      50 is:
TBL  2.sup.0 = flip-flop 51 = 1                                                

     2.sup.1 = flip-flop 52 = 1  =                                             

                      (1 .times. 2.sup.0) + (1 .times. 2.sup.1) + (0 .times.   

                      2.sup.2) = 3                                             

     2.sup.2 = flip-flop 53 = 0                                                

PAR  Modification of the coefficient circuits for different purposes is
      straightforward. If, for example, a twenty-five tap equalizer is required,
      the divide by five counter 50 of FIG. 9 is replaced by a divide by
      twenty-five counter and twenty-five capacitors are connected to four MOS
      eight-position multiplexers such as shown in FIG. 8. More generally, a
      divide by N counter which counts from 0 to N-1 is used for one data sample
      per baud operation, where N is the number of taps of the equalizer. For
      two sample per baud operation, the counter counts from 0 to 2N-1 and for
      four sample per baud operation the counter counts from 0 to 4N-1.
PAR  Referring to FIG. 11, a practical embodiment of the data sample circuit of
      FIG. 2 is shown. The circuit includes an MOS analog switch corresponding
      to switch S-2 of FIG. 2 and of the same form as switch S-4 of FIG. 9. Data
      sample capacitors DS1 to DS5 are connected to five of the outputs of
      switch S-2 while a divide by five counter 60 corresponding to that of FIG.
      9 and comprising flip-flops 61 to 63 and gate 64 is connected to the logic
      inputs.
PAR  Before describing the remainder of the circuitry, it will be seen in
      comparing the coefficient sequence of FIG. 4(A) and FIG. 4(C) that while
      the coefficient sequence is a cyclic 1 to 5 count as stated hereinabove,
      the data samples count 1 through 5 but make one additional "jump" when
      coefficient capacitor CC1 is selected, this jump is being made during the
      center of the number 1 coefficient interval. The jump in question is
      effected by modifying the clock input to flip-flop 61. This is
      accomplished by the circuitry shown in FIG. 11 including a four input And
      gate 65 which receives the 5X BC, Q.sub.1, Q.sub.2 and Q.sub.3 outputs of
      the coefficient circuit of FIG. 9. The output of gate 65 forms one input
      of a flip-flop 66 which also receives a 10X baud clock signal. This baud
      clock signal is also connected to a second flip-flop 67 which also
      receives the Q.sub.7 output of flip-flop 66. A dual input exclusive-OR
      gate 68 receives the Q.sub.7 output of flip-flop 66 and the Q.sub.8 output
      of flip-flop 67. A dual input Nand gate 69 receives the output of gates 68
      and 65 and is connected to one input of a further dual input N and gate
      70. The second input of gate 70 is formed by the 5x baud clock and the
      output thereof is connected to flip-flop 61 of counter 60.
PAR  The waveforms associated with the embodiment of FIG. 11 are shown in FIGS.
      12(A) to 12(L). FIG. 12(A) shows the coefficient capacitor switching
      sequence of FIG. 9 while FIGS. 12(B) to 12(K) show, respectively, the
      waveforms for gate 65, flip-flops 66 and 67, gates 68 and 69, 5 .times.
      BC, gate 70, flip-flop 61, flip-flop 62, and flip-flop 63. Waveform 12(L)
      shows the resultant switching sequence for the data sampling capacitors
      DS1 to DS5.
PAR  It is noted that the control voltages referred to above can be derived in a
      number of conventional ways. It will be understood that in the basic prior
      art automatic equalizer of FIG. 1, multiplier control voltages 1c to 5c
      are required whereas in the embodiment of the invention shown in FIG. 2
      similar voltages are required but in a sequential, i.e., time multiplexed,
      form, this voltage sequence being applied to the coefficient update
      terminal 26. The circuitry for providing the coefficient update voltages
      is represented by the block denoted CUC in FIG. 2 and, as noted
      hereinabove, is connected between the output of the equalizer and update
      terminal 26. Many of the patents referred to above in the discussion of
      the prior art disclose schemes for deriving the coefficient voltages which
      can be utilized. For example, U.S. Pat. No. 3,727,136 discloses a method
      of generating coefficient voltages in a line frequency band equalizer for
      a phase modulated data set and U.S. Pat. No. 3,289,108 discloses a method
      of generating coefficient voltages for motor controlled attenuators. The
      short duration pulses from the control lines used in these patents to
      update the stored coefficients can, for example, be coded so that a
      logical "one" decreases attenuation and a logical "zero" increases
      attenuation.
PAR  Although the invention has been described relative to an exemplary
      embodiment thereof, it will be understood by those skilled in the art that
      variations and modifications may be effected in this embodiment without
      departing from the scope and spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic tranversal equalizer including means for sampling an input
      signal, a plurality of capacitors for storing the sampled input signal in
      sequence, a further plurality of capacitors for storing tap coefficient
      voltages derived from the output of the equalizer, means for sequentially
      updating said further plurality of capacitors, and a single multiplier
      having a first input connected to receive said data samples stored by the
      first mentioned plurality of capacitors in a predetermined sequence, and a
      second input for receiving the coefficient tap voltages stored by said
      further plurality of capacitors in a predetermined sequence and for
      providing an output in accordance with the product of said data samples
      and said coefficient tap voltages.
NUM  2.
PAR  2. A equalizer as claimed in claim 1 further comprising an integrator means
      for summing the outputs of said multiplier means and means for resetting
      said integrator to zero at a rate which is a multiple of the data baud
      rate.
NUM  3.
PAR  3. An equalizer as claimed in claim 2 further comprising a sample and hold
      circuit for sampling and holding the output of said integrator means to
      produce an equalizer output signal.
NUM  4.
PAR  4. An equalizer as claimed in claim 3 further comprising means for
      selecting said further plurality of capacitors in sequence comprising
      divide by N counter means which counts from 0 to N-1, where N is the
      number of taps of the equalizer.
NUM  5.
PAR  5. An equalizer as claimed in claim 4 which provides one data sample per
      baud operation, said equalizer further comprising means for selecting the
      first mentioned plurality of capacitors in sequence comprising counter
      means for counting from 0 to N-1.
NUM  6.
PAR  6. An equalizer as claimed in claim 4 which provides two sample per baud
      operation, said equalizer further comprising means for selecting the first
      mentioned capacitors in sequence comprising counter means for counting
      from 0 to 2N-1.
NUM  7.
PAR  7. An equalizer as claimed in claim 4 which provides four data samples per
      baud, said equalizer further comprising means for selecting the first
      mentioned capacitors in sequence comprising counter means for counting
      from 0 to 4N-1.
NUM  8.
PAR  8. An automatic transversal equalizer comprising means for sampling the
      input signal to the equalizer, a first plurality of capacitors for storing
      the sampled voltages in a predetermined sequence, a further plurality of
      capacitors for storing internally generated coefficient voltages derived
      from the output of the equalizer, a single multiplier having first and
      second inputs for producing an output in accordance with the product of
      the voltage inputs thereto, switching means for applying said sampled
      voltages and said coefficient voltages to respective ones of said first
      and second inputs of said multiplier in predetermined sequence, and
      integrator means for integrating the output of said multiplier.
NUM  9.
PAR  9. An automatic transversal equalizer as claimed in claim 8 further
      comprising a sample and hold circuit for sampling and holding the output
      of said integrator means.
NUM  10.
PAR  10. An automatic transversal equalizer as claimed in claim 9 wherein said
      switching means comprises MOS analog switch means.
NUM  11.
PAR  11. An automatic transversal equalizer as claimed in claim 10 wherein said
      MOS analog switch means comprises means comprising first counter means,
      responsive to the baud clock of the equalizer and a first MOS analog
      switch, for controlling the switching sequence of said coefficient
      voltages and means, comprising logic circuit means responsive to said
      first counter means, second counter means responsive to said logic circuit
      means and said baud clock and a second MOS analog switch, for controlling
      the switching sequence of said sampled voltages.
NUM  12.
PAR  12. An automatic transversal equalizer comprising means for sampling an
      input signal, a plurality of discrete capacitors connected in parallel to
      form a bank of capacitors for storing the samples of said input signal,
      switching means for cyclically and sequentially retrieving the samples
      stored by said capacitors in a predetermined sequence, the samples stored
      by said capacitors being retrieved during at least two successive cycles,
      means for deriving a series of coefficient voltages from the output of the
      equalizer, and multiplier means for sequentially multiplying the samples
      retrieved by said switching means with said series of coefficient voltages
      to produce an output in accordance with the product of said retrieved
      samples and said coefficient voltages.
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ABST
PAL  A high-voltage resistor unit comprising a chain of seriesconnected
      resistors in the form of hollow cylinders, each cylinder having a winding.
      Each resistor in the chain is provided with a screen in the form of a
      hollow cylinder with an additional winding enveloping the winding of the
      resistor in such a way that the potential at each point of said additional
      winding is equal to that at the respective point of the resistor winding.
      The additional winding also serves as a leaktight envelope for the
      resistor winding, protecting it from a liquid dielectric, placed wherein
      are said resistors with said screens.
BSUM
PAR  The present invention relates to high-voltage measuring equipment and more
      particularly to a high-voltage resistor unit operating in a liquid
      dielectric and used primarily to carry out precision measurements in
      metrology, instrument making and power engineering.
PAR  Known at present is a high-voltage resistor unit comprising a screened
      chain of series-connected resistors made in the form of hollow cylinders
      with a microwire winding, which are placed in a metal casing filled with a
      liquid dielectric.
PAR  The shielding of the entire chain of resistors in the foregoing unit is
      performed with the aid of one screen in the form of a leaktight cylinder
      whose outer surface has a high-resistance conducting coating. Said
      resistor unit has the following disadvantage: although the transverse
      charge transfer is ruled out in this unit by the fact that the dielectric
      has no access to the winding, this is not the case with the longitudinal
      charge transfer between the ends of each resistor. The latter transfer
      produces an unstable shunting effect upon the resistor, especially when
      its resistance differs by only one or two orders from the resistivity of
      the liquid dielectric or when a high voltage is applied to the resistor.
PAR  Another disadvantage of the known unit is the fact that the chain of
      resistors is completely sealed off by the screen, which seriously impedes
      heat exchange between the resistor unit and the surrounding medium. As a
      result, the given resistor unit can only be used in low-power circuits.
PAR  It is an object of the present invention to provide a high-voltage
      measuring unit which would rule out the shunting effect of the liquid
      dielectric, due to longitudinal charge transfer therein, and would improve
      heat exchange with the surrounding medium.
PAR  The foregoing object is attained due to the fact that in a high-voltage
      resistor unit comprising a chain of series-connected resistors made in the
      form of hollow cylinders with a microwire winding placed in a metal casing
      filled with a liquid dielectric, screening is performed, in accordance
      with the invention, with the aid of series-connected screens, there being
      one screen per each resistor, the screens being made in the form of hollow
      cylinders with an additional winding enveloping the resistor winding in
      such a way that the potential at each point of said additional winding is
      approximately equal to that at the respective point of the resistor
      winding, the additional winding also serving as a leaktight envelope for
      the resistor winding to protect it from the liquid dielectric.
PAR  It is expedient that the high-voltage resistor unit be provided with
      electrodes in order to prevent the resistors from being shunted by the
      dielectric, the electrodes being placed inside the hollow cylinders, in
      immediate promixity to the end faces thereof, and being electrically
      connected to the additional winding.
PAR  The proposed high-voltage resistor unit is capable of maintaining, with
      high precision, the value of its electrical resistance, which means, in
      the final analysis, that it is marked by high accuracy of performance.
DRWD
PAR  The present invention will now be explained in greater detail with
      reference to a specific embodiment thereof taken in conjunction with the
      accompanying drawing showing a diagram of the proposed high-voltage
      resistor unit (longitudinal section).
DETD
PAR  Referring now to the attached drawing, the proposed high-voltage resistor
      unit comprises three series-connected resistors 1. Each resistor 1 is made
      in the form of a hollow cylinder 2 with a microwire winding 3 and is
      provided with a screen 4 made in the form of a hollow cylinder 5 of a
      greater diameter, the latter cylinder being provided with an additional
      microwire winding 6 enveloping the winding 3 of the resistor 1. There is
      an air gap between the screen 4 and the resistor 1. The distribution of
      the resistance of the screen 4 over the length of the cylinder 5
      corresponds to the distribution of the resistance of the resistor 1 over
      the length of the cylinder 2 thereof.
PAR  The leaktightness of the winding 3 of the resistor is ensured by means of
      ring packings 7 made of an epoxy compound.
PAR  The "resistor 1 -- screen 4" unit is provided with a pair of additional
      electrodes 8 in order to prevent the resistors from being shunted by the
      dielectric, said electrodes being placed inside the hollow cylinder 2, in
      immediate proximity to the end faces thereof, and being electrically
      connected to the winding 6 of the screen 4.
PAR  The windings 3 of the resistors 1 are interconnected in series and provided
      with leads 9. The windings 6 of the screen 4 are interconnected in the
      same manner and provided with leads 10.
PAR  The resistors 1 with the screens 4 and the electrodes 8 are placed in a
      metal casing 11 filled with a liquid dielectric 12, the dielectric being
      insulation oil.
PAR  The proposed high-voltage resistor unit operates as follows.
PAR  As voltage is applied to the leads 9 and 10, the additional electrodes 8
      catch the longitudinal charge flow (shown by arrows in the drawing) of the
      liquid dielectric 12 and direct it to the winding 6 of the screen 5, thus
      preventing the resistor 1 from being shunted. No charge transfer takes
      place between the resistor 1 and the screen 4 due to the fact that the
      winding 3 of the resistor 1 is sealed off from the liquid dielectric 12.
      The latter effect is considerably enhanced by the fact that the winding 6
      of the screen 4 is made in such a way that the potential at any point
      thereof is approximately equal to that at the corresponding point of the
      winding 3 of the resistor 1.
PAR  The proposed design of the resistor unit accounts for optimum conditions
      for heat dissipation, as the liquid dielectric is found both on the inner
      and outer surface of the "resistor 1 - screen 4" unit.
PAR  The proposed high-voltage resistor unit, whose resistor windings are made
      of a glass-insulated microwire with a rated resistance ranging from a few
      megohms to several thousand megohms, makes it possible to carry out
      different measurements, with direct current, with an error of 0.01 to
      0.0001 percent. In integrated measuring systems, the proposed unit may be
      used as a primary resistor element for synthesis of high-voltage measuring
      voltage converters of the series resistor or voltage divider type, it may
      also be used to produce high-voltage voltage, resistance and power meters.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high-voltage resistor unit comprising: a metal casing; a chain of
      series-connected resistors comprising hollow cylinders arranged in said
      case; microwire windings of said resistors wound on said hollow cylinders;
      series-connected screens separate for each of said resistors in the form
      of hollow cylinders with screening windings wound thereon, each of said
      screening windings enveloping the winding of each of said resistors so
      that the potential at each point of the screening winding is substantially
      equal to the potential at a corresponding point of said winding of said
      resistor; a liquid dielectric filling said metal casing; and the screen
      windings hermetically sealing the winding of each of said resistors from
      said liquid dielectric.
NUM  2.
PAR  2. A high-voltage resistor unit as claimed in claim 1, including electrodes
      for protecting said resistors against being shunted by said dielectric,
      said electrodes being located inside said hollow cylinders of said chain
      of resistors in immediate proximity to their end faces and electrically
      connected to said screening windings.
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ABST
PAL  A first pair of variable resistors are mounted on two opposite walls of a
      substantially rectangular outer casing in such manner that their rotary
      shafts coaxially extend through the walls and are attached to two opposite
      walls of a substantially rectangular inner casing. A second pair of
      variable resistors are mounted on two opposite walls of the inner casing
      in such manner that the rotary shafts are coaxial and that the axis of the
      shafts of the second pair of resistors is perpendicular to the axis of the
      shafts of the first pair of resistors. A connecting member links the
      shafts of the second pair of variable resistors. An operating shaft is
      rotatably mounted on and extends through the connecting member at right
      angles to the shafts of the first and second variable resistors and has a
      plurality of ganged additional variable resistors mounted on it, so that
      rotation of the operating shaft controls the additional variable
      resistors, while tilting of the operating shaft selectively controls the
      first and second pairs of resistors.
PARN
PAR  This is a continuation of application Ser. No. 321,831, filed Jan. 8, 1973,
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for simultaneously controlling a
      plurality of variable resistors with a single operating shaft.
PAR  For example, in a stereophonic recording and reproducing system, where it
      is required to control the volumes for the individual four channels singly
      or simultaneously and also to control the balance among the four volumes,
      operation of the volume control as well as the balance control will be
      considerably facilitated if they could be accomplished by a single control
      device. However, there has not been proposed yet such a control device
      which is simple in construction.
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of the present invention is therefore to provide a
      device for simultaneously controlling more than four variable resistors
      with a single operating or control shaft.
PAR  Another object of the present invention is to provide a variable resistor
      control device of the type described which is simple in construction and
      inexpensive to manufacture.
PAR  Briefly stated, according to the present invention, a first pair of
      variable resistors are coaxially mounted upon the opposing outer walls of
      an outer casing or frame substantially rectangular in cross section in
      such a manner that their rotary shafts extend inwardly into the outer
      casing. An inner casing or frame also rectangular in cross section is
      mounted on the rotary shafts of the variable resistors for rotation in
      unison therewith, and a pair of variable resistors are coaxially mounted
      upon the opposing outer walls of the inner casing different from the
      opposing walls mounted upon the rotary shafts of the first pair of
      variable resistors in such a manner that the axes of the rotary shafts of
      the variable resistors mounted both on the outer and inner casings
      intersect with each other at right angles. A connecting member is coupled
      to the rotary shafts of the variable resistors mounted on the inner
      casing, and an operating shaft which may be rotated about its own axis
      extends from the connecting member at right angles to the axes of the
      rotary shafts of the variable resistors. The rotary shaft of one variable
      resistor or a ganged variable resistors is operatively coupled to the
      lower end of the operating shaft with or without a coupling member. When
      the operating shaft is tilted and rotated about its own axis, all of the
      variable resistors may be simultaneously controlled.
PAR  The above and other objects, features and advantages of the present
      invention will become more apparent from the following description of one
      preferred embodiment thereof taken in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top view of a variable resistor control device in accordance
      with the present invention;
PAR  FIG. 2 is a sectional view taken along the line A--A of FIG. 1;
PAR  FIG. 3 is a sectional view taken along the line B--B of FIG. 1;
PAR  FIG. 4 is a sectional view, in an enlarged scale, illustrating the joint
      between the operating shaft and the rotary shaft of a ganged variable
      resistor; and
PAR  FIG. 5 is a sectional view taken along the line C--C of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An outer casing 1 is substantially square in cross section and has its both
      top and bottom members opened. Upon the outer walls 1a and 1b, in opposed
      relation of the outer casing 1, are coaxially mounted variable resistors 4
      and 5 in such a manner that their rotary shafts 2 and 3 extend inwardly
      into the outer casing 1 through holes in the walls 1a and 1b. In the
      instant embodiment, the variable resistors are securely held in position
      on the walls 1a and 1b with ears 8 and 9 which are struck out of the
      shielding plates 6 and 7 of the variable resistors 4 and 5 being bent and
      pressed against the wall 1a and 1b after they are passed through holes
      therein. It should be noted that the rotary shafts 2 and 3 are aligned
      with each other.
PAR  An inner casing 10 which is rectangular in cross section and has its top
      opened is mounted on the rotary shafts 2 and 3 of the variable resistors 4
      and 5. In the instant embodiment, the stepped or notched ends 2a and 3a of
      the rotary shafts 2 and 3 are inserted through holes in the opposing walls
      10a and 10b and firmly engage with projections 11 and 12 struck out of the
      walls 10a and 10b under the spring action of the projections 11 and 12.
      Thus, the inner casing 10 may be rotated coaxially of and in unison with
      the rotary shafts 2 and 3 of the variable resistors 4 and 5.
PAR  Upon the other pair of opposing outer walls 10c and 10d are mounted
      variable resistors 15 and 16 in such a manner that their rotary shafts 13
      and 14 extend into the inner casing 10. The variable resistors 15 and 16
      are securely held in position on the walls 10c and 10d with ears 19 and 20
      struck out of the shield plates 17 and 18 of the variable resistors 15 and
      16 in a manner substantially similar to that described above in connection
      with the mounting of the variable resistors 4 and 5. The rotary shafts 13
      and 14 are lined with each other and their extended axis intersect at
      right angles with that of the rotary shafts 2 and 3 of the variable
      resistors 4 and 5.
PAR  A connecting member 21 is mounted upon the rotary shafts 13 and 14 of the
      variable resistors 15 and 16 so that it may rotate in unison with the
      rotary shafts 13 and 14. An operating shaft 23 is rotatably supported by a
      bearing 22 which in turn is attached to a hole formed through the center
      of the top wall of the connecting member 21. A shaft 25 extending through
      a slot formed at the lower end of the operating shaft 23 is coupled to the
      latter with a pin 26 and is connected to a yoke member 32 which in turn is
      pivoted to a rotary shaft 31 for variable resistors 27-30 mounted upon the
      bottom 10e of the inner casing 10 downwardly thereof as best shown in
      FIGS. 4 and 5. Thus, when the operating shaft 23 is rotated, the rotary
      shaft 31 of the ganged variable resistors 27-30 is also rotated. From the
      foregoing description, it will be seen that the operating shaft 23 is
      coupled to the rotary shaft 31 through a universal joint and the crossing
      point between the shaft 25 and the pin 26 must coincide with that between
      the axes of the operating shaft 23 and the rotary shaft 31.
PAR  Next, the mode of operation will be described. When the operating shaft 23
      is tilted in the direction indicated by the double-pointed arrow a from
      the position shown in FIG. 2, the inner casing 10 which is coupled through
      the connecting member 21 to the operating shaft 23 is rotated about the
      axis of the rotary shafts 2 and 3 of the variable resistors 4 and 5.
      Therefore, both of the variable resistors 4 and 5 are simultaneously
      adjusted. In this case, no torque is applied to the rotary shafts 12 and
      13 of the variable resistors 15 and 16 so that their resistances remain
      unchanged.
PAR  When the operating shaft 23 is inclined in the direction indicated by the
      double-pointed arrow b from the position shown in FIG. 3, the rotary
      shafts 13 and 14 of the variable resistors 15 and 16 are rotated so that
      the variable resistors 15 and 16 may be simultaneously adjusted. In this
      case, no torque is applied to the rotary shafts 2 and 3 and the
      resistances of the variable resistors 4 and 5 remain unchanged.
PAR  After the variable resistors 4 and 5 have been adjusted in the manner
      described above, the operating shaft 23 may be tilted in the direction
      indicated by the arrow b so that the variable resistors 15 and 16 are
      simultaneously controlled in the manner described above without causing
      the change in the resistance of the variable resistors 4 and 5.
PAR  When the operating shaft 23 is tilted in the direction indicated by the
      arrow a after the variable resistors 15 and 16 have been adjusted in the
      manner described above by rotatng the operating shaft in the direction
      indicated by the arrow b, only the variable resistors 4 and 5 are
      simultaneously adjusted without causing the change in the resistance of
      the variable resistors 15 and 16. In summary, the variable resistors 4 and
      5 may be simultaneously adjusted independently of the variable resistors
      15 and 16 and vice versa, by rotating or tilting the operating shaft 23 in
      the direction indicated by the arrow a or b.
PAR  However, when the operating shaft 23 is tilted at, for example,
      45.degree.relative to the directions indicated by the arrows a and b, the
      rotary shafts 2, 3, 13 and 14 are rotated so that all of the variable
      resistors 4, 5, 15 and 16 are simultaneously adjusted.
PAR  When the operating shaft 23 is rotated about its own axis, the rotary shaft
      31 of the ganged variable resistors 27-30 is rotated so that the variable
      resistors 27-30 may be adjusted without causing the change in resistance
      of the variable resistors 4 and 5 mounted on the outer casing 1 and the
      variable resistors 15 and 16 mounted on the inner casing 10. That is, when
      the operating shaft 23 is rotated, its rotation is transmitted through the
      universal joint consisting of the shaft 25, the pin 26 and the yoke member
      32 to the rotary shaft 31. The control of the variable resistors 27-30
      which are mounted upon the bottom of the inner casing 10 may be
      accomplished by rotating the operating shaft 23 about its own axis
      independently of the inclination thereof because the operating shaft 23 is
      coupled to the rotary shaft 31 through the universal joint as described
      above. When the operating shaft 23 is tilted in the direction indicated by
      the arrow a, it rotates about the shaft 25 but when the operating shaft 23
      is tilted in the direction indicated by the arrow b, it rotates about the
      pin 26. Therefore, the variable resistors 27-30 may be adjusted
      simultaneously regardless of the position of the operating shaft 23.
PAR  In the instant embodiment, only one pair of variable resistors 4 and 5; and
      15 and 16 are mounted on the outer and inner casings 1 and 10,
      respectively, but it will be understood that two- or three-ganged variable
      resistors may be mounted instead of the variable resistors 4, 5, 15 and
      16. For example, a variable resistor may be mounted on the inner casing 10
      in opposed relation with the variable resistor 4 or 5 and their rotary
      shafts may be drivingly coupled to each other. As the number of variable
      resistors mounted upon the bottom of the inner casing 10 is not limited,
      they may be directly mounted upon the operating shaft 23.
PAR  From the foregoing description, it is seen that one operating shaft may
      simultaneously control a plurality of volume controls in a stereophonic
      recording and reproducing system so that the balance among the sounds
      recorded or reproduced through a plurality of channels may be
      simultaneously attained. The simultaneous variable resistor control
      device, in accordance with the present invention, is especially
      advantageous when used in conjunction with a four-channel stereophonic
      recording and reproducing system. Furthermore, the control device of the
      present invention is simple in construction and can be made inexpensively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiple-shaft simultaneous control device for controlling variable
      resistors comprising:
PA1  an outer frame having a first pair of opposed walls;
PA1  a first pair of variable resistors fixed to said first pair of opposed
      walls and having rotatable control shafts coaxially projecting inwardly
      through said opposed walls;
PA1  an inner frame fixed to the control shafts of said first pair of variable
      resistors and being provided with a second pair of opposed walls;
PA1  a second pair of variable resistors fixed to said second pair of opposed
      walls and having rotatable control shafts coaxially projecting inwardly
      through said second pair of opposed walls, the control shaft axes of said
      first and second pairs of variable resistors intersecting orthagonally;
PA1  a connecting member in said inner frame affixed to the control shafts of
      said second pair of variable resistors;
PA1  an operating shaft rotatably mounted on said connecting member, whereby
      rocking motion of said operating shaft selectively rotates the control
      shafts of either or both of said first and second pairs of variable
      resistors;
PA1  an additional variable resistor connected to the inner frame and having a
      control shaft projecting through said inner frame;
PA1  and a universal joint connecting the control shaft of the additional
      variable resistor to the operating shaft, said universal joint being
      located at the intersection of the control shaft axes of said first and
      second pairs of variable resistors.
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ABST
PAL  A system for measuring the angular displacement of a signal source relative
     o the center line of an array type transducer. The sum and difference
      signals of the array are applied to the system which phase shifts the
      incoming signals, provides a summation of selected phase shifted signals
      and applies the summed signals to a phase detector. A normalized signal is
      derived that is an amplitude measurement indicative of the angle between
      the signal source, and a line incident normal to the array, wherein the
      sum is a maximum and the difference is zero.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention generally relates to a system for processing
      information signals and more particularly to an angular tracking system
      for determining the direction of a noise signal.
PAR  Acoustics find applications in underwater use. This is because of the
      superiority of sound wave transmission through this medium to that of
      electromagnetic waves via radio, radar or light radiation. Among the
      principle uses of underwater sonic and subsonic waves is that in the area
      of detection.
PAR  Underwater sound detection systems for determining the direction of emitted
      sonic and subsonic systems are often a compromise in which a transducer
      array is formed that is suitable for a particular detection system. Such
      systems are often unduly limited in the number of transducers that can be
      utilized and many such systems are suitable for only line arrays of
      transducers. Systems suitable for larger planar arrays are generally
      unduly complicated and require feedback techniques utilizing complex
      hardware.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general purpose of the present invention to provide a
      system for accurately determining the direction from which a sound
      emanates utilizing previously developed transducer arrays designed for
      optimum directional sensitivity.
PAR  This is accomplished according to the present invention by a device that
      measures the angular displacement of a signal source relative to the
      center line of an array type transducer in which the sum and difference
      signals of the transducer that are received in quadrature phase
      relationship are applied to separate input terminals. The sum signal is
      processed through a lead circuit of .pi./4 radians and the difference
      signal is processed through a lag circuit of -.pi./4 radians. This makes
      the sum and difference signals either in phase or 180.degree. out of phase
      depending on the direction of the signal relative to the center line of
      the array. The sum signal is added to the difference signal that has been
      phase shifted an additional .pi./2 radians to form a first signal and the
      difference signal is added to the sum signal that has also been phase
      shifted an additional .pi./2 radians to form a second signal. The first
      and second signals are then phase detected for forming an output signal of
      an amplitude that is a measure of the direction of the received signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block-schematic diagram of a system for measuring the angular
      displacement of a signal source relative to the center line of an array
      type transducer;
PAR  FIG. 2 is the sum and difference patterns of the array transducer of FIG.
      1;
PAR  FIGS. 3 and 4 are phase diagrams at selected points of the system of FIG.
      1; and
PAR  FIG. 5 shows the indicated angle -- actual angle of the detected signal
      produced by the system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown an array type transducer 10 that
      supplies a sum signal .SIGMA. and a difference signal .DELTA.. The
      components within the transducer itself do not comprise a part of the
      present invention but could be a transducer such as that shown in U.S.
      Pat. No. 3,441,904 issued to G. L. Wilson.
PAR  The signal .SIGMA. is applied to a +.pi./4 radian phase shifter 11
      producing an output signal of .SIGMA..sub.1. The signal .DELTA. is applied
      to a -.pi./4 radian phase shifter 12 producing an output signal of
      .DELTA..sub.1. The signals .SIGMA..sub.1 and .DELTA..sub.1 are applied to
      respective -.pi./2 radian phase shifters 15 and 16 producing the
      respective signals .SIGMA..sub.2 and .DELTA..sub.2. An adder 18 receives
      the .SIGMA..sub.1 and .DELTA..sub.2 signals supplying an output signal of
      .SIGMA..sub.1 + .DELTA..sub.2 and an adder 19 receives the signals
      .SIGMA..sub.2 and .DELTA..sub.1 supplying an output signal of
      .SIGMA..sub.2 + .DELTA..sub.1. For reasons to be explained later, the
      output signals of adders 18 and 19 are of a phased relationship indicative
      of the angle of the signal received by array transducer 10. The output
      signals of adders 18 and 19 are supplied to phase detector 20 through
      respective limiters 22 and 23. The detector 20 in effect multiplies the
      respective signals applied to it and supplies an output signal indicative
      of this phase relationship. For signals in phase the output is a maximum
      and for those in quadrature the output is zero. The output of phase
      detector 20 is applied to post detection filter 21 which is a low pass
      filter. The output of post detection filter 21 is then supplied to a
      controller 22. It is to be realized that in addition to a controller 22,
      the output of the filter 21 could be supplied to an indicator or to any
      circuit utilizing a signal indicative of the detected angle.
PAR  FIG. 2 shows the amplitude characteristics of the sum and difference
      patterns of array transducer 10. It is to be noted that the particular
      angles and amplitudes may change depending on the transducer used. As
      shown the sum reaches a maximum and the difference zero at a center line
      incident normal to the array. The difference signal utilized may be either
      the azimuth or vertical depending on the angle being measured. At
      approximately 12.degree. to either the left or right of the center line a
      crossover point occurs at which both the sum and difference signals are
      substantially linear between these crossover points. The magnitude of the
      steering error can therefore be derived as a function of .DELTA./.SIGMA.
      between the crossover points and this fraction has a value of less than
      one.
PAR  FIG. 3 shows the phase characteristics of the array type transducer 10.
      Signals impinging on the transducer from the right produce a difference
      voltage .DELTA..sub.R that leads the sum voltage .SIGMA. by 90.degree..
      Signals that impinge on the left of the transducer array 10 produce a
      different voltage .DELTA..sub.L that lags the sum voltage .SIGMA. by
      90.degree.. .SIGMA..sub.1 shows the summation signal after passing through
      phase shifter 11. .DELTA..sub.R1 and .DELTA..sub.L1 show the phase
      relationship of the difference signal depending on its direction relative
      to the center line after passing through phase shifter 12. It is to be
      noted that if the signal applied to the transducer 10 is to the right of
      the center line, the sum and difference signals are in phase at this time
      and if the signal impinges from the left the sum and difference signals
      are 180.degree. out of phase at this time.
PAR  FIG. 4 shows the relationship of a plurality of received signals from both
      the left and right of center of the transducer array. FIG. 4a and 4b are
      at the respective crossover points depending on whether the signal is from
      the left or the right. FIGS. 4c through 4f are at different points between
      these crossover points. In addition it is to be noted that a signal
      incident to the center line of the array would only have the .SIGMA..sub.1
      and .SIGMA. components and the angle .phi. would be 90.degree..
PAR  FIG. 5 shows the indicated target angle versus the actual target angle for
      the output of phase detector 22.
PAR  The operation of the device will now be explained with reference to the
      FIGS. Suppose a signal is received by array type transducer 10 from an
      angle coincident to the crossover point to the right. This would make
      .SIGMA. and .DELTA..sub.R equal in magnitude but in phase quadrature with
      .DELTA..sub.R the leading angle. After passing through respective phase
      shifters 11 and 12 .SIGMA..sub.1 and .DELTA..sub.R1 would be equal in both
      magnitude and phase angle. After being operated on by respective phase
      shifters 15 and 16 the respective magnitudes and angles of .SIGMA..sub.1,
      .SIGMA..sub.2, .DELTA..sub.R1 and .DELTA..sub.R2 are shown in FIG. 4a.
      After passing through adders 18 and 19 respectively .SIGMA..sub.1 +
      .DELTA..sub.R2 and .SIGMA..sub.2 + .DELTA..sub.R1 are equal in both
      magnitude and direction. Phase detector 20 upon sensing both signals in
      the same direction has a maximum amplitude output. This output is sent to
      post detection filter 21 before being applied to controller 26 or any
      other utilization network. The normalized output of phase detector 20 can
      be written as
      ##EQU1##
      for infinite signal-to-noise ratio and .SIGMA.&gt;.DELTA., also,
      ##EQU2##
      for the same conditions. This can readily be seen by noting that the
      amplitude of the output of phase detector 20 is a function of the
      complement of the angle .phi. in FIGS. 4a, 4c and 4e.
PAR  It has therefore been shown a system for measuring the angular displacement
      of a signal source relative to the center line of an array type
      transducer. The system by appropriate phase shifting of the sum and
      difference signals that are received in quadrature from an array
      transducer 10 provides a means by which a phase sensitive detector 26 can
      supply an output signal indicative of the angle of incidence to the array.
PAR  It will be understood that various changes in the details, materials, steps
      and arrangements of parts, which have been herein described and
      illustrated in order to explain the nature of the invention, may be made
      by those skilled in the art within the principle and scope of the
      invention as expressed in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A signal processing system for determining the directional information
      in a plurality of signals comprising:
PA1  first and second means for receiving a first and second signal in phase
      quadrature to each other and phase shifting the first signal 90.degree.
      with respect to the second signal;
PA1  third means connected to receive said first means output for phase shifting
      said first signal -90.degree.;
PA1  fourth means connected to said second means for phase shifting said second
      signal -90.degree.;
PA1  a first adder connected to receive the output signals of said first means
      and said fourth means for adding the first and fourth means output signals
      and providing an output signal indicative of the sum;
PA1  a second adder connected to receive the output signals of said second means
      and said third means for adding the second and said third means output
      signals and providing an output signal indicative of the sum; and
PA1  a phase sensitive detector connected to receive the output signals of said
      first and second adder for providing an output signal indicative of the
      directional information within said first and second signals.
NUM  2.
PAR  2. A signal processing system according to claim 1 further comprising:
PA1  a first limiter connected intermediate said first adder and said phase
      sensitive detector; and
PA1  a second limiter connected intermediate said second adder and said phase
      sensitive detector.
NUM  3.
PAR  3. A signal processing system according to claim 2 further comprising:
PA1  said first means upon receipt of said first signal phase shifting said
      first signal +45.degree.; and
PA1  said second means upon receipt of said second signal phase shifting said
      second signal -45.degree..
NUM  4.
PAR  4. A signal processing system according to claim 3 further comprising:
PA1  a post detection filter connected to said phase sensitive detector for
      eliminating spurious high frequency signals.
NUM  5.
PAR  5. An array transducer angular tracking system comprising:
PA1  an array transducer providing sum and difference signals;
PA1  first and second means for receiving said sum and difference signals in
      quadrature to each other and phase shifting said sum signal 90.degree.
      with respect to said difference signal;
PA1  third means connected to receive the first means output for phase shifting
      said sum signal -90.degree.;
PA1  fourth means connected to the second means output for phase shifting said
      difference signal -90.degree.;
PA1  a first adder connected to receive the output signals of said first means
      and said fourth means for adding the first and fourth means output signals
      and providing an output signal indicative of the sum;
PA1  a second adder connected to receive the output signals of said second means
      and said third means for adding the second and third means output signals
      and providing an output signal indicative of the sum; and
PA1  a phase sensitive detector connected to receive the output signals of said
      first and second adder for providing an output signal indicative of the
      directional information within said sum and difference signals.
NUM  6.
PAR  6. An array transducer angular tracking system according to claim 5 further
      comprising:
PA1  a first limiter connected intermediate said first adder and said phase
      sensitive detector; and
PA1  a second limiter connected intermediate said second adder and said phase
      sensitive detector.
NUM  7.
PAR  7. An array transducer angular tracking system according to claim 6 further
      comprising:
PA1  said first means upon receipt of said sum signal phase shifting said sum
      signal +45.degree.; and
PA1  said second means upon receipt of said difference signal phase shifting
      said difference signal -45.degree..
NUM  8.
PAR  8. An array transducer angular tracking system according to claim 7 further
      comprising:
PA1  a post-detection filter connected to said phase sensitive detector for
      eliminating spurious high frequency signals.
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ABST
PAL  An apparatus to control the depth in the water of a cable, such as a cable
      streamer of seismic geophones or hydrophones towed behind an exploration
      boat during seismic surveys of submerged formations, and maintain the
      cable at a desired depth while operating at reduced noise levels and with
      improved operating characteristics. The depth at which the cable is
      maintained may be adjusted for a range of selected depths.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an apparatus for controlling the depth of
      a cable, such as a seismic hydrophone streamer, in water.
PAR  2. Description of the Prior Art
PAR  Beginning with early attempts to control the depth of submerged seismic
      cables during exploration, such as a single drogue assembly drawn behind
      the cable in U.S. Pat. No. 2,465,696, or the spaced weights and floats of
      U.S. Pat. No. 2,729,300, considerable effort has been expended to
      accurately control the cable depth at a desired depth.
PAR  One approach, as exemplified by U.S. Pat. Nos. 3,375,800 and 3,434,446 (of
      which applicant is an inventor), and also in U.S. Pat. Nos. 3,412,704;
      3,496,526; 3,541,989; and 3,605,674 has used plural apparatus, each
      mounted in a housing about the seismic cable at spaced positions along the
      length of the cable. With this approach, the housing surrounding the cable
      tended to confine undesirable noise in the area of the cable which could
      be sensed by the sensing geophones or hydrophones in the seismic cable.
      Further, with these apparatus, the depth controlling diving planes were
      mounted with the apparatus at the thickest portion thereof, increasing the
      width or cross-section span of the apparatus. Also, if the cable were
      over-filled with fluid, undesirable binding between the housing and the
      cable often occurred.
PAR  Other apparatus, such as in U.S. Pat. Nos. 3,372,66; 3,611,975; 3,531,762;
      and 3,531,761 have included even larger wing structure connected at a
      single connector to the cable and were comparatively hard to control and
      unwieldy. Further, the large wing structure frequently snared marine weeds
      and growth and other submerged objects. Still other apparatus, such as in
      U.S. Pat. No. 3,434,451 have used two control vehicles, one submerged with
      the cable, with the other at the water surface subject to wave action and
      thus generally undesirable.
PAR  Finally, other depth control apparatus, such as in U.S. Pat. Nos.
      2,709,981; 3,492,962; 3,199,482; 3,260,232; 3,560,912; and 2,945,469 were
      intended for depth control of specialized structure and not, so far as is
      known, readily adapted to control the depth of seismic cables.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention provides a new and improved apparatus for
      controlling the depth of a seismic cable. The apparatus includes a depth
      control means for regulating the depth of the cable having a comparator
      which compares the force of ambient water pressure at the depth where the
      cable is operating with a reference force representing the desired cable
      depth, a control body for containing the comparator, and diving planes
      which respond to the comparator to move the cable to the desired depth. A
      connector which includes a support shank mounted between the control body
      and the cable, with the diving planes mounted to the support shank, and a
      connecting collar to attach the support shank to the cable, mounts the
      control body to the cable.
PAR  The connecting collar for each support shank is preferably in the form of
      plural collars mounted with the support shank at spaced portions thereof,
      so that the connecting collars are spaced from each other along the cable
      to stabilize the connection between the support shank and the cable.
PAR  It is an object of the present invention to provide a new and improved
      apparatus for controlling the depth of a cable.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of the apparatus of the present invention
      mounted with a cable;
PAR  FIG. 2 is an isometric view, partially exploded, of the apparatus of FIG.
      1;
PAR  FIG. 3 is an isometric view of an alternative embodiment of the present
      invention;
PAR  FIG. 4 is an exploded isometric view of portions of the apparatus of the
      present invention;
PAR  FIGS. 5A and 5B are elevation views taken in cross-section of front and
      rear portions, respectively, of the apparatus of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, the letter A designates generally the apparatus of the
      present invention for controlling the depth of a seismic cable K of the
      conventional type, formed from vinyl or other suitable material, as the
      cable K is towed or pulled forward through a body of water in a direction
      indicated by an arrow 10 (FIG. 1) behind a seismic exploration vessel of
      the conventional type. Typically, the cable K is filled with kerosene or
      suitable liquid for neutral buoyancy in the body of water and contains at
      spaced locations therein plural seismic signal sensing geophones or
      hydrophones which sense reflected seismic signals indicating the response
      of geological features of the area underlying the body of water to signals
      from a seismic source. The sensing hydrophones are connected through
      suitable conductors in the cable K to the vessel to permit the response of
      these geological features to be recorded by suitable instruments on the
      vessel.
PAR  Typically, the cable K is several thousand feet in length, and plural depth
      control apparatus A of the present invention are mounted at suitably
      spaced locations along the cable K to keep the cable K at substantially
      the same depth along its length, an important factor for accuracy in
      seismic surveying.
PAR  The apparatus A includes a depth control unit or assembly D, which includes
      a force comparator R (FIGS. 4, 5A and 5B) which compares the force of
      ambient water pressure at the depth at which the cable is operating with a
      reference force representing the desired cable depth, a control body B for
      containing the comparator R, and plural diving planes P (FIGS. 1-3) which
      respond to the comparator R and move the cable K to the desired depth.
PAR  A connector means M mounts the depth control unit D to the cable K and
      includes a support shank S mounted between the control body B and the
      cable K. The support shank S further has the diving planks P mounted
      therewith, for reasons to be set forth below. The connector means M
      further includes plural connecting collar assemblies C for attaching the
      support shank S to the cable K.
PAR  Considering the apparatus A more in detail, the connecting collar
      assemblies C (FIG. 5A) each include a cylindrical inner race 12 formed of
      two half-cylinder members 14 and 16 which are semi-circular in
      cross-section and mounted to each other by screws 18 or other suitable
      attaching means. The inner races 12 are mounted at desired positions with
      the cable K spaced from each other. The inner races 12 may be mounted with
      the cable K and held in place therewith by being cemented to the cable K
      by a suitable adhesive cement or glue or by being mounted between tape
      strips wrapped about the cable K at each end of such races.
PAR  The inner races 12 have a reduced diameter center section formed adjacent a
      surface 12a thereof, between end shoulders 12b and 12c. The center section
      of the inner races 12 is adapted to receive an outer race or locking
      collar 20.
PAR  The locking collar 20 is preferably formed of two half-cylinder members 21
      and 22 which are semi-circular in cross-section and mounted to each other
      by screws 23 or other suitable attaching means. The locking collar 20 is
      freely rotatably movable with respect to the inner race 12. When the depth
      control unit D and the support shank S are mounted therewith, in a manner
      to be set forth, the weight of such structure causes such structure to
      ride beneath the cable K (FIG. 1).
PAR  The locking collar 20 has a pair of locking slots 24 formed therein at
      diametrically opposed portions thereof so that a locking pin 26 of the
      support shank S may be mounted therewith to mount the support shank S with
      the cable K.
PAR  The locking pin 26 is preferably a screw with a threaded portions 26a
      thereof mounted in a suitable socket 28 formed in the support shank S. The
      locking pin 26 has an enlarged head portion 26b extending upwardly from an
      upper surface 30 of the support shank S.
PAR  The locking slot 24 includes an enlarged insertion aperture or orifice
      formed adjacent a surface 24a formed at a forward portion of the locking
      slot 24 with respect to the direction of movement of the cable K. A
      reduced width retaining groove 24b is formed in the locking slot 24
      extending rearwardly from the insertion aperture.
PAR  An enlarged slot 24c adapted to receive the head 26b of the locking pin 26
      is formed inwardly in the locking collar 20 of the retaining groove 24b so
      that the head 26b of the locking pin 26 may be moved rearwardly in the
      locking slot 24 to mount the support shank S to the cable K.
PAR  A quick release lock or latch L is mounted with the support shank S
      adjacent the forward locking pin 26 to lock the support shank S to the
      connecting collars C. The lock L includes a locking dog 32 mounted in a
      socket 34 formed adjacent a forward end of the support shank S. The
      locking dog 32 is adapted to move into the locking slot 24 of the forward
      locking collar 20 (FIG. 5A).
PAR  A resilient spring 36 is mounted in the socket 34 beneath the locking dog
      32 to urge such locking dog into a position in the locking slot 24 to
      prevent inadvertent forward movement of the support shank S and depth
      control unit D with respect to the cable K and thereby lock the support
      shank S and depth control unit D to the cable K.
PAR  Releasing pins 38 (FIG. 4) are mounted with the locking dog 32 extending
      outwardly therefrom through vertically elongated slots 40 formed in the
      supporting shank S. The releasing pins 38 may be gripped and moved
      downwardly in the slots 40 to overcome the force of the spring 36 and move
      the locking dog 32 out of the locking slot 24. When the locking dog 32 is
      removed from the locking slot 24 in this manner, the supporting shank S
      and the depth control unit D may be moved forward to a position where the
      heads 26b of the locking pins 26 pass through the apertures in the locking
      slot 24 so that the support shank S and depth control unit D may be
      dismounted and removed from the cable K.
PAR  The support shank S includes a prow or rounded leading surface 42 (FIGS. 3
      and 4) sloping downwardly from an upper leading portions 42a (FIG. 5A)
      thereof, and a center body portion 44 and a tapered trailing end or tail
      portion 46 (FIG. 4) for improved hydrodynamic characteristics during
      movement of the apparatus A with the cable K through the water. Vertically
      extending sockets 44a and 44b are formed in the upper surface 30 of the
      center body portion 44 of the support shank S so that suitable screws 48
      or other attaching means may be inserted to connect the support shank S to
      the control body B of the depth control unit D.
PAR  An upwardly extending cavity 50 is formed in the support shank in the
      center body portion 44 thereof so that a moment arm 52 may transmit motion
      of the comparator R of the depth control unit D to the diving plane P. A
      threaded upper portion 52a of the moment arm 52 is inserted into a socket
      in a center portion 54a of a diving plane shaft 54.
PAR  The diving plane shaft 54 is mounted in a transverse opening extending
      through the center body portion 44 adjacent a surface 44c and is rotatably
      movable with respect to the support shank S so that the diving planes P
      may move with respect to the support shank S in response to the comparator
      R to adjust the depth of the cable K, in a manner to be set forth.
PAR  The diving plane shaft 54 has receiving slots 54b and 54c formed at outer
      ends thereof so that the diving planes P may be inserted therein. Suitable
      openings are formed in the diving plane shaft 54 transverse to the
      receiving slots 54b and 54c so that screws 56 or other suitable attaching
      means may be used to mount the diving planes P to the diving plane shaft
      54. It is to be noted that the diving planes P are mounted with the
      support shank S rather than the control body B of the diving control unit
      D, for reasons to be set forth.
PAR  The control body B includes a tubular spring holding accumulator assembly
      H, a tubular coupling member G and a cylindrical nose piece N. The
      accumulator assembly H, coupling member G and nose piece N are of like
      diameter, somewhat larger in horizontal cross-section than the width of
      the support shank S. Typically, the members of the control body B are 2.3
      inches in diameter, while the shank S is 1 inch in width.
PAR  The nose piece N is mounted at an upper surface 58 with a lower surface 60
      of the support shank S, which is curved to recieve the exterior of the
      tubular control body B therein, by a forward one of the mounting screws
      48. The nose piece N includes a prow member 62 formed on a leading surface
      thereof. The prow member 62 conforms to the configuration of the leading
      surface 42 of the support shank S along a rearwardly sloping center
      portion 62a thereof, and further includes tapering side surfaces 62b and
      62c formed extending outwardly and rearwardly on the front portion of the
      nose piece N from the center portion 62a thereof past the connection
      between the nose piece N and the support shank S. The prow member 62 thus
      extends outwardly past the mounting connection between the diving planes P
      and the support shank S thereby serving to deflect marine growth and
      debris away from the movable connection or mounting between the diving
      planes P and the support shank S (FIG. 3) to reduce snagging and catching
      of such marine growth and debris which might otherwise occur.
PAR  A piston chamber 64 is formed extending inwardly into the nose piece N. The
      piston chamber 64 contains air at atmospheric pressure therein and is
      connected by a conduit 66 formed in the nose piece N and a connector tube
      67 through a coupling hose 68 to the accumulator assembly H, for reasons
      to be set forth.
PAR  The comparator R includes a piston 70 mounted for relative movement in the
      piston chamber 64 of the nose piece N. A rolling diaphragm seal 72 (FIG.
      4) is mounted at a center portion thereof with the piston 70 by a
      diaphragm seal washer 73, with a washer 74 and a mounting nut 75 used to
      firmly secure the seal washer 73 in place on a threaded front end of a
      piston rod 76. The diaphragm 72 is mounted along outer portions thereof
      between the nose piece N and the coupling member G by a plurality of
      suitable screws 80 or other suitable fastening means which pass through
      suitable openings 81 formed in the coupling member G and opening 72a in
      seal 72 into sockets formed in the nose piece N. A working chamber 82 is
      formed in a central portion of the coupling member G. A passage slot 84 is
      formed extending between an upper surface 85 of the coupling member G
      adjacent the chamber 50 in support shank S and the work chamber 82 in the
      coupling member G. The connection between the support shank S and the
      coupling member G adjacent the passage slot 84 permits ambient water
      pressure to enter the work chamber 82 so that such pressure may work
      against the piston 70, for reasons to be set forth.
PAR  The moment arm 52 extends from the chamber 50 through the passage slot 84
      into the work chamber 82 with a yoke 86 (FIG. 4) formed at a lower end
      thereof mounted with connector pins 88 formed extending outwardly from the
      piston rod 76 at a portion rearward of the connection to the piston 70.
PAR  A forward mounting collar 90 of the accumulator assembly H is mounted along
      a center insertion piece 92 thereof in a rear socket adjacent a surface 94
      of the coupling member G. The collar 90 has a socket formed therein
      adjacent a surface 95 to receive a rearward one of the mounting screws 48
      and attach the accumulator assembly H to the lower surface 60 of the
      support shank S. The piston rod 76 extends from the working chamber 82 and
      the coupling member G into the accumulator assembly H through a central
      opening formed adjacent a surface 90a of the mounting collar 90.
PAR  A cylindrical mounting shoulder member 96 is formed extending rearwardly
      from the mounting collar 90 to mount therewith an inner accumulator sleeve
      100 and an outer accumulator sleeve 102. The inner accumulator sleeve 100
      and the outer accumulator sleeve 102 are concentrically mounted with
      respect to each other and form therebetween an accumulator reservoir 104
      in connection through a connector tube 106, mounted in a socket formed in
      the collar 90, with the piston chamber 64 in the nose piece N through a
      connection which includes the coupling hose 68, connecting tube 67 and
      conduit 66.
PAR  The accumulator reservoir 104 contains air therein and receives excess air
      forced from the piston chamber 64 due to forward movement of the piston 70
      therein. When the piston 70 moves rearwardly in the chamber 64, air passes
      from the accumulator reservoir 104 to the piston chamber 64 through the
      connection set forth above to maintain air pressure in chamber 64
      substantially constant.
PAR  A rear mounting collar 108, having a forwardly extending mounting shoulder
      110 formed thereon to mount therewith the inner accumulator sleeve 100 and
      the outer accumulator sleeve 102, seals the rear end of the accumulator
      reservoir 104. The mounting collar 108 has a rearwardly tapering external
      surface 108a formed thereon for improved hydrodynamic flow
      characteristics.
PAR  A rearwardly tapered fairing 112 is mounted at a rear end portion 108b of
      the collar 108. A depth control knob 114 having a knurled external surface
      114a and a central connector opening 114b formed therein is mounted at the
      rear of the fairing 112. A connector screw 116 is mounted with the depth
      control knob 114 passing through a central opening formed in the fairing
      112 adjacent a surface 112a thereof.
PAR  A rear spring mounting block 118 receives a threaded forward end 116a of
      the connector screw 116 therein. A washer 120 and nut 122 are mounted with
      the connector screw 116 to firmly secure the spring mounting block 118
      with the screw 116.
PAR  The spring mounting block 118 has grooves formed along an external surface
      thereof so that a reference spring 124 of the comparator R may be fixedly
      mounted therewith along a rear portion of such reference spring. The
      reference spring 124 extends forwardly within the accumulator assembly H
      in the interior of the inner accumulator sleeve 100 to a forward spring
      mounting block 126 which has grooved external surfaces formed thereon to
      receive coils of the spring 124. The forward spring mounting block 126 has
      a central opening formed therein to receive a threaded rear end 128 of the
      piston rod 76 and mount the spring 124 at a forward portion thereof with
      the piston rod 76.
PAR  The reference spring 124 of the comparator R is thus mounted in the control
      body B between a rear end portion mounted with rear mounting block 118 and
      a forward portion mounted with a forward mounting block 126. The spring
      124 responds to relative movement between the mounting blocks 118 and 126
      by compressing or expanding.
PAR  The mounting block 118, connector screw 116 and control knob 114 connect
      the rear end of the spring 114 to fairing 112 of the control body B so
      that forces stored in the spring 124, due to relative movement between the
      mounting blocks 118 and 126, are exerted on the piston rod 76 and piston
      70 of the comparator R attempting to move the piston rod 76 and piston 70
      rearwardly with respect to the control body B.
PAR  The ambient water pressure at the depth of operation of the cable K is
      present in the work chamber 82 of the control body B, as has been set
      forth, and exerts a force on the piston 70 and seal 72 attempting to move
      the piston 70 forward into the piston chamber 64 of the control body B.
      The magnitude of the water pressure force on the piston 70 is dependent on
      the depth at which the cable K is operating, since ambient water pressure
      is proportional to depth in the water. The reservoir 104 in the
      accumulator assembly H permits the air pressure in the piston chamber 64
      to remain substantially constant by permitting air to be forced from or
      drawn into the chamber 64 in response to movement of the piston 70.
PAR  The force exerted by the spring 124 on the piston rod 76 and piston 70 in
      opposition to the force due to ambient water pressure on the piston 70 may
      be adjusted to a desired magnitude by rotating the depth control knob 114,
      causing the threaded rod 116 to rotate, so that mounting block 118 mounted
      therewith rotates the spring 124 causing the forward mounting block 126
      and front end of spring 124 to rotate on the threaded end 128 of the
      piston rod. Rotational movement of the forward mounting block 126 and
      front end of spring 124 in this manner causes rearward or forward relative
      movement of the forward mounting block 126 with respect to the rear
      mounting block 118 along the axis, compressing or expanding, respectively,
      the spring 124, increasing or decreasing the force exerted by the spring
      124 on the piston rod 76.
PAR  In this manner, the force of spring 124 may be set at a reference magnitude
      representing that force caused by the pressure of water at the desired
      operating depth of the cable K working against the area of the piston 70
      and seal 72. A scale or other suitable force measuring means may be
      connected to the apparatus A at the connector opening 114b in the depth
      control knob 114 for calibration of the force exerted by the spring 124.
PAR  In the operation of the present invention, the connecting collars C are
      mounted in pairs at suitable locations along the length of the cable K.
      The collars C in a pair are mounted spaced from each other a distance
      equal to the spacing between the locking pins 26 of the support shank S.
PAR  The depth control knob 114 for each of the apparatus A is then used to
      adjust the force of the reference spring 124 to correspond to the desired
      operating depth for the cable K during the survey.
PAR  The cable K is then passed out or played out from the vessel, typically
      from a reel on the vessel, as the vessel moves slowly forward, so that the
      cable K takes the form of an elongate streamer behind the vessel. As the
      cable K is being so placed, the apparatus A are then connected to the
      cable K with the support shank S by inserting the locking pins 26 into the
      insertion apertures in the locking slots 24 of locking collars 20 and
      sliding the apparatus rearwardly so that the lock L locks the apparatus in
      place on the cable K.
PAR  It is to be noted that the connecting collars C and locking pins 26 permit
      the apparatus A to be promptly and easily connected to and disconnected
      from the cable K while the cable K is being placed in or removed from the
      water behind the vessel, with the lock L permitting a secure locking of
      the apparatus A from the cable K. Further, the lock L permits quick
      release of the apparatus A from the cable K by depressing the releasing
      pins 38 and moving the shank S and depth control unit D forward with
      respect to the connecting collars C when such cable is being reeled into
      the vessel.
PAR  Once the cable K is in the water, the apparatus A maintains the cable
      streamer K at the desired operating depth by utilizing pressure-controlled
      diving planes P to apply "lift" forces to the streamer K as it is being
      towed by the vessel. The operating depth of the apparatus A is controlled
      by forces reacting on the comparator R. The spring 124 exerts a force on
      the piston 70 in a first direction and ambient or static water pressure
      exerts a force on the piston 70 in an opposite direction to the spring
      124. Any unbalance of these two forces on the comparator R, such as when
      the cable K is not at the proper depth, causes the moment arm 52 to rotate
      the diving planes P through the diving plane shaft 54 to a position so
      that the towing movement of the cable K causes the apparatus A to move to
      the desired depth. When the cable K is close to the surface of the water,
      the spring 124 exerts a force on the piston 70 causing the diving planes P
      to assume a "dive" position (FIG. 2). Under tow, the apparatus A moves the
      cable K toward its preset depth. With increasing depth, the water pressure
      on the piston 70 causes a force to be exerted that approaches the
      magnitude of the force of the spring 124, causing the diving planes P to
      rotate toward a horizontal or zero "lift" position (FIG. 1). As the
      apparatus A reaches the preset depth the diving planes P assume their zero
      "lift" position and the cable K remains at the desired level unless acted
      upon by external vertical forces.
PAR  Should external vertical forces cause the streamer K to deviate from the
      preset depth, the comparator R senses this deviation and causes the diving
      planes P to rotate in a direction to compensate for the effect of the
      external force.
PAR  Due to the mounting of the diving planes P with the reduced thickness
      support shank S rather than the control body B and due to relatively small
      diameter control body B, the apparatus A moves through the water with less
      drag and turbulence thus reducing the noise that may be introduced into
      the hydrophones while the cable K is being towed through the water.
PAR  Additionally, the separation distance of the control body B from the cable
      K by shank S causes the turbulence and resultant noise produced by the
      control body B to be partially dissipated into the surrounding water, so
      that noise introduced into the hydrophones is reduced as contrasted to a
      large housing completely surrounding the cable. Also, mounting the diving
      planes P and diving plane shafts 54 with the support shank S with the
      comparator R spaced therefrom in the control body B permits use of an
      increased length moment arm, correspondingly increasing the amount of
      torque applied to the diving planes P for each movement of the piston rod
      76.
PAR  Further, with the plural connecting collar assemblies C mounted at
      relatively spaced locations with the cable K from each other a form of
      precision bearing assembly is achieved, and a more stabilized and less
      unwieldy connection of the apparatus A to the cable K is permitted so that
      stabilizer fins at the rear of the control body B are not required,
      further reducing the drag and turbulence and attendant noise during
      movement through the water. Further, the connecting collars C cause the
      apparatus A to more closely follow the movement of the cable K, for
      example, when the course of the seismic vessel pulling or towing the cable
      K is changed.
PAR  In the event it is desirable or necessary to adjust the depth of the cable
      K, this adjustment can be quickly made with the control knob 114 in the
      manner above. Further, since the knob 114 is mounted in a position
      accessible externally of the control body B without requiring removal of
      any protective covers or disassembly of the apparatus A, this adjustment
      can be quickly accomplished.
PAR  In the event that the range of operating depths of the cable K is to be
      significantly changed, the spring 124 may be replaced by a spring having a
      greater (or lesser) spring constant according to the new desired range of
      operating depths.
PAR  In an alternative embodiment of the present invention (FIG. 3), the control
      body B is mounted with the cable K and operates in the manner set forth
      above. In addition, a flotation tube assembly T, hollow and sealed against
      water pressure and having no internal operating parts; and further having
      an external configuration corresponding to the control body B, is mounted
      by a support shank S, of the type set forth above, having locking pins 26,
      to the connecting collars C at locking slots 24 diametrically opposed from
      those receiving the support shank S and control body B. The flotation tube
      assembly T is used when neutral buoyancy of the apparatus A in the water
      is desired. Further, having upper and lower structure mounted to the cable
      K with support shanks S and connecting collars C of the type set forth,
      stability in the vertical plane in the presence of cross-currents or
      during turning of the vessel towing the cable K is provided.
PAR  Additionally, in the control body of the apparatus A the piston chamber 64
      may be subjected to a substantial vacuum and evacuated, rather than
      pressurized with air, and a metal diaphragm used as diaphragm 72. However,
      the spring 124 or other suitable structure must provide the force of the
      atmospheric pressure on the piston 70 which is not present in evacuated
      chamber 64.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape, and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for controlling the depth in water of a seismic cable,
      comprising:
PA1  a. depth control means for regulating the depth of the cable, said depth
      control means comprising:
PA2  1. comparator means for comparing the force of ambient water pressure at
      the depth where the cable is operating and a reference force representing
      the desired cable depth;
PA2  2. control body means for containing said comparator means; and
PA2  3. diving plane means responsive to said comparator means for moving the
      cable to the desired depth; and
PA1  b. connector means for mounting said depth control means to the cable, said
      connector means comprising:
PA2  1. support shank means mounted between said control body means and the
      cable, said support shank means having said diving plane means therewith;
      and
PA2  2. connecting collar means for attaching said support shank means to the
      cable.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said connecting collar means
      comprises:
PA1  a first connecting collar mounted with a first portion of said support
      shank means; and
PA1  b. a second connecting collar mounted with a second portion of said support
      shank means spaced along the cable from said first connecting collar to
      stabilize the connection between said support shank means and the cable.
NUM  3.
PAR  3. The structure of claim 1, further including:
PA1  a. moment arm means connecting said comparator means and said diving plane
      means.
NUM  4.
PAR  4. The structure of claim 3, wherein said moment arm means comprises:
PA1  a moment arm mounted at a first portion thereof with said comparator means
      in said control body and at a second portion thereof with said diving
      plane means in said support shank means.
NUM  5.
PAR  5. The structure of claim 1, wherein:
PA1  said support shank means is smaller in width than said control body means
      along an axis transverse a longitudinal axis of the cable wherein the
      lateral span of said diving plane means is reduced.
NUM  6.
PAR  6. The structure of claim 5, further including:
PA1  a prow member formed on a leading rod of said control body, said prow
      member deflecting marine growth and debris away from the mounting of said
      diving plane means with said support shank means to reduce snagging and
      catching of such marine growth and debris by the apparatus.
NUM  7.
PAR  7. An apparatus for controlling the depth in water of a seismic cable,
      comprising:
PA1  a. depth control means for regulating the depth of the cable, said depth
      control means comprising:
PAR  1. comparator means for comparing the force of ambient water pressure at
      the depth where the cable is operating and a reference force representing
      the desired cable depth;
PA2  2. control body means for controlling said comparator means; and
PA2  3. diving plane means responsive to said comparator means for moving the
      cable to the desired depth; and
PA1  b. connector means for connecting said depth control means to the cable,
      said connector means comprising:
PA2  1. support shank means mounted between said control body means and the
      cable, said support shaft having said diving plane means therewith;
PA2  2. connecting collar means for attaching said support shank means to the
      cable, said connecting collar means including a locking slot formed
      therein, and
PA2  3. quick release locking means for locking said support shaft means to said
      connecting collar means, said quick release locking means comprising:
PA3  a locking dog adapted to move in said locking slot in said connecting
      collar means,
PA3  resilient means for urging said locking dog into said locking slot in said
      connecting collar means; and
PA3  releasing pin means for removing said locking dog from said locking slot.
NUM  8.
PAR  8. An apparatus for controlling the depth in water of a seismic cable,
      comprising:
PA1  a. depth control means for regulating the depth of the cable, said depth
      control means comprising:
PA2  1. comparator means for comparing the force of ambient water pressure at
      the depth where the cable is operating and a reference force representing
      the desired cable depth;
PA2  2. control body means for containing said comparator means; and
PA2  3. diving plane means responsive to said comparator means for moving the
      cable to the desired depth; and
PA1  b. connector means for mounting said depth control means to the cable, said
      connector means comprising:
PA2  1. support shank means mounted between said control body means and the
      cable, said support shank means having said diving plane means therewith;
PA2  2. connecting collar means for attaching said support shank means to the
      cable;
PA2  3. quick release locking means for locking said support shank means to said
      connecting collar means, said quick release locking means including
      locking pin means having an enlarged head portion formed therewith; and
PA2  4. said connecting collar means including a locking slot formed therein,
      said locking slot including an insertion aperture for receiving said head
      portion of said locking pin, and a confining groove extending from said
      insertion aperture in a direction opposite the direction of cable movement
      to retain said locking pin therein.
NUM  9.
PAR  9. An apparatus for controlling the depth in water of a seismic cable,
      comprising:
PA1  a. depth control means for regulating the depth of the cable, said depth
      control means comprising:
PA2  1. comparator means for comparing the force of ambient water pressure at
      the depth where the cable is operating and a reference force representing
      the desired cable depth, wherein said comparator means comprises:
PA3  means responsive to the ambient water pressure;
PA3  reference means for exerting the reference force representing the desired
      depth on said means responsive to the ambient water pressure; and
PA3  adjusting means for adjusting the reference force exerted by said reference
      means on said means responsive to the ambient water pressure;
PA2  2. control body means for controlling said comparator means;
PA2  3. diving plane means responsive to said comparator means for moving the
      cable to the desired depth; and
PA2  4. said adjusting means comprising a depth control knob formed extending
      outwardly from said control body means whereby the desired depth of the
      cable may be rapidly adjusted without disassembling the apparatus; and
PA1  b. connector means for mounting said depth control means to the cable.
NUM  10.
PAR  10. The structure of claim 9, wherein said means responsive to the ambient
      water pressure comprises a piston.
NUM  11.
PAR  11. The structure of claim 9, wherein said reference means of said
      comparator means comprises a spring.
NUM  12.
PAR  12. The structure of claim 9, wherein said connector means comprises:
PA1  a. support shank means mounted between said control body means and the
      cable, said support shank means having said diving plane means therewith;
      and
PA1  b. connecting collar means for attaching said support shank means to the
      cable.
PATN
WKU  039316092
SRC  5
APN  4410238
APT  1
ART  222
APD  19740211
TTL  Three-dimensional seismic display
ISD  19760106
NCL  26
ECL  1
EXA  Buczinski; S. C.
EXP  Wilbur; Maynard R.
NDR  4
NFG  7
INVT
NAM  Anstey; Nigel A.
CTY  Sevenoaks
CNT  EN
ASSG
NAM  Seiscom Delta, Inc.
COD  02
PRIR
CNT  UK
APD  19730214
APN  7187/73
CLAS
OCL  340 155DS
XCL   35 41
XCL   35 51
XCL  340 155SS
XCL   33  1HH
EDF  2
ICL  G01V  100
FSC  340
FSS  15.5 DS;15.5 SS
FSC   35
FSS  41;51
FSC   33
FSS  1 H;1 HH
UREF
PNO  477633
ISD  18920600
NAM  Barringer
OCL   35 41
UREF
PNO  2887791
ISD  19590500
NAM  Garbutt
OCL   35 41
UREF
PNO  3137080
ISD  19640600
NAM  Zang
OCL   35 41
UREF
PNO  3212189
ISD  19651000
NAM  Savit
OCL   35 41
UREF
PNO  3230541
ISD  19660100
NAM  Roark et al.
OCL  346  1
UREF
PNO  3243821
ISD  19660300
NAM  Bogs et al.
OCL  346109
UREF
PNO  3671929
ISD  19720600
NAM  Ruehle et al.
OCL  340 15.5DP
LREP
FRM  Pravel & Wilson
ABST
PAL  The present invention relates to a model, and the making of such model, of
      subsurface features of the earth, utilizing a plurality of processed
      seismic sections spaced apart in a manner representing the disposition of
      the seismic profiles along seismic survey lines from which they came. The
      technique facilitates the making of interpretive geological judgements,
      and is of particular utility when direct indications of hydrocarbons
      exist.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to seismic survey and exploration, and to
      displays representing the results thereof.
PAR  2. Description of Prior Art
PAR  A typical seismic survey for hydrocarbons is conducted as a series of
      intersecting profiles along seismic survey lines on a rectangular grid.
      Each such profile yields a seismic reflection section, which displays,
      generally to a first approximation, the configuration of the rock
      interfaces under the line of profile.
PAR  In the traditional practice of seismic interpretation, the first operation
      is to select, or "pick", as the process is known in the art, the
      reflections which represent these interfaces. This is a process involving
      considerable judgment, based on knowledge of the regional and local
      geology. Often the form of a reflection on one or more sections is
      obscure, and closure of the pick around a loop of the grid is necessary to
      resolve it. It is therefore common practice to pick each of several
      reflectors and to check all loop ties before proceeding further.
PAR  The next operation is to "time" each of the picked reflections at points
      spaced at suitable intervals along the surface, and to "post" these times,
      for each reflector, on maps of the profiles. Suitable contour intervals
      are then interpolated between the posted times, and a contour map is then
      constructed for each picked reflector. Perspective views of the contoured
      surface may then be generated, and numerical integrations may be made to
      assess volumes.
PAR  In the current practice of the art, the timing, posting, contouring and
      later operations are mechanized using a digitizer, a computer and a
      computer-controlled plotter. The picking operation, however, remains one
      which must be done by a skilled person. Decisions must be made on the
      geological likelihood of one possible interpretation against another,
      geological faults must be identified by visual character correlation, and
      a knowledge of the general geological history of the area must be
      introduced into the picking process. These matters are often very
      problematical, and their resolution very tedious; each possible
      interpretation of a difficult segment on one section requires the closing
      of a loop involving other sections, and each of the latter sections may
      raise its own ambiguities of interpretation. Furthermore, each reference
      to another section represents a cumbersome and time-consuming operation,
      so that the sheer volume of work tends to limit the number of interpretive
      iterations which can be made.
PAR  These difficulties are itensified by the general problem of visualizing
      three-dimensional subsurface features of the earth from two-dimensional
      seismic sections. An additional weakness of the traditional practice is
      that many subtleties which may be present on the seismic sections
      themselves, and which subtleties may be important to the search for
      hydrocarbons, are smoothed out in the picking so that their existence is
      not apparent on the contour map.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention is directed at a novel and useful type
      of three-dimensional seismic display which preserves substantially all the
      relevant seismic data, with a minimum of exclusive judgement being
      exercised during its formation, until the implications of the totality can
      be observed.
PAR  This novel display also facilitates the picking of seismic horizons around
      closed loops. It also provides a contour indication as part of the basic
      display. It also allows geological faults and minor and subtle geological
      features to be readily included in the interpretation.
PAR  Where the seismic sections include the display of a plurality of seismic
      variables, it also facilitates the areal and three-dimensional correlation
      of these variables. For example, a seismic variable capable of association
      with the likelihood of hydrocarbons may be displayed as a color modulation
      of the individual sections, and the areal extent of a particular color
      modulation may be taken as indicating the extent and volume of a
      hydrocarbon accumulation.
PAR  The display also facilitates the lateral migration of seismic reflections,
      to accommodate cross-dip.
PAR  In a first embodiment, these advantages are achieved by a method of making
      a sectionalized model of the earth, comprising the steps of preparing a
      plurality of seismic reflection sections at a suitable scale, cutting said
      sections in a manner such that each cut edge is related to the observed
      configuration of a particular seismic reflection, and disposing and
      securing said sections in a spatial inter-relation representing the lines
      of profile from which they were derived.
PAR  Supplemental benefits of this method are obtained when the seismic sections
      include a color modulation representative of particular geological
      conditions (including the presence of hydrocarbons), and when contour
      indications are added. Further benefits are obtained if it is desired to
      provide lateral migration of the seismic reflections, or to make simple
      measurements of geological volumes, or to provide photographs of
      perspective views of the geology.
PAR  In a second embodiment, the above advantages are achieved by a method of
      making a sectionalized model of the earth, comprising the steps of
      preparing a plurality of seismic reflection sections at a suitable scale,
      cutting said sections into slices along lines of equal reflection time or
      equal reflection depth, disposing and securing said section slices in a
      spatial inter-relation representing the lines of profile from which they
      were derived, and disposing said mounted section slices one above the
      other to represent successive layers of the earth.
PAR  Several of the supplemental advantages outlined above are obtained also
      with this second expression of the invention.
PAR  As a limit, this embodiment may be realized with slices so thin that they
      may be represented by the thickness of a horizontal sheet of film, and by
      a single sample of the seismic reflection signal; in this case the
      sequence of steps becomes plotting on a first sheet of film the first
      desired sample of each seismic trace from each seismic profile, such
      samples being disposed on the film in such a manner that they build up
      modulated horizontal lines representing the lines of profile on the
      location map, similarly plotting on a second sheet of film the second
      desired sample of each seismic trace from each seismic profile, similarly
      plotting on further sheets of film further desired seismic samples of each
      seismic trace from each seismic profile, and, superimposing said sheets of
      film, in registration.
PAR  A further aspect of the invention is concerned with the apparatus by which
      these methods may be realized. A further and important aspect of the
      invention is concerned with a method for the direct location of
      hydrocarbons by the display of certain auxiliary seismic variables
      (including, in particular, reflection strength) on seismic sections
      arranged in a three-dimensional form as described above.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents a seismic section in idealized form;
PAR  FIG. 2 represents a line location map mounted on a suitable base;
PAR  FIG. 3 represents a sectionalized model of one particular reflector, using
      only dip lines and incorporating a margin for interpretational error;
PAR  FIG. 4 represents the arrangement of FIG. 3 after removal of the said
      margin and after addition of contour markings;
PAR  FIG. 5 represents the arrangement of FIG. 4 after addition of the sections
      obtained from strike lines;
PAR  FIG. 6 represents an alternative form of model in which a three-dimensional
      arrangement of sections is formed between suitable contour planes; and
PAR  FIG. 7 represents an extreme form of FIG. 6, in which the contour interval
      decreases to the thickness of a sheet of film and the seismic plotting
      becomes horizontal rather than vertical.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, a seismic cross-section 1 is shown which is prepared or
      constructed by plotting a plurality of vertical seismic traces such as an
      example trace 2 and by adding lines 3 of equal reflection time or depth.
      Two seismic reflections 4 and 5 are shown for simplicity of explanation,
      although a typical seismic section generally has more reflections, and
      reflection 4 is used as the basis for the following description. A zone of
      interpretational doubt above reflection 4 is suggested by dashed or
      phantom line 6. Although this line is shown generally parallel to
      reflection 4, it need not necessarily be so; in general the line 6
      approaches reflection 4 where there is no doubt about the picking of this
      reflection, and diverges from the reflection 4 to encompass alternative
      picks where these exist.
PAR  The present invention is of particular utility where the seismic section 1
      includes a color modulation representative of an auxiliary seismic
      variable formed in the manner described in copending United States
      application Ser. No. 300,718, filed Oct. 25, 1972, by the same inventor,
      and reflections 4 and 5 are here assumed to be modulated in color in such
      a manner to represent such an auxiliary variable. For example, the heavy
      part 7 of reflection 4 may be taken as a red modulation indicating large
      reflection strength, while the open parts 8 may be taken as a yellow
      modulation indicating medium reflection strength. Similar modulations are
      suggested on reflection 5; however, in this case the strong reflections
      are obtained from the flanks of the anticline and the weaker reflections
      from the crest. This is the usual situation, and the fact that the
      opposite occurs on reflection 4 may be interpreted, in conjunction with
      considerations of interval velocity and other seismic variables, as an
      indication of hydrocarbon accumulation under region 7.
PAR  For the purpose of this invention, the seismic section 1 may be at any
      scale and the traces 2 may be of any customary type. However, it is
      preferred that the scale be compressed horizontally relative to a natural
      scale, and that the traces 2 be of variable-density type with a
      superimposed color modulation as discussed above.
PAR  It is also desirable that each section should be plotted with its mirror
      image. The section and its mirror image are then affixed or mounted
      back-to-back, in registration, so that the same view of the geology may be
      obtained by viewing either side. For rigidity, a reinforcing sheet of thin
      card or metal or plastic material may be sandwiched between the section
      and its mirror image.
PAR  FIG. 2 depicts a location map 9 of a grid of lines of profile or profiles
      10 constituting a seismic survey; in the case illustrated, the grid of
      profiles is approximately rectangular and evenly spaced, although other
      grids of profiles are also suitable, as is evident to those skilled in the
      art, and consequently the invention is not restricted to this case. The
      map 9 is constructed to match the horizontal scale of the sections, and is
      drawn or mounted on a support or baseplate 11 of metal or plastic or other
      suitable material. A slot 12 centered on each such line of profile 10 is
      milled or otherwise suitably formed to a substantially constant depth
      somewhat less than the thickness of the plate 11, and of a width
      sufficient to accept the appropriate section 1 prepared as described
      above. In some embodiments it may be desirable to be able to open the
      final model; in this case the baseplate 11 may be cut as suggested by
      dashed line 13 and hinged (for example, by affixing a flexible strip 14 to
      one edge of the plate). A sheet 15 of rubber or plastic material may be
      sandwiched between the map 10 and the baseplate 11 and a slot formed in
      the sheet 15 slightly narrower than that formed in the baseplate 11, so
      that a resilient grip is provided for the section 1 inserted into the slot
      12.
PAR  FIG. 3 shows the next stage in a first expression or embodiment of the
      invention particularly adapted to detail surveys. At 16 is shown the
      section 1 of FIG. 1, prepared as described above and having a portion
      thereof removed, such as by being cut, along the line 6 representing the
      upper limit of the zone of uncertainty in the pick of reflection 4, here
      assumed for the purposes of description to be the shallowest reflection of
      interest. It is then cut horizontally along a suitable horizontal line (17
      in FIG. 1), and inserted into slot 12 in the baseplate of FIG. 2.
PAR  Succeeding operations depend in detail on the particular configuration of
      profiles and the nature of the zone of uncertainty. However, the following
      example sequence may be regarded as typical. The section for each dip line
      is prepared as above and inserted into its corresponding slot as shown
      generally in FIG. 3, with the lower edge of each section representing the
      same reflection time or depth. The relevance of the sum total of dip lines
      to the interpretation of each zone of uncertainty is then assessed, with
      particular regard to the color modulation, and with help from an
      inspection of important strike lines where necessary. The zone of
      uncertainty in the display may thus be reduced or eliminated by the
      present invention, after which the upper edge of the section may be cut to
      represent more closely the early part of the reflection 4.
PAR  FIG. 4 shows an idealized case where the three-dimensional display has
      allowed the elimination of the zone of uncertainty; each section 16 is cut
      along the upper limit of the reflection 4, so that each cut edge now
      contributes to a definition of the reflecting surface.
PAR  Also shown in FIG. 4 are contour marks 17a, representing lines of equal
      reflection time or depth; such contour marks may be made conveniently on
      the edge 18 of the section sandwich.
PAR  At this stage it is often beneficial to photograph the model, from several
      aspects, to obtain perspective views showing particular items of interest.
      It is found that the angle of view and the angle of lighting may be used
      to draw attention to such items, and to subdue the visual impact of those
      parts of the section which are not relevant.
PAR  In FIG. 5 is shown the stage of adding the strike sections 19, similarly
      trimmed to conform to the reflecting surface and similarly marked with
      contour indications. Sometimes it is found beneficial to take additional
      photographs of the model as these strike sections are added.
PAR  At the stage of FIG. 4 or FIG. 5, the areal significance of the color
      modulation 7 becomes evident. In FIG. 5 is illustrated the case where this
      modulation may be associated with the existence of hydrocarbons, and where
      the lower limit of the hydrocarbons is horizontal and coincident with
      contour marks 20.
PAR  Alternative methods of making the contour indications may be used. For
      example, pieces of transparent plastic material may be secured in the
      model, as suggested generally at 21, and their edges may be cut to
      represent the contour lines. Wires may be affixed between contour marks,
      as suggested generally at 22. Or the entire model may be filled with a
      transparent plastic material, with the material between the profiles
      scraped or sculpted into the interpolated form of the reflecting surface;
      in this case the contour lines may be drawn or scribed on this material.
PAR  The case last described allows a very simple measurement of the volume of
      hydrocarbons present, using the standard Archimedean technique of
      displacing a liquid by partial and/or total immersion of the model.
PAR  The techniques of the present invention acquire particular value when the
      seismic sections are migrated and converted from reflection time into
      depth. For example, each section may be so migrated and converted before
      its preparation for use in the model. Further, information on cross-dips,
      obtained either from intersecting profiles or from a three-dimensional
      recording technique, may be used to calculate the lateral offset of the
      reflecting points along the profile, for each reflection to be modelled;
      this information may then be used to twist or distort the seismic
      sections, or, preferably, to offset the slot 12 from the nominal position
      of the profile, as mapped on the surface, by an amount representing this
      calculated offset. In this way the position of the reflection as displayed
      by the model may be substantially correct in three-dimensional space.
PAR  The techniques described above are particularly well adapted to the need
      for detailing a known structure or stratigraphic trap. Models may be
      constructed for other reflecting surfaces (such as 5 in FIG. 1) above or
      below the main interest, and these models may be stacked one above the
      other to indicate their geological inter-relation.
PAR  FIG. 6 illustrates a second configuration adapted to the more general case.
      This does not concentrate on one or a few reflections, but displays the
      entire sectional sequence from datum to great depth. Each section is cut
      along a line of interest, which in the preferred embodiment may be lines
      22 of constant reflection time or depth, to yield section slices 23; each
      such slice may represent for example, 0.1 or 0.2 seconds of reflection
      time. The set of sections corresponding to the same time or depth slice
      are then assembled in the manner of an old-fashioned egg-box, as shown
      generally at 24, and affixed to a support plate 25. Alternative methods of
      preparing and assembling the section slices to achieve a similar effect
      are encompassed within the scope of the invention. The operation is
      repeated for the section slices representing all other reflection time or
      depth intervals, the slice assembly being mounted, in each case, on a
      support plate 25. These support plates may be made of transparent plastic
      sheet, and may be furnished with a locating mechanism (not shown) by which
      they may be supported in vertical registration, one above the other, on a
      common baseplate 26.
PAR  It is apparent that with this mode of display each successive slice of
      reflection time or depth may be viewed in turn, thus facilitating studies
      of the three-dimensional inter-relation between geological markers of
      interest. Alternatively, each slice may be photographed in turn, from a
      suitable angle, and the photographs may be mounted at suitable vertical
      spacing to give an "exploded" perspective view of the earth.
PAR  A third configuration which constitutes a limiting case of the last
      arrangement is obtained when the thickness of each slice may be
      represented by that of a sheet of film. The complete model then becomes a
      stack of horizontal sheets of film, assembled in registration and capable
      of being opened like a book. FIG. 7 illustrates this configuration.
PAR  A sheet of film 27 is one of many constituting the stack 28. As a typical
      sheet in the stack, it is revealed by turning back the upper part 29 of
      the stack. On each sheet is carried a representation 30 of the profile map
      as a series of seismic traces; in contradistinction to conventional
      seismic traces, however, these represent the values of the seismic
      variables for a selected plane of interest, preferably the same reflection
      time or depth, as a function of position along the profile. For the sake
      of example, the sheet 27 is illustrated at 31 as representing the values
      of the seismic variables at time sample 1.260 seconds, all over the
      network of profiles. In some parts of some profiles such as these
      indicated at 32 and 33, the seismic reflection waveform may be positive,
      while in other parts such as those indicated at 34 and 35 it may be
      negative; a difference in the color modulation representing an auxiliary
      seismic variable is suggested by the difference in shading between parts
      32 and 33.
PAR  Preferably this type of assembly is lighted both from above and below. It
      then facilitates a simultaneous appraisal of the reflection contours at
      any selected value of reflection time or depth, and the behaviour of any
      displayed reflection at times or depth below this; the latter option is
      made possible by looking through the open spaces such as 26 to the
      displays on the film sheets below.
PAR  As in the first configuration represented by FIG. 5, knowledge of
      cross-dips may be absorbed into the configurations of FIGS. 6 and 7 by
      local lateral displacement or migration of the positions of the profiles.
PAR  It is emphasized that the techniques described herein become particularly
      powerful when the display of the normal seismic reflection waveform in
      black-and-white is associated with the display of an auxiliary seismic
      variable in color, according to the disclosures of the aforesaid copending
      application.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape, and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of forming a three-dimensional seismic display representing
      subsurface features of the earth as indicated by reflections along lines
      of profile in a seismic survey, comprising the steps of:
PA1  a. preparing a plurality of seismic sections containing reflections;
PA1  b. forming mirror images of the sections;
PA1  c. removing a portion of the sections and the images to leave exposed edges
      related to a reflection of interest in the sections and images; and
PA1  d. mounting the sections and their respective images back-to-back with each
      other at spatially related positions with respect to the other sections
      and their respective images according to the location of the lines of
      profile for the sections in the survey.
NUM  2.
PAR  2. The method of claim 1, wherein the lines of profile in the seismic
      survey form a grid of intersecting lines, and wherein said step of
      mounting the sections and images at spatially related positions comprises:
PA1  mounting the sections and their respective images at positions intersecting
      the other sections and their respective images according to the
      intersecting lines in the seismic survey grid.
NUM  3.
PAR  3. The method of claim 1, wherein the seismic sections are obtained by
      processing data from the seismic survey and wherein the lateral offsets of
      the sections due to cross-dip are calculated in processing data, and
      wherein said step of mounting the sections and images at spatially related
      positions comprises the step of:
PA1  mounting the sections and their respective images at positions offset from
      the nominal positions of their profiles with respect to each other by an
      amount represented by the calculated lateral offsets.
NUM  4.
PAR  4. The method of claim 1, further including the step of:
PA1  making contour indications on the sections.
NUM  5.
PAR  5. The method of claim 4, wherein said step of making comprises the step
      of:
PA1  marking contour lines on the sections.
NUM  6.
PAR  6. The method of claim 5, wherein said step of marking comprises the step
      of:
PA1  marking equal depth contour lines on the sections.
NUM  7.
PAR  7. The method of claim 5, wherein said step of marking comprises the step
      of:
PA1  marking equal time contour lines on the sections.
NUM  8.
PAR  8. The method of claim 5, further including the step of:
PA1  affixing wires between the marked contour lines.
NUM  9.
PAR  9. The method of claim 4, wherein said step of making comprises the steps
      of:
PA1  a. mounting a strip of material between the mounted sections; and
PA1  b. cutting the edges of the strips of the material to represent the contour
      lines.
NUM  10.
PAR  10. The method of claim 1, wherein said step of preparing a plurality of
      sections includes the steps of:
PA1  a. plotting black-and-white traces representing reflected seismic signals
      in the sections; and
PA1  b. superimposing a color modulation, representing an auxiliary seismic
      variable, on the plotted traces.
NUM  11.
PAR  11. The method of claim 1, wherein said step of mounting comprises steps
      of:
PA1  a. forming slots in a support base at positions spatially related with
      respect to each other according to the location of the lines of profile;
      and
PA1  b. inserting in the slots so formed the sections associated with the
      respective lines of profile.
NUM  12.
PAR  12. The method of claim 1, further including the step of:
PA1  inserting a reinforcing sheet between the sections and their respective
      mirror images prior to said step of mounting.
NUM  13.
PAR  13. A three-dimensional seismic display representing subsurface features of
      the earth as indicated by reflections in seismic sections along lines of
      profile in a seismic survey, comprising:
PA1  a. a support adapted to receive the seismic sections thereon at positions
      spatially interrelated to lines of profile for sections in the survey;
PA1  b. a plurality of seismic sections, each of said sections indicating
      thereon reflections in the seismic survey taken along the line of profile
      for said section, and each of said sections further being mounted at a
      position on said support spatially interrelated to the line of profile for
      said section in the survey; and
PA1  c. at least one of said plurality of seismic sections comprising:
PA2  1. a first seismic section indicating reflections in the seismic survey
      taken along the line of profile; and
PA2  2. a second seismic section in the form of a mirror image of said first
      seismic section, said second seismic section being mounted in back-to-back
      registry with said first seismic section.
NUM  14.
PAR  14. The display of claim 13, wherein said support comprises:
PA1  a support having a plurality of slots formed therein at said positions
      spatially interrelated to lines of profile, each of said slots receiving a
      portion of one of said sections associated with the line of profile for
      which said slot was formed to mount said sections to said support.
NUM  15.
PAR  15. The display of claim 13, further including:
PA1  means mounted with said support for gripping said sections in place with
      respect to said support.
NUM  16.
PAR  16. The display of claim 13, further including:
PA1  means mounted between said first seismic section and said second seismic
      section for reinforcing said sections.
NUM  17.
PAR  17. A method of forming a three-dimensional seismic display representing
      subsurface features of the earth as indicated in seismic sections along
      lines of profile in a seismic survey, comprising the steps of:
PA1  a. preparing a plurality of seismic reflection sections;
PA1  b. forming mirror images of the sections;
PA1  c. cutting the sections and their respective images into slices along lines
      of interest;
PA1  d. mounting the cut slices of sections and their respective images for a
      common line of interest in back-to-back relation at positions spatially
      related with respect to the other cut slices of sections and images for a
      common line of interest according to the location of the lines of profile
      for the sections in the survey; and
PA1  e. disposing the mounted cut section slices and images for different lines
      of interest one above the other to form a three-dimensional seismic
      display of subsurface features of the earth.
NUM  18.
PAR  18. The method of claim 17, wherein lines of reflection time are the lines
      of interest, and wherein said step of cutting comprises the step of:
PA1  cutting the sections into slices along lines of equal reflection time.
NUM  19.
PAR  19. The method of claim 17, wherein said lines of reflection depth are the
      lines of interest, and wherein said step of cutting comprises the step of:
PA1  cutting the sections into slices along lines of equal reflection depth.
NUM  20.
PAR  20. The method of claim 17, further including the step of:
PA1  inserting support plates between the mounted section slices during said
      step of disposing.
NUM  21.
PAR  21. A three-dimensional seismic display representing subsurface features of
      the earth as indicated in seismic sections along lines of profile in a
      seismic survey, comprising:
PA1  a plurality of seismic reflection sections formed into slices along lines
      of interest, each of said seismic reflection sections having a mirror
      image thereof mounted in back-to-back relation therewith, each of said
      slices of said sections and images for a common line of interest being
      mounted with respect to the other sections and images according to the
      location of the lines of profile for the sections in the survey, said
      mounted section slices and images being disposed one above the other to
      represent subsurface features of the earth.
NUM  22.
PAR  22. The display of claim 21, wherein lines of reflection time are the lines
      of interest, and wherein:
PA1  said plurality of seismic reflection sections comprises a plurality of
      seismic reflection sections formed into slices along lines of equal
      reflection time.
NUM  23.
PAR  23. The display of claim 21, wherein lines of reflection depth are the
      lines of interest, and wherein:
PA1  said plurality of seismic reflection sections comprises a plurality of
      seismic reflection sections formed into slices along lines of equal
      reflections depth.
NUM  24.
PAR  24. The display of claim 23, further including:
PA1  a support plate between each of the mounted section slices for supporting
      said mounted section slices.
NUM  25.
PAR  25. A method of making a sectionalized model of the earth, comprising the
      steps of:
PA1  a. preparing a plurality of seismic reflection sections at a suitable
      scale;
PA1  b. forming mirror images of the sections;
PA1  c. cutting said sections and their respective images into slices along
      lines of equal reflection time or equal reflection depth;
PA1  d. disposing and securing said section slices and their respective images
      back-to-back with respect to each other and in a spacial inter-relation
      with respect to the other section slices and images representing the lines
      of profile from which they were derived; and
PA1  e. disposing said mounted section slices and their respective images one
      above the other to represent successive layers of the earth.
NUM  26.
PAR  26. A method of making a sectionalized model of the earth, comprising the
      steps of:
PA1  a. preparing a plurality of seismic reflection sections at a suitable
      scale;
PA1  b. forming mirror images of the sections;
PA1  c. cutting said sections and their respective images in a manner such that
      each cut edge is related to the observed configuration of a particular
      seismic reflection; and
PA1  d. disposing and securing said section and their respective images in a
      spatial inter-relation with respect to each other representing the lines
      of profile from which they were derived.
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ABST
PAL  Each of the inputs of an analog multiplexer are connected to a plurality of
      capacitive keyswitches and a reference capacitor. At the first multiplexer
      scan position, the reference capacitor is charged through a charging
      resistor and when a predetermined voltage is reached a threshold amplifier
      is caused to respond. The time period required to charge the reference
      capacitor is stored and compared with the time period required to charge
      each of the keyswitches. A control signal is generated in response to this
      comparison providing a signal representative of the capacitive value of
      the keyswitch in relation to the reference capacitor and thus the
      operative condition of the keyswitch.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention generally relates to a sensor for a capacitive keyswitch
      providing a signal related to the operative condition of the keyswitch and
      more particularly relates to such a sensor which is relatively uneffected
      by the adverse effects of temperature excursions, aging, voltage
      variations, and component processing parameters.
PAC  BACKGROUND OF THE INVENTION
PAR  A wide variety of manually operable devices have been suggested for use as
      keyswitches forming component parts of a keyboard. Various mechanical as
      well as magnetically operable switches are in current use. A form of
      keyswitch which is finding increased utilization is the capacitively
      operated switch such as the device described in U.S. Pat. No. 3,671,822
      issued June 20, 1972, to Theodore M. Leno entitled "Variable Capacitive
      Apparatus". The referenced switch includes a pair of conductive plates
      spaced to form a capacitor. The separation of the plates and thus their
      mutual capacitance is altered in response to manual actuation of a keytop.
      In response to the capacitance change a closure signal is generated which
      is processed by an encoder converting the signal, which is scan position
      related, into another notation such as binary or ASCII. The keyswitches
      are electronically scanned at a high rate and means are often provided for
      producing a single control signal representative of an actuated key
      regardless of the number of times the actuated keyswitch is scanned.
PAR  With continued reference to such keyswitches, the capacitive value of the
      keyswitch is sensed and this measure is utilized to determine the state of
      the sampled keyswitch. The sensing circuitry is frequently implemented
      with TTL or MOS logic elements. Such logic elements exhibit varying
      characteristics as a result of aging, temperature, voltage variations and
      processing parameters; the results of which may adversely affect the
      reliability of the sensing circuitry. MOS logic elements are particularly
      susceptible to such conditions. The illustrated embodiment serves to sense
      the operative condition of a capacitive keyswitch so as to produce
      reliable operation relatively unaffected by manufacturing and
      environmental conditions to which the various components forming the
      apparatus are subjected.
PAC  SUMMARY OF THE INVENTION
PAR  An apparatus and method for sensing the operative condition of a plurality
      of capacitive keyswitches forming a keyboard. Each keyswitch is operable
      between a first condition and a second condition. Included are a reference
      capacitor and means for sequentially measuring the capacitive value of the
      reference capacitor and each of the keyswitches. The measuring means
      provides a first informational signal related to the value of the
      reference capacitor and a second informational signal related to the value
      of a selected keyswitch. The first informational signal is stored. The
      stored signal is compared with the second informational signal related to
      the capacitive value of a selected keyswitch and a control signal is
      generated in response thereto. This control signal serves as an indication
      of the capacitive value of the selected keyswitch relative to the
      capacitive value of the reference capacitor thus indicating the operative
      condition of the keyswitch.
PAR  A main purpose of this invention is to provide a system for sensing the
      operative condition of a capacitive keyswitch such apparatus being
      relatively insensitive to temperature excursions, component aging,
      variations in system voltage levels and component processing parameters.
PAR  Other objects, advantages, and features of this invention will be more
      readily appreciated after reference to the following description and
      accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a keyswitch sensing apparatus including
      certain features of this invention.
PAR  FIG. 2 is a timing diagram illustrating certain of the signal levels
      generated by the apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAC  General
PAR  With particular reference to FIG. 1, a plurality of manually actuable
      capacitive keyswitches 8-1 through 8-N are illustrated. Each keyswitch 8
      consists of two conductive metallic plates spaced by a dielectric. In its
      non-actuated condition, the keyswitches 8 exhibit a maximum value of
      capacitance and upon depression this capacitance value is decreased. The
      keyswitches 8 are scanned by switching means in the form of an analog
      multiplexer. The output of the multiplexer 10 is fed to a capacitive
      measuring means 12 by which the capacitive value of each of the
      keyswitches as well as that of a reference capacitor 14 is sequentially
      measured. These capacitive values are determined by measuring the time
      interval necessary to charge a selected capacitor to the response voltage
      of amplifier 28 through a charging resistor 16. The charging time interval
      for the reference capacitor 14 is stored in a reference storage register
      18. The output of the reference register 18 is fed to a comparator 20 and
      as the multiplexer 10 sequentially samples each of the capacitive
      keyswitches, the time duration required to charge the sampled keyswitch 8
      is compared with the time duration required to charge the reference
      capacitor 14, as recorded by the reference storage register 18. In effect,
      the operative condition of a sampled keyswitch 8 is determined by
      comparing its capacitive value with the value of the reference capacitor
      14. An output signal from the comparator is fed to the input of a digital
      demultiplexer 22 the operation of which is synchronized with the analog
      multiplexer 10. The multiple output of the demultiplexer 22 is fed to an
      encoder 21 which serves to convert the scan related signals from the
      keyswitches 8 to a binary or ASCII code as desired. Timing circuitry 24 is
      included which provides the clocking signals for synchronizing the
      operation of the apparatus as will hereinafter be further considered.
PAC  Capacitance Measurement
PAR  As mentioned, each capacitive keyswitch 8 consists of two conductive plates
      spaced by a dielectric. The keyswitches 8 present a maximum capacitance in
      the deactuated condition. As illustrated, one of the plates or electrodes
      of each keyswitch 8 is connected to ground potential and the remaining
      plate is connected to a selected input of the analog multiplexer 10. The
      multiplexer 10 switches N+1 positions where N is the number of keyswitches
      utilized. The fixed capacitor 14 serves to supply a reference capacitance
      value, which is used for comparison with the value of each of the
      keyswitches 8 to determine their operative state. The capacitor 14 is
      selected to exhibit close tolerance characteristics and good stability
      under normal environmental conditions. The value of the fixed capacitor 14
      is selected to lie midway between the open and closed capacitance value of
      the keyswitches 8. The reference capacitor 14 is connected to the first
      sampled input of the multiplexer 10 and the remaining terminal thereof
      connected to ground potential. The analog multiplexer 10 is addressed by a
      binary code generated by the timing unit 24 fed to multilevel address
      inputs 26 of the multiplexer 10. Serving to individually charge each of
      the capacitive keyswitches 8 and the reference capacitor 14, is the
      charging resistor 16 connected between the output port of the multiplexer
      10 and the positive source of the supply. The value of the charging
      resistor 16 will be subsequently considered in greater detail. As the
      reference capacitor 14 and each of the keyswitches 8 are switched by the
      multiplexer 10 to the charging resistor 16, they are charged. Serving to
      measure the voltage across a selected keyswitch 8 or the reference
      capacitor 14 is a threshold amplifier 28. The characteristics of the
      amplifier 28 are such that it is caused to respond when the input voltage
      designated A exceeds the threshold level. Thus, when the voltage level at
      the output of the multiplexer 10 reaches a predetermined value the output
      of the amplifer 28 goes high.
PAR  The timing unit 24 includes a clock generator 30 which serves as a basic
      timing reference for the apparatus. Output pulses from the clock 30 are
      fed to a charge interval counter 32 providing three binary output levels
      at ports 34. As will be appreciated, the 3 level binary output provides a
      count of eight before recycling. The reference resistor 16 is selected in
      relation to the clock frequency. The resistor 16 value is preferably such
      that the reference capacitor 14 will charge to the threshold level of the
      amplifier 28 in approximately the time duration required for one half of
      the counter 32 cycle. This resistor selection allows the apparatus to
      provide the greatest compensation for environmental and processing
      variations. It will be appreciated that relative timing frequencies and
      component values are provided by way of illustration and may be varied
      without departing from the scope and spirit of this invention. The carry
      output from the charge interval counter 32 feeds the input of a keyswitch
      selection counter 36 via line 38. The keyswitch selection counter 36
      provides a multilevel binary output via cable 40 to the address ports 26
      of the multiplexer 10. The binary count provided at the output of the
      counter 36 is sufficient to sequentially switch the multiplexer 10 to the
      reference capacitor 14 and each of the keyswitches 8. Thus, the keyswitch
      selection counter 36 steps once for each cycle of the interval counter 32
      and the interval counter 32 cycles once for each multiplexer 10 position.
PAR  The binary output from the charge interval counter 32 is also fed to inputs
      of a triple input discharge decode NOR-gate 42. It will be appreciated
      that when all of the outputs of the charge interval counter 32 are low
      corresponding to the first count of the counter, the output of the
      NOR-gate 42 will be high designated signal level B. For all of the
      remaining counter levels at least one input will be high and the NOR-gate
      42 output low. Thus, the gate 42 serves as a means for decoding a
      particular count of the charge interval counter 32 which occurs once for
      each complete cycling thereof when the analog multiplexer 10 is initially
      switched to a selected position. The output of the NOR-gate 42 is
      connected to the input of a discharge inverter 44, the output thereof
      being connected to the output of the analog multiplexer 10. The charge
      resistor 16 serves as the load resistor for the inverter 44. Thus, when
      the charge interval counter 32 cycle starts, the first count finds all of
      the binary outputs 34 low, driving the output of the discharge decode gate
      42 high and correspondingly the output of the discharge inverter 44 low.
      In this manner, the first count pulls the output of the analog multiplexer
      10 low, dumping any residual charge which may have collected upon the
      capacitor being sampled. As the counter 32 continues to count through its
      cycle, the output of the discharge decode NOR-gate 42 goes low, driving
      the output of the discharge inverter 44 high effectively removing it from
      the output of the multiplexer 10. This allows the selected keyswitch 8 or
      the reference capacitor 14 connected to the output thereof to charge
      sequentially through the charging resistor 16.
PAC  Storage and Comparison
PAR  Serving to decode the binary output of the keyswitch selection counter 36,
      is a reference capacitor decode NOR-gate 46. Each output, via cable 40,
      from the counter 36 is coupled to one input of the NOR-gate 46. The output
      of the gate 46, designated signal level C, is fed to one input of a
      storage register dual input AND-gate 48. It will be appreciated that when
      the binary output of the keyswitch selection counter is low, the output of
      the decode gate will be high, placing a high level at the input to the
      AND-gate 48, allowing the output signal D thereof to follow the signal on
      the remaining AND-gate 48 input. As previously mentioned, the multiplexer
      10 coding is such that when all of the output levels of the keyswitch
      selection counter 36 are all low, corresponding to the first count, the
      reference capacitor 14 is connected to the output of the multiplexer 10.
      When reference capacitor 14 is connected to the input of the threshold
      amplifier 28 and when the voltage across the reference capacitor 14
      reaches the threshold of the amplifier 28, the amplifier 28 abruptly
      conducts feeding a signal E through an inverter 50 to the remaining input
      51 of the AND-gate 48. The simultaneous occurrence of two high signals at
      both inputs of the storage register AND-gate 48 cause the output D thereof
      to go high feeding a load signal to the reference capacitance storage
      register 18. The register loads with the output of the charge interval
      counter on the falling edge of the input pulse. It will be appreciated
      that this loaded binary count from the charge interval counter 32 is
      representative of the time duration between the discharge of the reference
      capacitor and the charge across the capacitor reaching the threshold
      voltage of the amplifier 28. The output of the threshold amplifier 28 is
      also fed to one input 53 of a triple input AND-gate 52, an alternate input
      of which is fed through an inverter 54 from the output of the referenced
      capacitor decode gate 46. Thus, when the output of the reference capacitor
      decode gate 46 goes high, the input of the triple input AND-gate 52 will
      be brought low, holding the output signal F of the gate low. This feature
      prevents the generation of an output signal when the value of the
      reference capacitor 14 is being measured.
PAR  The multilevel output of the storage register 18 is fed, via lines 56, to
      the inputs of the comparator 20. The remaining multilevel input 58 of the
      comparator is fed from the output of the charge interval counter 32. When
      the two input levels coincide, the comparator 20 feeds a control signal G
      to the remaining input of the AND-gate 52. The operation of the comparator
      will be subsequently further described in connection with the description
      relating to the timing diagram of FIG. 2. Serving to shape the output F of
      the AND-gate 52 is a shaping unit 60 which may be a one-shot multivibrator
      or other suitable device. The output of the shaping unit 60 is fed to the
      input of the digital demultiplexer 22. Serving to address the
      demultiplexer 22 are the binary outputs from the keyswitch selection
      counter 36 fed via the cable 40. Thus, the operation of the demultiplexer
      22 is synchronized with that of the analog multiplexer 10. The
      demultiplexer 22 provides a plurality of outputs 62-1 through 62-N each of
      which corresponds to one of the keyswitches 8-1 through 8-N. Thus, when
      the multiplexer 10 selects a particular keyswitch 8 for capacitance
      measurement, the demultiplexer 22 is connected to the corresponding input
      of the encoder 21. As mentioned, the encoder 21 serves to convert the scan
      related keyswitch signals from the demultiplexer 22 to binary or ASCII
      code as desired.
PAC  Timing
PAR  With particular reference to FIG. 2, the various voltage levels mentioned
      in the preceding discussion are illustrated with respect to four exemplary
      positions of the multiplexer 10. The first multiplexer position,
      designated Interval I, is with respect to the measurement of the time
      duration necessary to charge the reference capacitor 14 to a predetermined
      level. The second position, Interval II, illustrates the sampling of a
      keyswitch 8 which has been depressed, thus providing a capacitive value
      which is less than that of the reference capacitor 14. The third position,
      Interval III, is with respect to a non-actuated keyswitch 8 wherein the
      keyswitch capacitance is greater than the capacitance value of the
      reference capacitor 14 and Interval IV pertains to the condition wherein
      the capacitive plates of the keyswitch 8 are shorted due to failure of the
      dielectric or insufficient spacing between the plates where air is the
      dielectric. It will be appreciated after review of the following
      discussion that the shorting of the capacitive plates of the keyswitch 8
      in its deactuated condition does not interfere with the operation of the
      apparatus. Rather, this condition is sensed as though the keyswitch 8
      presented a relatively high capacitance indicating a normally non-actuated
      keyswitch.
PAR  The output of the clock 30 is illustrated in relation to the other signal
      levels, A through F, generated by the apparatus of FIG. 1. As mentioned, a
      complete capacitance measurement cycle occurs in eight clock pulses
      corresponding to one cycle of the charge interval counter 32. At time
      t.sub.1 the charge interval counter starts a cycle with all output levels
      low and signal level B at the output of the discharge decode gate 42 goes
      high driving the output of the inverter 44 low, thus bleeding off any
      residual charge which may have collected on the reference capacitor 14.
      The presence of such residual charge could introduce error into the
      measurement. In response to the falling edge of the second clock pulse at
      t.sub.2, the charge interval counter 32 steps. The output of the discharge
      inverter 44 goes high and the reference capacitor 14 starts to charge
      through the charging resistor 16. As illustrated by curve A, the reference
      capacitor is allowed to charge until the trailing edge of clock pulse t9.
      When the threshold voltage of the amplifier 28 is exceeded, which occurs
      in the illustration between times t.sub.4 and t.sub.5, the amplifier 28
      output goes high as in curve E and remains high throughout the continued
      charging of the reference capacitor 14. The time duration t.sub.1
      -t.sub.4-1/2 is the interval required for the reference capacitor to
      charge to the threshold level of the amplifier. As previously mentioned,
      the binary address coding of the multiplexer is such that the reference
      capacitor is being sampled when all of the outputs from the keyswith
      selection counter are low. This zero binary code level is fed to the
      inputs of the reference capacitor decode NOR-gate 46 causing the output
      voltage C to remain high throughout the reference capacitor interval
      (t.sub.1 -t.sub.9) placing a high signal to the input 47 of the storage
      register AND-gate 48. At t.sub.4.sub.1/2  the input 51 of the AND-gate 48
      goes low due to the high signal at the output of the inverter 50. The
      negative going edge of the input signal D to the register 18 causes it to
      load with the binary count of the interval counter 32. In response to
      loading of the register 18, the comparator 20 provides a coincidence
      signal G during the period t.sub.4.sub.1/2 - t.sub.5 which terminates at
      the next negative going clock signal at t.sub.5. It will be noted that the
      output F from the output AND-gate which is fed to the shaping unit is low
      throughout Interval I due to the inversion of the high signal C from the
      decode gate through the inverter 54 applied to the AND-gate 52 input. This
      feature prevents an output signal from being generated during measurement
      of the reference capacitor 14.
PAR  As mentioned, during Interval II, the analog multiplexer 10 is sampling an
      actuated keyswitch 8 which presents a capacitance level less than the
      value of the reference capacitor 14. At the start of Interval II, all of
      the charge interval counter 32 binary output levels are low pulling the
      input of the discharge amplifier 28 low thus removing any residual charge
      which may have collected upon the sampled keyswitch 8. At time t.sub.10
      signal B goes low causing the output of the inverter to go high thus
      allowing the sampled keyswitch 8 to charge through the charging resistor
      16. It will be noted that the rate of voltage increase of signal A during
      Interval II is considerably faster than the rate of increase across the
      reference capacitor 14 during Interval I, reflecting a relatively smaller
      capacitance value. When the voltage level across the sampled keyswitch 8
      reaches the threshold of the amplifier 28 which occurs between time
      t.sub.11 and t.sub.12, the amplifier output E goes high pulling the input
      to the output AND-gate 52 high. It will be noted that at this time the
      count of the charge interval counter 32 output is less than the count
      stored in the reference storage register 18. Therefore the output of the
      comparator remains low holding the output level F low. In response to a
      coincidence between the storage register 18 count and the charge interval
      counter which occurs at time  t.sub.12, the comparator output G goes high
      for the period t.sub.12 -t.sub.13. During this period all of the inputs to
      the output AND-gate 52 are high generating an output pulse F to the
      shaping unit 60, which is demultiplexed to the appropriate input of the
      encoder 21.
PAR  Interval III illustrates the sampling of a non actuated keyswitch 8
      exhibiting a high capacitive value. At time t.sub.17 the output B of the
      discharge gate 42 goes high discharging the sampled non-actuated keyswitch
      8 for the duration t.sub.17 -t.sub.18. Thereafter, the keyswitch 8 is
      charged through the reference resistor 16 as illustrated by signal level
      A. It will be noted that in this instance the voltage rise across the
      keyswitch is much slower than with respect to the charging rate of the
      reference capacitor 14 during Interval I. At t.sub.20 the binary output
      level from the charge counter 32 and the binary level stored in the
      register 18 coincide. In response to this coincidence, the comparator 18
      generates an output pulse during time period t.sub.20 -t.sub.21. As
      illustrated, during this period, the signal E from output E of the
      threshold amplifier 28 is low since the voltage across the keyswitch 8 has
      not reached the threshold level of the amplifier 28. Shortly after clock
      pulse t.sub.23, the voltage across the sampled non-actuated keyswitch 8
      reaches the threshold level of the amplifier 28 and signal E goes high
      feeding a high signal to the input 53 of the AND-gate 52. However, at
      t.sub.23 the output signal G from the comparator 58 is low. During Inteval
      III, the comparison pulse from the comparator and the output from the
      amplifier did not coincide. Thus, output signal F remains low throughout
      Interval III and the sampled keyswitch 8 is sensed as a non-actuated
      switch.
PAR  As mentioned, Interval IV, pertains to the sensing of a non-actuated
      sampled keyswitch 8 wherein the capacitive plates are shorted. In response
      to signal B from the discharge decode gate 42 at time t.sub.25, the
      discharge inverter 44 discharges the keyswitch 8. However, since the
      capacitive plates of the keyswitch 8 are shorted no residual charge will
      be dumped. In response to the next clock pulse at t.sub.26, the charge
      interval counter 32 steps and the output of the inverter 44 goes high
      allowing the sampled keyswitch 8 to charge through the resistor. As
      illustrated by curve A, a low voltage level is maintained throughout the
      charging period since the sampled keyswitch 8 plates are shorted. In this
      condition, the voltage level across the keyswitch 8 does not reach the
      level of the threshold amplifier 28; and therefore the signal level at the
      input 53 of the AND-gate 52 remains low throughout Interval IV. When the
      charge interval counter 32 output and the binary count stored in the
      storage register 18 coincide, the comparator 20 feeds an output pulse,
      signal G, for the period t.sub.28 through t.sub.29  to the input of the
      AND-gate 52. However, since the input to the threshold amplifier 28 is
      maintained low throughout Interval IV, signal level F remains low. Thus,
      as previously mentioned, a shorted keyswitch is sensed as a non-actuated
      keyswitch.
PAC  Operation
PAR  It will be appreciated that the illustrated embodiment scans each of the
      capacitive keyswitches 8 in sequences with the first scan position
      sampling the reference capacitor 14. When the analog demultiplexer 10 is
      switched to the reference capacitor 14, the capacitor 14 is first
      discharged and then allowed to charge through the charging resistor 16
      until the threshold voltage of the amplifier 28 is reached. At this time
      the binary count of the charge interval counter 32 is stored in the
      storage reference register 18. This count is representative of the time
      period which has expired from the discharge of the capacitor 14 until the
      voltage thereacross has reached the threshold voltage of the amplifier 28.
      As each of the remaining capacitive keyswitches 8 are sampled, the charge
      time of each is compared to that of the reference capacitor. In the event
      the charge time is less than the reference capacitor 14 charge time, an
      actuated keyswitch signal is fed through the demultiplexer 22 to the
      encoder 21. If the keyswitch 8 is non-actuated, exhibiting a high
      capacitive value or a shorted condition, a low signal condition is
      maintained at the respective input of the encoder 21. It will be
      appreciated that since the apparatus measures the reference capacitor 14
      for each complete scan of the keyswitches 8-1 through 8-N, the storage
      register 18 is constantly updating to adjust to variations in the supply
      voltage, component aging, and temperature variations, which may occur.
      Further, within reasonable limitations, the apparatus compensates for
      manufacturing process tolerances. Thus, a highly reliable sampling of the
      operative condition of each of the keyswitches is obtained, producing
      consistent results over wide variations of environmental conditions.
PAR  While this invention has been particularly shown and described with
      reference to the preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and detail may be
      made without departing from the scope and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of repetitively determining whether each of a plurality of
      capacitive keyswitches is actuated or deactuated during each of a
      plurality of keyswitch-scanning cycles, the keyswitches being of the type
      which change from a first capacitance value to a second capacitance value
      when the keyswitch is actuated, which comprises:
PA1  prior to the start of each keyswitch-scanning cycle, sampling the
      capacitance of a reference capacitor having a capacitance value
      approximately midway between the first and second values of the
      keyswitches, with a capacitance testing circuit, and generating a first
      data signal having a parameter which is a function of the sampled
      capacitance of the reference capacitor;
PA1  next, sequentially sampling the capacitance of each successive keyswitch
      with the same testing circuit and under the same testing conditions, and
      generating a second data signal having a corresponding parameter which
      indicates the capacitance of each individual keyswitch in the sequence
      relative to the reference capacitor; and then
PA1  comparing the second data signal with the first data signal, and generating
      an output control signal whenever the comparison of the second data signal
      with the first data signal indicates that one of the keyswitches exhibits
      the second capacitance value thus indicating that the corresponding
      keyswitch has been actuated.
NUM  2.
PAR  2. The method as recited in claim 1, wherein the sampling steps include
      applying a charging voltage to first the reference capacitor and then to
      the individual keyswitches in a timed sequence, and detecting the time
      that it takes for first the reference capacitor and then for each
      keyswitch in sequence to charge to a predetermined reference potential,
      the charge time for the reference capacitor being measurably different
      from and approximately midway between the charge times for actuated and
      deactuated keyswitches, the first and second data signals being generated
      in response to the respective detected charge times.
NUM  3.
PAR  3. The method as recited in claim 2, wherein:
PA1  the step of generating the first data signal comprises generating a first
      binary information signal which changes state at a time during a first
      testing interval for the reference capacitor set by the charge time of the
      reference capacitor;
PA1  the step of generating the second data signal comprises generating a second
      binary information signal having a plurality of successive segments equal
      in duration to the first testing interval, where the second binary signal
      changes state during each successive segment of the second signal at a
      time corresponding to the state of a corresponding keyswitch; and
PA1  the step of comparing the second data signal with the first comprises
      comparing the first binary information signal with each segment of the
      second signal, and detecting a preset coincidence between the two
      indicating that a particular keyswitch has been actuated.
NUM  4.
PAR  4. The method as recited in claim 3, wherein information representing the
      first binary information signal is stored for the entire scanning cycle,
      and is regenerated during each testing cycle of the keyswitches for
      comparison with each successive segment of the second information signal.
NUM  5.
PAR  5. A method for determining the operative condition of a capacitive
      keyswitch forming a component part of a keyboard said keyswitch being
      operable between a first condition and a second condition, comprising the
      steps of:
PA1  charging a reference capacitor to a predetermined level;
PA1  measuring the time interval required to charge the reference capacitor to
      the predetermined level,
PA1  charging a keyswitch to said predetermined level;
PA1  measuring the time interval required to charge the keyswitch to said
      predetermined level; and
PA1  comparing the reference capacitor charge time interval with the keyswitch
      charge time interval so as to determine the relative capacitive value of
      the keyswitch with respect to the capacitive value of the reference
      capacitor.
NUM  6.
PAR  6. The method of claim 5 which further comprises the steps of:
PA1  discharging the reference capacitor prior to the charging thereof so as to
      remove any residual charge thereon which might interfere with the
      measurement thereof.
NUM  7.
PAR  7. The method of claim 5 which further comprises the step of:
PA1  discharging the keyswitch prior to the charging thereof so as to remove any
      residual charge thereon which might interfere with the measurement
      thereof.
NUM  8.
PAR  8. An apparatus for sensing the operative condition of a plurality of
      capacitive keyswitches forming a keyboard, each keyswitch being operable
      between a first condition and a second condition comprising:
PA1  a reference capacitor;
PA1  means for measuring the capacitive value of said reference capacitor and
      providing a first informational signal related to the value of said
      reference capacitor and for measuring the capacitive value of a selected
      keyswitch and providing a second information signal related to the
      capacitive value of said selected keyswitch;
PA1  means for storing said first informational signal related to the value of
      said reference capacitor;
PA1  means for comparing said stored first informational signal with said second
      informational signal related to the capacitive value of said selected
      keyswitch and providing a control signal in response thereto, said control
      signal serving as an indication of the operative condition of said
      selected keyswitch; and
PA1  said measuring means including means for charging said reference capacitor
      and said selected keyswitch, and voltage sensitive means selectively
      responsive to the charge upon said reference capacitor and said keyswitch,
      said voltage sensitive means serving to determine said first and second
      informational signals in response thereto.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said measuring means includes means for
      determining the time interval necessary to charge said reference capacitor
      and said selected keyswitch to a predetermined voltage level, said first
      informational signal being related to the time interval necessary to
      charge said reference capacitor to a predetermined voltage level; and
PA1  said second informational signal being related to the time interval
      necessary to charge said keyswitch to a predetermined voltage level.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said time interval means includes a
      clock and a first counter driven by said clock; said storing means
      including a storage register for storing the level of said first counter
      as it relates to the time interval necessary to charge said reference
      capacitor to a predetermined level.
NUM  11.
PAR  11. The apparatus of claim 10 which further includes means for discharging
      said reference capacitor prior to the charging thereof so as to remove any
      residual charge which might interfere with the measurement of said
      reference capacitor.
NUM  12.
PAR  12. The apparatus of claim 11, including means for discharging said
      keyswitch prior to the charging thereof so as to remove any residual
      charge which might interfere with the measurement of said keyswitch
      capacitance.
NUM  13.
PAR  13. The apparatus of claim 11 which further includes switching means for
      sequentially connecting each of said keyswitches and said reference
      capacitor to said measuring means, a second counter driven by said first
      counter upon completion of a predetermined counting cycle, said second
      counter serving to control said switching means wherein said first counter
      steps through an entire cycle for each position of said switching means.
NUM  14.
PAR  14. The apparatus of claim 13 which further includes gating means
      responsive to said second counter when said switching means connects said
      reference capacitor to said charging means, said gating means serving to
      direct loading of said storage register with the level of said counter
      which is a signal level representative of the time interval for charging
      said reference capacitor to a predetermined level.
NUM  15.
PAR  15. The apparatus of claim 14 which further includes second gating means
      responsive to the output of said comparing means, and said measuring means
      serving to provide a signal representative of the capacitive value of a
      selected keyswitch with respect to said reference capacitor.
NUM  16.
PAR  16. The apparatus of claim 15 which further includes second switching means
      synchronized with said first switching means and providing a plurality of
      outputs corresponding to each of said keyswitches, the input of said
      second switching means being coupled to the output of said second gating
      means.
NUM  17.
PAR  17. The apparatus of claim 15 which further includes means for shaping the
      output of said second gating means, the output of said shaping means being
      coupled to the input of said second switching means and converting same to
      a desired code.
NUM  18.
PAR  18. Apparatus for repetitively determining whether each of a plurality of
      capacitive keyswitches is actuated or deactuated during each of a
      plurality of keyswitch-scanning cycles, the keyswitches being of the type
      which change from a first capacitance value to a second capacitance value
      when the keyswitch is actuated, which comprises:
PA1  a reference capacitor having a capacitance value approximately midway
      between the first and second values of the keyswitches;
PA1  means for sampling the capacitance of the reference capacitor prior to the
      start of each keyswitch-scanning cycle during a first testing interval,
      and for sequentially sampling the capacitance of each successive keyswitch
      under the same testing conditions during subsequent testing intervals;
PA1  means for generating a first data signal having a parameter which is a
      function of the sampled capacitance of the reference capacitor;
PA1  means for generating a second data signal having a corresponding parameter
      which indicates the capacitance of each individual keyswitch in the
      sequence relative to the reference capacitor; and
PA1  means for comparing the second data signal with the first data signal, and
      for generating an output control signal whenever the comparison of the
      second data signal with the first data signal indicates that one of the
      keyswitches exhibits the second capacitance value, thus indicating that
      the corresponding keyswitch has been actuated.
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ABST
PAL  Disclosed is a method and apparatus for program event recording in a data
      processing system and is used, for example, in debugging programs. A
      program event occurs whenever an address in the data processing system
      falls within a range between a control lower address (DTCL) and a control
      upper address (DTCU). The system detects a program event without degrading
      system performance using carry-lookahead adder structures which implement
      four inequality relationships.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  1. DATA PROCESSING SYSTEM, HAVING AN INSTRUCTION PIPELINE FOR CONCURRENTLY
      PROCESSING A PLURALITY OF INSTRUCTIONS Ser. No. 302,221, filed Oct. 30,
      1972, now U.S. Pat. No. 3,840,861, invented by Gene M. Amdahl, Glenn D.
      Grant and Robert M. Maier, and assigned to Amdahl Corporation.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the field of instruction-controlled
      digital computers and specifically to program event recording in
      high-speed data processing systems. Instruction-controlled digital
      computers operate upon data to carry out desired data manipulations. A
      group of instructions form a program. The program normally has its
      instructions sequentially executed, one or more at a time, to carry out a
      complete data manipulation. In fetching and storing information during the
      operation of the data processing system, programs and control circuitry
      operating in the system make reference to system storage using storage
      addresses.
PAR  To completely specify a storage access, the number(L' ) of contiguous bytes
      to be fetched or stored is given as well as the lowest address, that is
      the system address or effective address (E), of the bytes being accessed.
      If L is defined to be equal to the number of bytes being accessed minus
      one (L'-1), then the address of the highest byte being referenced on one
      access is the sum, E+L. The address of this highest byte is known as the
      upper address(UA). The effective address E and the upper address UA define
      the address operation range.
PAR  Frequently it is desired to monitor the data processing system and to
      determine when the system has a storage access which falls within a range
      of addresses specified by a lower bound and an upper bound called the
      program event range(PER range). For example, when debugging programs,
      programmers find it particularly useful to determine when an access to
      storage falls between the programmer-specified upper and lower limits.
PAR  Prior art program event recording has generally required a degrading of
      system performance whenever it is in operation. The degrading of system
      performance, of course, is undesirable. There is a need, therefore, for
      economical program event recorders which reduce or eliminate the degrading
      of system performance.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a program event recorder for use in a data
      processing system for detecting when the actual addresses of a reference
      to system storage falls between a range between a lower limit(DTCL) and an
      upper limit(DTCU). The program event recorder for making the determination
      of whether the actual address is between an upper and lower limit is
      carried out using a carry-lookahead adder. The carry-lookahead adder is
      arranged using positive and negative carries so that carries are
      propagated through only one level of logic per byte of data, thereby
      providing a high-speed comparison.
PAR  In one preferred embodiment, the high-speed data processing system operates
      with one storage access initiation per cycle with two cycles required to
      complete a storage access. The method for carrying out the accessing
      includes the use of a lower storage address(E) and a length(L' ) of
      contiguous storage addresses to be accessed. The system storage thus
      addressed causes an access of data and determines the existence of a
      program event record, status of PER, within a minimum of two cycles.
PAR  For purposes of program event recording, it is important to note that for N
      bits worth of addressing, the highest possible addressable byte is 2.sup.N
      -1 and that memory is considered continuous from the highest possible
      address (2.sup.N -1) to the lowest (zero). In such a system, one
      embodiment of a program event recorder includes apparatus for making
      determinations of the four conditions W, X, Y, and Z. Those determinations
      are each made using the high-speed carry-lookahead adder structure. The W
      condition implies that the lower limit DTCL is greater than the upper
      limit DTCU. This W condition indicates that both the addresses 2.sup.N -1
      and zero are within the range of addresses given by DTCL and DTCU, that
      is, addresses within the PER range cross the 2.sup.N -1 to zero memory
      boundary. The X condition implies that the lower storage address E is less
      than or equal to the upper PER limit DTCU. The Y condition implies that
      the upper address (E+L) is greater than or equal to the lower PER limit
      DTCL. The Z condition implies that the lower storage address E is greater
      than the upper address (E+L). This Z condition indicates that over the
      range from E to E+L, the memory addresses pass from 2.sup.N -1 to zero.
PAR  The four conditions W, X, Y, and Z are logically combined to form a program
      event record(PER) determination in accordance with the following logical
      equation:
EQU  PER = [(W)v(Z)] .sup.. [(X)v(Y)] v (X .sup.. Y) v (W .sup.. Z)
PAR  In accordance with the above summary, the present invention achieves the
      objective of providing a program event record method and apparatus which,
      using a high-speed carry-lookahead adder structure provides a program
      event record without degrading system performance.
PAR  Additional features of the invention will appear from the following
      description in which the preferred embodiments of the invention have been
      set forth in detail in conjunction with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts a block diagram of a data processing system suitable for
      employing the program event recorder of the present invention.
PAR  FIG. 2 depicts an overall block diagram of the program event recorder
      useful in the system of FIG. 1.
PAR  FIG. 3 depicts a schematic representation of the instruction-unit portion
      of the system of FIG. 1 where the program event recorder interconnects.
PAR  FIG. 4 depicts a detailed schematic block diagram of the program event
      recorder of FIG. 2.
PAR  FIG. 5 depicts a schematic representation of one representative
      carry-lookahead adder which employs positive-true logic for generating
      positive carries.
PAR  FIG. 6 depicts a schematic representation of a portion of the
      carry-lookahead adder structure which is complementary to the FIG. 5
      structure and which uses negative-true logic to generate negative carries.
PAR  FIG. 7 depicts a schematic representation of the L logic which is used
      within the Y condition detector of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAC  Overall System -- FIG. 1
PAR  In FIG. 1, the data processing system of the present invention is shown to
      include a main store 2, a storage control unit 4, an instruction unit 8,
      an execution unit 10, a channel unit 6 with associated I/O and a console
      12. The system of FIG. 1 operates under control of instructions where an
      organized group of instructions form a program. Instructions and the data
      upon which the instructions operate are introduced from the I/0 equipment
      via the channel unit 6 through the storage control unit 4 into the main
      store 2. From the main store 2, instructions are fetched by the
      instruction unit 8 through the storage control 4 and are processed so as
      to control the execution within the execution unit 10.
PAR  The system of FIG. 1 is, for convenience, compatible with the IBM
      System/360 and the IBM/370 and accordingly, general details as to the
      operation of data processing systems may be had by reference to the
      publication: "IBM System/370 Principles of Operation", IBM Systems
      Reference Library, Form GA22-7000-3.
PAR  The above publications are hereby incorporated by reference into this
      specification for the purpose of teaching the general operation of data
      processing systems, for identifying nomenclature, and for defining the
      architectural requirements of the Systems/360 and 370.
PAR  By way of introduction, the information format in the above data processing
      systems organizes eight bits into a basic building block called a "byte".
      Each byte also typically includes a ninth bit for parity used in error
      detection. Although express mention of the ninth bit in each byte is not
      generally made throughout this specification, it is assumed that there is
      a parity bit associated with each byte and that the normal parity checking
      circuitry is included throughout the system in a well-known manner.
PAR  Two bytes are organized into a larger field defined as a half-word, and
      four bytes or two-half words are organized into a still larger field
      called a word. Two words form a double word. A word is four consecutive
      bytes. While these definitions are employed in the specification, it will
      be understood that words or bytes can equal any number of bits.
PAR  Various data formats may be employed in the environmental system so that
      instructions and operands may be of different length depending upon the
      particular operation which is to be carried out. The instruction formats
      include RR, RX, RS, SI, and SS. As a typical example, the RX instruction
      includes an 8-bit OP code, a 4-bit R1 code, a 4-bit X code, a 4-bit B2
      code and a 12-bit D2 code. The OP code specifies one out of 256
      instructions. The R1, X2 and B2 fields each identify one of 16 general
      registers. The D2 field contains a displacement number between 0 and
      2.sup.12 -1. As an example of the RX instruction, the AD instruction adds
      the contents of the register identified by the R1 field to the contents of
      the main storage location addressed by the sum of the number in the D2
      field added to the contents of the register identified by the X2 field
      again added to the contents of the register identified by the B2 field.
      The result is placed in the register identified by the R1 field. The RX
      instructions require two accesses to storage for execution, one to fetch
      the instruction and one to fetch one of the two operands. RR instructions
      require one storage access while SS instructions require a minimum of
      three.
PAC  Program Event Recorder - FIG. 2
PAR  In FIG. 2, the program event recorder stores the lower-address(E) in a
      register 322 and the length(L') of contiguous addresses to be addressed in
      a register 307. The system of FIG. 1 uses the information in the registers
      322 and 307 to access information from the storage control unit 4 which in
      turn fetches and stores information in the main store 2.
PAR  In order to detect when the addresses specified by the registers 322 and
      307 fall within some control range, the lower limit of the control range
      is stored in the register 346(DTCL) and the upper limit of the range is
      stored in the register 347(DTCU). The effective address specified by the
      register 322 and the control range registers 346 and 347 have their
      outputs connected as inputs to high-speed carry-lookahead adder structures
      1035 through 1038. The adder structure 1035 detects the W condition which
      indicates that the lower limit(DTCL) exceeds the upper limit(DTCU).
PAR  The adder structure 1036 detects the X condition which is that the lower
      address E is less than or equal to the upper limit control address(DTCU).
PAR  The adder structure 1037 and associated logic determine the Y condition
      that the upper address(E+L) is equal to or greater than the lower limit
      control address(DTCL).
PAR  The adder structure 1038 determines the Z condition which is that the lower
      address(E) is greater than the upper address(E+L).
PAR  The four conditions produced by the adder structures 1035 through 1038 are
      logically combined in the PER logic circuit 1039 which gives an indication
      of a program event record on its output. The program event record
      indicates that an address used by the system of FIG. 1 falls between the
      address limits specified in the registers 346 and 347.
PAC  Instruction Unit -- FIG. 3
PAR  In FIG. 3, the instruction(I) unit 8 of FIG. 1 is shown in detail. The
      I-unit 8 includes a plurality of addressing registers. The addressing
      registers include the 12-bit D register 310 for storing the displacement
      D1 or D2 obtained from the various instruction fields, the 24-bit WA
      register 312 for storing an address constant K, the 24-bit X register 313
      for storing the register addressed by the X2 field of the instruction, the
      24-bit B register 314 for storing the contents of the register identified
      by the B1 or B2 field, and a 24-bit IA register 316 for storing the
      instruction address. During the initial instruction fetching sequence, the
      IA register 316 stores bits 40 through 63 of the 64-bit PROGRAM STATUS
      WORD(PSW). Bits 32 through 39 of the PSW are stored in the PSW-1 register
      315. Bits 0 through 31 of the PSW are stored in the PSW-2 register 348.
PAR  The addressing registers are connected with inputs to the effective address
      adder 318 which functions to add the contents of the selected addressing
      registers to form an effective address which is input to the effective
      address register(EAR) 322. The effective address stored in the register
      322, in addition to providing inputs back into the addressing registers,
      is connected as an input to the storage control unit 4 and specifically,
      to the buffer address register (BAR) 363 (shown in FIG. 5 of the
      cross-referenced patent) via bus 362. From that bar register 363, the
      effective address addresses the high-speed buffer (HSB) 355 (shown in FIG.
      5 of the cross-referenced patent) to access the desired instruction. The
      accessed instruction is one word in length and is stored in the IW
      register 388 (shown in FIG. 5 of the cross-referenced patent) from where
      it is gated into the instruction buffer IB register 330 or directly via
      the selection gates 332 into the instruction pipeline 350.
PAR  For use in generating the appropriate addresses and loading the addressing
      registers and for storing operands and other information the I-unit 8
      includes an even register stack (ERS) 338 and an odd register stack(ORS)
      339. Each of the stacks 338 and 339 includes four 32-bit scratch pad
      registers, and eight 32-bit general purpose registers for a total of eight
      scratch pad registers and sixteen general purpose registers. Additionally,
      the even and odd stacks 338 and 339 each include four 32-bit registers
      which together define four 64-bit floating point registers. The outputs
      from each of the registers in the stacks 338 and 339 are connected via
      appropriate gates to readout bus ROB1 and to readout bus ROB2. Bus ROB1 is
      connected as an input to the 1R register 342 and bus ROB2 is connected as
      an input to the 2R register 341. The 1R register 342 and the 2R register
      341 have their outputs connected via buses 285 and 286 to the execution
      unit 10 as inputs to the LUCK 20 and the 1R register also has its output
      connected to the storage control unit 4 via bus 352 as an input to the
      store data select gates 386 (shown in FIG. 5 of the cross-referenced
      patent). The buses ROB1 and ROB2 from the register stacks 338 and 339 also
      serve as inputs to the addressing registers. In order to gate information
      into the registers of the stacks 338 and 339, the result register RR in
      the execution unit 10 connects as an input to the write even WRE register
      334 and the write odd WRO register 335, which connect as inputs to the
      even register stack 338 and the odd register stack 339, respectively.
      Additionally, the write odd register 335 has its output connected as an
      input to the control registers 344 through 348.
PAR  The output from the control registers 344 through 348 pass through
      selection gates 343 the output of which is the readout bus ROB3 which in
      turn is connected as an input to the 1R register 342. The registers 344
      through 348 provide a means whereby the control functions generally
      derived from the pipeline 350 insert their control conditions into the
      data stream of the data processing system.
PAR  The instruction fetch and the instruction presentation portions of the
      instruction sequence are segments PFO, IA, IB1 and IB2. The initial
      sequence processing is carried out under the control of the sequencer 325
      in FIG. 3. The sequencer 325 controls the sequential instruction fetching
      and determines the next sequential instruction. After the prefetch
      offset(PFO), the sequential instruction fetching processing of sequencer
      325 is in one of four states, the IA state, the IB1 state, the interlock
      state, or the wait state. The states are determined by logical
      determinations responsive to priority and other control signals in the
      data processing system.
PAR  The next sequential instruction selection is carried out by the sequencer
      325 to select whether the next instruction inserted into the pipeline 350
      is obtained from the instruction word IW register 388, from the S-unit of
      FIG. 5, or whether the next instruction is derived from the instruction
      buffer IB register 330. The determination by sequencer 325 of which
      instruction is the next to be gated into the pipeline 350 is responsive to
      various control signals generated throughout the data processing system.
PAR  The target fetch(TF) determines which instruction is to be gated into the
      IW or IB registers as a candidate for the next instruction to be gated
      into the instruction pipeline 350. The target fetch is responsive to
      various control signals generated throughout the data processing system.
PAR  The logic circuitry for controlling the states in sequencer 325 are
      implemented using standard data processing techniques. For example, the
      sequencer is typically a serial counter which determines that instructions
      are fetched in a sequential counting order until the ordered sequence is
      interrupted, for example, by a branch instruction. Such techniques are
      well known in the data processing field.
PAR  The initial segments PFO, IA, IB1, IB2 of the instruction sequence are
      processed under control of the sequencer 325 in FIG. 3. Sequencer 325
      operates over the cycles C0, C1, C2 and C3. The prefetch offset segment
      PFO is carried out during time C0 to C1 which is one clock period and one
      cycle of the data processing system. During the PFO segment, a number to
      be added to the contents of the IA register 316 is loaded into the K
      register 312 and latched at time C1.
PAR  During the address formation, IA segment, the registers 310 through 316 are
      appropriately gated into the effective address adder EAA 318 which adds up
      to three inputs to form an effective address which is gated into the
      effective address register EAR 322 where that address is latched at time
      C2. During the instruction buffering segment IB1, the effective address
      from register 322 is gated via bus 362 to the buffer address register BAR
      363 which is in the S-unit of FIG. 5. The register 363 is latched at time
      C3. The latching of data at time C3 is effective to address the high-speed
      buffer(HSB) 355. During the buffering segment IB2 the addressed
      information is accessed from the buffer 355 and is latched in the
      instruction word IW register 388 at time C4.
PAR  At time C4, the data is introduced into the pipeline 350. Pipeline 350
      includes the register and control stages 301, 302, 303, 304, 305 and 306.
      The stages 301, 302 and 303 each are active for two segments. Those stages
      each store pipeline information and generate control signals during two
      cycles of time C11. The information latched in the register of stage 304
      is employed for the period from C11 to C12 to generate control signals to
      perform the check segment of the instruction sequence. At clock pulse C12,
      the stage 304 information segment becomes latched in the register of stage
      305. Finally, information in the register of the stage 305 is used during
      the W segment, during the period from C12 to C13 to generate control
      signals for writing information. Thereafter, the information in the
      pipeline 350 is discarded and is no longer retained.
PAC  Program Event Recorder -- FIG. 4
PAR  In FIG. 4, the program event recorder is shown in further detail. The
      register for storing the lower address E is the effective address register
      322 in FIG. 3. The register for storing the lower limit control
      address(DTCL) is the control register(CR-10) 346 in FIG. 3. The register
      for storing the upper limit control address(DTCU) is the control
      register(CR-11) 347 in FIG. 3. The register for storing the length
      field(L') is register 307 in FIG. 3. The length register is loaded by the
      I unit sequencer 350 prior to the time or concurrently with the loading of
      the EAR register 322. Each of the registers 322, 346 and 347 is 32 bits.
      Register 307 is 5 bits, however, in one preferred embodiment only three
      bits are active since address accesses at any one time are limited to
      eight bytes.
PAR  Each of the registers 322, 346, 347 and 307 has provision for a
      complement(C) output. For a logical 1 in any register bit position, the C
      output of that bit is a logical 0. The inversion is employed since the
      adders in a preferred embodiment require an inversion. To operate on a
      quantity +A, the adders require an input of -A.
PAR  Registers 322, 346, 347 and 307 are indicated as storing information at
      clock time(CK1). In actuality, in the system of FIG. 4 some of those
      registers actually receive their information prior to CK1 time. For
      simplicity, however, they are shown to be latched at CK1 time since, for
      the present invention, this is the time by which the data must be latched.
PAR  The output from the registers are input to the four condition circuits
      1035, 1036, 1037 and 1038. These condition circuits are identical in
      number and function to the ones previously described in conjunction with
      FIG. 2.
PAR  In FIG. 4, the W condition circuit 1035 includes four eight-bit adders. The
      four adders include two adders 94-1 and 94-2 which employ negative-true
      logic and two adders 95-1 and 95-2 which employ positive-true logic. Each
      of the adders has an 8-bit A input port on the left-hand side and a 8-bit
      B input port on the right-hand side. For example, the adder 94-1 receives
      at its A port the eight negative inputs -A0, -A1, ..., -A7 which are
      designated as -A(0-7). Similarly, the adder 94-1 receives, at its B port,
      eight inputs -B(0-7).
PAR  The adder 94-1 has a carryout which propagates the signal -CO. Similarly,
      the adder 94-1 has a carryin which receives the signal +CI. The adder is
      94-1 receives a positive carryin, +CI, and operates to provide a negative
      carryout, -CO. The meaning of positive and negative as used in connection
      with the carryin and carryout signals is as follows. A logical true
      condition(T) is represented by a high-signal level(1) for a positive
      carryin, +CI, and is represented by a low-signal level(0) for a negative
      carryin. The same rules apply for a positive carryout, +CO, where a high
      signal is a logical true and a low signal is a logical false and apply for
      a negative carryout, -CO, where a high signal is a logical false and a low
      signal is a logical true. The adders 94-1 and 94-2, which employ
      negative-true logic, receive positive carryins, +CI, and provide negative
      carryouts, -CO. The adders 95-1 and 95-2, which employ positive-true
      logic, receive negative carryins, -CI, and produce positive carryouts,
      +CO.
PAR  The +CO carryout from the stage 95-2 is, of course, the +CI carryin to the
      stage 94-2. Similarly, the -CO carryout from stage 94-2 is the -CI carryin
      to the stage 95-1 and the +CO carryout from the stage 95-1 is the +CI
      carryin to the stage 94-1. The -CO carryout from the stage 94-1 serves as
      the input to the latch circuit 191. The -CO carryout from stage 94-1 is
      inverted on the input to latch 191 and therefore, the W condition stored
      by latch 191 on its Q output is in positive-true form. Latch 191 is any
      well-known latch having, for example, a Q output which is employed and a
      complemented output Q* which is not employed in the present instance.
      Latch 191 is latched at clock time CK2 established by the clock
      distribution circuit 1053.
PAR  The A inputs to the adders in the condition circuit 1035 are derived from
      the CR-10 register 346 which stores the lower limit address DTCL of the
      PER range. The output is derived from the complement(C) output. The
      complement is employed since the adders, such as adder 94-1, of the
      condition circuit 1035 require negative inputs(-A) in order to perform
      positive logic since those adders have an inherent inversion.
PAR  The high-order eight bits from register 346 are input to adder 94-1 as bits
      -A(0-7). The next eight bits from high-order to low-order are input to the
      stage 95-1 as bits -A(8-15). The next eight bits in order from register
      346 are input to stage 94-2 as bits -A(16-23). Finally, the low-order
      eight bits are input to the stage 95-2 as bits -A(24-31). In this manner,
      the 32-bits representing the quantity +A which is the address DTCL are
      input in the form of -A to the A ports of the adders in the condition
      circuit of 1035. Ignoring the inversions inherent in the adders 94 and 95,
      the value +A of DTCL in register 346 operated upon in the condition
      circuit 1035 is the true value and the inversions necessary for the actual
      implementation can be ignored.
PAR  The inputs to the B ports of the adders in the condition circuit 1035 is
      the complemented value -B derived from the +B value of the upper address
      DTCU stored in register 347. Again the inversion is necessary because of
      the adder operation. The operation of the byte adders, for example adder
      94-1, in the condition circuit 1035 is to form the sum A-B using the
      inputs -A(0-7) plus -B(0-7). A true carryout condition, that is -CO=0, is
      provided if A is greater than B and the carryin is false, that is, +CI=0.
      If the carryin is false and if A is not greater than B, then the carryout
      is false. If the carryin is true, then the adders of the condition circuit
      1035 provide a true carryout if A is greater than or equal to B and
      provide a false carryout if B is greater than A. The operation of each
      byte adder is summarized in the following CHART I:
     CHART I                                                                   

     ______________________________________                                    

     CI             A - B            CO                                        

     ______________________________________                                    

     FALSE          A &gt; B            TRUE                                      

     FALSE          A .ltoreq. B     FALSE                                     

     TRUE           A .gtoreq. B     TRUE                                      

     TRUE           A &lt; B            FALSE                                     

     ______________________________________                                    

PAR  While each of the adders 94-1, 95-1, 94-2 and 95-2 operates in the manner
      indicated in CHART I on 8-bit bytes, the four adders together, with
      carryouts connected to carryins as indicated, operate on 32-bits. The
      carryin of the lowest-order stage 95-2 is chosen to be false(F) so that
      the four adders together perform the function of detecting whether A is
      greater than B. As previously indicated, the value of A is DCTL and the
      value of B is DTCU and they are latched in registers 346 and 347,
      respectively, at least by CK1 time. At CK2 time, latch 191 has its Q
      output set to 1 if DCTL is greater than DTCU or set to 0 if DCTL is not
      greater than DTCU.
PAR  The X condition circuitry 1036 includes the byte adders 94-1, 95-1, 94-2
      and 95-2 which are identical to the adders in condition circuitry 1035.
      The A ports receive the value of E from the effective address register
      322. The B ports receive the value of DTCU from the register 347. Since
      the carryin to stage 95-2 is always false(F), the carryout from stage 94-1
      is true if E is greater than DTCU and is false if E is less than or equal
      to DTCU. The carryout from stage 94-1 is inverted and stored in the latch
      192. The X condition, however, is taken as the complement Q* output of
      latch 192. Accordingly, X and the Q* output is a 1 if E is less than or
      equal to DTCU and is a 0 if E is greater than DTCU.
PAR  The Y condition circuit 1037 is again identical to the circuits 1035 and
      1036 for the W and X conditions. Additionally, the Y condition circuit
      1037 includes length logic 195 in addition to the latch 193 and the byte
      adders 94-1, 95-1, 94-2 and 95-2.
PAR  In circuit 1037, the byte adders receive the effective address E from
      register 322 and receive on the B ports the value of DCTL from register
      346. The adder 95-2 in the Y condition circuit 1037 receives as its
      carryin a true(T) input. Therefore, in accordance with the rules in the
      above-identified CHART I, the carryout from the byte adder 94-1 is true if
      E is greater than or equal to DCTL and is false if E is less than DCTL.
      That carryout from stage 94-1 is input to the length logic 195.
PAR  The length logic 195 in FIG. 4 also includes the propagate input -p(0-7)
      from adder 94-1, the propagate inputs -p(8-12) and -p(13-15) from adder
      95-1, the inputs -p(16-23) from adder 94-2, and the input -p(24-28) from
      adder 95-2. Additionally, adder 95-2 provides five additional propagate
      and generate signals on bus 1040. Length circuit 195 also receives the
      length L' from the register 307 on bus 1044. The length logic 195 provides
      an output through an inverting input to latch 193. The Q* output from
      latch 193 is the Y condition. The function of the length logic 195 is to
      determine if any address between E and E+L is greater than or equal to the
      lower PER address DTCL. The details of the logic 195 are shown in FIG. 7.
PAR  The Z condition circuit 1038 includes one byte adder 95-2 which is like the
      same-numbered byte adders in the W, X and Y condition circuits. In circuit
      1038, the adder 95-2 receives, on its A port, the complement of the five
      low-order bits (27-31) of the effective address E in register 322 and, on
      its B port, the true value of the five bits of L through logic 1076. Logic
      1076 functions in a conventional manner to receive the complement of L'
      from register 307, invert it to the true value of L', and subtract +1 to
      form the true value of L. Since the adder 95-2 receives the low-order
      5-bit complement of E and the true value of L it performs the addition E+L
      for those five bits. The other 27 high-order address bits of E are input
      to a 27-way NAND gate 197. Gate 197 performs the function of determining
      when all high-order twenty-seven bits of E are 1's. When that condition is
      met, AND gate 196 is enabled. Gate 196 has its other input derived from
      the carryout of adder 95-2. Since the carryin to adder 95-2 is false(F),
      adder 95-2 functions to provide a true carryout if the five low-order bits
      of E summed with the five bits of L are greater than 2.sup.5 -1 and to
      provide a false carryout if the low-order bits of E summed with L are less
      than or equal to 2.sup.5 -1. This use of the adder 95-2 in combination
      with the other circuits determines E+L&gt;2.sup.N -1 which is the same as
      determining E&gt;E+L when the 27 high-order bits of E are true.
PAR  Under the conditions of a true output from adder 95-2, gate 196 becomes
      satisfied, when enabled by gate 197 (as occurs when the 27 high-order bits
      of E are true), and stores its value in latch 194. The Z condition appears
      as the Q output from latch 194.
PAR  Each of the latches 191 through 194 is set by the clock distribution
      circuit 1053 at CK2 time. At CK2 time, the W, X, Y and Z conditions are
      input to the PER logic 1039.
PAR  The PER logic 1039 includes an OR gate 1046 for OK'ing the Z and W
      conditions, an OR gate 1047 for OR'ing the X and Y conditions, an AND gate
      1048 for AND'ing the X and Y conditions, and an AND gate 1049 for AND'ing
      the W and Z conditions. The outputs from gates 1046 and 1047 are further
      combined in the AND gate 1052 to provide an input to OR gate 1051.
      Similarly, the outputs from gates 1048 and 1049 are combined in OR gate
      1050 which in turn provides the second input to OR gate 1051. The output
      from gate 1051 is in turn input to the latch 198 where it is stored as the
      PER condition. The PER condition appears on the Q output of latch 198.
      Latch 198 is latched at CK3 time. The logical function performed by the
      PER logic is given by the following equation:
EQU  PER = [(W)v(Z)] .sup.. [(X)v(Y)] v (X .sup.. Y) v (W .sup.. Z)
PAC  Positive-True Byte Adder -- FIG. 5
PAR  The positive-true byte adder of FIG. 5 is typical of the byte adders 95-1
      in FIG. 4. Also, the adder of FIG. 5 is typical of the adders 95-2 in FIG.
      4 if the quantity 16 is added to all the propagate, generate and bit
      numbers in FIG. 5. For example, the input bits -A8 through -A15 for the
      adders 95-1 become the bits -A24 through -A31 after an addition of 16.
PAR  The function of the adder of FIG. 5 is to generate a true carryout, +CO
      equal to 1, whenever the quantity +A is greater than +B. In making that
      determination, however, the adder of FIG. 5 receives -A and -B inputs as
      indicated. The operations performed on bit 15 are typical. For bit 15 -A15
      and -B15 are input to the phase-splitting gates 1060 and 1061,
      respectively. The dot-OR of the non-inverting output from gate 1060 and
      the inverting output of gate 1061 provide the negative 1's generate term
      -g(15). The inverting output of gate 1060 and the non-inverting output of
      gate 1061 are combined in the gate 1062 to provide on its inverting output
      the negative 1's propagate term -p(15). In a similar manner, each of the
      other bits 8 through 14 have negative propagate and generate terms formed.
PAR  The propagate and generate lines -p(15), -g(15), -p(14), -g(14) and -p(13)
      form the 5-bit bus 1040'. The bus 1040'  is not explicitly used. However,
      by adding a quantity 16 to each of those terms for a corresponding circuit
      95-2, the terms -p(31), -g(31), -p(30), -g(30) and -p(29) are formed and
      constitute the bus 1040 output from the adder 95-2 in the Y condition
      circuit 1037 of FIG. 4.
PAR  In FIG. 5, certain of the negative propagate terms are OR'ed. Specifically,
      OR gate 1063 receives as inputs the terms -p(13), -p(14), and -p(15) and
      OR's those terms to form the term -p(13-15) which is equal to [-p(13)] v
      [-p(14)] v [-p(15)]. The symbol "v" is the logical OR symbol.
PAR  The OR gate 1064 also receives five input propagate terms for bits 8
      through 12 and forms the output -p(8-12). The propagate and generate terms
      thus produced are then collected in nine NOR gates 1065 which function to
      invert the negative generate and propagate terms to positive generate and
      propagate terms. The outputs from the nine NOR gates 1065 are OR'ed to
      form the +CO term. Each of the nine gates 1065 essentially is one of nine
      ways in which a positive carryout can be generated. It should be noted
      that the negative carryin, -CI, only passes through one logic gate in
      influencing the carryout term. The carryout term, +CO, is given by the
      following equation:
PAR  +CO = [+g(8)]
PA1  v [+g(9)]  .sup.. [+p(8)]
PA1  v [+g(10)] .sup.. [+p(8,9)]
PA1  v [+g(11)] .sup.. [+p(8,10)]
PA1  v [+g(12)] .sup.. [+p(8,11)]
PA1  v [+g(13)] .sup.. [+p(8,12)]
PA1  v [+g(14)] .sup.. [+p(8,13)]
PA1  v [+g(15)] .sup.. [+p(8,14)]
PA1  v [+CI]  .sup.. [+p(8,15)]
PAR  In the above equation, the nine terms correspond to nine outputs from the
      gates 1065. The dot "." symbol is the logical AND symbol. The symbol
      +p(8,10) is equal to [+p(8)].sup.. [+p(9)].sup.. [+p(10)].
PAR  The positive propagate, +p(i), and the positive generate +g(i), are 1's
      propagate and generate terms. For any two typical bits +A(i) and +B(i) in
      forming the sum [+A(i)] - [+B(i)], a logical 1 is produced as the 1's
      propagate, +p(i), if +A(i) is 1 or +B(i) is 0. A 1 is produced for the 1's
      generate, +g(i), if +A(i) is 1 and +B(i) is 0.
PAC  Negative-True Byte Adder -- FIG. 6
PAR  In FIG. 6, the byte adder shown is typical of the byte adders 94-1 in FIG.
      4. Further, by addition of the quantity 16 to any of the bit, propagate
      and generate terms in FIG. 6, the FIG. 6 adder becomes typical of the
      adders 94-2 in FIG. 4. The adder of FIG. 6 operates on 0's as contrasted
      with the adder of FIG. 5 which operates on 1's. Specifically, for two
      typical bits +A(i) and +B(i) in forming [+A(i)] - [+B(i)], the zero
      propagate term, P(i) and the zero generate term, G(i), obey the following
      rules. The positive zero propagate term, +P(i), is 1 if +A(i) is 0 or
      +B(i) is 1. The positive zero generate term, +G(i), is 1 if +A(i) is 0 and
      +B(i) is 1.
PAR  In forming the positive zero propagate and generate terms, the adder of
      FIG. 6 initially employs the negative bit inputs, -A(i) and -B(i), because
      of the inversion in the FIG. 6 adder. Bit 7 (i=7) in FIG. 6 is discussed
      as typical. The inputs -A7 and -B7 are input to the phasesplitting gates
      1060 and 1061, respectively. The non-inverting output from gate 1061 is
      dot-OR'ed with the inverting output of gate 1060 to form the negative zero
      propagate term -G(7). The non-inverting output of gate 1060 and the
      inverting output of gate 1061 are combined in the NOR gate 1066 to provide
      the negative zero propagate term -P(7). Gate 1067 is also provided for
      forming -B(7) and -G(7) from the -G(7) output from gates 1060 and 1061.
      The terms -p(0) through -p(7) are OR'ed in gate 1069 to provide the OR'ed
      output -p(0-7) which denotes a "1's propagate" output.
PAR  A gate 1068 is provided for collecting the negative zero propagate terms
      -P(0) through -P(4) to provide the OR'ed output -P(0-4). The zero
      propagate and generate terms are collected in nine NOR gates 1070. The
      outputs from the gates 1070 are OR'ed to provide the negative carryout
      -CO. The negative carryout, -CO, is defined by the following equation:
PAR  -CO = [+G(0)]
PA1  v [+G(1)].sup.. [+P(0)]
PA1  v [+G(2)].sup.. [+P(0,1)]
PA1  v [+G(3)].sup.. [+P(0,2)]
PA1  v [+G(4)].sup.. [+P(0,3)]
PA1  v [+G(5)].sup.. [+P(0,4)]
PA1  v [+G(6)].sup.. [+P(0,5)]
PA1  v [+G(7)].sup.. [+P(0,6)]
PA1  v [ -CI ].sup.. [+P(0,7)]
PAR  In the above equation for -CO, each of the nine terms correspond to the
      output from the nine gates 1070. The symbol "v" represents the logical OR
      and the symbol "." represents the logical AND. The term "[+P(0,2)]"
      represents [+P(0)].sup.. [+P(1)].sup.. [+P(2)].
PAR  The meaning of the -CO term is that there are nine conditions by which a 0
      will be propagated. Prapagating a 0 has the same meaning as not
      propagating a 1.
PAC  Length Logic -- FIG. 7
PAR  In FIG. 7, further details of the length logic 195 of FIG. 4 are shown.
      Gate 1071 receives the OR'ed propagate signals from the byte adders within
      the Y condition circuitry 1037 and forms the output -p(0,28) which
      signifies when all of the high-order bits 0 through 28 of E and DTCL are
      identical provided no carryout has occurred. The identity exists since, in
      the absence of a carryout and +p(0,28) is true, no generates can exist and
      therefore the propagate must derive from identity. That signal -p(0,28) is
      input to enable the seven NOR gates 1073. Byte inhibit logic 1042 also
      provides an input to each of the gates 1073. Inhibit logic 1042 is a tree
      decoder which decodes the input length L' on line 1044 from register 307.
      If the length L' indicates one byte (which means only address E is of
      concern, the input to gate 1073-1 is enabled. If the length is two bytes
      (E+1) the input to gate 1073-2 is enabled as well as the input to gate
      1073-1. If the length is three bytes (E+2) then the inputs to gates
      1073-3, 1073-2 and 1073-1 are enabled. The progression continues in the
      same measure until for L' equal to 7(E+6) all of the gates 1073-7 through
      1073-1 are enabled. Each of the gates 1073 receives a third input from the
      byte circuits 1072. The byte circuits 1072 detect whenever the length L
      when added to the address E will cause the address E+L to exceed DTCL. The
      carryout input on line 1041 through the inverter to the OR gate 1043
      serves to detect whether E by itself is greater than DTCL. If the address
      E by itself does not cause an output from gate 1043, then the byte
      circuits 1032 for signals -BYTE 2 through -BYTE 7 determine whether the
      length L when added to E will cause an output from the gate 1043. In the
      particular system of FIG. 1, the length L' is limited to eight bytes, but
      only seven bytes are actually used and hence only -BYTE 1, . . . , -BYTE 7
      signals are generated. The -BYTE 1 signal for the Y condition is redundant
      and makes the same determination as the signal on line 1041.
PAR  The details of the circuit 1072 for generating the -BYTE 1 signal are shown
      to include a gate for forming the AND function -[+p(29)].sup..
      [+p(30)].sup.. [+p(31)]. The meaning of the -BYTE 1 signal in combination
      with the signal from gate 1071 is that all propagate terms from +p(0) to
      +p(31) are present. This condition signifies that E is identical to DTCL
      if no carryout is indicated on line 1041. If L' is 1, then circuit 1042
      enables gate 1073-1 and provides an output through OR gate 1043 on line
      1045. The details of each of the other circuits are shown schematically in
      logical notation in FIG. 7. Each of those other circuits logically test
      whether the addition of a particular value of L' to the three low-order
      bits 29, 30 and 31 of E will cause E+L to equal or exceed DTCL.
PAC  SUMMARY OF OPERATION
PAR  The operation of the program event recorder of FIG. 2 in connection with
      storage alteration by the system of FIG. 1 is explained with reference to
      a specific examples. For purposes of explanation, the lower PER range
      address DTCL is chosen to be 001FFC30 (addresses in hexadecimal format).
      The upper PER range address DTCU is chosen to be 001FFC34. With this PER
      range, for a storage alteration PER determination the operation of the
      FIG. 2 circuit for an effective address of 001FFC36 and an E+L address of
      001FFC39 is summarized in the following CHART II:
TBL                CHART II                                                    

     ______________________________________                                    

     Ck1                DTCL = 001FFC30                                        

                        DTCU = 001FFC34                                        

                         E = 001FFC36                                          

                         L'= 4                                                 

     ______________________________________                                    

     CK2                 W = False(0)                                          

                         X = False(0)                                          

                         Y = True(1)                                           

                         Z = False(0)                                          

     ______________________________________                                    

     CK3                PER = False(0)                                         

     ______________________________________                                    

PAR  In the above CHART II, the indicated values of DTCL, DTCU, and E are stored
      in the registers 346, 347 and 322. The value of L' equal to is similarly
      stored in the register 307 so that the value of E+L is equal to 001FFC39.
      With a value of L' equal to 4, the system of FIG. 1 operates to access
      four bytes starting with the byte specified by the effective address E. At
      CK1 time, the values in CHART II are latched in the indicated registers
      and are input to the respective W, X, Y and Z condition circuits which
      operate to make determinations in the manner previously described. At CK2
      time, the latches 191 through 194 in FIG. 4 are latched with the
      determined conditions.
PAR  With the input address information of CHART II, the W condition is false,
      191Q equal to 0, since DTCL is not greater than DTCU. The X condition is
      false, 192Q* equal to 0, since E is greater than DTCU. The Y condition is
      true, 193Q* equal to 1 since E+L is greater than DTCL. The Z condition is
      false, 194Q* equal to O, since E is not greater than E+L. At CK2 time, the
      indicated values of W, X, Y and Z are input to the PER logic 1039 where
      the logic determines that PER is false(0). In FIG. 4, that false
      determination is latched into latch 198 at CK3 time rendering 198Q equal
      to 0.
PAR  In a second example, the lower PER range address is 001FFC35 and the upper
      PER range address DTCU is 001FFC38. The effective address E is 001FFC33
      and the address E+L is 001FFC36 indicating that L' is 4. The operation of
      the circuit of FIG. 2 with the indicated input conditions is summarized in
      the following CHART III:
TBL                CHART III                                                   

     ______________________________________                                    

     CK1                DTCL = 001FFC35                                        

                        DTCU = 001FFC38                                        

                         E = 001FFC33                                          

                         L'= 4                                                 

     ______________________________________                                    

     CK2                 W = False(0)                                          

                         X = True(1)                                           

                         Y = True(1)                                           

                         Z = False(0)                                          

     ______________________________________                                    

     CK3                PER = True(1)                                          

     ______________________________________                                    

PAR  In the above CHART III, the PER test is true since two bytes in the address
      range from E to E+L fall within the PER range between DTCL and DTCU.
      Specifically, those bytes are the two bytes 001FFC35 and 001FFC36. If the
      example of CHART II were modified so that L' were equal to 2 and all other
      values were the same, the PER determination would be false since no
      addresses would fall within the PER range.
PAR  In the example of CHART III the FIG. 7 circuitry operates in the following
      manner. All high-order binary bits 0 through 28 of DTCL and E are
      identical and, therefore, an enabling output will be generated by gate
      1071. Because L' is equal to 4, all of the gates 1073-1 through 1073-4 are
      enabled by logic 1042. The last four bits, BITS 28, 29, 30 and 31, of E
      are 0011(equal to Hex 3) and of DTCL are 0101(equal to Hex 5). The term
      +p(28) equals 1 as is required by gate 1071. Additionally, +p(29) is 0,
      +p(30) is 1, +p(31) is 1, +g(30) is 1, and +g(31) is 0. The negative value
      of those terms appear as an input on bus 1040 in FIG. 7. With the
      indicated inputs, the -BYTE 1 signal from gate 1072 is not energized since
      the +p(29) term is 0, that is, the -p(29) term is 1. Similarly, there is
      no output from the -BYTE 2 circuit since +p(29) and +g(31) are both 0's.
      There is an output from the -BYTE 3 circuit 1072 in FIG. 7, however, since
      +g(30) is 1 and +p(31) is 1. The output from the -BYTE 3 circuit is input
      to the gate 1073-3. Gate 1073-3 is also enabled by the other two inputs
      from circuit 1071 and 1042 as described. Accordingly, gate 1073-3 provides
      an output to the OR gate 1043 indicating that the address 001FFC35 is
      within the PER range.
PAC  Further and Other Embodiments
PAR  The circuitry of FIG. 2 was described in connection with program event
      records which involved accesses to storage. An indication of whether any
      address over the range E to E+L fell within the PER range was made.
      Additionally, it is of interest in the FIG. 1 system to determine
      explicitly whether the present instruction or a prefetched future
      instruction falls within the PER range. The present instruction has the
      address E, the next possible prefetched instruction has the address E+2,
      the next possible prefetched instruction has the address E+4, and the next
      possible prefetched instruction has the address E+6.
PAR  In the data processing system of FIG. 1 which has the capability of
      fetching 8 bytes of an instruction stream on a single memory access, good
      system performance requires the detection of a PER event for instructions
      at addresses E, E+2, E+4, and E+6. The reason for interest in E, E+2, E+4,
      and E+6 is that, for the FIG. 1 system, an instruction may begin on any
      halfwood boundary. Since at the time of the instruction fetch it is not
      known which of the halfword boundaries is actually the start of a new
      instruction, the detection of whether each halfword boundary is a PER
      event is desirable. Thereafter, when it is finally determined which
      halfword boundaries actually begin new instructions, the proper PER event
      determination for that instruction can be reported to the system.
PAR  To make the determination explicitly for the addresses E, E+2, E+4, and
      E+6, the circuitry of FIG. 7 is modified and duplicated and used both in
      the X condition circuitry 1036 and the Y condition circuitry 1037. The
      circuitry of FIG. 7 is modified by both X and Y tests by eliminating the
      byte inhibit logic 1042 and the gates 1073.
PAR  For test Y, a determination that E itself is within the PER range is then
      determined by the signal of opposite polarity of the carryout signal -CO
      on line 1041. For test Y, a determination of whether E+2 is within the
      range is obtained by the OR of the opposite polarities (e.g. +BYTE 1) of
      the signals -BYTE 2, -BYTE 1 and -CO. For test Y, a determination of
      whether the address E+4 is within the range is determined by the OR of the
      opposite polarities of the signals -BYTE 4, -BYTE 3, -BYTE 2, -BYTE 1, and
      -CO. For test Y, a determination of whether the instruction address E+6 is
      within the range is determined by the OR of the opposite polarities of the
      signals -BYTE 6, -BYTE 5, ..., -BYTE 1, and -CO. These determinations are
      made in parallel by conventional inverters and OR gates (not shown) and
      stored in latch circuits (not shown) clocked at CK2 time.
PAR  For test X, a determination of whether E is less than or equal to DTCU, is
      made by the signal of opposite polarity of the carryout signal -CO on line
      1041. For test X, a determination of whether E+2; E+4; and E+6 are each
      less than or equal to DTCU, the opposite polarity of the signals -BYTE 2,
      -BYTE 1, and -CO; of the signals -BYTE 5, -BYTE 4, ..., -BYTE 1 and -CO;
      and of the signals -BYTE 7, -BYTE 6, ..., -BYTE 1 and -CO, respectively,
      are OR'ed. These determinations are made by conventional inverters and OR
      gates (not shown) and the results are latched in latch circuits (not
      shown) at time CK2.
PAR  The latched results of the X and Y tests for the four separate address
      values E, E+2, E+4 and E+6 are then each input to the PER logic 1039 at
      different times to make four separate PER determinations, one for each
      separate address value.
PAR  While the embodiment of FIG. 2 was described in connection with memories
      having contiguous addresses accross the memory boundary from the highest
      address, 2.sup.N - 1, to the lowest address, zero, the invention can be
      used for addresses which do not have the capability of crossing the memory
      boundary. If addresses never cross the memory boundary, then the W
      condition and the Z condition are not required. The PER logic 1039 is
      simplified by simply allowing the W and Z terms to be 0.
PAR  For systems where it is only desired to know whether the address E is in
      the PER range, then the length logic 195 in FIG. 4 can be eliminated and
      the -CO signal from adder 94-1 is directly input to the latch 193.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof it will be understood by those
      skilled in the art that various changes in form and details may be made
      therein without departing from the spirit and the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a data processing system having memory and address processing
      circuitry, the apparatus comprising,
PA1  first means for providing a system address used in the operation of said
      system, second means for providing a lower address and third means for
      providing an upper address where said lower and said upper addresses
      define an address event range, fourth means for providing a length number
      representing the number of contiguous addresses, from said system address
      to a high address used in the operation of said system, said length number
      and said system address defining an address operation range bounded by
      said system address and said high address,
PA1  first carry-lookahead adder means, connected to receive said system address
      and said lower address, for providing a first signal if said system
      address is greater than or equal to said lower address,
PA1  second carry-lookahead adder means, connected to receive said system
      address and said upper address for providing a second signal if said
      system address is less than or equal to said upper address,
PA1  third carry-lookahead adder means connected to receive said upper address
      and said lower address for providing a third signal when said lower
      address is greater than said upper address,
PA1  fourth carry-lookahead adder means, connected to receive said length number
      and said system address for providing a fourth signal when said system
      address is greater than said high address,
PA1  logic means for detecting the presence of said first, second, third and
      fourth signals to provide an event record when said system address is
      within said address event range.
NUM  2.
PAR  2. In a data processing system having memory and address processing
      circuitry, the apparatus comprising,
PA1  first means for providing a system address used in the operation of said
      system, second means for providing a lower address and third means for
      providing an upper address where said lower and said upper addresses
      define an address event range, fourth means for providing a length number
      representing the number of contiguous addresses, from said system address,
      used in the operation of said system, said length number and said system
      addresses defining an address operation range,
PA1  first carry-lookahead adder means, connected to receive said system address
      and said lower address, for responsively providing propagate and carry
      signals and a first carryout if said system address is greater than or
      equal to said lower address,
PA1  second carry-lookahead adder means, connected to receive said system
      address and said upper address for providing a second carryout if said
      system address is less than or equal to said upper address, and
PA1  logic means including means for detecting the presence of both said first
      and second carryouts to provide an event record when said system address
      is within said address event range and including means connected to
      receive said propagate and carry signals from said first adder and
      connected to receive said length number for determining when addresses
      within said operation range are within said event range.
NUM  3.
PAR  3. In a data processing system having memory and address processing
      circuitry, the apparatus comprising,
PA1  first means for providing a system address used in the operation of said
      system, second means for providing a lower address and third means for
      providing an upper address where said lower and said upper addresses
      define an address event range, wherein said first means, said second means
      and said third means each includes means for latching a respective address
      at least by a first clock time,
PA1  first carry-lookahead adder means, connected to receive said system address
      and said lower address, for providing a first carryout if said system
      address is greater than or equal to said lower address, and second
      carry-lookahead adder means, connected to receive said system address and
      said upper address for providing a second carryout if said system address
      is less than or equal to said upper address, and wherein said first
      carry-lookahead adder means and said second carry-lookahead adder means
      each includes means for latching said carryouts at a second clock time,
PA1  logic means for detecting the presence of both said first and second
      carryouts to provide an event record when said system address is within
      said address event range and where said logic means includes means for
      latching said event record at a third clock time, said apparatus further
      including clock distribution means for distributing clock pulses including
      pulses at said first, second and third clock times for latching the
      addresses.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said first and said second
      carry-lookahead adder means each includes a first byte adder having
      positive-true logic and a second byte adder having negative-true logic,
      said byte adders each having a carryout and a carryin, said adders
      connected in series with the carryout from one of said byte adders
      connected to the carryin of the other of said byte adders.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said first, said second and said third
      means each includes means for storing said system address, said
      lower-address and said upper address as four-byte addresses, and wherein
      said first and second carry-lookahead adder means each includes two
      first-byte adders having positive-true logic and two second-byte adders
      having negative-true logic, said byte adders each having a carryout and a
      carryin, said byte adders connected in series with the carryout from one
      of the first-byte adders connected as a carryin to one of the second byte
      adders and a carryout from one of the second-byte adders connected as a
      carryin to one of the first-byte adders.
NUM  6.
PAR  6. In a data processing system having memory and address processing
      circuitry, the apparatus comprising,
PA1  first means for storing a system address used in the operation of said
      system,
PA1  second means for storing a lower address and third means for storing an
      upper address where said lower and said upper addresses define an address
      event range,
PA1  fourth means for storing a length number representing the number of
      contiguous addresses, from said system address to a high address used in
      the operation of said system, said length number and said system address
      defining an address operation range bounded by said system address and
      said high address,
PA1  first carry-lookahead adder means, connected to receive said system address
      and said lower address, for providing propagate and generate signals and
      providing a first carryout signal if said system address is greater than
      or equal to said lower address and including length logic means connected
      to receive said propagate, generate and carryout signals and connected to
      receive said length number for establishing a condition Y when addresses
      within said operation range are within said event range,
PA1  second carry-lookahead adder means, connected to receive said system
      address and said upper address, for providing a second carryout and
      establishing a condition X if said system address is less than or equal to
      said upper address,
PA1  third carry-lookahead adder means, connected to receive said upper address
      and said lower address, to establish a condition W when said lower address
      is greater than said upper address,
PA1  fourth carry-lookahead adder means, connected to receive said length number
      and said system address, to establish a condition Z when said system
      address is greater than said high address, and
PA1  means for detecting the presence of said conditions W, X, Y, and Z to
      provide an event record PER when said system address is within said
      address event range in accordance with the equation:
EQU  PER = [(W)v(Z)].sup.. [(X)v(Y)] v (X.sup.. Y) v (W.sup.. Z)
NUM  7.
PAR  7. The apparatus of claim 6 wherein said first, said second, and said third
      carry-lookahead adder means each includes a first byte adder having
      positive-true logic and a second byte adder having negative-true logic,
      said byte adders each having a carryout and a carryin, said adders
      connected in series with the carryout from one of said byte adders
      connected to the carryin of the other of said byte adders.
NUM  8.
PAR  8. The apparatus of claim 6 wherein said first, said second, and said third
      carry-lookahead adder means each includes two first-byte adders having
      positive-true logic and two second-byte adders having negative-true logic,
      said byte adders each having a carryout and a carryin, said byte adders
      for each of said carry-lookahead adder means connected in series with the
      carryout from one of the first byte adders connected as a carryin to one
      of the second-byte adders and a carryout from one of the second-byte
      adders connected as a carryin to one of the first-byte adders.
NUM  9.
PAR  9. The apparatus of claim 6 wherein said fourth carry-lookahead adder means
      includes means for detecting the all true condition of all high-order bits
      of the system address E exclusive of the low-order M bits, and includes a
      byte adder for receiving the low-order M bits of the system address E and
      the length number minus one equal to L, said byte adder forming a sum
      equal to the addition of the low-order M bits of E and of L to provide a
      byte adder carryout when said sum exceeds 2.sup.M -1, and includes means
      for establishing the Z condition whenever the high-order bits of E are all
      true's and said byte adder provides a carryout.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said byte adder includes means for
      receiving L equal to five bits and M equal to 5.
NUM  11.
PAR  11. The apparatus of claim 6 wherein each of said means for storing is
      responsive to clock pulses for storing data at a time not later than a
      first clock time, wherein said first, second, third and fourth
      carry-lookahead means include latch means for storing said conditions Y,
      X, W and Z, respectively, in response to a clock pulse at a second clock
      time, wherein said means for detecting includes means for storing said
      record PER in response to a clock pulse at a third clock time, and wherein
      said apparatus further includes clock distribution means for distributing
      clock pulses including three consecutive clock pulses defining said first,
      second and third clock times.
NUM  12.
PAR  12. In a data processing system having memory and address processing
      circuitry, the apparatus comprising,
PA1  first means for storing in response to a first clock signal a system
      address E used in the operation of said system,
PA1  second means for storing in response to a first clock signal a lower
      address DTCL and third means for storing in response to a first clock
      signal an upper address DTCU where said lower and said upper addresses
      define an address event range,
PA1  fourth means for storing in response to a first clock signal a length
      number L' representing the number of contiguous addresses, from said
      system address to a high address, used in the operation of said system,
      said length number and said system address defining an address operation
      range bounded by said system address and said high address,
PA1  first carry-lookahead adder means, connected to receive said system address
      and said lower address, for providing propagate and generate signals and
      providing a first carryout signal if said system address is greater than
      or equal to said lower address, including length logic means connected to
      receive said propagate, generate and carryout signals and connected to
      receive said length number for establishing a condition Y when addresses
      within said operation range are within said event range, and including
      latch means for storing the condition Y in response to a second clock
      signal,
PA1  second carry-lookahead adder means, connected to receive said system
      address and said upper address, for providing a second carryout and
      establishing a condition X if said system address is less than or equal to
      said upper address, and including latch means for storing said condition X
      in response to a second clock signal,
PA1  third carry-lookahead adder means, connected to receive said upper address
      and said lower address, to establish a condition W when said lower address
      is greater than said upper address, and including latch means for storing
      said condition W in response to a second clock signal,
PA1  fourth carry-lookahead adder means, connected to receive said length number
      L' and said system address E and including means for forming L'-1, to
      establish a condition Z when said system address is greater than said high
      address, and including latch means for storing said condition Z in
      response to a second clock signal,
PA1  logic means, responsive to said latch means, for detecting the presence of
      said conditions W, X, Y, and Z to provide an event record PER when said
      system address is within said address event range in accordance with the
      equation:
EQU  PER = [(W)v(Z)].sup.. [(X)v(Y)] v (X.sup.. Y) v (W.sup.. Z)
PAL  and including means for storing said record PER in response to a third
      clock signal, and
PA1  clock means for distributing said first, second and third clock pulses.
NUM  13.
PAR  13. In a data processing system having memory and address processing
      circuitry, the apparatus comprising,
PA1  first means for storing in response to a first clock signal a system
      address E used in the operation of said system,
PA1  second means for storing in response to a first clock signal a lower
      address DTCL and third means for storing in response to a first clock
      signal an upper address DTCU where said lower and said upper addresses
      define an address event range,
PA1  fourth means for storing in response to a first clock signal a length
      number L' representing the number of contiguous addresses, from said
      system address to a high address, used in the operation of said system,
      said length number and said system address defining an address operation
      range bounded by said system address and said high address,
PA1  first carry-lookahead adder means, having positive-true and negative-true
      logic byte adders connected to receive and form the difference of said
      system address and said lower address, for providing propagate and
      generate signals and providing a first carryout signal if said system
      address is greater than or equal to said lower address, including length
      logic means connected to receive said propagate, generate and carryout
      signals and connected to receive said length number for establishing a
      condition Y when addresses within said operation range are within said
      event range, and including latch means for storing the condition Y in
      response to a second clock signal,
PA1  second carry-lookahead adder means, having positive-true and negative-true
      logic byte adders connected to receive and form the difference of said
      system address and said upper address, for providing a second carryout and
      establishing a condition X if said system address is less than or equal to
      said upper address, and including latch means for storing said condition X
      in response to a second clock signal,
PA1  third carry-lookahead adder means, having positive-true and negative-true
      logic byte adders connected to receive and form the difference of said
      upper address and said lower address, to establish a condition W when said
      lower address is greater than said upper address, and including latch
      means for storing said condition W in response to a second clock signal.
PA1  fourth carry-lookahead adder means, connected to receive said length number
      L' and said system address E and inlcuding means for forming L'-1 equal to
      L where the sum E+L is formed to establish a condition Z when said system
      address is greater than said high address, and including latch means for
      storing said condition Z in response to a second clock signal,
PA1  logic means, responsive to said latch means, for detecting the presence of
      said conditions W, X, Y, and Z to provide an event record PER when said
      system address is within said address event range in accordance with the
      equation:
EQU  PER = [(W)v(Z)].sup.. [(X)v(Y)] v (X.sup.. Y) v (W.sup.. Z)
PAL  and including means for storing said record PER in response to a third
      clock signal, and
PA1  clock means for distributing said first, second and third clock pulses.
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ABST
PAL  Disclosed is a system for sorting information such as used, for example, in
      inventory control. New items to be sorted are fetched from a memory unit
      and are stored as buffered items in buffer stores. Comparators compare
      each new item from the memory unit with each of the buffered items in the
      buffer stores and with a lower limit and an upper limit. Item sort address
      registers store addresses which define the sorted order of the items in
      the buffer stores. After comparison of each new item, the item sort
      address registers are updated by the results of the comparison to
      establish a new sorted order and to cause rejected buffered items to be
      deleted from the buffer stores to make room for accepted new items.
      Reformatting apparatus is provided for reformatting items from the memory
      unit which have variable length and different weight fields such as
      prefix, body and suffix fields. Apparatus is provided for recognizing
      control fields which cause items to be ignored or included within the
      sorting process.
BSUM
PAR  In accordance with the above background of the invention, it is an object
      of the present invention to provide a method and apparatus for improved
      sorting and particularly one capable of sorting items having variable
      field lengths and variable field significance capable of reformatting the
      fields for sorting.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a sorting method and apparatus. Items to be sorted
      are identified by an order intrinsic to the item. The items to be sorted
      are stored in a memory unit in a sequence which can be completely
      unordered. The items are fetched from the memory unit for processing.
PAR  New fetched items from the memory unit are stored in buffer stores and
      hence become buffered items. Comparators are provided for comparing the
      buffered items from the buffer stores with new items from the memory unit.
      Selection apparatus is provided for connecting the buffer stores to the
      comparators to enable comparison of the new items with the buffered items.
      Item sort address apparatus is provided for controlling the selection
      apparatus and thereby to establish the connection pattern of buffer stores
      to comparators. The address apparatus stores an item sort address for each
      buffer store thereby defining the connection pattern which specifies which
      buffer store is connected to which comparator. The order of the addresses
      in the address apparatus after processing establishes the sorted order of
      the items in the buffer stores.
PAR  Transfer apparatus is provided for transferring addresses in the address
      apparatus for updating the sorted order of the buffered items in response
      to each comparison.
PAR  The sorting unit additionally includes a lower limit store and an upper
      limit store for defining the boundaries of the sorting operation between
      an upper and lower limit. An upper limit comparator and a lower limit
      comparator are provided for comparing each new item from the memory unit
      with the upper and lower limit.
PAR  The sorting unit also includes means for storing condition fields in the
      form of codes and flags. In one embodiment, search codes and search flags
      are stored in the upper limit store which also stores the upper limit
      item. Items to be sorted include item flags and item codes which are
      compared with the search codes and the search flags during a sorting
      operation. The results of comparing the item codes and flags with the
      search codes and flags further qualifies the search.
PAR  The sorting apparatus of the invention operates in accordance with the
      following method. A new item to be sorted is fetched from the memory unit
      and is compared with each item in the buffer stores, with the lower limit
      and with the upper limit, and flags and codes are compared. Whenever an
      item is between the lower limit and the upper limit and has an order
      between buffered items in the buffer stores, the new item is retained in a
      buffer store provided all other control conditions are satisfied. Less
      significant buffered items are replaced by more significant new items. The
      sorted order of buffered items in the buffer stores is determined by means
      of indirect addressing using transferable item sort addresses. All items
      in the memory unit are fetched and compared with buffered items. Each new
      item having a lower order than a buffered item in the buffer stores is
      retained, provided the control conditions of the flags and codes are
      satisfied, causing the removal of higher order buffered items.
PAR  After a comparison of all items in the memory unit, the buffer stores are
      filled with the lowest order set of memory unit items between the lower
      limit and the upper limit which satisfy the code and flag control
      conditions. After each comparison of all items in the memory unit, the
      highest order one of the set of items remaining in the buffer stores is
      stored as a new lower limit and the sort processing is repeated for all
      items in the memory unit. After all items in the memory unit have been
      compared on the repeated processing, a new set of lower order items is
      retained in the buffer stores. The highest order one of the new set is
      stored as a new lower limit and the sort processing is again repeated.
      Each time the memory unit is completely searched, a new lower order set is
      determined and a new lower limit, higher than the last, is selected. At
      any time after a complete search of the memory unit the buffer stores are
      not filled, the sort sequence is terminated since all items between the
      initial lower limit and the upper limit have been found.
PAR  An additional feature of the present invention includes means for
      reformatting items in the memory unit before the sort processing. In one
      embodiment, items in the memory unit are characterized by having a line, a
      prefix, a body and a suffix field. The reformat apparatus recognizes the
      location of the start of each field and provides for the ordered
      significance of each field.
PAR  In accordance with the above summary of the invention, the present
      invention achieves the objective of providing an improved sorting method
      and apparatus which employs indirect addressing, variable field lengths,
      variable orders of those fields and which provides conditions in the form
      of flags and codes for including or eliminating items from the sort
      sequencing.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiments of the invention
      have been set forth in detail in conjunction with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts an overall block diagram of a sort apparatus in accordance
      with the present invention.
PAR  FIG. 2 depicts a further detailed block diagram of the RGU control within
      the sort apparatus of FIG. 1.
PAR  FIG. 3 depicts a schematic block diagram of the reformat circuitry within
      the sort apparatus of FIG. 1.
PAR  FIG. 4 depicts a block diagram of the sort unit within the apparatus of
      FIG. 1.
PAR  FIG. 5 depicts further details of a typical portion of the sort unit of
      FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAC  Overall System -- FIG. 1
PAR  In FIG. 1, the overall sort apparatus in accordance with the present
      invention is shown. The apparatus includes a memory unit 2 for storing
      items to be sorted. Memory unit 2 is typically a magnetic disc unit which
      has a storage capacity of 48 million bits or more of data. In a typical
      embodiment, the items stored in memory unit 2 are part numbers and
      associated information useful in inventory records and processing. The
      information in the memory unit 2 is one embodiment is organized into
      sectors where each sector consists of fifteen record items, for example,
      15 part number records. Each record item consists of seventeen bytes (8
      bits per byte) which are further divided into 16 part number bytes and one
      pointer byte. The part numbers typically have several fields of different
      lengths such as a line, a prefix, a body and a suffix. The pointer byte
      identifies the location of the field boundaries. In one example, the
      pointer byte includes two 4-bit fields, one which identifies the boundary
      between the prefix and body and the other which identifies the boundary
      between the body and suffix in the sixteen part number the data bytes. The
      items to be sorted are all record items or some set of the record items in
      the memory unit 2. The sorting of items is carried out with respect to
      limits bounded by an upper limit and a lower limit and qualified by
      control conditions stored as coded and flags.
PAR  Information is transferred in and out of the memory unit 2 via a
      conventional data register means 3. Data register means 3 typically
      includes two or more registers for receiving a data out bus(DOB) 26 and a
      data in bus(DIB) 28.
PAR  In one preferred embodiment, the data out bus 26 and the data in bus 28 are
      2 bits wide providing input and output data serially by 2 bits parallel.
      Of course, the serial or parallel nature of the data and the bus width in
      and out of memory unit 2 is arbitrary in accordance with the desired data
      rate and the particular capabilities of the memory apparatus employed.
PAR  The data out bus 26 connects from the register 3 to a select circuit 68.
      Circuit 68 converts the two bits parallel to serial-by-bit on DIN line 28.
      The DIN line 28 is input to reformat circuit 6 which reformats record
      items output from memory unit 2.
PAC  MEMORY UNIT DATA FORMAT
PAR  Each record item in memory unit 2 of FIG. 1 includes seventeen 8-bit bytes.
      The first byte, BYTE 00, identifies field boundaries in the remaining 16
      data bytes, BYTE 0 through BYTE 15. The organization of data within each
      record item in memory unit 2 is shown in the following CHART I. In CHART
      I, each of the bytes BYTE 00, BYTE 0, BYTE 1, . . ., BYTE 15 includes the
      eight bits BIT 0, . . ., BIT 7.
TBL                                    CHART I                                 

     __________________________________________________________________________

     BYTE                                                                      

     __________________________________________________________________________

     00       0  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15             

     __________________________________________________________________________

         7 S2 F0 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15            

         6 S2       C1 C1 C1 C1 C1 C1 C2 C2 C2  C2  C3  C3  C3  C3             

         5 S2 D0 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15            

         4 S2 D0 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15            

     BIT                                                                       

         3 S1 D0 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15            

         2 S1 D0 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15            

         1 S1 D0 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15            

         0 S1 D0 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15            

     __________________________________________________________________________

PAR  BYTE 00 in memory unit 2 includes a 4-bit S1 count in bits BIT 0, . . .,
      BIT 3 and includes a 4-bit S2 count in bits BIT 4, . . ., BIT 7. The S1
      field defines the boundary between the suffix and the body and the S2
      field defines the boundary between the body and the prefix.
PAR  In BYTE 0, the six bits BIT 0, . . ., BIT 5 store the 6-bit D0 data field.
      In Byte 0, the bit BIT 6 is blank and the bit BIT 7 stores a 1-bit flag
      F0.
PAR  In BYTE 1, the 6 bits BIT 0, . . ., BIT 5 store the 6-bit D1 data field,
      the bit BIT 6 is blank and the bit BIT 7 stores a 1-bit flag F1.
PAR  In BYTE 2, the six bits BIT 0, . . ., BIT 5 store the 6-bit data field D2,
      the bit BIT 6 stores one bit of a 6-bit C1 code field and the bit BIT 7
      stores a 1-bit flag F2.
PAR  In a similar manner, each of the remaining bytes in CHART I store the
      indicated fields. Specifically, BIT 6 in each of the bytes BYTE 2, . . .,
      BYTE 7 stores one bit of the 6-bit C1 field. BIT 6 in each of the bytes
      BYTE 8, . . ., Byte 11 stores one bit of the 4-bit C2 code field and BIT 6
      of each of the bytes BYTE 12, . . ., BYTE 15 stores one bit of the 4-bit
      C3 field. BIT 7 for each of the bytes BYTE 0, . . ., BYTE 15 stores the
      1-bit flags F0, . . ., F15, respectively.
PAR  The reformatting operation performed by reformat circuit 6 expands the
      sixteen data bytes in a record item from the compact format shown in CHART
      I an expanded format shown hereinafter in CHART IIA. The expanded format
      consists of 32 bytes including up to four data fields with field alignment
      and with flag and code control fields. The four data fields are a suffix
      field which is up to nine characters long (four bits per character), a
      body field which is up to eleven characters long, a prefix field which is
      up to the nine characters long and a line field which consists of the last
      three characters of the record item. The control fields include 16 1-bit
      flags, a 6-bit C1 code, a 4-bit C2 code and a 4-bit C3 code. The
      reformatting of data fields is carried out based upon the field boundaries
      specified in the first byte of each record item. The first byte (BYTE 00
      in CHART I) includes two 4-bit pointers (S1, S2) which specify the byte
      locations which identify the beginning of the body and the beginning of
      the prefix in the new format. The outputs from reformat circuit 6 are the
      DAB line 77 and the DSIN line 29. The reformatted information of DAB line
      77 as shown in CHART IIA connects the new item flags and codes to control
      18. The DSIN line connects the reformatted data fields and memory unit
      address information as shown in the CHART IIB hereinafter to comparators
      9, 10 and 11 and to buffer stores 13.
PAR  The DIN bus 28 is employed to initially load a lower limit store (LLS) 16
      and an upper limit store (ULS) 17 with a lower limit and an upper limit
      which define the bounds over which a sort is carried out. The initial
      loading of the stores 16 and 17 occurs prior to the sort sequencing and is
      carried out under control of the master control 7. In one embodiment,
      stores 16 and 17 are each 256-bit random access memories for storing eight
      32-bit bytes. The stores 16 and 17 store data presented serially by bit on
      lines 24 and 28, respectively, at locations defined by address bus 30,
      when enabled by lines WELL and WEUL, respectively. The lower limit store
      16 receives its data input on line 24 from selection circuit 86. Selection
      circuit 86 receives an initial lower limit before sort processing from DIN
      line 28. After processing commences, new lower limit values are provided
      on the data sorted item sort(DSIS) line 25. The selection of line 25 or
      line 28 is made in circuit 86 in response to a signal on control line 94.
PAR  The DSIN line 29 output from reformat circuit 6 connects as an input to the
      item sort buffer stores (ISBS) 13. Each of the (N+1) stores 13 stores one
      buffered record item being sorted. In an example wherein each data portion
      of a record item is 32 bytes, each of the (N+1) stores 13 includes 256
      bits of random access storage. The stores 13 are selected one at a time to
      store a new item presented on DSIN line 29. Line 29 connects through OR
      gate 85 to stores 13. Also, OR gate 85 receives the WELL signal to load
      all 1's into buffer stores 13 whenever lower limit store 16 is loaded with
      a new lower limit. The store selected for storage is determined by the
      selection circuitry 15 which provides (N+1) outputs where only one of
      those outputs is energized at any one time. The data on the DSIN line 29
      is stored at a location in a store 113 specified by an address on address
      bus 30. In an example of 32 bytes, bus 30 is 8 binary address bits.
PAR  Selection circuit 15 is conventional circuitry such as a gated decoder
      which selects one out of N+1 locations in response to an address from one
      address register in the item sort address registers(ISAD) 14.
PAR  The item sort address(ISAD) registers 14 store (N+1) addresses, one
      associated with each of the buffered items in the (N+1) buffer stores 13.
      One of the (N+1) addresses controls the operation of the selection circuit
      15 for specifying in which buffer store a new item is to be loaded. The
      other N addresses in registers 14 control the N selection circuits 12. The
      addresses in registers 14 are transferred by operation of the transfer
      circuits 19 thereby changing the order of the addresses in registers 14.
PAR  In an example where N equals seven, the eight registers 14 each include
      three binary address bits. Each of the N selection circuits 12 functions
      to connect a different one of the (N+1) buffer stores 13 to the N
      comparators 9. The one buffer store 13 which is not connected to a
      comparator receives and stores the new item from the DSIN line 29. Each of
      the selection circuits 12 is connected to a different associated item sort
      address register of the registers 14. Each of the N selection circuits 12
      always receives its item sort address from the same one of the registers
      14. The buffer stores 13 are not always connected to the same comparators
      9, however, but each is connected to a comparator determined by the
      contents of the associated address register 14. The order of connecting
      buffer stores 13 to comparators 9, therefore, is altered by changing the
      order of item sort addresses in the registers 14. Each of the registers 14
      stores a different item sort address.
PAR  The comparators 9 include N comparators each capable of making the
      determinations of whether a new item on DSIN line 29 is greater than, less
      than or equal to the buffered items currently stored in buffer stores 13.
      In one preferred embodiment, the comparison is on a bit-by-bit basis. For
      256-bit items, each of the N comparators 9 receives 256 bits serially
      input from a new item on DSIN line 29 concurrently with 256 bits serially
      input from a selected buffered item from one of the buffer stores 13. In
      this manner, the comparators 9 compare each buffered item with each new
      item. The outputs from the N comparators 9 are input to the N transfer
      circuits 19 to control the transfer of item addresses.
PAR  Not all the comparison results from comparators 9 are utilized. Only
      comparisons for 6 bits (BITS 0, . . ., 5) out of 8 bits for each of the 32
      8-bit bytes input to comparators 9 are utilized. Those 6 bits are
      typically a standard ASCII code. The other 2 bits (BIT 6, BIT 7) for each
      byte are either unused or are utilized for comparing control fields in the
      form of flags and codes. Item flags and codes from a new item are
      connected on DAB line 77 from reformat circuit 6 to control 18 and search
      flags and codes are connected from upper limit store 17 to control 18. The
      flags and codes appearing in two out of eight bits are compared in control
      18. The results of that comparison permits or inhibits the transfer of
      item addresses by transfer circuits 19.
PAR  Transfer circuits 19 control the transfer of item sort addresses among the
      ISAD registers 14. The transfer is carried out with a sorting sequence
      which proceeds from lower order toward higher order. When a new item is
      found to be greater than the adjacent item on one side (left) but less
      than the adjacent item on the other side (right), the item address of the
      lesser item (on left) is not transferred but the address of the greater
      item (on right) is transferred out making room for the new item address.
      In this sorting sequence, the higher order item addresses are shifted out
      (toward the right). The highest order item in the buffer store is always
      the one replaced whenever room must be made in the buffer stores for a new
      item which is lower than some item in the buffer store. After all new
      items (for example, all items in memory unit 2) have been processed, the
      items retained in the buffer stores 13 are the lowest order set of all new
      items processed. The order of items in the buffer stores 13 are determined
      by the order of item addresses in registers 14.
PAR  The lower limit store 16 and the upper limit store 17 connect as inputs to
      the lower limit comparator 10 and the upper limit comparator 11,
      respectively. The comparators 10 and 11 are similar to each of the N
      comparators 9 and provide a less than, equal to or greater than
      determination. Comparators 10 and 11 compare each new item from the memory
      unit 2 on the DSIN bus 29 with the lower and upper limits, respectively,
      and provide outputs on bus 31 to the control 18. Control 18 inhibits
      transfers by circuits 19 in the address registers 14 whenever the new item
      on bus 29 is not between the lower and upper limits. Control 18 also
      inhibits transfers by circuits 19 in response to results of comparisons of
      item control fields on line DAB 77 and search control fields on DUL line
      80.
PAR  After all of the new items from memory unit 2 have been processed using the
      initial lower limit and upper limit, the contents of the N buffer stores
      13 specified by selection circuits 12 are the N lowest order items of all
      new items from the memory unit 2 between the initial upper and lower
      limits. Select out circuitry 20 is provided to select the N outputs from
      the selection circuits 12. The selection circuits 12 are read out one at a
      time to obtain the buffered items from buffer stores 13. Selection out
      circuitry 20 is addressed by input lines 48 from control 18. In the
      example where N is 7, lines 48 are a 3-bit bus. If the selection circuits
      12 are accessed in order by the selection out circuitry 20, the resulting
      sequence of selecting the buffer stores 13 is controlled by the item
      addresses in registers 14. The buffer stores 13 are not generally selected
      in any physical sequence since the order in which they are selected is
      controlled by the sorted order of item addresses in registers 14. The
      order of the item addresses causes the buffered items from the buffer
      stores 13 to be accessed in the sorted order which is low-order to
      high-order. Of course, the selection out circuitry 20 can be connected to
      access the buffered items in any order, that is from highest order to
      lowest order or in any other sequence. The important point to be noted is
      that the order is known.
PAR  Each output item from select circuitry 20 appears on the DSIS line 25 and
      is input to the select circuit 8. Circuit 8 converts the serial-by-bit
      buffered items on line 25 to a parallel by two bit format on the 2-bit DIB
      bus 27. From register 3, the sorted items can be transmitted to I/O unit 1
      or otherwise utilized.
PAR  When the highest order one of the buffered items (for example, the seventh
      item with address 110 on bus 48) is addressed by bus 48, a control signal
      on line 94 enables the selector 86 to select the DSIS line 25 to load that
      highest order buffered item in the lower limit store 16 and to write all
      1's into the stores 13. The highest order buffered item of the lowest
      order set after processing all new items in memory unit 2, therefore,
      becomes a new lower limit. With the new lower limit, the item addresses
      are preloaded to the initial sequence and the sort sequencing again
      proceeds as before processing all items from the memory unit 2.
PAR  Each time all new items from memory unit 2 have been processed, the
      buffered items remaining in the buffer stores 13 constitute a new lower
      order set. That new lower order set of buffered items is output through
      the data register 3 while the highest order one of the that set is loaded
      through selection circuit 86 into the lower limit store 16. At the same
      time, all of the buffer stores 13 are loaded with all 1's and the address
      registers 14 are preloaded to the initial sequence.
PAR  The processing continues filling buffer stores 13 with one lower order set
      after another. Whenever all of the new items from the memory unit 2 have
      been processed but all buffer stores 13 are not filled, the sorting
      sequence is complete and all items between the initial lower limit and the
      upper limit in memory unit 2 have been found and are in order from lowest
      order to highest order.
PAR  In FIG. 1, the master control 7 supplies control signals on bus 51 to the
      sort control 18. The signals include a 5MHz signal designated C5M. This
      signal is a master clock signal for the FIG. 1 apparatus.
PAR  A PLROP signal is supplied by control 7, as the result of an instruction in
      a program or by other convenient means, to designate to control 18 when it
      is time for sort unit 5 to perform an operation. Associated with the PLROP
      signal is a B2 bus from control 7 to control 18 which specifies, under
      program control or other convenient means, the type of operation to be
      performed by the FIG. 1 apparatus. The B2 bus includes QC1, QC2 and QC3
      qualifying bits. The qualifying bits are used in conjunction with code
      fields which occur at times Q1F, Q2F and Q3F in the record items being
      sorted by the FIG. 1 apparatus. In addition to the qualifying bits, the B2
      bus carries an INTC signal specifying that an initial scan of the record
      items is being commanded when a PLROP signal occurs. After a first search
      of all desired record items in the memory unit 2, the PLROP signal is
      again issued but the INTC signal is not.
PAR  When the PLROP signal is initially given to start the operation of the FIG.
      1 apparatus, a succesive WCY signals are given from control 7 to control
      18 to initiate write cycles for loading the lower limit and the upper
      limit stores bit by bit. The lower limit and upper limit stores are loaded
      with information from the DOB bus 26 of FIG. 1 at locations specified by
      an address bus. The address bus connects from control 7 to control 18 and
      includes locations BC0, A0, . . ., A15. Address bits A7 through A15 are
      used to address at different times the lower limit store, the upper limit
      store or other stores. Bits BC0, A0, . . ., A6 are used to uniquely
      address the 256 bit locations in the store specified by bits A7, . . .,
      A15. The address bits in control 7 are derived, for example, from an
      address counter or other means used in a conventional way for addressing
      the memory unit 2. Successive RCY signals are provided from control 7 to
      control 18 for reading information from the sort unit 5 in conjunction
      with the address bits.
PAR  In addition to the address bits, master control 7 provides a DTSR signal
      for identifying the memory unit address which includes disc, track, sector
      and record addresses of record items accessed from memory unit 2 and
      transmitted to the sort unit 5. The sort unit 5 utilizes the DTSR signal
      to store the memory unit address associated with each record item
      transmitted to the sort unit.
PAR  Master control 7 provides a DDAVL signal to control 18 for indicating when
      data is available from memory unit 2.
PAR  In summary, the master control 7 initially loads an upper limit, including
      search codes and search flags, and a lower limit in the upper limit and
      lower limit stores of FIG. 1 by energization of a WCY signal and by
      sequentially stepping through the binary address bits BC0, A0, . . ., A6
      where bits for each store. After initialization, a PLROP signal specifies
      loading of a command into the sort control 18. The command includes
      qualifying bits QC1, QC2 and QC3, which specify which of the codes C1, C2
      or C3 are to be considered in the sort process and includes an INTC signal
      which signals the first scan of the memory unit. A DDAVL signal is
      generated when data is being provided on the DOB bus 26 which is to be
      processed by the sort unit 5. During the sort process, new items from
      memory unit 2 are compared one at a time with buffered items temporarily
      retained in the sort unit. After each new item is compared, item addresses
      are transferred provided all control conditions are satisfied to update
      the sorted order of buffered items. After a complete search of the memory
      unit 2, a RCY signal and address bits from control 17 are input to the
      sort unit 5 to access the results of the sort and to provide a new lower
      limit. Thereafter, subsequent processing is carried out with the new lower
      limit under command of subsequent PLROP signals but without the INTC
      signal. After each scan of all record items in memory unit 2, the RCY
      signal is generated in conjunction with the address bits to obtain the
      results and update the lower limit. The control 7 includes means for
      detecting a predetermined condition (for example all 1's) in the output
      from sort unit 5. When the predetermined condition is detected, the
      processing is complete and the sort unit is ready for a new command.
PAC  RGU -- SORT CONTROL -- FIG. 2
PAR  In FIG. 2, the sort control 18 of FIG. 1 is shown. In FIG. 1 control 18
      receives control signals from the master control 7 as well as signals from
      the sort unit 5. Sort control 18 outputs a plurality of signals for
      controlling sort unit 5 in accordance with the sort method of the present
      invention.
PAR  In FIG. 2, 4 bits of the B2 bus 95 are input to the operation
      register(OPREG) 33. A command on the B2 bus is latched into register 33 by
      the PLROP signal from master control 7. Register 33 stores the signals
      INTSC, QC1, QC2 and QC3. The INTSC signal is stored as one bit to indicate
      when the sort unit 5 is to carry out the initial scan sequence of all
      record items in the memory unit 2. On the initial scan, an item matching
      the lower limit is not rejected. The signals QC1, QC2 and QC3 are each
      stored as one bit for including or excluding the C1, C2 and C3 fields from
      being considered in the sort unit operation and hence determine the type
      of report generated by the sort unit 5. The qualifying bits from register
      33 are input to the code comparator 37. The INTSC signal from register 33
      is input to the equality comparator 43.
PAR  The enable signals for the lower limit and upper limit stores of FIG. 1 are
      generated by selection circuits 33, 34 and 35. The upper limit selection
      circuit 33 receives the WCY signal and address bits A7 through A15 from
      control 7. Select circuit 33 generates a WEUL signal for enabling the
      upper limit store 17 of FIG. 1 whenever the WCY signal and a unique decode
      of the address bits A7 through A15 is present. Similarly the lower limit
      select circuit 34 produces the WELL signal to enable the lower limit store
      16 in FIG. 1 whenever the WCY signal or an RDIS6 signal and a unique
      decode of the address bits A7 through A15 is present.
PAR  The select item sort circuit 35 is enabled in response to an RCY signal and
      a unique decode of the address bits A7 through A15 to provide a RDIS 6
      signal to access the N.sup.th sorted item in the sort unit 5 and to
      provide the RDIS 6 input to select circuit 34 to produce the WELL signal.
PAR  In FIG. 2, OR110 receives a signal from each of the circuits 33, 34 and 35
      to produce a signal SISLU, whenever the circuits are energized, where the
      SISLU signal controls the gating of data onto the DIB bus by circuit 8 in
      FIG. 1.
PAR  In FIG. 2, the DDAVL signal, indicating the availability of data from
      memory unit 2 of FIG. 1, is input to pulse generator 47. Pulse generator
      47 also receives the C5M clock signal, the 4-bit
      equality/inequality(EQ/IEQ) bus 31, the record counter (RC) 8-bit bus 82,
      and the address bus 98. Pulse generator 47 can be any well known pulse
      generating circuitry. For example, generator 47 can be a read-only memory
      which is addressed by the inputs described to produce a plurality of
      output signals. Alternatively, pulse generator 47 can be conventional gate
      circuits for generating output pulses in response to the input pulses. The
      details of the pulse generator 47 are defined in terms of the output
      pulses generated.
PAR  The basic timing of the pulse generator 47 is the 5MHz C5M signal which is
      also input to step the record counter(RCCTR) 64 in FIG. 3. Counter 64
      includes 8 stages, which provide the parallel outputs BCCK, BC0, A0, RC0,
      . . ., RC4 as the 8-bit RC bus 82. The RC bus 82 is input to the pulse
      generator 47 so that generator 47 generates output pulses as a function of
      the count in the RC counter 64. The output pulses from generator 47 are
      also dependent upon the equality or inequality relationships from the
      EQ/IEQ bus 31 at a time when data is available as indicated by the DDAVL
      signal.
PAR  With the inputs to generator 47, the following outputs are poduced. The
      RSP1 signal output from generator 47 is produced each time a new record
      item of 17 bytes is to be transmitted to the sort unit 5. The RSP1 signal
      is present, for example, whenever the count on RC bus 82 is all 0's. The
      RSP2 signal is similarly generated once each time the RC counter of FIG. 3
      is cycled, that is every 17 bytes of input data. The RSP2 signal is
      delayed a fixed time after the RSP1 signal. For example, RSP2 occurs two
      cycles of the C5M signal after RSP1.
PAR  The ENRGU signal is generated to signal the sort unit 5 that a sort is to
      be carried out in response to the DDAVL signal which indicates that data
      is available.
PAR  The WEWT and the WEP signals are provided to enable the A and B buffers 60
      and 61 in FIG. 3. The WEWT signal is produced for connection to the one of
      the buffers 60 or 61 which is receiving DIN data under control of the
      reformat counter 63. The WEP signal is produced for writing 0's into the
      one of the buffers 60 or 61 which is reading out data under control of the
      RC counter 64. The 0's are written in as the data is read out.
PAR  The AB signal output from the pulse generator 47 switches states for each
      new record item received from memory unit 2. The AB signal functions to
      place the first record item in the A buffer and the second record item in
      the B buffer, the third record item in the A buffer and so on in an
      alternating fashion.
PAR  The RSTEQ signal is output from the generator 47 to restore equality in the
      comparators of the sort unit 5. The RSTEQ signal is produced in response
      to the RSP2 signal when a sort operation is in progress.
PAR  Generator 47 produces a CSRC signal for clearing the S1 and S2 counters in
      FIG. 3 at a time when the RC counter of FIG. 3 counts to its final count.
PAR  Generator 47 produces a RC26 signal which forces the reformat counter of
      FIG. 3 to its 29th count in response to a predetermined count of the
      record counter in FIG. 3. The predetermined count in the record counter is
      count 26.
PAR  Generator 47 produces a CSORT signal for bits 0 through 5 of each byte
      after RSP1. For bits 6 and 7, of each byte, no CSORT signal is generated.
PAR  In FIG. 2, the qualifying bits QC1, QC2 and QC3 from the operation register
      33 are input to the code comparator 37 to designate whether or not the
      results of a code comparison should be utilized. Code comparator 37 also
      receives timing signals Q1F, Q2F and Q3F which are produced at
      predetermined counts of the RC counter to indicate when code signals are
      present. Those predetermined counts specify the predetermined locations
      within the reformatted record items which store item code fields. When
      each record item is addressed, the item code fields appear on the DAB bus
      at times Q1F, Q2F and Q3F. In a similar manner, search code fields, stored
      in the upper limit store, appear on the DUL bus at Q1F, Q2F and Q3F times.
      The search codes on the DUL bus are compared with the item codes on the
      DAB bus, at times determined by the Q1F, Q2F and Q3F signals, provided the
      qualifying bits QC1, QC2 or QC3 have been set, respectively, in the
      operation register. As a specific example, each bit from the upper limit
      store appears on line DUL at the samee time that a corresponding record
      item bit appears on line DAB. The bits on lines DAB and DUL are compared,
      for the C1 code, only when the Q1F signal occurs and then only provided
      that the QC1 signal is set. The code comparator 37 is typically
      implemented with conventional logic gates which do not provide an output
      whenever QC1, Q1F, DAB, DUL and CCC are all present but otherwise do. If
      the output does not exist, then OR gate 38 does not produce an output and
      therefore latch 45 is not reset. If an output does occur, however, the
      output is propagated through gate 38 and resets latch 45. Whenever, latch
      45 is reset, the Q* output from latch 45 inhibits generation of the ADSCK
      pulses from gate 46 and hence prevents transfers of item addresses.
PAR  In FIG. 2, the flag comparator 36 also compares bits on the DUL and DAB
      lines but the comparison is at a time specified by a CFC signal which
      occurs at a predetermined count of the RC counter. Comparator 36 provides
      an output whenever an item flag bit is not set in the record item on line
      DAB at a time when there is a search flag bit set in the upper limit item
      on the DUL line and when a CFC signal is output from the pulse generator
      47. An output from comparator 36 is transmitted through OR gate 38 to
      reset latch 45 and to inhibit the ADSCK pulses from gate 46.
PAR  In FIG. 2, detector 39 detects the condition when the new item on bus 29
      equals any item stored in the item sort buffer stores 13. This indication
      is presented on bus 40 for each of the stores 13 in the system. Detector
      39, therefore, is typically an OR gate having a gated output at the RSP1
      time established by the generator 47. The output from detector 39 is also
      input to the OR gate 38. If any equality is present, latch 45 is reset and
      inhibits the ADSCK shift pulses.
PAR  The control circuitry of FIG. 2 additionally includes three detectors 41,
      42 and 43. Detector 41 detects the condition that the new item on the DSIN
      bus 29 is greater than the item in the upper limit store 17 at RSP1 time.
      The detector 42 senses the condition where the new data is less than the
      lower limit (DGLL) signal at RSP1 time.
PAR  The detector 43 detects when the new data on bus 29 is equal to the lower
      limit during scans other than the initial scan at RSP1 time. Any output
      from the detectors 41, 42 and 43 is input to the OR gate 38 to reset latch
      45 thereby inhibiting shift pulses from being generated by gate 46. Latch
      45 is set by each RSP2 signal in preparation for detecting reset pulses
      from OR gate 38.
PAC  REFORMAT APPARATUS -- FIG. 3
PAR  The circuitry of FIG. 3 receives each record item as 17 bytes on the DIN
      line 28 with the format of the previous CHART I and reformats each item
      with the 32-byte format of CHART IIA hereinafter. The reformatted item is
      stored in one of two buffer stores, the A buffer (ABFR) 60 or the B buffer
      (BBFR) 61. The input data from DIN line 28 is input to the buffers 60 and
      61 to store data, flags and codes and is input to the field boundary
      register 66 to store the pointer byte.
PAR  Buffers 60 and 61 are conventional 256-bit random access memories which
      store data input from DIN line 28 on data in (DI) inputs when enabled by
      write enable (WE) inputs from selection circuits 56 and 57 at addresses
      specified by address (ADR) inputs from selection circuits 58 and 59. The
      selection circuits 56, 57, 58 and 59 are in turn controlled by AB signals
      from the control unit of FIG. 2. Selection gates 58 and 59 select the
      eight address bits from two locations. One location is from the record
      (RC) counter 64 which provides five high-order bits (RCO, . . . , RC4) and
      three low-order bits (BCCK, BC0 and A0). The other location is from the
      reformat counter (REF CTR) 63 which provides five high-order bits (RFO, .
      . . , RF4). A corresponding three low-order bits (BCCK, A0 and RC0 are
      also provided from the RC counter 64 for use with bits RC0, . . . , RF4.
      The high-order bits from the two counters 63 and 64 and the associated
      low-order bits are alternately connected to the A buffer 60 and the B
      buffer 61 to alternately reverse the roles of the buffers.
PAR  Counter 63 is utilized for loading one of the two buffers 60 and 61 while
      counter 64 is concurrently utilized for unloading the other of the buffers
      60 and 61. The buffers 60 and 61 receive write enable pulses, WEWT and
      WEP, which are applied to one or the other of the buffers under control of
      the pulses AB and AB* from the pulse generating circuit 47 of FIG. 2. When
      the AB signal is 1, selection circuit 56 connects the enable WEWT signal
      to the A buffer 60 for writing the data from DIN line 28. Simultaneously,
      the AB* signal is 0 and connects the WEP signal to the B buffer 61 for
      storing a 0 after the data has been readout from buffer 61. When the AB
      and AB* signals are reversed, the connections to and the roles of the AB
      buffers are reversed.
PAR  For 6 out of 8 bits of each byte, the AB1 signal also connects the eight
      record (RC) counter address bits to the B buffer 61 while the AB*0 signal
      connects the five reformat (REF) counter address bits and its associated
      three lower order address bits to the A buffer 60. When the AB and AB*
      signals are inverted, (AB=0; AB*=1) the REF counter 63 and the associated
      lower order bits address the B buffer 61 while the RC counter 64 addresses
      the A buffer 60 for 6 out of 8 bits.
PAR  For 2 bits (BIT 6 and BIT 7) out of 8 bits for each byte, decoder 112 in
      FIG. 3 functions to switch the addressing so that the RC counter addresses
      both the A and B buffers. The decoder 112 decodes the RC0 and A0 signals
      from the RC counter and detects the 11 condition of those bits which
      condition only occurs for BIT 6 and BIT 7 of each byte. Whenever RC0 and
      A0 are both 1's, decoder 112 forces both select circuits 58 and 59 to
      select the RC counter. When A0 and RC0 are not both 1's, decoder 112
      inputs the AB* signal to circuit 58 and the AB signal to circuit 59. When
      AB is 1 circuit 58 connects counter 63 to buffer 60 while RC counter 64 is
      selected by circuit 69 for connection to buffer 61 except during BIT 6 and
      BIT 7. A reversal of AB reverses the connections.
PAR  When the 17 bytes of data from a new record are input on the DIN bus 28 for
      storing into one of the buffers 60 or 61, the REF counter 64 is preset to
      a count and/or stepped in count a total of 16 times by the RC0 signal from
      the RC counter 64. The counter 63 is stepped by RC0 except when OR gate
      113 switches the counter 63 to a parallel load mode which allows RC0 to
      store a predetermined count from one of the circuits 73, 74 and 75. The
      circuits 73, 74 and 75 each causes the REF counter 63 to jump to
      predetermined different counts which identify the start of the body field,
      the prefix field, and the line field, respectively. The record item on the
      DIN bus 28 appears with the fields in the order of suffix field, body
      field, prefix field and line field. The first character of the suffix
      field always appears at address 0 in the A or B buffers 60 and 61 which
      corresponds to a 0 count in the REF counter 63. Similarly, the first
      character of the body field is always written at address 9 in the buffers
      60 and 61 which corresponds to a 9-count in REF counter 63. The first
      character of the pefix field is always written at location 20 in the
      buffers 60 and 61 which corresponds to a 20-count in REF counter 63.
      Finally, the first character of the line field is always stored at address
      29 which corresponds to a 29-count in REF counter 63. The present body
      circuit 73, the preset prefix circuit 74 and the preset line circuit 75
      each comprise means for advancing counter 63 to a 9-count, a 20-count, and
      29-count, respectively. The circuits 73 through 75 are, therefore,
      conventional wiring connections or other means which load the indicated
      counts into REF counter 63 upon appropriate control signals. The control
      signal for the body circuit 73 is derived from the carry-out of the S1
      counter 56. The control signal for the prefix circuit 74 is derived from
      the carry-out of the S2 counter 67. The control signal for the line
      circuit 75 is RCS 26 which is derived from the decoder 69. Decoder 69
      decodes the 26.sup.th byte count of the RC counter 64.
PAR  The S1 counter 66 and S2 counter 67 are field boundary identifying counters
      which determine when the REF counter 63 is jumped to the count which
      specifies the starting addresses for the body and the prefix,
      respectively.
PAR  Counters 66 and 67 each store four bits which are derived, at the start of
      each 17-byte record item, from the first byte. The first byte of each
      record item is a field boundary identifier byte which identifies the field
      boundaries in the following 16 data bytes 4 bits of which identify the
      start of the body field and 4 bits of which identify the start of the
      prefix field. The 8 bits of the first field boundary byte are shifted into
      the S1 and S2 counters. 4 bits are stored in the S2 counter 67 and 4 bits
      are stored in the S2 counter 66. After the first byte has been shifted
      into the S1 and S2 counters 66 and 67, decoder 69 via line 76 switches the
      register counters 66 and 67 from the parallel load mode to the count mode.
      Thereafter, counters 66 and 67 are incremented by the signal CSRC from the
      pulse generator circuit 47 of FIG. 2 for each byte of data which is gated
      onto the DIN bus 28 and stored in the A or B buffers 60 and 61.
PAR  Whenever the number of bytes stored in the A or B buffers equals the count
      in the S1 counter 66, the complete suffix field has been stored and
      counter 66 provides a carry-out signal. That carry-out signal is input to
      the preset circuit 73 forcing the REF counter 63 to a count of 9.
      Similarly, after the number of bytes stored equals the count in S2 counter
      67, the complete body field has been stored and a carry-out from counter
      67 enables the prefix circuit 74 forcing counter 63 to a count of 20.
      Finally, when the RC counter 64 reaches a count of 26 that count is
      recognized by decoder 69 and enables the line circuit 75 to force counter
      63 to a count of 29.
PAR  While the REF counter 63 is addressing one of the buffers 60 or 61 to
      receive incoming items from memory unit 2, the RC counter 64 is addressing
      the other to read out data to the selection circuit 62. Selection circuit
      62 selects data from either the A buffer 60 or the B buffer 61 for output
      on the data bus (DAB) 77 with a format shown hereinafter in CHART IIA.
      Circuit 62 is selected by the AB signal to select that one of the buffers
      60 or 61 which is being addressed by the RC counter 64. Selection between
      the output data on the DAB line 77 and the memory unit address on the DTSR
      line occurs in selector 70 to provide the data on the DSIN line 29 in the
      format of CHART IIB hereinafter. The DAB line is selected for bits 0, . .
      . , 6 and the DTSR line is selected for bit 7 of each byte. The DSIN line
      29 transmits character and address information to the buffer stores 13 and
      comparators 9 of sort unit 5 of FIG. 1. The DAB line 77 connects flag and
      code information to the comparators of FIG. 2.
PAR  The memory unit address which is inserted a bit at a time into the eighth
      bit of each byte is obtained from the DTSR line 50 from the master control
      7 of FIG. 1. Line 50 typically connects from the address register (not
      shown) which is part of and is used to address memory unit 2. Decoder 78
      decodes the count in the RC counter 64 to provide an output on the
      8.sup.th bit of each byte after the first. Each 8.sup.th bit of each byte
      is detected by decoder 78 to switch the output from selection circuit 70
      from the DAB line to the DTSR line for one bit.
PAC  SORT UNIT -- FIG. 4
PAR  In FIG. 4, the sort unit 5 of FIG. 1 is shown in greater detail. The eight
      item sort buffer stores 13-0 through 13-7 correspond to the (N+1) stores
      13 in FIG. 1. In the FIG. 4 embodiment of FIG. 1, N is equal to 7. Each of
      the stores 13 of FIG. 4 is typically a random access memory storing 256
      bits which corresponds to 32 bytes of data. Each of the stores 13 stores
      one record item and associated memory unit address DTSR (disc, track,
      sector, record) used in conjunction with the sorting procedure. Each of
      the stores 13 is addressed by the 8-bit address bus 30. The stores 13 are
      enabled by the enable lines 80-0 through 80-7 which are output from the OR
      gates 88. Gate 85 and all gates 88 are energized in parallel by the write
      enable lower limit (WELL) signal derived from the control 18 of FIG. 2.
      The stores 13 are write enabled by the WELL signal in order to write all
      1's into the stores 13 each time a lower limit is written into store 16.
      At other times, the enable lines 87 are write enabled one at a time by the
      address enable circuit 15 to receive the data on the DSIN line from the A
      or B buffer. Circuit 15 is a decoder which decodes the 3-bit address from
      the item sort address(ISAD) register 14-7 to select one of eight output
      lines of address enable circuit 15 as inputs to the OR gates 88. Whenever
      one of the stores 13 is write enabled by a signal on one of the lines 87-0
      through 87-7 an address on address bus 30 causes an output data bit to
      appear on the appropriate one of the output lines 22-0 through 22-7.
      Incoming data on the DSIN line is presented on the input to all stores 13
      from OR gate 85 and is written into the addressed location in the enabled
      one of the stores 13.
PAR  The OR gate 85 receives its input information either from the DSIN line 29
      from the reformat circuit of FIG. 3 or from the WELL enable line from the
      control circuit of FIG. 2. The address enable circuit 15 functions to
      decode the three item sort address bits from register 14-7 at a time when
      the enable signal WEP, derived from the pulse generator of FIG. 2, is
      present.
PAR  The 1-bit serial data outputs from each of the buffer stores 13
      collectively form the 8-bit bus 22 which connects as an input to each of
      the select circuits 12-1 through 12-6. The seven select circuits 12 in
      FIG. 4 correspond to the N select circuits 12 in FIG. 1. Each select
      circuit 12 functions to select one of the eight inputs and provides a
      1-bit output which connects to a corresponding one of the comparators 9-0
      through 9-6. Also the seven outputs from the select circuits 12 together
      form the 7-bit bus 23 input to the select circuit 20. Each of the
      selection circuits 12-0 through 12-6 in FIG. 4 is addressed by the
      contents of a corresponding one of the item sort address (ISAD) registers
      14-0 through 14-6, respectively.
PAR  The eight registers 14-0 through 14-7 correspond to the (N+1) registers 14
      in FIG. 1. Each of the ISAD registers 14 stores 3 bits employed for
      addressing the connected one of the selection circuits 12. Registers 14-0
      through 14-7 have fixed inputs 000, 001, . . . , 111, respectively, which
      are initially loaded at the start of a sort operation upon the command of
      the PLROP input signal. At other times, addresses are shifted from other
      ISAD registers into the registers 14-0 through 14-6 by transfer (XFR)
      circuits 19-0 through 19-6, respectively. The shifting occurs in response
      to address shift clock (ADSCK) pulses. The ISAD registers 14-0 through
      14-6 are enabled by the "less than" output of the corresponding
      comparators 9-0 through 9-6, respectively.
PAR  The ISAD register 14-7 receives its input directly from the output of ISAD
      register 14-6. The output from register 14-7 is connected in parallel to
      all of the XFR circuits 19-0 through 19-6. The outputs from each of the
      other registers 14-0 through 14-5 are input to the XFR circuits 19-1
      through 19-6, respectively.
PAR  The seven transfer (XFR) circuits 19-0 through 19-6 in FIG. 4 corresponds
      to the N transfer circuits 19 in FIG. 1. The transfer circuits 19-0
      through 19-6 function to transfer an item sort address from one of the
      ISAD registers 14 to the next adjacent one of the registers 14 from
      low-order to high-order. The i.sup.th transfer circuit transfers an item
      address from the (i-1).sup.th address register into the i.sup.th address
      register for all values of i between 1 and (N-1). The 0.sup.th transfer
      circuit 19-0 transfers an item address from the (N-1).sup.th address
      register 14-6 to the N.sup.th address register 147. The transfers are made
      only on certain conditions. Each of the XFR circuits also receives an
      input on DAD line 84 which is output from ISAD register 14-7. The DAD line
      84 allows the ISAD address of a new item to be stored in any one of the
      registers 14. The conditions of transfer are determined by the comparators
      9-0 through 9-6. Each i.sup.th transfer circuit of the transfer circuits
      19-1 through 19-6 receives a "greater than" or "less than" input from the
      (i-1).sup.th comparator for i equal to 1, . . . , (N-1) and a "less than"
      input from the i.sup.th comparator for i equal to 0, . . . , (N-1). For
      example, comparator 9-0 provides a "greater than" and "less than" input to
      XFR circuit 19-1. Transfer circuit 19-1 also receives a "less than" input
      from comparator 9-1. Transfer circuit 19-0 receives only the "less than"
      indication from the comparator 9-0.
PAR  The conditions for transfer are that the i.sup.th transfer circuit
      transfers an item address from the (i-1).sup.th address register into the
      i.sup.th address register when the i.sup.th comparator produces a "less
      than" signal; the i.sup.th transfer circuit transfers an item address from
      the N.sup.th address register into the i.sup.th address register when both
      the (i-1).sup.th comparator produces a "greater than" signal and the
      i.sup.th comparator produces a "less than" signal for all values of i
      equal to 1, . . . , (N-1); the 0.sup.th transfer circuit transfers an item
      address from the N.sup.th address register into the 0.sup.th address
      register when the 0.sup.th comparator produces a "less than" signal; and
      the (N-1).sup.th address register stores the (N-1).sup.th item address in
      the N.sup.th address register when the (N-1).sup.th comparator produces a
      "less than" signal.
PAR  The seven comparators 9-0 through 9-6 correspond to the N comparators 9 in
      FIG. 1. The comparators 9-0 through 9-6 each compare the new record item
      input on DSIN line 29 with a different corresponding record item stored in
      the connected one of the buffer stores 13. The particular one of the
      stores 13 which is connected to a particular one of the comparators 9 is
      determined by the selection circuits 12. Each of the circuits 12 is in
      turn controlled by the addresses in the connected one of the registers 14.
      The order of connecting the eight buffer stores 13-0 through 13-7 to the
      seven comparators 9-0 through 9-6 is determined, therefore, by the item
      sort addresses in the seven registers 14-0 through 14-6. By changing the
      addresses in the registers 14-0 through 14-6, the order of connection of
      the buffer stores 13 to the comparators 9 is changed. Each of the
      comparators 9-0 through 9-6 also receives a new record item input from the
      DSIN line 29. Each of the comparators 9 compare the new item on line 29
      with a buffered item from the buffer stores 13 to determine the "greater
      than", "equal to" or "less than" equality relationships. One buffered item
      from each of seven of the eight buffer stores 13 is utilized for
      comparison in the seven comparators. The eighth buffer store, the one not
      connected to a comparator, is loaded with the new record item on the DSIN
      line 29. The particular one of the buffer stores which receives the new
      record item from DSIN line 29 is specified by the address in the ISAD
      register 14-7. The equality relationship determined by the comparators 9
      is stored after each bit comparison for bits 0 through 5 by the CSORT
      signal. The flag, code, equality and limit relationships are stored as
      previously described in connection with FIG. 2. The stored relationships
      remaining after all 16 bytes have been compared for a record item
      determined the transfers made by the transfer circuits. Before making a
      new sort, for a new record item, the stored equality relationships of the
      previous sort are removed by a RSTEQ* signal.
PAR  In FIG. 4, the lower limit store 16 and the upper limit store 17 are
      identical to the like-numbered devices discussed in connection with FIG.
      1. Stores 16 and 17 are addressed by the bus 30 in the same manner as the
      buffer stores 13. The lower limit store 16 is enabled by the WELL signal
      and stores data received from the selection circuit 86. Selection circuit
      86 functions to input the initial lower limit via the DIN line 28 or to
      input the highest order one of the sorted buffered items within the buffer
      stores 13 before processing any of the record items in the memory unit 2
      of FIG. 1. The highest order record item in the buffer stores 13 is loaded
      into the lower limit store 16 via the selection circuitry 20 and the
      selection circuitry 86. Selection circuitry 20 selects the output from
      each of the selection circuits 12-0 through 12-6 one at a time from the
      8-bit bus 23. Selection circuit 20 selects the outputs in response to the
      3-bit control input on bus 90 which is address bits A8, A9 and A10 derived
      from the master control 7. The buffer store 13 having the highest order
      one of the seven sorted items is selected by one of the address registers
      14 and is available on DSIS line 25 for selection by circuit 86.
PAR  Selection circuit 20 typically addresses the selection circuits 12-0
      through 12-6 in order. The output from selection circuit 12-0 is the
      lowest order address and the output from selection circuit 12-6 is the
      highest order address. The output from selection circuit 12-6 when
      selected by selection circuit 20 is output on the data in bus (DIB) and is
      also loaded via the DSIS line through the selection gate 86 to the lower
      limit register 16. Selection circuit 12-6 in a preferred embodiment is
      addressed by 3-bit bus 90 with bit values 110. Decoder 91 in FIG. 2,
      therefore, is set to detect the 110 code via enabling the selection
      circuitry 86 ia line 94 to select the DSIS line and load the output from
      the selection circuit 12-6 into the lower limit store 16. Buffer stores 13
      and lower limit store 16 are simultaneously and sequentially addressed by
      the addresses on address bus 30.
PAR  In FIG. 4, the upper limit store 17 includes addressable locations for 256
      bits of data. The upper limit store 17 is addressed by address bus 30 when
      enabled by the write enable upper limit signal WEUL. The WEUL signal is
      energized prior to the commencement of the sort operation for loading an
      upper limit into register 17 via the DIN line 28. Both the lower limit
      store 16 and the upper limit store 17 connect through a selection circuit
      92 to form the eighth input to selection circuit 20. Address bits A10 and
      A11 are employed to select circuit 92 for determining when either the
      upper limit or the lower limit is to be read out through selection circuit
      20 to be placed on the DIB line 27.
PAR  The sort unit of FIG. 4 also includes the lower limit comparator 10 and the
      upper limit comparator 11 identical to the like-numbered units in FIG. 1.
      The lower limit comparator 10 receives the new item on the DSIN line 29
      for comparison with the contents of the lower limit store 16. Similarly,
      the upper limit comparator 11 receives the new item on the DSIN line 29
      for comparison with the upper limit in the upper limit store 17. The
      output from the lower limit store 10 is a "data greater than the lower
      limit" (DGLL) signal and a "data equal to the lower limit" (DELL) signal.
      The upper limit comparator provides a "data equal to the upper limit"
      (DEUL) signal and a "data less than the upper limit" (DLUL) signal. The
      four signals DGLL, DELL, DEUL and DLUL together comprise the 4-bit
      equality bus 31.
PAC  SORT UNIT DETAIL -- FIG. 5
PAR  In FIG. 5, a portion of the sort unit of FIG. 4 is shown. The transfer
      circuit 19-0 includes a NAND gate 102 which receives the data address
      (DAD) line 84 and the "data less than" (DL0) line from the 0 comparator
      9-0. The output from gate 102 is input through the NAND gate 103 which
      functions as an inverter in circuit 19-0. The output from gate 103 is
      input to the data input of register 14-0. Circuit 19-0 transfers the data
      on line 84 into register 14-0 whenever the DL0 line is energized.
PAR  The A, B, C and D inputs of register 14-0 are all tied to 0 as indicated by
      the ground connections for parallel loading all 0's. The all 0's are
      loaded into register 14-0 in response to a PLROP signal. The register 14-0
      outputs QA, QB and QC form the 3-bit bus 93-0. Bus 93-0 connects the item
      sort address stored in register 14-0 to the selection circuit 12-0.
      Register 14-0 is clocked by the ADSCK line to transfer its contents out
      over its QD output. The QD output from register 14-0 is the data input to
      the NAND gate 104 of the transfer circuit 19-1. Circuit 19-1 functions,
      when enabled by the "less than" signal from circuit 9-0, to transfer the
      item sort address from register 14-0 to register 14-1.
PAR  The XFR circuit 19-1 receives the QD output from register 14-0 provides
      data through NAND gate 104 when gate 104 is enabled by the "data less
      than" (DL0 line from comparator 9-0. Circuit 19-1 also includes the NAND
      gate 102 for transferring the DAD data from the QD output of register 14-7
      into register 14-1 when enabled by the "data greater than" (DGO) line from
      comparator 9-0 and the "data less than" (DG1) line from comparator 9-1.
      Gate 103 receives the outputs from gates 102 and 104 and in turn provides
      a data input to register 14-1.
PAR  Transfer circuit 19-1 is typical of all of the transfer circuits 19-1
      through 19-6 in FIG. 4. Similarly, the register 14-0 is typical of all of
      the registers 14-0 through 14-7 in FIG. 4 except that each register is
      loaded by the PLROP signal with a different input. For example, register
      14-1 has its A, B and D inputs 0 and its C input 1, so that a PLROP signal
      loads the item address 001 into register 14-1. Comparator 9-0 is typical
      of all the comparators 9-0 through 9-6 and also of the comparators 10 and
      11 in FIG. 4.
PAR  In FIG. 5, comparator 9-0 includes the NAND gates 105 and 106 which each
      receive two data inputs and each provide a comparison output which
      connects to the J and K inputs, respectively, of flip-flop 108. Gate 105
      receives one data input from a buffer store via selection circuit 12-0 and
      an inverted data input from the DSIN line 29. The gate 106 receives one
      data input from the DSIN line 29 in the inverted input from a buffer store
      via the selection circuit 12-0. Gate 105 functions to detect whenever
      there is a 0 bit in the item from selection circuit 12-0 while there is
      simultaneously a 1 bit in the item from the DSIN line. Gate 106 performs
      the inverse function of gate 105. Gate 105 detects whenever there is a 1
      bit from circuit 12-0 and a 0 bit from the DSIN line. Each time data bits
      are input to gates 105 and 106, a CSORT signal clocks flip-flop 108 to
      store the results of the comparison. If a 1 is present on the DISN line
      when a 0 is present from circuit 12-0, the output of gate 105 is active
      and the Q otput of flip-flop 108 is set to a 1. If alternatively a 1 is
      present, the 12-0 circuit output when there is a 0 present on the DSIN
      line, gate 106 provides a 1 output setting the Q* output of flip-flop 108
      to a 1. If the bits from DSIN line 29 and from circuit 12-0 are both 1's
      or are both 0's, then neither gate 105 or 106 has a 1 output and flip-flop
      108 is not changed by the CSORT signal.
PAR  The order of bits for the new item from line 29 and the order of bits for
      the buffered item from selection circuit 12-0 appear from low-order to
      high-order. Because of the low-order to high-order processing, the last
      state at which the flip-flop 108 is left after processing all bits of a
      record item indicates the correct equality determination. If the new item
      is greater than the buffered item 108Q is 1 and if the new item is less
      than the buffered item, 108Q* is 1. The greater than less than
      determination is valid, however, only if the new item and the buffered
      item are not in fact equal.
PAR  The equal determination is made by the EXCLUSIVE-OR circuit 107 which
      senses the new item and the buffered item bits directly from the DSIN line
      29 and selection circuit 12-0. The output from gate 107 is connected to
      the J input of flip-flop 109. If flip-flop 109 is not set with a 1 on 109J
      at any time during the sorting operation of a record item, then flip-flop
      109 remains set with a 1 on its Q* output indicating the equality of the
      new item and the buffered item.
PAR  If, the DEQ0 line on the Q* output remains 1, it provides the 40-0 input on
      bus 40 to the detector 39 of FIG. 2. In FIG. 2, the detection of any
      equality signal DEQ0, DEQ1, . . . , DEQ6 from bus 40 inhibits the
      presentation of clock pulses on line ADSCK so that the "greater than" or
      "less than" determination of flip-flop 108 becomes ignored. If any pair of
      corresponding bits in the new item and the buffered item are unequal gate
      107 provides an output to set flip-flop 109 with a 0 on its Q* output. If
      bus 40 has all 0's, then the ADSCK clock pulses will be applied to
      transfer item sort addresses unless other inputs to OR gate 38 of FIG. 2
      inhibit ADSSCK pulses.
PAC  REFORMAT OPERATION
PAR  The reformat apparatus of FIG. 3 loads record items having the format shown
      in CHART I as previously described into either the A or B buffers 60 or 61
      of FIG. 3. In loading the record items from the DIN line into a buffer,
      the apparatus of FIG. 3 justifies the CHART I information along field
      boundaries using the boundary information of the first byte, BYTE 00. One
      typically justified format appears in the following CHART IIA, which is
      the format of information on DAB line 77 of FIG. 2. In CHART IIA, a
      typical example has been assumed for explanation where the suffix is three
      characters (D0, D1, D2), the body is five characters (D3, D4, D5, D6, D7),
      the prefix is five characters (D8, D9, D10, D11, D12) and the line is
      three characters (D13, D14, D15).
PAR  During the first eight counts of the RC counter, the 4-bit S1 field is
      shifted into counter 66 and the 4-bit S2 field is shifted through counter
      66 to counter 67. Counter 66, therefore, receives the 4 bits BIT 0, . . .
      , BIT 3 of BYTE 00 in CHART I and counter 67 receives the 4 bits BIT 4, .
      . . BIT 7 of BYTE 00 in CHART I. The function of the S1 field is to store
      a count which identifies the boundary between the suffix and body and the
      function of the S2 field is to store a count which identifies the boundary
      between the body and the prefix. The suffix by design choice always begins
      at BYTE 0. In the chosen example, the body commences at BYTE 3 and the
      prefix commences at BYTE 8. Referring to CHART I, the 6-bit D0 field in
      BYTE 0 defines the first alphameric character of the suffix. The 6-bit D1
      field of BYTE 1 defines the second alphameric character of the suffix and
      the 6-bit D2 field of BYTE 2 defines the third and final character of the
      suffix. In CHART I, the 6-bit D3, D4, D5, D6 and D7 fields in BYTES 3, 4,
      5, 6 and 7 comprise the five characters of the body. The 6-bit D8, D9,
      D10, D11 and D12 fields comprise the five characters of the prefix. The 6
      -bit D13, D14 and D15 fields define the three characters of the line.
TBL                                    CHART IIA                               

     __________________________________________________________________________

     (DAB)                                                                     

     0        1  2  3  4 5  6 7  8 9  10 11 12 13 14 15 16 17 18 19            

     __________________________________________________________________________

         7    F0    F1   F2   F3   F4    F5    F6    F7    F8    F9            

         6               C1   C1   C1    C1    C1    C1    C2    C2            

         5 D0 D1 D2                D3 D4 D5 D6 D7                              

     BIT 4 D0 D1 D2                D3 D4 D5 D6 D7                              

         3 D0 D1 D2                D3 D4 D5 D6 D7                              

         2 D0 D1 D2                D3 D4 D5 D6 D7                              

         1 D0 D1 D2                D3 D4 D5 D6 D7                              

         0 D0 D1 D2                D3 D4 D5 D6 D7                              

     SUFFIX                        BODY                                        

     __________________________________________________________________________

                       BYTE                                                    

                       20 21  22  23  24  25  26 27   28                       

                                                        29  30  31             

                     7    F10     F11     F12    F13    F14     F15            

                     6    C2      C2      C3     C3     C3      C3             

                     5 D8 D9  D10 D11 D12               D13 D14 D15            

                 BIT 4 D8 D9  D10 D11 D12               D13 D14 D15            

                     3 D8 D9  D10 D11 D12               D13 D14 D15            

                     2 D8 D9  D10 D11 D12               D13 D14 D15            

                     1 D8 D9  D10 D11 D12               D13 D14 D15            

                     0 D8 D9  D10 D11 D12               D13 D14 D15            

                       PREFIX                           LINE                   

     __________________________________________________________________________

PAR  While the RC counter of FIG. 3 has stepped through eight counts for loading
      BYTE 00 into the S1 and S2 counters, the reformat counter 63 is cleared to
      00000. The AB signal from generator 47 of FIG. 2 selects the reformat
      counter 63 to byte address the A buffer 60 while the low-order RC counter
      64-4 bits BC0, A0 and A1 bit address buffer 60. With counter 63 in the 0
      count, BYTE 0 in the A buffer 60 is addressed. The low-order RC counter
      64-4 is then stepped six times to address BITS 0 through 5 of CHART I and
      load the 6-bit D0 field into BYTE 0 of the buffer. Thereafter for bits BIT
      6 and BIT 7, the byte addressing of buffer A is switched from the reformat
      counter 63 to the high-order RC counter 64-6 by the AB signal. The RC
      counter 64-6 has been stepped by the A0 pulses twice as many counts as the
      reformat counter 63 so that counter 64-6 address BYTE 1 in the A buffer.
      Since as indicated in CHART I, BIT 6 of BYTE 0 is blank, there is nothing
      to store in the A buffer (as shown by CHART IIA) for this bit. BIT 7 of
      BYTE 0 in CHART I contains the 1-bit F0 field. The RC counter 64-6
      addresses A buffer 60 to store F0 in BIT 7 of BYTE 1. the byte addressing
      is switched back to the reformat counter from the RC counter after the
      sixth and seventh bits of every byte by the AB signal.
PAR  After BIT 7 of BYTE 0 from CHART I is stored in BIT 7 of BYTE 1 of CHART
      IIA, the reformat counter is stepped to a 1 count to address BYTE 1, the 6
      bits D1 are then loaded into the A buffer by operation of the low-order RC
      counter 64-4. When all six D1 bits have been loaded into BYTE 1, as
      indicated in CHART IIA, the AB signal switches the byte addressing from
      the reformat counter 63 to the high-order RC counter 64-6. The RC counter
      64-6 stores F1 in BIT 7 of BYTE 3 as shown in CHART II. Thereafter, the
      byte addressing is switched back to counter 63 and an RC0 pulse increments
      the counter 63 to a 2-count for loading the 6-bit D2 character of the
      suffix into the A buffer. With the reformat counter at 2, the low-order RC
      counter 64-4 loads the 6 bits of D2 into BYTE 2 as shown in CHART IIA.
      Thereafter, the byte addressing is switched to the high-order RC counter.
      The C1 in BIT 6 of BYTE 2 in CHART I is loaded into BIT 6 of BYTE 5 in the
      A buffer as indicated in CHART IIA. Similary, the F2 bit is loaded into
      the BIT 7 position of BYTE 5.
PAR  In FIG. 3. each time the reformat counter 63 is stepped by the RC0 pulse,
      the byte address is incremented by 1. Also, the S1 counter 66 and the S2
      counter 67 are each stepped by the CRSC signal each time counter 63 is
      stepped by the RC0 signal.
PAR  In the example chosen, the 4-bit S1 field loaded into counter 66 is binary
      1100. After three input CRSC signals, a carry-out CY is produced from
      counter 66 which is input to circuitry 73. Circuitry 73 in turn loads the
      reformat counter with a count of 9. With reformat counter 63 at a count of
      9, the low-order RC counter 64-4 is stepped six times to load the 6-bit D3
      field from BYTE 3 shown in CHART I into BYTE 9 of the A buffer 60 shown in
      CHART IIA. After the bits BIT 0, . . ., BIT 5 of BYTE 9 have been loaded
      with the D3 data field as shown in CHART IIA, the AB signal from generator
      47 of FIG. 6 switches the byte addressing from counter 63 to counter 64.
      Therefore, BIT 6 of BYTE 3 (CHART I) is loaded into BIT 6 of BYTE 7 (CHART
      IIA). Similarly, the F3 flag of BIT 7 in BYTE 3 (CHART I) is loaded into
      BIT 7 of BYTE 7 (CHART IIA).
PAR  The loading of the remainder of the body characters D4, D5, D6 and D7
      proceeds in the same manner that D3 was loaded. The associated flags F4,
      F5 and F6 and additional bits of the C1 code are also loaded in the manner
      previously indicated. Each time one of the characters D3 through D7 is
      loaded as indicated in CHART IIA, the reformat counter is incremented by
      the RC0 pulse to increment the byte address. Concurrently with
      incrementing the reformat counter 63, the S1 and S2 counters are
      incremented by the CRSC signal. The S2 field in the example chosen is
      initially loaded with binary 0111. After counting the three pulses which
      produced a carry-out from the S1 counter, the S2 counter has a count of
      1010. After five additional input counts, the S2 counter provides a
      carry-out CY which is input to circuit 74. Circuit 74 loads a count of 20
      into the format counter 63.
PAR  The next step of the reformat apparatus of FIG. 3 is to load the D8 field
      from BYTE 8 (CHART I) into the BYTE 20 field of the A buffer 60 as shown
      in CHART IIA. After the 6 bits BIT 0 through BIT 5 (CHART II) are loaded,
      the AB signal switches the byte addressing from reformat counter 63 to the
      RC counter 64. BIT 6 of BYTE 8 (CHART I) contains the first bit of the C2
      code which is stored in BIT 6 of BYTE 17 as shown in CHART IIA. Similarly,
      the F8 flag is stored in BIT 7 of BYTE 17 of CHART IIA. The loading of the
      remainder of the prefix characters D9, D10, D11 and D12 and the associated
      code and flag bits is performed in the same manner as for the D8 field.
PAR  When a count 26 of the RC counter has been reached, a signal RC 26 is
      generated which enables the operation of the preset circuitry 75.
      Circuitry 75 presets the reformat counter 63 to a 29-count.
PAR  With the counter 63 set to a 29-count, the D13 field is loaded into BYTE 29
      while the C3 and F13 fields are loaded into BYTE 27 (CHART IIA). The
      reformat counter is incremented to BYTE 30 and thereafter to BYTE 31 with
      the data, codes and flags loaded as indicated in CHART IIA.
PAR  In summary, the reformat apparatus of FIG. 3, one record item having a
      format shown in CHART I is reformatted and loaded into the A buffer 60
      with a format shown in CHART IIA.
PAR  After the first reformatted record item is loaded in buffer 60, a second
      record item is reformatted and loaded into the B buffer. At the same time
      that the second item is being loaded into the B buffer at byte addresses
      controlled by the reformat counter 63, the RC counter 64-6 and the RC
      counter 64-4 are operative to address the A buffer 60 to read out data
      through selection circuit 62 to the DAB bus 77 and through selection
      circuit 70 to the DSIN bus 29.
PAR  In CHART IIA, the BIT 7 location for each byte on DAB line 77 is replaced
      with memory unit address bits by selection circuit 70 to form information
      on DSIN line 29 having the format of the following CHART IIB. In CHART
      IIB, BYTES 0, . . ., 3 contain the record address(RA), BYTES 8, . . ., 12
      contain the sector address(SA), BYTES 16, . . ., 23 contain the track
      address(TA), and BYTES 24, . . ., 27 contain the disc address(DK). The
      memory unit address is loaded by operation of the selection circuit 70
      which gates out one address bit from DTSR line 50 whenever it receives an
      output from decoder 78. Decoder 78 decodes a 111 count from the RC counter
      64-4 to provide a signal during BIT 7 of each byte in CHART IIA and CHART
      IIB.
TBL                                    CHART IIB                               

     __________________________________________________________________________

     (DSIN)                                                                    

     BYTE                                                                      

     0       1  2  3  4 5 6 7 8  9  10 11 12 13                                

                                               14                              

                                                 15                            

                                                   16 17 18 19                 

     __________________________________________________________________________

        7 RA0                                                                  

             RA1                                                               

                RA2                                                            

                   RA3                                                         

                      0 0 0 0 SA0                                              

                                 SA1                                           

                                    SA2                                        

                                       SA3                                     

                                          SA4                                  

                                             0 0 0 TA0                         

                                                      TA1                      

                                                         TA2                   

                                                            TA3                

        6               C1  C1   C1    C1    C1  C1          C2                

                                                   C2                          

        5 D0 D1 D2               D3 D4 D5 D6 D7                                

     BIT                                                                       

        4 D0 D1 D2               D3 D4 D5 D6 D7                                

        3 D0 D1 D2               D3 D4 D5 D6 D7                                

        2 D0 D1 D2               D3 D4 D5 D6 D7                                

        1 D0 D1 D2               D3 D4 D5 D6 D7                                

        0 D0 D1 D2               D3 D4 D5 D6 D7                                

     SUFFIX                      BODY                                          

     __________________________________________________________________________

                  BYTE                                                         

                  20  21  22  23  24  25  26  27 28 29  30  31                 

     __________________________________________________________________________

                7 TA4 TA5 TA6 TA7 DK0 DK1 DK2 DK3                              

                                                 0  0   0   0                  

                6     C2      C2      C3      C3    C3      C3                 

                5 D8  D9  D10 D11 D12               D13 D14 D15                

            BIT 4 D8  D9  D10 D11 D12               D13 D14 D15                

                3 D8  D9  D10 D11 D12               D13 D14 D15                

                2 D8  D9  D10 D11 D12               D13 D14 D15                

                1 D8  D9  D10 D11 D12               D13 D14 D15                

                0 D8  D9  D10 D11 D12               D13 D14 D15                

                  PREFIX                            LINE                       

     __________________________________________________________________________

PAR  From the above description it is clear that the suffix, body and prefix
      fields are of variable length. Specifically, the lengths of the fields are
      determined by the S1 and S2 fields of the first byte of each record item.
PAR  While the S1 and S2 fields provide a mechanism for handling variable length
      fields, they also provide a mechanism for changing the order of the
      fields. For example, if it is desired to interchange the order of the body
      and the prefix in CHART II, then the S1 and S2 fields are interchanged in
      the counters 66 and 67. With the fields in the counters 66 and 67
      interchanged, the S2 counter provides a carry-out after the D2 field is
      stored. The carry-out from counter 67 is input to circuit 74 which forces
      the reformat counter 63 to a count of 20. Thereafter, the D3, D4, D5, D6
      and D7 fields are stored in bytes BYTE 20, BYTE 21, BYTE 22, BYTE 23, BYTE
      24, respectively (CHART IIA). After five additional counts are input to
      the S1 counter 66, it then produces a carry-out causing the circuitry 73
      to force the reformat counter 63 to a 9-count. With the counter 63 at a
      9-count, the data fields D8, D9, D10, D11 and D12 are stored in bytes BYTE
      9, BYTE 10, BYTE 11, BYTE 12 and BYTE 13, respectively (CHART IIA).
      Thereafter, when the RC counter reaches a count of 26, the reformat
      counter 63 is forced to a 29-count by the operation of circuitry 75. In
      this manner, the order of the body at the prefix shown in CHART IIA is
      interchanged as a result of interchanging the S1 and S2 fields.
PAR  While the reformat circuitry of FIG. 3 has been described with respect to
      two field boundaries specified by the counters 66 and 67, any number of
      fields can be accommodated by adding additional counters like counters 66
      and 67 and corresponding preset circuits like circuits 73 and 74.
PAR  An example of a part number which is typical of the record item is as
      follows:
PAR  TRI 2900A D871-3Q4.
PAR  The letters TRI represent the manufacturing line where TRI is an
      abbreviation, for example, of TRIAD CORPORATION. The part number includes
      a prefix 2900A, a body D871- and a suffix 3Q4. In accordance with the
      format of CHART II, the suffix D0 character is 4, the D1 character is Q
      and the D2 character is 3. In the body, the D3 character is -- and the D4
      character is 1, the D5 character is 7, the D6 character is 8 and the D7
      character is D. In the prefix, the D8, D9, D10, D11 and D12 characters are
      A, 0, 0, 9 and 2, respectively. The line characters D13, D14 and D15 are
      I, R and T, respectively. While the above part number for a given
      manufacturing line has been selected as an example, the prefix, body and
      suffix fields can vary for each part number or for a class of part
      numbers. For example, the part numbers for a given manufacturing line are
      typically all formatted with the same field boundaries. An example of part
      numbers which are stored in memory unit 2 are given in the following CHART
      III.
PAR  One sort which might be desired is to obtain all of the record items in
      CHART III which are between a lower limit LL, and an upper limit UL, as
      follows:
PA1  Ll = tri 2900a b871-3q4
PA1  ul = tri 2900a m871-3q4.
PAL  for clarity in explanation, all characters in the record item part number
      examples have been chosen with the CHART II format and are identical
      except for the first character in the body. Accordingly, the record items
      can be identified using only the first character of the body. The lower
      limit record item is identified as B, the upper limit is identified as M
      and the items in CHART III are D, J, F, B, A, E, G, L, P, I, H, C and K.
TBL                CHART III                                                   

     ______________________________________                                    

     ABBREVIATION      RECORD ITEM                                             

     ______________________________________                                    

     D                 TRI 2900A D871-3Q4                                      

     J                 TRI 2900A J622-PS8                                      

     F                 TRI 2900A F154000                                       

     B                 TRI 2900A B7094                                         

     A                 TRI 2900A A870-309                                      

     E                 TRI 2900A E793-                                         

     G                 TRI 2900A G871-3Q4                                      

     L                 TRI 2900A L871-3Q4                                      

     P                 TRI 2900A P871-3Q4                                      

     I                 TRI 2900A I871-3Q4                                      

     H                 TRI 2900A H003-3Q4                                      

     C                 TRI 2900A C871-3Q4                                      

     K                 TRI 2900A K9018                                         

     ______________________________________                                    

PAR  The sort operation commences by loading the lower and upper limits. The
      lower limit is typically on the DOB bus 26 of FIG. 1 from where it is
      converted to serial-by-bit by selection circuit 8 and output on the DIN
      bus 28 for storage in the lower limit store 16 of FIG. 4. Store 16 is
      enabled by the WELL signal from the select circuit 34 of FIG. 2. In a
      similar manner, the upper limit is loaded into the upper limit store 17
      via the DIN bus at a time that the WEUL signal is generated by the select
      circuit 33 of FIG. 2. The format of the upper limit and the lower limit
      items in the stores 16 and 17, in the example described, is the same as
      the format of the data in the A and B buffers as shown in CHART IIA.
PAR  At the time that the lower limit store 16 is loaded with the lower limit,
      the item sort buffer stores (ISBS) 13-0 trhough 13-7 are also enabled by
      the signal WELL and are written with all 1's provided by the OR gate 85 of
      FIG. 4.
PAR  The operation in FIG. 4 is initiated by PLROP signal which loads the ISAD
      registers 14-0 through 14-7 with an initial sequence of item sort
      addresses. While the PLROP signal also loads operation codes into register
      33 of FIG. 2, the present example assumes that no flags or codes are
      present and hence they can be ignored. Also, the RSTEQ* signal is input to
      the comparators 9 to clear the equality flip-flops (see FIG. 5 flip-flops
      109) in readiness for the start of a sort.
PAR  With the B and M lower and upper items stored in the stores 16 and 17, the
      next step in the sort operation is to access the first record item which
      is the D part number (see CHART III above). The D record item is accessed
      from the memory unit 2, is transferred through the data register 3, is
      placed on the DOB bus 26, is converted to serial-by-bit and is input to
      the reformat circuitry 6 where it is input to the A buffer. The memory
      unit address from which the D record item is accessed is the first address
      at which record items are stored in memory unit 2.
PAR  The first byte of the D record item contains the field boundary codes which
      are written in the S1 and S2 registers in the manner previously described.
      The S1 and S2 registers in conjunction with the reformat counter 63 and
      the record counter 64 reformat the D item and store it in the A buffer 60.
      After the D record item is stored in buffer 60, the J item is accessed
      from the second address in memory unit 2, is reformatted, and is stored in
      the B buffer 61. While the J record item is being stored in the B buffer,
      the D item is being accessed from the A buffer with code and flag
      information on the DAB line 77, with data characters gated out over the
      DSIN line 29, and with the memory unit address added to BIT 7 of each byte
      on the DSIN line.
PAR  With the first byte of the J record item stored in the S1 and S2 registers,
      the reformat counter 63 is stepped to the 0 count allowing the CSORT
      signal to be generated by generator 47 of FIG. 2 for each bit of the D
      record item which is gated onto DSIN line 29.
PAR  The details of the FIG. 4 sort operation are described in conjunction with
      the following CHART IV. In CHART IV, the sort operation consists of a
      first search, SEARCH I, which includes steps S1 through S14 and a second
      search, SEARCH II, which includes steps S1 through S14. During SEARCH I,
      the contents of the lower limit store 16 remain the B item.
PAR  In step 1, all the item sort buffer store ISBS-0 through ISBS-7 have been
      loaded with all 1's. The all 1's are indicated in CHART IV for step S1 by
      a "1" in each of the ISBS columns. In CHART IV, the initial sequence of
      addresses in the item sort address registers ISAD-0 through ISAD-7 for
      step S2 is indicated as 0, 1, 2, 3, 4, 5, 6 and 7. Those addresses are the
      addresses loaded into the registers 14-0 through 14-7 by the PLROP signal.
PAR  The contents of ISAD-7 is 7 (in binary notation, 111) in step S1. The value
      in ISAD-7 is decoded by the decoder 15 to select, via gate 88 and the
      enable line 87-7, the ISBS-7 store 13-7. Accordingly, ISBS-7 is enabled to
      receive the D record item which appears on the DSIN line 29. The addresses
      in ISBS-7 at which the bits of the D item are stored are defined by the
      address bus 30. Selection circuit 89 selects the address bits on bus 30
      from bus 82 which is derived from the RC counter 64 in FIG. 3. The RC
      counter addresses the A buffer 60 in FIG. 3 to fetch the D record item and
      concurrently addresses the buffer store ISBS-7 to store the D record item.
      In CHART II, the storage of the D item in ISBS-7 is indicated in step S2.
TBL                                    CHART IV                                

     __________________________________________________________________________

     SEARCH I                                                                  

     LL     ISBS                ISAD                                           

            0 1 2 3 4 5 6 7     7 0 1 2 3 4 5 6                                

     __________________________________________________________________________

     S1  B  1 1 1 1 1 1 1 1     7 0 1 2 3 4 5 6                                

     S2  B  1 1 1 1 1 1 1 D     6 7 0 1 2 3 4 5                                

     S3  B  1 1 1 1 1 1 J D     5 7 6 0 1 2 3 4                                

     S4  B  1 1 1 1 1 F J D     4 7 5 6 0 1 2 3                                

     S5  B  1 1 1 1 B F J D     3 4 7 5 6 0 1 2                                

     S6  B  1 1 1 A B F J D     3 4 7 5 6 0 1 2                                

     S7  B  1 1 1 E B F J D     2 4 7 3 5 6 0 1                                

     S8  B  1 1 G E B F J D     1 4 7 3 5 2 6 0                                

     S9  B  1 L G E B F J D     0 4 7 3 5 2 6 1                                

     S10 B  P L G E B F J D     0 4 7 3 5 2 6 1                                

     S11 B  I L G E B F J D     1 4 7 3 5 2 0 6                                

     S12 B  I H G E B F J D     6 4 7 3 5 2 1 0                                

     S13 B  I H G E B F C D     0 4 6 7 3 5 2 1                                

     S14 B  K H G E B F C D     0 4 6 7 3 5 2 1                                

     SEARCH II                                                                 

     LL     ISBS                ISAD                                           

            0 1 2 3 4 5 6 7     7 0 1 2 3 4 5 6                                

     __________________________________________________________________________

     S1  H  1 1 1 1 1 1 1 1     7 0 1 2 3 4 5 6                                

     S2  H  1 1 1 1 1 1 1 D     7 0 1 2 3 4 5 6                                

     S3  H  1 1 1 1 1 1 1 J     6 7 0 1 2 3 4 5                                

     S4  H  1 1 1 1 1 1 F J     6 7 0 1 2 3 4 5                                

     S5  H  1 1 1 1 1 1 B J     6 7 0 1 2 3 4 5                                

     S6  H  1 1 1 1 1 1 A J     6 7 0 1 2 3 4 5                                

     S7  H  1 1 1 1 1 1 E J     6 7 0 1 2 3 4 5                                

     S8  H  1 1 1 1 1 1 G J     6 7 0 1 2 3 4 5                                

     S9  H  1 1 1 1 1 1 L J     5 7 6 0 1 2 3 4                                

     S10 H  1 1 1 1 1 P L J     4 7 6 5 0 1 2 3                                

     S11 H  1 1 1 1 I P L J     3 4 7 6 5 0 1 2                                

     S12 H  1 1 1 H I P L J     3 4 7 6 5 0 1 2                                

     S13 H  1 1 1 C I P L J     3 4 7 6 5 0 1 2                                

     S14 H  1 1 1 K I P L J     2 4 7 3 6 5 0 1                                

     __________________________________________________________________________

PAR  As the D item is loaded into ISBS-7, the D item is concurrently compared
      with the lower and upper limits in comparators 10 and 11 and with the
      contents of buffer stores ISBS-0, . . ., ISBS-6 in comparators COM-0, . .
      ., COM-6. The DGLL and DLUL signals are output from limit comparators 10
      and 11 indicating that the D item is between LL and UL. Since all of the
      stores ISBS-0 through ISBS-6 contain all 1's all of the comparators COM-0,
      . . ., COM-6 produce a "less than" signal. The "less than" signals from
      each of comparators are input to the respective transfer circuits XFR-0, .
      . ., XFR-6. With "less than" signals input to the transfer circuits, all
      item sort addresses in the ISAD registers 14 are transferred by ADSCK
      pulses. For example, the 7 stored in ISAD-7 is transferred to ISAD-0 and
      the 0 in ISAD-0 is transferred to ISAD-1. As indicated in step S2 of CHART
      IV, the registers ISAD-7, ISAD-0, . . ., ISAD-6 store counts 6, 7, 0, 1,
      2, 3, 4 and 5, respectively.
PAR  With a 6 in ISAD-7 the decoder circuit 15 enables the ISBS-6 store (not
      explicitly shown in FIG. 4) for receiving the new J record item on the
      DSIN line 29 from buffer 61. ISAD-0 stores a 7, so that ISBS-7 is selected
      by selection circuit 12-0 for connection as an input to comparator COM-0.
      Similarly, the ISAD-1, . . ., ISAD-6 select the stores ISBS-0, . . .,
      ISBS-5 for input to the comparators COM-1, . . ., COM-6, respectively.
      With the selection circuits 12 energized in this manner, the J item is
      presented on the DSIN line 29 for comparison in the comparators 9 and for
      storing in ISBS-6. The storage of J in ISBS-6 is indicated in step S3 of
      CHART IV. In step S3, the D record item remains in ISBS-7, J is placed in
      ISBS-6 while ISBS-0, . . ., ISBS-5 retain all 1's.
PAR  The new J item on DSIN is compared with the D item from ISBS-7 in
      comparator COM-0. The comparison indicates that D is "less than" J. The
      outputs from all other comparators COM-1, . . ., COM-6 indicate that the
      new record item J is less than the contents of the buffer stores ISBS-0, .
      . ., ISBS-5, respectively.
PAR  The output from comparator COM-0 is a "greater than" signal which is input
      to XFR-1. Accordingly, XFR-1 does not transfer the contents of ISAD-0 and
      hence, ISAD-0 retains a 7.
PAR  With a "greater than" input, XFR-1 receives the output from ISAD-7 and
      transfers it to ISAD-1. Since all of the comparators COM-1, . . ., COM-6
      output "less than" signals, the transfer circuits XFR-2, . . ., XFR-6 and
      XFR-0 function to transfer item sort addresses. After the transfers, the
      registers ISAD-7, ISAD-0, . . ., ISAD-6 store the item sort addresses 5,
      7, 6, 0, 1, 2, 3 and 4, respectively, as indicated in the step S3 of CHART
      IV. The transfers are made as usual by ADSCK pulses which shift the
      contents of the registers 14 in the manner indicated.
PAR  With the item sort addresses stored in the registers 14, the selection
      circuits 12 makes the new connections of the ISBS stores 13 to the
      comparators 9. The comparators 9 and the comparators 10 and 11 are then
      ready to receive the next new record item.
PAR  The next new record item is F which is accessed from the buffer 60 of FIG.
      3. Since a 5 is stored in the ISAD-7, ISBS-5 receives the F record item.
      In the comparisons in comparators 9, COM-0 determines that F is "greater
      than" D. Concurrently COM-1 determined that F is "less than" J. Similarly,
      each of the comparators COM-2 through COM-6 produce a "less than" output.
PAR  Under these conditions, XFR-1 receives a "greater than" signal while XFR-2,
      . . ., XFR-6 receive "less than" signals. Under these conditions, since
      XFR-0 does not receive a "less than" signal it does not transfer anything
      into ISAD-0 so that ISAD-0 retains a 7. XFR-1 accepts the output from
      ISAD-7 and stores a 5 into ISAD-1. After the transfers of step S4, the
      registers ISAD-7, ISAD-0, . . ., ISAD-6 store item sort addresses 4, 7, 5,
      6, 0, 1, 2 and 3, respectively. With the new address sequence in ISAD
      registers 14, selection circuits 12 responsively connect the ISBS stores
      to the COM comparators in readiness for the next record item.
PAR  The next record item is B accessed from buffer 61. The B record item
      produces a "less than" output from all comparators 9. The B record item
      also produces a DELL signal from comparator 11 which is connected on bus
      31 to the control circuitry of FIG. 2. In FIG. 2, the DELL signal is input
      to the equality circuit 43. Since the sort unit of FIG. 4 is operating on
      SEARCH I, however, the INTSC signal is also input to circuit 43 inhibiting
      circuit 43 from producing an output even though the DELL signal is
      present. Accordingly, the circuit 43 does not function to inhibit the
      ADSCK pulses from being generated from gate 46 in response to the ENRGU
      signal. After the shift pulses in step S5, the registers ISAD-7, ISAD-0, .
      . ., ISAD-6 store the item sort addresses 3, 4, 7, 5, 6, 0, 1 and 2,
      respectively, in readiness for the next new record item.
PAR  The next new record item is A from buffer 60 which is stored in ISBS-3 in
      accordance with the contents of ISAD-7. Although, the comparators 9 in
      FIG. 4 determine that the A record item is less than all values in the
      ISBS, comparator 11 also determined that the new record item is less than
      the lower limit and therefore provides a DLLL signal on bus 31. The DLLL
      signal on bus 31 is input to the control of FIG. 2 to reset the latch 45
      and inhibit output pulses ADSCK. Witn no ADSCK pulses, no item sort
      addresses are transferred. Hence, at the end of the step S6, the contents
      of the ASAD registers are the same as at the end of step S5. The A record
      item in ISBS-3 is overwritten by the next record item since the contents
      of ISAD-7 have not changed.
PAR  The next new record item from buffer 61 is E. After the comparisons of E,
      item sort address transfers occur resulting in the address sequence
      indicated in step S7.
PAR  In steps S8 through S14, all of the new record items G, L, P, I, H, C and K
      are fetched and compared in the manner previously indicated. After each
      comparison, a transfer of item sort addresses occurs as shown in CHART IV.
PAR  After the transfer of the final step S14, the registers ISAD-7, ISAD-0, . .
      ., ISAD-6 store the addresses 0, 4, 6, 7, 3, 5, 2 and 1, respectively.
      After step 14, address bits on bus 90 energize the select out circuitry 20
      to select in order the seven selection circuits 12-0, . . ., 12-6 which
      are in turn controlled by registers ISAD-0, . . ., ISAD-6. ISAD-0 inputs
      an address of 4 to circuit 12-0 causing record item B to be read out first
      from ISBS-4. Selection circuit 20 next selects circuit 12-1 which receives
      a 6 from ISAD-1. Accordingly, selection circuit 12-1 selects C from ISBS-6
      as the second record item read out. In general, the address sequence 4, 6,
      7, 3, 5, 2 and cause the record items to be accessed from the ISBS stores
      in the order B, C, D, E, F, G and H. Accordingly, the sort unit during the
      SEARCH I operation has selected the lowest order set of seven record items
      from all the record items of CHART III. When the record items are read out
      they are accessed in order.
PAR  When selection circuit 20 selects the output from selection circuit 12-6,
      the H record item from ISBS-1 is input through selection circuit 86 and
      stored in the lower limit store 16. This storage occurs by enabling the
      WELL signal which also causes all of the ISBS stores 13 to be loaded to
      all 1's.
PAR  With the new lower limit H loaded and with the ISBS stores cleared to all
      1's, the sort unit of FIG. 4 is ready to commence the second search,
      SEARCH II, as shown in CHART IV.
PAR  SEARCH II commences in the same way as SEARCH I. The PLROP signal loads the
      initial sequence of item sort addresses into the ISAD register 14. In FIG.
      2, however, the INTSC signal is not loaded into the operation register 33.
      The first record item D is fetched and stored in ISDS-7 in step S2. Since
      D is less than H, the circuitry of FIG. 2 inhibits transfer pulses and
      hence the contents of the ISAD registers do not change.
PAR  The new record item J is fetched and is also stored in ISBS-7. Since J is
      between the lower limit H and the upper limit M, transfer pulses occur and
      the item sort addresses appear as shown in step S3.
PAR  The next new record item F is stored in ISBS-6. Since F is less than the
      lower limit H, no transfers occur in the item sort addresses. None of the
      new record items B, A, E and G in steps S5, S6, S7 and S8 are within the
      search limits and hence no transfer of item sort addresses occur. A new
      record item L is within the limits and is stored in ISBS-6 in step S9. A
      transfer in the record item addresses as shown in step S9.
PAR  The new record item P also is within limits and is stored in ISBS-5 with a
      transfer occuring as shown in step S10. Similarly, in step S11, the record
      item I is stored in ISBS-4 and a resulting transfer of item sort addresses
      occurs.
PAR  The new record item H is stored in ISBS-3. Since H equals the lower limit,
      a DELL signal is generated and is input to the control circuitry of FIG.
      2. In FIG. 2, the INTSC signal is no longer present and hence the
      circuitry 43 causes the latch 45 to be reset inhibiting the ADSCK clock
      pulses from gate 46. Accordingly, at the end of the step S12, no transfer
      occurs in the item sort addresses and they remain the same as at the end
      of the step S11.
PAR  In step S13, the new record item C is not within the limits and hence no
      transfer in item sort addresses occurs.
PAR  The final record item K is stored in ISBS-3. Since K is between the limits,
      a transfer occurs. At the end S14, the item sort addresses for registers
      ISAD-0, . . ., ISAD-6 are 4, 7, 3, 6, 5, 0 and 1. The corresponding
      entries in the ISBS stores are I, J. L, all 1's, and all 1's. When the
      record items are accessed in order from the ISBS by the selection
      circuitry 20 and are output on the DIB line 27, the all 1's of a record
      item from the ISBS stores is detected to signal the end of the sort
      operation.
PAC  FIELD ORDER REVERSAL
PAR  The field order without reversal is line, prefix, body and suffix. At
      times, however, it is desirable to change the field order, for example,
      with an order of line, body, prefix and suffix.
PAR  To explain the field order reversal, a hypothetical XYZ company is assumed
      to be a manufacturer of automobile parts. The XYZ company designates parts
      using part numbers which have a prefix which represents detailed
      variations in a basic product where the basic product is specified by the
      body of the part number. The body represents different products such as
      gas caps, tail pipes, hub caps and similar auto parts. In the hypothetical
      case of gas caps, for example, the prefix represents color while the body
      represents gas caps of different sizes for use on different automobiles.
      The XYZ company represents all gas caps between an upper limit body number
      and a lower limit body number. The XYZ company for purposes of the present
      example does not use a suffix.
PAR  A typical report for the XYZ company is an ordered listing of all gas caps.
      The report typically desired is the alphameric ordering of the body
      portion of the part number thereafter followed by color. Since ordering is
      desired using the body, the order of the body field and the prefix field
      are reversed in generating the report. If the body and prefix are not
      reversed, then the report generated is organized first with all gas caps
      of one color, followed by all gas caps of a next color and so on. The
      report generated without reversal of fields is not organized
      alphamerically by the body of the part number. By reversing the order of
      the prefix and body fields, however, the order is alphameric by the body
      of the part number.
PAR  To perform a search operation which will order the XYZ company gas caps
      alphamerically using the body field of the part number, the upper and
      lower limit stores are first loaded. The line field identifying the
      manufacturer for both the upper and lower limit stores is "XYZ." Next,
      because of the field reversal, the body field for the upper and lower
      limit stores is loaded with the upper and lower limits of the body portion
      of the part numbers which include all the gas caps of the XYZ company. The
      upper and lower limit prefix fields are stored as all 1's and all 0's,
      respectively, since gas caps of all colors are desired. Similarly, the
      suffix fields in the limit stores are stored with all 1's and all 0's so
      that the suffix field is essentially ignored in the search operation.
PAR  The reversal of the body and prefix fields in the memory unit for each
      record item is carried out with the S1 and S2 pointer fields stored in the
      first byte of each record item at the time they are stored in the memory
      unit. The reversal of the S1 and S2 pointer fields has been previously
      described in connection with FIG. 3. The S1 and S2 pointer fields both
      specify the field boundaries but also reverse the order of the prefix and
      body fields for each record item during a search operation.
PAR  In the sort operation for locating XYZ company gas caps, any record item
      which does not have an "XYZ" line field is detected by the upper limit and
      lower limit comparators thereby excluding any item which is not from XYZ
      company.
PAR  Next, any record item having a body field outside the upper and lower
      limits is also excluded from the search operation. All prefix and suffix
      fields will be accepted during the search since the maximum limits are set
      in the limit stores.
PAR  Any record item which is not rejected by the limit store comparisons is
      retained in the buffer stores and is ordered in accordance with the
      alphameric order of the body field. Part numbers having identical body
      fields are grouped together with an order determined by the prefix (color)
      and suffix fields. In this manner, the desired report is generated.
PAR  Another example useful in the automobile parts business hypothetically
      refers to piston rings. In that example, the body represents the hardness
      of the piston rings and the prefix represents the size of the piston
      rings. If it is desired to form a report organized first on size and then
      on hardness, the line, prefix, body, suffix field order is not altered.
      However, if it is desired to organize the parts on hardness first and then
      size, the body and prefix fields are interchanged by interchanging the S1
      and S2 fields.
PAR  The interchange of the S1 and S2 fields is done manually or automatically.
      The automatic change may be done under the control of the processor of
      FIG. 6 or by adding a switch to the FIG. 3 apparatus which cross-connects
      the carry outputs CY from the counters 66 and 67.
PAR  A further example of the reversal of fields is described in connection with
      a hypothetical distribution route. It is assumed that a company
      distributes its products to customers in accordance with routes. For
      example, the delivery of milk by a milkman is such a distribution route.
      The line field is employed, for example, to identify a particular route.
      The body is utilized to identify the name of the customer. The prefix is
      utilized to identify the sequence number which identifies the order in
      which the customers receive delivery along the route. If it is desired to
      have a report which is organized by the sequence in which the customers
      are visited on the delivery route, then the search operation is performed
      with the unaltered field order of line, prefix, body and suffix. If it is
      desired to produce a report which organizes customers alphabetically by
      name, then the fields order altered to line, body, prefix and suffix.
PAC  CONTROL FIELD USAGE
PAR  The control fields include flag bits and code bits. The flag bits are each
      one bit and each flag is generally independent of the other flags. The
      flag bits are typically utilized in connection with data which changes as
      the data base is utilized. For example, one flag bit is set after a given
      number of sales of the part have occured thereby flagging the part as a
      fast selling part. Another flag is typically utilized to denote parts
      which need to be reordered. Another flag is typically utilized to indicate
      that no sales have occurred over a given sale period.
PAR  The setting of the flags is typically performed under control of the
      processor of FIG. 6. The record items in the memory unit 2 are typically
      associated with storage locations in memory unit 2 which record additional
      information about items such as quantity on hand, quantity sold and price.
      Each time a sale or other transaction occurs, the memory unit 2 is updated
      to reflect the transaction, and at the same time, an appropriate flag is
      set in the control field of the record item if appropriate. Thereafter,
      reports are generated using the flags to qualify the search operation.
PAR  The code fields as distinguished from flags are typically used for
      specifying information which does not usually change as the data base is
      used. For example, the code fields typically specify the make of car on
      which a particular auto part is utilized.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof it will be understood by those
      skilled in the art that various changes in form and details may be made
      therein without departing from the spirit and the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for sorting information items into an ordered sequence of
      items running between a lowest order item and a highest order item,
      comprising,
PA1  memory unit means for storing the items to be sorted,
PA1  a plurality of buffer stores each for storing one of said items,
PA1  a plurality of comparators, each for comparing an item from one of said
      buffer stores with an item from said memory unit means to provide, for
      each comparator, "greater than"  and "less than"  comparator outputs
      signifying the results of comparing said items,
PA1  a plurality of address means for storing item addresses in an address
      sequence where said item addresses are associated with buffered items in
      said buffer stores,
PA1  a plurality of selection means for connecting said buffer stores to said
      comparators, each under control of an item address in a corresponding one
      of said address means,
PA1  transfer means including a plurality of transfer circuits, each connected
      between one of said address means and an adjacent one of said address
      means and each for selectively transferring the item addresses between
      said one and said adjacent one of said address means in response to a
      "greater than" comparator output from one of said comparators
      corresponding to said one of said address means, said transfer means
      including means for transferring an item address for each said item from
      said memory unit means to any one of said address means having a "greater
      than" comparator output from a corresponding address means on one side and
      a "less than" comparator output from a corresponding address means on the
      other side of said one of said address means, said transfer means thereby
      establishing said address sequence as a sorted order of said item
      addresses,
PA1  output means for reading out items, from the buffer stores selected by said
      selection circuits, in said sorted order of said item addresses.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said memory unit items each include one
      or more fields and said apparatus includes reformat means for reformatting
      said memory unit items to align said fields on predetermined field
      boundaries whereby said apparatus compares corresponding fields of memory
      unit items.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said reformat means includes,
PA1  buffer store means for storing reformatted items from said memory unit
      means,
PA1  buffer address means for addressing said buffer store means to store and
      fetch items into an out from said buffer store means,
PA1  stepping means for stepping said buffer address means to store items in
      said buffer store means,
PA1  field boundary means for forcing said buffer address means to predetermined
      addresses to align said fields in said buffer store means on predetermined
      field boundaries.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said buffer store means includes first
      and second buffer stores, wherein said buffer address means includes a
      reformat counter and a record counter, and wherein said reformat means
      includes selection means for connecting said reformat counter to address
      and store reformatted items into one of said buffer stores and for
      connecting said record counter to address and fetch reformatted record
      items from the other of said buffer stores.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said stepping means includes means for
      stepping said record counter with twice as many pulses as said reformat
      counter.
NUM  6.
PAR  6. The apparatus of claim 3 wherein said field boundary means includes
      field counter means, stepped by said stepping means, for producing an
      output at a predetermined count and includes preset means for presetting
      said buffer address means to a predetermined address when said field
      counter means reaches said predetermined count.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said field counter means includes means
      for producing outputs at a number of predetermined counts and wherein said
      preset means includes a number of preset circuits, one for each of said
      predetermined counts, for forcing said buffer address means to a different
      predetermined address for each predetermined count.
NUM  8.
PAR  8. The apparatus of claim 6 wherein said field counter means includes a
      first field counter operative to produce an output at a first field count
      and a second field counter operative to produce an output at a second
      field count, and wherein said field boundary means includes a first preset
      means responsive to the output from said first field counter to force said
      buffer address means to a first predetermined address and includes second
      preset means responsive to the output from said second field counter to
      force said buffer address means to a second predetermined address, said
      apparatus aligning items with one field order when said first field count
      is reached before said second field count and aligning items with another
      field order when said second field count is reached before said first
      field count.
NUM  9.
PAR  9. The apparatus of claim 1 including,
PA1  a lower limit store and an upper limit store for storing a lower limit item
      and an upper limit item, respectively, said limit items defining the
      limits between which items are accepted for sorting,
PA1  a lower limit comparator and an upper limit comparator for comparing items
      to be sorted from said memory unit with said lower limit item and said
      upper limit item, respectively,
PA1  control means responsive to said comparators for inhibiting an item from
      being included in a sort operation if an item from said memory unit is not
      between said lower limit item and said upper limit item.
NUM  10.
PAR  10. The apparatus of claim 9 wherein items from said memory unit include an
      item control field and wherein said upper limit store includes means for
      storing a search control field whereby said upper limit comparator
      compares said item control field and said search control field and said
      control means inhibits said transfer means from transferring item
      addresses in response to the output from said upper limit comparator in
      the comparison of said item control field and said search control fields.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said control fields include an item
      flag and a search flag wherein an item is ignored in the sort operation if
      a search flag is set and an item flag is not set.
NUM  12.
PAR  12. The apparatus of claim 10 wherein said control fields include item
      codes and search codes wherein an item is ignored in the sort operation if
      the search code and the item code are not identical.
NUM  13.
PAR  13. The apparatus of claim 9 including means for storing an item from one
      of said buffer stores in said lower limit store after all items from said
      memory unit have been sorted to prepare for a new sort with a new lower
      limit.
NUM  14.
PAR  14. The apparatus of claim 1 wherein said memory unit means stores item
      control fields associated with said items and wherein said apparatus
      includes,
PA1  means for storing search control fields,
PA1  comparator means for comparing said item control fields and said search
      control fields, and
PA1  control means responsive to said comparator means for excluding an item
      from a sort operation.
NUM  15.
PAR  15. The apparatus of claim 1 including means for sensing when an item read
      out from one of said buffer stores equals a predetermined value whereby
      the end of the sorting operation is indicated.
NUM  16.
PAR  16. An apparatus for sorting information items into an ordered item
      sequence where each item has a weighted magnitude determining the item's
      position between a lowest order item and a highest order item comprising,
PA1  input means for providing the items to be sorted,
PA1  store means for storing a group of said items to be sorted as buffered
      items,
PA1  comparator means for comparing one of said items to be sorted with each of
      said buffered items to provide comparator outputs signifying the magnitude
      of said one of said items relative to said buffered items,
PA1  address means for storing item addresses, one for each buffered item, in an
      address sequence where each of said item addresses defines the location of
      an associated one of said buffered items,
PA1  selection means for connecting said buffered items to said comparator means
      under control of said address means,
PA1  transfer means for transferring the item addresses in said address means to
      form a new address sequence in response to said comparator outputs so as
      to transfer between each i th item address and its adjacent i + 1 th item
      address having a corresponding buffer with a higher order stored item
      where said new address sequence defines an ordered item sequence for said
      buffered items.
NUM  17.
PAR  17. An apparatus for sorting information items into an ordered sequence of
      items running between a lowest order item and a highest order item,
      comprising,
PA1  memory unit means for storing the items to be sorted,
PA1  a number (N+1) of buffer stores each for storing a different one of said
      items as a buffered item,
PA1  a number (N) of comparators, each for comparing a buffered item from one of
      said buffer stores with one of said items from said memory unit means,
      each including means to receive said one of said items, and each to
      provide "greater than" and "less than" comparator outputs signifying the
      results of comparing said items,
PA1  a number (N+1) of address registers for storing item addresses in an
      address sequence, each of said address registers storing an item address
      identifying one of said buffer stores,
PA1  a number N of selection circuits each for selecting one of said buffer
      stores under control of an item address from a corresponding one of said
      address registers,
PA1  means for connecting each buffer store selected by said selection circuits
      to a different one of said comparators as determined by said item
      addresses,
PA1  means for connecting said one of said items for storage in one of said
      buffer stores under control of an item address from an N.sup.th one of
      said address registers,
PA1  a number N of transfer circuits, each connected between one of said address
      means and an adjacent one of said address means and each for selectively
      transferring the item addresses between said one and said adjacent one of
      said address registers in response to a "greater than" comparator output
      from one of said comparators corresponding to said one of said address
      registers, and transfer circuits including means for transferring an item
      address for each said item from said memory unit means to any one of said
      address registers having a "greater than" comparator output from a
      corresponding address register on one side and a "less than" comparator
      output from a corresponding address register on the other side of said one
      of said address registers, said transfer means thereby establishing said
      address sequence as a sorted order of said item addresses,
PA1  output means for reading out items, from the buffer stores selected by said
      selection circuits, in said sorted order of said item addresses.
NUM  18.
PAR  18. The apparatus of claim 17, wherein said buffer stores include the
      buffer stores 0, . . ., (N-1) and the buffer store N,
PA1  wherein said comparators include the comparators 0, . . ., (N-1), each of
      said comparators producing a "less than" or a "greater than" signal as a
      result of comparing a different buffered item with said one of said items,
PA1  wherein said address registers include the address registers 0, . . ., N,
PA1  wherein said transfer circuits include the transfer circuits 0, . . .,
      (N-1); wherein the i.sup.th transfer circuit receives a "less than" signal
      from the i.sup.th comparator for all values of i equal to 0, . . ., (N-1);
      wherein the i.sup.th transfer circuit receives a "less than" and a
      "greater than" signal from the (i-1).sup.th comparator for all values of i
      equal to 1, . . ., (N-1);
PA1  wherein said i.sup.th transfer circuit transfers an item address from the
      (i-1).sup.th address register into the i.sup.th address register in
      response to a "less than" signal from the i.sup.th comparator, wherein
      said i.sup.th transfer circuit transfers an item address from the N.sup.th
      address register into the i.sup.th address register when both the
      (i-1).sup.th comparator produces a "greater than" signal and the i.sup.th
      comparator produces a "less than" signal, for all values of i equal to 1,
      . . ., (N-1); wherein said 0.sup.th transfer circuit transfers an item
      address from the N.sup.th address register to the 0.sup.th address
      register when the 0.sup.th comparator produces a "less than" signal; and
      wherein said (N-1).sup.th address register stores the (N-1).sup.th item
      address in the N.sup.th address register when the (N-1).sup.th comparator
      produces a "less than"  signal.
NUM  19.
PAR  19. The apparatus of claim 17 wherein said items each includes one or more
      fields and said apparatus includes reformat means comprising,
PA1  random access buffer store means for storing items from said memory unit,
PA1  buffer address means for addressing said buffer store means to store and
      fetch items into an out from said buffer means,
PA1  stepping means for stepping said buffer address means to store items in
      said buffer store means,
PA1  field boundary means for forcing said buffer address means to predetermined
      addresses to align said fields of said items in said buffer store means on
      predetermined field boundaries.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said field boundary means includes
      field counter means, stepped by said stepping means, for producing an
      output at a predetermined count and includes preset means for presetting
      said buffer address means to a predetermined address when said field
      counter means reaches said predetermined count.
NUM  21.
PAR  21. The apparatus of claim 20 wherein said field counter means includes a
      first field counter operative to produce an output at a first field count
      and a second field counter operative to produce an output at a second
      field count, and wherein said field boundary means includes a first preset
      means responsive to the output from said first field counter to force said
      buffer address means to a first predetermined address and includes second
      preset means responsive to the output from said second field counter to
      force said buffer address means to a second predetermined address, said
      apparatus aligning items with a first field order when said first field
      count is reached before said second field count and aligning items with a
      second field order when said second field count is reached before said
      first field count.
NUM  22.
PAR  22. The apparatus of claim 17 including,
PA1  a lower limit store and an upper limit store for storing a lower limit item
      and an upper limit item, respectively, said limit items defining the
      limits between which items are accepted for sorting,
PA1  a lower limit comparator and an upper limit comparator for comparing items
      to be sorted from said memory unit with said lower limit item and said
      upper limit item, respectively,
PA1  control means responsive to said comparators for inhibiting said transfer
      means from transferring item addresses if an item from said memory unit is
      not between said lower limit item and said upper limit item.
NUM  23.
PAR  23. The apparatus of claim 17 wherein said memory unit means stores item
      control fields associated with said items and wherein said apparatus
      includes,
PA1  means for storing search control fields,
PA1  comparator means for comparing said item control fields and said search
      control fields, and
PA1  control means responsive to said comparator means for inhibiting an item
      from being included in a sort operation.
NUM  24.
PAR  24. The apparatus of claim 17 wherein said comparators each includes means
      for producing an "equal to" signal when the buffered item equals the new
      item and wherein said apparatus includes control means responsive to each
      "equal to" signal for inhibiting said transfer circuits from transferring
      item addresses.
NUM  25.
PAR  25. In an apparatus for sorting information items into an ordered sequence
      of items running between a lowest order item and a highest order item,
      said apparatus having a memory for storing items to be sorted; having
      means for fetching said items from said memory where each one of said
      items, when fetched, is a new item to be sorted, having a number (N+1) of
      buffer storage locations 0, . . ., N each for storing a different one of
      said new items as a buffered item; having comparator means for comparing
      each buffered item with new items from said memory; having a number (N+1)
      of address storage locations 0, . . ., N, each for storing an item address
      for identifying one of said buffered storage locations; the method
      comprising the steps of,
PA1  comparing each new item to be sorted with each buffered item to form the N
      comparisons 0, . . ., (N-1) each producing a "greater than" or "less than"
      signal,
PA1  transferring an item address between the (i-1).sup.th address location and
      the i.sup.th address location in response to a "less than" signal from the
      i.sup.th comparison, for all values of i equal to 1, . . ., (N-1),
PA1  transferring an item address between the N.sup.th address location and the
      i.sup.th address location when both the (i-1).sup.th comparison produces a
      "greater than" signal and the i.sup.th comparison produces a "less than"
      signal, for all values of i equal to 1, . . ., (N-1),
PA1  transferring an item address between the N.sup.th address location and the
      0.sup.th address location when the 0.sup.th comparison produces a "less
      than" signal,
PA1  transferring the item address between the (N-1).sup.th address location and
      the N.sup.th address location when the (N-1).sup.th comparison produces a
      "less than"  signal whereby said item addresses are established in a
      sequence,
PA1  accessing said address storage locations sequentially in order between
      address storage location 0 and address storage location (N-1) to obtain a
      sorted order sequence of item addresses,
PA1  reading out said buffered storage locations in an order determined by said
      sorted order sequence of item addresses to obtain said buffered items in
      an ordered sequence.
NUM  26.
PAR  26. In the method of claim 25, the further steps comprising,
PA1  comparing each new item with predetermined limits,
PA1  inhibiting said transferring if said new item is not within said limits.
NUM  27.
PAR  27. In the method of claim 25, wherein each new item includes an associated
      item control field and wherein means are provided for storing a search
      control field, the further steps comprising,
PA1  comparing the item control field for each new item with the search control
      field,
PA1  inhibiting said transferring if an item control field does not compare with
      a search control field.
NUM  28.
PAR  28. In an apparatus for sorting information items into an ordered sequence
      of items running between a lowest order item and a highest order item,
      said apparatus having a memory for storing items to be sorted where each
      item includes one or more fields with a field order; having means for
      fetching said items from said memory where each one of said items, when
      fetched, is a new item to be sorted, having reformatting apparatus for
      aligning fields and for changing the field order to form a new reformatted
      item for each new item from said memory; having a number (N+1) of  buffer
      storage locations 0, . . ., N, each for storing a different reformatted
      item as a buffered item; having a number (N) of comparators 0, . . .,
      (N-1) each for comparing a buffered item with a new reformatted item;
      having a number (N+1) of address storage locations, 0, . . ., N, each for
      storing an item address for identifying one of said buffer storage
      locations; the method comprising the steps of,
PA1  reformatting each new item from said memory to form a reformatted new item,
PA1  simultaneously comparing each new reformatted item with each of said
      buffered items to form the N comparisons 0, . . ., (N-1) each producing a
      "greater than" or "less than" signal,
PA1  transferring an item address between the (i-1).sup.th address location and
      the i.sup.th address location in response to a "less than" signal from the
      i.sup.th comparison, for all values of i equal to 1, . . ., (N-1),
PA1  transferring an item address between the N.sup.th address location and the
      i.sup.th address location when both the (i-1).sup.th comparison produces a
      "greater than" signal and the i.sup.th comparison produces a "less than"
      signal, for all values of i equal to 1, . . ., (N-1),
PA1  transferring an item address between the N.sup.th address location and the
      0.sup.th address location when the 0.sup.th comparison produces a "less
      than" signal,
PA1  transferring the item address between the (N-1).sup.th address location and
      the N.sup.th address location when the (N-1).sup.th comparison produces a
      "less than" signal whereby said item addresses are established in a
      sequence,
PA1  accessing said address storage locations sequentially in order between
      address storage location 0 and address storage location (N-1) to obtain a
      sorted order sequence of item addresses,
PA1  reading out said buffered storage locations in an order determined by said
      sorted order sequence of item addresses to obtain said buffered items in
      an ordered sequence.
NUM  29.
PAR  29. An apparatus for sorting information items into an ordered sequence of
      items running between a lowest order item and a highest order item,
      comprising,
PA1  memory unit means for storing items to be sorted where said items include
      one or more fields, said memory unit means having means for fetching said
      items where each one of said items, when fetched, is a new item to be
      sorted,
PA1  reformatting means for reformatting each new item from said memory unit
      means as a reformatted new item where said reformatted new items have
      predetermined field boundaries and field orders,
PA1  a plurality of buffer stores, each for storing a different one of said
      reformatted new items as a buffered item,
PA1  a plurality of comparators, each for comparing a buffered item with a new
      reformatted item,
PA1  address means for storing a different item address for each of said
      buffered stores, said address means storing item addresses in an address
      sequence which defines a buffer store sequence,
PA1  selection means for connecting said buffered stores to said comparators
      under control of said address means, said item addresses determining which
      buffered stores are connected to which comparators,
PA1  transfer means for transferring item addresses in said address means in
      response to outputs from said comparators so as to transfer between each i
      th item address and its adjacent i + 1 th item address having a
      corresponding buffer with a higher order stored item to establish said
      address sequence as a sorted order of item addresses, said sorted order of
      item addresses defining said buffer store sequence in the sequence which
      forms an ordered sequence of buffered items.
NUM  30.
PAR  30. An apparatus for sorting information items into an ordered sequence of
      items running between a lowest order item and a highest order item,
      comprising,
PA1  memory unit means for storing items to be sorted where said items include a
      plurality of fields including at least one item control field, said memory
      unit means having means for fetching said items where each one of said
      items, when fetched, is a new item to be sorted,
PA1  reformatting means for reformatting each new item from said memory unit
      means as a reformatted new item where said reformatted new items have
      predetermined field boundaries and field orders,
PA1  a plurality of buffer stores, each for storing a different one of said
      reformatted new items as a buffered item,
PA1  a plurality of comparators, each for comparing a buffered item with a new
      reformatted item,
PA1  address means for storing a different item address for each of said
      buffered stores, said address means storing item addresses in an address
      sequence which defines a buffer store sequence,
PA1  selection means for connecting said buffered stores to said comparators
      under control of said address means, said item addresses determining which
      buffered stores are connected to which comparators,
PA1  transfer means for transferring item addresses in said address means in
      response to outputs from said comparators so as to transfer between each i
      th item address and its adjacent i + 1 th item address having a
      corresponding buffer with a higher order stored item to establish said
      address sequence as a sorted order of item addresses, said sorted order of
      item addresses defining said buffer store sequence which forms an ordered
      sequence of buffered items,
PA1  means for storing search control fields,
PA1  comparator means for comparing said item control fields and said search
      control fields, and
PA1  control means responsive to said comparator means for inhibiting an item
      from being included in a sort operation when said item control fields and
      said search control fields do not compare.
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ABST
PAL  A data processing system in which the operating logic thereof is arranged
      to provide for an overlapping of the access, or "fetch" operations such
      that access to a second memory module can be obtained by a processor unit
      before a data transfer has been completed with respect to a first memory
      module and read-out of the second memory module can process during the
      rewrite cycle of the first module to reduce the overall processing time.
      Such operation is made even more effective by arranging the system to
      utilize memory interleaving techniques. Further, the system of the
      invention can provide for multiprocessor operation with a single memory
      system by the use of appropriate time-sharing techniques wherein
      processors can be operated in time-phased pairs, suitable multiprocessor
      control logic being arranged to provide for preselected priority
      allocations among the multiple processors to permit the most effective
      management of the multiprocessor system.
BSUM
PAC  INTRODUCTION
PAR  This invention relates generally to data processing systems and, more
      particularly, to high speed data processing systems adapted to utilize a
      single memory system with either one or a plurality of central processor
      units wherein appropriate logic is available on each module of such memory
      system for increasing the overall operating speed of the memory system and
      further wherein an appropriate multiprocessor control unit is used to
      provide time-shared control of address and data transfers among multiple
      processor units and a single memory system.
PAC  BACKGROUND OF THE INVENTION
PAR  In data processing systems it is conventional to utilize a single central
      processor unit (CPU) with a single memory system with appropriate control
      logic in the CPU for controlling the transfer of address and data
      information between such units on suitable buses. In the design thereof it
      is desirable to arrange the logic control so that a processor is capable
      of operating with a memory unit even when the cycle time of operation is
      not the same as the cycle time of operation of the central processor unit,
      i.e., the CPU and memory timing are not exactly synchronous and the CPU
      can operate, for example, with memory units having different speeds of
      operation. Such non-synchronous operation is often most effectively
      arranged so that the CPU and memory operating time cycles are not
      completely asynchronous but rather are quasi-synchronous, i.e., there is a
      defined phase, or time, relation between them. One such system has been
      described in the copending application of Sorensen et al., Ser. No.
      387,523, filed Aug. 10, 1973.
PAR  In making the most effective use of such a quasi-synchronous system it is
      desirable that the speed of operation of the overall system be reduced as
      much as possible by providing for simultaneous operation of more than one
      memory module so that access to a second module can be obtained not only
      before the first memory module has completed its rewrite cycle of
      operation, but even before the first module has completed its data
      transfer.
PAR  Further, since the design and fabrication of memory units is generally
      relatively more expensive than the design and fabrication of central
      processor units, one approach to reducing the overall costs of data
      processing systems is to provide access to a memory sub-system by more
      than one central processor unit. If a single memory unit is made available
      to multiple CPUs and appropriate address and data information transfers
      can be efficiently arranged and controlled at relatively little increase
      in cost and equipment, the overall effectiveness of operation as a
      function of cost can be considerably enhanced. Moreover, since only one
      section of memory is active at a time, utilization of the rest of the
      memory system can be more fully realized if more than one processor is
      sharing the system (i.e., more data can be processed per unit time).
PAC  DISCUSSION OF THE PRIOR ART
PAR  One method that has been suggested for providing at least partially
      simultaneous operation of more than one memory module has been to
      interleave the memory words stored in the memory system so that sequential
      words normally stored sequentially in the same memory module are stored in
      different memory modules so that a data processing operating sequence can
      access different modules in sequence. Such interleaved systems as are
      presently known tend to reduce the overall memory operating time by
      permitting access to a second memory module during the time when a first
      memory module is performing its rewrite, or recycling, operation. In
      applications where even higher overall operating speed is desired, the
      advantages of such interleaving principle of memory management are not
      always realized in the most effective manner.
PAR  Further, in presently known systems which arrange for the use of a single
      memory system by a pair, or more, of central processor units, the memory
      system is usually arranged as a combination of separate, fixed-capacity
      memory modules and separate address and data buses, or ports, are
      connected between each central processor unit and each memory module of
      the memory system which is going to be accessed thereby. The number of
      additional buses required increases both the complexity and the cost of
      the system and, while such space sharing techniques are helpful, the
      overall increase in data processing effectiveness per cost is not
      maximized.
PAR  In other multi-processor data processing systems, a main central processor
      unit is appropriately connected to a memory system and the system
      operation logic is specially arranged to provide for a separate external
      data channel operating state so that another processor unit, external to
      the system, can be given access to the memory system so that the desired
      data can be extracted for processing independently of the main central
      processor unit. In such a system, the external data channel operating
      state must be specially programmed so that the external processor unit can
      utilize the memory system only when the latter is available, i.e., only
      when the main central processor unit does not desire access thereto. The
      complexity of the required logic, the need for additional interface
      equipment, and the relatively inefficient use of the system tend to make
      the overall effectiveness per cost of the system operation relatively low.
PAC  SUMMARY OF THE INVENTION
PAR  In the data processing system of the invention the operating logic of the
      system is arranged so that access to a second memory module can be
      obtained by a central processor unit before a data transfer has been
      completed with respect to a first memory module and read-out of the second
      memory module can proceed during the rewrite cycle of the first module.
      The use of such overlapping of the access, or "fetch," operation of the
      memory modules reduces the overall processing time and is most effective
      when it is coupled with the use of interleaving techniques to provide an
      even greater reduction in processing time than is achieved with presently
      known interleaved systems. Such operation is advantageous whether the
      memory system is used for single, or multiple, central processor
      operation.
PAR  Moreover, for multiprocessor operation of the data processing system of the
      invention, a plurality of central processor units are arranged to have
      access to a single quasi-synchronous memory system through the utilization
      of a unique time-sharing technique requiring a single address bus and a
      single memory/data bus which permits a high efficiency of operation with a
      relatively low additional cost incurred in the design and fabrication of
      the necessary control logic therefor. As explained in more detail below,
      in the time-sharing setup of the invention, if two processor units share
      the same memory system and do not require simultaneous access to the same
      memory module, each can operate at its own full operating speed without
      any degradation of overall system performance. If four processors share
      access to the same memory unit the processor units can be operated in
      time-phased pairs, as explained more fully below, so that performance
      degradation occurs only when two processor units in the same time phase
      require simultaneous access to the address bus or to the memory/data bus
      or when two processor units in different phases require access to the same
      memory module.
PAR  In the case of a multiprocessor system utilizing four central processor
      units, for example, every transaction, i.e., information transfer, on
      either the address bus or the memory/data bus is arranged to be performed
      in a fixed time period which has an integral relationship with the minimum
      expected time period for an instruction word. For example, where the
      minimum instruction word time is 200 nanoseconds (nsec.), each bus
      transaction is arranged to be performed in 100 nsec. The overall
      instruction word time is, therefore, divided into two phases, one set of
      the central processor units performing the desired address and data
      transfers during one selected phase (i.e., an "A" phase) and the other set
      of central processor units performing their transactions during the other
      selected phase (i.e., a "B" phase).
PAR  Control of the overall time-sharing operation is provided by the use of a
      multiprocessor control (MPC) unit operatively connected betweeen the
      processor units and the memory system. The MPC unit controls the
      priorities of use of the memory system by the multiple processors in
      accordance with a preselected priority allocation among the processor
      units. For example, for a system using four processors, one of the
      processors is given the highest priority, a second processor is provided
      with the next highest priority, and the remaining two processors are given
      effectively equal, and alternating, priorities.
DRWD
PAR  More detailed information for implementing the interleaving and
      fetch-overlap process of the invention and for implementing the
      multi-processor control unit in combination with the central processor
      units and the memory modules of the memory system is provided below, with
      the assistance of the accompanying drawings wherein
PAR  FIG. 1 shows a broad block diagram of the system of the invention utilizing
      a single processor and memory syste,;
PAR  FIG. 2 shows a block diagram of a typical memory module of the memory
      system of the invention;
PAR  FIG. 3 shows part of the logic circuitry used in the memory module of FIG.
      2;
PAR  FIG. 3A shows a chart depicting alternative connection for the logic
      circuitry of FIG. 3;
PAR  FIG. 4 shows another part of the logic circuitry of FIG. 2;
PAR  FIG. 5 shows still another part of the logic circuitry of FIG. 2;
PAR  FIG. 6 shows still another part of the logic circuitry of FIG. 2;
PAR  FIG. 7 shows still another part of the logic circuitry of FIG. 2;
PAR  FIG. 8 shows still another part of the logic circuitry of FIG. 2;
PAR  FIG. 9 shows still another part of the logic circuitry of FIG. 2;
PAR  FIG. 10 shows still another part of the logic circuitry of FIG. 2;
PAR  FIG. 11 shows a broad block diagram of the system of the invention
      utilizing a plurality of processors and a common memory system together
      with a multiprocessing control unit therefor;
PAR  FIG. 12 shows a graphical representation of one embodiment of the
      time-sharing techniques used for the multi-processing system of FIG. 11;
PAR  FIG. 13 shows a graphical representation of certain exemplary signals of
      the system of FIG. 11 to demonstrate a particular operating case thereof;
PAR  FIG. 14 shows a graphical representation of certain exemplary signals of
      the system of FIG. 11 to demonstrate another particular operating case
      thereof;
PAR  FIG. 15 shows another graphical representation of certain exemplary signals
      of the system of FIG. 11;
PAR  FIG. 16 shows still another graphical representation of certain exemplary
      signals of the system of FIG. 11;
PAR  FIG. 17 shows still another graphical representation of certain exemplary
      signals of the system of FIG. 11;
PAR  FIG. 18 shows still another graphical representation of certain exemplary
      signals of the system of FIG. 11;
PAR  FIG. 19 shows a block diagram of an embodiment of the multiprocessing
      control unit of the system of FIG. 11;
PAR  FIG. 20 shows part of the logic circuitry used in the multiprocessing
      control unit of FIG. 19;
PAR  FIG. 21 shows another part of the logic circuitry of FIG. 19;
PAR  FIG. 22 shows still another part of the logic circuitry of FIG. 19;
PAR  FIG. 23 shows still another part of the logic circuitry of FIG. 19;
PAR  FIG. 24 shows still another part of the logic circuitry of FIG. 19;
PAR  FIG. 25 shows still another part of the logic circuitry of FIG. 19;
PAR  FIG. 26 shows still another part of the logic circuitry of FIG. 19;
PAR  FIG. 27 shows still another part of the logic circuitry of FIG. 19; and
PAR  FIG. 28 shows still another part of the logic circuitry of FIG. 19.
DETD
PAR  As can be seen in FIG. 1, a single memory system 10, comprising a plurality
      of separate memory modules, shown and discussed in more detailed drawings
      below, is arranged so that it can be accessed by a central processor unit
      11. The central processor unit 11 has access to an address bus 16 and to a
      memory/data bus 17 so that appropriate processor address information can
      be transferred from the processor to a selected memory module and data can
      be transferred between such processor and the selected memory module. In
      the embodiment described herein, the address bus is an 18-bit
      unidirectional bus and the memory/data bus is a 16-bit bi-directional bus.
      The interface signals between CPU 11 and the memory system 10 include five
      memory control signals 18, identified as MC1 through MC5 for conveying
      information concerning address and data requests from the processor to the
      memory. Two memory status interface signals 19 from the memory system to
      the CPU provide information concerning the status of the memory module
      which has been accessed, such signals being identified in FIG. 1 as the
      MS1 and MS.phi. signals. Additional signals related to address and data
      port control operation and address and memory select signals are also
      shown as being available for multiple processor operation with the single
      memory system 10 but are described later with respect to FIGS. 11-27 and,
      accordingly, are not discussed at this point with respect to single
      processor operation.
PAR  The overall memory system 10 of FIG. 1 can be divided into relatively small
      blocks, or memory modules, each typically containing 8K or 16K memory
      words. Each memory module contains all of the timing and control logic
      needed for operation independently from each other memory module. For
      example, in a core memory system, if the processor is reading information
      from 1 a particular memory module, as in an Instruction Fetch operation,
      for example, the rewriting of the data back into the addressed location in
      such module is done automatically by the module itself after the data has
      been obtained by the processor. The arrangement of the necessary logic in
      the memory module for providing such a data rewrite operation without
      tying up the operation of the processor allows the processor to proceed to
      its next instruction or to process the data which has been retrieved,
      independently of the core memory system.
PAR  Further, the memory system may be arranged to be used in an interleaving
      process. In non-interleaved memory systems, groups of memory words (e.g.,
      instruction words) which are normally used in sequence are often stored in
      the same memory module. Accordingly, such sequentially used words cannot
      be made available simultaneously since access to only one module at a time
      can be achieved. The process of interleaving memory words reduces the
      chance that sequentially used memory words will reside in the same memory
      module and increases the chance that sequential words can be accessed
      simultaneously. In accordance with such an interleaving memory word
      arrangement, words which are normally expected to be used sequentially are
      stored in different memory modules.
PAR  In an extremely simplified example for illustrating the interleaving
      principle, let it be assumed that the memory system comprises two memory
      modules each storing 4 memory words. In a non-interleaved system, the 8
      words which might normally be expected to be used sequentially (i.e.,
      words .phi., 1, 2, 3, 4, 5, 6, 7), are stored so that words .phi., 1, 2
      and 3 are in module -1 and words 4, 5, 6 and 7 are in module No. 2. In a
      two-way interleaving arrangement such words can be stored alternately in
      each module so that words 0, 2, 4 and 6 are stored in module -1 and words
      1, 3, 5 and 7 are stored in module No. 2.
PAR  Extending the interleaving arrangement to an 8-way interleaving process
      (i.e., a system using 8 memory modules), sequential words may be stored in
      different modules as shown by the following chart.
TBL  __________________________________________________________________________

     MODULES                                                                   

     No. 1     No. 2                                                           

                    No. 3                                                      

                         No. 4                                                 

                              No. 5                                            

                                   No. 6                                       

                                        No. 7                                  

                                             No. 8                             

     __________________________________________________________________________

          .phi.                                                                

               1    2    3    4    5    6    7                                 

          10   11   12   13   14   15   16   17                                

     Words                                                                     

          20   21   22   23   24   25   26   27                                

          '    '    '    '    '    '    '    '                                 

          '    '    '    '    '    '    '    '                                 

     __________________________________________________________________________

PAR  Normally, without interleaving, the most significant bit or bits (MSB) of
      an address identify the memory module which is addressed and the remaining
      bits of the address identify the particular word within a memory module.
      Thus, in a 64K memory system using eight 8K memory modules, a 16-bit
      address is required, the first three most significant bits identifying the
      module which is addressed and the remaining 13 bits identifying one word
      of the 8k words within such selected module.
PAR  If the memory words are interleaved in an 8-way interleaving arrangement,
      it can be shown that the three least significant bits (LSB) identify the
      module which is addressed, while the remaining 13 bits identify one word
      of the 8K words within such module.
PAR  In accordance with the structure and operation of the memory modules of the
      invention, memory access and read operations are arranged to provide
      reduced overall processing time, whether interleaving is used or not.
      Thus, the operating logic is arranged to provide for access and read
      overlap wherein a processor is able to access and begin the read process
      with respect to a second memory module before data transfer has been
      completed with respect to a first memory module, as exemplified in the
      discussion below.
PAR  Such operation, when coupled with an arrangement in which the modules are
      interleaved, provides a most effective overall arrangement. The
      interleaving technique reduces the chances of requiring simultaneous
      access to two addresses in the same memory module. The overlap technique
      takes advantage thereof by permitting access and read operation
      substantially simultaneously with respect to two different memory modules
      so that overall processing time is reduced considerably.
PAR  For example, if a first module (e.g., Mod 1) is addressed and data therein
      is to be read, and a second module (e.g., Mod 2) is addressed immediately
      after the first module and data therein is to be read, both modules can
      proceed with their read and re-write operations in an overlapping manner
      as shown below. Each time period shown below is equal to a normal
      processor operating time cycle (e.g., 200 nanoseconds, as mentioned
      above).
TBL  __________________________________________________________________________

            t.sub.0                                                            

                   t.sub.1                                                     

                          t.sub.2                                              

                                 t.sub.3                                       

                                        t.sub.4                                

                                               t.sub.5                         

                                                      t.sub.6                  

     CPU    Address                                                            

                   Read Mod 1                                                  

     COMMANDS                                                                  

            Mod 1                                                              

                   Address       Read                                          

                   Mod 2         Mod 2                                         

     MOD 1  Mod Not                                                            

                   Mod Reads     Mod Core      Mod Not                         

     OPERATIONS                                                                

            Busy   Addressed Core                                              

                                 Rewrite       Busy                            

     MOD 2  Mod Not Busy  Mod Reads     Mod Core                               

     OPERATIONS           Addressed Core                                       

                                        Rewrite                                

     __________________________________________________________________________

PAR  Thus, the overlap operation permits both modules to be accessed and read in
      only four time periods because the second module was permitted to be
      accessed and to begin its read operation before data transfer was
      completed for first module so long as two different modules were involved,
      the latter condition made more probable by the use of interleaving
      technique.
PAR  Thus, for example, by the use of interleaving, the time required to read or
      write four consecutive word locations in considerably reduced over the
      time required in non-interleaved systems wherein, for example, if the time
      required to read four consecutive word locations in a non-interleaved
      memory system which uses overlap techniques is 3.2 microseconds, a two-way
      interleaved process for such a system requires only 1.2 microseconds and a
      four-way interleavedd process requires only 1.2 microseconds. The write
      time is similarly reduced from 3.2 microseconds in a non-interleaved
      system to 1.6 microseconds and 0.8 microseconds for two-way and four-wway
      interleaving, respectively.
PAR  As mentioned above, the memory system utilized in the invention is
      quasi-synchronous and each memory module is responsible for synchonizing
      data transfers to or from a memory module by the use of the two memoty
      status lines as shown in FIG. 1 which lines carry memory status signals
      MS.phi. and MS1. If the processor requests access to a particular memory
      module and such module is in a "busy" state because of a previous request
      for a data transfer, the memory module will assert the MS.phi. signal to
      notify the processor of its "busy" status. When the module ultimately is
      free to service the processor, the MS.phi. signal is no longer asserted.
      If the processor wishes to read information from a previously started
      memory module and the data is not ready for a "read" operation and the
      subsequent transfer on the memory bus, the module asserts the MS1 signal
      to notify the processor that it must wait for validation of the data. When
      the module is ultimately ready for transfer, the MS1 signal is no longer
      asserted and the data is available for transfer on to the memory bus.
PAR  If the processor wishes to write data into a previously started memory
      module which it has selected, the module will accept the write data
      immediately (i.e., the MS1 signal is not asserted) and it will prevent the
      stored data from being placed in the I/O data buffer, and will write the
      new data into the addresses location.
PAR  Control of the memory module by the processor is accomplished by the use of
      appropriate logic for generating the memory control signals MC1-MC5. Such
      signals and the uses thereof are described in more detail below. The logic
      for the generation thereof need not be described in detail here as the
      generation of such signals for any specific processor system would be
      obvious to those in the art. An example of such logic can be found in
      copending applications "Microprogram Data Processing System" and
      "Microprogram Data Processing Technique and Apparatus," both filed
      concurrently with this application by Ronald H. Gruner and by Ronald H.
      Gruner and Carl L. Alsing, respectively.
PAR  As can be seen with reference to FIG. 1, the assertion of an MC1 signal
      will initiate a start in a selected memory module if that module is
      currently not in a "busy" state. When the MC1 signal is asserted, the
      memory address location is always present on the 18-bit physical address
      bus 16 and each memory module examines the memory address and the
      appropriate module is, accordingly, selected.
PAR  The MC2 signal is asserted when it is desired that any selected module not
      be started and such a signal can only be present when the MC1 signal is
      asserted. Thus, if a memory module is currently not "busy" and the MC1
      signal is present for selecting such module, the assertion of the MC2
      signal prevents the start of that selected module and the particular
      memory module remains in its "not busy" state.
PAR  The MC3 and MC4 signals are asserted in combination and are appropriately
      coded as discussed below with respect to the analogous signals associated
      with each of the processors so that a READ ONLY (with no "rewrite"
      operation), a WRITE ONLY, or a READ (with a "rewrite" operation) occurs.
PAR  Thus, the MC3 and MC4 signals identify the type of data transfer which the
      processor desires to perform with reference to a selected memory module,
      once the processor has successfully started the memory cycle process. The
      coding of such signals is set forth in the table below. As shown therein,
      the designations T (for "True") and F (for "False") are used to indicate
      when such signals are asserted or not asserted, respectively.
TBL  ______________________________________                                    

     MC3   MC4     Operation                                                   

     ______________________________________                                    

     F     F       NULL,      i.e., no transaction is to be performed          

     F     T       READ ONLY, i.e., the selected memory is to be read but the  

                              memory cycle is not yet completed                

     T     F       WRITE,     i.e., a Write signal is applied to the selected  

                              memory and the memory cycle is completed         

     T     T       READ,      i.e., the selected memory is to be read and the  

                              memory cycle is completed                        

     ______________________________________                                    

PAR  In connection with the above code, if a READ-MODIFY-WRITE operation is
      desired to be performed, the coded signals would first indicate a READ
      ONLY operation, which is thereafter followed by a WRITE operation. Either
      or both of the MC3 and MC4 signals are held asserted so long as the
      MS.phi. or MS1 signal is asserted.
PAR  Assertion of the MC5 signal indicates that a processor wishes to inhibit
      the current data transsfer portion of the memory cycle and, therefore,
      such signal inhibits the use of the memory/data bus by the memory module
      so as to leave such bus available.
PAR  A typical memory module for use with a single processor or with multiple
      processors is shown in FIG. 2. Initially this discussion thereof relates
      to the use of a single processor with the memory system, and a description
      of the portions of the memory module which relate to multiple processor
      operation is provided later. While FIG. 2 shows an overall memory module
      arrangement in relatively broad block diagram form, specific logic for
      performing the functions generally discussed below are shown in FIGS.
      3-10. As can be seen in FIG. 2, the address select logic 20 accepts the
      MC1 and appropriate address input signals from the processor, which latter
      signals identify the particular memory module to which access is desired,
      as shown more specifically in FIG. 3. The memory module that is selected
      then provides an internal address select signal which is supplied to the
      memory instruction logic 21 to start the memory module operation.
PAR  The latter logic accepts the internal address select signal, as well as the
      memory control signals MC2, MC3, MC4 and MC5 to provide appropriate
      internal signals for controlling the memory module operation for starting
      the memory module operation, for read and write operations, or for
      preventing the memory module from starting or from performing a data
      transfer, as shown more specifically in FIG. 4.
PAR  The memory operating cycle is timed by memory timing generator 22 which is
      in the form of a conventional Gray code timer which has a predetermined
      time relationship with reference to a system clock signal (SYS CLK) and
      which provides appropriate timing pulse internal to the memory module as
      required for memory operation, as shown more specifically in FIG. 5. The
      memory status register 23 provides appropriate signals for indicating
      whether there is a transfer of data pending with respect to the module,
      whether the memory module is waiting for a data transfer to be performed
      by another memory module, or whether the memory module is in the proper
      timing state to accept data for writing into the memory module. Such
      status output signals are responsive generally to the memory operating
      signals and the memory timing output signals as well as the memory status
      output signal MS1 via status input logic 23A, as shown more specifically
      in FIG. 6.
PAR  The latter signal is generated by memory status logic 24 which provides
      both the MS.phi. and MS1 signals in response to appropriate memory
      operating and timing signals and also provides a signal indicating the
      BUSY status of the memory, as shown more specifically in FIG. 7.
PAR  The sensing logic 25 is responsive to the memory timing output signals to
      produce the conventional read, write, strobe and inhibit signals for core
      memory operation, as shown more specifically in FIG. 8. The priority
      arbitration logic 26 and port comparison logic 27 are discussed later with
      reference to multiple processor operation, and are shown more specifically
      in FIGS. 9 and 10, respectively.
PAR  The memory buffer registers 28 and 29 are of generally well-known
      configuration, register 28 being the address register which accepts the
      address signals and provides the memory address for the specific X/Y core
      devices and register 29 being the memory data register for providing read
      data for transfer from the memory module onto the memory/data bus or for
      providing write data for transfer from the memory/data bus into the memory
      module. The structure and operation thereof is well-known to those in the
      art and is not described in further detail in the figures.
PAR  As can be seen in FIG. 3, the address bits XPA2, PA1 and PA2 represent the
      three most significant address bits of the 16-bit address signal
      (comprising bits XPA2 and PA1 through PA15) which can be used to identify
      which of eight 8K memory modules is being addressed in an 8-module (64K)
      non-interleaved memory system. Alternatively, the three least significant
      bits PA13, PA14 and PA15 can be used to identify which of eight modules is
      being addressed in an 8-way interleaved system, as discussed above.
      Various combinations of 2-way and 4-way and 8-way interleaving for a
      memory system using 8K modules can be arranged in accordance with the
      connections shown in the chart of FIG. 3A. Moreover, additional address
      bits XPA.phi. and XPA1 can be used to extend the memory capacity up to a
      256X memory system, using thirty-two 8K memory modules, for example. In
      the latter case, 5 bits are required to identify the addressed module, the
      address comprising 18 bits. In any event, when an address in a particular
      memory module is selected, the ADDRSEL signal is generated by logic 20
      together with the three memory address select bits (MASEL 13, MASEL 14 and
      MASEL 15) representing the last 3 bits of the core address, which bits may
      be either the most significant bits, the least significant bits, or a
      combination thereof in the address depending on whether the system is
      interleaved or not.
PAR  FIG. 4 shows specific logic for providing a START MEM signal when an
      ADDRSEL is present and no BUSY or MC2 are available to prevent such start.
      The DATA ENABLE signal is provided for enabling the memory data buffer
      register 29 provided the MC5 signal does not signify that a data transfer
      inhibit is required, and further provided the PORT COMP signal does not
      indicate that the module must await the data transfer of another module
      (WAITING) and does indicate that a data transfer is pending (TRANSPEND).
PAR  FIG. 5 shows the Gray code timing generator for generating the four timing
      pulses (MTG.phi., MTG1, MTG2, MTG3) required for Gray code timing
      operation, in accordance with well-known principles. The memory timing
      pulses having predetermined time relationships with the timing pulses of
      the central processor unit which is controlled in accordance with the
      system clock (SYS CLK) signal supplied to the clock input of the timing
      register 29.
PAR  FIG. 6 shows the status logic input 23A which provides the input signals to
      register 23 which, like the timing register 22, is in timed relation with
      the CPU clock via the SYS CLK signal. In accordance therewith the
      TRANSPEND signal indicates that a transfer of data is pending and,
      accordingly, is set whenever the memory module is started and is cleared
      whenever the data has been successfully transferred to or from the memory
      module. The WAITING signal is set whenever the memory module is started
      and another module already has a data transfer pending, in which case the
      module in question must wait for the other module to transfer its data.
      The WAITING signal is cleared when the data transfer of the other module
      has been successfully transferred.
PAR  The MBLOAD signal is set when a write command is received from the
      processor and the memory is in a proper timing state to accept a data for
      a "WRITE" operation into the memory module. This signal stays asserted
      until the end of the memory timing cycle. The MBLOAD signal is not set
      except for a "WRITE" condition and in all other conditions it remains
      unasserted.
PAR  The memory status logic of FIG. 7 provides the MS.phi., MS1 and BUSY
      signals. The MS.phi. signal informs the processor that the module is busy
      and the MS1 signal informs the processor that data is not yet ready for
      transfer (the memory has not yet reached the point in its timing cycle at
      which the data is available, e.g., the MT.phi..MTG3 point in the Gray code
      timing cycle) and, accordingly, such signals stop the processor operation
      until the data becomes available. Further, if the memory module is
      fulfilling a previous request for data transfer it provides a BUSY signal
      which also asserts the MS.phi. signal to indicate the unavailability of
      the module for data transfer.
PAR  The logic 25 of FIG. 8 is substantially conventional when using Gray code
      timing and is well-known in the art for providing the required READ 1,
      READ 2, STROBE, INHIBIT and WRITE signals for X/Y core memory operation.
PAR  Although the above description has discussed the operation of the invention
      wherein a single central processor unit is used with the memory system,
      operation of a plurality of central processor units with a single memory
      system can also be achieved. Thus, as can be seen in FIG. 11, a single
      memory system 10, comprising a plurality of separate memory modules as
      shown and discussed above, is arranged so that it can be accessed by four
      central processor units 11, 12, 13 and 14, identified as the A.phi., A1,
      B.phi. and B1 processors, respectively. A multiprocessing control (MPC)
      unit 15 is connected to each of the four processor units and to the memory
      system so as to provide appropriately time shared control of the use of
      the latter unit by the processors in accordance with a preselected
      priority relationship. Each of the central processor units 11-14 has
      time-shared access to the single address bus 16 and to the single
      memory/data bus 17, both discussed previously in connection with the
      single processor operation, so that under control of the multiprocessor
      control unit appropriate processor address information can be transferred
      from the processor to the selected memory unit and data can be transferred
      between such processor and the selected memory module. The interface
      signals between each CPU 11-14 and the multiprocessor control unit 15 each
      include five memory control signals 18, identified as XMC1 through XMC5
      (where "X" identifies a particular one of the A.phi., A1, B.phi. or B1
      processor units) for conveying information concerning address and data
      requests from each processor to the MPC unit 15. Three additional
      interface signals 19 from the MPC unit to each CPU provide information
      concerning the validation of a processor's requests for access to the
      address and memory/data buses, the latter signals being identified in FIG.
      1 as the XADDRSEL, XMEMSEL and XMS.phi. signals (again where "X"
      identifies either the A.phi., A1, B.phi. or B1 processor unit).
PAR  The interface signals between the multiprocessor control unit and the
      memory unit include five memory/data request signals from the MPC to the
      memory, effectively the same signals supplied in a single processor
      operation and identified here also as signals MC1 through MC5 and four
      port-code signals for uniquely defining the address and data ports of the
      requesting central processor unit, such signals identified as the
      APORT.phi., APORT1, DPORT.phi. and DPORT1 signals. Two additional
      interface control signals are supplied from the memory to the
      multiprocessor control unit to indicate whether a selected memory module
      is able to start a memory cycle and whether data from a selected module is
      ready to be read. Such signals are identified as above with reference to
      single processor operation as the MS.phi. and MS1 signals, respectively.
PAR  For the multiprocessor operation of the system of the invention the memory
      modules must be able to identify the requesting processor when such
      processor is either requesting access to or data transfer to or from a
      particular memory module. Such identification is established by the
      address port (A-PORT) code signal and a data port (D-PORT) code signal.
      Each processor is assigned a unique port code. When a memory module is
      started by a requesting processor, the A-PORT signal (A-PORT.phi. and
      A-PORT1) is sent to the memory system together with the address and such
      A-PORT code is saved by the memory module which is thereby started, as
      mentioned above. Before any data is transferred to or from the selected
      memory module for write or read operation, the A-PORT code which was saved
      must match the identifying D-PORT code (D-PORT.phi. and D-PORT1)
      accompanying the data request. Accordingly, the D-PORT code is always
      identical to the A-PORT code for any one processor.
PAR  The specific logic utilized in the multiprocessor control unit 15 is shown
      and discussed with reference to FIGS. 19 through 28 and, in the
      description which follows, the central processor units 11-14 are
      conveniently referred to, as shown in FIG. 11, as processors A.phi., A1,
      B.phi. and B1, respectively.
PAR  Before describing the logic circuitry in detail, the time sharing process
      and priority control can be described with reference to FIG. 12. As can be
      seen therein, the minimum processor word cycle can be divided into an
      integral number of successive time periods, or phases. In one such
      convenient time relationship as specifically shown in FIG. 12, the minimum
      processor word cycle is divided into two phases, identified as "A-Phase"
      and "B-Phase," respectively. Thus, in a system utilizing a minimum
      processor word cycle of 200 nsec., for example, each phase has 100 nsec.
      duration.
PAR  The system using four processors as in FIG. 11 is arranged so that central
      processors 11 and 12 (A.phi. and A1) can access the address and
      memory/data buses only during phase A, while processors 13 and 14 (B.phi.
      and B1) can access such buses only during phase B. In a system where only
      two processors are controlled by the multiprocessor control unit, one can
      be assigned to the A-Phase with the other assigned to the B-Phase. In such
      a case, as long as the processors are addressing different memory modules,
      there can be no degradation in program execution speed. The only problem
      arises when each processor requires access to the same memory module, in
      which case a time sharing priority can be arranged.
PAR  In the case where a multiprocessor control unit is controlling the
      operation of four central processor units with a single memory unit, no
      conflict in address or memory data bus access can occur so long as the
      processors operating in any one phase do not require access to the same
      bus simultaneously and so long as a processor operating in the A-Phase
      does not require access to the same memory module as a processor operating
      in the B-Phase.
PAR  Accordingly, in a four processor system, if either of the A-Phase
      processors requires access to the same memory module as either of the
      B-Phase processors, as appropriate inter-phase control must be arranged to
      provide appropriate priorty of operation therebetween. Further, if a
      processor operating in a particular time phase requires access either to
      the address bus or to the memory bus simultaneously with the other
      processor operating in the same time phase, an intra-phase priority
      control must also be arranged.
PAR  The intra-phase control is discussed initially below with reference to the
      A-Phase and the principles of such priority control are equally applicable
      to the B-Phase.
PAR  Since both processors A.phi. and A1 share the same phase, one processor can
      be arbitrarily assigned a higher priority than the other. Thus, for
      example, A.phi. may be assigned the higher priority, so that when the
      A.phi. processor requests access to a memory module it is provided such
      access as fast as possible, and any current processing that is being
      performed by the A1 processor is suspended and processor A.phi. is allowed
      to proceed with minimum time latency. In order to understand how the
      control of such priorities within each phase is accomplished,
      consideration can be given to FIG. 11 and to the timing diagrams of FIGS.
      13 through 16. As seen in FIG. 11, a processor is provided access to the
      address bus if, and only if, its unique address select signal (e.g., the
      A.phi.ADDRSEL signal or the A1ADDRSEL signal) is asserted. Further, any
      processor is provided access to the memory bus if, and only if, its memory
      select signal (i.e., the A.phi.MEMSEL or the A1MEMSEL signal) is asserted.
PAR  In this connection and with reference to FIG. 11 the interface signals
      between the multiprocessor control unit and each processor are
      particularly described below with reference to the A.phi. processor, it
      being clear that the analogous signals perform the same functions with
      respect to each of the other processors.
PAR  Thus, the assertion of the A.phi.MC1 signal by processor A.phi. indicates
      that such processor wishes to request a memory cycle. When it receives an
      A.phi.ADDRSEL signal from the multiprocessor control unit to indicate the
      availability of the address bus, the A.phi. processor places an 18-bit
      address on the address bus 16 for addressing a specific memory module
      identified thereby. The A.phi.MC1 signal is held asserted so long as the
      A.phi.MS.phi. signal is asserted.
PAR  An assertion by the A.phi. processor of the A.phi.MC2 signal indicates that
      processor A.phi. wishes to inhibit its current memory cycle request and,
      accordingly, such signal can only be asserted when the A.phi.MC1 signal
      has been asserted. Upon the assertion of A.phi.MC2 the memory system will
      appropriately disregard the memory cycle request signal from the A.phi.
      processor. The A.phi.MC2 signal is held asserted so long as the
      A.phi.MC.phi. signal is asserted.
PAR  THe A.phi.ADDRSEL signal is asserted by the multiprocessor control unit 15
      to indicate to the requesting A.phi. processor that it has access to the
      address bus. Such indication enables the requesting processor to gate the
      appropriate 18-bit address on to the physical address bus 16.
PAR  The assertion of the A.phi.MEMSEL signal by the multiprocessor control unit
      indicates to the requesting processor A.phi. that it has access to the
      memory/data bus for a READ or WRITE data transfer. For a WRITE operation,
      such indication enables the requesting processor to gate the 16-bit WRITE
      information on to the memory/data bus.
PAR  The A.phi.MS.phi. signal is asserted by the multiprocessor control unit 15
      during the A-Phase only when an address or a data transfer by the A.phi.
      processor is in process and during all B-Phases. When such signal is
      asserted during the A-Phase it indicates that the address or data transfer
      requested by the A.phi.  processor is unable to occur. Accordingly, the
      requesting processor must hold all of its control lines quiescent while
      the A.phi.MS.phi. line is asserted.
PAR  In connection with the intra-phase priority control operation, e.g., as
      between the A.phi. and A1 processors, various operating cases can be
      considered to explain the desired operation of the multiprocessor
      controller to achieve the appropriate priorities. Since the A.phi.
      processor is arbitrarily given the highest priority, the system is
      arranged so that the A1 processor has continuous access to the memory unit
      during the A-Phase only so long as the A.phi. processor is not requesting
      a memory cycle. Four operating cases can be considered to assist in
      understanding such a priority arrangement, such cases being exemplary of
      typical situations where priority allocations are required.
PAC  CASE 1
PAR  In this case it can be assumed that the A.phi. processor wishes successive
      access to two different memory modules and that, during the transfer of
      data with respect to the second module, the A1 processor calls for access
      to still another memory module. The appropriate signals for explaining
      such operation are shown in FIG. 13 and, as can be seen therein, during
      the initial A-Phase time period the A.phi.MC1 signal calls for access by
      the A.phi. processor to the address bus which, since such bus is not being
      accessed by the A1 processor, is accessed by the A.phi. processor (the
      A.phi.ADDRSEL signal is asserted by the multiprocessor control unit). The
      address of the first selected memory module (identified as MOD 1) is
      placed on the address bus. During the next A-Phase, the A.phi. processor
      calls for access to a second module (MOD 2) and receives an A.phi.ADDRSEL
      signal to indicate that the address bus is available, whereupon the MOD 2
      address is placed thereon. Simultaneously, the A.phi.MC3 and A.phi.MC4
      signals are asserted in accordance with a code signifying that a data
      transfer operation is requested with respect to data in the first selected
      memory module, e.g., a READ or WRITE operation. If the data is not yet
      ready for transfer (e.g., if the speed of the memory operating cycle is
      such that data cannot be accessed within a single instruction word cycle)
      the data is not available for transfer, i.e., a "not valid" situation,
      during the current A-Phase and it cannot be placed on the memory/data bus.
      During the second A-Phase time period the A.phi.MS.phi. signal is asserted
      to signify that the A.phi. processor must wait until the next A-Phase
      because the microinstruction word cannot be completely implemented. Thus,
      in this instance, the microinstruction word requests the placement of the
      MOD 2 address on the address bus and transfer of the MOD 1 date on the
      memory bus. Since the latter cannot take place, the A.phi.MS.phi. signal
      is asserted here and the microinstruction word is held until the next
      A-Phase. It should be noted that, as long as the A.phi. or A1 processor
      has a transfer pending, the MPC automatically asserts the A.phi.MS.phi. or
      A1MS.phi. signal, respectively, during the B-Phase.
PAR  During the next A-Phase the A.phi.MEMSEL signal is asserted high by the
      controller to indicate that the data from MOD 1 is available for transfer
      and the data is thereupon transferred from such memory module to the
      A.phi. processor on the memory/data bus and the MOD 2 address is placed on
      the address bus. The A.phi.MS.phi. signal is asserted high during such
      address and data transfer. During the succeeding A-Phase, the A1 processor
      calls for access to a third module (identified as MOD 3) while the A.phi.
      processor is simultaneously calling for access to the memory/data bus to
      provide for a data transfer from MOD 2. The A.phi.MEMSEL signal from the
      multiprocessor control unit is inserted to indicate that the memory/data
      bus is available for the appropriate data transfer from MOD 2 while the
      A1ADDRSEL signal is simultaneously asserted to indicate the availability
      to the A1 processor of the address bus for placing the address of the
      selected memory of MOD 3 thereon by the A1 processor. In both cases the
      A.phi.MS.phi. and A1MS.phi. signals are not asserted to permit the
      respective data and address information transfers to take place on the
      appropriate buses.
PAR  During the next succeeding A-Phase, the A.phi. processor has completed its
      memory module data transfers so that the memory/data bus becomes available
      to the A1 processor for transferring data with reference to the selected
      MOD 3. At that point, however, the data is not valid and such data cannot
      be placed on the memory/data bus until the A1MS.phi. signal is asserted
      low to hold the microinstruction word until the following A-Phase time
      period when the data is validated and ready for transfer. At such time the
      A1MEMSEL signal is again asserted and the data from MOD 3 is transferred
      to the A1 processor on the memory/data bus as desired (the A1MS.phi.
      signal is appropriately asserted high).
PAC  CASE 2
PAR  In this case the A.phi. and A1 processors call simultaneously for access to
      different memory modules. Under the assumed priority control the A.phi.
      processor is permitted to access its memory module first because of its
      high assigned priority and is allowed to complete its data transfer before
      the A1 processor can access its selected memory module. FIG. 14 shows the
      appropriate signals involved in a manner analogous to that discussed with
      reference to FIG. 13 and, as can be seen, the address for the selected
      module called for by the A1 process is not placed on the address bus until
      the A-Phase time period following the A-Phase period in which the address
      of the memory module called for by the A.phi. processor has been placed
      thereon. The address of the module selected by the A1 processor can be
      placed on the address bus at the same time the data transfer to the
      memory/data bus is called for by the A.phi. processor, even though the
      actual A.phi. data transfer does not occur until the following A-Phase
      cycle. The transfer of data from the selected module of the A1 processor
      cannot take place until the A.phi. processor's data is fully completed at
      which time the respective A1MS.phi. and A.phi.MS.phi. signals are not
      asserted as shown.
PAC  CASE 3
PAR  In this case the A.phi. processor calls for access to a selected memory
      module while the A1 processor is in the process of transferring data from
      a previously selected memory module. Under such conditions as shown in
      FIG. 15, while the A.phi. processor can access its selected module the
      A.phi. processor cannot transfer data with respect thereto until the data
      transfer with respect to the module selected by the A1 processor is
      completed. Thus, even though the latter data may not be ready for such
      transfer at the time the A.phi. processor requests access to its selected
      module, the A1 module is permitted to complete the data transfer during
      the succeeding A-Phase time period before the data transfer for the module
      selected by the A.phi. processor is permitted to be made in order to
      prevent a memory system lock-up even though the A.phi. processor has the
      high priority. As can be seen in the next case discussed below, if the
      A.phi. processor wishes to retain access to the address and data buses for
      subsequent memory selection and data transfer operations, the A1 processor
      must wait until all of the data transfers for the A.phi. processor have
      been completed.
PAC  CASE 4
PAR  In this case both the A1 processor and the A.phi. processor each call for
      access to two successive memory modules, the A1 processor, for example,
      beginning its calls for access prior to those of the A.phi. processor. As
      can be seen in FIG. 16 the A1 processor addresses its first selected
      module (e.g., MOD 1), and, while it is calling for a data transfer in the
      next A-Phase time period, the A.phi. processor calls for access to its
      selected module (e.g., MOD 3). since the A.phi. processor has a higher
      priority than the A1 processor it receives priority control for its access
      to the address bus during the second A-Phase time period so that the call
      for memory access (e.g., for MOD 2) by the A1 processor is prevented and
      the selected address for MOD 3 is placed on the address bus by the A.phi.
      processor. During the next A-phase cycle, the A1 processor instruction
      word calls for a data transfer with respect to MOD 1 and an address
      transfer for selected MOD 2. However, since the A.phi. processor has
      priority control of the address bus for subsequent addressing of its
      selected memory module (e.g., MOD 4) the A1 processor instruction word
      cannot be fully implemented. However, in order to avoid loss of the data
      that has been accessed by the A1 processor with reference to its selected
      MOD 1, the data therein is placed in a buffer register located in the
      multiprocessor control unit (identified in FIG. 16 as the A1BUF) so that
      during succeeding phase cycles, such data remains available in the A1BUF
      until it can be transferred on to the memory/data bus. Placement of the A1
      data also allows MOD 1 to rewrite its data and, thus, become available for
      access by another processor (e.g., the A.phi. processor). When the address
      bus becomes available, the address of MOD 2, selected by the A1 processor,
      can be placed on the address bus. Meanwhile, the A.phi. processor is able
      to transfer the MOD 3 data on the memory/data bus. Since the A.phi.
      processor retains its access to the memory/data bus, the data stored in
      the A1BUF must be held therein until the memory/data bus becomes
      available. It is not until the A.phi. data transfer with reference to MOD
      4, selected by the A.phi. processor, is completed that the data from the
      A1BUF can be transferred on to the memory bus. The data transfer with
      reference to MOD 2, as selected by the A1 processor, can then subsequently
      be transferred in the next succeeding A-Phase cycle as shown in FIG. 16.
      In each of the above operations the appropriate A.phi.MS.phi. and
      A1MS.phi. signals are asserted low when the microinstruction word cannot
      be implemented and asserted high when such word can be carried out.
PAR  The above exemplary cases in which appropriate priorities are arranged
      between A.phi. and A1 processor operation (or analogously between B.phi.
      and B1 processor operation) deal essentially with intraphase priorities.
      Although the multiprocessor control unit 15 can thereby efficiently
      allocate the desired priorities to resolve processor conflicts within each
      phase, a problem arises when an A-Phase processor wishes to access the
      same memory module currently being used by a B-Phase processor. If an
      appropriate interphase priority allocation is not arranged, a high
      priority processor, e.g., the A.phi. processor, may be prevented from
      obtaining access to such memory module until a lower priority B-Phase
      processor, e.g., the B1 processor, has finished accessing such module, a
      time period which, under some conditions, could be extensive. Without such
      priority allocation the high priority A.phi. processor may have an
      excessive operational latency time (i.e., the time it must wait in order
      to obtain access to a selected memory module).
PAR  An effective inter-phase priority allocation can be arranged in accordance
      with the following coding scheme with reference to the memory address
      ports (designated as the A-Port .phi. and A-Port 1).
TBL  ______________________________________                                    

     A-Port .phi.                                                              

             A-Port 1  Priority                                                

     ______________________________________                                    

     .phi.   .phi.     Designates the processor having the highest priority    

                       (e.g., the A.phi. processor) which is provided with a   

                       minimum latency period in accessing a selected memory   

                       module by such processor.                               

     .phi.   1         Designates the processor having the next highest        

                       priority (e.g., the B.phi. processor) which is provided 

                       with a minimum latency time only so long as the highest 

                       priority processor is not requesting access to the same 

                       memory.                                                 

     1       .phi.     Designates a processor of one phase having a shared low 

                       priority (e.g., the A1 processor) which is provided     

                       with a minimum latency time only so long as no other    

                       processor (i.e., either the A.phi., B.phi.or B1         

                       processors) is requesting access to the same memory     

                       module.                                                 

     1       1         Designates a processor of the other phase having shared 

                       low priority (e.g., the B1 processor) which is provided 

                       with a minimum latency time only so long as no other    

                       processor (i.e., either A.phi., B.phi. or A1) is        

                       requesting access to the same memory module.            

     ______________________________________                                    

PAR  As can be seen from the above table, the low priority A1 and B1 processors
      are given effectively equal priority allocation so that if a memory module
      is currently "busy" on the A1 processor port and a request is pending from
      the B1 processor port, the memory module automatically switches to the B1
      processor port on the next B-Phase, following the completion of the memory
      cycle, assuming no higher priority requests from either the A.phi. or the
      B.phi. processors are present. In accordance with the operation of the
      above priority logic the port code of the processor port that initially
      starts the memory module is appropriately stored. If, at any time during
      the time the module is "busy" and such port code is stored, the memory
      module receives a request from a still higher priority port, the
      previously stored port code is replaced by the higher priority code. When
      such high priority port code is saved via such a storage operation, a
      "priority switch pending" flip-flop (providing a "PSP" signal) is set in
      the memory module so that it automatically switches to the stored high
      priority port during the next memory cycle, even if such operation
      requires a switching of the operating phase. If another request is made
      from an even higher priority code, then the priority port code which was
      previously saved is discarded and the new, higher priority port code is
      saved. When the memory module is in a "not busy" state it will then only
      accept a request from the priority port which has been saved or a higher
      priority code which has displaced it.
PAR  As an illustration, if a memory module has been selected and, therefore,
      has been set "busy" by the B1 processor port, for example, and a request
      is issued by the A1 processor, the latter request is rejected since the
      memory module is currently "busy". The A1 processor port code, however, is
      saved and the priority switch pending flip-flop is set so that at the next
      memory cycle the A1 processor is given access to the memory module as
      desired. When the memory module becomes "not busy" during the B-Phase it
      will reject any new request from the B1 processor and in the next A-Phase
      it will accept the request from the A1 processor port.
PAR  The priority flow could have been redirected in the above two cases under
      the following conditions. First of all, when the module selected by the B1
      processor became "not busy" and a request was present from the B.phi.
      processor, the module would have accepted the request from B.phi.. Since
      the B.phi. processor is at a higher priority than the B1 processor, the
      memory processor controller would have allowed the B.phi. processor to
      proceed to complete its data transfers on the B-Phase.
PAR  When the module selected by the B1 processor became "not busy" and switched
      to the A-Phase, a request for access to the same module was present from
      the A.phi. processor port, the A1 processor port request would have been
      held off by the multiprocessor control unit and the A.phi. processor
      request allowed to proceed.
PAR  Two further exemplary cases in which the above interphase priority
      allocations can be illustrated are discussed with reference to the two
      situations depicted in FIGS. 17 and 18.
PAC  CASE 5
PAR  In this case depicted in FIG. 17, the A1 processor, for example, calls for
      access to and data transfers with respect to two different modules (e.g.,
      MOD 1 and MOD 2). The B1 processor then calls for access to and starts,
      the latter module (MOD 2) before the A1 processor has obtained its access
      thereto. As seen therein, the A1 instruction word requiring the addressing
      of MOD 2 and the transfer of MOD 1 data cannot be implemented because MOD
      2 is "busy" due to the addressing thereof and data transfer by the B1
      processor. Accordingly, the data from MOD 1 is transferred to the A1
      buffer register (i.e., as designated by the A1BUF signal) for temporary
      storage, while the B1 processor completes its MOD 2 data transfer and its
      automatic rewrite operation. After the latter data transfer, the A1
      processor can then address MOD 2 and simultaneously transfer the MOD 1
      data from the A1BUF to the memory bus. Subsequently it can transfer the
      MOD 2 data on the memory bus, as shown.
PAC  CASE 6
PAR  The case depicted in FIG. 18 illustrates the use of the above interphase
      priority allocations in a situation in which a high-speed memory is used
      (e.g., wherein the memory operating cycle is equal to the minimum
      instruction word cycle) and in which both the A1 and B1 processors request
      access to the same memory module, the A1 processor requesting such module
      prior to the B1 processor. In such case the MOD 1 data transfer with
      respect to the A1 processor must be completed before the B1 processor data
      transfer can be made, as shown.
PAR  The specific implementation of one embodiment of the overall multiprocessor
      and memory logic required to provide the above priority allocations with
      respect to a system using four processor units and a memory system having
      a plurality of memory modules is shown in FIGS. 2-10 and 19-28. FIGS.
      19-28 show the logic and control circuits utilized in the multiprocessing
      control unit 15 which circuits provide the required interface signals
      between the multiprocessor unit and the four processors and memory unit as
      well as the internal control signals needed in unit 15, while the
      previously discussed FIGS. 2-10 show a memory module of the memory system
      10 and the logic and control circuits for controlling the operation of
      such a module and for producing the desired processor/memory interface
      signals, as well as the internal control signals needed in the module.
PAR  FIG. 19 depicts in broad block diagram form the arrangement of the
      multiprocessing unit 15 wherein various logic circuitry is utilized to
      accept interface signals from the processors and memory unit and to
      produce the desired control signals for transfer to the processors and
      memory unit. Thus the address and memory select logic 20 generates the
      XADDRSEL, XMEMSEL, and XMS.phi. signals for each of the processors (where
      "X" corresponds to one of the processors A.phi., A1, B.phi. and B1) as
      determined by the MS.phi. and MS1 signals from the memory unit, together
      with the XMC1 through XMC5 signals from each of the processors. A specific
      exemplary configuration for the address and memory select logic 20 is
      shown and discussed with reference to FIGS. 20 and 21.
PAR  Memory control logic 21 utilizes the XMEMSEL signals from the address and
      memory select logic 20, together with the XMC1 through XMC5 signals from
      the processors to provide the appropriate control signals MC1 through MC5
      for the memory unit. A specific exemplary configuration for such logic is
      depicted in more detail in FIG. 22. The port selection logic 22 utilizes
      appropriately generated internal control signals from the address and
      memory select logic 20 in order to produce the A PORT and D PORT signals
      for the memory unit. A specific exemplary configuration for such logic is
      depicted in more detail in FIGS. 23 and 24. The A-Phase port control logic
      23 and the B-Phase port control logic 24 utilize the MS.phi. and MS1
      control signals from the memory unit and the XMC1 through XMC5 signals
      from the processors, as shown, in order to control the operation of the
      A-Phase and B-Phase ports which are supplied with appropriate control
      signals to indicate the "pending", "wait" and "buffer" status of such
      ports. A specific exemplary configuration for such logic is depicted and
      discussed in more detail with reference to FIGS. 25 and 26. The buffer
      registers and buffer control logic 25 are depicted in more detail in FIGS.
      27 and 28.
PAR  As can be seen in the address and memory select logic of FIG. 20, a
      plurality of "JK" flip-flops 31-34 are used to determine which of the four
      processors is selected for access to the address bus or access to a memory
      module for data transfer thereto or therefrom during either the A-Phase or
      the B-Phase. The presence of an A-Phase or a B-Phase is defined by a
      system clock signal, which arises in a processor unit, and is fed to a
      "JK" flip-flop 30 to provide the appropriate PHASE A and PHASE B clock
      signals at the output terminals thereof. The waveforms for such clock
      signals are shown in FIG. 12. Flip-flops 31 and 32 provide the appropriate
      address select signals and memory select signals for the A.phi. and A1
      processors, while the flip-flops 33 and 34 provide the address select and
      memory select signals for the B.phi. and B1 processors. In accordance with
      the logic shown in FIG. 20 for the A.phi. and A1 processors, for example,
      the A1ADDRSEL signal is provided for transfer to the A1 processor so long
      as the A.phi. processor is not requesting access to the address bus
      through the assertion of its A.phi.MC1 signal. In the latter case an
      A.phi. select signal (SELA.phi.) is appropriately generated to produce an
      A.phi.ADDRSEL signal indicating access to the address bus has been given
      to the A.phi. processor.
PAR  Similarly, access to the memory/data bus is provided to the A1 processor as
      signified by the generation of the A1MEMSEL signal, unless the A.phi.
      processor is requesting access to the same memory module and is provided
      priority access thereto. Such priority access can be provided only so long
      as the A1 processor has not already been given prior access to the
      memory/data bus (signified by the presence of the A1PEND signal), or so
      long as the A1 processor is not loading its selected data into the A1
      buffer register (signified by the A1BUFL signal), or so long as the A1
      processor is not completing an actual data transfer (signified by A1XFER
      signal), or so long as there is no signal requesting a hold for the A.phi.
      processor operation (signified by HOLDA.phi. signal).
PAR  Similar operation with respect to address and memory selections occurs with
      reference to the B.phi. and B1 processors as shown with reference to "JK"
      flip-flops 33 and 34.
PAR  The remainder of the address and memory select logic 20 is shown in FIG. 21
      wherein the XMS.phi. signals are generated for feeding back to the
      processors. As seen therein, the address select and memory select signals
      shown in FIG. 20, together with the memory select signals (MS.phi. and
      MS1) from the memory unit and the memory control signals (XMC1 through
      XMC4 are combined to produce the XMS.phi. signals which, when asserted,
      indicate which processor is holding the address and/or memory bus in a
      "busy" state.
PAR  Logic for producing the memory control MC1 through MC5 signals which are
      supplied to the memory unit by the memory control logic 21 is shown in
      FIG. 22. As seen therein, the appropriate memory control signals (XMC1
      through XMC5 are supplied from the processors together with the internally
      generated address select (SELX) signals, the memory select (XMEM) signals,
      the A and B phase drive signals from the address and memory select logic
      20, and the buffer load signals (XBUFL), the states of all of such signals
      thereby producing the appropriate memory control signals which, as
      discussed above, either initiate the start of particular selected memory
      modules, prevent the start thereof, initiate a data transfer thereto or
      therefrom, or inhibit such data transfer.
PAR  FIGS. 23 and 24 depict the logic for providing the A PORT and D PORT
      signals which are fed from the multiprocessing control unit to the memory
      unit. As can be seen therein, the appropriate internally generated address
      and memory select signals (SELX and XMEM) with reference to each
      processor, together with the "Phase B" signal produces the desired port
      code signals which uniquely define the address and data ports of the
      requesting processor, as required.
PAR  FIGS. 25 and 26 depict the logic for controlling access to the A-Phase and
      B-Phase ports, which logic generates appropriate signals for indicating
      when the A1 (or B1) processors are utilizing such ports, either by holding
      them for subsequent data transfer (e.g., an A1PEND state), by holding them
      for an actual data transfer (an A1WAIT state), or by holding them for a
      transfer to the buffer register for temporary storage of data A1BUFL and
      A.phi.BUFL states). For such operation the relationship among the memory
      control signals from the processors, the memory status signals from the
      memory unit, and the various internally generated status signals
      concerning the pending, wait and holding states as well as the address and
      memory select signals are required as shown.
PAR  FIG. 27 shows the multiprocessor control unit buffer register system and
      the control arrangement thereof which includes a first memory/data bus
      buffer register 40 which is a single 16-bit register and has stored
      therein whatever data is on the memory/data bus delayed by one-half of the
      minimum instruction word cycle (e.g., a 100 nsec. delay for the 200 nsec.
      cycle discussed above). The data in the buffer register 40 is thereupon
      clocked into the output buffer register 41 which, in effect, comprises
      four 16-bit registers, one associated with each processor, the data from
      buffer register 40 being clocked into the appropriate register of the
      output buffer in accordance with the XBUFL signals at multiplexer 42. The
      data is held in the appropriate output buffer register until the processor
      for which it is intended can accept it, at which point the READSEL is
      asserted so as to place the desired data on to the memory/data bus for
      transfer to the appropriate processor as identified by the data port code
      signals DPORT.phi. and DPORT1. Thus, the buffer system permits data on the
      memory/data bus to be continually monitored in the buffer register 40 and
      to be temporarily stored in the output buffer register 41 until the
      processor for which it is intended to be transferred is ready to accept
      it.
PAR  With respect to the operation of the buffer control register of FIG. 28,
      the register is arranged so that the presence of a READSEL signal (for
      placing data from buffer register 41 on to the bus for acceptance by a
      processor) prevents the assertion of a WRITE signal so that such data will
      not be written back into the buffer register system. As soon as the
      processor accepts the data, the READSEL signal is no longer asserted and
      the WRITE signal is appropriately asserted by the buffer control register
      so that whatever is in the bus register 40 is written into the buffer
      register 41.
CLMS
STM  We claim:
NUM  1.
PAR  1. A data processing system for providing access to a memory unit by a
      plurality of central processor units, said system comprising
PA1  a plurality of central processor units;
PA1  a memory unit comprising a plurality of memory modules;
PA1  an address bus for transferring addresses from said central processor units
      to said memory unit;
PA1  a data bus for transferring data between said central processor units and
      said memory unit;
PA1  multiprocessor control means comprising means for providing a processor
      word cycle
PA1  having a plurality of time phases; means for controllably providing access
      to
PA1  said address and data buses by different groups
PA1  of said central processor units during different
PA1  ones of said plurality of time phases during each instruction word cycle.
NUM  2.
PAR  2. A data processing system in accordance with claim 1 wherein said
      processor word cycle has two phases; and
PA1  said access providing means provides access to said address and data buses
      by a first group of said central processor units during one of said two
      times phases and provides access to said address and data buses by a
      second group of said central processor units during the other of said two
      time phases.
NUM  3.
PAR  3. A data processing system in accordance with claim 2 wherein said
      multiprocessor control means includes
PA1  means for arranging priority of access to a selected memory module of said
      memory unit among said central processor units when at least one central
      processor of said first group and at least one central processor unit of
      said second group require simultaneous access to the same said selected
      memory module.
NUM  4.
PAR  4. A data processing system in accordance with claim 2 wherein said
      multiprocessor control means includes
PA1  means for arranging priority of access to a selected memory module of said
      memory unit among said central processor units when one of said central
      processor units requires simultaneous access to the same said selected
      memory module as another of said central processor units in the same group
      thereof.
NUM  5.
PAR  5. A data processing system in accordance with claim 2 wherein said
      multiprocessor control unit includes
PA1  means for providing signals to a central processor unit which is requesting
      access to said address and data buses to obtain access to a selected
      memory module to indicate to said requesting central processor unit the
      accessibility of said buses and the availability status of said selected
      memory module.
NUM  6.
PAR  6. A data processing system in accordance with claim 3 wherein said
      multiprocessor control unit further includes
PA1  means for generating signals for said memory unit to identify the central
      processor unit which is requesting access to said address bus and to said
      data bus.
NUM  7.
PAR  7. A data processing system in accordance with claim 2 having four central
      processors, a first and second of said central processor units being
      arranged to obtain said access during said one of said two time phases and
      a third and fourth of said central processor units being arranged to
      obtain said access during said other of said two time phases.
NUM  8.
PAR  8. A data processing system in accordance with claim 7 wherein in each of
      said time phases one of said central processor units is given a higher
      priority than the other of said central processor units, said
      multiprocessor control unit including
PA1  means for providing continuous access to said address and data buses by the
      central processor unit having the lower priority during its corresponding
      time phase and;
PA1  means for preventing access to said address and data buses by said lower
      priority unit and for providing access thereto by the central processor
      unit having the higher priority during said phase when said higher
      priority unit requests access thereto.
NUM  9.
PAR  9. A data processing system in accordance with claim 7, said multiprocessor
      control unit further including
PA1  means for preventing access to said data bus by said higher priorty central
      processor unit if said lower priority central processor unit is in the
      process of completing its data transfer on said data bus.
NUM  10.
PAR  10. A data processing system in accordance with claim 7 wherein said first
      central processor unit is provided with the highest priority of said four
      processors, said third central processor unit is provided with the next
      highest priority thereof, and said second and fourth processors are
      provided with substantially equal priorities below that of said first and
      third priorities, said multiprocessor control unit including
PA1  priority selection means including
PA2  means for permitting said second and fourth central processor units to
      obtain alternate access to the same selected memory module during said one
      and said other of said time phases, respectively; and
PA2  means for preventing access to said memory module by said second and fourth
      central processor when access thereto is requested by a central processor
      unit having a higher priority and for providing access thereto by said
      higher priority central processor unit.
NUM  11.
PAR  11. A data processing system in accordance with claim 10, said priority
      selection means further including
PA1  means for preventing access to a said selected memory module by said third
      central processor when access thereto is requested by said first central
      processor unit and for providing access thereto by said first central
      processor unit.
NUM  12.
PAR  12. In a data processing system which includes a memory system comprising
      at least one memory module for use with at least one processor unit and a
      data bus for transferring data between said processor unit and said memory
      system, wherein said processor unit provides a plurality of memory control
      signals for requesting the performance of a plurality of operations by
      said memory module, one of said memory control signals requesting the
      inhibition of a data transfer operation of said memory module,
PA1  said memory module comprising
PA2  means responsive to said one of said memory control signals for inhibiting
      the use of said data bus by said memory module thereby to inhibit any
      current data transfer by said memory module.
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ABST
PAL  A data terminal is disclosed and which is particularly applicable for use
      in data capture and data readout in a data communication system. The
      terminal includes means for providing a data output presentation of
      indicia representative of various information data characters. The
      presentation of indicia may, for example, include a printing function. The
      terminal employs a memory which stores information data characters
      representative of different indicia to be presented. The data characters
      may be entered into the memory from a data source, such as a keyboard or a
      central data processor. Circuitry is provided for controlling the
      presentation of indicia so that the indicia is presented in an orientation
      determined by the sequence in which the data characters are read from the
      memory.
BSUM
PAR  This invention relates to the art of data terminals for use in data
      communication systems, and more particularly to improved circuitry for
      controlling presentation of indicia representative of data characters
      obtained from a terminal memory.
PAR  The invention is particularly applicable for use in conjunction with a data
      capture terminal employed as a point of sales terminal for use in credit
      authorization and verification and is described herein with respect to
      such an application. However, it is to be appreciated that the invention
      may be employed in other applications wherein it is desirable to provide
      an output presentation of data from a terminal memory so that the
      presentation provides indicia representing various information data
      characters. The presentation of the information data characters is
      described herein in conjunction with controlling printing wheels for
      printing indicia representative of information data characters. However,
      it is to be appreciated that the presentation of such indicia may be for
      applications other than printing, and for example, may include presenting
      visual displays.
PAR  It is known in the art to provide terminal facilities by which an operator
      enters data to be buffered and then transmitted to a data processor for
      purposes of credit authorization and verification and to respond to
      messages from the data processor to provide a print out. Typically,
      however, such terminal facilities employ an auxiliary imprinter which
      operates independently of the terminal facilities. When the terminal
      facility receives a message, such as a credit verification message, from a
      data processor, the operator is instructed to manually operate the
      associated imprinter to transfer an inked impression of embossed
      characters on a credit card to a sales slip. Still other terminal
      facilities employ printing mechanisms, such as imprinters, which are
      initially set by manual entry and then locked to prevent imprinting on a
      sales flip until the terminal facility provides a command to cause the
      imprinter to be automatically unlocked. This permits manual operation by
      the operator for imprinting a sales slip. Terminal facilities of the
      nature described, are not constructed so that the printing mechanism may
      print indicia representing information entered from a source other than by
      manipulating levers on imprinter to position printing wheels.
      Specifically, such terminal facilities do not have the capability to
      provide a print out based on data stored in a terminal memory wherein the
      stored data may be entered from various input sources, such as a keyboard
      or a data processor.
PAR  An object of the present invention is to provide a terminal having a data
      output presenting capability for presenting indicia, including the
      printing of indicia, represented by data characters stored in a terminal
      memory.
PAR  It is a still further object of the present invention to provide such a
      data terminal wherein the information data characters, for which indicia
      is to be presented, are stored in a terminal memory and are presented
      therefrom in a data character series sequence.
PAR  It is a still further object of the present invention to provide such a
      data terminal wherein information data characters, for which visual
      indicia are to be presented, are entered into a terminal memory from
      various data sources, including a keyboard or a data processor.
PAR  It is a still further object of the present invention to provide such a
      terminal having circuitry for controlling a plurality of indicia
      presenting means, such as printing wheels, so that the correct indicia for
      each data character, in a series of data characters, is presented in its
      correct location relative to other data characters in the field.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objectives are achieved, in accordance with the
      invention, by storing information data characters in a memory. Each
      information data character is representative of one of S different
      indicia, such as numeric digits. The data characters are cyclically
      provided in a data character series sequence. N presenting means, such as
      printing wheels, are provided with each having S different sequential
      presenting conditions for respectively presenting S different indicia.
      These presenting means are cyclically indexed from a starting position
      toward an S condition. The indexed conditions are counted and a count
      signal is provided representative of each of the indexed conditions. The
      indicia represented by each information data character is compared with
      each indicia count for purposes of controlling the presenting means for
      presenting the correct indicia.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and advantages of the invention will become
      more readily understood from the following description of the preferred
      embodiments of the invention when read in conjunction with the
      accompanying drawings, which are a part hereof, and wherein:
PAR  FIG. 1 is a general block diagram of a data communications system to which
      the present invention may be applied;
PAR  FIG. 2 is a general block diagram illustrating the manner in which a
      terminal may be structured in accordance with the present invention;
PAR  FIG. 3 is a perspective view illustrating the structure of a housing for
      the terminal;
PAR  FIG. 4 is a schematic illustration of a keyboard arrangement that may be
      employed;
PAR  FIGS. 5A - 5D are schematic illustrations showing the manner in which data
      fields, field definers, and messages may be formatted in accordance with
      the invention;
PAR  FIG. 6 is a general block diagram illustration of the terminal in somewhat
      greater detail than that illustrated in FIG. 2;
PAR  FIG. 7 is a schematic-block diagram illustration of a recirculating shift
      register;
PAR  FIG. 8 is a schematic-block diagram illustration showing the decoder of
      FIG. 7 in greater detail;
PAR  FIG. 9 is a schematic-block diagram illustration showing a portion of the
      decoder of FIG. 8 in greater detail;
PAR  FIGS. 10A, 10B, and 10C taken together are a schematic-block diagram
      illustration of a keyboard data entry control circuit;
PAR  FIG. 11 is a schematic-block diagram illustration of a read/write control
      circuit;
PAR  FIG. 12 is a schematic-block diagram illustration of a fixed data and card
      data write-in control circuit;
PAR  FIGS. 13A and 13B taken together present a schematic-block diagram
      illustration of the receiving portion of the communications control
      circuit;
PAR  FIGS. 14A - 14D illustrate various message formats used in describing the
      operation of the communications control circuit;
PAR  FIG. 15 is a schematic-block diagram illustration of a memory reset control
      circuit;
PAR  FIG. 16A and 16B taken together is a schematic-block diagram illustration
      of a visual display, auxiliary display memory, and a display control
      circuit;
PAR  FIGS. 17A, 17B and 17C comprise a schematic-block diagram illustration of
      an imprint control circuit;
PAR  FIG. 18 is a schematic elevation of view showing an imprinter and a
      printing mechanism controlled by the imprint control circuit;
PAR  FIG. 19 is a perspective view, with parts broken away, showing a portion of
      the printing mechanism in greater detail than that of FIG. 18;
PAR  FIG. 20 is a schematic-block diagram illustration of the transmitting
      portion of a communications control circuit;
PAR  FIGS. 21A, 21B and 21C are schematic illustrations showing message formats
      used in describing the operation of the circuitry of FIG. 20;
PAR  FIG. 22 is a schematic-block diagram illustration of a clear last field
      control circuit;
PAR  FIG. 23 is a schematic illustration of a message format used in describing
      the operation of the circuitry of FIG. 22;
PAR  FIG. 24 is a schematic illustration of a message format used in conjunction
      with the description of operation of the circuitry in FIG. 22; and
PAR  FIG. 25 is a table used in conjunction with describing the operation of the
      circuitry in FIG. 22.
DETD
PAC  GENERAL DESCRIPTION
PAR  Reference is now made to the drawings wherein the showings are for purposes
      of illustrating preferred embodiments of the invention only and not for
      purposes of limiting same. FIG. 1 illustrates one application of the
      present invention when applied to a data communication system. Here
      terminals T.sub.1 and T.sub.2, constructed in accordance with the
      invention, are incorporated in a system for two-way communication with a
      central data processing unit CPU. Data transmission is facilitated with
      conventional modems MO-1, MO-2, and MO-3.
PAR  The terminal structure is generally illustrated in FIG. 2 wherein an
      input/output control circuit IOC serves as a control for transferring
      information between input peripherals and output peripherals through a
      memory M. The output peripherals may include, for example, a visual
      display DP and an imprinter IP. Communication is also had with the CPU
      which serves as an input/output peripheral to the terminal. These
      peripherals communicate with each other through memory M by way of the
      input/output control IOC. Data may be entered into the memory M from an
      information reader such as the card reader CR, or may be entered from a
      manually operated keyboard KB or from another input peripheral. In
      addition, data may also be entered into the memory through the
      input/output control IOC from the CPU. Data entered into memory M from one
      of these peripherals may be communicated to an output peripheral such as
      the visual display DP or the imprinter IP. Also, data entered into the
      memory may be communicated to the CPU. The terminal structure and the
      operation of the various peripherals will be described in greater detail
      hereinafter.
PAR  Reference is now made to FIG. 3 which provides a schematic illustration of
      the terminal housing. The terminal illustrated herein is a data capture
      terminal and in the particular illustration shown, serves as a credit
      authorization terminal. Thus, the terminal serves to receive a credit card
      C by way of an entrance chute CH. The card is transported through the
      terminal housing by suitable means, not shown, during which identification
      indicia on the card is read by a card reader and then the card is
      transported to an imprint station. At the imprint station, a printer
      mechanism serves to imprint data on a formset FS after which the card is
      exited from an exit EX. The data read from the card by the card reader is
      entered into the terminal's memory M. A readout display DP is provided on
      the front section of the terminal housing and includes an eight position
      display for displaying keyboard entries or, on command, displaying message
      characters written into the terminal memory from another peripheral, such
      as the CPU. In addition, a condition display is provided underneath the
      readout data display DP and this condition display includes an off line
      display OFL and a ready display RDY. It is contemplated that the terminal
      may be used in an off line mode when a breakdown occurs in the
      communications link with the CPU, and, in such status, the off line
      display OFL will be energized. The ready display RDY is energized whenever
      the terminal has been reset and a formset is not present in the formset
      port and a credit card is not present in the imprint station.
PAR  As shown in FIGS. 3 and 4, a keyboard KB is provided for use by an operator
      in manually entering data into the terminal memory. The keyboard KB is a
      sixteen pad keyboard and includes ten numeric keys 0-9, a definition key
      FCT and five function or control keys which are labeled card number, $
      amount, process, reset, and delete. Numeric key 1 serves in combination
      with the function key FCT to provide an imprint command. Actuation of
      these keys enters data into the memory. As will be brought out in greater
      detail hereinafter, the keyboard may be used for entering numeric data
      into the memory, for clearing the last field entered into the memory, for
      initiating data transmission to the CPU, for defining fields and for
      resetting the terminal. All keyboard entries are entered into the terminal
      memory. All of these keyboard entries, except for reset and delete, are
      displayed with the visual display DP. The function of these keys will be
      described in greater detail hereinafter.
PAR  A typical operation of the terminal T, when used as a data capture terminal
      in a point of sales transaction, would be for the operator to insert a
      credit card C into the input chute CH. The card is then transported within
      the terminal housing and read by the card reader. If the card is not
      machine readable, the card number may be entered into the memory from the
      keyboard by actuating the card number key and the appropriate numeric
      keys. To enter the transaction amount, the operator actuates the amount
      key and appropriate numeric keys. These keyboard entries are all displayed
      on the read out display DP. When the operator has entered appropriate data
      into the terminal, he may then actuate the process key to cause the
      information in the memory to be communicated to the CPU. The sequence of
      data entry is not fixed, as will be described in detail hereinafter. It is
      contemplated that the CPU will be programmed to provide credit
      authorization and verification and to process the amount data, as by an
      automatic billing system. Data transfer from the terminal to the CPU may
      be accomplished in various ways, such as with burst or discrete polling or
      by string polling. In any event, once the terminal has been polled, the
      data will be transferred from the terminal to the CPU for central
      processing. It is also contemplated that the CPU will then acknowledge the
      message and transmit data and instructions to the terminal. This will be
      written into the terminal memory. For example, the CPU may instruct the
      terminal to perform an imprint function and to imprint on a formset FS the
      transaction amount together with an authorization number. This is all
      written into the terminal's memory, decoded and used to control the
      imprinter. Having now briefly described the general overall operation of
      the system, attention is now directed to specific detail of the message
      structure and circuitry employed.
PAC  MEMORY MESSAGE STRUCTURE
PAR  Data entered into the memory is stored as tagged, variable length,
      nonsequenced data fields such as the account number, transaction amount
      and so on. As shown in FIG. 5A, each data field is tagged or prefixed with
      a field definer code. The field definer code may take the form of single
      or multiple characters. In the embodiment illustrated, the designation
      X.sub.i will be hereinafter referred to as a field definer or command
      where the subscript i identifies the type of field or command involved,
      i.e. X.sub.C defines that the data in the field is card data and X.sub.P
      is a process command. However, a character in the memory will serve as a
      field definer or command only when it is used in conjunction with a second
      character referred to herein as an escape character ESC. The ESC character
      precedes the field definer or command character and thereby serves to
      identify the character as an X.sub.i character. The ESC character also
      serves to separate fields.
PAR  One reason for utilizing an ESC character followed by an X.sub.i character
      is to minimize the number of characters in the vocabulary that must have a
      definition unique to the terminal. For example, in a seven bit binary
      system there are 128 different characters available for a vocabulary. If
      50 of these characters are employed as field definers or commands, then
      only 78 characters would be left for data or information characters. By
      utilizing one character, referred to herein as an ESC character, any
      character in the 128 character vocabulary may be used in combination with
      the ESC character to define a field or command leaving 127 characters to
      be used as data characters.
PAR  Both field definers and commands will be entered into the memory and some
      will be transmitted to the CPU. They will both contain an (ESC) (X.sub.i)
      sequence where (X.sub.i) defines a command or defines the contents of the
      data in the field that follows the sequence. For purposes of definition,
      the following field definers will be used in the description of the
      terminal herein.
PA1  X.sub.c -- defines that the data in the field is card data.
PA1  X.sub.f -- defines that the data in the field is fixed data.
PA1  X.sub.$ -- defines that the data in the field is the $ amount.
PA1  X.sub.#-- defines that the data in the field is the account number.
PA1  X.sub.a -- defines that the data in the field is the authorization number.
PAR  In addition to these field definers, commands for termin control operation
      are also entered into the memory. These commands are:
PA1  X.sub.cpu -- this command is inserted into the memory by the communications
      control circuit when the terminal accepts outbound data from a CPU. It
      defines the beginning of outbound data and is used as a memory reference
      by the communications control circuit.
PA1  X.sub.p -- this command is inserted into the memory by depression of the
      PROCESS key on the keyboard, or presented into the memory from the CPU. It
      initiates the sending of inbound data to the CPU. When this command is in
      memory, it will be detected by circuitry in the communications control
      circuit which serves to transmit the data in the memory to the CPU, when
      polled.
PA1  X.sub.d .sup.-- this command is entered into the memory by the CPU. It
      intiates a visual display of data following this command.
PA1  X.sub.i -- this command is inserted into the memory from the keyboard for
      an off line transaction or by the CPU for an on line transaction. It will
      initiate the imprinting of the formset.
PA1  X.sub.cf -- this command is entered into the memory by depression of the
      delete key. When detected in memory, this command serves to initiate
      deletion of the last field or command entered into the memory.
PA1  X.sub.r -- this command in the memory will initiate action to reset the
      memory.
PAR  Reference is again made to the representations in FIGS. 5A through 5D which
      illustrate typical fields and messages as stored in memory and messages as
      transmitted to the CPU or received from the CPU. Referring again to FIG.
      5A, it is seen that each data field is preceded by a two character
      sequence (ESC) (X.sub.i), where (X.sub.i) defines the nature of the
      following field data. The data illustrated in FIG. 5A has the most
      significant character being first in the data train and the least
      significant character being last. Each character is stored or entered into
      the memory with the least significant bit first. Since all fields are
      tagged, they may be entered into the memory without regard to constraints
      as to sequence. It is preferred, however, that the first field entered
      into the memory include the fixed data such as the data which identifies
      the terminal itself. Thus, for example, in the message shown in FIG. 5B,
      the first data field is the fixed data field which is preceded by an ESC
      character and a fixed data field definer X.sub.F. Preferably, this fixed
      data field is entered into the memory immediately after clearing the
      memory so that this data is placed in the memory before other data is
      entered. Thereafter, however, there is no particular sequence in which
      data fields are entered into the memory. For example, as shown in FIG. 5B,
      the card data field is shown as being preceded by the card field definer
      X.sub.C. This particular field and field definer are entered from a card
      reader. FIG. 5B also illustrates a transaction amount data field being
      preceded by a transaction amount field definer X.sub.$.  The order of
      these two fields could be reversed. If this is the last entry into the
      memory, the operator may actuate the process key to enter the process
      command X.sub.P, which is also preceded by an ESC character. As shown in
      FIG. 5B, the process command is followed by two ESC characters in
      succession which defines the end of message.
PAR  Reference is now made to the inbound message illustrated in FIG. 5C. This
      is a typical message as transmitted from the terminal to the CPU. It will
      be noted that the message includes a start of header character SOH, and a
      poll identification character PID which precedes the fixed data field. In
      addition, a start of text character STX is inserted into the message after
      the fixed data field. It will also be noted that the process command
      X.sub.P is replaced by a NUL character to prevent the message from being
      reprocessed by the terminal. This NUL character is followed by an end of
      text character ETX and then by a longitudinal redundancy character LRC.
      This message is shown by way of illustration only and it is to be
      understood that other messages with varying formats may be provided.
PAR  Reference is now made to FIG. 5D which illustrates a typical outbound
      message for the type which might be received by the terminal. Again, this
      is a message shown for illustrative purposes only and is not indicative of
      the only type of meessage which can be received by the terminal. This
      message includes SOH and PID characters followed by a start of text
      character STX. The CPU has indicated verification of credit authorization
      by including an imprint command, X.sub.F, in the message. The transaction
      amount to be imprinted is indicated in the message by a transaction field
      definer X.sub.$ followed by the transaction amount data field. It should
      be noted that this particular transaction amount field need not be
      identical to the field originally transmitted to the CPU but may be a
      different transaction amount in dependence upon what the CPU determined
      should be sent to the terminal for imprinting. In this outbound message,
      the transaction amount field is followed by an authorization number field.
      This is an authorization number determined by the CPU and may, for
      example, help in providing an audit trail for each transaction. Also, the
      CPU may instruct the terminal to display data in the message and in doing
      so, would provide a display command X.sub.D followed by the display data
      field.
PAR  The messages discussed above, with respect to FIGS. 5B, 5C, and 5D, are
      illustrative only for facilitating an understanding of this invention.
      Specific message structure and the purpose of the structure will be
      described in greater detail hereinafter where appropriate. It is to be
      noted, however, that each data field is preceded by an (ESC) (X.sub.i)
      character sequence which serves to identify the field. Also, an (ESC)
      (X.sub.i) character sequence is used to define each command. The data
      fields may be of variable length with the exception of the fixed data
      field. Other than the fixed data field, these fields are entered into the
      terminal memory in a nonstructured sequence. In response to a process
      command being detected, the message will be read out in the order in which
      it was entered and will be transmitted to the CPU with transmission
      characters added, such as characters SOH, PID, STX, ETX, and LRC. The same
      type of characters are removed from the message received from the CPU
      before entering the message received from the CPU before entering the
      message into the terminal memory.
PAC  TERMINAL STRUCTURE IN GENERAL
PAR  Reference is now made to FIG. 6 which provides a block diagram illustration
      of the terminal structure in greater detail than that set forth in FIG. 2.
      In accordance with this invention, the terminal serves as a data capture
      terminal to capture data from various locations and buffer the data for
      transmission to a CPU through a communications link. Data is entered into
      the terminal in a data capture environment from such input peripherals as
      a keyboard and a card reader, and buffered for transmission to a CPU. The
      terminal may accept responses transmitted from the CPU and output the
      messages with a visual display and an imprinter.
PAR  As shown in FIG. 6, the input peripherals may include a keyboard KB which,
      as shown in FIGS. 3 and 4, includes a sixteen pad keyboard. Data input may
      also be obtained from card readers such as an optical card reader CR-1 and
      a magnetic card reader CR-2. It is contemplated that these card readers
      serve the function of optically or magnetically reading card data such as
      account number and other data useful by a CPU in a data capture
      environment, such as credit authorization or billing. Data obtained from
      these input peripherals is entered into the terminal memory M through
      control of the input/output control circuit IOC. This data may be
      transmitted to the CPU in response to actuation of the process key. Data
      may also be entered into the terminal memory M from the CPU through the
      input/output control IOC. Data to be outputted to an output peripheral
      from the memory may be applied to the terminal display DP and/or to an
      imprinter IP operating in conjunction with a suitable printing mechanism,
      including printer wheels PW.
PAR  Data entered into the terminal from one of the peripherals is routed to the
      memory M through a data input port DIP and data in memory is routed to one
      of the output peripherals or the CPU through a data output port DOP.
      Memory M is preferably a content addressable memory and in the embodiment
      to be described herein is preferably a recirculating memory with the data
      output port and a data input port being located in the recirculating path
      together with a decoder for decoding the characters in the recirculation
      path. This may be implemented by employing a register R in the
      recirculation path and providing a decoder DC which serves to decode the
      data in register R. The preferred form of the circuitry involved in this
      recirculation path will be described in greater detail hereinafter.
PAR  Memory M is cleared or reset in response to actuation of the reset key or
      to a reset command X.sub.R in the memory. When the reset command is
      located in register R, it is decoded by decoder DC which actuates a reset
      control circuit RCC which operates to reset the memory by writing NUL
      characters into the memory. The reset command may be entered into the
      memory from the CPU.
PAR  After the memory has been cleared or reset, the first field that is entered
      into the memory is the fixed data field. This fixed data field may include
      a fixed character word length field providing data identifying the
      specific terminal and follows the fixed data field definer character
      X.sub.F. This data is entered into the memory when the reset control
      circuit RCC actuates a fixed data source FDS after the memory has been
      cleared. The fixed data source FDS enters the fixed data field definer and
      the fixed data field into the memory under the control of a card and fixed
      data write-in control circuit FCW and a peripheral read/write control
      circuit RWC. After the fixed data has been entered into memory, the
      remaining data fields may be entered without regard to sequence. For
      example, the next information to be read into the memory may be obtained
      from keyboard KB by the operator actuating a field definer key and then a
      variable length data field by actuating various data keys. This data is
      entered into the memory under the control of the keyboard data entry
      control circuit KDC and is also displayed on the terminal display DP. This
      is achieved by entering the keyboard actuated data into a display memory
      DM under the control of the keyboard data entry control circuit KDC. The
      information in the display memory DM is displayed on the terminal display
      DP under the control of a display control circuit DCC.
PAR  The optical card reader CR-1 or the magnetic card reader CR-2 will operate
      to read optical or magnetically encoded cards for such information as card
      number and will enter a card field definer X.sub.C into the memory
      followed by the card data field under the control of circuits FCW and RWC.
      If both readers CR-1 and CR-2 are provided, it is contemplated that the
      information written into the memory will include an optical card reader
      field definer X.sub.C and a magnetic card field definer X.sub.M. In any
      event, after all of the data is entered into the memory, it is
      contemplated that the operator will actuate the process key so as to enter
      the process command X.sub.P into the memory. A typical message entered
      into the memory may take the form of that as shown in FIG. 5B.
PAR  The message stored in memory M will be transmitted to the CPU under the
      control of a communications control circuit CCC when decoder DC detects a
      process command X.sub.P in register R. The communications control circuit
      CCC serves to insert transmission characters into the message before it is
      transmitted to the CPU. As shown in the illustrative inbound message of
      FIG. 5C, these inserted characters include that the start of header
      character SOH, a poll identification character PID, a start of text
      character STX, an end of text character ETX and a longitudinal redundancy
      character LRC. This message is transmitted to the CPU through suitable
      modems MO-1 and MO-3.
PAR  The communications control circuit CCC also serves to receive messages from
      the CPU to be entered into the terminal memory. A typical message to be
      received may take the form of that shown in FIG. 5D. In such case, the
      communications control circuit removes from this message such characters
      as the start of header character SOH, the poll identification character
      PID, the start of text character STX, the end of text character ETX and
      the longitudinal redundancy character LRC. The remaining portions of the
      message shown are entered into the memory through the data input port DIP
      under the control of the communications control circuit CCC and the
      peripheral read/write control circuit RWC. Defined portions of this
      message in the memory are outputted for display by the terminal display DP
      and printed on a formset through the operation of the printing wheels pW
      and imprinter IP. When the decoder DC decodes an imprint command X.sub.I,
      the control circuit ICC is activated to control the operation of the
      printing wheels PW and imprinter IP. The imprint control circuit ICC is
      operated in response to various control signals in addition to the imprint
      command and, for example, provides a printing wheel set up operation for
      the transaction amount in accordance with transaction amount data field
      and the authorization number. If the decoder DC decodes a display command
      X.sub.D, then the terminal display DP is operated to display data under
      the control of the display control circuit DCC.
PAR  If the operator makes a mistake in entering data from the keyboard or
      otherwise desires to change the entered data, he can accomplish this by
      deleting only the last field entered by actuation of the delete key. This
      enters a delete or clear last field command X.sub.CF into the memory. When
      this is detected by decoder DC, it actuates a clear last field control
      circuit CFC which operates upon the recirculation path to clear the last
      entered field from the memory.
PAR  The foregoing description of the various control circuits in the
      input/output control IOC, has been presented in a general descriptive
      manner and not with respect to the details of the circuitry or the
      operation involved. Having presented this generalized description,
      attention is now directed to the following detailed description of these
      control circuits.
PAC  TERMINAL MEMORY
PAR  The terminal memory M is preferably implemented as a content addressable
      memory for storing both variable and fixed length data fields. This may be
      implemented in various ways such as with a recirculating shift register or
      a random access memory. As will be described below, the preferred
      implementation is in the form of a recirculating memory. However,
      implementation may have taken the form of a random access memory wherein
      data is outputted from the memory in the same order in which data was
      entered into the memory. It is not necessary that the data in the memory
      be restructured since the message format will preferably include tagged
      fields. If desired, however, the information in the memory may be
      restructured from the order in which it was entered so that the data
      output will always be provided in a fixed field sequence.
PAR  The memory M is preferably implemented as shown in FIG. 7. The memory
      includes a variable length, static shift register SSH located in the
      recirculating path of a recirculating memory RM-1. The recirculating path
      also includes additional memory capacity provided by register R-1, R-2,
      and R-3. The length or capacity of the memory is selected to suit the
      intended application or use. For example, the shift register SSH may have
      a capacity of 1,024 bits. If the characters stored in the register are
      eight bits in length, then the capacity of this register will be 128
      characters. If registers R-1, R-2, and R-3 are each eight bit registers,
      then the total memory capacity of the recirculating memory RM-1 would
      amount to 131 eight bit characters. In the implementation illustrated in
      the drawings, the static shift register SSH is located externally of the
      input/output control circuit IOC with the remaining portion of the
      recirculation path being located within that control circuit. Each of the
      registers receives shift pulses from clock source O.sub.S so that the data
      in the recirculating memory is shifted in bit serial fashion. If desired,
      the recirculating memory may be structured so that the bits are shifted in
      parallel and the characters shifted in series by providing eight parallel
      paths through the recirculating memory rather than the single path
      employed in the circuitry shown in FIG. 7. In the preferred embodiment, as
      shown in FIG. 7, the data is divided into eight bit characters with the
      most significant character being transferred first and the least
      significant character being transferred last. Also, in this embodiment,
      the bit sequence is such that within a character, the bit serial transfer
      requires the least significant bit (b.sub.1) to be transferred first and
      the most significant bit (b.sub.8) to be transferred last.
PAR  The recirculation path also includes multiplexers M-1, M-2, M-3, and M-4.
      Each multiplexer is comprised of a plurality of AND gates and an OR gate.
      Thus, for example, multiplexer M-1 includes a plurality of AND gates
      including AND gates 50, 52, and 54, having their outputs applied through
      an OR gate 56 to the input of register R-1. In the normal data
      recirculation mode of operation, AND gates 52 and 54 are disabled and AND
      gate 50 is enabled so that the data obtained from the output of shift
      register SSH is applied through AND gate 50 and OR gate 56 to register
      R-1. AND gate 50 is disabled upon applying a control signal thereto
      through one of the inverters 58, 60, and 62 connected to its input. The
      control for these functions will be described in greater detail
      hereinafter.
PAR  Multiplexer M-2 is similar to multiplexer M-1 in that it includes a
      normally enabled AND gate 64 together with normally disabled AND gates 66
      and 68, all having their outputs applied through an OR gate 70 to the
      input of register R-2. Inverters 72, 74, and 76 are all connected to the
      input of AND gate 64 for, on command, disabling this AND gate to prevent
      transfer of data from register R-1 to registr R-2.
PAR  Multiplexer M-3 is constructed in a manner similar to that of multiplexers
      M-1 and M-2 in that it includes a normally enabled AND gate 78 and
      normally disabled AND gates 80 and 82, all having their outputs applied to
      register R-3 through an OR gate 84. Inverters 83 and 85 are connected to
      the input of AND gate 78 for selectively disabling this AND gate to
      prevent data transfer from register R-2 to register R-3.
PAR  Multiplexer M-4 is constructed similar to multiplexers M-1, M-2, and M-3 in
      that it includes a normally enabled AND gate 86 and a normally disabled
      AND gate 88, both having their outputs applied through an OR gate 90 to
      the input of the external shift register SSH. Inverter 92 serves, on
      command, to disable AND gate 86 to prevent data transfer from register R-3
      to register SSH.
PAR  These multiplexers M-1, M-2, M-3, and M-4 include additional AND gates and
      OR gates for performing control functions. The additional gates will be
      described in conjunction with these control functions.
PAR  The data in the recirculation path is divided into groups of characters
      each being eight bits in length. Data is entered into the recirculating
      path through one of the multiplexers, depending on the nature of the data
      being entered. Thus, for example, data from the keyboard is entered into
      the memory through multiplexers M-2 or M-3 depending upon whether the data
      is obtained from the control keys or the data Information obtained from
      the data keys is entered into the memory through multiplexer M-3 through
      AND gate 80 whereas control key data is entered into the recirculating
      memory through AND gate 66 in multiplexer M-2 by way of an OR gate 94.
      Anothr input to the OR gate 94 is the DATA IN line. This is the path for
      data entry from the fixed data source FDS or from the card readers CR-1,
      CR-2, or from the CPU. Also, data in the form of the ESC control character
      is written into the memory through AND gate 54 in multiplexer M-1 or
      through AND gate 68 in multiplexer M-2 depending on the type of control
      being employed. The reset command character X.sub.R, for example, is also
      written into the recirculation path through multiplexer M-1 by way of AND
      gate 52. The ESC character and the reset command character X.sub.R are
      obtained from a character generator and clock synchronizing circuit 96.
      Circuit 96 receives clock pulses from the clock source O.sub.S and
      continuously outputs eight bit characters for ESC and X.sub.R. If desired,
      a separate reset character generator could be provided, however, this is
      preferably implemented by inverting the output from the escape character
      generator to obtain the reset command character X.sub.R. Circuit 96 also
      provides synchronizing pulses CS1 and CS8 at bit times synchronized with
      bits b.sub.1 and b.sub.8 respectively. These synchronizing pulses are used
      for various control functions in the circuitry employed in the terminal.
PAC  RECIRCULATION PATH DECODER
PAR  The recirculation path decoder DC illustrated in FIG. 7 served to decode
      various function or control characters, command characters, and field
      defining characters in the recirculation path when the character of
      interest is located in register R1. This may be implemented with the
      circuitry illustrated in FIG. 8. Here, decoder DC is illustrated as
      including a plurality of eight bit, character synchronized decoders DCS
      each taking the form, for example, of decoder 100 illustrated in FIG. 9.
      As shown in FIG. 9, decoder 100 is essentially a multi input AND gate
      having eight inputs for receiving bits b.sub.1 through b.sub.8 together
      with a ninth input for receiving a character synchronizing pulse CS1.
      Whenever an eight bit character is properly located in register R1 with
      the most significant bit being located in bit position b.sub.1, a decoding
      function is performed in synchronism with the character synchronizing
      pulse CS1. This synchronizing pulse enables the AND gate to decode the
      binary pattern of bits b.sub.1 through b.sub.8. Depending on the binary
      pattern of interest, one or more of the inputs to the AND gate will
      include an inverter as is shown in FIG. 9 for bits b.sub.2, b.sub.3,
      b.sub.4, and b.sub.7. With this example, the character synchronized AND
      gate 100 would provide an output when the received bit pattern is
      1-0-0-0-1-1-0-1.
PAR  Each time an ESC character is located in register R1 decoder DSC will
      provide a binary 1 signal on its output line e, with the decoder taking
      the form of decoder 100 described with reference to FIG. 9. This, then, is
      one of the eleven outputs provided by decoder DC. However, each of the
      other outputs requires that the character to be decoded by preceded by an
      ESC character. For example, an end of message designation is provided by
      two ESC characters in succession. When detected, this provides an output
      E.sub.e. The first detection of an ESC character provides a binary 1 on
      output line e to set a flip-flop 102 as well as to provide an output
      representative that a single ESC character has been detected. If the very
      next character in the data stream is also an ESC character, then the
      output from decoder output line e will be gated with the binary 1 output
      from flip-flop 102 through an AND gate 104 to provide a binary 1 signal on
      output line E.sub.e indicative that two ESC characters in succession have
      been detected. So that the flip-flop will remain in this condition for one
      character time only, the output from the flip-flop is anded with the clock
      synchronizing pulse CS1 through and AND gate 106 to rest the flip-flop.
PAR  Thus, whenever an ESC character is detected, flip-flop 102 will be set for
      one byte time to enable AND gates 104, 108, 110, 112, 114, 116, 118, 120,
      122 and 124. With this circuitry then, a decoder output, except for the
      detection of a single ESC character, is provided only when the decoded
      character is immediately preceded by an ESC character.
PAC  Keyboard Entered Data
PAR  Data is entered from the keyboard KB into the memory M under the control of
      the keyboard data entry control circuit KDC. This control circuit is
      illustrated in FIG. 10. As to the memory, it is to be noted that only
      those portions of multiplexers M-1, M-2, and M-3 are illustrated that are
      used in writing data into the memory from the keyboard. To the extent
      possible, the AND and OR gates in the multiplexers will be labeled the
      same as that shown in FIG. 7 to facilitate the understanding of this
      invention.
PAR  As previously discussed, keyboard KB includes a sixteen pad keyboard which
      includes numeric keys 0-9, a definition key FCT, a card number key, a $
      amount key, a process key, a rest key, and a delete key. The definition
      key FCT, in conjunction with numeric key 1, serves to provide an imprint
      command X.sub.I for entry into the memory.
PAR  In general, actuation of a key causes one character of data in the form of
      an eight bit data train to be entered into the memory. For purposes of
      definition, the numeric keys will be referred to hereinafter as the data
      keys and the remaining keys will be referred to as function or control
      keys.
PAR  As shown in FIG. 10, the sixteen keys are illustrated as being simple,
      normally open switches. Each of the switches is connected to a binary 1
      signal source. The reset switch, when closed, applies a reset keyboard
      command KRI to the rest control circuit RCC. The remaining switches, when
      closed, respectively apply binary 1 signals to an encoder circuit ENC. The
      encoder circuit may take any suitable form such as a diode matrix or the
      like. The output from the encoder includes keyboard output lines KB1, KB2,
      KB3, and KB4 which respectively correspond with data bits b.sub.1,
      b.sub.2, b.sub.3, and b.sub.4. In addition, the encoder has two additional
      outputs for providing a control signal S.sub.C indicative that one of the
      function or control keys has been actuated. Another output from the
      encoder ENC is a control signal S.sub.D which is indicative that one of
      the data keys has been actuated. As a special case, actuation of the FCT
      key will produce a control signal from both S.sub.C and S.sub.D.
PAR  Depending on which data or control key was actuated, there will result a
      particular pattern of binary level signals on output bit lines KB1 through
      KB4 corresponding with bits b.sub.1 through b.sub.4. These four bits are
      applied to the corresponding stages of seven bit shift register RK1. In
      addition, bits b.sub.5, b.sub.6, and b.sub.7 are provided by corresponding
      bit line KB5, KB6, and KB7. In the embodiment illustrated, the bit lines
      are always provided with fixed binary signals with binary 1 signals being
      applied to bit lines KB5 and KB6 from a binary 1 signal source and a
      binary 0 signal being applied to bit line KB7 from a binary 0 signal
      source. The seven bit lines KB1 through KB7 are respectively connected to
      one input each of respectively associated AND gates AN-1 through AN-7. The
      binary signal pattern on these bit lines will be loaded into register RK1
      when these seven AND gates AN-1 through AN-7 are enabled from an output
      taken from a key debounce counter circuit KDBC, to be described in greater
      detail hereinafter. The seven bits loaded into the seven bit register RK1
      will be shifted out in bit serial fashion by application of clock pulses
      to the shift input of the register from the system clock source O.sub.C
      when an associated AND gate 150 is enabled by an RK1 shift pulse. The
      manner in which this shift pulse is applied to the AND gate will be
      described in a later point in this description.
PAR  The pulse train consisting of bits b.sub.1 through b.sub.7 from register
      RK1 are shifted in bit serial fashion to a conventional bit serial parity
      generator BSPG. As is known, such a generator serves to examine the binary
      contents of bits b.sub.1 through b.sub.7 and depending upon that
      information, will add an eighth bit b.sub.8 to the pulse train with the
      eighth bit having a binary 1 or 0 level depending on the nature of the
      seven bits which have been examined. In the instant example, an even
      parity system is used and if bits b.sub.1 through b.sub.7 include an even
      number of binary 1 signal pulses, then the eighth bit will be a binary 0
      level signal. On the other hand, if bits b.sub.1 through b.sub.7 include
      an odd number of binary 1 bits, then the eighth bit will be a binary 1
      level signal so that the total pulse train will exhibit even parity. The
      eighth bit provided by the bit serial parity generator is applied to the
      pulse train in synchronism with a synchronizing pulse CS8 obtained from
      the special character generator and character synchronizing circuit 96. As
      will be recalled, this circuit provides a synchronizing pulse CS8 at a
      point in time correspoinding with bit b.sub.8 in the clock train. Bits
      b.sub.1 through b.sub.7 are applied through a normally enabled AND gate
      151 and thence, through an OR gate 154 and through a normally enabled AND
      gate 156 and from there to the memory through either multiplexer M-2 or
      M-3. The parity bit, bit b.sub.8, is applied through AND gate 152, when
      enabled by inverter 153, and thence, through OR gate 154. If this eight
      bit character resulted from an actuation of one of the control keys, then
      the character bits b.sub.1 through b.sub.8 will be entered into the memory
      through multiplexer M-2. This is because AND gate 66 in multiplexer M-2
      will be enabled when the control line S.sub.C provides a binary 1 signal
      representative that a control key was actuated. On the other hand, if the
      character bits resulted from actuation of a data key then the control line
      S.sub.D carries a binary 1 signal and this enables AND gate 80 in
      multiplexer M-3. When AND gate 80 is enabled, the eight character will be
      applied through AND gate 80 and OR gate 84 in multiplexer M-3 into the
      register R-3. The operation of these multiplexers is under the control of
      the keyboard data entry control circuit KDC which will now be described in
      detail relative to FIG. 10.
PAR  The keyboard data entry control circuit KDC illustrates a logic
      implementation including flip-flops, OR gates, and AND gates to control
      entry of data into the memory. It is to be appreciated, however, that in a
      commercial version of the invention it may be desirable to apply various
      minimization techniques in implementing the logic. In some cases read only
      memory structures can provide minimization and flexibility for change.
      Standard processor packages can also be programmed to perform these
      functions. However, to simplify an understanding of the invention, the
      description and illustrations are directed to such flip-flops and gates.
PAC  Key Debounce Circuit
PAR  When one of the keys on the keyboard KB is actuated, there may be a
      tencency for the key to bounce somewhat causing the signal to oscillate
      between binary 0 and binary 1 levels. It is desirable that operation in
      response to a keyboard actuation wait a sufficient time for this bouncing
      action to come to a rest condition before actuating AND gates AN-1 through
      AN-7 to load register RK1. This is accomplished with the use of the key
      debounce counter circuit KDBC. The encoder ENC provides a binary 1 output
      signal on its S.sub.D output line if the actuated key was a data key or a
      binary 1 signal on its output line S.sub.C if the actuated key was a
      control key. Whenever a binary 1 signal is provided on either of these
      output lines, a binary 1 signal is applied through OR gate 160. If the bus
      is not busy, then a binary 1 signal will be applied by an inverter 162 to
      enable AND gate 164 so that the key actuation signal will be applied
      through AND gate 164 to enable an AND gate 166. This permits system clock
      pulses O.sub.C to be applied to the advance input terminal of counter
      KDBC. This counter commence to count O.sub.C clock pulses each time
      control line S.sub.D or control S.sub.C carries a binary 1 signal. But,
      due to key bouncing, the control signal may oscillate between binary 1 and
      binary 0 levels. With each transition in binary levels, inverter amplifier
      168 applies a rest pulse to the reset input of counter KDBC. Once the
      counter has had an opportunity to commence timing without being reset from
      inverter 168, it will time a given period of time and then provide a count
      pulse to enable AND gates AN-1 through AN-7 to load the register RK1. This
      count pulse is referred to herein as pulse KBS2. One bit time later, the
      counter will provide a second count pulse KBS3. This second pulse is
      applied to one input each of a control key detect AND gate 170 and a data
      key detect AND gate 172. A second input to each of these AND gates is
      taken from a normally set flip-flop 174. If, for example, the actuated key
      was a control key, then the control line S.sub.D carries a binary 0 signal
      and this is inverted by an inverter 176 and applied as the third input to
      AND gate 170. This will cause AND gate 170 to set flip-flop 178 through an
      OR gate 180. When flip-flop 178 is set, this initiates an operation by
      whcih information is written into the memory through multiplexer M-2 if a
      control key was actuated or M-3 if a data key was actuated.
PAR  A memory protect circuit is provided for preventing keyboard data entry
      into the memory unless such data field entries have been preceded by a
      field definition type key. To accomplish this function, the KBS3 pulse is
      applied to one input of an AND gate 182. If a control key had been
      actuated to cause pulse KBS3, then the control signal line S.sub.C will
      carry a binary 1 signal so that the AND gate 182 will set a memory protect
      flip-flop 184, provided that the control key was not DELETE. When
      flip-flop 184 is set, it applies a binary 1 signal to one of the inputs of
      an AND gate 172. In this way, flip-flop 184 remembers the fact that a
      control key had been actuated. If the next key to be actuated is a data
      key, then the key debounce counter KDBC will provide a trigger pulse KBS3,
      resulting from actuation of this data key to one input of the data key
      detect ANd gate 172. The data control line S.sub.D also applies a binary 1
      signal to AND gate 172 and an inverter 186 connected to the control signal
      line S.sub.C applies another binary 1 signal to AND gate 172. Since
      flip-flop 174 is in its set condition, the AND gate will then properly
      apply a binary 1 signal through OR gate 180 to set flip-flop 178. The
      memory protect flip-flop is reset through OR gate 183 by raising lines
      RESET or WCTL or by a detection of KX.sub.CF by decoder DC. By virtue of
      inverter 185, flip-flop 184 is reset - dominant.
PAC  Control Key
PAR  When a control key is actuated, AND gate 170 applies a binary signal
      through OR gate 180 to set flip-flop 178. Flip-flop 178 will, in turn,
      apply a binary 1 signal to AND gate 188 in multiplexer M-2. A second
      binary 1 signal is applied to this AND gate from the control key signal
      line S.sub.C. The circuitry is now conditioned to commence entry of the
      control character into the memory when two ESC characters in succession
      are detected with one being located in register R2 and the other being
      located in register R1. When this condition is detected by decoder DC, it
      applies a binary 1 signal on its output line E.sub.e. This binary 1 signal
      will then be applied for one bit time through enabled AND gate 188 and
      thence, through OR gate 190 to enable AND gate 66 in multiplexer M-2 thus
      writing bit b.sub.1 from RK1 into R2. The output from OR gate 190 is also
      applied through an inverter 74 to disable AND gate 64 to prevent the ESC
      character in register R1 from being clocked into register R2 during the
      next byte time. Instead, the keyboard control character will be clocked
      into the register through AND gate 66.
PAR  The first bit of the control character is written into the register R2
      through AND gate 66 under the control of AND gate 188. Bits b.sub.2
      through b.sub.8 of the control character are written into register R2
      through AND gate 66 under the control of an AND gate 192. This AND gate is
      enabled by the binary 1 signal on the control key signal line S.sub.C and
      applies a binary 1 signal through OR gate 190 to enabled AND gate 66 when
      flip-flop 194 is set.
PAR  Flip-flop 194 is set upon detection of the two ESC characters in succession
      by applying the binary 1 signal on output line E.sub.e to an AND gate 196
      which is enabled from the output of flip-flop 178. As AND gate 196 applies
      a binary 1 signal to set flip-flop 194, it resets flip-flop 178. However,
      the output of flip-flop 194 does not change until one bit time elapses
      since all of the flip-flops described herein are synchronized with the
      system clock source O.sub.C.
PAR  At the point in time that AND gate 196 applied a binary 1 signal pulse to
      set flip-flop 194, it also applied a binary 1 signal through an RK1 shift
      control OR gate 198 so that a shift pulse was applied to enable AND gate
      150 to permit a shift pulse corresponding with bit b.sub.1 to be applied
      from the clock source O.sub.C to the shift input of the seven bit shift
      register RK1. This caused bit b.sub.1 to be shifted from register RK1 and
      thence, through enabled AND gate 66 in multiplexer M-2 so as to be written
      into register R2.
PAR  During the write-in of the control character, bits b2 through b.sub.8 are
      written in under the control of AND gate 192 while flip-flop 194 is set.
      The shift pulses to shift bits b.sub.2 through b.sub.7 are obtained during
      this period from flip-flop 194 which applies a binary 1 signal through
      enabled AND gate 200 and thence, through OR gate 198 to enable AND gate
      150 for a time duration corresponding with bits b.sub.2 through b.sub.7.
      The last bit in this control character is a parity bit and is obtained, at
      a point in time in synchronism with the character synchronizing pulse CS8,
      from the bit serial parity generator BSPG. This bit is also applied
      through AND gate 66 under the control of AND gate 192 which is enabled by
      flip-flop 194. Flip-flop 194 is reset by the clock synchronizing pulse CS8
      at the end of the bit time through AND gate 202. This synchronizing pulse
      is also applied through an inverter 204 to disable shift control AND gate
      200 and to disable another shift control AND gate 206. This is done to
      disable AND gate 151 and enable AND gate 152 to allow the previously
      generated parity bit b.sub.8 to be written into R2 from the bit serial
      parity generator BSPG.
PAR  The control character, resulting from actuation of the control key, has now
      been written into register R2. It is now necessary to ensure that the data
      train in the recirculating memory includes two ESC characters in
      succession immediately following the control character written into
      register R2. This is done after any keyboard character is written into the
      memory since it may be the last character entered, and if so, an end of
      message designation indicated by two ESC characters in succession is
      required to define the location for subsequent writing into the memory.
      When AND gate 202 applied a pulse to reset flip-flop 194, it also set a
      flip-flop 210 which controls the writing of two ESC characters into the
      memory during the next byte time. Thus, as the just entered control
      character is being shfited out of register R2 into register R3, an ESC
      character is entered into register R1 and a second ESC character is
      entered into register R2. This procedure is discussed below.
PAR  When flip-flop 210 is set, it enables an AND gate 212 in multiplexer M-1
      and also enables AND gate 68 in multiplexer M-2 through an OR gate 214.
      With AND gate 68 being enabled, an eight bit ESC character is clocked into
      register R2 during the next byte time with the ESC character being
      obtained from the ESC character generator 96. Also, since AND gate 212 is
      enabled and the control key signal line S.sub.C carries a binary 1 signal,
      this AND gate applies a binary 1 signal to OR gate 216 to enable AND gate
      54 in multiplexer M-1. With AND gate 54 being enabled, an eight bit ESC
      character will be clocked into register R1 through OR gate 56 coincident
      with the ESC entry into R2 above.
PAR  During the period that an ESC character is being written into register R1,
      OR gate 216 disabled AND gate 50 in multiplexer M-1 through inverter 62.
      In this way, an ESC character is written over whatever character would
      have been entered into register R1 from the external shift register SSH.
      Similarly, while the ESC character is being written into register R2, OR
      gate 214 disables AND gate 64 in multiplexer M-2 through an inverter 72 so
      that an ESC character is written into register R2 instead of whatever
      character might have been shifted into register R2 from register R1.
PAC  Data Key
PAR  In the preceding discussion, it is assumed that a control key was actuated
      and not a data key. This caused an eight bit control character to be
      written into register R2 and then be shifted from register R2 to register
      R3 with two succeeding ESC characters being written into two register R1
      and R2. If no additional data keys are actuated, then this sequence of two
      ESC characters in succession will indicate end of message.
PAR  Assume now that a data key corresponding with one of the numeric keys 0-9
      is actuated. As will be recalled, the character represented by the numeric
      key will not be entered into the memory unless a field has been previously
      defined from the keyboard. This is the purpose of the memory protect
      flip-flop 184 discussed hereinbefore. If flip-flop 184 is set and if a
      data key is actuated, then AND gate 172 will apply a binary 1 signal
      through OR gate 180 to set flip-flop 178. The circuitry will now wait for
      two ESC characters in succession to be detected by decoder DC. Once this
      is decoded, then decoder output line E.sub.e carries a binary 1 signal
      which is applied to AND gate 196 to set flip-flop 194 which, as discussed
      hereinbefore, controls the operation for writitng bits b.sub.2 through
      b.sub.8 into the memory. Bit b.sub.1 is written into the memory under the
      control of an AND gate 220 in multiplexer M-3. Since the data control line
      S.sub.D carries a binary 1 signal, this AND gate is enabled upon receipt
      of a binary 1 signal from decocer output line E.sub.e, thus enabling AND
      gate 80 and disabling AND gate 78 through inverter 86. This permits bit
      b.sub.1 of the data character to be entered into register R3 when a shift
      pulse is applied to register RK1. The bit b.sub.1 shift pulse is obtained
      in the same manner discussed hereinbefore relative to the entry of the
      control character. Thus, once AND gate 196 applies a trigger signal to set
      flip-flop 194, it also applies a binary 1 signal through OR gate 198 to
      enable AND gate 150 to pass one clock pulse from clock source O.sub.C to
      the shift input terminal of register RK1. Bits b.sub.2 through b.sub.8 are
      transferred in the same manner as that discussed before with respect to
      the entry of bits b.sub.2 through b.sub.8 of the control character.
      However, bits b.sub.2 through b.sub.8 are entered under the control of AND
      gate 224 which is enabled by flip-flop 194. As in the previous discussion
      relating to shifting the eight bits of the control character into register
      R2, only seven shift pulses are applied to the shift register RK1 with the
      eighth bit being a parity bit obtained from the bit serial parity
      generator BSPG. Once all eight bits have been entered into register R3, an
      operation is instituted to ensure that this character is followed by two
      ESC characters.
PAR  Before the data character was written into register R3, an ESC character
      was located in register R2. During the byte time the data character was
      written into register R3, AND gate 78 was disabled. However, AND gate 64
      in multiplexer M-2 was enabled and the ESC character that had been located
      in register R1 was shifted into register R2. During the nxet byte time
      then, the data character just entered is shifted from register R3 to the
      external shift register SSH and the ESC character in register R2 is
      shifted into register R3. During this byte time, flip-flop 210 is in a set
      condition and applies a binary 1 signal through OR gate 214 in
      multliplexer M-2 to enable AND gate 68. This permits an ESC character from
      the character generator 96 to be shifted through AND gate 68 and thence,
      through OR gate 70 into register R2. It is to be noted that another ESC
      character is not written into register R1 during this byte time since AND
      gate 212 is disabled because the control signal line S.sub.C carries a
      binary 0 signal.
PAC  Function Key
PAR  Various commands and field definers may be entered into the memory by
      actuating the function key and then one of the numeric keys. For example,
      when the function key is actuated and that actuation is followed by
      actuation of numeric key 1, an imprint command X.sub.I is written into the
      memory. The manner in which this is accomplished is described below. When
      the function key FCT is actuated, encoder ENC places a binary 1 signal on
      both of the output control lines S.sub.C and S.sub.D. This then, enables
      an AND gate 226. When the key debounce counter circuit KDBC provides its
      trigger pulse KBS3, this pulse is applied to AND gate 226. With flip-flop
      174 in a set condition, the output of AND gate 226 will be applied through
      a succeeding AND gate 228 to set a flip-flop 230. When flip-flop 230 is
      set, it is indicative of a condition that the circuitry has detected a
      function key actuation and is now waiting for the next key actuation. In
      the meantime, the alpha character F is displayed on the terminal display.
      While the circuitry is waiting for the next key actuation, flip-flop 230
      applies a binary 1 signal to enable AND gates 232 and 234. AND gate 232
      serves to detect whether the next key actuation resulted from actuating a
      key other than the function key or the delete key. If it is a data key
      that is actuated, then the KBS3 signal from the key debounce counter KDBC
      is gated through AND gate 232 to set a flip-flop 236. If, on the other
      hand, the next key actuation is a delete key actuation, then decoder DC
      applies a delete last field keyboard signal KX.sub.CF to disable AND gate
      232 and enable AND gate 234. When counter KDBC provides its output trigger
      pulse KBS3, AND gate 234 will then apply a binary 1 signal through OR gate
      238 to set flip-flop 174 and also to reset flip-flop 230 through OR gate
      246. This will cause the circuitry to be recycled back to its starting
      condition, awaiting a new key actuation. Consistent with the delete key
      function, the character F is cleared from the display. Also, when
      flip-flop 174 is returned to its set condition, it applies a binary 0
      signal through an invertor 240 to remove the bus busy output from the bus
      busy line through OR gate 242. IT is to be noted that when the function
      detection took place and was detected at AND gate 228, this AND gate
      served to reset the flip-flop 174 through OR gate 244. Subsequent repeated
      actuations of the delete key will not change logic states.
PAR  If the next key actuated is a data key or any key other than a function
      key, delete key, or a reset key, then AND gate 232 will set flip-flop 236
      and at the same time, apply a reset pulse through OR gate 246 to rest
      flip-flop 230.
PAR  When flip-flop 236 is in a set condition, the circuitry will wait for a
      detection of two ESC characters in succession at registers R1 and R2. When
      this takes place, the decoder DC applies a binary 1 signal on its output
      line E.sub.e with the signal being anded with the output from flip-flop
      236 through an AND gate 248 to set flip-flop 250. The output from AND gate
      248 also serves to reset flip-flop 236 and provides the shift pulse for
      bit b.sub.1 through OR gate 198 and AND gate 150. Flip-flop 236, when set,
      enables AND gate 252 in multiplexer M-2. When the decoder DC places a
      binary 1 signal on its E.sub.e output line, AND gate 252 enables AND gate
      66 through OR gate 190 in muliplexer M-2. Thus, when the first shift pulse
      is applied to register RK1, bit b.sub.1 is shifted into the memory through
      AND gate 66 and OR gate 70 into register R2.
PAR  Bits b.sub.2 through b.sub.8 are written into register R2 under the control
      of flip-flop 250. Thus, as long as this flip-flop is set, it provides a
      binary 1 output signal through AND gate 206 and OR gate 198 to enable AND
      gate 150 so that clock pulses from clock source O.sub.C are applied to the
      shift input of register RK1. Also, when flip-flop 250 is set, it enables
      AND gate 66 in multiplexer M-2 through OR gate 190. Bits b.sub.2 through
      b.sub.7 are now shifted from register RK1 into register R2. The eighth bit
      is obtained from the bit serial parity generator BSPG in synchronism with
      the clock character synchronizing pulse CS8. CS8 is also ANDed with the
      output of flip-flop 250 by way of an AND gate 252 to set flip-flop 254 and
      reset flip-flop 250.
PAR  When flip-flop 254 is in its set condition, it serves to control cicuitry
      by which ESC characters are written into registers R1 and R2. With
      flip-flop 254 being set, it applies a binary 1 signal through OR gate 214
      to enable AND gate 68 in multiplexer M-2. This output from flip-flop 254
      also enables AND gate 54 in multiplexer M-1. Consequently then, during the
      next byte time, an ESC character is written into register R1 through
      multiplexer AND gate 54 and another ESC character is written into register
      R2 through multiplexer AND gate 68. The next synchronizing pulse CS8 is
      with the output from flip-flop 254 by way of an AND gate 256 to reset
      flip-flop 254 and to set flip-flop 174 through OR gate 238. As previously
      discussed, once flip-flop 174 is set, it removes the binary 1 signal
      previously applied to the bus busy line.
PAR  From the foregoing then, it is seen that the keyboard control circuitry
      shown in FIG. 10 enters data characters into the memory through
      multiplexer M-3 and enters control characters and field definers into the
      memory through multiplexer M-2. Special characters, such as the escape
      character ESC, are entered into the memory through multiplexers M-1 and
      M-2. Whenever a control or data character is entered into the memory, the
      circuitry ensures that the character is followed by two ESC characters in
      succession. This defines the location for entering the next character or
      provides an indication of end of message.
PAC  PERIPHERAL READ/WRITE CONTROL CIRCUIT
PAR  Referring back to FIG. 6, data is written into the terminal memory from the
      keyboard under the control of a keyboard data entry control circuit KDC.
      However, data may also be written into the memory from the fixed data
      source FDS or from an input peripheral such as one of the card readers
      CR-1 or CR-2. Also, data may be written into the memory from the CPU by
      way of a communications control circuit. Data written into the memory from
      the fixed data source or from one of the input peripherals CR-1 or CR-2 or
      from an input/output periphneral such as the CPU, is written into the
      memory on the DATA IN line under the control of a peripheral read/write
      control circuit RWC.
PAR  The read/write control circuit RWC is illustrated in detail in FIG. 11 to
      which attention is now directed. Data from one of the peripherals, as well
      as from the fixed data source, is written into the memory by way of the
      DATA IN line through multiplexer M-2. There are three diffent write modes
      available to the peripherals, therefore before writing is initiated a
      peripheral must first define the desired mode, utilizing a combination of
      the read and write control lines as discussed below. After the accessory
      or peripheral defines the mode of operation to be employed the read/write
      control circuit will establish the necessary mode control and then raise
      the read/write sync line R/W-SYNC to indicate to the peripheral that it
      can begin. The peripheral then assumes control of the memory clock
      O.sub.S. To select mode 1, the peripheral raises the write control line
      WCTL; to select mode 2, the peripheral raises the write control line WCTL
      and the read control line RCTL simultaneously; and to select mode 3, the
      peripheral raises the WCTL line. Each of these writing modes will be
      discussed in detail below.
PAC  Mode 1 --Write Operation
PAR  This is the normal mode of writing text into the memory at an end of memory
      location designated to two ESC characters located respectively in
      registers R1 and R2. Thus, in this mode data is normally written so that
      it follows data previously entered. When this mode is selected, the
      read/write coontrol circuit will automatically precede the data from the
      peripheral with an ESC character.
PAR  To enter this mode, an accessory or peripheral raises the write control
      line WCTL. The read/write control circuit RWC will operate to locate the
      present end of text in the memory defined by (ESC((ESC) and stop the
      memory clock O.sub.S so that the first character entered by the peripheral
      will be written over the second of the two ESC characters in registers R1
      and R2 as an X.sub.i in the sequence (ESC) (X.sub.i). The peripheral
      enables the memory clock O.sub.S by raising the O.sub.S ENABLE line. The
      clock control is switched to the peripheral when the read/write control
      circuit raises its read/write sync line R/W-SYNC to indicate to the
      peripheral that it can begin clocking O.sub.S. After the data has been
      entered into the memory and the peripheral lowers the write control line
      WCTL, the bus busy line BBSY will remain busy for one byte time while the
      control circuitry inserts two ESC characters into the message to define
      the end of text in memory. The mode 1 writing operation will now be
      discussed in detail with reference to the circuitry shown in FIG. 11.
PAR  When the peripheral or accessory raises the write control line WCTL, a
      binary 1 signal is carried on this line and applied to a normally enabled
      AND gate 260. This AND gate sets a flip-flop 262 which serves to provide a
      hold function while the circuitry waits for detection of the two ESC
      characters in registers R1 and R2. The output from AND gate 260 is also
      employed to reset a normally set flip-flop 264 through an OR gate 266.
      This flip-flop is normally in a set condition and when reset, it provides
      an output which is applied through an inverter 268 to raise the bus busy
      line BBSY through an OR gate 270.
PAR  When the end of text in the memory has been detected, decoder DC applies a
      binary 1 signal on its output line E.sub.e. This is added with the output
      from flip-flop 262 by way of an AND gate 272 in multiplexer M-2. AND gate
      272, in turn, applies a binary 1 signal through an OR gate 274 and thence,
      through a normally enabled AND gate 276 to disable the clock source AND
      gate 278 through an inverter 280. AND gate 278 is normally enabled to pass
      clock pulses from the system clock source O.sub.C through an OR gate 282
      to provide the shift clock pulses O.sub.S which serve to shift the data in
      the memory one bit at a time. When AND gate 278 is thus disabled, the
      memory is stopped with ESC characters located in registers R1 and R2. AND
      gate 276 also applied a binary 1 signal to set a D type flip-flop 284.
      This is the read/write sync flip-flop and, on the next bit time from the
      system clock O.sub.C, provides a binary 1 signal on the read/write sync
      line R/W-SYNC to indicate to the peripheral that it has control of the
      memory clock O.sub.S.
PAR  When the peripheral raises the O.sub.S ENABLE line, this will enable AND
      gate 286 to pass the system clock pulses O.sub.C through OR gate 282 with
      the output pulse train being referred to herein as clock source O.sub.S,
      which is used as a source of shift pulses for the terminal memory. The ESC
      character in register R2 is shifted from register R2 to register R3
      through multiplexer M-3. The ESC character in register R-1 is prevented
      from being shifted into register R-2 since AND gate 64 is disabled through
      inverter 74. Thus, while the write control line WCTL is raised, AND gate
      288 applies a binary 1 signal to inverter 74 to disable AND gate 64. AND
      gate 288 also applies a binary 1 signal to enable AND gate 66 so that the
      data stream on the DATA IN line will be passed through AND gate 66 and
      thence, through OR gate 70 to be shifted into register R-2 under the
      control of the clock source O.sub.S. This will continue until the last
      character to be written into the memory from the peripheral has been
      shifted into register R-2. The peripheral will then lower the write
      control line WCTL indicating that it has completed transferring data into
      the memory. When this occurs, the read/write control circuit RWC initiates
      an operation to place two ESC characters into the memory to designate end
      of message. This is described below.
PAR  When flip-flop 262 was actuated to its set condition, it provided a binary
      1 output signal to enable AND gate 290. When the decoder DC provided a
      binary 1 signal on its output line E.sub.e, this signal was applied to AND
      gate 290 to reset flip-flop 262 and set flip-flop 292 through an OR gate
      294. Flip-flop 292 provided a binary 1 output signal through OR gate 274
      so that AND gate 66 would continue to be enabled to pass the data from the
      DATA IN line through OR gate 70 to register R-2. In addition, when
      flip-flop 292 is in its set condition, it applies a binary 1 signal to
      enable an AND gate 296. When the peripheral completes writing data into
      the terminal memory, it lowers its write control line WCTL. When the write
      control line WCTL is lowered to carry a binary 0 signal, the signal is
      inverted by an inverter 298 and is ANDed with the output from flip-flop
      292 by way of AND gate 296 to set a flip-flop 299. When flip-flop 299 is
      set, it serves to control the writing of ESC characters into registers R1
      and R2 so as to designate the end of message.
PAR  During the time that flip-flop 299 is in a set condition, it applies a
      binary 1 signal to enable AND gate 54 in multiplexer M-1 so that during
      the next byte time, an ESC character is clocked into register R1 from the
      ESC character generator 96 through AND gate 54 and OR gate 56. Also during
      this byte time, flip-flop 299 provides a binary 1 signal to enable AND
      gate 68 in multiplexer M-2. This permits an ESC character to be shifted
      into register R2 from the ESC character generator 96. At the end of this
      byte time, ESC characters have been loaded into registers R1 and R2. A
      clock synchronizing pulse CS8 is then ANDed with the output from flip-flop
      299 by means of an AND gate 300 to reset flip-flop 299 and set the reset
      state flip-flop 264 through OR gates 302 and 304. This will then remove
      the bus busy signal.
PAC  Mode 2 -- Write Operation
PAR  This mode of operation permits an accessory or peripheral to write new data
      into the memory starting at any location in the memory and concluding as
      in mode 1, wherein the control circuitry serves to insert two ESC
      characters to follow the new data when the write control line WCTL is
      lowered. The purpose of this write mode is to permit an accessory or
      peripheral to modify data which it has just written into memory or data
      previously existing in memory and terminating at an end of message code,
      i.e. the sequence (ESC) (ESC). An example of this would be accessory
      writing into memory and then detecting the existence of a parity error
      necessitating a rewrite of the data.
PAR  To select this mode of operation, the peripheral raises both the read
      control line RCTL and the write control line WCTL simultaneously. This
      will generally be a prompt response to decoding a predefined field definer
      (X.sub.i) in the sequence (ESC) (X.sub.i). The first character clocked
      into the memory will be written over the decoded X.sub.i. The response by
      the read/write control circuit RWC to this mode selection will be to stop
      the memory within the same bit time as the mode select. Then, the
      read/write control circuit will switch control of the O.sub.S clock to the
      peripheral by raising the read/write sync line R/W-SYNC to indicate to the
      accessory that it can begin clocking O.sub.S. The read/write sync line
      R/W-SYNC will go high within the bit time following the mode select. The
      read control line RCTL may be lowered any time after the bit time that the
      mode select is made. This mode of operation will now be described in
      detail with reference to the circuitry of FIG. 11.
PAR  When both the read control line RCTL and the write control line WCTL are
      raised, AND gate 306 will apply a binary 1 signal to set flip-flop 292
      through OR gate 294 and will also reset the reset state flip-flop 264 to
      raise the bus busy line. When flip-flop 292 is set, it applies a binary 1
      signal through OR gate 274 and through normally enabled AND gate 276 to
      disable AND gate 278. This stops the clock source O.sub.S. In addition,
      AND gate 276 applies a binary 1 signal to set the read/write sync
      flip-flop 284 to place a binary 1 signal on the read/write sync line
      R/W-SYNC. This informs the peripheral that it now has control of the
      memory clock. The peripheral raises its O.sub.S ENABLE line so that the
      O.sub.C clock pulses will be gated through now enabled AND gate 286 and
      thence, through OR gate 282 to provide the O shift clock pulses to the
      terminal memory. Data will now be written into the terminal memory through
      the DATA IN line in the same manner as described above relative to the
      mode 1 operation. When the peripheral has completed writing data into the
      memory, it lowers its write control line whereupon AND gate 296 applies a
      binary  1 signal to reset flip-flop 292 and set flip-flop 299. When
      flip-flop 299 is set, it initiates an operation to write two ESC
      characters into the memory in the same manner described hereinbefore
      relative to the mode 1 write operation. At the completion of writing the
      two ESC characters into registers R1 and R2, respectively, the clock
      synchronizing pulse CS8 is applied through enabled AND gate 300 to reset
      flip-flop 299 and OR gates 302 and 304 to set the slip-flop 264 and lower
      the bus busy line.
PAC  Mode 3 -- Write Operation
PAR  This mode of operation may be considered as an editing mode in that it
      permits the accessory or peripheral to write over the selected data in
      memory without inserting a new end of text (two ESC characters) into the
      memory when the writing operation is terminated. This mode is entered into
      by raising the read control line RCTL to stop memory at the desired
      location. The read/write control circuit responds by raising its
      read/write sync line R/W-SYNC and the peripheral may now write data into
      the memory. To accomplish this, the accessory raises the write control
      line. If this mode was selected upon decoding a filed definer or command
      then the first character clocked in will be written over the decoded
      character (X.sub.i) in the field sequence (ESC) (X.sub.i). Once this mode
      is entered, the read control line RCTL can remain high or be lowered.
      However, to leave this mode of operation, both the read control line RCTL
      and the write control line WCTL must be lowered. This mode of operation
      will now be described with reference to FIG. 11.
PAR  When the read control line RCTL is raised, AND gate 310 applies a binary 1
      signal to set flip-flop 312 and reset flip-flop 264 through OR gate 266.
      This will raise the bus busy line. When flip-flop 312 is in its set
      condition, it applies a binary 1 signal through OR gate 274 to the
      nromally enabled AND gate 276. AND gate 276, in turn, applies a binary 1
      signal to disable AND gate 278 and stop the memory clock O.sub.S. In
      addition, AND gate 276 applies a binary 1 signal to set flip-flop 284 to
      thereby raise the read/write sync line R/W-SYNC.
PAR  The accessory can now write into the memory by raising the write control
      line WCTL and write data into the memory in the same manner as described
      earlier with respect to the mode 1 write control operation. When the
      operation is completed and both the read control line RCTL and the write
      control line WCTL have been lowered, then these binary 0 signals are
      inverted by inverters 314 and 316 and ANDed with the output from flip-flop
      312 by means of an AND gate 318 to reset flip-flop 312 and to set
      flip-flop 264 through OR gates 302 and 304.
PAR  In the preceding discussion of the three write modes all writing was
      performed synchronously with the system clock O.sub.C. It is also possible
      to write into memory asynchronously with O.sub.C. Once a peripheral has
      control of the memory clock O.sub.S, defined by a binary 1 on the R/W-SYNC
      line, it can control O.sub.S with O.sub.S ENABLE as previously described
      or it can drive O.sub.S with clock input O.sub.X, keeping O.sub.S ENABLE
      at a binary 0. O.sub.X thus controls O.sub.X through AND gate 320 and OR
      gate 322 independent of O.sub.C.
PAC  Read Control
PAR  An accessory or peripheral can raise the read control line RACTL to stop
      the memory clock O.sub.S. For example, this is done whenever the accessory
      is reading from the memory and detects a field definer of interest that it
      wants to hold for later use. This is done, for example, in the imprint
      control operation where the imprint control circuitry, raises RCTL to stop
      memory upon detection of the imprint command X.sub.I, conincident with
      performing a printing wheel set up operation.
PAR  In addition, the accessory, after gaining control of the memory clock
      O.sub.S, may find it desirable to read at a data rate which is equal to or
      less than the system clock O.sub.C. Two controls are available for this.
      Selected O.sub.C pulses can be applied to O.sub.S through AND gate 286 by
      control of O.sub.S ENABLE. In such case then, instead of raising the
      O.sub.S ENABLE line, this line would remain low and thereby enable and AND
      gate 320 through an inverter 322. With AND gate 320 being enabled, an
      asynchronous clock source O.sub.X may be clocked through AND gate 320 and
      OR gate 282 to serve as the memory clock source O.sub.S.
PAC  CARD AND FIXED DATA WRITE-IN CONTROL
PAR  Reference is again made to FIG. 6 from which it is seen that data is
      written into the memory from the card readers CR-1 and CR-2, and from the
      fixed data source FDS under the control of a card and fixed data write-in
      control circuit FCW. This control circuit operates in conjunction with the
      read/write control circuit RWC in entering data into the terminal memory.
PAC  Fixed Data Write-In
PAR  Reference is now made to FIG. 12 which illustrates the circuitry employed
      in the card and fixed data write-in control circuit FCW. While the
      terminal memory is being reset, the reset control circuit RCC provides a
      reset signal which serves to set a flip-flop 326 in the control circuit
      FCW. Once the reset function has been completed, this signal is lowered
      and inverted by an inverter amplifier 328 to reset flip-flop 326. However,
      before the flip-flop changes state, its binary 1 output signal and the
      binary 1 output signal obtained from inverter amplifier 328 are anded by
      means of an AND gate 330 to apply a binary 1 signal to set a flip-flop
      332.
PAR  When flip-flop 332 is set, it sets up an operation by which the fixed data
      field definer X.sub.F in the sequence (ESC) (X.sub.F) is loaded into
      register R-10. Thus, with flip-flop 332 in its set condition, it applies a
      binary 1 signal through an OR gate 334 and another OR gate 336 to enable
      an AND gate 338 so that clock pulses from the system clock source O.sub.C
      may be passed through the AND gate to the shift input of register R-10.
      Also, with flip-flop 332 in a set condition, it applies a binary 1 signal
      to enable an AND gate 340 to pass the eight bit field definer character
      X.sub.F from a clock synchronizing and character generating circuit 342.
      This circuit serves to receive the O.sub.C clock train and provide
      synchronizing pulses ICS1 in synchronism with bit b.sub.1 and ICS8 in
      synchronism with bit b.sub.8. It also serves to continuously provide eight
      bit field definer characters X.sub.F, X.sub.CR1 and X.sub.CR2. These field
      definer characters are loaded only when an associated AND gate is enabled.
      Thus, with AND gate 340 being enabled, the eight bit field definer
      character X.sub.F is passed through the AND gate and thence, through an OR
      gate 344 and clocked into register R10 by the shift pulses from the system
      clock O.sub.C. At the end of the byte time that field definer X.sub.F was
      loaded, a synchronizing pulse ICS8 is applied to an AND gate 346 to reset
      flip-flop 332 which then disables AND gates 338 and 340 and the field
      definer character X.sub.F has all eight bits loaded into register R10.
PAR  When AND gate 346 receives the synchronizing pulse ICS8 it also applies a
      binary 1 signal to set a flip-flop 348. This flip-flop serves to enable an
      AND gate 350 so that it is conditioned to set a flip-flop 352 upon receipt
      of the read/write sync signal R/W-SYNC from the read/write control circuit
      RWC. When this occurs, AND gate 350 resets flip-flop 348 and sets
      flip-flop 352. Flop-flop 352 controls the operation of writing the fixed
      data field definer X.sub.F and the fixed data into the terminal memory
      through register R10. To accomplish this, flip-flop 352, when in its set
      condition, applies a binary 1 signal through an OR gate 354 to thereby
      raise the O.sub.S ENABLE line to take control of the clock source O.sub.S
      and apply shift pulses to the terminal memory. At the same time, the
      binary 1 output from flip-flop 352 enables AND gate 356 so that clock
      pulses from the system clock source O.sub.C may be passed to actuate the
      fixed data source FDS.
PAR  The fixed data source may take various forms and preferably includes an
      address counter together with a programmed read only memory (PROM). Each
      pulse passed by AND gate 356 serves to advance the counter by one
      increment. As the counter is incremented, it addresses the read only
      memory to obtain one bit of information. Thus, information in the form of
      a bit serial train of pulses is obtained from the fixed data source and is
      applied through an enabled AND gate 358 and thence, through OR gate 344 to
      register R10. The fixed data source provides a plurality of bits with
      every eight bits constituting a character with the number of characters
      involved being a fixed number in dependence upon the manner in which the
      ROM has been programmed. The last character obtained from the ROM is a
      stop character and this is decoded at register R10 by a decoder DEC. The
      decoder in response to decoding the stop character applies an output to
      set a flip-flop 360 through an enabled AND gate 362. This pulse also
      serves to reset flip-flop 352. When flip-flop 360 is set, it applies a
      binary 1 signal through an inverter 364 to lower the write control line
      WCTL through OR gate 366. Flip-flop 360 is reset by the reset line when
      the memory is being reset. The binary 0 signal provided during this
      condition is inverted by inverter 364 to raise the write control line
      WCTL. While the write control line WCTL carries a binary 1 signal, it
      enables an AND gate 368 so that the pulses being shifted through register
      R10 by the system clock source O.sub.C are applied through the AND gate to
      the DATA IN line and thence, through multiplexer M-2 into register R2 of
      the terminal memory. AND gate 368 is disabled by an inverter 370 when the
      decoder DEC detects the stop code in the fixed data field.
PAC  Writing Into memory From Card Readers
PAR  It is contemplated that the terminal will be provided with a card reader
      for reading data such as a customer's identity number on a credit card.
      Depending upon the type of credit card employed,  the card reader may be a
      conventional, optical card reader such as card reader CR-1 or a
      conventional, magnetic card reader such as card reader CR-2. Each card
      reader is provided with an associated read head. Thus, card reader CR-1 is
      provided with a card read head RH-1 and card reader CR-2 is provided with
      a read head RH-2. As is known, these read heads provide card data for
      entry into the card reader logic circuitry which conventionally includes a
      data store means such as a multibit buffer. Preferably, the card readers
      employ buffers for storing the data so that when clock pulses are applied
      thereto, the data will be clocked out in bit serial fashion. Card reader
      CR-1 is provided with shift or clock pulses from the system source O.sub.C
      by way of an AND gate 374. As the card reader receives these pulses, it
      shifts one data bit out of each clock pulse with the data bits being
      applied through an AND gate 376 and thence, through OR gate 344 into
      register R10. Similarly, card reader CR-2 receives clock pulses from the
      system clock O.sub.C through an AND gate 378 so that data bits are shifted
      out of the buffer in bit serial fashion through an AND gate 380 and
      thence, through OR gate 344 to the register R10. It is contemplated that
      suitable circuitry will be used to determine which of the two card readers
      is to be employed and this is illustrated herein by means of simple,
      normally open switches CR1-S and CR2-S which, when closed, serve to
      respectively enable one input of AND gates 374 and 378.
PAR  After the terminal has been reset, a trigger pulse is applied through an OR
      gate 382 to set a flip-flop 384 to await a card being placed into the
      terminal to commence the read operation. Flip-flop 384, when set, provides
      a binary 1 output signal which is inverted by an inverter amplifier 386 so
      that a binary 0 signal is carried by the write control line WCTL. If the
      bus is not busy, then an inverter amplifier 388 applies a binary 1 signal
      to AND gate 390. If a card is now centered into the terminal, a card entry
      switch of suitable design and illustrated herein as a simple, normally
      open switch 392, operates to apply another binary 1 signal to AND gate
      390. With AND gate 390 being thus enabled then, upon receipt of a clock
      synchronizing pulse ICS8, the AND gate will apply a binary 1 signal to set
      a flip-flop 394 and to reset flip-flop 384. With flip-flop 384 being
      reset, its binary 0 output signal is inverted by inverter amplifier 386
      and applied as a binary 1 signal through OR gate 366 to raise the write
      control line WCTL. The read/write control circuit RWC will now condition
      the writing circuitry and apply a return signal in the form of a
      read/write sync pulse R/W-SYNC so that the card data may be entered into
      the memory.
PAR  When flip-flop 394 is in a set condition, it controls the loading of the
      field definer X.sub.CR1 or X.sub.CR2 , depending upon which card reader is
      in effect, into the terminal memory. Thus, with this flip-flop being set,
      it applies a binary 1 signal to both AND gates 396 and 398. These AND
      gates serve to respectively pass the field definer characters X.sub.CR1
      and X.sub.CR2 depending upon which gate is enabled. This is obtained in
      dependence upon which reader is in effect, as represented by closure of
      switch CR1-S or CR2-S. Thus, depending upon the type of card employed, one
      of the switches will be closed to enable either AND gate 396 or 398. The
      enabled AND gate will then pass the eight bit field definer character
      X.sub.CR1 or X.sub.CR2 through OR gate 344 and then be clocked into the
      eight bit shift register R10 by enabled AND gate 338. AND gate 338 is
      enabled for one byte time when flip-flop 394 is in a set condition.
PAR  During the time that flip-flop 394 is in its set condition, it applies a
      binary 1 signal through an OR gate 401 to energize a card transport motor
      CTM through a suitable amplifier 403. The card transport motor serves to
      operate suitable means by which the card is driven through the terminal
      structure so that it may be read by the card reader in effect. Once the
      card field definer has been loaded into register R10, the system clock
      synchronizing pulse ICS8 applied to AND gate 405 to set flip-flop 407 and
      reset flip-flop 394. The card transport motor continues to run since
      flip-flop 407 will apply a binary 1 signal through OR gate 401 to run the
      transport motor through amplifier 403. While flip-flop 407 is set, the
      circuitry waits for an indication that the card being read has been
      transported to the card imprint station. This indicates to the circuitry
      that the card reading function has been completed. At that time, a
      suitable switch, indicated herein as a simple, normally open switch 409,
      applies a binary 1 signal to AND gate 411 which then applies a binary 1
      signal to set a flip-flop 413 and reset flip-flop 407. The writing of data
      from the card reader, however, is not commenced unless the circuitry is
      provided with a read/write sync signal R/W-SYNC. The output from flip-flop
      413 and the read/write sync signal R/W-SYNC are anded by means of an AND
      gate 415 to reset flip-flop 413 and set a flip-flop 417.
PAR  While flip-flop 417 is in its set condition, it serves to control the
      loading of the card data into the terminal memory through register R10.
      Thus, while this flip-flop is in its set condition, it applies a binary 1
      signal to enable either AND gate 374 or AND gate 378 depending upon which
      card reader is activated by closure of switch CR1-S or switch CR2-S. The
      data in the selected card reader is shifted in bit serial fashion under
      the control of shift pulses obtained from the system clock source O.sub.C
      by way of either AND gate 374 or 378. The bit serial data from the
      selected card reader is outputted through either AND gate 376 or 380 and
      thence, through OR gate 344 and loaded into register R10. The data is
      continuously shifted through register R10 by clock pulses obtained from
      the system clock O.sub.C through enabled AND gate 338. AND gate 338 is
      enabled as long as flip-flop 417 is in its set condition. As in the case
      with the fixed data source, the last character in the card reader buffer
      stage is a stop character and when this eight bit character is decoded at
      register R-10 by means of decoder DEC, the decoder provides a stop pulse
      to reset flip-flop 417 through an AND gate 419. The decoder output also
      disables AND gate 368 through inverter amplifier 370 to prevent data bits
      from being shifted through the AND gate to the DATA IN line. When AND gate
      419 resets flip-flop 417, it also applies a binary 1 signal through OR
      gate 382 to set flip-flop 384. This lowers the write control line WCTL
      through inverter amplifier 386 and OR gate 366.
PAC  COMMUNICATIONS CONTROL CIRCUIT
PAR  Reference is again made to FIG. 6, which illustrates the communications
      control circuit CCC which serves as the communications link for a two-way
      communication between the terminal and an input/output peripheral, such as
      the CPU. To facilitate an understanding of this invention, the
      communications control circuit CCC is described herein in two parts with
      one part being directed to the circuitry employed for entering data from
      the CPU into the terminal memory and the second part being directed to the
      circuitry employed for reading data from the memory and transmitting it to
      the CPU. The receiving portion of the communications control circuit will
      be referred to as circuit CCC-1 and the transmitting portion will be
      referred to as circuit CCC-2. The description which follows below is
      directed to the transmitting circuit CCC-1.
PAR  Data may be entered into the terminal memory from the CPU under the control
      of the communications control circuit in conjunction with the peripheral
      read/write control circuit RWC illustrated in detail in FIG. 11. The
      message received by the terminal may be of a message format such as that
      illustrated in FIG. 5D. As shown there, the message includes certain
      transmission characters, such as the start of header character SOH, the
      poll identity character PID, the start of text character STX, the end of
      text character ETX, and the longitudinal redundancy character LRC. These
      five characters are removed from the message as it is entered into the
      terminal memory. This function is performed by the communications control
      circuit. In addition, the communications control circuit employs circuitry
      for checking the received message for character parity error or
      longitudinal redundancy character error and if either error occurs, a
      negative acknowledgement NAK is sent to the CPU. If there is no error,
      then the terminal transmits a positive acknowledgement ACK to the CPU. The
      message format of the outbound transmission from the CPU as received by
      the terminal may appear as illustrated in FIG. 14A. The terminal response
      may take the format as illustrated in FIG. 14B. If the terminal response
      is a negative acknowledgement NAK, then it is contemplated that the CPU
      will be programmed to retransmit its message to the terminal with the
      retransmitted outbound message format taking the form as illustrated in
      FIG. 14C. When the message is entered into the terminal memory, the
      communications control circuit inserts a field definer X.sub.CPU
      indicative that the message data that follows is message data obtained
      from the CPU. This format is shown, for example, in FIG. 14D. The manner
      in which these functions is attained by the communications control circuit
      will now be described with reference to the circuitry illustrated in FIG.
      13.
PAR  Reference is now made to FIG. 13A which illustrates the circuitry in the
      communications control circuit that is employed for receiving an outbound
      transmission from a CPU or other remote facility for entering data into
      the terminal memory. As shown in FIG. 13A, the communications control
      circuit forms a communications link with the CPU through modems MO-1 and
      MO-3. The message received from the CPU is applied by modem MO-1 to an
      asynchronous receiver ASR which is clocked by the system clock source
      O.sub.C. The asynchronous receiver ASR, as well as the asynchronous
      transmitter ATR, may be of conventional design. The asynchronous receiver
      serves to receive data from the CPU which may be at a relatively slow
      transmission rate, such as on the order of 300 to 1200 bits per second,
      and syncronize the received bit train with the terminal system clock
      O.sub.C which may be at a substantially higher bit rate, such as on the
      order of 76,800 bits per second. The asynchronous receiver ASR provides
      received data clock pulses O.sub.RDC which are synchronized with the
      system clock pulses O.sub.C. These received data clock pulses O.sub.RDC
      are applied through an OR gate 420 and applied as shift pulses to the
      shift input of an input data register R-20. For purposes of simplicity,
      the stop and start bits typically employed in such a transmission scheme,
      will be ignored in this description. Register R-20 will be considered
      herein as being an eight bit shift register for storing received
      characters as eight bit characters with bit b.sub.8 of each character
      being a parity bit.
PAR  A receiving decoder RDC serves to decode the characters when located in
      register R-20. To facilitate the decoding operation, the asynchronous
      receiver ASR provides a sync pulse RDA once during each byte time of the
      received data clock pulses O.sub.RDC. This synchronizing pulse RDA is
      applied to the decoder RDC at a point in time that bits b.sub.1 through
      b.sub.8 of a character are located in register R-20. This decoder serves
      to decode the transmission characters SOH, PID, STX, ETX, and provide a
      binary 1 output signal on an associated decoder output line when the
      charaacter of interest is located in register R-20. The poll
      identification character PID will normally represent a unique address for
      a particular one of a plurality of terminals employed in the data capture
      system. Consequently then, the decoder RDC at each terminal will provide a
      binary 1 output signal on its PID output line only when it has decoded a
      unique eight bit PID character associated with the particular terminal.
PAR  When the decoder RDC decodes a start of header character SOH, it sets a
      flip-flop 422 to enable an AND gate 424. If the CPU is polling this
      terminal, decoder RDC will decode its PID character and provide a binary 1
      output signal on its PID output line and this signal is anded with the
      output from flip-flop 422 to set a flip-flop 426. Detection of the poll
      identification character also causes flip-flop 422 to be reset. This takes
      place the same bit time that the PID output has caused AND gate 424 to set
      flip-flop 426. When flip-flop 426 is in its set condition, this is
      indicative that this terminal has been polled by the CPU. The
      communications circuitry will now operate to raise the write control line
      WCTL to signal the read/write control circuit RWC that data is to be
      entered into the terminal memory. When flip-flop 426 is in its set
      condition, it applies a binary 1 signal through an OR gate 428 to set a
      flip-flop 430. When flip-flop 430 is in its set condition, it raises the
      write control line WCTL. The circuitry will now wait for the read/write
      sync line R/W-SYNC to be raised by the read/write control circuit RWC as
      discussed with reference to FIG. 11.
PAR  When AND gate 424 applied a binary 1 signal to set flip-flop 426, it also
      applied a binary 1 signal through an OR gate 432 to set a flip-flop 434,
      FIG. 13B. This enables an AND gate 436 while the circuitry waits for the
      read/write sync line R/W-SYNC to be raised. When this line is raised, AND
      gate 436 applies a binary 1 signal through an OR gate 438 to raise the
      O.sub.S ENABLE line to take control of the clock source O.sub.S. In
      addition, AND gate 436 applies a binary 1 signal to enable AND gate 440 so
      that an eight bit CPU field defining character X.sub.CPU may be passed
      through the AND gate from an X.sub.CPU character generator and clock
      synchronizing circuit 442. This circuit is clocked by the memory clock
      O.sub.S and serves to provide a synchronizing pulse CS8 at bit time
      b.sub.8 as well as to provide a continuous data train for defining the
      eight bit CPU field defining character X.sub.CPU. The X.sub.CPU character
      is applied terminal memory through multiplexer M-2. At the end of this
      byte time, generator 442 provides a synchronizing pulse CS8 which resets
      flip-flop 434 through enabled AND gate 446. When flip-flop 434 is reset,
      it disables AND gate 440 to prevent further character bits from being
      passed through OR gate 443 and AND gate 444 to the DATA IN line.
PAR  While flip-flop 426 is in its set condition, it enables an AND gate 450
      through an OR gate 452. When decoder RDC decodes the start of text
      character STX in register R-20, it sets a flip-flop 454 through enabled
      AND gate 450 and resets flip-flop 426. When flip-flop 454 is set, it is
      indicative that the start of text character STX is located in register
      R-20. Flip-flop 454, when in its set condition, serves to enable an AND
      gate 456. The circuitry now waits for the asynchronous receiver ASR to
      provide a synchronizing pulse RDA when the first data character in the
      message is loaded into register R-20. When this occurs, AND gate 456
      applies a binary 1 signal to set flip-flop 458 and to reset flip-flop 454
      and to set flip-flop 454 through OR gate 463.
PAR  When flip-flop 458 is in its set condition, it controls the clocking of a
      message character into the terminal memory through the DATA IN line. Thus,
      when this flip-flop is set, it enables an AND gate 460 and also enables an
      AND gate 462. When a synchronizing pulse RDA is applied to AND gate 462,
      this AND gate will set a flip-flop 464 which enables an AND gate 466. When
      AND gate 466 is enabled, it passes the O.sub.C clock pulses through OR
      gate 420 to apply shift pulses to register R-20 at the system clock rate
      whereupon the data in register R-20 is shifted in bit serial fashion
      through AND gate 460 and thence, through OR gate 443 and through enabled
      AND gate 444 to the DATA In line to be written into the terminal memory.
      One byte time later, the generator 442 applies a synchronizing pulse CS8
      to reset flip-flop 464 to lower the O.sub.S ENABLE line to stop the
      terminal memory clock and to disable AND gate 466 to prevent the system
      clock pulses O.sub.C from being applied to register R-20.
PAR  In the foregoing description, the first character in the message was
      written into the terminal memory by shifting data in bit serial fashion
      out of register R-20 at a rate corresponding with the system clock pulse
      source O.sub.C. This data was written into the terminal memory at a rate
      in accordance with the terminal memory clock source O.sub.S while the
      O.sub.S ENABLE line was raised. Once the character had been shifted out of
      register R-20, the terminal memory was stopped and AND gate 466 was
      disabled. The asynchronous receiver will now load a second character in
      the message into register R-20. When this is completed, the asynchronous
      receiver will apply a synchronizing pulse RDA to again set flip-flop 464.
      This will again enable AND gate 466 and raise the O.sub.S ENABLE line. The
      second eight bit character will now be shifted in bit serial fashion at a
      rate corresponding with the system clock source O.sub.C until generator
      442 provides a synchronizing pulse CS8 to again reset flip-flop 464. This
      operation will continue until all of the message characters have been
      written into the terminal memory. This will be detected when the end of
      text transmission character ETX is located in register R-20.
PAR  When the end of text character ETX is located in register R-20, the decoder
      RDC will apply a binary 1 signal to reset flip-flop 458. This will disable
      AND gates 460 and 462 to thereby prevent data transmission along the DATA
      IN line and to cause the O.sub.S ENABLE line to be lowered.
PAR  When the decoder RDC decodes the end of text character ETX, it sets a
      flip-flop 465 through AND gate 459 before flip-flop 458 changes state.
      When flip-flop 465 is in its set condition, it is indicative that the end
      of text character ETX is located in register R-20. On the next
      synchronizing pulse RDA, flip-flop 465 sets flip-flop 467 through AND gate
      466. This causes the termianl to send a poll identification character PID
      as a part of the terminal response back to the CPU. Thus, when the
      flip-flop 467 is in its set condition, it enables an AND gate 468 to pass
      a poll identification character PID from a suitable PID character
      generator 470 through an OR gate 472 to be transmitted by the asynchronous
      transmitter ATR. Once the character has been sent, the transmitter ATR
      provides a reset pulse CHS indicative that the character has been sent and
      this reset pulse is utilized to reset flip-flop 467. As shown in FIG. 14B,
      the terminal response will also include a positive acknowledgement
      character ACK or a negative acknowledgement character NAK.
PAR  If there is an error in the CPU transmitted message, the terminal
      communications control circuit will respond with a negative
      acknowledgement NAK. If a negative acknowledgement is to be transmitted, a
      flip-flop 474 will be actuated to its set condition. If this flip-flop is
      not in its set condition, then a positive acknowledgement character ACK
      will be transmitted. If a positive acknowledgement character ACK is to be
      transmitted, then inverter amplifier 476 enables an AND gate 478. When the
      PID character was transmitted by transmitter ATR, the character sent
      signal CHS and the output from flip-flop 467 were anded by way of an AND
      gate 480. AND gate 478 applies a binary 1 signal to flip-flop 481
      indicating that a positive acknowledged character ACK should be
      transmitted. With flip-flop 481 being in its set condition, it applies a
      binary 1 signal to enable an AND gate 482. This permits an acknowledgement
      character to be transmitted from an acknowledgement character generator
      484 through AND gate 482 and thence, through OR gate 486 to be transmitted
      by the asynchronous transmitter ATR. Flip-flop 481 is reset by CHS through
      enabled AND gate 483. This same reset signal is applied through OR gate
      485 to reset flip-flop 430 and to reset flip-flop 514 if it has been set.
PAR  If a negative acknowledgement character NAK is to be transmitted, then
      flip-flop 474 will be actuated to its set condition. The state of
      flip-flop 474 is controlled by a longitudinal redundancy character
      generator and checking circuit 490 and a bit serial character parity
      checking circuit 492. These circuits are conventional in the art. The
      longitudinal redundancy character checker is clocked by the asynchronous
      receiver pulse source O.sub.RDC and serves to examine the message
      structure for a longitudinal redundancy character error. If there is an
      error, the circuit will apply a binary 1 signal to one input of an AND
      gate 494. The bit serial character parity checking circuit 492 serves to
      check the parity of each character rather than the entire message and if
      an error is detected, applies a binary 1 signal through OR gate 496 to set
      flip-flop 474. Circuit 490 serves to provide an LRC error signal when the
      end of text character has been decoded and flip-flop 465 is in its set
      condition. The error signal is passed by AND gate 494 in synchronism with
      the synchronizing clock pulse RDA to set flip-flop 474. The synchronizing
      pulse RDA also resets flip-flop 465 through AND gate 457.
PAR  When an error has been detected, flip-flop 474 enables AND gate 498 and
      disables AND gate 478. Consequently, after the asynchronous transmitter
      has sent a poll indentification character PID, AND gate 480 applies a
      binary 1 signal through AND gate 498 to set flip-flop 500. When flip-flop
      500 is in its set condition, this is representative that the terminal has
      been conditioned to send a negative acknowledgement character NAK from a
      character generator 504 through OR gate 486 to be transmitted to the CPU
      by the asynchronous transmitter ATR. After this character has been sent,
      the character send pulse CHS is applied through an AND gate 506 to reset
      flip-flop 500 and set a flip-flop 508. The output of AND gate 506 is also
      applied to the reset input of flip-flops 430, 474, and 514 through OR gate
      485.
PAR  When flip-flop 508 is set, because a negative acknowledgement character has
      been sent to the CPU, it applies a binary 1 signal to raise the bus busy
      line through an OR gate 510. Flip-flop 508 also enables an AND gate 512
      and circuitry now waits for the CPU field defining character X.sub.CPU to
      be detected at register R1 in the terminal memory recirculation path --
      see FIG. 7. This is the field definer written into the terminal memory by
      the communications control circuit to define that the data following this
      character is data written into the terminal memory from the CPU. It is
      desirable then, when asking the CPU to retransmit its message, that the
      terminal memory be stopped with the CPU field definer X.sub.CPU located in
      register R1 to facilitate immediate writing of a retransmitted message
      into the terminal memory over the message previously entered. When the
      field definer character X.sub.CPU is detected at register R1 by decoder
      DC, the decoder applies a binary 1 signal through enabled AND gate 512 to
      set flip-flops 434, 514, and 430. With both flip-flops 430 and 514 being
      set, both the write control line WCTL and the read control line RCTL are
      raised. This is communicated to the read/write control circuit RWC which
      stops the terminal memory.
PAR  Flip-flop 434 serves to enable AND gate 436. When the read/write control
      circuit RWC responds with a binary 1 on the R/W-SYNC line, AND gate 436
      applies a binary 1 to the O.sub.S ENABLE line and allows AND gate 440 to
      write X.sub.CPU into memory RM.
PAR  The CPU retransmits its message to the terminal after receiving a negative
      acknowledgement character NAK, and it is contemplated that the CPU is
      programmed such that the first character in the retransmitted message
      format is the start of text character STX followed by the message
      characters as shown by the illustration of FIG. 14C. This start of text
      character is decoded by the decoder RDC to apply a binary 1 signal through
      enabled AND gate 450 to set flip-flop 454. On the next synchronizing pulse
      RDA, AND gate 456 serves to set flip-flop 458 indicating that the first
      character in the message has been loaded into register R20. Thereafter,
      the message characters are entered into the terminal memory in the manner
      described above. If the received message is now proper, the terminal will
      respond with a positive acknowledgement character ACK or if there is still
      an error in the transmission, the terminal will respond with a negative
      acknowledgement character NAK in the same manner as described above.
PAC  RESET MAIN MEMORY
PAR  The main memory RM is reset in response to actuation of the keyboard reset
      key or when a card is exited from the terminal. The memory is also reset
      in response to a stored reset command X.sub.R written into the memory from
      a peripheral, preferably the CPU.
PAR  Whenever a reset command X.sub.R is in the recirculating memory, it will be
      detected by decoder DC when the command is located in register R1. This
      sets into operation a series of events by which the memory is cleared and
      then 2 ESC characters in succession are written into the memory to assist
      in writing new data into the memory. The memory is cleared by entering NUL
      characters, each in the form of an 8 bit train of binary 0 pulses, into
      the memory.
PAR  The reset command X.sub.R is preceded by an ESC character. Thus, when the
      reset command is located at register R1, and ESC character is located at
      register R2. The first step in clearing the memory is to put a NUL
      character into register R2 as the ESC character in that register is
      shifted into register R3. In this manner, a NUL character is written over
      the detected reset command. This is achieved by setting a flip-flop 540 so
      that it applies a binary 1 signal through an OR gate 542 which is then
      inverted by an inverter 76 to disable AND gate 64 in multiplexer M-2.
      Consequently then, OR gate 70 in multiplexer M-2 applies a binary 0 signal
      to the input of register R2 so that a binary 0 signal is written into
      register R2 for each clock pulse from clock source O.sub.S. This takes
      places for one byte time so that an 8 bit NUL character is written into
      register R2 in place of the 8 bit X.sub.R command. During the next byte
      time, the NUL character in register R2 is shifted into register R3 and an
      ESC character is written into register R2 while an X.sub.R command is
      written into register R1. This is implemented with the circuitry discussed
      below.
PAR  One byte time after setting flip-flop 540, it is reset by a clock
      synchronizing pulse CS8 from generator 96. As will be recalled from FIG.
      7, generator 96 provides a synchronizing pulse CS8. Generator 96 also
      continuously provides ESC characters. An X.sub.R command may be obtained
      by inverting the ESC character, as with an inverter 545. Before flip-flop
      540 is reset by pulse CS8, the output of the flip-flop applies a binary 1
      signal to an AND gate 546. The CS8 pulse applied to flip-flop 540 is also
      applied through enabled AND gate 546 and an OR gate 547 to set a flip-flop
      548.
PAR  When flip-flop 548 is set, it enables AND gate 52 in multiplexer M-1.
      Inverter 545 applies a reset command X.sub.R through enabled AND gate 52
      and through OR gate 56 into register R1. When flip-flop 548 is set, it
      also enables AND gate 68 in multiplexer M-2 through an OR gate 554. During
      the next byte time, an ESC character is gated through AND gate 68 and OR
      gate 70 into register R2 while an XR command is gated into register R1, as
      was described hereinabove.
PAR  At the end of the byte time during which the ESC character was gated into
      register R2 and the X.sub.R character was gated into register R1,
      flip-flop 548 is reset by a clock synchronizing pulse CS8 through AND gate
      556. The synchronizing clock pulse CS8 is also applied through an enabled
      AND gate 558 to set a flip-flop 560. It is to be recalled that flip-flop
      548 does not change state until the next bit time and, hence, during the
      bit time that a synchronizing pulse CS8 is applied to AND gate 558, this
      AND gate is enabled. At the end of the next byte time, another clock
      synchronizing pulse CS8 will be anded with the output of flip-flop 560
      through an AND gate 562 to reset flip-flop 560 and to set flip-flop 566.
      During this byte time, however, the ESC character in register R2 is
      shifted into the register R3 and the 8 bit reset command character X.sub.R
      is shifted from register R1 into register R2.
PAR  At this stage in the operation of resetting the memory, a reset command
      X.sub.R is in register R2. All of the following character positions will
      receive NUL characters until the reset command X.sub.R is again detected
      at regist R1. A continuous stream of NUL characters is written into the
      memory through multiplexer M-2. This is implemented by the circuitry
      discussed below.
PAR  Flip-flop 566 will remain in its set condition until the X.sub.R command is
      again detected at register R1. During the interim period, the output from
      flip-flop 566 is applied through an enabled AND gate 567 and an OR gate
      542 and is inverted by inverter 76 to disable AND gate 64 in multiplexer
      M-2. So long as this AND gate is disabled, a binary 0 level is applied to
      the input of register R2 so that NUL characters are shifted into the
      register by clock source O.sub.S. The reset command X.sub.R recirculates
      through the memory and is followed by a train of successive NUL
      characters. Once the reset command X.sub.R is detected at register R1,
      each of the following character positions is occupied by a NUL character.
      The next step in completing the reset command X.sub.R and to add a
      succeeding ESC character so that the memory will contain two successive
      ESC characters with the rest of the character positions being occupied by
      NUL characters. This is implemented by the circuitry discussed below.
PAR  When the reset command X.sub.R is detected at register R1, decoder DC
      applies a binary 1 signal to reset flip-flop 566 and disables AND gate 567
      through an inverter 569. Before flip-flop 566 changes state, the reset
      command and the binary 1 output of the flip-flop are anded through an AND
      gate 570 to set flip-flop 572. These signals are also anded through an AND
      gate 570 to set flip-flop 572. These signals are also anded through an AND
      gate 574 to provide a binary 1 output which is applied through an OR gate
      576 and thence, through OR gate 554 to enable AND gate 68 in multiplexer
      M-2 and through OR gate 576 to enable AND gate 54 in multiplexer M-1 to
      write bit 1 of the ESC character into registers R1 and R2. During the next
      seven bit times flip-flop 572 provides the binary 1 to OR gate 576 to
      enable AND gate 68 and 54 to write in the remaining seven bits of the ESC
      character from generator 96 into registers R1 and R2. The ESC character
      written into R2 is effectively written over the X.sub.R character. At the
      end of the byte time, a clock synchronizing pulse CS8 resets flip-flop 572
      to prevent further ESC characters from being written into registers R1 and
      R2. Consequently then, the pulse train now existing in the recirculating
      memory is comprised of two succeeding ESC characters with the remaining
      character positions occupied by NUL characters.
PAR  When the reset command X.sub.R was first detected at register R1, decoder
      DC set a flip-flop 578. This flip-flop remains set until the reset
      operation is completed and is reset by flip-flop 572 through an AND gate
      580. While flip-flop 578 is set, it raises the terminal RESET line through
      an OR gate 582 to indicate to other circuits in the terminal that the
      memory is being reset.
PAR  The memory is also reset in response to actuation of a reset key on the
      keyboard or in response to a card being exited from the terminal. The
      reset key is simply illustrated in FIG. 15 as a normally open switch 584
      which is closed upon a reset key actuation to apply a binary 1 signal
      through an OR gate 586 to set a flip-flop 588. Similarly, a normally open
      switch 590 is illustrated for representing a card exit actuated switch and
      is closed as a card exits from the terminal to apply a binary 1 signal
      through OR gate 586 to set flip-flop 588. So long as flip-flop 588 is set,
      it raises the RESET line through OR gate 582.
PAR  Before flip-flop 588 changes state, its output circuit carries a binary 0
      signal which is inverted by an inverter 592 to enable an AND gate 594.
      Closure of either switch 584 or switch 590 causes a binary 1 signal to be
      applied through AND gate 594 to set a flip-flop 596.
PAR  When flip-flop 596 is set, it serves to set flip-flop 548 through an AND
      gate 598 to cause an ESC character to be written into register R2 and a
      reset command X.sub.R to be written into register R1, in the same manner
      as described before. The previously described operation by which the
      memory is cleared will continue until AND gate 580 applies a reset pulse
      to flip-flops 578 and 588. This will occur on the completion of the reset
      operation and the RESET line will be lowered.
PAC  VISUAL DISPLAY
PAR  Keyboard entered data is displayed on the terminal display as it is entered
      from the keyboard. Also, data stored in the memory is displayed on
      command. The description below deals with the manner in which the keyboard
      entered data is displayed. This is followed by a description as to the
      manner in which stored data is displayed on command.
PAC  Keyboard Data Entry Display
PAR  The keyboard entered data is displayed on a eight position readout RO,
      illustrated in FIG. 16. This is a visual display and may take any suitable
      form. In the embodiment illustrated, however, the visual readout RO takes
      the form of an eight digit display which incorporates seven segment units
      602, 604, 606, 608, 610, 612, 614 and 616. Display units 602 through 616
      may be considered as position 1 through 8 respectively with position 1 or
      unit 602 being the position of the least significant digit of character
      data being displayed. If all display units are being employed for
      displaying data, the most significant digit of character data is displayed
      by unit 616 in position 8. Data entered from the keyboard is in effect
      entered into the display from the right side at position 1 until the
      readout display is filled. If more than eight digits are entered, only the
      last eight digits entered will be displayed. Each of the display units is
      referred to as a seven segment display incorporating seven bars a, b, c,
      d, e, f and g with the seven bars being arranged as illustrated in
      position 8 at unit 616. For a given display position, each of the bars
      serves as an anode and is separately selected by one of the seven input
      lines to that display position. However, visual display is not achieved
      unless a circuit is completed to the cathode common to each of the seven
      bars per display position. In the embodiment illustrated, a digit select
      decoder DSD serves to complete the cathode circuit for a selected one of
      the units 602 through 616 at any given point in time. The units 602
      through 616 are selected on a time shared basis with each unit having an
      equal duty cycle. The seven input lines to the eight bars a through g are
      obtained from a display read only memory (ROM) DR. Consequently then, when
      a selected pattern of output lines a through g of ROM DR are energized,
      the corresponding eight bars of each of the display units 602 through 616
      are selected. However, the display unit that provides a visual display is
      that which has a completed circuit through its cathode as selected by the
      digit select decode circuit DSD.
PAR  As will be developed in greater detail hereinafter, the digit select decode
      circuit DSD is controlled by a D counter 618 to energize or complete the
      appropriate cathode circuit for display units 602 through 616. D counter
      618 is a mod 8 counter and each state of counter 618 selects one of the
      eight display positions.
PAR  The data entered from the keyboard KB is initiated by closure of one of the
      keyboard keys. This is detected by encoder ENC which depending upon which
      one of the keys has been actuated, provides a unique four bit binary code
      represented by bits b.sub.1 through b.sub.4. This accounts for four bits
      of an eight bit serial train used in the main memory.
PAR  As each character is being entered from the keyboard, bits b.sub.1 through
      b.sub.4 which define the character, are temporarily stored in register
      RK1. These four bits are entered into an auxiliary recirulating memory
      RM-2 having a four bit register RD1. Each character is entered into memory
      RM-2 through register RD1 when gates 619 are actuated by an RD1 load
      signal. The memory RM-2 is capable of storing, in the example given
      herein, a total of 32 bits with 4 bits in register RD1 and 28 bits in a
      second register RD2, also located in the recirculating path of the memory.
      Since a character entered by the keyboard is represented by bits b.sub.1
      through b.sub.4, the memory RM-2 is capable of stirring a total of eight
      characters. These eight characters correspond with the eight positions or
      display units of the visual readout RO. The data in the recirculating
      memory RM-2 is shifted bit by bit through the 32 bit positions in
      accordance with the frequency of shift pulses applied to registers RD1 and
      RD2 from a display clock source O.sub.D. This frequency may be in the
      order of, for example, 2.5 KHz and is sufficiently fast that, as will be
      appreciated in the following description, it provides information to the
      readout RO at a rate not discernible to the human eye and consequently,
      for any combination of character positions being energized, they will
      appear to the human eye as being continuously energized.
PAR  The output data train from register RD1 is shifted through register RD2 and
      thence, through a multiplexer M-5 into the input of register RD1. In the
      normal mode of operation, the data flow, through the multiplexer is
      through an enabled AND gate 620 and thence, through OR gate 622.
PAR  As the data is being recirculated in memory RM-2, it is sequentially read
      character by character into register RD3 when gates 623 are enabled by an
      RD3 load input signal. This takes place when a full character is located
      in register RD1 so that bits b.sub.1 through b.sub.4 of that character are
      parallel loaded into register RD3 and used to interrogate the display ROM
      DR. This display ROM serves as a four line input to seven line output
      converter. It preferably includes sections 626 and 628 which respectively
      serve to decode the bit pattern of character bits b.sub.1 through b.sub.4
      to provide a single line output which then serves as an address line to
      interrogate a particular address of a storage section 628 which, in turn,
      then energizes selected ones of a seven line output having output lines a
      through g to energize associated anode bars of each display unit 602
      through 616.
PAR  Each time a data key on the keyboard KB is actuated, a character is written
      into the recirculating memory RM-2 and placed in position 1 in the data
      stream and the numeric representation of that character is displayed in
      position 1 in the visual readout RO by energizing the light bars of
      display unit 602. Consequently, the last data character entered will
      always be considered as being in position 1 in the data stream and is
      visually displayed at position 1 in the visual readout RO. Control for
      this function is achieved by the D counter 618 which serves to keep track
      of the last keyboard data character entered into the recirculating memory
      RM-2 in terms of it being in position 1. Each time a new character is
      entered, the counter is reset and looks to the now entered character as
      being the last character entered in position 1 in the data stream and
      displayed at position 1 in the display readout RO.
PAR  Associated with D counter 618 is an N counter 640 which receives clock
      pulses from the display clock source O.sub.D. This counter is a four bit
      counter and counts clock pulses corresponding with bits b.sub.1 through
      b.sub.4 and then provides a trigger pulse or count pulse to the IN
      terminal of D counter 618. Consequently then, for every four bits in the
      data stream, N counter 640 decrements D counter by one count. D counter
      618 is a decimal to binary output counter and has a reset input responsive
      to a reset pulse for resetting to a count of 0 corresponding with position
      1 in the recirculating memory RM-2 and in the readout display RO.
PAR  Each time the D counter is decremented by the N counter, its three line
      binary output changes in binary content. This is decoded by the digit
      select code decoder DSD to energize the appropriate cathode in the display
      unit 602 through 616 which corresponds in position number with the status
      of the counter. The position accorded a character entered from the
      keyboard will change if a succeeding character is entered, with the last
      character entered always being considered as the character in position 1
      or a count of 0 at the D counter 618. The preceding character is shifted
      one position to the left to display unit 604.
PAR  Each time a data key is actuated to enter a new character to be displayed
      by display readout RO, a signal is provided on control line S.sub.D
      indicative that a data key has been actuated. This may be achieved by
      connecting the selected data keys to an OR gate within encoder ENC which
      provides an output to the control line S.sub.D. Whenever a data key is
      actuated, the control line S.sub.D is high, referred to hereinafter as a
      binary 1 signal. This signal is used to reset the D counter 618 to a
      binary count of 0 as the new character is entered into the recirculating
      memory in position 1. The binary 1 signal on control line S.sub.D is
      applied to an OR gate 650 which serves to set a flip-flop 652. The binary
      1 signal obtained from the output of the flip-flop is applied to enable
      AND gate 654. The second input of this AND gate is raised when a decoder
      656 detects a condition of the D counter 618 and the N counter 640 wherein
      the D counter has a count of 0 and the N counter has a count of 3. This
      count is referred to herein as (DN).sub.03. Decoder 656 may take any
      suitable form and serves to provide outputs for a DN count condition of
      (DN).sub.03 or an output when the count status of the N counter is at a 0
      status referred to herein as a count condition (N).sub.0 or when the D and
      N counters have a count condition (DN).sub.02 or (DN).sub.13. AND gate 654
      has both inputs satisfied once flip-flop 652 is set in response to control
      line S.sub.d being high and decoder 656 has provided an output indicative
      of a count status (DN).sub.03. Consequently, AND gate 654 now provides a
      trigger pulse which serves as the RD1 load input signal to cause register
      RD1 to be loaded from RK1 on the next clock pulse thereby loading bits
      b.sub.1 and b.sub.4. This is timed in such a manner that there is no bit
      time lost between bit b.sub.4 of the previously entered character and bit
      b.sub.1 of the character now being entered.
PAR  At the point in time of providing the RD1 load signal, the count status
      (DN).sub.03 is a condition wherein the last character entered is just
      leaving register RD1. On the next bit time of clock O.sub.D, the previous
      character entered is totally in register RD2 and bit b.sub.1 of the new
      character is placed into the data stream immediately behind bit b.sub.4 of
      the previously entered character.
PAR  Since a new data character has now been entered into the data stream
      through register RD1, it is necessary to reset the D counter 618 for this
      counter to have a 0 count condition representative of the last character
      being entered to be in position 1 at register RD1. This is achieved by
      providing a pulse, at the same time that register RD1 is loaded, obtained
      from AND gate 654 applied through an OR gate 657 to the reset input of the
      D counter 618 to cause the counter to reset to its 0 count status. This
      succeeding character which is now the last character entered into the
      recirculating memory RM-2, is displayed at position 1 in the visual
      readout RO since the D counter was reset to zero when the last character
      was entered into register RD1.
PAR  Each time a control key on keyboard KB is actuated, the entire contents of
      recirculating memory RM-2 are cleared. For example, if the control key
      actuated in the $ amount key, then the character A is initially displayed
      in position 1, then shifted to the left as data keys are actuated to
      provide the operator with a visual display of the character A followed by
      a plurality of decimal numbers indicative of the transaction amount.
      Consequently, the first step upon detection of a control key actuation is
      to erase any data presently in the recirculating memory so that the first
      character in the newly entered field is that which corresponds to the
      actuated control key.
PAR  When a control key is actuated, a control line S.sub.C is raised. This may
      be accomplished by connecting the control keys to an OR gate within the
      encoder ENC which provides a high signal or a binary 1 signal on control
      line S.sub.C whenever a control key is actuated. Raising control line
      S.sub.C applies a binary 1 signal pulse to the set input of a flip-flop
      662. When this flip-flop is set, it enables an AND gate 664 to set a
      flip-flop 666 when decoder 656 has detected a condition of the D counter
      and N counter corresponding with condition (DN).sub.02. Also, on this
      satisfying condition for AND gate 664, a pulse is applied through OR gate
      668 and thence, through a second OR gate 670 to one input of an AND gate
      672, in multiplexer M-5. AND gate 620 is disabled from the output of OR
      gate 670 through an inverter 674 so that the pulse stream from the output
      of register RD2 does not pass through the multiplexer. Instead, a binary 1
      signal is clocked into the register RD1 for each bit position as the pulse
      stream is shifted by clock pulses O.sub.D. This is obtained by connecting
      the second input of AND gate 672 to a binary 1 level source. Consequently
      then, a binary 1 signal is always applied to the input of the register and
      each bit shifted through the register will be of a binary 1 level. After
      register has been clocked for one cycle, all 32 bit positions will be of a
      binary 1 level.
PAR  When flip-flop 662 was set, it enabled AND gate 664. Thereafter, when the
      decoder 656 raised its output line representative of a count condition
      (DN).sub.02 both inputs to AND gate 664 were satisfied and this AND gate
      in turn set flip-flop 666. At the same time, however, a reset pulse was
      applied to reset flip-flop 662 so that its output is now lowered to a
      binary 0 level. This binary 0 signal is inverted by an inverter 680 to
      enable an AND gate 682. After the recirculating memory RM-2 has been
      cleared by writing binary 1 level signals in each bit position in the
      manner described above, decoder 656 will again provide a trigger pulse at
      a count condition (DN).sub.02. This satisfies the second input of AND gate
      682 which then provides a reset pulse to reset flip-flop 666. This will
      now disable AND gate 672 in multiplexer M-5. Since the output of OR gate
      670 is at a binary 0 level, AND gate 620 is enabled. The binary 1 level at
      the output of AND gate 682 is also applied through OR gate 650 to set
      flip-flop 652. Consequently then, when the decoder 656 has decoded a count
      condition of (DN).sub.03, AND gate 654 will apply an RD1 load trigger
      signal to register RD1 so that character bits b.sub.1 to b.sub.4 in RK1
      will be loaded on the next bit time into register RD1. Succeeding data
      characters for the transaction amount are now entered in succession by
      actuating data keys and these data characters are entered into the
      recirculating memory RM-2 in the manner described hereinbefore.
PAC  Main Memory Data Entry Display
PAR  The previous description was directed to the operation wherein data is
      entered into the recirculating memory RM-2 from the keyboard. As will be
      recalled, whenever a control key was actuated, the memory was cleared by
      writing binary 1 signals into each bit position of the 32 bit
      recirculating memory. Once that operation was completed, the four bit data
      characters were entered into the memory in the order in which the data
      keys were actuated. In a similar fashion, when data is entered into the
      memory from the main memory RM-1, the first function is to clear the
      recirculating memory RM-2 by writing binary 1's into the 32 bit positions.
PAR  Reference is now made to FIG. 16 which illustrates the circuitry employed
      for transferring data from the main memory RM-1 into the recirculating
      display memory RM-2. When the main memory decoder DC decodes a display
      command X.sub.D in register R1, it provides a binary 1 output pulse on its
      X.sub.D output line to set a flip-flop 686 on the next clock pulse.
PAR  Decoder output line X.sub.D is applied through enabled AND gate 688 to also
      force a binary 0 into register R2 through OR gate 690, inverter 76 and AND
      gate 64 for the one bit time the X.sub.D is at a binary 1 level. This
      forces the output of AND gate 64 to a binary 0 level such that the next
      clock pulse bit b.sub.1 of command X.sub.D will be forced to a binary 0
      level. On this same clock pulse, flip-flop 686 is set to continue forcing
      the bits of command X.sub.D to a binary 0 level through OR gate 690,
      inverter 76, and AND gate 64 until bit b.sub.8 time when the synchronizing
      pulse CS8 enables AND gate 696, resetting flip-flop 686. At this point,
      command X.sub.D has been replaced by a NUL character. Also, at the same
      time, AND gate 696 resets N counter 640, through OR gate 657, and resets D
      counter 618 and also sets flip-flop 698.
PAR  The output of flip-flop 698 and the output taken from AND gate 696 are
      applied through and OR gate 700 to enable AND gate 672 in multiplexer M-5.
      The output from OR gate 700 is also applied through an inverter 701 to
      disable AND gate 620 and thereby prevent the pulse train from the output
      of register RD2 from passing through the multiplexer. Instead, a binary 1
      signal is clocked into register RD1 through enabled AND gate 672 and OR
      gate 622. This will continue until flip-flop 698 is reset by decoder 656
      at a count condition (DN).sub.13. This takes place after the memory has
      been clocked for one cycle so that all 32 bit positions are at a binary
      level. While flip-flop 698 is set, it holds main memory RM-1 stationary
      until display memory RM-2 is cleared. One method of accomplishing this is
      to AND the inverted output of flip-flop 698 with clock O.sub.C to generate
      clock O.sub.S, as shown by inverter 742 and AND gate 744.
PAR  The D counter 618 is an eight position down counter and counts from a 0
      condition and then downwardly through conditions 7, 6, 5, 4, 3, 2, 1 to
      another 0 condition. The N counter 640 is an up counter and counts upward
      from a 0 condition through conditions 1, 2, 3 and then to the 0 condition.
      As will be recalled, the N counter counts upward with each pulse from the
      O.sub.D clock source, and hence, provides an output each time four clock
      bits from clock source O.sub.D have been counted. The D counter is a
      position counter for the readout display RO and is decremented by 1 count
      each time the N counter 640 counts four bits of the O.sub.D clock source.
      Consequently then, after the recirculating memory RM-2 has been cleared,
      the count condition of the D counter and the N counter corresponds to
      condition (DN).sub.13. When this condition is satisfied, the decoder 656
      provides an output to reset flip-flop 698 and which on the next bit time
      serves to disable AND gate 672 in multiplexer M-5 to prevent further
      clearing of the recirculating memory RM-2.
PAR  At the point in time that a reset pulse is applied to the reset input of
      the flip-flop 698, the output of this flip-flop is still carrying a binary
      1 signal. The reset pulse and the binary 1 output from flip-flop 698 are
      anded through an AND gate 704 to apply a binary 1 pulse through an OR gate
      706 to set a flip-flop 708. This flip-flop serves to control the loading
      of four bits corresponding to bits b.sub.1 through b.sub.4 of each eight
      bit data character, in the field to be displayed, in register R1 in the
      main memory RM-1. When flip-flop 708 is set, it enables AND gate 710. The
      second input to this AND gate is taken from the output of an inverter 712,
      having its input connected to decoder DC to receive a binary 1 signal only
      when the decoder has detected a single ESC character. This output is
      provided on output circuit e of decoder DC. Consequently then, until a
      single ESC character is decoded, both inputs to AND gate 710 have a binary
      1 signal level and AND gate 710 enables AND gate 714 in multiplexer M-5.
      The second input to AND gate 714 is the data path 716 taken from the
      output of register R1. The first four bits corresponding to bits b.sub.1
      through b.sub.4 of the first character in the data stream will now be
      clocked into register RD1 by the first four clock pulses of clock source
      O.sub.D.
PAR  This transfer of data from the main memory RM-1 into the display memory
      RM-2 takes place at a clock rate corresponding with clock source O.sub.C.
      Thus, when flip-flop 708 is set, a binary 1 signal is applied through OR
      gate 718 to enable one input of an AND gate 720. A second input to this
      AND gate is taken from the O.sub.C clock source. The third input to this
      AND gate is taken from the output of a flip-flop 702 which has been set to
      provide a binary 1 output signal in response to flip-flop 686 having been
      set. Consequently then, the pulses from the clock source O.sub.C are gated
      through AND gate 720 and thence, through an OR gate 722. This pulse train
      is then applied to a suitable clock driver circuit 724 to provide the
      O.sub.D clock source. Thus, while data is being transferred from memory
      RM-1 into memory RM-2, the O.sub.D clock source provides shift pulses to
      the registers at a rate corresponding with that of the 0.sub.C clock
      source. In normal operation, however, the O.sub.D clock source provides
      pulses which have a substantially lower frequency. Thus, the O.sub.C clock
      source is normally applied to a frequency dividing circuit 726 which
      divides the O.sub.C frequency by a factor on the order of 31 and these
      pulses are applied through a normally enabled AND gate 728. Gate 728 is
      disabled whenever the data is being transferred from the main memory to
      the display memory by virtue of an inverter 730 connecting the output of
      flip-flop 702 to the second input of AND gate 728.
PAR  After the first four bits, b.sub.1 - b.sub.4, of the first character of the
      display field have been loaded into register RD1, the O.sub.D clock pulses
      are terminated for a period corresponding to the next four bits, b.sub.5 -
      b.sub.8, of the data character in register R1. Thus, after the first four
      bits have been loaded, decoder 656 has decoded a count condition of the N
      counter 640 corresponding with condition (N).sub.3. Decoder 656 provides
      an output pulse which is applied to one input of an AND gate 734. At this
      point in time, the second input to the AND gate is enabled through an
      inverter 736 since the output of flip-flop 698 is at a binary 0 level.
      Consequently then, AND gate 734 provides a binary 1 signal which is
      applied through an OR gate 738 to reset flip-flop 708. This disables AND
      gate 720. Since AND gate 728 is also disabled, no pulses are available on
      the O.sub.D output line of the clock driver 724. This stops the shifting
      action of the recirculating memory RM-2. Four bit times later, in terms of
      the O.sub.S clock source, a synchronizing pulse CS8 is applied to enabled
      AND gate 740 making the output of AND gate 740 a binary 1 which is applied
      through OR gate 706 to set flip-flop 708. With flip-flop 708 being set,
      this will again enable AND gate 714 to commence passing the first four
      bits of the next data character into memory RM-2. The memory RM-2 will now
      be clocked from the O.sub.D output line of clock driver 724 and at the
      rate of the O.sub.C clock source since AND gate 720 will now be enabled by
      flip-flop 708. This operation will continue until decoder DC decodes the
      existence of an ESC character in register R1. The resultant binary 1 on
      decoder output e applies a reset pulse through OR gate 738 to reset
      flip-flop 708 and reset flip-flop 702.
PAC  IMPRINT CONTROL
PAR  Referring now to FIG. 6, it should be noted that whenever decoder DC
      detects an imprint command X.sub.I in memory, it actuates the imprint
      control circuit ICC. This control circuit responds to this detection of
      the imprint command to initiate an operation wherein the printer wheels
      are properly positioned for printing the numeric characters provided in
      the transaction amount field and the authorization number data field
      received from the CPU. The imprinter and the printing wheels are also
      operated in an off line environment wherein the operator enters a
      transaction amount into the terminal memory and then actuates the function
      key and numerical 1 key which is encoded and written into the memory as an
      imprint command X.sub.I. In this off line mode of operation, the imprint
      control circuit ICC operates the printer wheels to set up the printer
      wheels to print the transaction data field numeric characters and no
      authorization characters, since the latter characters are provided only in
      an on line mode of operation from the CPU.
PAR  The imprint control circuit ICC is shown in detail in FIG. 17. The
      imprinter mechanism IP and the printer wheels PW are schematically
      illustrated in FIGS. 18 and 19. Before describing the specific operation
      and circuitry involved in the imprint control circuit ICC, attention is
      first directed to the schematic illustrations of FIGS. 18 and 19. As shown
      in FIG. 18, a card such as a credit card C is transported through the
      terminal housing T from the entrance chute CH to the exit chute EX with
      the card traversing along a suitable guide or table 800. The card is moved
      along table 800 by any suitable drive means such as a plurality of spaced
      apart rollers 802. As the card C is being transported from the entrance
      chute Ch to the exit EX, it is read by a card reader CR so that the data
      may be extracted from the card and entered into the terminal memory. The
      card is eventually positioned in the location shown by card C' at which it
      is detected by a suitable proximity detector 804 indicating that the card
      is located in the imprint station. When in the imprint station, the card
      is located between the upper surface of table 800 and the inserted formset
      FS. When the printer wheels PW are properly positioned to imprint the
      correct numeric characters on the formset, a platen 806 is driven by a
      suitable platen drive motor 808 so that the platen traverses from its home
      position as shown in solid lines in FIG. 18 to the far right position and
      then brought back to the home position. During this traversing operation,
      the platen applies pressure to the formset FS to cause the printing
      indicia on printing wheels PW to imprint the selected numeric characters
      on the formset as well as to imprint information onto the formset from the
      card C'if the card be an embossed card to act as a printing plate. When
      the platen is in its home position, it is detected by a suitable proximity
      switch 810.
PAR  Before the platen is driven to imprint the indicia, the printing wheels are
      operated and positioned so that the correct raised numeric character on
      each printing wheel is in a printing position. Thus, each wheel includes a
      plurality of raised printing characters 0-9. There are eight printing
      wheels PW-1 through PW-8 mounted on a common shaft 812 and driven by a
      suitable motor ESV. Wheels PW-1 through PW-8 are respectively provided
      with clutch mechanisms CL-1 through CL-8 so that one of the wheels may be
      held in a stopped position while the remaining wheels are being driven
      from shaft 812 by motor ESV. When one or more wheels is properly
      positioned so the correct printing character is located in the printing
      position, an associated solenoid is energized to drive a pawl which makes
      engagement with a suitable detent provided on the wheel to lock the wheel
      in position. Thereafter, the ESV motor continues to drive shaft 812 until
      another wheel or wheels are properly positioned and locked in place. This
      continues until all eight wheels are properly positioned.
PAR  In the embodiment illustrated, this is implemented by providing solenoids
      SOL-1 through SOL-8 in respective association with printing wheels PW-1
      through PW-8. As is shown in FIG. 19, with respect to wheel PW-1, the
      wheel is driven until the proper printing character is located in the
      printing position. The associated solenoid SOL-1 is then energized. This
      drives a solenoid pawl PL-1 into engagement with a detent DT-1 provided on
      one side of the printing wheel PW-1. It is to be understood that the
      printing wheel is provided with a plurality of detents, each associated
      with one of the printing characters on the peripheral of the wheel so that
      when a desired character is in the printing position, actuation of the
      solenoid will cause the pawl PL-1 to engage the proper detent DT-1 to
      properly lock the printing wheel in the desired printing position.
PAR  As will be described in greater detail hereinafter with respect to the
      imprint control circuitry ICC, the ESV motor is driven through one cycle
      from a starting condition during which all of the wheels are aligned with
      the numeric printing character zero being located in the printing
      position. As the shaft is driven from printing wheel positions 1 through
      0, various ones of solenoids SOL-1 through SOL-8 will make locking
      engagement with the respectively associated printing wheels.
PAR  During the set up process, the printing wheels are all initially set so
      that the printing character for numeric number 0 of each wheel is in the
      printing position. This may be implemented by providing a reset solenoid
      SOL-R which, when actuated, drives a common solenoid arm SRA into a
      position so that its respective pawls SRA-1 through SRA-8 are positioned
      to engage specially positioned printing wheel detents DR-1 through DR-8
      respectively. These detents are associated with the zero position of each
      wheel so that while the shaft is driven through one cycle, each wheel will
      be stopped at its zero printing position by its associated pawl SRA-1
      through pawl SRA-8. After these wheels have been reset to the zero
      position, the reset pawl SOL-R is deenergized to release pawls SRA-1
      through SRA-8 so that the individual wheels may be positioned to their
      correct printing positions.
PAR  Having now described the operation to be obtained with respect to the
      printing wheels PW and the imprinting mechanism IP, attention is directed
      to the following description of the imprint control circuit.
PAR  The imprint control circuit ICC is illustrated in FIG. 17. When decoder DC
      detects an imprint command X.sub.I in register Rl in the recirculating
      memory, it applies a binary 1 signal on its X.sub.I output line. This
      binary 1 signal is applied to one input of an AND gate 820. If the bus is
      not busy, then a second binary 1 signal is applied to another input of
      this AND gate through an inverter 821. This enables the AND gate to
      provide a binary 1 output signal, providing card C is located at the
      imprint station. This condition is detected by detector 804 which is
      illustrated in FIG. 17 as being a simple, normally open switch which, when
      closed, is indicative that the card is properly located at the imprint
      station. With all three of these inputs being at a binary 1 level, AND
      gate 820 applies a binary 1 output signal to set a flip-flop 822. Whenever
      flip-flop 822 is set, it raises the bus busy line BBSY by placing a binary
      1 signal thereon. This is done to prevent other peripherals from
      attempting control of the memory during the imprint operation.
PAR  During the same bit time that AND gate 820 sets flip-flop 822, it also sets
      a flip-flop 824 through AND gate 826. This sets up a condition to reset
      the printing wheels PW-1 through PW-8 to their reset or zero printing
      position. Thus, when flip-flop 824 is set, it activates the reset solenoid
      SOL-R through an amplifier 828. At the same time, it also energizes the
      ESV motor through an OR gate 830 and amplifier 832 so that the shaft 812
      is driven one cycle during the wheel reset operation. When flip-flop 824
      was set from AND gate 826, a timer 834 was reset through an OR gate 836.
      This timer is clocked by the system clock source O.sub.C and provides
      output pulses at certain points in time. After sufficient time has lapsed
      for the printing wheel reset function to be completed, timer 834 provides
      a reset pulse TT.sub.1 which is anded through an AND gate 838 to reset
      flip-flop 824 and to set a flip-flop 840. The timer 834, however,
      continues to provide its timing function and is reset to a zero count only
      when a binary 1 signal is applied through OR gate 836 to the reset input
      of the timer.
PAR  During the period that the printing wheels are being reset, flip-flop 824
      is in its set condition and applies a binary 1 signal to a wheel position
      counter WPC to set this counter to a count condition of 1. This counter is
      a ten position and is incremented by one count each time a pulse is
      applied to the advance counter input. The counterprovides a binary pattern
      output having decimal value which is compared with the decimal value of
      bits b.sub.1, b.sub.2, b.sub.3 and b.sub.4 in register R1 by way of a
      numeric comparator circuit COM. Whenever the decimal value of these four
      bits is equal to the decimal value of the binary output from counter WPC,
      the comparator provides a binary 1 output signal on its output line.
PAR  When flip-flop 824 is in its set condition, it also serves to load binary
      zero signals in eight solenoid control flip-flops SCF-1 through SCF-8.
      These flip-flops are respectively associated with solenoids SOL-1 through
      SOL-8. The outputs of these flip-flops are respectively applied to one
      input each of associated AND gates SCA-1 through SCA-8. The outputs of
      these AND gates are applied to the respective solenoids through respective
      amplifiers SCB-1 through SCB-8. AND gates SCA-1 through SCA-8 are all
      enabled once during each position of the wheel counter PWC when flip-flop
      842 is set. As will be described in greater detail hereinafter, that
      flip-flop is set for a predetermined time interval for each wheel position
      count. When the AND gates SCA-1 through SCA-8 are enabled by flip-flop
      842, the binary level of each of the flip flops SCF-1 through SCF-8 is
      checked. Those flip-flops that are in a binary 1 state will cause
      energization of their associated solenoids to lock the associated printing
      wheels PW-1 through PW-8 in the position corresponding with the count in
      the wheel position counter WPC. This operation will be described in
      greater detail hereinafter.
PAR  When flip-flop 824 is in its set condition, all of the flip-flops SCR-1
      through SVF-8 are loaded so as to be in a binary zero level condition.
      With flip-flop 824 being in its set condition, it applies a binary 1
      signal through an OR gate 844 to set a flip-flop 846. This flip-flop is
      actuated to its set condition each time the wheel position counter is
      advanced and sets up a condition wherein binary zeros are loaded into
      flip-flops SCF-1 through SCF-8 on position counts 1 through 9 and loads
      binary ones in these flip-flops on a count condition corresponding with
      the numeric zero position of the printing wheels.
PAR  When flip-flop 846 is in its set condition, it serves to set a succeeding
      flip-flop 848 through an AND gate 850 in synchronism with the clock
      synchronizing pulse CS8. This synchronizing pulse also resets flip-flip
      846. Flip-flop 848 will be set for one byte time and then be reset on the
      next synchronizing pulse CS-8 through an AND gate 852. During the byte
      time that flip-flop 848 is set, it enables an AND gate 854. If the
      position counter is not at a count of 10, then a binary 1 signal is
      applied to the second input of AND gate 854 through an inverter 856. AND
      gate 854 provides a binary 1 output signal which is inverted by an
      inverter 858 to thereby disable AND gates 860 and 862. Consequently, the
      outputs of these two AND gates apply binary zero level signals to the D
      input of flip-flops SCF-1 and SCF-7 respectively. As will be noted,
      flip-flops SCF-1 through SCF-6 are D type flip-flops and are
      interconnected to define a six stage shift register with the shift pulses
      being applied to the clock CLK input of each flip-flop. Similarly,
      flip-flops SCF-7 and SCF-8 are interconnected to define a two stage shift
      register. Since flip-flop 848 is in a set condition, it enables AND gate
      864. This permits clock pulses from the system clock source O.sub.C to be
      gated through this AND gate and thence, through OR gate 866 to apply clock
      pulses to each of the clock CLK inputs of flip-flops SCF-1 through SCF-6.
      These clock pulses are also applied through an OR gate 868 to the clock
      CLK inputs of flip-flops SCF-7 and SCF-8. Flip-flop 848 is enabled for one
      byte time which corresponds with eight clock pulses from the clock source
      O.sub.C. Consequently then, at the end of this byte time, the output
      condition of each flip-flop SCF-1 through SCF-8 is a binary 0 level.
PAR  In the previous discussion, binary 0 level signals were loaded into the
      flip-flops SCF-1 through SCF-8 during the wheel alignment operation.
      Binary 1 signals may be loaded into all of the flip-flops by enabling both
      inputs of AND gates 860 and 862 so that binary 1 signals are applied to
      the D inputs of flip-flops SCF-1 and SCF-7 for eight clock pulses applied
      to the clock inputs of these flip-flops. This is done in the case wherein
      it is desired to set all of the wheels so that the numeric printing
      character 1 of each wheel is in the printing position. This is required
      when the wheel position counter has been incremented to a count of ten and
      provides a binary 1 output to enable AND gate 870. ANd gate 870, in turn,
      applies binary 1 signals through OR gates 872 and 874 to respective inputs
      of AND gates 860 and 862. In this condition, inverter 856 will apply a
      binary 0 signal to AND gate 854 and hence, inverter 858 will apply binary
      1 signals to the other inputs of AND gates 860 and 862. This, then, will
      apply binary 1 signals to the D inputs of flip-flops SCF-1 and SCF-7.
      Since flip-flop 848 is set for one byte time, corresponding with eight
      clock pulses from the system clock source O.sub.C, all of the flip-flops
      SCF-1 through SCF-8 will be loaded with binary 1 signals.
PAR  When the printer wheels have been reset, timer 834 provides a time out
      pulse TT.sub.1 which is applied to enabled AND gate 838 to set flip-flop
      840. The setting of this flip-flop indicates that the wheels have been
      reset and the circuitry is conditioned to commence operation, once the
      imprint command X.sub.I is again detected at register R1. When this
      occurs, AND gate 876 applies a binary 1 signal through a normally enabled
      AND gate 878 to set flip-flop 880. When flip-flop 880 is set, it indicates
      that the circuitry has detected the imprint command X.sub.I and is now
      searching for the $ amount field definer X.sub.$ and/or the authorization
      field definer X.sub.A. When flip-flop 880 is in its set condition, it sets
      flip-flop 882 which energizes the ESV motor to commence operation and
      drive the imprinting wheels until all the wheels have been properly
      positioned. Flip-flop 880 also enables a $ amount field definer AND gate
      884 and a transaction amount field definer AND gate 886.
PAR  When the $ amount field definer X.sub.$ is detected at register Rl, AND
      gate 884 sets flip-flop 888. When this flip-flop is set, it indicates that
      the $ amount field definer X.sub.$ is located in register R1. The first
      character in the transaction amount field is immediately behind this field
      definer and one byte time later will be located in register R1. One byte
      time after the transaction amount filed definer X.sub.$ is detected at
      register R1, flip-flop 888 is reset by the clock synchronizing pulse CS8.
      However, before the status of the flip-flop changes, its output is anded
      with the clock synchronizing pulse CS8 by way of an AND gate 890 to set a
      flip-flop 892.
PAR  When flip-flop 892 is set, it indicates that the first character in the
      transaction amount data field is located in the register R1. This
      flip-flop will remain set until this transaction data filed is terminated
      with an ESC character. During the interim period, however, flip-flop 892
      enables AND gates 894 and 896.
PAR  When AND gates 894 and 896 are enabled by flip-flop 892, they serve to
      respectively pass data and clock pulses to the six flip-flops SCF-1
      through SCF-6. If the transaction amount data field includes more than 6
      characters, then only the last 6 characters entered, i.e., the 6 least
      significant characters, are used. The binary status of flip-flop SCF-1 is
      associated with the least significant character in this data field whereas
      the binary status of flip-flop SCF-6 is associated with the most
      significant character of the 6 least significant characters in this data
      field.
PAR  During each wheel position count, each of the characters in the transaction
      amount data field will be examined to determine whether it has a numeric
      value equal to that of the wheel position count. If so, then the flip-flop
      SCF-1 throough SCF-6 associated with that character will be conditioned to
      a binary 1 level and the associated solenoid will be energized to lock the
      associated printing wheel so that its numeric printing character of the
      same numeric value will be in the printing position.
PAR  With the wheel position counter being in position 1, a comparison is made
      of the decimal value of the wheel position count with the decimal value of
      bits b.sub.1 through b.sub.4 of the first character in the transaction
      amount data field. If the numeric character in the data field is of a
      value equal to decimal number 1, then comparator COM applies a binary 1
      signal to AND gate 894. This binary 1 signal is applied from the output of
      AND gate 894 through OR gate 872 and normally enabled AND gate 860 to the
      D input of flip-flop SCF-1. This binary 1 signal will now be loaded into
      flip-flop SCF-1 by the snychronizing pulse CS1 applied to AND gate 896.
      This synchronizing pulse will be applied from the AND gate 896 through OR
      gate 866 and then to each clock CLK input of each of the flip-flops SCF-1
      through SCF-6. For example, if the first character in the transaction $
      field is not of a decimal 1 value, then the comparator COM would have
      applied to binary 0 signal to AND gate 894. In such case then, the clock
      synchronizing pulse CS1 would have loaded a binary 0 level signal into
      flip-flop SCF-1. The remaining date characters in this field will be
      similarly compared one at a time with the decimal value of the wheel
      position counter to determine whether any of the other characters in the
      field are of a decimal 1 value. The results of the comparison is either a
      binary 1 or a binary 0 level which is shifted successively from flip-flop
      SCF-1 to flip-flop SCF-6 with succeeding synchronizing pulses CS1 until
      the 6 least significant characters in this data field have been compared
      with wheel position count of decimal value 1. An ESC character is located
      at the end of this data field and when it is detected at register R1, the
      decoder DC will provide a binary 1 signal on its output circuit e. This
      will reset flip-flop 892.
PAR  Before flip-flop 892 changes its state, its output is anded with the binary
      1 signal on decoder output line e by means of an AND gate 898 to set a
      flip-flop 900. When flip-flop 900 is set, it disables the $ amount field
      definer AND gate 884 and enables an AND gate 902. AND gate 902 serves as a
      detector to provide an output indication when both the $ amount and
      authorization number field definers have been detected and the data wheel
      position compare COM results have been stored in their respective
      flip-flops SCF-1 through SCF-8.
PAR  The circuitry will now operate to detect an authorization number field
      definer X.sub.A. When this field definer is detected at register R1, AND
      gate 886 will set a flip-flop 904. Flip-flop 904 serves a function similar
      to that of the transaction amount flip-flop 888 in that it provides an
      indication that the authorization number field definer X.sub.A is located
      in register R1. One byte time later, when the first authorization number
      data character is in register R1, flip-flop 904 will be reset by the clock
      synchronizing pulse CS8. However, before the output of the flip-flop
      changes, an AND gate 906 serves to set flip-flop 908.
PAR  When flip-flop 908 is set, it is indicative that the data field for the
      authorization number is being shifted character by character through
      register R1. Flip-flop 908 is set when the first of these characters is in
      that register. This flip-flop will remain set until detection of an ESC
      character. While it is set, it enables an AND gate 910 to receive the
      results of the comparisons from comparator COM. Flip-flop 908, when in its
      set condition, also enables AND gate 912 for passing shift pulses from
      pulse synchronizing source CS1 through OR gate 868 to the clock CLK inputs
      of flip-flop SCF-7 and SCF-8. Flip-flops SCF-7 and SCF-8 will now be
      loaded with binary 1 or binary 0 signals in the same manner as described
      earlier relative to flip-flops SCF-1 through SCF-6. Thus, if the two least
      significant characters in the authorization number data field are of
      decimal values corresponding with the wheel position count, in this case a
      count of 1, then a binary 1 signal will be loaded into the associated
      flip-flop SCF-7 on the first compare. On the second compare in binary 1 is
      again loaded into SCF-7 and the prior binary 1 is shifted to SCF-8.
PAR  The operation for loading the authorization data field flip-flops SCF-7 and
      SCF-8 continues until an ESC character is detected at register Rl. At that
      point, a binary 1 signal is applied to the reset input of flip-flop 908.
      However, before the flip-flop changes its state, its binary 1 signal is
      anded with this reset input by means of an AND gate 914 to set a flip-flop
      916. When flip-flop 916 is set, it is indicative of a condition that the
      authorization field has been detected and the compare results have been
      loaded into the authorization field flip-flops.
PAR  With both flip-flops 900 and 916 being set, the authorization field definer
      detector AND gate 886 and the $ amount field definer detector AND gate 884
      are disabled. Also, AND gate 902 resets flip-flop 880 which, as will be
      recalled, serves to indicate that the imprint command X.sub.I has been
      detected and that the circuitry is searching for a $ amount field definer
      X.sub.$ and/or an authorization number field definer X.sub.A. AND gate 902
      also applied in binary 1 signal through an OR gate 918 to enable one input
      of an AND gate 920. This AND gate is normally enabled to apply a binary 1
      signal to set flip-flop 842. This flip-flop controls energization of the
      solenoids SOL-1 through SOL-8 for a fixed time period, on the order of 50
      milliseconds. This is accomplished by applying the output pulse from AND
      gate 920 through the OR gate 836 to reset timer 834. The timer will now
      time a period and then provide a reset pulse on its output line TT.sub.2
      which is applied to the reset input of flip-flop 842. During the interim
      period, flip-flop 842 enables all of the AND gates SCA-1 through SCA-8.
      Binary 1 output signals will be applied from those flip-flops SCF-1
      through SCF-8 which have been set to a binary 1 condition to thereby apply
      an energizing signal to the associated solenoids SOL-1 through SOL-8. The
      time duration of energizing the solenoids is on the order of 50
      milliseconds and this is sufficient for the associated solenoid pawls make
      locking engagement with the associated printing wheels PW-1 through PW-8.
PAR  During the time the wheels are being locked in place, the recirculating
      memory M is stopped. Thus, with flip-flop 842 being set, it enables an AND
      gate 992. If an imprint command is now detected in register R1, the
      imprint command output line X.sub.I will carry a binary 1 signal which is
      applied through AND gate 922 to set a stop memory flip-flop 924. When this
      flip-flop is set, it applied to a binary 1 signal on the read control line
      RCTL which serves to prevent clock pulses from being applied to the shift
      input terminals of the registers in the recirculating memory. By doing
      this, the memory is conditioned so that once the wheels have been locked
      in place, at the termination of energizing the solenoids, the circuitry
      will not have to wait to again detect the imprint command X.sub.I in the
      recirculating memory. Instead, the circuitry is conditioned to immediately
      begin processing the transaction amount data field and the authorization
      number data field in the manner discussed above.
PAR  The reset pulse TT.sub.2 also serves to increment the wheel position
      counter WPC through AND gate 926 and reset flip-flops 842 and 924. The
      circuitry is thereby conditioned for making comparisons of the data
      characters in the transaction amount data field and the authorization
      number data field for comparison with the next wheel position count.
PAR  The energized solenoid flip-flop 842 may also be set even though either or
      both of the $ amount and authorization number field definers have not been
      detected to set flip-flops 900 and/or 916. Thus, so long as flip-flop 880
      is set in response to detection of an impring command X.sub.I, the
      circuitry is searching for the $ amount field definer X.sub.$ and/or the
      authorization number field definer X.sub.A. When flip-flop 880 is set, it
      enables an AND gate 930. Upon detection of an imprint command X.sub.I at
      register R1, AND gate 930 applies a binary 1 signal through OR gate 918
      and thence, through the normally enabled AND gate 920 to set flip-flop
      842. This function is performed since it is conceivable that the imprinter
      may be used in an off line environment during which an imprint function is
      performed in response to the operator actuating the definition key FCT
      plus the numerical 1 key to write an imprint command into the memory.
      Since this command is from the keyboard and not from the CPU, there would
      be no authorization data field in the memory but only a transaction $
      field to be used to set up the printing wheels to their correct positions.
PAR  During the period that the ESV motor is driving shaft 812, the positioning
      of the wheels is monitored. This may be accomplished in various ways. In
      the embodiment illustrated in FIG. 19, each wheel is provided with an
      annular array of ten apertures AP-0 through AP-9 respectively associated
      with the ten numeric printing characters on the wheel. These apertures
      extend axially through the wheel and are aligned so that when each wheel
      is located in a printing position, a light beam may be transmitted through
      aligned apertures in the eight wheels. A light source LSC serves to
      project a beam through the apertures with the beam being received by a
      suitable photo transistor 932. As one or more of the wheels is being
      driven from one printing position to the next, this light beam is broken.
      Consequently then, if at least one of the printing wheels is driven for a
      full cycle, the beam will be broken 10 times.
PAR  Referring again to FIG. 17, each time light is received by photo transistor
      932, it applies a binary 1 signal through an amplifier 934 to disable an
      AND gate 936 through an inverter 938. During the period that the wheels
      are being reset, when flip-flop 824 is in its set condition, timer 834
      will be reset each time the light beam is broken.
PAR  While the light beam is broken, amplifier 934 provides a binary 0 signal
      which is inverted by an inverter 940 to enable AND gate 920. As will be
      recalled, AND gate 920 will be enabled after it has detected whether both
      the $ amount and transaction amount fields have been detected or whether
      an imprint command has been detected. Each time AND gate 920 is satisfied,
      it sets the flip-flop 842 to energize the solenoids for a time period on
      the order of 50 milleseconds. In addition, AND gate 920 also sets a
      flip-flop 942 which sets up a condition by which the circuitry determines
      whether all of the printing wheels PW-1 through PW-8 have been locked in a
      printing position. If so, then the light beam from light source LSC will
      be transmitted through aligned apertures in the printing wheels and be
      received by the photo transistor 932 for a time duration indicative that
      all the wheels have been locked in a printing position. This time duration
      in the embodiment illustrated is considered to be in the order of 200
      milliseconds.
PAR  When AND gate 920 sets flip-flop 842, it also resets timer 834. The timer
      834 initially times a time duration on the order of 50 milliseconds so
      that the solenoids may be energized and then resets flip-flop 842. If a
      light beam is received by photo transistor 932, then amplifier 934 will
      apply a binary 1 signal to AND gate 944 and this is anded with the output
      from flip-flop 942. AND gate 944 will now set a flip-flop 946, reset
      flip-flop 942 and reset timer 834.
PAR  With flip-flop 946 being set, the circuitry will now search to determine
      whether or not all of the wheels are locked in their printing positions.
      If so, then a time duration on the order of 200 milliseconds as timed by
      timer 834 will be indicative of this condition. At the end of that time,
      the timer 834 applies a trigger pulse TT-3 to AND gate 948. Since
      flip-flop 946 is set, AND gate 948 will now set flip-flop 950. When this
      flip-flop becomes set, it is indicative that all of the wheels have been
      locked in their printing positions. This checking circuitry performs this
      wheel check each time flip-flop 842 is actuated to a set condition to
      cause energization of the solenoids. If all of the wheels are not locked
      in place, then at least one of the printing wheels PW-1 through PW-8 will
      continue to be driven by the ESV motor which will cause flip-flop 946 to
      be reset before timer 834 can time a sufficient period of time to provide
      the trigger pulse TT-3. That is, if at least one wheel is still being
      driven, light from the light source LSC will be broken and amplifier 934
      will provide a binary signal which is inverted by inverter 940 to apply a
      reset pulse to flip-flop 946. This is indicative that all of the wheels
      are not locked in a printing position and the foregoing operation of
      indexing the wheels and comparing the wheel count with the decimal value
      of bits b.sub.1 through b.sub.4 at register R1 will be continued. If, on
      the other hand, all of the wheels are locked in position, then AND gate
      948 sets flip-flop 950. In addition, AND gate 948 applies trigger pulses
      to reset flip-flops 840 and 882. When flip-flop 882 is reset, it
      deenergized the ESV motor. Also, when flip-flop 840 is reset, it disables
      AND gate 876 which serves to detect the imprint command X.sub.I.
PAR  With flip-flop 950 being in its set condition, it energizes the imprint
      motor 808 to be driven to perform the imprinting function. When this is
      complete and the platen returns to its home position, the platen home
      detector 810 provides a trigger pulse to reset flip-flop 950. Proximity
      detector 810 is schematically illustrated in FIG. 17 as being a simple
      normally open switch which is closed whenever the platen is in its home
      position to reset flip-flop 950 and prevent energization of the imprint
      motor 808. Switch 810 provides a signal only on the return to home
      position of the platen. The proximity detecter provides a pulse to reset
      flip-flop 822 to lower the bus busy line BBSY.
PAC  READING FROM MAIN MEMORY TO EXECUTE PROCESS COMMAND
PAR  After the operator has entered a message into the recirculating memory, the
      process key may be actuated in order to commence transmission of the
      message to the CPU. In response to actuation of the process key, a process
      command character X.sub.P is written into the recirculating memory and is
      preceded by an ESC escape character. If this is the last action performed
      by the operator, the process command X.sub.P will be followed by two ESC
      characters in succession. This message format is shown in FIG. 21A. A
      process command X.sub.P may be written into the memory from another
      peripheral, preferably the CPU. For example, if the CPU wants the terminal
      to retransmit a message, then it enters a process command X.sub.P into the
      terminal memory. The transmitting portion of the communciations control
      circuit CCC2, illustrated in detail in FIG. 20, serves to detect a process
      command X.sub.P and transmit the message in the memory to the CPU.
PAR  Referring now to FIG. 20, it will be noted that the recirculating path for
      memory RM1 extends through register R1 and R2 previously shown in FIG. 7.
      The decoder DC serves as a window decoder to decode various characters
      when shifted through register R1. This decoder serves to provide a binary
      1 signal on output line X.sub.P in response to detection of the process
      command in register R1. Similarly, the decoder has output lines X.sub.F,
      E.sub.e, and e which carry binary 1 signals when register R1 is
      respectively occupied by the field definer command X.sub.F or when two
      ESCs are respectively located and register R1 and R2 or when one ESC
      character is located in register R1.
PAR  After the decoder DC has detected the process command X.sub.P, it
      institutes an operation which serves to remove the command from the data
      stream and replace it with a NUL character. The rewritten message is
      illustrated in FIG. 21B. This is done so that the message will not be
      retransmitted unless a new process command is received.
PAR  When a process command is detected by the decoder DC, a binary 1 signal is
      applied to an input of an AND gate 1000. If the bus is not busy, an
      inverter 1002 connected to the bus busy line BBSY applied a binary 1
      signal to the other input of this AND gate. The AND gate then applies a
      binary 1 signal to set flip-flops 1003 and 1004. Theoutput of AND gate
      1000 is connected to the read control RCTL input of the peripheral
      read/write control circuit RWC, illustrated in detail in FIG. 11, to stop
      memory RM and again O.sub.S clock control. One bit time after the signal
      to the RCTL line, flip-flop 1004 applies a binary 1 signal to the write
      control line WCTL, thus selecting write mode 3 as described with reference
      to FIG. 11. When the read/write control circuit RWC responds with a binary
      1 on the R/W-SYNC line, a binary 1 output is obtained from AND gate 1006
      which then applies a binary 0 to the DATA IN line through inverter 1008
      and AND gate 1007 for the one byte time flip-flop 1004 is set thus
      replacing the process command X.sub.P with a NUL character. The required
      O.sub.S ENABLE signal is obtained from the output of AND gate 1006.
      Flip-flop 1004 is reset at the end of this byte time from snychronizing
      pulse CS8. As will be recalled, a pulse is applied to the synchronizing
      line CS8 in shychronism with the bit b.sub.8 of each eight bit pulse
      train. By this operation then, the process command X.sub.P has been
      replaced by an eight bit NUL character.
PAR  With the process command X.sub.P being replaced by a NUL character, this
      portion of the message now appears as shown in FIG. 21B wherein the
      message characters include an ESC character followed in sequence by a NUL
      character and two ESC characters. Thereafter, the message may include a
      plurality of NUL characters prior to the beginning of the actual message
      information.
PAR  In processing this message, the transmission portion of communications
      control circuit CCC2 will insert a start of header character SOH and a
      poll identification character PID, in succession, just prior to the ESC
      character which immediately precedes the fixed data field definer X.sub.F.
      This message format is shown in FIG. 21C. In addition, the communications
      control circuit also serves to insert a start of text character STX
      between the end of the fixed data field and the ESC character which
      immediately precedes the message data. The message data will end with an
      ESC character followed by a NUL character and two characters added by the
      communications control. These additional characters include an end of text
      character ETX followed by a longitudinal redundancy character LRC.
      Characters ETX and LRC are inserted into the message and used in the
      communication system for communicating with the CPU. The message format as
      shown in FIG. 21C is representative of a typical transmission block.
PAR  It is contemplated that the terminal will be employed in a system made up
      of a plurality of terminals all communicating with the CPU and wherein the
      CPU is provided with means for polling the various terminals. Before the
      terminal is allowed to transmit its message to the CPU, it must have
      detected a process command X.sub.P and be polled by the CPU. For purposes
      of simplicity, the fact that the terminal has been polled is indicated
      herein by closure of a simple, normally open switch 1020. Closure of this
      switch, representative that the terminal has been polled, indicates that
      the terminal may transmit to the CPU and a binary 1 signal is applied to
      set a flip-flop 1022. However, before the terminal responds to polling,
      the process command X.sub.P must have been detected and replaced with a
      NUL character as discussed above followed by detection of the fixed data
      field definer which will be defined by setting flip-flop 1024. Completion
      of writing a NUL character over X.sub.P is detected by AND gate 1021 which
      then sets flip-flop 1023 thus enabling AND gate 1025 to respond to
      decoding of the fixed data field definer X.sub.F. The resultant binary 1
      output from AND gate 1025 sets flip-flop 1024 which applies a binary 1 to
      the read control line RCTL of FIG. 11 to stop memory RM. AND gate 1025
      also enables AND gate 1027 to respond to the polling signal as designated
      by switch 1020. In the illustration given, this stoppage of the memory
      takes place in response to detection of the fixed data field definer
      X.sub.F being present in the register R1. Since the fixed data field
      definer X.sub.F is preceded by an escape character ESC, the escape
      character is located in register R2. The terminal will now remain in this
      condition until it receives a polling command for the CPU, illustrated
      herein by closure of switch 1020.
PAR  Flip-flop 1022 is set when the terminal is polled. In addition, this binary
      1 signal from switch 1020 through enabled AND gate 1027 is also applied to
      set a flip-flop 1030 which sets up an operation to insert a start of
      header character SOH and a poll identification character PID into the data
      stream immediately ahead of the escape character in register R2. During
      the period, which amounts to two byte times that these two characters are
      being inserted in the data stream, shift pulses are not applied to the
      memory RM1.
PAR  When flip-flop 1030 is set, it enables an AND gate 1032. The second input
      to this AND gate is taken from a transmit clock source in the transmitter
      AST at transmit bit time b.sub.8 and this is represented herein as TR8.
      Thus, on this synchronizing pulse, the two inputs to AND gate 1032 will be
      satisfied and this gate will set a flip-flop 1034 and reset flip-flop
      1030. When flip-flop 1034 is set, it enables an AND gate 1036 to pass an
      SOH character generated by an SOH character generator 1038. This generator
      is clocked by the O.sub.C clock source and serves to continuously provide
      SOH charcters although they are not gated through AND gate 1036 until
      flip-flop 1034 is set. The SOH character is gated through AND gate 1036
      and thence, through OR gates 1040, 1042, and 1044. From there, the SOH
      character together with the data stream following it is applied through
      conventional asynchronous transmitter AST, which provides the
      synchronizing pulses TR8, and through modems MO-3 and MO-1 to the CPU.
      Flip-flop 1034 is reset after one byte time by the synchronizing pulse TR8
      through AND gate 1052. AND gate 1052 also sets a flip-flop 1054 which
      serves to provide a one byte time delay during which the PID character is
      placed into the data stream immediately behind the SOH character.
PAR  When flip-flop 1054 is set, it enables an AND gate 1056 connected to the
      output of a PID character generator 1058 which, like the SOH character
      generator 1038, is connected to the O.sub.C clock source and serves to
      continuously provide PID characters. With AND gate 1056 being enabled by
      flip-flop 1054, a PID character is now gated through OR gates 1040 and
      1042 to enter the transmitted data stream immediately behind the SOH
      character. Flip-flop 1054 is reset after one byte time by a synchronizing
      pulse TR8 through AND gate 1060. AND gate 1060 also resets flip-flops 1022
      and 1024, through AND gate 1061.
PAR  When flip-flop 1024 is reset, after insertion of a PID character into the
      data stream, the signal applied to the read control line RCTL becomes a
      binary 0 and the memory clock source O.sub.S is again applied to the
      memory by the read/write control circuit RWC as described in FIG. 11. The
      data in the memory will now be shifted until the ESC character which
      immediately follows the last fixed data character is located in register
      R1. The memory is then stopped and a start of text character STX is
      inserted ahead of the ESC character. This operation is described below.
PAR  The memory data, including the ESC character preceding the fixed data field
      definer character X.sub.F, is shifted out of register R2 and thence,
      through a normally enabled AND gate 1062 and through OR gate 1042 and 1044
      to follow the SOH and PID characters in the data stream.
PAR  As the fixed data field definer X.sub.F passes through register R1, it is
      detected by decoder DC which sets a flip-flop 1070 through enabled AND
      gate 1072, X.sub.F also resets flip-flop 1003.
PAR  Decoder DC will now search for the first ESC character following the just
      detected X.sub.F character. When this happens, decoder DC provides a
      binary 1 signal on its e line to reset flip-flop 1070. However, before the
      flip-flop is reset, its binary 1 output and the binary 1 output from line
      e of decoder DC are ended through an AND gate 1074 to set a flip-flop
      1076. This flip-flop serves to provide a one byte time delay to permit the
      last character in the fixed data field to be transmitted before stopping
      memory to insert STX into the message as illustrated in FIG. 21C.
PAR  During the byte time flip-flop is set, the ESC character in register R1 is
      shifted to register R2. At that point, flip-flop 1076 is reset by a
      synchronizing pulse CS8. Before flip-flop 1076 changes state, its output
      and the synchronizing pulse CS8 and synchronizing pulse TR8 are anded
      through an AND gate 1078 to set a flip-flop 1080.
PAR  When flip-flop 1080 is set, a binary 1 is applied to the RCTL line through
      OR gate 1009 to stop the memory clock O.sub.S. This stops the memory. When
      flip-flop 1080 is set, it enables an AND gate 1085 connected to the output
      of a start of text generator 1086. This generator operates in a manner
      similar to that of generators 1038 and 1058 discussed hereinbefore in that
      it is connected to the O.sub.C clock source and serves to continuously
      provide an STX character pulse train, although the character is not
      available until AND gate 1085 is enabled. With AND gate 1085 being
      enabled, the start text character STX is applied through the AND gate and
      thence, through OR gates 1042 and 1044 so that the character is inserted
      into the pulse train immediately behind the last data character in the
      fixed data pulse train. Flip-flop 1080 is reset by a synchronizing pulse
      TR8 to disable AND gate 1085 and remove the binary 1 from the RCTL line
      shift pulses from clock source O.sub.S are again applied to the
      recirculating memory.
PAR  The data in the recirculating memory is again shifted bit by bit and the
      remaining portion of the message which follows the fixed data is outputted
      from register R2 through normally enabled AND gate 1062 and thence,
      through OR gates 1042 and 1044. This outputted data will include all of
      the message through the ESC character and the NUL character which replaced
      the X.sub.P process command. Two ESC characters in succession follow the
      NUL character. These two ESC characters are not transmitted to the CPU.
      Instead, they are replaced in succession by an end of text character ETX
      and a longitudinal redundancy character LRC. This is implemented by the
      circuitry described below.
PAR  When two ESC characters are respectively located in registers R1 and R2,
      decoder DC provides a binary 1 signal on its output circuit E.sub.e. This
      binary 1 signal is applied to said flip-flop 1088 which then disables AND
      gate 1062 through an inverter 1090. When flip-flop 1088 is set, it enables
      a normally disabled AND gate 1091 connected to the output of an end of
      text character generator 1092. This generator operates in the same fashion
      as generators 1038, 1058, and 1086 described hereinbefore. Thus, this
      generator is connected to the O.sub.C clock source and serves to
      continuously provide ETX characters, although the characters are not
      available unless AND gate 1091 is enabled. When AND gate 1091 is enabled,
      an ETX character is applied through OR gates 1042 and 1044. This takes
      place for one byte time and at the end of that period, flip-flop 1088 is
      reset by a synchronizing pulse TR8. This also causes flip-flop 1094 to be
      set through an AND gate 1095. When flip-flop 1094 is set, it disables AND
      gate 1062 through inverter 1096 to prevent data from being outputted from
      register R2 through AND gate 1062. Instead, a longitudinal redundancy
      character LRC is sent. The LRC character is obtained from a conventional
      LRC checking and character generating circuit 1098. This circuit serves to
      continuously monitor the data stream as it is outputted through OR gate
      1042 and then generates the proper LRC character when flip-flop 1094 is
      set. This LRC character is then outputted through OR gate 1044 following
      the ETX character. At the end of this byte time, flip-flop 1094 is reset
      from a synchronizing pulse TR8 through an AND gate 1099.
PAR  When AND gate 1061 resets flip-flop 1024 is previously discussed, it also
      sets flip-flop 1063 to provide the transmit signal to the asynchronous
      transmitter AST. Flip-flop 1063 is then reset from AND gate 1099 after the
      LRC character has been transmitted.
PAR  When the communications control is transmitting data as defined by
      flip-flop 1024, data that is to be transmitted from main memory RM-1 is
      clocked out at the transmit rate O.sub.TR obtained from transmitter AST.
      AND gate 1037 is enabled by flip-flop 1063 to pass transmit clock pulses
      O.sub.TR to the O.sub.S ENABLE line through normally enabled AND gate
      1039. AND gate 1039 is disabled whenever one of the communications control
      characters SOH, PID, STX, ETX or LRC is being transmitted. The output of
      AND gate 1062 is a binary 0 whenever one of these characters is being
      transmitted thus it is applied to disable AND gate 1039.
PAC  CLEAR LAST FIELD
PAR  A clear last field command X.sub.CF is entered into the memory from the
      keyboard by activating the delete key. This command may also be entered
      into the memory from a peripheral, sich as the CPU. When this command is
      detected in memory, an operation is initiated by which the data characters
      in the last field entered as well as the associated field definer are
      deleted from memory. As will be developed below, the last field entered is
      deleted character by character in the inverse order in which the
      characters were entered into the memory. By this operation, only the last
      field and its field definer are deleted from the memory and not the entire
      message. It is contemplated that this function may be used when operator
      notes, from the visual display readout, that a mistake was made in the
      data entered from the keyboard. In such case, the operator will simply
      depress the delete key and thereby cause the last entered data field and
      its field definer to be cleared from the memory so that he may enter the
      correct data.
PAR  The circuitry by which the clear last field function is accomplished is
      shown in detail in FIG. 22. Before examining the circuitry employed,
      attention is now directed to a hypothetical example of a message which has
      been entered into the memory. This message may take the format as shown in
      FIG. 23 and include data fields 1100, 1102 and 1104. The first data field
      is the fixed data field and is preceded by an ESC character and fixed data
      field definer X.sub.F. The second data field shown is entered from a card
      reader. The third data field 1104 represents the keyboard entered data and
      includes an ESC character, a dollar amount character X.sub.$ followed by
      numeric characters in the order 1, 2, 3, 5. It is contemplated that data
      entered from the keyboard will be displayed for the operator to check its
      accuracy. Assume then, that the operator had intended to enter a dollar
      amount of numeric characters of 1-2-4-5, and upon looking at the visual
      display readout, he notes that he has mistakenly entered the dollar amount
      1-2-3-5. At this point then, the operator actuates the delete key. By
      doing so, an ESC character followed by a delete command character X.sub.CF
      are entered into the memory and then, since no additional data is entered,
      the X.sub.CF command character is followed by two ESC characters,
      indicating end of message. The circuitry of FIG. 22 performs a delete
      function by which the last entered field is deleted from memory so that
      when the operation is completed, the message in memory will appear as
      shown in FIG. 24. As shown there, the message would include data fields
      1100 and 1102 followed by two ESC characters, indicating end of message.
      The operator may now enter a new dollar amount from the keyboard by
      entering a field definer X.sub.$ and the correct numeric characters
      1-2-4-5.
PAR  Reference is now made to FIG. 22. When the decoder DC decodes the clear
      last field command X.sub.CF in register R.sub.1, it provides a binary 1
      output signal on its output line X.sub.CF. This signal is applied through
      a normally enabled AND gate 1106 and thence, through an OR gate 1108 to
      set a flip-flop 1110. AND gate 1106 is normally enabled by a flip-flop
      1112 which is normally in a set condition. The binary 1 signal which was
      passed through AND gate 1106 upon detection of the clear last field
      command is also applied to reset flip-flop 1112. However, this requires
      one bit time to be effected and before the flip-flop changes state, its
      binary 1 output signal is anded with the binary 1 signal from output line
      X.sub.CF through AND gate 1106 to set flip-flop 1110.
PAR  When flip-flop 1110 is set, it applies a binary 1 signal through OR gate
      1114 to disable multiplexer AND gates 64, 78 and 86 through respectively
      associated inverters 76, 85 and 92. As shown in FIG. 22, AND gate 64
      serves as the normal data transfer path with data being transferred from
      register R1 to register R2. Similarly, AND gate 78 serves as the normal
      data transmission path from register R2 to register R3. Similarly, AND
      gate 86 serves as the normal transmission path for data being transferred
      from register R3 to the first input register stage R4 of the static shift
      register SSH.
PAR  The output of OR gate 1114 which disables AND gates 64, 78, and 86, also
      enables AND gates 82 and 88. Flip-flop 1110 will keep these gates enabled
      or disabled as just described for one byte time. During the interim byte
      time, the data character in register R1 is bypassed around register R2
      through AND gate 82 and to register R3. Similarly, the data character in
      register R2 is bypassed around register R3 through AND gate 88 and Or gate
      930 into the first stage R4 of the static shift register SSH. Since AND
      gate 64 is disabled, a NUL character is clocked into register R2 during
      this byte time. In addition, the output from OR gate 1114 is also applied
      through another OR gate 1136 which disables AND gate 50, in multiplexer
      M-1, through an inverter 58. AND gate 50 is the normal transmission path
      for data characters from the last output register stage R.sub.O of the
      static shift register SSH to the register R1. Consequently, when AND gate
      50 is disabled a NUL character is clocked into register R1.
PAR  From the foregoing, it is seen that during the first byte time that
      flip-flop 1110 is in its set condition, the data character in register R1
      is transferred to register R3 and the data character in register R2 is
      transferred to the first stage R4 in the static shift register SSH. Also,
      a NUL character is written into each of registers R1 and R2.
PAR  Reference is now made to FIG. 25 which presents a table illustrating this
      operation. The status at the time the clear last field command X.sub.CF
      was detected in register R1 is shown for the data characters stored in
      registers R0, R1, R2, R3, R4 and R5. The clear last field command X.sub.CF
      is detected at register R1 and is preceded by an ESC character in register
      R2, a numeric character 5 in register R3, a numeric character 3 in
      register R4, and a numeric character 2 in register R5. During the byte
      time that flip-flop 1110 is in a set condition, the bypassing operation
      just described is operative. At the end of that byte time, NUL characters
      have been written into registers R1 and R2 and the X.sub.CF character is
      register R1 has been transferred to register R3. The ESC character in
      register R2 has been transferred to register R4. It is important to note
      here that numeric character 5 in register R3 has been deleted from the
      memory. Consequently then, during this first pass of the message including
      the clear last field command X.sub.F, the last data character, i.e.,
      numeric character 5, in the last data field entered, i.e., data field
      1104, has been deleted from the memory and the message length has now been
      shortened by one data characer.
PAR  As shown in FIG. 25, during a second recirculation of the data through the
      recirculation path, the clear last field command X.sub.CF is detected when
      located in register R1 and the characters in registers R2, R3, R4, and R5
      are respectively the ESC character, the numeric 3 character, the numeric 2
      character and the numeric 1 character. Since the command character
      X.sub.CF has been detected and decoded by decoder DC, flip-flop 1110 will
      again be set for one byte time. This controls the gates in the
      multiplexers associated with the recirculation path registers so that the
      data characters are again shifted and bypassed or are replaced with NUL
      characters in the manner described before. Consequently, after the second
      recirculation of the data, registers R0 through R5 will be occupied by the
      characters as shown in FIG. 25. It will be noted that the message has been
      shortened by deletion of the last numeric character i.e., numeric
      character 3. This same operation continues as shown in FIG. 25 during the
      third pass of data, the fourth pass of data, and the fifth pass of data.
      On the completion of the fifth pass or recirculation of data, the amount
      transaction field definer X.sub.$ is deleted from the message. Also, it
      will be noted that the message has closed up to the point that the ESC
      character at the beginning of data field 1104 and the ESC character just
      prior to the clear last field command X.sub.CF have been brought together
      to form two successive ESC characters. The message still contains the
      clear last field command X.sub.CF. During the next recirculation of data,
      the clear last field command X.sub.CF will be replaced by a NUL character
      and the operation for deleting the last entered field will have been
      completed.
PAR  Referring again to FIG. 22, it is seen that when flip-flop 1110 is set in
      response to detection of the clear last field command X.sub.CF, it serves
      to enable an AND gate 1140. The inputs of this AND gate are satisfied at
      the end of the byte time by a synchronizing pulse CS8 to set flip-flop
      1142 before flip-flop 1110 changes state. Flip-flop 1142 will be in a set
      condition for one byte time and then be reset through AND gate 1144 by the
      next synchronizing pulse which is anded with the output from flip-flop
      1142. During the byte time that flip-flop 1142 is set, it applies a binary
      1 signal through OR gate 1136 to disable AND gate 50. During the byte time
      that AND gate 50 is disabled, a NUL character is clocked into register R1
      with the shift pulses from clock source O.sub.S. When the synchronizing
      pulse CS8 is applied to reset flip-flop 1142, it also sets a flip-flop
      1146 through AND gate 1149. Flip-flop 1146 serves to condition or enable
      AND gate 1149 to provide a binary 1 output signal upon detection of an end
      of message designation in the form of two ESC characters in succession by
      decoder DC. When this condition is detected, decoder DC provides a binary
      1 signal on its E.sub.e output line.
PAR  Flip-flop 1146 serves to check whether the clear last field command
      X.sub.CF is still in memory. Thus, while flip-flop 1146 is set, it enables
      an AND gate 1150. Each time decoder DC detects a clear last field command
      X.sub.CF, it applies a binary 1 signal through AND gate 1150 to set
      flip-flop 1110 as well as to reset flip-flop 1146 through an OR gate 1152.
      Consequently then, as long as a clear last field command X.sub.CF is in
      memory and an end of message designation (ESC) (ESC) has not been
      detected, the circuitry will recycle to continuously delete the last
      character in the last field entered.
PAR  Reference is now made to the example provided in FIG. 25. After the fifth
      recirculation of data, only the clear last field command X.sub.CF is in
      memory and is preceded by two ESC characters. On the sixth pass or
      recirculation of data, decoder DC will provide a binary 1 signal on its
      output line E.sub.e indicative that ESC characters are located in register
      R1 and R2. Since flip-flop 1146 was set, AND gate 1148 has both inputs
      satisfied and produces a binary 1 signal which sets a flip-flop 1154. This
      binary 1 signal is also applied through OR gate 1136 to disable AND gate
      50 in multiplexer M1. During the next byte time, while flip-flop 1154 is
      in its set condition, a NUL character is clocked into register R1 instead
      of the X.sub.CF command. At the end of this byte time, a synchronizing
      pulse CS8 is anded with the output from flip-flop 1154 through an AND gate
      1156 to reset flip-flop 1154. Before flip-flop 1154 changes state, the
      synchronizing pulse CS8 is anded with the output of flip-flop 1154 through
      an AND gate 1158 to set flip-flop 1112 through OR gate 1160. It will be
      recalled that flip-flop 1112 is normally in a set condition to enable AND
      gate 1106 to commence the clear last field operation upon detection of a
      clear last field command X.sub.CF.
PAR  From the above description, it is seen that detection of the clear last
      field command X.sub.CF institutes an operation by which the last data
      field and associated field definer is deleted from the memory by
      successively deleting the last character in the data field with each
      recirculation of the data. It is to be noted that this operation continues
      regardless of the length of the data field being deleted until the
      circuitry detects that the field definer for that data field has also been
      deleted. This is the last step and then the circuitry deletes the X.sub.CF
      command.
CLMS
STM  We claim:
NUM  1.
PAR  1. A data terminal comprising:
PA1  memory means for storing a plurality of data characters including
      information data characters, each information data character being
      representative of one of S different indicia;
PA1  means for entering said data characters into said memory means for storage
      thereby;
PA1  means for outputting from said memory the said stored data characters in a
      data character series sequence including said information data characters;
PA1  controllable presenting means for presenting said indicia and including N
      presenting means each having S different sequential presenting conditions
      for respectively presenting said S different indicia;
PA1  means for sequentially indexing each of said N presenting means from a
      common starting condition and in sequential order toward said S condition;
PA1  means for counting said indexed conditions from said starting condition to
      said S condition and sequentially providing a count signal representative
      of each indexed presenting condition; and
PA1  control means responsive to a present command signal for concurrently
      controlling said N presenting means to present indicia represented by a
      maximum of N said information data characters, each said data characters
      being associated with one of said N presenting means for presenting the
      indicia represented by its associated data character, said control means
      including means synchronized with said indexing means and operative during
      each said index count condition to sequentially compare the indicia
      represented by the respective said information data characters with the
      indicia represented by said index count signal and including means for
      providing a first signal when the indicia represented by a said
      information data character is the same as that represented by the index
      count signal, and circuit means responsive to said first signals for
      selectively holding each one of said presenting means in its indexed
      presenting condition when the indicia represented by its associated data
      character is the same as that represented by said index count signal,
PA1  said first signal responsive circuit means including an N stage shift
      register with each stage being associated with one of said N presenting
      means, means for loading said shift registers so that at the end of each
      sequence of comparisons for each index count each register exhibits a
      binary condition representative of whether the comparison for its
      associated presenting means indicated that the indicia represented by the
      associated data information character is the same as that represented by
      the index count.
NUM  2.
PAR  2. A data terminal as set forth in claim 1, including circuit means for
      resetting said shift register so that each stage exhibits a binary
      condition indicative of a noncomparison before said comparing means
      sequentially compares each of said information data characters with the
      index count.
NUM  3.
PAR  3. A data terminal as set forth in claim 1, including means for initially
      resetting each of said presenting means to said common starting condition,
      shift register resetting means controlled by said means for resetting said
      presenting means for resetting said shift register so that each stage
      exhibits a binary condition indicative of a noncomparison.
NUM  4.
PAR  4. A data terminal as set forth in claim 3 including means controlled by
      said means for resetting said presenting means for setting said index
      counting means to provide a count signal representative of said starting
      condition.
NUM  5.
PAR  5. A data terminal comprising:
PA1  memory means for storing a plurality of data characters including
      information data characters, each information data character being
      representative of one of S different indicia;
PA1  means for entering said data characters into said memory means for storage
      thereby;
PA1  means for outputting from said memory the said stored data characters in a
      data character series sequence including said information data characters;
PA1  controllable presenting means for presenting said indicia and including N
      presenting means each having S different sequential presenting conditions
      for respectively presenting said S different indicia;
PA1  means for sequentially indexing each of said N presenting means from a
      common starting condition and in sequential order toward said S condition;
PA1  means for counting said indexed conditions from said starting condition to
      said S condition and sequentially providing a count signal representative
      of each indexed presenting condition;
PA1  control means responsive to a present command signal for concurrently
      controlling said N presenting means to present indicia represented by a
      maximum of N said information data characters, each said data characters
      being associated with one of said N presenting means for presenting the
      indicia represented by its associated data character, said control means
      including means synchronized with said indexing means and operative during
      each said index count condition to sequentially compare the indicia
      represented by the respective said information data characters with the
      indicia represented by said index count signal and including means for
      providing a first signal when the indicia represented by a said
      information data character is the same as that represented by the index
      count signal, and circuit means responsive to said first signals for
      selectively holding each one of said presenting means in its indexed
      presenting condition when the indicia represented by its associated data
      character is the same as that represented by said index count signal, and
PA1  means for monitoring said plurality of presenting means and including means
      providing a complete signal in response to all of said presenting means
      each being held in its respective said presenting condition, said complete
      signal being provided independently of the particular said index count
      within the sequence whereby said complete signal may be provided before
      said S condition is reached.
NUM  6.
PAR  6. A data terminal as set forth in claim 5, wherein said monitoring means
      includes circuit means for timing a predetermined time period during each
      said indexed condition and means for providing a said complete signal when
      all of said presenting means are held in a said presenting condition for a
      time duration at least equal to said predetermined time period.
NUM  7.
PAR  7. A data terminal comprising:
PA1  memory means for storing a plurality of data characters including
      information data characters, each information data character being
      representative of one of S different indicia;
PA1  means for entering said data characters into said memory means for storage
      thereby;
PA1  means for outputting from said memory the said stored data characters in a
      data character series sequence including said information data characters;
PA1  controllable presenting means for presenting said indicia and including N
      presenting means each having S different sequential presenting conditions
      for respectively presenting said S different indicia;
PA1  means for sequentially indexing each of said N presenting means from a
      common starting condition and in sequential order toward said S condition;
PA1  means for counting said indexed conditions from said starting condition to
      said S condition and sequentially providing a count signal representative
      of each indexed presenting condition; and
PA1  control means responsive to a present command signal for concurrently
      controlling said N presenting means to present indicia represented by a
      maximum of N said information data characters, each said data characters
      being associated with one of said N presenting means for presenting the
      indicia represented by its associated data character, said control means
      including means synchronized with said indexing means and operative during
      each said index count condition to sequentially compare the indicia
      represented by the respective said information data characters with the
      indicia represented by said index count signal and including means for
      providing a first signal when the indicia represented by a said
      information data character is the same as that represented by the index
      count signal, and circuit means responsive to said first signals for
      selectively holding each one of said presenting means in its indexed
      presenting condition when the indicia represented by its associated data
      character is the same as that represented by said index count signal,
PA1  said data entry means including means for providing first and second field
      definer data characters for entry into said memory means for each said
      concurrently controlled presentation to be made, with each said field
      definer data character being associated with a data field comprised of a
      plurality of said information data characters for which indicia are to be
      presented, said character providing means including means for providing
      said stored data characters such that a said data character series
      sequence includes said first field definer preceding its associated data
      field and then with said second field definer preceding its associated
      data field.
NUM  8.
PAR  8. A data terminal as set forth in claim 7, including means for decoding
      said first and second field definer data characters and including means
      for providing first and second field control signals in accordance
      therewith, said presenting control means including means responsive to
      said first and second field control signals for selecting only the
      information data characters associated with said first and second field
      definers for comparison with said indexed counts.
PATN
WKU  039316157
SRC  5
APN  4908546
APT  1
ART  236
APD  19740722
TTL  Controller for digital devices
ISD  19760106
NCL  27
ECL  1
EXP  Dildine, Jr.; R. Stephen
NDR  4
NFG  6
INVT
NAM  Oliver; Glenn A.
CTY  Campbell
STA  CA
INVT
NAM  Krossa; Kenneth D.
CTY  Los Altos
STA  CA
INVT
NAM  Earl; Douglas B.
CTY  Los Altos
STA  CA
ASSG
NAM  Scientific Micro Systems
CTY  Mountain View
STA  CA
COD  02
CLAS
OCL  3401725
EDF  2
ICL  G06F  738
FSC  340
FSS  172.5
FSC  445
FSS  1
UREF
PNO  3453600
ISD  19690700
NAM  Stafford et al.
OCL  340172.5
OREF
PAL  Processor Handbook, PDP 11/05,10,35,40 Digital Equip. Corp., 1973, pp. 2-1
      to 2-12.
PAL  Model 960A Computer System Characteristics, Texas Inst., 1974, pp.
      2,3,7,10-16.
PAL  Bloch, E., The Engineering Design of the Stretch Computer, In 1959 Proc.
      E.J.C.C., 1959, pp. 48-58.
LREP
FRM  Flehr, Hohbach, Test, Albritton & Herbert
ABST
PAL  Disclosed is a controller which functions to interconnect and control one
      or more digital devices such as magnetic discs, typewriters and other
      digital data processing equipment. The controller receives input signals
      and delivers output signals through interface vector (IV) buffer stores
      which connect to and from user devices. The logical state of the output
      signals in the buffer stores is determined by an instruction-controlled
      processor which accesses instructions from a memory. The instructions are
      processed in response to input signals (operands) from buffer stores and
      produce output signals (operands) to the buffer stores. The instruction
      fetching paths and the operand fetching and storing paths are separate.
      The controller includes apparatus and an instruction set which allows
      variable fields in the buffer stores to be addressed to provide source
      operands and to be addressed to store result operands after instruction
      execution.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to controllers for controlling digital
      devices and particularly to controllers employed in data processing
      systems of all sizes.
PAR  Controllers are typically connected over an input/output interface to one
      or more controlled devices. The controllers function to produce a
      particular set of output signals which is a function, in part, of the
      particular set of input signals received. In general, it is desirable for
      the controllers to produce the output signals in as short a time as
      possible. The number and logical state of input and output signals and the
      sequence in which they occur varies widely among different controlled
      devices.
PAR  Frequently the control functions necessary to control digital devices have
      been embodied in dedicated controllers which perform dedicated logic
      functions. For example in a magnetic disc system, a disc drive is
      controlled by a magnetic disc controller. The disc controller controls the
      disc drive and integrates the disc drive into a larger processing system.
      Controllers of the dedicated type suffer from an inflexibility which
      results because they are designed for use with a single type of digital
      device and hence, they are not readily adapted for use with other devices.
PAR  In order to obtain greater flexibility in implementing control functions,
      programmable small processors (frequently called microprocessor) can be
      employed as controllers for digital devices. Although programmable
      processors have greater flexibility, they are generally inefficient when
      used to perform control functions. The inefficiency arises, in part,
      because processors are generally organized to optimize execution time with
      apparatus in which instructions and operands are addressed and accessed
      from common memory with common circuitry. For these and other reasons,
      programmable processors have not allowed the full potential of processors
      to be directed to performing control functions.
PAR  In accordance with the above background, an object of the present invention
      is to provide an improved method and apparatus for controlling digital
      devices utilizing the flexibility of stored programs of instruction in an
      apparatus particularly suitable for performing control functions.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a controller for controlling digital devices of
      the type utilized in data processing systems. The controller stores input
      and output signals (operands) in interface vector(IV) buffer stores. The
      IV buffer stores are accessable for reading and writing by the controlled
      digital devices. The buffer stores are also accessable for reading and
      writing by a programmed interpreter within the controller. The programmed
      interpreter functions to execute instructions stored in a memory and in so
      doing dynamically controls the digital devices. The interpreter includes
      apparatus and an instruction set in which the IV buffer stores are
      specified as the source of and/or the destination of variable length
      operands utilized in the execution of instructions. Instruction accessing
      and operand accessing are carried out with separate apparatus.
PAR  In accordance with one embodiment of the present invention, each of the IV
      buffer stores includes a plurality of data latches. The latches are
      connected in common, to a digital device bus (UD bus) and to an
      interpreter bus (IV bus). The latches are available for reading or writing
      by way of either the UD bus or the IV bus. In one embodiment, a write
      operation from a digital device on the UD bus is given priority over a
      write operation from the interpreter on the IV bus. Read operations are
      non-destructive and non-interfering. Each buffer store is also assigned an
      address within the address space of the instructions processed by the
      interpreter. Each buffer store is connected in common with the IV bus. An
      address detector in each buffer store functions to detect when its
      preassigned address appears on the IV bus and hence has been addressed by
      the interpreter. When a buffer store is addressed, the address detector
      detects the address on the IV bus and responsively sets an enable latch
      which enables the data latches for reading and writing by the interpreter
      over the IV bus. Reading and writing over the UD bus by a digital device
      is always permitted independently of the setting of the enable latch.
      Whenever an address detector in a buffer store detects that the IV bus
      address is not the one assigned to the buffer store, the address detector
      causes the enable latch to be disabled thereby inhibiting communications
      between the interpreter and the data latches of that buffer store.
PAR  In accordance with a further embodiment of the present invention, a first
      plurality of IV buffer stores are organized into a first bank (left bank)
      and a second plurality of buffer stores are organized into a second bank
      (right bank). The IV buffer stores in one bank are addressed in common
      under control of the interpreter and the IV buffer stores in the other
      bank are addressed in common by the interpreter. The apparatus is capable
      of operating such that a buffer store in one bank serves as an operand
      source while a buffer store in the other bank serves as an operand
      destination during execution of one instruction. A feature of the
      invention includes a paged working store connected for addressing to the
      IV bus through IV buffer stores.
PAR  In accordance with a further embodiment of the present invention, the
      memory which stores instructions is a read-only memory (ROM).
PAR  In accordance with further details of the present invention, the
      interpreter includes an instruction register which receives an instruction
      from the read-only memory once each cycle. Each instruction in the
      instruction register is decoded by a control unit which provides control
      signals for instruction execution. The interpreter includes an arithmetic
      and logic unit for performing ADD, AND and EXCLUSIVE-OR functions. The
      interpreter includes a register array having a plurality of addressable
      registers which connect, through an input field control circuit, to one
      port of the arithmetic and logic unit. An addressable accumulator register
      connects to the other port of the arithmetic and logic unit. Each buffer
      store is also an addressable location for providing operands to the
      interpreter through the input field control circuit. The input field
      control circuit rotates and selects source operand fields as inputs to the
      arithmetic and logic unit. The outputs from the arithmetic and logic unit
      are connected to the register array, to the accumulator and through an
      output field control circuit to the buffer stores.
PAR  The interpreter also includes instruction address formation apparatus which
      includes an address register and a program counter. The program counter is
      incremented to sequentially step through addresses in the ROM memory.
      Instructions and apparatus are provided to jump the address in the address
      register to a new predetermined address or to concatenate the address in
      the program counter to form a new address.
PAR  In accordance with the above summary, the present invention achieves the
      objective of providing an improved method and apparatus for controlling
      digital devices using a variable number of input and output control
      points, as implemented by addressable variable field buffer stores which
      are controlled by a stored program of instructions.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention, as illustrated in the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts an overall block diagram of a controller in accordance with
      the present invention interconnected to digital user devices.
PAR  FIG. 2 depicts a further detailed block diagram of the controller utilized
      in FIG. 1.
PAR  FIG. 3 depicts a block diagram of one interface vector(IV) buffer store
      representative of those utilized in FIGS. 1 and 2.
PAR  FIG. 4 depicts a further detailed representation of the FIG. 3 buffer
      store.
PAR  FIG. 5 depicts the detailed interconnections between buffer stores of the
      FIG. 4 type and a user device in the form of a floppy disc drive.
PAR  FIG. 6 depicts timing waveforms representative of the operation of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION
PAC  General System -- FIG. 1
PAR  In FIG. 1, the controller 4 connects to digital user devices 7-1 and 7-2
      over user device(UD) data buses (user buses 3-1 through 3-4. The user
      buses 3-1 through 3-4 connect to the interface vector(IV) buffer stores
      8-1 through 8-4, respectively. The IV buffer stores 8 define control
      points for the user devices 7. The buffer stores 8 both receive and output
      signals from and to the user devices. The logical state of the control
      points defined by the signals from and to the buffer stores is a function
      of a stored program of instructions in the controller 4. The program is
      stored in the memory 6 which, for economy, is preferably a read-only
      memory(ROM). Instructions from memory 6 together with information received
      from user devices in the buffer stores 8 are processed in the interpreter
      5.
PAR  The interpreter 5 includes an instruction register (INST REG) 10 which
      receives the latest instruction from the read-only memory 6. Each
      instruction stored in register 10 is accessed from the memory 6 at the
      address specified by the ROM address register (ROM ADDR REG) 20.
PAR  Each instruction in register 10 is decoded in interpreter control(INTERP
      CTRL) 11 to control many operations of the FIG. 4 apparatus. The
      interpreter 5 includes an arithmetic and logic unit (ALU) 17. The
      arithmetic and logic unit 17 receives an input field to one port from the
      A bus 32 and a second input field to the other port from the B bus 33 and
      develops an output on the destination bus (DB) 22. The destination bus 22
      connects as an input to a working register stack 12, to an accumulator
      register(ACC REG) 18, to the ROM select (ROM SEL) circuitry 19, and to the
      IV input/output (IV I/O) circuitry 13. The accumulator register 18 in turn
      connects through selection circuit(SEL B) 16 to form one possible input to
      the B bus 33 of ALU unit 17. Another input to selection circuit 16 is
      derived directly from the instruction register 10 on bus 23.
PAR  The output from the register stack 12 connects to selection(SEL SB) circuit
      14 to provide one source for the source bus(SB) 31 which feeds the fetch
      field control (FIELD CTL) circuit 15. The other input to the selection
      circuit 14 is from the IV input/output(IV I/O) circuit 13 which connects
      to the directional IV bus 2. The source bus 31, output from the selection
      circuit 14, connects through the field control circuit 15 to the A bus 32
      input to the arithmetic and logic unit 17.
PAR  The output from arithmetic and logic unit 17 connects as an input to
      accumulator register 18, register stack 12 and to output field control
      circuit 44. Circuit 44 functions to select and shift output fields from
      destination bus(DB) 22 and bus 50 for output on IV bus 2 through IV I/O
      circuit 13.
PAR  The destination bus 22 from unit 17 also connects as an input to the ROM
      selection(ROM SEL) circuitry 19. Selection circuitry 19 also receives an
      input from the instruction register 10 and from the program counter(PROG
      CTR) 21. The selection circuitry 19 selects fields from one or more of the
      three inputs to form an address in ROM address register (ROM ADDR REG) 20.
      The address in the address register 20 is input by bus 28 to address the
      read-only memory 6. The output from the address register 20 also connects
      as an input to the program counter 21. Program counter 21 usually
      increments by one the address in the address register 20 each time the
      read-only memory 6 is addressed. At certain times the program counter does
      not increment or performs some other function.
PAR  The operation of the FIG. 1 apparatus is briefly as follows. The read-only
      memory 6 presents the interpreter 5 with a new addressed instruction each
      instruction cycle. The instruction presented in the one located at the ROM
      address specified in the address register 20. The addressed instruction is
      stored for decoding in the instruction register 10. Each instruction
      typically specifies both a source operand and a destination for the result
      operand. The source and destination operands may be from or to an
      addressed one of the IV buffer stores 8, an addressed one of the registers
      in the register stack 12, the accumulator 18, or the ROM address register
      20. The source operand is presented on the A bus input to the arithmetic
      and logic unit 17 and the destination operand appears output on the
      destination bus(DB) 22. A jump instruction causes one operand to go
      directly to the address register 20. A second source operand is derived
      implicitly through the selection circuit 16 (from the accumulator register
      18 or instruction register 10) without explicit identification in the
      instruction stored in register 10. The program counter 21 forms the
      address of a new instruction using the current instruction alone or in
      combination with the data from the destination bus 22 or the instruction
      register 10.
PAR  The operation of the FIG. 1 apparatus allows any field length operand from
      any particular one of the buffer stores 8 to be specified as the source or
      the destination in executiing the instruction stored in register 10. In
      this manner, the controller 4 communicates with each user device 7 with a
      highly selectable number of control points either for inputting or
      outputting information to or from the user devices.
PAR  In FIG. 1, the accessing (fetching and storing) of operands and the
      accessing (fetching) of instructions are carried out by independent
      apparatus. On one hand, the instruction address fromation apparatus
      including program counter 21, selection circuit 19 and address register 20
      is connected to the memory 6 over an instruction address bus 28. Bus 28
      does not carry the addresses of operands and the memory 6 does not store
      operands. Instructions are transmitted from the memory 6 to the
      interpreter 5 over the instruction bus 27. Bus 27 also does not transmit
      operands. On the other hand, operands are transmitted to and from the user
      devices 7 through the IV buffer stores 8 to the common IV bus 2. The bus 2
      connects operands between addressed ones of the buffer stores and the
      interpreter 5 independently from instruction accessing. Because of this
      independence of the instruction accessing and the operand accessing, the
      present invention provides for high-speed operation.
PAC  Controller -- FIG. 2
PAR  In FIG. 2, the controller 4 of FIG. 1 is shown in further detail. The
      read-only memory (ROM) 6 is addressed by 13-bit bus 28 from the address
      latches (ROM ADDR LAT) 20 through conventional address drivers (ROM ADDR
      DR) 26. The 13 binary bits define 8,192 locations in memory 6. While a
      read-only memory is preferred for cost economy, any addressable memory can
      be employed for memory 6. Each of the locations in memory 6 stores up to
      16 instruction bits, I0, I1, . . . , I15 in locations BIT O, BIT 1, . . .
      , BIT 15. Each time an address is presented on address bus 28, 16 bits of
      an instruction are gated out on bus 27 and are latched in the instruction
      register 10 by a R01 clock signal.
PAR  Referring to FIGS. 2 and 6, the clock signals are derived from a sequencer
      30 which is a conventional timing means driven, for example, by a crystal
      controlled 10 MHz oscillator 29. Sequencer 30 develops, for example, a 100
      nanosecond read cycle signal R0 followed by a 100 nanosecond write cycle
      signal W0 as shown in FIG. 6. The read cycle is further divided into 50
      nanosecond first and second segments by signals R01 and R02 and similary
      the write cycle W0 is divided into 50 nanosecond segments by signals W01
      and W02. The clock signals from sequencer 30 are distributed to many
      locations throughout the FIG. 2 apparatus to provide for the basic timing
      of operations. Once each cycle at R01 time an instruction is latched in
      register 10 and is presented to interpreter control (INTERP CONTROL) 11.
      The instruction in register 10 provides as inputs to interpreter control
      11 a 3-bit C field, a 5-bit S field, a 3-bit L field and a 5-bit D field.
      For convenience, the 3 bits in the C field are designated C(x) where x
      equals 0, 1 and 2. The five bits in the S field are referred to as S(x)
      where x equals 0, 1, . . . , 4. The 3 bits in the L field are referred to
      as L(x) where x equals 0, 1 and 2. The 5 bits in the D field are referred
      to as D(x) where x equals 0, 1, . . . , 4.
PAR  The interpreter control 11 also receives as inputs the clock signals R0,
      W0, W01 and W02 from sequencer 30. Also control 11 receives as an input
      the SNO signal from the latch 39 which designates that all bits on the A
      bus 32 have a 0 state.
PAR  With the indicated inputs, the interpreter control 11 functions to provide
      a plurality of output control signals. The 1-bit CNTC line from control 11
      connects the count logic 21-2 to signal that the count in the program
      counter latches 21-1 is to be incremented by +1.
PAR  The 5-bit MAC bus produces five control signals MAC(x), where x equals 0,
      1, . . . , 4, which are input to the internal registers including the
      working registers 12, the selection circuit gates 14, and the accumulator
      18. The MAC(x) signals for x equal to 1, . . . , 4 address the internal
      registers whenever MAC(0) is 1. Whenever MAC(0) is 0, the IV buffer stores
      are addressed.
PAR  The 1-bit IVW* bus is input to the driver 74 to determine when information
      is gated out to the IV bus 2.
PAR  The 3-bit WRC bus includes the three signals WRC(x), where x equals 0, 1
      and 2, which are input to the output field control circuit 44 for
      controlling the starting bit of data to be shifted.
PAR  The 3-bit RRC bus includes the three signals RRC(x), where x equals 0, 1
      and 2, which are input to the barrel switch 15-1 of the input field
      control circuit 15 for controlling the starting bit of data to be rotated.
PAR  The 3-bit WLC* bus includes the three signals WLX(x)*, where x equals 0, 1
      and 2, which are input to the store field control 44 for controlling the
      length of data selected.
PAR  The 3-bit RCL* bus includes the three signals RCL(x)*, where x equals 0, 1
      and 2, which are input to the length mask 15-2 in the input field control
      circuit 15 for controlling the length of data selected.
PAR  The 5-bit IVC bus includes the five signals RB*, LB*, SCMD, WCMD and W02
      which are input to control the IV buffer stores 8.
PAR  The 3-bit RAC bus includes the three signals RAC(0), RAC(5), and RAC(8)
      which are input to control the ROM select circuitry 19.
PAR  The 1-bit INH line is input to the counter latches 21-1 to inhibit latching
      a new count at W02 time if an XEC instruction is being executed.
PAR  The 3-bit ALU bus includes three or more signals input to the selection
      circuit 16 and the arithmetic and logic unit 17. The ALU control signals
      are conventional for controlling a standard arithmetic and logic unit 17
      to perform standard functions commanded by the 3-bit instruction code from
      register 10.
PAR  The logical 1 or 0 value of the signals output from the interpreter control
      11 are defined in terms of the logical level of the input signals in the
      following TABLE I. In TABLE I, a "." signifies a logical AND, a "v"
      signifies a logical OR, and a "*" signifies a loogical complement. The
      control unit 11 is any conventional unit, such as a read-only memory or
      other device, which produces a logical output in response to a logical
      input.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     MAC(x)                                                                    

           = [S(x)*.R.phi.vD(x)*.W.phi..CO*vS(x)*.W.phi..C0.C1.C2*]*           

                where x = 0, 1, ..., 4                                         

     WRC(x)                                                                    

           = [D(x+2)*.C0*.D0vS(x+2)*.C0.C1.C2*.S0]*                            

                where x = 0, 1, 2                                              

     RRC(x)                                                                    

           = [S(x+2)*.S0vL(x).S0*.D0*.C0*]*                                    

                where x = 0, 1, 2                                              

     WLC(x)*                                                                   

           = [L(x).D0.C0*vL(x).S0.C0.C1.C2*]*                                  

                where x = 0, 1, 2                                              

     RLC(x)*                                                                   

           = [L(x).S0]*                                                        

                where x = 0, 1, 2                                              

     SCMD  = W.phi..[C0*.D0*.D2.D3.D4vC0.C1.C2*.S0*.S2.S3.S4]                  

     WCMD  = W.phi..[C0*.D0vC0.C1.C2*.S0]                                      

     IVW*  = [SCMDvWCMD]*                                                      

     RB*   = [R.phi..(S0.S1vD0.S0*) v W.phi..(C0*.D1vC0.S1)]*                  

     LB*   = [RB]*                                                             

     CNTC  = [C0.C1*.C2*vC0.C1.C2vC0.C1*.C2.SN0]*                              

     RAC(0)                                                                    

           = [C0.C1.C2vW.phi.1]*                                               

     RAC(5)                                                                    

           = [C0.C1.C2vC0.C1*.S0*vC0.C1*.C2.SN0.S0*vW.phi.1*]*                 

     RAC(8)                                                                    

           = CNTC                                                              

     INH   = C0.C1*.C2*                                                        

PAR  In FIG. 2, the arithmetic and logic unit (ALU) 17 performs 8-bit unsigned
      2's complement arithmetic. The unit 17 is conventional and carries out the
      ADD, the AND and the XOR (exclusive-or) instructions under control of the
      ALU bus from control 11 on two data inputs. The two data inputs to the
      unit 17 are the 8-bit A bus 32 from mask circuit 15-2 and the 8-bit B bus
      33 from selection circuit 16. The inputs on the A and B buses are latched
      at R0 time at the input of the ALU 17 and the result appears on the 8-bit
      destination bus(DB) 22 during the W0 portion of each cycle. Unit 17
      includes a high-order overflow output on 1-bit line 34 for use during an
      ADD instruction. If a 1-bit overflow occurs during an ADD instruction, the
      overflow is stored in a carry flip-flop(CFF) 35 at W02 time.
PAR  Selection circuits 14 and 16 which determine the operand inputs to unit 17
      are conventional circuits for selecting one output from several inputs.
      Selection circuit 16 operates in response to the ALU signals from control
      11 and selection circuit 14 operates in response to the MAC signals from
      control 11. The 8-bit B bus 33 is selected from BIT 8 through BIT 10 and
      BIT 11 through BIT 15 of the instruction register 10 and the 8 bits from
      accumulator register 18. Selection circuit 14 selects output information
      onto the 8-bit source bus 31 from the 8-bit output from working registers
      12, the 8-bit output from the receiver latches 37, or the 1-bit carry-out
      from flip-flop 35.
PAR  The information selected by circuit 14 on the source bus is input to the
      field control circuitry which includes the barrel switch 15-1 and the
      length mask 15-2. The barrel switch circuit 15-1 functions to end-around
      shift (rotate) the 8-bit input from bus 31 under control of the 3-bit RRC
      bus from control 11. The mask circuit 15-2 functions to force to 0
      preselected bits in the rotated field from barrel switch 15-1 under
      control of the 3-bit RLC bus from control 11.
PAR  The source bus(SB) input bits to barrel switch 15-1 have the order SB0,
      SB1, . . . , SB7 and, in the absence of any masking or rotation, produce
      the A bus output bits in the order A0, Al, . . . , A7. The switch 15-1 and
      the rotate control(RRC) bits RRC0, RRC1, and RRC2 function in a
      conventional manner to rotate the sequence of SB bits on bus 31 by
      end-around shifting to produce rotated outputs. For example, if the bits
      RRC0, RRC1 and RRC2 are all 0's, then the output sequence on the 8-bit bus
      25 is the same as the input sequence SB0, SB1, . . . , SB7. If the RRC bus
      bits are 110, signifying a 1-bit shift around then the input sequence SB0,
      SB1, . . . , SB7 is shifted with an output sequence on bus 25 of SB7, SB0,
      SB1, . . . , SB6. In a similar manner, if the RRC bits from control logic
      11 are 100, signifying a 3-bit shift, the output sequence is SB5, SB6,
      SB7, SB0, SB1, SB2, SB3, SB4.
PAR  The mask circuit 15-2 receives on bus 25 the end-around shifted source bus
      bits and transmits selected bits to the A bus 32 while forcing other bits
      to 0. Bits are forced to 0 as a function of the 3-bit RLC* field from the
      control logic 11 in a conventional manner. If the 3 bits RLC0*, RLC1*, and
      RLC2* are 110, representing selection of a 1-bit field, then seven
      high-order bits A1, A2, . . . , A7 on bus 25 are forced to all 0's while
      A0 has its unaltered 1 or 0 state as derived from switch 15-1. If the RLC*
      bits are 010, representing the selection of a 5-bit field, then the 5
      lower-order bits A0, . . . , A4 from switch 15-1 pass unaltered and all
      higher-order bits A5, . . . , A7 are forced to 0. If the RLC* bits are 111
      (the L field if 000) representing a field length of 8 bits, all bits pass
      unaltered.
PAR  The barrel switch 15-1 and the length mask 15-2 are conventional circuits
      operated in a conventional manner.
PAR  In FIG. 2, the seven 8-bit working registers 12, the 8-bit accumulator 18
      and the 1-bit carry flip-flop 35 constitute the addressable internal data
      registers of the interpreter. Those registers are addressed by 4 bits (MAC
      1, . . . , MAC 4) of the 5-bit MAC bus. The seven registers 12 are
      designated by the octal addresses 01, 02, 03, 04, 05, 06 and 11 which have
      corresponding binary values 0001, 0010, 0011, 0100, 0101, 0110, and 1001,
      respectively. The accumulator register 18 is designated by octal address
      00 (binary 0000) and the carry flip-flop 35 is designated by octal address
      10 (binary 1000).
PAR  The addressable internal data registers provide temporary storage for data.
      Data transfers between the internal registers are always on a full 8-bit
      basis. Transfers to the 8-bit IV buffer stores 8, however, may be with a
      field length, L, of any value from 1 to 8 bits. The bit numbering for the
      eight bits in each of the internal data registers and in the buffer stores
      is BIT 0, BIT 1, . . . , BIT 7 proceeding from left to right. The most
      significant bit is BIT 0 and the least significant bit is BIT 7.
PAR  In addition to the octal addresses of the internal data registers
      previously given, the octal address 07 (binary 0111) is designated for the
      address specification of the left bank of IV buffer stores(IVL) and octal
      address 17 (binary 1111) is designated for the address specification of
      the right bank of IV buffer stores(IVR). The IVL and IVR addresses (07 and
      17) are utilized whenever MAC0 is 0 for setting the enable latch in an
      addressed one of the IV buffer stores while all non-addressed IV buffer
      stores have the enable latch reset. Specifically, when register octal
      address 07 is specified (IVL), an 8-bit address on IV bus 36 is detected
      by one out of a possible of 256 left bank stores and has its enable latch
      set provided SCMD is 1, WCMD is 0, LB* is 0, and W02 is 1. Similarly, when
      register octal address 17 is specified (IVR), an 8-bit address on IV bus
      36 is detected by one of 256 right bank buffer stores, or an equivalent
      working store location, provided SCMD is 1, WCMD is 0, RB* is 0 and W02 is
      1.
PAR  The accumulator register 18 is used in the ADD, the AND, and the XOR
      instructions where its contents are combined with the source operand from
      source bus 31. The contents of the accumulator 18 for those instructions
      are not explicitly referenced in the instructions unless it is also the
      source of both input operands or the destination of the result operand.
      Under the latter case, the accumulator register is referenced in the same
      manner as any other register. The contents of the accumulator register 18
      are unchanged by the ADD, AND and XOR instructions unless that register
      has been specified in the instructions as the destination register for the
      result operand. The accumulator register may be addressed like any other
      data register for the NZT, XMIT and XEC instructions.
PAR  The internal address space of the internal registers includes the eight
      locations 0000, 0001, . . . , 0111 and the eight locations 1000, 1001, . .
      . , 1111. Twelve of these sixteen internal address locations are occupied
      in the manner previously indicated. The four address locations 1010, 1011,
      1100, and 1101 are empty and produce a null condition if addressed. The
      sixteen internal address locations are addressed by the signals MAC 1, MAC
      2, . . . , MAC 4 from the 5-bit MAC bus. The fifth bit MAC 0, functions as
      an enable signal to enable the output of an internal register addressed by
      the signals MAC 1, . . . , MAC 4. Whenever MAC0 is 0, the addressed
      internal register provides an output. Whenever MAC0 is 1, no output occurs
      from an internal register since when MAC0 is 1 an IV buffer store is
      accessed to provide a source operand or store a result operand. The
      particular buffer store accessed when MAC0 is 1 is the particular one in
      the left or right bank which was last addressed when MAC0 was 0 and the
      left bank select address 0111 or the right bank select address 1111 was
      accessed. In this manner, the address of an external buffer store is
      specified by addressing an internal address (0111 for a left bank buffer
      store or 1111 for a right bank buffer store).
PAR  In FIG. 2, the instruction address formation apparatus includes the 13-bit
      ROM address latches 20 which are latched at time W01 with addresses
      selected by the ROM select (ROM SEL) circuits 19. Select circuits 19
      function under control of the 3-bit RAC bus to select various input fields
      for address bits, BIT 0 through BIT 12. Address bits BIT 8 through BIT 12
      are selected under control of RAC(8) either from the high-order 5 bits of
      the arithmetic and logic unit 17 or from the high-order 5 bits from the
      program counter latches 21-1 via the +1 count logic 21-2. Address bits BIT
      5 through BIT 7 are selected under control of RAC(5) either from the
      remaining bits of the arithmetic and logic unit 17 or from BIT 5 through
      BIT 7 from the program counter latches 21-1. Address bits BIT 0 through
      BIT 4 are selected under control of RAC(0) either from the low-order count
      of the program counter latches 21-1 or from the BIT 3 through BIT 7 S
      field of the instruction register 10.
PAR  The selection of which inputs are latched into the address latches 20 is
      under control of the control 11. The control 11 receives the 3-bit
      instruction code C0, C1, C2 from the instruction register 10 and also
      receives a zero detect signal, SN0, on line 42 from a zero detect latch
      39. The zero detect latch 39 is latched at the R0 time with a signal from
      a zero detector 38. Zero detector 38 is, for example, a 8-way NAND gate
      which senses the all 0's condition of the source field of A bus 32 and
      responsively provides a signal to latch 39 when the condition is detected.
PAR  The 13-bit ROM address stored in latches 20 at W01 time is transferred,
      under most conditions, to the program counter latches (PROG CTR LAT) 21-1
      at W02 time. The current count in latches 21-1 is incremented by 0 or +1
      by count logic 21-2. The address stored in latches 20 is determined by the
      RAC bus and the CNTC line as determined by TABLE I and as tabulated in the
      following COUNT LOGIC, TABLE II. In the following TABLE II, the ROM
      address latches 20 are always latched at the W01 time. The program counter
      latches 21-1 are always latched at the W02 time except that during an XEC
      instruction an INH signal from control 11 inhibits the W02 signal from
      loading a new count into the program counter latches 21-1.
TBL                                    TABLE II                                

     __________________________________________________________________________

     COUNT LOGIC                                                               

                      INCREMENT                                                

     INSTRUCTION                                                               

             C.sub.2                                                           

                C.sub.1                                                        

                   C.sub.0                                                     

                      PROG. CTR.                                               

                             ROM SEL                                           

     __________________________________________________________________________

     MOVE    0  0  0  +1     CTR LAT(0-12)                                     

     ADD     1  0  0  +1     CTR LAT(0-12)                                     

     AND     0  1  0  +1     CTR LAT(0-12)                                     

     XOR     1  1  0  +1     CTR LAT(0-12)                                     

                             IF IV;                                            

                             ALU(3-7)+CTR LAT(0-7)                             

     XEC     0  0  1  +0                                                       

                             IF REG;                                           

                             ALU(0-7)+CTR LAT(0-4)                             

                      SN0=0; +1                                                

                             CTR LAT(0-12)                                     

                             IF IV;                                            

                             ALU(3-7)+CTR LAT(0-7)                             

     NZT     1  0  1  SN0=1; +0                                                

                             IF REG;                                           

                             ALU(0-7)+CTR LAT(0-4)                             

     XMIT    0  1  1  +1     CTR LAT(0-12)                                     

     JMP     1  1  1  +1     ALU(0-7)+(S of IR)                                

     __________________________________________________________________________

PAR  In FIG. 2, the 8-bit destination bus 22 connects to the ROM select circuit
      19, to the accumulator 18, to the working registers 12 and to the
      destination field control circuit 44. The destination field control
      circuit 44 functions, in response to the WLC* and WRC signals from
      interpreter control 11, to provide output data to the driver circuit 74.
      Driver circuit 24 connects to the IV bus 2.
PAR  Field control circuit 44 is a conventional device for selecting and
      aligning input data from the 8-bit latch bus 50 and from the 8-bit data
      bus 22 to provide 8-bit output data on bus 36 which connects through the
      drivers 74 to IV bus 2. the input data bus (DB) 22 carries bits DB0, DB1,
      . . . , DB7. The input latch bus (L) 50 carries bits L0, L1, . . . , L7.
      The output bus 36, after connection through the drivers 74 to IV bus 2,
      carries the output bits IV0, IV1, . . . , IV7. The 0 bits are the highest
      order and the 7 bits are the lowest order. The WRC signals specify in
      binary notation, the lowest-order bit of the output IV bits in which the
      lowest-order bit of the DB bits is written. The WLC* signal specifies, in
      binary notation, the number of DB bits which are selected from the DB bus
      22 for transmission to the IV bus 2. The remainder of the bits to make a
      total of 8 for transmission to the IV bus are taken from the L bus 50. By
      way of example, it is assumed that the WRC signal is 100 specifying that
      the lowest-order bit of DB bus 22, DB7, will be written into the L4
      position of IV bus 2 because L4 is the fourth bit (binary 100) over from
      the lowest-order bit L7. It is also assumed by way of example that WLC
      equals 011 (WLC* equals 100) indicating a length of 3 bits. The 3-bit
      length indicates that bits DB5, DB6, and DB7 from bus 22 will be
      transferred to the IV bus. The WRC signal indicates that the DB5, DB6, DB7
      bits will be located in the IV2, IV3 and IV4 bit locations of the IV bus.
      The IV0, IV1, IV5, IV6, and IV7 output locations of the IV bus contain the
      L0, L1, L5, L6, and L7 bits, respectively, from bus 50. With the WRC and
      WLC signals as indicated, the 8 IV output bits contain L0, L1, DB5, DB6,
      DB7, L5, L6 and L7.
PAR  The driver circuit 74 includes conventional gates which transmit the 8 bits
      of bus 36 onto the 8-bit IV bus 2 whenever an IVW* signal is 0 as provided
      by the interpreter control 11.
PAR  In FIG. 2, each of the IV buffer stores 8 receives the 8-bit IV bus 2 and 4
      bits of the 5-bit IVC bus from interpreter control 11. All of the buffer
      stores 8-L0, . . . , 8-L7 in the left bank receive three common lines
      SCMD, WCMD, and W02 and the LB* line where the LB* line is utilized to
      enable the left bank of buffer stores. All of the right bank buffer stores
      8-RO, . . . , 8-R3 receive the three common lines SCMD, WCMD and W02 and
      the single RB* line where the RB* line is utilized to enable the right
      bank of buffer stores. Each of the buffer stores 8 is connected by an
      8-bit user data bus 3 and a 2-bit command bus 47 to user devices or to the
      working store as shown in FIGS. 1 and 2. Each IV buffer store connected to
      a user device provides 8 independent control points on a bus 3 which are
      individually addressable by the user system with commands on a bus 47.
      Each IV buffer store may be used in either a bi-directional or a
      uni-directional mode in which the bus 47 commands define the direction of
      data flow between the user device and the IV buffer store.
PAR  Each of the IV buffer stores, except buffer store 8-R3, contains a
      non-alterable address. Each buffer store may be assigned a non-alterable
      different and unique address or two or more buffer stores may have the
      same non-alterable address. If each buffer store is assigned a unique
      address, the interpreter 5 can uniquely address each buffer store. When a
      buffer store address is placed on the IV bus 2 and appropriate control
      signals are applied on the IVC bus, a decoder in each buffer store is
      activated to detect whether the address on the IV bus is the address of
      the respective IV buffer store. Any buffer store recognizing its
      preassigned address on the IV bus enables itself and stores an enable
      condition. Each buffer store which does not recognize its address on the
      IV bus disables itself and stores a disable condition. Thereafter, all
      subsequent read/write operations from the interpreter 5 to the buffer
      stores are carried on with only enabled buffer stores. The accessing of
      locations in addressed buffer stores in on a variable field length basis.
      For 8-bit IV buffer stores, the field length is from 1 to 8 bits. The user
      read and write operations between a user device and an IV buffer store
      occur irrespective of whether the particular store is enabled or not for
      communication with the interpreter.
PAC  IV Buffer Store -- FIG. 3
PAR  In FIG. 3, a general block diagram of a typical IV buffer store 8 is shown.
      The buffer store includes 8 latches 53 which are connected in common
      through drivers and receivers (DR/REC) 51 to the 8-bit user device bus 3
      and through drivers and receivers (DR/REC) 52 to the 8-bit IV bus 2. The
      IV control 54 is responsive to the user command bus 47 which carries the
      signals UR* and UW*. Also the IV control 54 is also responsive to four
      processors control commands from the 5-bit IVC bus 45 which carries the
      signals W02, SCMD, WCMD and ME*. The ME* signal line in each of the buffer
      stores of which the IV buffer store of FIG. 3 is typical connects either
      to the RB* line or the LB* line of the IVC bus 45 depending whether or not
      the particular buffer store is in the right bank or the left bank,
      respectively, of FIG. 2. In FIG. 3, the address detector 48 receives the 8
      lines from the IV bus 2. Detector 48 functions to detect whenever an
      address appears on the IV bus 2 which matches a preselected address stored
      in detector 48.
PAR  The buffer store of FIG. 3 has three modes for communicating with the
      interpreter 5 of FIGS. 1 and 2. The three modes are read out (to the
      interpreter), write (information from the interpreter), and address
      enable/disable. In the read out mode, SCMD is 0, WCMD is 0, and IVW* is
      1,and ME* (from RB* or LB*) is 0. In the write mode, WCMD is 1, SCMD is 0,
      W03 is 1, IVW* is 0 and ME* (from RB* or LB*) is 0. For the address
      enable/disable mode, SCMD is 1, WCMD is 0, IVW* is 0, W02 is 1, and ME*
      (from RB* or LB*) is 0.
PAC  IV Buffer Store Detail -- FIG. 4
PAR  In FIG. 4, the buffer store of FIG. 3 is shown in further detail. The
      buffer store includes the 8 latches 56-0, . . . , 56-7. The latches
      receive input data on their D inputs which are attached to the group of
      receiver gates 57 and the group of receiver gates 58. The gates 57-0, . .
      . , 57-7, when energized by a 0 from the UW* line, present input data from
      the UD bus 3 lines UDO, . . . , UD7 to the latches 56-0, . . . , 56-7,
      respectively. Similarly, gates 58-0, . . . , 58-7 present input data to
      latches 56-0, . . . , 56-7, respectively, from the IV bus 2 when
      appropriately enabled by an interlock circuit 60 in the IV control 54. The
      interlock circuit 60 is energized by a WCMD signal but prevents the gates
      58 from being enabled whenever the gates 57 are enabled. In this manner, a
      writer operation specified by a UW* 0 from a user device takes priority
      over a write from the IV bus commanded by a 1 on the WCMD line.
PAR  The Q output from each of the latches 56-0 through 56-7 connects to the
      tri-state driver gates 62 and 63. The user driver gates 62-0 through 62-7
      are connected to the outputs UDO through UD7, respectively. Similarly, the
      IV driver gates 63-0 through 63-7 produce inverted outputs to form the
      lines IV-0* through IV-7*. The gates 62 and 63 are tri-state devices. The
      two active states are a logical 1 or a logical 0 determined by the Q
      output of the respective latch whenever the respective control line 64 or
      65 is enabled. Whenever the respective lines 64 and 65 is not enabled, the
      output from the respective gates 62 or 63 are in the third state which is
      a low power state which appears as a very high impedance. The control line
      64 is derived from the NOR gate 66 and the control line 65 is derived from
      the NOR gate 67. Gate 66 enables the gate 62 whenever a read signal
      appears on the UR* line provided that a write command does not appear on
      the UW* line. Similarly, gate 67 enables the gate 63 whenever the enable
      latch 68 is set at a time when the ECMD signal is present and WCMD and the
      ME* commands are present.
PAR  The reading of data into the latches 56 occurs only at a time when the W02
      signal occurs. The W02 signal is applied through AND gate 69 or 70 to line
      49 whenever UW* is 0 for writing data from the user bus 3 or whenever a
      WCMD is 1 for writing data from the IV bus 2 provided the write is not
      inhibited in the interlock circuit 60.
PAR  The EXCLUSIVE-OR gates 71-0 through 71-7 together with the fuse circuits
      72-0 through 72-7 form the address detector 48 of FIG. 3. One input to the
      EXCLUSIVE-OR gates 71 is from the IV bus lines and the other input is from
      a fuse circuit 72. The circuits 72 are appropriately set to a logical 1 or
      a logical 0 level (for example by blowing a fuse element or not) thereby
      forming a fixed address for the buffer store of FIG. 4. The EXCLUSIVE-OR
      gates 71 function to compare the information on the IV bus 2 with the
      information permanently stored in the circuits 72. If all of the
      EXCLUSIVE-OR gates 71 detect a comparison, a 1 is applied to the D input
      of latch 68. Latch 68 is clocked by AND gate 73 at W02 time whenever SCMD
      is 1 and ME* is 0 to set the Q output of latch 68 to indicate that the
      FIG. 4 buffer store is enabled. A 1 on the Q output of latch 68 enables
      gate 61 to pass WCMD 1 signals and a 0 on the Q* output of latch 68
      enables NOR gate 67 to pass 0 SCMD and WCMD signals provided ME* is also
      0. All 0's into NOR gate 67 provides a 1 on line 65 which enables gates
      63. All 1's into gate 61 forces line 55 to 1 to enable gates 58.
PAC  Working Store -- FIG. 2
PAR  In FIG. 2, the working store 9 is a conventional memory which stores, in
      one example, 256 8-bit bytes of data. The working store 9 is configurated,
      for example, with standard 82S16 memory chips manufactured by Signetics
      Corporation. Eight of the chips are utilized for a 256-byte memory. In one
      embodiment of the present invention, the working store 9 is divided into
      pages of 128 bytes per page. Of course, no pages or any number of pages
      can be utilized.
PAR  The working store 9 is addressed by eight address bits. Seven of the
      address bits are derived as bits UD1, . . . , UD7 directly on the UD bus 3
      from the buffer store 8-R3. UD0 from buffer store 8-R3 is input to the
      working store control (WS CTL) 77 to distinguish between IV buffer store
      addresses 0 through 127 and working store addresses 128 through 256.
PAR  The buffer store 8-R3 is substantially identical to the typical buffer
      store of FIG. 4 but has minor modifications. The buffer store 8-R3 stores
      the 7 address bits for working store 9 to form the low-order address bits
      as bits UD1, UD2, . . . , UD7. The FIG. 4 circuit is modified to form the
      buffer store 8-R3 in that the WCMD line is removed as an input to gates
      59, 61, and 67. In place of the WCMD line, the SCMD line is connected.
      With this modification, each energization of the SCMD signal as a 1 at a
      time when the RB* signal is 0 during W02 time causes an address to be
      stored in latches 53. The content of latch 56-0 is utilized to distinguish
      between addresses between 128 and 256 assigned to the working store 9 and
      addresses between 0 and 127 assigned to the right bank buffer stores such
      as buffer stores 8-R0, 8-R1 and 8-R2. In the particular configuration of
      the present example, a total of up to 126 right bank buffer stores can be
      included in addition to the buffer stores 8-R2 and 8-R3 which are utilized
      to service the working store 9. If the bit IV0 for a buffer store address,
      as it appears on the IV bus 2 and as stored in latch LAT0, is a 0, the
      working store 9 is not enabled but if it is a 1 the working store 9 is
      enabled. The working store control 77 recognizes the 1 or 0 condition of
      LAT0 in buffer store 8-R3 by receiving line UD0.
PAR  The 2-bit control bus 47 for buffer stores 8-R3 and 8-R2 are connected to
      effect a unidirectional output from the buffer stores to the working store
      control 77 and the working store 9.
PAR  In FIG. 2, the buffer store 8-R2 is employed to store a page identification
      in working store 9. In the particular embodiment described, two pages are
      employed each including up to 128 8-bit bytes. The bit in LAT 7 of buffer
      store 8-R2 appearing on output UD7 determines to which page a particular
      low-order address from buffer store 8-R3 relates. The UD7 bit from store
      8-R2 serves as the high-order address bit for working store 9. Additional
      pages of working store 9 can be added up to a total of 256 if all 8 bits
      in buffer store 8-R2 are employed for page selection.
PAR  The working store control 77 is conventional logic circuit or a read-only
      store which functions with the buffer store and working store indicator
      bit UD0 input from buffer store 8-R3 and the RB*, SCMD, WCMD, and W02
      lines input from the IVC bus. In response to these inputs, working store
      control 77 produces outputs to read out from or write into store 9. A read
      out from store 9 connects the addressed location via 8-bit bus 78 to the
      drivers 76. A read out occurs when SCMD is 0, WCMD is 0, UD0 from store
      8-R3 is 1 and RB* is 0 all of which produce a read signal RWS on line 79.
      Under these conditions, information is read from the low-order address of
      store 9 specified by the UD1 through UD7 address bits from buffer store
      8-R3 in the one of two pages specified by the bit UD7 from buffer store
      8-R2. The bus 72 connects through conventional tri-state drivers 76 (which
      are like the drivers 63 in FIG. 4) directly to the IV bus 2. Drivers 76
      are enabled by a 1 RWS signal on line 79.
PAR  In order to write information into working store 9, the IV bus 2 is
      connected directly as an input to store 9. A write signal WWS is output
      from working control 77 on line 80 whenever WCMD is 1, UD0 from store 8-R3
      is 1, RB* is 0 and W02 is 1. The write signal WWS is input to working
      store 9 causing the data from IV bus 2 to be stored at the address
      specified by the buffer stores 8-R2 and 8-R3.
PAC  User Device/Buffer Store Interconnect -- FIG. 5
PAR  In FIG. 5, the buffer stores 8-L0 and 8-L1 are identical to the like
      indicated devices in FIGS. 1 and 2. As a typical example, the buffer
      stores are interconnected to a floppy disc drive 7-1. The floppy disc
      drive in one preferred embodiment is a Memorex model 561 drive. Buffer
      store 8-L0 is connected with the UR* input positive (1) and the UW* input
      at ground (0) so that the store always outputs data to the disc drive 7-1.
      Similarly, the buffer store 8-L1 is connected with UW* positive (1) and
      UR* ground (0) so that data is always connected from the disc drive 7-1 to
      the store 8-L1.
PAC  Instruction Set
PAR  The eight instructions in the following TABLE III have one of four formats
      as listed in the following TABLE IV. Each of the instructions has 16 bits,
      namely, BIT 0, BIT 1, . . . , BIT 15. The instructions, depending upon the
      format may contain 1, 2, or 3 operands. In all instructions, BIT 0 through
      BIT 2 is the operation (OP) code which specifies one of the eight
      instructions of TABLE III below.
TBL                TABLE III                                                   

     ______________________________________                                    

     INSTRUCTION SET                                                           

     OP CODE             INSTRUCTION                                           

     ______________________________________                                    

     000                 MOVE S, L, D                                          

     001                 ADD S, L, D                                           

     010                 AND S, L, D                                           

     011                 XOR S, L, D                                           

     100                 XEC I, L, S                                           

     101                 NZT I, L, S                                           

     110                 XMIT I, L, S                                          

     111                 JMP A                                                 

     ______________________________________                                    

TBL                                    TABLE IV                                

     __________________________________________________________________________

     INSTRUCTION FORMAT                                                        

     __________________________________________________________________________

     0  2     3    7 8 10  11      15                                          

          OP  S      L     D          MOVE,ADD,AND,XOR                         

     F I                                                                       

              REG/IV       REG/IV                                              

     0  2     3    7 8             15                                          

          OP  S      I                XMIT,XEC,NZT                             

     F II                                                                      

              REG    LITERAL DATA                                              

     0  2     3    7 8 10  11      15                                          

          OP  S      L     I          XMIT,XEC,NZT                             

     F III                                                                     

              IV           LITERAL DATA                                        

     0  2     3                    15                                          

          OP  A                       JMP                                      

     F IV                                                                      

     ROM ADDRESS                                                               

     __________________________________________________________________________

PAR  The FI format is employed for the MOVE,ADD,AND, and XOR (exclusive-or)
      instructions. In format F1, BIT 3 through BIT 7 represents the source(S)
      field. BIT 8 through BIT 10 represent the length(L) field. BIT 11 through
      BIT 15 represent the destination(D) data address.
PAR  The FII format is employed in connection with the XMIT,XEC,NZT
      instructions. In format FII, BIT 3 through BIT 7 represent the S field.
      BIT 8 through BIT 15 represent the immediate(I) data field.
PAR  The FIII format is also employed for XMIT,XEC,NZT instructions. BIT 3
      through BIT 7 are employed for the S field. BIT 8 through BIT 10 are
      employed for the L field. BIT 11 through BIT 15 are employed for the I
      field.
PAR  The format FIV is employed for the JMP instruction BIT 0 through BIT 2 are
      used for the OP code. BIT 3 through BIT 15 are used for the ROM
      address(A).
PAR  In the above instruction formats, the source(S) or destination(D) address
      are either a register address(REG) or an IV buffer store bit address(IV).
      The address type is determined by the BIT 0 of the S field and BIT 0 of
      the D field. If BIT 0 is 0, then BIT 1 through BIT 4 define a register
      address in binary notation. If BIT 0 is 1 then, BIT 2 through BIT 4 define
      a buffer store IV bit address in binary notation. The address range within
      any IV buffer store is 0, 1, . . . , 7. If BIT 0 is 1 indicating that a
      buffer store bit address has been defined, then BIT 1 of the S or D field
      is employed to specify a left bank or right bank selection. If when BIT 0
      is 1, BIT 1 is 0, a left bank buffer store is specified. If when BIT 0 is
      1, BIT 1 is 1 then a right bank IV buffer store is specified.
PAR  In the above instruction formats, the L field significance is determined by
      the type of instructions and by the type of operands.
PAR  If a MOVE, ADD, AND or XOR instruction specifies a REG-REG operation (i.e.,
      BIT 0 for both S and D is 0 specifying register addresses) the L field
      specifies a right end-around shift of the L field value of the source
      register data before the instruction is executed. However, if one of those
      instructions specifies a REG-to-IV or an IV-to-IV operation (i.e., BIT 1
      of either the S or D field is a 1 thereby specifying an IV destination
      address), the L field specifies the length of the IV data.
PAR  If an XMIT,XEC, or NZT instruction specifies a register for the S operand
      (BIT 0 of the S field is 0), the L field becomes the left most 3 bits of
      the I field (i.e., I equals L cat D). If one of those instructions
      specifies an IV bit address in the S operand (i.e., BIT 0 of the S field
      is a 1), the L field specifies the length of the IV data. In this latter
      case, the maximum length of the I data is 5 bits (I equals D). If the
      length of the IV data is greater than 5 bits, a number equal to L minus 5
      of leading 0's are appended to the I data, but the operation itself
      determines the length of the data field utilized. For an XMIT instruction,
      L bits are transferred with L minus 5 leading 0's. For the XEC
      instruction, only 5 bits are used to form the address value catenated to
      the program counter count. For the NZT instruction, L bits of the S field
      are tested for non-zero and the 5 bits of the I field are used to form the
      address value.
PAR  If L specifies register rotate (right end-around shift) or an IV field
      length (the conditions where L is not part of the immediate data), L may
      have any value from 1 to 8 where 8 is represented by L=000.
PAR  The I data field for the XMIT,XEC, or NZT instruction is either an 8-bit
      field or a 5-bit field depending upon the nature of the S operand. If the
      S operand is a register address (BIT 0 of S is 0) the I field is composed
      of the L and D fields and totals 8 bits. If the S operand specifies an IV
      bit bus (BIT 0 of S is 1), the I data is a 5-bit field, BIT 11 through BIT
      15.
PAR  In the JMP instruction, BIT 3 through BIT 15 are considered as a single
      13-bit address. The 13 binary bits represent an address in the ROM between
      0 and 8191.
PAC  MOVE Instruction
PAR  In the MOVE instruction, the contents of S are moved to D. If both S and D
      are register addresses, L specifies a right end-around shift (rotate) of
      the S field before the move is performed. The contents of S are unchanged
      unless D is the same as S. If either or both S and D are IV bit addresses,
      L specifies the length of the IV data and no end-around shift is formed.
      If the data flow is between a REG and an IV buffer store, only the L right
      most bits of the register are utilized. Specifically, the MOVE instruction
      of an operand from the IV buffer store to a register will right-adjust the
      data with left leading 0's as necessary. Specifically, a MOVE from a
      register to an IV buffer store will move the L right most bits. If the
      data flow is from an IV buffer store to an IV buffer store, L specifies
      the length of both IV fields. An IV bit address specifies the right most
      bit (K) of the IV data. If L is greater than K+1, (i.e., if the IV field
      is not contained within BIT 0 through BIT K), a wrap around of data will
      occur on a read operation and the most significant bit will be lost on a
      write operation. If a MOVE is specified from a left bank buffer store to a
      right bank buffer store or vice versa, the complete source left word is
      transferred with BIT 0 transferred to BIT 0, BIT 1 transferred to BIT 1
      and so forth with the exception that the right most bits specified by S
      and L will be stored in the bit position specified by D and L.
PAC  ADD, AND, XOR Instructions
PAR  The ADD, AND and the XOR instructions are performed on the operand
      specified by the contents of S and the contents of the accumulator
      register(ACC) and the result is stored in D. The contents of the ACC
      register or the location specified by S are unchanged unless D specifies
      ACC or D specifies S, respectively. If both S and D are register
      addresses, the contents of S are right end-around shifted L places before
      being combined with the contents of ACC.
PAR  If either or both S and D are IV bit addresses, L specifies the length of
      the IV data and no end-around shift is performed. If S is a register, the
      full 8 bits are combined with the contents of ACC. If S specifies an IV
      buffer store address, the L bits read from the IV buffer store are
      right-adjusted with 0's filled in on the left to complete the 8-bit field.
      In both cases, the instructions ADD, AND, or XOR produce an 8-bit result.
      If D is a register, the full 8-bit result is stored in the register. If D
      is an IV buffer store address, the L right most bits of the result are
      stored into the IV buffer store and the unaddressed bits in the IV buffer
      store are unaltered by the store operation.
PAR  If S and D specify different IV buffer stores, then the data specified by
      the S IV buffer store will replace all bits of D with BIT 0 going to BIT 0
      and so on except that the bit position of D specified by D and L will
      contain the results of the arithmetic operation.
PAC  XEC Instruction
PAR  The XEC instruction takes the ROM address specified by the current contents
      of the program counter and alters that address by catenating the address
      with a value determined by the S, L and I fields. If S is a register
      address, the length of the I field is 8 bits and the catenating value is
      formed by the sum of the I and S fields. If S specifies an IV bit address,
      then the I field is 5 bits and the L specifies the length of the IV bit
      field. L may be greater than 5. If S specifies a register address, an
      8-bit value formed from the sum of the I field and the contents of the
      register specified by the S is catenated to the leading 5 bits of the
      address in the program counter. If S specifies an IV bit address, an 8-bit
      value is formed from the sum of the I field (including 5 bits with
      high-order leading 0's) and the contents of the IV data field (the number
      of bits specified by L with leading 0' s as necessary), but only the
      right-most 5 bits are catenated to the leading 8 bits of the ROM address
      in the program counter. In the case of a register address, the address
      range (range size) is 256 bits. In the IV bit address case, the address
      range is 32 bits.
PAC  NZT Instruction
PAR  In the NZT instruction, the control logic causes the ROM address specified
      by the program counter to be altered by catenating that address with the I
      field provided that the contents of a location specified by S is not all
      0's. The length of the I field is 8 bits if S specifies a register
      address. The length of the I field is 5 bits if S specifies an IV bit
      address where the L address specifies the length of the IV bit field. L
      may be greater than 5. If S specifies a register address, the 8-bit I
      field is catenated to the leading 5 bits of the ROM address in the program
      counter provided S does not equal 0. If S specifies an IV bit address, the
      5-bit I field is catenated to the leading 8 bits of the ROM address
      specified by the program counter provided S does not equal 0. In the case
      of a register address, the address range is 256 and the case of an IV bit
      address, the address range is 32.
PAC  XMIT Instruction
PAR  The XMIT (transmit) instruction takes the I field and transmits it to the
      address specified by S. If S is a register address, the I field is 8 bits.
      If S is an IV bit address, the I field is 5 bits and L specifies the
      length of the IV data field. If L is greater than 5, then L minus 5
      leading 0's are appended to the I field when it is transmitted to the IV
      buffer store. If the IV bit address is K and L is greater than K+1 (i.e.,
      the IV data field is not contained within BIT 0 through BIT K), the L
      minus (K+1) left-most bits of the I field are not transmitted.
PAC  JMP Instruction
PAR  The JMP (jump) instruction causes the A field to be placed in the program
      counter thereby effecting an unconditional jump to the ROM address
      specified by the A field. The 13-bit A field specifies a maximum address
      value of 8191. If addresses have not been specified and a JMP instruction
      causes a jump to a non-existent ROM address, that is an address beyond the
      range specified, the apparatus does not detect the non-existent condition.
      Subsequent ROM accesses will return all 1's which will be decoded as JMP
      8191. This address under these conditions is a non-existent address and
      the apparatus will be locked in this cycle.
PAC  Operation
PAR  The apparatus of the present invention is highly flexible and can be
      programmed to carry out many control functions. As an example, the user
      device(UD) 7-1 in FIG. 1 is a floppy disc interconnected as shown in FIG.
      5. The user device 7-2 of FIG. 1 is a keyboard/printer device, such as an
      IBM Selectric typewriter. Information in large blocks is stored in the
      floppy disc. The keyboard/printer allows the keyboard to direct data to
      the printer output. Inputs via the keyboard are used to modify data stored
      in the floppy disc. The working store 9 is employed to store small data
      blocks from the floppy disc. Data blocks in the working store are reviewed
      and edited by a human operator under control of controller 4. In such a
      system, the program of instructions in the memory 6 continuously monitors
      the output from the keyboard of device 7-2. For example, an XEC
      instruction is repeatedly executed until a completed input from user
      device 7-2 is observed in the buffer store 8-4. Upon receiving a completed
      input from device 7-2, the XEC instruction shifts to a new sequence of
      instructions as a function of the input from user device 7-2. While many
      alternatives exist in programming, the following program in TABLE V is a
      useful example for explaining the system operation.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     LOOP:                                                                     

          XMIT                                                                 

              IV-L1,  IVL      I1, I7, I13                                     

          MOVE                                                                 

              IV FIELD 4-3,                                                    

                       R1      I2, I8, I14                                     

          XMIT                                                                 

              IV-L0,  IVL      I3, I9, I15                                     

          XEC TAB(R1)          I4, I10,                                        

                                       I16                                     

          JMP LOOP             I6, I12,                                        

          .                                                                    

          .                                                                    

          .                                                                    

     TAB:                                                                      

          000 XMIT 101,                                                        

                       IV FIELD 6-3                                            

                               I5                                              

          001 XMIT 100,                                                        

                       IV FIELD 6-3                                            

          010 XMIT 111,                                                        

                       IV FIELD 6-3                                            

                               I11                                             

          011 JMP (OUT)        I17                                             

     __________________________________________________________________________

PAR  In instruction I1, the 8-bit binary address of the left bank buffer store
      L1 (buffer store 8-L1 in FIG. 2), is transmitted from the I field of the
      instruction to the destination location IVL. As previously explained, the
      IVL location specifies the internal address octal 07 which is the address
      which gates the I field of the I1 instruction onto the IV bus 2 for the
      purpose of setting the enable latch in one of the buffer stores 8. The
      buffer store 8-L1 in FIGS. 2 and 5 detects its own address in the manner
      previously described in connection with the address detector 48 and the
      enable latch 68 of FIG. 4. The I1 instruction, therefore, addresses the
      buffer store 8-L1 which, as shown in FIG. 5, receives control lines from
      the floppy disc drive 7-1.
PAR  The I2 instruction functions to access a particular field from the
      addressed buffer store 8-L1. The particular field accessed is the 3-bit
      field starting with BIT 4. Accordingly, BIT 4, BIT 3 and BIT 2 are moved
      from the buffer store 8-L1 to the R1 register (octal address 01) in the
      working register 12. The R1 register is specified in the D field of the I2
      MOVE instruction. In TABLE V, the 3-bit field for BIT 4, BIT 3 and BIT 2
      is assumed to be 000. Referring to FIG. 5, a 000 for those bits indicates
      that there is write protection (WR PROTECT*), that there is an unsafe
      condition (UNSAFE*), and that the head is on track 0 (TRK00).
PAR  The I3 instruction causes the 8-bit binary address of the left bank L0
      buffer store (buffer store 8-L0 in FIGS. 2 and 5) to be addressed for
      setting its internal enable latch while all other left bank buffer stores
      have their enable latches disabled.
PAR  The instruction I4 causes the instruction address formation circuitry to
      address a table of instructions at a high-order address specified by an
      address (TAB) in the XEC instruction. The entry in the table, that is the
      low-order address, is specified by the R1 field. In FIG. 2, the ROM
      selection circuitry 40 causes the table address to be formed as a
      combination of the S field catenated with the R1 field stored in the R1
      register during the I2 instruction. In the particular example chosen for
      explanation, the field in register R1 is 000 indicating the first
      instruction in the table. The instruction I5 causes the bits 101 to be
      transmitted to the 3-bit field commencing with BIT 6 of the buffer store
      last addressed. The last addressed buffer store was buffer store 8-L0
      which was addressed in the I3 instruction. The 101 signal has the effect
      of not enabling the write signal (WR ENB*) resetting the unsafe signal
      (UNSAFE RESET*) and unloading the head (LOAD HEAD*).
PAR  The instruction I6 takes the contents of the program counter minus a
      quantity 4 as the new address for the I7 instruction which is the same as
      the I1 instruction. The instructions I7, I8, I9 and I10 are a repetition
      of the instructions I1, I2, I3 and I4, respectively. In the I8
      instruction, the 3-bit field in buffer store 8-L1, in the assumed example
      establishes the R1 field as 010. The I10 instruction, therefore, jumps to
      the third entry of the table for the I11 instruction.
PAR  The I11 instruction transmits a 111 field to the BIT 6, BIT 5, BIT 4 field
      of buffer store 8-L0 thereby energizing the indicated control lines to the
      floppy disc drive.
PAR  The I12 instruction causes the address to return so that the I13
      instruction is the same as the I1 and I7 instructions. The I13, I14, I15
      and I16 instructions are identical to the I1, I2, I3 and I4 instructions,
      respectively. In the I14 instruction, the R1 field, in the example
      assumed, is stored as 011. In the I16 instruction, the address jumps to
      the table entry 011 for instruction I17.
PAR  The I17 instruction causes the program address to jump to a new instruction
      location (OUT) which designates the end of the program or some other
      section in the program.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof it will be understood by those
      skilled in the art that various changes in form and details may be made
      therein without departing from the spirit and the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for controlling digital devices comprising,
PA1  interface buffer means for storing input signals from a digital device and
      for storing output signals for a digital device where said input and
      output signals are operands,
PA1  memory means for storing a program of instructions including instructions
      for specifying said buffer means as a source of and as the destination of
      variable-field operands utilized in executing said instructions,
PA1  interpreter means connected to said memory means to fetch instructions from
      said memory means and connected to said buffer means to fetch and store
      operands from and to said buffer means, said interpreter means including
      means for sequentially fetching instructions from said memory means, means
      for executing fetched instructions, and means for fetching and storing
      variable-field operands from and to said buffer means in the execution of
      instructions whereby said input signals from a digital device are
      interpreted under program control to produce output signals to control a
      digital device.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said buffer means includes, a plurality
      of addressable buffer stores each having a distinguishing address, a
      common interpreter bus connecting said buffer stores to said interpreter
      means, and where each of said buffer stores includes,
PA1  address detection means for detecting when the buffer store is addressed
      and enable means responsive to said address detection means for enabling
      the buffer store when addressed and disabling the buffer store when not
      addressed.
NUM  3.
PAR  3. The apparatus of claim 2 including,
PA1  working store means for storing variable-field operands accessable by said
      interpreter means,
PA1  address means connected to said interpreter bus for detecting addresses
      which specify said working store,
PA1  data connection means connected to said interpreter bus for connecting data
      into and out from said working store over said interpreter bus when
      addressed by said address means.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said interpreter means includes,
PA1  an instruction register for receiving instructions from said memory means,
PA1  control means responsive to said instruction register for decoding
      instructions in said instruction register to control said interpreter
      means,
PA1  variable-field length means responsive to said control means for selecting
      variable-length fields of operands fetched from or stored in said buffer
      means.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said means for accessing
      variable-length fields includes a length mask responsive to said control
      means for forcing to predetermined states predetermined fields in fetched
      or stored operands.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said interpreter means includes,
PA1  timing means for producing clock signals which define an instruction cycle
      with a read portion and a write portion,
PA1  an instruction register for receiving instructions from said memory means
      each instruction cycle,
PA1  variable-field means for selecting variable-fields in operands fetched from
      or stored in said buffer means,
PA1  control means responsive to said instruction register for decoding
      instructins to control said buffer means and said variable-field means,
      said control means including means for reading operands from said buffer
      means during the read portion of said instruction cycle and for writing
      altered operands in said buffer means during said write portion of said
      instruction cycles.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said memory means is a read-only
      memory.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said buffer means includes a first
      plurality of buffer stores connected by a first enable line and includes a
      second plurality of buffer stores connected by a second enable line and
      wherein said interpreter means includes means for accessing one of said
      first plurality of buffer stores to obtain a source operand and to access
      one of said second plurality of buffer stores to store a destination
      operand during the execution of one instruction.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said buffer means includes a plurality
      of buffer stores wherein each of said buffer stores includes,
PA1  a plurality of latch circuits for storing said input and output signals,
PA1  receiver means connected by a device bus to a digital device or connected
      by an interpreter bus to said interpreter means for receiving signals for
      storage in said latch circuits,
PA1  transmitter means connected by a device bus to a digital device or
      connected by said interpreter bus to said interpreter means for
      transmitting signals stored in said latch circuits to a device or to said
      interpreter means,
PA1  receiver enable means for enabling said receiver circuits to receive
      signals from said device bus or, when conditioned, to receive signals from
      said interpreter bus for storage in said latch circuits,
PA1  means to condition said receiver enable means to receive signals from said
      interpreter bus whenever said device bus does not have signals for storage
      in said latch circuits,
PA1  transmitter enable means for enabling said transmitter means to transfer
      signals stored in said latch circuits to said device bus and to said
      interpreter bus.
NUM  10.
PAR  10. The apparatus of claim 1 wherein said interpreter means includes,
PA1  timing means for producing clock cycles to establish instruction cycles,
      for timing said interpreter apparatus,
PA1  an instruction register for receiving an instruction from said memory means
      once each instruction cycle under control of said timing means,
PA1  control means connected to decode instructions in said instruction register
      including means for responsively accessing said buffer means within one
      instruction cycle.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said timing means includes means for
      generating a first clock signal for latching an instruction in said
      instruction register once each clock cycle whereby one instruction cycle
      equals one clock cycle and whereby said buffer means is accessable for
      reading and writing operands in one clock cycle.
NUM  12.
PAR  12. The apparatus of claim 1 wherein said buffer means includes a plurality
      of buffer stores wherein each of said buffer stored includes,
PA1  a plurality of latch circuits for storing said input and output signals,
PA1  device bus connection means for connecting a digital device to said
      latches,
PA1  interpreter bus connection means for connecting said interpreter means to
      said latches,
PA1  device enable means for enabling said device bus connection means to
      connect information into or out from said latches,
PA1  interpreter enable means, including an enable latch, for enabling said
      interpreter bus connection means to connect information into or out from
      said latches,
PA1  address detector means connected to said interpreter bus connection means
      and operative to enable said enable latch in response to a unique address
      and to disable said enable latch in response to all other addresses.
NUM  13.
PAR  13. The apparatus of claim 12 including priority circuit means for
      inhibiting said interpreter enable means whenever said device enable means
      is enabled for writing information into said latches.
NUM  14.
PAR  14. The apparatus of claim 12 wherein each of said device bus connection
      means and said interpreter bus connection means includes tri-state gate
      means connected to the output of said latches for reading out information
      from said latches whenever said device enable means or said interpreter
      enable means is enabled, respectively, for reading out information.
NUM  15.
PAR  15. The apparatus of claim 1 wherein said buffer means includes a first
      plurality of buffer stored connected by a first enable line and wherein
      said interpreter means includes means for accessing one of said first
      plurality of buffer stores to obtain a source operand and to access one of
      said first plurality of buffer stores to store a destination operand
      during the execution of one instruction.
NUM  16.
PAR  16. An apparatus for controlling one or more digital devices with digital
      device signals in the form of operands propagated to and from said devices
      over device buses, said apparatus comprising,
PA1  memory means for storing a program of instructions where the program
      determines the device signals to be transmitted to one or more digital
      devices as a function of device signals from one or more digital devices,
      said memory means addressed by an instruction address on an address bus to
      produce an instruction on an instruction bus,
PA1  interpreter means for instruction and operand accessing and instruction
      execution including,
PA2  timing means producing clock signals for defining instruction cycles with a
      read portion and a write portion,
PA2  instruction address formation means, responsive to said clock means,
      inclucing a program counter for forming a new instruction address each
      instruction cycle and including an address register having inputs
      connected to said program counter for storing said new instruction address
      and having outputs connected to said address bus to address said memory
      means once each instruction cycle,
PA2  an instruction register connected to sid instruction bus for receiving
      instructions from said memory means once each instruction cycle,
PA2  arithmetic and logic means for performing arithmetic and logic functions
      specified by instructions on operands specified by instructions,
PA2  interpreter bus means connected to transfer operands to and from said
      arithmetic and logic means,
PA2  variable-field means for varying the fields, under instruction control, of
      operands transmitted to and from said arithmetic and logic means,
PA2  control means for decoding instructions in said instruction register for
      controlling said interpreter means to address and fetch instructions, to
      fetch and store operands, and to execute fetched instructins on fetched
      operands,
PA1  a plurality of interface buffer stores for receiving, storing and
      transmitting device signals as operands where each of said stores
      includes,
PA2  a plurality of latch circuits for storing said device signals as operands,
PA2  receiver means connected to one of said device buses and to said
      interpreter bus means for receiving device signals for input to said latch
      circuits,
PA2  transmitter means connected to said one of said device buses and to said
      interpreter bus means for transmitting signals stored in said latch
      circuits,
PA2  receiver enable means for enabling said receiver means to receive device
      signals from said one of said device buses or, when conditioned, from said
      interpreter bus means for storage in said latch circuits,
PA2  transmitter enable means for enabling said transmitter means to transfer
      signals stored in said latch circuits to said one of said device buses or
      to said interpreter bus means,
PA2  address detection means connected to said interpreter bus means for
      detecting a unique buffer store address,
PA2  enable latch means connected to said address detection means for
      conditioning said receiver means to receive device signals from said
      interpreter bus means in response to an enable command from said control
      means when said unique buffer store address is detected.
NUM  17.
PAR  17. The apparatus of claim 16 wherein said control means includes first
      enable means connected to a first plurality of said buffer stores for
      enabling an addressed one of said first plurality of buffer stores and
      second enable means connected to a second plurality of said buffer stores
      for enabling an addressed one of said second plurality of buffer stores,
      means to enable said addressed one of said first plurality of stores to
      access a source operand during said read portion of one instruction cycle
      and means to enable said addressed one of said second plurality of buffer
      stores to store a destination operand during said write portion of said
      one instruction cycle.
NUM  18.
PAR  18. The apparatus of claim 17 including,
PA1  a working store,
PA1  a first one of a plurality of buffer stores connected to enable and address
      said working store,
PA1  a second one of said first plurality of buffer stores connected to transfer
      data into and out from said working store.
NUM  19.
PAR  19. The apparatus of claim 16 wherein said variable-field means includes,
PA1  a shifter for shifting operands in response to said control means,
PA1  means for forcing predetermined fields of operands to a predetermined state
      in response to said control means.
NUM  20.
PAR  20. The apparatus of claim 16 wherein said address formation means includes
      address latches for storing the address of a current instruction,
PA1  selection means for selecting inputs for storage in said address latches
      from said program counter, from said arithmetic and logic unit, and from
      said instruction register.
NUM  21.
PAR  21. A controller apparatus comprising,
PA1  buffer means for storing input and output signals where said input and
      output signals constitute operands,
PA1  memory means for storing a plurality of instructions including instructions
      for specifying said buffer means as a source of and as the destination of
      variable-field operands utilized in executing said instructions,
PA1  interpreter means including instruction fetching means connected to said
      memory means to fetch instructions from said memory means; including
      operand fetching means, separate from said instruction fetching means, and
      connected to said buffer means to fetch and store operands from and to
      said buffer means; including means for executing fetched instructions on
      variable-field operands fetched from and stored in said buffer means; and
      including control means for controlling said controller apparatus in
      response to fetched instructions.
NUM  22.
PAR  22. The apparatus of claim 21 wherein said interpreter means includes,
PA1  an instruction register for receiving instructions from said memory means,
PA1  control means responsive to said instruction register for decoding
      instructions in said instruction register to control said interpreter,
PA1  variable-field length means responsive to said control means for selecting
      variable-length fields of operands fetched from or stored in said buffer
      means.
NUM  23.
PAR  23. The apparatus of claim 21 wherein said buffer means includes, a
      plurality of addressable buffer stores each having a distinguishing
      address, a common interpreter bus conecting said buffer stores to said
      interpreter means, and where each of said buffer stores includes,
PA1  address detection means for detecting when the buffer store is addressed
      and enable means responsive to said address detection means for enabling
      the buffer store when addressed and disabling the buffer store when not
      addressed.
NUM  24.
PAR  24. The apparatus of claim 23 including,
PA1  working store means for storing variable-field operands accessable by said
      interpreter means,
PA1  address means connected to said interpreter bus for receiving addresses
      which specify said working store and, connected to address said working
      store means,
PA1  data connection means connected to said interpreter bus for connecting data
      between said working store and said interpreter bus when addressed by said
      address means.
NUM  25.
PAR  25. The apparatus of claim 24 wherein said address means includes a first
      one of said buffer stores for storing low-order addresses of locations in
      said working store means and includes a second one of said buffer stores
      for storing a page address as the high-order address of locations in said
      working store means.
NUM  26.
PAR  26. An apparatus for controlling digital devices comprising,
PA1  a plurality of addressable buffer stores each for storing input and output
      signals where said input and output signals constitute operands,
PA1  memory means for storing a plurality of instructions including instructions
      for specifying said buffer stores as the source of and as destination of
      variable-field operands utilized in executing said instructions,
PA1  interpreter means including timing means for producing an instruction cycle
      equal to one clock cycle; including instruction fetching means connected
      to said memory means to fetch instructions in one instruction cycle;
      including operand fetching means, separate from said instruction fetching
      means, and connected to said buffer stores to transfer operands between
      said interpreter means and said buffer stores during said one instruction
      cycle; including field control means for selecting variable fields of
      operands transferred between said interpreter means and said buffer
      stores; including internal register means for storing operands; including
      means for executing instructions in said one instruction cycle on variable
      fields of operands from said buffer stores and said internal register
      means; and including control means for controlling said apparatus in
      response to fetched instructions.
NUM  27.
PAR  27. In an apparatus having memory means for storing instructions, a
      plurality of instruction addressable buffer stores for storing operands,
      an interpreter including timing means for defining instruction cycles,
      including instruction fetching means connected to fetch instructions from
      said memory means, including operand fetching means separate from said
      instruction fetching means connected to transfer operands between said
      buffer stores and said interpreter means, including internal registers for
      storing operands, including means for executing fetched instructions on
      operands transferred between said buffer stores and said interpreter
      means, and including control means for decoding fetched instructions to
      control said apparatus, the method comprising,
PA1  fetching an instruction from said memory means to said interpreter means in
      one instruction cycle,
PA1  decoding said instruction in said one instruction cycle,
PA1  accessing one or more operands from said buffer stores and said internal
      registers in said one instruction cycle,
PA1  executing said instruction on accessed operands in said one instruction
      cycle to form a result operand,
PA1  storing said result operand in said one instruction cycle.
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ABST
PAL  A drive circuit for a solid-state store comprises two transistors, only one
      of which is conductive under the control of a primary drive signal. By
      means of a capacitor, a second drive signal can be allowed if such signal
      is sufficiently synchronized with the primary drive signal. This second
      drive signal is, for example, the write command signal which appears
      approximately simultaneously with the primary drive signal during a write
      operation. In the latter case, the signal appearing first is effective.
      Tolerances at the instant of appearance of the two drive signals are thus
      rendered ineffective.
BSUM
PAR  The invention relates to a storage device, comprising a store, in
      particular an integrated solid-state store, an addressing unit for
      generating addresses, and a drive unit comprising outputs on which
      bivalent drive signals can be sequentially generated. Stores of this kind
      are known. The often require given narrow tolerances as regards the
      simultaneous appearance of given drive signals which are difficult to
      achieve. This problem is solved according to the invention by providing
      that at least two of the outputs are connected to inputs of an additional
      combinatory logical drive element which is capable of generating an output
      drive signal transition, so as to increase allowable tolerances between at
      least two signal transitions received thereby from the outputs within a
      memory cycle, under the control an arbitrary one of the latter signal
      transitions, depending on whichever is received first. The output drive
      signal can appear instead of one or more of the drive signals received by
      the additional drive element. Any difference in time between the occurence
      of the drive signals is thus rendered ineffective.
PAR  The additional drive element is preferably connected to an output of a
      write drive element. Depending on whether a read access or write access to
      the store is converned, a write drive signal is or is not generated. The
      output drive signal always appears, so that a correct operation is
      ensured. In the case of a write access, the write drive signal and the
      output drive signal are then properly synchronized.
PAR  The drive elements are preferably a write drive element and a selection
      drive element. The command signals "chip enable" and "write enable" can
      thus be correctly synchronized.
DRWD
PAR  The invention will be described in detail hereinafter with reference to a
      number of FIGS. FIG. 1 shows a storage device according to the invention.
      FIG. 2 shows an additional drive element according to the invention. FIG.
      3 shows a number of time diagrams.
DETD
PAR  FIG. 1 shows a storage device according to the invention, comprising a
      control unit CONTR, three drive elements DRI 1, 2, 3, an additional drive
      element DRI 4, an integrated solid-state store MEM, an addressing unit
      ADR, a date register IOREG, and six signal terminals K1 . . . 6.
PAR  Such integrated solid-state stores are known, so that they will not be
      elaborated herein. A number of binary address signals, for example,
      originating from an interrogation unit not shown, appear on the terminals
      k3, 4, 5. The addressing unit ADR may comprise a decoder and address
      amplifiers. Depending on the type of store, a number of bit locations or
      only one bit location may be addressed thereby. In the latter case the
      unit ADR may control a number of stores MEM concurrently. In the case of a
      read operation, data signals appear in the data register IOREG, from where
      they can be applied to a (possibly multiple) data terminal k6. The data
      register IOREG may also be disposed for driving a plurality of stores MEM.
      In the case of a write operation, the relevant information should be
      supplied from elsewhere via the (possibly multiple) terminal k6.
PAR  The terminals k1, 2 receive clock pulses and reset pulses. Under the
      control of the clock pulses, the control unit CONTR successively generates
      the primary drive signals CCP, the preparation clock signal (clock chip
      precharge), CCE, the release clock signal (clock chip enable), and in the
      case of a write operation CWE, the write clock signal (clock write
      enable). The latter signal does not appear in the case of a read
      operation.
PAR  FIG. 3 shows examples of the secondary drive signals then formed. The drive
      element DRI 1 forms, under the control of the unit CONTR, the signal on
      line A, the said signal having a duration of 275 ns. This drive element
      may comprise an output amplifier with the result that, for example, a
      larger number of stores MEM can be parallel driven. Similarly, the drive
      units DRI 2, 3 may comprise amplifiers. The signal on output 3 of the
      control unit CONTR is shown on line B in FIG. 3. This signal commences
      approximately 125 ns after the start of the signal on line A and has a
      duration of about 395 ns. If no signal is present on the output 2 of the
      control unit CONTR, the signal of line B is allowed passage in unmodified
      form and is inverted by the drive unit DRI 3: line C of FIG. 3; in such a
      case a read operation is concerned. If a signal appears on output 2 of the
      control unit CONTR, a write operation is concerned. The signal is shaped
      as shown on line D of FIG. 3: it commences  165 ns after the end of the
      signal on line A and it terminates approximately simultaneously with the
      signal on line B. The tolerances in this simultaneous termination are
      narrow. Therefore, this signal is also applied to the additional drive
      unit DRI 4, with the result that also the signal on line D can initiate
      the signal transition on line E. This is effected by the first
      negative-going signal transition on lines B and D: this transition causes
      the positive-going transition of the signal on line E.
PAR  FIG. 2 shows an additional drive element according to the invention,
      comprising four connection terminals k7 . . . 10, four transistors T1 . .
      . 4, three capacitors C1 . . . 3, and three resistors R1 . . . 3. Terminal
      k7 is connected to a power supply source having a voltage of, for example,
      20 volts. The terminals k8, k9 are in the rest state at a low potential;
      they are connected to the outputs 2 and 3, respectively, of the control
      unit CONTR of FIG. 1. In the rest state the base electrode of transistor
      T2 is, therefore, at a low potential, with the result that the transistor
      is cut off. Consequently, its collector is at a high potential. There is
      little voltage drop between the emitter and collector electrodes of the
      transistor T1, with the result that the latter is conductive: the
      potential on the base electrode thereof is comparatively low and is
      determined by the voltage drop across the resistor R1 which is caused by
      the base current in transistor T1.
PAR  The base electrodes of the transistors T3, 4 are at a high potential, with
      the result that the transistor T3 is conductive and the transistor T4 is
      cut off. The terminal k10 is at a high potential. In the case of a memory
      access, the potential of terminal k9 becomes high (see FIG. 3). The
      combination formed by the resistor R3 and the capacitor C3 constitutes a
      differentiating network such that the potential of the base electrode of
      the transistor T2 quickly becomes high and the transistor becomes
      conductive. Via the capacitor C2, the potential of the base electrode of
      the transistor T1 also becomes high, with the result that this transistor
      is cut off. The base electrodes of the transistors T3, 4 thus receive a
      low potential. As a result, transistor T3 is cut off and transistor T4
      becomes conductive. The terminal k10 then has a low potential. After some
      time, capacitor C3 is discharged across the resistor R3, so that the
      potentials of the base electrode of the transistor T2 and terminal K9 both
      remain high: transistor T2 remains conductive, while transistor T1 remains
      cut off. The setting of the base electrode of transistor T1 is maintained
      under the influence of the resistor R1, which has substantially no current
      flowing therethrough. If the potential of terminal k9 subsequently becomes
      low again, the reverse takes place and the initial situation is reached
      again.
PAR  The foregoing was applicable to the situation where no signal transitions
      occur on terminal k8. The terminal k9 is coupled for direct current to the
      base electrode of the transistor T2 and after the disappearance of the
      transition phenomena the output signal is determined by the potential on
      this terminal.
PAR  If terminal k9 is at a high potential and the potential of terminal k8
      becomes high, nothing happens. If the potential of terminal k9 has already
      become low and the potential of terminal k8 becomes low, nothing happens
      either. However, if terminal k9 is still at a high potential and the
      potential of terminal k8 becomes low, this voltage drop is applied, via
      the capacitors C1, C2, C3, to the base electrode of the transistor T2.
      Transistor T2 is thus cut off and transistor T1 becomes conductive for a
      period in the order of the RC-time R1 .times. C1. It is assumed that the
      values of R1 .times. C1 and R3 .times. C3 are not substantially different.
      If the potential of terminal k9 also becomes low during this period, the
      situation is maintained. This is shown in FIG. 3, lines B and D: the
      transition instants of the signals CCE and CWE are near to each other and
      in such a case the output signal (line E) reacts to the first one of these
      two instants.
PAR  Something similar would be applicable if the value of the signals CCE and
      CWE becomes high. However, in that case the difference in time between the
      signals supplied by the control unit CONTR is so large (approximately 300
      ns), that the tolerances do not have an effect. The tolerances in such a
      case amount to at the most a few tens of ns. They are caused by electronic
      effects in the control unit CONTR and by delay times of the signals in the
      conductors.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A storage device comprising
PA1  a store having a plurality of addressable storage locations;
PA1  an addressing unit for generating address of said storage locations;
PA1  a drive unit, having a plurality of outputs, for sequentially generating
      drive signals on said outputs; and
PA1  a combinatory logical drive element, having inputs connected to at least
      two of said outputs, for generating an output drive signal transition for
      increasing the allowable tolerance between at least two signal transitions
      of said drive signals from said outputs of said drive unit.
NUM  2.
PAR  2. A storage device as defined in claim 1, wherein said combinatory logical
      device is controlled by one of said two signal transitions.
NUM  3.
PAR  3. A storage device as defined in claim 1, wherein said combinatory logical
      device is controlled by the first one of said two signal transitions.
NUM  4.
PAR  4. A storage device as defined in claim 1, further comprising a write drive
      element having an output connected to said combinatory logical drive
      element.
NUM  5.
PAR  5. A storage device as defined in claim 1, wherein said drive unit includes
      a write drive element and a selection drive element.
NUM  6.
PAR  6. A storage device as defined in claim 1, wherein said store is an
      integrated solid-state circuit.
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ABST
PAL  A bipolar collector-up dynamic memory cell of the type utilized for storing
      information by writing and alternately reading information on a word line
      in response to a bit signal input. The memory cell includes a
      semiconductor body of one conductivity type having a planar surface, and a
      first transistor formed in the body having emitter, base and collector
      regions. The emitter is coupled to the word line and the base is coupled
      to the bit signal input. The collector region is of opposite conductivity
      type and is formed in the body extending to the surface to form a junction
      boundary between the collector and the body capable of exhibiting
      capacitance thereacross. A second transistor is formed in the body having
      emitter, base and collector regions. The base region is coupled to the bit
      signal input. The emitter and collector regions are connected between the
      word line and the collector of the first transistor and are capable of
      providing a forward current path from said first transistor collector to
      the word line. Means is also disclosed for writing and reading logic one
      and zero information bits in the memory cell.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a dynamic bipolar semiconductor
      structure and method of operation. More particularly, this invention
      relates to a dynamic bipolar semiconductor structure utilized as a memory
      cell for storing information bits.
PAR  Although dynamic memory cells have heretofore been provided, such
      structures have limited operational speeds and have occupied excessive
      areas in a semiconductor body. Thus there is a need for a high performance
      dynamic memory cell which occupies reduced semiconductor area and operates
      at increased speeds.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide an
      improved performance, high density and high speed bipolar dynamic memory
      cell.
PAR  It is a particular object of the present invention to provide an improved
      dynamic memory cell which may be formed in relatively high density arrays
      and which operates at greatly increased operational speeds.
PAR  Further, it is a particular object of the present invention to provide an
      improved collector-up dynamic memory cell which may be formed in
      relatively high density arrays and which operates at greatly increased
      operational speeds.
PAR  The foregoing and other objects of the invention are achieved in a dynamic
      memory cell semiconductor structure of the type utilized for storing
      information by writing and alternately reading information on a word line
      in response to a bit signal input. The memory cell includes a
      semiconductor body of one conductivity type having a planar surface. A
      first transistor is formed in the body having emitter, base and collector
      regions. The emitter is coupled to the word line and the base is coupled
      to the bit signal input. The collector region is of opposite conductivity
      type and is formed in the body extending to said surface to form a
      junction boundary between the collector and the body. The junction
      boundary is capable of exhibiting capacitance thereacross. A second
      transistor is formed in the body having emitter, base and collector
      regions. The base region is coupled to the bit signal input. The emitter
      and collector regions are connected between the word line and the
      collector of the first transistor and are capable of providing a forward
      current path from said first transistor collector to said word line.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the electrical equivalent circuit of the
      bipolar dynamic memory cell.
PAR  FIG. 2 is a top view of a portion of a semiconductor body including the
      dynamic memory cell having a plurality of regions.
PAR  FIG. 3 is an electrical equivalent of an additional embodiment of the
      dynamic memory cell having first and second inputs.
PAR  FIG. 4A is an electrical equivalent circuit of an additional embodiment of
      the FIG. 3 circuit.
PAR  FIG. 4B is a top view of a portion of a semiconductor body including the
      dynamic memory cell configured to provide the electrical equivalent
      circuit of FIG. 4A.
PAR  FIG. 4C is a typical input signal waveform for the circuit of FIG. 4A.
PAR  FIG. 5 is a top view of a portion of a semiconductor body showing an
      additional embodiment of the dynamic memory cell.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A plurality of bipolar dynamic memory cell structures and corresponding
      electrical equivalent circuits are shown in the accompanying FIGS. 1-5. As
      is well known, dynamic logic utilizes active devices which may be
      selectively and synchronously turned off and on as a function of system or
      sub-system timing. Capacitive charge storage is temporarily used to retain
      information between device clocking periods. Further, stored information
      is periodically refreshed as required to retain the information. Briefly,
      in general overview of the present invention, the bipolar structures
      provide a first transistor which in response to a bit signal input writes
      information by storing capacitive charge at a PN junction boundary. The
      stored information may be selectively read by causing a second transistor
      to provide a current path to discharge the capacitance and thereby provide
      a read output from the cell.
PAR  Referring to FIGS. 1 and 2 the respective electrical circuit and memory
      cell structures are shown. Reference numbers of the FIG. 2 structure
      correspond with the prime reference numbers of the FIG. 1 equivalent
      circuit. Referring to FIG. 1, a first PNP transistor 13' has a collector
      14' connected to the semiconductor body 11' via storage capacitance 16'.
      Transistor 13' has base 17' connected to bit input terminal 26'. The
      emitter 18' of transistor 13' is connected to collector 21' of second
      transistor 19'. Transistor 19' has base 22' connected to bit input
      terminal 26' and emitter 23' connected to collector 14' of transistor 13'.
      Collector 21' of transistgor 19' is connected to word line 27'. The
      semiconductor structure corresponding to FIG. 1 is shown in FIG. 2. An
      N-type semiconductor body 11 has a substantially planar surface 12. Spaced
      P-regions 14 and 21 may be simultaneously formed in body 11 extending to
      surface 12. A PN junction boundry 16 is formed thereby between region 14
      and body 11. Next N-type regions 17 and 22 may be simultaneously formed
      within spaced regions 14 and 21 extending to surface 12. Next P+ regions
      18 and 23 may be formed within regions 17 and 22 extending to surface 12.
      Next conventional ohmic contacts and interconnections such as a patterned
      contact and interconnect aluminum layer is formed overlying surface 12 to
      connect the respective regions as previously discussed in conjunction with
      the circuit of FIG. 1.
PAR  Turning to a write and read operation, a write and read of logic one and
      zero information bits may be observed with reference to FIG. 1. Means for
      writing and reading may include a voltage supply connected between body or
      ground 11' and bit and word terminals 26' and 27' respectively where a
      "high" voltage or state with respect to body 11' and a "low" voltage or
      state with respect to 11' are utilized for operation. To write a "one"
      word line 27' is caused to assume a "high" voltage or state and bit line
      26' a "low" voltage or state, thereby causing transistor 13' to assume a
      low impedance from emitter 18' to collector 14' and capacitance 16' is
      charged from the word line. To write a "zero" word line 27' is caused to
      assume a low state thereby causing transistor 19' to assume a low
      impedance from emitter to collector and discharging capacitance 16' on the
      word line 27'. Means for reading either a "one" or a "zero" may include
      any conventional means for detecting and measuring current, such as a
      current amplifier and indicator detecting and measuring current on word
      line 27'. To read a "one" word line 27' is caused to assume a low state
      and bit signal line 26' a low state thereby causing capacitance 16' to
      discharge via transistor 19' on word line 27' and providing a
      corresponding current which is detected as a "one." To read a "zero," word
      line 27' is caused to assume a low state and bit signal line 26' a low
      state. Zero current, that is the lack of charge on capacitance 16', is
      detected on the word line thereby reading a "zero."
PAR  Referring to FIG. 3, a circuit is shown which is compatible with
      collector-up transistor logic as disclosed in copending COLLECTOR-UP
      SEMICONDUCTOR STRUCTURE AND METHOD, Ser. No. 454,789, filed, Mar. 26,
      1974, invented by, Lewis K. Russell. The circuit references may be
      identical to those reference call-outs of FIG. 1 with the references
      incremented by 30 to denote the like FIG. 3 circuit elements. In
      collector-up logic and similar integrated injection logic, a supply
      voltage of 0.8 volts provides a first logic level of approximately 0.7 -
      0.8 volts and a second logic level of 0.02 volts. It is however necessary
      that both the bit signal and bit signal complement be provided to separate
      base inputs of each of transistors 49' and 43' to read out the "zero" or
      "one." The circuit of FIG. 3 corresponds to that of FIG. 1 differing only
      in that an NPN transistor 49' is substituted for transistor 19' and bit
      line 56' has inputs 56'a and 56'b for bit and bit complement inputs.
PAR  The circuit illustrated in FIG. 4A is similar to the circuit of FIG. 3,
      except that the bit signal inputs are both connected to a single input
      line 56'. FIG. 4B illustrates a semiconductor structure embodying the
      circuit of FIG. 4A. An N-type semiconductor body 41 having a surface 42
      has spaced P-regions 44 and 52 simultaneously formed in said body
      extending to surface 42. A PN junction boundry 46 is thereby formed. Next,
      a single N-region 47 is formed within region 44 and extends to surface 42.
      Simultaneous with the formation of region 47, spaced N-type regions 51 and
      53 may be formed within regions 52 and likewise extending to surface 42.
      Next, a P+ region 48 is formed within region 47 extending to surface 42.
      Conventional ohmic contacts may be made to the respective regions and the
      regions interconnected by a patterned contacting and interconnecting
      aluminum layer overlying surface 42. The respective regions are
      interconnected as shown in the circuits of FIG. 4A. Specifically emitters
      53' and 48' are connected to word line 57', bases 52' and 47' are
      connected to bit signal terminal 56' and collectors 51'  and 44' are
      connected via PN junction boundary capacitance 46' to body 41'.
PAR  Turning to operation, it is to be noted that the read and write operation
      is similar to that previously discussed in conjunction with FIGS. 1 and 2
      using the read/write signal as shown in FIG. 4C. For a "read in" the 0.4
      volt reference level 61 is caused to assume a zero volt, reference level
      62. Further a "write out" operation may be performed by causing the bit
      signal to go from 0.4 volt reference level 61 to 0.8 volt refernece level
      63. In brief, when the bit signal level assumes a zero volt level
      transistor 43' assumes a low impedance state thereby permitting a "read
      in" operation. Further, when the bit signal is caused to assume a 0.8 volt
      level the NPN transistor 49' is caused to assume a low impedance state
      thereby permitting a "write out" signal on word line 57'.
PAR  Referring to FIG. 5, an additional structural embodiment on the FIG. 4A
      circuit is shown. Structural element reference correspond to the prime
      reference circuit elements of FIG. 4A with the additional reference prefix
      of 100 denoting the FIG. 5 structure. First and second transistors 143 and
      149 are carried by a semiconductor body 141 having a planar surface 142. A
      conventional dielectric isolation layer 140 is formed on surface 142 and
      has a top surface 145. Transistors 143 and 149 are thus isolated from each
      other as is conventionally known in the art. Body 141 may extend to form a
      single region of either of the transistors or may merely be a supporting
      member. Transistor 143 includes a N region 147 formed in body 141 and
      extending to surface 142. Spaced P regions 144 and 148 are formed in
      region 147 and extend to surface 142. Transistor 149 is isolated from
      transistor 143 and includes an N region 151 and abutting and contacting
      P-region 152, both formed in body 141 and extending to surface 142. An N+
      region 153 is formed within region 152 extending to surface 142.
      Conventional contacts and interconnections respectively connect regions
      148 and 153 to word line 157, region 144 to region 151, and regions 153
      and 147 to bit input 156. By virtue of the capacitance between the
      collector-base junction of transistor 149 in relation to body 141 charge
      may be selectively stored in the manner previously described. It is
      believed that writing with the PNP transistor 143 will prove to be
      excellent because the body 141 will be less likely to collect and sap the
      current gain of this transistor in comparison to the previously discussed
      structures. Similarly a relatively fast read operation occurs by virtue of
      the vertical NPN transistor 149 which has a relatively high current gain.
      Operation of the FIG. 5 structure is as previously discussed in
      conjunction with the FIG. 4A circuit operation.
PAR  It is therefore apparent that there has been provided an improved
      performance, high density and high speed bipolar dynamic memory cell.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a bipolar dynamic memory cell of the type utilized for storing
      information by writing and alternately reading information on a word line
      in response to a bit signal input, a semiconductor body of one
      conductivity type having a planar surface, a first transistor formed in
      said body having emitter, base and collector regions, said emitter region
      being coupled to said word line and said base region being coupled to said
      bit signal input, said collector region being of a second conductivity
      type and being formed in said body and extending to said surface to form a
      junction boundary of predetermined capacitance between said collector
      region and said body, a second transistor formed in said body and having
      emitter, base and collector regions, the base region of said second
      transistor being coupled to said bit signal input, and the emitter and
      collector regions of said second transistor being connected to the
      capacitor formed by the junction and to said word line to provide a
      controlled current path between the same.
NUM  2.
PAR  2. A memory cell as in claim 1 wherein said junction boundary is a PN
      semiconductor junction.
NUM  3.
PAR  3. A memory cell as in claim 1 wherein said junction boundary is a
      semiconductor-dielectric-insulator-semiconductor junction.
NUM  4.
PAR  4. A memory cell as in claim 1 wherein said first transistor is a PNP
      transistor and the body is of N-type material.
NUM  5.
PAR  5. In a method for writing information in a dynamic memory cell and reading
      the information out of the cell onto a word line in response to a bit
      signal input, said cell being of the type including first and second
      transistors formed in a semiconductor body of one conductivity type
      wherein a junction boundary of predetermined capacitance is formed between
      the collector of said first transistor and said body, and said second
      transistor is connected between said collector and said word line to
      provide a forward current path from the capacitor formed by the junction
      to the word line, the steps of: applying input signals of predetermined
      level to said word line and to said bit line to condition the first
      transistor for charging said junction capacitor from said word line,
      applying input signals of predetermined level to said word line and to
      said bit line to condition the second transistor for discharging said
      capacitor into said word line, and monitoring the current in said word
      line to determine the level of charge stored in the capacitor.
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PAL  IBM Technical Report "Permanent Magnet Bias Schemes for Bubble Memory
      Applications," by Lyons (TR22.1633), pp. 1-12, 5/8/73.
LREP
FR2  Grubman; Ronald E.
ABST
PAL  A completely enclosed housing of a magnetically permeable material contains
      a pair of magnetic discs. A magnetic bubble chip mounted in a gap between
      the magnetic discs is thereby subjected to a d.c. magnetic bias field
      provided by the discs but is also shielded from the effects of external
      magnetic fields. The device may be precisely magnetized by applying in
      succession two external magnetic fields of suitable magnitude, in opposite
      directions.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The operation of Magnetic Bubble Memories requires that a d.c. magnetic
      bias field be applied to each of a number of magnetic bubble memory chips
      which comprise elements of the memory. It would be desirable to house the
      chips in a structure which serves both to provide the uniform biasing
      magnetic field and to shield the chip from the influence of stray external
      magnetic fields.
PAR  In accordance with the illustrated preferred embodiment, the present
      invention provides a shielded magnetic bias housing which includes a pair
      of cup-like structures of a magnetically permeable material fastened
      together to provide a substantially completely enclosed shielded housing
      for a magnetic bubble chip. A flat disc of a magnetically hard material is
      interiorly affixed to the bottom of each of the cup-like elements. The
      magnetic discs are magnetized parallel to the normal to the surface of the
      discs to provide a bias magnetic field in the gap between the discs.
PAR  To magnetize the discs, the permeable housing structure including the
      magnetic discs is subjected to a strong external magnetic field which
      saturates the magnetization of the permeable housing and strongly
      magnetizes the magnetic discs to a value greater than the ultimate value
      desired for the bias magnetic field. The housing and magnetic discs are
      then subjected to a second external field in a direction opposite that of
      the first applied field which saturates the housing in the opposite
      direction and reduces the magnetization of the magnetic discs to a precise
      value desired for the bias field. It has been found that for various
      choices of magnetic materials, the final value of the bias field varies
      linearly with the strength of the latter applied magnetic field over a
      wide range of values of the applied field. Thus if the bias field is
      pre-adjusted in accordance with the abovedescribed method, a precise and
      reproducible value of bias field may be obtained without the use of
      additional trimming screws or other mechanical devices in the housing to
      shunt magnetic flux or vary the distance between the discs.
DRWD
PAR  FIG. 1 illustrates a cross-sectional view of a housing for magnetic bubble
      devices.
PAR  FIGS 2a and 2b show top and side views respectively of the housing.
PAR  FIG. 3 is a graph of the magnitudes of several magnetic fields used to
      magnetically bias the housing.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 there is shown a housing structure for magnetic bubble chips
      including two identical cup-like structures 11. Cups 11 are fabricated
      from magnetically permeable materials such as Mu-metal or permeable
      ferrites. In the illustrated embodiment, each of the sections 11 is a
      cylindrical section including a flange 13. The two sections may thus be
      welded together along adjacent edges of flanges 13 to form a completely
      enclosed structure, with the exception of a pair of access slots which
      will be described further below. Although the housing is here illustrated
      as being essentially cylindrical and including flanges, other
      configurations such as a simple rectangular container may also be used to
      provide a substantially completely shielded enclosure. After the housing
      has been formed and all machining operations completed, the pieces 11
      should be annealed to provide maximum permeability.
PAR  On the interior of the bottom of each of the sections 11 there is affixed a
      thin disc 15 of a magnetically hard material such as barium ferrite,
      alnico, or a rare earth cobalt compound. Although discs are illustrated in
      the preferred embodiment, other magnetic pieces of varying shape may also
      be suitable. Magnetic discs 15 may also be fabricated from synthetic
      magnetic materials such as barium ferrite loaded plastic "rubber magnets."
      In structures which have been built, discs of radius 0.375 inch and
      thickness 0.024 inch have been used in housings which provide a gap
      between the discs of about 0.270 inch. Magnetic discs 15 may be magnetized
      to produce a bias magnetic field in the gap between them, as indicated by
      the arrows in FIG. 1. Permeable cups 11 provide a suitable path to
      complete the magnetic circuit, again as indicated in FIG. 1.
PAR  FIGS. 2A and 2B illustrate top and front views respectively of a preferred
      embodiment of the invention including two slots 17 which provide access
      for a probe which may be used to measure the magnetic field strength
      within the enclosure, and also for electrical connections to a magnetic
      bubble device enclosed within the housing. It is possible to provide
      electrical access ports other than slots if sufficient access to the
      interior can be had thereby. In the illustrated preferred embodiment,
      access slots about 1/16 inch high with an angular width of about
      60.degree. have been found not to degrade the shielding provided by a
      housing of radius about 0.4 inch. Housing structures in accordance with
      the invention will provide substantially complete shielding of an enclosed
      magnetic bubble chip from the influence of external magnetic fields. Since
      the operation of bubble memories requires that a rotating magnetic field
      be applied to each chip to circulate the magnetic bubbles, there will
      ordinarily be included within the housing a set of coils to provide the
      required rotating magnetic field for the enclosed chip. The housing
      structure of the invention also serves to isolate the rotating field so
      that it will not affect other chips in the memory, or influence electronic
      circuits in its vicinity.
PAR  It may be seen from FIGS. 1 and 2 that the housing does not include any
      mechanical mechanisms for adjusting the strength of the bias field
      provided by discs 15. Such mechanisms are unnecessary if the bias field is
      established in accordance with the procedure described below. To establish
      the bias magnetic field, the two sections 11 including magnetic discs 15
      are brought together and placed between the poles of an electromagnet
      which is capable of producing an electromagnetic field strong enough to
      magnetize discs 15 sufficiently that a magnetic field produced by discs 15
      in the gap between them would be of magnitude greater than that desired
      for the ultimate bias field; e.g. an external field strength greater than
      about 10,000 oersteds is usually sufficient. It is preferable to saturate
      the magnetization of the discs so that they are completely and uniformly
      magnetized. The field direction should be perpendicular to the faces of
      magnetic discs 15 to magnetically saturate permeable housing 11 and
      magnetize both discs 15 in a direction perpendicular to the disc faces. A
      second external magnetic field is then applied to the housing in a
      direction opposite that of the first field. This latter field will both
      saturate housing 11 and reduce the magnetization of discs 15 to some level
      below saturation. Thus, the magnitude of the bias field produced by discs
      15 may be adjusted by adjusting the strength of the second applied field.
      It has been found that for some materials such as Plastiform, manufactured
      by the 3M Company, Minneapolis, Minnesota, the resulting bias magnetic
      field in the gap between disc 15 is a linear function of this latter
      applied magnetic field strength. Thus, once a desired bias field strength
      is known, it may be simply and precisely obtained by applying a second
      magnetic field whose strength is determined from a graph such as that of
      FIG. 3 which illustrates the above mentioned linear relation. Using a
      procedure such as described here, bias field strengths have been adjusted
      to within .+-.1 oersted with good repeatability from unit to unit. Thus,
      no other mechanical devices for trimming the bias field are required.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for providing a desired d.c. magnetic bias field within a
      housing for magnetic bubble chips comprising the steps of:
PA1  mounting a pair of magnetic elements within the housing with a gap
      therebetween;
PA1  applying a first external magnetic field to said housing in a direction
      desired as the direction of said bias field, the magnitude of said first
      external magnetic field being sufficient to magnetize said magnetic
      elements so that a magnetic field produced by them in the gap therebetween
      is of a magnitude greater than that of the desired d.c. magnetic bias
      field; and
PA1  applying a second external magnetic field to said housing in a direction
      opposite that of said first magnetic field, the magnitude of said second
      external field being sufficient to reduce the magnetization of said
      magnetic elements so that a magnetic field produced by them in the gap
      therebetween is of the magnitude of the desired d.c. magnetic bias field
      and simultaneously magnetically saturating said housing.
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ABST
PAL  Temperature is sensed in equipment where life is reduced by
      overtemperature. The sensed temperature is compared to a set point and an
      output indication showing overtemperature operation is provided to the
      equipment operator. In addition, a signal is produced which is
      proportional to the sensed temperature above a reference or threshold
      value. This signal is passed through a coulomb meter which indicates the
      total charge. This charge is an integration of the product of the time of
      duration and the amount of overtemperature, for indicating the accumulated
      thermal stesses.
PARN
PAR  This is a continuation, of application Ser. No. 71,814, filed Sept. 14,
      1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to an overtemperature monitor and integrator
      apparatus for determining the amount of overtemperature to which a gas
      turbine or other temperature sensitive equipment is subjected. It has a
      temperature sensor and an indicator which shows the integrated product of
      overtemperature and time. Signal processing is accomplished
      electronically.
PAR  The life of many types of prime movers, such as gas turbines, is determined
      by the duration and excursion of the temperature value above a
      predetermined base reference temperature. The predetermined base reference
      temperature is selected as the maximum temperature at which the device can
      be operated without temperature being substantially detrimental to life.
      It has been empirically found that the reduction in life duration is
      approximately a proportional function of the integrated product of time of
      overtemperature and the amount of overtemperature above this base
      temperature value.
PAR  In order to accommodate for those situations in which engines are thermally
      overstressed, resulting from overtemperature operation, actual overhaul
      intervals have been set somewhat arbitrarily on the short side. When the
      integrated product of overtemperature and time are recorded for the
      operation of a particular turbine engine, as by practice of the present
      invention, overhaul decisions are facilitated. When the accumulated date
      is made accessible during minor overhauls, engine reliability can be
      improved by being able to pinpoint abused engines, while the periods
      between major overhauls on well-treated engines may be extended, with the
      attendant economic benefits.
PAC  SUMMARY OF THE INVENTION
PAR  In order to aid in the understanding of this invention, it can be stated in
      essentially summary form that it is directed to an overtemperature monitor
      and integrator apparatus. The apparatus senses temperature, compares it to
      an internal set value of normal temperature, and integrates the product of
      time and this value of excess temperature. Thus, the apparatus includes
      temperature sensing means, temperature signal data processing, including
      comparison of the sensed temperature with a preset temperature, and output
      signal means for displaying the integrated value of the product of excess
      temperature and time.
PAR  Accordingly, it is an object of this invention to provide an
      overtemperature monitor and integrator apparatus, which has an output
      display of the integrated product of excess temperature and time. It is a
      further object of this invention to provide a monitoring device which
      monitors a prime mover such as a gas turbine and has an indicator output
      corresponding to overtemperature conditions to which the gas turbine
      engine has been subjected. The invention is also applicable to bearing
      temperature measurements on anything; i.e., ship, nuclear powered reactor,
      etc.
PAR  It is a further object to provide a temperature sensor which can be
      installed in a gas turbine and take temperature data therefrom and provide
      temperature data processing means whereby the sensed temperature is
      compared with a preset standard temperature to result in an electrical
      output signal and have an integrated time/temperature display such as a
      coulomb meter which integrates the excess temperature with respect to
      time.
PAR  It is a further object to provide an overtemperature monitor which has a
      display for the engine operator and an integrator apparatus which has an
      integrated temperature display for the engine mechanic.
PAR  It is still another object to provide an apparatus wherein data processing
      is electronic so that a minimum of equipment weight and a maximum of
      indicated output reliability is accomplished.
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may be best understood by
      reference to the following description, taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view, partly schematic and partly with parts broken
      away, showing the overtemperature monitor and integrator apparatus of this
      invention;
PAR  FIG. 2 is a front elevational view, with parts broken away, of the housing
      for the electronic equipment and for the integrating display forming part
      of the apparatus;
PAR  FIG. 3 is a schematic functional diagram of the apparatus in accordance
      with this invention; and
PAR  FIG. 4 is a schematic circuit diagram showing electronic portions of
      apparatus in accordance with this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 illustrate the physical arrangement of the various parts of
      the overtemperature monitor and integrator apparatus. A temperature
      sensor, such as a thermocouple or a resistance thermometer, is indicated
      at 10. It is shown as sensing temperature of a device 12 which, in
      accordance with the preferred employment of this invention, is a thermally
      active portion of a turbine engine, the temperature of which is related to
      the temperature of a temperature sensitive portion. The temperature sensor
      10 is connected by means of a conventional connecting cable 14 to housing
      16 in which is located the electronics and the integrator. Connecting
      cable 18 is connected from housing 16 to the instrumentation on the
      turbine engine operator's display panel 20. Furthermore, connecting cable
      18 can carry the power supply connections for supplying standard power
      values to the electronic circuit within housing 16.
PAR  Display panel 20 may carry a temperature indicator and display device 22
      which has an indicator hand 24 thereon. Indicator hand 24 indicates the
      actual sensed temperature to the engine operator in "real time"; i.e., as
      it occurs.
PAR  A temperature set point may be internally set to a fixed value or may be
      operator-controlled by means of manual setting device 26, which is
      preferably in the nature of a potentiometer. Setting device 26 has a set
      point indicator 28 which indicates to the operator the reference or set
      point he has selected. Setting device 26 and set point indicator 28 can be
      a conventional 10-turn potentiometer with digital readout. An indicator
      light 30 is also mounted upon display panel 20 and is preferably of the
      push-to-test type so that the state of the lamp can be determined.
      Indicator light 30 is arranged so that it is illuminated when the sensed
      temperature exceeds that set point reference temperature selected by the
      engine operator by his setting of setting device 26. Thus, in addition to
      visual display by device 22 of the actual instantaneous operating
      temperature, light 30 provides visual warning when such temperature
      exceeds a preset value.
PAR  Referring to FIG. 3, the functional interrelationship of the indicator and
      the electric circuitry in association therewith is indicated. Amplifier 32
      has a temperature signal input from thermocouple 10 and a compensation
      input at 33. Cold junction compensation is desirable to provide an
      absolute temperature measurement, since the output of a thermocouple is a
      function of the temperature difference between its hot and cold junctions.
      Thus, a cold junction temperature compensation circuit 33 is employed as
      an input to amplifier 32. The output of amplifier 32 corresponds to the
      absolute temperature of the device sensed thereby making the unit operable
      within a range of -65.degree. F to +250.degree. F. In such instances,
      where a coulomb type meter is employed, it may be remotely located to
      overcome its temperature limitations. There are three parallel systems
      which employ this temperature signal. The signal is delivered to
      temperature indicator 22. Error amplifier 34 also receives the signal and
      compares it with a signal analog from set point setting device 26. The
      error amplifier has an output when the temperature signal exceeds the set
      point temperature. The error amplifier output goes to conditioning
      amplifier 36, where the signal is amplified and is delivered to
      temperature indicator light 30.
PAR  The absolute temperature signal from amplifier 32 is also delivered to
      error amplifier 38. Amplifiers 34 and 38 are described as error amplifiers
      because they compare the absolute temperature input signal with a value
      corresponding to a set point or threshold temperature, and thus have a
      signal output only when the absolute temperature input signal exceeds the
      comparative temperature signal corresponding to the set point or threshold
      value. Thus, error amplifier 38 also has a threshold input signal source
      39. The output from error amplifier 38 goes through suitable transfer
      network 40 to an integrating display 42. This transfer network is
      preferably resistive, but non-linear means could be provided to allow a
      greater weighting to more severe overtemperature transients.
PAR  As discussed above, cold junction compensation is required to provide an
      absolute temperature measurement, since the output of any thermocouple is
      a function of the temperature difference between the hot and cold
      junctions. The cold junction is located in housing 16, so that temperature
      sensing of the ambient temperature of housing 16 is not necessary to
      provide the absolute temperature value of the hot junction in temperature
      sensor 10. The entire circuitry of FIG. 4 is within housing 16, so that
      temperature compensation can be incorporated therein. Portions of the
      circuitry in FIG. 4 are outlined by broken-line blocks bearing the same
      reference numerals employed in FIG. 3 to indicate the corresponding
      portions.
PAR  Referring to FIG. 4, positive voltage is supplied at terminal 44 and
      negative voltage is supplied at terminal 46. The operating power from
      terminal 44 passes through diode 48 to the collector of transistor 50. The
      diode 48 provides reverse voltage protection. Resistor 52 provides forward
      bias to transistor 50. As the output of transistor 50 rises, the voltage
      at junction 54 rises until transistor 50 reaches a conduction level at
      which transistor 56 becomes conductive. This conduction level is set by
      the base-to-emitter drop of transistor 56 plus the breakdown voltage of
      zener diode 58. At this point, transistor 56 becomes conductive and begins
      to shunt the base current to transistor 50, to hold the output voltage
      constant. Resistor 60 provides compensation for input voltage changes,
      while capacitors 62 and 64 stabilize the voltage regulator. Capacitor 66
      acts as the output filter, while resistor 68 sets the operating threshold
      of the zener diode 58. Resistor 70 is scaled so that the voltage in
      regulated voltage output line 72 is twice the value of the voltage at
      summing point junction 54.
PAR  Temperature sensitive resistor 74 is incorporated in a bridge composed of
      resistor 74, 76, 78, 80, 82 and 84. Line 72 is connected to the bridge
      between resistors 74 and 76. The output of the bridge is a voltage related
      to the theoretical thermocouple output. The compensation signal is
      inserted into the amplifier comprised of matched transistor pair 86 at the
      left collector thereof and effectively in series with the hot junction
      thermocouple signal so that the output of the amplifier formed of
      transistor 86 is a function of absolute temperature. Resistor 80 provides
      the scaling adjustment for the synthetic junction to match the actual
      thermocouple signal.
PAR  The actual thermocouple signal generated in temperature sensor 10 is
      developed at the copper wire junctions. The positive thermocouple signal
      is connected at terminal 88, while the negative signal is connected at
      terminal 90. Terminal 92 provides the shield for the thermocouple, if
      desired.
PAR  The positive thermocouple lead is connected from terminal 88 through line
      94 to the positive side of zener 58 so as thus to be referenced to the
      reference voltage across the zener diode. The negative signal at terminal
      90 is connected to the right base of transistor 86. The right base of
      double transistor 86 is referenced to the positive thermocouple voltage
      through resistor 104.
PAR  The collectors of both transistors in the matched transistor pair 86 are
      connected as inputs to operational amplifier 106. Operational amplifiers,
      such as the one indicated at 106, are off-the-shelf items and are normally
      furnished as integrated circuit chips. They are presently available from a
      large number of manufacturers and are well known in the electronic arts.
      The collector load resistors 108 and 110 are connected to the cold
      junction compensation bridge to insert the ambient correction signals into
      the amplifier comprised of matched transistor pair 86. The output of
      amplifier 106 is connected to line 112 and resistor 114 to the left base
      in matched transistor pair 86 to serve as negative feedback to stabilize
      the gain as the ratio of the resistors 114 to 104.
PAR  Emitter resistors 116 and 118 are respectively connected to the left and
      right emitters of the matched transistor pair 86. Potentiometer output
      line 120 is connected to the negative terminal 46. The resistors 116 and
      118 provide the desired offset bias to the matched transistor pair.
PAR  Output line 122 contains the temperature signal referenced to a fixed
      offset as set by resistance 118 which, it will be recognized, corresponds
      to the threshold temperature signal setting means 39 of FIG. 3. This
      temperature signal is compared in operational amplifier 124 against the
      external set point signal received from the manual setting device 26,
      which is in the form of a potentiometer, as previously indicated. This
      signal is on the potentiometer arm and is received at terminal 126 and
      through line 128 to the operational amplifier 124. The ends of this
      potentiometer are energized from terminals 130 and 132, which are
      respectively connected through line 131 and resistor 133 to the negative
      terminal 46 and through line 134 and resistor 136 to controlled voltage
      line 72. Thus, the potentiometer is energized by and its signal is
      returned to operational amplifier 124.
PAR  When the sensed temperature, as indicated by a signal in line 122, exceeds
      the indicated temperature set on manual setting device 26, the output of
      operational amplififer 124, through line 138 connected to the base of
      transistor 140, turns on transistor 140, enabling transistor 142 to drive
      transistor 144. Output terminal 146 is connected to the emitter of
      transistor 144 and serves to produce the output signal which causes the
      illumination of light 30.
PAR  The output line 122 of operational amplifier 106 is connected through a
      pair of diodes 148 and resistor 150 to the negative power line connected
      to terminal 46. The base of transistor 150 is connected between the second
      diode 148 and resistor 149 so that base drive of said transistor is a
      function of the voltage in output line 122 which, in turn, is related to
      the excursion of the sensed temperature above a reference determined by
      the setting of the potentiometer arm on resistor 118. Diodes 148 provide
      temperature compensation for transistor 150 over the ambient temperature
      range.
PAR  Emitter drive for transistor 150 comes through line 152 to coulomb meter 42
      and thence through emitter resistor 156 to the emitter of transistor 150.
      The collector of that transistor is connected to the negative power line.
      Thus, the voltage is supplied by zener 58, but emitter voltage degradation
      is provided by resistor 156 so that the current flow through coulomb meter
      42 is a function of the sensed temperature excursion above the preset
      level. The integrating nature of coulomb meter 42 causes the displayed
      value to advance as the product of current and time. Thus, the indicated
      value on the coulomb meter 42 is an integration of the product of time and
      overtemperature. Terminal 158 is provided to permit the passage of
      resetting current through coulomb meter 42 so that it can be reset to zero
      after turbine maintenance has been performed.
PAR  Referring again to FIG. 2, the housing 16 is shown as having connectors 160
      and 162. These are the connectors in which the terminals are positioned,
      so that the terminals can make connects to suitable outside sources. The
      circuitry of FIG. 4 can be provided upon printed circuit boards positioned
      in the slots indicated in the housing 16. Coulomb meter 42 is indicated as
      being secured to a board located in these slots (or may be remotely
      located for operating in extreme temperature environments, or for
      convenience of observation of the recorded signal) and, thus, is an
      integral part of the apparatus. The coulomb meter 42 is not seen, except
      by careful inspection of the equipment, including removal of cover 164.
      Thus, it is free of molestation, because only the mechanic who is
      inspecting the engine control equipment normally sees the indicating meter
      42.
PAR  Thus, it will be appreciated that the present invention provides means for
      integrating and displaying the product of the amount and the time of
      duration of an overtemperature condition in an overtemperature-degraded
      engine, while simultaneously displaying the instantaneous temperature and
      indicating the occurrence of a second and different overtemperature
      condition.
PAR  While particular embodiments of the present invention have been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from this invention in its
      broader aspects and, therefore, the aim in the appended claims is to cover
      all such changes and modifications as fall within the true spirit and
      scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An overtemperature monitor and integrator apparatus for monitoring
      overtemperature and integrating overtemperature and time in a thermally
      powered engine comprising:
PA1  sensing means for mounting in a thermally powered engine for sensing the
      temperature of a thermally powered engine and for producing a first
      electrical signal related in value to the sensed temperature;
PA1  signal generator means for producing a second electrical signal related in
      value to a threshold temperature;
PA1  comparator means coupled to said sensing means and said signal generator
      means for comparing the first and second electrical signals and for
      producing an output signal only when the first electrical signal indicates
      a sensed temperature exceeding the threshold temperature, and for
      producing an output signal related in value to that temperature excess to
      comprise a temperature excess signal; and
PA1  means for integrating the product of the value of the temperature excess
      signal and time and for displaying such product whereby to display the
      thermal stress or damage on such engine.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said last mentioned
PA1  means comprises a coulomb meter connected so that said temperature excess
      signal passes therethrough so that the product of time and said
      temperature excess signal is integrated by the coulomb meter.
NUM  3.
PAR  3. The apparatus of claim 1 and further comprising:
PA1  transfer network means for receiving the output signal from said comparator
      means and having the output thereof connected to the input of said last
      mentioned means.
NUM  4.
PAR  4. An overtemperature monitor and integrator apparatus for monitoring
      overtemperature and integrating overtemperature and time in a thermally
      powered engine comprising:
PA1  sensing means for mounting in a thermally powered engine for sensing the
      temperature of a thermally powered engine and for producing a first
      electrical signal corresponding in value to the sensed temperature;
PA1  signal generating means for producing a second electrical signal
      corresponding in value to a threshold temperature;
PA1  comparator means coupled to said sensing means and said signal generator
      means for receiving and comparing the first and second electrical signals
      and for producing an output signal only when the first electrical signal
      indicates a sensed temperature exceeding the threshold temperature and for
      producing a first output signal corresponding in value to the amount of
      sensed temperature excess over the threhold temperature to comprise a
      temperature excess signal;
PA1  means for integrating the product of the temperature excess signal and time
      and for displaying a representation of such product so that inspection
      indicates the thermal stress or damage on such engine;
PA1  set point means for producing a set point signal corresponding in value to
      a predetermined temperature;
PA1  a second comparator means coupled to said sensing means and said set point
      means for receiving and comparing the first electrical signal
      corresponding in value to the sensed temperature with the set point signal
      and for producing a second output signal corresponding in value to the
      excess of the sensed temperature signal over the set point signal; and
PA1  an excess temperature indicator means connected to the output of said
      second comparator means for indicating the instantaneous occurrence of an
      engine temperature exceeding the predetermined set point temperature.
NUM  5.
PAR  5. The apparatus of claim 4 wherein each said comparator means comprises an
      error amplifier.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said
PA1  integrating and display means comprises a coulomb meter connected so that
      said temperature excess signal passes therethrough so that the product of
      time and said temperature excess signal is integrated by the coulomb
      meter.
NUM  7.
PAR  7. The apparatus of claim 6 wherein:
PA1  said sensing means comprises a thermocouple; and
PA1  said apparatus includes an electrical bridge coupled to said thermocouple
      and to at least one of said comparator means, said bridge including a
      temperature sensitive element so that said bridge provides ambient
      temperature compensation for the cold junction of said thermocouple.
NUM  8.
PAR  8. The apparatus of claim 4, wherein said set point means comprises a
      selectively variable set point means.
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ABST
PAL  Solid-state circuitry is provided for an electrical thermometer for
      monitoring the interior temperature of food being cooked. A temperature
      sensing thermistor located in the tip of a probe, adapted to be partially
      inserted in food being cooked so as to monitor the interior temperature,
      is combined in circuit with a programmable unijunction transistor (PUT),
      used as a bridge threshold detector, an NPN transistor-diode load current
      switch and a buzzer alarm coil such that upon the reaching of a preset
      temperature within the food, the buzzer alarm is actuated. The self-heat
      of the thermistor probe provides a latching effect ensuring the continued
      firing of the PUT with the resultant smooth operation of the buzzer alarm.
      A resistor is combined in circuit to allow a slight back current to flow
      through the buzzer coil, thereby allowing the use of a buzzer alarm with a
      fairly non-critical air gap.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a condition responsive circuit, and
      particularly to circuitry comprising an electrical thermometer for
      monitoring the interior temperature of food being cooked.
PAR  2. Description of the Prior Art
PAR  This invention was conceived as an improvement over the food-temperature
      monitoring apparatus disclosed in U.S. Pat. No. 3,778,798-Heit which is an
      improvement of the apparatus disclosed in the application of Stanley B.
      Welch, Ser. No. 124,325 filed Mar. 15, 1971, now U.S. Pat. No. 3,815,113,
      both assigned to the General Electric Company, the assignee of the present
      invention. These food-temperature monitoring devices were developed for
      use in monitoring the temperature of meat and other foods while being
      cooked in a baking or roasting oven. These devices provide a needle-like
      meat probe enclosing a small sensing thermistor, adapted to be driven into
      the food, in circuit with a programmable unijunction transistor employed
      as a detector of a Wheatstone bridge having a low voltage AC supply, and a
      signal alarm buzzer to be actuated upon the reaching of a desired
      temperature within the meat.
PAR  The present invention improves upon the previous inventions by locating the
      buzzer alarm within the circuit in series with a combination NPN
      transistor-diode, current switching device such that the current to
      operate the buzzer does not flow through the PUT or the voltage dividing
      resistors of the Wheatstone bridge. A resistor in series with the
      transistor base-collector junction and the buzzer alarm allows a slight
      back current to flow through the buzzer resulting in a greatly increased
      amount of magnetomotive force variation therein, allowing a much less
      critical buzzer air gap. The NPN transistor is turned on by the PUT to
      allow load current for the buzzer to flow through the collector-emitter
      circuit during the positive excursion of the AC cycle.
PAR  It is therefore a general object of the present invention to provide a
      circuit, including a programmable unijunction transistor, that is
      responsive to a condition change such that the change is sensed and
      translated as a variance in electrical resistance in the circuitry whereby
      indication means is triggered to signal the condition change.
PAR  It is a more particular object of the present invention to provide a
      low-cost, solid-state electric thermometer with a circuit ensuring the
      smooth reliable operation of a buzzer alarm upon the reaching of a
      predetermined, preset temperature within food being cooked, wherein
      current to the buzzer alarm is limited only by the impedance of its coil
      and wherein the circuit allows a small back current to flow through the
      buzzer coil such that the buzzer may be characterized by a fairly
      noncritical air gap.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a condition responsive circuit of
      the type having impedance means for supplying an indication of external
      conditions to be sensed includes a pair of input supply terminals adapted
      to be coupled to an electrical energy source for supplying alternating
      current. A four-leg impedance bridge network having first and second
      common terminals is coupled across these input supply terminals, and two
      comparison terminals are located intermediate respectively the first and
      second legs and the third and fourth legs of the bridge network. A
      threshold device is included in circuit coupled to the comparison
      terminals of the bridge network to function as a threshold detector. The
      conductor sensing impedance means is coupled in circuit with one of the
      legs of the bridge network. An indication means is coupled serially with
      load switching means across the supply terminals, the load switching means
      being responsive to the switched-on state of the PUT to become operative
      for effecting operation of the indication means. Means are provided for
      establishing a switching level for the load switching means and for
      limiting current to the indication means during the negative excursion of
      the AC cycle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a front elevational view of an electric, built-in, wall oven
      shown with the oven door open and an electric thermometer system is
      illustrated therewith;
PAR  FIG. 2 is a perspective view of the temperature sensing probe first shown
      in FIG. 1 and here shown on an enlarged scale and having a part of its
      metal sheath removed to illustrate the internal construction; and
PAR  FIG. 3 is a schematic representation of the preferred embodiment of the
      temperature-responsive alarm control circuit of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the accompanying drawing, there is shown for
      illustrative purposes an electric, built-in wall oven 10 in which the
      present invention may be incorporated, although it will be obvious to
      those skilled in the art that this invention is in no way limited to such
      a setting or application. Oven 10 is of standard construction having an
      oven cooking cavity 12 framed by box-like oven liner 14 and a
      front-opening access door 16 having a handle 18. The door 16 is shown in
      this view in its horizontal, fully-open position.
PAR  The oven liner 14 has a bottom wall 22 and opposite side walls 24, 24'
      which are framed with rack supports or ledges 26. A slidable food
      supporting rack 28 is suspended between the rack supports 26. A lower
      baking element 30 is positioned adjacent the bottom wall 22 of the oven
      liner.
PAR  A control panel 34 is shown positioned above the oven in a frontal position
      to occupy substantially the same vertical plane as the oven door 16 when
      this door is in its vertical, closed position. The electrical controls of
      the oven are mounted in this control panel. There is shown, for example,
      oven selector switch 36 and oven thermostatic control 38 for governing the
      temperature within the oven cooking cavity 12. An oven timer (not shown)
      is also commonly furnished with the oven.
PAR  Oven rack 28 supports a shallow pan 42, shown containing a half of ham 44
      which, for example, is to be baked to an internal temperature of about
      150.degree. F. while the oven ambient temperature is set by oven
      thermostat 38 to, say 350.degree. F. Obviously, more massive cuts of meat
      must be heated for a greater length of time than smaller cuts; this
      variable cooking time serves to inconvenience the cook by requiring close
      supervision of the cooking process. An electric thermometer, such as that
      provided by the present invention, serves to ameliorate this situation.
      Shown within the oven 10 is an electric thermometer system 48 comprising,
      in part needle-like probe 50 with its tip inserted into the central
      portion of the meat 44. A flexible cable 52 is attached to the other end
      of the probe, this cable is of such length that it may be connected to a
      wall-mounted receptacle 54 in one of the side walls of oven liner 14. The
      receptacle 54 is provided with connecting cables (not shown) which extend
      upwardly to the oven control panel 34 where they join with terminals of
      the circuitry of the present invention. Temperature setting gauge 58 is
      included and is shown with a temperature scale extending from 80.degree.
      to 200.degree. F. There is provided a manually adjustable knob 60 and a
      pointer 62 that moves when the knob is turned, for setting a predetermined
      internal temperature to be reached within the meat 44.
PAR  The temperature sensing probe 50 is shown in FIG. 2 as comprising a thin
      wall stainless steel tubing 64 of about 3/32 inch outside diameter having
      the overall appearance of a knitting needle. Within the probe 50 is
      assembled flexible coaxial cable 52 comprising a center conductor 66, a
      layer of insulation 68, and a woven outer conductor 70 surrounding the
      insulating layer 68. Cable 52 is covered with another sheath 72 of high
      temperature insulation such as polytetrafluoroethylene, commonly sold
      under the trademark Teflon. This coaxial cable 52 is extra-flexible and
      has the characteristcs of a small diameter lead wire. Most of this
      insulating sheath has been stripped from that portion of the cable length
      extending within tubular probe 64.
PAR  Impedance means for supplying an indication of external conditions to be
      sensed, such as condition sensing impedance means, a temperature sensitive
      thermistor 74, is positioned within the free end 76 of probe 50. This free
      end is pointed so as to facilitate the insertion of the probe into the
      meat. Thermistor 74 has two terminals, 78 and 79, each extending
      longitudinally from opposing ends thereof. The outermost terminal 78 is
      electrically and mechanically attached to the pointed tip 76 of the probe,
      while the innermost terminal 79 is electrically connected to the center
      conductor 66 of the coaxial cable 52 by means of a crimped sleeve 80.
      Outer conductor 70 has been stripped back from the exposed center
      conductor 66 and an insulating sleeve 82 is assembled over the exposed
      portion of the cable to insulate center conductor 66 from the tubular
      probe. The innermost end of tubular probe 64 is wound into a closed loop
      as at 84, serving to collapse the tube tightly into contact with the outer
      conductor 70 and further, to seal the tube at end 85 over the Teflon
      insulation 72. This loop also serves as a hand-hold for grasping the
      probe. The free end of the cable 52 is provided with an electrical plug 87
      having a central conductor 88 insulated electrically from an overlying
      cylindrical split collar 90 for holding the plug in the wall-mounted
      receptacle 54 as shown in FIG. 1.
PAR  In accordance with the present invention, condition responsive circuitry,
      such as temperature responsive alarm control circuit 92, schematically
      illustrated in FIG. 3 of the drawing, includes input supply terminals 93
      and 94 adapted for coupling to a low-voltage AC power source, such as a
      suitable step-down transformer 91 having a primary winding 95 and a
      secondary winding 96. The primary 95 may be connected to a standard
      electrical power source of 115 volt, 60 Hz. current, available in the
      home, by proper connection of lines L and neutral N. Step-down transformer
      91 may be a separate transformer for this electric thermometer system 48
      or, power may be tapped from the existing transformer used for the oven
      control 38.
PAR  There is a four-leg impedance bridge network having first and second common
      terminals coupled across the input supply terminals 93 and 94,
      respectively, such as a Wheatstone bridge comprising a first leg including
      fixed resistor 97, a second leg including fixed resistor 98, a third leg
      including fixed resistor 99 and a fourth leg including fixed resistor 100.
      The first and second legs and the third and fourth legs form,
      respectively, voltage divider networks having comparison terminals 101 and
      102. Temperature sensing thermistor 74 of probe 50 is electrically coupled
      in circuit, preferably removably, with the first leg so as to be in
      parallel with fixed resistor 97. A variable resistor such as rheostat 104
      is electrically connected in circuit with the first leg so as to be in
      series with a fixed resistor 105 and the parallel combination of
      thermistor 74 and fixed resistor 97. Variable resistor 106, a calibrating
      device, is serially connected with fixed resistor 98 in the second leg.
PAR  A threshold device, such as programmable unijunction transistor (PUT) 107
      functions as a threshold detector for the bridge and has its cathode 108
      connected to the first common network terminal and input terminal 93, an
      anode 109 connected to comparison terminal 101 intermediate the first and
      second legs of the bridge and a gate 110 connected to comparison terminal
      102 intermediate the third and fourth legs of the bridge.
PAR  A PUT is a PNPN device with characteristics such that, when the diode
      (anode to gate) becomes forward biased, (i.e., when the anode is slightly
      more positive than the gate) it conducts, and the regeneration inherent in
      such a device causes it to switch on; a negative resistance
      characteristics is generated from anode to cathode. Thus, the PUT 107
      functions as a detector for the bridge circuit, as described above.
PAR  Indication means, which may take the form of an audible signal means such
      as a buzzer alarm device having a coil 112, is connected serially with
      load switching means across input supply terminals 93 and 94. The load
      switching means may take the form of transistor-diode combination, such as
      NPN transistor having a collector 114 coupled with coil 112 and an emitter
      115 coupled with the anode 116 of a diode 117, the cathode 118 of the
      diode is then coupled to terminal 93.
PAR  Means for establishing a switching level for the load switching means, that
      is, for NPN transistor 113, and for limiting current to the coil 112
      during the negative excursion of the AC cycle takes the form of a resistor
      120 coupled serially between the junction of PUT cathode 108 and NPN
      transistor base 121 and input supply terminal 93. Resistor 120 also serves
      to reduce dissipation in the PUT thereby to extend its life. Also included
      in the circuit is an RF suppressing capacitor 122 coupled across the PUT
      anode 109 and gate 110.
PAR  Thermistor 74, used here in the first leg of the bridge, has a negative
      temperature coefficient. As the temperature of the thermistor rises, its
      resistance drops; during the positive half cycle of the AC supply voltage,
      that voltage at terminal 101, the PUT anode voltage, becomes more
      positive. When the anode voltage becomes slightly more positive than the
      PUT gate voltage, the PUT will switch on with a voltage drop from anode to
      cathode of approximately 1 volt. This switching signal from the PUT will
      cause NPN transistor 113 to be turned on to allow current to flow through
      coil 112, through the collector-emitter of the transistor 113, then
      through diode 117. Coil 112 then is essentially across the power supply
      input terminals 93 and 94 and current therethrough is limited only by the
      coil's impedance. Such an application allows for the use of buzzer alarm
      devices having fairly non-critical air gaps, therefore cheaper and simpler
      devices. This also allows for the use of a higher powered buzzer device
      and therefore, a louder alarm is sounded. Diode 117 prevents the actuation
      of buzzer coil 112 during the negative excursion of the AC cycle and as
      well as during the positive excursion when transistor 113 is not gated
      into conduction.
PAR  There are certain advantages in a circuit arrangement of this type. First,
      since they need not carry buzzer current, all the resistors of the bridge
      network may be of the high-impedance, low wattage type. Secondly, with the
      thermistor 74 located in the first leg of the bridge, the self-heat of the
      probe provides a latching effect in the circuit. The first time that the
      PUT fires, the effective voltage across the probe increases, further
      heating the probe and thermistor 74 thereby decreasing its resistance and
      the resistance of the first leg, ensuring the continued firing of the PUT
      and the smooth operation of the alarm buzzer. Third, during the negative
      half-cycle of the AC supply voltage, a slight back current, limited by the
      impedance of resistor 120, can flow through the base-collector diode of
      transistor 113 and the coil 112 resulting in a greatly increased amount of
      magnetomotive force variation, allowing in turn, the use of a buzzer with
      a fairly non-critical air gap.
PAR  Turning now to the operation of the circuit 92 as a food temperature
      monitoring device, control knob 60 (as shown in FIGS. 1 and 3) on control
      panel 34 is associated with the variable resistor 104, a setting rheostat,
      for presetting the desired temperature to be reached within the meat 44
      when fully cooked. Variable resistor 104 includes a resistor element 124
      and an arm 125, which is movable across the resistor element 124 upon the
      rotation of control knob 60. Combined with the control knob 60 is the
      temperature gauge 58 and the pointer 62 which moves only when knob 60 is
      turned.
PAR  The value of resistor element 124 is set such that, during the positive
      half-cycle of the AC voltage, the anode-cathode voltage of the PUT 107 is
      slightly more positive than the gate-cathode voltage thereof so as to
      cause the PUT to fire when a temperature sensitive variable resistor, such
      as thermistory 74, reaches a value which corresponds to the temperature
      set by the pointer 62 on gauge 58, and hence, the movable arm 125 of
      control knob 60.
PAR  A thermistor shunt resistor 97 is included to linearize the thermistor
      characteristics so as to yield a reasonably linear temperature scale 58.
PAR  The critical point of the circuit is reached when the instantaneous applied
      voltage is a maximum; this occurs at the peak of the positive half-cycle.
      At this point, the equivalent impedance of resistors 104, 105, 97 and 74
      is always some constant value and the circuit is calibrated to be critical
      at this value by means of the variable resistor 106 in the second leg of
      the bridge network.
PAR  As stated above, the setting of control knob 60 at a given temperature on
      scale 58 provides the setting rheostat 104 with a resistance value such
      that the firing of the PUT 107 will coincide with the reaching of that
      preset temperature within the meat, which temperature is being sensed by
      the thermistor 74 in the tip of meat probe 50. Upon reaching that preset
      temperature, PUT 107 will switch on to turn on transistor 113 and current
      will flow during the positive excursion of the AC cycle to actuate buzzer
      coil 112 and thereby give an audible signal that the predetermined
      temperature has been reached.
PAR  This electric thermometer system is a "slide back" system which sounds the
      buzzer alarm when the internal meat temperature reaches the preset
      temperature, but does not indicate the existing temperature directly.
      Should the operator desire to know the internal meat temperature during
      the cooking cycle, he may determine this by moving pointer 62 down the
      temperature scale until the buzzer alarm sounds, then reading the
      indicated temperature on gauge 58.
PAR  The circuit components of the present invention are easily adapted to be
      mounted upon a printed circuit board (not shown). Sufficient space may
      also be provided for mounting the temperature indicating scale 58 thereon,
      and a simplified interconnector between cable 52 of probe 50, and likewise
      of thermistor 74, and the printed circuit board may also be provided.
PAR  While it has been shown that a voltage divider comprising resistors 99 and
      100 may serve to provide a voltage for gate 110 of PUT 107, it will be
      obvious to those skilled in the art that gate 110 may be connected
      directly to a point on the secondary winding 96 of transformer 91.
PAR  Components found to be satisfactory in the illustrated embodiment of the
      present invention are:
     Thermistor 74    National Lead type                                       

                      2H103; 10K ohms at 77.degree. F                          

     Resistor 97      2.7 K ohms                                               

     Resistor 98      5.5 K ohms                                               

     Resistor 99      1.1 K ohms                                               

     Resistor 100     2.2 K ohms                                               

     Rheostat 104     0-1350 ohms                                              

     Resistor 105     1 K ohms                                                 

     Variable                                                                  

      Resistor 106    0--3 K ohms                                              

     PUT 107          2N6027                                                   

     Coil 112         55 ohms                                                  

     NPN transistor 113                                                        

                      2N3402                                                   

     Diode 117        1N5059                                                   

     Resistor 120     1 K ohms                                                 

     Capacitor 122    .01 .mu.F                                                

PAR  It should be noted that, while a programmable unijunction transistor is
      used as the threshold detector in the preferred embodiment, other suitable
      devices may be used in lieu thereof. For example, a diode might be used
      having its anode coupled to comparison terminal 101 and its cathode
      coupled to comparison terminal 102 and likewise a zener diode or a diac
      might be used. Also the combination NPN transistor-diode serving as a load
      switching means for the buzzer coil 112 may be replaced with an SCR also
      responsive to the PUT to become gated into conduction.
PAR  While that which has been heretofore described refers to a solid-state
      circuit device for monitoring the temperature of food being cooked, it
      will be obvious that such a device has further novel applications. It may,
      for example, be used as a fire-detection system, or, thermistor 74 may be
      replaced by a photo-sensitive resistor thereby allowing the device to be
      used to activate lighting systems, and when thus used in conjunction with
      a small light source, it may be used as a smoke detection system or a
      burglar detector. Thermistor 74 may also be replaced by a
      pressure-sensitive resistor allowing the device also to be used as a
      burglar detector.
PAR  It should be apparent to those skilled in the art that the embodiment
      described heretofore is considered to be the presently preferred form of
      this invention. In accordance with the patent statutes, changes may be
      made in the disclosed apparatus and the manner in which it is used without
      actually departing from the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A condition responsive circuit of the type having impedance means for
      supplying an indication of predetermined external conditions to be sensed,
      the circuit comprising:
PA1  a pair of input supply terminals adapted to be coupled to an electrical
      energy source for supplying alternating current;
PA1  a four-leg impedance bridge network having first and second common
      terminals coupled across the input supply terminals and two comparison
      terminals intermediate respectively the first and second legs of the
      bridge network and the third and fourth legs;
PA1  a threshold device coupled to the comparison terminals of the bridge
      network to function as a threshold detector;
PA1  the condition sensing impedance means being coupled in circuit with one of
      the legs of the bridge network;
PA1  a buzzer alarm device having a coil coupled serially with load switching
      means across the input supply terminals, the load switching means being
      responsive to a switched-on state of the threshold device to become
      operative for effecting operation of the buzzer alarm device when a
      predetermined external condition is sensed; and
PA1  means for establishing a reference level for the load switching means and
      for limiting current to the buzzer alarm device during the negative
      excursion of the AC cycle.
NUM  2.
PAR  2. The circuit of claim 1 wherein:
PA1  the threshold device is a programmable unijunction transistor having a
      cathode coupled to the first common bridge network terminal, an anode
      coupled to the comparison terminal intermediate the first and second legs,
      and a gate coupled to the comparison terminal intermediate the third and
      fourth legs.
NUM  3.
PAR  3. The circuit of claim 1 wherein the condition sensing impedance means is
      a thermistor removably coupled in circuit with the first leg of the bridge
      network.
NUM  4.
PAR  4. The circuit of claim 1 wherein the load switching means is an NPN
      transistor-diode combination, the transistor having an emitter coupled
      with the anode of the diode, a collector coupled to the buzzer coil and a
      base coupled to the threshold device and the means for establishing a
      reference level and for limiting current is a resistor coupled between the
      transistor base and the first common terminal of the bridge network.
NUM  5.
PAR  5. A temperature-responsive alarm control circuit of the type having probe
      means, including a temperature-sensitive thermistor, to be inserted into
      food being cooked for monitoring the interior temperature thereof, the
      circuit comprising:
PA1  a pair of input supply terminals adapted to be coupled to an electrical
      energy source for supplying alternating current;
PA1  a four-leg, impedance bridge network having first and second common
      terminals coupled respectively to the input supply terminals and two
      comparison terminals intermediate respectively the first and second legs
      of the bridge network and the third and fourth legs;
PA1  a programmable unijunction transistor having a cathode coupled to the first
      common bridge network terminal, an anode coupled to the comparison
      terminal intermedite the first and second legs, and a gate coupled to the
      comparison terminal intermediate the third and fourth legs such that the
      programmable unijunction transistor functions as a threshold detector in
      the bridge network;
PA1  the temperature sensitive thermistor of the probe means being removably
      coupled in circuit with the first leg of the bridge network such that the
      self-heat of the thermistor provides a latching effect to insure the
      continued firing of the programmable unijunction transistor once started;
PA1  a buzzer alarm having a coil coupled across the input terminals;
PA1  an NPN transistor having a collector coupled with the alarm coil, and a
      diode having an anode coupled with the transistor emitter and a cathode
      coupled with one of the input terminals, the transistor having a base
      coupled with the cathode of the programmable unijunction transistor, the
      NPN transistor-diode combination serving as a load switching device, the
      NPN transistor being responsive to a switched-on state of the unijunction
      transistor to become operative for passing current for effecting operation
      of the buzzer alarm when a predetermined temperature in the food is
      sensed; and
PA1  a resistor coupled serially between the junction of the unijunction
      transistor cathode and the NPN transistor base, and the input terminal for
      establishing a reference level for the transistor base, and, further, for
      supplying demagnetizing current through the forward biased base-collector
      junction of the NPN transistor to the buzzer alarm coil during the
      negative excursion of the AC cycle.
PATN
WKU  039316211
SRC  5
APN  4234553
APT  1
ART  234
APD  19731210
TTL  Variable amplitude timed alarm system
ISD  19760106
NCL  10
ECL  1
EXA  Wannisky; William M.
EXP  Caldwell; John W.
NDR  2
NFG  2
INVT
NAM  Rose; Charles Frederick
CTY  Indianapolis
STA  IN
ASSG
NAM  RCA Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  340384E
XCL  325396
XCL  325411
XCL  307251
XCL  3403091
XCL  340328
EDF  2
ICL  G08B  300
FSC  340
FSS  384 E;328;309.1
FSC  325
FSS  395;396;397;411
FSC  307
FSS  141;251
FSC  179
FSS  2 TC
UREF
PNO  2930000
ISD  19600300
NAM  Seller
XCL  325397
UREF
PNO  3356949
ISD  19671200
NAM  Jones, Jr.
OCL  325396
UREF
PNO  3544901
ISD  19701200
NAM  Wood
OCL  325397
UREF
PNO  3559072
ISD  19710100
NAM  Davidson
OCL  325395
UREF
PNO  3825836
ISD  19740700
NAM  Pyles
XCL  340384E
LREP
FR2  Whitacre; Eugene M.
FR2  Schaefer; Kenneth R.
ABST
PAL  A timed alarm system having an audio signal source coupled to a sound
      reproducing system by means of a field effect transistor which yields
      increasing output as its control electrode is biased by a capacitive
      network thus producing an alarm signal of gradually increasing amplitude.
      Apparatus for delayed alarm and drowse capabilities is also described.
BSUM
PAR  This invention relates to means for controlling the output signal in a
      timed alarm circuit to achieve an alarm signal of gradually increasing
      amplitude.
PAR  The system to be described contemplates the use of a variable amplitude
      alarm feature, for example, in a clock radio receiver which also may be
      provided with a delayed alarm and drowse capability whereby a period of no
      alarm or subdued alarm, the latter in the form of the radio playing, may
      precede an alarm of gradually increasing amplitude. A drowse capability
      also may be provided whereby the alarm condition is interrupted and a
      period of delayed alarm is recycled. The system also contemplates use in
      conjunction with electronic clocks and timers.
PAR  Most clock radio receivers incorporate devices enabling the operator to be
      awakened at a predetermined time by means of a manually settable clock
      timer mechanism which causes the activation of an audible alarm. When the
      alarm is activated, however, it sound typically at one preset volume level
      which is characteristic of that particular alarm (usually a relatively
      loud sound). It is known that a person aroused during a period of deep
      sleep may find his awakening accompanied by feelings of tiredness and
      irritableness. This state finds its basis in the fact that the
      physiological changes of the body function associated with the sleeping
      state, particularly a lowered basal metabolic rate, are not given
      sufficient time to readjust to their normal awakened-state level. A
      stimulus which exceeds one's arousal threshold by only a small degree
      produces a more desirable, gradual awakening, thereby causing one to be
      unaware of the fact that he has actually been aroused.
PAR  Timed alarm systems which provide a variable amplitude output to produce a
      pleasant awakening are described in technical literature. Such systems
      generally employ combinations of mechanical and electromechanical means to
      achieve the variable amplitude alarm condition. One such system utilizes a
      variable potentiometer under the control of a clock mechanism whereby as
      the potentiometer is rotated, an increasing alarm signal voltage is
      transmitted to a power amplifier and subsequent sound reproducer. Another
      system employs a thermistor having a negative temperature coefficient of
      resistance connected in series with an electromechanical vibrator. The
      thermistor provides a high initial resistance but as electric current
      causes the thermistor to heat, its resistance gradually decreases. More
      and more current becomes available for activating the vibrator, thereby
      producing an alarm signal of increasing amplitude. Still another system
      employs the combination of a drive motor, drive discs, gears and camming
      arms, the arrangement of which rotates a volume control shaft to produce
      the variable amplitude alarm condition. Such systems are considered to be
      unnecessarily complex and bulky because of the incorporation of mechanical
      devices.
PAR  The alarm system in accordance with this invention provides an awakening
      comparable to a natural spontaneous one. The alarm system generates a
      stimulus beginning at low volume which gradually increases up to maximum
      amplitude.
PAR  In accordance with one aspect of the present invention, means are provided
      in a timed alarm system for coupling an audio signal source to a sound
      reproducing system to achieve an output signal in the form of a gradually
      increasing amplitude alarm signal. An active device is employed to control
      the output alarm signal. Means are provided for biasing a control
      electrode of this active device to achieve varying levels of conductivity
      through a main conducting path of the active device. In a particular
      embodiment, the active device comprises a field effect transistor having a
      gate for a control electrode and a main conducting path, the gate being
      responsive to a biasing level to provide variable impedance in the main
      conducting path. The main conducting path offers a high impedance when the
      transistor is in its nonconducting state and a low impedance when in its
      conducting state. A capacitive network, comprising a storage capacitor and
      a charging impedance provides the gate bias, the capacitor building in
      charge over a period of time so as to bias the gate electrode to produce
      gradually increasing conduction through the main conduction path.
PAR  In accordance with a further aspect of the present invention, there is
      provided in a clock radio receiver a clock mechanism for closing an
      electric alarm circuit at a predetermined time, an audio input signal
      source, a sound reproducing system, and a subdued alarm circuit which is
      controlled by the clock mechanism and which couples the signal source at a
      subdued level to the sound reproducing system at a predetermined time. The
      system also includes a time delay circuit, the operation of which is
      initiated by the clock mechanism, a gradually increasing amplitude alarm
      signal circuit which responds to an output of the delay circuit and
      thereby couples the signal source to the sound reproducing system
      initiating an alarm of gradually increasing amplitude; and means for
      terminating the operation of the gradually increasing alarm circuit.
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PAR  For a better understanding of the present invention, reference should be
      made to the following description in connection with the drawing in which:
PAR  FIG. 1 is a schematic diagram of a portion of a clock radio receiver
      incorporating circuitry for creating an alarm signal of gradually
      increasing amplitude along with circuit means for producing delayed alarm
      and drowse capabilities; and
PAR  FIG. 2 is a schematic diagram depicting circuit means for embodying the
      gradually increasing amplitude alarm circuit in an electronic clock
      apparatus.
DETD
PAR  Referring to FIG. 1, radio signal processing circuits 8 contains the usual
      AM or FM R-F mixer, I-F, demodulator and audio circuits, the latter being
      connected to a sound reproducing system 40. Line voltage rectification to
      provide operating (B+) voltage is performed by a diode 41, the rectified
      output of, for example, 9 volts being used not only in the radio circuits
      8 but also in a delayed alarm and drowse unit 2 via a circuit path 11.
PAR  Unit 2 includes a manual switch 4 by which a delay of alarm activation may
      be initiated to provide a drowse period, a function which is popularly
      included in clock radio receivers, such a unit is described in detail in
      U.S. patent application, Ser. No. 268,787, now U.S. Pat. No. 3,825,836. As
      will be explained below, at the end of the drowse period, unit 2 delivers
      an alarm signal via terminal X to a variable alarm unit 1. Unit 1 is
      arranged to couple an alarm signal of gradually increasing intensity, up
      to a full alarm condition, which signal is audibly manifested by sound
      reproducing system 40. Unit 2 is also arranged to provide a period of
      "subdued alarm" in the form of low amplitude output from radio signal
      processing circuits 8 prior to the gradually increasing alarm condition.
PAR  Referring to delayed alarm and drowse unit 2, transistors 17 and 18 are
      connected in a trigger scheme designed to produce an alarm signal when
      predetermined voltage level is produced across a relatively large
      capacitor 19. Transistors 17 and 18 are connected by a common emitter
      resistor 20 to a lead 16 which is the common (ground) direct voltage
      supply line. The collectors of transistors 17 and 18 are supplied from a
      source of direct current supply voltage at line 12 via collector resistors
      21 and 22 respectively. The collector of transistor 18 is coupled via a
      resistor 23 to the base of transistor 17. A capacitor 24 and a relatively
      large resistor 25 are coupled in series from the base of transistor 17 to
      an alternating current source such as the input provided from line cord
      terminal 14. The collector of transistor 17 (the output transistor) is
      connected through a resistor 27 to the base of transistor 18 which, in
      turn, is coupled to common potential line 16 through a resistor 28.
      Capacitor 19 is also coupled by a resistor 29 to the base of transistor
      18.
PAR  A relatively fast discharge circuit comprising resistor 30 and drowse
      switch 4 is provided for capacitor 19. A relatively slow charging circuit
      is provided for capacitor 19 through a large resistor 31 from supply line
      12.
PAR  Referring to variable alarm unit 1, a main conduction (drain-source) path
      of a field effect transistor (FET) 37 is coupled between the output
      terminal X of the delay circuit 2 and the sound reproducing system 40. The
      source electrode of FET 37 is coupled to a gating diode 38 and a buffer
      resistor 39. The gate electrode of FET 37 is connected through a resistor
      36 to a charging capacitor 35 which, in turn, is connected to common DC
      potential line 16.
PAR  The series combination of a diode 32 and a resistor 34 is coupled from
      point X to common direct current line 16. A resistor 33 is coupled from
      the junction of diode 32 and resistor 34 to the junction of resistor 36
      and capacitor 35.
PAR  An AUTO-OFF-ON switch with a three-position slider 7 enables the radio
      signal processing circuits 8 to be turned on for normal or timed play. A
      sleep switch 9 can be set to automatically switch off the radio after a
      desired playing time, say one-half hour. A timer switch 5 can be set to
      switch on the radio unit 8 at a preselected time. A further switch 10 may
      be set to RADIO if no alarm is desired or to ALARM with its slider in its
      upper position as shown. The ALARM position will be assumed for the rest
      of this description. The switch 6 will also be assumed to be in the AUTO
      position as shown.
PAR  Operation of the apparatus is as follows. At the time of closure of timer
      switch 5, (which action is controlled by an associated clock or timer
      mechanism which is not shown), direct current supply line 12 is activated
      in the following manner. Alternating current from supply line 14 passes
      through switch 9 in the OFF position, through switch 7 in the AUTO
      position, through switch 5 in the ON position and to diode 41. Diode 41
      rectifies the AC input voltage to produce a direct operating voltage. The
      direct voltage is coupled through switch 10 in the ALARM position, through
      switch 6 in the AUTO position and finally onto line 11 which provides
      direct current to supply line 12. The closing of timer switch 5, as will
      be explained, thus initiates a delay period prior to a gradually
      increasing alarm condition.
PAR  Upon activation of DC supply line 12, the voltage at the junction of
      capacitor 19 and resistor 29 is zero. Transistor 18 therefore is
      non-conductive and the voltage at the collector of transistor 18 is
      essentially the voltage of direct current line 12. The base current of
      transistor 17 (which is supplied via resistors 22 and 23) is relatively
      small and therefore the voltage at the base of transistor 17 is
      essentially the voltage of direct current line 12. This bias condition
      switches transistor 17 into saturation conduction.
PAR  Since transistor 17 is in saturation, a clipped alternating current signal,
      supplied from line 14 via the network made up of capacitors 24 and 26 and
      resistor 25, does not pass beyond the base of transistor 17. With
      transistor 17 in saturation, the voltage at the collector of transistor 17
      is essentially equal to the voltage at the common emitter junction of
      transistors 17 and 18.
PAR  At the same time, capacitor 19 begins charging towards the voltage on line
      12 via resistor 31. When the voltage across capacitor 19 exceeds the
      voltage at the common emitter junction of transistors 17 and 18 by
      approximately one V.sub.be, (the forward conduction voltage of the
      base-emitter of transistor 18) transistor 18 becomes conductive. This
      change in conduction state pulls the collector of transistor 18 down
      towards the voltage at the common emitter junction of transistors 17 and
      18. This voltage change is coupled through resistor 23 and causes a
      corresponding voltage drop at the base of transistor 17, which drop causes
      transistor 17 to come out of its saturated state. The clipped alternating
      current signal produced at the junction of capacitors 24 and 26 is then
      amplified by transistor 17 and is coupled into unit 1. The collector of
      transistor 17, having a higher direct potential than before, tends to
      maintain capacitor 19 charged, thus enabling transistor 17 to provide a
      continuous alarm signal (the clipped AC signal) to variable alarm unit 1.
PAR  Referring to unit 1, prior to the trigger circuit of unit 2 becoming
      energized as described above, the direct potential at point X is
      determined by resistors 21 and 34. Capacitor 35 charges towards a level
      which is below the voltage at point X by the amount of the voltage drop
      across diode 32. The circuit parameters (including resistors 20, 21 and
      34) are selected so that this voltage level is just below the conduction
      point of FET 37, which device therefore offers a high resistance in its
      main current conducting path to the output signal from delayed alarm unit
      2 when transistor 17 is saturated.
PAR  When the trigger circuit of unit 2 changes state (i.e., transistor 17 comes
      out of saturation) and flips into its de-energized mode, the potential at
      point X rises approximately to the potential of the supply at the alarm
      radio switch 10. This rise in potential causes the junction of diode 32,
      resistor 33 and resistor 34 to rise in potential to within approximately
      one diode voltage drop of the supply. Capacitor 35 now begins to charge
      through resistor 33. This increasing potential is transmitted through
      resistor 36 to the gate electrode of the field effect transistor 37, which
      up to this point has been characterized by a high impedance in its main
      current conducting path (drain-source).
PAR  As the potential across capacitor 35 continues to increase, the rise in
      gate potential causes the main current conducting path of FET 37 to
      decrease in impedance. This decrease in impedance allows more and more of
      the modulated alarm signal present at point X and generated from the
      network of resistor 25, capacitors 26 and 24, and output transistor 17 to
      pass to the sound reproducing system 40. An alarm tone of gradually
      increasing amplitude therefore is audibly manifested by speaker 42. The
      alarm signal continues to gradually increase in amplitude until a full
      alarm condition is achieved. The delay time constant of this circuit is
      controlled by the network of resistors 33 and 34 and capacitor 35. The
      full alarm condition continues until capacitor 19 is discharged. Capacitor
      19 can be discharged by (1) manual turn-off of timed switch 5
      de-energizing the entire alarm system, (2) switching switch 10 from
      "ALARM" to "RADIO" to thereby de-energize line 12, and allow capacitor 19
      to discharge via associated resistance to ground, (3) switching switch 7
      from "AUTO" to "OFF" or "ON" to thereby de-energize line 15 and remove the
      alarm signal from transistor 17 or (4) operating drowse switch 4 to
      provide fast discharge of capacitor 19 and thereby provide a renewed delay
      period when switch 4 is released.
PAR  Resistor 34 allows capacitor 35 on the gate of the FET to discharge slowly,
      thereby making unit 1 compatible with the drowse feature of unit 2. When
      the drowse function is used, the trigger circuit 17, 18 flips back to
      saturation conduction of transistor 17 (de-energized state) which allows
      capacitor 35 to discharge. The time constants of the various parts of the
      system are selected so that capacitor 35 is discharged before the trigger
      circuit 17, 18 flips back to the energized state and the alarm signal is
      generated once again.
PAR  Discharge of capacitor 19 switches transistor 18 off, causing its collector
      to revert back to a voltage close to the voltage of the supply line 12,
      which again biases the base of transistor 17 to saturation. The base of
      transistor 17 again effectively shunts the AC input to zero and the alarm
      signal is terminated.
PAR  In a particular embodiment of the invention constructed in accordance with
      FIG. 1, the following circuit parameters associated with units 1 and 2 are
      as follows:
TBL  Resistor 20         560 ohms                                              

     Resistor 21         4.7K                                                  

     Resistor 22         3.3K                                                  

     Resistor 23         120K                                                  

     Resistor 25         4.7M                                                  

     Resistor 27         120K                                                  

     Resistor 28         22M                                                   

     Resistor 29         56K                                                   

     Resistor 30         10 ohms                                               

     Resistor 31         820K                                                  

     Resistor 33         68K                                                   

     Resistor 34         3.3M                                                  

     Resistor 36         15M                                                   

     Resistor 39         10 ohms                                               

     Capacitor 19        1000mf                                                

     Capacitor 24        .0047mf                                               

     Capacitor 26        .0047mf                                               

     Capacitor 35        100mf                                                 

PAR  Referring to FIG. 2, circuit means are depicted for embodying the gradually
      increasing amplitude alarm circuit in an electronic clock apparatus of the
      type, for example, which are commercially available from Mostek
      Corporation and are designated as MK5017ANP. Such clock circuits, in
      addition to providing timing functions by means of digital electronic
      circuits, also include tone signal generating apparatus, the latter being
      connected to a sound reproducing system 122. The main conduction path
      (drain-source) of a field effect transistor (FET) 118 is coupled between
      the wiper of a variable resistor 116 and the sound reproducing system 122.
      The drain electrode of FET 118 is coupled to an isolation capacitor 120.
      The series combination of a capacitor 108 and a resistor 110 is coupled
      fron tone line 102 to the source electrode of FET 118. The parallel
      combination of a capacitor 112 and a resistor 114 is coupled from the
      junction formed by resistor 106 and the gate electrode of FET 118 to
      common line 124. The series combination of a diode 104 and a resistor 106
      is coupled from the junction formed by capacitor 112 and resistor 114 to
      the junction formed by capacitor 108 and tone line 102. A resistor 126 is
      connected between the gate electrode of FET 118 and the junction formed by
      capacitor 112 and resistor 114.
PAR  Operation of the apparatus of FIG. 2 is as follows. Electronic clock
      circuits 100 embodies an integrated circuit chip which contains circuits
      to include a timer, sleep counter, drowse counter, decoder, alarm
      generator, multiplexer, etc., for providing various clock-radio
      operations. At a predetermined time selected by the user, the time
      register of the chip will match the counterpart alarm register thereby
      activating the alarm pin on the chip. The alarm circuit of the integrated
      circuit chip then generates a modulated alarm tone which, through the chip
      alarm pin, is fed to tone line 102. The modulated alarm tone is then
      rectified and filtered by diode 104, resistor 106 and capacitor 112 to
      produce a gradually increasing gate bias for FET 118. Resistor 126 serves
      to isolate the gate of FET 118 from capacitor 112. Variable resistor 116
      is provided to set the conduction point of FET 118.
PAR  Upon activation of the alarm circuit, the alarm tone is transmitted via
      path 102 to capacitor 108 where the direct current component is isolated
      from the tone signal. Resistor 110 couples the alarm tone signal to the
      source of FET 118. FET 118 up to this point has been characterized by a
      high impedance in its main current conducting path (drain-source).
PAR  As the potential across capacitor 112 continues to increase, this rise in
      potential causes the main current conducting path of FET 118 to decrease
      in impedance. This decrease in impedance allows more and more of the
      modulated alarm signal present at the source of FET 118 to pass to the
      sound reproducing system 122. An alarm tone of gradually increasing
      amplitude, therefore, is audibly manifested by speaker 128. The alarm
      signal continues to gradually increase in amplitude until a full alarm
      condition is achieved. The time constant of this system is controlled by
      the network of resistor 106 and capacitor 112. Resistor 114 allows
      capacitor 112 to discharge slowly during the alarm off-time so as to
      provide a fully discharged capacitor 112 when the alarm circuit is
      re-activated.
PAR  Preferred values of the various parameters concerned with FIG. 2 are as
      follows:
TBL  Resistor 106        680K                                                  

     Resistor 110        4.7K                                                  

     Resistor 114        2.7M                                                  

     Resistor 116        500K                                                  

     Resistor 126        100K                                                  

     Capacitor 108       .047mf                                                

     Capacitor 112       10mf                                                  

     Capacitor 120       .047mf                                                

PAR  Additional functions may be provided by the variable alarm control circuit
      shown in the figures. For example, with minimal circuit modifications, a
      gradually increasing volume of the radio audio output instead of the
      clipped alternating current line waveform or the tone generator of FIG. 2
      may be employed to achieve awakening. The subdued alarm from the switched
      on radio is not necessary to all aspects of the invention. The clock timer
      may be digital, analog or mechanically operated. The delayed alarm and
      drowse circuitry is not essential to the variable intensity alarm aspects
      of the invention which may be used alone and in such embodiments as the
      all-electronic clock or electronic alarm systems to include all-electronic
      timers. Other alternatives or improvements will occur to persons of
      ordinary skill.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A timed alarm system comprising:
PA1  a. an audio signal source;
PA1  b. a sound reproducing system; and
PA1  c. means for coupling said signal source to said sound reproducing system
      comprising:
PA2  1. an active device having a control electrode and a main current
      conduction path;
PA2  2. a charge storage device coupled to said control electrode;
PA2  3. means operable to discharge said storage device;
PA2  4. means for charging said storage device at a predetermined rate; and
PA2  5. switching means for coupling said storage device to said charging means,
      said rate of charging being selected such that a voltage developed at said
      control electrode will render said main current path of said active device
      continuously and gradually increasingly conductive thereby coupling said
      audio source to said sound reproducing system to produce an audio alarm
      signal which automatically increases in a continuous and gradual manner as
      said storage device charges following operation of said switching means.
NUM  2.
PAR  2. The timed alarm system as defined in claim 1 wherein said active device
      is a field effect transistor having a gate as a control electrode and a
      main conducting path, said transistor being responsive to a bias level at
      said gate for providing a variable impedance in said main current path.
NUM  3.
PAR  3. The timed alarm system as defined in claim 2 wherein said charge storage
      device is a storage capacitor coupled to the gate electrode of said field
      effect transistor, said capacitor building in charge over a period of time
      so as to bias said gate electrode to produce gradually increasing
      conduction through said main conduction path.
NUM  4.
PAR  4. The timed alarm system as defined in claim 3 wherein means for charging
      said capacitor includes a resistor coupled to the gate of said field
      effect transistor for causing said capacitor to build a charge over a
      period of time so as to bias said gate electrode to provide gradually
      increasing conduction by said transistor.
NUM  5.
PAR  5. The timed alarm system as defined in claim 4 wherein said audio signal
      source provides a direct current component and an alternating current
      component and said source further comprises rectification means to provide
      a direct current signal for charging said capacitor.
NUM  6.
PAR  6. In a timed alarm system the combination comprising:
PA1  a. a timer mechanism having means for energizing an electric alarm circuit
      at a predetermined time;
PA1  b. means for providing an operating potential;
PA1  c. radio signal processing circuits for providing an audio input signal
      source;
PA1  d. a sound reproducing system;
PA1  e. a subdued alarm circuit energized by said timer mechanism at said
      predetermined time for coupling said audio signal source at a subdued
      level to said sound reproducing system;
PA1  f. a time delay circuit the operation of which is initiated by said timer
      mechanism;
PA1  g. a gradually increasing amplitude alarm signal circuit responsive to an
      output of said delay circuit for coupling said operating potential to said
      sound reproducing system for producing an alarm of increasing amplitude up
      to a full alarm condition and for coupling said alarm to said sound
      reproducing system; and
PA1  h. means for terminating the operation of said gradually increasing alarm
      circuit.
NUM  7.
PAR  7. The combination as defined in claim 6 wherein said gradually increasing
      alarm circuit comprises an active device having a control electrode, a
      network with a capacitor coupled to said control electrode and a source of
      charging current for said capacitor so arranged that the amplitude of the
      alarm varies in accordance with a change in voltage across said network,
      said network further including discharge means coupled to said capacitor
      such that said capacitor is discharged when the alarm circuit initially
      becomes operable and gradually increases in charge over a period of time,
      the increasing charge causing a progressively increasing amplitude alarm.
NUM  8.
PAR  8. The combination as defined in claim 6 wherein said gradually increasing
      alarm circuit comprises a field effect transistor having a gate electrode
      coupled to a capacitive network and a charging supply coupled to said
      network for producing a change in voltage across said network which in
      turn produces a corresponding change in the transistor conduction, said
      transistor gradually increasing conduction over a period of time to
      progressively increase the amplitude of the alarm.
NUM  9.
PAR  9. The combination as defined in claim 6 wherein said gradually increasing
      amplitude alarm signal circuit comprises a signal source having an
      alternating current component and a direct current component, a field
      effect transistor having a control electrode and a main current conducting
      path, a capacitive network including a capacitor and a resistor for
      biasing the control electrode of said transistor to enable said main
      current conducting path to become gradually increasingly conductive, a
      diode for rectifying signal components provided from said signal source to
      produce a direct current signal component for charging said capacitor, and
      a radio loudspeaker to audibly manifest said passage of alternating
      current tone for gradually increasing amplitude alarm condition.
NUM  10.
PAR  10. The combination as defined in claim 6 wherein the means for terminating
      the gradually increasing alarm condition comprises a manually operable
      renew switch effective to terminate the increasing alarm condition and to
      initiate and recycle both the short delay and subdued alarm generating
      circuit followed by the gradually increasing amplitude alarm condition.
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ABST
PAL  A voice-modulated transponder system comprising an interrogator and a
      light-weight transponder. In the described embodiment, the interrogator is
      airborne and the transponder is located on the ground. The interrogator
      can locate the position of the transponder and simultaneously therewith
      two-way voice communication between the interrogator and transponder is
      possible.
PARN
PAR  This application is a continuation of application Ser. No. 65,348, filed
      Aug. 19, 1970, now abandoned, which is a continuation of application Ser.
      No. 747,661, filed July 25, 1968, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various types of transponder systems are well known in the prior art but
      for the most part such systems utilizing a radar interrogator do not
      permit voice communications between the interrogator and the transponder.
      Other prior art systems use radio responder beacons for measuring the
      altitude of an aircraft. Of course, the use of pulse width modulation in
      voice communication systems is old but such prior art systems make no
      suggestion of application in transponder systems. Still other prior art
      systems use radiosonde for obtaining meteorological data but do not use
      voice communications.
PAR  The present invention overcomes the deficiencies of the prior art by
      providing a voice-modulated transponder system including an interrogator
      utilizing pulse repetition frequency (PRF) modulation and a transponder
      utilizing pulse width modulation (PWM) which can both locate the position
      of the transponder and simultaneous therewith permit two-way voice
      communication between the interrogator and the transponder. In the
      described embodiment, wherein the range of the system is under 10 miles,
      the interrogator is basically a small X-band secondary radar set which is
      airborne and may be mounted on a helicopter or light aircraft. The
      interrogator is compact and light enough to be carried on light aircraft
      or helicopters and at the same time may be added conveniently to larger
      tactical aircraft without great difficulty. The transponder which is hand
      carried is characterized by its extreme compactness, lightness and low
      battery drain. The transponder is compatible with most existing airborne
      radars in that it could reply as a beacon to their interrogations even
      though voice communications was not possible. This compatibility feature
      fixes the interrogation frequency of the system at X-band and the reply
      frequency at 9310 MHz. The system has capabilities for obtaining a range
      and bearing of the transponder with high accuracy to within a small
      fraction of a mile and the range of the system is very flexible depending
      on the particular applications. Both the airborne interrogator and the
      transponder are omnidirectional so that there is no need to scan for each
      to find the other. The present invention may have military application for
      communication between ground personnel and aircraft and could also be used
      for aircraft navigation and search and rescue operations on both land and
      sea.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects and advantages of the present invention as well as others
      are achieved by providing a voice-modulated transponder system comprising
      an interrogator means for simultaneously transmitting both interrogation
      signals and voice signals utilizing one form of modulation and transponder
      means located remotely from said interrogator means for simultaneously
      receiving said interrogation and voice signals and for simultaneously
      transmitting both location information in the form of return signals and
      voice signals back to said interrogator means utilizing another form of
      modulation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the interrogator of the present invention;
PAR  FIG. 2 is a block diagram of the transponder of the present invention; and
PAR  FIGS. 3A - E are graphs of the waveforms as seen at the interrogator shown
      in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a block diagram of an interrogator 10 which is airborne and is
      basically a small X-band secondary radar. In describing the present
      system, the equation defining the range of the system will assist in
      understanding the invention:
      ##EQU1##
      where: .lambda. = the system wavelength
PA1  G.sub.1 = the interrogator antenna gain
PA1  G.sub.2 = the transponder antenna gain
PA1  P.sub.T = the interrogator power
PA1  g.sub.c = the transponder's mixer conversion gain
PA1  S = the interrogator receiver's minimum signal
PAL  The required interrogator power is obtained by solving the beacon equation:
      ##EQU2##
PAR  The source of power in the interrogator 10 is an X-band magnetron 12. The
      pulse repetition frequency (PRF) of the magnetron 12 is modulated by a PRF
      modulator 14 in order to convey speech intelligence which is received from
      a microphone 16. The interrogator 10 employs a steerable horn antenna 18
      which is connected to a duplexer 20 which may be a ferrite circulator. The
      output of the magnetron 12 is fed to the duplexer 20. The output of the
      duplexer 20 is applied to a fixed frequency superheterodyne receiver 22.
      Both the output of the PRF modulator 14 and of the receiver 22 are applied
      to a range detector 24 whose output is fed to a range display meter 30.
      The output of the receiver 22 is also applied to a pulse width demodulator
      26 whose output may be received as voice communications over earphones 28.
PAR  A transponder 40 which is carried on the ground includes a crystal video
      receiver 42 which receives signals from an antenna 44 via a duplexer 46
      which may be a small circulator. The antenna 44 is horizontally polarized,
      is essentially omnidirectional in azimuth and has sufficient vertical
      directivity to provide about 7db gain. The transponder 40 also includes a
      frequency-multiplying X-band transmitter 48 which may be a
      crystal-controlled transistor/varactor multiplier. The output from the
      receiver 42 is applied to a PRF demodulator 50 which provides voice
      signals over earphones 52. The output of the receiver 42 is also fed to a
      pulse width modulator 54. Also applied to the modulator 54 through a
      microphone 56 are the out going voice signals. The output of the modulator
      54 is applied to the transmitter 48.
PAR  The operation of one embodiment of the system is as follows: The magnetron
      12 is the source of X-band power in the aircraft. Its PRF is about 7 or 8
      KHz, and its PRF is modulated to convey speech intelligence to the
      transponder 40. Normal speech will cause the PRF to swing to 10%. The
      aircraft antenna 18 is chosen to have about 18 db gain and at the given
      frequency a 5 inch horn antenna is employed.
PAR  In the present example G.sub.1 = 18 db, G.sub.2 (as before) = 8 db, = 3
      .times. 10.sup..sup.-2 m, S = 10.sup..sup.-8 watts (for a crystal video
      receiver, approximately), R = 5 miles or 8 km. Solving equation (2) above,
      P.sub.T turns out to be 280 watts peak. Small magnetrons rated at a few kw
      peaks are available. For example, the Raytheon type RK-7521 or CK6248
      weighs about 10 ounces, and puts out 1 kw peak at a duty cycle of 0.5%. At
      a PRF of 8 kc, this allows a pulse length of 0.6 microseconds. The
      interrogation range obtainable using this magnetron is close to 10 miles.
PAR  At the transponder 40, the received signal is detected and amplified by
      receiver 42 and demodulated by PRF demodulator 50 for listening. In
      parallel with this, the pulse signal out of the receiver 42 is fed to the
      transponder's transmitter 48 through the pulse-width modulator 54. The
      modulator 54 stretches the input pulse by a considerable amount, so that
      the actual pulse applied to the transmitter 48 has a duty cycle of about
      50% (this takes advantage of the fact that the solid-state transmitter 48
      is peak rather than average power limited). The amount of stretch is voice
      modulated, leading to pulse width modulation of the response link. The
      transmitter 48 of the transponder 40 transmits on the standard 9310 MHz
      beacon channel and therefore, the transponder behaves as a normal
      unmodulated radar beacon when interrogated by beacon-equipped airborne
      radars. The transponder's antenna 44 is omnidirectional in azimuth. Voice
      communication with the interrogator 10 is accomplished by pulse-width
      modulating the transponders 9310 MHz response in pulse-width modulator 54.
      The response pulse length is normally 25 microseconds in the
      communications mode and with normal speech, the width swings .+-.  15
      microseconds. The crystal oscillator of transmitter 48 runs continuously
      but the multiplier stages are pulsed on and off with modulator 54.
PAR  At the interrogator 10, the beacon signal is received superheterodyne
      fashion by receiver 22 which is tuned to 9310 MHz (the local oscillator in
      this case can be a stable source such as is used in the transponder).
      Receiver 22 accomplishes two functions simultaneously -- the pulse-width
      demodulator 26 recovers speech information from the transponder signal and
      the range detector 24 measures the range from the interrogator 10 to the
      transponder 40 by generating a voltage proportional to the time delay
      between the leading edge of the transmitted pulse and the leading edge of
      the received pulse. The range is displayed on a meter 30. The scale of
      meter 30 may be made nonlinear so that range reading accuracy may be
      improved at short ranges. A small indicator light may be provided near the
      meter in order to indicate to the operator that a usable signal is being
      received. Such a light is valuable in the process of antenna scanning by
      the interrogator, which will ordinarily precede a communication. The
      lighting of the indicator will alert the operator to the correct pointing
      angle. The required transponder transmitter 48 power can be calculated as
      it was above. Here, the receiver 22 sensitivity S, assuming a noise figure
      of 8 db, an IF bandwidth of 100  KHz, and an audio bandwidth of about 4
      KHz, is about 25 .times. 10.sup..sup.-14 watts. This signal level will
      produce a 10 db signal-to-noise ratio at IF, and much better than that at
      audio. The required power lever P.sub.T is down by the ratio of
      sensitivities 2.5 .times. 10.sup..sup.-14 - 10.sup..sup.-8, or 2.5 .times.
      10.sup..sup.-6. P.sub.T for the transponder 40 turns out to be only 0.7 mw
      for the 5-mile range. Assuming that the transponder 40 can actually put
      out at least 10 times this, the response range will easily exceed 10
      miles. The excess power at shorter ranges will make the acquisition
      problem much simpler.
PAR  It should be noted that the leading edge of the pulse is not shifted by the
      transponder modulation process; range is determined at the interrogator 10
      by comparing the leading edge of the transmitted pulse with the leading
      edge of the received pulse in the range detector 24. Using an interrogator
      receiver IF bandwidth of 100 KHz, one can estimate the position of the
      leading edge to at least one-tenth of the rise time, or about 1
      microsecond, which is equivalent to about 500 foot range accuracy. For
      better accuracy at shorter ranges, it is possible to switch to a wider
      (say 1 MHz) IF bandwidth, or if a logarithmic IF amplifier is used, it can
      be arranged to have the bandwidth automatically widen as the signal
      strengh increases. This observed delay will also have a tendency to vary
      with signal strength but the variation is less than a microsecond.
PAR  There is no interference between transmitter and receiver at each site. At
      the transponder 40, the transmitted signal is clearly separated in time
      from the received signal. Voice communication is duplex so that the
      operations at both the interrogator and transponder can talk
      simultaneously as with a normal telephone and push-to-talk operation is
      not necessary.
PAR  Operation of the system will be further described in conjunction with FIGS.
      3A - E which are plots of the waveforms as seen at the interrogator 10.
      Pulse transmission is required from the interrogator 10 because the
      square-law behavior of the crystal video receiver 42 of transponder 40
      favors a pulse signal, i.e., a crystal video receiver gives a markedly
      poorer signal-to-noise ratio with a modulated CW signal than with a low
      duty cycle pulsed signal (assuming average powers of both signals are the
      same). The PRF modulation which is used by the interrogator must be high
      enough so that the audio waveform is sampled adequately -- at least two
      samples per cycle of the highest audio frequency of interest. FIG. 3A
      shows the pulses transmitted by the interrogator with no modulation while
      3B shows these pulses with modulation introduced. FIG. 3C shows the pulses
      received by the interrogator with interrogator modulation but without
      transponder modulation. The pulses received by the interrogator with the
      transponder modulation of .+-. 60% width modulation added is seen in FIG.
      3D. The audio waveform received by the interrogator is shown in FIG. 3E.
PAR  Although the voice-modulated transponder system described above has been
      framed in an air-to-ground location and communication system for operation
      in ranges under 10 miles, the system with minor design modifications may
      be employed for other applications. The basic concept and operation of the
      present invention, however, remain the same. For example, instead of
      providing a separate antenna for the interrogator, the interrogator could
      share the antenna of a radar already on the aircraft. Such sharing could
      be accomplished for example, with a manually operated waveguide switch.
      Also, with respect to the antennas, although both the interrogator and
      transponder antennas have been described as being omnidirectional,
      depending upon the particular application one or both of these antennas
      may be directional.
PAR  Because of the variety of airborne radars which employ X-band, this band
      was chosen for the described embodiment of the invention. Other
      frequencies could be used and, for example, the same performance level
      could be attained by switching to a lower frequency, thereby requiring
      larger antennas but making it easier to generate rf power.
PAR  Considering the present invention purely as a two-way communicator and
      ignoring the range measurement, an interesting and potentially useful
      feature is the inherent feedback in both the interrogator and transponder
      communication paths. This feedback is made possible by the orthogonality
      of the modulation in the two paths. For example, the PRF modulation
      imposed by the interrogators transmitter appears back again at the
      interrogators received after having passed through the transponder. If
      desired, the output of the interrogator could be pulse-width modulated
      with the audio demodulated from the interrogators receiver to complete a
      feedback path as seen from the transponder. Such feedback has been
      recognized as a powerful tool for optimizing the performance of a
      communication link. A discussion of use of such feedback may be found in
      Horstein, "Sequential Transmission Using Noiseless Feedback," IEEE Trans.
      I.T., Vol. IT-9, pages 136 - 143, July 1963.
PAR  The PRF modulators and demodulators, the PWM modulators and demodulators,
      superheterodyne and crystal receivers and transmitters are all well known
      components, examples of which may be described in a reference such as
      Ryder, "Electronic Fundamentals and Applications." Magnetrons and
      duplexers are well known devices as are range detectors and descriptions
      may be found in "Microwave Duplexers" and "Electronic Time Measurements,"
      Vol. 14 and 20 respectively of the Radiation Laboratory Series.
PAR  The voice-modulated transponder system of the present invention as
      described in conjunction with FIGS. 1 - 3 has basic military applications
      for close air support of ground troops, particularly, targeting, forward
      area resupply and identification. In addition to these military
      applications, the present invention also has commercial applications as a
      lightweight communications link, aircraft navigation and search and rescue
      operations on both land and sea.
PAR  It should be understood, of course, that the foregoing disclosure relates
      to only a preferred embodiment of the invention and that numerous
      modifications or alterations may be made therein without departing from
      the spirit and the scope of the invention as set forth in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for communicating between an interrogator and a transponder
      comprising:
PA1  an interrogator including means for transmitting a pulse train signal, said
      transmitting means comprising means for modulating a pulse repetition
      frequency of its pulse train signal in accordance with a first voice type
      signal;
PA1  the transponder including means for receiving said pulse train signal and
      means responsive to said received pulse train signal for transmitting a
      pulse train signal having the same pulse repetition frequency and
      modulation thereof as said received pulse train signal, said transponder
      transmitting means comprising means for modulating the pulse width of its
      transmitted pulses in accordance with a second voice type signal;
PA1  said interrogator further including means for receiving signals transmitted
      by said transponder, means coupled to said interrogator receiving means
      and to said interrogator transmitting means for providing signals in
      response to the time elapsed between the transmission of a pulse signal by
      said interrogator and the reception of a pulse signal from said
      transponder, and means coupled to said interrogator receiving means for
      demodulating said pulse width modulation to recover said second voice type
      signal; and
PA1  said transponder further including means coupled to said transponder
      receiving means for demodulating said frequency modulation to recover said
      first voice type signal.
NUM  2.
PAR  2. A system according to claim 1 wherein each pulse signal transmitted by
      said interrogator is a pulse of radiant energy at a first carrier
      frequency, and wherein each pulse signal transmitted by said transponder
      is a pulse of radiant energy at a second carrier frequency different from
      said first carrier frequency.
NUM  3.
PAR  3. A system for communicating between an interrogator and a transponder
      comprising:
PA1  an interrogator including means for transmitting a pulse train signal at a
      first pulse repetition frequency, said transmitting means comprising means
      for modulating said pulse train signal with a first modulation in
      accordance with a first voice type signal;
PA1  a transponder including means for receiving said pulse train signal, and
      means responsive to said received pulse train signal for transmitting a
      pulse train signal having the same pulse repetition frequency as said
      received pulse train signal, said transponder transmitting means
      comprising means for modulating its transmitted pulse train signal with a
      second modulation in accordance with a second voice type signal;
PA1  said interrogator further including means for receiving signals transmitted
      by said transponder, means coupled to said interrogator receiving means
      and to said interrogator transmitting means for providing signals in
      response to the time elapsed between the transmission of a pulse signal by
      said interrogator and the reception of a pulse signal from said
      transponder, and means coupled to said interrogator receiving means for
      demodulating said second modulation to recover said second voice type
      signal; and
PA1  said transponder further including means coupled to said transponder
      receiving means for demodulating said first modulation to recover said
      first voice type signal.
NUM  4.
PAR  4. A system according to claim 3 wherein said elapsed time signaling means
      provides the range between said interrogator and said transponder.
NUM  5.
PAR  5. A system according to claim 4 wherein said first modulation is a
      modulation of the pulse repetition frequency of the pulse train signal
      transmitted by said interrogator.
NUM  6.
PAR  6. A system according to claim 5 wherein said second modulation is a pulse
      width modulation, a signal pulse transmitted by said interrogator is a
      pulse of radiant energy at a first carrier frequency, and a signal pulse
      transmitted by said transponder is a pulse of radiant energy at a second
      carrier frequency.
NUM  7.
PAR  7. A system according to claim 4 wherein the bandwidth of said voice type
      signal is less than one-half the pulse repetition frequency of the pulse
      train signal transmitted by the interrogator.
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ABST
PAL  A reliable earth terminal for satellite communications systems capable of
      unattended operation for extended periods of time is disclosed. The
      terminal includes an antenna with a single fixed reflector which can
      provide multiple beams, each of which can be positioned by small feed
      motion. The transmitter is of a modular construction, using a relatively
      low power traveling wave tube power amplifier for each increment in the
      operating band. The transmitting chains are designed to carry voice, data,
      or television signals to a satellite and include a modulator, IF
      amplifier, band-limiting filter, frequency converter, and power amplifier.
      Each amplifier is capable of operating over the full operating band;
      however, operation of each amplifier is limited to an assigned increment
      through the use of band-limiting filters. A single, redundant high power
      amplifier is provided and may be remotely switched into any one of the
      transmitting chains in the event of a failure. Amplifier outputs are
      connected to the antenna through a directional filter multiplexer. The
      receiver includes a low noise preamplifier featuring modular, "fail-soft"
      design. The receiving chains following the low noise preamplifier are
      channelized into band increments corresponding to those of the
      transmitting chains with separate converter and demodulator modules for
      each carrier. All subsystems are broadband, and channel bandwidth is
      determined only by intermediate frequency band pass filters. Prime power
      is low voltage battery banks constantly recharged by a commercial power
      source. The terminal can be operated for a limited period of time solely
      on the battery bands during commercial outages. A back-up motor generator
      provides recharging power during extended periods of commercial outages.
      The terminal is monitored and controlled from a central control point.
      Since the terminal is both automatic and self-protecting, remote control
      is limited to parameter adjustments required for normal operation, such as
      antenna feed positioning, changes in transmitter power, and switching to
      the spare power amplifier or turning off any carrier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to satellite communications
      systems, and more particularly to an earth terminal for such systems which
      is sufficiently reliable and so configured that unattended operation for
      extended periods of time is possible.
PAR  2. Description of the Prior Art
PAR  Communication satellite earth terminals have evolved from the
      experimental-operational designs of the early 1960's to wideband
      commercial designs in present use. These terminals have been supplied by a
      number of commercial sources to meet the transmission performance required
      by the expanding system demands. They have been built to commercial
      engineering standards, and though long life has been specified,
      reliability has not been emphasized.
PAR  The existing international satellite communications network is currently
      designed as a system of trunk links using large earth terminals needing
      considerable on-site manpower. The typical earth terminal is operated by
      an average of 30 people. The next stage of this evolving industry is the
      development of domestic and regional systems in which the number of earth
      terminals is greatly expanded. When the growing and changing needs of
      these systems are examined, it becomes apparent that there is a need for a
      reliable earth terminal designed to permit unattended operation.
PAR  Presently, satellite communications earth terminals incorporate certain
      design features which mitigate against reliability and unattended
      operation. Among these are autotracking antennas with rapid motion and
      complete sky coverage. Such antennas typically consist of a parabolic
      shaped reflector Cassegrain-fed antenna with tracking feed mounted on a
      servo-driven pedestal and a tracking receiver. The choice of this type of
      antenna has been dictated in the past by large variation in satellite
      station-keeping and the need to point to alternate satellites spaced at
      significant angles to provide for communication reliability and avoid sun
      outages.
PAR  Because of low noise requirements in satellite communications systems,
      cryogenically cooled parametric amplifiers are usually used as
      preamplifiers in earth terminal receivers. Such amplifiers are highly
      complicated requiring refrigerators, dewars, switches, and additional
      monitoring equipment. Reliability of the cryogenic parametric amplifiers
      is relatively low due primarily to the refrigerator, and failure is
      usually catastrophic resulting in long outages. Failure of a cooled stage
      or a refrigerator failure could be overcome by switching to a redundant
      unit. However, since both units would have been running continuously since
      the last maintenance, the probability of survival of one of the two is not
      greatly enhanced.
PAR  Current systems employ a transmitter using a single high-powered wideband
      amplifier covering the entire band of operation. While this type of
      transmitter has the advantage of simplicity and low cost, it suffers
      significant disadvantages. First of all, the power output of the amplifier
      must be equal to the largest requirement of the combined aggregate of the
      channels of the particular earth terminal. This necessitates large high
      voltage power supplies and water cooling. Second, the intermodulation and
      crosstalk levels imposed by communication requirements presently require
      the high-power tube to be operated with an output backoff of approximately
      7 dB. Furthermore, with additional increases in channel capacity per
      carrier, crosstalk dominates resulting in the requirement for an even
      higher powered amplifier.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an earth
      terminal for satellite communications which is capable of uninterrupted
      transmission for extended periods of time and wherein repairs or
      replacements of subsystems may be made without transmission interruption.
PAR  It is another object of the invention to provide a reliable earth terminal
      for unattended operation in satellite communications systems wherein
      redundant subsystems and prime power back-up are automatically brought
      into operation and only minimal operational control and status supervision
      need be accomplished from a regional center.
PAR  It is a further object of the invention to provide a reliable earth
      terminal for satellite communications capable of unattended operation for
      extended periods of time wherein the basic subsystems can accommodate a
      range of traffic requirements without change and which can be easily
      expanded to accommodate additional channels as required.
PAR  It is a further object of the invention to provide a reliable earth
      terminal for satellite communications wherein the basic RF, IF and local
      oscillator subsystems are broadband (500 MHZ) fixed tuned circuits which
      can be assigned to any channel or group of channels by appropriate passive
      filters and crystal selection in the local oscillator.
PAR  According to the present invention, the foregoing and other objects are
      attained by providing an earth terminal for satellite communications,
      including an antenna having a fixed, non-rectangular torus reflector
      together with a feed system capable of multiple beam formation and limited
      steering. A separate, medium power amplifier is provided for each segment
      of the transmission band. The power amplifier outputs are combined into a
      single feed using a directional filter type of multiplexer to which
      additional sections can be added as required. Switching is arranged so
      that a spare power amplifier can replace any failed unit by operating two
      switches in one step. The low noise reciever includes an uncooled, modular
      parametric amplifier with excess gain such that failure of any one section
      results in only minor degradation in the receiver noise figure. The
      modular construction of the parametric amplifier permits replacement of
      any section without interruption of operation. A broadband microwave
      transistor amplifier featuring microwave integrated circuitry and parallel
      redundant, construction follows the low noise parametric amplifier. A
      wideband downconverter and local oscillator is provided for each carrier
      allowing for convenient expansion and greater commonality of subsystems
      and testing. The subsystems that do not employ fail soft redundency, e.g.,
      the local oscillator and modulator or demodulator, are redundant and
      incorporate internal switching in order to obtain maximum reliability. A
      control processor is provided to take status information from each
      subsystem, perform some elementary switching decisions, and transmit a
      complete set of performance data to a regional or central monitoring and
      control facility. The entire terminal operates on storage batteries
      constantly recharged by commercial power with a motor generator back-up in
      case of extended commercial power failure.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The specific nature of the invention, as well as other objects, aspects,
      uses and advantages thereof, will clearly appear from the following
      description and from the following drawings, in which:
PAR  FIG. 1 is a system block diagram of the reliable earth terminal according
      to the invention; and
PAR  FIG. 2 is a block diagram of the low noise amplifier used in the system
      shown in FIG. 1.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and more particularly to FIG. 1, the
      reliable earth terminal according to the invention is intended for use in
      a network of many earth terminals, perhaps 400 to 500, each operating with
      two or more satellites spaced 3.degree. to 5.degree. apart. To this end, a
      fixed-non-rectangular torus reflector 11 is provided to reflect energy
      from a plurality of hornfeeds 12.sub.1 and 12.sub.2 toward respective
      satellites, or to reflect received energy from those satellites to the
      corresponding feeds 12.sub.1 and 12.sub.2. The surface of the reflector 11
      is generated by a parabolic arc rotated about an axis appropriately
      oriented at the earth site to obtain uniform scanning of the
      geosynchronous arc. This type of surface yields higher efficiency than a
      spherical reflector, though somewhat less flexibility in out-of-plane
      scan. The feeds 12.sub.1 and 12.sub.2 are positioned along an arc matching
      the reflector paraxial arc and at a optimum distance from the reflector
      located between the paraxial and the parabolic focal arcs. Beam steering
      in equivalent hour angle motion is accomplished simply by sliding a
      carriage, supporting the feed assembly 13, along a pair of bearing rods
      (not shown) formed to match the feed arc mentioned above. The required
      declination motion, to follow out-of-plane satellite drift, is guided by a
      pair of parallel rods (not shown) in a plane perpendicular to the first
      set of rods. A more detailed description of the antenna may be had by
      reference to copending application Ser. No. 311,984 now U.S. Pat. No.
      3,852,763, Dec. 3, 1974 by Kreutel and Hyde for "Torus-Type Antenna Having
      a Conical Scan Capability" and assigned to a common assignee.
PAR  Each of the horn feeds 12.sub.1 and 12.sub.2 is connected to a polarizer
      (for circular polarization transmission) and orthomode transducer 14.sub.1
      and 14.sub.2. With linear polarization, the polarizer is omitted. Since
      the transmit and receive equipment for each beam is identical, only the
      transmit and receive equipment associated with the horn feed 12.sub.1 will
      be described in detail. Transmission and reception on each beam is in two
      orthogonal polarizations. Thus, the polarizer and orthomode transducer
      14.sub.1 provides two outputs to low noise amplifiers 15.sub.1 and
      15.sub.2 for each of the two polarizations. The receiving chain for each
      polarization is identical, and therefore, only the receiving chain
      associated with the low noise amplifier 15.sub.1 will be described in
      detail.
PAR  Referring to FIG. 2 of the drawings, the low noise amplifiers 15.sub.1 and
      15.sub.2 take the form of a three stage parametric amplifier followed by a
      four stage transistor amplifier. More particularly, the parametric
      amplifier includes a multiple port circulator 101 comprising six
      three-port-stripline circulators 102.sub.1 to 102.sub.6 connected in
      cascade in a integrated assembly. The output from the polarizer and
      orthomode transducer 14.sub.1 is connected to one arm of the circulator
      102.sub.1. The next succeeding arm of circulator 102.sub.1 is connected to
      a parametric amplifier module comprising a separate bias supply 103.sub.1,
      a GUNN diode oscillator 104.sub.1 and a varactor diode module 105.sub.1.
      The amplifier signal from the first parametric amplifier module is
      circulated to the third port of circulator 102.sub.1 which is connected to
      one of the ports of circulator 102.sub.2. The signal is then coupled from
      the next port of circulator 102.sub.2 to one of the ports of circulator
      102.sub.3. The third port of circulator 102.sub.2 is terminated in the
      characteristic impedance 106.sub.1 of the circulator to prevent any
      reflection of energy. Thus, circulator 102.sub.2 provides isolation
      between circulators 102.sub.1 and 102.sub.3.
PAR  A second parametric amplifier module identical to the first and comprising
      a biasupply 103.sub.2, a GUNN diode oscillator 104.sub.2 and a varactor
      diode module 105.sub.2 is connected to the second port of circulator
      102.sub.3. This construction is repeated for a third stage of the
      parametric amplifier, each stage being isolated from preceding and/or
      succeeding stages by circulators 102.sub.2, 102.sub.4 and 102.sub.6. Each
      amplifier module has identical broadband response, so that a module can
      replace any other module.
PAR  The output of the parametric amplifier taken at the second port of
      circulator 102.sub.6 is connected to a microwave transistor amplifier 107.
      This amplifier comprises two parallel redundant cascaded amplifiers
      108.sub.1, 109.sub.1 and 108.sub.2, 109.sub.2. The input to transistor
      amplifier 107 is connected to one port of a four port hybrid junction 110.
      The other input port of junction 110 is terminated in its characteristic
      impedance 111. The two output ports of the hybrid junction 110 are
      connected to the inputs of amplifiers 108.sub.1 and 108.sub.2. In like
      manner, the outputs of amplifiers 109.sub.1 and 109.sub.2 are connected to
      the two input ports of a second four port hybrid junction 112. One output
      port of the hybrid junction 112 is taken as the output of amplifier 107,
      while the other output port is terminated in the characteristic impedance
      113 of the hybrid junction.
PAR  Reliability in the low noise amplifier is achieved in two ways. First, in
      the event of a parametric amplifier stage failure, the signal is simply
      circulated to the next stage, and the gain loss is automatically
      compensated by the IF amplifier automatic gain control. The greatest
      degradation occurs when the first parametric amplifier stage fails, and
      this amounts to a maximum of 11/2 dB noise temperature degradation. A
      correspondingly lower degradation occurs if either the second or third
      stages fail. The reliability achieved by this construction may be
      described as "fail-soft" since the failure of any one parametric amplifier
      module results in only a slight degradation of the output signal. The
      second form of reliability results from the redundant construction of the
      transistor amplifier 107. If a failure occurs in either of the cascaded
      amplifier pairs 108.sub.1, 109.sub.1 or 108.sub.2, 109.sub.2, the
      remaining cascaded pair will continue to provide an amplified output
      signal, with only 6 db loss of gain. The gain loss in the parametric
      amplifier and transistor amplifier is compensated by the AGC action of the
      IF Amp AGC module 19 (FIG. 1).
PAR  Return to FIG. 1, the output of the low noise amplifier 15.sub.1 is
      connected to a receiver demultiplexer 16. The receiver demultiplexer 16 is
      preferably a stripline filter-demultiplexer providing as many outputs as
      there are assigned channels. Each output is connected to a separate
      receiving chain typically comprising a down converter and IF preamp 17,
      and IF filter and equalizer 18, an IF amplifier with automatic gain
      control 19, a demodulator 20, and a base band processor 21. The output of
      the base band processor 21 is connected to a switch center.
PAR  The transmitting chain for one polarization will now be described, it being
      understood that a second, identical transmitting chain is provided for the
      second, orthogonal polarization. In order to avoid the problems associated
      with high-power, liquid-cooled amplifiers usually employed for
      multicarrier operation, the reliable earth terminal uses separate
      high-power amplifiers 22.sub.1 and 22.sub.2 for each carrier. This permits
      each amplifier to operate at or close to saturation with maximum
      efficiency without the limitations imposed by crosstalk and
      intermodulation that would be characteristic of multi-carrier operation.
      In addition, amplifiers 22.sub.1 and 22.sub.2 are relatively low powered
      amplifiers compared to that which would be required for a single amplifier
      multi-carrier operation. This makes feasible the use of a longlife,
      air-cooled, high-gain traveling wave tube amplifier for each of amplifiers
      22.sub.1 and 22.sub.2. Each of these amplifiers is capable of operating
      over the full communications band, typically .+-.250 MHz centered at 6.175
      GHZ, however, operation of each amplifier is limited to smaller increments
      of the band, on the order of 40 MHz, centered at its respective assigned
      carrier frequency, corresponding to the satellite channel assignments, as
      will be explained in more detail in the following description.
PAR  The outputs of the high powered amplifiers 22.sub.1 and 22.sub.2 are
      connected by means of microwave switches 23.sub.1 and 23.sub.2 to a
      directional filter multiplexer 24. The microwave switches 23.sub.1 and
      23.sub.2 comprise an output crossbar switch matrix and are each typically
      two-position waveguide transfer switches of known design and function. The
      multiplexer 24 is modular in construction, and each module comprises an
      input hybrid junction 25.sub.1 and a 25.sub.2 and an output hybrid
      junction 26.sub.1 and 26.sub.2. One input port of each of the input hybrid
      junctions 25.sub.1 and 25.sub.2 is connected by way of the microwave
      switches 23.sub.1 and 23.sub.2 to the corresponding high powered
      amplifiers 22.sub.1 and 22.sub.2. The other input port of each of the
      input hybrid junctions 25.sub.1 and 25.sub.2 is terminated in the
      characteristic impedance 27.sub.1 and 27.sub.2. Connected between the
      output ports of hybrid junctions 25.sub.1 and 25.sub.2 and the input ports
      of hybrid junctions 26.sub.1 and 26.sub.2 are bandpass filter pairs
      28.sub.11, 28.sub.12 and 28.sub.21, 28.sub.22. Each of the bandpass
      filters 28.sub.11, 28.sub.12, 28.sub.21 and 28.sub.22 preferably takes the
      form of the plural cavity bandpass waveguide filter described in the U.S.
      Pat. No. 3,679,898, issued to Blachier and Champeau. The output ports of
      hybrid junctions 26.sub.1 to 26.sub.2 are connected in series with one of
      the output ports of the first hybrid junction 26.sub.1 being terminated in
      its characteristic impedance 29 and one of the output ports of the last
      hybrid junction 26.sub.2 being connected to one of the two inputs of the
      polarizer and orthomode transducer 14.sub.1. Since the multiplexer 24 is
      modular in construction and each of the modules are isolated, additional
      modules can be added or deleted from the multiplexer assembly as needed
      with no design changes and limited or no interruption in service.
PAR  Reliability of the transmitter is provided by a single redundant high-power
      amplifier 30. The use of a single redundant amplifier is possible by
      virtue of the fact that each high-power amplifier is broadband and capable
      of operating over the full communications band. Therefore, all amplifiers
      are identical and may be replaced by the single redundant amplifier 30.
      Substitution of the redundant amplifier 30 for any one of the amplifiers
      22.sub.1 and 22.sub.2 is accomplished through switching. Each of the
      amplifiers 22.sub.1 and 22.sub.2 has a switched input 31.sub.1 and
      31.sub.2. The switches 31.sub.1 and 31.sub.2, while shown as DPST
      switches, may be two-position waveguide transfer switches similar to
      23.sub.1 and 23.sub.2. When both of amplifiers 22.sub.1 and 22.sub.2 are
      operational, the redundant amplifier 30 has no input, and its output is
      connected through the cascaded ports of the microwave switches 23.sub.1
      and 23.sub.2 to a characteristic load impedance 32. If, for example,
      amplifier 22.sub.1 should fail, then switches 31.sub.1 and 23.sub.1 would
      be operated. This provides an input signal to the redundant amplifier 30,
      and the output of amplifier 30 is connected by way of waveguide switches
      23.sub.2 and 23.sub.1 to the input port of the hybrid junction 25.sub.1.
      Meanwhile, the output of amplifier 22.sub.1 is connected by way of switch
      23.sub.1 to the load impedance 32.
PAR  Each channel of each transmitting chain typically includes a baseband
      processor 33 receiving an input from the switch center and providing an
      output to a modulator and IF amplifier 34. The output of modulator and IF
      amplifier 34 is connected to an IF filter and equalizer 35 and thence to
      an upconverter 36. The output of upconverter 36 is connected to the input
      terminal of switch 31.sub.1, for example. The IF amplifiers and
      modulator/demodulator operate at a center frequency of 855 MHz to achieve
      broadband width (.+-.250 MHz), avoid low order mixing products in the up
      and down converter and achieve efficient amplification and inexpensive
      channel filtering.
PAR  For reliable operation, it is necessary to isolate the transmission
      equipment from power transient as well as to continue operation during
      power interruptions. Therefore, prime power is taken from two lead-acid
      battery banks 37 and 38 which are constantly being recharged by chargers
      39 and 40, respectively, from a commercial power line. Battery 37 contains
      a bank of 72 cells and supplies up to three power amplifier power supplies
      41.sub.1 and 41.sub.2. Battery 38 contains 60 cells and powers an inverter
      42 to operate all other equipment except building lighting, heating, and
      cooling. To further increase reliability of the prime power source, an
      engine/alternator and appropriate control circuitry can be provided to
      furnish power to the charges 39 and 40 in the event of prolonged
      commercial power source failure.
PAR  Monitoring and control of the reliable earth terminal according to the
      invention is accomplished both by means of local control and remote
      central control. Each station is intended to be monitored and controlled
      from a manned control center 43 serving a geographical region containing
      anywhere from 10 to 50 earth terminals. The control center would encompass
      an area limited in size so that a serviceman could travel by surface
      transportation to a terminal in eight hours or less. Alternatively,
      helicopter transportation could reduce this time or extend the area of
      coverage. Thus, for example, if a failure in high power amplifier 22.sub.1
      occurs as earlier supposed, this would be detected at the central control
      43 where the command to switch in the redundant high power amplifier 30
      would be generated. A serviceman would then be dispatched to the earth
      terminal to either repair or replace the high power amplifier 22.sub.1.
      All of this would occur with no interruption in service.
PAR  In order to accomplish this, a transmitter monitor and control 44 is
      provided. Typically, the transmitter monitor and control 44 receives as
      inputs a pilot signal which is generated and transmitted through each
      transmitting chain, and signals proportional to the power in and the power
      out of each of the high power amplifiers 22.sub.1 and 22.sub.2. This
      monitored information is encoded and supplied to a local control device
      45. In a like manner, each of the receiver chains is monitored to provide
      typically the detected pilot signal, out-of-band noise and automatic gain
      control signal information. Each of these inputs is encoded and supplied
      to the local control 45. The local control 45 additionally monitors the
      temperature and security sensors of the unattended earth terminal.
PAR  The local control 45 can take the form of either simple threshold circuits
      to determine what encoded information is to be transmitted to the central
      control 43 or may additionally include a limited capacity minicomputer
      programmed to generate control signals in response to the encoded
      monitored information supplied both directly to and from the transmitter
      and receiver monitor and control devices 44 and 46, respectively. Data
      information that is to be transmitted to the central control 43 is
      supplied to a data modem 47 which is connected either by satellite link or
      a land line to the central control 43. The central control 43 includes
      data modems 48.sub.1, 48.sub.2 and 48.sub.3 for each reliable earth
      terminal associated with that control center. The outputs of the data
      modems 48.sub.1, 48.sub.2 and 48.sub.3 are supplied as inputs to a central
      monitor and control processor 49. Processor 49 may simply provide visual
      read-out on cathode ray tube display 50 and printer 51, for example, for
      monitoring by human operators, who, in response to the output displays,
      could generate appropriate control signals for the reliable earth
      terminals as required. On the other hand, the processor 49 might be
      programmed to provide the appropriate control signals directly without
      intervention of the human operators. In any case, control signals would be
      transmitted via the respective data modems 48.sub.1, 48.sub.2 and 48.sub.3
      over the data link to the data modem 47 in the appropriate reliable earth
      terminal. These control signals could be supplied to the transmitter
      monitor and control 44, for example, which would convert the encoded
      control signals to analog signals. Such analog control signals would be
      used to typically control the power level of the high power amplifiers
      22.sub.1 and 22.sub.2, to turn the driver of any one of the high power
      amplifiers on or off, or to switch in a redundant transmitter chain where
      required. Similarly, control signals could be supplied to the receiver
      monitor and control 46 which sould convert the encoded control signal to
      an analog control signal for switching in a redundant receiver chain where
      required. In addition to these controls, controls to position the antenna
      feed would be supplied to a feed positioner 52. Thus, the antenna feed
      could be positioned remotely to take account of satellite drift, or, if
      necessary, to redirect the antenna feed to a redundant satellite. Control
      and monitoring are arranged so that failure of the control system does not
      interupt any communications channel.
PAR  It will be apparent that the embodiment shown is only exemplary and that
      various modifications can be made in construction and arrangement within
      the scope of the invention as defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a satellite communications system comprising a network of central
      monitoring and central facilities and a plurality of unattended, reliable
      earth terminals connected by communication links to each central
      monitoring and control facility, each of said reliable earth terminals
      operating with two or more satellites in synchronous orbit above the earth
      and comprising:
PA1  a. antenna means including a fixed reflector and a separate feed for each
      of said satellites,
PA1  b. modular transmitter means connected to each of said separate antenna
      feeds and including a plurality of identical high power amplifiers equal
      in number to at least one more than the number of respective channels in
      the corresponding satellite but less than twice the number of channels,
      the bandwidth of each of said high power amplifiers being equal to or
      slightly greater than the total satellite communication bandwidth modular
      filter matrix means connected to a corresponding antenna feed and divided
      into a plurality of contiguous frequency bands equal in number to the
      number of respective satellite channels, and switch means for connecting a
      number of said plurality of high power amplifiers equal in number to the
      number of respective channels to said filter matrix means, the remaining
      high power amplifiers serving as spares and said switching means being
      operative to substitute one of said spares for any high power amplifier
      which fails,
PA1  c. low-noise receiver means connected to each of said separate antenna
      feeds and including an uncooled parametric amplifier having a plurality of
      independent identical, interchangeable parametric amplifier modules
      connected in cascade by an integrated multi-port microwave circulator
      means whereby said modules can be removed and replaced without
      interruption to service, and
PA1  d. monitor and control means connected to said modular transmitter means
      and said low-noise receiver means for monitoring and providing limited
      direct control of transmitting and receiving parameters, said monitor and
      control means also transmitting operating data of said reliable earth
      terminal over one of said communication links to its corresponding central
      monitoring and control facility.
NUM  2.
PAR  2. A reliable earth terminal as recited in claim 1 wherein said terminal
      transmits and receives in two orthogonal polarizations to thereby double
      the maximum number of channels and said antenna means further includes
      polarizer and orthomode transducer means connected to each of said
      separate feeds for isolating orthogonally polarized transmit and receive
      signals.
NUM  3.
PAR  3. A reliable earth terminal as recited in claim 1 wherein said monitor and
      control means receives antenna feed position command control signals from
      the central monitoring and control facility and said antenna means further
      comprises feed position means for each of said separate feeds and
      responsive to said command control signals for providing limited
      positioning of the separate feeds.
NUM  4.
PAR  4. A reliable earth terminal as recited in claim 3 wherein said fixed
      reflector is a non-rectangular torus reflector.
NUM  5.
PAR  5. A reliable earth terminal as recited in claim 1 wherein said low-noise
      receiver means further includes a parallel redundant transistor amplifier
      connected to the output of said uncooled parametric amplifier and
      filter-demultiplexer means connected to the output of said transistor
      amplifier for frequency demultiplexing signals amplified by said
      parametric and transistor amplifiers.
NUM  6.
PAR  6. A reliable earth terminal as recited in claim 5 wherein said parallel
      redundant transistor amplifier includes first and second identical
      transistor amplifiers, an input four-terminal hybrid having one input port
      connected to the output of said parametric amplifier and the other input
      port terminated in its characteristic impedance and having the two output
      ports connected to the inputs of said first and second transistor
      amplifiers, and an output four-terminal hybrid having the two input ports
      connected to the outputs of said first and second transistor amplifiers
      and one output port connected to said filter-demultiplexer means and the
      other output port terminated in its characteristic impedance.
NUM  7.
PAR  7. A reliable earth terminal as recited in claim 1 wherein said modular
      transmitter means additionally includes modulator, IF amplifier,
      upconvertor and local oscillator circuits for each channel and said
      receiver means additionally includes local oscillator, downconvertor, IF
      amplifier and demodulator circuits for each channel, each of said circuits
      being broadband, fixed tuned circuits which can be interchanged with like
      circuits and employing passive filter means or crystal means for channel
      assignment.
NUM  8.
PAR  8. A reliable earth terminal as recited in claim 1 further comprising
      automatic gain control means in said receiver means for compensating for a
      loss in gain due to the failure of one or more of said parametric
      amplifier modules.
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PAL  The antenna array preferably consists of a plurality of slotted wave guide
      microwave signal radiating elements positioned to directly radiate
      separate beams of microwave energy at different azimuth angles to a common
      horizontally aligned cylinder sector reflector, the radiating elements
      being operable to primarily determine the direction and shape of the
      resultant reflected beams in azimuth and the reflector being operable to
      primarily determine the elevation patterns of the resultant reflected
      beams.
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PAC  CROSS REFERENCES TO RELATED U.S. PATENTS
PAR  U.S. Pat. Application Ser. No. 299,586 filed Oct. 20, 1972 now U.S. Pat.
      No. 3,806,935 by Donald J. Toman for a RADIO NAVIGATIONAL AID WITH
      SEPARATE STANDARD FREQUENCY SIGNAL and assigned to the same assignee as
      the present application.
PAR  U.S. Pat. No. 3,774,214 issued Nov. 20, 1973 to Donald J. Toman and Lloyd
      J. Perper for SCANNING BEAM GUIDANCE METHOD AND SYSTEM and assigned to the
      same assignee as the present application.
PAR  U.S. Pat. Application Ser. No. 198,389 filed Nov. 15, 1971 now U.S. Pat.
      No. 3,793,597 by Donald J. Toman for MODULATION SYNTHESIS METHOD AND
      APPARATUS and assigned to the same assignee as the present application.
PAR  This invention relates to an antenna array which is useful for aircraft
      guidance systems, and more particularly for use with a transmitter for
      transmitting localizer guidance signals for microwave instrument landing
      systems.
PAR  Aircraft instrument landing systems for operation at microwave frequencies
      have recently been developed which employ a plurality of narrow angularly
      spaced beams containing navigation information and defining a course plane
      in space. The course plane in space is defined by modulating the carrier
      for the beams on one side of the course plane with a predominance of 90 Hz
      modulating frequency, and modulating the carrier for the beams on the
      other side of the course plane with a predominance of 150 Hz modulating
      frequency. When the aircraft detects that the 90 Hz and 150 Hz modulation
      signals are equal, it is on the defined course plane.
PAR  There are a number of problems in providing a high performance low cost
      antenna system for radiating the plurality of narrow angularly spaced
      beams. One of the most serious problems in economically achieving high
      performance is the problem of radiating a narrow beam with a minimum of
      unwanted beam side lobes.
PAR  Accordingly, it is one object of the invention to provide an antenna system
      which is characterized by economy in construction and high performance,
      particularly in producing well defined narow beams which are angularly
      spaced apart, and in which side lobe radiation is minimized.
PAR  Another problem, when the separate beams are to be used to define a course
      in azimuth (commonly referred to as a "localizer" function) is that, while
      the beams are angularly spaced out in azimuth, a uniform elevation
      position and shape is desired for each of the beams such that each beam
      includes a sharply defined high energy pattern at the lower beam edge
      portion, and a less sharply defined and lower energy pattern in the upper
      elevation portions.
PAR  In a microwave instrument landing system of the type described above, the
      central beams of the beam array are prefably narrow, in the order of
      6.degree. wide, and the side lobes for each beam should be kept low,
      typically minus fifteen decibels or less. The elevation sector to be
      covered by the azimuth (localizer) beams extends from the horizon to a
      substantial angle above the horizon. Preferably the maximum signal
      strength is at an elevation angle corresponding generally to the angle of
      the glide path. The elevation characteristic of the beams should be such
      that there is a sharp fall-off in signal intensity from about 0.75.degree.
      to zero degrees with respect to the horizon so that there is good signal
      coverage at angles as low as 0.75.degree., but a minimization of
      reflection from the ground. At the upper elevations, the azimuth beams
      should fall off in strength much more slowly in order to provide coverage
      and guidance at the higher angles. This represents a non-symmetrical beam
      shape in elevation.
PAR  It is essential that the azimuth beam characteristics such as beam width,
      shape, gain of each beam relative to each of the other beams, pointing
      angle, side lobe level, and polarization should be as uniform as possible
      over the entire elevation sector.
PAR  Accordingly, another important object of the invention is to provide an
      improved antenna array system for the localizer function in a microwave
      instrument landing system with a plurality of narrow beams angularly
      spaced apart in azimuth in which the beams are all uniformly and
      consistently positioned and shaped in elevation to provide a sharply
      defined high energy pattern at the lower beam edge portion and a less
      sharply defined and lower energy pattern in the upper elevation portions
      thereof, and having a high degree of uniformity in the elevation pattern
      for all of the beams.
PAR  Further objects and advantages of the invention will be apparent from the
      following description and the accompanying drawings.
PAR  In carrying out the invention, in a preferred embodiment, there is provided
      an antenna array for radiating a pattern of angularly spaced microwave
      radio beams which are particularly useful to provide localizer signals for
      instrument guidance of aircraft comprising a radiation reflector in the
      form of a sector of a concave cylinder, said reflector being arranged
      facing in a substantially horizontal direction and such that the parallel
      cylinder generation element lines thereof are substantially horizontal, a
      plurality of slotted wave guide microwave signal radiating elements
      horizontally positioned and arranged to direct microwave energy directly
      to said reflector for reflection thereby, said radiating elements being
      positioned and operable to direct radiation in separate beams to said
      reflector at different azimuth angles and such that the center lines of
      said beams are in substantial alignment in elevation within a common
      plane, the reflected beams having uniform elevation patterns as determined
      primarily by the cylindrical curvature and the elevation rotational
      position of said radiation reflector and substantially independent of the
      different azimuth angles of said beams, and the reflected beams having
      different azimuth angles and selected azimuth patterns determined
      primarily by the radiation characteristics of said radiating elements and
      substantially independent of the characteristics of said radiation
      reflector.
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PAR  In the accompanying drawings:
PAR  FIG. 1 is a side view of a preferred embodiment of the antenna array of the
      invention illustrating a common reflector structure and the position of
      the radiating elements.
PAR  FIG. 2 is a graphic representation of the elevation pattern of signal
      strength versus elevation angle of two beams obtained from the antenna
      array embodiment illustrated in FIG. 1.
PAR  FIG. 3 is a plan view which is partially schematic in nature, and partly in
      section, of the structure of FIG. 1 and taken at section 3--3 of FIG. 1.
PAR  FIG. 4 is a face view of the slotted face of a typical slotted wave guide
      radiating element employed in the embodiment of FIG. 1.
PAR  FIG. 5 is a schematic circuit diagram of a transmitter with which the
      present invention is particularly useful.
DETD
PAR  Referring more particularly to FIG. 1, there is shown a side view of a
      preferred embodiment of the invention including a horizontally aligned
      cylindrical reflector 10 which is mounted and supported upon a suitable
      supporting frame 12 above the level of the airport runway which is served,
      as indicated at 14. While 14 is referred to as indicating the level of the
      runway, it will be understood that the apparatus is normally positioned
      beyond the roll-out end of the runway which is served, the end opposite to
      the end approached by an aircraft for landing.
PAR  The antenna array includes a number of radiating elements, preferably
      consisting of slotted wave guides, indicated at 16 which radiate beams of
      microwave energy from slotted faces 17 to the reflector 10, as indicated
      by the dotted lines 32, 34, 36 in the drawing. While there are a number of
      slotted wave guide radiators at 16, they are generally arranged in a
      straight line which is parallel to the axis of the cylindrical reflector
      10 so that only the near end of the first slotted wave guide radiator is
      visible in FIG. 1. The plan view showing all of the wave guides and their
      general arrangement with respect to the reflector is shown in FIG. 3 which
      is described more fully below.
PAR  Referring again to FIG. 1, the slotted wave guides 16, which may also be
      referred to as radiating elements, are supported by means of suitable
      individual supporting brackets 18 upon a common mounting plate 20 for all
      of the wave guides. The mounting plate 20 is, in turn, mounted and
      supported upon a pair of booms 22 which are attached to the lower portion
      of the structure of the reflector 10. Thus, the positions of the slotted
      wave guides 16 are fixed with relation to the reflector 10 because of the
      secure mechanical interconnection by the common mounting plate 20 and the
      booms 22. This entire assembly is supported upon the frame 12 by means of
      three or more attachments indicated at 24 and 26. Attachments 24 and 26
      are preferably designed so that the entire reflector assembly can be
      precisely adjusted in position with respect to the frame 12 for aiming
      purposes. The wave guides 16 are preferably protected by a synthetic resin
      cover 28, sometimes referred to as a "radome," (shown in section) which
      protects them from the elements, but does not interfere with the radiation
      of microwave energy.
PAR  The wave guides 16 are designed to provide separate radiation component
      beams at different azimuth angles as explained more fully in connection
      with FIG. 3. However, the beams are substantially identical in the
      elevation aspect, as illustrated in connection with FIG. 1. The reflector
      10 has been referred to as a cylindrical reflector. The term
      "cylindrical," as used in defining this reflector, refers to the broad
      dictionary definition of the term "cylinder," that is: the surface traced
      by a straight line, called generatrix or element, moving parallel to a
      fixed straight line. A large part of the upper portion of reflector 10
      represents a modified parabolic cylinder. The reflector is normally
      positioned so that the axis plane 3 of the parabola is substantially
      horizontal. This means also that the generation element lines (the
      different stations of the generatrix which generated the cylindrical
      surface) are all horizontal. Stated another way, the curvature of the
      cylindrical surface is exclusively in the vertical dimension.
PAR  The following explanation of the structure and operation of the antenna
      array, including the reflector 10, assumes that the electromagnetic
      microwave radiation obeys geometrical optical principles of reflection.
      This is an aid in understanding of the operation of the apparatus.
      However, it should be understood that there is appreciable diffusion of
      the microwave radiation so that geometrical optical principles do not
      explain the operation of the apparatus completely. Furthermore, various
      factors such as relative phase relationships of the different parts of the
      radiated beams are also important.
PAR  The microwave beams radiated by the slotted wave guides 16 are relatively
      wide in the elevation dimension as illustrated in FIG. 1. One major
      function of reflector 10 is to narrow these beams in the elevation
      dimension. Various illustrative individual portions or elements of the
      microwave beams are illustrated at 32, 34, and 36. 32 represents very
      nearly the uppermost portion of the beam, 34 represents the center portion
      of the beam (aligned with the center-line of the wave guide), and 36
      represents the lower marginal edge portion of the beam. While the design
      may be carried out with many variations, the invention is described in
      terms of the preferred embodiment. For instance, the mounting plate 20 is
      preferably supported at an angle of about 45 degrees to the horizontal.
      Accordingly, the center lines of all of the radiating elements 16, and the
      center portions 34 of the beams are directed upwardly at an angle of
      45.degree.  in a common plane. The beam portions 32, 34, and 36 are each
      reflected from the reflector 10 and result in the respective reflected
      beam portions 32A, 34A, and 36A.
PAR  The focus of the parabolic portion of the reflector 10 is located at, or
      very near, the intersection of the axis 30 with the beam portion 32, as
      indicated at 38. It is a characteristic of a parabolic reflector that,
      insofar as they obey geometrical optical principles, electromagnetic
      radiations from a point source at the focus of the reflector are reflected
      in paths which are parallel to the reflector axis. In the present
      structure, the portion of the microwave radiation represented by line 32
      follows this principle. While the radiating elements 16 are located offset
      from the focus, the offset position is such that the radiation indicated
      by line 32 is treated by the reflector as though it had originated at the
      focus since it is aligned in exactly the same direction as it would have
      been if it originated from the focus. Thus, the reflected beam portion at
      32A is exactly horizontal, and parallel to the axis plane 30.
PAR  The offset of the radiating elements 16 from the focus of the parabola is
      somewhat exaggerated in the drawing, and it is preferable to have the
      radiating elements positioned in the very near vicinity of the focus of
      the parabola.
PAR  While the reflector surface is described as a parabola, the configuration
      is preferably modified somewhat away from a true parabola in order to
      obtain the desired radiation pattern in elevation with the greatest
      possible efficiency. For instance, this cylindrical reflector surface is
      preferably generated in accordance with a formula suggested for the
      generation of the center line of a spherical microwave reflector in
      Formula 6 appearing in connection with FIG. 5 on pages 1290 and 1291 of a
      technical paper by A. S. Dunbar entitled "Calculation of Doubly Curved
      Refelctors for Shaped Beams" published in the Proceedings of the IRE,
      volume 36, pp. 1289-1296, October 1948. While the formulas appearing in
      that article are primarily directed to doubly curved reflectors, in
      accordance with the present invention, it has been discovered that the
      formula for the center line reflector shape is effective for a cylindrical
      reflector. Following the teachings of that technical paper, the lower
      sector of the effective portion of the reflector 10 from somewhat above
      the intersection 40 of the axis 30 with the refelctor, and extending down
      to the lower marginal edge, indicated at 42, may preferably have a sharper
      curvature, and may merge into a shape more generally corresponding to a
      circular cylinder sector.
PAR  Because of the shape and configuration of the surface of reflector 10, it
      is apparent that the reflected beam elements such as 36A, 34A, and 32A
      cross one another in a reversal of these reflected beam elements. Thus,
      the upper portion of the radiation reflector determines the character of
      the lower portions of the reflected beams, and the lower portion of the
      reflector determines the character of the upper portions of the reflected
      beams. Furthermore, it is apparent that the paths of all of these
      reflected beam portions lie above the position of the radiating elements
      16 so that these directly reflected beam portions are not intercepted by
      the radiating elements and the associated supporting structures.
PAR  Since the focus plane 30 is substantially horizontal, it is quite evident
      that the reflector 10 may be described as facing in a substantially
      horizontal direction, and as presenting a concave cylinder surface for the
      reflection of the microwave energy.
PAR  In a preferred physical embodiment, the reflector 10, from the bottom
      corner 42 to the upper tip of the reflector may have a vertical dimension
      of 1.85 meters. When properly adjusted, the common center line of the
      slotted faces 17 of the slotted wave guides 16 may be spaced in the order
      of 67.3 centimeters horizontally from the bottom corner 42 of the
      reflector, and 7.6 cm. above the bottom corner 42 of the reflector. The
      axis plane 30 is spaced vertically upward from the lower corner 42 of the
      reflector about 23 cm., and the horizontal dimension from the lower tip 42
      of the reflective surface to the upper tip of the reflective surface, when
      the reflector 10 is adjusted with the axis plane 30 horizontal, is about
      94 cm.
PAR  FIG. 2 illustrates idealized test plots illustrating the signal patterns in
      terms of signal strength versus angle of elevation for two different beams
      produced by the structure of FIG. 1 at different azimuth angles. One
      pattern is shown by a dotted line, and the other by a solid line. These
      plotted relative signal strengths were taken at the azimuth center lines
      for the two azimuth beams aligned most clearly to the course plane in
      space defined by the apparatus. These are the beams shown and described
      below in connection with FIGS. 3 and 5 and identified as beams 144 and
      146.
PAR  It is to be seen from FIG. 2 that the shape of the beams in elevation, as
      determined primarily by the reflector 10, provides a very desirable
      distribution of radiation energy for the purpose of a landing system
      because the signal strength is the greatest at an elevation of about three
      degrees above the horizon, and there is a rapid fall-off in the beam
      signal intensities from the three degree elevation to the zero degree
      elevation (corresponding to the horizon). The three degree angle of
      maximum signal intensity is desirable because the glide path is typically
      at about a three angle of inclination. Furthermore, it is desirable to
      have a rapid decrease in the energy intensity in the vicinity of the
      horizon in order to avoid reflections of radiations from the ground which
      would reduce the accuracy of the total information received by the
      aircraft. At higher angles of elevation, the signal falls off more
      gradually. This is a desirable signal pattern because localizer
      information should be available to the landing aircraft even though it may
      be above the normal glide path.
PAR  It is one of the very important features of the invention that the
      elevation patterns are relatively uniform for all of the different azimuth
      beams, relatively independently of the azimuth angles and independent of
      other azimuth pattern characteristics such as beam width. This is because
      the reflector is a cylindrical reflector, curved only in the vertical
      direction, and the elevation patterns are determined primarily by the
      curvature and reflection characteristics of the reflector 10. The close
      coincidence of the two patterns shown in FIG. 2 illustrates this
      principle. On the other hand, since the reflector is not curved in the
      horizontal direction, the azimuth patterns of the beams are substantially
      independent of the characteristics of the reflector 10. Accordingly, the
      azimuth characteristics of the various beams can be determined independent
      of the reflector, and primarily by design of the radiating elements, as
      explained more fully below in connection with FIGS. 3, 4, and 5. Thus, in
      changing or evolving a particular antenna array following the teachings of
      the present invention, it is possible to change the elevation patterns of
      all of the beams by modifying the curvature of the reflector 10, without
      any need for changing the radiating elements 16, and without any
      substantial modification to the azimuth patterns. Furthermore, it is
      possible to modify the azimuth patterns by changing the radiating element
      designs, without changing the elevation patterns.
PAR  It is evident from the above description, and the information imparted by
      FIGS. 1 and 2, that the beams are all substantially narrowed in elevation
      by the beam pattern forming characteristics of the reflector 10.
PAR  FIG. 3 is a simplified plan view of the antenna array embodiment of FIG. 1,
      partly schematic, and partly in section, and omitting details of the
      antenna structure, such as the boom 22, in order to promote clarity in the
      understanding of the operation of the invention. The slotted wave guides
      collectively referred to in FIG. 1 by reference to 16 are individually
      shown in FIG. 3 at 16, 16A, 16B, and 16C. Each slotted wave guide is
      preferably capable of being fed from each end with a separate switched
      beam signal, and the spacing of the slots in each wave guide is arranged
      to provide a desired angular deviation of the beam of microwave energy
      away from a direction normal to the slotted face of the wave guide. This
      is referred to as a "squint" angle. The direction of the squint angle
      depends upon which end of the wave guide is driven. Accordingly, by
      driving each wave guide alternately from either end, two separate beams
      are obtainable from each slotted wave guide symmetrically oriented on
      opposite sides of the normal to the slotted face of the wave guide. This
      avoids the need for providing a separate slotted wave guide for each beam,
      and thus reduces the over-all size and cost of the apparatus.
PAR  The incoming energy from a microwave transmitter is applied at 44 to a
      microwave switch device 46. The microwave switch device 46 operates in
      response to switching control signals received at 48 to distribute the
      microwave energy in a switching sequence to the various coaxial feed lines
      50-64. The coaxial feed lines 50-64 are connected to the wave guides
      through isolators 66-80. Each isolator permits the signal from the
      associated coaxial cable to be transmitted through to the associated end
      of the associated wave guide, but the isolator acts as a non-reflective
      load with respect to any part of the signal fed to the opposite end of the
      wave guide which is not completely radiated and dissipated by the coupling
      of energy provided by the slots in the face of the wave guide. Thus, the
      isolator 66 permits the signal from the associated coaxial cable 50 to be
      coupled through to the inside of the left end of the slotted wave guide
      radiator 16 for the generation of a microwave beam 142, but the isolator
      68 operates as a non-reflective load for the signal supplied from the
      coaxial cable 50 so that the signal is not coupled back through the
      coaxial cable 52, and it is not reflected from the right end of the wave
      guide 16. Similarly, the signal on coaxial cable 52 is permitted to pass
      through the isolator 68 for coupling to the right end of the wave guide 16
      to generate a beam 148, and any undissipated energy from that source is
      absorbed by the isolator 66. In similar fashion, the signal applied to
      each end of each wave guide is operable completely independent of the
      signal applied to the opposite end of that wave guide to produce an
      independent microwave beam.
PAR  The various beams of microwave energy emitted by the slotted wave guide
      radiators are graphically shown by dotted lines representing the center
      lines of individual beams, and illustrating how the beams are emitted by
      the slotted wave guides and reflected from the reflector 10. Thus, wave
      guide 16 emits the beams respectively represented by the center lines 142
      and 148, wave guide 16A emits beams 144 and 146, wave guide 16B emits
      beams 138 and 152, and wave guide 16C emits beams 140 and 150.
PAR  The numbers applied to the individual beams in the immediately preceding
      passage are arranged in an order such that the beam 138 which is deflected
      the farthest to the left is represented by the lowest number, and the beam
      152 deflected the farthest to the right is represented by the highest
      number, and the others are all numbered according to their alignment in
      terms of angle of deflection to the left and then to the right. These beam
      numbers are the same as the numbering for the representations of the
      corresponding beams in the schematic circuit diagram of FIG. 5 which is
      described more fully below.
PAR  Most of the wave guides 16-16C are designed with the slots spaced so as to
      provide a "backward" squint of the radiated beam. This means that the beam
      resulting from a signal supplied to a particular end of a wave guide is
      deflected away from a direction normal to the face of that wave guide
      toward the end which is being fed. Thus, the signal on coaxial cable 50
      supplied to the left end of wave guide 16 results in the beam 142, and the
      signal from coaxial cable 52 results in the beam 148. The backward squint
      also applies to wave guide 16B where the signal from coaxial cable 58
      produces beam 138 and the signal from cable 60 produces beam 152.
      Similarly, the signal from cable 62 produces beam 140 from wave guide 16C
      and the signal from cable 64 produces beam 150. It is possible to design
      the slotted wave guides to have any desired squint angle, within
      reasonable limits, including forward squint angles as well as backward
      squint angles. However, in one physical embodiment, it has been found that
      the backward squint designs produce lower undesired side-lobe radiations,
      particularly where larger squint angles are required. However, for the
      smallest squint angle wave guide 16A, the side-lobe radiation problem has
      not been found to be serious, with either forward or backward squint, and
      better results in other respects have been achieved so far with a forward
      squint design. Accordingly, in the wave guide radiator 16A, the signal
      from coaxial cable 54 generates the forward squinted beam 146, and the
      signal from coaxial cable 56 generates the forward squinted beam 144.
PAR  The navigation plane defined by the system is a plane (illustrated at 154
      in FIG. 5) which is normal to each of the wave guides 16-16C, and which
      theoretically should intersect with the transverse center line of each of
      the wave guides. Thus, ideally, the wave guides should issue their
      individual beams from a common transverse center line. However, this is
      not possible when the wave guides are to be positioned on a common
      horizontal line parallel to the reflector in order to provide uniform beam
      elevation patterns. But it has been found that, since the separation of
      the transverse center lines of the separate wave guides is very small in
      relation to the dimensions of the signal field, for practical purposes a
      single navigational plane is defined by the system.
PAR  In a preferred embodiment, with the eight beam array represented in FIG. 3,
      the squint angle for the radiator 16A which emits the beams which are
      closest to the navigational plane, is 1.8.degree.. Thus, the beams 144 and
      146 are 3.6.degree. apart. The squint angle for wave guide radiator 16,
      which radiates the next wider spaced beams, is 4.5.degree.. Thus, the
      spacing between the beams 142 and 148 is a total of 9.degree.. Also, the
      spacing between beam 142 and the next adjacent beam 144 from wave guide
      radiator 16A is 2.7.degree.. The squint angle for radiator 16C, which
      emits the next wider spaced beams 140 and 150, is 9.degree., thus
      providing an angular spacing between beam 140 and beam 142 of 4.5.degree..
      Finally, the beams having the widest spacing, sometimes referred to herein
      as the "cover" beams 138 and 152 are emitted from wave guide radiating
      element 16B at a squint angle of 26.degree..
PAR  The beams 142, 144, 138 and 140 which are angled to the left in the drawing
      are modulated with a predominance of 90 Hz modulation frequency. The beams
      148, 146, 152 and 150 which are angled to the right are modulated with a
      predominance of 150 Hz modulating frequency. The receiver in the aircraft
      determines when the 150 Hz and 90 Hz signals are equal to thereby
      determine when the aircraft is in the guidance plane. If the aircraft is
      to the left of the guidance plane, the 90 Hz modulation predominates,
      telling the aircraft to fly right in order to get to the guidance plane.
      Similarly, if the aircraft receives a predominance of 150 Hz modulated
      signals, it is told to fly left. Thus, the guidance plane is defined by
      the balance of the modulating signals. In the arrangement illustrated, and
      with the specific angles enumerated, the cover beams 138 and 152 are
      intended to be relatively wide beams, and since they are emitted at a wide
      angle, they provide a correct signal to an aircraft which is substantially
      off course. However, the other beams are narrow beams and are at narrower
      angular spacings to provide a very accurate indication to the aircraft as
      it approaches the guidance plane. It will be understood that the specific
      beam angles given are those which have been found useful and are preferred
      in a particular physical embodiment. However, these angles, as well as
      other specific constants given in this disclosure may be varied and
      adjusted without departing from the spirit of the invention.
PAR  It is one of the important features and advantages of the invention that
      the azimuth pattern characteristics may be simply and economically varied,
      without changing the elevation patterns, by simply changing the wave guide
      feed radiators. It has been found, for instance, that in some detailed
      physical embodiments, the beams 142 and 148, which usually carry signals
      with greater relative depths of modulation than do the center beams 144
      and 146, may be more advantageously located closer to the center of the
      array. Accordingly, in such embodiments, it has been found desirable to
      interchange the positions of the wave guides 16 and 16A. It has also been
      found to be possible to produce the different azimuth angles of the beams
      by physically rotating the individual wave guides 16-16C by predetermined
      angles upon the support plate 20 (in a plane parallel to plate 20). The
      different azimuth angles may be produced by a combination of "squint"
      angles and rotation. However, the preferred arrangement is to provide the
      desired azimuth beam angles entirely by means of the "squint" angle
      characteristics of the wave guides, keeping the slotted faces of the
      radiators mutually parallel. The best beam patterns are obtained in this
      manner.
PAR  A wide angle horn antenna radiator 162 is provided and mounted upon the
      common mounting plate 20 for directing a wide angle beam to the reflector
      10 for transmission to the vehicle being guided, the beam signal being a
      standard reference frequency signal for stabilizing and enhancing the
      discrimination of the aircraft receiver. The elevation pattern of this
      beam is similar to the elevation patterns of the beams from the wave
      guides.
PAR  In a preferred physical embodiment of the apparatus, the reflector 10 is in
      the order of 3.2 meters in width, and the mounting plate 20 has a width
      equal to the width of the reflector.
PAR  FIG. 4 is a front view of the slotted face 17 of a typical slotted wave
      guide radiator such as the wave guide radiator 16 of FIG. 3. The energy is
      coupled into the interior of the wave guide from the associated coaxial
      cables and isolators through the back wall of the wave guide by means of
      probes indicated at 82 and 84. These probes extend into the interior of
      the wave guide typically to a dimension equivalent to at least one half of
      the depth of the wave guide, and they are preferably spaced from the
      adjacent end wall by one quarter of a wave length so that energy directed
      to the end wall is reflected in phase with energy directly radiated down
      the wave guide toward the other end wall. The end wall members 86 and 88
      may be advantageously designed to be initially adjustable in and out of
      the end of the wave guide during fabrication so as to optimize the energy
      transfer from the probe to the interior of the wave guide by fine
      adjustment of the spacing between the probe and the end wall.
PAR  As illustrated, the slots H-A and B1-H1 are preferably staggered or
      alternated on opposite sides of the longitudinal center line 90 of the
      wave guide, the slot having the largest displacement from the center line
      (and thus the greatest coupling of energy out of the wave guide) being the
      slot A which is located at the transverse center line 92 of the wave
      guide. The slots have progressively smaller displacements from the center
      line 90 the farther the slots are positioned from the transverse center
      line 92. The center to center distances from slot to slot, such as from
      slot A to slot B and from slot B to slot C are uniform for a particular
      wave guide. This center to center distance between slots is the chief
      factor which determines the squint angle. This condition applies because
      the radiated frequency is held constant within narrow limits. Increasing
      the center to center slot spacing moves the beam away from the feed end of
      the wave guide radiator, and shortening the spacing moves the beam toward
      the feed end of the wave guide radiator.
PAR  The dimensions and spacings of the slots are preferably determined in
      accordance with the teachings available in the literature on the subject.
      For instance, attention is directed to chapters 2 and 9 of the Antenna
      Engineering Handbook edited by Henry Jasik and published in 1961 by
      McGraw-Hill Book Company of New York. Pages 9-5 through 9-18 are
      particularly pertinent. Slots of the type illustrated in FIG. 4 are
      referred to in the textbook as longitudinal shunt slots. As taught in the
      textbook, the number and spacing and arrangement of the slots not only
      determine the "squint" angle, but also the width and shape of the beam
      radiated by the wave guide. The textbook sections referred to above do not
      deal with the concept of driving the slotted wave guide from either end.
      Rather, the treatment contemplates driving the wave guide from only one
      end. When the wave guide is driven from only one end, the best arrangement
      of the slots is not symmetrical about the transverse center line 92,
      although the general arrangement of the slots with the wider offsets of
      slots appearing near the transverse center line 92 is applicable.
PAR  In carrying out the present invention, where it is desired to drive the
      wave guide from either end, it has been determined that it is desirable to
      make the wave guide slotted face symmetrical about the transverse center
      line 92. Thus, slot B1 has the same size, and the same displacement from
      the longitudinal axis 90 as does slot B. Slot C1 has the same size and
      displacement as slot C etc. It has been found to be quite effective to
      follow the design criteria set forth in the above mentioned textbook to
      determine the best size and displacement dimensions for the slots (H-B and
      A) in the driven end of the wave guide, and to make the slots (B1-H1) in
      the non-driven end symmetrical in size and spacing to those in the driven
      end. Stated another way, when the wave guide 16 is driven from the left
      end by a signal on probe 82, the slots H-A present the best textbook
      design for the production of the desired wave, and the remaining slots
      B1-H1 represent a slight compromise in sizes and spacings, but the
      compromise does not impair performance seriously. On the other hand, when
      the wave guide is driven from the right end by a signal on probe 84, the
      slots H1-B1,A present the ideal design parameters, while the slots B-H on
      the non-driven end represent a compromise. One result of this compromise
      is that a small additional amount of residual power must be absorbed in
      the isolators.
PAR  The invention also contemplates the possibility that there will be two
      "center" slots A and A1 equally spaced on opposite sides of the transverse
      center line 92, and equally spaced on opposite sides of the longitudinal
      center line 90, without any interruption in the staggered or alternating
      arrrangement of the slots on opposite sides of the longitudinal center
      line 90. The term "symmetrical" as used in describing the arrangements of
      slots in accordance with this invention is intended to include such an
      arrangement, even though it does not represent perfect symmetry on the two
      sides of the lateral center line 92, as the term is usually employed.
      However, the symmetry does exist in that the A and A1 slots are of equal
      size and are at equal offset distances from the longitudinal center line,
      as are all of the other complementarily identified slots B-B1, C-C1, etc.
PAR  Particular preferred physical embodiments are exemplified by the following
      data relating to wave guide radiators designed for operation at 5,002 MHz
      (actually intended to be operated in the range from 5,000 to 5,004 MHz),
      and employing a standard rectangular cross-section wave guide WR-187
      having nominal inside dimensions of 2.215 cm. by 4.755 cm. The slots were
      cut to a uniform nominal width of 2.4 mm. The dimensions for the slot
      length and the offset displacement from the longitudinal center line for
      each slot for two different wave guides is given in the following table in
      millimeters. The two wave guides are distinguished in the table by
      specifying the squint angles at the heads of the appropriate columns.
      Thus, the first wave guide for which data is presented is identified as a
      1.8.degree. wave guide since it provides 1.8.degree. squint angles. For
      accomplishing this squint angle, the uniform center to center spacing from
      each slot to each adjacent slot measured longitudinally is 40.26 mm. While
      only fifteen slots are illustrated in FIG. 4, the 1.8.degree. wave guide
      employs seventeen slots, having added slots I and I1 at the respective
      ends and with a single center slot A which is centered on the transverse
      center line 92 as illustrated in FIG. 4. The typical dimension from the
      inside surface of the end of the wave guide to the center line of the
      adjacent end-most slot is equal to one wave length. The design data given
      for the 1.8.degree. wave guide is for the production of a narrow beam
      which is only six degrees in width, defined by the condition that there is
      only a three degree angle on each side of the peak power center of the
      beam to the fifty percent power level side portions of the beam.
PAR  The second wave guide for which data is presented is identified as a
      26.degree. wave guide since it provides 26.degree. squint angles. For
      accomplishing this squint angle, the uniform center to center spacing from
      each slot to each adjacent slot measured longitudinally is 24.61mm. This
      26.degree. wave guide contains ten slots, having two "center" slots A and
      A1 spaced on opposite sides of the longitudinal center line 90, and the
      transverse center line 92. Thus, the slots are again alternately spaced on
      opposite sides of the longitudinal center line, and the offset and length
      dimensions of the A and A1 slots are equal. The data given for the
      26.degree. wave guide is for the production of a relatively broad beam in
      azimuth which is in the order of 18.degree. in width. This is the
      so-called "cover" beam.
TBL                TABLE I                                                     

     ______________________________________                                    

             1.8 degree Wave Guide                                             

                           26 degree Wave Guide                                

     Slot      Length    Offset    Length Offset                               

     Identification                                                            

               mm.       mm.       mm.    mm.                                  

     ______________________________________                                    

     A, A1     32.23     12.383    32.26  14.859                               

     B, B1     32.18     11.623    32.05  12.040                               

     C, Cl     32.05     10.864    31.88  7.620                                

     D, Dl     31.85     9.378     31.60  3.505                                

     E, El     31.65     7.496     31.29  1.676                                

     F, Fl     31.42     5.613                                                 

     G, Gl     31.42     4.128                                                 

     H, Hl     31.39     2.609                                                 

     I, Il     31.29     1.882                                                 

     ______________________________________                                    

PAR  FIG. 5 illustrates a schematic circuit diagram of a localizer transmitter
      which may be employed with the antenna array system of the present
      invention in a preferred embodiment. Signals are supplied by the
      transmitter to the antenna elements (sometimes referred to below simply as
      "antennas") schematically illustrated in FIG. 5 as separate elements
      122-136. These antenna elements are schematically positioned to correlate
      with their separate contributions to the combined signal pattern which is
      radiated by the combination of antenna elements. However, in accordance
      with the present invention, the functions of separate pairs of the
      elements 122-136 are performed by the slotted wave guides previously
      discussed above. Thus, elements 128 and 130 are combined in the slotted
      wave guide radiator 16A of FIG. 3 to provide the individual beams 144 and
      146 illustrated in FIG. 3 by the center lines of those beams. Those same
      beams are illustrated as separate beam outlines 144 and 146 in FIG. 5.
      Similarly, the antenna elements 126 and 132 are functionally combined in
      the slotted wave guide 16 of FIG. 3 to generate the beams 142 and 148, and
      elements 124 and 134 are combined in slotted wave guide 16C of FIG. 3, and
      elements 122 and 136 are combined in slotted wave guide radiator 16B of
      FIG. 3.
PAR  The antennas 122-136, and the associated beams 138-152, are symmetrically
      arranged on opposite sides of the course plane in space indicated by the
      dotted line 154. This is the navigational course plane defined by the
      transmitter. The radio signals radiated from all of the antenna elements
      122-136 are at the same carrier frequency. However, the navigation plane
      154 is defined by providing ddifferent proportions of modulating frequency
      tones at 90 and 150 Hz in the respective beams on opposite sides of the
      plane 154. Thus, the 90 Hz modulation predominates in the beams 144, 142,
      140, and 138; and the 150 Hz modulation predominates in the beams 146,
      148, 150, and 152. The beams 138-152 are sometimes referred to
      collectively as constituting a switched scanning beam, and the individual
      beams 138-152 are referred to as providing individual switched portions of
      the scanning beam.
PAR  Since the transmitter illustrated in this drawing is intended for use for a
      localizer system, the course plane 154 defined by the navigation signals
      is a vertical plane for guidance of an aircraft in azimuth. Thus, if an
      aircraft is approaching the transmitter, it receives guidance signals
      which are balanced when it is in the navigation plane 154, and which
      direct it to turn left or right to achieve a course in the guidance plane
      154 if it is not in that plane.
PAR  The arrangement of the antennas 122-136 and the beams 138-152 in this
      drawing are schematic representations only. The actual radiation beams are
      directed radially outwardly in a fan configuration, rather than in a
      parallel beam configuration as illustrated. The separations of the beams
      138-152 in the vertical dimension in this drawing are thus representative
      of angular separations of the beams in the actual radiation pattern. For
      instance, typical center to center angular separations between adjacent
      beams in the central group of beams 140-150 may be 3.6.degree.. Preferred
      spacings in one embodiment disclosed above in connection with FIG. 3 are
      3.6.degree. between the center beams 144 and 146, 2.7.degree. from each
      center beam, such as 146, to the next adjacent side beam 148, and
      4.5.degree. to the next further side beam 150. The members of the central
      group of beam s 140-150 are preferably narrow beams having a width of only
      about 6.degree.. The clearance beams 138 and 152 are of reduced peak
      energy level, and at wide angles in order to provide a "capture" signal
      for approaching aircraft and to cover the side lobes of the more central
      beams.
PAR  The various beams are radiated from the various antenna elements 122-136 by
      rapidly switching radio frequency energy from one antenna element to
      another. The energy may come from a single radio frequency source 156.
      This arrangement is referred to as a switched scanning beam system, and it
      is carried out in accordance with the teachings of a related U.S. Pat. No.
      3,774,214 which issued Nov. 20, 1973 for a SCANNING BEAM GUIDANCE METHOD
      AND SYSTEM, and which is assigned to the same assignee as the present
      application.
PAR  A standard reference frequency signal from a radio frequency source 158 is
      connected at 160 to radiate from an antenna element 162 (illustrated as a
      horn 162 in FIG. 3) a standard reference frequency signal for stabilizing
      and enhancing the discrimination of the aircraft receiver. The horn
      antenna element 162 provides for a wide angle of transmission,
      encompassing the entire angular field of the navigation signal beams
      138-152, and it is preferably a continuous wave signal in contrast to the
      discontinuous nature of each of the beams 138-152 of the navigation
      signals.
PAR  The radio frequency source 156 and the standard frequency source 158 may
      operate completely independently of one another. However, the difference
      between the frequencies from these two sources must be maintained at a
      substantially constant value. This may be done by frequently, or
      constantly, monitoring the freuqency difference between the two, or by
      providing a control connection between the two so that one is controlled
      by the other. This interrelationship, and possible interconnection, is
      signified by the dotted line 164.
PAR  In addition to the radio frequency source 156, the transmitter system
      feeding the antennas 122-136 includes a scanner 166, a pulse modulation
      source 168 controlled by the scanner, and a modulator gate 170 controlled
      by the pulse modulation source 168. The transmitter also includes gating
      devices 172, 174, and 176, by means of which the modulated radio frequency
      signals are gated to the respective antenna elements 122-136. The switches
      172-176 are also controlled by the scanner 166. The control of gate 172 is
      accomplished through logic OR gates 178 and 180. The switches 172-176 and
      OR gates 178 and 180 may all be incorporated within the switch 46
      previously described in FIG. 3. The modulation provided by the pulse
      modulation source 168 is preferably a pulse duration modulation in which
      the modulation is synchronized with the scanning of the beam by the
      switching of the beam from one antenna element to another. Thus, as the
      radio frequency is switched to each antenna element 122-136, the duration
      of the pulse (actually a burst of radio frequency energy) is carefully
      controlled at gate 170 by the pulse modulation source 168 to provide the
      desired modulation on that particular beam. Since the pattern of
      modulation to be provided on each of the various beams is constant, there
      is a complete repetition of the modulation sequence and therefore the
      different modulation signals required for the different sequences of
      pulses for each beam can be built into the pulse modulation source.
      Preferably, the pulse modulation is carried out by means of digital
      circuits and by means of digital synthesis of the modulation in accordance
      with the teachings of a prior related patent application Ser. No. 198,839
      filed Nov. 15, 1971 by Donald J. Toman for a MODULATION SYNTHESIS METHOD
      AND APPARATUS and assigned to the same assignee as the present
      application.
PAR  The scanner 166 is operable to issue timing signals in a sequence on the
      output lines 182 through 196 to control the gating of energy respectively
      to the antenna elements 122-136, and to control the operation of the pulse
      modulation source 168 to provide the appropriate modulation in synchronism
      with the switching of the energy to the respective antenna elements. The
      scanner provides an output on only one of the output connections 182-196
      at any one time. For instance, at the interval when the scanner provides
      an output at connection 182, that output is received by the pulse
      modulation source 168, and also by the OR gate 178 and the switch 176. As
      a result of the signal received by the OR gate 178, an output is provided
      from that OR gate on connection 198 to the switching device 172,
      controlling that switching device to cause the radio frequency energy
      received from the modulation gate 170 to be switched through connection
      200 to the four-way gate 176. Concurrently, the scanner signal on
      connection 182 received by the four-way switch 176 causes the radio
      frequency energy to be switched to the antenna element 122. In similar
      fashion, scanner signals on any one of the outputs 184, 186, and 188
      energize the OR gate 178 to switch the radio frequency energy to the
      switch 176, where that energy is in turn switched respectively to the
      antenna elements 124, 126, and 128. Similarly, scanner signals on
      connections 190, 192, 194, and 196, switch the radio frequency energy
      respectively to the antenna elements 130, 132, 134, and 136. The switches
      172, 174, and 176 may be microwave switches of the type referred to as
      shunt-diode switches, and may employ PIN diodes. The term "serveral" as
      used in this specification means a few, but more than two.
PAR  While this invention has been shown and described in connection with
      particular preferred embodiments, various alterations and modifications
      will occur to those skilled in the art. Accordingly, the following claims
      are intended to define the valid scope of this invention over the prior
      art, and to cover all changes and modifications falling within the true
      spirit and valid scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An antenna array for radiating a partern of angularly spaced microwave
      radio beams which are particularly useful to provide localizer signals for
      instrument guidance of aircraft comprising
PA1  a radiation reflector in the form of a sector of a concave cylinder having
      substantially open ends,
PA1  said relector being arranged facing in a substantially horizontal direction
      and such that the parallel cylinder generation element lines thereof are
      substantially horizontal,
PA1  a plurality of slotted wave guide microwave signal radiating elements
      horizontally positioned below the focal plane of the reflector and at an
      angle thereto and arranged to direct microwave energy directly to said
      reflector for reflection thereby,
PA1  said radiating elements being positioned and operable to direct radiation
      in serval separate narrow beams to said reflector at different azimuth
      angles and such that the center lines of said beams are in substantial
      alignment in elevation within a common plane,
PA1  the reflected beams having uniform elevation patterns as determined
      primarily by the cylindrical curvature and the elevation rotational
      position of said radiation reflector and substantially independent of the
      different azimuth angles of said beams,
PA1  and the reflected beams having different azimuth angles and selected
      azimuth patterns symmetrical about the respective center lines thereof as
      determined primarily by the radiation characteristics of said radiating
      elements and substantially independent of the characteristics of said
      radiation reflector.
NUM  2.
PAR  2. An antenna array for radiating a pattern of angularly spaced microwave
      radio beams which are particularly useful to provide localizer signals for
      instrument guidance of aircraft comprising
PA1  a radiation reflector in the form of a sector of a concave cylinder,
PA1  said reflector being arranged facing in a substantially horizontal
      direction and such that the parallel cylinder generation element lines
      thereof are substantially horizontal,
PA1  a plurlaity of slotted wave guide microwave signal radiating elements
      horizontally positioned and arranged to direct microwave energy directly
      to said reflector for reflection thereby,
PA1  said radiating elements being positioned and operable to direct radiation
      in separate beams to said reflector at different azimuth angles and such
      that the center lines of said beams are in substantial alignment in
      elevation within a common plane,
PA1  the reflected beams having uniform elevation patterns as determined
      primarily by the cylindrical curvature and the elevation rotational
      position of said radiation reflector and substantially independent of the
      different azimuth angles of said beams,
PA1  and the reflected beams having different azimuth angles and selected
      azimuth patterns determined primarily by the radiation characteristics of
      said radiating elements and substantially independent of the
      characteristics of said radiation reflector,
PA1  the upper portion of said radiation reflector generally corresponding in
      shape to a parabolic cylinder sector and the lower portion of said
      reflector having a sharper curvature and merging into a shape more
      generally corresponding to a circular cylinder sector,
PA1  said reflector being arranged such that the axis plane of the parabolic
      cylinder sector is substantially horizontal,
PA1  the curvature of the reflector being operable to provide a reversal of the
      reflected beam portions such that the upper portion of said radiation
      reflector determines the character of the lower portions of the reflected
      beams and the lower portion of said reflector determines the character of
      the upper portions of the reflected beams.
NUM  3.
PAR  3. An antenna array as claimed in claim 2 wherein said radiating elements
      are oriented to direct radiation diagonally upwardly toward said reflector
      in beams that are uniform and relatively wide in elevation to illuminate
      substantially the entire reflector as viewed in elevation,
PA1  said radiating elements being positioned below the paths of all of the
      reflected beam portions corresponding to geometrically optically reflected
      beam elements.
NUM  4.
PAR  4. An antenna array for radiating a pattern of angularly spaced microwave
      radio beams which are particularly useful to provide localizer signals for
      instrument guidance of aircraft comprising
PA1  a radiation reflector in the form of a sector of a concave cylinder,
PA1  said reflector being arranged facing in a substantially horizontal
      direction and such that the parallel cylinder generation element lines
      thereof are substantially horizontal,
PA1  a plurality of slotted wave guide microwave signal radiating elements
      horizontally positioned below the focal plane of the reflector and at an
      angle thereto and arranged to direct microwave energy directly to said
      reflector for reflection thereby,
PA1  said radiating elements being positioned and operable to direct radiation
      in serveral separate narrow beams to said reflector at different azimuth
      angles and such that the center lines of said beams are in substantial
      alignment in elevation within a common plane,
PA1  the reflected beams having uniform elevation patterns as determined
      primarily by the cylindrical curvature and the elevation rotational
      position of said radiation reflector and substantially independent of the
      different azimuth angles of said beams,
PA1  and the reflected beams having different azimuth angles and selected
      azimuth patterns symmetrical about the respective center lines thereof as
      determined primarily by the radiation characteristics of said radiating
      elements and substantially independent of the characteristics of said
      radiation reflector,
PA1  said antenna array being a switched scanning beam array including switching
      means connected to said radiating elements to switch microwave carrier
      energy in a sequence from one beam to another to thereby produce a
      switched scanning beam.
NUM  5.
PAR  5. An antenna array as claimed in claim 4 wherein said slotted wave guide
      microwave signal radiating elements each include means for separately
      introducing signals at each end thereof,
PA1  each of said wave guides being designed with the positions of the slots in
      the slotted wall thereof arranged so as to provide radiation directed
      outwardly at predetermined angles referred to as squint angles of
      deviation away from a direction normal to the slotted face of the wave
      guide.
PA1  said squit angles being dependent upon the direction of progagation of the
      signal through the wave guide so that oppositely disposed squint angles
      are provided when the wave guide is fed from opposite ends.
NUM  6.
PAR  6. An antenna array for radiating a pattern of angularly spaced microwave
      radio beams which are particularly useful to provide localizer signals for
      instrument guidance of aircraft comprising
PA1  a radiation reflector in the form of a sector of a concave cylinder,
PA1  said reflector being arranged facing in a substantially horizontal
      direction and such that the parallel cylinder generation element lines
      thereof are substantially horizontal,
PA1  a plurality of slotted wave guide microwave signal radiating elements
      horizontally positioned and arranged to direct microwave energy directly
      to said reflector for reflection thereby,
PA1  said radiating elements being positioned and operable to direct radiation
      in separate beams to said reflector at different azimuth angles and such
      that the center lines of said beams are in substantial alignment in
      elevation within a common plane,
PA1  the reflected beams having uniform elevation patterns as determined
      primarily by the cylindrical curvature and the elevation rotational
      position of said radiation reflector and substantially independent of the
      different azimuth angles of said beams,
PA1  the reflected beams having different azimuth angles and selected aximuth
      patterns determined primarily by the radiation characteristics of said
      radiating elements and substantially independent of the characteristics of
      said radiation reflector,
PA1  said antenna array being operable as a switched schanning beam antenna
      array in which carrier energy is switched in a sequence from one beam to
      another,
PA1  said slotted wave guide microwave signal radiating elements each including
      means for separately introducing signals at each end thereof,
PA1  each of said wave guides being designed with the positions of the slots in
      the slotted wall thereof arranged so as to provide radiation directed
      outwardly at predetermined angles referred to as squint angles of
      deviation away from a direction normal to the slotted face of the wave
      guide,
PA1  said squint angles being dependent upon the direction of propagation of the
      signal through the wave guide so that oppositely disposed squint angles
      are provided when the wave guide is fed from opposite ends,
PA1  all of said wave guide radiators being in substantial alignment in parallel
      with said reflector and said wave guide radiators being respectively
      designed to provide different squint angles so that respective pairs of
      beams available from each radiating element complement the beams from
      other radiating elements to provide beams having different desired angular
      spacings.
NUM  7.
PAR  7. An antenna array as claimed in claim 5 wherein said means for separately
      introducing signals at each end of each slotted wave guide includes an
      isolator operable to pass the signal into the associated end of the wave
      guide but operable to act as a non-reflective load for any signal
      propagated from the opposite end of the wave guide.
NUM  8.
PAR  8. An antenna array as claimed in claim 5 wherein
PA1  the slots in said slotted wave guide microwave signal radiating elements
      comprise longitudinal shunt slots.
NUM  9.
PAR  9. An antenna array as claimed in claim 8 wherein
PA1  each of said slotted wave guide microwave signal radiating elements
      includes a plurality of slots arranged at various interally offset
      spacings from the longitudinal axis of the wave guide,
PA1  the slot having the largest lateral offset spacing being located nearest
      the lateral center line of the wave guide,
PA1  and the slots having progressively reduced offset spacings at successive
      positions progressing from the lateral center line toward each end of the
      wave guide.
NUM  10.
PAR  10. An antenna array as claimed in claim 9 wherein
PA1  the slots of said slotted wave guide microwave signal radiating elements
      are progressively slightly longer in coordination with the spacing from
      the end of the wave guide to the lateral center line of the wave guide.
NUM  11.
PAR  11. An antenna array as claimed in claim 9 wherein
PA1  the slots of said slotted wave guide microwave signal radiating elements
      are staggered on opposite sides of the longitudinal center line of the
      slotted face of each wave guide.
NUM  12.
PAR  12. An antenna array as claimed in claim 11 wherein
PA1  the pattern of slots is symmetrical about the transverse center line of
      each slotted wave guide.
NUM  13.
PAR  13. An antenna array as claimed in claim 12 wherein
PA1  the slots on each side of the transverse center line of each slotted wave
      guide are positioned and dimensioned for optimum performance in coupling
      energy introduced at the end of the associated side of the wave guide.
NUM  14.
PAR  14. An antenna array as claimed in claim 2 wherein
PA1  said common plane of the center lines of said beams is inclined upwardly
      from said radiating elements to said radiation reflector from a position
      near said axis plane of said reflector.
NUM  15.
PAR  15. An antenna array as claimed in claim 14 wherein
PA1  said common plane of the center lines of said beams is inclined at an angle
      in the neighborhood of 45.degree..
PATN
WKU  039316254
SRC  5
APN  487143&
APT  1
ART  256
APD  19740710
TTL  Shortened multi-rod broadband antenna
ISD  19760106
NCL  7
ECL  1
EXP  Lieberman; Eli
NDR  8
NFG  9
INVT
NAM  Chiron; Bernard
CTY  Paris Cedex
CNT  FR
INVT
NAM  Gelin; Jean
CTY  Paris Cedex
CNT  FR
ASSG
NAM  Societe Lignes Telegraphiques et Telephoniques
CTY  Paris Cedex
CNT  FR
COD  03
PRIR
CNT  FR
APD  19730718
APN  73.26250
CLAS
OCL  343787
XCL  343844
XCL  343900
EDF  2
ICL  H01Q  932
FSC  343
FSS  787;844;846;893
FSC  343
FSS  900
UREF
PNO  3550145
ISD  19701200
NAM  Tai
OCL  343893
UREF
PNO  3564551
ISD  19710200
NAM  Mills et al.
OCL  343787
LREP
FRM  Kemon, Palmer & Estabrook
ABST
PAL  A multi-rod broadband antenna consisting of a plurality of elementary
      radiators arranged as directrices of a cylinder each consisting of a
      conductor surrounded with a ferromagnetic core designed so that each one
      has a resonant frequency value different from any other one, the resonant
      frequency values being related so as to form a series. The arrangement of
      the rods around the cylinder is such that the frequency values of two
      adjacent rods do not correspond to two adjacent terms of the series.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a broadband multielement antenna of the
      monopole type, i.e. one having end excitation, which has relatively small
      bulk.
PAR  An antenna of this type consists essentially of rodlike elements (wire,
      metal rod or the like) through which a current is passed and which is
      generally known as a "whip." The application of the theory of lines to
      antennas shows that the impedance of the rodlike radiating element as seen
      from the transmitter (or the receiver) is a function of the ratio between
      the geometrical length of the element and the wavelength of the radiated
      energy. The optimum energy coupling conditions between the transmitter (or
      the receiver) and the radiating elements are those with which the
      impedance of the element is entirely real and generally in the
      neighbourhood of 50 ohms (i.e. a geometrical length of about .lambda./4 in
      the case of a monopole). These well-known results assume a sinusoidal
      distribution of the current in the element. It is deduced that:
PAR  1. A RADIATING ROD HAS A SELECTIVE IMPEDANCE WHICH VARIES RAPIDLY WITH THE
      FREQUENCY, AND
PAR  2. THE GEOMETRICAL LENGTH OF THE ELEMENTS IS OF THE SAME ORDER OF MAGNITUDE
      AS THE WAVELENGTH (IN VACUUM, IN THE CASE OF NON-MAGNETIC METALS).
PAR  Under these conditions, the problem of the construction of broadband
      antennas having a limited bulk in the decametric and/or metric bands is
      particularly complex. It is usual to design antennas operating in these
      frequency ranges with a conductive cylinder, sometimes hollow, the
      diameter of which is not negligible as compared with the wavelength (i.e.
      of a diameter &gt;.lambda./10, where .lambda. is the wavelength in vacuum),
      the said cylinder often being produced from an assembly of rodlike
      elements distributed along the directrices of the surface of the said
      cylinder and sufficiently close together to ensure electrical continuity
      of the surface. Calculation of the distribution of current in such an
      antenna is a very complex problem. As a first approximation, it may be
      compared to a set of coupled rodlike radiating elements. It is known that
      thickening of the antenna increases the bandwidth. Tuning in the range is
      obtained with the aid of impedances of appropriate value which are
      manually or automatically connected in series with the antenna.
PAC  Prior Art
PAR  It is known to reduce the geometrical length of an antenna by connecting a
      fixed lumped impedance to one of the ends of the rod (see Radio Engineers'
      Handbook by F. E. Terman, published in 1943 by McGraw-Hill, pages 794 and
      795). The added impedance does not modify the selectivity of the whip. The
      Applicants have described a method of broadening the bandwidth of a loaded
      whip in the French patent No. 1.590.709 filed on Sept. 30th, 1968 and in
      the U.S. Pat. no. 3.611.390 filed on Oct. 16th, 1969 and entitled: "Wide
      band rod antenna with impedance matching." These patents describe forms of
      automatically varying the impedances added to radiating whips, by means of
      which it is possible to obtain a thin, shortened aerial having a broad
      bandwidth. These impedances are manufactured from materials whose magnetic
      and/or dielectric characteristics vary as a function of the frequency in
      accordance with a given law in the frequency range in which they are
      operated, either spontaneously or as a result of an external magnetic or
      electric bias controlled by the current of the antenna. An analysis of the
      work done by the Applicants up to June, 1972 formed the subject of a
      lecture by Messrs. B. Chiron and J. Gelin, given on the 10th January, 1973
      to the Societe Francaise des Electriciens et Electroniciens, entitled:
      "Antennes HF chargees de ferrite"  and published on that occasion.
PAC  Brief disclosure of the invention
PAR  The present invention concerns multi-rod antenna structures of the loaded
      monopole type operating over a number of several octaves in the metric and
      decametric ranges without the provision of any tuning impedance.
PAR  Multi-rod broadband antennas according to the invention are essentially
      characterized as follows:
PAR  1. the values of the resonant frequencies of the various rods are selected
      in accordance with a simple mathematical law;
PAR  2. the rods, ordered in accordance with their natural resonance frequency,
      are located around the circumference of the cylinder in such manner that
      they are equidistant and that the rods, taken in the above order, define a
      star-form polygon, that is to say, that the succession in space does not
      reproduce the order of succession of the values of the resonant frequency.
PAR  In accordance with a preferred variant of the invention, the rods are
      individually loaded by a fixed load impedance which defines, with the
      shortened conductor, the resonance frequency of the loaded rod, the values
      of the said frequencies forming a series defined by a simple law.
PAR  In accordance with another variant of the invention, the load of each rod
      consists of an automatically variable impedance, as specified in the
      Applicants aforementioned patents. The construction of such a variant is
      limited by the existence of materials whose magnetic and/or dielectric
      characteristics make it suitable for use throughout the frequency band
      covered by the antenna and follow in this band the law of variation
      mentioned in the said patents and again referred to in the following.
PAR  As was explained in the text of the lecture mentioned in the foregoing, the
      position of the load along the whip modifies the characteristics of the
      antenna, and specially its effective height. Calculation shows that the
      effective height of a monopole antenna having a diameter of 4 mm, whose
      mechanical length is equal to onehalf of a quarter-wave and which is
      loaded by a ferrite core, changes from 0.297 to 0.35 times the length of a
      quarter-wave depending upon whether the same core is situated at the
      excited base of the antenna or at its opposite end. Under the same
      conditions, the value of the resistance varies between 0.6 ohms and 12.3
      ohms and the quality factor between about 67 and 40. The resistance of an
      infinitely thin wire having a mechanical length of a quarter of wavelength
      is about 40 ohms.
PAR  Experience has shown that a distribution of the resonant frequencies in
      accordance with a geometrical progression gives good results, which are
      sometimes improved by a logarithmic distribution of the frequencies. The
      distribution of the rods around the circumference of the cylinder in an
      order of succession differing from that of the values of the resonant
      frequencies of the rods is an important condition for obtaining optimum
      results.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention will be readily understood from the following description and
      by reference to the accompanying figures which are given by way of
      illustration and have no limiting character and in which:
PAR  FIG. 1 represents the curve of the standing wave ratio as a function of the
      frequency of a monopole antenna consisting of a conductive rod tuned to a
      quarter-wave of the central frequency of the band (30 MHz) given by way of
      reference.
PAR  FIG. 2 is the same curve for a thick antenna having a continuous
      cylindrical surface and a diameter of 300 mm, tuned to the same frequency.
PAR  FIG. 3 is a developed view of an antenna according to the invention.
PAR  FIG. 4 illustrates the space distribution around the circumference of the
      whips ordered in accordance with the value of their resonant frequency.
PAR  FIG. 5 is the standing wave ratio curve for an antenna of the same
      dimensions as the antenna of FIG. 3, and designed in accordance with the
      invention.
PAR  FIG. 6 illustrates a comparison of the effective height of the antenna
      according to the invention with that of FIG. 1 and with a reference
      monopole tuned to the central frequency of the band to be covered.
PAR  FIG. 7 is a developed view of a variant of the invention.
PAR  FIG. 8 is a curve illustrating the standing wave ratio of the antenna of
      FIG. 7.
PAR  FIG. 9 shows experimental curves.
DETD
PAR  FIG. 1 illustrates, as a function of frequency, the variations of the
      standing wave ratio which are presented by a monopole antenna tuned to 30
      MHz and consisting of a thin conductor having a length of 2.5 meters and a
      diameter of 2 mm. As may be seen from the curve, if a maximum standing
      wave ratio of 12 is assumed, the antenna may be used between about 24 MHz
      and 38 MHz, which corresponds to a bandwidth of about 50 %, by means of an
      external matching impedance. It is to be understood that these values are
      given purely by way of indication, it being rarely possible to assume a
      standing wave ratio of such high value in transmitting equipment.
PAR  The curve of FIG. 2 illustrates the variation of the s.w.r. for a thick
      single-rod cylindrical antenna of the same length with a diameter of 300
      mm (continuous surface). Assuming the same standing wave ratio of 12 as
      before it will be seen that the antenna may be used between 25 and 90 MHz,
      i.e. in a relative bandwidth of 260 %. Therefore, at each operating
      frequency, the optimum matching impedance, whose value has previously been
      calculated or measured, should automatically be connected in series with
      the aerial by an automatic circuit.
PAR  These two curves, which correspond to designs known in the prior art,
      clearly illustrate that the thickening of the radiating structure is
      accompanied by a widening of the bandwidth.
PAR  FIG. 3 diagrammatically illustrates an antenna according to the invention,
      which is intended to cover the 8 - 30 MHz range (i.e. almost two octaves)
      without matching or tuning. It consists essentially of ten metallic
      conductors such as 11, 12 . . . having a length of 1.5 meters, which are
      distributed uniformly around two circumferences of a diameter of 250 mm,
      i.e. that of a metal disc situated close to the supply point and that of a
      disc situated at the unexcited end of the rods. This disc is made of
      dielectric. The metal disc is connected to the supply device by a metal
      base of a length of 200 mm. The dielectric disc is intended only to ensure
      mechanical strength of the structure.
PAR  In accordance with one of the essential features of the invention, each of
      the ten rods is associated with a core 21, 22 . . . of ferromagnetic
      material, whose characteristics (permeability and dimensions) are so
      chosen that the natural resonance frequency of each of the rods has a
      value belonging to a series constituting a geometrical progression. In the
      described example, the following series has been chosen:
      ##EQU1##
      where F.sup.N.sup.+1 is the resonance frequency of the rod of order
      N.sup.+1.
PAR  The different resonance frequencies of the rods are set out in the
      following table, which also includes the geometrical and magnetic
      characteristics of the cores associated with each of the rods.
TBL                TABLE I                                                     

     ______________________________________                                    

     Rod            Material    Core                                           

     rank N                                                                    

           F.sup.N (MHz)        dimensions                                     

              .mu.  Q       .phi.mm  H mm                                      

     ______________________________________                                    

     1     30.000   30      230   3      530                                   

     2     26.016   30      230   3      1150                                  

     3     22.560   30      230   6      1025                                  

     4     19.563   30      230   6      1230                                  

     5     16.965   30      230   10     970                                   

     6     14.711   30      230   10     1025                                  

     7     12.767   30      230   20     735                                   

     8     11.062   100     110   20     980                                   

     9      9.563   100     110   20     1160                                  

     10     8.318   100     110   20     1450                                  

     ______________________________________                                    

PAR  In this particular embodiment, the values chosen for the frequencies are
      within the bandwidth. This condition is not essential and some values may
      be chosen outside the operating band.
PAR  In accordance with a preferred variant of the invention, the rods graded in
      accordance with the increasing values of their resonance frequency are not
      adjacent on the circumference of the ssupport discs. The diagram of FIG. 4
      illustrates a preferred spatial repartition of the rods numbered from 1 to
      10 in accordance with the decreasing order of their resonance frequency,
      the rank N constituting the first column of the Table I. As will be
      apparent, if the rods are linked by a line in the order of their rank, a
      starform polygon is obtained.
PAR  FIGS. 5 and 6 relate to the antenna of FIGS. 3 and 4. The curve of FIG. 5
      illustrates the variations of the standing wave ratio in the same way as
      FIGS. 1, 2 and 8. It will be seen that, in the range from 8 to 30 MHz, the
      standing wave ratio stays between 3.5 and 1.5 for a relative bandwidth of
      about 300 %. The curves of FIG. 6 allow comparison between the effective
      heights of two prior art antennas in the range from 8 to 30 MHz, and that
      of the antenna according to the invention. As is well known, the effective
      heights are an indication of the gain of an antenna. The solid-lined curve
      represents the effective height of the antenna according to the invention
      (geometrical height h = 1.5 m), of which the standing wave ratio
      characteristic is shown in FIG. 5. The short-dashed curve corresponds to a
      monopole antenna of a length of 3.50 meters (tuned to 20 MHz) with
      compensation of the tuning by an automatic unit. The long-dashed curve
      illustrates the effective height of a quarter-wave monopole antenna having
      a geometrical height of 6.50 meters (tuned to 10 MHz), of which the tuning
      is also automatically compensated in the range with the aid of an
      automatic unit. As is apparent, the antenna according to the invention,
      the overall dimensions of which are about one-quarter of that of the
      monopole antenna tuned to 10 MHz, has a greater effective height than this
      antenna between 20 and 30 MHz. Between 8 and 20 MHz, the maximum loss of
      effective height in relation to this antenna is 12 dB. The gain in
      relation to an antenna tuned to 20 MHz, corresponding to the short-dashed
      curve, is substantially nil from 8 to 20 MHz, while it reaches 16 dB at 30
      MHz. It is to be understood that these measurements were made without any
      trimming of the tuning of the antenna of the invention in the whole range.
PAR  FIG. 7 illustrates a second embodiment of an antenna according to the
      present invention, operating in the range from 20 to 80 MHz, i.e. covering
      two octaves. The uniform length of the rods is 900 mm. FIG. 7 is a
      developed view of the ten rods loaded by ferrite cores. The
      characteristics of the cores are tabulated in the following Table II. The
      construction is similar to that of the preceding example.
TBL                TABLE II                                                    

     ______________________________________                                    

     Rod            Material    Core                                           

     rank  F.sup.N (MHz)        dimensions                                     

     N              .mu.    Q     .phi. mm                                     

                                          H mm                                 

     ______________________________________                                    

     1     80.000   --      --    --      --                                   

     2     68.580   15      200   3       645                                  

     3     58.790   15      200   3       870                                  

     4     50.397   15      200   6       730                                  

     5     43.203   15      200   10      670                                  

     6     37.035   15      200   20      585                                  

     7     31.748   30      250   6       410                                  

     8     27.216   30      250   6       825                                  

     9     23.331   30      250   10      790                                  

     10    20.000   30      250   10      840                                  

     ______________________________________                                    

PAR  FIG. 8 illustrates the variation of the standing wave ratio of the
      embodiment of FIG. 7. This curve is given for comparison with FIGS. 1 and
      2. As will be apparent, assuming a standing wave ratio of 12 as in the
      preceding cases, it is possible to use the antenna between 12 and 90 MHz,
      which corresponds to a bandwidth of 3 octaves, without matching of the
      antenna.
PAR  The two examples given in the foregoing concern antennas whose rods have
      the same geometrical length. This characteristic is not essential to the
      invention. In some cases it is advantageous to use rods of different
      lengths. The mechanical cohesion of the loaded rods constituting the
      antenna may be ensured by moulding the whole assembly in a volume of
      dielectric foam, the density of which is such that the dielectric constant
      of the form is in the neighbourhood of unity.
PAR  A broadband antenna according to the invention is calculated as follows:
      the operating frequency range is fixed by the user, so as the maximum
      overall dimensions, or at least the maximum length of the rods. The
      frequency band to be covered and the maximum length of the rods having
      been determined, the designer chooses the number of rods in accordance
      with the gain, which is also preset. He then calculates the resonance
      frequencies of each rod, with due regard to the law of formation of the
      series constituted by the values of the frequencies. The series of values
      having been established, the designer selects the material having the
      lowest losses at the said frequencies. As has been shown by the two
      foregoing examples, it happens that a single material does not behave
      satisfactorily at the different frequencies thus selected. It may then be
      necessary to select two or more different materials for the manufacture of
      the cores of the different rods. The dimensions of the core constituting
      the load of a rod are experimentally determined for a given "rod-material"
      pair and a given position of the core along the rod. In FIG. 9, there are
      shown the measured values of the height h of cores whose diameter is fixed
      at 40 mm and which surround a conductor having a diameter of 2 mm and a
      variable length H, in order to obtain a resonance frequency of 30 MHz. The
      upper curve corresponds to a ferrite characterized by a permeability of 10
      and a permittivity of 15, and the lower curve to a ferrite having a
      permeability of 25 and a permittivity of 15. As will be apparent, it is
      possible by adding a load to reduce the mechanical height H of the whip
      (theoretical value 2.5 m) by 60 % with the first material and by 250 %
      with the second, while keeping the resonance frequency f.sub.o constant.
      The cartridge in the upper right-hand corner of the sheet represents the
      experimental arrangement.
PAR  With due regard to certain mechanical requirements (the height of the core
      cannot be greater than that of the rod, the diameter of the core cannot be
      more than one-half the distance between two successive rods, the weight of
      material constituting a load is advantageously a minimum for reasons of
      the total weight of the antenna and the cost, etc.), the parameters h and
      .phi. defining the cores are fixed within a certain interval. Table III
      indicates the values of the diameter .phi. corresponding to 30 MHz with h
      constant at 400 mm. In the foregoing, the electromagnetic characteristics
      (.mu., .epsilon.) of the materials used have been chosen as a function of
      the losses which they present at the resonance frequency of each of the
      rods. However, as has been explained in the aforesaid U.S. Pat. No.
      3.611.390 and in the French Pat. No. 1.590.709, if the load of each whip
      is made of a material whose electromagnetic characteristics obey the law:
      ##EQU2##
      where L.sub.1 and C.sub.1 are the linear inductances and capacitances of
      the loaded rod,
PA1  L is the mechanical length,
PA1  f is the operating frequency,
PAL  the bandwidth of each of the rods is widened and the band can be covered by
      a smaller number of rods. The relation (1) may be obtained by spontaneous
      variation of the characteristics with the frequency or by polarisation by
      means of a magnetic field established by a control current. In the first
      case, the selection of the material constituting the load is conditioned
      by the curves representing the variation of the permeability and the
      permittivity as a function of the frequency, which are issued by the
      manufacturers. The Applicants have shown in FIGS. 2, 4 and 5 of French
      patent no. 1.590.709 filed on Sept. 30th, 1968, curves representing the
      variation of the permeability of ferrite commercially sold as type 2101
      between 0 and 30 MHz (the permittivity of this material remains constant)
      and the variation of the permittivity of ferrite commercially sold as type
      1008 in the same band (the permeability of this material is constant in
      the range) and the curves representing the variation of the permeability
      and the permittivity of the 1401 type ferrite in the range 0 - 1 MHz.
      These examples, which concern materials manufactured by the Applicants,
      are given by way of illustration having no limiting character.
PAR  However, it is difficult to find materials which exhibit simultaneously
      properties meeting condition (1) and low losses in a frequency interval
      covering 2 or 3 octaves.
TBL                TABLE III                                                   

     ______________________________________                                    

     .phi..sub.F                                                               

                H                                                              

     mm         mm            Ferrite                                          

     ______________________________________                                    

     10         1040          .mu. = 100                                       

     20         860           .epsilon. =  15                                  

     40         660                                                            

     ______________________________________                                    

CLMS
STM  What we claim:
NUM  1.
PAR  1. A broadband multi-rod antenna comprising a plurality of loaded shortened
      monopoles supported in parallel relation to each other spaced
      equidistantly around the circumference of an imaginary cylinder, the
      resonant frequency of adjacent ones of said monopoles being different.
NUM  2.
PAR  2. An antenna as defined by claim 1 in which said monopoles are so arranged
      with respect to each other that if in a plane normal to said monopoles,
      straight lines drawn to connect monopoles in the order of the value of
      their resonant frequencies, define a star within said cylinder having a
      number of points equal to the number of monopoles.
NUM  3.
PAR  3. An antenna as defined by claim 1 in which the different resonant
      frequencies of said monopoles are related to each other in a geometrical
      progression.
NUM  4.
PAR  4. An antenna as defined by claim 1 in which the different resonant
      frequencies of said monopoles are related to each other in a logarithmic
      progression.
NUM  5.
PAR  5. An antenna as defined by claim 1 in which the loads of said monopoles
      are cylindrical sleeves made of low loss materials with at least one
      electrical characteristic varying in accordance with frequency.
NUM  6.
PAR  6. An antenna as defined by claim 1 in which said monopoles are of the same
      geometrical length.
NUM  7.
PAR  7. An antenna defined by claim 1 in which a shorting sleeve is located at
      the driven end of each monopole.
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ABST
PAL  A TV antenna having integrated UHF-VHF sections and designed to favorably
      respond to at least two widely spaced frequencies. The dipoles of the
      antenna are arranged in a staggered tuned array mounted on a pair of
      conductive cross-arms. The rearmost dipole is provided with a
      paddle-shaped dipole that can be adjusted for 1/2 wavelength response at
      the lower of the two frequencies by varying the perimeter of the paddle,
      and the higher frequency is tuned in by adjusting the 3/2 wavelength
      response by varying the length of the inboard conductor.
BSUM
PAR  An object of the present invention is the provision of a co-planar array
      constituting a staggered, tuned antenna with the rearmost dipole being
      provided with one structural arrangement that is adjusted for best
      performance on widely spaced TV channels.
PAR  A further object of the present invention is to provide means to increase
      the response of the rear dipoles of a plurality of dipoles of the antenna
      array at the high VHF band.
PAR  Another object of the present invention is to enhance TV reception on the
      high TV band by means of the use of Franklin-type dipole directors
      arranged in front of the foremost elements connected to the conductive
      cross-arm.
PAR  A further object of the present invention is to provide a paddle-type
      dipole for the rearmost dipole which is adjusted for two widely separated
      frequencies on the high VHF band.
PAR  An object of the present invention is to provide a short 1/4 wavelength
      dipole connected to the inboard side of the dipole and extending in the
      opposite direction thereto.
PAR  Another object of the present invention is to provide a short parasitic
      dipole in close proximity to a low frequency dipole, the latter being the
      third rearmost dipole of the array.
DRWD
PAR  The invention will now be more fully described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of an antenna array embodying a dual band
      antenna utilizing paddle-type dipoles; and
PAR  FIG. 2 is a perspective view of an alternate construction of the antenna
      array embodying the teachings of the present invention and incorporating
      Franklin-type directors in front of the forwardmost elements of the
      antenna.
PAR  FIG. 3 is a schematic view of the antenna shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a dual band antenna array is shown comprising a pair
      of upper and lower conductive cross-arms 10 and 12 being mounted on a mast
      14 by means of a conventional U-bolt 16 and saddle 18. A feed line 20 is
      connected to the conductive cross-arms at posts 22 and 24, respectively,
      forward of the UHF section of the antenna array. A plurality of UHF
      elements as well as axially disposed VHF dipole elements are connected to
      the feed line 20. In this regard, a plurality of Z-shaped UHF elements 26
      are mounted on both the upper and lower conductive cross-arms. The
      Z-shaped elements are progressively larger from front to rear on both
      cross-arms and a rigid integrated structure is formed. A pair of spaced
      short parasitic dipoles 28 and 30, respectively, are illustrated as being
      mounted in an insulated fashion suspended from the conductive cross-arm
      10.
PAR  A plurality of dipoles operating in the VHF band is arranged on the antenna
      array in an increasing length rearwardly and in which adjacent dipoles
      extend in opposite directions. The dipoles from front to rear bear
      reference numerals 32, 34, 36, 38, 40, 42, 44, and 46, respectively.
PAR  The rearmost dipoles 44 and 46 are provided additionally with paddle-shaped
      dipoles 48 and 50, respectively, whereby the dipoles 44 and 46 constitute
      inboard conductors and dipoles 48 and 50 are shaped conducting wires
      outlining a paddle and fastened to extensions of dipoles 44 and 46. The
      present antenna may be made to respond to two widely separated frequencies
      by means of the unique paddle-type dipoles 48 and 50 that are selected for
      1/2 wavelength response at the lower of the two frequencies by varying the
      perimeter of each of the paddles, while the response at the higher of the
      two frequencies is selected for 3/2 wavelength operation by adjusting the
      length of conductors 44 and 46 and the setting the same at a predetermined
      length.
PAR  The dipoles 40 and 42 are provided with short 1/4 wavelength dipoles 40a
      and 42a, respectively, which are connected to the inboard ends of the
      dipoles 40 and 42. This construction results in the increased response of
      these dipoles in the high VHF band.
PAR  A short parasitic dipole 52 is shown hung from the cross-arm 10 and in
      close proximity to the low frequency dipole.
PAR  A Franklin-type director array is shown mounted in front of the antenna
      array that includes a plurality of looped dipoles 54 that are spaced along
      the forwardly extended mounting arm 56. This director assembly enhances
      the high band performance of the present antenna array.
PAR  Each of the rearmost paddle-type dipoles preferably have the following
      dimensions:
     Inboard conductor       191/2    inches                                   

     Length of paddle dipole 25       inches                                   

     Connecting piece perpendicular                                            

     to the paddle dipoles    3       inches                                   

PAR  Referring now to FIG. 2 in which like parts to those shown in FIG. 1 bear
      the same reference numerals, the conductive cross-arms 10 and 12 mount the
      UHF section forward of the VHF section in the manner shown in FIG. 1. The
      Z-shaped UHF elements 26 are illustrated, and a feed line 22 is shown
      connecting forward thereof. The active element dipoles in the VHF section
      bear the reference numerals 56, 58, 60, 62, 64, 66, 68, and 70. The short
      parasitic dipoles in the array are 72, 74, 76, and 78, respectively. It
      will be noted that there is no Franklin-type director system arranged
      forward of the forwardmost element of this embodiment of the present
      antenna. Instead, a co-linear director is shown which is referred to
      generally by the reference numeral 80 and constitutes three axially
      aligned director dipoles 82, 84, and 86, separated by insulating elements
      88 and 90. The advantage of utilizing a co-linear director in the
      structure shown in FIG. 2 is that the parasitic element may be arranged in
      close proximity to the driven element without being supported thereby and
      mechanically weakening the driven element.
PAR  Referring to FIG. 3, five Z-shaped UHF elements 26 are shown supported by
      and connected to each of the conducting cross arms 10 and 12. Each
      Z-shaped UHF element comprising two cross-phased conductors, with the
      cross phasing being accomplished by space time phasing the element
      conductors. The length of each succeeding Z-shaped element conductor
      increasing with further distance from the lead-in connections 22 and 24 at
      which point the lead-in wire 20 is fastened. The shortest and closest
      Z-shaped element conductor to the lead-in connections 22 and 24 is made of
      a length suitable for maximum response at the highest UHF signal to be
      received and the one furthest removed from the lead-in connections is made
      longest for maximum response at the lowest frequency UHF signal to be
      received.
PAR  The low band VHF element conductor pairs 32 and 34, 36 and 38, 40 and 42,
      44 and 46, the latter pair with paddleshaped dipoles 48 and 50, are all
      connected to the conductive cross arms 10 and 12. The extension conductors
      40a and 40b of conductors 40 and 42 are of a length so as to respond to
      the highest frequency in the high TV band to be received. The parasitic
      directors 28, 30, and 52 respond to signals in the high TV band and
      reinforce signals received at those frequencies as do the Franklin type
      directors 54 supported by but not connected to cross arm 56. Cross arm 56
      is insulated from and not connected to cross arms 10 and 12 but is
      supported by it. UHF parasitic directors 92 reinforce signal at UHF
      frequencies.
PAR  The preferred dimensions of an antenna shown in FIG. 3 are as follows:
TBL  Franklin dipole section 94                                                

                           --    18 inches                                     

     Franklin dipole section 96                                                

                           --    10 inches                                     

     Franklin dipole section 98                                                

                           --    10 inches                                     

     Franklin dipole section 102                                               

                           --     9 inches                                     

     Connector 100         --     2 inches                                     

PAR  Each of the three pairs of Franklin directors is fastened to the top of
      cross arm 56 at the same point but the top side of the UHF director 92 is
      shown closest to it. The distance between each of the eight UHF directors
      92 is 4 inches.
PAR  Each of the ten UHF Z-shaped elements are composed of two cross-phased
      conductor elements. Five Z-shaped elements 26 are used on each cross arm.
      Since each Z-shaped element consists of two element conductors, a total of
      ten UHF conductor elements are mounted on each cross arm 10 and 12. UHF
      conductor lengths beginning with one closest to the lead-in wire
      connections 22 and 24 and extending rearward toward paddle dipoles are 3
      inches, 31/4 inches, 31/2 inches, 33/4 inches, 4 inches, 41/4 inches, 41/2
      inches, 5 inches, 51/2 inches, 6 inches, 61/2 inches. Each of the Z-shaped
      elements have a space of 23/4 inches between conductors, or in other words
      the parallel legs of the Z, are spaced two inches on centers. The high
      band VHF directors 28 and 30 are supported by an insulating bracket and
      mounted at same point but the bottom side from Z-shaped element 26 as
      shown on cross arm 10.
PAR  The high band VHF director 52 is riveted to the same point but at the
      bottom side of cross arm 10 of conductor 36. The distance from lead-in
      connection 22 to adjacent UHF director 92 is four inches.
PAR  The low band VHF conductor elements 32, 36, 42, and 50 and opposite numbers
      34, 38, 40, and 46 are spaced 12 inches from each other.
PAR  The low band VHF conductor elements 32 and 34 are spaced 31/2 inches from
      adjacent UHF Z-shaped conductor 26.
PAR  The preferred lengths of the VHF element conductors are as follows: 32 and
      34, - 28 inches; 36 and 38, - 36 inches; 40 and 42, - 40 inches; 40a and
      42a, - 12 inches; inboard conductors 44 and 46, - 191/2 inches; paddle
      dipole conductors 48 and 50, - 25 inches; and connectors 104 and 106, - 3
      inches.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-element VHF television receiving antenna capable of responding
      to two widely separated frequencies of a frequency range of approximately
      3 to 1 comprising two parallel cross-arms, a plurality of cross-phased
      axially spaced dipoles secured to said cross-arms, at least one of said
      dipoles having inboard conductors and electrically connected paddleshaped
      conductors in which the perimeter of the paddle is selected for 1/2
      wavelength response at the lower of said two widely spaced frequencies,
      and the length of the inboard conductors for the combination of the
      conductors being selected so that the impedance of the combination of the
      inboard conductors and the paddle-shaped conductors will make it resonant
      for approximately 3/2 wavelength at the higher of the two frequencies.
NUM  2.
PAR  2. The antenna as claimed in claim 1 further comprising means to increase
      the response of the three rearmost dipoles of the antenna array on the
      high VHF band including short 1/4 wavelength conductors connected to the
      inboard side of a low VHF band dipole and extending in the opposite
      direction thereto, a short parasitic dipole in close proximity to a low
      frequency dipole, and a paddle-shaped conductor connected to the outboard
      end of a less than 1/4 wavelength conductor at the high VHF television
      band.
NUM  3.
PAR  3. The antenna as claimed in claim 2 wherein said paddle-type conductor is
      the rearmost dipole, said short 1/4 wavelength conductor connected to the
      inboard side of the low VHF band dipole and extending in the opposite
      direction thereto is the second rearmost dipole, and a short parasitic
      dipole in close proximity to said low frequency dipole being said third
      rearmost dipole.
NUM  4.
PAR  4. The antenna as claimed in claim 1 further comprising means for enhancing
      the high band VHF TV reception, said means including a plurality of
      passive Franklin-type dipole directors mounted in front of the forwardmost
      elements on said conductive cross-arms.
NUM  5.
PAR  5. The antenna as claimed in claim 3 further comprising means for enhancing
      the high band VHF TV reception, said means including a plurality of
      Franklin-type dipole directors mounted in front of the forwardmost
      elements.
NUM  6.
PAR  6. The antenna as claimed in claim 1 wherein said paddle has a length of
      approximately 25 inches and said inboard conductor has a length of
      approximately 191/2 inches.
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ABST
PAL  Electrographic devices and apparatus comprising an original provided with a
      conductivity pattern ranging from a portion having a greater conductivity
      to a portion having a lesser conductivity, means for placing a thin layer
      of electrically chargeable particles in electric contact with said
      conductivity pattern, and means for generating an electric field of
      sufficient strength across said layer of electrically chargeable particles
      and said conductivity pattern so as to transfer electric charges from said
      conductivity pattern to said electrically chargeable particles so that
      said particles receive electric charges having different maximum values
      according to the different conductivities of said portions of said
      conductivity pattern whereby a portion of said particles are sufficiently
      charged and removed from said layer of electrically chargeable particles
      and the remainder of said particles are insufficiently charged so that
      they continue to remain in said particles layer thereby producing a stable
      electrographic image.
PARN
PAR  This application is a division of application Ser. No. 151,488, filed June
      9, 1971, now U.S. Pat. No. 3,826,672 which application in turn is a
      continuation-in-part of application Ser. No. 631,792 filed Apr. 18, 1967
      and now abandoned.
BSUM
PAR  This invention relates to the production of electrographic images from an
      original provided with a conductivity pattern.
PAR  As used herein, the term "conductivity pattern" is to be understood as
      including any virtually plane surface formed by parts having different
      electric conductivities.
PAR  The term "insulating" is to be understood as defining the quality of having
      an electric conductivity lower than 10.sup..sup.-11 mho/cm and the term
      "non-insulating" as defining the quality of having an electric
      conductivity superior to 10.sup..sup.-11 mho/cm.
PAR  In the actual art, a feature of electrographic methods resides in the use
      of an original provided with a conductivity pattern including high
      insulating parts which will selectively hold electric charges to form a
      latent electrostatic image; thus an electrographic image may be developed
      by an electrically responsive powder which adheres to the charged parts of
      the latent image. This electrographic image will not be obtained in a
      stable way because of the passage of electric charges even through the
      high insulating parts of the original causing the effacement of at least a
      part of the latent image during the step of the development. A typical
      original of actual electrography consists in a photoconductive layer
      provided with a conductivity pattern resulting from an exposure to the
      optic image of a document to reproduce. Such a photoconductive layer will
      be a high insulator in the dark in order to obtain a conductivity pattern
      including the non-illuminate high insulating parts serving to develop an
      electrographic image according to existing methods. These photoconductive
      insulating layers are slow in their response to successive different
      exposures to the light and, consequently, they may not be used to afford
      high speed processes to produce successive different electrographic
      images. Now in accordance with the present invention, it has been found
      that a stable electrographic image may be formed and simultaneously
      developed from any original provided with a pattern of conductive and low
      conductive parts in the absence of a latent electrostatic image.
PAR  The present invention pertains to the production of electrographic images
      from a thin uniform layer of developer particles placed in electric
      contact with the conductivity pattern of an original. An electric field is
      generated across the layer of particles to electrically charge the
      particles from the conductivity pattern of the original. In the carrying
      out of the invention the different parts of the layer of particles receive
      from said pattern electric charges having different maximum values in
      accordance with the different conductivities of said conductivity pattern.
      Consequently, the most charged particles are electrically removed by the
      electric field while the remaining part of the particles never holds
      sufficient maximum charges to be removed and thus it develops a stable
      electrographic image.
PAR  According to one embodiment of the present invention, a stable
      electrographic image is produced by generating an alternating electric
      field charging a thin layer of developer particles from the conductivity
      pattern and thus applying to this particles layer electric charges having
      different maximum values according to the different conductivities of said
      pattern. Under the action of the electric field, the most charged
      particles are electrically attracted away from the layer of particles
      while the remaining particles layer is never sufficiently charged to be
      electrically removed. This remaining part of the particles layer develops
      a stable electrographic image in substantial configuration with the
      conductivity pattern of the original and the satisfactory quality of the
      obtained image is irrespective of the duration of its development. This
      method is well adapted to produce the dense large areas as well as the
      half-shadow areas of the electrographic image.
PAR  According to another embodiment of the invention, the thin layer of
      developer particles is placed against and interposed between the
      conductivity pattern of the original and an image carrier having an
      electric conductivity between the maximum and the minimum conductivities
      of said pattern, and an electric field is generated to charge the
      particles from said conductivity pattern and said image carrier. Because
      of the intermediate conductivity of the image carrier, under the influence
      of the electric field, the particles are electrically charged and
      attracted away from the most conductive parts of said pattern to form a
      first stable electrographic image on said image carrier while another part
      of the particles is electrically attracted toward the least conductive
      parts of said pattern to form a second stable electrographic image
      thereon. This method is well adapted to simultaneously produce two stable
      electrographic images from any kind of original provided with a pattern of
      conductive and low conductive parts.
PAR  According to a further embodiment of this invention, an original is used
      which is provided with a pattern of conductive and low conductive parts on
      to an insulating backing material, the conductivity pattern of the
      original is coated with a thin layer of developer particles, an insulating
      layer is placed against the layer of particles, and an electric field is
      generated to charge the particles from said conductivity pattern and thus
      to apply to the particles layer electric charges having values in
      proportion to the conductivities of said pattern. Under the influence of
      the electric field, the charged particles are electrically attracted away
      from the most conductive parts of said pattern while, because of the
      insulation of the coated conductivity pattern between the insulating
      backing and the insulating layer, the remaining part of the particles
      layer is never sufficiently charged to be removed and thus it develops a
      stable electrographic image on the least conductive parts of said pattern.
PAR  According to a further embobiment of this invention, a metallic image
      carrier is coated with a thin layer of developer particles, the
      conductivity pattern of an original is placed against the coating
      particles and a variable electric field is generated to charge the layer
      of particles from said conductivity pattern and said image carrier. By
      using an insulating electrostatically chargeable developer, the developer
      particles may be electrically attracted toward the most conductive parts
      of said pattern to form a first stable electrographic image thereon, while
      another part of the particles layer is attracted away from the least
      conductive parts of said pattern to form a second stable electrographic
      image on said image carrier. On the contrary, by using a non-insulating
      developer, a stable electrographic image facing the most conductive parts
      of said pattern is formed on said image carrier, while a second stable
      electrographic image is formed on the least conductive parts of said
      pattern. Furthermore, according to this embodiment of the invention, a
      sheet of copy material is placed against the electrographic image on said
      image carrier and an electric field is generated to charge the particles
      of the electrographic image from the conductive image carrier and thus to
      transfer the electrographic image from the metallic image carrier onto the
      copy material.
PAR  An object of this invention is to provide devices and apparatus for use in
      electrography.
PAR  Other objects of this invention will be apparent from the following
      description and accompanying drawing taken in connection with the appended
      claims.
DRWD
PAR  Several embodiments of the invention will now be described by way of
      example and with reference to the accompanying drawing, in which:
PAR  FIG. 1 is a sectional view showing an original and a sheet serving as an
      image carrier, arranged between two electrodes,
PAR  FIG. 2 is a schematic representation of the electric charges between the
      original and the image carrier,
PAR  FIG. 3 is another schematic representation of the electric charges between
      the original and the image carrier,
PAR  FIG. 4 is a schematic representation of the arrangement of an original
      between a grid-shaped first electrode and a second electrode,
PAR  FIG. 5 is a schematic representation of a device with a drum-shaped
      electrode, and
PAR  FIG. 6 is a schematic representation of another embodiment of the device
      according to the invention.
DETD
PAR  In the arrangement shown in FIGS. 1 to 3, for producing an electrographic
      image an original provided with indicia 2 having another electric
      conductivity than the surface 3 of the backing material 1 is disposed
      between two electrodes 6 and 7. Owing to the differences of electric
      conductivity between the materials of the parts 1 and 2 of the original,
      the latter is provided with a conductivity pattern formed by areas 2 of
      the indicia and the blank surface 3 of the backing 1. Also arranged
      between the electrodes 6 and 7 is an image carrier 4 placed against a thin
      uniform layer of developer particles 5 facing the conductivity pattern 2,
      3 of the original. Alternatively, the developer particles 5 may be applied
      to the conductivity pattern 2, 3 or to the image carrier 4. Such coating
      of the particles onto either the image carrier 4 or the original can be
      accomplished in the well known manner by the use of rotating brushes, or
      by spraying or by cascading the particles. A dielectric 8 may be disposed
      between the electrodes 6 and 7 to avoid a useless consumption of heating
      current passing through the device. In the arrangement shown in FIG. 1,
      the electrodes 6 and 7 are provided with terminals 9 and 10, respectively.
      The dielectric 8, which is disposed between the original and the electrode
      7, may consist of a sheet of MYLAR of a thickness of about 150 microns,
      for example. Furthermore, a second similar dielectric sheet may be
      arranged between the image carrier 4 and the electrode 6. Indicia 2 may be
      of different types such as typewriting or pencil traces. On the other
      hand, if continuous tone electrographic images are to be produced, any
      original may be used which is provided with a conductivity pattern
      comprising differently conductive indicia 2 forming dense areas and
      half-shadow areas, as like as a photographic print.
PAR  Since it is not important as far as this invention is concerned just how
      the conductivity pattern of the original is formed, but instead it is
      important as regards this invention that the particles layer 5 is placed
      in electric contact with a conductivity pattern 2, 3 to reproduce.
PAR  An electric high voltage is applied to the terminals 9 and 10 to generate
      an electric field between the electrodes 6 and 7. For example, a direct
      voltage of 25 KV may be applied to the terminals for a period of a few
      milliseconds. However, it is advantageous to generate an alternating
      voltage, for example, of 50 cycles/sec and 5 KV. Instead of this, an
      attenuated or an alternatively modulated voltage may be applied to
      terminals 9 and 10. Under the action of the electric field, the particles
      5 receive electric charges having different maximum values according to
      the different conductivities of the pattern 2, 3 and thus the grains of
      the particles layer 5, accordingly to the different maximum values for
      their charges, are differently attracted toward the original and toward
      the image carrier 4. When, subsequently, the electrodes 6 and 7 are
      separated and the image carrier 4 is detached from the original, a part of
      the layer of particles 5 will be found forming an electrographic image on
      the image carrier 4, and the remaining part of the particles layer forms
      another electrographic image on the original. According to the experience,
      the two electrographic images are obtained in substantial configuration
      with the indicia 2 and the blank surface 3 of the original.
PAR  In the carrying out of the invention an image carrier 4 is used which has
      an electric conductivity between the maximum and the minimum
      conductivities of the parts 2, 3 forming the conductivity pattern on the
      original. For example, a sheet of conductive paper having this
      intermediate uniform conductivity may be used as image carrier 4.
      Moreover, as disclosed in my copending application Ser. No. 870,404 now
      U.S. Pat. No. 3,721,551, the image carrier 4 may consist in a very thin
      metallic layer affixed on an insulating backing material; for example,
      there may be used a metallic layer of a uniform thickness from a fraction
      of a micron to a few microns of gold, silver, aluminum or tellurium
      evaporated under vacuum on a sheet of MYLAR. Such a very thin metallic
      layer will act on its insulating backing as like as an image carrier
      having said intermediate conductivity. On the other hand it will be
      appreciated that, by using an image carrier 4 affixed on the conductive
      electrode 6 and a conductivity pattern affixed on the electrode 7, said
      intermediate conductivity of the image carrier 4 will depend also on the
      thickness of the image carrier 4 and of the parts 2, 3 of the original.
PAR  Referring now to FIG. 2 which schematically shows two grains 5' and 5" of
      the particles layer 5, a part of the original provided with a conductive
      backing 1 and low conductive indicia 2, and a part of the image carrier 4
      having said conductivity between the conductivities of the indicia 2 and
      of the backing 1 of the original. It will be appreciated however that the
      particles 5 are disposed in such a manner that numerous grains 5 will form
      the thickness of the layer 5. Depending on the relative conductivities of
      the parts 2, 3 and 4, the contact conductance between the grains 5" and
      the blank surface 3 is higher than the contact conductance between the
      grains 5" and the image carrier 4. The contact conductance between the
      grains 5' and the image carrier 4 is higher than the contact conductance
      between the grains 5' and the indicia 2. Under the influence of the
      electric field, each grain of the particles layer 5 is electrically
      charged under the sign of that surface to which the contact conductance is
      the more, and thus it will be electrically attracted away from this
      surface. For this reason, irrespectively of the direction of the electric
      field, the grains 5" will electrically migrate from the conductive surface
      3 toward the image carrier 4 and the grains 5' migrate from the image
      carrier 4 toward the low conductive indicia 2, as shown by the arrows in
      FIG. 2. The electrographic image thus formed by the particles 5' on the
      indicia 2 will be termed positive upright image, and negative reversed
      image is called the electrographic image formed on the image carrier 4 by
      the particles facing the blank surface 3 of the original. On the other
      hand, the FIG. 3 shows two grains 30' and 30" of the particles layer 5
      interposed between the image carrier 4 and an original having conductive
      indicia 2 and low conductive backing 1. Under the influence of the
      electric field and irrespectively of the direction of this field, the
      grains 30' will electrically migrate from the conductive indicia 2 toward
      the image carrier 4, and the particles 30" migrate from the image carrier
      4 toward the low conductive backing 1, as shown by the arrows in the FIG.
      3. The electrographic image thus formed on the surface 3 will be termed
      negative upright image, and positive reversed image is called the
      electrographic image formed on the image carrier 4 by the particles facing
      the indicia 2 of the original.
PAR  From the foregoing explanations it becomes apparent that the formation of
      the electrographic images depends only on the relative conductivities of
      the parts 2, 3 and 4. Thus, in accordance with the proposal of the present
      invention, images of satisfactory quality will be obtained irrespectively
      of a critical conductivity of the pattern of the original and of a
      critical duration of the electric field serving to their development.
PAR  The best quality of the electrographic images is obtained by applying to
      the terminals 9 and 10 an alternating or an alternatively modulated
      electric field.
PAR  Under the action of the alternating field, the particles 5 facing the most
      conductive parts of the original will form the dense areas of the stable
      electrographic image on the image carrier 4, the particles 5 facing the
      intermediately conductive parts of the pattern 2, 3 will be distributed
      between the original and the image carrier 4 to form the half-shadow areas
      of both the electrographic images, and the remaining particles 5 will form
      the dense areas of the electrographic image on the least conductive parts
      of the original.
PAR  It may be stated in general that, under the action of the electric field
      charging the particles 5, conductive particles between the image carrier 4
      and the conductivity pattern 2, 3 are more strongly attracted toward the
      least conductive parts of the pattern 2, 3 than toward its most conductive
      parts.
PAR  On the other hand, when an image carrier is used having a uniform
      conductivity lower than the minimum conductivity of the pattern 2, 3 of
      the original, under the influence of the electric field the particles 5
      will be more strongly attracted by the image carrier 4 than by the
      original. Moreover, if an image carrier 4 is used having a uniform
      conductivity higher than the maximum conductivity of the pattern 2, 3,
      under the influence of the electric field the particles 5 will be more
      strongly attracted by the original than by the image carrier 4. Because of
      this effect, if an insulating image carrier 4 is used, the particles 5
      will be applied loosely-adhering to the original before the application of
      the electric field. On the contrary, if a metallic image carrier 4 is
      used, the particles 5 will be applied loosely adhering to the image
      carrier 4. This adherence of the particles 5 may be obtained by gravity as
      well as by coating the image carrier 4 or alternatively the conductivity
      pattern of the original with a thin slightly adhesive substance, as for
      example zinc or aluminum stearate. Moreover, any other means having
      similar adherent qualities as those mentioned above for holding the
      particles layer 5 may be used.
PAR  According to another embodiment of the present invention, an image carrier
      is used which has a uniform electric conductivity higher than the maximum
      conductivity of the pattern 2, 3 of the original. Referring to this
      embodiment, the FIGS. 1, 2 and 3 show the thin conductive image carrier 4
      which may consist, for example, in a metallic sheet of steel or aluminum.
      Alternatively, a thin layer of non-insulating or high insulating
      electrostatically chargeable particles 5 may be used. The layer of
      particles 5 is interposed between a high conductive image carrier 4 and an
      original provided with a pattern of conductive indicia 2 on a low
      conductive backing 1. By applying a voltage to the terminals 9 and 10 in
      connection with the use of insulating developer particles 5, these
      particles electrically migrate according to the directions shown by the
      arrows is FIG. 2; hence a positive upright image is formed on the original
      and a negative image on the image carrier 4. By using non-insulating
      particles 5, these particles will be applied loosely adhering to the high
      conductive image carrier 4 before the application of the electric field
      forming electrographic image. Under the influence of the electric field,
      as it is shown by the arrows in FIG. 3; the non-insulating particles 5
      will form a positive reversed image on the image carrier 4 and a negative
      upright image on the original.
PAR  On the other hand, by using an original provided with low conductive
      indicia 2 on a conductive backing 1 in the device of FIG. 1, a conductive
      developer 5 will form a negative reversed image on the image carrier 4 and
      a positive upright image on the original, and an insulating developer 5
      will form a negative upright image on the original and a positive reversed
      image on the image carrier. However, the electrographic images may be
      developed by generating an alternating or an alternatively modulated
      electric field of sufficient strength to apply alternating charges to the
      particles so that a part of the particles layer 5 is electrically removed
      from the conductive parts of the original to form a stable electrographic
      image on the image carrier 4 and the remainder of the particles layer
      forms a second stable electrographic image on the low conductive parts of
      the original.
PAR  In the arrangement shown in FIG. 4, a particles-coated original provided
      with a pattern of conductive indicia 2 and low conductive parts 3 is
      disposed under an electrode in the form of a grid 11. The thin layer of
      developer particles 5 is insulated from the grid 11 by a fluid dielectric
      4'. The grid 11 may be made of brass and have a mesh width of 0.5 mm, for
      example. The particles 5 are applied loosely-adhering to the conductivity
      pattern 2, 3. In accordance with the experience, the particles will better
      adhere to the original by providing an electrode 7 in the form of wires
      onto which strongly converge the lines of force of the electric field
      generated between the electrodes 7 and 11. Under the influence of this
      field the particles are electrically charged and removed from the
      conductive indicia 2, while the particles coating the low conductive parts
      3 are never sufficiently charged to electrically overcome their adherence
      to the parts 3 and thus they develop a stable electrographic image
      thereon. The space between the electrode 11 and the particles 5 must be
      sufficiently thick so that the intensity of the electric field not exceeds
      3 V/micron in the layer of air 4' to avoid an electric discharge between
      the electrode 11 and the particles 5. Instead of the air 4', any other
      insulating gas as well as an insulating liquid may be used as fluid
      dielectric 4'. What matters is that the particles layer 5 is insulated
      from the electrode 11 and that the layer 4' permits the passage of the
      particles 5 attracted away from the original during the development; these
      particles thus migrate through the openings of the grid 11 and they are
      definitively removed from the electric field. Furthermore, in accordance
      with the present invention, when a direct field is generated between the
      electrodes 7 and 11, the conductivity pattern 2, 3 will be electrically
      insulated from the electrode 7 to prevent any direct electric current
      filterring through the low conductive parts 3 from electrically charging
      and removing even the part of the particles layer which coats the parts 3
      and which serves to develop the stable image. Such insulation of the
      pattern 2, 3 is generally constituted by the insulating backing 1 of the
      original. If, one the contrary, the backing 1 is made of a low insulating
      material, a dielectric has to be arranged between the latter and the
      electrode 7.
PAR  In the device of FIG. 4, an alternating voltage may be applied to the
      terminals 9 and 10. The particles 5 thus receive from the pattern 2, 3
      alternating electric charges having different maximum values in proportion
      to the conductivities of said pattern and the most charged particles are
      electrically attracted through the grid electrode 11. Under the influence
      of the alternating voltage the particles are electrically removed from the
      conductive indicia 2 while the particles coating the low conductive parts
      3 are never sufficiently charged to overcome their adherence to the parts
      3 and thus they form a stable electrographic image thereon.
PAR  In addition, in the device of FIG. 4, an original may be used which is
      provided with a pattern 2, 3 affixed to an insulating backing 1. By
      applying an alternating or an alternatively modulated electric field, the
      coating particles 5 receive from the pattern 2, 3 alternating electric
      charges having maximum values in proportion to the conductivities of said
      pattern 2, 3; under the influence of the alternatively modulated voltage
      the particles are electrically attracted from the conductive indicia 2
      while the remaining part of the particles develops a stable electrographic
      image on the low conductive parts 3.
PAR  On the other hand the original, the electrode 7 and electrode 11 may be
      disposed parallel to a vertical plane, such a vertical arrangement of
      parts is shown in the left-hand part of FIG. 6, in which figure the grid
      11 corresponds to the grid electrode 11 of FIG. 4.
PAR  The device of FIG. 4 can also be used to produce two stable electrographic
      images simultaneously from the same original by placing against the layer
      of particles 5 an insulating paper of copy intercepting the particles
      electrically removed from the indicia 2 during the application of the
      electric field. Such a disposition of parts is shown in FIG. 1, the
      insulating paper of copy constituting the image carrier 4 placed against
      the layer of particles 5.
PAR  In carrying out this invention a developer powder of charcoal has been
      found useful to form the particles layer 5. Alternatively, other developer
      powders, such as metallic or thermoplastic powders may be used as well as
      liquid or plastic developers. When a developer powder is used, its grains
      can be advantageously coated with stearic acid or zinc or aluminium
      stearate; such a treatment will render the powder somewhat adhesive and
      give to its grains a very thin insulating coat which prevents electric
      discharges between contiguous particles of the layer 5 during the
      application of the electric field. Furthermore, after the charging of
      conductive particles in the device of FIG. 1, these particels 5 will
      conserve intense residual charges because of their insulating coats and
      thus they may be attracted by said attenuated electric field to form
      electrographic images. These residual charges of the particles serve also
      to maintain the obtained particles images on the original and on the image
      carrier 4, after the application of the electric field.
PAR  Other high insulating thermoplastic developers may be used. If required,
      these plastic materials may be rendered conductive by mixing them with
      pure carbone, as well known in the art.
PAR  For carrying out the invention as described with reference to FIGS. 1 to 3
      an apparatus of the type illustrated in FIG. 5 may be used. This apparatus
      serves to reproduce originals of any kind on any type of paper. The
      apparatus comprises a preferably metallic rotatable drum 12 taking over
      the task and the function of the electrode and the image carrier 4 of the
      FIG. 1 embodiment. A spraying device 13 including a rotatable brush 14 is
      arranged for spraying the developer powder through a grid 15 to uniformly
      coat the surface of the rotating drum 12. Thereby a potential difference
      may be produced between the spraying device 13 and the rotatable drum 12.
      In operation, the original 1, 2 is continuously driven by an endless belt
      17 guided over two cylindrical rollers 16 and placing the original 1, 2
      against the powder layer on the rotating drum 12. The endless belt 17 is
      made of a dielectric material. Arranged between the two rollers 16 and
      adjacent to the endless belt 17 is an arcuate electrode 18 taking over the
      function of the electrode 7 of FIG. 1. The original 1, 2 will travel
      upwardly out the apparatus, as shown in FIG. 5.
PAR  The voltage applied to the rotatable drum 12 and the electrode 18 is so
      chosen as to realize the conditions heretofore described with reference to
      FIGS. 1 to 3. A conductive powder 5 will be attracted by the parts of the
      pattern 2, 3 having the lesser conductivity and then brushed off, whereas
      in the areas that correspond to the parts of the pattern 2, 3 having the
      greater conductivity the rotating drum 12 will carry along the powder and
      thus represent a reversed image.
PAR  As shown in the right-hand of FIG. 5, the apparatus comprises a second pair
      of rollers 19 guiding an endless belt 20 of dielectric material which is
      similar to the endless belt 17. The belt 20 is likewise adapted to be
      placed towards the drum 12 by an arcuate electrode 21. The two rollers 19,
      moreover, serve to guide a sheet of paper 22 which is unwound from a
      supply roller 23. The transfer of grains of powder 5 that have remained on
      the surface of the rotating drum 12 to the sheet of paper 22 is effected
      while the latter is continuously placed against the rotating drum 12 so
      that an upright image is produced on the sheet of paper 22. At the outlet
      of the apparatus this upright image will be fixed by an atomizer 24
      adapted to spray an appropriate solvent on the sheet of paper 22. A
      replica of the original 1, 2 will then be obtained at 25 after the drying
      of the sheet of paper 22.
PAR  A drum 12 may be used which has a high electric conductivity on its surface
      coated with a non-insulating developer powder, the drum 12 then taking
      over the task and the function of the metallic image carrier 4 of FIG. 1
      embodiment. Because of the high conductivity of the drum 12, the apparatus
      of FIG. 5 is well adapted to the satisfactory transfer of electrographic
      images on to slight conductive sheets or webs of copy material 22, which
      is usually difficult to obtain in electrography. Thus, according to the
      invention, replicas of good quality may be produced on sheets or webs of
      ordinary commercial paper, which paper is generally a low insulating
      material of copy.
PAR  For carrying out the invention as described with reference to FIG. 4, an
      apparatus of the type illustrated in FIG. 6 may be used. In this case, for
      simplifying the operation an inverted original may be used. The original
      is secured to the periphery of a rotatable drum 112. Sismilarly as the
      FIG. 5 embodiment, a spraying device 113 is arranged for uniformly
      distributing the powder on the surface of the rotatable drum 112. When the
      drum 112 is rotating the powder-coated original passes below a grid 111
      which is equivalent to the grid of FIG. 4. When a voltage is applied
      between the grid 111 and the rotatable drum 112, the conditions described
      with reference to FIG. 4 are obtained.
PAR  The arrangement in the right-hand part of FIG. 6 is equivalent to the
      arrangement in the right-hand part of FIG. 5, those parts in FIG. 6 which
      correspond to equivalent parts in FIG. 5 being identified by the same
      numerals as in FIG. 5 plus 100. This arrangement is adapted to effect the
      transfer and the reversal of the image as well as the fixing thereof in a
      manner similar to that described with reference to FIG. 5. If, as
      hereinbefore mentioned, a reversed image of the original is used for the
      reproduction, an upright image will be obtained on every revolution of the
      drum 112. This method can be adapted successfully for the high speed
      production of a large number of printed matters by using an original
      provided with a pattern having high differences in conductivity.
PAR  Another possibility of application of the apparatus shown in FIG. 5
      consists in that the original is secured to the rotatable drum 12. A
      second spraying device is arranged on the upstream side of the two rollers
      19 so taht two replicas will be obtained on each revolution of the drum.
      One of the two replicas is produced on the web of copy paper of the roller
      19 and the other one is produced between the rollers 16 which are likewise
      associated with an identical copy paper supply roller 23 and a second
      atomizer 24. By this embodiment of the apparatus of FIG. 5, each
      electrographic image is formed and simultaneously transferred on a web of
      copy paper which takes over the task and the function of the image carrier
      4 hereinbefore mentioned with reference to FIGS. 1 and 4.
PAR  The apparatus may be constructed also in such a manner that when an
      original is continuously advanced and simultaneously coated with a powder
      or a liquid, the original coated with the powder or the liquid,
      respectively, travels on a plane surface instead of on the cylindrical
      surface of the drum 12, 112. In this manner it is avoided that parts of
      the powder or of the liquid, respectively, are centrifugated off.
PAR  While the method herein described, and devices and apparatus used for
      carrying out the invention into effect constitute preferred embodiments,
      it is to be understood that the invention is not limited to the precise
      method, devices and apparatus herein described, and that changes may be
      made without departing from the scope of the invention which is defined in
      the appended claims. More specifically and by way of example, it is to be
      understood that the devices shown in FIGS. 1 and 5 may also be used for
      producing either a positive or a negative electrographic image on the
      image carrier 4; to this end a layer of insulating particles capable of
      receive an electric charge is sandwiched between the image carrier 4 and
      the conductivity pattern 2, 3 of the original, a first high voltage of
      sufficient value is applied to the terminals 9 and 10 so as to transfer
      electric charges from the conductivity pattern 2, 3 to the layer of
      electrically chargeable particles 5, these particles thereby receiving a
      pattern of electric charges in substantial configuration with the pattern
      2, 3, thereafter an attenuated electric field is generated of insufficient
      strength so as to change the charges of the particles whereby the charged
      particles will be attracted by said attenuated field to form a positive
      electrographic image either on the image carrier 4 or on the original
      depending on the direction of the attenuated electric field.
      Alternatively, an insulating developer or a conductive developer powder
      with insulating coats as those above described may be used in the carrying
      out of this method.
PAR  In addition, the devices of FIGS. 4 and 6 may be used to form an
      electrographic image on the conductive indicia 2 of the original. To this
      end, an original is used which is provided with high conductive indicia 2
      as, for example, an original provided with indicia having a thickness of
      about 10 microns and an electric conductivity from 10.sup..sup.-2 to
      10.sup..sup.-7 mho/cm. By generating an electric field having between the
      pattern 2, 3 and the electrode 11 an intensity from 2.4 to 3.0 V/micron,
      the particles 5 are electrically charged and removed from the low
      conductive parts 3 and the remainder of the particles form an
      electrographic image on the conductive indicia 2. In the carrying out of
      this method a silent ionizing discharge occurs between the coating
      particles 5 and the electrode 11, this discharge being more intense in
      proximity of the high conductive parts 2 than in proximity of the low
      conductivity parts 3 of the original, whereby the particles on the
      conductive parts 2 receive ionizing charges having the same sign as that
      of the electrode 11 resulting a very low intensity of the electric field
      between the indicia 2 and the electrode 11, this electric field having an
      intensity insufficient to remove the particles away from the parts 2
      thereby forming an electrographic image on these parts 2 by the removal of
      the particles charged from the low conductive parts 3. The electric
      conductivity of the parts 3 of the original is not critical although these
      parts 3 may be formed from a material having an electric conductivity from
      10.sup..sup.-13 to 10.sup..sup.-9 mho/cm.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A device for producing electrographic images from an original provided
      with a conductivity pattern ranging from a portion having a greater
      conductivity to a portion having a lesser conductivity, said device
      comprising means for placing a thin layer of electrically chargeable
      particles in contact with said conductivity pattern, means for generating
      an alternating electric field of sufficient strength across said layer of
      electrically chargeable particles and said conductivity pattern so as to
      transfer electric charges from said conductivity pattern to said
      electrically chargeable particles whereby said particles receive electric
      charges having different maximum values according to the different
      conductivities of said portions of said conductivity pattern whereby a
      portion of said particles are sufficiently charged and removed from said
      layer of electrically chargeable particles and the remainder of said
      particles are insufficiently charged so that they continue to remain in
      said particles layer thereby producing a stable electrographic image.
NUM  2.
PAR  2. A device as defined in claim 1 further including an insulating backing
      placed against said conductivity pattern so that said conductivity pattern
      contacting said electrically chargeable particles is located between said
      insulating backing and said layer of electrically chargeable particles.
NUM  3.
PAR  3. A device as defined in claim 1 further including an insulating layer
      placed against said conductivity pattern so that said layer of
      electrically chargeable particles contacting said conductivity pattern is
      located between said insulating layer and said conductivity pattern.
NUM  4.
PAR  4. A device as defined in claim 1 further including a first and a second
      insulating layer between which said conductivity pattern contacting said
      electrically chargeable particles and said layer of electrically
      chargeable particles are located.
NUM  5.
PAR  5. A device as defined in claim 1 further including an insulating image
      carrier placed against said conductivity pattern so that said layer of
      electrically chargeable particles contacting said conductivity pattern is
      located between said insulating image carrier and said conductivity
      pattern.
NUM  6.
PAR  6. A device as defined in claim 1 wherein said generating means includes a
      grid- shaped electrode placed in spaced relationship with said
      conductivity pattern so that said layer of electrically chargeable
      particles is located between said conductivity pattern and said
      grid-shaped electrode.
NUM  7.
PAR  7. A device as defined in claim 1 further including a conductive image
      carrier placed against said conductivity pattern so that said layer of
      electrically chargeable particles contacting said conductivity pattern is
      located between said conductive image carrier and said conductivity
      pattern.
NUM  8.
PAR  8. A device as defined in claim 7 further including a first and a second
      insulating layer between which said conductive image carrier, said
      particles layer contacting said conductivity pattern and said conductivity
      pattern are located.
NUM  9.
PAR  9. A device for producing electrographic images from an original provided
      with a conductivity pattern ranging from a portion having a greater
      conductivity to a portion having a lesser conductivity, said device
      comprising an insulating backing material onto which said conductivity
      pattern is affixed, means for coating said conductivity pattern with a
      thin layer of electrically chargeable particles, an insulating image
      carrier placed against said conductivity pattern so that said layer of
      electrically chargeable particles is located between said insulating image
      carrier and said conductivity pattern and so that said conductivity
      pattern is located between said layer of electrically chargeable particles
      and said insulating backing material, means for generating an electric
      field of sufficient strength across said insulating backing material, said
      conductivity pattern contacting said layer of electrically chargeable
      particles and said insulating image carrier so as to transfer electric
      charges from said conductivity pattern to said electrically chargeable
      particles whereby said particles receive electric charges having different
      maximum values according to the different conductivities of said portions
      of said conductivity pattern whereby a portion of said particles are
      sufficiently charged and removed from said conductivity pattern and the
      remainder of said particles are insufficiently charged so that they
      continue to remain on said conductivity pattern thereby producing thereon
      a first stable electrographic image and a second stable electrographic
      image is formed on said insulating image carrier from said particles
      removed from said conductivity pattern.
NUM  10.
PAR  10. A device as defined in claim 9 wherein said generating means includes
      means for changing the direction of said electric field.
NUM  11.
PAR  11. A device for producing electrographic images from an original provided
      with a conductivity pattern ranging from a portion having a greater
      conductivity to a portion having a lesser conductivity, said device
      comprising an insulating backing material onto which said conductivity
      pattern is affixed, means for coating said conductivity pattern with a
      thin layer of electrically chargeable particles, an insulating layer
      placed against said conductivity pattern so that said layer of
      electrically chargeable particles is located between said insulating layer
      and said conductivity pattern and so that said conductivity pattern is
      located between said layer of electrically chargeable particles and said
      insulating backing material, means for generating an electric field of
      sufficient strength across said insulating backing material, said
      conductivity pattern contacting said layer of electrically chargeable
      particles and said insulating layer so as to transfer electric charges
      from said conductivity pattern to said electrically chargeable particles
      whereby said particles receive electric charges having different maximum
      values according to the different conductivities of said portions of said
      conductivity pattern whereby a portion of said particles are sufficiently
      charged and removed from said conductivity pattern and the remainder of
      said particles are insufficiently charged so that they continue to remain
      on said conductivity pattern thereby producing thereon a stable
      electrographic image.
NUM  12.
PAR  12. A device as defined in claim 11 wherein said generating means includes
      means for changing the direction of said electric field.
NUM  13.
PAR  13. A device for producing electrographic images from an original provided
      with a conductivity pattern ranging from a portion having a greater
      conductivity to a portion having a lesser conductivity, said device
      comprising an insulating backing material onto which said conductivity
      pattern is affixed, means for coating said conductivity pattern with a
      thin layer of electrically chargeable particles, a grid-shaped first
      electrode and a second electrode between which said conductivity pattern
      and said insulating backing material are interposed so that said
      insulating backing material is located between said conductivity pattern
      and said second electrode, means for maintaining said grid-shaped first
      electrode in a spaced relationship with said coated conductivity pattern,
      means for generating an electric field between said grid-shaped first
      electrode and said second electrode of sufficient strength so as to
      transfer electric charges from said connductivity pattern to said
      electrically chargeable particles whereby said particles receive electric
      charges having different maximum values according to the different
      conductivities of said portions of said conductivity pattern whereby a
      portion of said particles are sufficiently charged and removed from said
      conductivity pattern and through said grid shaped electrode and the
      remainder of said particles are insufficiently charged so that they
      continue to remain on said conductivity pattern thereby producing thereon
      a stable electrographic image.
NUM  14.
PAR  14. A device as defined in claim 13 wherein said generating means includes
      means for alternatively modulating said electric field.
NUM  15.
PAR  15. A device for producing electrographic images from an original provided
      with a conductivity pattern ranging from a portion having a greater
      conductivity to a portion having a lesser conductivity, said device
      comprising an image carrier having a uniform conductivity intermediate
      said greater conductivity and said lesser conductivity of said
      conductivity pattern, means for placing a thin layer of electrically
      chargeable particles in contact with said conductivity pattern and said
      image carrier so that said layer of electrically chargeable particles is
      sandwiched between said image carrier and said conductivity pattern, means
      for generating an electric field of sufficient strength across the
      sandwich formed by said image carrier, said layer of electrically
      chargeable particles and said conductivity pattern so as to transfer
      electric charges from said conductive image carrier to said layer of
      electrically chargeable particles and opposite electric charges from said
      conductivity pattern to said layer of electrically chargeable particles
      whereby a portion of said particles is electrically attracted toward said
      conductive image carrier to develop thereon a first stable electrographic
      image and the remainder of said particles is electrically attracted toward
      said conductivity pattern to develop thereon a second stable
      electrographic image.
NUM  16.
PAR  16. A device as defined in claim 15 wherein said generating means includes
      means for changing the direction of said electric field.
NUM  17.
PAR  17. A device as defined in claim 15 wherein said generating means includes
      means for alternatively modulating said electric field.
NUM  18.
PAR  18. A device as defined in claim 15 further including an insulating backing
      material placed against said conductivity pattern so that said
      conductivity pattern is located between said insulating backing material
      and said layer of electrically chargeable particles contacting said
      conductivity pattern.
NUM  19.
PAR  19. A device as defined in claim 15 further including an insulating layer
      placed against said conductivity pattern so that said layer of
      electrically chargeable particles contacting said conductivity pattern is
      located between said conductivity pattern and said insulating layer.
NUM  20.
PAR  20. An apparatus for producing electrographic images on a copy material
      from an original provided with a conductivity pattern ranging from a
      portion having a greater conductivity to a portion having a lesser
      conductivity, said device comprising a conductive image carrier, means for
      coating said conductive image carrier with a thin layer of electrically
      chargeable particles, means for placing said conductivity pattern in
      contact with said layer of electrically chargeable particles so that said
      layer of electrically chargeable particles is sandwiched between said
      conductive image carrier and said conductivity pattern, means for
      generating a first electric field of sufficient strength across the
      sandwich formed by said conductive image carrier, said layer of
      electrically chargeable particles and said conductivity pattern so as to
      transfer electric charges from said conductivity pattern and from said
      conductive image carrier to said electrically chargeable particles whereby
      a portion of said electrically charged particles are removed and an
      electrographic image is formed on said conductive image carrier from the
      remainder of said particles, means for transporting said electrographic
      image bearing conductive image carrier to a transfer station, said
      transfer station comprising means for placing a copy material against the
      electrically chargeable particles of said electrographic image, and means
      for generating a second electric field of sufficient strength across said
      copy material and said conductive image carrier so as to electrically
      transfer the particles of said electrographic image onto said copy
      material.
NUM  21.
PAR  21. An apparatus as defined in claim 20 wherein the generating means of
      said first electric field includes means for changing the direction of
      said first electric field.
NUM  22.
PAR  22. An apparatus as defined in claim 20 wherein the generating means of
      said first electric field includes means for alternatively modulating said
      first electric field.
NUM  23.
PAR  23. An apparatus as defined in claim 20 further including a first and a
      second insulating layer between which the sandwich formed by said
      conductive image carrier and said conductivity pattern contacting said
      electrically chargeable particles is interposed in said first electric
      field.
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ABST
PAL  A control device for controlling the exposure time automatically for an
      electric shutter, in a single reflex camera of the so-called "through the
      lens" photometric type which determines the brightness of an object by
      means of the light past through the projection lens of a camera.
PARN
PAR  This is a continuation of application Ser. No. 131,151, filed Apr. 5, 1971,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an exposure time control device for an electric
      shutter.
PAR  In a single reflex camera of the "through the lens" photometric type, it is
      impossible to determine the brightness while the shutter is in operation.
      Thereupon, it has been proposed that all the while the shutter is in
      operation the brightness value of a photoconductive element at the time
      just before said shutter is operated is memorized and the exposure time is
      controlled automatically on the strength of said memorized value.
PAR  In such a proposition, after applying a logarithmic compression by
      producing the output voltage proportional to the logarithmic value of the
      illuminance on the light receiving surface of a photoconductive element,
      by means of a circuit in which photographic conditions such as setting
      diaphragm value, film sensitivity, etc. are set up as a bias voltage, said
      output voltage applied with said logarithmic compression and the bias
      voltage are operated photographically to allow a condenser to memorize the
      proper exposure time, and the memorized voltage in said condenser is
      applied with an inverse logarithmic conversion again to effect the
      automatic exposure control. And accordingly, it has the advantage of that
      it is possible to allow a memory condenser to memorize covering all sphere
      of the brightness of an object in a wide range, however, said memorized
      voltage is applied with a logarithmic compression so that if there should
      be a small error therein, in the process for applying an inverse
      logarithmic conversion said small error is enlarged resulting in a broad
      error in the exposure time.
PAR  Especially in such a proposition, behind the circuit for applying the
      logarithmic compression there is provided the circuit for setting up
      photographic conditions such as diaphragm value, film sensitivity, etc. as
      the bias voltage, so that in respective circuit it is necessary to do the
      voltage compensation and temperature compensation, and yet if this is
      imperfect an error which is not negligible may come out in the exposure
      time.
PAR  Anyway, in this manner giving the voltage compensation and the temperature
      compensation to respective circuit results in a very complex circuit as a
      whole and yet the perfect compensation can not be expected.
PAR  On the other hand, in such a circuit the exposure control is effected by an
      electromagnet, and while the coil of said electromagnet is in operation a
      large current runs therethrough so that the voltage variation of power
      source before and after the shutter operates is remarkable. Therefore, at
      the photometric time when the electromagnet coil is not operated, even
      though the illuminance on the light receiving surface of a photoconductive
      element is memorized by compressing so as to be in proportion to its
      logarithmic value, the power source voltage undergoes a change at the
      shutter operating time when the electromagnet coil is operated, therefore,
      when the memorized voltage memorized by compressing is applied with the
      inverse logarithmic conversion, on account of said voltage variation of
      power source an exposure control error which is not negligible comes out,
      and this fact stands in the way to put such a propostion to practical use.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an exposure time control device in a
      single refex camera with "through the lens measuring system", which is
      characterized in that a portion for producing the output voltage
      proportional to the logarithmic value of the illuminance on the light
      receiving surface of a photoconductive element and a bias portion for
      converting the setting diaphragm and the film sensitivity are connected in
      series to each other and said series connected body is connected to the
      constant-current circuit formed by one and the same power source so as to
      do the photographic operation, and the output voltage applied with said
      operation and proportional to the logarithmic value of the exposure time
      is memorized in a memory condenser and said memorized voltage is applied
      with an inversion logarithmic conversion by means of a transister for the
      inverse logarithmic conversion is an exposure control circuit and
      impressed in a time constant circuit for reversing a switching circuit.
PAR  The object of the present invention is to provide an exposure time control
      device in a single reflex camera with "through the lens measuring system",
      which effects the high precision exposure time control by memorizing the
      output voltage applied with a logarithmic compression proportional to the
      logarithmic value of the exposure time in a photometric circuit based on
      the photometry prior to the exposure and preventing an error to intervene
      into the memorized voltage in the case of that a time constant circuit for
      reversing a switching circuit by applying an inverse logarithmic
      conversion is put in operation.
PAR  Another object of the present invention is to provide an exposure time
      control device in a single reflex camera with "through the lens measuring
      system," which in order to attain the aforementioned object looks for the
      output voltage proportional to the logarithmic value of the illuminance on
      the light receiving surface of a photoconductive element and the bias
      voltage for converting the setting diaphragm value and the film
      sensitivity by means of one and the same electric power source to operate
      them photographically so as to allow a memory condenser to memorize its
      output voltage proportional to the logarithmic value of the expsoure time.
PAR  Further another object of the present invention is to provide an exposure
      time control device in a single reflex camera with "through the lens
      measuring system", which operates the exposure time control circuit by
      applying an inverse logarithmic convertion to the memorized voltage by
      means of said electric power source.
PAR  Furthermore another object of the present invention is to provide an
      exposure time control device in a single reflex camera with "through the
      lens measuring system," which effects the high precision exposure time
      control by doing the pressure compensation for said electric power source
      and especially preventing the power source voltage to vary in the case of
      that a logarithmic compression and an inverse logarithmic conversion are
      applied, regardless of ON or OFF of electrification of the electromagnet
      coil in the exposure time control circuit.
PAR  The other object of the present invention is to provide an exposure time
      control device in a single reflex camera with "through the lens measuring
      system," in which the temperature compensation is facilitated by giving a
      temperature change to the constant-current of the constantcurrent circuit
      and effecting simultaneously the temperature compensation for the portion
      for generating the output proportional to the logarithmic value of the
      illuminance on the light receiving surface of the photoconductive element
      and the bias portion by means of the constant-current circuit formed by
      one and the same power source.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram of the control circuit in the exposure time
      control device in a single reflex camera with "through the lens measuring
      system" in accordance with the present invention.
PAR  FIG. 2 is a circuit diagram of the composite photoconductive element in the
      embodiment shown in FIG. 1.
PAR  FIG. 3 is a diagram showing the resistance characteristic to the
      logarithmic value of the illuminance on the light receiving surface in
      said composite photoconductive element.
PAR  FIG. 4 is a partial circuit diagram of the photometric circuit including
      said composite photoconductive element.
PAR  FIG. 5 is a diagram showing the relation between the potential at contact a
      and the illuminance on the light receiving surface in the circuit shown in
      FIG. 4.
PAR  FIG. 6 is a diagram showing the relation between the base voltage and the
      collector current of the transistor for the inverse logarithmic conversion
      to the temperature change.
PAR  FIG. 7 is a perspective view of the exposure time control device making use
      of the control circuit shown in FIG. 1, in said embodiment.
PAR  FIG. 8 is a partially enlarged view of the control circuit of the exposure
      time control device of another embodiment in accordance of the present
      invention.
PAR  FIG. 9 is a side view showing the arrangement of the composite
      photoconductive element in said embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawings the present invention will be described
      hereinafter. FIG. 1 shows an example of the control circuit, wherein the
      power source E and power source switch S.sub.1 resistance R.sub.1 and
      resistance R.sub.2 are connected in series, and connected point d thereof
      is connected to the base of constant-current transistor Tr.sub.1. To the
      collector of said transistor Tr.sub.1 the series connection body of
      composite photoconductive element R.sub.o and relative resistance R.sub.5,
      and the series connection body of resistances R.sub.4 and R'.sub.4 in
      parallel therewith are connected, which are connected also to the
      collector of temperature compensation transistor Tr.sub.2, and said
      resistance R.sub.4 is connected between the base and the collector of said
      temperature compensation transistor Tr.sub.2 and the emitter thereof is
      connected to the negative side of power source E through variable
      resistance R.sub.6 for converting the film sensitivity and the set up
      diaphragm value, and the parallel connection body of fixed resistance
      R.sub.13 and thermistor R.sub.14.
PAR  Said composite photoconductive element R.sub.o is composed of
      photoconductive element R.sub.o1 and fixed resistance R.sub.x connected in
      series to each other, and photoconductive element R.sub.o2 connected in
      parallel therewith as shown in FIG. 2.
PAR  To change over switch S.sub.2 switchable to one contact a which is a
      connection point between said composite photoconductive element R.sub.o
      and relative resistance R.sub.5 and the other contact b, memory condenser
      C.sub.1 is connected, and to the other end of said condenser there are
      connected resistances R.sub.7, R.sub.8 for power source voltage drop bias
      which are respectively connected to the positive and negative sides of the
      power source.
PAR  Said photoconductive elements R.sub.o1, R.sub.o2 forming composite
      photoconductive element R.sub.o have characteristics shown in FIG. 3 for
      the logarithmic value of the illuminance on the light receiving surface,
      and the logarithmic of its resistance value is inversely proportionate to
      the logarithm of the illuminance on the light receiving surface as shown
      by straight lines R.sub.o1 and R.sub.o2. On the other hand, fixed
      resistance R.sub.x is constant relative to the logarithm of illuminance on
      the light receiving surface as shown by straight line R.sub.x, so that the
      logarithm of the combined resistance value of composite photoconductive
      element R.sub.o has the characteristic shown by R.sub.o to the logarithm
      of the illuminance on the light receiving surface. And, in the case of
      that to composite photoconductive element R.sub.o having the resistance
      characteristic of the illuminance on the light receiving surface as shown
      in FIG. 3 relative resistance R.sub.5 is connected in series as shown in
      FIG. 4, and the collector current of constant-current transistor Tr.sub.1
      is a constant-current, the relation between the potential (volt) at
      contact a of the connection point thereof and the illuminance on the light
      receiving surface is as shown by straight line f in FIG. 5, and the
      potential at contact a is applied with a logarithmic compression to the
      illuminance on the light receiving surface, and for a change of one step
      (1 EV) of the illuminance on the light receiving surface, V.sub.o (volt)
      and Vo (volt) undergoes a change. Therefore, by connecting variable
      resistance R.sub.6 for converting the setting diaphragm and the film
      sensitivity in series to relative resistance R.sub.5 and changing said
      variable resistance R.sub.6, it is possible to move the potential at
      contact a in parallel like straight lines shown by f.sub.1, f.sub. 2.
PAR  Therefore, when change over switch S.sub.2 is connected to contact a to put
      a photometry into practice and the illuminance on the light receiving
      surface is applied with a logarithmic compression by composite
      photoconductive element R.sub.o and relative resistance R.sub.5 to be
      memorized in condenser C.sub.1, before the shutter is operated and before
      the illuminance on the light receiving surface of composite
      photoconductive element R.sub.o is not yet changed said change over switch
      S.sub.2 is changed over from contact a to contact b.
PAR  Transistor Tr.sub.3 the base of which is connected to contact b is a
      transistor for applying an inverse logarithmic conversion to the memorized
      voltage memorized in condenser C.sub.1 by the logarithmic compression, and
      to condenser C.sub.2 connected to the collector of said transistor
      Tr.sub.3 the constant current proportional to the illuminance on the light
      receiving surface of composite photoconductive element R.sub.o can be
      charged by opening trigger switch S.sub.4 provided in parallel with said
      condenser C.sub.2.
PAR  Main switch S.sub.3 is closed after change over switch S.sub.2 is
      disconnected from contact a, and excites electromagnet coil M. Trigger
      switch 4 is shut off simultaneously with the opening operation of the
      shutter.
PAR  Transistors Tr.sub.4, Tr.sub.5, Tr.sub.6 forms a switching circuit composed
      of a Schmidt circuit, and when main switch S.sub.3 is closed transistors
      Tr.sub.5, Tr.sub.6 are electrified to excite electromagnet coil M and lock
      the shutter from closing.
PAR  Just as trigger switch S.sub.4 is shut off simultaneously with opening of
      the shutter, the voltage in memory condenser C.sub.1, which is the result
      of, as described above, the voltage applied by the logarithmic compression
      to the illuminance on the light receiving surface of composite
      photoconductive element R.sub.o and the voltage for converting the set up
      diaphragm value and the film sensitivity photographically operated, is
      applied with an inverse logarithmic conversion, and the constant current
      corresponding to the setting diaphragm value and the illuminance on the
      light receiving surface, and proportional to the illuminance on the light
      receiving surface at the time just before the shutter is operated is
      charged to condenser C.sub.2, so that it is possible to control the proper
      exposure time in accordance with the brightness of an object, the setting
      diaphragm value, and the film sensitivity.
PAR  A denotes an ammeter which indicates the proper exposure time answered in
      accordance with the setting diaphragm value, the film sensitivity and the
      brightness of an object by amplifying the potential at contact a at the
      photometric moment by means of transistors Tr.sub.7, Tr.sub.8. Diode
      D.sub.1 connected between the collector of said transistor Tr.sub.7 and
      the base of said transistor Tr.sub.8 is a diode for compensating the
      temperature.
PAR  In the present invention formed as described above, in order to effect the
      temperature compensation to transistor Tr.sub.3 for the inverse
      logarithmic conversion, resistance R'.sub.4 is connected between the
      collector and the base of temperature compensation transistor Tr.sub.2
      having the same characteristic as that of transistor Tr.sub.3 for the
      inverse logarithmic conversion, and the other end of fixed resistance
      R.sub.5 connected in series to photoconductive element R.sub.o is
      connected to the collector of temperature compensation transistor
      Tr.sub.2, and by using the voltage at the connection point on the
      collector side of said transistor Tr.sub.2 as a bias of output terminal a
      and making use of the fact that the difference between the voltage of
      output terminal a corresponding to the resistance value of photoconductive
      element R.sub.o and the base voltage of temperature compensation
      transistor Tr.sub.2 is proportional to collector current Ic2 of said
      transistor Tr.sub.2, the temperature coefficient of the bias voltage of
      output terminal a and the temperature coefficient of the collector current
      of said transistor Tr.sub.2 are adapted to correspond to the temperature
      coefficient of transistor Tr.sub.3 for the inverse logarithmic conversion
      so as to effect the temperature compensation to transistor Tr.sub.3 for
      the inverse logarithmic conversion covering a wide extent of collector
      current I.sub.c3, and thereby an error which is not negligible in the
      inverse logarithmic conversion process is removed and the high precision
      automatic control for the exposure time can be effected covering all
      sphere of the illuminance on an object in a wide range.
PAR  The aforementioned fact will be described in the concrete hereinafter using
      formulas.
PAR  The relation between the base voltage V.sub.BE3 of transistor Tr.sub.3 for
      the inverse logarithmic conversion and the collector current I.sub.c3 is
      expressed in general as follows:
EQU  V.sub.BE3 = V.sub.o log.sub.2 I.sub.c3 + V.sub.1           (1)
PAL  This formula shows that when the base voltage V.sub.BE3 undergoes a change
      by V.sub.o, the collector current I.sub.c3 doubles and for a change of one
      step (namely, 1EV) of the exposure time, when the memorized voltage of
      memory condenser C.sub.1 is changed V.sub.o by V.sub.o to the line form an
      inverse logarithmic conversion can be applied, and as described above
      composite photoconductive element R.sub.o and fixed resistance R.sub.5 are
      connected in series to each other so that the output voltage of terminal a
      of the connection point may be changed V.sub.o by V.sub.o for one step
      change of the illuminance on the light receiving surface.
PAR  V.sub.o, V.sub.1 in formula (1) are a coefficient of transistor Tr.sub.3
      and change in accordance with the temperature respectively, and for the
      temperature rise V.sub.o changes positively and V.sub.1 changes
      negatively.
PAR  By this reason, with the process of the temperature rise the relation
      between the base voltage V.sub.BE3 and the collector current I.sub.c3
      undergoes a change from the solid line to the dotted line in the diagram
      of FIG. 6.
PAR  On the contrary, in order to compensate the temperature change of the
      transistor hitherto a diode has been proposed to put to use, however, the
      temperature compensation effected by the diode is able to be moved in
      parallel like the chain line shown in the diagram of FIG. 6 but it is
      impossible to compensate its grade, that is, as to formula (1) it is
      possible to compensate the temperature change of V.sub.1 but it is
      impossible to compensate the temperature change of V.sub.o. Therefore, to
      carry out the temperature compensation for transistor Tr.sub.3 for the
      inverse logarithmic conversion by means of a diode can not compensate
      covering a wide change extent of the collector current, and a considerable
      error comes out, and accordingly it is impossible to put to practical use
      in the respect of precision.
PAR  In formula (1), provided changes of V.sub.o, V.sub.1 to temperature change
      .DELTA.t are respectively .DELTA.V.sub.o , .DELTA.V.sub.1, change
      .DELTA.V.sub.BE3 of the base voltage with a view in order not to change
      the collector current I.sub.c3 is as follows:             .DELTA.V.sub.BE3
      = .DELTA.V.sub.o log.sub.2 I.sub.c3 + .DELTA. V.sub.1     (2)
PAL  Therefore, when the output voltage of terminal a undergoes a change by
      .DELTA.V.sub.BE3 to satisfy formula (2) to temperature change .DELTA.t,
      even if the temperature undergoes a change by .DELTA.t the collector
      current I.sub.c3 of transistor Tr.sub.3 does not undergo a change, so that
      an error which is not negligible in the inverse logarithmic conversion
      process for the temperature change is compensated.
PAR  As described above, transistor Tr.sub.2 for the temperature compensation is
      given the same characteristic as that of transistor Tr.sub.3 for the
      inverse logarithmic conversion, so that provided the collector current of
      transistor Tr.sub.2 for the temperature compensation is I.sub.c2, the base
      current V.sub.BE2 of transistor Tr.sub.2 is as follows:
EQU  V.sub.BE2 = V.sub.o log.sub.2 I.sub.c2 + V.sub.1
PAL  And, provided the difference between the base voltage of transistor
      Tr.sub.2 for the temperature compensation and the output voltage of
      contact a is V.sub.a ', and bias resistance R.sub.4 ' connected between
      the collector and the base of transistor Tr.sub.2 for the temperature
      compensation in FIG. 1 is not so large and the collector voltage is within
      the limit not saturated, V.sub.a '  = .alpha.I.sub.c2 is attained and
      V.sub.a ' is proportional to the collector current I.sub.c2, and in the
      aforementioned formula .alpha. is a proportional constant including
      R.sub.4', R.sub.4 , R.sub.o, R.sub.5 and expressed as follows:
PAR  That is, in I.sub.c2, provided the current running to the R.sub.4 side is
      i.sub.1 and the current running to the R.sub.o side is i.sub.2,
EQU  (R.sub.4 + R.sub.4 ') i.sub.1 = (R.sub.o + R.sub.5) i.sub.2, I.sub.c2 =
      i.sub.1 + i.sub.2
EQU  (R.sub.4 + R.sub.4 ')(I.sub.c2 - i.sub.2) = (R.sub. o + R.sub.5) i.sub.2
PAL  Therefore,
      ##EQU1##
      And, making use of
EQU  V.sub.a '  = - R.sub.4 '  i.sub.1 + R.sub.5 i.sub.2 = R.sub.4 '  i.sub.2 +
      R.sub.5 i.sub.2 - R.sub.4 '  I.sub.c2
PAL  as the results,
      ##EQU2##
      Therefore,
      ##EQU3##
      Therefore, the output voltage V.sub.a of contact a is as follows:
EQU  V.sub.a = R.sub.6 I.sub.c2 + V.sub.BE2 +V.sub.a '  = R.sub.6 I.sub.c2 +
      V.sub.o log.sub.2 + V.sub.1 + .alpha. I.sub.c2
PAL  Change .DELTA.V .sub.a of the output voltage of contact a to the
      temperature change .DELTA.t is as follows:
      ##EQU4##
      Whereas,
      ##EQU5##
PAR  is small as compared with other coefficients and negligible, and it is
      possible to effect this temperature compensation by means of thermister
      R.sub.14 connected to variable resistance V.sub.6 and fixed resistance
      R.sub.13, so that
EQU  .DELTA. V.sub.a = R.sub.6 .DELTA.I.sub.c2 + .DELTA.V.sub.o log.sub.2
      I.sub.c2 + .DELTA.V.sub.1 + .alpha..DELTA. I.sub.c2 As described above,
      when in .DELTA.V.sub.a = .DELTA.V.sub.BE3, even if the temperature
      undergoes a change by .DELTA.t the collecter current I.sub.c3 of
      transistor Tr.sub.3 for the inverse logarithmic conversion does not
      undergo a change, so that the temperature compensation for the inverse
      logarithmic conversion process is enough effected and the exact automatic
      exposure time can be obtained.
PAR  Change .DELTA. I.sub.c2 of the collector current of transistor Tr.sub.2 for
      the temperature compensation in order to be .DELTA.V.sub.a =
      .DELTA.V.sub.BE3 is given the following relation:
EQU  R.sub.6 .DELTA.I.sub.c2 + 66 V.sub.o log.sub.2 I.sub.c2 + .DELTA.V.sub.1 +
      .alpha..DELTA.I.sub.c2 = .DELTA.V.sub.o log.sub.2 i + .DELTA.V.sub.1
      ##EQU6##
      As shown in the aforementioned formula, the temperature change .DELTA.
      V.sub.1 of coefficient V.sub.1 of transistor Tr.sub.3 for the inverse
      logarithmic conversion is compensated by the temperature change (.DELTA.
      V.sub.o logI.sub.c2 + .DELTA.V.sub.1) of the bias of the output terminal.
PAR  And, V.sub.BE3 = V.sub.a, therefore,
EQU  V.sub.o log.sub.2 I.sub.c3 + V.sub.1 = R.sub.6 I.sub.c2 + V.sub.o log.sub.2
      I.sub.c2 + V.sub.1 + .alpha.I.sub.c2
      ##EQU7##
      From formula (3)
      ##EQU8##
PAR  Therefore, when the temperature change of the collector current I.sub.c2 of
      transistor Tr.sub.2 for the temperature compensation satisfies formula
      (4), not only the temperature change of coefficient V.sub.1 of transistor
      Tr.sub.3 for the inverse logarithmic conversion but also the temperature
      change of V.sub.o is compensated. The temperature change of the collector
      current I.sub.c2 of transistor Tr.sub.2 for the temperature compensation
      is carried out making use of the temperature change of the base voltage
      V.sub.BE1 of constant-current transistor Tr.sub.1.
PAR  Provided the voltage of point d divided by resistances R.sub.1, R.sub.2 is
      V.sub.d, the current for running to resistance R.sub.3 runs almost all to
      the collector of transistor Tr.sub.1 and this current becomes the
      collector current I.sub.c2 of transistor Tr.sub.2, therefore, R.sub.3
      I.sub.c2 + V.sub.BE1 = V.sub.d. Whereas, V.sub.d does not undergo a
      temperature change, so that when the temperature undergoes a change by
      .DELTA.t change .DELTA.I.sub.c2 of the collector current I.sub.c2 is as
      follows:
EQU  R.sub.3 .DELTA. I.sub.c2 + .DELTA.V.sub.BE1 = 0
      ##EQU9##
      Therefore, from fomula (4)
      ##EQU10##
PAR  When the temperature undergoes a change by .DELTA.t, by fixing resistances
      R.sub.1, R.sub.2 so that the temperature .DELTA.V.sub.o of coefficient
      V.sub.o of transistor Tr.sub.3 for the inverse logarithmic conversion may
      get to be V.sub.d for satisfying formula (5), the temperature compensation
      of coefficients V.sub.o, V.sub.1 of transistor Tr.sub.3 for the inverse
      logarithmic conversion can be effected, and the high precision automatic
      exposure time control can be carried out.
PAR  Variable resistance R.sub.6 is a resistance for converting the setting
      diaphragm value and the film sensitivity as described above, and by
      increasing or decreasing both ends voltage R.sub.6 I.sub.c2 of said
      variable resistance R.sub.6 V.sub.o by V.sub.o into the line form the
      setting diaphragm value or the film sensitivity can be changed by one
      step, and at the same time, when the collector current of temperature
      compensating transistor Tr.sub.2 undergoes a temperature change for
      satisfying formula (4), formula (4) does not include R.sub.o, R.sub.6 so
      that the temperature change of transistor Tr.sub.3 for the inverse
      logarithmic conversion can be compensated continuously to an optional
      value of R.sub.6, R.sub.o, therefore, the both ends bias voltage of
      variable resistance R.sub.6 for converting the setting diaphragm value and
      the film sensitivity effects the temperature compensation of transistor
      Tr.sub.3 for the inverse logarithmic conversion to the brightness of an
      object, and the conversion of the setting diaphragm value and the film
      sensitivity can be carried out.
PAR  As described hereinbefore, in the present invention the portion for
      producing the output voltage proportional to the logarithmic value of the
      illuminance on the light receiving surface of the photoconductive element
      and the portion for converting the setting diaphragm value and the film
      sensitivity are connected in series to each other and connected to one and
      the same power source, and at the same time the photographical operation
      is effected to them and through the collector current I.sub.c2 of
      temperature compensation transistor Tr.sub.2 the temperature compensation
      is effected to the optional brightness, the setting diaphragm, and the
      film sensitivity so that it is possible to effect the temperature
      compensation at the same time and the high precision automatic control for
      the exposure time can be effected covering all sphere of the brightness of
      an object in a wide range.
PAR  Next, when electromagnet coil M is excited a large current runs thereto, so
      that the voltage undergoes broadly a change as well known, therefore, when
      electromagnet coil M operates before the shutter is operated the power
      source voltage undergoes a change and accordingly an error of the exposure
      time comes out on account of variation of the trigger level of the Schmidt
      circuit. However, in the present invention, in order to compensate said
      error resistances R.sub.7, R.sub.8 for giving the bias voltage to memory
      condenser C.sub.1 are provided.
PAR  Provided the amplification rate of transistor Tr.sub.5 is .beta., trigger
      voltage V.sub.T of the Schmidt trigger circuit is as follows:
      ##EQU11##
      (V is the power source voltage)
PAR  After switch S.sub.2 shuts off terminal a and memorizes, just as main
      switch S.sub.3 is electrified electromagnet coil M is exited and a large
      current runs, so that power source voltage V undergoes broadly a change to
      drop and trigger voltage V.sub.T drops in proportion to power source
      voltage V, and thereby an error is made. In order to compensate this error
      resistances R.sub.7, R.sub.8 are provided to give the bias to memory
      condenser C.sub.1.
PAR  Provided the memory voltage of condenser C.sub.1 is V.sub.c, the power
      source voltage is V, and the voltage of bias resistance R.sub.8
      proportional to V is XV,
EQU  V.sub.BE3 = V.sub.o log.sub.2 I.sub.c3 + V.sub.1 = V.sub.c + XV (7)
PAR  And, provided the capacity of condenser C.sub.2 is C.sub.2 and the time
      required for condenser C.sub.2 to gets to the trigger voltage is T,
EQU  C.sub.2 V.sub.T = I.sub.c3 T                               (8)
PAL  And thus, change of V.sub.T to change of power source voltage V is as
      follows from formula (6):
      ##EQU12##
PAR  Electromagnet coil M operates and the power source voltage undergoes a
      change by .DELTA.V, and accordingly when trigger voltage V.sub.T undergoes
      a change by .DELTA.V.sub.T, change of I.sub.c3 for fixing the exposure
      time T is as follows from formula (8):
      ##EQU13##
      and from formula (7)
      ##EQU14##
PAR  Therefore, bias voltage XV of memory condenser C.sub.1 for which change of
      the collector current of transistor Tr.sub.3 at the time when the power
      source voltage undergoes a change by .DELTA.V satisfies formula (9) is as
      follows:
      ##EQU15##
PAR  Therefore, making use of formulas (6), (8),
      ##EQU16##
PAR  Therefore, after applying the bias for satisfying formula (11) to memory
      condenser C.sub.1 and switch S.sub.2 shuts off terminal a to memorize,
      just as main switch S.sub.3 is electrified the variation of the trigger
      level in the Schmidt circuit caused by a broad variation of power source
      voltage V due to the exitation of electromagnet coil M is compensated by
      change of collector current I.sub.c3 caused by change of the base voltage
      V.sub.BE3 of transistor Tr.sub.3 due to the bias for satisfying formula
      (11), and the exact exposure time can be obtained.
PAR  FIG. 7 is a perspective view showing the shutter mechanism in a "through
      the lens" photometric type focal plane single reflex camera in the case of
      that the exposure time control circuit shown in FIG. 1 is applied to said
      camera, and the essential portions of an embodiment in the mechanical
      interlocking relation with the electromagnet, resistors, switches, etc. in
      the circuit in accordance with the present invention.
PAR  Interlocking wire 4 fixed on its one end to pulley 3 connected by axle 2 to
      film sensitivity setting dial 1 provided on the camera body so as to
      rotate in a body with said dial 1 is fixed on its other end to diaphragm
      setting ring 7 of the lens barrel via pulley 6 pivoted on arm portion 5a
      projecting in the radial direction from gear 5 fitting loosely on said
      axle 2. And, slide brush 9 provided on insulating axle 8a for gear 8
      meshed with said gear 5 is adapted to slide on variable resistance
      R.sub.6.
PAR  Therefore, just as the film sensitivity is set up by means of film
      sensitivity setting dial 1 and the diaphragm value is set up by means of
      diaphragm setting ring 7, said slide brush 9 slides on variable resistance
      R.sub.6 so as to get the value corresponding to the setting film
      sensitivity and the setting diaphragm value. Said brush 10 is a stationary
      brush.
PAR  When the camera is put to use electric power source switch S.sub.1 not
      shown in FIG. 7 is put in the conductive state. Therefore, the circuit
      shown in FIG. 1 is in the photometric state and ammeter A not shown in the
      drawing is in indicating the exposure time.
PAR  Photoconductive element R.sub.o is provided on pentagonal prism 11 and its
      composite photoconductive element R.sub.o effects the photometry actually.
PAR  Now, just as shutter button 12 is pushed interlocking lever 13 is pushed
      down and lever 15 is turned counterclockwise by interlocking rod 14 to
      disengage from switch lever 16 having the turning tendency to the
      direction shown by arrow CW.sub.3. Thereupon, pin 17a for insulating
      member 17 for changing over the switch fixed to said switch lever 16
      changes over switch S.sub.2 from contact a to contact b and after switch
      S.sub.2 shuts off contact a pin 17b for insulating member 17 closes main
      switch S.sub.3 to exite electromagnet coil M.
PAR  After main switch S.sub.3 is electrified, switch lever 16 turns mirror
      lever 19 to the direction shown by arrow CW.sub.4 through intermediate
      lever 18 and also turns reflector 21 to the same direction through axle
      20. Therefore, through the turning of said reflector 21 the photometric
      state is changed to the photographing state and the quantity of light
      incoming to photoconductive element R.sub.o is decreased gradually,
      however, switch S.sub.2 is already changed over from contact a to contact
      b so that the resistance value of composite photoconductive element
      R.sub.o under the photometric state is memorized.
PAR  In the final process, mirror lever 19 engages with release lever 22 to turn
      it and the pawl of opening screen restraining lever 23 disengage from
      restraining plate 24, and restraining plate 24 turns together with the
      opening screen axle having the turning tendency to the direction shown by
      arrow CW.sub.2 via axle 25, and gears 26, 27 and opening screen 32 starts
      to open the shutter. And at the same time, protrusion 28 fixed to axle 25
      turns counterclockwise to open trigger switch S.sub.4 for condenser
      C.sub.2 so that said condenser C.sub.2 is charged.
PAR  However, the closing screen is in being checked against travelling by
      closing screen restraining lever 29 attracted by electromagnet coil M.
      Just as the voltage of condenser C.sub.2 gets to the trigger voltage
      V.sub.T, electromagnet coil M is demagnetized and closing screen
      restraining lever 29 turns clockwise through spring 30 so as not to engage
      lever 29 with pin 31a and gear 31 becomes turnable so that shutter closing
      screen 34 starts to travel via gear 33 to close the shutter.
PAR  Just as winding lever 35 is turned counterclockwise the film not shown in
      the drawing is wound and at the same time gear 26 is turned clockwise via
      gears 36, 37, 38, 39 formed in a body with said winding lever 35, and when
      restraining plate 24 formed in a body with gear 26 engages with the pawl
      of opening screen restraining lever 23 the shutter charge is finished.
PAR  Since the present invention is formed as described hereinbefore, the memory
      condenser is in memorizing the voltage proportional to the logarithmic
      value of the exposure time so that it is possible to memorize the voltage
      covering all sphere of the brightness of an object in a wide range, and in
      addition as described above it is easy to operate the output voltage
      proportional to the logarithmic value of the illuminance on the light
      receiving surface of the composite photoconductive element and the voltage
      for converting the setting diaphragm value and the film sensitivity, and
      it is possible to effect the temperature compensation at the same time to
      these lightness, setting diaphragm value, and film sensitivity and that by
      carring out the temperatre compensation of transistor Tr.sub.3 for the
      inverse logarithmic conversion covering a wide extent of the collector
      current IC.sub.3 of said transistor Tr.sub.3 it is possible to remove an
      error which is not negligible in the inverse logarithmic conversion
      process, and besides an error of the exposure time control caused by a
      broad variation of the power source voltage due to the exitation of
      electromagnet coil M can be compensated as well.
PAR  FIG. 8 is a partial circuit diagram of another embodiment in accordance
      with the present invention, wherein the respect differing from the
      embodiment shown in FIG. 1 is that composite photoconductive elements
      R.sub.o, R.sub.0 ' are directly connected. Said composite photoconductive
      elements R.sub.o, R.sub.o ' are respectively provided in the separate
      position on pentagonal prism 11 as shown in FIG. 9. The light rays past
      through the objective lens are reflected by reflector 21 and comes to
      focusing screen 40, and are diffused hereby and through condenser lens 41,
      pentagonal prism 11, and eye piece 42 the focussing image can be observed.
      And at the same time, a portion of the diffusion light rays come to
      composite photoconductive elements R.sub.o, R.sub.o ' and the light rays
      past through the objective lens are measured, however, composite
      photoconductive elements R.sub.o, R.sub.o ' disposed as shown in FIG. 9
      are in measuring different portions of an object in dividing respectively.
PAR  Provided that the resistance-illuminance characteristics of two simple
      substance photoconductive elements are both identical and R =
      KL.sup.-.sup..gamma., in the case of the divisional photometry described
      above when the light rays in the illuminances of L.sub.1 and ML.sub.1 come
      into two photoconductive elements respectively the whole resistance value
      R (L.sub.1, ML.sub.1) of said two photoconductive elements connected in
      series is as follows:
EQU  R(L.sub.1, ML.sub.1) = K { L.sub.1.sup..sup.-.sup..gamma.  +
      (ML.sub.1).sup.-.sup..gamma.} = KL.sub.1 .sup.-.sup..gamma.(1 +
      M.sup.-.sup..gamma.)
PAL  And, when light rays of M'L.sub.1 come into in the illuminance equivalent
      to two photoconductive elements the resistance value R(M'L.sub.1,
      M'L.sub.1) of the series connected body is as follows:
EQU  R(M'L.sub.1,M'L.sub.1) =  2K(M'L.sub.1).sup.-.sup..gamma. = 2KM'
      .sup.-.sup..gamma. L.sub.1.sup.-.sup..gamma.
PAL  Therefore,
      ##EQU17##
PAR  And, when this is satisfied,
EQU  R(L.sub.1 , ML.sub.1) = R (M'L.sub.1 , M'L.sub.1)
PAR  In this manner, it is well known that by connecting photoconductive
      elements for doing divisional photometry in series and averaging objects
      different in the brightness ratio so as to satisfy formula (12), the
      photometry of good probability can be effected which turns to the proper
      exposure. In this case, especially when in .gamma. = 0.62 it has been
      reported that the probability to turn to the proper exposure is the
      largest.
PAR  Then, as to the series connected body of composite photoconductive elements
      R.sub.o , R.sub.o ' as shown in FIG. 8, the illuminance-resistance
      characteristics of elements R.sub.o1, R.sub.o2 for constituting composite
      photoconductive element R.sub.o and elements R.sub.o3, R.sub.o4 for
      constituting composite photoconductive element R.sub.o ', as seen in FIG.
      3, satisfy the following formulas:
EQU  R.sub.o1 = R.sub.o3 = K.sub.1 L.sup.-.sup..gamma. , R.sub.o2 = R.sub.o4 =
      K.sub.2 L.sup.-.sup..gamma.
PAR  When light rays in the illuminance of L.sub.1, ML.sub.1 come into said
      composite photoconductive elements R.sub.o, R.sub.o ' respectively the
      resistance value R'(L.sub.1, ML.sub.1) of the series connected body is as
      follows:
      ##EQU18##
PAR  And, when light rays of M'L.sub.1 come into in the illuminance equivalent
      to two composite photoconductive elements R.sub.o, R.sub.o ' the
      resistance value R'(M'L, M'L.sub.1) of said series connected body is as
      follows:
      ##EQU19##
      Therefore,
      ##EQU20##
PAR  When this is satisfied it turns to R'(L.sub.1, ML.sub.1) = R'(M'L.sub.1,
      M'L.sub.1).
PAR  And accordingly, the resistance value of the series connected body in the
      case of that light rays in the illuminances of L.sub.1, ML.sub.1 come into
      two composite photoconductive elements for doing divisional photometry as
      shown in FIG. 8 respectively turns to the resistance value in the case of
      that light rays in the equal illuminances of M'.sub.k, L.sub.1 come into
      composite photoconductive elements R.sub.o, R.sub.1 '.
PAR  This fact shows that in the same way as the series connected body of two
      simple substance photoconductive elements for doing divisional photometry,
      the series connected body of two composite photoconductive elements for
      doing divisional photometry as shown in FIG. 8 is in averaging objects
      different in the brightness ratio so as to satisfy the same formula (12).
      Therefore, the series connected body of composite photoconductive elements
      shown in FIG. 8 becomes possible to do photometry of the good probability
      which turns to the proper exposure to objects different in the brightness
      ratio, in the same manner as in the series connected body of simple
      substance photoconductive elements for doing divisional photometry.
      Especially in case of that .gamma. of elements R.sub.o1, R.sub.o2,
      R.sub.o3, R.sub.04 constituting composite photoconductive elements
      R.sub.o, R'.sub.o is .gamma. = 0.6, the photometry which probability to
      turn to the proper exposure is the best becomes possible.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an electric shutter control device for a single lens reflex camera
      including a light receptive means receiving light through an objective
      lens of the camera, a light detecting circuit including said light
      receptive element and an output terminal and for generating an output
      voltage indicative of the light incident on said light receptive means at
      said output terminal, means for storing said output voltage, switch means
      for selectively connecting one terminal of said means for storing to said
      output terminal, means for timing the closing of the shutter in accordance
      with said stored output voltage, and an electric power source for
      energizing the electric shutter control device, the improvement
      comprising:
PA1  biasing means including a first and a second resistor serially connected
      with each other and the junction point therebetween connected with another
      terminal of said means for storing for applying a biasing voltage to said
      another terminal, said biasing means being connected substantially in
      parallel with said electric power source.
NUM  2.
PAR  2. An electric shutter control device as set forth in claim 1 wherein the
      improvement further comprises a transistor for generating output current
      proportional to the antilogarithm of said stored output voltage, and
      wherein said output voltage is proportional to the logarithm of the light
      intensity on said light receptive element, and said biasing voltage is XV
      and determined by:
      ##EQU21##
      V.sub.o is defined by:
      ##EQU22##
      wherein V.sub.BE is the base-to-emitter voltage of said transistor,
      I.sub.c is the collector current of said transistor, V.sub.o and V.sub.1
      are the positive and negative temperature coefficients of said transistor.
NUM  3.
PAR  3. In a device for controlling exposure time in an automatic exposure
      camera which device includes:
PA1  a. a power source;
PA1  b. a photoelectric converter circuit including a photoconductive element
      having a resistance value determined by the intensity of light from an
      object to be photographed, and an impedance element connected in series
      with said photoconductive element, said photoelectric converter circuit
      being connected with said power source;
PA1  c. a first switch connected in series with and between said photoelectric
      converter circuit and said power source to make and break the connection
      therebetween;
PA1  d. a storage capacitor for storing a voltage divided by said
      photoconductive element and said impedance element when said first switch
      is closed;
PA1  e. a second switch connected between the point of connection between said
      photoconductive element and said impedance element and one end of said
      capacitor, said second switch being adapted to open after said first
      switch is closed, the voltage stored in said storage capacitor becoming
      independent of any variation in the resistance value of said
      photoconductive element after said second switch is opened;
PA1  f. a magnet driving circuit including a magnet for controlling the exposure
      time of the camera's shutter in accordance with the voltage stored in said
      storage capacitor, said magnet driving circuit being connected with said
      power source in parallel relationship with said photoelectric converter
      circuit; and
PA1  g. a third switch connected between said magnet driving circuit and said
      power source to make and break the connection therebetween, said third
      switch being adapted to close after said second switch is opened,
PA1  the improvement comprising:
PA2  a compensation circuit connected with said power source in parallel
      relationship with said photoelectric converter circuit and said magnet
      driving circuit, said compensation circuit including a resistor;
PA2  the other end of said storage capacitor being connected with said
      compensation circuit so as to apply to said storage capacitor part of a
      voltage drop caused across said resistor by a voltage drop occurring in
      said power source when said third switch is closed.
NUM  4.
PAR  4. A device according to claim 3, wherein said compensation circuit is
      connected with said power source through said first switch.
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ABST
PAL  To shift the movable lenses of a verifocal objective, or to adjust the
      leaves of an iris diaphragm, a flat or cylindrically curved control
      element is formed with camming grooves coacting with projections on the
      controlled members. The control element is a deformable foil, e.g. of
      sheet metal, in which the camming grooves are formed by deep-drawing. The
      foil rests against a backing element with which it is positively connected
      by a tongue-and-groove coupling or the like and which entrains the control
      element upon being rotated about their common axis by an external force.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to an optical system, e.g. on a photographic
      or cinematographic camera, wherein several controlled members are to be
      conjointly displaced in a precisely correlated manner by a control
      element. Such members include, for example, the axially shiftable lens
      mounts of the displaceable components of a varifocal objective or the
      leaves of an iris diaphragm.
PAC  BACKGROUND OF THE INVENTION
PAR  Varifocal objectives with two relatively axially shiftable components are
      well known in the art, e.g. from my prior U.S. Pat. No. 3,165,044. These
      components have coaxial lens mounts surrounded by a rotatable cylinder
      with camming grooves engaged by projections on the lens mounts whereby
      rotation of the cylinder about the objective axis moves each lens mount
      independently of the other at a rate determined by the pitch of the
      corresponding groove. Such camming grooves, which may be of linear or
      nonlinear pitch, are difficult to machine in a solid cylindrical tube or
      sleeve. The alternative technique of casting or molding the tube entails
      some difficulties in extracting the tube from the mold and also is less
      accurate as concerns the resulting cam shape. Similar considerations apply
      to the setting rings of iris diaphragms having grooves for the guidance of
      studs projecting from the iris leaves.
PAC  OBJECT OF THE INVENTION
PAR  The object of my present invention, therefore, is to provide a simple yet
      precise mechanism for jointly displacing such optical elements.
PAC  SUMMARY OF THE INVENTION
PAR  This object is realized, in conformity with my present invention, by the
      provision of a control element in the shape of a deformable, preferably
      metallic foil with a plurality of camming grooves formed by offset
      portions of the foil which is of substantially constant thickness.
PAR  The offset portions are formed, in a manner well known per se, by
      deep-drawing between suitably shaped dies. If the foil is flat or partly
      cylindrical, the dies may have correspondingly flat or curved surfaces. If
      the control element is to be a complete tube, similar to the camming
      sleeve of conventional varifocal objectives, the foil may be deformed
      between flat dies and may then be rolled into a cylinder held together by
      a longitudinal or oblique seam. Such a sleeve may have camming grooves
      extending over angles greater than 360.degree.. With grooves less than
      180.degree. in arc length, a cylindrical camming sleeve may also be shaped
      between curved dies.
PAR  Advantageously, pursuant to another feature of my invention, the deformed
      foil rests against a rigid backing element mounted coaxially therewith for
      joint rotation, this backing element having a substantially continuous
      surface contacted by the offset foil portions. Thus, the backing element
      (whether a tube or a flat disk) does not have to be specially machined,
      with the possible exception of one or more coupling formations designed to
      connect it with the foil (e.g. with a tongue-and-groove fit). A desired
      rotation may then be imparted to the foil through the intermediary of the
      backing element which can be provided with manually or automatically
      operable actuating means for this purpose.
PAR  In the case of a metallic foil it may be advantageous to line at least the
      camming grooves thereof with a resinous antifriction coating, e.g. of
      Teflon.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a sectional view of part of a varifocal objective provided with a
      control mechanism according to my invention;
PAR  FIGS. 2 and 3 are perspective views of a cylindrical and a part-cylindrical
      control element, respectively, for the lens mounts of the objective of
      FIG. 1;
PAR  FIG. 4 is a perspective view of a setting ring for an iris diaphragm
      embodying features of my invention; and
PAR  FIGS. 5A, 5B and 5C are sectional detail views illustrating several types
      of cam followers to be used in the system of FIG. 1.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 I have shown part of a conventional optical objective of the
      varifocal type, with the stationary positive lens members omitted and with
      movable lens members 2, 3 held in respective lens mounts 13, 14 which are
      axially slidable on a set of parallel rods 5 (only one shown) peripherally
      spaced about the objective axis O. The rods 5 are disposed in an objective
      housing, partly illustrated at 1, on which a sleeve 4 for adjustment of
      the focal length of the objective is rotatably carried. Sleeve 4 may be
      rotatable by hand or by some nonillustrated automatic zooming mechanism.
PAR  In accordance with my present invention, sleeve 4 is designed as a rigid
      backing element for a cylindrical control element 6 in the form of a
      substantially continuous metal foil in which a pair of camming grooves for
      the guidance of lens mounts 13 and 14 are provided without machining by an
      integral deformation producing portions 7 and 8 offset from the body of
      the foil. As best seen in FIG. 2, each of the formations 7 and 8 extends
      over a substantial segment of the cylinder periphery, with an arc length
      of about 180.degree. in the case of formation 7 and considerably greater
      than that (possibly even exceeding 360.degree.) in the case of formation
      8. These formations and their respective camming grooves deviate axially
      from each other to a varying extent in conformity with the desired
      relative and absolute axial displacement of optical components 2 and 3.
PAR  The coupling between the cylindrical control element 6 and the lens mounts
      13 and 14 may be carried out with the aid of various types of cam
      followers projecting from these lens mounts, here specifically a ball 10a
      lodged in a resilient extension 15 of lens mount 13 (in the case of
      component 2) and a pin 10b extending radially from lens mount 14 (in the
      case of component 3). As more clearly indicated in FIGS. 5A and 5B, the
      grooves receiving the projections 10a and 10b are advantageously lined
      with an antifriction coating 16a or 16b, e.g. of Teflon, for smoother
      action; a similar coating 16d is provided in a recess of extension 15 in
      which the ball 10a is cradled. As shown in FIG. 5C, the straight-cut pin
      10b could also be replaced by a stud 10c with a curved end fitting into a
      complementarily shaped camming groove of a formation 12.
PAR  From FIG. 1 it will further be noted that the groove formations 7 and 8 (or
      possibly 12) rest against the inner peripheral surface of backing element
      4 which reinforces the inherently deformable foil of cylinder 6 so as to
      prevent any distortion of the cam track.
PAR  Another integrally deformed portion 9 of element 6 constitutes a lug which
      fits into a recess 11 of an internal annular shoulder 17 of sleeve 4;
      shoulder 17 has a step 18 abutting the element 6 to prevent its axial
      displacement. While only one such lug 9 has been shown in FIGS. 1 and 2,
      it will be apparent that several lugs may be formed at peripherally spaced
      locations to fit into a corresponding number of recesses 11 of shoulder
      17.
PAR  In FIG. 3 I have shown a modified control element 6a which, in
      contradistinction to the wholly cylindrical element 6 of FIG. 2, is only
      slightly larger than a semicylinder to accommodate grooved formations 7a
      and 8a with an arc length not greater than about 180.degree.. Element 6a
      is formed at one end with a lug 9a, similar to lug 9 of FIGS. 1 and 2, and
      at the opposite end with a tongue 9b which differs from the lug 9a by
      being laterally severed from the surrounding foil. This arrangement
      facilitates the mounting of element 6a in a backing sleeve provided at
      opposite ends with a pair of stepped shoulders as shown at 17, 18 in FIG.
      1.
PAR  In FIG. 4 I have illustrated a control ring 106 for a conventional iris
      diaphragm, not shown, consisting of a metal foil with integrally deformed
      portions 107 defining guide grooves for the studs of the iris leaves. The
      formations 107 rest against an annular backing element 104 which, with the
      aid of a stud 19, can be coupled to an externally accessible setting ring
      on the objective housing as is well known per se. The rigid backing ring
      104 has notches 111 receiving tongues 109 integrally projecting from the
      plane of the control ring 106 to couple the rings 104 and 106 to each
      other for joint rotation.
PAR  Although the grooved portions 107 in FIG. 4 are shown to have the same
      rectangular profile as the portions 8 in FIGS. 1 and 5B, they could also
      be shaped trapezoidally or arcuately in the manner of formations 7 and 12.
PAR  The antifriction coatings 16a - 16c in FIGS. 5A - 5C, if extended over the
      full length of element 6 (or 6a), may also be suitably tinted to prevent
      objectionable light reflections on the inner cylinder wall.
PAR  All the camming grooves of element 6, 6a or 106 can be produced in a single
      deformation step, together with the associated coupling formations 9, 9a,
      9b or 109, in a highly economical manner without any chip removal and thus
      with no loss of material.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an optical system comprising a plurality of members centered on an
      axis which are to be jointly displaced in a coordinated manner, the
      combination therewith of a common control element for said members
      comprising a substantially continuous foil of imperforate sheet material
      with spaced-apart deformations offset from the body of the foil
      constituting a plurality of camming grooves, said foil being rotatable
      about said axis, and projections on said members respectively received in
      said camming grooves, said foil being of substantially constant thickness
      throughout said body and said deformations.
NUM  2.
PAR  2. The combination defined in claim 1, further comprising a rigid backing
      element for said control element mounted coaxially therewith, said backing
      element having a substantially continuous surface spaced from said body
      but contacted by said deformations.
NUM  3.
PAR  3. The combination defined in claim 2 wherein said backing element and said
      control element are provided with coacting formations coupling same to
      each other for joint rotation about said axis.
NUM  4.
PAR  4. The combination defined in claim 3 wherein said backing element is
      provided with actuating means for rotating same about said axis.
NUM  5.
PAR  5. The combination defined in claim 4 wherein said elements are generally
      cylindrical.
NUM  6.
PAR  6. The combination defined in claim 5 wherein said members are lens mounts,
      further comprising guide means for said lens mounts extending parallel to
      said axis.
NUM  7.
PAR  7. The combination defined in claim 4 wherein said elements are flat.
NUM  8.
PAR  8. The combination defined in claim 1 wherein said projections include a
      ball lodged in a recess of a resilient extension of at least one of said
      members.
NUM  9.
PAR  9. The combination defined in claim 1 wherein said foil consists of metal.
NUM  10.
PAR  10. The combination defined in claim 9 wherein said foil is provided with a
      resinous antifriction coating at least in said grooves.
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ABST
PAL  A viewfinder assembly for a camera having a door for access to the interior
      wherein the viewfinder, when properly positioned to permit pictures to be
      taken, blocks the door. The assembly comprises a support barrel mounted on
      a camera lens and a main body section adapted to support optical elements
      therein. An eyepiece is at one end of the main body section and extends
      outwardly therefrom. The invention includes mounting means for rotatably
      mounting the main body section on the support barrel to permit rotation of
      the viewfinder assembly to a position wherein the door is no longer
      blocked.
BSUM
PAR  This invention relates generally to a viewfinder assembly for a camera and,
      more particularly, pertains to a viewfinder assembly that may be moved out
      of the path of operating parts of a camera without disturbing the
      viewfinder settings.
PAR  In many cases, and in particular, expensive movie cameras, the lenses are
      manufactured by a completely different entity than the camera body per se.
      For example, the Angenieux Company of 42,570 St. Heand, Paris, France,
      produces a wellknown high quality lens for 16 mm cameras that are produced
      by a number of different camera body manufacturers. As a result of this
      diversity of manufacturing between lenses and camera bodies, it has been
      found that some unforeseen problems arise when a lens is mounted on a
      particular camera body.
PAR  For example, some camera bodies such as model No. LW-16 manufactured by
      Frezzolini Electronics Inc. of 7 Valley St., Hawthorne, N.J. 07506, are
      provided with a side opening door to permit access to the film transport
      mechanism for threading of the film. When the model 10 .times. 12 AV30 16
      mm Angenieux lens is mounted on such a camera body, the eyepiece of the
      viewfinder is positioned in the path of movement of the door. Thus, to
      gain access to the transport mechanism either the lens must be removed
      from the camera body or the viewfinder must be removed by lossening the
      diopter adjustment knob and sliding the eyepiece off the barrel.
      Obviously, neither one of these solutions is particularly appealing. The
      lens is delicate and sensitive to mishandling and precious time may be
      wasted in removing and replacing the lens system each time the door is to
      be opened, particularly when a news event is being filmed. If the eyepiece
      rather than the lens is removed, the operator is required to readjust the
      eyepiece to obtain the correct diopter setting each time it is replaced,
      an equally time consuming task. Accordingly, an object of the present
      invention is to provide and improved viewfinder assembly.
PAR  A more specific object of the invention is to provide a movable viewfinder
      assembly which does not require resetting when moved.
PAR  Another object resides in the novel details of construction that provide a
      viewfinder assembly of the type described that is selectively movable out
      of the path of movement of a camera body door without disturbing any
      viewfinder settings.
PAR  Accordingly, the viewfinder assembly is for a camera having a door for
      access to the interior thereof and the viewfinder assembly is of the type
      that comprises a support barrel mounted on a camera lens. A main body
      section is adapted to support the viewfinder optical elements therein and
      an eyepiece is located at one end of the main body section and extends
      outwardly therefrom. The invention comprises mounting means for mounting
      the main body section on the support barrel for rotational movement
      between first and second positions so that the assembly may be moved out
      of the path of the operating parts of the camera when film is to be
      removed or replaced.
PAR  A feature of the present invention is to provide mounting means in a
      viewfinder assembly to permit movement of the viewfinder assembly out of
      the path of operating parts of the camera wherein the mounting means is
      fully compatible for use with existing viewfinder assemblies.
DRWD
PAR  Other features and advantages of the present invention will become more
      apparent from a consideration of the following detailed description, when
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a camera employing a viewfinder assembly
      constructed according to the present invention, illustrating the
      viewfinder in normal door-blocking position for taking pictures;
PAR  FIG. 2 is a perspective view of the camera shown in FIG. 1, as seen looking
      from above, illustrating the position of the viewfinder assembly after it
      has been rotated out of the path of movement of the camera door;
PAR  FIG. 3 is an exploded view of the viewfinder assembly of the present
      invention;
PAR  FIG. 4 is a front elevational view, partially in section, illustrating the
      connection of the viewfinder assembly to the camera lens; and
PAR  FIG. 5 is a sectional view of the viewfinder assembly taken along the line
      5--5 of FIG. 4.
DETD
PAR  A viewfinder assembly constructed according to the present invention is
      adapted to be utilized in conjunction with a camera designated generally
      by the reference numeral 10 in FIGS. 1 and 2. The main elements of the
      camera 10 are a lens 12 and a camera body 14. The lens 12 is connected to
      the camera body 14 in any conventional manner as by screwing the threaded
      end of the lens into a threaded lens opening on the camera or by the
      utilization of a bayonet mount. The lens may comprise the aforementioned
      lens manufactured by the Angenieux Company and the camera body 14 may
      comprise the aforementioned camera body manufactured by Frezzolini
      Electronics, Inc. The camera body 14 includes a curved shoulder mount 16,
      a handle 18, and a pistol grip 20 that may be adjusted in any desired
      position by a set screw 22. In the interest of clarity, the film magazine
      which is releasably received in a recess 24 in the top wall 26 of the
      camera body is not shown. The side wall 28 of the camera body is hingedly
      connected along the bottom edge by appropriate hinges (not shown) to the
      remainder of the camera body to provide a door that may be opened in the
      direction indicated by arrowhead 30 to permit access to the film transport
      mechanism (not shown) within the camera body. In other words, the door 28
      must be opened each time a new film magazine is mounted on the camera to
      permit the film to be threaded through the film transport mechanism.
PAR  The lens 12 includes a hooded lens opening 32 and a zoom crank 34 mounted
      on the lens barrel. The crank 34 controls the zoom features of the lens.
      Extending radially outwardly from the lens barrel 12 is a viewfinder
      assembly designated generally by the reference numeral 36 which is
      constructed in accordance with the present invention.
PAR  As shown more particularly in FIG. 3, the viewfinder assembly 36 comprises
      a main body section 38 having a laterally or outwardly extending eyepiece
      40. Received within the main body section are the optical elements (not
      shown) of the view-finder assembly optical access to which is obtained
      through a lens opening 42 in the eyepiece. A rotatable knurled ring 44
      controls a shutter mechanism that closes the lens opening 42 to prevent
      light from reaching the film. Surrounding the lens opening is an eye cup
      46 having a laterally or outwardly extending integral portion 48 over a
      portion of its periphery. The eye cup 46 is conventional and operates to
      surround the eye of the operator when he is viewing through the lens
      opening 42 to shut out ambient light. For this reason, the edges 50 of the
      eye cup similarly extend laterally or outwardly.
PAR  The main body section 38 includes a hollow outer barrel section 52 which
      slidingly receives an inner barrel section 54 that terminates in an
      enlarged diameter lower piece 56 that abuts the lower edge of the outer
      barrel section 52 to limit the inward movement of the inner barrel
      section. The outer barrel is slidable with respect to the inner barrel and
      is fixed in place by a set screw 58 that is threadedly received in the
      outer barrel and is adapted to abut the surface of the inner barrel to
      prevent relative movement between the barrels. The movement between the
      outer barrel section and the inner barrel section permits the operator to
      adjust the diopter strength of the viewfinder to his own individual
      eyesight. Thus, in operation, the operator loosens the set screw 58 and
      moves the outer barrel 52 axially with respect to the inner barrel 54
      until he achieves the desired focus whereupon he tightens the set screw
      58.
PAR  Conventional viewfinder assemblies such as the assembly normally supplied
      with the aforementioned Angenieux lens, are immovably fixed in the
      orientation shown in FIG. 1 wherein the eyepiece 40 extends rearwardly
      with respect to the camera body 14. Of necessity, the viewfinder assembly
      must be positioned as close to the camera body is possible so that the
      weight of the camera will be supported by the operator while he looks
      through the viewfinder assembly. For cameras employing side-opening doors,
      a problem is presented since the rearwardly extending eyepiece 40 is
      directly in the path of movement of the door 28, as shown in FIG. 1. In
      other words, the door 28 cannot be opened to permit the camera operator to
      gain access to the film transport mechanism.
PAR  Heretofore, if the operator desired to open the door 28, he would have to
      remove the lens 12. This is an extremely cumbersome and time-consuming
      operation and, in addition, might very well disturb lens settings, thereby
      requiring the operator to recheck all settings when the lens was
      remounted. This type of procedure is unappealing to the operator
      particularly when it is realized that the cameras are used professionally
      to film news events where time is of the essence and film magazines must
      be changed in a matter of seconds. An alternative procedure is to loosen
      the set screw 58 and remove the outer barrel 52 from the inner barrel
      thereby also removing the eyepiece 40. However, this method is also
      time-consuming since the viewfinder assembly must again be adjusted by the
      operator to his individual eyesight each time a film magazine is changed.
      On the other hand, the present invention provides a novel mounting
      arrangement designated generally by the reference numeral 60, which
      permits the eyepiece 40 to quickly be moved out of the path of movement of
      the door 28 without disturbing any camera setting.
PAR  More particularly, the mounting arrangement 60 comprises two opposed
      elongated slots 62 and 64 on the circumference of the enlarged diameter
      portion 56 of the inner barrel section 54 of the main body section. Each
      slot extends over approximately one quarter of the circumference of the
      protion 56 or, to put this in another way, each slot extends through an
      arc of substantially 90.degree.. The ends of the slots terminate in
      slightly enlarged bores 66 the diameters of which are slightly larger than
      the width of the slots so that the edges of the bores extend slightly
      above and below the respective upper and lower edges of the slots.
PAR  The lens 12 is provided with a radially extending support barrel 68 on
      which is mounted the viewfinder assembly. Surrounding a lower portion of
      the support barrel is a fixed ring 70 and a collar 72 surrounds the ring
      70 and extends slightly above the edge of the ring to define an annular
      space 74 between the collar and the support barrel 68.
PAR  The inner barrel 54 is slidingly and rotatably received on the support
      barrel 68 as shown in FIG. 4. The inner barrel is provided with a reduced
      diamer end portion 76 that is received within the space 74. Provided in
      the space 74 between the ring 70 and the bottom edge of the portion 76 of
      the inner barrel 54 there is a washer 78 and a leaf spring 80 which may be
      fabricated from a phosphor bronze alloy and is in the form of a washer.
      The spring 80 biases the main body section 38 of the viewfinder assembly
      outwardly from the lens 12 for reasons which will become apparent herein
      below.
PAR  Screws 82 extend through the respective slots 62 and 64 and are threadedly
      engaged in threaded apertures 84 in the support barrel 68. As shown in
      FIGS. 3-5, the screws 82 are provided with a threaded shaft 86 and a
      smooth portion 88 of larger diameter than the shaft to define a shoulder
      90 therebetween. The screws are threaded into the apertures 84 until the
      shoulders 90 abut the barrel 68. The screws are sized so that the smooth
      portion 88 extends through the respective slots 62 and 64 and slightly
      therebeyond. A collar 92 surrounds the enlarged diameter portion 56 of the
      barrel 54 and is provided with diametrically opposed through bores 94 into
      which the ends of the screws 82 project to maintain the collar in place.
      The collar 92 is provided to cover the slot 62 and 64 to prevent foreign
      material from entering the viewfinder assembly through the slots.
PAR  The slots are positioned so that when the screws 82 abut one end of the
      slots 62 and 64 the viewfinder assembly 36 will be oriented in the normal
      position as shown in FIG. 1. As noted above, the spring 80 biases the
      assembly outwardly so that the screws 82 abut the lower edge of the
      apertures 66 that terminate the slots 62 and 64. Since the lower edge of
      each aperture is slightly below the lower edge of the slot, the apertures
      act as detents to retain the viewfinder assembly in position.
PAR  When it is desired to open the door 28, a slight downward pressure is
      exerted on the top of the viewfinder assembly 36 to move the screws 82
      into alignment with the respective slots 62 and 64. The viewfinder
      assembly is then rotated 90.degree. to the position shown in FIG. 2. In
      other words, since the slots 62 and 64 extend through an arc of
      90.degree., the viewfinder assembly is rotated until the screws 82 engage
      the other end of the slot. The pressure on the viewfinder assembly may
      then be released whereupon the spring 80 again biases the main body
      section 38 outwardly so that the screws 82 are now received in the
      apertures 66 at said other end of the slot, thereby providing a detent to
      retain the viewfinder assembly in the position shown in FIG. 2. Since the
      eyepiece 40 has now been moved out of the path of movement of the door 28,
      the door 28 may be opened so that access may be had to the film transport
      mechanism. When it is desired to move the viewfinder assembly into
      picture-taking position, the above procedure is simply reversed, so that
      the viewfinder assembly is rotated back to the position shown in FIG. 1.
PAR  Accordingly, a viewfinder assembly has been provided which is easily and
      quickly moved out of the path of operating parts of the camera without
      disturbing any setting on the camera.
PAR  While a preferred embodiment of the invention has been shown and described
      herein, it will become obvious that numerous omissions, changes and
      additions may be made in such embodiment without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a camera of the type comprising a body, a camera lens connected to
      said body, and a side door on said camera body for access to the interior
      thereof; a viewfinder assembly comprising:
PA1  a. a support barrel mounted on said camera lens;
PA1  b. a circular main body section adapted to support optical elements
      therein;
PA1  c. an eyepiece at one end of said main body section extending outwardly
      therefrom;
PA1  d. said main body section having a normal operating position corresponding
      to a first position in which said eyepiece is positioned in the path of
      movement of said door and said eyepiece is oriented in viewing position;
PA1  e. and mounting means for mounting said main body section for rotational
      movement between said first position and a second position in which said
      eyepiece is positioned out of the path of movement of said door to permit
      said door to be opened,
PA2  i. said mounting means comprising at least one elongated circumferential
      slot in said main body section,
PA2  ii. and a radially extending pin on said support barrel slidingly received
      in said slot to permit relative rotation between said main body section
      and said support barrel,
PA2  iii. said slot being sized so that said main body section is oriented in
      said first position when said pin engages one end of said slot and said
      main body section is oriented in said second position when said pin
      engages the other end of said slot,
PA2  iv. indexing means at the ends of said slot for releasably retaining said
      main body section in said first and second positions,
PA2  v. said indexing means comprising enlarged openings at the ends of said
      slots and extending beyond said slot to provide detents,
PA1  vi. and biasing means for biasing said main body section in a direction
      whereby said pin is received in said detents.
NUM  2.
PAR  2. The viewfinder assembly of claim 1, in which said slot extends at least
      90.degree. about the circumference of said main body section.
NUM  3.
PAR  3. The viewfinder assembly of claim 1, in which two opposed elongated
      90.degree. slots are provided in the circumference of said main body
      section, and radially extending pins on said support barrel received in
      respective ones of said slots.
NUM  4.
PAR  4. The viewfinder assembly of claim 1, wherein the diameter of said main
      body section is greater than the diameter of said support barrel, and said
      support barrel is rotatably received within said main body section.
NUM  5.
PAR  5. The viewfinder assembly of claim 4, and a collar surrounding said
      slotted main barrel section, a bore in said collar receiving said pin
      therethrough.
NUM  6.
PAR  6. The viewfinder assembly of claim 1, in which said biasing means
      comprises a leaf washer abutting the bottom edge of said main body
      section.
NUM  7.
PAR  7. The viewfinder assembly of claim 1, in which said pin comprises a screw
      having a threaded portion, a smooth portion, and a shoulder therebetween,
      said threaded portion being threadedly engaged with said support barrel,
      said shoulder abutting said support barrel, said smooth portion extending
      outwardly and being received in said slot.
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ABST
PAL  The disclosure herein pertains to a vapor phase process for the preparation
      of electroluminescent materials, particularly GaP, doped with
      isoelectronic impurities, particularly nitrogen, and to electroluminescent
      devices fabricated therefrom.
PARN
PAR  This is a continuation of now abandoned application Ser. No. 381,823 filed
      July 23, 1973, which was a continuation of now abandoned application Ser.
      No. 158,181, filed June 30, 1971.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to the field of electroluminescent materials and
      devices and the preparation thereof.
PAR  As pertinent to this invention, it is known in the prior art that nitrogen
      may be introduced into gallium phosphide (GaP) to create isoelectronic
      traps which function as radiative recombination centers for enhancement of
      the emission of green light when fabricated into junction devices. The
      prior art processes specifically designed for introducing nitrogen into
      the GaP, whether used as substrate or as an epitaxial film or both in the
      fabricated device, has been limited, apparently, to solution growth or
      liquid phase epitaxial processes. Typical of these prior art processes is
      that described, for example, in U.S. Pat. No. 3,462,320, where
      electroluminescent GaP devices are prepared by adding gallium nitride
      (GaN) and polycrystalline GaP containing a dopant of one conductivity type
      to a melt of elemental gallium (Ga) and heated to 1200.degree.C in a
      sealed quartz ampoule, followed by cooling to 800.degree.C over a period
      of about 10 hours. The irregularly-shaped single crystals of
      nitrogen-doped GaP formed in the process is extracted from the gallium by
      washing in concentrated HCl, cut to size and shape and polished. The
      product thus formed is used as a substrate onto which an epitaxial layer
      of GaP of different conductivity type is grown by the liquid phase
      technique known as tipping. Contacts are affixed to the P and N regions to
      fabricate a two-terminal P-N junction device.
PAR  In other prior art processes a nitrogen-doped GaP epitaxial film is grown
      by liquid phase epitaxial deposition, e.g., by tipping, onto a substrate
      of GaP of opposite conductivity type to that in the epitaxial film; the
      GaP substrate may or may not be further doped with nitrogen.
PAR  Although much work has been done with various liquid phase epitaxial growth
      systems, typified by tilting reactor/furnace systems (tipping), crystal
      dipping, sliding tube and traveling solvent processes, numerous
      shortcomings and limitations are still encountered in use of these
      systems. Included among the disadvantages of liquid phase epitaxial growth
      systems are lack of positive initiation and termination of film growth,
      non-uniformity of film thickness across a single substrate surface and
      form substrate to substrate, necessity to remove deleterious surface
      oxides from the melt prior to epitaxial deposition, inadequate thermal
      coupling between the liquid charge and heat source, lack of
      reproducibility control in saturating melts of the liquid charge and/or
      the use of complex, expensive equipment.
PAR  It is also known to prepare electroluminescent GaP diodes by vapor phase
      processes. However, there seems to be no disclosure in the prior art
      specifically teaching the intentional doping of GaP with nitrogen in vapor
      phase processes to produce electroluminescent materials suitable for
      light-emitting diodes. In one known process, sulfur-doped GaP was
      epitaxially deposited from the vapor phase onto a gallium arsenide (GaAs)
      substrate by a phosphorus trichloride (PCl.sub.3) transport process. In
      that process, purified hydrogen carrying the PCl.sub.3 was combined with a
      stream of hydrogen carrying the sulfur impurity and the gaseous mixture
      introduced into a quartz reactor tube to react with Ga at 930.degree.C and
      form GaP which was epitaxially deposited onto the GaAs substrate.
      Thereafter, a P-type dopant, e.g., zinc or beryllium, was diffused into
      the N-type GaP layer to form a P-N junction. The emission spectra for
      diodes fabricated from the epitaxial GaP/GaAs structure showed, inter
      alia, that isolated atoms of nitrogen were present as an unintentionally
      added impurity; no comment is offered as to either the possible source of
      nitrogen addition or its location within the device material, i.e.,
      whether in the P or N regions of the GaP. The process referred to is
      described in more detail by E. G. Dierschke et al in the Journal of
      Applied Physics, Vol. 41, No. 1, pages 321-328, January, 1970.
PAR  In a process described by P. J. Dean et al in Applied Physics Letters, Vol.
      14, No. 7, pages 210-212, April 1, 1969, phosphorus-rich GaAs.sub.x
      P.sub.1.sub.-x doped with nitrogen was grown from the vapor by introducing
      phosphine (PH.sub.3) and arsine (AsH.sub.3) in a stream of wet hydrogen
      into an open tube reactor heated to about 1040.degree.C wherein the water
      reacted with sintered boron nitride (BN) to generate NH.sub.3 above the
      crystal growth zone; nitrogen from the NH.sub.3 was used to dope the
      GaAs.sub.x P.sub.1.sub.-x, apparently uniformly throughout the growing
      crystal. However, the article published by Dean et al, supra, was directed
      primarily to a discussion of the localization energy of excitons at
      isoelectronic nitrogen sites in phosphorus-rich GaAs.sub.x P.sub.1.sub.-x,
      based on experimental results from optical absorption spectra. No
      disclosure is made in the Dean et al article pertaining to the fabrication
      of any semiconductor devices, including electroluminescent gallium
      arsenide phosphide or GaP P-N junction devices or performance
      characteristics thereof.
PAR  In the prior art processes referred to above, the isoelectronic impurity,
      nitrogen, is usually distributed uniformly throughout the epitaxial film
      and/or substrate upon which the film is deposited. Since the
      electroluminescence from isoelectronic nitrogen sites occurs within the
      vicinity of the P-N junction space charge region, nitrogen atoms in the
      remaining portions of the material absorb part of the emitted radiation.
      In order to obtain the desired nitrogen profile, it has been suggested
      that a liquid phase epitaxial double tipping technique be employed. In
      such proposed method, during the first tipping operation to grow a layer
      of one conductivity type, the epitaxial growth cooling cycle is
      interrupted after growth of a layer having a given nitrogen concentration,
      and the nitrogen content increased by adjusting the NH.sub.3 concentration
      to increase the GaN concentration in the Ga growth solution. On resuming
      the cooling cycle the subsequent layer growth would have the desired
      higher nitrogen concentration. Next, a layer of opposite conductivity type
      is grown by a second tipping operation from a melt containing the desired
      GaN level. After a desired growth period, the cooling cycle is interrupted
      and GaN evaporated from the Ga growth melt. Upon resuming the cooling
      cycle, the remaining layer is grown with a low nitrogen level. In the
      proposed method, the product would have nitrogen distributed throughout
      both the substrate and all regions of the epitaxial layer.
PAR  Therefore, it is an object of this invention to provide a vapor phase
      process for the preparation of nitrogen-doped GaP electroluminescent
      materials.
PAR  It is a further object of this invention to provide a simple means for
      introducing nitrogen into a specified region of the epitaxial layer of
      GaP.
PAR  A further object of the invention is to provide a new composition of matter
      particularly suitable for use in the fabrication of electroluminescent
      devices.
PAR  Another object of this invention is to provide improved electroluminescent
      devices fabricated from the nitrogen-doped GaP produced herein.
PAR  These and other objects will become apparent from the detailed description
      of the invention given below.
PAC  SUMMARY OF THE INVENTION
PAR  This invention pertains to a vapor phase process for the introduction of
      isoelectronic impurities into the junction region only of semiconductor
      materials and to semiconductor devices prepared therefrom. In preferred
      embodiments, the invention pertains to the introduction of nitrogen into a
      specified region of GaP material which is subsequently fabricated into
      electroluminescent devices.
PAR  The GaP herein is prepared, in preferred embodiments, by reacting a
      hydrogen halide-in-hydrogen mixture with Ga and combining the reaction
      mixture with hydrogen carrying PH.sub.3 and an impurity dopant of one
      conductivity type to form GaP which is deposited from the vapor phase onto
      a suitable substrate as an epitaxial film. When the desired film thickness
      has been reached, nitrogen is introduced into the reactant vapor stream
      and incorporated into the growing epitaxial layer only in the narrow
      surface region where the P-N junction is to be formed and radiation
      generated. Thereafter, the P-N junction is formed by either introducing
      into the reactant vapors an impurity of conductivity type opposite to that
      previously used or by diffusing an opposite-type impurity into the
      epitaxial layer after growth has been terminated.
PAR  The nitrogen-doped GaP epitaxial structure is then fabricated into
      electroluminescent devices by conventional techniques. By confining the
      nitrogen impurity to the surface region in which the P-N junction is
      formed, the remainder of the diode body, being free of nitrogen, is more
      transparent to the generated radiation, resulting in increased brightness
      at the shorter wavelengths and less shift of the color of the emission
      from green towards yellow, hence brighter green emission.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In FIGS. 1A-1D are shown sequential steps in the preparation of
      semiconductor materials according to this invention.
PAR  In FIGS. 2 and 3 are shown cross-sectional schematic views of typical
      embodiments of semiconductor devices fabricated according to this
      invention.
PAR  In FIG. 4 are shown curves for determining nitrogen concentration as a
      function of ammonia flow rate in the process plotted against brightness of
      light-emitting diodes having a given nitrogen concentration in the region
      of the P-N junction.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAC  Example 1
PAR  In preferred embodiments, the process and apparatus used in carrying out
      the present invention is generally similar to that disclosed in U.S. Pat.
      No. 3,218,205 to R. A. Ruehrwein, assigned to same assignee herein.
PAR  In this example, reference will be made to the preparation of the
      epitaxially-structured material used to fabricate the device shown
      sectionally in FIG. 2.
PAR  In the epitaxial growth operation shown in FIGS. 1A and 1B, a cleaned and
      polished substrate wafer of single crystal GaP 1, oriented within
      2.degree. of the (100) crystallographic plane, was placed in a fused
      silica reactor tube located in a furnace. The reactor tube was flushed
      with hydrogen to remove oxygen from the tube and surface of the substrate.
      The reactant vapor was produced by introducing a stream of HCl at 3.0
      cc/min. into a stream of hydrogen at 50 cc/min. and passing this stream
      over elemental Ga at 780.degree.C. Simultaneously, a second hydrogen
      stream at 450 cc/min., into which is introduced 0.75 cc/min. of phosphine
      (PH.sub.3) and about 2.5 cc/min. of a 10 ppm H.sub.2 S-in-hydrogen
      mixture, is made up and combined with the HCl--Ga reaction mixture in the
      reaction zone of the reactor tube heated to 925.degree.C. From the
      reaction zone the vapors moved to a cooler region of the tube heated to
      825.degree.C where epitaxial deposition of GaP was initiated on the
      surface 2 of the GaP substrate to grow a layer 3 about 250 .mu.m thick.
      During the final period of epitaxial growth, 12.5 cc/min. of pure NH.sub.3
      gas was added to the reactant stream to grow a nitrogen-doped epitaxial
      layer 4 about 10 .mu.m thick, doped with nitrogen to a concentration of
      about 3.0 .times. 10.sup.18 cm.sup.-.sup.3, after which growth was
      terminated and the system cooled to ambient. The structure at this stage
      is as shown in FIG. 1B.
PAR  A sample of the material prepared as above was then diffused for 20 min. at
      900.degree.C in an evacuated and sealed ampoule containing 3 mg. of Zn to
      produce a P-region 4b and P-N junction 5 about 6.mu.m deep in the nitrogen
      doped layer as shown in FIG. 1C. The entire epitaxial layer, including
      regions 3, 4a and 4b, was doped with sulfur to a net donor concentration
      of about 7 .times. 10.sup.16 cm.sup.-.sup.3.
PAR  The material produced in the above process was then fabricated into
      light-emitting diodes (LED's). The finished wafer was lapped from the
      substrate side to a thickness of about 5 mils. Because of the thickness of
      layer 3 this results in the removal of substrate 1 and a portion of layer
      3 up to a level represented by dashed line 6 in FIG. 1C to produce the
      wafer shown in FIG. 1D. For epitaxial structures having a total thickness
      for layers 3 through 4b (FIG. 1C) of less than about 5 mils, the device
      would appear as in FIG. 3 in which a portion of the substrate 1 is
      included in the device. Ohmic contact was made to the N-type surface 6
      (FIG. 1D) by vacuum evaporating a layer 7 (FIGS. 2 and 3) of Au/Ge (120)
      alloy onto the surface and bonding the latter to a suitable header 8, such
      as a TO-18 header, having negative terminal post 9 (positive terminal not
      shown). Ohmic contact was then made to the P-surface of the device by
      attaching thereto a gold wire 10 by ultrasonic bonding.
PAR  LED's fabricated with the material produced by the process of this example
      produced an average brightness at room temperature of about 545
      foot-Lamberts at a wavelength of about 5600 A with a current of 20 mA for
      diodes having an area of about 1 .times. 10.sup.-.sup.3 cm.sup.2.
PAR  In a series of runs performed in accordance with conditions of the above
      process, except for different NH.sub.3 flow rates, LED's were fabricated
      which produced average brightnesses of well over 700 foot-Lamberts.
      Ammonia flow rates of up to about 50 cc/min. were used to produce GaP
      material doped with nitrogen to concentrations within the range of from
      &gt;1.0 .times. 10.sup.18 cm.sup.-.sup.3 to about 3.0 .times. 10.sup.19
      cm.sup.-.sup.3. The data resulting from this particular series of runs
      indicates that nitrogen concentrations in the nitrogen-doped surface
      region should be on the order of &gt;1.0 .times. 10.sup.18 cm.sup.-.sup.3 to
      about 2.5-3.0 .times. 10.sup.-.sup.19 cm.sup.-.sup.3, with best average
      results, to date, having nitrogen concentrations within a range of from
      about 8.0 .times. 10.sup.18 cm.sup.-.sup.3 to about 2.0 .times. 10.sup.19
      cm.sup.-.sup.3. LED's having nitrogen concentrations within the latter
      range produced average brightnesses of about 715 foot-Lamberts, some of
      which have produced a brightness of 750 foot-Lamberts.
PAC  Example 2
PAR  This example illustrates the comparative performance of GaP LED's produced
      without nitrogen doping.
PAR  The process described in Example 1 was repeated identically, except that
      the NH.sub.3 flow, and introduction of nitrogen into the epitaxial GaP
      material was omitted. The GaP produced by this process was then diffused
      with Zn to form the P-N junction and fabricated into LED's as in the
      preceding example.
PAR  The average room temperature brightness of a batch of diodes fabricated
      from the nitrogen-free material was only about 240 foot-Lamberts at a peak
      wavelength of about 5540 A with a current of 20 mA for diodes having an
      area of about 1 .times. 10.sup.-.sup.3 cm.sup.2.
PAR  Data for the runs described in the above examples for nitrogen-doped and
      nitrogen-free LED's is set out in graphical form in FIG. 4, which shows
      curves corresponding LED brightness with nitrogen concentration as a
      function of ammonia flow rate. To read the composite graph, one selects a
      given ammonia (NH.sub.3) flow rate on the abscissa, reads upwardly on the
      ordinate (not shown) for that flow rate to intersect points on both
      curves. At the intersect point on the lower curve (trace for the x data
      points), one reads to the right to obtain the nitrogen concentration; at
      the intersect point on the upper curve (trace for the dotted data points),
      one reads to the left to obtain the brightness of LED's having the
      specified nitrogen concentration. The nitrogen-free LED's (zero NH.sub.3
      flow rate) are shown to have a brightness of about 240 foot-Lamberts.
PAR  The brightness measurements referred to herein were obtained using
      epoxy-encapsulated diodes (epoxy lens not shown in the drawings) mounted
      on TO-18 headers using Au/Ge preforms.
PAR  Although the data set forth in FIG. 4 show the significant improvements
      already achieved by nitrogen-doping according to this invention, the
      process has not as yet been optimized and further improvement is expected.
PAC  Example 3
PAR  This example exemplifies an embodiment of the invention wherein epitaxial
      GaP is grown on a GaAs substrate. A comparison is also presented between
      nitrogen-doped and nitrogen-free LED's.
PAR  The process operation here follows that described above, again having
      reference to the steps shown in FIGS. 1A- 1D, but for a slight
      modification. In order to minimize crystal strain and imperfections due to
      lattice mismatch of the GaAs substrate and epitaxial GaP, an initial layer
      of graded composition gallium arsenide phosphide (not shown in the
      drawings) is grown as an interface region between the substrate surface 2
      and the epitaxial film. The H.sub.2 /HCl/Ga reaction mixture is produced
      as above. However, the second gaseous reactant stream is made up by adding
      3.6 cc/min. of arsine (AsH.sub.3) and about 1.0 cc/min. of a 100 ppm
      diethyl telluride in H.sub.2 mixture to a stream of 450 cc/min. of
      H.sub.2. The reactant streams are then combined at a reaction temperature
      of about 925.degree.C and contacted with the GaAs substrate oriented
      within 2.degree. of the (100) plane at a deposition temperature of
      840.degree.C to grow the initial graded composition layer. Then by
      decreasing the AsH.sub.3 flow to zero while introducing PH.sub.3 and
      increasing its flow rate from zero to 2.4 cc/min., an epitaxial film 3 of
      binary GaP is grown to a thickness of about 255 .mu.m. During the final
      period of growth, 300 cc/min. of a 10% NH.sub.3 -in-H.sub.2 mixture is
      substituted for a 300 cc/min. H.sub.2 stream to produce a nitrogen-doped
      surface layer (region 4 in FIG. 1B) about 19 .mu.m thick.
PAR  The GaP material is then fabricated into LED's in the same manner as
      described in Example 1. These LED's produce an average brightness of about
      400 foot-Lamberts at a current of 20 mA for diodes having an area of about
      1 .times. 10.sup.-.sup.3 cm.sup.2. By way of comparison, LED's of the same
      area fabricated in the same manner, but without nitrogen doping, produce
      an average brightness of only 110 foot-Lamberts at a current of 20 mA.
PAR  The lower brightness values for GaP LED's grown on GaAs substrates, as
      compared with those grown on GaP substrates (for which data is presented
      in FIG. 4), is believed to be due to the introduction of non-radiative
      recombination centers into the epitaxial GaP by dislocations and/or strain
      originating in the lattice mismatch with substrate. However, the
      significant improvement accruing from nitrogen-doping vis-a-vis
      nitrogen-free in LED brightness is apparent.
PAR  The absorption of the high energy, short wavelength, portions of the
      emission band by high nitrogen concentrations produce an additional
      apparent shift in the peak emission energy, which is minimized by
      confining the nitrogen doping to the vicinity of the P-N junction.
PAR  In preferred embodiments of the invention, referring now to FIGS. 1B and
      1C, the region 3 is preferably about 100 .mu.m thick, but can have
      thicknesses within the range 5-250 .mu.m or more. The N-type region 4a of
      the nitrogen-doped surface layer preferably should be about 5 .mu.m, but
      more broadly can have thicknesses within the range 0-200 .mu.m or more.
      The P-type region 4b of the nitrogen-doped layer preferably should be
      about 5-10 .mu.m thick and, more broadly, can be from 1 to 25 .mu.m or
      slightly more. Thus, it will be noted that in some embodiments, the P-N
      junction may be formed at the interface between the nitrogen-doped and the
      nitrogen-free regions of the epitaxial GaP materials and LED's of this
      invention. However, in preferred embodiments as exemplified in the above
      examples, the epitaxial GaP structures are shown in FIG. 2 (with layer 1
      and a portion of layer 3 removed by lapping) and FIG. 3.
PAR  In preferred embodiments, the epitaxial GaP film is doped with N-type
      impurities and diffused with P-type impurities to form the P-N junction.
      In other embodiments, the bulk of the epitaxial film is doped with P-type
      impurities and diffused with N-type impurities. The diffusion may suitably
      be conducted by various means known to the art, including solid, liquid or
      gas phase diffusions. An alternative method for forming the P-N junction
      is to substitute an impurity of the opposite conductivity type to that
      previously used in the reactant vapors and grow a layer of the opposite
      conductivity type containing the isoelectronic impurity. Suitable
      impurities include those conventionally used in the art, e.g., S, Se, Te
      or Si for N-type doping and Be, Zn or Cd for P-type doping. The N-type
      impurity concentration range is broadly, from about 2.0 .times. 10.sup. 16
      - 2.0 .times. 10.sup.17 cm.sup.-.sup.3 and, preferably, about 7.0 .times.
      10.sup.16 cm.sup.-.sup.3. The surface concentration of P-type impurities
      is typically on the order of 10.sup.19 atoms/cm.sup.3.
PAR  With respect to the nitrogen dopant, as indicated above, in preferred
      embodiments, the nitrogen is selectively introduced into the growing
      epitaxial film only in the region in which the P-N junction is to be
      formed, typically in the upper 5-20 .mu.m surface region (layer 4 in FIG.
      1B). The nitrogen concentration in this surface region is typically about
      1.0 .times. 10.sup.18 - 3.0 .times. 10.sup.19 atoms/cm.sup.3. The
      isoelectronic impurity may be introduced from any suitable source, e.g.,
      pure ammonia, NH.sub.3, elemental nitrogen, or other gaseous or volatile
      compounds thereof.
PAR  With further respect to the LED's of this invention, the presence of
      substrate 1, which is essential in producing the desired material, is not
      essential to the operation of the final device and it may be removed
      wholly or partially, as well as a portion of layer 3 (as shown in FIGS.
      1C, 1D and FIG. 2), in reducing the thickness of the semiconductor chip to
      a convenient value of 100 to 150 .mu.m. In the embodiments using GaAs as a
      substrate it is preferable to remove the substrate 1 to minimize
      absorption losses and gain radiation reflected from layer 7.
PAR  Other modifications within the purview of this invention include the use of
      other substrates whose lattice structure is compatible with epitaxial
      growth of the GaP film, e.g., Ge, ZnS, etc. It is also contemplated that
      other isoelectronic impurities than nitrogen may be used in the manner of
      this invention for fabrication into electroluminescent devices.
PAR  It is also contemplated that vapor epitaxial deposition processes other
      than those specifically used in the working examples above may be employed
      for this invention when modified to incorporate an isoelectronic impurity
      into the reactant vapors and epitaxial film as described herein.
PAR  The nitrogen-doped GaP material of the present invention is particularly
      suitable for use in the fabrication of electroluminescent devices which
      emit light in the green portion of the electromagnetic spectrum, i.e.,
      light having wavelengths between about 5500 A and 5800 A. In many
      applications, devices which emit light within the green portion of the
      spectrum are of particular significance from the standpoint of economy and
      practical utility. Of special importance is the use of green-emitting
      LED's and arrays thereof as film annotators. As well known, film, like the
      human eye, is much more sensitive to green light than to red light.
      Therefore, the use of green light effects a reduction in material
      requirements, device size, current requirements and film exposure time.
      These advantages make it possible to increase the information density per
      unit area and simplify driving circuitry by driving directly from
      integrated circuitry without intermediate amplifiers.
PAR  As indicated above, the nitrogen-doped GaP materials of this invention are
      fabricated into discrete LED's and monolithic or hybrid arrays thereof by
      conventional photolithographic techniques involving masking, diffusion,
      etching, etc. As further indicated above, in preferred embodiments the
      grown epitaxial GaP material is doped with N-type impurities and the P-N
      junction formed in the nitrogen-doped region thereof by diffusion with
      P-type impurities; such diffusion being performed with solid, liquid or
      gaseous diffusion sources. In a particularly suitable embodiment for
      diffusing P-type impurities, e.g., Zn, into the GaP material, a
      solid-solid diffusion system is used. In such system the diffusant source
      comprises a sandwich-structure of a heat-treated SiO.sub.2 layer deposited
      on the GaP material and covered with a layer of zinc oxide (ZnO) which is
      covered with a layer of SiO.sub.2. This diffusion system may be used to
      prepare full chip emitter devices or, by use of photolithographic
      techniques, planar arrays of LED's. In a particularly suitable embodiment
      for using the SiO.sub.2 /ZnO/SiO.sub.2 diffusant in planar techniques, a
      diffusion mask comprising a sandwich structure of SiO.sub.2, silicon
      nitride (Si.sub.3 N.sub.4) and SiO.sub.2 layers is first deposited on the
      GaP material, windows opened through the diffusion mask by
      photolithographic techniques, followed by the sequential deposition of the
      SiO.sub.2, ZnO and SiO.sub.2 layers of the diffusant system. These
      solid-solid diffusion systems are described in more detail in two patent
      applications, U.S. Ser. Nos. 134,240 and 134,251, filed Apr. 15, 1971 by
      John G. Schmidt and assigned to the assignee herein.
PAR  Various other modifications of the invention will occur to those skilled in
      the art without departing from the spirit and scope thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. An article of manufacture comprising a layer of electroluminescent GaP
      epitaxially grown from vapor phase reactant materials, said layer having a
      bulk region substantially free of nitrogen atoms and a surface region
      containing nitrogen atoms in a concentration within the range of from 1.0
      - 3.0 .times. 10.sup. 19 cm.sup.-.sup.3, said bulk and surface regions
      both containing N-type impurity atoms in a concentration within the range
      of 2.0 .times. 10.sup.16 cm.sup.-.sup.3 to 2.0 .times. 10.sup.17
      cm.sup.-.sup.3 and said surface region further containing P-type impurity
      atoms at a surface concentration of about 1 .times. 10.sup.19
      cm.sup.-.sup.3 to define a P-N junction in said surface region.
NUM  2.
PAR  2. An article of manufacture according to claim 1 wherein said layer is in
      epitaxial relationship with a suitable substrate.
NUM  3.
PAR  3. An article of manufacture according to claim 1 further including ohmic
      contacts and leads to an external circuit attached to said bulk and
      surface regions.
NUM  4.
PAR  4. An article of manufacture according to claim 2 wherein said substrate is
      GaP.
NUM  5.
PAR  5. An article of manufacture according to claim 2 wherein said substrate is
      GaAs.
NUM  6.
PAR  6. An article of manufacture according to claim 4 further including ohmic
      contacts and leads to an external circuit attached to said layer and said
      substrate.
NUM  7.
PAR  7. An article of manufacture according to claim 5 further including ohmic
      contacts and leads to an external circuit attached to said layer and said
      substrate.
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ABST
PAL  A switching device equipped with a semiconductor memory element in which
      the semiconductor memory element includes at least one junction region
      provided on a semiconductor base plate, a thin insulating film through
      which carriers can pass and an insulating film having a trap level, said
      two insulating films being disposed on the surface of said semiconductor
      base plate in stacked layer relationship, thereby providing a memory
      function. The present device is provided with this semiconductor memory
      element, a power supply for controlling the semiconductor memory element
      and means for turning on or off the controlling power supply, thus
      accomplishing a touch-switching device of high impedance and ensuring its
      operations with inexpensive cost.
PARN
PAR  This is a continuation of application Ser. No. 318,644, filed Dec. 26, 1972
      now abandoned.
BSUM
PAR  The present invention relates to a switching device equipped with a
      semiconductor memory element, and more particularly to a touch-switching
      device equipped with a semiconductor element having a memory function.
PAR  Conventionally, touch-switching devices had a drawback that they had a
      complicated structure or circuit arrangement and were expensive although
      they were advantageously free from operational noise and operated with a
      soft touch. Further, the touch-switching devices could not
      disadvantageously retain their previous states upon interruption of the
      power supply.
PAR  An object of the present invention is to provide an inexpensive
      touch-switching device with simple construction and low occurence of
      faults.
PAR  Another object of the present invention is to provide a touch-switching
      device operable even by the touch of a semi-conductive substance such as
      the human body.
PAR  A further object of the present invention is to provide a touch-switching
      device being capable of retaining its previous state even if the power
      supply is interrupted.
PAR  A still further object of the present invention is to produce a
      touch-switching device positively operable by a touch in a short time.
PAR  The objects of the present invention will be attained by employing a
      semiconductor element having a memory function and high impedance relative
      to control terminals.
DRWD
PAR  FIG. 1 is a sectional-view showing the structure of an embodiment of a
      semiconductor memory element of a terminal type employed in a switching
      device according to the present invention;
PAR  FIG. 2 is an explanatory view illustrating an operational principle of a
      semiconductor memory element employed in a switching device according to
      the present invention;
PAR  FIG. 3 is a sectional-view showing a structure of another embodiment of a
      semiconductor memory element of a terminal type;
PAR  FIG. 4 is a schematic view illustrating an operation of the above-mentioned
      semiconductor memory element;
PAR  FIG. 5 is a view of voltage wave forms for illustrating an operation of the
      above-mentioned semiconductor memory element;
PAR  FIG. 6 is a circuit diagram showing one embodiment of a control device
      according to the present invention in which the above-mentioned
      semiconductor memory element of a three-terminal type is employed;
PAR  FIG. 7 is a circuit diagram similar to that of FIG. 6 showing another
      embodiment of a control circuit in which the above-mentioned semiconductor
      memory element of a four-terminal type is employed;
PAR  FIG. 8 is a circuit diagram of another embodiment of a control device
      according to the present invention in which rectifiers are connected to an
      input portion of the semiconductor memory element in parallel with a power
      supply;
PAR  FIG. 9 is a circuit diagram of another embodiment similar to that of FIG. 8
      in which rectifiers are connected to an input portion of the semiconductor
      memory element in series with a power supply;
PAR  FIG. 10 is a circuit diagram of a further embodiment of a control device
      according to the present invention in which an AC voltage serving as a
      power supply is applied to an input portion of the semiconductor memory
      element with a rectifier connected in series with the power supply;
PAR  FIG. 11 is a circuit diagram of an embodiment similar to that of FIG. 10 in
      which a rectifier is connected in parallel with a power supply;
PAR  FIG. 12 is a circuit diagram of another embodiment of a control device
      according to the present invention in which an AC power supply and a
      reference voltage supply are employed as a power supply to an input
      portion of the semiconductor memory element with a rectifier connected in
      series with the AC power supply; and
PAR  FIG. 13 is a circuit diagram of an embodiment smilar to that of FIG. 12 in
      which a rectifier is connected in parallel with an AC power supply.
DETD
PAR  The present invention employs a novel semiconductor memory element hitherto
      not known. Accordingly, the semiconductor memory element employed in a
      touch-switching device according to the present invention will be briefly
      described. FIG. 1 shows a structure in section of an embodiment of the
      semiconductor memory element wherein a silicon base plate or substrate 1
      of a P type, for example, is formed at one surface with an N-region 2 and
      N.sup.+-regions 3 of step junction structure in higher concentration than
      the N-region 2. The surface of the base plate other than portions above
      the N-region is covered with for example, a thin silicon oxide film 4 and,
      for example, a silicon nitride film 5 having a trip level in stacked layer
      relationship. Electrodes 6 to 8 are provided in ohmic contact on the other
      surface of the base plate 1, on the N-region 2 and on a silicon-insulating
      film 5, respectively.
PAR  FIG. 2 shows a view for illustrating an operational principle of the
      element having the above-mentioned structure, in which power supplies 10
      to 12 are disposed so as to selectively apply a voltage between the
      electrodes 6, 7 and between the electrodes 6, 8 by means of a change-over
      switch 9. It is to be noted, here, that the power supply 10 serves to
      apply a backward bias voltage to a junction between the p-type silicon
      base plate 1 and the N-region while the power supplies 11 and 12 are
      connected so as to apply to the insulating layers 4, 5 the voltage the
      polarity of which is reversed by changing over the switch 9.
PAR  When the power supply 10 is connected between the electrodes 6 and 7 to
      apply a voltage lower than a breakdown voltage of the PN junction in the
      regions 1 and 2, a backward saturated current only flows therethrough, the
      level of which depends upon a junction area in the regions 1, 2 and an
      insulating condition on the surface, amounting to as little as several
      nanoamperes (10.sup.-.sup.9 A). This state is hereinafter referred to as
      an off-state of the semiconductor memory element.
PAR  The connection of the power supply 11 between the electrodes 6 and 8 by
      changing over the switch 9 causes electrons to pass through the thin
      Silicon Oxide film 4 out of the trap level in the silicon nitride film 5
      due to the tunnel effect with the result of injection of the electrons to
      the P-type silicon base plate 1. The injection causes the empty trap level
      in the silicon nitride film 5, thus forming a positively charged layer 13.
      The surface on the P-type silicon base plate 1, i..e. the interface facing
      the silicon oxide film 4 is formed with a reversed layer 14 due to the
      injection of the electrons.
PAR  The disconnection of the power supply 11 in this state prevents the
      electrons injected into the P-type silicon base plate 1 out of the silicon
      nitride film 5 passing back to the emptied trap level in the silicon
      nitride film 5 through the silicon oxide film 4 for recombination because
      there is no electric field, thus continuing to form the reversed layer 14
      for the induction of the positively charged layer 13. The duration period
      depends upon the film time of the trap level, and amounts to more than
      4000 hours for the silicon nitride film 5. This state is referred to as an
      on-state of the semiconductor memory element. The renewed connection of
      the power supply 10 between the electrodes 6 and 7 with the formation of
      the reversed layer 14 causes the backward saturated current to flow
      therethrough due to the existence of the reversed layer 14 the magnitude
      of the current being 10.sup.2 to 10.sup.3 times as great as that of the
      current as mentioned above.
PAR  If, on the other hand, the N.sup.+-region 3 is formed with a step junction
      so that the PN junction between the region 3 and the P-type silicon base
      plate 1 may have a smaller withstand voltage than the PN junction between
      the N-region 2 and the base plate 1, then across the electrodes 6 and 7
      flows a current much larger in magnitude than the backward saturated
      current produced at the formation of only the reversed layer 14. In other
      words, the formation of the reversed layer 14 establishes the electrical
      connection between the regions 2 and 3. As a result, the breakdown voltage
      of the PN junction is determined by either a lower voltage across the
      regions 1 and 2 or across the regions 1 and 3. Consequently, if the power
      supply 10 supplies a voltage greater than the breakdown voltage across the
      regions 1 and 3 then a greater current due to breakdown phenomenon flows
      through the electrodes 6 and 7. Thus the state in which the reversed layer
      14 is formed is again referred to as an on-state of the semiconductor
      memory element. Thus it will be appreciated that the positively charged
      layer 13 and the reversed layer 14 are formed to effect a writing
      operation by employing a power supply of 18 volts, for example, as the
      power supply 11 and applying the voltage so that the electrode 8 may be
      negative. A reading operation, on the other hand, will be effected by
      employing the power supply 10 of 12 volts and by applying the voltage so
      that the electrode 7 may be positive so that a large current flows through
      the electrodes 6, 7 due to the breakdown phenomenon. The output current
      obtained in the off-state and the on-state are 0.5 and 5 miliamperes,
      respectively, thus ensuring sufficient utility for the memory element.
PAR  The erasion of the signal in memory is effected by connecting between the
      electrodes 6 and 8 the power supply 12 having polarity opposite to that of
      the power supply 11 used in the writing operation by means of the
      change-over switch 9. In other words, the connection of the change-over
      switch 9 to the power supply 12 causes the electric field opposite to that
      mentioned above to be applied across the insulating films 4 and 5 with the
      result that the electrons forming the reversed layer 14 pass through the
      silicon oxide film 4 due to the tunnel effect for recombination with the
      empty trap level in the silicon nitride film 5. Consequently, the
      positively charged layer 13 and the reversed layer 14 disappear to restore
      the semiconductor memory element to the off-state.
PAR  It is to be noted that the current flowing through the electrodes 6 and 7
      is maintained constant by resistance of the reversed layer 14 when the
      semiconductor memory element is in the on-state.
PAR  FIG. 3 shows a modification in part of the element having the
      above-mentioned structure, the difference exists in that p.sup.+-regions
      15 are formed in substitution for the N.sup.+-region 3, and electrodes 16
      are connected in ohmic contact with the regions 15.
PAR  In the same way as mentioned above, the application of the voltage between
      the electrodes 6 and 8 allows the reversed layer to be formed or erased
      along the interface between the silicon base plate 1 and the silicon oxide
      film 4 depending upon the polarity of the voltage. The formation of the
      reversed layer results in the electrical connection of the N-region 2 with
      the p.sup.+-region 15, thus causing the breakdown phenomenon upon
      application of the backward voltage between the electrodes 7 and 16. As a
      result, the element is operated with a much lower voltage as compared with
      the element of the structure as shown in FIG. 1. The reading-out is
      effected by providing the electrode 7 with negative potential and the
      electrode 16 with positive potential. The disappearance of the reversed
      layer causes the PN junction between the P type silicon base plate 1 and
      the N-region to have a backward withstand voltage greater than the voltage
      applied between the electrodes 7 and 16, thereby hardly any current flows.
      It will be understood, therefore, in this case, that the input section is
      completely separated from the output section. As mentioned above, the
      semiconductor memory element can substantially permanently retain its on
      or off-state, and it will suffice only to apply the control voltage in a
      very short time in order to effect the turning-on or turning-off operation
      of the element.
PAR  The embodiments of the present invention will be successively described in
      more detail.
PAR  FIG. 4 is a view showing a fundamental construction of a touch-switching
      device according to the present invention; FIG. 5 is a view illustrating
      the operation thereof; and FIGS. 6 and 7 are views showing a typical
      arrangement of the device in some applications.
PAR  An embodiment of a touch-switching device according to the present
      invention will be described in connection with FIGS. 4 and 5. In FIG. 4
      there is shown the above-mentioned semiconductor memory element 101 of a
      three-terminal structure including an input terminal 102 and a ground
      terminal 103, corresponding to electrodes 8 and 6, respectively, in FIG.
      1, having high impedance there between and an output terminal 104,
      corresponding to electrode 7 in FIG. 1, connected to a power supply 106
      through a resistor 105.
PAR  The operation of the thus arranged circuit will be described by reference
      to FIG. 5. As shown in FIG. 5(a), when a negative trigger voltage -E.sub.1
      is applied to the input terminal 102 at a time t.sub.o , the semiconductor
      memory element is turned on so that a current I flows through the output
      terminal 104 as shown in FIG. 5(b) if the voltage E.sub.1 exceeds a
      predetermined negative threshold voltage -E.sub.s. Consequently, the
      voltage at the output terminal 104 is reduced to E.sub.2 out of the
      voltage E.sub.0 of the power supply as shown in FIG. 5(c).
PAR  After that, even if the voltage -E.sub.1 applied to the input terminal 102
      is removed, the semiconductor memory element 101 is maintained turned-on.
      The state remains the same as previously upon recovery of the voltage of
      the power supply even if the voltage thereof temporarily disappears. This
      means that a signal in the memory does not vanish upon an interruption of
      the voltage of the power supply.
PAR  Next, when a positive trigger voltage E.sub.1 is applied to the input
      terminal 102 at a time t.sub.2 with its level E.sub.1 greater than a
      predetermined positive threshold voltage E.sub.s, the semiconductor memory
      element 101 is turned off for the first time. As a result, the current
      flowing through the output terminal 104 is interrupted, thereby restoring
      the voltage at the output terminal 104 to the voltage E.sub.0 of the power
      supply. Afterwards the state remains the same until the negative voltage
      with its level exceeding the negative threshold voltage -E.sub.s is again
      applied to the input terminal 102.
PAR  Next, the embodiment according to the present invention will be described
      in connection with FIG. 6, in which elements similar to those of FIG. 4
      are indicated with the same reference characters. A power supply 107 for
      controlling the semiconductor memory element includes a first power supply
      111 serving as a negative power supply, a second power supply 112 serving
      as a positive power supply, and their respective terminal resistors 113
      and 114. A switching section 108 includes first contact terminals 115, 116
      corresponding to the negative power supply 111, a semiconductive substance
      117 rendering these terminals conductive, second contact terminals 118,
      119 corresponding to the positive power supply 112, and a semiconductive
      substance 120 rendering these terminals conductive. A driving circuit 109
      comprises a transistor 123 and voltage source 124 for biasing its emitter,
      and controls a section 110 to be controlled depending upon the level of
      the voltage produced at the output terminal 104 corresponding to electrode
      7 in FIG. 1, of the semiconductor memory element 101. The section 110 may
      be, for example, a DC motor 125.
PAR  On assumption that the semiconductor memory element 101 is at the
      OFF-state, the high voltage appears at the output terminal 104, thus
      turning on the transistor 123 to rotate the motor 125. Then if the
      semiconductive substance 117 touches the first contact terminals 115, 116,
      the negative volgage from the negative power supply 111 is applied to the
      input terminal 102 corresponding to electrode 8 in FIG. 1, to turn on the
      semiconductor memory element 101 with the voltage at its output terminal
      104 reduced to thereby stop the motor 125. Even if the semiconductive
      substance 117 stops touching the first contact terminals 115, 116, the
      motor 125 remains unactuated. On the other hand, when the semiconductive
      substance 120 for connecting or disconnecting the voltage from the
      positive power supply 112 is forced to touch the second contact terminals
      118, 119, the positive voltage from the positive power supply 112 is
      applied to the input terminal 102 to turn off the semiconductor memory
      element 101 with the motor 125 actuated. After that, even if the
      semiconductive substance 120 comes out of touch with the second contact
      terminal 118, 119, the motor 125 does not stop so long as the
      semiconductive substance 117 comes into touch with the contact terminals
      115, 116.
PAR  FIG. 7 shows another embodiment similar to that of FIG. 6, in which the
      semiconductive memory element 101' of a four-terminal structure as shown
      in FIG. 3 is employed. This semiconductive memory element 101' has a
      structure in which the input section is isolated from the output section
      with the grounded terminal 104', corresponding to electrode 16 in FIG. 3,
      belonging to the output section, and a return terminal 102', corresponding
      to electrode 6 in FIG. 3, is provided at the input section in substitution
      therefor. The other constructions and operations are quite the same as
      those of FIG. 6. It is to be noted, however, that the embodiment of FIG. 7
      is adapted for use in the case where the device to be controlled is
      required to be isolated from the switching section.
PAR  Further it is noted that the resistors 121 and 122 in FIGS. 6 and 7 serve
      to prevent an electric shock as well as to protect the semiconductor
      memory elements 101 and 101'.
PAR  FIGS. 6 and 7 show very fundamental embodiments, which however can be
      developed for various purposes. The switching portion 108 may be, for
      example, disposed on a control panel of an apparatus separately from other
      portions with human fingers serving as the semiconductive substances 117
      and 120. In this case, the semiconductor memory element can be operated by
      putting the fingers in contact with the contact terminals 115, 116 or the
      contact terminals 118, 119 for controlling of the device 125 to be
      controlled. Further, the employment of a conductive piece made of a
      carbonaceous material as the contact terminals 117 and 120 allows the
      elimination of contact faults. It is obvious that the conventional
      switches can be employed as the semiconductive substances 117, 120. The
      reason why such a semiconductive substance can be employed is that
      advantage is skillfully taken of a nature that the semiconductor memory
      elements 101, 101' have very large input resistance.
PAR  FIG. 8 shows an arrangement of a further embodiment, and FIG. 9 shows an
      arrangement of an embodiment similar to that of FIG. 8.
PAR  In FIG. 8 there is shown the above-mentioned semiconductor memory element
      101 of the three-terminal type including the input terminal 102, the
      ground terminal 103 and the output terminal 104 as mentioned above,
      corresponding to electrodes 8, 6 and 7, respectively, in FIG. 1. Between
      the input terminal 102 and the ground there is connected a
      series-connected circuit including a resistor 126, a first switching
      section 127, a resistor 128 and a first power supply 129 of negative
      polarity, and a series-connected circuit including a resistor 130, a
      second switching section 131, a resistor 132 and a second power supply 133
      of positive polarity. The power supply 129 of negative polarity and the
      power supply 133 of positive polarity refer to the power supply the
      positive and negative poles of which are grounded, respectively. A
      terminal of the resistor 126 connecting with the switching section 127 is
      grounded through a first diode 134 connected so that its grounded side may
      be a cathode while a terminal of the resistor 130 connecting with the
      switching section 131 is grounded through a second diode 135 connected so
      that its grounded side may be an anode. The switching transistor 123
      similar to that of the embodiment as mentioned above has its base
      connected to the output terminal 104 of the semiconductor memory element
      101. The transistor 123 is connected in series with the power supply 124
      for biasing its emitter, the above-mentioned motor 125, for example,
      serving as a collector load and a power supply 136. The transistor 123
      further has its base connected to a terminal of the motor side of the
      power supply 136 through a resistor 137.
PAR  With this arrangement, the on-state of the semiconductor memory element 101
      causes the transistor 123 to be turned on to rotate the motor 125 because
      of the high voltage appearing at the output terminal 104. In this state,
      the touching of a finger to the first switching section 127 is equivalent
      to a phenomenon that a resistor is inserted between the terminals until
      now held open. As a result, the semiconductor memory element 101 has its
      input terminal 102 biased to the negative voltage by the power supply 129
      and thus it is turned on. Consequently, the transistor 123 is turned off
      to interrupt the power supply to the motor 125 because the output terminal
      104 of the semiconductor memory element 101 is varied to lower the
      potential. Even if the finger ceases to contact the first switching
      section 127, the semiconductor memory element 101 is retained turned-on
      with the motor 125 held unactuated.
PAR  Next if a finger touches the second switching section 131, the input
      terminal 102 of the semiconductor memory element 101 is varied to a high
      potential, thereby turning off the element 101. As a result, the
      transistor 123 is restored to the on-state with the motor 125 again
      rotating.
PAR  Assuming that the first and second diodes 134, 135 are not provided and
      when a finger touches only the terminal side of the resistor 126 in the
      first switching section 127, then a so-called AC voltage may be applied
      from the human body to the terminal and the semiconductor memory element
      101 may be subjected to erroneous operation due to the hum voltage because
      of its very high impedance between the input terminal 102 and the ground
      terminal 103. The connection of the first diode 134 as shown in FIG. 2,
      however, causes a component of positive polarity in the hum voltage to be
      short-circuited with the result that only the component of negative
      polarity is applied to the input terminal 102, thus preventing the
      erroneous operation.
PAR  This applies to the connection of the second diode 135 in which only the
      component of positive polarity is applied to the input terminal 102.
PAR  FIG. 9 shows an arrangement similar to that of FIG. 8, in which two series
      circuits, connected between the input terminal 102, corresponding to
      electrode 8 in FIG. 1 and the ground, have first and second diodes 134',
      135' connected in series configuration, respectively, so that the trigger
      of negative polarity may be always applied from a first power supply of
      negative polarity while the trigger of positive polarity may be always
      applied from a second power supply of positive polarity.
PAR  It is needless to say that the semiconductor memory element of the
      four-terminal type can be used in the same way as that of the
      three-terminal type although the embodiments have been descrived by way of
      the semiconductor memory element of the three-terminal type. The element
      of the four-terminal type in which the input side is isolated from the
      output side is applicable for use in the circuit including the controlling
      portion and the portion to be controlled the voltages of which are
      different from each other, thereby eliminating a fear that an operator
      will receive an electric shock. Obviously, even in the above-mentioned
      embodiments, electric shock is prevented if the values of the resistors
      126, 128 and 130, 132 are made sufficiently great. Therefore, safe
      operation can be assured even if the first and second switching sections
      127, 131 are disposed at a position in direct touch with the human body.
      In order to switch the first and second switching sections 127, 131, the
      conductive substance constituted of carbonaceous material may be employed
      as a substitute for the human body such as a finger. The above-mentioned
      operations can be realized by softly touching the conductive substance
      with a finger.
PAR  FIG. 10 shows a circuit arrangement of a still further embodiment of the
      touch-switching device according to the present invention, and FIG. 11
      shows a circuit arrangement similar to that of FIG. 10. In FIG. 10 there
      is shown the above-mentioned semiconductor memory element 101 of the
      three-terminal type having an input terminal 102, the ground terminal 103
      and an output terminal 104. A first controlling input terminal 137 is
      connected to the input terminal 102 through a series circuit including a
      first diode 138 and a resistor 139 while a second controlling input
      terminal 140 is connected thereto through a series circuit including a
      second diode 141 and a resistor 142. The first and second diodes 138 and
      141 are connected in such a way that the terminal sides 137 and 140 may be
      a cathode and anode, respectively, to apply control signals of
      respectively opposite polarity to the semiconductor memory element 101. To
      the output terminal 104 there are connected the motor 125, a resistor 143
      and a DC power supply 144 in series configuration in the same way as in
      the above-mentioned embodiment. It is needless to say, here, that other
      loads can be used for control in substitution for the motor 125.
PAR  With this arrangement, an alternating voltage, applied to the first
      controlling terminal 137, is rectified by the first diode 138, only the
      component of negative polarity being applied to the input terminal 102
      through the resistor 139. The negative input voltage causes the
      semiconductor memory element 101 to be turned on when the element 101 was
      at the off-state. After then, the element 101 retains its on-state, in
      which a current flows from the power supply 144 to the output terminal
      104, thereby rotating the motor 125. On the other hand, the application of
      an alternating voltage to the input 140 causes only the component of
      positive polarity to be applied to the input terminal 102 through the
      second diode 141 to change the semiconductor memory element 101 to the
      off-state, thereby interrupting the supply to the motor 125 with the
      result of the stopping thereof.
PAR  The application of the voltage to the terminals 137 and 140 can be
      successfully effected in a short time, and the semiconductor memory
      element 101 continues to retain its on or off-state even if the applied
      voltage disappears.
PAR  A method for applying a voltage to the terminals 137 and 140 is only to put
      a finger in touch therewith. The human body generally has a potential
      including an alternating potential relative to ground potential. This
      allows the employment of an alternating voltage as the controlling input
      signal, the alternating voltage being a so-called hum voltage because of
      the high input impedance of the semiconductor memory element 101. In this
      case, the resistors 139 and 142 serve as a protective resistor for
      preventing electric shock.
PAR  A particularly provided AC signal source may be connected to the terminals
      137 and 140 in substitution for the human body. In this case, the
      conductive substance made of carbonaceous materials may be used
      effectively enough to turn on or off the element even if the substance is
      not connected in a complete manner but in a semiconductive manner.
PAR  Thus the protection from electric shock is effected in very ease, so that
      the terminals 137 and 140 may be disposed at a position to direct touch
      with the human body.
PAR  FIG. 11 shows an arrangement similar to that of FIG. 10, in which the
      portions corresponding to those of FIG. 10 are marked with the same
      reference numerals. The difference exists in that the first and second
      terminals 137 and 140 for applying the control signal voltage are grounded
      by first and second diodes 138' and 141', respectively. The first diode
      138' is connected so as to ground the component of positive polarity in
      the alternating voltage applied to the terminal 137 while the second diode
      141' is connected so as to ground the component of negative polarity in
      the alternating voltage applied to the terminal 140. In operation, the
      arrangement of FIG. 11 is exactly the same as that of FIG. 10.
PAR  As mentioned above, the touch-switching device according to this embodiment
      operates the semiconductor memory element to control the device to be
      controlled in response to the polarity of the alternating voltage applied
      to the control terminals, thus resulting in a very simplified arrangement.
      Further any erroneous operation can be eliminated because of the provision
      of means for rectifying the applied voltage at the control terminals.
PAR  FIG. 12 shows a circuit arrangement of the fourth embodiment of a
      touch-switching device according to the present invention, and FIG. 13
      shows a circuit arrangement of an embodiment similar to that of FIG. 12.
PAR  FIG. 12 shows an arrangement of another embodiment in which the
      semiconductor memory element of the above-mentioned structure is employed.
      In FIG. 12 there is shown the above-mentioned semiconductor memory element
      101 of the four-terminal type having the input terminals 102 and 102' ,
      corresponding to electrodes 8 and 6, respectively, in FIG. 3, and the
      output terminals 104 and 104'corresponding to electrodes 7 and 16,
      respectively, in FIG. 3, the output terminal 104' being grounded. A first
      controlling input terminal 145 is connected to the input terminal 102
      through a series circuit including a first diode 146 and a resistor 147
      while a second controlling input terminal 146 is connected thereto through
      a series circuit including a second diode 148 and a resistor 149. The
      first and second diodes 146 and 148 are connected in such a way that the
      sides of terminal 145 and 146 may be a cathode and anode, respectively, to
      apply control signals of respectively opposite polarity to the
      semiconductor memory element 101'.
PAR  Between commercially available AC power supply terminals 150 and 151 there
      are connected resistors 152 and 153 in series configuration the connecting
      point of which is connected to another input terminals 102' of the
      semiconductor memory element. It is to be noted that the terminal 151 is
      grounded. Between the terminals 150 and 151 there is further connected a
      DC power supply circuit including a diode 154, a capacitor 155 and a
      resistor 156, which is in turn connected to the output terminal 104 of the
      semiconductor memory element 101' through the load, for example, the motor
      125.
PAR  The resistors 152 and 153 are inserted between the terminals 150 and 151
      and serve to supply the alternating voltage applied between the terminals
      150 and 151 to the terminal 102' of the semiconductor memory element. This
      provides the control voltage applied to the terminal 102 with a reference
      voltage. At first when the alternating voltage is applied to the control
      terminal 145, it is rectified by the diode 146, only the component of
      negative polarity being applied to the input terminal 102 through the
      resistor 147. The negative input voltage causes the semiconductor memory
      element 101' to be turned on when the element 101' is at the off-state.
      After this, the element 101' retains its on-state, in which a current
      flows from the power supply to the output terminal 104, thereby rotating
      the motor. On the other hand, the application of the alternating voltage
      to the input 146 causes only the component of positive polarity to be
      applied to the input terminal 102 through the diode 148 to change the
      semiconductor memory element 101' to the off-state, thereby interrupting
      the supply to the motor 125 with the result of the stopping thereof.
PAR  The application of the voltage to the terminals 145 and 146 can be
      successfully effected in a short time, and the semiconductor memory
      element 101' continues to retain its on-or off-state even if the applied
      voltage disappears.
PAR  A method for applying voltage to the terminals 145 and 146 is to put a
      finger in touch therewith. The human body generally has a potential
      including an alternating potential relative to ground potential. This
      allows the employment of an alternating voltage as the controlling input
      signals, the alternating voltage being a so-called hum voltage because of
      the high input impedance of the semiconductor memory element 101'. In this
      case, the resistors 147 and 149 serve as a protective resistor for
      preventing electric shock.
PAR  The electric potential of the human body comes near to one of either
      potential of the terminal 150 or ground potential of the device or
      apparatus including the terminal 151, and depends upon the circumstances
      where the device or apparatus is disposed or upon the polarity defined
      when the terminals 150, 151 are connected to the AC power supply. As a
      result, when a finger is put in touch with the terminal 145 or 146, the
      potential difference between the input terminal 102 and the ground has a
      different absolute value. The application of the alternating voltage from
      a dividing point of the resistors 152, 153 to the terminal 102' allows the
      reference voltage to be constant irrespective of the circumstances or
      polarity to be provided for the voltage applied from the terminals 145,
      146 to the terminal 102. In this respect, the voltage supplied from the
      terminals 145, 146 to the terminal 102 has substantialy the same absolute
      value relative to the terminal 102', thereby preventing any erroneous
      operation.
PAR  When a finger is put in direct touch with the terminals 145, 146, there
      arises a fear of electric shock, which is, however, prevented with ease by
      making the values of the resistors 147, 149, 152 and 153 sufficiently
      large. Therefore, this allows the exposure of the terminals 145, 146 to
      the control panel of the device.
PAR  A particularly provided AC signal source may be connected to the terminals
      145 or 146 in substitution for the human body. In this case, a conductive
      substance made of cabonaceous materials may be used effectively enough to
      turn on or off the element even if the substance is not connected in
      complete manner but in semiconductive manner.
PAR  FIG. 13 shows a modification in part of the embodiment shown in FIG. 12, in
      which diodes 146' and 148' are connected in series between the terminals
      145 and 146 so that the side of the terminal 145 may be an anode. The
      terminal of the diode 146' connecting the diode 148' is connected directly
      to the input terminal 102, corresponding to electrode 8 in FIG. 3, of the
      semiconductor memory element 101'. The elements corresponding to those of
      the above-mentioned embodiment are indicated with the same reference
      numerals as in the same operations as mentioned above.
PAR  In the above-mentioned embodiments, many other circuit arrangements are
      conceivable for the drive circuit for driving the device to be controlled,
      sometimes with the elimination of some circuit arrangements. Further it
      will be obvious that the objects to be controlled may be the switching of
      the power supply in an apparatus, the turning on or off of a lamp, the
      changing-over of the analog level such as the level of the sound or turned
      voltage, the turning on or off of an oscillator, the turning on or off of
      a signal to be transmitted, the changing-over of a signal frequency, or
      the like.
PAR  As described above, the present invention brings about advantages as
      follows: the switch is changed-over only by a hand touch on the switching
      section with its state held unvaried even if the hand touch is removed
      therewith; the use of the semiconductor memory element makes possible a
      simplified circuit arrangement, thus providing the inexpensive
      touch-switching device; the switch is free from wear due to friction found
      in the conventional switches, thus ensuring the substantially permanent
      life time; and a touch-switching device of high impedence is obtained
      which is free from any danger such as electric shocks or fire.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Switching apparatus, comprising: a semiconductor memory element having a
      semiconductor substrate of a first conductivity type, first and second
      regions of a different conductivity type from that of said substrate
      formed separately in the surface of said substrate and forming
      corresponding step junctions with said substrate, wherein said second
      region is highly doped, a first insulating film through which charge
      carriers can pass overlying all but said first region, and a second
      insulating film having charge carrier trapping levels overlying said first
      insulating film; first, second, and third electrodes in contact,
      respectively, with said first region, said substrate, and said second
      insulating film; a D.C. source coupled between said first and second
      electrodes and providing a reverse bias potential between said first and
      second electrodes; first and second control circuits coupled between said
      second and third electrodes, said control circuits including means for
      supplying voltages of opposite polarity between said second and third
      electrodes; and control terminal means for sensing the touch of a human
      body and for selectively coupling said first and second control circuits
      between said second and third electrodes.
NUM  2.
PAR  2. Switching apparatus, comprising: a semiconductor memory element having a
      semiconductor substrate of a first type, a first region of different
      conductivity type from said substrate and a second region of the same
      conductivity type as said substrate, wherein said second region is highly
      doped, said first and second regions being formed separately in the
      surface of said substrate and forming corresponding step junctions with
      said substrate, a first insulating film through which carriers can pass
      formed on the surface of said substrate between said first and second
      regions, and a second insulating film having charge carrier trapping
      levels formed on said first film between said first and second regions;
      first, second, third and fourth electrodes in contact, respectively, with
      said first region, said second region, said second insulating film and
      said substrate; A.C. power supply and load means connected in series and
      coupled to said first electrode through an impedance element and
      rectifier, and to said second electrode to provide a D.C. reverse bias
      voltage between said first and second electrodes; and further means for
      selectively coupling an A.C. hum voltage of opposite polarity, induced in
      a human body from a high impedance coupling to an A.C. line voltage
      through rectifying means, between said third and fourth electrodes wherein
      the fourth electrode is connected to a reference A.C. voltage supply
      means.
NUM  3.
PAR  3. The apparatus according to claim 2, wherein said selective coupling
      means comprising: first and second control terminals, to which said A.C.
      hum voltage is applied, connected to said third electrode through first
      and second rectifiers whose directions of current flow are opposite each
      other; and said A.C. reference voltage supply means includes series
      connected impedance elements across an A.C. supply line and the junction
      of said series-connected impedance elements is connected to said fourth
      electrode.
NUM  4.
PAR  4. The apparatus according to claim 2, wherein said selective coupling
      means comprises: first and second control terminals, to which said A.C.
      hum voltage is applied, independently connected to said third electrode; a
      series-connected circuit including two rectifiers connected between said
      first and second control terminals, wherein the junction point of said two
      rectifiers is connected directly to said fourth electrode; and means for
      supplying said reference A.C. voltage to said fourth electrode.
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ABST
PAL  A semiconductor photocathode is described in which the electron emission is
      obtained from a P-type semiconductor into which free electrons are
      injected from the source or drain of an FET whose channel is normally
      blocked. Incident photons absorbed in the channel region unblock the FET
      causing electron emission. Preferably, the device comprises an imaging
      array of FET's and associated electron emitters.
PARN
PAR  This is a continuation of application Ser. No. 398,479, filed Sept. 18,
      1973, now abandoned.
BSUM
PAR  This invention relates to a semiconductor cold cathode comprising an
      injecting junction with p-type semiconductor material, a free surface of
      said p-type material being situated not substantially greater than a
      diffusion length for electrons from said injecting junction.
PAR  A semiconductor cold cathode is disclosed in British Pat. No. 1,147,883.
      The work function at the surface of the p-type material for electrons
      injected by the junction into the conduction band thereof may be
      substantially suppressed by a surface treatment with the result that
      substantially all electrons injected into the p-type material and
      diffusing to the surface thereof can escape into a vacuum.
PAR  It is an object of the invention to provide an electron tube including a
      semiconductor photocathode having gain, particularly but not exclusively
      an imaging photocathode having significant gain.
PAR  The invention provides a semiconductor photocathode comprising one or more
      field effect transistor structures and an individual electron emissive
      element comprising an injecting junction with p-type semiconductor
      material electrically in series with the source and/or drain of the or
      each transistor structure, a free surface of said p-type semiconductor
      material being situated not substantially more than a diffusion length for
      electrons from said injecting junction, the or each transistor structure
      having a gate for producing a depletion region in the channel of that
      transistor structure and being situated so that electromagnetic radiation
      directed at the photocathode can generate charge carriers in said
      depletion region or within a diffusion length of said depletion region.
PAR  In a preferred form the photocathode comprises an array of such field
      effect transistor structures and associated emissive elements, each
      structure having a separate gate, which is preferably of the junction
      type.
PAR  If each gate is of the junction type it may be formed by a p-n junction in
      the form of a homojunction between regions of different conductivity type
      but of the same semiconductor material, or may be formed by a rectifying
      heterojunction between different semiconductor material. The gate junction
      may alternatively be formed by a metallic contact on the material of the
      channel of the transistor structure to form a junction of the Schottky
      barrier type.
PAR  Preferably a common addressing conductor is provided for all the gates,
      said conductor being coupled to each gate via an individual barrier
      against charge leakage from the gate to the conductor. Each such barrier
      may be formed by a capacitor or a rectifying junction in the form of a p-n
      homojunction, a rectifying heterojunction or a Schottky barrier junction.
PAR  The said free surface of the p-type semiconductor material of an emissive
      element associated with the or each transistor may be coated with a
      material having a work function less than or equal to the distance between
      the Fermi level and the bottom of the conduction band in the p-type
      material. The coating material may be cesium or cesium and oxygen such as
      a cesium oxygen monolayer.
PAR  A p-n junction biassed in the forward direction may be used for injection
      of electrons into the p-type material. As an alternative an injecting
      point contact may be used therefor.
PAR  The photocathode may, for example, be included in an image intensifier
      and/or converter tube and include a phosphor screen and means, such as
      further electrodes, for focussing electrons emitted by the photocathode,
      onto said screen.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying diagrammatic drawings in which:
PAR  FIG. 1 is a cross section through part of a first imaging active
      semiconductor photocathode for use in an electron tube;
PAR  FIG. 2 is a cross-section through part of a second imaging active
      semiconductor photocathode for use in an electron tube;
PAR  FIG. 3 is a plan view of the photocathode shown in FIG. 2, the section of
      FIG. 2 being taken along line II-II of FIG. 3;
PAR  FIG. 4 is a circuit diagram of the part of the photocathode shown in FIG.
      3;
PAR  FIG. 5 is a cross-section through part of a third imaging active
      semiconductor photocathode for use in an electron tube;
PAR  FIG. 6 is a plan view of the photocathode shown in FIG. 5, the section of
      FIG. 5 being taken along the line V--V of FIG. 6; and
PAR  FIG. 7 is a circuit diagram of the part of the photocathode shown in FIG. 6
     .
DETD
PAR  In FIG. 1 a layer 1 of p-type monocrystalline silicon is provided on a
      transparent glass support plate 2. A layer 3 of monocrystalline n-type
      silicon is grown epitaxially on the layer 1. An array of annular
      p.sup.+-regions 4 are formed in the top surface of the layer 3 by
      diffusion, as are n.sup.+-regions 5 which are situated at the center of
      each annular region 4. After the regions 4, 5 have been provided on the
      surface of layer 3, it is completely covered by a thin insulating layer 6.
PAR  Annular metallic contacts 7, for example of gold or aluminum, are deposited
      on the layer 6 above each region 4. These contacts 7 are all connected
      together by means of conductors deposited on the layer 6 and depicted
      diagrammatically as a conductor 8.
PAR  A further insulating layer 9 is provided extending over the insulating
      layer 6 and covering the contacts 7. Openings are then provided in the
      insulating layers 6 and 9 above the n.sup.+-surface regions 5.
PAR  A thin layer 10 of p-type silicon is provided over layer 9 and extends in
      the openings in the insulating layers 6 and 9 in contact with the
      n.sup.+-regions 5. On the upper surface 11 of the silicon layer 10 annular
      electrodes 12, for example of gold or aluminum are present and are coaxial
      with the annular p.sup.+-surface regions 4. The electrodes 12 are
      interconnected by conductors deposited on the surface 11 and depicted
      diagrammatically as a conductor 13. The upper surface 11 is also provided
      with a substantially monatomic layer (not shown) of cesium-oxygen to
      reduce the work function thereat to substantially zero.
PAR  In operation an interrogation positive potential is applied to the line 13
      and hence to the electrodes 12, relative to a terminal 14 connected to the
      layer 3 and which may be provided in the form of an n.sup.+-grid between
      the annular p.sup.+-regions 4. The current path from the electrodes 12 is
      through the silicon layer 10 in the openings in the insulating layers 6
      and 9 to the n.sup.+-regions 5 and then laterally through the layer 3. A
      positive setting pulse is applied to conductor 8 which forward biases the
      p-n junctions between the regions 4 and layer 3 and therefore charges the
      MOS capacitors formed by the contacts 7, insulating layer 6 and regions 4.
      At the end of the positive pulse the contacts 7 return to the potential of
      layer 3, carrying the regions 4 negative and hence reverse-biasing the
      junctions between regions 4 and layer 3 and producing an annular depletion
      region below each. The magnitude of the resetting pulse and the thickness
      and resistivity of the layer 3 are chosen so that all these depletion
      regions extend to the junction between layer 1 and layer 3 (the terminals
      14 and 15 for the layers 3 and 1 are connected together in this mode of
      operation) thus pinching off the current path from terminal 14 to each
      region 5 and hence to each electrode 12. Such a mode of operation, with
      the depletion regions all extending to the zero-biassed junction below the
      layer 3 will be referred to as the "punch through" mode. When the regions
      reach said junction the p-type layer 1 injects holes into the layer 3 and
      the depletion region is thereby limited and extends up to but not beyond
      the junction between layers 1 and 3. The array thus operates as an array
      of junction field-effect transistor structures whose common source
      connection is the terminal 14, whose gates are the regions 4 and whose
      drain electrode regions are the regions 5. If now a radiation pattern
      which is capable of generating free charge carriers in the layer 3 is
      focussed thereon through the plate 2 and layer 1 the depletion region
      under each gate 4 will contract in the intervals between successive
      resetting pulses in accordance with the local radiation intensity. During
      application of the interrogation positive potential to line 13 in these
      intervals a current will flow to the corresponding region 5, the magnitude
      of this current depending on the extent of contraction of the
      corresponding depletion region and hence on the amount of radiation
      absorbed within that depletion region or within a diffusion length thereof
      since the end of the preceding resetting pulse. By this means the electron
      injecting p-n junction between the corresponding region 5 and layer 10 is
      forward biased. Electrons are thereby injected into the conduction band of
      the p-type silicon layer 10, diffuse to the surface 11, and a substantial
      proportion are emitted into the vacuum thereat. They are then accelerated
      and focussed onto the phosphor screen of the tube to produce an
      intensified display corresponding to the input radiation pattern.
PAR  It will be noted that the device is capable of integrating the effect of
      the input radiation, exposure thereto for a longer time resulting in
      increased contraction of the depletion regions and enhanced emission from
      the corresponding part of the surface 11. The device can be reset by
      applying another positive pulse to the line 8.
PAR  If desired, a negative potential may be applied to a terminal 15 connected
      to layer 1, relative to terminal 14, to reverse-bias the junction between
      layers 1 and 3 and produce a further depletion layer which will extend
      into the layer 3 towards the depletion layers under the gates 4 for a
      distance which depends on the magnitude of this potential. It will be
      evident that the application of such a potential can move the
      photo-sensitive part of the layer 3 away from the interface 1, 3 and,
      because red light will penetrate into layer 3 further than blue light, the
      relative sensitivity of the device to red and blue light can be varied.
PAR  If desired, the individual capacitive couplings of the addressing line 8 to
      the gates 4 may be replaced by individual rectifying junction couplings
      polarised so that negative charge can be deposited on the regions 4 from
      the line 8 but cannot leak back to the line 8 when the resetting pulse is
      removed. Thus the contacts 7 may extend through the insulator 6 and
      contact the corresponding p.sup.+-region 4 to form a Schottky barrier
      therewith. It will be evident that, if such rectifying couplings are
      employed, the polarity of the resetting pulses applied to the line 8
      should be suitably chosen; the pulses may be either negative-going or
      positive-going depending on the nature of said couplings.
PAR  It should be noted that the charge storage mode of operation of the array
      of junction field-effect transistors described above is similar to that
      disclosed in U.S. Pat. No. 3,721,839 issued to one of us. The gates 4 may,
      if desired, alternatively be addressed via individual MOS transistors as
      disclosed in that patent.
PAR  In FIGS. 2 and 3 a two terminal imaging active photocathode comprises an
      array of JFET structures, two of which are shown in the cross-section of
      FIG. 2 and four of which are shown in the plan view of FIG. 3. On the
      surface of an n-type semiconductor layer 21, for example of silicon, there
      is an insulating layer 22 of silicon oxide. Each JFET structure comprises
      a central n.sup.+ drain electrode region 23 of circular outline which is
      surrounded by an annular p.sup.+ gate electrode 24, the gate electrode
      regions forming p-n junctions 25 with the n-type layer 21. The source
      electrode regions of all the JFET structures are formed by a single
      n.sup.+ region 27 in the form of an n.sup.+ grid region at the lower
      surface of the n-type layer 21, the apertures in the grid being
      symmetrically disposed with respect to the overlying circular drain
      electrode region 23. On the lower surface of the n-type layer 21 there is
      a thin metal layer 28 for example of platinum, which forms an ohmic
      connection to the n.sup.+ source electrode region 27 and a Schottky
      junction with the other portions of the n-type surface layer 21. The layer
      21 with applied metal layer 28 which allows passage of radiation incident
      as shown, is supported by a glass plate also permitting passage of the
      incident radiation.
PAR  On the surface of the insulating layer 22 there is a deposited layer 29 of
      high resistivity p-type polycrystalline silicon. The layer 29 extends in
      openings in the insulating layer 22 and forms drain connections 30 with
      the n.sup.+ drain electrode regions 23. The drain connections 30 also
      constitute injection connections for injection of electrons from the
      n.sup.+-regions 23 into the overlying portions of the p-type layer 29.
      Situated on the surface of the p-type layer 29 there are a plurality of
      annular metal layer portions 31 which from ohmic connections to the layer
      29. The metal layer portions 31 each surround the drain connection 30 of
      an imaging JFET structure. Further metal layer portions 32 in the form of
      strips extend on the surface of the p-type layer 29 and interconnect the
      annular metal layer portions 31. Thus the portions 31 and 32 form a first
      common terminal for the JFET structures. A second common terminal for the
      JFET structures is formed by the metal layer 28 which forms ohmic
      connections to the n.sup.+ source grid region 27.
PAR  In each JFET structure the p.sup.+ gate electrode region 24 is capacitively
      connected to the drain connection 30. This is achieved due to the p-type
      layer 29 overlying the insulating layer 22 above the annular gate
      electrode region 24. The p-type layer 29, insulating layer 22 and gate
      electrode region 24 thus consitutes a storage capacitor and each metal
      layer portion 31 thus forms a common connection to the drain connection 30
      and the side of the storage capacitor remote from the gate electrode.
PAR  On the surface portions of the p-type layer 29 within the annular metal
      layer portions 31 there is a coating 33 of a material for reducing the
      electron work function, for example of cesium or a cesium-oxygen
      monolayer. Electrons injected into the p-type layer 29 by the injecting
      drain connection 30 can emerge from the surface of the coatings when the
      device is placed in an evacuated enclosure (not shown) under a suitable
      external electric field. As in the embodiment of FIG. 1 the distance
      between the injecting connection and the emissive surface is chosen to be
      not substantially greater than a diffusion length and with this in view
      the thickness of the p-type layer is chosen accordingly. Operation is
      similar to that of the embodiment of FIG. 1, with the exception that the
      resetting pulses are added to the interrogation potential applied to the
      first common terminal 31, 32 relative to the second common terminal 28.
      Said interrogation potential may be in the form of pulses interspersed
      between the resetting pulses or it may be a steady potential to which the
      resetting pulses are added.
PAR  Isolation between individual emissive surface parts of the p-type layer 29
      is achieved due to the p-type layer 29 having a high resistivity.
PAR  Similarly to FIG. 1, the n-type layer 21 may as an alternative be present
      on a p-type substrate, the source electrode region then being present at
      the upper surface of the layer 21.
PAR  The incident radiation pattern may be directed at the upper side of the
      device in which case the p-type semiconductor layer 29 should be made
      sufficiently thin to be radiation transmitting.
PAR  FIG. 4 shows a circuit diagram of the part of the device shown in FIG. 3.
      The feed to the first common terminal formed by the metal layer portions
      31, 32 is denoted by T.sub.1 and the feed to the second common terminal 28
      is denoted by T.sub.2.
PAR  FIG. 2 shows in broken outline the boundaries of the depletion regions
      associated with the gate p-n junctions and the Schottky junction 21, 28 at
      a certain time between resetting pulses when radiation is incident and has
      caused the gate depletion regions to retract thus opening up the channels.
      The depletion region associated with the junction 21, 28 has a greater
      thickness below the n.sup.+-regions 23 than adjacent the n.sup.+-regions
      27 due to the lateral voltage drop in the layer 21 between the regions 27
      and 23.
PAR  FIGS. 5 and 6 show part of a three terminal imaging active photocathode
      which has similarities to the embodiment of FIG. 1. The photocathode
      comprises an array of JFET structures, two of which are shown in the
      cross-section of FIG. 5 and four of which are shown in the plan view of
      FIG. 6. On the surface of an n-type layer 61, for example of silicon,
      there is an insulating layer 62 of silicon oxide. Each JFET structure
      comprises a central n.sup.+-drain electrode region 63 of a circular
      outline which is surrounded by an annular p.sup.+-gate electrode region
      64, the gate electrode regions 64 forming p-n junctions 65 with the n-type
      layer 61. The source electrode regions of all the JFET structures are
      formed by a single n.sup.+-region 67 in the form of an n.sup.+-grid region
      extending at the upper surface of the layer 61, the apertures in the grid
      being symmetrically disposed with respect to the circular drain electrode
      regions 63. A common source connection is made to the grid 67 and provided
      with a terminal connection S. On the lower surface of the n-type layer 61
      there is a thin metal layer 68, for example of platinum, which forms a
      Schottky junction with the n-type layer 61. The layer 61 with applied
      metal layer 68, which allows passage of radiation incident as shown, is
      supported by a glass plate 69.
PAR  On the surface of the insulating layer 62 there is a substantially C-shaped
      isolated gate connection metal layer portion 71 above the gate electrode
      region 64 of each JFET structure. The metal layer portions 71 are
      interconnected by further metal layer portions 72 and a common gate
      terminal connection G is provided to the layer portions 71, 72. Each metal
      layer portion 71 is thus isolated from the underlying gate electrode
      region 64 and an MOS storage capacitor is thus formed in series with each
      gate electrode region 64.
PAR  In openings of circular outline in the insulating layer 62 above the drain
      electrode regions 63 there are deposited layer portions 74 of high
      resistivity p-type polycrystalline silicon. The p-type portions 74 which
      also extend partly on the insulating layer 62 form drain connections 72
      with the n.sup.+-drain electrode regions 63. The drain connections 75 also
      constitute junctions for injection of electrons from the n.sup.+-regions
      63 into the p-type layer portions 74. On the periphery of each p-type
      layer portion 74 there is an annular metal layer portion 76 which forms an
      ohmic connection to the p-type layer portion 74. The metal layer portions
      76 are all interconnected by further metal layer portions 77 extending on
      the insulating layer 62 and provided with a common drain terminal
      connection D.
PAR  On the surfaces of the p-type layer portions 74 within the annular metal
      layer portions 76 there are coatings 78 of a material for reducing the
      electron work function, for example of cesium or cesium oxide. A
      substantial proportion of electrons injected into the p-type layer
      portions 74 by the injecting drain connections 75 can emerge from the
      surface of the coatings when the device is placed in an evacuated
      enclosure (not shown) under a suitable external electric field. Again the
      distance between the injecting junctions and the emissive surface is not
      substantially greater than a diffusion length and with this in view the
      thickness of the p-type layer portions 74 is chosen accordingly. Electron
      emission may be obtained when conduction occurs in the repective JFET
      structure between source and drain connections. By simultaneous operation
      of all the JFET structures in the charge storage mode as described with
      reference to FIG. 1 an imaging photocathode action is again obtained
      having appreciable gain due to the amplification provided by each JFET
      structure. Thus a radiation pattern incident as shown at the lower side of
      the device may be converted into an electron emission pattern as shown at
      the upper side of the device, the conversion being obtained with gain.
PAR  FIGS. 5 and 6 show the circuit connection of the device terminals S, G and
      D, the terminal S also being connected directly to the metal layer 68 for
      operation in the punch-through mode. The interrogation and reset voltages
      are denoted by V.sub.I and V.sub.R respectively.
PAR  FIG. 7 shows a circuit diagram of the part of the device shown in FIG. 6.
      The p-n junction electron injecting drain connections 75 are shown and
      electron emission is shown emanating from the p-type layer portions 74.
PAR  The active semiconductor photocathode described may be employed, for
      example, in an image converter and/or intensifier tube comprising an
      evacuated envelope containing the photocathode, a phosphor screen, and
      electrostatic means for accelerating free electrons released from the
      photocathode and focussing them on the screen in known manner.
PAR  The junction gates in the FET structures described may, if desired, be
      replaced by MOS gates.
PAR  Although in the embodiment described the photocathodes comprise arrays of
      transistor structures each having an associated emissive element
      electrically immediately in series with its drain, it will be evident that
      the emissive element may alternatively or additionally be provided
      immediately in series with the sources of the structures. Moreover, a
      photocathode in accordance with the invention may include only a single
      field effect transistor structure. Such a photocathode having a single
      transistor structure may be advantageously employed for converting a
      modulated laser beam input into a modulated electron beam output.
PAR  It should be noted that the embodiments of FIGS. 2 to 7 also form part of
      the disclosures of copending Application Serial No. 398,491, filed Sept.
      18, 1973.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A semiconductor photocathode comprising a semiconductor body having an
      n-type portion and having a surface, a p-type zone at the body surface and
      forming a p-n junction located not substantially more than a diffusion
      length for electrons from a free surface of said p-type zone, said free
      surface of said p-type zone being coated with material producing a work
      function less than or equal to the distance between the Fermi level and
      the bottom of the conduction band in said p-type semiconductor, a field
      effect transistor having source and drain regions separated by a channel
      region in the n-type portion and having a gate electrode at a surface of
      the n-type portion and separated by a barrier from the channel region,
      means connecting electrically in series the p-type zone, the p-n junction,
      and one of the transistor source and drain regions, means for electrically
      pulsing the gate whereby a depletion region is established in the channel
      substantially cutting off current therein, and means for applying a
      potential across the field effect transistor and the p-type zone and p-n
      junction such that that p-n junction becomes forward biased when current
      is caused to flow through the channel region by contraction of the
      depletion region, said transistor structure being mounted such that
      electromagnetic radiation directed at the photocathode can reach the
      channel and generate charge carriers in or within a diffusion length of
      said depletion region thereby causing contraction thereof in accordance
      with the intensity of the incident radiation causing current to flow
      through the channel, whereby electrons are injected into the p-type zone
      and upon reaching the coated surface will become emitted therefrom.
NUM  2.
PAR  2. A photocathode as claimed in claim 1, wherein the transistor is of the
      n-channel type, the n-type material which forms the injecting p-n junction
      with the p-type semiconductor also forming said one of the source and
      drain regions of the transistor.
NUM  3.
PAR  3. An imaging device comprising a common semiconductive n-type layer having
      opposed major surfaces, an array of junction field effect transistors in
      said n-type layer each having source and drain regions spaced apart by a
      channel region and each having a separate surface gate spaced by a barrier
      junction from a channel region and capable when pulsed of establishing a
      depletion region in the channel, said channel regions all being located in
      the said common semiconductive layer, an array of p-type semiconductor
      zones each forming a p-n junction with the n-type layer located not more
      than a diffusion length for electrons from a free surface of the p-type
      zones, a low work function material coating on the free surface of the
      p-type zones forming an electron emissive element, each of said p-type
      zones being electrically connected in series with the source and drain
      regions of one of the transistors, said array of transistors being mounted
      such that electromagnetic radiation in the form of an image directed from
      outside the array can reach the channels and generate charge carriers in
      or within a diffusion length of said depletion regions thereby causing
      contraction thereof in accordance with the intensity of the radiation
      incident thereon, and means for applying a potential across the array of
      transistors and array of p-type zones such that when the depletion regions
      contract, the series-connected p-n junction becomes forward biased
      injecting electrons into the adjacent p-type zone which upon reaching the
      coated surface will become emitted therefrom, the magnitude of said
      emission from each p-type zone being related to the radiation intensity on
      the channel region connected in series with said p-type zone.
NUM  4.
PAR  4. An imaging device as claimed in claim 3, wherein each transistor
      structure has a separate gate and the device includes a common addressing
      conductor for all said gates, said addressing conductor being coupled to
      each gate via an individual barrier preventing charge leakage from the
      gate to the conductor.
NUM  5.
PAR  5. An imaging device as claimed in claim 4, wherein the barriers each
      comprise a capacitor.
NUM  6.
PAR  6. An imaging device as claimed in claim 3, wherein the gates all lie
      substantially at the same major surface of said layer and each is of a
      configuration for producing a depletion region which surrounds a current
      path from a source region to a drain region for the corresponding
      transistor structure, and a connection lying substantially at and
      electrically contacting said same major surface.
NUM  7.
PAR  7. An imaging device as claimed in claim 6, wherein the said connection
      which lies substantially at said same major surface contacts said same
      major surface via the associated emissive element.
NUM  8.
PAR  8. An imaging device as claimed in claim 6 and including a further layer
      contacting an oppositely-located major surface of the semiconductor layer,
      and means for applying a potential to said further layer for producing a
      depletion region extending into the semiconductor layer.
NUM  9.
PAR  9. An imaging device as claimed in claim 6, wherein a common addressing
      conductor is provided for all the gates and also constitutes a common
      supply conductor for said connections lying substantially at said same
      major surface.
NUM  10.
PAR  10. An imaging device as claimed in claim 6, wherein both source and drain
      connections for each transistor lie substantially at and electrically
      contact said same major surface.
NUM  11.
PAR  11. A photocathode as claimed in claim 6, wherein the p-type semiconductor
      of all the emissive elements is in the form of a single layer overlying a
      major surface of said layer of semiconductor material.
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ABST
PAL  A junction-isolated monolithic integrated circuit device has its component
      elements connected in a circuit configuration such that at least one of
      the isolation PN junctions may be forward-biased at least part of the
      time, while other isolation junctions remain reverse-biased. To prevent
      detrimental parasitic transistor action which may result from the
      injection of carriers across a forward-biased isolation junction, means
      are provided for collecting those carriers at a location close to the
      injecting junction.
BSUM
PAR  This invention relates to monolithic integrated circuit devices of the
      junction-isolated type.
PAR  Monolithic integrated circuit devices of this kind commonly comprise a
      semiconductor body including a relatively thick substrate of silicon of
      one type conductivity, usually P type, carrying an epitaxial layer of
      semiconductive material of conductivity type opposite to that of the
      substrate. This epitaxial layer is divided into a plurality of isolated
      islands, or "N-boats", by means of isolation regions of the same type
      conductivity as the substrate extending through the epitaxial layer so
      that each island of the epitaxial layer is surrounded by a PN junction.
      Circuit connections are made to the substrate to apply to the substrate a
      potential relative to the N-boats which reverse-biases the isolation PN
      junctions; that is, when the substrate is of P type conductivity, as is
      usually the case, the substrate is connected to a reference potential
      which is not higher than any potential which may appear in the N type
      material of the isolated islands during circuit operation.
PAR  Circuit conditions sometimes occur in which one or more of the isolation PN
      junctions may be forward-biased. When this happens, that PN junction can
      become the emitter junction of a parasitic transistor having the substrate
      or an isolation region as its base and another reverse-biased isolation PN
      junction as its collector junction. Minority carriers which can flow to an
      otherwise isolated island in this way may cause improper operation of the
      device.
PAR  Methods are generally known for reducing the effects of parasitic
      transistor action in junction-isolated integrated circuits. See
      Goshgarian, U.S. Pat. No. 3,430,110, for example. The problem presented
      and solved in Goshgarian is not, however, the problem of injection across
      an isolation PN junction, but instead is the problem of the substrate and
      isolating material being the collector of the parasitic transistor. The
      solution in Goshgarian is to decrease the gain of the parasitic
      transistor. A similar problem and solution is described in Brewer et al.,
      U.S. Pat. No. 3,590,345.
PAR  One application in which an isolation junction in a junction-isolated
      monolithic integrated circuit device can become forward-biased is in the
      operation of the device directly from a source of AC potential without a
      separate DC biasing supply. The problem is that the substrate should be
      connected to one side of the AC line and the isolation PN junctions can
      therefore become forward-biased once during each cycle of operation. The
      patent to Keller et al., U.S. Pat. No. 3,649,887, provides one solution to
      this problem, that is, to interpose a diode between the substrate and one
      side of the AC line, with not other connections to the substrate, so that
      during each half-cycle when the polarity of the supply is such that the
      isolation junctions would be forward-biased the substrate is left
      floating. While this structure operates satisfactorily, the floating
      condition of the substrate does not provide fully effective isolation
      because capacitive coupling between the isolated junctions can occur.
      Means for preventing latching must also be provided in a device like that
      of Keller et al.
PAR  Kram, U.S. Pat. No. 3,541,357, describes another integrated circuit device
      which may be operated directly from an AC power source. The effect of
      temporary forward biasing of an isolation junction in Kram is minimized by
      inserting a resistor in series with that isolation junction to limit the
      current flowing across the isolation junction to a low, non-harmful level.
      An alternative solution is desirable.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a circuit diagram including a portion of the circuitry of an
      integrated circuit device which may have a foward-biased isolation
      junction and which may have the protective means of the present invention
      incorporated therein.
PAR  FIG. 2 is a partial cross section through an integrated circuit device
      illustrating a typical construction of the on-chip components of the
      circuits of FIG. 1.
PAR  FIG. 3 is a partial plan view of one component of the integrated circuit
      device of FIG. 2.
PAR  The present integrated circuit device, indicated at 10 in the drawings, is
      illustrated as a device which is adapted to be operated directly from an
      AC source, such as a 120-volt commercial AC supply. In the present device,
      an isolation junction can become forward-biased as in Kram, mentioned
      above, but protective means different from the resistor in Kram prevent
      this condition from being detrimental.
PAR  A typical schematic arrangement, in which the present invention finds
      utility, is illustrated in FIG. 1. The on-chip components of the device 10
      are enclosed within a dashed line 12 in FIG. 1. Within the dashed line 12,
      three components are shown, a clamping diode 14, a rectifier diode 15, and
      a transistor 16. The rectifier diode 15 is connected between two terminals
      18 and 20 of the device 10 and serves to rectify an AC voltage,
      illustrated as provided by an AC supply 22 connected between the terminal
      18 and a terminal 24 of the device 10. A current-limiting resistor 26 may
      also be used, connected between the supply 22 and the terminal 18. One
      side of the AC supply 22 is grounded, as is usually the case.
PAR  The clamping diode 14 is connected across the terminals 18 and 24 of the
      device 10 and serves, like the zener diode D.sub.1 in Kram, to clamp the
      voltage applied to the anode of the rectifier diode 15 to a safe level. As
      will appear in the structural description below, the anode of the diode 14
      is, in this example, the substrate material and/or an isolation region of
      the device 10.
PAR  The transistor 16 is included merely to illustrate the collector connection
      of a typical transistor located in the signal processing or other portions
      of the device 10. As shown, the collector of the transistor 16 is
      connected to the cathode of the diode 15 and to the terminal 20 of the
      device 10. The base and emitter connections of this transistor are not
      material to the present invention. An external load circuit is illustrated
      by a parallel combination of the capacitor 28 and a resistor 30 connected
      between the terminal 20 and a terminal 32 of the device 10.
PAR  The operation of the circuit of FIG. 1 is as follows. When the terminal 18
      is positive with respect to the terminal 24, the rectifier diode 15 is
      forward-biased so that the capacitor 28 is charged to a positive voltage.
      The voltage is limited to the reverse-breakdown voltage of the clamping
      diode 14. On the negative-going half-cycle, when the terminal 18 is less
      positive than the terminal 24, the rectifier diode 15 is reverse-biased
      and the capacitor 28 is isolated from the source 22, but the clamping
      diode 14 is forward-biased. The voltage on the anode of the diode 14 is
      thus held to a value which is different from the voltage on the terminal
      18 by only the small forward voltage drop through the diode 14. The energy
      stored in the capacitor 28 is then available as the DC collector supply
      for other transistors in the device 10, such as the transistor 16.
PAR  A typical construction of the on-chip components 14, 15, and 16 of FIG. 1
      is shown in FIG. 2. The device 10 comprises a substrate 34 of silicon of P
      type conductivity having an upper surface 35 on which is disposed an
      epitaxial layer 36, which is of N type conductivity throughout as it is
      initially formed. The epitaxial layer 36 has a thickness such that it has
      an upper surface 37 spaced from and parallel to the surface 35. Diffused
      isolation regions 38 of P+ type conductivity extend through the epitaxial
      layer 36 in conventional fashion to divide the epitaxial layer 36 into a
      plurality of separate islands, of N-boats, 40, 42, 43, and 44.
PAR  The N-boat 40 constitutes the cathode region of the diode 14, and the
      substrate 34 and/or the surrounding isolation region 38 together comprise
      its anode. The diode 14 further comprises a cathode contact region 45
      which is connected to the terminal 18 of the device 10 via a deposited
      conductor 46. The substrate 34 is connected via the isolation region 38
      surrounding the N-boat 40 and a deposited conductor 48 to the terminals 24
      and 32 of the device 10. The junction 50 adjacent to the N boat 40 and
      separating the N-boat 40 from the substrate 34 and the surrounding
      isolation region 38 is thus an isolation junction which can become
      forward-biased when the terminals 18 and 24 are connected to an AC supply,
      so that minority carriers can be injected into the substrate 34.
PAR  To prevent these carriers from being collected elsewhere in the device,
      such as at the collector of the transistor 16, the N-boat 40 is surrounded
      by the N-boat 42. An N+ type contact region 52 is disposed within the
      N-boat 42 and is connected via the conductor 48 to the terminals 24 and 32
      of the device 10. If desired, an N+ type region 54 may also be included in
      the substrate 34 adjacent to the N-boat 42 to lower the effective series
      resistance and to increase the collection efficiency of that region.
PAR  Further, if desired, means may be provided for causing any injected
      carriers to flow laterally to the contact region 52 and thus effectively
      reduce the injection of carriers into the substrate 34. To this end, as
      shown in FIGS. 2 and 3, a region 55 of P type conductivity (lower than
      that of the isolation region 38) may be provided, coupled to the
      surrounding isolation region 38 but extending into the N-boat 40, around
      three sides of the N-boat 40 in this example. Moreover, at least on the
      same three sides, the contact region 52 may have a portion 52a thereof
      overlapping the region 55 and extended toward the N boat 40. Both these
      features improve the gain characteristics of the parasitic transistor
      having the N-boat 40 as its emitter, the region 55 as its base and the
      contact region 52 as its collector. The region 55, owing to its lower
      conductivity, provides a more efficiently injecting emitter junction. The
      extension 52a of the contact region 52 narrows the base width of the
      parasitic transistor. Injected carriers are thus more likely to flow
      directly laterally to the contact region 52. Some carriers may be injected
      into the substrate 34, but these should be collected directly by the
      surrounding protective region 42. At the fourth side of the N-boat 40 (not
      occupied by the region 55) the deposited conductor 48 connects the
      isolation region 38 around the N-boat 40 to the contact region 52 to
      maintain these two regions at the same potential. The cathode contact
      region 45 of the diode 14 is also connected by means of the deposited
      conductor 46 to the rectifier diode 15.
PAR  The rectifier diode 15 should have a breakdown voltage higher than the
      rectified voltage at the terminal 20, and to achieve this, a
      diode-connected PNP lateral transistor structure is used as the diode 15.
      The diode 15 has a P type diffused region 56 as the anode thereof and the
      N-boat 43 and N+ type contact region 58 as the cathode thereof. The anode
      region 56 is connected to the diode 14 via the conductor 46, and the
      cathode region 43 (and 58) is connected to the terminal 20 of the device
      10 and to the transistor 16 via a deposited conductor 60. An annular
      region 61, the collector when this structure is connected as a transistor,
      is shorted to the region 58 by the conductor 60.
PAR  The transistor 16 is conventionally constructed and includes a buried N+
      region 62 and the N-boat 44 as the collector thereof. An N+ region 64
      serves as a collector contact region, and the conductor 60 extending from
      the rectifier diode 15 is connected to the region 64. The base of the
      transistor 16 is a diffused P type region 66, and the emitter is a
      diffused N+ type region 88. Deposited metal conductors 70 and 72 serve to
      connect the base and emitter regions 66 and 68, respectively, to other
      parts of the circuit.
PAR  In the operation of the device 10 from an AC source, as described above,
      and with a capacitive load, all of the N-boats in the several transistors
      in the device which are like the transistor 16 are all connected to the
      terminal 20 and are therefore maintained at the potential on the positive
      plate of the capacitor 28 or at a lower potential depending on the
      condition of the loads (not shown) in the collector circuits of the
      transistor. This potential is not lower than that on the substrate 34, so
      that the isolation junctions surrounding each of these N-boats are always
      reverse-biased. The N-boat 40, however, is connected directly to one of
      the input terminals 18 and will therefore be at a lower potential than the
      substrate region 34, which is connected directly to the other input
      terminal, once during each cycle of the supply, i.e., the junction 50 is
      forward-biased during each half-cycle of the supply. Consequently, during
      each half-cycle, carriers constituting minority carriers in the substrate
      34 will be injected across the junction 50. Owing to the presence of the
      protective means of the present device, i.e., the surrounding region 42
      which is also connected to the terminal 24, and, if desired, the region 55
      and the extension 52a of the contact region 52, these minority carriers
      will be swept into the N boat 42 and the contact region 52 and thus will
      be collected at a location close to the point of injection. As a result,
      these minority carriers do not travel to a reverse-biased isolation
      junction elsewhere on the circuit, e.g., the junction around the
      transistor 16, where they might be collected and cause undesired operation
      of the circuit. A surrounding region like the region 42 may be provided
      around any N-boat which is likely to be forward biased at least
      momentarily.
PAR  It will thus be apparent that an arrangement is provided in which a
      junction-isolated device may be operated directly from an AC supply, for
      example, without danger of undesired operating characteristics; and in
      which, unlike the Keller et al. structure, the substrate may be connected
      to ground and thus does not float. Moreover, an alternative solution to
      the resistor in the Kram structure is provided.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A monolithic integrated circuit device comprising
PA1  a substrate of semiconductor material of one type conductivity,
PA1  a plurality of islands of semiconductive material of conductivity type
      opposite to that of said substrate on said substrate and separated from
      each other by intermediate isolation regions of semiconductive material of
      said one type conductivity,
PA1  circuit connections within said device, said connections being such that
      the PN junction between at least one of said islands and said substrate
      and said isolation region is at least sometimes forward biased while the
      PN junctions between other islands and said substrate and isolation
      regions remain reverse biased,
PA1  means for collecting carriers injected into said substrate and isolation
      regions from said at least one island at a location close to the place of
      injection, whereby said carriers do not travel to one or more of said
      reverse-biased junctions,
PA1  said means for collecting carriers comprising a zone of said opposite type
      conductivity surrounding said at least one of said islands and separated
      therefrom by an isolation region of said one type conductivity,
PA1  said device further comprising conductive means for connecting said carrier
      collecting zone to said isolation region, and
PA1  means including a region of relatively high conductivity of said opposite
      type conductivity in said substrate adjacent to said carrier collecting
      zone for reducing the effective resistance and increasing the collection
      efficiency of said zone.
NUM  2.
PAR  2. A monolithic integrated circuit device as defined in claim 1, further
      comprising means for effectively reducing the injection of carriers into
      the substrate 34.
NUM  3.
PAR  3. A monolithic integrated circuit device as defined in claim 2, wherein
      said means for effectively reducing the injection of carriers into the
      substrate comprises:
PA1  a region of said one type conductivity, and of lower conductivity than that
      of said isolation region, coupled to said isolation region and extending
      into said at least one island,
PA1  said conductive means for connecting said carrier-collecting zone to said
      isolation region including a highly conductive region of said opposite
      type conductivity in said carrier-collecting zone, a portion of said
      highly conductive region overlapping said region of lower one type
      conductivity.
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ABST
PAL  A semiconductor device is formed of a box having a bottom and a lid, formed
      of metallic material and each maintaining an electrical contact with one
      side of the semiconductor disc. The bottom and lid are each connected to a
      ring of insulating material. A metal ring is positioned between and
      secured to the rings of insulating material. A control electrode is
      secured at its ends to the metal ring and extends substantially
      diametrically thereacross. The control electrode has a projecting contact
      part which is in engagement with one side of the semiconductor disc and is
      of such height as to be held by the control electrode in pressure contact
      with such side.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a semiconductor device composed of thyristors with
      a control electrode.
PAR  2. The Prior Art
PAR  In semiconductor devices the semiconductor disc, usually of silicon, with
      support plates, if any, applied thereon, of molybdenum or some other
      material having approximately the same coefficient of thermal expansion as
      the semiconductor disc, is normally hermetically enclosed in a box. A
      known box for this purpose consists of a bottom and a lid of metallic
      material in electrical contact with the respective side of the
      semiconductor disc, and of two rings of ceramic material arranged one
      after the other in the current direction of the semiconductor. The two
      rings are fixed to each other by two flanges of metallic material. Each
      flange is fixed to one of the rings of ceramic material, and the flanges
      are further directly joined to each other. If the semiconductor device is
      designed as a thyristor, the control electrode in the form of a wire can
      be fixed to the metal flanges and to the point on the silicon disc where
      it is to make contact. The flanges thereby act as terminals for the
      control electrode.
PAR  For application of a control electrode to a semiconductor disc, two
      fundamentally different methods are used. According to one method the
      control electrode is fixed to the semiconductor disc by soldering,
      alloying or welding. According to the other method the control electrode
      is held pressed against the semiconductor disc by a spring force, the
      semiconductor disc normally having a contact surface which is prepared in
      advance.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to the latter method of applying the control
      electrode. It is characteristic of the invention that the contact between
      the control electrode and the semiconductor disc is very effective and
      safe. It is also very simple. It may be manufactured in one single and
      robust piece and its use eliminates problems with internal joints and
      problems with separate members for generating the spring pressure.
PAR  More particularly, the present invention relates to a semiconductor device
      consisting of a thyristor with a control electrode the semiconductor disc
      of which is enclosed in a box comprising a bottom and a lid of metallic
      material, which are in electrical contact with one side each of the
      semiconductor disc, and two rings of insulating material, preferably
      ceramic material, arranged one after the other in the current direction of
      the semiconductor device, said rings being fixed to each other over a
      metal ring to which the control electrode is connected, characterised in
      that the control electrode extends across the box and is anchored in two
      sections of the metal ring which are at least substantially diametrically
      positioned in relation to each other, and that the control electrode for
      effecting contact with the semiconductor disc is provided with a
      projecting contact part of such a height that the contact part is held
      pressed against the semiconductor disc merely through the anchoring of the
      control electrode in the metal ring. In the form shown, the projecting
      contact part is of such a height that the control electode is slightly
      deformed away from the disc when it is applied thereon, so as to press
      resiliently against the disc.
PAR  According to a preferred embodiment of the invention, the metal ring and
      the control electrode consist of one single piece punched out from
      sheet-metal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be explained more fully by way of example with reference
      to the accompanying drawing, in which FIGS. 1-4 show different parts of a
      semiconductor device according to the invention prior to the final
      assembly, FIG. 5 shows a semiconductor device according to the invention
      composed of the parts shown in FIGS. 1-4, FIGS. 6 and 7 show different
      parts in another semiconductor device according to the invention prior to
      the final assemblage and FIG. 8 shows a semiconductor device according to
      the invention composed of the parts shown in FIGS. 6 and 7. All figures
      except FIG. 3 show cross-sections of the respective part or device. FIG. 3
      shows the part in a view from above.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows, on the one hand, the lid of the box which consists of a
      centrally located relatively thick disc 1 of copper and of a relatively
      thin ring 2, fixed to said disc, of metallic material such as copper,
      iron, iron-nickel alloy or iron-nickel-cobalt alloy, and, on the other
      hand, the ring 3 of insulating material such as ceramic material, such as
      porcelain, located nearest the lid. The disc 1 and the ring 2 are fixed to
      each other by brazing with, for example, silver solder, and ring 2 and
      ring 3 are fixed to each other by brazing with, for example, silver solder
      or gluing, as with an epoxy resin glue. The disc 1 has a diametrically
      running slot 4 in order to make possible the application of the control
      electrode with its contact part, as will be clear later on.
PAR  FIGS. 2 and 3 show the metal ring 6 which is intended to be placed between
      the rings of insulating material which form the box, with a control
      electrode 7 anchored to the box. The control electrode is provided with a
      projecting contact part 8 intended to effect contact with the
      semiconductor disc of the semiconductor device. The ring 6 is further
      provided with a projecting part 9 acting as a terminal for the control
      electrode.
PAR  In the case shown, the parts 6-9 consist of one integral piece, punched out
      from sheet-metal of the material used, the part 8 being suitably pressed
      out during cold flow of the material after the punching. It is
      advantageous if at least the parts 6 and 7 are made from one single,
      integral piece of sheet-metal. The parts 8 and 9 may be fixed to the parts
      7 and 6, respectively, afterwards, for example by soldering or welding.
      Suitable materials for the parts 6-9 are phosphor bronze, iron-nickel
      alloy or iron-nickel-cobalt alloy.
PAR  FIG. 4 shows, on the one hand, the lid of the box which consists of a
      centrally located, relatively thick disc 10 of copper and of a relatively
      thin ring 11, fixed to said disc, of the same material as the ring 2, and
      on the other hand the ring 12 of the same material as in the ring 3, which
      ring 12 is located nearest the bottom. The parts 10 and 11 are fixed to
      each other in the same way as the parts 1 and 2 and the parts 11 and 12 in
      the same way as the parts 2 and 3. On top of the disc 10 a round silicon
      disc 13 is placed without being soldered or otherwise secured to the disc
      10. The silicon disc is of the p-n-p type and arranged for a central gate
      terminal. The silicon disc may have a support plate of molybdenum or the
      like on one side or on both sides. If such a support plate is arranged on
      the upper side, it is provided with a hole passing through its center,
      through which the contact part 8 of the control electrode may effect
      contact with the silicon disc.
PAR  The parts shown in FIGS. 1-4 are joined, by brazing or gluing of the metal
      ring 6, first to ring 3 of insulating material and then to ring 12 of
      insulating material, in this way forming a semiconductor device according
      to FIG. 5. Because of the fact that the contact part 8 has a height
      greater than the vertical distance between the upper surface of the ring
      12 and the upper surface of the semiconductor disc 13 and because of the
      attachment of the metal ring 6 in the rings 3 and 12 of insulating
      material, the contact part is effectively pressed against the
      semiconductor disc by the spring force thus arising.
PAR  The control electrode 7 is suitably surrounded by an insulating material
      within the part located in the slot 4, for example, by a plastic foil such
      as a polyetheneglycol terephthalate foil, in order to prevent contact
      between the electrode and the copper disc 1. The slot 4 is substantially
      wider than the control electrode.
PAR  In the semiconductor device shown in FIGS. 6-8, the designations from FIGS.
      1-5 have been maintained for the parts to which there are counterparts in
      the last-mentioned figures. The parts 1, 2 and 3 and also the parts 10, 11
      and 12 are joined to each other in a manner indicated in connection with
      the description of FIGS. 1-5. The metal ring 6a between the rings of
      insulating material has a greater width in the device according to FIGS.
      6-8 than in the device previously described so that it is provided with a
      portion 14 projecting outside the ring 3 and extending around the whole
      periphery. As is particularly clear from FIG. 7, a ring 15 which may be of
      the same material as in the part 6 (6a) is attached to the ring 12, said
      ring 15 having a portion 16 extending outside the ring 12 along its whole
      periphery. The metal rings 6a and 15 are secured to the rings 3 and 12 of
      insulating material in the same way as described previously for the metal
      ring 6. The joining together of the two parts shown in FIGS. 6 and 7 into
      a semiconductor device according to FIG. 8 is preformed by cold-press
      welding or other welding or soldering of the parts 14 and 16, thus
      obtaining a peripheral weld joint or solder joint 17. When the parts have
      been joined together the contact part 8 is held effectively pressed
      against the semiconductor disc by spring pressure.
PAR  The semiconductor devices according to FIGS. 5 and 8 may be provided with
      cooling bodies in a conventional manner, making contact with one or both
      of the sides 1 and 10. It is suitable to make use of the cooling bodies as
      connecting conductors for electric current.
CLMS
STM  I claim:
NUM  1.
PAR  1. A semiconductor device comprising a semiconductor disc, a box having a
      bottom member and a lid member, said members being formed of a metallic
      material and each being in electrical contact with one side of the
      semiconductor disc, two rings of rigid insulating material to which said
      members are secured, a metal ring between and secured to said rings, and a
      control electrode secured at its ends to said metal ring and extending
      substantially diametrically thereacross, said control electrode having a
      projecting contact part in engagement with one side of the semiconductor
      disc and of such height as to be held by the control electrode in pressure
      contact with such side.
NUM  2.
PAR  2. A semiconductor as claimed in claim 1, in which said control electrode
      is bent out of the plane of the metal ring on the side away from the
      semiconductor disc by the engagement of said projecting contact point with
      the side of the disc.
NUM  3.
PAR  3. A semiconductor device as claimed in claim 1, in which the metal ring
      and the control electrode are formed of an integral piece of sheet metal.
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ABST
PAL  A portable battery operated color television camera is provided with a
      switch system for use to preserve power while testing the camera and
      associated equipment or while engaged in standby operation. The switch
      system removes the power from two of the three pickup tubes in the camera,
      thereby reducing power consumption while allowing testing or standby
      operation in a black-and-white mode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1.Field of the Invention
PAR  The invention relates to a color television camera for battery operation.
PAR  2.Description of the Prior Art
PAR  In battery-operated portable color television cameras, the prevailing
      problem is essentially one of energy supply, since the ratio of battery
      weight to possible length of operation of the camera ought to be
      minimized. This minimization can generally be helped by use of suitable
      circuit technology, but there are certain limits to what can be
      accomplished by this means.
PAC  SUMMARY OF THE INVENTION
PAR  The invention therefore provides a color television camera by means of
      which an additional extension of the possible time of operation can be
      obtained.
PAR  According to the invention, a switching device is provided in a color
      television camera, preferably for battery operation, whereby the camera
      can be switched optionally from normal operation to test operation or
      stand-by operation. In this test operation or standby operation, an
      operating voltage is fed only to the circuit sections necessary for the
      production of a black-and-white signal and for the operational
      manipulation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will now be explained in detail with the aid of an embodiment
      shown in the sole FIGURE wherein only those parts of a color television
      camera are shown which are essential for the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For generating a color picture signal, three picture taking or pick-up
      tubes are provided. Tube 1 is provided for white light, tube 2 is provided
      for red light, and tube 3 is provided for blue light. Corresponding
      amplifiers 6, 7, and 8 are provided to amplify the video signals from
      tubes 1, 2 and 3. Furthermore, the auxiliary circuits 9, which may include
      telephony, lens control such as focusing, and a view finder, are mounted
      in the camera. A battery 10 is provided for use as an energy supply and is
      preferably also mounted in the camera.
PAR  According to the invention, a switching device 11 is provided which
      consists of a switch 12 and a switch 13, each with three contacts a, b, c.
      The contacts 12a and 13aare without connection to other elements, such
      that, in this position of switches 12 and 13, the television camera is
      switched off. Contact 13b of switch 13 is likewise without connection,
      while contact 12b of switch 12, together with contacts 12c and 13c of
      switches 12 and 13 are connected to battery 10.
PAR  In the center (illustrated) positions 12b and 13b of switches 12 and 13,
      used for test operations or standby, the white channel with picture-taking
      tube 1 and amplifier 6, together with auxiliary circuits 9, are therefore
      connected to the voltage supply of the battery, whereas color channels for
      red and blue are out of operation. In the normal operation mode, (switch
      position c), all channels of the camera are connected to battery 10. While
      in normal operation mode of the camera, a color picture signal is
      produced, but in the test operation mode, the camera produces only a
      black-and-white signal which is fed to the master control panel and to the
      cameraman as a view-finding signal.
PAR  Because substantially fewer circuits are in operation in test operation
      mode, large reduction from the normal operation levels of the camera
      results. This reduction leads to an extension of the time of operation in
      test or standby, which may be doubled or tripled.
PAR  With this black-and-white operation it is possible to test most focusings.
      At the few focusings at which a color picture must be produced in the test
      operation, too, this is possible by actuation of the switching device
      mounted on the television camera. The auxiliary circuits include those
      needed for maintaining black-and-white operation and those needed for
      manipulation of the camera itself.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a portable color television camera designed for operation from a
      limited self-contained energy source and comprising three pick-up tubes
      for producing video signals from different spectral components of a color
      image, three amplifier means respectively connected for amplifying video
      signals from the three pick-up tubes, and auxiliary circuitry for use in
      connection with the camera, the improvement comprising selectively
      operable switch means for reducing power consumption by causing the camera
      to operate to produce only a black-and-white video signal when a color
      video signal from all three pick-up tubes is not required.
NUM  2.
PAR  2. A camera according to claim 1, wherein the limited energy source is a
      battery.
NUM  3.
PAR  3. A camera according to claim 2, wherein the three tubes comprise a white
      tube in a white channel, a red tube in a red channel, and a blue tube in a
      blue channel.
NUM  4.
PAR  4. A camera according to claim 3, wherein only the elements in the white
      channel and the auxiliary circuits are operated during a test mode to
      provide a black-and-white video signal, and wherein the elements in the
      red channel and the blue channel are operated in addition during a normal
      operation mode to produce a color video signal, the switch means being
      selectively operable to switch between the test mode and the normal
      operation mode.
NUM  5.
PAR  5. A camera according to claim 4, wherein the switch means comprises first
      and second switches, each of three contact positions, ganged together, the
      first switch being connected when supplied with power to supply power from
      it to the white channel and to the auxiliary circuits, the second switch
      being connected when supplied with power, to supply power from it to the
      red channel and to the blue channel, the two switches being ganged such
      that, when both switches are in their first contact position, no power is
      supplied to either switch and the camera is off, when both switches are in
      their second contact position, power is supplied only to the first switch,
      whereby power is supplied only to the white channel and to the auxiliary
      circuits to produce a black-and-white video signal, and when both switches
      are in their third contact position, power is supplied to both switches,
      whereby power is supplied to all three channels and to the auxiliary
      circuits to produce a three-channel color video signal.
NUM  6.
PAR  6. A method of operating a portable television camera including three color
      channels and auxiliary circuits in order to conserve power, comprising the
      steps of:
PA1  A. providing operating power to the auxiliary circuits and to only one of
      the color channels and providing no operating power to the other two color
      channels while testing the camera to generate a black-and-white video
      signal from the camera, and
PA1  B. providing operating power to all three color channels and to the
      auxiliary circuits when the camera is in ordinary operation to generate a
      three-channel color video signal from the camera.
NUM  7.
PAR  7. In a portable color television camera designed for operation from a
      limited self-contained energy source and comprising three pick-up tubes
      for producing video signals from different spectral components of a color
      image, three amplifier means respectively connected for amplifying video
      signals from the three pick-up tubes, and auxiliary circuitry for use in
      connection with the camera, the improvement comprising selectively
      operable switch means for selectively causing the camera to operate to
      produce only a black-and-white video signal or to produce a color video
      signal from all three pick-up tubes,
PAR  whereby the use of power is reduced when only a black-and-white video
      signal is produced, thereby reducing depletion of the energy source when a
      color video signal is not required.
NUM  8.
PAR  8. In a portable color television camera designed for operation from a
      battery and comprising:
PA1  A. three color-channel means operable by power from the battery to produce
      three corresponding video signals in three corresponding channels
      respectively representative of different spectral components of a color
      image, each color-channel means comprising a pick-up device and
      amplification means responsive to the pick-up device for producing a
      respective one of the three video signals, and
PA1  B. auxiliary circuitry for use in connection with the camera,
PA2  the improvement comprising
PA1  C. a switch having at least first and second selectable conditions, the
      switch when in the first condition providing a connection by which
      operating power is applied from the battery to all three color-channel
      means and to the auxiliary circuitry, and the switch, when in the second
      condition providing a different connection by which operating power is
      applied to only one of the three color-channel means and is applied to the
      auxiliary circuitry.
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ABST
PAL  A video shaping control circuit is utilized to control a video shaping
      network in a television receiver for controlling the sharpness of the
      image displayed on a television picture tube. The video shaping control
      circuit is responsive to an AGC signal such that the sharpness of the
      displayed image is reduced when the receiver is receiving a weak signal
      thereby reducing snow or other noise which would otherwise be displayed on
      the picture tube.
PARN
PAR  This application is a continuation-in-part application of prior co-pending
      application Ser. No. 369,525 filed on June 13, 1973 in the name of David
      H. Carpenter for AUTOMATIC PICTURE SHARPNESS CONTROL, now abandoned.
BSUM
PAR  This invention relates generally to television receivers and, more
      particularly, to an automatic picture sharpness control for use in a
      television receiver.
PAR  Video shaping networks are generally well-known in the art and are included
      in conventional television receivers to enable the viewer, within certain
      limits, to change the "sharpness" or clarity of the television image
      displayed on the television picture tube. Specifically, although all
      television picture tubes have specific "definition" limits, (that is, are
      somewhat limited in the ability to reproduce the details of the original
      image or scene) video shaping networks allow the television viewer some
      control over the sharpness of the viewed image by allowing the manual
      adjustment of the image sharpness to the viewer's own taste.
PAR  A problem in conventional television receivers having video shaping
      networks is the inability of these systems to compensate for the strength
      or weakness of the received signal. Specifically, although it may be
      advantageous for the video shaping network to present a sharp image when
      the signal received by the television receiver is strong, the video
      shaping network should not operate at its normal optimum when the received
      signal is weak since the video shaping network then enhances the
      undesirable characteristics of the weak signal. All video signals include
      random electrical noise which is produced in the propagation of the
      signal, in the transmitter and in the receiver. High frequency noise
      appears as "snow" on the displayed image presented at the picture tube
      which snow is enhanced when the received video signal is weak. Thus,
      although it is generally desirable for the video shaping network to
      function to provide a sharp picture when the television receiver is
      receiving a strong signal, it is less than desirable for the video shaping
      network to provide a sharp picture when a weak signal is received since
      the sharpness merely accentuates the noise or snow which is displayed on
      the picture tube.
PAR  One way of decreasing the snow produced by random electrical noise and, in
      particular, high frequency noise, is to control the sharpness of the image
      on the television picture tube. Specifically, it has been found that the
      visibility or perceptibility of the snow can be reduced by reducing the
      sharpness of the television picture tube. Although this also decreases the
      sharpness of the overall picture, it has been found that the degradation
      of the sharpness of the overall picture is less offensive than the
      existence of highly visible snow in the picture. Thus, the degradation in
      sharpness of the overall picture when the weak signal is being received is
      more than compensated by the decrease in snow or noise which would
      otherwise be displayed and perceived on the television picture tube. On
      the other hand, when the received signal is "strong", the television
      picture tube may be kept at its optimum sharpness.
PAR  The problem of high frequency noise interference with color television
      signals is particularly difficult to solve. In conventional color
      television transmission, a color television camera is utilized to provide
      a red video signal, a green video signal and a blue video signal
      responsive to the scene scanned by the color camera. The red video signal
      is responsive to the red content of the scene being scanned by the color
      camera, the green video signal is responsive to the green content of the
      scene being scanned and the blue video signal is responsive to the blue
      content of the scene being scanned. In a compatible color television
      system, these three signals, corresponding to the red, green and blue
      components of a picture as viewed by the television camera, are added
      prior to transmission in predetermined portions to form a luminance
      signal. The luminance signal is representative of the brightness
      distribution in the picture and it is this signal which is displayed on a
      conventional black and white picture tube in a black and white television
      receiver. In addition to the luminance signal, color difference signals
      between the red, green and blue video signals and the luminance signals
      are formed prior to transmission and processed to provide a chrominance
      signal. The amplitude of the chrominance signal is responsive to the
      saturation of the transmitted image, i.e., the intensity of coloration.
      The phase of the chrominance signal is representative of the hue of the
      transmitted image. The luminance and chrominance signals are combined to
      form a color video signal which is transmitted by the television
      transmitter and received by the television receiver. In addition to the
      luminance and chrominance signals, a "burst" color reference signal is
      also transmitted which is utilized to provide a reference phase for the
      detection of the chrominance signal in the television receiver.
PAR  In the conventional television receiver, the luminance and chrominance
      signal components of the transmitted video signal are separated. The
      chrominance signal is demodulated, usually by synchronous detectors, to
      provide three color difference signals, i.e., red minus luminance signal
      (hereinafter referred to as "R-Y"), blue minus luminance signal
      (hereinafter referred to as "B-Y") and green minus luminance signal
      (hereinafter referred to as "G-Y"). These color difference signals are
      then combined with a luminance signal to produce the red, green and blue
      video signals. These signals are then applied to a cathode-ray display
      tube generally including a viewing screen having a multiplicity of
      red-emitting, green-emitting and blue-emitting phosphor elements arranged
      on the inner surface of the face plate of the tube in a predetermined
      array. These phosphor elements are excited by electron beams controlled by
      the individual color video signals to produce a color image representative
      of the transmitted scene.
PAR  As explained heretofore, the high frequency interference producing "snow"
      can be decreased by controlling the sharpness of the image on the
      television tube by decreasing the high frequency response of the video
      signal when the receiver receives a weak video signal. In color television
      signals, the high frequency noise affects both the luminance and
      chrominance signals and the noise in both signals must be regulated to
      produce a pleasing display. It has been suggested that the high frequency
      response of the video signal could be controlled at the input or IF stages
      of a television receiver. This however would be ineffective and
      detrimental to a composite color video television signal since the entire
      color information is contained in the high frequency portion of the
      composite video signal and any decrease in the high frequency portion of
      the signal would severely attenuate the color information resulting in
      extremely weak color and desaturation of large color areas on the ultimate
      color display.
PAR  Accordingly, it is a broad object of the present invention to provide a
      television receiver which provides a pleasing image under weak signal
      conditions. A more specific object of the invention is to provide a
      television receiver in which the sharpness of the displayed image is
      automatically controlled to reduce the visibility of snow or other noise
      when the receiver is receiving a weak signal.
PAR  It is a specific object of the invention to reduce the noise by controlling
      the frequency response of the video signal subsequent to its detection in
      the video detector of the receiver.
PAR  Another specific object of the invention is to provide separate frequency
      control for the luminance and chrominance signal components of a composite
      color video signal to provide a reduction of the noise of a weak color
      video signal.
PAR  In accordance with illustrative embodiments demonstrating objects and
      features of the present invention, there is provided a television receiver
      having an antenna and a conventional tuner and IF amplifier stage which is
      coupled to a conventional video second detector. The output of the video
      second detector is coupled to a video amplifier which is coupled to a
      video shaping network. The output of the video amplifier also provides an
      AGC signal which, as in conventional television receivers, is utilized to
      control the tuner and IF amplifier stage. The AGC signal, which is
      responsive to the strength of the signal received by the television
      receiver, is also utilized to control a video shaping control circuit
      which functions to control a video shaping network. The video shaping
      control circuit advantageously includes a variable impedence element which
      is responsive to the AGC signal to control the frequency response of the
      video shaping network.
DRWD
PAR  Other objects, features and advantages of the present invention will be
      understood by reference to the following detailed description of various
      presently preferred by nonetheless illustrative embodiments of the present
      invention, when taken in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a block diagram of the video portion of a television receiver
      according to the present invention;
PAR  FIG. 2 is a circuit diagram of a video shaping network and a video shaping
      control circuit according to the present invention;
PAR  FIG. 3 is a graph of the output characteristics of the circuit of FIG. 2;
PAR  FIG. 4 is a circuit diagram of a video shaping control circuit according to
      another embodiment of the present invention;
PAR  FIG. 5 is a circuit diagram of the video shaping network and the video
      shaping control circuit according to another embodiment of the present
      invention;
PAR  FIG. 6 is a graph of the output characteristics of the circuit of FIG. 5;
PAR  FIG. 7 is a circuit diagram of a video shaping network and a video shaping
      control circuit according to another embodiment of the present invention;
      and
PAR  FIG. 8 is a circuit diagram of a video shaping network and a video shaping
      control circuit according to another embodiment of the present invention.
PAR  FIG. 9 is a block diagram of part of the video portion of a television
      receiver modified in accordance with this invention for control of the
      luminance and chrominance signals;
PAR  FIG. 10 is a schematic representation of the video shaping control for
      controlling the frequency response of the chrominance amplifier in
      accordance with this invention;
PAR  FIG. 11 is a graphical representation of the output signal from the
      chrominance amplifier controlled in accordance with this invention;
PAR  FIG. 12 is a block diagram of part of the video portion of a color
      television receiver modified in accordance with another embodiment of this
      invention for control of the luminance and chrominance signals;
PAR  FIG. 13 is a block diagrammatic representation of the chrominance
      demodulator and video shaping networks for controlling the color
      difference components of the chrominance signal according to the
      invention;
PAR  FIG. 14 is a graphical representation of one of the color difference
      signals, in accordance with this invention.
DETD
PAR  Referring to the drawings and, more particularly, to FIG. 1 thereof, the
      video stages of a television receiver according to the present invention
      is generally designated 10. Video receiver 10 includes a conventional
      antenna 12 for receiving a conventional television signal. The television
      signal is coupled to a conventional tuner and IF amplifier stage, 14, the
      output of which is then coupled to a video second detector 16. Video
      second detector 16 is coupled to a conventional video amplifier 18 having
      two outputs. One of the outputs from video amplifier 18 is coupled to a
      video shaping network 20 which, in turn, is connected to a conventional
      television picture tube 22. The other output from video amplifier 18 is
      coupled to a conventional AGC amplifier, 24, the output of which is
      coupled to tuner and IF amplifier stage 14. As is known in the art, AGC
      amplifier 24 provides an AGC signal, responsive to the strength of the
      received video signal, which is utilized to control tuner and IF amplifier
      stage 14 to maintain the amplitude or strength of the received signal
      constant. By way of example, the output from AGC amplifier 24 may increase
      as television receiver 10 receives a stronger video signal, with the
      increased AGC signal being utilized to control the gain of tuner and IF
      amplifier stage 14. In a similar manner, the AGC signal output from AGC
      amplifier 24 may decrease as the received signal gets weaker.
PAR  The circuit blocks or stages heretofore described are well-known in the
      art, and, as described up to this point, television receiver 10 is
      conventional. Thus, the stages of television receiver 10 function to
      recover from the received modulated RF signal the video signal which is
      amplified and applied to picture tube 22. Television receiver 10 may be a
      black and white television receiver or, in the alternative, may be a color
      television receiver. In the latter case, video amplifier 18 and video
      shaping network 20 function to process the "luminance" signal or component
      of the composite color signal and an appropriate delay network (not shown)
      may be inserted before television picture tube 22, and appropriate video
      shaping networks are provided for processing the "chrominance" signal or
      component of the composite color signal as will be described in greater
      detail below.
PAR  As explained hereinbefore, one commonly observed interference or spurious
      component of the received video signal is random electrical noise which is
      produced in the transmitter, the television receiver and the propagation
      path between the transmitter and receiver. Frequently, this random noise
      and, in particular, random electrical noise at high frequencies, manifests
      itself as "snow" on the image displayed on the picture tube. This snow is
      particularly noticeable when the television receiver is receiving a weak
      signal, i.e., when the signal to noise ratio is low. Television receiver
      10 includes a video shaping control circuit, generally designated 26,
      which is utilized to control video shaping network 20 in order to reduce
      the "sharpness" of the image on tube 22 when the received signal is weak.
      Video shaping control circuit 26 is responsive to the output from AGC
      amplifier 24 which is coupled to the control circuit. Thus, the AGC signal
      is utilized to control video shaping control circuit 26 which, in turn,
      controls the sharpness of the image at television picture tube 22 through
      video shaping network 20. When a strong signal is being received in the
      television receiver, video shaping control circuit 26 functions to control
      video shaping network 20 such that the sharpness of picture tube 22 is
      maintained at an optimum level. On the other hand, when the signal
      received by television receiver 10 is weak, that is, when the signal to
      noise ratio is low, the AGC controlled video shaping control circuit 26
      functions to decrease the sharpness of television picture tube 22 by
      controlling video shaping network 20 thereby reducing the snow which would
      otherwise be visible on the television picture tube.
PAR  Referring to FIG. 2, a circuit which incorporates a typical video shaping
      network 20 and video shaping control circuit 26 according to one
      embodiment of the present invention is generally designated 28. Circuit 28
      includes input terminals 30a, 30b which are adapted to receive the output
      signal from video amplifier 18. This signal is coupled, by way of a
      resistor 32, to a pair of series connected capacitors 34, 36 and a voltage
      dependent impedance element, such as a voltage dependent capacitance
      impedance. By way of example, the voltage dependent capacitance may be a
      variable capacitance diode 38 of any type generally known in the art
      adapted to provide decreasing capacitance as the voltage across diode
      element 38 increases. The capacitance of diode element 38 is dependent
      upon the AGC signal form AGC amplifier 24. Specifically, the AGC signal
      from AGC amplifier 24, is applied to terminals 40a, 40b, enabling this
      voltage to be impressed, by way of a resistor 42, across the diode
      element. The output from circuit 28 is provided at output terminals 44a,
      44b and this signal is connected to television picture tube 22.
PAR  The operation of circuit 28 may be appreciated by reference to FIG. 3 which
      shows the variation in video output or voltage output at terminals 44a,
      44b as a function of frequency and the AGC signal. Specifically,
      capacitors 34 and 36 (See FIG. 2) are chosen to have large capacitance
      value as compared to the highest capacitance value of diode element 38,
      and, therefore, capacitors 34, 36 merely block dc voltage. When the signal
      received at television receiver 10 is "strong", the AGC signal is at an
      increased level and the AGC signal, which may be either a voltage or a
      current signal, is impressed at AGC terminals 40a, 40b. This causes the
      capacitance of diode element 38 to be at a relatively low value. As
      indicated by curve 46, the pass-band of circuit 28 is thus relatively wide
      and high frequency signals are passed by the circuit to television picture
      tube 22 and picture tube 22 is controlled to provide a sharp display or
      sharp picture image. On the otherhand, when television receiver 10 is
      receiving a "weak" signal, the AGC signal impressed across terminals 40 a,
      40b is decreased, causing the capacitance of diode element 38 to increase.
      As indicated by curve 48, this causes the pass-band of circuit 28 to
      decrease, i.e., the high frequency signals are not impressed on picture
      tube 22. As a result, the sharpness of the displayed image provided at
      television picture tube 22 is reduced.
PAR  Referring to FIG. 4, a video shaping control circuit according to another
      embodiment of the invention is generally designated 50. Video shaping
      control circuit 50 includes terminals 52a, 52b which receive the AGC
      signal from AGC amplifier 24. The AGC signal is passed, via a resistor 54,
      to a voltage dependent impedance element, such as variable capacitance
      diode 56. A resistor 58 and a parallel connected capacitor 60 and resistor
      62 are adapted to be connected to a source of dc supply connected to a
      termunal 64 for providing a dc bias for diode element 56. As with the
      circuit illustrated in FIG. 2, diode element 56 provides a variable
      capacitance which is responsive to the strength of the AGC signal, i.e.,
      the capacitance of diode element 56 is inversely proportional to the
      strength of the AGC signal. Diode element 56 is coupled to video shaping
      network 20 in order to control the sharpness of television picture tube
      22. Video shaping network 20 may be of any well-known type and, for
      example, may be a network similar to that included in television Model
      TR-542 manufactured by Matsushita Electrical Industrial Co., Ltd. of
      Osaka, Japan. Specifically, video shaping network 20 is adatped to
      receive, via a terminal 68, the output signal from video amplifier 18 (See
      FIG. 1). Video shaping network 20 may also include a capacitor 70 which
      determines the response, i.e., by controlling the pass-band, of the signal
      provided at an output terminal 72, which output terminal is connected to
      the television picture tube. Diode element 56 is connected in parallel
      with capacitor 70 and, depending on the parallel combination of capacitor
      70 and the capacitance of diode element 56 (the latter depending on the
      strength of the AGC signal), the characteristics of the signal at terminal
      72 and, therefore, the sharpness of the displayed image is controlled. As
      with the embodiment according to FIG. 2, when the signal received by
      television receiver 10 is "strong", television picture tube 22 is
      controlled to be at its optimum sharpness; when the received signal is
      "weak", the AGC signal varies circuit 50 which; by controlling shaping
      network 20, decreases the sharpness of the displayed image thereby
      reducing the perceptible snow.
PAR  FIG. 5 illustrates a circuit generally designated 74 including a video
      shaping network and a video shaping control circuit according to another
      embodiment of the invention. Circuit 74 includes input terminals 76a, 76b
      adapted to receive the signal from video amplifier 18 and output terminals
      78a, 78b for applying the signal from circuit 74 to television picture
      tube 22. Circuit 74 includes a parallel connected resistor 80 and
      capacitor 82 which are connected between input terminal 76a and output
      terminal 78a. An inductor or similar inductive impedance device 84 is
      connected between output terminal 78a (the juncture of resistor 80 and
      capacitor 82) and input terminal 76b. A variable tap from the center of
      inductor 84 is connected, in series, to a capacitor 86, a voltage
      dependent impedance element, such as a variable capacitance diode 88, and
      another capacitor 90. Circuit 74 also includes terminals 92a, 92b which
      are adapted to receive the AGC signal from AGC amplifier 24, which signal
      is impressed across diode element 88.
PAR  The output characteristics of circuit 74 (FIG. 5) is illustrated in FIG. 6.
      Specifically, FIG. 6 shows the output signal at terminal 78a, 78b as a
      function of frequency, with the AGC signal as a parameter. As indicated by
      curve 94 of FIG. 6, when the signal received by television receiver 10 is
      "strong", the AGC signal applied to terminals 92a, 92b of circuit 74
      decreases the capacitance of element 88 which enables television picture
      tube 22 to present a sharp image. When the perceived signal is "weak", the
      AGC signal decreases which, in turn, increases the capacitance of diode
      element 88 thereby providing the output characteristic of curve 96. As
      indicated in FIG. 6, curve 96 attenuates high frequency signals, such as
      high frequency noise, thereby controlling television picture tube 22 to
      provide a less than optimum sharp picture but a picture wherein the random
      electrical noise or snow is not readily visible.
PAR  FIG. 7 illustrates yet another embodiment according to the present
      invention in which an AGC signal provided from AGC amplifier 24 is
      utilized to control the sharpness of the television picture. In FIG. 7
      circuit 98 includes an input terminal 100, a common terminal 102 and a
      terminal 104 adapted to receive the AGC signal. The output of circuit 98
      is provided at terminals 106a, 106b which is taken across a resistor 108
      and a capacitor 110. The AGC signal from AGC amplifier 24 is coupled to
      terminal 104 and is utilized to control a conventional dc amplifier,
      generally designated 112, the output of which is utilized to control a
      voltage dependent impedance, such as a voltage dependent resistor 114.
      Voltage dependent resistor 114 is connected, at one side thereof, to a
      capacitor 116 and, at the other side thereof, to another capacitor 118.
      Circuit 98 also includes terminal 120 adapted to be connected to an
      appropriate source of dc supply. A series connected inductor 122, resistor
      124 and capacitor 126 are connected between input terminal 100 and output
      terminal 106a.
PAR  In operation, the AGC signal applied to terminal 104 controls dc amplifier
      112 to vary the voltage across voltage dependent resistor 114 thereby
      varying the resistance thereof. As the resistance value of resistor 114
      changes, it alters the damping of inductor 122 at high video frequencies
      and also changes the high frequency roll-off characteristics of circuit
      98. Thus, circuit 98 operates in much the same general manner as the
      embodiments heretofore described the AGC signal is utilized to control a
      variable impedance which, in turn, controls the output characteristics of
      the circuit, for controlling the sharpness of the television picture tube.
PAR  FIG. 8 illustrates another embodiment according to the present invention in
      which a circuit, generally designated 128, is utilized to control the
      sharpness of television picture tube 22 responsive to the strength or
      weakness of the signal received by television receiver 10. Circuit 128
      includes an input terminal 130 for receiving the output signal from video
      amplifier 18. This signal is connected between input terminal 130 and a
      common terminal 132. The AGC signal from AGC amplifier 24 is connected to
      a terminal 134 and this signal is coupled, via a resistor 136, to a dc
      amplifier, generally designated 138. The output from dc amplifier 138 is
      coupled, via a resistor 140, to the control winding 142 of a saturable
      reactor of the like. The dc amplifier 138 may be connected to an
      appropriate source of dc supply, such as via terminal 144. The output from
      dc amplifier 138 varies control winding 142 which varies the power winding
      or inductor 146 magnetically coupled thereto. Winding 146 is connected in
      parallel with a capacitor 148 and a resistor 150 which are connected, at
      one end thereof, to input terminal 130 and, at the other end thereof, to a
      series connected resistor 152 and capacitor 154. The output of circuit 128
      is provided at output terminals 156a, 156b, which is taken across resistor
      152 and capacitor 154, and the output signal is connected to television
      picture tube 22. to vary the sharpness thereof.
PAR  In operation, the dc output from the dc amplifier 138, which is responsive
      to the AGC signal, is utilized to control winding 142 which, in turn,
      controls the inductance of winding 146. Winding 146 forms, along the
      capacitors 148, 154 and resistors 150, 152, the video shaping network.
      Thus, variation in the inductance of winding 146 controls the frequency
      response of the video shaping network which, in turn, controls the
      sharpness of the image provided at television picture tube 22. The output
      characteristics of the video shaping network is controlled such that
      television picture tube 22 provides optimum sharpness when the television
      receiver is receiving a "strong" signal and is varied such that the
      sharpness of the picture tube is automatically varied when the television
      receiver is receiving a "weaker" signal, thereby reducing the visibility
      of snow or the like.
PAR  Control of the frequency response of the video signal after demodulation in
      the video receiver according to this invention permits the separate
      control of the luminance and chrominance signal components of a composite
      color video signal to effectively reduce the high frequency noise content
      of both signals. Referring now to FIG. 9, there is shown the video portion
      of a color television receiver according to the present invention,
      generally designated 210. Color television receiver 210 includes
      conventional input circuitry including an antenna, IF stages and video
      demodulator for detecting and demodulating the television signal
      transmitted from a color television transmitter. The demodulated video
      signal which appears at terminal 212 is the composite video signal which
      includes both luminance and chrominance signal components.
PAR  The composite video signal, is coupled to a video amplifier 214. According
      to the invention, the luminance signal output of video amplifier 214 is
      coupled to luminance video shaping network 216, which is operated to
      control the frequency response of the luminance signal in accordance with
      the strength of the received composite video signal as will be explained
      in greater detail below. The output of the luminance video shaping network
      is applied to time delay circuit 218 and then to conventional luminance
      amplifier 220. The output from luminance amplifier 220 provides the
      luminance component of the composite video signal, modified by the video
      shaping network to reduce the luminance noise for weak received signals,
      and in a monochromatic television receiver, provides the sole video
      information for display on the television picture tube. In color
      television receivers, the luminance signal is combined with color
      difference signals, for example, in a matrix or summing network 222, for
      providing the red, green and blue color video signals which are coupled to
      a color television picture tube or similar display device 224.
PAR  The chrominance signal output from video amplifier 214 is coupled to a
      conventional chrominance amplifier 226 which passes the chrominance
      portion of the composite video signal to a chrominance demodulator 228. In
      accordance with the invention, the frequency content of the output of the
      chrominance amplifier is controlled by the chroma video shaping network
      230, to reduce the high frequency noise component of the chrominance
      signal, as will be explained in greater detail below. As is generally
      understood in the art, a reference generator 232 responsive to the
      reference or "burst" portion of the received signal is utilized to provide
      a reference phase signal which is used to demodulate the color difference
      signals in conventional chrominance demodulator 228. The output from
      chrominance demodulator 228 is a series of color difference signals, R-Y,
      G-Y, and B-Y, which are amplified in color difference amplifier 233 before
      being coupled to matrix 222 where they are combined with the luminance
      signal to provide the red video signal, the green video signal, and the
      blue video signal which control picture tube 224.
PAR  Another output from video amplifier 214 provides a conventional AGC signal
      which has a signal level directly related to the strength of the composite
      video signal. The AGC signal is coupled to AGC amplifier 234 and the
      output coupled to the tuner and IF amplifier stages of the television
      receiver (not shown) to maintain the amplitude or strength of the received
      signal constant. The output of the AGC amplifier is also coupled to video
      shaping networks 216 and 230 which separately control the frequency
      response of the luminance and chrominance signals in accordance with the
      strength of the received composite signal and under the control of the AGC
      signal from amplifier 234.
PAR  Video shaping network 216 can be any circuit for effecting the frequency
      response of the luminance signal under the control of the AGC signal so
      that the higher frequency components of the luminance signal are
      attenuated when the AGC signal decreases as a result of the decrease in
      signal strength of a received signal. This shaping network, in particular,
      can be any of the shaping networks previously described for controlling
      the frequency response of the signals under the control of the AGC signal
      and the operation is the same as described above and need not be explained
      again for the sake of brevity.
PAR  Control of the chrominance signal which is provided by chroma video shaping
      network 230 can best be understood by reference to FIG. 10. Typically, the
      output stage of the chrominance amplifier 226 contains a doubly tuned band
      pass transformer 236 which has a pass band sufficient to pass the
      chrominance component of the video signal. The output of the chrominance
      amplifier appears at terminals 239 and 240 which are coupled to
      chrominance demodulator 228. The video shaping control 230 includes input
      terminals 242, 244 which are adapted to receive the AGC signal from AGC
      amplifier 234. The AGC signal is coupled by way of resistor 246 to a pair
      of capacitors 248, 250 which block DC and a voltage dependent variable
      capacitor element 252, such as described above. The capacitance of
      capacitor 252 is dependent upon the AC voltage impressed across the
      element. The output of video shaping network 230 is coupled between the
      primary and secondary windings of tuned transformer 236 to vary the
      frequency response pass band of the tuned transformer in response to the
      AGC signal.
PAR  The operation of this circuit can be seen with reference to FIG. 11. With a
      strong signal and a high AGC signal level, the capacitance of capacitor
      252 is relatively low and the video shaping network 230 has little effect
      upon the frequency response of tuned transformer 236. The pass band of the
      tuned transformer remains relatively wide thereby passing the high
      frequency components of the chrominance signal to the chrominance
      demodulator. When the television signal is weak, the AGC signal level
      decreases producing an increase in the capacitance of element 252. As
      indicated in FIG. 11, the bandwidth of tuned transformer is thereby
      decreased and the high frequency components of the chrominance signal
      attenuated to reduce the high frequency noise in the chrominance signal.
      Separate processing of the chrominance and luminance signal in this manner
      eliminates only the high frequency components of the luminance and
      chrominance signals. The resulting image displayed on the display device
      although less sharp with a weak signal is still more pleasing to the
      viewer due to a decrease in the overall noise.
PAR  Referring now to FIG. 12, there is shown a color television receiver
      modified in still another way, in accordance with the invention, for
      controlling the frequency response of the luminance and chrominance
      signals. In this figure, which contains elements which are common to those
      shown in FIG. 9, the common elements are indicated by the same reference
      numerals. The composite color video signal appears at terminal 212 and is
      applied to video amplifier 214 where it is separated into luminance and
      chrominance components. The luminance component is applied to video
      shaping network 216 under the control of the AGC signal from AGC amplifier
      234 to vary the high frequency response of the signal when a weak signal
      is received as explained above. The luminance signal is passed to the time
      delay network 218 and luminance amplifier 220 to matrix 222 where it is
      mixed with the color difference signals to produce the color signals to be
      applied to display tube 224.
PAR  The chrominance signal is applied to chrominance amplifier 226 and from
      there to chrominance demodulator 228 which also has as an input a
      reference signal from reference generator 232. The output of the
      chrominance demodulator is the three color difference signals, R-Y, G-Y
      and B-Y and they are applied to video shaping network 254 where the
      frequency response of the individual color difference signals are
      controlled in accordance with the strength of the AGC signal from AGC
      amplifier, 234, as will be explained in more detail below. The color
      difference signals from video shaping network 254 are applied to color
      difference amplifier 233 and then to matrix 222 for combination with the
      luminance signal, from which the signal is passed to display tube 224.
PAR  FIG. 13 shows a circuit for modifying the frequency characteristics of each
      of the color difference signals in accordance with the strength of the
      received signal. The output from chrominance demodulator 228 is, as shown,
      the color difference signals, R-Y, G-Y, and B-Y. These signals are applied
      to video shaping network 254 which includes an individual shaping network
      for each of the color difference signals. Each of these networks are
      arranged for selectively controlling the frequency response of the color
      difference signals and can be any of the circuits previously described to
      provide such a function. One such circuit, as shown in FIG. 2 will provide
      this function and accordingly the video shaping networks are given
      reference numerals 28a, 28b, and 28c to indicate that the network 28 shown
      in FIG. 2 is utilized.
PAR  The operation of networks 254 can be understood by referring to FIG. 14
      which is a graphical representation of the frequency response of one color
      difference signal, R-Y, however, the response of each of the color
      difference signals in the video shaping network is similar. With a strong
      signal, the AGC signal has little affect on the capacitance of the
      capacitance element diode and therefore little affect upon the frequency
      response of each of the color difference signals. When the weak signal is
      received, the AGC signal increases the capacitance of the variable
      capacitance diode and thereby attenuates the high frequency components of
      each of the color difference signals so as to eliminate the high frequency
      noise from these signals.
PAR  In summary, the present invention provides an automatic sharpness control
      which is utilizable to control the sharpness of the image displayed in a
      television tube or the like. The present invention is applicable both to
      black and white television receivers and to color television receivers in
      that improved display is provided without the requirement of viewer
      adjustment or complex circuitry.
PAR  Obviously, other modifications of the present invention are possible in
      light of the above teachings. Thus, the AGC signal may vary in any
      predetermined manner, i.e., may increase or decrease responsive to the
      received signal as may be desired. The AGC may also be arranged to provide
      a "threshold" response so that no adjustment occurs until the AGC signal
      reaches a predetermined level. Similarly, the AGC responsive impedance
      elements, whether they be capacitors, resistors or inductors, may be
      voltage dependent or current dependent depending, of course, on the type
      of AGC signal utilized. In fact, the AGC signal may be utilized to control
      transistor elements or the like in order to control the sharpness of the
      television picture tube. Accordingly, the embodiments heretofore described
      are merely exemplary of the principles of the present invention and
      numerous other embodiments may be devised within the spirit and scope of
      the present invention as delineated by the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a color television receiver responsive to color television signals
      and including means for receiving said color television signals, means for
      demodulating said color television signals to provide video signals, means
      coupled to receive said video signals for separating said video signals
      into a luminance signal component and a chrominance signal component and
      means responsive to said video signals for providing an AGC signal having
      a strength related to the strength of said video signals, the combination
      of a first video shaping means, means coupling said AGC signal to said
      first video shaping means to control the response thereof, means coupling
      said luminance signal component of said video signal to said first video
      shaping means, a second video shaping means, means coupling said AGC
      signal to said second video shaping means to control the response of said
      second video shaping means, means coupling said chrominance signal
      component to said second video shaping means, said first and second video
      shaping means being responsive to the strength of said AGC signal for
      automatically varying the frequency content of said luminance and
      chrominance signal components of said video signal.
NUM  2.
PAR  2. The invention according to claim 1 further including a chrominance
      demodulator means responsive to said chrominance signal component for
      separating said chrominance signal component into a plurality of color
      difference signals, said second video shaping means being responsive to
      said color difference signals and said AGC signal to automatically vary
      the frequency content of said color difference signals in accordance with
      the strength of said AGC signal.
NUM  3.
PAR  3. The invention according to claim 2 wherein said first and second video
      shaping means includes a variable impedance element responsive to the
      strength of said AGC signal.
NUM  4.
PAR  4. In a color television system responsive to color television signals and
      including means for receiving said color television signals, means for
      demodulating said color television signals to provide video signals, means
      coupled to receive said video signals for separating said video signals
      into a luminance signal component and chrominance signal component, means
      responsive to said video signals for providing an AGC signal having a
      strength which varies according to the strength of said video signals, a
      display device responsive to said signals for providing a color television
      picture display, a system for automatically varying the sharpness of the
      picture displayed on the display device including a first video shaping
      means, means for coupling said AGC signal in controlling relationship to
      said first video shaping means, means for coupling said luminance signal
      to said first video shaping means, a second video shaping means, means for
      coupling said AGC signal in controlling relationship to said second video
      shaping means, means for coupling said chrominance signal component to
      said second video shaping means, said first and second video shaping means
      controlling the luminance and chrominance signal components respectively
      in accordance with the strength of said AGC signal to increase the
      sharpness of the image displayed on the display device when said AGC
      signal strength increases and to decrease the sharpness of the image
      displayed on the display device when the strength of said video signal
      decreases.
NUM  5.
PAR  5. An automatic sharpness control for use in a television receiver
      comprising means for receiving television signals, means responsive to
      said received television signals for demodulating the received signals and
      providing a video signal, means responsive to said video signals for
      separating said video signals into a luminance and a chrominance signal
      component, means responsive to said video signals for providing an AGC
      signal responsive to the amplitude of said received signal, a display
      device, means for applying said luminance signal component and chrominance
      signal component of said color video signal to said display device
      including first and second video shaping means coupled to receive said AGC
      signal, means for applying said luminance signal to said first video
      shaping means and means for applying said chrominance signal to said
      second video shaping means, said AGC signal automatically varying the
      response of each of said video shaping means to independently control the
      frequency content of said luminance signal component and said chrominance
      signal component in response to the strength of said AGC signal for
      controlling the sharpness of the image displayed on said display device.
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PAL  Time base instability of signals in a train thereof is corrected by use of
      analog shift registers. As employed in the correction of time base
      instability of video signals, paired analog shift registers are used.
      While one register has samples of one video line signal clocked into it at
      a rate corresponding to its time base instability, the other register
      clocks out, at a uniform rate, analog signals of the previous line, and
      vice versa.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to apparatus for modifying the time base
      of signals in a train thereof; more particularly, the invention is
      concerned with apparatus for correcting a time base instability in TV type
      signals.
PAR  2. Description Relative to the Prior Art
PAR  While the invention is not so restricted, its utility as a flutter
      compensator in a video tape recorder dramatically indicates its
      significance. The playback of a taped video recording requires faithful
      replay of recorded signals without causing such signals to shift
      unwantedly and continuously in frequency. Unwanted frequency modulation of
      playback video signals can, among other things, cause (1) the sync
      information content of the video signal to become unstable, and (2) the
      color information content of the video to become, at best, faulty, i.e.,
      color information may not be detectable at all, since unstable playback of
      recorded color burst information within the video signal may cause the
      color content of the video signal to be lost entirely.
PAR  The degree of unwanted frequency shift during playback of the video signal
      is measured in terms of "percent flutter," it being recognized that even
      fractional percent flutter will prevent the AFC circuits of most TV's from
      tracking the fluttering sync signal, resulting in the tearing apart of the
      visual display that corresponds to the playback signal. Percent flutter
      may be defined as 100 times a change in frequency divided by a nominal
      frequency, the nominal frequency in the present case being 15,750 Hz.
PAR  To assure against instantaneous time base instability of played back TV
      signals which are derived from a video tape recorder, present practice is
      to employ extremely close tolerances in the precision parts of the
      recorder and to complement such tolerances with various servo controls
      which actively prevent flutter from occurring during playback. Such
      practices greatly add to the cost of manufacturing video tape recorders
      and, indeed, have prevented video recorders from being cost-wise within
      reach of many who would otherwise want them. This being the case, various
      proposals have been made to utilize variable delay lines, e.g., U.S. Pat.
      Nos. 2,960,568; 3,238,300; and 3,580,991, as a way to nullify flutter
      within playback signals: flutter within the played back signals is
      detected; the "flutter" signal is then used to vary the delay of a delay
      line through which the fluttering signal is passed, thereby causing the
      output of the delay line to be, hopefully, a flutter-free equivalent of
      the fluttering input to the delay line.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a departure from the above-noted delay line concept,
      having, at the heart thereof, an analog shift register. Basically, the
      invention teaches (1) the clocking (sampling) of a fluttering signal into
      an analog register at a rate dependent on the degree of flutter, and (2)
      the clocking of such signal samples out of such analog shift register at a
      desired rate. If the desired rate is constant, flutter is nullified. On
      the other hand, the clock-out rate may be a variable, whereby the signal
      output of the analog shift register may be modified according to choice.
PAR  In utilizing the invention to process signals such as TV type signals,
      i.e., signals which are continuous and which have a nominal periodicity,
      the invention further proposes the use of plural analog shift registers,
      say two, which so cooperate that while one TV line signal is clocked into
      one register at a flutter-dependent rate, the signal within the other
      register is clocked out of such register at a known, but stable, rate, and
      vice versa. The use of a plurality of analog shift registers in the
      practice of the invention is indicated whenever, in a train of signals, a
      later occurring signal is to be processed through an analog shift register
      before an earlier occurring signal has been fully clocked out of the shift
      register.
PAC  OBJECTIVES OF THE INVENTION
PAR  To provide apparatus for modifying the time base of signals.
PAR  To provide a technique for stabilizing the time base of signals in a train
      thereof and, more particularly, to provide a technique for stabilizing the
      time base of signals which continuously occur and have a nominal
      periodicity.
PAR  To provide apparatus for nullifying the effects of flutter during the
      playback of recorded video information.
DRWD
PAR  The invention will be described with reference to the figures, wherein:
PAR  FIG. 1 is a block diagram illustrating one embodiment of the invention;
PAR  FIG. 2 is a block diagram illustrating the basic philosophy of another
      embodiment of the invention, and depicting in relatively broad terms the
      invention as described in relation to FIGS. 3 through 6.
PAR  FIG. 3 and 4 together depict a presently preferred implementation of the
      invention for use in nullifying the effects of playback tape flutter; and
PAR  FIGS. 5 and 6 are timing diagrams useful in describing the apparatus of
      FIGS. 3 and 4.
DETD
PAR  Referring now to FIG. 1, which shows successive signals S.sub.1 and S.sub.2
      being applied to an analog shift register 10, the signal S.sub.1 being
      stretched with respect to a reference duration S.sub.R and the signal
      S.sub.2 being compressed with respect to the reference duration S.sub.R.
      Analog shift registers may take a variety of forms such, for example, as
      charge coupled and charge injection devices, various serially disposed
      sample-and-hold circuits, and even A/D and D/A converters which
      functionally sandwich digital shift registers. The analog shift register
      10 successively samples its applied signal, shifting all contained samples
      one register stage for each such sampling. To facilitate understanding of
      the invention, the analog shift register 10 is depicted as having five
      stages (although in reality it will be usual to employ many more register
      stages), and each signal S.sub.1, S.sub.2 is, as indicated, sampled five
      times.
PAR  The time base instability of the signal S.sub.1 is determined, in this
      embodiment, by comparing (comparator 12) its duration with the duration of
      the reference signal S.sub.R. Determining that the signal S.sub.1 is
      stretched, the comparator 12 thereafter signals a voltage control
      oscillator 14 to sample the signal S.sub.1 at a relatively slow rate.
      Thus, despite the fact that the signal S.sub.1 is relatively extensive, it
      is sampled the same number of times yet more slowly than a signal of
      normal duration would be sampled. After (in the simplified case at hand)
      five samples have been taken, the analog shift register 10 is fully
      loaded. A count detector 16, receiving the oscillator 14 output, keeps
      track of the number of samples in the register 10 and, as soon as the
      register 10 is loaded, the detector switches (18) the clocking of the
      register 10 to the control of a reference clock 20. Then the reference
      clock 20 clocks the register contents out and, in doing so, causes the
      signal S.sub.1 to assume (S'.sub.1) the time base of the reference
      S.sub.R. As the signal S'.sub.1 is clocked out of the register 10, the
      count detector 16 keeps track of the disgorging and, as soon as the
      register 10 has been emptied, the count detector again switches to ready
      the register 10 for the compressed signal S.sub.2.
PAR  The signal S.sub.2, since it has a duration less than the reference
      duration, causes the comparator 12 to signal the voltage control
      oscillator 14 to run at a higher frequency than its nominal frequency.
      Again the register 10 loads up (relatively quickly); and again the count
      detector 16 causes the reference clock 20 to unload the register at the
      nominal rate, thereby causing the signal S.sub.2, like the signal S.sub.1,
      to assume the time base of the reference S.sub.R.
PAR  The signals S.sub.1 and S.sub.2 are depicted as being comprised of
      amplitude variable pulses, but obviously conventional smoothing devices,
      if necessary or desired, may be employed to provide the envelopes of such
      signals.
PAR  Implicit in the operation of apparatus according to FIG. 1 is the
      requirement that the signal S.sub.2 occur sufficiently after the signal
      S.sub.1 as to enable the signal S'.sub.1 to be clocked out of the register
      10. In those instances, however, where such requirement cannot assuredly
      be met, as in the processing, for example, of flutter-influenced TV type
      signals, the invention takes a configuration similar to that depicted in
      FIG. 2, the corresponding elements of FIGS. 1 and 2 being similarly
      numbered, but primed in the case of FIG. 2. (FIG. 2, though limited in
      certain detail, is presented at this time for tutorial purposes and to
      facilitate an easy understanding of the workings of the apparatus depicted
      in FIGS. 3 and 4.)
PAR  Assuming that a train of flutter-influenced TV signals appears on line 24
      of FIG. 2, the time-wise stretch or compression of the duration between
      successive sync pulses in the train is determined by comparing (12') a
      reference sync rate with the instantaneous fluttering sync rate.
      Attendantly, in inverse relationship to the output of the comparator 12',
      a voltage controlled oscillator 14' clocks, first, a predetermined number
      of samples taken from one fluttering line of the TV signal train into a
      first analog shift register 10'; then, as soon as the shift register
      10'.sub.a is loaded -- and in response to a count detector 16' which
      actuates ganged switches 18'.sub.a,b and 22.sub.a,b -- a like number of
      samples, taken from the next fluttering line in the TV signal train, is
      clocked into a second analog shift register 10'.sub.b. During the clocking
      of signal samples into the register 10'.sub.b, the register 10'.sub.a
      unloads under control of a reference clock 20'. And then, while the
      register 10'.sub.b is, in turn, unloaded under control of the reference
      clock 20', the third fluttering TV line is clocked into the register
      10'.sub.a under control of the voltage control oscillator 14', and so on,
      whereby fluttering TV signals appearing on line 24 of FIG. 2 are converted
      to flutter-free signals appearing on line 26.
PAR  Turning now to FIGS. 3 through 6, a presently preferred embodiment of the
      invention will be described. Key to the operation of the apparatus of
      FIGS. 3 and 4, however, is the fact that the sync portions of the TV
      signal train, despite the fact that they in particular determine the
      instantaneous fluttering clock rate, are not sampled and clocked into
      analog shift registers. Rather, shift registers process only the video
      portions of the TV signal train, and do not handle the sync portions of
      such signal train.
PAR  A fluttering train of TV signals, as might be produced by a video tape
      recorder 30 during playback, is applied via an amplifier 32 to a parallel
      pair of analog shift registers 34, 36, each of which is preferably a
      charged coupled device (CCD) having, say, 256 stages. (The use of a
      256-stage CCD is an expedient. Discernible horizontal resolution of a TV
      image at normal viewing distance is, at best, about 400 elements per each
      52 microsecond horizontal line. Since 256-stage CCD's are available for
      the digital arts (256 = 2.sup.8) they were tried, and found to be
      satisfactory for the intended purpose, and did not noticeably affect the
      bandwidth of the signals that they processed.)
PAR  Two clocks, viz, a fluttering clock and a stable clock, are produced,
      respectively, by high and low bandwidth phase lock loops 38, 40 which each
      regulate respective voltage control oscillators 42, 44 having nominal
      frequencies of 4 Mhz. (15750 .times. 256 .apprxeq. 4 Mhz.). Each phase
      lock loop 38, 40 is phase locked to the fluttering sync (46), the former
      being disposed to track relatively short-term flutter corresponding to
      frequencies up to 2 Khz., and the latter being disposed to track only very
      long-term flutter corresponding to very low frequencies up to 0.1 Hz.
PAR  Reference should now be had to FIG. 5, as well as to FIG. 3: Keeping in
      mind the above note that sync information is not clocked into the CCD's
      34, 36, the fluttering sync is used (back porch one shot 48, and flutter
      enable flip-flop 50) to define the start of the fluttering video
      information which is to be sampled at a fluttering rate and clocked into a
      CCD. The flutter enable flip-flop 50 is turned off -- thereby defining the
      end of the fluttering video which has been clocked into a CCD -- as soon
      as, and each time, a 256 count-down divider 52 registers an output.
PAR  To complete the description of the timing of the fluttering clock, a front
      porch one shot 58, triggered simultaneously with the turning off of the
      flutter enable flip-flop 50, defines the duration of the combined front
      porch and sync, and thus provides a reference pulse which may be compared
      phase-wise (60) with the trailing edge of the fluttering sync to control
      the frequency of the fluttering clock.
PAR  In a somewhat similar way (see FIG. 6), the stable clock which is produced
      by the voltage control oscillator 44 is divided down (62) to define stable
      blanking (64), and sync and front porch (68, 70), signals which are to be
      reinserted (66) into flutter-free outputs from the CCD's 34, 36.
PAR  The trailing edge of the reinserted sync, as noted above, is phase compared
      (72), in a long time constant phase lock loop, to the trailing edge of the
      fluttering sync signal.
PAR  Now keeping in mind the functional showing of FIG. 2, and referring in
      particular to FIG. 4, the way in which signal samples are clocked into one
      CCD at a fluttering rate while previously occurring signal samples are
      clocked out of a second CCD at a uniform rate, and vice versa, will now be
      described: A flip-flop 90, responsive to the stable sync, provides the
      overall switching control which (1) sends fluttering and stable clock
      signals alternately to the CCD's 34, 36, and (2) selects (switch 37) the
      CCD from which the flutter-free signal is to be clocked out. (No
      equivalent of the FIG. 2 switch 22a is here necessary, the fluttering
      signal which is to be stored in one CCD being also clocked into the other
      CCD during the stable clocking out of such other CCD. During the next
      "flutter" clocking of such other CCD, however, the contents of that CCD
      are routinely discarded.)
PAR  AND gates 92, 94, responsive to the flutter enable flip-flop 50,
      alternately steer the fluttering clock, via AND gates 96, 98, to the CCD's
      34, 36. Similarly, AND gates 100, 102 respond to the stable enable
      flip-flop 64 and steer, alternately, the stable clock, via AND gates 104,
      106 to the CCD's 34, 36. Thus, clocks A and B, respectively, appearing at
      the outputs of OR gates 110, 112, are alternately the flutter and stable
      clocks which are applied to clock signal samples into and out of the CCD's
      34 and 36.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention. Although two CCD's are indicated in FIG. 3, it would be within
      the purview of the invention to employ a larger number of CCD's with, of
      course, appropriate modification of the switching and clock steering
      functions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for removing flutter from a train of TV line-representative
      signals, comprising:
PA1  a. means for comparing the phase of sync signals in said signal train with
      reference signals occurring at a normal sync rate, thereby to produce a
      phase error signal,
PA1  b. means for producing a first clock signal having a predetermined
      frequency,
PA1  c. means responsive to said phase error signal to produce a second clock
      signal having a frequency which varies with respect to said predetermined
      frequency and in proportion to said phase error signal,
PA1  d. first and second analog shift register means for storing a predetermined
      number of samples of said line-representative signals,
PA1  e. means for alternately applying said first clock signal to said first and
      second analog shift register means at the line frequency of signals in
      said train and, simultaneously, applying said second clock signal
      alternately to said second and first analog shift register means, whereby
      signal samples are clocked out of one register means at said predetermined
      frequency while signal samples are clocked into the other register means
      at a flutter dependent rate,
PA1  f. means for counting the clocks of said first and second clock signals,
      and
PA1  g. means responsive to sync signals in said train thereof, and to the
      counts of said first and second clock signals to block all but video
      information from being processed via said analog shift register means.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said analog shift register means each
      have a corresponding number of stages greater than about 200.
NUM  3.
PAR  3. In combination with a video tape recorder, apparatus for removing
      flutter from a train of TV line-representative signals played back by said
      recorder, comprising:
PA1  a. means for comparing the phase of sync signals in said signal train with
      reference signals occurring at a normal sync rate, thereby to produce a
      phase error signal,
PA1  b. means for producing a first clock signal having a predetermined
      frequency,
PA1  c. means responsive to said phase error signal to produce a second clock
      signal having a frequency which varies with respect to said predetermined
      frequency and in proportion to said phase error signal,
PA1  d. first and second analog shift register means for storing a predetermined
      number of samples of said line-representative signals,
PA1  e. means for alternately applying said first clock signal to said first and
      second analog shift register means at the line frequency of signals in
      said train and, simultaneously, applying said second clock signal
      alternately to said second and first analog shift register means, whereby
      signal samples are clocked out of one register means at said predetermined
      frequency while signal samples are clocked into the other register means
      at a flutter dependent rate,
PA1  f. means for counting the clocks of said first and second clock signals,
      and
PA1  g. means responsive to sync signals in said train thereof, and to the
      counts of said first and second clock signals to block all but video
      information from being processed via said analog shift register means.
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ABST
PAL  A track or stripe tape positioner for a helical scan or rotary head
      recorder uses digital techniques. The expected step size is preset into a
      counter. During the next phase, a calibration phase, the tape is stepped
      through a plurality of stripes whereat the preset value is adjusted to
      measured values. In the third phase, the average step size is maintained
      subject to certain averaged changes thus providing a high degree of noise
      rejection to ensure reliable incremental stepping of a record tape through
      the recorder.
BSUM
PAC  DOCUMENTS INCORPORATED BY REFERENCE
PAR  The present invention is usable in connection with the practice of the
      invention set forth in copending commonly assigned patent application,
      Ser. No. 451,270 filed Mar. 14, 1974 by N. K. Arter, et. al, Magnetic
      Record Member for Use with Rotating Head Magnetic Recording Apparatus.
PAR  An article with which the present invention is advantageously practiced is
      set forth in commonly assigned co-pending application, Ser. No. 391,405
      filed Aug. 24, 1973, now U.S. Pat. No. 3,864,739, by H. C. Jackson, "Tape
      Motion Control in an Incrementing Magnetic Tape Transport".
PAR  The servo track positioning apparatus with which the present invention can
      be used is set forth in co-pending commonly assigned patent application,
      Ser. No. 415,080 filed Nov. 12, 1973, by G. A. Hart, "Head to Track
      Alignment in a Rotating Head Magnetic Tape Unit, now U.S. Pat. No.
      3,845,500.
PAR  Data recording device (DRD) with which the present invention may be
      advantageously employed is shown in commonly assigned co-pending patent
      applications, Ser. No. 335,609 filed Feb. 26, 1973, by M. L. Nettles,
      "Continuous Compliant Guide for Moving Web", now U.S. Pat. No. 3,850,358
      and Ser. No. 375,966 filed July 2, 1973, by P. J. Arsenault and E. P.
      Kollar, "Improved Tape Transport for Magnetic Recording with a Rotating
      Head"now abandoned. Such a data recording device is advantageously
      employed in a mass storage system (MSS) as shown and described in
      co-pending commonly assigned application, Ser. No. 198,877 filed Nov. 15,
      1971 and now U.S. Pat. No. 3,825,208.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to positioning tape with respect to a
      rotating head of helical scan or rotating head digital signal recorder. In
      particular, it provides for precise calibration and a high degree of noise
      rejection in a tape positioning apparatus.
PAR  In rotating head type magnetic tape recorders, a cylindrical mandrel or
      drum includes a rotating head adapted for transducing engagement with a
      tape helically wound on such mandrels. Included in many such recorders are
      automatic tape threading, precise guiding, high-speed searching and
      step-by-step motion as set forth in the documents incorporated by
      reference.
PAR  In those recorders, stepping from one helical track or stripe to another,
      having digital data recorded in the stripe, requires a precise stable
      stepping control. Such is particularly true when the tape is to be
      recorded on one digital signal recorder and later read by another digital
      signal recorder.
PAR  In such recorders, a data cartridge can be automatically loaded into the
      data recording device (DRD) which includes a rotating head digital signal
      recorder. The tape is automatically threaded and would onto a take-up
      spool or capstan in a known manner. In some of such recorders, a
      tachometer on the take-up spool or capstan driving motor is used to
      control the tape motion across the mandrel and past the rotating head.
      When the tape is first wound on the take-up capstan, an incremental
      angular motion corresponds to a first shortest step of the tape past the
      rotating head. As tape is wound onto the capstan and the radius of the
      outside wrap increases, the same angular step results in an increasing
      length of tape being transported past the head. Accordingly, if the
      take-up capstan tachometer is to be used for positioning control, as is
      desired (without limitation) in connection with practicing the present
      invention, the angular step must be translated into an appropriate length
      of tape for insuring uniform stripe-to-stripe distances. Additionally,
      when stripes are recorded on one recorder and read on another, certain
      perturbations in the recording can cause varying spacing between
      successive ones of said stripes. Such variations can be extremely small.
      Yet, cummulative errors resulting from stepping past a plurality of such
      stripes in recording or reading data can result in recording errors.
      Accordingly, it is desired to provide a data recording device which
      accommodates perturbations in stripe-to-stripe spacing as well. The
      changes in linear transition of the tape as a tape wrap on a take-up
      capstan changes.
PAR  Most helical scan recorders operate with record tapes that have
      longitudinally extending transversely sensed servo tracks. Such servo
      tracks are used in connection with precisely locating the tape with
      respect to the rotating head for transducing operations. As the rotating
      head begins its scan of the tape, it crosses over one edge of the tape.
      Such crossing can induce perturbations in the tape resulting in less than
      desirable transducing relationships between the head and the record tape.
      Such perturbations in the tape may result in erroneously interpreted servo
      data from such tracks. However, as the head completes its scan of the tape
      and crosses the opposite edge, thereof, fewer perturbations are introduced
      into the tape. However, because of contamination on the tape or void spots
      in the magnetic coding, servo errors of a permanent or transitory type can
      be introduced into the mechanism to position the tape such that the head
      path is not precisely centered on a given record stripe or track. It is
      highly desirable in a digital signal recorder where all signals must be
      successfully recorded and recovered as opposed to video recorders wherein
      one stripe can be ignored without disastrous effects that the controlling
      servo mechanism be immuned to noise and jitter for insuring reliable and
      precise stepping control of the tape past the transducing station.
PAC  SUMMARY OF THE INVENTION
PAR  Accordance with the invention transducing operations of a rotating head
      signal recorded within a data recording device (DRD) includes a preset
      step followed by a calibrate step which adjusts preset value to the actual
      average spacing between record stripes and followed by an operate phase
      having high noise rejection properties.
PAR  In accordance with one aspect of the invention, the area to be transduced
      was always approached from the same direction. After an initial search for
      the record area on the tape which stops a predetermined number of stripes
      to one longitudinal side of the transducing area, the tape is stepped
      through a calibrate phase for adjusting preset step size to that actually
      measured on the tape. In a preferred form the calibrate phase is divided
      into two sub-phases. A first sub-phase adjusting the step size by unity
      for each stripe followed by a second sub-phase wherein the present size as
      adjusted during the first sub-phase is further adjusted every other
      stripe. Calibration phase is followed by an operate phase wherein the step
      size average is adjusted by unity only if the offset error on the
      predetermined number of successive stripes has the same sync; i.e., the
      offset is always in the same direction. In addition, to accommodate
      perturbations, the distance between adjacent stripes, a momentary override
      of the average on a stripe-by-stripe basis prevents cummulative errors
      from occurring.
PAR  The foregoing and other objects, features, and advantages of the invention
      will become apparent from the following more particular description of the
      preferred embodiment of the invention, as illustrated in the accompanying
      drawing.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a combined diagrammatic and logic diagram of a data recording
      device and its associated device recording control (DRC) which employs the
      present invention, that portion of the circuitry directed toward the
      invention is set out in detail.
PAR  FIG. 2 is a diagrammatic showing of a tape usable with the FIG. 1
      illustrated DRD.
PAR  FIG. 3 is an enlarged diagrammatic showing of certain aspects of the FIG. 2
      illustrated tape.
PAR  FIG. 4 is a simplified diagrammatic showing of a tape illustrating an
      advantageous servo signal arrangement usable with the present invention.
PAR  FIG. 5 is a diagrammatic showing of the portion of the tape of FIG. 2 with
      the preferred highly reliable servo track arrangement.
PAR  FIG. 6 is a diagrammatic showing of the portion of servo track 17A of FIG.
      5, together with servo signal detector usable to provide offset or error
      information to apparatus employing the present invention as detailed in
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now more particularly to the drawing, like numerals indicate like
      parts and structural features in the various views and diagrams. The FIG.
      1 illustrated data recording device (DRD) is advantageously employed as a
      part of a mass storage facility (MSF) such as that shown in Beach et al
      supra. A data cartridge as shown in that patent application includes a
      spool 10 loadable onto the DRD wherein it forms the payout spool of the
      signal recorder. The free ended tape 11 is unwound from spool 10 through a
      vacuum column on buffer bin 75 around a mandrel 76 which include the
      rotating head W. Thence the tape is guided onto a take-up capstan 77
      driven by motor 78 under control of a position servo 79. In a preferred
      form of DRD, tape 11 is stepped incrementally past head W for transducing
      operations with the FIG. 2 illustrated tape. Transducing operations
      conducted via transducer W as well as a second transducer R (not shown in
      FIG. 1) conducted through a device recording control (DRC) constructed
      using known techniques for digital signal recorders and connected to a
      central processing unit, computer or data channel as is well known in the
      art. Data flow connections between DRC and DRD are omitted for brevity.
      Before proceeding with a detailed discussion of the invention, the
      environment in which the invention operates is first described for clearly
      pointing up the advantages accrued to such an environment by practicing
      the present invention.
PAR  The tape 11 is first described. Referring to FIG. 2 single flange spool 10
      mounts magnetic tape member 11. A cylindrical sleeve (not shown) fits on
      the spool to complete a dust-proof data cartridge. The free end of member
      11 is tapered aat 12 for facilitating automatic threading. In the free-end
      portion, as at 13, a plurality of imprinted article serial numbers reside
      on the coated side of the article. The imprinted serial numbers are
      viewable through a covering transparent cylindrical sleeve (not shown).
      Such printing enables visual inspection and identification of various
      improved articles for facilitating handling and transfer. Such serial
      numbers facilitate logging performance statistics about each of the
      articles, as well as facilitating identification.
PAR  Immediately adjacent free end 12 is a leader area 14 which may or may not
      have magnetic coating thereon. Leader 14 facilitates automatic threading
      operations. Immediately adjacent area 14 is a magnetically coated test
      area 15 for enabling recording and readback of signals by each digital
      signal recorder employing the improved article. A test pattern of signals
      recorded in area 15 is sensed by the digital signal recorder. The
      amplitude, phase shift, and other characteristics of the readback signal
      are analyzed by recorder circuits which then automatically adjust the
      readback circuits for optimum readback of data signals recorded on the
      improved article. The details of such automatic readback circuits are not
      part of the present invention.
PAR  The data recording area 16 is completely defined and located by a pair of
      servo track areas 17 and 19. Each servo track area includes areas for two
      parallel longitudinally extending servo tracks 17A, 17B, 19A, 19B. The
      servo tracks contain signals identifying data stripe on track locations
      indicated by dashed lines 20 in FIG. 2 and by long narrow rectangles 21
      and 22 in FIG. 3.
PAR  The servo track areas 17 and 19 have precise longitudinal extents and
      locations. These areas demark all recording areas on the tape. The servo
      area ends adjacent free end 12 define beginning of tape, labeled "BOT",
      which signifies the area in which a rotating head can start recording data
      signals. In a similar manner, the spool ends of servo track areas 17 and
      19 precisely denote end of the tape, labeled "EOT", which correspondingly
      defines the other longitudinal limit in which a recorder may record data
      signals.
PAR  In addition to data signal receiving area 16, which is left blank when the
      improved article is first manufactured, an identification and addressing
      track is located at 25 with a longitudinal extent substantially
      longitudinally coextensive with servo area 19. The identification area
      ends at 26. The first data record area number was 0 identifying a
      so-called "stripe 0".
PAR  Referring now more particularly to FIG. 3, the relationship of the record
      article to a particular digital signal recorder of the incremental step
      type with which the record article can be advantageously employed is
      described. The timing relationship of a rotating head scanning tape
      stopped between incremental steps with respect to the servo track areas
      and the identification and address stripe show the advantageous usage. As
      mentioned above, the angle of the data stripes, such as stripes 21 and 22,
      with respect to the longitudinal edges of the tape, is about
      17-1/2.degree.. The data receiving areas or stripes 21 and 22 extend at
      such an angle between the precisely aligned servo areas 17 and 19. The
      lateral extent of the servo areas 17 and 19, as measured along the scan
      path 27 of a rotating head, is slightly less than the intergap distance
      between a write (W) and a read (R) gap of the single two-gap head on the
      rotor. This intergap distance, as at 28, being slightly greater than such
      transverse dimension of the servo areas, is advantageously employed when
      recording and stepping the improved article by a digital signal recorder.
      Assume that when gap W is scanning the tape at the lower edge 30, it is
      connected to a read-back circuit. Gap W scans the address portion 25. The
      readback signals being identified as data signals are ignored. As gap W
      scans servo area 19, the read-back signals are identified as the servo
      signals and sent to a servomechanism used in connection with transporting
      article 11 past the rotating heads having gaps W and R. As gap W scans
      servo area 19, at 17-1/2.degree., trailing gap R follows by distance 28 to
      simultaneously scan address area 25. The servo signals from gap W drive
      the servomechanism simultaneous with other readback circuits, analyzing
      the signals from area 25 to identify the location of the improved article
      with respect to gap W. After gap R has completed a scan of the appropriate
      portion of address area 25 signals, electronic circuits determine whether
      or not the article is appropriately positioned. If it is, then recording
      currents are turned on for recording data signals in stripe area 21,
      precisely aligned along the 17-1/2.degree. scan path with the appropriate
      portion of servo tracks in area 19, as well as the later-described address
      portion of area 25 associated with data signal receiving area 21.
PAR  The present invention provides a high degree of accuracy and stability in
      such stripe locations. As gaps W and R continue to scan across tape 11,
      the signals are recorded through gap W into data signal receiving area 21.
      For checking the correctness of the recording in area 21, the recorded
      signals are simultaneously sensed by gap R as it scans area 21. Such
      read-after-write recording verification can follow the same procedures
      used in connection with prior digital data signal recorders, such as
      employed for 1/2 inch tapes.
PAR  As gap W leaves area 21, as at 31, all recording currents are removed from
      the gap. Gap R continues to sense the recorded signals. Gap W senses the
      area 17 servo signals to supply servo track signals to said servomechanism
      for use in connection with positioning tape 11 in accordance with the
      present invention. Since the intergap distance 28 is slightly longer than
      the 17-1/2.degree. transverse dimension of area 17, gap W leaves area 17,
      as at 32, about substantially coincidentally with gap R leaving area 21,
      as at 31. At this time, gap R is substantially transversely inward of
      upper edge 33 of tape 11. The servomechanism is now actuated to step the
      article 11 to the next stripe, such as stripe 22. The constants of
      acceleration and the rotor velocity can be matched such that the stepping
      to stripe or signals receiving area 22 is the same time it takes for gap W
      to move from area 17 to just immediately prior to area 19 which is aligned
      with stripe 22. This transit time corresponds to the transverse dimension
      from area 17 to edge 33, plus the distance from edge 30 to lower edge 34
      of area 19. This statement assumes a helical wrap of 360.degree. of
      article 11 around a later-mentioned mandrel, such that edges 30 and 33
      abut. In this manner, for a single head type rotor, a minimum time is lost
      because of the rotor movement and tape movement for maximizing data signal
      throughputs.
PAR  FIG. 4 diagrammatically shows data track and servo track format. In this
      arrangement, head W moves in the direction of arrow 27A along the ideal
      head path 27. This head path is termed "ideal" in that it coincides with
      the center of transverse data track or stripe 22.
PAR  The lower edge 30 of tape 11, that is the tape's edge first or leading edge
      encountered by head W, includes servo track 19A having distinctive data
      patterns in the form of sync marks 38 and 39. Sync mark 38 identifies the
      physical location of data stripe or track 22 whereas sync mark 39
      identifies the physical location of adjacent stripe 21.
PAR  FIG. 5 shows the preferred form of a servo format including redundant
      sensing of head-to-track alignment and wherein the skew relationship
      between the head's path 27 and a data stripe can be measured. Each servo
      area includes two servo tracks 19A and 19B located near bottom tape edge
      30 and two servo tracks 17A and 17B of servo area 17 located near upper
      tape edge 33. All servo tracks are identical, with the exception that they
      are longitudinally offset, one from the other. Four sync marks 45-48
      provide redundant sensing of the relative position of the head path 27 and
      the extent of stripe 49, for example. Likewise, the position of head W as
      it begins its scan as at sync marks 45 and 46, can be compared to the
      position of the head as it completes its scan at sync marks 47 and 48, to
      provide a measure of the skew of the head track relative to the data
      stripe 49.
PAR  FIG. 6 is an enlarged diagrammatic view of the servo signal format in each
      and every servo track together with details of a head/stripe alignment
      detecting network. In this figure the servo track portion is identified by
      reference numeral 50. The servo track portion is made up of two
      distinctively different data patterns. Repeating servo signal pattern 51
      is a constant frequency data pattern. Each servo signal pattern 51 begins
      and ends with a second distinctive servo signal pattern, namely, mark
      patterns 52 and 53.
PAR  The center of head W, when following ideal head path 27, prosses the center
      of sync mark 53. If head W is misaligned with the transverse data track or
      stripe located by sync mark 53, then offset head path 55 is transversed.
      To realign a stripe with the head path, tape 11 is moved a small step to
      the left to bring the center of the head's path into coincidence with the
      center of sync mark 53. The servo track sync marks, two of which are
      identified as 52 and 53, may be double frequency data patterns, or they
      may alternatively, be any other type of data pattern, or absence of data,
      which is distinctively different than the constant frequency data pattern
      51. By way of a specific example, the physical head dimensions, in a
      particular embodiment of the present invention, where such that the head
      gap width, measured normal to its direction of travel, was 0.015 inch. The
      length of sync marks 52 and 53 as well as the constant frequency data
      pattern, again measured normal to the direction of head travel, is
      preferably also equal to 0.015 inch. The spacing between the individual
      magnetic transitions making up constant frequency pattern 51, measured in
      the direction of head travel, was 0.0006 inch.
PAR  In detecting stripe alignment, the FIG. 5 illustrated apparatus counts
      constant frequency transitions 51 in counter 61 until sync mark 53 is
      detected by detector 62. Then the constant frequency transition 51 to the
      right of sync mark 53 decrements counter 61. If the final contents of
      counter 61 is zero, head path 27 is being followed. Any non-zero remainder
      indicates stripe or track offset. The offset indication from zero track
      19A is preferably used in connection with the present invention as later
      described with respect to FIG. 1.
PAR  Referring now to the head/track alignment stripe detector 70 of FIG. 5, the
      signal output of head W, as it sweeps across servo track portion 50,
      appears on conductor 56. This head output signal is applied to the input
      of amplifier 57 and appears at amplifier output signal on conductor 58.
      When this signal amplitude reaches a given minimum threshold magnitude,
      threshold detector 59 supplies or enables signal over conductor 60 to
      enable operation of up/down (increment/decrement) counter 61. Since head W
      has just begun scanning the lower leading edge of servo track portion 50,
      a sync mark has not yet been detected at this time and sync detector 62
      has not yet supplied an activating output signal. Thus, conductor 63 is
      enabled by way of inverter 64 enabling counter 31 to count up.
PAR  As head W continues its sweep across servo track 50, counter 61 is
      incremented by signal output on line 65 of pulse shaper 66. Pulse shaper
      66 is effective to shape the constant frequency signal which is being
      provided from the servo track's constant frequency portion 51.
PAR  In an alternative embodiment the count input to counter 61 may be provided
      by a constant frequency clock 67.
PAR  When head W encounters sync mark 53, sync (threshold) detector 62 supplies
      an active output signal over line 688 enabling counter 61 to count down.
      The count magnitude contained within counter 61 at this instant is
      dependent upon the relative alignment between head W and the data track
      identified by sync mark 53. For example, when head W follows ideal head
      path 27, the count within counter 61 will be smaller than had it been
      following offset path 55. In any event, as head W continues to sweep servo
      track portion 50, constant frequency portion 51 on the right side of sync
      mark 52 decrements counter 61. As head W leaves servo track portion 50,
      the minimum signal threshold is detected by detector 59 and counter 61 is
      inhibited from further counting.
PAR  A residual count now resides within counter 61. The magnitude and sense
      (sign) of this count are a measure of the magnitude and direction of
      offset between the head path and the stripe associated with sync mark 53.
      For example, if the initialized state of counter 61 is zero, the counter's
      trapped or residual count will be zero when the head follows ideal head
      path 27. A positive residual count indicates that the alignment error was
      such as shown by offset track path 55. A negative residual count indicates
      that head W traversed an offset path displaced on the other side of ideal
      head path 27 from offset path 55.
PAR  This residual count is presented to compare network 42 where it is provided
      as an input to position servo 22 (FIG. 1) to produce whatever fine tape
      positioning is necessary in order to achieve accurate head-to-track
      alignment for proper transducing of the data track magnetic states by head
      W. The preferred arrangement over using networks 41 and 42 is to preset
      counter 61 to a count which will result in a known residual count when
      alignment is proper, and will result in a residual count which may be used
      directly as an output to stripe detector 70.
PAR  When sync marks 52 and 53 are ideally centrally aligned with their
      respective data tracks, a known misalignment of such sync marks yields a
      non-zero residual count at ideal head path 27. In this event, a comparison
      is made between the actual residual count and the desired residual count
      to detect the head/track alignment error.
PAR  While the above described step-by-step control operates satisfactory in
      many environments, enhanced operations particularly noise rejection as
      well as adaptability to varying spool wrap is provided by practicing the
      present invention. The data recording control can calculate a present
      value of a given number of tachometer pulses between the center line of
      two adjacent record stripes. A preferred form of the invention, the
      tachometer on motor 78, is a two-phase tachometer yielding a succession of
      four discrete signal states for each tachometer step. Such discrete signal
      states are termed tachometer pulses and are the pulses counted in
      connection with indicating track offset and step size in the illustrated
      embodiment. The device recording control employs an algorithm for
      calculating a number of such tachometer counts necessary to move the tape
      a given fixed distance between two adjacent record stripes in terms of
      incremental angular steps of motor 78. The equation solved by DRC in
      calculating the present value is:
      ##EQU1##
      where:
PAR  K = number of tachometer pulses between two adjacent record stripes.
PAR  R = radius of take-up spool 77 hub over which tape 10 is wrapped.
PAR  T = thickness of tape 10.
PAR  L = length of tape wrapped around takeup spool 77 hub.
PAR  S = center-to-center spacing between two adjacent record stripes.
PAR  C = number of tachometer pulses per rotation of motor 78 and take-up
      capstan 77.
PAR  Such value K can be precalculated for various zones on the tape and
      supplied over cable 82 by DRC. The selection of zones and the various
      values is a matter of engineering design beyond the scope of the present
      description. In one embodiment, the middle of the tape required 70
      tachometer pulses to step from center line to center line of two adjacent
      record stripes. For purposes of description, the preset value 70 will be
      used. For a recorder having a linear tachometer, the same preset value is
      used throughout the tape.
PAR  DRC knows which part of the tape is to be transduced. Accordingly, upon
      receiving a command to transduce a series of stripes such as 110 or 111,
      the tape is rapidly moved to 8 stripes from the first stripe to be
      transduced, the first stripe to be transduced is always toward the free
      end 12 of tape 11; hence the tape will always be moved in the same
      direction for transducing operations for insuring uniformity of motion
      control. Upon receiving a transducing command, the tape is rapidly moved
      to 8 stripes from the first stripe to be transduced. At this time, DRC
      automatically goes into the calibrate phase and issues a preset and
      initiate calibrate command signal over line 83. This search command signal
      gates the preset value cable 82 to AND circuits 84 to average step size
      register encounter 85. Register 85 contains the average size of the step
      in terms of tachometer counts between any two adjacent record stripes
      depending on the tape wrap on take-up spool 77. The control signal on line
      83 also resets step counter SK86 to a reference state. SK86 determines the
      two sub-phases of the calibration phase which respectively are the
      stepping of tape 11 over stripes 0 to 3 and the second sub-phase over
      stripes 4 to 7 of the 8 stripes immediately to the free end side of the
      first stripe to be transduced. At this time, DRD is ready to calibrate the
      FIG. 1 illustrated circuits by selectively adjusting the signal content of
      register 85 in accordance with the settings of SK86 and measurements
      provided by stripe detector 70.
PAR  It is remembered that stripe detector 70 supplies only the offset from
      servo track 17A, after the readback from track 17A has been compared with
      the readback signal from track 17B for verification. Such offset is
      supplied to AND circuits 86 upon completion of the verifying operation in
      detector 70. AND circuits 86 passed such verified values early during the
      second rotation for each of the stripes in the calibration phase. This is
      determined by a set of flip-flop controls actuated as now described. The
      control signal in line 83 resets first control flip-flop 90 to the reset
      state which indicates that the first rotation of head W is occurring.
      Tachometer 91 on head wheel rotor driving motor 92 includes fiducial mark
      indicating a reference point of rotation of head W. This fiducial mark
      results in a control signal traveling over line 93 to trigger first
      control flip-flop 90 to the second state signifying completion of the
      first rotation. AND circuit 94 passes the fiducial mark signal on line 93
      whenever the first control flip-flop 90 is in the first state and SK86 is
      in an not-data state indicated by a control signal later described
      received over line 95. AND line 94 output signal travels to DRC signifying
      onset of the second rotation at a given stripe as well as setting second
      control flip-flop 96 to the active state signifying second rotation of
      head W is occurring at a given stripe. Second control flip-flop 96 active
      signal opens AND's 86 to pass the servo signal offset indication from
      detector 70 over cable 43 to track offset register 97. Upon completion of
      the second rotation of head W, first control flip-flop 90 returns to first
      state and alternates between the first and second state such that the
      fiducial mark signal on line 93 is alternately passed to second control
      flip-flop 96 during the calibration phase. A step complete signal from
      detector 70 resets second control flip-flop 96 upon the completion of each
      step thereby disabling AND's 86 until the next occurring second rotation
      on the immediately step 2 stripe.
PAR  Having described the gating of servo offset signals, the calibration phase
      will be now described. SK86 counts each step-completed signal sent by
      stripe detector 70. Counts 0 through 3, corresponding to the first 4
      stripes, is defined as sub-phase one. SK86 supplies a first sub-phase
      indicating signal over line 103 to enable the AND A1 input portion of
      A0104 to pass a greater-than-one signal each time track offset register 97
      contains an offset indication of more than one tachometer pulse.
      Greater-than-one detection/decode circuit 105 supplies an activating
      signal upon decoding that a number greater than one resides in register
      97. A0104 supplies the greater than one signal to alter by unity the
      signal content of average step size register encounter 85 for each stripe
      0 to 3 of the eight calibration stripes. The direction of size change is
      in accordance with the sign of the error in register 97 as supplied over
      line 106 to register encounter 85. By arbitrary definition, an error
      toward the free end of the tape 11 as shown in FIG. 2 is defined as a
      negative error while an error toward the spool end of the tape is defined
      as a positive error. Accordingly, for a positive error, the step size is
      decreased while for a negative error the step size is increased. Note:
      Stepping is from the free end of tape toward the spool. Hence, for each
      stripe sensed the average step size is altered plus or minus one provided
      a servo offset error is detected.
PAR  The second sub-phase includes stripes 4 to 7; i.e., the 4 stripes
      immediately toward the free end of the tape 11 adjacent to the first
      stripe to be transduced. SK86 indicates the second sub-phase by an active
      signal supplied over line 115 enabling the input AND A2 portion of A0104.
      The second sub-phase represents hardening of the servo loop as will become
      apparent. Greater than one circuit 105 supplies its signal to offset
      counter OK116 which counts offsets in the same direction up to four
      offsets greater than one. Upon a sign change, Ok116 responds to the signal
      on line 106 to increment or decrement the count in OK116. Accordingly,
      Ok116 having a count of two supplies an activating signal over line 117 to
      the input AND A2 portion of A0104 whenever two successive greater than one
      offsets of like direction are detected. This results in A0104 supplying a
      unitary change signal to average step size register encounter 85 which
      alters the count in accordance with the sign as above described. Hence,
      the average size is altered at one-half the rate during the second
      sub-phase of the calibration phase as in the first sub-phase.
PAR  Upon completion of the calibration phase, it is desired that the average
      step size register and counter 85 be altered only upon a predetermined
      number of successive offsets of like sign; i.e., the tape is always
      stepped such that it is either to the right or left of the ideal head path
      27 before any average servo step size change is authorized. In the
      illustrated embodiment, only if four successive servo offset errors of
      like sign are detected will the signal content step size indication of
      register 85 be altered. OK116 supplies an active signal over line 118 only
      when four successive offsets of like sign have occurred. Input AND portion
      A3 of A0104 responds to the line 118 signal and SK86 indicating data over
      line 150 to supply a step size altering signal to register and counter 85,
      the direction of alteration again being determined by the sign signal on
      line 106.
PAR  Average step size contained in register and counter 85 is gated through
      AND's 120 by step initiate signal received over line 121 from DRC. The
      step size being inserted into step distance counter-adder 122 by AND's 120
      activates position servo 79 to actuate motor 78 for moving tape 11 to the
      next stripe. Tachometer 78A supplies pulses to counter adder 122
      decrementing the inserted count toward a reference count whereat motor 78
      is held in a stopped-lock position by servo 79.
PAR  The above described operations provide high noise rejection but do not
      necessarily accommodate perturbations in spacing between a succession of
      stripes. Because of such perturbations, inappropriate track offset signals
      may be inserted in register 97. To accommodate such perturbations
      (jitter), the error offset set of signals register 97 are analyzed by
      limiter decoder 125. If the offset of a given track is less than or equal
      to three, that value supplied over cable 126 to two sets of AND circuits,
      127 and 128. In accordance with the signal on line 106, either set of
      AND's 127, 128 are activated to pass the limited offset signals to be
      either added or subtracted from the inserted step distance held in counter
      adder 122. The circle enablement symbol on AND's 127 represents that a
      negative signal on line 106; i.e., the sign is minus, pass the signals for
      adding same to the content of counter adder 122 whereas AND's 128 supply
      the incremental signals whenever the sign is positive or substraction from
      the signal content of counter adder 122. If the next successive stripe has
      a similar error, it will likewise be accommodated, whereas the average of
      such errors is being accumulated in OK116 for altering the average step
      size. It will be remembered that Ok116 is reset upon a sign change
      indicating a possible perturbation between center-to-center distances of
      adjacent stripes. Accordingly, FIG. 1 illustrated servo control provides
      not only for momentary immediate change of the step size for perturbation
      accommodation, but also provides average step size control with high noise
      rejection. Such noise rejection not only accommodates errors from the
      servo track, but also errors or perturbations in track spacing.
PAR  In the event of an error condition in the above described servo control,
      the step size in counter/adder 122 is frozen at the average step size
      contained in register and counter 85. Since the average is reasonably
      close to the actual track-to-track step size, successful transducing
      operations can continue. An error condition in a servo can be detected in
      many ways. One way is to measure elapsed time from the command signal on
      line 83 until the end of step signal appears on line 86A. Timer or time
      out circuit 130 times an interval greater than expected elapsed time for a
      track-to-track step. If the interval expires, DRC is notified and adder
      122 is deactivated. DRC transfers contents of register and counter 85 to
      counter/adder 122 as above described.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and detail may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of operating a helical scan tape recorder of the incremental
      step type, including the steps of,
PA1  moving the tape to a stripe a preset number of stripes ahead of a first
      stripe to be transduced,
PA1  presetting a tachometer move control to a given number supposedly
      representative of a number of tach pulses between adjacent stripe center
      lines,
PA1  stepping the tape a stripe at a time toward said first stripe said preset
      number of stripes,
PA1  sensing stripe location data, and
PA1  adjusting said given number in accordance with said stripe location data
      and which of said preset number of stripes said stripe location data
      represents.
NUM  2.
PAR  2. The method set forth in claim 1 further including the steps of
      registering said stripe location data as offset errors, and
PA1  counting the number of offset errors of like signs that occur in a row and
      adjusting said given number in accordance with the number of successive
      offset errors with like signs.
NUM  3.
PAR  3. The method set forth in claim 1 further including the steps of,
PA1  counting the number of preset stripes from which stripe location data has
      been obtained,
PA1  adjusting said given number at a first frequency of stripes for subset of
      said preset numbers,
PA1  adjusting said given number at a second frequency of stripes for the
      remainder of said preset number of stripes, and
PA1  moving the tape from stripe to stripe for transducing operations and
      adjusting said given number only when a predetermined number of successive
      offsets have like signs wherein said predetermined number represents a
      frequency of change substantially less than the frequency of change in
      said preset number of stripes.
NUM  4.
PAR  4. The method set forth in claim 1 further including,
PA1  moving a head across stripe to be sensed at least twice and sensing the
      stripe location data only upon the last traversal of the head past the
      stripe whereby the tape has settled from being stepped to a new stripe
      location before such stripe location data is used for several control
      purposes.
NUM  5.
PAR  5. A helical scan tape recorder having a rotating head for traversing a
      record tape along parallel disposed record stripes wherein the tape has a
      longitudinally extending servo track to be sensed by said rotating head,
      including means for detecting and indicating track offsets together with
      directions of offset, a position control servo for positioning the tape in
      incremental steps;
PA1  the improvement including in combination:
PA1  means detecting that a given offset is greater than a predetermined offset,
PA1  means counting a successive number of such predetermined offsets that occur
      in a row in a given direction,
PA1  average step size register means indicating the number of stripes
      traversed,
PA1  step size control means jointly responsive to said number of stripes being
      traversed and said offset threshold indicator to alter the signal contents
      of said average step size register means, and
PA1  means for selectively transferring signal contents of said average step
      size register means to said position control servo.
NUM  6.
PAR  6. The apparatus set forth in claim 5 further including in combination:
PA1  a step distance counter and adder interposed between said transferring
      means and said position servo means and responsive to tape transport to
      decrement to a given reference number, and
PA1  jitter control means responsive to said offset register signal contents
      being a given number and to the sign of said offset to alter signal
      contents of said step distance counter adder on each receipt from said
      averager step size register means.
NUM  7.
PAR  7. Apparatus set forth in claim 5 wherein said stripe counter has a preset
      modulus in having first and second output control signals respectively
      indicating that a first and second number of stripes have been stepped and
      the control output signal indicating that transducing operation should be
      occurring;
PA1  said increment control means being responsive to said first and second
      output signals to alter the said signal content of said average step size
      register including first means responsive to the sign of said offset plus
      a number of successive offsets of a given sign in a row in said first
      number of stripes to alter said signal content by a first amount, and
      second means responsive to a number of successive offsets in a row of a
      given sign plus said second number of stripes to alter said signal content
      by a second amount less than said first amount.
NUM  8.
PAR  8. Apparatus as set forth in claim 5 further including in combination:
PA1  servo error detecting means responsive to an error condition to freeze the
      step size of the servo.
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PAL  An automatic record feeding device particularly advantageous for use in
      association with a flexible foil-type video disc record used by a video
      disc player. The record feeding device includes a transfer roll having at
      least one escapement recess or notch formed in the outer peripheral
      surface thereof, and a back-up guide cooperative with the transfer roll to
      hold the disc record between it and the transfer roll during transfer of
      the disc record from one position to another.
BSUM
PAR  The present invention relates to an automatic record feeding device for use
      in a video disc player.
PAR  The video disc player is known as an instrument capable of mechanical
      playback or reproduction, through a television receiver, of video and/or
      audio information previously recorded in the spirally inwardly extending
      groove in a flexible foil-type disc record. In order, for example, to
      reproduce video information, i.e., one or both of the video and audio
      signals that have been recorded on the disc record, most commercially
      available video disc players employ a disc record driving system by which
      the disc record is driven only at its center at a relatively high speed,
      for example, at 1,800 rpm. and, while being rotated, hovers on a
      rotation-induced air cushion above a stationary plate or table. A scanner
      having a scanning stylus moves across the disc record in the radial
      direction with the scanning stylus mechanically engaged in the spiral
      groove on the disc record.
PAR  Rotation of the disc record is effected by a rotatable spindle having one
      end operatively coupled to an electrical drive motor and the other end
      loosely extending through the stationary table and provided, either
      integrally or separately, with a record mount. During operation, the disc
      record is supported on and firmly held in position by the record mount for
      rotation together with the rotatable spindle.
PAR  While the video disc player of the type referred to above employs a
      mechanical transducer, that is, the scanning stylus, in relation to the
      grooved disc record similar to a phonograph record, another type of video
      disc player which employs a magnetic transducer in relation to a magnetic
      disc record made of magnetizable material similar to a magnetic recording
      tape is also known.
PAR  The automatic record feeding device to which the present invention pertains
      is practically applicable in any of these types of video disc player and
      is designed to automatically feed a disc record onto the stationary table
      with the central opening thereof aligned with the record mount and, after
      the performance has completed, to automatically disengage the disc record
      from the stationary table and feed it back to the original position, for
      example, into a disc record protective jacket.
PAR  A prior art technique of automatic record feed in a video disc player
      employs at least two sets of pairs of drive and driven pinch rollers,
      which are arranged such as to feed a disc record in a substantially linear
      direction in parallel relation to the uppermost surface of the stationary
      table. The pinch rollers of these sets are selectively moved close to and
      away from the associated drive rollers in synchronism with each other and
      when they are moved close to the drive rollers in readiness for transfer
      of the disc record from a stand-by position to another position
      immediately above the stationary table or from the stationary table to the
      stand-by position, the disc record is drawn through a gap between the
      drive and pinch rollers of each pair.
PAR  This technique requires a relatively great number of rollers and movable
      mechanical parts together with a considerably complicated linkage system
      for synchronously and precisely moving the pinch rollers relative to their
      associated drive rollers. Moreover, since the feed roller arrangement is
      located at one side of the stationary table, the video disc player
      equipped with the automatic record feeding device of this prior art type
      tends to become bulky, requiring a relatively large space for
      installation.
PAR  Accordingly, an essential object of the present invention is to provide an
      automatic record feeding device for use in a video disc player, which
      employs a single feed or transfer roll, thereby substantially eliminating
      the disadvantages and inconveniences inherent in the prior art device of a
      similar kind.
PAR  Another important object of the present invention is to provide an
      automatic record feeding device of the type referred to above, wherein the
      transfer roll has one or more escapement spaces or recesses extending in
      parallel to the longitudinal axis of said transfer roll, which provide a
      clearance for the disc record when the latter is inserted into the
      protective jacket and when the same hovers on a rotation-induced air
      cushion above the stationary table.
PAR  A further object of the present invention is to provide an automatic record
      feeding device of the type referred to above, wherein the transfer roll
      cooperates with a back-up guide forming between it and the transfer roll a
      curved passage along which the disc record is transferred from a stand-by
      position to the stationary table or from the stationary table to the
      Stand-by position as the transfer roll is rotated about its own axis in
      either direction.
PAR  A still further object of the present invention is to provide an automatic
      record feeding device of the type referred to above, which does not
      require an operator or user of a video disc player to carefully handle the
      disc record, is easy to operate and can be easily manufactured at
      relatively low costs.
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PAR  These and other objects and features of the present invention will become
      apparent from the following description taken in conjunction with
      preferred embodiments thereof with reference to the accompanying drawings,
      in which;
PAR  FIG. 1 is a perspective view of a record protective jacket which is most
      suitable for use in association with an automatic record feeding device of
      the present invention,
PAR  FIG. 2 is a side sectional view of an essential portion of a video disc
      player in which the automatic record feeding device of the present
      invention is embodied, with a lid opener shown in one operative position,
PAR  FIG. 3 is a similar view to FIG. 2, showing the lid opener in another
      operative position,
PAR  FIGS. 4(a) to (f) are schematic diagrams of a sequence of operation of a
      transfer roll in the prescribed order, showing how the disc record is
      transferred from the record protective jacket to the stationary table, and
PAR  FIG. 5 is a similar view to FIG. 2, but showing another embodiment of the
      present invention.
DETD
PAR  Before the description of the present invention proceeds, it should be
      noted that like parts are designated by like reference numerals throughout
      the accompanying drawings. It should also be noted that, impractising the
      automatic record feeding device according to the present invention, it is
      essential to employ a flexible foil-type disc record that is accommodated
      in a record protective jacket of a substantially box-shaped type. By way
      of example, the most suitable type of record protective jacket is shown in
      FIG. 1 and disclosed in the copending U.S. patent applications Ser. Nos.
      422,865 and 440,198, filed on Dec. 7, 1973 and Feb. 5, 1974 and entitled
      "Video Disc Player" and "Record Protective Jacket", respectively, both of
      which are assigned to the same assignee of the present invention.
PAR  For facilitation of a better understanding of the present invention, a
      construction of the record protective jacket will now briefly be described
      with reference to FIG. 1, but the details thereof may be available from
      the above numbered copending patent application and, therefore, are herein
      omitted.
PAR  Referring now to FIG. 1, the record protective jacket, which is most
      suitable for use in association with the automatic record feeding device
      of the present invention, comprises a pair of plates 1 and 2 jointed to
      each other through a substantially U-shaped spacer 3 situated
      therebetween, thereby forming a room 4 for the disc record 5. One of the
      plates 2 is formed as at 2a into a lid which pivots about a line of
      weakness 6, which is, for example, in the form of a substantially V-shaped
      notch or groove formed in the plate 2, for selectively opening and closing
      the room 4. A magnetic strip 7, which may be a magnet or an elastic
      material mixed with powdered magnet, is plated to the front edge of the
      lid 2a and cooperates with a metallic strip (not shown) plated to the
      front edge of the plate 1 to hermetically seal the room 4. A pair of
      notches 8 are formed at the front of the plate 1 for the purpose as will
      be described later.
PAR  While the record protective jacket is constructed in the manner as
      hereinbefore described, it should be noted that the automatic record
      feeding device according to the present invention can accommodate a record
      protective jacket of any other types provided that it has a hingedly
      supported lid which, in an opened position, permits a front portion of the
      disc record within the jacket to be outwardly exposed.
PAR  Referring to FIGS. 2 and 3, the automatic record feeding device according
      to the present invention basically comprises a jacket holder 9 suitably
      supported immediately above a stationary table T and having therein a
      jacket receiving chamber 9a, a jacket lid opener for opening the lid 2a of
      the jacket as the latter is inserted into the jacket receiving chamber 9a
      of the jacket holder 9 and a record feeder for feeding a disc record
      within the jacket out of the jacket and onto the stationary table T.
PAR  The jacket holder is composed of a pair of spaced side walls (not shown)
      and a pair of spaced upper and lower plates 10 and 11 of different length
      and has the jacket receiving chamber 9a defined by these side walls and
      upper and lower plates 10 and 11. The jacket holder 9 should be understood
      as having a jacket locking and ejecting mechanism for locking the jacket
      in position within the jacket holder 9 before performance of the disc
      record and ejecting the same out of the jacket receiving chamber 9a after
      completion of such performance, through the mechanism is not shown in the
      drawings. However, the details of the locking and ejecting mechanism,
      which is not a subject matter of the present invention, are fully
      disclosed in the first mentioned copending patent application entitled
      "Video Disc Player" and, therefore, reference may be made thereto.
PAR  Furthermore, the jacket holder 9 may have a plurality of elongated rollers,
      as at 12, for facilitating movement of the jacket into and out of the
      jacket receiving chamber 9a.
PAR  The lid opener, generally indicated by 13, comprises upright support arms
      14, which may be of one-piece construction and which is rigidly mounted on
      a suitable chassis, a spindle 15 having both ends journalled, or otherwise
      rigidly secured, to the upright support arms 14 and bridging over a
      portion of the stationary table T and a pivotable plate 16 having one end
      rotatably mounted on said spindle 15 between said arms 14 and the other
      end integrally formed with a pair of finger members 16a spaced from each
      other in a distance substantially equal to the space between the notches
      8, formed in the upper plate 1 of the jacket (FIG. 1), for engagement with
      relevant portions of the lid 2a of the jacket. The pivotable plate 16 is
      held in an upstanding position, as shown in FIG. 2, by a coiled spring 17
      while it abuts against the rear of the plate 11 forming a part of the
      jacket holder 9.
PAR  While in the above construction, the lid opener 13 operates in such a
      manner as follows. As the jacket is inserted into the jacket receiving
      chamber 9a of the jacket holder 9, the front edge of the lid 2a contacts
      the pivotable plate 16 with the finger members 16a positioned immediately
      above the notches 8 and subsequently causes the pivotable plate 16 to
      pivot about the spindle 15 against the coiled spring 17. Further insertion
      of the jacket into the jacket receiving chamber 9a causes the finger
      members 16a to engage the lid 2a through the associated notches 8 while
      said pivotable plate 16 continues to pivot about the spindle 15 against
      the coiled spring 17 and, at the same time as the line of weakness 6
      emerges from the rear edge of the lower plate 11 of the jacket holder 9,
      the lid 2a is downwardly bent about said line of weakness 6 as shown in
      FIG. 3. At the time of completion of the jacket insertion, a portion of
      the jacket adjacent to the front edge thereof is firmly held in position
      by a retainer 18 supported to the upper plate 10 and made of a spring
      metal, while the lid 2a is completely opened with a front portion of the
      disc record 5 within the jacket exposed substantially downwards as shown
      in FIG. 3.
PAR  Removal of the once-inserted jacket results in automatic closing of the lid
      2a in contact with the rear edge of the lower plate 11 of the jacket
      holder 9 while the plate 16 is similarly returned to the upstanding
      position by the coiled spring 17.
PAR  Reference is now made to the arrangement of the stationary table T. As is
      well known to those skilled in the art, the stationary table T is formed
      as at Ta with a central opening in which a record mount 19 is situated.
      The record mount 19 is rigidly mounted on a spindle 20 for rotation
      together with said spindle 20, said spindle 20 being in turn coupled to a
      drive motor (not shown) in any known manner. As shown, the record mount is
      formed with an engagement recess 19a of a diameter substantially equal to
      the central opening 5a of the disc record and is cooperative with a
      clamper 21 having a downwardly extending projection 21a shaped to fit to
      the shape of the engagement recess 19a and detachably engageable into said
      recess 19a. It should be noted that, once the clamper 21 is mounted on the
      record mount 19 with the projection 21a extending through the central
      opening 5a of the disc record 5 and engaged into the engagement recess
      19a, the clamper 21 is magnetically secured to said record mount 19 to
      firmly hold the disc record to enable the latter to be rotated together
      with the spindle 20. This arrangement as well as means for engaging and
      disengaging the clamper 21 relative to the record mount 19 are also
      disclosed in the first mentioned copending patent application entitled
      "Video Disc Player" and, therefore, reference may be made thereto for the
      detailed information thereof.
PAR  Alternatively, means for connecting the disc record 5 to the drive spindle
      20 may be of any known type. In any case, it should be understood that the
      upper peripheral edge of the record mount 19 remote from the spindle 20 is
      downwardly inclined or curved towards the record resting surface of the
      stationary table T so that the disc record moving or creeping on the
      stationary table T can slide thereover until the central opening 5a
      thereof is aligned with the engagement recess 19a in the record mount 19,
      without being obstructed by said record mount 19.
PAR  Referring still to FIGS. 2 and 3, the record feeder is generally referenced
      by 22 and includes a transfer roll 23 of substantially cylindrical shape
      for transferring the disc record 5 between the jacket in the jacket holder
      9 and the stationary table T, a back-up guide 24 of substantially
      semi-circular cross section which cooperates with said transfer roll 23 in
      such a way as to hold the disc record between it and the outer peripheral
      surface of said transfer roll 23 during transfer of the disc record
      therebetween.
PAR  The transfer roll 23 is rotatably supported in position adjacent to and
      immediately above the outer peripheral portion of the record resting
      surface of the stationary table T as shown and is mounted on a shaft 25
      for rotation together with said shaft 25. This transfer roll 23 is
      provided with one or more escapement recesses on the outer peripheral wall
      thereof. In the illustrated embodiment, for the sake of clarification, two
      escapement recesses 26 and 27 are shown as formed on the outer peripheral
      wall of the transfer roll 23 displaced 180.degree. with respect to each
      other about the axis of the shaft 25, each of said escapement recesses 26
      and 27 extending substantially completely through the width of said roll
      23 which is slightly greater than the greatest possible outer diameter of
      a flexible foil-type disc record commercially available for use in a video
      disc player of this kind.
PAR  By the provision of these escapement recesses 26 and 27, it will be seen
      that the peripheral wall of the transfer roll 23 is divided into two
      segments 23a and 23b of substantially semi-circular cross section as
      shown. Outer surfaces of these segments 23a and 23b forming the transfer
      roll 23 are lined with friction linings 28a and 28b both made of the same
      material such as soft rubber or foam material or any other suitable
      material having a relatively high frictional coefficient and a sufficient
      elasticity.
PAR  Opposed to the transfer roll 23, the back-up guide 24 is rigidly supported
      above a chassis which may be an integral part of the stationary table T.
      This back-up guide 24 has an inwardly rounded smooth surface, which fits
      to the curvature of the peripheral wall of the transfer roll 23, and is so
      positioned relative to the transfer roll 23 as to ensure, with no fault,
      transfer of the disc record 5 in a curved path while said disc record is
      sandwitched between it and said transfer roll 23, more particularly, the
      segments 23a and 23b. During this transfer, the disc record 5 contacts the
      friction linings 28a and 28b on one surface and slidingly contacts the
      inwardly rounded smooth surface of the guide 24 on the opposite surface, a
      detailed manner of this transfer being subsequently described with
      reference to FIGS. 4(a) to (f).
PAR  However, it should be noted that the outer circumference of the transfer
      roll 23 has to be determined in consideration of the largest possible size
      of the commercially available flexible foil-type disc record, although the
      transfer roll 23 so far shown in FIGS. 4(a) to (f) is exaggerated as
      having an outer circumference somewhat smaller than twice the outer
      diameter of the disc record 5 for facilitating a better understanding of
      the operation of the record feeder 22 of the above described arrangement.
PAR  Assuming now that the jacket with the disc record 5 therein has been
      completely inserted into the jacket receiving chamber 9a of the jacket
      holder 9 as shown in FIG. 3 and that the transfer roll 23 is, as shown in
      FIGS. 3 and 4, positioned with one of the escapement recesses 26 in
      register with the front of the disc record 5 that has been exposed outside
      the jacket, clockwise rotation of the transfer roll 23 causes the segment
      23a of the roll 23 to engage the disc record 5 in such a manner that one
      of the opposite outer edges, as at 23c, of the segment 23a contacts an
      exposed portion rearwards of the front of the disc record 5. Continued
      clockwise rotation of the roll 23 permits the disc record 5 to be drawn
      out of the jacket within the jacket receiving chamber 9a without
      accompanying any relative slip between the disc record 5 and the segment
      23a, the front of the disc record 5 thereby entering the curved path
      defined between the transfer roll 23 and the guide 24 as shown in FIG.
      4(b).
PAR  The disc record 5 having been moving in the curved path caused by the
      clockwise rotation of the transfer roll 23 approaches the record resting
      surface of the stationary table T and, as shown in FIG. 4(c), the front of
      the disc record 5 subsequently slides over said record resting surface of
      the stationary table T.
PAR  It is to be noted that, if the outer circumference of the transfer roll 23
      is exactly twice the outer diameter of the disc record, a single rotation
      of the transfer roll 23 is sufficient to transfer the disc record between
      the jacket within the jacket holder 9 and the stationary table T. However,
      so far shown in FIGS. 4(a) to (f), since the outer circumference of the
      transfer roll 23 has been described somewhat smaller than twice the outer
      diameter of the disc record, the rear of the disc record 5 is still
      situated within the curved path between the transfer roll 23 and the guide
      24 at the time the transfer roll 23 substantially completes one clockwise
      rotation as shown in FIG. 4(d).
PAR  FIG. 4(e) illustrates a condition in which the whole surface of the disc
      record 5 has been brought above the record resting surface of the
      stationary table T, with the rear thereof completely leaving from the
      curved path. However, as clearly shown, the rear of the disc record on the
      stationary table T is still sandwitched between the roll segment 23b and
      the peripheral portion of the stationary table T. Starting from the
      condition shown in FIG. 4(e), as the transfer roll 23 is further rotated
      in the clockwise direction about the axis of the shaft 25, the rear of the
      disc record 5 relatively separates from the roll segment 23b. Rotation of
      the transfer roll 23 is thereafter continued until the next adjacent
      escapement recess 26 is brought above the stationary table T and in
      register with the rear of the disc record substantially as shown in FIG.
      4(f).
PAR  The disc record 5 moving on the record resting surface of the stationary
      table T during the foregoing process rides, in practice, over the record
      mount 19 (FIGS. 2 and 3) and, at the time of completion of its movement,
      the central opening 5a (FIG. 1) is aligned with the record mount 19 in
      readiness for receipt of the projection 21a that will extend therethrough
      into the engagement recess 19a to firmly hold the record 5 between the
      clamper 21 and the record mount 19 for rotation together with the spindle
      20.
PAR  It should be noted that, since the disc record 5 on the stationary table T
      is adapted to hover on a rotation-induced air cushion present between the
      disc record 5 and the record resting surface of the stationary table T
      during video playback as can be well understood by those skilled in the
      art and as shown in FIG. 4(f), the position of the escapement recess 26
      relative to the stationary table T should be such that one of the opposite
      edges of the roll segment 23b, that is situated immediately above the disc
      record 5 on the stationary table T as indicated by 23d, is spaced a
      predetermined and sufficient distance from the disc record 5 then hovering
      on the rotation-induced air cushion created between said record 5 and said
      table T.
PAR  In the record feeder 22 of the above described arrangement, even though the
      disc record 5 drawn out of the record jacket within the jacket receiving
      chamber 9a of the jacket holder 9 is curved during its travel through the
      curved path between the transfer roll 23 and the guide 24, the disc record
      5 is so elastic that it tends to stretch straight and, therefore, once the
      front of said disc record 5 has contacted the stationary table T, it rests
      on the record resting surface of the stationary table T without curling.
PAR  Reverse rotation of the transfer roll 23 in the opposite, i.e.,
      counterclockwise, direction brings the disc record 5 on the stationary
      table T back to the jacket within the jacket holder 9, transferred in a
      substantially similar, but opposite, manner as the sequence shown in FIGS.
      4(a) to (f). However, it should be noted that, shortly before the reverse
      rotation of said transfer roll 23 completes, the disc record 5 is
      completely inserted in position within the jacket and, at the time of
      completion of the reverse rotation, the escapement recess 26 is returned
      to the original position and is situated immediately below the front of
      the disc record 5 within the jacket.
PAR  Rotation of the transfer roll 23 in either direction, i.e., rotation of the
      shaft 25 in either direction, may be manually done, in which case either
      of both ends of the shaft 25 should be coupled to an operating knob
      accessible to the operator or user. In practice, the operating knob is in
      turn operatively coupled to the clamper 21 in such a way that, only when
      the disc record 5 has been completely transferred to the stationary table,
      the clamper descends with the projection 21a engaged into the engagement
      recess 19a through the central opening 5a of the disc record 5 and, when
      the disc record 5 on the stationary table T is transferred from the
      stationary table back to the jacket, the clamper that has been lowered
      commences to upwardly elevate. This system is fully disclosed in the first
      mentioned copending patent application entitled "Video Disc Player" and,
      therefore, the details thereof may be available therefrom.
PAR  From the foregoing description of the operation of the feeder 22, it will
      be seen that the escapement recess 27 performs no function in the
      illustrated embodiment function nothing therefore, a single escapement
      recess 26 suffices. Accordingly, the number of the escapement recesses
      formed in the transfer roll 23 may not be always limited to two as in the
      case of the illustrated embodiment and at least one or more than two
      escapement recesses may be employed.
PAR  Although in the foregoing embodiment the disc record 5 has been described
      as transferred from the jacket holder 9 above the stationary table to the
      stationary table and from the stationary table to the jacket holder 9,
      transfer of the disc record 5 from lateral side of the stationary table T
      is possible as shown in FIG. 5. In the embodiment shown in FIG. 5, for
      facilitating movement of the disc record 5 from the jacket resting on a
      support bench Tb integrally extending from the stationary table T onto the
      stationary table T, a portion of the outer peripheral edge of the
      stationary table adjacent to the transfer roll 23 should be inwardly
      rounded in accordance with the curvature of the transfer roll 23 as
      indicated by Tc. Even this embodiment of FIG. 5 functions substantially in
      a substantially similar manner as the foregoing embodiment, while the
      inwardly rounded edge Tb serves as a back-up guide corresponding to the
      back-up guide 24 of the foregoing embodiment.
PAR  Although the present invention has been fully described with reference to
      the preferred embodiments thereof shown in the accompanying drawings, it
      should be understood that various changes and modifications are apparent
      to those skilled in the art. By way of example, the record feeder of the
      above described construction may be used for transferring any other sheet
      material than the disc record between a pair of spaced working positions.
      Therefore, unless otherwise such changes and modifications depart from the
      subsequently claimed scope of the present invention, they should be
      understood as included therein.
CLMS
STM  What we claimed is:
NUM  1.
PAR  1. A record feeding device for use in association with a video disc record
      of the type utilizing a flexible foil-type disc adapted to be driven only
      at its center at a relatively high speed and concurrently adapted to hover
      on a rotation-induced air cushion above a stationary table during rotation
      of said disc record, said record feeding device comprising:
PA1  a cylindrical transfer roll supported above and adjacent to an outer
      peripheral portion of the stationary table for rotation about the
      longitudinal fixed axis thereof, said longitudinal axis of said
      cylindrical transfer roll extending parallel to the plane of a jacket
      receiving surface on which a jacket, accommodating therein said flexible
      foil-type record, is placed and also to the plane of said stationary
      table, said longitudinal axis further extending at right angles to the
      axis of rotation of said disc record, said cylindrical transfer roll
      having at least one escapement recess means on the outer peripheral
      surface thereof, said escapement recess means being inwardly recessed from
      the outer peripheral surface of said transfer roll and extending
      substantially over the total width of said transfer roll, said cylindrical
      transfer roll being adapted to rotate in one direction to transport the
      flexible foil-type disc record from the jacket receiving surface onto said
      stationary table in readiness for the disc record to be rotated and also
      to rotate in the opposite direction to transfer the same disc record from
      the stationary table back to said jacket receiving surface, wherein said
      cylindrical transfer roll does not rotate during rotation of the flexible
      foil-type record, wherein when said disc record is to be transported from
      said jacket receiving surface to said stationary table and from said
      stationary table back to said jacket receiving surface, said escapement
      recess means is positioned adjacent to and clear of an outer peripheral
      portion of said disc record, and wherein when said disc record is rotating
      above said stationary table, said escapement recess means is in a position
      to avoid interference between said disc record and said transfer roll; and
PA1  cooperative means which cooperate with said transfer roll for causing said
      disc record to move between said jacket receiving surface and said
      stationary table in response to rotation of said transfer roll, said
      cooperative means and said transfer roll defining a curved path
      therebetween coaxial with the longitudinal axis of said transfer roll for
      the passage of said disc record between said jacket receiving surface and
      said stationary table, said disc record when moved through said curved
      path during rotation of said transfer roll in any of said directions
      having the opposite surfaces frictionally and slidingly contacting said
      transfer roll and cooperative means, respectively.
NUM  2.
PAR  2. A record feeding device as claimed in claim 1, wherein said transfer
      roll includes a friction lining lined on the outer peripheral surface of
      said transfer roll, said friction lining being made of elastic material
      having a relatively high frictional coefficient.
NUM  3.
PAR  3. A record feeding device as claimed in claim 2, wherein said cooperative
      means comprises a back-up guide positioned on one side of the transfer
      roll remote from the stationary table and having an inwardly rounded
      surface facing said transfer roll to define the curved path between it and
      said transfer roll.
NUM  4.
PAR  4. A record feeding device as claimed in claim 2, wherein said cooperative
      means comprises a portion of the stationary table adjacent the outer
      periphery thereof, said portion being inwardly rounded to fit to the
      curvature of said transfer roll to define the curved path between it and
      said transfer roll.
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ABST
PAL  A magnetic head arm assembly has a suspension for an air bearing head
      slider that includes a substantially rectangular flexure with two parallel
      flexible narrow fingers and relatively stiff crosslegs, and a central
      finger to which the slider is attached. A load beam is fastened to the
      flexure so as to engage a load protuberance formed with the central
      finger. Flexibility of pitch around a longitudinal axis and roll around an
      orthogonol axis are provided thereby. Stiffness and rigidity against
      radial, circumferential and yaw motions are also realized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved magnetic head arm assembly, and in
      particular to a novel suspension for an air bearing head slider.
PAR  2. Description of the Prior Art
PAR  It is known that a magnetic head arm assembly, which is employed for
      radially accessing different data tracks of a rotating magnetic disk, is
      subject to different forces that will vary the spatial position of the
      head transducing gap relative to a data track that is being scanned. For
      example, heads that access different tracks on the surface of a magnetic
      disk and that start and stop in contact with the rotating disk experience
      undesirable radial and circumferential forces. Frictional drag is
      generated while stopping or starting the disk, thereby producing
      circumferential forces that affect head performance. Yaw moments appear
      usually as secondary effects. Thus, in order to maintain wear of the head
      and the disk within practical limits, the head load and thus the
      frictional drag are kept low, in the order of 10 grams or less, for
      example. As a result, the largest forces that are experienced by the head
      suspension are the radial accessing forces.
PAR  In view of the changing topography of the disk surface, and in order to
      have the magnetic transducer closely follow the disk surface at a constant
      spacing and attitude, it is desirable to enable the air bearing head
      slider and its supporting suspension to pitch around a first axis, and to
      roll about a second axis orthogonal to the first axis. It is also an
      objective to minimize the effect of radial and circumferential forces that
      are applied to the head arm, and to eliminate yaw. Prior known magnetic
      head suspensions solve one or more but not all of these problems
      simultaneously, and not all with the same degre of success. However, it
      would be highly advantageous to achieve flexibility of movement for roll
      and pitch of the magnetic transducer, of the slider to which it is joined,
      and of the flexure or supporting suspension for the slider, while
      realizing rigidity against radial, circumferential and yaw motions.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a novel and improved magnetic
      head arm assembly useful for accessing different data tracks of a storage
      medium.
PAR  Another object of this invention is to provide a head arm assembly that is
      responsive to changes in topography of the surface of a storage medium so
      as to maintain a substantially uniform close distance and attitude between
      the head transducing gap and the storage surface.
PAR  Another object is to provide a head suspension that effectively responds
      with pitch and roll motions to follow the changes in the surface of a
      magnetic medium.
PAR  A further object is to provide a suspension for a magnetic head assembly
      that effectively resists undesirable radial, circumferential and yaw
      motions.
PAR  In accordance with this invention, a magnetic head arm assembly comprises a
      suspension system for an accessing magnetic head assembly, which includes
      a substantially rectangular section having two narrow flexible fingers
      that are disposed parallel to a longitudinal axis defining the accessing
      path of the head assembly. These fingers are joined by two sturdier and
      wider crosslegs to close the rectangular section. An air bearing slider
      that incorporates the transducing element and nonmagnetic sensing gap is
      mounted to an intersecting narrow finger extending from one crossleg and
      having a free end that runs parallel to and centrally of the outer
      flexible fingers. The assembly includes a load protuberance disposed on
      said central narrow finger, which is contacted by a load beam located
      within a flanged channel of the head arm assembly. The channel is part of
      a spring element which is attached to a rigid arm and mounted for
      engagement with an actuator to enable accessing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be described in greater detail with reference to the
      drawing in which:
PAR  FIG. 1 is a top plan view of the magnetic head arm assembly, made in
      accordance with this invention;
PAR  FIG. 2 is a side view of the novel assembly of FIG. 1;
PAR  FIG. 3 is a top plan view of the spring suspension portion of the magnetic
      head arm assembly of FIG. 1;
PAR  FIG. 4 is a side view of the spring suspension portion of FIG. 3;
PAR  FIG. 5 is a top plan view of the load beam used in the magnetic head arm
      assembly of this invention;
PAR  FIG. 6 is a side view of the load beam illustrated in FIG. 5;
PAR  FIG. 7 is a top plan view of an alternative magnetic head arm assembly
      using a novel suspension; and
PAR  FIG. 8 is a side view of the magnetic head arm assembly of FIG. 7.
PAR  Similar numerals refer to similar elements throughout the drawing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIGS. 1-6, a preferred embodiment of a magnetic head arm
      assembly made in accordance with this invention includes a spring element
      10 made of stainless steel for example, attached by screws 12, or welds,
      to a rigid arm section 14, which may be made of aluminum. The arm section
      14 is joined to a mount segment 16, which is mounted to an actuator
      assembly (not shown) that may include a T-block for carrying a
      multiplicity of head arm assemblies, as found in accessing head disk
      files.
PAR  The spring element 10 is formed with a triangular portion 18, joined at its
      base to a rectangular portion 20 and at its apex to a flexure 22. The
      triangular portion 18 is flanged to form a channel in which a flat load
      beam structure 24 is fixed, by welds for example. The load beam has a
      triangular section 26 that fits into the flanged channel, and is connected
      to the flexure 22 by welds 27 for example. At the apex of the triangular
      section 26, the load beam 24 is characterized by an offset 28 having a
      portion 29 at its end used for loading the air bearing magnetic assembly
      to the moving medium 30, which may be a rotating disk.
PAR  The flexure 22 is formed with two narrow flexible outer fingers 32a, 32b
      which run parallel to the longitudinal axis defined by the head arm
      assembly. The longitudinal axis generally defines the path of data track
      accessing followed by the head arm assembly during operation of an
      accessing type disk file. An axis that is orthogonal to and intersects the
      longitudinal axis delineates the path which is followed by the data track
      as it traverses the head transducing gap. The two outer flexible fingers
      32a,b are joined by sturdy thicker crosslegs 34a,b, substantially parallel
      to the orthogonal axis, to complete the general configuration of the
      rectangular flexure.
PAR  Protruding from the outermost cross leg 34a is a central finger 36 which
      has a free end facing the cross leg 34b. The central finger 36, which is
      parallel to and substantially of the same thickness as the two outer
      flexible 32a,b, supports an air bearing head slider assembly 38, which
      contains the magnetic transducer and sensing gap. On the other surface of
      the central finger than that supporting the slider is a load button or
      protuberance 40, which is located on the longitudinal axis of the head arm
      assembly, and on the intersecting orthogonal axis which bisects the
      flexure and the narrow flexible fingers 32a,b. Thus, the load protuberance
      40 is disposed at the center of the rectangular flexure 22. The end
      portion 29 of the load beam offset 28 contacts the load protuberance 40
      and provides the loading force derived from the spring element
      configuration, that is required to bring the head slider into close flying
      relationship with the moving storage medium.
PAR  One feature of this invention is that the flexure 22, which supports the
      head slider assembly, is pivotable around the two axes which intersect at
      the load contact point between the load beam and the protuberance 40. This
      contact point serves as a pivot point about which the flexure may pitch
      and roll, in order to follow the changing topography of the moving medium
      30. The pivot point is located on the central finger 36 and centrally on
      the flexure geometry. The use of the central finger 36 with a free end
      allows the head slider assembly 38 to respond to changes in the air
      bearing rapidly and without resistance.
PAR  With the specific configuration disclosed above, the head suspension does
      not experience bending forces from the accessing movements. In effect, the
      novel head suspension is rigid and resistant to radial, circumferential
      and yaw motions, and to deflections, as referenced to the longitudinal
      axis that passes through the welds 27 and the load protuberance 40; as
      well as to the intersecting orthogonal axis that also passes through the
      load protuberance.
PAR  The balanced configuration, particularly that of the flexure 22, which has
      flexible fingers straddling the centrally located finger and the head
      slider, ensures that the assembly responds accurately and quickly to
      variations in air bearing, so that the centrally located transducing gap
      constantly maintains a fixed spacing and orientation relative to the
      changing topography of the surface of the storage medium.
PAR  An alternative embodiment, illustrated in FIGS. 7 and 8, includes a slider
      assembly 50 supported by a rigid slider plate 52, which has a load button
      or protuberance 54 thereon. A load beam 56 is attached to a spring
      suspension or flexure 58, the flexure being joined to a rigid arm 60 and
      mount 62 at one end, and to the rigid slider plate 52 at the other end,
      which is the forward accessing end. The flexure 58 is formed with two
      narrow flexible fingers 64a,b that converge at the forward end at which
      the rigid slider plate 52 is joined. The two fingers are symmetrically
      disposed about the load beam 56 and provide flexibility of the assembly
      about the longitudinal axis, as well as around the pitch axis, while
      supplying substantial rigidity in the radial and circumferential
      directions of accessing motion.
PAR  There has been described herein a novel head arm assembly having a
      suspension or flexure for supporting an air bearing magnetic transducer.
      Various features and advantages may be realized by the novel
      configuration. The head suspension affords rapid response to changes in
      air bearing resulting from variations in the surface formation of the
      magnetic medium that moves past the transducer, with very close spacing
      between the medium and the transducer. Stiffness is provided in the radial
      and circumferential accessing directions, and the assembly is resistant to
      yaw. The flexure and the support element for the air bearing slider (the
      central finger) may be formed integrally from one piece of metal. The load
      protuberance may also be formed on the central finger, and be a very small
      protrusion of low height, yet effective for loading. The center of gravity
      of the flexure is substantially at the load protuberance, which serves as
      a pivot point for the desired response motions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic head arm assembly defining a longitudinal axis comprising:
PA1  a rigid arm section;
PA1  a spring element joined to said arm section formed with a flanged channel
      and a rectangular type flexure at its free end, said flexure having two
      outer flexible fingers parallel to said longitudinal axis joined at their
      ends by a relatively wider cross leg and a third inner finger extending
      from said cross leg with a free end centrally located and parallel to said
      two outer flexible fingers;
PA1  a load beam positioned within said channel; and
PA1  a load protuberance on said third finger with which said load beam makes
      contact.
NUM  2.
PAR  2. A magnetic head arm assembly as in claim 1, wherein said spring element
      is substantially symmetrical about said longitudinal axis.
NUM  3.
PAR  3. A magnetic head arm assembly as in claim 1, including a magnetic head
      air bearing slider mounted to said third finger.
NUM  4.
PAR  4. A magnetic head arm assembly as in claim 3, wherein said load
      protuberance is located on said longitudinal axis, and on an intersecting
      axis perpendicular to said longitudinal axis and bisecting said flexure,
      so that said flexure may pitch and roll about said axes in response to
      changes in the air bearing applied to said slider.
NUM  5.
PAR  5. A magnetic head arm assembly as in claim 4, wherein said load
      protuberance is located at the center of gravity of said slider.
NUM  6.
PAR  6. A magnetic head arm assembly as in claim 1, including a mount segment
      joined to said arm section, for attachment to a bidirectional actuator.
NUM  7.
PAR  7. A magnetic head arm assembly as in claim 1, wherein said flanged channel
      is substantially triangular.
NUM  8.
PAR  8. A magnetic head arm assembly as in claim 1, wherein said rectangular
      type flexure includes two crosslegs joined to said two outer flexible
      fingers, said crosslegs being substantially orthogonal to said
      longitudinal axis and said flexible fingers, said crosslegs being wider
      than said flexible fingers.
NUM  9.
PAR  9. A magnetic head arm assembly as in claim 1, wherein said load beam has
      an offset portion for contacting said protuberance.
NUM  10.
PAR  10. Apparatus for supporting a transducer head comprising:
PA1  a substantially flat and thin resilient arm element having a rectangular
      flexure cut-out formed at a free end, said flexure cut-out including two
      outer flexible fingers extending in the plane of said element from its
      free end and joined at their ends by a less flexible cross leg, and
      including a flexible third finger in the plane of the flexure cut-out
      extending from said cross leg into the rectangular cut-out;
PA1  a load protuberance on said third finger; and
PA1  a load beam fastened to said arm and positioned into contact with said load
      protuberance.
NUM  11.
PAR  11. An apparatus as described in claim 10 further including an air bearing
      slider mounted to said third finger.
NUM  12.
PAR  12. An apparatus as described in claim 11 wherein said load protuberance is
      located on a longitudinal axis formed by said arm element and said load
      beam, and on an intersecting orthogonal axis bisecting said flexure, so
      that said flexure may pitch and roll about said axes in response to
      changes in the air bearing applied to said slider.
NUM  13.
PAR  13. An apparatus as described in claim 10 wherein said spring element is
      substantially triangular, with a triangular cut-out section forming
      channels flanged for stiffening.
NUM  14.
PAR  14. An apparatus as described in claim 13 wherein said rectangular flexure
      cut-out includes cross legs substantially orthogonal to said flexible
      fingers and to a longitudinal axis formed by said arm element and said
      load beam, said cross legs being wider than said flexible fingers.
NUM  15.
PAR  15. A cantilever support for supporting a slider structure in a floating
      fluid bearing environment comprising:
PA1  a rigid arm section supported at one end;
PA1  a resilient arm element fastened on one end to said rigid arm section, said
      element having a rectangular flexure cut-out formed at a free end, said
      flexure cut-out including two outer flexible fingers extending in the
      plane of said element from its free end and joined at their ends by a
      relatively wider cross leg, and including a flexible third finger in the
      plane of the flexure cut-out extending from said cross leg into the
      rectangular cut-out, said slider structure being mounted to said third
      finger;
PA1  a stiffening section formed on said resilient arm element extending between
      said flexure cut-out approximately to said rigid arm section;
PA1  a load protuberance on said third finger; and
PA1  a load beam fastened to said stiffening section and positioned into contact
      with said load protuberance;
PA1  wherein said load protuberance is located on a longitudinal axis formed by
      said rigid arm section, said resilient arm element, and said load beam,
      and on an intersecting axis perpendicular to said longitudinal axis
      bisecting said flexure, such that said flexure may pitch and roll about
      said axes in response to changes in the air bearing applied to said
      slider.
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ABST
PAL  This invention provides a magnetic head constituted by a magnetic core
      having a winding wound thereon, the magnetic core being a ferrite body
      composed of crystallites which have (111)-crystallographic planes thereof
      oriented substantially parallel with each other. The ferrite body is a
      dense polycrystalline and has much improved wear characteristics. The
      method of manufacturing the polycrystalline ferrite body includes the
      steps of mixing starting materials which include an .alpha.-Fe.sub.2
      O.sub.3 powder with particles having a thin disc shape and other compounds
      in the weight ratio of given ferrite composition, cold-pressing the
      mixture into a cold-pressed body by a uniaxial pressure and sintering the
      cold-pressed body into a solid body so that the crystallites of the
      sintered body have the (111) 111)-planes substantially oriented.
BSUM
PAR  This invention relates to magnetic heads comprising polycrystalline ferrite
      materials and more particularly to an improvement of the mechanical
      properties of magnetic heads which contact magnetic recording media, such
      as magnetic tapes and magnetic drums, under pressure during operation of
      recording and reproducing apparatus.
PAR  Contact type magnetic heads heretofore have had short lives because the
      surfaces of the magnetic heads are severely worn by recording media.
      Therefore, magnetic heads consisting essentially of ferrite materials in a
      polycrystalline form or in a single crystal form have been developed for
      improving the operational lives of contact type magnetic heads by
      utilizing the mechanically hard nature of ferrite materials. Among ferrite
      heads single crystal heads exhibit wear characteristics which are superior
      to those of polycrystalline heads, if the front surfaces of the single
      crystal heads are oriented in suitable crystal planes and crystal
      directions.
PAR  Wear characteristics of a single crystal in general depend on which
      crystallographic plane of the single crystal an abrasive medium contacts
      and in which crystallographic direction of a single crystal an abrasive
      medium slides.
PAR  With respect to wear characteristics of a single crystal ferrite the
      (111)-crystallographic plane and equivalent planes of the single crystal
      ferrite have poorer wear resistance than the (110)- or (100)-crystal
      planes and their equivalent planes.
PAR  More precisely, even in the (110) plane the crystallographic direction
      &lt;110&gt; exhibits remarkably poorer wear resistance than the &lt;001&gt; direction.
      This fact, in turn, makes clearer that in making magnetic heads with
      superior wear resistance a tedious step of precise orientation of the
      single crystal is required so that the desirable plane and direction are
      exactly in the front surface of the heads.
PAR  On the other hand magnetic heads made of dense polycrystalline ferrites are
      superior to the single crystal heads in ease of fabrication and in
      magnetic characteristics at high frequency because dense polycrystalline
      ferrites are homogenenous are are made easily by selecting the composition
      of the ferrite so as to result in superior magnetic characteristics.
PAR  However, contact type heads made of polycrystalline ferrites have a problem
      in that the material crumbles during use. When a ferrite head contacts a
      recording medium which has a rough and hard surface, the front surface of
      the head crumbles and this decreases severely the output of the head.
PAR  An object of this invention is to provide magnetic heads comprising a dense
      polycrystalline ferrite body having improved wear characteristics.
PAR  Another object of the invention is to provide magnetic heads comprising a
      dense polycrystalline ferrite body having improved resistance to
      crumbling.
PAR  A further object of this invention is to provide a method for making a
      crystal oriented dense polycrystalline ferrite body having suitable
      physical properties for contact type magnetic heads.
DRWD
PAR  These and other objects and features of this invention will be apparent
      upon consideration of the following description together with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of the ideal shape of an .alpha.-Fe.sub.2
      O.sub.3 powder which is used as one of constituents according to this
      invention.
PAR  FIG. 2 is a schematic perspective view, partially sectioned, of a body of
      ferrite formed by pressing and sintering powder having particles as shown
      in FIG. 1, the crystallites of the body being shown on an enlarged scale;
PAR  FIG. 3 is a perspective view of a ferrite magnetic head formed from the
      body of FIG. 2; and
PAR  FIG. 4 is a schematic view showing the manner of forming magnetic heads
      from the body of FIG. 3 with the respective surfaces adapted to be
      contacted by a recording medium oriented in different directions relative
      to the (111) crystallographic planes of the crystallites in said body.
DETD
PAR  The present invention provides a magnetic head comprising a magnetic core
      having a winding wound thereon, said magnetic core consisting essentially
      of a ferrite body composed of crystallites which have the (111)-
      crystallographic planes thereof substantially oriented in parallel with
      each other.
PAR  In this invention the words "substantially oriented (111)-planes" are to be
      understood as follows. "Substantially oriented (111)-planes" means planes
      oriented in the same direction as the &lt;111&gt; direction which corresponds to
      a crystallographic axis. A material which has a texture like the ones in
      the present invention, which can be analogized to a fiber texture,
      consists of crystallites, each crystallite having one common
      crystallographic direction, the &lt;111&gt;-direction in the present invention,
      substantially parallel to another common direction, analogous to the fiber
      axis, throughout the material. Since the ferrites in the present invention
      crystallographically have a cubic structure and the eight crystallographic
      directions are exactly equivalent to the &lt;111&gt;-direction in the crystal
      structure, the &lt;111&gt;-direction is to be understood as being any one of the
      eight equivalent directions and, that direction and the opposite direction
      thereto are parallel to the fiber axis and other six directions not
      parallel to the fiber axis.
PAR  In this application, the use of the words "fiber texture" and "fiber axis"
      is intentionally avoided since they are likely to give a false idea that
      the ferrite in the present invention consists of a bundle of fibers and
      the axes of the fibers coincide substantially with the fiber axis. It
      should be again noted that the ferrite in the present invention is a
      ferrite body composed of crystallites which have the
      (111)-crystallographic planes thereof substantially oriented in parallel
      with each other.
PAR  In accordance with the invention the ferrite head the front surface of
      which is perpendicular to the substantially oriented (111)-planes of said
      ferrite has better wear-resistance than heads made of a conventional dense
      polycrystalline ferrite.
PAR  It has been discovered that the oriented polycrystalline ferrite body of
      the present invention can be manufactured by mixing starting materials
      which consist of .alpha.-Fe.sub.2 O.sub.3 powder having individual
      particles in the shape of a thin hexagonal disc as shown in FIG. 1 and
      other compounds in a weight ratio of a given ferrite composition, pressing
      the mixture into a pressed body by uniaxial pressure as indicated by the
      arrows P in FIG. 2, and finally sintering said pressed body into a solid
      body B as seen in FIG. 2.
PAR  The .alpha.-Fe.sub.2 O.sub.3 powder (hereinafter designated MIO) having
      this particular crystalline shape as shown in FIG. 1 is obtained by the
      hydro-thermal treatment of .alpha.-FeOOH powder immersed in alkali
      solutions. Depending on the history of the synthesis of .alpha.-FeOOH and
      the hydro-thermal condition, the size of the particles of MIO powder
      differs, but the distribution of the grain size is narrow. The MIO powder
      generally has an average diameter L.sub.1 (grain size) ranging between
      0.1.mu. and 60.mu. and an average diameter L.sub.1 to thickness L.sub.2
      ratio ranging between 3/1 and 30/1. The disc face 2 of the MIO powder 1 is
      ideally hexagonal, but many grains of the powder actually have an
      irregular shape.
PAR  The disc face 2 of the MIO powder particles coincides with the
      crystallographic c-plane of an .alpha.-Fe.sub.2 O.sub.3 crystal. It is
      suitable for one of the starting materials of the present invention that
      the powder have an average grain size smaller than 60.mu. for obtaining a
      well-oriented polycrystalline ferrite body. A preferable average grain
      size for the particles of the MIO powder ranges between 0.1.mu. to 30.mu.
      and an optimum average grain size ranges between 0.5.mu. and 15.mu.. The
      thickness ratio of the MIO powder is preferably larger than 5/1 and the
      amount of the MIO powder by weight is preferably not less than 55% of that
      of the starting materials for obtaining a well oriented polycrystalline
      ferrite body.
PAR  It is also preferable for the superior orientation according to the
      invention to select at least one of the starting materials from a group
      consisting of .gamma.-MnOOH, .alpha.-FeOOH, Co(OH).sub.2, Mg(OH).sub.2 and
      Ni(OH).sub.2 depending on the desired composition. The decomposition
      products formed by heating the materials of the above group are also
      useful for the present invention, provided that the decomposition does not
      change the shape of the powder particles.
PAR  It has been found that the grain sizes of the starting materials other than
      the MIO powder and materials selected from the group above are preferably
      smaller than the size of the particles of the MIO powder and the material
      from the above group and that the amount of the ingredients by weight is
      preferably less than 35 percent of the total amount of the starting
      materials to obtain satisfactory orientation. In accordance with this
      invention the starting materials which are weighed out in a desired
      ferrite composition are mixed with water or alcohol in an amount
      preferably more than that of the starting materials into a homogeneous
      mixture. The mixture is put into a die and pressed into a desired shape by
      a uniaxial pressure. In this pressed body, disc faces 2 of the MIO powder
      orient substantially perpendicular to the direction of the uniaxial
      pressure.
PAR  The pressed body is heated to a high temperature and is sintered into a
      dense sintered body and thereafter cooled down to room temperature,
      whereby a (111)-plane oriented ferrite body B is obtained.
PAR  The (111)-plane oriented ferrite body B consists of crystallites C the
      (111)-crystal planes of which orient substantially perpendicular to the
      pressing direction as indicated by arrows P in FIG. 2. The (111) crystal
      planes are thus parallel to the top and bottom surfaces t and b of body B.
PAR  In the process of mixing the starting materials, it is found that even
      without using water or alcohol an oriented pressed body, as shown
      schematically in FIG. 3, is obtained. For obtaining a denser sintered body
      it is effective to further compact the pressed body to a denser body with
      no observable change of the orientation by applying a high hydraulic
      pressure (isostatic) thereto.
PAR  It has been further found that a dense well-oriented sintered ferrite body
      is obtained by hot-pressing said pressed body by applying a uniaxial
      pressure the direction of which coincides with a direction perpendicular
      to the substantially oriented disc faces of the MIO powder, namely, in the
      pressing direction for molding said mixture. Furthermore, for increasing
      the degree of orientation of the crystallites it is preferable to sinter
      at the optimum condition, namely, a proper sintering temperature (e.g.
      1000.degree. to 1400.degree.C), a proper sintering period (e.g. 0.5 to 10
      hours), a proper pressure (e.g. higher than 50 kg/cm.sup.2) and so forth,
      so as to obtain a sintered body having an average grain size at least
      2-times larger than that of the starting MIO powder. The degree of
      orientation of substantially oriented (111)-crystal planes is measured by
      an X-ray diffraction method, in which the substantially oriented
      (111)-crystal planes are exposed to FeK.sub..alpha. radiation, and defined
      by the following equation:
EQU  Q = {I.sub.mmm /I.sub.total -I.degree..sub.mmm /I.degree..sub.total
      }/{1-I.degree..sub.mmm /I.degree..sub.total } .times. 100(%)
PAL  where
      ##EQU1##
      and I.uparw.(klm) and I(hhh) indicate integrated intensities of
      diffraction lines directed from (klm)- and (hhh)-crystal planes,
      respectively, which give diffraction lines at a diffraction angle less
      than 2.theta. = 85.degree., and I.degree..sub.mmm and I.degree..sub.total
      indicate corresponding quantities of a homogeneous isotropic
      polycrystalline ferrite body. A preferable value of Q according to the
      present invention is larger than 70% and more preferably larger than 90%.
PAR  The (111)-plane oriented dense ferrite body B is then machine-worked and
      glass-bonded by a conventional technique to form a magnetic head core as
      shown in FIG. 3, the front surface of which is perpendicular to the
      substantially oriented (111)-planes as shown at H.sub.1 and H.sub.2 in
      FIG. 4.
PAR  In these figures a magnetic head 3 is composed of a head core 5 made of the
      (111)-plane oriented dense ferrite body, an acting magnetic gap 4 made of
      a glass, a front surface 7 which contacts a recording medium, such as a
      tape T, during use, and a winding 6. In these heads the substantially
      oriented (111)-planes are perpendicular to the front surface 7, and in
      H.sub.1 the side surface 8 is parallel to the substantially oriented
      (111)-planes, and in H.sub.1 the end face 9 is parallel to the
      substantially oriented (111)-planes. The wear resistance of these heads is
      improved by about two-fold in comparison with that of a magnetic core made
      of a conventional dense sintered ferrite.
PAR  In these two figures, surfaces 8 and 9 are shown as being substantially
      perpendicular to the front surface 7 for the sake of easier understanding
      of the concept of the structure of the head. In actual heads, however, the
      surfaces 8 and 9 are not necessarily substantially perpendicular to the
      front surface 7. For instance, side views of the surfaces 8 and 9 can have
      the shape of parallelograms or trapezoids. Also, in actual heads, the
      front surface 7 generally has a curvature. Thus, the phrase "substantially
      parallel to the front surface" is to be understood to mean that a flat
      plane tangential to the front surface of the head lies within about
      10.degree. from the plane which is tangent to the front surface of the
      head at the magnetic gap. The phrase "substantially perpendicular to the
      front surface" means perpendicular to the front surface of the heads with
      the tolerance of about 10.degree..
PAR  The test method for evaluating the wear resistance of the head is as
      follows: Referring to FIG. 2, the magnetic head core 5 having a core width
      L.sub.3 of 0.2mm and a core length L.sub.4 of 2.0mm is attached to a
      conventional video tape recorder and is run at a speed of 12m/s relative
      to a chromium dioxide tape. The relative position of the head and the tape
      T is adjusted so that the test tape contacts the test head at the highest
      pressure at the magnetic gap. After 100 hours of the testing, the height
      L.sub.5 of the magnetic gap is measured and the wear resistance is
      evaluated according to the expression (1-L.sub.5 L.sub.5
      .degree.).sup.-.sup.1, where L.sub.5 .degree. is the initial height of the
      magnetic gap.
PAR  According to this invention the material crumbling problem of the prior art
      polycrystalline ferrite heads is alleviated by employing the present
      (111)-plane oriented polycrystalline ferrite in a magnetic core H.sub.4 as
      shown in FIG. 4. In this figure the front surface 7 is parallel to the
      substantially oriented (111)-planes of the present (111)-plane oriented
      polycrystalline ferrite. The resistance of the head to material crumbling
      is tested by comparing it with that of a head made of a conventional dense
      polycrystalline ferrite. The test method used here is as follows: Magnetic
      heads having the dimensions described above are rubbed by a
      .gamma.-Fe.sub.2 O.sub.3 tape running at a relative speed of 12m/s. After
      300 hours of testing, the number and an average size of defects which
      occur on the front surfaces of the tested heads are measured. The tested
      head exhibited remarkably fewer defects both in number and in size
      compared with those which occur in conventional ferrite heads.
PAR  From the description above, it is apparent that only the front surface 7 is
      important to the wear characteristics of the magnetic head. Therefore, it
      is necessary that at least a portion of the front surface 7 be made of the
      present (111)-plane oriented polycrystalline ferrite.
PAR  The following are non-limitative illustrative examples of presently
      preferred embodiments of this invention:
PAC  EXAMPLE 1
PAR  Starting materials of 164g of MIO and 46.5g of .gamma.-MnOOH, 39.0g of ZnO
      were mixed with 500cc of water. The mixture was then molded into a disc
      (pressed body) 36mm in diameter and 25mm in height with a uniaxial
      pressure of 500kg/cm.sup.2.
PAR  Grain sizes of the MIO powder were between 4.mu. and 16.mu. and mostly
      between 8.mu. and 12.mu. and the average grain size was about 10.mu.. The
      ratio of diameter to thickness of the MIO powder was 15/1 15on the
      average. The average grain size of the .gamma.-MnOOH was about 1.mu. and
      that of the ZnO was less than 0.2.mu.. The particles of .gamma.-MnOOH
      powder had a strip shape and a ratio of the length to the width of about
      10. To figure out the average grain size of the .gamma.-MnOOH, the length
      of the powder particles was measured. The particles of ZnO powder had an
      irregular shape. The pressed body was inserted in a die made of silicon
      nitride while being embedded in alumina powder having an average particle
      size of about 80.mu. and was then heated in an electrical furnace equipped
      with a press. The pressed body was held at a temperature of 1200.degree.C
      for 1 hour and subsequently at a temperature of 1350.degree.C for 3 hours
      while being hot-pressed with a pressure of 300kg/cm.sup.2 for the final
      2.5 hours of the 1350.degree.C heating period. It was hot-pressed with a
      uniaxial pressure. The direction of the uniaxial pressure was the same as
      that of the uniaxial pressure of molding the pressed body.
PAR  Finally the hot-pressed body was furnace-cooled to room temperature without
      pressure. The resultant hot-pressed body had a porosity of less than 0.1%
      by volume, an average grain size of about 100.mu. and a degree of
      (111)-orientation Q of 100%.
PAC  EXAMPLE 2
PAR  A magnetic head H.sub.2 was made in the aforesaid shape by slicing,
      polishing and glass-bonding the hot-pressed oriented polycrystalline
      ferrite obtained in Example 1. The front surface 7 of the head H.sub.2 was
      perpendicular to the substantially oriented (111)-crystalline planes and
      the running direction of the magnetic recording media was parallel to the
      substantially oriented (111)-planes in the material of the head as shown
      in FIG. 4. The wear resistance of the head was about 5.9 which is very
      high as compared with a value of 3.8 for a magnetic head made of a
      conventional hot-pressed ferrite material.
PAC  EXAMPLE 3
PAR  Another magnetic head H.sub.3 was made in the aforesaid shape by slicing,
      polishing, and glass-bonding the hot-pressed oriented polycrystalline
      ferrite obtained in Example 1. The front face 7 of the head H.sub.3 was
      aligned perpendicular to the substantially oriented (111)-crystal planes
      and the running direction of the magnetic tape was perpendicular to the
      substantially oriented (111)-crystal planes in the material of the head as
      shown in FIG. 4.
PAR  A wear test was carried out by the aforesaid testing method. The wear
      resistance of the magnetic head was about 7.5. This value and that in
      Example 2 prove that the head made of the crystalline oriented
      polycrystalline ferrite material of this invention is superior in wear
      resistance by about two-fold to a head made of the usual ferrite material
      (3.8 as described above).
PAC  EXAMPLE 4
PAR  Still another head H.sub.4 was made in the aforesaid shape by slicing,
      polishing and glass-bonding the ferrite obtained in Example 1. The front
      surface was aligned substantially parallel to the (111)-places of the
      material of the head as shown in FIG. 4. A wear test was carried out by
      the testing method described above. The degree of material crumbling after
      a 300 hour-testing period was evaluated by measuring the number and
      average size of the defects.
PAR  The total number in defects of the head was about 60 and the average size
      about 2.mu. while for a head made of a conventional polycrystalline
      ferrite the total number of defects was about 110 and the average size
      about 8.mu..
PAC  EXAMPLE 5
PAR  A pressed body prepared in the same way as described in Example 1 was
      tightly wrapped in a thin rubber film and was put into a high pressure
      vessel. The pressed and wrapped body was further compacted into a dense
      compacted body by a hydraulic pressure of 3000kg/cm.sup.2. The compacted
      body was heated to 1400.degree.C and sintered for 3 hours in a N.sub.2
      -gas atmosphere and then furnace-cooled in the N.sub.2 -gas atmosphere to
      room temperature. The thus obtained sintered body had a porosity of about
      1%, an average grain size of about 25.mu. and a degree of
      (111)-orientation of 80%.
PAC  EXAMPLE 6
PAR  Starting materials with the composition described in Example 1 were mixed
      homogeneously without adding any water or alcohol. The mixture was molded
      and hot-pressed in the same manner as described in Example 1. The obtained
      sintered body had a porosity of about 0.2%, an average grain size of
      90.mu. and a degree of the (111)-orientation Q of 99%.
PAC  EXAMPLE 7
PAR  Mixtures of ferrite compositions shown in Table 1 were prepared in the same
      manner as described in Example 1. Average grain sizes of MnCO.sub.3 and
      NiO were about 0.05.mu. and 0.1.mu., respectively. Other starting
      materials were the same as the ones used in Example 1. Hot-pressing
      conditions were adjusted so that average grain sizes of the hot-pressed
      materials were between 90.mu. and 130.mu. except the first and the last
      two runs in Table 1 which had average grain sizes between 30.mu. and
      40.mu..
TBL                                    Table 1                                 

     __________________________________________________________________________

         Amount                                                                

             Amount                                                            

                 Amount                                                        

                       Amount                                                  

                            Amount                                             

                                Degree Average                                 

         of  of  of    of   of  of     grain size                              

     Sample                                                                    

         MIO ZnO .gamma.-MnOOH                                                 

                       MnCo.sub.3                                              

                            NiO orientation                                    

                                       of ferrite                              

     No. (%) (%) (%)   (%)  (%) (%)    body (.mu.)                             

     __________________________________________________________________________

     7-1 65  35  --    --   --  71     30                                      

     7-2 65  25  10    --   --  99     100                                     

     7-3 65  15  20    --   --  100    130                                     

     7-4 55  35  10    --   --  90     90                                      

     7-5 55  25  20    --   --  94     120                                     

     7-6 55  35  --    10   --  75     90                                      

     7-7 55  25  --    20   --  80     110                                     

     7-8 65  25  --    10   --  93     100                                     

     7-9 65  15  --    20   --  90     110                                     

     7-10                                                                      

         65  20  --    --   15  70     30                                      

     7-11                                                                      

         65  20   5    --   10  76     40                                      

     __________________________________________________________________________

PAL  In Table 1, the amounts of the starting materials are listed in weight
      percentage and the ratios are given on the basis of 100% purity.
PAC  EXAMPLE 8
PAR  A mixture of ferrite composition was prepared in the same manner as
      described in Example 1. The average grain size of the MIO powder used in
      this Example was about 10.mu.. Sintered bodies were prepared in the same
      manner as described in Example 1 except for the hot-pressing conditions.
      Hot-pressing conditions were adjusted so as to obtain sintered bodies
      having various average grain sizes.
TBL                                    Table 2.                                

     __________________________________________________________________________

         Hot-pressing                                                          

                Hot-pressing                                                   

                            Average                                            

                                  Degree of                                    

     Sample                                                                    

         temperature                                                           

                time period                                                    

                       Porosity                                                

                            grain orientation                                  

                                         Wear                                  

     No. (.degree.C)                                                           

                (hr.)  (%)  size(.mu.)                                         

                                  (%)    resistance                            

     __________________________________________________________________________

     8-1 1250   3      .about.0.1                                              

                            20    75    5                                      

     8-2 1300   3      .about.0.1                                              

                            30    85    6.2                                    

     8-3 1325   3      .about.0.1                                              

                            70    98    7.5                                    

     8-4 1350   3      &lt;0.1 100   100   7.5                                    

     __________________________________________________________________________

PAL  Table 2 shows the porosity, average grain size, degree of orientation and
      wear resistance of sintered bodies prepared under various hot-pressing
      conditions. The wear resistance was figured out in the same manner as
      described in Example 3. It is clearly indicated in Table 2 that a sintered
      body consisting of larger grains generally has a better orientation and a
      better wear resistance.
PAC  EXAMPLE 9
PAR  Dense sintered bodies were prepared in the manner described in Example 1.
      For the first two runs a uniaxial pressure of 2000kg/cm.sup.2 was used
      instead of 500 kg/cm.sup.2. In this Example MIO powders having various
      grain sizes were used for adjusting the degree of orientation of the
      sintered ferrite body. Average grain sizes of the MIO powders and of the
      obtained ferrite bodies are listed in Table 3. The porosities of these
      ferrites were less than 0.2%.
TBL                                    Table 3.                                

     __________________________________________________________________________

            Average grain                                                      

                      Average grain size                                       

                                  Degree of                                    

     Sample No.                                                                

            size of MIO (.mu.)                                                 

                      of ferrite body (.mu.)                                   

                                  orientation(%)                               

     __________________________________________________________________________

     9-1    0.3       120         95                                           

     9-2    0.5       110         99                                           

     9-3    2         130         100                                          

     9-4    5         130         100                                          

     9-5    10        100         100                                          

     9-6    15        110         99                                           

     9-7    30        75          95                                           

     9-8    60        70          70                                           

     __________________________________________________________________________

PAC  EXAMPLE 10
PAR  Cold-pressed bodies were prepared in the way described in Example 1. In
      this Example, however, the starting materials were the MIO powder having
      an average grain size of 15.mu. and one of the compounds M selected from
      the group consisting of .alpha.-FeOOH, Ni(OH).sub.2, Mg(OH).sub.2 and
      Co(OH).sub.2. The .alpha.-FeOOH powder has a needle-like shape and the
      other powders have a thin hexagonal disc shape. For making the ferrite
      Fe.sub.3 O.sub.4 sintering was carried out in a reducing atmosphere and
      for all of the rest cold-pressed bodies were hot-pressed in the manner
      described in Example 1. The results thus obtained are tabulated in Table
      4.
TBL                                    Table 4.                                

     __________________________________________________________________________

                      Average grain                                            

                                   Average grain                               

                                           Degree of                           

     Sample                                                                    

         Ferrite                                                               

               Compound M                                                      

                      size of M                                                

                              porosity                                         

                                   size    orientation                         

     No.              (.mu.)  (%)  (.mu.)  (%)                                 

     __________________________________________________________________________

     10-1                                                                      

         Fe.sub.3 O.sub.4                                                      

               .alpha.-FeOOH                                                   

                      1.0     2    20      73                                  

     10-2                                                                      

         NiFe.sub.2 O.sub.4                                                    

               Ni(OH).sub.2                                                    

                      0.3     &lt;0.2 75      90                                  

     10-3                                                                      

         MgFe.sub.2 O.sub.4                                                    

               Mg(OH).sub.2                                                    

                      0.5     &lt;0.2 70      77                                  

     10-4                                                                      

         CoFe.sub.2 O.sub.4                                                    

               Co(OH).sub.2                                                    

                      0.3     &lt;0.2 70      85                                  

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic head comprising a magnetic core having a winding wound
      thereon, said magnetic core being a ferrite body having the shape of the
      core and being composed of crystallites which have the
      (111)-crystallographic planes thereof substantially oriented parallel with
      each other.
NUM  2.
PAR  2. A magnetic head as claimed in claim 1, wherein said magnetic head has a
      surface adapted to be contacted by a recording medium when the head is in
      use, said surface being substantially perpendicular to said substantially
      oriented (111)-planes.
NUM  3.
PAR  3. A magnetic head as claimed in claim 2, wherein said (111)-planes are
      substantially perpendicular to the direction in which the recording medium
      runs across said surface.
NUM  4.
PAR  4. A magnetic head as claimed in claim 2, wherein said (111)-planes are
      substantially parallel to the direction in which the recording medium runs
      across said surface.
NUM  5.
PAR  5. A magnetic head as claimed in claim 1, wherein said magnetic head has a
      surface adapted to be contacted by a recording medium when the head is in
      use, said surface being substantially parallel to said substantially
      oriented (111)-planes.
NUM  6.
PAR  6. A magnetic head as claimed in claim 1 in which said crystallites are of
      .alpha.-Fe.sub.2 O.sub.3.
NUM  7.
PAR  7. A method of making a ferrite body composed of crystallites which have
      the (111)-crystallographic planes thereof substantially oriented parallel
      with each other and from which a magnetic core for use in a magnetic head
      for recording on and reproducing from a magnetic medium can be exsected by
      conventional cutting, polishing, and like steps, the method comprising the
      steps of mixing starting materials consisting of an .alpha.-Fe.sub.2
      O.sub.3 powder in an amount of at least 55% by weight the particles of
      which have a thin disc shape and the balance conventional compounds for
      forming a ferrite composition, cold-pressing the mixture into a
      cold-pressed body by a uniaxial pressure and sintering said cold-pressed
      body into a solid body, whereby crystallites of the sintered body have
      said (111)-planes substantially oriented.
NUM  8.
PAR  8. A method of making a ferrite body as claimed in claim 7, wherein said
      .alpha.-Fe.sub.2 O.sub.3 powder has an average grain size ranging from
      0.1.mu. to 60.mu..
NUM  9.
PAR  9. A method of making a ferrite body as claimed in claim 7, wherein said
      .alpha.-Fe.sub.2 O.sub.3 powder has an average grain size ranging from
      0.1.mu. to 30.mu..
NUM  10.
PAR  10. A method of making a ferrite body as claimed in claim 7, wherein said
      .alpha.-Fe.sub.2 O.sub.3 powder has an average grain size ranging from
      0.5.mu. to 15.mu..
NUM  11.
PAR  11. A method of making a ferrite body as claimed in claim 7, wherein said
      balance of said starting materials include at least one compound selected
      from the group consisting of decomposed materials of .gamma.MnOOH,
      .alpha.-FeOOH, Co(OH).sub.2, Mg(OH).sub.2 and Ni(OH).sub.2.
NUM  12.
PAR  12. A method of making a ferrite body as claimed in claim 7, wherein said
      cold-pressed body is sintered under conditions so as to produce a sintered
      body having an average grain size at least 2-times larger than that of
      said .alpha.-Fe.sub.2 O.sub.3 powder.
NUM  13.
PAR  13. A method of making a ferrite body as claimed in claim 7, wherein said
      cold-pressed body is hot-pressed by applying a uniaxial pressure in a
      direction coinciding substantially with the direction of said uniaxial
      pressure of cold-pressing.
NUM  14.
PAR  14. A method of making a ferrite body as claimed in claim 7, wherein the
      step of mixing said starting materials further comprises mixing them with
      water or alcohol in a volume more than total volume of said starting
      materials.
NUM  15.
PAR  15. A method of making a ferrite body as claimed in claim 7, wherein said
      cold-pressed body is further compacted into a denser body, before the
      sintering step, by applying high isostatic pressure.
NUM  16.
PAR  16. A method of making a ferrite body as claimed in claim 7, wherein said
      balance of said starting materials starting materials include at least one
      compound selected from the group consisting of .gamma.-MnOOH,
      .alpha.-FeOOH, Co(OH).sub.2, Mg(OH).sub.2 and Ni(OH).sub.2.
NUM  17.
PAR  17. A method of making a ferrite body as claimed in claim 16, wherein said
      .alpha.-Fe.sub.2 O.sub.3 powder and said at least one compound selected
      from the group consisting of .gamma.-MnOOH, .alpha.-FeOOH, Co(OH).sub.2,
      Mg(OH).sub.2 and Ni(OH).sub.2 are present in said starting materials in
      weight not less than 65 percent of said starting materials.
NUM  18.
PAR  18. A method of making a magnetic head, comprising making a ferrite body
      composed of crystallites which have the (111)-crystallographic planes
      thereof substantially oriented parallel with each other by the steps of
      mixing starting materials consisting of an .alpha.-Fe.sub.2 O.sub.3 powder
      the particles of which have a thin disc shape and the balance other
      conventional compounds for forming a ferrite composition in a weight ratio
      of a ferrite composition, cold-pressing the mixture into a cold-pressed
      body by a uniaxial pressure and sintering said cold-pressed body into a
      solid body, whereby crystallites of the sintered body have said
      (111)-planes substantially oriented, and exsecting from said solid body a
      magnetic head having a surface adapted to be contacted by a recording
      medium when the head is in use, said surface being substantially parallel
      to said substantially oriented (111)-planes.
NUM  19.
PAR  19. A method of making a magnetic head, comprising making a ferrite body
      composed of crystallites which have the (111)-crystallographic planes
      thereof substantially oriented parallel with each other by the steps of
      mixing starting materials consisting of an .alpha.-Fe.sub.2 O.sub.3 powder
      the particles of which have a thin disc shape and the balance other
      conventional compounds for forming a ferrite composition in a weight ratio
      of a ferrite composition, cold-pressing the mixture into a cold-pressed
      body by a uniaxial pressure and sintering said cold-pressed body into a
      solid body, whereby crystallites of the sintered body have said
      (111)-planes substantially oriented, and exsecting from said solid body a
      magnetic head having a surface adapted to be contacted by a recording
      medium when the head is in use, said surface being sutstantially
      perpendicular to said substantially oriented (111)-planes.
NUM  20.
PAR  20. A ferrite body for a magnetic core for use in a magnetic head, said
      ferrite body being composed of crystallites which have the
      (111)-crystallographic planes thereof substantially oriented parallel with
      each other.
NUM  21.
PAR  21. A ferrite body as claimed in claim 20 in which said crystallites are of
      .alpha.-Fe.sub.2 O.sub.3.
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ABST
PAL  A magnetic head cleaning tape cartridge is disclosed which comprises a
      length of cleaning tape assembly consisting of a transparent and
      relatively rigid leader tape, a cleaning tape which has a layer made of
      fibrous materials for intimate contact with the surface of a magnetic head
      and has a lower transmissivity than the leader tape, and a transparent
      trailer tape; a supply reel around which is wrapped the cleaning tape
      assembly; and a cartridge case containing the reel.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a magnetic head cleaning tape cartridge
      for removing the clogging of the air gap of a magnetic head and
      maintaining the dust- or contaminant-free surface of the magnetic head,
      and more particularly a magnetic head cleaning cartridge of the type
      described and best adapted for use with an automatic threading type
      magnetic recording-reproducing system.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In the magnetic recording-reproducing systems, the air gap of a magnetic
      head tends to be clogged up or lodged with magnetic powder and binder
      removed from the magnetic tape so that the magnetic recording and playback
      are adversely affected. In order to overcome this problem, there has been
      devised and demonstrated a device as shown in FIG. 1. When a push button 1
      formed integral with a mount 2 upon which is mounted a cleaning brush 3
      made of, for instance, fur of a swine, is pushed, the cleaning brush 3
      which is supported by a supporting member 9, is moved in the direction
      indicated by the arrow 10 and is placed in contact with a magnetic head 4
      so that dust or contaminants 5 adhering to the magnetic head 4 may be
      removed. However, the magnetic head 4 is mounted upon a head mount 7 which
      in turn is attached upon a head bar 6 rotating in the direction indicated
      by the arrow 11 so that it is very difficult to choose the timing of
      pushing down the button 1 and to adjust the position of the cleaning brush
      3 with respect to the magnetic head 4. Furthermore, there is a fear that
      the breakdown of the magnetic head 4 occurs due to the impact exerted from
      the cleaning brush 3 because the magnetic head 4 is revolving.
PAR  Another method for cleaning the magnetic heads is to wipe off the
      contaminants upon the surface of the magnetic head with a cloth of gauze
      impregnated with an organic solvent. Cleaning of the magnetic head may be
      carried out manually in the case of an opened type magnetic
      recording-reproducing system, but in the case of an automatic threading
      type magnetic recording-reproducing system in which a magnetic head or
      heads are contained in a casing, the casing must be removed for cleaning
      the magnetic head or heads. Furtheremore, a magnetic tape guide is
      disposed adjacent to the magnetic head or heads along a predetermined path
      of the magnetic tape and conceals the magnetic head or heads so that it is
      impossible to attach a magnetic head cleaning device adjacent to the
      magnetic head.
PAC  OBJECT OF THE INVENTION
PAR  One of the objects of the present invention is therefore to provide a
      magnetic head cleaning tape capable of effectively removing the
      contaminants clogging or lodged in the air gap of a magnetic head.
PAR  Another object of the present invention is to provide a magnetic head
      cleaning cartridge best adapted for use with an automatic threading type
      magnetic recording-reproducing system.
PAR  A further object of the present invention is to provide a magnetic head
      cleaning cartridge which may automatically clean the surface of a magnetic
      head when mounted upon an automatic threading type magnetic
      recording-reproducing system and also may automatically rewind the
      cleaning tape into the cartridge.
PAC  ESSENCE OF THE INVENTION
PAR  To accomplish the above and other objects of the present invention, the
      present invention provides a magnetic head cleaning cartridge comprising a
      cartridge casing containing a reel around which is wrapped a length of a
      cleaning tape assembly consisting of a transparent and relatively rigid
      leader tape, a cleaning tape whose one surface in contact with the surface
      of a magnetic head comprises a fibrous layer and which has a
      transmissivity lower than that of the transparent leader tape, and a
      transparent trailer tape, all tapes being spliced together in the order
      named.
PAR  The above and other objects, features and advantages of the present
      invention will become more apparent from the following description of some
      preferred embodiments thereof taken in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic sectional view of a prior art magnetic head cleaning
      device;
PAR  FIG. 2 is a schematic view of a video tape recorder to which is
      advantageously applied a magnetic head cleaning cartridge in accordance
      with the present invention;
PAR  FIG. 3 is a sectional view of a leader guide for guiding the leading end of
      the leader tape along a predetermined path;
PAR  FIG. 4 is a schematic top view of a magnetic tape adapted for use with the
      system shown in FIG. 2;
PAR  FIG. 5 is a view of a first embodiment of a magnetic head cleaning
      cartridge with a cover removed in accordance with the present invention,
      the cleaning cartridge being adapted for use with the system shown in FIG.
      2;
PAR  FIG. 6 is a sectional view of the cleaning cartridge shown in FIG. 5;
PAR  FIG. 7 is a schematic view of the arrangement of a tape contained in the
      magnetic head cleaning cartridge in accordance with the present invention;
PAR  FIG. 8 is a graph illustrating the cleaning effects of a cleaning tape and
      a polishing tape;
PAR  FIG. 9 is a sectional view of one embodiment of a cleaning tape in
      accordance with the present invention;
PAR  FIG. 10 is a sectional view of another embodiment of a cleaning tape in
      accordance with the present invention;
PAR  FIGS. 11A - 11D show schematically the surfaces of the magnetic head in
      respective cleaning steps.
PAR  FIG. 12 is a schematic view of a further embodiment of a cleaning tape
      contained in the magnetic head cleaning cartridge in accordance with the
      present invention; and
PAR  FIGS. 13A -- 13C schematically show the cleaning effects attained by the
      cleaning tape shown in FIG. 12.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  There has been devised and successfully demonstrated a video tape recorder
      of the type having a magnetic tape automatically threaded around a head
      drum containing rotary heads through a tape guide disposed along the head
      drum. In the video tape recorder of the type described, cleaning the
      surfaces of the rotary heads has been a serious problem since the rotary
      heads are concealed by the tape guide. In view of the above, the primary
      object of the present invention is to provide a novel magnetic head
      cleaning tape which may be automatically threaded around a magnetic head
      drum to be made in contact with the magnetic heads thereof, thereby
      cleaning the surface of the heads.
PAR  Referring to FIGS. 2, 3 and 4 illustrating a video tape recorder and its
      tape to which may be applied the present invention, a cartridge 1 contains
      a reel 3 around which is wound a length of tape 2. A transparent trailer
      tape 4 is spliced to the end of the magnetic tape while a transparent
      leader tape 5, which is wider and slightly more rigid or nerve than the
      magnetic tape, is spliced to the leading end of the magnetic tape.
PAR  The construction of the cartridge 1 is illustrated in detail in FIGS. 5 and
      6. A reel comprises a cylindrical hub 6 having a pair of flanges 7 and 8
      extended from both upper and lower ends of the hub 6. The upper flange 7
      has a plurality of fingers 9 which are radially outwardly and
      equiangularly extended and have a thickness less than that of the flange
      7. Each finger 9 is provided with a pawl 10 at the leading end thereof
      extended downwardly toward the lower flange 8. The flanges 7 and 8 have
      stepped peripheral edges whose vertical surface will be referred to as the
      shoulder 12 and whose horizontal surface, as the step 11.
PAR  The pair of flanges 7 and 8 are spaced apart from each other by a distance
      slightly wider than the width of the magnetic tape but slightly smaller
      than the width of the leader tape 5. The distance between the finger 9 and
      the step 11 is substantially equal to the width of the leader tape 5.
      Therefore, the leader tape 5 is wound around the shoulder 12 and is
      elastically held between the shoulder 12 and the downwardly extended pawl
      10 by the fingers 9.
PAR  The cartridge case 1 has an opening 13 through which the tape is pushed out
      of and fed back into the cartridge case 1. When the tape is unwound, the
      leading end of the leader tape 5 engages with a projection 14 disposed
      adjacent to the opening 13 so that it causes the pawl 10 to be moved
      outwardly of the flange against the elastic force of the finger, then the
      leading end of the leader tape 5 is released from the fingers. Thereafter,
      the leader tape 5 is placed in contact with a wall 14 defining the opening
      13 so that it is discharged out of the cartridge case 1 under the
      rotational force of the reel and by the nerve or rigidity of the leader
      tape 5.
PAR  In case of rewinding, the leader tape 5 is caused to be wound between the
      steps 11 by a member 16 which is normally biased radially inwardly under
      the force of a spring 15.
PAR  Referring back to FIG. 2, a reference numeral 17 denotes a leader guide
      having an opening A which is formed through one side surface thereof and
      which has a width narrower than the width of the leader tape 5 but wider
      than the width of the magnetic tape as best shown in FIG. 3.
PAR  A take-up reel 18 is adapted to automatically catch the leader tape 5 to
      take up the tape by the conventional means.
PAR  A capstan 19 and a pinch roller 20, which are generally spaced apart from
      each other, pull or transport the tape at a constant speed in the
      recording or reproducing mode.
PAR  A drum 21 which contains rotary magnetic heads 22 guides the magnetic tape.
      A lamp 23 and a photosensor 24 are so disposed as to sandwich the tape
      between them. In response to the signal from the photosensor 24 which
      intercepts the light from the lamp 23, a tape transport system (not shown)
      is controlled by a suitable control means such as solenoids. When the
      magnetic tape 2 is interposed between the lamp 23 and the photosensor 24,
      the latter cannot intercept the light because the magnetic tape 2 is
      opaque, but when the transparent trailer tape 4 is passing between them,
      the photosensor 24 intercepts the light so that the tape transport system
      may stop taking up the tape and then start rewinding. In order to prevent
      the tape transport system from being actuated in response to the
      interception of the light by the photosensor 24 when the leading end of
      the transparent leader tape 5 is transported along the leader guide 17,
      the output signal of the photosensor 24 is transmitted to the tape
      transport control system (not shown) through a suitable prior art delay
      circuit. The delay time may be longer than a time interval from the time
      when the leader tape 5 is automatically taken up by the take-up reel 18 to
      the time when the magnetic tape 2 is interposed between the lamp 23 and
      the photosensor 24.
PAR  In rewinding, the photosensor 24 intercepts the light when the transparent
      leader tape 5 is passing between the lamp 23 and the sensor 24 so that the
      output signal of the photosensor 24 is transmitted to the tape transport
      control system through the delay circuit so as to automatically stop
      rewinding of the reel 3. Since the output signal is delayed, the reel 3 is
      prevented from being stopped while the leader tape 5 is in the leader
      guide 17.
PAR  FIG. 7 shows one embodiment of a head cleaning cartridge in accordance with
      the present invention, comprising at least a head cleaning tape 25 whose
      one surface in contact with a magnetic head has a layer made of fibrous
      materials, a transparent leader tape 5a spliced to both ends of the
      cleaning tape 25, and a trailer tape 4a having a high transmissivity. The
      leader tape 5a, which serves to guide the cleaning tape 25 over the
      magnetic head, is made of a thin flexible film of an organic compound such
      as polyethylene terephthalate of a thickness of the order of 155 microns.
PAR  FIG. 8 is a graph illustrating the magnetic head cleaning characteristics
      of the conventional polishing tape and the fibrous cleaning tape, that is
      the number of passages of the polishing and cleaning tapes to attain a
      satisfactory honing or cleaning of the magnetic head. The total number of
      passages of the cleaning tapes is plotted along the abscissa while the
      number of passages of the cleaning tape required for attaining a
      satisfactory honing is plotted along the ordinate.
PAR  The curve (a ) in FIG. 8 indicates the head cleaning characteristic of the
      polishing tape. It is seen that the honing effect is degraded as the total
      number of passages is increased. In other words, satisfactory honing or
      cleaning of the magnetic head cannot be attained even when the polishing
      tape is made to pass over the head many times. However, in case of the
      cleaning tape made of fibrous materials, satisfactory cleaning may be
      attained with only one passage of the cleaning tape regardless of the
      total number of passages as indicated by the curve (b) in FIG. 8.
PAR  Therefore, it is seen that the fibrous cleaning tapes are very effective to
      remove relatively soft substances attached upon the magnetic head. The
      fibrous cleaning tapes are made of paper, nonwoven fabrics, and woven
      fabrics of coarse texture such as cotton, acetate, tetron, bemberg, silk,
      and hemp fabrics. However, when they are used to clean the video tape
      recording and reproducting system of the tape described, the satisfactory
      effects cannot be attained because of their inherent threadability,
      transmissivity, and strength as will be described in more detain
      hereinafter.
PAR  First, the fibrous materials must have suitable nerve or be flexible.
      Otherwise, the cleaning tape makes intimate contact with the head drum,
      and has no satisfactory strength. When the thickness of the cleaning tape
      is increased to provide sufficient nerve or flexibility, the transport of
      the cleaning tape becomes unstable, which is not desirable in practice.
PAR  According to the present invention, in order to overcome the above and
      other problems, a thin film made of organic material such as polyethylene
      terephthalate is used as a base of a cleaning tape, and a fibrous material
      is bonded to the base with adhesive. Therefore, the layer of fibrous
      material may be reduced in thickness so that the overall thickness of the
      cleaning tape 25 may be reduced. Furthermore, the satisfactory
      threadability of the cleaning tape may be ensured.
PAR  When the cleaning tape 25 has a sufficient transmissivity, the photosensor
      24 may intercept the light from the lamp 23 so that the rewinding of the
      tape may be started. In order to prevent such erratic operation, the
      cleaning tape 25 must have a low transmissivity. For this purpose, the
      fibrous layer is bonded to the base with an opaque adhesive as shown in
      FIG. 9. Reference numeral 26 denotes the fibrous layer; 27, the base made
      of an organic compound such as polyterephthalate; and 28, the adhesive.
      The adhesives consist of a high polymer such as rubber, vinyl acetate,
      copolymer of vinyl chloride, polyvinyl ether, polyvinyl butyral,
      polyacrylate, or the like, a bulking agent such as rosin derivatives,
      cumarone resins or the like, and a black pigment. Furthermore, the
      adhesives consisting of natural components such as starch, dextrin,
      protein, cellulose, or the like mixed with a black pigment may be used.
PAR  In order to reduce the transmissivity of the cleaning tape 25, an opaque
      layer 29 consisting of black pigment such as black carbon may be applied
      or deposited upon the surface of the polyethylene terephthalate base 27
      opposite to the surface upon which the fibrous layer 26 is formed as shown
      in FIG. 10. Reference numeral 28a denotes a transparent adhesive. This
      arrangement has an additional advantage that the threadability or
      transportability of the cleaning tape is remarkably improved because the
      friction between the carbon black layer 29 and the tape guides, etc. is
      remarkably reduced.
PAR  Instead of using the adhesive 28a, the fibrous layer 26 may be welded to
      the base 27 by a heat-treatment. This method is advantageous in that the
      bonding strength between the base and the fibrous layer is much stronger
      than the attainable by use of an adhesive and that the overwall thickness
      of the cleaning tape may be considerably reduced so that the
      transportability of the cleaning tape may be improved. When the adhesive
      is used, there is a fear that the adhesive is squeezed out of the surface
      of the fibrous layer 26 and/or sides of the cleaning tape when the fibrous
      layer 26 is pressed against the magnetic head so that the air gap of the
      magnetic head is clogged or filled up by the adhesive. However, the above
      problem may be overcome when the fibrous layer is thermally welded to the
      base.
PAR  The cleaning tape 25 having the leader tape 5a and the trailer tape 4a
      spliced at the leading and trailing ends of the cleaning tape 25,
      respectively, is wound around the reel 3 and housed within the cartridge
      case 1 as shown in FIGS. 5 and 6. When the cartridge case is mounted upon
      the magnetic recording-reproducing system of the type described, the
      leader tape 5a is guided automatically through the tape guide 17 along the
      drum 21, and the cleaning tape 25 is transported in intimate contact with
      the rotary heads 22 until the transparent trailer tape is detected by the
      photosensor 24. Thereafter, the cleaning tape is rewound. When the
      transport of the cleaning tape is stopped, the trailer tape has not
      reached the drum and the cleaning tape, that is the fibrous layer thereof,
      is wrapped around the drum. Therefore, the magnetic heads are revolving in
      contact with the fibrous layer of the cleaning tape. In the case of the
      magnetic recording-reproducing system of the type in which the rotation of
      the magnetic heads is stopped as the trailer tape is detected, the
      rotation of the magnetic heads is gradually stopped as the magnetic heads
      are in intimate contact with the fibrous layer of the cleaning tape.
PAR  In the rewinding operation, the fibrous layer of the cleaning tape is also
      held in intimate contact with the magnetic heads which are revolving.
PAR  FIG. 11 schematically shows the surfaces of the magnetic head in the
      respective steps of the cleaning described above. FIG. 11A shows the
      surface of the magnetic head completely cleaned. Reference numeral 30
      designates a ferrite core; 31, a glass member; and 32, a head gap. FIG.
      11B shows the surface of the magnetic head when the cleaning tape is
      stopped as the transparent trailer tape 4a is detected in the manner
      described above. It is seen that the fibrous materials 33 removed from the
      fibrous cleaning tape are attached in large quantity upon the surface.
      FIG. 11C shows the surface after the cleaning tape has been rewound. The
      contaminants 34 or fibrous materials left over the surface are
      considerably reduced.
PAR  As described above, when the cleaning tape 25 is stopped in contact with
      the drum, the largest amount of contaminants or fibrous materials are left
      over the surface. When the magnetic tape is reproduced by the above head,
      the contaminants 34 left over the surface of the magnetic head become
      cores, thus resulting in the clogging of the magnetic head as indicated by
      35 in FIG. 11D. The contaminants 35 are magnetic powder or particles and
      binder removed from the magnetic tape by the fibrous materials left over
      the surface of the magnetic head.
PAR  The quantity of contaminants 33 and 34 left over the surface of the
      magnetic head is dependent upon the types and kinds of the fibrous
      materials used. It was found out that of various fibrous materials such as
      paper, non-woven and woven fabrics of cotten, acetate, tetron, benberg,
      hemp, silk and so on, the silk and hemp fabrics leave the least
      contaminants.
PAR  With the cleaning tape having the fibrous layer consisting of silk or hemp,
      not only the surface of the magnetic head is cleaned but also the clogging
      of the air gap of the head by the materials removed from the fibrous layer
      may be prevented.
PAR  The clogging of the air gap of the head is also caused by the surface
      flaws. If the surface flaws are not removed, the magnetic tape will be
      damaged and the air gap will be clogged or lodged with the magnetic
      powder. It is therefore advantageous to use an abrasive or polishing tape
      to remove the surface flaws of the magnetic heads.
PAR  The construction of the cleaning tape adopted to remove the surface flaws
      of the head is shown in FIG. 12. A lapping or polishing tape 38 has a
      relatively low abrasion power and consists of a base and a layer of
      abrasives such as .gamma.-Fe.sub.2 O.sub.3 of coarse grain, chrome
      abrasives or carborundum for removing the surface flaws of the magnetic
      head. The surface of the magnetic head must be so polished as to ensure
      the intimate contact between the magnetic tape and the head. Therefore,
      the polishing tape must have a nerve substantially equal to that of the
      magnetic tape. The experiments conducted by the inventors showed that when
      the head is polished by the polishing tape of a thickness slightly thicker
      than the overall thickness of about 20 to 30 microns of a magnetic video
      tape, the satisfactory intimate contact between the magnetic video tape
      and the surface of the magnetic head may be ensured.
PAR  When the cleaning tape of the type shown in FIG. 12 is used, the
      contaminants such as magnetic particles or powder and binder which are
      relatively loosely attached to the surface of the magnetic head may be
      removed by the cleaning tape having the fibrous layer of the type
      described above, and the surface flaws and the contaminants which are
      relatively strongly adhered to the surface of the magnetic head may be
      removed by the polishing tape. Therefore, the clean and smooth surface may
      be reproduced.
PAR  The very effective cleaning effect may be attained when the cleaning tape
      25 is spliced to the polishing tape 38 as shown in FIG. 12, but even when
      the sequence is reversed, the cleaning effect is not adversely affected at
      all. If required, a plurality of cleaning and polishing tapes 25 and 38
      may be spliced alternately.
PAR  When the polishing tape 38 is interposed between the cleaning tape 25 and
      the trailer tape 4a, the polishing tape 38 remains wrapped around the head
      drum 21 when the photosensor 24 detects the transparent trailer tape.
      Therefore, the fibrous materials removed from the fibrous layer of the
      cleaning tape 25 may be prevented from adhering to the surface of the
      magnetic head. In order to prevent the cleaning tape 25 from wrapping
      around the drum when the photosensor 24 detects the transparent trailer
      tape 4a so that the transport of the cleaning and polishing tapes is
      stopped, a length of magnetic tape may be spliced between the cleaning
      tape 25 and the trailer tape 4a. Since the magnetic tape has some abrasive
      power, cleaning and honing of the magnetic head may be satisfactorily
      attained.
PAR  When the cleaning tape of the type shown in FIG. 12 is used, the surface of
      the magnetic head may be cleaned and polished as shown in FIGS. 13A-13C.
PAR  FIG. 13A shows the surface of the magnetic head before it was cleaned. FIG.
      13B shows the surface cleaned when the photosensor detected the
      transparent trailer tape so that the transport of the cleaning tape was
      stopped with the magnetic tape wrapped around the drum. It is seen that
      small contaminants 38 are still left unremoved. FIG. 13C shows the surface
      further cleaned by the cleaning and polishing or magnetic tape in
      rewinding. It is seen that no contaminant is left over the surface of the
      magnetic head.
PAR  As described hereinbefore, the addition of the polishing or magnetic tape
      to the cleaning tape having a fibrous layer is very effective in removing
      the contaminants from the surface of the magnetic head. Therefore, the
      clogging of the air gap of the magnetic head may be prevented when the
      magnetic tape is wrapped around the drum. When the video signals are
      recorded upon the magnetic tape interconnected between the fibrous
      cleaning tape and the trailer tape, the cleaning effect may be immediately
      detected by a monitor.
PAR  In summary, the magnetic tape head may be cleaned by the fibrous cleaning
      tape of the type described, and the fibrous materials attached upon the
      surface of the magnetic tape head may be removed by the polishing or
      magnetic tape. When the video signals are recorded upon the magnetic tape
      interconnected between the fibrous tape and the trailer tape, the cleaning
      effect may be immediately monitored.
PAR  As described above, the fibrous cleaning tape and the magnetic tape are
      spliced to each other and contained within the cartridge case. Therefore,
      the magnetic head may be automatically and effectively cleaned and honed.
      The fibrous materials and binder removed from the fibrous layer of the
      cleaning tape by the contact thereof with the magnetic head may be
      prevented from adhering to the surface of the magnetic head. Furthermore,
      when the video signals recorded upon the magnetic tape are reproduced the
      conditions of the surface of the magnetic head may be immediately
      monitored.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a magnetic recording-reproducing apparatus of a rotary having
      automatic threading means and automatic rewinding means in which winding
      of a tape is stopped before initiating the rewinding operation, a magnetic
      head cleaning tape cartridge, comprising:
PA1  a. a leader tape of high light transmissivity;
PA1  b. a cleaning tape connected to said leader tape and made of fibrous
      material, said cleaning tape having less light transmissivity than said
      leader tape;
PA1  c. a polishing tape connected to said cleaning tape and including an
      abrasive material which is less abrasive than said fibrous material, said
      polishing tape having less light transmissivity than said leader tape;
PA1  d. a trailer tape of high light transmissivity connected to said polishing
      tape;
PA1  e. a single reel around which is wound a composite tape including said
      leader, cleaning, polishing and trailer tapes; and
PA1  f. a cartridge case rotatably housing said single reel therein;
PA1  g. the length of said leader, cleaning, polishing, and trailer tapes being
      such that said polishing tape is located on the rotary head when said
      composite tape is stopped before initiating the rewinding operation.
NUM  2.
PAR  2. A magnetic head cleaning tape cartridge as defined in claim 1 wherein
      said cleaning tape further comprises a thin-film tape, made of organic
      compounds, on one side of which said fibrous material is bonded.
NUM  3.
PAR  3. A magnetic head cleaning tape cartridge as defined in claim 2 wherein
      said cleaning tape further comprises an adhesive, mixed with a substance
      of less light transmissivity than said leader tape, which bonds said
      fibrous material to said thin-film tape.
NUM  4.
PAR  4. A magnetic head cleaning tape cartridge as defined in claim 2 wherein
      said cleaning tape further comprises a layer of less light transmissivity
      than said leader tape connected to the other side of said thin-film tape.
NUM  5.
PAR  5. A magnetic head cleaning tape cartridge as defined in claim 1 wherein
      said polishing tape comprises a magnetic tape having prerecorded video
      signals.
NUM  6.
PAR  6. A magnetic head cleaning tape cartridge as defined in claim 1 wherein
      the fibrous material of said cleaning tape is silk.
NUM  7.
PAR  7. A magnetic head cleaning tape cartridge as defined in claim 1 wherein
      the fibrous material of said cleaning tape is hemp.
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PAL  An assembly comprised of a flexible, magnetic recording disk and a jacket
      or envelope which houses the disk in a manner such that the disk can
      rotate in the jacket under the influence of a conventional disk drive. The
      jacket has a notch at one corner thereof to provide a write enable
      function for the assembly when used with the disk drive. A rigid member is
      provided adjacent to the notch to close the opening formed thereby between
      the two sides of the jacket and to reinforce the corner to prevent
      structural damage to the jacket when used with the disk drive. The jacket
      is formed from an initially flat sheet of material and, except for the
      aforesaid rigid member, there is no structure between the outer periphery
      of the disk and the adjacent margin of the jacket.
BSUM
PAR  This invention relates to improvements in magnetic storage media of the
      type utilizing a flexible, magnetic disk known as a "floppy" disk usable
      with a conventional disk drive. More particularly, the invention relates
      to a magnetic disk recording assembly in which the jacket which houses the
      disk is of a simple and rugged construction to provide a write enable
      feature for the assembly while assuring a rugged construction therefor.
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional disk drives for magnetic recording purposes utilize a magnetic
      recording disk unit including a disk of flexible material rotatably
      carried in a jacket of a relatively stiff material, such as stiff plastic
      or the like. A leading disk unit which has been commercially available for
      a number of years is formed by sandwiching a generally square, rigid
      plastic member between a pair of stiff plastic sheets with the plastic
      member having a circular opening therethrough in which the magnetic disk
      is rotatably disposed. Thus, the plastic member retains the disk between
      the sheets and substantially rigidifies the jacket portion surrounding the
      disk which is unnecessary and increases production costs.
PAR  Other types of jackets for magnetic disks are of similar complexity. They,
      therefore, suffer the same drawbacks as the jacket described above.
PAR  A need has, therefore, arisen for a jacket for a magnetic disk which is
      simpler in construction than that of conventional types yet the disk is
      adequately protected at all times within the jacket and the jacket itself
      can have a write enable function in the same manner as those of
      conventional disk units.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a magnetic disk recording assembly
      which has an improved jacket for housing a magnetic recording disk and
      also has a notch at one corner of the jacket for providing a write enable
      function therefor. The jacket is preferably made from a single sheet of
      material, such as relatively stiff plastic, the sheet being doubled upon
      itself along a fold line to form a pair of jacket sides. Means is provided
      for connecting the outer margins of the sides to present a disk-receiving
      space therebetween. Preferably, such connecting means comprises a number
      of flaps on one of the sides which partially overlap the other side and
      are secured, such as by a heat seal or by an adhesive, to the other side.
PAR  The sides have a central aperture therethrough for alignment with the
      central hole of the disk. One of the sides has a radial slot therein for
      permitting the magnetic coupling between the disk and a read-write head of
      a conventional disk drive. In the alternative, both sides of the disk can
      be coated with a magnetic material and both sides can be provided with the
      aforesaid slot. The sides are also provided with holes therethrough for
      alignment with circumferentially spaced holes in the disk for control
      purposes as the disk rotates within the jacket.
PAR  The notch formed in one corner of the jacket presents an opening between
      the sides and without reinforcement, the portions of the sides adjacent to
      the opening would eventually deteriorate through repeated use. To avoid
      this problem, a relatively rigid member is provided, the member being
      small enough to avoid interference with the rotation of the disk but large
      enough to close the opening and to reinforce the region adjacent thereto.
      Thus, the member reinforces the region adjacent to the notch to prevent
      structural damage to the jacket, thereby assuring its repeated usage over
      an extended period of time.
PAR  The primary object of this invention is to provide an improved magnetic
      disk recording assembly utilizing a rotary magnetic disk within a jacket
      having a write enable notch formed in one corner wherein the jacket is of
      improved construction and provides the practice of economies in
      manufacturing and handling which are not inherent in units of conventional
      construction.
PAR  Another object of this invention is to provide an improved jacket for an
      assembly of the type described wherein the jacket is free of rigidifying
      structure throughout its area surrounding the disk-receiving space thereof
      and the notch of the jacket has a small, rigid reinforcing member adjacent
      thereto to protect the jacket against structural damage that might
      otherwise occur due to repeated usage of the jacket in a disk drive.
DRWD
PAR  Other objects of this invention will become apparent as the following
      specification progresses, reference being had to the accompanying drawing
      for an illustration of the invention.
PAR  In the drawings:
PAR  FIG. 1 is an elevational view of one side of the magnetic recording disk
      assembly of this invention;
PAR  FIG. 2 is a fragmentary, side elevational view, partly in section, of the
      assembly of FIG. 1, illustrating the way in which one corner of the same
      is reinforced by a rigid member; and
PAR  FIG. 3 is an enlarged, cross-sectional view taken along the line 3--3 of
      FIG. 1.
DETD
PAR  The magnetic recording disk assembly of this invention is broadly denoted
      by the numeral 10 and includes a magnetic recording disk 12 disposed
      within a polygonal body or jacket 14 having a pair of opposed sides 16 and
      18 (FIG. 3) which are coupled together only at their outer margins to form
      a space in which the disk is rotatably disposed. The shape of jacket 14 is
      essentially square and each outer margin is slightly longer than the
      diameter of the disk so that the latter is free to rotate in the jacket
      between sides 16 and 18 without binding or being interfered with at the
      outer margins of the jacket.
PAR  Sides 16 and 18 have respective central apertures 20 therethrough (FIGS. 1
      and 2) in general alignment with and longer than a hole 22 through the
      center of disk 12. Apertures 20 allow disk 12 to be mounted on a spindle
      of a conventional disk drive (not shown) with the spindle being received
      within hole 22 of the disk so that the disk can be made to rotate under
      the influence of the disk drive within the space between sides 16 and 18.
PAR  One of sides 16 and 18 is provided with an elongated slot 24 which is
      generally radial with respect to and spaced from the corresponding
      aperture 20. In FIGS. 1 and 2, side 16 has the slot. Moreover, slot 24 is
      radially spaced inwardly from an adjacent outer margin 25 of jacket 14 as
      shown in FIGS. 1 and 2 and is provided to expose a radial portion of disk
      12 so that a read-write head of the disk drive may be coupled to the disk
      and move radially thereof to read data therefrom or to write data thereon
      as the disk rotates within jacket 14. To this end, the surface of disk 12
      facing side 16 has a magnetic coating to receive data thereon in the form
      of magnetic signals.
PAR  Each of sides 16 and 18 is provided with a small hole 26 (FIG. 1) at one
      side of and spaced from slot 24. Holes 26 of sides 16 and 18 are aligned
      with each other and are in the circular path of a plurality of
      circumferentially spaced holes 28 through disk 12. Thus, as disk 12
      rotates relative to and within jacket 14, holes 28 move successively into
      an out of alignment with aligned holes 26 in sides 16 and 18. The purpose
      of holes 28 is to provide a control feature during the rotation of disk
      12. A photocell and light source combination is utilized with holes 28 to
      effect the aforesaid control as is well-known in the magnetic disk
      recording art.
PAR  Housing 14 is preferably formed from an initially flat sheet of material,
      preferably a stiff plastic material, which is folded along a line 28
      defined by margin 25 (FIGS. 1 and 2) to present sides 16 and 18 after the
      sheet has been stamped to form apertures 20, slot 24, holes 26 and notches
      in one corner of the jacket as hereinafter described. Side 18 has a pair
      of spaced side flaps 30 and 32 and an end flap 34 which are bent along
      respective lines 27, 29 and 31 and partially overlap side 16 (FIG. 1).
      These flaps are, as shown in FIG. 2, bonded or otherwise secured to side
      16 after disk 12 has been disposed between sides 16 and 18 to close the
      jacket and to retain the disk therewithin. Lines 27, 29 and 31 define the
      other three margins of the jacket. Flap 30 is also shown in dashed lines
      in FIG. 1 to indicate that it extends laterally from side 18 before it is
      bent or folded along line 27.
PAR  Sides 16 and 18 are provided adjacent to their interfaces with
      disk-engaging liners 38 of suistable, static-free material. One such liner
      is shown in FIG. 1. These liners are well-known in the art and are
      provided to prevent abrasion of the surfaces of disk 12 and to minimize
      the build-up of static electricity due to the rotation of the disk within
      jacket 14.
PAR  Sides 16 and 18 are stamped to provide a notch 39 at one corner of jacket
      14. The notch provides a writeenable feature for unit 10. Since this notch
      would present an opening between sides 16 and 18 and since the portions of
      such sides in this region would be free to move toward and away from each
      other, the same are folded at line 28 and it is necessary to reinforce
      this region; otherwise, the resulting portions of the sides will become
      weakened and eventually dog-eared, thereby preventing easy insertion of
      assembly 10 into a disk drive unit.
PAR  To close the opening and reinforce the corner having notch 39, a relatively
      rigid member 42 of plastic or the like is disposed at the corner, the
      member having an outer edge 44 complemental to the adjacent edges of sides
      16 and 18 which form notch 39. Also, member 42 has a thickness
      substantially equal to the combined thicknesses of disk 12 and lines 38.
      The inner edge 46 of member 42 can be of any suitable shape so that the
      member defines a pair of relatively angularly disposed portions 48 and 50
      which reinforce the entire span along the opening, yet close the same.
PAR  Member 42 is secured in any suitable manner to the inner surfaces of sides
      16 and 18, such as by bonding with a suitable adhesive. Inner edge 46 of
      member 42 is sufficiently spaced from disk 12 so that there is no
      interference with the rotation of the disk within jacket 14.
PAR  If both surfaces of disk 12 are to be used for recording and playback of
      data, another notch 39 would be provided in the opposite corner near flap
      30, i.e., the lower left-hand corner of FIGS. 1 and 2. In such a case, the
      other notch would be provided with a member 42 for the same purpose as
      that with respect to the first-mentioned notch. Also, an additional pair
      of holes 26 would be provided at mirror image positions with respect to
      the first-mentioned pair of holes 26.
PAR  With member 42 in place, jacket 14 is essentially closed on the outer
      periphery thereof to prevent entry of dust thereinto, yet there is no
      rigidifying structure between the outer periphery of disk 12 and the outer
      margins of jacket 14 as in the prior art. Thus, assembly 10 is of simple
      and rugged construction since jacket 14 is relatively self-sustaining, yet
      the assembly is comprised of a relatively few number of parts and jacket
      14 effectively shields and supports disk 12 at all times. Also, jacket 14
      is more reliable than the conventional type using a square, plastic member
      sandwiched between a pair of stiff, plastic sheets as described above
      since, in the conventional type, the glue bonding the sheets to the
      plastic member could dry at different rates, thereby causing the finished
      product to bow. Also, the disk of such a conventional unit could be caused
      to jam if, for instance, the glue were to run and contact the disk. Also,
      the disk could underlie the member or one of the two sheets due to faulty
      assembly, thereby causing jamming.
CLMS
STM   I claim:
NUM  1.
PAR  1. A magnetic disk recording assembly comprising:
PA1  a polygonal jacket having a pair of opposed, generally flat sides
      presenting a disk-receiving space therebetween, the jacket further having
      a notch at one corner thereof, the notch presenting an opening between the
      adjacent portions of said sides, each side having a central aperture
      therethrough, one of the sides having a radial slot therein extending
      between and spaced from the corresponding aperture and an outer margin of
      the corresponding side;
PA1  a disk rotatably disposed within said space and having a central hole
      aligned with said apertures, said disk having a surface provided with a
      coating of magnetic material thereon, said surface being exposed through
      said slot;
PA1  means coupling the outer margins of the sides together to retain the disk
      in said space; and
PA1  means between the sides and only in the immediate vicinity of the notch for
      closing the opening and for reinforcing said adjacent portions of the
      sides.
NUM  2.
PAR  2. An assembly as set forth in claim 1, wherein said jacket is formed from
      an initially flat sheet of material with the sheet being folded along a
      line defining one outer margin of the jacket, a first of said sides having
      flap means partially overlapping the other side and being secured thereto,
      said flap means defining said coupling means.
NUM  3.
PAR  3. An assembly as set forth in claim 1, wherein said closing and
      reinforcing means comprises a relatively rigid member having an edge
      substantially complemental to the edges of the sides which define the
      notch.
NUM  4.
PAR  4. An assembly as set forth in claim 3, wherein said member has an inner
      edge spaced from the disk, said jacket being free of rigidifying
      structure, with the exception of said member, between the outer periphery
      of the disk and the outer margins of the jacket.
NUM  5.
PAR  5. A jacket for a magnetic disk recording assembly comprising:
PA1  a polygonal body having a pair of opposed, generally flat sides presenting
      a disk-receiving space therebetween, said body further having a notch at
      one corner thereof, the notch presenting an opening between the adjacent
      portions of said sides, each side having a central aperture therethrough,
      one of the sides having a radial slot therein extending between and spaced
      from the corresponding aperture and an outer margin of the corresponding
      side, said slot being adapted to expose a portion of the surface of a disk
      in said space;
PA1  means for coupling the outer margins of said sides together to thereby
      retain a disk in said space; and
PA1  means positionable between the sides and adjacent to said notch for closing
      the opening and for reinforcing said adjacent portions of said sides.
NUM  6.
PAR  6. A jacket as set forth in claim 5, wherein said body is formed from an
      initially flat sheet of material with the sheet being folded along a line
      defining one outer margin of the body, a first of said sides having flap
      means partially overlapping the other side and being secured thereto, said
      flap means defining said coupling means.
NUM  7.
PAR  7. A jacket as set forth in claim 5, wherein said closing and reinforcing
      means comprises a relatively rigid member having an edge substantially
      complemental to the edges which define the notch.
NUM  8.
PAR  8. A jacket as set forth in claim 7, wherein said member has an inner edge
      spaced from the disk, said jacket being free of rigidifying structure,
      with the exception of said member, between the outer periphery of the disk
      and the outer margins of the body.
NUM  9.
PAR  9. A jacket as set forth in claim 7, wherein said member is adhesively
      bonded to the inner surfaces of said adjacent portions of the sides.
NUM  10.
PAR  10. A jacket as set forth in claim 7, wherein the member is formed of
      plastic and has an inner edge spaced from the outer periphery of a disk
      when the latter is in said space.
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PAL  A flexible disk file signal storage apparatus has a multiplicity of
      relatively thin, flexible disks of varying radii and arranged axially to
      facilitate radial disk selection. The radii pattern tends to minimize
      radii differences, thereby enhancing storage capacity. The flexible disks
      are arranged in axial groups of more than three disks with at least one
      disk in each group having a minimum radius with a pair of outer disks with
      a maximum radius plus at least one intermediate diameter disk. By
      interleaving alternate ones of said minimum radius disks between
      intermediate and maximum radius disks, radial selection access ports are
      maximized along an axial direction for a given radial difference between
      the maximum and minimum disk radii.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to rotating magnetic memories.
PAR  Rotating magnetic members used as storage media are well known in the form
      of magnetic drums, magnetic disks, magnetic strips, and flexible magnetic
      disks. The latter category of rotating magnetic memories offers enhanced
      volumetric efficiency in the storage of signals; that is, the number of
      disks stored in a given volumetric unit appears to be a maximal when used
      with such flexible magnetic disks. Such flexible magnetic disks preferably
      have a relatively thin, axial dimension in the order of magnitude from
      0.0010, or 0.005 inch. It is also preferred, for stabilization purposes,
      that such disks be axially spaced apart a small distance, such as one-half
      mil to ten mils, with radial air flow being circumferentially uniformly
      distributed for stabilizing the individual disks during rotation.
PAR  The assembly of such disks is referred to as a flexible disk pack assembly.
      Each of the disks has at least on record signal receiving portion, such as
      a magnetic coating. In other embodiments, each disk may have two surfaces
      for receiving signals. One problem in using such a flexible disk pack
      assembly is to access such record surface portions in a precise, rapid,
      and repeatable manner. To position an accessing mechanism between two
      disks spaced apart on a center-to-center basis of 0.015 inch or less
      requires accurate positioning devices. Further, because of thermal
      instabilities in any large apparatus, such as one employing 250 or more
      such flexible disks, plus tolerance build-up from one end of the pack to
      the other, it is exceedingly difficult to rapidly locate any selected
      disks for accessing a given record surface portion.
PAR  One solution to the axial positioning problem is shown by Lynott and
      Masterson in the IBM TECHNICAL DISCLOSURE BULLETIN, Vol. 12, No. 1, June
      1969, on Page 81, entitled "Disk Memory." Lynott and Masterson teach that
      by varying the diameter of the various disks, selection of a given disk is
      enhanced. According to Lynott and Masterson, one disk has a maximum radius
      with all of the other disks having succeedingly reduced radii to a minumum
      radius disk. While this enhances selection, it requires that the disk have
      a significant change in diameter; hence, the recording surface available
      for receiving signals on a volumetric basis is not maximized, i.e., the
      recording surface on the minimum radius disk, when using a large number of
      disks, is substantially less than a maximum radius disk. Also, the number
      of indexing points, i.e., for ten disk packs, there are ten different
      radii, requires ten different radial positions of the accessing mechanism.
      This complicates the control of an accessing mechanism and, hence,
      increases cost.
PAR  It is desired that a flexible disk pack be constructed such that accessing
      is enhanced without providing a great difference in radii of the various
      disk record members.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an enhancement of flexible disk file
      rotating magnetic memories. This enhancement is particularly directed
      toward facilitating rapid access to any one of a plurality of such disks
      while maintaining high volumetric storage efficiency.
PAR  A flexible disk assembly includes a center support supporting a
      multiplicity of coaxially disposed flexible disk records. Such disks are
      grouped into a plurality of groups of such disks greater than three,
      wherein each of the groups is bounded by two disks having a maximum radius
      with at least two of the disks in each group having a minimum radius, and
      at least one additional disk having an intermediate radius interposed
      between such minimum radius disks. In a preferred form of the invention, a
      minimum radius disk is axially interleaved between other disks of
      intermediate and maximum radii.
PAR  The accessing of a record portion on such disk is by a so-called "weave"
      set of motions consisting of an initial axial motion to position between
      an accessing mechanism between said two maximum radius disks. Then, the
      accessing mechanism is moved to a radial position inward of the maximum
      radius disk, but radially outward of the next radius disk. Then, an axial
      motion pushing one of the maximum radius disks is employed followed by an
      intermediate radial motion and a subsequent axial motion all in accordance
      with the position of the disk to be selected within such group of disks.
PAR  The foregoing and other objects, features, and advantages of the invention
      will become apparent from the following more particular description of the
      preferred embodiment, as illustrated in the accompanying drawing.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a partial diagrammatic side view of apparatus employing the
      invention, particularly showing a preferred pattern of varying radii
      flexible record disks for enhancing disk selection while minimizing radii
      differences between the various disks.
PAR  FIGS. 2-7 are simplified diagrammatic showings of some disk selection
      procedures of the present invention.
PAR  FIG. 8 is a diagrammatic showing of a flexible disk pack assembly using the
      invention with a more complex radial pattern than that employed in the
      FIG. 1 showing, together with a diagrammtic weave pattern usable for disk
      selection.
PAR  FIG. 9 is yet another radial pattern variation using the present invention,
      but not minimizing the radial differences as provided in the FIG. 1
      illustrated embodiment.
PAR  FIG. 10 is a fourth radial pattern in accordance with the present
      invention.
PAR  FIG. 11 is a diagrammatic showing of a disk pack assembly together with an
      accessing means.
PAR  FIG. 12 is a simplified perspective diagrammatic showing of a
      two-dimensional actuator usable with the FIG. 11 illustrated apparatus.
PAR  FIG. 12A is a diagrammatic showing of the FIG. 12 radially acting coil to
      flux return path relationship.
PAR  FIG. 13 is a diagrammatic showing of an acuator usable to move an accessing
      blade into a disk pack assembly using an arcuate motion.
PAR  FIG. 14 is a simplified schematic diagram of control means usable with the
      present invention to achieve the weave accessing motions.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference to the appended drawings, like numerals indicate like parts
      and structural features in the various views and diagrams. Disk pack
      assembly 10 includes a multiplicity of record storage disks 11, each
      having at least one record surface portion for receiving signals to be
      recorded, such as is known in the art. The recording circuits and
      transducers may be of conventional design. All of the flexible record
      disks 11 are coaxially disposed and supported by central rotatable hub 12
      having axially extending fluid communication passageway 13. The fluid,
      such as air, is pumped through axially extending passageway 13 and then
      moved through axially extending slots 14 for release through air permeable
      washers 15, and thence radially outwardly intermediate record disks 11.
      Such air flow is preferably uniformly circumferentially distributed for
      stabilizing the record members during rotation. An additional stabilizing
      rigid backing plate 16 is disposed at one end of the disk pack assembly.
      The other axial end of the disk pack assembly may have semi-rigid retainer
      rings 17 (FIG. 11) for further stabilizing the assembly during rotation.
PAR  Disks 11 are grouped into repetitive sets of radii. In the preferred form,
      five disks are in each group; and outer disks in each group are in two
      adjacent disk groups. In FIG. 1, disks A-E are in each group with the
      shared disks labeled E/A. Disks E/A are maximum radius disks, disks B and
      D are minimum radius disks; while C have an intermediate radius. Such
      varying radii create axial extending radial accessing port or window 24
      for disks E/A, B-D, which cooperate with later-described accessing means
      and controls to access a record surface portion in such group in a rapid,
      repeatable manner.
PAR  Accessing means 20 (FIG. 11) includes an axially moving carriage 54 which
      carries a radially movable carriage 22 having an accessing partitioning
      arm 23 in the shape of an air foil. Arm 23 preferably carries transducer
      23A. A control circuit first axially positions carriage 54 adjacent a
      predetermined group of flexible disks. Such axial positioning may be a
      voice coil having a linear tachometer or be a precision lead screw which
      has an accuracy sufficient to position the arm in an accessing window 24
      (FIG. 1) between the facing surfaces of two adjacent maximum radius disks
      E/A, the upper disk being disk A for the group adjacent window 24, while
      the lower disk is disk E for such group and is shared with group 25 as
      disk A. As carriage 54 is positioned with arm 23 in window 24, the radial
      carriage moves radially inwardly between disks A and E of group 24 as to
      point 26, as shown in FIGS. 1 and 2. Next, axial carriage 21 again moves
      arm 23 to deflect disk A of group 24 as shown in FIG. 2. Then, to access
      the record surface portion of disk A, arm 23 is inserted from intermediate
      axially offset position 27 to be in transducing engagement with the disk A
      recording surface (FIG. 3). As accessor arm 23 axially separates disks A
      and B, several adjacent disks are also compliantly axially urged. This
      action is also referred to as disk pack splitting.
PAR  In a similar manner, any of the disks within a group of such disks can be
      accessed. Referring to FIGS. 4 and 5, disk B, a minimum radius disk
      axially interposed between disks A and C, is accessed as shown in FIGS. 4
      and 5. As for accessing disk B, arm 23 first moves to position 26, then
      27; however, instead of radially inwardly moving as shown in FIG. 3, arm
      23 moves between disks A and C, radially outward of disk B, such as at
      position 30. Then, arm 23 moves axially to position 31 whereat it deflects
      disk C. Then, arm 23 moves radially inwardly to engage disk B in
      transducing engagement as shown in FIG. 6.
PAR  Referring next to diagrammatic FIG. 7, accessing the record surface portion
      of disk D is illustrated. Accessor arm 23 is moved radially to position 26
      as in all other radial accessing motions. Instead of moving to the right
      to position 27, as shown in FIGS. 2-6, accessor arm 23 moves to the left
      or downwardly to position 32 deflecting lowered maximum radius disk E as
      shown. Following deflection of disk E, accessor arm 23 moves radially
      inwardly to position 33 interleaved between disks D and E for accessing
      the record surface portion of disk D. Disk E record surface portion is
      accessed in the next adjacent group of record disks, as shown for disk A
      in FIGS. 2 and 3. In the event that record surface portions are on both
      sides of each disk A-E, then each of the above-described radially
      accessing motions accesses both of the facing record surface portions;
      i.e., in FIG. 6, the facing record surface portions on disks B and C are
      simultaneously accessed. In such a situation, transducer 23A is replaced
      by a pair of outwardly facing transducers on arm 23 for transducing
      engagement with adjacent spaced-apart disks.
PAR  Referring next to FIG. 8, a variation of the inventive disk arrangement is
      shown which increases the axial length of the accessing window. Rather
      than three different radii disks, four different radii disks are used.
      Each group of disks of the FIG. 8 illustrated embodiment includes a pair
      of maximum radius disks 35 and 36, one intermediate radius disk 37, two
      lesser intermediate radius disks 38 and 39, and four minimum radius disks
      40. As in the FIG. 1 illustrated embodiment, a minimum radius disk 40 is
      interleaved between two adjacent disks having a greater radius. Another
      aspect of both the FIGS. 1 and 8 illustrated embodiments is that each
      disks within a group of disks is immediately adjacent and interleaved
      between two disks having a radius different than its own radius.
PAR  The radial accessing weave motions for accessing given disk surfaces in the
      FIG. 8 embodiment are similar to those illustrated in FIGS. 2-7 for the
      FIG. 1 illustrated embodiment. To access a disk, an accessor arm (not
      shown) moves from any position within axial window 34 to a first radial
      position 42; radially inward of the outer periphery of disks 35 and 36 and
      radially outward of first intermediate disk 37. Depending on which disk is
      to be accessed, an axial motion either toward disk 35 or 36 selects the
      axial window, respectively, between disks 35 and 37 or between disks 37
      and 36. Such motion is represented by the vertical lines 43. To select a
      disk 40 between disks 35 and 38, access arm moves toward disk 35, then
      radially inwardly between disks 35 and 37, then axially toward disk 35,
      radially inwardly between disks 38 and 35, then axially deflecting disk
      38, and finally radially inwardly between disks 38 and 40 (disk 40 between
      disks 35 and 38). Upon inspection of the figure, it can be seen that the
      inventive weave motion can be used to select any one of the disks 35 or 40
      by such weave motions only by initially locating the outermost actual
      window 34 by means beyond the scope of the present invention and then
      utilizing the invention to locate radially inwardly positioned windows of
      lesser axial extent by the succession of radial and axial motions while
      deflecting the various radii disks for rapidly and unerringly moving
      accessor arm 23 to a selected disk record surface portion.
PAR  In a similar manner, a five radial difference disk assembly may be provided
      such as shown in FIG. 9 where the maximum radius disks are indicated by
      the numeral 1 and the minimum radius disks are indicated by the numeral 5.
      An axial accessing window is provided between the maximum radius disks 46
      and 47. While the FIG. 9 illustrated embodiment is less efficient in
      providing a maximum axial length window 45 for a minimum difference in
      radius between the maximum and minimum radius disks, the principles of the
      present invention are still employed.
PAR  FIG. 10 shows another embodiment of the invention employing four different
      radii in a disk. In the FIG. 8 embodiment, there are nine disks for four
      radii; while in the FIG. 10 embodiment, there are also nine disks
      provided, however, the second level window at the numeral 2 is of lesser
      axial extent requiring precise positioning between the two disks at this
      radius. Hence, the FIG. 10 embodiment requires more precise axial
      positioning for reliable accessing than required in the other illustrated
      embodiments.
PAR  Referring next to FIGS. 11 and 12, a diagrammatic showing of an apparatus
      employing the present invention is illustrated. Disk pack assembly 10
      consists of rigid plate 16 with a large plurality of interposed flexible
      record disk members 11 and, optionally, stiffening washers 17; all of
      which are coaxially mounted for rotation on shaft 13 of electric motor 50.
      An axial positioning mechanism 60 are disposed at the outer periphery of
      disk pack assembly 10 has a base 51 stationarily mounted with respect to
      motor 50. A pair of carriage support rods 52 and 53 extends in parallel
      relationship to axle 13. Carriage 54, movably mounted on rods 52 and 53,
      is actuated for axial movement by voice coil 55 disposed about magnet path
      56 of a permanent magnet 57. A magnetic yoke 58 completes the magnetic
      circuit. Electronic circuits for actuating coil 55 for moving carriage 54
      are well known and are not further described with respect to FIG. 11. It
      is sufficient to say that an accurate positioning mechanism is provided by
      using known voice coil techniques.
PAR  Carriage 54 also carries radially movable carriage 50 disposed on radially
      extending guideways 61 and 62. These guideways are parallel with base
      plate 51. A second voice coil 63, mounted on carriage 60, is responsive to
      electrical circuits (not shown) for moving carriage 60 radially inwardly
      and outwardly in accordance with known voice coil actuator techniques.
      Voice coil 63 is continually under the influence of a magnetiic field
      provided by axially and radially extending permanent magnet assembly 66
      which has an axial length greater than the axial stroke of axial movable
      carriage 54. As best seen in FIG. 12A, flux return path member 67,
      stationarily mounted on magnet assembly 66, has an axial width less than
      the inside axial length of coil 63; thereby permitting axial movement of
      coil 63 without corresponding motion of return path member 67.
PAR  As shown in FIG. 11, arm 23 is moved on a radius of disk pack assembly 10.
      In certain instances, it may be advantageous to move arm 23 in an arcuate
      manner for achieving more efficient pack splitting. In this regard, FIG.
      13 illustrates a modification of the FIG. 11 illustrated accessing
      mechanism. Radial carriage 60 on axial carriage 54 is disposed radially
      outwardly of pack 10. Adjacent pack 10 on axial carriage 54 is upstanding
      boss 70 pivotably mounting accessor arm 23. Connector rod 71 extends
      between radial carriage 60 and accessor arm 23 for imparting pivoting
      motions thereto in accordance with the radial motions of carriage 60.
      Transducer 23A, in the illustrated embodiment, is shown displaced from the
      pack splitting arm 23. The FIG. 13 accessor arm arrangement is also used
      in the FIG. 11 embodiment. No limitation of the invention is intended to
      the particular accessor arm configuration.
PAR  FIG. 14 illustrates control circuits for accomplishing the disk pack weave
      accessing motions described with respect to FIGS. 1-10. For simplifying
      the discussion, access to single record surface disks A-D of one group is
      described. The record surface portion is on the under side of the disk, as
      shown in FIG. 1. Positioning of accessing arm 23 in window 24 can be by a
      lead screw (not shown), the axial carriage drive mechanism shown in FIGS.
      11 and 12, or any other linear positioning apparatus. A lead screw enables
      a greater axial length to pack 10 than is enabled by using the FIG. 11
      illustrated apparatus. When axial window 24 has a sufficient axial length,
      positioning accessing arm 23 can be accomplished without reference to the
      actual location of maximum radius disks E/A. On the other hand, such axial
      length of window 24 may not permit such open-ended positioning. In such a
      case, maximum radius disks E/A are counted; or, in the alternative,
      precisely located with respect to positioning apparatus (not shown) in the
      FIGS. 11 and 12 apparatus for positioning accessor arm 23 in window 24.
      Such apparatus is beyond the scope of the present description. In any
      event, coarse position control 80 first axially positions accessing arm 23
      in window 24.
PAR  For controlling axial positioning arm 23 using the voice coil techniques, a
      servomechanism drives axially acting voice coil 55. In this regard, coarse
      position control 80 supplies the address of the window 24, i.e., the axial
      (or X) address corresponding to disk C adjacent window 24 (FIG. 1), to add
      and hold circuit 81 (an arithmetic accumulator). Add and hold circuit 81,
      having been previously cleared using known techniques, supplies the
      received address to X (axial) digital-to-analog converter (XDAC) 82 and to
      the X or axial compare circuit (XCOMP) 83. XDAC 82 actuates servo system
      84 to supply drive current through coil 55 for positioning axial carriage
      21 adjacent window 24. X position sensing system 85 is suitably mounted on
      base 51 and indicates to XCOMP 83 the axial position of axial carriage 54.
      When the desired address in circuit 81 equals the X position address
      indicated by circuit 85, X compare 83 supplies a "move complete" signal
      over line 86 to coarse position control 80 via AND 87. AND 87 passes the
      move complete signal only when flip-flop 88 indicates a weave operation is
      not being performed. Coarse position control 80 responds to the move
      complete signal to initiate a weave pack accessing operation by sending a
      start weave signal over line 90. This signal sets weave flip-flop 88 to
      the active condition. This action disables AND 87 and simultaneously
      initiates the weave operation by triggering cycle counter 91 from the zero
      or reference state to the R1 state and also enables AND circuit 92 to pass
      subsequent move complete signals for stepping cycle counter 91, as will
      become apparent.
PAR  The first motion in the weave within window 24 radially moves accessor arm
      23 to position 26 circumferentially intermediate the E/A disks of the
      group being accessed and radially outward of the center disk C. The R1
      cycle counter state indicating signal passes through OR circuit 93 to
      actuate AND's 94 to pass a count of 50 from constants register 95 to add
      and hold circuit 96. Circuit 96 actuates radial servomechanism for coil
      63. The constant 50 indicates that accessing arm 63 moves to position 26
      from the initial or home position 26A (FIG. 1). In this regard, add and
      hold circuit 96, having previously been cleared, contains the 50-mil
      desired radial address and supplies same to RDAC (radial digital-to-analog
      converter) 100 which, in turn, drives analog servo circuit 101 to supply
      suitable actuating current to radial-acting voice coil 63. Simultaneously,
      the same address is supplied to the radial compare circuit (RCOMP) 102,
      which compares the actual radial position as supplied by R position
      circuit 103 with the desired radial position. When equal, the move is
      completed to position 26; then, RCOMP 102 supplies a move complete signal
      through OR 104 and OR 105 to AND 92. AND 92 having been enabled by weave
      flip-flop 88 passes the move complete signal stepping cycle counter 91 to
      the XI state.
PAR  Cycle counter 91 being in the XI state selects the next axial movement in
      the weave motion. For example, as shown in FIG. 2, it will be moving
      accessing arm 23 from position 26 to position 27 (in the alternative, in
      the opposite axial direction). In an early constructed embodiment, such
      axial motions were 16 mils. Accordingly, a 16 constant digital value from
      constants register 95 passes through AND's 110 to add and hold circuit 81.
      This value is absolute magnitude and is added to the present axial address
      in 81 using known arithmetic techniques.
PAR  To select surface A, accessor 23 moves in the plus direction; while if
      surface C or D is to be accessed, arm 23 moves in the negative direction
      (downwardly, as shown in FIGS. 1 and 2). Accordingly, prior to initiating
      the weave operation, the surface to be accesssed is identified in surface
      indicating register 111 as being surface A, B, C, or D. Using 1's
      complement numerical notation, a positive motion to location 26 is
      indicated by a zero or positive sign; a negative motion is indicated by a
      binary one or negative sign. Since zero is represented by the absence of a
      pulse on a sign indicating line, no sign action need be taken for
      indicating a positive motion.
PAR  For a negative motion, AND circuit 112 jointly responds to the XI signal
      state of cycle counter 91 and to the C or D surface being selected, as
      indicated by a signal passed through OR 113, to supply a one indicating
      (negative sign) signal over line 114 to add and hold circuit 81. This
      negative sign causes the magnitude 16 from constants register 95 to be
      subtracted from the present address in add and hold 81. Hence, the desired
      address supplied from add and hold 81 to XDAC 82 has been changed. Analog
      circuit 84 then supplies a correspondingly changed current to voice call
      55, moving the axial carriage downwardly, as shown in FIG. 11, i.e.,
      toward the home position at the bottom of the pack. This action moves
      accessor arm 23 downwardly against the lower E/A disk of window 24
      indicated by arrow 27N.
PAR  When the new axial address (either positive or negative) has been reached
      by the axial carriage, a move complete signal on line 86 is blocked by
      closed AND 87, but passes through OR's 104 and 105, thence AND 92 to step
      cycle counter 91 to the R2 signal indicating state.
PAR  With the preferred weave motion, all accesses use a second radial motion of
      50 mils to a next radially inward position, as indicated by arrow 27A of
      FIG. 3 and position 30 or 30N in FIGS. 5 and 6. Position 30 is between
      disks C and E/A of FIG. 1, while a negative motion 27N results in accessor
      arm being at position 30N between disks C and lower E/A of window 24. The
      0.050 inch motion is accomplished in the same manner as described for the
      R1 signal state; i.e., AND 94 passes a constant 50 from constants register
      95 to circuit 100.
PAR  Upon completion of the radial move above described, the cycle counter 91
      steps to the X2 state for selecting either disk A or B, or disk C or D, in
      accordance with the initial weave motion. In the constructed embodiment,
      an axial motion .+-. 0.008 inch selects a disk. Accordingly, constant 8
      from constants register 95 passes through AND's 120 (enabled by the X2
      signal state) to add and hold circuit 81. For positive motion upwardly in
      FIG. 11, no sign activity is provided. For a negative or downward motion,
      AND circuit 121 jointly responds to the X2 signal state and the BD signal
      state of surface selecting indicating register 111. The BD signal actuates
      circuit 81 to subtract eight mils from its accumulated axial address. The
      X or axial motion is then accomplished as aforedescribed for the X1 signal
      state. Upon completion of that motion, a move complete signal steps cycle
      counter 91 to the N signal state.
PAR  The N signal state supplies a "weave-end" signal over line 123 to other
      control circuits (not shown) for indicating the weave-end status of the
      accessing mechanism plus stepping cycle counter 91 to the zero or
      reference state. In the reference state, no action occurs in the
      illustrated apparatus. Also, weave-end signal enables track accessing
      circuits 124 to respond to track addresses, i.e., radial positions
      received from control circuits (not shown) over cable 125, for example.
      Track accessing circuits supply delta radial addresses over cable 126 to
      add and hold circuit 96. The present desired address residing in add and
      hold circuit 96 travels over cable 127 to track accessing circuits for
      enabling circuits 124 to compare addresses received over cable 125 with
      the circuit 96 present address for calculating delta addresses.
PAR  The FIG. 14 illustrated circuits enable access to disks having but one
      record surface portion. Similar circuits can be designed using the
      principles above stated for accessing disks having two surfaces, as well
      as having different radial configurations, such as illustrated in FIGS.
      8-10. Depending upon the logic circuits used to implement the control of
      the weave, various configurations and logic choices are available to the
      designer.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment therein, it will be understood by
      those skilled in the art that various changes in form and detail may be
      made therein without deparing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flexible disk assembly, including in combination:
PA1  a center support;
PA1  a plurality of flexible record indicia type disk members of various radii
      coaxially disposed on said support in at least one group of a plurality of
      such disks; and
PA1  said group having a pair of outer disk members with a maximum radius, and
      at least one disk member axially interleaved between said outer disk
      members and having a smaller radius than said outer disk members and a
      pair of minimum radii disk members with radii less than the radius of said
      one disk member respectively axially interleaved between said outer and
      said one disk member for enhancing axial selection of any one of said
      flexible disks in said group.
NUM  2.
PAR  2. The assembly set forth in claim 1 wherein said minimum radius disks are
      axially alternately disposed on said support with disks of other than said
      minimum radius.
NUM  3.
PAR  3. A flexible disk assembly, including in combination:
PA1  a center support;
PA1  a plurality greater than three of circular record indicia type disks
      coaxially disposed on said support;
PA1  said disks having different radii between a maximum radius and a minimum
      radius and at least one disk having an intermediate radius greater than
      said minimum and less than said maximum radius; and
PA1  axially alternate ones of said disks having said minimum radius.
NUM  4.
PAR  4. The assembly set forth in claim 3 having three disks axially interleaved
      between each two of said disks with said maximum radius and which are
      axially adjacent and two of said three disks having said minimum radius.
NUM  5.
PAR  5. The assembly set forth in claim 3 having a pair of axially spaced-apart
      ones of said maximum radius disks;
PA1  a first one disk having a radius next to maximum and axially spaced
      centrally between said pair of maximum radius disks; and
PA1  a pair of second one disks having a second next to maximum radius and
      axially spaced centrally between said first one disk and said pair of
      maximum radius disks.
NUM  6.
PAR  6. The assembly set forth in claim 5 further including a plurality of said
      pairs of maximum radius disks wherein said plurality less one of said
      maximum radius disks are in two axially adjacent pairs and each said disk
      having a radius either greater than or less than both axially adjacent
      ones of said disks.
NUM  7.
PAR  7. The assembly set forth in claim 3 having a plurality greater than three
      disks between any two most axially adjacent minimum radius disks, a
      plurality of said one disks axially interposed between said any two
      maximum radius disks with differing radii and being axially symmetrically
      disposed in accordance with said differing radii.
NUM  8.
PAR  8. A flexible disk assembly, including in combination:
PA1  a center support;
PA1  a plurality of record indicia type circular disks coaxially disposed on
      said support, different ones of said disks having at least three different
      radii; and
PA1  a plurality of minimum radius disks axially alternatively disposed with
      disks having other than said minimum radius.
NUM  9.
PAR  9. The assembly set forth in claim 8 wherein said disks having other than
      said minimum radius have an increasing axial spacing from like radius
      disks in accordance with increasing radius for all disks axially
      intermediate and up to, but not including, disks having a maximum radius
      whereby the greater the radius, the greater the axial spacing from a disk
      having a like radius between any two of said maximum radius disks.
NUM  10.
PAR  10. The assembly set forth in claim 8 having plural sets of disks of
      different radii with disks in each set of disks being axially spaced an
      equal axial distance with some greater radii disks having a greater axial
      spacing than lesser radii disks and some of said greater radii disks of
      different sets having identical spacings and said sets each having disks
      that are axially interleaved.
NUM  11.
PAR  11. A flexible disk assembly, including in combination:
PA1  a center support;
PA1  a plurality of record indicia type circular disks coaxially disposed on
      said center support;
PA1  a plurality of first ones of said disks each having a maximum radius;
PA1  a first plurality of second ones of said disks each having a minimum radius
      and a smaller plurality than said first plurality of said second one disks
      axially interleaved between two of said first one disks; and
PA1  a plurality of third ones of said disks each having a radius intermediate
      said minimum and maximum radii and axially interleaved between said first
      one disks and including at least one of said third one disks axially
      disposed between any two of said first one disks.
